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PexomenioBaHa jiteparypa



Beryn

MeToauuHi BKa3iBKM TpU3HAUEHl [JJs BHUKOPUCTaHHS TPU BUKOHAHHI
nabopaTopHUX POOIT 3 AUCHUILIIHU «MoaemtoBaHHS CHCTEM» 1 JUIsl CaMOCTIHHOT
poOOTH 3 BUBUEHHS KYpCY.

[lepmra maGoparopra pobOTa CTOCYEThCS MUTaHb TEOPIii IMOBIPHOCTEH 1 Mae Ha
MET1 CIIOHYKAaTH CTY/ACHTIB OHOBUTH 3HAHHS, 1110 TIOB’s3aHi 3 MOHATTSAM IMOBIPHOCTI.

Y npyrii poOOTI PO3TASAAIOTHCS TUTAHHS CTBOPCHHS, TECTYBaHHS Ta
BUKOPHUCTAHHS T€HEPATOPIB BUMTAIKOBUX YHCEIL.

Tperss 1 4derBepTa poOOOTH TMPHUCBSIYCHI BUPIMICHHIO MPOOJIEM CTBOPCHHS
IMITAIifHOT MOJEl 1 MpOrpaMHOi OpraHizaiii B3aeMolli 00’€KTIB sIKi MPAIOIOTh
napajiebHO. Y TMOTOYHIM pelakilii BHECEHI CYTTEBI 3MIHM y METOAMKY PO3POOKU
MOJIEJ Ta KJIaciB JUISI aKTUBHUX 00’ €KTIB.

Y m’saTii  poOOTI PO3IIAJAIOTHCS MHUTAaHHS  EKCIIEPUMEHTAIBLHOTO —Ta
TEOPETHYHOTO AociikeHHs mpoctoi CMO 1 mpoBOAUTHCSA MOPIBHAHHS PE3yJIbTaTIB
IMITAI[IHHOTO MOJICJIIOBAHHS 3 TEOPETUYHUMM pe3ysibTaTaMM, 10 OTPUMaHI 3a
JIOTIOMOT 010 JIaHIIoT1B MapkoBa.

[Mlocta pobGoTa mpucBsUYEHA MUTAHHSAM IUTAHYBaHHS OJHO (DaKTOpHHX
€KCIIEPUMEHTIB 3 MOJIEISIMU Ta JIUCIIEPCINHOMY 1 PErpeciiHOMY aHaJi3y OTPUMAHHUX
pE3yNbTATIB.

VY cboMmiit poOOTI pO3MISAAIOTHCS MUTAHHS JOCTIIKEHHS MEPEX1THUX MPOIECIB
y CMO Ta ni1anyBaHHIO €KCIIEPUMEHTIB MOB I3aHUX 3 OLIYKOM €KCTPEMYMIB.

Oco01MBICTh METOAMYHUX BKa31BOK MOJIATAE TAKOXK Y TOMY, 1110 B HUX JIOKJIA/IHO
pPO3IIISAAEThC peaiizalis MpOrpaMHOro KOMIUIEKCY, L0 BUKOPHCTOBYETHCS NpU
BUKOHaHH1 JabopaTopHux poOiT. Lle 1ae€ MOXIUBICTH CTy/IEHTaM MO3HAMOMUTHUCS 3
peaTbHUMHU TMPOTPAaMHUMH pIIIEHHSMU Ha MOBI Java. 3ampornoHOBaHI MpOrpamMHi
piteHHs1 0a3yl0ThCsl Ha 00’ €KTHO-OPIEHTOBAHOMY MIXO1, TOMY pOOOTa CTYJ/ICHTIB 3
METOJAMYHUMHM BKa31BKaMu OyJle CIIPUSATH 3aKPIIJICHHIO 3HaHb 1 HABUYOK, OTPUMaHUX
MIpU BUBUYEHH1 Kypcy «O0’€KTHO-OPIEHTOBAHOTO MPOTPaMyBaHHSD».

MeTonnyH1 BKa3iBKU MOXYTh OyTH KOPHCHI PU BUBYEHH] AUCHUILTIH «Teopid
IMOBIPHOCTEH 1 MaTeMaTHYHA CTATUCTUKA», K AITOPUTMU Ta CTPYKTYPH JTaHUX.

Koxna poOoTa 3aBepIIyeThCsi TECTOM.

Po6ota Moxke OyTH 3apaxoBaHa, AKIIO CTYI€HT BUKOHAB poOOTY, 3aBIaHHS JIJIs
camocTiitHoi pobotu Ta PI'P 1 31aB TecT B cymi HaOpaBiiu He MeHuie 60 OaiB.

Orinka 3a poOOTYy Ma€ Taki CKJIaIOBI:

— MOBHOTA 1 SIKICTH 3BITY (MOSICHEHHS 10 TaOJIMIIb pe3yJIbTaTIB Ta iX aHAI3);

— BiANOBIAHICTH 0popmiierHs Bumoram JICTY3008:2015, 3okpema, po3ainy 7/;
— pe3yabTaT TeCTy,

— AKICTh BUKOHaHHA eTany PI'P.

KoxHna ckinaoBa Mae MmakcuMasbHy Bary 20 6aniB. 3a cBO€4acHE 3aBaHTaKEHHS
pobotu HagaeThest O0HyC 5 GaniB. 3a MOPYUICHHS JeAaiiHy OIliHKa 3MEHIIYEThCS Ha
1 Gan 3a KOXKEH JIeHb BIJICTaBaHHS, SKIIO nepepuinye 60 6aiB.

JIist O1iHKY BUIIOT1 32 HAOpaHy MOTPIOHO MPOUTH CIiBOECi Ty 3 BUKIIaIaueM, 3a
pe3yJbTaTaMu SIKOi MOKHA OTpuMatH 10 15 Garis.
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1 JABOPATOPHA POBOTA 1. KOPOTKI BIIOMOCTI ITPO TEOPIIO
IMOBIPHOCTEN. 3HAHOMCTBO 3 KOMIIOHEHTAMM, 11O
BUKOPUCTOBYIOTBHCS ITPU MOAEJIIOBAHHI

1.1 Meta pobdoTn

B pesynbrari BukoHaHHS 1a00paTOpHOT POOOTH CTYACHT Ma€ OTPUMATH TaKi
3HAHHS Ta HABUYKU:

— OCBIXKUTH B IMam’sT1 6a30B1 MOHATTS T€OPii IMOBIPHOCTEHH;

— MMO3HAHOMHTHCSA 3 KOMIIOHEHTaMu (peiimBopky Simulation, ski OyayTh
BUKOPHCTOBYBATHCS MPH MOJICTIOBaHHI;

— OTPUMATH HaBHYKW CTBOPCHHS MPOCTUX jaVa 3aCTOCYHKIB 3 BUKOPHCTAHHSIM
KOMITOHEHTiB (pperimBopky Simulation.

1.2 Kopotki TeopeTuusi Bitomocti

BunaakoBi BETUYHMHU MOXKYTh OyTH TUCKPETHUMHU 1 O€311EpEpBHUMMU.

VY SIKOCT1 XapaKTepUCTUK BUIAIKOBUX BEJITMYHH BUKOPUCTOBYIOTh 00 (DYHKIIIIO
IIUTBHOCTI  PO3MOJUTY IMOBIpHOCTEH, abo0 IHTETpaibHY (YHKIIO PO3MOILITY
IMOBIPHOCTEH.

3BEpHITh yBary, BHUIIQJIKOBA BEJIMYMHA XapaKTEPU3YEThCS HE KOHKPETHUM
3HAYEHHAM, a (DYHKIII€TO, 1110 BU3HAYA€E IMOBIPHICTD MOSIBU SIKOTOCh 3HAYEHHS.

1.2.1 ®yukuis mijibHOCTI po3moaijy iMoBipHOCTe# /151 BUNIAIKOBOI
TUCKPETHOI BeJIMYMHHU

BunankoBa quckpeTHa BeIMYMHA MPUMAE 3HAUYECHHS 3 JIEIKOTO OOMEKEHOTO
Ha0opy. Hanpuxknan, orminka y cuctemi ESTS (A, B, C, D, E, F), abo y HalioHanbHiii
cuctemi (5, 4, 3, 2).

3HadeHHsI, SKi MOYKEe IPUMMAaTH BHUITAIKOBA JUCKPETHA BEIMYNHA, 3'SIBIISIOTHCS
3 JEAKOK YacTOTOKW. XapaKTepUCTUKOK YaCTOTH TIOSBH JCAKOTO 3HAYCHHS
BHIAIKOBOI JUCKPETHOI BEJIMUMHH € IMOBIPHICTD MOSIBH IIHOT'O 3HAaYCHHs. IMOBIpHICTh
- IIe MeKa BIJHOIIEHHS KUJIBKOCTI BUIIPOOYBaHb, B SKUX BIAOYJIOCS JIesKa MO 10
3arajbHOI KUTBKOCTI BUIPOOYBaHb. 3BIJICH BUILIMBAE, IO CyMa IMOBIPHOCTEH JIJIs BCIX
MOXJIMBUX 3HaueHb 3 Habopy, AopiBHioe 1. Hampukian, nias pe3ynbTaTiB iCIUTY
IMOBIPHOCTI MOSIBH OILIIHOK MOXYTh OyTH TAKUMH, SIK MOKa3aHo B Tabmuii 1.1.

Ta6mui 1.1 — IMOBIpHOCTI OIIIHOK HA 1CTIMTI.

Ominka IMOBIpHICTh
2 0.1
3 0.4
4 0.3
S 0.2




[IpuiiHITO TOBOPUTH, IO Taka TAOJWIS 3a7a€ PO3MOAUT IMOBIPHOCTEH IS
BUIIAJKOBOI JTUCKPETHOI BEJIMYUHH.

Po3monin iMoBipHOCTEHl MOKe OyTHM TpeNCTaBiIeHO 1 rpadiuHo, Tak SK 1€
3p00JieHO Ha pucyHKy 1.1.

f(x)
0.2 ‘ I
] -
0 2 3 4 5 X

Pucynok 1.1 — ®@yHKI1is MUTBHOCTI PO3MOLITY IMOBIPHOCTEH IS
OI[IHOK Ha 1CTIUTI

1.2.2 ®yukuis miJibHOCTI po3moaijly iMoBipHOCTe# /151 BUNIAIKOBOI
0e3nepepBHOI BEJIUYUHHI

BunankoBi 0e3nepepBHI BEIMYMHH MOXYTh NpUUMATH OyAb-sKE€ 3HAUECHHS 3
JESKOro 1HTEpBaIY, X04a MEXI bOr0 1IHTEPBAIY YAaCTO HEBIAOMI. Y I[bOMY BHMAJKY
MO>KHa BBaXKaTH, 1110 3HAYCHHSI BUTIAJKOBOI HETIEPEPBHOI BETMUYUHU TEOPETUIHO MOXKE
OyTtu Oyap-skuM. Hanpuknan, yac nepedyBaHHS CTYJ€HTa B ayIUTOPII MiJ Yyac iICOUTY
€ BUTIQJIKOBOO O€3MEePEPBHOIO BEIMYMHOI0. AJie OCKUTBKHM BUITaIKOBA BETMYNHA MOXKE
npuitMaTu Oy/ib-SKe 3HAYeHHsI, TO TAKUX 3HAUYE€Hb MOKe OyTH HECKIHYeHHO OaraTo, a
TOMY IMOBIPHICTh KOKHOTO 3 HUX JOPIBHIOE HYIIO. He HylIbOBOIO MOXe OyTH TIJIBKH
IMOBIPHICTh TOTO, IO BHUMAJKOBA BEJIMYMHA TOTPANUTh Yy JEAKUH I1HTEPBAL.
Hamnpukian, iMOBIPHICTB TOTO, IO 1ICIUT JJIS CTYICHTA TpuBaTuMe piBHO (.25 roauHu,
JOPIBHIOE HYIIO. AJie IMOBIPHICTh TOTO, IO CTyAeHT Oyae Ha icruti Big 0.2 1o 0.3
TOJIMHU, MOKE OyTH BXKE€ i OLIIBIIIO0, HIXK HYJIb

3 1i€1 MPUYHMHM, KOJIA OIIHIOIOTh IMOBIPHOCTI MOSIBH BUTIAJKOBUX O€3MEePEPBHUX
BEJIMYMH, TO BU3HAYaIOTh IMOBIPHOCTI MONAaJaHHS L€l BHUIAJKOBOI BEIUYMHHU B
neskui inTepBai. O4eBUIHO, 1110 1Sl IMOBIPHICTD 3aJICKHUTH SIK BiJl BIACTUBOCTEH caMOi
BUITQJIKOBOI BEJTMYMHM, TaK 1 BIJ IUMPUHU IHTEpBay. IMOBIpHICTH TOTO, 110 YHUCIOBA
BUIA/IKOBA BEJIUMYMHA MOTPANUTh B IHTEPBAJ HECKIHUYEHHOI IIMPUHH, JOPIBHIOE
OJTMHUAIL.

S0 B3SATH 1HTEpPBAJIM OJHAKOBOI MIMPUHHU, TOJ1I IMOBIPHOCTI TOMaJaHHS
BUITAJIKOBOI BEJIMYMHU B Pi3HI 1HTEpBAIM MOXHA TMOPIBHIOBATH, a B SKOCTI MipU
MOPIBHSHHS OpaTy BUCOTY MPSIMOKYTHHKA, OCHOBOIO SKOTO OyJie 1HTEepBaj, a BUCOTA
JOPIBHIOBATUME IMOBIPHOCTI IOSIBU BHIMAJKOBOI BEJIUYMHUA Yy IBOMY IHTEpBAI.
OpnepxaHy TakuM 4YMHOM (Iirypy Ha3MBalOTh TicTorpamoro. ['ictorpama 3BOIUTH
BUITAJIKOBY O€3MepepBHY BEIMYMHY JI0 JESIKOI yYMOBHOi JWCKPETHOI BETUYHHH,
3HAYEHHS SIKOT IHKOJIM MPUHUMAIOTh PIBHUM 3HAYEHHIO CEPEIMHU THTEPBAITY.
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Sk mpukian, Ha pUCYHKY 1.2 HaBeIeHO rictorpamy Ui dacy rnepeOyBaHHS
CTyJICHTa Ha 1CITUTI.

i

0.3 0.6 0.4 1.2 1.5 t

Pucynok 1.2 - @yHKIis MIUIBHOCTI PO3MOALITY IMOBIPHOCTEN JJIsL Hacy
nepeOyBaHHs Ha 1CIUTI

Ao mWUpUHY OPSIMOKYTHHUKIB TICTOTpaMU 3MEHINYBaTH, a KUIBKICTh IX
MPOMOPIIIAHO 301IBIIYBaTH, TO JIIHIS, IO OTMHA€ BEPIIMHHU MPSMOKYTHHUKIB Oyne
MIOCTYIOBO 3IVIAJI)KyBaTUCA 1, TPAHUYHO, CTAHE TIJIaJKOI0 JIIHIED, a A TOro, 100
BHCOTA 0JIep>KyBaHOi (Dirypu He epeTBOpUIIACs Ha HyJlb, BUTPUMYIOTh IUIONLY Pirypu
M1]] KPUBOIO PIBHOIO OJUHUII. Y I[bOMY BUITQJIKy IMOBIPHICTh MOMA/IJaHHS BUMAAKOBO1
BEJIMYMHU B JESKHUM 1HTEepBaj Oyne JOpIBHIOE Mol (Irypyd YTBOPEHOI MeKaMu
1HTEpBaIy 1 OTMHAIOYOI.

OTpuMaHy TaKMM YMHOM OTHHAIOYY JIIHIIO HAa3UBaIOTh (PYHKIIIEIO IIITLHOCTI
IMOBIPHOCTEM JIJIsl BUTIAIKOBO1 O€3MepepBHOT BETMUUHHU.

OCK1JIBKM IMOBIPHICTh BUIAJKOBOT BETMYMHU HE MOXKE OyTH HEraTUBHOIO, TO
(GyHKLIS MITBHOCTI IMOBIPHOCTEM HE MOKE MaTH HETaTUBHUX 3HAYEHb.

1.2.3 InTerpanbHa QyHKIlisi po3noainy iMoBipHOCTel /151 BUIIAKOBOI
BCJIMYHUHHU

[lopsin 3  (QyHKIi€E0  poO3MOALTY  HIUIBHOCTI  IMOBIPHOCTEH  4acTo
BUKOPUCTOBYETHCS 1HTErpajibHa (PYHKIIIS PO3HOILITY IMOBIPHOCTEMH, IKA YTBOPIOETHCS
IUISIXOM IHTETPYBAaHHS (DYHKIIT HIUIBHOCTI IMOBIPHOCTEW MO 3HAYEHHIO BUMAJKOBOL
BenuyuHU. OCKITBKM IMOBIPHOCTI HE MOXYTh OyTH HEraTMBHUMH, a CyMa
IMOBIPHOCTEH JJOPIBHIOE OJIUHUIII, TO IHTETpaIbHa PYHKINSA - 11e QYHKIIIS KA HE MOXKE
3MEHIITYBATUCS, Y SKOI MiHIMaJIbHE 3HAYEHHS JTopiBHIOE ), a MaKCUMaIbHE 3HAUYCHHS
JOpiBHIOE 1.

Ha pucynkax 1.3 ta 1.4 HaBemeHo iHTerpainbHl (YHKIUT pO3MOAUTY IS
HaBeJICHUX BUIIEe QYHKITINA MITFHOCTI IMOBIPHOCTEH.

3Ha4YeHHs 1HTErpaibHOI (QPYHKIIIT ISl ASSKOTO JAHOTO 3HAYEHHS BUIAJIKOBOI
BEJIMYUHM JIOPIBHIOE IMOBIPHOCTI TOTO, 110 BUITAJIKOBA BEJIMYMHA TTPUHME 3HAUCHHS,
1[0 HE MEPEBUILLYE JaHE 3HAYEHHS.

11



F(x}

0.5

[} e
P 3 4 5 X

Pucynok 1.3 — InTerpanbna QyHKIIIA pO3MOALTY IMOBIPHOCTEH ISt
OLIIHOK Ha 1CTIHTI

>
0.3 0.6 0.9 1.2 1.5 t

Pucynox 1.4 — InterpanbHaa QyHKIIiS pO3MOIITY IMOBIPHOCTEH /ISt
4acy, BUTPAYEHOTO Ha i1CTIUT

1.2.4 CepenHe 3Ha4eHHs Ta JUCTIEPCist BUNAKOBOI BeJIMYMHH

OyHKIIT MUIBHOCTI 1MOBIpHOCTEH abo 1HTerpajgbHa (QYHKIS PO3MOALTY
IMOBIPHOCTEW Jal0Th HAWOLIbII MOBHY XapaKTEPUCTUKY BHUIIAJKOBOI BEJIMYMHU. Alie
nopsii 3 UMMU (YHKIISIMH 4YacTO BUKOPUCTOBYIOTh YHCJIOBI XapaKTEPUCTUKH
BUITQ/IKOBOI BEJINYMHU — CEPEIHE 3HAUEHHS 1 AUCTIEPCIIO.

s Ge3nepepBHOT BHMAIKOBOI BEIWYMHU CEPEIHE 3HAYCHHS JOPIBHIOE
MaTeMaTUYHOMY OYIKYBaHHIO I11€1 BUMAJKOBOI BEJIMUHMHHM, 1 BU3HAYAETHCS 3 (QYHKIIIT
HIUTBHOCTI iIMOBipHOCTEH f (X) 3a dhopmyroro 1.1.

+ o0
m= [ f(x)x-dx (1.1)

— 00

JIJIsT TUCKPETHOI BHITAIKOBOI BEJIMYMHHU CEPEAHE 3HAUCHHS BHU3HAUYAETHCS 32
dbopmyroro 1.2
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n
1=1

Jie X — 1€ 3HAaYEHHS BUIIaJIKOBOI BEIMYMHU, & P — IMOBIPHICTH IIbOTO 3HAYCHHS.

3a 1i€ro ) GOopMyIIOI0 MOYKHA BUSHAYUTH CEPEIHE 3HAUCHHS 1 IO ricTorpami. Y
[bOMY BHUMAJKy X — II€ 3HAQYECHHsS BUMAJKOBOI BEJIMYMHHU y CEPEIMHI IHTEpBaIy, a
P — IMOBIPHICTh TOTO, 1110 BUIQIKOBA BEJIMUMHA TIOTPANKUThH Yy 1IEH 1HTEpBaJ.

SKIo % MM MaeEMO MPOCTO BUOIPKY BUIMATKOBUX YUCEN, TO CEPEIHE 3HAUCHHS
3HAXOAUTHCH K cepenaHe apudmernyane (1.3)

m=(§ X:)/In (1.3)
i=1

Hucnepcito D s 6e3nepepBHOI BUITAJIKOBOT BEIWYMHU MOXKHA 3HAWTH 3a
dbopmyoro 1.4.

D= Off(x)-(x—m)zdx (1.4)

— 00

JInst  QUCKpeTHOI BHMMAAKOBOI BEIWYMHM JUCHEPCII0 MOXKHA 3HAWTU 3a
dbopmynoro 1.5. 3minHl y 1iid Gpopmydi Ti k cami, mo y hopmymi 1.2.

n
D=3 (—m)*-p, ©)
=1
®opmyiy 1.5 MOXHa BHUKOPUCTOBYBAaTHM 1 [JIsi BU3HAYEHHS AMUCIEPCIi IO
rictorpami. Y IbOMY BUIIQJKy X — LI€ CEpPE/IMHA IHTEPBAIYy.
K10 % MU MaEMO MPOCTO BUOIPKY BUMAJAKOBUX YHCEI, TO JUCIEPCII0 MOKHA
3HalTH 3a popmyoro 1.6.

n 2
D=3 (x;—m)°/n (1.6)
1=1
[Topsin 3 Aucnepciero BUMAIKOBOI BEIMYMHU YacTO BUKOPHUCTOBYIOTH CEPEIHE
KBaJpaTUyHe BIAXWICHHS a00 cTaHaapTHe BiaxuieHHs (1.7).

o=~D (1.7)
1.2.5 3akonu po3nojaisty iMoBipHOCTel BUNIAJKOBUX BEeJIUYHH

1.2.5.1 PiBHOMipHU# PO3MOILIT

PiBHOMIpHWMIA 3aKOH PO3MOIITY Ma€ JBI XapaKTEPHI PUCH.

[lepmia mosisirae B TOMy, 10 BUITAJKOBI YKMCJIa MOXYTh NMPUHAMATH 3HAYEHHS
TUIBKKM 3 JESKOTO IHTEpBaly, IO BU3HAYAETHCS JIIBOKO Ta MPABOK TPAHULISIMU
1HTEpBaTY.

Hpyra ocoOMuBICTh MOJIATa€ B TOMY, IO HIIJIBHICTH IMOBIPHOCTI JJIsl BCHOTO
IHTEpBaIy OJIHAKOBA.

Ha pucynky 1.5 300pakeHo (pyHKIIIO MIUIBHOCTI IMOBIPHOCTEH Ta IHTETpaIbHy
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(YHKITIIO 119 BUNAIKOBOI BEJIMYMHHU, PIBHOMIPHO PO3MOJAUICHOI B Jiama3oHi BiJ a
1o b.

f(x)4 F{x)#
1 L
I
l_-_ |
b-a [
|
| "S-
a 1 b X a 2) b X

Pucynok 1.5 — ®yHki1is miyibHOCTI iMOBipHOCTI (1) Ta iHTerpanbHa GyHKIis (2) a1
PIBHOMIPHOTO PO3MOILITY

3HadyeHHs (QYHKUII MIIJIBHOCTI IMOBIPHOCTI BU3HAYAETHCA BHUXOASYH 3 TOrO
¢dakTy, mo mioma (pirypu, mo 0OMexXyeTbCs 1I€0 QYHKIIE MOBUHHA JOPIBHIOBATU
omuuuii. OTKe, 3HAYCHHS IIIJIPHOCTI IMOBIpHOCTI Ha iHTepBajii Bix a g0 b Oyme
1/( b-a).

PiBHOMIpHO pO3MO/1IEH] BUNIAJAKOBI YU CJIa BUKOPUCTOBYIOTHCS JI1 OTPUMAHHS
BUIAJIKOBUX YUCEN PO3MOILTY, IO MiAMOPSIKOBYIOTHCS 1HITNM 3akoHaM. [Ipu oMy
HaWYacTIIIe pO3TJIsIal0THCS YUCIIa, PIBHOMIPHO pO3MOALIEeHI Ha iHTepBal Bix 0 g0 1.
MatemaTuuHe O4lKyBaHHS TaKOi BHIIQJIKOBOI BEIWYMHHU JopiBHIOE 0.5, a nucnepcis
1/12 a6o 0.083(3).

1.2.5.2 HopManbsHuii 3aK0H pO3MOA1ICHHS

HopmanbsHe po3noiiyieHHs € OJJHUM 3 HalO1IbII MOMHUPEHUX PO3MOIICHD IS
BUITAJIKOBUX BEJUYMHU. Taki BUIAJIKOBI BEIMYMHMU 3a3BHYAM € pe3yIbTaTOM
HAKOIMUYEHHS MEBHOI KUTHKOCT! BUIAJKOBUX BIUIMBIB, 1110 HECYTTEBO BILIMBAIOTH Ha
3arajibHUi pe3ynbTaT, HalpUKJIal, aHTPOTIOMETPUYHI JTaH1 JIFOUHHU.

['padiune 300pakeHHss (YHKIII MIIBHOCTI IMOBIPHOCTI Ta I1HTErpajbHOI
(GyHKLIT 1715 [HOTO 3aKOHY MPEICTaBICHO Ha pUCYHKY 1.6.

)} F@)4
1

m-20 m mtlc x m26 m milo x

D 2)

Pucynok 1.6 — @yHkuis mUIbHOCTI iMOBIpHOCTEM (1) Ta iIHTEerpaibHa
byHKL1s (2) 1715 HOPMATBHOTO PO3MOLTIEHHS
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Ha pucynky 1.6 mapamerp po3mojily m BH3HAYa€ CEpPEIHE 3HAYCHHS
BUITAJIKOBOI BEJIMYMHU, a TAPAMETP G BU3HAYAE CEPEIHE KBAAPATUIHE BIIXUICHHS.
1.2.5.3 ExcrioHeHIiaJIbHUH 3aKOH PO3IOAICHHS

['padiku ¢GyHKIIH HIUIBHOCTI IMOBIPHOCTEM Ta IHTETpaabHOI (YHKIT IS
EKCITOHCHITIAJIbHOTO 3aKOHY PO3IOAiICHHS MPEICTaBICHUA Ha pUCYHKY 1.7.

e F(x}
%L k- ——=-=- = - --
Y
'.III'L . _
¢ 1/ X 0 X
N 2)

Pucynox 1.7 — ®dynkiris niiyibHOCTI IMOBipHOCTEH (1) Ta iHTErpaibHa
byHKIis (2) 1718 eKCIOHEHIIAIbHOTO PO3IIOI1ITICHHS

[le#t 3aK0H PO3MOALTY YACTO BUKOPUCTOBYETHCS JJIs1 BU3HAUCHHS 1HTEPBATY MIXK
BUITAJIKOBUMHU TIOJIISIMH, MOSABA SKUX 3aJIeXkKaTh BiJl BEIUKOI KUIBKOCTI HE3aJeHKHUX
dakTopiB. €aMHMI TapaMeTp IBOTO PO3MOAUICHHS A, SIKHM 3BEThCS IHTEHCUBHICTIO,
JIOPIBHIOE OOEPHEHOMY CEPEAHROMY 3HAUCHHIO BUMAAKOBOI BEIMUMUHH.

1.2.5.4 3akon po3noainenns Epianra

['pacdiune 300paxkeHHs (QyHKIII pO3NOAIIEHHS HIUIBHOCTI IMOBIPHOCTEW ISt
3akoHy Epiianra npu pi3HUX 3HaUYCHHSX K mpencTaBieHo Ha pUCyHKY 1.8

f(x) F() —
\ =1 e —
4

[N - %%
AT [

0
X X

Pucynok 1.8 — Burnsan GyHKIiT IUIBHOCTI IMOBIPHOCTEH Ta
1HTerpanbHoi GyHKUIL 115 po3noaiieHHs: Epnanra

Posnmoxinenns Epnmanra mae gBa rmapaMeTpu: iHTEHCHUBHICTh A - 11€ BEJIMYWHA
obepHEeHa CepeHbOMY 3HAUEHHIO BHITJKOBOI BEIHYMHH, 1 KoediieHT K, skuii
Ha3uBaeThes Koedimientrom Epnanra.

[le posmomineHHs 3aiiMae TPOMDKHE MICIE MK HOPMAIbHUM 1
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CKCIIOHECHIIIMHUM  po3noaiieHHsaMU. [Ipu  Benukux 3HaueHHsAX KoedimieHty K
PO3MOIIICHHS HAOIMKAETHCSI 10 HOPMAJILHOTO po3motijieHHs, a mpu K=1 cmiBmasae 3
EKCIIOHEHITIATEHUM.

1.2.5.5 TpuKyTHUH 3aKOH PO3MOALTICHHS

[le#t 3aKk0H PO3MOUICHHS MOXE CTaTH y HAroOi, KOJIM BUIAIKOBI BEJTMYUHA HE
MOXYTh BUXOJIUTH 3a MEXI 33JaHOTO Jialla30Hy, aje y MeXax IbOro 3aKOHY BOHH
po3noaisieHi HepiBHOMIpHO. [I[iMpHICTE BipOTiIIHOCTI € HAMOUIBIIOW y MESKIA TOYII
1HTepBaJly 1 JIIHIAHO CIajiae 0 HyJIs Ha FPaHUIISAX IHTEpBAIY.

['padiune 300pakeHHs (QYHKIT IIUIBHOCTI IMOBIPHOCTI ISl I[OTO 3aKOHY
npeAcTaBieHo Ha pUCYHKY 1.9.

[ FX4,

Y

|
I
I
1
a b c X a b c
1}

Pucynok 1.9 — @ynkis missHOCTI iMOBipHOCTEH (1) Ta iHTerpanbpHa
GyHKU1s (2) 17 TPUKYTHOTO PO3MOA1ICHHS

1.2.5.6 JloBuTbHI 3aKOHU PO3MOIITICHHS

VY Bunaakax, KOJIu CTAaTUCTUYHI JaH1 HE BIUCYIOTHCS Y MEXKI1 SIKOTOCH 13 BIIOMUX
3aKOHIB PO3MOALTY, (YHKIIIIO HIIJILHOCTI IMOBIPHOCTEH MPEACTABISIOTH Y BUIJISAII
ricrorpaMu BIJHOCHMX YacTOT. [HTerpasbHa (yHKIS Yy I[bOMY BHIIQJIKy OyIe
BUTJISIIATH, K CYKYITHICTh BIIPI3KIB MpsMUX, pucyHok 1.10, 1 Mmoxke OyTH 3amana 3a
JIOTIOMOTOI0 JIBOX MacHBiB - X 1 F, 1110 3a1a10Th KOOp/IMHATH CTUKOBKH BIJPi3KiB.

= 5

{Eg)) F(z)
1 1

k2
2 - -

=0y
T
|
|
|
L}
=

1}

Pucynok 1.10 — JIoBUTbHMI pO3TOILIL.
1) ricrorpaMa BiIHOCHHX YacCTOT. 2) KyCKOBa JIiHIiHA alipOKCHMAIlis
iHTerpanbHO1 QYHKIIIT PO3IMOIIICHHS
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1.2.5.7 luckpeTHe pO3NOAIICHHS

JluckpeTHe po3MOAUICHHS 3BUYAHO 33A€ThCSI MACHBOM MOJKIIMBHX 3HAYCHB
BUITAJIKOBOI BEJIMYMHU 1 MACHBOM IMOBIPHOCTEH MMX 3Ha4YeHb. Hampukiaz, oriHKy Ha
ICTIUTI MOXKYTh IpUKAMAaTH 3HaueHHs 2, 3, 4, 5, a imoBipHOCTI iX mosiu 0.1, 0.4, 0.3,
0.2.

['padiune 300paskeHHsI TAKOTO PO3MOITICHHS MpeACTaBlieHo Ha pucyHKy 1.11.

e

Q.z— |‘
O ——F—3 71 5 X

Pucynox 1.11 — @yHKIlig UIIIILHOCTI PO3MOAICHHS IMOBIPHOCTEH ISl
JUCKPETHOTO 3aKOHY PO3MOIIIEHHS

1.3 KOMIIOHeHTI/I, 0 BUKOPUCTOBYHTHCA IJIAA MOJACJIIOBAHHA

JlaGopatopHi poOOTH Ta pPO3paxyHKOBO-TpadiuyHa poOdoTa 3 JUCHUILUIIHU
BUKOHYETbCA Ha OCHOBI (peiiMmBopky Simulation, crBopeHoro Ha kadenpi IKC.
OpeiiMBopk Simulation MICTUTh MAKeTH 3 KJacamu, L0 JO3BOJSIOTH CTBOPIOBATH
MOJIE1 CUCTEM MAacCOBOTO OOCIYTrOBYBaHHS Ta AOCIIKYBATH iX. TyT MU pO3TIITHEMO
TUTBKH JIEAK1 3 KOMIIOHEHTIB ()pEUMBOPKY.

1.3.1 Kiaac ChooseRandom

[le#i xmac BU3HAYa€e BI3yabHHM KOMIIOHEHT, W0 3abe3neuyye BHOIp 1
HaJalITyBaHHS MOTPIOHOTO TeHEpaToOpa BUTIAIKOBUX Yuce. EneMeHToM, siKi OCTIIHO
3HAXOAATHCS Ha POpPMI € MaHeb 3 KHOMKOIO 1 TI0JIeM JIJIsl BUBEICHHS 1H(OpMAaIlii po
BUOpaHU#l 3aKOHI po3MmoaiTy. Buris 1iei nanemni nmpeacraBiieHuid Ha pucyHky 1.12.

Titke
ExcnoHeHyianeHe{m=1.10}

Pucynok 1.12 — Burnsg komnonenta ChooseRandom

[Ipu HaTHCKaHHI HA KHOIIKY BiJIKPUBAETHCSI KOMOOOOKC 3 TIEPEITIKOM MOXKITHBUX
po3nojiniB, pucyHky 1.13.
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I -

&=1|| |uniform v
Negexp - CKCIIOHCSHITHHEE
Horm - HOpPMANBHIH
Eriang - Eprmaura
Unfform - PiBHOMIpHIT
Triangnfar - TRPHEYTHII
Linear - OOBINBHHI
Discrat - JHCEPSTHILL

Pucynok 1.13 — [lepenik MOXJIMBUX PO3MOILTIIB KOMIOHEHTY
ChooseRandom

[Ticns BuOOpY HEOOXiTHOTO PO3MOMALTY 3 SBISETHCS MA1aJIOTOBE BIKHO ISt
HaJaITyBaHb MMapaMeTpiB BUOPAHOTO PO3IOLTY, pucyHOK 1.14.

|£] PiBrOMIpHYH poaNo... n

] :Df{p].rrnﬂm 4o u,inum!

MiniMENLHE 2HEYRHHR I 1

MakcumansEe SHEYSHAR I 3

OK Cancel

Pucynox 1.14 — Jliajnorose BIKHO JijIsl HAJIAIITYBaHHS PIBHOMIPHOTO
posmnoainy kommnoneHTy ChooseRandom

Jlanuii koMnoHeHT peainizye iHTepderic Randomable. OcHOBHI MeTOaM LILOTO
1HTEep(eicy HaCTyIHI:

— next() - moBepTae HaCTYIHE BUITAIKOBE YHCIIO;
— probability(double) - moBepTae 3HaueHHs iHTErpaIbHOT PYHKIIIT PO3MOIITY.

1.3.2 Kiaac ChooseData

OO0’exTH LBOTO KJAcCy JOLUIBHO BUKOPUCTOBYBATH JII BBEACHHS UMCIOBHUX
napameTpiB komnoHeHT mojeni. Lleit knac ycmagkoBye kiac JTextField. Tlopsn i3
yciMa MOXJIMBOCTSIMH CTaHIApTHOTO TEKCTOBOro kKommoHeHTy kiac ChooseData
HAJa€ T0AaTKOBI MOCIYTH. BUTIIAL KOMIIOHEHTY MpEeACTaBiIeHO Ha pUCYHKY 1.15.

Title

Pucynok 1.15 — Burnsan komnonenty kiacy ChooseData

Merton setTitle(String) 103B0oJIsI€ TO3HAUNTH MPU3HAYEHHS KOMIIOHEHTY.
Metoau getlnt(), getFloat() Ta getDouble() m03BOMAIOTH OTpUMATH dYHCIA
BIJIITOBIIHUX THUIIIB.
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Metoau setInt(int), setFloat() Ta setDouble(double) m03B0NAIOTH BimoOpakaTu
YHCJIa BIANOBIIHUX THIIIB.

Metomun getintArray() ta getDoubleArray() mO3BOJIIOTH OTPUMATH MACHBH
BIJIITOBITHUX THIIIB.

1.3.3 Kaac ChooseDataH

O0’€eKTH HOTO KJIACYy TAKOXK MOKHA BUKOPHUCTOBYBATH JIJIs1 BBEICHHSI YHCIIOBUX
napaMeTpiB KOMIIOHEHT MOJIeNi. BUTIsA] KOMIOHEHTY PEICTaBICHO Ha pUCYHKY 1.16.

Title l 03 ‘

Pucynox 1.16 — Burnsg komnonenty kiacy ChooseDataH

3a cBOIM (PyHKIIIOHAJIOM 111 00’€KTH MaikKe Taki, K 1 00’ €KTH MOIMEePeTHbOTO
kiacy. Tak caMo 3 KOMIIOHEHTY MOKHA OTpUMAaTH JaHi TumiB int, double Ta macuBu
JaHUX [UX TUMIB. Ane med kiac ycmagkoBye kiac JSplitPanel. TlpaBy wactuny
po3uleruieHoi naHem 3aiimae komnoHeHT JTextField 1 BiH nocTynHuii yepe3 mMeTon
getJTextField(). ITouaTkoBe TOJOXKEHHS PO3AUIPHHKA MK JIBOK Ta IIPaBOIO
YaCTMHOIO MO)KHAa HaJlalllTOBYBaTW BiacTUBICTIO resizeWeight. 3a 3amMoBUyBaHHAM
Horo 3HaueHHs nopiBHioe 0.75.

1.3.4 3aco0u aJ1s1 30MpaHHs Ta 00POOKM CTATHCTUYHOI iH(opMamii

Knacu Histo 1 DiscretHisto m03BOJISIIOTE HAaKONUYYBATH 1H(QOpPMALIO PO
3HAUYEHHS BUIIAJIKOBUX O€3MEepEPBHUX 1 TUCKPETHUX BEITUYHH, 1 T01aBaTH iH(OpMAILito
Mpo Il BEIMYMHU y BUIJISAL ricrorpaM. [icrorpama moske OyTH MpelcTaBiieHa Yy
BUTJISIZI CTOBITYACTOT AlarpamMu abo y BUTIISAII TAOJIHUIIL.

J1y1st 3py4HOCTI JIesIK1 METO/IU TicTorpam BuHeceHo y iHntepdeiic [Histo:

— init(). Lle#t meTo 6€3 mapamMeTpiB MOKHA BUKOPUCTOBYBATH JJIs 1HILIaT13a1111
00'eKTiB 000X KJ1aciB. Y 1IbOMY BUIIAJKy MEX1 IcTOrpaMu (POpMyIOThCSI aBBTOMAaTUYHO.

— add(double). Ileit MeTron gomae y ricTorpamy 4ucio, 10 NEPeAacThCs 10
METOJy B SIKOCT1 apameTpy.

— addFrequencyForValue(double, double). B skocti mepmioro mapamerpa
3a/1a€ThCS Bara TMEPEeIaHoOro BUMAJKOBOTO YHWCIA, a JIPYTUM MEpPEIacThCsl caMe
BUITAJIKOBE YKCIIO. Y TPOCTUX BHIIAJIKaX Bara Moke mopiBHioBatu 1. Came Tak
peanizoBano metoa add(double).

— showRelFrec(Diagram). BukopucToByeThCSl 111 BUBEJICHHS PE3YJIbTATIB Y
BUTJISAJII CTOBITYACTOI JiarpamMu. Jlo MeTony sk mapameTp NepeaaeTbes MOCUIaHHs Ha
00'exT kiacy Diagram, ae Oyne BimoOpakatucs aiarpama. IcHye i iHI1a Moaudikaris
METO/Y, 3 OUIBIINM YMCIIOM MMapaMeTpPiB Ta OUIBIIUMHA MOXIUBOCTSIMHU.

— getAverage(). [loBepTae cepeHe 3HaUCHHS 111 HAKOMTMYEHUX JaHUX.

— toString(). BukopucTOBY€ThCS IS BHUBEICHHS pPE3YyJbTaTiB 0OpPOOKH
HAaKOMMYEHUX JTaHUX Y BUTJISA/II TEKCTY 3 TAOIUIEIO BITHOCHUX YacTOT.

Hwxue HaBeseHi 11e AesKi METO/IH, 1110 He YBIUIILIN IO €IMHOTO 1HTep(ecCy.
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Jns iHimiamsaiii, 10JaTKOBO MOYKHA BUKOPHUCTOBYBATH TaKi METOJIN:

— initFromTo(int, int). Ileit MeTom BUKOPUCTOBYIOTH UIsi OO'€KTIB KIiacy
DiscretHisto. [IBa minmx yucina, mo mepeaaroThes B AKOCTI MapaMeTpiB, BA3ZHAYAIOTh
MEXI1 TICTOTpaMH.

— initFromTo(double, double, int). I{eli MeTO/ BUKOPUCTOBYIOTH JJIsI 00'€KTIB
knacy Histo. J[Ba mificHuX 4ymca, Mo MEePIIMMH TEPEAAIOTHCS B IKOCTI MapaMeTpiB,
BHU3HAYAIOTh MEXI1 TCTOTPaMH, a I[iJIe YUCIIO BU3HAYAE KUIBKICTh 1IHTEPBAJIiB.

1.3.5 Knacu auist rpagiyHoro BioopakeHHs1 pe3yJbTaTiB MOIeTI0BaAHHS

J{ns rpadiuHOTO BiJI0OpaKEHHS pe3yJIbTaTiB MOJICIFOBAHHS BUKOPUCTOBYIOTHCS
kiacu widgets.Diagram i widgets.Painter.

Knac Diagram peani3ye Bi3yajabHHII KOMIIOHEHT JUIS BiTOOpaskeHHs TpadikiB i
niarpam. Bux komnonenTy kinacy Diagram mokasano Ha pucyHky 1.17.

KOMITOHEHT [103BOJIsIE HACTPOIOBATU MIHIMAJIbHI 1 MAKCUMaJbHI 3HAYEHHS 110
OCSIX KOOpJMHAT, 3arOoJIOBOK JiarpamMu. Mo)xHa HACTPOIOBATH KOOPAMHATHY CITKY.
Po3mipyu KOMIIOHEHTY MOKHA 3MIHIOBAaTH.

Hrkue HaBeZeHO Jesiki MeTou 3 kiacy Diagram.

Title

Ll

[ o
o [l

Pucynox 1.17 — Burnsig komnoHeHTy kiacy Diagram

Metonu  setGridByX(int), setGridByY(int) BUKOpPHCTOBYIOThCS IS
HaJAIITYBaHHs MacIITa0HOT CITKU Ha Jiarpami.

Meroau setHorizontalMinText(String), setHorizontalMax Text(String),
setVerticalMinText(String ), setVerticalMaxText(String) BUKOPUCTOBYIOTBCS JIJIst
HaJalITYBaHHS J11alla30HY AlarpaMy M0 TOPU30HTANIbHIN Ta BEPTUKAIbHIN BUCSX.

Meton setTitle(String) BHUKOPUCTOBYIOTHCSA [Jisi HAJIAIITYBaHHS 3arojOBKY
Jiarpamu.

Merton clear() ouniiae giarpamy.

Mertop setPainterColor(Color) HanamroBye KoJiip 300paxeHb.

300pakeHHs] TeOMETPUYHUX (PIryp HA Jlarpami BUKOHYIOThCS 00'€KTOM Kilacy
Painter, mo BxoauTh 10 ckiaagy o0'ekTiB kiacy Diagram. 3 Horo JomoMororw MoHa
300pakyBaTu JIiHII, NPSIMOKYTHUKH, oBanu. Komip JiHIA HaIamTOBYETHCS.
OcobsuBicTh 00’ekta Painter mossirae B TOMy, MO TiCiss 300pakeHHs JIiHil, BiH
nam'sTae CBO€ CTAHOBHIIIE Ha Jiiarpami, 10 CIPOIye 300paxkeHHs rpadikiB

O06'extn kiacy Painter MOXXyTh ICHYBaTH 1 HE3QJIEKHO BiJ JlarpamMu, a MaTu
TIJIbKW TOCWJIaHHS Ha Hel. 3aBASKM LIbOMY, KiJIbKa 00'€KTiB Kiacy Painter MOXyTb
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BUKOPHUCTOBYBATH OJHY M Ty X Jllarpamy, 1110 J03BOJIsi€ 300pakaTu Ha OJIHIM aiarpami
KUJIbKa rpadikis.

Merton placeToXY (float, float) BUKOpUCTOBYIOTBCS 71l TIEPEMIIICHHS TIepa y
TOUKY 13 3aJlaHUMU BITHOCHO JllarpaMu pealbHUMHU KOOPAUHATAMHU.

Meton drawToXY(float, float) BUKOpHUCTOBYIOTbCS ISl TIPOBEJACHHS JIiHIT Y
3aJlaHy TOYKY Ha Jiarpami.

Meton drawDependency(...) MoO)XXHa BHUKOPUCTOBYBATH [UIi BHBEACHHS
rpadikiB. SIK mapaMeTpu B OCTaHHIM METOJ| MepeIacThCs Ba MACHUBH, SIKI 3aJ1al0Th
KOOPJAMHATH TOYOK Trpadika, KoJip rpadika 1 mapameTp JIOTIYHOTO THUITY, IKUH BKa3ye,
Yy CJIiJ] HAJIAIITOBYBATH Jiarpamy Iija aaHi rpadika.

Meton drawBarsDiagram(...) 1mporo kjiacy MOXHa BHKOPHUCTOBYBATH JIJIS
BUBEJICHHS CTOBMYACTUX JiarpaMm. Sk mapaMeTpu B METOJ| NEPEeNaeTbcsi MacuB
I'PaHUIlb IHTEPBAJIB MO0 TOPU3OHTANIbHIN BUCI, MACUB 3HAUYCHb 110 BEPTUKAI, ITUPUHA
CTOBIYMKA B JIOJISIX IIMPUHU 1HTEPBAILY, 3CyB CTOBIYMKA BiJ] JIBOI MEXI MPOMIKKY 1
rapameTp JIOTTYHOTO THUIY, KUl BKa3ye, i MOTPIOHA 3MIHA HANAIITYBAaHHA JllarpaMHu
1T JIaHI.

Meton drawNeedleDiagram(...) nporo kiacy MokHa BUKOPHUCTOBYBATH IS
B1J100paKe€HHA roj4acToi giarpamu. [lepernik mapaMeTpiB HbOTO METOIY Mail>ke TaKUi
CaMUi SIK 1 y IONIEPEAHBOTO.

[lepeniueHi BHIllE METOAN MOYXHA BUKIIMKATH 1 yepe3 00’ eKkTH kinacy Diagram.

Ha niarpamax TakoX MOXXKHaA BITOOpakaTH TricTorpamMu. A€ i METOIH
BUKJIMKAIOTHCS JUIsI OO0’ €KTIB-TICTOTpaM, a IMOCWIAHHS Ha JlarpaMmy y Il METOAH
MepeIAETHCS SIK TapameTp.

1.4 3aBaaHHs HA BUKOHAHHS PO0OTH
1.4.1 IlinroToBKa 10 POGOTH

Axrusizyiite daitn SimulationAllLab2022.jar. Bepcii iiux ¢aiiziB 3MiHIOIOTHCH,
TOMY Ha3Ba (haiiiry Moske OyTH 11HIIO0. MoskHa Takok 3aBaHTaxkuTh 10 Eclipse daiin
npoekty i3 apxiBy SimulationAllLab2022.zip i axTtuBi3yBatu ctapToBUi (aiin
3actocyBaHHsa mainUl, 1110 3HaXO0AUTHCS y MAMIll main NpoeKTy. Y 1bOMY IMPOEKTI J10
KO’KHOT JTabopaTopHOi poboTH € marnka, Ha3Ba sikoi mounHaeThes croBamu «toLab..».

1.4.2 Po6oTa 3 nporpamoro «3HaOMCTBO 3 BUIIAJIKOBUMH BeJINYHMHAMID)

[lpotectyiite KOXeH 13 TeHeparopiB kommnoHeHTy ChooseRandom.
HanamtyBanHsT KOKHOTO 13 T€HEpaTOpiB MAalOTh BillOBIiAaTH HOMEPY y CHHCKY
TPYyIH.

O06’eM BHOIpKH Ma€ TOPIBHIOBATH HOMEPY Y CHUCKY ToMHOX)eHoMYy Ha 100.

J1J1s eKCTIOHEHL1AJTbHOTO PO3MOALTY Cepe/IHE 3HAUCHHS BUMAIKOBO1 BEJIMYMHU
BUOUPAEMO Y BIJOBIIHOCTI 3 HOMEPOM y CIUCKY.

Jnis posnoniny Epnanra cepeine 3HaueHHs BUIIaJIKOBO1 BETMUMHU BUOUPAEMO
Tak camo (Homep y cnucky). Koedimient Epnanra B3ty 2 i1 mapHUX HOMEPIB 1 3
JUTS HEeTIApHHUX.
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s HOpMAaJIbHOTO PO3MOAUTY CEepEeIHE 3HAYEHHS BUIIAJKOBOI BEIUYMHU
BUOMPAEMO y BIAMOBITHOCTI A0 HOMepa y cnucKy. Cirma mae gopiBHioBatu 0.2 Bif
3HAaYEHHS CEPEIHBOTO.

Jlyis piBHOMIPHOTO PO3MOALTY MiHIMalbHE BHOMPAEMO y BIAMOBIIHOCTI IO
HOMepa y CNIHCKY, a MaKCUMalbHe Y 4 pa3u Oible.

JIJ1st TPUKYTHOTO 3aKOHY PO3IMOJAUTY MiHIMAJIbHE Ta MaKCHMaJIbHE 3HAYEHHS
Taki cami sIK Il PIBHOMIPHOTO PO3MO/LLY, a cepeaHe y 3 pa3u OuIbllie MiHIMAIBHOTO.

Jlnst AUCKpeTHOro po3moAuly 3ajlaBaTh IU@PU MOTOYHOIO 4Yacy Ta JaTH
(mampukian 11:52 26.12.2022) Ta IMOBIpHOCTI MOSIBU iX y HOMEpi (111 HAaBEIEHOTO
pUKJIATy IMOBIPHICTD MOsiBH lbpu 0 6yne 1/12, miust uudpu 1 6yne 3/12, nius uudpu
2 oyne 6/12, mist uudp 5 ta 6 — 1/12) .

JI1s1 TOBUIBHOTO PO3MOJIUTY HAJTAIITYWTE 3aKOH PO3MOAUTY, Y SAKOTO (YHKITisS
IIIIBHOCT] IMOBIPHOCTEH Ma€ BUIJIS JBOX TOpOIB Pi3HOI BUCOTH. MiHIMalIbHE Ta
MaKCHMAaJIbHE 3HAUYCHHS BUIMAJKOBOI BEJIMYMHM BI3BMITh Taki caml fK JUIs
PIBHOMIPHOTO PO3MOJALITY, 1 IEl 1HTepBal po3aUITh Ha 4 yacTuHU. ['opO BUHUKHE Y
TOMY BHUIIAJKY, KOJM 3HAYECHHS IHTErpaIbHOI (PYHKIIi CcepeaHiX TOYOK OyAyTh
OJIHAKOBI.

He 3a0yBaiiTe, 110 B SIKOCTI HaJallITyBaHb F€HEPATOPa MEPEAAIOTHCS 3HAYEHHS
IHTErpajbHO1 QYHKII, IEpIIE 3 IKUX JOPIBHIOE HYJIO, & OCTAHHE OJIMHHIIL.

Hwuxue HaBeeHO mepentik AiH, K1 CJIiJl BAKOHATH:

— Hanamryite komnoHeHT ChooseRandom Ha moTpiOHUI 3aKOH PO3MOALTY 13
3HAYCHHSMHM MMapaMeTpPiB, IO BIAMOBIIAIOTh BapiaHTY;

— OTpUMaiiTe TicTorpamy JJjisi BHOIPKM BHUIIQJKOBHX YHUCEN Ta IHTErpajbHy
(GyHKIIIIO 1714 3aaHUX TTapaMeTpiB PO3MOILTY;

— 3a(iKCylTe OTpUMaHi pe3yJabTaTH y 3BITI;

1.5 TectyBanHust

3amycTiTh Mporpamy TECTyBaHHS 1 MOTPEHYWTECh y BIAMOBIASX HA 3aIUTAHHS.
[ToTiM po¥aITE TECT 1 3ahiKCYyTE CKPIHIIOT PE3YJIbTATY Y 3BITI.

1.6 3aBaaHHs ajs caMocCTiiiHOT po6oTH

BuxopucrtoBytoun  koMmmoHeHTH  ¢peiimBopky  Simulation  cTBOpITH
3acTOCyBaHHA g TecTyBaHHs Mmetony random() kimacy Math. 3acrocyBanHsi mae
HaJ]aBaTH MOKJIMBICTh CTBOPIOBATH Ta MEPETJISIIATH TiCTOrpamy Jisi BUOIPKH YUCEN,
3a/IaHOTO PO3MIPY SIK Y BUIJISIAI CTOBMYACTOL Jlarpamu, Tak 1 Yy BUIVISIAI TEKCTY. 3a
JOTIOMOTO0 (DYHKIIIT test, o € Y KOHTEKCTHOMY MEHIO TiCTOTpaMHu MOYKHA TTIEPEBIPITH
rinoTe3y Mpo raJlaHuii po3moIi.

[IporoTun 3acTOCyBaHHS MOYKHA TEPETISHYTH 3a JOTIOMOTOIO IYHKTY MEHIO
«IIlo Tpeba cTBOpUTH caMOCTIIHO» A0 JabopaTopHOi podOTH, pUCyHOK 1.18.
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licTorpama MNapameTpn BrubipkK: |~ |

QacAr embiprwn = 1000,
|ﬂ MiHWMAaNEHE 3HAYEE e :
Halfinewe aHayeny [£: TectyeanHa 3a kputepiem Mipcona
CepegHe EHEI'-I.E!HHH Title
CTaHOapTHE BigxXWng
1 Koedq.Epnanra = (M4 || &3] | Pienomipne(0.0;1.0)
[ [HTepeanu BigH.y3 T
1 ~0.10 000 0000 080 090 106.0 1001
L 0.00.010 01080 go0 110 1020 006

010.020 0.090 i gannar=137

0.0 | 020.030 0102f o 1o
0.1 11| 030040 o0.089f P -1
| 040 050 01000 rlI'IIZZI'TiF'JI."'r‘_-,-r MOHHA MPHHHATH
1 OfcAar embipen 0.50 . 0.60 0.102(
1000 R Tectyearu
Pucynok 1.18 — Pe3ynbpTaT BUKOHAHHS 3aBIaHHS JJIsI CAMOCTIHHO1
pobotu

1.6.1 PexoMenaanii 710 BUKOHAHHSA 3aBJIaHHA

Jlo npoekTy Tpeda miaximounTn Baiin Simulation2022.jar.

Jns  goctynmy 70 KOMIIOHEHTIB  (pPEMBOPKY BUKOPUCTOBYWTE MYHKT
ChooseBean meH1o naHesni KOMIIOHEHTIB.

Jlnst BBeieHHs1 00csry BUOIpKM BUKOPUCTOBYITE 00’€eKT Kiacy ChooseData.

JInsi HAKOMWYEHHSI JaHWX BUKOPHCTOBYMTE KOMIIOHEHT kjiacy Histo 1 ioro
meroa add(double). Lleli KOMIOHEHT HE € Bi3yaJbHUM, OTO MOKHA pO3TalllyBaTH 3a
Mexamu Gopmu. [lepes HaKOMUYEHHAM JaHUX KOMIIOHEHT CJI1JT 1HII[1ani3yBaTH (METOL
init()).

Jlnst  BuUBeAEHHS TEKCTOBOi 1H(GOpMaIli BUKOPUCTOBYWTE CTaHAApTHUUN
komroHeHT JTextArea 1 meton toString() 06’exra kiacy Histo.

JI71s1 Bi3yaJIbHOTO BiJIOOpa)KE€HHS JiarpaMyd BUKOPUCTOBYWTE KOMITOHEHT KJIacy
Diagram 1 metog showRelFrequency(Diagram) kiacy Histo.

1.7 3aBnanus qyist BUKOoHaHHA etanmy PI'P

3aBnanns 1o PI'P HaBenaeHno B metonuunux BKasziBkax g0 PI'P. Bapiant PI'P
BIJINOBIJIa€ HOMEPY CTYJEHTA y CIIUCKY TPYIIU.

Tpeba o3HAMOMHUTHCS 13 OMUCOM CHUCTEMHU 1 BU3HAYUTHU TEPENIK MapameTpiB
MOJIei, M0 Mmijyarae HajgamTyBaHHIO. OOOB’SI3KOBO Ma€e OyTH KOMIIOHEHT, IO
BU3HAYa€ Yac MOJCIIIOBAHHS.

Jan cTBopuTH BI3yalIbHUHM Kiac (AMB. eTtanm 1 y METOAMYHHUX BKa3iBKaX JI0
PO3paxyHKOBO-TpadiuyHOT poOOTH), 1 Y ILOMY KJIacl CTBOPUTH NaHEeb HaJalllTyBaHHS
rmapaMeTpiB MOJCTI.
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Oxpim Toro ciia moaaru 3aknaaku T3 ta Info 3 iHpopmartiero mpo po3poOHUKa
i #ioro ¢oro. Pexomenpamii crocoBHO peamizyBaru mnaneni INfo naBenmeni y vy
METOJIMYHMX BKa31BKaX J0 PO3paxyHKOBO-rpadiunoi podoTH, miaposain 3.1 eram 1.

3aro0BOK TOJIOBHOTO BIKHAa Ma€ MICTHTH 1HGOpMAII0 Mpo TeMy poOOTH
(MOXHa CKOPOUYEHO), MPI3BUIIIE CTYEHTA 1 TPyIy.

1.8 3BiT npo BUKOHAHHS POOOTI

VY 3BiTi MalOTh OYTH HACTYITHI TiAPO3ILIH:

— MeTa poOoTH;

— pe3ynbTaTH BUKOHAHHS pOOOTH 3 MPOrpaMoro «3HAHOMCTBO 3 BHIAJIKOBUMU
BEJIMUMHAMUY;

— pe3yJbTaTH CaMOCTIMHOI poOOTH 3 PO3POOKHU 3aCTOCYBaHHS ISl TECTYBaHHS
metoxy Math.random() 3 HaBemeHHSM KOMiil €KpaHIB y peXUMi pO3POOKH Ta
TECTYBaHHS Ta JICTUHTY METOy 0OpOOKM MOl HATUCKAHHS Ha KHOIKY (KOJ yChOTro
KJIacy He MOTpiOeH);

— pe3yibTaT TECTY;

— pe3ynbTaTH BUKOHaHHA mepuioro eramy PI'P BignmoBigHO 10 po3auty 3.1
METOJIUYHUX BKa31BOK g0 PI'P.

— BUCHOBKU.
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2 JABOPATOPHA POBOTA Ne2.
I'EHEPATOPH BUITAJKOBHUX BEJIMYNH

2.1 Meta poboTu

B pesynbrari BUKOHAHHS Ja00paTOPHOI pOOOTH CTYAEHT MAa€ OTPUMATH TaKi
3HAHHS Ta HABUYKU:

— TIO3HAMOMHTHCS 31 crmoco0aMu OJCp)KaHHS PIBHOMIPHO PO3MOILICHUX
BunaakoBux yucesn (PPBY);

— TI03HAMOMMTHCS 3 METOIaMU TeCTyBaHHS reHepatopiB PPBY;

— JOCHIIUTH BIUIMB HajamTyBaHb reHeparopa PPBY wa xapakrtepucTtuku
TMICEBIOBUITAIKOBOT MOCTIIOBHOCTI, 10 TEHEPYETHCH;

— TI0O3HAMOMMTHCS 31 CIIOCOOaMU CTBOPEHHS T€HEPATOPIB JIJIsi HEPIBHOMIPHUX
3aKOHIB PO3MOJILITY;

— MO3HAMOMHUTHUCS 3 NOHATTAM «BHUIAAKOBUHN MOTIK ITOIIN.

2.2 KopoTki TeopeTnuHi BizomocTi

BunaakoBi BeTWYuHU, K1 MU MA€EMO MOJICIIIOBATH, MOKYTb OyTH PiI3HUMHU, aje
HaifuacTtiie iX MOpeacTaBiIsioTh uucilaMu. Hanpuknag, vac YeKaHHS Tepen
CBITJIO(DOPOM — 1I€ YHUCIIO, a KOJbOPU CUTHAITY CBITJIOPOpa TEXK MOXKHA MOJECIIOBATH
YUCJIAMU, HAlPUKJAM, | - 3eleHuit, 2 - )KOBTUM, 3 - YEPBOHHUI.

Tox, MopaentoBaHHs MNoTpeOye reHepalii BUNAAKOBUX dyucend. Jljisi 1poro
BUKOPHCTOBYIOTHCA TaK 3BaHI1 F€HEPAaTOPY BUITAJIKOBUX YUCEN. 3a3BUYal, 1€ 00’ €KTH,
SK1 y BIJIMOBIAL Ha BUKJIUK Takux MeToaiB sk next(), nextDouble(), nextlnt(), Ta
MoAIOHKUX 70 HUX, MIOBEPTAIOTh YHUCIIO BIAMOBIIHOTO TUITY Ta MOTPIOHOTO PO3MOALTY.

2.2.1 T'enepaTopu piBHOMIpPHO PO3MOAiJIEeHUX YHCET

PiBHoMipHO posnonineni punaakosi uncia (PPBY) - ne BunmangkoBi uncia, ski
MIATOPSIKOBYIOTHCSI PIBHOMIPHOMY 3aKOHY PO3TOJILITY.

2.2.1.1 TectyBanus reneparopis PPBY

EdeKxTUBHICTh CTaTHCTUYHOTO MOJICIIIOBAaHHS 0arato B 4OMY 3aJICKHUTh Bij
SKOCTI BUTIQJIKOBHX YHCEN, OCb YOMY T€HEpaTOPH BHUITAJKOBUX YHCEI TOBUHHI PONTH
TecTyBaHHA. HallBaXIMBIII XapaKTEPUCTUKHU TMOCIHITOBHOCTEN BUIIAJKOBHX YHUCEN,
AK1 (POPMYIOTh F'€HEpaTOpH, Le:

— Tmepion,

— PIBHOMIPHICTb,
— CTOXACTHYHICTb,
— HE3aJIC)KHICTb.

[lepeBipka Ha nepioj MoJsirae y BA3HAUYEHHI JOBKUHM MTOCIIIIOBHOCTI, JIE€ YMcia
MOCJIJOBHOCTI HE MTOBTOPIOKOTHCS.
[lepeBipka Ha PIBHOMIPHICTh BU3HAuUa€, UM BIJATMOBIIAIOTH YMCJIAa OTPUMAHOI
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MOCJTIIOBHOCTI pIBHOMIPHOMY PO3IOALTY.

[lepeBipka Ha CTOXaCTUYHICTh BU3HAYAE, HACKUIBKH SKICHO MEPEMIIIIAHO YUCTIa
MTOCJTIIOBHOCTI Y MEXKax Tepiofy.

[lepeBipka Ha HE3AJEKHICTH Ma€ MIATBEPAMTH BIICYTHICTH B3a€MO3B’SI3KiB
(xopersrii) Mi>k YUCIIaMH TTOCTiIOBHOCTI.

Oxpim nepeniueHuX KIaCHYHUX TECTIB, sIK1 OyAyTh PO3IIISIHYTI Y JabopaTOpHii
po0oTi, icHye OaraTo iHMMX CIOCOOIB TECTyBaHHS Takux reHeparopiB [1,2]. Ha
CHOT'OJIHI OJTHUM 13 HaWOLIbII CyBOPUX HAOOPIB TECTIB IJIs OIIHKH SKOCTI Habopy
BUITQIKOBUX YHCEII BBAXKAIOThCS TecTH «diehardy», po3pobiieni Ixopmkem Mapcani.
Henapemuno Ha3Ba mporo Habopy 3 12 TecTiB mepekiamgaeTbes (Hpa3eosiorisMoM
«MIIHUM TOPIIIOK

Bu3naueHHs Hepiozly BUITAAKOBHX YHCCJI

I1s mepeBipka moJisAra€ y BU3HAUYEHHI JIOBXXHHM MOCHIIIOBHOCTI, JI¢ YKCIa HE
MOBTOPIOIOTHCA. Y 3B'SI3KY 3 TUM, IO NpPHU ACSIKUX 3HAYEHHSIX KOHCTAHT T'€HEepaTopa
MOYATKOBI YHCJIa MOCHIZIOBHOCTI MOXYTh NMPUHAMATH YHIKaJbHI 3HAYEHHS, SIKI HE
3'SIBJSIOTHCS MI3HIIIE, TO TPU BU3HAYEHH1 MEeP10y 3a3BUYal MPOMYCKAIOTh IOYaTKOBY
TUISTHKY, @ MOTIM (PIKCYIOTh 3HaY€HHSA SIKOro-HeOy1b 4Kciia (2 1HKOIH 1 IEKUIbKOX) i
M1IPaxoBYIOTh KUIBKICTh YHCEN y MOCIIJOBHOCTI JAOTH, JOKM 4YeproBe 4ucio (abo
qucia) He OyyTh CIIBIAJAATH 13 3a()IKCOBAHUM YHCIIOM.

[lepeBipka Ha piIBHOMIPHICTb

[Ipu mepeBipiii Ha PIBHOMIPHICTH MEPEBIPSIETHCS TIMOTE3a MPO PIBHOMIPHUIMA
PO3MOJILI MCEBA0 BUMAIKOBUX yuced. OIIHUTH PIBHOMIPHICTh PO3MOJLITY MOXHA 3a
J0IIOMOT 010 TicTorpaMu. [{ist 1poro faiana3zoH MOKIMBUX 3HAUEHb BUMIAKOBUX YHUCE,
nanpukiaz (0,1) po3ouBaerbess Ha N piBHMX "acTuH. YHCIO 1HTEpPBAJiB 3a 3BUYAM
BUOWpAIOTh TpomnopiiitHo Jjorapudmy Big o6csary BuOipku. Ilicns uporo
M1PaxoBYIOTh CKUTBKH Pa3iB BUMAAKOBI YKCIIA TOTPATUISUIH IO KOXKHOTO 3 IHTEPBAJIIB.
O4eBuHO, 110 AKIIO BUIMAJKOBA BEIMYMHA € PIBHOMIPHO PO3MOAUICHOI, TO MpU
BEJIUKIA KIJTBKOCTI WICHIB MOCIIJOBHOCTI, 3HAYEHHS YacTOT y KOKHOMY I1HTEpBasl
MOBUHHI HaOmmkatucs 10 Benuunau V/N, e V - 4uciio wieHiB HociigoBHOCTI (00csr
BUOIpKH), a N - umncro iHTepBaniB. Alie y 3B’SI3Ky 3 TUM, 1110 0OCAT BUOIpKHU HE OyBae
HECKIHYEHHHM, 3aBXH ICHYIOTh SKICh BIIXWUJICHHS NIMCHUX (EMIIPUYHUX) YACTOT Bij
TEOPETUYHUX YaCTOT.

Pozrisinemo, Hanpukiiaa, BUMAJKOBI YUCIIA, IO HABEACH] Ha pUCYHKY 2.1.

1009732533 7652013586 3467354876 80959009117
3754204805 6489474296 2480524037 2063610402
0842268953 1964509303 2320902560 1595334764
9901902529 0937670715 3831131165 8867674397
1280799970 8015736147 6403236653 9895116877

Pucynok 2.1 — ®parmeHT TabauIl BUMAIKOBUX YUCEN
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3 koxHOi nmapu nudp MoxxkHa chopMyBaTH IpOOOBY YaCTUHY YKCIIA MEHIIIOTO
onunuili. Takum unHOM oTpuMaemo 100 uucen y aianaszoni Bix 0 mo 1.

Po3i0'eMo Bech miama3oH Ha 5 PIBHUX YaCTHH 1 MAPAXyeMO, CKITbKHA YHCEIN
MOTpaIuisie€ B KOXXHUM iHTepBal. Pe3ynbraTtu npeactaBumMo y BUTIsAl Tabmmi 2. 1.

Tabmurs 2.1 — AGCOMIOTHI eMITIpUYHI YaCTOTH JJIsl IHTEpBaJliB
['panumi intepBanis | 0..0.199 10.2..0.399|0.4..0.599 | 0.6..0.799 |08 .. 1

AOCOIIOTHI YaCTOTH 22 19 15 20 24

TeopernyHa abCONMIOTHA YaCcTOTA TPU PIBHOMIPHOMY PO3TOIIII OHAKOBA TSI
BCIX IHTEpBaIiB (3BUYAIHO, SIKIIO IHTEPBAIM OJTHAKOBOI IIMPUHHU) 1 BUBHAYAETHCA SIK
YyacTKa BiJl AUJICHHS 00cATy BHOIPKM Ha KUIBKICTH IHTEpPBATIB. Y HAIIOMY BUIAAKY
obcsr Bubipku aopiBHioe 100, a inTepBaniB 5. To BUXOIUTH, 110 TEOPETUYHA YaCTOTA
nopiBHIOE 20.

AHanizytoun Tabmumo 2.1 6aunmo, 1m0 Maibhke B KOXHOMY 1HTEpBail
CIIOCTEpITaloThCsl BIAXUIICHHS a0COJIIOTHUX YacTOT BiJ TEOPETHUYHOIO 3HAYCHHS.
Bunukae nutaHHs, 9u € 111 BIIXUJICHHS BUMAAKOBUMH, UM JIMCHO YKCIa PO3IOIIICH]
HE PIBHOMIPHO?

Jlns BiAMOBiAI HA 1€ TMHUTAHHS MOXHA CKOPUCTATUCS CTaTUCTUYHUMU
KpUTEPISIMA TIEPEBIPKH TINOTE3 NP0 BIAMOBIAHICTE EMIIIPUYHUX PO3MOJALIIB
TEOPETUYHUM PO3IOiIaM.

Kpurepiit BignosigHocti Ilipcona ("Xi-kBagpat").

VY tux Bunaakax, kosm oocsr Bubipku He MeHie 100, A1t nepeBipKu TinoTe3u
PO BIANOBIAHICTE EMIIIPUYHOTO Ta TEOPETUYHOTO 3aKOHIB PO3IMOALLY MOXKHA
CKOpHUCTaTHCs KpuTepieM BianoiaHocTi [Tipcona ("'xi-kBagpat").

Y upoMmy KpuTepii po30DKHICTH TEOPETHYHHUX 1 EMIIPUYHUX aOCOIIOTHUX
4acTOT, OTPUMAHUX JJIS JIESIKOi BUOIPKHU, OIIHIOETHCS BEITUYMHOIO, 110 BU3HAYAETHCS
3a opmyioro 2.1,

5 \2

2 _ 2w —w)
X =2 2.1
=1 W, 1)

ne W2, Wl - emmipuuni i TeopeTnuHi aGCOMIOTHI YacTOTH Ul iHTEpPBAJIB.
[HTEepBamu, 115 SKUX 3HAYEHHS a0COIOTHOT YACTOTH MEHIIIE S, MOEIHYIOTh 13 CYC1THIM
1HTEpBaJIOM

Otpumane 3a ¢opmynoo 2.1 3HayeHHs "Xi-KBaapar" MNOPIBHIOOTH 13
KPUTUYHUM 3HAYCHHSIM.

"Kputnune" 3HaueHHs "Xi-kBagpaT" BH3HAYAETHCS 13 CTATUCTUYHHUX TaOJIHUIIb
BI/IMIOBITHO JIO YKMCJIa CTEIEHIB BIILHOCTI M MPUUHIATUM PiBHEM 3HaUUMOCTI "anmbda'.

Uwucno creneHiB BUIBHOCTI BU3HA4YA€ThCsA 3a (popmynoro S-R, ge S - yucio
1HTEepBaIiB, a R - 4rcio mapaMeTpiB po3MoAiTy, BU3BHAYCHUX IO BHOIPIII.

PiBens 3HaumMOCTI (IMOBIPHICTH TOTO 110, BIAKKAAIOYH BUCYHYTY TIOTE3Y, MU
3p0OUMO MTOMUJIKY) 3BUYAHO MpUMaroTh piBHUM (.05.

Axmo otrpumane 3HaueHHS "Xi-KBampaT' MeHIIE "KpUTUYHOTO", TIMOTE3a
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IPUNMAETHCH.

Hwxde, y Tabmuiri 2.2 HaBOASATHCS ACsKI KpUTUYHI 3HaUeHHs " Xi-KBajapat' s
piBHs 3HaunMocTi "anbsga"=0.05.

Tabmuns 2.2 — Kputnuai Touku po3noainy "Xi-kBaapat”

Ywciio CTyIeHiB BITLHOCTI Kputnune 3HaueHHs
3 7.8

5 111

7 141

10 18.3

Kputnuni 3HauenHs "Xi-kBagpatr" ais IHIIMX 3HAUYEHb YHCIA CTENCHIB
BUTBHOCTI 1 PiBHIB 3HAUUMOCTI MOKHA 3HAWUTH B JOBIAKOBIHN JiTeparypi [3].

Jlnis mpukiagy, mo po3risiaaBcs y mianyHkTi 2.1.4.3, 3HaueHHs «Xi-KBajpar»,
3Hainene no ¢popmyni 2.4, Oyjae HACTYITHUM.

> (22-20)% (19-20)° (15-20)% (20-20)? (24-20)%

A7 20 7 20 7 20 720 720 T

Uucno creneHiB BUILHOCTI B HAIlIM BUIAJIKY JOPIBHIOE YHUCITY 1HTEPBAIB,
T00TO T'siTU. J{J1s1 IHOTO YMCIIa 3HAXOAUMO KPUTUYHE 3HAYCHHS 3 Tabnuiil 2.2, BOHO
nopiBHio€e 11.1.

OtpumaHe (crocTepekyBaHE) 3HAUYEHHS «Xi-KBajJpaT», IO JOpIBHIOE 2.3,
MEHIIIE KPUTHYHOTO, KOTpe NopiBHIOE 11.1, 0TKe TinmoTe3y Npo pIBHOMIPHUN O30T
BUITAJIKOBUX YUCE MOXKHA TPUUHSTH.

2.3

[TepeBipka cTOXaCTUYHOCTI

CroxacTHuHICTh (BUIAAKOBICTb) OTPUMYBAHOI MOCIIJOBHOCTI PIBHOMIPHO
PO3MOAUICHUX YHCEN MOKHA OL[IHIOBAaTH PI3HUMHU METOIAMH.

OmuH 3 HUX HA3UBAETHCS METOJOM cepidl. Y I1bOMy METOJll BHUIAJKOBA
MOCITIIOBHICTh urcea X pO30MBAEThCS Ha €JICMCHTH JBOX BHJIIB (HApUKIam + 1 -)
BIJITOBITHO 10 yMOBH 2.2.

£ +, sakuwo X<r (2.2)
—, AKWo X2>r

Jie I' TOBUIBHO 33JIa€ThCS 3 IHTEPBAITY ICHYBaHHS 3MIHHOT X.

[Ticnst Takoi 3aMiHU MOCTIOBHICTh OTPUMYE, HAITPUKIIAI,

Taku Bua: +++--++---+-+-++,.,

JIIISHKY 1€l MOCHIZOBHOCTI, MO CKIIAAAIOTHECS 3 €JIEMEHTIB «+», HAa3UBAIOTh
cepisimu. EneMeHT «-» BHUCTymae y poyii Mexi cepii. SIKIIO JBa €JIEeMEHTH «-»
pO3TalIoBaHi NOpyY, TO JOBXKHHA cepii Mi>kK HUMH JOPiBHIOE ().

Y HaBeneHOMY NpUKIAAl MaeMo cepii Takoi nosxunu: 3,0,2,0,0,1,1,2...

Takum 9MHOM, MU OTPUMYEMO HOBY MOCIIJOBHICTh BUITAIKOBHX ITIJTUX YUCE.

Buznaunmo TeopeTHdH1 3HAUYEHHS IMOBIPHOCTI MOSIBH KOXHOTO 3 IIMX YWCET,
10 BU3HAYAIOTh JOBXKUHY Cepii.

Jlnsi BUMAAKOBUX 4YHCEN, PIBHOMIPHO  posmoiutieHnx Ha iHTepBam 0..1,
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IMOBIPHICTB TIOAI1 «+» JOPIBHIOE I, @ IMOBIPHICTh MOJIT «-» JOPIBHIOE 1-T.

TakuM yuHOM, IMOBIPHICTH cepii AOBXKMHOIO () TOPIBHIOE IMOBIPHOCTI MOSIBU
ol «-» , Tooto Po= 1-r.

IMOBipHICTH cepii TOBKUHOIO | MOpIBHIOE IMOBIPHOCTI MOSIBU IMOCIITOBHOCTI
moii «+ -», To6To P1=r ( 1-r).

IMOBipHICTH cepii JOBXHUHOIO 2 TOPIBHIOE IMOBIPHOCTI TMOSIBU MOCIIIOBHOCTI
noii «+ + -», TooTo Po=r? ( 1-r).

IMOBIpHICTB MOSIBU cepii TIOBXKUHOKO n Oy/e TOPIBHIOBATH

Py=r"-(-r) (2.3)

Jlns  mepeBipkM  CTOXaCTHYHOCTI TeHeparopa HEoOXigHO cdopMyBaTH
IIOC/IIIOBHICTD BUITAJKOBHUX YHCEII, 3aJaTUCS IEIKHUM I', BUAIJIMTH B 111 IOCI1JOBHOCTI
cepii pi3HOI JOBKWHU, TIJIpaxyBaTH iXHIO KiIJIbKICTh 1 3HAUTH BITHOCHI YaCTOTH IXHBOT
MOSIBU, & TIOTIM MOPIBHATH iX 3 TCOPETUIHUMHU 3HAYCHHSIMH.

3BUYaiHO YacTOTH, 10 3HAWJEHI EKCIEPUMEHTaJbHO, HE CIIBOAAAlOTh 3
TEOPETUYHUMHU IMOBIPHOCTSIMU BHACHIIOK OOMEXKEHOCTI 00csary BuOipku. Tomy
HEOOXI1JTHO MEePEBIPUTH, YU BUIIAKOBI OTPUMAaH1 BIAXWJICHHS YU HI.

JI1st bOro MOKHA TEXK cKopuctaTucs: kpurepieMm Ilipcona.

[Ipu nepeBipLil BAPTO MAaTH Ha yBa3i, 110 IOBKMHA CEPIi - BETUYMHA JUCKPETHA,
TOMYy Tpu OOpoOIll JaHWX MOKHA HE BUKOPHUCTOBYBATH TMOHSTTS IHTEpBaly, a
BU3HAYATH HAKOMUYEH1 3HAUYE€HHS BIJTHOCHUX YaCTOT JIJISl KOYKHOT 3 OTPUMAaHUX JIOBKUH
cepiit

[TepeBipka He3aIEKHOCT1

[lepeBipka HE3aNEKHOCTI MPOBOJUTHCS IUIAXOM OOYMCIICEHHS KOPEJSIIHOTO
MOMEHTY (KOe(IlI€EHTY KOpEeNslii) MDK BHUNAJKOBUMHU BEIMYMHAMHU JTaHO1
MOCJIIIOBHOCTI, 1 JIeAKOi 1HIIOI. [HIIa MOCHIA0OBHICT MOXe OyTH OTpUMaHa 3 AAaHOi
MOCTIJOBHOCTI  IUISIXOM 11 3MIIEHHS. 3MIIIEHHS TOCIIIOBHOCTI MOXHa 3pOOUTH,
SAKIIO BIJIKMHYTH B HiM JEKUIbKA MEpUIMX eJIeMeHTIB. Hampukian, gxkimo BUXiTHA
MOCJIIIOBHICTh CKJIalaeThes 13 uncen 3850257 13 8 1 ..., To, BIAKMUHYBLIM nepii 3
€JIEeMEHTH, OTPUMAEMO TOCIIIOBHICTh 13 uyucenm: 0 2 57 1 3 8 1..., Ky MoxHa
MOPIBHIOBATH 3 BUXIAHOIO.

Mo>kHa mepeBIpATH Ha HE3aJeKHICTh 1 MOCIIAOBHOCTI, OTPUMYBaHI 3a
JIOTIOMOT'OI0 PI3HUX T€HEPATOPIB.

Bennunna xopensiiinoro MoMmeHTy k Bu3HauaeTbes 3a popmysioro 2.4,

X-V—X-V
k=2Y=xy (2.4)
Oy -0y
ae Xy - cepeaHe 3HAYEHHSA JOOYTKY BIINOBIIHMX €JIEMEHTIB  JIBOX

ITOCJI1JIOBHOCTEH;
X-Y - 100yTOK cepelHIX 3Ha4EeHb €JIEMEHTIB JIBOX IOCIIIIOBHOCTEH;
Ox, Oy - CepeNHhOKBAPATUYHI BIIXUJICHHS BUMAIKOBUX BEITUYHH.

KOpeHHHiIZHHI\;I MOMCHT ABOX HE3AJIC)KHWX BUIIAAKOBUX BCJIWYHH IIPHU AOCHUTH
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BEJIMKINA JOBXKWHI BUOIpKM Oyne mpsiMyBaTH A0 HyJs. OJHAK BHACHIAOK TOTO, IIO
oOcsar BHUOIpKM OOMEXEHWH, 3HAYEHHA  KOPEJALIMHOTO MOMEHTY 3a3BUYaid
BIIPI3HAETHCS Bia HyNsA. [ TOro mo0 BHU3HAYWTH, YU BUMAJAKOBE II€ BiIXWJICHHS,
3HAXOAATh 3HAYEHHS BUITAIKOBOI TOTIOMIXKHOI BenmmuuHu T 3a dhopmyroro 2.5.

k2
T :W/W(n_z) (2.5)

1e N- oOcsr BUOIpKH,

K - KopernsiiiHIii MOMEHT.

Bimomo, mio BumamkoBa BenuuuHa T TIOBMHHA 3aJOBOJIGHATH PO3MOILTY
Crthl0JIeHTa 3 N-2 CTYNEHSIMHU BUTBHOCTI. Y CTATUCTUYHUX TAOIUIIX [3] MOXKHA 3HAUTH
KPUTHYHI 3HAYCHHS NI BeauduHU T. dparMeHT Takoi TaOiMIll HaBeAECHUW HUXKYE,
tabnunsg 2.3. Skmo oTpuMaHe 3HAUYCHHS KpuTepito T He TepeBHINye KPUTHIHOTO
3HA4YEHHS, TO MOKHA BBa)KATH, 1110 BUIAIKOBI BEJIMYNHU HE3AJIEHKHI.

Tabmu 2.3 — Kputnuni Touku posnoairy CTeIoAeHTa IS
piBHs 3HauumocTi 0.05

Uwucno cTyneHiB BOJl Kputnune 3HaueHHs
5 2.01
10 1.81
20 1.73
40 1.68

Bapro Matu Ha yBa3i, 0 NpU BUKOPUCTAHHI JEKUIBKOX T€HEpaTOpIB,
3QJIEKHICTh MK HUIMH MO>KE€ BUHUKHYTH HE Yepe3 MOTaH1 HaJlalllTyBaHHS, a BHACIIIOK
TOTO, 1110 BOHU OYAyTh 1HILIAJII30BaH1 y ME€KaX OJHIET MUTICEKYHAH. Y IbOMY BUIIAAKY
BOHU OyAyTh (pOpMYBaTH OJTHAKOBI MOCIIJOBHOCTI BUMAJAKOBHUX YHUCEN, 1 KOSDILIEHT
KopeJsiiii Buiie piBHUM oguHuIl. [1[o00 yHUKHYTH 11bOTO Tpeba mepes iHimiami3aIie
KOXHOI'O TeHepaTopa pOOUTH HEBEIHKY 3aTPUMKY.

2.2.1.2 Cnocobu orpumanuss PPBY

IcayroTe HactymHi cniocoou oxaepxkanHs PPBY — ¢izuunmii, Tabmuunuii i
ANTOPUTMIYHHM.

®di3uyHUI METO/1 3aCHOBAHHM Ha IMIEPETBOPCHHI Y YUCJIO0 BUTIATKOBUX BUX1THUX
CUTHAJTIB, 10 BWHUKAIOTH MiJ] Yac pOOOTHU SKOrOCh MPHUCTPOIO, HaM4acTiIIe
€JIEKTPOHHOTO a0o0 eyekTpoMexaHiyHoro. OTpuMaHi B Takuid crnocid yuciaa AiHCHO €
BHITAIKOBUMHU, OJTHAK TaKUH CIIOCIO JOCHTH CKJIAJIHUAM 1 B HAIIl YaC BUKOPUCTOBYETHCS
HE JacTo.

TabnauyHuit METO1 3aCHOBAHUM Ha BUKOPHUCTAHHI CIICHIAIbHUX TaOIHUIlb, 3 IKUX
BUOMpaeThcs nociigoBHicT PPBY.

Mu Bike Oauniu (pUCYHOK 2.2) (parMeHT TaOJHIli BUTIAIKOBUX YHCEI.

Uwucna 13 miei Tadaui MokHa BUOUpaTH y Oyab-skoMmy nopsaaky. Hanpukmian,
SKIIO TMOTPIOHI Il ymcia He Ourbmmi 10, To MokHa OpaTu mUGPH MAPSA I10
ropm3onTam 1,0,0,9,7, 3, ..., abo Beptukami 1, 3,0, 9, 1, ....
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Axmo notpiOHI apoOOBiI yuMcia, MO HE MEPEeBUINLYIOTH 1, 3 TOYHICTIO N0
4OTUPHOX 3HAKiB, TO oTpuMaemo 0.1009, 0.7325, 0.3376, 0.5201, ...

Tabnumi 3py4Hi mpu py4yHid poOOTI 3 BUMAJAKOBUMH YHCIAMHU, OJHAK TPHU
pOOOTI 3 KOMITIOTEPOM, 11e¥ CIOCIO HE3PYUHUIA.

AJTOpUTMIYHI METOIU 3aCHOBAHI Ha 3aCTOCYBaHHI PI3HUX OOYMCIIOBAJIHLHUX
npouenyp. i mpouenypu 3BUYaiHO BHUKOPHCTOBYIOTh PEKYpPEHTHI (POpMyiH, IIO
JI03BOJISIIOTH OTPUMYBATH TIOCITITOBHOCTI BUTAJKOBUX YUCEIN, Y IKUX KOYKHE HACTYITHE
YHCJI0 BU3HAYAETHCS TONEepeaHIM, a0 JAeKiibkoMa monepeaniMu. [loyatkoBe unciio
MOCJTIZIOBHOCTI, 1HO/1 HA3UBAETHCS «3EPHOM. Moro noTpiOHO a00 JOBUIBHO 3aJaTH,
a00 BOHO AaBTOMAaTUYHO BH3HAYAETHCA MO JHYMUIBHUKY MUTICEKYHJI CHCTEMHOTO
taiimepa. OTpuMaH1 YuCIa HA3WBAIOTHCS TCEBJAOBUIIAIKOBUMHU TOMY, IO 3 OJHOTO
OOKY IOCJIIJOBHOCTI TaKMX YHCEN 3aJ0BOJIbHSAIOTH BUMOTaM TECTIB, a 3 1HIIIOTO OOKY
3QJIMIIAIOTHCS TTOBHICTIO BIJTBOPIOBAHUMH, TOMY IO MPH TOMY CaMOMY «3E€pHI»
(bopMyeThCs Ta caMa MOCIIIOBHICTh BUMAIKOBUX YUCEN.

Mertop cepeIMHHUX KBaApaTiB

Lleit meroxn, po3pobneHuit (oH-HeliMaHOM, BHKOPHUCTOBYBAaBCS Ha MEPIIUX
KOMIT'FOTEPAX, y cepeauHl MUHYJIOro ctomTTs. CyTh MOro mojsirajia B HACTYITHOMY.
[{isie yncino migHOCWIM A0 KBajpaTa 1 sKio Oyna morpeda, JOMOBHIOBAIU JIIBOPYY
HYJIIMH 1O BOCBMHU 3HaKiB. Sk HacTymHe 4YHCIIO Opald YHCIIO, MPEICTABICHE
cepelHIMH 4YOoTHpMa Ludpamu orpumanoro. Hampukinaza, mouarkoBe uuciio 1234.
[Ticns migHeceHHs Horo y kBaapat onepxyeMo 01522756. Cepenni yotupu nuudpu
naroth uucio 5227. [ligHocsym Horo y KBajpaT, oaepxkyemo 27321529. Otxe,
HaCTYITHUM BHUITaIKOBUM 4dnciioM Oyne 3215, 1 Tak maii.

[le#t meTon BHUSBUBCS HEAOCTATHHO €(PEKTUBHHUM 1 3a SIKICTIO OTPUMYBaHUX
YuCe 1 3a MBUIKICTIO.

AJIMTUBHO-MYJIbTUILTIKATUBHUNA KOHTPYEHTHUN METOJ

AJIMTUBHO-MYJIbTUILTIKATUBHUNA KOHrpyeHTHH meTon (AMKM) € nmocuth
MOMIMPEHUM METOAOM OTPHMAaHHS PIBHOMIPHO PO3MOJIJIEHUX BHUMAJKOBUX YHCET,
xoua 1 He npoxoauTh TecTu «diehard». Came el MeTo] BAKOPUCTOBYETHCA Y Kiacl
java.util. Random. Tomy po3rasiHemMo HOTro TYT JOKJIAHIIIE.

Lle#t MeTon 3acHOBaHMI HA 3aCTOCYBaHHI PEKYPEHTHOTO CHiBBiTHOMIEHHS 2.3
1U1sl pOpPMYBaHHS IICEBJIO BUIAIKOBOI MMOCIIIOBHOCTI LIJITUX YUCEN.

U. ,=(A+B-U.)modM,
i+1 i (2.3)
ne Ui, Uix1— nomepeiHe 1 HACTYITHE 3HAYEHHS MMOCI1I0BHOCTI;

M - monynp;

A - aIuTHBHA KOHCTAHTA;

B — MynbpTHIUTIKATHUBHA KOHCTAHTA,

Ko’xHe BuUIagKOBE YMCIIO, IO OTPUMAHO 3a Ii€l0 (GOopMyJioro, SBIsiE COOO0I0
LIJIOYKCITIOBY OCTavy Bij AuieHHs Bupasy (A + B*U) na moayns M.

Ak npuknaa, OTPUMAEMO TMOCHTIIOBHICTh BUIMAJIKOBUX uducen s Moxyis 10,
npuitHsaBmm A=9 1 B=7.
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Hexaii 3epHo nopisaioe 0, To6To Up=0;

Tomi  U;=(9+7*0) mod 10 = 9;

3BEpHITH yBary, SIKIIO MONEPETHE YUCIO N0piBHIOE 0, TO HACTYIHE JAOPIBHIOE
aIVUTHBHINA KOHCTAHTI.

U, = (9+7*9) mod 10 = 2;
Us=(9+7*2) mod 10 = 3;
Us=(9+7*3) mod 10 = 0.

Sk 6aunmMo, yncia movaiy moBTOproBaTucs. PaHile uu mi3Hillle, aje 11e 3aBxK]Iu
Bi10yBaeThbes. [10CIiIOBHICTS HEMTOBTOPIOBAHUX IIIMX YHCEN HE MOXKe OyTH JIOBIIIA,
HIK 3HaYEHHS MOTYJIS.

SKicTh oJiepKyBaHOI MOCIIOBHOCTI BUNIAJKOBUX YUCEN 3aJICKHUTh BiJl BUOOPY
KoHCTaHT A 1 B, Ta Moysl.

Bubip Moayns BruiMBae Ha JOBXWHY HEMOBTOPIOBAHOI IOCIHIJIOBHOCTI, IO
Ha3UBAETHCA nepiofoM. YuM O1IbIINA MOAYJIb, TUM OUIBIIUM MOXE OyTH HEPIO/I.

Kpim Toro, Bif BHOOpPY MOZYJs 3aJI€XKUTh IIBUAKICTH POOOTH TeHepaTopa.
Sxmo BUOpaTM MOAYJb PIBHUN CTENEHIO JBIMKH, TO omepauis mod moxe OyTu
BUKOHAaHa Jy’K€ MIBUAKO 32 PaXyHOK BUKOPUCTaHHS MOOITOBOI oreparli JOrT4HOro
«». SIKI0 MOIyib BIAMOBIJAE PO3PSAHOCTI MIMHU JAHUX KOMITIOTEpa, TO TOJI
pe3yabTar oO0YMCIeHHs IutouncioBoro Bupazy (A+B*U) Oyne aBTOMaTU4HO
oOpizaTucs, 1 onepaiito mod B3arayi He moTpiOHO Oyjae 3actocoByBatH. Came Taki
3HAUEHHSd MOJYJisl HalyacTillie BUKOPUCTOBYIOTHCS, KOJM IPOIYKTUBHICTD
KOMIT'FOTEpA HEJIOCTATHHO BUCOKA.

SxicTh OTpUMYBaHOI TOCIHIJOBHOCTI 0araTo B 4OMY 3aJ€XKHUTh BiJ BUOOPY
MYJIbTUILTIKATUBHOT KOHCTAaHTU. BoHa MoBUMHHA OYyTH JOCTAaTHHO BEJWKA, 1HAKIIIE Ha
JESKUX JUISTHKAaX TOCHIJOBHOCTI uucia OyAyTh MiANOPSIAKOBYBATUCS JIHIHHOMY
3aKOHY ¥, OT)Ke, HE OyyTh BUMAAKOBUMU. OHAK 3HaYEHHS OJU3bKI 10 MOIYJIS TEX
HE MOJXKHA BBaKaTH TapHUMH. MYyYJIbTUILTIKATHBHA KOHCTAaHTa HE TOBHHHA MATH
CHOUIBHUX JUIBHUKIB 3 MOZYJEM, 00 YHUKHYTH PI3KOIO CKOPOYEHHS JIOBXKHHU
Mepiomy.

[TutaHHs BUOOpY 3HAYEHHS MYJIBTHUIUTIKATUBHOI KOHCTAaHTH JOOpE BUBYCHE
JUIsl 3Ha4Y€Hb MOJTYJISI, 11O JIOPIBHIOIOTH cTeneHto nBa. Hanpuknan, B [2] ans Bubopy
3HAYEHHS MYJIbTUIUIIKATUBHOI KOHCTAHTU MPOMOHYeThea popmyna B=8p+3, a B [4]
B=2P+1, ne p - noBinbHE 1ij€e JOAATHE YUCIIO.

AIIMTMBHA KOHCTaHTa - Lie HemapHe uuie uuciio Ousmie 0. Bona obepirae
reHepaTop Bij 3puByY, Koau yeprose U oTpumye 3HaueHHs 0.

Meron "Mother-of-All"

Meton 3ampomoHOBaHO BiJIOMUM HAyKOBLEM 3 MpoOJieM TIeHepaTopiB
BUMNAAKOBUX uucen JxopmxeM Mapcari€ei.

[le#t MeTon po3UIMPIOE MOMNEpenHiN 3a PaxXyHOK BHKOPUCTAHHS MOTIEPETHIX
YJICHIB TIOCIIIIOBHOCTI, 1 BIAMOBITHOI KITBKOCTI aIUTUBHUX KOHCTaHT. 3a paxyHOK
IIOTO METO]T 3a0e3Meuye qyKe BETUKH 1epio 1 mpoxoauTh TecT «diehardy, ane BiH
Ma€ HEBEJIUKY IBUJIKICTh, 00 BUKOPUCTOBYE 0Oarato omnepailiii MHOKEHHS. AJTOPUTM
MOXe OyTH 3aCTOCOBAaHWUW B TMPUKIATHUX HAyKax, TaMm J€ He MOTpiOHa BeIrKa
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IIBUIKICTb.

Buxop Mepcena

Meton "Mersenne twister" po3po6iaero B 1997 porii STOHCHKMMH HAYKOBIISIMA
Marymoto 1 Himimypa. IlepeBarum metony - Bemmuesnuit mepiog (2 » 19937-1) i
[IBU/IKA T€HEepallisl BUMAJAKOBUX YHCEN, 110 MOTPIOHO A 3amad kpunrorpadii. Ase
METOJl HE 3a0e3Meuye JOCTATHIO BUIAAKOBICTh MOCHIAOBHOCTI 4yHcel. ToMy ramtysb
3aCTOCYBAaHHS alIrOpuTMy Jemo oOMexeHa. HesBakaroum Ha 1e BuUxop MepceHa
peanizoBaHuil y ctangapTHux 616miorekax ains PHP, Python 1 Pyo6i.

I'enepaTopu tuny "Xorshift"

['enepaTopu 1mporo TuUmy 3anpomnoHoBaHi JDxopmkem Mapcamiei i
BUKOPHCTOBYIOTH i1et0 Metoay "Mother-of-All", aje 3amicTh omepariii MHOKEHHS
BUKOPUCTOBYIOTHCA TIJIbKM TOOITOBI omepariii XOr ta mo6itoBi 3cyBu. lle oaun 3
HaWOUIbII BXXMBAaHUX Ha JaHUK 4dac anroputmiB. [lociOBHICTh, 11O T€HEPYETHCH,
JIOCTaTHBO BUITAJIKOBA, Ma€ mepion 2128 — 1 ta mpoxoauts Tectu Diehard.

Huxue HaBeeHO peanizalliio JaHoro airoputMy Ha C:

unsigned long xor128() {
static unsigned long
x=123456789, y=362436069,
2=521288629, w=88675123;
unsigned long t;
t=(x"\(x<<11));
X=Y; Y=2Z; Z=W;
w=(WH(W>>19))*(t(t>>8));
return w;

}

2.2.1.3 TlpuBeneHHs OTpUMYBaHUX uucen 10 inTepsary 0..1

Bci po3rasiHyTi BULE alrOpUTMIYHI METOIU 0a3yroThCsl Ha POOOTI 13 LUIMMHU
yucnamu. [ns Toro mo6 3Bectw wi uyucna Ao iHTepBany 0.1 cuig po3aiauTu
OTPUMYBaHI YWCIa HAa BEIWYUHY MOAYNS. SIKII0O MOAYIh JOCUTH BEIHKHH, TO
JUCKPETHICTIO OTPUMYBAHMX YMCET MOXKHA 3HEXTYBAaTH W BBaXKATH, II0 MH MAa€EMO
CIpaBy 3 O€3NEPEPBHOIO BUIIAAKOBOIO BEITUYHHOIO.

2.2.1.4 Peanizaiiis reneparopa PPBY B Java

B Java nns onepxanns PPBY BHKOpUCTOBY€ETBHCA ONMCAHUM BUILE aIUTUBHO-
MYJIBTUIUTIKATUBHUI METOI, AKMI1 peanizoBaHuil y kiaci java.util.Random. Ileii knac,
KpIM peaiizallii MeTo/IiB, 0 3a0e3Meuyl0Th OTPUMAHHS PIBHOMIPHO PO3MOIICHUX
qrcesl, 03BOJII€ OTPUMYBATH BUIAJAKOBI YUCIA, IO MiANOPAIKOBYIOTHCS PO3MOILTY
["ayca (HopmasibHMIA po3noiT). ToMy B AESKHX METOJaX BUKOHYIOTHCS Ofepartii, 1o
CTOCYIOTHCSI 000X PO3IO/ILIIB.

JlJis CTBOpEHHS TeHepaTopa MOKHA CKOPUCTYBATHUCS TYCTUM KOHCTPYKTOPOM.
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VY 11bOMY BHITJIKY B IKOCTI «3€pHa» BUKOPUCTOBYETHCS TOTOYHE 3HAUCHHS M1TICEKYH/I
CHUCTEMHOTO TaliMepy. AJie KO TAKMM YMHOM CTBOPIOBATH JEK1JIbKa T€HEPATOPIB, TO
ICHye BeJHMKa IMOBIPHICTh TOrO, IO BOHH OyAyTh TEHEpPyBaTH OJIHAKOBI
MTOCJTIIOBHOCTI, HABITh KOJI MOMEHTH CTBOPEHHS BiIIIJICH] OWH BiJl OJJHOTO BEITUKOIO
KUTBKICTIO KOMy. AJKe MIBHUAKO[IS Cy4yaCHHMX KOMII'IOTEpIB JyXKE€ BEJIMKa 1 OFHA
MUTICEKYH/Ia — 1€ AYX€E BEJIUKHI MPOMIXKOK Yacy.

MoskHa CKOpUCTATHCS 1 KOHCTPYKTOPOM 3 MMapaMETPOM LIIOTO TUITY. 3HAUYEHHS
I[LOTO MapamMeTpy Oy/ie OJJHO3HAYHO IMEPETBOPEHO Y 3EPHO.

Jis  oTpuMaHHS IIMX TO3WTUBHUX YHCENT 33 3aJaHUM  MOJIyJIeM
BUKOPHUCTOBYEThCS METOI next(int). BiH Takox € 6a30BUM 1711 OTPUMAaHHS PIBHOMIPHO
PO3IOIICHUX YUCEN PI3HUX THIIIB.

Ocp mepenik BiamoBiaHux MetomiB — nextLong(), nextint(), nextFloat(),
nextDouble(), nextBoolean().

2.2.2 T'enepanisi HepiBHOMIPHHX PO3MOAiTiB

2.2.2.1 Meton obepHeHOi HyHKIIIT

Meton oOepHeHoi (yHKIII € yHIBEpCaJbHUM CIOCOOOM (POpMYBaHHS
BUITAJIKOBUX YHCeNl 3 Oyab-SIKUM 3aKOHOM pO3NOAUIeHHS. B 1npomy wmertomi
BUKOPUCTOBYETHCSI BJIACTUBICTh 1HTErpajbHOI (DYHKIIT PO3NOAUIEHHS BlAOOpakaTu
BUITAJIKOB1 4HUCHa, K1 MIIMOPSAKOBYIOTHCS 11 3aKOHY PO3MOJIUICHHS, Yy BHIIAJIKOBI
quca, K1 pIBHOMIPHO po3noiieHi B Aiana3oHi Bia 0 10 1. 3BOPOTHE CyKEHHS TaKOK
€ pmifichuMm. ['padiuHy i1HTepmpeTaiito OO METOMY PO3TJISHEMO Ha MPHUKIAI]
piBHOMIpHOTO po3nojiieHHss. Ha pucynky 2.2 300paxkeHuil rpadik iHTErpajbHO1
GyHKIIT pO3MOAUICHHS IMOBIPHOCTEH IS BHIAQJKOBOi BEJIMYMHU X, PIBHOMIPHO
PO3MOIiIEHOI B Aiara3oHi Big a a0 b.

Axio oTpuMatu AesKe BUIMAIKOBE YHUCIO I, PIBHOMIPHO PO3MOIICHE B
niara3oni Bijg 0 1o 1, 1 BIZKJIACTH HOTo Ha oci opAauHaT rpadika iHTerpatbHoi GyHKIIIT
PO3MOAUIEHHS, TO BIIMOBIIHI HOMY YKciia Ha ocl adcuuc OyAyTh MiANOPAIKOBYBATHCH
3aKOHY, SIKHW 3aJIa€ThCA II€0 1HTErpanbHOIO (PyHKIE0. To6TO 00epHEeHa PyHKIIsA
MEPETBOPIOE I' B Xr.

F(x)
1
r
.............. o [—
0 a Xr b X

Pucynok 2.2 — I'padiuna iHTepnperariis MeToay obepHeHoi hyHKIIii
JUTSI PIBHOMIPHOTO PO3TOIITICHHS
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J{71s1 pIBHOMIPHO PO3MOIJIEHUX YUCEN 3B’ 130K MK I Ta Xr MOXe OyTH 3aJlaHui
aHAIITUYHO, y BUIISAAl dopmynu 2.4, aKy MOXKHA OJEp>KaTH, SIKIIO PO3TISHYTH
no/1i0H1 TPUKYTHUKHY Ha pUCYHKY 3.1.

ﬁ,=a+r*(b—a) (2.4)

Jie T — pIBHOMIpHO po3nojuieHe Big 0 10 1 BUNagKoBe YUCIIO.

Came 1151 popMyIia BUKOPUCTOBYETHCS JUIsl TEHEPAILlil pIBHOMIPHO PO3MOIITIEHUX
B 3aJJaHOMY Jliara30H1 BUMAJAKOBUX uncen y kiaci Uniform, skuii BXOJUTH 10 CKIaAY
nakety rnd.

2.2.2.2 JIoBUIbHMIA 3aKOH PO3TOIITICHHS.

[Tpu BUKOpHCTaHHI MeTOAY OOepHeHOi1 (QYHKIIT A7 OTpUMaHHS BUMAIKOBHUX
Yrcell 3 IOBUTLHUM 3aKOHOM PO3IMOAUICHHS, IHTErpaibHa (PYHKIIIS U [IOTO 3aKOHY
PO3MOAUIEHHS IPEICTABISAETHCA BIAPI3KaMU MIPSAMUX JiHIN, pucyHOK 2.3. B pe3ynbrari
TaKko1 3aMiHM (PYHKI[iS TPUOJIM3HO MOXKe OyTH 3aJjaHa 3a J0MOMOI0I0 JIBOX MAacHUBIB -
X 1 F, mo 3a1a10Th KOOpAMHATH CTUKOBKH BIAPI3KiB.

g Fx)f
1 1
EF2
f2 b - - T
%—
B o = L
11 Fi
= 0 =
%0 x1 x2 x3 X x0 x1 Xrx2 x3 x

Pucynok 2.3 - I'padiuna inTepnperaliis MeToay ooepHeHo1 hyHKIIii
JUTSL TOBUTBHOTO PO3MOIITICHHS

Anroput™m (GOpMyBaHHS BUNIAKOBOTO YKCIIA TAKHI:

— TEHEepPYEThCs piIBHOMIPHO po3noxaiieHe Bijx 0 10 1 BUMmaakoBe YUCIO T;

— BHU3HAYAEMO TPaAHUIll 1HTEpPBAIYy Ha OCI OPJAMUHAT, B KU MOTpaIuisie Iie
Bumnajakone uncio, F1 ta F2;

— BU3HAYAE€MO TPAHUIIl BIJIMOBITHOTO 1HTEPBAITY Ha oci abcuuc x1, X2;

— BH3HAYAEMO KyTOBHUH KoedirieHT odepHeHOoi mpsimoi k=(x2-X1 )/( F2-F1);

— 00YHCITI0EMO BUMAAKOBE unciio X, = X1 + k*(r - F1).

s renepariii Takux yucen B naketi rnd 3HaxoauThes kiac Linear.

2.2.2.3 JluckpeTHe pO3MOIIICHHS

Jlmst  reHepariii  AMCKPETHUX, BUIAJKOBHX  YHCEJ  TaKOX  MOXHA
BUKOPUCTOBYBaTH MeTon obOepHeHoi ¢yHkii. [l mporo HeoOXimHO chopmyBaTH
MacHUB HAKOIUICHMX 3HAYE€Hb IMOBIPHOCTEH, SKWMW 3aJa€ 3HAYCHHS I1HTErpajbHOI
byHK1ii po3noauieHHs. Hampukiaa, sSKIo OIMIHKK Ha €K3aMeHl MOXYTh MpUHAMATH
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3Ha4YeHHs 2, 3, 4, 5, a imoBipHOCTI iX mosBu 0.1, 0.4, 0.3, 0.2, To MacuB HaKOTUICHUX
imoBipHOCTeH Oyae Takum: 0.1, 0.5, 0.8, 1.0.

I'padik Takoi iHTerpanbHOi (YHKIIT PO3MOAUICHHS Ma€ CTYMIHYAaCTUH
XapakTep, pucyHok 2.4. BHacaiok 1bOrO BUMAIKOBI BEJIMYUHH, OTPUMAaHI METOAOM
o0epHeHO1 QYHKIT, MOXKYTh IPUIMATH JIUIIE JUCKPETHI 3HAYCHHS.

) A
1
PPCYH
------------------- Do
0,5 —
0 [
2 3 4 5 X

Pucynok 2.1 — Bukopucrtanas metogy oO0epHEeHOT QyHKINT s
JUCKPETHOTO 3aKOHY PO3MOIIICHHS

Onucanuii METOJ reHeparii BUNaJAKOBUX JAUCKPETHUX YHUCEN peadi30BaHUN Y
kiaci Discret makeTy rnd.

2.2.2.4 ExcriOHEHIIaTbHAN 3aKOH PO3IIO1ICHHS.

Meton obepHeHOi (PYHKIli MOXHA BUKOPHMCTOBYBAaTH HE JMIIE B IpadiuHiii
iHTeprperanii, ame ¥ a”amitudHO. OJHAK IS [BOTO HEOOXITHO OTPUMATH
aHATITUYHUA BUpa3 oOepHeHOoi (yHKII. [HKOMM 116 MOXIHBO, HANPUKIAM, IJIs
€KCIIOHEHITIAJTbHOTO 3aKOHY PO3MOIIJICHHS.

[aTerpanbHa  (QyHKINS PO3MOMIICHHS JJsi  I[bOTO 3aKOHY OIHUCYETHCS
dbopmyioro 1.12,

F(X)=1—e—4X (1.12)

Jnst Takoi GyHKLIT MOXXHA 3HAWTH 0OepHEHY (YHKIIO, TOOTO GopMyny ass
OOYHCIIEHHS X.
1-F(x)=¢ "™
- AX=In(1-F(x)); (2.5)

X = —%In(l— F(x)).

BuxopucroBytoun meton obOepHeHoi (yHkiii, B sikocTi F(x) Mu Oepemo
BUIT/IKOB1 YKCJIa pIBHOMIPHO pO3MOALIEHI B aiana3oHi Big 0 1o 1, Tomy BenuuuHa 1-
F(x) Takox Oyne BUITaJKOBOIO M PIBHOMIPHO PO3MOAUICHOI B aiana3zoni Big 0 go 1.
Otxe, mus  OOYMCIEHHS  BHOAAKOBMX  YHCEN, SKI  MATOPSJIKOBYIOTHCS
€KCIIOHEHI1aJIbLHOMY 3aKOHY PO3MOAIEHHS] MOKHA BUKOPUCTOBYBATH dhopmyny 2.7,
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X=—1/A)Inr, (2.6)

ne r — PPBY B miamazoni [0;1].
Jlns renepartii Takux yrcen B makeTi rnd MiCTUTBCS Kiac Negexp.

2.2.2.5 3axoH po3nojiieHHs Epnanra

[aterpanpna ¢yHKIisS g po3nofuieHHs Epmanra mae 1nBa mapameTpu:
IHTEHCUBHICTh A - II¢ BeIW4YMHA OOepHEHA CEepPeAHhOMY 3HAYCHHIO BHITaJIKOBOI
BEJIMYMHH, 1 Koe]illieHT K, SKUil Ha3MBA€ThCS CTEIIEHEM MICIIsAii, a00 KoehillieHTOM
Epnanra. g ¢yHKIIS OMUCYETHCS TOCUTH CKJIaAHUM Bupa3om 1.13

F(x) =1— e—Akx z H(A)! (1.13)
o

3 Takoi popMysIM OTpUMATH BUPA3 JJI OOUMCIECHHS X BaXKKO.

Tomy nmna dbopmyBaHHS uucen, AKI MIAMOPSIKOBYIOThCA 3akoHY Epranra,
BUKOPHCTOBYIOTH BIIACTHBICTh €KCITOHEHITIATFHOTO PO3MOI1JICHHS BUTIAIKOBHX YHCET,
sIKa MOJISTae B TOMY, IO CyMa K BHITaIKOBUX YHCEI, IO PO3IOIIICHI eKCTIOHEHIIHHO
3 IHTEHCHBHICTIO A € BHUIAJAKOBMM 4uciioM Epmanra 3 xoedimieaToM K Ta
inTeHcuBHICTIO A/k. OTXe, 715 TOro 11100 oTpuMaty yucio Epranra 3 iHTEHCUBHICTIO
A3 1 koedimienTom K, HEOOXiTHO HAKOMYHUTH CyMy K €KCIIOHEHIIIHHO PO3MOIIICHUX
BUIAJKOBUX YHUCEJI, 1[0 MAIOTh IHTEHCHBHICTh KA3.

X -XCg -G )~ @)

3 i=1

J{ns reHepartii Takux ynceln B naketi rnd 3HaxoauTkes kiac Erlang.

2.2.2.6 HopmanbHuil 3aKOH pO3MOIITICHHS

HopmanbsHe po3mnoiiyieHHs € OJJHUM 3 HalO1IbII MOMHUPEHUX PO3MOIIICHD IS
BUITAJIKOBOI BETMYMHU. AJIe aHAIITHYHOTO BUpa3y IS iHTErpaibHOi (DYHKIIIT HE ICHYE
00 i1HTerpan Bl (YHKII HIUIBHOCTI IMOBIpHOCTEH He Oeperbcsi. Tomy Meron
o0epHeHOT QYHKIIIT TYyT HE BUKOPHUCTOBYETHCH.

Ane nns ¢hopMyBaHHS HOPMaJIbHO PO3MOJUICHUX BUMAJAKOBUX YHCET MOXKHA
BUKOPHCTOBYBATH IICHTPAJIbHY TPAaHWYHY TEOpeMy Teopii IMOBIpHOCTEW (TeopeMy
JIsnyHoBa), Ky MOXXHa C(OpPMYJIOBATH HACTYMHUM YHMHOM. AKWO BUnaoxkosa
genuuuna X € cymoro 8enuKoi KilbKOCmI 63AEMHO HE3ANeHCHUX BUNAOKOBUX GETIUYUH,
8NIUB KOJHCHOI 3 AKUX HA 8CIO CYMY He3HauHul, mo X mae po3nooinenHs, bau3bke 00
HOPMAIbHO20 PO3NOOLIEHHS.

Jlnst oTpUMaHHS B3a€EMHO HE3QJIC)KHUX BHITAJIKOBUX BEJIMYMH, SKIi Mallo
BILUIMBAIOTh HA CyMY, MOKHa BUKOpHUCTOBYBaTH reHepatop PPBY 1 toai popmyna mist
OTPUMAaHHS HOPMaJIBHO PO3MOIIJICHUX YHUces X MaTUME BUTIISI:

X=X, (2.8)
i=1

Jie Tj — PIBHOMIPHO PO3MOJILJICHEe BUIIAIKOBE YHUCIIO B aiama3oHi Big 0 mo 1.
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MaremaTudHe odikyBaHHs M 11boro uncia aopiBHioe 0.5N, a qucnepceist N/12.

Hnsa  Ttoro, o0 HOPMYBAaTH OTPUMAHE HHCIIO (TobTO 3pO6I/ITI/I Horo
MaTeMaTUYHE OYiKyBaHHS plBHHM HYJTO 1 zmcnepcuo piBHY 1) moTpiOHO Bij Ymcia
BIIHATH WOTO MaTeMaTW4YHE OYIKYBaHHS 1 TOMUIUTH HA CEPEIHHLOKBAJIPATUIHE
BiIXWJICHHS, BUpa3 2.9.

Z = (X r)—-05N)//N/L2 2.9)

3 MpakTUKH BIIOMO, HIO YHCNA, SKI OTpUMaHi Mo Hid (Qopmysi, MaroTh
PO3MOIiIeHHS OJU3bKe A0 HOpMalibHOTO Bke pu N > 6. Tomy N MOXHa B3SITH PiIBHUM
12, tomi Qopmyna nans OTpUMaHHS HOPMOBAaHUX HOPMAJIBHO PO3MOIITICHHUX
BUIAJIKOBUX YUCEII CIIPOIIYETHCS.

12
Z=((Xr)-6) (2.10)
i=1

{1t oTpuMaHHS HOPMaJIbHO PO3MOJIICHOTO BUIAJKOBOTO YMCIIA 13 3aJlaHUM
MaTeMaTUYHUM OYIKYBaHHSIM M 1 cepeIHbOKBAIPATUIHUM BIIXUJICHHSIM G JIOCTaTHHO
HOPMOBAHE BUIIQJIKOBE YHUCIO Z MOMHOXXUTU Ha MOTPIOHE CepeaHbOKBAIpaTUUHE
BIIXWJICHHSI 1 10JIaTH MTOTPIOHE MaTEeMATUYHE OU1KYBaHHS.

dopmyna sl OTpUMaHHS HOPMAJbHO PO3MOALICHUX BUIAJIKOBUX uncen Y 13
3aIaHUMU MTapaMeTpaMu M 1 ¢ OyJie TaKkoIo:

12
Y=(Er)-6o,+m, (2.11)
Jns renepartii Takux uncen naket rnd MictuTh kitac Norm.

2.2.2.7 TpuKyTHUI 3aKOH PO3MO/ILJICHHS.

[aTerpansHa GyHKINIIO 711 TPUKYTHOTO Ma€ BUTIsi Bupasy 1.15.
0, akmo x<=a
() AKmoe a<x<=b
ey =¢ (S0 (1.15)
(]
(c-a)(c-b)
1, sxmo X>=¢

sxIo hex<=c

Takuit BUpa3 103BOJIsIE OTpUMATH 00E€pHEHY (DYHKIIIIO.

b-a

a+./t(c - a)(b - a) smamo 1< ——
= b-a (3.18)

- (1 -t}{c-a)(c - b) suamo 1>

Jlst renepartii Takux urcen naket rnd mictuth kinac Triangular.
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2.2.3 I[loToxku BUIAaAKOBUX MOAIN

[ToTik BUMIAAKOBUX MO1H — I1€ MTOCTIIOBHICTh IKMXOCH MO} y Yaci, pO3aLICHIX
BUITAIKOBUMH 1HTEPBAIAMH YaCy.

Icnye nekinbka knacu@ikaliii TaKMX MOTOKIB.

[epmr 3a Bce ciai po3pi3HATH CTalllOHAPHI MOTOKH MOiH 1 HecTalioHapHi. Y
CTAI[lOHAPHOMY TMOTOLl 3aKOH PO3MOJUTY BUIAJAKOBOI BEIUYMHU IHTEPBAy MIXK
MOJTISIMU Ta HOTO TIapaMeTpH HE 3MIHIOIOTHCS 3 YacOM. SIKIIO K 3aKOH PO3MOALTY IS
iHTepBally, ab0 MWOro mapamMeTpud 3 Yac 3MIHIOIOTBCS, TO TaKUM TIOTIK Oyje
HecTallioHapHUM. Hanpukiias, moTik TposielOyciB Ha 3yIUHIIN Y TOAUHU «ITIK» MOXHA
BBa)XKaTH CTaIlIOHAPHHUM, aji€ TOW K€ MOTIK Ha MPOTs31 00U SBHO HECTalllOHAPHHM,
xo4ya 0 ToMy, 1110 BHOY1 TPOJIEHOyCH 30BCIM HE XOMSATh.

Jlns cralioHapHUX TMOTOKIB OCHOBHA O3Haka i Kiacudikaiii - 1e 3aKOH
PO3IOI1TY BUMTAJKOBOT BEJIMYMHH IHTEPBATY Yacy MiXk JIBOMa MOCI1IOBHUMHU TOI15IMHU.

ExcrioHeHUIanbHUl MOTIK — 1€ MOTIK y SKOMY IHTEpBAJ MDK MOAISIMU
MIJIKOPSIETHCSL €KCIMOHEHIIAIBHOMY 3aKOHY po3mojiny. Lle ayke po3moBCIOIKEHUI
MOTIK MOJiM. 3a 3BMYail BIH BUHUKAE y TUX BUIIQJIKaX, KOJU MOl BUHUKAIOTH IiJ
BIUIMBOM Pi13HOMAHITHUX, HE MOB’A3aHUX MK CO0010 oOcTaBuH. [IpukinagamMmu Takux
MOJ1 MOKYTh OYTH MOsIBA MOKYNIS y Mara3suHi, BUKJIMK JIIKapsl IBUAKOI JOMOMOTH 1
Take 1HIIe. BHACHIJOK CBO€I MOMYJSAPHOCTI MOTIK Ma€ 1 ACKIUIbKA IHIIMX Ha3B —
MyaCOHIBCHKHM MOTIK, HAUMIPOCTIIIHM MOTIK.

[ToTik Epnanra — 11e#f moTiK y SKOMY iHTE€pBaJI M1k MOJISIMU MIATOPSIKOBYETHCS
3akoHy Epmanra. Bin ¢opMyeThcsi 3 MonepeaHboro, MUISIXOM BHIIYYEHHS 13 HBOTO
JIESIKOI KUTBKOCT1 MOCTIOBHUX MOAIN. BHACTIAOK IOTO MOTIK 1€ 3BYTh MPOCISTHUM
MyaCOHIBCBKUM TMOTOKOM. Takuii MOTIK MOK€ BHHUKHYTH, HANpPUKIAJI, MiJ Yac
OMUTYBAHHS MEPEXO0KUX HA BYJIUIIl, KOJU OMMUTYIOTh KOKHOTO TPETHOTO.

Hopmanbhuii, a00 TrayCOBCBKHMM TOTIK - II€ MOTIK Yy SKOMY IHTEpBal
MIAMOPSIKOBYETHCS HOPMAJIBHOMY pO3MoAlly. [HTEepBaiu MK HOAISIMH Yy TaKOMY
MOTOIll XO4Ya 1 BUIAJIKOBI, ajie HE IyXe BIIPI3HSIIOTHCS OJWH BiJ ogHoro. IIpukian
TAaKOTO TIOTOKY — IOsBa TIOKYMIIIB Ha BUXOJII 3 CyNEpPMapKeTy, /e BOHHM TEpe] M
CTOSUTM Y 4ep3l J0 Kacu, MosiBa TpoJierdyca Ha 3yNMUHIN, Y pasi, KO0 PO3KIaI0M
nepeadayeHo cTanuid iHTepBan pyxy. Takuil moTik Moxe cdopmyBaTtvcs 1 3
HaWMpOCTIIIOTrO, SKIIO0 KOE(IIEHT TMPOCIIOBaHHSA JOCTAaTHbO BEIUKUU. Tak,
Hanpukiaa, NOTiK Oaxatouumx Buixatu 10 Kuea y HeminpHuil Bewip Oyne
ITyaCOHIBCHKHM, aJI¢ TOTIK aBTOOYCIB, 110 B1JI 1’K/KAIOTh, SIK TUIBKH 3aBaHTaXKaThCH,
MO>KHa BBaYKATH HOPMAJILHUM.

2.3 Onuc nporpaMHOro KOMILIEKCY

Jlo ckiay mporpaMHOTo KOMIUIEKCY, 110 3a0e3evuye BUKOHAaHHS 1JaOopaTOpHOi
pobotu, BxoauTh ki1ac Randoms Ta Bizyanbuuit kinac TestRandomView.

2.3.1 Kinac Randoms

VY 3B'sI3ky 3 TUM, 10 CTaHAapTHUM Kiac java.util.LRandom nHe nomyckae
HaJIallITyBaHHS MapaMeTpPiB reHepaTopa, 110 HEOOX1JHO MPU BUKOHAHHI JTA00paTOpPHO1
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poOOTH, BHUHHMKJIA HEOOXIJHICTh CTBOPEHHS Kjacy, IMOMIOHOTO JO KJacy
java.util.Random, sixkuit 103BoJIsI€ HanamITyBaHHs napameTpiB. LInsxom HachigyBaHHs
ITI0 3a/1a4y BUPIMIUTH OyJI0 HEMOXKIIMBO, 00 Ti mapameTpu kiacy java.util.Random, mo
HAC IKaBJIATh, MaioTh cienudikarop final. Tomy OyB ctBopenuii kitac Randoms, o
ycnaakoBye kimac Object.

Knac crBoproBaBcsi BUXOASYM 3 BUMOT JaOOpaTOpHOI pOOOTH 1 TOMY TPOXHU
mpocTime cBoro nporotumy. CrpoIieHHs, HacaMIlepea, TOPKHYIOCS MaKCUMaIbHOI
JTOBXHHM  (OPMOBAHMX YHCell. MakcuMalibHa KUIBKICTh OIT, 110 BU3HAYAIOTh
TOBXKHUHY uncia, Oyna B3sta 31. Lle no3Bomnsie popmyBaT il A0AATHI YKCia TUITY
int. JlificHi ymrciia CTBOPIOOThCS B Aiana3oi [0..1] 1 BigmoBigaroTh Triry float.

CranmapTHi KOHCTaHTH aJIUTHBHO-MYJIBTHILTIKATUBHOTO METOY B3SITi TaKi K,
K 1 B Kiaci java.util. Random.

Konctpyktop kimacy Randoms 3abesnedye 3aTpuMKy Iepen 1HIIIAi3aIll€r0
«3epHa» reHeparopa. Taka 3aTpuMkKa 3aro0irae oJHaKOBIM 1HINIAII3aMil TOCTIOBHO
CTBOPIOBAHUX T'€HEPATOPIB.

2.3.2 Knacy TestRandomView

[leit kiac 3a0e3neuye TeCTyBaHHSI TeHEPATOPa PIBHOMIPHO PO3IMOIJICHUX YUCET
1 BUKOPUCTOBYETHCS SIK 3aCTOCYBaHHS JJIsl BAKOHAHHS J1a00OPaTOPHO1 pOOOTH.

Ha pucynky 2.5 mokasano iHTepdeiic kopuctyBaua kinacy TestRandomView.

I'pyna enemenTtiB «HamamTyBaHHS TeHEpaTopay MICTUTH IIOJIE JJIsS BBEICHHS
KUTBKOCTI OIT y MacIii, 110 BU3HAYalOTh MOAYJIb BUMAAKOBUX umcend. Ll BeamdmHa
MMOBUHHA OyTH B Mexax Bija 1 10 31, BiAMOBIIHO Macka Oy/ie mpuiiMaTH 3HAYCHHS BiJT
1 no 231 -1, a moxynb Moke 3miHtOBaTHCS Bia 2 10 231. TyT ke po3TaiioBaHi oJis
JUISI BBEJICHHS AJUTHUBHOI 1 MYJIBTUIUIIKATUBHOI KOHCTAHT TeHeparopa. KHomka
«IToBepHyTH CTaHIapTHI HAJIAIITYBAHHS» TO3BOJISIE BIIHOBUTH 3HAYEHHS MapaMeTpiB
reHepaTopa, 1o Bu3HadeH1 y kiaaci Random.

I'pyna enementiB «TecTu» MICTUTh CHUCOK TECTIB 1 KHOIKY JISI BUKIUKY
0o0paHoro TecTy.

I'pyna emementiB «HanamryBaHHS TeCTiB» MICTUTh TIOJS JUTsI BBEACHHS
napameTpiB, HEOOXITHUX JUIsl BUKOHAHHS TecTiB. [Ipu BuOOpI TecTy BUIIISAI MaHel
3MIHIOETHCS BIATOBIHO 10 0OPAHOTO TECTY.

[Tone «OOcsar BuOIpKW» BHU3HAuYa€, CKIIbKKM BHUMAAKOBHX YHcel Oyje
TOCITIKYBATHUCS, 1 BAKOPUCTOBYETHCS JUTSI BCiX TECTIB, KPIM TECTY «HA mepioay,. [1pu
BUOOpP1 TECTy «HA TEpioJ», Ha3Ba TOJIA 3MIHIOETHCS, 1 B IIbOMY BHIIaJIKy BOHO
BU3HAYAE, CKIIbKM TMEPIIUX BHUIMAJIKOBUX 4YHCENT OyJe MpOIyCcKaTucs Tepen
BU3HAYCHHSIM TIEPIOTY.

[Tone «KimbkicTe 1HTEpBadiB» (Ha PUCYHKY 2.5 WOro HE BHJIHO)
BUKOPUCTOBYETHCS B TECTI HAa PIBHOMIPHICTh 1 BU3HAUYAE, HA CKUIBKUA YacCTHH Oyjie
po36uTHii inTepBan Big 0 go 1 mpu moOyaoBi rictorpamu. 3HAYCHHS I[HOTO TOJIS
ABTOMATUYHO KOpEryeTbcsi Mmpu 3MiHI 1ojs «OO0cAr BHOIpKU», ane MOXe
BCTAHOBJIIOBaTUCA ¥ AOBUIbHO. [lpu BHOOpiI TecTy «Ha Tepiod», Ha3zBa IO
3MIHIOETBCS, 1 B IIbOMY BHIQJKy BOHO BH3HAa4a€ MaKCUMaJbHUI 4Yac OYIKYBaHHS B
MUTICEKYHIaX MPYU BUKOHAHHI TECTY.
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& JocnigxeHHa reHepaTopa piIBHOMIPHO PO3MNOAINEHWX BUNAAKOBKMX uncen - O

HanawTyeaHHA reHeparopa TecTyBaHHA HanawTysaHHA TeCTiB

OGCAr BHGIpKN

500|

Tectu

AOWTHEHA KOHCTAHTA |11 | Ha mepiog
| | Ha pPIBHOMIPHICTL
- 2E21 4071207 T b
MyneTHNNIKTHEHA KOHCTAHTA (25214903917 13 CTOXOCINHICTL
KinbKicTe BTy Macui |31 | Ha He3anexHICTb
EHEEEHHA 3HAYEHL Napamerp Tecty
MoBEpHYTH CTAHOAPTHI KOHCTAHTH |
| BukoHatH TECT | |r_1 -5
PesynuTati TecTy INpadhivHe npencraBnel A

TecT HE CTOXCOCTHMYHICTE.

[[»

PesynbLTami TecTy

[lepesipka 32 xXpHTepleM IIipcoHa: N
IHTEpBAIM Excn. Teop.
-0.50 .. 0.50 109.0 118.5
0.50 .. 1.50 &0.0 59.3
1.50 .. 2.50 31.0 29.6
2.50 .. 3.50 13.0 14.8 5
3.50 .. 4.50 g.0 7.4
4.50 .. T7.50 10.0 6.5
Ki-wmampaTr = 4.0
EpuTHune 3HaueHHA = 14.1 || 1l &

TinoTesy Npo CTOMOCTHMUHICTE MOXHE NPMHAHATH -

Pucynox 2.5 — Iurepdetic kopuctyBaua kiacy TestRandomView micist BUKOHaHHS
TECTy Ha CTOXOCTUYHICTh

[lin nHa3Boro «llapamerp TecTy» MoOXe 3'SBIATUCA OJHE 13 JBOX 3HAYEHBD,
3QJICKHO Bl BUY TECTY.

[Ipu BHOOpP1 TECTy «HA CTOXACTUYHICTBY», 3'ABISIETbCS TOJIE ISl BBEJACHHS
npoOoBoro uucia 3 iHtepany 0..1, mo po3auise ueu inTepBan Ha 1Bl yactuHu. e
YHCJIO € MApaMETPOM METOJY CEpIil.

[Tpu BUOOpI TECTY «HA HE3AEIKHICTHY, 3'ABJISIETHCS MOJIE JJIs1 BBEJACHHS I[1JI0TO
YKCIIa, [0 BU3HAYAE HAMOUTBITY BEJIMYMHY 3MIIIEHHS MK YUCJIAMH B TIOCIIIOBHOCTI,
SK1 TIOPIBHIOIOTHCS. 32 3aMOBUYBaHHSIM 1151 BermunHa JopiBHIoE 100.

Pe3ynbTaTi TECTIB BUBOIATHCS HA TEKCTOBY U rpadiuHy maHel BiKHA.

2.4 Tlopsiniok BUKOHAHHS POOOTH
2.4.1 IlinroToBKA /10 PO6OTH

AxtuBizyrite ¢aiin SimulationAllLab2022 jar, abo 3aBaHTaXTe IPOEKT 3 apXiBY
SimulationAllLab2022.zip Ta akTuBi3yiTe cTapTOBUil (aiin 3acTocyBanHs mainUI,
10 3HAXOAUTHCS Yy Malllll main IpoeKTy.

2.4.2 TlepeBipka npane3aIaTHOCTI IPOrPAMHOI0 KOMILIEKCY

[lepeiiaite 10 Temu «I eHepaTopu BUIMAKOBUX YUCEID)
Hartuchite Ha kHOmky «JlabopatopHe 3acrocyBaHHs». llepexoHnaiitecs B
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Hpane3aaTHoCTi JOAATKY.

HatucHith Ha xkHOmKy «TectyBaHHsA (aiifliB BHUIIAJKOBUX BEIHYUHY.
[lepexonaiiTecsi B mpalie31aTHOCTI JOJATKY.

HatucHiTh Ha KHONKY «JleMOHCTpallis TMOTOKIB BHUMAJKOBUX TOIIi».
[TepexonaiiTecs B mpare31aTHOCTI JOJATKY

2.4.3 JlocaiaskeHHsI reHepaTopa BUIAKOBHUX YHCel
AxTtuBi3yiite noaatok «JlabopaTtopHe 3aCTOCYBaHHS.

2.4.3.1 BizyanpHuii aHaji3 moCIiI0BHOCTEH BUITAIKOBUX YHCE

BcTanoBiTh cTaHIapTHI HaJalITyBaHHS TeHepaTtopa. BuBediTh MOCIIIOBHICTh
BUITIaJIKOBUX unces Ha reperiia. [loauBiThes, Ik BOHA 3MIHIOETHCS BiJl TECTY JI0 TECTY.

3po0iTh KITBKICTH OIT y Maclli HEBEIMKOI, HaMpHUKiIad, piBHOWO 8, i
IpoaHani3yiTe Kuibka nociigoBHocTeil. [10SCHUTh IPUUMHY 3MiHU JOBKUHH YUCEIL.

[Ipu Takiii >xe KUIBKOCTI OIT BCTAHOBITH 3HAYEHHS MYJIbTHILIIKATUBHOT
KOHCTaHTU piBHUM | 1 mpoaHanizydTe KiibKa nociigoBHocTel. [loscHITE npuunny
3MIHU XapakTepy MOCiA0BHOCTI.

IIpm Takiii € KUIBKOCTI OIT BCTAHOBITH 3HAYEHHS MYJIbTHILIIKATUBHOI
KOHCTaHTU PIBHUM 4 1 MpoaHaII3yWTe KUIbKa NOCHII0BHOCTEN. [10sICHUTE pu4nHYy
3MIHHU XapakTepy MOCIiJOBHOCTI.

[Ipu TakoMy K MOJYJII i1 3HAYEHHI MYJIbTUILTIKATUBHOT KOHCTAaHTH BCTAHOBITh
3HAYEHHS aJUTUBHOI KOHCTAaHTH piBHUM 0 1 MpOaHANI3YWTE KiIbKa MOCIIJOBHOCTEM.
[TosicHITh IPUYKMHY 3MIHU XapaKTepy MOCIiJOBHOCTI.

3adikcyiiTe HaHOUIBII XapaKTEPHI MOCTIAOBHOCTI Y 3BITI.

2.4.3.2 JlocmiKeHHS epioly TOCIIIOBHOCTI

BcraHoBiTh cTaHmapTHI HanamTyBaHHS reHepartopa. [IpoBemiTh TecTH «Ha
nepion»  BIANOBIAHO A0 Tabnuil 2.4. 3po0iTh BUCHOBOK IMPO BIUIUB MOJYJIS
reHeparopa Ha Horo nepioJ1 reHeparopa i 3adikcyiTe BUCHOBOK Y 3BITI.

Tabmums 2.4 — 3anexHicTh TEpioAy TeHepaTopa BiJ PO3MIpiB MacKH TMpHU
CTaHJIaPTHUX HAJAIITYBAHHSIX

Howmep JloBkrHA Macku B 6iTax

JOCITI Ty 8 16 24
1
2
3

BcTanoBiTh cTaHIapTHE 3HAYEHHS MYJIBTUIUIIKATUBHOI KOHCTAHTH U JIOBXKUHY
Macku piBHy 16. [IpoBeniTh TeCT «HA TEpioa» I 3HAUYCHb aIUTUBHOI KOHCTAHTH
BIIMOBIHO 10 Ta0iui 2.5. 3po0iTh BUCHOBOK PO BIUIMB 3HA4Y€Hb KOHCTAHTH Ha
nepio1 reHeparopa i 3aikcyite Horo y 3BiTi.
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Tabnuig 2.5 — 3anexHiCTh epioay reHepaTopa BiJl aIUTUBHOT KOHCTAHTH IIPH
po3mipi Macku 16 1 CTaHIapTHIM MyJIbTUIUTIKATUBHINA KOHCTAHTI

Howmep 3Ha4YeHHS aIMTUBHOT KOHCTAHTH

JOCITI Ty 11(cTangapr) 16 100 173
1
2
3

BcTaHoBITh CcTaHIapTHE 3HAUYEHHS aIUTHBHOI KOHCTAHTH ¥ JTOBXKHHY MacKu
piBuy 16. IIpoBeniTh TeCT «Ha mepioy A 3HAUEHb MYJIbTUILUTIKATUBHOI KOHCTaHTU
BIMOBIIHO 10 Tabmuili 2.6. 3po0iTh BUCHOBOK MPO BIUIMB 3HAYCHH KOHCTAHTH HA
nepioj reneparopa i 3aikcynTe Horo y 3BiTi.

Tabmums 2.6 — 3anexHiCTh TMEpiogy TeHepaTopa Bil MYJIbTUILTIKATUBHOT
KOHCTaHTH P po3Mipi Macku 16 1 cTaHIAapTHOI aAUTUBHOI KOHCTAHTHU

Homep 3HaYeHHs MYJIbTUILTIKATUBHOT KOHCTAHTH
JTOCTIAY CTaHJapT 17777 34367 34366
1
2
3

VY Tux BUMagkax, KOJIU NEPIOJl BUXOAUTH AYXKE MaJCHbKHM, MpOaHaII3yHTe
MOCJI1JJOBHICTh, BUKJIMKABILY 11 32 JIONOMOI'OIO ITyHKTY «BUBEICHHS 3HAUEHDY.

2.4.3.3 JlocnimkeHHs pIBHOMIPHOCTI TIOCIIIIOBHOCTI

BcraHoBiTh cTaHAapTHI HaNAITyBaHHS TeHepaTopa W BHOEpITH TECT «HA
piBHOMIpHICTbY». [IpoBeAiTh TeCTH NIl pI3HUX 3HAYEHB PO3MIPY BUOIPKH M KUIBKOCTI
IHTepBaAJIIB  BiAMOBIAHO 10 Tabmuimi 2.7. 3poOiTh BHCHOBOK IPO PIBHOMIPHICTH
OTPUMYBAHHUX TIOCIIITOBHOCTEH 1 BIUIMB MapaMeTpiB TECTY Ha pe3yabTaT TECTYBaHHSI.

Tabmums 2.7 — Pe3synprat TecTyBaHHS TeHEpaTopa Ha PIBHOMIPHICTH MPHU
CTaHAAPTHUX HAJIAIITYBaHHAX

[Tapametpu TecTy 3arajgpHa KinbkicTh Omuinka
KUIBKICTh TECTIB 3 IMOBIPHOCTI
O6car Kinbkictb TECTIB HETaTUBHUM MOSIBU
BUOIpKHU IHTEpBAIIB pe3yJabTaTOM | HEPIBHOMIPHOCTI

8 20
200 5 20
15 20
11 20
1000 5 20
20 20

43



2.4.3.4 JlocmipKeHHs CTOXaCTHIHOCTI IMOCIIIOBHOCTI

BcTaHoBITE CTaHIapTHI HAJAIITyBaHHs TeHEpaTopa i BUOEPITh 31 CIIUCKY TECT
«Ha CTOXacTHYHICTHY». [IpoBediTh TeCTH sl PI3HUX 3HAUEHb PO3MIPY BUOIPKH M
napaMmeTpa TeCTy BIAMOBIAHO 10 Tabnuili 2.8. 3po6iTh BUCHOBOK MPO PIBHOMIPHICTD
OTPUMYBAHUX MOCIIIOBHOCTEH 1 BIUIMB MapaMEeTPiB TECTY Ha Pe3yIbTaT TECTyBaHHS.

TabGnums 2.8 — Pe3ynbTaTé TecTyBaHHS T€HEpaTopa Ha CTOXAaCTHUYHICTH IPU
CTaHJIaPTHUX HAJIAIITYBAHHAX

[TapameTpu TecTy 3aranpHa | KigbkicTh TeCTiB Ominka
KUIBKICTh 3 HETaTUBHUM IMOBIPHOCTI

Oo6csr [TapameTtp TECTIB pE3yNbTaTOM CTOXaCTUYHOCTI

BUOIPKHU TECTy MIOCJIITJOBHOCTI
0,3 20
200 0,5 20
0,7 20
0,3 20
1000 0,5 20
0,7 20

2.4.3.5 JlocmipkeHHsT HE3aJIC)KHOCTI ITOCIIIIOBHOCTEH

BubepiTh 31 CIHUCKY TECT «Ha HE3AJIEKHICThY.

BcTaHOoBITH 3HaUCHHS MapaMeTpa TeCTy «Ha HezanexHicTh» piBHUM 100. ¥V
IbOMY BHUIAJKYy JOCIHIKYETHCS HE3AIEKHICTh MOCTITIOBHOCTEN, SIKI CTBOPIOIOTHCS 3
OJIHI€1 MOCTIOBHOCTI IIJITXOM 3MIIIEHHS TOYaTKY MOCi0BHOCTEN. Po3mip 3MilieHHs
3MIHIOETBCA Y T€CT1 Bif] 1 710 3HAYEHHSI, 110 33JJA€THCS TAPAMETPOM TECTY.

BcraHoBiTh cTaHmapTHI HalamTyBaHHS TeHepaTopa. [IpoBeniTh TecT KijibKa
pa3iB 1 OIIHUTH IMOBIPHICTH MEPEBUINEHHS KPUTHUYHOTO 3HAYEHHS KoedillieHTa
Kopessii. Pesynbrar 3adikcyiire B Tadmui 2.9.

Tabmum 2.9 — Pesynbraté JIOCTIIDKCHHS HE3aJICKHOCTI TOCIIIOBHOCTEH
BUITQAKOBHUX YHCEI. 3arajbHa KUIbKICTh Touok N=100

Hocmpg 1 | Hocmipg 2 | Hocmig 3

IlepeBullieHb KPUTUYHOTO 3HAYEHHsI(1)

ImoBipHICT nepediIbIeHHs(n/N)

2.4.4 Pooora 3 nporpamoro «TectyBanHsi paiijiiB BUNAAKOBUX BeJTMUMH»

AxTuBi3yliTe m0o1aToK «TecTyBanHs ¢GaiiIiB BUIAIKOBUX BETUIHH.

[le#t momaTok Ha/ae MOXKJIMBICTh aHAJI3yBAaTH BUOIPKU BUITAIKOBHX YUCEN, 10
3amucaHl y TEKCTOBUX (aimax, Je OJlHEe YHUCIO 3aiimMae oauH psaok. [HTepdeiic
KOPHUCTYBaya MpeACTaBICHUI Ha pUCYHKY 2.6.

['pyna enemeHTIB y JiBiil BepXHiil yacTHH1 (POPMHU MICTUTh KOMIIOHEHTH 4Yepe3
K1 3a1a10ThCs TapamMeTpu (aitiy.

Im’st daitiny BBOgUTHCS B moJie «IM’st BuOpanoro daiiny». ¥ pa3i HEOOX1JHOCTI,
3a JOMOMOrol KHoONku «Bubip ¢aiimy» MoXHA BIIKpUTH A1aJIOTOBE BIKHO BHOODPY
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(aitnny. Im’st BUGpanoro aitny O6yne 3adikcoBaHO.

[Tome «OO6csar BuOipkm y (aim» mokazye po3mip BHUOIpKH Gdaiimy, Mo
00poOIIIETHCA.

[lepemik MOXIMBUX omepariil 13 (ailyioM BUMAJAKOBUX YHCET BHU3HAYAETHCS
HAaOOPOM KOMITOHEHTIB Y BEpXHii MpaBiif yacTHHI POpMH.

PesynbTatu TeCTY BUBOASTHCS SIK Yy BUTIISAJIL TEKCTY, TaK 1y BUIJISIL TICTOTPaM.

Bubip dainy MepernAg NoYaTey dainy

Ik

IM'a BubpaHoro dainy | MapaMeTpu dainy
C:\Usersi125 :

3aK0oH po3noainy AnA TecTyBaHHA

OGcar enipkn |
625
TecT 3a MNipooHoM Ha BIANOBIAHICTE 3aKoHY
$¢apn C:\Users'125. P McTorpama
MapaMe TP BHEips:
0Bcar embiprm = 625. 0.4

MipmManene 3I”HauweHHA = 15.533272%
Haffineme 3HauesHA = 473.830759%
Cepenxde 3HaueHHR = 127.48
CTaHOapTHe B1OXMIEHHA = 65 1gl.
FEoed.Epmawra = (M/Sigma)~2 = 3.E

IHTEpEATM BinmH.49acToTH
-30.30 .. 15.53 0.0000
15.53 .. £1.36 0.1328
61.36 .. 107.19 0.2944 0.0
107.19 .. 153.02 0.2848 v
% ¥ -30.3 519,66

Pucynok 2.6 — [atepdeiic nogaTky 1uist TecTyBaHHs (ailiiB 3 YUCIaMU

[Topsinok poOOTH 13 3aCTOCYBAaHHAM MOXE OYTH HACTYITHHUM:

— obupaemo (aitn 3 IKUM HEOOX1JHO MPOBECTH TECT;

— 3a ponomoroto gyskuii «lleperysin nmodarky ¢aiiny» aHanmizyemo jAaHi, 1
BU3HAUAEMO, 3 SIKOI0 BHUMAJKOBOIO BEIWYMHOIO JIOBOJUTHCS MaTH CIpPaBy —
JMCKPETHOIO a00 Oe3nepepBHOIO;

— 3a gomoMmorow ¢yHkuii «[lapamerpu daiiny» oTpuMyeEMO eMIipUYHE
PO3MOJUICHHS  BHUIMAJIKOBOI BEJIMYMHUM y BHUIJISAl TiCTOTpaMHd 1  YHCIIOBI
XapaKTEPUCTUKU BUOIPKY BUITAIKOBUX YUCET,;

— Ha MJCTaBl aHali3y OTPUMAHHMX JAaHUX BHCOBYEMO TIMOTE3y MPO 3aKOH
PO3MOIICHHS, IKOMY B1IITOBIJA€ TOCHIKYyBaHa BUOIPKA 1 HAAIITOBYEMO KOMITOHEHT
ChooseRandom 3rigHO 3 TIIOTE3010;

— TMepeBIpsEMO BUCYHYTY rinortesy 3a kputepieM [lipcona.
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2.4.4.1 3aBaaHHs 10 IILOTO €TaIry JabopaTopHOi poOOTH

OO0po0iTh (haiian 3 HaHWMH, 1 BU3HAYTE, SKOMY 3aKOHY PO3MOJIUICHHS BOHU
BianoBiAa0Th. Paitnu moxkHa 3HaiiTu B apxuBi filesForLab2.zip. Imena daitnis
OTPUMYEMO IUTSIXOM JIOJ[aBaHHS YKCIIa, IKe BiMOBi1a€ HOMepPY Y CIIMCKY I'PYyIH, 710
yucen 0, 50, 100.

[NimoTe3y mpo BIAMOBIMHWI 3aKOH PO3MOJIICHHS CITiJ BUCYBAaTH Ha IIiJICTaBi
BUTJIALY TICTOTpaMU Ta YHUCIOBHX XapaKTEPUCTUK PO3MOALTY (CepeaHe 3HA4YCHHS,
CTaHJapTHE BiAXWieHHs, Koedimient Epmanra, MiHIMaJbHE Ta MaKCHMAaJIbHE
3HAYCHHS).

2.4.5 Po6oTta 3 nporpamoro «TectyBaHHSI MOTOKIB BUNIAJKOBHUX MOiiD»

AkTuBi3yiTe moaaTok «TecTyBaHHs (aiiiiB BUIAIKOBUX BEITUYHHY.
[eit mo1aTOK Ha/Ta€ MOXKIIMBICTh BI3yaJIbHO JIOCIIKYBATH TOTOKH BUITaIKOBUX
nofii. [aTepdelic kopucTyBada 10JaTKy MPEICTaBICHO HA PUCYHKY 2.7.

B 3HaWOMCTEO 3 BMN3AKOBMMM NOTOKaMK NMOAIA - O

Title
=] | |Ercnonetujanste(m=1.0)

BunankoBMi NoTik Nomii

20

Pucynok 2.7 — Intepdeiic qonatky ajis 1eMOHCTpAIlii TOTOKIB
BUNAJIKOBUX MOIIH

Y niBOMy BEpXHbOMY KYyTl 3HAXOJIUTbCA KOMIIOHEHT Juisi BHOOpPY 1
HaJaAlITyBaHHS TOTPIOHOTO PO3MOJAUTY BHITQJIKOBOI BEIMYMHHM I1HTEPBATY MIXK
nonismu. [IpaBopyd 3HaXOAUTHCS KHOTIKA JIsI CTBOPEHHS MTOTOKY TOTiH.

KoxHa nozist Bi3yani3yeTbCsi BEPTUKAIBHOIO PUCKOIO.

3anycTiTh nporpamy i mpoaHaidizyiTe 0COOIMBOCTI MOTOKIB MOJIIM 3 PI3HUMHU
3aKOHAMHU JJIs IHTEpPBAIY MK MOAISIMHU.

HanamryiiTe mapaMeTpu nNoToKiB BUOMPaiiTe TaK caMo, SIK 11e POOHJIN /I
PI3HUX 32KOHIB PO3MOALY y Nepuuii JadopaTopHiid podoTi, TOOTO BiANIOBIAHO /10
HOMepa y CIHCKY I'PYIH.

Yac neperisay HalATOBYHTE Tak, 1100 BiAOynock He MeHie 20 moiil.

3adikcyiTe y 3BITI BUTJIS [IUX JlarpaM JjIsl Pi3HUX 3aKOHIB..
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2.4.6 TectyBanHsi

3amycTiTh IporpamMy TeCTyBaHHS 1 JaiiTe BIAMOBIAI Ha 3amuTaHHS. Pesymbrar
TecTy 3adikcyiTe uis 3BITY..

2.5 3aBaaHHs 11 caMOCTiiiHOT po6oTH
2.5.1 PeaJtizanisi HACTYIIHOTO KPOKY y po3pooui PI'P

HanamryliTe 3aKkoHM pO3MONLIIB Ta IHII MapaMeTpu MOJENi, sIKI MalTh 3a
3aMOBYYBaHHSIM 3’ SIBJISITUCS ITICIIS 3aITYCKY JOJIATKY.

Jonaiite 10 Bi3yalabHOTO KJIacy (IUB. po3aii 3, eTamn 2 METOJAMYHUX BKa31BOK J10
PT'P), manenp nuHamigHO1 iHAMKAIlT poOOTH Mojeni (maHes “Test”).

Buznaurte nepenik mapamMeTpiB, 110 HiJJIsATae TMHAMIYHIA 1HAMKALIT y PeXUMI
«Tect». lonaiiTe Ha maHelb 1 HATAIITYHTE BIAMOBIAHI JlarpaMu.

Komito iHTEepdeiicy kopucTyBaya 3 HaJalITyBaHHSMHU JOJANTE 10 3BITY 3
nmabopaTopHOT pOOOTH.

JiarpamMu MarOTh aBTOMaTUYHO 3MIHIOBAaTH CBOi HAJAIITYBaHHS Yy pa3l 3MIHU
HaJlalmTyBaHb Mojei. [Tpukiian BiIMOBIIHUX HATAIITYBaHb HABEACHO y PO3/1 3, eTar
2 METOOUYHUX BKa31BOK 10 PI'P.

TekcTu BIIMOBIAHUX METO/IIB JOIAUTE 0 3BITY 3 1a00OpaTOpPHOI pOOOTH.

Hanaiite myomiunuii noctyn (Metoau getXXX) go aiarpam Ta KOMIOHEHTIB ISt
HaJalITyBaHHs MapaMeTpiB MOAENI (SKIIO 1e He Oys0 3p00JIEHO paHillie) 1 HABEIITh y
3BiTi ckpiHmoT naneni Outline 3 BuOpanumu myOIIYHUMEI METOIaMH, HATIPUKJIIA]T TaK,
SK Ha pUCYHKY 2.8.

O Qutline I3 =13 W s e |w 8=
B buldo2018

v f3_ BuldGUI
@ ° BuldGUI)
@ getlCheckBox() : JCheckBox
@ getRndBuldo() : ChooseRandom
@ getRndloader() : ChooseRandom
@ getChooseDataMLormy() : ChooseData
@ getChooseDataBodySize() : ChooseData
@ getRndLorry() : ChooseRandom
@ getChooseDataHeapMaxSize() : Chooselata
@ getChooseDataFinishTime() : ChooseData
@ ° main(String[]) : void
@ getProtocelToConcele() : BEoolean
@ getDiagramHeepSizel) : Diagram
@ getDiagramQueueToleoader() : Diagram
@ getDiagramLormyOnRoad() : Diagram
@ getDispatcher() : Dispatcher

Pucynox 2.8 — Ily6miunwmii inHTepdeiic BizyanbHOI YaCTUHU
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2.6 Bumoru 10 3BiTy

VY 3BiTi MalOTh OYTH HACTYITHI TAPO3ALIH:

— MeTa poOoTH;
— pe3yJIbTaTH AOCHIKeHHS TeHepaTtopa PPBY BiamoBiHO 10 TOPSIAKY

BUKOHAHHS pOOOTH Y BUTJISA/II TaOIUIIb 1 MOSACHEHb OTPUMYBAHUX PE3YJIbTaTIB,;

— pe3ynbTaTH TECTyBaHHS (ailliB 3 YUCIOBHUMH JaHUMHU Y BHIJISAI KOIIH
€KpaHiB 3 pe3yJbTaTaMU TECTyBaHHSI.

— pe3ynbTaTH AOCTIIHPKCHHS BHUITQJKOBHX ITOTOKIB MO y BUTJIAMI KOIIM
CKpaHiB.

— pe3yabTaT TeCTy,

— pe3yJbTaTd BUKOHaHHs etanmy PI'P 3 HaBeneHHsSM Kol ekpaHiB, IO

JCMOHCTPYIOTh PE3yJIbTaTH pO3poOKK (HaHeIb HaJaIITyBaHb MOZCII 3 3aKjaJKOI0
«Tect»), Ta MeTOIM 0OPOOKM MOI1M 3MIHM HAJTAIITYBaHb MOJIEI.

— BUCHOBKHU NPO BIUIMB HANAIITyBaHb F'€HEPATOpPa PIBHOMIPHO PO3MOALICHHUX

YKCeN Ha Moro po0oTy, Ta PO MOKIMBICTh 3aCTOCYBaHHs 00'ekTiB Ki1acy Random muist
MOJIETIIOBAHHS.

N -

o O1

10.

11.

12,

2.7 KoHTpPOJIbHI NUTAHHSA

. Metonu hopMyBaHHS BUIIQIKOBUX YHCEIL.
. XapakTepUCTUKU PIBHOMIPHOTO PO3MOALTY.
. KourpyentHuii  aAUTHUBHO-MYJbTUIUIIKATUBHUN  MeTOol  (popMyBaHHs

BUMAAKOBUX uncesl. OTpuMaTH BPYYHY IMOCTITOBHICTh 10 BUIMAJAKOBUX YHCEI
st moayast 10.

. BmuB  oOpaHuxX 3HAauYe€Hb KOHCTAaHT TeHepaTopa Ha XapaKTEPUCTHKHU

MOCJIIIOBHOCTI ¥ peKOMEH 1allli 3 BUOOPY X KOHCTAaHT.

. ITopiBHsHHS knaciB Random 1 Randoms.
. lIlo Take mepioa reHepaTopa BUMAIKOBUX YMCEN 1 BIJ YOTO 3QJICKUTH HOTO

BeJMurMHa. MeToiuKa BU3HAUEHHS Mep10y reHeparopa.

. Metonuka mnepeBipku BHOIPKM BUIAJKOBUX YHCEJ HAa PIBHOMIPHICTH 3a

nonoMororo kputepito Ilipcona. [loka3aTy Ha KOHKPETHOMY IPUKIAII.

. MeTtonuka miepeBIpKd BUOIPKM BHUITAJKOBHX YHCENT HA CTOXAaCTUYHICTb.

[TokazaTu Ha KOHKPETHOMY TIPUKJIIAI].

. lIlo o3Ha"ae BUpa3 MOCTITIOBHOCTI BUMAJAKOBUX YHcel He3anexH1'. [IpuBemits

MPUKJIAAN 3aJeKHUX MOCTII0BHOCTEH. MeTonuKa epeBIpKU MOCTiA0BHOCTEN
Ha HE3aJIC)KHICTb.

Cytp Metony oOepHeHoi GyHKINI ays (GOpMyBaHHS BUIAIKOBUX YHUCEN, SIKI
pO3MOJITIEHI 3a TEBHUM 3akoHOM. I[IpoOsemMu, 10 BHHUKAIOTH MiJ Yac
3aCTOCYBaHHS IIbOTO METO.Y.

Meronuka  OTpUMaHHS  BUIAQJAKOBUX  YHCEN,  PO3MOAUICHHX 34
eKCIOHEHITIaJIbHUM 3akoHOM. OnucanHs kiacy Negexp.

Meroarka OTpUMaHHS BUITAIKOBUX YHCEII, PO3IIOIIICHUX 3a 3aKoHOM Eprianra.
Onucanns kiacy Erlang.
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13.

14,

15.

16.

17.

Mertoauka OTpUMaHHS BMIIAQJKOBHX 4YHCEJ, PO3MOJUICHUX 32 HOPMAaJIbHUM
3akoHOM. OnucanHs kiacy Norm.

Metoauka OTpUMaHHS BUNAAKOBHX YHCEN, PO3MOJUICHHX 32 3aKOHOM
KopuctyBava. OnucanHs kiacy Linear.

MeToauka OTpUMaHHSI TUCKPETHHUX, BUIMAJAKOBUX BEIMYHH PO3MOJALICHUX 3a
3ajaHuM 3akoHOM. OnucanHs kinacy Discret.

Metoauka OTpUMaHHS pPIBHOMIPHO pO3MOJAUICHUX B JEAKOMY Jiana3oHi
BUIAAKOBUX BenuunH. Onucanss kiacy Uniform.

Metoauka TecTyBaHHS reHepaTOPiB BUIIAJKOBUX BEIUYHH.
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3 JABOPATOPHA POBOTA Ne 3. IOBY/IOBA IMITALIITHAX MOJIEJIEMA
CUCTEM MACOBOTI'O OBCJIIYT'OBYBAHHA

3.1 Meta po6oTu

B pesynbrari BuKoHaHHS Ja00paTOpHOT POOOTH CTYACHT Ma€ OTPUMATH TaKi
3HAHHS Ta HABUYKU:

— no3HalloMuTHCS 3 TOHATTIM «CHucTemMa MacoBoro oociyropyBanas» (CMO);
— MO3HAHOMUTHCS 3 METOAMKOI0 ToOyA0BH Mojieni CMO;

— MOo3HAMOMUTHCS 3 Kitacamu (ppeiimBopky Simulation, mo BUKOpHUCTOBYIOTHCS
st mooynosu moaeni CMO;

— OTpUMAaTH NMPAKTUYHI HAaBUYKU 1T0OY10BU Moaeni CMO.

3.2 CucreMu MacoBOro 00CJIyroByBaHHS

Cuctema macoBoro oociyrosyBanHs (CMO), abo cucrema 3 yepramu (queued
system) - me cucrema, IS IKOT XapaKTepHa HasIBHICTh TAKUX KOMIIOHEHT:

— BUIAJKOBUM MOTIK 3asBOK (TpaH3aKIliil) Ha 00CIyrOBYBaHHS;
— 4epru 3asBOK, 10 YEKAIOTh 00CITyrOByBaHHS;
— TPUCTPOI, 110 OOCITYTOBYE 111 3asIBKH.

Ha pucynky 3.1 mnpeacTtaBieHO cXeMmMaTHYHE 300paKeHHS HAWUIIPOCTIIIOL
CHUCTEMH MacOBOT'O 0OCITYTrOBYBaHHS.

Bxinsit
MOTIK 3a%BOK

Yepra Ha o0CTyTOBYEAHHA

OOGCIFYTOBYH I
npHCTpiit —

i .

Pucynok 3.1 — Cxema naitnpocrimoi CMO

Ane CMO moxe MaTu U CKIafHINIy cTpykTypy. Ha pucynky 3.2 mokaszaHo
cxemy OararokaHaibHOiI 1Bo(a3zHoi CMO.

I{s cucTteMa € GaraTOKaHAJIBHOIO 3 TIiET MPUYHMHH, IO KOXKHA (haza 0OpOOKH
3asIBOK BUKOHYETHCS TapasIeNIbHO JCKiTbKOMa 00CTyTrOBYIOYUM TPHITATaMHU.

A BHACIIIJIOK TOTO, [0 KOKHA 3asiBKa MOTpeOye 0OpOOKHU CMOYaTKy Ha OJTHOMY
3 IpWJIAJIB NEePIIOi IPYIH, IO MOTIM Ha MPpUiIaal APYToi IPyNH, CUCTEMA € JTBO(]a3HOIO.
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IMepma Apyra
(paza obpobEH thaza oOpOOKH
TIpuman 1 N IMpwunan 1
q el P \ S
epra Ha Hepra Ha
JREEPRNO L | pepmy > » ApyTy o TTpmnan 2
3aMB0OK il | Ilpumang 2 g 7| IlpHAnan
(hasy P tazy
oOpOGKH o0pobKH
TIpuman N / TIpumag N

Pucynok 3.2 — Cxema nBoda3znoi 6ararokanansnoi CMO

Ha pucynky 3.3 300paxkeHo CMO 13 kaHalioM 3BOpOTHOTO 3B’s13Ky. Taki CMO
HazuBaoTb CMO 13 3BOPOTHUMHU 3B’ sI3KaMHU.

Oopobka )
K 17
x| O Yepra Ha |_,| Kontpome- |
Jxepeno Hepra Ha . KOHTpONE O9HHA
3a9BOK ' H;E:f | Kauan 2 M TIpHAaj
oOpodEH
\‘Kaﬂaﬂ:; / ,I[o,uamona:
obpobxa

Pucynok 3.3 — Cxema aBodasznoi 6ararokananbaoi CMO 13 3BOpOTHHMH 3B’ sI3KaMU

IcayroTh 1 Mepexxi CMO. Ilpuknagom takoi CMO moxe OyTH KOMI IOTEpHA
MepexKa.

B ycix posrnsnyTux Butie npukianax CMO sBisie co0010 I€SIKY CTPYKTYPY 10
CKJIa/y SIKO1 BXOJSTH JDKepea 3asiBOK, yepru Ta o0ciayroByroul nmpuctpoi. [lpu npomy
JoKepenia 3agBOK 1 00CTyroByOYl MPUCTPOI € aKTUBHUMH €JIEMEHTaMH, 10 KepYIOTh
MepeMIIIEHHSIM TPaH3aKIIii 1 CTBOPIOIOTH MOAIT y yaci. [eperno 3asBOK 3aTpUMY€EThCS
Ha JICSIKUW 4Yac 1 micist uboro (GopMmye 3asBKy 1 J0Ja€ i 10 4epru — Ie 1 € MOJisl.
OO0cyroByrounii IpUCTPIN YeKa€e MOSIBU 3asBKU Yy 4ep3l, a JTI0YEKaBIIUCh 3a0upae i 1
BUTpayvac JCSKUN yac Ha poOOTy 13 3adBKOI0. MOMEHT 3aBepIlieHHs 00CITyrOByBaHHS
TEX € MoJi€r0. Yepru X € MacUBHUMHU €JIEMEHTaMH 1 BUKOPHCTOBYIOTHCS K MiCIIE
nepeOyBaHHs 3asBOK Mix (pazaMu OOpOOKH. IX cTaH (3alOBHEHHS) 3aJIEKITh Bi
B3a€EMOJIIT aKTUBHUX ejeMeHTIB. [losBa 3asiBKM B 4ep3i — 1€ TEX MOl 1 BOHA
B110yBa€ThCs y MMEBHUM Yac, ajie 1[0 MO/I1I0 CTBOPIOE HE uepra, a Toi 00’ €KT, 110 J0Aa€
3asBKY JI0 YepTH.

Tpanzakuis y Takiit CMO Tex € nacuBHUM ejeMeHToM. BoHa Moxe 30epiratu
y co0i aesky iHpopmarilito, ajie He KEpy€e CBOIM MEPEMIIIIEHHSIM Y CUCTEMI.

Opnak y aeskux CMO TpaH3akiiii MOKyTh OyTH aKTUBHUMH, 1y OKpeMHUX (pazax
CBOTO JKUTTEBOTO MUKy MOXXYTh CAMOCTIMHO MPUHMATHU PIIIEHHS PO MEePEMIIIEHHS
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no cucremi. Tak camMo 1 aKTHBHI €JIEMEHTH CHUCTEMHU Yy JESKHUX BHUIAJIKaX MOXKYTh
CTaBaTu TpchaKI_Ii}IMI/I 1 uekaTn oOcyroByBaHHs. Tak, HalPUKIAl, XBOPHil (3asBKa),
BTOMHBIINCH Yy Yep3l YeKaTh OOCIyroByBaHHS MOXKE MOKHHYTU aepry 1 miTy 13
CKaproro 70 TOJOBHOro Jikaps. Jlikap, mo Bexe mpuiloM XBopux 1 siBis€ co0010
oOciyroByrounii mpuctpii CMO, Moke Ha JIeIKHil 4ac MPUMUHUTH 00CITYTOBYBaHHS
XBOPHX 1 T HA KOHCYJIBTALIIO JIO 1HIIOTO JIiKaps, TAKAM YHHOM MEePETBOPUBIIUCH Y
3asBKy. [l Takux CMO cTpyktypHe 300paxkeHHs Oyae HemoBHuM. [ToBemiHka Takux
HecTaHAapTHUX eneMeHTiB CMO moxke OyTu mpeacTaBieHa CXEMOIO aIropuTMy abo
Jiarpamoro JisJIbHOCTI.

[Ipu mopemoBanHi CMO AOCHITHUKY BIAOMI XapaKTEPUCTUKU OKPEMHUX
KOMIIOHEHT CHUCTEMH, a HEBIJIOMUM € pe3yJbTaT iX B3aeMoiii. Y pe3yibTaTi
JOCJTDKCHHS HaluacTilie OTPUMYIOTh TaKy iH(opMmariito:

— CTaTUCTHYHI XapaKTEPUCTUKH JJISl JTOBXKUHH UepT;

— CTATHCTHYHI XapaKTEPUCTUKU ISl YaCy OYIKYBaHHS B Ueprax;

— CTaTUCTHYHI XapaKTEPUCTUKH JIJIsl 4acy 0OCIyroByBaHHS 3as1BOK;
— KOe(ILIEHT 3aBaHTAXXEHHS 00CIYTrOBYIOUHX MPUIIAIIB.

OkpiM TOro METOK JOCIIUKEHHSI MOXKe€ OYTH OTpUMaHHS 3aJIeXKHOCTI
HAaBEJICHUX BHUILE XapakTepUCTUK Bia nmapameTrpiB CMO (KUIBKOCTI 00CITYyroBYHOUHX
MIPUCTPOIB, XapaKTEPUCTHK 3aKOHY OOCITYyrOBYBaHHS 1 TAKE 1HILE).

[lepeniueHi BuIIE 3a7ayl CTOCYIOTbCS CTajoro pexumy podotu CMO, ane
1HKOJIM TOCHKYIOTH 1 nepexiani npouecu y CMO.

3.3 Kommnonentu ¢peiimBopky Simulation nist modyaoBu Mojedi

@peiimMBopk Simulation Hagae po3poOHUKY MOAENI JAOCTaTHbO €(EKTUBHI
3acobu moOynoBH ckiagoBux yactuH mojaeni. Kimacu ChooseRandom, ChooseData,
Histo, DiscretHisto, Diagram, Painter yxe posrnsganucs y nepiriid jabopaTopHin
poboti. Ili kmacu chpomryloTh CTBOpeHHs iHTepdeicy KopucTyBaya 1
BUKOPUCTOBYIOTBCA VI TEHepalli BUMAJAKOBUX BEJIMYMH, HAKOMWYEHHS Ta
B1JI00pa)KEHHS CTaTUCTUYHOI 1H(pOpMAIIii.

Huxdye HaBOAWTHCS CTUCIMM OMHC 1€ AEKIIBKOX BaXJMBUX KJIAacCiB, IO
BUKOPUCTOBYIOTHCSA JIJIsl CTBOPEHHSI MOJIEN1 Ta 11 CKJIaJI0BUX YaCTHH.

3.3.1 Kiac Actor

Ha 0a3i nporo kiacy Mo)kKHa CTBOPIOBATH KJIACU JJII aKTUBHUX KOMITOHEHTIB
MoelTi. AKTUBHAM KOMITOHEHTOM € TaKWi KOMITOHEHT MOJICI, SKUW Ma€ TIOBEIIHKY,
0 XapaKTEPU3YEThCS 3aTPUMKAMH Yy Yaci abo 3aTpUMKaMH 10 BUKOHAHHS JESIKOT
ymoBu. Kiac mepenbavae peanizailito Takux MpaBwia Jii y Kjlacax CHaIKOEMISX Y
BUTJIsA1 MeTOIIB rule().

VY nactynHii 1abopaTopHiil poOOTI el KJIac pO3TIIAIA€ThCS JOKIAIHIIIE.
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3.3.2 Kinac MultiActor

[le#i kmac BHUKOPUCTOBYETHCS JJisi CTBOPEHHS TPYIN OJHAKOBUX O0'€KTIB
(bpuram), 1O MOIEMIOITH OararokanambHy 00poOky B CMO. Ilpm Ttakomy
o0cIyroByBaHHI TpyIa MmapajeabHO IPAIOI0YNX MPUIIAIIB MPAIIOE 3 OTHIEI0 YEPToI0.
s HamamTyBaHHA 00’€KTa LBOTO KJacy MNOTPIOHO BU3HAYUTH 3HAYEHHS JIBOX
aTpuOyTiB:

nClone — Bu3Haya€e KUTBKICTh KOITIH.

original — MicTUTh TOCHJIAaHHS Ha 3pa30K, 3 AKOro OYayTh 3p00JICHI KOITii.

[TocunanHs Ha 111 aTpUOYTHU MO>KHA MEpeaTH 3a I0NMIOMOT00 KOHCTPYKTOPa, a00
yepe3 metou setNumberOfClones(int) Ta setOriginal(Actor)

Kinac ycmankoBye knac Actor 1 y HboMy Bu3HaueHo Meton rule(). Ilim gac
BUKOHAHHSI I[bOTO METOJIy CTBOPIOIOTHCA KOl OPUTIHATY HUISIXOM KJIIOHYBaHHS 1 I
KOIIi 0/Ipa3y 3alMKuCyIOThCS 10 CTAPTOBOIO CIUCKY JUCIIETYEpA.

Jlns kJIOHyBaHHS BUKOPHUCTOBYeThCS MeToJ clone() kmacy Actor. Tyt crifg
3a3HAYMTH, 110 OTIepallisi KJIOHyBaHHS B Java € omepalii€lo ToOBEpXHEBOTO KOMIIOBAHHS
(shallowCopy). Ilpu TakoMmy KOIIIOBaHHI CTBOPIOETHCA KOsl 00JacTi mam'sTi, M0
MICTUTH 1H(OpMaIito PO 00'eKT. BHACTIIOK IBOIO MU OTPUMYEMO KOITli 3HAYEHb IS
MPUMITUBHUX TUIIB 1 TUITY String, a AJig pelITH KJIaciB OTPUMYEMO HE KOmii 00’ €KTiB,
a Komii mocwiaaHb Ha 00'ekTu. TakuM YMHOM, MHOJS BCIX KJIOHOBAaHMX O0O0'€KTIB
MOCUJIAIOTHCS Ha T1 caml 00'€KTH, [0 BUZHAYAIOTHCSI 3Pa3KOM.

[Ipu kJIOHYBaHHI aKTOPIB, 110 3a0€3MeUyI0Th OaraTokaHaabHy 0OpOOKY, TaKuit
croci0 KJIOHYBaHHsI HAC Maii>ke BJIAIITOBYE. Bel ki1oHU OyAyTh MOCUIIATUCS HA TY CaMy
4yepry, Ha TOW camMuil TeHepaTop BWITQJIKOBUX 4YHCEJI, Yy BCIX Oyle ToW caMmuii
aucnetdep. IMeHa KIIOHIB MOXKHA pOOUTH pi3HUMU. €TUHUN HEOJIK MOBEPXHEBOTO
KOITIFOBaHHI B TiM, 1110 BCl KJIOHU OyayTh MaTH TO# camuii cemadop (00'eKT Kiacy
process.Semaphore). Jlns Toro, mo0 ycyHyTH Ilell HeAodik, y kiaci Actor
nepeBu3HaueHul 6azoBuil Meto clone(), y IKOMy JiJisi KOXKHOTO KJIOHY CTBOPIOETHCS
BJIACHUM 00'€KT KJacy process.Semaphore.

[leit meToa ciii MEPEBU3HAYUTH 1 y CIAIKOEMIIB Kjacy Actor, SIKIIO BOHHU
MarOTh MOCUJIAaHHS HA 00 €KTH, [0 MaIOTh OYTH YHIKaIbHUMU AJI1 KOKHO1 KOTIIi.

3.3.3 Kuaac Dispatcher

Kinac Dispatcher Bu3Hauae BIacTHUBOCTI 1 TOBEIIHKY 00’€KTa, 110 3abe3neuye
CUHXPOHI3a1lil0 poOOTH y yaci 00’€KTiB TUIY Actor, a TaK0X KepyBaHHS MOJIETbHUM
gacoMm. [loknaaHo kiac Oy/e po3risiHyTO Y HACTYIHIH JabopaTopHii poOoTi

3.3.4 Knac QueueForTransactions

Knac BHKOpUCTOBYETHCS NJIsi MOJENIOBaHHS Yepr y CHCTEMax MacOBOIO
obcnyroByBanHs. s 30epekeHHss 00’ €KTIB, 110 MOTPAIUISAIOTH J0 YEPTH, KJIac Mae
nosie queue tuny ArrayDeque, anme po6orta 3 muM 00’€KTOM 3a0€3Medy€eThCs Yepes
metoau kiacy QueueForTransactions.

O06'extn kmacy QueueForTransactions MOXyTh BiJoOpaxkaTu CBil CTaH y
BUIJISIAI JllarpaMH, BUKOPUCTOBYIOUM OO'€eKTH Kiacy paint.Painter, Hakonmu4yBaTu
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iH(opMalliro mpo MoTo4YH1 po3Mmipu yepru y o0’ekti kimacy DiscretHisto, a Takox
BUBOIUTH 1H(OPMALIiIO PO 3MIHY PO3MIPIB 10 MPOTOKOIY POOOTH MOJIENI.

Jl7is BUKOHAHHS IIUX 3aBJaHb Yepra Ma€ MaTH MOCHJIAHHS Ha JUCHeTYepa, mija
KEpIBHUILITBOM SKOTO TpALIOE iMiTalliiiHa MOJAeNb, 100 OTPUMYBAaTH 3HAYCHHS
MOTOYHOT'O Yacy.

Oxpim TOro, ansi BiAOOpa)KeHHS CTaHy 4Yeprd Ha Jiarpami, Il yepsi ciif
nepeaaT TMOCWIaHHS Ha 00'ekT kiacy paint.Painter, 3a gomoMorowo MeTomy
setPainter(Painter). A meit 00'ekt kiacy paint.Painter, y cBoro uepry, mae martu
MOCHUJIaHHS Ha AKYCh Jllarpamy.

A 17151 HAKOIIUYEHHSI CTATUCTUYHUX JAHUX MPO PO3MIp YeprHu iil ciij nepenaTu
nocwiaHHg Ha  oO'ekt  kmacy  DiscretHisto 3a  gomomororo  meromy
setDiscretHisto(DiscretHisto).

J171s1 06’ €KTIB TaHOTO KJIaCy BUKOPUCTOBYETHCSA TAKOXK MOHSATTS MAKCUMAIIbHOTO
pPO3Mipy, BUIIE SIKOTO Yepra 3aroBHEeHa OYTH HE MOKe. Y BUIAQJIKY CIPOOU J0/1aBaHHs
00'exTa 70 3anoBHEHOI uepru popmyetbest nojist QueueOverflowEvent, ane 00'ekT He
nonaerbed. JlocTynm A0 HENpUUHSATOI MOJII MOKHA OTpUMATH 4depe3 O0’€KT Kiacy
QueueOverflowEvent, cTBopuBILH cyxaya 1aHO1 TOII.

[lepen moyaTkoM poOOTH MOJIENT YEpPra HOBUHHA OYTH MPOIHILIATI30BaHa, SKILIO
BOHAa JI0 1bOro BUKOpucTOBYyBanacs. s uporo icHye mertoxa init(). Ilig uac
1HIIIai3a1i]l 4yepra OYuIIaeThes, a 00'€KT «paintery, KO HA HbOTO € MOCUJIaHHS, 1
ICHy€ Jiarpama, Ha gKiii OyJe 300pakyBaTUCs 4Yepra, IEPEBOJAUTHCS Y MOJOKEHHS 3
koopauHaTamu 0,0.

3MmiHa po3MIpiB Yepru BigOyBaeThes 3a qonomoror metojiB addLast(Object),
remove(Object), removeFirst().

OcobnuBicth Meromy addLast(Object) mossirae B TOMy, IO B HBOMY
aHATI3YETHCS CTYIIHD 3aIIOBHEHHS YEPTH H, Y BUMAJIKY HEMOXJIMBOCTI 11 TIOJIaJIBIIIOTO
30uTbIIeHHs, popmyeThes noais QueueOverflowEvent.

VY Mmetonax nonaBaHHS ¥ BHUJAJIEHHS O0'€KTIB Mepes 3MIHOK Yepru Ta Micis
3MIHM BHUKJIMKAETHCS OJIWH 3 HacTynmHux MeronaiB - beforeAdd, beforeRemove,
afterAdd, afterRemove, 3aiexH0 BiJ] BUKOHAHOT Omepariii.

Metonu beforeAdd, beforeRemove BUBOIATH 10 TPOTOKOJY JIHUCTIETYEPA
1H(pOopMaIit0 TPO HOBUM PO3MIp YeprH, a TAKOXK 3a0€3MeUyIoTh BITIOOpaKEHHS CTaHy
yepru mnepen ii 3MIHOK, Ta HAKOMUYEHHs 1H(POpMallii y ricTorpami, SIKIIO BU3HAYEHI
HeoOX1H1 17151 1iboro 00’ ekth. L1 MeToan MaroTh crienudikarop goctymny protected 1
TOMY MOXYTh OyTH JTOBH3HAYEH1 y CIAKOEMIIIB KJIacy.

3.3.5 Kaac Store

[e#t kmac cxoxxuii Ha oniepeHINA. Pi3HUI mondrae y Tomy, 1o 00’ €KTH I[bOTO
KJIaCy HAKONU4YyIOTh 3HadeHHs tuiy double y momi size. Tak camo sk 1y
MOTIEPETHHOMY KJIaCl MOXJIMBO BiJOOpaKeHHS TOTOYHOTO 3HAYEHHS SiZe Ha Jiarpami
1 HAKOMTMYEHHS IIUX 3HA4Y€Hb Y TICTOrpami, TUIbKH TicTorpaMa Mae 0ytu tumna Histo.
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3.4 Metoauka nodyaosu moaeai CMO

CydacHi TEXHOJOTIT TPOEKTyBaHHS MPOTPAMHUX CHCTEM PEKOMEHAYIOTh
CTBOPIOBATU MPOrPAMHUI MPOAYKT, SIK MOEAHAHHS JEKUIbKOX mapiB. /(i moOynoBu
3aCTOCYBaHHs, M0 3abe3neuye MoaemoBaHH CMO, MoHa pPEKOMEHIyBaTH
BUKOPHCTOBYBATH TaKl ILIAPH:

— 1map nojaaHHs (presentation layer);
— I1ap MOJIeII;
— IIIap KOMIIOHEHTIB.

CxematnuHe 300pakeHHsS TPOEKTY I  MOJCNIIOBaHHS Yy  BUIVISIL
B3a€MOIOB’SI3aHUX IIAPiB MPEACTABICHO HA PUCYHKY 3.4.

lap nodanHsa

["padutiHHH iHTepdelic KOPHCTYRAIA
(BizyarbHa HaCTHHA [IPOEKTY)

{cTBOpIOE JHCIIeTHep, fadpHKy MoAeneH Ta MOJEeNh,
iHilTiF0 e TIpOoIlec MOAETMIOBAHHA Ta TPEACTARIIIE PEe3YILTATH )
|

TIpozpaniHiil inmepchetic s1avansHOT UaCmiHL

- — e — — — — — —— — — — — o — o — -

Iniyianizayia Sanyer Locmyn do
Hocwyn do neped rodan BE VTP
HOIRLFVEAH b FARVCKOAM MOdSRHISEHHA
MO RREVE X
. rrr--_- - — -1
lliap modeni | [Ipoepamuudl inmepdbelic 0 36'A5KI8 3 WAPOM HOOGHHA |

Mogenn cHCTeMH -
(CTROpPIO€ KOMITOHEHTH CHCTEMH )

Creaperua Ko MIOHEHM MOOST]

{lap xomnorenmis

AKTHPRHI KOMIIOHEHTH Harxornrryeadi ¢TaTHCTHEH

Yepra THITT KOMITOHEHTH

Pucynok 3.4 - CtpykTypa 3acTocyBaHHs i1 MojentoBanHs CMO
3.4.1 lllap nogaHHs

3a 3BMYaii MEPIIUM IAPOM MPOrPAMHOTO MPOAYKTY € IIap MOoJAaHHs. Y HAIIOMY
BUMAJAKYy 1€ HE IWIoCh I1HINE, sK rpadiuHuil iHTepdelc KopucTyBada, IO €
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IIOCEPETHUKOM MK KOPHUCTYBadeM i camoro Mo ieiTr0. OCHOBHI 3aBJIaHHS 1IbOTO MIapy
TaKi:

— OTPUMAaHHS BiJ KOPUCTYyBaya HAIAIMITYBAaHb KOMITOHEHT MOJIEIIL;

— HaJaHHS JOCTYITY 10 KOMIIOHEHT, 3 HAJIAIITYBaHHSIMU KOPHCTYBaya,
— 3a0€e3IeUeHHs 3aIyCKy MOJIeIIL;

— HaJaHHsA 3ac001B JIJIsl AMHAMIYHOI 1HUKAIIT IPOIECY MOJIETIOBAHHS;
— HaJIaHHS 3ac001B JIJIs B1IOOpaKeHHS pe3yJIbTaTiB MOJEIIOBaHHS.

Y Bumaaxky BUKOpucTaHHS (peitmBopky Simulation ans moOyaoBu Mozeni
PEKOMEHIOBAHO Yy IIapi MOJAaHHA peajli3yBaTy Taki 3aBIaHHS:

— CTBOPEHHS JUCIIETYEPa;
— CTBOpeHHS pabpuku Mojenei;

— CTBOPEHHS MOJIEII;

— 1mepeaady MOJEII TOCUJIaHHS Ha JUCIIETYEepa;

— mepenady MOJEII MOCUJIaHHS Ha 1HTepgeiic KOpUCTyBaya;

— BIJIOOpaKEHHS PE3yJIbTATIB MOJICIIOBAHHS, OTPUMAHUX B1J MOJIENI.

Taxkum guHOM, AP MTOAAHHS PEaTi3yeThCS BI3yadbHUM KJIACOM 3 HEOOX1THUM
HA0OpOM BI3yaJIbHUX €JEMEHTIB 1 Ma€ MICTUTH METOA Y SKOMY CTBOPIOIOTHCS
nucrietuep, (abpuka Mojened, MoJeab Ta BIIOYBAEThCS 3alMyCK MPOIECY
MOJICITIOBAHHS.

CTtBOpeHHS MOJIeT Iepe]T KOKHHM ii 3aITyCKOM CIIPOIIY€E MpOoTrpaMyBaHHs, X04a
TS0 YIIOBUIBHIOE pOOOTY IporpamMu, 60 yci 00’ €KTH CTBOPIOIOTHCS 3HOB.

Jlist cTBOpEHHST MOJENi CJiJi BUKOPUCTOBYBAaTH (paOpuKy Mojelnei, 1o Mae
peanizyBatu inTepdeiic IModelFactory. [nkonu 6e3 Bukopuctanus haOpuku MOXKHA
o0iiiTHCh, aje 1€ € OOOB’S3KOBUM, SKIIO Y NPOrPaMHOMY JOJATKy OyayThb
BUKOPUCTOBYBATUCS KOMIIOHEHTH, IO 3a0€3MeUyl0Th aBTOMATU30BaHE MPOBEICHHS
cepiii O6araTopiBHEBUX EKCIIEPUMEHTIB 3 MOJEIUII0 a00 MOCHIJDKEHHS MepeXiTHUX
MPOLIECIB.

Bignosinno no Bumor iHTepdeiicy [ModelFactory y ¢alOpuui mae Oytu
peanizoBaHuil ycboro oauH meton — createModel(Dispatcher). Ane, okpim TOro
(¢abpuka Mae 1€ mepenaBaTd MOJIeN, Yyepe3 KOHCTPYKTOP MOAENi, MOCUIaHHS Ha
BI3yaJIbHy YacTUHY, a00 I1HIIMKA O00’€KT, 3 SKOro MojJeiab Oyae OTpUMYBaTH
HaJIallTyBaHHS.

Jlns1 criportieHHs 3aBAaHb, OB’ I3aHKUX 13 CTBOPEHHSM MOJECI, BUXOASYH 13 TOTO,
mo iHTepdeiic IModelFactory Mae ycroro oauH MeToA, MOKHAa PEKOMEHIYyBaTU
CTBOpIOBaTH (HaOpHKy 3a JOTIOMOTOIO JIIMO1a (PYHKITI].

JList 3amycKy MoJiesi BUKOPUCTOBYEThCS METOJI aucneTdepa start().

BinoOpakeHHs pe3ysbTaTiB MOJEITIOBAHHS, OTPUMAHUX BiJ MOJENI TICHs
3aBepIIieHHS 11 poOoTH, MOXKHa TIOB’s3aTh 13 moxiero DispatcherFinishEvent,
CTBOPHBIIIU BIATIOBITHOTO CiIyxaya I1i€i moaii. [Hmmii BapiaHT po3B’si3aHHS 111€1 3a1a4i
MOJISITAE y TOMY, 1100 MiCJIsl 3aIMyCKy MOJIEN CTBOPUTHU MOTIK BUBEJICHHS PE3YIbTaTIB
MOJIETIOBaHHS 1 MPUETHATH MOTO0 JI0 TOTOKY JUCIIETYEpa 3a JOMOMOI0r0 MeTo1y join().
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B3zarani, mis noOynoBu iHTepdeiicy KopucTyBada JOCTaTHBO CTaHAAPTHUX
3ac00iB, 110 Hajxae Java, ane BUKOPUCTAHHS KOMIIOHEHTIB (ppeiiMBOpKy Simulation
CIIPOLLYE 110 3a/1ady.

Ha eramni mpoekTyBaHHs HIapy MOJAHHS MEPIIOYEProBy yBary CIiJ NPUALIATH
BHU3HAUEHHIO MYyONIYHUX METOAIB Kiacy (abo iHTepdeiicy), mo OyAayTh HaaaBaTu
JOCTYNl 1O KOMIIOHEHTIB MO, IO MICTITh HajallTyBaHHS KopucTyBaua. lle
J03BOJIUTh JAOPYUUTH PO3POOKY KJ1acy OJHOMY 3 YJIEHIB KOMaH/H.

3.4.2 lllap mopei

Mopenb CTBOPIOE 1 MICTUTH Y cOO01 MOCUJIAHHS Ha yC1 00’ €KTH, 10 MOJICIIIOIOTh
CKJIQJIOBI YACTHHHU JOCTiPKYBAHOI CHCTEMH 1 3aCO0M TSI HAKOTIMYCHHSI CTATUCTUIHOT
iH(opMaliii, a TakKo)K Ma€e CTBOPIOBATH 111 00’ €KTH, MEpeIaBaTH iM IMOCUIJIAHHS Ha ceOe
Ta Bi3yaJbHy YacTHHY, 1 HaJaBaTH JOCTYIN JI0 PE3YyJIbTATiB MOJICITIOBAHHS y IIap
MO/IaHHS.

Hwxde HaBeIeHO TepeTik OCHOBHHX 3aBAaHb IIOTO IIAPY:

— CTBOPHTH yC1 HEOOX1JHI HA MOMEHT CTapTy 00’ €KTH MOJIENI;

— CTBOPUTH 3aCO0U JUIsl HAKOMMYEHHS CTATUCTUYHOT 1H(hOpMAIIii;

— HajaTH MyOiuyHui (200 MaKeTHUI) IOCTYII 0 KOMIIOHEHT MOJIEN;

— 3aBaHTAXXHUTH «aKTOPIB» MOJIENI 10 CTAPTOBOIO CIIUCKY JUCIETYEPa;
— HaJaBaTH IIapy MOJAHHS JOCTYI A0 PE3YJIbTATiB MOJICITIOBAHHS;

— HaJIaTH METOJIM 1HiIlai3a1ii KOMIOHEHTIB Y PI3HUX peKUMax poOOTH.

[Tap momeni Mae neKinbka 0COOTMBOCTEH.

[epira 0coOIUBICTE MOJISITAE Y TOMY, 110 HE3BAXKAKOYH HA T€, 1[0 MOJIEb HIOUTO
BECh Uac MpaIfoe, HACIpaB/Il 11e HalO1IbIIT MACUBHUHN eJeMeHT. Mojienb - 11e Tepl 3a
BCE CXOBHIIE MOCUJIaHb HA CKJIAJIOBI YACTUHU CUCTEMHU. Y MOJEIl Ma€e OyTH TaKOX
METOJI HIIami3allil, 0 BUKJIUKAETHCS MEpPe] 3aITyCKOM JUCIIeTYepa.

ToOTo MeTonM MO MPAOI0Th TUIBKKM HA TIOYAaTKy MOJENIOBAHHS Ta MICHs
Horo 3aBepleHHS, a B MPOIECI MOJCITIOBAHHS BUKOHYIOTHCSI METOAM CKJIAJOBUX il
YaCTHH, 110 YTBOPIOIOTH TPETIH MIap MPOrpaMHOi CUCTEMH.

3.4.2.1 ®abpuka mozaenein

®dabpuka Mozeneil — 1e 00’€KT, 3a JIOMOMOIOK SIKOTO MO>XHA CTBOPIOBATH
00’€KTH KJIaCy MOJIETI.

3a3Buuai, uIsi CTBOPEHHS 00’€KTiB (pabpuka He moTpiOHA. [locTaTHRO B KO
BUKJIMKATH KOHCTPYKTOP 1 OTpUMATH 00’ €KT. AJie SKIIO MOJIe1 MOTPiOHO CTBOPIOBATH
B)K€ Ha €Tari BUKOHAHHS 1 B KUIBKOCTI, SIKy 3a7]a€ KOPHUCTyBad, TO 6e3 (hadpuku He
oOiittucs. [1ig yac BUKOHaHHS TAOOPATOPHUX POOIT HAM JJOBEACTHCS BUPINIYBATH TaKi
3aBAaHHS 1 TOMY HaM TOTpiOHA (hadprKa MOIeIIeH.

3.4.2.2 TlocninoBHICTh MPOTPAMHOT peatizarlii Moaenl

MoskHa peKOMEeHTyBaTH TaKy MOCIIOBHICTh TPOTPaMHOi peaizaiii Moaei:
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— BHU3HAYUTH TMOJs KJacy, IO BIAMOBIJAIOTh YCIM CKJIAJOBUM MOJEII
(axTOopam, yepram, TicTorpamaMm Ta 1HIIUM CKJIaA0BHM) 0€3 CTBOPEHHS BiAMOBIIHHX
00’€eKTiB. 3Ba)Kar04yM Ha Te, 110 TUTHLKU MOJEIH BIAMOBIAE 32 CTBOPEHHS LIUX 00’ €KTIB,
JOCTYI J0 BCIX CKJIQJ0BUX HE ciif pooutu myOmiunuM. CiiJl TaKoX MependaynTu
MoJIsl JJ1 TOCUJIaHb Ha JUCIeTYepa Ta Bi3yalbHY YaCTHUHY, XO4a Ii KOMIIOHEHTH HE
CTBOPIOIOTHCS Y MOJICIIL;

— BH3HAYUTH KOHCTPYKTOP AJII MOJIEINI, Yepe3 MmapaMeTpu SIKOTO MepeaaBaTu
MOCHUJIaHHS Ha JUCIeT4Yepa Ta Bi3yalbHy 4YacTUHY. IlycTuUll KOHCTPYKTOp Kpalie He
BU3HA4aTH. Lle YHEeMOXIMBUTH CTBOPEHHSI MOJENl 0e3 MOCUIaHb Ha JUcCIeT4yepa Ta
BI3yaJIbHYy YacCTHUHY. ¥ KOHCTPYKTOP1 OKpIM BU3HAUYCHHS MOCUJIaHb HA JUCIIETYEepa Ta
BI3yaJlbHy YaCTHHY MOXHA 3aBaHTAXUTU YCIX AaKTOpPIB JO CTapTOBOIO CIHUCKY
mucnetdepa. st Iboro AOUUIBHO pealizyBaTh MeTol componentsToStart, y skomy
nepeaaTy JUCIIeTUepy YCiX aKTOPiB, IO MalOTh ITOYaTH POOOTY MICHs CTapTy MO,
ase JJ1sl 3BEpHEHHS JI0 aKTOPIB CJI1Jl BUKOPUCTOBYBATH MeTou get...();

— CTBOpPUTH OO’ €KTH IJISI CKIAJOBUX YacTUH Mojeni. [0 uvactuHy knacy
JOIIILHO pealli3yBaTH 3a METOJIMKOIO BIJIKJIAJICHOTO CTBOPEHHS 00’ €KTiB. BiamoBigHO
70 1€l METOJUKH O0’€KT CTBOPIOETHCA MiJI 4Yac MEPIIOro 3BEPHEHHS 0 HBOTO, Y
Metoi get...(), mcis aHai3y, Yd 10PIBHIOE MOCHIIaHHS Ha el 00’ ekt null. binbiricts
UX METOJIB Mae OyTW MyOJIYHUMH, IS TOTO, MO0 OO’€KTH Majau MOKJIMBICTbH
CIILJIKYBaTUCA MiXX COOO0I0 uepe3 MOJIEIb.

3.4.3 lllap KOMIIOHEHTIB

[e#t map ckiamaeTbest 3 KIACIB, 10 PEANi3ylOTh MOJENI CKJIaJ0BUX YacCTHH
JOCIIIKYBaHO1 CUCTEMH.
OCHOBHI 3aB/IaHHS 1ILOTO MIAPY TaKi:

— MOJIETIOBATH CKJIAJIOB1 YaCTUHU CUCTEMHU;

— peanizyBaTH IIpaBuJia Jii aKTUBHUX KOMIIOHEHT MOJIENI;

— TepenaBaTH JlaHi Mpo poOOTY /10 HAKOMUYYBaUiB CTATUCTUKHY;

— HaJlaBaTH JaH1 Ui AMHAMIYHOI 1HIUKAII] IpOLeCy MOJIETIOBaHHS.

Oco0nMBICTh IILOTO MIAPY MOJSTae y TOMY, IO A0 WOTO CKJIAAy BXOJATH SIK
KJIacH, M0 MOTpeOyroTh CTBOPEHHS, TaK 1 BXKe ICHYIOUl KJacu, sKi Hajaae
KopucTyBaueBl ¢ppeitmBopk Simulation ta Java.

Haituacrimie, mij yac peanizallii [poro mapy JOBOAUTHCS CTBOPIOBATH KJIach
I aKTUBHUX KOMITOHEHTU CHCTEMH, SIKi MAalOTh yCIIaJIKOBYBaTH Kiiac Actor 1y mux
Kjacax Mae OyTu peamizoBaHud wmetopn rule(). [ns peamizamii yepru MoKHA
BUKOPHCTOBYBATH KOJIEKIIil, ajieé Kpalle BUKOPUCTOBYBATH KJacu 4epr (peiiMBopKa
Simulation. Texx came cTocyeThCs 1 KJIAciB ISl HAKONMWYCHHS CTATUCTUYHOI
iH(bOopMaIrii.
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3.5 Ipukiaaa nodya0BH NPOrpaMHOI CHCTEMHU JJIsl MOIeJTI0BAHHSA

Po3rnsiHeMo MmpoexT, AKuil Mu OyJeMO BUKOPHUCTOBYBATH IJISl JTOCHIIKEHb Y
HACTYIHUX JlabopaTopHuX pobdoTax. Lle Monmens HAWMPOCTIMIOl CHCTEMU MacoOBOTO
00CITyrOByBaHHS.

Cxemy Takoi cucremu 300pakeHo Ha pucyHky 3.1. Bona ckimagaerbcs 3 uepru
JUIA TPaH3aKIiid Ta 00CITyroByI0uOro mpucTporo. OKpiM IIbOTO B MOJENI JTOBEACTHCS
BUKOPHCTOBYBATH I'€HEPATOP TPAH3AKIIIN, SIKUH HA CXeMi BIJICYTHIH.

Ham notpiOHO cTBOpUTH Java 3acTOCyBaHHS ISl IMITAIlIHHOTO MO/JIEITIOBAHHSI
TaKOi CUCTEMH, SIKE JT03BOJIUTH:

— HaJAIITyBaHHS NapaMeTpiB MOJENI, a caMe: 3aKOHHM PO3MOJUICHHS IS
BUIIQJKOBUX BEJIIMYMH IHTEpBAly Yacy MDK [OsBaMU TpaH3akLid Ta yacy
OOCITyroByBaHHsl TpaH3aklii, KUIbKICTh OOCIYTOBYIOUMX TPHUCTPOIB, TPHUBATICTbH
MOJICIIFOBAaHHS;

— TPOBEIEHHS TECTOBUX 3aIyCKIB MOJENl NPU PI3HUX HAJNAIITYBAHHIX 3
JUHAMIYHOIO 1HIUKALIEI0 PO3MIPY YEprd, Ta BUBEJAEHHS MPOTOKOIY pOOOTH MOAEII
M1J] Yac TECTOBUX 3aITyCKIB;

— TMPOBEACHHS EKCHEPUMEHTIB ISl OTPUMAaHHs CTATUCTUYHUX JaHUX IO
JOBXKUHY YeprH, 4ac nepe0yBaHHs TpaH3aKIli y uep3l Ta 3araJibHuil yac nepeOyBaHHs
y CHCTEMI, 4ac MPOCTOI0 0OCIYrOBYIOUOI0 IPUCTPOIO.

3.5.1 AnaJji3 cucremu

AHaJli3 CUCTEMHM MOJsrae y BU3HAYEHHI aOCTpakIlii, 10 BXOASIThH 0 CKIIaIy
CUCTEMH 1 J103BOJIAIOTh BUPIIIYBATH ITOCTABJIECH] 3aBIAHHS.

3.5.1.1 AGcTpakilisi «reHepaTop 3asIBOK»

AOCTpaKIlis «reHepaTop 3asBOK» MOJCIIOE 30BHIIIHE CEPEAOBUIIE CUCTEMHU 3
SIKOTO 3’ SIBJISTIOTHCS TPAH3aKIIli. 3aBAaHHS «T€HEpaTopa 3asgBOK» MOJIATAE Y TOMY, 100
Yyepe3 BUIMAIKOB1 IHTEPBAJIM Yacy CTBOPIOBATH HOBI TPAH3aKIII1 1 I0aBaTH iX JI0 YEPTH.
XapakTepHOI PHUCOIO 1€l aOCTpakIlii € HAasBHICTh 3aTPUMOK Ha BUIAJKOBUN Hac
nepei CTBOPEHHSIM KOKHOI TpaH3akiiii. ToMy aiis mporpaMHoi peanizaiii abctpakinii
CJIIJI CTBOPUTH KJac, SKUW Mae OyTH HaIaJIKOM Kiacy process.Actor.

3.5.1.2 AGcTpakiiis «00CTyroByrOYrit IPUCTPI»

3aBaaHHsT «0OCITYTOBYIOUOTO MPUCTPOIO» — 00pOOKA TpaH3aKIlIH, 110 YEKAIOTh
Ha 00CITyroByBaHHS y uep3i. SIKIo uepra mycra, «00CIyroByIOUnid MPUCTPIiD» YeKae
Ha nosiBy TpaH3akiii. [licns mosiBu TpaH3akuii BiH 3a0upac ii 3 4epru 1 3aTpUMY€EThCS
y Ha BUMNAJKOBUH Yac, IMITyIOUM OOpoOKy TpaH3akiii. Jlami UK MOBTOPIOETHCS.
HasBHICTh 3aTpMMOK Ha JIEIKUH Yac Ta MOKJIMBICTH MEPEXOJy Y PEXKUM YEKaAHHS
CBIJTYUTH IIPO T€, IO JUIsl IPOrPaMHOI peani3allli 1iei abcTpakiiii ciiiJl CTBOPUTH KJlac,
KU Mae OyTH HaIllaJIKOM Kjacy process.Actor.

3.5.1.3 AGcTpakiisa «TpaH3aKiis»

[{s abcTpakilisi MOJENIOE SIKyCh CYTHICTh, IO MOTpedye OOCIyroBYBaHHS.
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«Tpan3akiis» Moxe OyTH SIK TACUBHUM €JIEMEHTOM, TaK 1 aKTUBHUM. Mu 3poOumo i
aKTUBHOIO, X04Ya I1¢ 30UTBIITUTH BUMOTH JI0 pecypciB koM 1oTepa. Lo cyTHIiCTh Oyne
CTBOPIOBATH «T'€HEpATOp 3asgBOK» 1 BIH ke Oyae mepenaBatu ii aucrerdepy. Ane
TpaH3akuig cama Oyjae noaaBaTu ceOe 10 Yeprd, Ta BU3HAUaTH Yac NepeOyBaHHS Y
Yyep3i Ta MOBHUI Yac oOCIyroByBaHHs, pearyroud Ha BiANOBiAHI moaii. Buxonsuu 3
TOTO, 1110 TPAH3aKI[isl MOXKE TepedyBaTH y CTaH1 OUiKyBaHHS Ha 111 MOA11, BOHA Ma€ OyTH
00’exToM Kiacy Actor.

Ille pa3 Harojocumo, 10 TpaH3akIilis Morja 6 OyTdu 1 00’€KTOM 3BUYAMHOTO
kiacy 3 nosiem tumy double, abo HaBiTh TIpocTo 00’€kTOM THIy Double. ¥V oMy
BUIAJIKY POoOIeMy HaKOMMYEeHHs 1H(popMaIlii MoxkHa 0yJIo O TTOKJIACTH Ha TeHEePaTop
Ta 00CITYTrOBYIOUHUM MPUCTPIM.

3.5.1.4 AbGcTpakiis «uepra TpaH3aKIii»

3aBgaHHs I11€1 a0CTpaKIli — HAKONMWYYBaTH «TPaH3akKlii», M0 YEKalTh Ha
oOcnyroByBaHHA. Jljisi mporpaMHoOi peamizamii Takux aOCTpakuii y (perdmMBopil
Simulation icuye knac process.QueueForTransaction.

3.5.1.5 AGcTpakiiis «HaKOMU9IyBad CTATUCTUYIHOT iH(pOpMAIIii mpo
PO3MIpH Yepru»

[{s aOctpakiis moTpiOHA ISl BUPIINIEHHS 3aBJaHHS 1100 HAKOMUYCHHS
cTatucTHYHOI iHpopMarii npo goBxuHy uepru. Kiac stat.DiscretHisto ¢peiimBopky
Simulation 3a0e3neuye BUpIIEHHS TaKOro 3aBAaHHs. J[oCTaTHbO 00’ €KT IILOTO KJIacy
MIIKIIOUXTH 0 a0CTPaKIlli «4epra TpaH3aKIii».

3.5.1.6 AGcTpakiiisg «HaKOMMYyBayd CTaTUCTUYHOT iHGOpMAaIIil po Yac
nepeOyBaHHS TPaH3aKIli y uep3i »

Ils aOcrtpakiiis moTpiOHA JIsI BUPIIICHHS 3aBIaHHS IMOJ0 HAKOMWYSHHS
CTaTUCTUYHOI 1H(MOpMaIli mpo vac nepedyBaHHs TpaH3akili y uep3i. Knac stat.Histo
dpeitmBopky Simulation 3a0e3neuye HakonuueHHs i€l iHdopmarrii. Yac nepeOyBaHHs
y 4ep3l Oylne BH3HAUaTH caMma TPAH3AKI[A LUITXOM OOYHUCIEHHS PIZHUIl MIX
MOMEHTaMH 4acy Mo4yaTKy 0OCIyroByBaHHS Ta 4YaCOM IMOSIBU TPAH3aKIIll y CUCTEMI.

3.5.1.7 AGcTpakIlis «HaKOMMYIyBad CTaTUCTUYHOI iH(GOpMAIIii po Jac
nepeOyBaHHs TPaH3aKILIi y CUCTEMI»

[ls aOctpakiis noTpiOHA AJisl BUPINIEHHS 3aBJaHHS 1100 HAKOMWYEHHS
CTaTUCTUYHOI 1H(popMallii po yac nepedyBaHHs TpaH3akiii y cuctemi. Kitac stat.Histo
(dperimBopky Simulation 3a0e3nedye BUpIIIEHHS TAKOTO 3aBaaHHs. Yac nepeOyBaHHS
TpaH3aKIli y cuctemi Oyjie BU3HAUATH caMa TPaH3aKIIis MUITXOM OOYHMCIICHHS P13HUII
MIDXK 9aCOM 3aBEPIICHHsI OOCITYTOBYBaHHS Ta 4acOM TMOSIBU TPAH3AKIIIT Yy CUCTEMI.

3.5.1.8 AGcTpakilis «HaKOMMYyBad CTaTUCTUYHOT 1H(GOpMAIIiT PO Jac
IPOCTOI0 0OCIYTOBYIOUOTO IPUCTPOIO»

Ils aOcrtpakiiis moTpiOHA IS BUPIIICHHS 3aBIAaHHS IMOJ0 HAKOIMHWYCHHS
CTAaTUCTUYHOI 1H(OpMaIi mpo Yac MPOCTOK OOCITyroByrodoro mnpuctpor. Kiac
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stat.Histo ¢dpeiimBopky Simulation 3a0e3neuye BUpIIIEHHS TaKoro 3apaaHHs. Yac
npocTor0 00’ekTiB TUMy Actor y ¢peiiMBopii (IKCYeETbCSI aBTOMATHYHO, SKIIO
00’€KTOBI TIepe1aHo MOCKUIIaHHS Ha 00’ ekT TrIty Stat.Histo.

3.5.1.9 Pe3ynpTaTH aHamizy cucreMu

PesynbpTaTi ananizy cucteMu HaBeaeHo y Tabuii 3.1

Ta6muis 3.1 — AGcTpakiiii CucTeMH, 10 BXOISITh A0 CKIaay MOJE]

AOcTpakinis [Tepenik 3aB1aHb Kiac
generator CTBOpIOBaTH Y€pe3 BUIAJIKOBI IHTEpBAIU Yacy Generator
TpaH3aKIii 1 J0JaBaTH 1X 10 YEPIH. (Actor)
device 3a0bupaT TpaH3aKIIil 3 YeprH i iMiTyBaTu ix 00poOky | Device
3aTPUMKOIO y Yaci. Y pasi BiICyTHOCTI TpaH3akiii, | (Actor)

YeKaTu Ha iX 1mosBy. Busnavyatu yac nepeOyBaHHs
TPaH3aKIlil y CUCTEMLI.

transaction

Monentoe CyTHICTB, 1110 TOTpeOy€e 00CIIyTOBYBaHHS.
MicTtuTh AaH1 PO Yac MOSIBU y CUCTEML.

Transaction
(Actor)

queue

30epiraT TpaH3aKilii, 0 YEKAIOTh Ha
oOciyroByBaHHs. B3aemMoisiTH 3 HaKONMMYyBaueM
DiscretHisto ta giarpamoro.

QueueFor-
Transaction

discretHisto- | HakonmayBaTu iH(pOpMaIIiio Ipo po3Mip YeprH. Discret-
ForQueue Histo
histoTrans- HaxonuuyBatu iHpopMarrito mpo vac nepedyBanas y | Histo
actionWaitln | gep3si

Queue

histoTrans- HakxonuuyBatu iHpopMariito mpo vyac nepedyBanus y | Histo
actionService | cucremi.

histoDevice- | HakonuuyBaTu iH(pOpMAIIiIO PO Yac MPOCTOIO Histo
WaitTime 00CITyTOBYIOYOTO MPUCTPOIO.

Jo ckiany abcTpakiiii 101a€EMO TaKOXK TaKy a0CTpaKiis, IK MOJEIb CHCTEMH Y
HUIOMy, 10 00’€AHy€e 1HIIT a0cTpakiii 1 € O00’€KTOM EeKCIEePUMEHTAIBHOTO
TOCIIIJKEHHS 11T YaC MOJIETFOBAHHS.

3.5.2 Peauizanisi mapy noganas

OcHOBOIWO 1Iapy IOAAHHS €

iHTEepdeiic KopucTyBaua,

BapiaHT SIKOTO

npeacTaBieHo Ha pucyHkax 3.1 — 3.2. Iutepdeiic OyB cTBOpeHU# BIAMOBIIHO 0
3aBAaHb, 10 OynaWM BU3HaueHI BuIe. [HTEpdeiic CIpOeKTOBAHO SAK CYKYIHICTDH
IEKIJIBKOX OCHOBHUX ITaHEEMN.

OcHoBoro iHTepdeticy € kommonent JSplitPanel.
JliBy yacTUHY 1IbOTO KOMIIOHEHTY 3aiiMa€ MaHeNb ISl PO3MIIIICHHS €JIEMEHTIB
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HaJIalITyBaHHS MOJIENl 1 MPUCYTHS Ha €KpaHl y BCIX peXuMax poOOTH. Y SKOCTI
MEHe)Kepa KOMIIOHOBKH i€l manem Bubpano GridLayout.

[IpaBopyu postamoBanuii komnoneHt JTabbedPane, na 3akmagkax sKoOro
posramoBani na”esni JPanel, mo 3’sSBISIOThCS Mics BUOOPY BiJIMOBITHOTO PEXHUMY
poOOTH.

3.5.3 Pe:xum TecTyBaHHS MojaeTi

3akmanka «Test», pucyHok 3.2, BUKOPUCTOBYETHCS Ji TECTyBaHHS pPOOOTU
MOJIel 13 JUHAMIYHOKO 1HJIMKAII€I0 3MiHHM PO3MIPIB dYepr y 4aci Ta BHUBEIACHHSAM
MIPOTOKOJTY POOOTH MOJENI.

] Jocnigxerna npocroi CMO winaxom IMITauiMHOro MoAEN0BaHHA - B
MapameTpu CHCTEMH l/ Test |/ Stat |
rIHTEepBAN Mi# NOAEAMH TPAH3A... - Pozmip 4epru
3 | ExcnoHeHuiansHe(m=1.0) | a5
—— Yac obpolbkn TpaHzakui— |
@ EkcnoHeHuianeHe(m=0.8)
KinkKicTe ofcn. NpycTpoie H
| 1 | | | ‘
0|
Yac mogeneaHHA 0 1000 |
| 1000
MpoTOKON HA KOHCONBb Crapt

Pucynok 3.2 — InTepdeiic kopuctyBada MOEINi y PEXKUMI TeCTyBaHHS

Jlns manHem 3actocoBaHo MeHemkep kommnoHoBkH GridBaglayout, mo Hagae
0arato MOKJIMBOCTEH HJisi PO3TallyBaHHS KOMIIOHEHTIB Ha TMaHeNl Ta J03BOJISIE
3MIHIOBATH PO3MIpH TIAHE1 HE TOPYIIYIOYH 11 JU3aiiH.

Jlns Toro, mo6 HaAIITyBaHHS JiarpaM BIATOBIIAIN HAJAIITYBaHHSM MOJEII,
nomisi caretUpdate KOMIOHEHTY, 110 BUKOPUCTOBYETHCS NJisi HAJAIITYBaHHS Yacy
MOJICIIIOBAaHHS,  MOB’A3aHl 3  HAJAITYBaHHSAMU  TapaMmeTpy  Jlarpamu
horisontalMaxText. Asne 1ieii 3B’430K Ma€ MiATPUMYBATUCS TIIbKH Y TOMY BHIAJKY,
AKIIO BIAKpHUTA MaHenb «Testy.

A nns Toro, moO BITHOBUTH IIeH 3B’SI30K MICHs BIAKPUTTA maHemi «Test»
BUKOPUCTOBYETHCS MOIIA 11i€1 maneni componentShown.

Kox MetoiB, 1110 peati3yroTh I1i 3B’ SI3KH, HABEJACHO Y JICTUHTY 3.1.

Jlictunr 3.1 - Metoau OHOBJICHHS HAJIAIITyBaHb JllarpaMu

protected void onModelingTimeCaretUpdate() {
if (getJPanelTest().isShowing()) {
getDiagramQueueSize().setHorizontalMaxText(
chooseDataFinishTime.getText());
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}

protected void onPanelTestComponentShown() {
// WTty4Ho ¢dopmyemo nogikw CaretUpdate,
// wob O6HOBUTM HanawTyBaHHA Aiarpamu
getChooseDataFinishTime().select(0,0);

}

Jlnst 3amycky MoJenl y peXuMl TECTyBaHHS BHKOPUCTOBYETHCS KHOIKA
«Ctapt», 3 KOO OB’ sA3aH0 BUKJIMK MeToy startTest().
TekcT MeToay HaBeACHO Y JICTUHTY 3.2.

Jlictunr 3. 2 - MeToy 3aIycKy npolecy MOJEIIOBaHHS Y PEKUMI TeCTYBaHHS

private void startTest() {
//ToTyemo piarpamy pna BuBegeHHA rpadiky
getDiagramQueue().clear();
//CTBOpHEMO aucneTyepa
Dispatcher dispatcher = new Dispatcher();
//CTBOpPHEMO Mogenb 3a [OMNOMOrow ¢pabpuku
IModelFactory factory = (d)-> new Model(d, this);
Model model =(Model) factory.createModel(dispatcher);
// Pobumo kHonky «CTapT» HefoCAXHOW Ha nepiop poboTum mopeni
getJButtonStart().setEnabled(false);
dispatcher.addDispatcherFinishListener(

()->getIButtonStart().setEnabled(true));

//TOTYyeEMO mopenb OO poboTU Yy pexuMmi TecTyBaHHA
model.initForTest();
//3anyckaemo mopenb
dispatcher.start();

3.5.4 Tly6aiunuii nporpamunii inTepgeiic mapy nogaHus

[lle omna BakymBa (YHKIlS APy IMOJAHHS — HAJAHHS JOCTYITY JO CBOIiX
KOMIIOHEHT 1HIIKUM KjacaM. [lepelnik BiAMOBIAHUX MyOJIYHMX METOJIIB HABEJACHO Ha
pUCYHKY 3.3.

getlCheckBou() : ICheckBox
getChooseRandomGen(] : ChooseRandom
getChooseRandomDev(] | ChooseRandom
getChooselataMdevice(] : ChooseData
getChooselataFinishTime() : ChooseData
@ getthagramOueue() : Diagram

Pucynok 3.3 — [1yOniunuii inTepdeiic mapy nogaHHsa

3.6 Peanizanis mapy moaesni

Jlo 11poro mapy My BITHOCUMO KJIac Mojieli Ta GadpuKy MOJEIeH.
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3.6.1 Kuac Model

Knac Model mobynoBano Buxomsau 3 TOro, 1m0 MOJENb Oy/e CTBOPIOBATHCS
nepes KOKHUM ii 3amyckoMm. Lle 3HauHO chpoliye nmporpaMmyBaHHS 1 TMiABUIILYE HOTO
HAJIMHICT, TOMY IO Y IIbOMY BHUMAJKYy yCi KOMIIOHEHTH MOJEJI TE€K CTBOPIOIOTHCS
3aHOBO 1 HE TOTPEOYIOTH 1HIIIATI3aIli.

[lepenik aTpuOyTiB Moneni HaBeAeHO y JicTuHTy 3.3. HroaHc momsirae B Tomy,
[0 TICTOTPaMU CTBOPIOIOTHCS 3 MAKETHHUM JOCTYIIOM 1 ofpasy iHimami3yrThcs. Lle
JOIIILHO 3pOOUTH JJIsl 3MEHIIIEHHsI 00csaTy Koay, 00 BOHHM HE MOTPEOYIOTh HISKUX
HaJIalITYBaHb.

Jlictunr 3.3 - Ilepenik atpulyTiB Mo

//TlocunaHHA Ha aucneTdepa

private Dispatcher dispatcher;

//TlocunaHHA Ha Bi3yanbHy 4YacTWUHY

private GUI gui;

/777777 7Actopn\\\\\\\\\

// TeHepaTop TpaH3akuin

private Generator generator;

// 06cnyroBywuui npunag

private Device device;

//Bpuraga obcnyroByw4nx npucTpoie

private MultiActor multiDevice;
/7777777 /749eprm\\\\\\\\\

// Yepra TpaH3akuin

private QueueForTransactions<Transaction> queue;
/7777777/7TicTorpamn\ \\\\\ A\

// TicTorpama pns [OBXWHU 4Yepru

DiscretHisto discretHistoQueue = new DiscretHisto();

// TicTorpama pnsa 4acy nepebyBaHHA y 4ep3i

Histo histoTransactionWaitInQueue = new Histo();

// TicTorpama pnsa 4acy obcnyroByBaHHA

Histo histoTransactionServiceTime = new Histo();

// TicTorpama anAa 4acy 4ekaHHAa Device

Histo histoWaitDevice = new Histo();

J1j1s1 CTBOpEHHSI MOJ1€/11 BUKOPUCTOBY€ETHCS KOHCTPYKTOP 3 JIBOMa [apaMeTpami,
AKUM 3a0e3rnedye TrapaHTOBaHy Mepenadyy MoJel OCHIaHb Ha Bi3yaJlbHY YacTHUHY 1
aucnerdepa. PemTa  KOMIIOHEHTIB  CTBOPIOETHCS — O€3MOCEpPeHhO Yy MOJIEI.
KoHncTpykTop HaBeneHo y JicTHHTY 3.4.

KoHncTpykTop 3a0e3neuye Takok Iepenady akTOpiB MOJENl 10 CTapTOBOIO
CIIMCKY JUCTIETYEpa 3a AOMOMOroto Metoy componentsToStartList().

Jlictunr 3.4 - KoHCTpyKTOp MOeml

public Model(Dispatcher d, GUI g) {
if (d == null || g == null) {
System.out.println("He Bu3HayeHo aucneTyepa abo GUI ana Model");
System.out.println("Moganbwa poboTa HemoxnuBa");
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System.exit(0);

}
dispatcher = d;
gui = g;

//NepepaemMo akToOpiB A0 CTapTOBOro CNMCKy AucneTyepa
componentsToStartList();

Takuii KOHCTPYKTOp MOKHA BBa)KAaTH CTAHJIAPTHUM 32 BUKIIOYCHHSIM Ha3BU
KJacy. BiH BUKOPUCTOBY€EThCS B TabOpaTopHiit poOoTi 1 1715t BuKoHaHHs PI'P.

Hatomicte, BMicT MeToay componentsToStartList() 3anexiTh Bif KOHKPETHOTO
3aBJIaHHs. Y HAIIOMY BUIIQJKY 1I€ METO/ Ma€ BUTJIS, PEACTABICHUH y IICTUHTY 3.5,

Jlictunr 3.5 - Metox componentsToStartList()

public void componentsToStartList() {
// TNepepaemo akTopiB AucneTyepy
dispatcher.addStartingActor(getGenerator());
dispatcher.addStartingActor(getMultiDevice());

}

OcoOnuBICTh HAIIOI MOJENI MOJSATaE B TIM, IO B HIA BHUKOPUCTOBYIOTHCS
aKTUBHI TPaH3aKIIi1, IKi Ma€ CTBOPIOBATH T'€HEPATOP TPaH3aKIlIKA. AJie iHpopMallid, siKa
HEOOX1HA IS CTBOPEHHS TpaH3aKIlli 3HAXOAUTHCS B Mojell. ToMmy peaiizyemMo B
MOJIeJIi METOJ] CTBOPEHHS TpaH3aKIIiH, JIicTUHT 3.0.

Jlictunr 3.6 - MeTtoj CTBOpEHHS TpaH3aKIii

//MeTon CTBOpeHHA TpaH3akuiil

public Transaction createTransaction() {
Transaction trz = new Transaction();
trz.setHistoService(histoTransactionServiceTime);
trz.setHistoInQueue(histoTransactionWaitInQueue);
trz.setQueue(getQueue());
return trz;

[le#t meToa Oyne BUKOPUCTOBYBATU «T'€HEpATOp TpaH3akiliiy». Tomy omy Oyze
MOTP1OHO MepelaT MOCUIAHHS Ha MOJENb.

3BEpHITH yBary, 10 TiCTOrpaM MU 3BEPTAEMOCH HanpsMy. /{0 iHIMX 00’ €KTIB, B
JAHOMY BUNAJKy JIO 4Yepru, 3BEpTAEMOCh uepe3 rerep. Tak camo 1 B METOjI
componentsToStartList() mis 3BepTaHHsS 0 aKTOPIB BUKOPUCTOBYKOTBHCS METOMIU
get...(), y IKHUX peani30BaHoO BiJKJIaJeHe CTBOPEHHS 00’ €KTIB.

Sk mpuKiIax MEeToay Ui CTBOPEHHs akTopa HaBeaemo Meron getGenerator(),
JictuHr 3.7.

Jlictuar 3.7 - Metop BIIKJIaICHOTO CTBOPEHHS 00’ €KTa generator

public Generator getGenerator() {
if (generator == null) {
generator = new Generator();
generator.setNameForProtocol("Generator");
generator.setModel(this);
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generator.setFinishTime(gui.getChooseDataFinishTime()
.getDouble());
generator.setRnd(gui.getChooseRandomGen().getRandom());

}

return generator;

}

Takuit miaxig Mu 0yJ1IeMO BUKOPHCTOBYBATH ISl CTBOPEHHS YCIX akTopiB. BiH
MOJISITa€ 'y BUKOPUCTAHHI YCTaJE€HOro KOHCTPYKTOpa Ta IHiIiaiizaimii o0’ekra 3a
JIOTIOMOTOI0 METO11B SEl... BIAMOBIAHOTO KJIacy.

Skmo mu 0akaeMo HaAKONMMYYBATH 1H(POPMAITi0 TTPO yac nepeOyBaHHsS y CTaH1
OUiKyBaHHS SIKOTOCh aKTOpa, TO MeTox get... Oyjae BUTIAIATH TPOXH iHAKIIE, a caMe
TaK, SK BUIISAA€E METOJ BIJKIAIEHOro CTBOpeHHS 00’ekta device, mictunr 3.8.
OcoOnuBicTh  mOJNSITa€ B TIM, IO TYT  BUKOPUCTOBYETHCS  METOJ
setHistoForActorWaitingTime(), sxuii pearizoBaHo y kiaci Actor.

Jlictuar 3.8 - MeTto BiIKJIaieHOro0 CTBOpPEeHHS 00’ ekTa device

public Device getDevice() {
if (device == null) {

device = new Device();
device.setNameForProtocol("Device");
device.setHistoForActorWaitingTime(histoWaitDevice);
device.setQueue(getQueue());
device.setRnd(gui.getChooseRandomDev().getRandom());
device.setFinishTime(gui.getChooseDataFinishTime().getDouble());

}

return device;

}

O6’extn kimacy MultiActor CTBOPIOIOTBCS JEHIO 1HAKIIE. TakoMy OO0 €KTy
MOTPiOHO MepeaaTH MOCKIAHHS Ha 3pa30K, 10 Oy/1e KIIOHYBAaTUCS, Ta 33]1aTH KIJIbKICTh
KJIOH1B. 3pa30K JOIJIbHO CTBOPIOBATH Y BUTJIAI IMEHOBaHOTO 00’ €ekTa. Lle cipocTuTh
poIeAypy 1HIiMmiamizamii 00’ekTa, Ko Taka Oyae morpioHa. HaBoaumo Tyt meron
CTBOpEHHS Opuraau 00CIyroBYIOYHX MPUCTPOIB, JicTHUHT 3.9.

Jlictuar 3.9 — MeTtoa BiIKJIaZeHOTO CTBOPEHHS OpUTaIn MPUCTPOIB

public MultiActor getMultiDevice() {
if (multiDevice == null) {
multiDevice = new MultiActor();
multiDevice.setNameForProtocol("MultiActor 6puraam npucTtpoisB");
multiDevice.setOriginal(getDevice());
multiDevice.setNumberOfClones(gui.getChooseDataNdevice().getInt());
}

return multiDevice;

}

OOG’exTH 1711 Yepr CTBOPIOIOTHCS TaKOX 1Hakmie. IlocunanHs, 1Mo HEoOXiIHI
gyepraM CIIij rnepeaaBaTu abo yepe3 KOHCTPYKTOPH 3 apaMeTpamu, abo yepes3 MeTOAu
set...(). Jnsa mpuknaxy HaBenemo meton getQueue (), mictunr 3.10.
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Jlictunr 3.10 — MeToa BiKIIaI€HOT'O CTBOPEHHS YepTHy

public QueueForTransactions<Transaction> getQueue() {
if (queue == null) {
queue = new QueueForTransactions<>("Queue", dispatcher,
discretHistoQueue);

}

return queue;

}

Ockiibku  00’€kTH It TicTorpam OyJj0 MpOIHINIANI30BaHO pa3oM 3
OTOJIOIIEHHSIMU 1 IM Ha/JlaHO MaKeTHUM JOCTYI, TO T€TePH AJI1 HUX CTBOPIOBATH HE
oynemo. Cia Tutbku po3pizHsaTH Kinacu Histo Ta DiscretHisto.

3aBepuryeThcsi poOOTa HaJ KIACOM MOJIENl CTBOPESHHSIM METOJIIB 1HiIiasmizamii
MOJIET1 [T MOXKJIMBHX peXUMiB poOoTu. L{i MeTo 1 HamamToBYIOTh MOJIENb 10 BUMOT
KOHKPETHOTO PEKUMY.

Tak y metoni initForTest(), mctunr 3.11, qiarpamMam nepenarThesl MOCUIaHHS
Ha 00’exTH Kiacy Painter, 1o 3a06e3neuye BiA0OpakeHHsI LIUX YEPT Ha TicTorpamax.

Jlictunr 3.11 — Metox iHimiam3aIii Moesl y peKuMi TeCTyBaHHS

public void initForTest() {
// Nepepaemo 4epram painter-iB pgna guMHamiyHol iHgmkauil
getQueue().setPainter(gui.getDiagramQueue().getPainter());
//HanawToBYEMO MOXNMBiCTb BMBEAEHHSA MPOTOKOJNY HAa KOHCO/b
if (gui.getJCheckBox().isSelected())
dispatcher.setProtocolFileName("Console");
else
dispatcher.setProtocolFileName("");

VY 1HmmMX pexumMax BHHUKAae mOTpeda peami3alii METOAIB BIJIMOBIIHUX
iHTepdeiciB. Akmo meTonu iHimiamz3anli 3 UUX 1HTEpQeEiciB nepenarTh SKICh
HaJalITYyBaHHS KOMIIOHEHTaM MOJENI, TO Il HaJallTyBaHHS JOLIIBHO MepelaBaTu
KOMIIOHEHTaM 4epe3 CHEellaJbHO ISl LbOr0 CTBOpEHI Meroau. llepeHeceHHs mmx
HaJalITyBaHb J0 IIapy NOJAaHHS HE 30BCIM KOPEKTHE, 00 KOMIIOHEHTHU iX MOXKYTh HE
OTPUMATH.

3.6.2 ®abpuka moaenei

®dabpuka MoJel Mae peani3oByBaTH 1HTEpEHC 3 €AUHUM METOJIOM, IO
noBepTae Mozeib. Lleit inTepdeiic Bxe € y ¢peiimBopii 1 mae Ha3By |IModelFactory,
mictunr 3.11.

Jlictunr 3. 11 — Intepdeiic hadbpuku Moaenei

public interface IModelFactory {
public Object createModel(Dispatcher dispatcher);

}
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Taka ¢dabpuka Oyae CTBOpPIOBATH MOJENI, IO MPALIOITh i KEPIBHUIITBOM
OJIHOTO ¥ TOTO X CaMOTO JAWCIEeTYepa, SKUN MEePEeIacThCs depe3 mapaMeTp METOIY
createModel,

Iarepdetic IModelFactory mae Titbku oiHH METOJT, TOMY € (YHKI[IOHAJILHUM, a
1€ O3HaYae, 0 AJIs1 CTBOPEHHS (PaOpHKU MOYKHA BUKOPUCTOBYBATH JIAMOJa (YHKIIIFO
3 Titom MeToy createModel. 3aBasku oMy /171st HAIIMX MOJIETICH B KJTaci Bi3yaJlbHOT
JacTUHU (HaOpUKy MOXKHA CTBOPUTH TAKUM YHHOM:

IModelFactory factory = (d)-> new Model(d, this);

To6to meton createModel Oyae BuKIMKAaTH KOHCTPYKTOp Mozei. ITicist mporo
3a J01oMoror0 GabpuKku MOKHA CTBOPIOBATH 1 caMy MOJCIb:

Model model = (Model)factory.createModel(dispatcher);

CtBopeHHs1 Mojeni BinOyBaeThcsi y Meroal StartTest Bi3yaslibHOI 4acTHHH B
IPOIIECi 3aIMyCKY 3aCTOCYHKY.

3.7 Ilopsiiok BUKOHAHHS PO0OOTH
3.7.1 linroToBKa 10 podOTH

3aBaHTaXTe MPOEKTH, L0 3HAXoIATbcs B apxiBl SimulationAllLab.zip no
Eclipse ckopucraBmmch ¢pyHkiiero merro Import—Existing Project into Workspace—
Select archive file.

3.7.2 3HaliOMCTBO 3 KJIacaMM, IKi M0oAeII0I0Th KoMInoHeHTH CMO

Binkpuiite mpoekT Simulation2022.

OsHaitomTecs 3 kiaacom process.QueueForTransactions.
O3zHaifomMTecs 3 KJIacoMm process.Store.

OsnaitomTecs 3 kiaacom process.MultiActor.

3.7.3 3HaiioMCTBO 3 NPUKJIAA0M N0OyaA0BH Moaedi CMO

OsnaitomTecs 3 kinacamu nakety toLab3and4 mpoekty SimulationAllLab. Came
e MPOEKT PO3TINAETHCS SIK NMPUKIIAA Y METOAMYHHUX BKa3iBKax /0 JIAOOPaTOpHOI
pobotu. Axrtusizyiite kinac GUI 1 mepeBipTe mpaie3qaTHICTh TPOEKTY.

3.7.4 3naiioMcTBO 3 NPUKJIa10M BUKOHAHHs PI'P

Osnaitomtecs 3 knacamu makeTy buldo2024 npoekty SimulationAllLab. Came
e MPOEKT pO3IIISIAEThCS SK TPUKIAL y METOAMYHUX BKaziBkax 1m0 PI'P.
AxtuBizyiite kiac BuldGUI 1 nepeBipTe npane3aaTHicTh MPOEKTY.

[TouHiTh 3a 3pa3KOM CTBOPIOBATH MoJieb AJis cBo€i PT'P.
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3.8 3aBaaHHs AJs1 CAMOCTiHHOT podoTH
3.8.1 CrBopenns kiaacy mozaedi ajist PI'P

3 METOI0 OTpUMaHHS HAaBUYOK MOOYAOBU IMITALIHHOT MOJIEINI, CTBOPITH MOJIEIIb
CUCTEMH BIJIMOBIAHO J0 BapiaHTy po3paxyHKOBO-TpadiuHOT poOOTH.

3a 3pa3koM, 0 PO3TIIAIaBCs BUIIE, a00 3a 3pa3KOM 3 METOJIMYHUX BKa31BOK 10
PI'P cTBOpITH KITac MOAETI.

Jlomaiite 10 KJ1acy MEPEITiK MOJIiB JIJIsl CKIIQA0BUX YaCTHH MOJIETII.

[Tonst auist ricTorpam o/ipas3y MpoiHIIiaTi3yuTe.

Jns  iHimiamizamii  1HIIUX —TIOJIIB  BUKOPHUCTOBYHTE METOJ  BIAKJIAIEHO1
1HIIa3anmi.

B meromax getXXX() BimkiazeHoi iHimiamizamii BUKIMKAHTe KOHCTPYKTOPH 3
napaMeTpaMH 1 B pa3i MoTpeOu, CTBOPIOMTE iX MUIIXOM aBTOTCHEpaIlii KOy .

Krnacu «akTopiB» CTBOpIOWTE B pEKHMMIi aBTOTE€Hepallli KOy 1 BOHH MaloTh
ycnaakoByBaTu kiac Actor. Ilpu cTBOpeHHI1 nuX KiaciB TaM Mae OyTH 3r€HEpOBaHO
3aroToBKY i MeToxy rule().

CTBOpITH KOHCTPYKTOP MOJIEI.

CtBopith MeTo1 COmponentsToStartList().

CrBopith MeTo 1 initForTest().

3.8.2 CTBOpeHHsI METOy 3allyCKy MoaeJi

VY metoauunHux BkaziBkax 10 PI'P (po3nin3, eram 3) 3HaiaiTe Metox startTest()
132 UM 3pa3KOM CTBOPITH Y KJIacCl Bi3yaJIbHOI YACTHHU aHAJIOTTYHUIA METO/.

[ToB’sixi1Th 1IeHt MeTo]T 3 KHOMKOIO «CTapT» Ha maHeni Test.

[Ticnst 1bOTO MOKHA CIIPOOYBATH 3aIMyCTUTH MOJIEIb.

Sx1o Bce MpaBMWIIBLHO 3p00JIEHO, HA KOHCOJI1 Ma€ 3’ IBUTHUCS TIOBIIOMIICHHS, II10
CTapTyBaB JIUCIIETYEP, CTAPTYBAIM aKTOPI 1 BC1 3aBEPIIMIN POOOTY.

3.9 Bumoru 10 3BiTy

3BITOM O(QOPMITIOETHCS 3a CTAaHAAPTHOIO cxemoro. Y miapo3aun «PesynbraTn
BUKOHAHHS poOOTHM» MarTh OyTH HaBeNIEHI pe3ysbTaTh BUKOHaHHS eTamy PI'P 3a
3pa3koM MyHKTIB 3.5.1 — 3.5.6 MeTonuYHUX BKa31BOK /0 Li€i podoTu, abo eramy 3,
po3auty 3 MeroanuHUX BKa3iBok 10 PI'P. HaBeniTh MeTo 1 3an1yCcKy OAATKY B PEXUMI
«Tect», a TakoX KOO KOHCOJII 3 PE3YJIbTAaTOM 3aITyCKy MOJIEI.

3.10 KoHTpoJbHI NUTAHHS

[HEN

. KomnoHeHTH GppeiMBOPKY /TSl HAKOMUYCHHS CTATUCTHYHUX JTaHHX.

2. KoMmioneHTu QppeMBOpKY i Bizyalizallii poOOTH MOJeNl Ta HAaKOMUYEHHS
CTATUCTUYHHX JaHUX.

. Onumc knacy QueueForTransactions, #oro 3MiHHI i METOAH.

4. SIx CTBOPIOETHCS TMOJIisl, MOB'sI3aHA 3 TIEPETIOBHEHHSIM YEPTH 1 5K 11 MOXKe OyTH

00po0IIeHO.

w
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5. Kunac Store.
6. Onuc kinacy MultiActor. Oco6aMBOCTI KJIOHYBaHHS 00'€KTiB B Java.
7. CtpykTypa 3actocyBaHHs s MojentoBaHHs CMO.
8. XapakrepucTHKa mapy moJIaHHs.
9. XapakrepucTHka mapy MoJIemi.
10. XapaktepucTuka mapy KOMIOHEHTIB.
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4 TABOPATOPHA POBOTA Ned. 3ACOBH IMITAIIIHHOT'O
MOJIEJIIOBAHHA ITAPAJIEJIbHUX ITPOLECIB

4.1 Meta podoTn

B pesynbrari BuKoHaHHS Ja00paTOpHOT POOOTH CTYACHT Ma€ OTPUMATH TaKi
3HAHHS Ta HABUYKU:

— TIO3HAMOMMTHCS 3 TEXHOJIOTIEK OpraHizamii JUHAMIYHOI B3ae€MOJIIi
TICEBONapaieIbHIX TPOIIECIB Ta KjacaMd Ta METOJaMH, sKi 3a0e3NedyroTh TaKy
B3a€EMOIIIO;

— TO3HAHOMHTHCS 3 IPUKJIAAaMH ONUCY TIPABMII 1l AKTUBHUX KOMIIOHCHTIB,;

— OTpUMAaTH HABHYKH peaizailii KjaciB, 00’ €KTH SKUX JI1I0Th y Yaci.

4.2 KopoTki TeopeTu4Hi BigzomocTi
4.2.1 OcobuBOCTi MO/IeJIIOBAHHS MapajeJbHUX NMPoIeciB

Po3rnsiHeMo sk pHKIIaj, MOBEAIHKY 00CIYTOBYIOUOTO MPHUCTPOIO 3 MIPUKIATY,
10 PO3IJIAJIaBCs Y MOMNEPEIHINM TabopaTOopHiii poOOTI.

[IpaBuna nmii 1pOoro o00’€kTa MOJATAIOTH Yy OaraTopa3oBOMY IOBTOPEHHI
HACTYMHUX ONEpaIlii:

— OYIKYBaHHS Ha MOSABY TPaH3aKIIll y yep3l;

— BWJIyY€HHS TPaH3aKIii 3 4YeprH;

— 3aTpUMKa y 4Yaci , o iMiTye oOpoOKy TpaH3aKIIii;
— mepexij 10 NepIIOro MyHKTY.

AHam3yound TpaBuiia Jiii, 10 OMHMCaHI BHUINE, HEBAKKO IMOOAYUTH BAXKIHBY
OCOOJIMBICTh I[HOTO AJITOPUTMY — TMEPIOJUYHI 3yMUHKA BUKOHAHHS KOy, a00 Ha
SAKHUICh yac, ad0 0 BAKOHAHHS YMOBH.

Hpyra ocoOAMBICTh I[OTO QJITOPUTMYy TOJSITAE y TOMY, IO BIH Mae
BUKOHYBATHCS OJHOYACHO 3 MPaBUJIAMU 11 FreHepaTopa TPaH3aKILii, SIKi MAlOTh TaKOX
3aTPUMKH Y Yacl.

[IpaBuna aii MalTh OyTHM TNEPETBOPEHI y NEAKUH KO, IO BUKOHYETHCS
koMmm'rotepoM. Jliis Toro mo0 peanizyBaTH NapajiebHE BUKOHAHHS KOJy Ta
3a0€3Ne4YnTH 3yNUHKH Yy NpOLEeCl BUKOHAHHA KOAY, MpaBuiia J1d 00’€KTIB MOKHA
MPEACTABUTH Y BUTJISI/II MIOTOKIB.

MoBa nporpamyBaHHs Java Hajmae 0araro MOKIMBOCTEW UIsi MPOTPAMHOT
peamizamii po3rIsHYTUX anropuTMmiB. OJuH 13 NUIAXIB, SKUH, MOXJIHBO, HE €
HAWIIPOCTIMINM, TOJSITAE Y MOJCIIOBaHHI B PEAIbHOMY dYaci. Y IIbOMY BHITJIKY
3aTPUMKH y Yaci MOKHa 3a0e3meunTH 3a JonoMororw Meroza sleep(). Ane Hemomik
TaKOro CIoco0y MOJIsTae B TOMY, 10 1IMiTalliiiHa Mo/ieb Oy/1e MpaltoBaTH 3 BEIUKOIO
KUTBKICTIO 3YNHMHOK, IO MPU3BENIE 10 YNOBIJILHEHHS poOOTH mporpaMu. TpUBaiCTh
3YNUHOK MOYKHA 3MEHIINTH 33 PaXyHOK 3MiHU MaciiTady 4acy, ajie y IbOMY BHITaJIKy
3aTPUMKH, 110 IMITYIOTh BUKOHAHHS 3aBJlaHb, OYIyTh OJM3bKUMHM 32 BEIMUYUHOIO JI0
yacy BUKOHAHHS KOJTy, 110 TIPU3BE/IE 10 BEIMKUX TTOXUOOK.
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[Hmwmit cmoci® mosgrae B TOMY, IIO 3aTPUMKU CTBOPIOIOTHCS B JACSKOMY
BIpTyaJbHOMY Yacl, KM 3MIHIOETbCS TUCKPETHO BIJ MOMIi A0 MOmii, 1 HISIK HE
MOB'SI3aHUH 3 PeaTbHUM YacoM, 1 BHACIOK LbOTO HE 3aJIeXKHUTh BiJ YaCy BUKOHAHHS
Komy. Ane nis peamizaiii Takoro crnoco0y HEOOXiTHO MaTh 00 €KT, sSKuil Oyne
KepyBaTH UM BipTyaJdbHUM uyacoMm. Ha3zBemo 1ieit 00’ekT nucnerdepom. Jlucmerdep
BH3HAUa€ Yac Ha MIACTaBl CIUCKy MaiOyTHix moniid. Llel cmmcok ysBisie coboro
KOJIEKIIIO, Y K1 3HAXOIAThCS MOCUIIaHHS Ha 00'€KTH, 110 3aTPUMaHi Ha ICSIKUN Jac.
KosxeH 3 00’€KTIB y IIbOMY CITUCKY 3HA€ Yac BIIHOBJICHHS CBOIX MPaBHII JIii, 1 CIIUCOK
BIIOPSIKOBAHO caMe 3a UM atpulOyToMm 00’ekta. OO’€KTH cami 3aHOCATH cebe 0
I[LOTO CIIUCKY TEepPEeJl TUM SIK MPU3YTTHHUTHCS.

JlucrieTduep aKTUBI3YETHCS TOJ1, KOJHM TMPUIUHSIOTHCSA MpaBuia il 00'€KTIB,
SAKUMHU BiH Kepye. Jlucnerdyep BUiydae 3 ynpapisilOuoro CIucKy 00’ €KT 3 HAMEHIIINM
4acoM BIJIHOBJICHHSI MPaBWJI Jii 1 NPHUCBOIOE BIPTyaJIbHOMY Yacy 3HAY€HHS, IO
BIJIMOBIIa€ 3allJIJaHOBAaHOMY MOMEHTY BIJHOBJICHHS MPaBWII il BUIYYEHOTO 00’€KTa.
ToOto nucneryep, noOAYMBIIM SIKUM MOBUHEH OYTH Yac, TAKUM HOTO 1 BCTAHOBIIIOE.
Buxoauts, 1mo OO0’€KTHM YNpaBIAIOTh YacOM, a HE HAaBIAKH, 1 4Yac 3MIHIOETHCA
JUCKPETHO BiA MOJIi 70 MOjii. 3MIHUBIIM 4Yac, JUCIETYEp BIAHOBIIOE MpaBujia il
00’€KTa, a caM NPU3YHUHIETHCS.

OxpiM cicKy MaiOyTHIX MOAIN AUCHETYEp Ma€ 1€ COUCOK 00’ €KTIB, IPABUIIA
Jii SIKUX 3yMUHEHI JI0 BUKOHAHHS JIEAKUX yMOB. Tak caMmo sIK 1 y HONEepeaHbOMY
BHUIMAAKY, 00’ €KTH 3HAIOTh, YOTO YEKAIOTh 1 CaMi 3aHOCATH ce0e JI0 IIbOTO CITHCKY Mepe/
3ynuHKoro. Jlucmeruep mneperyiggae Led CHUCOK KOXKHOTO pasy Iepel 3MIHOKO
MOJICJIBHOTO 4acy, 1 SIKIIO sIKaChb YMOBA BUKOHYETHCS, TO MpaBMIIa Jii BIAMOBIAHOTO
00’€KTa MOHOBIIIOIOTHCS 0€3 3MIHU Yacy.

4.2.2 OcobauBOCTI mporpamMyBaHHs iMiTaniliHUX MojeJieit

[lepmia ocoOMMBICTH TONSITa€E y TOMY, IO JUIsl BUKOHAHHS TIPaBWII il
napaseiabHO NPAIIOIYNX 00’ €KTIB MU CTBOPIOEMO MOTOKH.

bazoBum kimacom motokiB y MoBi Java € kiac Thread. Ajie moTik BUKOHaHHS
npaBuJI J1i 00’ €KTa € TIIBKU CKIIAJOBOIO YACTUHOIO 00’ ekTa. Jucneryep 1 00’ €kTH, 110
JII0Th MapajeabHO, MOXKYTh ICHYBATH 1 10 CTBOPEHHS MOTOKY, 1 MICISA TOTO, K MOTIK
3aBepHIMBCs. TOMy CTBOPIOBATH BIAMOBIAHI KjJacu MU OyJaeMO HE MUISIXOM
HaciiayBaHHs kjacy Thread, a nuisixom peamizanii iHTepdelicy Runnable y mmx
KJ1acax. Sk Biomo, 1ieit inTepdeiic nepeadayae peaizaiito myoigaHoro Metoay run(),
SKHH 1 € TOYKOIO BXOJY JI0 MTOTOKY, 1[0 CTBOPIOETHCS.

Jlyst Toro, o6 CTBOpUTH HOBUH TOTIK, KJ1ac, aKui peasnizye Runnable, moBunen
BHUKOHATH Y OJTHOMY 13 CBOIX METO/IB KOJI, 1110 MPEACTaBIECHUH y JicTUHTY 5.1.

Jlictunr 4.1 — CtBOpeHHs MOTOKY JUIsl 00’ €KTA, 1110 peaitidye inTepderic
Runnable

Thread thread = new Thread(this);
thread.start();
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[[lo6 mpu3ynuHUTH BUKOHAHHS MpaBWI Jii 00’€KTiB, a00 aucrerdyepa OyaemMo
BUKOpHUCTOBYBaTH MeToa wait() kimacy Object. Jlnisi BIZHOBIIEHHS BUKOHAHHS MTPaBUII
nii mux o0’ekTiB OymeMo BUKopucToByBatH MeTon notify() kxmacy Object. Coin
Harajgati, mo Meronu wait() 1 notify() xmacy Object He MOXHA BHKOPHUCTOBYBATH
MpsIMO, BUKJIUKAIOUH 1X JJI IOTOKIB, SIKUMH MU X04eMO KepyBaTu. Lle MoxkHa pobutu
3a IONOMOTOI0 JIESIKOTO 1HIIIOTO, CHHXPOHI30BaHOTO 00'€KTa 3 MyOIIUHUM JTOCTYIIOM,
1110 Ha3UBarOTh MOHITOpOM. CaMme 11eit 00’ ekt npuitmae oBigomiieHHs wait() 1 notify().
JI1s1 MOpOKEHHS TakuX 00'€KTIB 1 3a0e3meueHHs iX pyHKIIOHyBaHHS y ¢hperdMBOpIIi
Simulation cTBopeHo Kiac process.BooleanSemaphore.

OcoOnuBICTh BHUKOPUCTAHHS TMOTOKIB MpU NPOrpaMyBaHHI IMITaI[IHHUX
MOJICJICH MOJIsATae TAKOXK 1 B TOMY, 1110 11T 9ac poOOTH MOEII HE iICHY€E OLIbIIIe OJTHOTO
aKTUBHOTO MOTOKY, MOB’SI3aHOTO 3 pOOOTOI0 Mojeli. 3 Ii€l NPUYMHU MOTOKH, IO
IMITYIOTh ~ MapajieibHe  BUKOHAHHS  MNpaBwil  Jii 00 €KTIB,  HA3MBAIOTh
niceBonapaneabHuMe. Lle Mae miciie BHACTIIOK TOTO, IO JUCHIETYED, MOPOIKYIOUN
a00 aKTUBI3yIOUM MMOTIK BUKOHAHHS MTPABUJI [I1i IKOTOCh 00’ €KTa, caM MPU3YITUHAETHCS
J0TH, TIOKW HE MPU3YIIMHUTHCS aKTUBI130BaHUM MOTIK. TakuM YHHOM BHKOHYETHCS 200
MOTIK SIKOTOCh 3 O0’€KTIB, a00 MOTIK JUCIeTYepa. 3aBISKU I[bOMY MiJITPUMYETHCS
CyBOpa MOCJIIJIOBHICTb MOAIHN Y BIpTyaJIbHOMY (MOJEIBHOMY) Yaci.

Bnacnigok nceBaomnapaiielbHOro BUKOHAHHS MOTOKIB B IMITAIlIMHUX MOJIEIAX
MPaKTUYHO HE ICHY€E MPOOIEMH BUKOPUCTAHHS CIUIBHUX PECYPCIB.

[Ile oqHa mpoGiema nporpaMyBaHHs IMITalIHHUX MOJIETIEH [TOJIATae B TOMY, 10
00'eKTH, $IKI 4YEKalOThb BHUKOHAHHS JEIKUX YMOB, MOBHHHI III YMOBU TMaM'ATaTH.
[Ipuuomy, Takux yMOB Y OJIHOTO 00'€KTa MOke OyTH JeKuIbka. ¥ Java MU MOXEMO
ONepyBaTU TUIbKU O00'€KTaMH, TOMY YMOBa MOX€ OyTH CTBOpPEHA TUIbKH K METOJ
o0'exta aeskoro kmnacy. [[ns cTBOpeHHsI TakuX 00'€KTIB JOLJIBHO BUKOPUCTOBYBATU
¢dbynkuionansHui 1HTEpderic BooleanSupplier, skuit motpebye peanizaiiii MeTomy
getAsBoolean(), o 3a06e3nedye nepeBipky He0OX11HOI yMOBHU. [[71s1 CIIpOIIIEHHS KOy
00’€KT [BOTO THWITy JOLIIFHO CTBOPIOBATH 3a JOMOMOIOI0 MeEXaHi3My JsiMOa
(GyHKITIH.

TakuMm 4YWMHOM, SIKIIO BHHHMKAae moTpeda y mepenayi abo 30epiraHHi JIesKoi
YMOBH, TO 32 JOMOMOToo JiaMOna QyHKIi, gka 3a0e3nevye MepeBipKy ILi€i YMOBH,
cTBOprO€eThCs 00’ ekT TUIy BooleanSupplier. Lei 00’ ekT Moxe OyTH 1 aHOHIMHUM.

4.2.3 Kiacu, mo 3a0e3ne4yTh JUHAMIYHY B3a€MOIil0
ncesaonapaseJbHUX MPoleciB

Knacu dpeitmBopky Simulation, mo 3a0e3nedyioTh AMHAMIYHY B3a€EMO/IIO
TIceBIONapalieTbHUX MPOIIECIB 00'€THAaH1 Y TTAKETi Process.

HaiiBaxuiuBimi 3 HHUX, 110 HEOOXIiTHI JJiI PO3YMIHHS OCOOJIMBOCTEH pPOOOTH
IMITAIIHHAX MOJCIICH PO3TIIAIAI0THCS HIDKYE.

Knac BooleanSemaphore BHKOpPHCTOBYEThCS Ui CTBOPEHHS 00 €KTIB, IO
JT03BOJISIFOTH MTPU3YITUHSATH 1 BIIHOBJIFOBATH MOTOKW BUKOHAHHS MPABUII /i1 00’ €KTIB.

Knac Actor Bu3Hayae HaWOUIbII 3arajibHi BJIACTHBOCTI H  OCOOIMBOCTI
MOBEIHKH 00'€KTIB, K1 TOBUHHI BUKOHYBATH CBOI ITpaBuJja Jiii B 4acl.
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Kinac Dispatcher ommcye moBemiHKY 1 BJIACTMBOCTI 00'ekTa, 110 3abe3rneuye
CHUHXPOHI3aI[1}0 BUKOHAHHSI TPaBUJI Ji1 KOMIIOHEHT MOJIENI, 3MIHY MOJEJIbHOTO Yacy i
(dhopMyBaHHS TIPOTOKOTY pOOOTH MOJIETI.

4.2.3.1 Kirac BooleanSemaphore

OO0'exTH IBOTO KJIAaCYy BUKOPUCTOBYIOTHCSA JUJIsl KepyBaHHA notokaMu. Kiac mae
BCbOTO OJIHE TPHUBATHE TMOJE JOTIYHOrO Tumy 3 iM'am value, mo Moxe OyTu
BUKOPHUCTAHE SIK IHIUKATOP CTaHy MOTOKY.

JUia  3aTpUMKM TOTOKIB 3a  JIOLIOMOTOI0  O0'€KTIB  JaHOTO  KJacy
BUKOPHUCTOBYEThCS MeTo waitForValue(boolean), HaBenenuit y jgictunry 4.2.

Jlictunr 4.2 — Metop waitForValue(boolean)

public synchronized void waitForValue(boolean state) {
while (value != state) {
try {
wait();
} catch (java.lang.InterruptedException e) {
e.printStackTrace();

[leii mMeTon BHUKOPUCTOBYE CTaHIApTHHM Meron wait(), skuid 3ale3nedye
3aTPUMKY MOTOKY JOTH, JOKH 1HIUKATOp HE mepele B HeoOXiaHuil cTaH. B gkocTi
MOHITOpa TYT BUCTYIA€ 00’ €KT, JIs SIKOTO BUKJIMKAHO L€ METO/.

JInst BIAHOBIIEHHS POOOTH MPHU3YIMHUHEHOIO MOTOKY BUKOPHUCTOBYETHCS METOJ
setValue(boolean).

Jlictunr 4.3 — Meton setValue(boolean)

public synchronized void setValue(boolean newValue) {

if (newValue != value) {
value = newValue;
notify();

}

}

Hapenenuii MeTo1 HE TUTBKU 3MIHIOE CTaH 1HAUKATOPA, ajie ¥ CIOBIIIAE PO 1€
3aIliKaBJICHUNM TOTIK 3a JOMOMOrOK CTaHAAPTHOrO moBigomyieHHs notify(), 1o
MIPUBOJIUTH J0 TTOHOBJICHHS BUKOHAHHS MPaBWII J1i TOTOKY, KWW YeKaB 3MIHH CTaHY
1HIUKaTOpA.

4.2.3.2 Kitac Actor

[leit aOCTpaKkTHHI KJIac MICTHUTh HAWMOUIBII 3arajbHi BJIACTHBOCTI W METOIU
00'eKTiB, SIKI MAIOTh TIPABMIIA [I1i, PO3MO/IIJICH] B Yaci.

Knac peanizye nBa intepdericu.

InTepdeiic Runnable nae mMoXnIHMBICTh BUKOHYBAaTH IMpaBuiia [ii 00'€KTIB sIK
MoToKU. BiAmoBiIHO 10 BUMOT 1IbOTO 1HTEp(ENCy B Kiaci peanizoBanuii meron run(),
110 3a0e3mnevye 3amycK MpaBuiI Jii 00'€KTiB MiIKIACIB.
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InTepdeiic Clonable nae MOXIMBICTH KJIOHYBaTH 00'€KTH Kjacy abo HOro
nigkiaciB. BiamoBimHo 10 BUMOT 1b0ro iHTEpdECY B Kilacl peai3oBaHUNA METO[
clone(). Oco0GnuBOCTI KJIOHYBaHHS 00'€KTiB B Java po3riisiiaiucs BUILE, IPU PO3TIISIL
kiacy MultyActor.

[Tonst 00'exTiB Kiacy Actor Ta iX mpu3HAYCHHS

[Tone activateCondition 30epirae nmocminanus Ha 06'ekt Tumy BooleanSupplier,
mo y BuDiai metony getAsBoolean() MicTUTh yMOBY, BHKOHAHHS SIKOi Ye€Kae
NpU3yNUHEHUHN 00'€KT.

[Tone activateTime, Tuny double, MicTUTBL Yac TOHOBJIECHHS BUKOHAHHS TIPABUJII
1, TPU3YNMHEHUX Ha SKUICH Yac.

[Tone dispatcher wmictuTh mnocusanHs Ha o0'ekT kiacy Dispatcher, mifg
KEepyBaHHSM SKOT0 OyAyTh BUKOHYBATHCS IIpaBuiIa Jiii 00'eKTa.

[Tone nameForProtocol mictuth im's 00’€kTa, IO BUKOPHUCTOBYETHCS Y
MPOTOKOJI1 pOOOTH MOJIEIII.

[MTone suspendIndicator micTuth mocuanHs Ha 00'ekT Ki1acy BooleanSemaphore
1 BUKOPUCTOBY€ETHCS JIJISl NPU3YIUHEHHS Ta BITHOBJICHHS MPaBUII [ii.

[Tone waitingTimeHisto nmpu3zHadueHo s 30epiraHHs MOCUJIAHHS Ha OO0'€KT
kiacy Histo. Skio take nmocuiaHHs nepesaHo akTopy, TO Y BIAMOBIAHIN TiCTOrpami
Oyne HakonmuuyBaTHCs 1H(pOpMaIlis Ipo Yac YeKaHHsS aKTopa.

Jnst mocTymy A0 MOJIB € METOAM, Ha3BaHl y BIJIMOBIAHOCTI 31 CTAHIAPTHUMU
MpaBUJIaMHu.

Mertonu, 1o 3a6€3ne4yt0Th CTBOPEHHS MOTOKY BUKOHAHHS MTPaBUII
i
CTBOpeHHS Ta 3aMyCK MOTOKY BUKOHAHHS MPaBUJI i1 /sl 00'€KTIB Kiiacy Actor
BUKOHYETHCS 32 JOTIOMOTor0 Meroay start(), mo HaBeaeHud y mictury 4.4. Hoswii
MOTIK CTBOPIOETHCS 3a OTIOMOTOI0 KOHCTpyKTOpa kiacy Thread, kyau sk mapameTp
MepPEeIAEThCsl TTOCHIAHHS Ha «aKTopay, Ydi MpaBuja Jii MOBHHHI BHKOHYBATHCS B
oMy notoll. [loToky npuBnacHoeTbCs IM's «akTopay. Llei meTon npu3HaueHU 1uist
BUKOPHUCTAHHS TUIbKU 00’ €KkTOM Kitacy Dispatcher, ToMy He Mae myOIi4HOTO AOCTYITY.

Jlictunr 4.4 — Texkct metony start() kinacy Actor

final void start() {
// CTBOpPWEMO 1 3anyCKAa€EMO NOTiK BWKOHaHHA NpaBua Ail akTopa
Thread thread = new Thread(this, getNameForProtocol());
thread.start();

}

[TyOniunuii MmetoA 3 iM'siM run(), € TOYKOIO BXOAY MOTOKY BUKOHAHHS TPaBUJI 11
«akTopa». Merton peanizoBaHmii y Kjaci Actor BIIMOBIIHO 70 BUMOT iHTepdeiicy
Runnable. Leit meTon, HaBenenuil y mictunry 4.5.

Jlictunr 4.5 — Texcr metony run() kmacy Actor

public void run() {
dispatcher.printToProtocol ("

+ nameForProtocol + " cTapTtye");
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try {
rule();

} catch (DispatcherFinishException e) {
dispatcher.printToProtocol(" " + nameForProtocol
+ " He poyekaBcA, 60 aucneTyep 3aKiH4yuB poboTy.");
return;
} finally {
dispatcher.printToProtocol("

+ nameForProtocol

+ " poboTy 3aBepuu");

// NepeBogumo iHAMKATOp y CTaH "AKTopa Npu3ynuHEeHO" 1 TakuM HYUHOM
// noBipomnaemo "[ucneTtyepa",

// WO BWUKOHaHHA npaBun Ail paHoro "akTopa"

// 3aBepweHo, WO AA€ MOXIMBicTb "[ncneTdepy" nNpoAoBXUTM pobOTY
suspendIndicator.setValue(true);

VY wmetoni run() BUKIMKAIOTHCSA MpaBmiia il 00'€ekTa MUISIXOM 3BEPTaHHS 10
Metonay rule(). Merox rule() y xmaci Actor € abctpaktHuMm. IlependavaeTnes, mo B
migkiacax e meroa Oyje peani3oBaHMM BIAMOBIAHO 110 TpaBMi i 00’€KTIB
T1KJIACIB.

[lepen BUKIIMKOM MpaBui Ail MeTo 1 run() BUBOJUTH J0 MPOTOKOY JUCIIETYEpa
MOBIJJOMJICHHSI TTPO TIOYaTOK poboTu 00'ekta. Ilicis 3aBepiieHHs] BUKOHAHHS MPaBHII
i1 METOJ] BUBOJIUTH JI0 MMPOTOKOJY MOBIAOMIICHHS PO T€, 110 00'€KT pOOOTY 3aKIHUMUB.

VY Meroai Takox 00poOsieThes BUKIIOUHA cutyarlis DispatcherFinishException,
sKa CTBOPIOETHCS 00’ €KTaMH, SIKI HE JOUEKATUCS BUKOHAHHS YMOBH, KOJIH JUCTIETUEP
3aBEpIIUB POOOTY.

3akiHuyeTbcsl METOJ run() BUKJIMKOM METOAY, IO BCTAaHOBIIOE 1HAUKATOPY
CTaHy MOTOKY 3HAYEHHS, K€ CUTHAJII3Y€ MPO Te, 1[0 BUKOHAHHS MOTOKY 3aBEPIICHO.
Leli curHan 103BOJISIE AKTUBI3yBaTH poOOTY AMCHETYEPA.

MeTtonu, 1o 3a6e3neuyroTh MPU3YNMUHEHHS MPABUII i1 00'€KTIB

Jlns 06'exTiB Kiacy Actor mependadyeHo TPU BUIW 3YITHHOK.

IMepmmii Bua 3ynNUHKM — 1€ 3yNMHKA Ha SIKUHCh 4ac (MaeThCs Ha yBasi
BIpTyaJIbHUI MOJIEIBHUIN Yac), 10 3a 3BUYail iMiTye poOOTy 00'€KkTa, HA BUKOHAHHS
AKO1 MOTp1OeH MEeBHUM Yac.

3atpumMka peanidyerbest 3a jonomororo meronay holdForTime(double), tekct
SIKOTO HaBEJICHO Y JIICTUHTY 4.6.

Y wMeron mnepemaetbesi mapamerp holdTime, 3HaueHHS SKOTO JOPIBHIOE
HEOOX1JHOMY Yacy 3aTPUMKH.

Jlictunr 4.6 — Tekct metoay holdForTime(double) knacy Actor

protected final void holdForTime(double holdTime) {
// 3aTpuMKa He Ma€ CeHCy, AKWO AucneTyep 3aKiH4MB poboTy.
if (!dispatcher.isActiv()) {
return;

}
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// 064nMcnemo 4Yac BiAHOBNeHHA npaBun gii "akTtopa™

activateTime = dispatcher.getCurrentTime() + holdTime;

// 3aHOCMMO nNocunaHHA Ha "akTopa"

// y CcnNncok akTopiB, WO 3aTpumaHi Ha AeAakuii 4Yac.

dispatcher.getTimingActorQueue().add(this);

dispatcher.printToProtocol(" " + getNameForProtocol()
+ 3aTpuMaHuin go " + activateTime);

// NepeBogumo iHaukaTop y CTaH "AKTopa npu3ynuHeHo",

// BHacnipok 4oro "[ucneTt4dep" Moxe NpomoOBXUTU paboTy.

suspendIndicator.setValue(true);

// TpU3ynMHAEMO MNOTiK BWMKOHaHHA npasun il "akTtopa"

suspendIndicator.waitForValue(false);

// TyT aKTOp KONUCb BigHOBUTb BMKOHAHHA npaBun Aii

dispatcher.printToProtocol(" " + getNameForProtocol()

+ " akTuBizyeaBca ");

[Ipu BUKOHAHHI METOAY, BU3HAYAETHCS Yac MaOyTHHOI aKTUBI3aIll 00'€KTa —
activateTime. 3Ha4Ye€HHS UbBOTO TMOJS BCTAHOBIIOETHCS PIBHUM CyMi IOTOYHOTO
3HAYEHHS MOJEIBHOTO Yacy 1 Tpuanocti 3aTpuMku holdTime.

[Ticns mporo mocuiaHHsA Ha 00'€KT JOJAETHCS O CIUCKY MalOyTHIX MO
AaUcTeTyepa.

Buknuk wmetony suspendlndicator.setValue(true) mpuBoauth 10 TOro, IO
00'eKTH, 1110 YEKAIOTh 3MIHH CTaHy 00’€KTa, MOKYTh BITHOBUTH poOoTy. Haituacriie
TaKUM 00'€KTOM € JTUCTIETUED.

Buxnuk  wmetrony  suspendIndicator.waitForValue(false) mnpuBoguts 110
MPU3YIUHEHHS TTpaBuiI Jii 00'eKTa.

Jlpyruii BuUA 3yNMHKH BUKOHAHHS MNpaBWJI il — e 3aTpUMKa [0
BUKOHAHHSA JIesAKOi YMOBH. Taka 3aTpuMKa peasli3ye€TbCs 3a JIOMOMOTOI METOIY
waitForCondition(BooleanSupplier, String).

[Tepmmm mapameTpom MeToay € o0'ekT iHTepdericHoro tury BooleanSupplier.
Ileit inTepdelic nependauvae peanizaimito metony getAsBoolean(), mo 3abesmneuye
nepeBipky HeoOxigHoi ymoBH. Takum uwmHoM, y wMeton waitForCondition()
nepesaeThesl He caMa ymoBa (10 B Java HEMOXJIMBO), a 00'€KT Kjacy, 4epe3 sKUii
MOYKHA BUKJIMKATH METOJ MEPEBIPKHU I[i€T YMOBH.

JpyruM mapaMeTpoM METOAY € PSIOK CHMBOJIB, 110 BUKOPHUCTOBYETHCS IJIS
11eHTU(1KaIll YMOBH Y IPOTOKOJIL.

Jlictunr 4.7 — Meton waitForCondition(BooleanSupplier, String) knacy Actor

protected final void waitForCondition(BooleanSupplier c, String s)

throws DispatcherFinishException {

// AKwo ymMoBa BMKOHYETbCA, 3aTpuMMKa He MOTpibHa

if (c. getAsBoolean() )
return;

// flkwo pucneTyep 3aKiH4MB pobOTY, 3aTpUMKA HE Ma€E CEHCy.

if (!getDispatcher().getThread().isAlive()) {
return;

}

// 36epiraemo 06’ €KT, WO MiCTUTb yMOBY.
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activateCondition = c;

// Nepepaemo "akTopa" [0 CNUCKY akTopiB

// Wo 3aTpuMaHi A0 BUKOHAHHA YMOBU
getDispatcher().getWaitingActorQueue().add(this);
getDispatcher().printToProtocol(

+ getNameForProtocol() + " yekae '""+ s + "'");
//3anam' ATOBYEMO 4ac, KONW MOYanocA YeKaHHA
double stopTime=dispatcher.getCurrentTime();
// NepeBogumo iHAukaTop y CTaH "AKTopa nNpu3ynuHeHo",
// Hapaw4u "[ucneTyepy" MOXAMBiCTb npawuwBaTH
suspendIndicator.setValue(true);
// TNepeBoguMmo NOTiK BMKOHAHHA npaBua Aii "akTopa"
// y CTaH 4YeKaHHA.
// Konun ymoBa BUKOHYETbLCH,
// AucneTyep nepemMukae iHgukaTop y cTaH false
suspendIndicator.waitForValue(false);
if(waitingTimeHisto!=null)
//064uncnwemo i nepepaemMo A0 ricTtorpamum 4ac YeKaHHA
waitingTimeHisto.add(dispatcher.getCurrentTime()-stopTime);
if (activateCondition. getAsBoolean())
getDispatcher().printToProtocol(

+ getNameForProtocol() + jo4yekaBcH + s+ "'");
else

throw new DispatcherFinishException();

[Tpu Bukonanui metroay waitForCondition() mepmn 3a Bce Oyzie TpOBOIUTUCH
nepeBipka YMOBH 3a JOTIOMOTOI0 BUKIMKY MeTony c. getAsBoolean(). SIkmo ymoBa
BUKOHYETHCA, TO POOOTAa METOY 3aKIHUYEThCS. SIKIIO K yMOBa HE BUKOHYETHCS, TO
nocunanHs Ha o0'ekt Tumy BooleanSupplier 3anocuthes B mosie activateCondition
«aKTOpay, a MOCUJIAHHS HA CAMOT'0 «aKTOpay MepeNaeThCs JUCIETYEPOBI.

Buknuk wmetony suspendlndicator.setValue(true) mpuBoauth 10 TOro, IO
00'€KTH, 10 YEKAIOTh I[LOTO MEPEMHUKAHHS, MOXYTh BITHOBUTH poOoTy. YacTimie 3a
BCE TAaKUM O0'€KTOM € JUCTIETUEp.

Buxknuk  wmerony  suspendIndicator.waitForValue(false) npuBomuts 10
MPUTTMHEHHS TTpaBuII 11ii 00'eKTa.

Oco0nMBICTh BUKOHAHHSA LOTO METOAY IHOJsAra€e y TOMYy, IIO yMOBa, Ha
BUKOHAHHS SKOi OYIKYy€ aKTOP, MOKJIMBO HE OyJie BUKOHAHA JI0 3aKIHYEHHS POOOTH
aucreryepa. Y 1bOMY BHUIAJKy AMCIETYEp Mepes 3aKIHYEHHSIM POOOTH MPUMYCOBO
aKTHUBI3Y€E MOTIK HE3BAKAIOYM HAa HEBUKOHAHHS yMOBH. [[71s1 Toro, 1100 1€l BUIAI0K
MOKHa OyJi0 0 HaJIEKHUM YUHOM OOpPOOHUTH, METOJI BUKJIMKAE BUKIIIOUHY CHUTYAIllO
DispatcherFinishException, sika Mae OyTu ompaimboBaHa y MpaBujax [ii 00’ekTa
@dakTUYHO BOHA MOJIATAE y MPUIMHEHH] MpaBui Aii (return).

Tpetiii BUJ 3yNUHKM BUKOHAHHS MpaBWi Aii — L€ 3aTpUMKa 10 BUKOHAHHS
JIeIKO1 YMOBH aJie He JIOBIIIE, HIK Ha BU3HaYeHU yac. Taka 3aTpuMKa peantizyeTbes 3a
nonomorotro  merony waitForConditionOrHoldForTime(BooleanSupplier,  String,
double), a6o metony holdForTimeOrWaitForCondition (double, BooleanSupplier,
String,). Metoau my»e cx0ki Ha 00uIBa monepeaHi MeTou. PI3HUI ToJArae TUIbKU
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y TOMY, L10 IOCWJIaHHS Ha aKTOpa PO3MIILY€EThCS Y 000X CIIUCKAX AUCIIETYEPA 1 TOMY
MPOJOBKEHHSI TMpaBWJI [ii BIAHOBJSETbCA a0O MICJIA BUKOHAHHSA YMOBH, a0o0 y
npu3HaueHui yac. HaBoauTh TEKCT 1IbOr0 METOAY TYT HE Oy/1eMO

4.2.3.3 Kiac Dispatcher

['onoBHe mpu3HAUEHHS IBOTO KIJACy — KEpyBaTH MOJEIBHUM YacoMm 1
3a0e3MeYNTH CHHXPOHI3aI[i10 BUKOHAHHS MpaBmI Ail «akTopi». KpiMm Toro aqucneruep
dbopMye TPOTOKOI POOOTH «aKTOpiB», IO ICTOTHO CIPOIIYE HaIaroMIKEHHs
3aCTOCYBaHb.

[Tonst 00'€KTIB LIBOTO KJIacy MarOTh TAKE MPU3HAYEHHS:

currentTime — moToYHe 3HAYCHHS MOJICIIBHOTO Yacy.

startList — cmucok 00'ekTiB, mpaBuia [ii SKHMX JUCIETYEP IIOBHHEH
akTuBI3yBaTu. Ha movarky poOOTH 11€i1 CIMCOK OBUHEH MICTUTHU IOCHIJIAHHA X04a O
Ha OJUH O0'€KT, SIKUM MOBHMHEH KepyBaTu aucnerdyep. [IoOmoBHEHHS LBOrO CIUCKY
MOXJIMBO 3a onomoror meroay addStartingActor(Actor).

timingActorQueue — criricok MaiOyTHIX TOJIIH, Jie TIepeOyBarOTh MMOCHIAHHS Ha
00'eKkTH, MpaBUiIa Aii AKX MPUIIMHEHI Ha JIedkui yac. Ha moyaTky IbOro Crucky mae
OyTH akTOp 3 HaWMEHIIMM YacoM MOHOBJEHHA npaBuia Aii. lle 3abe3neuyerbcs
00’extoM Ty Comparator, KMl MOPIBHIOE Yac aKTHUBI3allli aKTOPIB.

waitingActorQueue — CcHUCOK MOCHJIaHb Ha OO'€KTH, y SKHX TpaBwiIa il
MPUIMHEHI 10 BUKOHAHHA AESIKUX YMOB. O0'€KTH B IIbOMY CIUCKY BIIOPSIIKOBaHi O
npasuiy FIFO.

protocolFileName — psok, 1m0 Bu3Ha4ae im'st aiiny, Kyau Oy/ie BUBOAMTHCS
IPOTOKON poOoTH Moneni. Skmo us 3MiHHAa Mae 3HayeHHs “Console”, mpoTokod
BHUBOJUTHCSI HA KOHCOJIb. SIKIIO 3HAUEHHS 1€ 3MIHHOI TyCTUH PSIIOK, IPOTOKOJ HE
BHUBOUTHCS.

thread — mocunaHHs Ha MOTIK BUKOHAHHS MPABUJI il JUCIIETYEPA.

active — mosie JIOTIYHOTO THITY, 1[0 Ma€ 3HAYCHHS true, MOKU AUCIIETIEp MPAITIOE.
[lepen 3akiHUEHHSIM pOOOTH «JIUCIIETYEP) YCTAHOBIIIOE 3HAUEHHS MOJIs1 piBHUM false.

dispatcherStartListeners, changeTimeListeners, dispatcherFinishListeners — e
KOJIEKIIIi, 1110 30epiratoTh MOCUJIAHHS Ha CIIyXauiB MOAlH, Kl TeHepye AUCTIETYEep il
yac cBoei pobdotu. Ilomis dispatcherStartEvent crosimae ciayxadiB mpo No4YaTok
poGotu nucneryepa. llomist changeTimeEvent cnosimae ciyxadiB npo 3MiHY
mozenbHoro yacy. [loais dispatcherFinishEvent crioBiiae cityxadiB npo 3aBepILIEeHHS
po0oTH aucneTyepa.

Po6ota nqucnerdepa

Jlucnieryep, Tak camMo K 1 «akKTOpw», Mae cBoi mpaBuia ii. 1li mpaswma it
BUKOHYIOTHCSI B OKPEMOMY TOTOIIl, 110 BUMarae peanisaiii inrepdeiicy Runnable y
kiaci Dispatcher 1 HasBHOCTI B HbOMY METOJTY run.

3amyck aucreryepa BiI0YBa€eThCs IIJITXOM BUKIIUKY IyOJIIYHOTO MeTony start()
knacy Dispatcher. Buxink nporo Metomy o3Havae mo4aTok MpOIECY MOICITIOBAHHS.
Texct MeTony HaBeleHUM y JicTUHTY 4.9,
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Jlictunr 4.9 — Merop start() kiacy Dispatcher

public void start() {

if (protocolFileName != null && protocolFileName != "Console"
&& protocolFileName.trim() != "") {
FileWriter file;
try {

file = new FileWriter(protocolFileName, false);
file.close();
} catch (java.io.IOException e) {
System.out.println("He Builwno Biakputu ¢ann npotokony");
}
}
this.thread= new Thread(this, "Dispatcher");;
this.thread.start();

}

VY 1poMy METO/ll CIIOYaTKy, IpH HEOOX1THOCTI, CTBOPIOETHCS (Pailil 17151 BUBOY
MPOTOKOJYy poOOTH Mojeni. Jlami CTBOPIOETHCS TMOTIK BUKOHAHHS MpaBWil Ail
JUCHeTYepa M 3alyCKaeTbCs 3a JOMOMOrol MeToay start() MOTOKY, SIKMM 1HILIIOE
BUKOHaHHA MeTony run() aucnerdepa. Koxg metony run() HaBeaeHuit y mictuary 4.10

Jlictunr 4.10 — IlpaBuna aii 06'ekra kinacy Dispatcher

public void run() {
activ = true;
currentTime = 0;
printToProtocol("Yac
Actor readyActor=null;
while (true) {
runStartList();
readyActor = testWaitingQueue();
if (readyActor == null) {
if (timingActorQueue.isEmpty()) {
break;

+ currentTime);

}

readyActor = timingActorQueue.remove();
setCurrentTime(readyActor.getActivateTime());
}
readyActor.getSuspendIndicator().setValue(false);
readyActor.getSuspendIndicator().waitForValue(true);
}
activ = false;
releaseWaitingQueue();
fireDispatcherFinishEvent(new DispatcherFinishEvent(this));

PoGoTa nucnerdepa mouMHAEThCS 3 1HIMIAMI3alii modiB activ Ta currentTime.

Jlam BUKOHYETBCS IIUKITY TIPaBUII il «TUCTIETICPay.

[TounHaeTbes 1el MK BUKIUKOM MeToAy runStartList(), 1o cTBOpIOE MOTOKHU
BUKOHAHHS TPABWI Jii «aKTOPiB», 3aHECEHWX Yy CTapTOBHM CIHUCOK. TEKCT IBOTO
METOJly HaBeJleHu y jictunry 4.11.
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Jlictunr 4.11 — Meton runStartList() kimacy Dispatcher

private void runStartList() {
while (!startList.isEmpty()) {
Actor a = startList.remove(0);
a.getSuspendIndicator().setValue(false);
a.start();
a.getSuspendIndicator().waitForValue(true);

}
}

[IpaBuna nii «akTopiBy», IO CTAPTYIOTh, BUKOHYIOThCS 10 uep3i. HoBuit motik
CTapTy€ TUIBKW MICHS TOTO, K Oyne Mpu3ynuHeHwi nomnepenHiil. Takuil mopsimok
3abesreuye 00’ekt kiacy BooleanSemaphore, skuii 3HaxomuThCA |y IO
suspendIndicator knacy Actor. Konu mpaBuia Aii 4eproBoro «akTopay NpunuHsIIOTHCS,
IIMKJT aKTUBI3aIli1 aKTOP1B MPOJOBXKYETHCS 1 CTAPTyE HOBUI akTOp. BuKoHaHHS METOTY
3aKIHUYETHCS TUIBKU TOJIl, KOJW TMpaBuia J1i OCTAaHHBOTO «aKTOpay, L0 CTapTYE,
OyIyTh MPU3YIIHHEHI.

[Ticns BuKoHaHHS MeToAy runStartList() mocHIIaHHS Ha «aKTOPiB» MOTPAILISIOTh
a00 y criucok MalOyTHiX nojii timingActorQueue, abo B cicok waitingActorQueue,
7€ 3HaXOAAThbCs 00'€KTH, 110 YEKalOTh BUKOHAHHA yMmMoB. Ha mpoMy 3aBepiryerbes
MIEPIINIA eTary UKy MPaBUII Jii AUCTIETYEpa.

HactynHi etanu mukiy poboTa «IucneTdyepa» MoJisraoTh y o0poOill CIHCKIB
timingActorQueue Ta waitingActorQueue.

Hacamnepen, aHamizyerbcs CUCOK OO'€KTIB, IO YEKalOTh BUKOHAHHS YMOB.
JI71s1 IbOro BUKOPUCTOBYEThC MeTo 1 testWaitingQueue().

Jlictunr 4.12 — Mertop testWaitingQueue() 111 00poOKH CIHCKY 00'€KTIB, 110
YEKaOTh BUKOHAHHS YMOB

private Actor testWaitingQueue() {
Iterator i = this.waitingActorQueue.iterator();
while (i.hasNext()) {
Actor a = i.next();
if (a.activateCondition.getAsBoolean()) {
waitingActorQueue.remove(a);
timingActorQueue.remove(a);
return a;

}
}

return null;

}

Meton 3a0e3neuye MOCHTITOBHUN TEPErisA CIUCKY «aKTOPiB», MO YEKaIOTh
BUKOHAHHS YMOB, 1 IEPEBIPKY OYIKyBaHO1 YMOBH JIsl KO>KHOTO 3 HUX. Haramaemo, 1o
B noii activateCondition akTopiB 30epiraroTbCsi MOCUJIAHHS Ha OO0'€KT Kiacy, 110
peanizye meton getAsBoolean(), BignmosigHo 10 BUMor iHTepdeiicy BooleanSupplier.
Came meton getAsBoolean() mepeBipsic HEOOXiIHY YMOBY.

SIxu10 yMoBa, 110 NEPEeBIPSETHCS, BUKOHYETBCS AJIS SIKOTOCh «aKTopay, TO Iiei
«aKTOp» BUIIYYA€ETHCS 31 CMHCKY 1 MOBEPTAETHCS, K PE3YJIbTAT BUKOHAHHS METOIY.
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ITocunanHs Ha IILOTO aKTOPA BIIIYYAETHCSA TAKOXK 113 CIIHUCKY MaOyTHIX MOAIH, SKIIIO
BOHO TaM €. Y BUNAAKY KOJIM aKTOp, JIJIs SIKOTO BHKOHAJIACh OYiKyBaHA TOJisl, HE
3HalaeHuii, Meton noseprae null. Pe3ynapTar BUKOHAHHS METOY MPHUBIACHIOETHCS
3MmiHHIN readyActor.

HactymHuit eTan OCHOBHOTO IHUKITY POOOTH JHUCIIETYEpPa BUKOHYETHCS B TOMY
BUITAJIKYy, SKIIO 3Ha4eHHS 3MiHHOI readyActor gopiBaroe null. Ha mpomy erami
JHUCTIETYEP MPAIIOE 31 CIIUCKOM «aKTOPIBY», MpaBUia Jii SKUX MPU3YIMHUHEH] Ha AKUICH
yac. SKIo e cnucok MmopoxHid, To JucneTyep 3aKkiHyye cBoro podoty. O6poOka He
MOPOKHBOTO CIUCKY TOJIATae B TiM, IO 13 CHUCKY BHIYYA€TbCS «AKTOp» 3
MIHIMaJbHUM YacoMm akTuBizamii. [locunanHs Ha 1€l 00'€KT 3amUCy€EThCS B 3MIHHY
readyActor MoaenbHoMy dacy currentlime mNpHUBIACHIOETHCS 3HAYEHHS Yacy
akTuBizalli o0'exkra readyActor, mo 30epiraeTbcs B 3MiHHIN activateTime. To6To
JUcIieTyep, NoOaYMBIIH, SIKUM IMMOBUHEH OYTH Yac HaMOIMK4O01 MOJil, TAKUM HOTOo ¢
BCTAHOBITIOE. |15l 3MiHM MOJCIIBHOTO Yacy BUKIMKAEThCA MeTo setCurrentTime, 1o
3a0e3mnedye BUBI psiiKa MPOTOKOJY 3 HOBUM 3HAYEHHsIM 4dacy. KpiMm Toro, y meTomi
setCurrentTime ctBoproerbest noais ChangeTimeEvent, sika Moxke OyTu BUKOpUCTaHa
IHIIMMHA  O00'€eKTaMU, HaANpPUKIAL, Ui 1HAMKAIll IOTOYHOro dYacy abo 300py
CTaTUCTUYHOI 1HPOpMAIIii PO poOOTy 00'eKTA.

Ha 3aBepmianbHOMY €Talll BUKOHAHHS LIMKJIY 3MIHIOETbCA CTaH 1HAUKATOpa
«akTopa» readyObject, BHACIiIOK YOr0 BUKOHAHHS MpaBWI [li «aKTOpa» MOXKE
BIIHOBUTHCA. A nia Toro, mo0 1Iie JilicHo BigOysiocs, poOoTa gucrerdepa
MPUNUHAETHCA 32 JOMOMOIOI0 1HAMKATOpa TOTO «aKTopay, YWi mMpaBwia Jii
BIIHOBJISIIOTBCS, IIUIIXOM BHKIUWKY Metoay readyActor.getSuspendIndicator().
waitForValue(true).

PoGora aucnerdepa Oyzae BiAHOBIIEHA TUIBKMA TMICIS TOTO SIK MpaBuiia Mii
aKTUBI30BAHOTO «aKTOPa» MPU3YNUHATHCA 200 3aKIHUATHCS.

[{ukn BUKOHAHHS TPABWI [ii JUCHETYEpAa TPHBAE JIOTH, IOKH CITHCOK
timingActorQueue He cTaHe TOPOXKHIM, 1110 CBIIYUTH MPO 3YMUHKY MOJICILHOTO Yacy.

[Ticns 3aBepuIeHHS LMKITY IpaBUII Aii IUCIIETYEPa BUKOHYIOThCS Omepallii, 1o
3aBEPIIYIOTH POOOTY IUCIIeTYEpA.

Hacamnepen, y mone active 3aHocuthess 3HadeHHs false. Ilicas uporo
BUKJIMKAEThCs MeTO release WaitingQueue().

Jlictunr 4.13 — Merton releaseWaitingQueue(), 1110 3BiJIbHSIE CIIUCKH 00'€KTIB,
1110 YE€KalOTh BUKOHAHHS YMOB

private void releaseWaitingQueue() {
printToProtocol(" [AucneT4yep 3BiNbHSAE MNOTOKMW,
WO YekawTb BUKOHAHHA yMoBM");

while (waitingActorQueue.size()>0) {
Actor a = waitingActorQueue.remove(9);
a.getSuspendIndicator().setValue(false);
//BynemMo 4ekaTu, MOKW He 3aBepWUTbCA BUKOHAHHA npaBun Aii
a.getSuspendIndicator().waitForValue(true);
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[leit MeTon MOCHIIOBHO aKTHBI3yE TIpaBWJIa i «aKTOPiB», SIKI UYEKalTh
BUKOHAHHS YMOB, aJI€ BXKE HE I0YEKAIOThCs 1boT0. [lependavaeTbes, 1m0 miciis BUXOTy
3 PeKUMY OYIKYBaHHS «aKTOP» 3aBEPIIUTH CBOI MpaBuiia Jii, 0OpOOUBIIN BUKIIOUHY
cutyarito DispatcherFinishExeption.

Takuii « TUBHU» CIIOCIO TOB'SI3aHMIM 3 TUM, IT10 B Java HEMOKJIMBO TIEpEPUBATH
BUKOHAHHS TOTOKY 30BHI. [I0Tik MOBUHEH caM 3aBEpIIyBaTH CBOIO POOOTY.

[Ticns BUKOHAHHS 3aBEpIIATLHUX oOmepariil aucrerdep (OpMye TOIO
DispatcherFinishEvent, 1o crnoBimae Bcix 3alikaBJI€HUX CIyXadiB IPO 3aBEPILICHHS
poboTHu aucmeryepa.

4.3 TloOynoBa aKTUBHMX KOMIIOHEHTIB Mo/1eJi 3 BUKOPUCTAHHSIM
PO3IJISIHYTHX KJIACIB

MOXIMBOCTI  BUKOPHCTaHHSA  PO3IVISHYTHUX  KJIaciB  JJIg  IMITAIlliHOTO
MOJICIIFOBAHHS MIPOJEMOHCTPYEMO Ha TIPUKJIAAl peatizallii mapy KOMIOHEHTIB MOJIENI
npoctoi CMO, 1110 po3risaanacs y nonepeaHiii 1ad0opatopHiii poooTi.

[Tap noanHA Ta Kjac Mojeii OyJo BkKe CTBOPEHO Yy NoNepeHii 1adopaTopHii
poOOTI.

TyT MU CTBOPUMO KJIACH JIJIs1 aKTOPIB MOJIEN Ta KJIac TPaH3aKLIi.

4.3.1 AnaJi3 npaBuJI Jii AKTUBHUX KOMIIOHEHTIB

4.3.1.1 Knac tpan3axitii

TpaH3akiisi Mae cTaTd y 4yepry Ha oOCIyroByBaHHA Ta (DIKCYBaTH IHTEpPBAIU
yacy, KOJIM BOHa rnepedyBaia y uep3i Ta MOBHUM 4yac 00CITyroByBaHHSI.

[lepenik maHuX, MmO HEOOXiAHI TpaH3aKIlii aJIS BUPIIMICHHS [HUX 3aBJIaHb,
HaBejaeHO y Tabmmin 4.1,

ATpubyT createTime nmotpiOeH /uisi BU3HAYEHHS Yacy nepeOyBaHHSA y CUCTEMI
Ta y uepsi. Moro 06’€KT MOXe OTPUMATH HA IOYATKy POOOTH depe3 METOJ
getCurrentTime Big aucneryepa.

Tabmuus 4.1 — Atpulytu abcrpakiii « TpaH3akiis

HasBa nons Knac(Tumn) [Ipu3HaueHHs NOJIA Jxepeno
createTime double Yac mosiBY TpaH3aKIIii y CUCTEMI Dispather
serviceDone boolean OsHaka 3aBeplicHHs 00ciyroByBanHs | Device

QueueForTrans .
queue action [TocumanHs Ha Yyepry TpaH3aKIini Model
histoQueue Histo ['icrorpama yacy nepeOyBanus y yep3i| Model
histoService Histo I'icrorpama st yacy oociyrosyBanssi| Model

Os3Hnaka serviceDone nmoTpiOHa /11 BU3HAYSHHSI MOMEHTY 3aBEPIICHHS MPOIIECY
oOcCiTyroByBaHHs. 3HauU€HHS true A Li€l 03HaKU Ma€ BCTAHOBUTU OOCITYrOBYIOUUH
MPUCTPIA TICHS 3aBepiieHHs oOciayroByBaHHs. [[ns 1boro mae OyTH BiAMOBIIHUMN
METOJ Set... .
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[TocunanHns Ha ricTorpamu Ta 4epry o01€ekT MoXe OTpUMaTH Yepe3 MOCUIIaHHSA
Ha MO/IEJb, IKE MOKe OyTH IepelaHO Yyepe3 KOHCTPYKTOP.
[TpaBuiia aii TpaH3akilii cCXeMaTHYHO MOKHA MPEICTAaBUTH y BUTIIAI JiarpaMu

TiSTBHOCT1, PUCYHOK 4. 1.
IIogaTox ’
5

- Jamam'araTti
TAC MOABH ¥ CHCTEME 5

Honati cebe
IO HEepry

. HeKaTH HA oM AToK
oOCIGTORYEEHHS
e
 SadircyraTr yac
nepebyBRaHHd ¥ uepat  f
W '

TexaTH HA 2AKHY EHHA
OOCIVTORYE 2HHA

} e
3adikcyraTi HaC
nepebyYEAHHA ¥ CHCTEMI /-
.
6‘5 Kinerg

Pucynok 4.1 — Jliarpama nisuibHOCT1 aOCTpaKIli TpaH3aKIIisg

4.3.1.2 T'eneparop TpaH3aKIiin

['onoBHe 3aBnaHHA L€l aOCTpakuli — 4Yepe3 BUMAAKOBI IHTEpPBAIU Yacy
CTBOPIOBATM TpaH3aKIlii Ta TmepemaBaTH ix aucrerdepy. CBoi Aii 00’eKkT Mae
BUKOHYBATH BIPOJIOBXK YChOTO Yacy MOJEIIFOBAHHS.

[lepenik gannx, HEOOX1THUX T€HEPATOPY, HABENCHO y Tabnuili 4.2.

Tabmurs 4.2 — Atpubytu aberpaxiiii ['enepaTtop

Hasa nons Knac [Tpu3HadyeHHs MOJIA Jxepeno
model Model [TocrnanHsa Ha MOJENIb CUCTEMU Model
rnd Randomable |I"enepaTop BHIIaIKOBHX YHCEI GUI
finishTime double Yac MoIeITIOBaHHS GUI

[TocunanHs Ha MOJIEIb CUCTEMU HEOOX1aHO 30epiratu, 60 BOHO MOTPIOHO IS
3BEPTAHHS 10 METOJly CTBOPEHHS TPaH3aKIIi.

Atpubyr rnd Oyne BHUKOpUCTOBYBaTuUCA [isi (OPMYBaHHS BUIAIKOBOI
BEJIMYMHU IHTEPBAJy 4acy MI>K CTBOPEHHSIMU TpaH3akiii. [locunanHs Ha 1ieil enemeHT
MOKHa OTPUMATH 3 Bi3yallbHO1 YACTHHH.

[Tone finishTime BHU3HAuyae yac, BOPOJIOBK SIKOTO Ma€ IMpallOBaTU FeHEepaTop.
3HayeHHS IHOT0 aTPUOYTYy MOXKHA TAKOXK OTPUMATHU 3 Bi3yaJIbHOT YACTUHH MPOEKTY.
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[TocunanHus Ha 111 aTpuOyTH MalOTh OyTH Mepe/iaHi 13 MOJIel uepe3 MeTou Set...
[TpaBuiia aii reHepaTopa CXeMaTUYHO MOKHA MPECTABUTH Y BUIJISAL llarpaMu
TISUTBHOCTI, pUCYHOK 4.2.

ITouarow

SATPUM ATHCA HA
BHIANEOBHHE HaC

OUCIIETY epoRi

- N
(HEpe,ru_aTH TPAH3AKIHEG
W

—

Pucynok 4.2 — Jliarpama nissibHOCTI aOCTpaKIlii TeHepaTop

4.3.1.3 OGcnyroByrounit MpUCTPIi

OOcayroByrounii MPUCTPIM MpaITIOE 13 YEPTOI0 TpaH3aKIlii. Ko yepra mycra,
00CITyroByHOUYMI NPUCTPINA YEKA€E HA MOSIBY TpaH3akUii. Ko TpaH3akuUis €, IPUCTPIit
3a0upae ii 3 yepru ayg oOciayroByBaHHs. Jlam 0OCIyroBylOUMH HPUCTPINA IMITYE
0o0OpoOKy TpaH3akuii NUIAIXOM 3aTpUMKU Ha Aeskuid 4vac. Ilicns mporo mpucTpii
MOB1JIOMJISIE TPAH3AKIIIIO PO 3aBEPILICHHS 00CIyTrOBYBaHHS.

Jam npaBwia n1ii mOBTOPIOIOTHCS. [IpUCTpiii mpalifoe BIPOJOBK yChOTO Hacy
MOJIETTIOBAHHS.

Jnst poGoTu 00CIYyroBYyHOYOMY MPUCTPOIO HEOOXINHI JaHi, MEepeNiK SKUX
HaBeJleHo y Tabnui 4.3.

Tabmuus 4.3 — AtpulyTu aberpakinii O6CIyroBy0Uni MPUCTPi

HasBa nons Knac [Ipu3HaueHHs NoJIs xepeno
QueueForTransa .
queue ction [TocumanHs Ha Yepry TpaH3aKIIIH Model
rnd Randomable |["eneparop BHIagKoOBUX YKCEI Gui
finishTime double Yac MoeIrOBaHHSA Gui

ATpuOyT qUEUE — 11e yepra TpaH3aKIIiil..

ATtpulOyr rnd Oyae BukopucTOByBaTuCS sl (OpMyBaHHS BHUIAIKOBOI
BEIIMYMHU 1HTEPBATY Yacy, 110 BUTPAYAETHCS HA 0OPOOKY TpaH3aKIIIi.

[Tone finishTime Bu3Hauae yac, BIPOAOBK SKOTO MA€E MPAIIOBATH TIPUCTPI.
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[TocunanHus Ha 111 aTpuOyTH MalOTh OyTH Mepe/iaHi 13 MOJIel uepe3 MeTou Set...
[IpaBuna nii 0OCIYTrOBYHOYOTO MPUCTPOIO CXEMATUYHO MOXKHA TIPEICTABUTH Y
BUTJISII liarpamMu JisUTbHOCTI, PUCYHOK 4.3.

TloaTox ’
S

IIEKETH Ha NoARY
TpEHEEI{LUl Y uepst.

Sabpartu Tpa}l:aam_u}a
Ha obCIyTeRYRAHHS

Jr

( JaTmMaTHCa Ha ) ,
EMITATKOBLE 9aC

wle

CIORICTHTH TPRHZAKINH IO
3AKIHY eHHA 0B CITyTORYRAHHA

-

Pucynox 4.3 — [liarpama nissibHOCT1 aOCTpaKIlii 00CITyroByrOYnit
IPUCTPIN

4.3.2 PeaJizania KjaciB akTHBHHX KOMIIOHEHT Mo/eJIi

Knacu, mo mnotpelyroTh peanmizaiii y JaHOMY MPOEKTI — 1€ KIacu st
TpaH3akKiliii, reHepaTopa TpaH3aKiii Ta 00CIYyroByHOUOro MPUCTporo. JlJist CTBOpeHHs
00'€KTIB IMX KJAaciB BUKOPUCTOBYIOTHCS YCTaJ€HI KOHCTPYKTOPH, a IHIIiani3awis
peanizyeTbcs uepe3 MeToau Set..., y MeToJax JOCTyIy JI0 IUX 00’€KTIB B MOJIEJIL.
Takum 9uHOM, aTpUOYTH aKTOPIB MPUIMAIOTh CBOI 3HAYEHHS Y MOMEHT CTBOPCHHS
akTopa. Y THUX BUNAJKaX, KOJM HaJAIITYBAHHS aKTOpa MOTPIOHO 3MIHMTH MICHS iX
CTBOPEHHSI, CJI1]] BUKOPUCTOBYBATH BIANOBIAHI METO/IH.

[Tonst, MO0 MICTATH yYMOBH Yy BUIIIANI JsiMOAa (YHKIIN y KOHCTPYKTOPI
iHimiamizyBatu HepouuibHo. CnpaBa y ToMy, 1m0 i GYHKIIT MOXYTh MICTUTH
MOCWJIAHHSI Ha CTBOPIOBAaHUM 00’€KT, KOTO B IIed 4ac Ie He icHye. Tomy ysimOma
GbyHKIIT 11 YMOB, SIKIIIO BOHH €, CTBOPIOIOThCS y Meroni rule, To6To B MOMEHT
3aImycKy MpaBuJI JIii aKTOPIB.

4.3.2.1 Knac Transaction

O0’ekTH  1BOTO  KJACy TMPEACTABISAIOTh aOCTpakilir0 TpaH3akiis. Y
JicTuHTy 4.14 HaBeEHO TEKCT Kiacy 3 KOMEHTapsSIMH.

Jlictunr 4.14 — Kiac Transaction

public class Transaction extends Actor {

//Yepra TpaH3akuin Ha 06pobky
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private QueueForTransactions<Transaction> queue;

// TicTorpamm AnA HaKOMUYEHHA CTaTUCTUKM
private Histo histoInQueue;
private Histo histoService;

//03Haka 3aBepweHHA 06pobku TpaH3akuyil
private boolean serviceDone;

@Override
// MpaBuna pgil TpaH3akuil
protected void rule() throws DispatcherFinishException {
double createTime = dispatcher.getCurrentTime();
nameForProtocol = "TpaH3akuyia " + createTime;
// TpaH3akuiAa cTa€ B 4epry Ha ob6CnyroByBaHHA
queue.add(this);
waitForCondition(() -> !queue.contains(this),
"MaTb 3abpaTu Ha obcnyroByBaHHA");
// 06cnyroByBaHHA MOYanochb
histoInQueue.add(dispatcher.getCurrentTime() - createTime);
waitForCondition(() -> serviceDone,
"MaTb 3aBepwnTU 06CNyroByBaHHA");
//06cnyroByBaHHA 3aKiHYMIOCH
histoService.add(dispatcher.getCurrentTime() - createTime);

}

//MeToam iHiuyianizauyil TpaH3akuil

public void setQueue(QueueForTransactions<Transaction> queue) {
this.queue = queue;

}

public void setHistoInQueue(Histo histoQueue) {
this.histoInQueue = histoQueue;

}

public void setHistoService(Histo histoService) {
this.histoService = histoService;

}

// MeToa nepepayi noBipgomneHHA nNpo 3aKiHYeHHA 06CNyroByBaHHA
public void setServiceDone(boolean b) {
this.serviceDone = b;

}

@Override
public String toString() {
return getNameForProtocol();

}
}
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4.3.2.2 Kmac Generator

OO0’ exTH LIOTO KJIacy MPEACTABISAIOTh a0CTpakKilito renepaTop. Y mictunry 4.15
HaBEJIEHO TEKCT KJIacy 3 KOMEHTapsMHU.

Jlictuur 4.15 — Knac Generator

// Knac reHepaTopa 3afABOK
public class Generator extends Actor {

// TeHepaTop BMMagKOBOro 4acy CTBOpPEHHA TpaH3akuil
private Randomable rnd;

// TpuBanicTb poboTu reHepaTopa

private double finishTime;

// Mopenb, pe € MeTOA4 CTBOPEHHA TpaH3akuyil

private Model model;

// Npasuna aii
public void rule() {
while (getDispatcher().getCurrentTime() <= finishTime) {
holdForTime(rnd.next());
getDispatcher().printToProtocol(
" " + getNameForProtocol() + " cTBOpwe TpaH3akuiw.");
dispatcher.addStartingActor(model.createTransaction());
}
}

// MeTtoau iHiyianizsauyii o6’ ekTa

public void setRnd(Randomable rnd) {
this.rnd = rnd;

}

public void setFinishTime(double finishTime) {
this.finishTime = finishTime;

¥

public void setModel(Model model) {
this.model = model;

}
}

4.3.2.3 Kinac Device

OO0’€eKTH IBOTO KJIaCcy MPEACTABISIOTH A0CTPaKLII0 00CIyTOBYIOUNNA MPUCTPIH.
VY nictunry 4.16 HaBeIeHO TEKCT KJIacy 3 KOMEHTAPSIMHU.

Jlictunr 4. 16 - Kiac Device

// Knac pna obcnyroByw4oro npucTpown
public class Device extends Actor {

// Yepra pna Tpasakuin
private QueueForTransactions<Transaction> queue;
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}

// TeHepaTop 4Yacy, WO BUTpPAYaE nNpwuaag Ha o6CNAYyroByBaHHA TpaH3akuii
private Randomable rnd;

// Yac poboTu reHepaTopa
private double finishTime;

// Npasuna pii
public void rule() throws DispatcherFinishException {

}

// CTBOpPWEMO YMOBY, BUKOHAHHA AKO1 byae 4ekaTu akTop

BooleanSupplier queueSize = () -> queue.size() > 0;

// UMKN BUKOHAHHA npaBun Aiil

while (getDispatcher().getCurrentTime() <= finishTime) {
// TNepeBipka HaABHOCT1 TpaH3akuil Ta 4YekaHHA Ha 11 noABy
waitForCondition(queueSize, "y 4ep3i mae 3'ABUTbCA TpaH3akuia");
Transaction transaction = queue.removeFirst();
// ImiTauia ob6bpobku TpaH3akuyil
holdForTime(rnd.next());
// 06pobKy 3aKiH4eHO, NOBiAOMAAEMO NpO uUe TpaH3akuiw
transaction.setServiceDone(true);

}

// MeToamu iHiuianisauyii o6’ exTa
public void setQueue(QueueForTransactions<Transaction> queue) {

}

this.queue = queue;

public void setRnd(Randomable rnd) {

}

this.rnd = rnd;

public void setFinishTime(double finishTime) {

}

this.finishTime = finishTime;

4.4 TlopsaaoKk BUKOHAHHS PO0OTH
4.4.1 IliaroToBKa 10 podoTH

3aBaHTaXTe MPOEKTH, IO 3HaXoAsAThcs B apxiBl SimulationAllLab.zip no

Eclipse ckopuctaBmmcs pyHkiiero meHto Import—Existing Project into Workspace—
Select archive file.

4.4.2 3HalioMCTBO 3 KJIacaMu, fIKi 3a0e31e4yI0Th NCeBA0NapaJie/IbHy
po0OTy NOTOKIB

Biakpwuiite mpoekt Simulation.

OsnaitomTecs 3 kiacom process.BooleanSemaphore.
O3znaliomTecs 3 kj1acoM process.Actor.
OsnaitomTecs 3 kiacom process.Dispatcher.

89




4.4.3 3naiioMcTBO 3 NPUKJIAAOM M0Oya0BU Moaesi CMO

Osnaifomrecst 3 KjJacaMu  akTtopiB  makery toLab3and4  mpoekrty
SimulationAllLab. Came 1i kiacu po3IrNAJAIOTBCA SK MPHUKIAT Y METOIUYHHX
BKa3iBKax 10 JabopatopHoi pobOoTu. AxTtuBizydTe kimac GUI 1 mepesipte
Mpare3aTHICTh MTPOEKTY.

4.4.4 3uaiioMCTBO 3 NPUKJIAA0M BUKoHaHHs PI'P

OsnaitfoMTecs 3 kinacamu akTopiB nmakety buldo mpoekty SimulationAllLab.
[TouHiTh cTBOpIOBATH aKTOPIB 1151 cBO€i PT'P.

4.5 3aBaaHHs AJ151 CAMOCTIiHHOI poOoTH

CtBOpITH KJIacH aKkTOpiB IJIsi cBOro Bapianty PI'P 1 mepeBipTe iX B pexumi
«Tect». O60OB’SI3KOBO aHaNI3yHTE MPOTOKOJ POOOTH MOJENI Mij Yac HaJlaro KEHHS
KoJy. 3pa3ok € B po3aidi 3, eran 4 METOAUIHUX BKa3iBOK 10 PI'P

4.6 Bumormu a0 3BiTy

Ha3Ba 1 meTa po6oTu.
VY migpo3am «Pe3ynpTaTM BUKOHaHHA poOOOTH» MaroTh OyTH HaBeAEH1
pe3yabpTatn BUKOHaHHs eramy PI'P, a came:

— OKpEMHMH IMyHKTaMH JlarpaMH JisSJIBHOCTI «aKTOPIB» 3 TMOSICHEHHSAMH 1
JICTUHTH TIPaBUII A1l WX 00’ €KTIB 3 KOMEHTAPSMHU 32 3pa3KoM Miapo3/iny 4.3 BKa3iBOK
10 nabopaTopHoi pobotu abdo miapo3aiiB 1.3 Ta 2.3 npukiany opopmienss PI'P;

— Komito iHTepdelicy KopucTyBaua 3 rpadikaMu poOoTu 00’ €KTIB;

— (parMeHTH NPoTOKONY (HE OuIbIe 1 CTOPIHKK);

— TIAPO3MLT 3 Pe3yJIbTaTOM TECTY.

4.7 KoHTpOJIbHI NUTAHHA

Omnuc knacy Dispatcher, #ioro 3MiHHI Ta METOH.

Onuc kiacy Actor, Horo 3MiHHI Ta METOIH.

Kiac BooleanSemaphore ta #ioro npu3HaveHHsI.

[Tpuknaau 3anucy ymoB it metony waitForCondition.

[TpaBmita aii 00’ €KTIB KJIaciB 3aCTOCYBaHHs, 0 OYJI0 PO3IJISHYTO Y SKOCTI
MPUKJIAAY, Ta CTBOPEHOTO 3aCTOCYBaHHH.

ok whE
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5 TABOPATOPHA POBOTA Ne 5.
JOCJII)KEHHA HAUITPOCTIIOI CMO

5.1 Mera podorn

B pesynbrari BuKoHaHHS Ja00paTOpHOT POOOTH CTYACHT Ma€ OTPUMATH TaKi
3HAHHS Ta HABUYKU:

— MO3HAMOMHUTHUCA 3 METOJUKOIO aHANITUYHOTO JOCIIIKEHHS MapaMeTpiB
pobotu Halnpoctimoi CMO.

— TMO3HAMOMHUTHCA 3 METOJMKOI0  EKCIIEPUMEHTAIBHOTO  BH3HAUCHHS
xapakTepucTHK Hainpoctimoi CMO B npoliieci MOJIETIOBAHHS;

— OTpUMMaTH HaBUYKU peaii3aiii mporpamMHuX 3aco0iB Ay 30MpaHHS 1
0OpOOKHM CTATUCTUYHHX JAHUX PO PE3yIbTaTU POOOTH MOJIEI.

5.2 KopoTtki TeopeTuuHi BizomocTti

VY nonepenHid nabopatopHid poOOTI Oyiau poO3risiHYTI 0a30B1 Kjacu, IO
103BoJIst0Th OyayBaTu Mozeni CMO. Ane npu MOJENOBaHHI Hac LIKaBUTh HE caMa
MO/IeJIb, & CTATUCTUYHA 1H(pOpMaIllis po i podoTy.

Hacammnepen, poGota Mojeni Mae OyTd Bi3yajizoBaHa, TOOTO OCIHIJIHUK
NOBUHEH MAaTH MOXIIMBICTb CIIOCTEpPIraTH 3a THM, SIK IMOBOJIUTH ceOE€ MOJEIb.
3BUYAHO 715 Bi3yaslizallii Ha eKpaH BUBOAUTHCS 1H(OpMAILis PO MOTOYHI 3HAYEHHS
yacy MOJICJIIOBaHHS, PO3MIpHM dYepr Ta craHa o0'ektiB. llg indopmariis moxe
BHUBOJIUTUCA HA €KpaH a0d0 B LU(PpOBOMY BUTJIAI1, 00 y BUTJISA1 IEPEMILIIEHB PI3HOTO
pony mokaxuukiB. OOuaBa crnocoOM MarOTh CBOI IUIFOCM M MIHYCH, aj€ BapTo
BpaxoBYBaTH, IO AaHAJIOroBY IH(QOpMaLIO JIIOAWHA chOpuiiMae Kpame. MoskHa
BUKOPUCTOBYBATU 1 MYJbTHUIUTIKALID. Y TonepeAHiid JiadbopaTopHiii poboti Oyra
BUKOPHUCTaHA aHAJIOrOBa AMHAMIYHA 1HAUKALIIl pO3MIpIB Uepr.

KpiMm Bizyamizaiii Mojaeflb NMOBHHHA BUIABAaTH KOPHUCTYBAy€Bl CTATUCTHUYHY
iHdopMaIlito Tpo mapaMmeTpu, sSKI Horo IikaBiaATh. [Ilpu MomenroBaHHI cucTeM
MacoBOTO OOCITyroByBaHHS HaiuacTiimie 30UparoTh HACTYNMHY CTaTUCTUYHY
iH(bOopMaIrito:

— CTaTUCTHYHI XapaKTEPUCTUKH JJISl TOBKUHH YEPTH;

— CTATHCTHYHI XapaKTEPUCTUKHU ISl HAaCy OUYIKYBaHHS B Uep3i;
— CTaTUCTHYHI XapaKTEPUCTUKH JIJIsl 4acy 0OCIyroByBaHHS,

— 3aBaHTa)XEHHs 00CIYrOBYIOUOrO MPUIIALY.

PeanpHa Mo/ien1b MOBUHHA CTBOPIOBATHCS 3 ypaxXyBaHHSM IUJICH MOJICITIOBAHHS.
[Tpu bOMy BapTO BUKOPHCTOBYBATH 0a30Bi KJIacH MakeTiB Process, qusystem, rnd, i
Ha X OCHOBI, BAKOPHCTOBYIOUM MEXaHI3M HACJiyBaHHs, CTBOPIOBATH MIKIIACH, SIKi
3a0€3MeuyoTh BUPIIICHHS TMIOCTaBJICHUX 3aj1ad. Haifgactime B mux mijgkiacax
MEepPEeBU3HAYAIOTh METOU OOpOOKM MOJIM, SIKI IHILIIOIOTHCS B 0a30BHX Kjacax, aje
1HO/I1 TOBOAUTHLCS MIEPEBU3HAYUTH 1 MpaBuiIa Aii 00'ekTiB. {7151 mpruckopeHHs o0y 10BU
MoJIeJiell BapTO TaKOK BUKOPUCTOBYBATH JOMOMIXKHI KJIacH maketis Stat i paint.
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HasiBHICTh cTaHAApTHUX KJIACiB, Ha 0a3l AKUX OYIyEThCS MOJENb, IMABUIILYE
IMOBIPHICTh TOTO, IO MOJEIh MOOymoBaHa BipHO. OMHAK HE BUKIIOUYEHO, IO MPHU
nporpaMmyBaHHi Mojieni OyJu JOMYIIeH! JOT14HI OMUJIKH, B Pe3yibTaTi YOTO MOJEIb
He Oyne aJeKBaTHOIO CHUCTEMi, IO AOCHIIKYeETbCA. TOMy JOCHTH Ba)JIMBO MaTu
MO>KJIUBICTB MIOPIBHATH PE3YJIbTATH MOJIEITIOBAHHS 3 BIIOMUMU pe3yibTaTaMu, Xo4a 0
JUIA EeIKUX BapiaHTiB pPOOOTH MOAENi, 00 3MEHIIUTH IMOBIPHICTH OACpKAHHS
HEBIPHUX PE3yJbTaTiB.

HaifuacTime i1 MOpIBHAHHS BHUKOPHUCTOBYIOTH PE3yJbTaTH aHATITUYHOTO
nocimmkenas CMO.

5.2.1 Anagirnune gociaimkenna CMO

AHaIITUYHI pIIICHHS 3HAWICH] TUTbKU 11 AesikuX kiaciB CMO. Sk npasuio,
1€ CUCTEMH, Y SKUX BUITQJIKOBI MPOIECH MITKOPSIOTHCS €KCITOHEHIIAIBHOMY 3aKOHY
posmnoainy. Taki cucTeMH Ha3UBalOThCS MapKiBCHbKMMH. L{f0 Ha3By cucTeMu ojiepkaiu
TOMY, IO PO3pPaxyHKH IX XapaKTEPUCTHUK MOKHA MPOBOJUTU, BUKOPUCTOBYIOUU
naHuroru Mapkosa. [{IHHICTh aHATITUYHUX PIIICHb JJIS1 IMITAI[IHOTO MOJIETIOBaHHS
MOJISITa€ B TOMY 110, MaIOYM TEOPETUYHI 3HAYEHHS MapaMeTpiB CUCTEMU, MU MOXKEMO
OLIIHUTH, HACKIJIbKHA TOYHI pe3yibTaTH OyAyTh OAEpKaHI HUISIXOM MOJIEIIOBaHHS.

5.2.1.1 Jlanmror Mapkosa aist HaitnpocTimoi CMO

Jlanror MapxkoBa aiis Hanpocrimoi CMO npeactaBiaeHo Ha pUCYHKY O.1.

Pucynox 5.1 — Jlanitor Mapkosa jist HaitnpocTimoi CMO

Bepmmnu nporo rpada BianoBiamTh, cTaHaM cuctemMu. Homepa BepiimH
BIIMOBIAIOTH KIJTBKOCTI 3asBOK y cucteMi. Ctan 0 - 11e CTaH, KOJIM B CUCTEM1 HEMAE
3as1BOK, 1 00CITYyroBYIOUMH NpHiIaj] Yekae. IMOBIpHICTh TOTO, 1110 CUCTEMA NiepeOyBae B
1boMy cTani, nozHauuMo PO. Ctan 1 - 11e cTaH, KOJM B CUCTEMI OJHA 3asBKa, 1 BOHA
o0ciyroByeThes. J[oBkWHA YeprH MpU IIbOMY, TAKOX SK 1 B MOMEPEIHBOMY CTaHi,
nopiBHtoe 0. IMOBipHICTh 1IbOro ctany mo3Hauumo Pl. Ctan 2 - me craH, KOJIu B
CUCTEMI JBI 3asiBKH, OJTHAa OOCIyTOBYETHCS, a JApyra dyekae B 4yep3i. JloBkuHa uepru
pH IIbOMY J0piBHIOE 1. IMOBIpPHICTH IIbOTO CTaHy MO3HaYUMO P2, 1 Tak masmi.

PeGpa rpada Bu3Hauat0Th MOKITUBI IEPEXOIU CUCTEMH 3 OJHOTO CTaHy B 1HIITUH.
VY KOXHHI MOMEHT 4acy BiIOyBa€ThCS TUTBKH OJIHA MOJisA. KO TeHepaTop nojae
3as1BKy B 4e€pry, TO CHCTEMa NEPEXOJUTh y HACTYMHHUN 3a HOMEPOM CTaH. SIKIIO
oOCITyroByHOUMI TpHIIAJ 3aKiHYye OOpOOKY 3asBKH, TO CHCTEMa MEPEXOIUTh Y
IonepeaHii CcTaH.
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KoxxHomy peOpy BiAmoBigae jesika IMOBIPHICTh BIJANOBIAHOTO TIEPEXOIY.
[Ipouec mepexoniB, MpeaCTaBICHUN Ha PUCYHKY 5.1, B HayKOBIiil JiTeparypi 1HOAI
HA3WBAIOTh MPOIECOM PO3MHOXKEHHS Ta 3aruberi. ImoBipHicTh b (birth) 3anexxuts Bin
IHTEHCUBHOCTI TreHeparopa, a imoBipHicTh d (death) - Big HPOIYKTHBHOCTI
00CIIyrOBYIOUOTO TIpUiIady.

5.2.1.2 BuzHayeHHs IMOBIPHOCTEN CTaHIB CUCTEMHU B CTAIOMY PEXHUMI

Cran naHirora MapkoBa XapakTepU3yEThCSl 3SHAUCHHSIMH IMOBIPHOCTEH CTaHIB.
VY noyaTkoBOMY CTaH1 CUCTeMH IMOBIPHICTb cTaHy 0 1OpiBHIOE 1, a IMOBIPHOCTI 1HIIIUX
CTaHiB HYJIbOBI. Y MpoI1ieci poOOTHU CUCTEMH 111 IMOBIPHOCTI 3MIHIOIOThCS, aJi€ 3T0JJOM
iX 3HAYEHHS CTaOUTI3YIOThCS W MPUIMAaIOTh JEsK1 MOCTIHHI 3HaUYeHH. Pexxum pobotu
CUCTEMHU, KOJIM IMOBIPHOCTI CTaHIB HE 3MIHIOIOTHCS, HA3UBAETHCS CTAIUM. Y CTAJIOMY
peXUMI Tepexii 3 OJHOTO CTaHy B I1HIIKWKA BiAOYBAaIOTHbCS TAaKUM YHUHOM, IO
IMOBIPHOCTI CTaHIB HE 3MIHIOIOTHCS.

31aTHICTH JIAHUIOTIB MapkoBa 3 4acoM MEPEXOJUTH Y CTAIHA PEeXUM POOOTH
HA3WBAIOTh «EPTOJAUYHOIO BIIACTHUBICTION.

AHan3yloud CTaJIMi pEeXUM Y JIaHlo31 MapkoBa, MOXHa BU3HAYUTH CTajl
3HAYEHHS IMOBIPHOCTI KOKHOTO CTaHy CHCTEMH. {1 LbOTrO 3alMCYIOThCS PIBHSHHSA
OaJlaHCy IMOBIPHOCTEH, 3aCHOBaHI Ha TAKOMY TBEPJIKEHHI: «SIKIIO IMOBIPHICTh CTaHY
HE MIHAETHCS, TO IMOBIPHICTh EPEXO1Y CUCTEMU B 1€ CTaH JOPIBHIOE IMOBIPHOCTI il
BHUXOJY 13 LIOTO CTaHY».

Posrisitnemo piBHSIHHS OanaHCy Jyisi HYJbOBOTO CTaHy, BUXOJsA4H 13 rpada,
MPEICTABJICHOTO HA PUCYHKY 5.1.

IMOBIpHICTB TOTO, 1110 cHCTeMa 3aMIINTh cTal 0, opiBHIOE Pob, a iMoBipHiCcTH
TOTO, 110 CUCTEMa TOBepHEThes y ctan 0, nopiBHioe P1d.

PiBHsiHHS OajaHCy IMOBIPHOCTEH U1 HYJIbOBOTO CTaHy 3aluIIeThes Tak: Pob =
P.d, 3Bigku omepsxkumo P1= b/d Po.

MoskHa moKa3aru, 1110 BigHomeHHs b/d 1opiBHIOE BIAHOIICHHIO IHTCHCHBHOCTI
HaaxokeHHsT 3asBoK 'y CMO 10 1HTEHCHBHOCTI iXHbOro oOciyroByBaHHs. lle
BIJIHOIIIEHHS B JITEPATypl 3a3BUYANl MO3HAYAIOTh I'PELBKOI OYKBOIO 1 Ha3UBAIOTh
KoedilieHToM 3aBaHTaXeHHs cuctemMu. Tomi P1= @Po.

PosrimsiHemo Tenep nepinii CTaH.

IMOBIpHICTH TOTO, IO CHCTEMa 3AJMIIUThL IIel cTaH, qopiBHIOE Pib + Pid, a
IMOBIpPHICTB TOTO, III0 BOHA B HHOTO MOBEPHETHCS, Oyae Pob + P2d.

YmoBa OaaHcy iMoBipHOCTE#H Oyne Taka: Pib + Pid = Pob + P.d. 3 ornsany Ha
te, mo Pid = Pob, onepxumo: Pib = Pad, a6o Po= wP:.

[TizcraBuBmm B octanHio piBHICTE P1= PO, onepxumo P2=w2P0

3anucyroud YMOBHM OajaHCy JJisi HACTYIHUX CTaHIB, OJCPKUMO ISl HUX
aHAJIOT14H1 CHIBBIAHOIICHHS. Y 3arajlbHOMY BUIQJKy MOKHA 3alucaTu

P=w-P (5.1)
i 0

Bapro Takoxx BpaxoByBaTH, 110 B OyAb-sSIKM MOMEHT 4acy CHCTeMa MOBHHHA
000B'13K0BO TIepedyBaTH B SIKOMY-HEOY/b 31 CTaHIB, OTXKE, CyMa BCIX IMOBIpHOCTEH
JOPIBHIOE OJTMHMII].
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>R =1 (5.2)
=0

3 ormsany Ha croiBBimHOmIEHHsA 5.1 1 5.2, MokHa ofjepxaTH PIBHSIHHS IS
BU3HaueHHs Po

ioa)i Py=1 (5.3)

Cyma B IiBiil YaCTUHI PIBHSHHS SIBJISIE COO0IO0 CyMy €JI€MEHTIB T€OMETPUYHOT
nporpecii i 32 ymou @ <1 nopisuioe Po/( 1-m). 3Biacu Maemo:

P.=1-w (5.4)

3 ornsay Ha CHiBBIAHOMIEHHS 9.1 1 5.4, MOXHa OJAep>KaTu PIBHSIHHS IS
BU3HAYCHHS IMOBIPHOCTI OY/Ib-SIKOTO CTAaHY CUCTEMH B CTAIIOMY PEKUMI.

P=(1-0) o (5.5)

5.2.1.3 BuzHadyeHHsI iMOBIpHOCTEH TIOSIBH Y€pT Pi3HOI JOBKUHHU.

Skmo cucrtema nepedyBae B ctanax 0 ado 1, To yepra BiJICyTHS, TOMY 11O B
HYJIbOBOMY CTaHi B CHCTEMI 30BCIM HEMA€ 3asBOK, a B MIEPIIOMY - €IMHA 3asBKa fKa
00CITyTOBYETHCS, 1 Uepra MopOKHS.

OTxe, IMOBIPHICTh TIOSIBU YEPrd HYJIbOBOI JOBXKHHH JOPIBHIOE CYyMI
IMOBIPHOCTEH MEpIIOro ¥ IPyroro CTaHy.

Pq=o =P, +P, =1~ o)+ (- 0) 0=1-0? (5.6)

K10 pO3TASHYTH ACSIKUN 1-Ui CTaH, TO 7l HbOTO uepra Oyae MaTh JOBKUHY
I-1, ToMy IMOBIPHICTh TIOSIBH YePI'H TOBKUHOIO K, Oyie mopiBHIOBAaTH iMOBipHOCTI K+1
CTaHy.

Py = (- @) 0" (5.7)

5.2.1.4 Bu3HaueHHs cepeIHbOI IOBKUHH Yepru

3Har04YM IMOBIPHOCTI TTOSIBU YePTH OY/Ib-5IKO1 TOBKUHU, MU MOKEMO BU3HAYUTH
CEPENIHIO TIOBXKMHY YEPrH M0 HACTYMHIN dhopmMyi:

q =§k - quk (5.8)

[lincTaBuBIIM B 110 (pOpMYITy IMOBIPHICTH MOSIBU YEPrU AOBKHUHOIO K, sika
BU3HAYAETHCS TIO CMIBBIAHOIICHHIO 5.7, OEPKUMO

q= Z‘k(l_ ) o =(1- a))a)kzz; K" (5.9)
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3 orJisay Ha Te, 110

o0

Sk-o* = @207 130° 1400 + ... =

k=0

=W+ +D°+W* + ... +*+W*+@*+ ... +@°*+D*+ ... =

=L+ D+ + W +...) +W*L+D+@W*+@*+...) +@D°I+O+@° +W°*+...) +..=
A+ OO+ +..) (W+ @2 + @5 +..) =

— O+ W+ 0%+ @3+ +..)% =

-0/ -w)?,

0JIEPKHUMO

= a B Q)?
A=0-a) @y 1w

(5.10)

5.2.1.5 BuzHaueHHs cepeIHbOT0 Yacy OYiKyBaHHS B Uep3i

CepenHiii yac O4iKyBaHHsI B Ue€p31 MOXHa 3HalTH, BUKOPUCTOBYIOUH TaK 3BaHUI
pesyabtar JliTna.

Pesynprar JliTia TOBOpPUTH, IO CEPEOHIO KUIBKICTh 3asBOK y 4Yep3l s
MapkiBcbkoi CMO MoxHa 3HalTH K JOOYTOK 1HTEHCHMBHOCTI MOTOKY Ha BXOJI Ta
CEpEHbOr0 Yacy rnepedyBaHHs 3asiBOK y Yep3l.

q=A-7 (5.11)

[3 1pOro CmiBBITHOIIEHHS MOKHA 3HAWTH BHUpa3 AJisl BU3HAYEHHS CEPEAHBOTO
Yyacy O4iKyBaHHS B uep3i

7=Qq/4 (5.12)
[limcTaBuBIIKM B CIIBBIIHOIIEHHS 5.12 BHpa3 mjisg CepeaHBOI JOBXKHHHU YEpPrU

5.10, onepxxumo dhopmyy 5.12 st BUSHAUSHHS CEPEHBOTO Yacy OYIKYBaHHS B Uep3i.

a)2

Ta-@) (5.12)

T —
5.3 Jlocaimxennss CMO muisixom MoaeJI0BaHHS

Xapakrepuctuku CMO, siKi OIIHIOBAJUCS BHILE, MOXYTh OyTH 3HaiAeH] U
[ITXOM MPOBEICHHS €KCIIEPUMEHTIB 3 MOJACILIIO I[i€1 CUCTEMHU.

5.3.1 Onuc npoekry

VY naGopatopHiit poOOTi AOCIIKYETHCS MPOCTAa MAPKIBChKa CUCTEMa MacOBOTO
oOcimyroByBanHs. Jlo ckmamy Mofeni BXOIAThH TEHepaTop 3asiBOK, uepra U
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obOcayroByrounii mpmiraa. CucremMa NPOEKTyBajlacs BHUXOISYM 3 TOTO, IO BOHA
MOBUHHA 3a0€3IEYNTH:

— BUBEJICHHS JiarpaMy 3MiHU JOBXKWHH YEPTH y 4Yaci;

— HaKOMHW4YeHHS, 0oOpoOKy ¥ Bujgaudy (y BHUIJIAAI TICTOTpaMU W TEKCTY)
CTaTUCTUYHOI 1H(pOpMAITli PO TOBXKUHY YEPIH;

— HaKONWYeHHs, 0OpoOKy ¥ Bumady (y BUIJIAOl TICTOTpaMH W  TEKCTY)
CTaTUCTUYHOI 1H(OpMaILlii PO Yac OUiKyBaHHS 3as1BOK Yy 4ep3i;

— 3ale3meuyBaTH HaJAIITYBaHHSA TMapaMeTpiB MOJAENl - TPUBAIICTh
MOJIETIIOBaHHS, MAaKCUMAIbHUIM PO3MIpP YeprH, CTATUCTHYHI XapaKTEPUCTUKH MOTOKY
3as1BOK 1 9acy 0OCIIyTOBYBaHHS.

[TpoekT Oyno peami3oBaHO 3 BHUKOPUCTAHHSIM TEXHOJIOTIi MPOEKTYBaHHS, IO
OyJia po3rIsiHyTa y MorepeHii 1adopaTopHiit poooti Ta y PT'P.

5.3.2 Knac TheoryGUI

Knac TheoryGUI peani3zye Bi3yalibHy YaCTHHY 3aCTOCYBaHHS, 1110 0(opMIIeHa
TakK, SIK TOKa3aHO Ha PUCYHKY 5.2.

£ flocniaxenHa npoctoi CMO wnaxom IMiTauidHoro MoAenoEaHHA  — -

MapameTpH CHCTEMH WO A0CAIL,.. l/TF_-st | stat [ Regres |

rIHTEpPBAN Mi¥ NOABAMH TPAH3A... Poamip yepru

< || [EkcnoHeHuiansHe(m=1.0) | 25

—— Yac obpobkn TpaH3akLi—

ﬁ EkcnoHeHuianeHe(m=0.8)

HanGinewwi poamip yepri |”
| 999999999 It l

(R ﬂl
! o AT

Yac MogenBdaHHA
| 5000

[ | Npotokon Ha koHCONE Craprt

Pucynok 5.2 — Burmnsia nepioi CTOpiHKH MPOEKTY

JliBa manenp iHTepdeilicy kopucTyBaya 3abe3nedye HajallTyBaHHS MOJEIIL.
[IpaBopyd posramoBano komnoHeHT TabbedPane, sikuii MicTUTD J1B1 3aKIIAIKH.

[lepma 3aknmaaka 3a0esneuye 3amycK MOJENl Y PEXKHMI TECTyBaHHS 3
JTUHAMIYHOO 1HIUKAI[IIO JTOBXKHHHU YEePTH.

3amyck Mojieni BiI0yBaeThCs MPU HATUCKaHH1 KHOMTKHA «CTapT.

CrpykTypa Mojeni Ta ii 3aImycK y peKuMi TECTYBaHHSI HIYUM HE BiJIPI3HIETHCS
BIJI 3aITyCKy MOJIeJIl y MonepeHiX JabopaTopHux podoTax.
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Jlpyra 3akiagka BUKOPUCTOBYETHCS JUISL 3allyCKy MOJENiI Yy pPeXuMmi
HAKONMYEHHSI Ta BIIOOpaXEHHS CTAaTHUCTUYHOI 1H(opMali. 30BHILIHIA BUIJISI
Bi3yaJbHOI YaCTHHU MPOEKTY JAJIS I[bOTO PEKUMY HaBEJICHO Ha PUCYHKY 5.3.

L& [ocaigxerns npocroil CMO wAsxoMm iMiTauiiHoro MogenosanHa — O “
NapaMeTpi CHETEMM WO OOCHIA... Test | Stat |
 IHTEPEAN Wik NOABAMK TPAH3A... 1 Microrpama QnA OOEKHHK Yeprn
{ﬂ ExcnovenuiansHe(m=1.0) 0.4
— Yac obpobKH TRaHIAKUI—
= | [ExcnoveHuianese(m=0.8) o0

— = -1.0 20.0
HalGinewWwuA posmip yepm
| 999999999 PeaynsTati oGpobem:
Kinskicte gogankie = 10324
Yac MOOEnKEIHHA CapagHe aHaweHHA = 3. 6681395858051342
| 000 IH3YeMHA Yacrora
- 0.0 03112
1.0 0.1146
2.0 0.0949
3.0 0.0780

ricrorpama ana OBXKHHKA Yepri - Start

Pucynox 5.3 — Burusin qpyroi CTOpiHKH MPOEKTY

Ha 3akmamii 3HaxoauTbess KOMIIOHEHT Kiacy widjets.stat.StatisticsManager
¢bpeitmBopky Simulation. Ileii koMmoHeHT 3abe3nedye 3amycKk MOJCHl Y PexuMI
OTPUMAaHHS CTATUCTUYHUX JIAaHUX Ta BiJoOpa)kae OTpUMaH1 CTATUCTUYHI JIaHi.

Jlnst Toro mo0 KOMIOHEHT 3alpanioBaB, HOMy MOTPIOHO MepesaTH MOCUIAHHS
Ha (abpuky wmoxeneit uepe3 meton setFactory(IModelFactory). V¥V knmaci, mio
PO3TISAAAETHCA, 1€ 3pOOJIEHO 3a JOTIOMOT OO JIAMO1a PYHKIIII:

statisticsManager.setFactory((d)-> new Model(d, this));

OTtpumaBM MojeNb, KOMIOHEHT ExperimentManager npuBOAUTS 1i 0 THILY
[Statisticsable. Ile inTepdeiic, uyepe3 saxuii komMmoHeHT StatisticsManager Oyne
IparoBaTi MoJe/uTi0. ToOTO MOJIE b Ma€e peaaizoByBaTH TakKuK iHTEpdEHC.

Lleit inTepdetic nmependayae pearizaiio JBOX METOIB.

Meron void initForStatistics() m03BoJis€ BUKOHATH MIATOTOBYI il Tepen
MOYaTKOM pOOOTH MOJIETI1, SIKIIO 1€ TIOTPIOHO.

Merox Map<String, [Histo> getStatistics() cmpanboBye MICs 3aBEPIICHHS
poboTu Mojeni 1 MoBepTae KOJIEKII0 TUly Map, B SIKOi KOXEH €JIeMEHT y SIKOCTI
KJII0Ya MICTUTh TEKCT, U0 1ACHTU(]IKYye CTaTHUCTUYHI JaHi, a 3HAYCHHSIM Mae
ricrorpamy, 110 MICTUTb 111 JIaHi.

5.3.3 IHi kJIacu NpoexkTy

Jlanuii mpoekT BIAPI3HAETHCS Bl MPOEKTY, 110 PO3IMJISIAABCS y TMONEpeaHii
poOOTI TUIBKU TUM, IIO TYT HE CTBOPIOETHCS aKTUBHA TpaH3akKilis. B akocTi TpaH3akiii
TYyT BUKOPUCTOBYETHCSI 3HAUEHHS 4Yacy MOSBHU TPAH3AKIIli, IKE TEHEPATOP 3aHOCHUTD

97



70 4Yepru, a oOCIyroBYIOUMI MPHUCTPii BUiIy4ae IIi JaHi 3 4Yeprd, BHU3HA4Ya€ 4Yac
nepeOyBaHHs 3asBKH Y uep3l 1 Iepeiae ricTorpami.

KoMrioneHT BuMarae, OkpiM TOro, mo0 MOJAENb peamidyBaia iHTepdeic
IStatisticsable, npo sikuit 3ragyBanocs y monepeaHbOMY MyHKTI.

5.3.4 CrarucTnyna indgopmauisi Npo J0B:KMHY Yepru

Jis 360py craTucTUyHOI 1HPOPMAIIT PO AOBXKUHY YEprd B JaHOMY MPOEKTI
BUKOPUCTOBYEThCS 00’ €KT queue kinacy QueueForTransactions, SKuii MOJIEIIOE YepTy
B cucteMi. Llei 00’ ekT 3abe3reuye 1 AMHAMIYHY 1HAUKAIIIIO 3MIHU CBOIX PO3MIpIB Ha
nmiarpami. J[ns HakomuyeHHsS CTaTUCTUYHOI 1H(opmalii o0’ekToBi queue Oyio0
nepenano nocwianHg Ha 00'ekT discretHisto kiacy DiscretHisto. O6’ ekt queue niepen
KOKHOIO 3MIHOIO PO3Mipy uepru rnepenae 10 o6’ ekta discretHisto cBiit po3mip Ta yac,
Ha MPOTS31 SIKOTO 1€ po3Mip HE 3MIHIOBABCS.

[Iporpamuo 1e peanizoBano uepe3 meroau beforeAdd() 1 beforeRemove(), siki
BUKJIMKAIOTHCS TEpes 3MIHOK po3Mipy depru. L{i MeToau BUKIMKAIOTh MPUBATHHIMA
MetoJ accum(), IO TMeperae JAaHl y  TicTorpaMmy  4epe3  METOJ
addFrequencyForValue(double frequency, double value), frequency — e pizHuIS Mix
MMOTOYHUM YaCOM 1 MOMEHTOM MOMEPEIHhOI 3MIHU Yepry, a value - 11e JOBXKHHA YEePTH.

Jnst 30epiraHHs 3Ha4€HHS MOMEHTY 4acy, IMOB'SI3aHOTO 3 MONEPETHBOI0 3MIHOIO
Yepru, BUKOPUCTOBYETHCS MPUBAaTHA 3MiHHA ek3eMiuisipa lastTime. OuuieHHs yepru
1 1Himiamizamis 3minHoi lastTime BinOyBaeThCst B MeTO/II 1nit().

Tekct MeToay accum() HaBeaeHui y JicTuHry 5.1.

Jlictunr 5.1 - MeTton HakonuueHHs 1HPOPMAIIT PO TOBXKUHY YePTU

private void accum() {
if (discretHisto != null) {
discretHisto.addFrequencyForValue(
dispatcher.getCurrentTime() - lastTime, size());
lastTime = dispatcher.getCurrentTime();

VY knaci DiscretHisto 111 1aHi HAKOMMYYIOTHCS CIMOYATKY Yy KOJEKIii. SKio
po3mip kosekiii nepesuirye 500, abo mpolec HAKOMUYEHHS 3aKIHYMBCS, Yy Kiacl
CTBOpIOETHCS ABa MacuBu. ONMH Ui YHIKaJIBHUX 3HaYeHb apaMmeTpy value, npyruit
IUISL CyM BIJNOBIHUX 3HauyeHb frequency. Takum ymHOM naHi value ONUHSAIOTHCS Y
enemeHTax Macupy arrayForValue, a BignoBigHIl iHTEpBAIM Yacy HAKOMUYYIOThCS B
enemeHTax MacuBy arrayForAbsolutFrequency.

Sxmo micns ubOro 3HavyeHHs value mepeBuIlye MaKCUMalbHE 13 3HAYEHb,
3amanux y MacuBi arrayForValue, To mepemanuii iHTEepBajl HAKONMUYYETHCS B
OCTaHHBOMY €JIEMEHTI MacuBy. J{Jsl MOIIyKYy CcepelHbOl JOBKMHU 4YEprd B KJaci
DiscretHisto BBemeni 3minHi totallnterval i  totallntegral. V mepmiii 3 HuHX
HAaKONMYYEThCSl 3arajlbHa Cyma BIAPI3KIB 4Yacy SKI 3aHOCITBbCS B TICTOrpamy.
Hampukiami monentoBanHsS TyT Oyne BEJIWYWHA, IO JIOPIBHIOE BCHOMY MEPIOAY
HaKoMU4YeHHs iHpopMalii. Y Apyruil 3MiHHIN HAKOMHYYETHCS 1HTETPAJ Bijl JOBXKHHH
Yeprd 3a YacoM, 3HAYCHHsI SKOTO BH3HAYAETHCS IUIIXOM MHOXKEHHS MOTOYHOI

98




JTOBXMHHM YEPIr¥ Ha MUPUHY IHTEPBATy MK MOTOYHMM YacoOM i 4acOM ITOTEPETHbOI
nomii. HampukiHili MomentoBaHHsS, MO0 OIIHUTH IMOBIPHICTH MOSIBU KOXKHOTO 13
3Ha4Y€Hb macuBy  arrayForValue, @ koxeH 3  €JIEMEHTIB  MacHUBY
arrayForAbsolutFrequency ginuthcss Ha  3HaueHHsA 3MiHHOI totallnterval. A
pPO3AUTMBIIN 3HA4YeHHs 3MiHHOI totallntegral Ha 3HauenHs 3MiHHOI totallnterval,
OJICP)KYEMO CEpPEIHIO JOBXHHY YEprH.

5.3.5 CrarucTnyna indgopmauisi mpo 4yac o4ikyBaHHS B Yep3i

VY pimeHHi mi€i 3amadi 6epe ydacTh JeKijdbka KOMIIOHEHTIB MOJeNi. 3asBKa
cTBOproeThesl 00'ekToM Kiacy theorStudy.TransactGenerator i siBise coOoro yac ii
ctBopeHHs. OTxke, BIiJl TeHepaTropa 3asiBOK, 4Yepe3 4Yepry, 10 OOCIyroByHYOro
npuiiay, NepeaacThCs Yac MosBU 3asBKH, sIKa 00CITyTOBYETHCS.

V knaci Device, sikuif BAKOPUCTOBYETHCS AJII CTBOPEHHS 00'€KTa, 110 MOJIEITIOE
po060TY 00CIYyTOBYHOYOT0 MpPHIIay, 3a0e3MeUy€eThCcsl OOUHUCIICHHS Yacy OYiKyBaHHS B
yep3i. Yac ouiKyBaHHS BU3HAYAETHCS SIK PIZHUIIS MiK MOTOYHUM YacOM 1 3HAUYCHHSIM
3MIHHOI, 1110 BHIy4eHa 3 uepru. L{sa indopmaris nepenaerbest 00’ exra knacy Histo 3a
nonomoroto Metony add(double). ¥V 1mpomy 00°€kTi AaHi CHoOYaTKy MPOCTO
HaKOMUYYIOThCA y Kosekilii. Konu ix kuibkicTh nepesuiirye 500, 111 JaH1 aHaT13yI0ThCA,
BU3HAYAETHCS MIHIMAJIbHE Ta MaKCUMaJlbHE 3HA4YeHHs s JaHux. llicma uporo
BU3HAYAETHCS KUTBKICTh IHTEPBAIIB 1 TiCTOrpaMa 1HIIal3y€eTbCsl. 3aBEPIIY€EThCS LIeH
eTall IePEHECEeHHSIM JIaHUX 3 KOJIEKIi 10 rictorpaMu. Hanami, HOB1 JlaHi 3aHOCSTHCS
0e31ocepeIHbO J0 TICTOrpamMu.

5.4 Ilopsaaok BUKOHAHHS PO0OTH
5.4.1 IlinroToBKa /10 podOTH

AkTUB3yliTe Java  3acCTOCyBaHHs, 10  3HaXOIWUTbCI Yy  apXiBi
SimulationAllLab.jar, abo 3aBanTaxkre mpoekT SimulationAllLab.zip no Eclipse.

5.4.2 3HaiioMCTBO 3 TEOPETUYHUMH BiJOMOCTSIMHU

O3HalioMTeCh 3 METOAUKOIO aHAJIITUYHOTrO nociaipkeHas CMO.
OsnaittomTech 13 mporpamoro mojentoBanas CMO.
O3znHalioMTech 3 METOAMKOI HAKOMMYEHHS CTATUCTUYHUX JaHUX Y MOJEI.

5.4.3 llepeBipka npane3aTHOCTi IPOrpaMHOr0 KOMILIEKCY

AKTHUBI3YBaBIIM MMyHKT MeHIO «JlabopaTopHe 3acTOCYBaHHs NMEepEeKOHalTeCs B
[IPaLe31aTHOCTI MPOTPAMHOIO KOMIUIEKCY.

5.4.4 ExcnepuMeHTH 3 MOJIEJLJII0

Jlist peamizaiiii bOTo MyHKTY BUKOHAWTE HACTYITHI Jii:

— HaJIAIITYHTE VIS 1HTEpBaIY MK HAJIXOKEHHAMU 3asIBOK
EKCIIOHEHITIAIbHUN 3aKOH PO3MOJIITY 13 CepeAHiM 3HA4eHHSM iHTepBary (M) MiX
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HAJIXOJDKEHHSIMU 3asBOK 110 JIOPIBHIOE OCTaHHIM 1udpl Balmioro HoMepa B CHUCKY
rpynu. ixmo us undgpa 0, To 6epemMo neperoCTAHHIO HUPPY;

— HanamTyWTe TpuBaiicTh MoenoBanHs B 10000 pasiB Oiiblie HK 1HTEpBa
MDK HaJXO/DKCHHSIMU 3aBOK;

— HJIATYHTEe MaKCUMAaJIbHUH po3Mmip depru 9999;

5.4.4.1 ExcriepyMEHTH TI0 OIiHI[I IMOBIPHOCTEH MOSIBU Uepr

— HaJamTyWTe JJIS 4acy OOCIIyTOBYBaHHsI 3asBKU C€KCITOHEHITIaJhbHUN 3aKOH
PO3MOMAUICHHS 13 CEpemHIM 3HauYeHHsM, Mo AopiBHoe M * 0.8, Takuit yac
00CITyroByBaHHS 3aBKH BIAMOBiIae Koe]ilieHTy 3aBaHTaxeHHs cucteMu 0.8.

— BU3HAYTE 3HAYCHHS IHTEHCUBHOCTI BXiTHOTO TMOTOKY A=1/Mgenerator =1/M T2
IHTCHCHBHOCTI 00CIyroByBaHHS W =1/Mgevice = 0.8/M 1 3amumriTe 1i 3HAYECHHS B
Tabnuiro 5.1;

— 00YHUCHITh TEOPETUYH] 3HAUYCHHS IMOBIPHOCTEH MOSIBU YEPT Pi3HOT JOBKUHU
JUISl BCTAHOBJICHOT'O KoedillieHTa 3aBaHTaKeHHS cucTeMu (.8 1 3a1I0BHITH BIAMOBITHUN
psgok Tabmui 5.1. Y 3BiTI BKaXiTh, SKUMHU (GOpMYyIaMU KOPUCTYBAJUCH;

— MPOBEAITh EKCIEPUMEHTH 3 MOJIEIUII0, JJIi BCTAHOBJIEHOTO KoedirieHTa
3aBaHTaxeHHs1 cucremu (.8. [IOBTOPITH EKCHEPUMEHTH HE MEHII TPbOX pa3iB.
PesynbTaTu dikcyiite y Tabuumii 5.1;

Tabmuusg 5.1 - Pe3ynbratn eKCIEpUMEHTIB MO OLIHI[ IMOBIPHOCTEH MOSBH YepT
TIEBHOI JOBKUHU

Koedimient 3aBanTaxkeHHs © = W /A = Myevice /Mgenerator = 0,8
Yac MOJENIOBAaHHS ..........

[HTEHCHBHICTH BX1THOTO MOTOKY A=1/Mgenerator =. ... ..
[HTeHCHBHICTD 00CTYTOBYBaHHS W =1/Mgevice =..vvvn..
JloBxKu1HA yepru 0 1 2 3 4 5 6
Teop. 3HaueHHS IMOBIPHOCTI

| HocminNel
ExcniepumeHTabH1 TlociaNe2

3HA4YEHHS BIIHOCHOIL :
! JlocmaiaNe3

YacTOTHU
Cepenne

— 3a(ikcyiTe KOIMiK eKpaHy J1abopaTOPHOIO 3aCTOCYHKY 3 pe3yJibTaTaMu
OJIHOTO 3 €KCIIEPUMEHTIB 1 HaBEAITh 1€l pUCYHOK Mepe]l TabJIMLE0 3 pe3yabTaTaMu
€KCIIEpMMEHTIB Y 3BiTI. (3akiaaka Stat, ['icrorpama juist 1OBKMHU YeprH)

— MOKaXITh pPe3yJIbTaTh €KCIIEPUMEHTIB 3 TaOnuIl 5.1 y BUIJISAI CTOBMYACTOI
Jiarpamu, 300paxyrodyu TEOPETUYHI W cepe/lHI eKCIIEpUMEHTaIbHI 3HAYEHHS PI3HUMHU
KoJbopamu. (Pe3ynpTaTi eKCrepuMeHTIB MatOTh OYTH OJIM3BKUMU JI0 TEOPETUIHUX. )

5.4.4.2 ExcriepyMeHTH TI0 OLIHII CEPeIHBOT JOBKUHU YePTU

— He 3a0yBaiiTe MPOCTAaBUTHU B TAOIHIIl 5.2 4ac MOJICTIOBAHHS 1 IHTEHCUBHICTD
BX1JHOT'O MTOTOKY, 110 BiAMOBIJAIOTH BapiaHTy;
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— 00YHCIITh TEOPETUYHI 3HAYCHHS CEPEIHBOT JOBXKHHH YEPTH 1 JOJalTe II
3HAYeHHS y BIAMOBITHUM pAAOK Tabmuii 5.2. YV 3BITI BKaxXiTh, SKUMH (HOpMYyIaMu
KOPHUCTYBAJIHCH;

— MPOBEAITh CKCIIEPUMEHTH IO OIHI[I CEPEIHBOI JOBXKHHH YEPTH, IS
3Ha4YeHb KoedirienTa 3apanTaxenns cucremu o = 0.3, 0.4, 0.5, 0.6, 0.7, 08, minsttoun
3Ha4YeHHS Jacy oOcayroByBaHHsS (M * ®) . [ToBTOPITh eKCIIEPUMEHTH JUISI KOXKHOTO

KoeirieHTa 3aBaHTaKEHHS HE MEHII TPhOX pasiB. PesynbraTu dikcyiire y tabnauii
5.2;

Tabmui 5.2 - Pe3ynpTaTi €KCIIEpUMEHTIB 10 OLIHII CePeTHbOI TOBXKUHU YEePTH

Yac MOICIIOBAHHA .........

[HTeHCHBHICTh BXIAHOIO MOTOKY A=1/Mgenerato=......

KoedimieHT 3aBaHTaXKEHHS 03(04/05]06|0.7|0.8
TeopeTnyHe 3HAYCHHS CEPEIHBOI JOBKHUHHI YCPTH
HocmiagNel
JocmigNe2
JocmaNe3

Cepenne

EKCHGpI/IMCHTaHBHi 3HAa4YCHHA
CGpGIIHBO.l. AOBXKHWHHU YCPIru

— pe3yNbTaTH €KCIIEPUMEHTIB 3 TabJuIll 5.2 MOKaXIiTh y BUTIISAI TpadikiB 13
300paKEHHSIM E€KCIEPUMEHTAIBHUX JAHUX 1 TEOPETUYHHUX 3HAYeHb. Yepes TOUKH i3
TEOPETUYHUMHU 3HAYCHHSIMU MPOBEIITH JIHIIO perpecii;

5.4.4.3 ExcrieprMeHTH 10 OLIIHII CEPEHBOTO Yacy OUiKyBaHHS B 4ep3i

— He 3a0yBaiiTe MPOCTaBUTHU B TabuIll 5.3 yac MOJEIIOBaHHS 1 IHTEHCUBHICTh
BXI1JTHOTO TIOTOKY, 1110 BIJIITOBIJAIOTh BapiaHTY;

— 00YHCHITh TEOPETUYHI 3HAYEHHS CEPEIHbOTO Yacy OYIKyBaHHSA B 4ep3l i
J0/laliTe 111 3HAYEHHS Yy BIIMOBIIHUN PAAOK Tabmuii 5.2. Y 3BITI BKaXIiTh, SKHUMH
dhopMyIaMu KOPUCTYBAJIUCH;

— MPOBEAITh EKCIIEPUMEHTH MO OLIIHII CEPETHBOIO Yacy OUYIKyBaHHS B 4ep3i,
JUTs 3HAYeHb KoedirienTa 3aBaHTaxkenHs cuctemu 0.3, 0.4, 0.5, 0.6, 0.7, 08. TloBTOpiThH
EKCIIEPUMEHTH JIl KOJKHOTO KOE(Ill€EHTa 3aBAaHTAXEHHS HE MEHII TPbOX pas3iB.
PesynbraTy 3anucyiite y Tabauio 5.3;

— 3adiKCyiTe KOMil0 eKpaHy J1abopaTOpHOTO 3aCTOCYHKY 3 pe3yJbTaTaMu
OJIHOTO 3 €KCTIIEPUMEHTIB 1 HaBEAITh Il PUCYHOK Tepe]l TabJMIIeI0 3 pe3yabTaTaMu
eKCIIepUMEHTIB Y 3BiTl. (3akianaka Stat, ['icrorpama jyist yacy yekaHHs B 4ep3i)

— Pe3yNbTaTH €KCIIEPUMEHTIB 3 TabnuIll 5.3 MOKaXIiTh y BUTISAI TpadikiB 13
300pKEHHSIM E€KCIEPUMEHTAIBHUX JAHUX 1 TEOPETUYHHUX 3HAYeHb. Yepes TOUKH i3
TEOPETUYHUMHU 3HAYEHHSIMU MPOBE/ITH JIHIIO perpecii.

Tabmuns 5.3 - Pe3ynbTaTu €KCIEPUMEHTIB IO OIHI[l CEepPeIHBOTO dYacy
OUIKYBaHHS B 4ep3i

Yac MOJEHIOBAHHSA .........

[HTEeHCHUBHICTD BXIAHOTO TOTOKY A=1/Mgenerator=. .. ...
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KoedimieHT 3aBaHTaKEHHS 03/04|05/06/|0.7]0.8

TeopeTnuHe 3HAYEHHS CEPEIHBOTO Yacy
OUiKyBaHHS B 4ep3i

. JocmigNel
EkcriepumeHTaIbH1 3HAYEHHS -
CEpEeIHBOr0 Yacy OYIKyBaHHS B HocuiaNe2
’ T JocaigNe3
qyepsi
Cepenne

— TIOpPIBHSNTE pPE3yJIbTaTH EKCIIEPUMEHTIB 3 TEOPETUYHUMH 3HAUCHHSIMH W
3p00iTh BUCHOBOK MPO MOXKJIMBICTb BUKOPHCTaHHS MOJENII I OLIIHKUA IapaMeTpiB
CUCTEMH, SIKa MOJICIIOEThCSI.

5.5 3aBaaHHs AJ1s1 CaMOCTiHHOT podoTH

Honatite no moneni PI'P 3aco6u 360py cTaTUCTUKH, SKIIO 11€ HE 0yJI0 3p00IeHO
panime. OO0OB’S3K0BO CIIiJl 30MpaTH CTATUCTUKY MPO 3aBAHTAKEHICTh YepT, PO Yac
YeKaHHS aKTOPIB, MPO MOBHUM Yac 0OCIYyroBYBaHHS TPaH3aKIIIN.

Peanizyiite B moaenm ansa cBoro Bapianty PI'P inTepdeiic [Statisicsable, a 1o
BI3yaJIbHOI YACTUHU JIOJIANTE 3aKJIaJIKy 3 KOMITIOHEHTOM StatisticsManager 1 BUKOHaiiTe
HEOOXI1JJH1 HaJaIITYBaHH, AUB. MYHKT 5.3.2 1 po3aut 3, eTan 5 MEbOJIMYHUX BKa31BOK
no PI'P.

HanamryiiTe Moziesib TAKMM YMHOM, 1100 YEPTHd B CUCTEMI HE OYyJU IyCTUMH,
ajie ¥ He 3pOoCTald HECKIHYEHHO 1 JJIs MIATBEP/UKEHHS JOJalTe 10 3BITY KOIIIIO
iHTepdeicy 3acTOCYyHKa 3 BIAMOBIIHUMHU HAJAIITYBAHHSIMU MOJENI 1 PEe3yJIbTaToM
TecTyBaHHA. Yac MojentoBaHHS Mae OyTH JIOCTaTHbO JOBTUM  (JIUBITHCS
HaJalITyBaHHS Yacy MOJICIIOBAHHS B JIAOOpATOPHii poOOTI).

[TepeBipTe poOOTY 3aCTOCYBaHHS y PEKUMI OTPUMAHHS CTATUCTUYHUX JaHUX.

OTtpumaiite ricrorpaMu Jijisi mapaMeTpiB CUCTEMH 1 3aIKCYWTE iX I 3BITY.

5.6 3micT 3BiTY

Ha3sga i1 meTa poboTu.

[Tizpo3ain 3 pe3ynbTaTaMu €KCIEPUMEHTIB 3 MOJIEJUTI0 OKPEMUMU ITYHKTAMH Y
BUIJISII KOMIH €KpaHiB, TaOJINIb, TpadiKiB 1 CTOBIYACTUX AlarpaM 3 BUCHOBKAMH.

[Tizpo3ain 3 pe3yabTaToOM TECTY.

[limpo3ain 3 pe3ynbraramu BHKOHaHHS eramy PI'P B sxomy marote OyTu
HaBeJIeHI (PparMeHTH KOy HIAKIIOYEHHs (PaOpuKu 3 MOSACHEHHSIMU Ta METOAU
peanizariii iHTepdeiicy IStatisticable.

Takox y OKpeMHX MyHKTax pO3IJIIHYTH KOXEH BHJl CTATUCTUYHUX JaHUX,
30KpemMa, Tpeba HamucaTH, SIKUM YMHOM OYyJTH OTpUMaHi 11l CTATUCTUYHI JJaH1 1 HABECTU
BI/IMIOBITHI T1CTOTPaMH.

BucHoBKM 3a pe3ynpTaTaMH MOPIBHSHHS TEOPETUYHHUX 1 €KCIEPUMEHTAIbHUX
JaHUX 1 MOXJIMBOCTI 3aCTOCYBaHHS MoJieni ais gociimkenHs CMO;

KoHTposbHI nMTAHHSA
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1. HamamroBaTu aiarpamy KJaciB IMPOEKTY KJAciB, 110 peai3oBaHl y MPOEKTI 1
JaTH XapaKTEPUCTHKY 3B’ sI3KIB MK 00’ €KTaMH KJIacCiB .

SIK CTBOPIOETHCS MOJIENb 1 K1 3aBJJaHHSI BOHA BUKOHYE.

SIK BUBOAMTHCA Jiarpama 3MiHU JOBXUHHU YEPTH.

SIK y MO/ieTi BUBHAYAEThCSI CEPelHs JOBKHUHA YEPTH.

SIK y Mo/ieTi BUBHAYAE€ThCA Yac OUiKyBaHHS B Uep3i.

Sk y Mozieni BUBHAYA€ThCA IMOBIPHICTD MOSIBU YEPTH AKOICh JOBKUHHU.

Sk y MoJieni BU3BHAYA€ThCA CepeiHii yac 00CIyroByBaHHS 3asBKU.

Sk y MoJien BUBHAUUTH 3aBaHTAXEHHS! 00CIYyTrOBYIOYOTO MPUIIALy.

Sk TeOpeTHYHO BU3HAYAETHCS IMOBIPHICThH MOSIBU YEPTH OAHIET a00 1HIION
JIOBKUHHU.

10.51x TeOpETUYHO BU3HAYAETHCS CEPEIHS JOBKHUHA YEPTH.

11.51x TeopeTUYHO BU3HAYAETHCS Yac OYIKYBAaHHS B Yep3l.

12.5Ix TeOpeTUIHO BU3HAYUTH CEPEIHIN Yac 00CITyrOBYBaHHS 3asBKU.

13.5Ik TEOpETUYHO BU3HAYUTH 3aBaHTAXEHHS 00CITyTrOBYIOYOTO MPUIIATY.

WCoNRWN
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6 IABOPATOPHA POBOTA Ne 6.
ABTOMATU3ALIA NTPOBEAEHHA OJHOPAKTOPHUX EKCIIEPUMEHTIB
3 IMITAUIAHUMHA MOJEJISIMUA

6.1 Meta poboTu

B pesynbrari BukoHaHHS 1a00paTOpHOT POOOTH CTYACHT Ma€ OTPUMATH TaKi
3HAHHS Ta HABUYKU:

— TMO3HAaHOMHTHCS 3 METOAMKOIO IUJIaHYyBaHHS Ta OOpPOOKH pe3yJbTaTiB
0THO(aKTOPHUX OaraTopiBHEBUX CKCIIEPUMEHTIB Ha MPUKIAAL TOCIIKEHHS BILIUBY
Koe(IlliEHTY 3aBaHTaKEHHS CUCTEMU Ha IMOKa3HUKU POOOTH MPOCTOI CHUCTEMH
MacOBOTO OOCITYyrOBYBaHHS;

— CIUIaHyBaTH Ta MPOBECTH OJHOGAKTOPHI OaraTopiBHEBI €KCIEPUMEHTH 3
MOJEIII0, SIKy cTBOpeHO B PI'P, Ta BH3HauuTH BIUIMB BUOpaHOro (HakTopy Ha
MMOKA3HUKU POOOTH CUCTEMH.

6.2 KopoTtki TeopeTu4Hi BitoMocTi npo niianHyBaHHs
OJHO(AKTOPHHMX eKCIIEPUMEHTIB Ta 00POOKY IX pe3y/ibTaTiB

Ockinpku mpouecu B CMO MaThb CTOXaCTMUHUM Xapakrep, TO IpuU
MOJIETIIOBaHH1 MTPOBOSATH HE OJIUH, a 0arato ekcriepuMeHTiB. Lle nos’s3ano, B nepiry
4epry 3 TUM, 110 Pe3yJIbTaT MOJIEIBHOIO EKCIIEPUMEHTY BEIMUMHA BUIIAIKOBA 1 TOMY
noTpedye OLIHKK TOYHOCTI, a TOYHICTh OTPUMAHUX JAHUX MOKHA OL[IHUTH JIULIE B
TOMY BUNAJKY, SIKII0O MU MAaeMO y PO3MOPSAIKEHHI BUOIPKY BUIAJKOBUX BEIMYUH.
KpiM Toro, MozieiatoBaHHsI 4acTO MPOBOJUTHCS 3 METOIO 3HAWTH 3aJI€KHICTh JEAKOl
XapaKTEPUCTUKU JTOCHIII)KYBAHOT CUCTEMH Bij (DaKTOpIB, K1 BIUIMBAIOTh Ha Hei. [l
L[bOT'O JIOBOJUTHCS IPOBOJUTH CEpli EKCIEPUMEHTIB MPU PI3HUX 3HAYEHHSX (DAKTOPIB.
Yum OlnbllIe eKCIIEPUMEHTIB B OJIHIN cepii 1 YuM OUTbLIE PiI3HUX 3HAYEHb (PAKTOPIB, K1
aHAJI3YIOThCS, TUM TOYHIIIE JOCHITHUK MOXE OIIHUTH 3aJeXKHICTh, SKa MOro
LIKaBUTh. 3 1HIIOro OOKy, UMM OUIbIlIE€ €KCHEPUMEHTIB, TUM OLIbIIEe BUTPAT Ha iX
MpoBeeHHs. ToMy MpU MOJIETIOBaHHI TOBOAMTHCS BUPINIYBATU 33/1auy MJIaHyBaHHS
€KCIIEPUMEHTIB JUIsl TOTO, 00 AOCATTH Oa)kaHOTO pe3yibTaTy 3 MIHIMaJIbHUMU
3aTpaTaMu.

3a3Buuai, Ipy MPOBEACHHI €KCIIEPUMEHTIB MOTPIOHO BUPIIIIUTH TaKl 3a/1a4i:

— BHU3HAYEHHS 3Ha4eHb (PaAKTOPIB, [JII  SIKUX  TMPOBOAITHCS  cepii
€KCIIEpUMEHTIB;

— BHM3HAYEHHS KUIBKOCTI €KCIIEPUMEHTIB B OJIHIH cepii;

— BuOip (QyHKIIT perpecii s OTPUMAHMX PE3YNbTATIB 1 BU3HAYCHHS
napameTpiB 1€l QyHKIIiT;

— OIliIHKa  QJICKBAaTHOCTI OTpUMaHOi  (QYHKIi perpecii pe3yabTaTam
EKCIIEPUMEHTY;

— OILIIHKA TOYHOCTI OTPUMAHUX PE3YJIbTATIB.
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6.2.1 OnHodakTopHUI eKCIEPUMEHT HA OJJHOMY PiBHi

ExcriepuMeHTH Ha OTHOMY PiBHI MPOBOJSATH 3 METOIO OIIIHKY 3HAYCHHSI (DyHKIIIT
BIATYKY i1 JaHoro 3HaudeHHs (akrtopy. HeBimome 3HaueHHs (QYHKIIT BIATYKY
BU3HAUAETHCS 3a pe3yiabTaTaMH cepii 13 JEKUTbKOX EeKCIIEPUMEHTIB MUIIXOM
3HAXOJKEHHS CEPEAHbOT0 3HAYEHHS IIUX PE3YIbTAaTIB.

OTprMaHe TakMM YUHOM 3HAauY€HHS (YHKIII BIATYKY Ha3WBalOTh TOUYKOBOIO
OLIIHKOIO, BiJl CJIOBA TOYKa, TOOTO rpadiuHo 11e 3HaYCHHS B1I0OPaXKaETHCS TOUKOIO.

VY Bumajky, SKIIO EKCIEPUMEHTIB IPOBEICHO Iyke Oararo, TO OTpUMaHe
cepenHe OyJie IPeACTaBIATH 3HaUYeHHS QYHKIIII BIATYKY JOCUTH TOuHO. Lle moB’s3aH0
3 TUM, 110 JUCHEPCIs CEPENHBOTO Y N pa3 MEHIIIE JUCIEPCli TOYaTKOBUX BUIIAAKOBUX
BEJIMYUH, JI€ N - KIJIbKICTh HOBTOPHUX E€KCIIEPUMEHTIB..

[Ipu BuOIpKax mMajaoro 00’eMy TOYKOBA OI[IHKA MOYKE 3HAYHO BIJAPI3HITHUCH BIJT
JHACHOTO 3HAYEHHsI OLIIHIOBAHOT BEJIMYMHU. 3 II€1 MPUYNHU MPU HEBEIMKUX BHOIpPKax
MPUIHATO KOPUCTYBATHCS IHTEPBATBHUMHU OI[IHKAMHU. Y 1[bOMY BHUIIAJKy 3HAYCHHS
(GyHKLIT BIITYKY BU3HAYAETHCS JOBIPYMM 1HTEPBAJIOM, IKUH 3a/1a€ N1aa30H, 3 IKOro
MO>K€ MPUKUMATH 3HAYE€HHS PYHKUIS BIATYKY, «BI[... JI0...».

Jns toro mo0O MNpaBUIBHO CIUIAHYBATH KUIBKICTh EKCHEPHUMEHTIB OJHO-
(aKkTOpPHOTO EKCIIEPUMEHTY, TOTPIOHO 3HATH, SK 1€ 3HAYCHHS BIUIMBAE HA IIUPHHY
JOBIPYOTO 1HTEPBATY.

6.2.1.1 JloBipunii inTEpBaN

JloBipuuii 1HTEpBaJ BU3HAYAETHCS JBOMA YHCIAaMH — KIHISMH 1HTEpBAIY.
['panuii iHTEpBaly OOYUCIIOIOTHCS TaKUM YHMHOM, MO0 IIed 1HTEepBaj OXOIUIIOBAB
JiMiCHE 3HAYeHHS OLIIHIOBAHOT BEJTMYMHU 13 3aJIaHOI0 IMOBIPHICTIO.

IMOBIpHICTB, 3 SIKOIO JIOBIpYMI I1HTEpPBaJl OXOIUIIOE ICTUHHE 3HAYEHHS
BEIIMYMHU, HA3UBAIOTh JIOBIPYOIO IMOBIPHICTIO, 200 HAIHHICTIO.

[Iupuny gOBipYOro IHTEPBATY MOXHA 3HAWTH, SKIIO BIJOMHM 3aKOH
PO3MOAUICHHS JUTsI BUTIAQJAKOBOI BEIMYMHU CEPEIHBOTO 3HAUYCHHS. BuxXomsuu 3 TOro,
0 CepeHE 3HAYCHHS BU3HAYAETHCS HA IMJICTaBi CyMH BUTNAAKOBHX BEJUYHH, IO
HE3HAYHO BIAPI3HAIOTHCS OJHA BiJ OAHOI, IS BEJIWYMHA MIANOPSIAKOBYETHCS
HOpMaJLHOMY 3aKOHY (TeopeMa JIsmyHoBa).

Jucnepcito cepeHbOr0 3HAYCHHS MOXHA 3HAWTH, 00paxXyBaBIIU TUCIIEPCIIO

pe3yabTatiB ekcrepuMenTie D .
eKcn

D -D /n (6.1)

cp eKcn

JIyis HOpMaIBLHOTO PO3MOJIIJIEHHST BIJIOMO, IO 3 IMOBIPHICTIO Y BHIAJKOBA
BEJIMYMHA I10I1aJ1a€ B Ilarra30H

mtt-o (6.2)

JIe M — MaTeMaTHYHe OYiKyBaHHS BUITAIKOBOI BEIMYUHU BIJITYKY;
0 — CepeaHbOKBAIPATUYHE BIIXUJICHHS;
Y — IIOBIpYa IMOBIPHICTb;
t, — uucIo, 11 SIKOTo MoBiMHE 3HaueHHd (QyHKLIT Jlannaca JOpiBHIOE Y.
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Jia imoBipHOcTi ¥ = 0.95, t, = 1.96. lna v = 0.99, t, = 2.57. [na iHmux
IMOBIPHOCTEH 11€ YHCIIO MOXKHA 3HaWTH B TaOmuIix (yskimii Jlammaca. 3a 3Bu4aii
npurMaroTh y = 0.95.

TaxkuM yrHOM, SIKIIO 3HANIEHO CEepeNHE 3HaYeHHs PyHKIII BIATYKY Yc¢p, 1 BlIOMA
JUCIIepCisl pe3yJIbTaTiB eKCIIEPUMEHTY, TO MOXKHA CTBEP/IXKYBATH, 1110 3 IMOBIPHICTIO Y
ICTUHHE 3HAYCHHSI Y 3HaXOAUTHCA Y Jlara3oHi

ycp—ty- D,ccn/N - ycp+t7-,/D9Kcn/n (6.3)

['panuti nporo giana3oHy 1 3a4ar0Th JOBIPUUN 1HTEpBAJ AJIS ).
dopmyia 11 00YUCIICHHS TOJIOBUHU ITUPHHM JIOBIpYOro iHTEpBay HaOyBa€e

TAaKOTO BHTJISTY
A, = ty-,/DaKcn/n (6.4)

p

I3 i€l Gpopmynu BUIUIMBAE, IO HMIMPUHA JOBIPUOTO 1HTEPBATY 30UIBIITYETHCS
MPOTIOPIIIiHE KBaJPaTHOMY KOPEHIO 13 JHUCHEpCii EKCHEPUMEHTY 1 3BYXKYEThCS
MPOTIOPIIiiHE KBAJAPATHOMY KOPEHIO 13 KUIBKOCTI €KCIepuMeHTIiB. OTxe, K0 MU
X0YE€MO 3MEHIIUTHU IHUPUHY 1HTEPBAILy BABIYl, MOTPIOHO MPOBECTH Y 4 pas3u OLbIie
EKCIICPUMEHTIB.

Cnig matd Ha yBasi, U0 BEJIMYMHY t, MOXKHA 3HaXOAWUTU Yy BIAMOBIIHOCTI 3
¢dyukiiero Jlammaca Titbku pu 06’emax BuOipku N > 30. Ile mor’s3aHo 3 TUM, IO
OLlIIHKA AUcHepcii eKCHePUMEHTY Diyen O BHOIpLI Majoro po3Mipy Oyjae HETOYHOIO.
Tomy, npu Mmanux BUOIpKax, Ui BUSHAYEHHS ty TOTPIOHO BUKOPUCTOBYBATH KPUTHYHI
3HaueHHs1 posnojuieHHs Crt’rogeHTa s n-1 yuciaa CTeneHiB CBOOOIU, pPIBHI
3HAYUMOCTI, SIKMI JOPIBHIOE 1-y 1 TBOCTOPOHHINA KpUTHYHINA oOnacti. Lle nmpu3BoauTth
710 PO3LIMPEHHS TOBIpYOro iHTepBaly. Tak npu 95% naniitHocTi 1 00’ em1 BuOipku 30
koeiwieHT t, nopiBHIOE 2.05, a npu 00’emi BubOipku 10 ctae piBHuM 2.23. ToOto npu
Manux 00’eMax BHUOIPKH, IIMPUHA JOBIPYOTO IHTEPBAy MPH 3MEHIIEHHI YHCIA
EKCIIEpUMEHTIB OyJie 3017bIITYBATHCh IMIBUIIE, HDK KOPIHb KBaJIpaTHUH 13 00’emy
BHUOIPKH.

Takum 4YMHOM, YHUCIIO €KCTIEPUMEHTIB B Cepii MOke OyTU BUOPAHO BUXOJSYH 3
MOTPiIOHOT TOYHOCTI OTPUMAHUX PE3yJNbTATIB 13 ypaxyBaHHSM JHCTEpCIi
EKCIIEPUMEHTY.

6.2.2 Onnodakropuuii 6araTopiBHeBHii eKCIIEPUMEHT

6.2.2.1 [InanyBaHHs1 6araTopiBHEBOIO EKCIEPUMEHTY

ExcriepuMeHTH Ha AEKIJIbKOX PIBHIX (PAKTOPY MPOBOJSATH 3 METOIO BU3HAUCHHS
3a5IexHOCT1 (DYyHKIIT BIATYKY BiJ 3HadeHHs Qakropy. Ilepma mpoOnema, sky mpu
IbOMY HEOOXIJHO BUPINIYBATH, 1€ BU3HAUEHHS KIJBKOCTI PIBHIB (DAKTOpY, HA SKUX
OyJie MPOBOIUTHUCS EKCIIEPUMEHT.

[Tpu BupimeHHi miei mpobdaeMu MOTpiOHO KePyBaTUCh TAKUMH MipKYBaHHSIMHU:
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— 3 TOYKHM 30py OIIIHKM TOYHOCTI pe3yNbTaTiB, Kpalle MpPOBECTH Oararo
EKCIIEPUMEHTIB Ha HEBEJMKIM KUIBKOCTI PIBHIB, HIK HEOAraTto €KCIEpPUMEHTIB Ha
0araThOX piBHIX;

— KUIBKICTh PIBHIB IOBMHHA OYTH HE MEHIIE, HDK 4YHCIO HEBIJIOMHX
KoedirieHTiB GyHKIT perpecii;

— TIepeBiIpKY Ha a/IeKBaTHICTh MOKHA MPOBECTH TUIHKU B TOMY BHUIIA]IKY, SKIIIO
4yuCciIo PiBHIB (akTopy Olible, HDK YHCIO KoedilieHTiB (YHKIT perpecii, sKi
HEOOXI1JIHO BUBHAYUTH;

— OaxkaHo, 11100 YKCII0 €KCIIEPUMEHTIB Ha PIBHAX OYJIO OJTHAKOBHM.

BpaxoByroun 11i MipKyBaHHS, MOXHa PEKOMEHAYBAaTH BUOMPATH YMCIIO PIBHIB
Ha 1 Oinpine, HIK YHCIO HEBioMux KoedimieHTiB ¢GyHKIIT perpecii. SKmo x
OpUNYIIEHb TPO BUMJSAA Ii€l  GYHKIIT HeMa, CIiJ TOYMHATH IPOBEJCHHS
EKCIICPUMEHTIB Ha TPhOX PIBHAX, a MOTIM, y BHUIAJIKy HEOOXI1THOCTI, MOCTYIOBO
30UTBIITYBATH 1X KUIBKICTb.

[Ticnst BUOOPY KUIBKOCTI PIBHIB CJIi1 BUOMpPATH 3HAUYCHHS (DaKTOPY SISl KOKHOTO
piBHs. [Ipu BupieHHi i€l npobiieMu MOXHA KEPyBaTUCh HACTYITHUM:

— EKCIEpUMEHTH OO0OB’A3KOBO NPOBOJATHCA Ha Kpasx o01acTi, IO Hac
IIKaBUTh;

— 3Ha4YCHHs (PaKTOpy, 10 3AIMIIUIUCH, 0aKaHO PIBHOMIPHO PO3MOAUIATH B
00J1acTi, sIKa JJOCIIIKY€EThCS.

6.2.2.2 O6poOka ekcrepruMeHTAIbHUX JaHUX

[Ticnst mpoBeneHHs €KCIIEPUMEHTIB CII1J] BUBHAUUTU CepeAHE 3HAUCHHS (QYHKIIIT
BIJITYKY 1 IUCIIEPCIi BUIMTAJIKOBOI BEIMYUHU JIJI1 KOKHOTO PiBHSI.

Otpumani cepeiHi 3HaueHHS GYHKIID BIATYKY /I PIBHIB MOXYTh OyTH
BUKOPHWCTaHI B MOJAIBIIOMY JJIsi OTpUMaHHs (YHKIIIT perpecii, a 3Ha4eHHs AUCTIepCii
— JUTsL OOUMCIIEHHS CEPEAHBOI JUCTIEPCIT EKCIIEPUMEHTY.

6.2.2.3 TlepeBipka 0THOPITHOCTI qUCTIEpCii

Hucnepcis QyHKOii BIATYKY Ha PI3HMX PIBHSAX IMOBMHHA OYyTHM NPUOIU3HO
OJIHAaKOBOI0. JIWille B IbOMY BHUMIAJKy MOXHa OyJ]ie MOBIPATH CTATUCTUYHINA OI[IHIII
3HAYUMOCTI BIJTUBY (aKTOPy HA (PYHKI[IFO BIATYKY 1 OLIHII aIEKBATHOCTI MOJIEII.

Jns Toro moO0 OIIHUTH, YM BUKJIMKAHA PI3HUIT B OTPUMAHUX 3HAYCHHSX
JUCepcii JMIIe BUIMAIKOBUMH (haKTOpaMu, MOXHA BHKOPHUCTOBYBATU KPHUTEPIH
Koupena. Bin BUKOPUCTOBY€ETHCS JIUIIIE B TOMY BUITAJIKY, KOJH YHUCIIO €KCIIEPUMEHTIB
Ha KOXXHOMY PpiBHI oOfHakoBe. B sikocTi oOmiHKM B UbOMY KpUTepii
BUKOPHCTOBYEThCSI BiIHOIIEHHSI MAKCHMAJBbHOI JuUcCHepcii 10 cyMH BCix
aucnepciii. OueBUIHO, IO 1€ BITHOLIEHHS HE MOXe OyTH OuTbllle OAMHMII 1 MEHIIIe
1/p, ne p — KIIBKICTH PiBHIB. B OCTaHHROMY BHUITAJIKy BC1 TUCTIEPCIi OTHAKOBI.

OTpumaHe 3HAUYCHHS BITHOIICHHS TTOPIBHIOIOTH 13 KPUTUIHUM 3HAUCHHSM, SIKE
MOXHA 3HAWTH B CTATUCTUYHUX TaOMUIsAX posnojiieHHs KoupeHa mo KUIbKOCTI
CTENeHIB CBOOOIM JUIS OI[IHIOBAHMX JMCIIEPCiH, ske mopiBHIOE n-1 (N — KiJIbKICTh
JOCIIIB Ha PiBH1), KUIBKOCTI MOPIBHIOBAHUX JUCIEPCId 1 NPUUHITOMY pIBHEBI
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3HauuMocTi. Hanmpukinan, npu piBH1 3HauuMocTi 0.05, KUTBKOCTI piBHIB 4 1 KIJIBKOCTI
eKCIIepuMeHTIB Ha piBHI 10 oTpumyemo kputuuHe 3HaueHHs 0.5.

Sxmo po3paxoBaHe 3HAYCHHS BITHOIICHHS MEHINE KPUTHYHOTO, IUCIIEPCIi
MOKHA BBAYKATH OJTHOP1THUMH.

SAxio mucrepcii OMHOPIAHI, TO B SIKOCTI OIIHKK TOYHOCTI €KCIIEPUMEHTIB, SKi
MIPOBOJICHO, MPUUMAIOTH 1X CepeHE 3HAUCHHS.

9Kcn o Z Dy p (6:5)
=7

Sxio aucrnepcii HEOIHOP1IHI, EKCTIEPUMEHTATOP PU3UKYE «3ariTHOTHU3YBATH
ceOe YMCIOBUMH OIlIHKaMH, SIK1 HacTpaBil MOMUIKOBI. ToMmy moTpiOHO cripoOyBaTh
3poOuTu nucrepcii OAHOPIAHMMHU. JlAs 1BOrO MOXKHA BHUKOPUCTATH JESKE
neperBopeHHs (yHKIIi BiAryky. JlocuTe 4acTto Jomomarae Jorapu@mivHe
MEPETBOPEHHS, TOOTO 3aMICTh PIBHSAHHA perpecii Buay y=fl(X), BUKOpPHUCTOBYIOTbH
piBHsIHHS In(y)=f2(X).

6.2.2.4 IlepeBipka 3HAUMMOCTI (pakTOpy

BusHauuBmm cepeaHe 3HaueHHA (YHKIII BIATYKY Ul 3Ha4€Hb (DakTopy, SIKi
aHaTI3YIOThCS, 1 3HAIOYHM JUCIEPCII0 eKCIIEPUMEHTY, MOXKHA OIIHUTH, YH BIUIMBAE
dakTop Ha GYHKIIO BIATyKy. SIKIIO BIATOBIAL Ha IIe NMUTAHHS HE OYEBHJIHA,
IPOBOJAATH CTATUCTUYHY OLIIHKY 3HAUUMOCT1 ()aKTOpy 3a JOIOMOTOI0 AUCIIEPCIIHOTO
aHami3y.

OcHOBHa 1/1€s1 AUCTIEPCIHHOTO aHalli3y MOJSATrae y MOPIBHSAHHI BIIXWIEHb, K1
BUKJIMKAHI 3MiHaMH (akTopy, 3 BIAXWICHHSMH, SKI BHUKJIMKaHI I[OXHOKaMU
€KCIIEPUMEHTY.

JInst OUIHKM BIAXWUJIEHb, BUKIMKAHUX 3MiHAMU (PaKTOpPy, BUKOPHUCTOBYETHCS
nucnepcist paxtopy (Dgy), sika mpencraise co0O0 TUCTIEPCiIO BiIXWICHb CEPEIHIX
3Ha4Y€Hb (PYHKIIIT BIATYKY BiJI 3arajJbHOTO CEPEIHBOTO.

p
TF-y)°
D =| =1 (66)
g p_]_

7€ Yi3 IHJIEKCOM (p, — CEepeHE 3HaUeHHs (QYHKIIIT BIATYKY Ha 1-My piBHI;
y — 3aranbHe cepeaHe QYHKINT BIATYKY Ha BCIX PIBHSIX.
Uucno cremneHiB cBoOoaM g AMCHEpCii, OTpUMaHoi 3a i€ (HOopMyJioro,
nopiBHIOE p-1.
BrmnuB ¢akTopa Mae 3HaYeHHS B TOMY BHUIAJKY, SKIIO IUCIEpCis ¢akTtopa
Habararo Ouiblle AMcrepcii cepeAHiX 3HauyeHb (DYHKIIT BIATYKY, sika MOXe OyTH
3HaIeHa 13 aucnepcli eKCnepuMeHTY D, 0 popmyii 6.7

D _Doen 6.7)
y n

Jie N — KUTbKICTh €KCTIEPUMEHTIB Ha OJTHOMY PIBHI.
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KinbkicTh cTeneHiB cBOOOAM qUCIIepCii, OTpUMAaHO1 3a 1i€r0 GopMYyJIOr0, Taka XK,
SIK 1y JUCTIepCii eKCIIEPUMEHTY, 1 TopiBHIOE p*(n-1).

J171s OpiBHSIHHS TUCHIEPCiii MO’KHA BUKOPUCTOBYBATH kputepiit dimepa.

BB ¢akrTopa cyTTeBHil, SIKIIO BiIHOLIECHHsI aucnepcii ¢paxkropa m0
aucnepcii cepeaHix 3HavYeHb (PyHKUII BiAryKy Oijible KPUTHYHOIO 3HAYEHHSA
kputepito @imepa. OueBUIHO, IO TAKy MEPEBIPKY CIiA MPOBOIUTH JIUIIE B TOMY
BUIAJIKY, AKIIO AUCTEpCis (pakTopa MEepeBUIIye AUCTIEPCIIO CEPEIHIX 3HAUCHb. SIKII0
XK Jucriepeis (pakTopa MEHINe AUCTEpCii cepeHiX 3HaueHb, TO BIUIMBY (pakTopy Ha
BIITYK HEMA.

6.2.2.5 ®ynkuis perpecii

Sx110 BiIOMO, 110 BILTUB (hakTOpa €, MOXKHA CITPOOYBATH OTPUMAHY 3aJI€KHICTh
NPEICTaBUTH Y BUMISAL NedK0l (YHKINT, OJM3bKOI O €KCIEePUMEHTAIbHUX JaHUX.
Taky dyHKIiI0 Ha3uBalOTh (PYyHKIE perpecii, a rpadik i€l GyHKIIT HA3UBAIOTh
JIHIEIO perpecii.

BuOip ¢yHkuii perpecii JOCUTh HEJlerka cropasa 1 3ajieKUTh BiJl MUCTELTBA
€KCIIEpUMEHTAToOpa Ta MOro JOCBIY. 3 OJHOro OOKY (YHKIIA perpecii He TOBMHHA
OyTH CKIIaJIHOIO — LI€ 3pOOUTH 1i BUKOPUCTAHHS OUTbII TPYJOMICTKUM, 3 THIIOTO OOKY
BOHA NTOBMHHA J100pE y3ro/IKyBaTUCh 3 €KCIIEPUMEHTAIbHUMU JaHUMHU.

3pyuHinie BChOro (YHKLIIO perpecii MNpeacTaBIATH Yy BUIIISAL JIHIAHOI
KOMOiHaIli eJeMeHTapHuX (YHKIIH, sIK1 3aJIeKaTh Bl BeIUYUHU (akTopy. B nibomy
BUMAJIKY DyHKIIIs perpecii Oyae maTu Buriisn 6.8.

y(X)=aip1(X)+ az ¢ 2(X)+...+ an ¢ n(X) (6.8)

YV HaBejeH1| 3aJIeKHOCTI HEBIIOMUMU € KOe(illieHTH a1, a2 ,... an . B BUOOpY
3HaUYC€Hb IUX KOEQILIEHTIB 3aJ€XKUTh, SKUI BIUIMB Ha JIHIIO perpecii MaroTh
BIAMOBIIHI iM GyHKIT ((X). Hanpuknaz, Skimo nepeadadaeThes, M0 3aJICKHICTD, SKa
HAC I[IKaBUTh, OMTUCYEThCS PIBHAHHAM y = aXx + b, Tomi ¢1(X) =x, a ¢2(x) =1, i 3a1a4ero
TOCTITHUKA Oy/ie 3HalUTH HAaO1IBIT MIAXO/AII 3HaUeHHs al=a 1 a2=b.

6.2.2.6 Meron HaliMeHIIINX KBAIpAaTiB

Konu npuiiHsaTO pillleHHS TPO T€, SKI CKJIaJA0BI OYIyTh BXOIUTH JO CKJIATy
(dyHKIIT perpecii, mocrae 3ajaya BU3HAYCHHSI 3HAUYCHb KOE(MIIIEHTIB 1€l QyHKIIII.
3HayeHHs Koe]ili€HTIB MOBUHHI OyTH 3HAMICH] TAKUMHU, 11100 JIIHIs perpecii npouiia
AKOMOTa OJIMKYE 10 €KCIIEPUMEHTAJbHUX TOYOK. ICHYIOTH pi3HI METOAM TMOUIYKY
koedirieHTiB QyHKILII perpecii.

VY MeTo/l HaMEHIIMX KBaJpaTiB B SIKOCTI KpUTEPit0 OJM3BKOCTI JIiHIT perpecii
70 pe3yJbTaTiB  eKCHEPUMEHTYy TMNPUHAMAIOTh CyMy KBaJpaTiB  BiIXWICHb
EKCIIEpUMEHTAJILHUX TOYOK BiJ BIAMOBIMHUX 3HA4YeHb JIiHII perpecii. Halikpamummu
3HAYCHHSAMH KOE(IIIEHTIB BBAXKAIOTHCSA TaKi, MPHU SKUX CymMa KBaJpaTiB BIIXHICHb
Oyzae MiHIMaJIbHOIO.

il( peap _ y?KC”)Z —min (6.9)
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Jns Toro, mo0 3HAWTH ONTUMAaJIbHE 3HAYCHHS MapaMeTpiB, MOTPIOHO 3HANTH
YaCTKOBI MOX1AHI BiA (PYHKIIT 6.9 10 BCIM HEBITOMHUM KOE]II[IEHTaM 1 MPUPIBHATH 1X
no 0. Ilicns mpOro 3aiMIIAETHCS PO3B’SI3aTH OTPUMAHY CHUCTEMY JIIHIMHUX PIBHSHB
BIJIHOCHO HEBIJJOMHX 3HAYCHb IMAPaMETPiB.

B mpocrimoMy BuUNaaky, MpH OJHOMY HEBILAOMOMY KOe(Illi€HTI, IMJIbOBa
byukuis 6.9 npuitme Burisg 6.10.

i(aﬁﬂl(xi)—yf"m)z —min (6.10)

[Ticns nmudepeHmiroBaHHA TO HEBiGOMOMY KoedimieHTy al, oTpuMaeMo
piBHsiHHS 6.11.

p 2 p
a3 (@ x)]= > (0,005 (6.11)
I3 11bOTO pIBHSHHS HEBAXXKO 3HAWUTH BUpa3 6.12 it BU3HAYCHHS KOEIIlI€HTa,
KA MHA XOYEMO 3HAWUTH.

P p
a-=> [(Dl(xi),yfkcn)/ > [golz(xi )j (6.12)
i=1 i=1
V Bunazaky ABOX HEB1IOMUX KOe(ILIEHTIB L1IboBa (QyHKLIA 6.9 mpuiiMe BUIIIL
6.14.

n 2 .
i;l(ar%(xiﬂ a, -@,(X)— yf’“”j — min (6.13)

[Ticns nudepeHuioBaHHs MO0 HEBIIOMUM KoediuieHTaM al 1 a2, oTpuMaeMo
cUcTeMy piBHSIHB 6.14.

p p p IKCNn
alzl(golz(xi ))+a2i§1(§01(xi).¢)2(xi )j:igl((pl(xi)' Yi j (6.14)
alél[qol(xi).qoz(xi ))+a2é(¢§(xi )j _ iﬁ (%(Xi), yiekcnj

=1
Po3B’s13aB11IM 1110 cUCTEMY PiBHSIHb, OTPUMAEMO

<[ £[movn £ eio)- £ moo.00)Efo )|/

i=1 i=

a, { > (%(Xi )Y, j §1[¢f(xi ))—iﬁl[col(xi)wz(xi ))é((pl(xi)- Y, JJ / D

i=1 i=

ne
P NP, » :
D- ;1{{;01 <3 z (@) - z (@) @,5))
Lli dopmynu HaBeneHI TyT TOMY, 110 BOHHU peajizoBaHi y kjiaci RegresLinear,
ajie He JJIs TOro, 11100 X 3armam’sITOBYBaTH.

110



6.2.2.7 TlepeBipka ageKkBaTHOCTI JiHIi perpecii

[Tapamerpu ¢yHKII perpecii BU3HAYAIOTHCS BUXOASIYH 13 CEPeAHIX 3HAYCHBb
GbyHKIIT BIATYKY A7s 3HaUeHb (pakTopa, sKi aHanmizyloTbesa. [IpoTe miHis perpecii, sk
MPaBUJIO, MPOXOAUTh MK TOYKAMH, SIKI BiJMOBIZAIOTH IIMM CEPEIHIM 3HAYCHHSM.
Binxunenns miHil perpecii BiJ TOYOK, SKI BUKOPUCTOBYBAIMCH ISl 1i OTpUMAaHHS,
MOXYTh OyTH ItoOuMuU. Benuki BIIXWIEHHS CBIIYaTh MPO Te, M0 QYHKIIS perpecii
BHOpaHa HEBJAJIO 1 TOMY JIiHIS perpecii HeaJeKkBaTHA eKCIIEPUMEHTATHHUM JTaHAM.

JIns OIIHKK aJIeKBAaTHOCT1 JIiHIT perpecii BUKOPHUCTOBYIOTh JIUCIIEPCIIO
BUIMQIKOBUX BEJIMYMH BIIXWICHb CEPEIHIX 3HaueHb (YHKII BIATYKY BiJ JIiHII
perpecii, IKy MO)KHa Ha3uBaTH JHUCIEpCiero HeaaekBaTHOCTI (DHa).

> (P —yPP)?
D =i=1 (6.16)
Hao p—k

1€ Yicp — CEpPENIHE 3HAUeHHsI (PYHKILIT BIATYKY Ha 1-MYy PiBHI;
Yiprp — 3HaUEHHsI PYHKILIIT Ha JiHII perpecii AJi 1-TO piBHS;
P — 4KcI0 PiBHIB 3MiHU (PaKTOpPA;
K — uncio koedinientiB QyHKIIT perpecii, siki Oy 3HaWICHI 3a 3HAYCHHAMU

Yep-

KinbkicTh cTeneHiB cBOOOAM MJig IUCIEPCii, OTPUMAHOI 3a 11€10 (HOPMYJIIOI0
nopiBHIOE p-K.

OTprmaHe 3Ha4YEHHS MOPIBHIOIOTH 3 JUCIEPCIEI0 CepeHIX 3HAaYeHb (YHKIIII
BIITYKY, sIka MOXke O1TH 3HailfieHa 13 nucnepcii eKCIepUMEHTY Doyen , 32 (popMyIioro
6.7. Hucno creneHiB cBOOOAM UCIIEPCli, OTPUMAHOI 32 11i€10 GOPMYIIOI0, TaKe XK, K 1
y JUCIepCil eKCIePUMEHTY, 1 TopiBHIOE p*(n-1).

Sxio qucnepcis HealeKBAaTHOCTI HE TIEPEBUINYE JUCTIEPCIi cepeHIX 3HAUCHb,
TO JIIHIIO Perpecii MO’KHA BBAXKATH aJIEKBATHO.

Aximo x aucnepcis HeaJAeKBAaTHOCTI Ha0arato TO Il TMPUUHSTTS pIIICHHS
MO’KHa BUKOPUCTOBYBaTH kputepi dimepa.

JliHis perpecii MoXe BBa)KaTHCS HEaJeKBATHOIO, SKIIO BIIHOIICHHS JUCTEpPCii
HEaJIeKBaTHOCTI J0 AUCHEPCIi CepeIHIX 3HaYeHb (PYHKIIIi BIATYKY O1JIbIlI€ KpUTHYHOTO
3HaueHHd kpurepito Dimepa.

6.3 3aco0u Ay aBTOMaTH3alii NPpoBeeHHs 0HO(DAKTOPHUX
EeKCIIEPUMEHTIB Ta 00POOKH iX pe3yJIbTATiB

6.3.1 Komnonent ExperimenManager

B nakeri widgets.experiments micTuThea kinac ExperimentManager, sikuii Hajae
PO3pPOOHUKY IMITAIIHHUX MOJENel Bi3yallbHUN KOMIIOHEHT JUIsl aBTOMAaTH3aIlii
MPOBENICHHS OMHO(MAKTOPHUX EKCIIEPUMEHTIB, HAKOTHMYEHHS PE3yJbTaTIB IUX
€KCIIEPUMEHTIB 1 MOJABIIIOTO JUCTIEPCITHOTO Ta PErPECIHHOTO aHaTi3Yy.

KommonenT mepeabadae TEXHOJOTIO, BIAMOBIAHO JO SKOi  MOJEIb
CTBOPIOETHCS, HIIIATI3YETHCS Ta 3aIyCKAETHCS CAMUM KOMITIOHEHTOM.
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Heo0xigHOoI0 yMOBOIO JUIsi pOOOTH KOMIIOHEHTA € mepeaada oMy MOCUIIaHHS
Ha ¢pabpuky monenei, mo peanizye iHTepdeiic IModelFactory. 3B's130k  KOoMmOHEHTa
ExperimentManager 3 ¢abpukoo Mojeneil HaNTalITOBYEThCS YEpe3 METOJ
setFactory(IModelFactory).

CrBopuBm Mozaenb, koMmnoHeHT ExperimentControl mpuBoauth ii A0 TUITy
widgets.experiments. I Experimentable. Lle inTepdeiic, uvepe3 sKHIl KOMIIOHEHT
ExperimenManager Oyzae mpaitoBatu Mojeuto. ToOToO MOAENs Mae peani3oByBaTu
takuii iHTepdeiic. [lepenik MeToiB iHTEpdeicy HaBeeHO Y JICTUHTY 6.1.

Jlictunr 6.1 — [aTepdeiic IExperimentable

public interface IExperimentable {
public void initForExperiment(double factor);
public Map<String, Double> getResultOfExperiment();

Merton initForExperiment(double) BukIMKaeThcs Tepea KOKHHUM 3aIllyCKOM
MoJiel 1 Mae 3a0€3MeUnTH MiArOTOBKY MOJIEN O OJJHOKPATHOTO 3amycKy. B skocTi
napameTpa y METOJI epeaaeThCs 3Ha4eHHs (aKTOPy, BILUIUB SIKOTO BUBYAETHCA.

Meton  getResultOfExperiment()  BHUKOPUCTOBY€TbCS  JIIi  OTPUMAHHS
pe3yNbTaTIB €KCIIEPUMEHTY Miciis WOro 3akiHueHHs. KokeH elneMeHT KOJIeKIIii, 110
MOBEpTa€E e METOJ, B SKOCTI KJIIOYa MICTUTh TEKCT, IO 1ACHTU(IKYE pe3ysbTar
EKCIIEPUMEHTY, a 3HAUCHHSIM € caM pe3yibTaT. TaKuM YMHOM METOJ MOXE TTOBEpTaTU
OyJb SIKY KUIBKICTB BIJITYKIB Ha 3a/1aHe 3HAUYCHHS (PaKkTopy.

JIyist 3amycky Mojielli KOMIOHEHT OyJ/ie BUKOPUCTOBYBATH METOJ JUCIIETYEepa
start().

BizyanpHa KOMMO3HIIisI KOMIIOHEHTA MPeICTaBlIeHa Ha PUCYHKY 6.1.

PesyneTath eKCNepUMenTy Bubip thyHEwWil perpecii
| 50 -
o 4]
4] 8
L8
o
[
o
o -
I:Il Fat I Lt
Iilil 15 TecTyBaTH
Bubip pe3yneTaTtie eKCNEPUMEHTY JHAYEHHA dakTopy
| Pozmip kynu Bifl KinkkocTi aeTo v | | 133791214
[ILn MepepucoBaTH I MoeTopie Ha pieHi l_5| Crapt

Pucynox 6.1 — KommnoneHT 117151 aBTOMaTH3a11ii MPOBEJCHHS €KCIIEPUMEHTIB
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KoMIoHeHT MOKHa BUKOPUCTOBYBATHU SIK €JI€MEHT 1HTep(elicy KopucTyBaya y
3aCTOCYBaHHSX JIJIS IMITAIITHOTO MOJICITIOBAHHS.

3HaueHHs QaKTOpy, A IKUX MOTPIOHO MPOBECTH EKCIIEPUMEHTH, 3a/1al0ThCSI Y
BUTJISAJII PSAJIKa CUMBOJIB B T0JII «3HaueHHs QakTopy:». UHCIOBI 3HaUeHHS (PaKkTOpiB
NOBHUHHI OyTH PO3AUIEH] IPoOiIaMu.

KinpKicTh €KCTIEpUMEHTIB, IO MAIOTh OYTH TPOBEIESHI I KOKHOTO 3HAYCHHS
bakTopy, 3amaerbes y ot «IloBTOpiB HA PiBHI:».

Knonka «Crapt» Bukiaukae metoj buttonStartClick(), sixkuii 3abesneuye
IPOBEJCHHS 3aJ]aH0i KIUIBKOCTI EKCIIEpUMEHTIB Ha KOXHOMY piBHI. [lig dac
IIPOBEJICHHS €KCIIEPUMEHTIB Ha Jilarpami BiIoOpa)xaroThCsl TOYKH, SIK1 BIAMOBIIAIOTH
OTPUMAaHUM pe3yJibTaTaM, 110 3a0e3neuye AMHAMIYHY 1HAUKAIII0 X0y €KCIIEPUMEHTY.

Ha gac npoBenenHs ekciepuMeHTy KHomka «CTtapT» OJOKY€EThCS.

Pe3ynbTaTi eKcrepuMeHTIB MOXKYTh OyTu mpo Jorapudmonani. [Jns mboro
BUKOPHUCTOBYETHCA MepeMuKad «Lny.

Posrnsaemo, ik KOMIIOHEHT OpraHi3ye MPOBEACHHS €KCIIEPUMEHTIB 3 MOACILIIO.

JIist mpoBeIEHHSI €EKCIEPUMEHTIB CTBOPIOETHCS MYJI MOTOKIB, Y KUJIBKOCTI, IO
BIIMOBIIa€ KUIBKOCTI Si7Iep Tpoliecopa.

Jlami B MeTOAl OpraHi3oBaHO MOJBIMHHMI LUKI, 10 3a0e3nedye MpOBEACHHS
MOTPIOHOT KIJTBKOCTI €KCIEPUMEHTIB. JIJIsi KOXKHOTO EKCHEPUMEHTY CTBOPIOETHCS
OKpEeMHUH TOTIK, IKUH MepeIacThCs y Myl A1 BUKOHAHHS.

KoxHMii 3 1uX NOTOKIB MEPII 32 BCE 3a JONOMOTror0 (pabpHKu CTBOPIOE MOEIb.
Hami, gyepe3 meron initForExperiment() mozeni mepenaeTscsi 3HaAYeHHS (PakTopy 1
MOJIETIb AKTUBI3YETHCS 3a IOIOMOI'0OI0 METOly ucneTdepa start().

IIpo 3akiHYeHHA EKCHEPUMEHTY KOXHUKA TIOTIK JI3HAEThCA 3  TMOIIi
DispatcherFinishEvent. Pe3ynpTaTin ekcnepuMeHTY MOTIK OTPUMYE 3a JOMOMOTOIO
merony getResultOfExperiment(), sikuii moBepTae KOJEKIIIO pe3yJabTaTiB 3 1X
Ha3BaMu. Ll pe3yabTaTi 3aHOCATHCS A0 1HIIOL KOJIEKIIT, 110 30epirae pe3yyibTaTh ycix
€KCIIEPUMEHTIB.

KinbKicTh IpOBEIEHUX EKCIIEPUMEHTIB KOHTPOJIOETHCSA 32 JOIIOMOT 00 00’ €KTa
kiacy CountDownLatch.

Konu yci ekcrnepuMeHTH NpOBENEHO, (OPMYETbCS TMEPENiK PSJIKIB IS
komrnoHeHTy ComboBox 1 mepina 13 OTpUMaHUX 3aJeKHOCTEH BUBOJMUTHCS Ha
niarpaMmy. [HII 3aJIe)KHOCTI MO’KHA MEPErVISIHYTH, BUOMPAOYM BIJAMOBIIHIA PSIIOK
komroHeHTy ComboBox.

o ckiany kommoHeHTy ExperimentManager BKIIIOYEHO TaKOX KOMIIOHEHT
kiacy RegresAnaliser 3a 1omoMororo siKoro MokHa miaiopatu QyHKIIi0 perpecii s
OTPUMAHUX PE3YyJIbTATIB 1 MPOTECTYBATH ii HAa aJICKBATHICTh

KomrioneHT mMoxke mpairoBatd abo y peKruMi OJHOPIBHEBOTO €KCIIEPUMEHTY,
a00 y pexuMi 6araTopiBHEBOTO €KCIIEPUMEHTY.

VY nmepuioMy BUNAJIKy KOMIIOHEHT BUAAE 1HGOPMAILIIO PO JOBIpUMNA 1HTEpPBAJ
JUISL pe3yJIbTaTiB €KCHEepUMEHTY 1 TpadiuHo BigoOpakae ioro po3mipu Ha (oHI
EKCIIEPUMEHTATbHUX JaHHX.

VY pexumi 0araTOpiBHEBOTO E€KCIIEPUMEHTY, KOMIIOHEHT J03BOJISIE BUOpATU
¢dyHKLIIO perpecii 1 3HaAWTHU 1i MapaMeTpu Ta OTpUMATH rpadiyHe BiAOOpaKEHHS.
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Oxkpim TOrO HajaeTbes iHGOpPMALS PO Pe3yJabTaTH MEPEBIPKM HA OJHOPITHICTD
JHCTIEepCiH, BIUIMB (DaKTOPY Ta aeKBaTHICTh (DYHKIIIT perpecii.

6.3.2 KomnonenT kiacy RegresAnaliser

B makeri widjets.regres mictuthcsi kinac RegresAnaliser, sikuii Hajmae
pPO3pOOHMKAM IMITAIIHUX MOJENeH Bi3yaJdbHUIl KOMIOHEHT Jii perpeciiHoro Ta
TUCHIEPCIHOTO  aHami3y pe3yJbTaTiB  eKCIepuMeHTiB. KOMIOHEHT MoKHa
BUKOPHUCTOBYBaTH MpU po3poOii iHTepdeiicy KOpHCTyBada Yy 3aCTOCYBAHHSAX IS
IMITAIIHHOTO MOJIEJTFOBAHHS.

[lepenbadaeThes, M0 JaHUK KOMIIOHEHT Oy/1€ MPAIfOBaTH 3 KOMITOHEHTAMH, SIKi
peani3ytots iHTepdeiic IRegresable. 3okpema, TakKMM KOMIIOHEHTOM € KOMIIOHEHT
kinacy ExperimentControl. 3B'a30k  KOMIOHEHTa 3 O0’€KTaMH, fKI peani3yloTh
inTepdetic IRegresable mamamroByeTbes uepe3 meron setIRegresable (IRegresable).

Onuc iaTepdeiicy IRegresable npencraBnenuii y nictunry 6.2. MeTonu 11p0ro
1HTEepQeicy 3a0e3MeuyroTh J0CTY 10 €KCIIEPUMEHTAIbHUX JIaHUX.

Jlictunr 6.2 — [arepdeiic RegresExperimentable

public interface IRegresable {
public double[] getFactorsArray();
public double[][] getResultMatrix();

}

Jl71st oTpuMaHHs pe3yJbTaTiB aHaMi3y y rpadiuHOMY BUTJISII KOMIIOHEHTY CII1JT
nepeaTy MOCUJIaHHs Ha jJiarpamy.

KoMnoHeHT Moxe mmpaitoBaTd abo y peKuMi OJHOPIBHEBOTO E€KCIIEPUMEHTY,
ab0 y pexxuMi OaraTopiBHEBOTO €KCIIEPUMEHTY, pUCYHKH 6.2, 6.3.

Application

Buaip dwHili perpeci I patpik rinepoonu y= 3/x+2

OucnepciAd ekcneUMEHTY
0.20431782505704438.
LKpKHa QoBipYOMD iHTERESMY

1.011973025851114. é
HW#HA TpaHKUA THTRREANY:
4 543239845340 782.
BepxHA rpaHEuA iHTepeany:
5.66021288520189745,

)
Lo

0
TectyBatn lilil Iiﬁ

Pucynok 6.2 — Anaini3 pe3ysbTaTiB OJJHOPIBHEBOTO €KCIIEPUMEHTY

VY nepuoMy BUNAIKy KOMIIOHEHT BUAAE 1HGOPMALIIIO PO JOBIpUUNA IHTEpPBAJ
JUISL pe3yJIbTaTiB €KCHEepUMEHTY 1 TpadiuHo BigoOpakae ioro po3mipu Ha (oHI
€KCIIEpUMEHTAJIbHUX JTaHUX.
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VY pexumi OGaraTopiBHEBOro €KCIEPUMEHTY, KOMIIOHEHT J03BOJIIE€ BUOpATH
byHKIiI0 perpecii 1 3HalTH 11 mapameTpu 1 oTpuMatu rpadiyae BinoOpaxenHns. Okpim
TOTO HAJA€THCA 1H(OPMaIIis IPO pe3yabTaTH NEPEBIPKU HA OJHOPIAHICTD AUCIIEPCIi,
BIUTUB (haKTOPY Ta aJeKBAaTHICTh (YHKIIT perpecii.

Application

BuGip doyHrLil perpecii Ipadcik rinepdony y= 3/x+2

(q=ax+h

FezyneTaTH TECTYEAHHA!
a=3.129188329296332
b=1.9302694246924716
Oducnepcil ogH0pOOHI
BnnWe gakTopy cyTTEEMA
NiHiA perpeccil agepKEaTHA

TecTyBatm

Pucynok 6.3 — [Ipuknan Bukopuctansas RegresAnaliser st ananizy pe3ysbTarTiB
0araTopiBHEBOIO EKCIIEPUMEHTY

Komnonent RegresAnaliser sBisie co0Or0 TUIBKH Bi3yajdbHY OOOJIOHKY. 3a
00poOKy Ta aHaJli3 TaHUX BIAMOBIAA€E 1€papXis KaciB 3 0a30BUM a0CTPAKTHUM KJIaCOM
RegresTesters, siki Takok MICTATbCA B akeTi widjets.regres. Came BOHM 3a0€3M€4yI0Th
JTUCTIEPCIMHUI Ta perpeciiiHuil aHali3 OTPUMaHUX pe3yJIbTaTiB.

6.3.2.1 Knac RegresTesters

lepapxis kimaciB, mo 3a0e3MeuyrOTh IUCIIEPCIHHUNA Ta perpeciiiHuil aHami3
pe3ynbTaTiB MOJCIIOBAHHS Ta MyOJiuHI MeToau kiacy RegresTesters mokaszani Ha
pPUCYHKY 6.4.

OOpoOka [aHUX IHIIIIOETHCS BHUKIUKOM MeTony testMatrix — kiacy
RegresTesters. YUepe3 mapameTpu IIbOr0 METOAY Ha OOpOOKY HAIXOIATh MaTpHIIS
pe3yNbTaTiB EeKCIEPUMEHTIB matrix Ta MacuB 3HaueHb (pakTopiB factorArray.

Buxnuk mMeToay mpu3BOIUTH A0 PO3PAXYHKY CTATUCTHYHUX XapPAKTEPUCTHUK
oTpuMaHuX AaHuX. OTpUMaHi XapaKTEPUCTHKHU 3araM SITOBYIOThCS Yy TOJSAX Kiacy
RegresTesters, sxi nepepaxoBaHi HIXKYE.

P — KIJTBKICTh PIBHIB 3MiHH (aKkTOpa.

N — KIJTbKICTh €KCIIEPUMEHTIB Ha PiBHI.

avrgArray — MacuB cepeiHIX 3Ha4eHb BIATYKY JUIsl KOKHOTO PIBHSI.

dArray — MacuB JucIiepCiit BiIryKy Ha KOXKHOMY PiBHI.

doverArray — MacuB IOBIpYHX IHTEpPBAIiB HA PiBHIX.

avrg — 3arajibHe CEepe/HE.

dEXpr — mucnepcist eKCIIePUMEHTY.
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dFactor — qucnepcis pakropy.

dAdequat — qucniepcist aaeKBaTHOCTI.

JlocTym 10 1MX MaHWX MOXJIMBHUH y MiJKIacax, a TaKOX peajli3yeThCs depes
MeToau get...() IbOoro Kiacy.

v O Object O" RegresTester
v ¥9" RegresTester @ " f(double) : doubls
v @A RegresSumkfunction etAvrg() _
© Regres1Giperbola © getvrgl: dout L
© RegresINonProportion @ gethvrghrray() )
© RegresINonProportion2 © getDAray() : double[]
© RegresiParabola ® getDExpr()
© RegresiProportion @ getDFactor()
(© RegresiSqrt @ getDoverArray() : double]
(© RegreslUndepend @ " getLabel( : String
© Regres2Giperbola @ isDispersUniform() : boolean
© Regreslinear @ isFactorValid() : boolean
(© Regres2Parabola @ isRegresAdequat() : boolean
© Regres3Parabola @ k0 :int

ol parametersAsString() : String
@ testMatrix(Map<Double, List<Double>>)
@ 4 toString() : String

Pucynok 6.4 — Cnagkoemrti Ta metonu kiacy RegresTesters

MeTton testMatriX mis mpoBeIeHHs JUCIEPCIHHOTO Ta PEerpeciiHOro aHajizy
BUKOpHUCTOBYE abcTpakTHi MeTou f() Ta k(), siki MatoTh OyTH pealli3oBaHi y MiKJIacax.

Meron f(double) BuKOpHUCTOBYETHCS i PO3paxyHKY 3HA4YE€Hb (PYHKIIT
perpecii.

Knac RegresTesters mae abctpakTHoro criagkoemirst RegresSumKfunction.

6.3.2.2 Knac RegresSumKfunction

Knac RegresSumKfunction 3abe3neuye oTpuMaHHS PIBHSHHS perpecii y
Burisdl f=al*@l(x)+a2*@2(x)+...+aN*eN(x), ae ¢1(x), 02(X), ..., N(X) — 10BiabHI
BU3HAYeH1 (yHKUII BiJ 3Ha4eHb (pakTopa, a HeBiaoMi koediuientu al, a2, ..., aN
BU3HAYAIOTh BUTJISA JIiHIT perpecii.

ITporokon knacy RegresSumKfunction HaBeaeHo Ha pUCyHKY 6.5.

Aobctpaktauii Meton functionList() moBeprae nepenik ¢ynkmiin ¢1(x), ¢2(X),
ooy ON(X).

Meron  calculateParameters()  BHUKOpPHCTOBYeTbCSI — [UISI  PO3PaXyHKY
koedimienTiB ¢pyHKuii perpecii al, a2, ..., aN.

HasBhicTe mepemiky ¢yHKIIN Ta KoedilieHTIB (YHKINI perpecii T03BOJIIE
peanizyBatu metoau f(), K() Ta parametersAsString().
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v @4 RegresSumEfunction
4 a:double[]
@ . calculateParameters() : void
@ .. f(double): double

et functionList(} : List<Function<Double, Double
@ getA( : double(]
= Y kD s int

@ - parametersAsString() : String

Pucynok 6.5 — [Iporokon kiacy RegresSumKfunction

6.3.2.3 Cnaakoemii kiacy RegresSumKfunction

Knac RegresSumKfunction mae nekinbka CHaIKOEMINB, V SKHX peasli30BaHO
NeBHA KUIBKICTh 1 KOHKpeTHUH BUTIIT QyHKIH @1(X), 02(X), ..., N(X).

Knac RegreslUndepend peanizye dyskuiro ¢l(x) y Burmam ¢l(x) = 1. B
pe3ynbTaTi BUXOauTh, mo kinac RegresUndepend peanizye ¢yHKIio perpecii Bumy
f=a. lle BumaoK, KOJIM BIATYK HE 3aJCKUTh Bl HaKTOPYy.

Knac RegreslProportion BUKOPUCTOBYETBHCS MJi1 CTBOPEHHS OO0 €KTIB, SKi
3a0€e3neuyloTh OTPUMaHHS pIBHSHHS perpecii y Burial f=a*x. Jlng umporo kmac
peanizye pyHkuiro ¢1(x) y Burmsai ¢1(x) = X.

Kiac Regres1NonProportion] BUKOpUCTOBY€ETHCS JJIsl CTBOPEHHSI 00 €KTIB, K1
3a0€3MeuyoTh OTPUMaHHSA PIBHSHHS perpecii y Burisaai f=a*x/(1-x). st nporo kiac
¢dyukmio ¢1(x) y Burmsai ¢1(x) = x/(1-X).

Knac Regres1NonProportion2 peanizye dynkuiro ¢1(x) y Burmsim ol(x) =
x*x/(1-x). B pe3ynbTari 3a0e3meuyeTbcss OTPUMAHHS PIBHSHHS perpecii y BUIIISII
f=a*x*x/(1-x).

Knac Regres1Giperbola peanizye ¢yukiiro ¢1(x) y Bursiai ¢l(x) = 1/x. B
pe3y/bTaTi 3a0e3MeuyeThCsl OTPUMAaHHS PIBHSAHHS perpecii y Buriisai f=a/X.

Knac Regres1Parabola peanizye dynkiio ¢l1(x) y Burmsiai ¢l(x) = x*x. B
pe3ynbTaTi 3a0e3Meuy€eThCsi OTPUMaHHS PIBHSHHS perpecii y BUrisial f=a*x*x.

Knac Regres1Sqrt peanizye pynkmiro @1(x) y Burmsaai ¢1(x) = Math.sqrt(x). B
pe3ynbTaTi 3a0e3MeuyeThCsl OTPUMAHHS PIBHAHHS perpecii y Burisai f=a*sqrt(x).

Knac Regres2Linear peaini3ye BU3HaUCHHs MapaMeTpiB QyHKIII perpecii BUILY
f=al*x+a2. B nupomy peanizoBano ¢yskimito ¢1(x) y Burisai ¢1(x) = X, a pyHKIIiI0O
¢2(x) y Burasal e2(x) = 1.

Knac Regres2Giperbola peanizye BuzHaueHHd mapameTpiB (QyHKIII perpecii
Buny f=al/x+a2. Jlns uporo knac peanizye gyskiito ¢l(x) y Burmsaai ¢l(x) = 1/x, a
bynkmio ¢2(x) y Burasma ¢2(x) = 1.

Knac Regres2Parabola peanizye pynkiii @1(x) = X*X, ¢2(x)= X. B pe3ynbrari
3a0e3neuyeThCsl OTPUMAHHSI PIBHSHHS perpecii y Burisia f=al*x*x + a2*x.

Knac Regres3Parabola peanizye dpyskiii 1(x) = X*X, ¢2(x) =X, ¢3(X) =1. B
pe3ynbTari 3a0e3meuyeThCsl OTPUMAaHHS PIBHSHHS perpecii y Burmsmi f=al*x*x+
a2*x+a3.
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Knac Regres4Parabola peanizye pynkmii @1(x) = X*X*X, ¢2(X) =Xx*X, ¢3(X)
= X, ¢4(X) = 1. B pe3ynbTati 3a0€3Me4y€eThcsi OTpPUMaHHI PIBHSIHHS perpecii y BUTIISAIL
f=al*x*x*x+ a2*x*x+a3*x+a4.

6.3.2.4 Po3mupenss nepeniky GyHKIINA perpecii KOMIIOHEHTY
RegresAnaliser

[Ilo6 momatu no kommoHeHTy RegresAnaliser mie sikych (yHKIIIO perpecii,
HeoOX1IHO CTBOPUTH KJIac, 110 ycnaakoBye kinac RegresTesters, 1 peanizyBat y HbOMY
abCcTpakTHI METOIM CyNepKiacy. 3aBIaHHSA CIPOIILYEThCSA, SKIIO HOBa (DyHKIIiS
perpecii Mae B, Mo nepeadadcHuii kiaacom RegresSumKfunction. ¥V oMy
BUTIAJKY JOCTAaTHBO YCMAJKyBaTH I€H KJIAaciB Ta peami3yBaTH y HbOMY METO/IU
functionList() Ta getLabel().

[Ticns cTBOpeHHS Kiacy, IO BIANOBIZAa€ 3a HOBY (YHKIIIO perpecii, Ciif
CTBOPUTH OO’€KT I[bOr0 Kiacy 1 mepenaTu iloro koMmmnoHeHTy RegresAnaliser 3a
nonomororo metony addFunction(RegresTesters).

MoskHa TakoX CKOPHCTATHCS aHOHIMHUM KilacoM. Huxde HaBeneHO MpHKIan
peamizarii GyHKIil perpecii y=al*x"2+a2*x+a3.

em.getRegresAnaliser().addFunction(new RegresSumKfunction() {

@Override

public List<Function<Double, Double>> functionList() {
List<Function<Double, Double>> list = new LinkedList<>();
list.add((x)-> x*x);
list.add((x)-> x);
list.add((x)-> 1.0);
return list;

}

public String getlLabel() {
return "g=al*x*x+a2*x +a3";

}

1)

6.4 Orasja npoekTty 1Jifl J1a00OPaTOPHOL podOTH

B nmaGoparopHiii poOOTI TOCHIIKYEThCSI HAWUMPOCTIiNIa MapKiBChKa CHCTEMa
MacoBOTO oOciyroByBaHHs. Jlo CKjaay MOJENl BXOAATh T€HEpaTOp 3asBOK, 4yepra i
oOciyroByrounii mpunaja. JlabopaTopHe 3acTOCYBaHHSI MPOEKTyBajach BUXOISYH 3
TOTO, 1[0 BOHO MMOBUHHO 3a0€3MeUnTH:

— ABTOMAaTHYHE TPOBEACHHS Cepiii EKCIEepUMEHTIB Jid 3alaHOor0 Habopy
3HauYeHb (PaKTopa;

— IHJIMKAIIIO XOTy MPOBEICHHS EKCTICPUMEHTIB 1 1X pe3yibTaTiB;

— HaKOMHWYEHHA 1HQOopMalli MPo pe3yabTaTH €KCIIEPUMEHTIB;

— CTaTUCTUYHY 00pOOKY pe3yJbTaTiB €KCIIEPUMEHTIB.
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6.4.1 Kaacu nakerty testFactorExperiment

[le#ti makeT MICTUTh KiIacHu, O€3MOCEPEAHbO TOB’S3aHI 3 BHUKOHAHHSAM
naboparopHoi poboTu. [lo ckiagy makery BXOASTh TPH KJIACH.

Knac FactorGUI peanizye inTepdeiic kopuctyBaya i BUKOHYe (QyHKLIT mapy
MOJIaHHS y 3aCTOCYBaHHI.

Kmac Model peanizye inTepdetic IExperimentable € mmapom wogeni
3aCTOCYBaHHSL.

[lap KOMIIOHEHTIB 3aCTOCYBaHHS IPEACTABICHHUI TAKUMHU 00 €KTaMHU:

— transactGenerator kiacy TransactGenerator, reHepaTop TpaHCAKIIIH;

— queue kiaccy QueueForTransactions, 1110 MoieIO€ Yepry TpaH3aKIIii;

— device kmacy Device, o0cayroByrounii mpusiani

— discretHisto kmacy DiscretHisto, ricrorpama juist JOBXXHHU YE€pPTH;

— histoTransactionWaitlnQueue kmacy stat.Histo, rictorpama s 300py
iH(pOopMaIlii mpo Yac OUiKyBaHHS B 4ep3i;

— histoWaitDevice knacy stat.Histo, rictrorpama nijist 300py iHpopmariii nmpo yac
YeKaHHs JJ1s1 00CIyTOBYHOYOT0 IPUCTPOIO.

Jns o0’ektiB transactGenerator Ta device y makeTi CTBOPEHO KJAacH, IO
peanizyroTh MOBEIHKY TeHepaTopa TPaHCAKI(IA Ta 0OCIYyTrOBYIOUOIr0 MPUCTPOIO.

["eneparop TpaHCcaKIliii MOJIENI CTBOPIOE 3asIBKU HE3AJIEHKHO BlJ MAKCUMAIBLHOTO
po3Mipy uepru. 3asiBKH, 1[0 HE MPUHMAIOTHCS YEPIOl0, BTPAYaIOThCS.

6.4.1.1 Kiac FactorGUI

Bizyanbny kommnosuiito kiacy FactorGUI 300paxkeHo Ha pucyHKY 6.6.

£ JocnipxerHa npoctol CMO WwaaxoM iMITALIMHONO MOAENEOBaHHA = g
MNapameTp CHCTEMH WO AOCNIL... Test Stat | Regres
[ IHTEPEAN MK NOREAMH TPAK3A... | Pe3ynkTath eKCNepHMERTY Bubip thyHKUil perpecii
|ﬁ | |EKcn0H9Huiaane[m=1.D}| 5 |v|

—— 4Yac obpo0Ku TpaH3aKuii— -

|ﬁ | |EKcn0HeHuiaane[m:D.8}| 7]

HaiGinswui posmip yepri
| 999999999

Yac MOOENKEBIHHA 4’0— c’ ? '7
| " —

5000

Bubip pe3yneTaTie BKCNEpHUMEHTY KoediuieHT 33BaHTAXEHHA
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Ln MepepucoeatH MoeTopie Ha DiBHi” Crapr

Pucynok 6.6 — Bizyanbna komno3utlis kiacy ExperimentUI

Knac peanisye intepdeiic kopucryBaua. Moro crBopeHo sk Momudikario
BI3yaJIbHOTO KJIACy 13 TOMEpPETHBO1 Ta0OpaTOpHOi pOOOTH 1 BiZIPI3HIETHCS Bl HHOTO
HasBHICTIO  JOAATKOBOi  3aKJaJKd, Ha SKIH  pO3TalllOBaHWN  KOMIIOHEHT
ExperimentManager.
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Krnac cTBOpeHO Maiike TOBHICTIO 3a JIOMOMOTOIO Bi3yaJIbHOTO PEIaKTOpa.
€une, 10 MOTpeOyBao MporpaMyBaHHs — 1€ Mepenadya MOCHUIaHb Ha Jlarpamy Ta
babpuxy monenedi komroHeHTy ExperimentControl Ta mocunmaHHs Ha giarpamy
KoMrnoHeHTy RegresAnaliser.

6.4.1.2 Kirac Model

Knac Model 3anae ctpyktypy Mozeni 1 3a06e3nedye CTBOPEHHs Ta 1HIIlai3aliio
il KOMIIOHEHTIB. 32 OCHOBY KJIaCy B3STO KJIaC MOJEINI 13 MONEepeIHbOI JabopaTopHOi
pobotu. JlomatkoBo y kjaci peamizoBaHo iHTepdeiic IExperimentable, mo go3Bossie
nigKiIrodaTd ii 10 kommnoHeHTa ExperimentManager. B mictunry 6.3 HaBeaeHo
peanizarii MmetojiB iHTepdeticy IExperimentable B janomy kiaci.

Jlictunr 6.3 — Peamizanis inTepdeticy IExperimentable y kimaci Model

public void initForExperiment(double factor) {
double mGen = gui.getChooseRandomGen().average();
getDevice().setRnd(new Negexp(factor * mGen));

}

public Map<String, Double> getResultOfExperiment() {
Map<String, Double> results = new HashMap<>();
results.put("CepeaHa poBxuHa 4Yepru",
getDiscretHisto().getAverage());

results.put("Yac nepebyBaHHA y 4yep3i",
getHistoTransactionWaitInQueue().getAverage());

results.put("fons npocTow ob6CcAyroByw4oro npucTtporw”,
getHistoWaitDevice().getAverage());

return results;

6.4.1.3 Knac TransactionGenerator

[e#t xkimac HIYMM HE BIAPIZHAETHCS BIJ TAKOTO K KJAcy, IO PO3IIISIIABCS y
ronepeaHii poooTi.

6.4.1.4 Knac Device

[e#t kiac BIAPI3HAETHCSA BiJ TaKOTO X KIIACY, 110 PO3TIIAAABCS Y MOMEPEaHIl
poOOTIi, TUIBKK TUM, 1110 Y HhOMY Bu3HaueHo MeTo setRnd(Randomable), uepes sikumii
nepeaacThCs MOCUIAHHS Ha TeHEepaTop BUMAJIKOBUX YUCE, 1[0 BU3HAYAE TPUBAICTD
00poOku TpaH3akiiii. [{eit reHepaTop CTBOPIOETHCS Y MOJEII, BIAMOBITHO /10 3HAYEHHS
Koe(DiliEHTY 3aBaHTaKEHHS, IKUM € (DAKTOPOM EKCIIEPUMEHTY, 110 MPOBOJAUTHCS.

6.5 Ilopsiiok BUKOHAHHS POOOTH
6.5.1 ITlinroToBKa 10 pO6OTH

AKTHBI3yWTe Java  3acTOCyBaHHs, 10  3HaxOIWUTbCI Yy  apXiBi
SimulationAllLab.jar, abo 3aBanTaxkte npoekT SimulationAllLab.zip g0 Eclipse.
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6.5.2 IlepeBipka nmpane3aaTHOCTI MPOrPAMHOI0 KOMILIEKCY

AxTuBi3yBaBIIM 3acTocyBaHHs «JlaboparopHa pobota 6» mepexoHaiTecs B
IpaLe3JaTHOCTI IPOrPaMHOI0 KOMILIEKCY.

6.5.3 JlocJiiaseHHsI CTPYKTYPH IPOTPAMHOI0 KOMILIEKCY

OsnaiiomTech i3 kitacamu makety toLab6 _testFactorExperiment. [ToguiThes, sk
nmoOyoBaHa MoJIeNb CUCTEMHU. [IpociiaKyiTe 3a MOCITITOBHICTIO 3aIlyCKy MOJENTI.
OsHaifomTech 13 Kjacamu makeTiB widgets.experiment ta widgets.regres ppeiMBOpKyY
Simulation.

6.5.4 ExcnepuMeHTH 3 MO/IeJIJII0 HA OTHOMY PiBHi pakTOpy

[Ipu BUKOHAHHI IOTO MYHKTY Yy M0JI1 «3Ha4eHHS (PaKkTopy:» NOTPiOHO 3a/1aBaTH
JuIIe ojaHe 3HaueHHs (akTopy. B 1pomMy BUNAAKy, NMpPU HATUCHEHHI Ha KHOIKY
«TectyBatn» B TEKCTOBOMY BIKHI BUBOAUTHCS 1H(OpMalis mnpo BenuduHy 95%
JIOBIPUOTO 1HTEPBATY, PO3PAaXOBAHOTO 32 PE3yJIbTaTaMU €KCIICPUMEHTIB.

3navenns ¢pakropy odupaiite B xiana3oni Big 0.50 no 0.99, y Bignosixnocri
3 nu¢pamMu HOMepa y cnucKy. ko orpumane yuciao menme 0.50, rogaemo 10
Hboro 0.5.

6.5.4.1 JlocnipkeHHs BILTUBY 00’ €My BHOIpKU Ha MIHUPHUHY JOBIPYOTO
1HTEpBaILY

[IpoBeniTh €KCHEPUMEHTH 3 MOJEIUII0 ISl CBOIO 3HAY€HHA (DakTopy IpHU
KUIBKOCT1 €KCIIEPUMEHTIB Ha oJHOMY piBHI 5, 30 1 100, 1 yaci MOJEIIOBAHHS PIBHOMY
1000. PesynpraTu 3aHecith 10 Tabmi 6.1.

Tabnuis 6.1 — I'panuiii 1OBipuMX iHTEpPBAIIB MPH Yacl MOACIIOBAHHS PIBHOMY
1000 1 koedirieHTI 3aBaHTAXKEHHSI CUCTEMH .....

No Yuciio eKCriepuMEHTIB Ha PiBHI
Hocminy 5 30 100
Hwxusa | Bepxns |[Iupunal Huwxua | Bepxus |[lupuna Hwxkus | Bepxns ([upuna)
TpaHuL | TPaHUIS TpaHUL | TPaHUIIS TpaHuUls | TPAHUIIS
1
2
3
Cepenns
LIMpUHA

BusHaute cepeHe 3HaUSHHS IMUPUHH IHTEPBATY 7151 KO)KHOTO CTOBITYHMKA.

3po0iTh KOO €KpaHy 3 pe3ybTaTaMH OJTHOTO 3 €KCIIEPUMEHTIB JIJIs 3BITY.

[ToOynyiite rpadik 3a1eKHOCTI CepeHbOI IUPUHU JOBIPUOTO 1HTEpBANLY BiA
YHCJIa eKCTIEPUMEHTIB.

3po0iTh BUCHOBOK PO BILTUB 00’ €My BUOIPKM Ha IMIMPUHY THTEPBATY.
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6.5.4.2 JlocnikeHHs BIUIMBY 4acy MO/JICJIIOBAHHS Ha IIUPUHY JOBIPYOTO
1HTEpBaITY

[TpoBeniTe cepiro aHATOTIYHUX €KCIIEPUMEHTIB MPHU KUTBKOCTI €KCIIEPUMEHTIB
Ha OJHOMY piBHI, sika nopiBHIOE 30, 1 yaci mogemoBanHs piBHomy 5000 1 25000,
Pesynbratu 3anecith 10 Tabmuii 6.2. [TopiBHsiTEe pe3yabTaTh 1 3p00ITH BUCHOBOK PO
BILJIUB Yacy MOJICJIIOBaHHS HAa TOUHICTh OTPUMYBAHUX PE3YJIbTATIB.

Tabmuis 6.2 — ['panuni goBipunx inTepBaiiB s 30 eKCIIEPUMEHTIB Ha PiBHI,
1 Koe(iIll€HTI 3aBaHTAKEHHS CUCTEMH .....

No Yac MoieTr0BaHHS
Hocniny 1000 5000 25000
Hwxua [Bepxusa |[[HupunaHwxua |Bepxusa [HupunaHwxkua [Bepxus [[Hupunal
IpaHuLsl [FpaHULs IpaHUL [TPaHMIIS IpaHuLsl [TPaHMIIS
1
2
3
Cepenns
IMpHUHA

[Tobynyiite rpadik 3a1eKHOCTI CepeaHbOI MMUPUHHU JOBIPUOTO 1HTEPBAILY Bij
4acy MOJICJTFOBaHHS.

3po6iTh BUCHOBOK MPO BIUIUB Yacy MOJICTIOBAHHS HA TOYHICTh OTPUMYBAHUX
pE3yNbTATIB.

6.5.5 ExcrniepuMeHTH 3 MO/IeJJTI0 HA eKiJIbKOX PiBHAX (aKTOpy

[IpoBeniTh EKCIEPUMEHT 3 MOJEIUIIO JIJIsl HA0OPY KOE(IIEHTIB 3aBaHTAKEHHS
cuctemu 0.5 0.7 0.9 1 koedilieHTa, AKUN BIANOBIIa€ HOMEPY 3aT1KOBOI KHUXXKH, MTPU
KUIBKOCT1 €KCIIEPUMEHTIB Ha 0HOMY piBHi 10, 1 yaci mogentoBanHs piBHOMY 500.

3HailITh aJEKBAaTHY JIHIIO perpecii il OTPUMAHUX EKCIIEPUMEHTaJIbHUX
naHux (a6o 0JU3bKY 10 Hel).

3BEpHITh yBary Ha pe3yJibTaT aHaizy aucnepciil. Jucmepcii, sik mpaBuio,
BUXOJISITh HEOTHOPITHUMHU Y€Pe3 BEITUKY PI3HUIIIO CEPEHIX 3HAUCHb Ha PIBHSX.

PesynbTaT, y BUrsai komii BikHa, 3aiKCyWTe y 3BITI.

6.5.6 BupiBHioBaHHs qucnepcii

Hanamryiite Moaens TakuM YHHOM, 100 TIpU perpeciiHOMy aHami3i
oOpoOmsimicst orapudMu Bil CEpeHbOI JOBXKUHU YEepPrd 1 MOBTOPITH OOpPOOKY.
3HalAITh aeKBaTHY JIIHIIO perpecii Il OTPUMaHUX EKCIIEPUMEHTATbHUX JaHUX.
Maiite Ha yBa3i, 1110 3HaYEHHS JOrapu(MiB MOXKYTb OyTH BiJ’ €MHUMHU, TOMY 3pO0ITh
BIIMOBIIH] HAJIAIITYBAHHS JllarpaMH.

3BepHITh yBary Ha pe3yJibTaT aHaizy aucnepciil. Jucnepcii, sik mpasuio,
BUXOJSITh OJHOPIIHUMH, OO PI3HUL CEpeaHIX 3HauyeHb Ha PIBHAX I1CTOTHO
3MEHIIIYEThCS TIPH JIoraprupMyBaHHI.

PesynbTaT, y BUrIsA1 KOMii BiKHA, 3a(iKCyiiTe y 3BITI.
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6.5.7 ExcnepuMeHTH 3 MO/1eJIJII0 PU 00MeKeHil T0BKIHI Yepru

[lepen mpoBeneHHSM NHUX EKCIICPUMEHTIB 3MiHITh 3HAYEHHS MaKCHUMAaJIbHOI
JOBXHHH Yepru y 00’ €KTa 3 MAKCUMAaJIbHO MOKIMBOTO 10 4.

[TpoBeniTe eKCEpUMEHT 3 MOJIEIIIIO g Habopa Koe(ilieHTIB 3aBaHTaKEHHS
cuctemn 0.20.40.60.811.21.41.6 1.8 2.0 npu KiTbKOCTI €KCTIEPUMEHTIB Ha OJTHOMY
piBHi 10, gaci monmemtoBarHs piHOMY 500.

CrpoOyiiTe 3HAWUTH HAWOUIBLI MIAXOSILY JIHIIO perpecii A OTPUMAaHUX
EKCIIEpUMEHTAILHUX JaHUuX. MOKHA pO3AUTUTH 3HAaYeHHS (PaKkTopy Ha 3 AUISHKY 1 JUIsI
KOKHO1 3HaiiTH cBoro pyHKiito. [lepma ms 0.2 0.4 0.6 0.8, npyra qis 0.8 1 1.2, tpets
st 1.21.41.6 1.8 2.0. 3adikcyiiTe pe3yabTaTu y 3BITi.

6.6 3aBaaHHs 1Jsl caMoOCTiiiHOTI po6oTH

Busznauutecs 13 pakTopom, BIUIUB sIKOro Oynere gociiaxysaTu B PI'P.

Peanizyiite B Mmogem misi PI'P intepdeiic IExperimentable, a no BizyanbHOI
YaCTUHU JoAalTe 3aKkjajky 3 KoMmmoHeHTOM ExperimentManager 1 BUKOHaiiTe
HEOOXIJJHI HaJalITyBaHHS B TOMY 4YHUCJl JoJaiTe Ha3By (akTopa 1 HaNAITyHTe
MEpEeITiK 3HaYEHb UBOTO (haKTOpY.

[lepeBipTe poOOTY 3aCTOCYBaHHS y PEXKUMI MPOBEICHHS OIHO(MAKTOPHUX
0araTopiBHEBUX E€KCIIEPUMEHTIB 1 3a()IKCYWTE y 3BITI.

OTtpumaiiTe rpadiku 3aaeXHOCTI MapaMeTPIB CUCTEMH B1J 3Ha4€Hb (pakTopa
(mimii perpecii) 1 3adikcyiTe ix 1S 3BITY.

6.7 Bumoru 10 3BiTY

Ha3ga i1 11is poboTu.

[limpo3ain 3 pe3yabTaTaMy EKCIEPUMEHTIB 3 MOJEJUII0 Ha OJHOMY piBHI
BIIMOBITHO /10 TTyHKTIB 6.5.4.1 Ta 6.5.4.2.

[Timpo3ain 3 pe3ynabTaTamMu OaraTOpIBHEBUX EKCIIEPUMEHTIB BIAMOBIIHO 3
myHKTamu 6.5.5, 6.5.6, 6.5.7 MeTOIUYHNX BKa31BOK.

[Tizpo3ain 3 pe3yabTaToOM TECTY.

[limpo3ain 3 pe3ynbraramu BUKOHaHHS ertanmy PI'P B sxomy marwTh OyTH
HaBeleHl (parMeHTH KOAYy MIAKIIOYeHHs (aOpuKu MojeNied 3 TMOSCHEHHSIMU Ta
MeToau peam3arii iHTtepdeiicy IExperimentable. Takok y oOKpeMHX IyHKTax
PO3IUIIHYTH ~ 3aJIe)KHOCTI  [apaMeTpiB CUCTEMH BiJ 3HayeHb (¢akrtopa 1
MIPOKOMEHTYBATH, YOMY 3aJIEKHICTh MAa€ CaMe€ TaKUil BUTJISI.

BucHoBKkHM 32 pe3yJibTaTaMM NOPiBHAHHSA OTPUMAaHOI PyHKUII perpecii A/
3aJI€KHOCTI cepelHbOI [IOB:KMHU 4Yepru Bil Koe(ilmicHTa 3aBaHTAKEHHS 3

TEOPEeTHYHOIO (hOPMYJIOIO 1 TIPO MOXKITMBICTh 3aCTOCYBAHHS MOJICIIL IS TOCI1IKCHHS
CMO.

6.8 KoHTpPo/IbHI NUTAHHA

1. Sk 3HaiiTH NOBIpYMil IHTEPBAJL.

123



Sk mepeBipuTH JUCTIEPCIIO HA OJTHOPITHICTD.

SIx MO’KHA AOCATTH OJHOPIAHOCTI TUCHIEPCIH.

SIK 0OYHCIIUTH AUCTIEPCII0 EKCIIEPUMEHTY.

SAx obuncauTH AUCTIepCio GakTopy.

SIK OLIIHUTY 3HAYUMICTh BIUIMBY (PaKkTOpPy Ha (PYHKIIIIO BIATYKY.
MeTon HalilMEHIIINX KBaIpaTiB.

SIK 00YMCIIUTH AUCTIEPCIIO aIeKBATHOCTI.

Onucatu poboty 00’exta ExperimentControl.

10 Omnucatu poboty 00’exkta RegresAnaliser.

11. Sx posmmpuTH nepenik GyHKIH perpecii 06’ekta RegresAnaliser.

WoOoNORWN

124



[/ IABOPATOPHA POBOTA Ne7.
JOCIIUKEHHA NEPEXITHUX ITPOLIECIB
Y CUCTEMAX MACOBOT'O OBCJIYT'OBYBAHHSA

7.1 Meta pobdoTn

B pesynbrari BukoHaHHS 1a00paTOpHOT POOOTH CTYACHT Ma€ OTPUMATH TaKi
3HAHHS Ta HABUYKU:

— O3HalOMHUTHCS 3 METOAMKOIO aHami3y nepeximHux mnpoueciB y CMO
IUISIXOM  IMITallIfHOTO  MOJCIIOBaHHS Ta METOJaMH OOpOOKHM  OTpPUMaHUX
eKCIIEpUMEHTAIbHUX JaHHX;

— 03HaHOMHTHCS 3 METOJJaMU TMOIIYKY eKCTpEeMyMiB (PYHKIIIH O/IHI€T 3MIHHOT,

— OTpUMAaTH HaBUYKH JOCIIIKEHHS EPEX1THUX MPOIIECIB Y Ueprax CUCTEMH,
110 JOCHIKY€eTbes y mpoekTi PI'P.

7.2 KopoTtki TeopeTuuHi Binomocri
7.2.1 Ilepexignuii mpouec i craauii pexxum y CMO

CMO BigHOCATHCS A0 AMHAMIYHUX CHCTEM 1, OT)KE, IPH BUBYCHHI IIMX CUCTEM
CJILJT PO3PI3HATU CTAIUN pekuM poOoTH (g peanbuux CMO BiH 3a3BHuail paHo 4u
MI3HO HAcCTa€) 1 mepexiguui mpouec. Tak, Hampukian, yepra B mpoctimii CMO
croyatky aopiBHioe 0, a yepe3 JesKUil yac MOYMHAE 3MIHIOBATUCH HABKOJIO JESKOTO
cepenHboro 3HadyeHHs. [lepmri 3asBKM y cHUCTEMi 4YeKalOThb Ha OOCIYroBYBaHHS
HEJIOBr0, HaBITh MPU BEIMKOMY 3aBaHTAXCHHI CUCTEMH, a JIJIS 3asBOK, SIK1 3’ SIBHIIACS
MI3HIIIE, CepeAHIN Yac OUiKyBaHHSA MOXeE OyTH JOCUTH BEJIUKUM.

JlocniKyBaTH NepexiiHi MPoLeCH aHATITUYHO, K MPABUIIO, HE BAAETHCS YEPE3
CKJIAIHICTh AU(PEPEHIIAIbHUX PIBHSAHb, IO ONHCYIOTh IOBEIIHKY CHUCTEMU B
nepexiiHoMy pexumi. [Ipote, 11 pexxumu € 1ikaBuMH ais npaktuku. I[lepin 3a Bce,
BOHH II1KaB1 JJIsl CUCTEM, SIKI MPAIFOI0Th HEJOBIO, 1 HE BCTUTAIOTH JOCSITTH CTaJOro
pexuMy. Ajie HaBITh MPU BUBYEHHI CTAIUX PEXHUMIB, 1H(MOpMAIIs MPO TPUBAIICTD
NEePEX1THOrO MPoIlecy KOPUCHA, OCKUIBKH 103BOJISIE BUSHAUYUTH MOMEHT 4acy, 3 IKOTO
cii moyaTu 30upaTv iH(OpMAIlI0 MPO CTAIMA peXuM. TakuMm YMHOM, Tpoliema
noOyJI0OBU MOJIeei, 10 JO3BOJISIIOTH OILIHUTH XapakTep MEepexXiIHUX MPOIECiB
[IUISIXOM MOJIETIOBaHHS, € TOCUTh aKTyaJIbHOIO.

7.2.2 MeToaAUKA OTPUMAHHSA €KCNIEPUMEHTAJIBLHUX JAHUX MPO NnepexiqHui
npouec

[lin 4gac cnocrepexxeHHs 3a poboToro oaHiei CMO BaXKO BCTAaHOBUTH
3aKOHOMIPHOCTI, XapaKTepHI JJIs TepexigHux mnpoiieciB. Lle moB’s3aHo 13 CUIBHUMHU
(bayKTyalisiMy 3MIHHOI, 1110 HAaC LIKaBUTh, HAIIPUKJIIAJ, CEpEIHs JOBXKHUHA Yyepru. Aje
AKIIO OJHOYACHO 3amyCTUTH OaraTo TMapajielibHO NpaIolouux MojaeneH, 1
CIIOCTEpIraTH 3a 3MIHAMHU YCEPEIHEHOI0 MO BCIX MOJAEINSIX 3HAUYEHHS MapaMmeTpy, TO
BIUTUB (piryKTyalliii OyJe 3MEHILEeHO, 1 OyAyTh BUSABJICHI 3aKOHOMIPHOCTI XapaKTEpHI

125



JJIS1 IEPEXiTHOTO PEKUMY.

Matoun 3aco0u 11 MOJIETIOBAHHS TCEBIOMApaleNbHUX MPOIECIB, BUPIIIUTH
3a1aqy BUSBICHHS TMEPEXiTHOTO MPONECY JIOCTATHLO JIETKO, Jlns 1boro MoxHa
OJHOYaCHO MOJIEIIOBATH po60Ty JEKITbKOX OJTHAKOBUX CHUCTEM 1 MPOBOAMUTU
yCepeaHEeHHsI 3MIHHOT, SIKa HAaC IIKaBUTh. YnUM O1IbIIIe TAKMX cUCTEM Oy/ie mapaneabHoO
MpaloBaTH, THM MEHII MOMITHUMH OyayTh (IyKTyalii, 1 TUM BHUpa3Hile OyIyTb
BUSBIITUCS 3aKOHOMIPHOCTI TMepexigHoro mporecy. HaniiiHicTh pe3ynbTarTis,
OJIEpKAHUX MpPHU IIbOMY, 3aJIC)KUTh TUIBKU BiJ TOTYXHOCTI KOMHO'IOTepa i dacy,
BUJIJICHOTO Ha MPOBEACHHS €KCIICPUMEHTIB.

TakuM 4YMHOM MO’KHA 3aIlIPOIIOHYBATH HACTYIIHY METOAMKY OLIIHKH I1apaMeTpiB
HEPEX1AHOTO MPOLIECY ISl CEPENHBOT JOBKUHU Yepru. CTBOPIOETHCS BEIHUKA KIJIbKICTh
OJTHAKOBUX MOJIEJeH, sIKI OJHOYACHO CTapTYyIOTh 1 HapajieIbHO MpalioloTh Yy
BIPTYaJIbHOMY MOJEJIBHOMY 4acl, €IMHOMY JuIsl BCix moaeneid. KoxkHa 3 Mmozenelt Ha
HEBEJIMKOMY BIJPi3Ky 4Yacy (iHTepBajd HAKOMMYEHHsS a00 IHUCKpeTH3alli) 30upae
MOTOYHY 1H(POPMALII0 TPO JOBXKHHY YEprd 1 HAMpPHUKIHII LBOrO BIAPI3KY YacCy
BHU3HAYA€ CEpEIHE 3HAUEHHS YEpPrd Ha LbOMY IHTEpPBaJll, peai3yloud TAKUM YUHOM
ycepeaHeHHs y yacl (pucyHok 7.1).

Moyems N

Monens 2

Momens 1
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Pucynox 7.1- YcepenHioBaHHS 3HAYCHD JTOBKUHHU YEPTH 3a YaCOM y MEKax
OJHIET peaizalii

[TocniioBHICTHh CEpeNHIX 3HAYEHb, OTPUMAHUX Y XOJ1 €KCIEPUMEHTY, HE Ja€
VSBJIGHHS TMPO XapakTep IMEpexiqHOro Mpouecy, ajieé J03BOJSE IPOBECTU
JTUCKPETHU3AINI0 TIPolecy. YCEepeaHEHHs X Pe3yJbTaTiB, OTPUMAHUX Ha KOXXHOMY
1HTEepBay HAKOMUYECHHS, MO BCIX peai3amisx J03BOJISIE OTPUMATH TOCIIJOBHICTh
CepeNHIX 3HAYCHb JOBXKUHH YEPTH TSI KOXKHOTO 1HTEPBATY, 10 AaCTh YSIBJICHHS PO
XapakTep MepexiTHoro nporecy (PUCYHOK 7.2).
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Puc. 7.2. Pe3ynpTaT ycepeaHIOBAaHHS CEPEIHBOL IOBKUHU YEPTH 1O
peaizarisax

[HTEpBaNT HAKOTTMYEHHS MOXE OYTH SK-3aBI'OJIHO MAJIMM, aJie B HOTO CyTTEBOMY
3MCHIIICHHI HeMa MOTpeOH, SKIIO y MepexigHOMY MpoIeci HeMa BHUCOKOYACTOTHHUX
CKJIaIOBUX.

B npuxnani, sskuit po3risigascs, 3MiHa Xxapaktepuctuku CMO (1oBkuHa 4epru)
Oysa moB’si3aHa 13 yacoM. [IpoTe Take MOXKIMBO HE 3aBXKJIH.

Hampuknaz, aKmio JoCHipKyBaTH MEePEXiTHUM Mpoliec IS Yacy OYiKyBaHHS B
4yep3i, TO HOro moTpiOHO MOB'SI3yBaTH HE 3 4acOM, a 3 HOMEpPOM 3asBKU. Toni, B
pe3ynbTaTi yCepelHEeHHs MO peaii3aiisx, OyJe OoTpUMaHa 3aJeXHICTh CEPEAHBOTO
yacy OUIKyBaHHS B uep3i BiJl HOMepa 3asBKUA. AJie Takuili BapilaHT TYT HeE
PO3IIISIA€THCA.

7.3 3aco0u ajs 10CaiIKeHHs MepexiTHuX npouecis

Krnacu ta iHTepdeiicu, siki MOXKYTh OyTH BHUKOPHMCTAHI MIJ 4Yac JOCHIIKEHHS
MepexXiIHUX NPOLECIB y PI3HUX MOJAECIIAX, B TOMY YMCJI1 i 1]l Yac CaMOCTIMHOI poOOTH
Haj PI'P, 3HaxonsaTbesa y maketi widgets.trans 610mioTexkn Simulation.

3okpeMa, B LbOMY I[aKeTI 3HAXOAUThCs Kiac TransProcessManager, o
BU3HAUA€ Bi3yaJlbHUN KOMIIOHEHT, SIKHUH MOYKHA BHKOPHUCTOBYBATH JIJISl TOCIIKCHHS
MepexXiIHUX TMPOIIECIB y uUeprax, Tak camo, SIK MH BHUKOPHUCTOBYBAJIM aHAJIOTI4HI
KOMIIOHEHTH I OTpPUMaHHs CTAaTUCTHKM Ta aBTOMATH3allll MpPOBEACHHS
€KCIIEPMEHTIB 3 MOJICTISIMU. SIK 1 B IOTIEpEIHIX BUIAIKaX, KOMIOHEHT BUKOPUCTOBYE
iHTepdeiicu, yepes Kl BiH CIUIKYEThCS 3 MOJIEIISIMHU.

7.3.1 Intepdeiic I TransProcesable

Lle inTepdetic, yepes sikuii komnoHeHT TransProcessManager Oyze mpairoBaTu
3 MOJIEJUTIO 1, BIATIOBIAHO, MOJIENIb Ma€ peayli3oByBaTH Takuii iHTepdetic. [aTepdeiic
[TransProcesable nependauae peanizaiiito 1BOX METO/IIB.

Merox void initForTrans(double finishTime) BukopucroByeThcst st
1HIIIaTi3a1i1 KOMIOHEHTIB Mojieli. Sk mapameTp 10 METOAY MePeIacThCsl TPUBATICTh
MOJIEJIFOBAHHS.
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Meton Map<String, ITransMonitoring> getMonitoringObjects() nanmae
KOMIIOHEHTOBI KOJIEKIIII0 Yepr, M0 JOCTIIKYIOThCSA. B SIKOCTI KIIIOUIB €JIEMEHTIB
KOJICKI[I€ BUKOPUCTOBYETHCS TEKCT, L0 1ACHTU(]IKYe uepry, a 3HAUCHHSIM € cama
yepra.

KosxHa depra mi€i konekiii mae peanizoByBatu intepdeiic I TransMonitoring.

7.3.2 InTepdeiic ITransMonitoring

Y mpomy iHTepdeici OroyionmeHo METOAW, dYepe3 sSKi KOMIIOHEHT
TransProcessManager ciiikyeTbes 3 UepraMu, I SIKUX JOCIIDKYEThCS TepeXiTHUN
npoliec.

IaTepdeiic mae nBa MeToAM.

Meton resetAccum() BHKOPHCTOBYETBCS JUIs I1HIiIiadi3amii HaKOIMA4YyBaya
1H(opMalIii 1 BUKJIMKAETHCS HA MMOYATKY 1HTEpBATY HAKOTTHUCHHS.

getAccumAverage() noBepTae cepelHE 3HAYCHHSA 4YEepPrW Ha IHTEpBai
HaKOIMYEHHS 1 BUKJIIMKAETHLCS 10 3aBEPIICHHIO iHTEPBAITY HAKOITMUYEHHS.

[aTepdeiic peanizoBano y kimacax QueueForTransactions Ta Store.

7.3.3 KomnonenT TransProcessManager

30BHINIHIN BUTJISAI KOMIIOHEHTY HaBEeICHO Ha pUCYHKY 7.3. BizyanbHa yacTuHa
KOMIIOHEHTY 3a0e3leuye WOoro HaJallTyBaHHS, a TaKOX 3alyCcK MpOIecy
MOJICTTIOBaHHS.

[Tone “InTepBan ycepenHeHHs BU3HAYa€ JAOBXHHY 1HTEPBaly HAaKOIMYEHHS
iH(dOopMmaIrii.

[Tone “KinbkicTh iHTEpBaiB” BU3HAYAE KUTBKICTh IHTEPBAJIIB HAKOTTMYCHHS.

VY noni “IlapanenbHo Mojeneit” 3a1a€ThCs KITBKICTh MapayiesIbHO MPAIIOI0UNX
MoOJeeH.

Ha miarpami BimoOpa)aloThCsl YCEpEIHEH1 3HAYEHHsS pO3MIpy dYepru, a
KOMOOOOKC JT03BOJISIE IEPEKITIOYATHCS MK PISHUMU Yepramu.

MapaMeTpH MOHTOpY NMepexiquwii npouec
IHTEpBan ycepeaHeHHA 50
e [

- = I
- o] I
- 12 =

KinekicTe iHTEpEANIE OO

| 30 |
o
=
MapanensHo Mogene l_ OU
0
200
| | 0 600
oma oy B

Pucynok 7.3 — Burnsa komnoHeHTy kiacy TransProcessManager

Taxk camo sk y Bumagky kommoHeHTa ExperimentManager Tyt
BUKOPUCTOBYETBCS TEXHOJIOTIS, BIAMNOBIAHO JO $KOi MOJENl CTBOPIOIOTHCH,
HIIIAMI3yIOThCSl TA 3aMyCKAlOThCS CAMHM KOMIIOHEHTOM. Mojelni CTBOPIOIOTHCA 3a
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nornomororo ¢abpuku Mojaenei, mo peanizye iHTepdeiic IModelFactory. Tlocunanus
Ha ¢abpuky mojenei nepenaetsbes uepe3 mero setFactory(IModelFactory).
KoMnoHeHT cTBOpIOE 3ajaHy KITbKICTh MOJENEH, aKTHUBI3yE iX 1 B Mpoleci
MOJIETIIOBaHHS HAKOMMUYy€e 1HPOPMAIIIIO PO TOBKHUHY Yepr.
Ha migcraBi nepesiky KIIOYOBHX 3HAYEHb €JIEMEHTIB KOJIEKIIii, sIKy MOBEpTa€e
meton getMonitoringObjects() crBoproerbest Monens st kommoneHTy JComboBox,
KU 103BOJISIE BUKIIMKATHU JJI IEPETIIsiy MOTPiIOHUI TepexiAHUi TTpoliec.

KpiM Bi3yaJIbHOI YaCTHHU JI0 CKJIaay KOMIIOHGHTA BXOJSATH IO, SIKI MiCTSATh
IIOCUJIAaHHST Ha TakKl 00'€KTH:

monitor — o6’ekt kimacy TransMonitor, mo Hacmiaye kiaac Actor, i B HbOMY
BU3HAYeHUU MeTo[ rule(), e omucaHo mpaBuia aii, Mo 3a0e3MeYyTh ITPOBEACHHS
excriepuMeHTy. OO0’ €KT CTBOPIOETHCS B KOMIIOHEHTI.

factory — mocumanns Ha (Gabpuky Mojenei, Imo peanizye iHTepderic
IModelFactory, 3a 1oomMoroxo sikoi 0y1yTh CTBOPIOBATUCS MOJIEIIL.
diagram — mocwiaHHAs Ha KOMIIOHEHT Kjacy Diagram, mo 3a0e3mnedye

B1JI00pa’KE€HHA PE3YJIbTATIB MOJIEIIOBAHHS 1 PETPECIMHOTO aHaNi3y OTPUMAaHUX JaHUX.
dispatcher — mocmanus Ha 00’ ekT Kiacy Dispatcher, 1o 3a0e3mneuye B3aeMOIi10
y 4aci MOHITOpa Ta MOJAECJIEH.

Jlnst 3amycKy MpoLeCy MOJENIOBaHHS BUKOPUCTOBYEThCA KHOMKa «Ctapry, 3
AKOI0 MOB'si3aHuid Metox startMonitoring(), mictuHr 7.1. 3aBAaHHS LBOTO METOAY
HaJaIITYBaTU JlarpaMy, CTBOPUTH MOHITOp 1 THiepenaTd HWoMy MapameTpu
EKCIIEPUMEHTY Ta OCUJIaHHs Ha (padpUKy MoJIesIei, a Miciis bOTo MepelaTi MOHITOP
JUCIIETYEPY Ta 3aMyCTUTU MPOIEC MOJAETIOBAHHSA, BUKIMKABIIM METOJ AMCIIETYEpa
start().

Jlictunr 7.1 - Texkcr MeTomy IS 3alyCKY MPOIIECY MOJIEITIOBAHHS

private void startMonitoring() {
getJButtonStart().setEnabled(false);
diagram.setHorizontalMaxText(String.valueOf((int) getFinishTime()));
diagram.setGridByX(getNIntervals());
diagram.clear();
monitor = new TransMonitor();
monitor.setNameForProtocol("Monitor");
monitor.setDiagram(getDiagram());
monitor.setComboBox(getComboBox());

monitor.setNParallel(getNParallel());
monitor.setNIntervals(getNIntervals());
monitor.setInterval(getInterval());
monitor.setFactory(getFactory());

getDispatcher().addStartingActor(getMonitor());
getDispatcher().start();
//CTBOpPEHHA MNOTOKY, WO pO36N0OKY€E KHOMKy «CTapT»
new Thread() {

public void run() {

try {
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dispatcher.getThread().join();
} catch (InterruptedException e) {
e.printStackTrace();
}
getJButtonStart().setEnabled(true);
}s
}.start();

7.3.3.1 Kitac TransMonitor

Kiac TransMonitor Haciaye kiac Actor, 1 B HbOMy BU3HauUeHH MeTo/ rule(),
SKWW OMHUCYe MpaBuja Aii ioro 00'eKkTiB, 110 3a0e3MeUyI0Th peanizamito QyHKIIIH 1Mo
IIPOBEJICHHIO eKCIIEpUMEHTY. TekcT MeToty rule() HaBOAUTHCS B JICTUHTY 7.2.

OO’eKT MONItOr CTBOPIOETHCS TMICHsI HATHCKaHHA Ha KHOMKY «CrtapTt» i
3aBaHTAXKY€EThCA JIO CTApTOBOTO CIHCKY JWCIIETYEpa, MICIsA IBOTO CTapTye 1 cam
JUCHEeTYEp, IKU aKTUBI3Y€ IIpaBuia Jili MOHITOpA.

Jlictunr 7.2 - TlpaBuia aii 06’exTa monitor

public void rule() {

// MacuB pna mopenen

ITransProcesable[] modelArray = new ITransProcesable[nParallel];

for (int i = @; i < nParallel; i++) {
// CTBOpWEMO Momeni i roTtyemo ix Ao cTapTy
modelArray[i] = (ITransProcesable) (getFactory()

.createModel(getDispatcher()));

modelArray[i].initForTrans(interval * nIntervals);

}

// TOTy€eMocA [O MOHiTOpWHIYy mMoaenew
intervalAverageAsocArray = new HashMap[nIntervals];

// ToTyemo mojenb pgna Komb6oboKC
Map<String, ITransMonitoring> resMap =
modelArray[0@].getMonitoringObjects();
String[] keyStrings = (String[]) resMap.keySet().toArray(
new String[resMap.keySet().size()]);
comboBox.setModel (new DefaultComboBoxModel<String>(keyStrings));

// Uukn no iHTepBanam ycpegHeHHA
for (int i = @; i < nIntervals; i++) {
// IHiuyianizsauyisa HakonuyyBayiB iHpopmauii
for (int j = ©; j < nParallel; j++)
for(ITransMonitoring q
modelArray[j].getMonitoringObjects().values()){
g.resetAccum();
¥
// 3aTpuMKa Ha AOBXWHY iHTepBany
this.holdForTime(interval);

// IHiuyianizauyis KapTu cepepgHix 3HayYeHb ANA iHTepBany
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Map<String, Double> averageMap = new HashMap<>();
for (String s : keyStrings)
averageMap.put(s, 90.90);

// Hakonu4eHHA paHuX
for (int j = @; j < nParallel; j++) {
for(Entry<String, ITransMonitoring> kv :
modelArray[j].getMonitoringObjects().entrySet()){
double result = kv.getValue().getAccumAverage();
double sum = averageMap.get(kv.getKey());
sum += result;
averageMap.put(kv.getKey(), sum);
¥
}

// YcepeOHeHHA [AaHuX
for (String s : keyStrings) {
double sum = averageMap.get(s);
sum /= nParallel;
averageMap.put(s, sum);
}
// 3anuc Ta iHauKauis pe3ynbTaTy ycepeaHEeHHSA
intervalAverageAsocArray[i] = averageMap;
if (diagram != null) {
diagram.getPainter().drawOvalAtXY(
(float) (interval * (i + 0.5)),
averageMap.get(keyStrings[@]).floatValue(), 3, 3);
diagram.getPainter().drawOvalAtXY(
(float) (interval * (i + 0.5)),
averageMap.get(keyStrings[0]).floatValue(), 2, 2);

Y wmeroni rule()3a momomoror (GaOpHUKH CTBOPIOETHCS MAaCHB MOJIEICH,
PO3MIPHICTh SIKOTO JOPIBHIOE KITBKOCTI MapayIeNbHO MPAIIOI0YNX MOJAEINICH, 1 KOXKHA
MOJIEb THIMIATI3YETHCS.

Jlani  CTBOPIOETBCS MacuUB  KOJIEKIIH [JJIsl  pe3yibTaTiB  MOHITOPUHTY
interval AverageAsocArray.

[licnst 1bOro MOHITOP TMOYMHAE TOJIOBHUN IUKI POOOTH. Y LBOMY MK
MOHITOp 1HIIIai3y€e HAaKOMUYyBayi 1H(OpMaIii B MOAEIAX HUISIXOM BUKIUKY METOY
resetAccum(), a MOTIM 3YIUHSETHCS HA MPOMIKOK 4acy, SIKUH JOPIBHIOE JTOBXKHHI
1HTEepBaTy HAaKOMUYEHHs 1H(popMallii.

[Ticnst 3ynMHKKA MOHITOpa JUCIIETYep 3alyCKae BCl MOJIEN], 1 BOHU MPAaIllOI0Th,
HaKOMUYYIOYH 1HGOPMAIIIIO TPOTATOM 1HTEPBATY HAKOTTUYCHHS.

[Ticnst 3aBepiieHHS 1HTEpBAJy HAKOMHMYCHHS BiJIHOBISIOTHCS TMpaBUiia Jii
MoHITOpa. BiH omepxye iHpopMmalliro BiJ KOXKHOI 3 4epr, BUKOPUCTOBYIOUH METOJ
getAccumAverage(), i BU3HAYAE€ CEPEIHE 3HAYEHHS ITUX PE3YJBTATIB JJIST KOXKHOI
Yepru Mo yciM MOJENSIM, IO MPaIio0Th MmapanenbHo. OTpuMaHi cepeHi 3HaAYCHHS
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MOHITOP 3aHOCHUTh Y MAaCHUB KOJIEKIIill pe3yIbTaTiB MOHITOPUHTY, a TAKOX BiJI0Opakae
Ha JlarpaMi TOYKY, sKa BIMOBITAE OTPUMAHOMY PE3YJIbTATY JJISI OJHIET 3 Uepr.

7.4 Ilomyk JiHii perpecii 1Jif mepexigHoOro nmpouecy

Jlist mpocToi cucTeMi MacoBOro oOcayroByBanHs M/M/1/c0 miepeximauii mporiec
JUISL CePEeIHBOT JIOBXKUHHM YEPrd BUTIIAJAE MPUOJM3HO TaK, K MOKa3aHO HA PUCYHKY
7.4.

MepexigHKUA Npouec

5

nﬂﬂl:u':”:' o

0

0 _200]

Pucynox 7.3 — Ilepexignuii nporec aiss CMO M/M/1/00

JI71st OTprMaHOoi OCITIIOBHOCTI TOYOK MOXHA 3HANUTH (PYHKIIIIO perpecii 1 TaKum
YUHOM OTPUMATH aHAIITUYHUN OMKC MEPEX1THOTO MPOIIECY.

7.4.1 ®yukuis perpecii 151 nepexiaHoro npouecy y Haiinpocrimiiit CMO

JIns naHuX, NpeacTaBiIeHUX Ha PUCYHKY 7.3 1 XapaKTepHUX JJIsl HAUIPOCTIIIOl
CMO, MOXHa NPUITYCTUTH, IO 3aJIEKHICTh, IKa HAC I[IKABUTh, MA€ EKCIIOHEHITIaIbHUM
xapakTtep. Taka miHis perpecii 300paxkeHa Ha pUCYHKY 7.2. BiamoBigHa aHamdiTHYHA
3aJIeXKHICTh Mae Bursia popmynu 7.1.

t

qt)={1-e T q, (7.1)

1€ (e — BEJIMYMHA, J0 SKOI MPSMYE 3HAYEHHS CEPEeIHbOI JOBXHHHU YEpTH 3
IJIMHOM 4acy (cTaje 3HaueHHA). B 3anmexHocTi BiJl BUOOPY 1LIbOTO apaMeTpy PiBEHb,
SAKUW yCTaHOBMBCS , Oy/ie BUIE, 200 HIKYE;

T — mapameTp, sSIKUil HA3UBAIOTh «IIOCTIMHA yacy». YuM Oinbliie HOTro 3HaYEHHS,
THUM TOBUIBHIIIE POCTE 3HAUYCHHS (YHKIII.

TeopeTnuyHo, CTAIMM pPEXUM I TAaKOro IIPOLIECY HACTylla€ JUIIE B
HECKIHUYEHHOCTI, aJle Ha TPaKTUIl 3BUYAWHO BBAXalTh, 110 MEPEXIIHHUMN IPOIIEC
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3aKiHUyeThes 3a 4yac piBHMM 3T. 3a 1el yac 3HaueHHs (DYHKIIT Jocsirae BETUYUHU
piBHOI 95% Bif cTAIOTO 3HAYEHHS

7.4.2 linboBa pyHKUis

Bubip dyHskIii perpecii — 11e guie moixoBuHa cripasu. [1oTpiOHO 111e BU3HAYUTH
3Ha4YeHHs i1 mapameTpiB. B npukiani, mo po3risgaBcs BUILE, TAKMX TapaMeTpiB J1Ba —
MOCTil{Ha yacy 1 cTaje 3HaueHHA. Bix BUOOpY 3HaueHb 1IUX MapaMeTpiB 3aJIeKUTh, K
OJIM3BKO IO EKCTIEPUMEHTAILHUX TOUOK MPOIIe JiHis perpecii.

Jns mpUHAHATTS pillleHHS Npo BUOIP 3HAYCHBH INapaMeTpiB, MOTPIOHO MaTH
KpUTEpIA OIIHKKA OJM3BKOCTI JIHII perpecii 10 eKCIepUMEHTAIbHUX TOYOK.
dopMasbHe OMUCAHHA TAaKOTO KPUTEPII0 HA3UBAIOTh LIIOBOIO (PYHKIII€I0. 3HAYCHHS
1JI0BOIT (DYHKITIT 3a7I€KUTh B BUOOPY ITapaMeTpiB 1 HOBUHHE 301JIbIITYBATHCS, SKIIO
JIHIS perpecii BiAaIsS€ThCsl Bl €KCIIEPUMEHTAIBHUX TOYOK, 1 3MEHIITYBaTUCS TIPH 11
HaOmkeHH1. Halikpamymuy 3HaueHHSIMH TTapaMeTpiB OyIyTh Taki, MPH SIKUX IUTHOBA
(GyHKILIS Ma€ MiHIMaJIbHE 3HaYEHHS.

VY sKocTl LUIbOBOI (DYHKIIT MOXHA NPUUHIATH CyMy aOCOJIIOTHHX 3HAYEHb
OpJIMHAT BIJXUJIEHb EKCIEPUMEHTAIBHUX TOYOK BIJ BIAMOBIJHUX 3HAYEHb JIHIL

perpeci.
n -
z‘qipeep — Q| > min (7.2)
=1

Henosik nporo nossirae B TOMy, 10 IPU aHAJTITUYHOMY BU3HAYEHHI 3HAUYEHb
napameTpiB, 0 3a0€3MeYyI0Th MIHIMYM LUIbOBOI (DYHKIIi, JOBEAETHCS 3HAXOAUTH
YaCTKOBI MOXIJHI MO HMX MapaMeTpax, a MOAYJb POOUTH (YHKI[IO TaKOIO, IO HE
MOkHa gudepeHiioBaTd. 3 1i€l TPUYMHM HaWYacTile MiIboBa  (YHKIIIS
MPEICTABISIETHCS Y BUTIISIII CYMU KBAJPATIB BIIXUIICHD

i(qf’ P — qeren )2 > min (7.3)

— i i
7.4.3 MeToj HaliMeHIIIUX KBAJPaTiB

Meton HaliMEHIIUX KBaApaTiB MPUITYCKAE MPEACTABICHHS LIbOBOI (YHKIII y
BUTJISAJII CYMHU KBaJpaTiB BIAXWIeHb. /(s Toro, mod 3HaWTH oNTUMAasbHI 3HAYCHHS
napameTpiB, TOTPIOHO B3STH MOXIAHI BiJl UUIbOBOI ()YHKIII MO LMX MapameTrpax 1
npupiBHaTH iX 10 0. Ilicis mboro 3ajMIIAETHCS PO3B’SI3aTH OTPUMAHy CHCTEMY
PIBHSIHb IIOJI0 HEBIIOMUX 3HA4Y€Hb MapaMeTpiB. B po3rissHyTOMy BUIIE TPHUKIAIL
ITH0BA (DYHKIIISI BUTIIAIATUME TaK

2
t.

—1
q,l1-e T —Q; | »>min (7.4)

I M=

1

B3siBiun noxijgHi Bif HJIbOBOI (PYHKILIT O qyer 1 T, Ta MPUPIBHABIIM X 10 HYJIS
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0, oTpUMaeMO CUCTEMY PIBHSHB JJIsI BA3HAYEHHS [IUX MapaMeTpiB.

t )2 t

qcmi 1e T —iqi 1-e T |=0

(7.5)
t t t

n —? _T n —?
qcmétie 1-e —i;tiqie =0

Ha »anb, BUPIILIMTH aHATITUYHO 110 CUCTEMY PIBHSIHb HE BIA€THCS. AJle 3HAUTH
ONTUMAaJbHI 3HAYEHHS (cn 1 T MOXKHA 32 TOMOMOTOIO0 YHCEIbHUX METOAIB IOLIYKY
eKkcTpemMyMy. B 1boMy Bumajaky miiboBa (yHKIIS HE OOOB'SI3KOBO MOBHHHA OyTH
TaKoI0, O JU(EPEHIIIOETHCS 1 MOKHA MIHIMI3YBAaTH K CyMYy KBaJpaTiB BIAXUJICHb,
TaK 1 CyMy MOJyJIiB BIJIXUJICHb.

7.4.4 Tlomyk ekcrpeMmyMy AJsi GyHKIIT OXHi€T 3MIHHOI 32 10IIOMOI 010
yucen PidoHayyi

[TmanyBaHHSI €KCHEPUMEHTIB JIJIsl MOIIYKY ONMTUMAIbHOTO 3HAYCHHSI I[ITHOBOI
(GyHKII, KA 3aJ€XKUTh B1J] OJIHIET 3MIHHOI, IOJISTA€ B HACTYITHOMY.

[lepmr 3a Bce, 3aAa€ThCsl TOUHICTh, 3 SIKOIO MOTPIOHO BU3HAUWUTU HEBIJOMHMIA
napameTtp. {10 BennurHy Ha3UBaTUMEMO KPOKOM IOMIYKY.

[ToTiM BU3HAYAIOTHCS TPAHMII 00JIACTI MOIIYKY, BCEPEIUHI SIKOT 3HAXOAUTHCS
EKCTpEMyM, TPUUYOMY EKCTPEMyM TOBHHEH OyTH TUIbKM oOfuH. Taki QyHKIi
Ha3WBaAIOTh YHIMOJAIbHUMH.

7.4.4.1 BuzHaueHHs TpaHUIlb 00JIACTI MOMTYKY

Jlns  BU3HAYEHHS TpaHUlb OOJAcCTI  MOIIYKY  CIIJI  MaKCHUMAaJIbHO
BUKOPHCTOBYBATH BCIO HAasABHY allpiopHy 1HGOPMALIiIO PO AOCTIIKYBaHy cUcTeMy. B
TOMY BUNAJAKY, SIKIIO IpaHULl 00JACTI TMONIYKY BiJpa3y BHU3HAUYMTH HE BAAETHCH,
3a3BUYail BUKOPUCTOBYIOTh HACTYITHUI aNTrOpUTM (TIepe10ayaeThbes, 0 MU IIYKAEMO
MIHIMYM I1IJIbOBOI (PYHKIIIT).

BuOupaeTbcsi Oynb-sK€ 3HAYEHHs MapameTpa 1 s HbOIO OOYHCIIOETHCA
3HAYEHHA LUTbOBOT (DYHKIIII.

3HaueHHs] MapaMerpa 30UIBIIYETHCS HA BEIMYUHY KPOKY, OOYHUCIIOETHCS
3HAYCHHS UUILOBOT (PYHKIlI B HOBIA TOYIll, 1 TOPIBHIOETHCA 3 ii 3HAYCHHSM B
MOYaTKOBIN TOYII.

SIK110 HOBE 3HaYEHHS MEHIIIE, 3HAYUTh HAIIPSIMOK IMOIIYKY BUOPaHO MPaBUIBLHO
1 IEpIIMiA eTar 3aBepIIeHo.

Sxio HOBe 3HAYEHHS OUIBINIE MOMEPEIHBOTO, TO 3HAK KPOKY 3MIHM 3MIHHOT
MOTPiOHO 3MIHUTH HA MPOTUJICKHUHN 1 TOBTOPUTH MOMEPEIHI [Iii.

Ao X 1 B IIbOMY BUNAAKYy 3HAY€HHS LUIbOBOI (PYHKIIT Oliblle, HDK B
MOYaTKOBIM TOYIl, TO 1€ O3HAYa€, 10 MIHIMYM 3HAaXOAUTHCA B MOYATKOBIN TOYIII 1
HOTO0 IIyKaTH BXXe HE MOTP1OHO.
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B pe3ynbpTari BUKOHAHHS NEPUIOTO €Taly, CTa€ BiJOMUM HamNpsSMOK IOUIYKY,
KU 33/1a€THCS 3HAKOM KPOKY 3MIHM MapaMmeTpa.

JlaJi MOYMHAETHCS MONIYK APYToi TPaHUIll 001acTi MOLIYKY.

B po3risHyTOMY HUKUE aaTrOpUTMI MOUTYKY, BIICTAHb BiJl TIOYaTKOBO1 TOUKH 10
TOYKH, JI€ TPOBOAUTHCSA €KCIEPUMEHT, MOCTYMOBO 30UTBIIYETHCA 3 KOKHUM HOBUM
KPOKOM, a JIIBY TPaHMIIIO IEPEHOCATh Y TOUKY, Jie OyB momnepeaHiit ekcnepumMenT. s
dbopMyBaHHS BiJicTaHEH 0 TOYOK, Jie Oy/1e MPOBOIUTHUCS HOBUI €KCTIEPUMEHT, 3PYUHO
BUKOPHUCTOBYBaATH yucia Mi6oHavyi.

OcoOnuBicth uucen @i0oHAU4Yl TONATa€ B TOMY, 110 KOXHE HACTYIIHE,
MOYMHAIOYHU 3 3-TO, JIOPIBHIOE CyMi JIBOX MOMEPEIHIX:

1123581321 345589...

TakuM YHMHOM, BHW3HAUMBIIM HAMPSMOK TIOMIYKY, MH MAaE€MO pe3ylbTaTh
ekcrepuMeHTiB y Toukax 0 ta 1. Bigctane Mixk HUMU JOPIBHIOE 1. HACTYITHE YHUCIIO
@®100HIYYl 2, TOMY HACTYIHHUHA EKCIEPUMEHT MU MPOBOJAMMO Ha BIJACTaHl 2 BiJ
KpaliHbOi TOYKH, TOOTO y TOUIIl 3.

k110 3Ha4eHHS HUTHOBOT (PYHKIIT y 11i TOYIl OUTbLIE 32 MonepeaHe, (PIKCyeEMO
TpaHMIll TONTYKY — 1€ ToukH 0 Ta 3 1 mepexo MO JI0 MOIIYKY BCEpEIUHI IHTEpBaIy.

Axo x 3Ha4YeHHs (PYHKIT y LI TOYLl MEHILE 33 MONEPEIHE, MPOAOBKYEMO
MONIYK TpaBoi TpaHuill. BuzHauaemMo BiJCTaHb MK TOYKaMH, Jie OyJIM TPOBEIEHI
octaHHi ekciepuMmenTH (Touku 1 Ta 3). Bona gopiBnioe 2. Hactynue uncino ¢hidbonauui
3. IlouaTok KOOpAMHAT NEepeHOCUMO y Touky 1. Toni Touka 3 mpuiiMae 3HaYeHHS 2
(2=3-1), a HOBWMIi EKCIIEPUMEHT MPOBOJATH B TOUIIl 2+3=5,

ko GyHKLIA TPOJOBXKYE 3MEHIIIYBAaTUCS, TO TOUYKaA 2 MepeTBOPrOe€Thes Ha 0,
TOYKa 5 Ha 3 1 HOBUI €KCIIEPUMEHT MPOBOAATH B Toulll 3+5=8.

HactynHuii excriepuMeHT Oyie IpOBOAUTHUCH Y TOUII, BiiJlaieH1i Ha 13 KpokiB
B1/1 IOYATKOBOI, MPUYOMY, CJI1]] BpaXOBYBATH, 110 A0COIIOTHA KOOPAMHATA TOYATKOBOI
TOYKH MOCTIAHO 3MIIYETHCS, TOOTO B MPOLECI MOUTYKY MPaBOi I'PAHULII MU MOCTIIHO
3MIHIOEMO 1 JIIBY TPAHHUIIIO.

Tak MpoAOBKYETHCSA JO THX IMIp, TOKK 3HAYEHHS LIbOBOI (PYHKIIII HE MOYHE
3pOCTaTH, pUCYHOK /.4,

3BEpHITh YyBary, MOCIIAOBHICTh PO3MIpPIB IHTEPBAIIB MK TOYKaMH, JI€
MIPOBOJIUIIUCS] €KCTIEPUMEHTH, BITIOBIA€ mociioBHOCTI yncen didbonayyi.

Ha pucynky 7.4 300paskeHa cuTyailisi, KoJiu B Toulll 13 niiboBa QyHKIlisS moyaia
3pocTtaTu. B pe3ynbrari, Ha Kpasx iIHTepBaly 3HA4eHHS (YHKII CTaiu OlIbIIe, HIXK
nocepeauHi. [Ipote MiHiMyM MOe OyTH pO3TaIllOBaHUH SIK Y JIiB1M YaCTHHI IHTEpBAITY
— BapiaHT KpUBOI1 “a” Ha pUCYHKY /.3, Tak 1 B IIpaBiii — BapiaHT KpuBoi “b” Ha TOMY X
PHUCYHKY.
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Pucynok 7.4 — Pe3ynbratii BA3HaY€HHS MEX 00JIaCTl OLIYKY

7.4.4.2 Tlomyk ekcTpeMyMy y cepennHi 00acTi

[Ticnst BU3HAUEHHS TpaHUIlb 00JIACT] MOIIYKY, MOYKHA IMOYMHATH MOIIYK TOYKH
eKcTpeMyMy BcepenuHi wie€i obnacrti. [lomyk mossrae B MOCTYIIOBOMY 3BYXEHHI
3HalaeHoi oOjacti momryky. TyT TakoXX ayXe 3pydyHO BHKOPHUCTOBYBAaTH YHCIIA
®i6oHayyi. ANroput™M (aKTUYHO € TPOJOBKEHHSIM IOMEPETHBOTO 1 TOJIATaE B
HACTYITHOMY.

VYcepenuni o0yacTi MOMIYKY MPOBOJSATH JIOJATKOBI €KCIEPUMEHTH Tak, 1100
3HAUEHHS IUIbOBOI (PYHKIIT OyNK BiJIoMi B 000X TOYKaX, SIK1 BIAMOBIIAIOTh YHCIIAM
®i0oHauul, 3 SIKUX CKIAAA€ThCA YHMCIIO, 110 BU3HAYAE MPABY TPAHULIO MOWYKY. Jis
pucyHka 7.3 ue Touku 5 1 8. Sk mpaBuio, s OJHIET 3 HUX TOYOK PE3yJbTaT BXKE
BU3HAYCHU, 3aJTUIIIAETHCS TPOTECTYBATH 1HIILY TOUKY. B pe3ynbTaTi, 00J1aCTh MOITYKY
PO30MBAETHCA HA 3 IHTEPBAJIU, IIUPUHA KOKHOTO 3 IKMX MPOIOpPLiiHA JEIKOMY YUCTY
di6oHayYui.

[licnss 1pOro MOPIBHIOIOTh 3HAYEHHA (YHKIT BIATYKY I JIBOX TOYOK
BCcEepeauHI 00JacTl MOWIYKYy, 1 TPUIMaOTh PIIIEHHS MpPO 3BY)KEHHS IIl€l o0nacrTi,
MpUIIMaoYM B AKOCTI HOBOI I'PAaHMII 00JacTi MOWYKY TOYKY 3 OUIBIIMM 3HAYEHHSIM
GyHKLIi BIATYKY. SIKIIO 3HAaY€HHs IIbOBOI (YHKLII JJIsI TOYOK BCEpPEAMHI 00J1acTi
MONIYKY OJHAKOBI, TO BIAKUIAETHCS 1 JIiBUM 1 mpaBuii iHTepBanu. lllupuna HOBOI
00J1acTi OMIYKY Y OyIb-IKOMY BUITaJIKy 3HOBY BUXOJUTH PIBHOIO unciay DiboHauul.

VY Bumaaky, SKII0 3MIHIOETbCS JiBa TpaHUl oOOJacTi TMOIIYKY, CIij
BIIKOPUTYBAaTH 3HaueHHs ynces Di0oHaUUl JJIs TPAHMUIlL 00JIACTl 1 TOYOK BCEpeauHI
Hei. Bcei mi uncna moBuHHI OyTH 3MEHINIEHI Ha cTape 3HAYCHHS JiBOI rpaHwuil. B
pe3ynbTari, JiBii rpaHuUIll 3HOBY BianoBigaTume yuciio 0.

Axmo mwmpuHa Xo4ya O OAHOTO 3 I1HTEpBATIB OUIbIIE OJWHMIN, MPOIIEC
MTOBTOPIOETHCS.

B iHmomMy Bumajgky oOHUpaeThCs TOYKA 3 MIHIMAJIbHUM 3HAYEHHSM LLIHOBOT
¢byHK11, gKa 1 OyJe TOYKOI0 ONTUMYMY.

PosrnsHemMo mnpukian TOHIYKY Yy CepeAuHi o00JacTi, SK MPOJOBKEHHS
nonepenuboro. Hexail ¢yHKIIS BIATYKY Mae BUIJISAI MOKAa3aHUW HA PUCYHKY /.5,
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Pucynok 7.5 — Ilomyk B Mexax o6acti

[Ticst BU3HaUEHHS MEX 00J1aCTi MOIIYKY MU MaEMO PE3yJIbTaTH EKCIIEPUMEHTIB
y Toukax 0, 5 ta 13. [llupuna o6macti gopiBHIo€ yncity @i6onauui 13, 110 ckinagaeTbes
3 5 Ta 8, TOMy HaCTYIHI €KCIIEPUMEHTH CJI1]] TPOBOJUTH B TOUKax 5 Ta 8. Ajie B TOUII
5 eKCHepHMEHT BXE MPOBEIEHO. 3AIMIIAETHCS MPOBECTH E€KCIIEPUMEHT B TOYI &,
pe3yNbTaT SIKOr0 Ma€ MO3HAUKYy .

[leii pe3ynpTaT MEHIIMI HDK Yy TOYll S5, TOMY JIBY TPAHMIIO MOLIYKY
MEPEHOCUMO Y TOUYKY 5 U 3MIHIOEMO CUCTEMY KOOPAHMHAT.

[[InpuHa HOBOT 00J1aCTI JOPIBHIOE YKCTY 8, IO CKiIafaeTbea 3 3 1a 5. Y toumi 3
(10 3MiHU KOOpJWHAT 1Ie Oyyia TOYKa 8) €KCIEPUMEHT BXKE MPOBEICHO. 3AUIIAETHCS
MIPOBECTH EKCIIEPUMEHT B TOUIIl 5, pe3yibTaT sIKOro Mae no3Hauky I1.

[le#t pe3ynbTaT OUIBIIMNA, HIXK Yy TOYI 3, TOMY 3MIHIOEMO TIPaBy TPAHMIIO 1
MEePEHOCHUMO ii 10 TOUKH 5. CUCTEMY KOOPAMHAT MPHU 1IbOMY 3MIHIOBATH HE TIOTPIOHO.

[[upuna 3BYKE€HOI 00JacTi JOPIBHIOE YUCIY 5, MO CKIadaeThes 3 2 1a 3. Y
TOUL 3 €KCIIEPUMEHT BKE€ MPOBEJICHO. 3AIUIIAETHCS POBECTH €KCIEPUMEHT B TOULII
2, pe3ynbTrat sikoro mae no3Hauky III.

[eit pe3ynapTaT OUIBIIMI, HDK y TOYLl 3, TOMY 3MIHIOEMO JIIBY TPAHUINO i
MEPEHOCHUMO ii O TOUKH 3 1 3HOBY 3MIHIOEMO CUCTEMY KOOPAMHAT.

[IIupuHa HOBO1 00JIACTI TOPIBHIOE YKCHY 3 1 B yCIX TOUKAX 00JIACT1, OKPIM TOYKH
2, eKCIEPUMEHTH B)KE MPOBEACHO. 3AIHILIAETHCSA MPOBECTH OCTAHHINA €KCIEPUMEHT 1
BU3HAYUTHCS 3 MiHIMyMOM. Ha pucyHky pe3yapTaT eKCIIepUMEHTY Ma€ mo3Hauky IV i
TYT BIATYK Ma€ MiHIMaJIbHE 3HAYEHHS, aJIe MOTJIO CTaTUCS ¥ TaK, 10 BIATYK Y L1 TOYIl
MaB 3HA4YE€HHs OUIbIIE HIXK y Toull 2, ToAl O came Iie 3HaueHHs napamerpy Oyio 6
ONITUMAJIbLHUM.

Sk Gaummo, ocHOBHa mepeBara Merony PiOoHaydi MoJsArae B TOMY, IO Ha
KOXXHOMY KpOIIi BUKOPUCTOBYIOThCS JJaH1 MOMEPEAHBOr0 KPOKY, [0 CKOPOUYE YHUCIIO
CKCIICPUMEHTIB.
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7.4.5 MeToz 30J10TOT0 NepPeTHHY

Lle#t meToa BiIPI3HAETHCS BiA MOMEPEAHBOTO JIMIIE TUM, IO pO3Mip 00sacTi
MONIYKY HE MOB’s13aHui 3 unciiom didboHaudi, ajne CIiBBITHOIICHHS MK IHTEPBATIaAMH,
Ha SIK1 IUTUTHCS 00JacTh MOIIYyKY, MOBUHHE 30epiratucs noctiituuM. Ha pucynky 7.5
MIPEICTABIICHO PO3JUICHHS O0OJACTi TMOIIYKY MPU 3aCTOCYBaHHI METOIY 30JI0TOTO
MEePETUHY.

Pucynox 7.5 — Po3ainienHst 06;1acTi MONIyKy MPpU 3aCTOCYBaHHI METOTY
30JI0TOTO TIEPETHHY

[[IupuHa Bciel 0061acTi HA pUCYHKY MPEACTaBIeHa OAUHUIEI0. TOUKH BecepearHi
00J1acTi, B SIKUX MNOTPIOHO MPOBECTH €KCIIEPUMEHTH, BIJJAJIEHI BlJl TPaHULb 00JIacTI
Ha BiACTaHb X. Ilicas oOLiHKK pe3ysbTaTiB €KCOEPUMEHTIB B IIMX TOYKaX, OJMH 13
KpalHIX IHTepBaJiB o0sacTi Oyjae BIAKMUHYTO 1 TOYKH, B SIKMX MOTpiOHO Oyne
MIPOBOJIUTU €KCIIEPUMEHTH Ha HAaCTYITHOMY KpOLll NOIIYKY, OyAyTh B3K€ BlAJalI€H1 BiJl
IpaHMUIIl IHTEPBAITY HA BIICTaHb 1-2X. AJie BIIHOWIEHHS JOBXXHHH LIbOIO IHTEPBAy J0
IIUPUHHA HOBO1 00JIaCT1 TOIIYKY MOBUHHO 3aJIMIIIATACA HE3MIHHUM. ToOTO

1-2x X
1-x 1 (7.6)
I3 11bOTO BiTHOIIEHHS] OTPUMYEMO KBaJApaTHE PIBHSAHHS JIJISl TIOMIYKY X.
x2-3x+1=0 (7.7)
Po3B’s13aB11u 11€ piBHAHHS, OTPUMYEMO
x = 0.382, 1-Xx = 0.618, 1-2x = 0,236 (7.8)

7.4.6 MeToa IUX0TOMIl

[eit MmeTo OWH 13 HAMBIIOMIIINX, aJie HE HaKpalui, OCKIJIbKA BiH BUMArae
MPOBEACHHS OUIBIIOI KUIBKOCTI €KCHEPUMEHTIB B MOPIBHSAHHI 13 MONEpPEIHIMU
Meroaamu. CyTb METOJTY MOJISTAE€ B HACTYITHOMY, PUCYHOK /.9.
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a - MIHIMyM JIIBOPYY, 0 - MIHIMYM MpaBOpPyY

Pucynok 7.5 — Ilomryk ekcTpeMyMy METOJI0M JUXOTOMIi

OO6nacTp MOIIYKY AUTMTHCS HABIIJI 1 3 ABOX CTOPIH BiJl CepeAHBOI TOYKH, Ha
HEBEIUKIN BIACTaHI, SKa BIANOBIZAa€c HEOOXIAHIM TOYHOCTI BU3HAYEHHS 3HAYEHHS
napameTpa, NPOBOAMUTHCS J1Ba eKcriepuMeHTH. Ha mijictaBi pe3ysibTariB HUX JOCIIIIB
pOOUTHCSI BUCHOBOK MPO TE, JIE€ 3HAXOAUTHCS EKCTPEMYM - B JIiB1i a00 MpaBiii MOJIOBUHI
00J1aCT1 NOIIYKY, 110 J03BOJIAE 3By3UTH 00JACTh MOLIYKY B 2 pa3H.

B cepennHi HOBO1 00J1aCTI MOILIYKY 3HOBY IPOBOJSTH JIBa €EKCIEPUMEHTH 1 TaKk
JOTH MOKH IIMPHUHA 00J1AaCTi MOUIYKY HE CTaHE MEHILE 3a/1aHO0i TOYHOCTI.

7.4.7 Tlomyk ekcrpeMmyMy QyHKUII KiJIbKOX 3MiHHMX

Icnye nekinbka crnoco0iB BuUpilieHHs Mi€l 3agaui. HalOouibm npocTum 13 HUX
BBAXXKAETHCSI METO] KOOPAUHATHOTO CIycKy. CyTh HOTO MOJIATa€ B HACTYITHOMY.

OOupaeTbcs MOYaTKOBA TOYKa JJIA IOIIYKY 1, MOYMHAKOYM BiJ M€l TOYKH,
3HAXOAUTHCS MIHIMYM LUIbOBOT (DYHKIIII, IIJITXOM 3MIHU JIUIIE OJHI€T 3MiHHOI. Bes
periTa 3MiHHUX HE MIHSEThCS.

[Ticns BU3HAUYCHHSI MiIHIMYMY 1O BHOpaHI KOOpJIWHATI MOYMHAETHCS TMOIIYK
MIHIMYMY IO HAcCTYMHIN KOOpJMHATI 1 Tak fami. Ilicis Toro, sik 3Ha4eHHS LUILOBOT
(GyHKLIT nepecTaHyTh 3MIHIOBATUCS IPU MEPEXO/I1 Bi OJIHI€T 3MIHHOI JI0 1HIIOT, MOLIYK
3aKIHYY€THCS.

Came uell MeTol BUKOPUCTOBYETHbCS B JabopaTopHid poboti. [lomyk
MIPOBOJIUTHCA IO Yep3i, CIOYATKy MO CTAJIOMY PIBHIO MEPEX1THOrO MPOLECY, MOTIM MO
HOTO TPUBAJIOCTI.

7.4.8 Komnoneut ParmFinderView

[le#i koMmoHEHT 3a0e3meuye TMOUIYK MapaMmeTpiB PIBHSAHHS perpecii s
NEepexiAHOro Mpolecy B JOCHIKYBaHIM Mojeni. BizyanbHa KOMMO3WILIS Kiacy
HaBeJIeHa Ha PUCYHKY /.0.

BizyanbHa dYacTMHa BHUKOPUCTOBYETHCS [UIsl HANAITYBaHHA ¥ BUBOAY
pe3yNbTaTIB MOIIYKY Y BUTJIS YHCEN.

[Tomryk mapameTpiB pIBHSHHA perpecii MOXXe BHUKOHYBAaTHUCA SIK B
ABTOMaTUYHOMY, TaK 1 B PyYHOMY PEXKUMI.
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JavaBean - widgets.trans.ParmFinderView E@E|

JHa4YeHHA napaMeTpie Nowyry

Tecrt Mo4artkoBi Kpok OnTHManLHi

PieeHE 1 0.0 0.00
Tpueanicib 10.0 1.00 0.00

HinkoBa dhyHKLIA JHa4YeHHA 0.00

) minAbs @ minSqr || Mporokon Mowyk

PucyHnok 7.6 - BizyanipHa kommno3wuilia kinacy ParmFinderView

[Ipy pydHOMY MOITYKYy KOPHUCTYBad OIIHIOE IO €KCIIEPUMEHTATBHUX TOYKaX
3HAQ4YEHHS CTAJIOr0 PIBHS U Yac MePexiJHOTO MPOIIECY, BBOAUTS 111 3HAYEHHS B KOJIOHKY
«ITouatkoBi» 1 HaTuckae KHONKY «Tect». VYBeleHl 3HAUYEHHA MEPEAAIOTHCS
komrnioHeHTy ParamFinder, sikuii BimoOpakae Ha jmiarpami JiHIIO perpecii, Mo
BIJINIOBIJIa€ BBEICHUM IapaMeTpaM, 1 po3paxoBy€e 3HAUYEHHs LJIbOBOI (DYHKIIII, 11O €
MOKA3HUKOM BIJIXUJICHHS €KCIIEPUMEHTAIBbHUX TOUOK BiJ JIIHIT perpecii.

B sikocTi 11ib0BOI pyHKINIT MOKHA BUOMpATH a00 cyMy aOCOJIOTHUX BIIXUJICHB,
a00 cyMmy KBaJpaTiB BIIXWJICHb €KCIIEPUMEHTAJIbHUX TOUYOK BiJ JiHIT perpecii. Jlus
MePEMUKAHHS BUKOPUCTOBYETHCS IPyTia Pajiio KHOMOK «minAbsy - «minSqr».

k1o TecTyBaTH pi3HI BapiaHTH MapaMeTpiB JIiHII perpecii MokHa MigiOpaTu
O1yIbIlIe MEHII TAXOIAII 3HAYCHHS.

[Ipu aBTOMaTHYHOMY TIOIIYKY 33/Iaf0THCSI CTAPTOBI 3HAUYCHHS MapaMeTpiB JIiHi1
perpecii 1 KpoK iXHbOI 3MIHM Npu nomyky. [Ipu HaTtuckanHi kHonku «llomryk» i
3Ha4YEHHsI TepefaroThcsi KoMrnoHeHTy ParmFinder, sikuii MeTogoM KOOpPJAWHATHOTO
CIIyCKY pOOUTH MOIIYK ONTUMAJIbHUX 3HAYEHb MApaMEeTPIB, MICIIs YOTOo JiHis perpecii
1 3HaYeHHS HUIbOBOI (PYHKIIIT BUBOJATHCS JJIsSI 3HAMICHUX 3HAYEHB [TapaMEeTpIB.

3a OakaHHSIM MOKHA OTPUMATH MPOTOKOJ MOIIYKY.

7.4.8.1 Kiac TransParmFinder

[eit kiac 3abe3nedye peamizalilo AIrOPUTMY KOOPAMHATHOTO CIIYCKY MpH
MONIYKY ONTUMAaJILHUX 3HAYE€Hb MapaMeTpiB JiHIT perpecii. g moiryk ekcTpeMmymy
0 KOXKHIM 3 KOOpJMHAT BUKOPUCTOBYEThCS MeTO urices DiboHauyi.

OO0'eKTH PO3TIIAHYTOrO KJIACy 3HAXOMASTH MapameTpu JIiHIi perpecii, piBHSHHS
SIKOT BUBHAYAETHCS CITIBBIAHOMIEHHAM 7.9

_ st
Y (t)=|1-e AU |.|evel (7.9)

s dopmyna inentuuna dopmymi 7.1. Pi3HUIM monisrae jmiie B TOMY, IO
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3aMiCTh MOCTIHHOI yacy T, TyT BUKOPUCTOBY€ETHCS TPUBAIICTh MEPEXITHOTO MPOLECY
tau=3T.

PosramryBanHs miHiT perpecii moa0 eKCIePUMEHTATBHUX TOYOK 3aJICKHUTh Bij
3Ha4YeHb MapaMETPIB 3aJIeKHOCTI 7.9 - TPUBAJIOCTI MEPEXITHOTO MPOIIECY tau, 1 CTajIoro
3HaYEHHS YeprH, 110 MPeACTaBIeHO y Gopmyni 3MiHHOI level. OnTumalnbHi 3HaYEHHS
caMme IHX MapaMeTpiB 1 3HaXOaITh 00’ €kTH Kiacy TransParmFinder.

7.5 Onmc nporpaMHoOro KOMILJIEKCY /sl JIa0OpaTOPHOL podoTH

[IporpamMHuii KOMIUIEKC JUIsl JaHOI JIabOpaTOpHOiI POOOTH CTBOPIOBABCS Y
BUIIsIII TakeTa testTrans BUXO/siUM 3 TOTO, IO BiH MOBUHEH 3a0€3MeYyBaTH:

— HaJAITyBaHHS apaMeTpiB MOJIEN,

— HaKoMM4YeHHs, 0OpOOKyY 1 BUgady B rpadiyHOMY BUTIIAI CEpPEeIHIX 3HAYCHb
Yepru 1o iHTepBajgaM HaKOMWYCHHS,

— MOMJIMBICTH MOIIYKY MapaMeTpiB PIBHSIHHS perpecii;

Knacwu, sixi BIANOBIAAIOTE 32 poOOTY MO, IO JOCTIHKYETHCS, 3HAXOIAThCS
B nakeTi toLab7_testTrans mpoekty SimulationAllLab.

Knac TransGUI peanizye map nojganus nporpamu. J{o ckiiany 1mapy moaaHHs,
OKpIM KOMIIOHEHTIB, 110 3a0€3Meuy0Th HANAIITYBAaHHS TapaMeTpiB MOJEII, BXOSATh
koMroHeHT TransProcessManager Ta komnoHeHT ParmFinderView.

Knac Model peanizye intepdeiic IExperimentable € mapom wojeni
3aCTOCYBaHHS.
[ITap KOMITOHEHTIB 3aCTOCYBaHHS IPEACTABICHUI TAKUMHU 00’ €EKTAMH:

— transactGenerator kiacy TransactGenerator, reHepaTop TpaHCAKIINA;
— queue kiaccy QueueForTransactions, 1110 MOENIOE YepTy TpaH3aKIIIi;
— device kiacy Device, 00cayroByrounii mpuia.

Jns o6’ektiB transactGenerator Ta device y makeTi CTBOPEHO KIIAcH, IO
peaniz3yroTh MOBEIIHKY TeHepaTopa TPaHCAKI(IA Ta 0OCIYyTrOBYIOUOIr0 MPUCTPOIO.

['enepaTop TpaH3aKIliii MOJAEII CTBOPIOE 3asIBKU HE3AJICIKHO BiJ] MAKCUMAaJIbHOTO
pO3Mipy 4epru. 3asBKHU, 0 HE MPUINMAIOTHCS YEPTrOl0, BTPAYaroThCsl.

7.5.1 Kaac TransGUI

Knac TransGUI peanizye map mnojgaHHs nporpamu. BizyagbHa KOMITO3ULIIS
KJIacy MpeJICTAaBJIEHA HA PUCYHKY /.7.

Jlo cximamy mapy TOAaHHS, OKpPIM KOMIIOHEHTIB, M0 3a0e3MedyroTh
HaJAIITYyBaHHs MapaMeTpiB MOJENi, BXOAATh KOMIOHEHT TransProcessMonitor Ta
komroHeHT ParmFinderView.
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Pucynox 7.7 - BizyanbHa KOMITO3HUIIisI MPOEKTY JIJisi BUKOHAHHS JIa0OpaTOPHOI
poboTu

Komnonent TransProcessManager 3abesneuye HacTpoOHMKYy mapamMeTpiB Ta
MPOBEJICHHS €KCIIEPUMEHTY 10 BU3HAYCHHIO MEPEXiTHOTO MPOIIECY.

Komnonent ParmFinderView 3a0e3nedye mnomyk MmapaMerpiB piBHSIHHS
perpecii st mepexiiHoro npoiecy B cucteMi. [louatkoBi gaHi 00'€KT OJepKy€e Bij
KoMIoHeHTy TransProcessManager, a pe3yiabTaTd OOpOOKM BHUBOJIUTH Ha HOrO
Jiarpamy 1 B TpOTOKO.

Kommnonenta ParmFinderView Ha pucyHky He BuaHO. BiH 3’sBisieThcsa 3a
BUKJTKOM.

OcoOnuBiCTh MPOrpaMHOI  peadizaiii Kiacy IMojisrac y TOMy, IO TYT
CTBOPIOEThCS (Dabprka Mojeneil 1 MOCHUJIaHHS Ha Hei MmepenaeTbcsi KOMIIOHEHTY
TransProcessManager.

VY pa3i Bukimky kommoHeHTa ParmFinderView, BiH cTBOproeThcs 1 omy
MEePEeNAEThCA TMOCWIAaHHA Ha KOMHOOHEHT TransProcessManager uepe3 MeTon
setIRegresable() Ta Ha miarpamy, yepe3 Metos setDiagram().

Jns Bizyamizauii komnoHeHTta ParmFinderView y kmaci cTBoproeTbest 00’ €KT
Tty JFrame.

7.5.2 Peanizauisi mapy mopeJi

7.5.2.1 Kimac Model

Knac Model y mnpoekTi BiApi3HAETHCA BiJ AaHAJIOTIYHOTO Kjacy, IO
BUKOPUCTOBYBABCS y TIOMEpeaHii JjabopaTopHii poOOTI  TUM, MO Yy HBOMY
peanizoBano iHtepdeiic ITransProcessable. B mictunry 7.3 HaBemeHo peaisarfil
meToxiB iHTepdeiicy ITransProcessable B nanomy kiaci.

Jlictunr 7.7 — Peanizanis intepdeiicy ITransProcessable y kimaci Model

//Peanizauis iHTepdeiicy ItransProcesable
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@Override

public void initForTrans(double finishTime) {
gui.getChooseDataFinishTime().setDouble(finishTime);
getDevice().setFinishTime(finishTime);
getTransactGenerator().setFinishTime(finishTime);

}

@Override

public Map<String, ITransMonitoring> getMonitoringObjects() {
Map<String, ITransMonitoring> map = new HashMap<>();
map.put("Yepra 3aasok", (ITransMonitoring)getQueue());
return map;

}

7.5.3 Peautizanisi miapy KOMIOHEHTIB Moj1eJti

7.5.3.1 Kiac TransactionGenerator

[eit kimac BIAPI3HAETHCA Bl TaKOTO X KJacy, IO PO3IJIAJIaBCs y MONepeaHii
nabopaTopHiii poboTi, TUM, MmO 10 HBOro gomano Meron setFinishTime(), mio
BUKJIMKAEThCs 3 MetoAy initForTrans().

7.5.3.2 Kiac Device

[e#t kiac BIAPI3HAETHCSA BiJ TaKOTO X KIIACy, IO PO3TIIAIABCS Y MOMEPEIHIM
poOOTI1, TUTBKHM THUM, 1110 10 HOTO 1oaaHo MeTo setFinishTime(), o BukivkaeTscs 3
Metony initForTrans().

7.6 IlopsiIoKk BUKOHAHHS POOOTH
7.6.1 IligroToBKAa 10 pOoO6OTH

AKTHBI3yWTe  Java  3acCTOCyBaHHs, 10  3HaxOIWUTbCI Yy  apXiBl
SimulationAllLab.jar, a6o 3aBanTaxte mpoekT SimulationAllLab.zip no Eclipse.

7.6.2 IlepeBipka npaue3IaTHOCTi MPOrPAMHOI0 KOMILIEKCY

AKTHUBI3yBaBIIM 3acTocyBaHHs «JlabopatopHa pobota 7» mnepekoHalTecs B
MPaIe3aaTHOCTI MPOTPAMHOTO KOMILIEKCY.

7.6.3 HanamryBaHHsl mapaMeTpiB Mojaei

KoediuieHT 3aBaHTa’KEeHHSA MO/IeJIi PO3PaXOBYEMO B 32JI€KHOCTI Big undp
HOMepa y cnucKy. Skmo Buxoautb yncao menue 0.50, noxaiire 1o Hporo 0.5.

[HTEpBaI MiK TIOSIBOTO 3a51BOK 3aJTUIITE PIBHUM OJUHUIII, & 4aC 0OCITyTOBYBaHHS
HaJAIITYHTE PIBHUM PO3PAXOBAHOMY KOE(IIIEHTY 3aBaHTAXKEHHS MOJIEII.

7.6.4 HanamryBaHHsl mapaMeTpiB MOHITOpa

HanamryiiTe mapaMerpu MOHITOpa TakMMH, 100 Ha rpadiky momiTHI Oynu i
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nepexiaHuM MPoIIeC 1 CTaTUuN PEKUM.

7.6.5 JlocaigskeHHsI BIVIMBY HAJALITYBaHb MOHITOPa HA Pe3yJbTATH
MO/ EeJTI0BAHHSA

7.6.5.1 JlocnimkeHHs BILTUBY KUTHKOCTI MapasiedbHO MPALIOI0YUX CHCTEM

Jis 1poro MpOBEdITH CKCTICPUMEHTH  TIPH Mamiii 1 BENUKIM KUIBKOCTI
NMapajiebHO MPAIIOI0YHX CHCTEM 1 mopiBHsWTe iX. [TOHATTS «BenwKe» 1 «mame»
3aJIeKUTh B1J] MOKIIMBOCTEH KOMI'toTepa. [[71s1 KOXKHOro HaamTyBaHHs pOOiTh KUTbKa
JOCIIIIB, 1 y 3BITI (piKCyHTe HAUOLIBII XapaKTepHUM pe3yibTar. [IpoaHanizyBaBiu
pe3yabTaTh, 3p00ITh BUCHOBOK.

7.6.5.2 JlocnmikeHHsI BIUIUB JIOBKUHM 1HTEPBATy HAKOMTMYEHHS

[Ipoananizyiite BIUIMB JIOBKMHU I1HTEpBAJly HAKOMMYEHHS Ha XapakTep
3aJIEKHOCTI CEPETHHOTO PO3MIPY UEPrH Bijl yacy MpHU CEPEIHIM KUIBKOCTI MapaieabHO
mpaiorounx cucrtemax. s mporo mopiBHsTE Tpadikv Ii€i 3aJeKHOCTI I
KOPOTKMX 1 JOBIMX IHTEpBAJIB HAKONMWYEHHS BIANOBIIHO MIATPUMYIOUYH Yac
MOJIETIOBaHHS OJTHAKOBUM. J1JIsl KO’KHOTO HaJalITyBaHHS PoOITh KiJIbKa AOCHIIIB, 1y
3BITI (DIKCYWTEe HAMOUIbII XapakTepHHUW pe3ynbTaT. IIpoaHanizyBaBlId pe3yibTaTH,
3p00ITh BUCHOBOK.

7.6.6 Pyunuii momyk ontuMaabHoi JiHii perpecii

Py4nwuii nomryk JiHii perpecii MOKHa BUKOHATH TAKUM YHHOM:

— HaJaIUTyWTE 3HAUEHHS JOBXHHM I1HTEpBaly HAKONHWYEHHS M KUIBKICTb
napayiesIbHO MPAIIOI0YUX CUCTEM TaKUMHU, III00 OTPUMYBATH HAMOUTBIIT IPUMHSATHI IO
MIBUJIKOJIT 1 IKOCT1 pe3yJIbTaTH;

— KUIbKICTh 1HTEpBaJIIB HAKOMMYEHHA BHUOEpPITH Takow, 00 3a 4ac
MOJICJIFOBAaHHS MEPEX1THUN MPOIIEC 3aKIHUYBaBCS;

— HATHUCHITH KHOIIKY «Crapt» 1 oTpuUMaiiTe MOCITITOBHICTh
EKCIIEPUMEHTAJIbHUX TOUOK JJISl IEPEX1AHOTO MPOLECY;

— 3aHECITh K CTApTOB1 3HAYEHHS Yy BIAMOBIAHI MOJS Ha TMaHel «3HA4YCHHS
napameTpiB MOIIYKY» YUCa, IK1 JaJeKl BiJl ONTUMAIbHUX 3HAYEHb;

— YBIMKHITb niepemukay «IIpoTokoiny;

— HATUCHITHh Ha KHOMKY «Tect». Y pesynpraTi Oyae BuBeneHud Trpadik
PIBHSIHHSL perpecii, 10 BiAMOBIJa€ BBEACHUM 3HAYCHHSAM, a B TMPOTOKONI 1 MO
«IlinpoBa QyHKITIS» TOKA3aHE 3HAYCHHS IIbOBOI (DYHKIIIT;

— BUKOPHCTOBYIOYM METOJ] KOOPAMHATHOTO CITyCKa, peani3yiTe BpyuHy HOLIYK
Koe(ILIE€HTIB PIBHAHHS perpecii, BUKOHABIIM 110 OJHOMY LIUKITY TOLIYKY JJIsi KOXKHOT
3 IBOX KOOPAHMHAT;

— TPOTOKOJI MOUIYKY 1 Alarpamy 3adikcyire y 3BITi.

7.6.7 ABTOMAaTHYHMII MOLIIYK ONTUMAJILHOI JiHil perpecii

JI71s1 aBTOMaTUYHOTO MONIYKY JIiHIT perpecii BUKOHATe HACTYIIHI i
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— 3aHECITh CTapTOBI 3HAYCHHS, SIK1 BBAXKAETE HAUKPAIMMHU, Y BIATIOBITHI TTOJIS
Ha TMaHesl «3HaueHHS MapaMeTpiB MOLIYKY»;

— YBIMKHITB Tiepemukad «lIpoTokom»;

— HaTUCHITH Ha kHOMKYy «[lomyk». B pesynprari Oyae BuBeneHuil rpadik
PIBHSIHHSL perpecii, a y CcTOBNUMKY «OnTUMalibH1» OyayTh IMOKa3aHi ONTHUMAaJbHI
3HAYCHHS MMapaMeTPiB 1 3HAUCHHS IIJIOBOI (PYHKITIT;

— 03HAMOMTECH 3 IPOTOKOJIOM ITOIIYKY;

— JOCTIDKYHUTE Tpalle31aTHICTh aITOPUTMY TIPH Pi3HUX CTapTOBHX 3HAYCHHSIX
napaMeTpiB 1 BEITUIMHAX KPOKY;

— KOITI0 HAKPaIoro pe3yiabTaTy 3adiKCyUTe 1 JOAalTe J0 3BITY.

7.6.8 JlocaigskeHHs 3aJ1€KHOCTI TPUBAJIOCTI MepexiIHOTO nmpouecy Bia
Koe(ilieHTAa 3aBAHTAKEHHSI CHCTEMH

BukopucroByroun monens ta ParmFinder, orpumaiite 3ajieHICTh TPUBAIOCTI
MEPEXITHOTO TPOLECy, Ta CTAJOT0 3HAYEHHS CEPEeIHbOI JIOBKUHHM YEeprd Bij
Koe(irieHTa 3aBaHTaKeHHA cucTeMu. [IpoBeaiTh AJi1 YOTUPHOX 3HaYEHb KoedilieHTa
3aBanTaxxkeHHs (Big 0.4 1o 0.85) mo 3 ekcnepuMEHTH AJisl KOKHOTO 3HauYeHHs. OauH
i3 piBHIB Mae€ BianoBigaTn BapianTy 3 nomnepeanboi podoru. OTprMaHi pe3yibTaTH
MOKaXITh y BUIISAI Tabmuul ¥ rpadikiB s CTajJoro 3HAYEHHS 1 TPUBAIOCTI
TIepeXiTHOTO MPOIIECY.

VY Tabnuill HaBeAITh TAaKOX TEOPETUYHI 3HAYEHHS CTAJIOl CEpeHbOI JOBKUHU
yepru. Ha rpadiky ans cranoro 3HaY€HHs YEpru OKpPIM €KCHEPUMEHTAIbHUX TOYOK
MOKaXITh CEPEIHI 1 TEOPETUUHI 3HAUCHHS

Tabmuus 7.1 — 3anexHICTh MNapaMeTpiB MEpPEeXiJHOro IMpolecy BiA
Koe(illieHTa 3aBaHTAXKCHHS
- _ KoedimienTn 3aBanTaxeHHs
OKa3HUKHU ocIiau
Hlocain >=0.4 0. 0% | <=0.85
1
TpuBamicthb 2
MePEXiTHOTO 3
npouecy
Cepenne
1
2
Crane 3
3HAYCHHS
Cepenne
Teopernune
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7.7 3aBaaHHs sl caMOCTiiiHOI po0oTH

Peanizyiite B Mmogem s cBoro Bapianty PI'P intepdetic ITransprocesable, a
710 Bi3yaJIbHOI YaCTWHU JOJAWTE 3aKiaaKy 3 KoMmrmoHeHToM TransProcessManager i
BUKOHAWTE HEOOX1/THI HAJIAIIITYBaHHS.

[TepeBipTe poOOTY 3aCTOCYBAHHS y PEKUMI TOCTIKSHHS TIEPEXITHUX TIPOIIECIB.

Otpumaiite rpadiku mepexigHUX MpoleciB Ta 3adikcyiTe ix ans 3BIiTY Ta
BU3HAUTE TPUBAJICTh MEPEXiIHUX MPOIIECIB Y UePTrax CHCTEMHU.

7.8 Bumoru 110 3BiTy

Ha3zga i 1isib po6oTH.

Po3paxyHok koedilieHTa 3aBaHTaXEHHS JIJI1 CBOTO BapiaHTa.

[Tizpo3ain 3 pe3ynbTaTaMu JTOCHIKEHHS BIUTUBY HaJlAlITYBaHHS MOHITOpa Ha
pe3yNbTaTH MOJIEIIOBAHHS BIAMOBIAHO A0 MIAMYHKTIB 7.6.5.1 Ta 7.6.5.2 y BuUrismi
KOITIi BiKHA JllarpaMu JyIsl PI3HUX MapaMeTpiB 1 BUCHOBKH PO BILIMB HAAIITYBaHb Ha
BH/T JOCIIJKYBAHOT 3aJI€KHOCTI.

[Tizxpo3ain 3 pe3yapTaTaMy NOLIYKY JIIHII perpecii BIAMOBIIHO 3 MyHKTaMu 7.6.6
ta 7.6.7 MeToguyHuX BKa3iBOK [IpoTokoau 1 AiarpaMu py4HOro Ta aBTOMAaTHYHOTO
MOIITYKY.

[lizpo3ain 3 pe3yapTaTaMu. JOCIIHKEHHS 3aJ€KHOCTI TPUBAIIOCTI MEPEX1THOTO
MpoIleCy Ta CTAJOr0 3HAYEHHS CEpPeIHbOI JIOBXKMHM 4Yepru BiJ KoedilieHTa
3aBaHTAKEHHS CHCTeMU. BUCHOBKH 3a pe3ybTaTaMH MPOBEACHUX EKCIIEPUMEHTIB.

[Tizpo3ain 3 pe3yabTaToOM TECTY.

[limpo3ain 3 pe3ynbraramu BukoHaHHS eramy PI'P B saxomy maiore Oytu
HaBelleHI (GparMeHTH KOy MiAKIIOYeHHsT (aOpuKu MOJeNe 3 TOSCHEHHSMHU Ta
MeToau peanmizanii inTepdericy ITransprocesable. Takox y OKpeMHX MyHKTax
PO3IIIIHYTH KOKHY 3 OTPUMAHUX 3aJISKHOCTEH 1 MPOKOMEHTYBATH, YOMY 3aJICKHICTh
Ma€ caMe€ TaKUM BUTJISI.

KoHTpoJubHI nMTAaHHSA

1. Meroauka onaepKaHHA EKCHEPUMEHTAIbHUX JaHUX Mpo NepexiaHui

poLec.

[lo Take miHis perpecii 1 5K i1 3HANUTH.

[lo Take mimpoBa GyHKIIIS, SK 11 BUOpATH.

MeTtoauka nouryky eKCTpeMyMy METOAO0M AUXOTOMII.

MeTtoauka nouyKy eKCTpEMYMY METOJIOM 30JI0TOTO IIEPETUHY.

MeTonuka NoLIyKy eKCTpEMYMY 3 BUKOPUCTaHHAM ynces DiboHauyi.

MeToa KOOpAMHATHOTO CITYCKY.

Onuc CTpyKTypH NPOEKTY MO Jiarpami Kiacis.

. Onuc mMoperni, ika BAKOPUCTOBYETHCS B IIPOCKTI.

10 Onuc kiaciB, SKi OMUCYIOTh BJIACTUBOCTI W TOBOHKCHHS OCHOBHHX
KOMIIOHEHTIB MOJIETTI.

11.5Ix opranizoBanuii 30ip iH(OpMAIIi PO JOBKUHY YEPTH.

12.5Ix opranizoBaHe ycepenHeHHs 1H(pOpMaIlii PO TOBKUHY YEPTH.
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13.51x mparroe MOHITOD.

145k peanizoBaHMil y MPOEKTI AaBTOMATUYHUI MOILIYK MNapaMmeTpiB JiHil
perpecii, MOsSICHUTH, BUKOPUCTOBYIOYH MPOTOKOJ MOIIYKY.

15. 51k mpairtoe 3aCTOCyBaHHsI, TIOYMHAIOYHN BiJ] HATUCKaHHS KHOMIKH “CTtapT”.
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