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AHoTalis

Hauanpna aucnuriina « MoJefoBaHHS ONTUMAIBHHX 1 aJaNTHBHUX CUCTEM YIPABIIHHS»
€ HOPMAaTHUBHOIO JUCIHUILTIHOK IpodeciiHol maroToBku (axisifis apyroro (MarictepcbKoro) piBHs
BUIIIOT OCBITH 32 OCBITHBO-TIPOdECiitHOI0 porpaMoro «Komm’1oTepr30BaHi CUCTEMH YIIPABIiHHS Ta
aBTOMaTuka» 31 cneriaabHocTi G7 «ABTOMaTH3allis, KOMIT FOTEpPHO-IHTErPOBaHI TEXHOJOTIi Ta
poboToTexHika» ranysi 3Hanb G «lHkeHepis, BUpOOHUIITBO Ta OyIBHUIITBO..

CTpiMKHMI{ pPO3BUTOK aE€pOKOCMIUHOI Tady3i TNPUBIB 10 CTBOPEHHS Cy4YacCHOI CHUCTEMHU
KepyBaHHs 0araTOBUMIPHUMHU JTUHAMIYHUMH 00’ €KTaMH B YMOBax HEBHU3HAYCHOCTI, 110 0A3yeEThCs
Ha Teopii ONTHMAaJbHUX TPOLECIB Ta aJaNTHBHUX 1 POOACTHUX METOIIB CHHTE3Y CHCTEM
aBromatuyHoro kepyBanHs (CAK). [ToOynosa cyuacHux epekruBaux CAK pyxomumu 00’ ekTamu 3
TOYKHA 30pY TOYHOCTI, MaKCHUMAaJbHOI MIBHIKOAII YW MIHIMyMy BHUTpady€HOi eHeprii mpu
(GyHKIIIOHYBaHHI YMOBaxX HEBU3HAYCHOCTI MOTpeOy€e BpaxyBaHHS HEJTHIMHOCTI, HECTAI[IOHAPHOCTH 1
CTOXAaCTHYHOCTI TPOIECIB Ta 3aCTOCYBAaHHS METOMIB KJIACHYHOTO BapiallifHOr0 YHWCIICHHS,
NPUHIUITY MaKCUMyMY, pOOacCTHO-ONTHMAJIbHOTO KEepyBaHHsA. B Kypci BHBYAIOTHCS OCHOBHI
OpuHIUNH  (OPMYBAaHHS Ta MOJENIOBaHHSA OaraTOBUMIPDHUX JWHAMIYHUX CHCTEM, METOAH
JiHeapu3allii HeJIIHIMHUX CHUCTEM, BUBYAIOTHCS OCHOBHI XapaKTCPUCTUKU CTOXACTUYHUX CHUCTEM.
Oco06nuBy yBary npuaijeHO BUBYCHHIO METO/IIB CHHTE3Y ONTHUMAJIBHOTO KepyBaHHS, (POPMYBaHHIO
KPUTEPIIB ONTUMAILHOCTI, TPUHIIMIIIB IMMOOYIOBH PI3HOTHITHUX aJAllTUBHUX CHUCTEM, CHHTE3Y
poOacTHOroO KepyBaHHS B yMOBaX HEBHU3HAYCHOCTEH. PO3rIsimaroThCs MpakTHYHI 3a/1a4i CHHTE3y
ONTUMAJILHOTO KEPYBAaHHS PYXOMUMH 00’ €KTaMH.

KurouoBi cioBa: mozemoBaHHs, 0araTOBUMIpHI CHCTEMH, HENIHIAWI Ta HeCTalllOHapHI
CHCTEMH, KEPOBaHICTh, ONTUMAJIbHE KEPYBaHHS, aIalTHBHE Ta poOacTHE KEPyBaHHS.

Abstract

The discipline “Modeling of Optimal and Adaptive Control Systems" is a normative
discipline of professional training of specialists of the second (master's) level of higher education in
the educational-professional program "Computerized Control Systems and Automation™ in specialty
G7 “Automation, computer-integrated technologies and robotics" of the field of knowledge G
"Engineering, manufacturing and construction”.

The rapid development of the aerospace industry has led to the creation of a modern control
system for multidimensional dynamic objects in conditions of uncertainty, based on the theory of
optimal processes and adaptive and robust methods of synthesis of automatic control systems
(ACS). The construction of modern efficient SAC moving objects in terms of accuracy, maximum
speed or minimum energy consumption under uncertainty requires consideration of nonlinearity,
nonstationarity and stochasticity of processes and the use of classical variational calculus,
maximum, robust-optimal control. The course studies the basic principles of formation and
modeling of multidimensional dynamical systems, methods of linearization of nonlinear systems,
studies the basic characteristics of stochastic systems. Particular attention is paid to the study of
methods of synthesis of optimal control, the formation of criteria for optimality, the principles of
construction of various types of adaptive systems, the synthesis of robust control in conditions of
uncertainty. Practical problems of synthesis of optimal control of moving objects are considered.

Keywords: modeling, multidimensional systems, nonlinear and nonstationary systems,
controllability, optimal control, adaptive and robust control.
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1. Onuc HaBYAJIBLHOI AMCHUILIIHI

XapakTeprucTuKa HaB4aJIbHOT

HaiimenyBanHs ["amy3pb 3HaHb, HAPSM HiATOTOBKH, JUCHUATUTIHA
MOKA3HUKIB OCBITHBO-KBaJTi(PiKaIITHUI piBEHB aeHHa opma 3a04Ha popMa
HABYAHHA HABYAHHSA
KinbkicTh Kpeauris - 6
l'asy3b 3HaHB HopmaTtusHa

G «Imxenepisi, BAPOOHUIITBO Ta

3 MUKy JUCIUILIIH TpodeciitHol

Oy/iBHULITBOY» HiATOTOBKYU Marictpa
Monyitis - 2 Pik minroroBxu
3MICTOBUX MOJYyHIB - 4 5-1

CreliajabHICTh
Kypcosuii npoext Ha G7 «ABToMaru3ailisi, KOMIT FOTEpHO- Cemectp
Temy: «OnTuMainbHa IHTETpOBaHi TEXHOJIOTIi Ta 10-i
CHCTEMA KEPYBaHHSA pOOOTOTEXHIKA»
PYXOMHM 00'€KTOM»

OcsiTHbO-TIpodeciiiHa mporpama
«Kowmn’roTepr30BaHi CHCTEMH
3araibHa KUIBKICTD YIpaBIiHHS Ta aBTOMATUKa»
roauH - 180
TwxHeBUX TOMUH I
AUH 1 Jlekmil

JeHHO1 popmu
HaBYaHHS:
ayAUTOPHUX — 3;
CaMOoCTIHOT poOOTH
cTyneHta — 9

30 rox ’ 12 ron
IIpakTnuHi po6oTn

OcCBiTHIH piBeHb:
npyruii (MaricTepchKuii)

Jlaboparopni po6oTun
15 ron ‘ 12 rox
Camocriiina po00Ta, BKJIIOYAKYH
KYPCOBMH IPOEKT
135 rox | 156 Ton
Bua koHTpOJIIO:
KII, ex3amen

2. Mera BUBYEHHSI HABYAJIbLHOI JUCHUILTIHI

PoGoua HaBwambHa mporpama CKJIaJeHa Ha MIJACTaBl  OCBITHBO-TIPOQECiifHOT mporpamu
«Komn'toTepr3oBaHi CHUCTEMHU YMPaBIIHHS Ta aBTOMATHKa» [JIs MIATOTOBKH 3/100yBadiB BHUIIOI OCBITH
JIpyroro (MaricTepchbkoro) piBHS 3a creuianbHicTIO G7 «ABTOMaTru3allis, KOMI IOTEPHO-IHTETPOBaHI
TEXHOJIOTii Ta poOoToTexHika». Jucrumiina «MoJemoBaHHS ONTHMAIBHUX 1 QJalTUBHUX CHCTEM
YIIPaBIIiHHS» BITHOCUTHCS JI0 IIUKITY TUCIMILIIH MpodeciiiHOi MiATOTOBKU MaricTpa.

MeTor BHBUYEHHS AWCHUIUTIHM € TMpUAOAaHHS CTyA€HTaMU 3HaHb Ta BMiHb Yy JIOCHIDKEHHI Ta
MPOEKTYBAHHI ONTUMAIbHUX 1 aAANTUBHUX cUCTEM aBToMaTu4HOro kepyBanHs (CAK).

3aBiaHHA JMCHUMIUIIHU TOJISITA€ Y BHBYEHHI METOJIB MaTeMaTU4yHOI ONTHUMI3alii, 3400yTTs
HEOOXITHUX 3HAaHb, YMiHb 1 HABHUYOK IPU NMPOEKTYBaHHI ONTHUMAJIbHUX Ta aJIallTUBHUX CHUCTEM Ta PO3poOIl
ONTUMAJIbHUX Ta aAANTUBHUX aJITOPUTMIB KEPYBaHHSL.

3azanvHi KomnemeHmHocmi:

— 3IaTHICTH 10 aOCTPaKTHOTO MUCIICHHS, aHaTi3y Ta cuHTe3y (3K3);

— BMIiHHS ()OPMYITIOBaTH, CTaBUTH Ta BupinryBatu npodiemu (3K5);

Cneyianvhi (¢haxosi) komnemenmnocmi:




— 3JaTHICTh 3aCTOCOBYBAaTH METOJIM MOJICINIOBAHHS Ta OMNTUMI3allii IS JOCTiIKEHHS Ta
MIJIBUINCHHS €(PEKTUBHOCTI CHCTEM 1 TPOIECIB KEpyBaHHSA CKJIQJHUMH TEXHOJOTIYHUMHU Ta
opranizaiiiHo-TexHiuHUMH 00’ ekTamu (CK3);

— 3JIaTHICTh 3aCTOCOBYBATH CYYacHI METOJU TEOPil aBTOMATHYHOTO KEPYBAHHS LISl PO3POOIICHHS
aBTOMATH30BaHUX CHUCTEM YIPaBIIiHHS TEXHOJIOTTYHUMHU Tiporiecamu Ta 00’ ekramu (CK6);

— B3JIaTHICTh 3aCTOCOBYBAaTH NPOOJIEMHO-OPIEHTOBAHI METOAW aHai3y, CHUHTE3y Ta OINTHUMi3alii
cucTeM aBToMaTru3alii, Ki0ep(]i3sMuHUX BUPOOHUIITB, MPOLECIB YHPABIIHHSI TEXHOJIOTTUHUMH
komruiekcamu (CK11);

— 3/IaTHICTh 3aCTOCOBYBAaTH 3HAHHS ABTOMATHKH, MIKPOIIPOLECOPHOI TEXHIKH Ta iH(POpMAaLIHHIX
TEXHOJIOTIH JUIA TIPOEKTYBaHHS Ta EKCIUTyaTallii KOMIT IOTEPU30BAHUX CHCTEM KEepyBaHHS
CHeUialbHUMU TEXHIYHUMH MPHUCTPOSIMH Ta CHCTEMaMHd, 30KpeMa poOOTOTEXHIYHUMH
KOMILIEKCAMH Ta TeXHiuHuMH 3acobamu cyaen (CK13).

3. HepeuyMOBn JIJIs1 BAUBYEHHSI HABYAJIbHOIL I[I/ICIII/II'[.TIiHI/I

[TepenymoBaMu U1l BABUCHHS! HABYAIBHOI JUCHUILTIHU «MOJICNIOBaHHS ONTUMAJIBHHUX 1 aIallTUBHUX
CHCTEM YIIPaBIIIHHS € TUCIUILTIHU: «[HO3eMHa MOBay, «[HTeIeKTyasIbHI TEXHOJIOTII B yIpaBiiHHI», «Teopis 1
MPOEKTYBAHHS U(POBUX CUCTEM YIIPABIIHHS».

4. OuikyBaHi pe3yJbTaTH HABYAHHS

[Iporpamui pe3ynbTaTy HABYaHHS MOJISATAIOTH B HACTYITHOMY:

— CrBOpIOBaTH CUCTEMH aBTOMaTu3alii, KiObepdi3uuHi BUPOOHUITBA HA OCHOBI BHUKOPHUCTAHHS
IHTEJIEKTYaIbHUX METOJIIB YIPABIIHHS, CEHCOPHHX TEXHOJOrii, 6a3 maHux Ta 0a3 3HaHb,
U(POBUX Ta MEPESKEBUX TEXHOJOTIH, POOOTOTEXHIYHUX Ta IHTEIEKTYyaJIbHUX MEXATPOHHUX
npuctpoiB (PH1) 3acrocoByBaTH Cy4acHi MiJXOQH i METOIM MOJCIIOBAHHS Ta ONTHMI3aIlil s
JOCTIDKEHHSI Ta CTBOPEHHS €(DEKTHMBHUX CHCTEM aBTOMATH3allii CKIQJHUMH TEXHOJIOTIYHUMU Ta
opranizaniiiHo-TexHiunumu 06’ exramu (PH4);

— 3acToCOBYBaTH Cy4YaCHI TEXHOJOTIi HAayKOBHX JOCII/KEHb, CIEHIali30BaHUU MaTeMaTHYHHMA
IHCTpYMEHTapiii A1 OCHIDKEHHS, MOJIENIOBaHHS Ta iAeHTu(ikalii o0’e€KTiB aBTOMaTH3allii
(PH13);

— 3acTOCOBYBAaTH METOJM aHalli3y, CHHTE3y Ta ONTUMI3alil Kibep(i3uuHUX BHUPOOHMIITB, CHUCTEM
aBTOMATH3Allil yIIPaBIiHHS BUPOOHUIITBOM, KUTTEBUM LIUKIOM MPOAYKIIii Ta ii sikicTio (PH15);

— CTBOpIOBAaTH KOMII IOTEPU30BaHI CUCTEMH KEPYyBaHHS CHEIiaIbHUMU TEXHIYHUMH MPUCTPOSIMU Ta
CHCTeMaMH, 30KpeMa pOOOTOTEXHIYHUMH KOMITJICKCAMH Ta TeXHIYHUMHU 3aco0amu cyen (PH18).

5. IIporpama HaBYaJIbHOI IMCUHUILTIHU
Monayas 1. MojientoBaHHs ONTUMAIBHUX 1 aJaITUBHUX CUCTEM YIIPABIIIHHS.

3micmoeuit mooynp 1. MatemMaTiuge MOIEIIOBAHHS JIIHIMHAX Ta HEJIHIMHUX CUCTEM.

Tema 1. Ocrosu moOento8ants MHIUHUX 6A2AMOBUMIPHUX CUCTIEM.

Jlexyis 1. OCHOBHI MOHATTS Teopii MojeoBanHs 2 rof. [2, ¢. 315-329], [12, c. 2-6].

Jlexyis 2. MonentoBaHHsl ajareOpaidyHUX BEKTOPHO-MATPUUHUX PIBHSHBb. PIBHSHHS JJISI CHCTEM 3
3BOPOTHIM 3B'si3KOM. Bu3HaueHHs miepeaTHoi Marpuili cucremu. 2 roa. [1, ¢. 139-143], [2, c.
333-341], [6, c. 16-20]

Jlexyis 3. MartemaTudHe MOJENIOBaHHS TU(EpPEHIIaTbHUX CUCTEM 3 TMOCTIHHUMHU KOe(iliEHTaMH.
dynnaMmeHTaTbHa MaTPUIA piieHb. HeoqHopinHi piBHsHHS. 2 ron. [2, ¢. 352-358], [12, c. 6-
10].

Jlexyis 4. Merton omneparopa Jlammaca ¥ poskinaganHs CuibBecTpa JUIS  HaXOKEHHS
bynaamenTansHOl MaTpuil. 2 rox. [2, ¢. 358-363], [12, c. 10-15].

Tema 2. Ochosu MOOeNo8arHsI HeCMAYIOHAPHUX MA HENHIHUX CUCmeM 6a2amosUMIPHUX CUCTEM.

Jlexyis 5. MonentoBanHs qudepeHIiaTbHIX CUCTEM 31 3MIHHUMU Koedilientamu. 2 rof. [2, c. 363-
369].

Jlexyis 6. MopemntoBaHHs HENiHIMHUX cUCTeM. MeToIu pilieHHs HeTiHIMHUX cucteM. 2 ToA. [2, c.
21-34], [4, c. 305-320], [12, c. 15-22].



3MicTOBHHA MOOVJIL 2. MaTeMaTHYHE MOACITIIOBAHHSA CTOXACTUYHUX CUCTEM.

Tema 3. OcHogHi MemoOu aHanizy CMOXACMUYHUX CUCTEM.

Jlexyisa 7. MopenioBaHHs CTOXaCTHYHMX AudepeHuidHnx cucreM. CrHekTpanbHa MIUBHICTD
BUIIAJKOBUX cUTHaMB. 2 rox. [4, ¢. 197-201], [2, c. 12-14].

Jlexyisa 8. @opmytoui (inbTpu. BumaakoBi XxapakTepUCTHKH MOPCHKOTO XBHJIIOBAaHHS Ta BITpY. 2
rox. [5, c. 98-108], [12, c. 14-16].

Tema 4. Mooentosanns cmoxacmudnux Cucmem Kepye8aHHs.

Jexyis 9. CTaTUCTUYHI METOJIM aHAJN3y Ta CHHTE3Y JIIHIMHUX HENEPEPBHUX CHUCTEM KEPYBaHHS. 2
rox. [4, c. 210-214], [2, c. 8-14].

3micToBuii Moayab 3. OcHOBHI MOHATTS Ta Kiacudikamis MeToniB onTuMizanii Ta anantanii CAK.
Teopis onTuManbHOTrO KEpyBaHHA. AJJaITUBHE Ta POOACTHE KepyBaHHS

Tema 5. Ocrosu onmumizayis 6azamosuUMIpHUX CUCHEM.
Jlexyis 10. OcHoBHi moHsATTs Ta MeToau ontumizanii CAK. Kpurepii ontumizartii. 2 rox. [2, c. 137-

141], [4, c. 343-352], [6, c. 198-211]

Jlexyin 11. Metoa mpocTopy 3MiHHUX cTaHy. 2 rox. [1, c. 139-159], [2, c. 333-343], [6, c. 139-159]

[5, c. 16-20].

Tema 6. Ananiz 6a2amosuUMIpHUX CUCIEM KEPYBAHHSL.
Jlexyisn 12. CriocTepexyBaHicTh Ta KepOBaHICTh cucTeM. 2 rof. [2, ¢. 374-380], [6, c. 214-219].

Tema 7. Memoou cunme3y onmumanbHO20 Kepy8aHHs.
Jlexyis 13. Knacuune Bapiamiiine uncinenns. Pisusuns Einepa-Jlarpamka. 2 rox. [2, c. 137-147], [3,

. 343-353].

Jlexyin 14. Tlpunmun makcumymy Ilontpsrina. 2 rox. [2, c. 147-158], [4, c. 360-367], [6, c. 202-

Tema 8. Aoanmueni ma pobacmui cucmemu 8 yMo8ax He8UHAYEeHOCmell.
Jlexyis 15. Buan agantuBHUX cucTeM. MOJIEIIOBaHHS aJallTUBHUX CHCTeM. PoOacTHi cuctemu. 2

rox. [2, c. 251-264], [4, c. 385-397], [6, c. 253-265].

Mopayib 2. [IpoekTyBaHHS ONTUMAIBHOI CUCTEMH KEPYBAHHS PYXOMUM 00’ €KTOM JPYTroro MOPSAKY
3T1JIHO KPUTEPISIM MaKCUMAJIBHOI IIBUAKO/II{ Ta MIHIMyMY €HEProTpar.



TeMaTH4YHMIT ILIaH HABYAJILHOI JUCIHHUILIIHA

Kinexicte rogua
. o JeHHa popma 3aouyHa opma
Has3Bu 3MicTOBUX MOYIIB i TeM $op . $op .
yCBhOTO y TOMY 4HCIIi yCBOTO y TOMY YHCIi
n | na6. | mpakr | c.p. n | na6. | mpakr | cop.

Monayab 1. MoaeaoBaHHsI ONTHMAJIbHHX i ATANTHBHUX CHCTEM YIPABJIiHHSA

3micToBmii Moayab 1. MaTtemaTnyHe MOICITIOBAHHS JIIHIHHUX Ta HEMHIHUX CHCTEM.

Tema 1. OcHOBH MOZIETTFOBAaHHSI JIIHIMHUX OaraTOBUMIPHHUX CHCTEM. 16 8 4 - 4 14 2 2 - 10

10Tema 2. OcHOBH MOJICITFOBaHHS HECTAITIOHAPHKX Ta HEJTIHIMHUX CUCTEM 14 4 6 - 4 16 2 4 - 10
0araTOBUMIpHHX CHCTEM.

Pa3om 3a 3micToBuM mMoayJiem 1 30 12 10 - 8 30 4 6 - 20

3micToBuii Moayab 2. MaTeMaTnyHe MOJICITIOBAHHS CTOXaCTHYHUX CHCTEM.

Tema 3. OCHOBHI METOJI aHAJII3y CTOXACTHYHUX CHUCTEM. 12 4 2 - 6 14 2 2 - 10

Tema 4. MoienfoBaHHsI CTOXaCTHYHUX CUCTEM KepyBaHHSI. 18 2 3 - 13 16 2 4 - 10

Pa3zom 3a 3MicTOBHM MOys1eM 2 30 6 5 - 19 30 4 6 - 20

3microBuii Mmoayab 3. OcHOBHI MOHATTS Ta Kiacudikaris meroniB ontuMizamii Ta ananTaiii CAK. Teopis onTuManpHOTO KepyBaHHS. AJJaNTHBHE KEPYBaHHS

Tema 5. OcHOBH onTUMi3allis 0araTOBIMIPHUX CHCTEM. 6 4 - - 2 10 2 - - 8

Tema 6. AHani3 0araTOBUMIpPHHX CHCTEM KEpyBaHHS. 7 2 - - 5 5 - - - 5

Tema 7. MeToau cHHTE3y ONTHMAaIbHOTO KEPYBaHHS. 9 4 - - 5 10 2 - - 8

Tema 8. AnanTuBHi Ta podacTHI CHCTEMH B yMOBaX HEBU3HAYEHOCTEHA. 8 2 - - 6 5 - - - 5

Pa3zom 3a 3micToBUM Moayiem 3 30 12 - - 18 30 4 - - 26

Pa3zom 3a moayJem 1 90 30 15 - 45 90 12 12 - 66

Mogayasb 2. IlpoeKTyBaHHSI ONTUMAJIBLHOI CHCTEMHU KEPYBAHHS PYXOMHUM 00’ €EKTOM

Kypcosuii ipoekt Ha Temy: “OnTHManbHA CHCTEMa KEPyBaHHS 90 - - - 90 90 - - - 90
pyxoMuMm 06’ ekToM”

Ycboro ronuH 180 30 15 - 135 180 12 12 - 156




Temu 1a6opaTopHuX podiT

KinpkicTb
Ne TOJAVH
Hasga temu
3/ Jlenna | 3aouHa
dbopma | hopma
1 MopnentoBaHHs BEKTOPHO-MATPUYHUX IEPETBOPEHb. MHOXKECHHS JBOX 2 2
3amaHux Matpullb 4*4. TpaHCIOHYBaHHA Ta 3HAXOKEHHS 3BOPOTHOL
Matpuii. OOUHUCICHHS PaHTy MaTPHIIL.
2 MopentoBaHHs Ta pillIeHHS alreOpaiyHOi CHCTEMH PIBHSHHS YETBEPTOTO 2 2
TOPSIKY.
3 MopenoBaHHs KBaIPaTHIHO1 (hOPMH. 2 2
4 MopentoBanHs GyHIaMEHTAILHOI MATPUIL PIIICHb. 2 2
5 MogentoBaHHs " 3HAXOKEHHS byHIaMEHTATBHOT MaTpHIli 2 2
TUQEPeHIiaTbHOl CUCTEMH 3-TO TMOPSIKY 32 JIOMOMOTOI PO3KIaJaHHS
CunbBectpa.
6 MopentoBaHHs Ta JiiHeapu3allis HeMHIHHUX CUCTEM 3a JIOTIOMOTOI0 PSTY 2 2
Teiinopa Ta HaliMeHIIMX KBaapatiB. [lopiBHAIBHUI aHAI3 TBOX METO/IIB.
7 MoenroBaHHs BUMIAJKOBUX BITUBIB Y HETIEPEPBHUX CHCTEMaX. 3 -
Pazom 15 12

Temu NPAKTUYHHUX 3AHATH

[TpakTU9HI 3aHATTS MPOTPAMOIO HE Tepe10adeHO.

Camocriiina podora

CawmocriitHa poOoTa 3100yBaua BUIIOI OCBITH € OJHIE€I0 3 (OPM OpraHizallii HaB4YaHHsS, OCHOBHOIO
(hopMOI0 OBOJIOIIHHS HABYAJFHOTO MaTepially B Uac, BUIbHUIA BiJl 000B'I3KOBUX HAaBYAIBHUX 3aHSITh.
Hapuanbuuii MaTtepian AUCHUIUTIHU, TiepeaOadyeHuid s 3aCBOEHHS 3700yBaueM BUIIOI OCBITH B
MpoILeci caMOCTIMHOI pOOOTH, BUHOCUTHCS Ha MiJCYMKOBHIM KOHTPOJIb MOPSJ 3 HaBUATHHUM MaTepiajoM,
SIKUH OTIPaIibOBYBABCS IIPH MMPOBEICHHI HABYAJLHUX 3aHSTh.
Po3nozin roaus camocTiiHOi poOoTH:

- MIArOTOBKA 10 JIEKIifHuX 3aHsaTh — 0,5-1 ron. / Ha 1 nekmiro;
- MIATOTOBKA /10 JabopaTopHUX poOiT — 1-2 roz. / 1 poboTa;

- MATOTOBKA JJO KOHTPOJIbHUX 3aXOIB — 5 ToJI. Ha 1 3axin;

- BUKOHAHHS Ta 3aXHUCT KypCcOBOTO MpoekTy — 90 rox.

3aBaaHHs AJ19 caMOCTiliHOI podoTH

Kinbkicts ronmua
Ne Bug pobotu Henna popma | 3aouna ¢popma
HaBYAHHS HaBYAHHS
1 ITlizroroBka 1o JIEKIii 20 30
2 [ligroroBka 10 1a0OpaTOPHUX POOIT 10 20
3 IlimroroBKa 10 KOHTPOJIBHUX 3aXO0/IiB 15 16
4 ITinroroBska Ta 3axuct KP 90 90
Pazom 135 156

InauBinyanbHe HAYKOBO-I0C/IiIHE 3aB/IaHHA

[Tporpamoro nepeadayeHo HacTyIHI (GOPMH IHIUBIAYaTbHOI pOOOTH:

- IHAUBIAYaJbHI KOHCYNbTAIIl 3 TUCIUILIIHU, SKi IPOBOASTHCS 31 CTYICHTaMH 32 OKpeMHUM rpadikom,
3aTBEPKEHUM 3aBigyBaueM KadeapH, 3 METOI0 OTPUMAHHS CTYJICHTOM BIJIMOBI/II HA OKPEMi TEOPETUYHI Yr
MPAKTUYHI TMUTAHHS Ta I TOSCHEHHS TMEBHUX TEOPETHYHUX TIOJOKEHb YW AaCIMEKTiB iX MPaKTHYHOTO

3aCTOCYBAHH,

- IHOUBiAyaJbHE 3aBJAHHA Y BHIVIAAI KypCOBOTO MPOEKTY, SKUWA CIPSIMOBAaHMM Ha NpHUAOaHHS
CTyJICHTaMH HAaBHYOK 3 pPO3POOKH aJTOPUTMIB ONTHMAJIBLHOTO KEpPyBaHHSA IWHAMIYHUMU 00’ €KTaMH,
BUKOPUCTAHHS METOMIB JIiHeapu3amlii A JOCTIDKEHHS JIWHAMIYHUX CHCTEM, IMOIIYKY aJalTHBHUX
anropuTMiB (DYHKIIIOHYBaHHS aBTOMAaTHYHHUX CHCTEM Ta KPUTEPIiB ONTUMAIBLHOCTI Ta KEPOBAHOCTI.



3aBaHHs [0 KYPCOBOTO NPOEKTYBaHHS: P0o3poOMTH ONTHMAajIbHY CHUCTEMY KEpPYBaHHS PYyXOMHUM
00’€KTOM APYTOro MOPSAKY 3TiAHO KPUTEPIIM MAaKCUMAJILHOI IIBUAKOAII Ta MIHIMyMY €HEpProTpar.

[ToyaTkoBi JaHi: MareMaTH4YHa MOJEIb PYXOMOTO O00’€KTy, MOYaTKOBI Ta KIHILEBI YMOBH, Barosi
KoedirieHTH.

PesynbpTat KypcoBOTO MPOEKTY O(hOPMITIOIOTHCS Y BHTJISIIL TMTOSICHIOBAILHOT 3aITUCKU Ta TIPE3CHTAIT
3 pe3ysibTaTaMu MOJIEITIOBaHHS rpadikiB 3MIHHHX CTaHy JMHAMIYHOI MOJENI Ta ONTUMAJIbHHUX KEPYHOUHX
BIUIMBIB, OJIOK CXEMH YHCEIbHOI MPOLEIYPH Ta ONTHMAIBHOTO PETyIIsATOpa.

[TosicHIOBasIbHA 3amKcKa Mae Matu o0csAr He MeHII HiK 30 CTOPIHOK Ta MICTUTH IETAILHUHI OIKC
BCIX €TaIliB KypCOBOTO MIPOEKTY.

VY BcTymi 10 KypcOBOTO TPOEKTY CJIiJ] KOPOTKO OIMKCATH ICHYOYl METOJM ONTHUMI3allii, 001acTh ixX
3aCTOCYBaHHS Ul BUPIIIEHHS MPAaKTUYHUX 3a/1a4, apTyMEHTYBaTH BHOIp KOHKPETHOTO METOAY ONTUMI3aIlil
B JIAHOMY IIPOEKTI.

VY BHCHOBKax CiiJ BKa3aTH, YW BJAJIOCS PO3B’S3aTH KpailoBy 3adady ONTHMi3alii, 3a0e3neunTH
30iraHHsl 4MceNnbHOI mpoueaypu. IlpoaHanizyBatu pe3ysibTaTH MOJCTIOBAHHS 3 TOYKH 30pY BUKOHAHHS
MOCTABJICHOI 3a7aui ONTHMi3alii 3riIHO 3 33JaHUM KpPUTEPIEM ONTUMAIIBHOCTI. 3alpoNOHYBaTH ILISXU
ITiIBUILNCHHS BHUIKOII1 YUCETHHUX aJITOPUTMIB ONTHMI3aIlii.

OCHOBHI eTany 3 KypcoBOTO MTPOEKTYBAHHS logun
1. Onucaru nudepeHuiiiny cucTteMy piBHSHb. 8
2. CpopmyBatu rpaHUYHI YMOBH Ta KpUTEPii ONTUMAIBHOCTI. 12
3. IlpuBectu MOENH PYXOMOTO 00’ €KTY Yy 3MIHHHUX CTaHY. 14
4. CdhopmyBatu Ta JOCTIIUTH KPUTEPii KEPOBAHOCTI Ta CIIOCTEPEIKYBAHOCTI CHCTEM. 14
5. IIpoBectu cunTe3 ynpapisrouoi GyHkIil. OOYMCIUTH MOCTIHHI IHTETpyBaHHS 14
6. CchopmyBaru piBHAHHS AUHAMIKH PyXOMOTO 00’ €KTY Ta ONITUMAIBHOI TPAEKTOPIi y 14
pi3HULEBIH hopMi.

7. Po3poOuTH anroput™m pilleHHs 3arajibHOi KpailoBoi 3a7a4i ONTUMI3aLil pyXy 14

Ycboro roaux 90

PesynbraTi KypcOBOTO TPOEKTYBAaHHS OQOPMIIIOIOTBCS Yy BUTJISAI MOSCHIOBATBHOI 3alMCKH Ta
npesenTaiiii Microsoft Power Point.

KII BUKOHYETBCS CTYJI€HTOM CAMOCTIIHO 3a KOHCYJbTAaTUBHOIO JONOMOIol0 BHKiagada. CTyneHT
Hece 0COOUCTY BIANOBIAAIBHICTD 32 MPUIHATI B poOOTI PILIEHHs 1 MPaBUJIbHICTh BUKOHAHHS rpadivHOi Ta
TekcToBoi yactuH KII.

6. MeToau HaBYaHHS, 32CO0M TIarHOCTUKH pe3yJIbTATIB HABYAHHS Ta METOH iX 1eMOHCTPYBAHHS

Metoau HaBYaHHS.
—  JIeKIid,;
— UIIOCTpYyBaHHS,
— npabopaTopHa po0oTa;
— 1HCTPYKTaX 3 TEXHIKH O€3MEeKH Ta MOXKEKHOT O€3MeKH (MMPOBOTUTHCS OJHOPA30BO HA MEPIIOMY
3aHATTI B Jaboparopii);
— po0orta 3 JiTepaTyporo;
3acobamH OL[IHIOBAHHS Ta METOJaMH JIEMOHCTPYBAaHHSI pe3yJIbTaTiB HAaBYaHHS €:
- €K3aMeEH;
- KypCOBHH NPOEKT;
- Ipe3eHTallil pe3y/IbTaTiB BUKOHAHHS 3aBJIaHb Ta JOCIIKCHb;
- CTYZACHTCBHKI IPE3CHTAIli] Ta BUCTYIIA Ha HAYKOBUX 3aX0JaX;
- 3aBJIJaHH Ha JJAOOpaTOpHOMY 00JIaIHAHHI,
- 3aBJIaHHS HA KOMIT IOTEpax.

7. ®OpMH NOTOYHOIO TA MiICYMKOBOI0 KOHTPOJIIO

PiBenbp 3acBOo€HHsS Marepiaqy IUCHUIUIIHA 3IIHCHIOETHCS IUIAXOM IPOBEICHHS IOTOYHOTO
MonynabHoro kKoHTponto (IIMK) y Burisagl TecToBHX 3aBiaHb pi3HOI CKIAJHOCTI, 3aXHCTYy 3BITIB 3
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nabopaTopHUX pPOOIT, BUKOHAHHSA 1HIWBIAYyaJbHOTO 3aBJaHHS Ta MiJCYMKOBOTO KOHTPOMIO Yy (opmi
MUCHMOBOTO €K3aMEHY.

[TincymMkoBa OIliHKa 3 AUCHUILUIIHU CKIAMA€THCSA 3 OI[IHOK, OTPUMAaHUX 3a MOTOYHUN (MOIYIbLHUMN)
KOHTpPOJIb, PE3yJbTATIB 3/1a4i Ta 3aXUCTy JIAOOPATOPHUX POOIT, pe3yabTaTiB BUKOHAHHS 1HJIUBIIYaIbHOTO
3aBJaHHS Ta €K3aMeHy. Y pa3i yCIIIHOTO HaBYaHHS IOTATOM CEMECTpY, MiJICYMKOBA OILIHKa MOXXe OyTH
BHCTaBJICHA 0€3 1ICTIUTY.

3a Bci koHTpObHI 3axoau (K3) mpoTtsirom cemectpy cTyneHT moxe oTpumaru Big 0 go 100 Gamis.
YMoBoro gomycky cryneHta no K3 e miniManbHa cyma OaniB, SIKy CTYJICHT NMOBHHEH HaOpath y pasi
BUKOHAHHS BCIX €JIEMEHTIB MOAYMiB. SIKIIO CTyZeHT He HaOpaB MiHIMadbHy cyMmy OajiB, TO BiH He
nomyckaeTbest 10 K3 1 oMy pekoMeHAyeThesi HAOpaTH 0 KiJIbKICTh 32 paXYHOK BUKOHAHHS JIOJIATKOBOTO
iHMBIyanbHOTO 3aBaaHHa. CTyneHT, kUil oTpuMmas 3a Bci K3 mporsirom cemectpy He menuie 60 6aiis, 3a
Horo Oa)kaHHSM, MOKe OyTH 3BUILHEHHUM BiJl CeMECTpOBOTO ek3ameHy. CTyaeHT, sikuii HaOpaB 3a Bci K3
Mmenme 60 OaniB, 000B’SI3KOBO CKJIAJa€ IiJICYMKOBUH €K3aMeH (IPOBOJUTHCA Yy MUCHMOBIA (opmi B
eK3aMeHaIlliHy Ccecii0), J0 SKOro BIH JIONMYCKA€ThCA, SIKIIO Ma€ 3a BHUKOHAHHS BCIX NependadyeHux
€JIEMEHTIB MOJyJIiB HEOOXiJHY MiHIMaIbHY cyMy 35 OaiiB.

Pe3ynbTyroua oriHka BUCTaBISIOTHCA BiAMOBIAHO 10 mmikanu ouinioBaHHs ECTS.

HIkana oninoBanus: HanionaabHa Ta ECTS

Cyma OaiiB 3a pe3yJIbTaTOM Orinka
MiICYMKOBOT'O KOHTPOJIIO ECTS
90 — 100 A
82 -89 B
7481 C
64— 73 D
60 — 63 E
35-59 FX
0-34 F

8. Kpurepii oniHIOBaHHs pe3yJIbTATIB HABYAHHSA

3BITH 3 1a0OpaTOPHUX 3aB/IaHb OILIIHIOIOTHCS 3a ABOMA YMOBAMHU: IiIFOTOBKA 3BITY Ta 3aXUCT 3BITY.
PiBeHb MiATOTOBKH 3BITY OLIHIOETHCS 32 TPHOMA KPUTEPISIMHU:

- BYaCHICTb 3/IaBaHHs 3BITY;

- IPaBUJIBHICTh BUKOHAHHS 3aBIAaHHS;

- BIATIOBIHICTh O()OPMJIIEHHS 3BITY BUMOTaM.

PiBeHb 3aXUCTY 3BITY OLIIHIOETHCS 3@ TAKUMU KPUTEPISIMU:

- IPaBUJIBHICTH BIATOBIII;

- ONIEpaTUBHICTh HA/IaHHS BIAMOBII.

KinpkicTs
OauiB
JICHHA | 3a04YHa
dopma | dopma

4 Poboty BUKOHaHO caMOCTIHO y BCTaHOBJIEHUH TepMiH. CTyJeHT CaMOCTIHHO BU3HAYAE THIIT
3a/a4yi, METy HAlKWCaHHS TMPOTPAMH, CKJIAJA€ AITOPUTM PAIiOHAIBHOTO BHPIIICHHS
MOCTABIIEHOT 3a/1a4i. Y BHCHOBKaX IMPOBEICHO KOPEKTHY IHTEPIPETAIil0 Pe3yNbTaTiB. 3BiT
BiJINIOBi/Ia€ BCTAHOBJICHUM BUMOTaM.

3 Pobory BuKOHaHO CaMOCTIHHO 3 TOPYLIGHHSM BCTaHOBJIEHOTO TepMiHy. CTyaeHT
CaMOCTIHHO BHUKOHYE BCi 3aBIaHHs J1a0OpPaTOpPHOI POOOTH. Y BHCHOBKax IPOBEICHO
KOPEKTHY 1HTEePIPETAI[if0 Pe3yJIbTATIB. 3BIT BIIOBIIa€ BCTAHOBJIIEHUM BUMOTaM.

2 PoGoty BUKOHAaHO i3 TifKa3kamMH BUKJIaJadya 3 TOPYIICHHSM BCTAHOBJIGHOTO TEpPMIiHY.
CTyneHT CKJajae airopuTM BHpPINICHHS IOCTaBlieHOi 3amadi. 3BiT  BiANIOBiAae
BCTAaHOBJIEHUM BHMOTaM.

1 PoGoTy BHKOHAHO MM KEPIBHUIITBOM BHKJIAJa4a 3 IMOPYIICHHSIM BCTAHOBJICHOTO TEPMIHY.
CTyneHT muIle MporpaMmy 3a CKIQJCHUM IiJ] KEePIBHUIITBOM BHKIAJada aJIrOPUTMOM
BHPIMIECHHS TTOCTaBIICHOI 3a7a4i. CKJIaga€ 3BiT, MO MICTUTh HETOYHOCTI 1 TOMUJIKH.

0 PoGoTa He BUKOHYEThCS

Kinpkicts OaimiB
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ITapameTpn
OLIIHIOBAHHSA

Kinbk.
0aJiB

Kpurepii oniHioBanHs 32 BUKOHAHHSI KyPCOBOT0 MTPOEKTY

ITosicHIOBaIEHA 50

3ar1rMcCKa

3mict poboTH BiAmoBigae oOpaHiil TeMi; HAsIBHICTD YITKO C(OPMYITHOBAHOI
npobieMu; aeKBaTHICTh (POpMyIIOBaHHS 00’ €KTa, PeAMEeTa, METH Ta 3aJad
JTOCITI/PKEHHS; BA3HAYCHHS CTYIICHIO PO3PO0JICHOCTI IPOOJIEMH JTOCIIPKESHHS;
HasSBHICTh TIOCWJIAaHb Ha BUKOPHUCTaHY JIiTepaTypy Ta BiAMOBIAHICT 0POpMIIEHHS
poOOTH CTaHIAPTY; aIeKBaTHICTH OOpaHUX

METO/IiB IPEMETY JIOCJII/PKCHHS, TPAMOTHE BUKOPUCTAHHS METOMIB (ITPOLIEAypa,
00po0ka, iHTeprpeTaris pe3yabTaTiB); BAKOPHUCTAHHSI METO/IB MaTeMaTHIHOL
CTaTUCTHMKM; BIAIOBIIHICTh BUCHOBKIB METI Ta 3aBAaHHAM JOCIIiIKeHHs. PoboTa
BUKOHYBaJIaCh CHCTEMAaTHYHO Ta BYACHO ITOJIaHA Ha

MEepeBipKy HAYKOBOMY KEpPiBHUKY y BIIOBIAHOCTI i3 INTAHOM

BHKOHAHHS KypPCOBOi1 poOOTH

40

3MicT pobOTH BiAIIOBigae 0OpaHii TeMi, aje Ma€ MMOBEPXHEBHH aHaJIi3, MaTepial
BUKJIAJICHO HETIOCIIIIOBHO Ta HeoOIpyHTOBaHO. POOOTa BUKOHYBaIach HE
CHUCTEMAaTHYHO Ta M0/IaHa Ha MEePEeBIPKY HAYKOBOMY KEPIBHHUKY 3 MOPYIICHHIM
TUTaHY BUKOHAHHSI KYpCOBOi1 po0OOTH.

30

PoGota odopmiieHa 3a BUMOTaMHU, SIKi IpeA IBJISIFOTHCS 10 KYPCOBUX POOIT, aje
MaTepiaj BUKJIAJCHO HEIOCIIiIOBHO Ta HeoOrpyHTOBaHO. OCHOBHI T€3U POOOTH
PO3KpHTI, aJle HeIOCTaTHRO OOTPYHTOBAHI, HEYITKO CPOPMYITHOBAHO BHCHOBKH,
MTPOTO3MIII] i peKOMEHIAITI].

20

CTyaeHT BIATBOPIOE 3HAYHY YaCTUHY TEOPETHYHOTO MaTepiainy, BUSBIISAE 3HAHHS 1
PO3YMIHHSI OCHOBHHX TIOJIOXKEHb 1 JIMIIE 3a JJOIIOMOTOI0 BUKJIa1aya MOXe
BUTIPABJISITH MIOMHJIKH, CEPEl IKHUX € 3HAYHA KiJIbKICTh CYTTEBHUX..

10

PoboTa He HOCUTB TOCIITHUIIBEKOTO XapaKTepy, HE Ma€ aHaIli3y 1 He BiJIOBiIae
BUMOTaM, SIKi peJ1 sIBISIOTHCS 0 KypCOBUX pOOIT. Y poOOTi HeMae BUCHOBKIB
a00 BOHU HOCSTh JICKIAPATHBHUH XapakKTep.

3axuct podotu 50

JlomoBiap morivHO O0YI0BaHa, CTYICHT YiTKO Ta CTHUCIIO BUKJIAJa€ OCHOBHI
pe3yJbTaTH JOCIIKEHHS, TOKa3y€e TJIMOO0KI 3HAHHS 3 MUTaHb TEMU, OIIEPYE
JTAHUMHU JTOCTIDKEHHS, BHOCUTD MTPOIO3MIIIT 110 TeMi JOCITIKSHHS, i Yac
JTOTIOBIJIi BMJIO BUKOPUCTOBYE TIPE3CHTAIli10, BIIEBHEHO 1 JOKJIAIHO BiIIMOBiIa€e Ha
[IOCTAaBIIEH] 3alIMTaHHsA

40

CTyIeHT CIPOMOKHHIA YiTKO Ta CTUCIIO BUKJIACTH OCHOBHI Pe3y/IbTaTH
JTOCITI/PKEHHSI, JTa€ MPaBUIIbHI BIJITIOBI/I HAa BCI 3alMUTaHHS, aJie HE 3aBXKI1
YIEeBHEHHI B apTyMEHTAIli1, Y1 He 3aBXKIM KOPEKTHO 11 GopMyITIoe

30

CTyaeHT HEBIOPSAAKOBAHO BUKIIAJA€ OCHOBHI pe3yNbTaTH OCHIKEHHS,
HaMaraeThCs JaTH BiIMOBI/Ib HAa TIOCTABIICHI 3alTUTAHHS 1 POOHUTH CIIPOOH
apryMEHTYBATH MOJIOKEHHS! pOOOTH.

20

CTyneHT NIeMOHCTPYE 3aI0BiNIbHI 3HAHHSI 3 TEMU JIOCITIPKEHHS, aJie HE MOXe
BIIEBHEHO ¥ YITKO BiJITOBICTH HA IOJATKOBI 3alIMTAHHS, TA HAJIEKHO
00IpYHTYBATH HOJIOXKEHHS POOOTH.

10

CTy,Z[CHT HCBIOPAAKOBAHO BHUKJIAJ1a€ OCHOBHI pe3yiabTaTn }_IOCJ'Ii,Z[)KeHHH, HC
CHpOMO)KHI/Iﬁ JaTHu Bi}ll’[OBi}lL Ha 3arTaHHAd, Bi,Z[CTOIOBaTI/I CBOIO HO3I/I]_[iI-O.

®opMyBaHHS OLIHKH 32 KypPCOBY podoTy

ITosicHIOBaJIbHA 3aITUCKA 3axuct poboTH Cyma
50 50 100
IToTo4Huit MOAYJILHMI KOHTPOJIBb Y (pOPMi TeCTYBaHHS

Tpasubrix 100 | 90 80 70 60 50 | 40 30 20 10
BigmoBiaei, %
Kinpkicts  GanmiB  3a
MKP1-MKP3 (neuHa), | 14 126 | 11,2 9,8 8,4 7,0 5,6 4,2 2,8 1,4
MKP3 (3a0uHa)
Kinpkicte  OamiB  3a
MKP1-MKP2 (3a04sa) 13 11,7 | 10,4 91 7,8 6,5 5,2 39 2,6 1,3
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DopMa KOHTPOJIIO

MakcuMaJbHa KiJIBKICTEL 0aJ1iB
Jenna ¢popma 3aouna popma

BukonanHs 1a60paTOpHUX POOIT

7 x 4 GaniB = 28 Oaiis 6 x 5 6amnis = 30 Oaiis

[ToTtounuit MOYJIBHUN KOHTPOITh 3 x 14 = 42 6amu 2x 13+ 14 =40 6anmu
Beboro 70 0aJiiB 70 daJiiB
Kinmpkicts | Kputepii omiHIOBaHHS 32 BHKOHAHHS €K3aMEHAIIIHOI KOHTPOJIBLHOI CEMECTPOBOI poOOTH (BKITIOUaE 2
OamiB TEOPETUYHI MUTAHHS i OJHY 33]a4y)
CTyzieHT BUIBHO BOJIOJIIE MaTepialioM; 3HA€ METOIU Ta AITOPUTMU MATEMAaTUYHOI ONTUMI3aLil
JIMHAMIYHHUX CHCTEM, METO/IH JIiHeapH3allil HeMiHIHIX CHCTEM; BMi€ TPOBECTH PO3PaXyHKU KPUTEPIiB
KEPOBAHOCTI Ta CIIOCTEPESIKHOCTI IMHAMIUHMX CUCTEM; 3HA€ METOU JTOCII/PKCHHS CTOXaCTHYHUX
30 cucTeM; BMi€ (popMyItOBaTH 3aBJIaHHS Ta BUMOTH ONTUMI3allil IMHAMIYHHX CUCTEM KEPyBaHHS;
BHKOPHCTOBYBATH METO/IM ONTHMAJIBHUX MPOLIECIB VISl KOHKPETHHUX 33/1a4 Ta 00’ €KTIB KEPyBaHHS;
PO3POOISATH aNTOPUTMHU ONTHMAIFHOTO Ta aTATHBHOTO KEPYBaHHS; CKIAMaTH (PYHKITIOHATBHI CXeMHU
onrnManbHuX 1 agantuBHux CAK.
CTyaeHT 3Ha€ METOIM MaTeMaTUYHOI ONTUMI3allii, 00JIacTb X 3aCTOCYBaHHSI JJIsl BUPIiIICHHS
20 MPAKTHYHUX 33129, BMi€ apryMEeHTYBaTH BHOip KOHKPETHOTO METOY ONTHUMI3allii; JTIHeapru30BYBaTH
HeliHilHI piBHAHHS, MojemoBaTi Ha EOM rpadiky 3MiHHUX CTaHy AMHAMIYHOI MOJeTi
10 Crynent Mae ySIBJICHHS PO ICHYFOUI METOJIM MaTeMaTHYHOI ONTHMIi3allii, BMi€ OIUCATH
JuepeHIiiiHy CHCTEMY PiBHSIHb
0 CTyneHT Ma€ 3HaHHS Ta BMiHHS HIDKYE PiBHS, BA3HAYEHOTO MONEPEAHBOI0 OIIHKOIO
®opMyBaHHSA MiICYMKOBOI OL[iIHKHU
Jlenna popma 3aouna popma
Bua pobotu KiHBK.iCTB Bua pobotu KiHBK.iCTB
OamniB OaniB
3M1 | Tl JlaGopatopHa poboTta 1-2 8 JlaGopatopHa pob6oTta 1-2 10
T2 Jlaboparopna pobora 3-5 12 Jlaboparopua pobora 3-4 10
IIMK1 Tect 14 Tect 13
3M2 | T3 JlaboparopHa po6oTa 6 4 Jlaboparopna pobora 5-6 10
T4 JlaboparopHa pobota 7 4 - -
I[MTMK 1 Tecr 14 Tecr 13
3M3 | TS5 - - - -
T6 - - - -
T7 - - - -
T8 - - - -
ITIMK1 Tect 14 Tect 14
HMincymroui eK3aMeH 30 eK3aMeH 30
KOHTPOJIb
Bceworo 100 100
IltpadHi Ta 3a0X04YyBaIbHI O6ay 3a:
BIJICYTHICTb Ha JIEKI[IHHOMY 3aHATTI 0€3 MOBAXXHOI IPUUUHM. .............. —1 6an
BIJICYTHICTb Ha 3aHATTI 0€3 MOBAKHOT IPHUMHH .. .c.eveeneeeeaneaneeeeananns. —3 Oamn

y4acTb y oJliMIiazax 3 JUCHMILIIHM, BIATOBIIHO
y4acTh y MOJICpHI3allii 1abopaTopHUX POOIT Y BUKOHAHHS 3aBJIaHb 13 YIOCKOHAICHHS JUIAKTUIHIX
MaTepiaiB 3 JUCIUILIIHA

+ 10 GaJis.

9. 3aco0u HaBYAHHSA

+ 4,6, 8, 10 Oanis

Jis  mocsiTHEHHST METH JUCHUIUIIHK Ta HaOyTTs OakaHWX pe3y/lbTaTiB HaBYAHHSA Iepen0ayeHo
3aCTOCYBaHHS HACTYITHUX 3aC001B HaBUaHHS:
- KOMIT FOTEPH, €JIEMEHTH 1 IPUCTPOI MOICTIOBAHHS;
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- moBu nporpamyBannsi: C/C#, Python;
- obumciroBanbHi cepenosuina: MATLAB, Simulink, Mathcad, Power Point.

N

10.

11.

12.

13.

14.

15.

&
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Honatok 1

IuTaHHs 11 MOAYJIbHOTO KOHTPOJIIO

3microBuii Moayab 1. MaremaTi4He MOICTIOBAHHS JTIHIMHUX Ta HETIHIHHUX CUCTEM.
OCHOBHI MOHATTS TEOPil MATEMAaTUYHOT'O MOJICITIOBaHHS O€3MEPEPBHUX CHUCTEM.
OCHOBH BEeKTOPHO-MaTPUYHOTO 3YHCIICHHS.

MeToau nouIyKy 3BOPOTHOT MaTPHILL.

KBanparuana dopma.

Pimenns anreOpaiuHux cucTem.

MeTto IepeMiHHUX CTaHYy.

PiBHsIHHS cTaHy [UIsl CUCTEM 3 3BOPOTHIM 3B’SI3KOM.
BusHayeHHs1 nepeaToyHOi MaTpHIIi.

JudepeHtiiiiHi CHCTEMH 3 TOCTIHHUMU KoedillieHTaMH.
dyHIaMeHTaTbHA MATPHUIIS PIllICHb.

HeonnopinHi qudepeHItiiHi CHCTEMH.

Meron oneparopy Jlamnaca.

Meton poskiiagans CunbBecTpa.

MopenoBaHHS CHCTEM 31 3MiHHUMH KOe(iIli€eHTaMH.
CramioHapHi Ta HECTaI[lOHAPHI CUCTEMH.

OCHOBHI BUJIM HEJTIHIHHOCTEH.

Jlineapu3aiist mo6au3y podo4oi TOUKH.

["apmowiitHa niHeapu3arii cuctem.

MoaudikoBaHUN METO]T JTiHEApHU3allii.

CraTtucTuyHa JliHeapu3aIlii.

CoNoA~WNE

NRPRPRRPRRPRRRRERRE
CLWONUTRwWDNEO

3micToBHii MOAyJIb 2. MaTeMaTH4YHE MOJIENIOBAHHS CTOXaCTUYHHUX CHCTEM.
1. MopentoBaHHS CTOXaCTHYHHX CHCTEM.

OCHOBHI XapaKTePUCTUKU BUIAIKOBUX MPOIIECIB.

CrexTpasibHa MIITBHICTD B JIHIMHUX CUCTEMAaX.

[TonsTTs ,,01710T0 TIIYMY”.

®opmyroui QUIBTPHU.

BunaakoBi XapaKTepUCTUKH MOPCHKOTO XBHJIFOBAHHS.

BumnaakoBi xapakTepUCTUKHU BITPOBOTO 30ypEHHS.

CratvcTU4HUHN aHami3 JHIHHUX CUCTEM.

CepenHboKBaIpaTUYHA OXHOKA.

0. MopnenroBaHHs KpailoBHX 3ajad.

11. Bunu xpaiioBux yMOB.

12. Meronau onTuMmizalii mary iHTerpyBaHHs

13. Buam pi3HUIIEBHUX PiBHSHb.

14. Kpurepiif KepoBaHHOCTI.

15. Kpurepiii criocTepexHOCTI.

16. Bukopucranns nakery Matlab Ta Mathcad st MoenmtoBaHHST CHCTEM.

HBOoNoO O RWD

3microBuii Moayiab 3. OCHOBHI MOHATTA Ta Kiacugikaris MeroniB ontuMizamii Ta amanranii CAK.
Teopist onTUMaIbHOTO KEpyBaHHS. AJTaITUBHE KEPYBaHHSI.
OCHOBHI MOHATTA TEOPii ONTUMAIBHUX MPOLIECIB.
Kpurepii ontumizarii.
BrnactuBocTi HeNMiHIHHUX CUCTEM.
PiBHsiHHS cTany.
Buau 3aranbHoi criocTepekyBaHOCTI B IPOCTOP1 CTaHy.
YMOBH CITOCTEPEIKYBAHOCTI CTAI[IOHAPHOI CHCTEMH.
[Tpuniun 1BOiCTOCTI B TEOPIii KEPOBAHOCTI Ta CHOCTEPEKYBAHOCTI.
YMOBH CITOCTEPEIKYBAHOCTI HECTaIlIOHAPHOT CUCTEMH Ha OCHOBI Matpwuili Komri.
Kpurepii ciocrepekyBaHOCTI CTalliOHAPHUX Ta HECTAL[IOHAPHUX CUCTEM 3 JTUCKPETHUM YacOM.

CoNoaRLNE
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
217.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

KepoBaHicTb JiHIMHUX CTalliOHAPHUX CHCTEM.

Kpurepii kepoBaHOCTI TIHIHHUX CTAI[lOHAPHUX CUCTEM 3 TUCKPETHUM YaCOM.
YMOBHU K€pOBAaHOCTI HECTAIIOHAPHUX CHUCTEM, B TOMY YHUCIIi 3 AUCKPETHUM YaCOM.

[ToHATTS KEPOBAHOCTI HEMIHIHHUX CHUCTEM.
ABTOHOMHI T2 HEAaBTOHOMHI 00’ €KTH.

JIiHiliHI OonITUMAaJIbHI IIBUAIKOII].

Kpwurepiii mBuakomii.

OnTuMizaliis CUCTEM 3 TPAHCIIOPTHUM 3aITi3HEHHSIM.
JluHaMi4HE IpOrpaMyBaHHs B HEMIEPEPBHiN (OpMi.
JlunaMiuHe IporpamMyBaHHS B TUCKPETHIH (Gopmi.

JluHamiyHe porpaMyBaHHs 1 KBa3lliHeapu3allis KpaloBHX 3a/1a4.

3B’s30K I[I/IHaMi‘IHOFO IMporpaMyBaHHs 3 KIIACHYHHUM YHCJICHHAM.

3B’A30K JUHAMIYHOTO MPOTPaMyBaHHS 3 PUHIMIIOM MaKCUMYyMY.

[TpuHIMT MakCUMyMYy IS 33724 MiHIMyMY BUTPAaTH €HEpTii.
Buau aganTUBHUX CHCTEM.

ITacuBHa amanTariis.

AXTHUBHA ajjanTalis.

AJIanITUBHI CUCTEMH 3 BEJTUKUM KOC(iIliEHTOM IIiCHIICHHS.
AanTHBHI CHCTEMH 3 33JJaHUM KOC(II[IEHTOM 3aTyXaHHS.
AAanTHBHI CUCTEMH 3 €TAIIOHHOIO MOJEILIIO.
CamoaganTaliisi CHCTEM.

MeTou aIanTUBHOTO MOIIYKY.

I'pagieHTHHN METOJ TIOIIYKY.

Kpurepiii kepoBaHOCTI.

Kpwurepiii crioctepexHOCTi.

Meroau ineHTHdiKaIIii.

OCHOBHI XapaKTepUCTUKN BUIAKOBUX MTPOLIECIB.

CuHTe3 ONTHUMANLHOTO KEPYBaHHS B CTOXaCTUYHUX CHUCTEMaX.
OnTumainbHa QiabTpaLis.

Oinetp Kanmana.

AnantuBH1 QUIBTPH.
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