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BCTYII

Y manomy Kypci 1abopaTopHUX POOIT BUBYAIOTHCS METOAH Ta 3aCO-
Ou aBTOMAaTH3aIlii HAYKOBHUX JOCITIKeHb, Taki sk ALl ta ¢inerparis na-
HHUX, HEUITKMH KOHTpOJEp, HABUaHHS HEHPOHHOI MEpEKH, KIacTepHHI
aHai3, TeHeTHYHI aJTOPUTMH, BEWBIIET aHAJI3,JIOTiYHE MPOTpaMyBaHHS,
KOMIT I0TepHE MOAETIOBAHHS, IIAKETU IPOrPaMyBaHHS IPOMHCIOBUX KOHT-
poJiepiB, mporpamMyBaHHs 3aJad JOCTI[KEHb, IMaKEeTH MPOrpaMyBaHHS
SCADA cucremu Ta ACH/I 3 Bumanenoro maboparopiero GOLDi

Bukopucranas koMirtorepa Ta iHQOpPMAIIHHUX TEXHOJOTIH - IIe
000B’s13k0Ba KBali(ikaliiiHa BUMOTa J0 Marictpa, sSiKkuii BUKOHYE HayKOBi
JOCHI/DKEHHS y Tally3i eJeKTpOMEXaHIYHUX MPHUCTPOIB Ta CUCTEM.. Tomy
SKiCHEe, TBOpYE BHKOHAHHS 3alpOIIOHOBAHUX JabopaTopHUX poOIT Oyme
CHPUSTH 3aKPIiTUICHHIO TEOPETUYHOTO MaTepiany TUCIUTUTIHY.

Jis ycmimHOTo 1 CBOEYAaCHOTO BHKOHAHHS KOXKHOI JIabopaTopHOI
poOOTH CTYACHT MOBHHHUH SIKICHO JI0 Hel MiAroTyBaTUCh 1033 PO3KIAIOM
7a00paTOPHUX 3aHAThH: BUBYMTH TeOpPeTHUHHI Martepian [1-15], o3naiiomu-
THUCh 3 METOJAMYHUMHM BKa3iBKaMH BiJIOBIJHO JIO TEMH JIaOOPaTOpHOI po-
00TH, po3poduTH TekcTu mporpamu Toro. [licns BukoHaHHS poOOTH, CTY-
JICHT IIOBUHEH MOTOJUTH 3 BUKJIAAAa4eM II pe3ynbTaTy, HaJAaTh Ta 3aXUCTU-
TH 3BiT, opopmiieHuit Bianosiauo xo CTIT 1596.

[lepen BUKOHAHHSM HHUKITY JIAOOPATOPHHUX POOIT CTYJECHTH MOBHHHI
MPOUTH ITHCTPYKTaXK 3 TEXHIKH O€3MeKH 1 BHYTPIIIHBOTO PO3MOPSIKY
KOMII FOTEpHOTO KJIacy.

JJABOPATOPHA POBOTA Ne 1

AHII Ta ¢pinbTpanis janux

Merta po6OTH: HAaBYMTHCH BBOJWTH 3i0paHi B pe3ynbTaTi JOCHi-
JOKSHHS JaHHI B KOMIT FOTEp B 00pOOIISTH iX.

TeoperuuHi BizomocTi

TexHooria BBEACHHS 310paHUX JaHUX B KEPYIOUM KOMIT'IOTEp 1 iX
06pobku onucana B [2, rmaBas]. KirrouoBrumu etamaMu 0OpoOKH CHTHAIB €
ix mudpyBaHHs (AMCKpeTH3allisl, KBAHTYBaHHS) U IU(ppoBa GiabTparis.
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[HTEepBan muckpern3arii aHAIOTOBOTO CUTHANY Ma€ OyTH JAOCTaTHIM
JUTSL TIOCITI/LYFOIIOr0 BCTaHOBJICHHSI Hioro dopmu. Yacrora Bubipku f, - Be-
JNMYMHA 3BOpOTHA iHTepBany muckpermsauii. Skmo f, <2f , ne f - gac-
TOTa CHTHAIY IO JOCHIIKYETHCS, TO (GOpMY LBOTO CHTHATY HEMOXIIUBO
BcTaHoBHUTH. ['pannyHa yacrora jquckpernsauii f, =2 f 3Bersest yacrororo
HaiikBicra a6o KortempHukoBa. SIKIO aHAMOTOBHI CHTHAN MICTHTH OyIb
ski gacroru f , mo mepebinpuryrors f /2, To i BHCOKOYACTOTHI KOM-

IIOHEHTH 3’ SIBIISIOTLCS B HOCJ'IiI[OBHOCTi JaHUX BI/I6ipKI/I SK IICEBAOYAaCTOTH

fo=f —f.

IIpakTH4HA YacTUHA

1. JlocmianTu AMCKpPETH3aIlil0 CHHYCOIMaTbHOTO CHUTHANY C YacTo-
toro f, BubGipkamu ¢ wacrororo f, Bix 1f mo 2f . IoGynysaru rpadix
f,lf =p(fIf).

2. JlochHiauTy JUCKPETH3allil0 CHHYCOINaJIbHOTO CHTHAJIy C 4acTo-

=50T),

BUKOpHCTOBYIOUH BUOipkH ¢ gactororo f, =12f_ . ITobynysarn rpadiku

toro f =0,01f, Ha doni nomix ¢ gacrororo f, (mampuxman, f,

3aJIC)KHOCTI Bijl Yyacy CUTHAJIy Pa3oM 3 IMOMiXaMHU MEPEXki, BCTAHOBJICHOI'O
curHaiy pasom 3 f,. Busnauntn f, B BcranoBieHoMy curnai.

3. HocniguT mudpoBuil MpuauHAUNA QiTBTP HA3BKOI YaCTOTH KOB3-
HOT'O CEePEeIHHOT0 CHTHANy. B SKOCTi CHTHaNIB, IO BUMIPIOIOTHCS, OOpaTH
CYMIIII IIyMY Ta CUHYCOIJIaJIbHOTO CUTHAJy a00 MOCIiIOBHOCTI MPAMOKYT-
HUX IMIynbciB. JocmiauTu sKicTh (iabTparlii mpu pi3HIA KiTBKOCTI BHOI-
POK III0 YCepeTHIOIThCA. [IprBecTr OCMIIOrpaMu J0CHiPKEHb.

4. Nocnminuti QpoBH EKCTIOHEHIIABHIH (BiILTP HU3BKOI Y4acTo-
TH TEPIIOTO MOPSAKY. B sikocTi curHaiiB, IO BUMIPIOIOTHCS, 00paTtH cCy-
Milll OIyMy Ta MOCJiOBHOCTI MPSIMOKYTHUX iMIynbCiB. JOCHiAUTH SIKiCTH
GbinpTpalii npu pi3HOMY 3HA4YEeHHI BArOBOTO KOeIlieHTy & .

MeTtoanuHi BKa3iBKH

JocmipkeHHst mporieciB AucKperusanii ta QiapTpanii cCuraaiis mpo-
BoauTH y cepeponui Simulink.
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KoHTpoabHi 3anuTaHHs

1. Eranu BBeneHHs 3i0paHrX JaHWX B KEPYIOUM KOMIT'IOTEp 1 iX
00poOKH.

2. Bumoru 10 iHTepBaty TUCKpETH3AaLii.

3. Illo Take wactora HatikBicTa.

4. Slki dinetpu 3ByThC MoOving Average - MA, AutoRegressive —
AR, ARMA, causal, non-causal, exponential smoothing.

5. Omepartii 06poOku BUMiproBaHoi iHdopMartii.

JIABOPATOPHA POBOTA Ne 2

HeuiTknii KoHTpOJIEP

Meta po0OTH: BUBYMTH HPUHIIAITHN JTOCIIXKSHHS 32 JOTIOMOTOI0 He-
YiTKUX KOHTPOJIEPiB
TeoperuuHi BizomocTi
HeuiTkuii KOHTpOJIEp BUKOPUCTOBYIOTH Y BHUIAAKaX, KOJIH HEMOKIIH-
BO CTBOPHUTH MOJIENb 00’ €KTy JOCHTIHKeHHS Y Gopmi audepeHIianTbHux pi-
BHsIHb. TOJli BUKOPHCTOBYIOTH NTOCBiJ €KCHEpTiB, SKWH € HEWITKNM. BiH
BTUTIOEThCS B (PYHKIIT PUHANIEKHOCTI 3MiHHUX Mozeni. [Ipouec yTBopeH-
HsI HEYITKOTO KOHTpPOJIEPY OrrcaHo B [4].

IpakTnyHa yacTuHa
1. TocniauTu BUKOPHCTAHHS HEYITKOTO KOHTPOJIEPY K aJbTepHATHUBY
PID- koHTposiepy 3a IOMOMOTOIO JeMOHCTpariiiHoro mpuknary ‘Water
Tank with View Ruler” y makeri Fuzzy Logic Toolbox cucremu Matlab.
2. locniauTy BUKOPUCTAHHS HEUITKOI'O KOHTPOJIEPY K €KCIIEPTHOI CH-
CTEMH IPOTHO3YBaHHS TEXHIYHOTO CTaHY €JEKTPOMEXaHIYHOTO IPUCTPOIO.

MeToanuHi BKa3iBKH

Jjis CTBOpPEHHSI HEYITKOTO KOHTPOJIEPY BHKOPHUCTOBYBATH PENAKTO-
pu CTPYKTYpH, GYHKIIH TPHHAISKHOCTI Ta mpaBmui y nakeri Fuzzy Logic
Toolbox cucremu Matlab.

KouTpoabHi 3anuTaHus

1. 1o Take HEeUYITKa MHOXHHA.
2. lllo Take miHTBiICTHYHA 3MiHa.



3. ETamnu cTBOpEHHS HEWITKOTO KOHTPOJIEPY.
4. TlepeBaru HEYITKOTO KOHTPOJIEPY.
5. Tlpukmnagy BUKOPUCTaHHS HEUiTKOI JIOTIKH.

JJABOPATOPHA POBOTA Ne 3

HaBuyaHHs HelpOHHOI Mepeski

Meta po60oTH: BUBYNTH NPUHIMIN MOOYIOBH MOIENi SBUIIA abo
npoliecy 3a JOTIOMOI0I0 HABYaHHS HEMPOHHOT MEpexKi.

TeoperuuHi BizomocTi

[l TygHi HEMPOHHI MEPEki BUKOPHUCTOBYIOTHCS ISl TOOYIOBU MOJENI
sBrIIa ab0 Mpolecy y BUMAAKaX KOJIM HE Mae JOCHiay excnepTiB. HaBuan-
HSl HEHPOHHOT MepeXi BUKOHYETHCS IUISIXOM BBEJICHHS PE3YJIbTaTiB JOTIs-
Iy po0OTH 00’ €KTY TOCIHIKEHHS Y (hopMaTi «BXig — BUXII».

IIporiec yTBOpEeHHS HEYITKOI MOJIEI IUISIXOM HaBYaHHS HEHPOHHOT
Mepexi onucaHo B [4].

IIpakTH4HA YacTHHA

1. JlocmiguTu mporec yTBOPEHHs HEUITKOI MOIesi MaTeMaTHdHoi (pyHKIIii

IUISXOM HaBYaHHS HEHPOHHOT Mepesxi. s 1boro :

e 3poOuTH 3a JOIOMOrOI0 TEKCTOBOTO peakTopy (ails i3 po3mmupeH-
HaM Xt skwii mictuts 10-20 map cTpok 3HaYeHb apryMeHT-(pyHKIIiS Ta 3a-
BaHTaXXUTH #oro y nmporpamy anfisedit cucremu Matlab.

e 3100yTy Mozenb 30epertu sik Qain i3 posumpenssm .fis, Bimkputu
Ta BUKOHATH y naketi Fuzzy Logict Toolbox cucremu Matlab.

o PospaxyBaru moxubOKy OOYMCIICHHS 3HA4eHHS MaTeMaTU4HOi (QyHK-
1ii 3a JOMOMOI'0I0 CTBOpeHOI HeuiTkol Mozei. [Ipyu HeoOX1THOCTI 3MIHUTH
napaMeTpu yTBOpeHHss Mojeni y cepemosumn anfisedit Ta pospaxysaru
MOXHOKY.

2. locniguTy mporec YTBOPEHHST HEYITKOI MOJEN BUIIAKOBOTO IPO-
necy y aKkoMy (pyHKIisl IpoLiecy 3ajJeKUTh BiJ ii 3HaUeHb Yy HONEPeaHi MO-
MeHTH Yacy [4].

MeToanuHi BKa3iBKH
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Jns moOynoBu HEUiTKOI MOJeNi BHUKOPHUCTOBYBaTH (YyHKIIO an-
fisedit a mst mocmimkenns maxer Fuzzy Logict Toolbox cuctemu Matlab.

KonTposabHi 3anutanns

1. [llo Take MTYYHUN HEHPOH.

2.Y 4omy mepeBard MOOYJOBH HEYITKOT MOJEIN MUITXOM HaBYAHHS
HEHPOHHOT MEPEXKi.

3. [Ipuknangm BHUKOpUCTaHHS Mojeneil 3700yTHX LUISIXOM HaBUAHHS
HEHPOHHOT MEPEXKi.

4. Sk 3MIHWUTH TTapaMeTpH OTPUMAaHOI MOJIENI y CEPEOBHII MPOrpaMu
anfisedit.

JIABOPATOPHA POBOTA Ne 4

Knacrepumnii anajiz nanux

Meta po6oTH: HABUNTHUCS PO30MBATH NaHHI JOCTIKEHh HA MHOXKE-
HY KJIacTepiB.

TeoperuuHi BizomocTi

Knactepuuii anami3 (abo aBromarndHa kiacudikariis, po3mi3HaBaH-
Hs 00pa3iB 0e3 yuuTesi, YUCICHHAa TAKCOHOMIsI) 3aiiMae OJJHO 3 IEHTPaIIb-
HUX MICT cepeJ] METO/IiB aHaJi3y JaHUX U IMPENCTaBIsIE€ COO0I0 CYKYITHICTh
MiXO/IiB, METOJIIB 1 aITOPUTMIB MIPU3HAYEHUX I 3HAXO/HKCHHS JIESKOTO
PO30MTTS CYKYITHOCTI 00’€KTIB, IO JOCTIKYIOTHCS, Ha TIJAMHOXUHU Bij-
HOCHO, TIOX0XKHUX MIXK CO00I0 00’€KTIB - KitacTepis [4, rinasa 13].

3amadyero HEYiTKO1 KJIACTepu3allii € 3HAXOKEHHS HEUiTKOTO PO30UT-
Ts1 @00 HEUITKOTrO MOKPUTTS MHOXKHH €JIEMEHTIB, IO JAOCIIKYIOThCS, SIKU
CTBOPIOIOTH CTPYKTYPY HEUITKUX KJIACTepiB, MPHUCYTHIX y AaHUX IIO PO3T-
TS TAFOTHCAL.

s pitneHHs 3a1a4i HediTKOT KjacTepu3allii Moxke OyTH BUKOpHCTa-
Ha QyHKIis KoMaHaHOi ctpoku fcm cuctemu Matlab, anroputm sikoi 3a-
CHOBaHMI Ha METO/I HeuiTKuX cepenHix [4, rmaBa 13] abo crerianbHui
rpadiunuii inTepdeiic knacrepusauii ¢pynkuii findcluster. Bxigaumu ap-
rymentamu dyHskiii fcm e: data - marpurst nepBuHHEX naHuX; cluster_n —
YHCIIO TEPBUHHUX KiacTepiB. Buxigui aprymentu ¢ynkiii fcm: center —
MaTpHULs LEHTPIB HEUITKMX KiIacTepiB sKi mrykatoTbes; U- marpuus 3Ha-
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4yeHb (yHKIIT HaJIEKHOCTI pO30UTTA W0 IIykaeThest: Obj_ f., — 3HaueHHs
TH0BOT (DYHKIIIT Ha KOXKHIH 3 iTepamiit podotu anroputMmy. JogaTkosi ap-
rymeHTd QyHKUIi [, npuBeneHi B [4, rmaBa 13]. Jlns pimeHHs 3axavi Bu-
3HAUEHHs YMClia KiactepiB BUKopuctoByerhes (ynkmis [C,S]= subclust
(%, radii, x Bounds, options), xe: X — MaTpuIs qanux knacrepusaitii, radii
— BEKTOp, SIKUH 3a7a€ Iiana3oH po3paxyHKy LEHTPIB KIacTepiB MO KOXKHiN
3 O3HaK BUMIiproBaHb ( onruMmainsHi 3Hauenus radii =0,2 — 0,5 ); xBounds
— MaTpUIIA BiJOOpaXKeHHsI TaHUX X B JCIKOMY OJJUHHUYHOMY TilepKyOi, ska
MICTUTh MiHIMaJbHI Ta MaKCUMaJbHiI 3HAYCHHSI IHTEPBaTy BUMIPIOBAHb IO
KOXKHIi 3 03HaK; OPtiONS — BEKTOp MOJATKOBUX MapaMeTpiB aarOpuTMy
KJIacTepHu3arlii.

KommonenTu BekTopa options:

- options (1) — Bu3Hauae OKPyTy IIEHTpa KiacTepa,

- options (2) — BCTaHOBIIOE MOTCHINAN SK YaCTHHY IMOTCHITIATY
MEPIIIOro KiacTepa, BHIIE AKOI Apyra TOUKa JaHHUX MO)KE BUKOPHCTOBYBa-
THUCSI B IKOCTI IIEHTpa 1HILIOTO Ki1acTepa;

- options (3) — BCTaHOBIIOE MOTEHINAN SIK YaCTHHY IMOTCHIATY
MEPIIOTO KJIACTepa, HIKYE K0T Apyra TOUKa JaHUX MOXKE BUKOPHCTOBYBA-
THUCsI B SIKOCTI IIEHTpa 1HIIIOTO KJIacTepa;

- options (4) — npu3Hak BUBEICHHS iHGOpMAIi MPO BUKOHAHHS
MpoIIeCy KIacTepu3allii Ha MOHITOD.

ITo ymosuansto options (1,25 0,5 0,15 0).

HpaKanHa YacTHHA

1. Bukonatu HewiTKy Kiacu]ikaIlito ITaHuX sKi MICTATbCA B (paiirmi
fcmdata.dat, sikuit mocradaerses ¢ cucremoro Matlab. Lli nanni npeacras-
50Tk Matpuni 140%2. [lyist pimieHHs 3a7a4i BUKOPUCTOBYBATH MOCHIIOB-
HOCTI KOMaHJ HaBeneHux B myHkrax 13.1 m 13.2 [4, rnaBa 13]. B 3Biti
MPUBECTH Tpadikd KOOPAWHAT KPAnoK JaHWX 1 EHTPIiB N KIAcTepiB, IO
IIYKAIOThCS, Ha TUTONMHI BifMOBIAHOTO BikHA cuctemu Matlab..

2. BukoHaTH MOCTaHOBKY 3a/ad4i Ta HEUITKy Kiacu@ikalilo 3 BUKO-
puctandsM ¢yHkiii fcm manux 1o 3agani Tabmuieo B maketi Excel. V
3BITI MpPHUBECTH Tpadikud KOOPAMHAT KparoK MOYATKOBOI CYKYITHOCTI Ta
[EHTPIB ITYKaHUX KJIACTepiB.

3. BukonaTtu HewiTKy kiacu@ikalilo JaHUX 3 BUKOPUCTAHHSIM Ipa-
¢biunoro intepdericy pyukuii findcluster. Ilpu 1poMy 3arpy3uTu BUXiaHI
mami 3 3oBHimHBOro  (aiimy  Matlab/toolbox/fuzzy/furdemos/
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fcmdata.dat. ¥V 3Biti npuBecTH rpadiki KOOpIHHAT KPArmoOK BHUXiTHOI CY-
KYITHOCTI Ta IIEHTPIB IIYKaHUX KJIACTEPiB.

4. BusHauutH, BHKOpUCTOBYIOuHM (yHkuito sSubclust komangHOl
CTPOKH, KIJIbKICTh KJIacTEpiB B BHXIIHUX AaHuX OyHKTy 3. [ocmimutn
BIDIMB MTapaMeTpiB Ii€l (yHKII Ha pe3yabTaT BU3HAYEHHS KLUTBKOCTI KJlac-
TEpiB.

5. Bu3HauuTH KiJBKICTH KJIAcTEpiB Y BUXIOHHX AaHUX MYHKTY 3 3a
nmoromororo rpadignoro intepdeiicy. s 9oro 3amycTUTH Yy KOMaHIHIN
crpourti 3aci6 findcluster 3 merogom kiactepusartii subtractive y Bikwi
Methods.

KoutpoabHi 3anuranus

1. Illo Take YKCICHHA TAKCOHOMIS.

2. 1] o Take KacTepHUN aHAJII3.

3. Ha3BiTh 3aj1auy HEeUiTKOI Ki1acTepH3arlii.

4. HasgiTh 3aco0u HewiTKOi Kiactepusarii B maketi Fuzzy Logic
Toolbox cucremu Matlab.

5.CyTh MeTOly CYOTPaKTHUBHOI KJIaCTepHU3allii.

JIABOPATOPHA POBOTA Ne 5

I'eneTnuHi agropuT™Mu

Meta po6oTH: HaBUUTHCS BUPINIYBaTH 3ajayl ONTHMI3allii Oararo-
napaMeTpuuHuX (YHKIIHA 3 BUKOPUCTAHHSIM MEXaHi3MiB, IIO HarajJyroTb
010JIOTiYHY €BOJFOIIIIO.

TeoperuuHi BizomocTi

I'enernunnit anroput™m (I'’A) — 11e anroput™, KU T03BOJIAE 3HANTH
3aJI0BUIbHE PIIICHHS aHAJIITHYHO HEPO3B’S3HMX a00 CKIAJHO PO3B’SI3HUX
po0IieM depe3 MocIioBHUH mepedip i1 KoMOiHyBaHHS BHXITHHX Tapame-
TPIiB 3 BUKOPHUCTAHHSIM MEXaHI3MIB, 10 HaraayoTh O10JOTIYHY €BOJIOIII0
[5].

['eHeTHYHI anropuT™MHU ONEPYIOTH 3 CYKYIHICTIO 0coOel (momysimi-
€10), sIKi € COOOI0 CTPOKU M KOJYIOTh OJTHO 3 PillIeHb 3a/adi.

3amava onrumizallii po3risaaerses ['A sk 3a71a4a HaXOPKEHHS MaK-
CUMYMY JIesKOi (PyHKIIii MPHCTOCOBAHOCTI. 3a JTOMOMOTOI0 (DYHKIIIT Tpuc-
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TOCOBAHOCTI 3 yCiX 0co0eil momyssmii oOuparoTs HaNOIIBII TPUCTOCOBAHI
(OUTBII MIIXOMIII PIIIEHHS), SIKI OTPUMYIOTh MOXKIIUBICTH CXPEITyBaTHCS
Ta JaBaTé MOTOMCTBO. Haiiripui oco0i (moraHi pimieHHs) BUIAISIOTHCS 3
NOMYJIAil ¥ HE Jaf0Th MOTOMCTBA. TaKUM YHHOM, IPUCTOCOBAHICTH HOBO-
IO TOKOJIIHHS y CEPEeHbOMY BHIIE ONEPETHBOTO.

Iar I'A ckiamaeTbes 3 TPbOX CTaiN: BiIOOPY, CXPEIIyBaHHS Ta My-
tanii. B xacuunomy I'A #iMOBiIpHICTD KOXKHOI OCOOM MOMACTH B MPOMIKHY
HOMYJIAIIFO MPOMOPIIAHO 11 MPUCTOCOBAHOCTI (MPOMOPIiIOHATBHUIA BiOip).

IIpu cxpemryBaHHi, 0cOOM TPOMIKHOT MOMYJIAIMil po30MBalOTECA Ha
napu SIKi CXpelryBaTUMYycs, TOOTO. 32 JOMOMOI'OI0 KpOcCoBepY (HOPMYIOTh-
cs1 ocoOu ¢ HOBUMH (DYHKIIsIMUA TpucTocoBaHOCTi. OnepaTop myTarii He-
00ximHuH 11 "BUOMBAaHHA" TOIMYJIALIT 3 TIOKAIBHOTO eKcTpeMymy. L1 gac
MyTalii KOKHHUI OIiT KOXKHOT 0COOM MOMYJIALIT C IeSKO HMOBIpHICTIO (SIK
npaBuio Menmiol Hixk 0,01) iHBepTyeThCS.

Kputepiem 3ynmuHKH €BOIIOLIT € 3a1aHa KiJTBbKICTh TIOKOJIiHB, i/ 9ac
SKUX KPOCCOBEP MPAKTUIHO HE 3MIHIOE ITOMYIISIII].

IcnyroTh pizni Moaeni I'A, o BiApi3HIIOTHCS criocobamu pearizaiii
eTarmiB anroputMy [5].

3acobu s peanizaii I'A € y cucremi Matlab.

HpaKanHa YacTHHA

1. V makeri Matlab ygiiitu y 3acio Genetic Algorithm and Direct
Search, o3naiiomuthes ¢ po3aizamu gornomoru Introducing Genetic Algo-
rithm and Direct Search, Get Started with Genetic Algorithm

2. 3HaliTu MiHIMaNbHe 3HAYCHHS QYHKIIT

f (X, X,) = X2 = 2%, X, + 6%, + X2 —6X,. (5.1)

3 Li€I0 METOI 3a 3pa3koM MpUKIALy CTBOPHTH M-daiin ¢ diTHec
¢yukmiero (5.1) 1 QyHKII€0 FeHETHYHOTO ATOPUTMY ga. 3amyCTUTH il
(aiin y KoMaHIHIN CTpOYLI Ta 3alUcaTH 3HaileHe MiHIMaJbHE 3HAYCHHS
GbyHKLii Ta 3MIHHUX X; U X, .

3. 3uaiiti MinimMansHe 3Havenns ¢yskmii (5.1) 3acobom optitool. 3
i€l MeTO HabpaTu B KOMaHHIN ctpouti type ps_example, mporisay i
m-caiin, noTiM cTBOpUTH 3a 3paskom m-¢aitn ¢pynkuii (5.1). dani Binkpu-
td  BikHO Optitool, 3amati B HEOMyY iM’st cTBOpeHoro (aiiny (Objective
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function), mouatkoBi 3HaueHHs BXigHUX 3MiHHUX (Startpoint), samyctutn
ornrruMizamiro (Start). ITicis 3aBepiIcHHS 3a1aHOI0 YKCIIa ITepalii 3amnmca-

TH 3Hai/IcHe MiHIMaJbHE 3Ha4eHHA QyHKIIi Ta 3MIHHUX X; H X, .

KoHTpoabHi 3anuTaHHs

1. Ilo Take TEHETHYHUH aJTOPUTM.

2. Jle 3aCTOCOBYIOTBCSI TC€HETUYHI aJITOPUTMH.

3. lllo Take (hyHKIlisST IPUCTOCOBAHOCT.

4. Crapii mara reHeTHYHOTO aNTOPUTMY.

5. Illo Take KPOCCOBEP y TCHETUYHOMY aJITOPUTMI.

6. ki 3aco0u a1 peanizailii TCHETUYHUX AITOPUTMIB € B CHCTEMI
Matlab.

JJABOPATOPHA POBOTA Ne 6

BeiiBjer anaJis

Meta po00OTM: BUBYMTH NPUHLMIIN AOCHIIKECHHSA U MOPIBHATH MOX-
JMBOCTI MepeTBOproBaHb Oyp’e Ta BEHBIIET - IEPETBOPIOBAHHSL.

TeoperuuHi BizomocTi

Sk mpaBwmIIO, CUTHAH IO TOCIIKYIOTHCS MPECTaBIEH] K QYHKIIIT
yacy(y yacoBiit o0nacti). Y 0araThbOx BUIAJKaX KOPUCHUM € 3HAHHS CIICK-
Tpa YacToT, Ki MICTAThCS Y BUXIJHOMY CHTHAJI - MPECTABJICHHS CUTHAIY
B YaCTOTHIiN oOmnacti. [ mepexoay BiJ 4acOBOTO MPE/CTABICHHS 0 Yac-
TOTHOTO BHKOPHCTOBYEThCS IepeTBoproBanHs Dyp’e. Moro Hemoniku Bu-
SBIISIFOTHCS TIPU aHAITi3i HECTalllOHAPHUX CUTHANIB, - TAKHX CUTHAIIB B
SKHX OKpeMi rapMOHIKH MPHUCYTHI HE BECh Yac Woro croctepexenHs. [Ipu
aHaJN31 TAKUX CUTHAJIB €(pEeKTHBHO BUKOPUCTOBYBAaTH BEUBIIET - MIEPETBO-
proBanHs [3].

IIpakTH4Ha yacTHHA

1. docniautu oOMexeHHs nepeTBoproBants Pyp’e. Jlns doro B ce-
penoBum Simulink 3i0paTu reHepaTOpy CUTHAJIB:

X, (t) = cos(2710t) + cos(2725t) + cos(2750t) + cos(27100t), (6.1)
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cos(2710t), 0<t<300 wmc

cos(2725t), 300t < 600 mc

X, (t) = . (6.2)
cos(2750t), 600 <t <900 mc

cos(27100t), 900 <t <1200 mc

2. Bukonatn wMozemoBanHs Ha iHTepBami [0,1200 mc] n oTpumarn
CTIIEKTPH CHTHAJIB X4 U ¥, 3 BUKOPHCTAHHSM IepeTBopioBanHs Dyp’e Ta
Otoka FFT (Simulink/DSPBIlockset/Estimation/PowerSpectrum
Estimation). I'padiku X, (t) Ta X,(t), a Takox cnekTpu curHaiis BigoGpa-
3UTH Y 3BITI.

3. Hochiauti MOXIHBOCTI BEHBIET - mepeTBOproBaHHA. s doro
BUKOPHMCTAaTH CUTHAIM X M X, AKi 3a7aHi piBHAHHAMH (6.1) n (6.2) Ta 3a-
ci6 Wavelet 3 makery Toolboxes Matlab.

KoutpoabHi 3anuranus

1. IlepeBaru npencTaBiIeHHSI CUTHAJIIB Y 9acOBill Ta 9acTOTHiH 00ia-
CTi.

2. Komm’rotepHi 3acobu anst @yp’e Ta BEHBIET - IEpeTBOPIOBAHHS.

3. IlepeBaru BeWBIeT - MEPETBOPIOBAHHS IOPIBHSHO 3 MEPETBOPIO-
BaHHsIM Dyp’e.

4. ToustTs ckeinieT QyHKIIT 1 MATEPUHCHKOTO BEWBJIETY.

5. Metoauka aHai3y CUTHAJIIB C BAKOPUCTAHHAM BelBIIeTy Xaapa.

6. MeToauka KpaTHOMAacIITaOHOTO aHaJli3y CUTHAIIB 3 BUKOPHCTAH-
HSIM BEHBJIETIB C KPaTHICTIO N=3.

JJABOPATOPHA POBOTA Ne 7

JloriuHe nmporpamyBaHHs

Meta po0OTH: HaBUMTHCS CHHTE3yBaTH 3HAHHA 3 (AKTIB 3a JOMO-
MOTOI0 JIOTIYHOTO TIporpamyBaHHs MoBoro [TPOJIOI.

TeoperuuHi BizomocTi

JloriuHe mporpamyBaHHS — II¢ BUKOPUCTAHHS JIEAYKTUBHUX IPOIIe-
oyp (Tiporieayp JIOTIYHOTO BHBOIY) SIK MeXaHi3My obuwmciens [5]. s as-
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TOMAaTH3aIii 00YNCICHh BUKOPUCTOBYIOTHCS TIPOTPAMH Ha S3UKAX JIOTIYHO-
ro nporpamyBanus, Hanpukian [TPOJIOL [6,7]. V Takux mporpamax ¢op-
MYJIIOIOTBCS BiIOMOCTI MPO 3a/a4y y BUTIISAL JOT1YHHX aKCiOM Ta MPHITY-
IICHHS, JOCTaTHI Ui 11 pimeHHs. Cama 3aaya pOpMyITIOEThCS K IITHOBE
CTBEPDKCHHS, 10 Mi/JISIrae J0Kazy.

IIporpama moBoro ITPOJIOI" cknamaeTsest 3 pedeHb. Kokae pedeHHs
3aKiHUy€eThCs Kpankoro. PedenHs OyBaloTh TPHOX TUMIB: (pakTH, MpaBuiIa Ta
nuTaHAgL. PakTH MICTATH MPaBWiA, SKI € 3aBXIW OE3yMOBHO, BipHHMHU.
IIpaBuna MICTATh CTBEpDKCHHS, ICTHHHICTD SKHX 3aJCKHTh Bill JCIKUX
BUMOT. 3a JOMOMOTOI0 MHUTaHb KOPUCTYBay 3alUTYE CHUCTEMY, SIKi CTBEp-
JUKEHHS € ICTUHHAMM.

MOXIHBOCTI JIOTIYHOTO TPOTPaMyBaHHS BUKOHYBATH JIOT1YHUI BU-
BiJl 13 CTBOPEHHSIM HOBOTO 3HAHHS Ha OCHOBI CTAaTHYHOTO OIMHUCY CHUTYaIil
(cTany meskiii MpHKIAIHOT 00JACTI peaJbHOrO MHpPA) IIHPOKO 3aCTOCOBY-
€ThCSI Y PI3HOMAHITHHX "eKCHEepTHUX chucTeMax' - cucTeMax MHiATPUMKH
MIPUIHATTS PillICHb.

IIpakTH4HA YacTUHA

1. 3acrocyBaHHS JIOTIYHOTO BWBOAY IJISl aHANI3Y JIOTIYHHX CXEM.
Hexaii 3aana jioriuHa cxema HamniBcymatopy (puc.7.1).

L5t cxema onucyetscst MoBoto [TPOJIOI sk cTBepmkeHHs

half —add (A, B, S, C) < xor (A, B, S), nand (A,B,T1), not
(T1,C).

Enemenrapni ¢yHnkiii Xor, nand, Not omucyrThCs 3a JOMOMOTOO
(hakTiB, 10 TOBTOPIOKOTH BiJIIIOBITHI TAOJIHIN iCTHHHOCTI:

xor (X, X, 0)

xor (0, 1, 1)

xor (1,0, 1)

nand (0, 0, 1)

nand (0, 1, 1)

nand (1, 0, 1)

nand (1, 1, 0)

not (0, 1)

not (1, 0).
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xor

T1 c
nand not

Pucynok 7.1 — Cxema HariBcymaTropy

CdopmymnroBat MoBoro [TPOJIOI muranHs:

a) Sxi Buxoau S u C wiei cxemu mpu Bxonax 0,0?

0) Ilpu sikux BXOAax, BUXix S Oyae HyaboBuM, a Buxia C - oquHNY-
HUM?

B) IIpm sikmx Bxonmax cxemu Buxoqu S u C OyayTh 30iratucs?

Buxonatu IIPOJIOI' - mporpaMu ¢ NMOCTaBIE€HUMH NMUTAHHAMH Ha
KoMIT'10Tepi. TeKCTH porpam 1 BiNOBI IPUBECTH B 3BITi.

2. IlepeBipuTH 32 ITOMOMOTOIO JOTTYHOTO NMPOrpaMyBaHHS UM € Ipa-
BUJILHUMH CITITYIOYH MipKyBaHHS:

"Sxmo JxoHc He 3ycTpiuaB mieto Hiyuto Cwmita, To abo J[>xoHC OyB
BOUBIEM, a00 [[xoHc OpexyH. ko Cmit He OyB BOuBIIEM, TO JDKOHC He
3yctpiuaB Cwita €0 HiY40, i BOMBCTBO Mayo MicLe MiCis MOJYHOYI.
S0 % BOMBCTBO Majio MICIIe MiCisl TOJyHOUi, TO a00 CMIT OyB BOMBIIEM,
a6o JIxonc opexyH. Orxe, Cmit OyB BOUBIEM."

Texctu [TPOJIOT - mporpamu npruBECTH B 3BITi.

3. IlepeBipuTH 32 ZONOMOTIOIO JIOTIYHOT'O MIPOTPaMyBaHHs iICTUHHICTh
CTBEP/IKCHD:

a) cemyJsbKi He XpOHIYHI TUNBKH B CIy4a€ BiICYyTHOCTI Y HUX BJIacTH-
BOCTI JTAT€HTHOCTI;
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0) JIATEHTHICTD CeIyJIeK HEe € He 00XiTHOI BUMOTOIO X XPOHIYHOCTH
abo 6ipypKaTbHOCTH;

B) cemyJbKi Oi)ypKasbHi TUIBKM B BUMAJIKY IX XpOHIYHOCTH abo Ja-
TEHTHOCTI,;

T') XpOHIYHOCTb CEITyJIeK € JOCTATHHOI0 BUMOTOIO X JIATEHTHOCTI 200
0idypKaIbHOCTH;

I) U1 TOro, OO cemyibKi Oynu OidypkanbHi, JOCTaTHBO TIILKU
o0 BOHU OyIIv XpOHIYHI;

€) JUIA HEXPOHIYHOCTH CEeITyJIeK HEOOX1THUM € BIJICYTHICTh ¥ HUX SIK
0ihypKaIbHOCTH, TaK 1 JIATCHTHOCTI.

Bigomo, mo "XpoHiUHI CemysbKi 3aBXKIM JIATEHTHI a00 Oidypkaiib-
Hi".

Texctu [TPOJIOI — nporpaMu IpUBECTH B 3BITi.

KoutpoabHi 3anuranus

1. lllo Take yorivyHe MPOTrpaMyBaHHS.

2. Ctpyktypa nporpamu Mmoo [TPOJIOT.

3. JlaiiTe BU3HAUEHHS PEYCHb PI3HUX THIIIB, SIKI BUKOPHCTOBYIOTHCS
B [IPOJIOT" - mporpamax.

4. Tprox mxomspiB A, B u C Oyno BUKIMKaHO 0 AUpEKTOpy. B Oe-
cimi 3 JUpeKTopoM A cTBepIKyBaB, mo B OpexyH, B cTBepmkyBas, 110
opemie C, a C cTBepkyBas, 1o oouasa A u B, opemryts. [llo moxe 3a-
KITFOYHUTH TUPEKTOP?

5. Meronuka anaiizy JorivHux cxem ¢ gornomororo [TPOJIOI - npo-
rpam.

6. Cuntes excnepTHUX cucteM ¢ gonomororo ITPOJIOI — nporpam.

JIABOPATOPHA POBOTA Ne 8

KoMmn’1oTepHe Mo1e/II0BAHHA
MeTta po0OTH. HAYYUTHCS TIPOEKTYBAaTH Ta BHKOPHUCTOBYBATH
KOMII’ FOTEpHY MOJIEh CUCTEMH IO JOCIIIKYETHCS.
TeoperuuHi BizomocTi

KoM’ toTepHe MoenOBaHHS — OCHOBHHMI METOJ Ofiep>KaHHS iH(]O-
pmariiii 00 00’€KTi 1110 JOCHTIKYETHCS TIPU BiJICYTHOCTI pEaIbHOTO 00’ €KTA.
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Mozens cuCTEMH JOCIIIKEHD BKIIFOYAE MIACUCTEMH 00’ €KTa JOCHIUKEHHS,
peTyII0BaHHSI, 30BHIIIHBOTO CEPEAOBHUILA T4 OOPOOKU TaHHX.

Buxiganmu qaHuME U1 TOOYA0BY TiACHCTEMH 00’ €KTa JOCIIHKEHB
€ pe3yJibTaTH TEOPETUYHUX IOCHIIKEeHb B (hopMi AudepeHIiaabHuX piB-
HSIHb a00 mepenatouHi (GyHKIIi eTeMeHTIB 00’ €KTa Ta ¢ B S3KiB MK HUMH,
IO OIMMCYIOTh MOBEMIHKY 00’€KTa; OMUT €KCIIEPTiB, PE3YyIbTAaTH CIIOCTEepe-
JKEHHS 32 PEaKIlisiMU Ha BUXI1JIHI 30BHIIIIHI Aii aHATIOTIYHOTO 00’ €KTa.

[Tizcucrema perymtoBaHHs MicTuTh peneitnuii, [INJ] abo HewiTkuii
perymsaropu. Mofenb 30BHIIIHEOTO CepefoBUIIa IpeacTaBisie coboro dop-
MyBaui 3aJIe)KHUX BiJl 4acy 30BHIIIHIX Mi Ha 00’ €kT nociimkeHHs. [ligcu-
cTeMa 00poOKH JaHuX 3a0e3Meuye po3paxyHOK BTOPHHHUX MapaMeTpiB, Bi-
3yai3alito Ta 30epeXeHHs pe3yNbTaTiB TOCTiKeHH. B nesknx Bumaakax
CKJIaJJOBOIO YaCTHHOIO MO 00’€KTa JOCIKEHb € MOJIENi Horo nedek-
TIB U TEXHIYHHMX CTaHIB.

Cucrema nociimKeHb MOKe OyTH pealli3oBaHa B HMPOTPaAMHOMY Ce-
PEIOBHILI CUCTEMH YIIPABIIHHS 00’ €KTOM SIK KOMIIOHEHT MPOTPaMHOTO 3a-
Oe3MmeyeHHs] MPOrpaMoBaHOro JIOTiYHOTO KOHTpoiepa, SCADA-cuctemu
a00 B yHiBepcalIbHOMY MMaKeTi MOJETIOBaHHs, Hanpukiaan Simulink.

HpaKanHa JacTHUHA

1. BukoHaTH aHami3 BUXITHUX TaHUX IS IOOYJOBH CUCTEMH JIOCITi-
JOKeHb TEIUIOBHUX IPOIIECIB B MAINEPOBOI 1305151111 00MOTOK y CHIIOBOMY Ma-
croHarmoBHeHOMy TpaHnchopmatopi [8]. TparnchopmaTop Mae oHy CTYIIEHD
oxonomxkeHHs Ta npamtoe B pexxnMax ONAN, OFAF. PerymoBanHs TeM-
nepaTypy Macila BUKOHYETBbCS PEJICHHUM peryyiiTOpoM 110 3HAYCHHSM Te-
MIIepaTypy BEpXHIX CIIOIB Maca.

st cTBOpeHHs TepMoiuHaMivHol Mozeni Tpancpopmaropa (TAMT)
BUKOPHCTATH DIBHSAHHS OanaHcy eHepriil. Jledekt cuctemMu 0X0I0KEeHHS,
110 MPHUBOIWTH A0 3HIKEHHS B Tpolleci ekcrutyaramii TpaHcdopmaropa
e(heKTUBHOCTI OXOJIO/DKEHHSI MOJICIIOBATH BBEJCHHIM 3aJICKHOCTI TEILIO-
BOTO OIipy JUISHKH «TpaHc(OpMaTop — 30BHILIHE CEPEIOBUIIE» Bif dacy.
HasBHicTh nedekrtiB npuBoanuTh A0 BiAMOB. Bynemo posnidaTe katactpo-
(biyHi ¥ mapaMeTpUYHI BiIMOBH CHCTEMH OXOJIOJUKCHHs. Jlisi HacTpoWku
TAMT BUKOPHCTOBYBATH TE€XHIYHI XapaKTEPUCTHKH TpaHCPOpMaTOpa IO
3aJaHui 1 pe3yabTaTH HOro TeMJI0BUX BUPOOYBaHb.
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Mogenb «30BHINIHE CEPEIOBHINE» Pi3HA Ha PI3HUX eTamax IoCii-
JOKeHHS. 30BHIITHI Iii MOXYTh IyTH HE3MIHHHMHU CHHYCOIZaTbHUMH, 1M-
MYJIbCHUMH, BUNIAJIKOBUMH, PEATbHUMH JAHUMH, 110 OTPUMAaHI CUCTEMOIO
MOHITOPHHTY TapaMeTpiB TpaHcopMaTopa 1 ap.

Ilincucrema 0o6poOku maHWX (HOPMYETHCA B BIATIOBIAHOCTI A0 METH
JOCITI/DKEHHST Ta MOYKE€ BHKOHYBAaTH PO3PAaXyHKH TEMIIEpPAaTypy HaiOiIbII
Harpitoi TOYKHM i30JALii, CyMapHOTO 4acy BBIMKHEHOTO CTaHy CHCTEMH
OXOJIO/KEHHS, BITHOCHOI CKOPOCTI 3HOCY 1307111, BUTpAT pecypcy i307s-
1ii, 3aTpaT Ha QYHKIIOHYBaHHS CHCTEMH OXOJIOHKEHHS 3a Jac TOCIiIKeH-
HS T 1HIII.

B sikocTi cepenoBuina MoieoBanHs ooparu 3acio Simulink.

2. Bukonaru Hanaromkenus TJIMT. s doro 3i06paTw 110 MOJIENb
y 3aco0i Simulink, 3MozenrOBaTH 30BHIIIHI JIii, MPU SKUX MPOBOJUINCH
TEIJIOB1 BUMPOOYBaHHS, OTPUMATH B PE3yIbTaTi MOJCIIOBAHHS 3aJICKHICTD
TEeMIIEpaTypy BEPXHIiX CIIOIB Maclia OT Jacy Ta, IMUIIXOM MiA00py TEeTIoBHX
mapaMeTpiB MOJeli, JOOUTUCS 1i MaKCMMAalbHO MOXKIIUBOI BiAITOBITHOCTI
pe3ynbTaTtaMm TeruioBux BUNpoOyBaHb y pexumax ONAN, OFAF. Ilicas
BUKOHAHHS HAJNaroKEHHS OLIHUTHU MOTPIIIHICTh MOJETIOBAaHHS.

2. Bukonaty mochiKeHHS TETUIOBUX MPOIECiB Y TpaHchopmarTopi y
BIJICYTHOCTI NIe()EKTIB CHCTEMH OXOJIOJUKCHHS. 3 I[IEI0 METOI IOETHATH
koHTyp perymoBanus TJIMT Ta peneiinnii perymnstop. Temnosuii omip fi-
JSIHKA «TpaHCc(OpPMATOp — 30BHILIHE CEPEIOBHIIEC» 3aJaTH KOHCTAHTOIO,
yac MOJIENIOBaHHs poboTH TpaHcopmaTopa — cyTku. [lapamerpu ¢ yrou-
HOro KoJiMBaHHs Temmepatypu ooparu o ACTY 14209-97 nns HanOiIbIn
KapKOTo JTHS poKy. MO/IeNIOBaHHS TETUIOBHX IPOIIECIB IIPOBOIMUTH IIPH Pi-
3HUX (popMax 3aJeKHOCTI CTpyMy HaBaHTa)KEHHS BiJ 4acy. B pesymbrarti
JIOCITiDKEHb BCTAHOBUTH MakCUMAaJIbHY TeMIIEpaTypy BEpXHiX CJIOiB Maca,
HANOUIBII HATPITOT TOYKHM 130JIA11ii OOMOTOK, CyMapHH 4ac s poOOTH CHUC-
TeMHu oxoJio/keHHd B pexkuMi OFAF, MakcuMaibHy BiTHOCHY MIBUIKICTh
TEPMIYHOTO 3HOCY 130JIA11ii, BUTPATy pecypcy 130Js1ii 00MOTOK.

3. JlocmiauTy TEIIOBI MpolecH B TpaHCPOpPMATOPi MpH HAasIBHOCTI
napamMeTpuyHux abo katacTpodiuHuX NeeKTiB B CUCTEMi OXOJOIKEHHS.
s 9oro, B MOJIENIb CUCTEMH, SIKA OMUCAaHA B IYHKTI 2, BECTH Je(EKT CUC-
TEMHU OXOJIOJDKEHHS 10 BHSBJISETHCS B pocTi (JiHIHHO a00 cTpUOKOM ) 1mo-
YUHAIOYH 3 JESIKOTO MOMEHTY 4acy, 3HaueHHS TEIUIOBOTO odipy AiJSHKH
«TpaHcopMaTop — 30BHIIIHE cepenoBuiie». [IopiBHATH pe3yabTaTH AOC-
JJKEHb 32 MyHKTaMu 2 1 3.
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KoHTpoabHi 3anuTaHHs

1. Ob6nacTp 3acTOCyBaHHS, NEpPEeBard Ta HEJOJIKM METOJa JOCIi-
JOKCHHS [IUTTXOM KOMIT FOTEPHOT'O MO/ICITFOBAHHS.

2. OcHOBHI eJIEMEHTH CUCTEMU JIOCHIJDKEHHS METOI0M
KOMII’ FOTEPHOIO MOJICTFOBAHHS.

3. OCHOBHI €NIEMEHTH CHUCTEMH JIOCIIKCHHS TEIJIOBUX MPOIIECIB Y
CWJIOBOMY MacJIOHAIIOBHEHOMY TpaHCc(OopMaTopi.

4. Mertoauka Hanaromkenus TMT.

JIABOPATOPHA POBOTA Ne 9
IlakeTn nporpaMyBaHHs1 POMUCJIOBHX KOHTPOJIEpPiB

Mera: BuBuUHMTH iHTep(delic Ta OCHOBHI BHIM pOOIT y cepeloBHIIi
nakeTy nporpamysanHa RSLogix mpu cTBOpeHHI AOAaTKy KepyBaHHS.

TeoperuuHi BizomocTi

Koportki Teopernuni gani. MeTtoanka Ta OCHOBHI BHAH POOIT y
cepenoBuili nakety nporpamyBanHs RSLogix 500 ommcaHi y KepiBHHUIITBI
Ta B IHTEPAKTUBHIHN JOBIALI IO AKETY.

PexomennoBana siteparypa [2, 9-15).

IIpakTH4HAa YacTUHA

1. 3anyctutn naketn RSLogix500, RSLinx, RSEmulate 500.

2. CrBoputu y maketri RSLogix500 mpoekt amnst mponecopa 1747-
L542B By3na 1, ngpaiiBepa EMULS00. ¥V pozxini /O Configuration
MeHeKepa MPOEKTY JIOJIATH J0 CKIIQJy KOHTPOJEpY MPOEKTY OAMH MOAYJIb
BBEJICHHS Ta OJIMH MOJIYJIb BUBE/ICHHS.

3. BuBuntu 3a gomomoroto nosiaku y meHro HELP incrpykmii XIC
ta OTE.

4. Po3poOUTH Ta 3aBaHTAXUTH y EMYJIATOpP KOHTpOJiepa Mporpamy,
axa mictuth iHCTpYKLil XIC ta OTE. [IpornsuyTu 3MicT Qaiiii JaHuX, SKi
BUKOPHUCTOBYIOTECS Y IIPOTPaMi.

5. BukoHatn 3aBaHTaXeHYy B €MYJISTOp NpOrpaMy sl KUTBKOX
3HAYEHb JIaHUX. 3aIrcaTH 3700yTi pe3yIbTaTH.

6. 30epertu po3poOIeHuil MPOEKT Ha TUCKY KOMIT IOTEpA.
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KoHTpoabHi 3anuTaHHA

1. [lpu3HauenHs Ta QyHKIiIOHATHHI MOXIHMBOCTI makeTiB RSLogix,
RSLinx, RSEmulate.

2. OcHOBHI eTanu CTBOpeHHs MpoekTy y naketi RSLogix.

3. SIx BuKoHaTH KOH(ITYpYBaHHS CHCTEMH 3B’ 513Ky 3 KOHTPOJIEPOM.

4. EneMeHTH MEHEIKepa MPOEKTY.

5. SIk BUKOHaTH KOH(ITypyBaHHS CKJIaAy KOHTpoJiepa.

6. Ha3BiTh OCHOBHI NpPWHIMIKM BBEICHHS y MpOrpamy iHCTPYKIIii,
T1JIOK Ta paHTiB.

7. Ilpuznauenns komann XIC ta OTE.

JIABOPATOPHA POBOTA Ne 10

IIporpamyBaHHs 32124 A0CJIiI:KEHb

Mera: BuBuutu enemeHTH MOBU mporpamyBaHHs LD, inctpykmii
KOHTpoJiepa 0iTOBi, TaliMepiB, TIYMILHHUKIB Ta TOPiBHSIHHS

TeoperuuHi Bizomocri

Mosa LD — ne onHa 3 m’ATH CTaHIapTHUX MOB MpPOrpaMyBaHHS
KoHTpounepiB 3a cranmaptom [EC61131-3. LD mporpama ckiamaeTses 3
paHriB. PaHr Mae yMOBHY Ta BHKOHaBYy 4YacTHHU. YacTuHHM paHry
CKJIaJar0ThCsl 3 TUIOK. [1JIka, y CBOIO Hepry, Mae BXiJl, BUXiJ] Ta MICTHTh
THCTPYKIIit0 KOHTpOJIepa — YMOBHY UM BHKOHaBuy. [lisi yMOBHOI iHCTpYKIIii
Ile TepeBipKa iCTUHHOCTI MEBHOI YMOBH, a BHUXIJHOI — y 3MiHI 3HaueHHS
MOYKHa BIJIHECTH 10 KaTeropii 0a30BuX, 0OpOOKH JaHWX TOIIO. 3arajbHa
KUTBKICTh THIB 1HCTpYKHid Bix 60 mo 150 B 3amexHOCTI Bif THITY
KOHTpoJIepy. PexomenoBana siteparypa [2, 9-15].

Sk mpaBmIlo, IOAATKNA KEPYBaHHS € PO3MOMAIIICHUMH, TOOTO MICTATh
YaCTUHM, SIKI BUKOHYIOTbCS Y PI3HHX [0JaTKax, IO BUKOHYIOTBbCS Ha
koM totepi. s oOMiHy JaHMMHM MIDK KOHTPOJEpOM Ta iHIIUMHU
JIOJaTKaMHu iICHYIOTB Pi3Hi CIOCOOM, OJMH 3 AKHX Iie MexaHizM Dynamical
Data Exchange (DDE). Jlns BBenenHs y nmomatok nporpamu EXCEL
3HAa4YeHHS 3MiHHOI 3 KOHTpojepa y kiiTuHKy Jucta EXCEL BBOZsTBH
dhopmyiny. Jlias BuUBEACHHS 3HAYEHHS 3MIHHHMX 3 OfHiel a00 AEKUIBKOX
kriTrHOK nucta EXCEL y koHTponep BUKOpUCTOBYIOTH VBA mporpamy ta
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NEBHY MO0, HANPHKIAA MOBIMHE HATHCKYBAaHHS MHIICIO Ha EJIEMEHT
kepyBanHs Ha ekpani EXCEL.
PexomennoBana miteparypa [9,10].

IIpakTH4Ha YacTHHA

1. BuBueHHs iHCTPYKIii MOBH nporpamyBaHus LD
1.1. VvV CepEIOBHIIII MIpOrpaMyBaHHS RSLogix500
BUKOPHCTOBYIOUH BOYZOBaHY JIOTIOMOTY (pyHKIiOHATEHE
mento/Help/Instruction  List) BuBumTH CcKimam, yMOBHI — Tpadidni
NO3HAYCHHS, NPU3HAYEHHS, MapaMeTpu Ta MPUKIaAi BHKOPHUCTOBYBAHHS
OITOBHX IHCTPYKIIiH, IHCTPYKIi# TaiiMepiB, TYMUILHUKIB Ta TOPiBHSHHSL.
1.2. Po3poOutH Ta 3aBaHTAKUTH B EMYJATOP KOHTPOJIEPY

nporpamy, o peaiisye noriddy GyHKuiro y = (X A X,) V X5, 1€ X,, X2, X3

— BXIiJIHI 3MiHHI, 10 HAJXOIATh JIO KOHTPOJIEpPA Y€pPe3 BXOAU JAUCKPETHOTO
MOIyJNsS BBENCHHS; ) — BHXiJHA 3MiHHa, 3HA4YEHHS $KOi (QOPMYETHCA
KOHTPOJIEPOM Ha BHXOJl IUCKPETHOTO MOAYJs BUBeACHHS. BukoHatn
nporpaMmy sl ycix KomOiHamid BXiAHUX 3MIiHHHMX. 3a pe3yibTaTamu
BUKOHAHHS CKJIACTH TAaONHIFO iCTUHHOCTI JoriuHoi (yHKIii. Pozpobutn
OJIOK-CXeMy alNrOpUTMY TIPOTPaMH, IO peati3ye JOTiuHy (YHKIIITO.

1.3. BukoHnaTu monepenHid MyHKT monao (yHKIi, ska 3amaHa
BUKJIaJIa4eM.

Po3pobuTH Ta 3aBaHTAXXUTH B €MYJIATOP KOHTPOJEPY IPOrpamy o
(dhopmye BukopuCTOBYIOuUM I1HCTPYKIiF0 TON iHTEepBaii dYacy mEBHOL
TPUBAIOCTi, WiPaxOBy€ KUIBKICTh LUX IHTEPBAIIB 32 JOMNOMOTOIO
niunnbauKy CTU, Ta BUKoHye ckuaaHHs JiunibHUKY (iHCTpykKList RES ) y
MOMEHTH 4acy, KOJIM aKyMYyJISITOP JIIYHIBHUKY JIOCSTae EBHOTO 3HAUCHHSI.
VY 3BiTi HaBeCTH Mporpamy Ta rpadiku 3MiHH OCHOBHHX 3MIHHUX ITPOTpaMu
BiJ[ 4acy.

1.4. Po3poOuTH Ta BUKOHATH 3a JOTIOMOT'OI0 eMYJISITOPY TPOrpamy,
o peaiizye (yHKIII peBEepCHUBHOIO JIUMIbHUKY. Hamnpsm 3MmiHM CTaHIB
JIYMJIBHUKY 3aJaBaTH 3a JOIOMOIOI BXIJHOI 3MIHHOI JIOTIYHOTO THITY
BukoHatu aBTOMaTW4Hy 3MiHY 3Hau€HHS Li€l 3MiHHOI TaKMUM YHHOM 1100
3HAYCHHS aKyMYJISITOPY JIUMIBHUKY HE BUXOAMIIO 32 Mexi iHTepBaTy [Npin,
Nmax]- ¥ 3BiTI HaBecTH mporpamy Ta rpadikd 3MiHH OCHOBHHMX 3MIHHHX
IporpaMu Bij 4acy.

1.5. MogepHizyBatu momepenHI0 Nporpamy JIOJABIIA A0 Hel
KEepOBaHi BUXIiJIHI 3MiHHI JIOTIYHOTO THITy, sSiIKi HaOyBalOTh 3HaYeHHS «1»
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SKIIIO BUKOHYIOTHCSI YMOBH IIOJI0 3HAYEHHS aKyMYJISTOPY JTIYMIHHHUKY N :
N> N, ne N; [Nmin, Nmax];
N< Nz, 1e N1 € [Nmin, Nmax];
Ni <N <Ny, 1e Ny €[ [Nmin, Nmax], N2€ [Nimin, Nimax].-

1.6. BukoHaHHA yMOB TMEPEBIPATH 3a JONOMOIOK I1HCTPYKIIIH
nopiBHsHHSA EQU, GRT, LIM Totmm0. VY 3BiTi HaBecTH mporpamy ta rpadiku
3MiHM OCHOBHUX 3MIHHHX MPOTPAMH BiJ] 4acy.

2. OOMiHy JaHUMH MK KOHTPOJIEPOM Ta ITOJAaTKOM KOpPHCTyBaya y
cepenosuii nporpamu EXCEL Ta mexanizmy DDE.

2.1. 3anmycrut maketu RSLogix500, RSLinx, RSEmulate 500, EXCEL.
2.2. CtBoputu y naketi RSLogix500 mpoekT anst mpouecopa 1747- L542B
By371a 1, npaiiBepa EMULS00. BBectu y mpoeKT nporpamy, 1o OJUH pa3 y
CEKYHIy JOJa€ OJIUHUINO a0 akymyisitopy miumibhuky C5:0.ACC.
3amycTUTH 1I0 [porpaMy Ha BHKOHAHHS 3a JIOIOMOTO IPOTpaMu
RSEmulate 500.

2.3. CtBoputH HOBHii TotiK y mporpami RSLinx (Mento — DDE/OPC

Topic Configuration — New — BBecTH iM’st Tomika “test” — BH3HAUNTH
MepekeBy ajapecy Koutpoiepa — Apply).

2.4. Jlna BuBeneHHs 3HaueHHs cioBa C5:0.acc KoHTponepa 3 TOIIKOM
“test” B ximiTuHKY Al mucta EXCEL BBecTH B 110 KIITHHKY (hopMyiy
=rslinx|test!’C5:0.acc’. [ToOynyBaTu giarpamy asist KINITHHKE Al.

2.5. Jlna BuBeneHHs 3HaueHHs KiIiTHHOK A2-A4 mucta EXCEL B cioBa
N7:0 — N7:2 koHTpOJjIepa 3 TOIKOM “test” BUKOHATH MOCIiAOBHICTD JIii:

y nporpami RSLogix500 30i1bIKTH KUIBKICTB CTIB Y ¢aiii qanux N7;

e BBecTH 3HauYeHHs KIITHHOK A2-A4 nucta EXCEL;

e crBOpHTH KHOIIKY Ha nucti EXCEL,;

e BBECTH HACTYIHY IIPOrpaMy PeaKilii KHOTIKK Ha MOJBIHHUHN KIIK

o A =DDElInitiate(""RSLinx", *"test™)

o DDEPoke A, "'n7:0,L3", Range(*A2", "'A4"") DDETerminate
(A);

e vy mnporpami EXCEL HaTHCHyTH Ha KHONKY, NEPEHTH 10
nporpamMu RSLogix500 Ta cmocrepiratu 3MiHM JaHMX Yy cioBax N7:0 —
N7:2 xoHTpOIepa.

KouTpoabHi 3anuTaHHs

1. Cknan, npu3HAaYCHHS Ta HapamMeTpy OITOBUX 1HCTPYKIIIH.
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2. Cxian, mpu3Ha4eHHA Ta TapaMeTpH 1HCTPYKIIii TaiiMepiB.

3. Cxian, mpu3HaYeHHA Ta MapaMeTpH 1HCTPYKIIIH JTIYNIbHAKIB.

4.V yoMy mepeBaru po3noiJICHOro A0AaTKy KepyBaHHs?

5. Illo Take DDE.

6. [1lo Take «TOIIK».

7. Ha3BiTh enemenTtu (opmynu, sika BH3HAYA€ JaHI KOHTpoyepa y
nporpami EXCEL.

8. Ha3BiTh emeMeHTH Tporpamu, sika Bm3Hadae manHi EXCEL, mio
MIEPETAI0OTHCS 10 KOHTPOJIEPY.

JIABOPATOPHA POBOTA Nell

Maxeru nporpamyBannst SCADA cucremu

Mera, BuBUNTH iHTEpdeiic Ta OCHOBHI BHUAHM POOIT y CeperoBHIII
MaKeTy JIOAWHO — MamuHHOTO iHTepdericy RSView32 npu cTBOpeHHi no-
JaTKy KepyBaHH:, HABUUTHCS BUKOPHUCTOBYBATH 3aCO0M MAKETy JIOAMHO —
MaImHHOTO iHTepdeiicy mist nporpamyBanas SCADA cuctemu.

TeoperuuHi BizomocTi

RSView32 nossoise:

. CTBOPIOBATH Ta aHIMyBaTH TpadivuHi 00 €KTH, IO BiTOOPaxyrTh
€JIEMEHTH 00’ €KTY KepyBaHHS;
. (hopMyBaTH CUTHAJIM TPUBOTH MO0 IIM(PPOBUX Ta aHAJIOTOBUX TETIB,

00pOOIATH TOCITIIOBHICTh CUTHAJIIB TPUBOTH 32 CTYIIEHEM ITOBAYKHOCTI Ta Yy
XPOHOJIOTIYHOMY TIOPSAKY;
. peeECTpyBaTH Ta BiJCTEXKYBATH y pealbHOMY 4Yaci iH(opMalio mpo
CHUCTEMY KEpyBaHHs, BKIIOYAIOYM BUKOHAHHS KOMaHJ| Ta MakKpoCiB,
CHCTeMHI MOJil Ta MOMHJIKH, O TaKOX MOMIJIKH 3B’SI3Ky Ta CHUTHAIIN
TPUBOTH;
. 3apeecTpoBaHi JaHi 30epiraty y BUTIALI (aiiiliB Ta MpOTJsaaTH 3a
JIOTIOMOT OO TPEHIIB;
. HaJIaTrOIUTH JOJATOK KepyBaHHS Ha aBTOMAaTHMYHMUN BIATYK Ha MOAIl
y CUCTEMI Ta IpoIiecax;
. 3a  gomomoror  mporpamMu  RSLinx  BijoOpaxxyBaTu  Terd
KOHTPOJIEPIB.

RSView32 icuye B nBox BapianTax. Bapiant Rintime mo3Bosse
TUIbKM BHKOHYBATH ICHYIOYM JOJAaTKW KepyBaHHs. Bapiant WOrks
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JI03BOJISIE SIK BUKOHYBATH TaK 1 pO3pOOJIATH JT0JaTKH KEPYBaHHSL.
PexomenoBana siteparypa [2,9-15].

IIpakTH4Ha YacTHHA

3HallOMCTBO 3 CepeIOBHIIEM, CTBOPEHHS TpadivyHOi MiACHCTEMH

1. 3anyctutn maketn RSLogix500, RSLinx, RSEmulate 500,
RSView32.

2. CrBoputu y maketi RSLogix500 mpoekT anst mporecopa 1747-
L542B By3ma 1, gpaiisepa EMULS500. Bectu y mpoekT mporpamy, IIo
ONWH pa3 y CEeKyHIy [I0Ja€ OIMHHUIIO 10 aKyMyJSATOpYy JIYWIBHHUKY
C5:0.ACC. 3amycTuTu 110 mporpaMy Ha BHKOHAHHS 3a JOIOMOTOIO
nporpamMu RSEmulate 500.

3. CtBopuru y maketi RSView32 HoBwmii mpoekT. BuBumtu ckian
MaIroK Ta peJakTopiB MeHemKepy MpoeKTy.

4. Cteoputn y mpoekti RSView32 ter Counter akymynasTopy
niunneHUKY C5:0.ACC, SIKUit OMMCAaHO Yy MyHKTI 2.

5. CtBopurtu y npoekti RSView32 nBa HOBUX Tpadiunnii nucruies 3
imenamu Displ Ta Disp2.

6. Ha mucrutei Displ ctBoputy HOBHI TpadivuHuii 00’ €KT 3 IEKUIBKOX
rpa¢iYHuX OIPUMITHBIB. 3rpyIyBaTH Li MPUMITHBH. 3rPYIIOBAHOMY 00’ €KTY
JIOTaTH KepyBaHHS 00€pTaHHSM.

7. Ha nucrnei Displ cTBopuTH eneMeHT KepyBaHHS THIIA «KHOTIKa».
CkoHirypyBaTH BiATYK KHOIIKM Ha MOJABIMHMN KIIIK MUIIEI0 — BUKOHAHHS
xomanu display (Disp2) nepexoy 10 iHIIOTO AUCILICIO.

8. Ha mucrutei Disp2 ctBoputu rpadidHuii 00’€KT THITy «TPEHI».
CkoHirypyBaTu nepu TpeHIy ais BinoOpaxenHs tery Counter.

9. Ha aucriei DiSpP2 CTBOPUTH eleMEHT KepyBaHHS THIA «KHOIIKa.
CkoHirypyBaTH BiATYK KHOIIKM Ha MOJBIHHMUN KIIIK MUIICIO — BUKOHAHHS
xomanu display (Displ) mepexomy /10 iHIIIOrO JUCIUICHO.

10. Ilepeiitn 10 pexuMy Run BHKOHAHHS CTBOPEHOTO JOAATKY
kepyBanHs. Bigkputu guciuteit  Displ.  Cmocrepiratu  oGepraHHsS
rpagiuHoro o0epTy. 3poOWUTH TOABIHHMN KIIK MHINCI0 HA KHOIIII.
Cnocrepiratu nepexin a0 aucruiero Disp2. Cnocrepirati Ha TpeHIi
npoliec 3MiHK 3HaueHHs Tery Counter y vaci.

KondirypyBaHHs MoBeliHKM KOPUCTyBada Ha TPUKIAJI EMYJISIii
CUTHAJIB CBITIIODOPY:
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. CTBOPUTH HACTYITHI TETH TIaM fTi: CTaHy KepPyldYoro aBTOMATy
State; knonku mepexin Start. J[nst tery State BcTaHOBHUTH TOYaTKOBHIHA
craH 0;

. CTBOPHUTH JHcIUIel 3 rpadiyHUMHU 00’€KTaMH JaMIl CBIiTIO(GOpY Ta
KHOTIKOIO TIEPEeXO[y. 3aJaT KepyBaHHA KOIBOPOM ISl JaMIl CBITIOGOpY
3a onomMoroto Tery State;

. CTBOPUTH TOJii BKa3aHi B Tabymii 12.1.
. JIO3BOJIUTH BUKOHAHHS MOJIIN Y peaakTopi Startup;
. nepeiTH 10 peXHMy BUKOHAHHS TPOCKTY, HATHCHYTH HA KHOTKY

Start Ta crocrepirati npoiec 3MiHU CTaHIB CBITI0(OpY Ha AMCILIET.

Tabmumi 12.1 — Iepemik momiit

Onuc Hist Bupas

Crapr (nmepexin |State = State + 1 |(State =0)&(Start=0)
<GKOBTOT0)»)

Iepexin 1o |State = State + 1 |(State =l)&interval (5 sec)
«3CJICHOI'0»

Iepexin 1o |State = State + 1 |(State =2)&interval (10 sec)
(GKOBTOI'O»

IMepexin no |State =0 (State =3)&interval (5 sec)
«YCPBOHOT'O»

KouTpoabHi 3anutaHus

1. llpuzHaueHHss Ta QyHKII] MaKeTy IOJWHO — MAIITUHHOTO
inTepdeiicy RSView32.

2. Ilpuznauenns ta QyHkii pegakTopie MeHeKepy MPOEKTY.

3. Pi3HOBHIM TeriB Ta MOCHINOBHICTH i1 KOH(IrypyBaHHs y 0asi
TETiB MPOCKTY.

4. TlocnimoBHICTH Jifi TPU CTBOPEHHI TpadivHOro UCILIEIO,
rpagiqHoro o0epTy, TPEHIY, €IEMEHTY KEepyBaHHS.

5. Ha3Bite BuOu KepyBaHHs rpadiuHuMu 00’eKTamMu Ta iX
napamMeTpH.

6. Sk 3agaTu cTaHW Kepyl4oro aBToMarty B mpoekTi RSView32?

7. 3 40ro CKJIaJacThCs MOMis.
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JIABOPATOPHA POBOTA Nel2

ACHJ 3 Buaajenoro nagoparopiero GOLDI

Meta:BuBunuTH METOU TUCTAHIIHHOTO KOHTPOJIIO Ta AUCTAHIIIHHOTO
CIIOCTEPEIKEHHS PEaIbHUX MPOIIECIB

TeoperuuHi BizomocTi

I'iopunna nadopatopiss GOLDIi(Grid of Online Lab Devices llmenau)
po3pobneHa JAemapTaMeHTOM IHTETPOBAaHMX KOMYHIKalliHHUX CHCTEM
(Department of Integrated Communication Systems) B yHIBepCHTETI TeX-
nosoriii Iibmenay (Ilmenau University of Technology, HimeTunna)). Bona
Haja€ HaOlp IHCTPYMEHTIB, IO MiATPUMYIOTh BCi €TaIi MPOEKTYBAHHS IS
CKJIaJHHX 3aBJaHb YIPaBIiHHS (HAIPHUKIIAA, B 00JIACTI TEXHIKH KEPYBaHHS,
pobororexHiku, Teaemexaniku). Mera cucremu GOLDIl, mo6 nokasaru
CydacHi ciocoOu 1 mpodiIeMu TUCTAaHIIHHOTO KOHTPOIIO Ta TUCTAHIIIHHOTO
CIIOCTEPEIKEHHS PeaTbHUX MPOIECIB, 3 KOMIUICKCHHM Ta IHTEPAKTHBHHM
BUKOPHCTAaHHSIM CydacHUX [HTepHeT 1 IHTpaHeT TEeXHOINIOTiH, TaKux SK
HTMLS5, JavaScript, i T.1. Bona nmpononye pi3Hi ¢yHKmii, Taki sSK Bi3yaui-
3allisl Ta aHiMalis, siKa JO3BOJISIE CIIOCTEPIraTH i MEepPeBipUTH BCi BIACTUBO-
CTi KOHCTPYKIii. 3B'130K 3 ()OPMAIILHUMH METOaMH ITPOCKTYBaHHS, MOJIE-
JIIOBaHHS 1 MPOTOTHITYBaHHS BHUKOPHCTOBYETHCS JUII CTBOPEHHS OCHOBH
JUISL PO3BUTKY HA/IiIHHOT KOHCTPYKIIIT CHCTEMH.

Jlnst Bukopuctanus jgadopatopii GOLDI HeoOXiqHO MaTH IiIKiItode-
HUI 10 Mepexi Internet mepcoHanbHUN KOMI'IOTEP 13 BCTAHOBICHHMHU Ha
HBROMY IIporpamamu Opaysepa i Java - mamuau. J[1s BXoAy B 1aboparopiro
cii Bukopuctatu nocunants http://goldi-labs.net. TTicis peectpartii MOX-
JMBO 00paTH 3pyYHY MOBY CIUTKYBaHHs. Jlai Ha JoMaliHil CTOpPiHII Tpo-
TJISSHYTH TIpe3eHTallito naboparopii, a Ha cropinni "®diznuna cucrema"
03HaHOMHUTHCH 3 OIIMCOM MOJIeJIeH Ta IepeslikoM iX aBadiB Ta BUKOHABYMX
MmexaHi3miB. Ha cropinmi "CrapToBuii excriepumeHT" oOpatu 010K Kepy-
BanHs "KiHleBuid aBToMaT" Ta OJIHY 3 3alIPOTIOHOBAHKUX (DiI3UYHUX CHCTEM.
SIKII0 eKCTiepUMEHT He JOCSKHUM, TO 00paTy BipTyallbHUN PEXUM pOoOOTH
Ta MOYaTH EKCIIEPUMEHT.

VY BiKHI €KCIEpUMEHTY B OJIOIi KepyBaHHS MOXIWBO 3aBAHTAKUTH
cBill (aiin abo AeMOHCTpalitHUN MPHKIAA, NPOTJSHYTH OIMC BXOZIB Ta


http://www.sokol.ua/terka-farfor-17-sm-online-900880-43699/p153117/
http://goldi-labs.net/
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BUXOJiB MoJieni. Y OJoIi KepyBaHHS IOTOKOM BHKOHYETHCS CTapT/3yIIHHKA
npoliecy BUKOHAHHS IPOTPaMy KepyBaHH:.

VY ocHOBHOMY BiKHI NIpencTaBiieHa aHiMalis poOOTH BipTyallbHOI MO-
Jeli 00'eKTy KepyBaHHS Ta € MOXKJIMBICTh KOpPETyBaHHS BHpa3iB Qaiiny 3
MPOrpaMor0 KepPyBaHHS, SKi BH3HAYAIOTH MOBEAIHKY BUXOJIB Ta MAaIlHH
MOJeI.

[Mpuknan mpoekTy MokHa 30eperTd Ha CBOEMY KOMI'IOTepi i meper-
JSTHYTH 32 JOTIOMOTOI0 CTaHAApTHOI mporpamu biokaoT. Y omucy FSM -
MOJIeJTi BUKOPUCTAHI HACTYITHI IO3HAYEHHs: X - BXiJlHA 3MiHHA, Y - BUXiTHA
3MiHHAa, Z - CTaH, & - aBTOMaT; # - joriuna omnepaiis OR(ABO), & - noriuna
omnepauiss AND(I),! - noriuna onepauiss NOT(HI).

IIpakTH4HA YacTHHA
1. Ha caiiti mabopaTopii 03HAHOMHUTHUCH 3 CTPYKTYPOIO Jlabopartopii Ta
OIKMCOM ICHYIOYMX Mojiesiel. BUKOHATH OJUH 13 IEMONIPHUKIIAIIB.
2.3a pgomomoroto iHcTpymeHTy GIFT ctBoputH BmacHuit FSM (ckin-
YEHW aBTOMAT) KEPYBAaHHS Ta BUKOHATH HOTO Y BIpTyalIbHOMY PEXKHMI.

KonTpoJabHi nuTanHs

1. Crpykrypa BumaneHoi JabopaTtopii
2. [Tpuaniunu poboTH Pi3UIHUX MOIETeH.
3. Onuc CKiHYeHOT0 aBTOMATY KEepyBaHHs (i3UTHOI0 MOJIEILIIO.
4. TexHonorii peaiizailii CKIHICHOTO aBTOMATy KepyBaHHs (hi3UYHOIO
MOJIEJIITIO
MNEPEJIK MIOCUJIAHBb

1. Tpersk O.B. 3acoOu Ta cucTeMu aBTOMAaTH3allii HAYKOBUX JIOC-
mimxens: nigpyyauk / O.B. Tpersxk, F0.B. boiiko ; KHYTLL. - Kuis: BIIL]
"KuiBcekuit yHiBepcutet", 2007. - 320 c. - (ABTOMaTH3aIlisST HAYKOBUX JIO-
ciipkens / pen. O.B. Tpetsix ).

2. Omncon I'., Ilnanun [Ix. LudpoBeie cucTeMbl aBTOMaTH3aUN U
ynpasnenus. - CI10.: HeBckuii nuanext, 2001, 557c¢. (poc. MOBOIO).

3. Terepreps FO.C. InTenexTyanpHi cucTeMH 3a0e3MEUCHHS CHEP-
ro30epekeHHs KHUTIOBUX OyJMHKIB: HaBd. moci6. - K.: Memnia-IIpec, 2008.
-255c¢.

4. JleonenkoB A.B. HewerHoe monmenupoBanue B cpene Matlab u
FuzzyTech. — CII6.: BXB — ITetepbypr, 2003. — 736 c. (poc. MOBOIO).
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5. PyrtkoBckas /[. HeifponHsle ceTn, T€HETHYECKHE aITOPUTMBI U
Heuetkne cucteMbl / JI. PyrkoBckas, M. [lumwmabckwmii, JI. PyTkoBckwmif;
ITep. ¢ monbck. U 1. Pygunckoro.- M.: Topsiuas nunus - Tenekom, 2006.-
452 c.- [Tapan. TUT. HA MOJBCK. 3.

6. Kapnos O.I'. Teopus aBromaros. - CII6.: [Tutep. 2002. - 224 c.:
1. (poc. MOBOIO).

7. bparko U. [Iporpammuposanue Ha sizbike [TPOJIOI" mist uckyc-
CTBEHHOro wHTeiekra.: Ilep. anrm. - Mup, 1990. - 560 c., w1 poc. Mo-
BOIO).

8. INonsaxoB M.A., Mupomnnyenko A.I'. MccienoBanue mpoueccoB
UACHTH(HUKALUHN TEIJIOBBIX MAapaMETPOB CHIJIOBOTO MAciSTHOTO TpaHCgop-
Maropa 1o JaHHbIM MoHuTOpHHTa. // BicH. CximHOykp. Hail. yH-Ty. — Nel 1
4.1(117) 2007. ¢.160 - 167 (poc. MOBOIO).

9. TonskoB M.O., Jlapionosa T.FO. Cucremu kepyBaHHSI €IEKT-
PUYHMMHU MaIlMHAMU Ta amapaTtamiu. /B kH. Bimmanenwii Ta BipryamsHuit
IHCTpyMeHTapiil B imXUHIpUHTY: MOHOTpadis / 3a 3ar. pen. Kapcrena Xen-
ke — 3anopixoks: Jluke mone, 2015, c. 86-152.

10. [Terpos n.B. [IporpamMmmupyembie KOHTPOJLIEPHI.
Crangaptabie s361ku ¥ tHCTpYMeHTHI / [loa. Pen. Ilpod. B.I1. ssxoHoBa.-
M.: COJIOH- IIpecc,2003.-256¢.,um1. (poc. MOBOIO)

11. CucTteMbl JHCIIETYEPCKOro yIMpaBieHHs W cOopa IaHHBIX
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