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1 Hesu ocBOEHMS TUCHMIIJIMHBI (MOXYJISA)

Lenstmu 0CBOCHUS TUCIUIUIMHBI «MOJETUPOBAHUE MEXATPOHHBIX CUCTEMY SBJISCTCS O0ydYeHHE
Oynynux OakajaBpOB 3HAHMSIM CYIISCTBYIOIIMX METOJOB aHAJIOTOBOTO M ITU(PPOBOTO MOJIEITHPOBAHUS
COBPEMEHHOTO D3JIEKTPONPHBOAA, OTPa0OTKA HABBIKOB TPUMEHEHHS CYIIECTBYIOMINX IPOTPAMM
MaTEeMaTHYECKOTO MOJCIMPOBAHUS PAOOTHI 3JCKTPONPUBOIOB, MPUOOPETEHUE MPAKTUYECKOTO OITbITa
aHanm3a paboThl COBPEMEHHBIX AJICKTPOITPUBOIOB.

3amaun TUCIIUILTNHBI — YCBOGHUE CTYICHTaMHU:

- aNrOpUTMOB YHWCIEHHBIX METOJOB HWHTETPHPOBAHHA JIMHEWHBIX W HEITUHEWHBIX CHCTEM
g dhepeHIUaNbHBIX YPaBHEHHIA,

- IPUHIUIIOB MOJICTTUPOBAHUS MEXATPOHHBIX 3JIEMEHTOB 3JIEKTPOIPUBO/IA;

- METOJIOB aHAJIOTOBOTO ¥ U(POBOTO MOJEIUPOBAHUS COBPEMEHHOTO JIEKTPOIPHUBO/IA.

2 MecTo AUCUMILTHHBI (MOAYJs) B CTPYKTYpe 00pa30oBaTeJbLHON MPOrpaMMsl

Huctunnuaa MoJenupoBaHue MEXaTpOHHBIX CUCTEM BXOIWT B BapHATHBHYIO YacTh y4eOHOTO
IU1aHa 00pa30BaTeIbHOM MPOrPaMMBI.

Jia u3ydeHHus NUCHUILUIMHBI HEOOXOMWMBI 3HAHWS (YMEHWs, BIafeHHs), CHOPMHUPOBAHHBIC B
pe3ynbTaTe U3yueHHs AUCIHUILINH/ TPaKTHK:

Matemartnka

DNeKTpUYECKHEe MAIIUHbI

3nanus (yMeHUs, BJIaJeHHs), TOIyYEHHbIE NpPU HW3YyYCHWW JaHHOW JUCIMIUIMHBL OyayT
HEOOXOMMBI ISl U3yUYESHUS! JUCIUIUINH/TIPAKTUK:

CucteMsl yripaBleHUs JIEKTPOIIPUBOIOB

3 Komnerenuun odyuarierocs, GopMupyembie B pe3yJibTaTe 0CBOCHUS
JAMCHMILIMHBI (MOAYJISI) M IIJIAHMPYeEMbIe Pe3yJIbTAThl 00y4eHHsI

B pesynprate OCBOGHWS NUCHUILUIMHBI (MOIynsi) «MoAenmupoBaHUE MEXaTPOHHBIX CHCTEM)
00y4aroUiics T0KEeH 00/1a/1aTh CISAYIOUUMHE KOMIETCHIIUSIMU:

CTpyKTypHBIii [Tmanupyemsbie pe3ynbTaThl 00yYeHuUs
3JIEMEHT
KOMIIETEHLIUU

ITK-6 ciocoOHOCTBIO TPOBOINUTH BBIUMCIUTEIBHBIC SKCTICPUMEHTHI ¢ UCTIOJIb30BAHUEM CTAHIAPTHBIX
IMPOrpaMMHBIX ITAKE€TOB C LEJIbIO UCCIICAOBAHUA MAaTEMATUYCCKUX MO}IeHeﬁ MEXaTPOHHBIX U
POOOTOTEXHUIECKUX CHCTEM

3HaTh - pacyeT M MOCTPOCHHE CTPYKTYPHOH CXEMBI ABUTaTENsl IOCTOSHHOTO TOKA MPH
OJTHO30HHOM PETYJIMPOBAHIH CKOPOCTH;

- pacyer ¥ MOCTPOSHHE CTPYKTYPHOM CXEMBI JABHTATENS TOCTOSHHOTO TOKA MPH
JBYX30HHOM PETyJIUPOBAHUU CKOPOCTH;

- CYLIECTBYIOIIME METOABI aHAJIIOTOBOTO U HU(PPOBOTr0 MOJEINPOBAHHUS
COBPEMEHHOTO JIEKTPOIIPUBO/IA.

YmeTb - QHAJIM3UPOBATH MOJIYUCHHBIC B PE3YJIbTATE MOJICITUPOBAHUS JJAHHbIC
- OKCIIOPTUPOBATH MACCUBBI TAHHBIX OCHOBHBIX KOOPJIUHAT AJICKTPOIIPUBOA H3
nporpammsl Matlab Simulink B mporpammy Excel.

BHaHeTL - HaBbIKaMH pacdy€Ta TMHAMUKU IJICKTPOIPHUBO/JIa C NCIIOJIb30BaAHUEM IIpOTrpaMm
crpykrypHoro mozxenuposauus (Matlab Simulink);

- HaBbIKAMHU 00Pa0OTKH MAaCCHBOB JaHHBIX OCHOBHBIX KOOPIMHAT 3JEKTPOIPHBOIA
mpu 3Kcropre u3 mporpammer Matlab Simulink B mporpammy Excel.




ITK-1 criocoOHOCTBIO COCTABISATH MATEMATHYECKUE MOJICTH MEXaTPOHHBIX U pOOOTOTEXHUYECKHUX CHCTEM,
WX TIOJICUCTEM M OTJIEbHBIX 3JIEMEHTOB H MOy el , BKITtoYasi HH()OPMAIMOHHBIE, 3JIEKTPOMEXaHUIECKHE,
THUAPABIMYECKHUE, DIEKTPOTHAPABINIECKUE, SJIEKTPOHHbBIE YCTPOMCTBA M CPEACTBA BEIYMUCIUTEIHHOMN

TCXHUKHU

3HaTh

- XapaKTEePUCTHUKY AITOPUTMUYECKUX U IIPOTPAMMHBIX CPEICTB PEIICHUS 3a1a4
MOJIEJIMPOBAHUS CUCTEM aBTOMATH3UPOBAHHOIO AIEKTPOIIPUBOJIA;

- XapaKTEPUCTUKY AITOPUTMUYECKUX U IPOTPAMMHBIX CPEJICTB PEILICHUS 3314
MOJEIHPOBaHNS CHCTEM aBTOMATH3UPOBAHHOTO JIEKTPOIPUBOAA;

- pacdeT | ITOCTPOEHNE OCHOBHBIX d1eMeHTOB, cocTaBistroninx CAIIP (3amaTank
uHTeHcuBHOCTH 3U, ycTpoiicTBO QopcrpoBku Bo3OyxneHus Y OB u ap.

YMmetn

- BBIBOJIUTH MOJTYYEHHbIE PE3yIbTaThl MOJEIUPOBAHUS B BUIE€ EPEXOTHBIX
MIPOLIECCOB WIIM MAaCCHUBA;

- nporpaMmMupoBath coctaBisomue CAIIP (3anaTunka nnteHcuBHOCTH 3U,
ycTpoiicTBa (hopcupoBkU Bo30yxaeHus YDOB u ap.).

Bnanets

- HaBBIKAMH ITOCTPOCHHS 1 MOACTHPOBAHUS CTPYKTYPHBIX CXEM JIMHEWHBIX CHCTEM
aBTOMATH3UPOBAHHOTO ANIEKTponprBoaa B cpeae MatlLab Simulink;

- CpeICTBaMU MPOrPaMMHOTO 00ECTICUEeHHS JUT POTPaMMHUPOBAHUS
cocraBistommx CAIIP (3amaTanka naTeHCHBHOCTH 31, ycTpoiicTBa GopcUpOBKU
Bo3Oyxaeans Y DB u np.)




4. CTpyKTypa, 00bEM U colepKaHue TUCHMITHHBI (MO/IYJIs)
OO01mas Tpy10eMKOCTb AUCHUIUTHHBI COCTABIISACT 3 3aueTHbIX eanHull 108 aka. 4yacoB, B TOM 4HCIIe:
— KOHTaKkTHas paboTa — 8,4 akaj. 4acos:
— ayIMTOpHAs — 8 aKaJI. 4acos;
— BHeayautopHas — 0,4 akaj. 4yacoB
— caMmocTosTeNnbHas pabora — 95,7 akas. yacos;

— MOATOTOBKA K 3a4éty — 3,9 akaj. yaca
dopma aTTecTaIuy - 3a4eT

AyautopHas § 5 ®opma
KOHTaKTHasI 2= TeKyIero
o =
Paznen/ Tema 2 padora & 2 Brx .|  xomTpons Kon
>l (Bakan gacax) |& olcamocrosTensHON
JCTIATITIHBI & = AGOTLL YCIIEBAEMOCTH U |KOMIIETEHITUHI
ek 1a0. |IpaxT. S8 P HPOMEKYTOYHOM
| zam. | sam. | S 8 aTTecTaluu
1. Pazgen 1.
1.1  MonenupoBanue IIpopaborka
HEJIMHEHHBIX  OJIOKOB KOHCIICKTa
Teopun 05| 1 20 JeKIMit 1 AKP Ne 1 TK-1
ABTOMAaTUYECKOr 0 y4eOHOro (recposare)
perynuposanus (TAY) nocobus [1,2] mo
[MpopaboTka
1.2 MopnenupoBanue KOHCIEKTA
CTPYKTYPHBIX CXeM Ha| , | o5 [5 /1 30 JeKIHit 1 AKP Ne 2 [K-6
OBM B cpene MatlLab ’ Y4EGHOrO (TecTpoBaHHE)
Simulink mocodus [1,2] mo
1.3  MopuenupoBanue IIpopabotka
OCHOBHBIX  3JIEMEHTOB KOHCIICKTa
cUCTEM 1 (3/3U 457 JEKLIUH 1 AKP Ne 3 [IK-6
ABTOMAaTU3UPOBAHHOIO yuebHoro (rectuposaie)
3IeKTPONIPHBO/A noco6ust [1,2] mo
Wroro no pazneny 2 |6/4U 95,7
Uroro 3a cemectp 2 |6/41 95,7 3a4éT
Hroro no gucruminae 2 |6/41 95,7 3a4eT IIK-1,I1K-6




5 O0pa3oBaTejibHbIE TEXHOJIOTHH

Jis peanuzanuu MpenryCMOTPEHHBIX BHJIOB Y4eOHOW pa0OOTHI B KauecTBE 0Opa30BATEIbHBIX
TEXHOJIOTHHA B MPETOJaBaHUH TUCIUILTUHBI «MOJEeTNpOBaHIE MEXaTPOHHBIX CHCTEM) HCIOIB3YIOTCA
TPaIUIIMOHHAS M MOAYJIHHO - KOMIIETEHTHOCTHAS TEXHOJIOTHH.

[lepenaya HEOOXOUMBIX TEOPETUYCCKUX 3HAHUN M (JOPMHUPOBAHME OCHOBHBIX MPECTABICHUN
1o Kypcy «MoJiennpoBaHre MeXaTPOHHBIX CHCTEM) IMTPOUCXOANT C FCIIOIb30BaHN-EM MYyJTETUMEIUHHOTO
o0opymoBaHMUsL.

Jlexknuu mpoxonAT B TpaaAWMIMOHHOW (hopme, B GopMe JCKIUIH-KOHCYIbTAMNA U MPOOIEMHBIX
nekuui. Teoperndeckuii martepuall Ha NPOOJIEMHBIX JICKIUAX SBISCTCS PE3YJIbTATOM YCBOCHHS
MOTydYeHHOH WH(OpPMAIH TOCPEICTBOM IMOCTAaHOBKM MPOOJIEMHOTO BOIpOCa WM TOWC-Ka IYTEeH €ero
pemrenus. Ha nekiusix — KOHCYJIbTAIMSIX M3JI0KEHUE HOBOTO MaTepHalia COMPOBOXKAAETCS MOCTAHOBKOM
BOTIPOCOB U JIUCKYCCHEH B TTOMCKAaX OTBETOB HA 3TH BOTIPOCHI.

[Ipu mpoBeneHNH MTPAKTHYECKUX 3aHITAN MUCTIONB3YIOTCA padoTa B KoMaH e 1 MeTosl IT.

CamocrosTenbHas paboTa CTUMYIUPYET CTYJASHTOB B IIPOIlecce MOATOTOBKY TOMAITHIX 3a/1aHuUH,
NIPY PELIeHUH 337a4 Ha JTabopaTOPHBIX 3aHATHSX, TIPH MOATOTOBKE K KOHTPOJIBHBIM padoTaM (TecTaM)
WUTOTOBOH aTTECTALIUH.

6 YueOHO-MeTOAMYECKOE 00ecTieyeHne CaMOCTOATEIbHOI padoThl 00y4YaIOIIUXCH
[Ipencrasieno B npunoxeHuu 1.

7 OneHOYHBIE CPEACTBA s MPOBeAeHHUs MIPOMEKYTOUHON aTTeCTALMHU
[IpencraBieHbl B IPUIIOKESHUH 2.

8 YueOHO-MeTOoANYecKOE H HHOPMALMOHHOE o0ecneyeHne AMCHUNIMHBI (MOAYJIs)
a) OcHoBHas1 uTEpaTypa:

1. dypcos, B.b. MoaenupoBanue 3IEKTPOIPUBOIA © yuedHoe mocobue / B.b. dypcos. — 2-¢
u3g., ucnp. u gon. — Cankr-IlerepOypr : Jlans, 2019. — 220 c. — ISBN 978-5-8114-3566-1. — TekcT :
AIIEKTPOHHBII I Jlanp : ANIEKTPOHHO-OMOIHOTEYHAS cucTema. — URL:

https://e.lanbook.com/book/121467

2.Ammnaros, 10. H. MaTemarndyeckoe MOACIUPOBAHKUE MPOU3BOJICTBEHHBIX MPOIIECCOB | yueOHOE
noco6ue / 0. H. AnnaroB. — 2-e u3z., ucnp. — Cankr-IlerepOypr : Jlanb, 2018. — 136 c¢. — ISBN
978-5-8114-3052-9. — Tekcrt : snekrpoHHbIi // Jlanb : 3ekTpoHHO-OMOMHOTeYHas cuctema. — URL:
https://e.lanbook.com/book/107271 (nara obpamenuns: 19.09.2020). — Pexum gocrtymna: Ajsi aBTOPH3.
I0JIB30BATEIIEH.

0) lonoTHUTEILHAN JIUTEPATypa:
Huxkurenko, I'. B. DnexTponpuBo/1 Npou3BOCTBEHHBIX MEXaHU3MOB : yueOHoe nmocobue / I'. B.
Hukurenko. — 2-e u3z., ucnp. u gon. — Cankr-IlerepOypr : Jlans, 2013. — 224 ¢. — ISBN
978-5-8114-1468-0. — TekcT : aneKTpoHHBIHN // JIaHb : 21eKTpOHHO-0MOIMOTEeYHAs cucTeMa. —
URL: https://e.lanbook.com/book/5845  (nmara obpamienus: 24.10.2020). — Pesxxum poctyma:
JUISl aBTOPH3. MOJIb30BaTEIEH.

®ponos F0.M., OcHoBbI 351ekTprueckoro npusoja. Kparkuii kypc / @ponos 0. M., lllenskun
B. I1. - M. : KomocC, 2013. - 252 c. (YueOHuku 1 yue0. mocoOus JIsl CTYJICHTOB BBICII. y4eO.
3aBeaeHuil) - ISBN 978-5-9532-0540-5 - Tekcr : anexrponnsiit // OBC "KoncynpTanT cTtynenra"
: [caiit]. - URL : https://www.studentlibrary.ru/book/ISBN9785953205405.html (mara
oOpatenusi: 24.10.2020). - Pexxum noctyma : 1Mo MOIIICKE.



https://e.lanbook.com/book/5845
https://www.studentlibrary.ru/book/ISBN9785953205405.html

B) MeToanueckne yKa3aHus:

1. MeTtoauueckue yKkazaHus K 1ab0paTopHbIM paboTaM IJis CTYJEHTOB / COCTaBUTENb: JINHBKOB
C.A.; Marnuroropckuii roc. Texanueckuit yH-T uM. I'. 1. HocoBa. — Marautoropck: MI'TY um.
I'. 1. Hocoga, 2018. : ui., Tabim. - Tekcr : HenocpeactBennsiid. (I[Ipunoxenue 3).

r) [Iporpammuoe obecneuenue u UHTepHeT-pecypcebi:
IIporpaMmmHoe obecnieyeHue

Haumenosanue 110 Ne norosopa Cpoxk neicTBUS JIMLEH3UN
MS Office 2007 |\, 135 o1 17.09.2007 GeccpouHo
Professional
MathWorks MatLab
v.2014 Classroom  |K-89-14 ot 08.12.2014 OeccpouHo
License
MathCAD v.15
Education University|/1-1662-13 ot 22.11.2013 OeccpouHo
Edition
MS Office Visio Prof
2013 (11 K13CCOB) 1-1227-18 ot 08.10.2018 11.10.2021
MS Windows 7
Professional (uyst J-1227-18 ot 08.10.2018 11.10.2021
KJ1aCCOB)
7Zip cB000JIHO pacnpocTpansiemoe [10 0EeCCpPOUYHO
FAR Manager cB00OAHO pacnpocTpansemoe 10 06eccpoyHO

IIpodeccnonanbubie 6a3b1 JAHHBIX 1 HH(POPMAIMOHHBIE CIPABOYHbIE CHCTEMBbI
HasBanwue kypca CchplIKa

DOnekTpoHHas 0a3a MEePUOJUYECKHX H3TaHHMA
East View Information Services, OO0 «IBUC»
Nudpopmannonnast cucremMa - EauHoe OKHO
J0CcTyna K ”HPOPMAIIMOHHBIM pecypcam
HamnmonansHas
uadopMaMonHo-ananutiueckas cucrema —|URL: https://elibrary.ru/project_risc.asp
Poccuiickuii MHIAEKC HAay4HOIO ITMTUPOBAHMS
[Touckoras cucrema Akaaemus: Google (Google

https://dlib.eastview.com/

URL: http://window.edu.ru/

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

Scholar)

IIIeKTPOHHBIC pecypeht oubmmotexu MITY wm. http://magtu.ru:8085/marcweb2/Default.asp
I'.1. HocoBa

VYHuBepcuterckas HMHPOpPMAIMOHHAs CHUCTEMaA T .

POCCIIS https://uisrussia.msu.ru

MC)KIIYHapOI[HaH HaYKOMCTPHUYICCKAA

pedeparuBHas U noNHOTEKCTOBas Gasa maHHbIx |http://webofscience.com
Hay4yHbIx u3nanuii «Web of sciencey

MexnyHapoaHas pedepaTuBHas u
MOJTHOTEKCTOBAsl _ ClIpaBouHas 0a3a  JTaHHBIX

http://scopus.com

9. MaTepuajibHO-TEXHUYECKOe o0ecnevyeHne TUCUUNINHBI
B kauecTBe MaTepuanbHO-TEXHUYECKOTO 00ECTICUEHHSI TUCIIUTUIUHBI

HCIIOJIB3YIOTCA:



JlexumoHHast ayIuTOpUs: MyJIbTUMEANIHBIE CPEICTBA XPAHEHUSI, IEpeIaul U IIPEICTaBICHUS

yueOHoii nHpopmanuu. JlabopaTopHbIC 3aHATUS TPOBOAATCS B TaOOpaTOpUH

npeoOpa3oBarenbHOl TexHUKH (a.027) 1 B KoMnbroTepHOM Kiacce (a.023).

Kpatkoe conepxanue

ob0opynoBaHue (POeKTOp,
9KpaH, KOMITBIOTEP)

y4eOHO-METOJMUECKUX Hannuue Mecro xpaHeHus
MaTepHaoB U 000PYIOBaHUS
KomribroTepHslii Kiace 2 . Ayn. 023,227°
HaGops! ci1aiiioB K JEKIUIM 1. Ayn.125
B (hopmare Power Point
MynbTumenuitHoe 3 mIr. Ayn.227,023, 123




puioxenue 1.
YueOHO-MeTOAMYECKOE 00ecTieYeHHEe CAMOCTOSITEIbHOI PadoThI 00yYaIOIIUXCS

IIpumepHBIEe BOPOCHI K KOHTPOJIbLHBIM padoTam:

1. Kakue cymiectBytoT MeTosl MojenupoBanusi CAP snekTponpuBona?

2. KakoBbl METO/IbI U IPUHLIMIIBI AHAJIOTOBOI'O MOJIETTUPOBAHUSA?

3. KakoBbI MeTOIbI ¥ MPUHLUIIBI HU(YPOBOTO MOACTUPOBAHUS?

4. KakoBbI 0COOEHHOCTH CTPYKTYPHOT'O METO/1a MOJCIUPOBAHUS?

5. KakoBbl CBOWCTBAa HJCANBHOIO ONEPALMOHHOIO ycuiautens? Ero ocHOBHbIE
XapaKTEPUCTHUKHU.

6. llepeuncaure OCHOBHBIE CBOMCTBA THIOBBIX JIMHEWHBIX 3BEHBEB CHCTEM
aBTOMATUYECKOT'O PETYIMPOBAHUS.

7. Ilo kakOMy IPUHLMITY peaju3yeTcs HEIIMHEHMHOE 3BEHO B MPOrpaMMeE CTPYKTYPHOIO
MOJIETUPOBaHUsA?

8. IlosicHUTE METOUKY COCTABJICHUS U TPEOOPA30OBAHUS CTPYKTYPHBIX CHCTEM.

9. Jlns 4dero HyXeH 3aaTYMK MHTEHCUBHOCTH (3M) M M3 KakuX TUIOBBIX 3BEHHEB OH
cocTout?

10. PaccuuTaiite mapamerpsl 3U1 s yckopeHus (cnafaHusl) BBIXOJAHOIO CHTHaja ¢
rpaHrdHbIM Temmiom 10 B/c.

11. Kak peanu3oBarth NMpOrpaMMHO YCTPOMCTBO Jisi (POPCUPOBKH IIEMU BO3OYKICHHS
(YDB).

12. KakuM THMOBBIM 3BEHOM MOXKHO NPEACTABUTH DJICKTPUYECKYIO IIeTb OOMOTKH
BO30Y>KICHHS IBUTATelNs MOCTOSSHHOTO ToKa? Kak paccuuTaTh mapameTpsl 3BeHa?

13. Hapucyiite CTpyKTYpHYIO CX€My LENHU BO30YKIEHHUS AJIEKTPUYECKOM MAIlUHBI
IIOCTOSIHHOT'O TOKA C Y4ETOM HaCBILICHMS.

14. Kak peann3oBaTh KpHBYIO HaMarHWYMBaHUS JBUTATENsl MMOCTOSHHOIO TOKa B Cpele
MatLab Simulink?

15. CrpykrypHas cxema JABHUraressi MOCTOSIHHOIO TOKa HE3aBUCHMOTO BO30YXIAECHHUS
(AT ¢ HB) npu kdu=const. Pacuer mapamerpoB cTpykTypHoil cxemsl [AIIT c¢ HB,
peanusarus B cpeae MatLab Simulink.

16. Kak peann3oBarh akTUBHYIO M peakTUBHYIO ctatndeckue Harpysku ais AIIT ¢ HB B
cpene CTpykTypHOro Moaeauposanus MatlLab Simulink?

17. Crpykrypnas cxema JIIIT ¢ HB npu 1ByX30HHOM peryJlInpoBaHuH cKopocTu. Pacuer
nmapaMeTpOB CTPYKTYPHOM cxeMbl, peanu3saius B cpeae MatLab Simulink.

18. Kak BbIBECTH BpeMEHHBbIE AMarpaMMbl TpeOyeMbIX KOOPAMHAT 3JIEKTPOIPHUBOAA HA
sKpaH MoHuTOpa B cpeae MatLab Simulink?

19. Kakum o06pa3zom B cpene MatLab Simulink BeiOupaercs mar u meron cuera?



7 OneHoYHbIE CpeacTBa AJisl TEKyero KOHTpPoJist yClneBaeMOCTH, l'lpOMC)KyTO‘lHOﬁ aTTeCTAalluM 110 UTOraM OCBOCHUA JUCHUIIJINHBI

a) [limanupyembie pe3ybTaThl 00yUeHUs U OIlEHOYHbIE CPeJACTBA ISl POBEACHUS MPOMEKYTOYHON ATTeCTAlUM:

CTpyKTypH
bIY
3JEMEHT
KOMIIETEHII
uu

[Tnanupyemble pe3yabTaThl O0y4eHHS

O1neHOYHBIC CPEACTBA

IIK-1: ciocoOHOCTBIO COCTABJISITH MATEMATHYECKHE MO/IeJIU MEXAaTPOHHBIX U POOOTOTEXHUYECKHX CHCTEM, UX MOJACHCTEM U OT/IeJIbHBIX
3J1eMEeHTOB U MOJYJIeil, BKiIIoYasi HH(POPMALIMOHHbIE, JIEKTPOMeXaHHYeCKUe, THAPABIUYECKHUE, )JIeKTPOruIpaBinyecKue, 3JIeKTPOHHbIE
YCTPOIiCTBA M CPEICTBA BHIYHCIUTEIbHON TEXHUKHU

3HaTh - XapaKTEepUCTUKY AITOPUTMHUYECKUX U
[IPOTPAMMHBIX CPEJICTB DEIIEHHs 33724 ITpumepHBIe BOIPOCH! K 3aluTe Ja00paTOPHBIX PaboT:
MOJICITHPOBAHHS CHCTEM 1. Kakue cymectByror meroasl Moaenuposanus CAP snekrponpusoaa?
ABTOMATH3MPOBAHHOTO SJIEKTPONPHBO/IA; 2. KakoBbI METO/IbI ¥ IPUHIIHITBI AHAJIOTOBOT'O MOJIEINPOBAHNUSA?
b
- XapaKTepHCTHKY AITOPUTMHYECKHX W 3. KakoBbl ME€TO/1bI ¥ IPUHIMIIBI HH(HPOBOTO MOAETUPOBAHUSA?
MPOTPaMMHBIX CPEICTB PCIICHUs 3a/1aq 4. KakoBbl 0COOEHHOCTH CTPYKTYPHOI'O METO/1a MOJEIUPOBAHUS?
MaTEMATHIECKOTO MOJIETHPOBAHNS 5. KakoBbl cBoOlCTBa HAEANBHOIO OIEpalMOHHOro ycunutens? Ero ocHoBHbIE
CHCTEM aBTOMATH3UpOBaHHOTO [ X@PaKTCPUCTHKH.
AJIEKTPOITPHUBO/IA; 6. IlepeunciuTe OCHOBHBIE CBOWCTBA THIIOBBIX JIMHEHHBIX 3BEHBEB CUCTEM
9
- pacdeT ¥ IOCTPOGHHE OCHOBHbIX | ABTOMATHYECKOTO PEryJIMPOBAHHS.
3IIEMEHTOR coctapsfomux ~ CATIP 7. ITo kakoMy IPUHIMITY peaTn3yeTcsl HEIMHEHHOE 3BEHO B IIPOrpaMMe CTPYKTYPHOTO
b
(3amaTunK MHTEHCUBHOCTH 3M,| MoxemupoBaHus?
YCTPOUCTBO (HOPCUPOBKU BO3OYKICHUS
Y®B u ap.
Ymets - BBIBOAUTH IIOJMy4YeHHBbIE pe3ynbTarhl | Ilpumeps! TecToBOTO 3agaHMs TSI KOHTPOIBHOW PAOOTHI:

MOJEIIUPOBAaHUSA B BHUAE NEPEXOAHBIX
MIPOIIECCOB MJIM MACCHBA,

- OpOrpaMMHUpPOBATH  COCTABIISAIOIINE
CAIIP (3amatumka mHTeHCHBHOCTH 3U,
yCcTpoiicTBa (OPCUPOBKH BO30YKIACHUS
Y®B u np.).

1. JIBuraTenb HE3aBUCUMOTO BO30YX/JIeHHs paboTaeT B HOMHHAJILHOM pexume. Kak
U3MEHSTCA TOK sikops ls, ckopocts asurarenss WIB M 3I€KTPOMarHUTHBIA MOMEHT
nBUraTens MIB, eciau HanpsKeHHe Ha 0OMoTKe Bo30yxieHust UoB yBenuumiu B 2 pasza?

a) [IpakTuyecku He U3MEHSTCS

6) YBenuuarcs B 2 pa3za

B) YMeHbIatTcs B 2 pasza

r) la yBenmuured B 2 paza WnB u MB He u3MeHsITCA




CTpyKTypH

BIN
9JIEMEHT [Inanupyembie pe3ynbTaThl 00yUCHUS O1neHOYHBIC CPEACTBA
KOMIICTEHII
5478
n) ls ymenbmutes B 2 paza WaB 1 MiB He U3MEHSATCS
2. JlpuraTtenb HE3aBUCHUMOIO BO30YXIeHHUS pabOTaeT B HOMHHAIBHOM DPEXKUME
(touka A, cm. puc.). Kak wusmenstcs Tok sikops Is, ckopocts pasuratenss WnB u
ANEKTPOMArHUTHBIM MOMEHT JBUTATeNss M/IB, €Cii HalpsiKeHHe Ha 0OMOTKE BO30YKIeHUs
UoB ymeHbLINIM B 2 paza?
a) ls, WnB yBenuuarcs, MiB ocTaHeTCSI HEU3MEHHBIM
0) WnB yBenmnuutcs, MaB u Ist octanyTcst HeU3MEHHBIMU
B) Ist ymenwsmmmres, WaB yBenuuutcsi, MaB ocTaHeTcsi HEH3MEHHBIM
r) |5, WaB 1 MiB octanyTCsl HEU3MEHHBIMHU
Brnaners - HaBBIKAMH MOCTPOCHHUS u

MOJIETUPOBAHUSL  CTPYKTYPHBIX  CXEM
JIMHENHBIX CUCTEM aBTOMATU3UPOBAHHOTO
aJleKTponpuBoga B cpeme  Matlab
Simulink;

- CpeacTBaMH IPOrpPaMMHOTO
obecriedeHuss sl MPOrpaMMUPOBAHUS
cocraimsitouinx  CAIIP  (3agaruuka
MHTEHCUBHOCTH 31, yCTpOMCTBA
(dbopcupoBku Bo30yxaenus YOB u np.)

[Tpumep Bompoca KOHTPOIBHOU PabOTHI:
16) B xakoii MOMEHT BpeMEHHU MPOU30IIeN Habpoc Harpy3Ku?
B xakoii MOMEHT BpeMeHHU MPOU30IIeI COPOC HATPY3Ku?




CTpyKTypH

BIiA
AJIEMEHT [Tnanupyemble pe3yiabTaThl O0y4eHHs OneHoyHbIe CpECTBA
KOMIIETEHII
uu
350 -
300

250 -\\
| \ |
200 |

A==
i A A |
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-50
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IIK — 6: cnoco0HOCTBIO NPOBOAUTH BBIYMUC/IUTEC/IBbHbIC OKCIICEPUMEHTBI ¢ HCITIOJIB30BAHUEM CTAHAAPTHLIX NPOrpaMMHBIX MMAKETOB C 1I€JIbI0
HCCJIEe0BAHUS MaTeMAaTHYECKHX Mojesiei MEXAaTPOHHLIX U pOﬁOTOTeXHI/I‘IeCKHX CHUCTEM

3HaTh - pacyeT M TOCTPOCHHE CTPYKTYpHOU [IpumepHbIe BOIPOCHI K 3aIIUTE TPAKTHUECKUX paboT:
CXEMBI JBUTATEINS IIOCTOSTHHOTO TOKA IpU 1. ITosicHUTE METOAMKY COCTaBJIEHUS U TPEOOPa30BaHUS CTPYKTYPHBIX CUCTEM.
OJIHO30HHOM PETYJIIMPOBAHUU CKOPOCTH; 2. JIns yero Hy’KeH 3aJaT4YUK UHTeHCUBHOCTH (3U1) U U3 KaKUX TUIIOBBIX 3BEHHEB OH

- pacyeT W TMOCTPOCHHE CTPYKTYpHOH [ cocTout?
CXEMBbI JIBUTATENSl MOCTOSSHHOTO TOKAa MPHU 3. Paccumraiite mapametpsl 3M s yckopeHus (CriagaHus) BBIXOJHOTO CHTHAJA C




CTpyKTypH

BIiA
AJIEMEHT [Tnanupyemble pe3yiabTaThl O0y4eHHs OneHoyHbIe CpECTBA
KOMIIETEHII
uu
JIBYX30HHOM PETyJIMPOBAHUH CKOPOCTH; rpannyHbIM TemnoM 10 B/c.
- CYILIECTBYIOIIME METO/IbI aHAIIOTOBOTO U 4. Kak peanu3oBaTh IpOrpaMMHO YCTPOUCTBO I (POPCHPOBKHU IIENH BO3OYKICHUS
nudpoBoro monenupoBanus | (YOB).
COBPEMEHHOTO AJIEKTPOIIPUBO/IA. 5. KakuM TUTIOBBIM 3BEHOM MOXKHO IPEACTABHTH DJICKTPUYECKYIO I[N OOMOTKH
BO30Y>KJCHHS IBUTATels MOCTOSSHHOTO ToKa? Kak paccunTaTh mapameTpsl 3BeHa?
6. Hapucyiite CTpYKTYpHYIO CXeMy IeNU BO3OYKIEHUS DJICKTPUICCKOW MAITHHBI
MOCTOSIHHOTO TOKA C Y4€TOM HACHIIICHHUS.
Ymetp - AQHAIM3UPOBATH  IIOIYYEHHBIE B [Tpumep Bompoca KOHTPOILHOM PaAOOTHI:

pe3yabTaTe MOJICITUPOBAHNUS TAHHbIC
- SKCHOPTHPOBaTh MACCHBBI JIAHHBIX
OCHOBHBIX KOOPJHMHAT JJIEKTPOIPHBOIA
u3 mnporpammel  Matlab Simulink B
nporpammy Excel.

B kakom pexxume aBurarenb paboTtaeT B MOMEHT BpemeHu 167
a) JIBurarenbHbIi

0) PexynepaTtuBHOE TOPMOKEHHE

B) JluHaMu4yecKkoe TOPMOKEHUE

r) [IpoTBOBKITIOUEHUE




CTpyKTypH

bIN
DIIEMEHT [lnanupyeMble pe3yibTaThl 00ydeHus O1LIeHOYHBIE CPECTBA
KOMIICTCHI]
Hnnu
400 -
350 /’ \
250 | |
| , | \ |
WAl N
150 ' |
/]! F\

100 ' | i '

[ | !
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q tl ost2 13 15 5 3 515 3 3,
_50 .
BHaﬂeTB - HaBbIKaMHU pacqua JIUHaAMHUKHAN HpI/IMepHHe BOHpOCLI K 3alIUuTeC Ha60paTOpHBIX pa60T:
AJIEKTPONIPUBOAA C  HWCIOJIH30BAHUEM 1. Kak peanmu3oBath KpUBYIO HaMarHWYMBAHUS JBUTATENS TIOCTOSSHHOTO TOKA B CpeJie

IpOrpaMM CTPYKTYPHOTO MOJICTHPOBAHHSI
(Matlab Simulink);

- HaBBIKaMHU 00pab0TKH MaCCUBOB JIaHHBIX
OCHOBHBIX KOOPJMHAT 3JIEKTPOIMPHUBOIA
npu JKcmopte u3 mporpammbel  Matlab
Simulink B mporpammy Excel.

MatLab Simulink?

2. CTtpyKTypHasi cxema JBUTaTeNsl MOCTOSHHOTO TOKa HE3aBUCHUMOTO BO30YXKICHHS
(AIIT ¢ HB) npu x®du=const. Pacyer nmapamerpoB ctpykTypHOil cxembl [AIIT ¢ HB,
peanusarus B cpeae MatLab Simulink.

3. Kak peanu3oBaTh aKTUBHYIO U PEAaKTUBHYIO cratnyeckue Harpysku ansa AIIT ¢ HB
B cpelie cTpyKTypHOoro mozaenupoBanus MatLab Simulink?

4. CrpyxrypHas cxema JIIT ¢ HB npu OByX30HHOM peryinMpoBaHUM CKOPOCTH.
PacueT mapamMeTpoB CTPYKTYpHO#M cxeMbl, peanu3anus B cpeae MatLab Simulink.




CTpyKTypH
bIY
3JEMEHT
KOMIIETEHII
5051

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

5. Kak BbIBeCTH BpEMEHHBIE JHArpaMMbl TpeOyeMbIX KOOPANHAT 3JIEKTPOIPUBOIA Ha
sKpaH MoHuTOpa B cpeae MatLab Simulink?
6. Kakum o6pasom B cpeae MatLab Simulink BerOupaercs mmar u MmetTon cuera?

0) Ilopsinok MpoBeeHNs NPOMEKYTOYHOM aTTeCTAINH, OKA3aTeIH U KPUTEPUH OlleHUBAHMSA:
Wzyuenne yueOHON nucuuiuinHbl «MatemaTndeckoe MOIEIUPOBaHUE»» [UINTCS | ceMecTp, 3aBepIIaeTCs 3a4ETOM.

HpOMC)KYTO‘-IHaH arrecTanus 110 JUCHUIIIINHE «MaTtemaTHuecKoe MOZACIIUPOBAHUCH BKIIHOYACT TCOPECTHUYCCKUE BOIIPOCHI, ITO3BOJIAIONINEC OLICHUTH YPOBCHL YCBOCHU A

00y4arOIIMMUCS 3HAHUH, ¥ IPAKTUYECKUE 3a1aHNSI, BBIBIAIOLINE CTENIEHb CHOPMUPOBAHHOCTH YMEHHUH U BIaJI€HUN, TPOBOAUTCS B opMe 3a4eTa.

[TokazaTenu u KpUTepUH aTTecTalyy (3a4erT):

OOyyJaromuiicss ToydaeT OTMETKY «3a4T€HOY» IPH YCIOBUH BBITIONHEHUS U 3aIIUTHI BCEX MPETYCMOTPEHHBIX JTA00PATOPHBIX PadOT Ha OLIEHKY HE HIKE

«YOOBJICTBOPUTCIILHO.




Mpunoxenune 3. Meroanyeckne yka3anusi

BBeaenne

UccnenoBanuie CBONCTB AJIEMEHTOB aBTOMATHU3UPOBAHHOT'O SJEKTPONPHUBOAA C TOMOIIBI0O METO/IOB
U(GpPOBOTO MOJEIVPOBAHHS SIBISIETCS COBEPIIEHHO HEOOXOIWMBIM JTalloM TpU pa3paboTke u
MPOEKTHPOBAHUH.

B gaHHBIX METONMYECKUX YKA3aHUIX NAETCS MporpamMma MPOBEICHUs, LIETU U 3a]1a4d UCCIIEeI0BaHUN

Ha IUGPOBOM MOTETH I KaXIOT0 paccMaTpHUBAEMOI0 JJIEMEHTa AJIEKTpomnpuBoma. Jlims Ka)xmoro
HCCIIeyeMOro 00beKTa MpeyCMOTPEHBI A0 12 BapuaHTOB apaMeTpOB.

Lenpto mpoBeneHus NaHHBIX J1a0OPAaTOPHBIX 3aHATHH ABIsieTCs 00ydeHHEe OyAyIIUX CHELHMATNCTOB
3HAaHMSIM CYIIECTBYIOIIMX METOAOB aHAJOrOBOrO M LHM(POBOr0 MOIEIMPOBAHUS COBPEMEHHOI'O
ANEKTPONPUBO/IA, OTPAOOTKa HABBHIKOB IPUMEHEHHSI CYIIECTBYIONIMX MPOTrpaMM MOJICTUPOBAaHHUS PaOOTHI
3NIEKTPONPHUBOIOB, MPHOOPETEHHE  MPAKTHYECKOTO  OIbITa  aHanmu3a paboThl  COBPEMEHHBIX
JIEKTPONPUBOJIOB.

B pesynprate uH3ydeHUs AMCLUUIUIMHBI CTYJAEHTHl JOJDKHBI YMETh INPUMEHSTH CIElHalIbHbIC

MporpamMMHeie cpeacTBa ais pewmeHus Ha DOBM u ABM 3agad mpoeKTUPOBaHUS CHUCTEM YHPAaBICHUA
COBPEMEHHBIMH 3seKTponpuBogaMu. CTyneHTbl [ODKHBL TaK JK€ IOJIYy4UTh MPEICTABICHUE O
MEePCIIEKTUBAX Pa3BUTHS allllapaTHBIX U MPOTPaMMHBIX CHIeIMaIbHBIX cpeacTB DBM B peliennn BonpocoB
CAIIP, npu npoeKTUPOBAHUU CUCTEM YIPABICHUSI COBPEMEHHBIM 3JIEKTPOIPUBOJOM U aHAJIU3E PEKUMOB
paboThl COBPEMEHHBIX AIIEKTPOTIPHBOIOB.



JlaGopaTopHasi padora Ne 1

HccienoBanue cBOMCTB THNOBBIX JHHEHHBIX 3BEHbHEB

CHCTEM AaBTOMATHYECCKOI'0 PEryJimpoBaHust

B nanHO#1 paboTe MOKHBI OBITH MOJYYEHBI KPUBBIC MEPEXOAHBIX MpolueccoB Ha Bbhixoxax Uppx(t)

CJIETyFOIINX 3BEHBEB!

a) MHTETPUPYIOIIETO C MepeJaTouHoN pyHKIHeH

1
Wip) = ——
T,'p

0) MHEPIIMOHHOTO FITU allePHOINYECKOTO C epeaTOYHON (pyHKIHeH

Wao(p) = ————.
2(p) Tz-p+1

B) IPONOPIHMOHATIBHO—HHTETPUPYIOIIETO C MePEAaTOUHOM QyHKIHEH
T3 p+1
Wi(p)= ———.
T, p

I') peasibHO AU PEPEHITUPYIOIIETO ¢ IePeAATOUHON QyHKIUEH

Wi = — P
T, p+1
[TapameTpsl 3BeHbEB pHBEAeHHI B Ta0m. 1.1.
Tabnuua 1.1

Ne Bap. 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

T, 1 15| 17 | 20 | 25 3.0 4.5 5.0 6.0 7.0 8.0 9.0

T, 01(02]| 03 | 05| 07 0.9 11 0.8 0.6 0.4 0.2 0.3

T3 03 (05| 07 |09 | 11 1.3 0.8 0.6 0.4 0.2 0.35 0.45




HanpsokeHust Ha BBIXOJIaX HCCIIETYEMbIX 3BEHBEB JIOIDKHBI OBITH TOJYYEHBI Uil JBYX OCHOBHBIX
PEKMMOB BXOJHBIX BO3JEHCTBUN (PUCYHOK):

— CKauyKkooOpa3Hoe u3MeHenue (puc. 1.1, a);

— TUHEHHBIN 3aK0H u3MeHeHus (puc. 1.1, 6).

UBX UBX

Uu———— UU

| |
| 1
| |
t tz tp ot ts g

Puc. 1.1. CkaukooOpa3Hbiii (a) 1 TUHEHHBIH (0)

3aKOH MU3MCHEHHS BXOJHOIO BO3ICHCTBHUS

[TapameTpsl BXOAHBIX CUTHAJIOB IO BapHaHTaM TpeCTaBiIeHb! B Tabuie 1.2.

Taomuua 1.2

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

Uo 5 7 9 13 15 14 12 10 8 6 4 2

t; 2 2 2 2 2 2 2 2 2 2 2 2

t; 7 11 15 9 13 10 8 12 7 16 17 19

t3 10 15 20 11 17 13 14 15 11 19 20 17

ty 12 18 23 14 19 17 16 19 13 24 23 20

JlaHHbBIe 3aBUCHMOCTH MOJICIIMPYIOTCS B Cpejie BU3yalibHOro mporpammuposanus MatLab Simulink
C MOMOIIBIO OJIOKOB!

a) 6mmoka moctpoenus curuanos Signal Builder;
6) 6moka Transfer Fcn;
B) O6moka Mux;

r) ocuuutorpadga Scope.




JImst KaXkIoro MCCIIEAyeMOro 3BeHa He00X0arMO moryduTh 3aBUCUMOCTH Upx(t) 1 Uppx(t) mms asyx
BUJIOB BXOIHBIX BO3ACHWCTBUI, KaK Ha 3KpaHE IUCIUIEA, TaK U HAa Oymare ¢ IOMOIIbIO IpuHTepa. [Ipu
HEOOXOMMOCTH perucTpanui Ha oxHoM rpaduke, kak Upx(t), Tak u Upyx(t) Bo3MOXkHO BBeneHue
MacIITabOB C UCIOJIb30BAHNEM IIPOIIOPLIMOHANILHOIO 3BeHA. TaKke He00X0ANMO MOyYUTh U paceyaTaTh
yactoTHble XapaktepucThku (JIAUX u JIOUX) kaxkmoro 3BeHa, OTMETHTh HAa HUX YacTOTHI cpe3a U
COTPSIKEHUS, €CIIU TAKOBBIE UMEIOTCH.

B otué€re mo naGoparopHOll paboTe MO pe3ysibraTaM MOJCIHUPOBAHMS YCTAHOBUTH, KaK 3aBHCAT
BeNn4MHA U XapakTep m3MeHenns Uggx(t) or:

a) xapakTepa u3MeHeHus BxoaHoro curnana Upx(t) (BeTHUnHBI CKavka, YCTAHOBUBIIETOCS 3HAUCHHUS,
TEMIIOB HapacTaHWs, CTIaJJaHNsA);

0) mapametpoB uccieayemoro 3sena (K;, T;).

Bri0opka u pejakTHpPOBAHUE YHUBEPCAJIbHOIO

oa0kxa Transfer Fcn

[Mporpamma Simulink sBasiercs npunoxenuem k makery MATLAB. Ilpu monenupoBaHuu ¢
ucnoib3oBanuem Simulink peanusyercss mpuHIMI BU3YaJIbHOTO MPOTrPaMMHUPOBaHHMsI, B COOTBETCTBUH C
KOTOPBIM, ITOJIb30BaTENb Ha SKpaHe M3 OMOIMOTEKN CTaHJAPTHBIX OJIOKOB CO3JaeT MOJIENb YCTPOHCTBA U
ocymiecTBisieT pacueThl. [lpm 5TOM, B OTIMYME OT KIACCHYECKHX CIOCOOOB MOJIEIUPOBaHMS,
MOJIb30BATEIII0 HE HYXHO JOCKOHAJIBHO H3y4aTh SI3bIK MPOrPAMMHPOBAHUS M YHCICHHBIC METOJIbI
MaTeMAaTHKH, a IOCTATOYHO OOIIMX 3HAHUH TPeOyOIMXCs Mpu paboTe Ha KOMIIBIOTEPE U, €CTECTBEHHO,
3HaHWUW TOW TPEMETHOI 00JIaCTH B KOTOPOIi OH paboTaer.

Simulink siBisiercst joctatouHo camocTosTeabHbIM HHCTpyMeHTOM MATLAB 1 npu paborte ¢ HUM
coBceM He TpeOyercs 3HaTh caM MATLAB u octanpable ero npunoxeHus. C 1pyroi CTOPOHBI IOCTYH K
¢yaxmmsiv MATLAB u npyruM ero WHCTpYMEHTaM OCTaeTCsl OTKPBITBIM M MX MOXKHO HCION30BaTh B
Simulink. Yacte BXOASIIMX B COCTAaB ITAKETOB HMMEET HHCTPYMEHTHI, BCTpamBaembie B Simulink
(manpumep, LTI-Viewer npunoxenus Control System Toolbox — makera mis pa3paboTku cuctem
yrpasieHus). IMeroTcs Takke IONMOTHUTENbHBIE OMOIMOTEKN OJIOKOB ISl Pa3HBIX 00JIacTel IPUMEHEHHS
(manpumep, Power System Blockset — moxenupoBanue snektporexHudeckux ycrpoiicts, Digital Signal
Processing Blockset — nabop 6710k0B 1tst pa3paboTku IH(POBLIX YCTPOUCTB U T.1).

ITpu pabore ¢ Simulink mnonp30BaTesb MMEET BO3MOXKHOCTH MOJECPHU3HPOBATH OMOIHOTEYHBIC
0JI0KH, CO3/1aBaTh CBOM COOCTBEHHBIE, a TAK)KE COCTABIISTH HOBBIE OMOIMOTEKH OJIOKOB.

Ilpu MoOMENMPOBAaHMM TMOJB30BATEIb MOXKET BBIOMpAaTh METOJ| pemieHus auddepeHImaibHbIX
ypaBHEHHH, a TaK)Ke CIOCO0 M3MEHEHHs MOJICIBHOTO BpeMeHH (C (PUKCHPOBAHHBIM WIIM MEPEMEHHBIM
marom). B xozme MonenupoBaHus UMeEETCs BO3MOXKHOCTH CIEIUThH 3a MPOLECCAMH, MPOUCXOAAIINMH B
cucreme. [l 3TOrO HMCHONB3YIOTCS CIIENMANIbHBIE YCTPOWCTBA HAOIOACHMS, BXOISIIME B COCTaB
oubmmorexkn Simulink. Pe3ynbTartel MOAEINPOBAHUSI MOTYT OBITH MPECTABICHBI B BH/EC IPaGUKOB WU
TaOmHII.

Jns 3amycka mporpaMmbl HeoOXoauMo mpenBaputenbHo 3amyctuts naker MATLAB. OchoBnoe
okuo makera MATLAB nokazano Ha puc. 1.2. Tam ke moka3aHa MmojCKa3Ka MOSBIISIOMAsCS B OKHE TIPH
HaBEJICHUH yKa3aTeJssi MBI Ha spibik SIMUlink B maHen HHCTPYMEHTOB.
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Ready OvR

Puc. 1.2. OcHoBHOe okHO mporpamMmel MATLAB

ITociie OTKphITHST OCHOBHOTO OKHa mporpammbl MATLAB nysxHO 3amyctuts nporpammy Simulink.
DTO MOXKHO CIIENaTh OJTHUM M3 TpeX croco0oB (puc. 1.3):

e HaxaTp KHOIIKY L (Simulink)ua nanenu nacTpyMeHTOB KOMaHaHOTO oOkHa MATLAB.

e B komanaHO# cTpoke rinaBHoro okaa MATLAB nanevarars Simulink u Haxxarts kiaBuiry Enter
Ha KJIaBHaType.

e B wmenro File otkpeith Briaaky New - Model.

4\ MATLAB 7580 (R2009a) (== AR
Edit Debug Parallel Desktop Window Help
New Y Blank M-File y\Documents\MATLAB - | &
Open... Ctrl+0 Function M-File
Close Command Window Class M-File ﬂ Workspace *' 0 2 X
Import Data.. Figure see Demos, or read Getting Started x | =] ol B - 24
Save Warkspace As... Variable Name = Va
Model
Set Path... GUI
Preferences.. Deplayment Project
Page Setup...
Print...
«[m ] 3
Exit MATLAE Ctrl+Q Comman., * 0 2 X
Details " .
I .09 1
.09 1
h .08 2
{4-- 07.05.08 ©
Select a file to view details %-- 08.05.09 1
Fs-- 09.05.08 1]
L4-- 24.05.09 2|7
Ls__ 24.05.08 1+
| '
Ready OVR

Puc. 1.3. OcunoBuoe okuao porpammer MATLAB



B untitled (E=SEcn ==
File Edit View Simulation Format Teols Help

ODed& 100 [Nomal -l B EBS REE®
Ready 100% oded5

Puc. 1.4. Oxno paboueii o6mactu
[losiBUBIIEECS OKHO — OKHO paboueil 00IacT, B KOTOPOH MOXKHO COOMpATh CTPYKTYPHBIE CXEMBI
JUHAMHUYCCKUX CUCTEM.

Bce nuHamndeckue OJIOKM HaXosTcs B OUOIHOTEKE, KOTOpasi OTKPBHIBACTCS HAKATUEM KIIABHIIH ]
Ha TaHeu OKHa paboueit obnactu (puc. 1.5).

W untitled EEE]
File Edit View Simulation Format Tools Help
D& 00 [Nomal ~ EHes B REE®

B Simulink Library Browser (== EcE =

File Edit View Help
O & = Entersearchterm  ~ i (£

Libraries Library: Simulink Se ot r
23] Simulink -

Commonly

- Commonly Used Blocks Used Block

Continuous
Discontinuities
Discrete

- Logic and Bit Operations
Loakup Tables
Math Operations
Model Veerification

- Model-Wide Utilities
Ports & Subsystems

m,

7] &l

Continuous|

S
¥

Discontinui

Discrete

[ & [ G

Logic and £
Signal Attributes Operations
Signal Routing

- Sinks Lookup Tab

Sources

User-Defined Functions
Additional Math & Discrete
= Binckset =
Black Description x

Simulink/Commonly Used Blocks

k4
x|

Ready 100% oded5

Puc. 1.5. bubanorexa MATLAB

BriOpath 1 pacnoyokHuTh B OKHE HEOOXOIUMBIE JIJIsI MOJIETH OJIOKM MOXHO YKa3aB KypcOpoM Ha
TpeOyeMblii 010K B BhIOpaHHOM pasnene (Hampumep Continuous — Transfer Fcn) u HakaB Ha JeBYIO
KIABUIIY “MbIM” - “Ieperammrtb’ OJOK B co3gaHHOe OkHO (puc. 1.6). Knaeuuiy motuu HysHcHO
oeporicams HaXCAmOoll.

BriOpanHbIii 650K SIBIISIETCS YHUBEPCAIBHBIM U B HETO MOXKHO 3alMCaTh MEPEJaTOuHYI0 (PyHKIHIO
nmo60ro n3BecTHOTO ¥ TAY TMHAMUYECKOTO 3BEHA, JTFOO0TO TOPSIIKA.



W untitled * E=E=]
File Edit View Simulation Format Tools Help

D& &BEB = » 100 [Nommal - B B S REES®
W Simulink Library Browser =8 [I=R[==|

File Edit View Help
0 & + = Enterseachterm =

Libraries Library: Simulink/Continuous |« | »

=~ Simulink - ~
Commonly Used Blocks Derivative
Continuous

(T

~ Discontinuities Integrator
- Discrete :
- Logic and Bit Operations -
x u
- Lookup Tables State-Space

~Math Operations
~Model Verification

~Model-Wide Utilities

Ports & Subsystems

Signal Attributes Transport Delay
Signal Routing
Sinks Variable Time
Sources Delay
User-Defined Functions o

Additinnal Math & Discrata ™ L L Y,ajia,ti‘i LS.

Block Description

m

p Transfer Fcn

Transfer Fen

-

=

x

p link/ i Transfer Fen- The
>{ vy F numerator coefficient can be a vector or matrix
expression. The denominator coefficient must be a
vector The outout width eauals the number of rows ™

»

m

Showing: Simulink/Continuous

oded5

Puc. 1.6. Beibopka 6:oxoB oubmmoreku MATLAB

Hampumep, HE0OX0AUMO peann30BaTh alepHOANYECKOe 3BEHO MEPBOrO MOpsIKa ¢ IMepeaaTOYHON
GbyHKIIEH

5

W=

JI71st 5TOTO HY’>KHO JBaXKIbI IIEJIKHYTh MbIIIb0 010K Transfer Fcn B pabouem okue (puc. 1.7).

E Function Block Parameters: Transfer Fen @
Transfer Fcn

The numerator coeffident can be & 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:
81

Denominator coefficent:

1

5+1

[11] Transfer Fen

Absolute tolerance:
auto

State Name: (e.g., 'position’)

[ Ok H Cancel H Help J Apply

Puc. 1.7. ®yuximonansHoe okHO 60Kka Transfer Fcn

B nosBuBmIeMcs: GpyHkunoHaapHOM OokHe B ctpoke Numerator coefficient B kBagpaTHbix ckoOKax
4epes mpo0es yKas3pIBAIOTCA KO3()(MHUIMEHTHI MOJTMHOMA YHUCIHTEIS MEPEIAaTOUHON (QYHKIIMH, a B CTPOKE
Denominator coefficient kosddumenTsr moauHOMa uncIUTENA. B ITaHHOM ciaydae A BEIOPAHHOTO
areproIMYECKOr0 3BCHA 3aMOJHEHHbIN (QYHKIIMOHAIBHBIN OJIOK MpeacTaBieH Ha puc. 1.8.



W Function Block Parameters: Transfer Fen (5]

Transfer Fon

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

MNumerator coefficent:

(]

5

Denominator coefficent:

25+1
[2 1]| Transfer Fen

Absolute tolerance:
auto

State Mame: {e.g., 'position’)

CK H Cancel || Help | Apply

Puc. 1.8. dyukimonansHoe okHO 610ka Transfer Fecn

Juna ynanenus 6;10ka HE0OXOAUMO BBIOPATH OJIOK (YKa3aTh KypCOpOM Ha ero n300pakeHue 1 HaXaTh
JIEBYIO KJIABHUINY ‘“MBIIIH”), @ 3aTeM HakaTh KiiaBuiny Delete na kiaBuarype.

Jlrobasi auHAMU4YEcKas CHCTeMa IpEIIoyiaracT HCCICAOBAHUS €€ C MOMOIIBIO YIPABISIOMINX U
BO3MYIIAIOIINX BO3AeHcTBUNA. M3MeHsIoMumiics BO BpeMeHH CHUTHAI JIF000# (OpPMBI MOKHO TOJIYYHTH C
MOMOIIIBI0 YHHBEPCAIBLHOTO Oi10Ka moctpoenus curHaios Signal Builder, koTopsiii HaxoauTes B crivcke
oubmmorexkn Simulink — Sources. J{ns cHATHS MepexOoAHBIX MpolieccoB B cpeme Matlab moxro
BOCITOJIE30BATHCSI MHOTO(YHKIIMOHATBHBIM octimniorpadom (crmcok Sinks - Scope). B ocummmiorpad
MOKHO 3aBECTH HECKOJIbKO CHTHAJIOB ¢ ToMoIisio 61oka Mux B crimcke Commonly Used Blocks (puc.
1.9). Coennnenune AByX OJI0KOB (BXOJ - BEIXO]1) OCYILIECTBISICTCS yep>KHBaHUEM U COCTMHEHUEM BXO/1a C
BBIX0JIOM JIEBO¥ KHOIKOM MbIiH. [Ipy MojiBeIEHUU MBIIIH KO BXOAY Kypcop MeHseT (opMy Ha KPecT.

B Simulink Library Browser (=T [ |
File Edit WView Help

D & & CEnterseachterm ~ i [

Libraries ulink/Commonly Used Blocks |4

= ﬂ Simulink o B
Commonly Used Blocks )l>> Gain
Continuous L
Discontinuities 1 @ Ground
Discrete
Logic and Bit Operations
Lookup Tables It |
Math Operations 3

1

= ]

Transfer Fen
Signal Builder Scope

Model Verification < p Integrator
Model-Wide Utilities
Ports & Subsystems

Logical

Signal Attributes Operator

Signal Routing

Sinks } Mux

Sources

User-Defined Functions

Additinnal Iath & Discrate 7 -

Block Description b3

Simulink/iCommonly Used Blocks/Mux: Multiplex
scalar or vector signals.

Showing: Simulink/Commonly Used Blocks

Puc. 1.9. Beibopxka 6;1oxa Mux

Biiok mocrpoenus curnajos Signal Builder

[MTocTpoenue curnana ar000i (OPMBI OCYIIECTBIISETCS B CHICHUaIbHOM 001acTr. O0IacTh MOCTPOCHHUS
CHTHAJIa TIOSBIISICTCS TIPU TBOMHOM Ierdke 1o omoky Signal Builder B pabouem okne (puc. 1.10).

B oKkHE mOCTpOEHHsI CUTHAIIOB KPACHBIM LIBETOM ITOKa3aH JIOMaHbIN CUTHA B MaciITabe BpeMeHH. 3a
YrOJI U3JI0Ma MOYKHO YXBATHTHCSI MBIIIBIO U U3MEHUTH ero Gopmy. Takke ecTh BO3MOKHOCTh H3MEHSTh
YPOBEHb CUTHAJIA IO aMILTHTYAE. {JIsl 3TOro He0OX0AMMO IMICIKHYTh MBIIIBIO HA YTOJI CUTHAJA, TOYKA yIia



BBIIEIINTCS KpacHBIM KpyroM. Bumsy oxma (Left Point, Right Point) mMoxHO Bpy4HyI0 H3MEHUTH
KOOPMHATHI 3TOM TOYKH. ECiIM He XBaTaeT TOYEK JUIsl IIOCTPOCHUSI HY’)KHOTO CHTHAJIA, TO MOYXHO J100aBHUTh
HEOOXOMMO€E KOJIMYECTBO TOYEK, IIEIKHYB B HY)KHOE€ MECTO MpPABON KHOMKOM MBIIIH, YAEPKHUBAs
kiasuiny Shift (puc. 1.11).

B Signal Builder (untitled/Signal Builder) ===
File Edit Group Signal Axes Help ~
SH| YRR o~ I 0| FREE e R
Group 1
Signal 1‘
08 —
0.6
04r--
1)) S SO S SO
| | | 1 | | 1 | 1 |
0 1 2 3 4 5 6 7 ] 9 10
Time (sec)
Left Boint Right Point. Signal 1 {showmn) A
Hame: signal 1 T L
Index: 1 - ¥ Vi
Click to select signal ‘S\gnaH (#1) [ YMin Yhiax |
Puc.1.10. Oxno noctpoenus curnana Signal Builder
B Signal Builder (untitled/Signal Builder) * [ = ]=3]
File Edit Group Signal Axes Help ~
BH| A BE oo |~ EFREE 0w R E
Group 1

Signal ﬂ

0.8

0.6

04

0.2

L T T T ST TLIILL ELEELERLE T

| ! I I i i I ! | ]

0 1 2 3 4 5 6 1 8 9 10

Time (sec)

Left Point Right Point Signal 1 (showm) g
Hame: Signal 1 Ty T
Index: 1 - Vi1 2

Enter coordinates or use arrow keys to change poirts Signal 1 (#1)(PL3) [ YMin Yhiax |

Puc.1.11. OxHO mOCTpOCHUS CUTHAIA
Jyis TOro, 4TOOBI OTKPHITH OKHO MPOCMOTPA CHUIHAJIOB HEOOXOIHMMO BBIMOJHUTH JBOMHOM IIETYOK
JICBOW KJIaBUINIEH ““MBIIIN Ha N300paskeHUH OJI0Ka SCOPE, mosBUTCs OKHO ocuiutorpada (puc. 1.12). 9to
MOJKHO C/IeJIaTh Ha JIF0OOM dTare pacyera (Kak /O Havana pacueTa, Tak U MOCJe HETo, a TAKXKE BO BpEMs
pacuera). B ToM ciydae, ecnu Ha BXOJ OJIOKa MMOCTYyHAaeT BEKTOPHBIA CHUTHA, TO KPHUBAs I KaXKIOIro
3JIEMEHTa BEKTOPA CTPOUTCS OTACIHHBIM IIBETOM.



B scope =)
SEH LOL ABEB BEE -

Puc. 1.12. OxHo ocumsuiorpada

Hactpoiika okaa ocmsutorpada BEIOTHIETCS C TIOMOIIBIO TTaHeleit HHCTpyMeHToB (puc. 1.13).

S8 LLPL ABEB BE K
B

1 2 34 5 & 7 &5 % 1011

Puc. 1.13. ITanenp nHCTPYMEHTOB OJ0Ka SCOpE

[Tanenb HHCTPYMEHTOB coAepkUT 11 KHOMOK:
Print — neyath co/iep)KMMOr0 OKHa OCLIHILIOrpada.
Parameters — noctyn kK OKHy HACTPOWKH MapaMeTpOB.
Z00m — yBenu4YeHHe Maciiraba 1mo o6enmM ocsm.
Zoom X-axis — yBeauyeHne maciraba 1mo ropu3oHTaIbHON OCH.
Zoom Y-axis — yBenaudyeHne maciirabda mo BepTHKaIbHON OCH.
Autoscale — aBTomaTHueCcKas yCTAaHOBKA MACIITA00B 110 0OEUM OCSIM.
Save current axes settings — coxpaHeHue TEKYIIUX HACTPOEK OKHA.
Restore saved axes settings — ycraHoBka paHee COXpaHEHHBIX HACTPOEK OKHA.
Floating scope — mepeBox ociimmiorpada B “ce0600ubill” peKUM.
0. Lock/Unlock axes selection — 3akpenuts/pa3opBarh CBsi3b MEXKIY TEKYyIICH KOOPAWHATHOM
CHCTEMOW OKHa M OTOOpakaeMbIM CHUTHaJIoM. MHCTpYMEHT HocTyrieH, eciiu BKiIoYeH pexxum Floating
scope.
11. Signal selection — Ber6op curnanos mast otobpaxkenus. MHCTpYMEHT MOCTYIICH, €CIIM BKIIOYEH
pexxum Floating scope.

HBoOoo~Nour~wE

NzmeHenne MacmtaboB 0ToOpaskaeMbIX TpaUKOB MOKHO BBITTOJHSITH HECKOJILKAMH CITOCOOAMHU:

1. HaxxaTh COOTBETCTBYIONTYIO KHOTKY ( /O , By /® ) ¥ METKHYTH OJIUH Pa3 JICBOW KIIaBHIIEH
“MbIIIK” B HY’)KHOM MecTe rpaduka. [Tponsoiner 2,5 kpaTHOe yBelMveHHe MaciTada.

2. HaxxaTh COOTBETCTBYIOIIYIO KHOIKY (=", 2w g ) U, HaXaB JIEBYIO KJIABUIIY “‘MBIMHN”’, C
HOMOIIBIO JAWHAMHYECKOM paMKHW WIM OTpe3Ka yKa3aTh o0jacTh rpaduka Uil YBEIHYCHHOTO
n3o0paxenus. Ha puc. 1.14 n3006paskeHO OKHO IMMPOCMOTPa CUTHAIOB OCLHIUIOrpaga.



uScope = | Ho 5T
SBE|(PLL ARBEB BAF =

Puc. 1.14. OxHO poCMOTpa CUTHAIOB ocuuyutorpada

3. lllenkHyTh ipaBOii KNIaBUIIIEH “MBIIIN~ B OKHE Tpa(pUKOB 1, BHIOpaTh KOMaHIy AXes properties... B
KOHTEKCTHOM MeHI0. OTKPOETCsl OKHO CBOWCTB Tpaduka, B KOTOPOM C MOMOUIBIO TapaMeTpoB Y-Min u
Y-max MoXHO yKa3aTh TpeleibHbIe 3HAUeHHsS BEPTUKANBHOW OCH. B 5TOM ke OKHE MOXHO YKa3aTb
3arosioBok rpaduka (Title), samenuB Beipaxenue %o<SignalLabel> B crpoke BBOmAa. OKHO CBOWCTB
mokaszaHo Ha puc. 1.15.

u ‘Scope’ properties: axis 1 = | B |[E3]
W-min: -5 W -maEn 5

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

I OK H Cancel H Apply I

Puc. 1.15. OkHo cBoiicTB rpaduka
Tapamempuwi:
[MapameTpsl OJ10Ka ycTaHABIMBAIOTCS B OKHE ‘Scope’ parameters, KOTOPOE OTKPBIBAETCS C TIOMOIIBIO

MHCTPYMEHTA (Parameters) manenu HHCTpYMeHTOB. OKHO TTAPAMETPOB UMEET JIBE BKJIA IKH:
General — o6mye mapameTpel.
Data history — mapameTpsl coxpaHeHus CUrHaJIoB B paboueii oonactu MATLAB (puc. 1.16).



n ‘Scope’ parameters = | B [

General | Data History Tig: try right clicking on axes

Limit data poirts to last: (500000]

[] 5ave data to workspace:
ScopeData

Structure with time

I. ok | ICanceImll [ Help]’ Apply |

Puc. 1.16. OkHo cBo¥icTB ocsuiorpada

Bo Bkmagke Limit data points to last moxHO yka3aTh Hy»HOE KOJMYECTBO TOUYCK OCHMLIOrpada.
Ecnu Touek He Oyner xBaraTh IUIS MOCTPOCHHUS BCEX IEPEXOJHBIX MPOIECCOB, TO Tpaduku OyayT
«ype3aHbl» BO BPEMEHHOM JHala3oHe.

Br10op MeToaa cueta

JUtsi pa3iM4HBIX CTPYKTYPHBIX CXEM MPHMEHSIOTCS Pa3M4HbIe METOIbI cueTa. Eciu cTpyKTypHas
CXeMa COCTOWT W3 JUHAMHYECKHX 3BEHBEB, TO yn00eH merton Pynre-Kyrra ¢ (UKCHPOBAHHBIM IArOM
cuera.

JI71st ero ycTaHOBKH B OKHE paboueii o0yacTi HyKHO IiekHyTh MeHto Simulation / Configuration.

B crpoke Simulation time BeicTaBisitOTCS BpeMsi Havana W BpeMs KOHIA cueta. B pasmene Solver
options BeictaBisiercst meton cueta Solver: ode4 (Runge-Kutta), Tun cuera Type: Fixed-step. B ctpoke
Fixed-step size (fundamental sample time) BeictaBnsiercst mar cueta. OKHO HAaCTPOEK METO[a cyera
npejcTaBieH Ha puc. 1.17.

“y Configuration Parameters: untitled/Configuration (Active) =
Select: Simulation time P
i-Solver
{-Data ImportExpart Start time: 0.0 Stop time: 10,0
$~Optimization
& Diagnostics Solver options
Sample Time
Type: |Fixed-step ~ | Solver: |ode4 (Runge-Kutta) -
Data Valdity [ ) (
Type Conversion Fixed-step size (fundamental sample time): | 0.001]
Connectivity
Compatbiliy Tasking and sample time options
Model Referencing
Saving Periodic sample time constraint: [unconstrained -
~Hardware Implementation
Model Referencing Tasking mode for periodic sample times: [Auto -
-Simuiation Target [ Automatically handle rate transition for data transfer E
~Symbols
Custom Code [ Higher priority value indicates higher task priority
=-RealTime Workshop
Report
Comments
Symbols
Custom Code
~Debug
~Interface
=-HDL Coder
~Global Settings
Test Bench
EDA Tool Scripts
9 [ oK. ][ cancel | [ nep ][ apply |

Puc. 1.17. OxHo KOHHUTYpaITHH

CHsiTHE YACTOTHOI XapaKTEePUCTHKH 3BeHA WJIN
IMHAMUYecKoil cuctemsbl B MatlLab



I[Iycte HEOOXOAMMO CHATH JIOTAPU(IMHUCSCKYI0 aMIUIUTYAHYI0O H  (a30Byl0 YacCTOTHYIO

5
W)=

xapaktepuctuku (JIAUX u JIOUX) nHepIMOHHOT0 3BeHA ¢ IepeIaTOYHOM (yHKIueH
(puc. 1.18).

5
E Signal 1 > -
2541
Signal Builder Transfer Fon Scope

Puc. 1.18. NnepuuonHOE 3B€HO

CHayana HYXXHO ycTaHOBHTH TOYKH Bxoja (Input point) u Beixoma (Output point) mnst cHsThs
YaCTOTHOW XapaKTepUCTUKU. J1JIst 5TOro HE0OXO0AUMO IIEIKHYTh IPaBON KHOMKOW MBIIIY HA JIMHUIO BXOJIa
B 0110k 1 BIOpaTh Linearization Points / Input Point, (puc. 1.19).

E Signal 1 =_$ - s =
Cut

Signal Builder Cop)r
Delete

Highlight Te Scurce
Highlight Te Destination

Remove Highlighting
Signal & Scope Manager...

Open Viewer 2
Create & Connect Viewer 3
Connect To Existing Viewer 3
Disconnect Viewer 3

Disconnect & Delete Viewer 3

Signal Properties...

Linearization Points ¥ | v Input Point

Output Point
Input-Output Point
Output-Input Point
Open Loop

Output Constraint

Puc. 1.19. YcranoBka TOYKM BXoaa

3ateM HEOOXOJMMO YCTAHOBHTH TOYKY BBIXOJa YAaCTOTHOW XapaKTEPUCTHUKH, IIEIKHYB MpPaBO
KHOITKOW Ha COEJIMHHTEIILHYIO JIMHUIO BBIXOJa MHEPIIMOHHOTO 3BeHa M BbIOpaB Linearization Points /
Output Point, (puc.1.20).



B sonasf? o = 13 [
= ,

241 Cut
Signal Builder Transfer Fon Cgpy
Delete

Highlight Te Source
Highlight To Destination

Remove Highlighting
Signal & Scope Manager...

Open Viewer
Create & Connect Viewer
Connect To Exsting Viewer

Disconnect Viewer

r v v v ¥

Disconnect & Delete Viewer

Signal Properties...
Linearization Points 3 Input Point
v Qutput Point
Input-Output Point

Output-Input Point
Open Loop
Output Constraint

Puc. 1.20. YcTanoBka TOYKU BEIXOOa

Ha nmukrorpaMme CTpyKTYpHOU CXEMBI JOJKHBI TIOSIBUTBCS CTPEJIKH TOYEK BXOJa M BBIXOJA (pHC.
1.20).

Jlanee B MeHi0 pabouero okHa T00IS HyxHO BeIOpaTh BkiIaaky Control Design / Linear Analysis,
puc. 1.21.

B mosBuBmemcs oxne Control and Estimation Tools Manager Heo0XoquMO YCTaHOBHTBH THII
ociuutorpada Bode response plot. Jlannoro Tuma ocruiorpad sSBIsSeTcs J0rapuMUYSCKUM U
MOKa3bIBACT AMILTUTYAHYIO U (a30BYIO XapakTepUCTUKH, puc. 1.22.

W untitied (E=3 I )
File Edit View Simulation Format Help
DIEEH&| &8 Simulink Debugger.. Y BmBe REE®
" Modd Advisor.
Model Dependencies ’
Fixed-Point »

Lookup Table Editor.
Data Class Designer...
BusEditor...

Profiler

Coverage Settings.

Requirements »

Real-Time Workshop »

External Mode Control Panel..

Control Design 3 Linear Analysis.
Parameter Estimation... Compensator Design..
Report Generator. Model Discretizer.

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

SystemTest

MPlay Video Viewer.

100% odet

Puc. 1.21. OTkpeITHE OKHA YACTOTHOTO aHAN3a



W Control and Estimation Tools Manager [F=8[EcR[~<"|
File  Tools Help
gD S d|®
H\ Workspace Analysis 1/0s | Operating Paints | Li ion Results
=W Project - untitled
= 3 Operating Paints Select linearization 1/Os by right clicking on the desired line in your Simulink model
= Iz Default Operating i | Active Block Name OutputPort | Signal Name | Configuration | Open Loop
=@ Linearization Task untitled/Signal Builder 1 Input - [&]
CR Custom Views
et Linearization Task (2) untitled/Transfer Fcn 1 Output - =
8 Model
8 Model ()
02 Custom Views
[ Highlight Selected Signal | | Refresh Signal Names | [ Delete Selected v |
Linearize Model 9] Plot linear analysis resultina | Bode response plot -
< i v
[ | step response plot o
- Alinearization result Modzl (2) has been added ta the current Task, Bode response plot m
impulse respanse plot | -
Model linearization task settings Nyquist plot 3
Nichols plot —

Bode magnitude plot
singular value plot

pole zero map -

Puc. 1.22. OxHO CBOWCTB 4aCTOTHOTO aHaIHM3a
Hanee B okne Control and Estimation Tools Manager nyxno Haxarth kHomnky Linearize Model.
[osiButcst okuo ¢ JIAUX u JIOUX unepumonHoro 3eHa, (puc. 1.23).

B LTI Viewer: Linearization Quick Plot [F=H|Eoh|5|
File Edit Window Help

Bode Diagram
From: Signal Builder To: Transfer Fcn

o
=
o
-
2
(=
{=]
m
=
=
L]
=
o
o
m
=
o

=7, ) SR SR My ARy DU R W S O JSUROUURyRyiy GUUpuyiy SRRy g S g i S N (SRR Ry SR Jo PRy g

-2 -1 0 1

10 10 10 10

Frequency (radizec)
LTI Wiewwer

Puc. 1.23. OxHO mpoCMOTpa YaCTOTHBIX XapaKTEPUCTUK

JlabopaTopHas paGora Ne 2

HccaenoBanue CBOMCTB 321aTYNKA HHTEHCUBHOCTH

3amatuuk uHTeHCUBHOCTH (3M), mpumensemblii mmpoko B coBpeMeHHBIXx CAP smekrpomnpusona,
obecrieunBaeT nMpeodpazoBaHue OBICTPOMEHSIONIETOCS BXOJHOTO HANPSDKCHUS B BBIXOHOE HaNpshKEeHHE,
U3MEHSIIOLIeecs C 3alaHHbIM TeMIIoM. Eciii TeMIT H3MeHEeHNUs BXOJHOT'O HallpsDKEHUs HHXKE, YeM 3a/1aHHbIN



TEMIT U3MEHEHUS BBIXOJIHOTO HAIPSIKCHHUS, TO BBIXOJHOE HAMPSHKEHUE MOBTOPSET MO GopMe BXOJIHOE
HaTpsDKEHHe.

CrpykTypHas cxeMa 33JaTdyiKa HHTEHCHBHOCTHY TIpeicTaBlieHa Ha puc. 2.1.

PO .
Upx Usf— Ups 1 UBI:IX}
—u, Tanp

Puc. 2.1. CtpykrypHas cxema 31

B pexume oTpabOTKM 33JaHHOTO TEMIAa BBIXOJHOE HAMPSDKEHHE H3MEHSETCS MO CIeIyroei
3aBUCHMOCTH (peeiHbIi 27eMeHT PO He HachIIeH):

U
Usnix(t) = 70‘[-

31

Taxum 06pa3oM TeMIl H3MEHEHHS BBIXOAHOTO HAIPSKEHUS] MOXKHO PEryJIUpOBaTh JINO0 N3MEHEHHUEM
HanpsDKEHUsl OTpaHuYeHust peneitHoro snementa PO — Up, 1u00 — MOCTOSHHOW WHTErPUPOBAHUS

unterparopa U — Tsy.

BpeMSI HapacCTaHWs BbIXOJAHOI'O HANIPSKCHUA 10 YPOBHA BXOAHOI'O MOKHO OIIPEACIUTD

L“BX
th= —=T,.
3 UO 31

Mopenuposanue mporieccoB B 31 Ha ocHoBe mudpoBoii Mogenu o nporpamme MatlLab Simulink
1e7Iec000pa3Ho  ocymiecTBIATh MeTomamu Pynre—Kyrra wmnm Diliepa ¢ TMOCTOSHHBIM — IIATOM
WHTETPUPOBAHMS, TaK KaK pealn3allds HAealbHOrO pejeiHoro snementa Mmerogamu dDenpadepra u
KyTtra—MbapcoHna ¢ aBTOMaTHYECKUM BBIOOPOM IIara HHTETPHUPOBAHUS JTAIOT 3HAYUTENbHBIE TIOTPEITHOCTH.
PexkomeHayeTcs 0e3 OONBIIMX MOTPEIIHOCTEH B pacuérax XapakTePUCTHKY PEICHHOro 3JieMeHTa
peayin30BaTh B CleaAyIoieM npuommkEéHHoOM Bue (puc. 2.2):



A

Puc. 2.2

I[Tpu 3TOM BenuvMHA 30HBI HEUYBCTBUTEIBHOCTH B cTaTH4ecKoi xapakrepuctuke +AU > h. 3xecs h —

urar uHTerpupoBanus. KosguumeHT ycuneHus Ha THHEHHON YacTh XapaKTepUCTUKH

K =200 -+ 500.

[Tapametpst 31 no BapuanTam npuBeAeHB! B a0, 2.1,

Tabnuna 2.1
Ne Bap. 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
Tau, © 0.5 0.6 0.4 0.3 0.7 0.5 0.8 0.6 0.7 0.5 0.4 0.6

Csoiicta 3U nccnenyroTcs pH IByX THMAX BXOAHBIX BO3ACHCTBUI:

— CTyHeH4aroe Bo3aeicTBue (puc. 2.3, a);

— JMHEWHO M3MEHSoIIeecs HanpsbkeHue (puc. 2.3, 0).

U,

U

[SF

u,

Ugx

t;

ts

-F— - —

- — — —
[

ta




Puc.2.3

[TapameTpsl BXOAHBIX BO3ACHCTBHIA 110 BApHAHTaM IPUBEIACHBI B Ta0I. 2.2,

Tab6nuua 2.2

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

napam.

U, B 5 7 10 12 15 17 15 13 10 8 6 7

U,B 10 15 20 25 30 35 30 25 20 15 10 13

t;, C 0.4 0.5 0.6 0.7 0.8 0.6 0.9 0.6 0.5 0.4 0.3 0.2
ty C 1.2 2.0 3.2 35 4.0 5.0 3.6 2.7 2.6 1.7 1.1 1.2
t3, C 2.0 3.3 5.0 55 6.5 8.5 6.0 5.0 4.5 3.0 25 2.2

3aKkoHbI M3MEHEHHs BXOJHOTO HampsbkeHus (Gopmupyrorcss B nporpamme Matlab Simulink ¢
HOMOIIIBIO OytoKka nocTpoenus curHainos Signal Builder u 6iioka ogromeproii matpuisl Look-Up Table.

Biok oxHomepHoii MmaTpuibl Look-Up Table

C momomipio 60ka omnoMepHo# wmarpuisl Look-Up Table moxuo 3amate rpaduk mroboi
MaTeMaTuyecKod (YHKIWH, MO0 HEJIMHENHYI0 XapakTepPUCTUKY (OJIOKM OrpaHWYeHUs, OJIOK 30HBI
HEUYYBCTBUTEIBHOCTH W Jp.). JaHHblid 0ok Haxoautcs B OmOmuoreke Simulink / Look-Up Table /
Look-Up Table. OxHo u 610k 0JHOMEPHOI MaTPHUIILI TIPUBEIEHBI 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
iector of input values:  [-5:5] Edit...
Table data: tanh({[-5:5]) Legkup Table
Lookup method: |Inherpolaﬁon-Exh'apoIaﬁon - |

Sample time (-1 for inherited): -1

[ oK ]l Cancel || Help | Apply

Puc. 2.4. Oxno cBoiicts 6iioka Look-Up Table

B crpoke Vector of input values B kBagpaTHBIX CKOOKax depe3 MpoOen 3amaroTCs KOOPAUHATHI
HeoOXxoauMoro rpaduka GyHKIHH Mo ocu abermce. B crpoke Table data B kBagpaTHBIX cKOOKax 3a0ar0TCst
KOOPJMHATHI TpaduKa (QYHKIMH 110 OCH OpAMHAT. 3aJaHHbIi rpa@ UK OTPA3UTCS HA MUKTOrpaMMe OJI0Ka.

Hamnpumep, He0OX0IMMO peanr30BaTh OJIOK OTPAHUYCHHUS C 30HON HEUYBCTBUTEILHOCTH M IMHEHHBIM
yqacTKoM (puc. 2.5).




Puc. 2.5. Xapakrepuctrka 0JI0Ka OrpaHU4ICHUS

OkHO 1 O6JIOK OTHOMEPHOW MaTpPUIIBI C BBEICHHBIMU KOOPIMHATAMH OJIOKa OrpaHUYEHUS TPUBEICHEI
Ha puc. 2.6.

B Function Block Parameters: Lookup Table (=3
Lookup

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

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

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

Lockup Table

Lookup method: [Interpolaﬁon-Exh'apolaﬁon - ]

Sample time (-1 for inherited): -1

[ QK H Cancel H Help ] Apply

Puc. 2.6. Oxno cBoiicTs 6s0ka Look-Up Table

B otuére nmo nabopaTtopHoii paboTe HEOOXOUMO MPEACTABUTD:

1) xpussie nepexomubix mporieccoB Upx(t), Ups(t), Uppix(t) mpu 3amaHHbIX i JaHHOTO BapHaHTa
napameTpax 31 U IByX peKUMax H3MEHEHHUS BXOJIHOTO HATIPSHKCHHUS;

2) orueHKy BiusHUA Ha cBo¥icTBa 31 mapameTpos Uy 1 Tay;

3) aHa M3 MOJYYCHHBIX PE3YJIbTATOB U BBHIBOIBI [0 HHUM.

JlabopaTopHas paGora Ne 3

Hccnenopanne nepexoaHbIX NPOLECCOB B JIMHEHHBIX HeNAX BO30YKIeHHUS JIeKTPHIECKUX MAIIHH
npu gopcupoBke

Henp BO30OYXKIEHHS OJIEKTPUYECKHX MAallMH, €CIM TpeHeOpedb HETUHEHHOCThIO KpPUBOM
HaMarHUYMBaHUS, TIOTOKAMH pPACCEeSHHS M BUXPEBBIX TOKOB, ONMHCHIBAeTCS AN HEepeHIIHATEHBIM
YpaBHEHUEM:

UB = IB‘RB + LB (ﬂ_B (31)
dt,



1 MOXET OBITh npeacTaBji€Ha aliCpUOANYCCKHUM NI WUHEPIIMOHHBIM 3B€HOM BHU 1A

I5(p) _ IRy _
Ug(p) Tg-p+l

W(p) =

3[[601) RB, LB — COOTBETCTBCHHO COIIPOTUBJICHUC U HWHAYKTUBHOCTL, a TB — DJJICKTpOMAarnuTHas
IMMOCTOSAHHASA BPEMCHU LICIIN BO36y>KHCHI/I$I.

Jlnst kpynHbIX dnektpuueckux mammH Tg = (1 + 5) ¢, mo3toMy mpH BKIIOYCHHUH OOMOTKU
BO30YX/ICHUS HA HOMUHAJIBHOE HAMPSDKCHUE JUTUTEIBHOCTD HapacTaHus TOKa Bo30yx aeHus ty = (3 +4) Tp
u cocrasisiet oT 3 go 20 c.

JInst cokpamieHusl JUIMTEIbHOCTH HapacTaHWsl TOKa BO30YXKAEHHS IMpPUMEHSETCS (OpCHpPOBaHHOE
BO30YXJICHHE, CYyThb KOTOPOTO COCTOMT B TOM, YTO HA IEPHOJA HAPACTaHUS TOKA O HOMHUHAIBHOTO
3HaueHUs K OOMOTKe BO3OYXKIEHHWS NpuKIaabiBaeTcs HampspkeHne oUpy, rme o — Koadduiumert
¢dopcuposku (puc. 3.1).

U, Ip
G’UBH UB

I
gl _ _ B Us
Usn}| - #- —

— - T
L Is
t
ty
Puc. 3.1

CrpykTypHasi cxeMa MOJICNIU 110 MUCCJISIOBAHUIO MPOIIECCOB B OOMOTKAX BO30YXICHUS MOXET OBITh
MpEACTaBICHA B BUJIE, IPEJICTABJICHHOM Ha puc. 3.2.

UE. lfR_B IB
VOB = >

Puc. 3.2

VYcerpoticteo gt dopeupoBku  Bo30OyxkaeHuss (YDB) obecreunBaer  um3menenne  Ug(t),
cootBeTcTByIoIIee puc. 3.1. B nporpamme MatLab Simulink Y®B moxet ObITh peanqn3oBaHo 1H00 Ha

om0kt moctpoenus curnanos Signal Builder, nu6o ¢ momomipro 010ka ogHOMepHO#M Matpuipsl Look-Up
Table.

[TapameTps!l UcciemyemMoit 1eru Bo30yKICHUS 110 BapHaHTaM MPUBEIEHBI B Ta0mte 3.1.



Tabmuna 3.1

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

napam.

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

Rg, Om 10 95 | 916 | 815 | 733 | 6.28 | 6.66 | 7.09 | 7.58 | 8.46 | 9.56 | 10.5

B cootBercTBuM ¢ ypaBHeHueMm (3.1) mMoxHO TonyunTh 3aBucUMOCcTh Up=f(t), obecnieunBaromnryto
JTMHEHHBIN 3aKOH HapacTaHHS U CTAJaHUs TOKA BO30YKICHUS SIMEKTPHUSCKIX MAIIHMH 32 33JJaHHOE BpEMs
(puc. 3.3).

Us, Iz

UB P 2
/IBH'R-B
dI,
dt | |
i T
| TIBH-RB | t

IBH'R-B

Puc. 3.3

B otuére nmo nabopaTopHoii paboTe HEOOXOIUMO:

1. Tlomyuwts KpHBbIE epexomubix mporiecco Uy = f(t),
Iz = f(t) mpu koadpdunmenre GpopcupoBku o = 3.

2. Tlomy4uTh 3aBUCHMOCTb [UIMTEIBHOCTH HApacTaHHWs TOKa BO30YXKICHUs OT Kod(hduimeHta
dopcuposku (ty=f(ar)).
dIB IBH

3. C yuérom TOrO, Y10 —— =
t H

, PaCCUMTaTh M pealn30BaTh HeoOXoauMbIii 3akoH Ug(t) mpu

tH =1c.
4, HpoaHaHI/ISI/IpOBaTb MOJYYCHHBIC PC3YJIbTAThl U CACIATh BHIBOJBI.




JlabopaTopHas padora Ne 4

HccienoBanue nmepexoaHbIX MPOIECcCOB B MEMsIX

BOSﬁy)K)]eHI/Iﬂ JICEKTPUYECKUX MAIIIUH C y‘léTOM HAaCbIIICHUSA

[Iporeccsr B 1menu BO30YXACHUS AIIEKTPHUUECKUX MAIIWHBI 0e3 yd€Ta BIUSHUS pPEaKInu SKOPA,
MOTOKOB pPAacCesIHUST M BUXPEBBIX TOKOB MOXXHO OIKCATh CICAYIOUUME Au(QepeHIIHATEHBIMA

YPaBHEHUSIMU:
dd,
dt

(4.1)

UB = IB'RB + WB

g = f(Is), (4.2)

rae U, | — COOTBETCTBEHHO HANPSDKEHUE M TOK BO30YKICHYS,

Rg — cymMmmMapHOe COnpoTHBIEHHE eI BO30YK/ICHHS ¢ YIETOM CHIIOBOM LIETT BO30YIUTENS;
W5 — cymMMapHOe 4HCII0 BUTKOB OOMOTKH BO30YKIEHUS;

@y — MoTOK BO30YKACHUS;

f(Ig) — HenuHeliHAs 3aBHCUMOCTh, HE UMEIOIIAs aHAJTMTHYECKOTO BhIPAKEHHSI, Ha3bIBacMasi KPHBOM

HaMarHn4uBaHUs BHCKTqueCKOﬁ MalInuHBbI.

Ha puc. 41, IMpuBEACHA O606H_IéHHa$I KpuBasgd HaMaronu4ivBaHUSA [ABUTATCIId B OTHOCHUTCIIBHBIX

eIMHUIAX.



®H
1.0 — — T T
0.8 //
//
0.6 /
Dy | - L jﬁ; 7(

0.47_(5:

0.2

= ATy gy

0 02 1, 04 0.6 0.8 1.0 1.2 1.4

Puc. 4.1

Brogum oneparop nuddepennmupopanus B ypaBHenue (4.1)

UB = IB'RB + WBq)Bp (41)
Orcrona
R U
Oy= —2—| 215 |. (4.2)
W5 -p( Ry

[IpeoOpasyem BoIpakeHuUe 3a ckoOKkamu B (4.2) K BUILY

Ry - Ry Py T Kp
Wigp Wy @py-Ipgy-p  Teyp

rne  Kgy=

CoOTBETCTBEHHO KOX(PGHUIMEHT U BIIEKTPOMArHUTHAs IOCTOSIHHAS BPEMEHHM LENH BO30YKICHHUS
AIIEKTPUIECKON MAIIMHBI JUTS CHPAMIIEHHON XapaKTepUCTUKU HaMarHuauBaHus puc. 4.1 (npsimas 2).



Torna Beipaxkenue (4.2) npeodpasyeTcs K BUAY

Dp= — B | —B_T | (4.2)

Ha ocnoge (4.2) n 00paTHO¥ KpHUBOit HAMarHUIUBaHUS

Ig = f1(Dp) HENMMHEITHAS TIETH BO30YKACHHUS MOXET OBITh MTPEICTaBICHA CTPYKTYPHOU cXeMo Bua (puc.
4.2).

Rg Teu-P
Ip

Ji{D)

Puc. 4.2

Ecnun mpoBecTH JHMHEHHYIO amnmpoOKCHMAalWi0 KpPUBOW HAMarHW4YMBaHHUA U1 KaKoOro-inbo
KOHKPETHOTO 3Ha4yeHus1 noToka gy, TO CTpYKTypHas cxema Ha puc. 4.2 MoxeT ObITh Mpeodpa3oBaHa K
Buny (puc. 4.3).

Up 1 Koy Dg
—_— =,
Ry Teyp
Ig
Kj
Puc. 4.3

Al

3neck K = , puuéM Alg 1 APy OTHOCHUTENBFHO HEOOJBIINE MPUPALICHUS TOKA U TMOTOKa
B

BO30YX/I€HHUS, TOJYICHHBIE TT0 KPUBOW HAMAarHWYHMBaHUS B OKPECTHOCTH ANMPOKCUMHUPYEMOH TOUKH lgg



(cMm. puc. 4.1). Ilocne 3KBHBaJICHTHBIX MPEeOOpPa30BaHUMA CTPYKTYpHas cxema Ha puc. 4.3 MOXET OBITH
MpeIcTaBlIcHa Ha puc. 4.4.

RB TE'p+1

Puc. 4.4

3nece K = L n Tg = Ti COOTBETCTBEHHO KOX(PQGUIMEHT M DJIEKTPOMAarHuTHas
Kpy - K
HOCTOSIHHAsE BPEMEHH IIeNH BO30YKAEHHS Ul BBHIOpAaHHOW TOYKH anmmpokcumaruu. O4YeBHIHO, YTO 1O
Mepe BO3pacTaHHs TOKa BO30yxAeHHs pacTET M BeauuuHa koddduuuenta Ki, a 310, B cBOoIO ouepensp,

i i
cumxaet 3HadeHus Kg u Ty 110 Mepe HaChIIEHUSI MATHUTHON CUCTEMBI SJICKTPHUUYESCKOM MAaITUHBL.

[MapameTpsl HccnenyemMoi nenu Bo30yKAeHHs TI0 BapHaHTaM IIPHUBE/CHKI B Tabnuie 4.1.

Taomuua 4.1.

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

napam.

@, Bc [ 0146 0.2 | 0.11| 0.12 0.16 (018 022 | 0.2 | 0.18 0.16 | 0.14 | 0.12

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

Rg, Om 10 [ 95| 91 | 815 733 [ 628 6.66 | 7.09| 7.58 8.46 | 9.56 | 105

Tgu, € 3 35| 40 4.5 5.0 5.5 6.0 5.5 5.0 4.5 4.0 3.5

Buumanue! [lo TOro, Kak NPUCTYNHTh K BBIIOJHEHHIO J1a0OpPaTOpHOM paboThl, HEOOXOANMO
paccunTaTh peanbHyI0 KPUBYIO HAMarHWYMBAHUA IBUTATENS U1 CBOErO BapHaHTa, UCTIOIB3YS JJIS 3TOTO

puc. 4.1 m HOMUHAJIBLHEIC JAaHHBIC U3 Ta6J‘II/IL[BI. KpI/IBaﬂ HaMaromimBaHusg MOJACIUPYCTCA C MOMOIIBIO
onoka Look-Up Table.

Ilocne sToro paccuurarh mapaMeTpbl W pean30BaTh LU(PPOBYIO MOAETb B COOTBETCTBHH CO
CTPYKTYpHOU cxeMoii Ha puc. 4.2.

B ortuére mo nabopaTopHoii paboTe HEOOXOIUMO:

1) npoaHaIM3UPOBATH MEPEXOIHBIC MPOIECCHI B IIETTH BO30YKICHUS, 00YCIOBICHHBIC H3MCHEHHEM
HanpspkeHus Bo30yxaenus AUp = +0.1Upy npH ycaoBHH, YTO K OOMOTKE BO30YKIACHHS YXKE TPUITOKECHO
Hanpspkeane Ugy = 0.3Upy, 0.6Upy u 0.9Ugy. [l Toro, 4roObl MCKIIOYUTH MEPEXOIHBIC MPOLECCHI,




CBSI3aHHBIC C TPUIIOKCHHEM K OOMOTKE BO30YXXIEHHUS HadaabHOTOo HampspkeHus Upy, HEOOXOTUMO B
WHTETPUPYIOIIEM 3BEHE Ha MOJIENIN 3a]1aTh HAYaJIbHOE 3HAYCHHUE ITOTOKA BO30YKICHHUS, PACCUMTAHHOE JIJIS
3TOTO PEKUMA C YIETOM KPUBOW HaMarHUYUBaHWSI,

2) s TpeX HavalbHBIX 3HAYCHUH MPOTOKA BO3OYKICHHUS MOCTPOUTH YaCTOTHBIC XapaKTECPUCTHKH
(JTAUX u JIOUX), BXOAHOMN CUrHAI U151 9acToTHOM xapaktepuctuku U g , Beixonnoit @j .

3) MO0 NOJIYUYCHHBIM KPUBBIM MEPCXOJHBIX MPOUECCOB PACCUUTATL 3HAYCHUA KB nu TB JJI KaXXJ10I0
pexuma;

UBO

4) mnoctpouth 3aBucumMocT Kg 1 T OT BeTHUHHBI —— ;
BH
5) caenaTh BBIBOJIBI IO MOJYYCHHBIM PE3yIbTATaM.

JlaGoparopHasi pabora Ne 5

HccaenoBanue NMEPEXOAHBIX MMPOUECCOB B ABUIaTEIC
MOCTOSIHHOI'O TOKA NP OAHO30HHOM

peryJiupoBaHHH CKOPOCTH

CTpyKTypHas cxema JBUraTessi IOCTOSIHHOTO TOKa MPH IMIOCTOSHHOM MTOTOKE BO30YK/IeHHs HanboJee
4acTo MPEACTaBIAETCs B BUje, 300pakéHHOM Ha puc. 5.1

P3
Iy b—
I -7 1 1
AUH € — IH |
|
Ug ® l/Rz3 I R3 '@
Ty-p+l Ty -K®y-p
Eg
|| K&y ||
Puc. 5.1

3neck Ry, Tr — 3KBUBAJIEHTHOE CONIPOTHUBIICHUE U TIOCTOSTHHAS BPEMEHH STKOPHOM IETTH JBUTATEIIS;

K®y — koo dunmeHT nBuraress;



R3
(Ko, )

CyMMapHBI MOMEHT HHEPIIHH AIIEKTPOTIPHUBO/IA.

TM = JZ — JJICKTPOMCXAaHUYCCKass MOCTOAHHAsA BPCEMCHHU DJJICKTPOIPUBOJA, a \]2 -

HcxomaHple mapaMeTpsl 10 CTPYKTYPHOU CXEMe JIJIsl KaKIOTO BapuaHTa pUBeIeHBI B Ta0. 5.1.

Tabmunma 5.1

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

napam.

Uy, B 220 | 220 | 220 | 220 | 220 |220| 440 | 440 440 440 440 | 440

K®y, Bc | 1.2 14 1.6 1.8 20 |22 22| 20 1.8 1.6 14 1.2

R5, Om 11 | 073 | 055 | 0.44 | 0.36 |0.31|0.62| 0.72 | 0.88 11 146 | 2.2

Twm, € 0.02 | 0.017 | 0.015 | 0.013 | 0.012 |0.01| 0.01 | 0.015 | 0.025 | 0.035 | 0.045 | 0.046

Ih, A 20 30 40 50 60 | 70 | 70 60 50 40 30 20

s Bcex BapuanToB T, = 0.03 c.

B oTuére mo mabopaTopHOi paboTe Ha OCHOBE PEaJTU30BAHHON MOEIN HEOOXOIMMO paccuuTaTh U
MpoaHaIM3uPOBaTh repexoansie mporuecchl Ug(t), 14(t), o(t) B cneayromumx pesxumax:

1) pasroH M TOPMOXKEHHE ABUTaTENId Ha XOJOCTOM XOJIy MpPH WU3MEHEHHH HANpsHKeHHA SKOpS B
COOTBETCTBHHU C puC. 5.2.;

2) Ans TaHHOW CTPYKTYPHOH CXeMBI MOCTPOUTH YacTOTHBIE XapakTepucTuku (JIAUX u JIOUX) ans
TPEX CIIy4aes:

a) BXOJJHOM CHTHAJI JUIsl 4acTOTHOH XapakTepuctuk U g, BBIXOTHOH B
6) BXOJIHO¥ CHTHAI JJIsl YaCTOTHOM XapaKTepUCTHKH I ¢ , BRIXOAHOH 1B

B) BXOJIHO# CHI'HAJI JUTSl 9YaCTOTHOM XapakTepucTuku [~ , BRIXOIAHOM I,

3) pa3roH ¥ TOPMOXKCHHE JIBUTATEISI PU TPITIOKEHHUH Ic = !

a) aKTUBHOT'O CTaTHYECKOTO MOMEHTa (TOKa) B UHTepBaje BpeMeHH 0 + ts;




0) peaKTUBHOTO CTATMYECKOIO0 MOMEHTA, MOsBJIAtoNIerocs mpu o # 0, (Ha MOJENN peaan3yercs C
MOMOIIIBIO PESICHHOT0 1eMeHTa PD ¢ ypoBHEM orpaHu4eHus, paBHbM Ic = Iy);

B) CTaTUYECKOIO MOMEHTA, IPUKIIAIBIBAEMOro B EpHo/ pasroHa asuraress (t = t;) 1 cCHUMaeMoro B
nepuox TopmokeHus (t = ty);

4) npusnoxxeHus ckadka HanpspkeHus sikopst AUy = 0.1Ugy  mpu Ugy = (0.5 + 0.8)Ugy = const;

5) npunoxenne lc = lgyg mpu Ugo = (0.5 + 0.8)Ugy.

Buumanue! B nByx mocnemHux pekumax Uil WCKIIOYEHHS MEPEXOJHBIX MPOLECCOB, BBI3BAHHBIX
HayalbHBIM M3MCHEHHEM HampspkeHust sikopss npu Ugy, HEOOXOOUMO B 3BEHE, MOJICIUPYIOIIEM

UHO
KO,

3JICKTPOMEXaHUYCCKYIO HHCPIIHUIO ABUTATCIIA, 3a1aTh HAYAJIbHOC 3HAYCHHUE CKOPOCTH (g =

Bennuune! u xapakrep namenenus Ug(t) u Ic(t) st kaxxaoro BapuaHTa npeacTaBieHbl Ha puc. 5.2 U B
Tabm. 5.2.

UBX
Uk —
b of Ao T
l_ | T
v | AN
. Nt
t1 tz t} t»4 tS
Puc. 5.2
Tabnuua 5.2
Ne Bap. 1 2 3 4 5 6 7 8 9 10 11 12

napam.

i, C 0.2 0.2 02 [ 015|015 | 01 |01 0.1 |0.15 0.2 0.2 0.2

ty, C 045 | 04 | 035 | 03 | 025 02 | 02| 025 |03 0.35 04 | 045

t3, C 145 | 14 15 14 13 14 | 15 13 15 1.6 145 | 1.35

ty, C 1.7 1.6 165 | 155 | 145 | 15 | 16 14 |[1.65 1.8 1.6 1.6

ts, C 1.9 18 | 18 | 17 | 15| 16 | 1.7 | 155 | 138 1.95 185 | 1.8

B otuére mo maboparopHoit paboTe HEOOXOIUMO:

1) MPOAHAIN3UPOBATH IICPEXOAHBIC ITPOLICCCHI IJIA BCCX, YKa3aHHBIX BBIIIC, PCIKUMOB;




2) MNpOaHATU3MPOBATh IOJYYCHHbIC YACTOTHBIC XapaKTEPHUCTHKH IS BCEX, YKA3aHHBIX BBIIIIE,
PEXKHMOB
3) yCTaHOBWTH BIHSHHE Ha XapaKTep MEPEXOAHBIX MPOIECCOB U YCTAHOBHUBIIMXCS PEKUMOB:
— W3MEHEHUS HANPSHKEHUS STKOPS;

— XapaxkTepa CTaTHYECKOro MOMECHTA,

4) caenath HEOOXOAUMBIC BBIBOJIBI 110 MOJTYYCHHBIM PE3YIIbTATaM.

JlaGopaTopHasi padota Ne 6

HccaenoBanue NMEPEXOAHBIX MMPOUECCOB B ABUIaTEI€
MOCTOSIHHOI'O TOKA NMPH IBYX30HHOM

peryJiupoBaHUH CKOPOCTH

CTpyKTypHasi cXema JBUTATelNsl MOCTOSHHOTO TOKA MPU PETYJIMPOBAHHH CKOPOCTH B JBYX 30HAX
MOJKET OBITh IIPEJICTABRJICHA B BHJIC, H300paKEHHOM Ha puc. 6.1.

Bce mapamerpsl ucciemyeMoro JBUTATENsl JAOJDKHBI OBITH B3STHI M3 HpEABLAYyIIEeH abopaTopHOH
paboThl, a BeJIMYMHA CYMMapHOTO MOMEHTA WHEPIIUH PACCUUTHIBACTCS M3 BHIPAKECHUS

Ty (KD, )
- oM\ )
z = R '
2
I[.HH 0oJiee IIOJIHOIO MCITOIL30BAHUS ABUrartejd 1mo MOHmHOCTU W MOMCHTY, ociabiieHre ITOTOKa

BO36y)K,HeHI/I$I ABUTATCIA OCYHICCTBIIAICTCA TOJIBKO IIOCIIE TOT'O, Kak 6y,[[€T AOCTUTHYTO HOMHHAJIBHOC
3HAUYCHUEC HANIPSAKCHUA AKOPA.

Puc. 6.1



B oruére mo naGoparopHoii paboTe Ha OCHOBE IIU(PPOBOM MOJAEIH HEOOXOIUMO paccuuTaTrh U
npoaHanu3upoBath nepexoaubie npoueccsl Ug(t), 14(t), o(t) B cienyrommx pexnmax:

1) pasron gBHraTess Ha XOJOCTOM XOJY J0 MAaKCUMAaIbHON CKOPOCTH M TOPMOKEHHE 10 HYJIS;
2) pasroH 10 MAaKCMMATBHOM CKOPOCTH U TOPMOXKEHHUE, pU TpuitokeHun Mc = K@y lgy npu
pa3rOHE U CHATUHU CTaTUYECKOTO MOMEHTA MPHU TOPMOKEHUH;
3) mpHIoKeHHE CKauKa HampsokeHus skops Ug mpu:
a) Ky = KDy, Uy = Ugy,

6) K(Do = 'Y'Kq)H, U;{ = U;{H;

4) mnpunoxkeHue ckaukoM Mc = My nipu:
a) K® = KDy, Ugp = Ugy,

6) Kq)o = 'Y'Kq)H, U;{ = U;[H;
5) u3MeHeHHe CKaYKoOM MOTOKa Bo30ykaeHus apuratesst AK®y = +0.1K®Dy npu Ug = Ugy, KOy =
'YK(DH
6) st cTpykTypHOH cxeMsl (pHC. ) mocTpouTh yacToTHbIe XapakrepucTuku (JIAUX u JIOUX)

JUIS IBYX CIIy4YaeB:

a) BXOJIHOM CHTHAJ JUIs 4acTOTHOH xapakrepuctuku M -, Boixoanoit [ g, npu K@ =KDy ;

6) BXOJIHOM CHIHaJI JUIs 4acTOTHO# xapakrepuctuku M -, Boixonuoit [ g, nipu k@ =k, .

Benmnunna n xapaktep usmenenus Ug(t), KO(t) u Mc(t) mist peanusarmu pesxxumoB 1 u 2 ipuBeeHbI
Ha pHc. 6.2 u B Tabuie 6.1.

Ug, K@, M;
Ky j /71@@
| |
TKOup — - — — ¢ | | |
| |
' |
Ul o __ [ wo
Myl _ / | Me(t) —
|
|
| ! |
| [
| | '
| ! I | t
tl tg t3 t4 tS tﬁ t?
Puc. 6.2

Tabmuna 6.1

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

napam.




Y 05 [ 055 | 06 | 065 | 07 [ 075 | 07 | 065 | 06 | 055 0.5 0.45
ty 0.15 | 015 | 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2
t2 0.3 03 |03 | 04 04 | 035 | 04 | 035 | 04 | 035 | 035 0.35
ts 0.6 06 | 065 | 075 | 0.7 0.7 | 075 | 0.7 | 0.75 | 0.75 0.7 0.7
ty 15 15 | 155 | 16 16 | 15 | 16 | 155 | 16 | 155 | 155 1.55
ts 1.8 1.8 | 185 | 1.9 19 |18 | 19 |18 | 19 | 185 | 185 1.85
ts 1.9 19 | 1.9 | 21 2.1 2.0 2.1 2.0 2.1 2.0 2.0 2.0
t 2.1 21 | 215 | 23 2.3 2.2 2.3 2.2 2.3 2.2 2.2 2.2

Buumanune! Jlns HCKIIOUEHMS NEPEXOOHBIX IPOLIECCOB, BbI3BAHHBIX HAYaJbHBIM H3MEHEHHUEM
HanpspkeHust sikopst Ugy, HEOOXOAMMO, Kak M B MpPEAbLAYIIEM clydae, B 3BEHE, MOJCIUPYIOIIEM

UHO .
K®,

3JICKTPOMEXaHUYCCKYIO HHCPIHUIO ABUTATCIIA, 3a1aTh HAYAJIbHOC 3HAYCHHUE CKOPOCTH (g =

B oTuére mo nmaboparopHoii padboTe HEOOXOIMMO:

1) MMPpOaHAIN3HUPOBATH MIECPEXOAHBIC ITPOLICCCHI IJIA BCEX PACCMOTPCHHBIX BbILIC PECKUMOB;
2) YCTAaHOBUTD BJIMSAHUC HA XapaKTEp NCPEXOAHBIX MPOLECCOB U YCTAHOBUBIINXCA PEIKUMOB!
— U3MCHCHUS HAIIPSKCHUS SIKOPSI;

— YAQpPHOTI'O IMPUJIOKECHUA CTATUICCKOIO MOMEHTA,
— U3MCHCHUS ITOTOKa BO36y)KZ[eHI/I$I JABUTAaTCIIA,

3) TpOBECTH CPaBHUTENBHBIA aHAIN3 MEPEXOJHBIX MPOLECCOB B PeXHUMax 3, 4 IpH MOJHOM U
oca0IeHHOM 3HaYCHMAX ITOTOKA BO30YKIICHUS ABUTATEIIs;

4) mpoaHAIM3UPOBATh YACTOTHBIC XaPAKTEPUCTUKH, CHATHIC 110 BO3MYIIAIOIIEMY BO3JICHCTBHUIO, TPU
MOJTHOM U OcTIa0JIEHHOM 3HAYEHUSIX MMOTOKA BO30YKICHUS IBUTATENS;

5) caenath BBIBOJIBI 110 MOJTYYCHHBIM PE3YJIbTaTaM.




