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1 CTPYKTYPA JUCHUIIJIMHBI

Ob6ecneunBaromuii (HaKynbTeT
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2 AHHOTAIIUA AMCHUITJINHBI

«MOJEJUPOBAHUE Y CHHTE3 HEJIMHEWHBIX SJIEMEHTOB
CUCTEM (MODELING AND SYNTHESIS OF NONLINEAR ELEMENTS
OF SYSTEMS)»

JIvcuMIUIMHA 3HAKOMUT C OCHOBAMM MAaTeMaTH4YeCKOrO MOJICJIMPOBAHUS U CUH-
T€3a HEJIMHEUHBIX YCTPOUCTB U CUCTEM I10 COOTHOILLIEHUIO BXOA-BbIX0A. Mccnenyror-
csl pa3Hble (POPMbI HETMHEHHBIX MOJENeH, KiacCupuurupyeMble Kak MHOTOMEpHbBIE
IIOJIMHOMBI, PETPECCUOHHBIE MOJEIIM U HEUPOHHBIE CETU. BBINOIHAETCA UX CPaBHHU-
TEJIbHBIM aHanu3. M3y4datoTcss METOIbI IIOCTPOCHUS MOJIEIIEN B PE3YJIBTATE PELICHUS
3a/a4 anmnpOKCUMALIMU ONEPATOPOB HEJIMHENHBIX YCTPOMCTB B CPEAHEKBAAPATHIHOM
METPHKE C MPUMEHEHUEM MHOXKECTB BXOAHBIX U BBIXOAHBIX CUTHANIOB. Jlat0TCs HaBbI-
KU ITOCTPOEHUS Pa3HbIX TUIIOB HEMPOHHBIX ceTell B cucteMe MATLAB. M3yuarorcs
IpUMEpbl MOACTMPOBAHUS HEJIMHEHHBIX MpeodpaszoBaTeield, GuiIbTPOB, KOMIIEHCA-

TOPOB.
SUBJECT SUMMARY

«MODELING AND SYNTHESIS OF NONLINEAR ELEMENTS OF
SYSTEMS»

The discipline describes the basics of mathematical modeling and synthesis of
nonlinear devices and systems in the framework of the input-output mapping. Var-
1ous forms of nonlinear models are investigated and classified as multi-dimensional
polynomials, regression models, and neural networks. Their comparative analysis
is carried out. The methods of constructing models are studied when solving the
approximation problems of the nonlinear device operators in the mean-square norm
using the sets of the input and output signals. Skills of building the different types
of neural networks in the MATLAB system are given. The modeling examples of

nonlinear converters, filters, compensators are represented.



3 OBLHIME IMOJTOKEHUA

3.1 Ieau u 3aga4y AUCHUILIHHBI

1. Llenp AMCIUTIINHBI — OTYYEHHE TEOPETUUCCKUX 3HAHUN U (OPMUPOBAHUE TTPaK-
TUYECKUX HABBIKOB B BOMPOCAX MAaTE€MaTHYECKOTO0 MOICIUPOBAHHUS, KOTOPOE HEOO-
XOAUMOTO JJIsI pa3pabOTKH M AKCIUTyaTalluu 3JIEKTPOTEXHUUECKUX CUCTEM, (hOPMHU-
pOBAaHME YMEHUN U MOJIyYCHUE HABBIKOB MPUMEHEHHSI TEOPETUUYECKUX 3HAHUM IS

pElIeHUs] MPAKTUYECKUX 3a]1a4 B TPO(PECCHOHATBHOM 1eATeTbHOCTH.

2. 3aagaya TUCUUIUIMHBL: U3yYEHUE OHATUH, OCHOBHBIX TEOPETUUECKUX MOJIOKEHUN
¥ METOIOB JTUCHUIUIMHBI, IPUOOpeTeHne 3HaHui U (OpMHUPOBAHUE YMEHUS U HaBbI-
KOB MareMaTU4YeCKOro MOJICIMPOBAHUS TMHAMUYECKUX YCTPOWCTB U CUCTEM C MPH-
MEHEHHEM HEHPOHHBIX CETEH pa3HON apXUTEKTYphl, PYHKIIMOHAIBHBIX PSAOB U O-

JIMHOMOB, a TaKKC PCrpC€CCUOHHBIX CTPYKTYD.

3. B pe3ynbrare 0CBOCHUS JUCIUILUIUHBI CTYAEHT JIOJIKEH MPUOOPECTH 3HAHUS O PO-
JI1 MaTeMaTU4eCKOIro MOACIUPOBAHUS B IPOCKTUPOBAHUU U DKCILTyaTalluH JJIEKTPO-
TEXHUYECKHX YCTPOUCTB U CUCTEM; O Pa3HbIX (JopMax MareMaTUYECKUX MOJENIEH U
YUCJICHHBIX METOJIaX UX MOCTpoeHus ¢ mpumeHeHrueM cucreMbl MATLAB, 00 otien-
K€ KaueCTBa MOJICIUPOBAHUS XapaKTEPUCTUK FIEKTPOTEXHUUYECKUX 0OBEKTOB U CIO-

co0ax MOBBIIIEHNUS] TOYHOCTH MOJCIINPOBAHUA.

4. B pe3ynbrare u3y4eHUs TUCUUIUIMHBI CTYACHT JIOJDKEH UMETh YMEHUS (POpMYIIH-
pOBaTh 3aJa4M AnIPOKCUMALIMU OIIEPAaTOPOB AUHAMUYECKUX YCTPOUCTB U CUCTEM,
HAXOJIWTh IAPAMETPbl MAaTEMaTHYECKUX MOJENEHN, OLIEHUBATh TOYUHOCTh MOJIEIINPO-
BaHUsI, BBIIOJIHATh CPABHUTEINIbHBIN aHAIN3 MaTeMaTHYEeCKUX MOJEIEH, HHTEpIpe-

THUPOBATH PCIYJIbTATHI U ACJIAaTh BBIBO/LI.

5. B pe3ynbrare u3y4eHus CTyJCHT JOJDKEH UMETh HaBBIKH TEOPETUYECKOTO U YHC-
JICHHOTO MOJICTMPOBAHUS aHATIOTOBBIX U IU(PPOBBIX yCTPONCTB, MOBEEHYECKOTO MO-

ACIIMPOBAHNA Ha OCHOBC ITOJMHOMHAJIIbBHBIX, PCTPCCCUOHHBIX W HCﬁpOHHBIX MOJIC-
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Heﬁ, KOMITIBIOTCPHOI'0 MOIACIIMPOBAHUA JHUHAMHUUYCCKUX CUCTCM C HCIIOJIBb30BAHHUCM

HEWPOHHBIX ceTel B mporpamMmmHon cpeae MATLAB.

3.2 Mecro qucuMiuiaHbl B cTpykrype OITIOIT

JlucuuIinHa U3y4aeTcss Ha OCHOBE paHee OCBOCHHBIX JUCIUILUIMH Y4eOHOTO IJIaHa:
1. «IIpeo6pazoBarenu sueprun (Power Converters)»

2. «Muadopmanmonnoe odecneyenue B anexrposnepreruke (Information Support in

the Electric Power Industry)»
¥ 00eCTIeYrBaCT N3yUEHHUE MOCIECTYIOINX TUCIUTUINH:

1. «MeTompl U cpeACcTBa MATEMATHICCKOM ONITUMHU3AIINH B 00JIACTH TEXHUYECKHUX CH-
crteM (Methods and Means of Mathematical Optimization in the Field of Technical

Systems)»

2. «MopenupoBanue mporeccoB B anekTposnepreTuke (Modeling of Processes in

Power Industry)»



3.3 IlepeueHb MIaAHMPYEMbIX pPe3yJIbTATOB 00y4YeHHMs MO JUCIHHUILINHE, COOT-
HECEHHBIX C IVIAHUPYEMBIMH Pe3yJIbTATAMHM OCBOCHHMSI 00pa30BaTeIbLHOMI

MPOrpamMMbl

B pe3ynbrare ocBoeHus 00pa3oBaTeIbHON IPOrpaMMbl 00YHAIOIIHIACS TOKEH

JOCTUYD CIICTYIONINE PE3YJIbTaThl 00yUSHHUS MO TUCITUILIINHE:

Koa kxommerenun/ HanMeHoBaHMe KOMIETEHINMH/MHANKATOPA KOMIIETEHIIUN
HHINKATOPA
KOMIIeTEHIINH
[TK-1 Crnocob6en popmynrpoBaTh 1I€TU U 33/1a91 HAYYHBIX UCCIIEIOBAaHUHN B 00J1a-

CTH DJIEKTPOTEXHUKH U AIEKTPOIHEPTETUKH, BHIOUPATh METOJIBI M CPECTBA
penieHus 3aaaq

T1IK-1.1 3naem memoovl mamemamuiecko20 MOOeIupo8anusi, UCNOAb3yemble Npu
peuteHuu 3a0ay 8 obacmu NPpogheccuoHaIbHOU 0esIMelIbHOCIU

1IK-1.2 Ymeem pewamsv necmanoapmuvie npogeccuonanvhvle 3a0a4u ¢ npuUmMeHe-
HUeM MamemamuyecKux, eCmecmeeHHOHAYYHbIX SHAHUU

1IK-1.3 Braoeem cospemenuvimu memooamu u cpedcmeamu peulenus 3a0a4 8 0o-
J1acmu 1eKmpoOmexHUKY U 21eKmpOIHeP2emuKU

I1K-3 Croco0eH cTaBUTh 3a/Jaud HPOEKTUPOBAHUS IPOrPaMMHO-AMNNAPaTHBIX
CpE/ICTB aBTOMATU3aINH U yIIPABIICHHsI, TOTOBUTh TEXHUUECKUE 3aJaHHs Ha
BBITIOJTHEHHE TIPOEKTHBIX paboT

1IK-3.1 3naem memoouKku peuieHuss CXeMOMEXHUYECKUX U annapamuo-npocpamm-
HbIX 3a0a4, B03HUKANOWUX NPU NPOEKMUPOBAHUU IIEeKMPOMEXHUYECKUX
00beKmos u cucmem

1IK-3.2 Ymeem eviopams cywecmeyrowue unu pazpabomams Hogble Memoobl npo-
EKMUPOBAHUSL CJLONCHBIX MEXHUYECKUX 0OBEKMO8 U MEXHOI0SULEeCKUX NPO-
yeccos

1IK-3.3 Braoeem nasvixamu evibopa unu pazpadomru HOBbIX Memo008 NPOEeKMuUpo-

6AHUA cucmem asnomamudeckKozo ynpasilenus Ci10HCHbIMU MEXHUYECKUMU
0OveKmamu U MexHoN02UYeCKUMU npoyeccamu




4.1

4.1.1 HauMeHOBaHHE TeM M Yachl HA BCe BUAbI HATPY3KHU

4 COAEP KAHUE JUCHUIIJIMHDBI

Coneprxanue pa3aejioB IUCHUIINHBI

Ne HanmenoBanue TeMbl JUCIHAILIMHBI Jlex, | IIp, | Jlao, | UKP, | CP,
n/n a4 a4 a4 a4 a4
1 Bsenenne 2 10
2 | IlonuHOMHUANLHEBIE MOIEIN HEIMHEWNHBIX AUHAMU- 2 2 15
yeckux cuctem (HIIC)
3 | Ilonstue Heliponnoii cetu (HC) 2 2 8
4 | Mopnenu HelipoHa 2 2 2 15
5 | MHorocnoiinsle HeilponHble ceTH. Kmaccuguka- 2 2 5 12
LUsI pEKYPPEHTHBIX CeTer
6 | PexyppeHTHBIE HEPOHHBIE CETH 2 4 4 20
7 | Anaroput™m oOpaTHOTO PacIPOCTPAHCHUS OIIHMOKHU 0 2 12
8 | CTpyKTypbl HEHPOHHBIX CETEH JJIsl MOBEIEHUECKO- 2 2 4 12
ro moaenuposanust HJIC
9 | AganTuBHAs CETh C CHUCTEMON HEYETKOIO BLIBOIA 2 2 10
10 | CpaBHUTENbHBIN aHAN3 TOBEICHUECKUX MOJIEei 1 1 1 14
HJC
Hroro, au 17 17 17 1 128
W3 Hux a4 Ha KOHTPOJIb 0 0 0 0 35
OO6m1ast TpyI0eMKOCTh OCBOCHHSI, a4/3¢ 180/5
4.1.2 Copepxanue
Ne HaumeHoBaHHe TeMbl Conep:xkanne
n/n JUCHMILIMHbI
1 | BBenenue [ToBeneHueckoe MoAEIMPOBAHUE HETMHEHHBIX JUHAMUYE-

CKHX MOJIEIICH.

ckux cucteMm (HIIC) mo cootHomeHno BXoA-Bbrxon. O6-
JaCTH NMPUMEHEHHUs ONEpPAaTOPHOIO MOAXoja. 3ajaya ar-
npokcumanuu oneparopoB HJIC mo cooTHOIIEHHIO BXO-
BbIX0J]. CBOMCTBA OIHO3HAYHOCTH U HENIPEPHIBHOCTH OIle-
paropoB HJIC. [TocranoBka 3a1a4 u1eHTUPHUKALIIH, MOJIE-
nupoBanus u cuate3a HC. Knaccudukarus nosenenue-




HaumMmeHnoBaHnue TeMbl
JUCHHILIMHEI

Conepxanue

ITommHOMUAIBEHEIE MOACIIn
HEJIMHEUHBIX JUHAMHUYCCKUX
cuctem (HJIC)

MaremaTtnueckre MoJielu B Bue GYHKIIMOHAIBHOTO Psi-
Ja U TMOoJMHOMA BonbTepphl, paznudus MeXIy HHUMH,
IIpeuMyIllecTBA MW HEAOoCTatku Moxened. HaxoxaeHue
rapamMeTpoB MOJIENeH B CPEIHEKBAIPATUYHON METpPHKE.
CrpykTypHasi cxeMa MOJIEJN C PacHICTUICHHBIMUA CUTHA-
namu. CBOMCTBA pacCIICIUICHHBIX CUTHANIOB. MaTeMarnye-
CKO€ OIMCAaHME pACHICTIMTENICH U HeTUHEHHBIX Oe3bIHEP-
IIMOHHBIX MpeoOpaszoBarTeneil. Perpeccnonnbie Moaenu 1
ux cTpykryphl. Kiaccudukaius u o0nactu npuMeHeHHUs
HEMMHEWHBIX (GuUIbTpoB. [IpuMep cuHTE3a MOIMHOMHAITB-
HBIX (QUIBTPOB IS YIAJICHUS UMITYJILCHOTO IITyMa ¢ H300-
paxeHui.

[Tonsitue neriponnoi cetu (HC)

Heiiponnas cethb kak Maremaruueckas wmonenbp HJIC.
CaoiicTBa n obmactu npuMmeHeHuss HC. Maremarudeckas
MOZEJNb U CTPYKTypa HeWpoHa. Tornonoruu HEMPOHHBIX Ce-
TeW C TOUKH 3peHUs MPOXOXKAEHUS NaHHbIX. KoHuenuuu u
npasuia o0yuenus: HC.

Mopnenu HelipoHa

[lepcenTpon. CurmouaonbpHeli HelpoH. Helipon tuma
ADALINE. Ilane neiipon. Kaaparnunbeii u Curma-IIu
Heriponsl. Helipon Xe66a. Ctoxactudeckuii HelipoH. Heii-
POH TUNA «TOOEAUTEN MOTyYaeT BCEY.

MHorocnoiiHbsle HEHPOHHBIE Ce-
tu. Knaccuduxanus pekyppeHT-
HBIX CeTen

OTnuuuTenbHbIE XapaKTEPUCTUKU MHOTOCIOWHOHN mep-
centpoHHol cetu. Teopema o HC, kak yHHBepcanbHOM ar-
IIPOKCUMATODPE.

Knaccudukanus pexyppentabix HC.

PexyppeHTHBIE HEMPOHHBIE CETH

I'moGanbueie pekyppentHsie HC. IlomHocBsA3HAs pekyp-
peHTHas ceTb. YacTMUHO peKyppeHTHas CeTh (CeTh DnmMa-
Ha, ceTh JI)kop/aHa, MHOTOCIIOIHAs peKypPPEHTHAsI CETh).
Certs B npoctpancTBe coctossHud. Kierounsie HC.
JlokansHbie pekyppentHble HC. Jlunamudeckue Mopenu
HEepoHOB (0OpaTHas CBA3b C aKTUBALUEH, 0OpaTHas CBSA3b
C BBIXO/IOM, OOpaTHas CBsI3b C AByMs HeTisAMu). biouno-
OpPUEHTHPOBAHHBIE MOAEIN HEMPOHOB (Monenb Bunepa,
I'ammepiuteiina, Bunepa-I'ammepiireiina).

Anroput™M 00paTHOro pacnpo-
CTpaHECHUS OIINOKH

JIBa HanpaBiieHUs B BRIYUCICHUAX. [locaenoBarenbHbIi 1
MAKETHBIN PEKMMBI BbIUKCICHUN. KpuTepun ocTaHOBKH
BBEIYMCIICHUH.

CTpyKTypbl HEHPOHHBIX CeTel
JUISl TIOBEIEHYECKOTO MOJIEIIUPO-
Baaus HJIC

PannanbHo-0a3ucHas HelipoHHas ceTh. BeliBneT-HelpoH-
Has ceTb. OyHkimonansHo cBs3anHas HC. Ilonmunomu-
aJpHas MepcenTpoHHas cetb. KaHoHMYECKas KyCOYHO-JIH-
merinas HC.

AI[aHTI/IBHaH CeTh C CHCTEeMOM
HCYCTKOI'O BhIBOJAA

CTpykTypa CHCTEMBI HEUYETKOTO JIOTMYECKOTO BBIBOJA.
Heuetkne mHoxecTBa. JIMHrBUCTUYECKUE TEPEMEHHBIE.
ANFIS cetp. Heitponeuetrkue cetu ¢ moaensimu Takaru-
Cyreno u Mampaanu-3aze.

10

CpaBHUTENBHBIA aHAIU3 MOBE-
nendeckux moaeneir HIC

CpaBHuTenbHbId aHanu3 HelpoHHbix wmoaened HIIC.
CpaBHUTENBHBIN aHAIU3 NOJIMHOMUAIIBHBIX, PETPECCUOH-
HbIX ¥ HeHpoHHBIX Mozeneit HJIC.




4.2 TIlepeyennb J1aGOpPaTOPHBIX PpadoOT

HaunmenoBaHue j1abopaTopHOi padoThI KosmmuecTBo ayn. yacos

1. Kparkue ocHoBBI IporpaMmupoBanus B cucteMe MATLAB. Mac-
CHUBBI, CTPYKTYpBI, STU€HKH U Kiacchl cucteMbl MATLAB. 2

\S)

2. Mogenu uckyccrBeHHoro HelipoHa B MATLAB

\S)

3. Uccnenosanue nepcentpoHHsix cereli B MATLAB

4. ViccnenoBaHue TMHEWHBIX CETEN U CETEeN MPSMOTo pacipocTpaHe-
Hust B MATLAB.

5. KomnokBuym Ne 1

6. Uccnenosanme cetu Dimana 8 MATLAB

7. UccnenoBanue cetn Xonduaaa 8 MATLAB

8. UccnenoBanue paananbHbix 0a3ucHbIX ceTeit B MATLAB.

N[NNI —| D

9. Komnoksuym Ne 2

—
3

Hroro

4.3 IlepeyeHb NPAKTHYECKUX 3aHATUH

HanmeHnoBaHue NPAKTHYCCKHUX 3aHATHH KoanuectBo ayla. 4acoB

1. MonenupoBanne HJIC Ha ocHoBe psima Bombreppsl BO BpeMeH-
Hoi obnactu. Haxoxaenue nmapameTpoB Monenu BonbTeppsl MeTo-
JIOM HaUMEHbIINX KBaJpaToB. 2

2. Cunrte3 HenMMHEHHBIX (UIBTPOB (KIaccUpUKAINs HETUHEHHBIX
¢GuIBTpOB, 00IACTH MPUMEHEHHUS HENIUHEHHBIX (UIBTPOB, MPUMEP
CHUHTE3a (QWIBTPOB UMIIYJILCHOTO 1IIyMa). 2

3. Monenu HelipoHa (1epcenTpoH, CATMOUIAIbHBINA HEUPOH, HEUPOH
turia ADALINE (AnantuBHsiii JIunelinsiil Heiipon), [Tane-HelpoH,
KBaJ[paTU4HbII HelipoH, Curma-IIu HelipoH, HelipoH XebO0a, cToxa-
CTHUECKas MOAEIb HelipoHa, HeiipoH W TA-Tuna (modeaurens mnomy-
YaeT Bce)) 2

4. I'mo6anpubie pexyppeHTHbIe HC. IlomHOCBsI3HAs peKyppeHTHas
ceThb. YacTUYHO peKyppeHTHas ceTh (ceTh DnMaHa, ceTh Jxopaana,
MHOTOCIIOWHAs peKyppeHTHast ceTh). CeTh B MPOCTPAHCTBE COCTOSI-
Huit. Knetounsie HC. 2

5. Jloxanbubie pexkyppentHbie HC. JlunamMmuueckue Mozenu Hepo-
HOB (0OpaTrHas CBsI3b C aKTUBaIUEl, 00paTHas CBsI3b C BHIXOJIOM, 00-
parHasi CBsI3b C AByMsI ETIAMU). biio4HO-OpHeHTUpOBaHHBIE MOZE-
v HelipoHoB (Moxaenb Bunepa, 'ammepmreiina, Bunepa-I'ammep-
TeiHA). 2

6. Anroput™m 0OpaTHOTO PacHpOCTPAHEHUs OMUOKH sl OOyUEeHUS
CETH. 2

7. I'panveHTHBIC aNTOPUTMBI OOYUEHUS CETH (aJITOPUTM COMPSIKEH-
HBIX TPAIUEHTOB, OJHOIIATOBBIA KBa3MHHIOTOHOBCKHI METON) 2

8. AmanTuBHAA CETh C CUCTEMOI HEUYETKOTO BEIBOAA. HeueTkue MHO-
xecTBa. JIMHrBUCTHUECKHE TlepeMeHHble. HelipoHeueTkne cetu ¢
Mozensimu Takaru-Cyreno 1 Mamaanu-3aze. 2




HaunMeHoBaHMe NPAKTHYECKUX 3aHATHI KosmmuecTBo aya. yacos

9. CpaBHUTENBHBIN aHaTU3 oBeaeHUYeckux moaeneit HJ(C 1
Hroro 17
4.4 KypcoBoe npoekTupoBaHue

4.5

4.6

4.7

4.8

4.9

KypcoBas pabota (IIpoeKT) HE TPeTyCMOTPEHBI.

Pedepar

Pedepar ve mpexycmoTpeH.

NuauBuayaiabHoe JoMalllHee 3alaHue

NuauBuayansHOE TOMAIIHEe 3aJaHue He MPeayCMOTPEHO.

Joxaan

Jloknax He IpeyCMOTPEH.

Keiic

Kewc He npegycMoTpeH.

Opranusanus 1 yueOHO-MeTOANYECKoe 00ecnevyeHre CaMOCTOATeIbHOM pa-

00THhI

N3ydeHne AUCUMILIMHBI COMPOBOXKIAETCS CAMOCTOSITENIbHON paboTOM CTy/IEeH-

TOB C PCKOMCHIOBAHHBIMU IIPCIIOAABATCIICM JIMTCPATYPHBIMU UCTOYHUKAMH U WH-

dbopMaliMOHHBIMU pecypcamMu cetu IHTepHeT.

HHaHI/IpOBaHI/Ie BPEMCHU U U3YUCHUSA TUCHHUIIIIMHBI OCYIICCTBIIACTCA HAa BCCh

nepuoj 00yyeHus, IpelycMaTpuBas pH TOM PETYJIIPHOE MOBTOPEHUE MPONAECHHO-

ro Mmatepuaina. Obydarmumcs, B paMKax BHEAyAUTOPHON CaMOCTOSTEIbHOM paboThI,

H€O6XOI[I/IMO PEryiIApHO AOIIOJHATh CBCACHUAMM U3 JIMTCPATYPHLBIX UCTOYHHUKOB Ma-
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TCpHual, BaKOHCHeKTI/IPOBaHHHﬁ Ha JICKOUAX U IIPAKTHYCCKUX 3aHATUAX. HpI/I 9TOM Ha
OCHOBC HM3YYCHM:A peKOMeHHOBaHHOﬁ JINTCPATypPhbI HGJ’IGCOO6p33HO COCTaBUTBh KOH-
CIICKT OCHOBHBIX HOHO)KGHHﬁ, TCPMHUHOB U OHpGI[GJICHI/Iﬁ, HGO6XOI[I/IMBIX A1 OCBO-

€HUS pa3eoB YyueOHON AUCIUTUTHHBI.

Oco0oe mMecTo yaensieTcsi KOHCYJIbTUPOBAHUIO, KaK OHON U3 (hopM 00ydeHHUs
¥ KOHTPOJISI CAMOCTOSITeNbHOM paboThl. KoHCynmpTHpOBaHue mpenmonaraeT 0coObM
00pa3oM OpraHu30BaHHOE B3aUMOJICHCTBHE MEXK/Ty MPETOAaBaTeNIeM U CTY/ICHTaMHU,
IpY 3TOM MPEATNOIIAraeTcs, YTO KOHCYJIBTAHT JIMOO 3HAET TOTOBOE PEIICHUE, KOTOPOe
OH MOXET NPEeANUCcaTh KOHCYJIBTUPYEMOMY, JINOO OH BIIAJEET COCOOAMU ACSTENb-

HOCTH, KOTOPbI€ YKa3bIBAIOT MYTh PEIICHUs TPOOIEMBI.

Texymas CPC IIpumepHas
TPYA0EMKOCTb, a4

Pabota ¢ neKnMoHHBIM MaTepuaaoM, ¢ y4eOHOM JTuTeparypon 32
Oneperxaromias camocTosiTeNIbHast paboTra (M3yuyeHHe HOBOTO Mare-

pHana 10 ero U3JI0KEeHUs Ha 3aHATHAX) 0
CamocTosATeIbHOE U3YyUYCHHE PA3/IeNIOB JUCLUIUINHBI 21
BeinonHnenyne fOManIHUX 3alaHUM, JOMAIITHUX KOHTPOJIBHBIX paboT 0
[ToaroroBka k mabopaTopHbIM padoTaMm, K MPAKTHUYECKUM U CEeMH-

HapCKUM 3aHATUSM 20
IToaroroBka Kk KOHTPOJIBHBIM PabOTaM, KOJUIOKBUYMaM 20
Brinonnenue pacueTHo-rpapuueckux padot 0
BrinonHeHne KypcoBoro nmpoekTa Wil KypcoBoil paboTsl 0
[Touck, nzydyeHue u mpe3eHTaIuss HHOOPMAIMH 110 33aIaHHON TIPO-

OnemMe, aHAIM3 HAYYHBIX MyOJIMKAIM 110 3aIaHHON TeMe 0
PaboTa Hax MEXIUCUUIUIMHAPHBIM IPOEKTOM 0
AHanu3 1aHHBIX 10 3aJJaHHOH TeMe, BBIIIOJIHEHHE PacueTOB, COCTaB-

JIEHHUE CXEeM U MoJiesiel, Ha OCHOBE COOPaHHBIX JaHHBIX 0
[ToaroroBka k 3auety, UG PpepeHIPOBAHHOMY 3aUETy, IK3aAMEHY 35
HNTOI'O CPC 128
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5 YueOHO-MeTOOMUECKOE 00ecIIeYeHHue TUCIUTLINHBI

5.1 IlepeyeHb OCHOBHOM M JONOJHHUTEIbHON JIUTEPATYPbI, HEOOXOAMMOM IJIs1

0CBOCHHUA JUCHHUIIIINHBI

Ne i/m Ha3Banmne, Oudnnorpaguyeckoe onucanme K-Bo
IK3. B
ouo.

OcHoBHas auTeparypa
1 borukoB }0. A. HenpepbIBHBIE U TUCKPETHBIE HETMHEMHbBIE MOJIENH JUHAMU- | HEOTD.
YEeCKUX cucTeM [DNeKTpOoHHBIN pecypc] : MoHorpadus, 2018. -420 c.
2 OcoBckuii, Cranucnas. Heliponnsle cetu myisg oOpaOOTkH HHGOpMaUU 20

[Texct] / C. Ocosckuit; [1ep. ¢ mon. U.J1. Pynurckoro, 2004. -343 c.
JlomonHUTENBHAS TUTEpaTypa

1 PytkoBckas [1. HelipoHHBIE c€TH, TEHETHUECKHE aJITOPUTMBI U HEUETKNE CUCTE- | HEOTD.
MBI [ OnekTpoHHbIi pecypc] / [. PyrkoBekas, M. [Tununbckuii, JI. PyTkoBckuid,
2013. -384 c.

5.2 TlepedeHb pecypcoB HHPOPMAITHOHHO-TEJIEKOMMYHHUKANUOHHOM ceTH « UH-

TCPHET», UCITIO0JIb3YCMbIX IIPH OCBOCHHH JUCHUIIJIMHBI

Ne i/ DJIeKTPOHHBIN aapec
1 Hcnonb3zoBanue MATLABhttp://www.mathworks.com/
2 Heiiponnsie cetu B MATLABAhttp://www.exponenta.ru/
3 TapkoB, M. C. HeiipokomnbroTepHbie cucTeMbl [DnekTpoHHslid pecypc] / M.C. Tapkos.
-Mockga : Hattmonansusiii OTkpbsiThiil Yausepcuter MHTYUT, 2016. -170 c. : un.http:
//ibooks.ru/reading.php?short=1&productid=362944

5.3 Anpec caiita Kypca

Anpec caiita kypca: https://vec.etu.ru/moodle/course/view.php?1d=9222
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6 Kputepun oileHUBAHUA U OLICHOYHbIE MATEPHAJIbI

6.1 Kpurepuu oueHuBaHus

Jna mucuuniauael «MonenMpoBaHUE U CUHTE3 HEJIMHEWHBIX JJIEMEHTOB CH-

cteM (Modeling and Synthesis of Nonlinear Elements of Systems)» npenxycMoTpensl

cienyromnre GopMbl TPOMEKYTOUHOM aTTeCTallUU: SK3aMEH.

9K3aMeH
Onenka Onucanne

HeynosnerBopurensHo Kypc ne ocBoeH. CTyIeHT UCTIBITHIBAET CEPHE3HBIE TPYAHOCTH
MPY OTBETE HA KJIKOYEBBIE BOMPOCHI TUCIUTIIINHBI

VYIOBIIETBOPUTEITBHO CTyeHT B LI€JIOM OBJAJE]I KypCOM, HO HEKOTOpBIE pa3eiibl
OCBOEHBI Ha YPOBHE OmpeneeHui U GOpMyIUPOBOK TEOPEM

Xopor1o CryneHT oBiajen Kypcom, HO B OTJEIbHBIX BOMPOCAX UCIIBITHI-
BaeT 3aTPYIHCHMUS.

O1imyHo CTyaeHT JEMOHCTPUPYET MOJHOE OBIAJIEHUE KYypCOM, CIOCO-
OCH MPUMEHSTDH MMOyYeHHBIC 3HAHUS MPHU PEIICHHH KOHKPET-
HBIX 3a/ad4.
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OcobGeHHoCTH 1O0MyCKA

[To pe3ynbraTtaM BBIIOJHEHUS B ceMecTpe 7 1ad0opaTopHbIX padOT U 3allUThI

UX Ha KOJUIOKBUYMAax CTYACHT ITOJIy4YaeT JOIYCK K DK3aMeHy. bumer K sk3aMeHy co-

JEPHKUT 5 TEOPETUUECKUX BOMTPOCOB. OIEHKA IO UTOTaM IK3aMEHa BBICTABIISIETCS KaK

cpenHuii 0as, MOJyUYEeHHBIN 32 OTBETHI IO BCEM BOIIPOCAM.

6.2 OueHouYHbIC MAaTEePHUAJIbI VISl IPOBEICHUS TEKYILero KOHTPOJs U MpoMe-

JKYTOYHOM aTTecTAUMH 00yYAOLIUXCH 110 AMCHUIINHE

BOIIpOCbl K 9K3aMEHY

Ne n/m Onucanue

1 Oneparopnslii noaxoa k MozaenupoBanuio HJIC 1o coOTHOIIEHUIO BXO/I-BBIXO/.

2 Paznuuus Mexay MeTonoIorusaMu «0enoro, Ceporo U YepHOro SIIUKa»

3 Paznuuus mexnay ¢yHkuMen, QyHKIIMOHAIOM U OIIEpaTOpOM

4 O/HO3HAYHOCTh — CBOMCTBO COOTHOILIEHUS BXOJI-BBIXO/l yCTPOMCTBA

5 HenpepsiBHOCTB — cBOMcTBO Moaenu HJIC

6 CBoiCTBA IMHEHWHBIX U HEJTMHEUHBIX, CTAIMOHAPHBIX U HECTAIMOHAPHBIX, aHAJIOTOBBIX
U IUPPOBBIX YCTPOUCTB

7 Otnuuus B uaeHtudukanuu, moaenuposanuu u cunteze H/IC B paMkax omneparopHoro
noaxoaa

8 OneHKM TOYHOCTH anpoKCUMaluu HenuHelHoro oneparopa HJIC

9 Knaccudukanus nosenenueckux mozaeneit HIAC

10 CBolicTBa HEMMHENHOCTU M OTHOPOIHOCTH psiaa Bonbreppsl n noauHoma Boasreppbl

11 Otnuuume psna Bonbrepps! u nonuHoma Bosisreppsl

12 [Ipeumy1ecTBa u HEAOCTATKU MOJENEN B BUIE psina Bonsrepps! u nosmmuoma Bonsreppsl

13 DyHKIMOHAIbHAS CX€Ma MOJIEIIN HA OCHOBE METO/1a PACILEIIIICHUS

14 CBoiicTBa pacHICTUICHHBIX CUTHAJIOB

15 DopMBbI pactIenUTeNs K HETMHEHHOTO O0€3BIHEPIIMOHHOTO MPeoOpa3oBaTest

16 [IpenmymecTBa Mozeneld Ha 0a3e PacIICTUICHHBIX CUTHAJIOB 10 CPABHEHHIO C MOJIMHO-
MoM BombTeppbl

17 Crpykrypst MA-Monenu (Moving Average model) 1 ARARX-monenu

18 Crpykrypsl AR-monenn (AutoRegressive model) u ARARMAX-monenu

19 Crpykrypsl AR-monenu (AutoRegressive model) 1 ARARMAX-monenu

20 Crpyxrypsl ARMA-monenu (AutoRegressive Moving Average model) u OE-monenu
(Output Error model)

21 Crpyxrypst ARMAX-monenu (AutoRegressive Moving Average with eXogenous input
model) u FIR-moznenu (Finite Impulse Response model)

22 Crpykrypa HelipoHa

23 OO6mue cBoiicTBa HEMPOHHBIX ceTel

24 Omnune nepcenTpoHa OT CHTMOMIAJIBHOTO HEMPOHA
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25 CBoiicTBa CUrMOUJANIBHBIX (DYHKIIHHA

26 Paznuuus mexay nmpaBuiiom o0ydeHust Xe66a u Yuapoy-Xodda

27 Tpu OTIIMUUTENIBHBIE YEPThl MHOTOCIONHON NEPCENTPOHHON CETH

28 [TprunHBl IPpUMEHEHHUs ABYX BHYTPEHHUX CJIOEB B NEPCENTPOHHBIX CETAX HA MPAKTHKE

29 Tunel HC, oTHOCsmUMECs K mo6aibHbIM pekyppeHTHBIM HC 1 MX OTiIMYHUTENbHbIE YePThI

30 [IpenmyniecTBa U HEAOCTATKU PA3TUYHBIX TUIIOB INI00ATIBHBIX peKyppeHTHbIX HC

31 Cxema 00pabOTKM CUTHAJIOB B KJIETOUHOW HEMPOHHOM ceTH

32 UYeTsIpe K1acca KJIETOYHBIX HEHPOHHBIX CETEU

33 J1Ba Tumna nokanbHbIX peKyppeHTHbIX HC

34 CrpyKTypbl IMHAMHUYECKUX HEMPOHOB B JIOKAJIbHBIX peKyppeHTHbIX HC

35 Cetp Xonguia Ha OCHOBE JUHAMHUYECKUX HEHPOHOB

36 CrpyKTyphl 0JI04HO-OpPUEHTHPOBAHHBIX JIOKAJIBHBIX peKyppeHTHbIX HC

37 AJropuTM 00paTHOIO pacnpoCcTpaHeHUs OIIUOKU

38 Crpykrypa paguanbHo-06azucHoit HC. [Ipumepsl paananbHo-0a3ucHBIX QyHKLINN

39 Tpu THNa paguanbHO-0a3UCHBIX CETEH COITIACHO PACIIOIOKEHUIO U TUITY paiiaibHO-0a-
3UCHBIX (DYHKIIHHA

40 Crpykrypa BeliBnetr HC

41 Paznnuue Mexay QyHKIMOHAIBHO CBA3aHHON CEThIO M MOJIMHOMHUAIBHOM MepcenTpoH-
HOM CETBIO

42 Crpykrypa KaHOHHUYECKOM KycouHo-nuHelHoi HC. dopMupoBanrne BHYTPEHHETO CIIOSI
JTOU CEeTH

43 CrpyKTypa CUCTEMbI HEYETKOTO JIOTMUYECKOTO BHIBOJA.

44 Cnou ANFIS-cetu. Otnnuue monenu Takaru-Cyreno ot monenu Mampanu-3ae.

45 UYepThl MpeBOCXOACTBA NOJUHOMHUAIBHBIX MOJEIEH HaJ HEHPOHHBIMHU CETAMH. UepTsl

IpeBOCXOACTBA HeﬁpOHHBIX ceTel HaJa IMMOJIMHOMUAJIBHBIMHU MOACIAMU

dopma duera

MunucTepcTBO HayKu U Bbiciiero oopa3zoBanusi Poccuiickoit @enepanuu

OI'AOY BO «Cankr I[letepOyprckuii rocyaapCTBEHHBIHN 371€KTPOTEXHUYECKHI

yauBepcuteT «JIDTU» umenu B.1.Vneanosa (Jlennna)»

BUJIET Ne 1

I[I/ICHI/IHJII/IHa <<HeﬁpOHHBIe CCTHU VI MATCMATHUYICCKOTO MOACIIMPOBAHUA YCTPOﬁCTB

BEIXOJI

U CUCTEM»

1. Oneparopnslii noaxoa k monaenupoanuto HJIC no cOOTHOIIEHUIO BXOJ-

2. O1ieHKY TOYHOCTH alllpOKCUMAIMU HelnuHeiHoro oneparopa HIC
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3. CrpykTypa HEWpOHA
4. Cxema 00pabOTKH CUTHAJIOB B KJIETOYHOM HEMPOHHOM CeTn

5. Cnou ANFIS-cetu. Otnuuue monenu Takaru-Cyreno ot moaenu Mamjanu-

3aze.

YTBEPXIAIO

3aBeayromuii kKadeapoit E.b. ConoBreBa

OO0pa3ubl 32124 (3aaHNI) 1)1 KOHTPOJIbHBIX (IIPOBEPOYHBIX) PadoT
[IpuMepHbIe TEMBI 3aJaHUH I KOJJIOKBHYMOB:

1. 306pa3uth u onucarpk 3 CTPYKTYpPBI U3 MPEACTABICHHOTO HA00pa MojIenei
H/IC: nonmnaom Bonbereppbl; MHOroMepHasi MOZIEIIb C PACIEINIEHHBIMU CUTHAJIAMU;
pPErpeCcCUOHHBIE MOAEIH; MOJEIN HEMPOHOB (ITEPCENTPOH, CATMOUIATIbHBI HEWPOH,
Hevipod tuna ADALINE, Ilane HeitpoH, kBagpaTuuHblid HeiipoH U Curma-IIu Hei-
poH, HeilpoH X»30a, croxacThyeckasi MOJIesIb HEMpoHa, HEHPOH THUIA «OOEAUTEND

3a0upaeT BCe»); MHOTOCIIOWHAs TIepCeNTPOHHAs CETb.

2. N300pa3uth u onucarb 3 cTpykrypsl Moaeneid H/IC u3 npencraBieHHOro
Habopa HEMPOHHBIX CETEW: MOJIHOCBA3HAS PEKYPPEHTHAs CETh; CE€Th JJIMaHa; CETh
JxopnaHa; peKyppeHTHAsi MHOTOCIJIOMHAS IIEPCENTPOHHASL CETh; PEKYPPEHTHAS CETh
B MPOCTPAHCTBE COCTOSHUMW; KJIETOYHAsA HEMPOHHAsS CETh; TPH JIOKAJIbHBIE PEKYP-
PEHTHBIE CETU C AMHAMUYECKUMHU HEMpoHaMU; OJIOUHO-OPUEHTUPOBAHHBIE HEUPOH-
Hble ceTu Thna ['ammepitelina, Bunepa, Bunepa—I ammepiireitna; paauanbHo-0a3ucHas
HEHpOHHAs CETh; BEUBIIET-HEUPOHHAsI CETh; (DYHKIIMOHAJIIBHO CBSI3aHHAs CETh; IO-
JIMHOMUAJIbHAS IIEPCENITPOHHAS CETh; KAHOHMYECKAS KyCOYHO-JIMHEWHAS CETh; afal-

THUBHAs CETh C CUCTEMOM HEYETKOTO BBIBOJA.
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Bech KOMIUIEKT KOHTPOJIbHO-U3MEPUTEIIHHBIX MaTePHaIOB IS TPOBEPKH CHOp-
MUPOBAHHOCTH KOMIMETEHIIMU (MHAMKATOpAa KOMIIETCHIIMN) Pa3MEIleH B 3aKPBITOM

YaCTH I10 aJIpecy, yKa3aHHOMY B II. 5.3
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6.3 I'paduk Tekyuero KOHTPOJIA yCIeBaAeMOCTH

Heneas Tembl 3aHATHH Buja konTpoOsst
1 [TonnHOMMATBHBIE MOJETN HEIMHEHWHBIX JTUHAMUYECKUX CH-
2 crem (HJIC)
3 [onstue neiiponnoii cetu (HC)
4 Mopenu HeiipoHa
MHorocnoiiHble HelpoHHbIE ceTH. Kiaccudukamus pekyp-
S PEHTHBIX CeTel
6
7
8 Komnoxsuym
9 PexyppeHTHBIE HEHPOHHBIE CETH
10 ANTOpUTM 0OPAaTHOTO PAaCcTIPOCTPAHEHUS OIIUOKH
11 CTpyKTypbl HEHPOHHBIX CETEH IS IOBEIEHUYECKOTO MOJIEIIUPO-
Banus HJC
12
13
14
15
16 KonnokBuym

6.4 MerToanka TeKyumero KOHTpoJs

TGKYIHI/Iﬁ KOHTPOJIb HAa JICKHMOHHBIX 3aHATHUAX BKIKOYACT B cels KOHTPOJIb

nocemniaeMoctu (He meHnee 80 % 3aHsTHIN).

Texyiinii KOHTPOJIb HA MPAKTUYECKUX 3aAHATUAX BKIIIOUAET B C€0sI KOHTPOJIb

noceraemoctu (He meHee 80 % 3aHaTHil).

Texyiiuii KOHTPOJIb Ha JIADOPATOPHBIX PadOTaX BKIIIOYAET B C€0s1 KOHTPOJIb
nocenraemoctu (He MmeHee 80 % 3aHATHIA), BEITIOTHEHUE 7 1a00PaTOPHBIX paboT U UX
3aIIUTY Ha 2 KOJUIOKBUYMaXx B CEMECTPE, IO PE3yIbTaTaM KOTOPBIX CTYACHT HOIy4aeT

AOITYCK Ha 9K3aMCH.

Ouenka “3a4Te€HO” CTaBUTCA, €CJIM OTBETHl Ha BOMPOCHI KOJUIOKBHYyMa Ipa-
BUJIbHBIE WJIM YaCTUYHO MPaBUJIbHBIE; OIICHKA “HE 3aUTE€HO CTABUTCS, €CIU OTBETHI

JIaHBI HE HA BCE WJIM HE JIaHbI HA BOIIPOCHI KOJIJIOKBUYMA.
CaMOCTOSAITeIbHOI padoThI CTYIEHTOB

Kontposnb camocToaTenbHOM paboThl CTYIEHTOB OCYIIECTBIISIETCS HA JEKIHU-
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OHHBIX, J'Ia60paTOpHBIX N IIPAKTUYCCKUX 3aHATHUAX CTYACHTOB IIO MCTOAUKAM, OIIH-

CAaHHBIM BBIIIC.
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7 Onncanue MHPOPMANMOHHBIX TEXHOJIOTHI M MATEPHUATILHO-TEXHUYECKOH 0a3bl

Tun 3angaTui

Tun nomenieHust

TpeOoBanus K
MOMeLeHHN IO

TpeGoBanus k
IMPOrpaMMHOMY
o0ecrneYeHuIo

Jlexuus

JlexunoHHas aymauTo-
pust

KonudecTBO  mMocagouHbIX
MECT — B COOTBETCTBHH C
KOHTUHTEHTOM,  pabouee
MECTO pernoaBaTels,
MapKepHasT WIX MeJoBas
JI0CKa

THUA

MECT — B COOTBETCTBHH C
KOHTHHTEHTOM,  pabouee
MECTO npernojaBarers,
MapKepHasi WJIA MeJoBast
JI0CKa

JlaGopatopusie pabo- | JlabopaTtopus KomnuectBo mocamounsix | 1) Windows XP

TBI MECT — B COOTBETCTBHH C | W BBIIIIC;
KOHTHHTEHTOM,  pabouee | 2) Microsoft
MECTO npenogasarens, | Office 2007 wu
MapKepHasi WIH MeJIoBas | BBIIIE
JIOCKa. 3) MATLAB
Ayautopus OCHaIIICHA
KOMITBIOTEPHON TEXHUKOU.

[MpakTrueckue 3aHs- | AyauTopus KonmmdecTBOo 1m0CaiouHBIX

CamocrosTensHas pa-
oora

[Tomemenne s ca-
MOCTOSITENILHOU pabo-
Ta

OcHanieHo KOMIIbIOTEpHOM
TEXHUKOH C BO3MOXKHOCTBIO
MMOJKIIOUEHUS K ceTu «MH-
TepHET» U O00ecIeueHueM
JocTyna B JJIEKTPOH-
HYO HH(OPMAITIOHHO-
o0pa3zoBarebHyI0  Cpeay
YHUBEPCUTETA.

1) Windows XP
1 BBIIIIC;

2) Microsoft
Office 2007 wu
BBIIIIE
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8 AnanTanus pado4yei nporpammsl A Jul ¢ OB3

AnantupoBaHHas MporpaMma pa3padarbiBaeTcsl MPH HATMYUU 3asSBICHUS CO
CTOpPOHBI 00yUarOIIeTrocs (PoaUTENCH, 3aKOHHBIX MPEICTABUTENICH ) U MEAUITTHCKIX
MOKa3aHUK (PEKOMEHIAIIUSIMHU TICUX0JI0TO-MEIUKO-TIEAarOrnueCKOM KoMuccum ). J{is
WHBAJIMOB aJalTUpOBaHHAsl 00pa3oBaTeibHAs MporpamMMa pa3padarbiBacTCs B COOT-

BETCTBUU C MHAUBUYyIbHONU MPOTpaMMON peabuInuTaIUH.
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JUCT PETUCTPAIIMM U3MEHEHUI

Ne
n/n

Jlara

HN3MmeHeHnue

JaTra u HoOMep NPOTOKOJIa
3acexanus Y MK

ABTOp

HavaapHuk
OMOIJIA
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