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BCTYII

[Iporpama KoMILJIEKCHOTO (PaxOBOro BUIPOOYBaHHS JIJIsi BCTYIy Ha OCBITHIO
nporpamMy MmAroToBku Marictpa «CucTeMHHMI aHalli3 1 YOpPaBIIHHS) 32
cnemianbHicTiIO 124 Cuctemuuit anam3 (mani — I[lporpama) mpuszHaueHa s
OTpUMaHHS JIOCBITy CAMOCTIMHOT poOOTH abiTypi€HTa 3 MIJATOTOBKHU JI0 €K3aMEHY.

Metoro nporpamu € GopMyBaHHs Y a0ITYpI€HTIB 3aTHOCTEH:

O3HAHOMUTHCS 13 MPEIMETHUMHU MUTAHHSIMH KYpPCiB HaBYAIBHUX TUCIUTLIIH,
110 BKJIIOUCHI B €K3aMEHAIlIiH1 O1JIeTH;

OTIPAITIOBATH MIAPYYHUKH, HABYAIBHI TMOCIOHMKMA Ta 1HIN 1H(pOPMAIITHO-
JITEpaTypHi JKepena mpeaMeTHo1 00IacTi 3HaHHS;

OCMMCIIUTH, YIIOPSAOYUTH 1 CUCTEMATU3YBATH 3aCBOEHI TEOPETUYHI 3HAHHS 1
IPaKTUYH1 HABUYKH;

BMOTHMBOBAHO BMKOHATH pOOOTY Ha €K3aMEHl, IPOJIEMOHCTPYBABIIM TIEBHUN
pPIBEHb 3aCBOEHHSA CTPYKTYpPH Ta 3MICTY HaBYAJIbHHX JUCHUUIUIIH B PE3YJbTATI
IMATOTOBKHU.

[lepenik HaBYanbHUX JUCHUIUIIH 1€l [Iporpamu ckiamarTh Taki, MO €
0a30BUMH Ta, BIAMNOBIAHO, HaAJEXaThb 1O M[MKJIY 3arajbHOI MiATOTOBKHU
HAaBUYAJBHOTO IUTAHY IMIJITOTOBKM  0akajnaBpa 3a  OCBITHHO-TIPOGECIHHOIO
nporpamoro «CHCTeMHMI aHami3 1 ynpaBiiHHA» cremianbHocTi 124 «CucteMHui
aHaji3»:

1) Teopist kepyBaHHH;

2) MeToau onTuMi3amii Ta 10CJizKEeHHs onepairii;

3) UnceabHi MeTOIMN.

BerymHuii ek3aMeH TPOBOIUTHLCS YOTHPH aKaIeMIidHUX TOJAWHH 0€3 IepepBU
(180 xBuUNMH), B ayIUTOPHOMY MPUMIIIEHH] BUITYCKOBOI Kadeapu MaTeMaTHIHUX
meromiB cuctemMHoro anamizy KIII im. Irops Cikopcbkoro, 3a MeTOAOM
«OJIEp’KaHHS €K3aMEHAIIITHOTO O1IeTy—IIOBEPHEHHS TUCHMOBOT POOOTH.

3aBIaHHSM Ha €K3aMEHI € PO3B’S3aHHs 3aJad eK3aMEeHaIlIHHOTro OLIeTy.
Ex3amenariianii  OuleT MICTUTh II'STh 32 THUIOM NPaKTHYHHX  3ajad.
Hudepentiaiiii po6o4oro 4acy, BiJIBEICHOTO Ha BUKOHAHHS KOXKHOTO 3aBIaHHS,
Hemae. DIKCyeThes yac MOYaTKy 1 3aKiHYeHHS POOOTH.

HEPEJIIK HABYAJIBHOI'O MATEPIAJIY, IO BUHOCHUTBCA HA
KOMIIVIEKCHE ®AXOBE BUITPOBYBAHHAA

1. Teopisi kepyBaHHsI

JliHifiHI OJHOBUMIPHI HEMEPEBHI CTAI[IOHAPHI CHCTEMH AaBTOMATHYHOTO
KepyBaHHS: MaTeMaTHYHI MOJENi, JUHAMIYHI XapaKTepUCTHKU. AnreOpaidydi i
YaCTOTHI METOAM JOCHIJDKEHHS CTIAKOCTI JIHIMHUX CHCTEM aBTOMATHYHOTO
KEepyBaHHS.
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Meton mpocTopy cTaHy: MaTeMaTU4YHI MOJENI 1 TUHAMIYHI XapaKTEPUCTUKH
JIHIMHUX CHCTEM aBTOMATHMYHOIO KepyBaHHS. AHami3 CTIMKOCTI, KEPOBAaHOCTI 1
CIIOCTEPEKYBAHOCTI JIIHIMHUX KIHIIEBOBUMIPHUX CHCTEM Y IIPOCTOPI CTaHY.

JIMCKpeTHI cHCTeMH aBTOMATHYHOTO KEepYBaHHS. BUaM ITHUCKPETHUX CHUCTEM.
PiBHSIHHSL IMITyJIbCHUX CHCTEM. Z-TIEPETBOPEHHS Ta MOro BiacTUBOCTI. OCHOBHI
CTPYKTYPH IMIYJIBCHUX CUCTEM. MeToIu BUOOPY NIEpioy KBAaHTYBaHHSI.

OCHOBHI ~ XapakTEPUCTUKU IMIYJIbCHUX CHCTEM. 3aKOHM KepyBaHHS.
JluckpetHi mepenatouHi (yHKIIT PO3IMKHEHUX IMITYJIbCHUX CHCTEM 1 THUIOBHX
IMITyJTbCHUX cUCTEM. PIBHSHHS IMITyJIbCHUX CHUCTEM.

JlocmimKeHHs CTIMKOCTI IMITYJIbCHUX CHCTEM.

CuHTe3  JMIHIMHMX  CHCTEeM  aBTOMAaTHYHOTO  KepyBaHHsA.  Kpwutepii
ONITUMAIBHOCTI JIJIsl TPOEKTYBAaHHS CHCTEM. MeTOIu CUHTE3y AMCKPETHUX CHUCTEM
aBTOMATUYHOTO KEpyBaHHS.

CroxacTHuHI TUCKPETHI aBTOPETPECiiHI MOJIEI.

Jlireparypa [1, 2, 3]

2. MeToau onTuMizanii Ta A0CTiAKeHHA onepanii

[TonsTTs mpo 3amaui ontuMizanii. [locranoBka 3axgau ontumizauii. [{impoBa
(byHKIIIS Ta TOIMyCcTHMa MHOXHHA, argmin ta Ardmin yHkiii.

[Ipobnemu 3amau ontumizauii. Teopema Beliepmrpacca Ta HacaioK 3 HEf.
3amaya Oe3yMoBHOI onrtumizanii. HeoOxigHI yMOBM ONTHUMAIbHOCTI MEPIIOrO
MOPSIKY.

Kpurepiit CunbBectpa. HeoOXi/1HI yMOBH ONTHUMANIBHOCTI JIPYTrOro MOPSJIKY.
JlocTaTHI yMOBH ONTHMAJIBHOCTI 3a71a4i 0€3yMOBHOI ONTUMI3aIlii.

3amaua ymoBHOI ontuMizarii. [lomsTTss miHii piBHA. [‘eomeTpuuHa
IHTepHpeTalis.

Knacuuna 3amadya Ha ymMOBHHM ekcTpeMyM. MHOXHUKM Jlarpanxa. YMOBHU
perymispHocTi. ['eoMeTpudHa iHTEpIIpeTaIlis.

Teopemu mpo HEOOX1HI Ta JOCTaTHI YMOBH B KJIaCH4HIN 3a/1a4l HA YMOBHHIA
EKCTPEMYM.

Omnykii MHOkuHHM. [Tpuknaau. [TomieapanbHi MHOKUHHU.

3ajmaya Mpo EKCTpeMyM KBaJpaTH4HOi (yHKUII Ha cdepi OAMHUYHOTO
pazuiycy.

Omnepariii HaJ ONMYKJIUMH MHOKUHAMH.

[TonsatTs omykyioi komOiHalii Ta Omykyioi 00oioHKU. Teopema mpo OmyKITy
KOMOIHaIliF0 TOYOK ommyKJI0i MHOkHHH. HepiHicTs MeHcena.

[TonsiTra koHyca Ta omykiaoro koHyca. KoHiuHa 000J0HKa MHOMXHHH.
CrpsikeHui KOHYC.

[ToHSATTS TINEPIUIONMHN Ta MIBIPOCTOPIB, 110 MOPOKEHHI TIMEePILIOMIUHOIO.
BianineHICTh Ta CTpOra BiJIUIBHICTD.

Teopemu BiAIIIBHOCTI.
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Omnykii gyukuii. Ctpora onykiicts. Haarpadik gyunkuii. Jpyre o3naueHHs
onykioi ¢pyHkKIii. [HaukaTopHa QyHKIIis.

Onepariii Hag ONYKIUMU QYHKIISIMU.

Onykna 3amaya ontumizaiii. TeopemMu Mmpo BIACTUBOCTI PO3B’SI3KIB OIMYKJIO1
3ajaul.

[ToHATTS AOTHYHOI TinmepIUIOIUHKU. Teopema TMpPO BIACTUBOCTI OIMYKJIO1
byHKITI.

KpuTepii onmykinocti GpyHKIIT B TepMiHAX NEPIIUX Ta APYTUX MOX1THUX.

[Tonsitra cyOaudepenuiana onykioi GpyHkiii. ['eomeTpuyHa iHTEpHpeTAaLlis.

CyOmudepenmian miHiiiHOT koMOiHamii omyknux ¢QyHKIT Ta QyHKIIT
MaKCUMyMy. Y MOBH €KCTPEMYMY.

HampsiMok cmajaHHs Ta MOXJIMBUM HampsMoK. Teopema mpo HEoOXigH1
YMOBH ONITUMAJIBHOCTI.

Teopema mpo HEOOXiJHI Ta JOCTaTHI YMOBU ONTHUMAIBHOCTI y BHUIAIKY
OIYKJIO1 JOTTYCTUMOI MHOKHMHU Ta ONYKJIOT QYyHKII1. [ 'eoMeTpryuHa iHTepIipeTanis.

JlemMu po yMOBH ONITUMAIBHOCTI B 3arajbHIN 3a7a4l ONTUMI3AIT IJIs1 IeTKUX
KOHKPETHMX BHUJAIB JOMYCTUMOI MHOXHMHU (BEChb MpPOCTIP, KOOPAUHATHUN
napaJieniemnimnesn).

[IpaBuno Jlarpamka Ta yMOBU pEryJsipHOCTI B 3a/Jadl MaTeMaTHYHOTO
IporpaMyBaHHS.

Teopema Kyna-Takepa. 'eoMeTpruHa iHTEpIIpETALIIS.

Jlitryparypa [4, 5, 6, 7, 8]

3. YuceabHi MeTOoaH

Po3B’si3aHHsa HEMHIMHUX piBHSAHB. [lomyk KOpeHiB anreOpaiyHUX piBHSHb.
Teopema bronana. Teopema Jlexapta. Teopema ['toa. Teopema typma. HucenbHi
METOJM TIOITYKYy KOPEHIB PIBHSHHA: MeETOJ] Oicekilii (MOJOBHHHOTO 1JICHHS),
METO/I MMPOCTOI iTeparllii, MeTo1 CluHuX, MeToj] HhioTOoHA.

[Tpsimi MeTOoM PO3B’SI3aHHS CUCTEM JIIHIWHUX anreOpaidHuX piBHAHb. MeTon
lNaycca Tta i#ioro pizHoBuam (LU poskman, LDU), oOuucieHHsS BH3HAYHHKA
cuctemMu, 00epHeHOi MaTpulli. MeTo KBaJIpaTHOTO KOpeHs, cxema XOJeIbKOro..
OOyYMOBJIEHICTh CUCTEMHU PIBHSIHb

ITepamiitHi MeTonM PO3B’A3aHHS CHUCTEM JIHIMHUX alreOpaiuHux pPIiBHSAHbD.
Metonu SIko61, 3atiens. YMoBH 3015)KHOCT1 METO/IIB.

ITepaniitHi MeTOIM PO3B’A3aHHS CUCTEM HEJNIIHIMHUX PIBHSIHBb. METO MPOCTOl
iTepanii, Meton HeroToHa. IlpuHuun ctuciaux BimoOpaxeHb. YMOBHU 3015KHOCTI
METO/IIB.

HaGmmwkennss  dyHkimiin. 3agadi  IHTEPHOJAIli  Ta  alpOKCHUMAIIi].
[aTepronsmiiini popmynu Herotona ta Jlarpamka. [aTepmonsiisa crutaiiHaMu.
O1riHka NOXUOOK 1IHTEPHOJAIINHIX (HOPMYIL.

YucenpHe audepenuitoBands. OMIHIOBaHHS MOPSIKY TOYHOCTI PI3HUIEBUX
bopmy.
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YucenpHe iuTerpyBanus. ®dopmymu cepeanix, Tpameuiid, CiMIcoHa.
Ksanpatrypni popmynu Eiinepa. Kybatyphi dhopmynu.

CnekTtpanbHa 3amadya. MeToau: CTENeHEBUM, CKaJISIpHUX  JTOOYTKIB,
Hanunescekoro, Kpumora, Sxo6i, QR, LR. IleperBopeHHs mnomiOHOCTI,
KOHIpyeHTHE, [aycronaepa.

Po3B’s3anns 3amaui Komn gt audepenmianpHuX piBHSIHL. Metonu Eitnepa,
Pynre-Kyrra mnepioro, apyroro, d4eTrBeproro mnopsakiB. Meroaun Apgamca
NEPIIOTO, JPYTrOro, 4eTBEPTOro MOPSIKIB.

KpaitioBi 3amaui ans 3BHuYailHUX JaudepeHliaNbHUX piBHAHb. MeTon
nporoHky. Meron kosokariii. Meroa HaiiMeHIIX KBajapatiB. Meton ["anbopkiHa.
MeTon CKIHYEHHMX PI3HUIL [ PO3B’A3aHHS 3BUYAMHHX AHQEpeHIiaTIbHIX
pIBHAHb Ta PIBHAHb Y YACTMHHHMX MOXIJHUX. 3aCTOCYBaHHS JO 3a/ad JApPYroro

NOPSJIKY: KpailoBOi JBOTOYKOBOI, €IINTUYHOI, TapaOOII4yHOiI, TIepOoIYHO].

Jlireparypa [9, 10, 11, 12, 13]

IMPUKIHOEBI ITOJIOKEHHA

KopucryBaHHsi JONOMIXKHUM MaTepiaJioM Ha eK3aMeHi
— 3a0opoHsieThCA

Kpurepii ouinroBanns (3a cucremor ECTS, crodanbHa mkaJia)
P03B’s13aHHS KOKHOT 33/1a41 OLIIHIOETHCS 32 TAKUMH KPUTEPISIMU:

95—100 3aJlayy po3B’A3aHO MOBHICTIO, BIPHO

85—94 3a/layy pO3B’A3aHO BIPHO, BJIOBIAb MpaBUJIbHA, A€ HASBHUMU €
OJIMH-IIBA HENONIKM (HAaAsBHUMHU € J€KI METOAWYHI TTOMHIIKH,
NOPYIIEHO MOCIII0BHICTh BUKJIAJ0K TOLIO)

75—84 3a/1ady PO3B’s3aHO BIPHO, aji€ BIJAMOBIJIb HEMpaBUIbHA (HAIBHUMHU €
apu(pMETUYH1 TOMUIIKH )

65—74 3a/ladyy pPO3B’SI3aHO HETOBHICTIO, aji€¢ HaMIUY€HO TMPaBUJIBHUN Xif
pPO3B’sI3yBaHHs

60—64 3a/ladyy HE PO3B’s3aHO, ajie HaBeAeHO (Gopmynn abo TBEPIKEHHS, IO
MOXYTbh OYyTH BUKOPHUCTaHI MPHU PO3B’sI3yBaHHI 3aa4l

MEHIIIE 3a7a4y HE PO3B’SI3aHO

60

PesynpTaT poOOTH OOYUCTIOETHCS SIK CEpPEeNHE apu(PMETUYHE OIIHOK, IO X
OTPUMAHO 32 KOKHY 3aJ1a4y 1 3a0KPYTIIOETHCS 0 IUTHX.
Binnosiano no «lIpaBun mpuiiomy go KIII im. Irops Cikopcekoro B 2020

poIll» € HEOOXIAHUM TMepepaxyHOK OIIHKA PEUTHUHTOBOi CUCTEMHU OIIHIOBaHHS
(60...100 6amnir) B mkany €BI (100...200 6amnis).



Ta6anusi. BianoBigHICTh OIIHOK peHTHHTOBIN cuctemi oriHoBanHs (PCO)

Tabnuus sianosianocti ominok PCO (60...100 6ams) oninkam €BI (100...200 Ganis)

U[‘,‘g(';“ OuiHka EBI “[‘,‘(’Jg‘“ OuiHka €8BI ()[',‘(‘f(’;“ Ouinka €8 0,2‘&’3“ Ouika €BI
o0 100.0 70 125.0 80 150,0 90 175.0
61 102.5 70 127.5 81 1625 o1 177.5

62 105,0 72 130.,0 82 155,0 92 180,0
63 107.5 73 132.5 83 157.5 93 182,5
64 110,0 74 135.0 84 160,0 04 185.,0
65 12,5 75 137.5 85 162.5 05 187.5
66 115.0 76 140.0 86 165.0 96 190,0
67 117.5 7 142.5 87 167.5 07 192,5
68 120,0 78 145.0 88 1700 08 195.0
69 122.5 79 147.5 %0 172.5 99 197.5

100 200,0

IIpukyiax THIIOBOIO 3aBJAHHSA KOMILJIEKCHOTO ()aX0BOIro BUNIPOOYBAHHS

Biser Ne (

1. BuzHauuTH Z-TIEPETBOPEHHS BiJ MOBHOI CYMH peIITYacTol (PYyHKII, a
n

came: 23 D X(iTy) ¢
i=0
2. Jocmiauti 1IMLOBY (PYHKIII0 Ha EKCTPEMYM Ta OIMCATH XapakKTep
eKCTPEMAJIbHUX TOYOK:
x* +y* —4xy - extr

(x,y) e R?

3. 3HalTH TOYKH EKCTPEMyMYy B KIJIACHMYHIM 3a7adi HA YMOBHHH €KCTpEMyM
MeToaoM MHOXHUKIB Jlarpawxka. IlinTBepauTy po3B’S30K 32 JOMOMOTOIO
T€OMETPUYHOI IHTEepIIpeTallli:

X — min
xS — y2 =0
4. Jlns mouryKy BJIacHUX yuces maTpulll A 3actocoByeThesi QR-meton. Q —

OpTOTOHAJbHA, R — BEepXHS TPUKyTHA MATpUIll. 3pOOUTH OJIHY 1TEpaIlil0 METOTY.
3 1

—-4 4]
5. 3poOutu nBa kpoku Metony Pynre-Kyrra nns 3agaui Ko

d
DXy YO -1,
X
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