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BCTYII

Mporpama KomnaekcHoro ¢paxosoro BMNpPobyBaHHA ANA BCTYNy Ha OCBITHIO
nporpamy nigrotoBkM Mmarictpa «CUCTEMHUM aHani3 i ynpaBAaiHHA» 33
cneuianbHicTio 124 «CuctemHUn aHanis» (gani — lMporpama) npusHayeHa ANns
OTPMMaHHA A0CBiAY CAMOCTIMHOI pob0oTK abiTypieHTa 3 NiArOTOBKM A0 EK3aMeEHY.

MeToto nporpamun € GOpMyBaHHS Yy BCTYMHUKIB 34aTHOCTEN:

03HaOMMUTUCA i3 NPegMETHUMM NMUTAHHAMM KYPCiB HAaBYANbHUX OUCLUNNIH,
LLLO BK/IIOYEHi B eK3aMeHaUiliHi bineTy;

onpautoBaTM NiAPYYHMKM, HaABYaA/bHI NOCIOHWMKM Ta iHWI iHPopMauinHO-
NiTepaTypHi Axkepena npeameTHOi 061acTi 3HaHHSA;

OCMUCINTH, ynopAaAaUTHU i CUCTEMATN3YBATU 3aCBOEHI TeopeTMqu 3HAHHA |
I'IpaKTW-IHi HaBUYKMH,

BMOTMBOBAHO BMKOHATW POOOTY Ha eK3aMeHi, MPOAEeMOHCTPYBABLUM NEBHUN
piBEHb 3aCBOEHHA CTPYKTYPM Ta 3MICTYy HABYA/IbHUX AUCUMNNIH B pe3ynbTaTi
NiaroToBKMW.

MNepenik HaBYanbHUX AuUcUMNNiH uwiel Nporpamm CKnagatoTb TaKi, WO €
HOPMATUBHMMM OCBITHIMW KOMMOHEHTAaMM Ta, BiANOBIAHO, HanexaTb A0 UUKAY
npodecinHOol NiAroTOBKM HaBYa/IbHOrO NAaHy NiAroToBKM GakanasBpa 3a OCBITHbO-
npodecinHo nporpamoto «CUCTEMHUIM aHani3 | ynpasaiHHA» cneujanbHocTi 124
«CNCTEMHMIM aHaNi3»:

1) Teopia KepyBaHHA
2) MeTtogu ontumisauii Ta gocnigXXeHHa onepauii

3) YucenbHi metogm

BcTynHWIA eK3aMeH NPOBOAUTBLCA YOTUPU aKaZEMIYHUX rogMHK 6e3 nepepsu
(180 xBMAKUH), B ayANTOPHOMY MPUMILLEHHI BUNYCKOBOI Kadeapu matemMaTUyHUX
meTogiB cmctemHoro aHanisy Krl im. Iropa CiKopcbKoro, 3a MeTog0oM «04epHaHHA
eK3ameHaliHoro 6inety—noBepHeHHA NMCbMOBOT POHOTUY.
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3aBOAHHAM Ha €K3aMeHi € po3B’A3aHHA 3a4ay eK3ameHauinHoro binery.
EK3ameHauinHmin 6ineT mictuTb N'ATb 32 TUNMOM NPAKTUYHMX 334a4. AndepeHuiay,ii
poboyoro yacy, BiABeAeHOro Ha BUKOHAHHA KOXXHOr0 3aBAaHHA, HeMae. PiKkcyeTbeA
Yyac No4yaTKy i 3aKiHYeHHs poboTu.

NEPENIK HABYHAJZIbHOIO MATEPIANY, WO BUHOCUTbCA HA

KOMMNNEKCHE ®AXOBE BUNPOBYBAHHA

1. Teopia KepyBaHHA

JTiHINHI  OQHOBMMIPHI HenepepBHi CTauiOHAPHI CUCTEMWU ABTOMATUYHOrO
KepyBaHHA: MaTeMaTU4Hi MOAeNi, AUHAMIYHI XapaKTePUCTUKU. AnrebpaidHi i
YACTOTHI MeToAM AOCAIAMKEHHA CTIMKOCTI NiHIMHUX CUCTEM aBTOMAaTU4YHOIO
KepyBaHHA.

MeToa npocTopy CTaHy: MaTemaTuUyHi mogeni i ANHaMIYHI XapaKTepPUCTUKK
NIHIMHUX CUCTEM aBTOMATUYHOTO KepyBaHHA. AHani3 CTIMKOCTI, KEPOBAHOCTI i
cnocTtepeXXyBaHOCTI iIHIMHUX KiHLEBOBMMIPHUX CUCTEM Y NPOCTOPI CTaHy.

[JVCKpPEeTHI CMCTEMM aBTOMATUYHOIO KepyBaHHA. Buam AUCKPETHUX cUcTem.
PiBHAHHA iMNYNbCHUX CUCTEM. Z-NEPETBOPEHHS Ta MOro BNacTmBoCTi. OCHOBHI
CTPYKTYpM imnynbcHUX cnctem. Metoam Bubopy nepiogy KBaHTyBaHHA.

OCHOBHi XapaKTEPUCTUKKN iIMNYNbCHUX CUCTEM. 3aKOHW KepyBaHHA. [UCKPETHI
nepeaaTtoyHi QyHKUii PO3IMKHEHUX iIMMYAbCHUX CUCTEM i TUMOBMX iIMMNYAbCHUX
cucteM. PiBHAHHA iMNYIbCHUX CUCTEM.

[JocniarKeHHs CTIMKOCTI IMNYNbCHUX CUCTEM.

CUHTE3 NiHIMHUX CUCTeM aBTOMATMUYHOTIO KepyBaHHA. Kputepii onTMmanbHOCTI
ANA NPOEKTyBaHHA cuctemM. MeToam CUHTE3y AUCKPETHUX CUCTEM aBTOMATUYHOTO

KepyBaHHS.

CTOXaCTUYHI OMUCKPETHI aBTOpPErpecinHi moaeni.

Nitepatypa [1]



2. Metoau onTumisau,ii Ta AoCNiAKeHHA onepauii

1.

lNocTaHOBKa Ta MaTeMaTUYHA MOAeNb 33434y NiHINHOrO NporpamyBaHHA
(NIN). ®opmu 3anucy 3apayi NiHIMHOro nporpamyBaHHA. KaHOHIYHa Ta
po3ropHyTa popma. MHOKMHA JONYCTUMMX PO3B’A3KIB.

lNocTaHOBKa Ta MaTeMaTWM4YHA MOAeNb 3a4ay NiHIMHOro NporpamyBaHHA
(NN).FpagiuHnit meTon, pPo3B’A3aHHA 3a4a4 NiHIMHOIO NporpamyBaHHA
MocTaHOBKa Ta MaTemMaTM4Ha moaenb baraToKpuTepiabHOI 3a4aui
NPUMHATTA pileHb i ii BAacTMBOCTi. BnactneocTi epeKkTUBHMX
aNbTepHaTUB i cNOCObM iX 3HAXOAMKEHHA.

BaratokputepianbHMit BUBip anbTepHaTMB Ha OCHOBI HEYITKOrO
BiAHOWEHHA nepeBarn. HegomiHOBaHI afIbTEPHATUBM Ta IXHi
B/1aCTUBOCTI.

MeTtogm po3B’A3aHHA 3a4ay MiHIMHOrO nporpamyBaHHA TeopeTuyHi
OCHOBM CUMMNNEKC-METOAA, a/IFOPUTM CUMMNAEKC-MeToAa. 3B'A30K MiXK
e/leMeHTaMM  CUMNAEKC-Tabnuub,  O3HaKa  ONTMMANbHOCTI  Ta
Hepo3B’A3HOCTI 3a4aui

. [lBoicTa 3agaya AiHiMHOro nporpamyBaHHA . 3B’A30K MiX dopmamu

3anucy npAamoi Ta asoictol 3agay JII, oCHOBHI Teopemu ABOICTOCTI,
3BefeHa Teopema npo 3B’A30K ONTUMMANIbHUX pPilleHb Napu ABOICTUX
33434, Ta 38’A30K 06 MeXxKeHb NPAMOI 3a4a4i 3 ONTUMANbHMUM PO3B’A3KOM
ABOICTOI 3a4au4i | HaBNaKMW.

. [ocnipgxeHHA moaenen 3a4a4 NiHIMHOTO NPorpamyBaHHA Ha YyT/AIUBICTb.

EKOHOMIYHA iHTepnpeTaLia ONTUMaNbHUX 3HAYEHb ABOICTUX 3MIHHUX.
[ocnigKeHHA YyTANMBOCTI ONTUManbHOro po3s’A3Ky 3aga4 J1MN npu
BapitoBaHHI o0bmexkeHux pecypciB. [ocnigxKeHHA YyTAMBOCTI npu
BapitoBaHHI mMaTpuLi obmexkeHb 3agadi. JocniaxKeHHs YyTAMBOCTI npu
BBeAEHHi HOBOro cnocoby BMpobHULTBA.

MNoctaHOBKaA  Ta MaTeMaTU4Ha mogenb  3agad HeniHinHOoro
nporpamysaHHa (HM) i gocnigrKeHHs CTPYKTYpU. BU3HAUYEHHA onyKaoi Ta
BrHYTOI PyHKLUi.

MNoctaHOBKaA Ta MaTeMaTU4Ha mogenb  3agad HeniHinHOoro
nporpamyBaHHA Teopema Npo MHOXHUKK JlarpaHKa MeToa MHOXXHUKIB
NarpaHxa.

10.Teopema KyHa-TaKepa Ta ii ponb B HeniHitHOMY nporpamyBaHHi (HIM).

3acTtocyBaHHA Teopemun KyHa-Takkepa A4nAa  3agadi  OMyKaoro
NpOrpamyBaHHA.



5

11.3apga4ya KBagpaTMYHOrO NPOrpamyBaHHA Ta MeToh i po3B’A3aHHA.
dopma 3anucy 3agadi. Ymosu ontumanbHOCTi KyHa-Takkepa gna 3agad
KBAAPATUYHOro NporpamyBaHHA.

12.3aranbHa NOCTaHOBKA 3a4adyi 4N1a MeToAiB O4HOBMMIPHOT ONTUMI3aLLl.
MaTtemaTtnyHa mogenb 3agadi .ANropuTM AUXOTOMIYHOIO MNOLLYKY.
MeTopa 3on0T1oro nepetuHy .Metoa PiboHauui

13.3arasibHa XapaKTepPUCTUKA METOAIB MOMKAMBUX HAaNPAMKiIB. MoxKaneum
HaNPAMOK Ta MOX/IMBUM HANPAMOK CMycKy. 3aCTOCYyBaHHA MeTOA4iB
MOKNMUBUX HAaNPAMKIB Y BUNAAKY NiHINHNX 0BmeKeHb

14.MobynoBa MOXKAMBUX HANPAMKIB CNYCKy .3acTOCYBaHHA METOZLIB
MOXNMBUX HANPAMKIB Y BUNAAKY HENIHIMHUX OOMEXKEHD

15. Teopema BelepwTpacca Ta Hacnigok 3 Hei. 3agaya 6e3ymoBHOI
onTumisauii. HeobxigHi ymoBM onTMMaibHOCTI NEPLLOro NOPAAKY.

16.Kputepin CunbBectpa. HeobxigHi ymMOBM ONTMMANbHOCTI ApYyroro

nopaaKy. JoctaTHi ymMOBM  ONTMMA/bHOCTI 3agadi  H6e3ymoBHOI
onTuUmisau,i.

17.3apavya ymoBHOI onTtumisauii. [oHATTA AinHiT piBHA. [eomeTpuyHa
iHTepnpeTauin.

18.KnacuyHa 3agaya Ha YMOBHWUM eKCTpemMymM. YMOBM pPerysisapHoOCTI.
FeomeTpuyHa iHTepNpeTaLin.

19.Teopemn nNpo HeobXigHi Ta AOCTaTHi YMOBM B KNACMYHIN 3adadvi Ha
YMOBHWI EKCTPEMYM.

20.0nyKni MHOXKUHK. Onepauii Hag ONYKAMMN MHOXUHaMMW.
MonieapanbHi MHOMXUHW.

21.MoHATTA oNyKNoi KoMbBiHau,ii Ta onyknoi 060/10HKK. Teopema NPO ONyKay
KOMBiHaL,il0 TOYOK ONYKN0i MHOMMWHW. HepiBHicTb MeHceHa.

22.MOHATTA KOHycCa Ta ONYKAOro KoHyca. KoHiyHa 06010HKa MHOXMUHMU.
Cnpsa)XeHn KoHyC.

23.MNoHATTA rinepnAoLWMHKN Ta NiIBNPOCTOPIB, LLLO NOPOAKEHHI
rinepnaowmnHoto. BiaainbHICTb Ta CcTpora BiaAinbHicTb. Teopemu
BiAAiNbHOCTI.

24.0nykni ¢yHKUji. CTpora onyknictb. Haarpadik dyHKuUii. [pyre o3HayeHHA
onykaoi GyHKLii. IHAMKATOPHA PyHKLUiA.

25.0nepauii Hag, onyknammmn yHKUiamU. KpuTepii onykaocTi GyHKLUi B
TepMmiHax nepwmx Ta 4pyrmx NoxigHuX.

26. Onykna 3apadva onTtumisauii. Teopemn Npo BAACTUBOCTI PO3B’A3KIB
ONYKANOI 3a4aui.
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27.ToHATTA AOTUYHOI rinepnaowmHU. Teopema nNPo BAACTUBOCTI ONYKAOI
bYHKLUI.

28.MoHATTA cybandepeHuiana ONyKNoi  QyHKU;. feomeTpunyHa
iHTepnpeTauia. CybandepeHuian niHinHOT KombiHauii onykanx PyHKUii Ta
bYHKUIT MaKcumymy. YMOBU eKCTpeMyMYy.

29.Teopema Npo HeobXiaHi Ta A4OCTaTHIi YMOBU ONTMMANbHOCTI Y BMMNAAKY
ONYKNOI AO0NYyCTUMOI MHOMMHM Ta ONyKAOi ¢YyHKUiil. [eomeTpuyHa
iHTepnpeTauin.

30./lemn Npo ymoBWM ONTUMANbHOCTI B 3arafibHi 3agadi onTumisauii gna
OEAKUX KOHKPETHMX BMAIB AO0NYCTUMOI MHOMWHW (Becb MpOCTip,
KOOpAWHaTHWUI napanenenines).

Nityparypa [2, 3, 4, 5,6]

3. YucenbHi metogu

Po3B’A3aHHA HeniHiMHUX piBHAHb. [MOWYK KOpeHiB anrebpaiyHux piBHAHb.
Teopema brogaHa. Teopema [ekapTta. Teopema lNoa. Teopema LUTypma. YncenbHi
MEeTOAM NOLLYKY KOPEHIB PiBHAHHA: MmeToa biceKLii (N0NI0OBUHHOTO AineHHA), meTos,
NPOCTOI iTepauii, metoa CiYHMX, meToa HbloTOHa.

Mpami meToan po3B’A3aHHA CUCTEM NiHIMHKX anrebpaivyHux piBHAHb. MeTop,
laycca Ta oro pisHosuau (LU posknaa, LDU), obuncneHHs BU3SHAYHUKA CUCTEMMN,
obepHeHOi maTpuui. MeToa KBagpaTHOrO KOPEHsi, CXema XOJieubKoro..
Ob6yMOBAEHICTb CUCTEMU PIBHAHDb

ITepauiiHi meToan po3B’A3aHHA CUCTEM NiHIMHUX anrebpaiyHMX pPiBHAHb.
MeTtoau Akobi, 3arnaena. Ymosu 36iKHOCTi meToaiB.

ITepauiiHi meTogm po3B’A3aHHA CUCTEM HENiHiIMHUX PiBHAHb. MeToa npocToi
iTepauii, metog HbloToHa. MpuHUMN CTUCAUX BiaobparkeHb. YMOBM 36iHOCTI
MeToAiB.

HabnukeHHA PyHKUIN. 3agadi iHTepnonAuii Ta anpoKkcMmalii. IHTepnonauinHi
dopmynn HbloToHa Ta JlarpaHiKa. IHTepnonsuia cnnaHamu. OuiHKa Noxubok
iHTepnonauinHux popmyn.

YncenoHe audepeHuitoBaHHA. OUiHIOBAHHA MOPAAKY TOYHOCTI Pi3HULEBUX
dbopmyn.
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YncenbHe iHTerpyBaHHA. Popmynm cepegHix, Tpaneui, CimncoHa.
KeagpatypHi dopmynu Ennnepa. KybatypHi popmynn.

CnekTpanbHa 3agaya. MeTtoau: CTeneHeBUW, CKaNApHUX  A00yTKiB,
HdaHnnescbkoro, Kpnnosa, Akobi, QR, LR. NepeTBopeHHA NoAiIOHOCTI, KOHI'PYEHTHE,
laycrongepa.

Po3B’A3aHHA 3agaui Kowi gna gudepeHuianbHux piBHAHb. MeTtoau Ennepa,
PyHre-KyTTa nepworo, gpyroro, 4etseptoro nopagkis. Metoan Agamca nepLioro,
ApYyroro, 4YeTBepToro NOPAAKIB.

Kpanosi 3agadi 4na 3sMyanHux gudepeHuianbHmx piBHAHb. MeToa NPOroHKu.
MeTtoa Konnokauji. MeTtoa HanmeHwux KBagpatie. Metog lanbopkiHa. MeTog,
CKiHYEHUX pPi3HULUb ANA POo3B’A3aHHA 3BUYAMHUX AudepeHLiaNbHUX PiBHAHbL Ta
PiBHAHb Y YACTUMHHWUX MNOXiAHMX. 3aCTOCYBAHHA A0 334ay ApPYyroro nNOpPAAKY:
KpaloBOi ABOTOYKOBOI, eninTU4YHOI, NnapabonivHoi, rinepbonivyHoi.

Nitepatypa [7, 8,9, 10, 11, 12, 13, 14, 15, 16]

NPUKIHLUEBI MONOXEHHA
KopuctyBaHHA ONOMiIXKHUM MmaTepiaiom Ha eK3aMeHi
— 3abopoHsEeTbCS
KpuTtepii ouiHoBaHHA (3a cuctemoto ECTS, ctobanbHa wKana)

Po3B’sA3aHHSA KOXHOI 334a4i OLLIHIOETbCA 33 TAKUMU KpUTEPIAMMU:

95—100 — 3agauvy po3B’A3aHO NOBHICTIO, BIPHO

85—94  — 3aaauvy po3B’A3aHO BipHO, BiANOBiAb NPaBUIbHA, /1€ HAABHUMU
€ OAVH-ABa HeAONiKN (HaABHUMMU € AeAKi MeTOANYHI MOMUIIKM,
NopYLLUEHO NOCNiIAOBHICTb BUKNAA0K TOLLO)

75—84 — 3apayy po3B’A3aHO BipHO, ane BignoBiAb HenpaBWAbHA
(HaABHUMUK € apUPMETUYHI MOMUNKK)




65—74 — 3apayy po3B’A3aHO HEMOBHICTIO, an1€ HAMIYeHO NPaBUAbHUMN Xif,
po3B’A3yBaHHA
60—64 — 33madyy He po3B’A3aHO, ane HaseaeHo ¢opmyam  abo

TBEPAXKEHHA, WO MOXYTb OYTU BUKOPUCTaHI NpU po3B’A3yBaHHi
3ajaui

MeHlWe  — 33434y He po3B’A3aHO
60

Pe3ynbtaT poboTN 0OUMCNIOETLCA AK CepeaHE apuPMeETUYHE OLHOK, WO iX
OTPMMaHO 3a KOXKHY 3aZ1a4y i 3a0KPYINOETLCA A0 LiNX.

BignosiaHo po «[lpasun npuinomy go KMl im. Iropa CikopcbKoro» €
HeobXiAHMM nepepaxyHOK OLUIHKM PEeUTMHroBoi cuctemu ouiHoBaHHA (60...100
6anis) B WkKany €BI (100...200 6anis).

TabnuuAa. BignosiaHicTb OLiHOK perTUHIoBIN cuctemi ouiHtoBaHHA (PCO)

Tab6muug BianosigHocTi oninok PCO (60...100 6amnis)
orinkam 200-6amsro01 mkamu (100...200 damis)

LKana LKana LKana LKana LKana LKana wKana 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 72 144 82 164 92 184
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 99 198
100 200

Mpuknag TMNOBOro 3aBAaHHA KOMNJIEKCHOro ¢paxoBoro BunpobysaHHA
Biner Ne 0

1. BU3HAUMTKN Z-NepeTBOPEHHA Big, NOBHOI CyMU peLliTyacToi GyHKUii, a came:

z{éx(iTo)}.
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2. 3HaWTM HaMWKpaWWi KOMMPOMICHUMN pPO3B’A30K HACTYMHOI 3ajadi
H6araToKkpuTtepianbHOI oNTUMI3auii

F (X) = X, +4X, = max
F,(X) = 3%, —X, > min

npuv ymoBax

X, +2X, 24
3X, +X, 27

- 3%, +5x, <17
9%, — X, <23
3X, —4x, <7
X, X, 20

pr=p, =05

3. 3HANTX TOUYKM EKCTPEMYMY B KNACUYHIM 3a4a4i Ha YMOBHUIN eKCTpemMym

MEeTOAOM MHOXHMKIB JlarpaHxa. [ligTBepgMtTM po3B’A30K 33 A40MNOMOrOH
reoMeTpUYHOI iHTepnpeTaLii:

X — min
x3—y2:0

4. lna nowyKky BAacHUX yncen matpuui A 3actocosyetTbca QR-meTtoa. Q —
OpTOroHanbHa, R — BepxHA TPMKYTHA MaTpuLi. 3pobutn ogHy iTepauito metoay.

R

5. 3pobuTtn aBa Kpokn metoay PyHre-KyTtrta ana 3agadi Kowi

d
d—y=x—y; y(0)=1.
X
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