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BCTYII

[TogaTkOBUM €TaroM Mi3HAHHS JIIOIMHOI0 HABKOJIHMIITHHOTO CBITY 3aBXKIH OYJI0
1 TUIITAETHCS KUBE CIIOCTEPEIKCHHSI, IKUX OM CKIIATHUX 1 TEXHIYHUX (OpPM BOHO HE
HaOyBaso. KiHleBuM pe3ynbTaToM Mpoliecy Mi3HaHHS € (OpPMYJIIOBaHHS 3aKOHIB,
BUPAXKEHHSAM SKUX BpEIITI € TEBHI 3B’SI3KM MDK SIBUIIAMU Ta MPOILIECAMH, SIKI
OMHUCYIOThCS ~ MAaTEeMaTUYHUMH  CIIBBIJHOIICHHSIMU MDK  BEIMYMHAMH, MIO
XapaKTepU3ylOTh CIOCTEPEKyBaHI 00’€kTH. B 11eanbHOMY BUMNAIKY BIAETHCA
OTpUMaTH (YHKIIIOHAJIBHY 3aJIEKHICTh MK CIIOCTEPEKYBAHUMU BEIMYUHAMH, alie
3a3BUYal 3aJIKHOCTI CIOTBOPIOIOTHCS BEIMUE3HOIO KUTHKICTIO BUMAKOBUX BIUIMBIB,
HAsBHICTIO B3a€EMO3B’S3KIB MK (DakTOopamu, HeCTallloOHapHICTIO iX (ToOTO
3MIHIOBaHICTIO XapaKTEPUCTUK y Yacl) Touo. B pe3ynbpTaTi 3aneHOCTI HaOyBaloTh
BUIIAJIKOBOTO XapaKTepy, 10 POOUTh HAA3BUYAWHO BAXKKUM iX BUSBICHHS 1, TUM
OlsIbIIe, MAaTEMATUYHUM onuC. [[7151 KO)KHOTO OKPEMOTO BUTIAJKY Y IEBHUIM MOMEHT YU
MPOMIKOK 4acy 3aJIeKHICTh BHCTYIA€ SIK BUITAJIKOBHI OaraTOBUMIPHUN pPO3MOILT
KUIBKOX BEJIMYWH. BUSBICHHS 3a/Ie)KHOCTEH 3a IMX YMOB MOXJIUBE TUIHKH Ha OCHOBI
MaCOBHX JIOCHIKEHb, KOJIU €PEKTH yCepeTHEHHS JO3BOJISIOTh BUSIBUTU 3aJI€KHICTB 1
noOyayBatu i MaTeMaTHYHY MOJENTb. BemWduHHM, 10 BUCTYMAIOTh SK HE3aJICKHI
HA3WBAIOTHCS (paKkTOpaMH 9d (PAaKTOPHUMH O3HAKAMH, a BEITUYMHA, SIKA BHCTYIIAE 5K
3aJie)KHAa 3MIHHA — pe3yJbTaTUBHUM (daktopoMm. Tomy eMmmipuuHi JOCIIIKEHHS
BUKOPUCTOBYIOTHCS JIJISl BIJIMOBII HA €MITIPUYHI MUTAHHS, SIKI TIOBUHHI OyTH TOYHO
BU3HAYCHI 3T1IHO 3 JAHUMHU.

[IpeameToM BUBUYEHHS € 3aCO0M 1 METOJU MPHUKIATHOI CTATUCTUKH, HAYKH PO
Te, IK 00pOoOATH 1aHi. MeToau MPUKIIAIHOT CTATUCTUKA aKTUBHO 3aCTOCOBYIOTHCS B
TEXHIYHUX JOCHIKEHHSIX €KOHOMIL TeOopii 1 MPaKTHIIl yPaBIiHHA. 3 pe3yIbTaTaMU
CIIOCTEpPEXEHb, BUMIPIOBaHb, BUIPOOYBaHb, €KCIIEPUMEHTIB, 3 iX aHaJII30M MaloTh
cnpaBy ¢axiBill y BCIX Tally3sX MPAaKTHYHOI MISUIBHOCTI, Maibke B YCIX 001acTsx
TEOPETUYHUX JIOCHTIPKeHb. 3aBIaHHSIM KypCy € BHUBYEHHS CY4YaCHHUX METO/IIB
MPUKJIAJHOI CTATUCTHKYA HA PiBHI, TIOCTATHHOMY JJIi BUKOPUCTAHHS IIUX METOIIB Y
HAyKOBIM Ta TPAKTUYHIA  JISUTBHOCTI, OBOJIOAIHHS METOJaMH  TMOOYI0BU
MaTeMaTHYHUX MOJIEICH 3 BHKOPHUCTAHHSM CTaTUCTUYHUX METOJIIB, PO3BHTOK
JIOTIYHOTO W aJITOPUTMIYHOTO MHCIICHHS CTYJIEHTIB. MareMaTuyHa CTaTHCTHUKA - 1Ie
CydacHa Tally3b MAaTeMaTWYHOI HayKH, sIKa 3alMaEeThCsl CTATUCTUYHUM OIMHCOM
pe3yJbTaTiB €KCIEPUMEHTIB 1 CIOCTEPEKEHb, a TaKOXK MOOYAOBOIO MaTeMaTHYHHUX
MOJIeNIeH, 10 MICTATHh TOHSTTS WMOBIPHOCTI. TeopeTuyHOo 0a3010 MaTeMaTUYHOI
CTaTUCTUKU CIYKHUTh T€OPisi HMOBIPHOCTEH.

MeToro TpakTUKyMy € 3aCBOEHHS MPHUHIUIIB 3aCTOCYBAaHHS EMITIPUYHUX
METOJIB y Taly3l MporpamMHOi 1H)XeHepii, PopMyBaHHS MPAKTUYHUX HABUYOK TIPU
00pOoO0I11 BETUMKOI KIJIBKOCTI €KCIIEPUMEHTAIBHUX JTAHUX 1 PO3B’A3KY 3aj]1a4 ONTUMI3aIlil
11t 6aratoMipHux 00'ekTiB. [IoTpiOHO mMOKa3aTH TaKOX, IO PO3BUTOK TEXHIYHUX
MPOTPaMHMX 3aCO0IB OOUHMCITIOBAIBHOT TEXHIKH J1a€ MOKJIMBICTh TOBOPUTH ITPO HOBY
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KOHIIEMI[II0 B OpraHizaiii HayKOBUX IOCTIKEHb - aBTOMAaTH3allli €KCIIEPHUMEHTY.
PosrnsinaioTbcss OCHOBU OMHMCOBOI CTATUCTHKH, AUCKPETHI 1 Oe3mepepBHI MOLIH
AMOBIPHOCTE, METOAM OIIHIOBAaHHS TMapaMeTpiB perpeciiiHix 3aJeKHOCTEH,
KOpEJsIii, CTATUCTUYHI TECTH, SIKI HaW4acTillle BXKWUBAIOTHCS B Taiy3l MpOrpamMHOi
1HKeHepli, a TakoX METOJW IIJIJaHyBaHHS EKCIEPUMEHTY 1 IepeBipKa TimnoTes,
3aCTOCYBaHHS EMITIPUYHMX METOMAIB JUIS aHalli3y IPOJAYKTUBHOCTI 1 HaJIHHOCTI
MPOrpaMHUX CUCTEM TOIIIO.

BuxonanHs mabopaTOpHUX poOIT AaHOTO TMPaKTUKyMy CHOPSIMOBAaHO Ha
NOrMOJICHHST 3aCBOEHHS JICKIITHOTO 1 OMpalbOBaHOTO CAMOCTIHHO MaTepiany 1
HAOyTTSl CTyJEHTaAaMH NPAKTHUYHUX HABUYOK OOpPOOKM eMIipu4yHHUX JaHuXx. Ha
7a00paTOPHUX 3AHATTIX CTYACHTH PO3B’SI3YyIOTh 3a7adl MO0 OOpOOKH JaHUX 3
BUKOPUCTAHHSAM 3arajilbHUX MOKJIMBOCTEH 1 0a30BUX (PYHKIIIN €EKTPOHHUX TaOIUIlb
Excel 1 BOymoBanoro B Excel crarucrmunoro makery “AHami3 JaHUX, a TaKOX
PO3pOOJISIOTh AITOPUTMHU 1 MPOrpaMu OOPOOKH JAaHUX CTATUCTUYHUMHU METOJaMH,
peani3oByIOUH iX y MIPOrpaMHUX CEPEJOBUILAX.

OCHOBHUMHU 3aBJAaHHSIMH IUKJTY JIAOOPATOPHUX POOIT € HAOYTTA CTYJEHTaMU
3HAHb Ta YMIHb:

3HATH:

- OCHOBHI XapaKTEPUCTUKHU BUIAIKOBUX BEJTUYNH, 3aKOHU PO3MOILITY;

- mapameTpu GyHKIIIT po3MoaiIy;

- METOJIU KOPEJIALIMHOTO 1 PErpeciifHOrO aHai3y;

- METO/IU TUTAHYBaHHSI €KCIIEPUMEHTY 1 MepEeBIpKa rirnoTes;

- 3aCTOCYBaHHS €MIIIPUYHUX METOIB JIJIsl aHAJTI3Y MPOAYKTUBHOCTI 1 HAJAIMHOCTI
IPOTPaMHUX CHUCTEM;

- METOAM aHadi3y 1 MiJABUIIECHHS HAAIMHOCTI €JIEMEHTIB 1 CUCTEM Ha eTarax
MIPOCKTYBaHHS;

BMITH:

- BU3HAYATH XapaKTEPUCTUKHU HATIMHOCTI €JIEMEHTIB Ta BUPOOIB;

- BU3HAYATH KUIbKICHI OI[IHKY CTYIEHS PU3UKY HAa BUPOOHMIITBI;

-pO3pO0IATH  QJTOPUTM  pIlIEHHS  3ajadl  onTuMmizaiii  00'ekTa
JIOCJI1JDKEHHS,

-T10 33J]JaHOMY aJITOPUTMY CKJIaIaTh TIporpamy

- HAJIaroJI)KyBaTH 1 BUKOHYBaTu nporpamy Ha EOM;

BUPINITYBAaTH 3aJa4l 3 BHUKOPHUCTAHHIM MPHUKJIAJTHOTO MPOTPAMHOTO

3a0e3IeyeHHs

3MIIICHIOBATH OOpOOKY EeMITIpUYHUX JaHWX 3a JOTIOMOTOI 0a30BUX

byHKIIH enekTpoHHUX Tabmuik Excel 1 ctaTuctuyHoro makery ‘“AHaini3

JaHuXx’’;

pPO3pOOIISITH  aITOPUTMHU 1 CTBOPIOBATH TMPOTpaMHi 3acoO0u oOpoOKu

EeMIIIPUYHHX JaHUX.



Buxonanns nabopatopaux po0iT cpuse popMyBaHHIO CAMOCTIHHOCTI y aHai31
NPOBEJACHUX OOYHUCICHb, AOCTIDKEHHI MPaKTUYHUX 3a/ad, SKi € HEeoOXiIHOIO
CKJIaJIOBOIO MIJBUIICHHS TEXHIYHOTO PIBHS MIATOTOBKH CTYJEHTA. 3MICT 1 CTPYKTypa
METOJMYHHUX BKa31BOK BIJOOpa)KalOTh HOBITHI TEHIEHIN] Yy MUTAaHHIX HAaBYAHHS Ta
MIJTOTOBKU KBaJll(PiKOBAaHUX CIEIIAJICTIB.

JlaGopatopHi poOoTH (KOMIT'IOTEPHUN MPAKTUKyM) JUCIMUIUTIHU MICTATh
KOPOTKI TEOPETUYHI B1JIOMOCTI, PUKJIaJM PO3B’I3yBaHHS 3a7a4, TAKOXK 1HIUBITyaJIbH1
BIJIMTOBI/THI 3aBAAHHS Ta MEPETiK OCHOBHUX TCOPETHUYHUX MTUTAaHb BKa3aHOT TEMHU.



JIABOPATOPHA POBOTA Ne 1

Tema: Bapianwilini psagm Ta cratucTudHi  po3moaiin. OO4YMCIeHHS
eMIIipMYHUX JAHUX CTATUCTUYHUMHU 32C00aMHU NIePBUHHOI 00POOKH.

Mera: 3aKkpinuTH, MOTJIMOMTH Ta y3arajJbHUTH TEOPETUYHI 3HAHHS, HaOYTI
CTYAECHTAMH IIi/1 Yac BUBYEHHS TeMU: « EMIIIpUYHI METOIM B HAYKOBUX JOCIIIKEHHSIX.
[lepBUHHMIT CTATUCTUYHUN aHaNi3», PO3BUBATU HABUYKU iX MPAKTUYHOTO
3aCTOCYBaHHH.

Texniune 3a0e3nevennsi: [IEOM, cepenoBuiiie nporpaMyBaHHs.

KopoTtki TeopeTrnuni BizomocTi

VY nabopaTopHux poboTax MU HE MAEMO MOKJIMBOCTI MPAIIOBATH 3 OYIb-IKUMU
JTIACHUMH JaHMMH, TOMY HEOOX1JHOIO CKJIaJJOBOIO YaCTHHOI KOXKHOi pobotu Oyne
re’epaiiisi BuOipkd. B ocCHOBI maHOi mponeaypu JEXHUTh poOOTa 3 TE€HEPATOPOM
0a30B0Oi BUIAAKOBOI BETUYUHU.

bazoBoro BumankoBorw BennunHO (BBB) y cratuctmuHOMY MOJENIOBaHHI
HA3MBAaIOTh HENEPEPBHY BUIMAJKOBY BEJIMYMHY z, PIBHOMIPHO PO3MNOJLIECHY Ha
inTepBaii [0, 1].

BEBB Moaemoetsest Ha EOM 3a nonomoroto reneparopis bBB. I'eneparop BB
— 1€ IpucTpiil abo mporpama, M0 BUJAE 32 3alIUTOM OJIHE a00 KiIbKa He3aJeKHUX

3Ha4YeHb Z;,...,Z, bBB.

['eneparopu BBB 0yBatoTh TpbOX THUMIB: TaOJUYHI1, (PI3UYHI Ta IPOTPAMHI.

Tabmuunuii reneparop bBB — me tabmuns BumankoBux yucen. OCHOBHHIMA
HEJIOJIIK TaKOro TeHepaTropa IMoJjsarac B OOMEKEeHId KUTBKOCTI BUITAJIKOBUX YHCEIN Y
TaOJIHIISIX.

®izuunuii renepatop bBB — 11e cnenianbHuii pagioeneKTpOHHUN MPUCTPIN B
EOM, mo wmictuth mkepeno mymy. llym nmepeTBOproeThcsl HA BUIAAKOBI YUCHIA 3
PIBHOMIpDHUM po3mnoauioM. HenonikamMu € CKIAQHICTh TUpaxyBaHHS (HeoOxigHa
JI0JaTKOBA I1JIaTa) Ta CX€MHA HECTaOIBHICTh TAKOTO T€HEpaTopa.

[Iporpamuuii reneparop bBB, 3a3Buuaii, oOuuciioe 3HaueHHs  ;,...,7,3a
pexypenTHOO hopmynoro Tumy Z; = f(Z,) y pasi 3amanoro cranmapTHOro 3HaYeHHs Z, .

OCKkibKM  Z, TOBHICTIO BHM3HA4Ya€ BCIO IOCHIJOBHICTH, 11  Ha3WBaIOTh

IICEBAOBUIIAIKOBOIO. AJie i1 CTAaTUCTHYHI BJIACTUBOCTI MNOBHICTIO BI1ANOBIAAIOTH
BJIACTUBOCTSIM ~’CITpaBJli BUIIAIKOBOI .

Haiinpoctimmii  MeTtoq mporpamMHOi TeHepallli BUNAAKOBUX YHCENT —
MYJIBTUIUTIKATUBHUI; Y 1OTO OCHOBI JIE)KUTh TaKe PEKYPEHTHE CITIBBIAHOIICHHS:

z,=(4-z,_,+C)modM |,



ne Z;,Z,; — 4eproBe 1 momnepeHe BUMAAKOBI Yucia BinnoBinHo; A, C — koHcTaHTH; M —
BEJIUKE I[iJIC IMO3MTHBHE 4YHUCIO (YuM Oulbimme M, THUM JIOBIIa HEIOBTOPOBaHA

MOCJTIJOBHICTB).
JluckpeTHa BUTIAIKOBA BeIMYMHA d 3a1a€ThCSI MHOXKHUHOIO MOYKJIUBUX 3HAYCHD

{dl, d,,....d, } Ta IX UMOBIPHICTIO Py,... Py. Y BUMIAAKyY, KOJU PE3yIbTaTH PIBHOWMOBIPHI

(p,=...= p, = /) aIrOpUT™ HACTyIHHIA:

d =[nz]+1, (1.1)
ae [ ] — omnepartist 00YHUCIEHHS L1101 YaCTUHH YHCIIA;

z —0a30Ba BUIAJIKOBA BEJIMYMHA.

Emnipuyni naHi, 10 OTpUMaHi [UISXOM BHUMIPIOBaHHS BJIACTUBOCTEU
BUOIPKOBUX OO ’€KTIB — YW OTPHMMAaHI METOAOM IMITAllIfHOTO MOJCITIOBaHHS, SK
OMMCAHO BWIIEC — IMOBUHHI MPONUTH MEpBUHHY 00poOKy. Ili mepBuHHOIO 00pPOOKOIO
HalyacTille po3yMil0Th BHECEHHS Y TaONH4H1 (popmu (TaOyIIALiI0), BHOPAIKYBAHHS Y
BapialliiiHl MOCIiA0BHOCTI (a00 psau), rpynyBaHHs (MpHU MOOYIOBI 1HTEPBAIBHOIO
BapialifHOTO psiiy), MOOYy/I0Ba CTATUCTUYHOIO PO3MOJALTY, OOYMCICHHS OKPEMHX
IPOCTUX CTATUCTUYHUX MapaMeTpiB (CTATUCTUK).

Bapiamiitnuit psin - e ynopsjkoBaHa 3a 30UIbIIEHHAM (200 32 3MEHIIICHHSIM)
TIOCJIIIOBHICTL 3HAYEHb JOCHIKYBaHOi 3MiHHOT X (y Tabm. 1 3HaueHHs X | ).
Bapiamiitnuit psin 1a€ MOXKIMBICTh HAOYHO 1 MIBUAKO CHPUMHSITH CTPYKTYPY AaHUX:
BaplaHTH 3HAYEHb (X;,), K1 MOXKE MPUIMATH 1 NpUiiMae 3MiHHA X, @ TAKOXK KUIbKICTb
BIIMOBIAHUX BapiaHT (M;), iXHI MIHIMaJbHE 1 MaKCUMaJlbHEe 3HauYeHHs. Bapiamiiinuii
pAl  J03BOJIIE OE3MOCEPEeIHBbO OIIHUTH JIESKI Ba)XJIMBI TOKa3HUKU BHUOIPKH,
Hampukiag, MoAy 1 wmexmiany. CucremaTuszauis JaHUX Y BaplalliHUA psag €
MITOTOBYMUM €TarioM J0 PO3PaxyHKIB 1 MOOYIOBU CTAaTUCTUYHHX PO3MOJIIIIB
JOCITKYBaHOT 3MIHHOT.

CratucTUYHUN pO3MOALT - 1€ MaTeMaThYHa MOJENb O00'€KTIB PEalbHOCTI Y
BUTJISIAIL CITIBBIHOILIEHHS 3HaY€Hb 3MIHHOT X, 1110 XapaKTEePU3y€e BIACTUBOCTI BUOIPKH,
JI0 4acToT iX nosiBU. Hanpukiian, CTOBIYKMKY 3Ha4Y€Hb (X;), (BapianTu X) 1 3HAa4eHb M;
(KIIBKICTh BapiaHT) y Tabi. 1 Mo cyTi yTBOPIOIOTH CTaTUCTUYHUN PO3MOILI, SIKAN
PO3KpHUBae 3aJIeXkKHICTh YacToTh mosiBu ( f; ) Bix 3HaueHs (X;,) 3MiHHOI, TOOTO f; ~ X;.
OTxe, M MOHATTAM «CTATUCTHYHUN po3moainy f(X) cimim po3ymiTH eMImpuIHHiA
PO3MOUIN YaCTOT MOSBU NMEBHUX 3HAYEHB JOCIIIKYBAHOI 3MIHHOI (CJIOBO «4acTOTa
HEPIJIKO OIyCKalTh, MAIOYHU Ha yBa3i HOTo NpHUCyTHICTH). YacTora f; - me dynkis, ae
apryMEHTOM BHUCTYIIa€ BaplaHTa X;.

CraTtucTUyH1 po3NOALUTH MOKHA KIAaCHU(PIKyBaTH 32 03HAKOIO TUITIB BUMIPIOBAaHb
3MIHHOI Ha: BapialliifHi, paH>)KUPOBaHi Ta aTPUOYTHUBHI.



CrarueTuuHl posnoiiim

Bapiauiiini PansuposaHi ATpHEVTHEHI

Puc. 1.1. Knacudikaiiist CTaTUCTHUHUX PO3MOLIIB 32 TUIIAMHA BUMIPIOBAHb.

Bapiamiitni po3noginu 0a3yloThCsi Ha JaHHUX, SKI BHUMIPSHI 3a IIKAJIOKO
BIIHOIIICHh a00 1HTepBaliB. PaHXuUpoBaHI PO3MOIIIM 3aCTOCOBYIOTHCS Yy pasi
MOPSAKOBUX  (PAHrOBUX)  THUIIB  BUMIPIOBaHHS.  ATpUOYTHUBHI  PO3MOALIH
XapaKTEepU3yIOTh JaHl, SKI BUMIPSHI 3a HOMIHAJIBHUMHM IIKaJIaMu ab0 IIKajJaMH
«HaitMeHyBaHb». OCHOBHI BUJM CTaTUCTUYHUX PO3IOILIIB Taki: qudepeHiiaibHi Ta
IHTErpajbHi, IKi MOXKYTh CKJIaaTHCS 3 a0COJIOTHUX 1 BITHOCHUX YacToT (puc. 1.2).

CTAaTHCTHUHI PO3TIONLTH

Hucbepenmaniii [nrerpansui

ABcoinoTil Bianocm AGcomoTin | Bianocu

Puc. 1.2. OcHOBHI BUY CTATUCTHYHHUX PO3IOIILIIIB.

JudepeHiiaabHl pO3MOIITIN MPEACTABISAIOTh 3HAYSHHS YaCTOT OKpeMo (TOOTO
v epeHI1ioBaHo) ISl KOKHOI Bap1aHTH X;, 3MIHHOI X.

Jugpepenuianvni abcontomui wacmomu - 1€ KUIBKOCTI OO0'€KTiB M;, 3
OJHAKOBHUMH 3HAYEHHSM X;, 3MIHHOT X (200 KIIbKICTh OJJHAKOBHX 3HAUCHD ).

Jlugpepenyianvui eionocni uacmomu - 1€ BIIHOIIEHHS IuU(epeHIiaTbHUX
a0COJIIOTHUX YacTOT M;, 10 3arajJbHOI KiJabKOCTI n 1100’ ekTiB, ToOTO f; = M//n.

[aTeTpanbHi po3noaln («HAKOMUYEHD» a00 «KyMYJISTHUBHI») POPMYIOTHCS SIK
JI0JTAaHKH TIOTIEpeIHIX AU(EPEHITIATbHIX YacTOT. BOHM BU3HAYaIOTh CyMapH1 YaCTOTH
JIJIS1 Bap1aHTH, 1110 HE TIEPEBUIIY€E 3HAYCHHS X; 3MIHHOT X.

Hax

J
Inmezpansni  abconromni wacmomu M =m,

] i ¢ HaKoIMM4YCHa CyMa

nudepeHIiaTbHuX aOCOIOTHUX YacToT Bif 1-i 10 j-1 BapiaHTH.
i
Inmezpanvni  gionocni wacmomu Fy=2 % - ne wakomuuenma cyma
i=1

nudepeHIiaaTbHUX BIIHOCHUX YacTOT BiJ 1-1 10 j-i BapiaHTH.
Bapiamiitai po3noniu y pa3i iHTEpBAIbHUX a00 BiTHOCHUX THIIIB BUMiPIOBAHb
3aJie’xaTh BiI;
* XapakTepy JOCIIKYyBaHOI 3MIHHOI - TUCKPETHA 3MIHHA, YA HETIEPEPBHA,;
9



* Jiama3oHy 3HAa4YeHb 3MIHHOI - BY3bKMM 1 HEBEJIMKHH, YU MIUPOKHM 1
PI3HOMaHITHUA.

Tomy 3a TexHomoriero mNOOYIOBM BapialiifHi PO3MOAUIM MOAUISIOTH Ha
pO3MOMAUTA HE 3rPYNOBAaHUX 1 3TPYNOBAaHUX BapiaHT. 3 METOK JIAKOHIYHOCTI
JIOMOBUMOCS 1X Ha3MBaTH HE 3TPYNOBAHMMH 1 3rpyHOBaHUMHU po3nojauviamu. s
HE3rPYNMOBAHUX PO3MOJIIB YaCTOTH MAlOTh BITHOIIECHHS 10 Oe3MmocepeHiX 3HaUYEHb
BapiaHT 3 BAp1aTUBHOTO PAY; JJIS 3TPYIOBAHUX PO3MOJILIIB - 10 TPyII (200 IHTEpBaIIiB)
3HAa4YCHb BapiaHT.

To6Tto0, croBnens Bapiantu Ta KinbkicTh BapiaHTiB YTBOPIOIOTh CTATUCTUYHUIM
posnozin — auB. Tabmuis 1.1. [IpakTHYHO BUKOPUCTOBYIOTH TaKOXX HAKOMHYEH1, a00
1HTerpajgpHl 4acToTu. KpiM TOro, 4acTo BUKOPUCTOBYIOTh HE YacTOTY BaplaHTIB, a
JIOJIFO B CYyMI BCIX 4acTOT, sIka piBHA BIJHOIIECHHIO YAaCTOTH BapiaHTa JI0 3araJibHOTO
YHCIa CIIOCTEPEIKEHB!

o, =% (1.2)

ne (), —4acTiCTh; y OUIBIIOCTI BUMA/IKIB TAKOK HA3UBAIOTh YAaCTOTOIO;
M, — KUIBKICTH BapiaHTy X

N — KUIBKICTH €IEMEHTIB Y BUOIPIIL.
BHKOpHUCTOBYETHCS TaK0X HAKOMUYEHA (IHTErpajibHA YacTICTh).

Tabauya 1.1. O6poOka eMImpUYHUX JTaHUX.

Jan1 Bapiamiiiauii | Bapiantu Yacrora | Hakonmnuena
pan qacToTa
J X, X X m m;*"

1 3 1 1 1 1

2 4 2 2 1 2

3 4 3 3 2 4

4 4 3

3) 3 4 4 3) 9

6 2 4

7 4 4

8 4 4

9 S) 4

10 1 3) 5 1 10

10



IIpuxnagu po3B’si3yBaHHs 3a1a4

Ilpuknao. 3anucaT y BUTIISA1 BapialliiHOTO psiiy BUOIPKY:
3;9;9;5;3;6;9;5;5;5;6; 3;6;5;6; 3; 3;5; 6; 5.
Busnauntu po3max BUOIpKH, MOOYAyBAaTH MOJIITOH YacTOT 1 IMOJITOH BITHOCHUX
JacTOT.
Po3zeé’azysannsa. OO6csar Bubipku (uucio ii enemeHTiB) nopiBHIoe N =20.
YropsiKkyeMo BapiaHTH 3a 3pOCTaHHSM 1 MAPaxXyeEMO KUTbKICTh ITOBTOPEHB 3HAYCHB Xi
y KO’)KHOMY BapiaHTi, 0A€p>KHMO:

X1:3;
n,=>5;

X2 = 9;
n,=7;

X3:6;
ns=>5;

Xg = 9,

Ng= 3.

KoHnTponb 06uncienb BUKOHaeEMO LUISIXOM I11/ICYMOBYBaHHS 4YacTOT BapiaHTIB!
> n;j=20.

JIi1st KOYKHOTO BapiaHTy Xj 3HAXOAUMO BiHOCHY 4acToTy: N =n;/n.

Otpumanuil BapiauiiHui psig HaOyae BUTISALY (OUB. Ta0. 2).

KoHTponlb ~ 00YMCIEHb  BHUKOHAEMO
Tabnuys 1.2. : .
e IUISIXOM MiJICyMOBYBaHHS BiJHOCHMX
JAwnckpetnnit Bapiauiftnuii pan o o piarTis:
Xi 3 5 6 9 ni =1
n; 5 7 5 3 Po3max BHOIPKH OIEPKHUMO:
n° | 025 | 035 | 025 | 0,5 R =X % =0 326

Jlist oGy J0BH HOJIrOHY 9acTOT HAHECEMO OTpHMaHi ToukH (Xi, N;’) i3 Tabim. 2
Ha rpadik (IuB. puc. 2).

Axmo o6csar BUOIPKHU BEIUKUN (COTHI BapiaHTIB), TO TUCKPETHHUM BapialliiHui
psAn cTae He3pydHor (opMoro 3amucy. Toal yBech Jiana3oH 3HAYeHb O3HAKH &
po30MBaroTh Ha K 4aCTKOBHX IHTEPBAIB, K1 HE IEPETUHAIOTHCS, (CHHOHIM — PO3PSIJIiB)
[aig; &), (1=1,2,...,K).

JI71st KOXKHOTO 1-T0 iIHTepBaIy MiIPaXOBYIOTh KiJIbKICTh 3HAUCHD Xj O3HAKH &, 110
MOTPAIUIIN B Il 1HTEpBal, — 9acToTy iHTepBaiy (Nj). Exement X;, skuii cnisnas 13
TPAHMIICIO ITHTEPBATY, BITHOCSTH JI0 HACTYITHOTO 1HTEPBAITY, a HE JI0 MONEPEIHBOTO.

nij" A_ . n7i A
0,3 — k
— ] .. 5
02 4 | | [T
AN I N 3
0,1 -
1 | > >
0 3 56 9 xi 3 56 Xi

Puc. 1.3. IToiros BimHOCHUX
4acToT (auB. Tabi. 1.2).

Puc. 1.4. TToniroxs yacror

11 (muB. Tabm. 1.2).



JloB:KMHA PO3PAIiB MOXKe OYTH SIK OJJHAKOBOIO, TaK 1 P13HOIO, 1110 BUZHAYAETHCS
HEOOXIJHICTIO HAsBHOCTI B KOXXHOMY iHTepBasli (po3psi) He menute 5—10 3HaYCHD
BHIAJAKOBOI O3HaKW ¢&. JIsg AiNSHOK 13 HAHOLIBIION IIUIBLHICTIO 3HAYCHb O3HAKH
JOBKMHA 1HTEpBaIy (PO3psAay) MOXke OyTH MEHIIOKO, 13 MAJIOIO IIITIBHICTIO — O1IBIIIOIO.

PanionanbHe 4Hcs0 iHTepBaiB (po3psaiB) ckiangae 10—20.

SIKo 10 TOYHOCTI PO3PAaXyHKIB HEMA€ Iy>K€ BHUCOKMX BHUMOI, TO YacTille
BUKOPUCTOBYIOTh PO3PAJIM PIBHOI TOBKUHU. Pe3ynbraTtu rpynyBaHHs 3Ha4€Hb O3HAKU
¢ 3a ITHTepBaJlaMU 3aMTUCYIOTh Y BUTJIS1 TaOJHIII.

InTepBasibHMM BapiauiiiHUM PSIAOM HA3UBAETHCS TAONHIIS BiAMOBIIHOCTI
1HTEpBaJIiB 3Ha4Y€Hb (PO3PAIIB) BUIAJAKOBOI BEJMYMHM O3HAKH ¢ 1 4acTOT N; abo/i
BITHOCHHUX YacTOT Nj BXOJDKSHHS 3HAYCHb O3HAKU B IIi po3psiau, ska (TadyuIs)
OTpUMaHa 3a pe3yJibTaTaMH CIOCTepekeHb abo crpob (muB. Tadn. 1.3). Takwuil psia
1HO/I1 HA3UBAIOTh Oe3nepepsHUM 00 CIMamuUCMUYHUM PSTIOM.

Tabnuysa 1.3.
[HTepBaNIbHMIA BapiallliHUM s
IaTepBai (po3psin) [a1; @) | [az; a3) |[as; as) | ... |[ama1; @m]
YacroTa N; Ny n, N3 Nm
BimHocHa wacTtoTa N; ny" n," N3 N

SIKo0 B KOXXKHOMY IHTEpBaJl SK MPEJACTABHUIILKE 3HAYCHHS O3HAKH & y34TU
} a;_1 +a; . . .
cepelHe 3HAYCHHS IHTEpBAY: X; == (i=1, 2, ..., k), T0o inmepsanrvnuii
eapiayitiHuil psii MOXKHA YMOBHO TOJATH BXKE PO3TISTHYTUM OUCKPEMHUM 8APIAYTUHUM
psanoM. Y IbOMY BUIIAAKY B TIEPIIOMY PSAAKY Tabi. 4.4 yKa3ylOTbCs cepeOri 3HaYCHHS
O3HaK JIJIs1 KOKHOTO 1HTEpBAIY.
I'padpiuno BapiamiitHuit psag 300paxaroTh y BUIUISAL TOJITOHY 4YacToT abo
MOJIITOHY BITHOCHUX YaCTOT.
Ilpuknao. Buxopucrtatu 6 IiHTepBaJliB pIBHOI JOBXKMHU 1 M0OOyIyBaTu

1HTEpBaIbHUI BapiallliHUN psiji pO3MOALTY 32 JaHO BUOIPKOIO:

1518 |22 2615|1023 (2719|1814 /15|28 |6 |29 |7 |11

26 12411914 |15|7 (2714198 |20|5 |29|16|10|16 |5

1812012 16|22 |23 |120|21 (11|16 22|22 |6 |18 14|11

[ToTiM mepeiTr 10 TUCKPETHOTO BapIalliifHOTO PSIY.
Po3zs’sa3yeanns. O6csr Bubipku N =50.
3HaiaeMo po3max BUOIPKH: R = Xmax—Xmin=29—5=24.
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3a YyMOBOIO KUIBKICTh IHTE€pPBAIIB M =06, TOMY JOBXKHHA KOXHOT'O YaCTKOBOTO
inTepBary h=R/m=24/6=4. Ilepmmii iHTEpBAJI TOYHUHAETBCI 3 Xmin=5 1
3aKIHUIYETHCS TOYKOIO Xminth=5+4=9, 3HaueHHS sAKOi 10 CKJIaay IHTEpBaIYy He
6xo0ums. 1lg x Touka € IOYATKOM JpPYroro IiHTEpBaly, 10 CKJIaay sSKOrO BOHA
6x00ums. BUKOHYIOUH TTOCTIAOBHICTh TaKUX K€ PO3PaXYHKIB, OJICPKUMO TPaHHIN 6
iHTepBaniB: [5;9), [9;13), [13;17), [17; 21), [21; 25) [25; 29).

[TinpaxoByeMO KUIBKICTh €JIEMEHTIB BHOIPKH, IO MOTPANMIA B KOXHUHU 13
3HaieHnx iHTepBaniB. Enement Bubipku 21 € rpanunero iHTepBamis [17; 21) 1 [21;
25). IIpu migpaxyHKy 9acTOTH BIZHOCHMO Horo A0 iHTepBany [21; 25). V pe3ynbTati
OJICPKMMO TaKUH IHTEPBAILHUIA BapialliitHui psi (uB. Tabdm. 1.4).

Tabnuysa 1.4.
[HTepBaNbHMI BapialiitHU psjt
ai1+ai | [5+9) | [9+13) | [13+17) | [17+21) | [21+25) [25+29]
ni 7 6 12 10 7 8
ni’ 0,14 0,12 0,24 0,20 0,14 0,16
n™ 7 13 25 35 42 50
Fa}) ' 0,00 | 014 | 0,26 0,50 0,70 0,84
(Fa(x>29)=1

KoHTposib 004KClIeHh BUKOHAEMO LUISIXOM MiJICYMOBYBaHHS 4acTOT BapiaHTIB,
Xni= 50.
J[m1s  KOXXHOro 4YacTKOBOTO

TOJ1 OJEPKUMO:
1HTEpBaly OOYHUCISEMO BIAHOCHY YacTOTY
3a GopMynIor0. Ni = Ni/N i pe3ynabTar 3aHOCUMO B HUKHIN PAIOK TaOJIHMIII.
KoHnTponb 06urciaeHh BUKOHAEMO HUISIXOM I1JICYMOBYBaHHS BITHOCHUX YacTOT
> ni* =1.
JUist mepexoay BiA 1HTEPBAJIBHOIO BapialliifHOTO pAgy 10 JIUCKPETHOTO
BapilallfHOTO PsiAy BI3bMEMO SIK BapIaHTU CEPEJHE 3HAUYECHHS B KOKHOMY 1HTEpBAJIi:

BapiaHTIB, OJICPKUMO:

Xi = (ai-1+ i) 2. OnepKUMO HACTYITHUN AUCKPETHUIN BapialliiHUAN PSII;

Xi 7 11 15 19 23 27
N 7 6 12 10 8 7
ni 014 012 024 |0,20 0,16 0,14

13



Xix podoTn
Hanwmcaru nporpamy, 1o renepye BUMaaKoBy mociinoBHicTh ganux 3 (N +10)

€JIEMEHTIB, K1 Ha0yBalOTh 3HaueHb 13 Habopy (1, 2, 3,4, 5). Tyr N — HOMep cTyaeHTa
y J)KypHau crapoctu. Ofiep:kaT Ta BUBECTU HA €KpaH BUXIAHI TaH1, BapialliitHUH ps,
CTaTUCTUYHHIA PO3MOIiN, IHTErpATbHY YaCTOTY Ta YaCTICTh.

PekoMeH10BaHO MaKCHUMalbHO BHUKOPHUCTOBYBATH CTAaHJIAPTHI O10J10TEKH Ta
aJITOPUTMH.

3BIT MOBHMHEH MICTUTH CXEMYy alTOpUTMY COPTyBaHHA (IO BIAMOBiIAE
BUKOPHCTAaHOMY aITOPUTMY), KOA TIpOTpaMHd 3 HEOOXiIHUMH KOMEHTapsIMH,
300pa)KeHHS pe3ynbTaTy poOOTH MPOTpPaMHu 3 €KpaHy, BHCHOBKH.

KoHTposbHI NMTAHHSL.
[Ilo Take CTaTUCTUUHUMN PO3IOILI?
o Take BapiauiiHuid psia?
Metoau noOy/10BH reHepaTopiB 0a30BOi BUIIAIKOBOI BETUYUHHU.
[Ilo Take reHepaibHa CyKYMHICTh?
SIki iCHYIOTh METOJIU BUOIPOK?
[Ilo Take 6a30Ba BUIIAIKOBA BEJIMYMHA?

No gk owhRE

MGTOI[I/I OJACPIKAHHA 0a30Boi BUIIAJKOBO1 BEJINYHHH.

14



JJABOPATOPHA POBOTA Ne 2

Tema: 3HaxomKeHHI OCHOBHMX NMOKa3HUKIB BHOIpku. Mipu neHTpaibHOL
tengenuii (MIT). Mipu minauBocti (MM).

Merta: 03HallOMUTUCh 3 OCHOBHUMH IMOHSATTSAMU CTaTUCTUYHUX IOKA3HUKIB
BUOIPKM, HAUUTUCh MPAaBUIBHO 3aCTOCOBYBATH iX JJi1 pPO3B’SI3yBaHHSA 3aj]ad,
BCTAQHOBJIIOBAaTH  IIPUXOBAaHI  B3a€EMO3B’SI3KM  Ta  3aKOHOMIPHOCTI  SIBHUIL,
CIIPOTHO30BYBATH PO3BUTOK JOCIIPKYBAaHUX TIPOIIECIB.

Texniune 3a0e3nevennsi: [IEOM, cepenoBuiie nporpaMyBaHHs.

KopoTtki TeopeTn4Hi BizoMocTi

CraTUCTUYHI TOKAa3HUKH, SIKI PO3KPHUBAIOTH BJIACTHBOCTI BUOIPKH, MOXKHA
MPEICTaBUTH TAKUMU OCHOBHUMHU TPyTHaMUu:

— EMIIPUYHUMH PO3MOJIIaMH, IO XapaKTEPU3YIOTh CTPYKTYPY JOCIIIKYBaHOI
00J1acTI;

— BUOIPKOBUMHU MOKa3HUKAMHU (MipaMH IIEHTPaIbHOT TEHEHIII Ta MIHJIUBOCTI);

— KOPEJSAIMHO-PErpEeCiiHUMH TOKa3HUKAMU, SIK1 Jal0Th MOXKJIMBICTh BCTaHOBUTH
MPUXOBAHI B3a€EMO3B’A3KM Ta 3aKOHOMIPHOCTI SIBHIINl, CHPOTHO3YBATH PO3BUTOK
JIOCITIJIKYBaHUX MPOIIECIB.

Mipamu yenmpanvnoi menoenyii (MIUT) Ha3uBaroTh 4yucCeIbHI TMOKA3HUKU
TUTIOBUX BIJIACTUBOCTEH EMITIPUYHUX JaHWX. I[CHye TMOpIBHSHO HEBEIMKA KIIbKICTh
TaKMX TMOKa3HMKIB-MIp 1 B MEpIIy 4Yepry: Moja, MeiiaHa, CepelHe apu(pMETUUHE.
Koxna konkperHa MIIT mae cBoi ocoOauBOCTI, 10 POOJATH i1 IIHHOIO IS
XapaKTePUCTUKU 00'€KTa TOCTIIKEHHS B IEBHUX YMOBAX.

Mooa Mo — ue 3Ha4yeHHs, SIKe Hal4yacTIIe TPAIUIAEThCA Cepel] eMIIPUYHUX
nanux. Tak, nys psaay 3HaueHs 2, 2, 3, 3, 3, 3,4, 4, 4, 5, 5 mona nopiBHioe 3.

[Tpu BU3HAaUEHH1 MOJIM JOTPUMYIOTHCS HACTYIMHHUX JOMOBJIEHOCTEH (Martepial,
HABEJICHUU HIDKYE, HE € BUYEPIIHUM, NPOMOHYETHCA I BUKOHAHHA pPOOOTU
OOMEKHUTHUCH JaHUMU BapiaHTaMH):

— MoJa MOKe OyTHU BIACYTHsI, HAIPUKJIAM, A 1aHuX 2, 2, 3,3, 4,4, 5, 5;
— SIKIIO BaplaHTU CYMIXKHI 1 MalOTh OJHAKOBY YacTOTY, MOJa BHU3HAYAETHCS SK
cepeHe 3HAUEHHS CYCIJIHIX BaplaHT; HanpuKkiad, 1uis psaay 2,2, 3,4,4,4,5,5, 5 Mona

piBHa 4.5;
— SIKIIIO BapilaHTH HECYMIXKHI, MOK€ 1CHYBaTH JeKubka Moa. Tak, mist qanux 2, 2,
3,3, 3,4, 5,5, 5 xapakrepHa 6iMo1alIbHICTB, TOOTO ABI MO M,1=3, M2=5;

— EeMIIPUYHI JIaHI MOXKYTh MaTH BEJHKI Ta Maii moau. Hampuknan, nani 2, 2, 3. 3.
34.4.4.5,6.6.6.6.6.6. 6.7,7,7,8,9.9.9.9 mator oiHy Benuky moay Moi=6
Ta AB1 Maji moau Mo, = 3,51 Mos = 9.

Meodiana Md — 1ie 3HaueHHsI, sIKe MPOXOJIUTh Yepe3 CEPEAUHY YIOPSAIKOBAHOT
MOCTIZOBHOCTI eMMipuYHUX JaHuX. Jlns HemapHOi KIIBKOCTI JaHUX MeJlaHa
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BU3HAYAETHCS cepeHiM enemernToM. Hanpuknan, ays 11-tu 3nauens 4, 4,4, 5,5, 5, 5,
5,6, 6,7 mexiana Md=5. SIkmo KiUTbKICTh 3HAYEHB JAHUX € MAPHOIO, TO MEIIAHOIO €
X, + X,
— —+1

CepelHe 3HAUCHHS ICHTPaIbHUX CYCiIHIX ereMeHTiB Md :%. Hanpuknan,

s 12 3sadens 3, 3, 3,4,4,5,6, 6,6, 6,7, 7, meaiana Md=(5+6)/2=5.5.
Cepeone apugpmemuune CyKynHocmi n 3HaueHb TOPIBHIOE

X, + Xy ... X, 21
thteds, 2.1)

X =

Cepeonim eapmoHiuHuM 4ucesl HA3WBAIOTh YUCIO, OOCPHEHE CEPEeIHbOMY

apupMETHIHOMY iX 0OEpHEHHUX, TOOTO
n
A(X,... X, )=
1( 1 n) 1 1 1
ek e
Xp X Xn

(2.2)

Cepeonim xeadpamuunum 080X yucesl HA3WBAIOTh YUCIO, PIBHE KBaJIpPaTHOMY
KOPEHIO 3 CepeHHOT0 apu(PMETUIHOTO KBAJPATIB IBOX YHCEI

5 IXF +... 4]
n

Cepeonim ceomempuyHumM O000AMHUX Yucesl HA3UBAIOTh TaKe YHUCIO, SKUM

(2.3)

MO>KHA 3aMIHUTH KOXHE 3 LIUX YHCEeN TakK, 00 X T00yTOK HE 3MIHUBCS

(2.4)

\@ -a, HA3UBAKOTh  1X

=1 Xl'Xz'...‘Xn .

Cepeone 2ceomempuune 080X uucei cepenaHiM

POTNOPLIIHUM.

Oco001MBOCTI Mip HIEHTPAJIbLHOI TEH/IEHIILII:

* MOJ/Ia BUOIPKU OOUHCIIOETHCS MIPOCTO, i1 MOXKHA BU3HAYMUTH «HA OKOy». {15 myxe
BEJIUKHX TPYM JaHUX MOJA € JJOCUTh CTa0IIbHOIO MIPOIO IIEHTPY PO3MOILTY;

e MejiaHa 3aiiMae MPOMIDKHE TOJIOKEHHS MK MOJIOI0 1 CEpeIHIM 3 TOTJsay il
nigpaxyHky. Lis mipa 0co0MBO J€rkKo BU3HAYAETHCS Y pa3i paHKUPOBAHUX JaHUX;

* cepenHe apudmeTnyHe nepeadavac BUKOPUCTOBYBAHHS BCIX 3Ha4eHb BHOIPKH,
PUYOMY BCl BOHU BIUIMBAIOTh HA 3HAUEHHS II1€T MIpH.

OOMeXeHICTh MIp HEHTPAJIbHOT TEHACHINT UIsl XapaKTEepPUCTUKN CYKYIHOCTEN
MO>KHA TIPOJIEMOHCTPYBATH Ha MPHUKIAAl JBOX BUOIpoK (puc. 2.1), siki MaroTh pPi3HI
po3moauTH, MpoTe oHaKoBi (1 e He ckiaaHo nepeBiputi) MIT (3nauenus monu Mo,
Meniaa Md 1 cepetHpOro X JOPIBHIOIOTH 4).

Bl|C|D|E|F|G]|H J|KILIM|N|]O|P]|Q
ERSHE A an , o ML | MM
2 I | #0386 |7 0 Mo |Md| X |s,?] s,
|3  Bubipkal | 3 1] 4| 4 4 | 4| 4 106|077
| 4 | Bubipkal | 2 ] %] @ 4 | 4| 4 1612

Puc. 2.1. BnactuBocti MM.
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[Ipote BUGIpKM MarOTh iCTOTHY Pi3HUIIIO 3HAYEHB OCHOBHMX MM: nucnepciii s%
1 CTaHAAPTHHUX BIIXWICHb Sx (IWB. JBa OCTaHHI CTOBMUMKU puc. 2.1). Moxna
BII3BHAYUTH CBOEPITHY «UYTIUBICTH» TOKa3HUKIB MM 1010 BiacTUBOCTEN
CYKYITHOCTI.

Jucniepcist BUOIpKH 00CATOM NTBU3HAYAETHCS SIK:

2 _ =X 0 = XV i, = X (.

-1

'.»1

y Y- X)

xS Je X —cepenne apudmerndte BUGIpKH

abo 5

Jucnepcist BUGIpKH s%, 110 PO3PAXOBaHa 3a LI€I0 (OPMYIION0, € HE3MIIEHOIO
OILIIHKOKO CBOTO TEHEPAIILHOTO ITApaMETPa G2, 3aBISKH BHECEHHIO MONpaBKu beccens

. _2(x -X) 2 X -X)

n/(n - 1), To6To: " n-1 -1 (29

Pi3au1no n- 1 Ha3MBarOTH YUCIIOM CTEINEHIB BUILHOCTI K - KUIBKICTH 00’ €KTIB 200
3HAYEHb Y CKJIaJl OOMEXEHOI CTaTUCTUYHOI CYKYIHOCTI, $IKI MOXYTb BUIBHO
BapioBaTH. K10 0OMEXXEHb BUILHOCTI Bapiailii iCHYy€ JIeK1JbKa (V), TO YMCJIO0 CTETIEHIB
BUIBHOCTI JIOpiIBHIOBaTUME k= n-v.

Toni popmyna qucnepcii Mae TaKui BUTIISI:

Lzx2-nX") (26)

n—1
Skimo qaHi MpeacTaBIeHO PO3IOIiIJIaMH YaCcTOT, JUCTIEPCIs BUBHAYAETHCS K
1

n—1

Z
&, =

22— % filx, - X)), 2.7)

Jie Xi, - BaplaHTH HE3TPYIOBAaHMX YacTOT a00 IEHTPaIbHI 3HAYCHHS KJIACOBHUX
IHTEpBaIB y pa3i 3rpynoBaHuX 4actor; i - qudepeniianbHi 4yacToTH, X - CEpEIHE.

Jlucniepcist CIIyXUTh MIPOIO OJHOPIAHOCTI CYKYITHOCTEH €MIIPUYHUX JIaHUX.
YuM BHUIIA OJHOPITHICT, TUM HIDKYE 3HAYCHHS AUCHepcii. {1 mMoBHICTIO OTHOPITHUX
CYKYMHOCTEN JUCIEPCisl JOPIBHIOE HYIIO.

Jlucnepcis reHepaibHOi CyKYMHOCTI 00cAroM N BU3HAYAETHCS SIK:

2 =) 00— )+ (o — )

x N " (2.8)
ado r;r_:‘_ = —Z(X’ :‘m PIGNTE le!-—'
A N cepeaHe  apu()METUYHE  TEHEPAIIBHOI
CYKYIHOCTI.

5, =E. (2.9)

CranaapTHe BIAXUICHHS BUOIPKU BU3HAYAETHCS K
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o.=yol. (2.10).

CranaapTHe BIAXUICHHS FeHepaIbHOI CyKYITHOCTI

Koedimient Bapiaiii Vyx BUKOPHUCTOBYETBCS Yy pa3i MOPIBHUIBHOI OILIIHKU

PI3HOSAKICHUX CEPE/IHIX BEJIMYMH 1 BU3ZHAYAETHCA (Y TOMY YHCIL Y %) SIK BITHOIICHHS

CTaHJAPTHOTO BIIXWJICHHS JI0 CEPEIHBOTO apu(hMETUIHOTO:

V,=5,/X100%. (2.11).

3aBaaHHA.

Ilpuxnao poss’szyeanns 3a0aui

[ToOynyBaTn

CTATUCTUYHHUN  PO3TOIILIT

BUOIPKH,

3armcaTu

eMITIpUYHY (QYHKITIIO PO3MOJILTY Ta OOYHUCIUTH TaKl YUCIOB] XapaKTEPUCTUKHU:

- BUOIPKOBE CEepEIIHE;

- BUOIPKOBY JHCHEPCIIO;

- MIJANPAaBJICHY JUCIEPCIIO;

- BUOIpPKOBE cepeHE KBAAPATUIHE BIIXUICHHS;
- TIAIpaBiICHE CepeaHE KBAIpaTUIHE BIAXUJICHHS;

- po3max BHOIpKH;

- MeJiaHy;
- MOJy.

Bubipka 3amana psagom 11, 9, 8, 7, 8, 11, 10,9, 12, 7, 6, 11, 8, 7, 10, 9, 11, 8, 13,

Po3B’s13yBanHA: 3anuineMo BUOIPKY y BUIJISAL BapialiiftHoOro pany (y mopsaky
3poctanHs): 6; 7;7;7;8;8;8;8;8;9;,9;9; 10; 10; 11; 11, 11; 11, 12; 13. Ham

3aMMCYEMO CTaTUCTUYHUI PO3NOLT BUOIPKHU y BUIIISIAL AUCKPETHOTO CTATUCTUYHOTO

PO3IMOALTY YacTOT:

10

11

13

aa

[ =]

Emnipuyny ¢pyHKUio po3noaiyry BU3BHa4aTUMEMO 3a

F ()=

dbopmyoro
MEHIIII 3a X.

BukopuctoByoun TabiuIIIo0 1 BpaXxoBYIOUH, 1110 00csr
BUOIpKH piBHUIA n=20), 3aNUIIEMO EMITIPUYHY (PYHKIIiO

PO3MOILTY:

Jlami 00YMCIMMO YHCIIOBI XapaKTEPUCTUKH CTATUCTUIHOTO

PO3MOLTY BUOIPKH.

I e Ny — KUTBKICTh €JIEMEHTIB BUOIPKH, 10

18

Alx=0, x24;

1
Ailxi=—, 0ax=TF,
(%)= o
F(x}—i Tax=§
n zl:l: — -
Bzl ’ Boxsl

X=—, r=9
" 20
F(x}—E Bsx=l0;
n zl:lr —_ H

14
Fixi=—_ 10cx=11;
A=

F(x)= % 1lex=12;

F(x)= % 12 cx =13

Fixn=1 x>13



Bubipkose cepeHe 00YHCITIOEMO 3a

dbopmyroro:

k

- 1 L I Rl e o et
i=1

E
B+ 348 5+ 0 3410 A1 4412 T+ 15
20

=E=9,15.
20

BubipkoBy aucnepciro 3HaxoauMo 3a GopMyInoro
i
1 —
Dp==%n% -
iz

lzk:%’f =ﬁzlx12 +P22X§+...+P2k)§% _

3 14+43- 3404 5+ 81- 3+ 100 2+ 12104+ 1441+ 1631
20

_ A3 57,15,
20

BubipkoBe cepenne, mo ¢irypye B (opmyii y KBajgpaTi 3HaWIEHO BHIIE.
3aIMIIa€eTHCS BCE MICTABUTU Y POPMYITY

I
Lg = 12%2 — (3 = BT15-(9,15)% = 3,43,
s

[linmpaBieHy qucnepcito 00UnucIoeMo 3a HopMyIoro:

20
2o pp= 2 343-361
n—1 10

BubipkoBe cepeiHe KBaJIpaTUUHE BIAXUIEHHS 00UUCTIOEMO 32 (HOPMYJIOLO:

op =./Dp = /3.43=1,85.

[linmpaBneHe cepenHe KBaipaTUIHE BIAXUIEHHS 00UYHUCITIOEMO 32 (POopMyIIOoLO:
5= Js_z = m =19
Po3max BUOIpKHM OOYUCITIOEMO SIK PIZHUII0O MDK HAaWOUIBIIUM 1 HaWMEHIIUM
3HAYeHHAMH ii BapiaHT, T06TO: ©*= %k~ A =13-6=7
Meniany 004HCIIOIOTH 32 (POpMyJIaMH:
1
Me(X) = Py X, %,

2 2 ./ gKuo 4ucio N — mapHe;

Me(X)=1x_,

2 JKIIO YUCJIO I — HENapHE.
Tyt 6epemo iHJeKCH B X1 3TiTHO 3 HyMEpaIli€lo BapiaHT Y BapilalliiHOMY PS/Ii.

1 1
Mo X)=— =—(0+ =0
¥ namomy Bunagky n=20, Tomy % Z 0=

Mopa — 11e BapiaHTa, siKa y BaplalliliHOMY psi/il TpAIUIA€ThCA HalyacTilie, To0To

Mo(X)= 3.

Pozpaxynku nokasnukis MIUT Ta MM wmoxna 3aiiicautu B MS Excel Tppoma
crioco0amu:

e MaTeMaTUYHUX omeparliii 3a BianoBigHumMu dpopmyaamu MIT 1 MM;
e BOYIOBaHHUX CTATUCTUYHUX (DYHKIIIN:
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OGcsar pubipkr =CUET() Huctiepeis =JIUCII()

Cepenne =CP3HAYY() Cr. Bigxunenns  =CTAHJIOTKJIOH()
Moja =MOJTA() Acumetpis =CKOC()

Memiana =MEJIMAHA() | Excuec =DBKCHECC()

ch e .’-" ‘. B’
unn'pyventu Sannsa E
Oanc;unnp;ci AT RO A s —ﬁ

Aryad arTopHsn ZPO1pOIOHHE 1) S48 C N0ETORe N I ‘ T |

AryadarTopesin Srompooe-s B a4ands Des nceTopeenn

Noooenmans

Nosspn s
CIVCaTo/eHE] CTETRTITS
IO B HOE CTAM HESH

AEyEe COpoH= R F-TECT AN10 SHUNEOcmm

AHane: Gypes

Fulrarparna a

e cremiaibHOro po3auTy «OnucoBa CTaTUCTUKAY MAKeTy «AHANI3 TaHUX»:
BUKOHATH KOMaHAM ToJloBHOro McHIO Excel Amami3 manux 13 3akmagku JlaHi Ta
BUKJIMKATH JiasioroBe BiKHO «OmHCOBa CTaTHCTHKA». BCTAaHOBUTH B OMKHCOBOMY
BikHI «OmnHCOBa CTAaTUCTUKa» BXIJHI JaHl Ta MapaMeTpu BHUBOIY, OTpPUMATH

pe3yJIbTar.

Xix podoru

HamucaTu nmporpamy, 1o reHepye BUNaaKoBy nociigoBHicTh qanux 3 (N +10)

€JIEMEHTIB, Kl Ha0yBalOTh 3HaueHb 13 HaOopy ( 1, 2, 3, ...., (N+1)). Tyr N — HOMED
CTYJIEHTa y KypHaJli crapocTh. Po3mo/iia piBHOMIpHUH.

BuBecTr moyaTKoBY Ta BIOPSAIKOBAHY MOCIITOBHICTb.

O6unciuTu MOAy, MeJlaHy, cepeHe apupMeTudHe CyKymHOCTi. OOUHUCICHHS
KOXHOI 3 IMX BEJIMYMH Mae OyTH peaiizoBaHe Y BUTIISAII OKPEMOTro OJIOKY MporpaMu
(pysKii/mponenypu/kiacy/MeTony  Kiacy 3alieKHO BIJT BHKOPHUCTOBYBAHOTO
cepesoBHIIa JJ1sl BUKOHAHHS POOIT).

Hamucatu nporpamy, sika mnepeBipsie po3poOJeHUN paHillle eJIeMEHT IS
obuuncneHns: moau. [[ns mporo chopmyBaT TaOIHIIO MPUKIIAIIB, SIKI BIIOOpaKatOTh

pI3H1 BapiaHTH BU3HAYEHHS MOJIU Ta PE3YJbTATH MPU IIBOMY. 3TIACHUTH MEPEBIPKY.
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[TpoTokon mepeBipku B 3po3yMiiiil popmi Mae BigoOpakaTuch Ha ekpaHi (1 B 3BITI).
Jlo 3BiTYy BHECTH $K pe3yjibTaT MepIIoi NepeBipKU (3 MOXIUBUMH HasBHUMH
MMOMUJIKAMH ), TaK 1 BUTIPABJICHUH BapiaHT.

3poOUTH BUCHOBKHU.

3aBaaHHA JI CAMOCTIHHOTO BUKOHAHHSA:

Zananns 1. Huwxde HaBenmeHno nani mpo Hachigkud 150 aHami3ziB BITHOCHO BMICTY

TPUOKHUCY CIPKH B CyMilii (y BIJICOTKaX ), IPOBEICHUX Ha MPOTS31 MICSIIS.

158 | 16,0 | 15,7 | 16,0 | 15,7 | 159 | 16,0 | 15,7 | 158 | 15,7
154 | 15,7 | 158 | 157 | 159 | 16,0 | 157 | 15,7 | 157 | 158
158 | 156 | 159 | 158 | 155 | 16,0 | 15,7 | 15,7 | 15,7 | 158
159 | 157 | 158 | 16,0 | 158 | 159 | 16,2 | 15,7 | 155 | 159
15,7 | 157 | 153 | 156 | 16,1 | 15,7 | 16,1 | 159 | 158 | 16,0
16,1 | 15,7 | 155 | 156 | 158 | 156 | 158 | 158 | 156 | 15,7
156 | 159 | 158 | 158 | 158 | 159 | 156 | 158 | 158 | 159
155 | 158 | 154 | 155 | 155 | 15,7 | 156 | 159 | 158 | 155
159 | 158 | 155 | 159 | 156 | 158 | 156 | 157 | 157 | 157
15,7 | 15,7 | 160 | 16,1 | 156 | 155 | 156 | 155 | 16,0 | 155
158 | 158 | 159 | 16,1 | 155 | 15,7 | 16,0 | 159 | 15,7 | 155
16,1 | 15,7 | 15,7 | 155 | 16,2 | 15,7 | 156 | 16,0 | 156 | 15,7
153 | 155 | 154 | 16,0 | 15,7 | 155 | 158 | 154 | 157 | 16,3
159 | 156 | 15,7 | 154 | 159 | 156 | 16,0 | 15,7 | 158 | 159
16,0 | 16,0 | 158 | 159 | 15,7 | 156 | 156 | 159 | 156 | 155

[ToOynyBaTu rictorpamy Ta eMmipuyHy (QYHKIi0 po3nofaury. OOGuucIuTH
BUOIpKOBE CepeHE 3HAYCHHsI BIJCOTKOBOIO BMICTY CIPKM B CyMill, BHUOIPKOBE

CCPCAHE KBAAPATUIHC BiI[XI/IJIeHHﬂ,BI/IS.Ha‘-II/ITI/I MOLY, Me,uiaHy.
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3aBaanusa 2. HaBeneHi HuxK4e 1aH1 SIBISIFOTH COO0I0 KITBKOCTI BUPOO1B, BUTOTYBaHUX
Ha MPOTA31 O/IHIET TOAMHU ACSKUM AP1OHUM BUPOOHUKOM.
[loOynyBaTtu rpymnoBaHy BUOIpPKY, BU3HAYUTH MeJiaHy, MOJy BHOIpKH.

OO6UYHCITUTHU CepPeIHIO KUTBKICTh BUPOOIB 3a FOJIUHY, BUOIPKOBE CEPEIHE KBAPATUUHE

BIIXWJIECHHS.
136 122 132 128 123 133 130 131
134 149 138 127 119 137 133 130
143 134 128 131 118 133 131 132
118 128 122 130 139 145 122 130
128 136 132 126 124 117 139 132
141 144 138 133 127 150 144 133
134 125 140 135 129 138 138 147
150 126 135 136 150 135 138 140
122 142 127 127 132 145 140 133
127 142 144 125 132 145 137 132
KoHTposbHI NMTAHHSA

1. Mopa.

2. Meniana.

3. IToHATTS TIPO cepeTHE CTEIICHERBE.

4. CepelilHe TApMOHIYHE.

5. Cepenne apupmeTudHe.

6. Cepenne KBaipaTUIHE.

7. CepeniHe TEOMETPUYHE.

8. Illo Take KOHTPOJIb IKOCTI?

9. BU3HAUNTH MOHATTS EMIIPUYHHIA.

10. MeToau Moie/IFOBaHHS JUCKPETHUX BUMAJAKOBUX BEJIMUUH.
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JIABOPATOPHA POBOTA Ne 3

Tema: OcHoBHM cTaTUCTHYHOI OOpOOKM HemepepBHUX AaHuX. [loOymoBa
ricTorpam i HOpMajiabHOTO Ta MOKa3HUKOBOTO PO3IO/ILIIB BUOIPKH.

MeTta: 10CHIAUTH BIUIMB OOCSTIB €KCIIEPUMEHTAIBHUX JTaHUX Ha €MITIIpUYHI
3aKOHU PO3MOLTY HMOBIPHOCTEH BUMAJAKOBUX BEJIMUKH.

Texniune 3a0e3neyennsi: [IEOM, cepenoBuiiie nporpaMmyBaHHS.

KopoTtki TeopeTrnuni BizomocTi

EmnipuyauM (CTaTUCTUYHUAM) PO3TIOIISIOM BUTIAKOBOT BETUIMHN HA3UBAETHCS
NepeITiK BaplaHT 1 BIAMOBIIHUX iM 4acTOT a00 BIIHOCHUX YaCTOT, SIKI CIIOCTEPIraIuCh
y BUOIPIIl €KCIIEPUMEHTATBHUX JAHUX.

EMmipuuanii po3moiiyi MOXKHAa BH3HAUWTH TAKOX Y BHIJIAJI IOCIITOBHOCTI
IHTEpBAJIIB Ta CYMHU YacTOT, 1[0 ONMMHHWIKCA B IHTEepBajaxX. J{Js 1IbOro BUKOHYETHCS
IpyIyBaHHS JaHUX CIIOCTEPEKEHb Y BUMIISAI IHTEPBAJIIBHOTO BapIaLIHOTO PALY.

BukopucroByroun BUOIPKOBI JlaHi, MOKHAa BU3HAUUTH E€MIIPUYHY (PYHKIIIIO
PO3MO/I1ITY, @ TAKOX TICTOrpamy Ta MOJIITOH, SIK1 B IEBHIM M1p1 BII0OpaxaroTh PyHKIIIO
HIUTBHOCTI po3noauty. IlosHaunmo yepe3 Ny KIITbKICTh CIIOCTEPEKEHb (BaplaHT), IpH
SKUX BEJIMYMHU O03HAK (TOOTO 3HaueHb X) OyJIM MEHBIITMMHU 32 JCSIKE X.

Emnipuunoro ¢yHKIi€r0 po3moauly HasuBawoTh ¢GyHkmito F*(x), ska mnsa
KOXXHOTO 3HAYEHHS X BU3HAYA€E BIJHOCHY YaCTOTY MO “X<x":

F* (X) Nx/ N.

Pi3nuis mixk emnipuuHoro F*(x) ta teopernunoro F(x) ¢pyHKIisIMUA po3noAiTy
noJjisirae B Tomy, 1o F(x) Bu3Hayae iMoBipHICTh nojii “X<x”, a F*(x) xapakrepesye
BIJIHOCHY 4YacTOTy wi€i momii. 3riiHo 3 TeopeMoro bepHymil, y BeTuKiil KUIbKOCTI
JIOCIII/TIB BITHOCHA YacTOTa HAOIMKa€eThes 10 iMoBipHOCTI F(X) 1iei moaii. EMmipuyna
dbynkuis F*(x) mae Ti1 % cami BIaCTUBOCTI, 110 1 TeopeTudHa QyHkIis F(x).

[1ix yac MoAEITIOBaHHS HETIEPEPBHUX BHUITAIKOBUX BEJIMYHH 13 33JaHIUM 3aKOHOM
PO3MOILTY MOYKHA BUKOPHUCTOBYBATH TPU METOIH:

—  METOJ| HeHIHUX NePETBOPEHbD;
—  METOJI KOMITO3HUIIIH;
—  TaOIU4HUI MeToJ (MEeTO[ “3BEepHEHHS ).

[lepmri aBa MeToAM HE PO3MIANATUMEMO, OCKUIBKM BOHHU TOTPEOYIOTH
JIOCTaTHHO CEPHO3HOT MATEMATHYHOI IMITOTOBKU. TPeTiii MeTo1 3aCHOBAHMI HA 3aMiHI
3aKOHY PO3MOJILTY HETIEPEPBHOIT BUITAIKOBOI BEIMYMHU CIEIIaTbHUM PO3PAXYHKOBUM
CIBBITHOIIEHHSIM, SIKE JIa€ 3MOT'Y OOYHMCITIOBATH 3HAYEHHS BUIIAQJKOBOI BEJIMUYUHU 32
3HAUCHHSM BUITAJKOBOI'O 4YKCJa, PIBHOMIPHO pO3MojiiieHoro Ha inTepsani (0,1).

HaBenemo criiBBiTHOIICHHS IS TOKA3HUKOBOT'O Ta HOPMAJIBHOTO 3aKOHIB PO3MOALITY.
[Toxa3HMKOBHUIA (€KCTIOTEHITIMHMIA ) PO3MOILI:
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1
x=—=-In(z), (3.1)
A
e A >0 — mapamMeTp MOKa3HUKOBOTO PO3IOJILITY,
z — PIBHOMIPHO PO3MOIIJICHE BUTIAIKOBE YHUCIIO.
Po3paxyHKOBE CHIBBITHONIECHHS /IS BHUIIQJKOBOTO YHCIA HOPMAIBHOTO
PO3IOILTY :
12
X=m+s| >z -6, (3.2)
i=1
7€ m,s — MapamMeTpu HOPMAaJLHOTO 3aKOHY PO3MOJiLTy (MaTeMaTHYHE OYIKyBaHHS i

CepeAHbOKBAAPATUYHE BIAXUIICHHS); Z; — PIBHOMIPHO PO3MOALICHE BUIIAIKOBE YHCIIO.

MaTteMaTH4YHe CIOAiBAHHS.

OpHi€ro 3 YaCTO BUKOPUCTOBYBAHMX HA MPAKTULI XapaKTEPUCTHK MPH aHAII31
BUMAJKOBUX BEIMYMH € MaTeMaTuyHe croiiBaHHs. [lig JaHUM TEPMIHOM 4YacTo
BXKMBAIOTh "cepejiHe 3HaUeHHA" BUMaIKOoBO1 BennurHu X. Po3paxoByBatu HOro HE Tak
BAXKKO, OCOOJIMBO SIKIIIO MAEMO JUCKPETHY BEJIIMUMHY 3 HEBEJIUKOIO KUJIBKICTIO TOYOK.
MareMaTH4YHMM CHIOAIBAHHSIM BUIAJKOBOI BEIUYMHU X BU3HAYCHOI HA JUCKPETHIN
MHOXHHI 3Ha4€Hb HA3MBAETHCS BEIUYHMHA, sIKA PiBHA CyMi MOMApHUX JOOYTKIB

o Mx)=Zan
Benu4YMH X Ha iX HNMOBIPHOCTI TOSIBU =1 SK1o MHOXKHMHA OOMEXeHa, TO

e
. . . M{X):I = E x;'p;'
MOTPIOHO MIYKATH CyMY CKIHUEHHOTO YHCJIa JOJIaHKIB =1 ko MHOKHHA X
€ HCICPCPBHOKO, TO MATCMATHYHC CHOI[iBaHHHM BI/IHaI[KOBO'l. BeanuuHu X

M(X )= x f(x)dx _
. = |:—c:q mj
BU3HAYAETHCS IHTErPYyBaHHAM 3a (POpPMYIIOIO o Skmo , TO

M{X}=__fo{x}.:£x A-[a5] M{X}=£xf{x}dx..

SIkmto TO

HNmoBipHiCTh BUMIAAKOBOI TTOAIT A JIOPIBHIOE BIJHOIIECHHIO KiJTbKOCTI BUMAIKIB
m, 110 CIPUSIIOTH MOSBI MOAIT A 10 KIJTBKOCT1 BCIX MOXJIMBUX BUITAQJIKIB N

3ayBaxkuMo, 10 WMOBIpHICTH BiporigHoi moxii p(U)= 1, a #MOBIpHICT
HeMoxxsmBoi moAii p(V) = 0.
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Ilpuxnaou po3e’sa3y6ants 3a0au.

[Tpukman 1. 3akoH pO3MOIITY TUCKPETHOI BUMAAKOBOI BEIMYMHU 33a/1aHO TaOJUYHO:

-1 2 4 5
pi 10101 ] 03 ]025(0,15( 0.1

Lid

x; | =5 -

OOumcauT MaTeMaTUYHE CHOIIiBaHHH.

Posp’si3yBanHsa.  3rifHO  HaBeneHoi  Bumie  (Gopmynu,  0OYHCITIOEMO
fi
M{X )= inpz' ST NP BP  AP Y P by =
Tl
=-501-3.01-1.03+2-0,25+4.0,15+5.0,1=
=-0,5-0,3-0,3+0,5+0,6+0,5=0,5

Takum unHOM, 3HakIeHe MaTeMaTHyHe crioAiBanus piBae M(X)=0,5.

Cepenne KBajApaTHYHe BiAXHJIeHHS — KOPiHb KBajpaTHHil i3 mucmepcii. Ii

MO3HAYAIOTh TPEIBKOIO0 JITEPOIO «CITMaY. a(X )= /D).

Po3zrassaeMo IMpuKjIagyu JJId O3HAMOMJICHHS 3 IMPAKTUYHOKXO CTOPOHOIO
BHU3HAYCHHA LINX BCINYHH.

[Tpuknaz 2. 3aK0H PO3NOALTY AUCKPETHOI BUMAIKOBOI BEIMYMHH X 33aHO Ta0JIULIEIO:

ool -2 -1 1 3 5 6

B 0.2 0,1 0,3 0.1 0.2 0.1

()

OGuuciuty aucnepeiro D(X) Ta cepenne KBagpaTHUHe BiIXUIEHHS -

Pozs’sazyeanns.  3rimHo 3 BIACTUBOCTSAMH  JUCIEpPCli  3HAXOJIUMO

& & 2
DX = M(XH) - M (X) =3 5 p, - [Zx,-pz-] ;
=l =l

MaremaTuune CIIO/IIBaHHS 00UYHCITIOEMO 3a dhopmyIioro

f
M(X}=sz-p'z- =-2-0,2-1-01+1-0,3+3-0,1+5-0,2+6-0,1=
5

- —0,4-0,1+0,3+0,3+1+0,6=17
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Jamni 3aaxomumo M(X?)
A
My =S x2p = -2 0,24 (-1 0,14+ 1.0,34 320,14 5 0,24 6% 0,1=
=1l

. . — 2 _ _ .

CepenHe  KBagpaTWUYHE  BIAXWICHHA  pIBHE KOpPEHIO 3  AHCHEpCii

S(X)= (DX} =f1.81= 2,79

Ha mpoMy oOuncieHHs 3aBepmieHi 1 Bum Mokere miepekoHATHCS, IO
3HAXOJPKEHHS IMOBIPHICHMX XapaKTEPHUCTUK Ha MPAKTHUIIl JOBOJII IIPOCTO peasizyBaTH.

OTxe, 3HAaUECHHS, SIK1 TPUIAMAE TOCTII)KYBaHA 03HAKA, MOKYTh BIIPI3HATHCH Ha
SK 3aBrOJIHO Mally BEJIMYMHY. B TakoMy BUNAJAKy [Js aHali3y 3HAYEHHS O3HAKU
IPYIYIOTh MO IHTEpPBANIAX.

Tabnuiro, 1mo 103BOJISIE CYIUTH NP0 PO3MOMALT YAaCTOT MK I1HTEpBajJaMH
BapilOBaHHS 3HAU€Hb O3HAKM, HA3MBAIOTh IHTEPBAJIbHUM BapialiiHUM psaoM. s
noOyZI0BH 1HTEPBAJIBHOIO BapialifHOTO psANy HEOOXIAHO BHU3HAYUTH BEIUYUHY
1HTEpBaTy, BCTAHOBUTH KAy IHTEPBAJIB, 3TPYIYBATH PE3YIbTATH CIIOCTEPEKEHD.

J171s moOy10BH ONITUMATBHOI BEIMYMHH 1HTEPBATy BUKOPHUCTOBYIOTh EMITIPUYHY
bopmyny Creprkeca:

b= Zme =X (3.3)
1+3.322-1g(n)

[1ix1 oNTUMAaNBbHOIO BEIMYMHOIO IHTEPBATY PO3YMIIOTh TaKy BEJIMUUHY, IPH AK1H

noOy/I0BaHUM BapialliiHUM psijy HE Oylie HAATO TPOMI3JKHUM, ajie I03BOJIUTh BUSIBUTH
0co0MBOCTI BHOIpKH. SIKIIO B pe3ynabTari obumcieHb h — apobGoBe uwmcio, TO
PEKOMEHIYEThCSI BUKOPUCTOBYBAaTH a00 ONMU3BKWN HeCKJIagHui 1pidb, abo s
BEJIMYHH, 110 OTIMCYIOTHCS 3HAUYCHHIMHU HabaraTo OUILITUMU 3a 1 OJIU3bKE I11JIe YHCIIO.

[cHYIOTH 3aranbHO MPUAHSATI CIOCOOM TpadidHOTO BiTOOpaKEHHS BapialiitHuX
psniB. BUKOpHUCTOBYIOTBCS HACTYIHI BapiaHTH TpadiuHOTrO 300pa’KeHHA: MOJITOH Ta
ricrorpama.

[ToniroHoM 4acTOT Ha3UBAIOTh JJAMaHY JIIHIIO, BIAPI3KU AKOI 3'€IHYIOTh TOUKHU
(xI1,N1), (x2,N2), ... , (xk ,Nk), ne k — kinbKicTh pi3HHX Bapiant. [yt moOymoBu
MOJIITOHY YacTOT Ha Oci abCcuuc BiIKIAMal0Th BaplaHTH Xi , a HA OCl OpJWHAT -
BiJIMOBITHI YacTOTH Ni, TOUKH (X1 ,N1) 3'€THYIOTh BIpi3KaMu TIPSIMUX JIiHIH.

[TomiroHoM BITHOCHMX 4YacTOT HA3WBAIOTh JIAMaHy JIHIIO, BIAPI3KHA SKOI
3'enHy0Th ToukH (x1,W1), (x2,W2), ..., (xk ,Wk). Jls11 moGynoBu mnoJjirona BigHOCHUX
4acTOT Ha OCl a0CHMC BIJKJIAJAalOTh BapiaHTH X1 , a Ha OCl OpJIMHAT - BIAMOBIIHI
BIJIHOCHU YacToTu W1 . SKII0 pe3ysbTaTi BUMIPIOBaHb BIIHOCATHCSA J10 HEMEPEPBHOL
BUIIAJIKOBOI BEIMYMUHU X, TO JOLIIBHO OyayBaTH rictorpamy. I1oiron — sik mpaBuiio
BUKOPHCTOBYETHCS JIUIIIE JIs1 300paKE€HHS AUCKPETHOTO BapiatiitHoro psaay. s ioro
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noOyZ0BH Y TIPSIMOKYTHIN CHCTEMI1 KOOPAWHAT HAHOCATh TOYKH 3 KOOPJUHATAMH:
(X1;mX) 1 3’€IHYIOTH IX MPSIMUMH BiApi3KaMH;

|1 15 15 L7 15 2] 23

Puc. 3.1. Ilpuknan mosiroxa.

[icTorpamoro 4acTOT Ha3MBAaIOTh CXIO4acTy QIrypy, fKa CKIAJa€eTbCs 3
NPSIMOKYTHUKIB, OCHOBAMH SIKMX € YAacCTKOBI IHTEpBAJIM JIOBXUHOIO A, a BUCOTH
JOPIBHIOIOTH BITHOIICHHIO Ni / A |, IK¢ Ha3UBAETHCS MIIIBHICTIO YaCTOTH.

[icTorpamoro  BIJHOCHMX 4YacTOT HAa3WBaIOTh CXig4yacTy (irypy, ska
CKJIa/Ia€ThCs 3 MPSMOKYTHHUKIB, OCHOBAMU SIKUX € YACTKOBI IHTEPBAJIN JTOBXHHOIO A ,
a BUCOTH JOpiBHIOIOTE Wi / A (UIUIBHICTH BIJHOCHOI wacToTH). ['icTorpama —
BUKOPUCTOBYETHCS ISl 300paK€HHSI 1HTEpBAJIbHOrO BaplauiiHoro psany. ma i
noOyJI0BH y TPSIMOKYTHIM CHCTeM1 KOOpJAMHAT Mo oci adcuuc (X) BIAKIATAIOTH
BIJIP13KH, 1110 BIJ0OpaxaroTh iHTepBaiu. Ha 1iux Biapizkax Oyayr0Th IPSIMOKYTHUKH 3
BHCOTaMU PIBHUMHU YacCTOTaM a00 YaCTOTHOCTSIM 1HTepBaJIiB. [HO/I IHTEpBAILHUMN Psif
300paXkaroTh MOJIITOHOM. B 11bOMy BUTIQJIKy 1HTEPBAIN 3aMIHIOIOTH iX CEpeIMHAMMU.

el

[

| 4 163 |5 20 22 24

Puc. 3.2. Ilpuknan ricrorpamu.

- KyMYJISITUBHA KpHBa — KPUBa HAKONIMYEHHS 4acTOT 00 YaCTOTHOCTEH.
- OriBa — SIKILIO B KYMYJISITUBHOI KPUBOi 3MIHUTH MICLSIMU OC1 KOOPJUHAT, TO OJIep KaHa
KpUBa HA3UBAETHCS OT1BOIO.
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Xin podorun
3agatuck aBoMa BuOipkamMu 13 20N eJeMEHTIB HENepepBHUX BHIAJKOBHUX
BEJTMYMH HOPMAJILHOTO Ta MOKa3HUKOBOTO PO3MOiTY B Aiana3oHi Big 0 10 N BKITIOYHO.
[To6ynyBartu ricrorpamu. st moOya0Bu rpadikiB peKOMEHI0BaHO BUKOPHUCTOBYBATH
CTaHJapTH1 010T10TEKH.

KoHTpoJibHi nuTaHHS

1. Sxwif pa3noais HA3UBAETHCS PIBHOMIPHUM?

2.  Slxuit po3noaisn HA3UBAETHCS HOPMAIbHUM?

3. ['ycTuHa po3noiily iMOBIPHOCTI BUITAJIKOBOI BEIMYMHU 3 HOPMAJIbHUM
PO3IIOIIIIOM.

4. Metonu rpadgigHoro 300paxeHHs BaplalliiHUX PSIIIB.

5. Emnipuuna ¢popmyna Crepkeca.

6.  Sxi 6i6mioTexu nis moOya0BH rpadikiB BAKOPUCTOBYIOTHCS 3 MOBOIO

(cepenoBuIleM) NporpamMyBaHHs?

7. Sk pO3yMITH TTOHATTS ONTHUMAJIBLHOCTI JIJIS 3a/1a91 BUSHAUCHHS BEITMYMHU
1HTEepBaLy?

8. [lo Take integration tests?

9. Metoau MOJETIOBaHHS HETICPEPBHUX BUITAIKOBUX BEIIMYHH.
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JIABOPATOPHA POBOTA Ne 4

Tema: OOuucrneHHs aucnepcii, CepeAHbOr0 KBAAPATUYHOTO BIIXUIICHHS,
Koe(DIIieHTIB acCUMETPIT Ta EKCIIEeCy.

MeTa: HaBUMTHCS PO3PAaXOBYBATH TOYKOBI OIIIHKM YHMCJIOBHX XapaKTEPUCTHK,
noOyIyBaTH HaJIMHI IHTEPBAIU JIJI1 MAaTEMAaTHYHOT'O CIIOJIBaHHS Y BUIMAAKY B1IOMOI
Ta HEeB1JIOMOT AMCHEpCii.

Texniune 3a0e3nevennsi: [IEOM, cepenoBuiie nporpaMyBaHHs.

KopoTtki TeopeTrnuni BizomocTi
JInst o1iHIOBaHHS pO3MIpy Bapiailii BUKOPUCTOBYEThCS CUCTEMa aOCOIIOTHHUX
MOKA3HUKIB, K1 PO3TISIAIOTHCS SIK AOCOJIIOTHA Mipa Bapiallii.
Posmax Bapiamii (R) xapaktepu3ye MaKCUMalbHy aMIUITYIy KOJWBaHb
3HAYEHb O3HAKHU B CYKYITHOCTI:
R=Xmax = Xmin » (4.1)
me: Xmaxs Xmin— BIATOBINHO HalGibIIe Ta HalMEHIIIE 3HAYEHHS O3HAKH.
B iHTepBanbHUX psAaax po3MOJLTY po3Max Bapiallii BU3HAYAETHCS SIK PI3HULS
M1 BEPXHBOIO MEKEI0 OCTAHHBOI'O Ta HUKHBOIO MEKEIO MEPILIOTo IHTEpBay.
Cepenne JmiHIHE BIIXUJICHHS (i ), IO XapaKTepu3ye CEPeaHii po3mMip
BIIXWJIEHb 3HA4YeHb O3HAKW BIJ cepeaHboro piBHA. [lng po3paxyHKy 3a
IHAMBITYAIbHUMH TaHUMH BUKOPHUCTOBYIOTh CEPEIHE JIIHIMHE BIAXUIIEHHS IPOCTE:
> |X - X|
;

n

| = (4.2)

ne X — IHIAMBIAyaJIbHI 3HAYEHHS O3HAKW, X — CEpPeaHE 3HAYCHHS O3HaKu; N —
KUIBKICTh OJIMHUIIb Y CYKYITHOCTI.
BubipkoBe cepemHe misi JUCKPETHOTO CTATUCTHYHOTO PSTYy OOYUCITIOIOTH 3a

B 1 k k
X Z_Zn:'x:" Ac Zns =n.
n i= i=1
dbopmyIoro:
Bubipkoee cepeone nis inmepsaivHo20 CmamucmuyHo2o psdy 00UNCIIOTh 3a
dbopmyoro
1 k k
X=—) nz, 1€ z,— CepeauHa i —TOro IHTepBaly, Z”:- =n.
n iz i=1

. 2 .y . e e

Hucniepcis (0°) — 1e cepenHiii KBaapar BiIXHWJICHb 3HAYEHb O3HAKU Bif ii
cepeHboro piBHA. Jig po3paxyHKy 3a 1HIUBIAYyaIbHUMHU JAHUMHU BUKOPHUCTOBYIOThH
JUCIIEPCIIO MPOCTY:
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2_X(X=X)* (4.3)

n

o)

O1iHKOIO UcTIepcii G 2 BUNIAAKOBOI BETMYUHU X € 6UbipKosa oucnepcis.

1 n \A

-2 _ _ e
LS (x - %),
=1 . .
j SKa € 3IMIUW{€HOoI0 OIIIHKOIO AJIsA 62.

Bemuunna

¢ =t i(X;. ~X),s* S
n—1%4 n—1

€ Hesmiwjenolo OUIHKOIO naucnepcii 2 BumagkoBoi BenuumHH X. SIKIIO
MaTeMaTHYHE CIOJIBaHHSA a BIIOME, TO HE3MIU4€HOI0 CUNbHO CIIYUIHOI0 OUIHKOIO
Oucnepcii 6° BUIIaAKOBOI BeJMYUHU X € OI[HKA!

2 1 3z 2
ZEE(XI —CI) .

Bubipkoey oucnepciro 115 Ouckpemno2o cmamucmuino2o psdy 00UUCIIOITh

> 1 X ’ 1 k 2 ]
ST“ :_Z(nix:’ _x) - na"xa' _x“,
. n = 1 =
3a GOpMYJIOIO:
BIJIIIOBITHO

2 no_, 2 1 4 —\2 1 k 2 9
S T=——585, 8 =— E (nr.x;.—x) :—2 nx, —Xx.
n—1 n—14o n ;

Bubipkoesy oucnepcito i ihmepsaibHO20 CMamucmui4Ho20 psidy 00UUCTIOTh
3a GOpMYJIOIO:

—_ 1 A —2 1 L 2 —_
§ :_Z(nfzi _x) :_an'zf —X
n n i=l

BI/IIIOBITHO:

—%i( )G:Lknzq—f‘?.

i=1 _].rl

Bennunna $§ =/ S? Ha3UBAETLCH GUOIPKOGUM CePEOHIM KEAOPaAMUUHUM

gioxunennam, s =s? — BUDIPKOGUM BUNDPABIECHUM CEPEeOHIM K8AOpAmMuUYHUM
sioxunennam ( $? — BubipKOBa BUIPABIIEHA TUCIIEPCis).

CepenHe KBaJlpaTU4HE BiIXUJICHHS (0) — MOKA3y€e CEPEIHIN PO3MIp BiAXUICHB
3Ha4Y€Hb O3HAKH B1JI CEPEIHBOTO PIBHS.

CepenHe kBaJpaTW4yHE BIAXWJIEHHS  HaiyacTile BUKOPUCTOBYIOTH Y
CTaTUCTUYHOMY aHaJli31, TOMY HOT0 TaK0>X HA3UBAIOTh CTAHJAAPTHUM BIJIXUJICHHSIM.
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Cepenne apudmernyHe Ta AMCIEPCisS BapiallifHOTO pALYy € YaCTKOBUMHU
BUMAJKaMU OUIbII 3arajJbHOrO0 TOHATTS MPO MOMEHTH BapialliifHOro psmy.
[TouaTkOBUM MOMEHTOM TOPSAKY ( Ha3UBaIOTh cepeAHe apu(dMeTWdyHe ( CTEeleHl

[z "

BapiaHTiB:

JIe m, —4YacToTa BapiaHTa.

BiamosimHo 10 11i€1 hopMyn moYaTKOBUM MOMEHTOM HYJILOBOTO TTOPSIKY Oye
1. TloyarkoBWiI MOMEHT TMEpUIOrO0 MOPSAKY OyAe PpIBHHM  cepeaIHbOMY
apu(PMETUIHOMY .
LleHTpanbHUM MOMEHTOM MOPSAIAKY ( Ha3WBaIOTh CepeAHe apupMETHUHE (
CTETNICHEM BIJXHWJICHb BapIaHTIB BiJ] IX CEPEAHBOTO apu(PMETHUHOTO:
3 (x-x2)"-m,

fi = . (4.5)

q me

X

LenTpanpbHuii MOMEHT | MOPSAKY 3aBXKIU PIBHUW HYIIO, LIEHTP. MOMEHT 2
nopsnky BignoBimae maucrnepcii. KoedimienTom acumerpii Ha3WBarOTh BIAHOIIEHHS
IIEHTPAIIBHOTO MOMEHTY TPEThOTO TOPSIKY 10 KyOa CEpeIHBOTO KBaJIPATHIHOTO
B1JIXUJICHHSI.

~

3 —7)3%
A= B ZaxmX)Temy (4.6)

7]
s3 Y,m, xS3

BcranoBnenHnst acumeTpii Ta eKciiecy J03BOJISIE BCTAHOBUTH CUMETPHUYHICTD
po3noiny BunaakoBoi BeauanHu X BigHocHO M(X)=1. J[)ist IbOrO 3HAXOIATH TPETIit

IIEHTPATBHAA MOMEHT, 1[0 XapaKTEPHU3yE aCUMETPII0 3aKOHY PO3IOIiTY BHUITaIKOBOI
BesHunHK. SIKmo BiH piBHmA Hymo *3=", To BumagkoBa BenmuMHA X CHMETPHYHO

posmoineHa BigHocHo MaTtematiuuHoro croaiBanas M(X). Ockinbku MoMeHT H3 Mae
PO3MIpHICTh BUNAJAKOBOI BEJIMYMHU B KyOl, TO BBOJSATH O€3pO3MIpPHY BEIUYUHY
As =12
— KoediIieHT acuMeTpii: o
[leHTpanbHUiI MOMEHT UYETBEPTOrO TMOPSAKY BHUKOPUCTOBYETHCS ISt
BU3HAUEHHS  €KCLECY, M0  XapaKTepu3ye  IIOCKOBEPIIUHHICTD, abo

TOCTPOBEPIIMHHICTh  HIUIBHOCTI ~ WMOBIPHOCTI F(x) Excuecom  (koedilieHTOM

KpPYTOCTI) HA3WBAIOTh 3MEHIIICHE Ha 3 BIAHOMIECHHS [ICHTPATLHOTO MOMEHTY 4 TTOPSIIKY

110 4 cTeleHi cepeHbOr0 KBaApaTHYHOro Bigxunenns: E = y*/s* —3. Jlng kpusoi, ska
npeacTaBisie co00K0 HOpMaTbHHIA PO3MO/IUT BETUYMHA €KCLIECY pIBHA HYIIIO.

Uucno 3 BigHIMAETHCS 1711 OPIBHSHHS BIAXUJICHHS B/l IIEHTPAJIBLHOIO 3aKOHY

g

pO3M0iTy (HOPMANTBHOTO 3aKOHY), [UIsl IKOTO CHPABIKYEThCS PiBHICTH:
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Orxe, excuiec piBHUN Hyt0 ES=0 m1y11 HOpMaIbHOTO 3aKOHY PO3MOALTY. KO
ekcuec poaatHii ES>0 To Ha rpadiky QyHKIIS pO3NOALTY Ma€E TOCTPY BEPIIMHY 1 AJIs
Bin'eMHux 3Ha4yeHb ES<O Oinmpmr momory. B Takuii cmoci0 MoOXHA BCTaHOBHTH
BIIXWJICHHS 3aJlaHOTO 3aKOHY BiJ HOpMaibHOro. [l HAOYHOCTI MpH Pi3HUX
3HaueHHsAX acuMeTpii 1 ekcrmecy ES<O rpadikm mripHOCTI #iMoBipHocTer f(X)
300pakeHi Ha pUCYHKaX HIDKYE.

k1o MmojiroH BapialifHOTO Py CKOIIEHWM, TO TaKuUW psJ Ha3UBAIOTh
acCUMETpUYHUM. SIKIIO y BapiamiifHoMy psil Oiiblle BapiaHTIB, MEHILUX 3a CEPEIHE
apuMETUIHEe, TO TOBOPATH, IO € JIIBOCTOPOHHS AacUMETpis (BIAMOBIAHO,
IPaBOCTOPOHHS acUMeTpis). J{Jisi MOMIpHO aCUMETPUYHHX PSAAIB KOe(iLli€HT aCUMETPii
MEHIIIAH OJUHUIIL.

L J

Xin podorun
3anatuch BUOIpKOIo 13 SN ereMeHTIB (HOpMaIbHOTO PO3MOILITY) B Alana3oHi Bij
0 1o N BKJIIOYHO 3 IOBUIBHUMH ITapaMeTpamu.
OO4YHCIUTU JTUCTIEPCII0, CEepeIHbE KBAaApaTUYHE BIAXHWIICHHS, KOEQILIEHTU
aCUMETpIi Ta KCIIECY Ha OCHOB1 3MOJICThOBAHUX JAHUX.

ITHAUBIAYAJIBHE 3AB/IAHHA

3AJAYA

[ToOyayBaTH CTATUCTUYHUI PO3MOJILIT BUOIPKH, 3aMUCATA EMIIPUUHY (QYHKIIIIO
pO3MOALTY Ta OOYMCIUTH TaKi YHCIIOBI XapaKTepUCTUKU: 1) BUOIpKOBE cepelHe, 2)
BUOIPKOBY JHUCIIEpCio, 3) MiANpaBieHy Aucrnepciio, 4) BHOIpKOBE CepeaHe
KBaIpaTUYHE BIIXWIICHHS, 5) MiJANpaBIEHE CEPE/IHE KBAJApPATUUYHE BIIXWIICHHA, 6)
po3Mmax BUOIpkH, 7) mexdiany, 8) moay, 9) kBapTuibHe BinxwieHHs, 10) koedimieHT
Bapiariii, 11) koedimienT acumeTpii Ta 12) ekcriec as BuOiIpKH: (1ai — MO BapiaHTax,
Ne BapianTy = Ne cTyzieHTa y CIIUCKY TPYTIH).
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Bapianm-1

3,2,3,6,54,7,2,1,6,4,3,2,5,4,6, 3,6, 8, 3.
Bapianm-2

8,78,11,10,9,12,7,6,11,9,8,7,10,9, 11, 8, 11, 13, 8.
Bapianm-3

4,3,4,7,6,5,8,3,2,7,5,4,3,6,5,7,4,7,9, 4.
Bapianm-4

6,56,98,7,10,5,4,9,7,6,5,8,7,9,6,9, 11, 6.
Bapianm-5

5,4,58,7,6,9,4,3,8,6,5,4,7,6,8,5, 8, 10, 5.
Bapianm-6

3,8,6,3,6,4,52,3,4,6,1,2,7,4,5,6,3, 2, 3.
Bapianm-7

8, 13,11, 8,11,9,10,7,8,9,11,6,7, 12,9, 10, 11, 8, 7, 8.

KoHTpoubHi nMTAaHHA
1. Po3max Bapiariii.
2. CtangapTHe JiHIHE BiIXUJICHHS.
3. Cepenne kBazpaTiyHe BiAXmIeHHS. Jlucnepcis. 3MiIIeH1 1 He3MIIEH1 OIIHKH.
4 TIoHATTS PO MOMEHTH.
5. AcuMerTpis Ta eKcliec.

6. [TOHATTS KUTTEBOTO MUKy MIPOTPAMHOTO 3a0€3MEeUEHHS.
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JIABOPATOPHA POBOTA Ne §

Tema: OcHOBH ITporpaMyBaHHS EPEBIPKH CTATUCTHYHUX TIMOTE3.

Merta: nepeBipUTH T1IIOTE3Y MPO 3roy 3aKOHY PO3MOALTY CTATUCTUYHUX JaHUX
13 HOpPMJIBHUM 3aKOHOM, JOCIIITUTH BIACTUBOCTI MOKA3HUKIB CTATUCTUYHOTO 3B’ SI3KY
MIDXK BUIAIKOBUMH BEJIMUYUHAMH.

Texniune 3a0e3neyennsi: [IEOM, cepenoBuiiie nporpaMmyBaHHS.

KopoTtki TeopeTrnuni BizomocTi

Y maTeMaTHyHIN CTaTUCTHUIIl YacTO BUAUIAIOTH OCOOJMBHUUN PO3MiT, B SKOMY
po3rsiaeTbea nepeBipka rinore3. CTaTUCTHYHA MEpPeBipKa TiNoTe3 3aCTOCOBYETHCS
JUTSl TOTO, TII00 BUKOPUCTOBYBATH OTPUMaHy 3a BUOIPKOIO 1HGOPMAIIIIO JJIs CYIKESHHS
PO 3aKOH PO3MOAUTY Te€HEPaIbHOI CYKYIHOCTI. 3a3BH4Yail CTaTHUCTUYHA TiNOTE3a
MEPEeBIPSETBCA 32 JIONOMOTOK0 KPUTEPIiB 3TOAM, SKI JIO3BOJSIOTH  OIIHUTU
BIIMOBIAHICT TOTO UM 1HIIOTO TEOPETHUYHOTO 3aKOHY PO3MOJUTY JAESKOrO
EMIIIPUYHOIO PSAAY PO3MOALTY.

CmamucmuyHnoro 2inome30t0 Ha3UBAETbCS OyAb-SKE MPUITYIICHHS 100
BJIACTUBOCTEN TE€HEpaIbHOI CYKYIHOCTI Ha OCHOBI OLIHOK BHUOIPKH, MPUIYIIECHHS
o0 BUay abo mapameTpiB HEBIJIOMOTO 3akoHY po3mnoaury. CTaThyHy TinoTesy
MPUUHATO No3Havatu H.

Po3pi3HAI0Th MPOCTI 1 CKJIaHI CTATUCTUYHI T1ITOTE3H.

Ilpocma 2inome3a — TOBHICTIO BH3HAYa€ TEOPETUYHY (YHKIIO PO3MOALTY
BUITAJIKOBOI BEIMYMHMA. 11 IO HE BHU3HAYAIOTh — HA3MBAIOTHCS CKJIAJHUMHU.
CratuCTUYHI TINOTE3U MIAPO3AUIAIOTHCS Ha HYJbOB1 Ta AJIbTEPHATUBHI.

Hynvosa cinomesza - mno3Hauyaetbcsi Hp — e rimore3a mpo BIACYTHICTb
BIJIMIHHOCTEH y 3HaUCHHSIX O3HaK.

Anemepuamusna 2inomeza — To3HadaeTbess Hip — me rimore3a € JOTIYHHM
3anepeueHHsIM Hop, TOOTO — 11€ TimoTe3a npo iCHyBaHHS BIIMIHHOCTEH.

CTaTUCTHYHI T1IOTE3U MOXKYTh OyTH TaKOX:

- CnpAMO6aHUMU — BHUCYBAIOTh MPO T, IO 3HAYEHHS TMOKA3HWKA B OJHIN
CYKYNHOCTI HWKY€ HDK 3HAYEHHS TOKa3HMKa B I1HIINA. Takox Ha3MBarOTh
OTHOOIYHUMU,

- HecnpamosaHumu — (HOPMYIIOIOTH SKIO HEOOXITHO JOBECTH BIAMIHHOCTI
dbopmu posmomiry abo 3HAUYEHb TMOKA3HUKIB BIAXWJIEHb. TakoX Ha3UBAIOTh
BOOIYHUMHU.

[lepeBipka rimoTe3 3M1MCHIOETHCS HA OCHOB1 CTATUCTUYHUX KPUTEPIiB.

Kpurepii 3ronu moBUHHI JaTH BIAMOBIAL HA TUTAHHS, Y4 MOXKHA MPUUHSITH JIJIs
JAHOTO EMIIIPUYHOIO PO3MOJAUTY MO/JENb, BIAOOpPaXEHY MAESKUM TEOPETUYHUM
3aKOHaM pPO3MoAuTy. Y MaTeMaTH4HId CTaTUCTUIl OJU3BKICTh EMIIPUYHUX 1
TEOPETUYHUX PO3MOALIIB OLIHIOIOTH 33 JOTIOMOTOI0 KPUTEPIiB 3r0IH, SIKi po3po0IieH1
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OaratbmMa BueHMMH. OAHI 3 HHX OIIHIOIOTH BIPOTIAHICTH PO30IKHOCTI MIXK
eMIIPUYHUMH 1 TEOPETUUHUMU NaHuMu (kputepii 3roau [lipcona ta Konmoroposa),
IHII KOHKPETHO BIANOBIIAIOTh HAa MHTAHHS TMPO MOXJIMBICTH 30ITYy JaHOTO
EeMIIPUYHOTO PO3MOAUTY 1 BHOPAHOTO TEOPETUYHOrO 3aKOHY (KpuTepii 3roau
PomanoBcBKOTO 1 SIcTpEeMCBHKOTO).

Cmamucmuynuti Kpumepiii — 1€ TpaBUio, IO 3a0e3leyye MaTeMaTUYHO
OOTpyHTOBaHE MPUUHATTS ICTUHHOI 1 BIIXWJICHHS MOMUJIKOBOT rinote3u. CTaTUCTUYHI
KpUTepii — MPaKTUYHO SBISIOTH COOOI0 METOJ PO3PaxyHKY IEBHOTO YHCIA, SKE
MO3HAYAETHCS SIK eMITIpUYHE 3HAYEHHS Kputepito. /[aHe 3HaUEHHS MOPIBHIOETHCA 3
JIEKUM KPUTUYHUM 3HAUEHHSM JUIsl 1aHOTO KpuTepito. CHiBIAHOUICHHS MK HUMH €
M1JCTABOO JUISl MIATBEPKEHHS Y CIIPOCTYBAHHS T1IOTE3H.

Kpurepii noauistoTscs Ha:

- napamempuyni — BAKOPUCTOBYIOTHCSI B 3aBJIaHHSX MIEPEBIPKHU NapaMETPUUHHUX
rinote3 1 BKJIIOYAIOTh B CBiMl pO3paxyHOK KOHKPETHI IOKAa3HUKHU PO3MOJLTY.
J103BOJISIIOTH O€3MOCePEIHbO OIIHUTH MapaMeTpu CYKYIMHOCTeN 4i BUOIpoK. OiHUTH
CepellHl BIIMIHHOCTI B aucnepcisx. Taki Kpurepli JatOTh MOXIIMUBICTh BHUSBUTU
TEHJICHII11 3MIHU O3HAK, OI[IHUTHU BIUIMBHU (DAKTOPIB HA O3HAKY;

- Henapamempu4ni — OTIEPyIOTh YaCTOTaMH, paHTaMH TOIIIO.

3acTOCyBaHHS TaKMX KPUTEPIIB AJIs MPUHHATTA a00 BIAXUIIEHHS CTATUCTUYHHUX
rinoTe3 3aBXK/IU 3A1HCHIOETHCS 3 TIEBHOKO JOBIPYOKO WMOBIPHICTIO, 1HAKIIIE KAXXKy4Hd HA
MIEBHOMY PiBHI 3HAYYIIOCTI.

Pigenv 3nauywjocmi — 1ie AMOBIPHICTD TOTO, III0 MU B Pe3yJIbTaTI 3aCTOCYBAaHHS
KpUTEPIiB BU3HAIM BIAMIHHOCTI ICTOTHHMMH, a HACIpaBll BOHM BUNAAKOBI. PiBeHb
CTaTUCTUYHOI 3HAYYIIOCTI y OLIBIIOCTI BUMAJKIB NpUiHATHIA 32 5%. IcHye 3HauHa
KUIBKICTh PI3HUX THUIIIB CTATUCTUYHMX TinoTe3. [l1 TUNM BU3HAYAIOTHCS CYKYMHICTIO
3aB/aHb Ta METOAIB iX P0o3B’A3yBaHHS.

OCHOBHI T'pyNH CTATUCTUYHUX TINOTE3 32 MPUKJIAJIHUMU 3a/1a4aMu, IKMX BOHU
CTOCYIOTBCSI:

- TIIOTE3U CTOCOBHO 3aKOHY PO3NOALITY;

- TIMIOTE3U CTOCOBHO YMCEJIbHUX MOKAa3HUKIB MMApaMETPiB PO3MOILIIB;

- TIMIOTE3U CTOCOBHO OJIHOPIAHOCTI BUOIPOK;

- TINOTE3H CTOCOBHO PiBHS 03HAK JOCIIIKYBAHOTO SIBUIIIA 200 TIPOIIECY.

He3Baxaroun Ha pi3HOMAHITHICTH THUIIIB TIMOTE3 1 KPUTEPIiB 3arajibHa cxema
MEPEeBIPKU CTATUCTUYHUX TIMOTE3 TaKa:

1) ¢opmyntoBaHHS HYJIHOBOI Ta ajlbTEPHATUBHOI TIMOTE3M HA OCHOBI 3ajadi
JIOCHIKEHHS,

2) mepeBipKa NPUMNYIIEHb IIOJAO BIAMOBIAHOCTI PO3MOJLIAM, TMEpeBIpKa
napaMeTpiB BUOIPKH, Ta 1HIIOI 0AATKOBOI 1HGOpMAaIlii;

3) NpUMHSATTS PiBHS 3HAYYIIOCTI;

4) BUOIp CTATUCTUYHOTO KPUTEPIIO;
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5) po3paxyHKu eMIIpUYHOTO KPUTEPIIO;

6) BU3HAYCHHS 00J1aCTI KPUTHYHUX 3HAYEHb KPUTEPIIO;

7) TpUHHATTS CTATUCTUYHOTO PIIICHHS;

8) dhopMyTIOBaHHS CTATHCTHYHUX BUCHOBKIB,;

9) popmyroBaHHS 3MICTOBHUX BUCHOBKIB.

B cratucrtuii icHyrOTh 2 MiAXOAUW CTOCOBHO METOIB MEPEBIPKH TimoTe3. 3a
OJIHUM 13 HUX O0O0B’s3KOBO (hopMyJtOI0Th 1 0, 1 aJIbTEepaTUBHY TINIOTE3Y, MEPEBIPKU
SAKUX B1IOYBaIOTHCS HE3aJIEKHO 1 MOBHOLIHHO. [Ipu iHImoMy miaxoai popMymtoBaHHS
aJIbTEpHATUBHUX T1MOTE3 HE BiIOYyBA€ThCS B3arali.

3amadi 10 BUPIMTYIOTHCS:

- IEpEeBIpKa TNoOTe3 MO0 OJJHOPIAHOCTI BUOIPOK;

- IIepeBipKa rirnoTe3 Mpo YUCEIbHI 3HAYEHHS MTapaMeTpiB;

- TIIIOTE3H PO BUSIBJICHHS BIIMIHHOCTEH Ta 3CYBiB B O3HAKaX;

- IepeBipKa 3HAYYIIOCT1 KOS(IIIEHTIB KOPEISAIIi.

MeToau napaMeTpUYHOi OIIIHKY 3aKOHIB PO3MOJILITY .

JIJ1si BUBHAUEHHS YMCEIbHUX 3HAYEHb MapaMeTpiB nepeadauyyBaHuX pO3MOALTIB
3aCTOCOBYIOTHCS METOJM: JIIHITHOTO OIlIHIOBaHHS, IMOBIPHICHUX CITOK, KBAHTHIIIB,
MaKCHUMAaJIbHOTO MPaBI0N0/110HOCTI 1 MOMEHTIB.

Haiibinow npocmum i nowuperum € memoo MoMeHmIs, AKUL NOIA2AE 8 MOMY,
W0 NOYAMKOBI i YeHMPANbHI MOMEHMU MEeOPEeMmUUHO20 PO3NOOLTY, WO 3A1eAHCAMb 6i0
HeGIOOMUX NaApamMempié UYb0o2o pO3NOOLLY, HNPUPIGHIOIOMbCSA 00 CMAMUCTUYHUX
momenmie. Ilpu IbOMY CTAaTUCTHUYHI ITOYATKOBI 1 IICHTPAJIbHI MOMEHTH BIJIOBIIHO 1-
ro 1 2-ro mopsJIKiB BU3BHAYAIOTHCS 3a (hopMynamMu

v1:%_2x}; M, :%Z(xi-w. (5.1)
j=1 j=1

dopMyiH B3a€MO3B'SI3KY aHATITUYHUX MOMEHTIB 3 HEBIJIOMUMHU TapaMeTpaMu
TECOPETUYHMX PO3MOALTIB HaBeaeHi B Tabuuii ([lomatok B). V pe3ynbraTi BUpinyeThes
CUCTEMA PIBHSHB, 110 3B'SI3y€ MapaMeTpu 3 MOMEHTAMH, 3B1JIKM BU3HAYAIOTHCS OI[IHKU
BIJIMOBIHUX MapaMeTpiB.

Kpumepiti acumempii ma excyecy 3acmocogyiomu 0Jisi npubIU3HOI nepesipKu
2inomesu Npo HOPMANbHICMb eMNIPUYHO20 po3noodiny. JIJisi HOpMaJIbHOTO PO3MOALTY
koedimienTn acumertpii Ta excuecy piBHi 0. [IpakTudHo m00 onepkaTu OIIHKY 3a
JTAHUM METOJIOM OOUYHMCITIOIOTHCS TaK 3BaHi AUCTEPCii aCUMETpIi Ta eKCIecCy:

D(E)= 24n(n—-2)(n-3)
(n+1fn+3)n+5) (52)
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BBaxaroTb, 1110 P HOPMATLHOMY PO3MOLI BUOIPKOBI MOKa3HUKU aCUMETPii
Ta eKCIECY JAOPIBHIOBATUMYTh HYIIO, ajie peajbHO Take Maike HE CIOCTEPIra€ThCsl.
Tomy eMIipudHUI PO3MOALT BBaXXKAIOTh OJM3BKUM 10 HOPMAJIBHOTO (MIPUIMAIOThH

HyJIEOBY TilOTE3Y), AKIIO BUKOHYIOThCS YMOBH: |A,| <3y D(A) ra E,|<5y D(E).
__A

TeXHOJONiYHO NpPU LBOMY pPO3PAXOBYIOTH IIOKA3HHUKH (A \/7 1
D(A)

__IEd

te =——— . TIpo KOCTOBIPHY BiAMIHHICTH EMIIIPUIHOTO PO3MOILTY Bil HOPMAILHOIO
N D(E) p pHY p p y p

cBiguaTh nmokasHuku 1, i lz, Akmo npuitmMaroTs 3HaYeHHS 3 1 OljIbIIIE.

Kpumepiii Pomanoscvroeo.

PomanoBcekuit B.I. 3ampornonyBaB BUKOPUCTOBYBAaTH KpUTEpid Xi-KBaapaT B
IHIIOMY BUTJISIAL. 3HAYEHHS! KPUTEPIIO0 OOUUCITIOETHCS 32 POPMYIIOLO:

p= M (5 4)
V2K '
ne K - aucno CTYTIEHIB CBOOOIH.

VYV ToMy BumagKy, SKmo f 3a abCONIOTHHM 3HAYEHHSIM MEHIIE 3, TO
PO301KHICTH MK EMITIPUYHUM 1 TEOPETUYHUM PO3IO/IIJIAMUA BBAKAETHCS HECYTTEBOIO
1 TPUAHATUN 3aKOH PO3MOIUTY MOXHA MPUHHATH B SKOCTI MOJIEIl €MIIPUYHOTO
posmoxiny. SIkmo x Bupa3 f Oinbiie 3, TO po30iKHICTS MIXK PO3HOIiIAMH ICTOTHA.

CraBieHHss POMaHOBCBKOTO TPYHTYETBCS Ha TOMY, IO MaTEeMaTHYHE
CIIO/IIBaHHS { TIOPIBHIOE YHUCITY, a TUCTIEPCisl — MOJIBOEHOMY YUCIY CTYINEHIB CBOOOIU

(2 K ). B mpomy BuUMNaAKy IMOBIPHICTH BIAXWUJICHHS BEJIMYMHU X1-KBajpar Ha

30% =3v2K 61u3bKa 10 OIMHHIL.

Xin podorn

3anmatuch BUOIpKOIO 3 (2A+5) eJeMEeHTIB 13 MOKa3HUKOBUM (EKCITOTEHITIHHUM)
po3nonuioM. 3amatuck BuOipkoto 3 100*(2A+5) enemeHTIB 13 HOPMaJIbHUM
po3noauioM (A — HOMep y XKypHali ctapoctu). Hamucaru nporpamy, sika gpopmye
MPOTOKOJI CTATUCTUYHOTO JOCIKEHHS JJI JOBUIBHUX JTAHUX HA OCHOBI KPUTEPiIO
acUMeTpii Ta eKclecy, pe3yJbTaTh NPEACTAaBUTH [Jis OJepKaHUX BHUOIpok. Jlis
OJIep>)KaHHS HOPMAJILHOTO PO3MOJILTY PEKOMEHIYEThCS BUKOPUCTATH CIICIIabHI
anroputmu (0610J110TEKH).
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KoHnTposbHi nuTaHHS

1. Ilo Take craTucTHYHA rimore3a’?

2. lllo Take CTaTUCTHYHUIN KpUTEPiit?

3. SIki € cTaTUCTUYHI KpUTEPIi?

4, Metonu reHepaiiii BUOIpOK 3 HOpPMAJIBHUM PO3IOI1TIOM.

5. Kpurepiit acumeTpii Ta exciiecy.

6. J17151 4oro MpOBOIUTHCA CTATUCTUYHA MEPEBIpKa IIOTE3 MPO 3aKOH PO3MOILITY
reHepaIbHOI CyKYIHOCTI?

7. SIxi Bu 3Ha€eTe KpuTEpii 3rOAM 1 U1 YOTO BOHU 3aCTOCOBYIOTHCS?

8. Slke mpu3HaueHHs KpUTEpit0o POMaHOBCHKOTIO 1 71 YOT'O 3aCTOCOBYETHCS?

9. SIx1 TeopeTnyH1 3aKOHM po3mnoalty Bu 3Haere?

10. SIxi BM 3Ha€Te MIAXOAM JO OpraHizaiii MPOMHUCIOBOIO PO3pOOICHHS
IIPOTPaMHOT0 3a0e3neYeHHs?

11. Ha3BiTh OCHOBHI IIOJIO’KEHHS €KCTPEMAIILHOTO MPOTPAMYBaHHS.

12. YV yoMy noJsirae KOHIEMNLIis TApHOTO MPOrpaMyBaHH?
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JIABOPATOPHA POBOTA Ne 6

Tema: [Iporpamua peanizaiisi Kputepito y3roxeHocTti [lipcona.

Mera: oOuWIHUTH TApaMeTpH 1 TMEPEBIPUTH TINOTE3H TMPO BiAMOBIIHICTD
EMIIPUYHUX JaHUX Iepen0avyBaHOMY TEOPETUYHOMY PO3IOALTY.

Texniune 3a0e3neyennsi: [IEOM, cepenoBuilie nporpaMmyBaHHS.

KopoTtki Teopern4Hi Bizomocri.

[Ticst BUKOHAHHS OLIHOK CTATUCTUYHHUX MapaMeTpiB MOXKE BUHUKHYTHU 3aJayda
inenTudikauii orpumanoro B crnpoOi posnoniny F*(X) BumaakoBoi BenmunaH & 3
gidomMuMy TEOPETUYHUMHU (PYHKIISIMU po3moiny. Taky 3ajady Ha3uBalOTh 3a0dauero
BUDIBHIOBAHHI.

3agayer0 BUPiBHIOBAHHA CTATUCTHUYHUX PSAiB HA3MBAETHCS 3a/1aya 1000py
MIX0XKO01  TeopeTuyHoi (PYHKIT po3moAuly WMOBIpHOCTEH a00  HIUIBHOCTI
AMOBIPHOCTEM MpU 0OPOOII CTATUCTUYHUX JAHUX. 3aJja4a MOKe OyTH BUKOHAHA 5K 3a
METOJIOM HaMEHIIMX KBajpatiB (AuB. 1. 4.10), Tak 1 3 IHIIKUX MIPKYBaHb, HAIPUKIA]
13 BUKOPUCTAHHSAM Memo0y MOMeHMIE.

MeToa MoOMeHTIB Tiepef0dadyae BUKOHAHHS BUMOTH 30ITy CTAaTUCTUYHUX
MOMEHTIB CTATUCTUYHOTO Py BUIAJAKOBOT BETUYUHU &, HAITPUKJIIA] MATEMaTUYHOTO
CHOJIIBaHHS 1 JUCIiepcii, 13 1X 3HAYEHHSIMH B TEOPETHYHIM KpPUBIH pO3MOALTY
iimoBipHOCcTei T (X). Skiro kpuBa JtiHis f (X) 3a1€KUTH BiJ ABOX apaMETPiB, TO MOXKHA
nigiopaTy iX Tak, 100 CHIBMAIW MEpIll JBa MOMEHTH 1 Tak Jajli — JO0 YOTHUPHOX
MOMEHTIB.

TouHicTh pO3paxyHKIB MOMEHTIB BHUIIE YETBEPTOrO MOPSAKY PI3KO CHajaae,
TOMY iX 3aCTOCYBaHHS YBaXAEThCS HEAOMUTLHUM.

[Ticass BHUpIBHIOBAHHS CTATUCTHYHOIO posmoairy F*(X) 3a momomororo
TEOPETUYHOT KpHBOi F(X) MOYKHA TIOMITHTH, 1110 MiXK [IMMUA KPUBUMH € PO301XKHOCTI.

ToMmy BHHHMKae Take MUTAHHS: YA € OTPUMaHI PO3ODKHOCTI BHITAJIKOBUMH,
NOB’SI3aHUMH 3 HEJIOCTAaTHBOIO KUIBKICTIO cImpoO, ab0 BOHM BKa3ylOTh Ha
HEBIIOBIIHICTh MiAiOpaHoi TeopeTnuHoi KpuBOi JiHIi F(X) peanbHOMY po3momainy
F*(x)

dopManizyeMo 10 CHUTyallll0 y BHIJISAlI Takoi Tinotre3u Hy: BUNAAKOBa
BeIMYMHA & Mae iHTerpaabHUN 3aK0H po3noainy F(X).

Jns BiamoBimi Ha mnuTtaHHsA “Jlany rinotresy Hp BapTo mpuitHATH a0
CIIpOCTyBaTU?” CIIyaTh TaK Ha3WBaH1 “KpuTepii 3roau’”.

Kpurepiii y3romkenocti [lipcona ciayrye anst mepeBipkd TiloTe3u Mpo Te, 10
niicHui po3noait BB 1 rimoreTuuHuil po3noiii € OTHAKOBUMH.

Hexail y pe3ynbTari N HE3aJIeKHUX CIIOCTEPEKEHB 33 BUIMAIKOBOIO 3MIHHOIO Y

Mae QyHKIIO po3momity F(x), IO TaKOX BIiAMOBIZa€ MEBHOMY TilOTETUYHOMY
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posnoainy. Ha ocHOBi 1i€i BUOIpKM MU XOYEMO NEPEBIPUTH MPABAOMOIIOHICTh
rinote3u H, : 0OWIBI BUTIAJKOBI BEIMYMHU HAIECKATh JIO OJHOTO 3aKOHY PO3IMOILTY.

OyHKINSA PO3MOAITY BHUIIAJKOBOI 3MIHHOI y TOBHICTIO OIUCYE ii, 30KpemMa i
npocTip il MOXIuMBUX 3HaueHb. JlaHuik mpocTip P po3i0’eMO AOBUIBHO Ha
r+1 (r=12,...)9acTuny S,,S,,...S,,; TaK, Mo S;-S; =0(i = j)

Hexaii y pa3i Takoro po30uTTs B KOMIpKy S, monaaae m, (i=1...,r +1) eICMEHTIB

r+1

BUOIpKM X, e Y m; =n. OTxKe, Bi/IHOCHA YacTOTa TPAIUIAHHS BUOIPKOBHX 3HAUEHb Y
i=1

KOMIpKY, S, =—-. 3rigHO 3 TiHOTeTHYHOK (YHKIIi€I0 po3noainy F(x) iMOBIpHICTH
n

TONa/IaHHsl 3HAYCHb BHIIAJAKOBOI 3MIHHOI y B IO caMmy KoMipky P(yeS,)=p,

r+1

(i=1...r+1), 0e > p, =1.

i=1
Skmo oOuaBi BUOIPKK BHUITAJKOBOI BEIMYHMHHU JIIMCHO HaJEXaTh JIO OJIHOTO
3aKOHY PO3MOALTY 1 KePYIOThCs (QYHKIN€I po3moainy F(x), TO 3a BEJIMKOTO N Maiike

. . . mi
HareBHO (PO 1€ iICHYIOTH TeopemHu, aokazaHi S. bepuymm ta E. bopens) — sk
n

3aBrOJTHO MaJIo BIPI3HAETHCA BiJ p,. ToMy 3a Mipy y3roJI’>KEHOCTI BUCYHYTOI T1IOTE3H

MIPUPOIHO BUOUPATH BETUUUHY
r+l m 2
Zz(r,n,F):ZCi(?i— piJ | (6.1)
i=1
ne C, — nesKi J01aTHI KOHCTaHTH.

- n : . .
K. ITipcon mokasas, 1110 npu C; = — BUOIPKOBUIN PO3MOIIT BETUUUHHU

x(rnF)z% (6.2)

IpU N — 0 OPSIMYE 0 PO3NOALTY, IKHI HE 3aJ€KUTh BIJ BUY TIIOTETUYHOI (PYHKIII]
po3moniny F(x) reHepaibHOI CyKyIHOCTI.

OTxe, alrOpuTM KPHUTEPit0 y° TMEpPeBIpKH MPHHAJICKHOCTI BHUOIpKH X 3
rimote30t0 H, mpo QyHKIIO po3noAity F(x) i MPUHAIEKHOCTI JBOX MOCIIIOBHOCTEH

JI0 OJTHOTO 3aKOHY PO3IOI1TY, TAKUH.
Bubupaemo piBeHb 3HauymocTi o . DikcyeMo po3OUTTS S, TIMOTETUYHOTO

IPOCTOPY MOXKJIMBHX 3HAYCHB 3MIHHOI y Ha r+1 yacTuHy. BU3Ha9aeMo KiIbKOCTI m;
TOMa aHb €JIEMEHTIB Li€i BUOIPKU B KOXKHY KOMIPKY S, po30MTTs. SIKIIo neski m; <5
TO BIANOBIAHI KOMIPKM 00’€IHYIOTbCA 3 CyCIAHIMHU Tak, mob m, >5. Ilpu mpomy

3MIHIOETHCS BIJTIOBIIHE YHCJIO CTYIEHIB CBOOOIH I .
OO0uncIroeMo eMmipuuHe 3HadeHHs x>, ctatrctuku K. [Tipcona. 3a BuOpanoro

PIBHS 3HAYYIIOCTI @ Ta YKCIA CTYMEHIB CBOOOMU I 3HAaXoauMo 3 Tabmui “KBanTumi
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CTaTUCTUKM ~ KPUTHYHE 3HA4YeHHs y2 cTaTUCTUKM y°. IIpu HamucaHHi mporpam

BUKOPUCTOBYIOTh  allpoOKCUMAIlii  JaHoi  Tabuuiii, anpoKCUMaIlis

lonmmreiina, Gopmynu sxoi HapeneHo Hikye. Sxmo yZ,, > x2, To rinoresy H,

HaIlpuKIaza

BIJIKUJIA€MO, A SKIIO 7, < x~,, TO K&KEMO, 110 JaHi BUOIPKH 3a PiBHSA 3HAYYLIOCTI &
HE cynepedyaTb BUCYHYTIH rimoresi H,, TOOTO HaleXath A0 OAHOTO 3aKOHY PO3IO/LTY.

Anpoxcumariist [onamTeitHa nousirae B TakoMy ajarOpUTMI:

. 3

2. = n{inI2 .d -(ai +E+C—'2ﬂ : (6.3)
=0 n n
1 0.4274
ne d =2.0637- [Inm - O.lGj —1.5774 ipn 0.5< ¢ <0.999;
1 0.4274
d :—2.0637-(|n;—0.16j +1.5774 ipn 0.001<x <0.5.
Koedimientn a, b, cHaBeneHi y TaOuIIi:
a b c

1.0000886 -0.2237368 | -0.01513904
0.4713941 0.02607083 | -0.008986007
0.0001348028 ' 0.01128186 | 0.02277679
-0.008553069 | -0.01153761 | -0.01323293
0.00312558 0.005169654 | -0.006950356
-0.0008426812 0.00253001 | 0.001060438

0.00009780499 -0.001450117 0.001565326

Ipuxnaau po3B’sa3yBaHHsA 32124

Ilpuknao 1. Jns rpadika poOOTH  CHIBpPOOITHHUKIB
JOCITIKyBaHa KITBKICTh KJIIEHTIB, IO 3BEpHYNHCS y (ipMy B TEpIIiid MOJIOBHHI

pobouoro nHs. Pe3ynpTatu HOCHIIKEHHS YKMC/Ia KIIEHTIB 3aJIe)KHO BiJl 4yacy poOoTH

YIOPSIAKYBaHHS

moja”i B Taoi. 6.1.

Tabnuys 6.1
Howmep iHTepBaiy yacy, I 1 2 3 4
Yacu podotu (ai; ai+1) 9-10 | 10-11 | 11-12 | 12-13
Kinbkictp kimienTiB ( Nj) 6 20 35 15
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[Tpu piBHi 3Hauymocti o = 0,05 moTpiOHO mepeBipuTH TinoTe3y Hy mpo Te, 1o
KUTBKICTh KIJII€HTIB, SIKI 3BEPHYJIHCA Y BiJ3HAU€HI 4acH pOOOTH, Mae HOpPMaIbHUN
PO3MOTIJI.

Po3zs’sazyeanns. Y naHoMmy BUNAJKY 3HAYEHHSMH O€3MEpEepBHOI BUMIAIKOBOI
BeanunHd & € BIIUTIKM MOMEHTIB 4acy (Xi) npuxoody kiicnmié B odic bipmu, sKi
(BIIJTIKM) MOXKYTh MOTPAmUTH B PI3HI 4acu poOOTH 1 chopMyBaTh B TaKUi crocid
KUIBKICTh 3HAUY€HBb BUITAJKOBOT BEJIMUUHM &, 11O TTOTPANWIIHN Y BIJ-TIOBIIHUM 1HTEpBaJ
yacy. [li 3HaueHHs BXe 3rpymnoBaHi 3a M =4 iHTepBaJlaMH, IO JTO3BOJISIE€ BBAKATH
CEepeMHYy KOXXHOTO IHTEpBAIy — TNPEICTaBHUIILKUM 3HAUYEHHSAM YCIX 3HAYCHb
BUITAJIKOBOI BEIWYHMHM, IO TOTpPamuWiad B Iield 1HTepBad. IIporec po3B’3aHHS
oopMHUMO y BUTJISI1 TabmuIIl (IUB. TabII. 6.2).

Bigznaunmo, mo 3acrocyBanHs Kputepito I[lipcona motpeOye, 1mobd 4actoTu
Oynu He MeHIe 5, To6To N> 5. B iHIIOMY BUIAaIKy HEOOX1THO 00’ €THATH 1HTEPBAIIU
710 O7Iep>KaHHA HEOOX1THUX YacTOT. Y BUMAJKY JIaHOTO MPHUKJIAAY TaKOi HEOOX1THOCTI
HEMAE.

1. 3a BapianTHUM psagoM (auB. TaOn. 6.1) 3HaXomUMO “‘peanvbHi” OLIHKU
HEBIIOMUX TIAPAMETPIB MpUnyuyeHoeco0 TEOPETHYHOTO, Yy JaHOMYy BHUIIAIKy —
HOPMaJIBHOTO 3aKoHy posmoairy F(X). Jias 1poro crovatrky 3HaWIeMO 3arajibHy
KUIBKICTB KJIIE€HTIB, 110 BiaBiAau odic pipmu (quB. Tabi. 6.2, paaok 3):

4
n= Z”i =76.
i=1

Jami 3HaiiiemMo cepenHi (NMpeACTaBHUIIBKI) 3HA4YeHHS (Xip) U1 KOXHOTO
iHTepBaTy (muB. TaOm. 6.2, psamok 4). IloTiM TOMHOXHMO KOXHE 3 IHX CEPEIHIX
3HAa4YeHb (X;cp) HA KUIBKICTh BUMAJIKOBHUX BEJIUYUH ( N;j), 1110 MOTPANMIN B LIeH 1HTEpBal
(muB. Taba. 6.2, pagok 5), 1 3HAHAEMO iX CyMy, SKa J03BOJISIE PO3PAXyBaTH OLIHKY
MaTE€MaTUYHOT'O CHO/IIBAHHS MOMEHTIB 4acy MOSIBU KIIIEHTIB B oicl Gpipmu:

4
- 1 857

X=m=—) Xj., -n;=——=11276.
nlé cp 1 76

J1J1s1 OLIIHKY CEPETHBOTO K8AOPAmMu4H020 BIIXWICHHS (Sx) MOMEHTIB Yacy MOSIBU
KIIIEHTIB CMOYAaTKy (IuB. Tabm. 6.2, psimok 6) TOMHOXHMO Keaopam KOXKHOTO 13
CEpellHIX 3HAYCHb IHTEPBATIB HA KUIHKICTh BUTMAJKOBUX BEIWYMH, SIKI TOTPANUIN B
uel inrepBan (X%, - Ni), 1 3HAWAEMO iX CyMy, IO J03BOJISE PO3PAXyBATH OLIHKY
JPYroro no4yaTKOBOro MOMEHTY BUIIQJKOBOTO Yacy MOSIBU KIIIEHTIB B oici Gpipmu:

4
M[x?] =%le-2€p n; :% =127,882.

i=1
[ToTiM 3HaIIEMO OIIHKK AUCTIEPCii 3CYHYTO1 1 BUTTPABIIEHO:

~

D, = M[x*]- 2 =127,882 — 127,148 =0,726 ;
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~ no o~ 4
D =——-D, =—-0,726 =0,968 ,
6.eunp — 76" 3
IO JI03BOJIE OJICPXKATH OIIIHKY BHUIIPABJICHOr0 (HE3CYHEHOTO) CepeaHbOTO

KBaaApPaTHUIHOI'O Bi,ZIXI/IJIeHHSI:

S =0 sunp =+ De. qunp =~/ 0,968 =0,984 .

2. BuszHayaeMo meopemuuni 4acTOTH Ha OCHOBI INpHITyIeHOro 3akoHy F(X)
PO3MOIITY B TAaKHM CIIOCIO.

B nanomy Bumagky & — MOMEHTH 4acy MpUXOAY KIi€HTIB B odic dipmu —
Oe3nepepBHa BHIMAJKOBA BEJIMYMHA, TOMY OOYHCISAEMO UMOGIPHOCHI 6/1yY4eHHA
3HAQYCHb X; BHIIAJKOBOI BeNWMYWHH ¢ Y KOXHUU (- immepean, TOOTO
p; =P(a; <x; <a;1)=F(a;41)—F(a;), Ina 4Y0ro CKOpUCTaeMOCS (DyHKIIIEIO

Jlammaca 1 BIZOMUM BHPa30M OIIIHKH MMOBIPHOCTI BIIYY€HHSI BUIIAKOBOI BEJIMYMHU Ha

inTepBai (a; b):
P(a<x<b):@(b_mj—q§(a_mj,
c c

oJIepKUMo popMyy:

~ ~

ai+1—m _® al-—m

Ox. sunp Ox. sunp

P(a;<x<aj.)=@ (4.4)

VY (4.4) aprymeHTaMH € HOPMOBAHI TpaHUIll 1HTEpBaJiB. Tomy nani 3HalaEeMO
3HA4YeHHs HOPMOBAHUX TPaHMIb LUX I1HTEpBaNiB (IuB. Tabn. 6.2, psaku 7, 8) i,
CKOpHCTaBIIUCH Tabmieto @(X) — 3HadeHb Gynkiii Jlammaca (moaarok 9), 3anumemMo
BIJIMIOBIIHI 3HAYeHHS (muB. TaOm. 6.2, psaku 9 1 10). Bim3naummo, mo s
HEB1JI’€MHOTO 3HAYEHHS apTyMEHTY BapTO BUKOPUCTOBYBATH BIACTUBICTh HEMAPHOCTI
byHkii: @(—X) =— @(X). Y HACTyMHOMY PSAAKY 3HAWIEMO PI3HUIIO 3HAYCHD (YHKII
Jlamaca 71 KOKHOTO IHTEpPBaJy, IO 1 € TEOPETHYHOK OILIHKOI HMoBipHOCTI ( Pi)
BIyYCHHS 3HAYCHb BHUIMAJKOBOI BEJIMYMHHA B KOKHUHU 1HTEpBAJ (AUB. Ta0I. 6.2, pAIOK
11).

Tabnuys 6.2.
CxeMa OIIHKY MPaBaONOI0HOCTI TITOTE3U PO HOPMAIBHUIA PO3IMOALI
Oe3mepepBHOI BUIIAIKOBOT BETUINHU

Ne [TapameTpu, 1o i 5 M[*]
/1 PO3pPaxOBYIOTHCS 1 2 3 4

1 ai 9 10 11 12

2 Qi+l 10 11 12 13

3 N; 6 20 35 15 76

4 Xicp 95 | 10,5 | 115 | 125

5 Xicp - Ni 57 | 210 |402,5|187,5| 857 |[11,276
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6 Xiep - Ni 5415|2205 | 4629 | 2344 | 9719 127,882
! X'mini = (ai— x )/Sy 2,;13 1,2797 0’2_81 0,735| D,=10,726
| X = (am— 2 )/, 1’2_97 0,2_81 0,735 1,752 | Dy.gunp (0,968
o D (X" min i) 07;90 0,203 0’1_11 0,269|  Sx=0,984
10 D (X max.i) 0’;03 0,1_11 0,269 | 0,460

11 pi 0,087 (0,292 0,380 0,191 | 0,950

12 W 6,609 22i20 28é84 14(,352

1 ni—ni’ o,e;og 2,2_01 6,157 [ 0,474

14 (ni—n")2/nT  |0,056|0,218 | 1,314 0,016 | 1,604 = | %c0cm

[ToTim 3a 3HaMIEHUMHU UMOBIPHOCTSIMHU Pj 1 00csiromM BUOipku N =71 po3paxyemo

(nmuB. Tabn. 6.2, psaoK 12) 3HAUCHHS mMeopemuyHux 4acTtoT an 3a (opmyIioro:

T _
I’ll' —I’l'pi.

3. 3a 3a1aHUMU B YMOBI €M pUYHUMH YacToTaMu N; (AuB. Tabi. 6.2, psiaok 3) 1

OTPUMAHUMH TEOPETUIHUMHU YaCTOTAMU an (muB. Taba. 6.2, psgok 12) obuunciseMo

2 . .
BEIWYUHY X cnocm - A1 IBOTO MONEPEAHBO ISl KOYKHOTO 1HTEPBAITy 3HaWIEMO (JUB.

Tab. 6.2, psanok 13) pi3HUIIO MK EMITIPUIHOIO 1 TEOPETHYHOIO YaCTOTOIO BIYYCHHS

. . T : . .
BUIIAJIKOBOI BEJIMYMHU B Lel iHTepBaL: (n; —n; ). IloTiMm 3HaiineMo okpemi 0ooanku

(muB. Tabu. 6.2, psanok 14) 1 BU3HAUYCHHS 3HAYCHHS MOKa3HUKa ‘“Xi-KBajpar’:
7.2
2 _(n;—n;)
Xi =— 71
n;
1 MOTIM pO3paxy€eEMO CyMy IIMX 3HA4Y€Hb, IO 1 € MIYKAHOI BETUYMHOIO JUISl OI[IHKU
MPaBIONOAI0HOCTI TOYATKOBOT T1OTE3HU:

T\2

4

2 (n; —n; )

Xcenoem = Z : —Tl =1,604.
i=1 n;

VY BubOipii 3 m =4 intepBaiiB omiHBaMC 06a (K =2) mapamerpu — x=m i
Sx, TOMY KUIBKICTh CTYNEHIB CBOOO/IM I TIOpPiBHIOBATUME:
r=m-k-1=4-2-1=1
3a Tabnuiero (noaarok 10) 3HaX0aAUMO KpUTUYHE 3HAUEHHS:
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. 2
Lo (@, 7)= 75,(0,05,1) =3,84; X2 oem =1,604 .

3HaYeHHS Zcznocm =1,604 , ToGTO ;(Cznocm < ;(,%p (a,r), TOMY rimoTe3a Hy ripo Te,

MO0 KUIBKICTh KJIIE€HTIB (BUIAIKOBa BelWYWHA &) Ma€ HOPMAIbHUN PO3MOALT —
NPUUMAETHCH.

Ilpuxnao 2. Ilpu N=757 BunpoOyBaHb OJIOKIB paJiOCICKTPOHHOI anapaTypu
OoTpuMaHI1 1 HaBejieH1 B Ta0J. 4.11 maHi mpo KiIbKICTh BIAMOB Ha OJWH OJIOK.

Tabnuys 6.3

KinbkicTh BiiMOB ( X;) 0 1 12 |3]4(5>6
Kinekicts Bumagkis (N;) | 427 12357212111 (1|0

3a piBaeM 3Hauymocti o = 0,05 moTpiOHO mepeBipuTH TimoTe3y Hy Tpo Te, 1o
KUIBKICTh BIIMOB Mae po3noui [lyaccona:
k
Y
=2 et
k!

Po3z6’azysannsa. 1. 3HaiinemMo omiHky napamerpa 4 posnoauny Ilyaccona, sika

Py

JOPIBHIOE CEpeIHbOMY 4ucay BiaMOB. Ilpomec po3s’zaHHS O0QOpMUMO Yy BHUIIISIAL
pO3paxyHKOBHX TabIUIb 6.4—6.6.

7

in”i 451
I3 Tabm. 6.2 3HAXOUMO CepeaHE YHUCIIO BIIMOB. X = l:; = 257 =
2
i=1

OTxe, TeOPEeTUYHUN 3aKOH PO3MOILITY YUCIa BIAMOB OJIOKIB amapaTypu Mae

0,6.

BHTJISII;
0,6)% _
pi = P& =)= X_)I e®®  %=0,1..,5.
i!

Tabnuys 6.4 Tabnuys 6.5 Tabnuys 6.6
il Xi| Ni [Xin; Pi np; nTi n; nTi (ni—nTi)z (ni—nTi)Z/nTi
110|427 0 [0,5488 |415,4504 | 416 | 427 | 416 121 0,291
2| 1(235|235|0,3293 | 249,2702 | 249 | 235 | 249 196 0,787
3| 2|72 |144(0,0988 |74,78107| 75 | 72 | 75 9 0,120
4/3|21|63]0,0198|14,95621| 15 | 23 | 17 36 2,118
5/41 1 | 4 [0,0030|2,243432| 2
6/5| 1 | 5 10,0004 0,269212| O
7161010
z 757451 757 chnocm:3’316
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2. Ha OCHOBI OTpUMaHOTO TEOPETUYHOTO 3aKOHY PO3MOJUTY 3HAXOAUMO
TEOpeTHYHi yacTOTH N'j, VI YOr0 CKJIAJEMO PO3PaxyHKoBY Ta6u1. 6.5. MMoBipHicTh pj
3HaxXoAMMO abo 3a Tabnwmiero, abo obduucisiemo 3a (opmyinoro Ilyaccona st BCix
3HAYCHb X;.

3. 3a 3agaHUMU B YMOBI EMMIpUYHMMU YacTOTaMH N 1 OTPUMAHUMU
TEOPETUYHUMH YacTOTaMH N'i 00UUCIIAEMO BEUIUHY X 2cnocm:

> _Bmi-n)
Xcnocm. = Z—T :
i=1

JIns bOTO CKJIaZIeMO PO3PaxyHKOBY TaOJuIio (IuB. Taba. 6.5), 00’ €1HABIIHN
OCTaHHI TPH PSAAKHU 3 PSIKOM I Xj =3, TOMY IO 3aCTOCyBaHHs KpuTepiro [lipcona
noTpedye, mo0 YacTOTH He Oy MAJIUMHU.

VY BuUOIpI OIIHIOBABCA 00uH MapaMeTp A, TOMY YHCJIO CTYIEHIB cBoOOAM I
JIOPIBHIOBATUME:

r=m-k-1=4-1-1=2,
3a Tabmnmiero (quB. qoaaTok 10) 3HaX0MMO KPUTUYHE 3HAYEHHS
Y 2ep(a,r) = %%(0,05; 2) =5,99.

Otpumane B cnpodi Y2coem-= 3,316, i Ile 3HAYEHHS BHABIAETHCA MEHIIMM
KPHTHYHOTO, TOOTO Y 2enoem-< Y2ip(0,T), TOMy rimoresa Ho mpo posmomin kimbkocTi
BIJIMOB OJIOKIB anaparypi 3a 3akoHoM [lyaccoHa nmpuiimMaeTbes.

Xig podorun

OpranizyBatu BBif 3 KoHCOMI (N +20) miux yucen B miana3oni Bix 0 mo 20
BKJIFOYHO. 3amporpaMyBaTH TEPEBIpKYy Ha JOMYCTHUMI 3HAYCHHS. 3amporpamyBaTH
nepeBipky ampokcumariii ['omamreiina s pi3HUX 3Ha4Y€Hb a (KOHTPOJIbHI 3HAYCHHS
— 10J1aTOK A).

BBectn wuymcna BpydHy BHMNQAKOBUM YWHOM. OprasizyBaTd MepeBIpKY
IpOrpaMHUM YHHOM Ha OCHOBI KPHMTEpiIO0 y? Ha BIAMOBIIHICTH BBEIEHOI BHOIPKH
HOPMAJILHOMY Ta PIBHOMIPHOMY PO3MOJILTY 3a JBOMA PI3HUMU PIBHSMHU 3HAUYIIOCTI.

BuBecTu Ha exkpaH BUOIPKY Ta pe3yibTaTH NEPEeBIPOK.

KoHTpoJbHi 3aniuTaHHA
1. Kpurepiit y3romxenocri [lipcona.
2. SIKMM YMHOM OpraHi30BaHa MepeBipKa JaHUX Ha JIOMYCTUMICTb.
3. Bogocmamna moaens XK1,
4. Cripanbaa moaens K11,
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JIABOPATOPHA POBOTA Ne 7

Tema: npocTa niHiiiHa perpecis.

Merta: 3aKpinUTH TEOPETHYHI 3HAHHS Ta OTPUMATH MPAKTHYHI HABUYKH MO0
BukopuctanHsa [IEOM 3 MeTo10 OIliHKM MapaMeTpiB Ta Mig00Py eMIIIpUIHUX GOpMYIT
3a JOMOMOTOI TPOCTOi BHOIPKOBOI JIHIMHOI perpecii MeTOJ0M HalMEHIINX
KBaJpaTiB.

Texniune 3a0e3nevennsi: [IEOM, cepenoBuiie nporpaMyBaHHs.

KopoTtki TeopeTrnuni BizomocTi

BuoipxoBe piBHAHHS NPAMOI JiHil perpecii

MarematnyHa dopmanizallisi pealbHUX MPOIECIB Y BUTIIANI (DYHKIIIOHATBHOT
3aJICKHOCTI ojHi€eT 3MiHHOT (pyHKIIT Y) Bijx iHIIoiI 3MiHHOI (aprymeHnty X) Y =f(X)
JI03BOJIIE KOKHOMY 3HAUEHHIO apTyMEHTY OJHO3HAYHO MOCTAaBUTHU Y BIAMOBITHICTD
OJIHE 3a3Jajieriib BiAOME 3HadeHHs (QyHKuii. Taka 3anexHICTh, SIK MPaBWIO, €
000pOTHOIO, TOOTO 3a BIAOMHM 3HA4YCHHSIM GYHKIID 3aBXKAM MOXHA 3HAWTH
BiImoBiHE 3Ha4eHHs ii aprymenty: X =f “1(y).

[Ipore Ha mpakTUill peayibHI MPOILECH JEMOHCTPYIOTh 1HIINY BIAMOBIAHICTH
3MiHHUX. Tak 3a ofuH 1 TOM ke poOOYHii Yac TUM CaMUM MIIITPUEMCTBOM MOXKE OyTH
3po0JieHa pi3Ha KUIBKICTh MPOAYKII, Ta caMa MPOAYKIS MOXE MaTuh pI3HY
co01BapTICTh, Ta caMa KUIbKICTh IPOAYKII MOKe OyTH MpojaHa 3a pi3Hy LiHY, JIOIU
TOTO CaMOTO 3POCTY MOXKYTh MaTH Pi3HY Bary.

VY miacymKy, momy caMOMY 3HAYeHHI0 ApTYMEHTY X MOXYTh BIATIOBIATH pi3HI
3HaueHHs OGyHKmii Y. YacTto 3HaueHHs GyHKIII HOCSATh XapakTep BHUIAJAKOBUX
BEJIUYMH, SIKI IPU 3MiH1 3HaY€Hb apTYMEHTY MOKYTh MaTH Pi3Hi [IEHTPU IPYITyBaHHS,
JUCTIEPCIIO 1 3aKOH PO3MOAUTY. Y 1IbOMY BUMAAKY 3BOPOTHE TIEPETBOPEHHS 3 METOIO
BIJIIYKAHHSI 3HAYEHHS apryMEeHTy X 3a BIJIOMUM 3HauyeHHsSM (QyHKIII Yy He €
OJTHO3HAYHUM.

JI7ms BCTaHOBIICHHS 3aJIEKHOCTI MIDXK TaKUMH HEOJHO3HAYHMMH 3MIHHUMH
BUKOPUCTOBYIOThH TEOP1I0 KOPENSILIHO-PErpeciiHOro aHami3y, y AKii TOCTIIKYIOThCS
3MIHM CepeIHIX 3Ha4eHb (DYHKIIIT Mpu 3MiH1 OTHOTO abo OaraThox aprymeHTiB. [Iporte
dbopMalibHI METOJIM KOPEJSIIIIHHOTO aHali3y HE JA0Th BIAMOBiNI Ha MUTAHHS “HIO €
MPUYHUHOIO, a IO € HACIIIKOM a0o sika 3MIHHA € apTyMEHTOM, a SKa — (DYHKII€r?
Biamosiab Ha 11e IMTaHHSA Ma€ TaTH JOCIIIHUK.

Mertoro 1o0y10BH perpeciiiux Mojienei Moke OyTH BCTAaHOBJICHHS 3aJI€KHOCTI
MDK cepeOHiMu 3HAYEHHSMH JIBOX 3MIHHUX (TlapaMeTpiB), OAHY 3 SIKHUX JOCIITHUK
npuzHavae PyHKIII€EIO, a IPYTY — 1i apryMEHTOM.

VY OCHOBI perpeciitHoro aHasizy JeXaTh /Bl TITOTE3H.
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1. [lepenbauaeThcsi, 1O JOCHIPKYBaHA CYKYIHICTH MapaMeTpiB  mae
BHYTPILIHIN CTATUCTUYHUH 3B’ SI30K, AKUI MOKe OyTH BHUSBJICHUH 1 popmani3oBaHuil y
BUTJISI1 KOPEJSIIiHOT (OTKe JIIHIWHOT) 3aJIe)KHOCTI OTHOTO TIapaMeTpa Bif iHIIIOro abo
BiJ 1HIMX. TOOTO BBaXKaeThCs, MIO ICHYE BHYTPIIIHIA JIHIAHUN 3B 30K cepeoHix
3HAY€Hb 1IUX MTapaMETPIB.

2. [lepenbayaeThes, MO BUITAJIKOBUN PO3KHU (IUCIIEpCis) 3HAY€HBb (KOXKHOTO)
napamMeTpy Mae€ PEeryJiipHy KOMIIOHEHTY, SIKa 3aJIeKUTh Bi JESKOrO apryMEHTY
(“curnamy”), 1 BUIaAKOBY KOMIOHEHTY (“mrym”). BumankoBa kommoHeHTa (“rirym”)
PO3MO/IiIeHa 32 HOPMAJTbHUM 3aKOHOM.

[louatkoBoto iHGopMaliero anss TOOYIOBH  JHIAHOI  OAHO(AKTOPHOI
perpeciiHoi MojeNi € CyKyIHIiCTh i3 N JABOBHUMIPHHX TOYOK (X, Yi), /€ KOKHa
KOOpJIMHATa TOYKHU, AK IMPABUJIIO, MA€ CBI (I3MUHMUIA CEHC, HANPHUKIAA Xj — 3pICT
JIIOJTMHU B CAHTUMETpaX, Yi — il Bara B KiJlorpamax.

[Tix gac dhopmarnizallii MOCTAHOBKH 3aJ1ayl PO3TJIIHEMO JBOBUMIPHY BUIIAJKOBY
BemmuuHy (X, Y), Haa KO MPOBEACHO N HE3aJICKHHUX BUIMPOOYBAaHb i B pe3yJIbTaTi
BUNPOOYBaHb OTpUMaHa BUOIpKa — N map yucen (KOOpIAUHAT TOYKH):

(le yl)’ (XZ’ y2)a XD (Xn’ yn),

1€ Xi— 3HAYCHHSI BUIAJKOBOI BEJIMYMHU X Y I-My BHIIPOOYBaHHI;

Yi — 3HaYCHHs BUIIAIKOBOT BeUUnHU Y y I-My BUIIPOOYBaHHI.

Heobxiono 3naitm nabauscerne 300pa)kKeHHS 3HAYCHBb OJIHIET 3 BHUITQJKOBHX
BENTUYMH SIK (DYHKIIIT 3HAYEHB APYTOi BUMAIKOBOI BEJIMUMHHU.

BubipkoBum pisusinnuam peepecii Y Ha X (Y —> X) Ha3UBA€ThCS PIBHSIHHS, SKE
BCTAHOBJTIOE 3aJI€KHICTh 3MIHHO1 Y BiJl 3MIHHOT X, TOOTO KOJIM 3MiHHA Y BBAKAETHCS
@yHKuyiero, a 3MiHHA X — apeymenmom. Y =T (X), mpu 11bOMY IMOYATKOBOIO iH(OPMAILIi€IO
€ BUOIpKa 3 N map yuces.

Bubipxosum piBHsiHHAM perpecii X wHa Y (X—Y) Ha3UBa€TbCs pPIBHIHHS
X=¢(y), y sKoMy IpH Till )Ke MOYATKOBIH iH(pOpMAIlT BKe 3MIiHHA X YBa)Ka€ThCsI
@yHKyicro, a 3MiHHA Y — i apeymernmonm.

JliniiiHo¥0 Haszusacmvcs peepecis y Bunmanky, komu 3anexHocti f(X) 1 o( y) €
JHIUHUMU Qhyukyigmu. Toal piBHSIHHS perpecii MaroTh BUTJISIL;

y=a-x+b; X=c-y+d.

[Topsimok po3paxyHKy MapaMmeTpiB pIBHSHHSA perpecii po3risiHeMo 0e3
BUBEJICHHSI 1 NIl IBOX BaplaHTIB yMOB: MPH BIJICYTHOCTI 1 MPU HASBHOCTI 301KHHUX
TOUYOK y BUOIPIII.

1. Hexaii cepen Touok (Xi, Yi) BUOIpKH 301KHHUX TOYOK Hemae. [ Toro mob
CKJIaCTM BHUOIPKOBE PIBHSHHS TMpsAMOi JIiHIT perpecii, BUKOHYIOTbCS HACTYIIHI
PO3paxyHKH:
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a) OOYMCIIOIOTHCS CEPeIHI 3HAYeHHS BEIWYWH: X, Y, X-VY, x2, y2i

3HAXOAATHCA CEpelHl KBaJApaTH4HI BIAXWIEHHS Sx=0x, Sy=0y 13 BUKOPUCTAHHIM
dbopmyI, IepepaxoBaHUX 3 00JIKOM JOIIJILHOI MTOCTIAOBHOCTI X 3aCTOCYBaHHS:

X==Yx;; y=—Dy; x==Yxi; ¥y ==>y;
i) g i1 g

[ n ) - 2 N
xy=-3x v SE=xt- (s se=ysE: sf-y2-(yF: sy =5 ;
i=1

0) O0UYHMCITIOETHCS 3HAUCHHS BUOIPKOBOTO KOS(PIIIEHTY KOPEIAIi I':

X y-x-y
Sx Sy

Haragaemo, mo BHOIpKOBHI KOE(IIIEHT KOpEIsLll XapakTEepU3ye pIBEHb
JTHIHHOTO KOPEISIIHHOTO 3B’3Ky JBOX BUIAJIKOBUX BenWunH. Unm Ommkde |r| 1o
OJIMHMIII, TUM OLTBII CHIIEHUM € 3B’ 130K JIBOX BEJIUYHH, UMM OJIFDKYE | I'| 10 HYJIS, THM
3B’s130K ciabme (auB. 1. 3.2.12);

B) IS OjAep)KaHHSA piBHSAHHA perpecii Y Ha X: y=a-x+b oOuuciasemo
koeditienTd a i b gaHoro piBHsAHHSI 3a opMynamu:

S _
a=r->; b=y-a-x.

X
Jlns onmepkaHHs piBHSHHA perpecii X Ha Y. X=C-y+d o0OuHCIieMO
koedimienTn ¢ 1 d gaHOrO PiBHSAHHS 32 POPMYITaMHU:
S _
c=r—*; d=x-c-y.
Sy

O6uaBi npsivi minil y=a-x+b i X=c-y+d npoxomsts uepe3 ToUky (x,y ).
Jlnst 300pakeHHs 000X MPSMUX JIiHIA Ha ogHOMY rpadiky Apyre piBHSAHHS BapTo
noaatu y uriisiai: Yy=x/c—d/c.

2. Tlpu BenuKiid KITBKOCTI TOYOK N 'y BUOIPIT 3HAYEHHS Xj MOXKE 3YCTPITHCS M;
pasiB, 3HA4YCHHS )j MOXe 3ycTpitucs Nj pasiB. Ta cama mapa umcen (X, Yj) Moxe
3ycTpiTuUCA Njj pasiB. Y IbOMy BHUIAAKy BHUOIPKY 3pyYyHO MOAATH Yy BHIVISAL
KopessiiiHoi Tadmauii (auB. Taba. 4.15) Tak, 10 KIIBKICTh MOBTOPEHL M; 3HAYEHBb
KOOpAMHAT X, KIJIbKICTh IOBTOPEHb Nj 3HAUE€Hb KOOPAMHAT Yj 1 0o0cAr BHOIpKH N
JIOPIBHIOBATUMYTh:

/ k 4 14 k
mi:Znij, nj:Znij; I’ZZZZHU-:ZHJZZMZ-:H.
j=1 i=1 =17 i i=1

i=lj=1 j=1
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BuGipkoBe piBHAHHS NPSAMOi JiHI{

Tabnuys 7.1 .
. perpecii 3HaXOAUMO AHAJIOT1YHO
Kopemsmiitna Tabmuris
[epUIOMY  BHIAJKY, pO3paxyHKH
Y T T 2 2
Xi BEJIUYUH X, ), X-), X, ¥~ BHUKOHY-
Y1 Y2 Yo | M .
€MO 3 ypaxyBaHHSM HasBHOCTI IIOBTO-
Xt M N2 |- N | my pPIOBAHHUX 3HAa4Y€Hb 3MIHHUX 3a (Popmy-
X2 No1 | Ny | ... N2, | My JJaMu:
o .
X | M | M2 | ... Nke | Mk ”E Lo nz F
nj (Nt (N2 |... |Ne |n

= 1%, 514, — _1&¢
x =—Zx,~ "M Y :_Z)’i N, x'y:_zzxi'%"”ij-
iz i Miz1j=1

SAxmo po3rasgaeTbcsi BHOIpKAa 3 TEHEpaNbHOI CYKYNMHOCTI Oe3mepepBHUX
BUTIAKOBUX BeMUuH X 1 Y, TO KOpelsiiiiHa Taduis Oyae MICTUTH iHTEpBalu [a; 1,

ai) 1 [bjfl, bj).

VY upomy BUMNAAKY [Ji8 OOYUCIEHHS BEIUYUH X, V, X -, x2, y2 CIIOYATKy

NOTPIOHO TMEpPEeUTH 1O ITUCKPETHUX pPAMIIB, a MOTIM BUKOHATH OOYHUCICHHS 3a
PO3MIISIHYTUMH BHIIE (HOPMYIIaMHU.

3ayesasicenna. SIKIoO 3HAYCHHS KOOPAMHAT TOYOK (Xi, Yj) € Ay’Ke BETUKUMHU abo
Ty’)Ke MaJCHBKMMH  YWCJIaMH, TO TpH  OOYMCIEHHI 3HAaYeHb  BEJIUYHH

I 2 2 o .
X, ¥, Xy, X*, ¥y MOXHa CIOYaTKy MEpPEUTU A0 PO3IISHYTHX PAHIIIE YMOBHUX

eapianmie Ui 1 Vj:

Uy=———, Vj =—

1 3HAUTH 1X cepemHl 3Ha4YeHHS U, V 1 Sy, Sy, a MOTIM 3HAUTH cepeoHi 3HAUYCHHS

MMOYaTKOBUX KOOPJIMHAT X, 9 Ta IX CEpEeHIX KBAAPATUYHUX BIAXUIIEHD Sy, Sy
X=p-U+oa, Yy=q-V+B; Sy=p-S,, Sy=q-S,.

[Tepexin 10 yMOBHMX BapiaHTIB HE 3MIHIOE BEJIMUYMHY BUOIPKOBOTO KOE(DIIIEHTY
KOpeJsiLii, ToMy My =Tw="r.

OxHe 3 TOJOBHMX 3aBJaHb PErpeciiHOro aHajuizy MoyArae y miadoopi
BignoBigHoro Bupaszy Y={(X), rpadik SKoro mpoxoauTh 4epe3 eMIipuyHi TOYKH abo
Oym3bko BiJ HUX. | TakuMm ymHOM 3B’si3aHi 3MiHHI X Ta Y. JlaHuii Bupa3 mMa€e Ha3By
piBHsiHHS perpecii, dyHkiisa f(X) HazuBaeTbes (yHKIEO perpecii. I'padik manoi
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¢GyHKIIT Ha3UBaeThCs JiHIEIO AaHOi perpecii. ToOTo perpeciiiHuii aHali3 BUSBISE
KUTbKICHY 3aJI€KHICTh O3HaKU (PaKTOPy Bif 1HILIOT O3HAKH.

Ilpuxnao. 3naiiti BUOIPKOBI PIBHSHHS NpsAMUX JiHIN perpecii Y Ha X 1 X Ha
Y 3a JaHuMH TaOJIHMII CIIOCTEPEIKEHD (AUB. Ta0I. 7.2).

Tabnuys 7.2

Tabnuug ciocTepexeHb

x 11,00 |1,50 |3,00 |4,50 |5,00

y |125 |1,40 |1,50 |1,75 |2,25

Posé sizysanns. CxinaieMo po3paxyHKOBY TaOIuIto (B, Tadm. 7.3).

Tabnuys 1.3

Po3paxynkoBa TabmuIs

i Xi Yi Xi? yi© Xi Vi
1 1,00 1,25 1,00 1,56 1,25
2 1,50 1,40 2,25 1,96 2,10
3 3,00 1,50 9,00 2,25 4,50
4 4,50 1,75 20,25 3,06 7,88
5

b3

5,00 2,25 |25,00 |5,06 11,25
15,00 8,15 |57,50 13,90 | 26,98

>/n |3 1,63 [11,5 2,779 5,395

3a TOOMOT00 TabJIUIll 3HAXOAUMO OIIIHKH CePeHIX 3HAUCHb:

— 5 _ 5 _ 5
XZEZXiZE:?); y:EZyj:%:]_,G?,; xyzlzxi.yi:M:aggS;
Sia Sia 5 Sia
_ 5 - 5
x? =12Xi2 SN =115, y° =12yi2 13897 _ 2,779.
5i=1 5 5'_1 5

[ToTiM BU3HAYa€EMO 3HAYEHHS CEPEAHIX KBAJAPATUUHUX BiIXUIICHb:

Sy =y x2—(x )} =/115-9 =/ 25 =158;
Sy =+ y2—(yf = 2,779-2657 =/ 0122 =0,35.

3HaiieMo BUOIpKOBUI KOe(IIIEHT KOpEsIii:
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r_ﬂ—i-y 5,395-3-1,63 0,505
Sx - Sy 158-0,35 0,553

Jlns BHOIpKOBOTO pIBHSHHS IpsMOi JiHIT perpecii Y Ha X, 10 Ma€ BUIJISA

=0,913.

y=a-x+Db, obuncimmo 3HaueHHs koedimieHTIB @ 1 b 3a Bimomumu Qopmynamu,
OJICPKHIMO:

S
a:r—y:0,913-0’—35:0,202;
S 158

X d
b=y-a-x=163-0,202 -3=1,63 — 0,606 =1,024 .

OcTtatoyHo BUOiIpKOBE piBHIHHS MpsIMO1 JTiHIT perpecii Y Ha X HaOyne BUTISAY:
y=0,202-x+1,024.

st onepskaHHa piBHAHHS perpecii X Ha Y: X=c-y+d obuncisemo
koedirientu ¢ id 3a dpopmynamu:
c=r3X_0913. 1’52 =4122; d=x-c-y=3-4]122-1,63=-3,719.

Sy 0,
BubipkoBe piBHsSHHS TpsiMoi JiiHIi perpecii X Ha Y HaOyje BUTIISLY:
x=4,122-y-3,719.
Jlns moOya0BH TaHOTO PIBHSHHS B TiM )K€ CUCTEM1 KOOPJWHAT, IO 1 PIBHSIHHS

perpecii Y Ha X, cKoprcTaEMOCS BapiaHTOM IepepaxyHky Y =X/c—d/c 1 Bupasumo
3MiHHY Y 4epe3 3MIHHY X, OJEPKUMO:

y=0,242 - x+0,902.

MeTtoa HaliMeHIINX KBAIPaTiB

VY psani npakTUYHKX 3a71a4 00pOOKHU pe3ynbTaTiB BUMIPIB, Y TOMY UKCIIl 3HAYEHb
BHUIIQJKOBUX BEJINYMH, BUHHUKAE€ HEOOXIIHICTD 3IUIaJKEHOr0 IOJaHHS 3Ha4YeHb OJHIET
BENTUYMHU (HANIPUKJIAA, BETUYMHH V), K (DyHKIIT 1HIIOT BENIWYWHU (HAMPUKIA],
BeNMYMHU X). OgHUM 13 HaWOLIbII MONIMPEHHX CHOCOOIB TaKOro HaOIMKEHOIro
300paKCHHS € METO/I HAMMEHIIIUX KBaJIPaTiB.

3a I01TOMOTrOI0 METOAY HAWMEHIIHMX KBaJapaTiB PO3B’sA3YEThCS 3amada J000py
TaKOi aHaMTHU4HOI 3anexHocti y(x)=Y¥, (x,ap,ay,...,4,,), Tpadik sKoi He

0008 ’513k060 TIPOXOAMB OU Yepe3 yci 3ajiaHl TOYKH, ajle MaKCUMAIbHO ‘‘3rIaJKyBaB”
Ou BUIAJKOBI MOXUOKK BUMIPIOBaHUX opauHatr QGyHkuii y; = f(x;) (i=0,1,2,...,n)
, ToOTO 100 cyma KBaJpaTiB BIAXWJIEHb 3HAYEHb AaHATITUYHOI 3aJIeKHOCTI
VY, (x,a9,ay,...,a,,) Bl 3HAYEHb BUMIPIOBAHUX OpAMHAT Y; = f(X;) Y IMX TOYKax

OyJa MiHIMaJIbHOIO:
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§ =3[t~ W ()12 = min 7, () (7.1)
i=1

AmpokcuMallis 32 METOJIOM HAMEHIITUX KBaIpaTiB BUKOHYETHCS Y JIBA CTATIH !
— Ha nepuiomy eTari BUOMparoTs suenad ¥, (x,aq, .. .,d,, ) OIyKaHoi GopMyIIy;
— Ha Opyeomy etami Juisi popMyIu 00paHOTO BUTIIIAY “TiAOMParOTh” 3HAYEeHHs

napamempis agp, dy, ..., a,, , BAXoad4u 3 Bumord (4.20).

[Tpouiec n0Gopy mossirae B oepaHHi cUcTeMH 3 (M +1)-ro piBHSAHHSA IS
BU3HAYEHHA 3Ha4eHb ycix (M + 1) mapamerpiB ag, ay, ..., d,, .

Buxoznsun 3 BuMoru MiHiMizamii BiAXwieHHs 3HaueHb ¥,,(x;) BIJ 3Ha4€Hb
v; = f(x;), cucrema piBHAHb (GOPMYETHCS IIJIAXOM BiIITYKaHHA IIOX1THAX 3a KOKHUM

napameTpoM (@ ) Bij piBHAHHS (4.20) 1 IpUPIBHIOBAHHS iX J0 HYJIA:

—:—2Z[yl- =¥, (x;,a0,...,a,...,a,)]

oS L (d v,
Oa i=1

=0, k=0,1,...,m.
dak Y

(13

Po3ninuBimm iBy 1 MpaBy YAacTMHM Ha MHOXHHK (—2), AKUi “3aBaxkae”,

0JIEPKUMO:

L dv,,
Z[y,- -V, (x;,a0,-. Q) ..y, =0; k=0,1....m, (7.2

d¥, v . N
ne 7 =¥, (x;,40,...,Qf,...,dp) — 3HAYCHHS YACTKOBOI NOXiAHOI Bil
g
Xi

¢yHkuii ¥, 3a mapamMeTpoMm ax y TOYLl X;.

J171s pO3B’3aHHS CUCTEMU PiBHSHB (7.2) TOTPIOHO 331aTHCS KOHKPETHUM BUIOM
anpokcumyro4oi GpyHkiii ¥, .

Jdiniuna anpoxkcumayia (¥y=ag+aj-x)

V upomy Bunaaky ¥, 0= I; ¥, =x.TonipiBusHns (4.21) HaOyne BUTTILY:

1

n n
Dvi—(ag+ayx)1=0; Y[y —(ag+ajx)]x; =0
i=l i=1
VY 1bOMy piBHSIHHI PO3KPUEMO AYKKH 1 3p0OMMO MiACYMOBYBaHHS, 1110 O3BOJISIE
OJlepIKaTu:

n n n n n
dyi-n-ag-adx=0; Y xVi-apyX—ad x =0,
i=1 i=1 i=1 i=1 i=1
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PozninuBiim diBy 1 MpaBy YaCTUHU KOXKHOTO PIBHSHHS Ha KUJIBKICTH TOYOK N,
OJIEPKHUMO:

14 14 13 13 138 5,
=>yi—ag-a1=» % =0; = xjyi—ag=D> % —a;= > .x{ =0.
Niz Niz Niz Nizg Niz

JlomaHKH B ITUX BUpa3ax JOPIBHIOIOTH:

1 & — 1 — 1& — 1& » D)
_zyi:my:y; —in:mx=x; _inYi:all:x)’; —in =aox =X
izl izl iz iz

1 MarOTh CEHC OI[IHOK MaTeMAaTUYHUX CHOIBaHb (M, My), 3MIIIAHOTO ITOYATKOBOTO
JApyroro MOMeHTY (@a1) 1 TOYaTKOBOTO IPYTOro MOMEHTY ( &2y ), TOMY CUCTEMA PIBHSIHb
JUTSI TIOLTYKY 3HAYeHb KOE(IIIEHTIB 8o 1 83 MOKe OyTH 3amucaHa OUIbIIl KOMITAKTHO:
my, —ay—ay-my =0, y—agp—ay-x=0,
- = - 2
oLpp—ag-my —aj- 0oy =0, xy—agp-x—ajp-x"=0.
3BIJKH BHUIUIMBAE, IO B ATPOKCUMYIOUOMY HOJIIHOM1 ¥4 = g + 81X KoepilleHTH
do 1 a1 MOXKHA BU3HAYUTH 3a (hOpMyJIaMu:

11— my-m X —)_C'_ — —
x v _XTX). ag=my—ap-my=y-—a-x.

a) = 3 > — )
Aox = My x© = (X )

AHaNOrYHO 3HAXOJATHCA MapaMeTpH 1 Ui apOKCUMYIOUMX (QYHKIINA OyIb-
AKOTo 1HIIOTO BUJsAy. [Ipore 3arampHOTO TpaBWiIa Jjisi BUOOPY BIAMOBIAHOTO
BUTJISIAY eMITipuyHOi popMynu He icHye. BogHouac, 11 HalO1IbII OMIUPEHUX CEMU
BUJIIB PYHKIIIH icCHYE mporieaypa (GopMaabHOT OLIHKY X MPUJATHOCTI.

[TapameTrpu abo KoedilliEHTH eMIIPUYHUX MOJIETIEH MOXKYTh BCTAHOBIIIOBATHUCH
METO/I0M HaMEHILMX KBAJIPaTiB 1 METOJ0M MAaKCUMYyMY MPaBIOMNO10HOCTI.

Tunose 1 OCHOBHE 3aBAaHHS (OPMYITIOIOTh TAKUM YUHOM:

Heo0xiaH0 BCTAaHOBUTH MapaMeTpH ap 1 a1 JJIs 3aJI€KHOCTI

y=ay+ a X

Ha BUOIpIl 00 €My .

VY Meroal HallMEHIIMX KBaJpaTiB JaHl MapaMeTpyd BHU3HAYAIOTHCA 3 YMOBH
MIHIMYMY HacCTYIHOT'O KPUTEPIIO

R= YL —9)% =X — ao — ay X x)?,

Ha OCHOBI1 4OTO OYJI0 OJIep>KaHO HACTYITHI (POPMYIIH:

Zn:)’i Xixiz _anxi inlxi Y
. — izl i—1 i—1 i-1
0 n n 1
n-ZXiz —(inj

i=1 i=1

n-iZ:iXi Y _éxi XiZ:iyi

i= i=1

a1=
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Ipuxnao. JIns yMOB, pO3TIISIHYTHX Y TIONEPEAHBOMY NIpUKIaai (auB. Tabmn. 7.2),
3HAWTH JIHIWHY apOKCUMAITII0 3JIKHOCTI 3MIHHOI Y BiJl 3MIHHOI X 32 TAaHUMU TI€T K
TAOJIUIII CIIOCTEPEIKEHb, IO IIOBTOPIOEMO (IUB. Tad. 7.3).

Tabnuysa 7.4

x 1,00 [1,50 |3,00 [4,50 |5,00

y (125 |140 |150 |1,75 |2,25

Po3zs’sa3zyeanns. Otpumana pailie po3paxyHKOBA TaOIMIL Ma€e BUTIIS (IUB.
Tao. 7.5):

Tabnuys 1.5

Xi | Y| x| Y XY
1,00 11,25 | 1,00 | 1,56 | 1,25
150 1,40 2,25 | 1,96 | 2,10
3,00 | 1,50 | 9,00 | 2,25 | 4,50
450 | 1,75 ]20,25| 3,06 | 7,88
500 | 2,25 |25,00| 506 |11,25
15,00 | 8,15 | 57,50 | 13,90 | 26,98
x/n 3 1,63 | 115 | 2,779 | 5,395

Mol wWN|R|—

HeoOximHi orinku 3 TabauIll OyIM 3HAMIEHI 1 MAIOTh TaKl 3HAUCHHS:

> 815 26,975

_ 5
=1,63; xy:lel-yl- =
=1 5i=1

13,897

=5,395;

— 5
X“==> xi = =115; yzzézh-z: =2,779.
) i=1
OTtxe, 115 JTIHIAHOT anpokcumMarii Y =ap+a; X 3HaxoJAuMo:
Xy—-x-y 5395-3.1,63 5395-489 5395-489 0,505 _
A === _— 2 = 2 = = = = O, 202,
XZ—(X) 11,5-(3) 11,5-9 11,5-9 2,5

ag=y—a;-x=1,63-0,202-3=1,63 0,606 =1,024 .

Pesynbrytounii Bupas mae surisin: Y =1,024+ 0,202 - x 1 miiakom 30iraerbes 3
OTPUMaHHUM paHillie piBHAHHAM perpecii Y Ha X:

y=0,202-x+1,024.
I'padiune 300paxeHHs UX JIiHIM HaBeJIeHe Ha puc. 4.8.
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Binznauumo, o niHisg perpecii Y —X y JaHOMY BUIAAKYy Ma€ MEHIIMM KyT
HAXWIy, HDK JIiHI perpecii X —Y. Yutad MoXe caMOCTIHHO CpoOyBaTH MOSCHUTH
NPUYUHY TAKOTO SBHUIIIA.

y
2,4

)4

2,2

2 %
g =/
1:6 A////

1,4 r—

——y —m— y-->X —A— X-->Y

Puc. 7.1. Jlinii perpecii

Xix podoru

3ajatuch AOBUIBHOIO JiHIEW Yy QopMi Yy=kx+b. Opepxxkatu IUCKpeTHE
MIPEICTABIICHHS JIIHIT B IesIKOMY HeB11 eMHOMY Jiana3oni (N+10) Todok, a1e N — HOMep
y xypHani. Jomatu mno mux naHux “mrym” 3 HOPMaJIbHUM PO3MOJIJIOM — PO3Max
Bapiatii (N/5). 3HaliTu piBHSIHHSA perpecii Ha OCHOBI “3alIyMJIeHUX’ JaHUX, BUBECTU
rpadiku Ta koedilieHTH BUXI1IHO1 JIIHIT Ta perpeciitHoi Mojen.

BaxuBo 3HaTH

baraTboM 13 THX, XTO CTUKAETHCS 3 HAYKOBUMHU Ta 1H)KEHEPHUMHU pO3paxyHKaMu
4acTo JAOBOAMTHCSA ONEepyBaTH HAOOpaMu 3HAa4Y€Hb, OTPUMAHUX €KCIIEPUMEHTAIbHUM
IIUISIXOM Y4 METOJOM BHMAJKOBOi BHOIpKH. SIK mpaBmiio, Ha MijcTaBi IUX HAOOPIB
noTpiOHO MO0y ayBaTH (QYHKIIIO, 31 3HAYCHHSIMH SKO1 MOTJIM O 3 BUCOKOIO TOYHICTIO
30iratucsi iHII OTPUMYyBaH1 3HaueHHs. Taka 3ajJada HA3UBAETHCSA AMPOKCUMAIIIEIO
KpuBOi. [HTEpHosliel0 HA3UBAIOTh TAaKUK PI3HOBUJ alpOKCUMAIlli, IPH SKii KpuBa
no0y/10BaHOi PYHKIIII MPOXOJAUTH TOUHO YePe3 HAsIBHI TOYKU JIAHUX.

IcHye Takox Onu3pka 10 IHTEPHOJALIl 3ajada, 110 MOJSArae B anpoKCUMaril
AKOT-HEeOYIb CKJIaIHOT (PYHKIIIT 1HIIIOIO0, MPOCTIMIO (YHKIE. KO0 neska QyHKiis
3aHAJTO CKJIAJHA JJIsl MPOAYKTUBHMX OOYHMCIIEHb, MOKHA CIIPOOYBaTH OOYUCIUTH ii
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3HAYEHHS B JIEKUIBKOX TOYKaxX, a 3a HUMH MoOyayBaTH, TOOTO IHTEPIIOIIOBATH,
OpoCTilly (QYHKII0. 3p0O3yMijo, BUKOPUCTAHHS CHpOIeHOi (PyHKIII HE IT03BOJISIE
oJlep>KaTH Takl K TOYHI pe3yJbTaTH, SKI JaBaiga O moyaTkoBa (PyHKINisA. Aje, mis
JIeSIKUX KJIaciB 3a/1a4, JOCSTHYTHI BUTPAIl Y IPOCTOTI 1 MIBUIKOCTI 0OYMCIIEHb MOXKE
NEePEeBAXKUTU OTPUMAHUN OTPIX Y pe3ysbTaTax.

Anpokcumariisg (JaT. approximate — HaOamkaTH) — HAOIMIKEHE BHPaKCHHS
OJIHMX MaTEMaTUYHUX 00'€KTIB IHIIMMU, OJIU3bKUMH 32 3HAYEHHSIM, ajie MPOCTIIINMH,
HANPUKIIAJ, KPUBUX JIIHIH — JTaMaHUMH, 1ppalliOHaJIbHUX YHCET — paIlliOHAIbHUMU,
HenepepBHUX (PYHKIIIH — MHOTOUJICHAMH.

Excrpanossimis — HabmmkeHHs (MpUOIMKEeHHS ), 3HAXOHKCHHS 32 PSIAOM JTaHUX
3Ha4YeHb (DYHKIIIT IHIIUX 1i 3HAYEHbB, 10 MICTATHCS 1032 UM PSJIOM.

ExcrpanontoBaty,  (poc.sKCTpamoivpoBaTh,  aHMN.  extrapolate,  Him.
extrapolieren) — mommMproBaTH BUCHOBKH, OJCp)KaHI IIONO OJHI€l YaCTHHHU SKOICH
CUCTEMH, Ha 1HIIly YACTHHY Ti€l cCaMOl CUCTEMHU.

KonTpoabHi nMTaHHA
Buau nporpaMHUX BUMOT.
[i11 1 337241 perpeciiHOro aHami3y.
Mertoa HalilMEHIIIMX KBaJIPaTiB.
[Ilo Take iHTEPIOIAIIA.
[Ilo Take ampokcHUMariis.

o gk whE

[Ilo Take eKCTparosILis.
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JIABOPATOPHA POBOTA Ne 8

Tema: EnemenTH KOpeNnsiifHOro aHai3y Ta X mporpaMHa peai3allis.

Meta poGoTu. 3HAHOMCTBO 3 KOMI IOTEPHHUMH 3aco0aMu KOPEJSIiiHO-
perpeciiHoro aHajizy Ha OCHOBI IPOTrpaMHHX 3ac00iB 3arajbHOTO IMPU3HAYCHHS,
HAOyTTd HaBUYOK iX TNPAKTUYHOrO 3aCTOCYBaHHS Ha MPUKIAIl TMpolecopa
enektponnux Tabmuup (IIET) MS Excel, 3acrocyBanHs iX y HIpOrpamMHOMY
CEPEIOBUIIT.

Texniune 3a0e3nevennsi: [IEOM, cepenoBuiie nporpaMyBaHHs.

KopoTtki TeopeTn4Hi BizoMocTi

Kopesnsiiitni 3B’S3KM MOKHa aHali3yBaTH Ha SKICHOMY piBHI 3 Jiarpam
PO3CISIHHSI €MITIIPUYHUX 3HAYE€Hb 3MIHHUX 1 BIJIMOBIIHUM YHMHOM iX 1HTEPIPETYBaTH.
Tak, HampukiIaa, SKIIO IMIJBUIIEHHS PIBHA OJIHIET 3MIHHOI CYNpPOBOJKYETHCS
M1JBUILEHHS PIBHS 1HIIO1, TO HAETHCA PO NO3UTUBHY KOPEJALI0 a00 MpsAMU 3B’ I30K.
SKII0 5K 3pOCTaHHA OJHIET 3MIHHOI CYITPOBOJIKY€ETHCS 3HUKEHHSAM 3HAYEHb 1HIIO1, TO
MAa€EMO CIIPaBY 3 HETATUBHOIO KOPEIALIIEIO.

HynboBOI0 Ha3uMBaeTbcs KOpENsLid 3a BIACYTHOCTI 3B’43Ky 3MiHHUX. [IpoTte
HYJIbOBa 3arajibHa KOpPEJSIis MOXE CBIAYUTU JIMIIE TPO BIACYTHICTH JIIHIMHOI
3aJIEKHOCTI, a HE MPO BIACYTHICTh 3AJIEKHOCTI MIXK BeTMYMHAMH B3araji. KimpkicHa
Mipa KOPEJSIIAHOTO 3B’ 3Ky OIIHIOETHCS HauyacTimie 3a 3HAYCHHSIMHU KoedilieHTa
kopessii Bix +1 mo -1. Bix’eMHi 3HadueHHS Koedilll€HTa KOPESIii CBiI4aTh IMPO
3BOPOTHHI 3B 30K, IOAATHI — PO MPSMHUK.

HynboBe 3Ha4Y€HHS MOX€ CBIJYUTH MPO BiJACYTHICTH 3B’SI3KY. [HTEHCUBHICTB
3B’SI3KY (CJIAOKUN — MOMIPHUNA — CYTTEBUM — CUJIBHUI) OLIIHIOETHCS 32 a0COTIOTHUM
3HAYCHHSIM KOe(IIi€HTa KOPEJISIIii.

Meroau po3paxyHKy MIpH KOPEJSIIMHUX 3B’S3KIB TICHO TIOB’S3aHl 13
B)KMBAHUMH BUMIPIOBAaHUMHU IIKATaMHU.

Jlinilinuii kopeasimiiiHuii 3B’S30K IS EMIIIPUYHUX JaHUX, BUMIPSHHX 3a
IIKAJIOI0 1HTEpBaJiB a00 BIAHOIICHb, OIIHIOETHCS 3a JOMOMOIO KoedilieHTa
xopensuii ITipcona r :

XY — 2 X2
Xy = ! (81)
e - Iy - )

7e X; 1y, — 3HAa4eHHS 3MIHHHUX, X Ta y — CEpeIuHHI 3Ha4YeHHs BUOIPOK, N — oOcAr

BUOIPOK.

Ioka3zuuk kopenasimii paHriB. Y TuX BHUIAAKaX, KOJM OJHUHUII
JOCITIKYBaHOT YaCTKOBOI CYKYIHOCTI MOXYTh OyTH y BIJHOIIEHHI JEAKOI O3HAKH
pPO3MIIIIEH] B TMEBHOMY MOPSAKY MO 3pocTarouuM (200 CrhamardnMm) HOMepam, abo
paHram, B SIKOCT1 CTATUCTHKH 3B 513Ky CIYXHUTh MOKa3HUK KOPEJIALiT paHTiB.
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Panr Bkaszye te Miclue, sike 3aiiMa€e JaHa OJUHUI CYKYITHOCTI cepel 1HIIMX
OJUHUIIb. SIKI0 O KOYKHA 3 IUX OJMHUI BIJIPI3HATIACH Y BIIHOIICHHI PO3IJISAyBaHOl
O3HaKH BiJ] BCIX 1HIIMX OJUHUI CYKYIMHOCTI, TO PAHTH SIBJSUIA CO00I0 O TOPSIKOBI
HOMepH Bif 1 A0 umcna n , piBHOrO 00’e€My CYKyHMHOCTI. SIKIIO X J€sKi 3 OJAMHUIIb
CYKYIHOCTi € OJTHAKOBHMHM, TO PAHT BCIX IIMX OJMHUIIb NPUHMAETHCS CEpedHiM 3 X
BIJIMOBIIHIX HOMEDIB.

[Toka3zHUK KOpesAIii paHriB pIBHUM:

63 d?
le—a:]}l—_l), (8.2)

Jie BEJIMYUHU d, SBJISIOTH COOOIO PI3HUINIO Mk paHramu h, Ta h, OAMHUIIL, BAOpAHUX

pa3oM 3 JIBOX MOCIIiIOBHOCTEH:

d, =h —h,
[Toxa3HUK KOpEJLii paHriB 3MIHIOETbCS Big -1 g0 +1:
-1<p<+1

YuMm TicHImmM Oyjae 3B’S30K MK BEIMYMHAMH, TUM OJIMIKYE JO OJMHUII 3a
CBOEI0 a0COJIOTHOIO BEIMYMHOIO OyJie MOKa3HUK KOPEJAlli paHTiB; 3HAK BKa3ye,
npsiMa 3aJIeKHICTh Y1 3BOPOTHA.

[To cyTi 3a1aya BUSBICHHS 3aJIEKHOCTI MK BEJIMUMHAMH SIBJISiE COOOI0 3a/1auy
MEepPeBIpKU TIMOTE3U TPO ICHYBaHHS 3aJIEKHOCTI, aje B CUIy CHenupiuHux
0coOJIMBOCTEH 3a7a4i, i1 PO3MOBCIOKEHOCT] 1 BAXKJIMBOCTI, 11 4aCTO PO3IJISIAI0Th SIK
OKpeMy 3aJlauy MaTeMaTUYHOI CTATUCTUKH.

VY cTaTucTuill po3pi3HAIOTh TPY BUH 3B’ SI3KIB MK BETUUHMHAMM:

— (GyHKIIOHATBHUMH;
— CTOXACTHUYHHM,
— CTaTUCTHUYHUM.

OYHKIIOHANIBHUI 3B’SI30K — 1€ 3B 430K, SKUH OMUCYETHCS AETEPMIHOBAHUM

cuniBBigHOmeHHsM Buay Y = f(X,,X,,..X), Tak IO KOXHOMY 3HAYCHHIO OJIHi€i

BEJTMYMHY BIATIOBIa€ OJHE TOYHO BU3HAYCHE 3HAYCHHs 1HINOI. DyHKIIOHATEHUN
3B 130K HE € MPEIMETOM CTaTUCTHKHU.

CroxacTHuHUil 3B’S30K — II€ 3B 530K, MPHU SKOMY 3MiHa 3HAYCHHS OMHIET
BEJIMYMHU, BEJIE O 3MIHH 3aKOHY PO3IMOALTY Pe3yJIbTaTUBHOI BETUYHHH.

CratuctuyHui 3B’A30K — 1€ 3B’SI30K, IIPU SKOMY 3HAY€HHS PE3yJIbTAaTUBHOL
O3HAaKM 3MIHIOIOTBCA B CEPEIHBOMY 3aJIEKHO BIJ TOro, SKUX 3HA4eHb HaOyBae
(dakTopHa BEIMYMHA.

Bax1uBUM 4aCTUHHUM BHJIOM CTATUCTUYHOTO 3B SI3KY € KOPEJAIIITHUII 3B’ 30K,
SKUW  SBJsIE  COOOI0  3AJIEKHICTH YMOBHOTO  MaTEMaTUYHOTO  CHOJIBaHHS
pe3yabTaTUBHOI O3HAKH BiJl 3HAYEHb (PAaKTOPHOT O3HAKHU:

M (Y[X = x)=y(x),
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TOOTO KOXHOMY 3HAYECHHIO (DaKTOPHOI O3HAKM X BIAMOBIZAE PO3MOIIT 3HAYCHB
BEJIMYMHU Y, IPUUOMY MaTEeMaTHYHE CHOJIBaHHS I[bOTO PO3MOALTY € (DYHKIIEIO BiJ
3HayeHHs BennuuHU X. KopemnsmiiiHuil 3B’S30K Ty’Ke 4acTO 3YCTPIYAETHCS Y BCIX
cdepax IisITBHOCTI.

HaiiGinbpm po3po0ieHuMH 1 IMHUPOKO BKUBAHUMHU € METOAU MapamMeTpUYHOTO
KOPEJSIIMHOrO aHajidy, sIKIi TPU3HAYeH1 ISl BUSBIEHHA 1 KUIBKICHOI OIIIHKH
KOPEJSIIMHOrO 3B’SI3Ky MDK O3HaKaMH JOCIHIKyBaHHX 00’ekTiB. IlepemymoBamu
napaMeTPUYHOTO KOPEISIIIHOTO aHami3Yy €:

— YCl CLIOCTEPEKEHHS € B3a€EMHO HE3aJIE)KHUMU;
— CIIOCTEPEKEHHS MAlOTh HOPMAJIbHUI 3aKOH PO3IO/LITY.

['inote3a npo iICHYBaHHS 3aJI€KHOCTI MK BEIMYMHAMH X Ta Y BUCYBA€ThCA HA
OCHOBI aHaNI3y BUIJISINY €KCIEPUMEHTAIbHUX JaHuX Yy rpadiuyHomy nopaHHi. Jlis
IbOTO BUKOPHUCTOBYETHCS KOPEJALiiTHE T0JIE, SIKE SIBJIsSIE COOOI0 MHOKUHY TOYOK (X,
Yi). SIKI10 TOYKM KOPENSIIHHOTO MO BUSBJISIOTh TPYIYBaHHS HABKOJIO JESIKOT JIHIT
(30Kpema mpsAMoi), TO € MiACTABH MPHUITYCTUTH, 10 ICHYE 3B’ SI30K MK BEJIMUMHAMHU X
Ta Y, AKUW OMUCYEThCS 3aIEKHICTIO ¥ = f(X), rpadikoM sIKOi € JTiH1IA TPYyITyBaHHS TOYOK
KOPEJISILIIHOTO MOJIS.

Miporo KOpensIiiHOro 3B’ 513Ky Mk o3HakaMu X Ta Y € Koe(DilleHT KOpesiii
[Tipcona (koedilieHT JIHIMHOI MApHOI KOPEJSIii), SKUH PO3PaXOBYETHCS HAa OCHOBI
napHoi BUOIpKH 3HAYeHB BeIMYMH X Ta Y 3a POopMyIIoro:

N

200009
3 (%~ %23 (y; - 9)? VO - =2)(y? - 7)
i=1 i=1

rxy =

ne N — 06’eM BUOIpKH;
Yi, Xi — 3HAUEHHS 1-TOTO €JIEMEHTa BUOIPOK X Ta ) BIJMOBIJIHO;
X, Y — BUOIpPKOBI CE€peNiHi X Ta ) BIANOBIAHO;

Xy — cepelHe 3HaYCHHS TOOYTKY Xi 1 Vi;

N

2 .
Yy~ ,X  — CepeaHe 3HAYCHHS KBaJApaTiB O3HAK y Ta X.

Koedimient kopesnsii [lipcona € Miporo TiJIbKH JiHIHOT0 3B’A3KY, 10 € HOTO
CYTT€BUM OOMEKEHHSAM. 3aCTOCYBAaHHS 11€i MIpU € KOPEKTHUM TUIbKH TOJl, KOJIU
BUTJIST KOPETSIIAHE IO BKAa3ye HAa HASBHICTH JIIHIMHOTO 3B’s3Ky. Konu 3B’s130K
HEJTIHIWHUN, HaBITh SBHO BUAUMHUHN 3 KOPEJSIIHOTO TOJISI, KOS(IMIEHT KOPEeISIii
[Tipcona He 1a€e MpaBUWIBHUX PE3yJIbTATIB — HATIPHUKIIA/, TTOKA3Y€ BIICYTHICTH 3B SA3KY.

VY BUNagKy HENHIMHOTO 3B’SI3KYy 3aCTOCYBAHHSI 3aCTOCYBaHHSA KOe]illieHTa
kopemsiii IlipcoHa MoxivBe micis JiHeapu3allii eKCIepPUMEHTAIbHOI 3aJIeKHOCTI
(Hampukiaz, JorapudMyBaHHS JaHUX, AKI MiIMOPSAKOBYIOTHCS E€KCIOHEHITIATbHIM
3QJIEKHOCTI). Y BUMNAJKY CKJIQJHOI HEMIHIMHOI 3aJIe)KHOCTI MOXKJIMBA 1i KYCKOBO-
JiHIHA arpoKCcUMallis, TOOTO 3aMiHa HEMIHIMHOI 3a71€KHOCT1 JIHIIMHOI0 HAa OKpEeMUX
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ninsHKax (Ha rpadiky 3aJeKHOCTI 1€ BIAMOBITAE 3aMiHI OKpEMUX IUISHOK rpadika
HETIHIWHOT PYHKINIT MPSAMOJIHIMHUMH BiJIpi3KaMH TakK, 00 BOHU MaJIA BiIXWISIACH
BiJl rpadika HemiHiWHOI 3amexHocTi). [licmsa mporo koedimient kopesmii [Tipcona
KOPEKTHO 3aCTOCOBY€ETHCS JIJISl OLIHKU CHIIM JIIHIMHOTO 3B’ 513Ky HA OKPEMHUX JIISTHKAX.
[Ipy 1mpoMy Mae Miclie 3Ha4yHEe 30UIBIIEHHS OO0CATIB OOYHMCICHb 1 YCKJIATHEHHS
MaTeMaTUYHOI MOJIENI 3aJIEKHOCTI.

Koedimient xopemsnii [lipcona no3Bonse OmMiHUTH culy (TVIMOWHY, TICHOTY)
JTIHIAHOTO 3B 3Ky MIX BEJIMYMHHM, a TAaKOK BU3HAUYUTH HAmpsiM 3B’s3Ky. KoedirieHt
KOpEJSALi sIBJsiE COOOI0 YUCIIO B Jiana3oHi Bif -1 10 +1. 3Hak yucia BU3HaYae HApsIM
3B’S3Ky, @ aOCOJIOTHE 3HAYEHHS — CHIy 3B SI3Ky. SKIIO Koe]ilieHT Kopemsiii
MO3UTUBHHI, TO MAa€ MiClle MPAMHI 3B 30K, TOOTO MpHU 30IbIICHH] 3HAYEHb OJIHIE]
BEJIUYMHH, JPyra TaKoXK 301UIbIIYEThCS. SIKIO K KOe(DIIEHT KOpesiii HeraTuBHUM,
TO 3B 30K 3BOPOTHHUI, TOOTO Mpu 30UIBIICHHI 3HAYEHb OJIHIET BEJIMYWHU, ApYyTa
BEJTMYMHA 3MEHITY€EThCS.

Cwity 3B’S3Ky OIIIHIOIOTH Ha OCHOBI a0OCOJIIOTHOTO 3HAYE€HHS KoedillieHTa
KOPEJISILIT 332 TAKOI0 IIKAJIOKO:

3HAYEHHS T OuiHKa 3B’ 3Ky
r<o 3BOPOTHHIA 3B’ SI30K

0<[r]<0,1 3B’S130K BIJICYTHIH

0,1 <|r|<0,3 Crnabxwii
0,3<11<0,5 [TomipauUit
0,5<|r|<0,7 [TomiTHMI®
0,7<|r|<0,9 CunpHuN
0,9 <1 <0,99 Jlyxe cumpHuN

0,99 <r| <1 [ToBHMIt (HyHKITIOHATBHUN)

KoedimienT xopensinii 703BOJISE€ TUIBKU BUSIBUTH HASBHICTH Ta OIIHUTU CHITY
3B’SI3Ky, MPUYMHHO-HACIJIKOBI 3B’SI3KM HUM HISIK HE BIJIOOPa’KAIOTHCS, IO YaCTO
OPU3BOIUTH IO TIOMWIOK. 3MICTOBHUH aHali3 KOPEJIAIIMHOTO 3B’SI3KYy Mae
BUKOHYBAaTUCh CHEIIAJICTOM HAa OCHOBI TJHMOOKOTO PO3YMIHHS TpEeAMETY
JTOCITIIKEHHS.

[Ticnst BcTaHOBIIEHHS (PAaKTy ICHYBaHHS 3B 3Ky MIXK BEeJIMYMHAMU X Ta Y MOCTa€e
NPUPOAHE MUTAHHA PO HOro aHaJITUYHE BU3HAYEHHS, TOOTO 3HAXO/KEHHS (DYHKIII1
y = f(x), sxa onucye BusBIeHUN 3B’s130K. BuzHauenns ynkiii y = f(x) € 3amauero
perpeciiinoro anamizy. Lls GyHKIis Ha3uBaeThCs QYHKITIEIO perpecii BemnuuHu Y 110
X, abo mpocTo perpeciero Y no X. Y BUMAAKy JiHIHHOT 3a1€KHOCTI PyHKIIIS perpecii
€ JIHIMHOIO:

y = kx+b,
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TaKk IO 3a/Jaya PErpeciiiHOrO aHali3y MOJISAra€ y BHU3HAUEHHS JBOX IapameTpiB:
koe(dimieHTiB k Ta b, K1 Ha3UBAIOTHCS KOE(illIEHTAMHU perpecii.

Jlig BUManKy JHIAHOI 3aleXHOCTI Koe(ilieHTH perpecii BHU3HAYAIOTHCA
nuisixoM Po3B’sI3yBaHHS CUCTEMH JIIHIMHUX PIBHSIHB, K1 BKIIOYAIOTh €JIEMEHTH MapHOi
BUOIpKM 3HaUeHb BeMuuH X Ta Y. JlaHa 3aj1aua po3B’si3aHa /Jis 3arajibHOTrO BUNIAAKY,
TaK 110 JjIs KoeilleHTIB perpecii € roTORB1 3arajibHi (OpMYyJIH.

VY Bunaaky OaraToakTOpHOI 3aJ€KHOCTI pPE3yJbTaTUBHOI O3HAKH Y BIJ
¢dakropiB X1, ..., Xnp METOAMKA KOPEJSAIIHHOTO aHAJI3y JIMIIAETHCS TIEID CaMOIO.
CriovaTky Bi3yaJabHO aHAI3YIOTHCS KOPENAIiitHI moJist Jyist yeix map o3Hak (Y, Xi), Ha
OCHOBI 4O0ro (HOPMYJIOIOTHCS TMPHUMYLICHHS MPO HAABHICTh 1 BHJ YaCTUHHHX
3aJIEKHOCTEN MK 03HAKOIO Y 1 KOKHUM (akTopoM Xi. ITiciis mboro po3paxoByrOThCs
nonapHi koedimientu kopesuii [lipcona ms ycix nap $axTopis, 1 OI[IHIOETHCS CHIIA
3B’S3KIB Ta i1X BHUJ. MOXJIMBA TaKOX OIIHKA KOPEIAIIMHOI 3aJIe)KHOCTI MIXK
pPEe3yIbTATUBHOIO O3HAKOK Y Ta (PYHKIIOHATHHUMHU KOMOiHamisMu ¢aktopiB X
(nanpuknan, Mk H ta nonapaumu no6ytkamu daktopiB X; . Xj). baratodaxkropuuii
KOPEJSILIMHUN aHami3 € 3HAYHO CKIAJHIIUM 1 OUIbII TPYJOMICTKMM, HDK I-
¢daktponuii. [loOymoBa OaraToakTOpHOi perpeciiHoi Mojeni sBig€ CcO00I0
HAJ3BUYaHO CKJIAJHYy 3ajady, Ui [KOi, Ha BIAMIHY Bia l-¢paktopHOi, Hemae
3arajbHOTO PO3B’SI3KY.

3a3Buuail Tpu BUSBICHHI 3B 53Ky MK JBOMa BEIMYMHAMH 32 JOTIOMOTOIO
KOPEJSIIITHOTO aHalli3y MPOBOJUTHCS 1 WOTr0 aHANITHYHE BHU3HAYCHHS, TOOTO
perpeciiiHuii aHa i3, BHACH1I0K YOT'0 TOBOPSITH PO KOPEJIAIIHHO-pErpecifHmii aHai3,
IpPEeIMETOM SIKOTO € SIK BUSBIEHHS 3B’S3Ky, Tak 1 MOOya0Ba WOTO MaTeMaTUYHOI
MOJEJII.

KopensmiitHo-perpeciiiHuii aHani3 € 3aa4elo, sika e(PeKTUBHO pO3B’SI3yE€ThCS 32
JIOTIOMOTOI0  €JIEKTPOHHUX  TalOnuib. THUIOBUM  MPHUKIAJOM  3aCTOCYBaHHS
CICKTPOHHUX TaOMUIb JO0 KOPEIALIMHO-PEerpeciiHOro aHajli3dy € MpoIecop
enektponHux Tabmuie MS Excel (i iioro BimbHmii anamor Open Office Calc).
Po3paxyHok koedimienta kopensiii [lipcona peasnizyeThes criemiaibHO BOYTI0BAaHOIO
dbyukiiero KOPPEJL. O6uucienns koedilieHTiB perpecii eeKTUBHO peai3yeThCs 3a
JT0moMoro GopMmysn pobodoro apkyiia, moOyoBa SIKUX MOJETIIYEThCS HAsIBHICTIO
BOynOBaHMX (YHKIIM, SKI peami3yloTh MNPOMDKHI pO3paxyHKH (Taki sK
CYMMIIPON3B — o6uuciaoe cyMy AOOyTKIB BIJMOBIAHUX €JIEMEHTIB MAaCHBIB,
CYMMKB - o6uuciroe cyMy KBaipaTiB TOIIIO).

Jlo cxmany nmakery MS Excel Bxoauts HanOymoBa Ilaker aHami3y, sika sBIsie
co0oro Habip creniagi30BaHuX IHCTPYMEHTIB, K1 pealli3ytoTh THUIOBI CKJIaaH1 QyHKIT
CTaTUCTUYHOIO aHamizy AaHux. [lo ckiamy maketry BXOIATh 30KpeMa 1HCTPYMEHTHU
KopeJsiiiHo-perpeciiinoro anamnizy. Ile — inctpymentu Koppeasiuus u Perpeccusi.
OO6uBa IHCTPYMEHTH 3a0€3Me4YyI0Th BUKOHAHHS 6aratoakTopHOTro KOPEIAIIHHOrO 1
perpecifHoro aHanizy, BKJIIO4aruu 1-(hakTopHy MOJENb SIK YACTUHHUHN BUIAJIOK.
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BuOip iHcTpyMeHTY 31iCHIOEThCS y BikHI HanOymoBu [lakeT anami3y (puc. 8.1.)
31 CITIUCKY 1HCTPYMEHTIB.

w

AHaNM3E A3HHBIX

MHCTRpYMEHTEI aHanusa

K

Kosaprauma

OnMcaTenbHan CTAaTHCTHKS
SKMOHEHUMANEHOE T NEAKHMEaHKE
AEyxEbIBopoYHEIR F-TECT ANA AWCNEpCK
AHanus dypee

MicTorpavMma

Cronb3AlLes (peaHes

MeHEPELMA CNYYaAHEIX YMCEn

m

PaHr M NEpCEHTHNE
Perpecosn i

OTMEHE

1k

Crpaska

4

Puc. 8.1. Bikno meHto Haaoynosu IlakeTr anasmi3sy.

HanamryBanHs OOpaHOro I1HCTPYMEHTY BUKOHYETHCS y HOTO A1aJIOTOBOMY

BIKHI, i€ 3aJIal0ThCs Jlala30Hu JaHUX Ta JACsSKl JOMOMDKHI mapameTpu. [liamorose
BikHO iHCTpyMeHTY Koppessinus nokaszane Ha puc. 8.2, inctpymeHnty Perpeccust — Ha

puc. 8.3.

-

Keoppenauus
ByoAHElE AGHHEIE
BxoaHoi uHTepsan: SAS1:sES21 e
MpynnupoBaHme: @ no cronBuam
() no cTpokam

MeTtn B Nepeoii cTpoKe
MapaMeTpel BBIECAE

- . ==
@) BplxoAHDIA MHTEPBaN: sHs|

() Hoewiit pafioumii macT:

() Hopaa pafioyan KHAra

OTMeHa

Cnpaeka

i

K

Puc. 8.2. lianorose BikHO iHCTpyMeHTY Koppeasiuus.

-
Perpeccua

BExoAHbIe AaHHbIE

"

BxoaHoH MHTEpBan Y:

BxoaHoN uHTepEan X:

MeTkKn
¥poBeHb H3AEKHOCTH:

MNapaMeTpel EbECAA
(@) BuIXoAHOH WHTEpBAN:
() Hoseiii pafiouail nueT:
() Hoean paboqan kHura

Ocratkm
[] ocraTrn

I_“'{I

SAS1:SAS1Y

I
i

ik

$BS1:§F517

|:| KoHcTaHTa - Hone
a5 %%

sas1g S

[ rpadwik ocTaTkos

[7] crannapTusoBaHHbIE ocTaTki [ | Mpadwik nonfopa

HopmaneHan BepoATHOCTE

|| rpadwk HopmansHoii BeposTHOCTI

OTtrena

CnpaBka

Puc. 8.3. Jlianorose BikHO iHCTpymMeHTY Perpeccusi.
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Pesynbratrom 00poOku manux iHcTpymeHToM Koppeasiums € xopernsiiiiHa
MaTpulis, fKa SBJISE€ COOOI0 KBaJApaTHY HIKHIO TPUKYTHY MATpPHIIO, KA MICTHTH
nomnapHi koediienTn kopensuii [lipcona ycix Bennuun Y, Xy, ... Xn.

B pesynbrari 00poOku maHuX 1HCTpyMEHTOM Perpeccusi cTBOpIOETHCS 3BIT,
SAKUWA BIIOOpAKAETHCSA Yy 3aJaHOMYy MICIIl 1 MICTUTh KOE(IIIEHTH perpecii 1 psf
CTAaTHUCTUYHHMX OI[IHOK, SKi XapaKTepU3YIOTh 3HAYYIIICTh OTPUMAHOI perpeciiHoOl
MoOJIe1 1 TOTPiOHI IJIs MOAIBIIIOTO MOMIMIIIIEHHS MO,

IopsiioK BUKOHAHHA PO0OTH
HacTymnHi nmpakTH4HiI 3aBIaHHSA PEKOMEHY€ThCS BUKOHYBATH Ha PI3HUX
poOOUKX apKylIax OJIHI€] KHUTH, IMEHYIOUH BIJIIOBIIHUM YHHOM pOo00Yil apKyIiii, 1110
MOJIETIIUTH 1 MPUIIBUIIIUTE TOCTYII 10 HUX.

I. OnnodakTopHUIl KOpesIHiiiHO-perpeciiiHuil aHaJIi3.

3aoaua. ]1ns BUABIECHHS 3B’ 3Ky MK BMICTOM (ochopy B JIUCTKY POCIUHU ) Ta
BMicTOM (pocopy y IpyHTI X IPOBEJIEHO CEPir0 aHai31B 1 OTPUMAHO TaKi
pe3ynbTaTH:

X 3) 4 3 7 13 | 11 | 23 | 28 | 18 9 12 | 13

y 64 | 71 | 54 | 71 | 93 | 76 | 87 | 109 | 8 | /5 | 719 | 87

[IpoBecTn KOpensALIMHO-perpeciiHuii aHaIi3 pe3ybTaTiB.

Teopernuna noBigka

HaiinpocrimmM BUnagkoM € 1-gpakTopHHUl KOpensIiiHO-perpeciiHiil aHami3,
KOJIM aHAJTI3Y€ThCA 3B’ 130K MK PE3yIbTaTUBHOIO 03HAKOIO ) Ta (DAKTOPHOIO 03HAKOIO
X 1 BIAIIYKYETHCS PIBHSHHS 3aJI€KHOCTI:

y = f(x).

['inote3a mpo iCHYBaHHS 3aJI€KHOCTI MK BEeIMUMHAMHU X Ta Y BUCYBA€ThCA HA
OCHOBI aHali3y BUIJISIAY €KCHEPUMEHTAIbHUX JaHuX Yy rpadgiuyHomy nopaHHi. s
IIbOI'0 BUKOPHUCTOBYETHCSI KOPEJISIIIIAHE TI0JIe, SIKE SBJISIE COO0I0 MHOXKHHY TOYOK (Xi,
Yi). SIKI10 TOYKM KOPENSAIIHHOTO MO BUSBJISIOTh TPYIYyBaHHS HABKOJIO JAESIKOT JIHIi
(30Kpema mpsiMoi), TO € MACTaBU MPUITYCTHUTH, 110 ICHYE 3B 30K M1 BeTUIMHAMU X
Ta Y, IKMI OMUCYETHCA 3aJSXKHICTIO Y = f(X), rpadikoM sIKO1 € JIiHisI TPYITyBaHHS TOYOK
KOPEJSAIIMHOTO TIOJIA.

HaiinpocTiioro 3ainexxHICTIO € JIiHIITHA 3aJIeKHICTb, 1110 ONUCYETHCS PIBHSIHHSIM:

y = kx+b.

TicHoTa MHIAHOTO 3B’SI3KY MK 0O3HAKaMH X Ta  BU3HAYAETHCA 3a JIONIOMOTOI0
kKoedirieHTa JiHIAHOT TapHOi Kopemsuii (koedimieHT kopensuii Ilipcona), sxuit
PO3paxoOBYETHCS 3a BUOIpKAMU O3HAK X Ta y 3a (HOPMYJIOIO:
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iZi(xi_)_()(yi_y) ) RY— K-y
Xy — N N - — — ' (83)
S-S0 -2 007 -

i=1

ae N — 00’eM BUOipKH;
Yi, Xi — 3HQYEHHSI 1-TOTO eJIEMEHTa BUOIPOK X Ta y BIAMOBIIHO;
X, Y — BUOIPKOBI Cepe/Hi X Ta ) BIANOBIIHO;

Xy — cepeaHe 3HaAYCHHS JOOYTKY Xi1 Vi

N

2 .
Y™, X" — CepeaHE 3HAUYCHHA KBaJApaTiB O3HAK y Ta X.

3HaueHHa KkoedillieHTa KOopemsiii 3MIHIOETbCS Big -1, 10 BiANOBIJIA€
3BOPOTHOMY 3B’5I3KY, 10 +1, 1110 BIJMOBIAA€E MPSIMO MPOMOPIIHHOMY 3B’ SI3KY (3HAUCHHSI
0 o3Hauae BIJICYTHICTh 3aJI€KHOCT1).

[lepeaymoBu 3acTocyBanHs koedirienTa kopensii [lipcona:

1) yci crocTepekeHHST B3aEMHO HE3aJICHKHI;

2) CHoCTepeKeHHS MalOTh HOPMAIBHHUIA 3aKOH PO3IOILTY.
3ayeaxycennsn. Cnio nam’smamu, wo Koeghiyieum ropensayii Ilipcona noxaszye

MICHOMY MINbKU JIHIUHO020 38 A3KY. V 6unaoky 6invl CKIAOHUX 3A1edHCHOCTmEL

(Heninitinux) Koegiyicum xopensayii 6yoe nokazyeamu 8i0CYmHicms 38 ‘s3K).

3HaYUMICTh KOe(]IilliEHTa KOPETALIT I'xy IEPEBIPSIETHCS 3a JOTIOMOTOI0 KPUTEPitO
CrproeHTa ((hakTHUHO MEePEBIPSETHCA TIMOTE3a MPO PIBHICTH KOE(iIieHTa KOPEIii
HYJ0). JIJIsl IbOro pO3paxoBYEThHCS KpUTEpladbHE 3HAYEHHS:

2
t = M’ (8.4)
Vi-r?
Jie T — 3HaYeHHs KoedilieHTa Kopesilii;
N — 006’em BUOIpKH.
KpuTtnune 3HaueHHs KpUTEPIIO t, BU3HAUAIOTH 32 po3noAiioM CThI0ieHTa IPU

3aJIaH1i 3HAYYIIOCTI O 1 YMCIIi CTYIEHIB cBoOoAu v = N — 2:
a -
th:t(pzl—E, v=N-=-2). (8.5)

SIKIO pO3paxyHKOBE 3HAUYEHHS t, OlIbIlle KPUTUYHOTO (t, > tp), TO KOEQILIEHT
KOPEJISLIIT € CYyTTEBUM (3HAUYIIMM) HA PiBHI 3HAUYIIOCTI 0, (pPiBEHb HAIIHHOCTI Yy =1 —
), TOOTO AOCTIIKYBaHHM 3B’ 130K Ma€ HEBUIIAAKOBUIN XapaKTep.

SIkmo BUSIBJICHO HAsBHICTh JOCTATHHO CHJIBHOTO JIHIHHOTO 3B’SI3KYy MIXK
O3HaKaMH X Ta ), TO MIOCTA€ 33a]ja4a 3HAXOKCHHS PIBHIHHS

y=bx+b,, (8.6)
sKe onucye 1el 3B’ s130K. Po3B’A3yBaHHs 1I€1 3a/1a41 SIBJISI€ CYTh PErPECIMHOIO aHAI3Y.

[TapameTpu miniiiHOI perpecii by 1 by pospaxoByroThcsi Ha OcHOBI MeTomy

HaiiMeHIIux kBajapaTiB (cyTb meroay HK monsrae B Tomy, mo6 miniOparu niHio 3
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TaKUMU Tapametpamu by i Do, 1110 cyma kBapatiB 3aIMIIKOBUX BiAXUICHB \y - i ‘ Oyne

MiHIMaJabHO0). [TapameTpu NiHIMHOT perpecii po3paxoBYIOThCS 3a popMyIaMu:

b, _M, (8.7)
X —X
by =Y -bX, (8.8)

ne X, Y — BUOIpPKOBI cepe/iHI T0OYTKY X Ta y BIJIMOBIAHO;
N

Xy = z X;y; — cepenHe 3Ha4eHHs JOOYTKY Xi, Yi;
N, _

D X — cepenHiil KBaapar X.

i=1

ol
3||—\ DIH

3apnanns 1. [loOynoBa pobGouoro apkyma s 1-pakTOpHOrO KOpENIsIiitHOTo
aHayizy.

BiakpuTt HOBY po604y KHHUTY 1 IPUCBOITH poOOUOMY apKyIry iM’s «1-hakTopHa
KOPEJISIIiS.

[TigrotryBat poOoumii apkymi 3a 3pa3koMm puc. 8.1, po3MiCTHUBIIHN BUOIPKY Yy
NEepIINX JBOX CTOBMNYMKaX. Y KoMipku A2-Al13 BBecTu 3HaueHHs Qakropa X, y
komipku B2-B13 BBectu BiAnoBiaHI 3HaueHH (pakTopa Y.

[ToOGynyBaTH KOpeNAIiiHE MMOJIe 3a TaHUMH 3a/1adi.

Jlist moOymoBU KOPEJSAIIHHOTO TOJIsI HEOOX1THO 3aCTOCOBYBATHU JiarpaMmy THUITY
«ToukoBay, IKHUI TPU3HAYEHO came JUTs B1I0OpaXKeHH nap 3Ha4yeHb. JliarpaMu 1HIIIX
TUIMB ISl Ii€l METH HE IMiAXOAATh, OCKUIBKHM He 3a0e3IeuyloTh BigoOpakKeHHS
3B’SI3aHUX Map 3HAYEHb.

JInst 100y 10BU KOPENSIIAHOTO TOJIs CIIA:

° BuAIIMTH Alana3oH nanux Al:B13 i BUKkiMkaTu MaiicTpa Jiarpam;
© oOparu Tun giarpamu — « ToukoBay, Bu11 — «Mapkepu;
° 3amaTtd mapaMeTpu jgiarpamu (Ha3Ba, MO3HAYKH OCEW, JIiHII CITKM TOIIO) 1

PO3MIIICHHS — HA OKPEMOMY APKYULESi.

PosrisiHyT oTprMane KopensiiifHe moJie, moo MepecBiTIUTHCH Y TOMY, 110 J1aHi
BUSIBJISIIOTH TPYITYBaHHS HaBKOJIO MPSIMOI JIiHI{, 10 € MiACTaBOO JIJISl MPUITYIIICHHS TTPO
ICHYBaHHSI JIIHIAHOT 3aJIEKHOCTI MIXK BelnyuHamMu X 1a Y.

BBectu y Tabnuiio po3paxyHkoBi popmynu. Y xkomipku B22, B23, B24 Bectu
3Ha4YeHHs JT0BIpyoi WMoBipHOCTI Y1=0,95, v2 = 0,99, v3=0,999 BinnosigHo. Y KOMipKHU

Al15 1 BI15 BBectu dopmynu sl po3paxyHKy BHOIpKOBUX cepenHix X Ta Y

BianoBiAHO (BuKopucTaT Ppynkuiro CP3HAY).
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Puc. 8.4. 3pazok pobodoro apkymia 10 1-GpakTOpHOTO KOPEIAIIHHOTO aHATI3Y.

VY komipky C2 BBecTH QopMyiy s po3paxyHKy BIAXWJEHHSA X Big X,
AX; =% —X (,=A2- $AS$15”), a y xomipky D2 — 1715 po3paxyHKy BiAXUJIEHH y; Bi1Y
(,=B2-$B$15”). CxomiroBatu (pO3TATHYTH) BBeIeHi (opMyau Ha BiIMOBIIHI
manasonu C2:C13 1 D2:D13.

VY komipkax E2, F2, G2 ctBoputH (HopMyiu s pO3paxyHKY BIIMOBIIHO:
n00yTKY BIOXWICHb BUOIPKOBUX 3HaueHb Axi-A yi ,,=C2*D2”; kBagpary BIIXWICHHS
Ax ,,=C2"2”, xBanpaty BiaxuieHHsa Ay ,,=D2"2”. CtBopeHi GpopmMynu po3TATHYTH Ha
BigmosigHl gianasonu E3:E13; F2:F13; G2:G13.

N
V komipku E15, F15, GI15 BBectn Gopmynu s oOUMCIEHHS CyM Y. XY,
i=1

(,,=CYMM(E2:E13)"), i x2 (,=CYMM(F2:F13)"), % yZ (,=CYMM(G2:G13)").
i=1 i=1

Oynkuis CYMM Hanexuth 10 kateropii Mamemamuueckue, a TaKoX TOjaHa

KHOIIKOIO X Ha TIaHeJl IHCTPYMEHTIB.

VYV xomipky D18 BBectn dopmyny s po3paxyHKy KoedilieHTa KOpesiii
»=E15/(KOPEHb(F15*G15))” 3a nonomoroto maiictpa ¢yukiii (¢pynkiis KOPEHbD
HAJICXKHTD 10 KaTeropii Mamemamuueckue).

Beectu Qopmyny nmns po3paxyHKy KPUTEPilO 3HAYYMIOCTI KoedilieHTa
KOPEJIAIIii:

o r’(N -2)

RS (8.9)

Ob6patu komipky G18 1 BBecTH 110 Hel popmyity

=KOPEHb(D18"2*(CUET(A1:A13)-2)/(1-D18"2)).

o xomipok F22, F23, F24 BBectn popMymnu 1jisg 3HAXOJKEHHS KPUTHYHOTO

3HAYEHHS KPUTEPIIO t, AJIS 3aJaHOTO PIBHA 3HAYyHocTi. (i1 nboro:
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- oOpatu komipky F22 1 BBectu ¢opmyny ,=CTBIOAPACIIOBP(1-
B22;CUET($AS$2: $A$13)-2);
- ckomitoBatu (popmyiy 3 komipku F22 na komipku F23 1 F24.
3ayeasxcennsn. 3eepnuims yeazy, uio apcymenmom @yuxyii CThIO/IPACIIObP

€ pigenb 3HaUyuioCmi a, AKUI po3paxosycmuca yepes 3a0aHuil pieeHsb HA0IIHOCMI Y
(komipku D20-D22): a =1 —y.

Ha ocHOBi oTpumaHux 3Ha4YeHb Koe(]illleHTa KOpesiii I, po3paxyHKOBOTO
3Ha4YeHHs t-kputTepis 7 1 KpUTUYHHUX PIBHIB AJIS TPhOX 3HAaYeHb HajiiHOCTI Y1=0,95,
v2=0,99, v5=0,999 3poO6uTH BUCHOBOK MPO BHUJ 1 TIIMOWHY KOPEJSAIIMHOTO 3B’ SI3KYy Ta
HOTO 3HAYYIIICTh 1 3aHECTH BUCHOBOK J0 MTPOTOKOIY.

[IponymaTu 1 3alponOHyBaTH, SIK MO0y 1yBaT poOounii apkymn (MoauiKyBaTH
CTBOPEHMI y 3aBllaHHi), 00 MOKHA OyJi0 TpalfoBaTh 3 BUOIpKaMU JIOBUIBHOTO
po3Mipy. Sk Tpeda 3mMiHUTH HOpMYITH pOOOUOTo apKyIia.

3anucaTy BUCHOBOK Y MPOTOKOJI 1 30epertu pobody KHUTY Yy CBOIH poOouiii
TeL|.

3aBaanns 2. Po3paxyHok koedinieHTa kopessiii 3a gonoMororo pynkiii KOPPEJL.
2.1. CxomiroBaTi Ha HOBUH poOOUMii apKyIll BX1/IHI JaH1 3a7adi, s 4OTO:
- Ha pobodomy apkymieBi 3aBi.1 BuaumuTu aianazoH Al:B13, mo MicTUTh naHi
3a/1a4i 1 CKOIMIIOBATH oro 10 Oydepy ooMinHy;
- TIepelTH Ha HOBUM poOOUMid apKyIl, oOpaTu Ha HbOMY KOMIpKY Al 1 BCTaBUTH
BMICT Oy(depy oOMmiHy.
2.2. Jlo xomipku D5 BBecTH TeKCT ,r =
»=KOPPEJI(A2:A13; B2:B13)”, nns yoro:
- 00partu koMipky E5 1 Bukinukatu mMaiictpa QyHKI1iH;

29

, a 1o komipku E5 — dopmyny

-y kareropii Cmamucmuueckue obpatu ¢pynkuiro KOPPEJI,

- s pyskii KOPPEJI B sikocti aprymenta Maccue 1 3anatu niama3oH
A2:A13, a B sixocTi aprymenta Maccue 2 — nianazon B2:B13;

- natu JIK na xHomii OK BikHa MaicTpa (QYHKIIA 1 OTpUMATH pe3yibTaT Y
komipui ES.

2.3. 3anucaty 10 IPOTOKOJY BUCHOBOK 1 30€perTu po0ouy KHUTY.

2.4. 3a 7OMOMOroOI0 JIOBIJKOBOI CHUCTEMH O3HAHOMHUTHCH 3 1H(OpPMAIIE TIO

¢bynkuii KOPPEJI Ta 3aHOTYyBaTH OCHOBHI BiJIOMOCTI.

3aBaanns 3. Po3paxyHOK piBHSHHS JIHIHHOT perpecii 1 moOymoBa JiHii perpecii.

3.1. Tlepeiitu Ha HACTYMHUM poOOUMii apKytl (TIpu MOTPeOl BCTABUTH HOBUH apKyIIl
KoMmaH1010 Bcemaeka//lucm), npucBoitu oMy iM’st «Perpeciss» 1 miaroryBatu
Horo 3rifHO 3pa3ka puc. 2, JUIsl 9OTO CKOMIIOBATH Ha HBOTO Jiana3oH BX1THUX
JaHuX 3a7advl 3aBfaaHHg 1 1 dopmynu ajis oOUYUCIEHHS BUOIPKOBUX CEPEaHIX
(mana3zon Al:B15) ta BuKoHatu HEOOX1H1 JOTTOBHEHHS.
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Puc. 8.5. 3pa3zok pobodoro apkyiia ajis po3paxyHKy piBHSIHHS perpecii.

3.2. 1o xomipku C2 BBecTH Qopmyny oOuncaeHHS JOOYTKY BIATOBITHUX €JIEMEHTIB
BUOIPOK ,,=A2*B2”, miciist 4oro po3TSIruyTH ¢popmyiny Ha gianazon C2:C13.

3.3. Jlo xomipku D2 BBecTu QopMyily 0OUMCTIECHHSI KBaapaTy €JIEMEHTIB BUOIPKHU X
»=A2%*A2”, 1 po3TarHyTH ii Ha aianazon D2:D13.

3.4. Jlo xomipku C15 BBecTtu QopMyiy sl OOYHCICHHS CEPEIHbOIO 3HAYEHHS
n00yTKyY Xi+yi 3a nonomoroto ¢pyukiii CP3HAUY.

3.5. Bectun mo xomipku D15 dopmymny mist po3paxyHKy CEpelIHbOTO 3HAYCHHS
KBaJIpaTy €JIEMEHTIB BUOIPKHU.

3.6.

Jlo komipku G5 3aHecTr GhopMyiTy I OOUHCIeHHS KoedilieHnTa perpecii bi:
=(C15-A15*B15)/(D15-A15*A15),
a 10 komipku G4 — dhopmyiny ais odouucienns koedimienrta bo (BiIbHOrO YjacHa
PIBHSIHHS perpecii):
=B15-G5*Al5.

3.7. 3aHecTu 10 MPOTOKOIY PO3paxyHKOBI OPMYIIH 1 OTpUMaHE PIBHSIHHS perpecii..
3.8. IloOynyBatu KopensiiiiHe noJie 3 JiHieto perpecii. s uporo:

3.9.

1o komipku E2 BBectn popmyity piBHsIHHS perpecti (1.5), sika Oyae MaTu BUTIIST
=$G$5*A2+$G%4;
ckomiroBatu ¢hopmyrny komipku E2 Ha gianazon E2:E13;
BUJITUTH Ha poOodomy apkyiieBi «Perpecis» miamazonm A2:B13 1 E2:E13
(HEeCyMixKHI  [Jllalla30HU BHUIAUIAIOTBCS NPOTATYBAaHHSM BKa3iBHUKA IPHU
HAaTUCHEHUX JIIB1M KHOMNII MaHimynstopa 1 kiasimi CTRL);
BUKJIMKATH MalcTpa Jiarpam 1 o0patu aiarpamy Tumy « TodukoBa» 3 MapKepaMu
1 IPSIMUMHU BIJIpi3KaMH;
BUKOHATH HAJIAITYBaHHS Alarpamu (Ha3Ba, OC1 TOIIIO).
3anmcat poOOYy KHUTY JO CBOEI poOOUYOi TEKW. 3amucaTéd 110 MPOTOKOIY
BHCHOBOK.
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3aBganns 4. BukoHaHHS KOPEJSAIINHO-PErpeciiiHOrO aHamizy 3a JIOMOMOTOIO

IHCTPYMEHTIB MaKEeTy aHaMi3Yy.

3ayeasxcennsn. Haobyooesa Ilakem ananizy modstce Oymu HeaKkmugHo i, 8I0N0BIOHO, He

4.1.

4.2.

8I000pANCAMUCS Y MEHIO NPO2PAMU, Y YUbOMY BUNAOK) i1 Cli0 akmusizysamu, OJisl
yoeo nompioro euxonamu xomanoy Haocmpoiiku i y ii 6ikni écmanosumu
npanopeys ubopy onsa Haooyoosu Ilakem ananusa.

Busnauenns koedirienTta giHiIiMHOT Kopesiii BenuurnH X 1a Y.

[lepeittu Ha HOBHI poOoumit apkym, Ha3Batu Horo «[laker anamizy» 1
CKOITIIOBaTH Ha HHOTO JaHi 3afadi (Jiamazon Al:B13).

Binkputu HanOynoBy Ilaker ananmm3a 1 B 1i BikHI oOpaTd I1HCTPYMEHT
Koppeasiuus.

VY BikH1 iHCTpyMeHTYy KoppeJsiuusi BUKOHATH HACTYIIHE:

— y noy1i BxoaHoi#i mHTepBaa Bkazatu niana3zoH Al:B13;

— BCTAaHOBUTHU KHOIIKY I'PYITyBaHHS 110 CTOBITYHKAM;

— BCTAHOBUTH Tpanopellb MeTKH B MepBOii CTPOKe;

— y noyii BeIX01HO# MHTepBaJI 33/1aTH JIOBUIbHY KOMipKY, Hanpukian D4.
[licnss BUKOHAaHHS HajallTyBaHb KJIAaUHyTH KHONKY OK y BIKHI 1HCTpyMEHTY
Koppeasiuus. B pe3ynbrari Ha poO04oMy apKylii BiZ0Opa3uThes KOpesiiiHa
MaTpuIlsl puc.3, gKa y KOMIPII Ha MepeTuHl cToBmuuka X 1 psaka Y MICTUTh
koedimieHT kopensiii BenuuuH X 1a Y.

X Y
X 1
Y 0,884562 1

Puc. 8.6. KopensuiitHa Mmatputis

Perpeciitnuii anami3z 3acobamMu MakeTy aHamizy.

Ha po6ouomy apkymieBi «Kopensiis» Biakputu HaaoynoBy Ilaker ananusa i
B ii BikH1 00paTu iHCTpyMeHT Perpeccust.

V BikHI iHCTpYyMeHTY Perpeccusi BUKOHATH HACTYITHE:

BoixoaHoii MHTEpBaJ 3a1aTH NOBUIbHY y TIoy1i BXxoaHoii inTepBan Y Bkazatu
miamaszod B1:B13;

y noJiit Bxomnoii intepBas X Bkazatu niana3on Al:Al3;

BCTAaHOBHTH Tpanopenb MeTKu;

(HeoOOB’SI3KOBO) BCTAHOBHUTH MpaIopellb Y pOBeHb HAJEKHOCTH 1 BBECTH Y
BIJIMOBIAHE T0JI€ 3HAYEHHS HAIIMHOCTI1 Y BiJICOTKax (Hampukiazu, 95 abo 97);

y MOJi KOMIpKY, Hanpukiaa D9.

[Ticas BUKOHAHHS HaJaITyBaHb KIaHYyTH KHONKY OK y BiKH1 IHCTpYMEHTY.

B pesynbTarti Ha poOouoMy apKyIli Bi10Opa3UThCs MPUB’ A3aHUMN JIIBUM BEPXHIM

KyTOM J10 3aaHoi Komipku D9 3BitT iHcTpymMeHTY Perpeccus (puc. 8.7), sikuit MicTUTB
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3Ha4YeHHs KOe(iLI€HTIB JIHIHHOI perpecii Ta psii CTATUCTUYHHUX OL[IHOK PE3YJIbTaTIB.
3HaueHHsT KOe(ILIEHTIB perpecii MICTAThCS y KOMIpKax Ha TMEpPETHHI CTOBIYUKA
Koygppuuuentsl 3 psakamu Y-niepeceuenne Ta X (o0BeneHi pamkoro). [Ipu mpomy
gucino X — me koedimieHT by piBHsSHHS perpecii (1.4), a yucno Y-mepeceueHue —
KoedirieHT by.

BbIBOO MTOMOB

PezpeccuOHHAA CMamucmuKd
MHOsecTBeHHbIA R 0,884561612
R-kBagpar 0,782449245
HopmWpoBaHHbIA R-keagpat 0,76069417
CTaHAapTHAA oWwKBKa 6,985329007
HabnioaeHuAa 12

[IMCTIEPCMOHHbIA aHANW3

df 55 MS F 3rayumocme F
PerpeccHa 1 1754,968453 1754,968453 35,96628505 0,000132605
OcTaTok 10 487,9482134 48,79482134
Wrtoro 11 2242,916667

Koagpgpuyuermel CmaxdapmHaea owubka t-cmamucmuka P-3HayeHue HuwxcHue 95% BepxHue 95% Huxcnue 95,0% Bepxrue 95,0%
Y-nepeceyeHue 58,99352667 3,909969922 15,08797455 3,30519E-08 50,28157081 67,70548253  50,28157081 67,70548253
X 1,651216986 0,275331789 5,997183763 0,000132605 1,037739533 2,264694439  1,037739533 2,264694433

Puc. 8.7. 3BiT iHcTpymMeHTy Perpeccus.

4.3. 3ammcaty pe3ylbTaTH Ta BUCHOBOK J0 MPOTOKOIY 1 30epertu podody KHUTY Y
CBOil poOOUiii Teri.

3aBaanHs 5. 3aga4a 1 CaMOCTIHHOTO PO3B’A3yBaHHS.

3a JI0TIOMOI0I0 CTBOPEHUX PO3PAXyHKOBUX TAOJMI[h BUKOHATH KOPEJSIIHHO-
perpeciiinuii anani3 (moOyAyBaTH KopesiiiiHe moJie, 3HalTu KoeilieHT Kopemsiii,
pO3paxyBaTH PIBHSHHS pPerpecii) 3ajeKHOCTI 03HAKU Y BijJ O3HAKH X 32 HACTYITHOIO
BUOIPKOIO:

x 2512934384144 50|38 29|41 |50 38
y | 1520|2530 |35|40 |45 |32 |24 |34 |44 | 29

3actocyBaTu noOyaoBaHu# y 3aBA.1 poOounii apkyll 1 IHCTPYMEHTH NaKeTy
aHaJli3y. 3aHECTH 10 MPOTOKOIY PE3yJIbTaTH.

I1. BaratodgakTopHuii Kope silliiiHO-perpeciiiHuil aHaJIi3.

3aBaanns 6. IlpoBectu OararodakTOpHUN KOpEISUIHHO-pErpeciiHui aHai3 JaHUX
3a JOTIOMOTO10 TAKETY aHai3Yy.

3aoaua. TloTpiOHO 3HANTH 3aJICKHICTH TTOKa3HUKA Y Bia (akTopiB X1, Xo X3, X4 Ha
OCHOBI HasIBHUX JJAHUX IPO 1X 3HAYCHHSI.
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Y X1 X2 X3 X4
9,7 1,59 0,26 2,05 0,32
10,2 1,8 0,55 3,22 0,4
115 2,5 0,71 4,6 0,72
9,9 1,6 0,49 2,57 0,39
8,6 0,7 0,67 2,95 0,2

9 1,1 0,88 3,6 0,25
10,7 2 0,92 4,31 0,64
10,1 1,6 0,63 4,24 0,55
9,5 1,2 0,74 3,86 0,28
11,3 1,9 0,82 3,9 0,68
11 1,8 0,95 4,24 0,62

6.1. BigkpuTti HOBHIf poOounii apKy, Ha3BaTH iioro «baratodakTopHuii» i 3aHecTn
Ha HHOTO JIaHI 3aja4i 3a 3pa3kom puc. 8.8.

A A B C D E F G H
1 Y Xy X X3 Xy
2 9,7 1,59 0,26 2,05 0,32
3 10,2 1,8 0,55 3,22 0.4
4 11,5 2,5 0,71 4.6 0,72
5 9,9 1,6 0,49 2,57 0,39
6 8,6 0,7 0,67 2,95 0,2
7 9 1,1 0,88 3,6 0,25
8 10,7 2 0,92 4,31 0,64
9 10,1 1,6 0,63 4,24 0,55
10 9,5 1,2 0,74 3,86 0,28
11 11,3 1,9 0,82 3,9 0,68
12 11 1,8 0,95 4,24 0,62
13

Puc. 8.8. 3pazok poboyoro apkyma s 6aratopakTOpHOTO KOPESIiitHO-
perpeciiHoro aHanisy.

6.2. Ananoriuno n.1.3 3aBnanns 1 moOyayBaTH 1 mpoaHani3yBaTH KOpPEISUIAHI MO
it yeix map ¢akTtopiB X1, X2 X3, X4 3 BEIUYUHOIO Y, 1100 MOOAYNTH, YU €
HiJCTaBH TPUITYCKATH HASBHICTh JIHIHHOTO 3B’A3KYy MK BEIMYMHOIO Y 1
daktopamu X1, Xy X3, X4.

6.3. Bigkputu nHanOygoBy Ilaker anaam3a 1 B 1 BikHI oOpaTH I1HCTPYMEHT
Koppeasinus.

VY BikHI iHCTpYMeHTY Koppenasinusi BUKOHATH HACTyIIHE:
— y noJii BxoaHoii uHTepBaJ Bkazatu aiama3zon Al:E12;
— BCTAQHOBHUTH KHOIIKY TPYIyBaHHS MO CTOBITYMKAM;
— BCTAHOBUTH IIpanopenb MeTKH B epBoil CTpoKe ;
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— y nosi BeIX0AHO# HHTEpBaJ 337aTH JOBUIbHY KOMIpPKY, Hanpukiaa G2.
[Ticas BUKOHaHHS HalamTyBaHb KiIanHyTH KHONKY OK y BiKHI iHCTpyMEHTY
Koppeasinus. B pe3ynbTari Ha po6ouoMy apKylni BiZOOPa3UThCs KOpeEsiiiiHa
MaTpulsd puc.9. Y KoMipii Ha MEpeTHHI CTOBIMYHMKA OJIHIET 3MIHHOI 3 PSIIKOM
JPYroi MICTUThCS KOE(QIIIEHT MapHOi Kopemsmii 1ux 3MiHHUX. Hampukmian,
KoedirieHT Kopensmii 3MiHHUX X1 Ta X3 1opiBHIoE 0,465513:

r(x,, X;)=0,465513.

3 KOpeNsAiiHOI MaTpUIll BUIHO CHJIM B3a€MHOI 3aJIEKHOCTI Mk (DaKTOpaMHu.
Tak B maHoOMy BHMIAAKy, BHJIHO (3 BUIJISAY KOPENALIMHUX TOJIB 1 3HAYEHHS
Koe(illieHTy Kopensdiii), 1o € AYy>Ke€ CHUIbHUN JIHIMHUNA 3B’S30K BEIWYUHU Y 3
daktopamu X3 Tta X4, NOMITHHN — 3 pakTopoM X3 1 crnabkuii 3 daktopom Xo. e
JT03BOJISIE TBEPIUTH, 110 pakTopu Xi , X3Ta X4 MaIOTh OYTH BpaxoBaHi B perpeciitHiii
mozeni. Ilpu nmpomy Mixk (akropamu X; Ta X4 TaKOXK € CUIBHUM MPSMHMA 3B’S30K
(TOOTO OJIMH 3 HUX MOKE OYTH BUPAKEHUW Yepe3 1HIIHI ), TaK 10 OJUH 3 [UX (PAKTOpPIB
MOKe OyTH BUKIIFOUEHUM 3 PIBHSIHHS perpecii.

=
™
L]

D E F G H 1 J K L M
X, X X Xs
1,59 0,26 2,05 0,32 Y X1 X2 X3 X4
10,2 1,8 0,55 3,22 0,4 ¥ 1

11,5 2,5 0,71 4,6 0,72 X1 0,933047 1

9,9 1,6 0,49 2,57 0,39 X2 0,284802 0,079733 1

8,6 0,7 0,67 2,95 0,2 X3 0,584652 0,465513 0,782969 1

9 1,1 0,88 3,6 0,25 x4 0,955464 0,880486 0,387486 0,689918 1
10,7 2 0,92 4,31 0,64
10,1 1,6 0,63 4,24 0,55
9,5 1,2 0,74 3,86 0,28
11,3 1,9 0,82 3,9 0,68
11 1,8 0,95 4,24 0,62
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Puc. 8.9. KopensmiitHa maTpuis.

6.4. Bigkputn nHanOynoBy Ilaker anamm3a i1 B 1i BikHI 00paTh I1HCTPYMEHT
Perpeccus.
V BikHI iHCTpyMeHTY Perpeccusi BUKOHATH HACTYITHE:
— y noi Bxognoii matepBas Y Bkazaru aiana3on Al:A12;
— y noi Bxognoii murepBaj X Bkaszaru fiana3on B1:E12;

BCTAaHOBHTH Tpamnopenb MeTKu;
— (HEeoOOB’SI3KOBO) BCTAHOBUTHU Mpamnopellb YpPOBeHb HAAEKHOCTH 1 BBECTU y
BIJIMOBIIHE TI0JI€ 3HAYEHHS HAIIMHOCTI y BiJIcOTKax (Hampukiau, 95 ado 97);
— y oyt BbIX0HOW MHTEPBAJ 33a/1aTH JOBUTHHY KOMIpKY, Hanpukiag Al4.
[Ticst BUKOHAHHS HaNaITyBaHb KIaHyTH KHONIKY OK y BiKHI IHCTPYMEHTY.
B pesynbrarti Ha pobodomy apKyIli BiJoOpa3UThCs MPUB’ A3aHUIM JIIBUM BEPXHIM
KyTOM J10 3a/1aH01 Komipku A 14 3Bit iHcTpymMeHTY Perpeccus (puc. 7), akuil MiICTUTD
3HA4YEHHS KOe(III€HTIB JIHIMHOI perpecii Ta psj CTAaTUCTUYHUX OI[IHOK PEe3YJIbTaTiB.
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3HaueHHs Koe(ilieHTIB perpecii MicTATbes y KoMipkax ctoBnurka Koagguumentol
HANpOTH IMEH BIAMOBITHUX (akTopiB. Y-TepecedyeHrne — 1€ BUIbHUI WIEeH PIBHAHHSA
perpecii.

BbIBOO UTOTOB

PezpeccUoHHGA CMamucmuKa
MHOMECTEEHHDbIA R 0,980030608
R-kBagpat 0,960459992
HopmmposaHHbIiA R-kBagpat 0,934099386
CTaHaapTHaA ownbka 0,237861635

HaBnwopgeHua 11
JLMCnepcMoHHbIR aHAAN3
df S5 M5 F 3HguuMocme F
Perpeccua 4 8,245985602 2,061456401  36,43625921 0,000239937
OcTaTok 6 0,339468943 0,056578157
MrToro 10 8,585454545
Koaghgpuyuermsl  CmandapmHyaR owuoKka t-cmamucmuKa P-3Hauerue HumHue 95% BepxHue 95% HuxHue 95,0% BepxHue 95,0%

Y-nepeceueHue 7,588060473 0,504959672 15,02706233 54721E-06 6,352468668 8,823652277 6,352468668 8,823652277
X1 0,846641713 0,409726017 2,060360636  0,084310983 -0,155921732 1,849205157  -0,155921732 1,845205157
X2 0,565761126 0,711779022 0,794855016 0456978528 -1,175899395 2,307421646  -1,175899395 2,307421646
X3 -0,173612024 0,203793176 -0,851903033  0,426956607 -0,67227536 0,325051912 -0,67227596 0,325051912
X4 3,073880871 1,175431749 2,615107915 0,039846611 0,197702999 5,950058743 0,197702999 35,950058743

Puc. 8.10. 3Bit inctpymenty Perpecist.

6.5. 3amucaTé pIBHAHHA perpecii, OKPYINIMBIINA KOEQIIIEHTH 0 COTHX.
KoeditienT nmpu 3mMiHHIN PakTopa X; — 1€ YUCIIO0 HAIPOTH 1IMEHI1 (PAKTOpa y CTOBIUUKY
Koediuientn. PiBusuns perpecii: Y =0,847- X, +0,566- X, —0,174- X, +3,07- X,,.
3aysarcenna. Ompumane pieHAHHA pezpecii A61A€ coO0 MINbKU nepuie
HabaudcenHs. Jlani 3a36udail 8UKOHYEMbC Npoyedypa 1o20 NONINULEeHHS HA OCHOSBI
8DAXYBAHHS 83AEMO38 S3KI8 (hakmopis, ix 3Hawywocmi mowo.

6.6. 3anucaTy 10 MPOTOKOJY PIBHSHHS perpecii 1 BUCHOBOK. 30epertu podouy
KHHTY JI0 CBOET poO0YOT TEKH.
Xix poooru

1 3amaruce BuOipkoro A 13 100enemeHTIB , IO BIANOBimae 1-my mepiony
cuHycoiau 3 napamerpamu T-cexyHn, T — HOMep cTyaeHTa.

2. 3agatuch BUOipKoro b, 1110 BiAMOBiAa€e CMHYCOial 3 MyHKTY 1 y npotudasi 3
MOJIOBUHHOIO aMILTITY/I0F0.

3. 3agatucek BUOIpKOIO B, 1m0 yTBOPIOETHCS 3 BUOIPKH A TUISIXOM J0JaBaHHS
PIBHOMIPHOTO IIYMY aMILTITYAO0 25 % BiJl TOYaTKOBO].

4. 3aiicauTt Kopensmiianii anamiz A1 b, A1 B.

KonTpoabHi nMTaHHA
1. IToHATTS PO KOpEALIMHUIN aHai3.
2. JIiH1iHUN KOpESILiTHUHI 3B A30K.
3. [loka3HuK KOpensiii paHTiB.
4. MHOXXWHHA KOPEJIAIIis
5. AHauni3 BUMOTO JI0 IPOTrPaMHOTO 3a0€3MEUECHHS.
6. CepTudikaliis BUMOTO 10 IPOTpaMHOro 3a0e3MneyeHHs .
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MNEPEJIK 3ABJAHbB 1JIs1 KOHTPOJBLHOI POBOTHU

BapianT 1. Hrxue HaBeeHO gaHi mpo mupuHy (B qroitmax 3 TounicTio 10 0,0001
mroitma) 115 3paskiB 3 nuHKy Mapku BB.

0,499 | 0,500 0,499 |0,500 |0,500 0,500 0,500
8 2 0,5 3) 1 3) 0,5 8 0,5 3)
0,500 (0,500 |[0,500 |[0,500 0,499 (0,499 (0,499 (0,499 |0.499
9 3) 1 4 0,5 8 7 8 4 9
0,500 |0,500 [0,499 (0,499 (0,500 |0,499 |0,499 |0,499 (0,500 0,500
1 3 6 4 1 9 2 9 1 4
0,499 (0,500 [0,500 |0,500 |0,500 |0,500 {0,500 0,499 |0,499
8 3) 3) 2 3 3 8 0,5 9 9

0,500 |0,500 |0,500 |0,500 {0,500 0,499 |0,499 |0,499
0,5 5 8 7 8 2 0,5 4 8 1
0,500 |0,500 0,500 (0,500 |0,499 |0,499 |0,499 |0,500 {0,500
8 9 0,501 |5 6 7 7 9 1 3

0,500 |0,500 |0,499 (0,499 (0,500 |0,500 0,499
0,5 1 2 5 6 1 3 0,499 |3 0,5
0,499 (0,499 (0,499 0,499 0,499 |0,499 |0,499 (0,500 [0,500 |0,499
3 4 9 6 7 9 8 1 6 8
0,499 (0,499 |0,499 (0,499 |0,499 0,499 0,500 |0,499
5 5 2 5 2 0,5 9 0,5 2 7
0,499 |0,499 0,500 |0,499 0,500 |0,500
4 8 0,499 |05 0,5 2 6 0,5 7 3)

0,499 (0,500 [0,500 |0,500 |0,499 |0,500 [0,499 |0,499
0,5 3 2 1 3 8 4 8 9 0,5
0,499 0,499 (0,499 |0,500
4 0,5 6 7 1

[ToGynyBatu rictorpamy, MOJIITOH 4YacTOT Ta TMOJITOH  HAaKOMUYEHUX

gacToT. OOUUCIUTU CEpEIHE 3HAYCHHS MUPUHU,BUOIPKOBY JUCIIEPCiIO0 Ta BUOIPKOBE
CepellHE KBaIpATUIHE BiXHUIICHHS.

BapianT 2. BuBuaBcs po3nofin 4acy yrnoBUIbHEHHSI HEUTPOHIB J0 PI3HUX €HEPTiH Yy
BOJITHEBOMY YIOBUIbHIOBaul. HaBeneHi B TaOnuill AaHl SBJISIIOTH COOOIO0 IPYNOBaHY
BuOipky, 110 wmictuth 1000 3HadYeHb Yacy YNOBUIBHEHHS  HEUTPOHIB (B
MiKpoceKkyHaax) no eneprii 0,025 eB.
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Yac MKC Yacrora Yac MKC Yacrora
0 40 11 20
1 104 12 14
2 124 13 10
3 150 14 6
4 121 15 1
5 106 16 2
6 104 17 0
7 76 18 1
8 49 19 0
9 42 20 0
10 29 21 1
[ToGynyBatu ricTorpamy, mOJIITOH 4YacTOT Ta IIOJITOH  HAKOIMHUYEHHUX

4acTOT,eMIIPpUYHY (QYHKIIIO po3noauty. OOYMCIUTH CcepeHE 3HAUYCeHHS 4Yacy
YHOBUIbHEHHS,BUOIPKOBY IHUCIIEPCIIO 1 BAOIPKOBE CEpeHE KBAIPATUUHE BIAXUIICHHS.

j18(0]0)
MPSMUMHU,IHAKIIIE 332 YMOB aBTOMAaTHYHOTO BHUPOOHHWIITBA BOHHM HE MOTPAILIATH B

Bapiant 3. B BupOOHMITBI pajaionaMil BaKJIHMBO, ix BHUXOAM OynH
NOTPiOHI OTBOPH,IIO BUKIINYE BUHUKHEHHS HesKicHOI mpoaykiii. [IpsmMu3Ha Buxomy
MePEBIPSAETHCS 3a IOMTOMOTOI0 ONITUYHOTO KOMITApaTOpa 3 3aKPIMJICHUM OJTHUM KIHIIEM
npoBigHKKa. [IporuH BU3HAYAETHCS K PI3HUIA MK MAaKCUMAJIbHUM Ta MIHIMaJIbHUM
MOJIOXKEHHSIMA HE 3aTUCHYTOrO KIHLS MPOBIAHMKA MIHyC Horo niamerp. Taxum
YUHOM,IIPOTHH a0COIIOTHO MPSIMOTO POBIIHUKA TOPIBHIOE HYyseBi. Hikue B Tabnumi
HaBeJ/IeH1 JaHi po nporuH 487 MpoBITHUKIB.

Mporun, 10> m Yacrora | Mporun, 10°m | Yacrora
1 12 23 18
3 26 25 14
5 36 27 12
7 50 29 4
9 45 31 7
11 49 33 2
13 ol 35 3)
15 44 37 2
17 44 39 2
19 40 41 1
21 32 43 1
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OOuucnautu BUOIPKOBE CepellHE 3HAUYEHHS MPOTHHY,BHOIPKOBY TUCIHEPCIIO Ta
BUOIpPKOBE cepe/iHE KBaJpaTUuHe BiaxuiaeHHs. [1o0yayBaTu rictorpamy Ta eMIipuyHy
(GYHKIIIIO pO3MOALTY.

Bapiant 4. Hwxde HaBegeHo naHi npo Haciiaku 150 aHamiziB BITHOCHO BMICTY
TPUOKUCY CIPKHU B cyMillli (y BIJICOTKAX ), TPOBEJACHUX Ha MPOTS31 MICSIIS.

158 | 16,0 | 15,7 | 16,0 | 15,7 | 159 | 16,0 | 15,7 | 158 | 15,7
154 | 15,7 | 158 | 157 | 159 | 16,0 | 15,7 | 15,7 | 157 | 158
158 | 156 | 159 | 158 | 155 | 16,0 | 15,7 | 15,7 | 15,7 | 158
159 | 15,7 | 158 | 16,0 | 158 | 159 | 16,2 | 15,7 | 155 | 159
15,7 | 15,7 | 153 | 156 | 16,1 | 15,7 | 16,1 | 159 | 158 | 16,0
16,1 | 15,7 | 155 | 156 | 158 | 156 | 158 | 158 | 156 | 157
156 | 159 | 158 | 158 | 158 | 159 | 156 | 158 | 158 | 159
155 | 158 | 154 | 155 | 155 | 15,7 | 156 | 159 | 158 | 155
159 | 158 | 155 | 159 | 156 | 158 | 156 | 157 | 157 | 157
15,7 | 157 | 16,0 | 16,1 | 156 | 155 | 156 | 155 | 16,0 | 155
158 | 158 | 159 | 16,1 | 155 | 15,7 | 16,0 | 159 | 157 | 155
16,1 | 15,7 | 15,7 | 155 | 16,2 | 157 | 156 | 16,0 | 156 | 157
153 | 155 | 154 | 16,0 | 15,7 | 155 | 158 | 154 | 15,7 | 16,3
159 | 156 | 15,7 | 154 | 159 | 156 | 16,0 | 15,7 | 158 | 159
16,0 | 16,0 | 158 | 159 | 15,7 | 156 | 156 | 159 | 156 | 155

[To6ynyBaTu ricrorpamy Ta eMmmipuuHy (QYHKIO po3noainy. Oounciutu
BUOIPKOBE CEpeJHE 3HAYEHHS BIJICOTKOBOI'O BMICTY CipKM B CyMillli, BHOIpKOBE
CepellHE KBaIpaTUYHE BIIXHUIICHHS,BU3HAYUTH MOy, ME/IIaHy Ta po3Max BUOIPKH.

BapianT 5. HaBeneHi Hu4e J1aHi SIBJISIIOTh COOOI0 KiJTbKOCT1 BUPOOiB, BUTOTYBaHUX
Ha TIPOTS31 OJIHIET TOUHU JAESKUM IPIOHUM BUPOOHUKOM.

[loOynyBaTtu rpymnoBaHy BHOIpKY, BHU3HAUWTH MeJiaHy, MOAY Ta po3Max
BUOIpKkH. OOUUCITUTH CEPEHIO KUIBKICTh BHPOOIB 3a TOAWHY, BHOIPKOBE CEpEeIHE
KBaIPATUYIHE BiIXHIICHHSI.

136 122 132 128 123 133 130 131
134 149 138 127 119 137 133 130
143 134 128 131 118 133 131 132
118 128 122 130 139 145 122 130
128 136 132 126 124 117 139 132
141 144 138 133 127 150 144 133
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134 125 140 135 129 138 138 147
150 126 135 136 150 135 138 140
122 142 127 127 132 145 140 133
127 142 144 125 132 145 137 132

BapianT 6. Hwkye HaBeaeno nani mpo Hachiaku 150 aHamiziB BIAHOCHO

TPUOKUCY CIPKHU B cyMillli (y BIJICOTKaX ), TPOBEJACHUX Ha MPOTS31 MICSIIS.

BMICTY

158 | 16,0 | 15,7 | 16,0 | 157 | 159 | 16,0 | 157 | 158 | 157
154 | 15,7 | 158 | 157 | 159 | 16,0 | 15,7 | 15,7 | 157 | 158
158 | 156 | 159 | 158 | 155 | 16,0 | 15,7 | 15,7 | 15,7 | 158
159 | 157 | 158 | 16,0 | 158 | 159 | 16,2 | 15,7 | 155 | 159
15,7 | 15,7 | 153 | 156 | 16,1 | 15,7 | 16,1 | 159 | 158 | 16,0
16,1 | 15,7 | 155 | 156 | 158 | 156 | 158 | 158 | 156 | 157
156 | 159 | 158 | 158 | 158 | 159 | 156 | 158 | 158 | 159
155 | 158 | 154 | 155 | 155 | 15,7 | 156 | 159 | 158 | 155
159 | 158 | 155 | 159 | 15,6 | 158 | 156 | 15,7 | 157 | 157
15,7 | 157 | 16,0 | 16,1 | 156 | 155 | 156 | 155 | 16,0 | 155
158 | 158 | 159 | 16,1 | 155 | 15,7 | 16,0 | 159 | 157 | 155
16,1 | 15,7 | 15,7 | 155 | 16,2 | 15,7 | 156 | 16,0 | 156 | 15,7
153 | 155 | 154 | 16,0 | 15,7 | 155 | 158 | 154 | 15,7 | 16,3
159 | 156 | 15,7 | 154 | 159 | 156 | 16,0 | 157 | 158 | 159
16,0 | 16,0 | 158 | 159 | 15,7 | 156 | 156 | 159 | 156 | 155

[To6ynyBaTu ricrorpamy Ta eMmmipuuHy (QYHKIO po3noainry. Oounciutu

BUOIPKOBE CEpEJHE 3HAYCHHS BIJICOTKOBOTO BMICTY CIpKM B CyMili, BHOIpKOBE

CCpCaAHE KBAApPaTUIHEC BiI[XI/IJICHHH,BI/ISHaIII/ITI/I MOJY, Me,uiaHy.

BapianT /. HaBeneni Hixkue JaHi SBISIIOTh COOOI0 KIJIBKOCTI BUPOOiB, BUTOTYBaHUX

Ha MPOT31 OJIHIET TOAMHU ACSKUM AP1OHUM BUPOOHUKOM.

[loOynyBaTtu rpymnoBaHy BUOIpPKY, BHU3HAUUTH MeEZAlaHy, MOJAY BHUOIPKH.

O0UHCITUTH CepPEeHIO KUTBKICTh BUPOOIB 3a TOJIUHY, BUOIPKOBE CEPETHE KBAPATHIHE

BIIXHUJIEHHS.
136 122 132 128 123 133 130 131
134 149 138 127 119 137 133 130
143 134 128 131 118 133 131 132
118 128 122 130 139 145 122 130
128 136 132 126 124 117 139 132
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141 144 138 133 127 150 144 133

134 125 140 135 129 138 138 147

150 126 135 136 150 135 138 140

122 142 127 127 132 145 140 133

127 142 144 125 132 145 137 132
BapianT 8

I[HCerTHa BHUIIAJIKOBA BCJIMYMHA X 3aJlaHa psiaoM pOBHOI[iJIy

X 0 1 2 3 4
P 01/02(03/02|0,1
5 0 5

3Haiitu M[X] 1 o,.
Bapiant 9
Yac, mo OyB BUTpayeHHUl ONMUTYBaHUMH Ha PaHKOBY T'IMHACTUKY, ckiaB 11, 15, 12, 0,
16,19, 6, 11, 12, 13, 16, 8, 9, 14, 5, 11, 3 xB. [ 111€1 BUOipKu 3HaNTH 00'€eM, po3Max,
noOyayBaTH BapialliiHu# psii Ta psiji pO3IMOALTY YacTOT.

BapianT 10

3a 16 mics1iB BUTpATH MICHKOT0 OFODKETY Ha o3eJieHeHHs ckiianu 17, 18, 16, 16, 17,
18,19,17,15,17,19, 18, 16, 16, 18, 18 Tuc. rpH. 3HaiiTu 00'eM 11i€i BUOIPKH, 11 po3Max,
noOyAyBaTH BapialliiHUM psi Ta psi pO3MOALTY YacTOT.

BapianT 11

VY rpymi Ha 3aHATTSX 13 CTATUCTUKHU MTPOBECTU EKCIIEPUMEHT 010 PeecTparlii MiCsIsa
HApOJIKEHHSI CTYJEHTIB (OMUTYBaHHS BUKOHATH, HANPUKIAJ, 32 CIUCKOM TPYIIH).
[ToOynyBaTn BapialliiHUN psig Ta psii PO3MOJALTY YacTOT OTPUMAHOI BHOIPKH.
300pa3uTu pe3ynbTaT y BUTJISIII CEKTOPHOT Alarpamu.

BapianT 12

Hexait posnogain 3apratu 6ackeroomictiB komanan NBA y mua gon. CIHIA mae
Burisig 0.5,0.6,09,1,1,1.3,1.9,2.33,2.4,2.4,2.5,3,11.4, 21, 25 (1ani yeMmnioHaty
CILIA 2010-2011 pp.). O6uucauT MOy, MEllaHy 1 CEpEeIHE Ta IHTEPIPETYBATH iX.

BapianT 13. Hexait maemo 4 BubGipku 3 eneMmentamu 1, 2, 3, 4 ta 5, 3anucadi B psij
PO3MOILTY:
Bubipkal 2 3 4 5
a 0,46 0,04 0,00 0,04 0,46
b 0,04 0,08 0,77 0,08 0,04
Cc 0,190,190,230,190,19
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d

0,04 0,08 0,12 0,19 0,58

[TopiBHsTH qUcTiepcii UX BUOIPOK.

BapianT 14.

Hexaii 3amaHo psija po3noaily 4acToT JJIs KUTbKOCTI Xi HEMpaBWIBHUX 3'€IHAHb 3a
XBUJIMHY Ha TeJaedOHHIN CTaHIIli:

Xi

0

1

2

3

4

mi

75

25

12

5

2

3HaiTH BUOIPKOBY JUCIIEPCIIO Ta BUOIPKOBE CEPEITHE I1i€1 BETUINHHU.

Bapiant 15. Hexaif 3agano rpynoBaHy BHOIpKY Il 4acy oOpoOku TecTy (y XB)

CTYyJIEHTaMU IMEepPIIOTO KypCy:

Xi 0:4) |48 |[8:12) %; 5;]3;
mi 2 7 28 10 |3

3HalTH BUOIPKOBY JAUCIEPCiIO Ta BUOIPKOBE CEPEIHE 1€l BETUINHHU.

BapianT 16. [1ig yac pocmixeHHs1 yacy 0OCIyroByBaHHS MOKYMIIS OIS KaCOBOTO

anapara, 3a(iKCOBaHO TPUBAJIOCTI 0OCIyroByBaHHs (Y XB).

JlaHi HaBeJIeHO Y TaOIUIIL:

Xi [0; [[0,2; |[04; |[0,6; [[08; |[1,0;
02) [04) |06) [08) (1,0 |1,2]

mi 3 6 46 120 |20 5

3HaiiTh  BHOIPKOBY JHCIEpPCII0O Ta BUOIPKOBE

00CITyrOByBaHHS.

BapianT 17.

CepelHE Il  TPUBAJIOCTI

[ToOynyBaTu rpynoBany BUOIpKY, BU3HAUNUTH Me/iaHy, MOAY BUOIPKHU.

OOuncnuT BHUOIPKOBE CEpEHE 3HAYCHHS,BUOIPKOBY MHUCIIEPCII0 Ta BHUOIPKOBE

CCpCaAHE KBAAPAaTUYIHEC BiI[XI/IJIeHHH.

Ne 1

Enementamu BuGipku € 3picT 20 onuTaHux Jtojei (y cm):
172, 175,173,172, 177,182, 179, 175, 176, 173, 169, 174, 173, 178,
180, 179, 176, 172, 173, 176.

BapianT 18.

Ne 2

EneMentamu BUOIpKH € BIK PECIIOHICHTIB:

20, 25, 37, 28, 34, 22, 23, 20, 17, 18, 19, 25, 71, 35, 42, 39, 28, 31,

24, 55.
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BapianT 109.

Ne 3

Enementamu BUOIpKH € Bara pecroHACHTIB (y Kr):

75,59, 80, 79, 63, 55, 85, 83, 79, 78, 53, 61, 90, 59, 69, 23, 47, 31, 24, 55.

BapianT 20.
Ne 4
Enementamu BUOIpKH € KITBKICTh AITeH y ciM'T pecrioHIeHTa:

1,0,2,2,1,3,0,1,2,0,1,2,1,0,2,4,2,3, 2, 1.

BapianT 21.

Ne 5

EnemenTamu BUOIPKU € KITBKICTh POKIB, SIKI PECIIOHJICHT BUTPATUB Ha OCBITY:
12,16, 18, 20, 17, 18, 16, 14, 13, 12, 19, 13, 17, 19, 18, 14, 16, 15, 15, 12.
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MNEPEJIIK TEOPETUYHUX MIUTAHb HA EK3AMEH 3
NTUCHUIIJITHA: «<EMIITPUYHI METOIU ITPOT'PAMHOI
IH)KEHEPII».

1. EMnipuyHi MeTOAH B HAYKOBHX J0CTiIKEHHSX.
2 O0’€KTH I0CHIAKEHHS eMIIIPUYHUMU 3aC00aMH POrPaMHOI IHKeHepil.
2.1. JKutteBuit UK MpOrpamMHOTO 3a0€3eUeHHS.
2.2. Ilpouiecu TecTyBaHHS MOKAa3HUKIB MPOTPAMHHUX 3aCO01B.
2.3. Bumorn a0 TNPOIYKTUBHOCTI Ta SKOCTI M3. 30BHIIIHI 1 BHYTPIIIHI
XapaKTEPUCTUKHU IIPOIPAM.
2.4. MeTpuKHu IpOorpaMHOro 3a0e3neYeHHs .
2.5. Ilpuknan onucy 3HaY€Hb XapaKTEPUCTHUK 1 OIIHOK. EkcriepTHE OIliHIOBaHHS 1
METPHUKHU B IMPOTpaMyBaHHI.

3. CTaTHCTHYHHUII AaHAJII3 METPHUK Ta €KCINEPTHUX OLIHOK.
3.1. IlepBuHHUI CTATUCTUYHUM aHATI3.
3.2. OCHOBHI CTaTUCTHYHI OL[IHKH JJIs1 KOXKHOI METPUKH.
3.3. Bapiauiiinuii psi, rictorpama.
3.4. EmnipuyHa (QyHKLIS pO3MOALLY.
3.5. Hucnosi XapakTepuCTUKU BUOIPKH.
3.6. JloBipuwuii iHTepBaJ, A0BipYa HMOBIPHICTb.
3.7. MeToau nepeBipKu CTATUCTUYHUX TIMOTE3:

OCHOBH1 TOHATTS TEOPIi TiNOTE3.

. I[ToGynoBa KpUTUYHOT 00JIACTI.
. Kpwurepiii 3ronu.

d.
b
C
d. TlepeBipka CTaTUCTUYHHX TilIOTE3.
e. Kpurepiii [Tipcona y?2.

f. Kpurepiit Konmoroposa ( y?).

g. Kpurepiii 3HaxiB.

h. Kpurepiii BigkokcoHa.

I. Kpurepiii cepii.

3.8. BubipkoBe piBHSHHS MPSMOi JiHIT perpecii.
3.9. Meroa HaliMEHIIMX KBaJpaTiB.
3.10. Kopemsmiiinuii anams.
3.11. Perpeciiinuii anamis.
3.12. CtaTnuHuii aHami3 Koay.
3.13. IHCTpyMEHTH CTaTUYHOTO aHaJIi3y.
4 EMNipu4Hi MeTOIY OLiHKN HAIHHOCTI MPOrPaMHOI0 3a0e3MeYeHH.
5 O0poOxa Ta y3arajibHeHHs pe3yJIbTaTiB eKCIIEPUMEHTIB.
5.1. MeTtoau eKCepTHUX OL[IHOK.
5.1.1. Meronu paHXUpyBaHHS.
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5.1.2. O6po0Oka pe3ynbTaTiB paH)KyBaHHS.

5.1.3. HopmyBaHHS OTpUMaHUX OIIHOK.

5.2. Mertonu 6araToOMipHOTO IITKAaTyBaHHS.

6. Meroaum cTaTMCTMYHOI OOpPOOKHM Ppe3yJbTATIB €KCIHEePHMMEHTAJIbHOIO
TOCJIII’KEeHHS.

6.1. Oco6MMBOCTI XapaKTEPUCTHK MTapaMeTpiB BUMIPIOBaHHS. Buiu moxuoox.

6.2. OCHOBHI TIOJIOXKEHHS T€OP1i MOXUOOK.

7. EMIipyyHi MeTOAU IOCJHIIKEHHSl JeKOMIIO3UIIlI MPOrpaMHHUX CHCTEM,
3B’A3aHOCTI I 34€MJIEHOCTi IX KOMIIOHEHTIB.

7.1. J1eKkOMMO3HIIis MMiICHCTEM Ha MOJTYJIL.

7.2. OcoOaMBOCTI CTPYKTYPHHX MIPOTpam.

7.2.1. MeTa CTpyKTypHOTO IpOrpaMyBaHHS.

7.2.2. [IporpamyBaHHS 3 BUKOPUCTAHHSIM MOKPOKOBOI JeTali3allli.

7.2.3. HusxijiHe 1 BUCX1JTHE IPOTPpaMyBaHHS.

7.2.4. MonynbHICTb.

7.2.5. IndopmariiitHa 3aKpUTICTb.

7.3. 3B’A3HICTh MOAYJIS.

7.4. CnaOka 3B's13HICTh. 3aKOH JlemeTpHu.

7.5. 3uenieHHs: MOTYJiB.

8. EMnipu4Hi MeTOIM TeCTYBAaHHSA NMPOTPAMHOIO 3a0e31e4YeHHs.

8.1. IToHATTA Ta MPUHLIMIIU TECTYBaHHS.

8.2. TecTyBaHHS ,,4OPHOTO fAIIKKA .

8.3. TectyBaHHs ,,01J10T0 SIIIIMKA”.

8.3.1. TectyBaHHs 6a30BOr0 ILIAXY.

8.3.2. Cnocobu TecTyBaHHS YMOB.

8.3.3. TectyBaHHS IIUKITIB.

8.4. HanmamryBaHHst mporpamMHOro 3a0e3MeueHHS.

8.5. 3aco0u 1 MeTOIM BUSBJIEHHS NOMIIOK B I13 Ta #ioro Hamaaku.

8.6. Kareropii moMuiiok B mporpaMHOMY 3a0€3MeYeHH.

9. 3acrocyBaHHsl eMNIPUYHHUX MeETOAIB HA eTamax ekcijiayaramii Ta
CYNpPOBOY IPOrPaMHOIo BHPOOY.

9.1. Etan nepegadi nporpaMHOTo BUpOOYy B €KCILTyaTallilo.

9.2. Etan nnanyBaHHsI BUIIPOOYBaHb.
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METOJIWYHI PEKOMEHJALII IO CAMOCTIHOI POBOTH

BCTYII

CamocriliHa po0OOTa BUKOHYETHCS 3 METOIO 3aKpIIUICHHS, TOTJIHOJEHHS Ta
y3araJibHeHHS TEOPETUYHUX 3HaHb, HAOYTHUX CTYJAEHTaMH TIiJ] 4Yac BHUBYCHHS
JTUCHUIUTIHU, PO3BUTKY HABUYOK iX MPAKTHYHOI'O 3aCTOCYBaHHS, CaMOCTIMHOTO Ta
KOMILJIEKCHOTO P03B’3yBaHHsI KOHKpeTHUX (paxoBux 3aBaaHb. PoOoTa Mae Takox 3a
METy HaBYMTH KOPUCTYBATHCS JOBIJIKOBOIO JITEPATypOrO, TAOIUIIMU Ta 1HIIMMHU
MaTepiajamH, AKi axiBellb BAKOPUCTOBYE Mij Yac cBO€T MpodeciitHOl JiSITBHOCTI.

Takoxx momaiiHe 3aBIaHHS HAJa€ CTYACHTaM MOXIIMBICTD MOTJIUOICHHS
TEOPETUYHUX Ta MPAKTUYHUX HABMYOK CAMOCTIMHOI KBaji(hiKOBAaHOI Mpalll Ha pIBHI
daxiBug TEBHOI ramxy3l JiSJIBHOCTI 3 BUKOPUCTAHHSM CYYaCHHUX KOMITHOTEPHHUX
1H(}OpMaIIHHUX TEXHOJIOT1H pu 00poOIIi iHGOpMAaIIil Ta MPOBEACHHI 00YUCIICHD.

CamocriiiHa poboTa CKIa1aeThCs 3 1BOX YacTuH. Ilepuia wacmuna ckiagaeTbes
3 JBOX 3aBaaHb. llepie 3aBaaHHS NPUCBAYEHO 3HAXOJDKEHHIO XapaKTEPUCTUK
CTAIllOHAPHOTO BHUIMAJKOBOTO Mporecy. B apyromy 3aBmaHHI BUPINIYETbCA 3a7ada
3HAXO/KEHHSI OJHOMIPHOI IIUIBHOCTI PO3MOAULY CTAal[lOHAPHOTO BHUIIaJKOBOIO
IpoLIECY Ha BUXOJ1 O€31HEPUIMHOIO MPUCTPOIO MPHU BIIOMOMY PO3MOILT IPOLIECY Ha
BXO/I1 Ta 3a/laH1l XapaKTEepPUCTHULIl TPUCTPOIO. B dpyeiit yacmuni Bupiiyerbes 3agada
aHami3y e(GeKTUBHOCTI MapaMeTPUYHOTO aJITOPUTMY BHsIBICHHS curHamiB. [lig dac
BUKOHAHHS JIPYTOr0 3aBJIaHHS BUBYAIOTHCS OCOOIMBOCTI BUSABIICHHS 1HQOPMAIIIHHOTO
curHasly Ha (oH1 O1J0ro TaycCcoOBOTO IIyMy METOJOM HAKOMWYEHHS BIJIIKIB
OTMHAI0Y01 BUIAIKOBOTO MPOLIECY.

IMopsinok opopmiieHHss podOTH

PoGota odopmisieTscss y BUIIISIAL 3BITY Ha apkymax ¢opmary A4 Ta Ha
CJICKTPOHHOMY HOCIi. 3BIT 10 BUKOHAHHS JIOMAIIIHHOTO 3aBJaHHS KOXKHOI OKpeMOi
YaCTHHU MOBUHEH BUKOHYBaTHUCs 3aco0amMu MS Word Ta MiCTUTH HACTYIIHI JIUCTH:

1. TuTYNIBHNI;
. 3aBJIaHHS;
. X171 BAKOHaHHS pOoOOTH.
. BUCHOBKH

[N ~NERVS I \O)

. CIIUCOK BUKOPHUCTAHOT JIITEPaTypH.
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YACTUHA 1
Tema: «/locaigxeHHs1 BUNIAJKOBHUX MPOLIECIBY»

[lepmra yacTiHA JOMANTHBOTO 3aBAAHHS CKJIAAA€THCS 3 IBOX 3aB/IaHb.

[lepiie 3aBIaHHS TPUCBIYEHO 3HAXOMHKCHHIO XapaKTEPUCTHUK CTalllOHAPHOTO
BUIQIKOBOTIO MPOIIECY.

B npyromy 3aBnaHHi BUPINIYETHCS 3a7a4a 3HAXOKCHHS OJJHOMIPHOT IIUIBHOCTI
pO3MOJTy CTalllOHAPHOTO BHIIAJKOBOTO TMPOILIECY Ha BUXOAl Oe31HEpIiitHOTO
IPUCTPOIO TMPHU BIIOMOMY PO3MOJLI MPOIECY HAa BXOl Ta 3aJaHiil XapaKTepHCTHULIl
MIPUCTPOIO.

3asoanns 1
Xapakmepucmuku unaokoeux npoyecie

MeTo0 1aHOr0 3aBAAHHS € JIOCTI/DKCHHS 33JaHOTO 1 TEOPETUYHOTO 3aKOHY
PO3IOIITY BUIAIKOBOTO IMPOIECY. 3riTHO BapiaHTy 3ajaHa OJHOMIpHA IIUIbHICTh
pO3MOALTY WMOBIPHOCTI fg:(x) CTal[lOHAPHOTO y BY3bKOMY CEHCl BHUIIAJKOBOTO

nportecy £(X).

3a 3a/laHOi HIIILHOCTI PO3MOIY BU3HAUMUTH, SIKUM 1€ 3aKOH PO3NOILTY. Y
pe3ysbTari moOyayBaTH IIUIBHICTE PO3NOALTY, (GYHKIIO PO3MOALTY, a TaKoX
rictorpamy po3noily BUIaAKOBOTO MPOLECy f(X). OnHOMIpHI IIIJTBHOCTI PO3MOALTY
3amano B Tabn. 1. Ilicis mnpoBemeHWX AOCHIIKEHb BU3HAYUTU KUIBKICHI
XapaKTEPUCTHKU BHUIIAJIKOBOTO IPOIIECY: MaTeMaTUYHE CIOJIBaHHS, JHUCIEPCIIO,
«acCUMETpIsD 1 eKCIIeC.

Bci po3paxyHkH BUIAJKOBHX MpoleciB mpu3Bectd B cepenoBuuli MathCAD
11/12/13/14.

IHopsimok BHOOPY BapianTa:

Howmep BapianTy 3aBiaHHs BIANOBIa€ OCTaHHIM HUGP1 HOMEPY CTYIEHTCHKOTO
KBUTKA. 3HAYCHHS 3aJIaHOTO MapaMeTpa po3MNoILTy BiANOBIAAE mepeaocTaHH i udpi
HOMEpa CTYAEHTCHKOIO KBUTKA (SIKIIO MepedoCTaHHS LHdpa TOPIBHIOE HYIIO, TO
3HAYEHHS 33/IaHOTO MapamMeTpa BUOHparoTh piBHUM 10).

MeToan4Hi BKa3iBKH

OCHOBHI CHIBBIAHOIICHHS 0 BUKOHAHHS 3aBJaHHS | MpUBEJEHI B CIUCKY
pexomeHoBaHoi Jiteparypi: [1-4], [6], [8].

Bunaokosuii (cmoxacmuunuii) npouec XapakTepuszye 3MiHY OyIb-sSKOi
BUMAAKOBOI (PI3UYHOT BETMUMHU MPH 11 CIOCTEPEIKEHHI.

VY pagioTexHilll 3a3BUYail PO3TIISAAIOTH BHITAJKOBI TMPOIECH, 3aJEXKHI BT
OJIHOTO apTryMEHTY — BiJl 4acy, a GI3MYHUMH BETMYMHAMU € €JIEKTPUYHI BEJIUYUHU —
Harpyra, CTpyM, Halpy>KeHICTb MoJs, (ha3a Ta 1HIIIl.
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Jlis MaTeMaTH4HOTO OINUCY BHUMAAKOBOTO MPOLECY BBOAUTHCS HOHAMMA
8UNAOK080T hyHKUii.
BunaakoBuii mpouec X(t) MOke OyTH TpeACTaBICHUIN CYKYMHICTIO HOro

peanizaiii Xl(t),...,Xm (t), e M- YKUCIIO He3aJeXHUX JOCIIJIIB, B PE3yIbTaTl SKHUX

oJieprKaHi 1l peanizariii (puc.1.1)

10 ()

/T,

/ % xnit)

| |
I I
t=0 It t, G

Puc. 1.1 Peanizaiiisi BUagKoBOIO MPOIECY.

Pe3ynbTaT cioctepekeHHs BUIIAIKOBOTO MPOLIECY X(t) y (pikcoBaHI MOMEHTH
gacy {y,..,l, - me cucreMa N BHUIIAAKOBUX BEIUYHUH X(tl),...,X(tn).

Cramionapuuit Bunaakosuit mpoiec (CBII) - e nporiec, sxuit mportikae B 4aci
npUOIU3HO OJHOPITHO TOOTO ICTOTHO HE 3MIHIOIOTHCS HOro 1MOBIpPHICHI
XapaKTEePUCTUKU. BiH Mae Micle B yCTAaHOBJIEHOMY pEXUMI pOoOOTH CUCTEMHU IpPH
HE3MIHHUX 30BHIIIHIX YMOBAaX.

BunagkoBuil mporuec X(t) HA3MBAETHCS CTALllOHAPHUM Y BY3bKOMY CEHCI,
AKII0O  BCl  Woro  OaraTOBUMIpHI  MIUIBHOCTI ~ PO3MOAUTY  WMOBIPHOCTI

f(Xl,...,Xn,tl,...,tn) HE 3MIHIOIOTHCS TMpU OYyJb-IKOMY 3CYB1 BCI€i TPyIH TOYOK
t;,...,t, B3OOBX oOcCi yacy, TOOTO 3a OyIb-SIKMX 3HAYEHHSAX N 1 7 CHpPaBeIJIUBO
PIBHICTb:

f(Xgyeer Xy obg ooty )= F(Xp oo Xty — Tty = 7) (1)

AHanoriuyHi pIiBHOCTI TIOBMHHI BUKOHYBAaTHUCS 1 JJIA I1HIIUX 1MOBIPHICHUX
XapaKTEPUCTHK ((DYHKIIIN PO3MOIITY, MOMEHTHHX 1 KOpENAIMiHnHUX (QyHKIIIH). 3 BUpazy
(1) BunuBae, mo npu |, BUKOHY€EThCS yMOBa

F(xptr)=fxp ts —tg)=f(xq) )
TOOTO OJHOMIpPHA IIUIBHICTH po3noaury #MmoBipHocTi CBII He 3anexuTh Bij
BuOpaHoro momeHty yacy. s CBII MaremaTuuyHe cCHoiBaHHS 1 JUCIEpCIs €
KOHCTaHTaMH, TOOTO

m, (t)=m, = const D, (t)= D, = const 3)
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YMoBa 111 MaTEMaTUYHOTO OYIKyBaHHS HE € CYTTEBOIO, TaK SK BiJ BHXITHOTO
IPOLIECY 3aBXKAU MOKHA MIEPEUTH 10 IEHTPOBAHOTO MPOIIECY, TSI IKOTO MaTEMaTUYHE
CTHOJIBaHHSI TOTOXXHO JOPIBHIOE HYJIO 1 € MOCTIMHOIO BETUYMHOIO, TOOTO TMpOIIEC,
HECTAI[IOHAPHUHA TITBKU 32 PaXyHOK 3MIHHOTO MAaT€MAaTUYHOTO OYiIKYBAaHHS, 3aBXKIU
Moxe 0yTtu npuBeaeHuii 10 CBII.

Tak sk MaTeMaTH4YHe CHOAIBAHHA CTAlllOHAPHOI'O BHUIIAJKOBOIO IPOLECY HE
3aJIeKUTh B1Jl yacy HOro BU3HAYAIOTh 3a (POPMYJIO0

=M. ()= [ xf(x)dx @

e f(x) - WIUTBHICTh PO3MOAUTY WMOBIPHOCTEH BHIIQJIKOBOTO IIPOIECY; MEXKI

IHTErpyBaHHA —o© 1 o0 BHU3HAYAIOTHCS MeEXaMmMHu O0JacTl 3HAY€Hb BHUIIAJIKOBOTO
npoiiecy (auB. Tabm. 1).
dopmyna st OOYUCIICHHS Aucnepcii mpuitMe BUTIISAL:

D(t)= [[x—m[ f(x)dx (5)
®opmyna 1151 oduncinenss acumerpii CBII npuiime Burisia:

of[x —mF f(x)dx

Sk (t)= == - =§ (6)

ne M3 - TpeTi LeHTPaTbHUI MOMEHT BUIIAJIKOBOIO MIPOLECY.

®opmyna 1151 oduncienss ekcuecy CBII nmpuiime Burisia:

OJo[x —m]* £ (x)dx

_ = _Hg4
Ex:(t)= 3 == -3, (7)
o) o
ne M4 - 4eTBepTHH HEHTPAJbHUI MOMEHT BHIIQJIKOBOTO Ipolecy, O = Dg (t) -

cepeIHbOKBAAPATHYHE BiIXUJICHHS.

3B'130K MK (DYHKITI€IO PO3MOALTY Fg (x) 1 MUTBHICTIO PO3MO/LTY HMOBIPHOCTEH

CTaIllOHAPHOTO BUMAAKOBOTO mporecy f £ (x) BU3HAYAIOTH CITIBBIIHOLIEHHIM

Fe(x)= 1 fz(x)dx (8)
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Tabauusa 1

L[inbnocmi po3nodiny eunadkosux npoyecis

. ) . OO0macTb 3HaYEHD .
' [IipHOCTI pO3HOALTY Bxazauuii
Homep BapianTa N . L f BUITAKOBUX
HMOBIPHOCTI éa(X) napameTp
BEJINYUH
1 2 3 4
X2
0 > 2ﬂEXp —? —0< X< o
1 Lox H 50
b P X= G
1
2 B 0<x<b b
1 2 3 4
3 X exp| — i x>0 o
02 202 B
X X
—e S > b
4 0 Xp( bj x=0
1
5 b 1<x<b b
X X
6 b_2 exp| — b_2 x>0 b
(x=my*
7 Eexp — 2 —0 < X< m
2
X X
8 ——exp| ———= x>0
02 ( 202 ] "
1
9 fa a<x<b a, b
3aeoannsn 2

Ilepemeopennn eunadkosux npovecie
MeTtor0 aaHoOro 3aBAaHHS € JOCTi/PKEHHS TEPETBOPEHHS BUMAAKOBUX
MPOLIECIB, a CaM€ IIIJILHOCTI PO3MOALTY Ha BUXO/I1 O€31HEPUIMHUNA IPUCTPOIO.
Ha Oe3iHepuiiiHuii  paglOTEeXHIYHUN TPUCTPIN

BIJIUBA€ CTalllOHAPHUI

BUITAAKOBUNA CUTHAI é:(X) 1 Ma€ MUIbHICTh PO3MOALTY fez(x). 3HalTU B 3arajJbHOMY
BUTJISA/II TIIBHICTD PO3MOILITY fy (y) CUTHAJTy Ha BUXO/1 IIbOTO IPUCTPOIO MO 3adaHii
IIIJILHOCTI PO3MOJITY MMOBIPHOCTEHM po3paxoBaHiil B 3aBmaHHi 1 (auB. Tabdn.1) Ta
3a7laH1i XapaKTepUCTHUIIl TIPUCTPOIO (IeTepMiHOBaHIM QyHKIIT) Y = q(x) (Tabu. 2).
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3a pe3yjibTaTaMn IMPOBCACHHUX TCOPCTUYHUX Ta HNPAKTUIHUX I(OCJ'IiI[)KeHB

noOynyBaTH Tpadik 3aJIeKHOCTI IMIIJIBHOCTI  PO3MOJALITY fy (y) Ha BHXOIl

Oe3iHepIiHuN MpUCTPOr0. B pe3ynbTaTi NpoBEeICHUX JOCIKEHb MOPIBHATH BX1AHY
ff(X) Ta OTPUMaHy HIUIbHICTh fy(y) PO3MOIiTY BHUIIAJIKOBOTO MPOIIECY HA BUXOI

ObOTO IIPUCTPOLO.

IMopsnok BuOOpPyY BapianTa:
Howmep BapianTa 3aBmanHs AOpiBHIOE ynucay (M - N), 1€ M - mepeaocTaHHs; N
- OCTaHHA UKU(pPU HOMEpa CTYACHTCHKOTrO KBUTKa (TabII. 2).

MeTtoanyHi BKa3iBKH

OCHOBHI CITIBBIIHOIIEHHS JI0 3aBJIaHHs 2 HAaBE/CHI B CIIUCKY PEKOMEHIOBAHOI:
[1-2], [6]; [8].

Cepen HeniHIMHUX TEpPeTBOPeHb Oe3iHepiiiiHl € HaimnpocTimmmu. Ilig gac
HEIHEPUIMHOTO HENIHIMHOIO MEPETBOPEHHS 3HAYEHHS BHIIAJIKOBOIO MPOLIECY Ha
BUXOJ1 y Oy/Ib-IKIil MOMEHT 4acy BU3HAYAE€THCS JIUIIE 3HAYCHHSIM BX1THOTO BILJIUBY.
Bunagok Oe3iHepiiiiHOr0O MEepeTBOPEHHS HAWUMPOCTIIIMKA TpPU  JOCIIIKEHHI
HeJTiHifHMX nanmoris (puc.1.2). Toxi curHan Ha Buxomi nanmora y(t) BU3HaYaeTHCS

3HAYCHHSIM BXiJTHOTO CHTHAITY & (t) B TOM K€ MOMEHT Jacy t : 7/(t) = q(f(t)), ne y(t)i
cf(t) - BUINAJKOBl IPOLECH HA BXOAl 1 BUXOAl1 O€31HEPLIIHOIO HENIHINHOTO KOJa

BIAITOBIJHO; Y = q(x) - Iesika IeTepMiHOBaHa (DYHKITIS

U N

Puc.1.2 be3inepuiiine HeliHIHE KOJIO

Jlist anpokcumanii QyHkii q(f(t)) 3aCTOCOBYIOTh pi3HI MeToau. Jlo HalOLIbII
B)KMBAHUX BIAHOCATHCS: TOJIHOMIAILHUNA, METOJ| alpoOKCHUMaIlli KyCKOBO-JaMaHii
XapaKTePUCTUKOI0, TPAHCLEHACHTHUMH (PYHKLISIMH (€KCIIOHEHTOK, CHHYCOINOH0 1
T.J.).

[Ipunyctrmo, HaM BiOMa IIUIBHICTh PO3MOILITY féz (X) BHUNAJKOBOI BETUYNHU

& (t) i Tpe6a 3HAWTH IIiNTLHICTH PO3MOAITY BUMAAKOBOT BemuunHu ¥ = (&) B AKMICH

MOMEHT yacy t. [Ipumyctumo, 1110 icHye oJlHO3Ha4YHa 3BOpOTHA QYHKINA & = q_l(y).

e cripaBeyIMBO, SKITIO q(ﬁ) - MOHOTOHHO 3pocTatoua abo cmanna GyHkimis. bygemo
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Opyd I[bOMY BHXOIMTH 3 TOTO, IO, SKIIO BEIHYMHA & 3HAXOAUTHCS B IHTEpBai
[XO,XO +AX], TO BeIWYMHA OOOB'SI3KOBO OyJe B IHTEpBAI, [yo,yo +Ay], e
Yo =0(Xo) , Yo +4y=0(xo +4x) puc. 1.3.
Toni piBHI 1 IMOBIPHOCTI IIUX JIBOX MOJIIO:
f,(y)ay = f(x)ax 9
Y npoMy BHUIAJAKy NPUIYCKAEMO, IO IHTEpBaAIM AX 1 Ay Mam 1 gami

nepexoanumMo 110 Mmexi Ax,4y -0 , oTpumyemo:

f,(y)dy = fa(x)dx (10)
abo
f,(y)= fg(X)j—? = f, (q‘l(y))dq;,(y) (11)
7 A
v R
Y0

T

1
Z EAE

Puc. 1.3. Heniniiine nepeTBOPEHHS BUNIAAKOBOT BEJTUUUHU

OCKUIbKY TIUTHHICT MMOBIPHOCTI - BEJIMYMHA MO3UTHBHA, a B pa3l CHagHOI
byHKIi q‘l(y) noxijgHa OyJe HeraTuBHa, TO B (hopMyity Tpeba MOCTaBUTU MOJYJIb
moxigHoi. TakuM YuHOM,

-1
ao]da(y)
)= 0| a2

binbmr cknagHUM € BHUMANOK, KOJMH 3aJeKHICTh q(y) HE € MOHOTOHHOIO

dbyHKII€0. Y 1IbOMY BUIAIKY HE ICHYE€ OJHO3HAYHOI OoOepHEeHOi (yHKIIIi q‘l (y):
KOXXHOMY 3HAU€HHIO ) BIIMOBI1/Ia€ KUIbKa 3Ha4eHb X. Hexal OyAayTh JBI TIKK QyHKIIT
q'l(y) : g:7(y) i g5*(y) . B oMy BUMaaKy BipOTifHICTb HOMAJAHHS HA iHTEpBA

xg +dx]

[yo Yo + Ay] JOPIBHIOE CyM1 MMOBIPHOCTEH IMOTa/IaHHs Ha 1HTEpBAIIU [Xl’ 1

[X5, X5 +dx]

f,(y)dy = fody = f.0x )dx; + f-(x, )dx, (13)
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BuciioBuBIIH X Yepe3 ), OTPUMAEMO OCTATOYHE BUPA3:

fAy%=%@fﬂyyg%ggg+¢g@{%y)g%§99 (14)

Sxuio riniok o0epHeHoi (yHKIT 6araTo, To BUpa3 HaOyze BUTIIAY:
O (1) da (Y
L-3 ) as)
i=1

Tabamus 2
Xapaxmepucmuyni pyHKYyii npucmporo

Howmep BapianTta XapaxkTepucTUKa NPUCTPOIO, Y = q(x)

o

y = cos(X)

y=x*

y =In|x

y=¢"

y =10x+5

y =sin(X)

y=1/x

y=x*

y = 2e*

O 0O N|OoO|o| &l W N -

y =2/x

KoHTpoJbHi 3an1MTaHHA
Sxuii BUMaIKOBUH MPOLIEC HA3MBAIOTh CTAIlIOHAPHUM ?
OcCHOBHI cTaTUCTH cTUYHI Xapakrepuctuku CBIT?

w N e

SIKi1 niHIKAHI TEPETBOPEHHS HA3UBAKOTHCS HEIHEPLIIMHUMU?

4. Sk BU3HAUMTH OAHOBUMIPHY (DYHKIIIIO pO3NOAUTY KMOBIPHOCTEN HA BUXO/1 O€3
IHEPIIIHOTO HEJHIKHOTO KoJa?

5. Uu 3MIHUTBCS BUJI IILTLHOCTI PO3MOALTY TICIIS O€31HEPIIIHOTO MEPETBOPESHHS?

YACTHUHA 2
Tema: «JlocaiTzkeHHA MapaMeTPUYHUX AJITOPUTMIB BUSIBJIEHHSI CHTHAJIIB)
Merta:
1. O3HaiioMJICHHS 3 OCHOBHUMH aJITOPUTMaMH BUSIBJIICHHSI CUTHAJIIB.
2. BuBueHHsT 0COOJMBOCTEW BHUSABJICHHS HOPMAJbHOIO CHUTHAy Ha (oHi
HOPMAJBHOTO IIyMy METOJIOM HAKOMMYEHHS BiJUTIKIB 3TMHAI0YOi BUIAJIKOBOTO

npoIiecy.
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3. BuBueHHs 0COOIMBOCTEM BHSBICHHS HOPMAJIbHOTO CHTHalTy Ha (oHi
HOPMAJIBbHOTO IIyMY BHKOPUCTOBYIOUHM PI3HI KpUTEPIl MPUUHATTA PIMIECHHS 3T1IHO
3aJlaHOMYy BapiaHTy.

4, Ominka e(peKTUBHOCTI aJTOPUTMIB BHUSBIICHHS CHTHAJIB  METOJOM
MaTeMaTUYHOro npoekTyBaHHs B cepenoBuili MathCAD 11/12/13/14.

Iopsinok BMOOpPY BapianTa:

Homep BapianTy 3aBnaHHs BiANOBiIae 1U@pi HOMEpa CTYJAEHTAa B KypHasi
(Tabmn.4).

MeTtoanuHi BKa3iBKH

OCHOBHI CHIBBIAHOUICHHS [0 BUKOHAHHS JAPYroi YacTUHM HAaBEICHI B
Jitepatypi: [6-11].

OnHuM 3 HAHBKIIMBIIINX MPAKTUYHUX PO3ALIIB CTATUCTUYHOL PAIOTEXHIKH €
MO>KJIMBICTh PO3POOKH aJITOPUTMIB BUSIBIIEHHSI KOPUCHUX CUTHAIIB Ha (pOH1 3aBaj, Ta
OIIIHUTU €(PEKTUBHICTh POOOTH.

3aaya BUSBIICHHS CUTHAIB MOJSTAE Y MPUAHATTI OJJHO3HAYHOTO PIlIEHHS: a00
curHai € (pimeHHs ¥ ), 200 cUTHaIy Hemae (PIleHHS ) ).

EdexkTuBHICTh  pOOOTHM  aJrOPUTMIB  BUSIBIIEHHA  OLIHIOETHCS  PAIOM
XapaKTEpPUCTHK, /10 YHMCIIa SKUX BIHOCSATH 3aJI€KHOCTI HMOBIPHOCTEM MpPaBUIBLHOTO
BUSIBJICHHS, TIOMUJIKOBOI TPUBOTH 1 MPOMYCKY CUTHANY B BUXIJHUX JAaHUX 3aJadl.
[lepira 3aexHICTh PO3PaXOBYETHCS SIK (PYHKITISI BITHOIIICHHS CUTHAJT / TITYM :

b-pl P (16)

n
ne P, 1 P, - moTyxHOCTI (qucnepcii) CUTHaIYy 1 3aBajiu.
HallBa)XNTUBIIIOID ~ XapaKTEPUCTUKOIO  aTOPUTMY BHUSABJICHHS €  HOTO
€(EeKTUBHICTb, KA OL[IHIOETHCSI IOPOTOBUM CUTHAJIOM.
[ToporoBum CHUrHajaOM Ha3WBAETHCS T€ MiHIMAJIbHE BIIHOUIEHHS CUTHAMT / IIyM
3a motyxHictio b=P,/P,, ske npu QikcoBaHOMy 00cCsa3i BHOIpKH N 1 3agaHO]

HMOBIPHOCTI MOMIJIKOBOI TpuBOTH F 3abe3neuye HeoOXinHEe 3HAUECHHS HMOBIpHOCTI
NpaBUJILHOTO BUSBIICHHS D .

3naueHns F, D i N BU3HAYAIOTHCS XapaKTepOM 3aBJIaHHs, 30KpeMa, B 3a/1a4ax
pasioI0KalIfHOTO BUSBJICHHS 3a3BUYall IparHyTh 3a0€3MeYUTH

F=10"-10°,D=09-099, n=8, 16, 32

PosrnssHeMo aiaropuT™M BUSBIICHHS 3 HAKOMWYEHHSIM BIJIIKIB OTMHAIOYO1
BUIAKOBOIO MPOIECY Ha MPUKJIAIl 3a/laul BUSBICHHS 11€aIbHOTO CUTHaAIY Ha (hOHI
HOPMAaJIbHOTO HEKOpPENboBaHOTO MyMy. CTpYKTypHa cXxeMa BHUSIBJICHHS MOKa3aHa Ha
puc.1.4
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=
€TEKTO UCKpe- Ioporosa 71
A p" D Haxonnuysau p
OTMHAI0YO] TH3aTOP cxema S=0
—»
70

Puc.1.4. CtpykTypHa cxemMa napameTpuyHOTO JAETEKTOpa

Ha BXig nmeTexkTopa OTMHAIOYOi 3a BiJICYTHOCTI KOPHCHOTO CHUTHamy (S;)

HAJXOJIUTh BY3bKOIOJIOCHUN BHITAJKOBUN TIPOILEC, SKHA TPEACTABIIE COOOIO
CTaHJApTHUN (TayCiBChKHMM) IIyM 3 MaTeMaTHYHUN OYIKYBaHHSAM 1 Ma€ HIJIbHICTD
PO3MO/I1JT KUMOBIPHOCT1 BULY:

X2
exp| —

1
f(X/Sq)=—"— — |,
(/ 0) o, /_272_ 20‘n2

2 . . . .
ne o, - aucrepcis (MOTyXHICTh) wwymy. [Ipu HasBHOCTI Ha BXO[l, JAETEKTOpPA

17)

KOpPUCHOTO curHaiy (S;) 3 MaTeMaTUYHUM OYIKYBaHHSM IIUIbHICTh PO3MOJLITY

aJIUTUBHOI CYMIIIIl CUTHAITY 1 IIIyMY TaK0>X Ma€ HOPMaJIbHUIA PO3MOJILL:

1 X2
f(x/S1)= exp| — =
\/272'(052+0n2) 20'52+an
(18)
1 (x—m)?
“oron ) 203, )
27 O'SZh 204
ne Gshz - jgucnepcis (MOTYXHICTh) aAUTHUBHOI CyMIIIl CUTHaIY 1 IIymy,

032 - MOTY>KHICTh CUTHAIY (MOTY>KHICTIO 1HQPOPMATUBHOI'O CUTHATY BHUCTYIA€ HOTO
aMILTITY/Ia).

[Tpu BuBenenui dopmynu (18) BUKOpucTaHa TeopeMa CKIAJaHHS TUCIIEPCIH:
JUCTIEPCisi CyMU HEKOPEIhOBAaHMX BUMAIKOBUX BEIWY JOPIBHIOE CyMl JUCTIEPCIH
noaaHkiB. KpiMm Toro, BiIoMo, III0 CyMa HOPMaJIbHUX TMPOIIECIB TAKOK PO3MOJIICHA 3a
HOpMaJIbHUM 3aKoHOM. Po3nonin (18) 3py4yHo 3anucaTil y BUIIISIAL
x2

expl ————— |,
\/27r0'n2(1+b) 20,°(1+b)

2 . . . .
ac bZO'SZ/O'n - BIJHOIICHHSA OI'MHAKOY01 HOTY)KHOCTI CI/IFHaJ'Iy a0 HOTY)KHOCTI

f(x/S=1)= (19)

3aBaJIv.

Ha Buxoni nerexTopa BUIUISETHCA OTMHAIOYA BX1JHOTO BUIIAIKOBOTO MPOIIECY.
Bigomo, 110 misbHICTh PO3MOALTY 00BITHOT HOPMAJIHLHOTO BUTIAKOBOTO MPOIIECY TPH
JTIHIHOMY JI€TEKTYBaHH1 OMUCY€EThCA 3aKOHOM Pernest:

IIPH BIJICYTHOCTI CUTHAITY
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F(y/So) =5 exp ——2— (20)
ot 20,

1 IpY HAsSIBHOCT1 CUTHAITY

2

f Yy Yy 21
/%) o 2(14b) "\ 20.2(1+b) (21)

Orunaroua y(t) BHITAIKOBOTO MIPOIIECY HAAXOAUTH HAa JUCKPETU3ATOP 32 YACOM,
Ha BUXOJI1 SIKOTO POPMYIOThCS AUCKPETHI Yq , BIUTIKA aMIUTITYU SKUX JOPIBHIOIOTh
MUTTEBUM 3HAYCHHSM OTHMHAr04oi. Bimmiku ormHaro4oi BH3HAYAIOTHCS YaCTOTOIO

JTCKpeTH3aIlii fg. OTpuMaHi BIJIJTIKM HaJIXOASATh Ha HAKOMHUYYyBay, KU 3I1HMCHIOE

N1JICYMOBYBAaHHS MMOTOYHUX BiWIIKIB. BuxingHa Hanpyra Z, Hakonmu4dyBaya B LbOMY
BUIIAJIKY, JOPIBHIOE:

Z= Z i (22)

HakonuueHa cyMa MOpPIBHIOETBCS 3 PO3PAaXOBAHMM IIOPOTOM HPUMHATTS
pimeHHs V.

SIKIo B pesynbTaTi MOPIBHSHHS 3HAYCHHS CYMH BHSABUTBCS Olnblie V,, TO

NPUIMAETBCS PIIIEHHS TMPO HAABHICT, CUTHaNY ()q), B IHIIOMY BHIIAJIKy -
albTepHATUBHE DIlIeHHS () ), TOMY IO BUJ PIMICHHS 3aJIEKUTh B1J] BUKOHAHHS

YMOBH

n
Z=y;>V, (23)
i=1

PosrnsHeMo 3amady OLIHKM €(QEKTUBHOCTI JETEeKTopa Mo cxeMi puc. 1.
Hakonuuena 3a BuOIpKOI o00csirom cyma N (22) Ha3UBa€ThCS NEPEBIPOYHOIO
CTaTUCTHUKOIO.

3rifHO 3 LEHTPAIbHOK IPAaHUYHOIO0 TEOPEMOIO, SKIIO Y ,...,Y, - L1€ HE3aIexKHI

BUIIAJIKOB1 BEJIMUMHHU, TO MPU HEOOMEKEHOMY 30UIbIIEHHI N - 3aKOH PO3MOALTY CyMH
[UX BEIMYUH HaOMMKAEThes 10 HopMmanbHoro. Ha mpakrtwmmi mpu N >10 3akon
pO3MOALYy CYMH BBaXae€Tbcsi HOpMaibHUM. [Ipm mamux N po3noain cymu
M1IIOPSIKOBYIOThCS 3aK0HY Epranra.

Ha mingcraBi meHTpaibHOI TPAaHUYHOI TEOPEMH MOJKHA 3alMCaTH BHpaA3 IS
IIUTPHOCTI PO3MOJILTY MEPEeBIPOYHOT CTATUCTUKHU Z

F(Z)=———ex (z-mz) (24)

T2, T ;2

VY dopmyii (24) m, 1 D, - MaTeMaTH4HE O4IKYBaHHS 1 AUCHEPCI CTATUCTUKU:
m; =n-m,, D; =n-D, (25)
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my 1 D, - MaTeMaTH4He OYIKYBaHHS 1 JMCHEPCis IMCKPETHUX PENCIBCHKHX BiIIKIB

PIBHI:
IIPU BiICYyTHOCTI CUTHAITY

4—r1x 2

my =o./7/2 , DszO' (26)

1 IpY HAsIBHOCTI CUTHAITY

2
o (1+b)r 4—r1x
My :1/%, Dys :Taz(l+b) (27)

Ha puc. 1.5 mokazani KpuBI pO3MOAULY BIJIIKIB OTMHAIOYOi Mpolecy 3a
BIJICYTHOCTI Ta 3a HAsBHOCTI CUTHAIY.

A f
) f(y/s,) f(y/s)

"1

m

»
>

m

y ys y

Puc.1.5. Kpusi po3noaisy BiJUTIiKIB OTHHAIOYO1 MPOLECY 3a BIACYTHOCTI Ta 3a
HasIBHOCTI CUTHAITy

Ha puc. 1.6 — BiAMOBiIHI KPUBU PO3IOALTY IEPEBIPOYHOT CTaTUCTUKKU Z . [l7si
OPUIHATTS pillleHHd S; TpOo Te, M0 Ha BXOJl JETEKTOpa € KOPUCHUM CHUTHAal,

HEO0OX1IHO, II0O BUIAJIKOBA BeJIMunMHA Z MEepeBUIIUIIA TOPIT Vp .

f(z)t
f(z/So) f(z/$1)

D

\4

m; \ Mg z

p
Puc.1.6. Kpusi po3noaiiny nepeBipoyHOi CTATUCTUKU Z

3HAYCHHS TIOPOTY IPU BHSBJCHHS CHUTHAIIB BUOHMPAIOTh NPH pPO3paxyHKaX
BIMOBITHO 70 KpuTepito Heiimana-Ilipcona tak, mo0 WMOBIpHICTh MEPEBUINCHHS
HOTO CTaTUCTUKOI Z 3a BIJICYTHOCTI CUTHAITY Oyiia O He OUTbIn Hamepes 3ananoi. s
AMOBIpHICTh F Ha3uBaeTbcs WMOBIPHICTIO MOMUJIKOBOI TpUBOTH (MOMUiKa 1 poay)
(muB. mamn. 1.6)
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0

F=[f(z/Sy)dz (28)
Vi
[TincTaBuBim popmyrny (22) y popmymy (28), micist CHpOIICHHS OTPUMAEMO

V,—m
F=1-@| » %

VD,
2

ne @ exp —— (dt - TaOynpoOBaHMii iHTErpaJl HMOBIPHOCTI.

IIpu 3agaHomMy 3HaYye€HHI WMOBIPHOCTI IMOMMJIKOBOI TpUBOTM F 3HadyeHHs
MOPOTy BHUPILICHHI V|, MOXXe OyTH 3Haii/ICHO 3a JOMOMOT0I0 TabJIHIb 3 PiBHAHHS (28).

Biporianicts D npaBuibHOTO BUSIBICHHS CUTHATY (MB.MaJl. 1.6) BU3HAYA€THCS
BHUPA30M:

D= [ f(z/5,)dz

PIBHUM 3 ypaxyBaHHsIM Gopmyiu (22)

p-1-g 2 =
Dy
JUIst OLIHKM SIKOCTI (PYHKLIOHYBAHHS MapaMETPUYHOIO alrOpPUTMY BUSIBICHHS
CUTHaTy oOyIyeMO 3HaueHHS MMOBipHOCTI D mpaBUIBHOTO BUSBJICHHS CUTHATY Bij
BimHOmEHHs curHan/myM b. Xapakrepuctuku mpasuiabHoro Bussienns D(b) ams

pI3HUX 00CsTIB BUOIPKK N ToKa3zaHi Ha puc.1.7.

3 rpadikiB BUAHO, 110 3aJaHa MMOBIPHICTb NPaBUIBHOIO BUsiBIEHHA D, , mpu
30UIbLIEHH] 0OCATY HAKOMUWYEHHSI N MOKe OyTH OCATHYTa IPU MEHILOMY 3HAY€HHI
BiJTHOIIIEHH] CHUTHAJ/TIIyM b .

[HmmMu coBamu, mpu 3agaHoMy b 30imbIneHHS N 3abe3neuye 30iTbIICHHS

WMOBIPHOCTI MPABWJILHOTO BUSIBJICHHS CUTHAJIIB Ha (DOH1 IITyMiB.

| -
2 2
by b, b=o; / o,
Puc.1.7. Xapakrepuctuktuku BusiBjaeHHs D(b) B 3a51€KHOCTI Bif
CHIBBITHOILIEHHS! CUTHAJI/IIYM 1 00CSTiB BUOIPKU
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IIpakTyHa yacTUHA

VY xoz1 BUKOHaHHS poO0TH Tpeba:

1. chopmyBaTu BUNIaAKOBUII MPOIIEC 3T1THO 3aJaHOMY BapiaHTy (Tabm.4);

2. cdopmyBaru iHQOpPMALIIIHAN CUTHAT 3T1IHO 331aHOMY BapiaHTy(Tabm.4);

3. chopmyBaTH aAUTUBHY CYMIIII;

4, BU3HAQYUTH KIJBKICHI XapaKTEPUCTUKH (MaTEeMaTUYHE CIIOJIBaHHS,
JHCIIEPCil0, CepeIHbOKBAAPATUYHE BIAXWICHHS) JUIsI BHIIAKOBOTO IIPOIIECY,
1H(pOPMaLIIHHOTO CUTHANTY, aTUTUBHOI CyMIIIi;

5. moOyayBaTH IIUIBHICTE PO3MOJLTY 1 pPO3paxyBaTH BY3bKOMOJIOCHUH
BUIAJKOBUI TPOIEC HA BXOJI JETEKTOpa OTMHAIOUOi 3a BIJCYTHOCTI KOPHUCHOTO
curHany (S );

6. moOyayBaTu WIUIBHICTH PO3MOJUTY 1 poO3paxyBaTH KOPUCHUW CHUTHAN Y
BUTJISII aJIMTUBHOT CyMIillli CUTHAITY 1 ITyMY Ha BXOJi JETEKTOpa OrHHAr0U01 (S );

/. moOyayBaTH 1 po3paxyBaTu I'yCTHHY OOBITHOT HOPMAJHLHOTO BHUIIaIKOBOTO
OpolLecy IMpH JIIHIMHOMY JeTEeKTyBaHHI, SIK€ OINUCYeETbCA 3aKkoHOM Penes npu
BIJICYTHOCTI CUTHAJY 1 ITPU HAsIBHOCTI CUTHAIY;

8. moOymyBartu i po3paxyBaTy KpUBI PO3MOILTY BiJTIKIB 00BITHOI MpoIiecy 3a
BIJICYTHOCTI Ta 3a HAsIBHOCTI CUTHAITY;

9. moOynmyBaTH i po3paxyBaTh KPUBI PO3MOALTY MIEPEBIPOYHOI CTATUCTHKHU Z |

10. po3paxyBatu TOpIr NPUUHATTS PIIICHHS HAa OCHOBI KPUBUX PO3MOALTY
MEePEeBIPOYHOT CTATHUCTUKH Z JOCHITHUM IUISIXOM JUISI PI3HOI KUIBKOCTI BiTIKIB
MePEeBIPOYHOT CTATUCTUKU;

11. Ha miacTaBl  PO3pPAaXOBAHOTO TIOPOTY TMPUWHATTA PIIICHHS 3HAWTH
WMOBIPHICTh TPAaBUIBLHOTO MPUUHATTA pimieHHS D Ta HWMOBIPHOCTI MOMHUIKOBOT
TpuBoru F miis pi3HOT KUTBKOCTI BiJITIKIB MEPEBIPOYHOI CTATHCTUKH;

12. mpoBecTH OIIIHKY TOYHOCTI MPOLEAYPH MPUNAHATTS pPIMIEHHS Ha MiACTaBi
noOya0Bu TpadiuHOl 3aJeKHOCTI WMOBIPHOCTI NMPaBUJIBHOTO MNPUUHSTTS PIILIEHHS
D(b) BiJl CITIBBIIHOIICHHS CHTHAI/IIyM D 1 KUTbKOCTI BITIKIB N TepeBipoYHOI
CTaTUCTUKU;

13. pe3ynbTaTu chopMyBaTH y BUTIISIAL 3Be/IeHO1 Tabui (Ta6:1.3) 1 moOyayBaTu
rpadivHi 3aJ€XHOCTI WMOBIPHOCTI MPaBUJIBHOTO NPUUHATTS PIIICHHS D(b) BiJl

CHIBBIJHONIGHHS CHTHaX / IyM oOg/o; 1 KUIBKOCTI BIMUIIKIB IepeBipodHOl

CTATUCTUKH N1q.

Taoauus 3
3sedena mabauys pe3yromamis npoeedeHUx 00CaI0NCeHb
Haui Ilepesipouna cratucrtuka, N;
OTpUMaHI1
P ) Ny Ny n3 Ny
JOCITITHAM
o1 | 02 o3 o1 (o] o3 o1 (o2y) o3 o1 | 02 o3
IITXOM
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Vp - TIOpir
MPUAHATTA
pilIeHHs
F -
IMOBIPHICTh
IIOMUJIKOBOI
TPUBOTH
D -
IMOBIPHICTb
MPaBUIILHOTO
MPUAHATTA
plLIEHHS
Taoanusa 4
Bapianmu oomawnvoeco 3ae0anns (vacmuna 2)
Bunankosuit
nporiec .
Hopmanbhnii [ndopmarniiinuii curHan N-NepeBIpotHa
Ne 3AKOH CTaTUCTUKA
n/m (KITBKICTB
© BIJIJTIKIB)
H o1 | oy | o5 o Awmmityna | Ctpykrypa
mB CUTHAILY
1. 0 05| 1 | 2 | Bigeoimmyinbe 2 10101010 |2 | 4 | 10 | 100
2. 0 |05 1 | 2 | Panmioimmyisc 4 11101010 |2 | 4 | 10 | 100
3. 0 |05 1 | 2 |Bineoimnyinsc 6 11111010 |2 | 4 | 10 | 100
4, 0 05| 1 | 2 | Pamioimmymnsc 10 11111110 |2 | 4 | 10 | 100
5. 0 /05| 1 | 2 |BigeoimMmnymsc 12 11111100 |2 | 4 | 10 | 100
6. 0 |05 1 | 2 | PanmioimMmyisc 15 11101100 |2 | 4 | 10 | 100
7. 0 05| 1 | 2 |Bigeoimmynbc 20 11001100 |2 | 4 | 10 | 100
8. 0 |05 1 | 2 | Panioimmmymnsc 2 00001100 |2 | 4 | 10 | 100
9. 0 |05 1 | 2 |Bineoimnyibc 4 10001100 |2 | 4 | 10 | 100
10. | 0 |05 | 1 | 2 | Panmioimmyisc 6 11001111 |2 | 4 | 10 | 100
11. | 0 |05 | 1 | 2 | Bimeoimmynbc 10 11000011 |2 | 4 | 10 | 100
12. | 0 |05 | 1 | 2 | PagioimMmynbc 12 11011011 |2 | 4 | 10 | 100
13. | 0 |05 1 | 2 | BimeoimMmysbe 15 01011010 |2 | 4 | 10 | 100
14. 1 0 |05| 1 | 2 | Panmioimmynsc 20 11101011 |2 | 4 | 10 | 100
15. 1 0 |05 | 1 | 2 | Bineoimmynbsc 4 00101011 |2 | 4 | 10 | 100
16. | 0 |05 | 1 | 2 | Panmioimmynsc 5 00111011 |2 | 4 | 10 | 100
17. 1 0 |05| 1 | 2 | Panmioimmynsc 6 00111011 |2 | 4 | 10 | 100

98




18. | 0 |05 | 1 | 2 | Bimeoimmynbc 8 11111110 |2 | 4 | 10 | 100
19. | 0 {05 1 | 2 | Pamioimmysbc 10 10111110 |2 | 4 | 10 | 100
20. | 0 |05 1 | 2 | Pamioimmyinsc 12 11110010 |2 | 4 | 10 | 100
21. | 0 |05| 1 | 2 | Bineoimmynbc 14 11010010 |2 | 4 | 10 | 100
22. | 0 |05 1 | 2 | Pamioimmyinsc 16 10000010 |2 | 4 | 10 | 100
23. | 0 |05| 1 | 2 |Bigeoimmyibc 20 10010010 |2 | 4 | 10 | 100
24, | 0 |05] 1 | 2 | Pamioimmynbe 2 10011010 |2 | 4 | 10 | 100
25. 1 0 [05]| 1 | 2 |Bineoimmynbc 4 10111010 |2 | 4 | 10 | 100
26. | 0 |05 1 | 2 | Pamioimmyinsc 6 10111011 |2 | 4 | 10 | 100
27. | 0 |05| 1 | 2 | Bigeoimmyibc 8 00111011 |2 | 4 | 10 | 100
28. | 0 05| 1 | 2 | Pamioimmynbe 10 01111011 |2 | 4 | 10 | 100
29. | 0 |05| 1 | 2 |Bizgeoimmysbc 12 11011011 |2 | 4 | 10 | 100
30. | 0 |05 1 | 2 | Pamioimmyinse 14 11011000 |2 | 4 | 10 | 100
KoHTposbHi 3antMTAaHHSA
1.  Ha3BiTh OCHOBHI XapaKTEPUCTUKH AJTOPUTMIB BUSBJICHHS CUTHAITIB?
2.  3anumriTh BUpa3 Ui UIUIBHOCTI pO3MOJITY WMOBIPHOCTI IIyMy Ta MOSICHITH

CMUCJI TTapaMeTPiB pO3NOALTY?

3.  3amumiiTe BUpa3 I IIUIBHOCTI PO3MOIUTY HWMOBIPHOCTI HOPMajIbHOTO
(imeanbHOTO) CUTHATY Ta IIyMY Ta MOSICHITH CMUCII MapaMeTpiB po3noainy?

4. UYnm BII pO3MIpy
CTATUCTUYHOI BUOIPKU MPH 33JJ]aHOMY CITIBBITHOIICHH] CUTHAJ/TITyM?

5.  Sxui
(yHKLIOHYBaHHS aJTOPUTMY BUSBICHHS?

3aJICKUTh WMOBIPHICTh TMPABUJIBHOTO  BUSBIICHHS

KpUTEpii  BUKOPUCTOBYETHCS  MPU  OIIHIN  €(hEeKTUBHOCTI
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