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BCTVII

IIponoHOBaHMY NPAKTUKYM MICTUTh 3aBJAaHHA Ta KOPOTKI
TEOPETUYHI B1IOMOCTI 3 AUCIUILTIHY “EMmipudHi MeTOAM IpOrpaMHoOi
1HXKeHepil”.

IIporpamHa iHXKEHEpiE — 1€ 3aCTOCYBAaHHS CHCTCMHOTO,
BUMIPIOBAHOTO TIAXOAY [JO pO3pOOJICHHS, BHUKOPUCTAHHSI Ta
CyHpOBOAY IporpaMHOro 3abe3meueHHs, Ta JOCIDKEHHSA IHMX
[1JIX0A1B, TOOTO 3aCTOCYBaHHS IMPUHIIUIIIB 1HXEHEPIT JI0 IPOrPaMHOI0
320€31CUCHHS.

Sx 1 1HON 1HXXCHCPHI AUCHMIUIIHM, 1HXCHCPISA IIPOTPaMHOIO
3a0€311CUCHHS XapaKTEPU3YEThCS TAKUMU aCIICKTAMMU:

- TBOPYICTB - 1HXKEHEP1 KOHLEHTPYETHCS HA POoOIeMax aHaIi3y
1 IPOCKTYBaHHS,

- IHCTPYMCHTAJIBHICTh KIJIFOUOBI MpOOJICMU B 1HXCHEPIL - IIC
BUOIp 1 BUKOPUCTAHHS IHCTPYMEHTIB;

- CTaHJapTH3allis - Kpalll MPaKTU4YHI JOCATHCHHS 1HXCHEPIT Y
BUTJISAJI1 1HKCHCPHUX MPUHIIUIIB € OCHOBOIO CTBOPCHHS CTaHIIAPTIB;

- TOBTOPHE BUKOPUCTaHHA - B 1HXKCHEpPIi IIOBTOPHE
BUKOPUCTAHHSA 3HAaHb 1 TMPOAYKTIB (a3 KUTTEBOrO IUKIY €
HaWBaXKJIMBIIIUM YMHHUKOM H1BUIICHHS MPOJYKTUBHOCTI 1 SIKOCTI;

- ipodeCIOHANI3M - 1HXKEHEP1S MPOrpaMHOro 3a0€3NECUEHHS - 11€
npodecis.

Emnipuuni meTtogu — 1ie METOJM PoOOTH, MCTOJM OpraHizailii
po0O0TH y rairy3i ImporpaMHoi imxkeHepii. Yacto 111 MeToau 06a3yroTbCs
Ha METOJIaX MaTEMaTUYHOI CTaTUCTUKH, a00 HUMH OOTPYHTOBYETHCS
ix etekTuBHICTE. KpiM TOro, BXK€E KJIACHYHUM € BHUCIIIB IIPO TE, IO JIJIs
TOro, 00 HABYMTUCH IIporpamyBaTd — Tpeba mporpaMmyBaru.
3aBmaHHsA, SKi JATIM B OCHOBY JaHMX J1abopaTopHHMX poOiT, €
3aBJIaHHSMM IPOTPAMHOI  peam3aifii MCTOMIB  MaTCMaTHYHOI
CTATUCTHUKH.

Hanuit  nmabopaTopHUM Kypc 3aIUIaHOBAaHO aBTOpPaMHU 10
MIOJAJIBIIIOTO PO3POOJICHHS Ta BJOCKOHAJICHHSL.



JIABOPATOPHA POBOTA Ne 1
Tema: HalIpocCTiIAa CTATUCTUYHA 00p0OOKA EMIIIPUYHUX JAaHUX
Texniune 3a0e3neuenns: IIEOM, cepegoBuiie mporpaMyBaHHsS

KopoTki Teopernyni BifoMocTi

Y nmaboparopHux poboTax MU HE MAEMO MOXJIMBOCTI
IpalioBaT 3 SKUMU-HEOYAh NIMCHUMM JJaHUMU, TOMY HEO0OX1JHOIO
CKJIaJIOBOI0O YACTHMHOI KOXHOI pobotu Oyne reHepaimis BuOipku. B
OCHOBI JIaHOI IIPOICAYpH JICKUTH pobOTa 3 TcHEpaTopoMm 6a3oBOi
BUIIAJIKOBOI BEJIMUUHMU.

ba3oBoro BumankoBow BennmunHOW (BBB) y cratuctuanomy
MOJICJIIOBAHHI HA3WMBAaIOTh HCICPCPBHY BHUIIAJKOBY BCIUWYUHY z,
pPIBHOMIPHO pO3MOAiIEHY Ha 1HTEpBai [0, 1].

BBB monemoerscs Ha EOM 3a gonomororw reseparopis bBB.
I'enepatop BBB — 1i¢ npuctpiit abo mmporpama, 1o BHAAE 3a 3alIUTOM
oJIHe a00 KiJIbKa HE3AJIC)KHUX 3HAYCHD z,,...,z, bBB.

I'caepatopn bBB OyBaroTh TphoX THUIB: TabauuHi, Qi3udHI Ta
IIPOTrPaMHI.

Tabauunuit reneparop bBB — ne tabimig BUIIaJKOBUX HUCEN.
OCHOBHMI1 HEJIOJIIK TaKOro TEHEpaTropa II0JIArac B OOMEXEHiN
KUIBKOCT1 BUIIQJKOBUX JUCENT Y TAOJIHIIAX.

D13uuHNA rEHEPATOP bBB — e CIICHiaJIbHUHI
pamioenekTpoHHUN npuctpii B EOM, mo MICTHUTh JIKEPEIo IIyMmy.
IIlym mepeTBOPIOETECA HA BHIIAJKOBI 4YHCIA 3 PIBHOMIPHUM
posnojauioM. Hepgosikamu € CKIAJIHICT TUpPaXyBaHHSA (HEOOXiJIHA
J0JIaTKOBA IJIaTa) Ta CXEMHA HECTAOUTBHICTh TAKOT0 TE€HEpaTOopa.

IIporpamumii reneparop bBB, 3a3Buuait, obumciroe 3HAYCHHS
z,,...,z,34 PEKYPEHTHOIO (DOPMYJIOI0 THIY z, = f(z,) Y Pasi 3aJJaHOTO
CTAHJIAPTHOTO 3HAYCHHS z,. (OCKUIBKH z, IIOBHICTIO BH3HAYAE BCIO
IIOCJI1JIOBHICTB, 1i Ha3UBAIOThH IICEBIOBUIIAJIKOBOIO. AJle Ti CTaTUCTUYHI
BJIACTUBOCTI TOBHICTIO BIJIMNOBIJIAIOTh BJIACTHBOCTSAM  CHpaB/ii
BUIIAJKOBOI .

HaiimpocTimumii MeToj IporpaMHOI TEHEpalii BHIIaJKOBHUX
YUCEI — MYJbTUIUIIKATUBHUM; y ¥MOro OCHOBI JICXKHUTh TaKe
PEKYpPEHTHE CITIBB1THOIIICHHSI



z,=(4-z,, +C)mod M ,
A€ z,z,, — YEPrOBE 1 MONEPEAHE BUMAAKOBI Yucia BignoBigHo; A, C —
KOHCTaHTH; M — BENIMKE LiJIe TO3UTUBHE YUCIO (YuM Outbiie M, Tum
JOBIIa HCIOBTOPIOBAHA IIOCT1JIOBHICTB ).
JluckpeTHa BHIAIKOBA BEIUYMHA dJ 3aJIaCThCH MHOXHHOIO
MOXJIUBUX 3Ha4eHb {d,.d,,....d,} Ta iX MNMOBIpPHICTIO p,...p,. Y

BUIA/IKYy, KOJIM PE3YJIbTAaTH PIBHOMMOBIPHI (p, =...= p, = %) AITOPUTM
HACTYIIHUM:

d = [nz]+1, (1.1)
ne [ | — onepairis 004YMCIICHHS IIUIOI YACTUHU YKCJIa;

z — 0a30Ba BUIIaJIKOBA BEJIMIMHA

EMmipudni  gaHi, IO OTPUMaHI ILISXOM BUMIPIOBAHHSA
BJIACTUBOCTEM BHUOIPKOBUX O00’€KTIB — YM OTPUMaHI METOJIOM
IMITalIfHOIO MOJCIIIOBAHHS, SK OIIMCAHO BHUILIEC — IIOBHMHHI MPONTH
nepBuHHY 00poOky. Ilim mnepBuHHOIO 00pOOKOIO HaitwacTimic
pPO3YMIIOTh  BHCCCHHA y  Tabiuuni  ¢opmu  (TaOysdiliio),
BHOPSAIKYBAHHS y BapiailiiiHi MMOCJ1I0BHOCTI (200 psAau), TpyIyBaHHS
(mpu 1OOYMOBI 1HTCPBAJIBHOTO BapialllifHOTO psIy), I00YJI0Ba
CTATUCTUYHOTO  PO3MOALTYy, OO4YMCICHHS  OKPCMHUX  IIPOCTHUX
CTATUCTUIHUX NIApaMETPIB (CTATUCTHK).

Bapiamiiituuii psg — e BHOPSJAKOBaHA 3a 30UIbIICHHAM abo
3MCHILCHHSM IIOCIIJOBHICTh 3HAYEHB JOCJIJKYBAHOI 3MIHHOL.

CraTtucTUUHUI PO3HOJALT — 1I€ MATEMAaTUYHA MOJCHb Y BUIJISAIL
CIIIBBiTHOIIICHHS 3HAYCHL 3MIHHOI, IO XapaKTEPU3y€ BJIACTUBOCTI
BUOIpKM, [0 HacTOT iX mnosBu. To0To, croBucus Bapiantu Ta
KinbKiCTh BapiaHTIB yTOBOPIOIOTh CTATUCTUYHUMA PO3IOLIT — JUB.
tabmuisg 1. [IpakTM4HO BHUKOPUCTOBYIOTh TaKOX HAKOMUYEHi, abo
iHTerpaibHi YacToTh. KpiM TOTO, 9aCTO BUKOPUCTOBYIOTH HE YaCTOTY
BaplaHTIB, a JOJI0 B CyMI BCIX YacTOT, SIka pPiBHA BI1JIHOILICHHIO
JaCTOTH BapiaHTa J0 3araIbHOTO YHCIIa CTIOCTCPEIKEHbD:

o, =—=, (1.2)

1€ , — 4acCTICTh; y OLIBIIIOCTI BUIAJKIB TAKOXX HA3UBAIOTh YACTOTOIO;
m_, — KUIBKICTh BapiaHTy x ;
n — KUIBKICTB €JIEMEHTIB y BUOIpIIL.
BUKOPUCTOBYETHCS TaKOXK HAKOMHMYEHA (IHTETPajIbHA YaCTICTB).



Tabmuus 1 — O6pobka eMIipuIHUX JAHUX

Hani Bapianiiinuii | Bapiantu | Yactora | Hakonuiena
pAan JacToTa
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
5 3 4 4 5 9
6 2 4
7 4 4
8 4 4
9 5 4
10 1 5 5 1 10
Xig poborn

Hanucatu nporpamy (3a00pOHCHO BUKOPHUCTOBYBATHU I1aKCTU
tunry Mathcad, MathLab, Maple, 1 T. n. ), [0 TeHEpyE BUIIAJIKOBY
MIOCJI1JIOBHICTh JIaHUX 3 (N +10) CJICMCHTIB, 1K1 HA0yBalOTh 3HAYCHbG 13
Habopy (1, 2, 3,4, 5). Tyr N — HOMEp CTyIEHTa y )XypHaJll CTApOCTH.
Onepxatu Ta BUBECTM Ha €KpaH BUXIJHI JaHl, BaplalliiHUN psl,
CTaTUCTUYHUNA PO3MOJILI, iIHTEIpaIbHy YaCTOTY Ta YaCTICTb.

PexoMEH1I0BaHO MaKCUMaJbHO BHUKOPHUCTOBYBAaTU CTaHIAPTHI
010110TEKH Ta ANTOPUTMH.

3BIT NOBHHCH MICTHUTH CXCMY QJITOPUTMYy COpPTyBaHHA (11O
BIATIOBIJIA€ BUKOPUCTAHOMY  QJTOPUTMYy), KOJ Iporpamu 3
HEOOXIJHMMM KOMEHTapsMH, 300paXCHHSA pe3yibTary poOoTU
IIpOTrpaMu 3 €KpaHy, BUCHOBKHU.

KoHTpoJIbHi NUTaHAS.

1. IIlo Take CTAaTUCTUYHUMN PO3TOLLI?

2. o Take Bapiamiiauit psa?

3. Merogu 100yn0BM TeHepaTopiB 0a30BOi  BHITaJIKOBOI
BEJIMUUHHU.

4. 1o Take reHepagbHa CYKYITHICTh?

5. SIxi icHyIOTb METOAM BUOIPOK?

6. o Take 6a30Ba BUIIAIKOBA BEIAYMHA?

7. Metoau oaepxaHHs 6a30BOi BHITaIKOBOI BETMYMHHU.




JIABOPATOPHA POBOTA Ne 2
Tema: 06uncCnEeHHS CEpPEHIX BEIMIMH.
Texniune 3a0e3neuennn: IIEOM, cepenoBumie nmporpaMmyBaHHs

KopoTki Teopern4Hi BifoMocTi

CTaTUCTUYHI TIOKa3HUKH, $KI PO3KPHUBAIOTh BJIACTMBOCTI
BUOIPKH, MOKHA IIPEACTABUTH TAKUMU OCHOBHUMMU T'PYIIAMM:

— EMIIPUYHUMH PO3IOJALIIAMH, [0 XapaAKTEPU3YIOTh CTPYKTYPYy
JOCJIXKyBaHOI 00J1aCTi;

— BUOIPKOBUMU IOKa3HUKAMHU (MipaMH IIEHTPAJIbHOI TEHACHIIII
Ta MIHJIMBOCTL);

—  KOpCIAIIMHO-PEIPCCIMHUMM  TOKa3HUKaMH, fAKI  Jal0Th

MOXJIMBICTb BCTAHOBUTH IIPUXOBaHI B3a€MO3B’ 3K Ta
3aKOHOMIPHOCT1 SIBUII, CIIPOTHO3YBAaTU PO3BUTOK JOCIIIKYBaHUX
IIPOLICCIB.

MipamMu  1EeHTpaJIbHOI  TCHJCHIN  HA3WBAIOTh  YMUCCIIBHI
IIOKA3HWKW THUIIOBUX BJIACTUBOCTCH CMIIIPUYHMX JIaHUX. ICHYye
HCBEJIMKA KIJIBKICTh TAaKUX IMOKA3HUKIB-MIP 1 OCHOBHHUMH 3 HHX €
MoOjia, Mc/laHa, Cepe/iHE apupMeTUIHE.

Mopa Mo — 11ie 3HaueHHSs, K€ Hal4acTile TPaILISEThC cepej
eMIIipUYHUX AaHuX. Tak, Jisa paay 3HadeHs 2, 2, 3,3,3,3,4,4,4,5,5
MO/Ia JIOPIBHIOE 3.

IIpp  Bu3HAYEHHI  MOAM  JOTPUMYIOTBCS  HACTYIHHX
JOMOBJICHOCTEH (MarTepiaj, HaBCJACHWI HIDKYEC, HE € BHYEPITHHM,
IIPOIIOHYETHCS VIS BUKOHAHHSA POOOTH OOMCKUTHCH JIaHAMU
BaplaHTaMM):

— Mopda Moxe OyTH BIJICYTHS, HAIIPUKIIAJI, IS JaHuX 2, 2, 3,
3,4,4,5,5;

—  SIKIIO BaplaHTU CYMDKHI 1 MalOTh OJIHAKOBY 4acTOTy, MOJa
BU3HAYAETHCA SK CEPEAHE 3HAYEHHSA CYCIJIHIX BapiaHT; HAIPUKIIA],
s pany 2,2, 3,4.4,4,5,5, 5 mona piBua 4.5;

—  SIKIIO BaplaHTH HECYMDKHi, MOXE 1CHYBaTH JICKLJIbKa MO/I.
Tak, mn mamux 2, 2, 3, 3, 3, 4, 5, 5, 5 xapaktepHa 61MOJaILHICTB,
T00TO 11B1 MO Mo1=3, M02=5.




Meniana Md — ne 3HaueHHA, AK€ NPOXOJUTH HEpPE3 CEPEIUHY
YIOPAAKOBAHOI ITOCIIJOBHOCTI €MIIIPUYHUX AaHuX. Jni HemapHOi
KUIBKOCTI JaHMX MeEAlaHa BHU3HAYAETHCA CEPEIHIM EJIECMEHTOM.
Hanpuknan, ais 11-ta 31adens 4, 4, 4, 5, 5,5, 5, 5, 6 , 6, 7 meniana
Md=5. Skmio KijgbKICTh 3HAUEHb JAHUX € MApHOI0, TO MEJIaHOI0 €

X, + X,

—+1

CepelHE 3HAYCHHS ICHTPAJIBHUX CYCIJHIX CIEMCHTIB Md :%.

Hanpuknan, mis 12 3nauens 3, 3, 3,4, 4, 5,6, 6, 6, 6,7, 7, mcaiana
Md=(5+6)/2=5.5.
Cepenne apuMeTUIHE CYKYIIHOCTI N 3HA4Y€Hb JOPIBHIOE

gt Xate Xy (2.1)
n

CepengHiM rapMOHIYHMM HHCC)I Ha3WBalOTh YMCIIO, OOCpHCHC
cepeaHbOMY apU(PMETUIHOMY 1X 00€pHEHUX, TOOTO

A (x,...x,) = I ln T 2.2)

X Xy b

n

CepenHimM KBaJpaTUYHKMM JBOX YMCEJ] HA3UBAIOTH YKCIIO, PiBHE
KBaJpaTHOMY KOPCHIO 3 CEPEHLOTO apU(PMETUIHOIO KBaJpaTiB JBOX
HUCCII

2 2
+o
§= T (2.3)

n
CepeHiM TCOMCTPUYHUM JIONATHHUX YHCCST HA3WBAIOTh TaKe
YUCJI0, SKUM MOXKH2 3aMIHUTH KOXHE 3 [HMX YHCENT Tak, Mmob ix
J00yTOK HE 3MiHUBCS
(2.4)
Cepente TreoMETpHUYHE JBOX HYHUCET ./a, -a, HA3UBAIOTh iX
CEpEIHIM IIPOIOPIIHHIIM.

G=2%x-%Xy...0X,, -

Xix pobotn

Hanmcatn mnporpamy (3a00pOHEHO BHKOPHCTOBYBATH ITaKETH
tunty Mathcad, MathlLab, Maple, i T. 1. ), [0 reHepye BHUIAIKOBY
IIOCJIIIOBHICTD JIaHUX 3 (N +10) €IeMeHTIB, AK1 Ha0yBalOTh 3HAYEHb 13
Habopy ( 1, 2, 3, ..., (N+1)). Tyr N — HOMEp CTYy[ACHTA Y XypHAII
crapocTd. Po3mogin piBHOMIpHMIA.

BuBecTr mo4aTKOBY Ta BIIOPSAIKOBAHY MTOCITiJOBHICTD.

10



OOuncnuTy MOy, MelliaHy, cepeaHe apuMeTUIHE CYKYITHOCTI.
OOuncneHHs KOXKHOI 3 ITUX BEIUHUH Ma€ OyTH pearizoBaHe y BUIJIAAL
okpeMoro 6;10Kky nporpamu (QyHKUii/poueaypu/Kiiacy/METORy Kjiacy
3aJIKHO B1JI BHKOPHUCTOBYBAaHOTO CEpPENOBUINA [UII BUKOHAHHSA
pooiT).

Hammcatn nporpamy, ska nepeBipse po3poOicHUi panime
CJIEMEHT JJIsi 00umciicHHS Moau. Jlis uporo cpopMmyBaTH TaOIHUIIO
OPUKIJIaAIB, K1 BijI0Opa)aloTh Pi3HI BapiaHTA BU3HAUEHHS MOIU Ta
pe3yJIbTaTH IIPU LbOMY. 3A1ACHUTH TIEpEBIpKY. IIpoTokosn  epeBipku
B 3po3yMinii ¢opmi Mae BiioOpaxkartucs Ha ekpadi (1 B 3BiTi1). [o
3BITY BHCCTHM fAK PE3YJIbTaT IICPHIOTI TCPCBIPKU (3 MOXKIMBUMU
HassBHUMU [IOMUWJIKAMH ), TaK 1 BUIIPABJICHUI BapiaHT.

3poOUTH BUCHOBKH.

KoHTpobLHI NuTAHHA
1 Mopa.
2 Meaiana.
3 lloHATTSA PO CEPETHE CTCTICHERBE.
4 CepenHe rapMOHIYHE.
5 Cepenne apudMeTUIHE.
6 CepeniHe KBaJIpaTAYHC.
7 CepenHe reOMETpUIHE.
8 1110 Take KOHTPOJIb IKOCTI?
9 BU3HAYUTH IOHATTS CMITIPUYHMUIA.
10 MeTtoau MOACIIOBAHHS JUCKPETHUX BUITAIKOBUX BEIUYMH.
11 o Take Unit-tests?

11



JIABOPATOPHA POBOTA Ne 3
Tema: 0CHOBU CTaTUCTHYHOI 0OPOOKU HENEPEPBHUX JAHUX.
Texniune 3a0e3neuenns: IIEOM, cepegoBuiie mporpaMyBaHHsS

KopoTki Teopernyni BifoMocTi

Ilin yac MojeNOBaHHS HEIIEPEPBHUX BUIIAJIKOBUX BEIWYMH 13
3aJIaHUM 3aKOHOM PO3IOJLTy MOKHa BUKOPUCTOBYBATU TPY METOM:

—  METOJ HEJIIHIAHMUX IIEPETBOPCHE;

—  MCTOJ KOMIIO3HIII;

—  Tabmuuaui Merod (MeToj “3BEpHEHHSA”).

Ilepmi naBa METOAM HE PO3IJISJATUMEMO, OCKUIBKM BOHU
MIOTPCOYIOTh JIOCTAaTHBO CEPII03HOT MATCMATUYHOT IT1ITOTOBKU. TpeTiit
METOJ] 3aCHOBAaHMM Ha 3aMiHI 3aKOHY pO3MOJALLY HEIEPEPBHOI
BUIIAKOBO1 BEJIMUUHU CIEl1aIbHUM PO3pPaxXyHKOBUM
CHIBBIJHOIUCHHSAM, fKE€ JIa€ 3MOry OOYMCIIOBaTH 3HAYCHHS
BUIQJKOBOI BEJIMYMHM 32 3HAYCHHAM BUIIQJKOBOTO  HYHCIIA,
pPIBHOMIpDHO  po3mnoguIcHOro Ha iHTepBam  (0,1). HaBememo
CIIIBBLIHOLICHHSA [IJI1 IIOKA3HUKOBOTO Ta HOPMAJBHOTO 3aKOHIB

PO3MOILTY.
IToxa3HMKOBHH (€KCIIOTCHIIIHMNA ) PO3IOILI
x:_%m(z), (3.1)

ac 4>0 — IapamMeTp NOKa3HUKOBOI'O PO3IIOALTY,
z — PIBHOMIPHO PO3IIOJILUICHE BUNAJIKOBE YUCIIO.
Po3paxyHKkoBEe CHiBBIJHONIICHHS JUIS BUIIQJKOBOTO YHCIA
HOPMAJIGHOT'O PO3IOALTY :
12
x=m+s{22i—6}, (3.2)
i=1
IC m,s — MapaMCTPU HOPMAJIBHOTO 3aKOHY PO3NOALTy (MaTreMaTUIHC
O4YIKYBaHHS 1 CEPEIHBOKBAJIPATUYHE BIIXWICHHS); z, — PIBHOMIPHO

PO3IIOAICHE BAMIAIKOBE THCIIO.

Omxe, 3Ha4EHHS, SK1 IPUIIMaE JTOCTiIXyBaHa O3HAKa, MOXYTh
BIIp13HATHCH HA K 3aBrOJHO Majly BEJIMYKMHY. B TakoMy BUNIAAKY JJIs
aHaJi3y 3HAYCHHA 03HAKU TPYIYIOTh 10 1HTEpBaJIax.

Tabmuirro, MO A03BOJISAE CYAWTH IIPO PO3MOALI YaCTOT MiX
iHTepBaJlaMH BapilOBaHHS 3HAYCHb O3HAKH, HA3WBAIOTh 1HTEBAIHHUM
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JIABOPATOPHA POBOTA Ne 4

Tema: oOuncneHHs aucnepcii, CEpPeAHLOTO KBAAPATUIHOIO
BIIXWJICHHS, KOS(IL1€HTIB aCUMETPIi Ta eKCLeCy

Texniune 3a0e3neyenns: IIEOM, cepegoBuine nporpaMmyBaHHs

KopoTki TeoperruHi BifoMocTi

JIJ1s OLIHIOBAHHS PO3Mipy Bapiallii BAKOPUCTOBYEThCS CUCTEMA
aOCOJIIOTHMX IOKAa3HUKIB, K1 PO3VIALAIOTBCS SK a0CONIIOTHA Mipa
Bapiari.

Po3max Bapiamii (R) XapakTepudye MaKCUMAJIbHY aMILTITYIy
KOJIMBaHb 3HAUYCHb O3HAKU B CYKYITHOCTI:

R:Xmax_Xmin: (41)
ae:  Xiax>Xmin— BUINOBIIHO HaNOLIBIIE Ta HANMCHIIC 3HAYCHHS
O3HAKH.

B  iHTCpBaIBHMX pAJaxX  PpO3NOJAULY po3Max  Bapiallii
BU3HAYAETHCA SK PI3HULS MDK BEPXHBOIO MEXEIH OCTAHHBOTO Ta
HUKHBOIO MCKCIO TICPIIIOro iHTECPBAITY.

Cepenne Jminiiine BigxwicHaus (/), 0 XapakTepusye Cepeaii
po3Mip BUIXWIEHb 3HA4Y€Hb O3HAKM BIJ CEpPEeOHbOro piBHA. Jlg
pPO3paxyHKy 32 iHIWBiAyaJbHUMH JAaHUMHU BUKOPUCTOBYIOTH CEPEIIHE
JIHIAHC BUIXWICHHS IIPOCTE:

- Ylx-x|

== (4.2)

n
e X — iHguMBiflyanbHI 3HAUEHHS O3HAKM; X — CEPEJHE 3HAYCHHS
03HAKH; n — KUJIBKICTh OJIMHUIIL y CYKYITHOCTI.

Jucnepcis (o®) — me cepeqHiii KBagpaT BiJXWICHL 3HAYECHB
O3HaKM BiJ ii cepeaHboro piBHA. Jlnmg po3paxyHKy 3a
1HIVBIIyaTbHUMH JaHUMH BUKOPUCTOBYIOTH JUCIIEPCIIO IIPOCTY:

2
g2 o 2X-X) (4.3)
n

CepenHe KBaJIpaTUYHE BIAXWICHHA (0) — IOKa3ye CEpeaHid

pPO3MIp BiIXUIIEHb 3HAYCHBb 03HAKH BiJl CEPEIHBOIO PiBHI.
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Xig pobotu
3agaTtuce BuOipKoIO 13 SN el1eMeHTIB (HOpMAJILHOIO PO3IOALTY)

B Jiana3oHi Bijg 0 10 N BKIIOYHO 3 JOBUIEHUMH apaMeTpamHu.
OOuuciMTH JUCHEPCIo, CEpPe/IHhE KBAJpaTUYHE BIJIXMIICHHS,
KOCQILIEHTH aCUMCTPIi Ta CKCILICCY Ha OCHOBI 3MOIC/IbOBAHUX JIAHUX.

KoHTpoJbHi NIMTaAHHA.

1 Po3max Bapiarmii

2 CrannapTHe JIiHIAHE BIAXWICHHS.

3. Cepenne xBajipatuaHe BiaxuwicHHA. Jlucnepcid. 3MimeHi 1
HE3MIILIECH] OL[1HKHU.

4 11oHATTS PO MOMCHTH.

5 Acumertpis Ta eKcIiec.

6. IIoHATTS JKUTTEBOTrO LIUKJTy IIPOTPAMHOTO 3a0€3I1€UCHHSI.
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JIABOPATOPHA POBOTA Ne §

Tema: OCHOBM IpOrpaMyBaHHS IIEPEBIPKU CTATUCTUUHHUX
riroTes.

Texuniune 3a0e3neyenns: IIEOM, cepengoBuine nporpaMmyBaHHs

KopoTki TeopeTnuHi BifoMocTi

CTaTUCTUYHOO TIIIOTE30I0 HA3UBAETHCS OyAb-fAKE MPHUITYIICHHS
IIOJI0 BJIACTUBOCTEM TI'EHEPAJIBHOI CYKYIIHOCTI Ha OCHOBI OIL[IHOK
BUOIpKM, NPUNYNICHHS WI0J0 BuAy abo mapaMeTpiB HEBIJOMOIO
3aKOoHY po3noaury. CTaTudHy rinoTe3y IpuiHATO mo3HavyaTu H.

P03pi3HAI0TE TIPOCTI 1 CKIIAAH1 CTATUCTUYHI TIIOTE3H.

IIpocTa rimnore3a — MOBHICTIO BU3HAYAE TCOPCTUUHY (QYHKIIIIO
pPO3IIOJUIY BHUIAAKOBOI BEJIMYMHUA. 11 100 HE BHU3HAYAOTh —
Ha3UBaIOThCA CKJIATHUMU. CTaTUCTUYHI T1IOTE3U MiIPO3IUIAIOTHCH Ha
HYJIbOBI Ta JIbTCPHATHUBHI.

HynwoBa rinore3a - mo3Hadaetbess Hy — e rimore3a 1mpo
BIICYTHICTb BiJIMIHHOCTEM Y 3HAUCHHAX O3HAK.

AJbTCpHATMBHA TiNoOTe3a — Io3Ha4daeTbess H; — 1e rimore3a €
JIOTTYHUM 3arncpcucHHsAIM Hg, ToOTO — 1e rimore3a mIpo iCHyBaHHS
B1JIMIHHOCTEM.

CraTtucTryHi TiI0TE3U MOXKYTh OYyTH TaKOX:

- CIIpSIMOBaHMMH — BUCYBAIOTh IIPO TC, 1110 3HAUCHHS ITOKa3HUKA
B OJHIM CYKYIIHOCT1 HMKYE HIX 3HAUYCHHS [TOKa3HMKA B 1HIIN. Takoxk
Ha3MBaIOTh OJJHOOIIHUMM.

- HECIIPSIMOBAaHUMH — (DOPMYIIIOIOTH SKIIO HEOOX1IHO JOBCCTH
BIAMIHHOCTI ()OpMHU PO3IOJAUTY ab0 3HAYECHH NMOKA3HUKIB BIJIXUJICHb.
Takox Ha3MBaIOTH JBOOIIHUMU.

IlepeBipka rimoTe3 3AIACHIOETHCS HA OCHOBI CTATHCTHIHHX
KPUTEPIiB.

CraTuCTHIHUN KpUTEpid — 1[e mpaBwio, o 3abe3medye
MaTEMAaTHYHO OOIPYHTOBAaHE MPUAHATTA ICTUHHOI 1 BiIXWJICHHS
MIOMUIIKOBOI TintoTe3n. CTaTUCTUYHI KPUTEPIT — MPAKTAYHO SIBJISIOTH
co00I0 METO]I pPO3paxyHKy II€BHOI'0 HYHMCJIA, SKE€ IMO3HAYAECTHCHA $K
EMIIIpUYHE 3HAYEHHS KpUTepito. JlaHe 3HA4YEHHS IOPIBHIOETHCS 3
JEKUM  KPUTUYHUM  3HAYEHHAM U1 JAHOTO  KPUTEPIIO.
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ChiBifiHOIIEHHA MiXXK HUMH € MiACTaBOI0 Ui MIATBEPIKCHHA HYH
CIIPOCTYBAHHS TIIIOTE3H.

Kpwurepii noauiaroTsCs Ha:

- MapaMETPUYHI — BUKOPUCTOBYIOTHCS B 3aBJAHHSAX IEPEBIPKHU
NapaMeTPUIHUX TIIOTE3 1 BKJIIOYAIOTh B CBIM PO3paxXyHOK KOHKPETHI
NOKa3HUKU  po3nojaury. Jlo3BOJsIIOTE  O€3mOCCPCAHBO  OLIHUTH
MapaMeTPH CYKYITHOCTCH uu BUOIpOK. OLIHUTH cEpeIHi BIAMIHHOCTI B
aucnepcisx. Taki kputepii J1al0Th MOXIIMBICTh BHUSBUTH TCHICHIIIT
3MIHU O3HAK, OL[IHUTH BIUTMBH ()aKTOPIB HAa O3HAKY.

- HCIAPaMCTPUYHI — OIICPYIOTh YaCTOTAMM, paHTaMU TOIIIO.

3acTOCYBaHHS TaKUX KPUTCPIIiB JUIS OPUHUHATTSA a00 BiJIXUJICHHS
CTaTUCTUYHUX TIIOTE3 3aBXKJMU 3AINCHIOCTHCA 3 IICBHOIO JIOBIPYOIO
AMOBIPHICTIO, 1HAKIIIC KaXXy4H Ha TICBHOMY PIBHI 3HAYYIIOCTI.

PiBcHB 3HAYYNMIOCTI — I1¢ UMOBIPHICTh TOTO, III0 MU B PC3YJIbTATI
3aCTOCYBaHHS KPUTCPIiB BHU3HAJIM BIAMIHHOCTI ICTOTHUMH, a
HacIpaBJli BOHM BHUIIQJKOBI. PiBEHb CTAaTUCTUYHOI 3HAYYIIOCTI Y
OubIIOCTI BUMAAKIB IpuitHATHA 32 5%. IcHye 3HauHAa KUIBKICTB
pI3HUX TUIIB CTAaTUCTHYHUX rinore3. [li TunmM BHU3HAYAIOTHCA
CYKYIIHICTIO 3aBJaHb T4 METO/IIB iX PO3B’SI3aHHS.

OCHOBHI TIpylM CTaTUCTUYHUX TINOTE3 3a MPUKIATHAMHU
3ajlauaMu, SKMX BOHU CTOCYIOThCS:

- TIIIOTE3U CTOCOBHO 3aKOHY PO3NOJLIY;

- TINOTE3X CTOCOBHO YHCCIBHMX TIOKa3HUKIB IapaMcTpiB
PO3IOLIIB;

- TII0TE3U CTOCOBHO OJHOPIIHOCTI BUOIPOK;

- TIIIOTE3W CTOCOBHO PIBHSA O3HAK JOCIIXYBAaHOTO sBHUIlA ab0
Ipo1eCy.

Hes3Bakaroun Ha pPI3HOMAHITHICTh THWIIIB TIINOTE3 1 KPUTEPIiB
3arajibHa CX€Ma IIEPEBIPKUA CTATUCTUIHHX TiIIOTE3 TaKa:

1) dopmynroBaHHS HYJIBOBOI Ta ajJbTCPHATUBHOI TINOTE3W Ha
OCHOBI 331241 JTOCJIIJPKCHHS,

2) mepeBipKa NPUIYIIEHb IIOJI0 BiJMOBIIHOCTI PO3MNOJIIIAM,
IepeBipka napamMeTpiB BUOIpKH, Ta 1HINOI JIOJATKOBOI iH(popMaIIii.

3) NpUIHATTS PIBHS 3HAYYIOCTI;

4) BUOIp CTAaTUCTUIHOTO KPUTEPIIO;

5) po3paxyHKHU EMITIPUIHOTO KPUTEPIIO;

6) BU3Ha4YCHHS 00J1aCTI KPUTUYHUX 3HAYEHb KPUTEPIIO;

7) OPpUAHATTSA CTATUCTUIHOTO PIIICHH;
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8) hopMymIOBaHHS CTATUCTUIHUX BUCHOBKIB;

9) popmymroBaHHSA 3MICTOBHUX BUCHOBKIB.

B cratuctuui 1CHYIOTB 2 migxogu CTOCOBHO METO/IIB nepeBlpKH
rinore3. 3a oAHMM 13 HUX 000B’sA3k0BO (Qopmymorwts 1 0, 1
aJbTEPAaTUBHY TIIIOTE3Y, NEPEBIPKU SIKUX B1AOYBAIOTHCS HE3AJIEKHO 1
NOBHOLIHHO. 1Ipy iHIomy migxoni GoOpMyIIrOBaHHS aJIbTEPHATUBHUX
rinoTe3 He BiI0yBaeThCs B3ara.

3agadi Mo BUPIIIYIOTHCS:

- IIEPEBIPKA TINOTE3 010 OJHOPIIHOCTI BUOIPOK

- IEPEBIPKA TIIIOTE3 PO YUCEIIbHI 3HAYCHHS [T1ApaMETPIB

- TIIIOTE3H PO BUABJICHHS BIJIMIHHOCTCH Ta 3CYBIB B 03HAKaxX

- IEPEBIPKA 3HAUYIIOCT1 KOE(IIIEHTIB KOPEIALl

Kpurepiit acumeTpii Ta eKclecy 3aCTOCOBYIOTh IS IIPUOIU3HOT
MICPCBIPKH TIIIOTE3U PO HOPMAJIBHICTh CMITIPUYHOIO PO3MOALTY. g
HOPMAJILHOTO PO3IOJIUTY KOCHIIIIEHTA aCUMETPIi Ta cKkciiecy piBHi 0.
IIpakTiuHO 100 OAEpXaTH OLIHKY 3a JaHUM  METOJIOM
00YHMCITIOIOTECS TaK 3BaH1 gucIepcii a(CKMe)Tpi'l' Ta EKCIIECY:

6(n—2
D(4)= m (5.1)
24n(n — 2)(n -3)
D(E)= .
(n+1)n+3)n+5)

BBaxawTh, 10 IpPW HOPMAIBHOMY pO3MOALII BHOIPKOBI
IIOKa3HUKM AaCUMETPil Ta €KCILeCy JOpPIBHIOBATUMYTh HYJIIIO, aji€
pealbHO TakKe MalKE€ HE CIIOCTEPIraeTbCsi. [OMY EMIIIPUYHUN
pO3MOALI BBaXKalTh OJM3BKUM JO HOPMAJIBHOrO (IIPUHAMAIOThH

D\A) Ta

(5.2)

HyJILOBY TiNIOTE3Y), SKIIO BHKOHYIOTHCS YMOBH: |A,|<

E, \SSN/DiEi. TexHOoJIOrIYHO OPU [BOMY PO3PAXOBYIOTh MOKAa3HUKU
E.
Ly = m 1= m IIpo 1ocTOBipHY BIIMIHHICTH CMITIPUYHOTO

pPO3MNOLTYy BiJi HOPMAQJIBHOIO CBiJ4aTh ITOKA3HUKUA I, 1 f;, SKIIO
IPUHAMAIOTh 3HA4YCHHS 3 1 OUTBIIIE.

Xig pobotn
3agatuck BHOIpKOIO 3 (2A+5) eneMeHTIB i3 HOKa3HUKOBHM
(excrioTeHuitHMM) posnoautoM. 3aaatuck Bubipkor 3 100*(2A+5)
€JIEMEHTIB 13 HOPMaIlbHUM po3mnoguioM (A — HOMEp y XypHAami
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crapoctn). Hamucatu nporpamy, ska  (GOpMye  MOPOTOKOJ
CTATUCTUYHOIO JOCIIPKEHHSA JUIA JOBUIBHMX JAaHUX Ha OCHOBI
KPUTEpII0 acuUMeETpii Te eKcuecy, pe3ylbTaTH MPEACTaBUTUA I
olepxaHUX BHUOIpOK. [lmsf oJepKaHHSA HOPMAIBHOIO PO3NOJALTY
PEKOMEHTYEThCS BUKOPUCTATH CIICITIAJIbHI alIrOpUTMH (010J110TEKH).

KoHTpoJibHI NuTAHHA

1 IIo Take cTaTUCTHYHA T1IOTE3a?

2 o Take CTaTUCTUIHUN KPUTEPIii?

3 SIki € CTaTUCTUYHI KPpUTEP1l KpUTEPIi?

4 Mertoau reHepaltiii BUOipoK 3 HOpMaJIbHUM PO3II0/I1JIOM

5 Kputepiit acumeTpii Ta eKCIecy.

6 Sxi BM 3HAETC MIAXOAW JO OpraHizamli IMPOMUCIOBOTO
pO3p00JICHHS porpamMHOro 3ade3mncucHHs ?

7 Ha3o0BiTb OCHOBHI TIOJIOKCHHS CKCTPCMAJIBHOTO
IpOrpamMyBaHHS.

8 Y yoMy nosisira€ KOHIICIIIISA TapHOT0 MpOrpaMyBaHHA?
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JIABOPATOPHA POBOTA Ne 6
Tema: nporpamua peamnizauis Kputepiro y3romkeHocti [lipcona
Texniune 3a0e3neuenns: IIEOM, cepegoBuiie mporpaMyBaHHsS

KopoTki TeopeTnyHi BigoMoOCTi.

Kputepii y3romxkenocti IlipcoHa ciayrye s mepeBIpKU
rioTe3u Opo Te, Mo AiicHUM po3noaut BB 1 rimoreTnunuit po3noaiia
€ 0JIHAKOBUMHU.

Hexaii y pe3ynpTaTi » HE3aJEKHUX CIOCTEPEKCHb 32
BUIIAJKOBOIO 3MIHHOIO y Ma€ (PYHKIIO po3noAilly F(x), IO TaKOX
BIJNIOBIJIA€ TICBHOMY TIIIOTCTUYHOMY po3noaury. Ha ocHoBi 111€i
BUOIPKM MM XOUYCMO ICPCBIPUTH MPaBAONOAIOHICTh TINOTE3U I, :
00MIB1 BUIIAJIKOB1 BEJIMUMHU HAJIEKATh JI0 OJIHOTO 3aKOHY PO3II0JILTY.

DyHKI1Iig PO3NOALTY BUIIAJKOBOI 3MIHHOL y IOBHICTIO OIMCYE ii,
30KpeMa 1 IIpOCTip 1i MOXIMBUX 3HaueHb. JlaHWM 1pocTip P
p0310’eMO JIOBUIBHO Ha r+1 (r=1,2,...) YaCTUHY S,,S,,...S,, TaK, IIO0
S;-8;=0(i # )

Hexaii y pa3i Takoro po30UTTS B KOMIPKY S, IIONAJIA€ m,

r+l

((=1...,r+1) eneMeHTiB BHUOIpKH x, A€ > m =n. ODKe, BiAHOCHA

i=1

m. .
L. 3r1aHO0 3
n

JaCTOTa TPAIUITHHA BUOIPKOBHX 3HAYCHBL Y KOMIPKY, S, =

TIIIOTCTAYHOK (PYHKIIED PO3MNOAUTY F(x) IMOBIPHICTh MOMNaJaHHS
3Ha4YCHh BHWIIQJIKOBOI 3MIHHOI y B II0 caMy KOMIpKYy P(yeS,)=p,

r+1

(i=L...,r+1), 1€ D p, =1.

i=1
Sxmo o6uaBi BHOIpKM BUIAIKOBOI BEIUYMHHM JIIHCHO HAJICKATH
70 OJHOTrO 3aKOHY PO3IMOALTY 1 KEPYIOThCS (DYHKITIEIO PO3NOALTY F(x),
TO 3a BCJIMKOTO n MaiXe HANCBHO (PO IC ICHYIOTh TCOPCMH,

noxasani $1. bepmymn Tta E. Bopems) X sk 3aBrogHO Maio
n

BIAPI3HAETBCS B p,. [OMy 3a Mipy Y3TOIXEHOCTI BHUCYHYTOI
riloTe3W TPUPOJIHO BUOUPATH BEIIUIUHY

ZZ(r,n,F)::j;c,.("’f _p,.jz , 6.1)

n
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ae C, — IedKi A0JaTHI KOHCTaHTH.
K. Ilipcon mokaszas, W0 mpu C,=-- BHOGIPKOBHH pPO3IOIiNI
p;
BEJIMYUHU

7+l

2 F) - ;7(’”1- e f (6.2)

IPpA n—>c MPIMYE JO PO3NOJAUTY, SKMHA HE 3aJICKUTh BiJl BUIY
TIIOTETUYHOL PYHKIIT PO3MOALTY F(x) TCHEPAJIBHOL CYKYITHOCTI.

OTxe, aIropuT™M KpUTEPII0 x> TICPEBIPKKA NPUHAJICHKHOCTI
BUOIpKkM x 3 TrinoTe3ow H, upo GyHKO0 po3noaury F(x) 1
MPUHAICKHOCTI JBOX IOCIIJOBHOCTCH JI0 OJHOTO 3aKOHY PO3IOJLTY,
TaKWM.

Bubupaemo piBeHb 3HA4ymocTi o. DikcyemMo po30OUTTS S,
TIIOTETAYHOIO0 TIPOCTOPY MOXJIMBUX 3HAUYCHb 3MIHHOI y Ha r+l
4acTHHY. BU3Ha4aeMo KIIBKOCTI m, IIONaJaHb €JICMCHTIB Li€l BUOIPKH
B KOXHY KOMIpKY S, po30uTTs. SIKIIO ACAKi m, <5 , TO BIANOBIgHI
KOMipKHM 00’€IHIOIOTBCS 3 CYCiIHIMH Tak, 00 m,>5. Ilpu mpomy
3MIHIOETHCS BIJINIOBITHE YUCIIO CTYIICHIB CBOOOIH 7 .

OO6uunciroemo emmipuydHe 3HadeHHA y2 cratuctuku K. Ilipcona.
3a BuOpaHOro PiBHA 3HAYYIIOCTI o Ta YUCIA CTYIICHIB CBOOOIH r
3HaX0IUMO 3 Tabimil “KBaHTWIII CTAaTUCTUKU ~ KPUTUUHC 3HAUCHHS
x., CTaTHCTMKM y>. llpm HammcaHHI mHporpaM BHUKOPUCTOBYIOTh
anpokcHUMarii  JgaHoi  TabauIl, — HampuKiIag  alpOKCHMAIlis
I'omgmrerna, Gopmynn sgxoi HaBeaeHO HibK4e. SIkmo x> x2,, TO
rirnoTe3y M, BIIKAAAEMO, a SKIIO x2, < x., TO KaXEMO, IO JaHi
BHOIpKYM 32 pIBHA 3HAYYIIOCTI o HE CyIEpedaTh BUCYHYTIH TiMOTE3i
H,, TOOTO HaJIEXKAaTh JI0 OJJHOTO 3aKOHY PO3MOILTY.

Anpoxcumariig I'onaurreitna nojsrae B TakOMy ajiICOPUTMI:

i

3
Xen = n{inZ -d’ -(a,. +b—’+c—’2)] , (6.3)
n

i=0 n

0.4274
J€ d =2.0637- [lnL - 0.16) -1.5774 TIPA 0.5<a <0.999,

l-o

1 0.4274
d =-2.0637- [ln— - 0.16) +1.5774 TIpA 0.001<a <0.5.

(24
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if (n == 1) return ( 1-th/(Math.P1/2) );
var sth = Math.sin(th), cth = Math.cos(th);
if (n%2) == 1) return ( 1-(th+sth*cth*StatCom(cth*cth,2,n-3,-1))/(Math.P1/2) );

else return ( 1-sth*StatCom(cth*cth,1,n-3,-1) );
¥
function AStudentT(n,alpha) // noseprae t-kpurepiit CTrojIcHTa 10 YUCITY CTEIICHEH
{ //BiTBHOCTI Ta PIBHI 3HAYYIIOCTI

varv=0.5,dv=0.5,t=0;
while (dv > le-6)
{t=1/v-1;dv /=2
if (StudentT(t,n) > alpha) v -= dv;
clse v += dv;

return t;

}

KoHTpoJibHI NuTAHHSA
. [Ilo Take cratucTHuHA rimore3a’?
. SIxi OyBarOTh CTATUCTUYHI TIIIOTE€3U? AJITOPUTM MIATBEPKCHHS
a00 3amepeyeHHs CTATUCTUIHOI TIIOTE3H.
3. Illo Take piBHOMIpHHH po3nogin? Sk #oro onucywTs? Meroau
OJICp>KaHHS PIBHOMIPHOIO po3noaury (y IporpamMyBaHHi).
4. Illo Take HopMasibHMM po3noaiin? Ak itoro onucyrTs? MeToau
OJICP>KaHHSA HOPMAJIBHOTO PO3IOJLTy (Y IporpaMyBaHH1).

N —

27



JIABOPATOPHA POBOTA Ne 8

Tema: nporpamna peanmisanisa NepeBipKy Ha IpyOl IOMIUIKU 32
kputepiem CMipHOBA.

Texuniune 3a0e3neqyenns: IIEOM, cepengoBuie nporpaMmyBaHHs

Koporki TeopeTu4Hi Bizomocri.

Bynb-siki 1aH1l MOXYTh MICTUTH OJHC a00 KiJIbKa 3HAYCHB, 1110
3aMITHO BiAPI3HAIOTECA BiJl pemITd. METOI0 aHali3y € BCTAHOBJICHHS
TOrO aKTy, UM € OKpEM1 3HAUCHHS BUOIpKK rpyoumu nommwikamu. Ha
oMYy 0a3ylOTbCS MCTOJIM OLIIHIOBAHHS HYCCHOCTI HPOBCACHHS
BUOOpIB. Y OKpEMHX BHJAX CIOPTY 3aBiJOMO BIJIKHUJIAIOTHCA
HaWKpallll Ta HalTipiIi pe3yJibTaTy (OLIHKH).

JI1s 3a/1a4l BUKJIFOUEHHS IPyOUX ITOMUJIOK ICHYE PsJi KPUTEPIIB.
Iloripy BUKOPUCTAHHS CTATUCTHYHUX KPHUTCPIiB, Oyab-fka 1ojii0Ha
OllIHKa  3ajuIuaeTbcs  JOBoJl  cyb’exkTuBHOW0.  IIpakTUdHO
PEKOMEHJIYEThCS BHUKOPHUCTOBYBATH KUIbKAa KPUTEPIiB y KOXHOMY
KOHKPCTHOMY BUIIQJIKY.

s HOpMaJIbHO PO3IOJUICHOI BUIIAJKOBOI BCIMYMHHM YacTO
BUKOPUCTOBYIOTh kpuTepit H. B. CmipHoBa.

Sxmo reHepadpbHA JHUCICPCiA JIOCTaTHBO TOYHO BijJoMa 3a
MIOTOYHUMH BUMIPIOBAHHIMU, BUKOPUCTOBYIOTb CTaTUCTHUKY ¢,. JLis
IbOr0 OyIYyIOTh BapiamiiHuN psAJ Pe3yJbTaTiB JIOCIKECHB, 1 SKIIIO,
OJIHC 3 KpaiHIX 3HAYCHb CYMHIBHEC, OOYHCIIIOIOTH KPUTCPIHA Jis
CYMHIBHUX 3HA4YEHb 32 (PopMyJiamu:

Jx; — |

o3p ~ .
posp o

t

Ilpw t,,,, >, PE3yIbTaT BBAXKAIOTh IPYOOI0 IIOMUJIKOIO 1 BIIKHAJAIOT.

3HaueHHA ¢, JJI BHOIPKHA 3 #>25 3 JIOCTATHBOIO TOYHICTIO
obuncnroeThe 3a hopMylIamMH, HaBeACHUMH B Tabuim 8.1

Tabmuuss 8.1 — AnpokcuMmaiiisi KPUTHYHOTO 3HAYCHHS 32
kputepiem CMipHOBA
o ty Ipy n>25
0,1 0,3053in(n) + 1,6513
0,05 0,2849in(n) + 1,9517
0,01 0,2648In(n) + 2,4839
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Xig pobotu

3agaTuce BHUOIPKOO 3 (N +30) €JIEMEHTIB 3 HOPMaJIbHUM
pPO3NOJLIOM Ta JOBUIBHUMHU Iapamerpamu. IIpoBecTu AOCTIAKEHHS.
3aminuTH 'y BUOiIpIi HaliMeHmie abo Haiblblle 3HAYEHHS Ha
3HAUYCHHS, SKE '

BUII/Ia€ 3 Jllana3oHy 3reHEPOBaHO] BUOIPKU HE OLIBIIE HIXK
Ha 0,3 CKB;

BUIIAJIA€ 3 Jl1alla30HY 3r€HEPOBaHOI BUOIPKM HE OUIbIIIE HIXK
Ha 1 CKB;

CYTTEBO BUIIAJIA€ 3 J[1al1a30HYy 3T€HPOBAHOI BUOPKHU.

IIpoBecT NOCIIHKEHHS.

Po3paxyHKku  TpoBECTH 3a  JIOIIOMOIOI0  PO3POOJICHOTO
IIPOrPaMHOT0 3a0€3IICUCHHS.

JL1s1 BUpITIEHHS [T0CTaBJICHOTO 3aBIaHHS PO3POOUTH:

nporpaMy, fKa TI€HEpye TEKCTOBUM (Qaill 3 JaHWMH
BIIMIOBIAHO JI0 BapiaHTy;

nporpamy JuUia aHaiidy gaHux. Pobora 3 daitiom moBuHHA
OyTu BUHECEHa B okpemuil kiac. llepegbaumT KOpEKTHY
00poOKy TIOMMJIOK BBOJY/BUBOAY IJisi poboTu 3 Qaityiom
JAHHUX.

[IponemMoOHCTYBaTH BUBIJ IIPOTPaMH 3 SBHO ITOMIUIKOBUM BOJIOM,
BHBIJ] IPOrpamMu 3a BiZICYTHOCTI ¢aifyia JaHuX.

AW -

KoHTpo/bHI NuTAHHSA

Kpurepiit H. B. CmipHoBa
OcnosHi poini SCRUM

OcHoBHi apredaxktu SCRUM.

¥ gomy nomsrae npouec SCRUM?
ITapagurmMu nporpaMmyBaHHS.
OcnosHi mousarts OOIL
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JIABOPATOPHA POBOTA Ne 9

Tema: mnporpaMHa peainizaiis IIEpeBIpKH HA IPyOl MOMUIIKH 32
KpuTepieM IpBiHa.

Texuniune 3a0e3nedenns: IIEOM, cepenoBuine nporpaMmyBaHHs

KopoTki TeopeTn4ni BigomocrTi.

Ko po3noauT JOCIKYBaHOI BUOIPKM HE € HOPMaJIbHUM, a00
JiOro XapaxkTcp € HCBIJIOMHH, JUIS OI[IHIOBAHHS BHUKHJIIB MOXHA
BUKOPUCTOBYBAaTH KpuTepii IpBiHa.

IIpu upomy OynyrOTh BapialiiHUN psiji Ta OLIHIOIOTH CYMHIBHI
3HA4YCHHS HA OJHOMKY UM JBOX Kpasx psaxy. s nboro o04MCIIIOITh
pPO3paxyHKOBE 3HAUEHHS KpuTepito IpBiHa:

Xk ™ X non

n posp s s

1€ x, — CYMHIBHE 3HAUCHHS,
X4 non — TIOTICPCITHE 3HAUCHHS B PALY;
s — CKB.
OncpxaHe  po3paxyHKOBC  3HAUCHHS  KpuTcpiio  IpBiHa
MOPIBHIOIOTh 3 TAOJIMYHHUM; IIPX aBTOMATH30BaHIX 00poOIl 3pydHO
BUKOPHUCTOBYBaTH (hopmyiin, HaBeAeH] B Tabiauir 9.1 (st 3 <n<1000).

Tabmuug 9.1 — Anpokcumarisis KpUTUIHUX 3HAUCHB 32 KPUTEPIEM

IpBina
JloBipua #MOBipHICTE P Nimaén
0,9 2n%°+0,6
0,95 2,5n%°+0,75
0,99 3n%+1,15

SIKIO 7,5, > Npase» TO PO3IISIHYTE 3HAYEHHS BIOKHIAECTHCS 1

nepeBipAcTbca HacTymHe. llepeBipky MIpOJOBXKYIOTh, IIOKH HE
OHEPHKATD 7,4, > Mymas, - SIKIIO KPAWHE 3HAYCHHS PSALY 32 IIUM KPUTEPIEM

HE € rpy00I0 TOMUIIKOI0, OaKaHUM € TIepeBipKa HACTYITHUX 3HAYEHb.
Y BUNaAKy, AKIIO OJHE 3 HUX € TPYOOI0 MOMUIIKOIO, TIOTIEPEIHI TAKO0XK
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BBAXAIOThCA TIpyb0I0 moMumikorw. 3a3Bu4ai nepeBipsaoTs A0 10%
BapialiiiHOro pAAy 3 KOXHOro O60Ky.

Xix podotu

3ajatuch BHUOIPKOIO 3 (N +30) CICMCHTIB 3 HOpPMaJIbHUM
po3noaijaoMm (6:113sKuUM A0 HEOr0). IIpoBecTr mociipkeHHsS. 3aMIHUTH
y BHUOIpIIl HaiiMeHIIe abo HaNOLIblIe 3HAUYCHHS Ha 3HAUCHHS, K€ HE
BXOJWTH y 3aJaHui aiana3oH. [I[poBecTr TOCTIIKCHHS.

IIpoBecT  po3paxyHKH 3  JIOIIOMOIOI0  PO3pOOJICHOTO
IIPOrPaMHOro 3a0e3IICUCHHS.

Po3pobuTnu:

— mporpamy, sKka TCHCpye TCKCTOBUMUM (aitn 3 JaHMMH
BIINIOBIZAHO JI0 BapiaHTy;

— mporpamy Ui aHam3y jgaHux. Pobora 3 (aitsioM MmoBHHHA
Oyt BuUHCCCHAa B OkpeMuil kJjiac. llepenbauutu KOpCKTHY
00po0OKy IIOMWJIOK BBOJIy/BUBOJIy Ui poboTH 3 (ailyioM
JaHHUX.

IIpogeMoHCTYBaTH BUBI1J IIPOrpaMu 3 SIBHO IIOMUJIKOBUM BOJIOM,

BUBIJI IPOIPaMU 3a BIJICYTHOCTI ¢haiijia JaHuX.
KoHTpo/bHI NuTAHHSA

1 Kpurepiit IpBina

2 Ilonstra npo RUP

3 llonsarrsa mpo RAD

4 TIoHATTS IPO CKCTPECMAIIBHE ITPOTpaMyBaHHS

5 Konuenuis Bi3yaJabHOIO IIPOrpaMyBaHHSL.

6 Konuemniisg mapHoro nporpaMmyBaHHS

31






Xin podotu

3agaTCh JOBLIBHOIO JHIEI y Qopmi y=ke+b. Opepxatu
JUCKPETHE MPEICTaBJICHHS JIiHII B JICSKOMY HEB1Jl’€MHOMY Jlialla30Hi
(N+10) Touok, ne N — HOMep y XypHaim. Jlojatu ;10 IIUX JaHUX
“myM” 3 HOpMaJILHUM Po3noAUIOM — po3Max Bapiamii (N/5). 3Haittu
pPIBHSHHS perpecii Ha OCHOBI “‘3alIyMJIeHUX” JaHUX, BUBECTH rpadiku
Ta KOe(IIIIEHTH BUXIHOI JIIHII Ta perpeciitnol Mojel.

KoHTpo/ILHI MuTAHHA
1. Buam nporpaMHuX BUMOT.
2. Iun 1 3aj1a41 perpecitHOro aHa3Yy.
3. Meroa HalMCHIIMX KBAJIPATIB.
4. I1lo Take 1HTEPIIOJIAIIIA.
5. o Take anpoxcumarlis
6. 1llo Take ekCTpaIosIIis
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JIABOPATOPHA POBOTA Ne 11

Tema: eneMEHTH KOPELALIMHOrO aHamily Ta IX IpOrpamHa
peaizaris

Texuniune 3a0e3neyenns: IIEOM, cepengoBuine nporpaMmyBaHHs

KopoTki TeopeTnuHi BigomocTi.

Kopensuiiai 3B’A3KM MOXHA aHAJII3yBaTH Ha SKICHOMY PIBHI 3
giarpaM O3CISIHHS CMIIIPUYHUX 3HAUYCHb 3MIHHMX 1 BIJIIIOBIJHUM
JUHOM 1X IHTCPOPCETYBaTU. Tak, HAIIPUKIIAJ, SKUIO IT1IBUILICHHS PIBHS
OJIHIET 3MIHHOI CYIPOBOIXYEThCA IIJIBUIICHHS PIBHA 1HILIOI, TO
AIEThCS IPO MO3UTUBHY KOpEJSLI0 abo ImpsSMUA 3B A30K. SKIIO x
3pOCTaHHSA OAHIET 3MIHHOI CYHPOBOJXKYEThCA 3HMIKCHHSIM 3HAUCHD
1HIIIO1, TO MAEMO CIIPABY 3 HETATUBHOIO KOPEJIAIEIO.

HynsoBOIO Ha3MBa€TbCS KOPENALIS 3a BIACYTHOCTI 3B 43Ky
3MminHuX. [IpoTe HynbOBa 3arajibHa KOPEJALIS MOXE CBIJUUTH JIULIC
PO BIJICYTHICTh JIIHIMHOI 3aJICKHOCTI, & HC IPO BLICYTHICTb
3JIEKHOCTI MK BeJIMUMHAMHU B3araii. KiibkicHa Mipa KOPEJSALiHOTro
3B’S13Ky OIIHIOEThCA HANYaCTIIIC 3a 3HAYCHHAMU KOcQiIlleHTa
kopensanii Big +1 o -1. Big’emnil 3uadcHHS KoedillieHTa KOpESSIii
CB1I4aTh PO 3BOPOTHHUII 3B’ 30K, JIOJIATHI — IIPO MPSIMHUH.

HynboBe 3HAYCHHS MOXC CBIJYUTH MPO BIJICYTHICTH 3B’fA3KY.
InTCHCUBHICTD 3B’ 53Ky (C/IaOKU — IOMIPHUN — CYTTEBUI — CHUIIbHUMN )
OLIIHIOETHCS 32 a0COIIOTHUM 3HAUYCHHAM KOC(IIIIEHTA KOPEIIAILII.

Merogn po3paxyHKy MipH KOPEISIIMHUX 3B’SI3KiB  TICHO
IOB’A13aH1 13 BAKUBAHUMH BUMIPIOBAHUMHU IIKAJIAMHU.

JliHiinu# KopeasauiiHuil 3B’A30K U1 EMIIIPUYHHUX [AaHUX,
BUMIPSHUX 3a IIKAJIOK IHTEPBaIiB ab0 BIJIHOIICHB, OLIHIOETHCH 3a
JOIIOMOr 010 KoepinieHTa kopersuii [lipcona

ry = 2n2xiyi ;in%yi — (11.1)
ez x? -(Ex) Iz y? - (Er))
o€ x, 1 y, — 3HA4YCHHS 3MIHHHMX, ¥ Ta y — CEPECAWHHI 3HAYCHHS

BHOIpOK, n — 00CST BUOIPOK.

Iloxa3znuk KopeJsii panriB. Y TUX BUNAJKaX, KOJIU OJJHUHHUII
JOCIIJIKYBAHOI 9aCTKOBOi CYKYITHOCTI MOXYThb OyTH y BiJHOIICHHI
JESKO1 03HAKH PO3MIMICHI B IIEBHOMY IIOPSIKY IO 3pocTarounM (abo
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CHajarduM) HOMepaM, abo paHraMm, B SKOCTI CTaTUCTHUKH 3B’SI3KY
CITYXHUTb ITOKa3HUK KOPEJIAIl paHTiB.

PaHr Bkasye Te Micue, sKe 3aiiMa€e JaHa OOJUHUIA CYKYITHOCTI
cepell IHIIMX OJUHULb. AKII0 6 KOXKHA 3 X OJUHULL BiJIPI3HSIACE Y
BIJIHONIEHHI PpO3TJIAAyBaHOI O3HAKM BIJI BCIX IHIIUX OJIMHUIIL
CYKYIIHOCTI, TO PaHTH SABJISUTM c00010 O OpsIKoBI HOMEpH BiJ 1 10
quciia n , PIBHOTO 00’€My CYKYIHOCTI. SIKIIO X JICAKI 3 OJUHUIIb
CYKYIIHOCT1 € OJJHAKOBMMH, TO PAHT BCIX ITUX OJMHUIIL TPUAMAETHCA
CEpEeIHIM 3 iX BIITIOBIIHIX HOMEPIB.

Iloka3HUK KOPEIALIl PaHT1B PIBHUIA:

6id§
h=1

p=1- o 1) (11.2)
JC BCIIMUMHU d, SBISIIOTH COOOI0 PI3HUINI0 MIXK paHraMu h Ta h,
OJIMHUIIb, BUOpPAHUX pa30oM 3 JBOX IOCI1JOBHOCTCH:

d, =h —h,
IToxa3HMK KOpEJIALIl PaHTiB 3MIHIOEThCS BiJT -1 0 +1:
-1<p<+1

YumM TicHImuMMA Oyne 3B’5A30K MiXK BEJIIMYMHAMU, TUM OJIMKYE J0
OJIMHUILIl 33 CBOE aOCOJIOTHOIO BEIMYMHOI OyJle ITOKa3HUK
KOPCJIALIL paHTiB; 3HAK BKa3ye, MpsMa 3aJICKHICTh UM 3BOPOTHA.

Xijg poboTu

1 3agatuces Bubipkoro A 13 100enemMeHTIB , 110 BIINOBIgaE 1-My
TIepP10Ay CHHYCOIIH 3 mapamerpamu T-cekyHj, T — HOMEp CTyIceHTA.

2. 3anaruce BUOIpKOIO b, 1110 BIIIOBIIa€ CUHYCOI/1 3 IyHKTY 1 y
npoTU(dasi 3 MOJIOBUHHOIO aMILTITYOXO.

3. 3agatuce Bubipkoio B, mo yrBOproeThcs 3 BHOIpku A
[UIIXOM JIOJaBaHHS PIBHOMIPHOIO INyMy amiutiTynorw 25 % Bin
IIOYaTKOBOI.

4. 3aiicHuTy Kopensaiitnuit anamiz A i b, A1 B.

KoHTpo/IbHI MIuTAHHA
1 TIoHATTS PO KOPEIALIMHIHN aHaTi3.
2 JliHiHUH KOPEIAIMHIHN 3B S30K.
3 Iloxa3HuK KOpENSLil paHTiB.
4. MHOXVHHA KOPEJIATIIA
5 Ananiz BUMOro 0 MpOrpaMHOro 3abe3neueHHsN
6 CepTudikaliisi BAMOIO JI0 IPOrPpamMHOTro 3a0e3neIeHHS
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3aBiaHHA
3MiCHUTH  JUCHEPCIMHMIT  aHad i3  BIUIMBY  MIBHUIKOCTI
IIpe ABJICHHS CIIIB HAa IIOKA3HUKU 1X BIOTBOpEeHHS. Buxiani gaxi (1o
BapiaHTax) HABEJACHO HIDKYE./[I MpOBEINCHHS PO3PAaXyHKIB MOXHA
BUKOPUCTOBYBaTH nporpamy MicrosoftExel, ane cranmapTamit maker
VISl JUCIEPCIAHOIO aHaN3y BUKOPUCTOBYBATH 3a00pPOHECHO. 3BIT
oOpMHTH BIJIIOBIIHO JO NMPUKIIATY.
1. Hu3ska: 4,7,6,5, 6,4
Cepenns: 5,6,5,4,5,4
Bucoka: 4,4,5,6,4,3
2. Hus3pka: 4,7,6,5,6,7
Cepenns: 5,6,5,5,5,4
Bucoka: 4,4,5,3,4,3
3. Hu3nka: 4,6, 6,5, 6,4
Cepenns: 5,6,5,4,5,4
Bucoka: 4,4,2,6,4,3
4. Huspka: 4,7, 6, 6, 6, 4
Cepenns: 5,6,5,5,5,4
Bucoka: 4,2,5,6,4,3
5. Hu3ska: 4,7,6,5, 6,4
Cepennsi: 5,6,2,4,5,4
Bucoka: 4,1,5,6,4,3
6. Hu3nka: 4,7,6,3,6,7
Cepennsi: 5,6,5,4,5,4
Bucoka: 4,4, 2,6, 2, 2
7. Hu3pka: 4,8, 6, 5, 6, 5
Cepennsn: 4,6,5,4,5,4
Bucoka: 3,3,5,6,4,3
8. Hu3pka: 4,6, 6, 6, 6, 6
Cepenns: 5, 6,5,4,5,4
Bucoka: 2,4, 3,6,4,3
9. Hu3npka: 4,1, 6, 5, 6,4
Cepenns: 5,6,2,4,2,4
Bucoka: 4,4,5,6,4,3
10. Husnka: 4,2, 6, 5,6, 4
Cepenns: 5,2,5,4,2,4
Bucoka: 4,1,5,5,4,3
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IIpukjan BAKOHAHHA PO0OTH

JIOBECTH IIPUIYIIEHHS IIPO Te, 110 PaKTop

Huseka mBuaxicts: 6, 7, 6, 5, 6, 4.
Cepenns mBHIAKICTE: 5, 6, 5, 4, 4, 5.
Bucoxka mBuakicts: 4, 4, 4, 3, 5, 3.

IlociAOBHICTh PIICHHS:

DopMyITIOBaHHS TIIIOTES.

Ho: daxTop mBUIKOCTI HE € OUIBIIT BUPAKCHUM, HiX
BUIIAIKOBUM;

H1: ¢akTop mBUAKOCTI € OUIBII BUPAKCHUM, HIXK
BUIIAJKOBUM.

IlepeBipka OpUIYIIECHb.

Bubipku He3B s13aH1 OJHAKOBUX 0OCHT1B.

Bumipu 3a mkajioro BiJHOIICHE.

BBaxkaTuMeThCH, 110 TOC/IKYBaHUM [TapaMeTp Mae
HOPMaJIbHUI PO3IIOILIL.

BBeneH1 Mo3Ha4YCHHS:

n=6 — KUIBKICTb CIIOCTCPCIKCHB 3a (haKTOPOM,

k=3 — KUIBKICTb (PaKToOpiB,

n*k=6*3=18 — 3arasbHa KUIBKICTh 1HAUBIIyaJIbHUX 3HAYCHb,
] — iHAEKC 3MIHIOETRCA Big 1 g0 n

1 — 1HJIeKC 3MiHIOEThCA Bl 1 g0 k.

MaremaTtudHi po3paxyHKH (IIPUKIIa]l 00UHUCIIEHh HABEICHO Ha

puCyHKY 1.)
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i

e QopMyIIOBaHHS BHCHOBKIB. BigmiHHOCTI B  00c#3i
BIITBOPEHHS CJIIB € OUIBII BUPAXKEHUMHU, HIXK BUMAKOBHUMH.

KonTpoJibHi nuTAaHHA

. OgHodaxropuuii auctepciitauid anami3. L{im Ta 3ajgadi, CyTh

METO/Y.

JBodakTopHMil AUCTIEpCITHUI aHaII3.
Cnenmdikamisi IporpaMHUX BUMOT.
3aTBepIKECHHS BUMOT JI0 IPOrpam
IIporec poboTH 3 BUMOraMu
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