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BCTYIIL

l'omoBHa MeTa HaBYaNbHOTO MOCIOHMKA — JaTH CHUCTEMHE Ta YiTKE
yABJICHHSI TPO CTATUCTUYHI NPUHIUIN Ta METOAM OOpOoOKM JaHUX
EKCIIEPUMEHTATBHAX JOCIIKEHb, BCTAHOBIIIOBATH 3B'S30K (CTATUCTHYHI
MOJIeT) MK KUTbKICHAMH Ta SKICHUMH BEJTMIMHAMH, TOTIOMOTTH CBITOMO
BUOMpPATH JIJIsI 3aCTOCYBaHHS TOW YW 1HIITUHA TTiIXOJ.

l'onoBHAa 3amaga HaBYAIBHOTO ITOCIOHWKA — HABYUTH  BIpHO
BHUKOPHUCTOBYBAaTH CTATHCTHYHI METOIU OOpOOKU JaHWX, OKPECIUTH KOIIO
CKCIIEPUMEHTAJBHUX  3aBlJaHb, JUII SKUX I METOOM  MOXYTh
3aCTOCOBYBATHUCS HAWIIIIIIMM YHUHOM.

Y HaBuabHOMY TIOCIOHHKY BifOOpaXKeHWH OaraTOpiyHHH JOCBIX
aBTOpIB Yy BHKIAJaHHI JUCHUIUTIH, TIOB’s3aHUX 3  0OpoOKOIO
EKCTIEPUMEHTAJIbHUX JIaHHUX MIPU EKCIICPUMEHTANBHIX JTOCTipKeHsX. Jleski
CKJIaJHI TIOJIOXKEHHSI, 3aCBOECHHS SKMX BUKIMKA€ HAHOUIBINI TPYIHOIII, a
TaKOX $Ki, Ha JyMKY aBTOpiB, € HAMOUIBII BAKIUBUMHU U TPAKTHIHOI
JUSUTBHOCTI, JETAJIBbHO PO3’SICHEHI, BUJALICHI OKpEeMi 3ayBaKEHHS, IO
CIIpUsi€ KpamoMy CHPHHHSATTIO Matepiany. basyrodunch Ha JOriuHOMY
3B’S3Ky MDK eramamMud OOpOOKM eKCIIepHMEHTAJTBHHX JaHHX, aBTOPH
3pobmiy cripoOy BceOiuHO 00’ €IHATH PO3Pi3HEH] PO3ILIHL.

3MiCT, CTPYKTypa Ta METOJMKA BHUKIIQJCHHSA Marepiajly MNOCiOHHKa
BI/INOBIIAIOTh BMMOTaM TIOEAHAHHS (YHIaMEHTAIbHOI HAyKoBOi Ta
NPaKTAYHOI ~ HANpPaBJICHOCTI  HABYAHHS, MOXIHMBOCTSM  PO3BUTKY
CaMOCTIMHOI TBOPYOi pOOOTH HaJ| TUCIUILTIHOKO.

ABTOpH BHCIIOBIIOIOTh TNIMOOKY MOASKY peleH3eHTaM — PomaHOBY
B.O., nokr. TexH. Hayk, mpod., 3aBigyBauy Biamimy IHcTHTYTY
kibeprerrku iM. B.M. I'mymkosa HAH VYxkpainu, Jenuctoky C.I1., nokr.
TEXH. HayK, Tpod.., JTUPEKTOPY HABYAIBHO — HAYKOBOTO I1HCTUTYTY
€Hepro30epexeHHs Ta enepromenekmenty, KIII im. Irops
CiKopchKOTO, TIO3UTHBHI 3ayBaKEHHS Ta TIOPAAM SIKMX  CIPHUSITA
MOJITIIIECHHIO SKOCTI MOCIOHHUKA.



PO3JILI 1

OCHOBHI ITOJIOKEHHS TEOPIi UMOBIPHOCTEM

1.1. IPEIMET I 3ABJAHHSI TEOPII HUMOBIPHOCTEM TA
MATEMATHUYHOI CTATUCTUKH

MeTogn cTaTUCTYHOT 06POBKM JaHMX Y HayKOBUX JOCIIKCHHSX,
[03BONSATb 3HAXOANTU LIiNIKOM TeXHiIi, MacoBOMY
3aKOHOMIPHUIA 3B'A30K MiXK YACTIOBMMM | BUPOOHHUIITBI MU 4acTo
3HAYEHHSIMM O3HaK, LLIO 3MIiHIOIOTBCS, | | 3ycTpidaeMocst 3 OCIiaMH,
MMOBIpHICTIO peanisauii LMx 3HaYeHb | omepallisMu abo SBUIIAMY, O
y Maci NpoBeAEeHNX CNOCTEPEXEHb bazamopazos8o nosmMoprmMsCa
6 He3MIHHUX YMOBAX.

Bimomo, 1mo mpu MOBTOpPEHHI BHMIPIOBAaHB IMApaMETPiB TOTO CaMOro
00'ekTa, BUKOHYBaHHMX 3a JOIOMOIOI0 TOTO CaMOr0 BHMIiPIOBAJILHOIO
MpUJIaay 3 OAHAKOBOIO CTAPAHHICTIO, MM HIKOJIHM HE OAEP>KUMO OJHAKOBUX
pe3ynbTaTiB. Y 1bOMY BHIIQJIKy TOBOPSTH, IO pE3YyJIbTaTH MAaroTh
BUNAOKOBE PO3CIIOBAHHSL.

SKIO  HaBITH NUIAXOM  3aCTOCYBaHHS  CICIIAJIbHUX  METOJIIB
BUKJIFOUUTH CUCTEMAaTH4HI NOXUOKH ¥ MPOMaxH, BCe-TaKu BUSIBUTHCS, 110
Ha pe3ynbTaTax BHUMIPIOBAHb Oy/ie TO3HAYATHCS GNIUE YUCTEHHUX
axmopie, AKi e ni00aAMbCsE KOHMPOIO U HeBIOOMO SIK SMIHIOIOMbCSL 8I0
00HO20 6uMiprO8aHHsi 00 [Hwoeo. Jlo ducna Takux (PaKTOpiB MOXKHA
BiJTHECTH BUITQJKOBI BiOpaIlii OKpeMHX YacTUH TpUIaaiB, (izionorivxi
3MiHM OpraHiB MOYYTTIB BHKOHABILIB, Pi3HI HEBPaxoBYBaHI 3MiHU
napameTpiB cepeloBHUIla (TeMIieparypa, ONTHYHI, eJIeKTPUIHI i MarHiTHi
BJIACTHUBOCTI, BOJIOTiCTb TOIIO).

Omxke, pe3ynbTar KOXKHOI'O OKPEMOTO BUMIPIOBaHHS 3a HAasBHOCTI
BUIIA/IKOBOTO PO3CIIOBAHHS 3a37aJIeriib MPOPOUUTH HEMOXKIIMBO, ajle 11e 11e
HE O3Ha4yae, IO TIIOBTOPHI BHUMIDIOBAHHS HE BHSBISIIOTH  HISIKOT
3aKOHOMIPHOCTI.

Mpuknax. Pyxu i 3iTKHEHHS OKpEMHX MOJIEKYIN Ta3y BifOyBaroThCs
xaotnuHO. KoxkHa 3 MoJiekys onmcye ckiaiHy i 3amuiyTaHy TPaekTOpilo,
TaK II0 HE IPEICTABIAETHCS MOXKJIMBUM IIPOPOKYBaTH, 1€ BOHa Oyxe
repeOyBaTH depe3 MEeBHUH Bifpi3zok yacy. [Ipore, BUALIMBITM Ha CTIHII
COCyly €JeMEHTapHy IUIOIMHKY, BHSBHUMO, IO CEpeAHsl KUIbKICTh
MOJICKYJT Ta3y, IO 3IMITOBXHYJHUCS 31 CTIHKOIO B INiH IUIOIIMHII B JaHWH
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BiZIpi30K 4acy W cepedHidl IMIyNbC, MepelaHuid CTiHII MpH 3ITKHEHHSIX,
OyIlyTh JOCHUTH CTIMKOIO BETMYMHOIO, [0 BU3HAYAE MPYKHICTD 1 THCK Ta3y.

Leit nmpuknan migTBEpIKyY€E, IO B TaIaHii XaOTUYHOCTI i JOBUTFHOCTI
MOBO/KCHHS BUHHMKAIOTH JIOCUTh CTilKi CBOEPIAHI 3aKOHOMIpHOCTI
WMOBIPHICHOTO THITY.

BuBueHHSIM 3aKOHOMIPHOCTEW MOJIOHOTO POy 3alMAaEThCS Meopis
timogipnocmeti. BoHa BHBYae MacoBl BHIQAKOBI SBHUINA Ta IPOIIECH,
3B'SI3y€ 3 KOXXHUM 3 MOXJIMBHUX Pe3yJibTaTiB (HACIIAKIB) JOCHIiIiB
0COONIMBY YHCIIOBY Mipy OO'€KTHBHOI MOJIJIMBOCTI HWOTO TIOSBHU, sKa
Ha3UBAETHCS LMOBIPHICIIO.

Teopist iMOBIpHOCTEH PO3TIISIIa€ METOAM BU3HAYEHHS WMOBipHOCTEH
CKJIQJIHUX PE3yJIbTAaTIB MAacOBUX BHUIAQJKOBHX SIBHI a00 IPOIECIB 3a
BIIOMHUMH WMOBIPHOCTSIMH OLUTBII TPOCTUX HAcHiAKiB. Tum camum
BIIKPUBAETbCA LUIAX JUIL  aHani3y U GUAGIEHHA  IMOBIDHICHUX
3AKOHOMIPHOCHEU 8UNAOKOBUX SULY.

TakiM 4YHMHOM, OCHOBHOIO TIEPEIyMOBOIO Teopil WMOBIpHOCTEH €
BIOMBOPIOGAHICMb YMO8 GUNPOOYEAHb | MONCIUBICMb HECKIHUEHHOCME 1X
NPOBEOeHHs.

Ha nmpaktumi imeanbHOrO  BiITBOPEHHS YMOB  BUIPOOYBaHb
peanizyBaTd HEMOXJIMBO, Pa3oM 3 THUM, KUIBKICTh ITOBTOPHHUX
BUMIpIOBaHb 3a3BW4ail OyBae MaluM i, caMe B IIUX YMOBax, 0COOJIHMBO
BaXJIUBI METOIIU MAMeMamuyHoi cmamucmuKy, OCHOBOIO SIKOi € Teopis
HMOBIpHOCTEH.

MareMaThyHa CTAaTUCTHKA PO3pOOIISE pallioHANBHI MPUHOMHU 00pOOKH
0bmediceHo20  00csiey  Oauux, O BITHOCATBCA JIO MACOBHX SIBHUII 1
BiJIOMBAIOTh BILUIUB SUNAOKOSUX (hakmopie. MeTOIU CTaTUCTUUHOT 00pOOKH
JaHUX JO3BOJSIIOTH 3HAXOOUTH IIJIKOM 3aKOHOMIPHHH 36’130k MK
YUCTOBUMU 3HAYEHHAMU O3HAK, IO 3MIHIOIOTBCS, § tiMOGipHICMIO pearizanil
LUX 3Ha4YeHb y Maci MPOBEAIEHUX criocTepekeHb. Came 11 Ja€ MOXKIIMBICTh
nmoOyayBaTH 3arajibHy TEOpilo, IO TOKa3ye, sKi MpUHOMH O0OpOOKH
CIIOCTEpPEXKEHb, SIKI CepelHI TOKA3HMKH, BHBEICHI 3 JAaHOTO, 3a3BHYal
OOMEKEHOro Marepially CIOCTePEXKEHb, IIIOHAWKpaIle BIAMOBIIAIOTH
crieru@ili BUNAJKOBOTO PO3CIIOBAHHS B TOMY a00 1HIIIOMY 3aBJIaHHi.

MatemaTHyHa CTaTUCTHKA BUPIIIYE TaKi 3a]1a4i.

* 3a0aua onucy BUNIagKOBOrO PO3CIIOBAHHS 38 JAHUMH MAacOBHX SIBUILL.
IneTbes mpo mMHTaHHS, TMOB'SA3aHI 3 BUSBICHHSM JJIsi KOKHOTO BHIAJIKY
BiJIMIOBITHOTO 3aKOHY PO3MOLTY, TOOTO MPO MOAAHHS BUIAIKOBUX TOJIii
(mpomeciB) y BHIVISAI  CIIOBECHOTO ONHCY IXHBOTO TIOBOKECHHS,
rpadivyHOro 300paKeHHs, MaTEMAaTHIHOI MOJEN (onucoea cmamucmuxa).

Mpukaaa. IMOBIpHICTP MOTpAIUISIHHS M'S9a Y BOPOTa il Yac I'pH B
per0i, KO BiH MOXKE BIYYHTH B OyIb-sKe MICIIC TIIONIMHHA BOPIT Oyme

5



OJJTHAaKOBOIO — II€ TPHKJIa]] CIIOBECHOTO ommucy. Te came MO)KHa 300pa3uTu
y BUMIISAL Tpadika piBHOMIPHOTO 3aKOHY 13 TPaHMISIMH X, 1 X, — Tpadiune
nofanas (puc.1.1). MoxHa 3acTocyBaTH MaTeMaTH4Hy (OpMy — 3alHCaTH
HMOBIPHICTB BIIy4eHHs M'si4a y BopoTa y BUrJsimi hopmyiu p = 1/ (x,- x,.).

p

o Puc.1.1 o

e 3a0aua ouinwGaHHs HeGIOOMUX NaApamMempie 3aKOHIB PO3IMOILTIB
Ha TIi/ICTaBi HASBHOI KUTBKOCTI CITOCTEPEIKEHb.

BumnaznkoBe po3citoBaHHs, NOCHIKYBaHE CTATMCTUYHUMM METOJAMH,
Mae Ba)XJIMBE TNPAKTHYHE 3HAUCHHS. lMoro moTpiOHO BpaxoBYBaTH MNpU
MPOEKTYBaHHI W pPO3PaXyHKy OYyIb-SIKMX NPHCTPOIB, KOMW TMopsazd i3
KOHTPOJILOBAaHUMHU TIapaMeTpaMy JIOBOJMTHCS 3BaKATH HA TakKi 30BCIM
BUIAJIKOBI, SIK KOJMBAHHS CHJIH BITPY, BUTPATH BOAM, 3MIHH TeMIIEpaTypH
HABKOJIMIIIHBOIO CEPEOBHINA TOMIO. Y BCIX IMX BUIAJKAX TUIBKM 3HAHHS
3aKOHIB PO3MOJIiTYy BIUTHBOBHUX BEITMYMH, iX HAJIGKHE BPAXyBaHHS MOXYTh
3a0€e3MeUnTH 3a JIOTIOMOTOI0 IHYKEHEPHHX PO3PAaXyHKIB HEOOXimHY poboTy
IIPUCTPOIB.

e 3aoaua nepesipku 2inomes, TOOTO NPUNYIICHb, 110 CTOCYIOTHCS
30iry Ta po30DKHOCTEH TmapaMeTpiB  PO3MNISHYTUX  PO3IIOMLIIB
CTHIOCTEepeKeHb. B yMOBax, KOJNM KiNBKICTh CIIOCTEPEKEHb OOMExeHa U
JIaHi PO MAacoBe SBUINE BUSBISIOTh 3HAYHE PO3CIFOBAHHS, 00 €KTHBHUN
BHCHOBOK TMpO TIepeBard TOro abo iHIIOTO METOAy BUMIPIOBaHb YU
TEXHOJIOT1YHOTO TMPOIeCy, MPO KOPUCTH TMPOMOHOBAHUX JIKIB TOIIO
MO’KHAa 3pOOUTH JIMIIIE HA OCHOBI CTATHCTUYHOTO aHATI3y W 3iCTaBICHHSA
JAHUX CIIOCTEPEKEHb, 1110 HAJISHKATh BIANOBIIHIN 00JIACTI.

* 3adaua 6CMAHOGNEHHA  HAABGHOCMI  3AJNEHCHOCHEN  MiX
BEJIMYMHAMH, SKI 3MIHIOIOTBCS IiJ JJI€I0 THX caMux abo Ppi3HUX
BUIAJKOBUX (PAaKTOPIB (PO3IIISIAETHCS B meopii Kopensayii).

* 3adaua eécmanoenennsa e6udy 3anexchocmi, TOOTO OJepKAHHS
perpeciiiHol MoJieni (PO3IIIAAETHCS B peepeciliHoMy aHalizi).

e 3ad0aua npozHo3yséaHHs 13 3aCTOCYBaHHSAM CIICIIAJLHUX METOIIB
MIPOTHO3YBaHHS.

Ha mpaktumi mi 3agadi moB’s3aHi MK CO00I0 H  BHUKOHYIOTHCS
MTOCITIZIOBHO, BiJT IPOCTOI 10 OiIBIIT CKIATHOT.

Hpuxkaan. Y xHu3i Oeneriiicbkkoro antpomonora Amombda Ketie
(1796-1874) «IlIpo comianeHy CHCTEMY ¥ 3aKOHH, IO KEPYIOTH HEIO»
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JAlOThCSL TPUKIAAN BHKOPUCTAHHS CTaTUCTUYHHUX CIIOCTEPEKEHb Y
MenunuHi. J[Ba Bigomi npodecopm MemummHu 31 CTpacOyp3bKOro
yuisepeurery Pamo i Cappro 3pobmmn IikaBe CIOCTCPEKCHHS M0N0
LIBH/IKOCTI MyJ1bCy. BOHM MOMITHIIH, 1[0 MiXK 3pOCTOM 1 Iy/IECOM JIFOXHHM
iCHy€ 3anexHicTh. Bik MOke BIUIMBATH Ha MyJIBC TUTBKH IPH 3MiHI 3pOCTY.
Yacrota mysnbcy nepedyBae B 0OCpHEHOMY BiTHOIIEHHI IO KBaIpaTHOTO
KOpEHS 31 3pOocTy. Y3sIBIIM 3a 3piCT cepenHboi jgroanHu 1,684 M, Pamo i
Cappro BBaXkasy, 10 YacToTa i myJibCy JopiBHIOE 70 yaapiB 3a XBUIUHY.
Marouu i JaHi, MO>KHA OOYUCITUTH YaCTOTY MYJbCY B JIFOJIUHA OYIb-SIKOTO
3pocTy.

Mpuxnan. Ilepmr 3acTocyBaHHSI CTATHCTUYHUX METOMIB Y MEIHIIMHI
BimHOCcAThes A0 XVIII cromitrs, xomu B AHriii Oyino moMmidueHo, IO
BI/IHOCHA YacTOTa CMEPTHOCTI YOJIOBIKIB 1 J>KIHOK OJHOTO BIKYy, SKi
JKUBYTh TIPHOM3HO B OJTHAKOBUX YMOBaX, PiK y PiK X0Y i KONUBAETHCA,
ajie y By3bKUX MeXax, 1110 J]a€ 3MOTY 3 BEJIMKOIO TOYHICTIO IIPOTHO3yBaTH
YacTKy IOMEPIINX Y Tiif a00 iHIIINA KaTeropii HaceleHHs.

TakuM 4MHOM, y BUMAIKOBOMY SIBHILI — CMEPTHOCTI 200, HaBIIaKH,
BIDKUBAHOCTI JIOeH — OyJ0 BIiIKPUTO CTIHKY 3aKOHOMIpHICTB:
BIJIHOCHA YacTOTa JUIsl JIFOJICH OJHIET CTaTi ¥ OJIM3BKOIO BiKY MPHOIM3HO
mocriifHa. lle BiAKpUTTS Mallo BENWKY MPAKTUYHY I[IHHICTH, 30Kpema
JISITJIO B OCHOBY CY4YaCHOTO CTpaxyBaHHSI.

[puxnax. Araniz BIDKUBAHOCTI Ja€ 3MOTY IIpoaHalli3yBaTH HETOBHI
a0o 1IeH3ypOBaHi JaHi MPo BIKUBAHICTh XBOPUX Iiciis onepaiii. OHier0
3 BKJIMBHUX XaPaKTEPUCTHK € (YHKIIiSl BHKUBAHOCTI (IMOBIPHOCTI TOTO,
110 TaIieHT npokuBe t AHIB micis oneparii (puc. 1.2).

P
1,01

0,5

500 1000 1500 2000

Puc. 1.2

MoxHa mopiBHIOBaTr (yHKILIi BUKMBAHOCTI B PI3HUX JIKapHIX, AJIS
PI3HUX BIKOBHX T'PYIL.

Hpuknax. Y  BizoMoMy  (peMIHITXeMCBKOMY  JOCTIDKEHHI,
BukoHanomy y CIIIA, Oymo 3acTOCOBaHO CTATUCTHYHWN aHATI3 IS
OLIIHIOBAaHHS 3aJICKHOCTI PU3UKY PO3BUTKY 1IIEMiYHOI XBOPOOU ceplLs BifJ
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cemu (akTOpiB: BIKY, KUIBKOCTI XONCCTCPHHY B KPOBi, CHCTOJIYHOIO
THCKY, MaCH Tijia, KiTbKOCTi FeMOII00iHY B KPOBI, KITBKOCTI BUKYPIOBAHHX
CHTaper 3a JeHb, MOKa3iB €JIEeKTPOKapAiorpaMu. Y IbOMY JOCIiIPKEHHI
npotsiroM 12 pokiB (Tak 3BaHE JIOHTITIOAHE NOCHIIKEHHS, TOOTO TpHUBase
JOCITIHKEHHS] THX caMuX 0ci0) OyIo 310paHo AaHi MPO MPOSBU iIEMiTHOL
xBopoOu B 1929 uvonogikiB i 2540 xiHok y Bimi Big 30 mo 62 pokis. Ha
moyatky oOcTexkeHHs BCl mamieHTH Oynmu 3mopoBi. IIpoBenenwit anamiz
JI03BOJIMB BWBUWTH BIUIMB (DAKTOPIB PH3MKY HA PO3BHUTOK iMIEMIiUHOI
XBOpPOOH cepIrs.

VYsBIMO, IO 3HAWIIOBCS KPUTHK 3J100yTHX pPE3yibTaTiB (HOBOTO
METONly JKyBaHHS, HOBUX JIKiB, HOBOTO TpWJaxy, HOBOTO METOIy
JiarHOCTYBaHHA), SIKMH 3ayBakye, IO Ii pe3yJbTaTd MalOTh BHKIIOYHO
BHIIA/IKOBHI XapaKTep i TBEPDKCHHS IIPO TXHIO e(heKTUBHICTh cyMHiBHe
Y TakoMy pasi JUls JOBEICHHs BIPOTIIHOCTI OTPMMAHHMX PE3yJIbTaTiB
KOPUCTYIOTbCSI ~ HMOBIpHICHUMH  TiIXOAaMH W  BiJIMOBIIHUMH
cmamucmuunumu kpumepigmu. i xputepii qat0Th 3MOTY OLIHHUTH CUTY
36 513Ky MK OCTIDKYBAaHUMH 3MIHHUMH. 3 METOI0 BUBUCHHSI 3aJICKHOCTI
MDK IHMH JOCHTIJUKYBaHUMH O3HAKaMH BUKOPHUCTOBYIOTHCS epadghiku
63aem00ii (Bi3yanbHUI MeTox). SIKio npsmi Ha TpadiKy IepeTHHAIOTHCS,
TO TOBOPSITH, III0 03HAKW B3AEMOIIIOTh, BIUTMBAIOTh OJHA HA ONHY. SIKIIO
IpsiMi  TIapalieNibHi, TO TOBOPSTH, IO B3aEMOJIil, a00 3aJIEKHOCTI MK
O3HaKaMH, HEMaE. HpI/IHaFiI[HO 3a3HaYMMO, IO B LUIOMY Bi3yalbHHI
MiAX11 MEHII TOYHHWH, HI’)K CTATHCTHYHI KpUTeEpii.

Mpuknan. V. ramysi 3acobiB  TemeKoMyHiKaliid, mo OypXiHMBO
PO3BHBAETHCS, BAXKIIMBO PO3B’SI3yBaTH TaKi 3a/1adi: MPOTHO3YBATH IMiKOBI
HAaBaHTAXXEHHS B  MEPEXi, OIIHIOBAaTH  TIKHEBI  KOJWBAHHS
HaBaHTa)XKCHHS, palliOHATBHO BHOWpATH Micle OyAiBHHUIITBA HOBOI
CTaHIIT JUTst ePEKTUBHOTO PO3BUTKY MEPEKI.

VYci ni 3ama4i ycIinHo po3B’sI3YIOTECA HAa OCHOBI pezpecitinux mooenel.

Mpukaan. I[likaBi pe3ymbTatd JUIss  MPOTHO3YBAHHS  JIOXOJIB
TENEeBI3IMHMX KOMIaHId 3aleXHO, NPUMIPOM, BiA TpboX (hakTopis:
KUTBKOCTI TPOIaBaHUX TEJNEBI30PiB, 3arajibHOi KUIBKOCTI PEKIaMHHUX
OTOJIOIICHb 1 YPSAOBUX 3aXOMiB, II0 OOMEXYIOTh [EAKy peKiIaMmy
(HampuKiIam, peKiiaMy CHraper), MOXKHa TaKOX MJICTaTH 3a JIOTOMOTOIO
perpeciiiHux Mozenen.

Mpuxnax. YcmimHi aii cucteM TOpriBm «on-line» BUMararTh Bijl
¢GipM  TpPOTHO3YBaHHS  TOBOPKEHHS  IHAMBIAYaJIbHUX  ITOKYIILIB.
Haii0inpmi ¢ipMu, 3aiiMaioyrch €JIEKTPOHHOIO KOMEPII€0, 3a3HAIOTh
MIOPIYHO BeIMYEe3HUX 30UTKIB uepe3 Te, mo 5—10% MmoKymiB 3MiHIOIOTh
¢ipmy abo mepexomsaTh y macwBHUM craH. Cucremu peectpauii
€IEKTPOHHOI TOPTiBIi JAOTh 3MOTY (IKCYBaTH MOMEHTH TIPUXOIY
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KOXKHOTO TMOKYIIS JO Mara3uHy, CyMy MOKYIKH, KiTbKiCTh TOBapiB Ta
1HIII mapaMeTpH. 3a JOHOMOTOI0 CUCTEMHO MPOBEACHOTO CTATUCTHYHOTO
aHamizy (OMMCOBOTO aHAi3y MaHWX, CKIAJaHHS KOPEJAIINHOT MaTpuIl
poJiaxy, moOymoBu rpadikiB BapiabeabHOCTI MOKYIIOK 3aJIC)KHO Bij THIB
TXHS, aHANI3y CHOXHBYOTO KOIIWKA JJIS PI3HUX KaTeropiil MOKyIIiB,
JHIB TW)XHSI) MOXXHA OI[IHUTH IEPIOJd MiX TOKYIKAMH W 3MIHUTH
CTpaTerilo BIUIMBY Ha IIOKYIIS, YCTAHOBWBIIHW, HANpPHKIAJ, TEPMiHU
MpoBeAeHHsI OiNIbII aKTUBHOI peKJIaMHOI KammaHii. 3Hatouu WMOBIpHiCHI
PO3MOiIH, MOXXKHA JIETKO CIPOTHO3YBaTH KUTBKICTH MOKYIIIB Yy I€BHI
MIPOMIXKKH Yacy.

Mu BXHIH CIIOBO «perpecis», MO K CTATUCTHYHE MOHATTS Mae B
aHaji3l JaHUX BaK/IMBE 3HAUYECHHS.

Pezpecia (ckopoueHe BiI «perpecisi JJ0 CEepeaHbOTo») — IIe
meHOeHyis KpauHix abo He36UYAlHUX 34 3HAYEHHAM napamempis
nosepmamucs (pecpecyéamu) 00 cepeOHbO20 3HAYEHHS.

CepenHi pe3ynbTaTH OUTBINI TUIOBI, HiXK KpaiHi. Tak, micns HacTaHHS
HE3BMYAMHOI TOJIT CUTYyaIlisl CXWUJIbHA BEPTATUCS JIO CBOI'O CEPEIHBOIO
pIBHA: 32  ©KCTPAaOpIMHAPHHMH  BHUMAJKaMH, SK  [PaBHIIO,
CIIOCTEPIralOThCs 3BUYAlHI ABHUIIA.

Hpuxnan. [pu qociimkeH I 3aIeXKHOCTI CTPyMY, IIIO TIPOTiKae yepes
0N, BiJ Hampyrd, SKy JO HBOrO NPUKIAJACHO, OYyJ0 OTPUMaHO
pe3ysbTaTH, $Ki BKIIOYAIOTh BHIIAJKOBY TOXHOKY BHMIipIOBaHHS.
OTpuMaHy CYKYNHICTh JaHAX MOXKHa alpOKCUMYBATH  JIESKOO
3aJIeXKHICTIO, sIKa HA3MBAETHCS BOJIBT-AaMIICPHOIO XapaKTEPHUCTHKOIO Ji0/1a
il TOKa3ye 3MiHy CTpyMY, SIKHI IPOTIiKa€e uepes3 A0/, Y CepeTHbOMY.

Baoicnueo  3anam’amamu, wo Koau MIiHAUBE HNOBOONCEHHS
no8epmacmsCcsi 00 HOPMAIbHO20 CMAHY, HAUIMOBIpHIULe
cnocmepicaemobcs  peepec.  «AK  minbKu 68U HAgUUMecs
posniznasamu pezpecii, u Oyoeme 3ay8anxcysamu ix ycroou»
(Henien Kaneman).

VY pO3rnsHYyTMX NpHUKIafax HacamIlepes iMuiocs Mpo BH3HAYCHHS
HAsBHOCTI 3aJIE)KHOCTEH MiXk (akTopamu B cepenHpoMy. Jpyruii eram —
BU3HAYEHHs BUAY IIMX 3aJIEKHOCTEH, 32 SIKUMH MOKHA PO3B’sI3aTH 3a/1a4y
MPOTHO3YBaHHI.

* 3adaua ananizy enaugy pi3HUX (paxmopie Ha TOBOJKECHHA
JOCHIKYBaHOT BETMYMHH (PO3TIIAJAETHCS B OUCHEPCItIHOMY aHAMI31).

Hpuxnan. s onepskanHs cepTrdikara Ha JiarHOCTHIHHA KOMILIEKC
npoBoawIkCca cepTudikamiiHi BUNpoOYBaHHS B Pi3HHX Ja0opaTopisix 3a
JIOTTIOMOT'OF0 PI3HOTO YCTATKYBaHHS PI3HUMH (axiBIFIMH i 0YJI0 OTPHUMAaHO
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pi3Hi pesynbraty. [IoTpiOHO BUPIINTH: 4H € 1S pO30IKHICTH BHIAJKOBOIO,
TOOTO 3YMOBJICHOIO MAaJIOIO KUIBKICTIO BHIPOOYBaHb 1 HEMOKIIUBICTIO
BUKJTIOYCHHS BIUIMBY  BHIIAJKOBUX  BEIIMYMH, YM HPHIMHOIO €
HEJIOCKOHAJIICTh yCTaTKyBaHHs, ab0 pi3Ha kBamidikamis (axiBIfiB, a0bo
METOJINKa TPOBENIEHHSI BUIIPOOYyBaHb, a00 BIUIMB iHIMUX (akTopiB. s
MpaBWIBHOCTI yXBaJCHHS pilleHHS Tpo BHmady ceprudikata i
3aCTOCOBYEThCS MAWCIIEPCIMHAN aHami3, SKAA Ja€ 3MOTy BHUSBHTH
MPUYHHY PO301KHOCTEH pe3yNbTaTiB.

3a3HaumMo, 1o 0araro CKJIAIHWX 3a/1a4 YCIIIIHO PO3B’S3YIOTHCS came
JIOBOJIi MIPOCTUMH CTAaTUCTHYHUMHU METOAaMH. Tak, y MEAWIMHI, 30KpeMa
(apmakororii,  3mIACHIOETBCS  OIIHIOBaHHS  €(EKTHBHOCTI  JIKiB,
KJacudikailisi XBOpUX 3a CTYIECHEM Ba)KKOCTI 3aXBOPIOBAHHS, JOCIIKCHHS
KapaiorpaM, pi3Hi TECTH, IO AAlOTh 3MOTY [IarHOCTYBaTH TAIli€HTIB Ha
PaHHBOMY eTarli 3aXBOPIOBAHHS, — yCe e IUISIX JI0 JOKa30BOI MEUIIMHY, i
BiH JIGKHTh 4Yepe3 CTATUCTHYHI METOAW. Tak caMO MO)KHa pO3B’s3yBaTd
3aavi OILIHIOBAHHS TEXHIYHOTO CTaHy TPAHCIOPTHHX 3aC00iB, pO3paxyHKy
MOJIATKOBUX MBI JUIA 3MIHCHEHHS I1HBECTHIIM, Kiacudikaiii 00’ €KTiB
HE3aBEPIICHOTO 6yI[iBHI/ILlTBa Knacnq)ixauﬁ JoKepet BUKUIIB
3a0py/HIOBA/ILHAX PEYOBHH 1 Gararo IHIUNX, Ji¢ JIOCI 3aCTOCOBYHOTHCSH
eMITipUYHI IpaBuIa.

Sk moKa3ye NMpakTHKa, BapTiCTh OOPOOKH Pe3yJIbTaTiB eKCIIEPUMEHTIB
CTAHOBHTh HE3HAYHY YACTHHY BAPTOCTi CKCIICPUMEHTY B LijoMy, aie
MOXKE 3HAa4YHO MIJBWIIMTH I[HHICTH 3000yTHX pe3ynbraTiB. OgHaK
Hal4acTile oMY NUTAHHIO HE NPUAUISIOTH HAGKHOI yBard, Giibuie
TOTO, HEPIAKO pe3yiabTaTH TPOMI3IKHX JOPOTHX EKCIEPUMEHTIB He
MiANAI0ThCd HaBITh HAWMpOCTIiIi 00poOIli, Yepe3 M0 BTPAYAETHCS
BeJIMYe3Ha KUIbKICTh KOPUCHOI iH(OpMaIlii, a iHO/II poOIIATECS HETIPaBIIIbHI
BHUCHOBKH.

Heobxiono 60100imu sK Kyasmypow NOCMAHOBKU U NPOBEOeHH s
eKCnepumMeHmy, mak i KyIibmypow aHANi3y OaHux, mooOmo GMIHHAM
00pobasmu pe3yiomamu 00Ci0NCeHb O 00EPHCAHHA MAKCUMATLHO
MOHCIUBOL KLIbKOCMI KOPUCHOT IHGhopmayil.

TakuM YHHOM, CTATUCTHUYHI METOAM OOpOOKH iH(OpMarii nalTh

3MOT'Yy KOMIIAKTHO OTIMCATH JIaHi, 3pO3YMITH IXHIO CTPYKTYpY, MPOBECTH
Kyacudikallio, H00aunTH 3aKOHOMIPHOCTI B Xa0Ci BUIIAIKOBHX SIBHILL.
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I[uTanns aJs camonepeBipku

1. o € OCHOBHOIO TIEPEAYMOBOIO Teopii WMoBipHOCTEH? Ky POIbH
BiJIrparoTh METOIM MaTEMATUUHOI CTATUCTHKH?

2. Y 4yomy momsrae cyTb ONHCOBOI cTaTucTHKH? HaBeniTe mpuxiiaan
CJIOBECHOT0, Tpa(hivHOTO Ta MATEMAaTUIHOTO OIIUCIB.

3. V doMmy monsrae 3amava OIIHIOBaHHS HEBIJIOMHX TapameTpiB
3aKOHIB pO3MOAiTYy MOBipHOCTEH?

4, Slke TIpakTHYHE 3HAYCHHS MAa€ BHITAJKOBE PO3CIIOBAHHS
napameTpiB? Y womy mossirae 3aaada nepeBipky rinores?

5. Ski 3amagi po3B’s3y€e TEOpish KOpEIii Ta perpeciiHui aHami3?

6. Chopmymoiite 3a1aqy MPOTHO3YBaHHS.

7. 3a JOMOMOTOI0 YOTO  OINHIOETBCS  CHJIa  3B’S3KYy  MiX
nociimkysaanmu 3MinHUME? 1o Take rpadik B3aemoii?

8. Jlyis 40ro 3aCTOCOBYETHCS TUCTICPCIHHMI aHaTi3?

9. HameniTh mpuKIIagy 3aCTOCYBaHHS CTATUCTUIHUX METOIIB.

10.CdopmymtoliTe TONOBHY 3a1a4y CTATHCTHYHOI 00OpOOKH.

1.2. OCHOBHI MIOHATTSA TEOPII UMOBIPHOCTEM

Posristnemo OCHOBHI
MOHATTS T4 BU3HAYCHHS TEOPil
HMOBIpDHOCTEW SIK OCHOBH JJIst
METOIIB CTaTUCTUYHOL
00pOOKH TaHHX.

Y Teopii NIMOBIpHOCTEN BUBYaOTLCA
TiNbKM Macosi BUNpobyBaHHs, TOBTO
BMNpobyBaHHS, Lo BiabyBaoTbLCH Npu
He3MiHHUX YMOBax HeoiHOPa3oBO

Bunpodysanna. Bunpobysannsm Ha3MBAETHCS TPOLEC BiATBOPEHHS
KOMILJIEKCY YMOB NPOBEICHHS €KCIIEPUMEHTAIBHHUX JIOCHIJPKEHb, KOTPHI
MO>KHA 3JIIHCHUTH SIK 3aBFOJHO BEJIMKY KiIBbKICTh pa3iB.

Ile o3HaveHHs mependavae, MO MOXXKHA HECKIHYEHHY KUIBKICTh pasiB
MOBTOPIOBATH JOCIIAN, 1 YMOBH iX MpoBeneHHs OynyTh He3MiHHUMH. Lle
MOXYTh OyTH HaWpi3HOMaHITHIIII SBUINA, B SKUX Ti caMi YMOBH
peaizyroTscsi 6araTopasoso.

Mpukaag. KoHTponms mnpu MacoBOMy BHUPOOHHIITBI IMPHIATHOCTI
BHUPOOIB, BU3HAYCHHS PO3MIPY BUPOOY.

Ilooii. SlBmma, mo BinOyBalOThCA B pe3ynbTaTi BUIPOOYBaHb,
Ha3UBAIOTHCS nodismu. Ilofii mo3HAYalOThCS BETUKUMU OykBamu A, B,
C. Ha puc. 1.3, a BunagkoBy nofito 4 NoAaHo SK MOTPAIUIAHHS TOYKU B
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nesiky 00nacTb A4, 110 € YacCTHHOIO KBajpara 3 IUIOLICI0, SIKa JOPIBHIOE
OJMHUILII.

Hpuxnag. SKmo KOHTPOIs TPHUOATHOCTI BHpoOy — 1Ie
BUNpOoOyBaHHS, TO IMOsiBa OpakOBaHOTO BHPOOY TpU KOHTPOIi —
pe3ymbTaT MHOTO BUMPOOYBaHHS, TOOTO TOiS; SKIIO BHU3HAYCHHS
po3Mipy BHpOOYy — Ii¢ BHUIpPOOYBaHHS, TO OJEpKaHHS pPe3yIbTaTy
BHUMIPIOBAHHSA € TIOII€I0.

Mpuxaan. [lpu npoBenenHi BUNpoOyBaHHS — MiAKUJaHHI MOHETH —
MOJKJTMBI JIBa pe3yabTaTh: Tepd abo mudpa.

Jocmosipna nodia — nofiisi, iKa B pe3yNnbTaTi JAHOTO BUITPOOYBaHHS
HEOJIMIHHO Bi/I0yBa€ThCSI.

Mpukaaa. IlosBa OpakoBaHOTO MPUMIPHHKA B MapTil HEMPHIATHUX
BHPOOIB.

Mpuxnax. IlosBa ymcna Bim 1 mo 6 mpHW MiAKUIAHHI TPaIbHOTO
LIECTUTPAHHOTO KyOHKa.

Hemoxcnuea nodin — 1onmisa, sKa B Pe3yibTaTi JIaHOTO
BUTNIPOOYBaHHS BiIOYTHCS HE MOXKE.

Hpuknan. [losBa mpuaaTHOro NpUMipHUKa B MapTii HEMPUAATHUX
BUPOOIB.

Mpuxnan. [TosBa yncna 7 npu migKUIaHHI TPaTbHOTO KyOHKa.

Bunaoxoea nodia — mofis, sika B pe3yNbTati JaHOTO BHIIPOOYBaHHS
MOJKe BifOyTHCs ab0 He BiIOyTHCS.

Mpukaan. IlosBa OpakoBaHOTO NpUMiIpHUKAa B TapTii BUPOOIB,
BUTOTOBJICHUX IPU HECTAJIOMY TEXHOJIOTTYHOMY IPOLECi.

Hecymicni nodii. ]IBi nofii Ha3MBAIOTHCS HeCyMiCHUMU, SKIIO TIPH
BUTNIPOOYBaHHI MOsBa OJIHIET 3 HUX BUKIIIOYAE MOKIIUBICTh TIOSIBU 1HIIIOT.

Hpuxnax. IlosBa repba nupM MiAKUAAHHI MOHETH BUKJIIOYAE
MOJKJIUBICTb MOSIBU LIH(PH.

Ilpomunesicnui noodii. JIBi nonii Ha3uBarOThC npomunedxcHumu (abo
B3a€EMHO TPOTHIICKHUMH), SKIIO TOsSBa OJHIET 3 HUX PIBHOCUIIbHA
HerosiBl iHMIOl. SIKmIo OaHY 3 IMX TMOMIA IMO3HAa4eHO 4Yepe3 A, TO
NpOTUIIEKHY Mo3HavarTh A (puc. 1.3,0).

Cymicni noodii. JIBi monii Ha3UBAIOTBCA CYMICHUMU, SIKIIO TIPH
BUTIPOOYBaHHI TIOSBA OJHIET 3 HUX HE BUKIIOYAE MOMIIMBOCTI TOSBU
1HIIIO].

Mpukaan. [Ipyu migkumaanHi TPaTbHOTO KyOHKa MOXKIIHBE OJIHOYACHE
BUIAIaHHS TAPHOTO YKCIIa i yncia 2.

Pignomoxncnugi nodii. Slxmo npu BUNPOOYBaHHI MOXKYThH 3’ SIBUTHCS
KUThKa MOJIMBHUX TIOAIHM 1 TIpH IIBOMY HEMAa€E IIJCTaB MPHUITYCKATH, IO
MosiBa OJHMX IMOBIpHiIIa 32 MOSBY 1HIIMX, TO TaKi MOAIl Ha3MBAIOTHCS
DIBHOMOINCTUBUMU.
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Mpukaan. PiBHomMoxnuBe BumaganHs Tepba Ta wudpu HOpU
MAKUAAHH] MOHETH.

VY 3araspHOMY BHIAIKy B pe3yibTaTi BUIIPOOYBAaHHS 3aJIEKHO Bif
BUMAJKOBUX OOCTaBHH, IO 3MIiHIOIOTBHCSA, MOXKE BimOyTHcA Ta abo iHIa
MOJis 3 MHOXKMHH IOIiHM, MOXKIMBHX IIPU aHOMY BHIIpOOyBaHHI. Taka
MHOKHHA Ha3UBA€ETbCS nOJ1eM ROOIN.

ITone momifi MicTUTh Hacammepex piBHOMOXIWBI moxii. Ili momii
HA3UBAIOTHCA €/1eMEHMAPHUMUL.

He3zaneocni nooii. Tlonii A 1 B Ha3UBAIOTBCSA HE3ANEHCHUMU, SIKIIO
MHOXXWHH, SKUMH BOHH MOJAIOThCS, He nepemunaiomvcs (puc. 1.3, 6),
TOOTO BOHM HE MAIOTh CHUIBHUX TOYOK. TOMy Hisika TOUYKa, 10 300paxae
OJIHY 3 CJIEMCHTApPHUX IOJil, HE MOXKE MOTPANUTH OJHOYACHO B Il JBI
o0xacTti, TOOTO TIpW MOBTOpPEHHI BUMPOOYBaHHS KUTBKICTh TOYOK, IO
MOTPAIUIAIOTh B 00MacTs A + B, HOPIBHIOE CyMi KUTBKOCTI TOYOK, IIO
MOTPAIUISIOTH B 001acti 4 abo B.

Hpuxnax. [lpu migkuganHi MOHETH HE MOXYTh BUMAcTH Tepd i
nugpa OHOYACHO.

Mpuxnan. [lapri Ta HenmapHi nudpU TPaTbHOTO KyOWKa HE MOXYTh
BUIIACTH OJJHOYACHO.

3anescnui nooii. Tlomii A 1 B Ha3HBAIOTBCA 3ANEHCHUMU, SIKILIO
MHOXWHHU, SIKUMUA BOHHU TONAIOThCS, HepemuHamscs, TOOTO MoJIil
4acTKOBO a0o TMOBHICTIO 30iratothes. Ha pume. 1.3, 2 imocTpyerbes
HOHATTS CyMM 3aJIEKHMX TOMiH. [1 MexXy OOBEIEHO KMPHOIO JiHI€0.
KinbkicTh TOYOK, SIKi MOTpanmid B o0nacts A + B, Oy/e MEHIIO, HiX
cyMa TOYOK, HIO MOTpamwid B obnacti A 1 B 3a paxyHOK MOXIUBOCTI
MOTPAIUISIHHSA B IXHIO CITIJIbHY YacTHHY (00JIaCTh mepepisy).
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>

Puc. 1.3

s 3anucy cymu UKOpucmosyemocs (pynxyis ous tonkyis U
(rociuna onepayis ABO)
s 3anucy 006ymKy 6UKOpUCIO8YEMbC (PYHKYIsA KOH TOHKYIS
N (rociuna onepayis ).

MMpuxnan. Y TPANbHOTO Ky6I/IKa BUIIAJIO «HenapHe qUCIIO» 1 «3».

TakuM 9uHOM, iCHYE JESIKHI B3a€MHHUH 3B 30K MK TOJISAMHU, SKAN
MOJIA€THCS 3a IOTIOMOT OO areOpu MOk,

Cymoro (06’eqHaHHAM) JBOX MO/ A 1 B Ha3uBaeThes moais A + B,
sIKa HACTa€ TOJi, KOJIM HacTa€ MPUHANMHI o1Ha 3 oI 4 abo B.

Cyma n mogiit:

n
SA=(A+A+.+A).
i=L
Mpukaan. [1is Tpeox moii

A =4U4,UA4,.

Jo0yTkom (mepeTuHOM) NIBOX MO A 1 B Ha3uBaeThcs momisa AB,
sIKa HACTa€ TO/I1, KOJU HACTAIOThL 00uABI mofii 4 1 B.
JoOyTok N momiit
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[T4=(A-A-.A)
i=1
Hpukaan. [nsg Tpeox moxii
A=4NA4NA4,.

BinHocHa 4acrora momii. BigHocHOIO 4acToTOIO  (YACTICTIO)
BUNAAKOBOI mmomil A Ha3MBAacTHCS BIMHOIIEHHS KIJIBKOCTI Ny MOSIB INi€]
MoJii 10 3arajbHO1 KiIbKOCTI BAKOHAHUX BHIIPOOYBaHb N

W,(A) = na/n.

Yacricts Ny/N — BUIaAKoBa BeaWYMHA, 1 3HAYEHHS 3aJIEKUTH Bif
BHIIAJKOBUX OOCTaBWH, IO CYMPOBOKYIOTH BUIIPOOYBaHHS, OIHAK Y
OLTBIIOCTI BUMAJKIB, Yy JOBTMX MOBTOPHHUX CEPIsIX, YACTICTh Mae
cmamucmuyHy cmitikicms, TOOTO 31 30LJBIICHHSM N BOHA BCE MEHIIC
BIIXWISAETHCSA BiJ] 0€1K020 NOCMILIHO20 YUCd.

Mpukaan. [Ipu 6araTopazoBoMy MiIKMIaHHI MPABUILHOTO TPATLHOTO
KyOWKa BiTHOCHA 4acTOTa BUIAJaHHSA KOXKHOTO YHCIa OYOK Bing 1 mo 6
KOJIMBAETLCA 011 umcia 1/6.

Cmiiikicmb BiTHOCHOI YacTOTH BigOWBaE JesiKy 00 €KTUBHY
BJIACTMBICTh BHIIQJKOBOI TMOMil, III0 TMOJSIra€ TMEBHOK MIpOK B
MOJNCIUBOCMI 1T HACMAHHSL.

Mipoto (Y4MCTIOBUM 3HAYEHHSIM) 00’ €KTHBHOI MOMIIMBOCTI HACTaHHS
BUIIA/IKOBOI TOIi1 A € 11 iMOogipHicmb, siKa TO3HAYAETHCS CUMBOJIOM P(A).

Konxpemuuii 3micm iMogipHocmi noisieae 8 momy, Wo 60HA BUHAYAE
CepeodHio Yacmicmo, 3 SIKOWO MOJCHA Yekamu nosasu nodii A 8 dosaux
cepisx unpobyeamy.

3aBasku  cTiiKocTi ¥ Omm3bkocTi  BimHocHOT wactotm W, (A) 1o
imoBipHOCTI P(A) uacmicmbs MOXe CIYTYBaTH HAOMUNCEHOI OYIHKOIO
UIMOGIpHOCMI, TOYHICTH SIKOT 3pOCTAa€ 31 3pPOCTaHHSAM  KUIBKOCTI
BUTPOOYBaHBb y cepii.

OcHOBHI BJIaCTHBOCTI iiMOBipHOCTEH

1. Hopmyeannsa iimosipnocmi.

3 oaHOro OOKY, KUIBKICTh Ny MOSIB OyIb-KOT BUIAAKOBOI mOAil A He
Moske OyTH Bix emHoro (Ny > 0), a 3 Apyroro OOKy, SIKIIO BUIPOOYBaHHS
MOBTOPIOIOTKCSI N pasiB, moJlisi A He MoXKe BiIOyTHCS OiNbII HIX N pa3iB
(n4 <n). Tomy BiTHOCHA YacTOTa BHIAAKOBOI MO/Ii 3aBX/IH 33JJ0BOJIBHSE
HEpIBHOCTI:
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n
A< 1,
n
a OTKe, 1 ;a1 HMOBIpPHOCTI, SIKa € rpaHuYHNM 3HadeHHsM It W, (A),
OyJe BHUKOHYBATHUCS CIIBBiHOIICHHS, II0 HOPMYye 1 3HAYCHHS:
IMOBIPHICTBb BHITAIKOBO1 TIOiT MicTUThCS MiXK 01 1:

0<P(A)<l.

0<

2. Imogipnicme docmogipnoi noodii 0opieHroe oqUHNL, IMOGIpHICMb
HeMOMHCAUBOT NOOTT OOPIGHIVE HYJIIO:

P(U) =1, P(V) =0.

S HacmiIoK: CymMa WMOBIPHOCTEH NPOTHIICKHUX IOMAIN JTOPIBHIOE
OJIMHULIL:

P(4)+P(A)=1

Ha puc. 1.3, 6 npoMy BUNAAKY BIANOBIZa€ KBaapaT 3 HOPMOBAHOIO
OJVMHUYHOIO IIJIOMIEIO.

[IpaBuio nomaBaHHA #WMOBIpHOCTEH (BJIACTHBICTH aJUTHBHOCTI
HMOBIpHOCTEH).

Po3riissHeEMO crioyaTKy MpUKIaz AIst Hecymichux nooii (puc. 1.3, 6).

Mpukaag. B ypHi nexars 4epBoHi, cuHi Ta Oimi kymi. [omis A
MOJISITa€ y BUMMAaHHI 4epBOHOI Ky, noxist B — cunpoi. [lonis C=4 + B
MoJIsirae 'y BUMMaHHI Oy/ab-siKoi KOMBOpPOBOi Kyii. BuitHaBmIM Kymio 3
YpPHH, BiI3HAYUMO i1 KOJIip, a IOTIM TTOBEPHEMO KYIIIO 3HOBY B YPHY, 1100
MTOBTOPHUTH BUIIPOOYBaHHS B THX CaMHX yMOBax (3a CXEMOIO BepHynm)
Toxi npu N-pa3soBoMy NOBTOPEHHI BI/IHp06yBaHH${ KUIBKICTh BHHHSATHX
KOJILOPOBHX KYJIb JIOPIBHIOE CyMi BUHHATHUX YePBOHUX 1 CHHIX KYJIb:

Nc=ny + Np,
TOMY I Bi,Z[HOCHI/IX YacCTOT 3aBKAW BUKOHYETbHCA CHiBBiZ[HOH_IeHHH:
nd/n =n,/n + ng/n,

1o 3a N — oo OyJe BiANOBiAaTH CyMi HMOBIPHOCTEH.
TakuM 4MHOM, SKIIO MOl HecyMicHi, IMOBIPHICTh CYyMH IMX IOJIH
JOPIBHIOE CyMi TXHIX iMOBipHOCTEH:

P(4 + B) = P(4) + P(B).

[IpaBuno momaBaHHS WMOBIPHOCTEH /I TBOX HECYMICHHX ITOMiH
MOLINPIOETECA Ha CyMy Oyab-sIKOi CKIHYEHHOI KIIBKOCTI BHIMAIKOBHX
MOAi#: KO BUMAAKOBI momii Aj, Aj,..., Ax TIOMApHO HECYMIiCHI, TO
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HWMOBIpHICTh IXHBOI CyMH, TOOTO HMOBIpHICTH MOSIBH X0o4a O OjHIET i3
WX MTOJIii, IOPIBHIOE CyMi iXHIX IMOBIPHOCTEIH:

P(A1+ A2+...+ Ak) = P(Al) + P(Az) +...+ P(Ak)

Jns Bunanky cymichux nodiu. Sk BumHO 3 puc. 1.3, e, 1e oOBeneHa
o0acTh BiANOBiZa€ CyMi CyMiCHMX MOJiH, iCHye AesKa 3allTpHXOBaHa
00J1acTh, sIKa HAJEKUTH OJHOYACHO I 00nacTi nomii 4 1 obaacti moAii B.

[Tnomia obnacti C Oyze MpOMOPIIHHOO 10 HMOBIPHOCTI CyMu Mol A4 i B:

P(A + B) = P(4) + P(B) — P(4B),

ne P(AB) — iMOBIpHICTb CyMiCHOCTI TIO/Iii.

Mpuxnax. [Iga cTpiiblli OAHOYACHO CTPUIAIOTH MO OAHIM 1. [Tomis
C — xo04a 0 o/1HE BIy4YEHHS B LiTh — ,Z[OpiBHIO€ CyMi IBOX mofiit 4 i B:
A — BITYYCHHS IIEPIIOro CTPUIBI B Iiib, B — BITy4CHHSI JPYroro
CTPLIBLS B b, L[ITKOM MOXITHBO, 1110 00H/BA CTle'ILLIl BIIyYHIIN B L1JIB
onnouyacHo. Hexait P(4) = 0,8 i P(B) 0,9, Tomi, sikmo 6 moxii Oymu
uHecymicaumu, 10 P(C) = P(4) + P(B) = 1,7, o He BiANOBiIa€ MiliCHOCTI,
00, K BiOMO, IMOBIPHICTh HE MOXe OyTHM OUIBIIOK Bij oguHMIi. Ha
puc. 2.1, 2 omuHUYHIN iIMOBIPHOCTI BiJIIIOBiIa€ TUTOIIA KBapaTa, Y Mexax
SIKOTO MICTUTBCS 00JyiacTh, 10 Bianosigae noxii C. Toxi 3a dhopmyioro
JUTSL CyMICHHX TIOI Ma€eMO:

P(C)=0,8+0,9-0,8 x 0,9 =0,98.

ImoBipHocTi B moBHili rpymi mopaiii. I3 puc. 1.3, ¢ BurmBae, 1o
MOe BiOyTHcs abo mofist 4, abo moist 4, i IHITUX HACTIAKIB HE MOXe
OyTH. Y 1IbOMY BHIAIKy TOBOPSATH, M0 NOAil A i A yTBOPIOIOTH nO6HY
epyny nooii, TOOTO TP KOXHOMY TIOBTOPEHHI BHITPOOYBaHHS MOXeE
BIiIOYTHCS X0ua 6 00HA 3 Yux nooiil.

Mpuxnan. ko X — KiTbKiCTh OYOK, [0 BUIAIa€ HA BEPXHIN IrpaHi
rpajgbHOro Kyomka, To momii X =1, X =2, X =3, X=4, X=5 X=6
YTBOPIOIOTH TIOBHY TPYITY TIOJIIH.

Ipuxnag. X — napue, Y — HemapHe yTBOPSATH MIOBHY TPYILY.

I3 mux npukitaniB 0auuMo, IO eJIeMEHTapHI MOJii, OB’ si3aHl 3 JTaHUM
BUNPOOYBaHHIM, MOXKYTh Y Pi3HHH C1I0ciO (JOopMyBaTH MOBHI TPy MOIH.

Cyma timogipHocmeli HeCyMICHUX NoOiltl, WO YMEOpPIoiomb NOGHY
2pyny, 00pieHI0E OOUHUYI

P(A1+A2+...+Ak) =P(A1) +P(A2) +...+P(Ak) =1

3100yTe CIIBBIIHOIIEHHS YacTO 3aCTOCOBYIOTH JJIi KOHTPOJIIO
pO3paxyHKy HMOBIPHOCTEH.
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I[uTanns aJs camonepeBipku

1. [llo HasuBaeTbcs BunpoOyBanusaM? HapeniTe mpukiaay.

2. lllo Take momis, nocToBipHa Ta HeMoxkiauBa moxii? Haeenite
TIPHUKJIA]TH.

3. llo HasuBaeThcs mojeM momi? SIki momii  Ha3HBAIOTHCA
eJIeMEHTapHUMH,  PIBHOMOXXJIMBHMH,  HpOTWICKHUMU?  HaBemiTh
MIPUKIIA TN

4. Slxi monii Ha3WBalOTHCA CYMiCHUMH 1 HecymicHmMu? HaBemiTb
npukiany. llo Ha3uBaeThCs CyMOIO Ta JOOYTKOM JBOX MOJii?

5. TlosicHITB, 110 Ha3UBAETHCS BIAHOCHOIO YaCTOTOIO MOII.

6. Y 4oMy momsrac KOHKpeTHWH 3MicT iMoBipHOCTI? HaBenith
OCHOBHI BJIACTUBOCTI HMOBIpHOCTEH.

7. HaBeniTh mpaBuiio goqaBaHHS WMOBIPHOCTEH Uil CYMICHMX Ta
HECYMICHHX TIOIiH.

8. lllo Take moBHa Tpyma moxii? Yomy HOpiBHIOE WMOBIPHICTH Y
MOBHIH Tpy1i nofiit? YoMy AopiBHIOE CyMa HMOBIPHOCTEH MPOTHIICKHUX
o Tin?

1.3. YMOBHI HMOBIPHOCTI. ®OPMYJIA BAECA

IHogi noctae  HeobXigHiCTb YmoBHi AMoBipHOCTI.
oBuMCnnUTU MOBIpHICTL Aesikoi | BumajgkoBy — BenmuuuHy — MOXHA
nogii B 3a gonaTtkoBOi yMOBMW, | BU3HAYUTH SK MO0, IO MOXKE
sika nonsirae B TOMy, WO Aeska | BigOyTucs abo He BiAOyTHCSA Npu
nopist A Bxe Biadynacsi. 3MIHCHEHHI  JIesKoi  CYKYIHOCTI
YMOB.

Sxmo mnpu oOYMCIeHHI WMOBIPHOCTI MONIT KpiM 3a3HA4eHOi
CYKYITHOCTI YMOB HiSIKUX IHITUX OOMEXEHb HE HAKIIAJAa€ThCS, TO TakKa
HMOBIPHICTh Ha3UBAETHCS DE3VMOBHOIO.

SIkmo oI 3aificHeHHS Ioxii  HeoOXigHe BHKOHAHHS —JESIKUX
JIOIaTKOBHX YMOB, IO HE BXOJATh y 3a3Ha4€HY CYKYIHICTh, TO
HMOBIpHICTP BHUHHMKHEHHST Takoi TOAIi HA3MBalOTh  YMOGHOIO.
IMoBipHICTE TOmii B, O0YHCIICHY 3a NPHUIYIICHHS, MO TOmis A BXe
BimOyacs, mosHauaoTs P(B|A).

Jns  3’scyBaHHS CyTi YMOBHOI KMOBIPHOCTI  HacamIepen
PO3TIITHEMO TIOHSTTS NOCOHAHHA 8unadkosux nodiu. Ilig moeTHAHHIM
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BHUNAAKOBUX MO A 1 B po3yMilOTh BUNIAAKOBY TOJif0, 5IKa TIONIATAE B
TOMY, IIIO B pe3ynbTaTi BUIPOOYBaHb OJHOYACHO BiOYAETHCS 1 OIS
A, 1 nonmis B. lle moemHaHHs moO3HaydaeTbest depe3 AB (1o0yTok
BUIAKOBUX TOIN).

IMpuxaan. B smuky € N Kyib, 3 HIX Na — KyJIb KOJIBOPOBUX, Cepes
KOJBOPOBHUX Ng —Kynb i3 3ipoukoro. HaBmaHHS BHHMAaeThcs Kynmsd i
MOBEPTAETHCA B SIIUK (151 320€3MeYEeHHS OHAKOBOCTI YMOB MPOBEACHHS
TOCITIZIIB). YBemeMoO TIIO3HAYEHHS: TOMIis A — BHUHAMaHHSI KOJIbOPOBOI
KyJi; ofist B — BuiiMaHHS KyJIi 13 31pOYKOI0, MPUIOMY TOJIisT B HE MOXKe
BiOyTucs 0e3 moxuii 4. Slka HMOBIpHICTH TOTO, IO BHUHHATA Ky Oyne
KOJIbOPOBOIO 1 BOJHOYAC i3 3ipoukoro? VY pe3ynbTaTi NpoBeNeHHS N
BHITPOOYBaHb MOXHA OJIEPKATH Nag HACTIMKIB, IO HAC HIKABIATH, TOOTO
Mae€ Miclie noeoHaHHs nodiu (KyJis 1 KOJIbOPOBa, 1 TO3HAYCHA 31POUYKOI0).
YacToTa MO3UTHBHOTO Pe3ynbTatry Nag ; N. ITloMHOXKMMO i moxinuMo 11e
CIHIBBIJHOIIEHHS HA Np:

n n
Wn(AB):f-n—A,
A

abo

W, (AB)="a. e (1.1)
n n,

[lepmmit MHOXHUK y Bupa3i (1.1) roBOpHUTH TIPO 4aCTOTY MOSBU MO,
0 BUTANIA KOJIBOPOBY Kyiro. [Ipyruii — mnpo d4acToTy TOro, II0
BUTSIJIM HE MPOCTO KOJIBOPOBY, a KYJIO 13 3ipOYKOI0, KOJIM BUTATAIH
KOJIbOPOBY, TOOTO MPHUITYCKAETHCS YMO6a, 10 13 3IPOYKOI0 MOXe OyTH
TUTBKH KOJIbOPOBA KYJISI.

SKmo mepedTH 10 TOHATH Teopii HMOBIPHOCTEH, TO TEPIIUHA
MHOXHUK Yy (1.1) BianoBigae 6e3ymosnitl imogipnocmi nodii’ A, a npyruit
— YMOGHIIl iMOGipHOCMI TOTO, IO HacTana MmoXis B 3a yMOBH, IIO
BiOysacst moist A.

st HecKiHYeHHOI KUIBKOCTI BUIPOOYBaHb y I'paHUYHOMY BUIAJIKY
W,(AB) 36iraerncs m0 iimoBipHOCTI P(AB), TOII:

P(A-B)=P(A)P(B|A), (1.2)

3B1JIKM YMOBHA IMOBIpHICTB:
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P(AB)
P(A)

Ymosna timosipricms mae neeHull cenc auuie 8 mux 6UNAOKax,
KOJIU UMOBIPHICIb YMOBU He OOPIGHIOE HYTIIO.

P(B| 4) =

AHAJOTIYHO BW3HAYA€THCA YMOBHAa HMOBIipHICTH momii 4 3a ymMoOBHU
3aiicHenHs moaii B:

P(AB)

P(4|B) = :
P(B)

SIkmo monii HecyMicHi, ToOOTO Hemae ix mepepisy, To P(B|4) = 0, a
orxe, i P(AB) = 0.

Bupaz (1.2) sBnse co0OW0 npasuio MHONCEHHS UMOGIPHOCMEN.
IMOBIPHICTP CIIJIFHOI MTOSIBU ABOX MOJiH JOPIBHIOE JOOYTKY HMOBIpHOCTI
OJHI€T 3 HUX HA YMOBHY WMOBIpPHICTB iHIIOT, 00YHCIIEHY 3a MPUITYIICHHS,
110 TIepIIa Mo/ist BXKe BigOymnacs.

lle mpaBuio MOXHa TOMIMPUTA ¥ Ha OIMBIIYy KiIBKICTh TOJIH:
IMOBIpHICTh  CITIIBHOI TIOSIBM  KUTBKOX TMOJIH  JOPiBHIOE JTOOYTKY
WMOBIPHOCTI OJTHI€T 3 HUX Ha YMOBHI HMOBIPHOCTI BCIiX iHIINX, TPUIOMY
HMOBIpPHICTh KOKHOI HACTYMHOI TOAil OOYMCIIOETBCS 3a MPHITYLICHHS,
110 BCi TIOTIEpe THI TOJIi1 BXKe BiOYIHCH.

Mpukaan. s TppoX moiit:

P(4BC) = P(4) P(B|4) P (C|AB).
VY 3araibHOMY BUTJISIIL
P (414243...4r) = P(A1) P(A42|A1) P(A3lA1A,) ... P(An|A1A;. .. An 1),
ne P (4)AlAx...An 1)) — imoBipHicTs TOmil A4, oOumcieHa 3a
MPUITYIICHHS, O MOl Ay Ay ...An 1 BiAOyIHCA.

Hesane:xni  moxii.  IIpaBuio  MHoOkeHHs1  iiMOBipHOCTeW
He3aJIesKHMX NMoAii. [IoHATTS yMOBHOT HMOBIPHOCTI BUKOPHCTOBYIOTD ISt
BCTAHOBJEHHS 3aJIesKHOCT] mmoaii. [lomiro B HAa3UBAIOTL HE3ANEHCHOI BiJ
nofiii A, Ko mosiea moii 4 He 3MiHIO€ WMOBIpHOCTI moxii B. Inakiire
KaXydd, YMOBHa WMOBIpHiCTH moxii B nopiBHIoE ii Oe3ymMOBHIH
IMOBIpHOCTI:

P (B|A) = P(B).
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I3 nporo BHILIMBAE, MO WMOBIPHICTh CniibHOI TIOSABU KUTBKOX TOIIH,
He3anediCHUX y CyKYITHOCTI, TIOPIBHIOE TOOYTKY MMOBIPHOCTEH ITUX TTOJIIM:

P(A145...4p) = P(41)P(A4,)...P(4,). (1.3)
IloBHa iimMoBipHicTb. IMOBipHiCTH mOAil 4, MO MOXe BiAOYyTHCS 32
YMOBH TIOSIBU X04a O ojHi€l 3 HecyMiCHI/IX nomii By, By, ..., By, fKi

YTBOPIOIOTb  [OBHY - TPYITY, JIOpiBHIOE cyM1 MO0y TKIB lMOBlpHOCTCI/I
KOXKHO{ 13 IUX MOAIN Ha BIANOBIAHY YMOBHY HMOBIPHICTb MOIT A:

P(4) = P(B1) P(A[B1) + P(By) P(A|By) +...+P(B,)P(A|By). (1.4)

Mpukaag. € Tpu ypHU TEpIIOrO THUIY, B SKMX Bl Ol Ta IIICTH
YOpPHUX Kyllb, i OJHA ypHa APYroro THITy: y Hiii omHa Oima i Bicim
YOPHHX KYJTb. Hexaii HaBMaHHS BI/I6Hpa€TLC${ OJlHA YpHa i3 YOTHPBHOX, a
3BIITH BHUHMAETHCS Kyisd. BU3Ha4WTH WHMOBIpHICTH TOrO, 10 Oyne
BHTSATHYTa Oila KIS, YBeneMo no3HaueHHS:

momiss A — «BUHWHATA Kyns — Oinay, ii iMoBipHicTh P(A4); momis A
MOXE HACTaTH TPH BHIYYCHHI KyJi SK 3 YPHH IMEpIIOrO TUIY, TaK i 3

YPHH JIPYTOTO THILY;

nojist B; — «obpana ypHa nepioro tumy», P(B;) = 3/4;

noJist B, — «obpaHa ypHa Japyroro tumny», P(B,) = 1/4;

P(A4|B;) = 1/4 — WMOBIpHICTH TOT0, IO BUHHATO OUTy KYJIIO 3 YpHH
MEpILIOTO THILY;

P(4|B;) = 1/9 — imMOBIipHICTh TOTO, 10 BUHHATO OUIy KyJIO 3 ypHU
JPYTOro THITY.

Tonui 3a hopmynoro (1.4) moBHa HMOBIPHICTS:

P(4) =3/4 - 1/4 + 1/4-1/9 = 0,22.

ImoBipHicTh rinmore3. ®@opmyaa baeca. I[lpunycrumo, mo nogis A4
MO’KE HACTATH 32 YMOBH IOSIBU OJIHIET 3 HECYMICHUX MOAi# By, B> ,..., By,
IO YTBOPIOIOTH IOBHY rpymy. SIK BiZloMO, iMOBipHICTH MOSIBH momii A
BHU3HAYAEThCA 32 (POPMYJIOI0 MOBHOI #MoBipHOCTI (1.4). Slkmio Ttemep
MPUITYCTUTH (BUCYHYTH TillOTE3Y), IO MO A BKe BinOymnacs, TO MOXKHA
MOCTaBUTH 3aBJIaHHSA 3’ICYBAaTH, SIKa 3 YMOB B; MOTJIa PUBECTH 1O MOJIT
A. TlocnimoBHO BUCYBAIOTHCS TIMOTE3W MPO Te, M0 BigOynacs moxis B,
sIKa TpuBena J0 mojiii A. MOXIIMBICTh MPOSBY IUX TiMOTE3 BU3ZHAYAETHCS
YMOBHUMH HMOBIPHOCTSIMU:

P(Bi1|4), P (By|A4) ,..., P (Bn|A).

PosrnsHeMO MOXIHMBICTH TOSBH MOfii 4 3a yMOBH, IO BigOyirach
momiss B;. 3a  ¢dopmynol0 MHOXEHHS KMOBIpHOCTEH 3HaWaeMo
WMOBIpPHICTB CIIJIBHOI MOSIBH MO A Ta B!
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P(AB1) = P(4) P(B1|4).
Ockinbku NoAii cyMicHi, CipaBAKyBaTUMETHCS PiBHICTS:
P(ABJ_) = P(Bl) P(AlBl),

3BIOKH

_P(B)P(AIB,)
P(BllA)——.
P(A)
[TixcTaBisttoun 3amicTh iMOBipHOCTI P(A) 11 3HAYCHHS 3TiAHO 3
¢dopmyoro moBHOI iiMoBipHOCTI (1.4), Maemo:

P(B,)P(A|B,)
P(BIA):P( B,)P(A|B,)+ P(8,)P(A|B,)+..+ P(B, )P(A| B, )

V 3arajJpbHOMY BHIQJIKy YMOBHI IMOBIpHOCTI iHIIMX Tinote3 Bj (I =
=2,Nn) 3a yMOBH, 1110 0I5 A BiAOynacs, MOKHA 3HAWTHU 3 GopMyIIH:

P(B R (AIB)
P(BilA):P( ) (AlB)+P( ) (AlB )+ +P( ) (A|B)
(1.5)

Bupas (1.5) HasuBaerbcsa ghopmynorw baeca, mo mokasye, sKa 4yacTka
noJii B y MOXKJIMBOCTI TOSIBH MOAIT A BIJTHOCHO BCiX MOXKJIUBUX JIKEPEI,
KOTpi 3yMOBJIIOIOTH moziro 4.

Hexaii ampiopHo BioMo, 110 iCHYe KinbKa jukepen — npuduH B,
B,,...,B,,, ki cnpusoTs nossi noxii 4. Ilicas TIPOBEICHH BUIIPOOYBaHb
1 OTpUMaHHS pe3ylnbTaTy MOXKHA BU3HAUUTH, SKE 13 JoKepen B
HaOLIBLIOI MiIpOI0 B PO3IJISIHYTOMY BUMAAKy MOXKE OyTH NMPUYHHOIO
nosiBM momii A. JIjs 1bOro BHCYBA€ThCs TiNoTe3a, IO JaHa momis A
BimOynacsi 3 «HOpPOBHHW» JesAkoi mofii B;, 1 HMOBIPHICTE LBOTO
BU3HAYa€eThCs 3a hopmyioro (1.5).

Hpuxaan. 3a YMOBH  TIOTIEPE/IHBOTO  MPUKIA/LY HeOoOX1IHO
BU3HAYMTH, SKa WMOBIPHICTH TOro, m[0 Oy KyJIIO BHHHATO 3 YpHHU
nepuioro Tumy. 3a popmyioro (1.5) maemo:

P(B,)P(A|B,) sa1is
P(BllA): P( ) (AlB )+ P( ) (AlB ) 3raa/a:ir4irs =087
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[uTanns aJs camonepeBipku

1. lllo Ha3WBaeThCS YMOBHOIO 1 OE3yMOBHOIO WMOBIPHOCTSIMH
BUMAIKOBUX NoAii? HaBeniTe npukiagy.

2. 1o po3yMmitoTh TiJ MOETHAHHSAM BUNIAMKOBHX monii? Hasenmith
MPUKIIAIH.

3. ChopmyiroiiTe MpaBUIO MHOKEHHS HMOBIPHOCTEH.

4. 1o Take nmoBHa MMOBIpHICTE? HaBemiTh MpHUKIIaIH.

5. Poskpuiite 3mict ¢dopmynu baeca. o po3ymiroTe Tix
IMOBIipHiCTIO TirmoTe3?

1.4. JACKPETHA BUTTAJJKOBA BEJIMYNHA.
XAPAKTEPUCTHUKHU NTOJIOKEHHSA TA PO3CIFOBAHHA

[Ons KinbKiCHOT XapaKkTepUCTUKK, Bunajakosoro Ha3UBA€THCA

OTPUMaHOi MpW  eKCTIEPUMEHTi | BEIMYMHA, sIKa B Pe3yJIbTari

iHdopMmaLlii,  BUKOPUCTOBYETLCS | AOCHIILY MOXE HaOyBaTH

MOHATTA BUNAOKOBOI BENTUYUHM. 3a3Jalerigp  Pi3HUX  HEBiIOMHUX
3HAYCHb.

BumankoBi  BeNMYMHM ~ 3a3BMYall  IIO3HAYAIOTHCS  BEIIMKUMU
JaTHHCHKUMK OyKBaMH, HAlpHK/Ia] BuIagkoBa BenuunHa X (abo Y).
3HaueHHs, SKUX BUIAJKOBAa BEJIMYMHA HaOyBae B pe3ysibTaTi JOCIHITY,
MM03HAYAIOTHCS MAJIMMU JIATUHCHKUMU OyKBaMU, HAITPUKIIAT X1, X2,..., Xn, 1
Ha3UBAIOTHCS peanizayisimy BUMAIKOBOT BEJIMUMHU.

BumnankoBi BennuuHN OYBalOTh OUCKPEMHUMU MA HeNnepep8HUMU.

JIMCKPeTHOW BEeTUYMHOK X HA3WBAETHCS BHIIAJKOBA BEIMYUHA,
SKIIO MHOXHHA il MOXKJIMBUX 3HAYEHb BIJANOBIa€ CKIHYEHHOMY abo
HECKIHUEHHOMY pSJIy YHCElN, i KOXXHOMY 3HAYCHHIO BIJMOBIJIa€ TIEBHA
HMOBIpHICTB p;.

st Toro mo6 onepkatyu MiHIMAIGHY 1H(GOPMAIIIIO PO TOBOKEHHS
BHIIAJIKOBOT BEJIMUMHH, HA MPAKTHUIIl TOCTATHBO 3HATH:

a) JesKe cepeOHe 3HAYCHHS BEIIMYMHU, HABKOJO SKOTO TPYIYIOTHCS
3HAYCHHS BUIAJAKOBOT BEIMIMHU — yermp epynysans (po3citoeanns),
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0) sK 1 HACKUTPKHM PO3KHIAHI Il 3HaYeHHs OiNs [EeHTpa TPyIyBaHHS,
TOOTO TOYHO OXapakTepWU3yBaTH 3a JOMOMOTOI0 YHCIIOBOTO TOKa3HHKA
CMYNIHb PO3CIHOBAHHAL.

Busnauatn yemmp epynyeammss T UUCIOBY  XAPAKMEPUCHUKY
PO3Cit06anHs. MOXKHA pisHUMH criocobamu. OnuH 13 HaHOUTBII 3pydYHHX
COCcO0iB — OOUHCTICHHS MOMEHMIB PO3NOOLNY BUNAOKOBOI BeIUYUHUL.

MartemMaTuuHe ciogiBanusa MX.

[IpumycTrmo, 110 poBeeHo N BUMIPOOyBaHsb 1 3400yTO 3HAYEHHS:

X, —>N; X, =N, ... X —>N, Ae Nj — KUIbKICTb pe3yabrariB x;. Ilpu
LIbOMY:

n+n,+..+n =n.

Busnauumo cepeine 3Hau€HHS pe3yabTaTy:

K
X, +N,X, + . N X
1 272 kK™ _ —
- =W, W, X, +...+ WX, = > WX,
i=1

X =

e W;— gacrtora 1osiBM 3Ha4€Hb X;.

3BiZICH BUIUIMBAE, 1110 CEPEOHE 3HAUECHHS 3ANENCUMb 5K 610 3HAUEHD
BUNAOKOB0I 8elUyUHU X;, mak i 60 yacmomu W; ix noseu.

30i1b11yI04H N, y TPAHUYHOMY BHIIA/IKY TIPUIIEMO 10 HMOBIpHOCTI
MOSIBH TOT'O YM 1HIIIOrO 3HAYEHHS:

N—o0

Tomi ans cepeAHBOTO 3HAUEHHS TMPHIIEMO 0 MaTEeMAaTUIHOTO
CIIOJIIBaHHS, 1[0 BU3HAYAETHCA SIK CyMa:

MX = in Pi - (1.6)

ITouyaTrkoBi MoOMeHTH. MaremMaTHYHE CIIOMIBAaHHSI BUIIAJKOBOI
BeiMuMHA X ¥ HA3MBAETHCSA NOYAMKOGUM MOMeHmOM k-20 ROPAOKY:

v =MX*=>"x"p;. (1.7)

IIpu k = 1 upuiimemo gm0 Bupasy (1.6), To6TO Mamemamuune
CNOOIBAHHS € NEPUIUM NOYAMKOBUM MOMEHMOM.
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BuaacTuBoCcTi MAaTEMaTHYHOTO CIIOJiBaHHS

1. MaremaTtndHe CIIOAIBAaHHS ITOCTIHHOI BEIMYMHH OPIBHIOE CaMii
MTOCTIHHIN BETUYMHI:

M(C)=C,
2. Maremarn4He CHOAiBaHHS JOOYTKY IIOCTIMHOI BETMYWHU Ha

BUMAJKOBY BEIMYMHY JOPIBHIOE I0O0YTKY MOCTIHOT BEIMYMHH Ha
MaTeMaTH4YHE CIOAIBaHHS Li€l BUMAIKOBOI BEIMYUHH:

M(CX) = CMX.
3. MaTemMaTU4He CIIOIiBaHHS CYMH MOCTIHHOI Ta BUMAJAKOBOI BEJIMYNH

JOPIBHIOE CyMi TOCTIHOI BENMYMHH Ta MAaTEMaTHYHOTO CITOMiBaHHS
BMIIAIKOBOI BEJINYMHMU:

M(C+X)=C+MX

4. MaTtemMaTU4HE CIIOIIBaHHS JOOYTKY JTBOX HE3AICKHUX BUIAJIKOBHX
BEJIMYMH JIOPIBHIOE JOOYTKY IXHIX MaTEeMaTUIHUX CITOJiBaHb!

M(X1X5) = (MX:) (MX5).

Hentpanabni momentu. Ilpu crarucruyniii o6pobui i BuBYEHHI
33KOHOMlpHOCTeI/I OKle MaTEMaTHYHOI'O CHOILlBaHHH
BUKOPUCTOBYIOTBCSI MOMEHTH OiJIbIll BHUCOKHX HOpSIILKlB [Moyatkosi
MOMEHTHU € HE3PYYHHMH IJIsI NPAKTUYHOI JisTBHOCTI, 1 IX Haivacrime
BUKOPHCTOBYIOTH JJIs1 OOUHMCIICHHS TaK 3BaHUX IEHTPAJIbHUX MOMEHTIB,
AKiJIO3HAYAIOThCS [, .

Touamkosuii MOMeHmM Xapakmepus3ye UNAOK08Y GeIUUUHY
8i0HOCHO nouamky koopounam (Hyas), d YyeHmpaibHull
MOMeHmM — BIOHOCHO MAMeMamu4Ho2o cnodieanns MX
(venmpa epynysanns)

Bigomo, 1o a1t onucy BUNAAKOBOI BEIMYMHU HEJOCTaTHBO BKa3aTH
TIIBKK T LEHTp TpyNyBaHHS, aine W MOTpiOHO 3HATH CTYHiHb i
PO3CitOBaHHS HABKOJIO LIHOTO LIEHTPA.

UHCIOBOIO XapaKTEPUCTHKOIO CTYIICHSI PO3CIIOBAHHS € AUCTEPCisl.

Po3citoBaHHs BUTIQIKOBOI BETHMYMHHN X XapaKTepU3y€e BiXUICHHS i€
BEIMYMHU BiJ TeHTpa ii TpymyBaHHI MX. VYBegemMo BHITaIKOBY
BeJIMUMHY X', sKa XapaKTepu3yBaTHME 3MiHY BHIIAJKOBOI BEIHYHHH
BiTHOCHO IIEHTpA IPYIyBaHHS, SIKUHA JOPiBHIOE HYIIIO:
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X'=X-MX,
TOOTO /st X' IIEHTP KOOPIMHAT MEPEHECEHO B TOUKY MX, sSIK MOKa3aHO Ha
puc.1.4.

v=MX
0 X
X'
MX=0
Puc.1.4

MoOMeHTH BHUMAIKOBOI BEIMYMHU X' HA3UBAKOTHCS YEHMPATbHUMU
Momenmamy BeINYUHU X, 00 MOMEHTaMH1 X 11010 LIEHTPa PO3MOALTY V.

Haiibinpme momupeHHss 3HAWIIOB ICHTPaIbHUH MOMEHT APYroro
HOPSAZKY WL, , IKMH € MaTeMaTU4YHUM CIHOJAIBaHHSIM KBajpaTa BIIAXUIICHHS
BETMYMHU X 1 HA3UBAETHCS OUCNEPCIEIO.

TakuM 4MHOM, 3a O3HAYECHHSM MA€EMO:

=M[X'T =M[X —=MX]* = M (X? - 2XMX +(MX)?) =
=MX2 = 2(MX)? +(MX f = Mx? — (MX;

abo
2

Hy =V, =V
Lenmpansruti momenm Opy202o nopsoky (Oucnepcis) oopienioe
NOYAMKOBOMY MOMEHNY OPY2020 NOPAOKY MIHYC Kéaopam
NOYAMKOB020 MOMEHMA NEPUIO20 NOPSAOKY.

Jlst iuckpeTtHoi reHTpoBaHoi Bennunau X' = X — MX Ha migcTasi
(1.7) morxHa 3anmcaru:

Mo = Z(Xi,)zpi = Z(Xz _W)Z P -
1 1
Takum uwHOM, IS OOYHMCIEHHS JHCIEPCii HOTp16HO KBaJ[pat
BIJIXI/I.HCHHSI KOXHOI'O 3HAYCHHsS IIOMHO>XXHWTH Ha I/IMOBlpHICTB IbOTO
3HAYEHHS 1 BCI JJOOYTKH TAKOTO BHY JOJATH.
OcHoBHI BJIacTHBOCTI TUCHepcii
1. Jucniepcist HOCTIHHOT BETMYUHA JOPIBHIOE HYJTIO:

DC=0.
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2. Jucmepcis cyMu MOCTiHOT Ta BHUMAAKOBOI BEJIMYWH AOPiBHIOE
JUCTIepCii BUMAIKOBOI BEMHMYMHU (TOOTO HE 3aJICKUTH BiJl PO3MIIICHHS
IIEHTpa PO3CIFOBAHHS):

DX+ C) =DX.
3. Hucnepcis noOyTKy MOCTiiHOT BETMYMHN HA BUIMAAKOBY BEJIMYUHY

TIOpiBHIOE JOOYTKY KBajapara IIOCTIHHOI BEIWMYMHH HA IUCIEPCI0
BUIIAJIKOBOI BETHYNHHU:

D(CX) = C°DX.

4. lucnepcisi CyMy IBOX HE3aJICKHUX BUIMAKOBUX BEITMIHH
JIOPIBHIOE CYMi JUCIICPCiii IUX BEITHYUH:

D(Xl + Xg) = DX1+ DX2

Jucnepcis piaiie TpamiseTbcsi B 00poOIl eKCIEPUMEHTATBHUX JTAaHUX
yepe3 i1 HE3PY4YHY pPO3MIpPHICTh. [3 Ii€F0 METOI0 BHKOPUCTOBYETHCS
cepene kpaapatuuHe Binxuwiaenuss (CKB, poskuo, cmandapmue
8IOXUNEeHHs) — JOMATHUN KOPiHb KBAJAPATHHUI 3 TUCIICPCIi:

oy =vDX.

Y  JeskuxX ~ BHUNAAKaX  BiIXWICHHS  BHIIQJKOBOI  BEJIMYHUHHU
XapaKTepU3YETbCsS Yy BIAHOCHHUX OJMHHULAX Yy BHIVIAI KoedimieHTa
Bapiauii:

y =% .100% |,
MX

SIKUH T0Ka3ye sk crmiBBigHOCUTHCS CKB 1 MaTemMaTu4He crio/[iBaHHS.
IMuranHs 1J1st caMonepeBipku

1. flxa BenMuUMHA  HA3UBAETHCS  BUIAJKOBOIO,  AMCKPETHOIO
BHUIIAKOBOIO BEIMYHUHOIO?

2. JIast 90ro BHKOPHCTOBYIOTHCS MOMEHTH PO3HOAUTY BHIIAQAKOBOI
BenunHU? SIKi BaM BiJIOMI IIOYaTKOBI MOMEHTH?

3. SIki unMcOBi XapaKTEpPUCTHUKU BUIIAAKOBOI BETMYUHN BaM BiJjoMi?

4. Ha3BiTh BJIaCTUBOCTI MATEMATUYHOTO CIIOIIBAHHS.

5. lo xapakTepu3yroTh HEHTPATbHI MOMEHTH?

6. YuM moyaTKoBi MOMEHTH BiJPi3HAIOTHCS BiJl IIEHTPANIbHUX?

7. Oxapakrepusyiite TOHATTS aucrepcii. Ilepemidite OCHOBHI
BJIACTUBOCTI TUCTIEPCIi.
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8. lllo Take cepemHe KBaapaTHyHe BigxuieHHs? Sk BOHO
O0YHCITIOETHCS 1 110 XapaKTepusye?
9. JIs1st 4OoT0 BUKOPHUCTOBYETHCS KOSQIIi€HT Bapiarrii?

1.5. PO3OAIIN JUCKPETHUX BEJIMYNH

AKLLO BiAOMI BCi MOXXMMBI 3HAYEHHS X1, 3akonom posnoairy
X2,..., Xn, AKUX HAByNa guckpeTHa WMOBIpHOCTEH  JJMCKPETHOL
BMMNagKoBa BenuumnHa X, i IMOBIPHOCTI BUIIAJIKOBOI  BEIWYMHH X
p(X;) ANA KOXHOro 3Ha4eHHs, To OyIeMO HasMBaTH Oyib-sIKe
pO3noain Uiei BENMYMHM BBAXaOTb MPaBHIO, IO Ja€ 3MOTY
TEOPETUYHO 3aaHUM. 3HAXOJJMTH HMOBIPHOCTI:

PX=x)=p; (i=12..).

TakuM 9nHOM, 3aKOH PO3IMOALTY 3aJa€ WMOBIPHICTE p; SIK @yHKYilO,
BH3HAYEHY Ha MHOXHHI O X = X;.

Lo dyHkiiro MokHa BupasuTH (opmynow p; = f(x;), To6To momatu
3aKOH Yy BUTJISAI aHANITUYHOI 3aJIEXKHOCTI, rpadika, Tabnwmi (SKIo €
CKiHUEHHE 3HAa4YeHHS, Yy TaONuLi HaBIOPOTH 3HAYEHHS CTAaBUTHCS
HWMOBIipHICTh #oro mosBu). Taka TaONWIS HA3WUBAETHCS MAOIUYEIO
po3nodiny (IMOBipHOCTEH) BUIAAKOBOI BETHIUHH X
MosxnuBe 3HaueHHT X X1 X ... X; ... X

IMoBipHICTB D1 p2 | ... pi Ny

Bapmo pospizuamu: po3nodin imogipHocmeil — meopemuiHuil
PO3N00iN, po3n0din yacmocmel — emMnipudHull abo
cmamucmuyHull po3nooii.

P — cumesonvre supasicenns timogiprocmi,

P — 4uUCn08e 3HAYeHHsl UMOBIPHOCHII.

BinomianbHuii 3ax0H po3noainy. Po3risHeMo BUNIagoK OBTOPEHHS
TOTO CaMOro BHITPOOYBAaHHS MPU TMOCTIHHMX yMoBax. SIK eleMeHTapHi
moAil KOXXHOTO BHWIPOOYBaHHA OyIeMO PO3PI3HATH JIMIIE JBa
pe3yNbTaTH: TOsBa JeAKOoli Tofii A 3 IMOBIPHICTIO p (TIO3UTUBHUI
pe3yipTaT — «ycmix») abo HemosiBAa Woro — A 3 IMOBIpHICTIO (]
(meratuBHHMI pe3ynbTaT. Pe3ynbTaT KOKHOTO BHIPOOYBAaHHS OyInemo
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BiJI3HA4YaTH, CTaBIss4lM OykBy A abo A Ha Micii, IO BiAMOBigae
BUNPOOYBaHHIO.

_ Hpuxaan. Ipu 1Box BUNPOOYBAHHAX MOMKIIMBI Taki 2%= 4 pesynbTaTH:
AA, A4, AA, AA. Tlpu Tpeox BumpoOyBaHHAX MoxmuBi 2° = 8
pe3yNbTaTiB, li¢ KUIbKICTH €JIeMEHTapHHX IOAid NpH BHUIPOOYBaHHI
TIOPIBHIOE 2.

3Bakaloud Ha Te, 10 BUNPOOYBAaHHS He3A1elCHI, WMOBIPHICTh
KO)KHOTO ~ TaKOro  pe3ysbTaTy  BH3HAYAETHCS  IMEPEMHOKYBAHHSIM
iMoBipHOCTEH MoAil A 1 A y BiANOBIAHUX BUMPOOYBaHHSIX.

Mpuxaan. Jns BockMH MOXIMBHX pe3yNbTaTiB TPHOX BUIIPOOYBaHB
OyJeMo MaTH pe3yabTaTh, HaBeaeHi B Ta0mwmmi 1.1,

Tabauys 1.1
AA | 44 A4 | A4 A4 1 44 | 44 | 44
Pesynbratu b 4 1 4 M y

A A
999= | dap= | dpg= | pgq= | ppq,= | PAR= | APR= | ppp =
=q’ | =o°p | =ap | =q°p | =p’q | =p’q | =p’q | =p’

ImoBipHOCTI

[3 rtabiuuui BUIUIMBAE, WO HENosBa noz[u A4 'y BCIX TpbOX
BUNPOOYBaHHAX Mae HMOBIpHiCTL p3 (M = 0) = °, mo BiamOBima€e TimBKH
onHomy pesynbraty A A A. TlosiBa monii A ojuH pa3s NPOTSAroM TPbOX
BUIPOOYBaHb MOXKE OyTH, KOJIM BHIIAJ@€ OAMH 13 TPbOX BaplaHTlB
A AA, 60 AAA, a60 AA A, WO MaKOTh OJHAKOBY HMOBIpHICT OP.
Tomy

ps(L)=P(A A A)+P(A A4 )+P(4A4 4)=3qp.

Ak 0auuMo, IMOBIPHICTH TOSIBM TOJIi A HE 3aJeXKHUTh BiJl TOTO, B
AKOMy caMe BunpoOyBaHHI (B sKif TOCHIZOBHOCTI 3100yTHX
pe3ynbTaTiB) HacTaHe 1 Mofist. [ 'oloBHe — JaHa mois BijgOymacs.

OCKUTbKH PO3TIISTHYTO TIOBHY TPYITY MOJIH (PO3MIISTHYTO BCi MOXKITHBI
BapiaHTH pe3yibTaTy), y CyMi AiCTAaHEMO:

q® + 3pg® + 3p*q + p® =(g+p)°=1

[{ro BIAcTUBICTP MOXHA BHKOPHCTOBYBATH [UII  KOHTPOIIO
MPaBUIBHOCTI OOYHUCIICHb.

SIKIO MOJMBUTHCSA HA OCTAaHHE CIIBBIJHOIIEHHS, MOJKHA ITOMITHTH,
IO MOKA3HUK CTeneHs npu p Oyme m, a mpu q Oyme N — m, ne m —
KUTBKICTB TTO3UTHBHUX TOIN 4 32 N BUIPOOYBaHb.

VY 3araqbHOMY BHIJISII MOXKHA 3alUCAaTH WMOBIPHICTB pn(M) MOsSBU
roAiit A m pa3 mpu N BUIIPOOYBaHHSX:
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n!

= _.q™p" 18
i —m) qpT, (1.8)

m n-m m
pa(m)=Cg™p
ne C' — KijbKicTh KOMOIHALIIH i3 N eJeMEeHTIB 1o M.
[Ticns meperBopenns Bupasy (1.8) maemo:

n(n-1).(n-m+1) . o
)= 1.2.m P

OcranHiii BUpa3 CrpaBLKY€EThCS 1 IS KpaiiHiX 3HaueHp M= 01im = n,
SIKIO BBAXATH, K 1e mpuidHsro, mo 0! = 1 1 C'=1. Lleit pe3ymbrar
BIJIMTOBI1a€ 3HAYEHHSAM IMOBIpHOCTEH, HaBeeHUM y Tadumii 1.1.

Posmonin imMoBipHOCTEH, 3amanux (opmynor (1.8) abo Ttabnmiero,
HABEICHOIO Ha cC. 36, HA3UBAETHCS OIHOMIAIbHUM 3AKOHOM PO3NOOLTY
lmosipHocmei.

Ll Ha3Ba moB’s3aHa 3 THUM, IO WMOBIPHOCTI, 00YKCIIeHi 32 (HOPMYIIO0
(1.8), 30iraroThCsI 3 BIANOBIAHMMHE YiICHaAMH po3kiaay 6iHoma HeloToHa:

P, (m

(q+p) =q"+npd"  +..+CMp"g" " +...4+np" g+ p".

I3 ngaHoro BHpa3sy TaKOXK BHIUIMBAE, IO CyMa BCiX IMOBipHOCTEH
JIOPIBHIOE OJIMHMIII, 3BaXKaroud Ha Te, mo P + q = 1. Ilporo ¥ cmix
ouiKyBaTH, 00 PO3IIISAIAETHCS TOBHA TPyNa MOJIN, 1 OAMH 13 MOXKIIMBHX
pesyneraTiB m=0,a60 m=1, ..., abo M = N HEOAMIHHO BiTOYAETHCA.

Mpukaan. IMoBipHiCTH HApOIKEHHS XJIom4KKa aopiHIoe 0,515. Ska
WMOBIpHICTh TOTO, IO 3 JECATH HAaBMaHHS OOpaHWX HEMOBIAT Oyne
LIICTh XJIOMYUKIB?

Jua mykasoi iiMoBipHOCTI ipu N = 10, m = 6 Maemo:

|
p(4)= C°(0,515)°(0,485)" = ;—% (0,515)°(0,485)" = 0,2167.

binomianbHHH pO3MOALT Mae Micle y BHIIAJKax, KOIU BigOyBarOThCS
BUNPOOYBaHHS 3 IMOBEPHEHHSIM 00’€KkTa, kUi Oyno oOpaHo Ha i-My

(i =1 n) Kpolli, TOOTO mepeadadaeThes, 0 Ha KOKHOMY KPOIl 4uciIo N

He3MiHHe. SKImo KinmbKicTh 00’ekTiB 3Hayna (N > 1000), To HaBiTh
MOPYIIEHHSI TEepeIyMOBH TIpO TOBEpHEHHS O00’€KTa Jae€ 3MOry 3
JOCTaTHBOI0 Ha TPAKTHLI TOYHICTIO BUKOPUCTOBYBAaTH OiHOMIiaJbHMI
po3moail. Y TakoMy pa3i TOBOPSATH MPO IOCIHITOBHICTH HE3aJICKHHIX
BHIIPOOYBaHb 3a cXeMoIo bepHyIi a00 32 CXeMOI0 TTOBTOPHOI BHOIpKH.
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TakuM 4YMHOM, BUIAJKOBA BEJIIMYMHA HA3UBAETHCS 6iHOMiaJZbH0
Po3n0dinenoio 3 mapamerpamu N i p, KO MOXKIMBHX 3Ha4YeHsb 0,1,...
BOHA HAOYBa€ 3 IMOBIPHOCTAMH p(n, m), mo 3agartecs hopmysaoro (1. 8)

Ilapamerpi N i p MOBHICTIO BU3HAYAIOTH OIHOMIANBHMIA PO3MOLIL.
SIKIIO KUTBKICTH N CIIOCTEPEXKEHb HE IyXKe BEIHMKa, JJIS OOYMCIICHHS
nmoBipHOCTEH py(K) MOXKHA BHKOpPHCTATH MPOCTE CIiBBITHOIICHHS, IO
OB’ SI3Y€E JIBa CYCiaHI WieHu py(M) i pp(Mm + 1):

pn(m+1)_(n_m) p ' (19)

p,(m)  (m+1) q

Slkmo Bimome 3HaueHHs p,(M), To 3a momomoror (1.9) moxHa
pospaxyBatu py(m +1). Jlis GiHOMiaabHOrO 3aKOHY CKJIQJEHO TaOJHIl
JUISL Pi3HUX 3HA4YCHb N, p 1 M.

IIpoananizyemo Bupas (1.9). Ilpu 3poctanni m Bix 0 g0 (n — 1)
BIZIHOIIICHHSI B TIpaBiii Horo 4actuHi 3MiHIOETBCS Big NP /  mo p / Q.
Sxmo np > q i Ng > p, TO e BiHOIICHHS MEPEXOAUTH BiJl 3HAUCHD,
OLTBINMX 32 OJUHMIIIO, /IO 3HAYCHB, MEHINUX 32 ONUHHINO. SKImo Np < q
a0o0 Ng < p, TO IMOBIPHOCTI 3MIHIOIOTHCS MOHOTOHHO.

[Tpuxiramu BCiX TphOX MOXKIIMBHX BUIAJIKIB HaBe/leHO Ha puc. 1.5.

VY BCixX BUNAAKax HaiOLIbII HMOBIpHE 3HAYCHHS X = My BU3HAYAETHCS
3 HEepiBHOCTEH:

my (my +1)
3BIJIKM BUIUIMBAE, 1110
np+p-1<m,<np+p. (1.10)
p(X=m) p(X=m) p (X=m)
| I 1 L m I 1 1 m
np>q, ng>p np<q ng<p

Puc.1.5
Jlist 6iHOMIaTBEHOTO 3aKOHY
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MX = np; DX = npg; o= ,/npq.

YacTo B MpakTUYHUX 3a1a9ax HEOOXiTHO OOUMCIUTH HMOBIPHICTE TOTO,
10 TOfist A HacTaHe He OB K M pa3yn BunpoOyBaHHsX. JlaHy YMOBY
3a(0BOJIbHATHMYTh BHIIAJIKH, KOJH KUIBKICT IO3UTHBHHX PE3YJIbTaTiB
Oyne Bimmosimatu 0,1,..., M, TOOTO BCi MOXJIMBI pe3yiabTaTH, SKI HE
MEPEBUIIYBATUMYTh M. IMOBIpHICTB, IO BIAMOBIAaE JaHili YMOBI,
Ha3MBAETHCS KYMYAAMUGHOI0, a00 HAKOIMYCHOIO (MICTUTH Y coli cymy
HMOBIPHOCTEH yCiX MOMIIMBHX PE3YJIBTATIB, KUIbKICTh SKUX HE TIEPEBUILLY€E
3a/1aHo1), IMOBIPHICTIO OIHOMIaJIBHOTO PO3MOILTY i MO3HAYAETHCS Py (M).

3a nmpaBWJIOM JI0JIaBaHHs JJIsl HE3AJICKHMX TOIiH IiCTaEMO:

po(m)=p,(0)+ p, [@)+...+ p,(m).

[lizcymoByBaHHS BiIOYBa€THCS 32 BCiMa MOMKIIMBUMH i, U SIKAX X; < M.
Lst dyHkuis Mae cxiggactuit Burisin (puc. 1.6).

Pn(m) P
P4
Ps3
P2
P1
AN X X2 X3 X4 Xs X
Puc.1.6

Mpukaan. Hexail iMOBipHICTH oOJiep)kaHHS OpaKOBaHOTO BHPOOY
nopisaioe 0,01. Ska #MoBipHicTB TOTO, 110 cepea 100 BupoOiB BUSBUTHCS
He Ou1bI AK Tpu OpakoBaHi?

BinmoBigHo 10 0iHOMiaTbHOTO 3aKOHY Ta 3aKOHY JI0JaBaHHS, MAa€EMO:

P(A)=C.,(0,01)°(099)*° + C,,(0,01)(099)° + C2,(0,01)° (099)*° +
+C3,(001)°(099)" =09816
linepreomerpuunuii  po3moaii. SIkmo  KimbKicTh 00 €KTiB

PO3TISTHYTOI CYKYITHOCTI HEBEIHKA, TO Ha KOKHOMY HACTYITHOMY KpOIIi
Bke Oyze iCTOTHOIO 11t BUOIpKH 3MiHA KiJTBKOCTI 00’ €KTIB, pO3TIISTHYTHX
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Ha IpOMY Kpomi. Y pasi, Koiaum BHIPOOYBaHHA BiIOyBaloTbCa 0e3
MTOBEpHEHHS 00’ €KTa, BUKOPUCTOBYETHCS TIIIEPTEOMETPUIHUN PO3ITOIIII.

[Mpumnyctumo, mo B naptii 3 N Bupo6iB — M crangaptaux (M < N).
I3 maprii HaBmManHs OepyThb ' BupoOiB. BumamkoBa BemmumHa X —
KUTBKICTh CTaHAAPTHUX BHPOOIB cepen I BimiOpanux. OueBumHO, MO X
HaOyBae TakuX MOXJIHMBHX 3HaueHb: 0, 1, 2,..., min (M, r), a iiMOBipHIiCTH
nosiBu Beanunan X = K 06urcioeTses 3a GopMysIor:

k ~r-k
CMCNfM
—

CN

Po3znonin Ilyaccona. Posmoxmin Ilyaccona dacto TparisieTbes B
3aj1a4ax, [OB’ I3aHUX 13 NOMOKOM NOOIl.

Mpuxnax. IloTik BUKIWKIB Ha CTaHIIi MIBUAKOI JOIIOMOTH, IOTIK
3asiBOK Y CHCTE€Mi MacoBOTO OOCIyrOBYBaHHSA, MOTIK BiAMOB TpH POOOTI
JiarHOCTHYHOTO YCTAaTKyBaHHS TOLLO.

BunankoBa BenmuMuMHA HA3UBAETHCS PO3NOOINIEHOIO 34  3AKOHOM

Ilyaccona, axkimo BoHa HaOyBae 3i4C€HOI MHOXXHHU MOJIMBHX 3HAUYCHb
0,1,2... i3 iIMOBIpHOCTSIMH:

P(X =k)=

(m)—/1m ,m=0,1,2
P, —He ymMm=0,1,2...

ne A= Alt — cepeaHs KiTbKICTh MOIi# A, 1110 HACTAIOTH 3a Yac t y morori.
IMoBipHIiCTh HACTaHHS Ti€l a00 IHIIOI KUIBKOCTI MOJIN 32 OyIb-Kuii
MMPOMIXKOK Yacy 3aJIe)KHTh BiJi TPUBAJIOCTI IBOTO MPOMIXKKY, a HE Bif
MOYaTKy Bi/JIKY.
Jlns Takoro pO3MOJiTy MAaTeMaTHYHE CIOMIBaHHS Ta JUCIIEpCis
30iraroThCs:

MX=DX=X% o =+/A.

Posnogin Ilyaccoma Moke BHKOPHCTOBYBATHCH SIK HaOJIMXKCHHS
OiHOMiaJILHOTO PO3MOAINTY mpu N — o, p — 0 (YaCTUHHUH BUIAIOK
OiHOMIabHOTO 3aK0HY). To/l sIK 3HAaYEHHS A MOTPIOHO OpaTH np.

Mpukaaa. 3a yMOBOIO OCTaHHBOTO NpHKIagy maemo: N = 100, p =
=0,01. Takum graOoM, A = 100 - 0,01=1,0;

° 01,1, 1 1
pA)= —et+=et+ e+ et ==1+1+ =+ |=0,9810,
0] 1 2! 3 e 2 6
IIO J1a€ AOCTaTHRO K0OpHUit 30ir 3 TOYHUM 3HAUCHHSM, ajle O0YHCITIOETHCS
Habararo mpocrirre.
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[uTanns aJs camonepeBipku

1. Sk MoXHa 3amaTH 3aKOH PO3MOAULY IMUCKPETHOI BHIIAQAKOBOL
BEITUINHU?

2. Coopmynroiite OiHOMIaNbHHN 3aKOH posnomiry. Yomy BiH Mae
TaKy Ha3By? Y 4OMy IOJIATAE CYTh MPOBEICHHS BUIPOOYBAHB 32 CXEMOIO
Bepnymni?

3. Slknumu mapamMeTpaMu XapaKkTepU3yeThesl O1THOMIABHUNA PO3MOIL?

4. Sk MOXHa BHM3HAYUTH WMOBIpHICTH (M + 1)- moxii, 3HaKu4M
WMOBIpHICTh HAaCTaHHS M-i TTOii?

5. lllo Take KyMyJISITHBHA HMOBIPHICT 1 SIK BOHa O0YHCITIOETHCS?

6. Lo sBusie coboro rimepreoMeTpudyHM po3momin? B saxwmx
BHIIaJIKaX CTUKAEMOCH 13 posmoaisiom [lyaccona?

7. SIxk BU3HA4Ya€THCA WMOBIPHICTh BHIIAIKOBOI IMOJIi 32 PO3MOIIIOM
[lyaccona, i Bim 4oro BoHa 3ayexuTh? YoMy MOpiBHIOE MaTeMaTH4IHE
CHOJIiBaHHS Ta Auchepcis po3noainy [lyaccona?

1.6. HEIEPEPBHI BEJIMYUHMU.
MOMEHTH HEITEPEPBHOI BEJIMUNHU

HenepepBHOLO Ha3nBaeTbCS Panime Oysno posrisHyTO, 110
BMNagKkoBa Benn4ymHa, AKLWo BoHa AUCKPETHA  BHIIAJIKOBA  BCJIMYHHA
MoXe HabyBaTW HECKIHUYEHHOT MOke OyTH 3ajaHa, SKIO €
MHOXWHM 3Ha4eHb Ha OOHOMY ab0 | #MOBIpHICT MOSBH  KOXHOTO i
KINTbKOX 3aaHuX IHTepBanax. 3HAYCHHS.

3 O3Ha4YeHHS HEMEpPEepBHOI BUIAJKOBOI BEJIMYMHHM BHILUIMBAE, ILO
HWMOBIpHICTH TOTO, IO HETIEPEPBHA BHUIT4JIKOBA BEJIIMYMHA MPHUME JIESKE
¢ikcoBaHe 3HaveHHs, NOpiBHIOE Hymo P(X = x) = 0, tomy mis
HENEepepBHOI BHUIMAAKOBOI BEJIMYMHM, HA BIJAMIHY BIJ JUCKPETHOT,
PO3TIIANAI0Th IMOBIPHICTh MOMAJaHHs 11 B HECKIHUEHHO MaJui iHTepBal.

P(x<X <x+AX).

3BakarouM Ha Te, MO HMOBIPHICTh MOTPAIUIIHHS B Malldil iHTEpBaI
MPOTOpIiHHA JI0 JOBKUHH [ILOTO iHTEpBAY, Y TPAHUYHOMY BHIIAJIKY TIPU
Ax — 0 mMaemo:

. P(x<X<x+Ax)
lim =

Ax—0 AX

p().
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®yukuis p(x) Ha3uBaeThbCs MIIBHICTIO po3mojiay iimMoBipHOCTei
HeTepepBHOI BUMAIKOBOI BEIMYMHU. Tak camo, SK 1 MUTOMa IIiIBHICTb,
BOHA II0Ka3y€, HACKUIBKM LIUIBHO PO3MOAUIATHMYTHCS IMOBIPHOCTI B
3aJaHOMY 1HTEpBaJi.

LlinpHiCTs po3MOALTY HMOBIPHOCTEH BW3HAYAE 3AKOH pPO3NOOILY
UIMOGIpHOCIEl HenepepeHoi eunaokoeoi eeauyunu X. Y 3araJbHOMY
BUTAJIKy IIIJIBHICTh 3MIHIOBATHMETHCA 31 3MIHOIO 3HAYEHHS BUIAIKOBOI
BEJIMYMHU.

3MiHa TIUTHPHOCTI WMOBIPHOCTI HETEPEPBHOT BHUIAIKOBOI BEITUIHHH
MOJAETBCS Y BUTILIII Kpusoi po3nodiny timogipnocmeil p(x) eeruuunu X.
Ha puc. 1.7 HaBefieHO KpHUBY 7151 HOPMAJBHOTO 3aKOHY.

BukopucToByOuUM KpUBY pO3MOJiTYy, MOXHa Jath rpadiuny
iHTeprpeTaitito MoBipHocTi P(x; < X < xp). BoHa mopiBHIOE MUTONI
3aIITPUXOBAHOI KPUBOJIHIHOT Tparerii (xuB. puc. 1.7)

pK)
P(x1<X<xo)
@ X

0 X1 X2
Puc.1.7

TakuM dYWHOM, HKIIO IHTEpBaNl CKIHYEHHHWH, TO WMOBIPHICTh
MOTPAIUISIHHS BUIMAAKOBOI BEJIMYMHU B 1IeH 1HTEpBal Oyze:

X2
P(x <X <x,)= I p(x)dx.
X
BaactuBocti qudepenniaabHol pyHKIN
— p(x) € 000amnoro;
— p(x) Mae 6yTH HOpMOBAHA YMOBOIO:

+o0
[ p(xx=1,
0 BiJIOMBAE BipPOTIAHICTH TOMIi (—oo<X <oo), TOOTO B IHTEpBAJi

(—00...+00) BHIIaIKOBA BETMYMHA HA0y1e MPUHAWMHI OHOTO 31 3HAUYCHb.
®ynkuis p(x) Ha3UBAETbCA TaKOK OughepeHuianvhow @GyHKYic
PO3n00iny iimosipnocmeil.
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Kpim }m(bepeHmanLHm icHye ¥ inmezpanvna @yHkyia po3nooiny
F(x). it Binnosinae fimosipnicms mozo, wo unaokosa senuuuna X 6yoe
MEHWLOI0 810 IKCOBAHO20 3HAYEHHSL X

F(x)=P(X <x)= j p(x)dx. (1.11)

I'padik, mo mokasye, sk 3MiHIO€ThCS F(X) 3amexHO Bif 3MiHK
3HAUCHHS BUITQJKOBOI BEIMYNHH X, HA3HUBAETHCS IHMEZPANbHOI0 KPUBOIO
posnoainy. Ha puc. 1.8 HaBeaeHo iHTerpaibHi KpHBi ISl pi3HUX 3aKOHIB
pO3MOITY: ¢ — PIBHOMIPHOTO; O — €KCIIOHEHTHOTO; 8 — ITUCKPETHOI
BEJIMYMHU; 2 — HOPMAaJILHOTO.

F(x) F(x)
1 | R
0 X 0 X
6
F(x) F(x)
l ————————————————————————— 1 ———————————————————— m—
0,5
0 [ & X / - X
0 X1 X2
Puc. 1.8

larerpanbhiii GyHKUil posnoxiny BiAmosizae Imioma mix KPHBOIO
po3monidy, siKa MICTHTBCS JIIBOPYY BiJA BEPTUKAIBbHOI MpPsIMOI, IO
IIPOXOJMTH Uepe3 TOUKy X = X.

BaacruBocti inTerpanbHoi ¢pyHkuii po3noginy:

— F(x2) > F(xy), gx10 x,> x1, T06T0 F(X) — Hecmagna GyHKIIis.

— F(x ) sminroetnes Bif 3HaueHHs F(—o0) = 0 70 3HaueHHs F(+o00) = 1.

— P(x <X <%)=F(%)-F(x).

— P(X =x)=1-F(x).
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SKmo B3ATH TOXigHY BiAg iHTerpambHOi (GYHKLIT pO3HOALTY,
JicTaHeMO IMNBHICTH PO3MONiTy #MoBipHOCTEH (audepeHIiambHy
(dhyHKIIi10):

F'=p(x).

Keanmunem, mo BiaNoBimae 3aJaHOMy piBHIO HMOBIpPHOCTI p,
HA3MBAlOTh Take 3HayeHHA X = X,, OpH SKOMy QYHKIIS pPO3MOILIY
Ha0yBae 3HaAYCHH, 10 JOPiBHIOE p, ToOTO F(X,) = p.

Hpukaag. o9 HOpPManbHOTO 3aKOHY pO3MOALTY 3HAa4YeHHIO
imoBipHOCTI p = 0,95 BiamoBigae kBanTWIH 1,96.

Meoianoto po3noniny MeX Ha3uBalOTh KBaHTWIb (Take 3HAUCHHS
X1/2), 11O BIATIOBIa€ 3HAYCHHIO KMOBIPHOCTI:

P (X< xl/z) = P(X > xl/z) = 1/2,

To0TO hyHKIIs posnoainy F(x) = 1/2.

Mo0oro HeTiepepBHOTO PO3NOIITY Ha3UBAIOTh 3HAYCHHS X, IPH IKOMY
HIJTBHICTD po3mo iy P(X) Kocsirae MaKCUMyMYy.

Posmonin, skuit Mae 0JJHy MOy, HA3HBAETHCS YHIMOOANIbHUM
(puc. 1.9, @). ko makcumymiB QyHKIiT, Hanpukiaz, asa (puc. 1.9, 6),
TO PO3MOILIT HA3UBAETHCS 080MOOANbHUM. ICHYIOTE 1 bacamomodanvri
3aKOHHU PO3MOJILIY.

PpX) p(X)

N S

Puc.1.9

Hpukaag. Y mnponeci cepiiHOro BUpOOHHUIITBA BUTOTOBJICHO HapTiro
neraneid. Jlns cremianpHMX mined Oyio BimiOpaHO geTaii 3 MaluM
BIIXWJIGHHSIM PO3MIpy BiJl HOMiHaNbHOTO. Po3Mipu pemTu jgeranei
MO>KHA [TOJATH Y BUTJISIII IBOMOAAIBHOTO PO3IOJILITY.

Jisl cHMeTpUYHHMX PO3IOAUTIB MeliaHa ¥ Moaa 30IraroThCs 13 IEHT-
POM PO3TOALTY.
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MomMeHTH HemepepBHHX po3moautiB. Henepepui po3nominu
BIJIPI3HSIOTHCS BiJl TUCKPETHUX TUM, IO JUISI HUX HEOOXITHO pO3TJIsAaTh
HWMOBIpHICTD TTOTPAIITHHS BUTIAAKOBOI BETHYNHU B JSTKAHA IHTEPBAJ.

Mamemamuune cnoodieannsa HenepepeHoi 6UNAOK06ol eauuunu. 3a
AHAJIOTIi€r0 3 MaTEMAaTHYHUM CIIOAiBaHHAM AMCKpeTHOi Bemuunuu (1.6),
JUTSL HETICPEPBHOI BEJTMYMHN MaTeMaTHYHE CITO/IiBaHHS:

MX = Txp(x)dx. (1.12)

Mamemamuunum cnodisannsam (IeHTpoM posmoniny) MX Hemepep-
BHOI BHIMAJKOBOI BENMYMHU X HAa3WBAa€ThCSA IHTErpai Biag MOOYyTKy il
3HAYCHb X Ha HIUIBHICTH PO3MOILTY HMOBIpHOCTEH p(X).

/s nenepepgnoi gerununu y hopmynax x UKOPUCHOBYEMbCS
be3 indexcy, 60 Udemvbcs He NPO KOHKPEmHe 3HAUEHHS X;, d NPO
0y0b-s1Ke NOMOUYHEe 3HAYEHHSL X J BCbOMY OIANA30HT MONCIUBUX
3HaueHb X 8i0 — 0 00 + .

Onepayis niocymos8y8aHHsa 3AMIHIOEMbCSL HA ONepayiio
inmezpysanHs, moomo ni0Cymo8y8aHHs 34 eleMeHmMapHUMU
naowamu p (x) dx.

Mamemamuune cnodieannsa QyHkyii eunadkosux eeauyun. SIKuio
BUTAJIKOBA BEJIWYHHA € @YHKYicio 1HIIOI BHUMAIKOBOT BEJTHUYUHH,
Y=f(X), To 3rigHO i3 3araJbHNM BHPa30M IS MaTEMaTHYHOTO
CIIOIBaHHSA JUIA BUITAJKOBOI BEJIUYNHU Y MOXKHA 3aIIMCATH:

MY = [ yp(y)dy.

3 ypaxyBaHHSM (QYHKIIOHAJIEHOI 3aJI€KHOCTI OCTAHHE PiBHSIHHS
MOJKHA MTOJ]ATH Y BUTJISIII:

MY =Tf (x) p(x)dx.

BuxopucroBytoun criBBigHomenns f(X)=X*, wmoxHa micratu
nouamkosi momernmu k-ro TIOpsIIKY:
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v, = Tx" p(x)dx. (1.13)

—00

Amnanoriuno Bupasy (1.13) moxna 3anmucaTl BUpa3 JUisl IEHTPATbHUX
MOMEHTIB:

e = [ (x=v)* p(xdx (1.14)

SIkmo y Bupasi (1.14) y3situ K = 2, MOKHA OOYHUCITUTH TUCTIEPCITO
BUIAJIKOBOI BEIIMUMHU — OpY2utl YeHmpaibHull MOMeHM:

+00

DX =p, =c® = I(x—v)z p(x)dx.

—0o0

MaremaTtiyHe CrioiBaHHs i JUCHepcis A HellepepBHOT BUaIKOBOT
BEJIMYMHN MAfOTh Ti CaMi BIACTUBOCTI, IO ¥ Y AUCKPETHOMY BUTIAJIKY.

IIuTanns a8 caMonepeBipKku

1. SIxa Bemu4MHA Ha3UBAETHCA HenepepBHOO? HaBemiTe mpuKItay.

2. lllo Ha3WBaeThCsl IIUIBHICTIO PO3MOALTY WMOBipHOCTe?  Ski
BJIaCTHBOCTI Ma€e GyHKIIist p(x)?

3. lllo xapakTepu3ye KprBa po3MOIily HMOBIPHOCTEH?

4. o sBusie coboro iHTerpanbHa GyHKIiS posmoniny? ki
BitacTuBocTi Mae F(X)?

5. lllo Ha3uBaeThcs kBaHTWIIeM? HaBemiTh ipuKIa.

6. [Illo Ha3uWBaeThCs MeniaHOK HemepepBHOro po3monainy? HasemiTh
MPUKIIA.

7. 1llo € Mo1010 HETIEPEPBHOTO PO3MOILITY?

8. HaBeniTh mpuKIQAM YHIMOJAIBHOTO, JBOMOJAIBHOTO 3aKOHIB
po3noiny.

9. YoMy JIOpiBHIOE MaTeMaTHYHE CIOJIBAaHHS  HENEepepBHOI
BUIA/IKOBOI BENTUYHHU?

10. Yomy gopiBHIOE MaTeMaTHUHE CHOAIBaHHS (DYHKIIT BUIAJAKOBUX
BEITUYHH?

11. o sBysie cobotO PYTUil IEHTPATLHIA MOMEHT?

12. Slki BnAcTUBOCTI MalOTh IOYATKOBI 1 ULEHTPaJbHI MOMEHTH
HETIePEPBHOI BUMAKOBOI BEITHIMHU?
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1.7. 3AKOHHU PO3NIOALTY HENEPEPBHUX

BUIIAIKOBUX BEJIMUUH
LinbHicTb po3noginy PiBHOMipHUii po3mnomiJ.
MMOBIpHOCTE BU3HA4Yae 3aKkoH Bunanxosa BEJIMYMHA X
po3nogdiny NMoBipHOCTEN posnogineHa PiBHOMIpHO y
HenepepBHOI BUNaAKOBOT CKiHUeHHOMY iHTepBami a, b, sxuo
BENNYMHN X. BCi 11 MOXIIHMBI 3HAYCHHS

30Cepe/HKeHI B IbOMY 1HTEPBAaII i MIUTBFHICTH PO3NOALTY i1 IMOBIpHOCTEH
¢ y upoMy iHTepBaii nocriiina. J{ndepenuianpay Gopmy piBHOMipHOTO
3aKOHY pO3MOLITy 300paxkeHo Ha puc. 1.10.

p(x)

% X

Puc.1.10.

Uinvuicmy timogipnocmeii

0 mpm x<a, Xx>b
D(X)={
c npu a<x<b

JLiist BUIa/IKkoBOT BeTMYMHN X, PIBHOMIPHO po3noz[ineHo'1' B iHTEpBaIIi
(a,b), IMOBlpHICTL MOTPAIUISIHHSA B 6yzu)-sn<1/m iHTEpBAa (X1, xz) 110 JIEKUTh
ycepenuHi iHTepBaiy (a, b), npornopiiiiHa 10 JOBXWHHU [IbOTO iHTEPBAITY:

P()C1< X< )Cz) = C(XZ- xl). (115)

VYpaxoBywoun Te, L0 IUIONIA TPSMOKYTHHKA 3 ocHOBOW (b — a) i
BHCOTOIO ¢ JIOPIBHIOE OJIMHHMII (YMOBa HOPMYBaHHS), MOKHA BH3HAYHTH
LIJTBHICTH PIBHOMIPHO PO3MOIiJI€HO] BETUYHHU:

1
= p(x)=—-.
b-a

[lincraBmsroun  3Haiimene 3HadendHs c¢ B (1.15), 3maxomumo
HMOBIPHICTh OTPAIUISTHHS 3HAYEHHS BeMUMHH X Y iHTEepBal (X, X2), SKa
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JIOPIBHIOE BiJIHOMICHHIO JOBXHWHH IIbOTO iHTEPBAIY O JOBXUHU BCHOTO
iHTepBainy (a, b):

X, — X
b-—a

P(x, < X <X,)=

KpuBa inTerpansHOro po3noity WMoBipHOCTe# 300pakeHa Ha puc.1.8, a.
BukopucToByouH 3arajabHUi Bupas ajis iHTerpanbHoi dynkiii (1.11),
OTPUMAEMO BUpA3 AJs iHTErpanbHOi QYHKIIT PIBHOMIPHO pO3MOALICHOT
BEITMYMHU
0 mpu x<a

F(X)= ;(;Z mpu a<x<b. (1.16)
1 npu x>Db

Takum 4yMHOM, ycepenuHi iHTepBany (@; D) iHTerpanbHa HMOBIpHICTH
Oyze 3MIHIOBATHCS 3a JIHIHHUM 3aKOHOM:

F(x)= j p(x)dx=—=.

b-—

x
QD

o]

Ha inTepBani (-0, a) dyHkuis F(X) =0, a na inrepBaii (b, +o)
MaeMo F(X) =1.

Ilenmp pienomipnozo posnodiny B intepBami (a, D) 36iraerbes i3
CEpPEIMHOIO [[LOTO IHTEPBATY:

mx = 2+0.
2

Jucnepcia Bu3HavaeThes 3a GOPMYIIO0:

b 2 V)
DX =j(x—a;bJ dx = (bIZa) .

3BiJICH BUIUTUBAE, 110 ITPU PIBHOMIPHOMY pO3IOJiIi B iHTepBadi (a,b)
cepeoHe Keadpamuune iOXujleHHs TIPOTOPINHE 10 JOBXKHHH I[HOTO
IHTEepBaTY:

s_b-2a
243
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Hopmanbuuii  posmogin. Cepex ycix HENepepBHUX 3aKOHIB
PO3MOIiTy OCOOIMBY POJIb BiJlirpae po3MoIiJl iIMOBIPHOCTEH 31 HIUTHHICTIO
~(x-a)’

20° (1.17)

o(,8,0)=—e
o2n

Taxwuii po3no/i HA3UBAETHCS HOPMATLHUM.

Baoicnueicmv HopmanvHo2o 3aKoHy po3nooiny SUSHAUAEMbCS
mum, Wo 00 HbO2O 3A36UYAll NPUBOOAMb 3a0ayi, NOB8 SA3AHI 3
PO3NOOLIOM CYM BENUKOL KITbKOCE BURAOKOBUX BETUYUH, CEPEO
SKUX He MOJICHA GUOLTUMU NEPEBAIICH).

IIpo BunagkoBy BenuuuHy X 13 TakuM 3aKOHOM PO3IMOALTY
HMOBIpHOCTEHd TOBOPSATH, IO BOHA pO3NOJIIEHA HOPMATLHO 3
napamempamu a, 6. @ynkuis (1.17) sBisie o600 13BOHOMOAIOHY KPUBY
(mudepenmianbHa KpuBa po3nofiny, puc.l.11). Ilapametp a — Touka,
Yepes sIKy IPOXOJUTh BiCh (LIEHTP) CUMETPIi, TapamMeTp ¢ — BiJCTaHb BiJ
oci 0 Touku meperuHy KpuBoi. Ilpm x — + oo KpuBa po3moxiry
ACHMIITOTUYHO HAOIMKAETHCS 10 OCi abcIuc.

o(X) o1

02

ol------

-0 +c

Puc.1.11

Skuio 6 — maje, KpuBa BUCOKA I 3ar0CTPEHa; SKIIO G — BEJIMKE, BOHA
mmpoka i miocka (Ha puc.1.11 65 < 6,). Lle MosCHIOETHCS THM, IO 3TiIHO 3
YMOBOIO HOPMYBaHHS ILIOLIA M1/l KPUBOIO PO3MOALTY AOPiBHIOE OIMHHMLY 1
31 3MEHIIECHHSM G MakcMMyM (GyHKIT Oyne OLIbIIMH, a BHIAIKOBa
BEJIMUMHA «ILUIBHIIIE» PO3TalIOBYBaTUMEThCA Oinnst oci cumerpii. Takum
YUHOM, IAPAMETP G XapaKTEPU3Y€ PO3Cit06anHsa BUIAIKOBOI BEIMUUHHU X.

Posnogin i3 mapametpamu a = 0, 6 =1 Ha3UBA€ETbCA CMAHOAPMHUM
HOPMAILHUM PO3NOOINOM:.
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1
o(x,a=0,6=1)=—=1 2
\2m
Kpupa cranmapTHOro HOpmanabHOro —posmomimy (puc. 1.12)
CUMETPUYHA BIIHOCHO OCi opjuHat, npu x = ) Mae €IMHUN MaKCUMYM,

. 1 .
110 TOPiBHIOE f ~ 0,40, 1 aBi TOUKH MIEepeTruHy Tpu x = 1.
T

o(X)

Puc.1.12

Inmeepanvny  Kpugy  CTaHIAPTHOTO  HOPMAIBHOTO  PO3IOILTY
300paxeHo Ha puc. 1.8, s.

[HTerpan Big MiTBHOCTI Q(X, @, G) HE BUPAKAETHCS Uepe3 eIEMEHTapHI
¢dyHKIIIT, a KpiM TOTO, 3HAYCHHSI 1HTErpaja 3aJeXUTh BiJ @ i G, TOMY JUIS
pPO3paxyHKy WMOBIPHOCTEH BHIAJKOBUX BEJIMYMH 13 HOPMAaJbHHM
PO3MOIIIIOM BUKOPUCTOBYIOThCS TaOJMIN CreuiaabHOl (PyHKII, ska
HA3UBAETLCS iHmezpanom imosipuocmeii (pynkuicro Jlannaca) ®(2).

Icuye nBa pisHOBHIM Tabmuupb ¢GyHkuii Jlanmaca, siki 6a3yroThesi Ha
BUpa3ax:

CD

\/_Izdz; \/_.[Zdz.

Juis yuidikarii nporenypu OOYHMCIIEHHS X YeHmpYomb — TOYaTOK
KOOPJIMHAT MEePEHOCATh y TOUKY @ 1 HOpMYomb — 3HAYCHHS BHITAJIKOBOL
BEeIIMYMHU BHpaxawTh y dactkax (omuammsx) CKB. Mns 1mworo

BBOJMWTBCS HOBA 3MIHHA Z=—— — yeHmposana U Hopmosarna (puc.
c
1.13).
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o(X)
91(2)

!
I
!
:
!
!
0

0 36 2 o s 2 3o
3 2 1 1 2 3
Puc.1.13

JInsl CTaHAapTHOrO HOPMAIBHOTO 3aKOHY (yHKIlis posmominy F(X)
MoB’si3aHa 3 iHTerpaioM imoBipHoctel D(z) y Takuii crioci6. [HTerpanbpHa
(hyHKIIiS po3noairy HMOBIpHOCTEH HOPMAIBHO PO3IMOMINICHOI BETNIHHH
Ma€ BUTJIISIA:

~(x-a)*

F(x1)=P(—oo<X<x)=Ime 20° dx.

YBOIMMO 3MiHHY Z = , TOJi, YpaxOBYyIOUH, 0 ¢ — KOHCTAHTA,

c

. x—a) dx

nmicraemo dz=d| —— |=—.

c c

Buxonsuu 3 HaBeJEHHUX CIIBBIJHOLIEHb, mmicas 3aminu OX = dzo
MOJKHa niepeiTH 10 GyHkiii Jlamaca:

z -z?
D(2) = J‘Le 2 dz.
N2
Ipu z = 0 inrerpanmbha ¢yskiis P(z) = 0,5, npu 3mini Z Big 0 g0 +o0
oynxiis D(z) 3poctae Big P(0) = 0,5 10 D(+0) = 1.
Uepes ¢ynkmito Jlarulaca  MoKHa — BUPa3HTH — WMOBIPHICTB
P(x, < X <X, ) y Takuii crioci6:

P(x, < X <%,)=P(X <x,)=P(X <x)=F(x)-F(4)=®(z,)-®(z)

Icnye o0sa euou mabauys Jlannaca: 6 00HuUx mabyibO8aAHI
Zﬁ snauenns D(z), a ¢ inuwux Do(z), npu yvomy ®d(z) = 0,5 +
Dy(2). Ilpu obuucrenni mogipHocmel Ciio 6PaAxo08y8amu, wo
D(0)=0; Dy(—o0) = Dy(+0) = 0,5; Dy(—2) = —Dy(2) (puc. 1.14).
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Do(-2) Dy(2)

3 274 0 1
Puc.1.14

T T Z
2 3

z
3a TabauIsIMU HOpMaJILHOTO 3akoHy i t = 3 3Haxomumo O(3) =
=0,9973.
PosrissHeMo HMOBIpHICTH TOro, IO BHUIAJKOBAa BEJIUYHMHA OyJne

OinbION0 32 36.
P(X >30)=1-P(X <35)=1-0,997 =0,003,

T00TO 3 moxuOkor 0,3% MoXHAa CTBEpIUKYBaTH, IO BCi 3HAYCHHS
HOPMaJIbHO PO3MOJICHOT BUIAJAKOBOI BEJIMYMHH MICTATHCS B MEKax
1+3c. Lleli BUICHOBOK Ha MPAKTHUII Ma€ Ha3BYy «npaguio 3o».

AKuo obuucIioemvbcs tUMOGIPHICIMb NOMPANIAHHS UNAOKOBOT
BEIUYUHU 8 IHmMep8an (Xl, Xz), MO He MAE 3HAYEHHS, SAKOI0

mabauyero Mu KOpUCMyeMOocs, OCKIIbKU Ysi UMOBIpHICIb 0y0e
00pIBHI08AMU PI3HUYT THMESPATbHUX 3HAUEHD.

KpiM MaTeMaTW4HOro CHOJIBaHHS ¥ JucCHepcii, KpUBI PO3MOILTY
XapaKTePU3YIOThCA  YCHMPATbHUMU MOMEHMAMu  Oilbul  GUCOKUX
nopsoxie — acumempiero A 1 excyecom E.

VY Tux BUMagKax, KOJH SIKICh MPUYUHH 3yMOBIIOIOTH MOSIBY 3HAYEHb,
Olmpmmx abo, HaBMNAaKW, MEHIIUX 33 CEpEelHE, YTBOPIOIOTHCS
acumempuuni po3noodinu. Ilpu MBOCTOPOHHIN (IOAaTHIN) acumerpii B
PO3MOINI YacTille TPaIruBIIOThCsI MeHIn 3HadeHHs (puc.1.15, @), a npu
MPaBOCTOPOHHIHN (Bia’€MHiN) acumeTrpii — Ounbim 3HaueHHs (puc.l.15,

[TokasHuk acumempii 0OUNUCITIOETHCS 32 POPMYJIOIO:

3 3
W M(X—v
Az—csz—(03 J .
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o(x) o(x) P(x)

MX 6 MX 6
Puc.1.15

Jnst cumerpuunux posnoaitis 4 = 0 (puc.1.15, ).

VY THX BUIAAKax, KOJH JCAKI MPUYMHU CHPHUSIIOTH MEPEBAXKHIN MOSBI
3HAa4YeHb, OMU3BKHUX 0 IEHTPa PO3MOJITY, TOBOPSTH MPO PO3MOMITH 3
dodamnum excyecom (puc.1.16, a, BeprmmHa kpuBoi nepeOyBae BUIIIE Bil
BEPILHHU KPUBOi HOPMAIILHOTO PO3MOILITY).

Ao XK y po3MoAlli TepeBaXkaroTh KpaiHI BiIHOCHO IIEHTpa
pPO3MOIiTy 3HAUEHHS, MPUUOMY OJHOYACHO W Malli, 1 BEJUKI, TaKHii
PO3MOILT XapaKTepU3yeThCs 6i0 ‘emuum excyecom (puc. 1.16, 6, BepmuHa
KpHUBOi niepeOyBae HIKYE Bijl KPUBOI HOPMAJIBHOTO PO3IOJITY), IPUIOMY
B IIEHTPI PO3IMOALTY MOXKE YTBOPHTHUCS 3alajiHa, MEePEeTBOPUBIIN HOTO
Ha IBOMOJAJILHUM.

o(X) VA o(X)
I \
' X Hopm
E<0
/ \
7 \
0 - ~ X O X
a o
Puc.1.16
4
[Toka3uuk ekcrecy £ MpONOpIiHHUNA 0 BITHOIIICHHS “—4 3 orsimy
c

4
Ha Te, IO AJIs1 HOPMaJIbHOTO 3aKOHY M—4 =3, MOKa3HHK eKCIecy
c

BHU3HAYA€ETHCA 3a (l)OpMy.]'IOIO .
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Takum 4MHOM, JUISI HOPMAJILHOTO 3akoHy F = (, TOMy HOpMaJIbHUMN
3aKOH € CTaJIOHOM «BEPUIMHHOCTI» OJHOMOJAJIBHHUX HEIEPEPBHUX
PO3ITOIIITIB.

[Muranus qjsi camonepeBipku

1.5Ika BUITaIKOBA BEIIMYNHA BBAXKAETHCS PIBHOMIPHO PO3MIOILICHO0?

2. Slkuii BUTIIAA Ma€e ;:[chepeHulaana (bopMa plBHOMlpHOFO posmoiny?
YoMy IOpIBHIOE IITBHICTE IMOBIPHOCTI JUIsl PIBHOMIPHOTO 3aKOHY?

3. Sxuit BUTISL Mae iHTerpajibHa QYHKIIISI PIBHOMIPHOTO PO3MOMITY?
YoMy 10piBHIOE iHTerpaibHa QYHKIIiS pIBHOMIPHOTO PO3NOIiTY?

4. Sk OOYHCITIOIOThCA YHCIIOBI XapaKTEPHUCTUKH PIBHOMIPHOTO
po3noiny?

5. Slkwif po3monin Ha3WBa€ETHCS HOpMaIbHIM? YoMy BiH Ha MPaKTHUII
BiJIiTpa€e BXXJIMBY POJIb?

6. Lo coboro sBisie qudepeHiiianbHa opMa HOPMATBHOTO PO3MOLTY?

7. OxapakTepu3yiTe CTaHAapTHAN HOPMAIIbHUHN PO3MOIiIT.

8. Ilo Ha3suBaeThcs (QyHkuiero Jlammaca i s 4YOro BOHA
BUKOPUCTOBYETHCS?

9. Jlng doro mOTPiOHO UEHTPYBATH Ta HOPMYBATH BHIIAJKOBY
BEJIUYUHY?

10. Sk oGuuncIIOBaTH UMOBIPHICTH 3a JomoMoror (yHkiii Jlamraca?

11. Ha3BiTh HieHTpaIbHi MOMEHTH BUCOKHX TTOPSIKIB.

1.8. BATATOBUMIPHI BUITAZIKOBI BEJINYWUHUA

3 neBHUMU KpiM OgHOBHMIpHUX BEIMYMH YacTO
BUMPOBYBAHHAMU MOXe JIOBOJUTELCS pO3rIsiAaTH OJJHOYACHO
6yTV NoB’si3aHa He OfHa, @ | CUCTEMH i3 JBOX, TPhOX 1 OUTBIIOI KiJBKOCTI
Kinbka BUNagKoBMX BHUIIAIKOBUX BEJIMYMH.

BENUYMH

Mpuxnax. Posmipu Tiei camoi aeTaii: IOBXKHHA, BUCOTA, HIUPHHA;
CTPYM 3aBajl B €JIEKTPOHHOMY ITiJICHITIOBAYi 3 BUMAIKOBUMH aMILTITy 100
Ta ¢a3010; 3picT Ta Maca Tijia JIOAUHH.

Taki BeNWYHMHHM HA3UBAIOTHCA OBOGUMIPHUMU, MPUSUMIPDHUMU TOIIO
BIMOBIAHO 10 KIJIBKOCTI KOMIIOHEHT TAKOI BEJIUYUHH.

JIJ1s TPOCTOTH BUKIIAy PO3TIISIIATUMEMO IBOBUMIPHUIA BUIAI0K.
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TeopernuHo aBoBuMipHY BenuuuHy (X, Y) MOXHa pO3IISAaTH SIK
sunaoxosutl gekmop abo TOUKY ITUIOIIUHH 3 BUIIaJKOBUMH KOOPAUHATAMH
(X; Y). THomi 3pyYHO TOBOPHTH TIPO SUNAOKOBUL padiyc-éekmop abo TIpo
CHCTEMY JBOX BUIAJKOBUX BeMWIMH X1 Y.

3akoH po3MOAITy WMOBIpHOCTEH  HEmepepBHOI  IBOBHUMIipPHOI
BUMAAKOBOi BenuumHU (X, Y) Mae XapakTepusyBaTH HMOBIpHICTb
MOTpAaIUISTHHSA Oyab-AKOi mapu ii 3Ha4eHsb (x, y) y Oyap-saKy 001acTh Ha
wiomuHi (puc. 1.17).

3a aHaIoTi€0 3 OJHOBUMIPHAMHE HEIIEPEPBHUMH BEIMUNHAMH MOYKHA
JaTy O3HAYCHHS:

HenepepBHoro JABOBUMIpPHOIO BHUIIAIKOBOK) BeJMYHMHOI0
HaszuBaeThes BenuuuHa (X, Y), SKIIo ﬁMOBipHiCTL MOTparuIsHHA 11
3HAa4YeHb Y 6ym>—;n<y obxacte D Ha mmommHi (X, Y) MoxHa momatu y
BUIJISAAI OABIMHOTO iHTErpana

P[(X.v)e D]= H P (Y iy

e pxy (x, ¥) — UIIBHICTH ITBOBUMIPHOTO PO3MOJLTY HMOBIpHOCTEH abo
MIUTBHICTD CIIJIBHOTO PO3IIO/ILTY BUITAAKOBUX BeMYMH X 1Y,

pxy (x, ) dxdy — xapakTepnsye HMOBIPHOCTI MTOTPAIUISHHS TOUKH (X,
V) y 3aIITPUXOBAHHI PSIMOKYTHHK 3i cTropoHamu dX i dy.

X
Puc. 1.17

JlJis TBOBUMIPHOTO, SIK 1 JUIsI OJHOBMMIPHOTO, BUIIAAKY, TaKOX Oyje
BUKOHYBATHCS yMOBa HOPMYBaHHS:
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+00+-00

”va(xvy)dx,dyzl.

—00—00

Hns  posrmsHyTOrO TpSAMOKYTHHKAa (muB. puc.8.1) iMOBIpHICTB
MOTPATUISTHHSA B HROT'O KOOPAUHATH X JOPIBHIOE px(x)dX, a KoopauHatH Y
— Dy (y) dy. ImoBipHiCT NOTPAIUIHHS TOYKH B 3a3HAYCHMH TPSIMOKYTHHK
nopiBHIOE p(x, y) dxdy, OCKITBEKH Ma€e MICIIe HOCOHAHHSL BUNAOKOBUX NOOilL

x< X<x+dx,y<Y<y+dy

JUISL He3aJISKHUX BEJTMYMH.
Takum 4MHOM, MOKHA 3aIIUCaTH:

o (X, y)dxdy= py (x)dx py (y)dy,

3BIJIKM BUILIMBAEC

Pxr(x.y) = px(x) p(y)- (1.18)

st piBHICTH CHIpaBIKYyeThCS UL BCIX 3HA4YeHb X 1 ) B pasi, KOIu
BHUITaKOB1 BeimunHy X 1 Y He3alexHi.

TakuM 9rHOM, He3aJ e KHUMHU (B3a€MH0 He3aJIe)KHPIMH) HA3WBaIOTh
HEMEPEePBHi  BUMAJKOBI BeMMYMHM X 1 Y, SKIIO IMIUIBHICTH TXHBOTO
CITUTBHOTO PO3MOALTY IOPIBHIOE JOOYTKY IIITBHOCTEH LINX BETHIHH.

Lls BIACTHBICTH BaXJIMBA THM, 10, 3HAIOYU MIUILHOCTI PO3MOALTY
BHUITaJIKOBUX BEIHYMH X 1 Y, MOYKHA JIETKO BU3HAYNUTH IIIJIBLHICTh IXHHOT'O
CHIJIBHOTO PO3IOIiTY, 1[0 3HAYHO CIPOIIYE PO3PAXYHKH.

I'padik dyHKIT z = pyy (X, ) Ha3UBAIOTh HOBEPXHEIO PO3NOOLLY
tiMogipHOCHEll.

Po3nodinu  koopounam  0806uUMIpHOI 6UNAOKOBOT GeUYUHU.
[poananizyBaBimm Bupa3 (1.18), MoxkHa IIATH BHCHOBKY, IO 3aKOH
CHUTBHOTO po3mojiny BenudnH X 1 Y TOBHICTIO BH3HAYa€ 3aKOHU
O30Ty KOKHOT 3 BenTu4rH X i Y.

Crio4aTKy pO3IJISTHEMO, SK MOXKHA BH3HAYUTH IIUIBHICTH py ()
BunaakoBoi BenuunHu X. 1100 3HaiiTH MINBHICTH py (X), BU3HAYUMO
WMOBIpHICTh MOTPAILUISIHHS 3HAYEHb BEJIMYMHU X Y OyJb-KUH 1HTEpBaI
(X1 < X < X,) Ha momwmHi (X, Y) (puc. 1.18, a).

Bnydyenns 3HaueHb BenuuumHH X y iHTepBad (X Xp) PIBHOCHIIbHE
BITy4CHHIO TOUkH (X, Y) y BepTukansHy cMyry D Ha mmomuHi. [Ipu misomy
BHITaIKOBa BeIWMYMHA Y TPHME MOXJIIWBI 3HAYCHHS BI -0 710 + o0
(3amrpuxoBana cmyra Ha puc 1.18, a).
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Y //46 Y
% Y2
Y1
X1 / X2 X X
a 9]
Puc.1.18

Otxe,

P(x, < X <x,)= J:[ Py (X, y)ixdy = ]gﬁo Py (X, y)dy}dx . (119)

X L—oo

OCKUIBKH BOZHOYAC
X5
Plx, <X <x,)= I py (x)dx,
Xy

tozi piBHICTH (1.19) MoXHA 3anMcaTH y BUTIISI:

]g Px (X)dX= T{pr (X,y)dy]dx,

Xy Xy

3BIIKH

P ()= [ Py (.Y )Y - (1.20)

SHAIOYU WINbHICMb 080BUMIDHOI eIUYUHU, HEOOXIOHO 3iH-

Zﬁ s mo2o w06 3Hatmu winbHicms 0OHOBUMIPHOL 8eTUYUUHU,
mezpysamu WilbHiCMb 0808UMIPHOL BEIUUUHU 3 8CIMA

Mmodicnueumu 3HauenHamu (8i0 — o0 00 + o) iHwiol UNAOK0B8OT
BENUYUHU.

AHaJOTIYHO  3HAXOMATh WIUIBHICTH  po3nonminy  KoopauHatd Y

(puc.1.18, 6).
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pe(y)= Tva (x,y)ix.

Housitts ¢ynkuii HenmepepBHUX BHNAAKOBUX BeauuuH. [lin
byukiiero f(X) BumaakoBoi BenuduHH X PO3YMIIOTH TaKy BHIIAKOBY
BeJIMUMHY Y, sika HaOyBae 3Ha4deHHs y = f (X) mopasy, konu BenumurHa X
HaOyBae 3HaueHHA x. [Ipy oMy mepenOadaeTsCs, IO PO3TIITHYTA
(GyHKIIS BU3HAUCHA AJIS1 BCiX MOKJIMBUX 3HaYE€Hb apTyMEHTIB.

Hexait y = f(X) mnepenba4aeTbcsi MOHOTOHHO —3POCTAKOUYOI0
HETEPEePBHOI, TOOTO TAKOI0, 1110 MAa€ MOXiIHY B yCiX Toukax. [lyis Takoi
¢GyHKIIT MHOKMHA 3Ha4eHb BHUITQJKOBOI BEIMYMHHU X, IIO MOTpAILIIE B
iHTepBain (xi, x,), OyJe OAHO3HAYHO BiJOOpaKATUCS MHOXHHOIK 3HAYCHb
BUMaAKOBOI BenuunHu Y B iHTepBai (Y1, Y,) (puc.1.19).

Hnst pyHKII1, sika He Ma€ BUTHHIB 1 PO3PHBIB, MOYKHA 3aIlCATH:

P(x< X <x+AX)=P(y<Y <y+Ay). (1.21)

y=f(x)

! X
X2

Puc. 1.19

Jist HemepepBHUX BEIMYMH IIPH BUKOHAHHI 1TaHOT YMOBH HMOBIpHICTh
MOTPAIUISIHHSL BUTAJIKOBOI BEJIMYMHU B EJIEMEHTapHUI iHTepBan Oyne
MponopLiiHa A0 MiIBHOCTI HMOBIPHOCTI B MOYATKOBIH TOYI iHTEpBaly,
TIOMHOXKEHOT Ha JIOBXHMHY LbOTO iHTepBaiy. 3rigHo 3 Bupaszom (1.21)
MOXHA 3aIMUCaTH, 110

Px (Qdx = py (y)dy. (1.22)

3agaya mojsira€ y BU3HAYCHHI WIUIBHOCTI PO3MOALTY HMOBIpHOCTEH
py(y) BunagxoBoi BeawuuHH Y, (GYHKIIOHAIBHO OB’ SI3aHOI 3 BUIIAAKOBOIO
BEMMUYMHOIO X, 13 6uKkopucmanHsam BIIOMOTO 3aKOHY PpO3IOALTY
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WMOBIpHOCTEH BWIAIKOBOI BETHMYMHUA X — IIUIBHOCTI I[HOTO PO3MOILTY

Py (X).

3 Bupasy (1.22) mrykaHa IiabHICTh IMOBIPHOCTI BU3HAYAETHCS K
dx
= X) — . 1.23
Py () px()dy (1.23)

Heo0xiqHO BH3HAYHMTH MIUTEHICTh PO3MOJILTY BUMIAIKOBOI BEIUYMHU Y,
ToJi sIK y Bupa3 (1.23) BXOAUTh MIIBHICTL IMOBIpHOCTEH Bemuuunau X. J{is
TOrO 100 BHUKIIOUHTH 3 BUpasy (1.23) 3Ha4YeHHS apryMeHTY X, YBEIEMO
o0epueny  ¢yukmito  g(y)=x. Hampukmax, sxmoy=KX, T0

y
g(y) =x=-—~.
K

Jpyruii MHOKHHK Yy TpaBidi 4acTuHi BHpa3y (8.6) € MOXigHOIO Bif

obepHeHoi PpyHKIii, TOOTO

dx
oy =9
3 ypaxyBaHHsIM cka3aHoro Bupa3s (1.23) naOyne Burisiay:

by (¥)= px[9(y)lo'(y). (1.24)

puxaan. BumankoBa BenmumHa X Mae pPIBHOMIpHY IIUIBHICTH
posmoaifay #MoBipHOCTEH Py(X) B iHTEepBami (X1, X2). 3HAWTH MITBHICT
posmoniny py () ainiiinoi ¢pyukuii ¥ = ax + b (a #0).
3Bakarouu Ha Te, 0 PyHKIlis Y= ax + b MOHOTOHHA, HEOOXiTHO:
. . - . -b
1) 3HaiiTn oOepHEHy (YHKIIFO s Li€l 3aIeKHOCTI g(y) =X= y=0 .
a

. : 1
2) 3HaiiTH moxigHy obepHenoi GpyHkuii g' (y) = m .
3) Bupasu s g(y) i g'(y) miacrasuru y (1.24).
4) BU3HAYUTH IIUILHICTH PO3NOALITY HMOBIpHOCTEH NiHIHHOT QyHKIIT Y:

Py (Y) = Px (y—_bj L

a ) lal’
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. . 1 .
I[J'IH P1BHOMIPHOTO 3dKOHY p y (x) =——— 3aJIMIIa€TbCA HC3MIHHOIO

Ha BCbOMY 1HTEpBai, TOAI
y—b 1
pX = y
a X2 — X1
[IPY IFOMY OOHIBI YaCTWHH BUpa3y HE 3aJI€XKATh BiJl MOTOYHOTO 3HAYECHHS X.
[lykaHa minpHICTh Oy/e AOPiBHIOBATH

1 1

pv(Y)ZH'm

i pIBHOMIPHO pO3MOAIIUTECS B inTepBaii [(ax;+h),(axx+b)].

AKuo yHKyisi HEMOHOMOHHA, OJisl BUKTIOYEHHSL
HEOOHO3HAYHOCMI He0OXIOHO po3oumu ii Ha OKpemi MOHOMOHHI
OLAHKY U 01151 KOHCHOL 3 Hux 3acmocysamu gpopmyny (1.24), a
HOMIM CKOPUCMAMUCS, 6LACIUBICIIO AOUMUBHOCIE
tiMogipHOCMEll.

MomenTH po3noaily ABOBHMipHOI BeauduHu. OOMexumocs
BU3HAYEHHSIM MOMEHTIB  PO3MOAUTY TiMbKA JUIA  JBOBUMIPHHX
BUIIAJKOBUX BeJW4MH. [IOIMMPEHHS 1IMX MOHITHh Ha BUIAJIKOBI BEJIMYMHU
po3MipHOCTi, Oimpmioi Bim ABOX (ab0 CHUCTEMH JBOX BHUINAJIKOBUX
BEJIMYKH), HE CTAHOBUTH TPYIHOIIIIB.

Ilouamkosi momenmu nopaoky k + | nns BUMAaIKoOBOI BETUYHHU
(X, Y) Bu3Ha4aroThes 3a HopMyIIoLO:

Vi = MX Y

ne k — creminp Benmmuunan X, | — crenins Benmunnam Y.
JUi1s HeTiepepBHOI BEJIMYMHH 13 IIUTBHICTIO CIUTBHOTO PO3MOALTY pyv(x,y)

~+00 +00

Vil = J. _[Xkyl Pxy (X'Y)dXdy-

—00 —00
Ilouamxkosi momenmu nepuio2o nopaoKy

Vig=MX =vy; vy =MY =vy
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BU3HAYAIOTh TOYKY 3 KoopauHatamu (MX;MY) — uenTtp po3nopity
nBoBuMipHoi BeiqmuwHHA (X)Y), TOOTO MaTeMaTH4HE CIOJiBaHHS
(Vys vy)

Otrxe, MamemamuuHum cnOOi6aHHAM UnadKkoeoz2o éexmopa {X;Y}
HA3UBAETHCA BEKTOp {MX,; MY},

MareMaThuyHe CIOAIBaHHS BHIAAKOBOr0 BekTopa {X;Y} MoxHa
BHPA3UTH dYepe3 IMIUIBHICTh CHUIBHOTO PO3MONiTY HMOBipHOCTEH MOro
KOOpJHMHAT BianoBiaHo 10 (1.19)

+00 +00 +00
MX = J. Xpx (X)dx = J. XdXI Py (X,y)dy
—00 —00 —00

abo

+00 +00

MX = _[ J-XpXY (x,y)xdy .

—00 —00
AHAJIOTIYHO 0IEP)KHMO

+00 +00

MY = [ [ ypy (x,y)ixdy.

—00 —00

BaacTuBocTi MaTeMAaTHYHOIO CNIOAIBAHHA ABOBUMIPHOI BeJIMYUHI

— MaremaruyHe CHOIBaHHS CyMHU JIBOX BHIIQJIKOBUX BEJIUYWH JOPIB-
HIOE CyMI MaTEeMaTUYHMX CIIOIBaHb IIUX BEJIUYHH:

M(X +Y)=MX +MY .

— MaremaTiuHe CroAiBaHHA JOOYTKY HE3aJeKHUX BHITAJIKOBHUX
BEJIMYMH JAOPIBHIOE T0OYTKY MaTeMaTHYHHX CIIOJ{iBaHb LIUX BEJINYHH:

M (XY) = MX - MY .

L1i BIacTMBOCTI CIPaBIXYIOTHCS ISl HE3aJISKHUX BHIIAJKOBUX
BEJIMYMH OY/1b-5IKO1 BUMIPHOCTI.
HenTpansHi MmoMenTH MOpsAKY K + | BH3Ha4at0ThCS 32 (OPMYJIOLO:

R = M(X —Vx )k(Y —Vy )I .

3a 03HaYCHHSIM O0UBA [ICHTPAJIBHUX MOMEHTH MEPILIOTO MOPSAKY
(k + | = 1) nopiBHIOIOTE HYJIFO:
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Mo = M(X =v,)=0, Hox = M(Y —vy)=0.

I3 TppoOX 1EHTpambHUX MOMeHTIB apyroro mopsuky (K + | = 2) nBa
MOMEHTH SIBJISIFOTH COOOI0 AMCIIEPCIi OTHOBIMIPHHUX PO3ITOILTIB BETHUIHH X 1
Y:

Moo = M(X —Vx )2 =DX,
Ho2 =M (Y —Vy )2 =DY,

1 JIMIIIC OJTMH MOMEHT |l 1 TIOB'SI3aHUH 31 CILILHUM PO3IIOILIIOM BeIMYrH X 1Y:
Hip = M(X =vy XY =vy ).

Jis HenmepepBHHX BENWYHMH 13 IIUIBHICTIO CIUTBHOTO PO3MOJILTY
Pxv(xy):

= [ X9, XY =, Do (xoy)rcy.

—00 —00

MOMEHT l;; HA3UBAETHCS MIMAHUM MOMEHMOM OPY2020 ROPAOKY 1
no3HavaeThes g = COV (X, Y). BiH Mae TakoK Ha3BH KopensayiiiHuil
MoMmeHm, Kosapiayisi, MoMeHm 36 513Ky BenmuuH X 1Y.

TakuMm YuHOM, KoBapialis € HaHIPOCTINIO XapaKTEPUCTHKOIO
JHHIAHOT CTOXAaCTUYHOI 3aJIEKHOCTI MK BUITAAKOBUMHA BernmunHamu X 1 Y
— ye mamemamuyHe cnoodiéanHs 000ymky eioxunenv X i Y 6i0 ixuix
Yenmpis.

3Bakaloun Ha Te, M0 KOBapiallis € PO3MIPHOI BEIWYHHOIO, HEIO
0e3nocepelHb0 HE MOXKHA CKOPUCTATHUCSA JUIS TOKa3HHMKA IMUIbHOCTI
CIMOXACMUYHOT 3AN1eIHCHOCHI.

Mise 06oma GURAOKOBUMU — BETUHUHAMU € CIMOXACUYHA
3aNeHCHICmb  moOi, KO ICHYE CYKYHHICMb  BUNAOKOBUX
¢axmopis, saKi eniuearomv Ha 0OUOBI BUNAOKOBI GEIUYUHU, | €
haxmopu, wo Oitomb MinbKU HA 00HY AOO MINLKU HA Opyey
sunaokosy eenuyuny, moomo sxuwo X = f(Zy,....Zn, Xu,..., X)), Y
=f(Zy,..., Zn, Y1,..., Yi), mo X i Y cmoxacmuuno 3anesicui.

Hns Toro mo0 MoxHa OyJI0 YUCENbHO BHU3HAYUTH MIUIBHICTH
CTOXaCTHYHOI 3aJIeXKHOCTi, abCTparyrouuch Big poay # po3mipHOCTI
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(hi3UIHOI BEIMYMHH, BBOIATH KOBAPIaIliio IS HOPMOBAHUX BUNAOKOBUX
BEIIMYNH, TOOTO PO3TIIAaaroTh He X 1Y, a

X —vy Y —vy,

X" Y =
(O Oy
KoxHa 3 HEUX Mae LEHTPOM pO3MOJiNTy HYyNIb 1 AWCHEpCiio, piBHY

omuuui. Tomi

cov(X",Y")=M Aovy Yowy |
Ox Oy (1.25)
MI(X v, XY =y )] _ cov(X,Y) _
OxOy Ox Oy XY

Kosapiariist 1715 HOPMOBaHOI BEJIMYMHM HA3MBAETHCS Koe(ilieHTOM
KOpeJIsiuil.

Takum 4MHOM, Koegiyichm Kopensyii € 6e3pO3MIPHOI0 BETUYUHOIO Ul
NOKA3YE WINbHICMb CIMOXACMUYHO20 JIHILHO20 38 A3K) HEe3ANeHCHO 8I0
OOy izuunol 6enuyuHU.

Jia He3ane)XHUX BeNWYUH KOe(illieHT KOpeIslii JOPIBHIOE HYIIIO,
aJle Ha MiJCTaBl PIBHOCTI HyNMO KoedilieHTa KOpessmii He MOXKHa
CTBEP/KYBAaTH, IO BETMYNHY HE3aJIEHKHI.

Mpukaan. [punyctuMo, mo BequdMHA X CHMETPUYHO PO3MOAiJICHA
BiJIHOCHO MOYATKy KOOPJIWHAT, SIKUH 1 Oy/ie IEeHTPOM BeTMYHHA X, TOOTO
MX = 0. Hexa#i BumagkoBa Benn4ynHa X (PYHKIIOHAJILHO TIOB’s3aHa 3
BUIAIKOBOIO BEJIUUYMHOIO Y 3ajIeKHICTIO Y = X2, 3rigHo 3 cumetpiero X
BiJIHOCHO IIEHTPa KOOPAMHAT Ma€EMO:

cov (X,Y) = M(X,X%) = M(X®) = 0.

VY pesynbraTi, 3 OOHOro OOKYy, MaeMoO ()YHKLIOHAJbHO TIOB’sA3aHi
BEJIMYMHHU, & 3 JPYroro — KOPEISIlisl MiX HAMHU JOpiBHIOE HYIrO. L5
CYNEPEYHICTh MOSICHIOETbCA THM, IO PIBHICTh HYJIO KoedilieHTta
KOpeJsiiii CBIYUTH MPO HE3aJIeKHICTh BUIAJIKOBUX BEIMYMH TUTBKU B
pasi JiHIlIHO20 CIMOXACMUYHO20 38 513K

XapakTepuCTHKH 0araTOBUMipHMX BeJTHYHH.

Hucnepcia 3anexcnux genuyun. Po3risiHeMO 3arajibHUNA BHpa3 Uit
aucrepeii CyMu BUNIAIKOBUX BEJTUYWH:

D(X £Y)=M[(X —=v,)£(Y =, )F;
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D(X £Y)=M|(X —v )P +[(Y = vy ) £2M[(X —vy XY v )]
abo

D(X +£Y)= DX + DY +2cov(X,Y).

TakuMm 9rHOM, KOBapiamis BXOJUTH Y 3arajibHy (hopMyIy m0I1aBaHHS
JUCTICPCIi.

Hucnepcia  nezanexcnux eenuuun. Po3rnsHemMo BHpa3 I
KOBapiallii, moIaBIIx HOTo B TAKHiA CIIOCIO:

cov(XY)=M[(X =v, XY =, )|= M[XY =Xy, =Yv, +v v, |=
=M (XY )=M (X1, ) =M (Yv, )+ M (v, ).
3BakaroyM Ha Te, IO Vy,Vy, — HOCTiiHI BenuuuHu 1 vy, = MY,
vy =MX, nicraemo:
cov(XY)=M(XY)=vyMX —=v, MY +v,v, = M(XY)-MXMY .
Slkmo X 1Y He3amexHi, TO
M(XY)=MXMY ,i coy(XY)=MXMY — MXMY =0.

TakuMm urHOM, qUCTIEpCis Tt cyMu a0o pi3HUIl He3anekHux XY !

D(X +Y)=DX +DY.

ToOTo, Oucnepcis aneebpaiunoi cymu SUNAOKOBUX HE3ALEHCHUX
BeIUYUH OOPIBHIOE aleeOpaiuHiti cymi IXHIX Oucnepcitl.
_ 2 _ 2 .
Vpaxysasmm te, mo DX = 6,", a DY = 6,", MoxHa 3anucaru:

_ [ 2 2
GXJ_rY_ O'X+O'Y.

Jucnepcia nopmosanux eenuuuH.

D(X*):M|:[X—Vx —OHZ _MX=v,f %,

2 2
Gy (v Gy

Anasorino D(Y*)=1.

Otxe, mns ducnepcii cymu ab0 pi3HUYI HOPMOBAHUX GeIUHUH MOYKHA
3aIMcaTu:

57



D(X* £Y")=D(X ")+ Dy )+ 2cov(x*,Y*)
abo
D(X" £Y")=1+1%2p,, =204 pyy ).
3Bakarouu Ha Te, M0 TUCTIEPCis € TOMATHUM YUCIIOM, TOOTO
D(X* +Y*)>0,

Ma€eMO
-1<p,y <+1.

TakuMm YMHOM, JiCTalM BaXJIMBY BJIACTUBICT KOC(IIiEHTa KOPEJISLIIi:
3a AOCOMOMHUM 3HAYEHHAM KoeiyicHm Kopeaayii He nepesunye 0OuHUYI.

Axwo xoegiyienm xopenayii 3a Mooyiem OOpPI6HIOE OOUHUYL,

mo CMoxXacmuuna 3AN1eHCHICMb cmae TIHIUHOMO
@yHryionanvroro 3anedxcricmio. 3mina X HeoOMiHHO npueede
00 nesnoi

3minu Y.

Ycepeonenna  oOucnepcini. BucHOBOK mpo  agucnepciio  CymH
HE3aJISKHUX BEJIMYMH TMOUIMPIOETHCS W HAa OUTBITY KiNBKICTh BUIIAJKOBUX
BEJINYMH:

D(X; + X, +...+ X, )= DX, + DX, +...+ DX,

[punycTiMO, MO BHIAIAKOBI BEIHYMHH X; MAalOTh O0OHAKOBULL
po3nodin (00Harkosy ducnepciio), TOII OCTaHHIN BUpa3 MOYKHA 3aIUCaTH Y

TaKHH CII0CiO;
n n
D > X [=) DX, =nDX
i=1 i=1
abo

n
_ 2
- Z Gxi )
i=1
TakuM 4MHOM, Y IbOMY Pasi 3pocTaHHs AucHepcii cymu BinOyBaeTbes

HpOHOleI/IHO a0 KIJIBKOCTI ):[O,I[aHKlB TO,Z[I SIK cepeaHe Kea()pamuwe
BIOXUNICHHS 3pocTace HpOHOpL{lI/IHO A0 KBaJAPpaTHOIO0 KOPCHA 3 KIJIBKOCTI

JIOJTAHKIB:
GZ = GX \/ﬁ .
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Konu mamacaromvca  3menwumu 61U  CUCEMAMUYHOL
noXuOKU npunady Ha pe3yibmam OOCHIONCEHHs, CKAAOAmb
000amKo8e PIGHAHHA «ANAPAMYPHUM UWIAXOM» | PO36 S3)10Nb
cucmemy 080x pigusans. Ilpu ybomy 08iui 6HOCAMb y pe3yibmam
8UNAOKOBY  NOXUOKY, mobmo  oOucnepcisa  pe3yibmamy
30inbULYEMBCS BOBIU.

Ilpu cratucThuHiil 00poOLi pe3ynbTaTiB BUMIpIOBaHHS JOAATKOBI
PIBHAHHS BUKOPHCTOBYIOTH JUIS BiIIIYKaHHS CepeAHbOro 3HadeHHs. [Ipn
BOMY MOKJIMBI Pe3yJIbTaTH Xj XapaKTepU3yIOThCS THM CaMUM 3aKOHOM
po3noiny.

Cepeone  sHauenusi  (OI[IHKA  MaTEMaTHYHOTO  CIOJIBaHHS)
BU3HAYAETHCS SIK

o 1
X :HZ X;. (1.26)
Llucnepcis cepeqHBOr0O
o 13 1 > 1 1 DX,
DX =D| =Y X; |==D| > X, [== > DX; =—;nDX; =—"
N n i-1 n" i n n
OTxXe, KOJMM BWIIQJKOBI BEJIWYMHU MAlOTh OJHAKOBI PO3MOJIIJIH,
JUCTIEPCIsl IXHBOTO CEepelHbOro OyJie B N pa3 MEHIIOK 3a BUXIIHY

JIUCTIEPCII0 CAMUX BUTIAIKOBUX BEJIMYHH.
st cepenuporo kBanparuaHoro BigxuieHHs (CKB)

oo = 2% (1.27)

*Vn

Taxum unnom, CKB cepennboro pesyibraTy BUMipioBaHb OyJie B \/ﬁ
pasiB MeHmmM 3a BuxigHe CKB oMHUYHOTO pe3ysbTaTy BUMIpPIOBAHb.

Jlooamkosi Odocniou Oaromv NO3UMUSHUL eheKkm V BUNAOKY,
KONU BUMIDIOBAHHS MO20 CAMO20 3HAYEHHs (i3UUHOI 6enuduny
npo6oodsimb 3 Memoio 3MEHUEHHs. 6NAUBY BUNAOKOBOI NOXUOKU
Ha pe3ynvman.

IuTanus s camonepeBipku

1. JlaliTe BU3HAYCHHS JIBOBHMIPHOI BEJTUYHMHM, i HABEIITh MPUKIIAIIH.
YoMy 1OpiBHIOE LITBHICTE IMOBIPHOCTEH IBOBUMIPHOT BETHYNHN?
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2. Sk MOXHa 3HAWTH LIUIBHICTH IMOBIpHOCTEH (QYHKIII 32 3aKOHOM
po3noniay UMOBipHOCTEH ii aprymenTy?

3. JlaliTe 03HAUCHHS HE3aJICKHUX HEIIEPEPBHUX BHITAJKOBHX BEITHMIHH.

4. SIx BU3HAYAIOTHCS MMOYATKOBI MOMEHTH NOpsiaKy K + | ?

5. YoMy MOpIBHIOIOTH IOYAaTKOBI MOMEHTH TEPIIOTO TOPSIKY
JBOBUMIPHO{ BETUYHHU?

6. Ha3BiTh BJIaCTMBOCTI MAaTEMAaTHYHOIO CIOIIBAHHS IBOBHMIPHOI
BEJIMYHMHU.

7. SIK BU3HAYAKOTHCS [ICHTPAJIbHI MOMEHTH TOpsAKy K + | ?

8. l1lo Take koBapiailis 1 SKi HA3BH BOHA IIIE Ma€?

9. SIxi BemWYMHN HA3WBAIOTHCS HEKOPEITHOBAHUMHU?

10. Ski BenWYMHU BBAKAIOTHCS CTOXACTHYHO 3aJIC)KHUMH?

11. 1o Ha3mBaeThCA KOEDIMi€EHTOM KOPEIIALi 1 0 BiH XapakTepu3ye?

12. Yomy nopiBHIOE TUCTIEPCiss HOPMOBAHUX BEITUIHH?

13. Y yomy mosisirae OCHOBHA BJIACTHBICTH KOS(iIli€HTa KOPEIALii?

14. Yomy nopiBHIOE TUCTIEPCiS HE3aIESKHUX BEIHINH?

15. Yomy nopiBHIOE IUCTIEPCiS CYyMH HE3aJICKHUX BEJIHMUUH?

16. Yomy nopiBHIOE TUCTIEPCist CEPeaHHOTO 3HAYCHHS?

17. Slke cmiBBigHomeHHst ToB’s13ye CKB cepemnboro pesynbrary i
OKpEMHX pe3yJIbTaTiB BUMIPIOBaHb?

1.9. IOIIMUPEHI 3AKOHMU PO3IIOALTY

PosrnsiHemMo  3akoHH,  SIKi

HannowwmpeHiwi Ha npakTuui n . .
Han4acTIIC BUKOPHUCTOBYIOTLCA

HanbinbLU BUBYEHI 3aKOHU PHRO ;
po3noginis NoAINATLCA HAa OQHO- Y TPaKTHYHIM NIAIBHOCTL IPU
Ta ABONapameTpUyHiI. 00po011i iHdopMarIii.

Cepen oononapamempuuHux 3aKoHig CIiJl BII3HAYUTH TaKi.

e Excnonenuyianvhuii poznoodin. llommpeHuil npu po3s’si3yBaHHI
3aJ1a4, TIOB’s3aHUX 13 HAIHHICTIO, MACOBUM OOCIyTOBYBAaHHSM, OI[IHKOIO
PIIKO CIIOCTEPEIKYBAHUX SBHUIIIL.

XapaKkTepusyeTbCsl TapamMeTpoM A, SIKUH y Teopii HaxidHOCTI
PO3TIIANAETECS SIK IHTCHCHBHICTH BiJKa3iB TUX YHM IHIIMX HPUCTPOIB.
DYHKIIIO IITBHOCTI KMOBIpHOCTEH HaBeaeHo Ha puc. 1.20, a.

e y%-posnooin  Iipcona. [[lnpoko  BUKOPUCTOBYETHCA Y
CTATUCTUYHIN Teopil HAAIHOCTI i MPHUKITaTHOMY CTAaTHCTUIHOMY aHai31
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npu mepeBipmi rimote3. Skmo X;, Xp,..., X, — He3aJIekHI OTHAKOBO
pO3IOAiICHI BUTAAKOBI BETUYMHHM, KOJKHA 3 SIKHX MA€ HOPMANbHUL 3aKOH
pO3MOJTYy 3 HYJIBOBUM CEPEIHIM 1 OJMHUYHOK JIUCIIEPCIEI0, TO

n
2 . .
BemuuHa Y X7 Mae y°-posnofin [Tipcona 3 f crynensamu cso6ou.
i=1

Posnozin BixmoBimae po3mofily KBaapaTa JOBXKHHH BHIAJKOBOTO
BEKTOpa B N-6UMipHOMY TIPOCTOPI, SKIIO KOXHA 3 HOTO MPOEKIH X; €
e N(0,1).

XapakTepuzyeTbcsi KUTBKICTIO CTymeHiB  cBobomu f.  DyHKio
IITBHOCTI HMOBIpHOCTEH HaBeaeHo Ha puc. 1.20, 6.

Oxpemi Bunazaku po3nonity [lipcona — posnoainu Makceemia i Penes.

e t-poznodin Cmwvroodenma. Sximo BunaakoBa BenuunHa X Mae
HOPMAJIGHHI DO3MOAII, a BHIAAKOBA BEIMUHHA Y Mae y>-po3nodin
Iipcona 3 f crynensmu cBobomu, mpudomy X i Y — He3alexHi, TO
BUITIaIKOBA BEJINYNHA

T = x — Xn+l
VY /In 1

n X

i=1

Mae t-posnooin Creronenta. Bumagkosa BenuuuHa T BiANOBigae
posmnoziny BigHomeHHss (N + 1)-ro pesysbrary (cepii) BHMipiOBaHb 10
cepeTHbOApHU(DMETHYHOT CYMH KBaJIpaTiB pe3yibTaTiB, OTPUMAHUX IPH
MOTIEPETHIX N BUMiPIOBaHHSX.

®DyHKIIIIO IIIIBHOCTI HMOBIPHOCTEH HaBeaeHO Ha puc. 1.20, 6.

P09 ) pe

M

1 2% 34 0

Puc. 1.20

Cepen osonapamempuynux 3aKonie BapTO PO3TISIHYTHU TaKi.
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Pignomipuuii poznodin. lleit po3nonia € CTaTUCTUYHOK MOJICILIIO,
IO OMHCYE MOJil, 5IKi 3 OJHAKOBOIO HMOBIPHICTIO MOXYThb BiZOyTHCS B
3aJaHOMY 1HTepBaJi. SIKIO BHUI PO3MOALTY BHIIAAKOBOI BETMYWHH arpiop-
HO HEBIJIOMHIA, TO BBAXKAKOTh, III0 MA€E MICIIC PIBHOMIPHUH PO3MOIiI.

XapakTtepuzyeTbcsi mapamerpamu D, a. OyHKIiIO IUIBHOCTI
WMOBIpHOCTEl HaBeneHo Ha puc. 1.21, a.

e Hopmanvhuii po3nodin. llpakTuyHO B OCHOBY BCi€i KITaCHYHOL
Teopii WMOBIPHOCTEH 1 MPHUKIIAJHOTO CTATHCTUYHOIO aHANI3Y IMOKJIAICHO
HOPMaJIBHHUH PO3ITOILI, IO € TPAHUIHOIO (HOPMOIO YHCIICHHUX PO3IOILTIB.

XapakTepusyeTrbcs —napaMmerpamMu  a, G. OyHKII0 IJIBHOCTI
WMOBIpHOCTEl HaBeneHo Ha puc. 1.21, 6.

o Jlocapugmiuno-nopmanvruit po3nooin. BI/IKOpI/ICTOByCTBCﬂ TUTSt
OIIMCY BUIAJKOBUX BEIIMYHH, JIOTAPHM SKUX PO3IOIICHAN HOPMAIIBHO.
[lipoko  3aCTOCOBYETBCS B TEOPil HafiiiHOCTI, TpH  anpoKcHMarii
MIPOMUCJIOBUX 1 aTMOC(EpHHX 3aBajl.

XapakTepusyeTbcsi mapameTpamMu  da, O.
HWMOBIpHOCTEH HaBeaeHo Ha puc. 1.21, 6.

OYHKIIIO — IITBHOCTI

! P | A
px) px) i :
1 ! :
b-af----- — ! |
: : x ! |
a b ' X
L X
o
p) px) p()
i N/ : : :
a = " ' '
2 0 €
Puc 1.21
e Posnooin Jlannaca. Onucye pi3HULIO JBOX  HE3aJICKHHUX

BUIIaAKOBUX BeauumH X = X; — X,, sIKI MalOTh €KCIOHEHIUaJbHUN
PO3MOTi.
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XapakTepusyeTrbcs TnapamMeTpamMu g, = A /2. DyHKIIIO NJIEHOCTI
HMoBipHOCTEH HaBeZeHo Ha puc. 1.21, e.

o TI'amma-posnodin. Ha BigmiHy Bix p03noz[1ny Jlannaca, sikuit
BHKOPHCTOBY€TBCS [T BITOOPAXKCHHS PISHHII HE3ATCKHHIX BUIIAIKOBHX
BEJIMYHH, Y — PO3IOJLI OMUCYE PO3MOIII CYMH HE3aJe)KHUX BHUIAIKOBUX
BEIMYMH, KOXKHA 3 SKHX MAa€ EKCIIOHCHLIANbHUI 3aKOH PpO3MOALTY.
3acTOCOBYETBCA B T€OPii MacoOBOT0 OOCIYTrOBYBaHHS HpH PO3B’sI3yBaHHI
3ajad4, OB’ I3aHUX 3 OYIKYBaHHSIM Y uep3i Ta 00CTyroByBaHHIM KIIIEHTIB.
XapakTtepuszyerbcs — mapamerpamu o, (.  DyHKIiI0O  OIIBHOCTI
HWMOBIpHOCTEH HaBeaeHo Ha puc. 1.21, 0.

o Excmpemanvruii po3nooin. 3aCTOCOBYETbCSI B TOMY pasi, KOJIH

HEOoOXiZIHO 3HAWTH PO3MOALT HaWMEHIIOro ado HaWOUIBIIOTO eleMeHTa
BUOIp-
KM, Vy34TOr0 13 CYKYHNHOCTi. Y 3arajlbHOMY BHUIIAIKY PO3MOJILT
CKCTPEMAJIbHUX 3HAYCHb 3aJICKUTh BiJ 00CATY BHOIPDKHM W XapakTepy
MOYaTKOBOTO PO3MOiTy. BUKOPUCTOBYETECS B 3a/adax, SIKi CTOCYIOTHCS
OLIIHIOBAHHSI JIOBrOBIYHOCTI MEXaHIYHUX 1 €IEKTPOMEXaHIYHHX BY3JIB Ta
arperaris.

XapakTepusyeTbcs —napaMmerpamMu  a, G. OyHKI[IO JIBHOCTI
WMOBIpHOCTe HaBeneHO Ha puc. 1.21, e, ne 1 — po3mogin HaOIIBIINX
3Ha4YCHb; 2 — PO3IO/IiJI HAHMEHIIINX 3HAYCHb.

e Po3nooin Beioynna. BunaakoBi BeHYUHH, SIKi HE MAaIOTh TIEBHUX
MEX Ul CBOIX 3HAYCHb, HAIeXKaTh 10 posnoiiny Beiibyia.
3aCTOCOBYETBCS Ul OIKCY PO3MOJUTY Yacy HEIOABH PANTOBHX BiIKa3is
JIeSIKMX €JIEMEHTIB pajlioanapaTypH.

Xapaktepusyerbes mapamerpamu o, P. Ilpuy p < 1 BiH
MIEPETBOPIOETHCS HAa EKCIIOHEHIIaTbHUA Po3onia. DYyHKIII0 MIUTBHOCTI
HMOBIpHOCTEH HaBeaeHo Ha puc. 1.22, a.

e Poznooin Penea. YactunHuil Bunagok posnoainy BeiOymna npu p =

= 2. OyHKIIIO0 MIJILHOCTI HIMOBIpHOCTEH HaBeaeHO Ha puc. 1.22, 6.
[ ]

px) p(x)

p>1

p<l

(a(B-1)/ p)'?
a 9]
Puc 1.22
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VYei nepemqem 3aKOHU po3nozuny XapaKTePU3YIOThCS WiTbHICIO
UMOBIpHOCEH, [HME2PANLHOIO UMOBIPHICIIO, NOYAMKOSUMIU MA YeHm-
panbHumu  momenmamuy (MaTeMaTHYHUM CIIO/IIBaHHIM, JHCIEPCIEl0,
Koe(illiEHTOM acCUMETpii, KOe(iIliEHTOM EKCIIEeCY).

OmuiHKM mapaMeTpiB BU3HAYAIOTh 33 MEMOOOM MOMEHMIB, MAKCUMATLHOT
npagoonodibHocmi abo Memoody HAUMEHWUX K8AOPAMIE.

IIpukian.
MOMEHTHI XapaKTepUCTHKU PO3MOIiTIB
Posno- | Hopmane- | Excnionen- PiBHO- Exctpe-
. o . . Makcgena . . | Jlammaca .

AT HUU M1aJIbHUHU MIpHUHN MaJIbHUH
Acnner 0 2 0,065375 0 2,12132 | 1,12396
pig A
Fonee 0 6 1560972 | 12 3 2,4

IHuTanus a8 camonepeBipku

1. SIxi 3aKOHU PO3MOJIITY HaJIEXKATh JIO OJTHO- Ta JBOITAPAMETPUUHUX ?

2. OxapakTepu3yiTe eKCIOHEHUiaJbHUH po3moain. ki mpouecu
MOXYTb OyTH HUM oanaHl?

3. Oxapaxrepusyiite y’-posmonin Ilipcona. SIki mpouecH MOXyTh
OyTH HUM OmHUCaHi?

4. Oxapakrepu3syite t-posnoain CrteiogeHTa. SKi mpomecu MOXKYTh
OyTH HUM OTHUCaHi?

5. OxapakrepusyiTe HOPMaJbHMH Ta JOrapu(MidHO-HOpMaIbHHUNA
po3noainu. Ski mpoiecu MOKyTh OyTH HUMH OIHCaHi?

6. Oxapakrepusyiite posmonin Jlammaca ta y-posnonin. Ski npouecu
MOXYTh OyTH HUMU OTHCaHI?

7. OxapakTepu3yiiTe piBHOMIpHMH po3monii. SKi mpouecu MOXKyTh
OyTH HUM omnucaHi?

8. Oxapakrepu3yiTe eKCTpeMaIbHUN PO3MTOALI. SIKi MPOIECH MOXKYTh
OyTH HUM omnucaHi?

9. Oxapaxkrepu3yiite po3noain BeitOymia. fki npomecu MOXyTb OyTH
HUM ONHCaHi?

10. Axkumu apameTpaMu XapakTepU3yrThCs PO3MOIIITN?

11. 3a skuM#u MeToJaMHU OOUYHUCITIOIOTHCS TTapaMeTpy PO3MOILTY?
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PO3JILI 2

CTATUCTHUYHI OHIHKHU TAPAMETPIB PO3IOALTY

2.1. MIEPBUHHUU CTATUCTUYHUM AHAJII3.
IT'EHEPAJIbHA CYKYIIHICTh TA BUBIPKA

MepBUHHMI aHani3 HeobXiaHWIA [Ipu [IEPBUHHOMY aHami3i
ans  Toro, wob  Hagjani | mpoBOAATH TaKi Mii.
eeKTUBHO n KOPEKTHO Biocioeanna 2pybux noxubdok

BUKOPWUCTOBYBATM Ti UM iHWI | eumiprosans abo MOMUIOK. SIKIIO €
MeToaM CTaTUCTUYHOT 06pPOoBKM | Mif03pa, 110 OJHE a00 KijbKa JaHUX €
JaHuX. TTOMUJTKOBHMH (3HAYHO BiJIPi3HSIOTHCS

Bil pemTH), HEOOXigHO 3poduTH TepeBipky. I3 1iel0 MeToro
BUKOPHCTOBYIOTH Kputepii I'padca, Koxpena Ta in. [1-3].

Ilepegipka @ionogionocmi po3nodiny pe3ynvmamis GUMIPIOGAHD
HOpMATbHOMY 3aKoHy. IcHye Garato METOJIB MEPEBIPKH HOPMAJILHOCTI
pO3MOIiTy: 3a cepenHiM aOCONIOTHUM BiIXWJIEHHSM, 32 pPO3MaxoM
BapilOBaHHs, 32 TIOKa3HUKaMK aCUMETPIl Ta eKCIecy, 3a Y -KpUTepieM, 3a
KpUTEpieEM KOJ‘IMOFOpOBa — CwmupuoBa  (K-C-kpwurepiit) [1-3].
HeoOxinumii nepuuit  gocein uis BuOOpy HaiOLTBII  e(eKTHBHOrO
MeTtoxy. Hampuknan, mMeTonuka mepeBipkd HOPMaJIbHOCTI po3n0z[1ny 3a
MOKa3HUKaMH acHMETpii Ta eKCleCy 3py4Ha IpH NPOBEIEHHI eKcIpec-
anamizy. [lepeBipka 3a ¥y -KpUTEpieM BUKOPHUCTOBYETHCS ISl IPYHTOBHOT
MEepeBipKM Ha HOpMallbHICTh. MeTonuka NepeBipkd 3a PpPO3MaxoM
BapifOBaHHS BUKOPHCTOBYETHCS TIBKH JIJIsl HAOIMIKEHOT TIEPEeBIPKH.

I'enepanbHa cykynHicTb i1 BuOipka. 3aBIaHHI MaTeMaTUYHOI
CTATUCTUKH TIOJNISITA€E B TOMY, HIOO0 HA TMJCTaBl 3HAHHS JICSKHX
BJIACTUBOCTEH (BUAY PO3MOMALTY, YACIOBUX XapaKTEPUCTUK) HiIMHOXUHHU
€JIEMEHTIB, Y3ATUX i3 JesIKOi MHOXHHH, BHUCIOBUTHU JESKi TBEPKECHHS
PO BIIACTUBOCTI 1i€1 MHOXHHU — TaK 3BaHOI 2eHEPaAnNbHOI CYKYRHOCHI.
Inakme kaxy4u, ycsi MHOKHHA O0’€KTIB, IO MiIsATae JTOCTIDKEHHIO
KOHTPOJIO, € TeHEepaJbHOI0 CYyKYNHICTIO. 3a3BH4ail TeHepajbHa
CYKYITHICTh MICTUTh CKIHUYCHHY MHOXHHY OO’€K-TiB, ajie BOHa, 5K
[PaBWIO, JAOCTaTHbO Benuka. I[Ipu TeopeTMYHHUX BHUCHOBKax o0OCST
TeHEepaIbHOT CYKYIHOCTI IPUITYCKAETHCS HECKIHUEHHUM.
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[loBHE pmoOCHiIKEHHS TEeHEpalbHOI CYKYIMHOCTi, SIK TPaBHIIO,
MPaKTUYHO HEMOXIMBE ab0 EeKOHOMIYHO HenouijbHe (Tepenuc
HAaCEJICHHS TPOBOIUTHCS OAMH pa3 Ha 10 pokiB), TOMy JOCTIIKYIOTh HE
BCIO TCHEpalibHy CYKYIHICTh, a TUIBKM il 4YacTWHY, IO HA3UBAETHCS
8uUbOIpKoIO.

[in éunaokosoro eudipkor 0dcazy N po3yMitoTh BUOIp BUNIAJKOBUM
YUHOM HE3aJeKHO OAMH BiJ OIHOTO N 00’€KTiB i3 TeHepabHOI
CYKymHOCTi. Pe3ynbraTomM BHMaakoBoi BUOIpKH 00CATY N € CYKYIHICTb
(x1,.. ., Xn) 3HaueHb 03naxu (AKicHOT 200 KiNBbKiCHOT). 3HAYEHHS X; BUOIPKH
HA3UBAIOTh 8APIAHMAMU.

Bubipka Mae 70CTaTHRO MTOBHO BiIOMBATH OCOOIMBOCTI BCiX 00’ €KTIB
TeHEpaJIbHOI CYKYITHOCTI, 00 OLIHKK OynM BipOTiAHUMH, TOOTO BOHA
Mae OyTH penpe3eHmamugHoo (npe()cmaeHuubkom) e ocobmuBo
Ba)KIIMBO, SIKIIO TCHEpalbHa CYKYNHiCTh HeoaHopixHa. TIpeacTaBHUIBKY
BUOIpKY MOXXHa JIiCTaTH, SIKIIO BHOWUpATH 00’€KTH BHUIAIKOBO, TOOTO
rapaHTyBaTH BCIM 00’€KTaM TeHEpalIbHOI CYKYIHOCTI OJHAaKOBY
HMOBIPHICTS MiAMATHCS TOCTIHKEHHIO. [CHYIOTh nosopomua (noemopua)
i 6esnosopomna (Henosmopna) BHUOIPKH, KOJIH O0’€KT  MiCIs
JOCIIPKEHHST MOYKHa ab0 HE MOKHA MOBEPHYTH. Y TEPIIOMY BHIIAJIKY
JicTaEMO OINBII HE3aJIeXKHY W MPEeICTaBHUIIBKY BHOIPKY, OCOONHMBO TpH
o0OMexeHOMY 00CsI3i.

AKWo nicas KONHCHO20 eKChnepumMenmy O0CAIONCYBAHUL eleMeHm
He Nnogepmaroms 00 2eHEepAlbHOI CYKYNHOCMI, MO He MOJICHA
68asicamu, wjo BCi eKCHepuUMEeHmU NpPoBOOSIMbCA 6 O0OHAKOBUX
VYMOBAX [ IXHI pe3yIbmamu He3anelicHi 00UH 6i0 00HO20, OCKLIbKU
RICsL KOJHCHO20 eKCHepUMEHMY CKIA0 2eHepPANbHOI CYKYNHOCHI
3MIHIOEmMbCA. Y yvbomy 6UNAOKY  NOPYULYIOMbCA — YMOBU
8I0MBOPIOBAHOCTII BUNPOOYBAHD.

He icHye 3aranbHOro Kputepito, SKuii 1aBaB OM 3MOT'Y BUPIIIUTH, KOJIH
BUOIpKa BBaXKAETHCS GeIUKOI), & KOIMH MA00. AJDKE TOJI SIK PO3IOJLT
onniei Qynkuii BuOipkn Bxe mpu N = 30 MOXXKHA HAOMIKEHO 3aMiHUTH
ACHMITTOTHYHUM PO3MO/ILIOM, JUIS 1HIIOT YHKIIIT BUOIPKY HABITH 1 pu N =
100 HeMOkJIMBe Take HAOIKEHHS.

[Ipu pocnmipkeHHi 00’€KTiB MOXHa (ikCyBaTH a0 BHUMIPIOBATH
3HAYeHHs OJHi€l a00 KIIBKOX O3HaK. BigmoBiHO TOBOPATH PO
0OHOBUMIDHY, 08OBUMIDHY, 6A2amo8UMIpHY BUOIPKY.
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Yacmo nio ecenepanvHOl0 CYKYNHICMIO pO3YMIilOMb  6lACHE
docnioicysany eunaoxkosy eeauduty. CyKynHicmv 3000ymux
npu  6UNPOOYBAHHAX 3HAYEHb Y  YbOMY pazi  Maxodic
HA3UBa€mbCs BUOIPKOIO i 0OPOOIAEMbCA CMAMUCIUYHO.

Bapiauiiinuii psag. Bubip o6’exkta 3 reHepanbHOI CYKYIMHOCTI H
OTPUMaHHS  3HA4YeHHS  O3HAaKH  HA3MBAETBCA  CMAMUCHUYHUM
cnocmepedcenuam.  Ha  mpakTumi  3amucyroTh  yci  pe3yibTaTh
CIOCTEPEKEHb Yy TMOPSAAKY IX OTPUMaHHS y BUTISAL  (aKTHUYHHX
pe3ynbTaTiB a0 y BWIIINI BIOXWJICHb BiJl HOMIHAIFHOTO 3HAYEHHS.
Bubipka Oyzae Oinbll HA0YHOMO, SIKIIO BCi BapiaHTH 1i BIOPSIKYBAaTH 32
3pOCTaHHSM.

Bapiayitinum psoom x; < x, < ... < x, HA3UBA€ThCA BHOIpKa, 3aMMCaHa B
MOPSAKY 3pocTaHHs ii BapiaHT. SIkmo oOcsAr BUOIPKM BEIUKUH, TO
JOITBHO CKJIACTH BapiamiiHUMA psif 32 IHTepBAJIaMH 3HAUYEHb TeHEPaTbHOL
CyKymHOCTi. J[Is bOro BCIO BHOIPKY (30HY PO3CilOBaHHS) MOIUISIOTH Ha
IPYIH.

3ona posciosanns (posmax eapitosanns) R MOPIBHIOE PI3HHUIN MiX
HaWOLMBIIMM 1 HAaWMEHIIMM 3HAYCHHSMU BEJIMYMHHU. 3HAHOCHY 30HY
PO3CitOBaHHS TOMUISIOT HAa IHTEPBAIM, KUIBKICT SIKMX PEKOMEHIYETHCS
BUOMpaTH B Mexax Bim 6 mo 14. Sk 3aHanTo mana, Tak i 3aHAATO BEJIHKa
KUIBKICTh 1HTEPBAJIIB CIIOTBOPIOE 30BHIIIHIN BUIJISAA KPHBOI PO3CIIOBaHHS
3HAYCHb.

I'padiku Bapiauilinux psigiB. BukopuctoByroTh aBa Buau rpadikiB
BapiallifHUX PSJIIB: HOMICOH 1 2icmoepamy.

Ionizon (MHOZOKymHUK po3nodiny) — 1ie llaMaHa, $IKy OymayroTb,
CITONYYarOUH TIOCTIJIOBHO TOYKH, KOOpJMHATAMH SIKMX € BapiaHTH X; Ta
BiANOBiHI iM yacToTu (puc. 2.1, a). Bubipku Oinbimx o0csriB po30MBatoTh
Ha pIBHI IHTEPBAIM W MiIPaxXOBYIOTh JUISI KOXKHOTO IHTEPBATY 4acimomy —
KIJIBKICTB CIIOCTEPEKEHb N;, 10 MOTPAIv B HHOro. YacToTu, BiJHECEH]I 0
3arallbHOi  KUIBKOCTI  CIIOCTEPEXKEHb N,  HA3WBAIOTHCS  GIOHOCHUMU
uacmomamu (yacmocmsmu). CyMa 4acTocTeil Mae TOpiBHIOBATH OJIHHIIL:

m
Sw =1,
i=1 n

Ticmozpama € rpadiuyHUM TIOJAHHSAM PO3MOAUTY YacTOT 3a
inTepBasamu. [icrorpama OymyeTbCsl SIK MHOXHHA MPSIMOKYTHHKIB,
OCHOBOIO SIKMX € JIOBXKHHA IHTEpBaIy, a BHCOTAa — IIPOIOPIIHA 10
BiAMOBITHOT YacToTH (pHC. 2.1, 0).
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nifn n./n

0.5 0.5

0.25 0.25

Q O foomeeeoooes
o) T .
o feeee

Puc.2.1

3a HECKIHYCHHO BEJMKOI KUIbKOCTI iHTepBayiB yactotra W; €
HAOJMKEHHSM 1MOBIPHOCTI TMOTpAIUISIHHS BHIIQJAKOBOT BEIMYMHHA B i-i
iHTEpBaI:
Xis1
J. p(x)dx =W, .
Xi
Llfo BiacTUBICTH BUKOPHCTOBYIOTH JUIS TOPIBHSHHS TEOPETHYHOTO U
EMITIPUYHOTO Po3moaTiB. OMH 13 TAKHX CIIOCO0IB MOJIATAE B rpadiyHOMY
3iCTaBIIEHHI Tepen0adyBaHOIO TEOPETUYHOTO PO3MOALTY 3 EMITIpHYHHIM,
T00TO 2paghix  winenocmi ¥MoBipHOCTEH p(x) (Kpusy posnoodiny)
3ICTABISIIOTE 13 2icmoepamoro. SIKmo TmependavyyBaHUil TEOPETUUHMI
PO3MOLT I00PE Y3rOKYEThCS 3 AOCHITHUM, TO MIPU JOCUTh BEJIUKOMY N i
BramoMy BHOOpi iHTepBalliB Ticrorpama Oyae OImM3bka 10 KpPHUBOI
pO3MOoLTY.

Ioniconu 3acmocogyroms 3a36uuaii 01 XAPaAKMepucmuKu
OUCKpemHux eunaokosux eenudud. licmoepamy 60yoyomv, K
npasuno, 01a HenepepeHuUx 8UNAOKOBUX GETUUUH.

Emnipuuna ¢ynkuyia posnodiny. KoxXHOMy CIOCTEpEKEHHIO X; 3
BUOIpKH 00CATOM N TMPHCBOIOKOTH IMOBIpHICTH p(x;) = (1/n) i micTaroTh
PO3MOIN, IKHI HA3UBAETHCS eMUIPUUHUM.

Emnipuuny ¢yskmiro nporo posnoainy F, (X)=F, (X, ..., X,) MoxHa
3anucaTy y BUTJISL

|
* —
Fx(x)=2 W, ,
i=1
ne W;— BiZIHOCHA 9acTOTa BapiaHT X; sKi MOTPAIMUIU B iHTEpBaI (— 0, X);

| - KiTbKiCTE BapiaHT X; B JaHOMY iHTEpBAIi.
3an — oo (teopema [miBenka) F, (x) — F(X).
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Emnipuuny (QyHKIi0 po3NOAiTy MOKHA BUKOPUCTOBYBATH SIK OLIIHKY
(nabnwkeHe 3HaYeHHs1) (yHKLIT po3noniny F(X) BunankoBoi BenndnHu X.

Lo BrnacTWBiCTP MOXHA 3aCTOCOBYBaTH JJISI  3ICTaBJICHHS
TEOPETUYHOTO PO3MOAITY 3 CEMIIPUYHUM — TOPIBHSHHSA (QyHKIIi
posnoziny F(X), sika s Oyap-SKOro x 1ae ﬁMOBipHiCTb TIOTPATUISTHHS B
iHTepBaJ'I (-0, x),3 eMHlpI/IIIHOIO (hyHKITi€RO pOBHOI[lJ'Iy ¢bynukiiero F*(X),
sKa JIOPiBHIOE CyMl BIIHOCHHX YacTOT THX EMITIPHYHUX 3HAYCHB Xj, IO
NOTPAIUISIFOTh Y TOW CaMuii iHTepBal (— oo, X).

Oymknis F (X) Mae Bei BmacTmBocTi (yHKIiT posmoginy F(X).
AHaTITUYHUIA BUTIIA i€l QYHKIIT JOBOMI CKJIAJHUN, TOMY Ha TPaKTHIII
KOPHCTYIOThCA 11 rpad)ivHUM TTOTaHHSM.

I'padix emmipuyHoi ¢yHKIIT po3noginy (puc.2.2) sBisie coOoro
cxidoyacmy TiHIIO 31 CTpUOKAMU B TOYKAX X1, Xp,...,.Xn. lIpW BETHKHX
3HAYEHHIX N BIJHOCHI YaCTOTH OJIFMIKYI JI0 BiAMOBIAHMX IMOBIPHOCTEH, 1,
oTxKe, Oyne He3HayHa pPO30DKHICTH MK TEOPETUYHOIO Ta EMITIPUIHOIO
(GYHKLISIMU pO3TIOALTY.

F(x)

Puc. 2.2

Ipu susienenni 3naunHux po30idcHocmel Midc nepeddayy8arHum
meopemuyHuM i eMnipUYHUM PO3NOOINAMU BUHUKAE CYMHIB Y
npasunbnocmi - nepeobauenns 6udy posnodiny F(x). s
PO36 A3aHHA NUMAHHS NPO APURYCHUMICb TUX YU THUUX
PpOo36iicHOCmell ICHYIOMb Kpumepii 3200U, 3ACMOCY8AHHS AKUX
nompeobye 8enuKoi KiibKocmi 00CIiOHUX OAHUX.

XapaKkTepUCTHKH TEOPETHYHHUX PO3MOJIIB MOXKHA PO3TIISIATH SK
XapaKkTepUCTUKU, IO ICHYIOTb Yy TeHepalnbHI cykymHocTi (iX
HA3MBAIOTb  kapamempamu), a  XapaKTEPUCTUKH  EMIIIPUIHHUX
PO3TOIIIIB — SIK BUOIPKOBI XapaKTepUCTHKH (X HA3UBAIOTH OWIHKAMU,
abo cmamucmukamu).
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TeopernyHi XapaKTepHUCTHKH (TTapaMeTpH) IO3HAYAIOTH BEITUKHMH
JMATUHCHKUMH OykBaMu a0o OyKBaMH Tpenbpkoro angasiTy, BHOIpKOBi
XapakTepUCTUKX (OIIHKH) — BiANOBIAHUMH OyKBaMH JATHHCHKOTO

A

andasity abo cumBosamu T, §, 1HOMI i3 3a3HAYCHHAM OOCATY BHOIPKH

A1), &(i) (raba. 2.2).

Tabnuys 2.1
T . Bubipkosi
. €OpETHYHI XapaKTePUCTUKU
Ne 3/m HaiiMenyBaHHS BETMYMHU XapaKTepUCTUKU
(mapamerpn) (o)
1 Cepenni 3HAYCHHS MX, ME, M<X>, u, v X
BUITAIKOBOT BEJTMYMHHU
2 Hucrnepcist o, DX, Dé <o > 52
3 CepenHe KBaipaTHUHE s S
BIAXWIICHHSA
4 Koedimient Bapiamii v %
5 KoedimieHt xopensiii p r
6 3ajexHa 3MiHHA Y,n y
7 Hesanexxna 3MiHHa X, & X

IIuTanHsa Aag caMonepeBipku

1. I]o Ha3MBalOTh FEHEPAILHOIO CYKYITHICTIO i BUOIPKOIO?

2. Slxuit obcar mependavaeThCs MaTH TEHEPANbHIM CYKYyIHOCTI, a
SIKME — BUOIpIIi?

3. Slxa BuOipKa HA3UBAETHCSI PENIPE3CHTATHBHOIO?

4. 1Mo Take BapiamidHwWii psim 1 ans voro BiH Oyayerbes? Illo
HA3UBAETHCS PO3MaXOM BapirOBaHH:?

5. Sxi Bu 3Haere Tpadikm BapiamiiHux paaiB? s 4oro BOHU
OymyroThcs?

6. llo Ha3uBaeThCcsl eMmipu4HOO (yHKIi€0 posmoniny? Sk BoHa
OymyeTbes?

7. Y oMy monArae pizHHLS MK eMIIPUYHOIO (QYHKLIIE€I0 PO3MOALTY
Ta (PyHKITIEO po3moaiTy?

8. UoMy TeopeTHyHI pO3MOIiii MOXKYTh HE 30iraTuCs 3 eMIIpUIHUMHE?

9. flky Ha3By MarOTh TCOPETHYHI Ta BHOIPKOBI XapaKTECPUCTHKH
po3noiny? Slk BOHU MMO3HAYAIOTHCS?
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2.2. TOYKOBI OUIHKHA HEBIJOMUX
MAPAMETPIB PO3IOJLIIB TA IX BJACTUBOCTI

Hexait (Xi,...,X;) — reHepanbpHa
CKopuCTaBLLMCL CTATUCTUHHOIO . (X3,...., Xo) . P
iHchopMaLiero, sika MicTUTbCs y | CYKYIHICTD  BHIATKOBOT  BEAHYMHH.
BUBIpL, NOTPIBHO 3poBUTY Toni MaTeMaTUIHE CIIOJIIBaHHS
CTaTUCTUYHI BUCHOBKW NPO BHITa/IKOBOT BEMYMHH X Oysie
CMNpaBXHE 3HaYEHHS HEBIAOMOTO 1<
MX ==>"X,

napameTpa. n i

i=1

Lentp po3nominy Anasi KOHKPETHOI BHOIPKH 0OCSTOM N HAa3WBAETHCS
emnipuunum (6UGIpKOBUM) cepeOHiM ubipku (xy,..., Xp):

1 n
X==>"%. (2.1)
N3
Jlucriepcist BUNIAIKOBOT BEJIMYMHU MOXKE OyTH BU3HAYCHA SIK
1 2
DX =c?==) (X, —MX)*,
3, - x)
JUTSE BUOIpKHM 0O0YHCIIeHE 3HAYCHHS
i~ 13 _
S7==3(x—x) (2.2)
ni=

Ha3UBAETHCS eMuipuunolo (6UGIpK0so10) oucnepciero subipku (xi,..., Xp).
st 6ubipkosozo momenma nopsaoKy k cripaBIKy€eThCsI PiBHICTb:

1L =
me= =" (x —X)" .
n i=1

SIK XapaKTepUCTHKH MOJI0KEHHS LIEHTPa po3noAiTy (IpyIyBaHHs) Ha
MPaKTULI MOPSA 13 cepeHiM apuPMETHIHUM iHOJI BUKOPUCTOBYIOTHCS 1
THIII XapaKTEPUCTHKH, Cepel SIKUX € MoOa 1 mediana.

Mooow Ha3uBaeTbcsi HaAWOLIBII IMOBIpHE 3HAYEHHS BHIAJKOBOL
BEJIMYMHU 1 MO3HAYAETHCSI CUMBOJIOM Mo.

Medianorw Ha3UBa€THCA BapiaHTa, sIKa MOALIIE BapialiiftHUH psja Ha
JIBI YaCTUHU (CepeAMHHUMN eIEMEHT PSIY) 1 TO3HAYAETHCSI CHMBOJIOM Me.
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Cepedne 3HaueHHs, HA GIOMIHY 6I0 MOOuU, Modice Oymu
CnomeopeHe KilbKoMa KpauHimu 3HauyeHHAMU. Tomy cepeoHe
MOJHCHA Opamu 3a OYIHKY YeHmpa po3nooiny, AKWO 6i0oMull
06cse eubipku abo 3a3HAYEHO AKICL MeXCT 01 YbO20 3HAUEHHSL.

Hpuxnaa. Posrnsaemo posnonin noxoniB y poamnHax (puc. 2.3). 3
puc. 2.3 0ayuMMo, IO KiJIbKa BHCOKHX JOXOIIB POOJIATH CEpeIHE
3HAYCHHS JIOXOAYy OMAHJIMBO BHCOKMM. THM dYacoM Moja OuIbII
00’ €KTHBHO XapaKTEPU3Y€E [CHTP IPYIMyBaHHS TOXO/IIB.

Kinvricmo
cimeil
74--------
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Puc.2.3

Ipuknan. Cepenns remneparypa 1o Jikapsi 36,6. Takuil moka3HUK
IUISIXOM PO3PaxyHKY CEpeJHbOTO 3HAYCHHS MOXKHA JIICTAaTH, ajic BiH HE
XapakTepU3ye CTaHy XBOPHX Y JIIKapHI.

Mpuknan. SxOu 3acHoBHUK Kommanii «Maiikpocodt» bimn Teifrce
(craTok omiHtoeThes B $54 mupn) *xuB y micti, e Oyno 3aramnom 54 000
MEIIKAHI[IB, KO)KHUH 3 SKUX HE MaB OM HI LIEHTa, TO MPH MiAPaxyHKY
CepeIHBOTO JIOXOJy MEIIKAaHIIB IBOro MicTa 3’scyBajiocs 0, Mo Led
JIOX11 TOpiBHIOE 1 MITH.

BaactuBocti TOukoBHX OWiHOK. Sk Oylo pO3TISHYTO paHille,
reHepajbHa CYKYIHICTb Ma€ JEsIKi NOCMIlHI YUCTI08] XAPAKMepucmuxu
po3noiny. 3a BUOIPKOO MOXKHA 3HAWTH OYIHKU IIUX XapPaKTEPUCTHK.

[lo3HaunMo HeBimOMHH mMapaMeTp poO3MOALTY, TOOTO YHCIOBY
XapaKTepUCTUKY TeHepambHOi CyKymHocTi X, uepe3 0, a OIiHKY
HEB1JIOMOro napamerpa — uepes 0.

Ouinka 0 — ¢yHKIiS Bix BHOIpKM, peanizaiis $Akoi morja 0
posrmanarucst sk HaOmwkeHHa 0. Taka QyHKmist BHOIpKH Ha3MBa€THCA
mouko6oi0 oyinkoro O, OCKUIBKM BOHAa BH3HAYa€ OJHY TOUYKY Ha
YHCIIOBIH OCi.
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OWiHKK HEBIIOMOTO MapameTpa MOXKHa 3HAXOIUTH Pi3HUMH
cnocobamu. Hanpuknaz, sKmo moTpiOHO OLIHUTH iCTUHHE 3HAYCHHS O =
MX HOpManbHOro pO3MOIUTYy, TO MOXHAa BHKOPUCTOBYBATH Taki
OLIHKH O

e Tepmuil eleMeHT BHOIpkW x;. Ha mpakTwmi gacTo Tak i IifOTH:
BUMIDIOIOTH SIKyCh BEIMYMHY TUIBKM OAMH pa3 1 med pesynbrar
BHKOPHUCTOBYIOTh SIK OI[IHKY CepeIHhOTO 3HAYCHHS I1i€1 BEIIMYHHUY;

e cepenHe  apupMETHYHE  MAaKCHMAaJbHOTO M MIiHIMaJIbHOTO
€IIEMEHTIB BUOIPKH (Xmax + Xmin) / 2;

e Moay Mo, 10 IpU HOPMAILHOMY PO3IOJILII JOPIBHIOE CEPEIHBOMY
3HA4YCHHIO X, |

e MemiaHy Me, IO MPH HOPMAJIBLHOMY PO3MOALI TaKOX JOPIBHIOE
CEpeIHbOMY 3HAYCHHIO X, ;

e cepenHe apupMeTHIHE BHOIPKH X.

Jlst Toro o6 yCTaHOBUTH, SIKa 3 OIIHOK Kpalla, MOTPiOHO BUXOIUTH
3 IXHIX OCHOBHUX BIIACTHBOCTEH: CHPOMOXCHOCHI, He3MmiujeHocmi ma
egpexmuenocmi. Po3risHeMo 11 BIaCTHBOCTI.

Oninka O mnapameTrpa 0 Ha3MBAETBCA CHPOMONHCHOIO, SIKIIO BOHA
30iraeTbcs 3a WMOBIpHICTIO 70 mapamerpa 0, ToOTo ans Oyab-sKOTO SIK
3aBrOJIHO MAJIOTO JIOJJATHOTO YHCIIA € BUKOHYETHCS PIBHICTB!

lim PQG—G‘Sa)zl,

n—oo
0 O3HAYae: PO3CIFOBAHHS BHUIMAJIKOBOI BelMuuMHM X B OkKoimi MX He
MEPEBUIIY€E BEIUYMHH €. ~

Mpuknaa. CnpomoxkHo ominkolo MX e X, S° — crnpomoxHa
omuka mir DX = 02, BiIHOCHAa 4actoTa Bumagxkosol momii W, —
CIIPOMOJKHA OIliHKa ii iiMoBipHOCTI P(X;).

LliHHICTH CIIPOMOYKHOI OIHKHM JUIS IPAaKTHUKH IOJISra€ B TOMY, IO,
30UTBITYIOYH KUTHKICTh JIOCHIJIIB, MOXHA OLIBII TOYHO OLIHUTH TapaMeTp.
CrpOMOXKHICTh — HEOOMIHHA GIACTNUBICIb BUKOPHUCTOBYBAHUX OIIHOK.,

O1iHKa HA3UBAETHCS He3MiugeH o0, KO 1i MaTeMaTHYHE CIIOJiBaHHS
(cepemHe 3HAYCHHS) JIOPIBHIOE OIIHIOBAHOMY TapameTrpy (BiJICYTHs
cUCcTeMaTH4YHa TOXHUOKa):

MO=0.
SIKIIO st yMOBa HE BHKOHYETHCS, OI[IHKY HA3WBAIOTh 3MilyeHor0, TIPH
LIBOMY 3CYB OOUYHCITIOETHCS AK pizHUIg MO —6.
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Hpuxnan.
- 1 18 1
M(X)—M(HZX,)—H;MX = nMX = MX

€ HE3MIIEHO0 OIliHKOI MX (omiHKa MaTeMaTHYIHOTO CIIOJiBaHHS
JIOPIBHIOE MATEMAaTUYHOMY CIIOJ[IBAHHIO).
Mpukaan. Bubipkosa aucrepcis S ? € ominkoro aucrnepcii 6*
~ 1 n _ 2
MS?==M| > X, -X
n i=1

Mo:xHa 1IoKa3art, 110

. . a2 . .
T06TO, BGipKOBa IwicTiepcist S € 3MIIEHOKO OLIHKOKO JUTst 6°. [T TOT0, 11106
OlliHKa OyIia He3MIIIIeHO!0, BBOATH BrmpasieHHs Lllenmapma, To6To 3amicTh

§? =%g(xi X}

PO Aat0Th

s?=_".g2,
n-1
VY npomy pasi
1 o\
s2=—N'(x,-XYf. (2.3)
n-14

TakuM YUHOM, 5% ¢ He3MIWeHo 8UbIpKoeolo ducnepciclo  abo
TOBOPSITH, HE3MIUEeHOI OYIHKOIO OUCNEPCIi.

VY miii ¢opmysi 3HameHHHK (N-1) Ha3WBAETbCS YUCIOM CHIYREHI6
c60600u. Kinskicts cTynenis ceoboau f Oyme mopiBHIOBaTH Pi3HUIN MiK
KUIBKICTIO PiBHSHB (3Hau€Hb), HA MiJACTaBi SKUX OyJIO0 OOYMCICHO IS
OIIIHKY MIHYC KUIBKICTh KOHCTAHT, SIKi HEOOXiJHI JjIsi OOYMCIICHHS M€l
OLIIHKH, K1 OyJI0 BU3HAYEHO HA MiJICTaBl TUX caMHX N PiBHSIHD (3HAYCHBD).
Hanpuxian, sxmo y Bupaszi (2.3) BiZoMO MaTeMaTH4HE CIIOHiBaHHS
(3amicte X y (opmyii BHKOPUCTOBYEThCS MX), TO HE BTPAYaEThCA
YHUCIIO CTYTICHIB CBOOOIN:

82=%Z(Xi ~MXY .
i=1
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HeswmiteHicTh € basicanoro BIACTUBICTIO. barato OIIHOK BIACTUBOCTI
HE3MIIICHOCTI HE MarTh. 3MIIICHHS OIIHKA MOXE TPU3BECTH [0
HETPAaBWILHUX BUCHOBKIB, OCKIJIBKH KPIM BIUIMBY BUMAJKOBUX BEIHYHH
MOKE MAaTH MICIIe CUCTEMaTHYHE BIJIXWICHHS, iK€ Ha puc. 2.4 MomaHo y
BUTJISITL 3CYBY.

p(B) p2(0)

)
Mel Méz
Puc.2.4
Ha puc. 2.4 6 — y3arajbHEHa CTaTUCTHYHA ouiHKa. {1 BUIIAAKY

HE3MIIIEHOI OIIHKHM HIUILHICTh 1MOBIPHOCTI pl(é) 1 MO, = MO; mns

BHIIAJKy 3 3MIIIEHOI OIIHKOIO IIiIJTBHICTH iIMOBIPHOCTI pz(é) 1 MO, #
M.

MO — wmaTemMaTHYHE CIOJIBaHHSI OINHKK  (30iraerbcs 3
MaTEeMaTHYHUM CIIO/IiBAHHSAM T'€HEPaIbHOI CYKYITHOCT).

Bumoza nezmiwenocmi 0coonuso eajdcausa 3a mMano2o oocaey
. 2
eubipku. Ilpu yvomy euxopucmogyiomv S°, a 3a 3HAYHO20

06cazy eubipku — S?.

Ouinka, jgucrepcis sAkoi HaOyBae MIHIMAJIbHOIO  3HAYCHHS,
HAa3UBAEThCS eheKMUBHOIO.

TakuM 4MHOM, OIiHKa 0 napamerpa © Ha3MBaeTbCA Oinb
ehexmuenoro, HiX OIIHKA 0,, AKwo M(él- 0)? < M( 0, 0)%. Skmo
00MIBI OINIHKK HE3MIIIEHI, I[€ 03HaJae, 110

D6 ,<D6 ».

BubipkoBa oriHKa i 1aHOi BUOIPKHM € KOHKPETHUM YKCIIOM, aJie 11e

YUCIO0 € OJHUM 13 MOKIMBHUX 3HAUCHb OI[IHKH, TOOTO SIKIIO Bi3bMEMO

HOBY BHOIpKY, TO HasiBHI B Hill 3HaUeHHS OyIyTh BIIPI3HATHCS X04a O Ha
OIWH €JEeMEHT BiJl 3HAUeHb MOIEpEeIHbOI BUOIPKH, a OTXKe, 1 o0UHciIeHa
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oliHka Oyae BiIpi3HATHCA Bix momepeanboi. Taka curyauis Oyze
CHOCTepiraTucs i Uisl iHIIMX HACTYITHUX BHOIPOK.
Taxum yunom, 32i0HO 3 BUMO2AMU NPAKMUUHOL YIHHOCMI.
— OYiHKA MA€E HAOUNCAMUCS 00 OYIHIOBAHO20 napamempa 3i
30inbUEHHAM 00cA2y 8UOIPKU;
— OyYiHKG He NOBUHHA MICMUMU CUCEMAMUYHOI NOXUOKU
(3¢cy8y), ye osnauae, wo it mamemamuune cnodieannss M0 = 0
Mae 30ieamucs 3 oyiniosanum napamvempom 0;
— I3 YCIX CHPOMOJCHUX [ He3MiWeHUx OYIHOK Hauobiibil
ehexmugHa ma, AKa Mac HAUMeHuLy OUCnepCiio.

IIuTanHsa aaa caMonepeBipku

1. JlafiTe o3Ha4eHHS BHOIPKOBOMY CEpeIHBOMY, BUOIPKOBIH ACIIepCii.

2. I1lo HAa3UBa€THCS MOJIOKO 1 MEA1aHOI0?

3. lllo Ha3uBa€eThCA TOYKOBOIO OIIHKOI IapaMeTpa pOo3Mmojiiay?
HaBeniTe nmpuknam TOYKOBHUX OIIHOK.

4, Sxi BIAcCTUBOCTI TOBMHHI MaTH TOYKOBI OIIHKH, LI00 OyTH
nocToBipHMH? 6. Slka omiHKa Ha3MBaeThcs cIpoMoxHOK? HasemiTh
MPUKITAIH.

5. flka ominka Ha3WBaeTbcs He3MimeHor? Hamenmite mnpukian
3MiIIEHOT Ta He3MileHo1 oI1fiHOoK. 1{e 000B’s3Kk0Ba YK OakaHa BUMoOra?

6. SIk BU3HAUNTH HAWOLTBII €PEeKTHBHY OILIHKY?

7. l1lo Ha3MBa€EThCS KIIBKICTIO CTYICHIB CBOOOAM?

8. YoMy BHOIpKOBI XapaKTEPUCTUKH OJHi€I BUOIPKH BiIPI3HAIOTHCS
BiJl BUOIPKOBUX XapaKTEPUCTHK iHIIOI BUOIpKU Ti€l camoi reHepaibHOl
CYKYITHOCTi?

2.3. OBUUCJIEHHSA BUBIPKOBUX XAPAKTEPUCTHUK

3anexHo Big obcsary Bubipku Sxio o0csar BUOIpKM HEBEIHMKHH, TO

MoXe OyTu pekoMeHJoBaHa | JJIst 00YHCIEHHS BHOIpPKOBOTO

pi3Ha MeToarKka OGYMCIIEHHS | cepeaHhOro X 1 BHOIPKOBOI aucmepcii

napameTpis BUBIpKM S xopucryorecs dopmyiamu (2.1) Ta
(2.2).

Skmo ckmaneHo BapialliiHWA psa, IS OOYMCIICHHS CEPEeIHBOTO
apu(pMETHIHOTO BApTO BUKOPHUCTOBYBATH (OPMYITY:
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x:lzyﬂ, (2.4)
N

Je X; — BapiaHTH BHOIPKH; N; — KUIBKICTh 3HAUYEHb X;; M — KiIBKICTh
BapiaHT; N — o0csT BUOIPKH.

Jis moabIIoro CIpOIEeHHS 00YNCIIEHb 3aCTOCOBYIOTh MEmo0 YMO6-
Hux eapianm. YBeJIEeMO YMOBHY BapiaHTy

Z(Xi -C)
f:J—F——, (2.5)

e C — yMOBHUH HYJIb.

Haiibinpma npocToTa 004YKCIeHb AOCITAETHCS TOMI, KOJIU 32 YMOBHUHR
HyIb B3ATH BapiaHTy, SKa pO3MIIIEHa NPUOIU3HO IIOCEepPEAHHI
BapiallifHOTO psiay, i sika Mae HalOIbITY 4acToTy. JIlerko 3HalTH, 1110

X=X +C. (2.6)

VY Ttakmii croci® mpocriine o0poONIATH pe3yabTaTH, TOMY M0 00poOIIi
MUITaI0OTh HeBeNWKi 3HadeHHs. Llel crocid € KopucHMM Ipu 00poOI
MAacHUBiB JAHMX 3 BEJIUKOI KUIBKICTIO 3Hauymmx uudp. OOpoOka Takux
MaCHBIB CYIPOBO/IKYEThCSI TIOXUOKOK OKPYIJICHHS uepe3 OOMEKeHY
PO3pSITHICTh ~ TIOJJAHHS ~ pe3yNbTaTiB. Y  [bOMY BHUIAAKy MAacHB
MIEPETBOPIOIOTH JI0O MEHINOI PO3PSIIHOCTI, BUKIIOYMBINY YMOBHUH HYyIb W
MOTIM BiAMOBiAHO 10 BHUpasy (2.5) OOUYMCIIOIOTH CEPEeIHE CIIPOIECHOTO
MacuBy. [licnst mpOro iCTHHHE cepelHE BH3HAYalOTh HA TIJICTaBi BUpazy
(2.6).

KO KIJTBKICTH BapiaHT BeJHWKA, JUIsl CHPOIICHHS OOYHCICHb
3aCTOCOBYIOTh ZDYNYEAHHS eMNIPUYHUX OaHux, TOOTO BaplalliiHuil psij
CKJIQJIa€ThC 32 IHTEpPBAJIAMHU 3HA4€Hb. 1O OIIHKM OOYHCIIOIOTHCS 32
dhopmynamu:

s° :niZnik.2 -x2, (2.7)

ne k; — cepeniiHHe 3HAUCHHS i-TO IHTEpBAIy.
Obuucnennn moou. st AUCKPETHUX CTATUCTUUHUX PAIIB

Mo = xj, K110 n; =maxn.
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Skmo BapianiiHUN psAJ  CKIAACHO 3a IHTEpBajJaMU 3HAYCHb
TeHEPAIbHOT CYKYIMHOCTI, MOJIa OOYHCITIOEThCS 32 TaKOK HAOIMKESHOIO
dhopmyoro:

N —Niy

(ny =ni)+(ny =niy)

I€ Xy, — TMOYaTOK MOAAJIBHOTO iHTEpBaly, TOOTO IHTEpBally, IIO Mae
MaKCHMalbHy YacTOTy; K — JIOBXHHAa MOJAIBHOIO IHTEpBaly; N; —
4acToTa MOJAIBHOTO IHTEpBaNy; Ny 1 Njy; — YacTOTH BiJIOBITHO
MOTIEPETHHOTO Ta HACTYITHOTO 32 MOJIATBHUM iHTEpBaTiB.

Obuucnennn medianu. SIKIO BapialliiHUN psSa  CKJIaJEHO 3a
3HAUEHHSMH TEHEepaJbHOI CYKYIHOCTi, MPH HEMapHOMY O0OCs31 BHOIpKH
MeJliaHa — I1e JIIACHE 3HAYCHHSI CEPEIUHHOIO CJICMEHTA, a MPU MapHOMY
— cepeliHE apu(PMETHYHE IBOX CEPEAMHHUX €IEMEHTIB, TOOTO

Mo = x,,, +k , (2.8)

X,, h=2m-1
Me = < X, + Xpu1 n—om’
2 1

Slkmo BapiariitHuii psx CKIAACHO 3a iHTepBajaMH 3HaYeHb, MeJliaHa
OOYHCITIOETHCS 33 TAKOK0 HAOIMKEHOO (hOPMYIIOI0:

@ (2.9)

Me = x,, +k

JI€ Xy, — TOYATOK MeAiaHHOTO 1HTepBajly, TOOTO iHTEpBally, B SKOMY
nepeOyBae CepeIMHHMI eIeMEeHT; K — J0BXHMHA MEiaHHOTO iHTepBaiTy; N
— obcsr BuOipku; 7;; — cymMa 4YacTOT iHTEpBaliB, IO TEPenyloTh
MeJliaHHOMY; Nj — YacToTa MEJiaHHOTO 1HTEepBaIYy.

OuiHka meHTpa po3moAily il po3ciloBaHHS NMPH HEPIBHOTOYHHX
cnmocTepexxeHHsIX. PaHile po3risHyTI BIACTHBOCTI TOYKOBHX OI[IHOK
CTOCYIOTBCSl ~ PIGHOMOYHUX BUMIPIOBaHb 1 CIIOCTEPEXEHb, TOOTO
BHUMIpPIOBaHb, SIKI MICTSITh TUTbKW BUIT4JKOBY CKIIAJIOBY.

VY mpakTUYHIN JiSUTBHOCTI TPAIUISIOTHCS BUMAJKH, KOJIH HEOOXiTHO
CHIIBHO 00pOOJIATH Pi3HI BUOIPKU, HAITPHUKIIAZ )i HAWOLIbII HAIIHHOTO
BHU3HAYCHHS JISSKOI BEIMYNHU BUKOPUCTOBYIOTh PE3YJITATH BUMiPIOBAHb
PI3HOT0O NOXO/KEHHS, BUKOHAHI PI3HUMH MPUJIaJaMy H MeToJaMu, TOOTO
BOHH MOXYTb MaTH Pi3Hi JHCIEpCii.

IIputrycTuMo, 10 3HAYEHHS X1, X2,..., Xp 3M00YTO TpU JOCIIHKCHHI
TOTO CaMOTO 00’ €KTa, aJie 3 PI3HOI0 TOYHICTIO, TOOTO

Mx, = Mx, = ...= Mx, =a, ane Dx, # DX, #...# DX, .
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Slkmio pe3ynapTaTé JBOX TPYI CHOCTEPEkKEHb MAKOTh Pi3HI JAUCHEpPCii,
TaKi CITIOCTEPESIKCHHS HA3UBAIOTHCS HEPIGHOM OUHUMU.

Hns Toro mo0 3HAWTH HEHTP PO3MOMLTY HEPIBHOTOYHUX CIIOCTE-
PEXKEHb, HEOOXITHO BUKOPHUCTATH 38AHCEHY OUIHKY CEPEOHbO20

X=0;% +..t0iX +...+ 0, X, (2.10)

ne g , i=1,N — BaroBuii KoedillieHT (BU3HA4Yae Bary KOXXKHOTO 3
pe3ynbTaTiB) y BU3HAYCHHI cepenHboro. Jis Toro mob 3Hai/1eHa omiHKa
LIEHTPa PO3MOALTYy OyJjia HE3MIIIeHOr, TOOTO 3a Oyab-ikoro a M x =a,
HeoO0Xi/THO, 00 BUKOHYBANACs yMOBA!

a=ag, +ag, +..+ag,=a(g, + g, +...+ g,).

TakuM 4rHOM, YMOBa HE3MIIIIEHOCT] OI[IHKA

N
> g =1 (2.11)

i=1
BpaxoByroun HaBeneHe, a TaKOX 3 OTJISAY Ha Te, IO BHMIipIOBaHHS
MPOBOJMIIUCST HE3aJIe)KHO 1 §j = const, MOXKHA 3alucaTd BHpa3 JJis

JMCIepcii cepeHbOro:
Dx = D(g,% )+ D(g,X; )+ ..+ D(g,x, )=

N : (2.12)
= g/o; +gios +..+ 9ioy =D glot
i=1

3 ypaxyBanHsM Bupasy (2.11) Bupas (2.12) MoxHa nepenucati y Takui
croci6:

DX = g{o} + 0505 +..+ 0§ son 4 + (-0~ 0, ..~ Oy S o - (2.13)

Bucynemo ymoBy, 1mo0 oriHka X Oyna epeKTHBHOIO, TOOTO 100
CepeliHE KBaJpaTHMYHE BIAXWJICHHSA OIIHKA BiJ i MaTEeMaTHYHOIO
CTIOJiBaHHS, 3HAl/leHe 3a HEPIBHOTOYHUMH CIIOCTEPEKCHHIMH, OYIIo
MiHIMaJTEHHAM.

s Bu3HAueHHs YMOB, 3a sKUX Oyne 3abesmedyBaTucsi MiHIMYyM,

. . . obx . —— .
posrisiHeMo 4acTuHHI noxigHi ——, 1=1,N -1 mis Bupazy (2.13) i
i
3HAWJIEMO Ti 3HAUCHHS G;, 32 IKMX YaCTUHHI MTOXIHI TOPIBHIOKOTH HYIIIO.
V35BIIM MOX1/IHI ¥ MPUPIBHSBIIY iX J0 HYJIS, TICTAHEMO:

2gi07 —2(1- g, —...— gy Jox =0.
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OcCKiJIbKH BUpa3 y Ty’KKax JOPIBHIOE §,, MA€MO:
967 =gyon, i=LN-L1.

TakuM 9MHOM, JOXOIMMO BHCHOBKY, IO 84208i KOepiyicHmu maoms
Oymu 0bepHeno nponopYIUHUMU 00 OUCNEPCIli CNOCIEPEINCEHD.

1.1 1
011020 iON= 5 il (2.14)
6, Oy ON

Jlii BUKOHAaHHS YMOBHM HOPMYBAaHHS, JOCTATHBO IOMIIMTH KOXKHE
3HAYEHHs (j Ha IXHIO 3araJIbHy CyMY:

0i

M-

I
N

0;

3BIJIKH BUILIMBAE, 1110

N
$ o
= Zgi

110 Bi/moBizae ymoBi (2.11).
TakuM 4HHOM, BiaoBixHO 10 hopmy: (2.10) ta (2.13) ogepikyemo

= o —'=1N —. (2.15)
Zgi Zgi
i=1

Buxozsuu 3i criBBigHomeHHs (2.14), 10X0IMMO BHCHOBKY, IO

2 2 2 2
0:6; =0,0; =...=0\yOy =G,

e 6° — JHCIepCis AesKoro «(piKTHBHOTO» CIIOCTEPEKEHHS 3 BarOBUM
KoeQIliEHTOM, III0 JOPIBHIOE OJIUHHIN. BennynHa G Ha3UBAETHCA
cepeoHim K6aopamuuHum GiOXUJIEHHAM ycepeonenozo
CROCHEPEINHCEHH .

IlizcTaBMO OCTaHHE CITiBBiAHOMIEHHS y Bupa3 (2.15) ms c§ :
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2 _ g2 i ° (2.16)

¥T0 2 N '
iZ:l:gi iZ:l:gi

. 2
s OIIHKM G° BUKOPUCTOBYETHCSA JICIKA CEPEOHbO36ANCEHA
oucnepcisa, obuuciieHa Ha mifcTaBi Bcix HasBHUX N pe3ynbTaTis:

1 < -
$2=—"3"g,(x —x). (2.17)
N-143
Takum umHOM, 3rimHO 3 (opmynoro (2.16) Bupa3 aiast 0OUYHMCICHHS

OIIIHKK JAWCIIepPCii CepeaHhOro, 3HAWAEHOTO TMPH HEPiBHOTOYHHX
CIIOCTEPEKEHHX, HAOUpA€e BUTIISY:

=1

Ilepw nidic cninbHo 06pobIAMU pe3yibmamu KilbKox UOIpoK,
HEeobXIOHO nepegipsimu ix Ha 0OHOPIOHICMb, MObMOo Ha
HANEAHCHICMb 00 OOHIET 2eHePATlbHOT CYKYNHOCMII.

IMutannsa Qs camonepeBipku

1. V saxux BUNAaIKax 3aCTOCOBYIOTh TpyMyBaHHS JaHuX?SIk
BU3HAYAETHCSI CEPeIHE aph(MeTHUHE 3HAUCHHS BUOIPKH, CKIaJeHOil 3a
Bapiariitaum psitom?

2. SIx o0uncnuTy BUOIPKOBE CEpPETHE IHTEPBAIBHOTO Py ?

3. SIk 00uMcIUTH BUOIPKOBY AMCIIEPCIIO IHTEPBAIBHOIO PAIY?

4. Sk oOumcmioeTbcsi MoAa s JUCKPETHHX 1 1HTEpBAIBHUX
CTaTUCTUYHUX PAIiB?

5. Sk oOYHCIIOETBCS MediaHa JUIs JUCKPETHHX 1 IHTEpPBAJIbHHX
CTaTUCTUYHUX PSIIB?

6. Ski cmocTepeKeHHs1 Ha3UBalOTHCSI HEPIBHOTOUHUMHM?

7. lllo Take 3BakeHE 3HAUCHHS CEpemHbOTO apudmermunoro? Sk
BUOHUPAIOTHCS BaroBi KoegilieHTn?

8. o € omiHKOIO AUCIEPCii ,,(PIKTUBHOTO” CHOCTEPEKCHHS?

9. SIk MiHIMI3yBaTH JUCIEPCiIO PH HEPIBHOTOYHUX CIIOCTEPEIKECHHSX?

10. [llo Take HOpMYyBaHHSA 1 JUIsI YOr0 BOHO BBOJUTHCS IIiJ Yac
HEPIBHOTOYHHX CIIOCTEPEKEHB?
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2.4, IHTEPBAJIbBHI OHIHKH

MeTor CTaTUCTUYHOTO OLiHIOBaHHS
napameTpiB € 3HaXO4KEHHsI 3a
BMOIpPKOBMMMW J@HNMWN HANMEHLLNX
iHTepBani., ki i3 3agaHoto
MMOBIPHICTIO HAKpUBaOTb
OuiHIOBaHi napa-

MEeTpW.

PosrasiHyTi  paHime TOYKOBI
OIIHKA € TUIBKA IOEIKAMH 3
MOJKJIMBUX 3HAYECHb OL[IHIOBAHOTO
rnapaMmeTpa, i 3a HUMH HE MOXKHa

CYyIUTH npo TOYHICTb 1
HaIHICTH 3100yTOTO
pe3yJbTary.

Yci TOUKOBI OLIHKH IapaMETPiB PO3MOLTY IEHEPANBHOI CYKYMHOCT
o0YHCIIOITh 3a BHOIpKaMu, aje dYepe3 BUMANKOBICTH 3HAYECHb, SKi
MOTPAaNWIA Yy BHOIPKY, OIIHKA € BHIIQJKOBUMH BEIUYWHAMH, IO
BIJIPI3HAIOTHCS Bijl IETEPMIHOBAHOTO ICTUHHOTO 3HAYCHHS napamerpa 0.

Pe3yanaT HEOOXiAHO XapaKTepU3yBaTH MOMKIHBUM BiIXWJICHHSM
OLIHKH Bil TApaMeTpa i IMOBIpHICTIO BUKOHAHHS Li€i yMOBH.

[MpunycTuMo, HEOOXiTHO OLIHWTH AESKWN mapamerp 6 BUIAIKOBOI
BEIMYMHN (MaTeMaTHYHE CIOMAIBaHHS, UCIIEPCiio). 3a pe3yiabTaTaMu
CIIOCTEPEIKEHb JICTAEMO OIIHKY 0. MOKHa 3aB/I1 BKa3aTH MMOBIPHICTh

PQé—e‘ <s)=1—a, (2.18)

3 SIKOIO BIIXWJIEHHS OIHKH Bif il MaTeMaTWYHOTO CIIO/iBaHHA HE Oyne
MEPEBUILYBATH JIEIKOTO JOAATHOrO uucia €. Ll HMOBIpHICTh AOPIBHIOE
1—a, 1e o — Oyap-sSKe YHCIIo jl mexax Big 0 mo 1.

Posrissaemo Bupas QB — 6‘ < ¢). Mloro MoxHa 1moiaTy y BUTIISI:

—e<0-0<+e
abo

0-e<0<0+e,
0 +¢& — rpaHuui iHTEpBaNy; 0 — 3HAYEHHS MapaMeTpa.
=1-a,

/I[UB

ne 0—¢ 1
IntepBan 0—¢,0+¢, mo i3 3amaHO0 HMOBIPHICTIO

Haxkpueéac ICTUHHE 3HAYEHHS Mapamerpa O, HA3UBAETbCS HAOIRMHUM
inmepeanom. KiHili 11bOro iHTEpBaay BUIAJKOBI, OCKUIbKH OTpHMaHa 3a

pe3ysbTaTaMH CIIOCTEPSKECHHS OIiHKAa 0 € OJHUM i3 MOXIUBUX i

3HauyeHb. [ iHmoi Bubipku ominka 6 Oyze iHIIo.
OTxe, OOXOAMMO BHCHOBKY, WIO HagiiHMH iHTEpBad MaTHMe
BUMAAKOBI po3Mipu (puc.2.5), a WMOBIpHICTH TOT0, IO LEH iHTepBal
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HaKpHe 3HaUeHHS mapameTpa 0, mopiBHIOE 1— o 1 HA3UBAETHCS HAOIIHOW
imogipHicmio.

—t—

_|
—_
—

0
Puc.2.5

3HaX01:KeHHS iHTEepPBAJBLHUX OUIHOK I IeHTpa po3noniny npu
BinoMomy o. Hexail 3amaHa renepaibHa CyKyHHlCTb — BHNAJKOBa
BEeIMYMHA JX, IIO Ma€ MaTeMaTW4yHE CIOAIBaHHSV U zmcnepcuoc
3HaueHHT CTaHAapTHOT'O BII[XI/IJ]CHHSI BI/IHaI[KOBOI BCJINYHUHU O BII[OMC.

3aBmaHHA MoJIAra€ B TOMY, LIO0 3a pe3yiabTaTaMHd MPSIMHX
CIOCTEpEKEHb 3HANUTH OLIIHKY V.

3rigHo 3i criBBigHOmEHHAM (2.18) Maemo:

P(é—8£6£é+8):1—oc.

3a pe3ynabTaTaMH CIHOCTEPE)KEHb MOXKHA BU3HAYUTH TINIBKH CEPEIHE
apudmernyne:
=13

Sx Oyno moOKa3aHo Yy p03zum 1, npwucmepcis cepeaHbOro
apuMETHYHOr0 B N pa3iB MEHIIEe AWCHepCii BUMAIKOBOI BEIHYMHH.
OCKiNBbKH JINCIIEPCis BUMNAAKOBOI BEIMYMHI BBAXKAETECS BIIOMOIO, TO
BUXOJASYM 13 KUIBKOCTI CIIOCTEPEKEHb, pPE3YJNbTaTH SKHX CIUIBHO

00pOOIIAIOTHCS, MO>KHA 00YHCIINTH JTUCTIEPCitO CEpeIHbOr0
apupmeTnyHOrO!
2
2 (e)
oF =—
n

VY 1poMy pa3si MOKHA PO3IJIsIaTH HOPMOBAHE BIAXHICHHS CEPEIHBOIO
3HAYEHHS BiJl HOT0 MAaTEeMAaTUYHOTO CIIO/iBaHHS, ONMCYBaHE (DYHKIIi€0
Jlammaca, 71 SIKOTO iICHYIOTH TaOyILOBaHI 3HAUCHHS:

X—v

b
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Taxkum YUHOM, MO’XHA 3allMCaTH.

PQZ| Ss):l—a

abo

Pl —¢< (2.19).

/f o

Lleift 3ammc o3Hauae, WO HOPMOBAHE BIAXWICHHS CEPEAHBOTO
3HAUYEHHSA X BlI[ ICTI/IHHOFO VvV 3 lMOBlpHICTIO 1-a ue IMEPCBUILYBATUME
3HaueHb —¢; +€ (puc. 2.6).

p(@)

“Z1-a2

Bupas (2.19) MoxHa 10JaTH y BHIJISI:

n Jn

J1st Z rpaHUYHI 3HAYECHHS -€ 1 1€ SIBISIIOTH COO00 K6aHMUL PO3MOIITY
Jlanmaca, Bu3Ha4eHi i WMoBipHOCTI 1-o. 3 ommsmy Ha 1ie Bupas (2.19)
MOYKHA 3aITUCaTH TaK:

P(~z,,,<2<z7,, )=1—a,

P(—s~iS)_(—vS+8i]=l—oc (2.20)

0 Ja€ 3MOTY BU3HAYUTHU |8| |217a/2| — . Toxi Bupas (2.20) moxHa
3aMucaTv y BUTJISAIL: \/H

P[)‘(—zm,z-iS\/s)‘Hzl -i)zl—a (2.21)
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InTepBanbHa OLiHKA HEHTPA PO3MOALTY IPH HEBiAOMOMY G.

Y 1mpoMy pa3i HOPMOBAaHE BIOXWJEHHS  CEpPEIHBOTO  BiX
MaTeMaTHYHOTO CITOMiBaHHS HE MOXKHa mojatu (QyHkiiero Jlammaca.
3aMicTh HEBIJOMOTO G BHKOPHUCTOBYIOTH HOTO HE3CYHEHY OIIHKY S,
o0YHCIIeHy Ha ITiICTaBl HASBHUX PE3YIIbTaTIB CIIOCTEPEKECHb:

s= 13 (x -

n-14

Toni craTucTHKa
X—v

ZSIVn—l

MiNOPSAKOBYETECA  3aKOHY posnomiry CreroneHTta  (t-posmomimy).
Benuuuna t BU3Ha4aeThCs 3a TAOMULAME o310ty CThIOIEHTA 3aJIEKHO
BiJl 00 Ta KUIBKOCTI cTymneHiB cBoboau N — 1.

t (2.22)

YV Oeaxux mabauysx HaeoOsmuvcs 3HAUEHHS Oisi NPOYECHMHUX
mouok q, % (oo = 9/100), momy nompioro 6ymu ysadxchum npu
KOpUCMY8AHHI MAOIUYSIMU.

Posmoginom Creronenta (puc. 2.7, xpuBa 1) Juis 3HAXOKEHHS
IHTEpBAIPHUX OLIHOK KOPHCTYIOThCS B pasi, konu N < 30...50. 3a n >50
posnoain CThIOJIeHTa aCHUMIITOTHYHO HAOJMKAETHCS J0 HOPMAaJbHOTO
(puc. 2.7, xpua 2), To0TO 32 N > 50 MOXXHA KOPHCTYBATHCS TaOIUIIIMU
Jlarutaca. 3a3BH4ali  KiUTBKICTh CIIOCTEPEIKEHb OOMEXYIOTh, OCKIIBKU
BIPOJIOBX TPHBAIOTO  EKCIIEPUMEHTY 3MIHIOIOTHCS ~YMOBH  HOTO
MPOBECHHS.

p)

Puc 2.7

BusnauuBmm 3naueHHs t 3a TabnuisiMu po3noiny CThIOIEHTa, MOX-
Ha 3amnucaTi
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X—v

Pl ~t,a S <t |=1-a,
/\/n—l
3BIIKH
P x—t S cv<x+t S |=1-a.

a,n—1 '

R ] n-1

VY nmiBi# 1 mpaBiii YacCTHHAX HEPIBHOCTI 3alCaHO TPaHUYHI 3HAYCHHS
HaJIMHOrO iHTEepBay.

Hapilinnii inTepBan ajsi aucmepcii HOPMAJIBHOTIO PO3MOLTY.
PosriisHeMO cyMy KBajpaTiB HOPMAaJbHO PO3MOAUICHUX BHITAJKOBUX
BEIMYMH 13 HYJIHOBUM MAaTEMaTHYHUM CIIOJIBAHHAM 1 3 OJMHUYHOIO
JqUcTiepciero (IIEHTPOBaHUX 1 HOPMOBAHUX):

2= i(xi - X, T | (2.23)

i=1 G;
2 2 . . .
Benuunna & matume y“-posnoain Iipcona (puc. 2.8). Jlis posnominy
xz y TaOJIMYHOMY BUIJISIZII 33JIAI0THCS KPUTUYHI 3HAUCHHS Xip: TS SIKUX

BHUKOHYETHCS CITiIBBiAHOIICHHS:

P()(2 >X§p)=oc . (2.24)
pO0)

2
X wp

Puc.2.8

Jlyist BUOipKM 3Ha4Y€Hb X; 00’ €MOM N MOKHA 3HAMTH He3MmileHy oiiHky CKB:

3 OCTaHHBOTO BUPA3y BUILIUBAE, IO
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3 (%, ~ %) = (n-1)?

i1
[MigcraBumo 11e criBBimHONIECHHS Y (2.23) 1 JicCTAHEMO BETHYUHY

2

, (n=1)s
g =——, (2.25)

(¢}
sika Mae y>-po3moxin ITipcona 3 KibKicTio ctynenis ceoboau N — 1. Ilio
CTaTUCTUKY BI/IKOpI/ICTOByIOTB I 3HAXOIKCHHA 1HTepBaJ'ILHI/IX OHIHOK
JJTA I{I/ICHepCll

(n-1)s?

2
(o)

3rigHO 3 O3HAYEHHSIM HAIHOTO IHTEPBANY JUIS BETUYHHU

MO>KHA 3aITiCcaTH P(xl2 <y’ < x§)= 1—aabo 3 ypaxysanusam (2.25):

P(Xf =16 xi} =1l-a. (2.26)

('52

., . 2
s BU3HAUEHHSI HAJIMHOTO IHTEpBaNy sl G° BUKOHAEMO OOEpHEHE
10 (2.26) mepeTBOpPEeHHS, MOTIM MOMHOXHMO Ha (n—l)sz 1, Y3SBIIH IO
yBar, o To# Apid MEHIINH, B SIKOTO 3HAMEHHUK O1TBIIHIA, AiICTAHEMO:
2 2
(n-1)s* _ , (n-1)s
X2 X1
. oo . e 2
JIe B JIy)KKax 3aJaH0 MeXi HaJliHHOTO IHTepBaly JUisi JUCIEpCiic’.
. . 2 . o
Hesizomumu TyT € 7 i %5 . 3a TaGmuuaMY °-pO3MOJIiy MOKHA 3HAHTH
Taki JBa qncnaxf ix%, SKi 3aJI0BOJIBHSIOTH YMOBY (2.27). Takux map
YyHCell iCHy€e HeCKiHueHHa MHOXkHHA. 11100 3adikcyBatu oHY Taky mapy
Y. i75 BBEAEMO MOMATKOBY yYMOBY — CHMETPHYHICTh iHTEpBaNy 3a
nMoBipHicTIO (puc. 2.9).

P00)




3Bakaroum Ha Te, IO xz—posnoz[in Ilipcona HeCUMETpUYHUH, ICHYIOTh
JIBA KPUTUYHI 3HAUCHHS

2 2 : 2 2
ka = Xl 1 ka = XZ '
I AKUX KpUTUYHA 06H3CTB BU3HAYA€THCA 3FiﬂH0 3 yMOBOIO:

Px? <x2)=P(x* > x§)=%

. 2 . .
I3 Tabnumi ¢ -posnoniny IlipcoHa Ge3nocepeIHLO BUHAYAOTh 3HAYCHHSI
OJIHIET KPUTUYHOI TOYKHU Xg 3Ba)karo4M Ha T€, IO B TAOIUIIAX IOAAETHCS

2 2 .
3HAYEHHS Xf(p, U SIKOTO P(X ZXKP), HEOOXiJTHO CKOPUCTATHUCS

2.
YMOBOIO IJI BU3HAYCHHA ¥, .

a) o
P(? <x2)=1-P(x? >%)=1- -2 ]=7
3natoun ’ iy2, MOXHa BU3HAUATH Mei HalifHOTO iHTepBamy s
CKB:
Jn-1s Jn-1
P —SGS—S = Pros-
X2 %1

BusnavenHs oocsry Budipku. Jloci Mu po3risigani o0poOKy BHOIPOK
JOBUTILHOTO 00csTy N. SIkuiit MiHIMaNbHUI 0OCSAT TIOBUHHA MaTH BHUOIpKa,
mo0 OTpMMaHa OIliHKAa MapaMeTpa pO3MOALTY BiApI3HSUIACS Bif HOTO
ICTUHHOTO 3HAQYEHHS HA JesdKe 3aJaHe€ € 3 BIANOBIJIHOK HaIIWHOKO
HMOBipHicTIO? 3a 3aKOHOM BEJIMKHMX YHWCET IepeBary BapTO HaJaTh
BUOIpKaM i3 OUTIIMM 00CATOM, aie 3a3BHU4ail OLIbIIHMH 00CST BUOIpKH
notpedye ¥ OIIBIIMX BUTpaT A il ojepKaHHS Ta OOpoOKH. [HmMMM
CIIOBaMH, BapTO BH3HAYMTH, SIKUM Ma€ OyTH MiHIMaJbHUI 00csT BHOIpKH,
mo6

PQ@— e‘ < a)= P.. (2.28)

PosrnssHemMo BUManoK, Koimu K O OepeThcsi cepenHe apumeTnyHe
3HA4YCHHS.

CepeTHbOKBaJIpaTUYHE 3HAUYCHHS G JI1 TeHEPaIbHOI CYKYITHOCTI
BiJioMe i BH3HAYCHE INPHU TOMEPEIHIX MOCHIKEHHIX. 3a pe3yiabTaTaMu
IIOTOYHUX BUMIPIOBAHb X; 3HAXOATH CEPEHHE 3HAYCHHS X. 3TiTHO 3
HEHTPATFHOI0 TPaHUYHOIO TEOPEMOIO Cepe/lHE 3HA4YeHHS MaTHMe
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HOPMaJbHUNA 3aKOH PO3MOLTY HE3IEKHO BiJ] BUXITHOTO PO3ITOMLITY
TeHepaJbHOI CYKYNHOCTi. 3anumemo Bupa3 (2.28) nis HOpMOBaHOI

BHITIAJIKOBOI BeTMUWHU 11t BUIManky 0 = MX1 0 =X. Toxi

x—-MX
Pl l————<z_,, |=1-a. (2.29)
GTC
BicrapuBmm (2.28) 1 (2.29) MoXHA 3ammcatd, IO MPUITYCTUME
BIJIXVMJIEHHS] CEPEAHBOTO BiJ] MATEMAaTUYHOTO CIOJiBaHHS 3 iIMOBIPHICTIO
1- o He nepeBuILyE

€=0Z_,/2-

V34BmM 10 yBarw, MmO IHMCHEPCis CEPEeAHBOrO B N pa3 MEHIIA 3a
BUXI1JIHY AUCIEPCit0, MOKHA 3aITUCATH:

o
Szzlfa/2ﬁ'

Tomi wmiHiMameHUIT 00car BHOiIpKH, TOOTO MiHIMaJdbHA KiTBKICTh
CIIOCTEPEXEHb M,;,, 3a SAKOI OTpUMaHe cepenHe Oyzae BiAPI3HATUCA Bif
ICTUHHOTO 3HaueHHS He OuIbIle HIX HA € 3 IMOBIpHICTIO 1— 0, HaOupae
BUTIISY:

2 2
_ %420

min — 2
&

IIuTannsa aJs caMonepeBipKu

[I{o Take moBipumii iHTEpBaAI?

o Take noBipya HMOBIpHICTH?

SIK 3HANTH IHTEPBAJIbHY OLIHKY JUIS [IHTPa PO3MOLUTY IIPH BIZIOMOMY G .
SIK 3HaXOATh KBaHTHJII HOPMAJILHOT'O PO3MOALTY ?

Sk 3HAWTH iHTEpBAJILHY OIHKY JJIS IIEHTpa PO3MOJUTY MpH
HEBIJIOMOMY G .

Sk xopuctyBaTucs Tabnuusamu t - poznoginy?

Sk 3HANTH IOBIpYMIA IHTEPBAI TSI AUCTIEpCii HOPMAILHOTO PO3OJIUTY?
Y SKOMY BUIIaJIKY KOPHCTYIOTBCS Z, £ Ta y > - CTATHCTHKAMHA?

STk 3a TaGmumamu y - - TlipcoHa BU3HAYATH KPUTHYHI 3HAYCHHS X 29
0. Illo motpiOHO 3HaTH, 10O OOYUCITUTH HEOOX1THUH MiHIMATLHUH
00'eM BHOIpKH?

agrwnE

RoOooo~N®
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PO3JILI 3

CTATUCTUYHA INIEPEBIPKA I'lTIIOTE3

3.1. MOHATTA CTATUCTUYHOI T'IIOTE3H

Mpu onpaLoBaHHi CTaTHCTHYHOI0 TiNmOTE3010 Ha-
BUNaJKOBUX BENWUYMH Ha 3UBAE€TBCS  OyIb-fIKC  MPHUITYIICHHS
BiaMiHy Bif AeTepMiHoBaHux, | IOAO  BHAy a0  BIACTHBOCTEH
MOXHa 3pOBUTM TinNbKK pO3NOALLy  CHOCTEpCKYBAHHX B
APMNYLLEHHS! LOAO iXHBOMO CKCTICPUMEHTI BUIAAKOBHX BETHUHH.
MOXOPKEHHS!, TOBTO BUCYHYTM CyTHlCTL MEPEBIPKU  CTATUCTUYHOI
rinoTeay. rimore3u 1mojsrae 'y TOMYy, mI00
BCTAaHOBHMTH, Yy3roa-

KYIOTBCSL UM Hi Pe3yJNbTaTH CIIOCTEPEKEHb Ta BHCYHYyTa TilloTe3a, 4YH
MOJKHa pO30DKHICTP MIXK TINOTE30I0 Ta pe3yabTaToOM BHOIPKOBHX
CIIOCTEPEIKEHb BIJIHECTH 33 PAXYHOK IOXHOKH, 3yMOBIICHOT MEXaHi3MOM
BHIIaJIKOBOTO BiJI00ODY.

INimoTe3n OyBarOTh MPOCTI i CKITAHI.

Ilpocma zinome3sa mae TiTbKU OJTHE TBEP/XKCHHSI.

IMpuxiaan. [apamerp 0 Mae oHe KOHKpeTHE 3Ha4eHHS (0 = 0)).

Cknaoua zinomesa CKIafaeThes 3 0€3J14l MPOCTUX TINOTE3.

Mpuxnax. [Tapamerp 0 Mae neske 3HaAUYSHHS i3 CYKYITHOCTI

(6 <Bg; 6> 60; 6+#6).

lmore3y, 1o BHCYBalOTh, HA3UBAKOTH OCHOGHOIO cinomes3ow. Y
3B’A3Ky 3 THM, II0 BOHA Haiyacrilie mojsrae y mnependadeHHi
BIJICYTHOCTI CHCTEMAaTH4HOI PO30DXKHOCTI (HYJTHOBOI PO30iXKHOCTI) MiX
HEBiIOMHM IapaMeTpOM TIeHEepalibHOi CYKYIMHOCTI W  3aJaHoio
BEJIHUYMHOIO, TO 11 TAKOX HA3UBAIOTh HY/Ab06OI0 ZINOME3010 1 TI03HAYAIOTh
Hj. 3MicT TiNoTe3u 3amMCcyloTh Mics ABOKpanku. Tak, y po3risHyTOMY
npukai Hy: 6 = 0g.

3a3Buuail  GOpMYIIOIOTH IIE W anbmepHamueHy (KOHKypylouy)
2inomesy H,. Y pe3ynbraTi nepeBipkd MOXKHA NPUMMATH TUIBKH OJHY 3
rimote3 Hy a60 Hy, BiIXWISIFOYHM BOIHOYAC 1HIITY.

l'imoTte3y nepeBipsIOTh CTATUCTHYHUMH METOJaMH HA TiJCTaBl 8UOIpKU,
OTPUMAHOI 3 TeHEepPaIBbHOI CYKYITHOCTI. Uepe3 BUMAAKOBICTH BiIXHJICHB
3HAuYCHb Yy BUOIpLI B pe3ysIbTaTi NEPEBIPKH MOXKYTh BUHUKATH ITOMHUIIKA T
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npuiiMaTHCcsl HempaBuibHe pimeHHs. Komm pimenHs He BiamoBigae
CHPaBKHbOMY CTaHY, MOXYTb BAHUKHYTH IOMHJIKH JBOX BHIIB.

Iomuiaka mnepmoro poay Mae Miclieé TOZi, KONH BiIXWJISEThCS
npaBUiIbHA TinoTte3a Hy.

IToMuika Apyroro poay mnossirae B ToMy, 0 IPUHMAETHCS TilIOTE3a
Hp, Koy paBUIIBHOIO € aNbTepHATHBHA TiNOTE3a.

[Ipu mepeBipii TimoTe3 MOXe BUHUKHYTH OJIHA 13 YOTUPHOX CHUTYaIlii:

— rinore3a Hy mpaBuUiIbHA i BOHA IPUIMAETHCS;

— Mae Mmicrie rinoresa Hy, oTHaK MPUHMAETHCS HEMTPABIIIbHA TiITOTe3a
H, (mommuiika mepuioro pony);

— Mae Micrie rirmoresa H;, OHaK MPUIMA€ETHCS HETIPaBIIIbHA TiloTe3a
Hy (mommiika npyroro poxay);

— rinoTe3a H; mpaBuIbHA i BOHA TIPUHMAETHCA.

31eOLIpIIOro HACHIAKY 3a3HA4YE€HUX TOMIUIOK HepiBHO3HauHi. OmHa 3
MOMUJIOK TIPUBOAMTH 0 OLTBII 00EpEeKHOT0, KOHCEPBATUBHOTO PIllICHHS,
iHma — 10 HeunpamaHux fii. Illo kpame, mo ripme — 3aNeXUTh Bij
KOHKPETHOI TIOCTAHOBKH 33/1adi i 3MICTy HYJBbOBOI Tinote3u. [IpupoaHum €
MPAarHeHHs 3MEHIINTH BTPaTH BiJ 000X MOMHJIOK OJHOYACHO. AJie, SIK MU
no0a4nMo Jajli, BOHU € KOHKYPYIOUMMH, 1 3MEHIIICHHS! HMOBIPHOCTI TIOSIBH
OJTHI€T 3 HUX MTPU3BOIUTH 10 301IBIICHHS] HIMOBIPHOCTI TIOSIBY iHITIOI. Takum
YMHOM, HEOOX1THO BUOMPATH KOMIPOMICHE pillleHHS. YXBAJICHHS PillICHHS
TPYHTYETBCS HA NEAKOMY CHIAMUCIIUNHOMY Kpumepii.

CraTHCTHYHMM KPHTEPiEM Ha3HUBAETECS TEBHE 71paguio 0OpoOKu
CTaTUCTUYHOTO MaTeplany (pe3y/1bTaTiB  IOCTIKCHHS), Ha II/CTaBi
SIKOTO OJIHA 3 TIMOTEe3 IPUHUMAETHCS, 8 BC1 1HII BIIXUISIOTHCS.

KoxeH kpuTepiii Mae CBOIO YHCIIOBY XapaKTEPUCTHKY, IO HA3MBAETHCS
nomyscnicmio.  @Oyukyielo  nomydxychocmi  Kpumepilo  Ha3UBAETHCA
UIMOGIpHICMb TOTO, IO OCHOBHA TrinoTe3a Hy BIIXUIAETHCS, TOMAI SIK
aNbTEpHATHBHA TiNoTe3a NPUAMaEThes. UnM OiibIa MOTYKHICTh KPUTEPIIO,
THUM MEHIIIa HIMOBIPHICTb 3/1IHCHEHHS TIOMHJIKH 2-TO POY.

PimleHnst mpuiiMaeThcsl 3a 3HAYCHHSIM JIESKOT @hyukyii 6ubipxu, sika
HA3MBACTHCS CHIAMUCHIUKOIO, abo cmamucmuunoro xapakmepucmukoro (Z, 1,
2

Jns toro mob® mNpuiAHATH a00 BIIXWIUTH Hepez[6aquaHy F1HOT63y,
TOTPIOHO BHOpATH MEXXY npunycmumux TIPA BUCYHYTIii TIIOTE3] BIIXHIICHD Bil
MAaTeMaTUYHOTO CITOAiBaHHS, TOOTO TIPU3HAYMTH TAKE KPUIMUYHE BIOXUTECHHS,
MIEPEBUILICHHS SIKOTO TP BUCYHYTIH TINOTE31 HACTUIBKM MaJOMMOBIpHE, IIO
HOro MOXXKHAa BBKATH NPAKTUYHO HEMOXIIMBMM. SIKIIO BOHO (HaKTUYHO
criocTepira-

Jocd, TO IIe BKa3ye Ha HECYMICHICTh BHCYHYTOI TiMOTE3H 3 HASBHUMU
CTIIOCTEPESIKEHHAMH, a00 SKIIO (PaKTUIHE BIAXWICHHS MCHIIE 33 KPUTHIHY
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MEXy, € MiJCTaBH BBaXKaTH, LIO pe3yJIbTaTH JOCIiAy He Ccyrnepedyarb
BUCYHYTIH TiMOTe3i, a CIIOCTEPEKEHE BIIXWICHHS BiJ LEHTPA PO3MOALTY
MOYXHA TTOSICHITY BIUTMBOM BHITAIKOBHX BEITUYHH.

MHoOXHHY 3HaYeHb OOpaHOi CTATHCTHKM MOXXHA TOAUIMTH Ha JBi
HETIePETHUHHI T AMHOKIHU:

—MiAMHOKMHA 3HAuYeHb CTAaTUCTHKH, 3a SKOIO cinomeza Hy
nputimaemocs (He 6IOXUNAEMbCA), HA3MBAECTHCA 00J1ACTI0 NMPHHHATTA
rinore3u (MPUIyCTHMOIO 00J1ACTIO);

—MOiAMHOKMHA 3HA4Y€Hb CTATHCTHKH, 3a KO Hy sioxunsemovcsa 1
nputiMmaemocs cinomesa Hy, Ha3UBaETbCS KPUTHYHOIO 00J1aCTIO.

Kputuunumu  TOYKaMu O,  Ha3WBAIOTBCS  TOYKH,  SIKI
BiJOKpEMITIOIOTh KPUTHYHY 00NacTh Bix mpumycTuMoi. Kputnuni Toukn
BH3HAYAIOTH 32 TAOJIUIISIMU PO3MOITY CTATHCTUKH.

KinbkicHO TOMUIIKH OI[IHIOIOTH 32 IMOBIPHICTIO X BUHHKHEHHS.

Hpunycmuma iimogipHicmo ROMUTIKU REPULOZO POOY NOZHAYAEMbCS
0. (IMOBIPHICTh MTOTPAIUISTHHS CTATHCTUYHOI XapaKTEPUCTUKN B KPUTUIHY
o0nactb, TOOTO WMOBIPHICTP MPAaKTUYHO HEMOXIMBHX BIJXWIEHB) 1
HA3UBAETKLCS PiGHEM CHIAMUCIUYHOT 3HAUYULOCHI,

3nauenns o zazsuuai eubupacmoca maaum (0,05; 0,02; 0,01 —
OJISl MEXHIYHUX 3a80aHb, OJI 3A60AHb, NO8 SA3AHUX 13 HCUMMSAM
moounu — 0,001).

Yum meHnwull pigeHb 3HAUYWOCMI, MUM MEHUA UMOGIDHICIb
3pooumu  NOMUNKY Nepuioco  poody O, ale mum euua
LLMOBIPHICb 3DOOUMU HOMUTIKY OPY2020 POOY.

Hns eusnauennsa xpumuunoi obracmi CTATUCTUKU PIBEHb 3HAYYIIOCTI
0. BUOMPAIOTh 3 YpaxyBaHHSAM BUAY aIbTEPHATUBHOI rinore3n Hi.

Ipuxaan. OcHoBHa rimote3a Hy: 6 = 6, AnbrepHaruBHa rimorteza H;
MOYE MPH [IbOMY MaTH Takui Burisi: Hi: 0 < 0p; Hy : 0 > 0y abo H; : 0 # 0,.
BiamosigHo MoxHa mictatu stieodiuny (puc.3.1, a), npasodiuny (puc. 3.1, 6)
a00 0600iuny Kpumuuny oonacme (puc. 3.1, 6).

G2, % D

0< er er< 0 0 <elr<p e21<p<e

Puc. 3.1
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3arajgbHa cxeMa nepeBipKH CTaTHCTHUYHOI TiNOTe3N CKIATAETHCS 3
TaKHX CTalliB;

1. ®opmymioroTh TinmoTe3u Hy i H.

2. BubuparoTh CTaTHUCTUKY, 32 3HAYCHHSM SIKOi IPUHMAETHCS PillICHHS
PO MPABWIBHICTH TinmoTe3u. HeoOxigHo, mo06 cTaTCTHKA Majia BimoMHUl
3aKOH PO3IIOJLIY.

3. 3amaroThCs PiBHEM CTATHCTUYHOT 3HAYYIIOCTI 0.

4. Bu3HaualOTh KPUTWUYHI 3HAYCHHS 3a TaONUISIMA O 1 BUJA
aNTbTEPHATUBHOI TiIOTE3U H;.

5. O0UHCTIOITH 32 BUOIPKOIO 3HAUCHHS 00PaHOi CTATUCTUKH.

6. IlopiBHIOIOTHh 3HaYEHHS OOYHCIICHOI CTATHCTUKU 3 ii KPUTUIHAM
3HA4YCHHSM.

7. llpuiiMaroTh pilIeHHS: AKIIO 3HAYCHHS OOYHCIICHOI CTATUCTHKH HE
MOTparuiie y KPUTHYHY o00JacTh, MpHAMaeThcs rimoresa Hy i
BIIXUIIAETRCA rifnoTe3a H; 1 HaBIIaKH.

IIuTanHs aaa caMonepeBipku

1. JlaiiTe o3HaYeHHS CTAaTUCTUYHOI TimoTe3w. Ska rimoresa
HA3UBAETHCS HYJIbOBOIO, & SIKA — KOHKYPYHOUOH0?

2. Slxa rinore3a Ha3UBAETHCS IPOCTOIO, A SIKA — CKJIQJHOI0?

3. Y 4oMy NOJSIraroTh MOMWIIKH TIEPIIOTO Ta APYroro pomy?

4. l1lo Ha3MBA€THCS CTATUCTUYHUM KpUTepiemM?

5. o Take KpUTHYHA TOYKA i SIK BOHA 0OUpaETHCA?

6. SIki 3HaYeHHs BENIMYMHH MICTUTh KPUTUYHA 00JacTh, a SKi —
00J1acTh MPUAHSTTS TiMOTE3U?

7. B sSxux BHIaJKax BUKOPUCTOBYETHCS JTiBOOIUHA, MpaBoOidHA Ta
JMBOOIYHA KPUTHYHI 001acTi?

8. Slkuii mops0K NepeBipKH Tinore3?

3.2.TIIOTE3U IIOA0 MAPAMETPIB PO3IOALTY.
BU3HAYEHHSA OB'€MY BUITPOBYBAHDb

Kputepii 6yBaloTb napameTpuyHi i limore3a mpo ceperHe 3HAYEHHSI
Hel'lapanlyleTlequ. napaMeTpl/NHl HOPMAJILHOTO p03]'[0ni.]'[y npu

HOpMarnbHWUIA PO3MNOAIN i MOB’A3aHi 3

5 . X reHepaibHa CYKYTIHICTB Mae

YMCINEHHSIM OLLIHOK NapameTpiB. . .

obHncne OuiHOk napameTp HopMatbHmi  po3mozr, CKB  sikoro
BiloMe
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[Ipu piBHI 3HAYYIIOCTI 0, MOTPIOHO MEPEBipUTH Timotesy Hy: v = Vo
AnbTepHaTHBHA rinoTe3a H; Moxe 0yTu

Hi: v <vg, Hi: v>vyabo Hyi: v # vy.

Ax CTaTUCTUKY BUKOPHUCTOBYIOTH BUIIAAKOBY BCIIMYNHY
X —v
z=—""4n,
(e}

10 Ma€ HOPMOBaHUH HOPMATBHUAN PO3MOILI.

Kputnuny  o0macTb  BH3HA4alOThb 3a  JIONIOMOTOK  TaOiMI
HOPMAJIBHOT'O PO3IOALTY. SIKIIO ajlbTepHATUBHA TillOTe3a Ma€ BUMIIAL H:
v < Vg, BAKOPHCTOBYIOTb JIiBOOIYHY KPUTHYHY O0JIaCTb, IO 33/JOBOJIBHSIE
YMOBY:

P(Z<-17)=D(-Z) = 0.

3BificH BUIUIMBAE, IO KPUTHYHA O0JIACTP — II€ MHOXHHA TakuxX Z,
s AKUX Z < —Z,, (puc. 3.2, a).

SKIo anbTepHATMBHA TilmoTe3a Mae BUDISA Hi: v > v,
BUKOPUCTOBYIOTh MpPaBOOIYHY KPHUTHUYHY 00JacTh, IO 33J0BOJILHSE
YMOBY

P(Z>17)=q.
I3 Tabnu1i 3HAXOAATH 3HAYEHHS Z,, 3 OTJISALY Ha T€, IO
P(Z<74)=D (zp)=1-0.
3HaxoATh KPUTHYHY 00nacTh Z > Z,, (puc. 3.2, 6).

3a ampTepHaTHBHOI Trinoresan H; : Vv # V o BUKOPUCTOBYIOTh
JIBOCTOPOHHIO KPUTHYHY 00JIACTh, IO 33/I0BOJIbHSE YMOBI:

P(z|>z,)=q,
abo
P(Z<z4,)=P(Z>1y)=0a/2.

3a TabaIUIsIMHI 3HAXOISITH

D (2) = 1- a2.
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Y npoMy pasi KpuTugHa 001acTs |Z| > Z,, (puc.3.2, 8).

p(z). p(z).

N

1
N
=
o
1
Ny
=
o

0 Zy
o

N

Puc.3.2

I'inoTe3a mpo cepeaHe 3HAYeHHS1 HOPMAJIBHOIO PO3NOALTY HPH
HeBizomomy CKB. Ilpunymenns aHanoridufHi po3rSIHYTHM padimie. Y
pasi, xomu CKB HeBimoMme, BUKOPHCTOBYIOTH BHUIAIKOBY BEIUYHHY
(cratuctuky 7T)

sika Mae t-po3nofin CThrOIEHTA 13 KiJIBKICTIO CTYIeHiB cBoOou N — 1.

Kputnuni obmacti BH3HAYalOTh TaK CaMoO, SK 1 B IONEPEIHBOMY
BunaaKky. BukopucrtanHs Tabmuie t-posmominy CThIOJIEHTa TPOCTIIIIE,
OCKUIBKH BOHU CKJIJICHI came JIJIsi BA3HAYCHHS KPUTUYHHUX 00JIacTei.

linore3a mpo aucnepcii HopMaibHOro poznoaity. [Ipumycrumo, 1o
TeHepalbHA CYKYIHICTh Mae HopMmanbHHH posmoain, e CKB HeBimome.
Jlucniepcito  BH3HAUYAIOTh 3@ pe3yJibTaTaMH  EKCIEPUMEHTY, IO
CKJIAZAETLC 3 N TOCIIIB.

1 . 2 2
Bucysarots rinoresy H;:c” =c;. SIK CTaTHCTHKY BUKOPHCTOBYIOTH
BHIIAJIKOBY BETHUUHY

b _ (18" (3.1)

2
Gy

sika Mae po3noin y’ - ITlipcona i3 unciom crynenis ceoGoau n-1.

Bubip kpurtuunoi oOmacTi BHM3HA4alOTh 3aJIEKHO BiJ 0OpaHOl
aIbTEPHATUBHOI TIMOTE3W Hy Ta PIBHA CTATHCTHYHOI 3HAUYIIOCTI 0O, TS
4oro 3a TaOMUIAMH )° BH3HAYAIOTH KPUTHUHI 3HAUYCHHS OOpAHOI
CTaTHCTHKH.
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SK1io anbTepHATHBHA TiMmoTe3a Mae B H 1;02 <(5(2), MOJKHA
3aIIMCaTH.
1

2
o

>

NI

a00 3 BUKOpUCTaHHsM Bupasy (3.1)

(n-1)s? _ (n-1)s? .

2
c o

Jlnst mepesipku rimotesu P(y* » XZKp) = o BapTO BUKOPHUCTOBYBaTH
npasodiny KpuTHIHy 00macts (puc.3.3, a).

3a anbTepHATUBHOI TiNOTE3U Hl;(;2 >5§, MIPKYIOYM aHAJIOTI4HO,
BUXO/ISITh 3 YMOBH:

PO <) =

. . 2 .
YpaxoByroud OCOOJMBOCTI  CKJIAJaHHS TaOJUIll ) -pO3MOMLIY,
3HAUEHHS ), 3HAXOIATH 3T1JHO 3 YMOBOIO:

Pl <% )=1- Pl > %3 )=1-a.

VY 11bOMy pa3i BUKOPUCTOBYIOTH .1i600IYHY KPUTHUHY 00J1aCTh (pHC.
3.3,0)

3a ambrepHaTHBHOI rimoresn H L N 5(2) 3HAXOIATh  0BOOIUHY
(puc. 3.3, 8) KpUTHYHY 00J1aCTh 3TiTHO 3 YMOBOIO:

Pl <% UG > 2. )=

3a3Buuail NpUAMAIOTh CHMETPUYHY 3a HMOBIPHICTIO KPUTHYHY
00J1acTh, 110 3aI0BOJIBHSIE YMOBY:

P(X2<X2Kp1) = P(X2>X2Kp2) = 0/2.

BinmoBigHo m0 11i€l ymMoBH 3 TaOnHIli MOKHA 0€3MOCEPEHBO 3HAWTH
2 2 .
A xp2» @ JUI BU3HAYEHHA ) 1 HEOOXIHO, K Yy TONEPETHBOMY BHIIAJIKY,
BUKOPHUCTATH YMOBY:

P()(Z> szpl) =1-a/2.
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pOd) p(O¢) p(O¢)

al2
1-a

2 X Ve X 2 2 X
X2KP X xp X xpl X xp2
a o 6

Puc.3.3

IlepeBipka rinmore3u 1010 HAJEKHOCTI BUOIPKH /10 TeHePAJbLHOI
CYKymHOCTi. Sk yke OyJio pO3IIISIHyTO, TOMHUJIKOBE PIllIEHHS 3aJI€)KHUTh
BiJl pO3MIpiB KPUTHYHOI 00NacTi. 3 0AHOTO OOKY, YMM MEHIIUH PO3Mip
KPUTHYHOT 00JIACTi, TUM dacTime Oyne mpuidMaTucsi BUCYHyTa Tinore3a
Hy, ane 3 apyroro OOKy, KpUTEpiii BTpadaTHME YYTJIHMBICTH CTOCOBHO
ANMBTEPHATHBHOI TiMTOTE3M.

[MpumnycTrMo, Ha BXiJ IPHIaLy MOXe OYTH MOJIaHO OJTHE 3 JBOX 3HA4YEHb

BeIMuMH v, ab6o v,. Ilpu OGararopa3oBoMy BHMMIPIOBAaHHI BHXIiJHOI

BEJTMYMHHU OTPUMAHO 3HaueHHs X; (i = 1,...,n) Ta oburcieHo cepeare X (puc.
3.4). HeoOXigHO BW3HAYMTH, YU € X OIIIHKOIO BHITAQJKOBOI BEIWYMHU 13
LEHTPOM Vo abo vi. BucyBaemo rimoresy H,:X €v, 3a anprepHaTHBHOI

rinoresu H, :X ev,.

Vo

Puc.3.4.

OCKUIBKHA 00CST €KCIIEPUMEHTAIbHUX JaHUX OOMEXCHHH, MOMKIINBI
00YMCITIIOBaHI CepeliHi 3HAYCHHS IS JaHOl BUOIpKHM OyayTh BiAMOBIAHO
po3cisHi HAaBKOJIO v, 1 v, (puc. 3.5).
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L p(E1vo) L p(x]vy)

B T,

x|

Puc.3.5

3Bakarouu Ha Te, 10 CePE/IHI 3HAYCHHS MAIOTh HOPMAJILHUIA PO3ITOILI,
B IHTEpBAlll V,, V; CIIOCTEPIraTUMEThCS NEPEKPUTTS 3aKOHIB PO3MOJLLY, a
OT)Ke, 1 HEOMHO3HAYHICTh MPUHHATHX PIllIeHb, IO BUPAXAETHCS B iXHIH
MOJKJIMBIA TIOMWJIKOBOCTI. ['paHMYHMM 3HA4eHHSIM X, IO BIJOKPEMIIIOE

rinoresu Hy, H;, € 4. Slkmo X Oyne niBopyd Bif A, TO NpUHMArOTh
rimoresy H,, a skmo npasopyy, — rimoresy H,. Uepes nepekpurrs
3aKOHIB PO3MOALTY [UIS TinoTesn H, Oyne MaTH Miclie TOMUIIKA MEPIIOro
poxy, ToO6TO Oyze mpuiimartucs rinmoresa H,, Toni sk Mae Micue rimoresa
H,. Takum umHOM, BigxwieHHs X y Oumbmmii Oik Big A Moxe OyTn
BUKJIMKaHE BIUIMBOM BHIQJIKOBUX (AaKTOpiB Ta OOMEKEHHUM OOCITOM
BUOIPKH, a HE HAJIEIKHICTIO JI0 V.

IMOBipHiCTh BHHUKHEHHSI IOMIIKH TIEPILIOTO POJIY:
a=P[(x-v,)>Al;

ne A=z, .64, ab0
(x=vo f
2

20y d)_(

+00
ol
a=——7|¢
V2T
KpiM moMunku mepuroro pojgy Moke BUHUKHYTH W ITOMIJIKA JIPYyroro
poxy, sIKa IoJIsirae B TOMY, IO CIIPaBIDKYeThCs rimotesa H,, a obunciene
Cepe/HE 3HAUCHHsI BUSBHIIOCS JIIBOpYY A, ToOTO Oyne XuOHO mpuiAiMaTHcs
rinore3a H,.
IMOBipHICTh BUHUKHEHHS IOMUJIKH JIPYTOTO POAY:

(x=vy)?

2
203 o

dx .

p=Pl-vi)<Alp=——— e

X —o0
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Busznauennss HeoOXimHoro o0cary BumpoOyBanb. Ilomunku
Hepuoro Ta Jpyroro poay npH (IKCOBAaHMX 3HAYEHHAX Vi, V;
BH3HAYAIOThCS  o0OcsaroM  BumpoOyBaHb. YuM  Oumpmuit  oOcsr
BUNpoOyBaHb, TUM ONMKYEe OyOyTh TPYIYBaTHCS MOKJIMBI 3HaYCHHS X
10 v, abo v;, a OTKe, 3SMEHIIyBaTUMETHCS 001aCTh NEPEKPUTTS 3aKOHIB
PO3MOALTIB, TOOTO IMOBIPHICTH MOMUIIKOBHX pillieHb (UB. puc. 3.5).

Buxonsum 3 ONTUMANBbHOCTI TPOLEAYPH TEPEeBIPKH  TiIoTes,
HEOOXI1THO BU3HAYUTH MIHIMATLHULL 00Csie UNPOOYSaks, AKull 3a6es3neuye
NOMUIKU Nepuio2o il 0py2020 pooy, WO He Nepesulyioms 3a0aHux
3HAYeHb.

Hexaii € na meBimomi o i3 (muB. puc. 3.5), sKi € BU3HAYaIbHUMH AJIS
BCTAHOBJICHHS MiHIManbpHOTO oOcsry. KpiM Toro, o i3 3amexars Bin
BUXIIHOTO PpO3CIIOBaHHA G, BH3HAUCHOIO HA TMIACTaBl 3a3daieriib
NPOBEJECHUX JIOCIIUKEHb, BIICTaHI MUK LEHTPaMH PO3NOIUIB v, 1 v,Ta
BUOOpPY TpaHMYHOrO 3HaueHHS A MDK O3HaKaMH (CTaTUCTHYHUMHU
XapaKTEePUCTHUKAMH).

[Ipunmyctumo, mo vy, vy; 4; O, — 3agani. Ockinbku € JBa
HeBizoMi 3Ha4YeHHs o i3, a oOcsar MiHIMaiIbHOI KUIBKOCTI BUIPOOYBaHb
OJIHOYACHO 3aJICKUTh BiJ IUX HWMOBIPHOCTEH, HEOOXIAHO CKJIACTH
CHCTEMY 3 JIBOX PiBHSHb.

Jus rinoresun H, (puc.3.6) MoXkHa 3anucary:

P(X<A]v,)=1-a.

ne A — d¢ikcoBaHe 3HaYeHHS, MpPU SKOMY HEOOXiHO 3a0e3MmeYuTH
OJTHOYACHO 3HAYEHHS o 1 [3, MEHII Bij 3a/IaHUX.
Y 1poMy pa3i 3aCTOCOBYIOTh CTATUCTHKY:

A-v,

Te

Ha puc.3.6 naBenena rpadiuna inTepnperanis crisBifHomeHHs (3.2).
plx|v,

(3.2)

Vo

N

-0 0 Z1q

Puc.3.6
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s rinote3u H; (puc. 3.6) Ma€ BUKOHYBATHCS CITiBBiIHOLICHHS:
P(X<A|v;)=B.
VY npoMy pa3i BUKOPUCTOBYIOTh CTaTUCTHKY:
A-v, _

T

I'padiuny inTepnperanito croiBBimHOmeHHs (3.3) HaBedeHO Ha
puc.3.7.

(3.3)

p(flvl) ;

o

Z; 0
Puc.3.7

>
N X|

I3 Bupasy (3.3) 3Haxo1MO:

Azzﬁ%ﬁﬂ/l.

[TincraBnstoun 3HaiaeHe 3HaueHHs 4 y Bupas3 (3.2), micraemo:

(e}
Zy ——+V;— Vg
P P

T

[Ticns nepeTBOpeHHS MAEMO:

—a "

(v, -ve)=12_,0-20,

3BIJIKH KiJIBKICTh BUIIPOOYBaHb:

2
Ny = {G(Zl—“—_zﬁ)} (3.4)
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Axwo epanuys A 3a0ana, 06uUCIeHy KiTbKICMb UNpoOY8aHs n
OKPY20ioms 00 YiN020 YUCLA 8 OLIbULY CHOPOHY.

Mooicna,  euxopucmagwiu my —camy —Ccucmemy  PIiGHSHb,
BUBHAYUMU epanuyio A, Ko 3a0anuti oocse udipKu.

Iutanns 1J151 camonepeBipku

1. SIki kpuTepii HA3UBAIOTHCS TAPAMETPUIHUMU?

2. Sk mepeBips€ThCS TiMmOTE3a TPO CEpPENAHE 3HAYCHHA 3 BiJOMUM
CKB?

3. Slk mepeBips€ThCS TiMOTE3a MPO CEPeHE 3HAYCHHS 3 HEBIIOMHUM
CKB?

4. SIx mepeBips€ThCA TIMOTE3a MPO JUCTIepCii?

5. Sk mepeBips€eThCS TiMoTE3a MPO HASBHICTH 3CYBY?

6. SIk 00UUCITIOETHCS TMOBIPHICTH MIOMHIIKH MIEPIIOTO POAY?

7. SIk 06UMCITIOETHCS IMOBIPHICTH IOMUITKH APYTOTO POy ?

8. o xapakrepusye mnapamerp 4 TpH BHU3HAYCHHI HEOOXIIHOTO
o0csTy BUTIpOOYBaHB?

9. Sk oGUHCIIOETHCSI HEOOX1THUE 00CsT BUMTPOOYBaHb?

3.3. MAPAMETPHUYHI KPUTEPII

MapameTpuyHi KpuTepii MoXHa TlopiBHSIHHS ~ JIBOX  Cepe/HiXx.
3aCTOCOBYBATU NMPW BU3HAYEHHI 3aB$laHHﬂ TaKoro IUaHy TPaIuIAtOTECA
MOXIMBOI PO3GHKHOCTI MapameTpis | TOZ, KOJIM HEOOXIIHO HIEPEKOHATUCA B
PO3MOZiNY CYKYMHOCTEMN. TOMY, YMM BUKIJIMKaHa PO30ikKHICTh

CEpeliHIX, OTPUMAaHMX Ha IJCTaBl HAsABHUX JBOX BHOIPOK 3 OmHIET
reHepaJIbHOI CYKYMHOCTI BUMAAKOBHUX BeJM4MH X 1 Y obcaramu Ny i Ny.
[HImMMYU coBamu, 4 3yMOBJICHA ISl pO301KHICTH BIUIMBOM BHITAIKOBHX
BEIMYMH 1 OOMEXeHHUM o00csaroM BHOIpkM abo >k CIpaBii iCHYe
PO30DKHICTh MK LIEHTPaMHU PO3MOMINIB (CHCTEMAaTHYHUMH MMOXHOKaMHU
MpUIaAiB, IPOAYKTUBHICTIO Ipalli, JOBrOBIYHICTIO, HAAIWHICTIO TOIIO).

/na eunaoky 3 eioomumu CKB zenepanvnux cyKynnocmeii.

Binomi o, i 6, BenmuuuH X 1 Y. BucyBaemo rinoresy Hy: v, = v, pu
anpTepHaTMBHIN Hi: vy # v,. HeoOXimHO BHM3HAuUTH, YU 1CTOTHA
PO301KHICTh MK CEpEeTHIMA X 1 ), OTPHUMaHUMH BiAIOBITHO 3 BUOIPKU
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o0csroM Ny I BUMAAKOBOI BeTHMUMHH X 1 00csAroM N, AJsl BUMagKOBOT
BeHYMHY Y.

IToznaunmo: B

X -y =u
V- vy = Mu.

PosrnsiHeMo pizHuio U sk napametp Z, TOOTO Y BUTIISAI HOPMOBaHOT

PpI3HMII:
u—Mu (X—Y)_(VX—Vy)

Z = = ,
Oy O(x-y)
2
2 _Oy 2 Gy v . _
fe oy =—* , oy =—"-,a3a BUCYHYTOI TilIOTE3H Vy-Vy = 0.
n n,
Bemmummn X 1 Y —  He3aleXHI  BENIMYMHM, IS SKHX

c° (x + y) =c° (x)+ c’ (y), TOMY MOYKHA 3aITUCATH:

2 2
o (e}

or, =—2X+-—2L. (3.5)
n m

s mepeBipKH MPaBUIBHOCTI TilOTE3W BUKOPUCTOBYIOTH JBOOIUHY
KPUTHYHY 00J71acThb. 3 ypaxyBaHHIM BHpa3y (3.5) 3HaUCHHSA CTATUCTHYHOT
XapaKTepUCTUKH:

3HaueHHs Z IMMOPIBHIOKOTH 3 KPUTUYHHUM 3HAUCHHAM ZKp = Zl—ot/ 2

Sxmo [z| < z,,, TpuiiMaloTk rinotesy Hy.

na eunaOKy 3 negioomumu CKB 2eHepPabHUX CYKynHocmell. Y
IbOMY pa31 BU3HA4YalOTh eMHlpI/IT-IHe 3HAUYCHHA S 1 BUKOPHUCTOBYIOTH
CTaTHCTUYHY XapaKTEPUCTHKY:

(X=9) - —vy)
s ,

t=
X~y
po3noiieny 3a 3akoHoM CThIOJICHTA.

Bizmomo, 110 [ He3aJIeKHUX BUNAJKOBUX BEJIMYMH:

Sg_y =S; +55
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3a yMOBH, 1110 BUOIPKH B3ATI 3 OJIHI€T T€HEPATBHOI CYKYITHOCTI, TOOTO
s,” =5,°= S, MOXHa 3aIHCaTH:

abo

Sy_y =S /M : (3.6)
nn,

3BaKaroud Ha Te, [0 BHOIPKH B3STO 3 OJHIEl T'€HEpPaIbHOI CYKYIHOCTI,
JIOLIBHO CKOPHCTATHCS BCIMAa HAasBHUMH EKCTICPHIMEHTAIGHUMH  JTAHHMU,
TOOTO po3riisigaTH BUOIpKY oOcsroM Ny + Ny, Lle mae 3Mory migBHINUTH
CTaTHCTUYHY HanikHicTe 3Haiimenoi omiHkn CKB  renepamsHOI
cykynHocti. Toxi:

_W Z(X X)° +Z(Y. y)* (3.7)
Buxonsuu 3 Bupasy uis aucrepeii MoJKHa 3alucaTy:
n
(6 —%)? =2, 1)
AHaJ0Ti4HO Ma€eMo: "
n
>0~ =5, 1)
[ligcraBnstoTh OTpHMaHi 3I}=1121quH$1 cyM y BHpa3 (3.7) i JicTaroTh:
[s2(n, - 1)+s2(n, ~1)] (3.8)
W

[Mixcrasistorh Bupas (3.8) y Bupas (3.6) i oTpiuMyOTh:

1 2 2 /n1+n2
S, o =————15(n, —1)+5s:(n, -1)] | —= . 3.9
X-y /—(nl n2) 2 [ x( 1 ) y( 2 ) nlnz ( )

3 ypaxyBaHHsM Bupazy (3.9) po3paxyHKOBe 3Ha4YeHHsS KoedilieHTa
CreronenTa Oyze:
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_F-9-(v-v) (x-9) (n+n, —2)nn, -

t -
Sy \/sf(nl ~1)+s(n, -1) N+,

p

Jns mepeBipku TinoTe3w HEOOXiAHO 3HAWTH KPUTHYHE 3HAYCHHS
koedinientTa CrerofgeHTa t, JUIA 3aJaHOrO pIBHA  CTaTHCTHYHOI
3HAYyIIOCTI O 1 KIJABKOCTI CTyNeHiB cBoboau N, +n,—2. Skmo

PO3paxyHKOBeE 3HaueHH [ty| < t.,, IpUIIMarOTh HyJIbOBY T1IOTE3Y.
Y BUMaaKy, KOJIU BUOIPKH B3ATO HE 3 OJHI€T TeHepanbHOI CYKYIHOCTI,

T06TO0 G- ;tcsi, JUTST BU3HAYEHHSI CYTTEBOCTI PO301KHOCTI OO0YMCICHHUX
cepeaHix X 1 y koediuieHT CThIOAEHTa OOUUCIIIOIOTE 3a (HOPMYJIOIO:

OGuuciene 3HaueHHs ) MOPIBHIOIOTE i3 KPUTUYHMM 3HAYEHHAM

koedinienTa CTbIOJCHTA, SKE 3aJCKHO BiJl O 1 KIJIBKOCTI CTYIICHIB
cB00OIM O0YHCITIOIOTE 32 (HOPMYIIOH):

F=E|f'+1]
e
2 2\?
(n, —1)n, -1 Sx S
fro n n
RS
ny n;

IlopiBHsaHHs ABOX Aucnepciii. /[pyroro BaXJIMBOIO O3HAKOIO, 3a
SIKOO MOYKYTb TIOPIBHIOBATHCS JIBI CYKYITHOCTI, € JIUCTEPCii B KOXKHIH 13 HHX.
lnore3n mpo aucrepcii BigirparoTh BaXKJIMBY pPOJIb Y TEXHili, OCKUIBKH
caMe JMCIEpCis XapakTepu3ye TakKi BaXKIMBI KOHCTPYKTOPCBHKI i
TEXHOJIOTI4HI IOKA3HWKH, SK TOYHICTb NPWIaAy, TOXHOKY pe3yJIbTaTy,
TOYHICTh TEXHOJIOITYHOTO MPOIIECY TOIILIO.

Ilpu coineHift 00poOui  pe3ynbTaTiB  HEOOXiOHO, HacamIepes,
MEPEeKOHATUCS] B TOMY, IO YMOBH TPOBEIEHHS JJOCIHIIIB, NPH SIKHUX
OTpUMaHi pe3ynbTaTd, OylIM OJHAKOBHMH. 3 MLI€I0 METOI0 MOXKHA
BHKOPHCTATH OIIHKY PO301KHOCTI JUCTIEPCIi.

F-kpumepin (po3nooin @iwepa). TlpunyctuMo, 1Mo 3aaHO IBI
reHepainbHi CykynHocTi X Ta Y 3 HOpPMalbHHM PO3MOIIJIOM
Xe N(ul,csl) i YeN (uz,cz). I3 X TeHepambHUX CYKYITHOCTEH
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3pO0JICHO HEe3aIeKHI BUOIPKH 3 IApaMeTpaMu BIIMOBIXHO Ny, s7, Ny, 52
[otpibHO mpH plBHl 3HAYYIIOCTI o mepesiputy rimotesy H, 6. =G
TIpU anbTepHATHBHIMH TimoTesi H, : 6’ > o?.

MaremaTtuk-craticTik  P.  @imiep ycTaHOBMB, IO  BiJHOIIEHHS
HE3CYHEHHX OLIHOK ABOX IHUCIEPCIH MiJIMOPSIKOBYETHCS 3aKOHOMIPHOCTI,
IO 3aJeKUTh Bl KUIBKOCTI CTYNEHIB CBOOOIM WX JHMCHEPCiil.

HpI/IHyCKaIO‘II/I, 1o 812 > 522, HpI/IﬁMaIOTL K CTaTUCTHUKY BCINYUHY F,
2

KOTpa 3aJI0BOJIbHSE F-po3nodin, s skoro F =—- 3 KUIBKICTIO CTYIICHIB

'Sy
s;
cBOOOaHM, 10 TopiBHIOE N;— 11 N,— 1 BimmoBigHO.

Kputnuna oGnacte Oyzae TiIBKU npagoOiuna 1 BU3HAYAETHCS YMOBOIO
P(F,>F)=a.

3HaveHHs F,,, 3HaX01ATH 13 TabmMIe F-po3noainy, sike 3a1eXKuTh Bijl TPhOX
BEJIMYMH: PIBHS 3HAYYIIOCTI O 1 IBOX YHCEN, SKUMH BHPKAIOTHCS CTYIEHI
cgodonn f,,. =k, f,,, =k, Tabmuui cknageni OKpemo s KOXHOIO
3HAa4YeHHS o (TPUBUMIpHI Ta6nnu1) 3amarounch plBHeM CTaTHCTUYHOT
3HA4YymoCTi O, BUOpaBIM B Tabmuui konouky f . 1 psagok f Ha 1X
HepeTHHI 3HaX0AATh KPUTUYHE 3HaUeHHs KoedilieHTa F,.

Sgxkmo F, < F, Moxna CTBEp/DKYBATH Ha miacTaBl HasABHUX
CKCIICPUMCHTAIIbHHIX IIaHI/IX IO IPX PiBHI CTATHCTUYHOI 3HAYYILOCTI O
BUOIpKOBI ricniepcii OyayTh OJJHOPIIHI.

IHOAI epe; 0OpOOKOrO TAHUX HEOOXiJHO MEPEKOHATUCS B OIHOPIAHOCTI
JMCTIepCii, OTPHMMAaHUX Ha IIJICTaBl JaHUX IBOX CKCTICPHMEHTATEHHX
BHOIPOK. ¥ LibOMY BHIIAJIKY TAKOXK BUKOPUCTOBYETBCSL KpI/ITepII/I q)unepa

BinminnicTio € Te, mo anbTepHaTMBHA rinotesaH, :c? %o, Jlua
MEPEBIPKU TIMOTE3M BUKOPHCTOBYIOTH JIBOOIUHY KpI/ITI/IIIHy obnactb (puc.

3.8).

3Ham !

p(F)

al2

al2

Fle FZ)(p

Puc.3.8
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Iepenbavaerbes, Mo WMOBIPHICTh TOTO, IO PO3PAXYHKOBE 3HAYCHHS
F, Oyne meHmmuMm 3a KpuTuuHe 3HaueHHA F, abo Oinbmnm 3a F, He
MEPEBUIIY€E 3HAUCHHS:

PF<F,,)=P(F> FKPZ):%.

Ockinbkn B Tabmuni € tinbku 3Hauenus P(F > F,,), To 3HaueHHs Fypn
MOKHa 3HalTH Oe3nocepenHbo 3 Tabnuup.Jlns BusHayeHHs F,, ske
Bimosinae ymoBi P(F < F,;;), BBOZATS KoedimieHT

ol
F
Toni
P(F<F,)=P(F'>—1).
F,

OcTaHHE CHIBBITHOLIEHHS MOKa3ye, MO F, MOJKHA 3HANTH BUXOAAYH 3
1 . . .
YMOBU P(F’ >E . Hamani mepeBipka 3aiHINIAETHCS TaKOKO CaMoOIo, SK 1

JUIsl OJJTHOOIYHOI KPUTUYHOI 00J1acTi, TOOTO HYJb-TINOTE3a, IPUIMAEThCS B
TOMY BHNQJKy, KOIM PpO3DaxyHKOBI 3HadeHHA F, MicTaTbCa Mix
KPUTUYHUMH Fy 1 F.

Ilepesipka czinome3u npo o00HOpiOHicMb pady oOuchnepciii
G-kpumepiii). SIxmo noTpiOHO MOOYMyBaTH aHANITUYHY 3aJeXKHICTh
(aHAJITHYHY MOJZEJIb) HAa OCHOBI EKCICPHUMEHTAJIbHUX JaHUX, TO
HacamIepea HeoOXiTHO MepeKOHATHCS B OIHOPIAHOCTI BHOIpKOBUX
nuctiepciii. Jlns 1mporo cepea HasSBHUX BHOIPKOBUX JIHCIIEPCIii
BHOMPAIOTh MaKCHMajbHy, a MOTIM pPO3MNISAAI0Th BIIHOIICHHS
MaKCHUMallbHO1 aucrmepcii 10 cymH Bcix BuOipkoBUX aucnepciid. s
BHIAJIKY, KOJH 00CATH BHOIPOK OJIHAKOBI, TOOTO B KOXKHiM BHOIpII
JUcIiepcis 00uYnCIoBaiacs Ha IiJIcTaBl 0JHAKOBOI KIJILKOCTI JaHUX M,
3acTocoByOTh G-xpumepiii (kputepiii Koxpena). Craructuka G
BKa3ye, SKy 4YacTKy Ma€ MaKCHMalbHa JIHMCIepCis B 3aralbHil
nucriepcii, i 00YUCIIOEThCS 32 (OPMYIIOH:

GP — S,j {yl }max ’ (310)
S
=1
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1 < .
ne s?{y,}= —Z Vi, — Vi ) — mucnepcis juis koxwoi i -of BUGipKw,
m-1{5

i=1,N.
Bucysatotrs rimoresy Hy: aucmnepcii omHopigHi. Jns mepeBipku

HyJIbOBOI ~ TilOTE3M  3HAWJCHE pO3paxyHKoBe 3Ha4YeHHs G,

NOPIBHIOIOTh 13 KPUTHYHUM 3HAa4YeHHAM Koediunienta G, ske

3HAXOMASTH 13 TaOMUIb KPUTUYHUX 3HA4YeHb G-KpUTEpil0 Ha MEpeTHHI
cropnug f, =m-1 Tta pagka f_ =Nngns 3agaHoro piBHA

CTaTUCTUYHOI 3HAYYIIOCTI 0.
Skwo G, <G, Ha Ni/CTaBl HASBHUX JIaHUX MOYKHA CTBEPIDKYBATH, IO

BUOIpKOBI quicriepcii OyayTb OAHOPiAHI, TOOTO rinoTe3a Hy MpuitMaeThCsl.

Slkmo rimoreza Tpo  PIBHICTH AWCHEpPCId  BIXWUISETBHCA, TO
301BIIYIOTE OOCST BUOIPOK 1 3HOBY MEPEBIPSIOTH Timoresy. SKmo x
rinoTe3a 3HOBY HE MIATBEPKYEThCS, Taki BHOIPKOBI JlaHi CIJIBHO
00po0IATH HE MOXKHA.

IMutanns aas camonepeBipkn

1. lllo Ha3uBaeThHCS napaMeTpuIHuM KpHTepleM’7

2. 3amnucatH KpUTEpi MEpeBIpKH TilMOTE3d NPO PIBHICTH JBOX
cepennix i3 Bimomum CKB.

3. 3amucatu KpuUTEpid MEpeBipKH TiNOTE3d MPO PIBHICTH JBOX
cepennix 3 HeBigomum CKB.

4. 3a sIKUM KpUTEpieEM MEPEBIPSIIOTH TINOTE3H NPO PiBHICTH AUCTEPCiit
JIBOX BUOIpOK?

5. SIk mepeBipsAOTH TIMOTE3U MPO PIBHICTh AUCHEPCiH ABOX BHOIpOK
IIpH TIPaBOOIYHIN KpUTHYHIK 001acTi?

6. SIk mepeBipsAOTH TIMOTE3U MPO PIBHICTH AUCHEPCIH ABOX BHOIpOK
MU IBOOIYHIM KPUTHYHIN 00NacTi?

7. 3a SKUM KpHUTEpieEM Ta SIK HEpEBIpAIOTH TINOTE3W NPO PIiBHICTH
JUCTIEPCIH KiITBKOX BUOIpOK?

8. Sk kopuctyBatucs TadbauisMu F-posnoniny Ta G-posnoainy?
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3.4. KPUTEPIIi 3roan

Kputepii 3roau PosrismayTi pasHime METOIU
BUKOPWCTOBYIOTb ANA | TepeBipKH TilOTe3 TMPUITYCKaId, IO
nepeBsipku Y3rODKEHOCTi | (hyHKIIOHATbHA bopma 3aKOHY
HaAaABHUX eKcnepuMeHTanbHux po3n0niny BiI[OMa, " BU3HAYAIUCS
AaHNX 3 TEOPETUHHUM | e 3HaueHHsT mapaMeTpiB  IBOTO
3aKOHOM, LLIO MPUNYCKAETLCS. 3AKOHY.,

OnHak y JesKuX BUMAIKax caM BHJ 3aKOHY PO3MOAiTy moTpedye
CTaTHCTUYHOI mepeBipku. Panime Oyno po3risHyTO, SIK, 3iCTaBISIOYH
HMOBIDHOCTI TMOTpAIUIIHHS 3HAa4eHb B I1HTEPBAIA 3 BiANOBIIHUMU
4aCTOCTSIMH, OTPUMAHHUMH 3i CIIOCTEPEKEHB, 400 MPOBOLIIN rpadivne
MOPIBHAHHS TOJIFOHIB 1 TICTOrpaM 13 KPWUBOIO PO3MOAITY, MOXKHA
CKJIAaCTH TIEPBHHHE YSBICHHS MpPO OJIM3BKICTh TEOPETUYHOTO Ta
EMITIPUYHOTO PO3IIOIIIIB.

Iloctae muTaHHA PO KpuUTepii MEpeBipKH TiMOTe3W MpPO Te, IO
BenauurHa X BIZNOBITAa€ KOHKPETHOMY 3aKOHY PO3MOUTY 31 HIUIbHICTIO
iMoBipHOCTI p(X).

IMonibHi  kputepii 3a3BUYali  HA3UBAIOTH  KpUMeEpiamu  3200U
(6ionosionocmi). BoHM TIPYHTYIOTbCS Ha BHOOpi TEBHOI  MipH
PO30KHOCTI MiX TEOPETHYHHM Ta EMIIPUYHUM po3mnoaiiamu. Ko
Taka Mipa po30DKHOCTI IS PO3MJISIHYTOIO BUMAIKY IEPEBUIILYE
BCTaHOBJICHY MEXY, TIII0TE3a BIIXMISETHCS i HABIAKH.

TakuM YMHOM, TIEPEBIPUTH TaKy TiOTE3y — O3HAYA€E IEPEKOHATHCS B
TOMY, 1110 HasBHI JaHi CIpaBi B3STO 3 TeHEPAIbHOI CYKYITHOCTI, SIKa Ma€
nepeadadyBaHUil 3aKOH PO3IOILITY.

Po3srnsiHeMo 3acTocyBaHHS OJHOTO 3 HAMOUIBII Y)KUBAaHUX KPHUTEPiiB
Y’-Kpumepiio Htpcona

Kpumepiii y° nupumyckae, 0 HasBHIi eKCIEpPHMMEHTAIbHI JaHi
po36uBaioTh Ha | eeMeHTapHUX IHTepBaiB, KOXKHUI 3 SKUX MICTUTh HE
MeHII HiX 8—10 3HaueHb. 3a BIJOMUM NPaBMWIIOM OYAYyIOTH TiCTOrpamy,
3a BWJIOM SIKOi, SIKIIO HEMae JIOJATKOBHX JDKEped, MOXKHa 3pOOHTH
NPUIYLICHHS NP0 MOXIIMBUMA 3aKkoH posnoxindy. llinbuparors 3akoH
PO3MOIiTy, SKOMY IIOHAWOLIbIIE BiMOBIAAI0Th HASBHI JIaHI.

Jiist KOXHOTO eIeMEHTapHOro 1HTepBaJ1y MOXXHa BH3HauuTH M, —
KiJIBKICTh 3HA4€Hb, 110 TIOTPAITWIH B I-i 1HTepBa.11 i=1,..,1

Bucysatores rinoresy Hy: eMINIPUYHUN PO3MOAIT  HAICKUTH 10
nependavyBaHOro TEOpeTHYHOro. sl Toro o0 MepeBipHUTH BUCYHYTY
rinotesy, HEOOXiZHO OLIHWTU pPO3ODKHOCTI MK eMmipuuHoo M i
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TEOPETUYHOI0 M, KUIBKICTIO MOTpAIUISIHb 3a €leMEHTapHUIl 1HTepBaa 3a
NPUIYILEHHS, O 6unadkosa BeAWdMHa X Mae mepeadadyBaHUN 3aKOH
pO3Toaiy.

YcTaHOBIEHO, 0 BEIUUYNHA

MM _ 3.11
Ny g (3.11)

pO3MofiiecHa HOPMAaJbHO 3 HYJIbOBHM MaTEMaTWYHUM CIOJIBaHHAM 1
OTMHWYHOIO Jaucrepciero. Bimomo, mo cyma KBaipaTiB HOPMOBaHHX
HOPMAITbHO PO3MOUIEHNX BEIWYHMH MiIIOPIIKOBYETECS ) -PO3MNOILTY
[Tipcona:

|
=28

Buxospstan 3 Bupasy (3.11) MOXHa OGUHCIIHTH PO3PAXYHKOGE SHAYEHHS. ), -

Ty = ZI:M (3.12)

i1 np;

Bupas (3.12) BHUKOPHCTOBYIOTH SIK CTATHCTHKY Ui II€PEBIPKH
rinoTe3u npo nepeadavyBaHnui 3aKOH PO3MOALTY.

I[J'ISI 3HAXOKCHHA  TCOP €TUYHOI  KITBKOCTI MOTpAaIJIgIHb mi

2

.. L N o m.
PO3TIIIHEMO CITIBB1AHOMICHHS mi — 1 3amMIIIEMO HOTO SIK N—-.
n n

Binnomenns M, /N € 9acToTorO (YaCTICTIO) MOTPAIUISHHS PE3YJIbTATIB Y
I-ii eneMeHTapHUil iHTepBan. Bimomo, 1m0 mpu 30UTbLICHHI 3arajbHOI
KIUIBKOCTI  CIIOCTEpEeXXEeHb N YacToTa HaOIMKAEThCS IO TEOPETHYHOI
HAMOBIPHOCTI pj OTPAIUISHHS BUIAIKOBOI BEJIMYMHH B I-i €IeMEHTapHHUI
iHTepBa MpU TepeadadyBaHOMYy 3aKOHI po3mojiny. Buxomsuwm i3 1poro,
MO>KHA 3aIMCaTH:

A

L . m
limm,=nlim—.

n—oo n—owo N

[Mam’sTatoun mpo Te, 10 TPAHUIEIO, 10 KO MpsiMyBaTHMe M, TpH
30UIBIIEHHI N, € TEOpEeTUYHE 3HAU€HHs M, KUIBKOCTI MOTPAIUIAHb B
1HTepBaJl, MOXKHa 3amucata m, =np,.
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Takum 4nHOM, MOKHA OOYMCIIUTH TEOPETHYHI 3HAYEHHSA M, a IOTIM
3HAWTH pi3HMIIO M —M,, IO XapakTepusye pPO30LKHICTh KITBKOCTI
MOTPAIUISIHb Y KOXKHUI I-i iHTepBaJl.

[MoTpamisiHHsL  pe3ysbTaTiB B I-d  IHTepBal XapaKTEPHU3YEThCS
OiHOMiaTPHIM 3aKOHOM PO3TIOALTY, IS IKOTO

o =4/npq=./np(l—p)=+/np—np? ~/np.

I[J'I}l 3HAXOJKCHHA P; HCO6X1)1HO KOpHUCTYBAaTUCA CHIBBIHHOHICHHHM:

Xis1

o= | p(ckix,

X

ae x; i X1 — KiHII iHTepBaly, a p(x), HaOpHKIad, AJIsS HOPMaJbHOTO
3aKOHY Ma€ BUTJISAL!
(x=Mx)

P *

2nc

VY Bumnaaxky, koau MX i ¢ HeBimoMi, HEOOXiTHO OOYHMCIUTH iXHI

OLIHKA X 1 S Ha MIACTaBi NOCIIAHMX JaHHUX 1 YBECTH iX y BHpa3 i
3aKOHy posmnoziny. Tak, i HOPMATBHOTO 3aKOHY OLIHKA IILTBHOCTI
HMOBIPHOCTI:

7(x—¥)2
Bx)= e =

- 21S

OcCKinvKu Ha niOCmMagi mux camux eKCnepUMeHMAaNbHUX OAHUX
000amkogo oduuciwoioms Xi S, Mo 6mpaiarmscsi 08d
cmyneni c60600u, moomo f=1—1—2.

OtpumaHe 3HAYEHHS X'ZJ MOPIBHIOIOTH 13 KPUTHIHUAM Xip: Y3ITHM 3

tabmumi  x° — posmomimy us  oOpaHOrO piBHA  CTATHCTHYHOL

3HAYYIMOCTI O i KITBKOCTI cTymeniB ceoboau f =1 — 3.
2 2 .
Slkmo ¥, <x,,» MOXHA CTBEP/UKYBaTH, WO 3 OOpaHWM piBHEM

CTaTHCTUYHOI 3HAUYYLIOCTI O MPUUMAEThCs Timore3a Hy, TOOTO HasBHI
JlaHl BIATIOBIAIOTH TependadyBaHOMY 3aKOHY po3mnoniny. [imoreza Hy

BIIXWISETbCSI TPH  3HAYCHHSAX Xf,, OlmpmMX  3a Xip’ TOMY
BUKOPHUCTOBYETHLCS TIIBKHU IPaBoOiuHA KpUTHYHA 00J1acTh (IUB. puc. 3.3,
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Bzazani y npaxmuyi nepesipku 2inomes npo 8ionogioOHicmy 3aK0HY
PO3N00INy  HAMA2AIOMbCA  3ACMOCO8Y8AMU  08d  Memoou
nepesipxu, Wo RIOBUWYE BIPO2IOHICMb NPULIHAMMS DiULeHHSL.
Ocobnueo ye 6adcIUB0, KOMU XAPAKMEPHI PUCU 3AKOHY
PO3N00INY nepedysamsb HA U020 «X8OCMAXY, WO He 3d8HCOU
MOJICHA BUABUMU NPU MATIOMY 00CA3i 6UNpo6Y6aHb.

Kpurepiii o° (omera-kBaapar). Kputepiit x°, He3BaxKaiouy HA CBOIO
MPOCTOTY, HE 3aBXAHM 3a0e3ledye HaJiifHy NepeBipKy TilOTe3H IIpo
3aKOH PO3MOJIiTY, OCKUIBKM YacTHHA BUXiAHOI iH(popMamii BTpadaeTbes
MpH 31MCHEHH]I TPOLEAYPY TPYILyBaHHS JaHUX.

PosrnsHeMo kpuTepiii 3rogM TpW TMPOCTIA TIMOTE3i, IO TOBHICTIO
(hbikcye 3aKOH pPO3MOJUTy TEHEepallbHOI CYKYITHOCTi, 3 SKOi OTpHMaHO
BuGipKy. Lleit Kpurepiif, mo JicTaB HasBy ®’, Ha BiAMiHY Bim °,
IPYHTYETBCSL  Oe3nocepednvbo Ha  cnocmepedcenux — (He3epynosanux)
3HAYECHHSIX BEITHMYUHU X.

Hexaii rinoTe3a nossrae B NpUIIyIICHHI, 1110 BEJIMYMHA X PO3IO/IiICHA
BIIMOBIZIHO [0  JIGIKOTO  HEINEPEePBHOI'O  3aKOHY  pO3MOJLTY 3
iHTerpasbHOI0 GyHKI€er F(x), ika BBaKAETHCS BIZIOMOIO.

PosrisiHeMo psx  BUOIPKOBHX 3Ha4€Hb X, X,,...,X, BHIIAJKOBOI
BermurHA X. [lo3HAaUMMoO 7,- KiNBKICTh 3HAuY€Hb, IO IepedyBae JTiBOPYH

. .. n . .
Bil BUOpaHoro 3HaueHHs. Toxi BigHomeHH — =W, (X) 1 € EMIIPUIHOIO
n

¢dyHkuiero posnoainy. [Ipu Benukomy 00cs3i BUOIpKH emmipruyHa (QYHKITiS
posnonity W, (X) € ampOKCHMAIIIEI0 TEOPETHUYHOI (PYHKIT PO3MOaiiTy

F(x).

X

F(x)= _[p(x)dx :

Pizanms Benmmuna W, (X) iF (X) MO)kKe OyTH BUKOPHICTaHA SIK Mipd

po36ixcHocmi MiX BHUOIPKOBHUMH JaHMMH Ta TepeAdadyBaHUM 3aKOHOM
PO3MOAITY TeHepalbHOI CYKyMHOCTi. 3a Mipy wi€i po30OikHOCTI OepyTb
Cepe/HId KBaapaT BIIXWICHb 3a BCIMAa MOXIMBUMH 3HAYCHHSIMHU
apryMEHTY:

o = [, ()~ FXFIF (),

ne dF(x)= F'(x)dx.
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3 HasgBHUX BHOIPKOBHX MJaHWUX OYIYETbCA BapialliiHUNA  psin
X <X, <...<X, . TeopeTnuHo piBHICTH Oy/b-AKHX [BOX WICHIB y LIbOMY

psni depe3 HelepepBHICTh QyHKIIT F(X) MPaKTUYHO HEMOXKJIMBA, TOOTO
Ma€e HMOBIPHICTh, WO JOPIBHIOE HyIO. BBakaemo, mo mm X< X
eMripu4yHa QyHKLISA PO3MNOJLLY AOPIBHIOE HYIO, & NP X > X, JOPIBHIOE
ozHuLi. Binnosizso 10 Takoro BusHaueHus ynkuii W, (X) maemo:

W, (x)=0 npu xX<X

k
Wn(x)zH mpu X, < X< X, me k=12,.n-1  (3.13)
W,(x)=1 mupu x> X,

1

Emrmipranaa GyHKIis cTprOKOM 3MiHIOE CBOI 3HAYEHHS B TOYKAX X = X, HA — ,
n

30epirar0du Iie 3HaUCHHS MPOTIIOM YChOTO IHTEPBATY X, - X,+1 (prc.3.9).

14

Puc.3.9

Buxonsuu 31 cmiBeigHomeHHs (3.13) MoOXHA NpPEJACTaBUTH BUpPA3 IS
KPHUTEPir0 ®° Y BUITIsII OKPEMHUX J10JaHKIB:

X n-1 X1 +o0

o = [[0-FFdFe)+3 | [E—F(X)} dF (0 + [[L- F(xFdF (x)-(3-14)

e k=L x, %

PosrisiHemo nepury ckianoBy iHterpaia (3.14):

X

Jo-FOOPrM =-Z[0-FOPI*, =3F(x). (@19

—00
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PosrisiHeMo apyry ckianoBy interpania (3.14):

Xies1 2 r 3
[ 5-Foo| =214 -F]
n 3[n

Xk

X1 —
X

3

1 kT 1 kT
:§|:F(Xk+1)_ﬁ_ _§|:F(Xk)_ﬁ:| (3.16)
Po3srisiHeMo TpeTio ckinanoBy iHTerpaia (3.14):
Jl-FooFoFeo - SB-FOOFI =+5B-FOOF @17

x

n

[MincraBasemo noxanku (3.15), (3.16), (3.17) y Bupa3s (3.14), nicraemo:

o? =1F3(x1)+nz_l:{l{F(xM)—%T _E[F(xk)_ﬂg}%[l_ o )F.

3 |3 3

[Ticis cripolieHb OCTaHHIN BUpa3 HAOUPAE BULIISY:
k=n

1 1 2k -1
= 2 P 5

n k=1

(3.18)

L5 piBHICTB MTOKa3ye, B AKUI CIIOCIO 2 3QJIEKUTH Bl IHMBI Ty aIbHUX
YIJIEHIB BapiamiiftHOTO PsLY.

Tounuii po3noain ®° ayXe CKIaIHHM, aje JOCHIPKEHHS MOKa3yOTh,
mo Bxe mpu N > 40 po3nofin A06YTKy N’ GIH3BKHMH 10 IESKOro
TPaHUIHOTO PO3IMOALTY, IS SKOTO CKIazeHo Tabmuil. dparMeHT Takoi
TaOJINI HABEIEHO Jai:

o 0,5 0,4 0,3 0,2 0,1
(o), | 0.1184 | 0.1467 | 0.1843 | 0.2412 | 0.3473
a 0,05 0,03 0,02 0,01 0.001
(o), | 0.4614 | 05489 | 0.6198 | 0.7435 | 1.6979

. 2
3a Ta6J'II/II_[$IMI/I BM3HA4YalOTh KPUTHYHI 3HAYCHHS OJI8 BCJIWMYMHH N®

mpu n > 40:

Pl(nw?), > (ne?),, |=a.
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SKmo po3paxyHKOBE 3HAUeHHs KpuTepito Oylne MEHIIMM Bif
KPUTUYHOTO, TIPUMMAIOTh TiNOTe3y TMpo mepeadadyBaHUN  3aKOH
po3nofiny.

IuTanus a1 camonepeBipku

1.5Ixi kpuTepii HA3UBAIOTHCS KPUTEPISIMHU 3r0 1 ?

2.5Ik 3a kpuTepieM Y’ IepeBipAIOTh riNoTe3y Mpo 3aKOH PO3MONiTy?

3.5Ika mipa po301KHOCTI MK EMIIPUYHUM Ta TEOPETUIHUM
PO3IO/IiTIOM 3aCTOCOBYEThCS ISl KPHTEPito 3 * ?

4. SIxa BelMUMHA I AyIsTaE po3nominy ¥’ ?

5. Ik BU3HAYAETHCS YUCIIO CTYTEHIB CBOGOIH IS po3moziny x> ?

6. Slka BenmMYMHA 3aCTOCOBYETHCS SIK CTATHUCTHKA ISl INEPEBIPKU
TinoTe3u Mpo 3aKOHU PO3TOALTY?

7. YoMy BUKOPHCTOBYETHCS TIILKA MPABOCTOPOHHS KPUTHYHA
obnacts?

8.5Iki BifMiHHI 0COGIHBOCTI Mae KpuTepiit »?

9. flka wmipa po30DKHOCTI MK EMIIPUYHAM Ta TEOPETUIHUM
PO3IIOIIOM 3aCTOCOBYETHCS sl KPUTEPII0 M°?

10.5IK 3HAXONTHCS KPUTHUHE 3HAUCHHS TS KPHTEPII0 072

3.5. HETAPAMETPUYHI KPUTEPII

Y HenapameTpU4HNX KPUTEPISX He B CKCIICPUMCEHTAJIPHUX
poBUTLCS NPUNYLLEHb LWOAO JOCII/DKEHHSIX ~ 9acTo  MOTPiOHO
po3nopainy reHeparnsHoi MOPIBHATH [1Ba MapajielbHUX PAIH
CYKYMNHOCTi. BOHM 3aCTOCOBYIOTLCS | criocTepekeHb Haa 00'€KTaMu, MI0
npu 6_Y/Ilb'9'KV'X 3aKOHaX AK AnA HaJIEKATh JI0 PI3HUX pPI3HOBUJIB,
KiNbKICHUX, TaK i SIKICHUX O3HaK. THIIiB, COPTIB.

Ilpy wpoMy BuKOHYIOTH N [mOCHImIB TpW CHUCTEMATHYHIA 1
IUTAHOMIpHIA 3MiHI BiJl JOCHITYy JO JOCHiAy pIiBHA SKOTrO-HEOYIb
(dakTopa, pO30DKHICT y il SKOr0 Ha KOXKHHUK 13 JBOX PI3HOBHUIIB
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00’€KTiB MalOTh 3’ACyBaTH. Y KOXXHOMY TaKOMYy JAOCIiAiI Haja Maporo
00’€KTiB, BUKOHAHOMY, NPUPOJHO, y HE3MiHHMX YMOBax, MaloTh JBa
3HAYCHHS ITOPIBHIOBAHOI 03HAKH IBOX 00’ EKTIB.

Henapamempuuni xpumepii BAKOPHUCTOBYIOTECS JJTsl IEPEBIPKU TOTO, UM
HaJle)kaTh JBI BUOIPKHM 1O Ti€l caMoi T€HepalIbHOi CYKYITHOCTi, TOOTO 4H
OIHOpPiAHI 1 BHOIpKM (3HAYCHHS pE3YyJbTaTiB BUIPOOYBaHb MarOTh
onHakoBi (pyHKHii po3noxainiB). Taki kKpuTepii IPyHTYIOTBCS HAa BHUBYEHHI
MOCHIZIOBHOCTEH  peayi3aimiii ~ BWIAJKOBOI  BEMMYMHU.  BijmoBiaHi
OOYHMCIIOBANIbHI  TIPOLIEAYPH € €(EeKTHBHUMH HaBiTh IIPU OOMEXEHHX
o0csirax BUOIPOK.

Kpurepiii Viakoxcona (kpurepiii cepiii). Lleit kpurepiii nae smory
Ha OCHOBI HasBHHX BHOIPOK, BHKOPHCTOBYIOYH IHTErpanbHy (yHKIiO
I/IMOBlpHOCTCI/I NePEBIPUTH TiNOTE3y Npo Te, MO ABi BUOIPKM MarOTh
OJTHaKOBHH 3aKOH PO3IIOJLITY.

Takum wumnom, rinotesa Hg:Fy (X)=F (X) mnepesipserbcs 3a
JIOTIOMOT'O0 O/IHi€T BUOIPKH (X1,..., Xp1) 3 X 1 OiHi€T BUOIPKH (V1,.. ., Vn2) 13
Y. Hlomo po3nozimiB X i Y HIIKUX IPHITYIIEHb HE POOUTHCA.

3HAUeHHA Xi,..., Xn1 Ta V1,..., Yoz 000X BUOIPOK YIOPSAKOBYIOTHCS Y
CHinbHUY BapialiitHuii psg. Komu B boMy psfli eJIeMeHT OfHi€l BUOipKH
OUTBIINK BiJl €JeMEHTa 1HIIOT BUOIPKU, TOBOPSATH, IO MMapH 3HAYCHB (X;
¥j) YTBOPIOIOTS iHEepCilo.

Ilin ineepciero po3ymitoTh Tiepexia Bia eneMeHTa OfHi€i BHOIPKU 10
€JIEMEHTa 1HINOI BHOIPKH TPH TMOCIIJIOBHOMY TIPOCYBaHHI B3IOBXK
BapiaIfiifHoro psmy, MpUYOMy iHBEpCis He TependavacThCs sl MEePIIoro
elleMeHTa BapianiiiHoro psgy. Sk KOHTpOJbHA BEJIHMYMHA OEpeThCs MOBHA
KUTBKICTb iH8epCill u.

Hpuxaan. Ins PALY X1, V1, Y2y X2, V3, Yar Vs, X3 TIEpen Yy € TUIBKHA OIUH
CIIEMEHT X, & OTXKe, KUIBKICTh IHBEpCiid I[OplBHIO€ omunmi. Enementy y;
nepesye OJMH €JIEMEHT X, KiJIbKICTh 1HBEPCIH TaKOX JIOPIBHIOE OJMHHIII.
EneMeHTy 3 TIePeIyIoTh JIBa CJIEMEHTH MEPIIOi IPYIIH, @ OTXKe, KUIBKICTh
1HBepc11/1 JIOPIBHIOE JIBOM. AHAaNOTiYHO JUIS )4 1 Vs. [IOBHA KiJIBKICTh
iHBepciil u = 1+1+2+2+2 = 8.

Jl1ist iepeBipKH HyJILOBOT TIiMOTE3W MOYKHA 3aCTOCOBYBATH JIBA CIIOCOOM.

1. Skmo rimoTe3a MpaBWiIbHA, OOYUCIICHE 3HAYEHHS U HE TOBHHHE
BiIXUJIATHUCS BiJl CBOT'O MATEMAaTHYHOI'O CIIO/IiBaHHS:

Mu =%‘, (3.19)

JIemin — ob6csaru BHOIPOK.
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. . . mn . .
Big rimote3n B1AMOBJIAIOTBCA, SAKINO (U —7 OibIIe B11 IICBHOTI'O

KPUTHYIHOTO 3Ha4YeHHs U, Kpurmyne 3HaveHHS U, OEpyTh IS 3a1aHOTO
PIBHS 3HAYYIIOCTI 0 3 TAOTUII KPUTHIHHUX 3HAYEHB Y ITKOKCOHA.

2. Y 3araabHOMY BHIAJKy, @ TAKOXK y BUIAAKY BETUKUX M i N, ais
SIKUX U, HE MOXKHA B3SITH 3 TaOIUII, CIIPaBIKy€eThCS hopMmyra;

mnim+n+1
o o 12

1e Z, — BU3HAuaeThes 3 Tabmuub Jlamnaca. .

Kpumepin 3naxie (mediannuit kpumepiii). VIoro BUKOPHUCTOBYIOTh
TIBKU B pa3i, Kosu BHOIpKU X Ta Y 0THAKOBI 32 00CSIrOM, TOOTO 3HAUCHHS
MO>KHA PO3IVISIIATH Y BUIJISI MacUBY map uucedn (x; y;), i =1...Nn...

[pu 3acTocyBaHHI IILOTO KPUTEPitO OYAYETHCS CHIILHUN Bapiali iHAN
psan. CrovaTky BH3HAYAETHCS MeJiaHa Ui MBOTO Psiay. SIKIIO KiNBbKIiCTh
3Ha4YeHb HEMapHa, TO SIK MeJiaHa BUKOPHCTOBYETHCS CEPENHIM €NeMEHT.
SIkImo  KUIBKICTH  IIapHa, MejdiaHa mepedyBae Mk x, 1 X, 1

m
00YHCITIOETHCS 33 (POPMYJIOFO: 2 21

Xm + X
— —+1
2 2

2

ITicas oOuMciaeHHS MeOiaHd BHU3HAYACTHCS 3HAK  BlAXWIICHHS

Me =

MMOTOYHOrO 3HAYeHHd X; I=1,m, BigZ Memiauu. Y Takui Crocio
OJICP)KYIOTh TMOCIIOBHICTh 3HAKIB, IO PO3IMAJAETHCA HA OKpeMi cepii
3HAKIB OJTHOTO BHJY, YKJIQJICHUX MIXK 3HAKAMH THIIOTO BHIY.

Mpuknan. ++———+————+ + + — KinbkicTb cepiii I = 6.

3a cnemiadbHUMU TaONUIIMKA JUIS BIJOMHUX 3HAY€Hb KIJIBKOCTI
cnocrepexkeHb y BuOipkax N; 1 N, BHU3HA4aeThCs JJIS MMEBHOTO PiBHS
CTATHCTUYHOI 3HAYYymOCTI O Il o (Uoozs) 1 T s (to975). SKio
BUKOHY€ETBCS CITIBBITHOIICHHS

er. << er. B1

rinoTe3a Mpo HaJeXHIiCTh BUOIPOK JIO OJHIE] reHepalibHOI CYKYITHOCTI,
mst kol Fy (X)E K (X), NpUAMAEThCSI, Y TPOTHICKHOMY pasi —
BiJIXUJISETHCA.

Kputepiii 3HakiB HaOyB MOWIMPEHHS B AOCIIAHUIBKUX poOOTaxX
3aBISKH TOMY, IO IMpOLeaypa MOro 3acTOCYBaHHS BHHITKOBO IPOCTA,

BUMIPIOBaHHS O3HAKM, IO BPAaXOBYEThCA, MOXYTh BHKOHYBATHCS
rpyoumMu 3acobamy, TOMY IO Ma€ 3HAUCHHA JHMIIE 3HAK Pi3HUII
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pe3ybTaTiB BUMIPIOBaHb, @ B OCHOBY KpHUTEpilO0 MOKJIAAEHI MpOCTi
MOJIOKEHHS, SIKUX MaibKe 3aBXAW JOTPUMYIOThCS (HampwKiIaa, He
MIPHUITYCKAIOTh HOPMAIBHOTO PO3MOALTY JOCIiKYBAaHUX BEIHYIHH).

ITuTanus 1J1s1 caMmonepeBipKn

1. Ski xkpuTepii HA3UBAIOTHCA HETAPaMETPUIHUMH?

2. Slka rimore3a nepeBIPSETHCS 3a TOMIOMOIOI0 KPUTEPiro YiIKoKcoHa?

3. o Take iHBepcis i SK BOHA BU3HAYAETHCS?

4. Slk nBoMa crmocobaMu 3a JIOTIOMOTOI0 KpHUTepito YiKoKkcoHa
MEPEBIPUTH MPABUIBHICTH TIOTE3U?

5. SIk BU3HAYAETHCS KPUTHYHE 3HAYCHHS W KPUTHYHA OOJACTH VIS

KpUTepiro YinkokcoHa?

6. Ilo Take memiana? Slk BOHa BU3HAYAETHCS ISl BUOIPKOBUX 3HAYCHB?
7. 1o Take cepist 3HaKiB Ta K BOHA BU3HAYAETHCA 7
8. Sk BU3HAYAIOTHCSA KPpUTUYHEC 3HAUYCHHA Ta KPpUTUYHA O6J'IaCTB JJIsA

KpHUTEPIO 3HAKIB?

3.6. MEPEBIPKA I'lMOTE3 BIJHOCHO YACTKHU O3HAKH
HHOPIBHAHHSA 1BOX BUBIPOK

KpuTepii wiei rpynu gatoTtb 3mory
BMKOPWCTOBYBATW YacTKy O3HaK i
NPUUMATK piLLEeHHSA NPO
BMaCTMBICTb reHeparnbHoi
CYKYMHOCTI Ta BignoBigHiCTb
HOpMaM.

Bynemo posrismaTu 3aa4i;
TMOPIBHSHHS ~ YaCcTKM  O3HaKH 3
HOPMAaTHBHUM 3HAYEHHIM

(ctaHmapToM) Ta TOPIBHSHHS YacTKH
03HAaKH Y JBOX CYKYITHOCTSIX.

IlopiBHSIHHS YaCTKM 03HAKH 3 HOPMATUBHUM 3HAYEHHSIM.

Hexait H0Tp16Ho HepeBlpI/ITI/I rifnore3sy, 110 YacTKa p JIeSKOI 03HAKU Y
TeHEepaIbHIA CYKYITHOCTI Z[OplBHIOC JIEIKOMY HOPMATUBHOMY 3HAaY€HHIO
a, ToOTO BHUCYBAETHhCS HyJb-TilOTe3a Hy: p = a 3a adbTePHATHUBHOI
rinore3u H;: r #a. ns HepeBipKM rinore3u Hy3acTOCOBYIOTh IBOOIUHUI
KpI/ITepH/I OCKIJIBKH TOpYIICHHS rinore3u Hy Moxke OyTH 5K y pasi p > a,
TaK i B pasi p < a. SIK KpUTEPiii 3aCTOCOBYEMO CTATUCTHKY

W =m/n,

Jie N — 3arajibHa KUTbKICTh BHIIPOOYBaHb, M — KUIBKICTh MO3UTUBHUX

pesynbTatiB, W — gacrora.
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Ls cratucTuka npu OyAb-IKOMY N po3mofijieHa 3a OiHOMiabHUM (1S
BUOIpKM 3 TOBEpHEHHsM) abo 3a TimepreoMeTpuuHMM (Uit BUOIpKH Oe3
MOBEPHEHHST) 3aKOHOM po3monairy. OmHaK MpH TOCTATHRO BEIMKOMY N TIPH
pO3paxyHKax MOXKHa CKOPHUCTATUCS ACHMITOTUYHHMH  PO3MOJIiTaMu,
HaifyacTime — HOpPMaJbHMM. BuUXOAsSdW 3 HOPMAIBHOTO 3aKOHY
PO3MOIUTY TPU 3alaHOMY PiBHI 3HAYYIIOCTI 0 3HAYCHHS Z 3HAXOJATH i3
TaOJIUIF HOPMAITEHOTO PO3IOALTY 3TiHO 3 PIBHICTIO:

< ZG(r%) =l-a,

. ) 2 pPq
V3sBIIM 10 yBard, mio Jyisi OIHOMIiaJbHOTO 3aKOHY G (%)zT, a

P

m
—-a
n

Takok, mo = 1 — P i ;A7 PO3MNIIHYTOTO BHUMAAKY BHXITHUM
MPUITYIIEHHSM € p = @, IICTAaHEMO BUpa3:

ofpf)= [ 22=2),

SIKMHA HaJalli MO)KHA BUKOPUCTATH VIS 3HAXODKEHHS HaAiHHUX MEX Ui
W. KpuTHuHI TOYKH B IbOMY BHIIQJIKY:

all— 1-
Weoi=a-2,, M; W, =a+2,, M
n n
Skmo BubipkoBa wacticte W 6yne B mexax [W;, W], rimoresa Hy
NPUHAMAETHCSL.
VY BUmajKy, KO MEpeBipsAIOTh AlbTEPHATUBHY rinorte3y Hi: p > a,
BUKOPHCTOBYIOTh ~ OJHOOIYHY KpPUTHYHY 00NacTb 13 TpaHUYHUM
3HAYEHHSM Z 3T1IHO 3 PIBHSIHHSM:

P{% >WKP2} =a.

Ipuknan. IlepeBipseTbcss BHECOK AESIKOT0 KOMIIOHEHTa JI0 CKJIaLy
MPOAYKLII.

1. Tlepemiputh BiANOBIAHICT, BKIamy ckiaagoBoi 10%-Homy
CTaHAApTHOMY 3Ha4YeHHIO, TOOTO nepeBipuTH rinmotesy Hy: p = 0,1.

2. TlepeBipuTH, 10 HASBHICTH IIHOTO KOMIIOHEHTa Yy TMPOJIYKIIii He
nepesuinye 10%, To0To nepeBiputu rinoresy Hi: p > a.

ITopiBHSIHHA YAaCTKHM O3HAKH Y JABOX cyKymHocTsX. [Ipumyctimo,
o MaeMo My / Ny Ta My / N, YacTKH OJHIET O3HAKHU Y ABOX CYKYITHOCTSIX 3
N; Ta N, oguHUI. BHCyBaeThes rimores3a Hy: po30iKHICTE Mk M/ Ny Ta
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M, / N, € pe3yabTaTOM BIUIMBY BHUIIQJAKOBUX (PAKTOPIB Ta OOMEKEHOTO
o0csry BUOIpOK.

PosrnsaeMo BUnanok geauxux eubipok. SIKmo Ny ta N, 6imemri 3a 30,
TO PO3MOALT BHOIPKOBUX YacCTOCTEH MpH BUKOHAHHI NMPUIYLICHHS MPO
HYyJBOBY PO301KHICTH Oy/e ONM3BKUM JI0 HOPMAJIHHOTO 3 TapaMeTpaMu:

() )-v

J111st mepeBipKy TinoTe3u 3aCTOCOBYIOTh CTATHCTHKY:

m m
w=Tw M
n m

Cratuctuka W Takoxk Moxke OyTH TOfaHa 3a JOMOMOTOIO
HOPMAaJILHOTO 3aKOHY 3 TIapaMeTpaMHu:

{3

Gz(W):Gz(ﬂ_ﬁJ:G (mlJ+0 (sz:p(l_ p{i+l}
n n n n, n

)1115{ HepeBlpKI/I rimotesun H, Oynemo BUKOPHCTOBYBATH JBOOTUHUIA
KpI/ITepH/I 3agarounch piBHEM 3HAYYLIOCTI 0, 3HAXOOUMO Z 3TiTHO 3

plBHS[HHS[M.
PiW|< zo(W )}=1-

a TIOTIM BU3HAYMMO KPUTHUYHI TOUKH:

ne p=(m +m,)/(n +n,)— omimka p, AKy OTPUMYIOTH Ha TI/CTaBi
HassBHUX JaHUX JIBOX BHOIpOK.

Skmo BubGipkose 3HaueHHS W 3Haxoxuthes B iHTepBai [Wip1, Wip],
TO TiNOTe3a PO HECYTTEBICTH PO301KHOCTI MPUIAMAETHCS.
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PosrnssHeMo BUNanok manux eubipox. SIKimo Ny ta Ny — Mai 4ucnia, To

BUKOPHUCTAHHS HOPMaJIbHOTO po3nonity Ui CTaTUCTUKU
m . .
W= m _ M € HeBipHUM. Y  [bOMY BHIAAKy  HEOOXiTHO
n n
| 2

BHKOPHCTOBYBATH KPUTEpIii ¥°, 32 JOMOMOTOI0 SKOTO, IK GYII0 MTOKA3aHO
paninre, npu igeHTH(]IKAIIl 3aKOHIB PO3MOAUTY MOXKHA BH3HAYUTH
PO301KHICTE MK TEOPSTHUYHUMH 1 BUOIPKOBUMH YaCTKaAMHU.

JIas PO3MISHYTOrO BHIAAKY Y- OOUMCIIOETBCS B TAaKHHl CIOCIO.
[IpumycTrmo, 10 Hac IiKaBUTH Jeska o3Haka 4. bepyTs NBi CyKyImHOCTI
oOcsraMu Ny Ta N, 1 pe3yJibTaTH JJIs MO3UTUBHUX A 1 HEraTUBHUX A
HACJIJIKiB 3aHOCATH Yy Tabm. 3.1.

VY 1abmumi M1 M, — KUIBKICTh €JIEMEHTIB y KOKHIN BUOIpLi, AKi HE
MaloTh 03HaKu 4. BuUXoasum 3 mpumylieHHs, 1o BUOIpKH B3STO 3 Ti€l
caMol TeHepaIbHOI CYKYITHOCTI 3 YaCTKOI O3HAKH p, MOXKHA BU3HAYUTH
TEOPETUYHI YacTOTH, SKI BIANOBIAAIOTH (DAKTUUHUM YACTOTaM prn,,

(1-p)m, pny, (1-p)n,.

Tabnuys 3.1
DaKTHIH YACTOTH OLiHKM TEOPETHYHUX YaCTOT
CyKymHicTh
A A Ycboro A A
Bubipxka 1 my m, Ny pny (1-p)m
Bubipxa 2 m, m, n, pn, (1-p)n,
VYcworo my+m, I’T‘l1 + r‘T’]z ny+ Ny — —

VY ocTanHiX ABOX psakax Tabumni 3.1 HaBeJeHI OLIHKY TEOPETUIHUX
YaCTOT, JIe 3aMiCTh ) BAKOPHCTOBYETHCS P = (m1 +m,)/(n, + nz).

Ha migcraBi maHux, HaBeneHuX y Tabmmimi 3.1, MOXXHA OOYMCIMTH
%2 3a GopMyII0IO:

A 2 — A 2 A2 — A 2
2 _ (m, - pn,) N [m, - (- p)n,] + (m;, —n,p) + [m, — (- p)n,]
pn, (1-p)n, pn, (1 p)n,
Jie y 3HAMEHHHUKAX 3aIllCaHO OITIHKH BiATIOBIIHUX AUCIICPCIH.
Bepyuu mo yBaru, mo Mixk 40TUpMa TEOPETUYHUMHU YaCTOTAMH iCHYE

TPH HE3aJIeXKH] CITIBBIXHOMICHHS, y PO3MOLI y° HEOOXiIHO BPAXOBYBATH
TIJIBKH OJIMH CTYIiHb CBOOOIH.

X
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Slkmo HympOBa rimoTesa, BIAMOBITHO MO SKOi OOMABI CYKYHHOCTI €
BUOipKaMu 3 OnHi€l TreHepanbHOI CYKYHNHOCTi, MpaBWIbHA, TO
PO30DKHICTD MK TEOPETHUYHHMMH Ta JAOCHIAHUMH YacTOTaMH MOYKHA
BIJIHECTH TLTBKHM Ha PaXyHOK BHITQIKOBOTO BigOopy. ToMy, BU3HaUHBIIN
JUIS PIBHS 3HAYYIIOCTI 0 3HAYEHHSA Y, NPUAMEMO pIIIEHHS Tpo

BiAXWMIIEHHST Timote3u Hy, AKIo X2 > Xip’ a00 Mpo HE3HAUYIIiCTh
pO36LKHOCTI pU 2 < Xip-

Mpuxaan. [IpoBoaunuce BUNPOOYBaHHS HOBOTO METOJY JIIKYBAaHHL.
OpnHa rpyna (ekcriepumenTtanpHa) — 3 50 oci6 (n; = 50) mikyBamacst 3a
HOBUM METOZIOM, a Jpyra («TpaauliiiHay), sika ckuaaanacs 3 30 ocib (n; =
= 30), — 3a TpaguuiiiHuM MeTomoM. Ilicis 3aBepIICHHS JIIKYBaHHS Y
nepiii rpymi 3anumiocs 9 xsopux (Mg = 9), a B apyrid — 7 (M, = 7).
Heo0OxinHO mepeBipuTH CyTTEBICTh €(heKTUBHOCTI HOBOTO METOY.

OO0YHNCINMO OLIIHKY TEOPETHYHOT YACTOTH XBOPHUX ITICIIS JIIKYBaHHS:

" 9+7
p=——=02
50+30
[To3Ha4MMO TO3UTHBHUHN PE3yNbTaT JJISI XBOPOrO — «BUITIKYBAJIUCS

3a 3a3HAYCHHUIA TEePioay SK MOMII0 A, TOJMI — «3aJTHIIWIUCS XBOPUMHY
Oyze 4. BuxinHi 1aHi Ta OTpuMaHi pe3ylbTaTH HaBeJeHo B Ta0. 3.2.

Tabnuys 3.2
Pesynsratu v Teopernuni
f CbOI'0

I'pynu, mo obcTexyBanucs JLOCIIIIKCHHS pe3ynbTaTi
4 A 4 4
ExcniepumenTtansHa 9 41 50 10 40
«Tpaguuiiiaa» 7 23 30 6 24

VYeworo: 16 64 80

Po3paxyHOK TeopeTHYHOT KiIbKOCTI TO3UTHBHUX PE3yJIbTATiB OyAeMO
[POBOAMTH BIi/MOBIHO 3a BUpazamu pn, Ta pn,. BHecemo y Tabnuio

3.2 OouwiHKy p TeopeTn4HOi KinbkocTi A Ta A. Buxonsuu 3 HaHuX,
HaBeleHHUX y Ta0i. 19.2, o0uncIuMo 3HaYeHHSI KPUTEPIIO:

2 2 2 2
x2=(9_10)  (41-40f (7-6) (23-24) _033.
10 40 6 24

CKOPHCTABIINCH TAOMUIAME Po3noainy x°, ans o = 0,05 Ta cTyneHs
cBoboau f = 1, 3HalineMo KpUTHYHE 3HAYCHHS Xip =3,8. TakuM umHOM,
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v < Xﬁp, TOOTO pOOMMO BUCHOBOK, IO PO301KHICTh YaCTKH XBOPHUX, SKi

3aNTUIIAINCS B 000X Tpymax IMicisl 3aKiHYeHHS TEPMiHY JIiKyBaHHS, He
3HaYyIla, a OT)Ke, HOBUI METOJ JIIKyBaHHS J1a€ Takui caMuii ehekr, sK i
TpaIuIiHHU.

IopiBHsanHs aBOX 3aje:KHMX BHOipox (mapwi sicraBienns). Yacro
TPAIUISIIOTHCS. BUTIAJKH, KOJIM JIBI BUOIPKH, SIKi TIOPIBHIOIOTHCS, HE MOXYTb
PO3TIIIATHCS SIK HE3aICHKHI.

Hpuknan. [epeBipka eQeKTHBHOCTI HOBOI TEXHOJOTI] 3a pe3yIbTaTaMu
po06oTH Ti€el camoi Opuray 10 i MiCJisk BIPOBA/PKEHHS HOBOT TEXHOJIOTI.

Hpuxnaa. Ouinka cTaHy XBOPHUX [0 1 MICIsI MPUHHSTTS HOBUX JIIKiB.

[TpoBoasiuM peecTpalilo MO KOKHOMY O00’€KTY CIIOCTEPEXKEHb MO0

HOBOBBENIEHHS — X 1 TicId HBOTO — J, [ICTAEMO [Ba pSOH
CIIOCTEPEIKEHb:

X1 X2 ces X; .o Xn

Y1 Y2 e Yi e Yn

TakuMm 4MHOM, iIETBCS TPO NApHi cnocmepedicents, TOOTO TPo N
3B’s13aHUX Map (X;, y;). SIKII0 mociipKkyBaHuil (hakTop BIUIMBAE TiTBKU Ha
OMHY 3 O3HaK x abo y, TO MDK [HMH TapaMH CIIOCTEPEKEHb
(ikCyBaTUMETBHCS CyTTEBA PO3OLKHICTD. 3aBAAaHHS IOJSTAE B TOMY, 1100
BU3HAYUTH, KOJIHM pO30DKHICTE MK MMapaMu CIOCTEpEKEHb MOXKHA
BIZIHECTH Ha PaXyHOK BHIIAJKOBUX BiJXHMJICHb, a KOJM BOHA CyTTeBa i 11
noTpiOHO TMOB’sI3yBaTH 3 BIUIMBOM SIKOTOCH (pakTopy. Hexail pizHHII Mik
CIIOCTEPEIKESHHSMH B KOXKHi mapi cTaHoBUTh 0 = Xj— Yi. Tozi y3araibHeHO
BEJIMYNHOIO PO301KHOCTI Map CIIOCTEPEKEHb MOYKE OYTH CepeHs Pi3HUIIS:

J:Zn:di/n.
i=1

Yum MeHma pisauis d, TUM OiIBII MPaBAOIOAIOHE PHITYIINEHHS IIIOI0
HECYTTEBOCTI PO30ODKHOCTI MK PAJaMH CIOCTEPEXEHb. TakuM YHMHOM,
nepesipii misrae rimore3a Hy: d = 0. Kpurepiem [uist mepeBipku Moxe
Oyrtu cratuctuka t=d / S(d), ne

— 1 ”( —)2
S(d) n—lizzl: d—d) .
3a HOpPMaJNbHOTO pO3MOAUTY pisHMIB (X; — );) t-crarMcTHka Mae
po3noain CTeIOZEHTa 3 KUTBKICTIO cTymeHiB cBodomu N — 1. Tlogamermmii
MEXaHi3M TEPEeBIPKH He BiJpI3HAETbCA BiA TEPEBIPKH PO30IKHOCTI
CEpeITHIX.
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Ilepesipky cinomes wWUpoKo BUKOPUCTHOBYIOMb Y OUCHEPCIUHOMY
aumanizi ma 6 meopii Kopenayii, 0e nepesipsams 2inomesu npo
SHAYYWICNb 8IONOBIOHUX napavempis, HAABHICMb
CMOXACTUYHO20 38 513Ky, CYMMEGICMb  6NAUBY  BUNAOKOBUX
8EUYUH MOWO.

IuTanus 1J1s1 camonepeBipKn

1. YoMy mpu MOpiBHSIHHI YaCTKH O3HAKH 3 HOPMATHBHUM 3HAYCHHIM
BUKOPUCTOBYIOTH IBOOIYHUN KpUTEPii?

2. Ko 3aCTOCOBYIOTH KpUTEpiii y° IPH MOPIBHSHHI YaCTKH O3HAK Y
JIBOX CYKYITHOCTSIX?

3. Skmif KpuTepili 3aCTOCOBYIOTh TpPH MOPIBHSIHHI JTBOX 3aJISKHUX
BHOIpOK?

4. YoMy mpH TOpPIBHSHHI YacTKH O3HaK Yy JABOX CYKYIMHOCTSIX
MOTPiOHO BBOJWUTH YOTHPH CKIIATOBI?

5. SIx BU3HAUAIOTH OLIHKY TEOPETUYHOI YaCTKU?

6. Ko 3acTOCOBYIOTH MapHi CIIOCTEPEIKSHHS?

PO3/LI 4

OCHOBH TEOPII KOPEJISILUMHOI'O TA PETPECIMHOI'O
AHAJIIBY

4.1. YMOBHI 3AKOHH PO3NIIOALTY

Wo6 pocnimkyBati BMNMB  OAHIE CratucTnyHi naHi po
BMMAAKOBOI  BENMUYMHM  Ha  3MiHY | nBOBMMIpHi BEJIMYMHU HOJAIOTH Yy
iHLLIO, HeoGXiLI.HOIP03FJ'Ivﬂ.U.aT_VI yMOBHvi BUTJISIAI TaOIMIL, SIKY TEOPETUYIHO
3aKOHW ~ POSMOAINY - WMOBIPHOCTEM | ey posrasati sx BekTop abo
OfHiei BennuMHN npu  dikcoBaHMX —— 3 BHITAIKOBHMHU

3HAYEHHSX iHLWOI BENMUYUHMN.
koopauHatamu (X, Y) (1. 1.8).

PosrnsiHeMo cuctemMy JBOX JAUCKPETHHX BUMAJKOBHUX BelWdnH X 1Y,
MoJAaHWX TaOJWIEer0, J¢ SAK 3aroJIOBKH  PSAKIB Ta  CTOBIIIIB
BUKOPHUCTOBYIOTh MOXKIIMBI 3HAUCHHSI BUMAIKOBUX BelM4rH X 1 Y, a Ha iX
nepeTuHi, TOOTO B KOMipKax TaONuIli, MICTATbCA HMOBIpHOCTI
OJIHOYACHOI IMOSABH BIAMOBIIHMX KOMOIHAIIM [IUX BUIIAAKOBUX BEJINYMH.
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Taxum yMHOM, y KOMIpIIi 3 KOOPJMHATAMH (X;, Vj) YKa3aHO MMOBIPHICTb
p(x;, yj) Toro, 10 BUMaKOBa BeIH4MHA X HaOyze 3HAYEHHs X;, TOOTO X = X;,
TOZ1 SIK IpyTa BUII4JKOBa BeIMYMHA Y HaOy e 3Ha4eHH: Yj, TOOTO Y =Y.

V_T1abn. 4.1 HaBeneHO BCI MOMNJMBI cHomydeHHS (x;, ), i=1n;

j =1, m, sKi yTBOPIOIOTH TIOBHY IPYITY MOJiH, TOMY MOXKHA 3aITHCATH:

D> p(xy;)=1.
i

3Haifmemo s i-ro croBmis Tabmumi 4.1 cymy iiMoBipHOCTEH ycix
KOMIpPOK:

> (Y1) = P(% )+ ol v, )+t plo vy )+ p(xvy ). (4D)
i
[Monii X = x;,, Y = Yj € HecymicHUMH, TOMY BUpa3 (4.1) MOXHa NOAATH sK
> ply;)= p06)p(y)+ PO (Y, )+t PO )Ly, )+t
j
 px o) = px)Y ()
i

Bepyun no yBaru, mo cyma MMOBIPHOCTEH yCiX MOMIJIMBUX 3HA4Y€Hb
JMICKPETHOT BUIAIKOBOI BEJIMYUHU JIOPIBHIOE OJTMHHMIII, MOKHA 3aIUCATH:

D p(x.y;) =plx). (4.2)
j
Tabauys 4.1
X
Y
%, X, %, X, z
Yi P4y | P(%Yy) P(X Y1) p(x.y,) | P(Y)
Y, P(%Y2) | P(XY,) P(%Y,) p(x.Y.) | p(Y,)
Y PY;) | P(XY;) pP(X%Y;) px.y;) | pCy;)
Y PO4Ym) | P(%Yn) P(X% V) P(XYm) | P(Ya)
Zj p(x,) p(x,) p(x) p(x,) 1
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AHanoriuHo nmns psmgka Ta0muii, jae  (iKCOBaHUM € 3HAYCHHS
BUMNAJKOBOI BeIMYMHM Y = Yj, a BUNAJKOBa BelnuuHa X HaOyBae BCiX
MOKJIMBHX 3HAYEHD X;, MACMO:

2P0y =Py (%)= p(y;).-

OTxe, SKIIO BiOMHAN 3aKOH PO3MOILTY IBOBUMIpHOI BenmnyuHA X 1 Y,
TO MOXYTh OyTH OKpeMO BH3HA4YEHi OJJHOBUMIPHI 3aKOHH PO3MOILITY
BUIAKOBOI BennunHU X abo Y.

TakyuM YWHOM, JBOBUMIpPHI 3aKOHU MOKa3YIOTh AESKUH 3B’SI30K MiX
BUMaAKoBUMH BeamurHamu X 1 Y. Paninre Oyno BcranoBiaeno (1. 1.8), 1o
3aJICKHICTh MK JIBOMA BHIIAJKOBUMH IOJIISIMU TIPOSIBIISIETHCS B TOMY, 1110
YMOBHA WMOBIPHICTB TTOSIBH OJHI€T MOi1 IPX MOSIB1 APYTOi BiIPI3HAETHCS
BiJ 0€3yMOBHOT HIMOBIPHOCTI Mmepioi mozii.

Jns mBOBUMIpHOI BETMYMHU MAa€EMO aHAJOTIYHY CHUTyamifo. PisHuIA
MOJIATAE JIUIIIE B TOMY, IO (piKCOBAaHOMY 3HAUEHHIO OJHIET BEIIMYUHH,
Hanpukinang X = X;, BiANOBiAae CYKyNHICTh MOMJIWBUX 3HA4YEHb JIPYroi
BUNaakoBoi BenuuuHHU Y. CyKyNnHICTh MOXKIIMBUX 3HAYCHb Yj BUIAKOBOI
BEIMYMHU XapaKTEPHU3YEThCS BIIAMOBIIHUM 3aKOHOM po3moainy. bepyun
70 yBarW, IO BHIIAJKOBa BeiauynHa X HaOyBae 3HaueHb X = X; 3
iMOBIpHICTIO p(X;), AT XapaKTePUCTHKUA JIBOBHMIPHHUX PO3MOJILTIB
MIMPOKO BHUKOPHCTOBYIOTb YMOGHI po3noO0inu, WO HAOTh 3MOTY
aHaJIi3yBaTH, SIK 3MiHA 3HAYEHHS OJHIET BUIAJKOBOI BEJIMYMHH BILIUBAE
Ha 3MiHY pO3IOJIiTy MOXKJIMBUX 3HAYEHb 1HIIOI BUMAAKOBOI BETMUYMHI

3eaoaemo!  Ymosnorw  umosipwicmio  P(B|A) uasuearomo
imogipHicmb nodii B, obuucneny 3a npunywenus, wo noodia A
8ofce 8I00OYNACH.

VYMoBHA MMOBIpHICTh HoAii Y = Yj, AKIIO Maja Micue noxis X = x; 3
fiMoBipHicTIO p(x;), Oyae mopiBHIOBATH

ply, |xi)=r’(:£‘—f)j) . (43)

[Ipu po3risini BUMAAKOBUX BETMYUH X 1 Y Mae Micle cyKynuicmo
ymosnux imosipnocmeii p(y1[Xi), p(valXi),....p(jlXi),..., Axa Binmosimae Tii
camii ymoBi X = x; CyKymHICTh YMOBHHX IMOBIPHOCTEH YTBOPIOE
ymoeHuii po3nodin Y npu X = x;, s AKOTO 3a0€3MEUyETHCS BIACTUBICTD
IMOBIpHOCTEH — @1ACMUBICHb HOPMYBAHHA.
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o(x Zp(xi,yj)
ILLALYD) <('§y))_ ) :E&;Zl

AHanorquo MO>KHA 3aIIACaTH.

2. P(y;)
Zp(xilyj)=w=

Hpuxnag. Ilpy BUTOTOBICHHI JOETali MOXJIHMBI BIJXWUJICHHS BiJl
HOMIHAJIEHUX PO3MIpIB 5K 32 JOBXHHOIO, TaK 1 32 TOBIIWHOKO, SIKi MAarOTh
BUIIAJKOBHI XapakTep. Y Tabn. 4.2 HaBeJeHO MOXJIMBI KOMOIHAIli IUX
BIIXWMJICHB T BIJIOBIIHI M HMOBIPHOCTI

Tabnuys 4.2
Y
X
-1 0 1 plx)
-2 0,15 0,35 0,05 0,55
3 0,10 0,25 0,10 0,45
2 3
() 0,25 0,60 0,15 >3 p(x.y;)=10
i-1j=1

Buxonsum 3 HaBeAeHMX JaHHMX, MOXXHa OOYHMCIMTH YMOBHI
HWMOBIpHOCTI y; Ui ¢dikcoBaHUX 3HaueHb X = x; 1 X = x,. [Ipumyctumo,
mo HeoOXiHO 3HAWTH YMOBHI HMOBIpHOCTI p(yj |X1), T0OTO SIK
3MIHIOEThCS HMOBIPHICTh TOSIBU 3HAU€Hb BUMAJKOBOI BENWYMHU Y TpU
¢ikcoBaHOMy 3HauyeHHI BequunHH X = Xx;. g umporo HeoOXigHO
po3risHyTH nepimit psiaok Tadi. 20.2 i ckopucratucs Gopmyoro (4.2).

TakuM YHHOM, IICTAaHEMO 3HAYEHHS, SIK1 3aHeceHO B Ta0iI. 4.3.

Tabnuys 4 3
3
Y 1 0 1 J_Zzlp(yj\xl)
POix) 0,275 0,636 0,001 1,0

OTtxe, yMo6Hi 3aKoHU p03n00my umoetpnocmeu BiZIoOpaxaroTh BIUIUB
OJTHI€T BUTIAJIKOBOT BENTMUMHK Ha 3MIHY 1HIIIOL.
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JIBoBUMipHA BEIMYMHA MOXE XapaKTepPHU3yBaTHUCS  3aKOHAMH
pO3MOAINIB — CHUIbHUMU KW yMOBHUMH. HaiiGinbin iH(popMaTHBHI/IM
3aKOHOM PO3IOJLILY € YMOGHULL 3aKOH PO3NOJiNY, KU, SIK yXKe BIIOMO,
MO>KHa OTPUMATH 13 CIIBHOTO.

OCHOBHI BIACTHBOCTI YMOBHHUX PO3IMOALIIB BiT0OpaKarOTHCS, SIK 1 IS
OJHOBUMIPHUX PO3MOJIiNIIB, 32 JOMOMOIOI0 YHCIOBHUX XapaKTEPHCTHK:
VYMOBHO20 MAMEMAMUYHO20 CNOOIBAHHI, YMOBHOI Oucnepcii Ta MOMeHmia
OinbUW BUCOKUX NOPSIOKIB.

Haiibimbm BaKITUBOIO XapaKTEPUCTHKOIO, sIKa 9acTo
BUKOPUCTOBYEThCS Ha IMPAKTHUL, € YMOBHE MaAmeMamuyne chnooi6anHs
M(Y|X) Benmuunan Y mipu ¢ikcoBaHOMy 3Ha4deHHI X = x. TakuM 4uHOM,
UL KOXXHOTO 3 MOXJIMBHX 3Ha4eHb X ICHYE «CBO€» MaTeMaTH4He
CTIOMIBaHHSA 1HINOI BHIMAmKoBOi BemuuuHH Y (Mg BemwuwHH Y
PO3TISAAAOTh YCIO CYKYITHICTh MOXUIIMBAX 3HAYEHB), SAKE 3AICKUTH BiJ
3HA4YeHHS BeTMYUHM X. 3 ypaxyBaHHIM BUpasy (4.3) MoXKHa 3amucaTy:

M(Y | x) Zy py; %) = Zyi)((f()y). (4.4)

Inoni 3amicte M (Y | X) BUKOPHCTOBYIOTH Io3HaueHHs Y(X) . bepyun no
yBaru Bupasu (4.2) i (4.3), Bupa3 (4.4) MOXHA 3amucaTh SIK

> y;plxy;)
y(x)= Zp(x’yjj :

i

OcrtanHiii Bupa3 nae 3mory posrisiaatu M(Y|X) sk uentp mac p(x;, yj),
pO3MIllIeHHX Ha BEpTHKANbBHIH npsmiii X = x = const (puc. 4.1).

3i 3MiHOKO X, TOOTO MPH MEPEXOIi BiJl OHOTO CTOBMI Tadmwii 4.1 10
HIIIOTO, Yy 3arajlbHOMY BHWIIQJIKy 3MIHIOEThCS W 3HAYEHHS YMOBHOTO
MarematuaHoro crioaiBanus M(Y|x).

CyKymnHICTh YMOBHUX MaTeMaTH4YHUX crogiBadb M(Y|X), BU3HaYCHUX
JUIS 3HAY€Hb X1, X2, ..., Xj,..., XN, HA3UBAETHCSA pezpecicry BUIIAIKOBOL
BeIMYMHU Y BIAHOCHO BMITAJKOBOI BeNMMYUHH X, TOOTO peepecis €
DYHKYIEIO YMOBHUX MAMEMAMUYHUX CHOOIBAHD.

Xoua i KOXKHOro 3HaueHHI X = x BeauuwHa Y 3aJHIIAECTHCS
BUIIQJIKOBOIO 3 PO3CIIOBAaHHSIM CBOIX 3HAuY€Hb, 3aJCKHICTH Y Big X
MPOSIBIIAETCSA Y 3MiHI IIEHTPIB YMOBHMX po3moaitie Y (X) mpu mepexomi
Bil OIHOrO 3HAa4YeHHS X Mo iHmoro. L{fo 3anexHIicTh y cepeaHboMy
OTINICYE Kpuea pezpecii V(X) (puc. 4.1).
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X1 Xo Xi e XN

Puc.4.1.

Bepyuu no yBary, 110 BeumuuHA X 1 Y BUINAJKOBI, MOKHA PO3TJISAATH
YMOBHI 3aKOHHU PO3MOALTYy HMoOBipHOCTEH BenmmumHA X 3a (hikCOBaHMX
3HayeHb Y = Yj, 0 OOYMOBIEHI CYKyIHICTIO YMOBHHMX HMOBIpHOCTEMN
p(xily;). Tobro, MokHa mis ¢ikcoBaHMX 3Ha4eHb Y = Yj, PO3IIAOATH
peepeciio eenuuunu X na Y:

>xp.y) D xp(x.Y)

X(y)=M(X[y) =Y xp(x|y)=- = |
Ky)=MX 1) =2 xp0s 1) =—— > p06.Y)

Takum YMHOM, MaEMO JIBa YMOBHI MaTeMATHYHI CIIO/IBAHHS: OJTHE 3 HUX —
lx)=M(Y | x) (4.5)

€ (DyHKILI€I0 Big X 1 HA3UBAETHCS peepecicio geauuunu Y Ha eenuuuny X, a
Apyre —

x(v)=M(x1y) (4.6)

HA3UBAETLCS pecpeciclo geauuunu X Ha eeauuuny Y abo obepuenolo
pezpecieio.

KpuBi B mrommui X, Y, oOymosieHi piBHsHHAMEH (4.5), (4.6),
HA3UBAIOTHCS JIiHIAMU peepecii Y BiTHOCHO X Ta BIAMOBIAHO X BiTHOCHO Y.

I'padiku 1ux ¢yskuid HaBegeHo Ha puc. 4.2, kpuBa 1 — jinis
peepecii’ Y BITHOCHO X TIOKa3ye, K Y cepeOHboM) 3MIHIOEThCS BEIMUMHA
Y mpu 3MiHI BeJTUYMHU X, KpuBa 2 — rpadik obeprenoi peepecii .
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MIYx]
MIY] o ————— 2D

|
LN\ MIXly]
M[X] |

Puc. 4.2

Bapro 3asHauutH, mo QyHKIl perpecii M (Y | X) i M (X | y) HE €
B32€EMHO OOEpHEHHMH.

Haii0inpm mpocTuid BUMAnoOK, KOMM oOuABi (yHKUil perpecii —
JHitiHI, TOOTO 0OM/BI MiHIT perpecii OyAyTh IPIMAMHU. Y IIHOMY BHITAIKY
BOHM Ha3UBAIOTHCS HPAMUMU pezpecii, a BUMAAKOBI BennuuHu X T1a Y
Ha3UBAIOTHCSI JIHIlIHO KOPENbOBAHUMU.

VY BUMajKy HemepepBHUX BeJWYMH X Ta Y MaTeMaTHYHE CIIONiBaHHS
BETMYMHU Y 32 YMOBH, 10 BeMW4YrHA X HaOyJla KOHKPETHOTO 3HAYCHHS X,
HaOWpae BUTISIY:

MOX =)= [ypeyhy.

Awnanoriyno aust M(X|Y = y):

00

MY = y)= xpy, (x)ix.

—00

Tym i naoani npu po3ensodi HenepepeHuUx GeruyUn onepayis %
3aMIHIOEMbCA Ha onepauiro] 3 Medxcamu IHme2py8anHs 80
— 00 + o, Mmobmo 3a 8ciMa MONCIUBUMU 3HAYEHHAMU
6UNAOKOBOI 6eUYUHU HA elemenmapHux ihmepsaiax OX. Ile
03HAYAE, WO Ol HenepepeHoil BUNAOKOB0T BeIUUUHU MOJICHA
BUKOPUCTHOBYBAMU  8UPA3U, OMPUMAHI 0Nl OUCKDEMHOL
BUNAOKOBOI GEIUHUHMU.

VY BUnaaKy HENEPEPBHOrO PO3MOALTY BeauuuH X 1 Y iXHIM criabHUMA
PO3MOIT 337a€THCS 32 JOIMIOMOTO0 CIUTBHOT HMIUTEHOCTI HMOBIPHOCTEH —
bynxuii pxy(x, y).

3a aHajori€l0 3 MUCKPETHUMH BUNAJKOBUMHU BEIMYMHAMH, MOXKHA
ITOAaTH YMOBHI MaTEMaTHYHI CIIO[IBAHHS:
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v [y (x,y My
Y)=M Y [x)= [ ypy (yIx)y==2 :
- [ P (x,y )y

—00

+00

+00 jXpXY (X,y)dX
X(Y)=M (X 1) = [Xpy (x| y)dx ===
s .[ Pxy (X, y)dX

—o0

Taxum uunom, po3citoeanHsa Yj Oyoe epynysamucsi HAGKOIO0
0es1K020 Yenmpa, AKUM € YMOBHE MAMeMAMUYHe CNOOIBAHHS.

Teomempuune micye moyoK YeHmMpI8 pPO3NOOINI6 YMBOPHOE
JUHII0 pe2pecii, KA NOKA3YE, AKe 6 CepeOHboMy (OuiKysaue)
3HaueHHs npuliMe 6unaokoga eenuuuHa Y 0N MONCAUBUX
3HA4YeHb BUNAOK080i eeauyunu X. 3anedxcHicmo 6unaodkosol
senuyunu Y 610 unaokoeoi eenudunu X nposGisemvCs y 3MiHi

y(x) sa i=1n

Yei 1l NOHATTS MOXYTh OyTH JIETKO y3araJbHeHi Ha OyIb-SKy
KIJIBKICTh BUITAJIKOBHUX BEIHYMUH.

Ipuknan. Y Bunanky tpuBuMmipHoi BemmuuHu (X,Y,Z) yBOOUTHCS
TPUBUMIPHA HIUIBHICTD Pxyz (X, Y, Z), BUXOMMYH 3 SIKOT MOXKHA OOUUCITUTH
TPH ABOBUMIPHI LIIBHOCTI:

Pxy (X, ¥), Pxz (X, 2) 1 pvz (Y, 2)

1 TPH OJTHOBHMIpHI IIJTBHOCTI

p(x) p(y) p(2).

Pezpecis nocioae easwcnuee micye 6 cmamucmuyniu 06pooyi
Odanux. Ha ii ocnoei 0OyOyromvcs auanimuyHi 3a1eiHCHOCHI
(mamemamuuni mooeni), AKki darome 3M02y He MINbKU AKICHO,
ane U KiIbKICHO OYIHUMU CMOXACTMUYHUL 83AEMO38 SA30K MIJC
BENUYUHAMU.
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IuTanus a1 camonepeBipku

1.1llo wnHa3uBaeTbcs yMOBHOIO IMOBipHicTIO? Illo Ha3zuBaeThCs
KOMOIHAIIi€:0 BUIIAJKOBUX ITOI1H?

2. /171 9Oro BBOAUTBHCA B PO3MIISAN TMOHATTA YMOBHOTO 3aKOHY
posnoginy imoBipHOCTe#? Illo Ha3wBaeTbCA YMOBHHM PO3MOIIIOM
BUMAJIKOBOI BEUYHHU?

3. SIkor0 BIIACTHBICTIO WMOBIPHOCTEH XapaKTEepH3YEThCSI YMOBHHUUI
po3nomin?

4.5kl 4YHCTOBI XapaKTEPUCTHKH BUKOPUCTOBYIOTBCS Ui OITUCY
YMOBHHX 3aKOHIB pO3MOIiTiB?

5. o Take perpecisn? SIke 3HaUEHHS HA TPAKTHIII BOHA Ma€?

6. Yomy nopisrioe X (y)? Yomy nopiuioe ¥(X)?

7.1lo Take piBHSHHS perpecii, JiHiHa perpecis, JiHis perpecii,
psiMa perpecisi, 00epHeHa perpecis’?

8. IosICHITh, 110 Take YMOBHE MaTeMaTHYHE CIIOAiBaHHS BUIAJIKOBOI
BETIMYMHHY 1 SIKUI HOTO 3B’ 30K 3 JIHI€I0 perpecii?

4.2. IOHSTTS ITPO KOPEJSINIMHUMN AHAJII3

Teopito kopensLji hakTU4HO MOXHa VY Oyap-skiii ramys3i Hayku i
Ha3BaTun TeOpiGIO MPOrHo3yBaHHA, TEXHIKUA mocrae r[()Tpe6a y
KOMNV BKa3yloTbCs MEX, B SIKUX 3 BHBYCHHI 3AIEKHOCT] MisK
Hanepe/ safaHoto HaldlMHICTIo PI3HUMU O3HaKaMH. 3MicT
nepebyBaTMe BUNaOKoBa BeNMyMHa .

o , ) CTaTHUCTUYHOI 0OpOOKH TIONISITae B
Y, AKLLIO iHLUi NOB’s13aHi 3 HEKD 6
BENUYMHU X HabyBaloTb NEBHUX ToMy, MO Y cmaHogmﬁ u
3HAYEHD. 3anexHCHiCmb (36 a-

30K) MIC O3HAKAMU.

i 3anexHOCTI, IXHIN SAKICHUM MPOSIB HAMArarThCs, 3a3BUYal, TOaTH
B KijbkicHid Qopmi. Haiibinpm mnpocTuM BUIOM  3B'SI3KY €
¢yHKyionanbha 3aneKHICTh, KOJU KOKHOMY 3HAUYEHHIO OJIHIET BEIMYUHH
BIJNOBiZja€ TEBHE 3HA4YCHHs iHMIOI. 3 (YHKUIOHAIBHOIO 3aJEXKHICTIO
9aCTO CTUKAIOTHCS B TEXHII Ta MPUPO03HABCTBI.
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Hpuxmag. 3anexkHICTh MiX BHCOTOK) MICIEBOCTI Ta THCKOM
aTMocepu.

Mpuknan. 3HaveHHS crnajgy HANpPyrd HAa aKTHBHOMY OIOpI TpU
3aJIaHOMY 3HAYEHHI CTPyMY, [0 TPOXOAMUTH Yepe3 HhOTO.

OpmHak 9acTo TPAIUIAIOTHCS 1 Taki 3B’SI3KH MK BEIMIMHAMH, SKi HE
MO>KHA BiJHECTH O (QYHKILIOHATBHUX 3aI€KHOCTEH.

Hpukaan. 38’130k MK BPOXKAEM Ta KUTBKICTIO OIAIiB, MiX 3pOCTOM
0aTbKIB Ta JITEH.

VY HaBeJeHUX MPHKIAAaX KOKHOMY 3HAUCHHIO OJIHI€T BETMYUHU
BiZIIOBIJa€ MHOXKMHA MOXJIMBHUX 3HA4yeHb 1HIIOI, TOOTO 3MiHA O;HIET
BEJIMYMHU BUKJIMKA€E 3MIiHY po3nodiny IHINOI BENWYMHU. BumagkoBuii
PO3KHJ [HMX MOXIMBUX 3HAYCHb IOSCHIOETHCS BIUIMBOM  BEIMKOL
KUTBKOCTI TOJaTKOBUX (DAaKTOPIB, SKi HE BPaXOBYIOTh, BUBYAIOUH 3B’ 30K
MiX  JaHUMH  BeIMYMHAMH.  Taki  3aJeKHOCTI  HA3HUBAKOTHCS
cmoxacmuynumu 260 cmamucmuunumu (1. 1.8).

Okpemum  GUNAOKOM — CMAMUCMUYHOI  3ANeHCHOCMI €
KOpenayiuHa 3aNeXCHICMb, KOMU CEPeOHE 3HAYEHHS OOHIEL
BUNAOKOBOI GENUYUHU PYHKYIOHATLHO 3aNedHCUmb 6i0 3HAUEHb
IHUWOL.

HasiBHICTD  TOIATKOBMX  BIUIMBOBHX  (DAKTOPIB  TPU3BOAMTL [0
HEMOJKIJIMBOCTI 3pOOMTH OHO3HAYHI BHCHOBKH TPO 3aJIXKHICTh, KA HAC
LIKaBUTb.

IIpu BcraHoBNEHHI Buay (GaKTHYHOI 3aJEKHOCTI  3a3BHYAM
pe3yJibTaTH BUMIPIOBaHb ab0 crocTepexeHb (IKCYIOTh Yy mabnuyi
cnocmepedicers (Kopersyitinii maoauyi):

X X1 X s Xn

Y | » - Yn

ab0 300paXyrOTh Ha KOOPIMHATHIN IUIOIIMHI (Kopenauiinomy noni) y
BUIJISIII TOYOK, KOOPIIMHATAMH SIKUX € 3HAUCHHS 03HaK X 1 Y OTHOrO 00’€KTa
(x;, ¥), i=21,n. YV Takuii criocid OyayeThes diazpama poscirosanns (puc. 4.3).

3 puc. 4.3 6aunmo, 110 Y BUIIAJIKy, HABEJICHOMY Ha puc. 4.3 a, BapTO
1IyKaTH HEJIIHIAHY 3alleXHICTh, Y BUMAAKy puc. 4.3, 6 — IiHIHHY
3aJIe)KHICTh, @ Y BUNAAKY Ha puc. 4.3, ¢ Ha NEPIIMHA OIS, HABPS YU
SIKaCh 3aJICKHICTD ICHYE.
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Puc. 4.3

Koedinient xopensimii. [I[iTbHICTh CTOXaCTHYHOTO JiHIilIHO2O 3B’ SI3KY
Mik BequmuvHaMH X 1 Y HE3aJIeKHO Bl IXHBOIO POJY XapaKTepU3ye
Koe(ilieHT KOpEJIALLi, IKuil BU3HaYaeThest 3a hopmysioro (1.20).

I'padiuny inTepnperamito koe(illieHTa KOpesslii HaBeJAeHO Ha
puc. 4.4. Sxmo p > 0, MaeMo JOJaTHY KOPEISAIIiIo, sIka 03HAYaE, 0 MPU
3pOCTaHHI OJHI€l BENMYMHH iHIIA TaKOX 3pocTae. Y Bumaaky p < 0 mae
MicIle BiJl’€éMHa KOPEJSIisl, KOJIW MpU 3pOCTaHHI OJHI€l BEIMYMHHU iHIIA
Ma€ TeHJIEHIII0 B CEPEeIHhOMY CIagaTH. 3a BiJICYyTHOCTI CTATUCTUYHOTO
3B’s13Ky MK BennurHamu X Ta Y 3HaueHHs p = 0.

Y p=-1 p=1

Puc. 4.4

VY Oynb-KkOMy BHUIAJKy 3HaueHHS KOoe(ilieHTa KOPEJIii YuceabHO
JOPIBHIOE KOCUHYCY KyTa HaxMiIy IpsMOi perpecii.

Ouinka xoegimienTa xopessiii. /s oriHky KoedimieHTa KOpesiii
MDK JJBOMa BUNIAIKOBUMH BeJIMYMHAMH X 1 Y BUKOHYIOTH Psii HE3AJIS)KHUX
BUIPOOYBaHb, PE3YJIbTATOM KOXHOTO 3 SIKMX € mapa BeaumduH (X;, Yi).
JBoBumipHi BenmuuuHu (X1, Y1), (X2, Y2),..., (Xn, Yn) HesamexHi W
BIJNIOBIIAIOTH TOMY CaMOMYy 3aKOHY pO3MOALTY, IO ¥ JBOBHMipHA
BennunHa (X, Y).

Bynyerscst miarpama poscitoBaHHA W pOOMTBCA NPHUITYLIEHHS ILIOJ0
BUJIY 3JIS)KHOCTI MIXK BHITaJIKOBUMH BelTMIrHaAMHU X 1 Y.

BukopucToByroud BUpa3 il TEOPETUYHOTO KoedillieHTa KOopemsmii

(.. 1.8):
o= cov(X ,Y)

c,0

y
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3HAXOAATh EMIIpHYHUN KOS(DIMiEHT KOPEIISIIii:

vy LEOMY BHpa3i MaTeMaTH4Hi CIIOJIIBaHHS 3aMiHCHI Ha BiAMOBITHI
cepe;:[Hl apnq)MeTI/Iqu a z[ncnepcu — Ha BI/I61pKOB1 /:[chepcu oo €
HE3MIIIICHUMH 1 CLIPOMOKHUMH OLIIHKaMH LISHTPIB PO3IIOILIIB 1 IUCTICPCIHA.

3azeuyail npuliHaAmo 8eadcamu, Wo Npu JIHIUHIL KOpenayii
snavenna r > 0,7 ceiouams npo 6UCOKUL CMyniib 36 3Ky MidiC
BENUYUHAMU;

0,7 <r < 0,3 — npo cepeoHiti cmynins 36 ’s3KY,

r < 0,3 — npo cnabkuii 36 ’s130K.

Hapiiinmii inTepBan nns koedinienta kopensuii. Emmipuaxmii
Koe(illieHT Kopemsii I € CIIPOMOKHOIO TOYKOBOO OINIHKOKO KOedilieHTa
kopesaii p . Jnst Toro mo6 roBOpUTH MPO CTATUCTUYHY HAAIHHICTD L€l
OLIHKM, TOOTO BIPOTIJHICTH OTPUMAHOTO  PE3yJbTaTy, HEOOXiHO
BUKOPHICTOBYBaTH IHMEPBAIbHY OYIHKY, TOOTO 3HAXOAWUTH HAOIHUL
IHmepeal s P .

Sxmio Bumaakosi BeauduHd X 1 Y ONM3bKI 10 HOPMAJILHOTO 3aKOHY
pO3MOiTy, TO JJs BEIUKUX BUOIPOK (n>30...50) MOXHa 3HAUTH

OLIIHKY CEepeIHbOKBAAPATUYHOTO BiIXWJIEHHS KoedilieHTa Kopemnsmii I,
o09HCcIeHy BiIOBITHO IO BUPA3Yy:

_2
S1r

r = '
AN

1 BBakaTH, 110 I HAOJM)KEHO Ma€ HOPMAJIbHUH 3aKOH PO3MOILTY 3

rmapamMeTpamMu (p, cr), ne sk CKB reHepanmbHOI CYKyNHOCTI ©

;
BUKOPHUCTOBYEThCA S,, TOOTO G, =S, .
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Toxi MoXHa, CKOPUCTABIIMCH TaOIMLSIMH HOPMAJILHOTO PO3MOLTY,
BU3HAYUTH Z, IO JA€ 3MOTY OOYMCIMTU MEXIi HaIiiHOTO iHTepBay IS
koedirieaTa KopeIii p:

2 2

_r' —
n

Jn

Le#t Bupa3 o3Hauae, mo 3 IMOBIpHICTIO 1—o 3HalgeHW iHTEpBaT
HaKpHe iCTHHHE 3Ha4YeHHs KoediuieHTa kopemsauii p. JaHumu Bupazamu
MO>KHA KOPUCTYBATHCS IS BEIUKUX BUOIPOK

Ha mpaxTumi 3a3Bu4ail 00CATH CIIOCTEPEKEHb HEBENHKi. Y BHIIAJKY,
komu N < 30, HeoOXiJHO KOPHCTYBaTHCA  CTaTUCTHYHOIO
XapaKTEepPHUCTUKOIO, Ky 3amporoHyBaB P. dimep. Hum Oymno nosemeHo,

110 BCJIMYHNHA
1+r
:_| 4.8
2 (1 rj (48)

NpUOJIM3HO PO3MOJIiieHa 32 HOPMalbHUM 3aKOHOM 3 MaTeMaTWYHHUM
CIIO{IBAHHSAM

4.7)

M[Z]~—In 1+—p ,
1-p
1 IMCTIEPCi€r0
1
(7))~ ——. 4.9
o*(2)~—= (4.9)

Tpu ctyneHi cBo60 11 BTpa4yaroThCs Ha 004nCcIeHHs Sy, Syir.
Hapiiinuit  iHTepBan Juisi BUOIPKOBOTO 3HAUYCHHS KoedilieHTa
KopeJsinii BU3HaYaeThes 3a (POpMyIIolo:

Z - 20(2 )_%Inl P<7420(2).

IlepeBipka rimoTe3m mnpo 3HAYyWicTh KoedimieHTa Kopesuii.
Bepyun mo yBaru, mo ouiHku xoeilieHTy Kopensuii I' o0unucimoBamucs
3a 00MEXKEHOro 00CsIry IaHHX, HaBiTh 3a BIICYTHOCTI CTOXaCTUYHOI'O
3B'A3KY KOE(QIli€HT KOpeJsiuii I Moke He AOPiBHIOBATH HYIIO. 3 OIIIAIY
Ha II¢ HeoOXiJHO BCTAHOBMTH, UM € 3HAWAEHI OLIHKH I crmamucmuyno
snayywumu. BucyBaetbes rimoreza Hy: p=0 3a anprepHaTHBHOI
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rinotesu H;: p=#0. Jln9 mnepeBipku TiMoTe3d BUKOPUCTOBYIOTH
CTaTUCTUYHUHN KOe(illieHT KOpesii I.

3a BenHMKHX BUOIPOK, KOPUCTYIOUHUCH CITiBBIAHOIIEHHM (4.7), OyIyroTh
obnacth 3 KPUTHYHUMHU TOYKAMH + 6, 3a piB-
HS 3HAYYIIOCTI oO. SIKmI0 OTpuMaHe 3a JaHWMH BHOIpKH 3HaYeHHS I
BUSIBUTHCSI Y KPUTUYHIN 00acti, ToOTO || > Zoy, rinotesy Hy BiIXHISIOTb.

Y Bumagky Maioro o0csTy BHOIPKH MOXHAa CKOPHCTATHCS TaKOIO
BJIACTHUBICTIO, 1110 BETMYHHA

tn72 (n -2+ tzn—Z )_}é

3a p=0wmae Takuii camuii po3nozin, mo i r. Toxi oTpuMaTu rpaHMIO
JOBIPYOr0 IHTEpBaJly M || MOXHa, CKOPUCTABIIUCH TaOIUIISIMH
posnoxiry CThIOfIEHTA i3 3aJ]aHUM PiBHEM CTaTHUCTUYHOI 3HAYYIIOCTI O
JUTSL CTYTICHsI cBoOO M N-2.

IcHye iHmUMI BapiaHT KPHUTEPir0 3HAYYIIOCTI I, KW OCHOBAaHUI Ha
BUKOPUCTAaHHI  ampokcumarii, 3amporoHoBanoi P. ®imepom, y
BIJIMOBITHOCT] JI0 SIKOTO 3HAXOMUTHCS I, a MOTIM 3a ¢opmymnon (4.8)
obuncmoeTbes Z. SIKo p = p,, TO CTATUCTHUKA

L+p] k. Z2-M@)
1_p( )? o)

Ma€ pO3MOALI, ONM3BKUM JO HOPMAJIBHOTO, 3 MaTeMaTHYHUM
CHOJIBAaHHSAM, IO JOPIBHIOE HYJIIO, 1 JUCHEPCI€0, IO JOPIBHIOE
OJIUHULII.

Jlns nanoi Benmmuudn U 3aCTOCOBYETHCSI KPUTEPil 3HAUYIOCTI SIK JIST
HOPMAJILHOTO PO3MOALTY, TOOTO 3a TaOJHMISIMU 3HAXOASATH KPUTHUYHI
3HAYCHHS UKp 1 1ai JiF0Th 32 BiJIOMUM aJTOPUTMOM.

U= Z——In
2

Ao 3Hatioenutl HadiiHUU iIHMep8a O P 6KAIOYAE YUCTLO HYb,
mo 2inomesa Hy npuiimaemucs.

Kopensiuiiine BigHOmEeHHs1. Y pa3i HETIHINHOI 3aJIEXKHOCTI BEJIUYHH
X 1Y omiHKa HIUTFHOCTI 3B’SI3KY 32 JIOTIOMOTOI0 KOedillieHTa KOPEIsIlii
MOJKE ITPU3BECTH J0 TTOMHUIIKOBHX PIIlICHb.

Ipuknan. Hexalt BennmumHa X CHMETPUYHO po3NofiieHa Oins
HoanKy KOOPAWHAT, KUK € IIEHTPOM PO3IMOAUTY BETHIHHH X, TOOTO MX
= 0. BunankoBa BenuunHa X (pyHKuloHaano 3B’sI3aHa 3 BUMAJKOBOIO
BexmurHo0 Y 3anexuicTio Y = X % 3rigHo 3 cumerpiero X BiIHOCHO 10
MOYaTKy KOOPIUHAT:
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cov (X,Y) = M(X,X?) = M(X®) = 0,

OCKUIbKM MaTeMaTH4He CIMOJiBaHHA HEMapHOIO CTENeHs HEeHTPOBaHOI
BHIIJKOBOI BEIMYUHH JOPIBHIOE HYNIO. Y pe3ylbTaTi, 3 OJAHOTO OOKY,
MaeMO (PYHKI[IOHAJIILHO 3B’S13aHi BETUYWHH, @ 3 APYTOr0 — KOPEJISLis
MDK HUMH JOPIBHIOE HYIIIO.

ToMy KpUTEpisSMU IMUILHOCTI HENIHIHHOTO 3B’SA3KY € MOKAa3HUKH, SKi
XapaKTepH3yI0Th KOHLCHTPALIIO JOCIIIHAX TOYOK Oisisi KPHBHX perpecu

Haii0inpI mommpeHnM MoKa3HUKOM IIUTBHOCT] HENIHIHHOTO 3B’ S3KY €
Kopenayiiine 6iOHOWenHA 1, 94 1, ske 3anpornonysas K. Ilipcon.

BuxigauM € mogaHHs AucIiepcii 3MiHHOT BemMuuHUY Yy BUIJISAL TBOX
CKJIAIOBUX:

o7 =M(Y —vy F =M[(Y —y(x))+(5(X)-v, )f (4.10)

[lepma cxmagoBa mpaBoi yacTuHu Bupaszy (4.10)
M(Y - §(X))" =o%,

€ CepelHBOI0 YMOBHOIO JIUCIIEPCIEI0 1 XapakTepU3ye CTYIiHb
pO3CitoBaHHS BUMAIKOBOI 3MiHHOI Y CTOCOBHO KPHBOI perpecii.

JHpyra ckiagoBa BUpa3zy — € CUCHEMAMUYHOI CKIAO080I0 3arallbHOI
nucriepcii BeMMYrHN Y, siKa XapakTepu3ye BIAXUICHHS KPUBOI perpecii,
10 AaIIPOKCUMYE HEIiHIHHY 3aJIeKHICTh, BiJI MATEMATHIHOTO CIIO/[iBAHHSI.

Takum yrHOM:

2 _ 2 . 2
Oy =0y t M[Y(X)_VY] .
Kopensuiline BiTHOIIEHHS BU3HAYAETHCS SIK
o 2
2 _M[F(X)-w/]
Ny =———5—— (4.11)
Gy
1 MmoKasye SIKy 4aCTHUHY y 3arajbHild qucriepcii 3aliMae cucTeMaThyHa ii
CKJIa/l0Ba.
BpaxoByrouu 1o
G p_ 2 2
M[y(X)—vY] =0y —Oyx»
OCTaTOYHO OTPUMAEMO
2
c
2 _ Y|x
nY|x =1- 2
Oy

Bracmusocmi xopensayiiinoeo ionoutenns.

— 3HAYEHHs KOPEJSILiHHOTO BiAHOWICHHS 3aBXKIW JICKUTh y MEXKax
Big 0 mo 1;
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— AKIWO Ty, =My, =1 TO BUNAIKOBI CKIagoBi 000X JuCTIEPCH
JOPIBHIOIOTH HYJIIO, TOOTO 3ayiexHICTh MiK X 1Y € (hyHKIIIOHATBHOIO;

— SKIIO Ty, = 0, To Benmmumuam X 1 Y — HEKOpEIbOBaHi;

—y 3arajbHOMY BHIAIKY Ty, # Ty, TOOTO Mipa HENIHIHHOIO
3B’s13Ky HECUMETPHYHA;

— CHIBBIIHOIICHHS MK KOS(III€HTOM KOPEIAMIi I' 1 KOpeIsIliHHIMH

BiI[HOIHeHHﬂMI/I T]le Ta T]le BHU3HA4YaKOTHCA HepiBHOCTHMI/I:

Ir| SMyxs [ 1| S

— TOMy 4epe3 PIBHICTh HYJIO OY/b-SKOrO 3 MOKA3HMKIBMy, 9H Ty,
BMILIUBAE, 1110 I = 0;

— OJNM3BKICTh BEJIMYMH KOPEIAIIHHOTO BIIHOIIECHHS 10 KoedimieHTa
KOPEJIALIT CBIYUTH TPO TE, 10 3aICKHICTh HAOIMKESHO MOXKE BBAXKATHUCS
JIHIHHOIO.

EmmipudHO KopersiiiitHe BiTHOIIEHHS OI[iHIOETHCS, BUXOAIN 3 BUPA3Y:

imi(yi -y

EN_Z 5,-9F

i=1 j=1

m;

1’]Y|x -

ml
ne y, = 1 Yij — YMOBHE CepejiHe, OTpUMaHe JUls 3HaYeHb X;3a j =1,m;
m; 73
_ 1. :
(Y= WZ Y, — s3arambHe CepemHE 3a BCIMA EKCIIEPMMEHTAILHUMU
io1

TOYKaMH; ;ij, pE3YNIbTaTH CIIOCTEPEXKEHb Yy i-ii eKCIIepUMEHTAJbHIN

TOUII].

Muoxunna  kopeasitisi. Ilpouec, skuil  xapakTepU3yeTbCs
3aJISKHOCTSIMA MK TPhOMa, YOTHPMa Ta OiIbIl 3MIHHUMH, BHBYAIOTH 32
JOTIOMOTOI0 METO/IB MHOKHMHHOI Kopessauii. Posrmspatoum omHy 31
3MiHHUX () sk ¢QyHKOito, a pemrty (U, V,...,1) sIK apryMeHTH, MOXHa
BU3HAYUTH CEPEIHI 3HAa4YeHHS y I Oynb-sIKOi CYKYMHOCTI 3Ha4eHb U,

.,11 ckmacTy piBHSHHS:

f:}(u,v,...,z).
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Y pa3i xopemsmii MiK TpboMa 3MIHHHMHU piBH;IHH;{ perpecii
TEOMETPHYHO 300p@XKYEThCS Yy BUITISAL ASAKOT OBEPXHI, HABKOJIO SIKOT
PO3CisiHI TOCIiTHI TOYKH.

Mmuoycunne Kopenauiiine eioHowlenHs. 3a aHAIOTIEI0 3 TAPHOIO
KOpesi-

II€I0 3arajbHy JHMCIEPCIF0 3MIiHHOI Y, IO PO3IIISIAETHCA K (DYHKIIiS,
MO)KHa TIOJ]ATH y BUTJIAMI CYMH CHCTEMATHIHOL G;(u,v,.“, ) 1 BUIIAIKOBOT
2

Gylu,v,...,z CKJIaIOBHX:
2 2 2
v _Gj’(“"’:---l)+Gy|u,v,...1
Toni BiIHOIIEHHS
2
_ Ouv...t)
NYuy,.t =
Gy

HA3UBAETHCS MHONCUHHUM KOPETAYIUHUM GiOHOUEeHHAM ) 3a UV,.. . L.

Sk 1 B pa3i mapHOi KOpesiii, MHOKHHHE Kopen;fuiﬁHe BiJTHOIIICHHST
Mictutbest B Mexax Big 0 go 1. Ilpu n = 0 CHOCTCplFaeTI)CSI BIJICYTHICTb
KOpessiuii Mixk Y Ta U,V,..., t. CTOCOBHO KOPEIISILIiT TPHOX 3MIHHUX TIOBEPXHS
perpecii B 1[bOMY BI/IHaI[Ky Oyne TwiomMHOK 3 piBHSHHAIM y = C, sika
napasiesibHa KOOpIMHATHIH TuomnmHi (U, V).

Cykynnuii Koeghiuyienm ropenauii. B 0co0nMMBO BaxJIMBUX IS
NPaKTUKH BUIAJIKAX, KOJIM DPIBHSHHA MHOXXHHHOI perpecii € aiwitinum,

MHOXKMHHE ~KOPEJSUIHHE BIIHOWIEHHS Ty, . HEPETBOPIOETHCS Ha

MHOXHHHUH, a00 CyKynHI/II/I KernLueHT kopenaii Ry, « CyKyHHI/II/I
Koe(bluleHT KOpGJ‘ISILIll OB’ SI3aHUHA 3 Koe(blmeHTaMH KOpQJ‘ISII_Ill A
KOXHOI Tapu 3MIiHHHX II€BHUMH CITiBBiJIHOIIEHHSMHU. 30Kpema, s
JIHIAHOT KOopesiii BeIMYMHN Y 3 BEIUYMHAMH U, V TaKe CITiBBITHOIICHHS
Ma€ BUTJISII:

2 2
Mo + T — 2ryu Y

|u,v=
1-r2

CyKynHmI KOeiMieHT Kopessuii RY|uv Ta KOC(ILIEHTH MapHOi

KOPEJIALIT MK V 1 KOKHOFO 3 BEJIMYMH U, V ITOB’A3aHi CITiBBIHOIICHHIMHU:
RY|u,v,.A.,t.2 |rY | ’ RY|u,v,...,t. > |rY |

AHaJIOT14HI CHIBBIIHOLICHHS CIPOBAIKYIOTHCS 1 JUIsl KOpemsuii Oyb-
SIKOT KUTBKOCT1 3MIHHHX.

Yacmunni kKoegiuyicnmu muoxyucunnoi Kopenauii. Skimo npu
BHBYCHHI KOPEJAIii TPhOX 3MIHHHUX 3HAHIACHO KOe(DIIIEHTH KOPEIIIil
MK KOXXHOK) IMAapor0 3 HUX, TO 3 SBISETHCS MOMJIMBICTH BUKIIOYUTH
OJIHY 3 IIUX 3MIHHUX, TOOTO BU3HAYNTH KOPETIAIII0 ABOX 1HIIHMX 3MIHHHUX
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32 yYMOBHM, IO I BEJIWYMHA 3ajMIIaeThcst crajor. KoeditienTn
KOpeJAllii, 10 XapaKTepU3yKTh OTPUMaHi TpPHU IbOMY 3aJEKHOCTI,
Ha3MBAIOTBCS  YacmuHHUMU  Koeghiyienmamu  Kopenayii.  SIKmIo
3aHyMepyBaTH TPU 3MiHHI uuciamu 1, 2, 3, TO 3arayibHy (opMyny Js
BU3HAYEHHS YACTHMHHUX KOE(IlI€HTIB KOpeNslii MOXXHa TOAaTH Y
BUIJISLL:

poo—_ Na—hahs
el
1-r5\l-ry;
ne Iy — 4YaCTMHHUN KOe]IiieHT Kopemsuii MK 3MIHHMMH 1 1 2 mpH

BUKJTFOYCHHI 3MiHHOT 3.

SIKImo KiMBKICTh 3MIHHUX MHOXXKHHHOI KOPEJISIii TepeBUIye TpH, 3a
JIOTIOMOT'OK0 OCTaHHBOI (POPMYIIM MOXKYTh OYyTH TOCJIJIOBHO BUKIIOYCHI
NIB1 1 OlIbIIEe 3MIHHUX.

YactHHUI Koe(ilieHT Kopendlii Mo)e He TUIBKM 3HavyHO
BIJIPI3HATHCS 32 3HAYEHHSIM BiJ BIIIMOBIAHOTO 3arambHOrO KoedillieHTa
KOpeIsAlii, a i MaTH 1HIITHHA 3HaK.

PanroBa kopensimisi. ICHyroTh O3HaKM, SKi HE MiAJAOTHCA
Oe3nocepeTHFOMY KUTbKICHOMY OIIIHFOBaHHIO, OJTHAK MAIOTh PSJI SIKICHUX
rpajaiii, siKi Jar0Th 3MOTY MOPIBHIOBATH MiX COOOI0 OKpeMi 00’ €KTH 3a
CTyNIEHeM BHUSBJICHOCTI JaHOi O3HaKW. Taki O3HAaKH Ha3WBAIOTHCS
SAKICHUMU.

Hpuxnaa. [luciepcHicTs po3unHY, iIHTEHCUBHICTH O0ITIO.

Y Tux BWmNagKax, KOJMM O3HAaKaM SBHII, SIKi CIIOCTEpIrarOThCS, HE
BIA€THCS OJHO3HAYHO TIPUMHUCATH Ti a00 iHII aOCONOTHI 3HAYECHHS,
KOPHUCTYIOTBCS METOJAMU PaH2080i Kopensayii. 3a TOTIOMOTOI0 IMX METOJIB
BIA€THCS 3HAYHO PO3IMIUPUTH MOMJIMBOCTI CTATHCTHYHOTO —aHAII3Y.
OcraHHIM YacoM TIpH PO3B’S3YBaHHI 33734 JiarHOCTHKH Ta TPOTHO3YBaHHI
IIMPOKO 3aCTOCOBYIOTHCS €KCIIEPTHI CUCTEMH, JIS SIKMX METOJ PaHTOBOL
KOPEIIAIIii € Malke He €IMHUM IIIITXOM y3arajJbHEHHS €KCIIEPTHUX OI[IHOK.

ITocnioBHICTE 00’€KTiB, SKi PO3MIIICHO BIJIOBIIHO JO JESIKOL
O3HAaKH, HAa3WMBAETbCS  @nopsodkosanoro. CaM  TIpolec  TaKoTo
BIIOPSIKYBAHHS HA3UBAETBCS PAHIICYSAHHAM, a KOXKHOMY €JIEMEHTY
pamdicosanoeo  psdy — TPUCBOIOEThCS  pare.  Haifwacrtimme — paHru
MM03HAYAIOTh MOPSAKOBUMH 4uciamMu 1, 2, ..., N. Takum yuHOM, SKIIO
MICJIS BIOPSAKYBaHHS O0’€KT 3aliMae II'SITY IMO3HUINI0 B PAH)KOBAHOMY
psaai, To BiH Mae panr 5. Ilpumyctumo, IO TpU PaHKYBaHHI JCSKOL
CYKyITHOCTI 3a O03HaKol0 A paHr 00’€KTa MOPIBHIOE 5, TOMI SK TIPH
pamKyBaHHI 32 03HaKOI B HOTro paHr cTaHOBUTH 8. TakuM YMHOM, NpU
pamKyBaHHI 32 O3HAKOIO B KUTBKICTh BUIIMX 32 paHroM 00’€KTiB Oyae Ha
3 OipIIOI0, HIX TPU paHKyBaHHI 3a O3HaKo0 A. MoxHa 3poOuTH
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BHCHOBOK, 110 u¢pa 3 Bke sABIIsi€ cOO0I0 HE MOPSAKOBUH, a KinbKiCHUL
MOKa3HHK.

KinmpkicHy XapaKkTepUCTHKY, SKa MOYKE 3MIHIOBaTH CBOE 3HAYEHHS IMPH
Mepexo/i BiJf OHOTO eJIeMEHTa CYKYITHOCTI 10 PYroro, BBAKAIOTh BUTIA-
KOBOIO BenmuunHOM0. [lopiBHIOIOWM I KOXXHOTO O0’€KTa CYKYMHOCTI
PaHriB 3a MEpIIo0 Ta APYrol0 O3HAKaMH, MOYKHA BCTAHOBHTH TOKAa3HUKH
3B’SI3Ky MK HUMH, SIKi HA3UBAIOTHCS Koeghiyicnmamu panzosoi Kopenauii.

Ipukaan. 3uaqeH s 3pocTy, 00’ €My JISreHb TOLIO, AKi MOXYTh OyTH
BUMIpSHI, SBISIFOTE cOOOI0 B MEKaxX BiIMOBIJAHOI IIKAJIM BUMIPIOBaHHS
BUMA/IKOBI BETMUNHH.

Taky CyKymHICTH 3aBXINW MOXKHA BIIOPSAAKYBaTH, KEPYIOUUCH
MiclieM, SiKe 3aiiMae Ha IIKajdl BUMiproBaHHsS KOXHUH 00’exT. [licns
IFOTO MOXKHA Ka3aTW, IO 3HAYCHHS BUIAIKOBOI BEJIWYMHHU IOJAHO
BIITIOBITHUMH PaHTaMHU.

SAxuio y rpymi € 00’€KTH, sIKi HE PI3HATHCS 3a JaHOK O3HAKOIO, TO
KOXHIH Mmapi, Tpiiili TOmO TaKUX 00’ €KTIB MPU3HAYAETHCS CEPEHIN paHT,
SIKMH JOPIBHIOE CepeHbOMY apu(METUYHOMY 3 THX PaHTiB, 5IKi O Mayin
111 00’ €KTH, AKIIO iX MOKHA OYI10 O PO3PI3HHUTH.

TakuM  4uHOM, iCHye MOXJIMBICTH ~ PO3MJIAHATH  MPOIEC
YHOPSIKYBAHHs 5K HE 30BCIM TOYHHI CHOCIO IOJAHHS MOPSIKOBHX
BIIHOLICHh MDK eNeMeHTaMH, 060 BiH HE JI03BONSE CYIMTH IpO Te,
HACKIJIbKH OJIM3bKO OJJMH JI0 OJHOTO PO3MIIIICHI Ha IIKaJli BUMIPIOBaHHS
pi3HI €IeMEHTH PO3TJISILyBaHOI CYKYITHOCTI. AJie Mpolec paHXKyBaHHS,
MPOTPAOYH B TOYHOCTI, BUTPAE Y 3arajibHOCTI MiAXOY.

Memoou paneosoi  kopenayii OoyinbHO 3acmocogysamu  3a
HEeBeNUKOI KIIbKOCMI CNOCIMepedceHb | 3HAYHIU KilbKOCMi
SAKICHUX 2padayitl O3HAK.

Koedghivyienm panzoeoi kopenauii Kenoanna.

Hpmc.ﬂa)] HpI/IHyCTI/IMO IO TPYIy YYHIB pO3TallOBaHO 3TiHO 3
iXHIMH 3II0HOCTSAMH, SIKi BOHHM BHSBHIM Ha YypOKax MY3HKH i
MaTeMaTHKH. MOKHa 1X pO3TalllyBaTH, HAIIPHUKIIAM, 3a 3pOCTOM 1 Macoro
Tija, TOOTO 3a KiIbKICHUMU O3HaKamu. [lo3HauMMoO y4HIB JliTepaMu Big A
70 J 1 3amMIIeMo HaBeAeHI Jajii Bl MOCIIJOBHOCTI PAHIIB, BBaKAIOUH,
10 O3HAKH, SIKi OepYThCS IS TOCIiPKEeHHS, — oL 1 .
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Tabnuys 4.4

Vuni
OsHaka A B C D E F G H | J
Marematnka o | 7 4 3 10 6 2 9 8 1 5
My3uka f3 5 7 3 10 1 9 6 2 8 4

Ilocrae mnuTaHHS: YM ICHy€ 3aJeXHICTh MDK O3HaKamMu o 1 f
(My3UKaNIbHUMH Ta MaTEeMaTHUYHUMH 31i0HOCTSIMH, 3pOCTOM Ta Macoio
tina)? HasBHICTH 4YM BIiJICYTHICTH 3B’S3Ky MK IIMMH O3HaKamu Oyne
OUTBII HAOYHOIO, SKII0O MH PO3MICTUMO €JIEMEHTH IEpIIOro psay B
MOPSIKY 3pOCTaHHS Y MOCTIZOBHOCTI HATYPAIBHHUX YHCEIT.

Tabauys 4.5

Vuni
O3Haka A B C D E F G H | J
Marematnka o | 1 2 3 4 5 6 7 8 9 10
Mysuka f3 2 9 3 7 4 1 5 2 6 10

HeoOXxifmHO BH3HAYUTH CTYMiHb BIJIOBIIHOCTI MDK IIMMH JBOMa
MOCJIIZIOBHOCTSIMM ~ TOPSAZKOBUX ~ OILIHOK 200, IHIIMMU  CJIOBaMH,
winonicms  panzoeoi  xopenayii. Koedimient xkopemsmii Kenmamma
Mo3Ha4MMoO T. BiH Mae Taki BIIaCTUBOCTI:

— SKIIO MiX TOCTIJIOBHOCTSMHU TOPAJKOBUX OIIIHOK iCHY€E ITOBHA
BIJIIOBIAHICTH, TOOTO KOKHUM €JIEMEHT 3aliMae OJHE M Te caMe MICLE B
000X psmgkax, To T = +1;

— SKIIIO Ma€ MiClle BiJi’€MHA 3aJI€KHICTh, TOOTO SIKIIO B MEpPIIii
MOCJIIZIOBHOCT] OLIIHKK PO3MIIIEHI Y 3BOPOTHOMY MOPSIKY MOPIBHSHO 3
Ipyroto, To T=—1;

— y BCiX iHmMX Bunagkax — 1 <1<+ 1.

Bi3bMeMO B TepIiii OC/iZIOBHOCTI Mapy paHris, Hanpuknan 4 i B. Ix
3HA4YeHHS BIAMOBNAIOTH 7 1 4. 3a TeplIOl0 O3HAKOK YTBOPIOIOTH
3BOPOTHUH MOPsOK BenuuuH. [lapamerpam, ki yTBOPIOIOTh 3BOPOTHHIA
MOPSIIOK, OyIeMO TPUITMCYBaTH 3HA4YeHHS «MiHyc»l. 3a mpyroro
03HAKOIO BIAMOBIAHI paHrd 5 i 7 yTBOPIOIOTh NPSMHUM MOPSAIOK, 1 TOMY
mapi A i B npunmcyemo 3HadueHHS +1. [lepeMHOXyIoUrM 3HAYEHHS, SK1
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MNpUITUCAaHI MM MapaM 3a TEpIIOK 1 IPYror O3HAKOK, OTPHUMAEMO
«MiHyC» 1, TOOTO 1151 Tapa Mixk COOOKO He Y3200xcena.

AHanoriuai oOYHCIeHHS MPOBOASTH IS KOXKHOI Tapu W OTPUMYIOTH
P pesynbrariB +1 i Q pe3ynbrariB «miHyc» 1.

3HaueHHs T O0UHUCTIOETHCA 32 (HOPMYIIOIO:

Cnpaeoicrs cyma npunucamux 3HAYeHbv P-Q

Maxcumanvrno mooiciusa cyma yux 3nadenb P+ Q

PosrnsremMo 1mro 3ajmady B 3aranbHid mocTtaHoBIi. Hexait € nBi
MOCJIIZIOBHOCT] PaHTiB, KOXKHA 3 SIKUX Mae N wieHiB. KuibkicTh map, siki
MOXXYTh OyTH TOPIBHSHI, TOPIBHIOE KiJTBKOCTI CITOCOOIB, 32 JOITOMOTOIO
SIKUX MOJKHa BHOpAaTH JBa €JIEMEHTH 3 HAOOpy 3 N E€JIEeMEHTIB, TOOTO
KUIBKICTH KOMOIHAIIH:

, n(n-1)
C=——72,
2!
IO XapaKTepu3ye HAHOINbII MOXIMBY CyMy TPUIHMCAHUX 3HAYCHb, AKI
MOXkHa Oyno O oTpuMard B pasi, KOJH TOPSIOK paHTiB B 000X
MOCJIIOBHOCTAX MOBHICTIO 30iraerncs. Toxi:

s _ (P-Q) “.12)

T 02
Beenemo y uncenbHuk + P a6o + Q i, B3sBIIH 10 yBaru, mo
P+Q=C}
MO>KHa Iepenucat Bupas (4.12) sk

L, QP
" nn-1)/2 n(n-1)/2°

3HauyniicTh KoedirienTta paHroBoi kopensnii Kenmamia omiHIOETbCs
3a JI0NoMOroto t-kpuTepito 3a GopMyIoro:

___ 6(s-1)
~J2n(n-1)2n+5)’

3a KiJIbKOCTI CTYIIEHIB cBOOOaM N — 2.
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3a n < 10 omiHka 3Ha4ymocTi KoedilieHTa PaHroBOi KOpeysuii T
OLIIHIOETBCS 33 JOMOMOTrOI0 CIEIiaJbHUX TaONWIb Uil KPUTHYHHX
3HaYeHb KoedirieaTa kopensnii panriB Kenmamia.

Koedghiuienm panzoeoi kopenauii Cnipmena.

Hpuxnaa. PosriasHemo Tabauio o3HaK o 1 B 1 00YKUCIMMO IS HUX
pisuumio panris. ITosHaunmo O pI3HHIO MiXK BiJIOBIZHEMH IapaMu
paHTiB O3HaK MepIoi Ta APYyroi MOCHiJOBHOCTI 1 3aHeceMo B Tab. 4.6

Tabnuys 4.6
Osnaxka o 7 4 3 10 6 2 9 8 1 5
OsHaka f 5 7 3 10 1 9 6 2 8 4
Pommr | | 3| 0 0 5 | 7| 3 6 | -7 | 1
d? 4 9 0 0 25 49 9 36 49 1

Koediuient CriipMeHa 009HUCITIOIOTH SIK

6idf

Jie N — KUTBKICTh Tap CIOCTEPEKEHb.

SAxuio koedinieHT panroBoi kopessinii CriipMeHa ps BU3HAUCHHUN JUTSI
KIIBKICHUX TIOKa3HUKIB, SKi PO3MOJICHI 32 HOPMAaJbHHM 3aKOHOM, TO
CTaTUCTUYHA OIlIHKA JUIS ICTUHHOTO Koe(illieHTa KOpelsIii I Moxe OyTu
3Hal/ieHa 3a JOMOMOTOI0 CITiBBiIHOILICHHS:

. T
r=2sin—p-..
GPS

KoedimienT panrosoi kopensiii CriipMeHa Ma€e Taki BIaCTUBOCTI:

—lpsl < 15

— SKIIO Ps= 1, Mae Miciie MOBHA y3TOKEHICTh BETUYMH X 1 Y;

— Ko ps = —1, Mae Micle TNPOTUIEKHE BIOPSAIAKYBAHHSA
TIOCITIIOBHOCTEH paHTiB (BiJ’ €eMHA KOPETIAIis);

— Ko ps= 0, KOPENAIis BiACYTHSL.

Hespaxkatouu Ha Te, 110 KoedimieHT CrnipMeHa ps OOYMCIUTH JIETIIIE,
Hix koedimienT Kenmamra 1T, omHaK T BHKOPUCTOBYIOTH yactimie. lle
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3yMOBJICHO THM, IO [OJaBaHHA HOBHX CJEMCHTIB y BHUXIIHY
MOCTIIOBHICTh MOTPeOye 3aHOBO OOYMCIIOBATH ps, 00 Leil KoedilieHT
0a3yeTbCsi HAa BHUKOPUCTAHHI BCi€l CYKYITHOCTI JaHUX, TOAI SK IS
koedimienTa Kennanna momaBaHHs A0 MOCITIIOBHOCTI HOBUX €JIEMEHTIB
He oTpedye MMOBHOTO MEPEPAXyHKY JaHUX.

Koegiyiecnm Kenoanna mooice Oymu pexomMeHOO8aHUU Ons
3acmocy6anHs Yy NO2IUONEHUX — OOCHIOINCEHHAX, OCKINbKU
Kpumepiil 3Ha4yujocmi 1020 0inbul 0OIPYHMOBAH UL NOPIBHAHO 3
Koeghiyicumom paneosoi kopenayii Cnipmena.
3HaYyIIiCTh OTPUMAHOTO Koe(illieHTa KOPEeJslii Ps OIIHIOETHCS 3a
JIOTIOMOT 010 t-KpUTEpito 3a (OpMYJIIOr0

n-2
1-p?

t=ps

Ha MiJCcTaBi nepeBipky rinore3un Hy: ps= 0 IpH KUIBKOCTI CTyIEHiB cBOOOIH
n-2.

IMTpu n < 30 3HauymIicTh paHroBoi Kopesii CripMeHa OLIHIOETbCS 32
JIOTIOMOTO0 CTEMiabHUX TA0JUIb UIS KPUTHYHUX 3HaYeHb KoedillieHTa
Kopesinii panriB CriipMeHa.

Ipu  senuxiu  kinbkocmi  cnocmepexcenv  (3a  BUHAMKOM
3HAUEHb, ONU3LKUX 00 OOUHUYL) KoeqiyicHm paH2060l Kopensyii
Kenoamna npubnusno y 1,5 paza menwuil 3a Koegiyienm
Cnipmena.

Tempaxopuunuii Koegiyicnm xopenayii. JIns xnacy 3amad, B SIKUX
MacuBH JaHuX X 1 (a00) Y GopMyroThes LUIIXOM OJuxomomizayii («rax-
Hi», «I00pe-ToraHo», 3rOJICH-HE3ro/IeH»), TOOTO HAsSBHICTIO a0o
BIJICYTHICTIO JITaHOi O3HaKM B 00 €KTa, KopensluiﬁHHﬁ 3B’ SI30K
BH3HAYAETCS MEMPAXOPULHUM KOEDIYIEHMOM KOpenayii.

VY 1npoMy pasi 3arajibHy YMCENBHICTh YCiX 00’€KTiB y BHOIpLi MOXHA
PO30UTH HA YOTHUPHU YACTHUHH:

@ — KUTBKICTh 00 €KTIB, IKi MatOTh OOW/IBI O3HAKH (+ +);

b — xinbKicTh 00’€KTiB, SKi MalOTh INEpIIy O3HAKH, ajieé HE MAlTh
apyroi (+-);

C — KiNbKicTh 00’€KTIB, SIKI HE MArOTh MEPIIOi O3HAKH, aje MaloTh
apyry (- +);

d — KinbKicTh 00’ €KTIB, SIKi HE MAIOTh 000X O3HaK (— —).
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3Harouu 3Ha4YeHHs @, b, C, d, MOXXHa OOYHMCIHUTH TETPAXOPUUHHI
KoeilieHT Kopemsinii 3a GopMyIo:

r = ad —bc

J@+b)c+d)a+chb+d)

OniHKa 3HAYYIIOCT I\ BAKOHYETHCS 32 JOIOMOTOI0 PO3MOILY % °.
OO0uncnroeTbest po3paxyHkoBuil koedinieHT [lipcona

2 _
XP —nl’t

3a KUTBKOCTI CcTymeHiB cBoGoau f = 1 Ta MOpIBHIOETHCS 3 KPUTHIHUM
3Ha4YeHHSIM KoedimieHTa [lipcona Xip, Y3STHM 32 TAOMUISIMHU PO3MOALTY

% ZU1st 3a]JaHOTO PiBHSA CTATHCTHYHOI 3HAUYIIOCTI 0.

Xubna kopeasinia. [omoBHe oOMeXeHHS TP BUKOPUCTAHHI
pe3yIbTaTiB  KOpENSALIHOro aHalizy moysrae y mpobiemi XuOHOT
KOPEJISIIi.

Cepen MpuYUH MOSBU XUOHOT KOPEJSIii pO3TILAat0Th TaKi:

— KUIBKICTh 3HaY€Hb 3MIHHUX 3aJIS)KHUThH BiJl omiepaTopa ado BILIUBY
SIKUXOCh BUITaJIKOBUX BEIHYHH;

—y JOCHIJKYBaHUX pslaxX CIOCTEPIraloThCs JesAKI TEHACHINI, a
TaKOXX MEPiOJNYHI Ta CE30HHI XBHUITI;

— HasBHICTb cmpamuixayii — HEOTHOPITHOCTI TOCIiIKYyBaHOTO
MaTtepiany;

— MOXUOKHU peecTpartii ToIo.

11100 y KO’)KHOMY KOHKPETHOMY BHUIIQJIKy JaTH BIINOBIIb HAa 3alTUTAHHS
Mpo Te, IO CIiJ] BBAKATH XWOHOK KOPEII€I0, HEOOXITHO IOIepeTHbO
BUBUWTH CYTHICTh 3aBJaHHsI, 3’5ICyBaTH, y sIKiii (opMi Mae OyTH IMOJAaHO
JaHi, 10 MiJISrafoTh JOCTIDKEHHIO, a TaKOK SKOK MIpOH BIUIMBOBI
BEJIMYMHHI MOXKYTh IPH3BECTH A0 CIIOTBOPEHHS JOCHIPKYBaHOTO 3B’ SI3KY.

OcobnuBocTi kopeasiniiinoro anajisy. [Ipu BUBUeHHI 3aneXHOCTEN
SIBUI[ CTHKAIOTHCA 3 JBOMA PI3HUMH THUIIAMH TEpelyMOB. Y MeEpIIOMY
BUNAJIKY €KCIIEPUMEHTATOP 3a/1a€ TIEBHI 3HAYCHHS 3aJIe)KHOI 3MiHHOT X = X,
JUTSL SIKUX 1 CIIOCTepiraroThest 3Ha4eHHs 3MiHHOT Y. ToOTO Benmm4nHU X —
HEe BUMAJKOBI ((ikcoBaHi), MPUUOMY KOKHOMY 3HAUEHHIO X BiJIIOBiga€e
neskuil TeHepanbHMI posmomin Y 3 amcmepciero 2. CrocTepeskeHi
3HAYEHHS ) PO3MJISNAIOTh SK BHOIPKOBI 3 IUX PO3MOAUTB. Y IHOMY
BUMAJIKY 3100yTy MOJICIIb HA3UBAIOTh PePecilinoio.

VY npyromy BUNAAKy CHOCTEPEKEHI 3HAYEHHSA ) 1 X MOXYThb SBJIATH
c00010 BHOIPKH 3 ABOBHUMIPHOTO HOPMAJBHOTO PO3IMOALTY, TOOTO Ha
BiIMiHY BiJ] MIONIEPEAHBOIO BUMAAKY 3Ha4eHHS X yXe He € (hikCcOBaHUMHU
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a00  KOHTPOJHOBAaHUMH  3MIHHUMH. TaKy MOJEIb  HA3WUBalOTh
Kopenayiiinoio.

Slkmo  mocmimKyBaHa MOAENh € perpeciiiHoro, TO KoedillieHT
KOpeIAIlli XapaKTepusye AKicmb 0000py pieHAHHA peepecii. Y pasi
KOpeIAIiiHOT Mojenai Koe(illieHT Kopensmii € Mipow IIUIBHOCTI
JIHIAHOTO 3B’ 3Ky MiXK BUIIaIKOBUMU BEIIMYMHAMU.

Cnio 3a3mauumu, Wo HA APAKMUYL He 3A6HCOU MONCHA YiMKO
BUBHAUUMUCS 3 8UOOM MOOCi, WO MOdCe npussecmu 00 Xuo-
HO20 MIAYMAYEeHHs 3000yMux pe3yibmamie.

OchosHolo nepedymogoio KOPEIALIAHOTO aHANl3y € He3anescHicmy
BHIIQJIKOBHX apryMEHTIiB i MOXIHMBICTb iX KOHTPOIO a0 KepyBaHHS
HUMHU. VYci BXimHI Ta BHUXIAHI BUIAAKOBI 3MiHHI MaoTh OyTH
T AMOPSAKOBAHI HOPMATbHOMY 3aKOHY PO3IOJLTY HMOBIPHOCTEIA.

[lpu mpoBeneHHI KOPENSIIHHOTO aHami3y peati3yeTbcsi JBOCTAITHA
npouexypa.

Tepwuii eman — OyRyeThCs Oiacpama po3cilo8aHHs (nozze Kopenayii),
T00TO Tpadiune BimoOpakeHHs TOYOK (x;, y;) Ha twiomuHi (X, Y), ()Z[I/IB
puc. 4.3). TlpoaHamni3yBaBIiu Jiarpamy PO3CIOBAaHHs, MOKHA 3’s-
CYBaTH, Y MPHUITyCTUMHUM € TMPUIYIICHHS MPO 3aJeKHIcTh Mixk X T1a Y, 1
MIPUHHATH PillIeHHsI 010 (POPMU KPUBOI 3aJIEKHOCTI.

Jlpyeuii eman. SIKIIO NMPUIYCKAETHCS HASBHICTh JIHIHHOT KOPEJIAILIT,
TO OOYHCIIOETHCS 3HAYEHHS Koe(ilieHTa KOpEemsIii I' Ta mepeBipsSeThCs
HOTO CTaTUCTUYHA 3HAYYIIICTb.

3a ymoBH, 10 KOe(ilieHT KOpessiuii 3HauylIIuid, iCHy€e TBEPIKEHHS
Mpo JIHIMHUE perpeciiiHuii 3B’ 130K MK BennyrHaMu X1 Y.

Skmo  ineHTU(IKYeTbCS — HeNiHIHA  perpeciiiHa  3aJIeKHICTb,
OOYHMCITIOETBCS  KOPEJALIAHE  BiIHOWIEHHA My, 1 TEPEBIPIETHCS HOTO

CTaTUCTUYHA 3HAUYYyIlicTh. Bua 3alexHOCTI MOXHa  YTOYHUTH
HaKJIaJaHHsAM Ha Hel TUIIOBUX KPUBHX.

ITpoBoAsiuM CTATUCTUYHUHN aHaJI3, HEPEBIPSIOTH TiMOTE3U PO hopMy
¢yHkuii perpecii. Haii0inbi notyxaum € kpurepiid diniepa.

Amepurancokuti mamemamux TblOKKI 8UCI08U8 YIKABY OYMKY
npo me, Wo GUKOPUCMOBY8amMU Koepiyicumu Kopenayii € cenc y
060X sunaokax: abo Koau 6oHU € Koeghiyienmamu pespecii, abo
KOJIU HEMOJNCIUBO GUMIDSAMU OOHY YU 0OUOBI 3MIHHI 8 IKOMYCb
NnegHOMY MACUMAaoi.
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ITeprra vacTWHA IIHOTO TBEP/DKEHHS CTOCYETHCS BHIAAKY, KOJH
Benmunad X 1 Y MaroTh CHiTbHHIMA I[BOBI/IMipHI/Iﬁ HOPMAaJbHHUN 3aKOH
p03noz[1ny, Tomi 3a piBHMX aucmepciii BemmumH X 1 Y 1 HasBHIi
JiHIAHIN 3a/IeKHOCTI KoediieHT Kopesiii Bigouae BB X HaY .

[IMo * 1o Ipyroro BUMAJKy, TO MOXHA, CKOKIMO, HABECTH TaKy chepy
3aCTOCYBAHHS CTATHCTHYHHMX METOJIB, SIK CYCIUIbHI HAYKW, MEIUIIHHA
TOImO, 1€ KOe(IieHT KOpeNsiii IIHPOKO BHUKOPUCTOBYETHCS, aje
3aCTOCYBATH JCTCPMIHOBAHI IIKAIN IS BAMIPIOBAHb HE 3aBXKIM MOXHA.

IHuTanus a8 camonepeBipku

1. Y oMy momsirae pi3HUIS MK (YHKIIOHAIEHOIO Ta KOPEIAIIHHOI0
3aeKHOCTSIMU?
2. Illo sBasie coOOO0IO KOpEIsIiiHe ToJIe; JiarpaMa po3CitoBaHHs?
3. o xapakTtepusye KoedilieHT Kopemsmii i sika obiacte #oro
MOKJIUBUX 3HaYEeHb?
4. Slxk BU3HAYAE€THCA eMITipHYHIA KOe(DiIli€HT KOPeIsIii?
5. HoMy 00UHCITIOETHCS HAMIHHME IHTEpBA T KOS(DILIEHTa KOPEIIALIIT?
6. Sk BU3HauUaeThCA HaNIWHUH iHTEpBaN s Koe(imieHTa KOpesiii B
pasi MaJioi Ta B pa31 BEJIMKOI BUOIpKU?
7. Sk nepeBlpﬂeTLca rinoTesa npo 3Ha4yIicTh KoedilieHTa Kopesii
1u1st Mautoi (Benukoi) BUOIpKU?
8. o xapakrepusye KopendmiiiHe BigHOIIEHHA? SIk 00YHCIIOETHCS
15 XapakTepucTuka?
9. Slki BIaCTHBOCTI XapaKTepHi ISl KOPEJAIHHOTO BiTHOMIECHHS?
10. flkuMu TIOKA3HUKAMHU XapaKTepU3YETbCI MHOXKHHHA JTiHIHA
KOpesiis?
11. B sxux BUNagKkax BUKOPUCTOBYIOTHCS METOAM PAHTOBOI KOPEJISLIii?
12. Axwuit nopsymok obuucnens koedinientis Crnipmena i Kennanna?
13.fIx BHM3HA4aIOTHCS KPUTWYHI 3Ha4YeHHs KoedinienTtiB CmipmeHa i
Kennamia?
14.B sxux BHUIagKax 3acTOCOBYETHCS TETPaXOpPUUHHHA KoedilieHT
KOpeJALii?
15. YumMm BiapizHSAETHCS perpeciiiHa MOJeIb Bl KOpessauiiHo1?
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4.3. IOHATTS ITPO PETPECIMHUMN AHAJII3

AKwo KopensauiHuiA aHanis gosis Ocnosni nepedymosu

HasIBHICTb 3anEXHOCTi JOCTMKYBaHNX | pespeciitnezo  ananizy  JIEsKOo

3MiHHUX, TO chopma 3anexHOCTi Moxe | MipoIo 30iraroTbCst 3

ByTv yTO4HEHa METOAAMM PETPECIHOM | riepeayMoBaMu KOpENSIiHOTO

aHarisy. aHamisy. JIo HMX Hamexarhb TaKi
TTOJI0KEHHS.

1. BXigni BenTMYMHU HE € BUTAJAKOBUMH 1 337af0THCS (BUMIPIOIOTHCS)
3 MQJIOIO TOXUOKOIO.

2. 3HavyeHHS KOHTPOJIBLOBAHHUX BXIJHUX BEJMYMH HE3AICXKHI MiXK COOOFO.

3. Buxinna BenwuuHa Y mnpu (¢ikcoBaHOMY 3HadyeHHI X Mae
HOpPMaJIbHUN 3aKOH PO3IOJILTY.

4. Jlucnepcis BuXimHOi BenmmMunHU Y 3aIIMIIAETHCS TOCTIHHOIO TIpH
3MiHI 3HaY€Hb BXiJHOI BesiunHU X .

HasiBHiCcTh piBHAHHS perpecii Jae 3MOrYy MPOTHO3YBATH TMOBOKECHHS
00’ekTa. SIKII0 3a/a4y OLIIHIOBaHHS TMapameTpiB Oyze po3B’s3aH0, MOXKHA 3
JeSKOI0 HAHIMHICTIO CYAWTH IPO TIOBOPKEHHS BEIMUYMHU Y 3aJIEKHO Bij
3Ha4YeHHsS apryMeHty X. [Hakmie Kaxydd, MOJKHa 3 TIEBHOIO HaiHHICTIO
POOHTH MPOTHO3 I0/I0 MOKIIMBUX 3HAYCHB Y.

Jlinis (piBHSIHHSI) perpecii TmMoka3ye, sK Yy CepelHbOMy Oyae
3MIHIOBAaTHCS BUXiJHA BeJIW4YMHA Y TP HE3MIHHOMY 3HAa4eHHi BXiTHOT
Beanunan X. LlenTtp posciroBanns BuxinHoi Bemmuuau Y, i=LN (N —
KUTBKICTh TOYOK, B SIKHX HPOBOJSATHCS CHOCTEPEKEHHS) MiCTUTUMETHCS
Ha meopemuyHiti MiHii perpecii.

3aoauero peecpeciiinoco aunanizy € 000ip Makoi 3anedlicHoCmi, KA
NOBHOW MIpOI0 8i0N06I0ANa 6 meopemuyriu JiHii peepecii.

IIpu npoBeneHHI AOCHIKEHb 13 3aCTOCYBaHHSAM PpErpeciiHOro
aHaJi3y MOXe PO3B’s3yBaTUCh OJIHA 3 JIBOX y3araJlbHEHUX 3aJ1a4:

1. Bug 3aneXHOCTI BiZOMHUM, HEOOXIZHO SKOMOra TOYHIIIE 3HAWTH
OLIIHKU KOe(iIiEHTIB perpecii.

2. Bun mopeni HeBinoMud. Y 1bOMY pa3i BUCYBAETHCS TiIOTE3a PO
BUJ TepenbadyBaHoi 3anexxHocTi. [ToOyjoBaHa MareMaTW4Ha MOJIEINb
MIepEBIPSAETHCS HA aZCKBATHICTD 00’ €KTY. SIKIIIO0 MOZENb He afeKBaTHA, TO
3MIHIOETBCS TilI0TE3a 1 3HOBY IPOBOAUTHCS CTATUCTHYHA 00pOOKa.

Konkpernuii Bua QyHKIIOHATBHOI 3aI€KHOCTI MK BETMUYMHAMHU X i
Y, ycTaHOBJICHHH 3a JBOBUMIPHOIO BHOIPKOIO, HA3UBAIOTH eMHIPUUHOIO
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3anexcnicmio, sKa BiIOOpaKaeThCs eMuipuunorw opmynorw. Sxmo
noOyayBaTH Tpadik eMITIPUIHOT 3aJISKHOCTI Ha KOPEIAIITHOMY TOJi, TO
BiH He 000B’S13KOBO Ma€ MPONTH yepe3 yci Touku (X;,Y;) BUOIpKH, a 6yoe

HauKkpawum Habnudxcenwsm 0o yux mowok. Haigactime mnepeBara
HaJA€ThCS JNIHIMHIN 3a1€KHOCTI

Y=a,+a,X. (4.13)

3HaxoqKeHHs JiHIHHOI emmipu4yHoi dopmyim. [[ns oxepxaHHA
JiHIAHOT emmipu4yHOi GOpMyIM Y =a,+a,X ICHye KiIbKa MeETOJIB:
MEmoO  «HAMASHYMOI HUMKU», Memood CyM, Memoo HAUMEHUIUX
Keaopamis.

Y memooi «namsazHymoi numiku» BCi pe3yJbTaTH BHUMIipIOBaHb
300paxyloTh y BHIIAMI TOYOK Ha KopelsmiiiHomy moni. llpm mpomy
BapTO MOAYMKH HATATHYTH MK UMM TOYKaMH HHUTKY B Takuil crociO,
mo6 mo obuaBa OOKHM 3amuIIWiIacs NPUOIM3HO OJHAKOBA KiNBKICTh
TOUYOK. 3 I[I€F0 METO Bi3bMEMO Ha MPsAMiii, 10 30iraeThCs 3 HAMPSIMKOM
HUTKH, JIBI TOYKH 3 KOOpAUHATAMU (X1, V1) 1 (X2, V), AKi HE 0OOOB’A3KOBO
MalTh OYyTH MNPHUCYTHIMH Yy BHOIpIi, ale MaloTh OyTH JOCTaTHHO
BiJTAJICHUMH OJIHA BiJ{ 0/1HOI.(puc.4.5)

Y
Y1 N -
Y2 - \
X1 Xo X
Puc4.5

[lincTapuBiny 11i KoopauHaTH y dopmyny (4.13), micTaHeMO cUCTEMY

JMHIMHUX PIBHAHB!
Y, =8, +4,X
ST TN (4.14)
Yo =dg 8%,

ne HeBimoMuMu € koedimientn d, U 4. Po3p’s3yroun cucremy (4.14),
nicraemo emmipuuny Gopmyiy (4.13).

Yepes me, wo eKcnepumenmanbHi OaHi OMPUMAHi 3 NOXUOKO!0,
y pesyivmami CMamucmuyHol 00poOKU BUBHAYAIOMb MITbKU
OyiHKU Koepiyicnmis &,.
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Y memooi cym MipkyloTh y Takuii cmoci0. Hexalt € nmBoBumipHa
BuOipka. SKkmo miacTaBuTH B emmipuuHy ¢opmyny (4.13) 3HaueHHs
BenuuMHU X i3 BUOIpKHM, MOXHA 3amUcaTH BiAMOBIAHI 3HAYCHHS
BUIAJKOBOI BSIMYMHU Y Y BHTIISI

y=a,+ax, i=1..N.

3HaifleMo BIAXWIEHHS MDK BHUMIPIOBaHUMH J; W OOYHCICHUMHU
3HAUYEHHSMH Y, , IKC HA3UBAETLCA GIOXUIOM:

A=Y =Y =Y —aX —a,. (4.15)
HeobOxinna BuMora — manst BCiel BUOIpKH cyma yux 6ioxunie mae
OdopisHIOsamu Hyo:
N
D A =0. (4.16)

Y rtakwii cmocid TOOyOOBaHO OJHE pIBHSHHS [UIS BU3HAYECHHS
koedinientiB &, # &,. Ilo6 mMarti nBa PiBHAHHS, MOJUIMMO TAaOJIHIIO
CcrocTepeKeHb Ha J1Bl yacTuHu. Hexail y mepiiii i3 HuX K crocrepexeHs,
a y apyriit gacturi N — K crioctepeskers. B 000X yacTHHAX PiBHSHB Mae
BUKOHYBATHCA yMOBA (4.16). Y pesynbTari JQiCTaHEMO TaKy CHUCTEMY
JHIHHUX PIBHSHb:

k
Z(Y' —d _élxl)zo

NS (4.17)
Z( ~8,—-4,%,)=0
i=k+1
SIKII0 PO3KPUTH AYKKH U MiJICYMyBaTH NOJI0H] WIEHH, OTPHMAEMO:
k
ZYi _élzxi —kay =0
i=1 i=1 (4.18)

N N :
Z Yi—d in_(N_k)éo:O

i=k+1 i=k+L
3 Bupa3y (4.18) BumuMBae, 1m0 B 000X YaCTHHAX TAOJIMIll CIIOCTEPEKECHD
noTpiObHO TiJICyMyBaTH 3HAYEHHS X; 1 );, @ Jalli pO3B’s3aTH CHCTEMY
(4.18) BigHOCHO MapamMeTpiB &, i 4.

Memoo naumenwiux Keaopamie. 3a3Buuail emmipuyHy (opmydiy,
TOOTO KOEhIIIEHTH PIBHIHHS perpecii 3HAXOATh 3a JOTIOMOTOI0 Oiibiu
mouno2o memody — memoody Hatimenwux keaopamis (MHK). 1lsa
MIpoLEAYpa 1€ HA3UBAETHCS JMIHIHUM NAPHUM PecpeCciliHuM aHani30M.
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MHK rpyHTYy€eTbCS Ha Takiil TeopeMi.

Sxmo f(X) € pyHkuiero perpecii BenuunHu Y MIOI0 BEITUYUHU X, TO
cepenHiii KBaapaT BiaxwieHHs Benuuuad Y Bin dyskuil f(X) mewmmii,
HiX B Oyap-skoi iHmoi ¢pynkuii h(X), Tooro:

M[y - f(x)f < M[Y -h()F,
NPUYOMY PiBHICTB J0CATaeThes e st Takux Gynkuid h(X), mwis skux
M[f(x)-hx)f =0.

3 1i€i TeopemMH BHUILIMBAE, 110 KOIU BUA QYHKIIT perpecii Bizomuid, a
HEBiIoMiI TiNBKK ii mapaMeTpH, TO iX MOXKHAa 3HaXOAUTH 3 YMOBH
MiHiMi3amii cepeTHFOr0 KBaIPAaTHYHOTO BiXUICHHS

M[Y — f(X)F.

[MpunycTuMo, 1O 3B’A30K MK BHIIQJAKOBUMH BEIMYMHAMH Mae
niHidHMA Xapaktep f (X) =a, +a,X. HeobOxinHo 3HalTH Taky mpsMy y

IUTOLLMHI (X, Y ), 100 BUKOHYBAJIaCs yMOBA!

Q=MI(Y —a, —a,X)J* = min. (4.19)

Brecemo min gyxku Bupazy (4.19) = MY ta taMX 1 po3i6’emo neit
BHpPAa3 HA OKPEMi CKJIa/IOBI:

Q=MJ[(Y —=MY)—a,(X —MX) + (MY —a, —a,MX)[.
[licna nepeTBOpeHHs IicTaHEMO:
Q =MI[(Y =MY)? —2a,(X = MX)(Y —=MY) - 24, (X — MX )x
x (MY —a, —a,MX )+a2(X —MX)? +(MY —a, —a,MX)?]
BizbMeMo 110 yBaru, 1o
M[Y -MY)f =5,%, M[(X -MX)f =5,?
M[(X —MX)(Y =MY)]=cov(X,Y),

M[(X - MXx)]=0,
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BukoHaBImM MaTeMaTHYHI IEPETBOPEHHS, IEPEHAEMO 0 BUpasy:
Q =0} —2a,c0v(X,Y)+a/c% + (MY —a, —a,MX)? (4.20)

Jns 3abesnedeHHss MiHiMymy Bupasy (4.19) 3Haxogmmo dacTHHHI
MOXiHI Ta TPHUPIBHAEMO iX OO HYIA. Y pe3yibTaTi HiCTAEMO CHCTEMY
PIBHSIHB:

S—Q:—Z(MY -a,—-a,MX)=0
aao (4.21)
% —2a,0,2 — 2(MY —a, - aMX)MX —2c0v(X Y) =0
VYpaxyBaBumu nepiie piBHIHHs cuctemu (4.21), mepetBopumo apyre ii
PIBHSIHHS 1 TicTaHEMO:

MY —a;, —a,MX =0
ac2—cov(X,Y)=0
PO3B'A30K AKOi Jla€ 3HaYEeHHs Koe]ILieHTiB a1 a,, 3a AKUX BUpas3 (4.19)

npuiiMae MiHIMaJbHE 3HAYEHHS. 3 JIPyroro piBHSHHS cuctemu (4.22)
3HAXOJJMMO:

(4.22)

cov(X,Y)
g =—""
G>(
abo
GY
a=p—, (4.23)
GX
cov(X,Y) . .
¢ p=———— — HOPMOBAHHHU KOC(blLIlCHT KOpCJIAIll.

GOy
[TincraBumo 3HalieHe 3HAYEHHs &, Y IepIIe PiBHSAHHA cucteMu (4.22),
JICTAHEMO:

a,=MY —p Y MX . (4.24)

X

Koegiyiecnmu pieuanus peepecii, ompumani Ha niocmasi
Kpumepiro minimizayii Q, HA3UBAIOMbCS OYIHKAMU HALMEHULO2O0
xeadpama abo MHK-oyinkamu.
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3 ypaxyBanusam (4.23) i (4.24) piBHsiHHS TpsiMoi perpecii Y moxo X
(4.19), sixe minimi3ye Q, MaTUME BUTIISIA:

Y = MY +p 2L (X —MX), (4.25)
(o)

X
e Y =MI[Y | X =x].
Busnaunmo 3HadeHHs Q,,,, AK€ MOXHA JICTaTH MiACTABIAHHAIM

3afaHUX 3HaueHb a,1 @ 3 Bupasy (4.19). Ilicis anreGpaiuHux
MIePETBOPEHb MAEMO:

2 2 2
Qmin :M[Y_ f(X)] zay(l_p )

3 OCTaHHBOTO BUpPA3y BUIUIMBAE: UMM OUTBIIA IIIIBHICTH JHIHHOTO
KOPEJSIiHHOTO 3B’ 3Ky, TUM MEHIIAa CepelHbOKBaApaTHUHA PO30IKHICT
MiXX TEOPETUYHOIO JTIHIHHOIO 3aJIeKHICTIO BednynH X 1 Y Ta JIiHIHHOIO
perpecieto. Konmu mae wmicue JiHiliHA (QYHKI[IOHAJIBHA 3aJ€XHICTh, TO
p=11i M[Y - f(X)]=0.

TakuMm guHOM, 3adaua meTony HaiimeHmux kBagpatiB MHK momsrae
B TOMY, 1100, 3HAIOYM TOJIOKCHHS TOYOK Ha IUIOIIWHI, TaK MPOBECTU
miHifo perpecii, mob cyma keadpamie eioxunens Q y30063c oci Oy
(opouramu) yux mouox 6i0 nposedenoi npsamoi 6yia 6 MiHIMATbLHOI.

MHK cnpasocyemvcsi minoku Ot PIGHSAHb, JIHIUHUX 34
napamempamu abo mMaKux, wo HPUNYCKAOMb MONCIUBICTND
JiHeapu3zayii.

BaactuBocti MHK-oninok. Orinku MHK MaroTe HU3KY IIHHHX
BIIACTHBOCTEM:

® nesmiwjenicmp, TOOTO MaTEeMaTWYHE CIIOAIBaHHS IMapaMeTpa
JOPIBHIOE ICTHHHOMY HOTO 3HaYE€HHIO, 30KpeMa JIJisl ITapHO1 perpecii:

M(ao)=a i M(a)=.

Hesmimenicte  o3Hauae, 110 BHOIPKOBI OLIHKKM IapaMeTpiB
KOHIIGHTPYIOThCS OiJIsl ICTHHHUX HEBiJJOMUX 3HAYEHb MapaMeTpiB;
Hesmimenicte o3Hauae, 1m0 BUOIPKOBI OLIHKH MapaMeTpiB
KOHIIGHTPYIOThCS OLJIsl ICTHHHUX HEBiJJOMUX 3HAYEHb MapaMeTpiB;
® CHPOMOdICHICID, KOIMHM AWCHEpCis OLIHKH MpAMYyE A0 HyNs 31
3pocTtaHHsaM N. [t mapHOI perpecii Mo)kKHa 3aIucaTH:
limoz, =0i limo;, =0.

n—oo n—oo
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BrnactuBicTh CHpPOMOXKHOCTI O3Ha4ae, MO MpU 30iibLIEHHI 0OCATY
CIIOCTEPEXKEHb OIIHKM TMapaMeTpiB CTaloTh Okl HAAIHHUMH, TOOTO
IIIBHINIE KOHIEHTPYIOTbCA O ICTHHHHX HEBIIOMHX 3HAa4YeHb
napameTpiB;

o echexmuenicmob, TOOTO OLIHKH MAalOTh MiHIMaJIbHY IHCIIEPCIIO
MOPIBHAHO 3 OYIb-KMMH IHIIMMH JIHIHHUME 1 HE3MILICHUMH OLIIHKaMHU
L[FOTO IIapaMeTpa.

I'eomerpuuna inTepnperanis koediuientiB perpecii. Koedinient
ao (BITbHUH WICH pIBHAHHA perpecii) TeOMETPUYHO SBIISE COOOIO
BIJICTaHb BiJ MOYATKy KOOPAWHAT IO TOYKH MEPETHHY JiHil perpecii 3
OpAMHATOK a0o0, IHAKIIEe KaXy4H, 1€ BIIPI30K, IO BiTUHAETHCS Ha
OpIMHATI JIIHI€I0 perpecii.

KoediuieHT a; siBise co000 TaHTeHC KyTa HAaXWIIy JIiHII perpecii g0
oci abcruc 1 mporopiidHui 10 KoedimieHTa xopemsmii. Ha puc. 4.6
HaBEJCHO 2paghiku emnipuunoi peepecii 3aJeXKHO Bl 3HAYCHb
koedimienTtis perpecii: ag = 0, a; > 0 (puc. 4.6, a); ap > 0, a; > 0 (puc.
4.6, 6); ag<0, a; > 0 (puc. 4.6, 6); ap > 0, a; < 0 (puc. 4.6, 2).

Y Y
a0=0 a0>0
a1>0 a1>0
0 X 0 X
a o
Y
a0>0
Y a1<0
d0<0
a1>0
X 0 X
0 6 2

Puc.4.6

Emnipuyna perpecisi. Ha mnpaktumi MaioTh cropaBy He 3
meopemuyHol0 JIHIEIO perpecii, a 3 emnipuunoro, ska OyIyeTbCS Ha
MiJICTaBl 0OMEKEHOT0 00CATY EKCIICPUMEHTATBHUX JaHUX.
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Emmipuuna niHis perpecii fa€ 3MOry BU3HAYHUTH, SIKE B CEPEAHBOMY
Oyne 3HaveHHs Y, sAKIIO npu (ikcoBaHomy 3Ha4eHHi x; i1 =1,N, mocmix
TTOBTOPIOBATUMETRCS Oararo pasis.

s Y i Xy nimepamypi mpanisiomscsi maki HAUMEHYSaHHI.

X — 6xiOHa 3MIHHA, HE3ANE)HCHA 3MIHHA, apeyMenm, pakmop,
peapecop, RpeouKmop.

Y — 6uxiona 3MiHHA, 3G71€AHCHA 3MIHHA, OPOUHANA YHKYIS
8i02YKY,

IMutanus AJs camonepeBipkn
1. ChopmymioiiTe 3amadi Ta OCHOBHI MEPEIYMOBH KOPEISIIHHOTO
aHaizy.
2. SIxi BY 3HaeTe METOAM MOOYIOBH eMITipuaHOi dopmynu? Skuii i3
METO/IB HAWUTOYHIIINIA?
3. 1o Take Bigxunu?
4. JInst 4oro BUKOPHCTOBYIOTHCS KOPEIALiiHI Ta0muIi?
5. Ha sixiii Teopemi IPYHTYETBCS METOJ] HAHMEHIIINX KBa/IpaTiB?
6. Y yomy nossrae CYTHICTI) METO/Iy HaMEHIIINX KBaJ[paTiB?
7. Sk moB’s3aHi MK CO0OK KOedilieHTH pIBHSHHSA perpecii Ta
KOoe(ILIEHT KOPEJIAIii?
8. Illo xapaKkTepu3yroTh KoedillieHTH PIBHAHHS perpecii?
9. HamexmiTh reomMeTpuuHy iHTEpHpeTaimil0 KOe(illieHTiB PiBHSIHHS
perpecii.
10. ChopmynroiiTe MOHATTS eMITIPUYHOT perpecii.
11. SIxi Ha3BM MOKYTh MaTH BeTHUUHH X 1 Y?

4.4 SHAXO/’KEHHS KOE®IIIEHTIB JITHIMHOI ITAPHOI

PEI'PECI{
HannpocrTiwoio hopMOI  OLHKU v perpeciitHoMy aHai3i
CTOXaCTU4YHOI  3anexXHocTi € HPUITYCKAEThCS, 110 MOYKHA
OAHOBUMIpHUA PErPECIMHNN | Gesmocepeniib0 200  OIMOCEPEIKOBAHO

aHanis, 3rigHo 3 AKNMU
hOpMYHOTHCA obumcntoBanbHi
npoueaypu BIiOTBOPEHHS  NiHil
perpecii.

KOHTPOJIIOBaTH OfHY abo  KiibKa
He3aneXkHUX 3MiHHUX. [Ipuuomy i
3MIHHI HE € BUITaIKOBUMH
BEIIMYNHAMMU.
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VY 3aranbHOMY BUIAIKy 00’€KT PO3MIISAAIOTH SIK «HOPHHUH SIIIUK», HA
BXil SKOTO MOAAlOThCs He3anexHi 3miHHI (puc. 4.7). Kpim Ttoro, Ha
pe3ynbTaT BUMIPIOBaHHS BIATYKY BIUIMBAa€ BUIAQJKOBA MOXHOKa 3aco0y
BUMIpIOBaHHS €. [i MOKHA IHTEpPIPETYBaTH K 3aBaLy a0o MIyM.

o k-

]

]

]

\
<1

Puc. 4.7.

Bxinni 3MiHHI ((dakTopr) MOXKYyTh OyTH po30MTI Ha JBa KIacu:
Konmponvoseani X; (BUMIPIOBaH1) 1 HeKOHmMPObosani Z;. Y CBOIO 4epry,
KOHTPOJIbOBaHI 3MiHHI HE € BHUIAKOBUMH i MOXYTh OyTH KepOBaHHUMHU
abo HekepoBaHuMU. Keposani — Taxi (pakropw, 1inecrnpsIMoBaHa 3MiHa
SKMX y XOHIi eKcllepuMeHTy MoxiauBa. Daktopu, UId SIKHX
iylecnpsiMOBaHa 3MiHa HEMOJKIINBA, HA3UBAIOTHCS HEKEPOBAHUMMU.

Perpeciiinuii anamni3 103BOJIsIE BCTAHOBHUTH 3B 30K MK BXiIHOMO X i
BUXiHOIO Y BENWYWHAMU Y BTSN Mamemamuynoi modeni. KiHIIeBOO
METOI0  EKCIIEPUMEHTAJIBHOTO  JOCH/KEHHS €  BCTAHOBJICHHS
MaTEeMaTHYHOI 3aJIeKHOCTI, 10 aJIeKBaTHO OIUCYE MOBOJKEHHS 00’ €KTa.
KoedinienTn 11i€i Monmeni Aar0Th 3MOTY OIIHUTH CTYHiHb BIUIHBY
HE3AJIC)KHUX BEJIMYHH X; HA BUX1IHY BEJIMUMHY Y.

3Haxoq:keHHs OLiHOK KoedinieHTiB mapHoi JiHiliHOI perpecii.
3a3Buuail 3aJEKHOCTI OLIHIOIOTH 3a IMiJACYMKaMH CIIOCTEPEKCHb,
pe3yNbTaTh AKUX CPOPMOBAHO y BUIIIS/LL MACUBY JIAHHX.

Hexaii npu jpocnipkeHHi 3a1eHOCTI MK BenmunHamu X Ta Y Oyno
npoBejieHo BuMiproBaHHA npu N guckpeTHHX 3HadeHHsAX X,. Jlis

KOXHOTO 3HAYCHHsl X; OyJI0 OTPUMAHO M 3HAYEHb BUXIAHOI BEIMYMHU §j,
TOOTO 331aHO MacHUB JaHUX
{X| 1y|J | :11N 1J :llm}l
ne N — KiJbKicTh IOCTiiB Y KOXHIM To4lli (PaKTOpPHOTO MPOCTOpy; M
KpPaTHICTH CITOCTEPEKEHB B i-i TOUIII.
Jns N HassBHUX map 3Ha4eHb OYAYIOTH MOJIEe KOPEIsLii, 32 30BHILIHIM

BUIJISIOM SIKOTO MOJKHA IIPUITYCTUTH, IO 3aJICKHICTh MIXK BUIAJKOBUMH
BeJIMYMHAMM JIiHIIHA.
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Ha migcTaBi HasBHUX JaHWX MOKHA MOOYIyBaTH MHOXKHHY TPSMUX,
IpU IOMY MOXYTh OyTH BUKOpPHUCTaHI pi3HOMaHITHI Kputepii. Sk Oyio
BcTaHOBIEeHO (m. 4.3), HalOUIbII e(EeKTUBHHM TIPH ampOKCHUMAIil
HasBHUX JaHUX € Kpumepiti MiHiMizayii cymu xeadpamig 6i0XuieHb
eKCIIePIMEHTABHIX JAaHUX BiJ] mepen0dadyBaHoi 3ajeKHOCTI, TOOTO st

3HAXOKEHHS OI[HOK KoeQilieHTiB perpecii &, # & HeoOXixHO
3aCTOCOBYBATH METO/ HAMMCHILIX KBAaJIpaTiB, 110 JA€ 3MOTY M1H1M13yBaTI/I
CyMy KBaJpaTiB Pi3HMII BIIXWICHb CKCICPHUMEHTAIBHHX NaHHX Y, 1|

PO3PaxyHKOBUX 3HAYEHB §, TOOTO
N
QZZ(Vi —;)? —> min. (4.26)
i=1
s dopmanizamii mpoueaypd OOYMCIICHHS OLIHOK KOe(]ilieHTiB

HOMHOKHMO OLIHKY d, Ha «(piKTHBHY 3MIHHY» X;o= 1.
[Mepenumemo (4.26) y BUTTISAL:

N
Q= Z[yl —(8gXo +aX) — min,
i1

1 3HaliaeMo ouiHKM KoedilieHTiB &, i &,.
TaxuM 9uHOM,

aQ T )
4 = _ZZ[Yi —(8gXip +81%;1)]X;0 =0
oo (4.27)
Q i~ .
= ZZ[Yi —(8pXio +8X;1)]x; =0
oa, T

BukonaBmm BiAmoBinHI mepeTBOpeHHs, cuctemy (4.27) MoxHa
NepenucaT B TaKUii crocio:

N N N
A 2 A ~
aoz Xio + alz XioXi1 ZZ XioYi
i-1 i-1 i-1
N NG
aoz XioXip alz Xi1 :Z X1 Yi
i-1 =] i1

Ak Oauumo, cucremy (4.28) moxHa nictatd i 0e3 3HAXOMKEHHS
YaCTUHHUX TOXITHUX, & CKOPUCTABIIUCH BIIOMHUM TIPAaBHIIOM ITOOYIOBH
HOpMANLHOI cucmemu pieHAHb: SKIIO MOCTIIOBHO MHOXHTH 0a3o0Be
PIBHSHHS perpecii:

(4.28)
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N N N
80> Xio+d Y Xy =D §i. (4.29)
i=1 i=1

i=1 i

Ha BIINOBITHUI (haKTOp, AICTAHEMO CUCTEMY HOPMaJIbHHX PiBHSHB (4.28).

Toomo sixkwo eci unenu pisusnns (4.29) nommoscumu Ha X,
mo Odicmanemo nepwie pienanns cucmemu (4.28), a sxwo e6ci
YjleHU NOMHONCUMU HA X1, MO 0iCManemo opyze piGHAHHSA Yi€i
cucmemu

[Mlogana B TakoMy BWIJIAJI CHCTEMa HOPMAalbHHX pPiBHSHb Mae
0CO0JIHMBOCTI:

— y TpaBiif YacTHHI CHUCTEMH IIiJi 3HAKOM CYMH MICTSTBCS JTOOYTKH,
OTpUMaHi B pe3y/bTaTi IOCHIJOBHOTO MHOXXEHHSI CYKYITHOCTI 3Ha4eHb
BUXITHUX BEIMYMH Ha CYKYIHICTh BIAMOBIMHUX 3HA4YE€Hb BXIiIHOL
BEJINYUHY;

— Ha JiaroHaii JiBOi YaCTWHU CHCTEMH PIiBHSHP IIiJ] 3HAKOM CYMH
MOCJIIZIOBHO PO3MIIIEHO KBaAPaTH HE3AJISKHUX 3MIHHUX;

— y JiBill YacTHHI CIIOCTEPIraeThCsl CUMETPis BIJIHOCHO diaroHaii
BUpA3iB, 3aIICAHMX IT1]{ 3HAKOM CYMH.

Omninku KoeQillieHTiB PIBHAHHS perpecii, mo 3aJJ0BOJNLHSIIOTh METO/T
HalMEHIINX KBA/IPATiB, MOKHA 3HAITH 32 JIOTIOMOTOI0 BU3HAYHHKIB:

B=2 4 -2

ne A — TONOBHHM BU3HAYHWK CHCTEMH, 32 YMOBH, IO X = 1; Ao, A1 —
anreOpaivHi JOIMOBHEHHS:

N N
2
Sxd S| [N k|
A== i=1 _ n
N Lo N 2 i=1 i-1
i= i—
inoxil inl inl inl
i=1 i=1 i=1
N N
Z XioYi Z XioXi1
=t i=1 _
e -2 _'1 1 i=1
vl 1= 1= 1=
zxilyi inl
i=1 i=1
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N N
Z X" z Xi0Yi N i Vi \ .

A= I;l Ile TN o= Nzyixil_zxilzyi :
z XioXi1 Z Xilyi Z Xig Z yxil =

i=1 i=1 i=1 i-1

Otxe,

i |ix ixilixilyi

éo i=1 i:,]\] i:1N i=1 : (4.30)
Nzxilz _(Z X1)?
i=1 i=1
N N N
Nz Xil_zxilzyi
4, =— ‘ =1 (4.31)

i
=1 =1
N N
2

N3
i=1 i=1

3HalifieHi B Takuii crioci0 OIiHKM KoedillieHTIB &,, & 103BOJSIOTH
nmoOymyBaTH TIpsIMY perpecii, o MiHIMI3ye CyMy KBaJpaTiB BiIXWICHb
PO3paxyHKOBHUX 3Hau€Hb BiJf €KCIIEPUMEHTANBHUX JaHUX.

3nax neped koeghiyienmamu noxasye, AK 3MiHa Qaxmopie
npuBoOUms 00 3MIHU 8I02YKY. AKWo cmoimv 3HAK «—», MO
30iMbUEHHS X npugede 00 3MEHULeHHS ).

MeTon MaKCHMAJIbLHOI MPaBAOMOMIOHOCTI. 3HAXOIKEHHS OIIIHOK
METOJIOM HaMMEHIIINX KBaJpaTIB 0a3yeThCs HA NMPUITYIICHHI, 1110 YMOBHE
MaTeMaTH4He crnodiBaHHg Y JIHIMHO 3aJIEKHUTH B[ MOTOYHOI'O 3HAYECHHS
x. Iloxubka BUMIPIOBAHHSI BUXIHOI BEJMYNHH [IPH LILOMY € HE3AIICHKHOIO
1 Mae HOPMAaIIbHHI posnonin. Takum 4YMHOM, OTpUMaHi 3HAYCHHS
BUXIZIHOI BEJIMYMHH ) TaKOXK OyAyTh BHITAJKOBUMH 1 MaTUMYTh
HOPMaJTBHUN PO3ITOJIIL.

PosrnsHemMo 3amady BH3HA4YeHHS OLHOK KOe(ili€eHTIB JTiHIHHOT
nmapHoi perpecii 3 iHmOro OOKy, BUXOASYM 3 TMEPEAYMOBH, IO
HaHKpaIow OIiHKOIO MapaMeTpa BUIAIKOBOI BEIMYMHH € Ta OIlIHKA, KA
HaWO1IBIT IMOBiIpHA 33 PE3yJIbTaTaAMHU IPOBEACHHS CKCIICPUMEHTY.

Hns LbOTO CKOPHUCTaEMOCH Memooom MAKCUMATLHOT
npasodonodionocmi, KN TOJNSATaE y BHOOPI Takoi TIiMOTE3H, 3TiIHO 3
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SIKOI0 MMOBIPHICTh OTPUMAaHHS y TPOLECi BUMIPIOBAHHA BEJIUYWH, IO
crocTepirarThes, 0yina 6 maxcumanoroio (npagdonodionow).

SKmo mpu KOKHOMY 3HAuYeHHI X 3Ha4yeHHs Y pO3MOAITCHI 3a
HOpPMaJIbHUM 3aKOHOM 13 CepelHiM, II0 MICTAThCS Ha OpsAMiil perpecii
MY |x]=V,=a,+aX, TO yMOBHa IIiNbHICTh iMOBipHOCTI Y
BH3HAYAETHCA 32 (HOPMYIIOLO:

~(3i-%)°
p(Yi [%)= e 2,
J2no

Y pa3i nHasBHOocTi N BHOIpKOBHX TOYOK, B SIKHX IPOBOJHUBCS
eKCIIEPUMEHT, 3HAaXOOWThCA ()YHKYia npasdonodionocmi L (Bin
Likelihood-mpaBnomnoniOHicTh), sika JOpiBHIOE JOOYTKY YMOBHHUX
IMOBIpHOCTE BUXIIHUX BEJIHYWH, TMapaMeTpy PO3MOAUTY  SKHX
BiJNIOBIZ]AI0Th MAaKCUMyMYy WMOBIPHOCTI TOSIBM HAasBHOTO 3HAYCHHS
BUITAIKOBOI BEJIMYUHU.

N
L=]]r(¥i %) max.

i=1
3 ypaxyBaHHSM HaBeJICHUX MPUITYIICHb JiCTAaHEMO:
N [-(Fi-%i)]
P I
L=———  pi=l 20 ,
(+/2m) NN
[lepm HiX MpOBOAWTH AOCHTIKEHHS (DYHKINIT MpaBIOMOAiOHOCTI Ha
MaKCUMYM, TIPOJIOTapupMy€eEMO ii:

N

% -v)
InL:In{ ! Zy '

— ‘In¢=In1-NInv2r -NInc—
(Zn)NGN 262 (4.32)
1 (Fi-v) I S oy
— " 7Y =-NIny2n-Ino-— i—Yi)-
2072 v 707 2= %)
3aB/laHHs NOJIATA€ y BM3HAYEHHI OLIHOK KOEQIUIEHTIB gy, By

(inmexc «MII» — Bka3ye Ha Te, IIO OLIHKM 3HAMICHI 32 METOIOM
MaKCHMaJIbHOT MpaBaONOAIOHOCTI), pH AKIX byHKITis
npaBgonofionocti L mpuiimae  mMakcumanbHe — 3HaueHHsA. s
posrisHyToro Bumaaky (NL  Oyxe mpuiiMaté MakCUMalbHE 3HAYCHHS

TOAl ¥ TUTBKM TOMi, KOJW TPETiH JOMAHOK IPaBOi YACTUHU DPIBHSHHS
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(4.32) npuitMe MiHIMalbHE 3HAYCHHS, TOMY IO TEPUIMHA 1 APYTHi
JMOJTAaHKW — KOHCTAaHTH. TakuM 4WHOM, HEOOXiTHO JOCIHIHKyBaTH YMOBH,
10 3a0e3MeUyIOTh MiHIMi3aIli0

N _—~
Z(Yi —ay—-ax)”
i1

[MopiBHSIBIIM YMOBY, IIpH SIKill TPETiil 10JaHOK 3a0e3Mmeuye MaKCUMyM
(hyHKIIT TpaBIOMOAIOHOCTI, 0 YMOBH OAEPIKAHHS OIIIHOK KOe(iIli€HTiB
perpecii 3 BAKOPUCTaHHSIM METOAY HalMEHINNX KBaJpaTiB, MOXKHA JIATH
BUCHOBKY, IO MemoO0 HAUMeHWUX Keaopamie € OKpeMmum 6Unaoxkom
Memoody MAKCUMANbHOI NpagoonodioHocmi TP HOPMATLHOMY PO3MOALTI
BUTIAIKOBUX BEJTUYHH.

Oyinku Koegiyienmie peepecii, 3HAUOEHI HA OCHOGI Memooy
HAUMEHWUX K8aopamie, MAmuMyms mMaKox}c I 61ACHUBOCHE
MAKCUMATILHOT nPagoonodibnocmi, mobmo 6Oy0yms HaOiibU
IMOGIDHUMUL.

Yum Oinbwa npagoonoldibnicms, mum Kpauwje Mooeib
1320001CYEMBCS 3 BUOIPKOBUMU OAHUMU.

Koediuient nerepminamii. Lleii koedimieHT mae 3Mory BimoBicTu Ha
MUTaHHS IM0J0 SKOCTI OIKCY 3aJeKHOCTI 3a JOIMOMOIOK PIBHSHHS
perpecii. Yum Onmmkde criocTepexeHHS PO3MIIeHi A0 JiHil perpecii, THM
Kpallle perpecisi ONMUCYe BiANOBIIHY 3aJIe)KHICTh 3MIHHHX 1 3 OUIBIION0
HaJIIHHICTIO MOKe OyTH 3aCTOCOBaHA ISl PO3B’sI3aHHsI PAKTHYHUX 3a]1au.

Hdns  Toro mo0® moscHUTH 3MicT KoedimieHTa AeTepMiHaiii,
PO3IJITHEMO B TTOJII KOPEJIALIT U1 TApHOT 3aJIeXKHOCTI JIIHII0 perpecii, 1o
3aI0BOJIbHSIE METO/] HAMEHIINX KBaAparTiB (puc. 4.8).

~Y y=89+d1%
Yi
Yi—VY
y
X

Puc.4.8

162



BisbMeMO 10BiIbHY TOUKY 3 KoopauHaTamu (X;, J,) i posrisHemo
Bi/IXMJICHHS 3HAYEHHS J, BUMXiIHOI BEMUYMHH BiJl CEPEIHBOTO 3HAYEHHS
¥, (ueHtpa Baru). 3rifHo 3 puc. 23.2 MOXKHA 3aIIUCATH:

3 =9)=0, =7+ = 5)- (4.33)
AHANOTiYHy PiBHICTH MOYKHA 3aIUCATH I OyIb-sKkoi Touku i =1, N
monst Kopensmii. IlimHecemo m0 apyroro cremeHs OOWABI YaCTHHH
piBHsHHS (4.33) 1 3amuIeMo A BCi€l CYyKYIMHOCTI TOYOK TOJISt KOPeIsii
CITIBBIIHOILIECHHS:
N N

N N
Z(;z _y)z :Z(JAC‘ _y)z +22(j}i _37)(5;1‘ _J}i)‘*‘Z(i‘ _)A’i)2 :
i=1 i=1 i=1 i=1

3a Bizcyrnocti kopensmii mix (P, —y) i (¥, — j;i) Jpyra CKJIaJoBa y
MpaBiii yacTuHiI OyJie TOPIBHIOBATH HYJIO 1 TOAI

N N N
-~ —\2 A —\2 ~ A \2
Y G -F=>0-3+>G-5). (4.34)
i—1 i1 i—1

Ie#t Bupa3 xapakTepu3ye MOBHE PO3CIFOBAHHS BHUXIJIHOI BEIMYHUHU
(TOYOK KOpENAiHHOTO TOJSA) BiTHOCHO CEPEAHBOTO 3HAYEHHS ), SKe

CKJIAJIA€ThCS 13 CYMH PO3CIIOBaHb YMOBHMX MAaTEMAaTHYHUX CIIO/IBaHb
BiTHOCHO CEpeIHBOr0 3HAUCHHS i CyMH CEpeIHiX YMOBHHX PO3CIIOBaHb.
Takum gyuHOM, TIepIIHi JOOYTOK y MpaBiii YacTHHI piBHSAHHSA (4.34) Xapak-
TEpU3y€E PO3CiIOBaHHS 32 PaxXyHOK BIUIMBY Ha BHXIiJHY BEITUYUHY BXiJIHOI
BearuuHH ((pakTopa) i 3yMOBJICHUN perpeciiHuM 3B’sI3KOM. BinxuieHHs
(}i - j;l) BiZJOOpaKarOTh BIUTUB BUIAIKOBHX BEIHYHH.

KoedinienT aperepminamii perpecii BH3HAYA€TBbCS K BiAHOLICHHS
CYMH KB3JpaTiB BIIXWICHb, SKIi MOXHa MOSCHUTH BIUIMBOM
JOCTIKYBaHOTO (haKTopa, 10 BCi€i (IIOBHOT) CyMHU KBaJpaTiB BiIXUICHb:

s 2
Z(JA’I _)_’)
R\?|x = Iﬁl

: (;i_.)_})z

[N

a0o0 3 ypaxyBaHHsM (4.34)
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N
>
R$|x =1- iT\jl
2.5~

i=1

3 OCTaHHBOI'O BUPA3y BUILUIMBAE, IO R3|x Oyne HaOmwkaTHCA OO

N
. ~ A\
OJIMHUIII, KOJIH Z(yl. - yl.) Oyne HaOmmKaTHCS 10 HYJs, TOOTO KOJH
i=1
3 2 - 2
D G-5V=>-7)
i=1 i=1
1 po3citoBaHHS HABKOJIO IIiHIii perpecii MOpPIBHIOE PO3CiIOBaHHIO Ois
3arajbHOTO CePeTHBOTO0 y TPH OyIb-IKOMY X. 3 IIbOTO BHIUIMBAE, IO

MIDX JIOCIIPKYBAaHUMIY BETHIUHAMU ICHYE (QYHKYIOHANbHULL 36 SI30K.
B3aemo3B’ 130k Mix Koe(imieHTaMu KOPEISIiil 1 JeTepMiHaIlii MoxKHA
BUPA3HUTH SIK

2 2
Ny < Ry

PiBHICTh M)k HUIMH BHKOHYBaTHMEThCS JIUIIEC B TOMY BUIAJIKY, KOJIU
MaTHUMe MicCIle CTPOTa JIiHilHA 3aJIeKHICTb.

N N
Yum MeHIIa pPi3HUIS Z(j — ) 1a Z(}l ~5), tam Gibme
i=1 i=1

2 . . .
3HA4YCHHA RY 1 THM «T1CHIIIC» PO3TAMIOBYIOTBHCA OKpEM1

|x
CIIOCTEPEKEHHS 110 JiHil perpecii. Y BuUNagxKy, Koiu R$|x =1, ueHTpH
PO3MOAiTY eMITIPUYHHUX TOYOK JIeXkKaTh Ha JiHii perpecii.

3rigHo 31 CKa3aHUM R\?lx MOJKe PO3TJIIIATHCS K Mipa SIKOCTI OMHUCY

OIIMCY 3aJIEKHOCTI O3HAK X 1 ¥ 32 IOIIOMOTOIO PiBHSIHHS perpecii.
3uaxo/keHns HajiiiHuX inTepBaIiB 1151 KoediuieHTiB perpecii.
S0 mpoBecTH JIOCITI/DKEHHS OI[IHOK IMapaMeTpiB 1 BpaxyBaTH, IO

BOHHM OTPHMaHi 32 METOJIOM MaKCHUMAaJIbHOI MPaBAOIONiOHOCTI, OTpUMaHi

OLIIHKU OYIIyTh He3MIUeHUMU, CHPOMONCHUMU W eheKmusHuMU.
3BakarouyM Ha T, IO OIIIHKK KoeimieHTiB Oyino 3HAWICHO Ha

MiJICTaBl BUOIPKOBUX 3HAYCHH BUITAIKOBUX BeMUYMH X 1 Y, BOHHU, IO CYTI,

€ MoyKo8UMU, 1 TIPU TIPOBEICHHI IHITOTO AHAJIIOTIYHOTO EKCIIEPUMCHTY

MOXKHa OJIepKaTh JaHi, sKi TPUBEAYTh 1O IHIIUX 3HAYeHb IUX
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koedinieHTiB. ToMy HaHOUTBII HAMIMHO OIIHKOIO MapaMeTpiB € OIliHKa
y BUNIIAII Haoditinozo inmepsany. [lpu moOymoBi HafiiiHUX iHTEpBAJIIB
BBaXKarOTh, [0 KOKHA OIIHKA M€ HOPMATbHULL PO3NOOLL.

Haoiinuii inmepean 0nsa koegiyienma pecpecii &, .PosriasHemo
BHpa3 Juisl oniHky koedinienra & (4.31). lllo6 mo30yTucs x; (II0TOYHOTO

3HAYCHHA) 1 OJIePXKATH CePE/IHE apH(bMeTHqu KOTpEe € KOHKPETHHUM
YUCIIOM, TMOAUIMMO 4YHCEIbHUK 1 3HaMeHHUK Ha N 1 BHKOHaeEMO

IEPETBOPEHHS 3 OrJsiAy Ha Te, 10 X :WZX”’ a JIpyTuil A0JIaHOK

. N
3HAaMCHHHUKA OTPUMAHO HIJIAXOM MOI'0 MHOXKCHHS Ha W’ TOOTO

Zx

N 13
—— = NxZ,
N N ;
TOI
N N
z YiXip — )_(z Yi
a = ile =1 (4.35)
i=1
PosrnstHeMo urcenbHuK BUpasy (4.35)
N N N
2% —X Z = %)% (4.36)
i=1 i=1 i1

PosrisiHemo 3HamMeHHUK BHpasy 4.35)

N
2 -2
D xh—NX
i=1

JoBenemo, 1o

I
[\/gz

N
2
2=

i=1 i=1

Jloka3 npoBezieMo y 3BOPOTHOMY HOpPsAKY. Po3riasiHeMo Bupas:
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=Zx§—2%ixil>‘<+i>‘<2 =ixfl 2Nx? + Nx? =ixi21—N>‘<2.

TakuM 4rHO 0’KHA 3aMIHUTH 3HAMEHHMK

N
2 -2
D xi—NX
i=1

=

Ha BUpa3

D (%= XY, (4.37)

110 ¥ OyII0 TOBENEHO.
ITizcraBumo orpuMaHni crieBigHomients (4.36) i (4.37) y Bupas (4.35)

b1 & O Wi
N
D (% - %)Y,
=l
Z (Xll
i=1
[Toznauumo
ki = N(X” X (4.38)
Z (%1 —%)°
i=1
ne K — netepMiHOBaHa BEeTMYHHA.
Toxi
N L
=D ki (4.39)

KpiM 3HaiieHol oniHky KoedinieHTa &, Ui 3HAXOKEHHS HAIIHHOTO
iHTEepBaly HEOOXiAHO OOYHCIUTH 17101"0 zmcnepci}o'

N
—D{Zk&} Z(k)Dy. Z(k) (4.40)

ne ki = const, BHHOCHTBCS 3a 3HaK IUCIIEPCIi, {yi} — JUcrepcis
pe3yIbTaTy BUMIPIOBAHHS G
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[MincraBumo y Bupa3s (4.40) 3amicts K; fioro 3HaueHHs 3 Bupasy (4.38).
Toni

D{4,} =L G ° . (441)

YpaxoBykouH Te, 10 AUCIEPCis G° HeBiOMa, 3aMiCTh Hei CKOPHCTAEMOCS
HE3MIIIIEHOIO OIIHKOI0 52,

PospaxyBaBum nucnepcito KoedimieHTa &, MOXKHA 3aIHMCaTH TPAHMI
JIOBIpUOTO iHTEpBAY:

<a; <4, +t , (4.42)

ne t — xoedimient CThloJieHTa, KW BH3HAYalOTh 33 TaOMUIsIMU -
po3nogity CTeofieHTa /Ui KUTBKOCTI cTyneHiB cBobooau N — 2 ta piBHA
CTaTUCTUYHOT 3HAYYIIOCTI t/2;

1 S o o s . : .
S=|—— P = — a4y X — HE3MIIIICHA OLIHKA JUCIIC cii.
\/N . 2 ;(M aO 1 |) P

Haoiiinuii inmepean ona xoegpiyicuma pezpecii a,. Hexaii X =X,
TOJIi PIBHSIHHS peTpecii sl TOUKH (Y, )7) MO>KHA 3aITiCaTH:
Yy=384,+4x. (4.43)
3 piBHsiHHS (4.43) BUTUIHBAE, 110
4, =Y —4,x.

Jucniepcis omiHKY KoedilieHTa d, IOPiBHIOE CyMi JUCIIEpPCIii:

D{&,}=D{y}+D{ax}. (4.44)
Hucnepcis mepmioro noxaHka Bupasy (4.44) — 1e mucnepcis

CepeHOr0 apu(METHYHOTO pe3yiabTaTy BUMiproBaHHs, o0 B N pasis
MEHIIA 32 JUCTIEPCII0 OKPEMOTO Pe3yJIbTaTy BUMipPIOBAHHS .

Diyl=2 (4.45)



Bunecemo 3a 3HaKk aqucnepcii Apyroro 1oaaHky Bupasy (4.44)
KOHCTaHTy X

D{&,x}=xD{a,}. (4.46)

[TincTaBuMo Bei ckianoBi, To0TO Bupasu (4.45), (4.46), (4.41) y piBHsHHS
(4.44) i orpumaemo:

a00 y BHIIa/IKy HEBIJOMOI AuCHEePCii:

o2
Dldo} = 87|+

Ty
N ny
Z (X, —X)
i-1
Po3paxyBaBuu Bupa3 Juist aucrepcii ominku koedimieHra &,, MOXXHA
3aIycaTé MeXi HaJlIHHOTO iIHTEpBalTy:

(4.47)

1/2 1/2

—2 <2
a, —tS i+NX— <@, <a,+tS i+ N

N Z(Xli_)_()z N Z(Xli_)_()z

Omoice, npu nposedeHHi peepecilinoeo aHaunizy 6y0yiome
PpiHAHHA — pecpecii, sAKe NOG’A3YE  3ANEJNHCHY 3MIHHY 3
He3anedchumu. Axwo pieHAHHA NiHiliHe 8I0HOCHO NAPAMEempis,
2080psiIMb  NpO  JNIHIUHY pezpecilo, AKWO Hi — peepecis
HeNiHIlHA.

Pisnsinnsi nabausicenoi ninii. peepecii YAzéo +& X minimizye
8i0xun, mobmo KoepiyicHmu UYbo2O PIGHAHHA 3HAUOEHI 3
BUKOPUCTNAHHAM MeMO0)y HALMEHWUX K8aopamis.

3eascarouu Ha me, wo OYiHKU Koepiyicnmie Oyau 3HAUOEHI Ha
niocmagi 8ubipkosux 3sHayeHv eeauuyun X i Y , B0HU €
MOYKOBUMU U NPU NPOBEOEHHI THUI020 eKCEPUMEHTY MOAICYINb
oymu obuucneni iHwi ixui 3uavenns. Tomy napamempu
OYIHIOIOMY Y 8UTISAOL HAOIIHO20 IHMEPBATLY.
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IuTanus naa camonepeBipku

1. Ha3Bith mepemyMoBH perpeciiiHoro aHaimizy. Y YoMy IOJISTae
3aJlaya perpeciiHoro anamizy?
2. Sxi BEJINYMHA Ha3MBaIOThH KOHTPOJIbOBAaHUMH,
HEKOHTPOJILOBAHUMH, KEPOBAHUMHU?
3. Y 4omy monsirae mpaBuiio moOyJ0BH CUCTEMU HOPMAITbHUX PiBHSHB?
SIKi 0coOMMBOCTI Ma€e cucTeMa HOpMaJIbHUX PiBHSHB?
4. SIkoMy KpHUTEPIr0 Ma€ BiAIOBIATH MpsiMa perpecii?
5. JI71s 90ro 3aCTOCOBYETHCSA METO MaKCHMAJILHOI MPaBIOTIOTiOHOCTI?
Y yoMy momsirae cyTh METOAY MaKCHMalbHOI IpaBmomnomionocti? o
XapaxkTepu3ye (QpyHKIIis TpaBaOnoIiOHOCTiI?
6. Uomy xoedimieHTH perpecii OIIHIOIOTH y BUTISAA HAIIHHOTO
iHTepBay?
7. Slk oGuncoeThea AucHepcis KoedimienTa a;?
8. 3anumiTe HafiitHMIA iHTEpBaN M1 KoedilieHTa a;.
9. Sk obuncIoeThCa AUCHEpCis KoedilieHTa ag?
10. 3anwmriTe HaAIRHWE iHTEpBa 11 KoedimieHTa ag.

4.5. IEPEBIPKA CTATUCTHYHOI 3HAYYIIOCTI
KOE®IINICEHTIB PIBHAHHSA PEI'PECII.
IHEPEBIPKA AJEKBATHOCTI MOJIEJII

HeobxigHo IlepeBipka  cTaTHCTMYHOI  3HAYYHIOCTI
BCTAHOBUTU. 3MIHa Koe(inieHTiB  piBHsIHHA ~ perpecii. BB
BUXIAHOI BENMHYUHA (akTopis OLIHIOETBCS BIJIIIOBITHUMH

3ymMOBreHa Hacrnpaegi
BMIIMBOM (pakTopiB 4
Lie NposiB BNMBY

BMMNAOKOBUX BENMNYMH.

koedillieHTaMu ~ piBHSHHS ~ perpecii,  Tomy
HEOOX1THO MEPEBIPATH CIAMUCTUYHY 3HAYYWICTHD
OTPUMAHHX OI[IHOK Koe(ilieHTiB, 00 HABITH 32
BIJICYTHOCTI BIUTUBY

(hakTOpiB CIIOCTEPITaTUMETHCS PO3KUJ 3HAYEHb, 3YMOBIEHHH BIUIMBOM
BUIAKOBUX BenudnH. OIiHKA CTATHCTUYHOI 3HAYYIIOCTI 3IHCHIOETHCS
3a t-xkputepiem CThIOACHTA.

Bigomo, 1110 111 BUOIPKH 0OMEKEHOIr0 00CSTY BIIHOIICHHS BiIXUICHHS
OLIIHKK BUIAAKOBOI BEIMYMHHU BiJ 1I MATEMATUYHOr'O CIIOMIBAHHS [0
CepeTHBOKBAIPATUIHOTO BiIXWIICHHS IIi€] OLIHKY Mae {-po3moi:
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e t — KoeQilieHT CThIOJICHTA; S {é i } — OILIIHKA
CepPeHbOKBAPATHIHOTO BiAXWICHHS  KoedirienTa a;; a, -
MaTeMaTHYHE CIIOJ1iBaHHSI.

BucyBaetbest rinmoteza Hy: ominka koedirienra & j € CTaTHCTUYHO
He3Hauymioro. llepeBipsitoun  I}0  TiMOTE3y, NPUITYCKAIOTh, IO
MaTeMaTH4YHe CIIO/IiBaHHA 3a3HAY€HOi OI[IHKU JOPIBHIOE HYIIO, TOOTO
a; =0, ToMy po3paxyHKOBI 3HaY€HHS tj 3HAXOJATH 32 POPMYJIOLO!

a;

tj=§{;}.

KoedimieHT t; 004MCIIOIOTH A8 KOKHOTO KoedirieHTa éj 1

HOPIBHIOKOTH 13 KPUTUYHUM 3HA4EHHAM t,, 3HalilecHMM 3a TaONuIsIMu

Creromentampu f =N-2 i &

Ilpu obuucnenni oyiHKU cepeoHbOK8AOPAMUYHO20 GIOXUICHHS
S {éo} koeiyicnma 8, cuio suxopucmogysamu opmyny (4.46),

a 07151 OYIHKU CepeOHbOK8AOPAMUYHO20 GIOXUNICHHSL S {é j} iHWUX

Kkoegpiyienmie &; cnid ckopucmamucs gopmynoro (4.41).

Sxmo t; < tg, rinoresa Hy, npuiiMaeTscs, TOOTO 3a pe3ylbTaTaMu
MOPIBHSHHS TPUAMAETHCS PIIIEHHS, IO 32 JAHOTO 00cCsSTy BHOIpKH
pO3IIIAaYBaHUH KOE(ILi€EHT € CTaTUCTUYHO HE3HAUyIIUM 1 HOro ciin
BUKJTFOYUTH 3 PIBHSIHHS perpecii.

Yum Oinblue tj mopiBHAHO 3 ty,, mum icmommuiwiuii 6naue j-ro GaxTopa.

Bapmo cnouamky nepexonamucsi, wo cama no codi 6ubipkosa
Oucnepcis. §° ne nepesuwye Oianazony minu axmopa npu
nposederHomy excnepumenmi. /s ybo2co HeobOXIOHO nposecmu
0ooamxosi  docniou (30inbwumu o06¢sie  6ubipku) I, AKUO
BUCHOBOK Nno8MopUMvCsi, mo cnpasoi Koepiyienm
CIMAMUCMUYHO He3HAUYUJUL.

3BaXkalouu Ha Te, IO OI[IHKU KOedillieHTiB TOB’s3aHi MiX CO0OI0,
TOOTO OOYHMCIIOBAJIMCS Ha IMMiACTaBl TOrO CaMoOro BHM3HAYHUKA, TO 3
BUKITFOUCHHSIM CTaTHCTUYHO HE3HAUYYIIOTO KOeQillieHTa 3 MOJEIi OCTaE
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HeoOXimHICTh TepepaxyBaHHs pemTH KoedimieHTiB. e Hemomik, SKoro
noTpiOHO MO30yBaTHCA.

IlepeBipka agekBaTHOCTI JiHiliHOI Momeni. [lepexoHaBMHCH, IO
PiBHSHHSL perpecii MiCTHTh TiJIbKM CTAaTUCTHYHO 3HAYYIIl KOeQilieHTH,
HEOOXITHO TEpPEBIpUTH aodexkeamHuicmb OTPUMAHOI MoJedi, TOOTO
HACKIIBKM MOJIENb BiAMOBiJa€ EKCIEpUMEHTANbHUM JAaHuM. Bumora
aJeKBAaTHOCTI € OJHIEI0 3 HAaWBaXUIMBIMIMX MPH TOOYIOBI MOJEII.
AJZIEKBAaTHICTh O3HAauya€ MPaBWIBHWUN aHANITHYHUN ommc 00’eKkTa 3a
BUOpaHMMHU XapaKTEPUCTHKAMU 3 JOCTAaTHbOI TOUHICTIO. PosrisHemo
JIBa BUTAJIKH.

1. Excnepumenmu npo6ooamsca 00HOPA3080 B KOXHIA TOUI X;
¢dakTopHoro mpoctopy. Sk mpaBWiO, Taka CHTyalisi MOXe
crocTepiraThcss TPH  TPOBENSHHI  BHUMIPIOBaHb  XapaKTEPHUCTHK
JUHAMIYHUX TPOIeCiB a0 B IHIIUX BHUIAJKaX, B SKAX HEMOXJIHBO
3a0e3MeYnTH BIATBOPIOBAHICTh BHUMIpIOBaHb. Y MHOMY pasi (auB.
PHUCYHOK) pe3yibTaTaM JOCHTiPKEHHsI MOXKYTh BiAMOBIIATH:

N
— rOpU30HTAJIbHA JiHIs, KOMU &, =Y = %Z Y., T00TO ¥ =,
i-1
— HOXWIIA JIiHist, oTpuMaHa 3 BuKoprctanEsM MHK, To6to § =&, + 8, X,.
Skmo pesynbraTaM BilIOBiZa€ TOPH3OHTAIBHA JIiHis, 1€ TOBOPHUTH
PO  BiACYTHICTH BILTHBY (haktopa X Ha QyHKuito Biaryky Y (po3kup
3HaYeHb 3YMOBJICHMM BIUIMBOM BHIIQJKOBMX BeauuMH 1 (abo)
BHIIAJIKOBOI0 TMOXHOKO 3aco0y BuMiptoBaHHs). JliHi® 3 Haxwiom
CBIJTYUTH PO BIUIUB JAOCIIHKYBAaHOTO (haKTOpA.

Yy y=ata X

y y=y /“y/N

Puc.4.9.

s mpuiHATTSA pilleHH npo BIUIMB (aktopa X Ha GYHKIIIO BIATYKY
BHUCYBaeThes rinmoresa H,: Y=Y (po3kua 3HaUCHb 3yMOBJICHHUII TiNBKU
BIUTMBOM BHIAQJKOBUX BEIMYHMH) TPH aTbTEPHATHBHIN TimoTe3i Hy:
Y =4, +4,% (haxrop BIUIHBaE JIiHIHHO).

Jns mepeBipku rinote3u Hy BUKOPUCTOBYIOTH CTaTuCTHKy Dimepa.
PospaxynkoBe 3HaucHHS Koedimienta Dimiepa OOYMCIIOIOTH 5K
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BimHOMIEHHs OinbInoi amcrepcii 1o menmoi. [lpu mpomy posrisimaroTh
oucnepciro adexeamuocmi (3a1UUIKO8Y OUCHEPCIIV), 1O XapaKTEPU3ye
BiIXHMJICHHS IOCIIJHUX JaHUX y, BiJ 3HAYCHb Y, , 3HAWIACHHUX 3 JiHIIHOI

perpecii ¥ =4, +4& X, i 00unciIoeThes 3a GopMyII0I0:

SR S
N_2 - i i

VY BHUNaAKy OJHOPA30BHX BHMIPIOBAaHb Ul BPAaXyBaHHS CYKYITHOTO
BIUTMBY BCiX BHIIaJIKOBUX BEJIMYMH BHKOPHCTOBYIOTH OLIIHKY JIHUCIIEpCii,
IO XapaKTepU3y€e BiIXWICHHS EKCIEPUMEHTAIBHUX 3HA4Y€Hb BiJTHOCHO
cepeHboro Y:

S* {7} =D (- 9"

OckinbKy 3HalIeHe 3 BAKOPUCTAHHSAM METOly HaliMEHIINX KBapaTiB
piBHSHHS perpecii §=4&,+&X, 3a O3HAUCHHAM MiHIMI3ye Cymy
KBaJIpaTiB BIAXWICHb IOCTIIHMX JaHWUX Bia JiHII perpecii, To Sfﬂ,
obOuncneHa depes pi3HI/IuI0()7i—)7), OyJe MEHIo, HiX 52{37},

oGuncrnena gepes pisanwo (¥, —Y). ToMy pospaxyHkoBumii koediuieHT
dimepa F, Bu3HauaroTh 3a GopMyII010:

F, - S (4.48)

Pospaxynkose 3nauenHa F, mopiBHIOIOTH i3 KpuTHYHMM F,, 110
BU3HAYAIOTh 13 Tabmuie posmoxiny Dimepa 3a oOpaHHM piBHEM
CTaTHCTUYHOI 3HAYYIMIOCTI O, KUTBKICTIO CTYIIEHIB CBOOOJU YUCEILHUKA
fuue = N — 1 1 KiNBKiCTIO CTYTIEHIB CBOOOAM 3HAMEHHHUKA f 50y = N — 2.

Sgxmo F, < F, npuiimaereca rimore3a Hy, TOOTO MOXKHA
CTBEP/UKYBaTH, M0 3a HAIBHUMM JaHUMH 13 OOpaHHUM piBHEM
CTaTHCTUYHOI 3HAYYIIOCTI 0, PO3CIIOBaHHS 3HAYCHb 3yMOBJICHE TiJIbKU
BIJIMBOM BHIIQJKOBHMX BEJIMYMH, a HE BIUIMBOM (akTopa X (maHi Oiiblie
BI/INIOBIIAFOTH 3aJIEKHOCTI Y=Y ).

Sxmo F,> F, To niniiina 3anexHicT ¥ =4, + &,X, OlIblle BianoBitae
HasIBHUM JlaHuM 1 pakTop X cripaBii BIuiMBae Ha (YHKIIIO BIATYKY.

Hpuxaan. Ina o = 0,05 3navenns F, = 8,2, a F,= 6,7. 3 oryiany Ha
te, mo F, < F, He MOXHa CTBEpI)KyBaTH, IO 3HalJeHe DPIBHAHHA
perpecii ¥ =4, + 4%, 3 imoBipHicTio 0,95 afekBaTHE HOCTITHUM JaHUM.
Ane g a = 0,1 3Hauenns F, = 6,2, To6T0 F(, < F,. Ile roBopuTs 1pO TE,
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1o 3 iMoBipHicTIO P = 1 — o = 0,9 MOXXHa Ha IMiACTaBl HAsIBHUX JTaHHUX
CTBEP/IKYBaTH, 110 PIBHAHHS perpecii BiAMOBIAA€ JOCIITHUM TaHUM.

Axrwo moodenv Headekgamua, HEOOXIOHO CROYAMK) 30LbUUUMU
00cs2 0aHUX, A AKUWO MOOENb 3HOBY GUABUIMLCS HEAOeKBAMHOIO,
Mo 3MIHUmMY 2INOmMe3sy.

2. Excnepumenmu npogooamucs 6azamopazoeo. J11s nepeBipku, Iu
CHIpaBJli BUKOHYETHCS JIHIUHA 3A71e)CHICMb, HEOOXITHO MaTh J0JaTKOBY
iH(opMaIIito PO AUCIIEPCiro 3ac00y BUMIPIOBaHHS, 3a JOMOMOTOIO SKOTO
BHU3HAYarOTh 3HAYCHHA BI/IXi[IHO'l' BCJINYHUHU.

Jns BpaxyBaHHS BIUIMBY TOXHOKM BHMIPIOBaHHS MJIsi KOXKHOTO

¢ixcoBaHOro 3Ha4eHHS X, ,i =1, N, IpoBOAATH N; BUMIPIOBAHb 1 IiCTAIOTH
CYKYTHICTb 3HaueHb Y;, j=1n;.

Jns  KoXHOTO (DiKCOBAaHOTO 3HAYCHHA Xj; (TOYKH (HPaKTOPHOTO
MPOCTOPY) 3HAXOASTH CEPEIHI 3HAUCHHS BUXITHOT BEJIMYUHHU:

13
Yi = n_z Yij -
i j=1
Hns koocHoi mouKku @PakmopHo2o npocmopy MOXMCHA O0OuucIumu
TOYKOBI JHCIIEPCii, SKi XapaKTepHU3yIOTh PO3KH][ 3HA4Y€Hb BiIHOCHO
YMOBHOT'O CEPEAHBOr0:

: :LZ(yij —yi)z’ i=LN.
n—193

SIK1o yMOBM MTPOBEIEHHS TOCITIIIB OTHOPI/IHI, TO TOYKOBI JicHiepcii Si2 €
BUOIDKOBUMHM ~ 3HAYCHHSMHM  IUCTIEPCii  TEHEPAIBHOI  CyKYNHOCTI, IO
XapaKTepH3ye BHIIAJKOBY noxn61<y 3aco0y BUMiprOBaHb. ToMy sl OLIbII
HAIAHOI OI[HKU mel JICTIepCii BUKOPUCTOBYIOTh VCEPEOHEHY OUCHEpCIo
(3HaiileHy 3a BCIMa X; TOUYKaMH), SIKa HA3MBAE€THCS  OUCHEPCIElo

. . a2 - .
6iomeoprosanocmi S’ 1 XapaKTEPHU3YE CePeOHbO36ANCEHY MOUHICIb 00HO20
BUMIDIOBANHSL.

2_i 4
B - N zl N(n _1)21:;(%] y)

Bepyun nmo yBarm, 1O 3a O3HAUCHHSAM JUCIIEPCiS aJIeKBATHOCTI
XapaKTepU3ye BiIXUICHHS SKCIICPUMEHTATBHUX JAHHUX BiJl PO3PaxXyHKOBHX,
a B pO3MIAAYBAaHOMY BHITAIKY IS PO3PaXyHKIB OYJI0 BUKOPHUCTAHO CEPEeIHi
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3HAUEHHsI, JOXOAMMO BHCHOBKY, IO MAUCIEpCis aJeKBaTHOCTI HaOupae
BUIIIATY:

1 N
S’ =—" r‘i(ﬁ_/i_)?i)2
""” N—2;

BinminHicTs Bif paillie pO3IISHYTOrO MOJISTAE JIMIIE B TOMY, IO
3aMicThb Y, BHMKOpUCTOBYeTbca Y,. Toxmi ymoBa MiHiMi3amii KBaaparta
PO30DKHOCTEH MK €KCHEpUMEHTAIFHUMH Ta PO3PaXyHKOBUMH TaHUMHU
3aIMIIETHCSA SIK

i (Y, - ¥;)> > min.

Ouinky KoediuienTiB &,, 4 11 PO3paxyHKy Y, 3HAXOMATH 3TiIHO 3
II€I0 YMOBOIO.

Takum urHOM, Sfu BpPaxXoBYE SIK BILUTUB MTOXHUOKH 3aCO0y BUMipPIOBaHb,
TaK 1 MOXKJIMBI BiIXWJICHHS Yepe3 HealleKBaTHICTh MOJIEN. Y CBOIO Yepry,
SB2 3aJISKUTh TUIBKHU BiJl HOXUOKHU 3ac00y BUMipIOBaHb. TakuM YWHOM, Y
BUTIAJIKY 0araTopa3oBOro BHMipIOBAaHHS NPU KOXHOMY (IKCOBAaHOMY X;
sHauenns S’, Ginbuie, Hixk S?. Tlpu upomy

2
S an

Fo ==
S%
Orpumane 3HaueHHs F, HOplBHIOIOTL i3 FKp, OTPUMaHNM 13 TaOIULb
dimepa Uit PiBHA CTaTHCTHYHOL 3Haqymocn 0, KUIBKOCTI CTYIIEHIB

cBobomu umcenpbhuka fo,, = f,;, = N — 2 1 KijgbKocTi CTymeHiB CBOOOIH
3HAMEHHUKA:

(4.49)

Sxmo F, < Fy,, To 3 00paHUM piBHEM CTATUCTHYHOI 3HAYYIIOCTI O
MOKHA CTBEpAKYBaTH, IO IOCHIKyBaHA 3aJIeKHICTh MK X 1 Y €
JIIHIAHO, TOOTO JIiHIMHA alPOKCUMAIIIS BiIIOBIIA€ HASIBHUM JIOCIIITHUM
JaHuM. SIKIIo K I yMOBa HE BHKOHYETHCS, TO JIiHIHHA MOJENb HE
aJleKBaTHA JIOCHIHMM JIaHUM, TOOTO pO30DKHICTE MK ¥, 1,
3YMOBIIIOETECSI BIUTMBOM MOXHWOKH BUMIPIOBaHHS Ta OOMEXEHUM 00CATOM
eKCTIEPUMEHTAIBHUX JTaHUX.
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Iutanns 1J1s1 camonepeBipku

1. Jns doro HeoOXimHO TmepeBipsATH KoedimieHTH perpecii Ha
CTaTUCTUYHY 3HAUYIICTH?

2. 3a sSKUM KpHUTEpiEM TMepeBipsIIOThCS Koe]imieHTH perpecii Ha
CTaTUCTUYHY 3HAUYYLIiCTh 1 fKa IPU LBOMY BHCYBA€THCS OCHOBHA
rinoresa?

3. 3a sxow (opMyo0 OOYHMCIIOITH 3HAYEHHS PO3PaXyHKOBOTO
koedinienty CtpromenTta’?

4. SIx 3HaXOMUTHCS KPUTHYHE 3HaYeHHs KoedinieHTa CThIoIeHTa s
BUMAJIKY NEPEBIPKU CTATUCTHYHOT 3HAUYIIOCT] KOeili€HTiB perpecii?

5. 3a sxoi yMOBH NpUHMAa€EThCS OCHOBHA TiMmoTe3a?

6. Lo moTpiOHO pOOHTH 31 CTATHCTHIHO HE3HAYYIIUMU KoedimieHTamu?

7. Insg yoro HEOOXIAHO TMEpEBIpATH MOJACAh Ha aJeKBaTHICTh
EKCIIEpUMEHTAILHIM JaHuM?

8. 3a gKkUM KpuTepieM BigOYBa€ThCs TIeEpeBipKka MoOJeNli Ha
aJICKBATHICTS 1 SIKa TIPH IbOMY BHCYBAEThCA Tinmore3a?

9. SIk BU3HAUMTH KPUTHUYHE 3HAYCHHS Koediiienty Dimepa?

10. Sk obumcmoeThCs pO3paxyHKOBe 3HaUeHHs Koedimienty dimepa?

11. Illo xapakTepusye qucnepcis aeKBaTHOCTi?

12. Hlo xapakrtepusye nucrepcis BiarBoproBaHocTi? Yomy BoHa
HA3UBAETHCS CEPETHbO3BAKEHOI0?

13. V sxomy Bunazaky aucrepcis BiITBOPIOBaHOCTI Oyne Oiiblia: nmpu
OJTHOPA30BOMY UM 0araTopa3oBOMY €KCIIEPUMEHTI?

14. Illo moTpiOHO poOUTH y BUNIAJIKY HEAIEKBATHOI MOEi?

4.6. MHOKWHHA JITHIHHA PET'PECIS

MHOXWHHa niHinHa VYV Bumagky Kopensuii MK KuUIbKOMa
perpecisi XapakTepu3ye | sMiHHUMM DIBHSHHS pErpecii reoMeTpudHO
3B'A30K MDK TPbOMA || onajoTh y BHIUISI MEBHOI MOBEPXHi, Y
binbLue sMiHHUMY. [POCTOPI SKOI PO3CISHO JOCIIIHI TOYKH.

3a0aua MHOXMHHOTO pETpeciiHOro aHaji3y moJjsrae y BUOOpi Takoi
npssiMoi B N-BUMIPHOMY TIIPOCTOpPi, KBaApaT BIAXWICHHS PE3ybTATiB
CTIOCTEPEKEHb BiJ] IKOi OyB OM MiHIMaIbHHM.
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TakuM 4MHOM, SKIIO HA 00’ €KT BIUIMBAE HE OJMH, a Kiibka (hakTopiB
N, piBHSHHSA JiHIHHOI perpecii B 3araibHOMY BUMAJAKY MaTUME BUTJIISIL

y=ay+aX +..+taX,.

Jns Bu3HadueHHS N + 1 koedilieHTa piBHSIHHS perpecii HEOOXiITHO
MaTu N + | piBHAHHSA. Buxigaum Oyzae piBHSHHS:

N N

N N
o> Xio+& D Xg+. 4D Xo=> ¥,
i=1 i=1 i=1

i-1
3 sfKOro 3a BimomuM TmpaBwioM (1. 4.4) MOXHA CKJIACTH CHCTEMY
HOPMAJIbHUX PiBHSHb | BUSHAUUTHU OLIHKH Koediuienti d;, j=0,n:

aozlxIO +alzx,0x,1+ +4 Zx,n
aoz:x,oxll+alz:xIl +..+4 mex

aoleoxm +allelxln +. +énzx Zylxin

i= i=1

37 Xio

7"1 . (450)

Skmo B KOXHIA Touli ()akTOPHOrO MPOCTOPY CHOCTEPEKEHHS
BUKOHYBAJIM N pa3, TO 3aMiCTb MMTTEBUX 3HAueHb Y, HEOOXiTHO

BUKOPHUCTOBYBATHU CEPEIHI 3HAUECHHS Y.

Yum Oinvwia KitbKicmb 6nIUB08UX ¢haxmopie, mum Oinvbiu
2pomiz0Koio 6yde cucmema HOPMAIbHUX PIGHAHL. 3 0271510y Ha
ye O0nsl 3PYUHOCMI OOHUCTIEHb GUKOPUCINOBYIOMb MAMPUUHY
hopmy nooanHs 6XiOHUX BETUHUH.

BXigHi BeIMUMHU JOCITIHKYBAaHOTO 00’ €KTa MOYKHA MOJATH Y BUIJISII
MaTpHli, J0MOBHEHOI BEKTOPOM-CTOBIIIEM «(DIKTUBHOI» 3MIHHOI X, =1,
B SIKiil PSIIOK MOKa3ye MOEAHAHHS 3HaYeHb (PaKkTOpiB s i-ro pocmiay (i-1
TOUYKU (aKTOPHOTrO mpocTopy), i =1, N.

Posmip marpumi (N + 1) x N, ne N — kijgbKicTh mocmigiB; N —
KIJIBKICTB (haKTOPIB:
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X0 X1 X e Xgp

x = |20 Xa1 Xpp o Xpp

Xno Xni Xn2 o - X

Koxxnomy moeananHio (pakTopiB BiAMOBINAIOTH BIATYKH, SIKI TaKOX
MOKHA ITOJJaTH Y BUTJISIII BEKTOPA-ps/IKa:

St e o -
Y' =15 Vo Y -
Heo06xinHOo 3HANTH BEKTOPU-PAIKA OMIHOK KOS(IIiEHTIB:

A A

A7 . A
A" =4,,4,4,,..,4a

n

PiBHsHHS perpecii y BeKTOpHil Gpopmi HaOMpae BUTIAIY:

A A

Y =XA.

3 ormsAay Ha Te, [0 HAsSBHUMH € TUTbKH €KCIIepUMEHTaNbHI naHi Y,
3ajlaya MOJIATA€ Y BHU3HAYCHHI BEKTOpaA-CTOBHI A, TakKoro, Iio

~ ", 2 - . . . .
Y—Y‘ —min, wmo BianoBigae ymoBi 3HaxomxeHHs MHK-oninok.

Tomy Hazmam OyaeMO BUXOAUTHU 3 PIBHSIHHS:
Y =XA. (4.51)

Jis Ge3nocepeIHROr0 3HAXOPKEHHSI BEKTOPA-CTOBIIST A HEOOX1THO
marpudHe piBHAHHS (4.51) MOMHOXHTH 371iBa Ha OOEpHEHY MAaTpPHUIIIO

X', Onnax y 3araqpHOMY BHIAJKy MATPHILE MOXe He GYTH KBaAPaTHOIO
((n+ 1) #N), romy nonepeanso piBasHHs (4.50) MOMHOXYIOTB 3J1iBa Ha

TPAaHCIIOHOBaHY MATPUIO X . Y Pe3yIbTaTi AiCTAEMO MATPHIO:
XY =X"XA. (4.52)

Ob6epnena mampuys X' icuye ona keadpammuoi mampuyi.
M ompumanns  Keaopammoi  mampuyi  HeoOXiOHO
Mampuyio  6XiOHUX  GeIUYUH NOMHONCUMU 37164 HA
MPAHCNOHOBAHY MAMPUYIO.
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Jlictanemo kBanpathy ingopmayiiiny matpuimo C = X' X, sixa mae Bu:

N N N
ZXzio zxioxil zxioxin
= i-1 i1
N N N

C= ZXiOXil szil zxilxin .
i-1 i-1 i-1

Gy y ST
z XioXin z X1 Xjn - z X2in
=1 i=1 i1

Ingpopmayiiina mampuys C we nHazueacmovcs OUCHEPCIlIHOIO,
abo  KosapiayiuHow, OCKIIbKU KEAOPAMUYHI OlA2OHANbHI
eneMeHmu ii nPonopyitiHi 00 ducnepcii, a pewma elemenmis
nponopyiiHa 00 Kogapiayii.

3Bakarouu Ha Te, mo Matpuil C kBagparHa (po3Mmip mMatputi (N + 1) x
(n + 1)), wis 06UYKCICHHS BEKTOPA-CTOBII A MOYHA IIOMHOKUTH OOH/IBI

YaCTHHH MaTPHYHOTO PiBHAHHS (4.52) Ha 06epreny MaTpuio C .
VY pe3ynbrati Maemo:

C*X"Y =C™CA.
3 ormsmy Ha Te, mo C'C =1, micTaemo:
A=C*X"Y. (4.53)

3BifcH OIiHKHN KOe(ili€HTIB MOKHA BU3HAYUTH K

n N
=1 =

ne Cj ! BinnoBinHmii enemMent MaTpHIl ct

Bnaiieni ouinku koediuientis  &;, j=0,n, npu ubomy OyayTh
83a€MO3aneICHUMY, 10 BUILIMBae 3 BUrsmy marpuii C. HasBHicTb
B3a€MO3AJICKHOCTI ~ KoedillieHTIB He3pyyHa B pa3i moTpeOm ix
nepepaxyBaHHi. Lle MOXIMBO y BHIIaAKax, KO OyJI0 MPUHHATO XUOHE
MPUMNYIIEHHS TPO 3HAYYIICTh BIUIMBOBUX (DAKTOpiB (HAIPHKIIA,
HacmpaB/i, He BIUIMBAE a00 MaJlO BIUIMBAE (AKTOP X, SAKUH BBEIEHO IO
Mozen, ToOTo MokHa BBaKaTH ax = (), abo OBEIOCS BBECTH B MOJEIH
JNOJAaTKOBUM (akTop, paHille HE BpaxoBaHMWA. Y [UX BHIAAKaX
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OBOJHUTECS IEPEPAXOBYBATH 6CL koedimienTn. OTKe, MICHAS yTOYHEHHS
PIBHSHHS perpecii HeoOXiHO 3HOBY TPaHCIOHYBATH MAaTPHLIO (aKTopiB,
3HAXOJUTH KOBapialliiiHy MAaTpHI0, MOTIM BigmoBimHo 10 (4.54)
BU3HAYATH 4;.

3HaXOI[I/ITI/I HE3aJIe)KHO OIIHKH Koe(bluleHTlB MokHa Oymo 0, skOu
Matpuns C Oyma OiageonanvHowo, TOOTO Bei il €IEMEHTH, KpiM
IiaroHaJNIbHUX, OOpiBHIOBaNM Hymo. s meperBopenns marpumi C Ha
JiaroHanbHy HEOOXiHO BUKOHATH YMOBY OPHIOZOHAIbHOCHIL.

N
D XX =0,u=k, (4.55)
k=1
e [ — HOMEp PAIKa; j, K — HOMepH CTOBIIIIIB.
Kogapiamiitna wMatpuns C, sk i wmarpuus C, Takox Oyne
JiaroHaNbHOO 1 MATUME BUTTISIAL
N
1/ Z x%io 0 0
i=1
N
cio| 0 1/ X 0
i-1
N
0 0 e 11D X
i-1

3 ypaxyBaHHSIM BHKJIaIeHOTO Bupa3 (4.54) MokHa mepenucary Tak:
N N
. Y 2
a, inoyi /zxio
i-1 i-1
N N
S 2
al= inlyi /zxil
)| =4 _ .
i-1 i-1
e
i-1
VY pesynprari mMarpudHe piBHSHHS (4.54) posmamaerscs Ha N +1
HE3aJIe)KHE PIBHIHHS:

:9-)>
[\/] z

1]
JuN
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= j=0,n. (4.56)

—

i=1
Takum ymnHOM, BHpa3 (4.56), oTpumaHWii TPH BUKOHAHHI yMOBH

OPTOTOHAIBHOCTI, TO3BOJISIE He3da1eCHO 3HAXOAUTH OIIHKYM KOe(iIi€HTIB
OaratodakTopHOi perpeciiHoi JiHiiHOI MOJeTi.

Hesaneoxcnicms 3Haxo0sicenusi oyinok xoeghiyicumis oae 3moey
YmouHiogamu  anpokcumyiouuti  noniom  (mamemamuuny
MOOenb) 3 Memoio OOCASHEHHs. U020 dAOeK8AmHOCMi, He
nepepaxosyrouu IHUUX Koe@iyieHmie Mooeii.

IMutanns A5 camonepeBipkn

1. lllo Ha3MBA€ETHCS JTIHIMHOK MHOKHHHOIO PErpeciero?

2. B sikoMy BHMAJKy BHKOPHCTOBYETHCS MATpUYHE 3aJaHHS BXiTHOT
BEJIMYMHU?

3. Y domy noJjsirae 3ajada MHOXHHHOTO perpeciiiHoro aHaiizy?

4. HaBeniTh piBHSHHS perpecii y BeKTOpHil Gopmi.

5. o coboro sBusge iHpopmamiiina matpuns? — Ska wmarpuis
HAa3MBA€ThCS KOBAPIaI[iiHOW (AUCIIEPCiifHOI0?)

6. YV d4oMmy moJisira€ ymMoBa OpTOTroHaibHOCTI? YoMy HEOOXiaHO
BHUKOHYBAaTH YMOBY OPTOTOHAIBHOCTI?

7. SIk He3aJISKHO OOUUCITIOIOTHCS KOe(illieHTH MOIei?

4.7. HEJITHIHHA TTAPHA PETPECIS

Y npoueci ineHTudikawii Y ToMy BUNAAKy, KOJM TIpU
KopensiLiiiHoro nons rpadiyHoMy 300paKeHHi TOYOK
BUABNAETLCH, WO B BaraTbOX | pepipiifnicTs ABHO NPOIVIAAETHCS 60
BUNajkax noTpibHo rifnoTe3a JIHIHHOCTI HE MiATBEPIKYEThCH,

BiOTB! BaTW HENiHINH . .
ATBOptOBa ENIHINHY JOIIUILHO BIATBOPIOBATHU 3a
PErpeciiHy 3anexHicTtb.
EKCIIEpUMEHTAJIbHUMU

3aJIOKHICTh, fKa BKJIOYae B cebe (aktopu y Jpyromy Ta BHUIIHX
CTETICHAX, a TaKOX B3aeMoii (pakTopiB, TOOTO HEOOXITHO PO3TIATATH
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MapHYy 3aJICKHICTh, HEHIUHY 3a apeymenmamu ad0 HeiMilHy 6IOHOCHO
napamempis.

Ipukaaa. HeminiitHa 3aneXHICTh BIIHOCHO MapaMeTpiB — BOJb-
TaMIIepHA XapaKTEPUCTHKA J1i0/1a.

Mpukaan. Heniniitna Mozens 3a dpaxropamu: E = kI 2,

Biomeoprosamu HeniniliHy 3anexcHicms O0O0YilbHO mMOOi, KOau
po3paxogyiome Ha me, WO HENIHIUHA MOOelb 0acmb MeHULY
oucnepciro adeksamuocmi, mobmo Kpauje 6i0obpaxcamume
EeKCNEePUMEHMANbHI OaHI.

SIKmo BUXimHA 3aNEXHICTH HelHilHA GIOHOCHO napamempis, TO
CIIOYaTKy HEOOXITHO 3MNUCHWUTU 1i JiHeapusayito, a TIOTIM 3aCTOCOBYBATH
TpaJUIliiHy  TpOLEeAypy 3HAXOKCHHs  KoeillieHTiB  perpecii 3
BukopucranasiM MHK.

Hns HenmiHIMHMX QYHKIINA, SKi OPUBOAATH JO JiHIKHOI Qopmu,
BUKOHYIOTb ~ pI3HOTO  POAY  NEpEeTBOpEHHS  (JorapudMyBaHHS,
rinepOoJiuHe MepeTBOPEHHs, 3aMiHy 3MiHHHUX TOIIIO).

MosxHa knacuikyBaTd THUNHM KPUBHUX perpecii, siki MpUBOAATH IO
JMHIAHOTO BUTIISATY, Y TaKUH c11ocio.

1. Ioninomianvui 3anexncuocmi:

N N N
2
i=1 i=1 i=1

. - —v?2 oty .
LIISIXOM 66€0EHHS 3AMIHU Z;i = Xin, Ui = X" 3BOJATH JIO JIIHIMHOTO BUTIIALY.

N N N
i=1 i=1 i=1

2. 3anescnocmi, AKi 3600mb 00 AIHIIHOZ0 U2TIADY .

N
y=2ay+ Zaizi
i1
IIISIXOM HepeTBopeHHSI:
N
1 1.
—360pomHo20 Z; =—, mIA Y =a, +Zai —;
X —
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N
— noeapugmiunozo z; =Inx;, nns y =a, +Z:ai Inx; ;
i-1

— cmenene6ozo 7; = %", A Y =a, + Zaixni

i=1
3. MyasmuniikamueHi 3a1excHocmi.

N
y=a][x", vy=a]]a",
i=1 i
SIK1 IUTSIXOM JIOTapU(QMyBaHHS
N N
Iny=Ina, + > a; Inx; Iny=Ina, + > x Ina,
= =

MIPUBOJSATHCS IO BiMOBIAHOTO JIIHIHHOTO BULY.
4. Excnonenmmui 3anesxcnocmi.

N
y=¢€xp| & +Zaixi ,
i-1
SIK1 3BOJISITBCS /IO BUTIISAY:
N
Iny=a,+> aXx.
i-1
Jnst niHeapu30BaHOTO DIBHSHHS 32 BiJOMHM THpaBuioMm (po3ia.4.4)

3aMHACYIOTh CHCTEMY HOPMAIIbHUX PiBHSHB.
Hpuxaan. Mojens Mae BUTIIAL:

_ 2
y=agtawx; tanx.

. 2 . .
3pobuMo 3aMiHy a11X1” = dzX; 1 CKIAIEMO CUCTEMY HOPMAIIBHHUX PIBHSHB

aoleo +alleoxll+azleoxlz ZXIOyI
aoz XioXip + alz Xip + azz XigXip = Z Xllyl
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Po3p’s3aBmn 110 cucTeMy piBHAHB, JICTAHEMO OIHKH KOe(]iIi€HTiB
HapHOi KBaJPaTUIHOI Mozeni &, &,, 8.

CKOpHUCTaBIINCH MPABUIIOM TTOOYJOBH CHCTEMH HOPMAaJIbHUX PiBHSIHB,
MOXKHa 3allUCaTH CUCTEMY DPiBHSIHb, SKa Ja€ 3MOTY JICTaTH OLIHKH
KOeQIliEHTIB MapHOi  3aJeKHOCTI  Oyab-skoro mopsaky. OmHak
MPaKTHYHO TIPM BHUKOHAHHI MaTpUYHUX OIEpaImiii Ta oreparii
MiTHECEHHST JIO CTENEHS 3a JIONOMOTOK KOMIT'IOTepa JUIsl OACpKaHHS
dbopMyn TOpSJKY BHUIIOTO 32 4YETBEPTUH, NOXUOKU OKpPYTIICHHS
HACTUIBKM BEJNHKI, IO 3BOJUTHCS HaHIBEIb YBECh BHIpAIll BiJ
MiZIBUINCHHS TOPSAKy perpecii. ToMy 3 JeSKOrO MOMEHTY MpH
MiABHINEHHI TOPSIIKY PIBHSHHS perpecii 3ajMIIKOBa JHUCTIEPCis
(mucmepcis ameKBaTHOCTI) 3aMIiCTh TOTO, MIO0 3MEHIIYBATHCA, MOXE
301IbLITYBaTHCS.

Mpuknan. 3acmocysanns nocapugpmysanusi.

®DyHKIIIOHAJIbHA 3aJIC)KHICTh Ma€ BUTJIS:

y= aoxlal

Heo06xiaHo 3HaWTH g 1 ay.

Ockinbkrn MHK nipunatHuii TiTbKH 111 pIBHSIHHSL BUAY V = do + a1Xq,
TO 100 TO30yTHCS CTenmeHs Ta 3aMiHUTH JOOYTOK JIOJaBaHHSIM,
3aCTOCOBYIOTh JIOTapH(PMyBaHHS HABEICHOTO BUPA3y:

Iny=Ina, +a,Inx,.
3poOumMo 3amiHy:
y'=Iny;a;=Ina,;a =a;; x; =Inx,. (4.57)
3 ypaxyBaHHsIM BBEIEHHX 3aMiH OTPHUMA€EMO DIBHSHHS, JiHIHHE 3a
napameTpamu:
y'=a'st a'iX's.

I[J'IH J'IiHeapI/BOBaHOFO piBHHHH}I 3a Bi,Z[OMI/IM MpaBUJIOM 3aIllUCYIOTh

!

CHCTEMY HOPMAJIbHHX PIBHSHB 13 IBOMA HEBIJOMUMH &, 1 &,. 3HaXOMIAITh
owiHku KoediuieHTiB &; i 4. YpaxoByroun cmiBBinHoeHHs (4.57),
3HAXO/IATh 3HAYCHHS KOCPIIIEHTIB g 1 d1.

Hpuxnan. 3acmocysanns obeprerno2o nepemsopeHHs.
Mopnenb Mae BUTTISA:

1
y=—-—.
ay + X
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YBeaeMo no3HaueHHs

BukonaBmm obepHeHEe ITEPETBOPEHHS, TICTAIOTh JIiHIHHE PIBHIHHS
y'=a, +a,X. Hagani qifoTh 3a BiJOMHUM aIrOPHTMOM.

Hpuxnan. 3acmocysanna  nozapupmivnoco ma  obepHeHo2o
nepemeopens.
Moxenb Mae BUTIAL :

1
C1+exp(a, +a,%)

BukonytoTh 00epHEHE MepeTBOPEHHS:

y'=l+exp(a; +ax) abo Yy —-l=exp(a,+ax),

a naii jorapuMyrTh OOMJIBI YACTUHU I[LOT'O PIBHIHHSA 1 JICTAIOTh:

In( ) ay +ay% .

Ilo3nauuBmu

’ -1
y' =n(y*-1),
JIICTArOTh JIiHIMHE 32 MapaMeTpaMu PiBHSHHS

V' = agt aiXy.

Cmpozeo Kadicyuu, opmoOOKCaIbHOL meopii HeliHiliHOI peepecii
He ICHYE, OOHAK 36€0eHHsT 00 JUHIUHOL opmu w000 UyKaHux
napamempis 0ae 3mMo2y peanizosy8amu CmMamucmudHi Kpumepii
JUHIUHOL peepecii

HepeTBOpeHHH perpeciﬁﬂo'l‘ 3aJIe)KHOCTI, HENIIHIHHOI 32 apryMeHTaMH,
JI0 JIHIHHOT (1)OpMI/I Mae cBOI HemoJiikk. BoHHM mossraroTs y TOMY, IO
OLIHKH MapaMeTpiB d;, sKi BBIHILIM B JiHEApPU30BaHy MOJENb i Oy
3HalijieHi 3a JIOHOMOFOIO METOJy HAaiMCHIIMX KBaJpaTiB, HaCIpaB/i
MIHIMI3YIOTh HE CyMy KBa)lpaTlB BIIXW/ICHb 3HAYCHb ), OTPHUMAHHX
JOCTIHUM LISIXOM, BiJl PErpeciiiHoi KpuBOi ¥, a MiHIMI3yIOTh _cymy
KBaJpaTiB BIAXWICHb MEPETBOPEHNX 3HAYCHb BUXIIHOI BEIMYMHH J, BiJ
BI/ITIOBIZIHMX 3HAYCHB JTIHEAPH30BAHOI perpeciiiHoi Mozaerni ;
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Tomy npu 06epHEHOMY ITEPETBOPESHHI 1 IEPEXO/l 10 BUX1THOT MOJIeNi
Matume Mmicte 3cyB MHK-omiHOK koedillieHTiB HeMHIHHOI perpeciitHol
Moneni. Buxomsunm 3 1pOro MOTPIOHO BBOIWTH  KOPUTYBAJIbHI
KoediieHTr abo 3aCTOCOBYBATH CIEIliallbHI IPUHOMH, SIKi 3a0€31MedyoTh
Halikpaiie HaOMWKEHHs HeNiHIMHOI perpeciifHoi 3aleXHOCTi 110
CKCIICPUMEHTANILHUX  JIAaHWX. [3 Ii€l0 METO, HANpHKIAd, JJIs
KBa3UTHIMHUX 3aJIGKHOCTEH 3aCTOCOBYIOTH PI3HOMAHITHI imepayiini
npoyeoypu.

Crig 3a3Ha4YMTH, MO TEPCICKTUBHUMHU alTOPUTMAMU OJEp KaHHS
CTIMKMX OINIHOK € pobacui npoyedypu [2]. PeamizyBaBimm po0OacHi
MPOLIEAYPH, MOXHA 3HATH OOMEKEHHS Ha 3aCTOCYBaHHS METOAY
HaMEHINNX KBAJpaTiB 3aBASKA TOMY, IO TPHITYCKAETHCS MOPYIICHHS
MOYAaTKOBOI YMOBH — BUMOTH TPO HOPMAaJbHUIM 3aKOH PO3MOMALTY
BUIAJIKOBO1 BETUUHNHH.

IIuTanHsa aag caMonepeBipku

1.5IKi 3aJIe)KHOCTI HaJIeKATh J0 HEJIIHIHHUX BITHOCHO MapaMeTpin?

2. o 3anexxHocTeil sikoro Bugy 3actocoByerbca MHK?

3. HaBeniTh knacugikaliito TUIIB KPUBUX pErpecii, siki 3BOJATHCS 10
TMHIAHOTO BUTIISY.

4. ChopmynroiiTe mpaBWino, 3a SKUM OTPUMYETBCS CHCTEMa
HOpPMaJIbHHUX PiBHSHb.

5. SIki Bu 3HaeTe MeTonau JiHeapu3allii? HaBeniTe npukiany.

6. SIxi mporieypy 3aCTOCOBYIOTH JUISl KBa3UTIHIMHNX 3aIeKHOCTEH?

4.8. OPTOI'OHAJIBHI ITOJIHOMMUW YEBHNIIIOBA
OPTOI'OHAJIIBAIIISA PIBHSIHHS PETPECII

HannpocrTiwa
obuucnioBanbHa cxema
noOyaoBu NoniHOMianbHOI

I[lousiTTA TmWpPO anmpokcUMalilo Ta
iHTepnoJsiizo. Kinmesoro METOXO
Derpecil FpyHTYETbCS Ha CKCTIEPHMERTAIBHHX E[OCJ‘IiZ[)KCHL. €
OPTOrOHATTbHIX MOMHOMAX J00ip TaKOi aHATITHYHOT 3aMEKHOCTI —
UebuLosa. oyuxrii f(X), sxka 6 3a BuOpaHHM
KpUTEPiEM MIOHAWKpalle BiAMOBigaNa
HasBHUM JaHuM (puc.4.10).
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f(Xi
Yi

Y1

Puc.4.10

ExcnepumenTtansHi  fganHi, Ha 0a3i SKMX TOTPIOHO BiITBOPHTH
byHKIOHATBHY 3anexHicTh f(X), MaroTh po3citOBaHHS, 3yMOBJICHE abo
HasBHICTIO BHITaIKOBOI TOXMOKHM 3ac00iB BHUMIpIOBaHb, a00 BIUIHBOM
HEBPaxOBaHHUX BUIIAJKOBHUX BEIHUYUH. TOMy HEMae ceHCy BUMararu, oo
¢bynkuis f(X) mpoxomuia 4yepe3 yci By3JOBI TOYKH. Y IIbOMY BHIAIKY
Oimpin  epexTHBHHIM € BUOIp 3aNeXHOCTI, sKa O 32nadicysana
(ycepenHioBasa) BIUIMB PO3CIIOBAHHS CKCIICPUMEHTAIBHUX JIAHUX, TOOTO
Hepexia 10 MpoLeaypH anpoKcumayii, Mo 1a€ 3MOTY HEBIZIOMY PeasibHy
3aNeXHICTh MK BenmuuHamu X Ta Y (PakTHYHO 3aMiHUTH IHIIOIO
3aJIeKHICTIO, IPUIOMY KpHWBa, sika 1l BijoOpaxkae, Mae€ TIPOXOAMTH MiX
mapamu  CIIOCTEpeXeHb X; V; 3TIHO 3 BHOpaHUM KpHUTEpieEM
onTUMaNbHOCTI. HaifuacTime TakuM KpuTepieM €  MiHiMi3aIis

N
[5—f(x)F, 06 . ~
i i , TOOTO 3aCTOCOBYETLCA KeaopamuiHa anpoxKcumayi.

i=0

[HO1 3aCTOCOBYIOT JIHIUHY anpokcumayiio, KOJu

N
D |5 - () =min.
i=0

Y Oynp-iKOMYy BHIQJKy TpU TPOBEJCHHI EKCIIEPUMEHTAIBHUX
JOCHIDKEHb TOOMPAIOTh TaKy aHAJTITUYHY 3aJeXKHICTh, SKa HalKpalue
BiJITIOBi/]a€ OTPUMAHHUM €KCIIEPUMEHTAIBHIM JIAHVM.

AnpokcuMmyroda (pyHKIiSI 1a€ 3MOTY BH3HAUMTH 3HAUYEHHS (QYHKIIi
f(X) y npomiscnux Todkax xj mpu BiIOMHX 3HAUCHHSX i1 B onopnux, abo
BY3JIOBHX, TOUKax Xj. Y IbOMY BHUIIaJKy Ma€ Miclle NpoUeAypa, sKa
HA3UBAETLCA iHmepnoiauicto, 3a kol 3HadeHus f(X) 3HaxoxsTh Y BUIIISI
y3araJbHEHOT0 MHOTOWICHA
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i=0
ne f,'(x) — nesixa cucrema dymkiiit, JiHiiiHO He3anexHa Ha iHTepBAT

eKCIepUMEHTANBHNX HaHuX; Ki — miticai koedimientn; i=1L,N —
BY3JIOBi TOUKH, SIKi BiJITIOBIJIAIOTh TIApaM HAsIBHUX JaHUX X;, V;.

IToOymoBa KOHKpeTHOI iHTeprosmiiHoi ¢yukii f(X) 3BomuThCs 10
BHOOPY BY3JIOBUX TOYOK Ta MOMIYKY K; 3 TUM, 1100 pi3HUIIA

N
>k £ (x;)- £ (x;) (4.58)
=
BiJIMTOBiTayia BHOPaHOMY KPHUTEPIIO.

Konu 3a ¢yukyicio f(X), 6usnaueHoro y 6y3106ux mMoUKax,
susnauaromvcs (npocHo3yIomscs) it 3HaueHHs Ol ap2yMeHmis X,
SKI MICMSIMbCST N03Q HASGHUM NOAeM Kopenayii, 6i00yeacmuvcs
excmpanoaayis.

Bapmo  3asnauumu, wo excmpanonayia mac obmedcene
sacmocysanus. Hanpuxnao, ona @yukyii i3 nepecunamu ii He
MOJ4CHA 34CMOCOBYEAMU.

Ha nmpaktumi  Hafyacrinne  3aCTOCOBYIOTH  IHTEPIIOJAIID 3

BUKOPHCTAHHIM aneedpaiunux MHO2OUNIEHI8 (napaboniuna
inmepnonsayis), T06To OaraTowIieHiB, MOOYJ0BaHUX 33 CHCTEMOIO
q)yHKuu/I 1, x, x%..., x". Takuii croci® HaGNMKEHHS TIPYHTYEThCS HA

rinoresi, 1o Ha HeBeHI/IKI/IX Bijipi3kax 3Minu x Qynkuiero f;’ X) MOXHA
JOCTaTHLO J00pe BIJOOpa3sWTH HAasBHI EKCIEPUMEHTAIbHI JaHi 3a
JOTIOMOr0l0  Tapabonu  JESKoro mopsiaKy. I3 mielo MeTo MoKHa
BUKOPHUCTATH 1IHTEPIONAMIHHI MHOTOWIeHH Jlarpanka, HetoToHa.

[pore nponenypa BusHauenns Qynkuii f(X) 3a IHTEPIOTISLIHHAMH
MHOTOUWIEHaMH TOTPeOY€E BEIHUKOI KUTBKOCTI OOYMCITIOBAIILHUX OTEpalliid.
Kpim Toro, skio 3HaiineHo Ha Oasi i=1LN BY3JIOBMX TOYOK (DYHKIIiO

fi*(x), to mis (N + 1)-i By370BOI TOYKM BCi OOYMCIICHHS HOTPiOHO
BUKOHYBAaTH 3HOBY.

SIKIIO TOJIIHOM TPETHOTO MOPSIKY HE MOXKE JIOCTATHBO BiOOpa3uTH
ICHYI04y 3aJIeXHICTh, MOTPIOHO NEPEXOOUTH JO MHOTOWICHa OinbuI
BHCOKOTO IOpSIAKY. Y 1LBOMY BHIAAKYy Kpaile MNEPEeXOIUTH IO
IHTepHOoNALIl KycKoso-anarimuynumy GYHKIISIMU — CHAAUHAMU.
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Haiiuactime BHKOPHCTOBYIOTBCS KyOiuHi mapabomu, sKi B ycix
BUMAJAKaX TOYHO MPOXOIATH 4epe3 ABi omopHi Touku. Ilpu N omopHux
TOYKax cnaatinosa ¢hynkyis cxknamaerses 3 N — 1 okpemoro mosiHoMa (puc.
4.11). Ky6iunuii cnaaiin siBiisie OO0 TPpyITy KyOiYHUX MHOTOYICHIB BUILY:

£ (x)=ax+bx*+cx*+d,
Uil SIKUX Y MicHAxX MoeAHaHHs (CTHMKIB) mepmia i Apyra MoxigHa
HeTIepEPBHi 1 3a 3HAYCHHSAMH 301Tal0ThCS.

Y P 4(X) o)
ha
P9
Px) o
1 1 1 1 1
1 2 3 4 5 X
Puc. 4.11
CrutaliH-1IHTepHOJISIIi IO MO’KHa 3aCTOCOBYBATH I

HepieHogI00aeHux 8)371i8 (3AIKHICTh MOXKE MATH KiJTbKa EKCTPEMYMIB),
MpoTe BOHA TMOTPeOye 3HAYHUX OOYMCIIOBAJILHUX BUTpAT s
3HAXOJ[KCHHS KOeQIIliEHTIB CIUTalHIB.

Ilpy anpokcumariii, Ha BiAMIHY BiJi IHTEPHONSIIil, HE BHCYBAIOTHCS
BUMOTY, MO0 mIyKaHa (YHKIIOHATBHA 3aJIGKHICTH Ta KpWBa, IO il
BiIoOparkae, mouHo HpoxXoOuIu uepes 8y3106i MOYKU, TOOTO GIOCYMHs YMO8A
v =1(x).

VY 3arasibHOMY BUIIAJIKy allPOKCUMYIOUUH MOJIIHOM

P(x) = a + bx +cx + dx.

MakcuManbHHIA CTEMiHb II0JIIHOMA 3aJIe)KUTh BiJl KIJIBKOCTI Iap
3HAYCHb X;, V;, 1 =1 N, 3a skumu OyJIyeThCs anpOKCHMY0Ya 3aJISKHICTh
f(x), i mopiBaroe N — 1.

be3 3acmocyseanns cneyianoHux memooié GUKOPUCINOBYBAMU
noniHOMU OLIbWL  BUCOKUX NOPAOKI6 Osi AnpoKcumayii He
peKomeHOyeEmbCs, 060 noxubka 0OuUCTeHb [ OKpyeleHb
NPAKMUYHO NEPeKPeciioc eqhexm, K020 B0AEMbCsS O0CAemMU
30LIbULEHHAM NOPSIOKY NOJHOMA.
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Anpoxcumanis Yedoumona. Ilpu o00poOui excrnepuMeHTATBHUX
JaHUX, 0COOIMBO JJIsI BUMTAAKY IIMPOKOTO JAiana3oHy 3MiHH apryMeHTy X, i
HasBHOCTI KUTBKOX €KCTPEMyMiB, MO)KE BHSBUTHCS, IO MOOyZOBaHA
nependadyBaHa 3anekHICTh f(X) He BiAMOBIIAE TTOBHOIO MIpOI0 HAaSBHUM
JaHAM. Y TakoMy pasi HeOOXiAHO 3MIHIOBATH BUJ MO, YCKIIaIHIOIOUH
ii, ayie Mpu 1bOMY, SIKIIIO HE 3aCTOCOBYBATH OCOOJIMBHX 3aX0/IiB, HEOOXIIHO
3aHOBO OOPOOIISITH BCi TaHI Ta 3HAXOIUTH HOBI KOSMIITIEHTH i€l MO,

Sk 3a3Hauanocs padilie, anpoOKCUMAIlS 3aJCKHOCTI HENiHIHHUM
MIOJIIHOMOM Mae OOMEXEHHS depe3 BIUTUB IMOXWOKH OKPYTIECHHS NpH
30ibLIeHH] #Horo cremeHs. KpiM Toro, mpu KOXXHOMY IiJBHIIEHHI
CTEeTIeHA IMOJIIHOMA JOBOAMTHCA OOYHCIIOBATH HE TINBKK KOe(]imieHT
HOBOBBEJICHOTO JI0/IaHKA, aJie i IepepaxoByBaTH PEIITy Koeilli€HTiB.

YHUKHYTH IWX HEJONIKIB Ja€ 3MOTY amnpOKCHUMAIlsl 3aJIeKHOCTI
noninomamu Yebuuiosa. OCHOBHA iJiest TAKOT alpOKCHUMALIi] TTOJISTaE B TOMY,
10 MHOTOWIEH 3HAXOIUTHCA HE MPOCTO y BHUIVISII CYMH CTEITCHIB X, a Y
BUTJISII KOMOiHAIIi MHOTOWIEHIB, SIKi BHOMPAIOThCS Y CHEIialIbHAN CIIOCiO.
[Mpu upoMy nrykanuii MHOrowieH y = f(X) a1 mapHoi perpecii 3anuierbes
K

y = 0o Py (X)+ 0, P (X)+ ... 0, P (),
ne Pj(X) — momiHOM cTemnens j, j = 0,m ; 0 — KoedillieHTH perpecii.

Koedghiyiecnmu o 6iopisnaomocs 6i0 Koepiyienmis aj 36u4atiHoi
muooicunnol peepecii (n. 4.6).

Koegiyienmu o, ne 6idobpadxcaromev 6enaugy gakmopa, a
sionogioaroms exknady noninoma Pj(X) y pesynemyiouy mooens
3ANEIHCHOCTII.

[IpunycTHBIIM, [0 BH3HAYEHO BHUJ AlPOKCHMYIOUOIO IOJIHOMA,
MOXKHa 3HAaWTH 3HAYCHHS KOEPII€HTIB 0Og, 0Oi,..., Oy IBOTO IOJIHOMA
3TiIHO 3 pUHIKIIOM JlexaHpa, ToOTO 3HAWTH MiHIMYM (YHKIIIi:

U =le{vi—[aopo(xi)mlp(xm...+ampm<xi>]}2.

OOumcnenHss dYacTMHHUX Tnoxigaux ¢yskmii U 3a  Bcima
Koe(illieHTaMH 0y, Oj,...,0y JIA€ MOXJIHMBICTh TOOYIyBaTH CHCTEMY
HOPMAJIbHUX PIBHSHB 332 METOJOM HAaWMEHINWX KBajapaTiB. Po3B’s3aBmm
I}0 CUCTEMY, MOKHA 3HAHTH OI[IHKY KOE(]IL[iEHTIB MOJIHOMA.

OnHak 3HalieHi 0e3MmocepeIHRO 3 AaHOI CHCTEMH OIIHKYA KOe(iIli€HTIB
OymayTh B3a€MO3B’S3aHMMH, a TpOleAypa iX BH3HAYCHHS Oyme
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TpyZoMicTkoro. 1[poro MoXXHa YHHKHYTH HUISIXOM BiIIOBITHOTO BHOOpY
CKIaMoBMX MHOrowreHa Py(x), Pi(x),..., Pm(x), ToOTO 3a0e3medeHHsIM
BUKOHAHHS YMOBU IXHbOI OPMO2OHANLHOCHI

ipj(xi)Pk(Xi)zoajiky , j.k=0,(N-1) , (4.59)

Ile mae 3MOTY He3aneNHCHO U3HAYUMU OYIHKU Koeiyienmie O, i 1

OLIIHUTH BHECOK KOXKHOI CKJIAJIOBOI Y TOUHICTB anpokcumaitii. [Ipu npomy
BBEJICHHSI HOBUX JIOJIaHKIB y MOJIENIbHE PIBHAHHS HE 3MIHIOE OOUYHMCICHUX
panime koedimienTiB. Jlomaroun y Takuii criocid JOAaHOK 3a JOAaHKOM JI0
MOJTIHOMA, MOYKHA CIIOCTEPIraTH, SIK 3MEHIIYETHCS 3aIUIIKOBA JUCTIEPCis.

Ha BigmiHy Bij anpokcumariii y BUTJISII CYMHU JOJAHKIB CTCICHIB X,
nojiHoMH YeOHIIoBa JO3BOJISIIOTH ANpPOKCUMYBAaTH 3aJIe)KHOCTI, SIKi
MAalOTh MOYKU NEPECUH).

OcHogHOl0 ~ yMO6010  3aCTOCYBaHHS ToJNiHOMIB YeOumoBa €
PIBHOBIJIAJICHICTh BY3JIOBUX TOUOK.

Brums noXvOKM OKPYIVICHHS NPY BUKOPUCTAHHI noiHOMiB YeOumosa
HEICTOTHHUHM, 00 CKJIaJOBI BHILOIO CTENEHS YTOYHIOIOTH alpOKCUMYIOUY
(GyHKLiI0 1 MOXMOKAa OKpPYIJIEHHS Y LBOMY BUIAAKy Oyle BEIMYUHOIO
JPYTOTO MOPS/IKY MaJIU3HH.

TakuM YMHOM, OpPTOrOHAIBHI TOJiHOMU UYeOHWIOBa MarOTh MO3WTHBHI
BJIACTHBOCTI, TPUTaMaHHI IHTEPNONAIl TAapaOOoNYHUMKA MHOTOWICHAMHI
(3HaxomATh KOE(IliEHTH 332 CHCTEMOI HOPMAJIBHUX PIiBHAHB) 1 alpOKCHMAIIil
KyCKOBO-QHAJITHIHUMH (YHKIIISIMH (QITPOKCUMYIOT 3aJIKHOCTI, SIKi MaroTh
TOYKH TIEPETHHY).

Bapto 3a3Haunty, W0 NP RACUGHOMY eKcnepumeHmi OpTOroHaNbHi
noniHomn YebuImosa — 1e IPAKTHYHO EMHMUIT KIHCTPYMEHT, KUl 1ae
3MOTy TIpU CTaTHCTH4HIA 0OpOOLi ~EKCHePHMMEHTAIbHUX  JaHHX
HE3AJIEKHO OUIHIOBATH KOe(illieHTH Mozeni I NpoBOAUTH 1i yTOUHEHHS,
BBOJISTYM JOAATKOBI CKJIA/I0BI.

Tacusnum Hasusacmvcsi  eKCnepumenm, npu AKOMY 6 Xio
@yHKYIOHYBaHHS 00 €EKMA He BMPYYAOMbCsl, A OAHI 00EPIICYIONb
npu  pobovomy, @ He  mMecmogomy  (DYHKYIOHYBAHHI
00CTi0HCYBAH020 00 €EKMAL.

HMpuxinan. Y pesynbrari J0CHIUKEHHs y I'SITH TOUKaX x={2;5;8;11;14},

OTpHMaHi BiANOBiAHI pe3ynbTaTH y—{2 0;7,8;6,2;5,8;8,2}, sixum, 3 TOUKH
30py EKCIIEpHMEHTAaTopa, MOXKE BIANOBITATH 3aJICKHICTh, NPEACTABICHA
Ha puc.4.12. HeoOxigHO oTpuUMaTH aHaNiTHYHY (QYHKLI0, sKa O
IIOHAMKpaIlle BiIIOBi1aia HAsSBHUM JaHHM.
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Puc.4.12

Sk Gaummo 3 puc. 4.12, 3anexHicTh Ma€ TOYKU TeEperuHy, a X
3MIHIOETBCS y IIMPOKOMY Jiala3oHi. 3 MaTeMaTHYHOTO aHali3y BiJIOMO,
10 Yepe3 TOYKH Ha IJIONIMHI MOKHA poBecTH KpuBy (N — 1) O MOPSAKY
(mpoBeneHHs Koma 4vepe3 Tpu TOukH). Jlns HaBENEHOI 3amekKHOCTI
JianasoH 3MiHM apryMeHTy pO30OMTHH HAa YOTHPU piBHI YacTUHH 3
BY3JIOBUMH TOYKaMu X, | = 1,...,5, AKMM Bi/IIOBI/IAI0TH 3HAYECHHS BiATYKiB

Yi. Buxonsun 3 BHKJIA[€HOTO, Ha IMMiACTaBl JOCIIAHMX JAaHMX MOXHA
moOyyBaTH MOJICIb, SIKa MiCTUTh TIOJIHOM Y€TBEPTOI'0 CTEIICHS:

y(x) =a,P, (x)+ o P (x)+ a,P, (x)+ o, P, (x)+ a,P, (x) , (4.60)

ne Pj — OpTOroHaNbHUI MONIHOM; | — IIOKA3HUK CTEICHs MOJIIHOMA,
J=0,4; o — xoedimienTn Mozeni, fKi MiATATAOTH BU3HAYECHHIO 3a
JTAHUMH EKCIIEPUMEHTY; X — KOO08AHA 3MIHHA.

Junst Toro mo6 dopmarizyBatu oOpoOKy eKCTIepUMEHTAIbHUX JaHHX,
Ha TPaKTHI 3[IACHIOIOTh KOOY6AHHs HE3AIEKHUX 3MIHHHAX, TOOTO
MOJIAaHHS CYKYITHOCTI HasBHHX 3HAUCHb Y BUTIISNI YIUX O€3DO3MIDHUX
yycen. lle mae 3mory mpu o0poOmi ¥ moOymoBI Mojenel He
NpUB’sI3yBaTUCST JI0 SIKOICh KOHKpPETHOI (i3WM4yHOT BENMYMHH U
JUHAMIYHOTO Jiana3oHy ii 3MiH. 3a JIONOMOTO KOJYBaHHS MOXHA
MEPEeUTH 0 BIAHOCHOI IIKAJIX I BCIX BXITHUX BEIHYUH. Y BiJHOCHUX
(K0IOBaHMX) OOWHMIX (i3WUYHY BEJIWYMHY IO3HAYAIOTH X;, & BLATIKH
OepyThb uepes pieHi iHTEepBaIH

d =XN—XN-1-

Jiss  CTBOpPEHHS KOJIOBAaHUX IIKAJl PO3IJSIAIOTh BHIAIKH, KOJIH
KUTBKiCTbh BifytikiB N mapHa i HemapHa.
s Bumanxy, ko N — mapHe, popmyna KogyBaHHsS HaOUpae BUTIISY:
- Xi —X

©od/2
ne Xj — JOCIiTHI po3MipHi JaHi.
VY npoMy BUTIAAKY X; HaOyBae 3Hauenp t1; £3; ...; £ (N — 1), ski
MICTSATBCSI CHMETPUYHO BiTHOCHO X (puc. 4.13).

191



X1 X2 X X3 X4
] ] | ] ] x
-3 -1 0 1 3
Puc.4.13

Hpuxnaa. [lomanHs 3Havens X; 1 X; y KOZOBaHOMY BHIJIAII TpPH
MApHIHA KITBKOCTI BiikiB N:

N _Xl—(XlJr%d)__g_ y _XZ—(X2+%)__1
1= =9 XK=—QF0F;, =i
2 %
s Bunaaky, ko N — Henapse, oopMyJsia KOJlyBaHHS Taka:
(X=X
' d

npH 1bOMy Xj HaOyBae 3Ha4eHb 0; £1; £2; ...; £(N-1)/2... (puc. 4.14).

' d |
1 1 1 — I 1 X
X1 X X3= X X4 X5
1 1 1 1 1
X
-2 -1 0 1 2
Puc.4.14

Hpuxnan. [lonanHs 3HaueHp X; i X; y KOAOBAaHOMY BHIJISII TpH
HEeMapHili KiJIbKOCTI BiTiKiB N:

:Xl—(X1+2d):_2_ . _X,—(X,+d)
d r d

B o0ox Bumagkax KojJoBaHa 3MiHHa HaOyBa€ CHMETPUYHHX IOJIO

=1,

HYJISl LIJIOYHUCIOBUX 3HAUCHb.
Jnsa noninomiB YeOuioBa iCHye peKypeHTHE CIiBBITHOLICHHS, SKE

Jla€ 3MOTY 3MIACHUTH X OOUNCICHHS:
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P.a(x)=R(x)P,

3 ypaxyBaHHsIM (GOpMynT  KOAYBaHHA, a TaKOX  JaHOTO
CHIBBITHOIICHHSI TEpII TI'STh CKJIAJOBHX IMoJiHOMa YeOumioBa 3

TOYHICTIO J0 MOCTIHHOr0 MHOKHUKA A BU3HAYAIOTh y TaKUi crocio:

P(x)=1;
X —X
Pl(x):}“l q ;
((X-XY NZ-1
Pz(X)=7»z( . j— 5| (4.61)

S
|
x|

ol [58] )2

()= [X-)?j“_(x—iﬂsw —13J P —9)1

d 14 560

ne X — Oymb-sAike MOTOYHE 3HA4YeHHs (akTopa, X — cepelHe 3HAYEHHS
(akropa; Aj — MHOKHHUKH.

MHOXHUKH Aj 3aJ1€5KaTh BiJl KUIBKOCTI €KCIEPUMEHTAIBHUX TOUOK N, a
TaKOXX CTETeHs CKJIaJ0BO1 MOJIIHOMA | 1 BBOJSITHCS JIISL TOTO, 1100 Y TOYKaX
i=1,N mnomiHomu Pj(x;) HaOyBaaM LIIOYMCIOBHX 3Ha4eHb. Tak, Uit
MoJiHoMa mepioro creneHs Ay = 1 npu Henapaux N i A, = 2 npu mapHUx
N.

3HayeHHs OPTOrOHAJIBHUX MOJIHOMIB Pj(x;) 3amexarh BiJ KiJBKOCTI
ekcriepuMeHTansHIX ToYoK N 1 Bij cTemens mojiHoma j. Jleski kogoBaHi
3HAYEHHS OPTOTOHAIBHUX HOJIIHOMIB Pj(x;) HaBeieHo B Tabmumi 4.7

3rifHO 3 OCHOBHUMH MEPEeIyMOBaMH MOOYJIOBH OPTOTOHAIBHUX
noJiiHoMiB UeOuIioBa MaroTh BUKOHYBATUCSI YMOBH OPTOTOHAILHOCTI:

ZN:PJ- P =0
i=1l

a TaKOXK CUMETPii:
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N
D> P =0.

i=1

Sk BuTUIMBAE 3 TAOMUIL, Ili YMOBH BUKOHYIOTHCSI.

Tabnuys 4.7
N _ _
Howmep =3 N=4 N=5

Aocmay, i P, | P, P, P, Ps P, P, Ps Py

1 K -3 +1 -1 2 +2 -1 +1

2 0 2 -1 -1 +3 -1 -1 +2 -4

3 +1 +1 +1 -1 -3 0 -2 0 +6

2 +3 | +1 +1 +1 -1 2 -4

5 +2 +2 +1 +1
N

> PE(x) 2 6 20 4 20 10 14 10 70
i=1

A 10 5 35

j 1 3 2 1 s 1 1 5 e

OOunciaenns koedimienTiB mogeni oj. 3 ommay Ha Te, IO
nomiHomu YeOumioBa 3a O03HAUEHHAM € OPTOrOHAJIBHUMH, JJIs

3HAXO/DKCHHS OI[HOK KOe(iIlie€HTiB O j; MOXKHa 32 aHajoriero 3 (4.53) i
(4.54) zancatu MaTpUYHE PiBHSHHS:

a;,=C'P'Y, (4.62)

ske posmagaerbes Ha N + 1 HezajexHux piBHSAHB. Y Bupasi (4.62) Y —
BEKTOP-CTOBIIELb CEPEIHIX 3HAYEHb BUXIJIHUX BEIMYHUH (IIPUITYCKAETHCS,
U0 BUMIPIOBaHHs B KOXHiH TOUL[ NMPOBOAMIMCH Killbka pasiB); @

BEKTOP-CTOBIMEIb LIyKaHUX OLIIHOK Koe(illieHTiB MOJIETI;

-1 .
Ccl= (Pt -P) : Pt — MaTpHullsi, TPAaHCIIOHOBaHA 11010 MaTpHLIl
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PO(xN) Pl(XN) PZ(XN) N (XN) Pn(XN
Zie eeMeHTaMM MaTpHIli € KOJOBaHi 3HaYeHHs MoJiHOMIB Pj(X;) cTemens j y
TOYL 7.

OLiHKy KOXXHOro 3 KoeQillieHTiB KOIOBaHUX 3MIiHHHUX O i
BH3HAYAIOThH HE3aJICIKHO 3a (hopMyoro:

N
Zyipj(xi)
Go== j=IN-L. (4.63)

j N
sz (Xi )
)

Zﬁ Bupas3 (4.63) nooibnuii 0o éupazy (4.54). Biominnicme nonseac

8 momy, wo 3amicmeo K0O0BAHO20 3HAYEHHA Xij

BUKOPUCTOBYIOMb KOOOBAHE SHAYUEHHS NONIHOMIE P, (Xi )

OOuncnuMo 3HaveHHS KoedimieHTiB 3a BHpaszoM (4.63), ans
pe3ybTaTiB ); , HaBEACHUX Yy TOMNEPEIHbOMY YHCIOBOMY TPHKIIAJII.
OTtpumaemo Taki 3HaYeHHS KOe(iLiEHTIB MOAETI:

ao_ :%-(2.0+7.8+6.2+5.8+8.2)= 6.0
o, = %-((—2)-2.0+ (-1)-7.8+(0)-6.2+ (+1)-5.8+ (+2) -8.2) =1.02
a, = i.(uz) 2.0+ (-1)-7.8+4(-2) 6.2+ (-1)-5.8+ (+2)-8.2) = —0.47
a, :%-((—1)-2.0+(+2)-7.8+(0)-6.2+(—2) 5.8+ (+1)-8.2)=1.02
1

0 ((+1)-2.0+(-4)-7.8+(+6)-6.2+(—4)-5.8+(+1)-8.2)=-0.1

a4=7—
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IlepeBipka 3HauymocTi koedinieHTiB Moaesi Ta ii agekBaTHOCTI
npu BiioMil aucnoepcii. 3HaiineHi Koe]ilieHTH 3TiJHO 3 MPOLEAYPOrO
CTaTHCTMYHOI ~ OOpOOKHM  pe3yibTaTiB  HEOOXiHHO TEepeBipUTH Ha
cmamucmuyHy 3nayywgicms. llpumyckaerscs, w0 padime Oymo
MIPOBENIEHO JTOJATKOBI JTOCTIHKEHHS 1 1€ JJa€ 3MOTY BBaXKaTH IHCIIEPCIIO
BUMIDIOBAHHA G BioMOI0. Y 1bOMY pasi iCTOTHICTb BiIXWiieHb

PO3TIIAAAETHCS BITHOCHO

o, =2-S{6;}, (4.64)

e Q2fa
I€ Z — KBaHTWIb HOPMAJBHOTO PO3MOAITY; S {a j} — Jucrepcii

3HAWJICHUX OIIIHOK KOE(MIIi€HTIB, 3yMOBJICHI BIUIMBOM BHUIIAJKOBUX
BeIMYMH a00 OOMEXEeHHM OOCSTOM BHOIPKH, SKI BH3HAYAIOTHCA 32

(hopmyoro:

sz{&j}zs—ﬁz, (4.65)

Je M — KUIBKICTh IapaJieIbHUX CIIOCTEPeXeHb B i-i TOYII; SB2 —
JUCTIEPCIst  BIATBOPIOBAHOCTI, SKa XapaKTePHU3ye CEePEAHbO3BAKEHY
TOYHICTb IIPOBE/ICHHS OJHOIO BUMIpIOBAHHSI.

Y BUIIajKy, KOJIM QUCIIEPCisi BUMIPIOBAHHS BiZOMa, MOXKHA BBAXATH
S,” = 6%y, i B KOXHiii TOUIIi IPOBOUTH TiILKHM TI0 OHOMY BUMipIOBAHHIO,
ToOTO M = 1.

3Ba)kKarouu Ha Te, 110 B 3HAMEHHUKY BUPa3y (4 65) U1 KOKHOTO j-TO
KoeqnuleHTa Ha BII[MlHy BiJ JIIHIHHOT perpecn Oy1yTh , 3HAXOJUTHUCH
pi3Hi Ccymu 3HadyeHb P; ’(x), To ¥ mucmepcii S {(1 j} 3HAWJIEHUX
KoedinieHTiB o ; TaKOK 6y)1yTI> pi3HUMU.

Po3cifoBaHHS 3HAUCH OIIIHOK KOEQIIIEHTIB ocJ Tpe/ICTaBIETh
BHTJISIIi HOPMATBHOTO PO3MOJITY 3 IEHTPOM O 1 JMCIEPCiero S {C }Y
3HalijieHe 3HAYCHHS \a | IOpiBHIOETCA 3 04 . - UnM Ginbime || 3a
O, » THM CYTTEBIILIMH BILTHB CKJIa/IOBOT 6araTquIeHa Xj.

SIximo f(’x <o rinore3a Hy mnpuiimMaeTscs, TOOTO MOXKHA
CTBEP/KYBaTH 3 Bngi)aHHM pIBHEM CTaTHCTHUYHOI 3HAYYIIOCTI, IO J-H
KoeQilieHT OyAe CTATUCTUYHO HE3HAYYIIMM, 1 HOTO CIIiJ| BUKIIIOYUTH 3
MatemMaTnyHOi Mopeni. llpuiimMaroun 1m0 yBaru, IO TOJIHOMH, SKi
BXOJSITh N0 MOJENi, OPTOTOHAJBHI, 1€ HE TIPHU3BEAC 0 HEOOXiTHOCTI
MepepaxyHKy iHITUX KOeQII[iEHTIB MOIEI.

Jlist 9UCTOBOTO TPHKIIANY, IO PO3TJISAAETCS, IEPEBIPUMO OTpI/IMaHl
OLIHKN KoedilicHTIB Ha CTATHCTHYHY 3HA4YHICTh. BizbMemo S, = 0,2;
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m = 1, Ta o0OYMCIMMO 3HAYCHHS JAMCIEPCIl 3HAWICHUX OIIHOK
KoediuieHTiB. 3HaYeHHS 3HaMEHHUKIB OepeThes 3 Tabu. 4.7 3a N=5. Toni:

0.2 0.2 0.2

S'(ap)="-=0201  $(a)==0142 $*(a,) =5 =0.120
Sz(a3):%20.142 SZ(aA):%:O.OM

Buxonsun 3 004YHCIIEHUX 3HAYCHb MAHUCIEPCii 3HAWICHUX OIIHOK
Koe(Ili€HTIB, BU3HAYMMO KPHUTHUYHI 3HAUCHHS JJI IUX KOCQII[iE€HTIB.
JI1s1 HOpMaJbHOT O 3aKOHy posnoaity 3a P = 0,95; z,, = 1,96. Toxi:

@, o =1.96-0.201=0.39 @, ,=196-0.142=0.28 @, ,=196-0.120=0.24

a, ,=196-0142=028 @, ,=196-0.054=0.105

kp_4
[TopiBHSIEMO poO3paxoOBaHi 3HAYCHHS KOCQIIIEHTIB 13 KPUTHUYHHUMHU
3HAYCHHSIMH:

|eto| = 6.0>0.39 || =1.02 > 0.28 |, | = 0.47 > 0.24
|| =1.02 > 0.28 |et,|=0.1<0.105

Ak Oaunmo, yci OIIHKH KOE]IiIiEHTIB OKpIM ¢4 TEPEBHIYIOTH
BIJNOBiJIHI KPUTWYHI 3HAYEHHS, TOMY BBQXKAIOThCS CTATHCTHYHO
3HAUYYIIUMH. Y 1IbOMY pa3i Mojenb (4.60) HaOye BUrIIsLY:

Y()=60-Po(x)+1.02-P,(x)~047-P,() +1.02:P,(x) (4 g5

Mopenp 31 CTaTUCTUYHO 3HAYYIUMH Koe(illieHTaMu HEOOXiITHO
MIEPEBIPUTH Ha @0eKeamHicmy 00’ KTy, BAKOPUCTOBYIOUH JJIS [IbOTO HASIBHI
eKCIIepUMEHTANIbHI JlaHi. 3a aHajoriero 3 paHime po3rsiHyTHM (1. 4.6)
HeoOxiaHo obunciuTh koedimient Dimepa 3a popmysioro (4.42).

VY uiii popmyi:

2 RN 2
Sa=y g 2-v), (4.67)
—lia
ne | — KiIbKicTh CTATUCTHYHO 3HAUYIIMX KoedilieHTiB Mozpeni; ¥, —
eKCIICPUMEHTANIbHI 3HAYEHHS; Y, — 3HAa4YeHHs, OOYMCIICHI Ha Ii/ICTaBi

MaTeMaTHYHOI MOJEN UIs i-1 TOUKH.

PospaxyHkoBe 3HayeHHsA Fjp MOpPIBHIOIOTH 13 KPHUTHYHUM 3HAYEHHSIM
koedimienta ®dimepa F, Tpu piBHI CTATHCTUYHOI 3HAYYLIOCTI O 1
KIJIBKOCTI CTyIeHiB cBoOoau uncenbHuka f,; = N — | i 3Hamennuka f, = oo
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(3Ha‘leHH§I G§ BiILOMe, TOOTO BBAXKA€THCA, IO BOHO BHU3HAYCHC IIpU

HECKiHYCHHIH KUTHKOCTI BUMIPIOBaHb ).

Axmo F, < F,, To 3 00paHMM piBHEM CTATHCTHYHOI 3HAYYILOCTI
MOXHA CTBEP/UKYBaTH, L0 3HaiieHa 32 eKCHepHUMEHTAbHUMH JaHHMU
MOJIETIh aJIeKBaTHA 00’ €KTY.

Sxmo F, > F, , To Monens HeanekBaTHa 1 U1 YTOUHEHHs il HEOOXiHO
BKITFOUHTH JOJAHOK O, P, . (X), TOGTO CKiIazioBy GLIBLI BUCOKOTO MOPSUIKY.

OCKibKH BUKOHYETBCSI YMOBA OpTOTOHAIBHOCTI, OIliHKa KoedilieHTa
IJIsL TOAATKOBOI CKIIaZoBOI Mojeni O, Oyae BHU3HAUaTHCS HE3aJIEKHO
BiJl iHIMX KoeQillieHTiB, TOOTO paHille 3HaWIeHI OIiHKK Koe(]imieHTiB
He Tpeba rmepepaxoByBaTH.

Jlany npoyedypy MoucHA 30TlICHUMU, AKWO 003605€ KiTbKICIb
nap eKcnepuMeHmanbHux 0anux N, OCKilbKU Ceninb NOAiHOMA
Mae He nepeguugysamu N — 1.

ITepeBipka 3Ha4ymocTi KoedinieHTiB Mozxei Ta ii axeKBaTHOCTI
npu HeBioMmiii aucnepcii. Y upomy Bumajky, Ha BiIMiHY Bijl paHiie
PO3MIIAHYTOro, HEOOXigJHO OOYMCIIOBATH IHCIIEPCIIO BiITBOPIOBAHOCTI

2 . . .
SB Ha MIACTaBl AOCIIAHHUX JaHUX SK CEpCAHE 3HAYUCHHS MOYKOBUX

ducnepcil:
- L3 sy
N = I

OCKIJTbKM YMOBH IIPOBEJCHHS €KCIIEPUMEHTY TO3BOJISIFOTH MPOBOIUTH
B KOXHIH TOYII M CHOCTEPEX,EHb, TO JUIS KOXKHOTO 3HAa4YeHHS X mpu
m > 2 MOXHa OOYHMCIIUTH AUCTIEPCiI0 TOYKOBOTO PE3YIIBTATY:

- 1 & - _
s i}:m Vu-),
u=1

-1
ne Y, :_ZYiu* cepellHE 3HAYEHHsA JUIA i-i TOYKH; U — IOTOYHE

CIIOCTEPEKEHHS B i-i TOUILI.

CraTHCTHYHY 3HAUYyNIiCTh Yy I[bOMY pa3i  BH3HAYalOTh 13
BUKOpUCTaHHSIM KpuTepito CrhiofeHTa. BucyBaeTbess Hynb-rinmoresa
CTOCOBHO 3HAYEHHS, 110 TIEPEBIPSIETHCSI, 1 OOUNCITIOETHCS 3HAUCHHS
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sIK€ TIOPIBHIOIOTh 3 KPUTUYHUM 3HAUYEHHSIM JJIs1 YMCia CTEIeHiB cBoOoan
N(m-1) i piBHS CTAaTUCTUYHOI 3HAYYILOCTI L.

SIKE TIOPIBHIOIOTh 13 KPUTUYHUM 3HAYCHHSM I KIJTBKOCTI CTCIICHIB
cBobonu N(M — 1) i piBHS CTATHCTHYHOT 3HAYYIIOCT OL.

Jesiki BiAMiHHOCTI OyAyTh i B IepeBipIll aaeKBaTHOCTI MOJENi UIs
uporo Bunaiaky. Tyr s BusHaveHHs Fy, HEOOXiZAHO BPaxoBYBaTH, LIO
KUJIBKICTh CTEmeHIB cBoOomu s 3HamenHuka N(m — 1), a npum
o04HnCIIeHHI Sﬁ;l y Bupasi (4.67) y 4mcenbHUKY Mae BpaxoByBaTHCS M,
BIIMIHHE B1J OQUHMII.

Hns anexBaTHOI Moeni 3amuCyIoTh i BUpa3s y npnpo;:[Hu/I ((1)131/1(11{114)
cucremi KOOP/IMHAT, JUIsL 40T X 3aMiHIOIOTh criBBigHOIIEHHMH (4.61) 1
PO3B’SI3YIOTH PiBHSHHS BiTHOCHO OY/Bb-SIKOTO X.

JUIst  poO3risiyBaHOTO — YHCIOBOTO —IPUKIAAY IEPEXOIUMO 10
HOPMQJIBHOI CHCTEMH KOOPAMHAT 32 CEPeAHBOr0 apH()METHIHOTO

3HaYeHHs BxigHol BenuuuHu X = 8 Ta d = 3. 3a CrHiBBiZHOWIEHHIMHA
(4.61) 3naxoauMO:

X -8
R(x)=1"—
1()=1-—3

X -8Y) 57-1
P,(x) =1 -
2 (%) ( 3 ) 12

5(X-8) (X-8)(35-7
o-2{258 (25
6 3 3 20

[TixcTaBuBIIY LI 3HAYEHHS Y MOJIeNIbHE piBHSAHHS (4.66) oTpuMaemo:

y()=60+1.02-2 -8 047, KX ’Sj _521}1,02.5.[[)(8) _[XBJ.(3'5Z7H
3 3 ) 1 6|3 3 20

CropocTuBIIM BUpa3, OTPUMAEMO PErPECiiiHy MOJENb, SKa BiAMOBiIaE
eKCIIepUMEHTAIbHUM JaHUM:

y(x) =—7.47+5.99-x—-0.81-x* +0.03-x*
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Jloeogpakmopnuii excnepumenm. JlaHuli EKCIECPUMEHT JO3BOJISIE
JOCTI/DKYBaTH TOBEPXHIO pPE3yJbTaTiB BUMIPIOBaHb 3a IIMPOKOTO
niama3oHy 3MiHU apTyMEHTY.

PosrnsiHemMo moOyzoBy MOBEpxHi BIATYKY Ha MPHKIAAi BapidOBaHUX
He3IeKHUX 3MIHHUX X; Ta X; . DakTop X1 3MIHIOETHCS Ha IBOX PiBHIX
X1 =1 1a X =5 3 kpokom d; = 4. dakrop X, B JAaHOMY HPUKIAT
HaOyBa€ I’sITh PIBHOBIIJAICHUX 3HAYCHB 13 KpokoM O, = 3, a came Xp; =
2, Xop =5, Xo3 = 8, Xos = 11; Xo5 = 14.

Ha puc. 4 naBereHa moBepXHS BIATYKY U TBO(AKTOPHOTO
CKCIICPUMCHTY

Puc. 4.13

Ak 1 pamime, IS CHOPOMIEHHS MPOIECY aHaii3y Ta OOpOOIEeHHS
eKCIIEPUMEHTAJIBHUX TaHUX, HEOOXITHO MePeHTH 0 KOJAOBaHOI CHCTEMH
KOOpJIMHAT:

XX, _X-3 X, X, _X,-8
C% 2 d, 3 (4.68)
Ockinbku, nepmnid GakTop BapiroeThCs HA JBOX PIBHAX Ta, 32 YMOBH
mo Ay = 1, orpumaemo mosriHoM Py = P1(x1) = xj.
Hpyruii hakTop BapiloeTbesl HA I’ SITU PIBHSAX, BIAMOBIAHO Y MOJAETIbHE

PIBHSIHHS MOXYTh BXOJUTH TMOJIIHOMH BiJ MEPIIOr0 A0 YETBEPTOrO
CTEIIEHIB, a CAMEH:

X, =

X, =
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Pl(XZ) = P12 =X,
P,(X,)=P, =% -2

5 17
Pz(xs): Psz :gxzz_gxz;
35 0 155,

P, (X,) =Py, 12 X2 12 X

Jis  nBOQaKTOPHOTO eKCHepuMEHTY IUIaH ToBHWHEH wictutu N
BY3JIOBUX TOYOK, TOOTO aiisi po3risayBaHoro Bumaaky N = N;-N, = 10 ta
MiCTUTHU He Oinbine 10 HeBIJOMHX €IIEMEHTIB.

MogensHe piBHSHHSA, 3 3aralbHOMY BHUIIAJKy, OKPIM IE€pepaxoBaHUX
€JIEMEHTIB, TaKOXK, MOXE MICTHTH 1 e(heKTH B3aeMOii, IO BU3HAYAIOTHCS
criBBigHomeHusaM Pi(x1) Ps(x), ne s = 1...4.

VY Takwuii crioci0, Moaens Moxe OyTH peCTaBIIeHa PIBHIHHSM:

+6.

V(X% )=y Py +ay, - P(X)+ay, - P(x )+
+a,, -PZ(X2)+a32-PS(X2)+0542-P4(X2)+
+a; - P(%)- P (%) ++ag, - P(X)- Py (%, )+
+agy  P(%) Py (%) + g - P(%) P (X,)

Je o ;s TIOKa3ye CTymiHb BIUTHBY edyexty B3aemomii Pi(x;) Ta Ps(x) 3a
s=1..4.

CknazeMo CTpPYKTypHY Matpuiio po3mipom 10x10 mis mpaHoro
eKCIIepUMEHTY, fka rmomaHa y Tabm. 4.8. V miid tabmumi 3-i ta 4-i
CTOBIIII € MaTPUIICIO TUIAHY JIBO(PAKTOPHOTO EKCIIEPUMEHTY, a 3 5-TO 1o
7-11 — B3sT1 13 TaOmi 4.7 mst N = 5,

(4.69)
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Tabnruys 4.8

P.=|P =] P, P,= | P, =
- 11i 12i 22i 32i 42i
I I:)Oi Py Poi | PuPoi | PiPai | PP Yi
X Xy P, (%) Py (%) P, (%)

1 2 3 4 5 6 7 8 9 10 11 12
1 +1 -1 -2 +2 -1 +1 +2 -2 +1 -1 7
2 +1 -1 -1 -1 +2 -4 +1 +1 -2 +4 10
3 +1 -1 0 -2 0 +6 0 +2 0 -6 6
4 +1 1 +1 1 2 -4 1 +1 +2 +4 5
5 +1 -1 +2 +2 +1 +1 -2 -2 -1 -1 8
6 +1 +1 2 2 1 +1 2 +2 1 +1 3
7 +1 +1 1 1 2 4 1 1 +2 4 2
8 +1 +1 0 2 0 6 0 2 0 +6 1
9 +1 +1 +1 1 2 4 +1 1 2 4 3
10 +1 +1 2 2 +1 +1 2 2 1 +1 4
) 10 10 20 28 20 140 20 28 20 140
2,' 4.9 2.3 0 0.36 0.5 -0.11 0.3 0.14 0.6 0.011

0.063 0.063 0.045 0.045 0.017 0.046 0.038 0.045 0.017




[NoOynoBaHi y Takuii CHOCIO BEKTOP-CTOBIIIII MAlOTh BIIACTHUBOCTI
CHUMETpii Ta OPTOTOHAIBHOCTI, IO N03BOJsie BUKopucToByBath MHK,
3TiTHO 3 SIKUM yci KoedillieHTH MOJelli BU3HAYAIOTHCA MUISIXOM
MOCJTITOBHOTO MHOKEHHSI €JIEMEHTIB BiJIIOBIJHOTO BEKTOP-CTOBMLS Ha
eIeMEHTH BEKTOP-CTOBIIS BHXiJAHOI BEJIMYMHH ) 3 TOJANBLIIMM iX
MiZICYMOBYBaHHSIM Ta IiIEHHAM Ha CyMYy KBaJpaTiB €JIEMEHTIB IbOTO
BEKTOP-CTOBIIIA.

[pu 1bOMY, BUNA/IKOBI BETMYUHH V), MaIOTLZGyTI/I CTaTUCTUYHO
HE3AJICKHUMH, MAaTH OJIHY 1 Ty X JHCIIEPCiI0 G Y BCIX TOYKAX IUIaHy
i =1, N Ta BianoBizmatu HOpMaIbHOMY 3aKOHY po3r10)11ny

IMuranus 1Jis caMmonepeBipku

1.Po3kpuiiTe 3MicT TOHATTA ampokcumamii. fka ampokcumartis
HA3MBAETHCS JIIHIHHOW; KBAIPATHYHOKO?
2. SIxa pi3HHLA MiXK IHTEPIIONSIIEI0 1 EKCTPATIOIIALIIE0?
3. J171s1 40r0 BUKOPHUCTOBYEThCS CIUIaiiHOBA (PyHKIIisI?
4. Po3kpuiiTe MOHATTS allPpOKCUMYIOUOTO MOJIIHOMA.
5. Y 4omy nonarae CyTh yMOBH OPTOTOHAILHOCTI?
6. SIkuii eKCiepUMEHT HAa3UBA€THCS MACUBHUM?
7. Ski TONHOMH HA3UBAIOTBCS OPTOTOHAJIBLHUMH —MOJIHOMaMy
Yebumiosa?
8. lllo Take KomyBaHHS i JUII YOTO BOHO BUKOHYETHCS?
9. SIk yTBOPIOIOTBCS KOJIOBaHI IIKalW JUIsl MapHOi Ta HEmapHOl
KUTBKOCTI BIiUTIKIB?
10. Sk o6umcnro0Th OTiHOMH YeoOumosa?
11. Big goro 3anexats 3Ha4€HHSI OPTOTOHAIBHUX TTOJIHOMIB?
13. HamexniTe MaTpu4yHe piBHAHHS Ui OOYHCIICHHS  OI[IHOK
KoediIlieHTiB MOJIETI.
14. Sk nepeBipuTH KOe(il[iEHTH MOJEN Ha CTATUCTHYHY 3HAUYIIICTh
Ta MOJIEJIb Ha aJeKBaTHICTh y BUIIAJIKY 3 BIJOMOIO JHUCIIEPCi€r0?
15. Sl nepeBipuTi KoedilieHTH MOJENI Ha CTATHCTHYHY 3HAYYIIICTH
Ta MOJIEJIb Ha aJIeKBaTHICTb y BUIIAJIKY 3 HEBIOMOIO AUCHEPCie€r0?
16. Sk iepeBecTr MOJIETIb 13 KOJIOBAHOI /IO MPHPOJTHOI CHCTEMH KOOPAUHAT?

203



4.9. PETPECIMHI MOJIEJII 3 BUKOPUCTAHHSAM
TPUT'OHOMETPUYHUX ITOJIIHOMIB

Konu pocnigkyBaHa 3anexHicTb Y Bumazgky rpadiuHoro nomaHHs
3MIHIOETBCS NEepioanYHo, TO AN pe3yIIbTAaTIB CKCIIEPUMEHTAIbHIX
noGyaoBY MaTemMaTUYHOT Moaeni JOCTIDKeH, ab0 TpH  TOCIiHKEHHI
AOLIiNLHO BYKOPUCTOBYBATM AQHAJIOTOBOTO  CUTHAILY  JIOLUIBHO
TPUTOHOMETPUHHY Perpecito, Lo HeTlepepBHY 3AJISKHICTh 300paXaTH y
GaayeTbes Ha psiai Pyp'e. BUIJISLII OKPEMHX 3HAYEHB, Y3ATHX

yepe3 PiBHI NPOMDKKM 4acy (AMB. PHCYHOK). 3aBIQHHs MOJSrae y
BU3HAUYEHHI aHANITUYHOI 3aJIe)KHOCTI y BUIVISAL MOJIiHOMA Ha MiJCTaBi

HasBHUX HaHuX Y(t;).

Puc.4.14

INopamo HerepepBHY BelMuKHY y AMCKpeTHi ¢gopmi. Ha puc 4.14 Tp —
nepiox, mo BignmoBimae wactori f;,=-— mepmoi rapMmoHiku
0
T
Ni
BimmikiB, i=0,N -1
[lepioguuny 3amexHiCTh MOXKHA TIOAATH psitoM Dyp’e:

y(t) = %+Zak coskat +3 b, sinkat, (4.69)
k=1 k=1

3anexHocti; T = nepion auckpermsamii, N; — KIIbKICTb

Jie N — BUILIA TApMOHIKa allPOKCHMYIOYOT0 PAAY.

Zﬁ Heobxiono, wob Kitbkicmb CMAMUCMU4YHO  3HAYYUIUX

Koeghiyienmia 6yna MeHulorw 3a KilbKiCmy 8i0NIKi6, moOmo
2n+1<N.
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Jlyis 3HaXOJUKCHHS OINIHOK KOe(illi€EHTIB BUKOPHCTOBYETHCS METOJ
HallMEHIIMX KBaApaTiB, TOOTO

Q=i”§j[9(ti>—y(ti)]2 s min,
a00

N

2
Q= Z})[?WLZGK cosKkamyt; +Zb sin Kayt; y(ti)} — min.

[lepenminemMo ocTaHHE CITiBBITHOMIEHHS Y BUTIISAL

N-1[ § ~
Q= [%Hﬁlcoslmotl +...+4, cosna,t, + b, sinl- ot +...

i=0
..+, sinnmgt, + &, coslogt, +...+ 8, cosnw,t, +...+ b sinlogt, +...+
N ~ 2 .
+b, sinnogt, +...— y(t ) | — min.

Jus Toro mo6 3HaWTH omiHKK KoedilieHTiB psgy DPyp’e, HEOOXiTHO

B3STH YaCTUHHI TOXi{HI BiJ OLIHOK ITUX KOS(II[IEHTIB 1 MPUPIBHATH IX JI0
HYJIS:

N-1 a ~
Q_ > 2[%+<’9\10031~moti +...4+ &, cosnagt; +b sinl- ot +...
e - 1
..+, sinnogt; +...— Y(t, )}EcosOmOti =0.

[To3HauMMO [OAAHOK, IO MICTHThCSA Yy KBaJpaTHHX OyXKKax, depes
[4], Toni

0 N-:

5;?1 g 2[A]-cosl-at, =0
@:Nflz[A]-sin Noyt, =0
8 h i=0

ne cos 0 = 1 — BukopucToBYeThCS I (hopMarizalii 3amucy.
3ammmieMo cucteMy 2N + 1 HOpManbHHX PIBHSHB 3a BiJIOMHM
npasuwioM (1.4.5):
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Io“”

-1 N-1
Z cos’ 0wyt +4 2 cosl- myt; cos0- wyt; +...+

N-1
+4, Y cosnm,t; cos0- myf; +blZSInl(Dot cosO- oyt +...+
i=0

+b, Zsm nat, Cos0- Wyt, = 5 ¥, c0s0- gt;;
i=0

Ic?’>

1 N-1
Z c0s0- m,t; Cosl- oyt + 4, Z cos*1- wyt; +...+

N-1
+8, 2. cosnayt; cosl- oyt +b123|n1m0t cosl-m,t; +...+
0

B, sinn- ot cosL- oy, = Z ¥, cosloyt;;
i=0

|¢°”

-1 N-1
Z oS0 ,t; COS N, +...+ 4, >, COS* Nt +
i=0 i=0

A N-1

+b, Zsml ,t; cosnyt; +.. +B Z sin n,t; cosna,t; = Z ¥; cosnayt;;
i=0

A N-1
ﬁz cos0- oyt sinl- oyt +...+ &, Zcosnooot sinl- oyt +
i=0

A~ N-1
+0, 37 sin 21- gt +...+b, Zsm Neot; Sinl- ot = Z ¥, sinl- ogt;;

0 i=0

A Nt
% €os0- o, t; sinnayt; +...+ 8, Zcosnmot sinnoyt; +...+
i=0 i=0

+b123|n1 gt sinNayt, ... +b, Zsm no,t; = Z ¥; sinnayt;.

HlCTaﬂH cucTeMy plBHHHB 3 2n + 1 HeBimomuMu koedinientamu. Ha
TOJIOBHIH I[laFOHaJ'Il u1€1 CHCTEMH I1iJ 3HAKOM CYMH MA€EMO €JIEMEHTH, 110
MicTsTh sin® aGo cos.

Po3rnstHeMo iHIII eTeMEeHTH L€l CUCTEMHU.

— Bigomo, mo cyma 3HadeHb mnepioguuHOi (yHKIIT (cuHYCa,
KOCI/IHyca) y3ITHX Ha iHTepBali dYacy, IO ,Z[OpiBHIO€ abo KpaTHUH
nepioy, I0piBHIOE Hymio. TOMy eleMeHTH, siKi MICTATE CyMy NOOYTKiB
CHHYCIB 1 KOCHHYCIB, TAKOX OyAyTb JOPIBHIOBATH HYJIIO:
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Zcoskoaot sin jo,t, = Z[cos(k+ Dot £sin(k £ jogt ] =0;
i=0
j,k:l,n v =Kk,
a TaKOxXK

coskcot cos0- .t = cosk(ot =0.
0% (0] (0]
i=0

— AHaIOri4HO MaEMoO:

Y sinkeogt, -sin joyt, =%N21[cos (k- ot —cos(k + oot ]=0,
i=0

i=0
jk=1n;j=k.

TakuM 9MHOM, ycCi €eMeHTH B JiBi YaCTHHI CHCTEMH HOPMAaJbHUX
PiBHSIHB, KpIiM PO3TAIIOBAHMX Ha TOJIOBHIN JiarOHANI, JOPiBHIOBATUMYTh
HYIII0, TOOTO PO3IIISIHYTa CHCTEMA MAE 61ACMUBICIMbG OPMOZOHAILHOCTI,
a ODKe, JAa€ 3MOTY He3aleJ)CHO BU3HAYATH OLUHKH KOC(Iili€HTIB

a,, ak,bk, me k=1,n.

J1sa BU3HAYEHHSI OI[iHOK KOe(]iIi€HTiB MOKHA CKOPUCTATHCS BUPA30M
(4.63). Inst TPUrOHOMETPUYHMX TOJIHOMIB IIeH BUpPA3 MEPEIUIICTHCS B
Takuii crocio:

A 2 ¥(t;)cos0- mgt;
S _im_ (4.70)
Z cos® 0- ,t;

N

Z_ y(t;) coskmgt;
_ =0

a ="—y7 ; (4.71)
Y cos® kayt,
i=0

X i Y(t;)sinkayt;

b =55 : (4.72)
Z sin® kot

i=0
Posriseemo Bupasz (4.70). Y 3HaMEHHUKY ILOTO BUpPa3y MaeMO
N-1
Y cos’0- m,t; = N, ockinbku €0s° 0wyt =1, a B uncembhuky coS0- wyt; =

i1
=1, 3BigKu BUILUIMBaE, Mo Bupa3 (4.70) Habupae BUTIIALY:

207



4 ZO y(t)
2 N
abo
a, =%iN_Z_: y(t), (4.73)

ne d, — cepelHe 3HAUYCHHsS TPUTOHOMETPUYHOTO PAY.

Posrnsiremo Bupas (4.71). 3HaMEeHHHK LILOTO BUPA3y:

Nt 1IN N 1N N
> cos” I((*)oti =-2 (1+ COSZk(’)oti ) = E + E > cos Zk(’)oti = E,
i=0

i=0 2 i i=0

OCKUIbKM JPYyTHi JIONAHOK JIOPIBHIOE HYIIO (CymMa CHMETPUYHUX
JIMCKPETHHX BiUTIKIB 32 Mepioj).
Toni Bupa3s (4.71) Habupae BUTIISIY:

5, - % Nz: j(t ) coskot. (4.74)

3a aHanoriero 3 BupaszoM (4.71), Bpaxosyroun, mo Sin® o =1—cos’ o,
3HAXOJMMO 3HAMEHHHUK BUpasy (4.72):

N1 N
> sin®kot; =7

i=0
Orxe, BUpa3 (4.72) Habupae BUTIISAY:

A 2 N-1 _ )

b, = N ;O y(t;)sinkogt;. (4.75)
3HalieHI OLIHKKM KOe(DIIIEHTIB BIAPI3HAIOTHCA BiJ 3HAYCHb 1X

MaTeMaTHYHHUX CrofiBaHb. [Ipu oMy MoXuOKM 3HAWIEHUX KOe]IilieHTiB
TaKi:

. 2 Nt
0y, =8, — & zﬁg 3(t)
A pa 27k,
akzak—akzﬁg (t)cos%
~ = 27K,
B =B, ~b, == 2 5(t)sin 1



Baunmo, mo KokHa 3 HHUX € JiHIHHOIO (YHKIIEIO Bil MOXHOKH
BUMIpIOBaHH 0, SIKa 32 O3HAYCHHSIM Ma€ HOPMAaIBHUHN 3aKOH PO3MOIITY 3
M8 =0 Ta mucnepciero 6%, a oTKe, MOXHOKH KOS(ilieHTIB MAIOTh TAKOXK
HOpManbHUK posnonin. Lle HeoOXigHO BpaxoByBaTH NpHU MOJANBIIIN
CTATUCTHUIHIN 00pOOITi.

IlepeBipka 3HaiiieHNX OWIHOK KoOe(iUi€EHTIB HAa CTATHCTHYHY
3HAYYHICTh. Y  1[bOMY BUNAIKY  CHIQMUCTIUYHY — 3HAYYWICHb
KoedillieHTIB BU3HAYAIOTh 32 KputepieM CThIO/ICHTA.

BucyBaetscsa rimoteza Hp: ay = 0, Tomi po3paxyHKOBE 3HAYCHHS
koedinienTa CThIOICHTa, HAPUKIIAA JUTS KOedillieHTa @y, MAEMO

ty, = S{ék} (4.76)
AHanoriYHo BU3HAYA€ThCA {1 AT IHIINX KOE]ILi€HTIB.
Jlns BU3HAYCHHS CEPEeIHBOKBAJPATHYHOIO BIIXMJICHHS S {ék} Ta
IHMAUX Koe(ilieHTiB HEOOXiTHO 3HANTH AWCIepcii OIiHOK KOoeillieHTiB
a,, 4,, Bk, CKOpHCTaBIINCh Bupasamu (4.70) ...(4.75).

OcCKiNbKH
y(t), =y(t)+3(t),

TO IUCHEPCis OLIHKM 4, :

abo
R 4 4
D{ao}zm-chzﬁcz, (4.77)
ne o = D{y(ti)}.
Jucniepcis OLiHOK &,
N
D4, }= EZ )coskayt, 2Zcos Koogt;
N i= N i=0
N-1
ne Y cos’kamyt, _N
i=0 2
Toxi
D{4,} =§02. (4.78)



V3sBI1M 10 yBaru, 1o
N-1 N
Y sin® kot =—,
i=0 2
3HANAEMO JUCTIEPCIIO OIMHOK Bk 3a popmyoro:
. 2,
D{bk}_ﬁc. (4.79)

Ha migcraBi HasgBHMX EKCHEPHUMEHTAIBHHX IaHUX MOXKHA 3HANUTH
HE3CyHEHy OIiHKy o°. OCKiTBKM JOCTIAM B KOXKHIH TOYIN TPOBOATH
TUIBKU 110 OJJHOMY Pa3y, TO TPAAULIiHUI NUIIX (0OOYMCIIOBATH CEpPEIHE
JUTSE KOXKHOT TOYKH fj, a MOTIM 3HAaXOJIUTH YCEpPEeIHEHY JHUCIIEPCII0 3a
BciMa N Toukamu) HenpuitHsITHHN. He3cyHeHy OIiHKy mucnepcii MoXHa
BU3HAYUTH 32 q)opMyJIO}o:

R — N (n i) Z[ -9(t)] (4.80)

i=0

Kinbkictb CTyrICHlB cBoGozu y Bupasi (4.80) nopismroe N — (2n+1), 60
s obuncnenns S°HeobXimHo BH3HauMTH (2N + 1) OLiHOK KoedilieH-
TiB piBHSHHS TPUTOHOMETPUYHOI perpecii.

Ha mizcrasi (4.80) Bupasu (4.77), (4.78) i (4.79) MoxHa 3amucat y

BUTJISAIL:

Sz{éo}=%sz; (4.81)
2(Aa 2 2 1
S {ak}zﬁs , k=1,n; (4.82)
sZ{Bk}=§sz,k=1,_n. (4.83)

Jucnepcii omiHOK KoedimieHTiB, obuucieni 3a ¢opmynamu (4.81),
(4.82) i (4.83), 3acTOCOBYIOTH JJIs1 PO3paxyHKy KoedirientiB CThIOAeHTa
3a (hopmysioro (4.76).

OOuncneni 3HaueHHs KoedimieHTiB CThIOJEHTa TOPIBHIOKOTH 13
KPUTHYHUM  3HaueHHAM t,, ske Oyae OJHAKOBUM 1 BCiX
PO3paxyHKOBHX 3HAuYeHb, 00 KiJbKiCTh CTymeHiB cBobomu N — (2n + 1)
OJIHa ¥ Ta cama.
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Sxmo ty < ty,, IpUAMaOTh HyIb-TiNOTE3y, TOOTO BBAKAIOTh OLIHKY
KoeilieHTa CTAaTUCTUYHO HE3HAUYIIOIO.

IlepeBipka Mojeti Ha BIAMOBIAHICTL eKCIEPUMEHTAILHIM JTAHHM.

Y BUMNAJAKY, KOJIU O00CRiOU 8 KOMNCHIL MO4Yi NPo8edeHO NO OOHOMY
pasy, IepeBipKy OTPUMAaHOI MOJIeli Ha aJeKBaTHICTh 00 €KTy HE MOXKHA
3MIACHUTH. 3a HAABHOCTI OJHOTO PE3YJIbTaTy B KOXKHIM AOCIIAHIA TOYII
MOJKHA OIIIHUTHU CepeOdHi0 MOYHICb OMPUMAHO20 3 eKCHePUMEHMATbHUX
OaHUX HAbIUIICEHHs TPUTOHOMETPUYHOTO TOJIIHOMA JI0 TIOJTIHOMAa MOJICIT.

PosrasiHeMo Benuuuny:

(2n+1)2? _io[ y(t,)F,

sKa Hece 1H(OpMAIiI0 MPO BiIAXWICHHS perpeciiHOi TPUTOHOMETPHYHOT
MoJieNi, KoedillieHTH AKOI O0YHCICHO 33 eKCIePUMEHTATbHIME JaHUMH
3(2n + 1) piBHSHB, BiJ MOJEII anpOKCUMAIlii, 110 TPUIYCKAETHCS.

3TiIHO 3 UM MOXKHA 3aIMCaTH BUPA3 IS OMIHKY TUCTIEPCil:

S [50)- vt F
22 — i=0 ,
(2n+1)

SIKa XapaKTepU3ye Cepe/HbOKBAAPATHIHE BIIXHMJIEHHS 1 TaK caMo, fK 1
S 2, 3anexuTh Bix BIUTMBY ITOXUOKH BI/IMlpIOBaHHS{

Takum uuHOM, I ©°€ JIBi He3ane>1<H1 omukn S’ 3 KiIBKiCTIO
cryneniB cBoboau f, = (N—2n—1) ta ¥2 i3 KimbKiCTIO CTYIIEHIB CBOOOAH
fi = (2n + 1). Ilpu upoMy apyra 3 HEX GijbIia, 60 3aJIEKUTH BiJl MOXHOOK
BHUMIPIOBAaHHS Ta HEaJICKBATHOCTI MOJIEIII.

BigHomenss

2
.
SZ
mae posmoin ®imepa 3 f; Ta f, CTYNEHAMH 013060;[1/1

Hobyrox  F,S nae TyKaHy oliEKy X° CepemHBOi TOYHOCTI
HAOJIM)KEHHST PErpeciiHOl  TPUrOHOMETPUYHOI MOIENl 0 MOl
anpoKcuMallii, 10 TNpuIycKaeTbCca. 3HaueHHs F,, 3HaxoxaTe 3a
tabnuisMu  F-po3noniay 3rigiHo 3 BHOpPaHOK HAMIMHOK HMOBIPHICTIO
i fy ra fo.

SKIO € MOXIIMBICTH TPOBOJUTH JIOCIHIPKEHHS 32 M nepiodis, TO
MOJKHA TIEPEBIPUTH AO0CKEAMHICHb MO,
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Jns mepeBipkd aAeKBaTHOCTI MOJEN OOYHCIIOITH KOEQilieHT
dimepa 3a popmyoro (4.47), B AKild Ui IIbOTO BUIAJIKY:

, m N2
R
ZN—Z(yi_yi) J (4.84)
~li-o
ne | — KUIbKICTh CTAaTUCTUYHO 3HAYYIIUX KOSQIIi€HTIB.

Jucmepcito  BiITBOPIOBAHOCTi, SKa XapakTepU3yeE YyCepeaHEHY
TOYHICTh OJJHOTO BUMIiPIOBaHHS, MOKHA O0YUCIUTH 33 (HOPMYJIOH0:

N-1
SZ

i=0

2

1
N
e S?{y,} — oninka mucnepcii s i-01 TOUKH, Ky MOKHA BU3HAYHTH K

I
}=E§(yiu—yi)

VY npoMy BUNAIKY 6y,Z[YTI> BIIMIHHOCTI 1 IPH nepeBlpul Koe]ilieHTiB
Ha CTaTUCTUYHY 3Haqynncn) s PO3PaxyHKy ty 3aMicTh S HEOOXiTHO
BHUKOPHUCTOBYBATH S, TOI 3rimHO 3 (4.76) i (4.82):

_ 1% N
P, V2

B

b

Amnarnoriuno Oy/e ¥ uist iHmmx KoedimieHTiB.

Po3paxyHKOBe 3HaueHHA Koegilienrta @imepa MOPIBHIOITE i3
KPUTHYHUM i IPUHMAIOTh BiNOBiHE pitnenns (1. 4.5, 4.8).

MoskHa OOMEXHUTHCS JOCIIDKEHHSIM 3aJI€KHOCTI HA 0OHOMY nepiooi,

OJIHAK TPHU I[bOMY HEOOXIJTHO 3HATU OI[IHKY SB, Ky OyJji0 3HaiIeHO Ha
miicTaBi 10JaTKOBOIO EKCIIEPUMEHTY
Y mpomy Bunazky S? 6yne ouinkoro CKB npunay:
1 m

S; =m—_1p=l(;p —)7)2,17=1,_m,

lie y, — PE3yNbTAT p-TO JOJATKOBOIO BUMIPIOBAHHS NPHU JIOCII/UKEHHI
BJIACTUBOCTEM TMpuUiIady, a



[Ipu oOumncneHHi SazZl y Bupasi (4.84) m = 1, oCKiIbKH B KOXKHii TOYIT
IpH  JOCTI/DKCHHI 3aJeKHOCTI TPOBOMATH TIIBKA 1O  OJHOMY
BHMIPIOBAHHIO, a 3aMICTh CEPEJJHROTO 3HAYEHHs ¥, OEpyTh J,.

[pu o6umcnenni S’ KiNbKicTh cTyNeHiB cBOGOAN JOPiBHIOBATHME
m-—1.

IMuTanus 15 caMmonepeBipku

1.B sxoMmy BHIIAIKy MJONIJIBHO 3aCTOCOBYBATH TPHUTOHOMETPUYHY
perpecito?

2. Slkum MeToI0M BHU3HAYArOTh KoedimieHTH psgy Dyp’e?

4. 3anumiiTh BHpa3d OIS OTPUMAaHHS  OIIIHOK  KOeQiIli€HTiB
TPUTOHOMETPUYHOI perpecii.

5. SIk mepeBipUTH OIIHKK KOe(iIli€HTIB TPUTOHOMETPUYHOI perpecii
Ha CTATHCTHYHY 3HauylIicTh npH Bimomomy CKB?

6. SIxk mepeBipUTH OIIHKK KOe(iIlli€HTIB TPUTOHOMETPHUYHOI perpecii
Ha CTATHCTHYHY 3HaYyIIicTh NpH HeBigomomy CKB?

7.3a sSKOI yMOBH MOYKHA TIEPEBIPHUTH OTPHMAaHy TPUTOHOMETPHIHY
MOJIeJTb Ha aJIeKBATHICTH?

8. Un MoxHa Tipu MOOYAOBI TPUTOHOMETPUYHOI perpecii MpoBOAUTH
BUMIpIOBaHHS Il OAHOrO Tepiony? Sk mepeBipsSe€ThCs BiANOBIIHICTH
MO/JIeNTi B IbOMY BHIQJIKY?

PO3JILI 5

CTATUCTUYHI XAPAKTEPUCTHUKHU
BUITAJJKOBHUX ITPOLIECIB

Bunaaxosi IpOLIeCH
XapakTepu3ylTh 3MiHy B
Yyaci BUMAJKOBUX BEJIHWYHH,
AKi B KOXHHUH MOMeEHT t
MaroTh MIeBHI
XapaKTepUCTUKH.

Bunagkosun npouec  YCTaHOBIOE
B32aEMO3B’A30K MK BMMNaZKOBOO
BennumHoto X Ta  HEBUMNAOKOBUM
napameTpoM, sikuM Moxe ByTn yac abo
npocTip.

[lpr BUB4YEHHI BWIIQJKOBUX MPOIECIB PO3IISAAAIOTH OKpeMi HOro
peanizayii (puc. 5.1).
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X (1)

Puc5.1

Y 3aragpHOMYy BHUMNAAKY, IS 3HAXOJDKCHHS HMOBIPHICHUX
(CTaTUCTUYHWX) XapaKTePUCTHK BHUIAJAKOBOTO TMPOIECY HEOOXiTHO
po3riAaTH CYKYIHICTh peallizalliid, sfKa Ha3UBAEThCA aHCAMOeM
peanizayii.

OCHOBHI XapaKkTepHUCTHKH BUIIAJKOBHX IPOLECIB.

Mamemamuunum cnodieanHAM 6UNRAOK06020 NPOUeECy HAZUBAECTHCS
HEBUTIAIKOBA (DYHKITis

MIX(1)] = m(0),

3HAYEHHS SKOi BiANOBiZae MareMaTHyHOMy croxiBanuio M[X(t)]
BunaakoBoi BenmunHu X(fj), 1m0 BiAMOBiZa€e 3HAYCHHIO MapaMmeTpa B
OyIb-sIKHM1 MOMEHT Yacy t;.

Ha puc. 5.2 HaBegeHo Tpu pearizarii xj, Xp, X3 BAIAIKOBOTO MPOIECY
X(t). MaremaTruHe CIOJiBaHHSA BHUIAAKOBOTO mpormecy My(t) €
2eomempuyHumM Micyem ISHTPIB PO3MO/IIiB BUIaAK0BOI BeauuuHu X(t;)
JUTSE MOMEHTY 4Yacy ;.

X1(t)

X(0)




MaremaTrdHe CIO/IBAHHS BHIIAJKOBOrO TPOIECY MAa€ BIACTHBOCTI,
AQHAJIOTTYHI ~ BJIACTUBOCTSAM  MATEMAaTUYHOTO  CIIOJiBaHHS  BUIAJKOBOL
BEJTMYUHIL.

Jucnepcia eunadkoeozo npoyecy

DLX(1)] = Dx(1)

€ HEBUIAAKOBOIO (YHKIIIECI0 dYacy, 3HAYEHHS $KOi SBISIOTH COOOI0
mucnepcii D[X(tj)] BunankoBoi Benmumuu X(1j), 1m0 BiAmoBizae mpomy
3HA4YCHHIO IIapaMeTpa sl MOMEHTY vacy 1.

JlonatHudi KOpiHBb i3 JucCHepcii €  cepednboKeaopamuyHum
sioxunennsm (CKB) sunadkosozo npoyecy.

Hucnepciss ta CKB XxapakTepu3yloTb pO3CIIOBaHHS MOMXIIMBUX
peaizamiii mOI0 CEPEIHBOrO BHITAAKOBOro mporecy. Ha puc. 5.2
HITPUXOBOIO JTiHI€I0 OOMEXEHO 30HYy, B SKid HaiOinbm iMOBIpHO
MICTUTHEMYThCS TpadiKul peanizamiid BiJIOBITHUX MPOIIECIB.

Dynukyia Kopenayii. PosrisHeMo peamizallii JABOX BHUIAJKOBUX
nporieciB Xi(t) i Xo(t), 300pakennx Ha prc. 5.3.

Ak Oauymmo, 3a XapakTepoM 3MiHU peaiizaliid JaHi MPOIEecH
PI3HATHCS, X04Ya MOXKE BHSABHUTHUCS, IO MaTeMaTH4HI CIIOMIBaHHA W
JUCTIepCIi IIUX TPOIIECiB OyIyTh OJTHAKOBI:

Ma(t) = Me(t), Da(t) = De(t).

OTke, Ha BiAMiHY BiJl BHIAIAKOBOI BEJIMYMHHM, TBOX MOMEHTIB M,(t) i
Dy(t) HemocTaTHBO, AJIst TOTO, 1100 JiCTaTH YSBJICHHS MPO BHITAIKOBHIA
nporec. J[ns TOBHOT XapakTepUCTUKH MPOIECIB HEOOXITHO BBECTH
MOKA3HUK, M0 Ja€ 3MOTy OIIHHUTH 368 530K MK 3HAYCHHIMHU
BUIIAJIKOBOTO TIPOIIECY 3aJICKHO BiJl mapameTpa t.

Xa(t) my(t)

Xa(t) t

Puc. 5.3
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Jns xapaxmepucmuku 36's3Ky MiX JTBOMa 3HAYCHHSIMHU BHIIQJKOBOTO
nporecy, OTPUMaHMMH B MOMEHTH dYacy t; i t,, BHKOPHCTOBYETHCS
MOMEHT JPYTOT0 MOPSKY, 1110 HA3UBAETHCA PYHKUIEIO KOpenauyil

Ki(ta,t2) = cov{[x(ts) — m(t)][x(t2) — me(H)1},
Jnst xapaxmepucmuxu 36 3Ky MiX JBOMa 3HAUYCHHSIMHU BHITQJIKOBOTO
MpoIecy, OTPUMAHMMU B MOMEHTH 4acy t; i t;, BHUKOPUCTOBYEThCS
MOMEHT APYTOTO MOPSIKY, [0 HA3UBAETHCS YYHKYIEIO Kopenauyil

Ky (t,.t,)= _[.[x;(tl)X;(tZ)N(Xl 1 Xp,t ,tz)ixldxz, (5.1)
Ie X°=X(t)—mx(t) — IICHTpOBaHa BEJIWYNHA; W(Xl,Xz,ti,tz) —

IIUJIBHICTh IMOBIpHOCTEH 3HAUEHBb BUIIAIKOBOTO MPOIIECY.

3ameXHO Bif 3MIHM B Yaci BWITQJKOBI IIPOIECH MOMINSIOTHCS Ha
CMAaYyioOHapHi Ta HeCMAYIOHAPHI.

[lapamerpu cmauionapuux TpOIECIB HE 3alleKaTh BiJl YaCOBOTO
1HTepBany, B AKOMY BOHH PO3IIIANAIOTHCA. CepenHe 3Ha4YeHHS Ta
JWCTIEpCisl CTalliOHAPHUX CUTHANIB nocmilini W He 3alexaTh Bil dacy,
TOOTO

W(Xy, ty, Xa, t2) = W(X3, t3, Xq, 1a).

SIKII0 BUIIAJKOBUI MPOIIEC CTAIlIOHAPHUH, TO 3HAYCHHS KOPEJIAIIHHOT
(hyHKIIT 3a1ekaTuMe TUTBKH Bix T = t — I3, TOOTO YacoBOTO iHTEpPBAIY MiXkK
BIJITIOBIIHUMH 3HAUCHHSIMH BHUIIAJIKOBOIO IPOIECY M HE 3aJie)KaTUME BiJl
a0CoOMIOTHUX 3HaveHb t; 1 t). TakuM YMHOM, IIUIBHICTH CTOXACTUYHOI'O
3B’SI3Ky MIX 3HAYEHHSMH BHIIQJIKOBOTO IMpPOIeCy B MoMeHTH 1y 1 t, Ta B
MoMmeHTH f3 1 ty Oyme omHakoBow. Y 1poMy Bumaaky ¢yskmio (5.1)
Ha3UBAIOTh A6MOKOPEAUIIHOI0 hyHKuicro 1 To3HAUa0Th Ky(T).

Binpuricte CTaIliOHAPHUX  BUMAJIKOBUX MpoIIeciB MAaroTh
BJIACTHBICTD €pz0O0uyHOCHi, KON 3a OJIHI€I0 peanisauieIo BUTIAJIKOBOTO
MPOIECY MOXKHA BU3HAYUTH HOTO I/IMOBlpHICHl XapaKTePUCTUKH. HpH
BOMY nepez[6aqa€TLcsI 110 Yac JOCHTIPKEHHS MPAKTUYHO BEJHMKHMA, a
TEOPETUYHO HECKIHYCHHUM. BumnamkoBuil mpoiiec 3a0BOJILHAE YMOBH
EpProJM4HOCTI, SKIIO WOTr0 CTATUCTHUYHI XapaKTEPUCTHUKH, OTPUMaHi
YCepENHEHHSIM 3a aHcambiem peanizayii, MOXYyTh OYTH OTpUMaHi
YacOBHMM YCEpEIHEHHSIM OJIHI€T pealtizamii 3a BEMUKHIA IIepioA vacy.

Epeoouuni npoyecu € Haulbinbut 3pyuHumMu O0nsi 00CTIONCEHH,

00 oOaromb 3M02y 0e3nocepedHbO 3ACHMOCO8)8aAmMU  Anapam
CIMamucmuyHoi 00pooKU 00 BUNAOKOBUX NPOYECIS.
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Jlyst cTariioHapHOro eprogMYHOro mpoiecy Bupas (5.1) MokHa momaTu
SIK

Ky ()= lim %]x"(t)x"(Hr)N(x,t)dx. (5.2)

-T

ABTOKOpesimiifHa (pyHKIIiS Ta€ 3MOTy BCTAaHOBHTH B3a€MO3B’ 30K
MK 3HAYCHHSMH TIPOLIECY B JaHWUH MOMEHT 4acy Ta 3HAYCHHSIMHU B
MOMEHTH 4acy, 3CYHCHUMHU Ha T.

OCKiNbKY JUIS 3HAXOKCHHSI aBTOKOPEISAIINHOT QyHKIIIT CyTTEBUM €
JIMIIe 3CYB Ha Yac T Mix BuOipkoBumu 3HaueHHsmMu X°(t) i x°(t — 1), TO
aBTOKOpeNALiiHa QYHKLIS € cuMempuyHoio, TOOTO

Kx(-1) = Kx(v).

ABTOKOpEJIsIiiHA QYHKIIIS Ja€ MOXKJIUBICTh 1ACHTU(IKYBATH TPOIIEC,
TOOTO BCTAaHOBUTH, SKHM € MpPOLEC. T'APMOHIHHHM, BHUIIQJAKOBUM YU
ixaporo cymor. Hampukian, aBrokopemsiidiHa (QyHKIS TapMOHIHHOTO
TIPOIIECY € TAKOXK TApMOHIHA (YHKITiS.

B3aemno xopensuiiina pyHkuyia OIIHIOE 3B’SI30K MiX 3HAYCHHSIMU
JIBOX BHIAJKOBHX IporieciB (puc. 5.4).

X(t) X(t)

Y ()

Puc. 5.4
J1a HecTamioHapHUX MPOLIECIB 83AEMHO KOpeaayiina (yHKYisa

Kyy (t 1, )’
JUTSI CTAI[IOHAPHUX TPOIIECIB

Kyy ('C)

Bupaszu (5.1) i (5.2) crpaBmkyroTbesi 1 Ui B3aEMHO KOPEJSIiHOT
¢ynkuii i3 3aminoro X(t) Ha Y(t) ado X(t + 1) Ha Y(t + t), ToOTO TIPHM
O0YHCIIEeHHI B3a€MHO KOPEIIINHOT (DYHKIIi TepeMHOXKYIOTh MUTTEBI
snadenHs X°(t ) ta y°(t + 1).
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iﬂi Bzaemno  kopenayilina  @ynkyia  3acmocogyemuvcs

ons
BUBHAYEHHS 83AEMHUX YACOBUX XAPAKMEPUCIUK | napamempis
00CNI0JHCYBAHUX — 3ANEAHCHOCHEU, HANPUKIAO Ol 4Acy
3ampumKu, 0I5l BUAGNEHHS CUSHATLY HA QOHI UWLYMY MOWO

Ha mnpakTuii 4acTo BUKOPHCTOBYIOTb HOPMOGAHY KOPENAYIUHY
dynkyiro. 3Bakarouu Ha Te, 10

_cov(X,Y) _ cov(X Y)

GxGC l62 o2
x Oy oy * GY

UL HeCayionapHoeo npoyecy HOPMOBaHa KopeJsliiHa (yHKIs
BHU3HAYaTHMETHCS 32 (OPMYIIOI0

Px(tvtz): \/ s (tl’tZ)

KX(t17tl)’ KX(tZItZ) ,
ne Ky (t,t)=x"(t x°(t)=

- [X(ti ) —m, (ti )] [X(ti ) —m, (ti )] =

= [X(ti)_ m, (ti )]2 = 6%(t;), To6TO
BIJINIOBi/Ia€ mucmepcii BUMaAKOBOTO mporecy, i = 1, 2
Taxum 4nHOM,

_Keltut)
Px (tl’tZ)_ Gy (tl)'Gx (t2).

AHaJOTIYHO MOXXHA 3alHCcaTd BUpPA3 1 JJIsi HOPMOBAHOI B3a€EMHO
KOpeISIiiHOI (DyHKIIIT HeCTaI[iOHapHOTO TIPOIIeCy

Ky (t,.15)
o 1)= ol
. 2) Ox (tl)'GY(tZ)
Jbtst cmayionapnozo npoyecy:
— aBTOKOpeIsIIiitHa (QyHKIIIS:

— Ky (1) Ky (1)
SOOI
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Hns cmayionapnozo npoyecy mamemamuire CnooieanHs ma
oucnepcis — cmani 8eIUYUHU [ He 3aNexCamb 6i0 MOMeHm)
BIONIKY 1.

— B3a€EMHO KOpeJsiiiiHa QyHKiis:

' :\/Kx(o)'KY(O) GxOy

3HaX0/uKeHHS OLIHKH KopeJsiliiHol (pyHKIILil.

Hocniooenuii memood. llpu o6poOIli HaHWX MAaIOTh CKIHYCHHY
MHOXHMHY 3HaY€Hb pealtizallii eproanyHoro cTarioHapHOTO BUMAJAKOBOIO
npouecy. Jns Bu3HayeHHs aBTOKopensauidHOi ¢GyHkuii Ky KpHUBY
BHUITAJKOBOTO TIporiecy po3ouBaroTh Ha N piBHHX iHTepBaiiB (puc. 5.5).
Ha pucynky Tp = t;— tj_; — mepioa quckpeTH3aiiii; i — HoMep BUOIPKH; T

va( ) Kxy (T) _ Ky (T) (5.4)

= kT, — abcuumca xopensuiiHoi ¢yHkii; K — BiIHOCHA BifICTaHb MiX
BubGipkamu, K = 0,..., N; N — KUTBKICTh OpJMHAT KOPEIAIIHHOT QyHKITIT.

\

\
|
1

/
\
\
/
/

\
/

X (t)

\
/
N
AN
4
/
N
/

N

4

<

N

rd

N V A
~
N P

l”

x(t

..

V]
1
1
1
1
I
I
I
1
1
1

—“ - ————

w
—
=z

t
Puc.5.5

— - -
iy
—_ -
N

to

3rifZHO 3 MM METOJOM CIOYaTKy OOYMCIIOIOTH OpIMHATY
kopesstiiitaoi ¢yukiii Kx(0), mo Biamosizae HyiapoBomy 3cyBy (k = 0),

MpH 1HOMY KOXKHE 3HAa4YeHHs peaizamii X°(iTO), i=1N, MHOXaTh
camoro Ha cebe, motiMm Oepytsh k= 1 1 mHepeMHOXYIOTh 3HAaYCHHS
peamizarii [xo(iT 0 )] Ta [x"(iT 0 +75)J 1 T.1. Onepariiro MOCIiJOBHOTO
MHOKEHHSI UTIOCTPYIOTh Ha PHUCYHKY 5.5 CTPUIKH, IO CIOJy4YaroTh
NepEeMHOKYBaH1 3HaUCHHsI peaizamii [x"(iT 0 )] Ta [xO(iT o HKT, )]
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Ipu Kk = 0 o6uucnioemocs Oucnepcis 00CIiOHCY8aH020 CUSHATLY,
OCKINbKU 3HAYeHHS peanizayii (opounama npoyecy) X°(iT0)
MHOACUMBCSL CAMO Ha cebe.

TeopeTrwunuii Bupa3 A1 00UUCICHHS aBTOKOPENAMIHHOT (PyHKITIi:
LR i oo
Ky (kTy)= J@wﬁgx (iTy X (iTy +KT,). (5.5)

3a 0OMEXeHOi KUTPKOCTI BHOIPKOBHX 3HA4YeHh MeKa ITiJICYMOBYBAHHS
cranoBUTE N — K ¥ OIiHKa aBTOKOPEISIHIHHOT (QyHKIIT TTOAETHCS Y BUTIIS:

B N—k
RlkTy) = Y T (T +KT). (69)
i=0

AHAIIOTIYHO ISl B3AEMHO KOPENALIAHOT QYyHKIIT

—k

Ky (KTy)= Nk x°(iTy )y (iT, +KT,). (5.7)

[
p=4

Il
o

i
PosrnstayTi Bupasu  (5.6) 1 (5.7) maioTh 3MOTy OOYHCITIOBATH
KOPeIAiiHY QYHKIIIO IS YeHmpo8arHux sunaoxkosux npoyecis. SIKIo

2

UEHTPYBaHHS 31HCHIOEThCS UIIIXOM (POpPMYyBaHHS Pi3HUII X(t)— My,
ne M, — ouiHKa MaTeMaTH4YHOTO crojiBaHHs npouecy X(t), To

I%x(kTo):ﬁZk[x(iTo)_mx 1X(iTy +kTy) -y ].

[leperBopuMoO ocTaHHI¥ BHpa3s:

. 1
K (kTy)= Nk~
N -k N -k N -k N —k
x {Zx(iTo)x(iTo +KTy) = D x(iTym, — > x(iT, + KT, ), + mz}
i=0 i=0 i=0 i=0
V3sBI11M J10 yBaru, o
R N -k . 1 N—k
mx = m < X(lTO) == m < X(lTO + kTo) y



ICTaHEMO:
1 N—k

KX(kTO):ﬂ
i—0

X(iTy (T, + KT, ) — . (5.8)
AHaJOTiYHO MOKHA JiCTaTH BHpa3 I B3aEMHO KOPEIAMIHHOL
(hyHKIIIT:

K,y (kT,)= —ZuTunwm— (5.9)

Bupaszu (28.8) ta (28.9) no3BonsioTh 00uMCIUTH K-Ty OpauHaty
KOpesmiitHoi pyHKIii.

Inmepean kopenayii. [100ynyBaBIIM 3aJ€XKHICTh, IO XapaKTEPU3YE
3miny K, (kT 0) Bim K, MoxHa momiTuTH, 10 mpH 30iTbIIeHHI K

3HaueHHs K, (kT 0) 3MeHIIyThest  (puc  5.6), TOOTO MHIUIBHICTH

CTOXAaCTUYHOTO JIHIMHOTO 3B’S3Ky MiX 3HAYCHHSIMH BHUIAJKOBOTO
MIPOIIECY 3MEHIITYETHCS 31 30LTBIMICHHSIM YaCOBOTO 1HTEPBAIY MK ITHMH
3HAYCHHSMH.

Ky(KTo)

1 1 1 ] kT
0 T, 2T, 3T, T, °

Puc.5.6

Just  gocmipKeHHS  3MIH  3a3HAYEHOI  3aJIEKHOCTI  3a3BHUYail
PO3TJIA/1al0Th HOPMOBAHY q)yHKuiIo Kopenﬁuﬁ px(T).

Inmepsanom kopensiyii Ty BunaakoBoi ¢ynkiii X(f) HazuBaTHMeMO
IHTEpBaI Yacy, 10 BU3HAYAETHCS (PYHKIIIOHATIOM:

o0

T, = jpx (t)de , (5.10)

0

TakuM  4YuMHOM, IHTEpBally  KOpENALii  BIANOBIIAE  OCHOBA
NPSIMOKYTHHKA, IUIOM[A SKOTO JIOPIBHIOE IUIONI IiJi HOPMOBAHOIO
¢byukiiero kopessii (puc. 5.7).
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px(7)
1,0

Tk

Puc. 5.7

Ha mpakTuiii BUKOPHCTOBYIOTh TOHATTS MAKCUMAILHO2O [HMEP8ay
Kopenayii T max — YaCOBOT'O IHTEPBANY MiX 3HAYCHHSIMH BHIIaJIKOBOTO
nporecy, B sIKOMY HOPMOBaHA q)yHKum KOpEJIALli, ClaJarouu, JOCATaE
JIESIKOr0 MaJIoro 3HAYCHHS € 1 HaJalll 3aJIMIIA€ThCS MEHIIOI 33 HHOT'O
pY OyIIb-SIKOMY T > Tk max-

3a mesxncamu Ty max KOperayisi HACMINbKU MALd, WO Her MON’CHA
3Hexmyeamu.

Bubipku, posnodineHi Tq max 66AHCAIOMbCA  NPAKMUYHO
HEKOPenbOBAHUMU.

SIkmo HopMoBaHa (DyHKIIiSL Kopessiiii 3xakosminna (puc. 5.8), icuye
abconomuull ihmepea Kopeasiyii, SKUii BU3HAYAEThCS 332 BUPA30M:

Tha =T|pX (rx)dr (5.11)
0

1,0

/%\A'?\
oY

Puc.5.8
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Benuuunu v, i t,, Oarome nuue opicHmogHe ysieHHs npo me,
Ha SIKUX THMEPBANAx 4acy 6 CepeOHbOM) ICHYE KOPensyiss Midc
3HAYEHHAMU BUNAOKOB020 NPOYeC).

IHlocniooéno-napanenvHuii  memoo o00UUCAEHHA KODPEIAUIUHOT
dynkuyii. PosrissHeMo peanizallitfo BUMAIKOBOTO €ProJIMYHOTO IMPOLECY,
300paxeHoro Ha puc.5.9. Po3i6’emo i ma N nukiIiB — YacoBUX
BIIPi3KiB TPUBATICTIO T} > Tk max. KOKHHI MUK MICTHTH N BUOIPKOBUX
3HAYEeHb, BiAAaJICHUX OIHE Bix omHOoro Ha 4ac Tp. OcraHHE BHOIpKOBE
3HAYEHHS TMOMEPEIHLOT0 MUKIY € MepUIuM s HactymHoro. Ilpwu
IOMY BHOIpKOBiI 3HaUEHHS 3 OJHAKOBHMH MOPSIIKOBUMH HOMEpaMU y
CYCIIHIX IMKJIaX OyIyTh IPAKTUIHO HEKOPEIhOBAHUMH.

MHoxeHHs BUOIpOK MUKy 3iHCHIOIOTh Y Takui crmoci0. 3HaueHHS
BHIIAJAKOBOTO mporecy mias dacy tp, 10610 Xx(0), MepeMHOXYIOTH 3i
sadeHuaM x(t;)) = x(7p), motiMm x(0) TMEpEeMHOXKYIOTh 31 3HAYECHHSIM
x(tz) = X(ZTo) 1T

X(t)

t1t2 t3 t thes th tone
Ty Ty
< > NT,

Puc.5.9

Tak gitoTe MOTH, HOKHW He Oyne 3HaiijeHo moOyrok 3HadeHb x(0) i
x(nTp).

AHaJOTiUHy MpOoIeaypy BHKOHYIOTh NIPpU JApyromy nukii. OpauHara
N-a MEepILIOro MHKIY € MMOYaTKOBOK OPAMHATON JAPYroro IHKIY, BOHA
MOCITIZIOBHO MEPEMHOXKYEThCS 31 3HAYCHHSMH, BiJIaJICHUMU BijJ Hei Ha
qac To, 2To,..., l’lTo.

3 ormagy Ha Te, MmO BUOIPKOBI 3HAYEHHS JOCIIiIKYBaHOTO
BHIIAJKOBOI'O MPOLIECY, BiJaJICH] OJHE BiJl OJIHOTO Ha YaCOBH iHTEpBaI
T,, OynyTh NPaKTHYHO HEKOPEJIbOBAHMMHU, Yy KOXHOMY I[HKII
O0YHMCIIOBATUMYTHCS ~TOTOYHI 3HAYEHHS KOXHOI 3 N OpauHAT
KOPeJALINHOT (YyHKINT, AKI J0JAI0ThCS 0 3HAWICHMX Ha IOMEPeIHIX
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OUKJIaX 3Ha4eHb. TakuM YHWHOM, Y KOXXHOMY LHMKII MapajeabHO
YTOYHIOKOTHCS TOYKOBI 3HaueHHs (yHkuii aprokopesii Ky(K7p).

Takuii anropuT™M Jae 3MOTy MiI 4Yac OOCHTIHKEHHS BHIAJKOBOTO
npolecy BiApa3dy OOUYMCIIOBATH OpAWHATH KOpeJsmiiHoi (QyHKUii Ha
BIIMIHY BiJl TIOCHIZOBHOTO aJNTOPUTMY, KOJH IIi OpIWHATH MOXKHA
O0YMCIUTH  TUTBKM  TICHS  3aBEpUICHHS  EKCIEPUMEHTAIBLHOTO
JOCITI/DKEHHS i 0/iepKaHHSA BCHOTO MacUBY JaHHUX.

DyHKIIisI 3HAKOBOI KopeJsiii (kopensiniiina GyHKIUIA BUAY «3HAK-
3HaK»). 3HAKOBOIO HA3MBA€EThCs (PYHKIIs, IS SIKOI CIIPABIKYETHCS TaKe
CIIIBBIHOIIICHHS

+1mpu X°(t)>0

=X°(t)= .
>N () —1an/IX°(t)<0

Ockinpku s (popMmyBaHHS 3HAKOBOi (PYHKIIi OCTaTHRO MaTH
HAWMPOCTIINA TPUCTPil — KOMIapaTop, TO aJrOPUTMHU OOYHMCICHHS
IIUTBHOCTI CTOXAaCTUYHOTO 3B’S3Ky Ha OCHOBI 3HAKOBUX (DYHKIIIH
HaOyBalOTh TIOMIMPEHHS 3aBISKU TPOCTOTI armapaTypHOl peaizaliii.

3nakosoro  KopenayitiHoo  yHKYi€l0 HA3UBAETHCS MaTEMaTHYHE
CHOZiBaHHS JOOYTKY 3HAKOBHX (YHKIIH BHIAJKOBOrO IEHTPOBAHOTO
nporiecy (TporeciB) A pi3sHUX MOMEHTIB 4acy ty, to.

3rifiHO 3 UM O3HAYEHHSM JUI HECTALIOHAPHOIO IPOLECy:

— 3HAKOBA a8MOKOpeaayiliHa PYHKIIIS:

Ry (t,.t,)=M son[x"(t, fsan[x ¢, )]}

— 3HAaKOBa B3aEMHO KOpeJAliiHa QyHKIIA:

Ry (6t ) =Moo ()Jsenly (¢, )]
OyHKIII0 3HAKOBOI KOpEJsiii K 1 KOpeJsliiiHy (QYHKIII0 MOXHa
NPEACTABUTH, BAKOPHCTOBYIOUH JIBOBUMIPHY HIUILHICTH PO3MOALTY

~+00+00

R, (t,,t,)= J. _[sgn x°(t,)-sgn x° (t, W(x,, x5, 1,1, )dx,dx,, (5.12)

—00—00

TO0TO, MIZICYMOBYETHCS 32 BCIMa MOXKJIUBUMH 3HAUCHHIMH.
Pozi6'emo inTerpain (5.12) Ha 4YoTHpPH CKJIA/IOBI, BPaXOBYIOUH, IO I0OYTOK
CKJIAJIOBHIX 3 OJJHAKOBUMH 3HAKaMH Jia€ +1, a 3 pOTHIISKHNMH — , MiHYC 1.
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+00+00

R, (t,.t,) _”W x5, x5t b Jox,dx, + HW (7, x5, 1,1, Jx,dx, —

—00—00

+o0 0

_ ” W(xl,xz,tlt ]dxidx - j jw xpxg bt xdx,  (5.13)

- 0

Bupas (5. 13) MoKHa nepenucaTH y CIpoIeHOMY BU1

Rx (tl 1, ) =p” (tl 1, )+ p (tl P )_ q- (tl 1 )_ q" (tl 1, ) =
= p(tl 1 )_ q(tl 1 ),
e p(tl,tz) — WMOBIPHICTH TOTO, IO 3HAKA B MOMEHTH 4Yacy t; # 1,
omHakoBi, a q(t,,t,) — mpoTHIeKHi.

(5.14)

V Bupasi (5.14) maemo mOBHY TpyIy mofii, Tomy p + q = 1, Tomi
Bupa3 (5.14) 3 ypaxyBanusm toro, mo p—q=p — (1 —p) = 2p — 1,
MOKHA 3aIUCATH

Rx (t1’t2): 2p(t1,t2)—1. (5.15)

Ha npaxmuyi niopaxosytoms Kinvkicms 36i2ie 3Haxig N,
Zﬁ*jz 06UUCTIONMb OYIHKY UMOBIPHOCTI 30i2y 3HAKIE D AK

BIOHOWEHHS YUCTA N 00 3a2ANbHOT Kinbkocmi 3navenb N i
OMpUMYIOMb OYIHKY 3HAKOB0T (YyHKYIL Kopensyii,
suxopucmosyiouu y eupasi (5.15) samicmo p tio2o oyinky p

SIKII0 BUIAIKOBHH NPOLEC XapaKTEPHU3YETHCS HOPMAalbHOKO (PyHK-
€0 PO3MOJITY 3 HYJIILOBUM MAaTeMaTHYHHUM CIIO/iBaHHIM, TO 3 OTJISAY
Ha CUMETPII0 TAKOT0 3aKOHY:

pr (tl 'tz)z + pz(tl 'tz) .

Tomy asi Takoro mpoIecy MOXHa IMigpaxOBYyBaTH TIIbKU 30Ir «+»
abo «—», T00TO

Ry (tl,t2)= 4p++(tl,t2)—1= 4p77(t1,t2)—1.

JU71st cTarioHapHOTO €proANYHOTO BUIIAKOBOTO MPOIECY MAEMO:
— 3HAKOBa aBTOKOpEJsIiiHa QyHKILIs

R, (KT,)= lim %isgn [x° (iT, )]sgn [x° (iT, + kT, )] (5.16)
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— 3HAKOBA B3a€MHO KOpeJsliiHa QyHKIIis
1 o (s o (s
Ry (KT,)= lim WZSQH [x (iT, )]sgn [y (iT, + kT, )] (5.17)
i=1

Bupasu (5.16) 1 (5.17) narots ysaBineHHs PO TEOPETHUYHE BU3HAUCHHSI
3HaKOBOI KopessuiiHoi GyHkmii. Ha nmpaktuii maroTe oOMexeHuit oocsr
nanux N, 3a SKUMH MOKHA OJIEPKATH OYIHKY 3HAKOBOI Kopenayitinol
Qyuryii. I[Jm LBOTO BHUIMAAKY B HaBEJACHUX (QOpMyJax AJs eproJudHOro
BUITAJKOBOT'O MPOIIECY BEPXHsI Mexka MmigcymMoByBaHHs Oyme N — K.

Henonikom 3HakoBoi ¢yHKmii Kopensuii € HeYyTIMBICTH [0
KOHKPETHOTO BHIJISTY 3aKOHY, SIKIIO BiH CHMETpHYHMH. [l ycyHEeHHS
3a3HAYCHOI0 HEIOIKY HEOOXiTHO KOHKPETH3YBATH 3aKOH PO3MOILITY.

Mpukaag. CuHYCOINHWI CUTHAQJI, CHTHAT THUIY «MeaHap» 1
«TPUKYTHUI) CUTHANT i3 THMH CaMHUMU TEpioAaMH, IO W CHHYCOiTHUH,
MalOTh OJHAKOBI 3HAKOBI KOpeJsliiHI (yHKIii, Xo4a HOpPMOBaHi
KOpeTsIiiiHi pyHKIIi B HUX pi3Hi.

OyHKIiI0 3HAKOBOT KOpesslii MoXHa Oe3MOCepeiHhO BHUKOPHCTATH
JUTSL OI[IHKH JIHIAHOTO CTOXaCTHMYHOTO 3B’SI3KY, OJHAK IS TEXHIKH
BUMIpIOBaHb KOpEJSIiHHOT (QyHKIii HEOOXiJHO 3HATH CIiBBiTHOIICHHS
MK (QYHKIII€EI0 3HAKOBOi KOPEJAIMii Ta HOPMOBAHOI KOPENAIiHHO0
GbyHKLi€e.

Hampuxiaz, sikimo migcrasuMo B piBHAHHSA (5.13) BHpa3 ABOBHMIipHOL
IIUIBHOCTI MMOBIPHOCTEH CTaIllOHAPHOTO EProJWYHOI0 MpOoLeCy 3
HOPMAJIBHUM PO3MOIIIOM iMOBIpHOCTEH 1 HYJIHOBUM MaTeMAaTHUIHHM
CIIOIBAaHHAM

1 _x—2mp (D)3
2[5
W(x,,x,,7)= e Pl

Vr - \1-p (x)

TO JICTAaHEMO CITiBBiIHOIIIEHHS, 1[0 BCTAHOBIIOE 38 A30K MINC 3HAKOBOH)
KOPensyiiHo0 QYHKYIEI0 Ma HOPMOBAHOIO (DYHKYIEIO KOPENYil

Ry (r)=%arcsin py (1),

3BiJIKM HOPMOBaHa KOpeJsiiiHa QYHKIsS OyJie JOPiBHIOBATH

px (1) =sin| 7Ry (¢)
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TakuM 4rHOM, 3Har04H R, (T), MOKHA BU3HAYMTH Py (T), 0COOIMBO

3BaKalO4M Ha Te, L0 3HaKoBa (yHKUis Kopemsnii Ry (r) BU3HAYAETHCS
MPOCTIIe, Hi’XkK HOpMOBaHa KOpeJsiiifHa (GyHKITis.

CyMo-pisHuneBuii MeTol O0YHNCJICHHS] KOpeJsiniiHol (QyHKIiI.
Panime Oyno po3risHYTO, IO JJIsi BHU3HAYCHHS KOPEJSLIHHOT (yHKINT
HEOOXiTHO BHKOHYBaTH ONEpAIlil0 MHOXXEHHS MHTTEBUX 3HAYCHb
BUITJIKOBOTO TIPOLIECY, 110 HE 3aBXK/IM 3PYYHO JUIS allapaTypHOi peatizallii.
VYV pasi CramioHapHOIO E€proAudHOro TMpOLECY 33 YMOBHW, WIO IPOLEC
IIGHTpOBaHI/II/I MO)KHa 3aCTOCYBATH CYMO-p13HI/IHeBI/II/I METOI OOYMCIIEHHS
KOpEISIMHOT  QYHKIT, SKWH peai3yeThCsi 3HAYHO MPOCTINIE, HIK
Oe3rocepeTHE MHOXKEHHSI.

PosrnstHeMo BUpa3 JUIss MaTeMAaTHYHOTO CIOMIBAHHS KBaJpara CyMHU
HEHTPOBAHMX MPOILECIB:

At —I|m—” +x°(t+r)]2dt=

Tow 2T
1 +T ) 1 +T
=T|ELIOE:[X (t)dHTITlE_IT (t+r)dt+||m—J' () (t+r)

3 ornsiny Ha T€, 0

TOIL

Alt)=2D, +2K, (), (5.18)
3BIIKH

Henonik Takoro anroputmy
BHUIIAJKOBOI'O IPOIIECY.

PosrnssHemMo BuWpaz JuUIs MaTEeMaTHYHOTO CIIOMIBaHHS KBaJpara
PI3HUIII IIUX HPOIIECIB:

ae)=tm % [l (- (-

HEOOXiJIHO 3HATH JUCIIEPCII0
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+T +T

1T, 1,
'Tl'ﬂlﬁjf (t)dHT"ﬂlEITx (t+1)dt -

2 +T
—lim — Jx°(t)x°(t +T)dt,
-7
3BIAKH
B(t)=2D, — 2K, (1). (5.19)

VY pesympTaTi gicTaHEMO KOPENAMiiHY (QYHKIII0 3 BHKOPHUCTAHHIM
KBaJpaTa Pi3HHLII:

3acmocysasuiu minvku o0buuUcCIeHHA Keaopama cymu abo
K8AOpama pisHUYi, MONXCHA BUHAYUMU KOPETAYIUHY QYHKYIIO
6 paszi, Ko 6I0oMa Oucnepcis 8unadkogoco npoyecy, OJs
OYIHI0BAHHA 5KOI HOMPIOHO o0OuuUCTIO8AMU  KOpenayilHy
@ynxyiro npu Tt =0, wo € nespyunum.

Bignssum (5.19) Bin (5.18), nicranemo:

3Bific BWILTUBAE, IO JUIsI OOYHUCIIEHHS KOpeNsmiiHOT (QYyHKIII He
NOTPiOHO 3HATH AUCIIEPCIFO BUTIAJKOBOTO TIPOIIECY.

PosrnsitHeMo anroput™, MmO Ja€ 3MOrYy OOYHMCIIIOBATH B3a€EMHO
KOpeNsLidHy QYHKIIO.

— Pearizarii BumagKoBOro mporecy, BifalleHi OJIHAa BiJ| OJHOI Ha
4ac T, MiJICYMOBYIOThCS Ta BiJIHIMAIOThHCS.

— BianoBinHo 3Haii/IeH] CYMHU Ta Pi3HMIII MiTHOCATHCS J0 KBajapara i
YCEPETHIOIOThCSL.

AKuo po32na0aromscs AHAN0208i CUSHATU, ThO NIOCYMOBYBAHMHS
ma 8iOHIMaHHs 8i00yeaombcs 3a yac T.

Axwo  pozenioaiomvcs  OUCKpemHi  3HAYEHHS — BUNAOKO0BO20
npoyecy, mo 3Haxo0samv cymy N Mummesux 3HaueH,
nIOHOCAMb 00 OpPY2020 CmeneHs, @ NOMIM OLIiMb HA KLTbKICMb
3HAYEHb N.
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— Bin cepennboro 3HaueHHs UL KBaApaTa CyMH BiXHIMA€ThCS
CepelHe 3HAYeHHs M KBaJpara pi3HUII 1 JiCTAalOTh 3HAYEHHS,
HPOTIOpLiiHE 10 KOPENAmiiHOT GyHKIiI.

Bapro mam’sitatd, mo uepe3 CKiHUYEHHHMH 4Yac ycepeJHEHHS B pasi
aHAJIOTOBOTO CHTHANy Ta CKIHYEHOTO O0CATY BHOIPKOBMX 3HAuY€Hb IS
JMCKPETHOTO CHTHAITY OJIEP>KYIOTh HE KOPEeIIIHHY (QYHKIIIO, a 11 OLiHKY.

Buznauenust HOPMOBaHOI KOpeJsauiiiHoi dyHKuii 3
BUKOPHCTAHHSIM  YMOBHOIO cepeanboro. Binomo, mo piBHAHHS
perpecn Jlae HAOMWKCHE YSBICHHA NPO Koediient Kopemswii. Icaye
3B 30K MK HOPMOBAHUM KOE(iIl[iEHTOM KOPESIii i yMOBHUM CEpEeIHIM:

MY | x]= MY +pyy —X-(X = MX).
Ox
s BUIIaKoOBOIO IpoLECy Y(t) MaTeMaTH4YHe CTO/AiBaHHS 32 YMOBH,
o X(t) = d, momaeThbest y BUTIISIL

[()'X()] mY+pXYG (d-my), (5.20)

X
3a npunymenns, wo Y (t) > X°(¢+71), a X (t)—> X°(t), noxommo
BHCHOBKY, o My, =m, =0.
V pasi cranioHapHOCTI BHUIIAAKOBOTO IPOIECY, Ul SIKOIO Gy, =Gy,
Brpa3 (5.20) MokHa IOJATH SIK
M[X (t+o)lx() d]_Px
3B1JIKH HOPMOBaHHH KoecplmeHT KOPEJISIIii:
px(®)=M[x (t+ ) x (t)= d]ﬁ-

TakumM  4WHOM, HOpPMOBaHa KopensliliHa  QyHKmisE  Oyne
MIPOMOPIIHHOIO /0 MATEMATUYHOI'O CIIO/IiBaHHS 3HAYCHH IIEHTPOBAHOI'O
BUITaJIKOBOTO MPOIIECY, BiJIAJICHUX Ha BIJCTaHI T BIAHOCHO 4Yacy, KOJIU
1eii mporiec pocsr ¢ikcosanoro 3Hayenus d (puc. 5.10).

X(t)




Ha mpakTuii mporeaypy OOYHMCICHHS MAaTEMAaTUYHOTO CIOiBaHHS
3aMIiHIOIOTh OIEPAIli€l0 TiJICYMOBYBaHHS 3HAuYCHb 13 MOJAIBIIUM
JJICHHAM IIi€i CyMHU Ha KibKicTh peamizarmiii N, ToOTO ycepenHIOOThH i
TaKUM YHHOM JIiCTaIOTh OI[IHKY:

e D)=y 2 D) (€)=

AHAJIOTIYHO MOKHa BU3HAYHMTH 1 B3a€MHO KOPCIAIIMHY (QYHKIIO,
ajie sl ITbOTo HEeOOXiTHO PO3TIISIATH BA BUTIATKOBI IIPOIIECH.

CnekTpaibHa IMUIBHICTH BHNAJAKOBOr0 mpouecy. Bimomo, 1o
Maibke Oynp-SIKHH CHTHaN, AKUM (aKTUYIHO € BHITAJKOBHI TIpoIiec,
MOJKHA ITOJIaTH 3a JIornoMoror psay @yp’e adbo interpana dyp’e. 3rigHo
3 MM MOXHa 3aBXIM MiAiOpaTh Take TOEIHAHHSA TapMOHIYHUX
CKIIQJIOBUX 3a aMILTITYI0I0 Ta (a3oro, AKi OyayTh i3 3aJaHUM CTyIIEHEM
TOYHOCTI alipOKCUMYBATH CKJIQJHUH CUTHAIL.

SKImo icHye HeCcKiHUeHHa MHOXHHA TapMOHIK, TO TpHU 30iIbIIeHH]
4yacy CIIOCTEPeXKEHb 3a CUTHAJIOM (IIPOLIECOM), IO  BIAMOBIZa€E
BIICYyTHOCTI OOMEXXEeHb Ha WOTO YaCTOTHHWH [iala3oH, JiCTaHEMO
HeTIepepBHY 3aJISKHICTh 3MiHH AucTepcii 3 yactoToro (puc. 5.11).

SKImo curHam AeTepMiHOBaHUM, aMIUNTYAW CKJIaJOBHX CHTHAIIB
3aJIMIIAIOTBCS HE3MiHHMMH. JInisi BHIIQJAKOBUX CHUTHAJiB (IIPOIECiB)
XapaKTEepHOI0 PHCOI0 € Te, M0 aMIUNTYyId TapMOHIYHUX CKJIAaIOBUX
MOXYTh 3MIHIOBaTHCS B yaci (Maike 0 HyJisl, TOOTO TapMOHIKH MOXe 1
He OyTH), MPUYOMY B 3arajJbHOMY BHINAJKy IUCHEPCis IS KOXHOT
TapMOHIITHOT CKJIaI0BOI BiJ]MiHHA BiJl AUCIIEPCii 1HIIOT CKIIaTOBOI.

Y pa3i momaHHsS CKIaJHOTO CHTHANY Yy BHUNILAL (iKCOBAHOTO
(CKiHUEHHOT0) pany TapMOHIK MOXHa TOBOPHTH NpO JIHIUHUL CNEKMp
Oucnepczz SAKAN 300paeHo TIYHKTHPHUMH mi"ismMu Ha puc. 5.11. s
JiHIIHOTO CrieKTpa JWICTIEPCisi  BChOTO CHrHaly Oyie JIOpiBHIOBATH
CepeTHhO3BKEHIH CyMi AMCIEpCii TapMOHIK. YcepeaHeHa IHcriepcis
BIJITIOBiJaTUME 1HTETpaITy, a OTXKE, TUIOIIII il HETIEPEPBHOIO KPHUBOIO.

230



Jns - CyninbHOro CHeKTpa BBOIMTECA —IOHATTA — CREKMPANbHOL
winornocmi SY(®), AKka BITHOCHUTHCSL A0 iHTepBaly Awm. AHaIOTIYHO
IIUTBHICTH HENEPEPBHOI BUITAAKOBOI BETMYMHN BU3HAYAETHCS TAK:

. Dylo,o+A®
54 (o)- im 2e(20000)

(5.21)

Axwo npunycmumu, wo GunadKkosull npoyec € Hanpyeor abo
cmpymom, mo uucenvhuk supasy (5.21) moorcna poszensoamu sk
HOMYJCHICMb, WO 6uodinaemvca Ha onopi 6 1 Owm. Le
MOACHIOENCS UM, UfO oucnepcisi — senuuna, nponopyitiHa 0o
1% a6o U?, a nomyxcnicms P=U?R=1"°R,

Tomy S((o) HA3UBAEMbCST  Wje CNEeKMPAIbHOW  WITbHICMIO
nomysicnocmi. Axuo é3amu 00 yeazu, wo 6 uuceavHuxy (5.21)
00uHuUYA izuunoi senuuuny — Bm, a 8 3namenHuxy — Iy, mo
S(w) mae oounuyro Bm - ¢, wjo 6ionosioae enepeii.

st amapatypHOTo BU3HaUeHHS S(®) HEOOX1MHO MaTH Habip QinbTpiB
13 MaJIOI0 CMYTOIO MTPOITYIIEHHS, IO € CKJIQJHOIO 3a/1aUetO.

Icnye cmiBBigHOMIEeHHS Binepa—XiHuiHa, sIKe MOB’S3y€ CIIEKTPAIbHY
IIUTBHICT Ta aBTOKOPEINAIHHY q)yHKuiIo'

j Ky (1)t (5.22)

3rifHO 3 SKUM S(®) MOXKHA 06‘II/ICJ'II/ITI/I, BU3HAYMBIIN anapaTypHUM
nisxoM Ky.

3a momomMororo repeTBopeHHs Eiinepa MokHa 3MIHCHUTH TIepexia Bij
MOKa3HUKOBOI (DOpMHU MOJaHHS KOMITICKCHOT'O YKCJIa JI0 aare0paidHoi:

e " =coswt— jsinwrt.
CKOpI/ICTaBIHI/ICB OMM  CIIBBIIHOIIEHHSIM 1 BPaxXyBaBIIH, IO

CIEeKTpaibHA MIUIBHICTh € MapHOI0 (YHKIE, criBBigHoeHHs (5.22)
MOYKHA 3aIlUCaTH B TAaKWH CrociO:

I Ky Cos ot — jsin (ot dr = ZI Ky r)cosondr (5.23).

Icnye Bupas ans obeprenozo nepemsopenus.

1 i jot
Kx(t)=2—nIS(w)eJ do
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VY mpakTHLi aHami3y BHIAAKOBUX THPOLECIB BHKOPHUCTOBYIOTH
HOPMOBAHY CNEKMPANbHY WiTbHICIb

S(0)= fj((;’;)dw - st(?g) (5.24)

~+o0
ne [ S(w)dw=K, (0) — nocriiiHa ck1az0Ba ClIEKTPaILHOI IITBHOCTI,
—0

a00 CHeKTpalbHA MIUIEHICTh, IO BiIIOBIIA€ HYJIbOBIH 4aCTOTI.
[MigcraBuBIy y BI/IpaS (5.24) crieBigmomenns (5.23), gicranemo:

+00

K. (0) =2 !px (t)cosordr. (5.25)

VY dopmyii (5.25) KX—(T) =py (r) — HOpMOBaHUil Koe@iyicHm Kopensyi.
K(0)
CnexmpanbHa WinbHicms 0ae 3MO2y:
— OYIHUMU CHEKMPATbHUL CKIAO BUNAOKOB020 CUSHATLY,
— BuOLIUmMU OIANA30H YACHOM, 8 SIKOMY 30CEPeOAHCEHO OCHOBHY
eHepeilo CUSHATLY;
— 014 HeCmAayioHapHux npoyeci¢  NpOCMedNCUmu, 5K
SMIHIOEMbCST eHEP2eMUYHULL CHeKMP ) 4aci
BaactuBicTh KopessinifiHol (yHKHii cUrHagy 3 mnepiogM4yHOIO
CKJIAJ0BOI0. 3HAIOYM 3aKOH 3MIHM  aBTOKOPEJSMiHHOI  QyHKIIT
MIEPIOAMYHOTO TPOIIECY, MOKEMO BUIIINTH JETEPMIHOBAaHY CKJIAQJIOBY 3
BUIIaJKOBOI'0 CUTHAIIY T4 BU3HAYUTH il mapaMmeTpH.

Jlns mepiogMYHOro CHUTHaIly aBTOKopenauiiiny ¢ynkuiro K ('t)

2 I Ky COS(D‘Cd‘C

S (0))

nep
MOXHa BU3HAYUTHU, CKOPUCTABIINCH BI/Ipa?,OM:

T/ O
Ky (r)mp _Tlolinwﬁ zj (t)e (t +)dt.
oy

I[J'Iﬂ HeplO,Z[I/I‘lHOFO CI/IFHaJ'Iy pe3y.]'[BTaTI/I I[OCJ'II,I[)KGHHFI Ha lHTepBaﬂl
10 )IOplBHIOG Horo HCplO}Iy, TaKi CaMl SK 1 Ha HECKIHYEHHO BCJIIMKOMY

HpOMl)KKy qacy, a OT:KC, BUKOHYETLCA plBHlCTB.
T
L
1 2
KX (T)ne -7
P T T

2

x°(t)x°(t+r)dt. (5.26)
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3 ooy Ha Ie MOXHA 3HAWTH aBTOKOPEISIUIHHY (QYHKIIIO I
nepioauuHoro npouecy. [Ipumycrtumo, mo

x°(1)=Asin(or - 9),
tozi 3rigHo 3 (5.26) micranemo:
V4
A? 2 :
Ky (r)nep =— ISIn(mt —¢)sinfo(t + t) - ¢Jdt.
Ty
2
BisbMeMo iHTErpat, y34BIIK 0 yBaru, o
sino-sinf = % [cos(a. — B) - cos(a + B)].
TOOTO

sin(ot —)-sinfolt + t) - ¢]= % cos(wt) — cos[w(2t + ) - 20)].

Hami, ypaxyBaBUmIM, WO IiHTerpajd Bix mepioguyHOi  (QYHKIIII,
oOurcneHnii 3a epiof], JOPiBHIOE HYITIO, TICTAHEMO:
2

Ky (t)ep = COS OT.

TakuM YMHOM, YCTaHOBIEHO, IO AaBTOKOpENsliiHA (QYHKIIis
HepioANYHOro mporecy Oylae 3MIHIOBAaTHCS 3a 3aKOHOM KOCHHYca 3
YaCTOTOIO LbOTO NEPiIOJUYHOTO TPOIIECY.

Lo BmacTHBiCTh MUPOKO BUKOPUCTOBYIOTH MTPH CTATHCTUYHIN 00p00-
10l JUIsl BITOKPEMJICHHS IETEPMIHOBAHOI MEPIOJMYHOT CKJIaZ0BOT CUTHAITY
BiJI BHIIAIKOBOI 0r0 CKJ1a0Boi. Bigomo, mo /Ui BUIagKOBOrO CHTHATY
aBTOKOpeNALidHa (QYHKIIS gocsirae Makcumymy npu t = 0, mpu
30UTBIICHH] T 3HAYSHHS 11 MIBHIKO 3MEHIIYEThCA. TOMY NpH BEITHKHX
3HAYCHHSX T aBTOKOPEIsIiifHa (YHKIIiS IEpiOJUIHOTO CUTHAITY, Ha SKHH
HaKJIaJeHo IIyM, Oyae BH3HAYaTUCS TUIBKHM  JIETEPMiHOBAaHOIO
cki1agoBoro. [IpoanHanizyBaBIIM KOpENAUidHY (YHKIIIO NPH BETHKHX
3aTPUMKaX T, MO)KHA BU3HAYUTH YaCTOTY «3aIIyMIICHOT0» NEPioTUIHOTO
CHUTHAITy.

Mpukaan. [lpu peectpamii kapaiorpamMu HEOOXIAHO BHIUIUTH
KOpUCHMK curHanm Ha @QoHi mymiB. SKmo 3acTocyBaTH amapar
KOPENSIIHHOTO aHali3y, MOKHA BH3HAYUTH MEPIOAMYHY JIETCPMIHOBAHY
CKJIaJIOBY.
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[uTanns aJs camonepeBipku

1. Ha3BiTh OCHOBHI XapaKTEPHCTUKM BUMaAKoBHX mnporieciB. Lo
xapaktepu3ye ¢yHKmis Kopemsamii?  SIki  mpomecu  Ha3HMBAOTHCS
CTalliOHAPHUMHU, HECTAIIOHAPHIUMH, €PrOANIHUMU?

2. 1llo xapakTepu3yrOTh aBTOKOpEJSIIiHHA Ta B3a€EMHO KOpEISIliifHa
dhynkuii? o sBnse cob0r0 HOpMOBaHA KOpEsIiifHa (yHKITiS?

3. Y yoMy mossira€e cyTh MOCHIJOBHOTO METOAY 3HAXOKEHHS OIliHKH
KOpeALiHHOT QyHKIII?

4. SIk 3MIACHIOETHCST OOYMCIICHHS OIIHKH KOPEINSAIiHOI QyHKIii He-
LEHTPOBAaHHUX BEJIMYMH BUMAJKOBOTO TpoLecy?

5. Ilo xapakTepusye iHTEepBaJl KOpeIslii Ta aOCONIOTHHIA 1HTEepBaI
kopeswii? 1o xapakTepu3ye MakCUMaTbHUNA THTEPBaJ KOPETSLii?

6. Y dWoMmy monsrae TOCHIIOBHO-TIApaielbHUN METOH OOYNCICHHS
KOpeTAIiiHOl (hyHKIT?

7. 1o sBnsie coboro QyHKII 3HAKOBOT Kopeswii? Sk BU3HAYAIOTHCS
3HAKHW QYHKIIIi 3HAKOBOT KOPEIAIIii?

8. Skuil 3B’S30K MK 3HAKOBOK KOPEJAIIMHOIW (QYHKIEW Ta
HOPMOBAHOIO (DYHKITIEFO KOPEIIALIii 1 171 90TO BiH BCTAHOBIIOETHCS?

9. ¥V dyoMmMy momsrae CyMO-pi3HUIEBUH  METOJ  OOYMCICHHS
KOpeTAIiiHOl (hyHKIT?

10. SIx  BW3HAYMTH  HOPMOBaHYy KOpeNSiiHY  QyHKIilO 3
BHKOPHCTAHHSIM YMOBHOT'O CEPEIHEOr0?

11. Illo xapakTepH3ye CreKTpasIbHa ILTbHICTH BATAKOBOIO Npoliecy?

12.Hagenite cmiBBimHOmeHHsT Binepa—Xinunna. o xapakrepusye
LI€ CITIBBIHOIIIEHHS?

13. SIki mpoliecu XapaKTepU3yIOThCS JTIHIHHUM CIIEKTPOM JUCTEepCii?

PO3/ILT 6

OCHOBMU IIVTIAHYBAHHS EKCIIEPUMEHTY

6.1. MIOBHUI ®AKTOPHUI EKCIIEPUMEHT

AKTVBHWIA  €KCMEepUMEHT, Ha s 3HAXOJDKEHHS 3a
BIAMIHY BIA NACMBHOTO, NONAra€ | pe3ynpTaTaMyd EKCIIEPUMEHTY 3B’SI3KY
He 'y MpOCTOMY  (DIKCYBAHHI | pyxinHOi BEMMYMHM 3 KEpOBAHHMH
BXIAHNX | BUXIOHUX BEMMYMH, @ B | dairopamy, sKi BIUIMBAIOTH HA IO

aKTMBHOMY BMNuBI Ha 00’ekT 3a .
. BEJIMYMHY, BHKOPHUCTOBYIOTH MOJEII
3a3ganerigb 06paHVMM NnaHoMm. . .
PETPECIHOrO aHa3y.
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BuxinHo BETMYMHOIO MOXe OyTH TOYHICTh NMpHUIIAAY, HAAIHHICTb,
e(EeKTHBHICTh TEXHOJIOTIYHOTO TMPOLECy, IMOKa3HUKH SKOCTI TOIIO.
®dakTopaMi MOXYTh OyTH 3MiHHI, SIKi CYTTE€BO BIUIMBAIOTh Ha BUXITHY
BEJIMYMHY, HATIPUKIIA]] IapaMeTpH KUBJICHHSA 00JaIHaHHS, PiBEHb 3aBajl,
YMOBH Tepediry TeXHOIOTI9HOTO MPOIIECy, 30BHIITHI BIUTMBH, MEXaHIuHEe
HaBaHTaXEHHS TOLIO.

s npogedenmss excnepumenmy HeobXiOHa modenb 00 ekma, a
Ol YMOUHEHHs napamempie mooei HeoOXiOHULl eKCHepUMEHM.
3 o00Hno20 60Ky, excnepumenm Oae 3Mo2y nepegipumu i npu
HeoOXIOHOCmI YMOYHUMU MOO0elb, 3 0py2020 0OOKYy, MOOeb
OUKMYE, AKULL CaMe eKCnepUMenm Cio npogecmiu.

Hnst peanizayii akTUBHOTO €KCIIEPUMEHTY HEOOXIHO BUKOHATH TaKi
YMOBH:

—pe3ylnbTaTh  CHOCTEPEXKEHb  BHUXIAHOI  (i3UUHOI  BEIHMYMHH
Y1y Voyeey Yy MaIOTh SBIATH COOOK0 HE3aJEXKHI, HOPMAIBHO PO3HOJLUIECHI
BHITaIKOB1 BEJIMUNHU;

— HE3aJIeKH] 3MIHHI X;,X,,...,X, MalOThb BUMIPIOBATHCS 3 HACTLIbKH
MaJIOl0 MOXUOKOI0 (MOPIBHAHO 3 MOXMOKOK BHMIPIOBAHHSA BHXiTHOT
BEJIMYUHU )), IO HEIO MOYKHA 3HEXTYBATH;

— JWCTIepCii crocTepekeHb BUXifHOT BenmuuuHu S° {yi} MaroTh OyTH
OJIHOPITUMH, TOOTO SIKIIO BHKOHYBaTH 0OaraTopa3oBi IOBTOPHI
BHMIDIOBaHHA BEIMYMHHM ), TIPH JESAKOMY HEBHOMY HAOOpi BXIJZHHUX

3HAYEHb X, X;p,..., X,

in?

TO Jucmepcis G° {yi} HE TIOBUHHA BiJPi3HATHUCS
Bij mucnepcii 6° {yk }, OTPUMAHOI IIPY MOBTOPHUX CIIOCTEPEKEHHSIX IS
Oyb-IKOT0 1HIIOr0 HA0OPY 3HAYEHb HE3ANEKHHX 3MIHHHX Xyg, Xi(pse-r) Xy

Jani YMOBH  TIPHITYCKAIOTh, 1O MDK BXIJHUMH Ta BHUXIJIHAMUA
BEIMYMHAMH iCHY€ (QYHKIIOHATbHHA 3B’S30K i METO0 CKCIICPHMEHTY €
BU3HAYCHHS OLIHOK NapaMerpis, sKi OyAyTh BIAPI3HATHCA BiJ IXHBOIO
MaTeMaTHYHOTO CIIOJiBaHHs, MepeAyciM dYepe3 HasSBHICTh IMMOXHOOK
BUMIpPIOBaHHS BUXIJHOI BEJIMYMHHM a0 depe3 BIUIMB HEBPAXOBAHHX
HEKEpPOBaHUX  (aKTOpiB, a TaKOXK uepe3 OOMExeHuil  oOcsr
EKCIEPUMEHTAIBHUX JTaHHX.

dakTopHuii exkcnepuMeHT. [Ipy MoOymOBI MOJENi MPOBOAATH TaK
3BaHl ¢haxkmopmi EKCIEepPUMEHTH, B SIKMX, Ha BIAMIHY BiJl KIGACUUHUX,
BiIOyBa€eThCA OAHOYACHA 3MiHA BCIX HE3AJICKHUX BXiJHUX BETUYHH.
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Ilpu wracuyHomy excnepumeHmi Oonepamop 6UsYde 6HIUS
KOJICHO20 — (phakmopa npu ix nouepeogomy  6apilo6aHHI.
Jlocniooicennss  83aemo0ii  ghakxmopie modciuge auuie npu
OOHOYACHTU 3MIHI IXHIX DIBHIB.

ExcriepumMeHT, y pe3ynpTaTi SIKOTO BCi He3aJe)KHI 3MiHHI BapilOIOThCA
Ha BCIX O00OpaHuX piBHSIX (HaOyBarOTh YCIX MOXJIMBUX 3HA4YCHb),
HA3WBAETHCS HOGHUM (YAKMOPHUM eKCnepUMEeHmMom (TI®E).

Ilnan excnepumenmy nepe)l6aqae KIJIBKICTD 1 YMOBH TpPOBEICHHS
nmocminiB. Kinmpkicts gocaigi N mpu [IOE Bu3HavgaeTbes K

N =k",

ne K — KiJbKicTh MOXKJIMBHX DIBHIB, SIKMX MOXKE HaOyBatu (axktop; N —
KUTBKIiCTh (haKTOpIB.

Ha npaktuni HaOynu NOIIMpPEHHS EKCIEPUMEHTH, J€ HEe3alexkHi
3MiHHI Ha0yBarOTh TIIBKU JIBOX 3HAYEHH (K MPABWIO, MiHIMATHHOTO Ta
MaKCHMAaJIbHOTO), TPUIOMY B €KCIICPUMEHTI 3[iHCHIOIOTBCS BC1 MOMKIIMBI
KoMOiHamii 3 N ¢akropiB. Taki eKCHepUMEHTH Ha3WBaIOTHCA
osopienegumu: sl HUX

N=2"

OcKibKM He3aleXHl BEIMYMHH JXj MOXKYTb 6yTH pi3HI/IMI/I 3a
(1)131/1qu}0 MPHPOJIOI0 i 3MIHIOBATHCS B PI3HUX JIWHAMIYHHX Jialla30HaXx,
NPUIHATO 3AIMCHIOBATH KOOY8aHHs HE3AICKHUX 3MiHHHUX (po3x. 4.8).
Le nae 3mory (dhopmanizyBaTu IpoLEe/ypy IIaHYBAaHHS Ta 06p061<1/1
pe3yibTaTiB 1 3 OJHAKOBOIO UYTJIMBICTIO BpaxyBaTH BIUIUB YCiX
nependayyBaHUX BEJITUYHUH.

KonyBaHHs mossrae B IepeHECEHHI IIEHTpa KOOPJAMHAT Y TOUKY Xjcp,
(j — 3nauenns gakropa, j = 1,..., N), sika HagaJi HA3UBAETHCS YEHMPOM
naamny eKcnepumenmy.

JI7st KotyBaHHSI BAKOPUCTOBYIOTH CITiBBIIHOIICHHS

X, -X., X -X,
“Tx —x_ T x._-x,_ ©D
jmax jep j j mi

jep jmin

e X, =(X
HaOyBalOTh HE3aJIeXKHI 3MiHHI — 3a/iaHi abo Taki, 0 €KCIIEPUMEHTATOP

BUOMpae iX caMOCTIiHO Ha mizacTaBi amnpiopHoi iHdopMauii mpo 00’ €eKT
(puc. 6.1).

jmax T X jmin ) 12, Xjmin 1 Xjmax — TPAHWYHI 3HAYCHHS, TKUX
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L
-1 0 i
| |
Xomin -—————:—————————— ::L ———————— :
| : |
1 1 1 xl
leln chp leax
Puc. 6.1

VY KkomoBaHi# cucTemi Ha migcTaBi BHpasy (6.1) BUKOHYBaTHMYThCSI
BIJITOBIAHOCTI:
Kimax — Xj= +1;

)(jmin —X=— 1,
Xiep— %= 0.

Hapaii OyayTs BUKOPHUCTOBYBATHCS KOJOBaHI 3MiHHI.

Y eunaoxy napnoi 3anesxcnocmi, xKonu 6naueac minbku OOUH
Gaxmop x, Ona GusHaAueHHs JIHII peepecii 00CMAMmHbO
BUKOHAmMu 08a 00CNIOU NPU U020 SPAHUUHUX SHAUCHHAX.

IInan excnepumenmy 6 yvomy pazi 6yoe X=(— 1 +1)", moémo
Aenamume coboio 6eKmMop-cmosneyp.

SIKIIO BXiJJHUX BEJUYHMH JIBI: X1 1 X, TOOTO peai3yeThCs 080haxmopHuil
eKCTIepUMEHT, Jiisi ToOymoBn wMatpumi Twiany [IOE  HeoOximHO
KOPHCTYBATHCS TAKMM NpaBiIoM. HasiBHMI BEKTOP-CTOBIICIb IUIAaHY CIIij
BlILTBOpI/ITI/I JIBa pasi: OIWH pa3 — NPH HIKHBOMY piBHI (akropa (— 1), a
JOpYTUil pa3 — TpH HOro BepXHBOMY piBHI (+1) i oTpumartu mampuyio
NAAHY.

PosrnsHyBIIM MaTpUIl0 [JaHy JBO(AKTOPHOTO EKCIIEPUMEHTY,
noOyZ0oBaHy 3a BUKJIAaJCHUM NPaBUIIOM, 1100AYMMO, 110 B HiH MPHUCYTHI
Bci N = 2"= 4 kom6iHaniii pakTopis x; i xp: —1 —1; —1 +1; +1 —1; +1 +1.

leomeTpuyHO IIaH TAaKOrO  EKCIEPUMEHTY  IHTEpPIPETYEThCS
TOYKaMH, PO3MILICHUMH Y BepIIMHAX KBaapaTa (puc. 6.2).
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X2
3.t .4
| |
1 1
1 :+1
1 1 X
! 0 : !
1 1
1 1
| |
S I 4
1 -7 2
Puc. 6.2

Yeprysauus 3HaKiB (hakTopiB (piBHIB 1XHLOI 3MiHH) y BIATIOBIAHOMY
CTOBIIIII MaTPHUIli MOKHA MTOJATH (bopMyHOIO 2 ne j — Homep daxTopa.

Mpuxaan. koo j = 1, To 2°='1, 10670 3HAKN Y MIEPIIIOMY CTOBIIII
JUIA X1 9EPTYIOTBCS YePe3 OMH; AKIIO j=2, 10 2'= 2, T06TO 3HaKH B
JpyroMy CTOBIILI JUIS X, YEPTYIOTHCS Yepes3 1Ba, 1 T. .

Buxozstum 3 po3riisiHyTOro MpaBuiia, MOKHA CKJIACTH MAaTPHIIIO TUTaHY
U1 TpU(aKTOPHOro eKCHepuMeHTy. Matpuuro miany TpuUGaKTOPHOTO
EKCIICPUMEHTY 3 JIOTIOBHEHHSIMHM HaBEACHO B Ta0wili 6.1.

Tabnuys 6.1.
JIonoBHEHHS [T 00YKCIIEHD Ao 1 3HayeHHs
Homep Marpuid niany KoeilieHTiB PH B3aEMOIsAX BUXiTHOT
xociny (bakTopiB BEITUYHHH
! X2 X3 Xo X1X7 7
1
1 -1 -1 -1 +1 +1 b
2 +1 -1 -1 +1 -1 Vs
3 -1 +1 -1 +1 -1 Vs
4 +1 +1 -1 +1 +1 V4
5 -1 -1 +1 +1 +1 Vs
6 +1 -1 +1 +1 -1 A
7 -1 +1 +1 +1 -1 Vs
8 +1 +1 +1 +1 +1 Vs

y LbOMY BUIIRJIKY TOUKH MICTUTUMYThCSI Y BEpIIMHAX Ky0a, OCKLUIbKH

N=2°=8.
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[Tpu moOy0BI MaTpuIll TIAHY BUXOAMMO 3 BUKOHAHHS YMOBH HOTO
Opmo2oHanbHoCcmi, TOOTO 3a0€3MEeUeHHS HE3aICKHOCTI 3HAXOHKCHHS
omiHok Mognenei. [loOymoBanma B Takuii cmocid MaTpuus Mae TpH
BaXKJIMBI BIACTHBOCTI.

o OpmozonanvHicmey.

N
D X% =0, j=k
i=1

ne j,k=1,n — HOMepH BEKTOPiB-CTOBIIIIB BiAMOBITHUX (aKTOPiB; | —
TOYKa (P)aKTOPHOTO TIPOCTOPY, B AKili BUKOHYETHCS EKCIICPUMCHT.

s BnactuBicTh 3a0e3Meuye HE3AICKHICTh 3HAXOJHKCHHS OIIIHOK
KOeIIiEHTIB:

™M=
<1
=

Q)
Il
1N

(6.2)

'Mz
X
—_N

1]
JuN

o  Cumempia:

N —
inj =0; j=1,n.
i-1
Ls BmactuBicTh 3a0e3medye HE3AICKHICTh 3HAXOHKEHHS OIIHKH
BUILHOI'O WIEHA dg.
Hopmoeanicmo:

N
SXE=N; j=1n . (6:3)
i=1

Ls BmacrtuicTe 3a0e3nedye  ONHAKOBY  JUCIEPCII0  OIIHKH
KOC(ILIEHTIB &;, OCKUIbKM 3HAMCHHUK Bupasy (6.2) Oyxe oaHakoBHM
JUIS BCIX OIIHOK éj, TOOTO BCI KOe(imieHTH OyayTh OIliHEHI 3
OJTHAKOBOIO TOYHICTIO. Takum uynHOM, BHpa3s (6. 3) MOXHa 3armmcaTH sIK

. 18
a :WZyixij . (6.4)
i=1

Ipuknan. BignoBizHo g0  MaTpumi  1wuiaHy  ABO(AKTOPHOTO
EKCIICPUMEHTY 3HaWJeHO 3HAYEHHS BHXIJHOI BeauuuHH Y =
-~ g ~ o~ T . . . . v

| 1,Y2,V3 V4] . Ouinku koediuieHTiB mpu (akTopax MOXHA 3HAWTH

31"i,Z[HO 3 TaKMMHU BUPA3AMHU.
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iy = [ 15, + (4, + (05 + (17,

i = 05+ 05, + (2 + (D7)

Omxe, npu 064KMCIIEHH] OUIHKHM KoedillieHTa d; HeoOXiTHO 3HAYEHHS

¥;, 3HaiilieHe B pe3ybTaTi IPOBEACHHS AOCIINY B i-i ToYLl (AKTOPHOTO
OpOCTOpPY, YpaxyBaTH 3i 3HAaKOM, WIO BiJNOBiJae 3HAaKy piBHS
BapifoBaHHA |-T0 (haKTOpa IS TAHOTO i-T'0 PA/IKa MATPHII TUIaHY.

Mogens y 3araqbHOMY BHUMAAKy MICTHUTh BIUIBHHH WIEH dg, IUIA
OoOYMCIIEeHHsI OLIHKA $SKOTO HEOOXiTHO BBECTH BEKTOP-CTOBIIEIb IS
(IKTHBHOI 3MIHHOI Xg, yCi €JIEMEHTH SKOTO AOpPiBHIOWOTH +1 (amB.
Ta6m1.6.1).

3Ba)karouM Ha Te, M0 KPUTEPIEM ONTHMAJIBHOCTI IUTaHYy OOpaHO
HE3aJIeKHICTh BU3HAUCHHS OI[IHOK KOE(IIi€HTIB, BEKTOP-CTOBIEIb Xg
TaKOXX Ma€e OYTH Opmo2OHATbHUM CTOCOBHO IHITNX BEKTOPIB-CTOBIIIIB X1,
X2, X3, TOOTO

ZXIOX” = O ,j = 1,..., n.
i=1

OCKinbKH X = 1, TO BIACTUBICTH OPTOrOHANBLHOCTI OyJie peaizoBaHo,
KOJTH

> % =0, (6.5)

IO BiJINOBIJIa€ BIACTHBOCTI CUMETPil MaTpHIIi TUIaHY.
OmiHka BiJIbHOTO WieHa Oy/ie BU3HAYATHCS HE3aJICKHO BiJl OIIHOK a i

3risiHo 3 Bupa3om (6.4):
N
ao = Z y./N.
i1

PosrnsiHeMo piBHSHHS perpecii, B SKOMY NPHITYCKA€ThCS HAsBHICTh
B3aemozii hakTopis:
y= Aotaxy + arxy + appxixs. (66)

JKoona 3 nesanesxcnux sminnux Xj ne € komobinayicro (noxionoio)
810 THUWUX He3anedcHux 3minnux. Hasenicmv 63aemo0ii mooice
3YMOGIIOBAMUC, MITbKU HAAGHICIIO HENHIUHOCII  (yHKYil
nepemeopents 00CIi0NCY8AHO20 00 'ekma.
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SKImo Mojaenb MICTHTh B3aeMOAi0 (DAaKTOpiB, TO JJIS OIIHKH
KoedillieHTa dpp, MO TMOKA3y€e BIUIMB Ili€l B3a€MOJIi, MATPUIO ILIAHY
JIOTIOBHIOIOTH BiJIMOBITHIM BEKTOPOM-CTOBMIIEM. UepryBaHHS 3HAKiB y
ILOMY BEKTOPi-CTOBIIII BiZI0YBAa€ThCS MUISIXOM IEPEMHOXKYBaHHS 3HAKIB
BHUXITHUX BEKTOPIB-CTOBIIIIIB X1 1X, (IUB. TaOIHIO 6.1)

[lobynoBanmit y Takmii croci® BEKTOP-CTOBIEIb U B3a€MOIIT X1X;
Ma€ BCl TPH MEpeTivyeHi paHille BIaCTUBOCTI, TOMY OLIHKH KOe]iIlieHTiB
IS B3acEMOMIN éjk, j#k, Bekropu-cToBmIi s (HaKTOPIB SAKHX
moOyIoBaHO 3a BUKJIAJIEHUM NPAaBHJIOM, MOKHAa OOYHCIIUTH 3TiAHO 3
BupasoMm (6.4), To6To

1 N
ax =W;Xik Vi, (6.7)

ne K — croBmenp Oyab-sK01 JOMOBHEHOI MATPHII.

SKmo B KOXHIA Todlli (haKTOPHOTO MPOCTOPY MPOBOJAUTHCS M
BUMiptoBaHb, TO y ¢opmymi (6.7) 3amicTe J; BapTO BpaxoBYBaTH
o0uuCcIIeHe 3HaUeHHs CePeJHbOr0 apU(PMETUUHOTO V.

3Hatideni 6 makuil cnocib6 oyiHKu KoegiyicHmie Mooeni
NOKA3YIOMb CMYNIHb 8NIUBY (DAKMOPIE ma IXHIX 83AEMOOIU HA
BUXIOHY Genuuuny. Axujo neped KoeghiyicHmom cmoimv 3HAK
«aocy, mo 31 30IIbWEHHAM O0aH020 (aKmopa 6uxioHa
BEIUYUHA 30IIbULYEMbCA, A AKWO CMOIMb 3HAK «MIHYCY», —
HABNAKU.

Panngomizanis. Perpecil‘/'IHm‘/i aHaji3 BUXOIUTH 13 nepeayMoBu
BUIAJIKOBOCTI MOXMOOK, SIKi BIUTUBAIOTh HA (OPMYBAHHS BXITHHX 1
BUXIJIHUX BHUMIPIOBaHUX BeJMuuH. OJHAK SKIIO MPOBOJMTH JOCTIIN B
TOMY TOPSUIKY, SK 3alHCAHO PSJIKHA MaTpHIll IUIaHY, n06yL[OBaH0‘1‘
BIZIMTOBIHO O npaBia (TuM OiJIBII JUI BWITQJKy TMPOBEACHHS Ccepii
napayienbHUX JOCTIIB Y KOXKHIH TOYIl (aKTOPHOTO MPOCTOPY), TO YHUM
OLNbIIMK MOPSJIKOBHIA HOMEp (akTopa, THM HpPH OLIBINN KiIbKOCTI
JIOCITIIIB MOTO piBEeHb 3aJIMIIAEThCS He3MiHHMM. [l «HaiicTapmioro»
(dakTopa N #HOro piBeHb 3aJMIIAETBCS HE3MiHHMM mpotsirom N/2
nocifi. HaBiTe 3a BiACYyTHOCTI cucTeMaTH4HOI MOXUOKHU BIITBOPEHHS X;
(hikcoBaHe 3HAYEHHS BUMAJKOBOI TIOXMOKM TIEPETBOPIOETHCS Ha
CUCTEeMAaTUYHY MOXHMOKY, 10 TPU3BOAMTH J0 3MIIICHHS PE3YJIbTATIB J;.
UwuM OLIBIINI HOMEp CTOBIIIS MAaTPUIIi, TUM CHJIBHIIINN TIeH BILTUB.

Bimomo, 110 BUNAAKOBICTh BEJIWYMHU BHSIBJIIETHCS y MHOXHUHI il
peamnizaniii. Tomy m00 3aJUIINTH TIIBKK BUIIAIKOBY MOXMOKY B 3aJaHHI
piBHIB (akTOpiB 3 HYJILOBHM MaTeMaTHYHHM CIOJIBaHHSM, yCi 00Caiou
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30TUCHIOIOMb Y UNAOKOBOMY NOPSAOK)Y, TOOTO BUKOHYIOTh PAHOOMI3AUII0
eKCIepuMeHTy [5].

Crnig 3a3HaumtH, 1m0 OyBarOTh BUMAAKH, MPH SIKUX PaHIOMI3aIlifo
3MIHCHUTH HEMOXJIMBO, HANpHUKIA[, KOIMA TMOCHiJOBHICTH YMOB
MIPOBEICHHS TOCITIJIIB € TIEBHUM ITapaMeTPOM.

Mpukaag. BunpoOyBaHHA KOTYIIKM iHAYKTHBHOCTI i3 3aJi3HUM
ocepsiM, y SKOTO IWKJ METIi TICTepe3ncCy 3alie)KUTh BiJ MOMEPETHBOI
po0040T TOUKH.

[uTanns 1Js camonepeBipku

1. SIxnii ekcriepuMEHT HA3HUBAIOTh TIOBHAM (DaKTOPHNM SKCIIEPUMEHTOM?

2. lllo po3ymiroTh mij iaHoM ekcriepumenty? 1llo Take 1ieHTp miany
eKCIIepuMeHTy? Ik BU3HAYUTH KiNbKiCTh HociiniB npu [IOE?

3. Sk moOymyBatn Matpuito minany [IDOE? ki BmactuBOCTI BOHA
Mae?

4. B sxoMy pa3i BBOASTHCS B MOJIENb MAPHI Ta MOTPiiiHI B3aEMOIii?

5. SlkuM YMHOM BU3HAUYAETHCS YEPryBaHHS 3HAKIB Y BEKTOPI-CTOBIIII
B3aeMOJii (HaKTOpiB ISl TOTO, MO0 OIiHKA KOe(IIiE€HTIB MPU IHX
B3a€MOJIISIX BU3HAYAIACS HE3AJIEKHO?

6. Sk o0yMcHUTH BUILHUNA YWiIeH MOIEi?
7. lllo xapakTepu3yroTh koedinienTn npu pakropax?
8. lllo Take panmoMi3allis i ;U1 90TO ii BUKOHYIOTH?

6.2. JIPOBOBUI ®AKTOPHUI EKCIIEPUMEHT

3a 3HayHOI KIJIBKOCTI (haKTOpiB

EkcnepumeHT, akun peanisye o
P P y miany [IOFE MaroTh HAAMIPHICTS.

neBHY HYacTUHy NMOBHOIO

(*)aKTOpHOFO €KCMEePUMEHTY, HpHKJIaII. Hexaii 1L MOZ[e.TIi
Ha3nBaAeETbCA /J,pO6OBVIM
(haKTOPHIM EKCMEPUMEHTOM. y=a,+2.aX,

J:

noTpiOHO Bu3HauMTH 7 KoedilieHTiB. SKimo po3risagatu HOBHI/II/I
(1)aKTOpHI/II/I eKCIIEPUMEHT, TO HeoOXiaHO 3aiicHUTH 64 (Npor = 2° = 64)
JOCTiAM Uil 3HAaXOMKEHHS ceMHM Koedili€eHTiB wi€l MO,Z[CJ'Ii oo €
HEAOLTBHUM.
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3MEHIINTH KIIbKICTh JOCIIAIB I 3HAXOMKEHHS OLIHOK HEBIIOMHUX
Koe(ilieHTiB y OINBIIOCTI MPAKTUYHUX BHUIIAAKIB MOXKHA 32 JOTIOMOTOIO
opobosux gpaxmopnux excnepumenmis (JJPE).

IMoOynoBa maTpumi Apo00BOro (paKTOPHOro0 eKcHepuMeHTy Oe3
B3a€MO/II.

Hpuxkaan. Hexait HeoOXimHO mMOOyayBaTH JIpOOOBY MATPHIKO 32
MIPUTTYIIEHHS, 10 e(peKTH B3aEMOIiH BiICYTHI, TOOTO MO/IETHh Ma€ BUTIISI:

=a0 -l-cll)('1 +a2x2 +Cl3X3.

3a Takoro BUTJISILY 3aJI€)KHOCTI HEBIIOMHUMH € YOTHPH KOG(biLIi(—ZHTI/I
aj, j =0, 1, 2, 3, i1 BU3HAYCHHS SIKHX JOCTaTHHO YOTHPHOX ,I[OCJ'IlI[lB
Sxmno 3actocoByBatu [IDE, kinmbkicTs mociigie mae 0ytu N = 23 , TOOTO
HEoO0XiTHO 3poduTH 8 HOCHTIIIB.

Crouatky po3ristHeMo 1ooynoBy Matpuili [IOE (aus. 1a61.6.1). Skio
BUOEpPEMO TIEpIli YOTHPH PAAKH, TO (DAKTOp X3 MAa€ TiIHKH 3HAYCHHS
HIDKHBOTO PIBHS, a OTXKe, He MOXKHA OJIEpXKaTd TOBHY iH(GOPMAIIiI0 TPO
BIUIMB (pakTOpa Ha BUXiIHY BenMUYMHY. Te came MOXKHa CKa3aTH W mpo
HIDKHI YOTHPH PAAKH, 1€ (aKTop X3 Ha6yBae 3HAYEeHb TiBKH BEPXHBOTO
piBHs. MoxHa cripoOyBati BHOpAaTH TUIBKHM IapHi 4 TUIBKM HeMapHi
PSIKH TIOBHOT MaTpUIIi TJIaHY, ajie pesysbTat 6y;:[e TaKOXX HE3aJOBLUTBHUM.

Bubepemo, Hampukian, psaaku S-ir, 2-i, 3-it, 8-ii marpuni [IDE Ta
o0y IyeMO MaTPHIIIO IUIAHY B TaKUH CIIOCi0:

X, Xy X
-1 -1 +1
X=+1 -1 -1.
-1 +1 -1
+1 +1 +1

VY miii MaTpuili mepiri J1Ba CTOBIII SBIIIOTD o000 MATPHILIO TLIAHY
ABOGAKTOPHOTO eKCIICPUMEHTY BHIY 2°, a Tperiit cTOBIENb BiIOBiTaE
JIOOYTKY piBHIB (DaKTOPIB CTOBIIIIIB X; 1 x2

[loGynoBana B Takuil cHocid0 MaTpulsl Mae€ TPU BJIACTHBOCTI:
OpMO20HATLHOCHI, cuMempii ma Hopmosanocmi. SIKIO L 4YacTUHA
MaTpHli IUTaHy Ma€ 3a3Ha4yeHi BIACTUBOCTI, TO ii B35TO HE JOBUIBHO, a 3a
SIKHMOCH TIPaBUIIOM.

TakuM YMHOM, EKCIEPUMEHT, IO peanidye neBHy udacTunHy [IDE,
Ha3UBAETHCS OPOOOGUM (PAKmMOpHUM eKcnepumenmom. Matpuito, 1o
yrBoproetbest  npu  JDE, HazuBaioTe 0podosow  mampuuero
naanyeanns. KinpKicTb psukiB (Z0ocifiB) Takoi MaTpuli y 3arajJbHOMY
BUTIAJIKy BU3HAYAETHCS CITiBBIIHONICHHSIM
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N=2"-27=2"",

Je N — 3aranbHa KUIBKICTH JiHIMHMX (akTopiB; p — KIiJBKICTB
oooamkosux gpaxmopie; (N — p) — KiABKICTh 0CHOGHUX (hakmopie.

Hnst (n — p) ocHoBHUX (pakTopiB Oyayerscst matpuus IIDE, a ans p
JIOMATKOBUX (haKTOPIiB PiBHI BapifOBaHHS B JOCIiTaX BHOMPAIOTHCS Ha
MiICTaBl TaKk 3BAHOTO 2EHEPYIOUO20 CNIBBIOHOUIEHHS.

s posensmymoezo  npuxnady — mampuyio — 0pob08o2o
qbakmopnoeo excnepumenny  Moicna nooamu sIK  Mampuyio
posmipy 2" x21 mo6mo mampuys J[OFE y yvomy eunaoxky €
NOJIOBUHOIO MAMPUYL HOBHO20 PAKMOPHO2O eKCHEPUMEHIM) .

TI'enepyroue cniggionoutennsa (I'C) — e dopmanbHa piBHICTH, MIO
MIOKA3y€, 3HAKU SKUX HE3ICKHUX 3MIHHUX HEOOXITHO MEPEMHOXHUTU
JUIsl OTPUMAaHHS 3HaKa JIOJaTKOBOro (hakropa, mo0 YTBOPEHHM BEKTOP-
CTOBIIELIb  JOAATKOBOTO  (pakTOpa MaB  BIACTHBOCTI  CHMeETpii,
HOPMOBAHOCTI Ta OPTOTOHAJIBHOCTI. Y PO3TISHYTOMY HPUKIIAII BEKTOP-
CTOBIIEIIb IOAaTKOBOTO (hakTopa MoOyIoBaHO Ha mifcTaBi obpanoro I'C:
X3 = X1 X2.

Takum 4ywHOM, TIpH TOOYIOBI MaTpHIl ,Z[p06OBOFO EKCIIEPUMEHTY
HEOOXI/IHO ~ peasli3yBaTH YaCTHHY ManI/ILII TMOBHOTO  (paKTOPHOTO
GKCIICPHMEHTY, KUTBKICTh JOCTIIB Y SIKiii Mae Oyae KpaTHOIO 2 i Ginbiie
3a KUTbKICTh yKanux koedimientis |, TooTo = 2" > I.

Bubip sx ocnosnux, max i 000amKosux Gaxkmopie € yMosHUM i
oosinbHum. Ilpu  6yOb-aKOMYy  NOEOHAHHI  OCHOBHUX
000amKo8Ux (haxmopie mMampuys He Mpayde C80iX 20N06HUX
enacmugocmeltl.

[MoOynoBana B Takuii cnoci® MaTpwuis miany J®E nae 3mory
He3anedCHo 3HAXOIUTH OLIHKKA Koeilie€HTIB JHIHHOI MOJEN, SAKWo 6
Hill HeMae 83aEMOOILL.

IMo6ynoBa marpuui apo0oBoro (pakToOpHOro eKCHepPUMEHTY i3
B32a€EMOJISIMH.

IMpuxnaa. Po3risiHeMo Moaenb BULLY

4
Y=+ Y aX; +a,%X,. (6.8)
-1

3a mpaBWJIOM MOOYIOBH APOOOBOI MAaTpHIli YMOBHO BI3bMEMO SIK
OCHOBHiI (haKTOpU X;, Xp, X3, & SK JAOAATKOBUA — X4. J[s1 OCHOBHHX
(akTopiB  OyAyeTbCS MATPHIE SK Ui MOBHOTO  (haKTOPHOIO
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eKcriepuMeHTy. [[isi Bu3HaYeHHs 10AaTKOBOro ¢akropa B3sato ['C: x4 =
X1X7, TOOTO 3HAKW BEKTOPIB-CTOBIIIB JUISl JIOJIATKOBOTO q)aKTopa X4
OyIoyTh BH3Ha4YaTHCA AK AOOYTOK X1X;. OCKUTBKH MOAENTh MICTHTH
3HAUYIly B3aEMOJiI0, TO JUIsl BU3HAYCHHS OI[HKU KOeQillieHTa IpH
B3a€MOJIi JIOTIOBHUMO MATPHUIIO IJIAHY BEKTOPOM-CTOBIILIEM JaHOT
B3aeMomii. [loOynoBaHy B Takuii Croci0 MaTpUII0 HAaBEJACHO B TaOJUIIi

6.2.

Tabauys 6.2
aﬁ?&g, i X1 X2 X3 X4= X1Xo X1Xs
1 1 1 1 +1 1
2 +1 1 1 1 ]
3 1 +1 1 ) 1
4 +1 +1 1 +1 +1
> -1 -1 +1 +1 1
6 +1 1 +1 1 1
7 -1 +1 +1 1 +1
8 +1 +1 +1 +1 +1

[Ipu po3risimi MaTpuIli MOKHA TOMITHTH, IO YePTYBaHHS 3HAKIB Y
BEKTOPI-CTOBIIIII X1X4 TOBHICTIO 30ira€rbcs 3 4YEpPryBaHHIM 3HAKIB Y
BEKTOPi-CTOBIIIII Xp.

3Ba)kalouu Ha T€, 10 OI[IHKKA KOE(MIIIEHTIB OOYMCIIOIOTHCS 3a TIE0
camMor0 (HOpMYIIOI0, a KOPENAIis 3HAaKIB Y BEKTOPAaX-CTOBIIIX X, 1 X1X4
JIOPIBHIOE OJMHMWIN, HE MOXXHa OKPEMO OI[iIHUTH BIUTMB (axTopa X, i
B3aeMOJIl X1x4. MOKHA OIIHUTH TUIBKHM IXHIH CymMapHuil BIUIMB, IO
MOJTAETHCSI Y BUTIISIITL 200

a, = (ay +ay,),
abo
ayy = (5’14 + &2)-

Ak BUmIMBae 3 1UX (QOPMYyJ, OIHKAa CyMapHOTO BILTUBY Oyze
00HAK06010. YPaxyBaBIlli OCTaHHI PIBHOCTI Bupa3 6.8) MoxHa 3amucaru
K

A~ A

Y =8, +ayx, +ayx, +azxz +a,x,
abo
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~ A A ~ A A
Y =8y +axy +azXy + ayX, + a0, .

TakuM YMHOM, MAEMO 3MIULYBAHHS OYIHOK.

3a  HassHocmi  63a€EMO0Ii  HEOOXIOHO 00  NPOBEOeHHs
excnepumenmy — nepegipamu  Mampuyilo Ha  6I0CYMHicMb
3MIULYBAHHA KOepiyieHmie npu (Gaxmopax nepuiozo Cmeneus
ma nepeddauysanux Cymmesux 63aEMooil.

st BcTaHOBNEHHS (DaKTy 3MilTyBaHHSA OLIHOK KOe(illi€HTiB MoJei
HeMae HeoOXiTHOCTI Ha OCHOBI HempaBWIbHO BuOpanoro I'C OymyBarm
MaTpUIIIO TUTaHy, JOTOBHIOBATH ii BEKTOPAMHU-CTOBMISIME B3a€EMOJIN, a
MOTIM MEPEeKOHYBaTHCS B TOMY, 110 obpane I'C He ngae 3MOrH OKpemo
OI[IHATH BIUIMB MOXIMBUX (DaKTOpiB 1 IXHIX B3a€MOMii Ha BUXIIHY
BEJINYMHY — OIIHKHU KOe(ilieHTIB Oy yTh MillIaHUMHU.

Jus Toro, mo6 mpaBunbHO BuOpaTH monmatkoBuil daktop i ['C mus
HBOTO, HEOOX1IHO:

1) no ckJIagaHHA MaTpHIU IUIaHy BHU3HAYMTHCA, SKi B3a€MOZII
(haxTOpiB MOXKYTH OYTH CYTTEBHMH, 1 BKIFOYHTH 1X y MOJICIIb;

2) mepeBipuTH, Yd OyayTh Mimmanumu npu oopanomy I'C B3aemoii 3
(hakTOpaMu, BUKOPUCTOBYIOUH GUSHAUATLHUL KOHMPACT.

Busnauanvnuii konmpacm (BK) — ne ¢dopmanbHa piBHICTb, IO
MOKa3ye, 3HAKH SKUX HE3aJEKHUX 3MIHHMX HEOOXIJIHO MEepeMHOXHTH,
mo0 y Bcix psaakax marputi JJPE nicratu +1.

BusHauanbHUIT KOHTpacT OyAyeTbcs Ha IiACTaBl TI'€HEPYIHOYOTO
CHIBBIIHOIIEHHS IIUIIXOM MHOKEHHS 000X HOT0 YaCTHH Ha JIOJATKOBUH
¢akTop, ToO0TO Ha NiBy yacTuny ['C. 1151 pO3IIISIHyTOrO MPUKIIALY:

I'C: x4=x1x5;
L2
BK: X4 = X1X2X4.

3 orsimy Ha T€, M0 Xj2= 1, BK: 1 = x1x0x4.

Jus toro mo0 mepeBipuTH, YU 3MIINTyBaTUMETHCS B3aEMOIIS 3
SKUMOCh 13 (haKTOpiB, HEOOXIAHO TOMHOXHUTH I[f0 B3a€EMOJII0 Ha
BU3HAYaJIbHUH KOHTpacT. sl pO3MISIHYTOro NPUKIAAy: MOMHOXHMO
o6uaBi yactuau BK Ha B3aeMO1I0 X1X4:

— 2 2 —
X1X4— X 1X2X4 abo X1X4— X2 .

OcTaHHE CHIBBIJHOIICHHS O3HA4ae€, 110 B PO3IJISHYTOMY BHIAJIKY
YepryBaHHs 3HAKIB Y CTOBIIII X1X; MOBHICTIO 30Ira€ThCs 3 YepPryBaHHIM
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3HAKiB y BEKTOPI-CTOBIIII Xp;, IO W CIoOcTepiraigocs Mpu MOOYIOBi
matputli IPE, Tobto B mpomy Bunanky I'C oO6paHo HEMpaBUIHHO.

Ax I'C moxnHa Oyno © y3aTH H MOTpiiHY B3a€EMOJII0, TOOTO X4 =
X1XoX3. [lpu 1bOMy, sSIK TPaBHUJIO, BiJIOYBaTUMETHCS 3MIllIyBaHHS HE
TUTBKH 3 TTOABIHHOIO, a ¥ 3 MOTpiitHOIO B3aeMoiero. [Ipore unm OiTbIIHA
MOPSAAOK B3aeMoii (OinbpIie emeMeHTiB y Iifi B3a€MOii), THM MEHII
IMOBIpHO, III0 BOHA CYTTEBA.

Omoxce, AKWO MOOenb MiCmums JiHIHI 83a€MO0ii hakmopis,
nompibno npasunvro subupamu I'C, euxopucmosyrouu BK ons
NepesipKU He3ANeHCHOCE 3HAXOOHCEHHS OYIHOK KoeqiyicHmis.
Ipasunonuii eudip I'C € 6usHauanbHum npu nooanbLULOMY
MAYMAYEHHI pe3yiIbmamie eKCnepumeHmy.

Meton «mepeBajiy» sl 3HAXOAKEHHSI He3aJIesKHUX OUIHOK. SKio
YMOBH TIPOBEICHHS €KCHEPUMEHTY HE MOXYThb MiITPUMYBaTHCA
NOCTIMHUMHU (3MiHA TeMIlepaTypH, BOJIOTOCTI JOBKULISA), L€ MOXKeE
MIPU3BECTH /O 3CYBY OIIIHOK KOE(QiIli€HTiB, TOMYy CBIJOMO WIyTh Ha
po30UTTS TOBHOI MaTpulli Ha ApoOoBi. [Ipu bOMY YHHKAIOTh BILTUBY
Ipeidy daxTopiB, aje me MOKe IPU3BECTH A0 3MIITyBaHHS OIIHOK.

Jas toro mo0 3HAaXOAWTH OLIHKM B3aEMOIIM HesanedxcHo, OIHY
YacTHHY MaTpulli BuUOWparoTh mnpu pomatHomy I['C, a nmpyry — mpu
BiJI’€MHOMY.

[IpumycTumo, 1110 MOAETb Ma€ BUTIISL

4
Y =89+ D a;X; + 81X, + BygXpX,
j=1

Po30uBaeMoO MaTpuIl0 MOBHOTO (PAKTOPHOTO EKCIIEPUMEHTY Ha JIBi
MaTpHIli  JAPoOOBOro  (haKTOPHOTO  CKCIIEPUMEHTY 33  3a3HAuYCHHUM
TIPaBUIIOM.

BH6epeMo JO/laTHE I'Cl: X4 = X1Xp. Hns I'C1 Bu3HayanbHU KOHTpAcT
JUTSI TIEPEBIPKY 3MIITyBaHHS OLIIHOK oyne BK1: 1= xx; Xg.

TakuM YWHOM, MPHU MEPEeBIpILl Ha 3M1myBaHHs[ OIIIHOK KOe(iIieHTIB
JIICTaeMO X1X4 = Xz, TOOTO X1x4 3MilIaHo 3 Xp. I[lepeBipsemo apyry
B3AEMOJIIIO: XoX4 = X1, TOOTO XpX4 3MIIIAHO 3 X1.

Toxi cymapHi OLIHKY BIJIMBY OyIyTh:
dp = (Gp+dg)
abo
Gy = (Aratdy).
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A Takox
dy = (d1+dos)
abo
o = (doatay);

[IpoBognMo mpyry yacTWHY eKCIIEpHMEHTy. Bubmpaemo Bim emMHe
I'C2: x4 = — x1x,. 1 I'C2 Bu3HawanmbHuM KOHTpAcT BK2: 1= — x1x5x4.
Topi, BUXOIS4M 3 HASIBHOTO 3MIIITyBaHHS OIIHOK, Ma€MO:

) 4y = (G~ dua); G1d = (dra— o).
AHaNOT19YHO 3HAXOINMO:.

dl**: (G1— daa); d24**= (Goa— dn).

Jiist 3HaXOIKEHHST HE3aJIeKHO OLIHOK KOe(illieHTIB NpH (akTopax i
B3a€EMOJISIX HEOOXiTHO OOYMCIMTH MiBCYMY Ta MiBPI3HHULIO 3HANIECHUX
MIIIaHUX OIlIHOK:

AK KK

ayt+a, _a,+a,+a,—a, 2a, P
= =—2=a,;
2 2 2
Ak Ak
a,—a i
2t =ay,
2
AHaAJIOTTYHO 3HAXOAUMO:
AK AKKk AK AKK
a, +a . a, —a .
1ta a; 1”4 Gy
2 2

VY pe3yabTati TiCTaEMO HE3MIIICHI OLIHKN KOS(II[IEHTIB.

Mooynora maTpuui JIPE i3 nBoma 1ogaTkoBUMH (PAKTOPAMH.

VY pazi 3Ha4HOi KiNBKOCTI (aKTOpiB 1 mMependavyBaHOrO JiHIHHOTO
BuTIIsA Ly Moneni HaamipHicTs [IDE pizko 3pocrae.

IMpuxaax. Mojiens Mae BUTIIAL

5
=

IIpu kinekocti ¢akrtopiB N = 5 1iei Moxmem HeoOXigHO 3a
pe3yibTaTaMy eKCIIEPUMEHTY OI[IHUTH JIUIIIE TIiCTh KOe(illieHTIB. 3 1i€t0
METOI0 10cTaTHRO mposect 2" P> 6 nocmiais. Buxoaauu 3 MiHiManbHOI
HanmipHocti JIDE, Bubupaemo N = 8, To6to (n — p) = 3. 3 oy Ha Te,
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mo N = 5, KUIbKICTh J0AaTKOBUX ¢akTopiB p = 2, a JJDE cranosuts
yBepTh Bi [IDE. Ockinbku nomaTkoBux (GakTopiB mpu mMboMy Oyje Ba,
TO HEOOX1THO BUOMpATH JBa TeHEPYIOUi CITiBBiTHOIIIECHHS.

Cuctema 3MilllyBaHHS OLIIHOK y IIbOMY pasi Oyze CKIaIHIIIow, HiX 3
OJTHAM JIOJATKOBHM (hakTOpoM. J[11sl 3HaXO/PKEHHS CHCTEMH 3MilTyBaHHS
TaKOK BUKOPHCTOBYIOTHCS BU3HAYAILHI KOHTPACTH.

Hexaif s mobymoBH MaTpuii 2° 2 BHKOPHCTOBYIOTH T€HEpyIOdi
CITIBBIIHOILIEHHS

I'Cl: x4= x1x5 ; I'C2: x5= x1x2x3.

Ilepmr =X OyayBaTh MaTpULIO JApPOOOBOTO EKCIEPUMEHTY U
MIPOBOJIUTH BJIACHE €KCIEPUMEHT, HeOOXTHO TEePEeBIpUTH MPaBUIHHICT
Bubopy I'C11TC2.

Huns uporo HeoOximHo, Buxomsuu i3 ['C, ckimactu Bupasm s
BU3HAYAJIbHUX KOHTPACTIB:

BK1:1= x1x0x4; BK2:1= x1x2x3x5 .

Ko nepeMHOXHUTH MK co0oto i BK, To 3rigHO 3 O3HaYCHHSIM
nmicta"emo e oguH BK:

1= xax4xs.

Jnsi 3HAaXOMKEHHS CHUCTEMH 3MIIyBaHHS OLIHOK Koe(illieHTiB
BUKOPHUCTOBYETHCS y3aeanbrenuli susnadanvrus koumpacm (YBK), axuit
OyayeThcst Ha OCHOBI BuxigHux BK.

Y3azanvnenuit euznauanvnuit konmpacm (YBK) — 1ie piBHIiCTS, 110
MICTHTh yCi MOXJIHMBI KOMOiHaIil BHU3HAYAILHUX KOHTPACTiB, TOOTO
MoKa3ye, SKi KOMOiHaIii 3HaKiB HE3aJe)KHHX 3MIHHHX Y BCiX psAKax
MaTpHIli APOOOBOTO EKCIIEPUMEHTY AadyTh OJWHHUIIIO.

VY 3aransHomy Bunazaky YBK mictuth y co0i BuXigHi BU3HAuYalbHi
KoHTpacTy, orpuMaHi i3 I'C, Ta ixHi 100yTKH 1O J1Ba, MO TPH 1 T.JI.

st posrasiHyToro npukiany YBK 3anumersces B Takui coci6:

1 = X194 = X3XaX5 = X1X2X3X5.

Taxum uunom, ompumane cnig8iOHOULEHHA MiCmMumy y cooi 6Ci
Modicnusi kombinayii gaxmopis, dobymox axux dac +1. Tum
camum MOACHA OiCMamu 8Ci MONCIUBL BaAPIAHMU 3MIULYBAHHSL
OYIHOK npu haxmopax ma ixuix 83aemooisix 0as oopanux I C.
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Muoxaun YBK mnocmigosHo Ha xj; j = 1,.,5, gicraemo s
HaBeJICHOTO MPHKJIAAY TaKi CIiBBiIHOIICHHS:

X1= XoXq = X1X3 X4X5 = XoX3 Xs,
X2 = X1X4 = XoX3 X4X5 = X1X3 Xs;
X3= X1X2 X3Xg4 = XgX5 = X1X2 Xs,
X4 = X1X2 = X3X5 = X1X2X3 X4 Xs,
X5 = X1XoXg X5 = X3 Xq = X1 X2 X3,

3a JOTIOMOTOI0 SIKMX MO)KHA OIIHUTH 3MIITyBaHHS HE3aJeKHUX 3MiHHUX
Ta TXHIX B3a€MO/IIH.

Hpuxnan. [{ns omiHku a3 PIBHSIHHS X1 = XoX4 = X1X3 X4X5 = X2X3 Xs:
MaeMO 3MiH_IYBaHH$I dl*z ( d1+dsatdizast d235).

Axwo oyinku xoeghiyienmie npu ¢paxmopax d; 3miwani 3
OYTHKAMU KOepiyieHmie npu 3HALYUWUX NAPHUX 3AEMOOIAX, MO
I'C obpano nenpasunvro, abo oc oanuii [JPE ne daec smoeu
OKpeMo oyiHumu KoegiyicHmu.

Y yvomy eunaoxy neobxiono cnouamky 000yoysamu ompumany
ugepmv mampuyi 0o niemampuyi [IPE, a saxkwo ye He
donomooice, mo 006y0ysamu 00 HOGHOL MaAMpPuyi.

CratuctuuHa oOpobOka pe3yibrariB JI®PE ananoriuna oOpoOIi mpu
[OE.

IMuranus 19 camonepeBipku

1. B sxux BHUMNamKkax 3acTOCOBYIOTH JpoOoBuil  (haKTOpHUI
eKCIIepUMEHT? SIk BU3HAYa€ThCs KUIBKICTh gociiaiB npu JIDE?

2. SIxi BnactuBOCTi moBuHHA MaTu Matpuis JJOE?

3. SIke mpaBuio moOynosu Marpuii JDE?

4. lllo Take TreHepylYe CHIBBIIHONIICHHS Ta BHU3HAYAIBHHH
KOHTpacT? SK 1 Ui 40oro BOHW BU3HAYAIOTHCSA?

5. B skoMy BHUMagKy MOXeE CIIOCTEpIraTuCs 3MIIIYBaHHS OIIIHOK
koedinmieHTiB? SIKk MOYKHa YHUKHYTH 3MILTyBaHHs OLIIHOK Koe(ilieHTiB?

6. Y "oMy monsirae cyTh METONLy «IIepeBay»?

7. lllo Take y3araJpHIOIOUMI BU3HAYAIBHUM KOHTpacT? B sxux
BHUIIAJKaX BiH 3aCTOCOBYETHCS?

8. Sk 6ynytotbest Marpuni JIDE s moneni 3 1Boma B3aemMoisiMu?
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6.3. OBPOBKA JAHUX AKTUBHOI'O EKCIIEPUMEHTY

O6pobka ekcnepuMeHTanbHMX Peectpattist pe3yibraTis
naHux mae 6yTu cnpsiMoBaHa Ha BUMIpPIOBaHHs BHXiTHOT
BMU3HAYEHHS perpeciHoi moaeni, ska 6 | BeaquunHd Y Ma€ BIANOBIAATH
3a BMOpaHMM KpuTepieM Hankpalle peanpHO  3a0e3rnevyBaHii y
BiANOBiAANa HasiBHUM [aHUM JTOCITiIi TOYHOCTI BUMipIOBaHHS.

YcranoenenHss piBHIB (akTopiB X; Mae BimOyBaTwcs 3TiIHO 3
TEOPETUYHUMH TEPEAYMOBAMHU PErpeciiHOro aHamizy i OyTH HaiOiNbII
TOYHOIO.

SKIo HeMae BIEBHEHOCTI, IO YMOBHM TPOBEACHHS IOCTIMIiB CTalli,
a0o0 BIJICYTHI JlaHi TIPO XapaKTEPUCTUKUA MOXUOOK 3aCTOCOBAHMX 3aco0iB
BUMIPIOBaHb, TO JOCTIIA B KOXHIM TOYIi (DaKTOPHOTO MPOCTOPY
JyOITFOIOTHCS (ITPOBOJAUTHCS CEpPist TOCIIIIB).

Hexaif y koxHiit TouIi (hakTOpHOTO TIPOCTOPY, SAKiH BiAOBIAAE OAMH
13 psIIKiB ManHul MIaHy, MPOBOJAUTECA M CIOCTEPEKEHb. Y pe3ynbTaTi
OZICPXKYIOTh Yy, 716 | — PSIIOK MaTpPHII (Tqua (haxropHOTO MpocTopy); U —
MOTOYHHH HOMEP CIIOCTEPEKCHHS B i-i TOULL.

Jnst Oynb-sikoi i-1 TOYKHM OOYMCIIOETHCS CcepeaHe apuMeTHUHE
3HAYEHHS BUXI1THOI BETMYHHH:

1.
m = u

Ta OI[iHKA JUCTIepCii BUXiAHOT BETMYMHU B TOUIl (AKTOPHOTO POCTOPY:

m

Sz{yi}zﬁ_Z(;}‘iu —)_’i)2 . (6.9)

Jucnepcist S?{y;} 3yMOBIIOETBCS BHIIAIKOBOK TOXMOKOK0 3ac00y

BHMIPIOBaHb.

BimoMo, 1m0 MOXHa TPOBOAUTH CIIBHY OOpPOOKY pE3YJbTATiB,
OTPUMaHHUX ITPH PI3HUX AOCTiAaX y BHUMNAAKY, KONM Ii Pe3ylbTaTH €
BUOIPKOBMMHU 3HA4YEHHSMH Ti€l camoi TeHepalbHOi CYKYyMHOCTI
BUTIAJIKOBOI BENMYMHHU. Y I1[OMY pa3i BHOIpKOBI jwcriepcii, ToOTO
«aucrepeii A7 TOYOK» MaTpuli MmiaHy OyAyTb OJHOPIIHUMH, IO AA€
3MOTY BUKOPUCTOBYBaTH BHOIPKOBI Jucmepcii Juisi  TepeBipKH
BiATBOprOBaHOCTI gociifiB. Ilpu mpomy BuCyBaeTbes rinotesa Hy:
mucriepcii ofHopinHi. J[s mepeBipKH TinmoTe3n BUKOPUCTOBYEThes G-
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cratuctika KoxpeHa, 10 MOKa3ye, SKy 4YacTKy B 3arajbHill CyMi
BUOIPKOBUX JTUCIICPCIH CTaHOBUTH MaKCHMajbHa 3 HUX. Po3paxyHKOBe
3HaueHH: KoedinieHTa G, 00UNCITIOIOTH 32 (HOPMYIIOH0:

Gp:ﬁriax—{;i}'
;SZ{%}

V pasi ineanpHoi 0JHOPIAHOCTI BUOIPpKOBUX aucnepcii koediient G,
npsimyBaB 6u 10 3HadeHHs 1/N.

Po3paxopane 3HaueHHs1 G, MOPIBHIOIOTH 13 KPUTUYHHUM 3HaueHHAM G-
kputepito Gy, sIKe BUOMPAIOTH 13 BIAMOBIAHUX TAONUIb Ul IPUIHHATOrO
PiBHS CTaTHCTUYHOI 3HAYYIIOCTI O 1 JUIA KiJBKOCTI CTYTEHIB CBOOOIU
yncenbHKKa Ta 3Hamednuka f o= m—1; f .. = N.

Sxmo 3HadeHHa G, Oyne meHmuM 3a Gy, TO Ha MiACTaBl HAasBHHUX
EKCIICPUMEHTAIIBHUX JIaHUX 31 CTATUCTHUYHOK HaIiHICTIO 1 — 0 MOXHa
CTBEpXKYBaTH, IO JUCTIEPCii — OJHOPIAHI.

OmHOPImHICT JOWCTIEPCIH € OJHIEID 3 TOJNOBHUX IEPEeIyMOB
perpeciiHoro aHamily, 1 HasBHI eKCIEPHUMEHTaJbHI JaHi MOXHa
00poONATH CHiNbHO. Y MPOTUIIEKHOMY BUMAIKY TOAAJbIIA CTATUCTUYHA
00poOka He Mae ceHcy. lIpm BUHUKHEHHI Takoi cHTyamii HEOOXiTHO
30UIBIINTH KUTBKICTh MapajieIbHUAX JIOCIIIB 200 MPOBECTH SKCIICPUMEHT
3HOBY, 3BEpHYBIIM YBary Ha INPaBWIBHICTh 1 TOYHICTH YCTQHOBJICHHS
piBHIB BXiTHUX (DaKTOPIB, @ TAKOK 3aCTOCOBYBATH OLIBII TOYHI MPUIIAIH
a00 MeToI BUMIpIOBaHHS.

[lepexoHaBIINCH B OJHOPITHOCTI AWCIIEPCIHA, PO3PAXOBYIOTH OLIHKH
koedimieHTiB MoJIeNi 3a POpMyYIIOI0:

. 1S
ay zﬁzyikxik , (6.10)
=]

ne kK — Homep BeKTOpa-CTOBIILIS.

3Haiiieni B TakWd Crocid OLIHKM KOE(MII[EHTIB HEOOXIiTHO
NEPEBIPUTH HA CMAmMuUcCmuyHy 3uauyuwjicms. MeETO0 NaHOTO eTay €
BCTaHOBJICHHsSI ()aKTy CIPaBXXHHOTO BIUIMBY DPO3TISHYTHX (aKTOPIB i
B3a€EMOZIH.

Jnst  TepeBipKkM  CTATHCTHYHOI — 3HAYymocTi  koedimieHTiB 3
ypaxyBaHHSAM TOTO, IO MaTeMaTHYHE CIIOMiBaHHA K-ro koedimieHTa
HEBizloMe, BUCYBa€eThCs Tinore3a Hy: ax = 0 1 mepeBipseTbesl BiIXUICHHS
BiJI HyJIs 3HAIICHOT OLIHKY KoedilienTa &, .
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JIAs 11bOro BUKOPHCTOBYIOTH po3no i CThloieHTa i 00YHCIIOITS fyk
JUTSE KOXKHOTO K-T0 KoediIienTa:

t k _ |ak - ak|
Pk — ~ 1
S{ak}
me S {ék} — OIIHKa CEePeHbOKBAAPATUYHOTO BiIXWICHHS BU3HAYCHUX
KOeilliEHTIB; @ — MaTeMaTUYHE CIIOJiBaHHA KOe(Iilli€HTIB, SKE B

JTAHOMY BHIIQ/IKy JJOPiBHIOE HYJIIO.
PosrnsHemo mucmepciro  OUiHKM  KoedilieHTa, 3HaimeHOi 3a
eKCTIEPUMEHTAIbHUMH TAHUMH.

. 1w
s?{a, j=s? NZJ’iXik
i1

V3 1o yBaru, mo N = const, a X, =+1, ocTaHHI} BUpa3 MOKHA
3aMmucaTH Tak:

sz{&k}=Nis Zi NZZS

i=1

Bimomo, mo aucriepcis cepemHbOro B M pa3 (KpaTHICTh MPOBEICHHS
JIOCITIIIB) MEHIIIA 32 JUCIICPCI0 OHOIO BUMIPIOBAHHS, TOMY

2 S2Y,
S {yi}z%}, (6.12)

abo
m

J’.u
=1

82{_i}:

Ha miacraBi mioiiHO HaBemeHoro i 3 ypaxypanHsMm (6.9) moxHa
3aIrucaTu:

Bll—\

U

2{ } 1 1 N m
S = — Vi
v o
PosrisHeMo  OIiHKy —Jucrepcii  BiaTBoproamocti  SZ,  sAKa

XapakTepu3y€e TOYHICTh OJIHOTO (ycepe)lHeHoro) BUMIpIOBaHHS 1 €
Cepe/IHLOI0 3 YCiX BHOIPKOBUX JaucHepciii y Toukax (akropHOro
IPOCTOpY:
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P _ 1 1 s -y
SBZ = = (yiu_yi) .
N N m—lz ~

i=lu

Jucmepciss  BiITBOPIOBAHOCTI SE2 YpaxoBy€ BIUIMB BHUIAJAKOBUX

BCJIMYWH, W0 NPU3BOJUTH JO TIOXUOKM BHMIpPIOBaHHS BHUXIiJTHOI
BEJIMYUHU.

Y oOeaxux eunaokax, konu € 6nesHeHicmv, WO OUCHEPCIi
00HOPIOHI (Matomb 8racmugicms 8i0MEOPIOSAHOCII), OYIHKOIO
oucnepcii  8i0mMBOPIOBAHOCI  MOdCe Ccayey8amu O0HA 3
subiprosux oucnepciti abo oyinka oucnepcii 0s 6yOb-sKoi MOUKU
Gaxmopro2o npocmopy, Hauuacmiuie Yenmpa niaH)y.

TakuM urHOM, OWIHKY AmcIiepcii KoedillieHTa MOXKHA 3alHucaTdH Y
BUTJIAII:

., S?
s*{a,}= N:n'

O0uncnuBIIM Yy Takud CcHoOCiO Sz{dk}, MOKHA BH3HA4YUTH tpy, SKI

HOPIBHIOIOTh 13 KPUTHYHUM 3HAuYeHHAM t,. 3 orisamy Ha Te, IO IUIAHU
NEepPUIOTO TMOPSAAKY MaroTh BIACTHBICTh HOPMYBaHHS, OIiHKa AMCHEpCil
JU1s BCIX KoeQilieHTiB Oy/1e 0HaKOBOIO, TOMy 1 t, Oyze ojHe i Te came.

Sxmo tpe < tg,, TiNOTE3a NPUHMAETHCA, TOOTO 3 MPUHHATHM PIBHEM
CTaTUCTHYHOI 3HAUYIIOCTI 0 K-if KoedilieHT BBaXKAETHCS CTATHCTHYHO
HE3HAUYYIIMM, 1 HOTO BUJIy4aroTh 3 PiBHAHHS perpecii. [Hakiie kaxyuwu,
HE MOYKHAa BHJIUTUTH BIUTUB Xy (hakTopy abo B3aeMoliii Ha (OHI BILIUBY
BUIIAJKOBUX BEJIMYMH, TOMY HEMa€ CEHCy BKJIIOYATH IIed (akTop y
Monenb oO'ekty. 3 ormsamy Ha T1e, mo IIDE wmae BmactuBocti
OpPTOTOHANBHOCTI, BHWIIyYeHHS OyIb-AKOTO KoedimieHTa 3 piBHAHHS
perpecii He BIUTMHE Ha iHINI KOS(IIiEHTH.

JUitst KOXKHOTO KoedillieHTa d, MOXHA BH3HAYUTH 00Gipuull IHMepsal,

10 HAKPHUBA€ ICTUHHE 3HAYCHHS KoeQilieHTa ay 13 NPUHHATUM piBHEM
CTaTUCTHYHOT 3HAYYIIOCTI, JIJIsl YOTO 3aCTOCOBYIOTH OPMYITY:

4 -t Sla j<a <a +t,S{@E }.

[MoOynoBany Mojenb HEOOXITHO TEPeBIpUTH HA A0eK8AMHICHb
JIOCHIDKYBAHOMY 00’€KTY, TOOTO BCTAHOBUTH, HACKIJIBKH J00pe BOHA
BI/INIOBIZJa€ OTPHUMAHKUM €KCIIEPHUMEHTAILHUM JJAHUM.
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Bucysatotes rimotesy Hp: Momenb ajekBaTHa. SIK CTaTHCTHYHY
XapaKTepUCTUKY  BHUKOPHUCTOBYIOTH  F-CTaTuCTHKY, pO3paxyHKOBE
3HAYEHHS SIKO1 3aX0JIATh 33 BUPA30OM:

BiaMiHHICTB AMCIIepCii aleKBaTHOCTI BiJI HYJISI MOXE 3yMOBITFOBATHUCH
JIBOMA IPUYHUHAMH:

1) mepenbauyBaHa MOJENb CIPAB/Ii HE afeKBaTHA (i3HUHOMY 00’ €KTY
(HempaBWIBHO BUOPAHO anpOKCUMYIOUYHI TIOTiHOM);

2) dYepe3 BIUIMB BUITAJKOBHX BEJIMYHMH Ta OOMEKCHHUI 00CAT BUOIPKH.

Jucrnepcito anekBaTHOCTI 0OYUCITIOIOTH 32 (hOPMYIIOFO:

N

2 .M = aY
St=——2.0i-5), (6.12)
N-I4=
JIe M — KUIBKICTh MapajelbHUX AOCHINIB B i-d TO4YIl (haKTOPHOTO
npoctopy; | — KIiJABKICTH CTAaTHCTHYHO 3HAYYIIMX KOE(IIEHTIB
MOJENI; Y, — CepelHi 3Ha4eHHsS BUXIAHOI BEIMYMHH; Jj — 3HAUYEHHS,

OTpUMaHI MIISIXOM ITiICTaBICHHS BiIIOBIIHOTO 3HAaKa Xjx (PiBHS 3MIiHH |-
ro (hakTopa ab0 CYyTTEBHX B3a€MOJIIN).

V Takuii cnoci6 MOXKHA OLIHUTH BIAMIHHICTB CEPEIHIX 3HAYEHb ),

BUXIJTHOI BETMYMHM BiJl 3HA4YEHb Jj, OTPUMAHHUX 3 PIBHAHHS perpecii B
THX CaMHX TOYKaxX ()aKTOPHOTO ITPOCTOPY.
BB  BUMAagKOBMX  BENMYMH HAa  Pe3ylbTaT  BUMIPIOBaHHS

OLIiHIOETCS 3a 0ToMoroo S”. TakuM uMHOM, F, nae 3amory 3’scysaru

MPUYUHY BiIMIHHOCTI BiJ HyIIs Sazu.
3HalizieHe po3paxyHKOBE 3HAYCHHs F; MOPIBHIOETHCA 3 KPUTHYHUM
3HaueHHsAM F, 110 BU3HAYa€ThCA 3a Tabimusmu F-po3noaity npu pisHi

CTaTUCTHYHOT 3HAYYIIOCTI ¢ 1 KiJIbKOCTI CTYyIEeHIB cBOOOIH:
fa=N-1 i fo=N(m-1).

Sxmo F,< Fy, To rinoteza H, mpuiiMaeTbcs, TOOTO Ha MiACTaBi
HAsSBHUX JIOCIIIHUX TaHUX MOKHA CTBEPJDKYBATH, 110 MO/JIENb aJcKBaTHA
00’exTy. SIKII0 Hi, MOTPIOHO 3MIHIOBATH TinoTe3y (BBOAMTH JIOJATKOBI
(akTopu, B3aEMOIi TOIIO).
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[lepekoHaBIINCh B aJCKBATHOCTI MOJIENi, HEOOXiAHO mojatu 1i B
npUpoOHill cucmemi KOOPOUHAM.

Komm pmmcmepcis  BiATBOPIOBAHOCTI BHU3HAYAETHCSA TUTBKH — 3a
MPOBEJICHHSM JIOJIATKOBUX Mg JOCHIAIB y MEHTpl IUaHy, i il
0o0YmCIIeHHs] BAKOPUCTOBYIOTH (POPMYITY:

1 &~ _
Ss ZSBZ =—m _1Z(y0u _yo)z
o i=1

Le memo 3MiHIOE poO3paxyHKOBI (GOPMYIH TMpPH CTAaTHCTUYHIN
00po6mi. Tak, BpaxoByrouH, 1m0 M = 1 i KpUTHYHE 3HAYCHHS KOoedillieHTa
CrbronenTa OepeThest 3 TaOJHIN TS KUTBKOCTI CTyIeHiB cBoboau f,= my— 1,

ICTAaEMO:
2 S,
SHad=g

Ouinka BHXiZTHOI BeJMYHMHH Ha miAcTaBi perpeciiinoi MojgeJi.
YCTaHOBNCHO, IO IUIAHM TIEPUIOTO MOPSAKY 4epe3 BIaCTHBICTH
OpTOFOHaHbHOCTl JIAI0TH 3MOTY HE3JIEKHO OLIHIOBATH BILTHB (pAaKTOPIB i
iXHIX JTiHIHHUX B3aeMoIid. Po3risHemMo, 3 SIKOIO TOYHICTIO OLIHIOETHCS
BUXiJTHA BEIMYMHA JOCII/)KYBaHOTO O0’€KTa Ha MIJCTaBi 3100yTOrO
PIBHSHHS perpecii, a TakoX SK 3a OTPUMAHOI MOAEIUII0 MOXKHA
NPOTHO3YBAaTH 3HAYEHHS BUXiTHOT BEIMYNHHU.

[IpumycTrmo, o MoJenb JiHiiHa, a 3100yTe PiBHIHHA perpecii, 1mo
aJICKBAaTHO OIKCY€E SKCIIEPUMEHTANIbHI JaHi, MA€ BUTJISII;

n
P=do+ Y &%, j=1n .

j=1

Orinka aucrepcii BUXiAHOT BEIMYUHH Oy /1e
2 2 \
SH{yj=S%a,+ Y 4;x
i1

3rifHO 3 BIIACTHBICTIO opmozoxanbHocmi (depe3  BIICYTHICTb
KOpeJsIii Mi>k 3HAlICHUMH OLIIHKaMH Koe(illieHTIB) MOXKHA 3aIHCaTH:

n
S?{p}=5%{a,}+S? Zaijxj
j=1
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3rifHO 3 BIACTHBICTIO HOPMOGAHOCMI BUIUTUBA€E, IO IucHepcii
OIIIHOK KOe(illi€HTIB OHAKOBI, TOOTO

$°{ay} = ${a;}=5{a},

1 Toxl
n
20~ _ o2fA 2
S {y}—S {a 1+in
j=1
82
ne S .
{} N><1
bepyun [0 yBarm, IO Xj — HEBUIAJKOBAa BEIMYMHA, TOOTO

n
> ij =const, gicraemo:
j=1

s2(p}=s%{alfi+p?), (6.13)

1
ne ZXJZ =p? — paziyc chepu B N-gumipromy TpocTopi (BiAmOBiIHO
IO LIEHTpAa TUTaHy).

3 Bupazy (6.13) BurmmMBae, 10 zmcnepcm BI/IXI)Z[HOI BEJTMYMHU
30LIBIIYETHCS MPONOPLIHHO 10 KBajpaTa pajiyca cdepu p 1 OJIHAKOBA
JUTSL BCIX eK8IOUCMAHmMHUX TOUOK.

TakuM YMHOM, YMM JIalli PO3TAIIOBAHA TOYKA BiJ| IEHTPA TUIAHy, THM
MEHIITYy HaJIIHHICTh MatOTh NepedavyBaHi Ha MiJICTaBl piBHAHHS perpecii
3HAUEHHS BUXITHOI BEJIMUHNHHU.

Hucnepciss BUXigHOI BeNWYMHH, OOYMCIEHAa Ha IMMJACTaBl 3100yTOl
MaTeMaTU4YHOI Mo, Oyle OJHaKoBa JUIS BCIX TOYOK (PaKTOPHOIO
MPOCTOPY, PIBHOBIIIAJIEHUX BiJl NEHTpPa IUIaHy, TOOTO IJIS TOYOK, IO
JeKaTh Ha cinepcgepi. BoHa 3anexuTh Bin paaiyca chepu p 1 He
3aJICKUTh BiJI TIOJIOXKEHHS TOYOK Ha Hill. Ilg BIAacTHBICTH HAa3WUBAETHCS
BIIACTUBICTIO pomomadenvnocmi. Inany, sKi MalOTh TaKy BIACTHBICT,
Ha3UBAIOTHCS pomomadenvhumu [6,7]. JInsg Takux IUIaHiB KpHTEpieM
ONTUMAJILHOCTI € OJIHAKOBA TOYHICTh MPOTHO3YBaHHS (YHKIIT BIATYKY 3a
piBHAHHSIM perpecii B OyAb-sSIKOMYy HampsMi JOCHiIKyBaHOT o00iacTi
(hakTOPHOIrO MPOCTOPY, IO € HEOOXITHOK YMOBOIO IIPH 3HAXOKEHHI
EKCTpeMaITbHOI 00JIACTi.

257



Takum uuHOM, OB0pPIGHESI OPMOZOHANLHI NAAHU NEPULO2O
nOpPAOKY Oaiomb 3MO2Y He MINbKU He3ANedNCHO OYIHI8amu
Koe@iyienmu mamemMamuyHoi Mmooeni, a U 3 OOHAKOBOI
mounicmio nepedbawamu (y cepeonbomy) 3HAYEHHS BUXIOHOL
BEUYUHU OJil PIBHOBIOOANCHUX B8I0 YEHMPA NIAHY MOYOK
He3aNedNCHO  6I0 HANpsAMY NPOCYBAHHS Y  (DAKMOPHOMY
npocmopi.

IMutanus 15 camonepeBipku

1. Mo Take mucnepcist BiaTBoproBanocti? Illo BoHa xapakTepusye i
K BU3HAYAETHCS?

2. Y 4oMy MOJISTa€e CyTHICTh MEPEBIPKH KOSPIII€HTIB HA CTATUCTUYHY
3HAYYIIICTh?

3. Sk mepeBipuTH aneKBaTHICTH Monemi? SIki MOXJIWBI TPUYMHU
HeaJleKBaTHOCTI MOJei?

4. SIx onep:kaTh PiBHSHHS perpecii B IPUPOAHiN CHCTEeMi KOOPIUHAT?

5. SIki maHu Ha3WBAIOTHCS POTOTAOETEHUMU?

6. l11o 3a0e3meuye BIACTUBICTH POTOTAOCIHLHOCTI TIAHIB?
7. Slkuit anropuT™M BU3HAUCHHS AUCIIEPCi] BiITBOPIOBAHOCTI, KOJIH
BiJIOMO, 110 YMOBH IPOBEACHHS J0CIi/IiB OJHOPIIHI?

6.4. HEHTPAJIbHI KOMITO3UIIAHI IVIAHUA
APYI'OI'O NNOPAJIKY

MoBHUMIt abo ApoBOoBUIA haKTOPHWIA Sxmo JiHifHa MOJIEIb
eKCNepyMeHT Jae 3Mory ofepkaTu | HeajekBaTHA 1 MU JiiaeMo
He3anexHi OUiHK1 KoeilieHTiB npu BHCHOBKY, IIIO HeoOXiIHO B Hel
f*)aKTO[?a)f y nepuiomy CTeU?Hia a | peecTd (QaAKTOPH y  JOPYroMy
TaKoX TXHiX NiHIHUX B3aEMOgi. CTeneHi X7, TO BHSBHTBCA, L0

BEKTOPHU-CTOBIILI NpH (akTopax

y APYroMy CTEIeHi B yCixX CTOBHIIX OyAayTh Matu +1. ¥V TakoMy pasi He
MOKHa Oy/ie OIIIHUTH OKPEMO BIUIMB HE TLIBKH ij, a ¥ BIILHOTrO 4JIEHA,
JUISL STKOTO BEKTOP-CTOBIICIIh TAKOXK MICTUTh TUTBKH +1.
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I3 Teopii ampokcumarii Bimomo, MO IS BIATBOPEHHS HENMiHIHHOL
3aNIe)KHOCTI HEOOXimHO, MO0 KITBKICTP TOYOK TNPHHAWMHI HAa OIHY
NepEeBUILyBajia MOPSIOK 3aJIEKHOCTI.

Takum uuHOM, I OJEp)KaHHS perpeciiiHoi Mojeni, M0 BKIIOYaE B
cebe i ¢akTopu B APYroMy CTeleHi, He0OXiTHO CKIIACTH IIIaH aKTHBHOTO
eKCIIepUMEHTY, SKHWi Tiependadae IMOHaWMEHIe TP PiBHI BapilOBaHHA
KOKHOTO (hakTopa. Aje kinbkictsh mocmifis [TOE mpu k = 3 pizko 3pocrae,
t00T0 IIDE Oynme wmartu Haomipwicms. Ilpu 1pOMYy TpHpiBHEBI
eKCIIEpUMEHTH He MArOTh BIACTHBOCTI OPTOTOHAIBHOCTI, TOMY HE0OXiTHO
nepepaxoByBaTH MMapaMeTpH, BXKE OTPHMaHi IpU peamizalii MaTpHib
MOBHOTO 200 JPOOOBOr0o (PaKTOPHOTO CKCIIEPUMEHTY.

3 ormmamy Ha CKa3aHe CTae aKTyalbHOKI 3a/ada ONTHMAIbHOTO
PO3MIIICHHS JOCHIIHUX TOYOK, 3a SKHX KIJIBKICTh JOCHIIIB Oyma O
MiHIMaIBbHOI. JOCATTH KOMIPOMICY JalOTh 3MOTY  YEHIMPAIbHI
KOMNO3UYIIHI NAAHU OpY2020 NOPAOKY.

[lmaam Takoro BHUAY HA3WBAKOTHCS KOMHOZUYIIHUMU, OCKIIBKH
CKJIaJAIOThCS 3 KITBKOX YacTHH. TakuMH YacTHHAMM €:

® «dpo» nnany, sixke mictuth Marpuio [IOE abo ADE, srimHo 3
SKHMH BXKe OyJI0 TIPOBECHO JOCHIIH, aje pe3yabTaTH PO3PaxyHKy Hajiu
HEa/IeKBaTHY MOJIEIIb;

® (@ipKoei» mouKu, PO3MIIICHHI Ha BCIX N ocsAx-(akTopax MO
obuaBa OOKM Bif I[EHTpa IUIAHY HA BIiJCTaHi O, IO HA3WBAETHCS
«3ipkosum» nieuem (IUB. PUCYHOK);

* yenmpaneni mouxku (UCHTP IUIaHY) i3 KOJZOBAHMM 3HAYCHHAM
¢baxtopa xj = 0, B sxux npoBoauTbes cepist 3 No pocnifiB (ToMy ILIaHU
Ha3UBAIOTHCS YEHMPATLHUMU).

Touxku Hasuearomvbcs 3IPKOBUMU, OCKLIbKU BOHU 3A36UYAL
NO3HAYAIOMbCS XPECMUKAMU, SIK HOKA3AHO HA PUCYHKY .

Llpu nposedenni 00cnioie y «3IPKOBUXY MOUKAX OOHI (haKmopu
NPUUMAOmMb 3HAYEHHs — o abo + o, iHWI 8 Yyell Yac npuimMarms
snayenns 0.

OTxe, KUTBKICTh TOYOK (DaKTOPHOTO MPOCTOPY, B AKUX PEali3yloThCA
Jociian, oyze:
NL[KH: Nsm + N(x + NOa

ne Ny, = 2" P (upu IIDE p = 0) — kinbKicTs gocnigis GakTopHOro
TUTaHY Ha ABOX piBHAX; N, = 2N — KUIBKICTh «3ipKOBUX» A0CHiiB; Ng —
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KUTBKICTh JOCIIIB Y LIEHTPi MIaHy; N — KUTBKICTh (haKTOpiB, SKi BBEACHI
y nepeadavdyBaHy MOJIEIb.
TaxuM unHOM

NI_IKH: 2n—p+ 2n +1.

Y HKII apyroro mopsaxKy 3IiHCHIOEThCS BapirOBaHHS HE3AICKHUX
3MIHHUX Ha 11 ’simbox piBHAX (puc.6.3):

—a;—1; 0; +1; + o

X2

+o
: ++1 :
1 1
1 1
1 1
X% .1 -2 Xy

—o ! 0 +1 1 +o

i |
R :
| k- !

—a

Puc. 6.3

3HAYCHHS «3IPKOBOTO» IUIEYa ¢ i KUIBKICTh JOCIHIAIB y LEHTPAIbHIH
tourli Ny BUOWpParOTh 3 YMOBU BUKOHAHHS Kpumepino ONMUMATbHOCHI
naany. 3aleXKHO BiJl KPUTEPII0 ONTUMAJIBHOCTI HAa BiAMIHY BiJl IDIaHIB
TMIEPIIIOTo MOPSIKY IIEHTPAIbHI KOMITO3MIIIHHI ITaH! OyBalOTh JIBOX BUIIB:

1) opmoeconanbui, A AKUX ~ KPUTEPIEM  ONTUMAIBHOCTI €
OPTOTOHAJILHICTh ~ YCIX  BEKTOPIB-CTOBIIIIB  JIOTIOBHEHOI  MAaTpPHIIi
TUIAHYBAHHA, IO 3a6e3neqy€ HE3AJIE)KHICTh OILIHOK Koe(biuieHTiB
PIBHSIHHS perpecii, y TOMy 4uciIi i 1pu (’paKTopax y Apyromy CTEIEeHi;

2) pomomabenvbHi, sl TKAX KpI/ITepl€M ONTHMAJILHOCTI € OJHAKOBa
TOYHICTD POTHO3YBAHHSI (byHKun BITYKY 3a PIBHSHHSIM perpecii B
6y,I[L AKOMY HanpslMl ,Z[OCJ'III[)KYBaHOI o0macti (hakTOpHOTO TPOCTOPY Ha
OJIHIM 1 Ti¥ camili BiZICTaHI Bijl IEHTpPA TUIAHY.

OpToronajbHi HeHTPaNbHi KoMno3uuiiHi mianu. lle taki mianwm,
KPUTEPIEM ONTHMAJIBHOCTI SKUX OYI€ HE3ANeHCHICNb 3HAXOONCCHHS
OYiHOK KOeQIIi€HTIB MOJIEII.

PosrissreMo nmoOynoBy miany 1Bo(hakToporo ekcrepuMmenty. Hexai
MOJIETH Ma€ BATTISI

_ 2 2
Y =a, +qx; +ayX, + a0, +ax; +ay%5 .
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Snpo mmany (mepin  YOTHPU  PAAKH) CTAHOBUTH  MATPHIIS
neopiBaeBoro [IOE ado JADE. SAnpo marpuili J0MOBHIOETHCS TOCIiTaMH
B (GIPKOBUX» TOUKaX (mocmian 3 5-ro mo 8-if). KinbKicTh TaKuX TOCTITIB
2n. B OLIKII apyroro mopsaKy IOCTAaTHRO MPOBOJUTU TUTBKHA OJIUH
J0CIi y eHTpi miany, Tooto No= 1(mocmiza 9-i).

[ToOynoBaHy B Takuii Crocio MaTpHIIO HaBEJACHO B Ta0II. 6.3.

Tabnuys 6.3
N X1 X2 XX Xo x? X
1 -1 -1 +1 +1 +1 1
2 +1 -1 I +1 1 TOE 2°
3 -1 +1 -1 +1 +1 1
4 +1 +1 +1 +1 +1 1
5 -0 0 0 +1 o 0
6 ta 0 0 +1 o 0 «3ipKOBI»
7 0 _a 0 +1 0 o2 TOYKH 2N
8 0 +a 0 +1 0 o
9 0 0 0 +1 0 0 Llentp

Sk yxe 3a3nauvanocs, B oproroHanbHux LIKII npyroro mnopsaky
MarTh OYTH OPTOTOHAIBHUMH MIDK €000 BCi BEKTOPH-CTOBIIII
(Bxirouaroun 100y/0BaHi BEKTOPH-CTOBIIII KBaAPAaTHYHUX UWICHIB i
BEKTOP-CTOBICIb (IKTHBHOI 3MIiHHOI), HEOOXimHi ui1 OOYHCIIEeHb
BIJIOBITHUX KOE(IIIEHTIB MO IPYTOro MOPSAIKY.

Ak Oaummo 3 Tabn. 6.3, HE BCi BEKTOPU-CTOBIII € IOMAPHO
oproroHanbHuUMH. CIipaB/i, HAPUKIA;

N —
D XoXa #0, j=1k;

i=1
N -
> xixE 0, j,u=1k; j=u,
i=1

Jie ] Ta U — HOMEpHU BEKTOPiB-CTOBIIIIB ()aKTOPIB y APYroMy CTEICHI.
Hnst Toro moO JOCATTH OPTOrOHAJIBHOCTI BEKTOPA-CTOBIILS Xo,
HEOOXiHO 3a0e3Me4YnTH BIACTHBICTh cumempii. lle 3aiACHIOETBCS
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IIUITXOM BBEJIEHHSI TIOCTIIHOTO 3CY6) 3 BEKTOPIB-CTOBIIIIB MPH (haKkTopax
y IPyroMy CTeleHi 3 METOI0 BUKOHAHHS YMOBH:

ixio(xi?—ﬁ)w, j=In.

VY3sBIIM 10 YBary, M0 Xy TOTOKHO JIOPIBHIOE OJUHMUIIL, JICTAHEMO:

N

Z(Xi?_B)ZO-

i—1
3BIIKH

abo

N N
2 2
B—‘Zl:xu ) iZ:l:XiJ' 2Py 02
N 2" P 42n+1 2" P42n+1

N
CKOpHUCTABIINCh 71T 3HAXO/KCHHS sz maHuMd  Tadm. 6.1,
i-1

OCTAaTOYHO JICTAHEMO:
2P 4207
2"P 4 2n+1

AJe HaBITh NPHU BBEACHHI 3CYBY [} MEpPETBOPEHI BEKTOPH-CTOBIIII
(akTopiB y Ipyromy crereHi He OyAyTh MiXK COOOI0 OPTOTOHAIEHUMH.
Jns  3a0esnedeHHs I1XHBOI OpPTOTOHAIBHOCTI BIAIIOBIAHAM YHHOM
BUOMPAETHCS 3IpKOBE TUIEUE d.

HaounicTs BHOOpPY 0. JIETKO MPOCTEXUTH HA MPOCTOMY TIPUKIIAI.

IMpuxnaaa. Mojienb Mae BUTIIA:

B (6.14)

3 3
_ § § 2
i i

3aBiaHHs TOJISATAE Y BUOOPI TAKOTO 0, 100

ZN:(XS —B)(Xi'i —B)= 0,j#kjk=1..N.

i=1
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Marpumro mnany OLKII apyroro mopsaky Aisi HbOTO BHUMAAKY
HaBeJleHO B Tabi. 6.4. KinbKicTh gocnifiB y MaTpuli Oyae JOpiBHIOBATH:

N=2%+2-3+1=15.

Tabauys 6.4
N X1 X2 X3 X1X2 Xo X B Xo™— B X3 B
1 2] 2| 12|+ 4] 18] 1= 1-p
2 |+ 1| 1| 1|+ | 18| 1] 1-8
3 |1+ | 2| 2]+ ] 1-p ] 1= 1-p "Sapo”
4 +1 +1 -1 +1 +1 1-B 1-B 1-B Tmaty
5 | 1| 1 | +1 | +1 | +1 | =-p | =_p | L_p 208
6 +1 | -1 +1 -1 +1 1-B 1-B 1-B
7 1]+ w1 2] ] 1=p ] 1-p | 1-p
8 [+1 | +1 [ +1 | +1 | +1 | 1-p | 1=B | 1-p
9 [ | O 0 [ +1 [o*B | -B B
10 | +o 0 [ +1 [oa*B | -B B
110 | « o [+ | B [o=B]| -B "3ipKoBi
12 | 0 | ta o [+ [ B [o*B] B T"‘;’r‘,“"
13 |0 0 —a 0 +1 —B —B o= B
14 |0 ta | 0 | +1 | -B B | o*B
15 0 0 0 +1 -B —B -B HEHTP TUTaHy

YMOBa OpTOTOHATBHOCTI JIBOX MEPETBOPEHUX CTOBIIIIB y JAPYrOMY

i(xi? - Bxxii - B): 0.

CTeTeHi Oyne:

Bpaxosyrouu, nio

i=1

N0OYTKIB BUILY (sz - BXXE - B) = (1-B)* 6yme 2"";

106yTKiB Bray (—B)(0—P) Gyme 4;
nooytkiB Buny (—B)(— B) oyze (2n - 4);
no0ytkiB Buny (—f)( — B) B uenTpi miany Oyne 1, npuiiaeMo 10 Bupasy:

2"P(1 - B)* 4 B(o” ~ B) + 2n-4)B* + p*= 0,
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3 SIKOTO BHIUIMBAE, IO YMOBA OPTOTOHAIILHOCTI MIEPETBOPEHUX BEKTOPIB-
CTOBMIIB (aKTOPiB y JPyroMy CTeleHI BUKOHYEThCS TPU TEBHUX
3HaYEHHSX o, B Ta n.

[lincTaBuBIIM B yMOBY OpTOrOHaNbHOCTI (6.15) 3HaueHHs B 3 Bupasy
(6.14), nmicraHeMo 3alEKHICTE O Bim N. VY3sgBmm N 3a mapamerp i
TIOCITITOBHO TPHCBOIBIIM KWOMY 3HadeHHA 2, 3, 4, MOXKHa BHU3HAYUTH
BIJINIOBIIHE 3HAYCHHS 0, IO 3a0e3Meuye OPTOrOHAIBHICTh 3MIIEHUX
BEKTOPIB-CTOBIIIIIB MPH (PaKTOpax y APYroMy CTETICHi:

n 2 3 4
10 | 1,215 1,414

Takum urHOM, YBIBIIM 3CyB 3 1 BHOPABIIM BIAMIOBIIHIUM YHHOM PO3MIp
«GIPKOBOrO» IUIeYa ¢, MOXKHA 3a0€3MCUNTH HE3AICKHICTh 3HAXOMKEHHS
OLIIHOK KOe(iIIiEHTIB MOJEII, IO BKIIIOYAE AKTOPH Y APYTrOMY CTEICH.

Panime 3a3Haganocs, moO ymMOBa HOpPMYBaHHS 3a0e3Medye OIHAKOBY
TOYHICTH OIIIHKK KOEQillieHTiB piBHSIHHS perpecii. [y opToroHambHUX
HKII gpyroro mopsiaky Il yMOBa HE BUKOHYETHCS. PiBHICTB, Ha mifcTaBi
SIKO1 MOYKHA HE3aJIe)KHO BU3HAYATH OLIHKHM KOS]Illi€eHTiB, HAOUpA€E BUTIISITY:

%
X i
Go= (6.16)
Xit
i1

OpUYOMY JUIsl Pi3HUX Tpyn KoedimieHTiB 3HaMeHHUKH Y (6.16) OynyTh
Pi3HUMH.

PosryisHemMo 3HaMeHHWKH BUpasy (6.16) mast  KOXKHOI  rpymnu
Koe]iieHTiB:

ITpu BU3HAYCHHI BUIBHOTO WICHA d

N
D xp=2"P+2n+1=N;
i=1

— TpU BH3HAYEHHI OIIIHOK TIpynH KoedimieHTIB TpW IiHIHHAX

daxropax a;, (] =1n):

=z

ij

sz =2"P 1 20/2;
i=1
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— TpYW BU3HAYEHHI OIIHOK TPpymu KoedimieHTiB mpu ¢akTropax y

ApYTOMy CTCICHI d; :

N

> (% —Bf =27 P(—B) +2(a? —Bf +(2n-1)?;

i=1
— [IPY BU3HAYEHHI OL[IHOK KOE(II[i€HTIB IIPH JIIHIHHUX B3aEMOIIAX d ju
N

Z:(xux,u)2 =2"P,

i-1
Buxomsuun 3 Bupasy (6.16) i marpumi OLKII, oxepxumo mozpens y
KOZOBaHI{ CHCTeMI KOOPAHHAT BUIY

n
5= ao+zax + za,u Xyt (¢ - ),
ju=lj=u j=1

sKa BKJIIo4ae B cede 3cyB P.
[lepeTBopuMO 11€1i BHpa3 1 MO1aMO HOTO Y BUTIISII:

P= a0+ZaX + Za X; X, +Zaux

j,u=l, j=u
n
’ A~k ~
Ie dy =dy —P E aj
=1

3 ornsay Ha Te, IO BIACTUBICTb HOPMYBaHHSA HE BHKOHYETHCS, MPU
obuucnenni mucrepcii k-i rpymu  3HalAEHMX OIIHOK TMOTPiOHO
BUKOPUCTOBYBATH BUPA3:

X g2
S*Ha, f=—p—.

2
i
i=1

JIe M — KUIbKICTh HapaeabHUX JOCIIIIB.
Ouinku aucnepcii koeilieHTIB UIsI KOXKHOI 3 YOTHPBOX TIpyIl
00YHCITIOINTD 32 TAKUMH (hopMyIaMu:

1 S? 1 ,
Sz{aj}zﬁ[m} : (6.17)
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2
_F{znl—p}; (6.18)

202 S 1
g2fg 1_Se ;o (6.19
{aJJ } m 2nfp(1_ B)Z + 2((12 - B)Z + (2n _1)B2 ( )
S2{ao) = 5715 [+BS* Y f =
j=1
52 1 pn
_ s +
m|2"P +2n+1 2"*p(1—[3)2+2(oc2—[3)2+(2n—1)[32
(6.20)

[Ilo0 OMLIHUTH CTATUCTUYHY 3HAYYINICTh KOE(DIIiEHTIB Mojel,
po3paxoByIoTh KoedinieHTr CThIOICHTA ATl KOXKHOI 13 3a3HAYCHHUX TPYII
KoeimieHTiB 3a (OpMYIOI0:

- (6.21)

ne k mopisHioe Bignosifuo 0; j; ju; jj.

BusHauuBmm 3Hauymn KoedilieHTH Mozemi, HeoOXiJHO YTOYHUTH
BUpa3 Ul MOJIENi 3 ypaxyBaHHIM 3HAYYIIUX KOEQili€HTIB, MEPEBIPpUTH
MOJIeJTh Ha aJIeKBAaTHICTH 1 JUIsl aJIeKBATHOI MOJIENI 3amucaT BUpa3 il y
NPUPOJIHIN CUCTEMI KOOPIMHAT.

SAxmo orpumane Ha minctasi OLIKII piBHsHHS perpecii BusBHIIOCS
aJIeKBaTHUM 13 NPHAHSATHM DiBHEM 3HAUYYHIOCTi, HOr0 MOXHA MOJali
JOCTIDKYBaTH aHANITUYHAMU METOJIaMH W YTOYHIOBAaTH 0OJACTh
exkcTpemymy. JlJist 11bOro HEOOX1IHO B3SATH YACTHHHI MOXIiTHI 3a BCiMa N
(haxTOpamH, MPUPIBHATH X 10 HyIs i p03B’513aTH 3100yTy cucteMy N
piBHAHb. OTpUMaHUN OMUC MATEMAaTUYHOI 00JIACTI EKCTPEMyMy MOXHA
TaK0>XK BUKOPUCTATH JIJIsl IPOTHO3YBaHHS (QYHKIIIT BIATYKY.

Iutanus 18 caMonepeBipku
1. B skux BHMagkax 3acTocoByoTh LIKII?
2. YoMy mnaH¥ HA3UBAIOTHCS EHTPAITBHUMH, KOMITO3UI[iHHUMHE?

3. lllo HasuBaerbcs 1eHTpoM Iuiany? Il{o Take «siapo» IUIaHy,
«31pKOB1» TOUKH?
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Sx po3paxyBatu KiTbKicTh gocmiaiB anst matpuui LIKII?
Ha ckinbkox piBHSX BapitoroThest Gpaxkropu mpu LIKIT?
Sk moGynyBaru Matpuiro LIKII excriepumenTy qpyroro mopsaxy?
Sxi BnactuBocTi mae matpurist LIKII?
SIki xapakrepHi o3Haku MaTpuii OIIKIT?
SIk [OMAraroThCsl HE3AIEKHOCT] 3HAXOLKEHH OLIHKY KoedilieHTa &, ?
10. Big 4oro 3anekuTh pPO3MIp «3IpKOBOTO» IUIeYa O 1 3 SIKHX
MIpKyBaHb BHOMPAIOTH PO3MIpH IHOTO TuIeda?
11. Sk BU3HAYUTH PO3MIpP «3IpPKOBOTO» Ijieya 0. y IPUPOIHil cucTemi
KOOpJIUHAT?
12. Ski BnacTHBOCTI He BUKOHYIOThCs st MaTpuib OLIKII i 1o goro
1€ TIPU3BOJAUTH?
13. Slka 3 Tpyn OAHOPIMHUX KOE(PIIiEHTIB BU3HAYAETHCA 3
HAMEHIIIOI0 TOYHICTIO?

©ooNo A~

PO3ILT 7

OCHOBH JUCHEPCIHHOI'O AHAJI3Y

Y 6araTbox NpakTUYHMX v Garatbox BUIIA/IKaX
3aBOaHHSAX HeobxiaHo JIOCHIKEHHS 00’ €KTIB BIUIMB JEAKUX
BCTAHOBWTW, HACKINbKW CyTTEBAM | BXIIHMX — BEIMYMH ~ Ha  BHXiJHY
€ BMMMB TOrO YK iHLWOro hakTopa | HEMOMKIMBO OLIHHUTH KiIbKicHO. [Ipn
Ha 3HAYEeHHs! BUXiOHOT BENWYMHM | IILOMY OIEpaTopa MOKE IIKaBUTH
ob’ekTa. MUTAHHS, HACKIIBKH CYTTEBUM €

BILIB TOTO YM iHIIOTO (paKTOpa Ha PO3KHMI PE3yIbTATIB CIIOCTEPEKCHD
BUXIJHOI BenuunHH. DakTopamu, sIKi MOXKYTb 3al[iKaBUTH JOCIiJIHUKA,
MOXYTh OyTH BepCTaTH, LIO TPAIIOIOTh MapaelbHO, BUMIPIOBAIBHI
MpUJIaad, ONEepaTOpH, 3MiHH, SKICTb BHUXIJHOI CHPOBHHH, MiCIA
po3ranryBaHHsl 00’ €KTiB Tomo. /Iyl BUBYCHHS BIUIMBY TaKuX (PaKTOpiB
Ha BHUXiJHY BEJIMYMHY, iX 3arajJlbHOrO OLHIOBaHHS, PAaHXXUPYBaHHSA Ta
BU3HAUEHHS Cepejl HUX CYTTEBUX HEJOUIIBHO 3aCTOCOBYBATH METOJU
perpeciiHoro aHaiizy, OCKiIBKM BOHH Ilepei0ayvaroTb BHMIipIOBaHHS
PIBHIB JIOCIIJDKYBaHUX (DakTOpiB.

Cymu Oducnepcitino2o ananisy MOJIATAE B IOAAaHHI 3arajibHOI Aucepcii
pe3yabTaTy y BUIUIA[AI CYMH JMCIIEPCIH, AKi BiIOOpakarOTh MOKIMBHIMA
BIUIMB (akropiB. Jucmepcis TYyT BHUKOPHUCTOBYETHCS SK HAMMpocTima
Mipa pO3CilOBaHH!, sIKa JIa€ 3MOTY OPIBHIOBATH (aKTOP, 110 BUBYAETHCH,
1 paKTOp BUTIAJIKOBOCTI.
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[lpunycTiMo, 1m0 pO3CIIOBaHHS 3yMOBJIEHE CIHIJIBHOIO  MAi€I0
BUNIAJKOBUX NPWUYMH 1 3MiHOIO piBHIB (akropiB. Toxi, oTpumMaBmn
OIIHKY 3arajbpHOi aucmepcii BIATYKy W OIHKK auctepciit (aktopis,
MOXKHa  3HAaWTHM  OLIHKY  3alMIIKOBOI  aucmepcii  (gucmepcii
BIITBOPIOBAHOCTi), a Mdajli, BHKOPHCTOBYIOUM CTAaTUCTHYHI KpuTepii
MOPIBHSIHHS JTUCTIEPCild, paHXyBaTH (AKTOPH 3a CTYNEHEM IXHBOTO
BIUIMBY Ha PO3CIFOBaHHS BiATYKY.

3arajgbHa moctanoBka 3agayi. Hexail:

— BHUXigHa BenwduHa (O3HAKa, BIATYK) 3TiAHO 3 (QI3UIYHAMHA
BJIACTUBOCTSIMH 3aJISKUTHh Bill N (akTopiB, SKi HE MArOTh KUIBKICHOTO
OTIHCY, Ta BiJ IXHIX MapHUX B3aEMOZI;

— KO)KHUH  (akTop MOKE BapiloBaTUCS Ha KINBKOX pIiBHAX
(exceprMeHT TPOBOJATH KiJTbKAa OMepaTopiB, 3aCTOCOBYIOTH pi3HI
METOY BUMIpPIOBAaHb TOIIO);

— KOXHY JIOCHIJIHY CHUTYyaIlll0 MOXHa CIIOCTepiraTd Kijlbka pa3iB
(peami3yeTncs cepist mapaneabHIX CIIOCTEPEKEHbD).

[oTpiOHO BM3HAYMTH, SKOIO MIpOI0 Ha BHXiJHY BEIWYHMHY BIUIMBAE
TOH uM iHIMHK sKicHUHA dakTop. [Ipu oMy MpHITyCKarOTh, IO O3HAKA B
3araJbHOMY BUIMAIKY € BHIAIKOBOIO BEIWYMHOI, PO3MOIUICHOIO 32
HOpPMAJIbHUM 3aKOHOM, JTUCTIEpCis il y BCIX IOCTifax OXHOpimHA, TOOTO
BHCYBA€ThCS BUMOTA BUKOHAHHS YMO8U GI0MBOPIOSAHOCMI TOCIIIB.

3ame)xHO BiM  KUTBKOCTI  (pakTOpiB, SKi BPaxOBYIOTBCS IPH
JOUCTIEpCIHHOMY — aHaji3i, CTaTUCTUYHI MOJENi MONUIAIOTBCS  Ha
00HOGaKmopHi, 060¢haxmopHi Ta 6azamo@daxmopHi.

OnnodaxkTopHuii Aucnepciiinuii anami3. BaxxaeTscs, Mo pe3yapTaT
EKCIICPUMEHTY MOXKE 3aJIie)KaTd TUIBKM Big ofHOoro (akropa Ta
BUITAJIKOBUX BEJMYUH 13 MaTeMaTHYHUM CHOAIBaHHSIM, LIO JOPIBHIOE
HYJIIO.

[Ipu 3acTocyBaHHi OJHO(AKTOPHOIO TUCHEPCIHHOTO  aHaIi3y
nepeBipsieThes rinore3a Hy mpo BiACYTHICTH BIUIMBY, IO HOTO BHOCHTH
3MiHa PiBHS JOCIIKyBaHOTO (haKkTopa.

AJNBTEpPHATHBHOIO TIMOTE30I0 B I[bOMY pasi € rinore3a H;: BIUIHMB
PiBHIB  JIOCHIIDKYBaHOTO (pakTopa CYTT€BHH. SIKmo mpuiiMaeThes
rinore3a Hp, TO I1e 03HAYaE, MO0 PO3CIFOBAHHS PE3YJIBTATIB 3YMOBJICHE
JIMIIE TOXUOKOIO EKCIIEPUMEHTY.

Mpukaan. Jleska mnpoaykiiss mocradaerbes Big  pizHEx N
nocradanbHuKiB. HeoOximHO 3’sCcyBaTH, 4YM OJHAKOBA SIKICTh IN€l
NPOAYKIIi, M0 BU3HAYAETHCS 33 SIKUMOCH V3A2albHEHUM TIOKa3HUKOM,
TOOTO HEOOXiJIHO TepeBIpUTH TinoTedy Hp: y3arajgbHEHI MOKAa3HUKU
SIKOCT1 OJHAKOBI.

Jiist Toro mo6 OIHUTH TPOJYKINIO 32 pe3ylbTaTaMH BHIIPOOYBaHb,
JUIE KOXKHOIO 11 pI3HOBHAY HaKONMHUYYIOTbCS MAacHBU PE3yJbTaTiB.
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Baxkano, mo6 Mo KOXXKHOMY BHAY HPOIYKHii po3Mipu M MacuBiB i
MapajeNbHICTh CIIOCTEPEKEHb B HUX OYJIM OJTHAKOBI.
MacuB naHuX MOXKHA TTOJaTH y BUrIsiai Taom. 7.1, ne 1 =1, N — piBeHp

3MIHH JIOCII/DKYBaHOTO (hakTtopa (HOMEp MOCTa4yalbHUKA); | — HOMEp
MIOTOYHOTO MapasebHOro TOCTiTY OIIHKY NMOKa3HuKa (MIPOoayKIli), j=1,m.
Tabauys 7.1
J 1 2 m v,
I
1 Y V1o Yim Y1
2 Ya Y2 Yom Y,
N le yNZ me yN
R R
y= N & Yi

HeoamiHHUM MpUIMyIIEHHSM NPH BUKOHAHHI JAWCIIEPCIHHOTO aHami3y
€ 3a0e3nedeHHs] 00HOPIOHOCMI YM06 TIPOBEIeHH BUIIPOOYBaHb Ta IXHBOT
8i0MBOPIOBAHOCHI.

Oonopiouicmo yMO8 npoGeoenHs 8UNpoOYBaAHb
Xapaxkmepuzyemuocsi 0OHAKOBICMIO 6NAUsy ¢hakmopie 6 ycix
docnidax. Biomeoprosanicme ymoe npogedenHs 6unpobysars
Xapaxmepuzyemocs. O 6CIX  PI3HOBUOI8  NPOOYKYil
00HAKOBICMIO YMO8, 8 AKUX NEPEGIPACMbCs GNIUG hakmopa.
CninbHa 00pobKka pesyivmamis MOXNCIUGA Juuie 6 pasi
BUKOHAHHS YMO8 OOHOPIOHOCHI Ma 8I0MBOPIOGAHOCHIL.

Jlyis peatizaiiii yMOB OJHOPIJTHOCTI W BIJTBOPIOBAHOCTI HEOOXIIHO,
mo0 BHIPOOYBaHHS BHKOHYBAINCS OJHHM ONEPaTOpOM, Ha OIHOMY
o0iagHaHHi, MPOTATOM Majoro Biapi3ka uacy. He wmaroTh 3HaueHHS
XapaKTePUCTUKH YCTAaTKyBaHHS, KBadidikallis oreparopa, a BaXKIUBO
TIJIBKY T€, 11100 BOHU OYyJIK Ti caMi.

Ileped0 nposedenusim  OuCnepcCilinoco  aHali3y HeobXiOHO
npogecmu  NepesipKy 0OHOPIOHOCMI Ouchepciu, Osi 4020
sacmocogyemucsi G-Kpumepii.

PoscitoBanHs pe3ynbpTariB BUNPOOYBaHb, HaBeJeHHX y Tabn. 7.1,
MOJKE 3YMOBJIOBATHCS BIUIMBOM BHIIQJKOBUX BEIWYMH Ta CYTTEBOIO
PO30OLKHICTIO MIXK y3arajJbHEHUMH OKa3HUKAMH MTPOIYKIIii.
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Po3sciroBanHs 3HaYeHb JUIS MPOAYKIIil, BUPOOJICHOI i-M MOCTAYaJIbHUKOM
(i-it psioK TaOMMIN), BU3HAYAETHCS BIUIMBOM BHIAIAKOBUX BeMWuMH. J[s
BpaxXyBaHHS I[bOTO BIUTMBY HEOOX1THO OOUMCIINTH CEpe/THE 3HAUYCHHS O3HAKH:

o1
y|_mjz=l:yij'

OOGuucneHi B Takui CHOCi0 3HAYEHHS Y, MOXYTb BIIAPI3HATUCS MiX

c0o0010 Yepe3 BIUIMB BHUIIAOKOBUX BEIMYMH Ta OOMEXeHWH oOcsar
CIIOCTEPE)KEHb, a TaKOX dYepe3 HasBHICTh pPO30DKHOCTEH Mik
y3araibHEHUMH TTOKa3HUKaMH MPOIYKIIi BiJ pi3HUX MOCTaYaIbHHKIB.

Po3sciroBaHHS O3HaK — BI/IXiHHI/IX BCIINYHUH yij — MOXHa OHiHI/ITI/I

BiTHOCHO T€HEPATHHOTO cepez[m,oro'
N

TN R
= ==

Nm i=1 j=1 N i=1

PoscitoBanHs pe3ynbTaTiB BUMPOOYBaHHS BIHOCHO TE€HEPAILHOTO
CepeIHbOro Oyje HaMOIIbII HAIIHHOK OIIHKOI PO3CIFOBAHHS, OCKUIBKH
BHU3HAYAETHCSA 32 BCIEIO CYKYITHICTIO CIIOCTEPEKEHb!

N m
Q02 ZZZ(VU _7)2 ' (7.1)
i=1 j=1
Buecemo B myxku Bupasy (7.1) ckmagoBy £V, IO XapakTepusye

CepelHE 3HAYCHHS O3HAKM JJIsl MNPOAYKILIi, 5Ka MOCTAadaeTbesl i-M
BUPOOHUKOM (BHpOOJIEHA Ha I-i yCTaHOBIII):

1§:~
Yi=—2VYij-
m i3

Po30ikHICTE MK O3HAKaMU yij MPOJYKIii BiJ OJXHOTO BUPOOHHKA

<

MOJKE 3aJIe’KaTH BijJl BUIAJKOBOI IMOXWOKHW BHPOOHUIITBA, BiJTBOPEHHS
TEXHOJIOTIYHOTO MPOLIECY TOIIO.
ITicnst rpynyBanns Bupa3s (7.1) Habepe BUTIISY:

>[5, -5+, - )

i=1 j=1

a0o micis NepeTBOPEHHS:

N m N m
=zz(yi,-—7i>2+zzz(‘y‘i,——vi>(vi—)+Zz(y. 2 (1.2)

i=1 j=1 i=1 j=1 i=1 j=1
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Jpyruii 10AaHOK y TpaBiii yacTuHi Bupasy (7.2):
N m
Z(yl - V)Z(Yij - )_/,)
i-1 j=1

BKIIOYA€ CyMYy BIJXWICHb 3HAYCHb BHIIAJKOBOI BEIMYUHHM Y; BIXHOCHO

CepeTHbOro Y;, 0OYMCIECHOro A1 IUX JAHUX, 1 JOPIBHIOE HYJIIO.
Topni moBHa cyma MaTMe BHTJISIL

N m

%=Zzwrvf+iiwrw? (7:3)

i=1 j=1 i=1 j=1

Q? Q?

Hepumit monmanmok Q7 Bupasy (7.3) BU3HAYAETHCS BILIMBOM
BUTIAJIKOBUX (DaKTOPIB, IO BUSBISETHCS B PO3KHII PE3YJIbTATiB O3HAK
BiTHOCHO CE€PEeIHHOTO 3HAUCHHSI IIi€1 BETMIUHHU.

Hpyruit  nogaHok QX2 Bupa3y (7.3) B OCHOBHOMY 3yMOBIIEHUH
PO3ODKHOCTAMH MK O3HAKaMH (AKICTIO MPOMYKIIil). Aye J0JaHOK Qf
3aJIKUTh TAaKOX BiJl BIUIMBY BHUMAJKOBHX BEJIMYHH €, OCKUIBKU
0OMeXeHHI 00CAT CIOCTEPEIKEHb HE JAa€ 3MOTU IOBHICTIO BUKIIIOYUTH
LieH BILJIUB.

3 orysiLy Ha CKa3aHe MOXKHA 3alicaTH:

Q% =Q*+Q.

st mepeBipku rinote3un Hy 3actocoByemo kputepiit dimepa, 3riHo
3 SIKUM 3HaXOJIMTHCS BIJIHOIICHHS JIBOX TUCIIEPCIi:

2
e St
PTg2"
€
Tyr S? — oliHKa JuCIepCii, SKa MOXKE 3aleKaTH BiJ BIUTHBY

BUTIAJKOBUX BEIMYMH 1 CYTTEBOI PO3ODKHOCTI SKOCTI mpomykmii. [i
MO>KHA O0YHCIINUTH 32 (HOPMYIIOK0:

SZ_ Qf

* N-1'
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Oninky aucrepcii BIUIMBY BUMAQJKOBHX BEJIMYMH B  YMOBax
BiJITBOPIOBAHOCTI OJIHOPITHOCTI BUIPOOYBaHb 3HAXOAUMO 3a (popMyIIoro:

Q?
Sg =
N(m-1)

OOunciene 3HaueHas F HOpiBH}OeTLCHS F o 3Ha171ueHHMzLJIﬂCTyneHiB
ceobomn f, =N -1, f =N(m-1) ra pisHem CTATHCTHIHOT 3HAYYIIOCTI .
SIk1ro F < F , TO 3 lMOBlpHICTI-O 1-o MOXKHA i1 HasABHUX JaHUX
CTBepmxyBam IO BIAMIHHICTh MDK JMCIICPCIsIMA HECYTTEBA | BUKIIMKAHA
BIUIMBOM BUIIAJKOBHX BEJIMYMH (NpUHAMAEThesl rimoTe3a Hp). Sxmio
F,>F,, MoxHa CTBEP/DKYBATH, IO OTpI/IMaHi Pe3y/IbTaTH  CYTTEBO
po361ra}0TLc;1 TOOTO HasBHI JIaHi AlOTh MiJICTaBH CTBEPIKYBATH, IO iCHY€E
ICTOTHa PO30DKHICTh B SIKOCTI MPOAYKILi, i MOTPIOHO IIyKaTH MPUYMHY
I6OTO.

Y ToMy pasi, KOJM HEOOXiIHO 3’SICYyBaTH MpuuuHy CYTTEBOL
pO3ODKHOCTI JaHWX, HANpPUKIAA oOmepaTopa Ta OONagHaHHA, Ha
pe3ynpTaTH BUNPOOYBaHb, MOTPIOHO aHANi3yBaTH BIUIHB 080X d0OO
KIbKOX paxkmopis.

Ilnoq)aKTop}mifl uncnepciifmnﬁ anamiz. llpu oz[Hoq)aKTopHOMy
JUCTIEpCiHOMY aHalli3i JaHi TiUTbKH TPYHyIOThCA 3a PI3HUMH DPiBHIMHU
ogHoro akropa. s BHIIAJIKy OLIHKH BIUIMBY JBOX (haKTOpiB
HEOoOXiIHO BpaxoByBatH 1 c1ocid 1x B3aeMoii, TOOTO 8ud moderi.

IcHyroTh nBa BuaM B3aemonii (daktopiB X i X, — iepapxiuna ma
nepexpecra. BINNMOBIAHO pPO3MIISINAIOTE 1€papxiuHy Ta MEPEeXpecHy
KITacUiKaIiito.

[pu iepapxiunin xnacudikamii po3pi3HAOTh (PAKTOPH OCHOBHOI
rpynd i akTopu miATpyN, MPUUOMY KOKHUH PiBEHb OJTHOTO OCHOBHOTO
(akTopa Moxe OyTH TMOB’sI3aHUI 3 MHOXKHHOIO PiBHIB JApYyroro ¢gakropa
— (akTopa miarpynu.

[Ipu nepexpecniit xnacudikariii KOXXKHAN PiBEHb OTHOTO (PaKTOpa MOXKE
MOETHYBATUCS 3 yciMa PIBHAMH iHIIOTO (akTopa, 1 yHNOpsIKyBaHHS B
IbOMY Pa3i, Ha BiZIMiHY BiJ] iepapXiyHOi kiacuikarlii, HEMOXKITUBE.

Mpukaan. Ilpumyctumo, MmO TPOAYKIiS HAIXOAWUTH BiJl PI3HUX
MOCTaYaJIbHUKIB. 3aBIaHHS TOJSTa€ B OI[IHIOBaHHI SKOCTI Pi3HOBHIIB
OPOJYKINi, HAa sIKy B 3arajbHOMY BHUIAJKy MOXYTh BIUIUBATH J[Ba
¢akTopu: oOnamHaHHSA, Ha SKOMY BHPOOJNSETHCS NPONYKUif, U
orepaTopH, SKi IPaloTh Ha bOMY 00JaaHaHHI. SIkio € iHpopmalis
a00 TpUNYyILIEHHs, IO ONepaTopu MAaloTh OAHAKOBY KBamiikaiiio, B
LOMY BHIT3JIKy 3aCTOCOBYEThCS i€papXiuyHa cxema BUIPOOYBaHb, 3TiTHO
3 SKOIO KO’KHHUH OTepaTop 3aKpilUIEHUH 32 BiAMOBIIHOIO YCTaHOBKOIO Oe3
JOJaTKOBUX OOMEXeHb. SIKIIo omeparopu MaloTh pi3HY KBamidikamito,
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TO 1my1st 3a0e3MeveHHs] YMOB BiATBOPIOBAHOCTI BUNPOOYBaHb HEOOXiAHO,
mo0 Ha KOXHIM YCTaHOBLI MpaLIOBaId ONEPaTOpH 3 PIi3HOIO
KBaJTi(hiKaIi€ero, TOOTO 3aCTOCOBYETHCS MEPEXpecHa CxeMa BUIIPOOYyBaHb.
Iepapxiuna cxema npoeedennsn eunpodyeans. [lpumyctumo, mo €
YOTUPH OJHOTHUIIOBI yCcTaHOBKH ((akTop X;), HA AKUX MPAIIOIOTH y
Tpu 3miHHN 12 omepatopiB (paktop X;). Takum 4UHOM, peanizyeTbCs
IBO(GAKTOPHUN EKCIEPUMEHT, ne (akTop X; Mae YOTHpH piBHI, a
(dhakTop X, — nBaHamuATh piBHIB (puc. 7.1). 3a Takoi MOCTaHOBKHU
3a7avi 100ip omepaTopiB sl OAHIET YCTAHOBKH HISIK HE TIOB’ I3aHUH 3
nobopoM omepaTopiB IS 1HIIOI YCTaHOBKH. BBaxaeTbcs, 1m0
OTepaTopy MPOXOIMIN OJHAKOBY IIJITOTOBKY 1 MarOThb OJHAKOBY
kBanmidikanito. BucyBaerbcs rTinmoresa Hp: omepaTropu  MaroTh
OJTHAKOBY KBaTi(iKaIifo.
VY 3aranbHOMY BHIAAKY KiJIbKICTH ONEparopiB, sKi MpamooTs Ha N

.!_\

yCTAaHOBKax Oye Z n, ne i=
i=L
KUTBKICTh OTEpaTopiB, IO MPAIIOIOTh Ha 7 - il ycTaHoB (Y HAIIOMY BHITAAKY

— KIUIBKICTh YCTAQHOBOK, N;—

N =4, n, = 3). Koxuuit 3 orepatopiB BUPOOHB MPOIYKIIO, KUTBKICTB SIKOi —

m,, ne K=1n — norounuii HOMEp omeparopa, WO MPALIOE HA i-iif

YCTaHOBIII.
1 2 3 4 X1 -
yCTaHOBKA
IMpoxyxuis
L X
| oImepaTopH

Puc.7.1

g anamizy BILIUBY q)aKToplB Ha ITOKa3HUKHU HpO}Z[yKHll pO3riassHEMO
INOBHY CyMY KBa):[paTlB BI}_IXI/IJ'ICHB pe3ym>TaT1B BlI[ TCHCPAJIbHOT'O
CEPENHBOTO:

N N my
2 =~ o\ 2
0 — ZZZ(yikj - y) , (7-4)

i=L k=1 j=1
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ne Yy — 3HA4YEHHsA JOCIIDKYBaHOi O3HaKM j-i OIMHAMII TPOMyKuii,
BUT'OTOBJICHOI K-M OIepaTtopoMm, 3aKpilJICHUM 3a i-l0 YCTaHOBKOW; Y —
cepeqHe 3HAUYSHHS O3HAKH IS BCI€T MPOTYKITii.

Jns mpoBeneHHs AMCIEPCIHHOTrO aHamizy 3riHO 3 MOCTaBJICHUM
3aBIaHHAM HEOOXiTHO BiIOKPEMHUTH JBI CKJIQI0BI ITOBHOI THUCIICPCIi:

— Midcepynogy  oucnepciro, SiIKa BU3HAYAE€TBCA MDK CepefHIMH
IPYNOBUMH 3HAYEHHSAMHU Y,, TOOTO XapaKTepHU3ye CKIIAIOBY, 3yMOBICHY
PO3CIFOBaHHIM MK O3HaKaMH TPOYKIIil, OTPMMAHOI Ha Pi3HUX YCTaHOBKaX;

— ycepeoneny oOucnepcilo O3HAK MPOXYKLiiY,, BHUIOTOBJIEHOI N,
oTepaTopamy, siKi MpawiolTh Ha i-i YCTaHOBIII.

Jlns uporo, yiBmm y Bupas (7.4) £y, ta £V, , Aictanemo:

N M My
2 G Na(e o ~ <\
Q=222 [0 =+ =)+ Ty~ 9)f
i=1 k=L j=1
OcCKibKM MDK JOJaHKaMH, IO MICTAThCS B JYXKKax, HEMae
KOpeIsIii, MoABOEHa cyMa AOOYTKIB HX ONAHKIB OyJe MOpiBHIOBATH
HYJO (SIK 1 U1t 0IHO(AaKTOPHOTO aHallizy). Y pe3ynbTaTi JiCTaHEMO:

N N my N N my
2 T )\2 Y
Qo :Z Z[(yi -Y) +222(yik -y
i=1 k=1 j=L i=1 k=1 j=1
Q% Q%
7.5
N Ni Mg 2 ( )
+ Z Z(yw = Vi)l
i=1 k=L j=L
QZ
1 Mg
ne Vi = —Zyikj — CepeJHE 3HAUCHHs O3HAKM — BHXIJIHOI BEJIMUMHH,
ik j=1
oTpumane K-M orepatopom Ha i-if yCTaHOBII;
1
Vi :_Zyik — CEpelJHE 3HAYEHHS O3HAKW, OTPHUMAHOI TphOMa
i k=1

orepaTopamH, SIKi IMPALIOITh Ha [-i YCTaHOBIII.

Y  dopmyni (7.5) mepmmii J10JAHOK 3yMOBJICHHH  BIUIMBOM
BUTAJKOBUX BEJIMYMH 1 MOXIIMBAM BIUTUBOM YCTaHOBOK; JIPYyTHiA
JIOJAHOK — BIUIMBOM BHIIQJKOBHMX BEJIMYMH 1 MOMKJIMBHM BIUIMBOM
orepaTopiB; TPETiH 10JaHOK — TiJIbKU BIUIMBOM BHITaJKOBUX BEIMYHH.
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J1g Toro mo0 OILIHUTH CYTTEBICTH BIUITMBY YCTAaHOBKH Ha MIPOAYKIIIIO,
HEOOXiAHO OOYMCIUTH Sx21 i S, a notim nepesiputy iX BifHOUIEHHS 3a

kputepiem dDimepa.
[lo3HaunMoO KiNTBKICTH MPOAYKIi, BUTOTOBJIEHOI Ha [ - yCTaHOBII
TpbOMa OTIepPaTOPaMH:

n;
Ri=> my.
k=1

Tomi 3arampHa KUTBKICTh MMPOAYKIII Ha BCIX YCTaHOBKaxX Oy/ie:

N
R=>R.

i=1

Oninky aMcrepcii, 3yMOBJICHOT BIUIMBOM BHITAJIKOBHUX BEJIUYHH,
3HAXOMATh SIK

OcKinbKU AJ1s1 OOYMCIICHHS OLIHKM Ii€l Aucrepcii HeoOXigHo Oyiio
I KOXKHOTO OIlepaTopa 3HAWTH CepeiHe 3HAa4eHHS Y, , TO KiIbKICTH

. . 2
CTYIICHIB CB06OI[I/I f8 npu 00YHrCICHHI S‘g BHU3HAYA€TbCA  SK

N 2
f.=R- Z n; 3 omsady Ha Te, MO JUIl O0UUCICHHS Sfl = f_n MOTPIOHO
i=1 X

Oyuno 3uaiitu Y, KinbkicTs cTynenis ceo6oam 6yne f, =N -1.
Po3paxynkoBe 3HaueHHs koedinieHra dimepa:
2
F. .= i
P(x) 7 g2 °
SS

Jam 3a BiIOMHM aJTOPUTMOM BH3HAYaIOTh FKp IS fxl, f, i

00paHOTO O, MOPIBHIOIOTH 3 Fp(xl)i MPUAMAOTH BIATIOBIIHE PillICHHS.

Jonanok QXZ2 Hece iHQOpPMaLilo MPO MOXKJIMBE BiAXWIECHHS PiBHSA

KkBayidikaiii orepaTopiB, a TaKOX TPO BIUIMB BHIQJKOBUX (aKTOPIB.
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2

. X . . . .
V3sBIIN BiIHOIIEHHS —22, MO>XHA OITIHUTH BILTHB HAsABHOI PO301’KHOCTI
€

y KBamidikariii oreparopis, TOOTO CyTTEBHI UM Hi 11€¥ BIUIUB.
Posrisinemo Bupas:

N
sz zzzmik(yik -¥)?,

i=1 k=1
3 SIKOI'O0 BHIUIMBAE, MO IS OOYUCICHHS sz HEOOXITHO BHU3HAYUTH

cepelHe 3HAYCHHS O3HAKH MMPOAYyKIii, oTpuManoi Ha N ycTaHOBKax, TOMY
KUTBKICTh CTYIIEHIB cBOOOIM Oy e
N

i-1
AHANOTIYHO po3rIsHyTOMY sl (hakTopa X; mepeBipseMO CyTTEBICTh
PO301KHOCTI MK TUCTIEPCIAMU S i SS , @ OT)KE, PO MOXKJIMBUN BIUIMB

oTIepaTopiB HA AKICTH MPOAYKITii (pOSClIOBaHHSI O3HAKH).

Ilepexpecna cxema npoeeoenus (mnpoﬁysanb HpI/IHyCTI/IMO o
OIIEPAaTOPH MAKOTh PisHY keanigikayiio i 3 TPpBOX orepaTopiB, sIKi
IPaloTh HA KOXKHINA 3 YCTAHOBOK, OAMH Ma€ 1-i po3psia, Apyruii —
2-ii, a Tpetiit — 3-i. [ns 3abe3neueHHs] TOCTOBIPHOCTI pe3ynLTaTiB
BI/IHp06yBaHL HE0OXiqHO, MO0 Ha KOXHIH 3 YCTAaHOBOK OYJO 3aJisTHO
orepaTopiB ycix piBHIB KBamidikamnii, ToOTO NoTpiOHO 3a;isATH IO
yotupu omeparopu 3 1-m, 2-M Ta 3-M po3psaamu. Tomi 3a ymoBH
TMOTIEPEHBOTO  PHKIALy peaizyeTbest nepexpecHa Knacn(blKaulsI 3
4OTHpMa PiBHAMH (akTopa X; «yCTaHOBKA» 1 TPhOMA PiBHAMHU Q)aKTopa
X, «pospsmy. CxemMaTHuHy MOJAEITb 3 TMEPEeXpEeCHHUMH 3B’ s3KaMH
HaBeJleHO Ha puc. 7.2. Ha BimMiHy Bij iepapxiuHOi CTPYKTYpH cxema
B3a€eMO/IiH (hakTOpiB Oy/e OLIBII CKIaTHOKO.

X -
yCTaHOBKA
CriocrepexeHHs
QOO OOO® OEO®
N\ N\ NN\ | kBamidikaris
1-# po3psin 2-1i po3psiz 3-t po3psn Pospsaoun
Puc.7.2
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BuxinHumu € ekcriepuMeHTalbHI JaHi, sKi 3aHOCTh y Tabum. 7.2.

Jlani no3HavaroTh TphOMA IHACKCAMH Yy, A€ [ — PIBEHb MEPLIOTO

(hakTopa (HOMEp YCTaHOBKH,

(po3psin omeparopa, K=1,N,); j —

i=:|.,_|\l1 ); kK — piBenp apyroro daxTtopa

MOPSIIKOBUIM HOMEpP OAHOTO 3 Mig

CIIOCTEPEXKEHb ISl CIOJYYEHHs i-r0 PiBHA mepmioro ¢akropa 3 K-m
piBHeM japyroro. BBakaeTbcs, 110 KOXHUH ONEPaTOp BUTOTOBIISE
OJTHAKOBY KITbKICTh MTPOAYKIIIi M.

Tabruys 7.2
X2
X1 1 2 k Nz
Y111 Y121 Yuia Yin1 _
1 . = e i Y1
Yiim Yi2m Yikm YiN,m
Yo11 Yoo1 Yokt Yan,1 ~
2 | i | A
Y21m Y22m Yokm YaN,m
_ Vi1 Yiz1 Vit Yiny1 _
1 R S Vi
Yiim Y|2m ylkm yisz
Iny11 Iny21 Iy YN, B
Nl R e R B le
YNy1m YN, 2m YNgkm YN{N,m
A 1A Vi N, y

JInst KO)KHOT KOMipku Tabi. 7.2, To0TO aist (hikcoBaHMX 3HAuUeHb I, K

MOKHA 3HAWTH CECpECIHE 3HAYCHHSI:

T 20

3

sKe MO)kKe OyTH BUKOpHCTaHE JUIsl OLIHIOBAHHS BIUIMBY BHIAJIKOBHX
(akTopis.
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Jst KosKHOTO psimka Tabmuill (X, = const) MOXKHA 3HANTH cepemaHe 3a
BciMa 3HaUYeHHsAMH ¢akropa X, ,TOOTO cepelaHe 3HAYCHHS O3HAKH
MPOAYKIIii, BATOTOBJICHOI yCiMa OTiepaTOpaMM Ha BCiX yCTaHOBKAX:

ZYm =

N, = Mo =

N, m

Jnst Ko>xHOTO cTOBMIL Tabnui (X, = const) MOXXHA 3HAWTH Y|, sKe

XapaKTepU3y€e CepelHe 3HAYEHHS IMOKa3HWKa TMPOAYKIi, OTpUMaHOi
BciMa omeparopamu K- kBasidikarii :

FeHepaane CepelIHE BU3HAYAIOTh SIK

Nlelk—lJl NN =1 k= yik_Nli—lyi_N_ZkZ;‘yk,

1 B 3araJIbHOMY BUITaJIKy OyJIe 3aJICKaTH:
— BiJI CTaHy OOJIQHAHHS;
— po3psy onepaTopa;
— BIUTMBY BUIIJIKOBHX BEITUYUH;
— HAasABHOCTI MEPEXPECHUX 3B’ S3KIB, TOOTO B3aeMoIii Mk X711 X>.
PosrisHemo Bupa3 i TOBHOI CyMM KBajpara BIIXWICHb BiJ

3arajJibHOTO CEpCAHLOI0, JOAaBIIN CKIIaAOBY + yik

Q02 :222(% - 7)2 :iiZ[WMq - yik)+ (yik - 37)]2 (7-6)

i=1 k=L j=L i=1 k=L j=1
Sk yxe OyJo BCTaHOBJIEHO, TOOYTOK ABOX HEKOPETbOBAHUX BEIINYHH
JOPiBHIOE HYITI0, TOMY BUpa3 (7.6) MOKHA MTEPENTHUCATH Y BUTIISII:
N, N, m

:lezz:zm:(yikj _yik)2+ZZZ(yik -9)?. (7.7)

i=1 k=1 j=1 i=1 k=1 j=1

Q? Q

Hepmmii nomanox Bupasy (7.7) smise cobow cymy p03C1IOBaHB
pesynbTaTiB y KOMipii TaOmHMIi BiANOBIAHO IO CEPEAHBOTO JUls Ili€i
KOMipkH. OCKUTBKH JOCHIMTA B KOXKHIA KOMIpIIi TPOBOJWINCA TpPH
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(ikcoBannx 3Ha4eHHsX X1 1 Xp, TO pO3CiIOBaHHS 3HAYEHb Y, BIIHOCHO

CEPEAHBOTO yik 3YMOBJICHE BIUIMBOM BUIIAAKOBUX BCJIMYIUH.

PosrnsiHemMo okpemo npyruii mopaHok upasy (7.7). Pozi6’emo iioro
Ha BIANOBiIHI cymH (HEOOXiTHO TaMm’SITaTH, IO TOMapHi T0O0YTKH Jaf0Th

HyJIb), YBIiBIIN B HBOTO CKJIAOBI 1V, Y/, +V:
N, N m Ny N m
222G =N=2220-N+
i=1 k=1 j=1 i=1 k=l j=1
Q%

BHIEIDDRACE IR

1 k=1 i=1 k=1 j=1

Q% Qéixz
Y KiHIIeBOMY pe3ysbTaTi JicTaHeMO TpH CKiaioBi cymu. [lepmia 3 HUX —

Qfl NpOMOpLiHa 1O BIUIMBY BHIAJKOBHUX BEJIMYMH Ta MOJKIJIUBOTO

BILIBY XapaKTCPHCTHK YCTAHOBOK, Jpyra — IPOINOPLIiHHA 10 BILIMBY
BHIT/IKOBMX ~BCIMYMH 1 MOXIMBOI CYTTEBOI pPO3OIKHOCTI piBHIB
KBaiQikarii onepaTopm a Tperst Hece 1HGOPMALIIO NPO MOKIMBHH
BIUIMB B32€MO3B 53Ky MK PO3PsJIaMH ONEPATOPIB 1 XapakTepPUCTUKAMH
YCTaHOBOK, a TaKOX INOJ0 BIUIMBY BHIIAJKOBHX BEIMYHMH. SIK 1 mpm
iepapxiuHiii cxemi opraHizailii BUIIpoOyBaHb, ISl BUSBICHHS MOKIHBOTO
BIUIMBY (BakTopis (yCTaHOBKI/I oreparopa) Ta iXHiX B3a€MOAIA HEOOXiAHO
OHIHI/ITI/I BII[HOIHCHHSI MOB’SA3aHUX 3 HHUMH I[I/ICHepCII/I Ta ,Z[I/ICHepCII
3yMOBJICHOT BIUTMBOM TUTHKH BHITAIKOBUX BEIWYMH. [ IbOr0 HEOOXITHO
BUKOHATH TaKi Jii:

1. OGuucnutn

2
S2 :&
X le '
ne f, =N;-1.
2
2. OGuucnutu sz =%,
ne f, =N, -1.
Q2

2
3. OGumcmutu S, =—+,
172
XXz

ne f =N;N, =N, — N, +1=(N; ~)(N, -1).
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QZ

4. OOuucauTH 882 = ; X

€

e f.=N;N,(m-1).
IlepeBipka rimoTe3 MNpo 3HAYYNIICTb BIUIMBIB (aKTOpiB Ta ix
B3a€MOJIH 3MIHCHIOETHCS 3a JAOMOMOrolo kpurepito dimrepa. 3HaxXoAsTh

BIJNOBIHE PO3PaXxyHKOBE 3Hau€HHsI Fp, B3SABIIM BiIHOILEHHS szl , abo

2 2 2 . . . .
Sy, abo S;, 0S5 . 3ualineni y Takuii crocié po3paxyHKOBI 3HAYCHH:

koedimientis dimepa MOPIBHIOIOTH 3 KPUTUUYHUMH AJISl BiAMOBITHOTO
4ncna Crynenis codoau (ans uncensuukis f, , a6o f, ,abof,, )i f,

— ans 3HaMeHHuKa. Skmo F, > F; , To BianosigHuil ¢gakrop X; abo X,

a00 ix B3aeMoist X1.X; CyTTEBO BIUIMHYJIM HAa 3HAUYCHHS O3HAKH.
IepeBipka rinmore3 mpo 3HAUYYHIICTh BIUIMBIB (PakToOpiB Ta IXHIX
B3a€MOJIIN 3IMCHIOETHCS 3a OTOMOTOr0 Kputepiro Dimepa. 3HaX0aATh

BiJIMOBiZIHE PO3paxyHKOBe 3HaueHHsI F,, B3SBIIM BigHOIICHHS Sx21 , abo

2 2 2 9] . v . .
S,,» @00 S, nmo S. 3HaiiieHi B Takuii crioci6 po3paxyHKOBI 3HAYCHHS
koedinienTie dimepa MOPIBHIOIOTh 3 KPUTHYHUMH JJISI  BiJIOBITHOT

KUIBKOCTI CTymeHiB cBoGoau (mist uucensrukis f, , abo f, , abo f,, )i
f. — nn4 3HaMenHuKa. Skmo Fp > FKp , TO BianoBigHui (akrop X; abo

X, a00 ix B3aemozist XX, CyTTE€BO BIUIMHYJIM HA 3HAUEHHS O3HAKH.

Jlatunceski kBaapatu. [lpm 3pocTaHHI KiNBKOCTI (akTopiB, sKi
MOXYTh BIUIMBATH, Pi3KO 3pOCTae oO0CAT MJOCHI[KeHb 1 aHali3
eKCIIEpUMEHTAILHUX JaHUX YCKIIaJHIOETHCS. 3aCTOCYBAHHS TaK 3BAaHHX
JIATUHCHKHUX KBaJIPATIB JIA€ 3MOTY 3HAYHO 3MEHIIUTH 00CST JOCIIIKEHb 1
CIPOCTUTH 0OPOOKY JTaHUX.

[lnaH gochiKEeHHS BHIY «KJIACUYHHUI JIATUHCHKUU KBaApaT» Jae
3MOTY JOCIIDKYBaTH BIUIUB TPbOX (haKTOpiB, SAKi BapitoroThcs Ha N
piBHAX, ame BHKOPHCTOByeThcs Tinbki N° KkomOiHamiii piBHiB
daxropiB 3amicts N® MOXIMBHX KOMOiHAI[iH, MPUIOMY iCHYBaHHS
PO30IKHOCTEH MOXKHA IMEpPEBIpUTH JUISI KOXKHOTO 3 TPHOX (PAKTOPIB.
Po3MipHiCTh NTaTHHCHKOTO KBaApaTa BU3HAYAETHCS KUIBKICTIO PiBHIB
BapiroBaHHs (akTopiB: skmo N = 3, To roBOpSATh MPO JATUHCHKUH
KBajgpar 3 x 3.

Jlamuncokumu K6aopamu HA3UBAOMbCA MOMY, WO Di6HI

8apilo6anHss  mMpemvo2o  (hakmopa  NO3HAYAIOMLCS  He
apabcoKumu yugpamu, a AAMmuHCoKUMU TIMmepamu.
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Mpukaan. Posrmsaemo TpudakTopHUl €KCIIEPUMEHT, peati30BaHUM
Ha YOTHPKLOX piBHsAX. [leprmii (akrop (ycTaTKyBaHHS) 3MIHIOETHCS Ha
i =1,4 piBusx; apyruii pakrop (omeparop) — Ha K =14 piBHsx; a mis
TPeThOro (akTopa (ICHb TWXKHS) PIiBHI IMO3HAYAIOTHCS JIATUHCHKUMU
nitepamu, Too6To | = 4,B,C,

[Inan Tumy naTHHCBKOTO KBaapaTa HaBedeHo B Tabn. 7.3. PiBHi
BapitoBaHHS BOX (PaKTOPIB MOAAHO y BHIIILIAI pAnkiB (dakxtop 1) Ta
ctoBMiB ((akTop 2), a TpeTiit pakTop, piBHI AKOTO MO3HAYECHO JIITEPAMH,
3aHOCSTH Y KOMIpKH KBazapara 4 X 4 B Takuii criocio.

Tabauys 7.3

®dakrop 2

®akrop 1

WIO|O|>| -
O[O|>|w| ™
O|>|wW| 0| w

o O|T| >

1
2
3
4 A

Y mepummit psgok Tabn. 7.3 (mepmmii piBeHb Qaktopa 1) B
YIOPSAKOBaHIA TMOCIIAOBHOCTI 3aHOCSTHCS JITEPHU TMO3HAYEHHS PIiBHIB
Tpersoro ¢akropa. [lopsgok po3ranryBaHHsl piBHIB TPETHOTO (akTopa B
HACTYIMHUX PSAJKAX BU3HAYAETHCS LUITXOM [UKIIYHOTO 3CYBY €IIEMEHTIB
NOIIEPEIHBOr0 PsAKa NPaBOPYY 1 MepeBeleHHS OCTAHHLOTO €IeMEHTa Ha
nepiie Micte. [ToOymoBanuii y Takuii criocio IiaH Mae Ha JiaroHaJsaX Ti
cami piBHi TPETHOro (hakTopa (Ha TOJIOBHIH JliarOHAI PO3MIIIIEHO PiBEHBb
A), a plBHl JITepH, IO BiJNOBIJAIOTh PIBHIO TPETHOro daxTopa
PO3MOJIICHI Y MaTpHLli IIaHy TaK, IO B KOXKHOMY PSJKY 1 KOKHOMY
CTOBIIII KOXKHA JIiTepa TPAIUISIETHCSI TUTBKH OJIUH Pa3.

Ilo diazonani pos3miweni 0OHAKO8I pigHi Mpemvbo2o gakxmopa.
JKoona kombinayis pieHie ycix haxmopis He nosMmopEmvcs 6
IHCOOHIU KOMIPYT MAmMpuyi.

BiamoBigHO 10 MaTpMIill Peai3yrOThCs JOCTIAM, B PE3YJIbTaTi SKUX
AICTAlOTh  3Ha4eHHs Yy, Ha mifcTaBi HasBHMX pe3yJbTaTiB  MOXKHA
obuncanTu:
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Kpim Toro, 3a pesynapraTamu BHIPOOYBaHb MOXKHA OOYHCIMTH U
TeHEpaIbHE CEPEIHE:

Jnsi  BUSBICGHHS BIUIMBY TpPbOX PO3MIISHYTHX (akTopiB Ha
JIOCITDKYBaHy O3HAKY BHXOIATH 3 IMOBHOI CYMH BIIXWJIEHb PE3yJIbTATiB
BiJl TeHEPaJIbHOTO CEPEAHBOTO:

Qg ZZZ(VW] - 7)2 .

i=1l k=1

KpiMm Toro, o64ncIro0Th BHpas:
2 S 2
Q=>(F-9",
i=L

mo Hece iH(GOpPMAIil0 TPO MOXIUBUI BIUIMB MEpIIOTO (akTopa.
AHAJIOTIYHO OOUUCIIOIOTH!

N
2 o )2
QL => (% —¥)?,
k=1
1110 Hece iH(OopMAIIiIo PO MOXKIIMBUE BIUIMB APYroro (Gakrtopa, i BUpas:
N
2 e )
QF=>.(¥;-V)
=L
— TIPO BIUIUB TPETHOTO (aKTopa.

Ha BinMminy Bix nBodakTopHHX BHIIPOOYBaHb JIATUHCHKI KBajpaTd He
JAal0Th 3MOTHM BHIUIITH OKPEMO BIUIMB BHIIAJIKOBUX BEJIMYMH € Ta

B3aemMoftii (hakTOpiB, TOMy 3a BMIAJKOBEe po3citoBamHA Q° GepeThcs
PI3HHUII:

282



Q?=Qf-Q} -Qf -Qi .

V Takumii cnocid OOYMCIIOIOTHECS BCl HEOOXIMHI BIAXWUIICHHS IS
BU3HAYCHHS CYTTEBOCTI BILUTUBY PO3TIISIHYTHX (hakTopiB. [l BU3HAUCHHS
CYTTEBOCTI BIUIMBY (akTOpiB HEOOXiMHO Ha IICTaBi PO3paxOBaHUX
BIIXWICHb OOYHMCIUTH BIAMOBIIHI OIIHKH JUCIEPCii, BU3HAYUBIIH
KUTBKICTP CTYIIEHIB CBOOOIN /ISl pO3CiIOBaHb!

fo=f,=f =N-L
£ =(N-1)(N-2).

[ToTim 3a BiZOMOIO CXEMOIO PO3PaxOBYIOTH BIAMOBITHI Koe(illieHTH
®dimepa, sKi  OIIHIOIOTH CYTTEBICTh BIUIMBY (DakTOpa IUIIXOM
HOPIBHSAHHSA PO3PaxoBaHOro KoedilieHTa F, 3 KPUTHYHUM 3HAYEHHAM

Kp*

I'pexo-aaTuHcbKi KBaapaTu. ICHYIOTh NpakTH4YHI BUIAIKH, KOJIH
KUTBKICTh JOCHIPKYBaHUX (pakTopiB HEOOXiMHO 301MBIINTH 0 YOTUPHOX.
Ile 3paificHIOETHCA NUISXOM HAKJIAACHHS HA OCHOBHHUU JIATHHCHKUI
KBaJpaT APYroro JaTWHCHKOTO KBaapata Tiei camoi po3mipHocTi N x N i
OpPTOTOHATFHOTO BHXiAHOMY, TOOTO KOKHA JiT€pa OJHOTO JIATHHCHKOTO
KBaJ[paTa OJMH pa3 3’SBIISETHCS Ha Till caMill O3HILil, SIK 1 KOXKHA JliTepa
Jpyroro JaTHHCHKOTO KBagpaTa. TakuM YMHOM, KOXHA JiTepa HEepIIOro
KBaJ[paTa TPANUTHCS Y BUTISAI KOMOIHAIT TUTBKKA OJUH pa3 3 KOXHOIO
Jitepoto jpyroro kpajpata. I1lo6 pospizHuTH piBHI (akTopiB, sKi
BXOASTH 0 BHXIJHOTO JIATUHCBKOTO M OPTOrOHAJIBHOTO KBaJApariB, y
JPyroMy JaTHHCBKOMY KBaJpaTi BXKHBAIOTHhCS TPELbKi JiTepu (3BiAcH
Ha3Ba 2pPeKo-IAMUHCLKULL K8aopam).

Meronu mobyn0BH rPeKO-TATHHCEKIX KBAApaTiB pisHi. Jleski 3 Hux
BiZPi3HSAIOTHCS TMPOCTOTOI0, ajle HE € 3arajibHUMHU 1 HE M03BOJSIOTH
OTPUMATH IMIOBHOI MHOYXXHHHU T'PEKO-TaTHHCHKHUX KBaAPaTiB, TOOTO HE IS
Bcix kBampariB N-TO TMOpsAIKYy MOXKHAa BH3HAYUTH OPTOTOHANBHI
KBaJ[paTH.

Hucnepciiinuii aHami3 s [UIaHy THITY TPEKO-JIATHHCHKOTO KBajpaTa
AQHAJIOTIYHUM [0 PO3IJSIHYTOTO paHille JIATMHCHKOIO KBajpara.
BiaMiHHICTE TONSTaE B TOMY, IO HEOOXITHO OOYHCIIOBATH IIE CyMY
KBaJIpaTiB JJIs 4eTBepTOro (hakropa QfA. Kpim TOTO, KUIBKICTH CTYIICHIB

cBO0OO/IM 3AJIMIIKOBOI CyMH KBaapaTiB 3MeHInyeThest Ha N — 1. Tomy mipu
N = 3 KiJIbKICTh CTyHeHiB 03060)11/1 JUISL 3QJIMITKOBOI CYMH KBaJpaTiB
,ZIOplBHIOC HYJIIO 1 FpeKO-J'IaTI/IHCLKI KBagpatu 3X3 i aBTOHOMHHX
JIOCITiPKEHb OyIyBaTH HEAOULIHHO.
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[uTanns aJs camonepeBipku

1. ChopmymroiiTe 3amady AUCIIEPCIHHOTO aHATIZY.
2.Y 4oMy MOJISATal0Th YMOBH OJJHOPIJHOCTI Ta BiATBOPIOBAHOCTI?
3. SlkuM YMHOM BH3HAYAETHCS BIUIMB (DAKTOPIB MPHU JAUCIEPCIHHOMY
aHamizi?
4. SIk 3HAWTH OMIHKY 3arambHOI amcriepcii Ta i CKIagOBHX MpH
0THO()aKTOPHOMY AHCIEPCIHHOMY aHami31?
5. SIk 3miiCHUTH TIepeBipKy HYIHOBOI TiMOTE3H MPU OJHO(DAKTOPHOMY
JqucriepciiHoMy aHami3i?
6. Ik 3abe3meuyeTbcs BiATBOPIOBAHICTH YMOB TIPH TPOBEICHHI
nepexpecHoi cXeMu BUIIPOOYBaHb?
7.Uum Bifpi3HAETBCA i€papxidHa cxema 3B’s3KiB (aKTOpiB Bix
nepexpecHoi?
8. flky (i3uyHy IiHTEpHpeTalil0 MalTh CKIAJ0BI aucmepcii mpu
iepapxiuHiil Kacudikamii?
9. J171s1 40ro 3aCTOCOBYIOThCS JIATHHCHKI KBapaTu?
10. Y yomy momnsrae BiAMIHHICTH JATHHCHKUX Ta TPEKO-TATHHCHKUAX
KBaJpaTiB?
11. SIx OymyroThCS TATHHCHKI KBaApaTH?
12. Jlnst yoro moTpiOHO MEPEBIPSITH OAHOPIAHICTD AUCTICPCIH MPH aHai3i?
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CraTucTHYHI TAa0ANIi

HopMmauabHauii po3noain

JlopaTtku

Tabnuys /1. 1
z 0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09
0,0 (0500 0504 0508 0512 0516 0,520 0,524 0,528 0,532 0,536
0,1 | 0540 0,544 0,548 0,552 0,556 0,560 0,564 0,568 0,571 0,575
0,2 (0579 0583 0587 0591 0595 0599 0,603 0,606 0,610 0,614
0,3 |0618 0623 0,625 0,629 0,633 0,637 0,640 0,644 0,648 0,652
04 |0655 0659 0663 0666 0670 0,674 0,677 0,681 0,684 0,688
05 0691 0695 0,698 0,702 0,705 0,709 0,712 0,716 0,719 0,722
06 |0726 0729 0,732 0,736 0,739 0,742 0,745 0,749 0,752 0,755
0,7 |0,758 0,761 0,764 0,767 0,770 0,773 0,776 0,779 0,782 0,785
0,8 (0788 0,791 0,794 0,797 0,799 0,802 0,805 0,808 0,811 0,813
09 |0816 0819 0820 0,824 0,826 0,829 0,832 0,834 0,836 0,839
1,0 10841 0,844 0,846 0,848 0,851 0,853 0,855 0,858 0,860 0,862
1,1 (0,864 0,86 0869 0871 0873 0,875 0877 0,879 0,881 0,883
1,2 | 0885 0,887 0,889 0,891 0,892 0,894 0,896 0,898 0,900 0,901
1,3 (0,903 0,905 0,906 0,908 0910 0,911 0913 0,915 0,916 0,918
14 10919 0,921 0,922 0,924 0,925 0,926 0,928 0,929 0,931 0,932
15 (0933 0,934 0,936 0,937 0,938 0,939 0,941 0,942 0,943 0,944
16 (0945 0,946 0,947 0948 0949 0,950 0,951 0,952 0,953 0,954
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Baxinuennss maobn. J 1

z 0,00 o001 002 003 004 005 006 007 008 0,09

1,7 | 0955 0,956 0,957 0,958 0,959 0,960 0,961 0,962 0,962 0,963
1,8 10964 0965 0,966 0966 0,967 0,968 0968 0,969 0,970 0,971
19 10971 0972 0972 0973 0974 0974 0975 0975 0,976 0,977

2,0 | 0977 0978 0,978 0979 0,979 0,980 0980 0,981 0,981 0,982
21 0982 0982 0,983 0,983 0,984 0984 0985 0,985 0,985 0,986
2,2 10986 098 0,987 0,987 0,987 0,988 0,988 0,988 0,989 0,989
2,3 10989 0989 0,90 0990 0,90 0991 0991 0,991 0,991 0,992
24 (0992 0992 0992 0,992 0,993 0,993 0,993 0,993 0,993 0,994
25 (0994 0994 0994 0,994 0,994 0,995 0,995 0,995 0,995 0,995
26 | 099 0995 0,996 0,996 0,996 0,996 0,996 0,996 0,996 0,996
2,7 (099 0,997 0,997 0,997 0,997 0,997 0,997 0,997 0,997 0,997
28 (0,997 0,997 0,997 0,997 0,998 0,998 0,998 0,998 0,998 0,998
29 10998 0998 0,998 0,998 0,998 0,998 0,998 0,998 0,998 0,999
30 (0999 0999 0,999 0,999 0,999 0,999 0,999 0,999 0,999 0,999
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IIpoooescenns 000.

IinbHicTh iMOBiIpHOCTE HOPMOBAHOTIO TA
LHEHTPOBAHOI'0 HOPMAJILHOI0 PO3MOAILTY

Tabnuys J. 2

X 0 1 2 3 4 5 6 7 8 9

0,0 | 3989“ 3989 3989 3988 3986 3984 3982 3980 3977 3973
0,1 | 3970* 3965 3961 3956 3951 3945 3939 3932 3925 3918
0,2 | 3910* 3902 3894 3885 3876 3867 3857 3847 3836 3825
0,3 | 3814* 3802 3790 3778 3765 3752 3739 3725 3712 3697
0,4 | 3683* 3668 3653 3637 3621 3605 3589 3572 3555 3538
05 | 3521 3503 3485 3467 3448 3429 3410 3391 3372 3352
0.6 | 3332 3312 3292 3271 3251 3230 3209 3187 3166 3141
0,7 | 3123* 3101 3079 3056 3034 3011 2989 2966 2943 2920
0,8 | 2897" 2874 2850 2827 2803 2780 2756 2732 2709 2685
0,9 | 2661 2637 2613 2589 2565 2541 2516 2492 2468 2444

1,0 | 2420* 2396 2371 2347 2323 2299 2275 2251 2227 2203
1,1 | 2179* 2155 2131 2107 2083 2059 2035 2012 1989 1965
1,2 | 1942* 1919 1895 1872 1849 1826 1804 1781 1758 1736
1,3 | 1714* 1691 1669 1647 1626 1604 1582 1561 1539 1518
1,4 | 1497* 1476 1456 1435 1415 1394 1374 1354 1334 1315
1,5 | 1295* 1276 1257 1238 1219 1200 1182 1163 1145 1127
1,6 | 1109* 1092 1074 1057 1040 1023 1006 9893 9728 9566
1,7 | 9405° 9246 9089 8933 8780 8628 8478 8329 8183 8038
1,8 | 7895° 7754 7614 7477 7341 7206 7074 6943 6814 6687
1,9 | 6562° 6438 6316 6195 6077 5960 5844 5730 5618 5508

2,0 | 5399° 5292 5186 5082 4980 4879 4780 4682 4586 4491
2,1 | 4398° 4307 4217 4128 4041 3955 3871 3788 3706 3626
2,2 | 3547° 3470 3394 3319 3246 3174 3103 3034 2965 2898

2,3 | 2833° 2768 2705 2643 2582 2522 2463 2406 2349 2294
2,4 | 2239° 2186 2134 2083 2033 1984 1936 1888 1842 1797
25 | 1753 1709 1667 1625 1585 1545 1506 1468 1431 1394
2,6 | 1358° 1323 1289 1256 1223 1191 1160 1130 1100 1071
2,7 | 1042° 1014 9871 9606 9347 9094 8846 8605 8370 8140
2,8 | 7915° 7697 7483 7274 7071 6873 6679 6491 6307 6127
29 | 5953° 5782 5616 5454 5296 5143 4993 4847 4705 4567
3,0 | 4432° 4301 4173 4049 3928 3810 3695 3584 3475 3370
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t-po3nogist CthroeHTa

TIpoooeorcens 000.

Tabnuys /1. 3
v | a=050 | a=025 | a=01 | «=005 | «a=002 | a=001
1 1,000 2,41 6,31 127 31,82 63,7
2 0,816 1,60 2,92 4,30 6,97 9,92
3 0,765 1,42 2,35 3,18 4,54 5,84
4 0,741 134 2,13 2,78 3,75 4,60
5 0,727 1,30 2,01 2,57 3,37 4,03
6 0,718 1,27 1,94 2,45 3,14 3,71
7 0,711 1,25 1,89 2,36 3,00 3,50
8 0,706 124 1,86 2,31 2,90 3,36
9 0,703 1,23 1,83 2,26 2,82 3,25
10 | 0,700 1,22 1,81 2,23 2,76 3,17
11 | 0697 121 1,80 2,2 2,72 3,11
12 | 0695 121 178 2,18 2,68 3,05
13 | 0,694 1,20 1,77 2,16 2,65 3,01
14 | 0692 1,20 176 2,14 2,62 2,98
15 | 0691 1,20 175 2,13 2,60 2,95
16 | 0,690 1,19 175 2,12 2,58 2,92
17 | 0,689 1,19 174 2,11 2,57 2,90
18 | 0688 1,19 173 2,10 2,55 2,88
19 | 0688 1,19 173 2,09 2,54 2,86
20 | 0687 1,18 173 2,09 2,53 2,85
21 | 0686 1,18 172 2,08 2,52 2,83
22 | 0686 1,18 172 2,07 2,51 2,82
23 | 0685 1,18 171 2,07 2,50 2,81
24 | 0685 1,18 171 2,06 2,49 2,80
25 | 0684 1,18 171 2,06 2,49 2,79
26 | 0684 1,18 171 2,06 2,48 2,78
27 | 0684 1,18 171 2,05 2,47 2,77
28 | 0683 1,17 1,70 2,05 2,47 2,76
30 | 0683 1,17 1,70 2,04 2,46 2,75
120 | 0,677 1,16 1,66 1,98 2,36 2,62
o | 0674 1,15 1,64 1,96 2,33 2,58
t | a2=025 [a/2=0125] 0/2=005 |a/2=0025] 0/2=0,01 |a/2=0,005
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xz-p03n011i.11 Mipcona

IIpooosoicentisi 000.

Tabnuys J. 4
v w099 | o095 | 09 | o5 01 005 | o001
1 0,0001 0,0039 0,0158 0,455 2,71 3,84 6,64
2 0,0201 0,103 0,211 1,39 4,61 5,99 9,21
3 0,115 0,352 0,584 2,37 6,25 7,81 11,3
4 0,297 0,711 1,06 3,36 7,78 9,49 13,3
5 0,554 1,15 1,61 4,35 9,24 11,1 15,1
6 0,872 1,64 2,20 5,35 10,6 12,6 16,8
7 1,24 2,17 2,83 6,35 12,0 14,1 18,5
8 1,65 2,73 3,49 7,34 134 155 20,1
9 2,09 3,33 4,17 8,34 14,7 16,9 21,7
10 2,56 3,94 4,87 9,34 16,0 18,3 23,2
11 3,05 4,57 5,58 10,3 17,3 19,7 24,7
12 3,57 5,23 6,3 11,3 18,5 21,0 26,2
13 4,11 5,89 7,04 12,3 19,8 22,4 21,7
14 4,66 6,57 7,79 13,3 21,1 23,7 29,1
15 5,23 7,26 8,55 14,3 22,3 25 30,6
16 5,81 7,96 9,31 15,3 235 26,3 32,0
17 6,41 8,67 10,1 16,3 24,8 27,6 334
18 7,01 9,39 10,9 17,3 26,0 28,9 34,8
19 7,63 10,1 11,7 18,3 27,2 30,1 36,2
20 8,26 10,9 12,4 19,3 28,4 31,4 37,6
21 8,90 11,6 13,2 20,3 29,6 32,7 38,9
22 9,54 12,3 14,0 21,3 30,8 33,9 40,3
23 10,2 13,1 14,8 22,3 32,0 35,2 41,6
24 10,9 13,8 15,7 233 33,2 36,4 43,0
25 115 14,6 16,5 24,3 34,4 37,7 443
26 12,2 154 17,3 25,3 35,6 38,9 45,6
27 12,9 16,2 18,1 26,3 36,7 40,1 47,0
28 13,6 16,9 18,9 27,3 37,9 41,3 48,3
29 14,3 17,7 19,8 28,3 39,1 42,6 49,6
30 15,0 18,5 20,6 29,3 40,3 43,8 50,6
40 22,2 26,5 29,1 39,3 51,8 55,6 63,7
60 37,5 43,2 46,5 59,3 74,4 79,1 88,4
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Keanmuno F-poznooiny (0. = 0,05)

IIpooosoicennst 000.

Tabauys /1. 5

v2

10

12

15

20

24

30

40

A W N R

© 00 ~N o o

10

161,4
18,51
10,13
7,71

6,61
5,99
5,59
5,32
5,12

4,96

199,5
19
9,55
6,94

5,79
5,14
4,74
4,46
4,26

41

215,7
19,16
9,28
6,59

541
4,76
4,35
4,07
3,86

3,71

224,6
9,25
9,12
6,39

5,19
4,53
4,12
3,84
3,63

3,48

230,2
19,3
9,01
6,26

5,05
4,39
3,97
3,69
3,48

3,33

234
19,33
8,94
6,16

4,95
4,28
3,87
3,58
3,37

3,22

236,8
19,35
8,89
6,09

4,88
4,21
3,79

3,5
3,29

3,14

238,9
19,37
8,85
6,04

4,82
4,15
3,73
3,44
3,23

3,07

240,5
19,38
8,81

4,77
4,10
3,68
3,39
3,18

3,02

2419
19,4
8,79
5,96

4,74
4,06
3,64
3,35
3,14

2,98

2439
19,41
8,78
591

4,68
4,00
3,57
3,28
3,07

2,91

245,9
19,43
8,7
5,86

4,62
3,94
3,51
3,22
3,01

2,85

248
19,45
8,66

58

4,56
3,87
3,44
3,15
2,94

2,77

249,1
19,45
8,64
577

4,53
3,84
3,41
3,12
2,9

2,74

250,1
19,46
8,62
5,75

4,5
3,81
3,38
3,08
2,86

2,7

251,1
19,47
8,59
5,72

4,46
3,77
3,34
3,04
2,83

2,66

254,3
19,5
8,53
5,63

4,36
3,67
3,23
2,93
2,71

2,54
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vl

v2

1 23| a|s e |78 ]9 |w][2]15]2]2]|30]wn]o-

11
12
13
14

15
16
17
18
19

20
21
22
23

4,84
4,75
4,67
46

4,54
4,49
4,45
4,41
4,38

4,35
4,32
4,3
4,28

3,98
3,89
3,81
3,74

3,68
3,63
3,59
3,55
3,52

3,49
3,47
3,44
3,42

3,59
3,49
341
3,34

3,29
3,24
3,2
3,16
3,13

31
3,07
3,05
3,03

3,36
3,26
3,18
3,11

3,06
3,01
2,96
2,93
2,9

2,87
2,84
2,82
2,8

3,2
3,11
3,03
2,96

2,9
2,85
2,81
2,77
2,74

2,71
2,68
2,66
2,64

3,09
3,00
2,92
2,85

2,79
2,74
2,7
2,66
2,63

2,6
2,57
2,55
2,53

3,01
2,91
2,83
2,76

2,71
2,66
2,61
2,58
2,54

2,51
2,49
2,46
2,44

2,95
2,85
2,77
2,7

2,64
2,59
2,55
2,51
2,48

2,45
2,42
2,4
2,37

2,9
2,8
2,71
2,65

2,59
2,54
2,49
2,46
2,42
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a-5 %-i mewxi 119 Bu3HaYeHHs G-KoedimieHTa

Tabauys /. 6
fi
f, 1 2 | 3| 4| s | e | 7] 8| 9| 0] 16| =
2 0,9985 09750 0,9392 0,9057 0,8584 0,8534 0,8332 0,8159 0,801 0,788  0,7341  0,6602
3 0,9669 08709 0,7977 0,7457 0,7071 0,6771 0,6530 0,6333 0,6167 0,6025 0,5466 0,4748
4 0,9065 0,7679 0,6841 0,6287 0,5895 05598 05365 05175 05017 0,4884 0,4366 0,3720
5 0,8412 0,6838 0,5981 0,5440 0,5063 0,4783 04564 04387 04241 0,4118 0,3645 0,3066
6 0,7808 06161 0,6321 0,4803 0,4447 0,4148 0,3980 0,3817 0,3682 0,3568 0,3135 0,2612
7 0,7271 05612 04800 0,4307 0,3907 03726 0,3555 0,3384 0,3254 0,3254 0,2756 0,2273
8 0,6798 05157 04377 0,3910 10,3595 0,3362 03165 0,3043 0,2926 0,2829 0,2462 0,202
9 0,6385 04775 0,4027 0,3584 0,3286 0,3067 0,2901 0,2768 0,2659 0,2568 0,2226  0,1820
10 0,6020 0,4450 0,3733 0,3311 0,3029 0,2823 0,2666 0,2541 0,2439 0,2353 0,2332 0,1655
12 | 0,6410 10,3924 0,3264 0,2880 0,2624 0,2439 0,2299 0,2187 0,2087 0,2020 0,1737  0,1403
15 | 04709 03346 02758 0,2419 0,2195 0,2034 0,1911 0,1315 10,1736 0,1671 0,1429 0,1144
20 0,3894 0,2705 0,2205 0,1921 0,183 0,602 0,1601 0,1422 0,357 0,1303 0,1108 0,0879
24 0,3434 0,2354 0,1907 0,1656 0,1493 0,1374 0,1286 0,1216 0,116 0,1113 0,0942 0,0742
30 | 0,2929 0,1980 0,1593 0,1377 01237 0,1137 0,1061 0,1002 0,0958 0,0921 0,0771 0,0604
40 | 0,2370 0,1576 0,1259 0,1032 0,0968 0,0887 0,0827 0,0780 0,0745 0,0713 0,0595 0,0462
70 0,737 0,1131 0,0395 0,0766 0,0623 0,0583 0,0582 0,0520 0,0487 0,0411 0,0316 0,0234
120 | 0,0998 0,0632 0,0495 0,0419 0,0371 0,0337 0,0312 0,0292 0,0279 0,0266 0,0218 0,0165




KpuruyHi 3Ha4eHHs 1719 BUNIPOOYBaHb YJIKOKCOHA

IIpooosoicenns 000.

Tabauys 1. 7
Nz
nz
4 5 6 7 8 9 10 11 12 13 14
2 - - - - 80 | 9,0 | 100 | 10,0 | 11,0 | 12,0 | 13,0
3 - 7,5 8,0 95 | 10,0 | 115 | 12,0 | 13,5 | 14,0 | 155 | 16,0
4 | 80| 90 | 100 | 11,0 | 12,0 | 13,0 | 150 | 16,0 | 17,0 | 180 | 19,0
5 90 | 105 | 12,0 | 125 | 140 | 155 | 17,0 | 185 | 19,0 | 20,5 | 22,0
6 13,0 | 150 | 16,0 | 17,0 | 19,0 | 20,0 | 22,0 | 23,0 | 25,0
7 16,5 | 180 | 195 | 21,0 | 225 | 24,0 | 25,5 | 27,0
8 19,0 | 21,0 | 23,0 | 25,0 | 26,0 | 28,0 | 29,0
9 225 | 250 | 26,5 | 28,0 | 30,5 | 32,0
10 27,0 | 29,0 | 30,0 | 32,0 | 34,0
11 30,5 | 33,0 | 345 | 37,0
12 35,0 | 37,0 | 39,0
13 38,5 | 41,0
14 43,0
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