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1 eyt 0CBOEHUSI AUCHUILITAHBI (MOTYJI51)

[enssMu  OCBOCHUS JUCHMILIUHBI «MOJICTUPOBAHKE B 3JICKTPONPHUBOJICY SABJSCTCS
oOyue-Hue Oynymux 0akaJaBpoOB 3HAHUSAM CYIIECTBYIONINX METOJIOB aHAJIOTOBOTO M IU(POBOTO
MO-JICTUPOBAHMSI  COBPEMEHHOI'O  DJIEKTPOIPUBOJAA, OTPa0OTKA HABBIKOB  MPUMCHCHHUSI
CYIIECTBYIO-IIIUX MPOrpaMM MOJICIIUPOBAHUS PaOOThl AJIEKTPOIPHUBOIOB, NPUOOPETECHHUE
MPAKTUYECKOIO OTIbITA aHAIN3a PA0OTHI COBPEMEHHBIX 3JICKTPOIIPHUBOJIOB.

3aaun TUCIUILIMHBI — YCBOCHHE CTYCHTAMHU:

- QJITOPUTMOB YHCJCHHBIX METOJIOB HHTETPUPOBAHMS TUHEHHBIX ¥ HEJTMHEHHBIX CUC-TEM
mddepeHInaTbHBIX YPaBHCHU;

- IPUHIUIIOB CTPYKTYPHOT'O MOJICTMPOBAHUS JJIEMEHTOB 3JICKTPONIPHBO/IA;

- METOJIOB aHAJIOTOBOTO M IIU(POBOTO MOJICTUPOBAHHS COBPEMEHHOTO AJICKTPOIIPUBOIA.

2 MecTo THCHMIIIMHBI (MOYJIs1) B CTPYKTYpe 00pa3oBaTe/IbHOI MPOrpaMmsbl

Juctumimaa MojaenupoBaHue B 3JEKTPONPHUBOJAC BXOAWT B O00S3aTEIBYI0 4YacTh
y4eOHOTO TIIaHa 00pa30BaTEIHLHON MPOTPAMMBI.

JUis ~ W3ydeHWus  JUCHUIUIMHBI  HEOOXOJAMMBI  3HaHWS  (YMEHHWsS,  BJIAJICHUS),
c(OpMHPOBAHHBIC B Pe3yJIbTATE U3YUCHHSI TUCIIUILTAH/ IPAKTHK:

MaremaTuka

3HaHus (YMEHHUS, BJIQJICHHS), TOJTYYCHHbBIC TIPH M3yYCHHUH JAHHOUW JUCIUTLINHBI OYyTyT
HEOOXOTUMBI JJTs1 H3YICHHSI JUCIIHILTAH/TTPAKTHK:

CucTeMBbl yIIpaBJICHHS JIEKTPOIIPHUBOIOB

3 Komnerenuuu odyuyamwierocsi, opMupyembie B pe3yJibTaTe 0CBOCHUS

AMCUUIJIMHBI (MOLYJISA) M IIJIAHUPYeEMbIe pe3yJbTaThl 00yUeHUus

B pe3ynbpTaTe ocBOeHuUs AUCUMITIMHBI (MOIyms) «MoaenrpoBaHUE B 3JIEKTPOIPUBOIE)
oOyuarouuiics JoKeH 001a1aTh CAeAYIOIMMI KOMIETECHITUSIMHU:

Ko nanukartopa NHaukaTop J0CTHKEHUS KOMIICTCHITUN

OIIK-4 CniocoGeH MCIoIb30BaTh METO/IbI aHAIM3a U MOJCIIMPOBAHUS JEKTPUUCCKUX IETIeH U
DJIEKTPUYECKHX MAIIIMH

OIIK-4.1 CrocoOeH oIeHMBATh IMapaMeTpbl HOPMaJbHBIX W aBAPUUHBIX PEKUMOB
ANEKTPUYECKUX LIeTed W MallMH C HUCIOJIb30BAaHHMEM METOJIOB aHalu3a U
MOICTTUPOBaHUS

OIIK-4.2 Pa3zpabatbiBaeT MeponpusaTHs MO YIYYIICHHIO I[OKa3aTeleill KauecTBa

pa6OTLI QJICKTPHUYCCKUX ueneﬁ 1 MallInH




4. CTpyKTypa, 00b€M U coep:KaHue TMCHUIIJIMHBI (MOYJIs1)
OO0mast TpyI0eMKOCTh AMCIUILTUHBI COCTaBlsieT 3 3a4eTHhIX eaunuil 108 akaja. dacoB, B TOM
qucie:
— KOHTaKTHas paborta — 73,9 akaj. 4acoB:
— ayIUTOpHAs — /2 aKaj. 9acoB;
— BHeayauTopHas — 1,9 akaj. 9acos;
— camocTosTenbHas padbota — 34,1 akaJ. 4acos;
— B (popme npaxTrueckoii moaroroBku — 0 akaz. yac;

dopma aTTecTaluy - 3a4eT

AynuropHast 3w
o | xoHTaKTHAsZ pabora E E dopma TeKyILEero
=
Paszen/ Tema § (B akan. yacax) E > Bun 3 KOHTPOJIA Ko
N — g g | CaMOCTOATENLHOM | YCMEBACMOCTH |\ oo v
A 3 2 &5 paboThI MPOMEKYTOTHON
Tex. nab. | mpakr. ERe aTTeCTALH
3aH. 3aH. | QO &
1. Pazpen 1.
Tpopaborka Boinonnenue
pbop MPAKTUIECKOTO
1.1 Hasnauenue, MeTOIbl U KOHCIIEKTa saAHWS 110
[IPUHLHUNBL  aHAJIOTOBOTO 2 2 4 | nexumi, u3y4eHue mﬂ CHIIO OIIK-4.1
MOJIETTUPOBaHUS MpOrpaMMHON npor}:aMMHoﬁ
cpenbl Matiab cpeitbl Maiat
1.2 MonenupoBanue IpopaGoria .
HEJTMHEHHBIX 6710K0B KOHCIICKTA JCKIHH AKP Ne 1
4 4 4 U y4eOHOTO - OIlK-4.1
TEOpUH  AaBTOMATHYECKOTO (TecTupoBaHnmue)
erynuposanus (TAY) nocodus [1,2] mo
pery TeMaTHKe
1.3 MonenupoBanue Ipopadorxa .
CTPYKTYPHBIX ~ CXEM  Ha KOHCITCITa JICKLHH AKP Ne 2
Py 8 | 8p2u 6 1 yaeB6HOTO ° OITK-4.1
OBM B cpene MatlLab (TecTupoBaHme)
Simulink nocobwust [1,2] mo
TEeMaTHKe
5
1.4 OcobeHHocT KOHI_C[E:E?S?]:;HIZ
IPOTPANMIOTo 8 | 1031 8 | uyucBHOrO (TGCATI;POJ:Z :He) OIK-4.1
MI(‘E)YEI;IIZP oBaHus Ha DBM nocodus [1,2] o b
prennp TeMaTHKe
1.5 MonenupoBanue ITpopaboTka
OCHOBHBIX JJIEMEHTOB KOHCIIEKTA JIEKIH
crcrem 10 | 1271 10 | uyueSroro AKP Ne 4 OIK-4.1
(TecTupoBaHue)
aBTOMATHU3HPOBAHHOT O nocobwust [1,2] mo
AJIEKTPOIPHBOJIA TEeMaTHKe
1.6 TepcrieKTUBBI pa3BUTHS KOnggggig?Iziinﬁ
anmapaTHBIX u AKP Ne 5
HporgaMMHI;IX CpezcTB 4 2.1 HO?O%EI?[HIOZ) o (TectupoBanue) OlK-4.2
9BM pma CATIP TEeMaTHKe
Uroro no pazneny 36 [36/121 34,1




Hroro 3a cemectp

36

36/121

34,1

3a4eT

Hroro o JUCHUITIINHE

36

36/121

34,1

3a4€T




5 O0pa3oBaTte/ibHbIE TEXHOJIOTHH

Jns  peanuzauuM  NPEAYCMOTPEHHBIX BUIOB  y4eOHOUW pabOThI B  KadecTBe
0o0pa3oBaTeNbHBIX TEXHOJOTMA B  TNPENOJaBaHWM  JUCHUIUIMHBL  «MOJETMpoBaHHE B
JIEKTPOIPUBOJIE» UCIIONB3YIOTCS TPAAULIMOHHASA U MOYJIbHO - KOMIIETEHTHOCTHAS TEXHOJIOT M.

[lepenaua HEOOXOAMMBIX TEOPETUYECKMX 3HAHMM U (OPMHUPOBAHHE OCHOBHBIX
IpeICTaBIeHUH 10 Kypcy «MoaerpoBaHue B 3JIEKTPONIPUBO/IE» IPOUCXOUT C UCTIOIb30BAaHUEM
MYJIbTUMEIUITHOTO 000PYI0BAHHS.

Jlexkuuu TNpoOXoAAT B TPAaAMLMOHHOW ¢opme, B (opMe JEeKIUI-KOHCYIbTaluil U
npoOmemMHbIX Jekiui. Teoperwmueckuii MaTepuad Ha MPOOJEMHBIX JIEKIHUSAX —SBISETCS
pe3yabTaTOM YCBOCHHS TOJYYEHHOW HH(POPMAIMH TOCPEACTBOM ITOCTAaHOBKH IMPOOIEMHOTO
BOIIpOCa U TMOWCKa IyTed ero pemieHusa. Ha JNeKuusXx — KOHCYNbTAlUAX H3JI0KEHHE HOBOTO
MaTepuaja COMpPOBOXK/AAETCS OCTAHOBKOM BOIPOCOB U AMCKYCCHEH B MOMCKAaX OTBETOB HA 3TU
BOIIPOCHI.

[Ipu npoBeeHnN MPAKTUIECKUX 3aHITUH UCTIONB3YIOTCS paboTa B KOMaH e U MeTo bl I T.

CamocTrosTenbHas paboTa CTUMYJIUPYET CTYACHTOB B IPOLECCE MOATOTOBKH JOMAITHUX
3aJlaHul, MPU PEIIeHUHU 3a7ad Ha JJabOpaTOPHBIX 3aHATHUSX, MPU MOATOTOBKE K KOHTPOJBHBIM
paboTtam (TecTam) ¥ HITOTOBOM aTTECTAIUH.

6 YueOHO-MeTOIHYECKOE 00eciedeHe CAMOCTOSITeIbHOI padoThl 00yYaOIIUXCS
[IpencrasneHo B mpuiioxeHnu 1.

7 OueHOYHBbIE CPeACTBA 1/ MPOBeAeHU POMEKYTOUYHOMH aTTeCTAlMH
[IpencraBieHsl B IPUIOKEHUH 2.

8 YueOHo-MeTOoIUYecKOe M HHPOPMAIMOHHOE 00ecnieyeHHe AU CIUTIHHBI (MOYJIs1)

a) OcHoBHas1 IMTEpPaTypa:

1. ®ypcos, B.b. MoaenupoBanue 351eKTponpuBoa ;. yueonoe nmocobue / B.b. dypcos. —
2-¢ w3 ., ucnp. u gon. — Cankr-IletepOypr : Jlans, 2019. — 220 ¢. — ISBN 978-5-8114-3566-1.
— Teker : onekrponusiii // Jlaup : 31eKTpoHHO-OMOAHOTEYHast cucrema. — URL:
https://e.lanbook.com/book/121467

2.Anmnaros, FO. H. Matematndyeckoe MOJEIMPOBAHUE MPOU3BOJACTBEHHBIX MPOIIECCOB :
yueonoe nocodue / 10. H. Annaros. — 2-e u3z., ucnp. — Cankr-IlerepOypr : Jlans, 2018. — 136
c. — ISBN 978-5-8114-3052-9. — TekcT : anekTpoHHbIi // JIaHb : 3J1eKTPOHHO-OHOIHOTEYHAS
cucrema. — URL.: https://e.lanbook.com/book/107271 (nara oopamenus: 19.09.2020). — Pexum
JOCTYIIA: 7Sl aBTOPU3. MOJIb30BATENCH.

0) JlonoJiHUTEIbHAS JIUTEPATYpA:

1. JlunbkoB, C. A. MonenupoBaHue B 3JIEKTponpuBoje . yuebHoe mocobdue / C. A.
JlunbkoB, A. A. Paguonos ; MI'TY. - Marnaurtoropck, 2010. - 83 c. : wi., cxemsl, Taba. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=302.pdf&show=dcatalogues/1/10680
59/302.pdf&view=true (nara oopamenus: 14.05.2020). - MakpooObeKT. - TEKCT : AIEeKTPOHHBIH. -
Nmeercs neyaTHbIN aHAJIOT.

2. T'ony6esa, H. B. MaremaTnueckoe MOJETUPOBAaHUE CUCTEM M MPOLIECCOB : yueOHOE
nocobue / H. B. TonybeBa. — 2-¢ u3n., crep. — Cankr-IlerepOypr : Jlanb, 2016. — 192 ¢. —
ISBN 978-5-8114-1424-6. — Tekct : aekTpoHHbId // JlaHb @ 3MeKTPOHHO-OHOIHOTEYHAS
cucrema. — URL: https://e.lanbook.com/book/76825 (nara oopamenus: 19.09.2020). — Pexum
JOCTyHa: JJIsl aBTOPHU3. TT0JIb30BaTENEH.

3. 3aronckmii, A. B. MozaenupoBanne oObekToB ympasieHus B MatLab : yueOHOe
nocobue / A. B. 3aronckwuii, JI. I'. Tyramosa. — Cankr-IlerepOypr : Jlans, 2019. — 144 c.



— ISBN 978-5-8114-3270-7. — Tekcr : anekTpoHHbI // JlaHb : 3JeKTpOHHO-OMOIMOTEYHAs
cucrema. — URL.: https://e.lanbook.com/book/111915 (nara o6pamenus: 19.09.2020). — Pexum
JOCTYIIA: JUIsl aBTOPH3. TI0JIb30BATEIICH.

B) MeToauyeckne yKazaHus:
1. JlunwskoB, C. A. MoaenupoBanue B D3JICKTPONPUBOJE. YUEOHO-METOAUYECKHE
ykazanwus K j/p 1-6. URL: https:// https://newlms.magtu.ru/course/view.php?id=71863.

r) [Iporpammuoe ob6ecneuenue u UHTepHeT-pecypceb:

ITIporpammHoe oGecrieyenne

HaumenoBanue [10 [Ne moroBopa Cpok nieficTBUS JINIICH3UN

MS Office 2007 |y, 135 o1 17.09.2007 GeccpouHo
Professional

MathWorks MatLab

v.2014 Classroom  |K-89-14 ot 08.12.2014 0eccpouHO
License
MathCAD v.15
Editinn
MS Office Visio Prof

-1227-1 .10.201 11.10.2021
2013(mmnst kaccoB) A 8 or 08.10-2018 0.20
MS Windows 7
Professional(wist J-1227-18 o1 08.10.2018 11.10.2021
voaccop)
7Zip cBoOoHO pacnpocTparsemoe [10  |6eccpourHo
FAR Manager cB000THO pacnpoctparsemoe [10  |6eccpouno

IIpodeccuonanbHblie 6a3bl JAHHBIX 1 MH(OPMALIMOHHBIE CIIPABOYHbIE CHCTEMbI

Hassanue xypca CchpUIKa
DneKkTpoHHas 0a3a MepuoMIECKUX U3TaHUM

EastViewlnformationServices. OO0 «MIBUC»

https://dlib.eastview.com/

WNudopmanmonnas cucrema - Ennnoe okHO URL: http://window.edu.ru/

JIOCTVIIA K UHOODMAITMOHHEIM DECVDCAM

HanmonanpHas

uHpopMalMOHHO-aHanMTHIeCKas cuctema —  [URL: https:/elibrary.ru/project_risc.asp

Pocculickuii MHIEKC HaAyYHOTO LIUTUPOBAHUS

ITouckoBas cucrema Akagemus Google

(GooaleScholar)
OnexkTpoHHbIe pecypcebl ondmoTex MI'TY nm.

1. HocoBa
YHuBepcurerckas nHpopMaloHHas cucreMa

POCCHA
MexayHapoiHas HAyKOMETpHUYECKast
pedepartuBHas U MOJHOTEKCTOBast Oa3a naHHbIX [http://webofscience.com

URL.: https://scholar.google.ru/

http://magtu.ru:8085/marcweb2/Default.asp

https://uisrussia.msu.ru

Hay4HbIX u3aanui «\Webofscience»

MexayHapoaHas pedepaTuBHas U
TIOJTHOTEKCTOBAsI CIIpaBOYHAs 0a3a TaHHBIX http://scopus.com

Hay4YHBIX U3TaHUA «SCOPUS»




9. MaTepl/IaJILHO-TeXHI/I‘leCKOC odecrneuyeHue AUCIUIIINHBI
B kauectBe MaTCpHUaJIbHO-TCXHUYCCKOTO oOecrieueHust AUCHUIIIMHBI UCIIOJIB3YHOTCA:

Tun u Ha3zBaHUE ayJUTOPUH OcHalenue ayuTopun

VY4ebHble ayTUTOPUH IS .
. MYJIbTUMEIMIHBIC CPEIICTBA XPAHCHHS,
MPOBEICHUS 3aHITHI JICKIIMOHHOTO
. nepenavyd | npeacTaBlieHHus HHQOpMaLUK
THIT

VYueOHas ayquTopus s komnbroTepsl Syntex mod-1+ LCD LG TFT19;
MIPOBEICHUS TAOOPATOPHBIX 3aHATHH: | 1abopaTtopHbIi cren Nel;

nabopaTopusi aBTOMATH3UPOBAHHOTO | JIAOOpaTOPHBIM cTeH T Ne2;

3IIEKTPOIIPUBOJIA IOCTOSTHHOTO U crenn HIDTI-TTY «MccnenoBanue
MIEPEMEHHOT0 TOKa 3JIEKTPOIPUBOJIOB ITOCTOSIHHOTO TOKa»

VY4eOHble ayJTUTOPUH U1 TPYIIIOBBIX
Y VHJIMBHIYAJIbHBIX KOHCYJIbTALlAM, .

Jlocka, MynbpTUMEINUHBINA TPOEKTOP, IKPaH
TEKYIIEro KOHTPOJIS U

MPOMEKYTOYHOM aTTECTalNKN

[Tepconanbubie KomnbioTeps! ¢ [10 u3 m. 8(r),

VY4eOHbIe ayTUTOPUH IJIS BBIXOJIOM B IHTEpHET U C AOCTYNIOM B
CaMOCTOSTEIBHOIU PabOTHI AIIEKTPOHHYIO
00yJaronuxcst nH(pOpPMaIMOHHO-00pa30BaATEIBHYIO CPEy

YHHUBEpPCUTETA




IIpuaoxenue 1.
Y4eOHO-MeTOoANYECKOE 0O0ecTeYeHHe CAMOCTONATEILHOM padoThl 00yYarommxcest

IIpuMepHBIe BONPOCHI K KOHTPOJIbHBIM padoTaM:

1. Kakue cymectByroT Mmetoasl MmoaenupoBanus CAP snekrpornpuBoaa?

2. KakoBbl M€TO/1bl ¥ IPUHIIMIIBI AHAJIOTOBOI'O MOJIEIUPOBAHUS?

3. KakoBbI METOBI ¥ IPUHIUITBI HH(HPOBOTO MOACIUPOBAHUS?

4. KakoBbI 0COOCHHOCTH CTPYKTYPHOT'O METOa MOJCTUPOBAHUS?

5. KakoBbl cBOMCTBa HEAILHOTO ONIEPALIMOHHOTO yeunuTelna? Ero ocHOBHbIE XapaKTEPUCTUKH.
6. [lepeuncnure OCHOBHbIE CBOMCTBA TUIOBBIX JIMHEWHBIX 3BEHHEB CUCTEM aBTOMAaTHYECKOTO
peryinupoBaHusl.

7. Ilo kakoMy IIPUHIINITY peaInu3yeTcs HEIMHEWHOE 3BEHO B POTPAMME CTPYKTYpPHOTO
MOJEIUPOBaHUs?

8. [losicHUTE METOIUKY COCTABJIEHUS U IPEOOPA30BaHUS CTPYKTYPHBIX CUCTEM.

9. 1511 yero Hy»KeH 3a/laTYMK UHTEHCUBHOCTH (311) M U3 KaKUX TUIIOBBIX 3B€HHEB OH COCTOUT?
10. Paccuuraiite mapametpsl 31 anst yckopeHus (criafaHusi) BIXOJAHOTO CUTHAJIA C IPaHUYHBIM
temmiom 10 B/c.

11. Kak peasim3oBaTh IpoOrpaMMHO YCTPOUCTBO Tt GOopCcUpOBKH e Bo30yxaeHus (YDB).
12. KakuM TUTIOBBIM 3B€HOM MO>KHO MPEACTABUTH HIEKTPUUECKYIO IIENTb 0OMOTKHU BO30YKI€HUs
JIBUTATEJsl TOCTOSTHHOTO ToKa? Kak paccuuTarh mapameTpsl 3BeHa?

13. Hapucyiite CTpyKTypHYIO CXeMY MU BO30YXKIEHUS JEKTPUICCKON MAITUHBI IIOCTOSTHHOTO
TOKa C Y4€TOM HaCBIIICHHUSL.

14. Kak peain30BaTh KpUBYIO HAMarHMYMBAHMS ABUTATENS MOCTOSHHOTO TOKA B Cpelie
MatLabSimulink?

15. CTpykTypHas cxeMa JBUTATENs IOCTOSTHHOTO ToKa He3aBucuMoro Bo30Oyxkaenus (AI1T ¢ HB)
npu kOH=const. Pacuet mapameTrpoB cTpykTypHoii cxemsl JIIIT ¢ HB, peanu3zanus B cpeae
MatLabSimulink.

16. Kak peayin3oBaTh akTUBHYIO U peakTUBHYIO ctatndeckue Harpysku juist 11T ¢ HB B cpene
cTpykTypHOTO MoaeaupoBanus MatLabSimulink?

17. Crpykrypnas cxema JAIIT ¢ HB npu aByx30HHOM peryaupoBaHuu ckopoctu. Pacuer
mapaMeTpOB CTPYKTYPHOM cXeMbl, peanu3aius B cpeae MatLabSimulink.

18. Kak BbIBECTH BpeMEHHbBIE JUarpaMmbl TpeOyeMbIX KOOPIUHAT JIEKTPOIPUBOA Ha SKpPaH
monuTopa B cpene MatLabSimulink?

19. Kakum o6paszom B cpene MatLabSimulink Beibupaercs mar u mero cuera?



Ipuinoxenue 2.

OneHo4Hble CpeacTea Jisi TEKyYIIEro KOHTPOJIA yCII€eBaeMOCTH, l'lpOMe)KyTO‘lHOﬁ aTTECTAllMM 110 UTOTraM OCBOCHUSA TUCHUIIJIHUHBI

a) HJIaHI/IpyeMLIe Pe3yJdbTaThbl Oﬁy‘-lel-[l/lﬂ H OIICHOYHBIC CPEACTBA IJIA IPOBECACHUSA HpOMe)KyTO‘lHOﬁ aTreCralmum:

Kox unaukaropa

I/IH}II/IKaTop JOCTHKCHHUH KOMIICTCHIIUN

OneHo4yHbIe cpeacrea

OIIK-4: Cnoco6eH KcIoJib30BaTh METO bl aHAIM3a U MOJIEJIMPOBAHNUS AIEKTPUUECKUX LENeH U 3JIeKTPUYECKUX MaIIUH

OIlK-4.1

CriocoOeH o1ieHnBaTh apamMeTpbl HOPMaIbHBIX U
ABAPHUITHBIX PEKUMOB AJIEKTPUUECKUX LIENEN U
MAIIIMH C UCMOJb30BaHUEM METOJIOB aHaIu3a 1
MOJICJTUPOBAHUS

IIpumepnvie sonpocsl k 3auume 1a60pamopHuIX pabom.:

1. Kakue cymectByroT MeTo bl MoaenupoBanus CAP snekrponpuBoga?

2. KakoBbI METOIbI M IPUHITUIIBI AHAJIOTOBOTO MOACITUPOBAHUS?

3. KakoBbl METOIbI M IPUHIUIIBI U(POBOTO MOIECTUPOBAHUS?

4. KakoBbI 0COOCHHOCTH CTPYKTYPHOTO METO/1a MOJACITUPOBAHUS?

5. KakoBbI CBOMCTBA HUJICATBHOTO ONIEPAIIMOHHOTO ycuauTensi? Ero ocHOBHBIE
XapaKTEPUCTHUKHU.

6. [lepeuncnure OCHOBHBIE CBOMCTBA TUIIOBBIX JIMHEHMHBIX 3BEHBEB CUCTEM
ABTOMAaTHUYECKOIO PEryJIMpOBaHUsI.

7. Ilo kakOMy IPUHUUITY pEATU3yEeTCsl HEJTMHEHHOE 3BEHO B ITpOrpamme
CTPYKTYPHOTO MOJEIHPOBAHUSA?

Ipumepvl mecmosozo 3a0anus 0151 KOHMPOALHOU paboOmMul.

1. JIBurarenb HE3aBUCUMOTO BO30YXICHHS pab0TaeT B HOMUHAJIBHOM PEKUME.
Kak usmensitcs Tok sxops Is1, ckopocts apuratenst WiB U 31€KTpOMarHUTHBIH
MOMEHT JiBUTarens MB, ecinu HanpsbkeHrne Ha 0OMoTke Bo30yxkaenust Uos
YBEJIMYWIHN B 2 pa3a?

a) [IpakTuuecku He U3MEHSATCA

0) YBenuuarcs B 2 paza

B) YMeHsbIatTcs B 2 pasza

r) layBenuuutcs B 2 paza WaB u MIB He H3MEHSITCS

n) |s ymenbmutes B 2 paza WaB 1 MIB He H3MEHSTCS
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2. JIBurarenb HE3aBUCUMOTO BO30YXKIEHHS pab0TaeT B HOMHUHAJIBHOM PEKUME
(Touka A, cM. puc.). Kak uzmenstcs Tok sikops Is1, ckopocts nuratenst WiB u
AJIEKTPOMArHUTHBIM MOMEHT JiBUTaTeNss MB, €ciu HalpsiKeHne Ha OOMOTKe
B030yxaeHus UOB yMEHbIIWIH B 2 paza?

a) s, WnB yBenmuuarcs, MaB ocTaHeTCss HEU3MEHHBIM

06) WnB yBenmuuutcs, MaB u Is octanyTCsl HEU3MEHHBIMU

B) |st ymensimutces, WaB yBenuuutcs, MAB ocTaHeTcsl HEU3MEHHBIM

r) I, WaB 1 M1B ocTanyTcs HEU3MEHHBIMU

[Ipumep Bomrpoca KOHTPOJIBLHON PabOTHI:

16) B xakoit MOMEHT BpeMeHH TTpou30IIe] Habpoc Harpy3Ku?

B xakoif MOMEHT BpeMEHHU MTPOU30IIIeIT COpOC HArpy3Ku?
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OIIK-4.2

Pa3pabarbiBaeT MEpONPUSTHS MO YIYUIICHUIO
MoKa3aTese KadyecTBa pabOThI AJICKTPUICCKUX
eren U MaluH

IIpumepnvie onpocul K 3auume npaxmuieckux pabom:

1. ITosicHUTEe METOAMKY COCTABICHHS U IPE0OPa30BaHUs CTPYKTYPHBIX CHCTEM.
2. JIns 4ero Hy»KeH 3a1aT4uK HHTEeHCUBHOCTH (31) U U3 KaKMX THUIIOBBIX 3BEHbEB
OH COCTOHUT?

3. Paccuuraiite napamerpsl 31 1 yckopeHus (CriajaHus) BBIXOJAHOTO CUTHAIA C
rpanudHbM Temnom 10 B/c.

4. Kak peann3oBaTh IpOrpaMMHO YCTPONCTBO AJ1s1 POPCUPOBKH LEMH
B0o30yxaeHus (YOB).

5. KakuM THUIIOBBIM 3B€HOM MOXHO MPEACTaBUTH AIEKTPUUYECKYIO IIEb 0OMOTKH
BO30Y)XJICHMS ABUraTelNs MOCTOSHHOTO Toka? Kak paccunTaTh mapaMmeTpsl 3BeHa?
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6. Hapucyiite cTpyKTypHYIO CXE€MY IIeNU BO3OYKICHUSI SJIEKTPUUECKON MAITUHBI
MIOCTOSTHHOTO TOKA C Y4€TOM HACBIIICHUSI.

[Tpumep Bompoca KOHTPOIBHON pabOTHI:

B kakoMm pexumMe aBuraTens paboTaeT B MOMEHT BpeMeHH 167

a) JIBurarenbHbIN

0) PexynepatuBHOE TOPMOKEHHE

B) /lunamuyeckoe TOpMOKEHHE

r) [IpoTHBOBKITIOUEHUE
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Ilpumepnvie sonpocwl K 3awume 1a60pamopHvIX pabom:

1. Kak peanu3oBaTh KpUBYKO HAMarHWYMBAHUS JIBUTaTEIIs IOCTOSHHOTO TOKA B
cpene MatLabSimulink?

2. CTpyKTypHas cXema JIBUraTells IOCTOSHHOTO TOKa HE3aBUCUMOTO
B030yxaenus (AT ¢ HB) npu k®u=const. Pacuer mapameTpoB CTpyKTYypHOI
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cxembl JAIIT ¢ HB, peanuzanus B cpene MatLabSimulink.

3. Kak peanu3oBarh akTUBHYIO U peaKTUBHYIO cTatnuyeckue Harpy3ku uist AT ¢
HB B cpene ctpykrypHoro moaenupoBanus MatLabSimulink?

4. Ctpyxrypnas cxema JIIT ¢ HB nmpu 1ByX30HHOM peryiupoBaHUU CKOPOCTH.
Pacuer mapameTpoB CTpYKTYpHO# cxeMbl, peanu3aius B cpeae MatLabSimulink.
5. Kak BbIBECTH BpEeMEHHbBIE THarpaMMbl TPEOYEeMbIX KOOPAWHAT JIEKTPOTIPHBOIA
Ha 9KpaH MoHHTOpa B cpene MatLabSimulink?

6. Kakum o6pasom B cpeae MatLabSimulink Beroupaercs trar u meTo cyera?




0) Ilopsiaok npoBeieHUsI MPOMEKYTOYHOM aTTECTALMH, TOKA3aTeJ I M KPUTEPUH
OLlCHMBAHUS:

W3yuenne yueOHOM TUCHUILIMHBI «MoAeIMpoBaHue B 3JIEKTPOIIPUBOIES» JUTUTCS 1 cemecTp,
3aBEPLIACTCS 3a4E€TOM.
[IpomexyTouHas aTTecTalys 1o JUCUUIUIMHE «MOJeIupoBaHNE B JIEKTPOIIPUBO/IE» BKIFOYAET
TEOPETUYECKUE BOIIPOCHI, IO3BOJISIFOIINE OLIEHUTh YPOBEHb YCBOEHUS 00YJarOIIMMUCS 3HAHUM, U
MPAKTUYECKHE 3aIaHus, BBISBISIONINE CTENIEHh CHOPMUPOBAHHOCTHA YMEHHH U BIIaJICHUH,
MPOBOIMTCS B popMe 3adera.
[loka3zarenu u KpuTEepUH aTTECTALUU (3a4ET):
OOyuaromuiics Moy4aeT OTMETKY «3aUTEHO» IPU YCIOBUU BBIIIOJIHEHUS U 3aLIUTHI BCEX
MIPEyCMOTPEHHBIX JJA0OPATOPHBIX pabOT HA OLIEHKY HE HUKE «YI0BJIETBOPUTEIHHO.



IIpunoxenue 3. Meroanueckne yKasaHusi
BBenenune

HccenenoBanue CBOMCTB 3JIEMEHTOB aBTOMAaTU3UPOBAHHOTO JIEKTPOIIPUBOAA C IIOMOIIBIO
METOJIOB ITU(POBOTO MOJCITUPOBAHHUS SBIISETCS COBEPIIEHHO HEOOXOMMBIM 3TArloM IpU
pa3paboTKe U MPOCKTUPOBAHUH.

B naHHBIX METOOMUECKUX YKa3aHUSIX JA€TCs IPOrpaMmMa MPOBEICHNUs, LENU U 3aauu
UCCIIEI0BaHU Ha IU(PPOBOI MOENH Ul KaXKIOTO PACCMaTPUBAEMOr0 3JIEMEHTA
anekTponpuBoa. [y Kax0ro ucciaeryeMoro o0beKTa IpeIycCMOTPEHbI 10 12 BapuaHTOB
IapaMeTpoB.

[enbto mpoBeeHNsI TaHHBIX JIAOOPATOPHBIX 3aHATHH sIBiIsieTCa 0OydeHue OyayImux
CHEIHAIMCTOB 3HAHUSIM CYILECTBYIOIINX METOJIOB aHAJIOTOBOTO U IM(POBOr0 MOAECTUPOBAHUS
COBPEMEHHOTO 3JIEKTPOIPHUBO/JIa, OTPAaOOTKA HABBIKOB MPUMEHEHHUS CYLIECTBYIOIIUX MPOTPaMM
MOJENUPOBaHUs PabOTHI JIEKTPONIPUBOIOB, MPUOOPETEHNE TPAKTUUECKOTO OTbITA AaHATN3a
paboThl COBPEMEHHBIX AJIEKTPONPUBOIOB.

B pe3ynbraTe u3yueHus AUCUUILUIMHBI CTYIAEHTHI JODKHBI YMETh IPUMEHSTH ClIeIUaIbHbIE
IIpOorpaMMHBIE cpencTBa s pemeHnst Ha OBM n ABM 3agad npoekTHpOBaHUs CHCTEM
yIpaBiIeHUS! COBPEMEHHBIMU AIEKTponpruBoAaMU. CTyIEHTHI JOJDKHBI TakK K€ MOJIy4YUTh
MIpe/ICTaBJICHHUE O MEPCIIEKTUBAX PAa3BUTHSI allllapaTHBIX U MPOrPaMMHBIX CHEIIMABHBIX CPEACTB
OBM B pemennun BonpocoB CAIIP, npu npoeKTUPOBaHUU CHCTEM YIIPABJICHHS] COBPEMEHHBIM
AIIEKTPOTPUBOJIOM U aHAJIN3€E PEXKUMOB PAOOTHI COBPEMEHHBIX 3JIEKTPOIPUBOIOB.

JlaGoparopHasi padora Ne 1

HUccaenoBanue cCBOMCTB THIOBLIX JHHEIHHBIX 3BeHLEB
CHCTEM aBTOMATHYECKOT0 PeryJTHpPOBaAHUS

B nannoi#t pabote 10/DKHBI OBITh TOTYYEeHbI KPUBBIC IIEPEXOTHBIX MPOIieccoB Ha Bhixoaax Uppix(t)
CJIETYIOIIHX 3BEHBEB:
a) UHTErPUPYIOIIETO C MepeaaTouHol pyHKInen

1
T .
Wi(p)= "1 P,
0) MHEPLMOHHOTO MJIU allEPUOANYECKOTO ¢ MIEPEIATOUHOM QYyHKIMEH
K

WZ(p): Tz’p+1.

B) IPONOPLUOHAIBHO—MHTETPUPYIOLIETO C NepeaTouHoN pyHKunen

T3 p+1
Wia(p) = T p
I) peasgbHO AU EepeHIUPYIOLIETO C epeaTouHoN GyHKIMEen
T,-p

Wa(p) = T2-p+1_

[TapameTpsl 3BeHbeB puBeCHbI B Tabd. 1.1.



Tabauua 1.1

Nemap. |1 2 3 4 5) 6 7 8 9 10 11 12
[Tapam.

K 2 3 6 7 9 11 13 15 17 19 20 22
T1 1 15 |17 |20 |25 |3.0 4.5 50 (6.0 |7.0 8.0 9.0
T2 01 02 |03 |05 |07 |09 11 08 |06 |04 0.2 0.3
T3 03 (05 |07 |09 |11 |13 0.8 06 |04 (0.2 035 |[0.45

HanpskeHns Ha BBIXOJIaX HCCIICIYEMbIX 3BEHBEB JIOJKHBI OBITH TIOJYUICHBI JJIs IBYX OCHOBHBIX
PEKUMOB BXOJIHBIX BO3JACUCTBUMN (PUCYHOK):
— cKkaukooOpa3Hoe u3Menenue (puc. 1.1, a);

— TUHEWHBIN 3aKoH nu3mMeHenus (puc. 1.1, 0).

UBX UBX

Up|---- U;

| |
: 1
1 |
t; tz 1 oL

Puc. 1.1. CxaukooOpa3ublii (a) 1 TuHEHHBIH (0)
3aKOH M3MEHEHUS BXOTHOTO BO3ACHCTBUS

[TapameTpsl BXOJHBIX CUTHAJIOB TI0 BapHaHTaM MpeCTaBIeHbI B Tabmuie 1.2.

Tabmuma 1.2

Nemap. |1 2 3 4 5 6 7 8 9 10 11 12
mapam.

Uo 5 7 9 13 15 14 12 10 8 6 4 2
t1 2 2 2 2 2 2 2 2 2 2 2 2
t2 7 11 15 9 13 10 8 12 7 16 17 19
ts 10 15 20 11 17 13 14 15 11 19 20 17
ts 12 18 23 14 19 17 16 19 13 24 23 20

JlaHHBIE 3aBUCUMOCTH MOJICTTHPYIOTCS B CpeJie BU3YaIbHOTO IIPOTPAMMHUPOBAHHSI
MatLabSimulink ¢ nomonpro 010KOB:

a) 6Jioka mocrpoenusi curnanos SignalBuilder;

0) 6ioka TransferfFcn;

B) 0J10ka MuX;

r) ocuuuiorpadga Scope.

JIst KaXKI0T0 MCCIIeIyeMOro 3BeHa Heo0Xx01uMo moyanTh 3aBucuMocT Usx(t) 1 Uspix(t) mmst
JIBYX BHJIOB BXOJTHBIX BO3JICHCTBHUI, KaK Ha 3KpaHe TUCILIES, TaK U Ha OyMare ¢ MOMOIIBIO
npunTepa. [Ipy HeoOX0AMMOCTH perucTpanuu Ha oqHoM rpaduke, kak Upx(t), Tak 1 Uppix(t)
BO3MOYHO BBEJICHHE MAcCIITa00B C MCIOJIH30BAaHUEM MTPOMOPIIMOHATLHOTO 3BeHa. Takxke




HE00X0AMMO TMOJIyYUTh U pacnedaTarb 4yacToTHbie Xapakrepuctuku (JIAUX u JIOYX) kaxxaoro
3B€Ha, OTMETUTh HA HUX YaCTOTHI CPE3a U CONMPSIKEHUSI, €CIIM TAKOBBIE UMEIOTCS.

B oTtuére mo naboparopHoii paboTe Mo pe3yabTaTaM MOJCINPOBAHUS YCTAHOBUTD, KaK 3aBHCST
BeNMYKHA U XapakTep u3meHeHus Upprx(t) oT:

a) xapakTepa u3MeHeHus BxoaHoro curnana Upx(t) (BenuyuHbBI CKauka, yCTaHOBHUBIIIETOCS
3HAYEHUs, TEMIIOB HapacTaHUs, ClIaJjaHusl);

0) mapametpoB uccieayemoro 3seHa (Ki, Ti).

Bri0opka u perakTHpoBaHUe YHUBEPCAJIbHOIO
oJoka TransferFcn

[Mporpamma Simulink siBnsiercs npunoxenuem k maketry MATLAB. Tlpu moaenipoBaHuu ¢
ucrosnb3oBanueM Simulink peanusyercst npUHIUI BU3YalbHOTO MPOTPAMMHUPOBAHHS, B
COOTBETCTBUU C KOTOPBIM, ITOJIH30BATEIh HA dKpaHe W3 OMOIMOTEKN CTaHIAPTHBIX OJIOKOB
CO3/aeT MOJIeIb YCTPONCTBA M OCYIIECTBIISIET pacueThl. [Ipr 3TOM, B OTJIMYHE OT KIIACCUIECKHIX
CII0CO00B MOJICTTUPOBAHUS, TIOJIH30BATEII0 HE HY)KHO JJOCKOHATHHO U3Yy4YaTh SI3BIK
MPOrPAMMHUPOBAHKS M YHCIICHHBIC METO/IBI MATEMATHKH, & IOCTATOYHO OOITUX 3HAHHIMA
TpeOyImuXcs Mpu paboTe Ha KOMITBIOTEPE U, ECTECTBEHHO, 3HAHUM TOW MTPEAMETHON 00J1acTH B
KOTOpOil OH paboTaerT.

Simulink sBasiercst qocTarouno camocTosTenbHbIM HHCTpyMeHTOM MATLAB 1 tipu pabore ¢
HUM coBceM He TpeOyetcst 3HaTh caMm MATLAB u octansabie ero npuinoxxerus. C apyrou
ctoponsl noctyn K GpyHKIuaM MATLAB u npyrum ero mHCTpyMeHTaM OCTaeTCsl OTKPBITBIM U MX
MO’KHO MCIO0Jb30BaTh B Simulink. YacTs BXOASIIMX B COCTaB MAKETOB HUMECT HHCTPYMCHTHI,
BcrpauBaembie B Simulink (manpumep, LTI-Viewer npunoskenus Control System Toolbox —
MakeTa JijIs pa3pab0TKH CUCTEM yIpaBieHus1). IMeroTcst Takke AOTOJTHUTEIbHBIC ONOIHOTEK!
OJI0KOB JUTS pa3HbIX oOsacTelt npuMeHenus (Hampumep, Power System Blockset —
MOJISIMPOBaHUE dJIeKTpoTeXHnYeckux ycrpoiicts, Digital Signal Processing Blockset — naGop
OJIOKOB 17151 pa3pab0TKH MU(PPOBBIX YCTPOUCTB U T.1I).

I[Tpu padote ¢ Simulink mosik30BaTeNlb KMEET BO3MOXKHOCTh MOJICPHU3UPOBATH OUOIHOTCUHBIC
0JI0KH, CO3/1aBaTh CBOM COOCTBEHHBIE, a TAKXKE COCTABJIATH HOBbIE OMOIMOTEKH OJIOKOB.

[Tpu MoteIMpoBaHUM OJIL30BATEh MOKET BHIOMPATh METOJI peIIeHHs TP PepeHIINATHHBIX
YpaBHEHHIA, a TAK)KE CIIOCOO M3MEHEHHS MOJICILHOTO BpEMEHH (¢ (PUKCUPOBAHHBIM HITH
MepEeMEHHBIM marom). B xoie MoeIMpoBaHus UMEETCSI BO3MOXKHOCTD CJICJIUTD 32 MPOIIECCAMH,
MPOUCXOISIIIMMHU B cucTeMe. JIJIst 3TOT0 MCIOJIB3YIOTCS ClICUAIbHBIC YCTPOCTBA HAOIFOICHMS,
BXosmIMe B coctaB oubmmnorexku Simulink. Pe3ynbratbl MoaeIupOBaHus MOTYT OBIThH
MPEJCTABJICHBI B BHJIE TPa(UKOB MU TAOJIHUIL.

Jln14 3amycka mporpaMmMel HeoOX0uMo npeaBapuTeNbHO 3amyctuTh nakeT MATLAB. OcHoBHoe
okHo nakera MATLAB nokazano Ha puc. 1.2. Tam xe moka3aHa MoJICKa3Ka MOsBISIOMIAsACS B
OKHE MPH HaBEICHUH yKa3aTells MbIIIH Ha Apiabik Simulink B manenn HHCTPYMEHTOB.



4\ MATLAB 7.8.0 (R2009a) (= |5
File Edit Debug Parallel Desktop Window Help

i} 6| LY A |§ o = | L7} ‘ C\Users\CergeyiDocuments\MATLAB - B =
Shorteuts 2] How to Add (2] What's New

Corrent Dir.._t 0 # x| [ICommenaMdo AR Y] worispace # D 8 x

@« M. v @ New to MATLAB? Watch this Video, see Demos, or read Getting Started x | ] | %] [ - »

[} Name~  Date Mo.. oo | Name = vq
&) untitled... 07.05.081..
&) STAN.mdl  08.05.001..
] MMMM... 27.04.085..
[ ] MMMM... 35,0400 4..,
5] MMMM... 27.04.005..
] MMMM...  25.04.00 4.,

| r

Comman.. » O 2 X

Details e
%-- 04.05.0%

1
~%-— 0&.05.09 1
~%-— 0&.05.09 2

g

Select a file to view details ~%—-— 08.05.09 1

Ready OVR

Puc. 1.2. OcnoBHoe okHO nporpammbl MATLAB

[Tocne oTkpeiTHsE OcCHOBHOTO OKHA mporpaMMmbl MATLAB HyXHO 3aIyCTUTh TpOrpaMmMy
Simulink.3to MoHO caenaTh OJHUM U3 TPeX crmoco6oB (puc. 1.3):

e Haxarp kHOTIKY e (Simulink)una manenun nacTpymenToB komanaHoro okHa MATLAB.
e B xomananoit ctpoke rimaBaoro okHa MATLAB naneuarats Simulink u Haxkats
kiaBuiry Enterna xnaBuarype.

e B menio Fileotkpsits Bkimaaky New - Model.
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Puc. 1.3. OcnoBHoe okHO mporpammbl MATLAB



Puc. 1.4. OxnHo paboueit obmactu

W untitled (E=R{EcE (=)
File Edit View Simulation Format Tools Help

DS 100 |Nomal MR REE®
Ready 100% oded5

[TosiBuBIIIEECS OKHO — OKHO paboyeil 06JacTH, B KOTOPOIl MOKHO cOOMPATh CTPYKTYPHBIE CXEMBbI

JUHAMHWYCCKHUX CUCTCM.

Bce nuaamudeckue 6J10KM HAXOASITCS B OMOTHOTEKE, KOTOPast OTKPHIBAETCS HAKATUEM KITABHIITH

B 112 manemn oxua paboueit obnactu (puc. 1.5).
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Block Description
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Puc. 1.5. bubmmoreka MATLAB

Br1Opath 1 pacnosiokuTh B OKHE HEOOXOIUMBIE JUT MOJIeNU OJIOKH MOXKHO YKa3aB KypcOpoM Ha
TpeOyeMblit 610K B BeIOpaHHOM pasnene (Hanpumep Continuous — TransferFcn) u Haxas Ha
JIEBYIO KJIaBHIY “MBIIIHN - “TIepeTaliuTh”’ OJ0K B cO3/1aHHOE OKHO (puc. 1.6). Knasuuty motuiu

HYJCHO Oepofcamb Hadxcamoil.

BLI6paHHLIﬁ OJIOK SIBJISICTCS YHUBCPCAJIBHBIM U B HCTO MOKHO 3aIIMCAaTh IIEPCAATOYHYIO (I)YHKI_[I/IIO
m000ro u3BecTHoro u TAY JUHaAMHWYCCKOIro 3BCHaA, JII000r0 Iopsaka.
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Puc. 1.6. Bribopka 6moxoB 6mdmmoreku MATLAB

Hanpumep, He00X0IMMO peann30BaTh allepUOIMYECKOE 3BEHO TIEPBOT0 MOPSIIKA € IIEPeJaTOUHON
¢byHKuuen

5

Wi(p)l=———
(p) 2:p+1

J1J1s1 3TOTO HY)KHO JBa)K/IbI IIEJIKHYTh MbIIIbI0 010k TransferFcn B pabouem okue (puc. 1.7).

E Function Block Parameters: Transfer Fcn @

Transfer Fan

The numerator coeffident can be a vector or matrix expression. The denominator
coefficient must be a vector. The output width equals the number of rows in the
numerator coefficent. You should specfy the coeffidents in descending order of
powers of s.

Parameters

Mumerator coefficent:

81
1
Denominator coeffident: _—n
s+1
[11] Transfer Fen

Absolute tolerance:

auto

State Name: {e.g., 'position’)

[ (o]14 H Cancel H Help ] Apply

Puc. 1.7. ®ynkunonansHoe okHo Oyoka TransferFcn

B nosiBuBiemcs ¢ynkiuonansHoM okHe B ctpoke Numeratorcoefficients kBampaTHbIX ckoOKax
gepe3 Mpooe yKa3bIBatoTCs KOAP(UIIMEHTHI TOJIMHOMA YHCIIUTENS TePEeAaTOYHON QyHKINH, a B
crpoke Denominatorcoefficient koaddunmenTs! mommHOMa yncnuTeNs. B naHHOM citydae st



BBIOPAHHOTO arepHOUIECKOTO 3BEHA 3aM0THEHHBIN ()YHKIIMOHATBHBINA OJIOK TPECTABJICH Ha
puc. 1.8.

E Function Elock Parameters: Transfer Fcn @
Transfer Fcn

The numerator coeffident can be a vector or matrix expression. The denominator
coefficdent must be a vector. The output width equals the number of rows in the
numerator coeffident. You should specify the coeffidents in descending order of
powers of 5.

Parameters

Mumerator coefficent:

(3]
E
Denominator coeffident: _
2z+1
[2 1]| Transfer Fon

Absolute tolerance:
auto

State Mame: (g.g., 'position’)

[ 0K ]l Cancel || Help | Ar

1=
el

Puc. 1.8. dyHkimonansHOe 0KHO Oj10Ka TransferFcn

st ynanenust 6;10ka He00X0IUMMO BBIOpaTh OJIOK (yKa3aTh KypCOpPOM Ha €ro u300paxkeHue u
Ha)KaTh JIEBYIO KJIABHUIIY “MBIIIK’), a 3aTeM HaxkaTh kiaaBuiny Delete na ximaBuatype.
JIbdasi TMHAMHMYeCKasi CUCTeMa MpeanoJaraeT uccjae0BaHus €€ ¢ MOMOUIbI0
YIPABJAKIIKAX U BO3MYUIAOIIUX Bo3AeicTBUil. U3MeHsilommiicsi BO BpeMeHU CUTHAJ
J1000H POpMBI MOKHO MOJYYHUTH C MOMOIIbI0 YHUBEPCAIBHOT0 0JI0KA MOCTPOEHUS
curnagos SignalBuilder, koropblii HaxoguTcst B cnmucke omdamorekn Simulink — Sources.
JIisi CHATHSI TIEPEXOHBIX MpoleccoB B cpene MatlLab MoxkHO BOCIOJIb30BATHCSI
MHOT0QYHKIMOHAIBHBIM ocuuiLiorpagom (cimcok Sinks - Scope). B ocuusuiorpag MokHo
3aBeCTH HECKOJIbKO CHTHAJIOB ¢ MoMoIbio 6;10ka Mux B cnucke Commonly Used Blocks
(puc. 1.9). Coequnenue aByX OJOKOB (BXOJ - BBIXOJT) OCYIIECTBIISAETCS yICP)KUBAHUEM H
COEIMHEHUEM BXOJa C BBIXOJIOM JIEBOM KHOMKOW MbIIIHU. [Ipy moBeIeHUH MBIIIN KO BXOTY
Kypcop MeHseT (JopMy Ha KpecT.
B Simulink vy Srowser Siees

File Edit View Help
O @ = Enterseachterm - § Z]

Libraries ulink/Commonly Used Blocks | 4|+
—--E Simulink fin o
Commaonly Used Blocks )D> Gain
Continuous L
- Discontinuities 1 @ Ground
- Discrete

- Logic and Bit Operations @ 1
n

- Lookup Tables

- Math Operations

1
Model Verification Integrator

Model-Wide Utilities

]

Signal Builder Transter Fen

Ports & Subsystems AND b Logical
Signal Attributes Operator
Signal Routing

- Sinks 1 Mux

- Sources

- User-Defined Functions >® outt il
Additinnal Math & Discrate ™

Block Description x
1 Simulink/Commonly Used Blocks/Mux: Multiplex
scalar or vector signals.

Showing: Simulink/Commonly Used Blocks




Puc. 1.9. Bri6opka 610ka Mux

Buok mocrpoenusi curnasos SignalBuilder

IMocTpoenue curnaja jaro60i ¢Gopmbl OCyllleCTBJIsIETCS B cieUAJIbHOM 00acTu. ObaacTh
MOCTPOEHNsI CHTHAJIA MOSIBJIsIeTCs IPH IBOIHOM IIesuKe o osoky SignalBuilder B
pabouyem okHe (puc. 1.10).

B okHe mocTpoeHUs CHTHAJI0B KPAaCHBIM IIBETOM MOKA3aH JIOMaHbIN CHTHAJI B MacIITa0e
BpeMeHH. 3a yroJi H3J10Ma MOKHO YXBATHTHCSI MbIIIbIO M M3MEHUTH ero (popmy. Tak:ike ecThb
BO3MO’KHOCTb M3MEHSITh YPOBEHb CHTHAJIA 0 aMILIUTY/Ae. [1Jisi 3TOro HeoOXoaMMo
HIEJIKHYTh MBIIILI) HA YT0JI CHIHAJIA, TOYKA YIJIa BBIIETUTCS KPACHBIM Kpyrom. Buusy
okHa (LeftPoint, RightPoint) MoxkHo Bpy4YHY10 H3MEHHUTH KOOPAUHATHI 3TOi TOUKH. Eciiu He
XBaTaeT TOYEK /ISl MOCTPOEHNsl HY’KHOTO CUTHAJIA, TO MOKHO 100aBUTH HEO0X0AMMOe
KOJINYEeCTBO TOYEK, IEJTKHYB B HY’KHO€ MECTO NPABOil KHONKO# MBIIIH, yAep:KUBast
kaasumy Shift (puc. 1.11).

Signal Builder (untitled/Signal Builder) (E=H o 5|

File Edit Group Signal Auwes Help ~

== N e o 11 e e = v T G I
Group 1

R i S R —

[ AR R SSUE S N S -
| I ! I ! | I I ! ]
0 1 2 3 4 5 6 T 8 8 10
Time (sec)
Signal 1 (shoun) -
Hame: |signal 1
Index: 1 -
Click to select signal ‘S\gnaH (1) [ ¥Min hlax |

Puc.1.10. OxHo nmocTpoenusi curnana SignalBuilder

B Signal Builder (untitled/Signal Builder) * (===
File Edit Group Signal Axes Help ~
SH @ oo |~ EEiREE » 02| 4B A

Group 1 Y,

Signal 1%

0.8

0.6

0.4

0.2

117 o A SRS SO S SRR I S,
| | 1 1 1 | | 1 1 1
Time (sec)
Left Point Signal 1 {shoun) A
Hame: |signal 1 T4
Index: 1 - ¥:

Enter coordinates ar use arrow keys to changs poirts ‘ Signal 1 (#1) (FL3) [ YMin ¥Max |




Puc.1.11. OKHO NOCTPOEHHA CUTHAJIA

Jl11st TOro, 4T0OBI OTKPBITH OKHO IPOCMOTPA CUTHAJIOB HEOOXOIMMO BBITIOJHUTD JABOMHOM MIETI0K
JIEBOM KJIaBHIIEH ‘Ml Ha N300pakeHnH 0Jioka SCOPE, MOSIBUTCS OKHO ociuniorpada (puc.
1.12). D10 MOXKHO clienaTh Ha JIF0OOOM dTare pacyera (Kak 0 Hadaia pacueTa, Tak v Moclie Hero, a
TaKXKe BO BpeMs pacyera). B ToMm cirydae, eciiu Ha BX0 0JI0Ka TIOCTYAaeT BEKTOPHBINA CUTHAI, TO
KpHBast UL K&KIAOTO 2JIEMEHTA BEKTOPA CTPOUTCS OTACITHHBIM IIBETOM.

uScope =1 EOR|=%™|
SR|ILPLL ABRBE BATFE -

Time offzet. 0

Puc. 1.12. Okno ocmmmiorpada

Hacrpoiika okna ocrmuiorpada BBITOTHSAETCS ¢ TOMOIIBIO TTaHeJIe HHCTPyMEeHTOB (puc. 1.13).

SHE LRPL HABE DAER
BN

1 2 3 4 5 ¢ 7 &8 5 10 11

Puc. 1.13. Ilanens nHCTpYyMEHTOB 0JIOKa SCOpPE

[Tanenb HHCTPYMEHTOB COAEPKUT 11 KHOTIOK:
1. Print — meuats coaepKMMOro OKHa ociuuiorpada.

Parameters — nocTyn Kk OKHy HaCTpOHKH MapaMeTpoB.
Z00m — yBenu4eHHEe MaciiTada mo o6euM ocsM.
ZoomX-axis — yBequueHne Maciitada mo ropu30HTaIbHON OCH.
ZoomY-axis — yBelnu4eHne MaciTada mo BepTHKaIbHON OCH.
Autoscale — aBTomaTiueckasi ycTaHOBKa MacIITaboB M0 0OEUM OCSIM.
Savecurrentaxessettings — coxpaHeH#e TEKyIIUX HACTPOCK OKHA.
Restoresavedaxessettings — ycraHoBKka paHee COXpaHEHHBIX HACTPOCK OKHA.
Floatingscope — nepeBox ocumiorpada B “c60600mblil” PEXKUM.

. Lock/Unlockaxesselection — 3akpenuth/pa3opBaTh CBSI3b MEXKIY TEKYIICH
KOOPAMHATHON CUCTEMOM OKHA M 0TOOpakaeMbIM CUTHAJIOM. IHCTpyMEHT
JIOCTYTICH, €ClIi BKJIroUeH pexxum Floating scope.

11. Signalselection — BeiOOp curHanoB jyist otoOpakeHus. THCTpyMEHT HOCTYIICH,

eciu BKJIFOUeH pexkuM Floatingscope.

© N kWD

[EEN
o



N3menenne macmTaboB 0TOOpakaeMbIX TPAQUKOB MOXKHO BBITIOIHITH HECKOJIBKMMHU CIIOCOOAMHU:

1. HaxaTph COOTBETCTBYIOIIYIO KHOTIKY ( 2 , Bum o ) ¥ LIEIKHYTh OJMH pa3 JIEBOU KIaBUIIEH
“MpIIK” B HY’)KHOM MecTe rpaduka. [Iponsoiiner 2,5 kpaTHoe yBeIHueHHE MacITaoa.

2. HaxxaTh COOTBETCTBYIOLIYIO KHOTIKY ( s , Bum b ) 1, Ha)KaB JIEBYIO KJIABUILLY ‘MBI, C
MOMOIIBIO TMHAMUYECKOH paMKH WM OTpe3Ka yKas3aTh 00iacTh rpaduka A yBEITHYSHHOTO
n3o0paxenus. Ha puc. 1.14 u300pakeHO OKHO MPOCMOTpPA CUTHAJIOB OCIuIIorpada.

uScope [E=HE=R 5
2B |(LPepr ABRE P AR =

Puc. 1.14. OxHo mpocMOTpa CUTrHAJIOB ocHuIorpada

3. lllenkHyTh MpaBoOi KJIABHUIICH “MBIIITK B OKHE TpaUKOB U, BEIOpATh KOMaHIy AXES
properties... B KOHTEKCTHOM MeHIO. OTKPOETCSl OKHO CBOMCTB rpaduka, B KOTOPOM C IIOMOIIBIO
napametpoB Y-mMin 1 Y-max MOKHO yKa3aTh MpeeibHbIe 3HAUCHHS BEPTHKAIbHO ocu. B aTOM
»Ke OKHE MOKHO yKa3aTh 3arojioBok rpaduka (Title), 3amenus Beipakenne %o<SignalLabel> B
cTpoke BBoJa. OKHO CBOMCTB MOKazaHo Ha puc. 1.15.

n ‘Scope’ properties: axis 1 = | @ |3
-min: -5 ' -mE 5

Title ("*%=Signallabel=' replaced by signal name):
“%e=Signallabel=

I OK II Cancel II Apply

Puc. 1.15. OxHo cBoiicTB rpaduka
Ilapamempuwi:
[TapameTpsl Gy10Ka ycTaHABIMBAIOTCS B OKHE ‘Scope’ parameters, KOTOPO€ OTKPBIBAETCS C

MTOMOIIBI0 HHCTPYMEHTA (Paramete I'S) maHenu HHCTPYMEHTOB. OKHO MapaMeTpOB UMEET JBE
BKJIAJIKU:
General — o0urie napameTpsi.



Data history — mapameTpbl coxpaHeHus CHTHAJIOB B pabouyeii oonmact MATLAB (puc. 1.16).

‘Scope’ parameters = | @ |3

General | Ciata History Tifx: try right clicking on sxes

| Limit data points to last: 200000

Save data to workspace:

| Ok | |Cancel | | Help | | Apply |

Puc. 1.16. OxHo cBolicTB ocuusiorpaga

Bo Bkiaake Limitdatapointstolast mo:Ho yka3zaTh HY:KHO€ KOJIMYECTBO TOUYEK
ocumuiorpaga. Eciiu Touek He OyaeT XBaraTh JIsl IOCTPOEHUS BCeX MePeX0IHbIX
NpoeccoB, TO rpagpuKu OYAYT «ype3aHbl» BO BDEMEHHOM IHAINa30HE.

Bbi10op MeToaa cuera

J1s1 pa3IMYHBIX CTPYKTYPHBIX CXeM NMPUMEHSIIOTC pa3jiMyHble MeToabl cueTa. Eciim
CTPYKTYPHAasi cXeMa COCTOUT M3 IMHAMHYECKHUX 3BeHbeB, TO Y100eH MeTox Pynre-Kyrra ¢
(puKcMpOBaHHBIM LLIATOM CYeTA.

JI;151 ero yCTAaHOBKH B OKHe pa0oueii 00J1acTH HY:KHO IIeJIKHYTh MeHIo Simulation /
Configuration.

B crpoke Simulationtime BeicTaB/IsIOTCA BpeMsi Ha4YaJia U BpeMsi KOHIa cueTa. B pasneste
Solveroptions BeicTaBasiercst MeToa cuera Solver: ode4 (Runge-Kutta), Tum cuera Type:
Fixed-step. Berpoxke Fixed-step size (fundamental sample time) BeicTaB/sieTcsimarcuera.
OKHO HACTpPOEK MeToa cyeTa MpeAcTaBJieH Ha puc. 1.17.

& C : untitled/Confi (Active) =
Select: Simulation time -
Solver
Start ime: 0.0 Stop time:  10.0
~Data Import/Export T ome VoE
- Optimization
1 Disgnostics Solver options.
fSample Time
H Type: |Fixed-stey ~ | Solver: |ode4 (Runge-Kutta) -
i+Data Validity i ‘ 2 ‘ ‘ Euno )
#+Type Canversen Fixed-step size (fundamental sample tme): | 0.001]
-~ Connectivity
i Compatbility etang e sepie lane opoats
- Model Referencing
+-Saving Periodic sample time constraint: [unconstrained -]
~Hardware Implementation
~Model Referencing Tasking mode for periodic sample times: [Auto -]
ET-Simuilation Target Automatically handle rate transition for data transfer
#Symbols
£ Custom Code Higher priority value indicates higher task priority
=-Real-Time Workshop
~Repart
-Comments
+Symbols
i+Custom Code
i Debug
= Interface

E-HDL Coder
i Global Settings
i+Test Bench
- EDA Tool Saripts

Q9 oK H cencel | [ Hep ][ ooy




Puc. 1.17. OxHo koHpurypanuu

CHsiTHE YACTOTHOM XapaKTePUCTUKHU 3BEHA WJIH
JIMHAMUYecKkoil cucremsl B MatLab

IIycTh He00X0AMMO CHATH JIOrapuGMUUECKYI0 AMILIUTYIHYIO M ()a30BYI0 YACTOTHYIO
xapakTepucTuku (JIAYX u JIPYX) nHEepLHOHHOI0 3BEHA ¢ IepeJaTOYHOo PpyHKIuel

W(p)=——>—

2:p+1 , (puc. 1.18).

E
E Signal 1 - -
2541
Signal Builder Transfer Fen Scope

Puc. 1.18. UHepunoHHoOe 3B€HO

CHauaJjia Hy’KHO YCTaHOBHTH TOUKH Bxojaa (Inputpoint) u Beixoaa (Outputpoint) aus
CHAATHUS YACTOTHOM XapakTepucTUKHU. [[J1s 3TOro He00X0AMMO IEJTKHYTh NPABOii KHONKOMI
MBILIK HA JIMHHIO BXo/1a B 6JI0K U BbIOpaTh LinearizationPoints / Input Point, (puc. 1.19).

% Signal 1 -\=b—g = s = H

Signal Builder CDp}f

Delete

Highlight To Source
Highlight To Destination

Signal & Scope Manager...

Open Viewer 3

Create & Connect Viewer »

Signal Properties...

Linearization Points »| v InputPoint
Qutput Point
Input-COutput Point
Output-Input Point
Open Loop
Output Constraint

Puc. 1.19. YcTraHoBKa TOUKH BX0Aa

3aTeM He00X0AMMO YCTAHOBHTH TOYKY BBIX0/1a YACTOTHON XapaKTePUCTHKH, IIEJKHYB
NPaBoii KHONKOI HA COeIMHUTEIbHYIO JIMHUIO BHIX02 MHEPIIHOHHOIO 3BeHA U BHIOpaB
LinearizationPoints / OutputPoint, (puc.1.20).



@}3 J = 12 =1

Tz | Cut
Signsl Builder Transfer Fen Copy
Delete

Highlight Te Source
Highlight To Destination

Signal & Scope Manager...

pe ewe 13
Create & Connect Viewer 3
T 13
»
3
Signal Properties...
Linearization Points 3 Input Point

v Output Point
Input-Output Point
Qutput-Input Point
Open Loop
Qutput Constraint

Puc. 1.20. YcTaHOBKA TOYKH BHIX0/1A

Ha nukTorpammMe CTpyKTYPHOM CXeMBbI J0JIKHbI TOSIBUTHCS CTPEJIKH TOYEK BX0/Aa H
BbIxoaa (puc. 1.20).
Nanee B MeHI0 padouero okna T00Is Hy:kHo BbIGpaTh BKJIaaky ControlDesign /
LinearAnalysis, puc. 1.21.
B nosiBuBemcst okne ControlandEstimationToolsManager Heo6xoauM0 YCTAHOBHTD THII
ocumsiorpada Boderesponseplot. /lanHoro Tuna ocuuisiorpad sisisiercst
Jorapu(pMuYecKuM U NMOKA3bIBAET AMILUIMTYIHYIO U (pa30BYI0 XapaKTepUCTUKHU, pUc. 1.22.

W untitled (E=3 108 x|
File Edit View Simulation Format Help
DIEE&| &8 Simulink Debugger.. S BmBe REE®

Model Advisor.

Model Dependencies »

Compare Simulink XML Files...
Embedded IDE Link TS »
Data Object Wizard

SystemTest

MPlay Video Viewer.

100% oded

Puc. 1.21. OTKpbITHE OKHA YaCTOTHOI'0 AHAJIN3A



File Tools Help

g0|cd| B

' Control and Estimation Tools Manager

=)

e Workspace
=18 Project - untitled

Analysis V03

Operating Paints

Linearization Results

Bode magnitude plot
singularvalue plat

pole zero map

=3 Operating Points Select linearization 1/Os by right clicking on the desired line in your Simulink model
: Default Operating | active Black Name Output Port | Signal Name | Configuration | Open Loop
Linearization Task untitled/Signal Builder 1 Input n ]
Custom Views =
Linearization Task (2) untitled/Transfer Fen 1 Output = =]
2 Model
B Model ()
-0 Custom Views
[ Highlight Selected Signal | [ Refres Signal Names | [ Delete Selected /0|
Linearize Madel [V] Plotlinear analysis resultina | Bode respanse plot -
<« m L4
| step respanse plot B
- Alinearization result Model (2) has been added to the current Task. Eode response plot i
impulse response plot | -
Model linearization task settings. Nyquist plot 3
Nichols plat

Puc. 1.22. OkHO CBOMCTB YaCTOTHOI0 aHAJIN3A
HaneeBoxkneControlandEstimationToolsManagernyxuonaxarbknonkyLinearizeModel.
MosiBurcsiokHocJIAUXnJI®YUXunepunonnoro3sena, (puc. 1.23).

u LTI Viewer: Linearization Quick Plot
File Edit Window Help

Bode Diagram
From: Signal Builder To: Transfer Fcn

(===

Magnitude (dB)

Phase (deg)

Freguency

(radizec)

LTI Wigweer

Puc. 1.23. OkHO mMpoCMOTPa YACTOTHBIX XaPAKTEPUCTUK

JlabopaTopnasi paGora Ne 2

HccnenoBanue CBOIICTB 3aJaTYUMKA HHTCHCUBHOCTH

3agaTuuk MHTeHCUBHOCTH (31), mprMeHseMblil Hpoko B coBpeMeHHbIX CAP snexTponpuBoa,

obecneunBaeT Hp606p3.30BaHI/IC 6BICTpOMCHSIIOH_[ePOCH BXOJHOTO HAIIPAKCHHUSA B BBIXOJJHOC
HAaIPs’KCHUC, UBMCHSIOIICCCA C 3a/IaHHBIM TCMIIOM. Ecnu TeMn u3MeHeHHs BXOJHOIO
HaIIpsIPKCHUSA HUKE, YCM 3aJJaHHBIN TEMIT U3MEHEHUS BBIXOIHOIO HAIpPsKCHU A, TO BBIXOOHOC
HAaIIpsPKCHUC ITOBTOPACT I1O (bopMe BXOIHOC HAIIPAKCHUC.



CrpykTypHas cxema 3a/1aT4lKa MHTEHCUBHOCTH IpejcTaBiieHa Ha puc. 2.1.

P2 %I
Upx U Ups 1 Ushix
= e
—u, Tzyp

Puc. 2.1. Crpykrypnas cxema 31U

B pexxnme oTpaOOoTKH 3a/1aHHOTO TEMIIa BBIXOAHOE HAINPSKEHUE U3MEHSETCS 0 CIeayroen
3aBUCHUMOCTH (peneiHblil anemMenT PO He HachIleH):

Uo

Usnix(t) = Tsu

Takum oOpa3oM TeMIT H3MEHEHUS BBIXOIHOTO HAMPSHKEHHSI MOXKHO PETyIUpPOBaTh 00
M3MEHEHHEM HalpsbKEeHUsl orpaHuueHus peneitnoro snementa PO —Uo, mu6o — noctossHHON
MHTErpupoBaHus uHrerpatopa U — Tap.

Bpemst HapacTaHusl BBIXOIHOTO HANPSKEHHS 10 YPOBHSI BXOJIHOTO MOYKHO OTIPEIENIUTh

U BX
—=T
_ UO M

Mo aenupoBanwue mpoiieccoB B 3U Ha ocHoBe 1udpoBoit Moaenu mo nporpamve MatLabSimulink
1e71eC000Pa3HO OCYIIECTBIATh MeToAaMu Pyrre—Kyrra mim Diinepa ¢ HOCTOSIHHBIM IIaroM
HUHTETPUPOBAHMS, TaK KaK peali3alis uaeaabHOro peJeiHOro siieMenTa Metogamu denbadepra
1 Kyrra—MbspcoHa ¢ aBTOMaTHueCKUM BBIOOPOM IlIara HHTErPUPOBAHHUS JIAIOT 3HAYMTEIILHBIC
norpenrHocT. PekoMenayercst 6e3 OOJIBIINX MOTPEHTHOCTEN B pacuéTax XapaKTepPUCTUKY
PEJIEHHOTO BIIEMEHTa Pean30BaTh B CIIEAYIOIIEM MpUOImKEHHOM Bue (puc. 2.2):

AUsrix
+U |} - -
|
AU |
= - U
/) U
| T FAU
_|-u,

Puc. 2.2



[Tpu 3TOM BeTMUMHA 30HBI HEUYBCTBUTEIILHOCTH B CTaTHYECKO# xapakrepuctuke TAU>h. 3nech
h— mar uaTerpupoBanus. KoadduimenT ycuiieHus Ha TMHEHHON 4acTH XapaKTePUCTUKU

K =200 =+ 500.
[Tapametprr 31 mo BapuanTam npuBeaeHbI B Ta0. 2.1.

Tabauua 2.1
Nepap. |1 2 3 4 5 6 7 8 9 10 11 12
napam.

Uo, B 10 12 14 16 15 16 17 18 10 12 11 14

Tsu,c |05 |06 |04 |03 |07 |05 |08 |06 |07 |05 |04 |06

CpoiictBa 31 nccnenyroTcs pu ABYX TUIAX BXOJAHBIX BO3JAEHCTBUMN:
— CTymeH4aroe Bo3jaeicTrue (puc. 2.3, a);
— TUHEWHO U3MEHsIoIIeecs HanpshkeHue (puc. 2.3, 0).

Ugx U, Usx
Ug|l- - — - — U;

Ul---

- — — —
)

|

I

|

|
t1 tg t3 t1 t3

Puc. 2.3

[TapameTpsl BXOHBIX BO3/ICHCTBHI 110 BapuaHTaM MTPUBEICHBI B Ta0M. 2.2.

Tabmuma 2.2

Ne Bap 1 2 3 4 5 6 7 8 9 10 11 12
mapam.

Uy, B 5 7 10 12 15 17 15 13 10 8 6 7
U2, B 10 15 20 25 30 35 30 25 20 15 10 13
t1, C 04 |05 (06 |07 (08 |06 (09 |06 (05 |04 |03 |02
t2, C 12 |20 |32 |35 |40 |50 |36 (27 |26 |17 |11 |12
t3, C 20 |33 |50 |55 |65 |85 (60 |50 (45 |30 |25 |22

3aKOHbI H3MEHEHUS BXOJAHOTO HanpsbKeHus: popMupyrotcst B mporpamme MatLabSimulink ¢

HOMOIIBIO 0J10Ka mocTpoeHust curHaioB SignalBuilderu 6i1oka oqHoMepHO# MaTPHIIBI
Look-UpTable.

BJiok ogHomepHoii maTpunbl Look-Up Table

C nomomb1o 010ka ogHoMepHoil maTpuibl Look-Up Table moxHo 3agaTh rpaguk 1000
MaTeMaTHYeCKOH (PYHKIHH, THOO0 HEJTMHEITHYIO XapaKTepPUCTUKY (0JI0KH OrpaHUYeHHs],
0JIOK 30HbI HEUYBCTBUTEJILHOCTH H 1p.). JlanHblii0I0KHAX0QUTCABONOIMOTeKe Simulink /
Look-Up Table / Look-Up Table. OxHo u 6110k 0JHOMEpHO#T MaTpHUIlbl IPUBEACHBI Ha pUC. 2.4.




E Function Block Parameters: Lookup Table @
Lookup

Perform 1-D linear interpolation of input values using the specified table. Extrapolation is
performed outside the table boundaries.

Main Signal Attributes

Veector of input values:  [-5:5]
Table data:  tanh{[-5:5]) Lookup Table
Lookup method: [Interpolaﬁon-Exh’apolaﬁon v]

Sample time (-1 for inherited): -1

[ QK H Cancel H Help ] Apply

Puc. 2.4. Okno cBoiicTs 0s10ka Look-UpTable

B crpoke Vectorofinputvaluess kBagpaTHbIX ckOOKax depes mpooOert 3aJat0Tcsi KOOPANHATHI
HeobOxoaumoro rpaduka GyHKIHE 1Mo ocH abcuuce. B crpoke Tabledata B kBajgpaTHbIX cKoOKax
3a/1al0TCsl KOOPAUHATHI rpaduka GyHKIIUU 110 OCH OPAUHAT. 3a1aHHBINA IPaQUK OTPA3UTCS Ha
MUKTOrpaMMe OJI0Ka.
Hanpumep, Heo6X01UMO peain30BaTh 0JI0K OrPAHMYEHHS C 30HOH HEYYBCTBUTEIbHOCTH U
JIMHEHHBIM Y4acTKOM (puc. 2.5).

UB ,

10

-100

o~
A\ K¢l

100

Puc. 2.5. Xapakrepuctuka 0710Ka orpaHUYCHUS

OxHO 1 070K OJHOMEPHON MAaTPUIILI C BBEJCHHBIMU KOOPJIMHATAMHU OJIOKA OTpaHUYCHUS
MpUBECHBI Ha puC. 2.6.

W Function Block Parameters: Lookup Table =
Lookup

Perform 1-D linear interpolation of input values using the specified table. Extrapolation is
performed outside the table boundaries.

Main Signal Attributes
Vector of input values:  [-100-0.4-0.10.10.4 100] Edit...

Table data: [-10 -10 00 10 10]

Loockup Table

Lookup method: [Interpolaﬁon-Exh'apolaﬁon - ]

Sample time (-1 for inherited): -1

[ oK. ][ Cancel ][ Help Apply

Puc. 2.6. Okno cBoticts 0110ka Look-UpTable



B oTtuére mo maboparopHoit pabore HEOOXOAMMO TPECTABUTH:

1) kpuBbie nepexoaubix npoueccoB Upx(t), Ups(t), Usnix(t) mpu 3aanHbIX Ui JaHHOTO
BapuaHTa mapamerpax 31 u 1ByX pexxumMax U3MEHEHHS BXOJHOTO HAPSHKCHUS;

2) oueHKy BiusiHHA Ha cBoicTBa 3U mapamerpoB Uo u Tay;

3) aHaJIM3 MOJYYCHHBIX PE3YJIbTATOB U BHIBOJIBI [0 HUM.

JladbopaTopHasi padora Ne 3

HccnenoBanne nepexoaHbIX MPOLECCOB B JTHHEHHBIX HeNsIX BO30YyKIeHHU 3JIeKTPUIECKHX
MAILIHMH NpH popcupoBKe

[enp Bo30yX/1€HUS IEKTPUUECKUX MAIINH, €CIIU TPpeHeOpeub HEMMHEHHOCThIO KPUBOM
HaMarHWM4YMBaHUs, IOTOKaMU paccesHUsl U BUXPEBBIX TOKOB, OMUCHIBAETCS AUPPepeHInaTbHbIM
YPaBHEHUEM:

[ dl

B
Us=lpRa+ 9B (31
U MOXET 6I)ITI) Hpe}ICTaBHeHa aHepI/IOI[I/IquKI/IM NI I/IHepHI/IOHHBIM 3BCHOM BHUAa
I5(p) /R
W(p) = Ug(p) - Tg-p+1

3nech R, L— COOTBETCTBEHHO CONPOTHBIICHUE W UHIYKTUBHOCTb, 8 Tp— AJIEKTpOMarHuTHasI
MOCTOSTHHASI BPEMEHH LIETTH BO30YKICHHS.

Jlnst KpymHBIX dekTpudeckux Mamud Tg = (1 + 5) ¢, mo3ToMy MpH BKIIFOYCHHH OOMOTKH
BO30YXXJICHHsI HA HOMUHAJILHOE HANPSDKEHUE UTUTEILHOCTh HapacTaHUs TOKa BO30OyxaeHus ty =
(3 +4) Tg u cocrasnser ot 3 10 20 c.

J11st cCOKpaleHusl JUTMTEIbHOCTH HapacTaHusl TOKa BO30YXICHUS IPUMEHSIETCS] (POPCHPOBAHHOE
BO30YXX/IEHHE, CYTh KOTOPOT'O COCTOUT B TOM, YTO Ha IEPHO/I HAPACTAHUS TOKA 10 HOMUHAIILHOTO
3Ha4YCHH K 0OMOTKE BO30YKACHUS MpUKIIaAbIBacTCs Hanpsokerne olUsn, rae o— kodhduimeHt
dhopcupoBkwu (puc. 3.1).

Us, Ip

o Upy Us

IBH — — — IB UB

Upn| — A~ p—— Y

-
/’l‘# IB
- ‘ t
ty

Puc. 3.1

CTp}IKTypHaﬂ CXCMa MOJCIIU IO UCCIICAOBAHUIO ITPOLIECCOB B 00MOTKax B036y)KIICHI/I}I MOXET
OBITh MnpeaAcTaBJICHA B BUJC, IPCACTABIICHHOM Ha pHUC. 3.2.



UB lf‘RB IB
il I T =

Puc. 3.2
YcrpoiictBo st hopcupoBku Bo3OyxaeHus (YDB) odecnieunBaer nuszmenenne Ug(t),
cooTBeTcTBYyMOMIEe puc. 3.1. B mporpamme MatLabSimulink Y®B moxet ObITh peann3oBaHo

1100 Ha 0JI0Kt mocTpoeHusi curnagios SignalBuilder, mu6oc momorpio 0J10Ka 0THOMEPHOH
marpuubl Look-UpTable.
[TapameTpsl nccieayeMoit renu Bo30yKAeHuUs 110 BapuaHTaM IpuBeeHbI B Tabmuie 3.1.

Tabaunma 3.1

Nepap. |1 2 3 4 5 6 7 8 9 10 11 12

napam.

Isu, A | 22 23 24 27 30 35 33 31 29 26 23 21

R, Om | 10 95 |[9.16 (815 |7.33 |6.28 |6.66 | 7.09 |7.58 |8.46 | 9.56 | 10.5

Ts, c 3 35 |40 (45 |50 |55 |60 |[55 |50 (45 |40 |35

B cooTBercTBHU ¢ ypaBHEHHEM (3.1) MOKHO mony4uuTh 3aBucuMocth Up=f (1), oOecreunBaromnyto
JIMHENHBIN 3aKOH HapaCTaHHA U CIIalaHUsA TOKa BO36Y)K)1€HI/I$I QJICKTPUYCCKUX MAIllMH 3a
3amanHoe BpeMms (puc. 3.3).

Us, Is

UB P |
/IBH'RB
i
|
dI, |

Le—=
dt (S R _;
| TenRe | t

IruRp

Puc. 3.3

B oTuéte no naboparopHoii pabote HEOOXOUMO:

1. Tlomyuuts KpuBBIe epexoaAHBIX MporeccoB U = f(t),

Iz = f(t) mpu koadunmente hopcupoBku o = 3.

2. TlosyuuTh 3aBUCHMOCTD JJIUTEIHHOCTH HApACTaHUS TOKA BO30YXKIEHUS OT KoddduineHTa
dopcuporku (tu=f(a)).




3. C yu€rom Toro, 4To = "H | paccuutarh u peanu3oBarh HeoOXoauMbIi 3akoH Ug(t)
nputu=1c.
4. TlpoaHanu3upoBaTh MOJYYCHHBIC PE3Y/IbTAThI U CACTATh BBIBOIBI.

JladopaTopHnas padora Ne 4

HUccnenoBanue NMEPEXOAHBIX MPOUECCOB B LHEINAX
BO36y)KI[eHI/Iﬂ ICKTPUYCCKHUX MAIIUH C y‘léTOM HaCbIINCHUA

[Ipoueccel B 11eny BO30YKI€HUS AJIEKTPUUECKUX MALIUHBI 0€3 y4€Ta BIUSHUS PEAKIUH SIKOPS,
MTOTOKOB PAacCesHUsI U BUXPEBBIX TOKOB MOYHO OTMCAThH CIEAYIOIUMHU U depeHInaTIbHbIMU

ypaBHEHUSAMHU:
dd,
Ug=IpRs+Ws dt ; (4.1)
@5 = f(IB), (4.2)

rae  Us, |z— cOOTBETCTBEHHO HANpPSHKEHHUE U TOK BO30YXKIACHUS,

Rp— cymmapHO€ CONPOTHUBIICHHE IIETTH BO30OYKACHUS C y4ETOM CHUIIOBOM 1IETIM BO3OYIUTEIIS;
W3a— cymMMapHOE 4KCI0 BUTKOB OOMOTKH BO30YXKIECHNS,

®p— MOTOK BO30YKICHUS;

f(IB) — HenMHelHAS 3aBUCUMOCTD, HE MMEIOIAs AaHATUTHYECKOTO BhIPOKEHHUSI, Ha3bIBaeMast
KpUBOM HAMarHMYMBAHUS JIEKTPUUECKON MalIVHBI.

Ha puc. 4.1, npuBeaena 06001EHHas KprBasi HAMAarHUYMBAHUS IBUTATENS] B OTHOCUTEIbHBIX
€IMHULIAX.
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BBoaum oneparop muddepennpoBanus B ypasHenue (4.1)

Us = Ig-Rp + Wi-®5p-p. 4.1)
Otcrona
1{B UB
—B_1,
wp= VB P Rg (4.2)

[IpeoOpazyem BeIpakeHUE 3a CKOOKaMu B (4.2) K BHILY

RB RB 'CDBH ’IBH KBH
Wpp - W -Dpy-Ipy-p _ TBH'p,

CDBH Wi - Oy

rae KBH = IBH u TBH = IBH ) RB

CooTBEeTCTBEHHO KO3(PPUIIMEHT U 3JIEeKTPOMarHUTHAs MMOCTOSIHHAS BPEMEHH LIeTTH BO30YXKACHUS
AIIEKTPUYECKON MAIIMHBI AJIs1 COPSIMIEHHOM XapaKTepUCTUKN HaMarHu4uBaHus puc. 4.1 (npsimas

2).

Torna Beipakenue (4.2) npeoOpasyercs K BULY

Ry [Us

Wy -p\ Ry

B
b = (42)

Ha ocHoge (4.2) u 06paTHO KpUBOH HaMarHUYMBAHUS

Ig = f1(Dp) HEenMHEIHAS 1IeTTb BO30YKICHUS MOYKET OBITh MPEACTABJICHA CTPYKTYPHON CXeMOM
Buaa (puc. 4.2).

Usg 1 KBH Dy
— -
Ry Teg-p
In
Fi(@)
Puc. 4.2

Ecnu npoBecTy JIMHEHHY0 anpoKCUMAIIMIO KpUBOW HAMAarHUYMBAHUS JIsl KAKOT0-IN00
KOHKPETHOTO 3Ha4eHus1 NoToka Ppo, TO CTPYKTypHas cxema Ha puc. 4.2 MOKeT ObITh
npeobpa3oBaHa K Buay (puc. 4.3).
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Puc. 4.3

Al

3neck Ki = ADy , Tpu4éM Alg u1 A®p 0THOCUTEIHHO HEOOIbILINE IPUPAILIEHUS TOKA U TOTOKA
BO30YXKJIEHHUSI, TOJTyYE€HHBIE 110 KPUBOM HAMarHMYMBaHUS B OKPECTHOCTH alllIPOKCUMUPYEMOI
touku Igo(cm. puc. 4.1). [locnie sKkBUBaIEHTHBIX MPEOOpa30BaHU CTPYKTYpHAs cxema Ha puc. 4.3
MOJXKET OBITh IIPEJICTaBJIeHA Ha puc. 4.4.

Us | 1 K., | D
= = =
RB TE,'[:H‘].
Puc. 4.4
| Tau

3necy Kg = Ki nTg= KBH ' Ki

IIOCTOsIHHAsA BpEMCHHU LTI BOS6y>K,Z[€HI/IH JJIA BBI6paHHOfI TOYKHU aIlIIpOKCHUMAIIUN. O‘leBI/I,Z[HO,

COOTBETCTBCHHO KOC)(b(bI/II_[I/IeHT H JJICKTpOMAardnuTHas1

YTO 10 MEPE BO3pAaCTaHUs TOKa BO3OYKICHHS pacTET U BeauurHa koddpduimenta Ki, a ato, B
CBOIO ouepeib, CHrbKaeT 3HaueHus Kg 1 T 110 Mepe HACBIIEHUSI MAarHUTHOM CHCTEMBI
AEKTPUICCKON MAITUHBIL.

[TapameTpsl HcciaeyeMon e Bo30YKICHHUS 110 BapHaHTaM IPUBEACHBI B Ta0uie 4.1.
Tabmuua 4.1.

Nepap. |1 2 |3 4 5 6 7 8 9 10 11 12

napam.

®y,Bc|0.146 (021011012 (016 (018|022 |02 |018 |016 |0.14 |0.12

Ipn, A | 22 23 |24 |27 30 35 |33 31 |29 26 23 21

Rs, Om | 10 95191 |815 [733 |6.28|6.66 |7.09(758 |846 |9.56 |10.5

Teu,c |3 3.5]40 |45 5.0 55 [6.0 55 |50 4.5 40 |35

Buumanue! Jlo Toro, kak mpUCTYIUTh K BBIIOJIHEHHUIO JIAOOPATOPHON pabOThI, HEOOXO MO
paccuMTaTh peallbHYI0 KPUBYIO HAMarHWYMBaHUs IBUTATENS U CBOETO BapUaHTa, UCTIONb3Ys
115 3TOTO pHC. 4.1 1 HOMUHANIBHBIE JaHHBIE U3 TaOnuIbl. KpruBas HaMarHMuuBaHUS
Moienupyertcs ¢ momoiisio 61oka Look-UpTable.

[Tocne 3TOrO paccunuTaTh MapaMeTpsl U peann3oBaTh HU(POBYIO MOAETH B COOTBETCTBUU CO
CTPYKTYpHOU cxemoi Ha puc. 4.2.




B oTtuére mo naboparopHoii paboTe HEOOX0AUMO:

1) mpoaHaMU3UPOBATH NEPEXOIHBIC MIPOIIECCHI B LIEMH BO30YKICHHUS, 00YCIOBICHHBIC
M3MeHeHneM HanpspkeHus Bo30yxaenuss AUg = +0.1Upn npu ycnoBuH, 4To K 0OMOTKE
BO30YXJIeHHs yxe npuitokeno Hanpspkernne Upo = 0.3Upn, 0.6Upn 1 0.9Ugn. s Toro,
YTOOBI HCKITIOYHTH TIEPEXO0IHBIE TIPOIIECCHI, CBI3aHHBIE C IPUIIOKECHUEM K OOMOTKE
BO30Y)XJICHHS HAa4aJIbHOTO HarpspkeHus: Upo, HE0OX0IMMO B MHTETPUPYIOIIEM 3BEHE Ha
MOJIENH 337aTh HA4aJIbHOE 3HaYEHUE TI0TOKA BO30YKICHHUS, PACCUUTAHHOE JUI 9TOr0
pexumMa ¢ y4éToM KpUBOM HaMarHU4YMBaHMUS;

2) sl TpeX HavallbHBIX 3HAUCHHUH TPOTOKA BO30YKICHHUS TIOCTPOUTH YaCTOTHBIC
xapakrepucTuku (JIAUX u JIOYX), BX0JHON CUTHAM JUIsl YaCTOTHOM XapaKTepUCTUKHI

Us Dy

, BEIXOJTHOM

3) 10 MOJTy4EHHBIM KPUBBIM MTEPEXOIHBIX POIIECCOB paccunTaTh 3HaueHus K u Tg s
KaXXJ0T0 PEXKUMA;

UBO

4) moctpouts 3aBucUMOCTU Kp 1 T OT BeTHUHHBI ;

o]
jan

5) cnenaTh BBIBOIBI [0 MOJTYYCHHBIM PE3YJIbTaTaM.

JlaGoparopHasi padora Ne §

HcceaenoBanne nepexoaHbIX MPOLECCOB B IBUTAaTeIe
MOCTOSIHHOTO TOKA MPH 0THO30HHOM
PeryJiipoBaHUM CKOPOCTH

CTpyKTypHasi cXxeMa JIBUTaTesIs IIOCTOSTHHOTO TOKa IPH IMIOCTOSTHHOM TIOTOKE BO30YKICHUS
Han0oJIee YacTo MPEICTABIISACTCSA B BUIE, M300pakEHHOM Ha puc. 5.1.

| 2]

T —
I == 1 _  —1
AUz c — 1y [
|

Ug ® lfRB Ig R, )
Ex
K@y

Puc. 5.1

3nech R», Tr— 3KBUBAJIEHTHOE CONTPOTUBIIEHUE M TIOCTOSIHHAS BPEMEHU SIKOPHOM 11€TIH JIBUTATENIs;
K®u— koadduuneHT nurarens;



Jy o
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CyMMapHbI MOMEHT HHEPLUU JJICKTPOIIPUBOAA.

— DJIEKTPOMEXAHUYECKAsI IOCTOSIHHASI BPEMEHH JIEKTPOIIPUBOJA, & Js—

Hcxonnbie mapamMeTpsl IO CTPYKTYPHOU CXeMe /ISl KaKJI0OTO BapuaHTa MpUBEACHBI B Ta0m. 5.1.

Tabmuia 5.1

Ne 1 2 3 4 5 6 7 8 9 10 11 12
Bap.

napam

Uu, B | 220 | 220 |220 |220 |220 |220 |440 |440 |440 |440 |440 |440

Kby, (1.2 (1.4 1.6 1.8 2.0 22 122 |20 1.8 1.6 1.4 1.2
B-c

R»5, 1.1 [{0.73 |055 |044 [0.36 (0.31|1062]0.72 [0.88 |1.1 146 |22
OMm

Tm,c | 0.0 [0.01 |0.01 |0.01 [0.012)|0.01({0.01|0.015|0.025| 0.035| 0.045 | 0.046
2 7 5 3

ln, A [20 |30 40 50 60 70 |70 |60 50 40 30 20

Hns Bcex BapuanToB Tr = 0.03 c.
B otuére no mabopaTopHoii paboTe Ha OCHOBE peaTM30BaHHON MO/IeTTH HEOOX0IMMO PAaCCUUTATh

U TpoaHanu3upoBath nepexoausie mpoueccsl Us(t), 1s(t), (t) B caemyrommx pexxumax:

1) pa3roH u TOpMOXKEHHE JBUTATENS Ha XOJIOCTOM X0y NPU U3MEHEHUU HANPSHKEHUS SIKOPS B
COOTBETCTBHUU C puC. 5.2.;

2) nst JaHHOM CTPYKTYPHOM CXEMBI MTOCTPOUTH YacTOoTHBIC XapakTepucTuku (JIAUX u JIOUX)
Ui TPEX CIIydaen:

. . . @
a) BXOJIHOHM CUTHAJI JJI1 YaCTOTHOM XapaKTePUCTUKHU Ug , BBIXogHOH 4B

)
Iy , BRIXogHO# 4B

N . I .
B) BXOOHOHM CUTHAJ JJISI HACTOTHOH XAPAKTCPHUCTHKH ¢ , BBIXOJHOHU [}7 ;

0) BXOJIHOM cUTHAJI JJIsl YaCTOTHON XapaKTEPUCTUKH

3) pa3roH u TOPMO>KEHHE ABUraTels MPU NPUIOKEHUH Ic = In:

a) aKTUBHOT'O CTaTHYECKOTO MOMEHTA (ToKa) B MHTepBaiie BpemeHu 0 +s;

0) peaKTUBHOTO CTATUYECKOI0 MOMEHTA, MOsBJIsIIonerocs npu o+ 0, (Ha MOJENU pean3yercs ¢
MOMOIIBIO pesieiiHoTo deMenTa PO ¢ ypoBHeM orpanudeHus, pasHbM Ic = In);

B) CTATMYECKOT'O0 MOMEHTA, IPUKJIAIbIBAEMOT0 B IIepU0/1 pa3roHa apurarens (t = t1) u cHumaeMoro
B miepro TopMoskeHus (1 = ta);

4) npunoxenus ckauka HanpspkeHus sikopss AUg = 0.1Ugn  mpu Ugo = (0.5 + 0.8)Usn = const;
5) npunoxenue lc = lgu mpu Uso = (0.5 + 0.8)Ugn.




Buumanue! B AByX nocneHux pexuMax JUisl HCKJIFOUEHUS IEPEXO0IHBIX IPOLECCOB, BBI3BAHHBIX
HayvaJIbHBIM U3MEHEHHEM HanpsikeHus sskops npu Uso, HE0OX0MMO B 3B€HE, MOICITUPYIOIIEM
IEKTPOMEXAHUYECKYIO HHEPLMIO ABUIaTelNs, 3a1aTh HA4aIbHOE 3HAYCHUE CKOPOCTH () =

UHO

Ky,

Bennuuns u xapaktep u3menenus Us(t) u lc(t) amst kaxporo BapuaHTa mpeacTaBieHsl Ha puc. 5.2
u B Tabm. 5.2.

Usgx
Uk —
I; I
| T S g o T C
I | '|/
| L t
tl tz t3 t4 tS
Puc. 5.2
Tabanma 5.2
Nemap. |1 2 3 4 5 6 7 8 9 10 11 12
mapam.
t1, C 0.2 0.2 0.2 0.15 | 0.15 | 0.1 0.1 (0.1 0.15]0.2 0.2 0.2
tr, C 0.45 |04 0.35 | 0.3 0.25 | 0.2 0.2 {025 (0.3 |0.35 0.4 0.45
t3, C 145 (1.4 1.5 1.4 1.3 1.4 15 |13 15 |16 145 | 1.35
ta, C 1.7 1.6 1.65 (155 | 145 |15 16 |14 1.65|1.8 1.6 1.6
ts, C 1.9 1.8 1.85 | 1.7 155 [ 1.6 1.7 | 155 |18 |[1.95 185 [ 1.8

B otuére no nmabopatopHoii paboTe HEOOXO0IUMO:

1) mpoaHaTU3UPOBATH MEPEXOIHBIC MPOIIECCHI IS BCEX, YKa3aHHBIX BBIIIE, PEKUMOB;

2) TPOAHAIN3UPOBATH MOJYUECHHBIC YACTOTHBIC XaPAKTEPUCTHKH IS BCEX, YKA3aHHBIX BBIIIIE,
PEKUMOB

3) YCTaHOBWTH BJIMSHHE HA XapaKTep MEPEXOAHBIX MPOIECCOB U YCTAHOBUBIIUXCS PEIKUMOB:

— U3MEHCHHUS HANPSDKCHUS SIKOPST;

— XapakTepa CTaTHYECKOr0 MOMEHTA;

4) cpenath HEOOXOIUMBIC BBIBOJIBI MO TIOTYYEHHBIM PE3yIbTaTaM.

JlabopaTopnasi pabora Ne 6
HccnenoBanne nepexoaHbIX MPOLECCOB B IBUraTese
NMOCTOSTHHOI'0 TOKA NPH ABYX30HHOM

PeryJMpoBaHHHN CKOPOCTH

CTpykTypHas cxema JIBUTATellsl MOCTOSIHHOTO TOKa IPU PETYIUPOBAHUN CKOPOCTH B IBYX 30HAX
MOJKET OBITh TIPEJICTABJICHA B BUJE, N300paKEHHOM Ha puc. 6.1.



Bce mapamerpsl nccieyeMoro JBUTraTess J0JDKHBI ObITh B3SITHI U3 MPEIbIYIICH TabopaTopHOU
paboThI, a BEIMYNHA CYMMApPHOTO MOMEHTA MHEPIIUU PACCUUTHIBACTCS M3 BHIPKCHHUS

Ty (KO )

Js = R3

I[JI)I 00J1e€ TOJHOIO MCIOJIH30BAHUS ABUTaTeJId 1o MOIIHOCTU U MOMCHTY, ocliabjieHHe MoToKa
BO36Y)KIICHI/I$I ABUTaTCJIA OCYHICCTBIACTCA TOJIBKO ITOCJIC TOTO, KaK 6y,[l€T AOCTUTHYTO
HOMHWHAJIbHOC 3HAYCHUC HAIIPSIKCHUS SAKOPS.

MC

Uy VR, |[Ia = Mg Mugn | 1 | ®

T3p+1 'y sz

E

A [ |«
ADK

K@ _é

Puc. 6.1

B otuére no nmabopatopHoii paboTe Ha OCHOBE U(PPOBOK MOACIN HEOOXOAMMO PACCUUTATH U
poaHaIu3upoBaTh nepexoaubie mpoieccehl Ug(t), La(t), o(t) B cieayromux pexumax:

1) pasron aBUTraTels Ha XOJO0CTOM X0y 0 MAaKCUMAaIbHON CKOPOCTH M TOPMOYKEHHUE 10 HYJIS;

2) pas3roH JI0 MAaKCUMAaJIbHOW CKOPOCTH M TOPMOXKEHHUE, MPH nprioxeHnn Mc = KOy lgn ipu
pasroHe U CHATHUU CTAaTUYECKOTO MOMEHTA MIPH TOPMOKEHHUH;

3) mpuIOKEHHE CKauka HampspkeHus skops Uyg mpu:

a) Kdg = Kdy, Uso = Ugn,

6) Kdp = ’Y-Kq)H, Ug = Ugn;

4) mnpunokeHue ckaukoM Mc = My nipu:

a) Kdp = KCDH, U;[() = U;[H,

6) Kdp = ’Y-K(DH, Ug = Ugn;

5) u3MeHeHHe CKauKOM MOTOKa BO30yxaeHus auratenss AK®g = +0.1K®y npu Usg = Usy, KD

= ’Y-KCDH.
6) [y cTpyKTypHO# cXeMbl (puc. ) IOCTPOUTH YacTOTHBIC XapakTepucTuku (JIAUX u
JIOUX) nyist 1BYX Clly4aeB:
a) BXOJIHOM CUTHAN JUI YaCTOTHOM XapaKTEPUCTUKHU MC, BBIXOHOM Iy , Ipx KD = kP ;

o o M, L] k® =KD, .
0) BXO/IHOM CUTHAJI I YaCTOTHOM XapaKTepPUCTHKH , BBIXOJHOH ~ 7, Ipn min,

Benmnunna u xapaktep usmenenus Us(t), KO(t) u Mc(t) st peanuzaiuu pexumos 1 u 2
npuUBeJeHbI Ha puc. 6.2 u B Tabauue 6.1.



Kdy Kot
o LN /
\
UHH 77777 ‘ Uﬂ(t)

w2

Me(t)

- - - — 4+ — +— — —

Puc. 6.2

Tabmuma 6.1

Nemap. |1 2 3 4 5 6 7 8 9 10 11 12
mapam.

Y 05 |055 (06 |065 (07 |075 |07 |065 |06 |055 (05 0.45
t1 0.15 {0.15 (0.2 |02 |02 |02 |02 |02 |02 |02 |0.2 0.2
to 03 (03 (03 (04 (04 |035|04 |035]04 |035 (035 |[0.35
t3 06 |06 [065 (075 |07 |07 [075 0.7 |0.75 |0.75 |0.7 0.7
ts 15 |15 |155 |16 |16 |155 |16 |155 (16 |155 (155 |155
ts 18 (18 |18 |19 (19 |185 (|19 |185 (19 |185 (185 |1.85
ts 19 (19 |19 |21 (21 |20 (21 |20 |21 |20 |20 2.0
t7 21 |21 (2151|123 |23 |22 |23 |22 |23 |22 |22 2.2

Baumanme! I[J'IH HCKIIIOUYCHUS MIEPEXOJIHBIX IIPOIECCOB, BbI3BAHHBIX HAYAJIbHBIM U3MCHCHHUEM
HaIIPAXKCHUA AKOPA U;[(), HCO6XOI[I/IMO, KaK U B IIPCAbIAYIIEM Cl1ydac, B 3BCHC, MOJACIINPYIOLIEM
SJICKTPOMEXAHUYCCKYIO HHCPIIUIO ABUTATCIIA, 3a1aTh HAYAJIbHOC 3HAYCHUC CKOPOCTH (o =

USIO

K®,

B otuére no nmabopatopHoii paboTe HEOOX0IUMO:

1) mpoaHaTU3UPOBATH MEPEXOIHBIC MPOIIECCHI IS BCEX PACCMOTPEHHBIX BBIIIE PEKUMOB;

2) YCTaHOBWTH BJIMSHHE HA XapaKTep MEPEXOAHBIX MPOIECCOB U YCTAHOBUBILIUXCS PEIKUMOB:

— U3MEHCHHUS HANPSDKEHUS SIKOPST;

— YIAQpHOTO MPHJIOKEHUS CTATHYECKOTO MOMEHTA;

— U3MEHEHHUS MOTOKA BO30YXKACHUS BUTATENS;

3) TpOBECTH CPAaBHUTENIBHBIN aHAIN3 TIEPEXOIHBIX MPOIECCOB B PeXXKUMax 3, 4 MPH MOJHOM U
OCNabIeHHOM 3HAUEHUSAX MOTOKA BO3OYKICHHS IBUTATENS;

4) mpoaHaIM3UPOBATh YACTOTHBIC XapaKTEPUCTHKH, CHATHIC TI0 BO3MYIIAIOIIEMY BO3/ICHCTBHIO,
MIPH TOJHOM U OCJTa0JI€HHOM 3HAYEHHSIX TIOTOKA BO30YK/IEHUS JBUTATETIS;

5) caenath BBIBOJIBI IO TIOJIYUYCHHBIM PE3YJIbTATaM.







