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1 Hesu ocBOEHMS TUCHMIIJIMHBI (MOXYJISA)

LenstMmu OoCBOGHUS IUCHUILTUHBI «MaTeMaTHn4eckoe MOJICIIMPOBAHUEY SBISICTCS OOydYeHHE
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 YHWCIIEHHBIX METOJOB WHTETPHPOBAHHSA JIMHEWHBIX W HEITMHEWHBIX 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 MaTemMaTHyeckoe MOJIETTMPOBaHUE BXOJIUT B BAPUATHBHYIO YacTh yU4eOHOTO IMyiaHa
00pa3oBaTenbHON IPOTPaAMMBI.

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 OCBOEHHMS IOUCHUIUIMHBI (MOxmynsi) «MaTemMaTudyeckoe MOJECIUPOBAHUE
o0yuaromuiics 10KeH 001a1aTh ClIeTyOIUMHA KOMIETCHIUSIMU:

CTpyKTypHBIii [Tmanupyemsbie pe3ynbTaThl 00yYeHuUs
3JIEMEHT
KOMIIETEHLIUU

ITK-1 crmocoOHOCTBIO COCTABIATh MATEMATHUYCCKHUE MOJCIIN MEXATPOHHBIX U pOGOTOTeXHquCKHX CHUCTEM,
UX MOJACUCTEM U OTACIBHBIX 2JICMCHTOB U Moz[ynef/i, BKJIFOYast I/IH(l)OpMaHI/IOHHLIe, QJICKTPOMEXAHUYCCKUC,
TUAPABINYCCKHUE, SJICKTPOTUAPABIINYUCCKUEC, DJICKTPOHHBIC yCTpOﬁCTBa " CpEacTBa BBIYHCITHUTEIILHOM
TCXHUKHU

3HaTh - XapaKTePUCTUKY AITOPUTMUYECKUX U IPOTPAMMHBIX CPEZICTB PEIICHUS 33124
MOJIETTUPOBAHMS CHCTEM aBTOMATU3MPOBAHHOTO JIEKTPOTPHUBO/A;

- XapaKTEepUCTUKY AITOPUTMUYECKUX U POTPAMMHBIX CPEJCTB PEILICHUS 3a/1a4
MOJIETTUPOBAHMS CHCTEM aBTOMATU3MPOBAHHOTO JIEKTPOTPHUBO/A;

- pacyeT | IMOCTPOSHNUE OCHOBHEIX 31eMeHTOB, cocTaBistronnx CAIIP (3agaTank
uHTeHcuBHOCTH 3U, ycTpoiicTBo GopcrpoBku Bo3OyxneHus Y OB u mp.

YmeTh - BBIBOJIUTH TOJTYYCHHBIE PE3YJIbTaThl MOJISIIUPOBAHUS B BUJIC MIEPEXOTHBIX
MIPOLIECCOB MJIM MAaCCHBA;

- mporpamMmmupoBaTh cocrapisttomue CAIIP (3agatunka nHTeHCHBHOCTH 31,
ycTpoiicTBa opcupoBku Bo30yxaeHus Y DB u ap.).




Bragers - HaBBIKAMH [TOCTPOCHHS H MOJIETTUPOBAHUS CTPYKTYPHBIX CXEM JIMHEWHBIX CHCTEM
aBTOMATH3MPOBAHHOTO dJIEKTponpuBoaa B cpere MatLab Simulink;

- CpEICTBaMH IPOTrPAMMHOT0 00eCTIeueHH s TSl IIPOrPAMMHUPOBAHHUS
cocrapsstorux CAIIP (3agaTunka nHTeHCHBHOCTH 3, yeTpoiicTBa (hopCHpOBKH
Bo3Oyxaeans Y DB u np.)

[TK-6 criocoGHOCTBIO IPOBOANUTE BHIYHACIUTEILHBIC SKCIIEPUMEHTHI C UCTIOIb30BAHUEM CTAHIAPTHBIX
MPOrPaMMHBIX MTAKETOB C LETBbI0 UCCIICIOBAHMS MATEMATHYCCKUX MOJIEIICH MEXaTPOHHBIX H
POOOTOTEXHUICCKUX CHCTEM

3HaTh - pacueT ¥ MOCTPOCHNE CTPYKTYPHOU CXeMBI ABUTATENS MTOCTOSHHOTO TOKA MPH
OJIHO30HHOM PETyJIUPOBAHUU CKOPOCTH;

- pacyeT U MOCTPOCHUE CTPYKTYPHON CXEMBI ABUTATEIS MOCTOSHHOTO TOKA IIPU
JIBYX30HHOM PETYJIHPOBAHUH CKOPOCTH;

- CYIIECTBYIOIINE METOBI AHAJIOTOBOTO U IIU(POBOTO MOJICIIUPOBAHUS
COBPEMEHHOTI'0 AJIEKTPOIIPUBO/IA.

Ymetb - QHAJIM3UPOBATH MOJTYUCHHBIC B PE3YJIbTATE MOJCIMPOBAHUS JJAHHbIC,
- BKCIIOPTHPOBATh MACCUBBI JJAHHBIX OCHOBHBIX KOOPHHAT JJIEKTPONPHUBOIA U3
nporpammel Matlab Simulink B mporpammy Excel.

Branets - HaBBIKAMU pacyeTa JUHAMHKH 3JIEKTPONPHUBOIA C HCIIOIb30BAHHEM MIPOrPaMM
crpykTypHoro moaenuposanus (Matlab Simulink);

- HaBBIKaMU 00pabOTKH MaCCHBOB JJAHHBIX OCHOBHBIX KOOPIHHAT 3JIEKTPOIPHUBOA
npu sKcnopte u3 nporpammbl Matlab Simulink B mporpammy Excel.




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 =
YAHTOP s g8 ®opma
KOHTaKTHasI 2= TeKyIero
=
aboTa s Bu
Paznen/ Tema g, p E 7 A . KOHTPOJIS Kon
>l (Bakan gacax) |& olcamocrosTensHON
JIUCTIATUTAHBI & £ s AGOTLL YCIIEBACMOCTH U |[KOMIICTECHIINN
ek 1a0. |IpaxT. S8 P HPOMEKYTOYHOM
| zam. | sam. | S 8 aTTecTaluu
1. Pazgen 1.
1.1 MaremaTtudeckoe ITpopabotka
MO/JICITUPOBAHUE KOHCIICKTa
HEJIMHEWHBIX  OJIOKOB 0,5 1 20 JIEKITAHA 1 AKP Ne 1 TIK-1
TEOpHH yueOHOTrOo (Tectnposanie)
aBTOMAaTHUYECKOTO nocoows [1,2] mo
1.2 Maremarndeckoe IIpopaGotka
MOJEIUPOBAHUE KOHCIICKTa AKP Ne 2
CTpyKTypHBIX cxem Ha| 4 | 0,5 |2/1U 30 JTICKLUH 1 B I1K-6
OBM B cpene MatlLab y4eOHOro (rectuposane)
Simulink rocobwust [1,2] mo
1.3 Maremarnyeckoe [IpopaboTtka
MOJICTIMPOBAHKE KOHCIICKTa AK 3
OCHOBHBIX  3JICMEHTOB 1 |3/3U 457 JISKIUH 1 P Ne [K-6
CUCTEM y4eOHOT0 (Tectnposanie)
aBTOMATU3UPOBAHHOTO nmocobwus [1,2,3]
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 peanmuzanuu peayCMOTPEHHBIX BHJIOB y4eOHOH pa0oOThl B KadecTBEe 00pa30BaTEIbHBIX
TEXHOJIOTHA B TIPENOJaBaHUM IUCHHUIUIMHBI «MareMaTnieckoe MOICTUPOBaHUE)» HCIIONb3YIOTCS
TPaIUIIMOHHAS M MOAYJIHHO - KOMIIETEHTHOCTHAS TEXHOJIOTHH.

[lepenaya HEOOXOAUMBIX TCOPETUUCCKHUX 3HAHUN U (POPMHUPOBAHIE OCHOBHBIX MTPECTABIICHUH 11O
Kypcy «MaTemMaTndeckoe MOAETHUPOBAHNE» MPOUCXOMUT C WCIONBb30BAHUEM MYJIBTHMEIUIHOTO
o0opymoBaHMUsL.

Jlexnuu mpoxoaaT B TpamuiuoHHOW (opme, B GopMe JEKIUIA-KOHCYIbTAUNA U TPOOIESMHBIX
nekiui. TeopeTHuecKui Marepwan Ha TPOOJEMHBIX JICKIUSAX SBJISCTCS PE3YJIbTaTOM YCBOCHUS
MOTydYeHHOW HWH(OPMAIMH TIOCPEACTBOM ITOCTAHOBKM MPOOJIEMHOTO BOMpOCa M TOWCKA IyTEeH ero
pemrenus. Ha iekiusax — KOHCYJIbTAIUAX U3JI0KEHHE HOBOTO MaTepHalia COIPOBOKIACTCS MOCTAHOBKOW
BOTIPOCOB U JIUCKYCCHEH B TTOMCKAaX OTBETOB HA 3TH BOTIPOCHI.

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

CamocTosiTenbHas padoTa CTUMYJIHPYET CTYACHTOB B IPOIIECCE MMOATOTOBKY TOMAIITHUX 3aJaHHH,
NpY pEIICHUH 3a/1a4 Ha Ta0OpaTOPHBIX 3aHSATHAX, MPH MOJATOTOBKE K KOHTPOJBHBIM padoTaM (TecTam) u
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 npusoaa. Kparkuii kypc / @posos 0. M., [lensxun
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 00ECTIeYeHHS TUCIUTUIMHBI UCTIONIb3YIOTCS:



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




puiaoxenue 1.
YuyeOHO-MeTOAMYECKOE 00ecTIeYeHHEe CAMOCTOSITEIbHOI PadoThI 00yYaIOIIUXCH

IIpumepHBIe BOPOCHI K KOHTPOJIbLHBIM padoTam:

1. Kakue cymectBytoT MmeTosl MojaenupoBanusi CAP anextponpuBoaa?

2. KaxkoBbl METO/IbI U IPUHIIMIIBI AHAJIOTOBOI'O MOJIETIUPOBAHUSA?

3. KakoBbl MeTOIbI U MPUHLUIIBI HU(DPOBOTO MOACTHUPOBAHUS?

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

5. KakoBbl CBOWCTBAa HICANBHOIO OMNEPALMOHHOIO ycuiautens? Ero ocHOBHbIE
XapaKTEPUCTHUKHU.

6. llepeuncauTe OCHOBHBIE CBOMCTBA THIOBBIX JIMHEWHBIX 3BEHBEB CHCTEM
aBTOMATHUYECKOTO PETryIMPOBaHUS.

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

8. IlosicHUTE METOMKY COCTABJICHUS U TPEOOPA30OBaAHUS CTPYKTYPHBIX CUCTEM.

9. Jlns 4yero HyXeH 3aJaTYMK MHTEHCUBHOCTH (3M1) M U3 KakuxX TUIOBBIX 3BEHHEB OH
cocTout?

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

11. Kak peanuzoBarh NMpOrpaMMHO YCTPOMCTBO i (POPCUPOBKH IIEMU BO30YKICHUS
(YOB).

12. KakuM THMOBBIM 3BEHOM MOXKHO NPEACTABUTH DJIEKTPUYECKYIO IIeTb OOMOTKH
BO30Y>KICHHS IBUTATelNsl MOCTOSSHHOTO ToKa? Kak paccunTaTh mapameTpsl 3BeHa?

13. Hapucyiite CTpPYKTYpHYIO CXeMy €M BO30YXICHUS DJICKTPUUYECKON MAaITUHBI
IIOCTOSIHHOT'O TOKA C Y4€TOM HaCBILICHHUS.

14. Kak peanu3oBaTh KpUBYIO HAMArHUYMBAHMS JIBUraTelsd MOCTOSIHHOTO TOKAa B cpejie
MatLab Simulink?

15. CrpykrypHas cxema JABHUratrensi MOCTOSIHHOIO TOKa HE3aBUCHMOTO BO30YXIAECHHUS
(AIIT c HB) npu kdu=const. Pacuer mapamerpoB ctpykTypHo#t cxemsl 1T ¢ HB, peanu3zarus
B cpeae MatLab Simulink.

16. Kak peann3oBaTh akTUBHYIO U peakTUBHYIO ctatndeckue Harpysku ais AIIT ¢ HB B
cpene cTpykTypHOro Moaeauposanus MatLab Simulink?

17. Crpykrypnas cxema JAIIT ¢ HB npu 1ByX30HHOM peryinpoBaHuu ckopocTu. Pacyer
nmapaMeTpOB CTPYKTYPHOM cxeMbl, peanu3saius B cpeae MatLab Simulink.

18. Kak BbIBECTH BpeMEHHBIE AHarpaMMbl TpeOyeMbIX KOOPIHMHAT 3JIEKTPOIPHUBOAA HA
sKpaH MoHuTOpa B cpeae MatLab Simulink?

19. Kakum o0pa3zom 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) [lianupyemble pe3ybTaThl 00YUeHHs U OlleHOYHbIE CPEeICTBA ISl NPOBEJACHUs MPOMEKYTOYHON ATTeCTANNM:

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
3J1eMEHTOB M MOJyJIeil, BKJIIoYasi HH(POPMALIMOHHbIE, JIEKTPOMeXaHUYeCKHe, THAPABIHYECKHUE, JIeKTPOruIpaBinyecKue, JJ1eKTPOHHbIE
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 MOAETUPOBAHUS?
MPOTPaMMHBIX CPEICTB PCIICHUs 3a/1aq 4. KakoBbl 0COOEHHOCTH CTPYKTYPHOI'O METO/A MOJICJINPOBAHUS?
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 ¥ IOCTPOCHHE OCHOBHbIX | ABTOMATHYECKOTO PEryJIMPOBAHHS.
3IIEMEHTOR coctapsfomux ~ CATIP 7. I1o kakoMy IPUHIMITY peaTi3yeTcs HEMHEHHOE 3BEHO B IPOrpaMMe CTPYKTYPHOTO
b
(3amaTunK MHTEHCUBHOCTH 3Y,| MoxemupoBaHus?
YCTPOUCTBO (HOPCUPOBKU BO3OYKICHHS
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 yBennumiu 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. JlBuraTtenb HE3aBUCUMOTO BO30YXJIEHHS pabOTaeT B HOMUHAJIBHOM DPEXHME
(touka A, cm. puc.). Kak wusmenstcs Tok sikops Is, ckopocts pasuratenss WnB u
ANEKTPOMArHUTHBIM MOMEHT JBUTATeNss M/IB, €Cii HalpsiKeHHe Ha 0OMOTKE BO30YKIeHUs
UoB ymenbLmim 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 kakoii MOMEHT BpeMeHHU MPOU30IIIeI COpOC HArPy3Ku?




CTpyKTypH

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

250 -\\
| \ |
200 |
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IIK — 6: cnoco0HOCTBIO NPOBOAUTDH BBIYMUC/IUTECJIbHbIC OKCIICPUMEHTDI ¢ HCNTOJB30BAHUEM CTAHAAPTHLIX MPOIrPaMMHLIX MAKETOB € HEJIbIO
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 YCTPOMCTBO AJisi (DOPCHPOBKHU IIETH BO30OYKICHUS
nudpoBoro monenupoBanus | (YOB).
COBPEMEHHOTO AJIEKTPOIIPUBO/IA. 5. KakuM TUTIOBBIM 3BEHOM MOXKHO IPEACTABHTH DJICKTPUYECKYIO I[N OOMOTKH
BO30Y>KJICHUS IBUraTels MOCTOSHHOTO Toka? Kak paccunTtaTh mapameTphl 3BeHa?
6. Hapucyiite CTPYKTYpHYIO CXEMy MU BO30YKIEHHUS JJICKTPUYCCKOW MAIIWHBI
MOCTOSIHHOTO TOKA C Y4€TOM HACHIIICHHUS.
Ymetp - AQHAIM3UPOBATH  IIOIYYEHHBIE B [Ipumep Bompoca KOHTPOIBLHON PaOOTHI:

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
AJIEMEHT [Inanupyembie pe3ynbTaThl 00yUCHUS O1neHOYHBIC CPEACTBA
KOMIICTCHI]
15041
400
350 /’ \
300 \=|E\
250 |
| | | \ |
REAl N
150 '
/i | C\
100 / | : |
| |
i k :\/"\,- -
t6
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tl olst2 t3 15 15 3 515 3 35
-50
BHaZ[CTI: - HaBBIKaAMH pacqua JAUHaAMHUKHAN HpI/IMepHBIe BOHpOCLI K 3alIUTeC Ha60paTOpHBIX pa60T:
JJEKTPONPHUBOJIa C  HCIIOJIb30BAHHEM 1. Kak peann3oBarh KpUBYX0 HAMAarHWYMBAHHUs IBUTATENS IOCTOSTHHOTO TOKA B Cpefie

[IPOrpamMM CTPYKTYPHOT'O MOJICIINPOBAHUS
(Matlab Simulink);

- HaBbIKaMH 00paOOTKU MacCUBOB JaHHBIX
OCHOBHBIX KOOPJIMHAT 3JIEKTPOIPHBOJA
npu JKcmopte w3 mporpammel  Matlab
Simulink B mporpammy EXxcel.

MatLab Simulink?

2. CTpyKTypHasi cxema ABHTraTelsl MMOCTOSHHOTO TOKa HE3aBUCHMOTO BO30YKIECHUS
(AT ¢ HB) npu x®du=const. Pacuer mapametpoB cTpykTypHoil cxembl [AIIT ¢ HB,
peanuzanus B cpeae MatLab Simulink.

3. Kak peann3oBaTh akTUBHYIO U PEaKTUBHYIO cratndeckue Harpysku s 11T ¢ HB
B cpelnie cTpykTypHoro moaenupoBanus MatLab Simulink?

4. CrpykrypHasa cxema [IIT ¢ HB npm nByX30HHOM peryampoBaHUM CKOPOCTH.
Pacuer mapameTpoB CTpyKTYpHO# cXeMbl, peanu3anus B cpeae MatLab Simulink.

5. Kak BbIBECTH BpEMEHHBIE THarpaMMbl TPeOYEeMbIX KOOPIMHAT AJIEKTPONPUBO/IA HA




CTpyKTypH
bIY
3JEMEHT
KOMIIETEHII
5051

[Tnanupyemble pe3yiabTaThl O0y4eHHs

O1neHOYHBIC CPEACTBA

sKpaH MoHuTOopa B cpeae MatLab Simulink?
6. Kakum o6pazom B cpene MatLab Simulink BeiGupaercs mar u meron cuera?

0) [lopsiiok NpoBeaeHUs POMEKYTOYHOM aTTecTalluy, I0KA3aTeJ M U KPUTEPUM OLIeHUBAHUSL:
Uzyuenne yueOHON TuciMIUIMHBL «MaremaTnieckoe MOJICIIMPOBaHUE»» JUTUTC | cemMecTp, 3aBepIIacTcs 3a4eTOM.

HpOMe)KYTO‘IHaH aTTecTalys 110 JUCHUININHE «MaTeMaTHIecKoe MOICIIUPOBAHUE» BKIIHOYACT TEOPETUICCKHUE BOIIPOCHI, ITO3BOJIAIOIINE OLCHUTH YPOBEHD YCBOCHHUA

00y4alOIMMHUCS 3HAHUH, ¥ TPAKTUYECKUE 3a/IaHNsI, BBISBISIONINE CTETIEHb CQOPMUPOBAHHOCTH YMEHHUH U BIaICHHI, TPOBOJUTCS B JOpPME 3adeTa.

[TokazaTenu u KpUTEpUH aTTeCTAINH (3a4eT):

OOyyJaromuiicss ToIydaeT OTMETKY «3a4T€HOY» IPH yCIOBUH BBITIONHEHHS U 3aIIUTHI BCEX MPETYCMOTPEHHBIX J1Ta00paTOpHBIX PabOT Ha OIICHKY HE HIDKE

«YOOBJICTBOPUTCIILHO.




Mpunoxenune 3. Meroanyeckne yka3anusi

BBeaenne

UccnenoBanuie CBONCTB AJIEMEHTOB aBTOMATHU3UPOBAHHOT'O SJEKTPONPHUBOAA C TOMOIIBI0O METO/IOB
IU(GpPOBOTO MOJEIVPOBAHHS SIBISIETCS COBEPIIEHHO HEOOXOIWMBIM J3TaloM Tpu  pa3paboTke u
MPOEKTHPOBAHUH.

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

Ha TUQPOBON MOJENU IS KaXJIOTr0 pPAacCMaTpUBAEMOTO BJIEMEHTa BIIEKTpONnpuBoAa. Il Kaxaoro
HCCIIeyeMOro 00beKTa mpeayCMOTPEHB! 10 12 BapHaHTOB MapaMeTpPOB.

Lenpto mpoBeneHus NaHHBIX J1a0OPAaTOPHBIX 3aHATHH ABIsieTCs 00ydyeHHEe OyAyIIMX CHELMaIHCTOB
3HAaHMSIM CYIIECTBYIOIIMX METOAOB aHAJOrOBOrO M LHM(POBOr0 MOIEIMPOBAHUS COBPEMEHHOI'O
ANEKTPONPUBO/IA, OTPAOOTKA HABBIKOB IPUMEHEHHS CYIIECTBYIOIIMX IPOTPaMM MOAETHPOBAHUS PaOOTHI
3NIEKTPONPUBOJOB, MPHOOPETEHHE  MPAKTUYECKOTO  OIbITa  aHanmu3a paboThl  COBPEMEHHBIX
JIEKTPONPUBOJIOB.

B pesynprate uH3ydeHUs AMCLUUIUIMHBI CTYJAEHTHl JOJDKHBI YMETh INPUMEHSTH CIElHalIbHbIC

MporpamMMHeie cpeacTBa aisl peumieHus Ha OBM u ABM 3agau mpoeKTUPOBaHUS CHUCTEM YIPABICHUA
COBPEMEHHBIMH 3neKTponpuBogaMu. CTyneHTbl JODKHBL TaK JK€ IOJIYy4UTh MPEICTABICHUE O
MEePCIIEKTUBAX Pa3BUTHS allllapaTHBIX U MPOTPaMMHBIX CHIeIMaIbHBIX cpeacTB DBM B peliennn BonpocoB
CAIIP, npu npoeKTUPOBAHUH CUCTEM YIIPABICHHSI COBPEMEHHBIM 3JIEKTPOIPHUBOJOM U aHATIU3E PEKUMOB
paboThl COBPEMEHHBIX AIIEKTPOTIPHBOIOB.



JlaGopaTopHasi padora Ne 1

HccienoBanue cBOMCTB THNOBBIX JHHEHHBIX 3BEHbHEB

CHCTEM AaBTOMATHYECCKOI'0 PEryJimpoBaHust

B nanHO#l paboTe MOKHBI OBITH MOJYYEHBI KPUBBIC MEPEXOAHBIX MpolueccoB Ha Bbixomax 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) MPOIOPIHOHATBHO—MHTET PUPYIOLIETO C NepeaaTouHol QpyHKIHeR

I') peasibHO AU PEPEHITUPYIOIIETO ¢ TePEAATOUHON QYHKIUCH

W,(p) = &
T, p+1
[TapameTpsl 3BeHbEB TipHuBeeHBI B Tabm. 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

Ts 0305|077 |09 | 11 1.3 0.8 0.6 0.4 0.2 0.35 | 045




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

Up |- - - - Uy

| |
: :
| |
t tz SR P i 1y

Puc. 1.1. CkaukooOpa3Hblii (a) 1 TUHEHHBIH (0)

3aKOH M3MEHEHMS BXOJHOTO BO3IEHCTBUS

HapaMeTpLI BXOJHBIX CUTHAJIOB IO BapUaHTaM IIPC/ICTABJICHBI B Ta6J'II/II_Ie 1.2.

Tabmuma 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

JlaHHBIE 3aBUCHMOCTH MOJICIUPYIOTCS B Cpejie BU3yalibHOro mporpammuposanus MatlLab Simulink
C IOMOILIBIO OJIOKOB:

a) O110ka moctpoeHus curnanos Signal Builder;
0) 6moka Transfer Fcn;
B) Oioka 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) Bo3MOkHO 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 pe3yibTraTaM MOJCIHUPOBAHMS YCTAHOBUTH, KaK 3aBHCSAT
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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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 Haxxats 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).

W Function Block Parameters: Transfer Fen (3]
Transfer Fcn

The numerator coeffident can be & vector or matrix expression. The denominator
coefficent 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:

8]
1
Denominator coefficent: -
s+1
[11] Transfer Fon

Absolute tolerance:
auto

State Mame: (g.g., 'position’)

[ oK H Cancel H Help J Apply

Puc. 1.7. ®yuximonansHoe okHO 610ka Transfer Fcn

B mosiBuBIIeMcst (hyHKIIMOHANBHOM OKHe B cTpoke Numerator coefficient B kBagpaTHBIX CKOOKax
yepes npoder yKa3biBarTCsS KOI(PGHUIIMESHTHI MOJTUHOMA YHUCITUTENS MEPeaaTOuHON QYHKINH, a B CTPOKE
Denominator coefficient koaddumentsr moarHOMa uncIUTENA. B ITaHHOM ciaydae A BEIOPAHHOTO
arepruoIMIECKOTO 3BEHA 3aIOTHEHHBIN (PYHKIIMOHAILHBIN 010K IMpeacTaBiicH 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: -
2541

[2 1]| Transfer Fon
Absolute tolerance:

auto

State Mame: {e.g., 'position’)

CK H Cancel || Help | Apply

Puc. 1.8. dyukimonansHoe okHO 610ka Transfer Fecn

Jia ynanenus 610ka HE0OXOAUMO BHIOpATh OJIOK (YKa3aTh KypCOPOM Ha €ro M300paKeHHe W HaXKaTh
JIEBYIO KJIABHUINY ‘“MBIIIH”), @ 3aTeM HakaTh KiiaBuiny Delete na kiaBuarype.

JIrobasi auHAMU4YECKas CHCTEMa IPEIoNaracT MCCICIOBaHUS €€ C MOMOIIBbI0 YIPABISAIOMINX U
BO3MYIIAIONINX BO3AeHCTBUN. M3MeHsIOMumiicS BO BpeMEHH CHUTHAI JII000H (OpPMBI MOXKHO IMONYYUTH 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). Coennnenue AByX OJI0KOB (BXOJ - BEIXO]1) OCYILECTBISIETCS yeP)KHBaHUEM M COCTMHEHUEM BXO/1a C
BBIX0JIOM JIEBO¥ KHOIKOM MbIiu. [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

= ]

f 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 000 (OPMBI OCYILIECTBISETCS B CHICHUaIbHOM 001acTr. O0IacTh MOCTPOCHHS
CHTHaJIa TOSBISICTCS MIPU TBOMHOM Iemdke 1o omoky Signal Builder B pabouem okne (puc. 1.10).

B oKkHE mOCTpOEHHsI CUTHAIIOB KPACHBIM LIBETOM ITOKa3aH JIOMaHbIN CUTHA B MaciITabe BpeMeHH. 3a
YroJI U3JIOMa MOYKHO YXBATHTHCSI MBIIIBIO U U3MEHUTH ero Gopmy. Tarke ecTh BO3MOKHOCTh M3MEHSTh
YPOBEHb CUTHAJIA IO aMILIHTYAE. J{J1st 3TOro He0OX0AMMO IIEIKHYTh MBIIIBIO HAa YTOJ CUTHAJA, TOYKa yIiia



BBIIEIINTCS KpacHBIM KpyroM. Bumsy oxma (Left Point, Right Point) mMoxHO Bpy4HYI0 H3MEHHTH
KOOPMHATHI 3TOM TOYKH. ECiIM He XBaTaeT TOYEK JUIsl IIOCTPOCHUSI HY’)KHOTO CHTHAJIA, TO MOYXHO J100aBHUTh
HEOOXOJMMOE KOJIMYECTBO TOYEK, IIEIKHYB B HY)KHOE€ MECTO MPABOM KHOMKOM MBIIIH, YAEPKHBasS
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 — Be160Op curnanoB st orobpaxkenus. THCTpyMEHT IOCTYIIEH, €CIH BKIIFOYEH
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
“MbIIIM” B Hy’)KHOM MecTe rpaduka. [Tponsoiier 2,5 kpaTHOe yBelM4YeHHe MacTada.

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 n300paskeHO OKHO MPOCMOTPa CUTHAIOB OCLIIUIOrpaga.



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

Puc. 1.14. OxHO IpOCMOTpa CUTHAIOB ocLyutorpada

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 0J10Ka 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 BeicTaBisifOTCS BpeMsi Havana W Bpems KoHIa cuera. 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
npeAcTaBieH 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)

xapakrepuctuku (JIAUX u JIOUX) nHepnnoHHOTO 3BEHA C MepeaTOuHON (yHKIHeH
(puc. 1.18).

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

Puc. 1.18. NnepunonHOE 3B€HO

CHayana HYXXHO ycTaHOBHUTH TOYKH Bxoja (Input point) u Beixoma (Output point) mnst cHsThs
YaCTOTHON XapaKTepUCTUKU. J1Jist 5TOro HE0OXO0AUMO IIEIKHYTh IPaBOM KHOMKOW MBIIIY HA JIMHUIO BXOJIa
B 0110k 1 BIOpaTh Linearization Points / Input Point, (puc. 1.19).

E Signal 1 -:v—g - 5 =
Cut

Signal Builder Cop)r
Delete

Highlight Te Scurce
Highlight Te Destination

Signal & Scope Manager...
Open Viewer 3

Create & Connect 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 HEOOXOJIMMO YCTAHOBHTh TOYKY BBIXOJa YAaCTOTHOW XapaKTEPUCTHUKH, IISIKHYB MpPaBOM
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 Heo0XoquMMO 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 aHATN3a



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 aHAIHN3a
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 mpOoCMOTpa YaCTOTHBIX XapaKTEPUCTUK

JlabopaTopHas paGora Ne 2

HccaenoBanue CBOMCTB 321aTYNKAa HHTEHCUBHOCTH

3amatuuk uHTeHCUBHOCTH (3M), mpumensemblii mmpoko B coBpeMeHHBIXx CAP smekrpomnpusona,
obecrieunBaeT nMpeodpazoBaHue OBICTPOMEHSIONIETOCS BXOJHOTO HANPSDKCHUS B BBIXOHOE HaNpshKEeHHE,
U3MEHSIIOLIeecs C 3alaHHbIM TeMIIoM. Eciii TeMIT H3MeHEeHUs BXOJHOT'O HalPsDKEHUS. HUXKE, YeM 3a1aHHbII



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

CrpykTypHas cxeMa 33JaTdyiKa HHTEHCHBHOCTHY TIpeicTaBlieHa Ha puc. 2.1.

P> %I
Upx Ugp— Ups 1 Usrix
-
—u, Tanp

Puc. 2.1. CtpykrypHas cxema 31U

B pexume oTpabOTKM 3aJaHHOTO TEMIIa BBIXOJHOE HAMpPsDKEHHE W3MEHSIETCS 10 CIEIyIOIIeH
3aBUCUMOCTH (peeiHbIi dneMenT PO He HachIeH):

U
Ugnix(t) = =0 t.
Tzu

Takum 06pa3oM TeMIl H3MEHEHHS BBIXOAHOTO HAIPSIKEHUS] MOXKHO PEryJIUpOBaTh JINO0 N3MEHEHHUEM
HanpsDKEHUsl OrpaHuYeHust peneiiHoro snementa PO — Up, 1M00 — MOCTOSHHOW WHTErPUPOBAHUS

unrerparopa M — Tsy.

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

Mopenupoanue npoueccoB B 311 Ha ocHoBe mudpoBoii Mozaenu no nporpamme MatLab Simulink
1e7Iec000pa3Ho  ocymiecTBIATh Mertomamu PyHre—Kyrra wmnm Diliepa ¢ TMOCTOSHHBIM — IIATOM
HUHTETPUPOBAHUS, TaK KaK peaju3allis HACATBHOrO pelelHOoro sjieMenta mertogamu Denpadepra u
Kytra—M>spcoHa ¢ aBTOMaTHYECKUM BBIOOPOM I1ara HHTETPUPOBAHHS JAF0T 3HAYNTEIIbHBIC TOTPEITHOCTH.
PexomeHnayeTcst Oe3 OOJIBIIMX MMOTPEHIHOCTEH B pacuérax XapaKTEPUCTHKY PEICHHOro 3JeMEHTa
peann3oBaTh B CIEIYIOIEM NpUOIMmKEHHOM Bue (puc. 2.2):



¥
&

Puc. 2.2

I[Tpu 3TOM BenuvMHA 30HBI HEUYBCTBUTEIBHOCTH B cTaTH4ecKol xapakrepuctuke +AU > h. 3xecs h —
urar uHTerpupoBanus. KosguumeHT ycuneHus Ha TMHEHHON YacTh XapaKTepUCTUKH

K=200 +500.

[Tapametpst 31 no BapuanTam npuBeaeHB! B Tadi. 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
Tsu, © 0.5 0.6 0.4 0.3 0.7 0.5 0.8 0.6 0.7 0.5 0.4 0.6

CgoiictBa 3U rccnemytoTcs pH IByX THIAaX BXOJHBIX BO3ACHCTBUI:

— cTymneHdJaroe Bo3zeicTrue (puc. 2.3, a);

— TUHEHHO W3MEHSIoMeecs Hanpspkerue (puc. 2.3, 0).

Ugx U, Usx

Ugooo— - = [SE2 R

Ul - -

- — — —

t tz ts

- — — —
)

ts




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. Oxuo u 610k 0JHOMEPHOI MaTPHUITLI IPUBEIEHBI 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 rpag UK OTPA3UTCS HA MUKTOrpaMMe OJI0Ka.

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




Puc. 2.5. Xapakrepuctrka 0JI0Ka OrpaHUICHUS

OKHO 1 OJI0K OTHOMEPHOI MaTpPHUIIBI C BBEICHHBIMH KOOpAWHATAMH OJ0Ka OrpaHHYCHHUS IPUBEACHBI
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
viector 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 cBoticTts 6;1oka Look-Up Table

B otuére mo maboparopHoit paboTe HEOOXOAUMO MPEACTABUTH:

1) xpussie nepexomubix mporieccoB Upx(t), Ups(t), Uppix(t) mpu 3amaHHbIX ajist JaHHOTO BapUaHTa
napameTpax 31 v JByX pekUMax U3MEHEHHUS BXOIHOIO HATIPSIKEHHS;

2) orueHKy BiusHUA Ha cBo¥icTBa 3U mapameTpos Uy 1 Tay;

3) aHa M3 MOJYYCHHBIX PE3YJIBTATOB U BBHIBOIBI [0 HHUM.

JlabopaTopHas paGora Ne 3

HccnenoBanne nepexoHbIX MPOIECCOB B JIMHEHHBIX HeNAX BO30Y:KAeHUS JTeKTPUYECKUX MAIIUH
npu popcupoBKe

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

dl
Us=lgRs+ Ly —2 (3.1)
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 HapacTaHWs TOKa BO30YyXIeHHs HpuUMeHseTcs (opcupoBaHHOE
BO30YXJICHHE, CYThb KOTOPOTO COCTOMT B TOM, YTO HA IEPHOJA HAPACTaHUS TOKAa O HOMUHAIBHOTO
3HaueHUs K OOMOTKe BO3OYXKIEHHWS NpuKIaabiBaeTcs HampspkeHne oUpy, rme o — Koadduiumert
¢dopcuposku (puc. 3.1).

U, Ip
G’UBH UB

I
gl _ _ B Us
Usn}l - - —

— - T
L Is
t
ty
Puc. 3.1

CrpyKkTypHas cxeMa MOJIEIU 110 MCCISIOBAHUIO MPOLIECCOB B OOMOTKAX BO30YXKIACHUS MOXKET OBbITh
MpeJICTaBJICHA B BUJIE, IPEACTaBICHHOM 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 ogHOMepHOM Matpuips! 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 3aBucUMOCTh Up=f(t), obecnieunBaromnryio
JTMHEHHBIN 3aKOH HapacTaHWS U CIAJaHUs TOKA BO30YKIACHHUS SJCKTPUUCCKUX MAIIVH 32 33J]aHHOE BpeMs
(puc. 3.3).

Us, Is

dI,

Puc. 3.3

B otuére nmo nabopaTopHoii paboTe HEOOXOIUMO:

1. Tlomyuuts KpuBBIE IEpexoaHBIX porieccoB Ug = f(t),
Iz = f(t) mpu koadpdunmenre Gpopcuposku a = 3.

2. TlomyuuTh 3aBHCUMOCTH JUIMTEIHLHOCTH HApacTaHUS TOKa BO3OYXJIEHUS OT Kod(pQHIMeHTa
dopcuposku (ty=f(ar)).
. d'IB _ IBH .
3. C yuérom TOrO, 4T0 —— = ——, pacCUMTaTh U Peaan30BaTh HeoOXxoauMeIil 3akoH Ug(t) mpu

dt t

tH =1c.
4, HpoaHaHI/ISI/IpOBaTb MOJYYCHHBIC PC3YJIbTAaThl 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 pPAacCessHUs M BUXPEBbIX TOKOB MOXKHO ONKCATh clieAyonmMu auddepeHmatsHbIMu

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.
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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).

J1{(D)

Puc. 4.2

Ecnmu mpoBecTn NMHEHHYIO ammpoKCHUMAaLMI0 KpPUBOM HaMarHUYMBaHWUA JUIsI  Kakoro-auoo
KOHKPETHOTO 3Ha4yeHusi noToka gy, TO CTpyKTypHast cxema Ha puc. 4.2 MOkeT OBITh MpeodpazoBaHa K

Buny (puc. 4.3).

UB 1 KBH (I)B
_— ] -
Rp Tegup
Ip
Kj
Puc. 4.3

Al

3nece K = , mpraéM Alg 1 ADp OTHOCHTENHFHO HEOONBININE MPHUPAMCHUS TOKAa M TOTOKA
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

3aece Kg = — u T = Ti COOTBETCTBEHHO KOX(POUIMIEHT W 3IEKTPOMATHHUTHAS
Kgy 'K
IMOCTOAHHAsA BPEMCHU LICIIU B036y)KI[CHI/ISI JJIsL Bbl6paHHOI\/'I TOYKHU allllpOKCUMAaIllN. O‘-ICBI/I[IHO, qTO IIO
Mepe BO3pacTaHusl TOKAa BO30YXKIEHHs pacTET M BenuuuHa Koddduuumenrta Kj, a 310, B CBOI0O odepens,
cumxaet 3HadeHus Kg u Ty 110 Mepe HaChIIEHUSI MATHUTHON CUCTEMBI SJICKTPHUUYESCKOM MAaITUHBL.

i i

[TapameTps! uccnexyemMon 1ienu BO30YKASHUS IO BapHaHTaM NpUBeeHbI B Ta0muie 4.1.

Taomuua 4.1.

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

napam.

@y, B¢ | 0146 0.2 011 | 0.12 016 [ 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
paccuuTaTh peaqbHyI0 KPUBYIO HAMarHMYMBAHUS ABUTATENsl IJIsl CBOETO BapUaHTa, UCIOJb3Ys I STOTO
puc. 4.1 u HOMHHAJbHBIE JaHHBIE M3 TaOnuiel. KpuBas HaMarHUYMBAHHUS MOJEIHPYETCS C IOMOIIBIO

onoka Look-Up Table.

ITocne 3TOrO paccumraTh HapaMeTpsl M pPeaan30BaTh IHU(POBYIO MOJEIb B COOTBETCTBHU CO
CTPYKTypHOU cXxeMoil Ha puc. 4.2.

B ortuére mo nabopaTopHoii paboTe HEOOXOIUMO:

1) mnpoaHanM3MPOBATH MEPEXOJHBIC MPOLECCH B IIENH BO30YKACHHs, 00yCIOBICHHbIC H3MEHEHHEM
HanpspkeHus Bo3OyxaeHust AUg = +0.1Upy npu yciioBun, 4To K 00MOTKE BO30YKACHUS YK€ MPHIOKECHO
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 MOJIENY 334aTh HadaIbHOE 3HAYEHIE TTOTOKA BO30YKISHHSI, PACCINTAHHOE AJIS
3TOTO peKMMa C Y4ETOM KpUBOM HaMarHUYMBaHMS;

2) Ui TpeX HayaJbHBIX 3HAUCHUI MPOTOKA BO30YKICHHUS MOCTPOUTH YaCTOTHBIC XapPAKTCPUCTUKH
(JTAUX u JI®YX), BXO/IHO# CUrHAN [1si yacToTHOI xapaktepuctuku U g , Beixonnoit Dy .

3) 10 MoNydYeHHBIM KPHUBBIM MEPEXOTHBIX MPOIECCOB paccuuTaTh 3HaueHUs Kg u Ty 4181 Kax10ro
pexXnMa;

UBO

4) mnoctpouts 3aBucuMocTH Kg 1 T OT BeTHUHHBI —— ;
BH
5) cnmenath BBIBOIBI 1O MOJTYYCHHBIM PE3YIIbTATAM.

JlaGoparopHasi pabora Ne 5

HccaenoBanue NMEPEXOAHBIX MMPOUECCOB B ABUIaTEIC
MNOCTOSTHHOI'O TOKA NPH OAHO30HHOM

peryJiupoBaHHH CKOPOCTH

CTpyKTypHas cxema JBHUTraTeIsi IOCTOSTHHOT'O TOKa TP MIOCTOSTHHOM MTOTOKE BO30YKIeHHs HanboJee
4acTo MPEICTaBIAETCs B BUjE, 300pakéHHOM Ha puc. 5.1

P>
Iy —
T e e
AUjg ¢ — 1y [
I
Ug ® 1/]5{:3 I R, I @
Egn
|| Kdy ||
Puc. 5.1

3)1605 R3, T3 — SKBHBAJICHTHOC COIIPOTHUBJICHUC U TIOCTOAHHAA BPEMCHHA HKOpHOﬁ OCIIH ABUIaTCIIA,

K®y — koo dunmeHT nBurarers;



R3
(Ko, )

CyMMapHI)II‘/'I MOMCHT UHEPLHU IJICKTPOIIPHUBOJA.

Tv = J s — DJIEKTPOMEXAaHHWYECKasi TOCTOSHHAS BpPEMEHH JJIEKTPONpHBONA, a Jy —

Hcxomapie mapamMeTpsI 10 CTPYKTYPHON CXeMe /ISl KaKI0TO BapHaHTa IpUBeeHB B Ta0I. 5.1.

Tab6muma 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

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

Tw, © 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

g Bcex BapuantoB T, =0.03 c.

B oTuére mo mabopaTopHOi paboTe Ha OCHOBE PEaJTU30BAHHON MOEIN HEOOXOIMMO paccuuTaTh U
HpoaHau3upoBaTh nepexoansie mporecchl Ug(t), 14(t), o(t) B cneayrommx pexxumax:

1) pasroH W TOPMOXXEHHE IBUTATENIA Ha XOJOCTOM XOJy IMPH WU3MEHEHHH HANpsHKCHHUS SKOPS B
COOTBETCTBHH C pHUC. 5.2.;

2) Ans TaHHOW CTPYKTYPHOH CXeMBI MOCTPOUTH YacTOTHBIE XapakTepucTuku (JIAUX u JIOUX) ans
TPEX CIIy4aen:

a) BXOJJHOM CHTHAJI JUIsl 4aCTOTHOH XapaktepucTuku U g, BRIXOAHOH B
) BXOJIHOM CHUTHAJI JUIS YACTOTHOM XapakTepucTuku I o, BRIXOAHOH B

B) BXOIHOM CUTHAJI IS YaCTOTHOM XapaKTEpUCTUKK [ C » BBIXOJTHOU I,:

3) pa3roH ¥ TOPMOXKCHHE JIBUTATEIISI PU TPITIOKEHHUH I = !

a) aKTUBHOTO CTaTHYIECKOTO MOMEHTA (TOKa) B MHTepBasie BpeMenn 0 + ts;




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

B) CTaTUYECKOI0 MOMEHTA, IPUKJIA/IBIBAEMOr0 B IEpHoA pasroHa asuraress (t = t;) 1 cHUMaeMoro 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

UﬂO .
KO,

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

Benmuuunnst u xapakrep usmenenus Ug(t) u Ic(t) am1st kaxaoro BapranTa npeacTaBicHbl Ha puc. 5.2 U B
Tabmn. 5.2.

Ugx

Unl —
IH = A= = &—_-—_L IC

SaREE N

. AN
! . | | t}
tl t2 t3 t4 tS
Puc. 5.2
Tabmmna 5.2
Ne Bap. 1 2 3 4 5 6 7 8 9 10 11 12

napam.

t, 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 1.45 1.4 1.5 1.4 13 14 | 15 13 1.5 1.6 1.45 | 1.35

ty, C 1.7 16 | 165 | 155 | 145 | 15 | 16 14 |[1.65 18 1.6 1.6

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

B otuére nmo nabopaTopHoii paboTe HEOOXOTUMO:

1) npoaHanM3UPOBATH MEPEXOTHBIC MPOIIECCHI ISl BCEX, YKA3aHHBIX BBIIIE, PEIKHMOB;




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
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I[.HH 0oJiee IIOJIHOIO HCITOIB30BAHUS ABUrartejd 1mo MOHmHOCTU W MOMCHTY, ocjabieHre ITOTOKa

B036y)KI[€HI/I$I ABUTATCIA OCYHICCTBIIAICTCA TOJIBKO IIOCIIE TOT'O, Kak 6y,[[€T AOCTUTHYTO HOMHHAJILHOC
3HAYCHUC HAIIPSIKCHUA SIKOPSL.

Puc. 6.1



B orué€re mo mabGoparopHoii paboTe Ha OCHOBE HH(PPOBON MOAETH HEOOXOIWMO PacCCUHUTATh U
npoaHanu3upoBath nepexoaubie npoueccsl Ug(t), 14(t), o(t) B cienyromux pexxnmax:

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,

0) K® = y-K®y, Ug = Ugy;
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 CHTHAJI JUIsl YaCTOTHOM XapakTepuctuku M - , BBIXOIHOM Ig, mpu k@=xDy;

6) BXOJIHOM CHIHaJI JUIs 4acToTHOH xapaktepuctuku M -, Boixonuoit /g, npy k@ =xD,,. .

Bennunna n xapakrtep usmenenus Ug(t), KO(t) u Mc(t) st peanuzaimum pesxxumoB 1 u 2 nipuBeIeHbI
Ha puc. 6.2 u B Tabnure 6.1.
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Tab6muma 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 naboparopHoii padboTe HEOOXOIMMO:

1) npoaHaIM3UPOBATH MEPEXOIHBIC POLIECCHI IS BCEX PACCMOTPEHHBIX BBIIIEC PEKUMOB,;
2) YCTAaHOBHUTD BIIHSIHHE Ha XapaKTep MEePEXOHBIX MPOIIECCOB H YCTAHOBUBILHMXCS PEKUMOB!
— U3MEHEHUS HAIPSKEHUS KOS,

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

3) mpoBecTH CpPaBHWTENBHBIM aHANN3 TEPEXOTHBIX TPOIECCOB B PeXHMMax 3, 4 MpH IMOIHOM H
0cNabJIeHHOM 3HAYEHUSX ITOTOKA BO30YKACHUS ABUTATEIIS;

4) npoaHAIM3UPOBATH YaCTOTHBIC XapaKTEPUCTUKH, CHSATBIC IT0 BO3MYIIAIONIEMY BO3JICHCTBUIO, TPU
TTOJTHOM ¥ OCJTIA0JICHHOM 3HAYEHUSX ITOTOKA BO30YKICHUS JIBUTATEIIS;

5) chenaTh BBIBOJIBI MO MOJYYCHHBIM PE3yJIbTATAM.




