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BCTVYII

[TIporpamy komiiekCHOro ¢axoBOTro BUIPOOYBaHHS JJIsI BCTYIy Ha OCBITHBO-
HayKOBY Iporpamy IiJArOTOBKM MaricTpa 3a cremianbHicTio 122 Komm’roTepHi HayKu
(mam — Ilporpama) mpu3HayeHO JJIsi OTPUMAaHHS JOCBIy CAMOCTIMHOI POOOTH
abiTypieHTa 3 HIATOTOBKM 10 ek3aMeHy. [Iporpamy BCTYymHOro BUIPOOYBaHHS
PO3pO0JICHO aTeCcTalIfHOI KOMICIE0, YXBajJeHO HaykoBO- METOIMYHOIO KOMICIERO 32
cnenianpHicTIO 122 «KoMm’toTepHi Hayku» Ta 3atBepikeHo ['onoBoro [IpuiiManbHoO1
KOMICIi.

Mertorw nporpamu € GopMyBaHHsI y aOITypi€HTIB 37aTHOCTI O3HAMOMMTHCS 13
OpEeIMETHUMHU MHUTAaHHSAMU KypClB HABYAJIbHMX JUCLUUIUIIH, IO BKJIIOYEHI B
eK3aMeHalllliHl OlIeTH; OIpaIloBaTH MIIPYYHUKHU, HaBYAIbHI TOCIOHMKM Ta 1HIII
iH(pOopMaIifHO-TIITepaTypHl JKepena TpPeIMETHOI o00JacTi 3HaHHS; OCMHCIEHO
BIIOPSIIKYBATH 1 CHCTEMATU3yBaTH 3aCBOEH1 TEOPETUYHI 3HAHHS 1 MPAKTHUYHI HABUYKY;
MOTHUBOBAaHO BHUKOHATH pOOOTY Ha €K3aMEHI, MPOJEMOHCTPYBAaBUIM NEBHUI pIBEHb
3aCBOEHHS HABYAJIbHUX JUCIUIUIIH B pe3yJIbTaTl HABUAHHS.

[Tepenik HaBYaJIbHUX OUCUUILIIH i€l [Iporpamu ckinaiaiTh Taki, M0 HAJIEKATh
JI0 IIUKJTY AUCIUILIIH 0a30BO1 MiArOTOBKH HABYAJIBHOTO TUIAHY MATOTOBKHM OaKajiaBpa
Hanpsmy 122 KoM toTepHi HayKu:

1) HocaimkeHHs orepartiif;

2) MeTou Ta CUCTEMU IITYYHOTO 1HTENEKTY;

3) OG’exTHO-Opi€HTOBaHE TIPOTPAMYBAHHS;

4) InTeNeKTyalbHUN aHallI3 JaHUX.

Berynamii ex3aMeH MpoBOUTHCS YOTUPH aKaAeMiuHUX ToanHu 0e3 mepeps (180
XBUJIMH) y CHOCIO OJlepKaHHS €K3aMeHAI[IHHOTO O1JIeTy — MOBEPHEHHSI MUChMOBO1
pobotu. MeToro Ha eK3aMeH1 € pO3B’sA3aHHS 3aB/laHb €K3aMEHAIIHOTO OlJeTy.
Ex3amenaniifnuii Oi€T MICTUTh YOTHPU TEOPETHUYHUX a00 MPAKTUYHUX 3aBJaHHS.
Jludepentiamnii pododoro dacy, BiABEACHOTO HAa BUKOHAHHS KOXHOTO 3aBIaHHS,
HeMae. DIKCYEThCS Yac MOYaTKY 1 3aKIHYEHHSI pOOOTH.

HEPEJIIK HABYAJIBHOI'O MATEPIAJIY, IO BUHOCHUTBCA HA
P®AXOBE BUITPOBYBAHHA

1. HaByajapHa aucuumiiina «JlocaigkeHHs onepauiin

OCHOBHI IPUHIIMITY TOCHTIKEHH onepaliiii. ETanu onepariiiHoro 1ociiKeHHS.
[lepeBipka agekBaTHOCTI MOJCHI IIPHM BHUKOHAHHI OIEPAIIHHOTO JOCIIHKCHHS.
OcHOBHI KJTacu 3aJa4 JOCII/DKSHHS OTepalliid Ta IXHs XapaKTepUCTHKA.

[TocTanoBka Ta MaTemMaTH4YHa MOJENb 3ajay JiHiitHOro nporpamyBanus (JIIT).
dopmu 3anucy 3ajadi JiHIAHOTO porpamyBaHHs. KaHoHiuHa Ta po3ropHyTa hopma.
MHoO1Ha T0MyCTUMUX PO3B’SA3KIB.

[loctanoBka Ta MareMaTW4Ha MOJENh 3a/Jay JIHIKHOTO MNpOrpaMyBaHHS
(JIIT).I"'padpiunnmii MeTox po3B’si3aHHS 3a7a4 JiHIHOTO MPOrpaMyBaHHSI.

[locTaHOBKa Ta MareMaTH4Ha MOJIeNb OaraTOKpPHUTEPIaJbHOI 3aJa4l TPHUHATTS
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pimeHb 1 ii BaacTUBOCTI. BiacTWBOCTI €pEeKTUBHUX albTEPHATUB 1 CHOCOOM iX
3HAXOKCHHSI.

Metonu po3B’s3aHHSA 3a7a4 JIIHIMHOTO MporpamyBaHHsS TeopeTHdHi OCHOBHU
CUMIUIEKC-METO/1a, AITOPUTM CUMILIEKC-METO/1a. 3B’ 30K MIXK €JIeMEHTAMH CUMIIJIEKC-
Ta0JINIIb, 03HAKA ONITUMAJIBHOCTI Ta HEPO3B’I3HOCTI 3a/1a4l.

JIBoicTa 3ajgada JIHIMHOTO MNpoTrpaMyBaHHs. 3B’SI30K MUK (oOpMaMu 3amucy
npsMoi Ta aBoictoi 3amau JIII, ocHOBHI TeopemMu JBOICTOCTI, 3BE/IEHAa TeopeMa IMpo
3B’SI30K ONTHMAJIBHUX PIllIEHb MapH JABOICTHX 3aj]ady, Ta 3B 30K OOMEKCHB MPSMOT
3a/a4i 3 ONTUMAIBHUM PO3B’SI3KOM JIBOICTO1 3a71a4i 1 HABIMAKH.

JIBoicTuii cumrmiekc-mMeTo 1. TeopeTuuHi OCHOBM JIBOICTOTO CHUMILIEKC-METO/IA.
[IceBgomuian Ta MOro BIacCTUBOCTI. AJITOPUTM ABOICTOTO CHUMILIEKC-MeTo1a. O3HAKH
ONTUMAJIbHOCTI TIaHy Ta HEpO3B’ si3HOCTI 3aAa4i JII1. [TopiBHsIIBHUI aHAM3 ABOICTOTO
CUMILIEKC-METO/1a 3 CUMILIEKC-METOOM.

JocnipkenHss Monened 3aaad  JIHIMHOTO MporpamMyBaHHS Ha YyTJIMBICTb.
ExoHOoMIuHa 1HTEpIIpeTallisi ONTUMAIbHUX 3HAYEHb JIBOICTUX 3MIHHUX. JoCaimKeHHs
YYTJIUBOCTI ONTUMAIbHOrO po3B’si3ky 3amau JIII mpu BapitoBaHHI OOMEKEHUX
pecypcis.

JlocnipKkeHHsT 4YYTJAMBOCTI TPU BapilOBaHHI MaTpulll OOMEXKEHb 3ajadi.
JlocaimkeHHs 4y TIIMBOCTI TIPH BBEJCHHI HOBOTO CIIOCO0Y BUPOOHUIITBA.

3MICTOBHA MOCTAaHOBKA Ta MaTeMaTH4YHa MOJENb TPAHCIIOPTHOI 3a7adi. Y MOBH
PO3B’SI3HOCTI TPAHCTIOPTHO1 3aAa4l. OTOpHI IJIaHU TPAHCTOPTHOI 3a7a4i Ta METOIH 1X
3HAXOKCHHS: METOT MIBHIYHO-3aX1THOTO KyTa Ta MIHIMAJIbHOTO €IEMCHTA.

Meroau 3HAXOMKEHHS ONTUMAIbHOTO PO3B’S3KYy TPAHCHOPTHOI 3ajadl.
Anroput™M MeToy MoTeHIianiB. O3Haka ONTUMAIBHOCTI MJIaHy TPAHCIIOPTHOT 3a/1a4i.

[locranoBka Ta MaTeMaTWyHa MOJENb 3aJadi JIHIKHOTO IJIOYUCETHHOTO
nporpamyBaHHs (JILIT). OcobnuBocti 3amau JILII. Anroputm MeToay BiJICIKAHOUHMX
wionmH ['omopi. O3HakKM ONTUMAIBHOCTI PO3B’SA3KY Ta HEPO3B’SI3HOCTI 3ajadi
JTIHIAHOTO LIJIOYUCENBHOTO MPOTrpaMyBaHHsI PU BUKOpHUCTaHHI MeToxy ['omopi.

[loctTanoBka Ta MareMaTu4yHa MOJEIb 3ajayl JIHIHHOIO LIJIOYUCEILHOIO
nporpamyBanHs (JILIIT).3aransHa cxema Metony Triiok Ta Mexx. OCHOBHI MPOLIEAYPH
MeToy. O3HaKa ONTUMAIbLHOCTI. AJITOPUTM METOY TiJI0K Ta Mex st 3axadl JILII.
[Tponenypa po30UTTS MHOKMHU Ha MIAMHOKUHU BapiaHTIB Ta 3HAXO/PKCHHS OI[IHOK B
3azmaul JILII. O3naka ontumansHocTi. [Ipukinan 3actocyBaHHs.

[TocranoBka Ta MaTemMaTH4Ha MOJEJb 3a7adl KoMiBosbkepa. ONUC alrOpuTMy
METO/Y I'UIOK Ta MEX B 3a/1a4l KOMIBOsbKkepa. O3HaKa ONTHUMAJIbHOCTI.

[TocTanoBKa Ta MaTeMaTUYHa MOJENb 3a/1a4d HeMlHIMHOro nporpamysanHs (HIT)
1 TOCHIKEHHS CTPYKTYpH. Bu3HaueHHs OmyKI101 Ta yBIrHYTO1 QyHKITII.

Teopema mpo po3ramnryBaHHs ONTUMAIBLHUX Po3B’sa3KiB 3a1adi HII. Busnauenns
omykJioi Ta yBirHyToi (QyHKIi. O3HAaKUM OIYKIOCTI Ta BTHYTOCTI. AJTOPUTM
KJIACHYHOT'O METO/Iy YMOBHOI ONTHUMI3aIlii.

[ToctanoBka Ta MareMaTWyHa MOJENb 3a/Jad HEJIIHIHHOTO MpPOrpamMyBaHHS
Teopema npo MHOXkHUKH Jlarpanyka Meron MHOXKHUKIB Jlarpamxka.

Teopema Kyna-Takepa Ta ii pomp B HemiHiiiHOMY mporpamyBanui (HIT).
3actocyBaHHs Teopemu KyHna-Takkepa 11 3aa4l ONyKJIOTro IpOrpaMyBaHHS.

Metoau  3HAXOMKEHHS  ONTUMAJbHHUX  PIIEHb  3a7a4  HEJIHINHHOTO
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nporpaMmyBaHHs. KinacuuHuii MeTo1 MOIIyKYy YMOBHOTO €KCTpeMyMy. MeTo 3MiHHO1
MeTpuku. [IpsiMi MeToIu TOLIYKY.

3ajaya KBaJIpaTUYHOTO IIPOrPaMyBaHHs Ta METOJ 11 po3B’si3aHHA. Dopma 3anucy
3agadi. YmoBu ontumanbHOCTi Kyna-Takkepa ans  3amay  KBaJpaTHYHOTO
IporpaMyBaHHS.

Knacudikaiiist MeToziB NOLIYKY €KCTpeMyMy HeliHIMHUX QyHKUINA. ['paaieHTHI
MeToIu. MeToa CIpsKeHUX HAMpsSMKIB.

3arajibHa TIOCTAHOBKA 3ajlaul JiJIi METOJIB OJHOBHUMIPHOI ONTHUMI3aIlii.
MatemaTruHa MOJIeNb 3a/1a4i. AJITOPUTM TUXOTOMIYHOTO TIOIIYKY.

[Tpsimi MeToM OTHOBUMIpHOTO TONIyKy. [locTaHOBKA Ta MaTeMaTHYHA MOJIEIb.
MeToz 30710TOTO NEPETUHY.

[Ipstmi MeToIM OJTHOBUMIpPHOTO MOIIYKY. [locTaHOBKa Ta MaTeMaTH4HA MOJEIb.
Mertox ®i06onayyi.

3aranbHa XapakTepUCTUKA METOJIIB MOIIYKY €KCTPEeMyMYy HENIHIMHUX (QYHKIIN
1pu oOMexeHHsX. [[opIBHSHHS METO/1B JIIHIHHOTO MOIIYKY.

3arajibHa XapaKTepUCTUKA METOMIB MOXIIMBHX HampsMKIB. MoxiuBuit
HaIpsIMOK Ta MOXJIMBUM HaIIPSIMOK CIIyCKY. 3aCTOCYBAaHHS METOAIB MOKJIMBHUX
HaIMpSMKIB y BUNIAJKY JIHIMHUX OOMEKCHb.

[ToOynoBa MOXIMBUX HANpPSIMKIB CIYCKY. 3aCTOCYBAHHSI METOJIB MOKJIMBUX
HaMpsMKIB y BUTIAJKY HEHIMHUX OOMEKECHb.

3araipHa XapakTepUCTUKa METOMIB MTpadHUX (QyHKIIA. AITOPUTM METOLY
Oap’epHUX MOBEPXOHb. AITOPUTM METOy MTpadHUX QYHKITIH.

Cnucox gireparypu [1 — 9]

2. HapuanbHa gucuumiina «MeToau Ta CHCTeMHU IITYYHOT0 IHTEJIeKTY»

InTe/ieKTyaJIbHi AJIrOPUTMH NOLIYKY

dopmMarizaiis MOCTAaHOBKM 3ajayl B mpoctopi craHiB. Crparerii ciirnoro
nomyky. Itepamiiine noryiuOiaeHHs. OcoOJMBOCTI, MepeBard 1 HEAOJNIKH IHX
crparerid. AyHKIIT, K1 COpAMOBYIOTh noiryk. Kiacudikaiis MeToAiB MOIIYKY 3a
cTpareriaMu 00xoay rpada npocropy craniB. Ctpaterii eBpucTuyHOro nomyky hill-
climbing, best-first search, A*. XapakTepucTuku OIIHIOBAIBHOI  (YHKIIII:
MOHOTOHHICTb, JIONYCTUMICTh, 1H(OPMATHBHICTb. A™*-aqropuT™M €BpPUCTHYHOIO
nomryky. Teopema JOmyCTUMOCTI.

I'eneTuyni anroputmu (I'A)

Bigmianaicte I'A Big TpaguIiiHUX ONTHMI3AMIMHUX MeETOAIB, iges ['A,
onepatopu ['A, ciocobu migdopy 6aTbKiBCHKOI MAapH, MPUHIIMII ETITU3MY Ta iX BIUIMB
Ha e(DEeKTUBHICTh POOOTH ANTOPUTMY.

InTenekryanabHi ingopmaniliHi TeXHOJI0ril 00pOOKH CUTHAJIIB

MeTonu iHTENeKTyaIbHOTO BUI00yBaHHS KOPUCHOT 1H(OopMaIlii 31 CHOTBOPEHUX

naHuX. [HTenekTyanpbHi METOIM OI[IHIOBAHHS XaOTUYHOCTI YaCOBUX PSITIB.
HeuiTka maTemaTuka
3aranpHi MOHATTA (HEYiTKa MHOXXHMHA Ta (PyHKIIA nmpuHaiexHocTi. CrnocoOu
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MIPEICTABJICHHS] Ta XapaKTEPUCTHKU HEYITKMX MHOXWH). Omneparlii HaJ HEYITKUMHU
MHOXUHaMU. [IoHATTS He4iTKO1 3Mi1HHOI. [TOHSATTS JIHTBICTUYHOT 3MIHHO].
Po3nizHaBanus o0pa3iB

Tunu 3aBnanb po3mizHaBaHHA 00pasiB. [lpen’siBieHHS HaBUaJIbHOI MHOXKUHU
oOpaziB. IlpaBwiio posmi3HaBaHHs: TMapajeidbHa Ta TOCHIIIOBHA Ipolleaypa
dbopmyBanHs mpaBuia. Bapiantu omucy 00’€KTiB posmi3HaBaHHs. Po3smizHaBaHHS
00J114Yb — OCOOIMBOCTI B MOPIBHSIHHI 3 IHILIMMU 33Jja4aMy PO3IMi3HABAHHS.
Heiipomepe:ki

bionoriunuii HeilpoH Ta HeWpomepexka. Mojenb Ta KOMIOHEHTH IITYYHOTO
HelipoHny Makkanoka Ta [litca. 3amayi, siki BUPINIYIOTHCS 32 JOMOMOIOIO IITYYHUX
HelipoMepex. TUTIOBI apXITeKTypH IITYYHUX HEHPOMEPEIK.
Excneprni cucremn

ApXITEeKTypa TUIOBOI €KCNEPTHOI cucTeMu. [IpsMuii MexaHi3M BUCHOBKY IIpU
nooynosi EC. 3BopoTHiii MexaHi3M BHCHOBKY npu noOyzosi EC. Iligxomu mpu
¢bopmyBaHHI ITpaBWJI: HABYAHHS Ha 0a3i JOCBiY, Ta Ha 0a31 MOACII JOCHIKYBAaHOTO
00’€eKTY.

Cnucoxk jgireparypu [10 — 19]

3. HapyajbHa qucuuimiiHa «O0’€KTHO-Opi€HTOBaHe MPOrpaMyBaHH»

OcnoBHi npuniunu OO-nporpaMyBaHHs Ta CXEMH peaii3allii mporpamM Ha 0asi
npoctoi Mozaenm OO-moBu. OO-nporpama npeacTaBisie coOO0 CleHapid B3aeMO/Ill
CYKYITHOCT1 00’ €KTIB, 1[0 MOEIHYIOTH JIaH1 Ta orepallii HaJl HUMH B €IMHY CYTHICTb 1 €
MPEJCTAaBHUKAMHM CBOIX KJIaCiB, TPUUYOMY OCTaHHI MOXKYTh OyTH MOB’si3aH1 B l€epapxii
HAcliyBaHHS Ta Kommo3uiii. Icmutr mnependavae mepeBipKy 3HAHb OCHOBHUX
npunuumniB OOIL: iHkancynsawis, HacaiAyBaHHs, BIpTyajibHI METOIU Ta MOdiMOp(hi3Mm,
rpadiuyna MoBa onucy kiaciB Ta ix iepapxii UML (OIiHIO€TECS KOPEKTHICTh HAMIPSIMKY
Ta CUMBOJIIKU MO3HAYEHHs 0a30BUX BIJHOIIEHb MK KJIacaMM: KOMIIO3HUIIii/arperarii
Ta HACJIITyBaHHS).

Takox mnepeBipsitoTbess 3HaHHS OCHOB OO-moBu C++: 0a30BHil CHHTaKCHC,
METO/IM, X MEpPEBaHTAXEHHs, a0CTPaKTHI KJACH, BIAKPUTE HACIigyBaHHs, poOoTa 3
TEKCTOBUMH PSAIKaMU, KOHCOJIbHE BBEIACHHS-BUBEACHHS, BKa31BHUKH Ta MOCHIIAHHS.

Cnmcok Jitepatypu [20 — 24]

4. HapyanbHa qucuMILTiHA «[HTeJIeKTyaJbHUH aHATI3 TaHUX»

ETanu iHTeNneKTyaapbHOro aHami3y J1aHuX.

. XapakTepucTUKa THUIMIB aHali3y, 3arajbHe Ta BIIMIHHOCTI y MOCTaHOBKax
3aBAaHb KJIACTEPHOTO, PErpeciiHOro, IUCKPUMIHATHOTO Ta (haKTOPHOTO
aHaui31iB, MpoOJIEeMHU KOKHOTO 3 THUITIB aHAJI3Y.

N —



PETPECIMHUI AHAJII3

3aBaaHHs Ta MPOOJIEMH PErpeciitHOro aHamizy (mapamMeTpudHu CUHTE3).

[TocTanoBKa 3a/1a4i KOHCTPYIOBAHHSI PETPECITHUX MOJIEIIEH.

. BuBenenns matpuunoi popmynun MHK s mapametpiB JdiHiMHOI perpecii 3

YMOBH MIHIMYMY KBaJIpaTiB BIIXWUJICHb MOJIEIIl Ta 00 €KTY.

6. BuBenenHs Matpu4Hoi GopMyiIH po3paxyHKy MapameTpiB perpeciiHoi Mojaesl
13 BIACTUBOCTI MPOEKTUBHOCTI METOAY HallMEHILIMX KBaJpaTiB.

7. Onepatop NPOEKTYBaHHS y METOJAl HaWMeHIUX KBaapaTiB. BriactuBocTi
ornepaTopy (CUMETPUYHICTh Ta 1IEMIIOTEHTHICTh), IOBEJICHHS BIACTUBOCTEM.

8. 'eoMeTpuyHa 1HTEpHpeTallisi METOJly HaWMEHIIMX KBaJpaTiB y MPoOCTOpi
3MIHHUX Ta Yy IPOCTOP1 00'€KTIB.

9. AnropuTMHu KpOKOBOI perpecii.

10.binapHa noricTuyHa perpecis.

11.Kpurepii omiHku SIKOCTI perpeciiinoi mozeni. KibkicHa Ta siKiCHa a/IeKBaTHICTh
MOJIEI.
KJIACTEPHUI AHAJII3

12.0co6auBoCTi HaBYaHHs O0€3 BuuTEIsl. 3a7aua KiiacTepusarlii.

13.3aBnanHs Ta npoOieMu KJIaCTEpHOro aHalizy.

14.CyTb Ta XapakTepUCTHKa €TalliB KJIaCTEPHOTO aHaJi3Yy.

15.Knacudikariiss Ta xapaKTepHCTHKA METOIIB KJIACTEPHOTO aHaJli3y JIaHUX.

16.3aranpHe Ta BIAMIHHOCTI KJIAcCTEpHOTO aHaNi3y Bix 3amad kiuacudikamii 3
BUUTEJIEM.

17.Mipu BiJicTaHeM, 1110 3aCTOCOBYIOTHCS B KJIACTEPHOMY aHalli31.

18.Kpurepii OIIHKK SIKOCT1 KJIacTepU3aIlli.

19.IepapxiuyHuii knacTepHuid aHaii3. BIacTUBOCTI KiacTepiB, MO0 YTBOPIOKOTHCA.
ITepeBaru Ta Hepomiku miaxoay. Cnenudika 3acTocyBaHHs.

20.ITpaBuna rpynyBaHHs kiactepiB. HaBeaiTh aHami3 01HOTO 3 METO/IIB.

21.Heiepapxiuni MeTOAM KJIACTEPHOTO aHanizy. Meroz k-means.

22.11opiBHsUIBHUI aHAIII3 1EPAPXIYHMX 1 HEIEPAPXIYHUX METO/IB KJIaCTepU3aLlii

23.HeuiTK1 alropuTMu KiacTepu3arii.
®AKTOPHUIT AHAJII3

24.XapakTepuCcTHKa, 111, IepeyMOBH, 3aBJJaHHs, eTanu (PaKTOPHOTO aHai3y.

25.MeToa rOoJJIOBHUX KOMIIOHEHT, €Talld METOY.

26.I'pagieHTHHI MAX1J 10 BUPIIIEHHS 33/1a4l KOMIIOHEHTHOT'O aHai3y.

27.Po3B's13aHHs 3aJa4l KOMIIOHEHTHOI'O aHali3y 3a JONOMOIOK CIEKTPaJbHOI
TEOpPEMHU.

28.Eram MI'K - "Buginenns ronoBHux kommoHeHTIB". Kputepiii Kaiizepa Tta
Kerremna.

29.01iHKa €PEKTUBHOCTI MPOIIETYPH METOTY TOJIOBHUX KOMITOHEHT.

30.I'eomeTpuyHa iHTEpHpETALlisl TOYATKOBOTO (DAKTOPHOTO PIIICHHS.

31.Jpyruii etan ¢hakTOpHOTO aHAII3Y, I11JI1 TA 3aB/IaHHS €TaITy.

32 Ilponenypu obepTanHs y pakTOpHOMY aHATI3I.

33.Kpurepii pouinbHOCTI mporeaypu (akrtopHoro anamizy, kputepiii Kaiizepa-
Meiiepa-Onkina, Mipa BUOIpKOBOi afiekBaTHOCTI (KoediieHT MSA).

34.JIominbHICT ICHYBaHHA PI3HUX CIIOCOOIB O0EPTAHHS MOYAaTKOBOIO (PAKTOPHOIO

G



pimieHHs y pakropHoMy aHami3i. [losicnenHs merony Bapimaxc.

35. J1ominbHICTh ICHYBAaHHSA PI3HUX CITOCOOIB 00OEPTAHHS MOYATKOBOTO (DAKTOPHOTO
pimieHHs y gakropHomy aHamisi. [loscuenns metony KBaprumakc.

36.BucHOBKM Ta pe3yabTaTH (PaKTOPHOTO aHATIZY
JTMCKPUMIHAHTHUI AHAJII3

37.CyTHICTb 1 3aBIaHHSA TUCKPUMIHAHTHOTO aHAIII3Y.

38.00rpyHTYyBaHHs BUKOPHUCTAHHS Mip BIACTaHI, II0 BHUKOPUCTOBYIOTHCS Y
HOpPMaJIbHOMY  JUCKPUMIHAHTHOMY aHami3l (3BakeHa EBkmigoBa Ta
Maxanono0ica).

39.HopmanpHuii guckpumiHanTHuil aHami3. IlpocTi muckpumiHaHTHI (QyHKIT
®imepa. Po3paxyHok nmapamerpiB. ['eoMmeTpuyHa iHTepripeTanis.

40.HopManbHuil AUCKPUMIHAHTHUM aHami3. AJTOPUTM Stepwise CTPYKTYpPHOIO
CUHTE3Y AUCKPUMIHAHTHUX (QYHKIIIH.

41.HopManbHuii TuCKpUMIHAHTHUI aHani3. OOIpyHTYBaHHS KPUTEPIIB KPOKOBOIO
ITOPUTMY.

42.BUCHOBKH Ta pe3yibTaTH HOPMAJIBLHOTO AUCKPUMIHAHTHOTO aHAJI3y
KAHOHIYHUI JUCKPUMIHAHTHUIN AHAJII3

43.00rpyHTyBaHHS! KAHOHIYHOTO JUCKPUMIHAHTHOTO aHaJI3y.

44 Tlpunimnu NOOYAOBH KaHOHIYHUX JIUCKpUMIHAHTHUX (YHKINA. [losicHeHHs
PO3MIPHOCTI MPOCTOPY KAHOHIYHUX AUCKPUMIHAIINHUX (PYHKIIIH.

45.3aranbHe Ta BIJAMIHHOCTI y MOCTAHOBII Ta Yy MPUHIUIII BUPIIICHHS 3aBJIaHb
KaHOHIYHOTO JUCKPUMIHAHTHOTO Ta (DaKTOPHOTO aHATI3y.

46.BUCHOBKM Ta pe3yJbTaTH KAHOHIYHOTO TUCKPUMIHAHTHOTO aHAMi3Yy.

Cnucoxk jgireparypu [25 — 30]



IPUKITHOEBI IOJOXEHHA

KopucryBaHHSI JONIOMIiKHAM MaTepiajioM HA eK3aMeHi
— J103BOJII€THCS BUKOPUCTAHHS 1HXKECHEPHUX KAJbKYJISTOPIB.

Kpurepii oninroBanns (3a cucremorw ECTS, crodanbHa mkasna)

Po3B’s13aHHS KOKHOI 3a/1a4l OIIIHIOETHCA 32 TAKUMU KPUTEPISIMHU:

95—100 — 3amady po3B’s3aHO MOBHICTIO, BIDHO

85—94 —  3aJa4y po3B’sA3aHO BIPHO, BIJIMOBI/Ib MPaBUJIbHA, aJI€ HASBHUMU €
OJWH-/IBA HENOJIKH (HAaSBHUMH € JI€sKl METOJAWYHI TTOMUJIKH,
MOPYIIEHO MOCTIOBHICTh BUKJIAJIOK TOIIO)

75—84 —  3aJa4y po3B’A3aHO BIPHO, aJie BIANOBIAb HEMPaBUIbHA (HAsBHUMHU
€ apuMETHIHI TTOMHUJIIKH )

65—74 —  3aJa4y pO3B’A3aHO HEMOBHICTIO, aJle HAMIYEHO MPABUIBHUN X1]]
pPO3B’SI3yBaHHSA

60—64 — 3aJa4y He po3B’s3aHO, aJie HaBeAeHO GopMyJid a00 TBEPIHKEHHS,
10 MOXXYTh OyTH BUKOPUCTaH1 IPHU PO3B’A3yBaHHI 3a]1a4l

Meniie 60 —  3amady He po3B’A3aHO

Pesynbrar poOOTH OOYHCITIOETBCS K CcepelHe apudMeTUYHEe OIHOK, IO iX
OTPUMAHO 32 KOXKHY 3a71a4y, 1 3a0KPYTIIOEThCS 10 ITUTHX.

Ockinbku «lIpasuna npuitomy g0 KIII im. Irops Cikopcekoro B 2023 porii»
BUMAararTh MpU OOYMCIEHHI KOHKYPCHOTO 0any 3aCTOCYBaHHS IIKAIM OI[IHIOBAHHS
100...200 OGamiB, BUKOHYEThCS TMEPEPAXYHOK OI[IHKM PEUTUHIOBOI CHUCTEMU
OIL[IHIOBAHHS B IIKATy €IMHOTO BCTYITHOTO ICIIUTY 3 1HO3€MHOI MOBH BIAMOBIAHO 10
Tabymii BIAMOBIAHOCTI OIIIHOK.

Tabnuus Bianosignocti ouiHok PCO (60...100 6amniB)
ouinkam 200-0aneHoi mkanau (100...200 6amniB)

LUKana LKana LKana LKana LKana LKana LKana LKana
PCO 100...200 PCO | 100...200 PCO | 100...200 PCO | 100...200

60 100 70 140 80 160 90 180
61 105 71 142 81 162 91 182
62 110 1e 144 82 164 g2 184
63 115 73 146 83 166 93 186
64 120 74 148 84 168 94 188
65 125 75 150 85 170 95 190
66 128 76 152 86 172 96 192
67 131 77 154 87 174 97 194
68 134 78 156 88 176 98 196
69 137 79 158 89 178 g9 198

100 200




IIpukiaaau THNOBUX 3aBIaHb KOMILJIEKCHOTO ()aX0BOT0 BUNIPOOYBAHHS
1. HaBuyasibHa qucumiutiHa «JloctizkeHHs onepaniin

Ipuxaan 1. IlocranoBka Ta MaTeMaTU4YHA MOJIENIb OaraTOKpUTEPiaabHOL 3a1a4l
OPUMHATTSA pilIeHb 1 11 B1acTUBOCTI. BnacTuBOCTI €peKTUBHUX alIbTEPHATUB 1 CHOCOOU
1X 3HaXOKEHHS.

Po3B’sA30k:

MareMaTtryHa MOJielIb OaraToKpuTepiaabHOI 3a71aui:

maxfl.(x), Vi ell , ]1 ={1,2,...,m} (1)
minfl.(x),‘v’i 612 12 ={m+1,m+2,....M}(2)

BBenemo Taki BiHOIIEHHS HA MHOKHHI albTEPHATUB MPU HASBHOCTI MHOXUHU
ITLOBUX (PYHKITIN (KpUTEPIiB):
a) ciabkoi mepeBaru (He TipIie) » : Ka3aTUMEMO, 1110 X =X

fl.(xl)zfl.(xz), Vie[l ,
fl.(xl)Sfl.(xz), Vielz

0) cTporoi nmepeBaru (kpaie): xl > x2 , TOJT1 1 TUTBKH TOJI1, KOJIU CHCTEMa HEpiBHOCTEH

KOJIn

27
)

(3) BukoHyeThCs 1 X04a 6 07fHA 3 HUX — CTPOTO;
B) CHJIBHOI TIepeBaru: X1 - X7+ AKIIO BC1 HEpiBHOCTI (3) — cTpori;

I') eKBiBAJICHTHOCTI: X~ Xy TOJI 1 TITBKY TOJI, KOJIH fi(xl) = fi(x2) Viel

Anomepnamuea X, 36emvcsi eQexmueHolo, AKWO HA MHONCUHI OONYCMUMUX
anomepruamué A me icnye makoi ambmepHamueu X, Ons AKOI 6 GUKOHYBANUCS
HepIBHOCMI.:

f.(x)=f.(x,), Viel,, 4)

i 1770 1

fl.(x)Sfl.(xO), ‘v’ie]2 (5)
i xoua 6 00Ha 3 Hux 6yna cmpoeoro. e o3Hauae, 110 HisIKa 1HIIA ATFTEPHATHBA HE MOXKE
MOJIMIIUTA 3HAYCHHS JCSAKOI ILUIbOBOT (PYHKIT TMOPIBHAHO 3 €(PEKTUBHOIO
JIbTEPHATHUBOIO, HE MOTIPIIYIOYH ITPU LIbOMY X04a 0 OJ[HY 3 1IHILUX LUIbOBUX (PYHKIIIH.

Tomy iHOM1 €PEeKTUBHY aJIbTEPHATUBY Ha3UBAIOTh He HONNULYBAHOIO HA MHONCUHI

y. ¢. adbo onmumanvroro 3a Ilapemo.
HaiikpammmM pimeHHSM CJIiI BBaXaTH TakKy aJbTepHATHBY X, TPH SKIH

BIJIXWJICHHS BIJl ONTUMAJIBHUX 3HAUYCHB JJISI KOXKHO1 JTbOBOT (PyHKITIT fl(x) ocsrae

CBOI'0 MIHIMAJIbHOI'O 3HAYEHHS.
0_ ~ )
fi fl.(x),Vzell,(6)
_ 0
fl.(x) fi ,Vzelz

Tyt uepe3 ;° mo3HaUGHO ONTHMalbHE 3HAYEHHS i-i 1. . Ji Ha MHOXWHI
JOTYCTUMHUX aJbTEPHATHR.
Ockinpku 1. ¢. MawTb Pi3HY PO3MIPHICTh, TO NOTPIOHO BBECTH JAEsIKE

A fi(x)=
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LIEPETBOPEHHS Wi( fl.(x)), 0 HPUBEIE fl(x) 1o GesposmipHoro Bursidy. Lle

MIEPETBOPCHHSI MA€ 33/I0BOJILHATH TaKi BUMOTH:

a) BpaxyBaTH HEOOXIJHICTh MiHIMI3allli BIAXUJICHb BiJl ONTHMAaJIbHUX 3HAYCHB
JUIS1 KOYKHOI HIJIBOBOT (PYHKIIIT;

0) MaTu CNUTLHUN MOYATOK 1 OJMH MOPSAIOK 3MIHIOBAHHS 3HAYEHb HA MHOXKHUHI
JIOMYCTUMHUX aJTbTEPHATUB;

B) 30epiraTd BIJHOIICHHS TepeBard Ha MHOXHWHI aJbTEpPHATHB, 110
MOPIBHIOIOTHCS JUIsl CYKYMHOCTI IUIBOBHX (DYHKITIH fl.(x), 1 3aBASIKK 1IbOMY HE

3MIHIOBaTH MHOKWHU €(DEKTUBHUX aTbTEPHATHUB.

0_
—f’ fi(X) ,Viel, ;
O_r 1
wi(f,G)={ 1 imn @
fo-1
0 1612,
fimax_fi

ae f. . f. — BIJIMOBIAHO HaMEHII 3HAYEHHS (PYHKII1H, SIKI MAKCUMI3YIOThCS
i min ’“7max ’

1 HaWOUIbIN 3HA4YeHHS (YHKIH, M0 MIHIMI3YIOTbCS, Ha MHOXHHI JOIMYCTUMHUX
allbTepHAaTHB, B TMepeTBOpeHHAX (7) BETUYMHU Wi( fl.(x)) 3aBXKIU 3HAXOMATHCA B

meskax inreppany [0, 1].
MeTon oOMeXeHb I MOLIYKY KOMIIPOMICHHX pillleHb IPYHTYEThCA Ha TaKid
TEOpEMI.

TEOPEMA. Jlnsa Toro, no6 anpTepHaTHBa Oyia €(DEKTUBHOIO MPU 3aJaHOMY
*k
BekTopi mepesarp =0, nmocratHbo, MOOX  OyB €IWHHUM PO3B’SI3KOM CHCTEMH

HEPIBHOCTEM
pl.wl.(x)Sk ,Vierl (8)
JUISl MIHIMaJTbHOTO 3HaY€HHS MapaMeTpa k, , IpU SIKOMY 115l CUCTEMa CyMICHa.
J1i1st 3HaxXOKEHHSI KOMIIPOMICHOT aJIbTEpHATUBH OyAY€ThCS 1TEpalliiHUI Mpoliec

3 MmapameTpom kO e (0; %), Ha KOXHOMY KpOIIl SIKOTO TEPEBIPSETHCS CYMICHICTH

CUCTEMHU HepIBHOCTEW (&). 3MEHUIYIOUH HapameTp ko 1 TUM CaMUM 3MEHIIYIOYH

3Ba)KEH1 BTpAaTH IS BCIX II. (., HAOIMKaeMocs OO albTEpHATHBH, IO 3a0e3rnedye
MIHIMaJIbH1 BTPATH MO BCIX II. (., TOOTO 70 KOMIPOMICHOI aTbTEPHATHBH.

min k() ©)
pl.wl.(x)SkO,‘v’iel (10)

ae w; (x) — 3amaernes nepersopenusamu (7).

. k
£, f; =fl.0—F()_(fl.0—fl.m), Viel, (11)
1
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k
< sl =f) +£(fi o — IO Vi, (12)
l

Po3B*s30k 3amaui (9) — (10) mpu MiHIMaJIbHO MOKJIMBOMY 3HA4€HHI IMapameTpa

k o€ (0; %) BU3HAYUTH ITyKaHy KOMIIPOMICHY aJIbTEPHATHBY.

Hpukaan 2. J[Boicta 3aa4da NiHIMHOTO MpOrpaMyBaHHs. 3B 30K MIXK (opmamMu
3anucy mpsMoi Ta Boictoi 3aaay JIIT, ocHOBHI TeopeMu JBOICTOCTI, 3BEIeHa TEOpeEMa
PO 3B’SI30K ONTUMAJIbHUX PIllIEHb MAapH ABOICTUX 3a]1a4, Ta 3B’ 130K 0OMEKEHb MPSAMO1
3a/1a4l 3 ONTUMAJILHUM PO3B’SI3KOM JIBOICTOI 3a/1a4l 1 HABMAKH.

Po3B’s30K:
3anuiemMo npsMy 1 JBOICTY 3aja4i B 3arajJlbHOMY BUTJISIIL.
n
MaxkcumisyBatu ). C .X . (D)
J= J J
Py OOMEXKEHHSIX
n .
a.x.<b.,i=12,..m; 2)
s | ly j l
]_
x>0, j=1,2,...,n 3)
Toni nBoicTa 3amada 3aMUCyeThCS TaK:
m
MiHIMI3yBaTH biyi 4)
i=1
MpU OOMEXKEHHSX
m .
a..y.zc.,j=12,...n (5)
= vt
yi=20; i=1,2,...,m. (6)

[TopiHIOHOYM (hOpMU 3aMMKUCY MPSIMOI Ta ABOICTOI 3a]1a4, MO’KHA BCTAHOBUTH MI1XK
HMMH TaKl B3aEMO3B’SI3KH.

1. Slkmo mpsima 3ajlada € 3a/auer0 MakcuMi3allii, TO JBoicta OyAe 3aaadcto
MiHIMI3aIlii, 1 HABIAKH.

2. Koedimientn minboBoi ¢yHKII mpsimMoi 3amadgi Cy,...,Cn CTAIOTh BUIBHUMH
YyJeHaMH 0OMEXKCHb JBOICTOI 3a1aqi.

3. ButbHi ujieHH OOMEXeHb MpsiMOi 3ajadl bi,...,b, cTaloTh KoedilieHTaMu
IHOBOI (DYHKITIT ABOICTOT 3a1aui.

4. Matpuris 00MeXeHb BOICTOT 3a7a91 YTBOPIOETHCS NIITXOM TPAHCTIOPTYBaHHS
MaTpuIll 0OMEKeHb MPSMOT 3a/1a4l.

5. Yncno oOMexeHb TpsiMOi 3a7a4i JOPIBHIOE YUCITY 3MIHHUX JBOICTOI 3a/1adi i
HaBIaKHU.

Teopema 1. fkiio X Tay — I0MyCTUMI PO3B ‘SI3KH TIPSIMOI Ta IBOICTOT 3a/1a4, TOOTO
Ax<b, Ta ATy>c ro CTX<B'VY (7).

Teopema 2 (ocHOBHa Teopema JBOIiCTOCTI). SAKIIO XoTayo — AOMYCTUMI PO3B’SI3KU
npsAMOi 1 IBOICTOI 3a1a4 i, KpimM Toro, Sxmo ¢'xo=bTy, (8), To X¢ Ta yo — onTuManbHi
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PO3B’SI3KM NIapy JBOICTUX 3a4ad.
Teopema 3. SIk11i0 B ONTUMAaILHOMY PO3B‘SI3KY MPSIMOi 3a/1a4l 1-T€ 0OMEKEHHS
BUKOHYETBCS SIK CTPOTa HEPIBHICTh, TO ONTHMAJIPHE 3HAYCHHS BIATOBIIHOT ABOICTOT

3MIHHOI JIOP1BHIOE HYJIIIO0, TOOTO
n

a..x .
21 i onm
SIK1110 B ONTUMANIBHOMY PO3BSI3KY JIBOICTOT 3a/1a4i 0OMEKEHHS ] BUKOHYETHCS K
CTpora HepIBHICTh, TO ONTUMAaJbHE 3HAYEHHS BIJIMOBITHOT 3MIHHOI MTPSAMOT 3a]1a4i Mae
JIOPIBHIOBATH HYJIO, TOOTO

T —
HKIHO A ijHT_Cj>05 TO X_] ONIT ~— 0‘

:Aixonm<bl.,m0y 0,

ionm

2. HaByasnbHa qucumiuiina «MeToam Ta CHCTEMH IITYYHOIO iHTEJIEKTY»

Ipuxnanx 1. Buznauutu i1 HacTYmHOro rpady:
- TIOCJI1IOBHICTh BEPIIUH, SIKI OYyTh IEPEBIPATUCS ITPU BU3HAYEHHS MapIIPYTy
MK BepiimHamu A 1 X 3a meroaoM ,,Iligiiimannas Ha narop6” (Hill climbing);
- MapuUIpyT, KU epIIuM OyJ1e BUHAKWICHO 3a [IUM METOJIOM.
OriHroBasibHA (YYHKITIS BEPIIUHU X:
h(x) = I/N,
ne N — HoMep B TaTUHCHKOMY ajidaBiTi OyYKBH, KOO MIO3HAYEHA BepILInHa rpada.

PP
\0‘2 \X‘o Ro/ ™ r
0,

PN

Po3B’s30k:
1)  Tlorouna BepmmHa A, BepmmHu-cragkoemii: B, C, D.
1/Np < 1/Nc¢ < 1/Ng,

oOpaHa BepirHa nepexoay - D.

2)  Tlorouna BepmmHa D, Bepmman-criagkoemi: J, L.
1/Np < 1/Nj,

oOpaHa BepirHa nepexoay - L.

3) [Torouna BepimHa L, BepuinHu-cnaakoemii: P,R.
1/Ng < 1/Np,

oOpaHa BeplIMHA nepexoay - R.

4)  Ilorouna BepmmHa R, BepmnH-cIaAKOEMIIIB HEMAE.

IToBepHeHHs 10 monepeHbO1 BepinHu L, BepuHa-cnagkoemensp: P.

OOpana BepiHa iepexoxy - P.

5) ITorouna BepmmHa P, Bepmmau-criagkoemti: T,X.

1/Nx < 1/Nr,
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oOpaHa BepirHa nepexoay - X.
6)  Ilorouna BepmmHa X - HUTbOBA BEPIINHA.
BignoBins:
- TIOCJTIIOBHICTD BEPIIHH, K1 ITePEBIPSIIUCE:
A,D,L,R,P, X,
- MapuIpyT, IKUHM NEPIIUM BUHANICHO:
A,D,L, P, X.

Ipukaan 2. 3a JONOMOro0 HEYITKMX MHOXKHUH: 1) onucaTty 1Bl HEUITKI 3MiHHI:
«Cepenniii npuOyToxk» Ta «Manuii npuOyToK»; 2) 3a JONMOMOTOK Omeparliii Haj
HEYITKUMH MHOXMHAMHU YTBOPUTH HOBY HEUITKY 3MiHHY: «IpUOYTOK, SIKUH MOXHA
BBaYKaTH MaJIUM Ta CEPEJHIM OHOYACHO.

Po3B’s130k:

Hexait npuOyTok KoMmnaHii B yMOBHUX oauHuuax: 1,2,3.4....

1) YTBOpUMO JOBUIBHI HEYITKI MHOKHHH, IO OMUCYIOTh TOHATTS «MaJIUKA TPUOYTOK
Ta «cepeaHii mpuOyTOK». B KOXKHOMY €1eMeHTI MHOKHHH TEePIIE YUCIO — IPUOYTOK,
JIpyre — CTyHiHb MPUHAJICKHOCTI TAHOTO €JIEeMEHTa HEeYITKIA MHOKHHI.

A (mammit mpubyTok) = {<1,1> <2,1> <3,0.8> <4,0.6> <5,0.4> <6,0.3> <7,0.2>
<8,0.1><9,0><10,0>};

B (cepenniit npuOyTOK)
<5,0.5><6,0.7><7,0.8><8.0,9><9,1><10,1>}
2) Jlns ctBopeHHS HOBOI HewiTkoi 3miHHOT C «Mmamuii TA cepemnHiid mpuOyTOK»

{<1,0><2,0><3,0.1><4,0.3>

BUKOPUCTOBYETHCS OMEpallisi MepeTUHY HEUITKUX MHOXKUH, (opMyJa MPUHATIEKHOCTI
AKoi po3paxoByeThes mo popmyii: pC = min(pA, uB). OTpumyeMo MHOXHHY:

C (Manuit Ta Cepe/THil) npuOyTOK =
{<1,0><2,0><3,0.1><4,0.3><5,0.4><6,0.3><7.0,2><8,0.1><9,0><10,0>}

3. HapyanbHa qucuuiuiina «O0’€KTHO-OPi€HTOBaHe POTrPaMyBAHH D)

Ipuxaan 1. Huwx4de HaBeneHO KOJ, B IKOMY ONMUCYIOTHCS KJIACH JUIsl pealtizaiii
YMOBHOT “IporpaMu-11i€Tonora” (aBTOMATHYHUAN MiIPaXyHOK KaJIOPid 3aJeKHO BiJl
KUIBKOCT1 BJKUTHX ITPOJYKTIB Ta CIIOCOOIB iX MPUTOTyBaHHA). B K011 Opakye KUIbKOX
MeToaiB. lepapxist HacaiyBaHHs KiaciB crpas (aHril. dish) Bkirovae “ripocty crpaBy”
(BasicDish) 3 ogHoro npoaykry Ta “ckiaany (komiuiekcHy) ctpaBy’’ (ComplexDish),
JI0 CKJIaay SKOi BXOAATH 1HIN cTpaBu. [{o iHTepdeiicy cTpaBu BXOIATH Omepartii 3i
3MIHM Bard Ta OUTOMOI KanopiiHocTi Ha 100 r. mpoaykTy, a TakoX omepatii
OTpUMaHHs BarM Ta 3arajbHOi KaJopiiiHOCTI cTpaBU. PeanizoBaHo oJuH crociod
MPUTOTYBaHHS CTpPaB: “‘CKOBOpIAKA“ (aHTI. pan) JAJIS CMa)X€HHsS CTpaB (Hexail BOHa
30UTBIITyE KaJIOPIMHICTh CTpaBH B TIBTOpa pa3u Ta 3MeHirye Bary Ha 20%) Ta
“aHanizaTop BMICTY” NJisi BUBEIICHHS Ha €KpaH 3BITY 3 KAJIOPIMHOCTI TPOCTOI CTPaBH
Ta KOMIUJIEKCHOT CTPABU 3 11 CKJIaJIOBUMH.
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3aBraHHA:

1)  HamamoBatu UML aiarpamy, 1o BKJIt04Ya€ yci KJIacu B KO/JI1, 32 BUKJIFOUCHHSIM
CTaHJIApTHUX (TakuX, sK std::string - IX MOYXHA BBaXKaTH MPOCTO “‘TUMAMU JTaHHUX ).
brox kimacy Mae MICTUTH JUIE Ha3By KJacy, Mepeiik Horo 4ieHiB MOXKHa He
HaBOJIUTH.

2)  Hamwucatu koa ABOX NpOMyIIeHHUX METOAIB JIJIsl 3YUTYBaHHS Ta 3MIHU Baru JJis
kinacy ComplexDish (Bara mae 3MiHIOBATHCS HPOMOPLINAHO [Jsi BCIX CKJIAJOBHX,
TOOTO, SIKIIIO Bara yci€i cTpaBu 301IbIITKIIACH Y/IBIY1, TO 1€ O3HAYAE, 10 Bara KOXKHOI
CKJIaJIOBOI Ma€ TEX 301IBIITUTUCH YIB1Y1).

3)  Hamucaru, mo Oy/ie BUBe/IeHO Ha eKPaH B MPOIEeCi BUKOHAHHS MPOTPaAMH.

#include <iostream>
#include <string>
#include <list>

class IDish {
public:
virtual std::string getDescription() = 0;
virtual float getWeight() = 0;
virtual float getCalories() = ©;
virtual void setWeight(float w) = ©;
virtual void setCaloriesPerWeight(float cpw) = 9;

}s

class AbstractNamedDish: public IDish {
public:
AbstractNamedDish(std::string desc):
description(desc) {
}
virtual std::string getDescription() override {
return description;
}
private:
std::string description;

1

class BasicDish: public AbstractNamedDish {
public:

BasicDish(std::string desc, float w, float cpw):
AbstractNamedDish(desc), weight(w), caloriesPerWeight(cpw){

}

virtual float getWeight() override {
return weight;

}

virtual float getCalories() override {
return caloriesPerWeight * weight / 100;

}

virtual void setWeight(float w) override {
weight = w;

}

virtual void setCaloriesPerWeight(float cpw) override {
caloriesPerWeight = cpw;

}

private:
float weight;
float caloriesPerWeight;

1



class ComplexDish: public AbstractNamedDish {
public:

ComplexDish(std::string desc):
AbstractNamedDish(desc) {

}

void addDish(IDish* sub_dish) {
dishes.push_back(sub_dish);

}

std::1ist<IDish*>& dishList() {
return dishes;

}

virtual float getCalories() override {
float cal = 0;
for (auto sub_dish: dishes) {

cal += sub_dish->getCalories();

}
return cal;

}

virtual void setCaloriesPerWeight(float cpw) override {
float cpwKoef = cpw / (getCalories() / getWeight());
for (auto sub_dish: dishes) {

sub_dish->setCaloriesPerWeight(sub_dish->getCalories()

/ sub_dish->getWeight() * cpwKoef);

}

private:
std::1list<IDish*> dishes;

}s

class Pan {
public:
IDish* fry(IDish* dish) {
dish->setCaloriesPerWeight(1.5 * dish->getCalories()
/ (dish->getWeight() / 100));
dish->setWeight(0.8 * dish->getWeight());
return dish;

}s

class DishAnalyzer {
public:
void inspect(BasicDish* dish) {
std::cout << dish->getDescription()
<< " has total " << dish->getCalories() << " kcal"

<< " in " << dish->getWeight() << " g" << std::endl;
}
void inspect(ComplexDish* dish) {
inspect((BasicDish*) dish);
std::cout << "including:" << std::endl;
for (auto sub_dish: dish->dishList()) {
inspect((BasicDish*) sub_dish);

}
s
int main() {

BasicDish* meat = new BasicDish("chicken", 200, 200);
BasicDish* veg = new BasicDish("potato", 100, 50);

ComplexDish* dinner = new ComplexDish("fried chicken & potatoes");

dinner->addDish(meat);
dinner->addDish(veg);
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Pan pan;
DishAnalyzer analyzer;

analyzer.inspect(meat);
analyzer.inspect(veg);

pan.fry(veg);
pan.fry(dinner);
analyzer.inspect(dinner);

Po3B’s130K.

[YcmimmHe BUKOHAHHS 3aBJIaHHS Tiepeidauae BOIOiHHS 0a30BUMH HABUYKAaMU HAIMCAHHSI KJIACIB Ta
CTBOpEHHS OO’€KTiB, 3HAHHS MNPUHUUIIB I1HKANCyJsUii, HacuigyBaHHs (yclaJKyBaHHs),
nosimMopdizmy (peanizoBaHOro uepe3 BipTyanbHi MeTOM), a Takox HoTauii UML (a came — npaBun
no0Oy0BM JllarpamMH KiaciB). 3aBJaHHsA HE CIPSIMOBAHE HA OL[IHKY piBHS BOJIOAIHHS KOHKPETHOMO
MOBOIO TIPOTPaMyBaHHsI, 1 X0Ua KOJ HaBeeHO Ha MOBI C++, ale 3 yHUKHCHHSM CTICIIH(IIHAX JIATIC
JUIA 11i€7 MOBU KOHCTPYKIIH, 110 Ja€ 3MOTY 3p03YMITH KOJ THM, XTO Hajae nepesary OO-moBam Java
yu C#. BUKITIOUCHHS CKJIQIat0Th: CIIMCKY 1HIIiaii3allii B KOHCTPYKTOPI (MIyTh MK JBOKPAIIKOIO Ta
TiJIOM KOHCTPYKTOpA, CTaHAapTHHUN [u1s C++ croci0 iHimianizarii mojiB B KOHCTPYKTOPi, OCOOIUBO
- YCIaJKOBaHUX ), OTOJIOIIEHHS! YUCTUX BIPTyaJIbHUX METOAIB (0e3 peanizallii, 3aKiHUYyIOTbCA Ha “=
0”) sik yacTuHHU “iHTepdelcHIX” abCTPaKTHUX KJIaciB, KOHCTPYKIIii HOTOKOBOTO BUBEACHHS Ha €KpaH
(std::cout). B ko1l HE BUKOPHUCTOBYIOTHCS “pO3yMHI BKa31BHHKHK  Ta MaiyKe HE BUKOPUCTOBYIOTHCS
MOCHJIAHHS, alleé BUKOPUCTOBYIOTHCS 3BUYAIHI BKa31BHUKH (TIO3HAYEHI Yepe3 CUMBOJI “3ipouka’ Ta
HaOJMDKEH1 710 TOCUJIaHb B 1HIIMX MOBax), IpU LIbOMY 3aMICTh OllepaTopa “rodka’ Juisl 1OCTYILY 1O
YICHIB KJIaCy BUKOPUCTOBYEThCS omepartop “crpimouka”. Takox HasBHa (cranmapt CH++11)
CIIPOIIICHa KOHCTPYKIIIS IUKIY IO eJeMeHTaM KOHTeitHepy (aHri. “range-based FOR loop”, 3
BUKOPHUCTaHHSAM KJIFOUOBOTO CJIOBA auto, aHaJIOTiyHa KOHCTPYKLisAM Tumy “for each” y iHIMX MoBax).
Koa cnpomeHo amns 30epexeHHs UIle BaXJIMBUX AJI1 BUKOHAHHS 3aBJIaHHs €JIEMEHTIB, 1 BiH HE €
ONTHMAJILHUM Hi 3 TOYKH 30py NMPOIYKTUBHOCTI, aHI HAIIHHOCTI YU CTHIIO, ajle € poOounuM. Y
eK3aMeHallIHNX 3aBAaHHAX HE Tepea0avyaeTbcsl BAKOPUCTAHHS 1HIINX KOHCTPYKLiH MOoBH C++, siKi
He 3ycTpivanucs 0 y JaHoMy MpUKIal. |

1. [lounemo 3 MOOYJOBM JiarpaMu HasiBHUX KJaciB. ['0JIOBHE TyT MpaBUIBHO
MMOKA3aTH BIJHOIIEHHS MK Kjlacamu (arperarisi, KOMIIO3HIIisl, HACHIIyBaHHS - BCi
BOHU “‘OJTHOHANpABJICHI” 3 PI3HUMHU THUIIAMHU CTPUIOK: BiJl HACTiTHHWKA 10 0a30BOTO
KJIacy, B1J] KOMIIOHEHTA /10 KJlacy-KOHTeiiHepa). B 1anoMy npukiaai KOMOO3ULIS MIXK
3 BUKOPUCTAHHSIM HECTAHAAPTHUX KJAacCiB BIJCYTHS, € JIMIIE arperamis (4ac »KUTTS
CKJIAJIOBUX KOMILJIEKCHOI CTPABH HE 3aJICKUTh BiJ] YaCy ICHYBaHHSI CAMO1 KOMIUIEKCHO1

ctpaBu). Maemo:

Pan o IDish

P

AbstarctNamedDish

G .

BasicDish ComplexDish [« >——

= =7

DishAnalyzer

3ayBaXMMO, III0 Ha JiarpaMmi TIOKa3aHI TaKOX BIIHOIICHHS TUIY ‘3Hae /
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BUKOPHUCTOBYE” (MYHKTHpHA CTPUIKA), IO HE € 00OB’S3KOBUMH [JIsi 300pa’KeHHS B
paMKax 3aBJaHHS.

2. 3 kony iHtepdeticy IDish Bunno, mo kimac ComplexDish mae peanizyBaTu
meroan getWeight() Ta setWeight(). Jns 3unMTyBaHHS 3arajibHOi Baru CTpaBU
JIOCTaTHBO MPOCYMYBATH Bary KOXHOI CTpaBHU-CKJIaJOBOI, a /Uil 3aJJaHHsl HOBO1 Baru
CJIiJl BUpaXxyBaTu KOE(IIIEHT 3MIHM Baru Ta BUKOPUCTATH HOro IpH 3aJaHHI HOBOI
Barm KOHOi ckimanoBoi. Kox moxe OyTu, Hampukiaa, TakuMm (HE 3a00pOHSIETHCA
BUKOPUCTOBYBATH 1HIIY, OLIbII JIOBrY (OpMYy IMKIY 3 OrOJOIIEHHSM 3MIHHOI-
iTepatopa, TOJOBHE - peai3yBaTH aJrOPUTM MPOMOPIIAHOI 3MiHM Bard 3TiJTHO

3aBJIaHHS):
virtual float getWeight() override {
float w = 0;
for (auto sub_dish: dishes) {
W += sub_dish->getWeight();
}

return w;

}

virtual void setWeight(float w) override {
float weightKoef = w / getWeight();
for (auto sub_dish: dishes) {
sub_dish->setWeight(sub_dish->getWeight() * weightKoef);
}

3. Jlns BU3HAuYeHHs, 110 OyJie BUBEICHO Ha €KpaHi, JOIJILHO IOYaTH aHali3 3
TOYKH BXOJy B Iporpamy — GyHKIil main(). Xig MipKyBaHHS MOXE OyTH HACTYITHUM.
BaxxnuBo akypaTHO BUKOHYBATH OOUYHUCIIEHHS y BIpHIN MOCIIJOBHOCTI.
3.1. VY mepmmx ABOX psAKax CTBOPEHO 00’€kTH 0a30BHX CTpaB IS MO3HAYCHHSI
“Kypsiuoro m’sica’” (meat, Bara nopiuii 200 1, nutoma kanopiiHicts Ha 100 r: 200 xkam)
ta “kapromm’” (veg, 100 r ta 50 xkan Ha 100 T BiAMOBiAHO):

meat.weight = 200 [2]

meat.caloriesPerWeight = 200 [kxan na 100 2]

veg.weight = 100 [2]

veg.caloriesPerWeight = 50 [kxan na 100 2]
3.2.  Jlaii CTBOPIOETHCS KOMILICKCHA CTpaBa - “Bedepst” (dinner), 10 SKOi J01AF0THCS
JIBa TIOTIEPETHBO CTBOPEHI 00’ €KTH-IHTPEII€HTH meat Ta veg (TOYHIIIE - BKa31BHUKA
Ha HUX). [ami cTBoproeThest 00’ €KT-CKOBOpIAKA (pan) s CMaXKEHHS Ta aHalli3aTop
ckJiany ctpaBu (analyzer).
3.3. CnouaTKy BHUKJIMKA€ThCSA METOJ inspect() “aHaiizaTopa’, Kyau HepeaaroThCs
00’exTH 6a30BUX CTpaB. AHaN3aTOp BUBOJUTH HAa €KpaH Ha3BY CTPaBH, ii Kajopii Ta
Bary 3a JJOIIOMOT'OF0 BUKJIMKIB BIJIMOBIIHUX MeTOAIB kiacy BasicDish. 3 ypaxyBanusm
TOT0, L]0 3arajbHa KaJOPIHHICTh € T00yTKOM nMUTOMOI KanopiiiHocTi Ha 100 r Ha Bary
y rpamax, po3zaiieny Ha 100:

meat.getCalories() = meat.caloriesPerWeight * meat.weight / 100 =

=200 * 200/ 100 = 400 [kxan]

veg.getCalories() = veg.caloriesPerWeight * veg.weight / 100 =

=50 *100/100 = 50 [kxan]
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Ha expani Oyne BuBeneHO:
chicken has total 400 kcal in 200 g
potato has total 50 kcal in 100 g

3.4. Jam nosepratounch a0 ¢yHKiii main(), 00’ekT veg (oBou - “kaproruis’)
nepenaeTbest MeToay “‘cmaxkeHHs” fry() 00’exrta-"ckoBopiaku’ pan. Peamizairist iboro
METOY 301IBIITYE TUTOMY KaJOPIHHICTh 00’ €KTa-KapToILii y 1.5 pasu, a Bary MHOKHTD
Ha 0.8:
veg.caloriesPerWeight = 1.5 * veg.getCalories() / ( veg.weight / 100) =
=1.5*50/(100/100) =75 [kxan na 100 2],
veg.weight = 0.8 * veg.weight = 0.8 * 100 = 80 [2].
3.5. Jlaui 3HOB BiJOYBA€ThCSI BUKIIMK METOTY “‘cMaskeHHs pan.fry(), aje Ha meit pas
Ty NIepeaaeThesl 00’ ekT-"Beueps” dinner (KOMIUJIEKCHA CTPaBa), B sIKii 30epiratoThCs
BKa31BHUKHM Ha IIOJAHO 3MIHEHUH 00’ €KT-’KapTommo” (veg) Ta J0Cl HE 3MIHEHUHU
00’ekT-"M’sic0” (meat). [Ipu po3paxyHkax ciij 3BaxaTd, 110 OyJayTh MOIiMOphHO
BUKJIMKaHI BipTyalibHi MeTou 00’ exta Tumy ComplexDish*. Poz6epemo nmokpokoBo:
a) po3paxyemo apeymenm (Hazeemo 1020 arg) 0
dish->setCaloriesPerWeight():
arg[dish->setCaloriesPerWeight()] =
= 1.5 * dinner.getCalories() / (dinner.getWeight() / 100)
mym:
dinner.getCalories() = meat.getCalories() + veg.getCalories()
veg.getCalories() = veg.caloriesPerWeight * veg.weight / 100 =
=75*80/100 =060 [kran]
dinner.getCalories() = 400 + 60 = 460 [kxan]
dinner.getWeight() = meat.weight + veg.weight = 200 + 80 = 280 [2]
omoice:
arg[dish->setCaloriesPerWeight()] = 1.5 * 460/ (280 /100) =
= 246.429 [kxan na 100 2]
06) npu  euxonauHi  dish->setCaloriesPerWeight(246.429)  numoma
KanopilHicmsb CKAa008ux eeuepi 0yoye 3MiHeHAd HACMYNHUM YUHOM (MA€E
spocmu y 1.5 pasu):
cpwKoef = 246.429 / (dinner.getCalories() / dinner.getWeight()) =
= 246.429 /(460 /280) = 150
meat.caloriesPerWeight = meat.getCalories() / meat.weight *
* cpwKoef = 400/200 * 150 = 300 [kxan na 100 2]
veg.caloriesPerWeight = veg.getCalories() / veg.weight * cpwKoef =
=60/80*150=112.5 [kxan na 100 2]
8) pozpaxyemo apeymenm ons dish->setWeight():
arg[dish->setWeight()] = 0.8 * dinner.getWeight() = 0.8 * 280 =
=224 [2]
2) npu euxonanti dish->setWeight(224) eaca cknadosux eeuepi 6yoe 3miHeHa
HacmynHum yunom (mace sminumucsa y 0.8 pa3z):
weightKoef = 224 / dinner.getWeight() = 224 / 280 = 0.8
meat.weight = meat.weight * weightKoef = 200 * 0.8 = 160 [2]
veg.weight = veg.weight * weightKoef = 80 * 0.8 = 64 [2]
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3.6. 1, mapemri, B ocTaHHBOMY PpAAKY GYHKIT main() BiIOyBa€TbCS BUKIUK METOY
inspect() 06’ekra analyzer 3 aprymenTom dinner. ToOGTo, Oyne BUKIMKAHUNA METO.
inspect() kimacy DishAnalyzer 3 apymentom tury ComplexDish*, mo Bka3ye Ha 00’ €xT
dinner. Ilpm mpomy cmouaTky Oynae BHUKIMKaHHM KoJ MeTody inspect() Kiacy
DishAnalyzer 3 apymentom tuny BasicDish* (uepe3 onepaTop npuBeaeHHS THILY).

dinner.getCalories() = meat.getCalories() + veg.getCalories()

meat.getCalories() = meat.caloriesPerWeight * meat.weight / 100 =

=300 * 160/ 100 = 480 [kxan]

veg.getCalories() = veg.caloriesPerWeight * veg.weight / 100 =

=112.5*64/100 =72 [kxkan]

dinner.getCalories() = 480 + 72 = 552 [kxan]

dinner.getWeight() = meat.weight + veg.weight = 160 + 64 = 224 [2]

Ha ekpani Oyne (ananoriuno m.3.3):
fried chicken and potatoes has total 552 kcal in 224 g

Hanmi nomaerbcst pagok “including:” ta HamaeTbcsa aHamoriyda iHdopMaris 1o

CKJIaZIOBHUM:
chicken has total 480 kcal in 160 g
potato has total 72 kcal in 64 g

Biamnosigsb:

3aramom Oyzie BUBEIICHO:
chicken has total 400 kcal in 200 g
potato has total 50 kcal in 100 g
fried chicken & potatoes has total 552 kcal in 224 g
including:
chicken has total 480 kcal in 160 g
potato has total 72 kcal in 64 g

4. HapuajbHa qucHUILIiHA «[HTeJIeKTyaILHUI aHAJII3 JaHUX)

Ipukiaan 1. Mipu BifcTaHeH, 1110 3aCTOCOBYIOTHCS B KJIIACTEPHOMY aHaJi31.

Po3B’s130K.

Jliist Toro, mo6 BHU3HAYMTH, MO SKOTO 3 KJIACTEPIB JOIUIBHO BITHECTH 00 €EKT,
MOTPiOHO CHOYATKY:

- CKJIACTHU BEKTOP XapaKTEPUCTHUK JJISI KOKHOTO 00'€KTa - K MPaBUIIO, 11¢ HAOIp
YUCJIOBUX 3HAYCHB;

- SK TPaBWJIO CJIiJ IPOBECTH HOpMAaJi3aIlilo BeKTopa, 100 BCi KOMIIOHCHTH
JaBaJIi OJTHAKOBUYM BHECOK TP PO3PAXYHKY «BIJICTaHI»;

- JUIA KOXKHOI mapu OO0'€KTIB BUMIPIOETbCS «BIJICTaHb» MK HUMH - CTYIIHb
CXOOCTI.

[ToTiM BuKOpHcCTaTH OJIHY 3 Mip BiJicTaHed. Cepes HUX:

EBxiigoBa BiicTaHb
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Bincrans MauxeTeHOBCHKA
M
p(x?:{-l) = Zl IJ' g= xl’ |

L4 BiACTaHB € CEPEHBOIO PI3HUIIEIO [0 KOOPAMHATAX. 31€01IBIIOr0 LEW Crocio
3HAXO/DKEHHS BiJICTaHI MPU3BOJIUTH IO TaKWX XK€ PE3YNBTATIB, K 1 IS 3BUYAMHOI
Bifcrtani EBkmima. OmHak I IIbOTO CHOCOOY BIUIUB OKPEMMX BEIUKHX PI3HUIIb
(BUKHIIB) 3MEHITYETHCS (00 BOHU HE TITHOCITHCS y KBAJpar).

Bincrans YeOuiesa

p(x,x") = max(| x, - x; )

[{s BincTanb MOXke OyTH KOPHUCHOIO, KOJIM MOTPIOHO BU3HAUMUTHU JBA O0'€KTH K
«P13H1», SAKIIO BOHU BIJIPI3HIIOTHCS 32 SIKOKOCh OJIHIEI0 KOOPAUHATOIO.
Ta 1Hmm.
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