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Coaepxanue paGoTsi:
1. BBenenue, OCTaHOBKA 3a/1a4H.
2. CuHTe3 TOCNENOBATEILHOTO KOPPEKTHPYIOLIEro YCTpOHCTBA — perynsropa
ckopocti PC.
2.1.TlocTpoeHHe  4YaCTOTHBIX  XapaKTepUCTHK  00beKkTa  peryidpoBaHHs
(HeusMeHseMOH JacTH CUCTEMBI).
2.2. HocTpoenue xenaeMoi JaCTOTHOH XapaKTePHCTHKH Pa30MKHYTOH CHCTEMBI,
2.3. CunTe3 XOppeKTHPYIOILEro ycTpoiicTaa.
2.4. Ananu3 KayecTsa 10 PeaKiMH Ha CTYNeHYATOe 3a0atoliee BO3AeHCTBHE.
3. Uccnenoranue ycTo#UMBOCTH U Ka4eCTBA CHCTEMBI.
3.1. Onpenenenye 3aracoB yCTOHMHBOCTH.
3.2. Toctpoenue peaxuuy cucTemsl o(f), i(f) Ha BOIMYIIAOLIee BO3AEHCTBUE —
cTyneH4aroe uiMeHeHue i(f) = 1(1).
3.3.Tloctpoenne peaxumu cucremsl o(f), if) ‘Ha THUIIOBOE TpanenenjalibHoe
3a7alolee Bo3jeicTaye.
4. Uccnenoranne TOUHOCTH CHCTEMEL
4.1. Beraycnenve k03¢ GHIMEHTOB OKO0K K CHCTEMATHYECKMX OUIMOOK.
4.2. Ouenka cTeNeHH BIHAHUS [TOMEX.
4.3, Onenka oIMBOK CUCTEMBI MOIEIMPOBAHHEM.
5. KoHCTpyKTHBHBIE pacyeThl PEryisTopa CKOpOCTH.
5.1. OnpeneneHue NapaMeTPOB HENPEPHIBHOTO PETYJIATOPA CKOPOCTH.
5.2. Pacuer anroput™a paboThl HH(MPOBOro perynsaTopa CKOPOCTH.
5.3, AHanu3 KadecTBa CHCTEMbl C LU(POBBIM DETyJSTOPOM CKOPOCTH TpU
CTyNeHYaTOM H3MEHEHHH yIIpaBisionero Bo3aeiictaua w.(f) = 1(2).

6. 3axmoyeHue.

Kaxopli cTyZeHT nojgy4aeT CBOH BapHMaHT JaHHBIX JUIs pacyera 0O
npuseneHHoH Huxe Tabnuue. MaHHbie BrIouarot: T, Ty, — 3NEKTPOMATHUTHYIO M

INEKTPOMEXAHUIECKYIO [IOCTOSHHEIE BPEMEHH 3nekrporpuBona; K., Ko, K —
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KOOXpQHIMEHTH NATAMXa TOKS, TEOGPMOBATENS W AATUHKE CKOPOCTH; P —
conpoTHBTeHtie AKOPHOi Uems; T, ~ MOCTORHWYIO BpEMEHN GISTP Ha BXOXC
npeoGpazonarens. Bee BETMIMHM BHDEKEHH B OTHOCHTENBHBX CIMHHLAX, B
Kauecthe Gai0BOfi  CHCTEMBI  CZUMMI  BHOPAN NOMWHATHWMC Ianmble

7EXTPOOGOpYAOBEIIS 1 JMENCHTOB CHCTEMs! YTPEBACHHS.

Homep Janmse tan pacuera
sapuanTa T, T, p Ko Ko
T 2 3 ] s 3
1 0,02 0,08 0,064 037 35
A 08— o s

3 0,034 0,108 0,138 0,55 5.0
66—l 0l50 2 0 2
5 0,02 0,09 0,14 0,405 52

6 0,037 0,105 0,17 0,52 247
7 0,031 0,08 0,04 0,52 3,1
8 0,052 0,09 0,15 0,44 43
9 0,034 0,08 0,02 032 22
10 0,031 011 02 021 3.5
il 0,052 01 0,03 036 18
12 0,044 0,09 0,2 02 40
13 0,062 0,09 0,08 0,1 3,5
14 0,021 023 0.2 0,6 45
15 0,042 0,121 0,056 0,405 65
16 0,041 0,07 024 034 28
17 0,035 0,11 0,041 031 K]
18 0,024 0,06 0,028 024 2.7
19 0,049 0,118 0,037 0357 L7
20 0,036 0,11 028 021 45
21 0,024 0,05 0,02 0.22 35
22 0,026 0,11 028 025 44
2 0,032 0,11 025 031 4,1
24 0,037 0,118 0,049 036 L5
25 0,04 0,076 003 028 24
26 0,045 0,114 0,035 036 2,1
27 0,051 0,11 0,16 0,15 4,1
28 0,015 0,09 028 021 48
29 0,034 0,11 0,052 032 25
30 0,026 011 021 025 42
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OxonyaHue TabmuiE

Ipumenanue. ]lns Bcex BapHaHTOB OpPHHATE T, p = 0,01 ¢, Ky e = 1, nepuon
JHCKPETHOCTH UH(pOBOro perynstopa ckopoctu 7= 0,02 c.

Bce 1noctpoeHHs WACTOTHBIX XapakTEpHCTMK CleIyeT BBINONHATh Ha
MOy aropuMUIecKoll WK MPOCTOH MULIMMETPOBOH Gymare B JUANA30HE 9ACTOT
or 1 g0 1000 ¢’ Jlns xomnaxTHOTO H HarlagHOIo pasMeIleHHs XapaKTepUCTHK Ha
rpaukax pexdwxemxyrorcn crexytolme MacITabel: no yacrore — 1 agkama Ba 100 Mm;
1o ycuneuuro ~ 10 b na 10 MM; o ¢aze — 90° 1a 30 Mmm. I padUKH aMIUTHTYTHBIX 1

(bﬁSOBLIX XapaxKTCPHUCTHK PEKOMEHAYETCA CTPOUTE HA OJHOM JIUCTE 6yMam.

2. CHHTE3 KOPPEKTHPYIOWIEI'O YCTPOUCTBA (PEI'VJISITOPA)
CuHTe3 CHCTEMBI aBTOMATHYECKOIO YNpaBNEHMs ABIMETCS OCHOBHOH cTamueit
MPOEKTHPOBaHHS, CYLIHOCTH KOTOPOH 3aKIOMaeTcs B TakoM BHIGOpE CTPYKTYphI
CHCTEMBI, €€ NIapaMEeTPOB H TEXHUYECKOHN peanusalvu, NPH KOTOPOM 00ecreuHBaoTes

TpeGyeMme NOKa3aTeIx Ka4ecTBa peryJiupoBaHus.
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TIpoexTHpOBaH¥e CHCTEMBI OCYIECTBIACTCA B CIERYIOLIEM TIOPSIAKe:
1)Ha OCHOBaHHMM TEXHHYECKHX YCJIOBHH omlpejeNsercs HeW3MeHsAeMas YacTh
CHCTEMBI, T. €, COBOKYITHOCTb OOBeKTa yNpasieHus (B HalleM Clydae JABHTaTelb
MOCTOAHHOTO TOKa), HCTIONHHTEIbHBIX OpraHoB (THPHCTOPHBIH npéoGpaaosaTenL),
M3MEPHTENBHBIX YCTPOHCTB (HaTdHKH PasIHYHBIX KOOPIWHAT) M PEry/SITOPOB BHYT-
PEHHHX KOHTYPOB DEryJMpOBaHuA (PErynaTop TOKa) W CTPOUTCA JorapHdMudeckas
aMILTHTYIHAs 4acToTHas xapakTepucruka (JIAUX) Hensmensemoit yacTy;
2) no 3ajaHHEIM NOKA3aTENAM KauyecTsa CTPOHTCA jxenaeMasi JIAUX pasoMxHyTol
CHCTEMEI,
3) onpezenserca JaCTOTHAS. XapaKTEPUCTHKA KOPPEKTHPYIOWIEr0 YCTPOMCTBA H €ro
nepenarouHas QyHKINA, T. €. BBINOJHACTCS COGCTBEHHO CHHTES;
4) BHINOJIHAETCA aHATH3 KAYeCTBA TONYYEHHOM CHCTEMBI W, €c¥ MONYyYCHHEBIC
'[IOKa3aTeNH Ka4ecTBa He COOTBETCTBYIOT 32IaHHBIM, BO3BPAIAIOTCS K 1. 2;
5) pemaloTcs 3aauH TEXHHYECKOH PeanH3aliy KOppeKTHPYIOWEro ycTpoiicTea.
B kypcosoii pafore Bce aneMeHTH! HeM3MeHsAeMoM uacTH sanarorca, Mx
onWcaHue, ApPaMeTphl, CTIPYKTypa CHCTeMbl H3naralotcs B Kypcax «Teopus
31eXTPONpHBOAa» H «CHCTEMEI YNpaBIeHHS JIEKTPOIIPUBOIAMHUY.

PacueTHas CTpykTypHas cxeMa CHCTEMbl HpPH CHOTE3e B oOIeM BHAE

NpeACTaBiIeHa Ha puC. 3.

Pulp)

(0 o(f)

Puc. 3. Pacuernas cTpykTypHas cxema

3nece W,(p) — mnepegatouHas ¢yHKUHA KOPPEKTHPYIOUIETO YCTpOHCTBA

(perynatopa ckopocTH); Wyu(p) — mepefatousas (QyHKUAS HeH3MEHsAeMol wacTw,
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KOTOpas BKIIOYaeT 3BeHbs, BXONAUIME B 3aMKHYTBIH KOHTYp ToKa, T. €. Wy,(p),
WD), Wrni(p), Wi(p), u 3BeHO ob6bekTa ympasnenuss Wpp(p). Ha srane cmaresa
BO3MYILAOLIEe BO3AEHCTBHE i(f) noaraeTcs paBHEIM HYJIIO.

Jdna cuntesa Wy(p) HCHONB3YeTCS METON JOTapUPMHUYECKHX YaCTOTHBIX
xapaktepucTHK. [loctpoenue JIAYX Bepercs Ha OCHOBE aCMMIITOTHYECKHX
xapakTepHcTHK. Jlorapudmuyeckue ¢azoBple YacTOTHEIE XapakTepucTuki (JIQUX)
cTpositca no ¢dopmynam. HeobxozuMbie cIipaBOYHBIE MaTe€pHaIBl [PUBEACHEI
B [3-6].

Ilpu noctpoenyy XapakTepHCTHK HEU3MEHAEMOM YaCTH CHCTEMBI HEOGXOAMMO
IyTeM CTPYKTYPHBEIX @peo0pa3oBaHMH NpHBECTH €€ K CXeMe, COCTodulell u3
[OCNEIOBATEIBHO COENUHEHHBIX THUMOBLIX 3BeHbeB. [ 3TOr0  BHLIYHCIAETCH
nepefaroyHas (QYHKUIMSA HEeW3MEHSeMOM 4YacTH, KOTOpas IOoClie OTHICKAHMS e
HOJIIOCOB MOXKeT OBITH NpPEACTaBICHA B BHAEC NPOU3BELEHMS NepedaTOYHBIX
byskuuHd TUnmoBbix 3BeHbeB. [loctpous gmanee JIAUX kaxgoro 3seHa M
HPOCYMMHPOBAaB HX, MOXKHO NTolyuuTs JIAUX HenzmenseMoit yacTu.

INocTpoenue XxapakTepHCTHK HeM3MeHAeMOH 4acT MOXKeT ObITh BEIMOIHEHO M
rpahoaHaIUTHIECKUM METOJOM C MHCIIONB30BAaHHEM HOMOIPAaMM 3aMbikanus [3,
c.288], [4, c.524].

BaxuelfiluuM sTanoM CcHHTe3a sBNsieTCA mNocTpoeHne xenaemod JIAUX
CHCTEMBI, KOTOpas oOmpeieiseT MOKa3aTeld KayeCcTBA H TOYHOCTH IIPOLECCOB
perynuposanus. ITockonbky uccneayeMas cucTeMa MHHMMANBHO-(A30Bas, CBA3b
MEXIy NoKa3aTesMH KauecTBa NepexofHol ¢yHKIMM ¥ BUmoM xenmaemoi JIAYUX
OJIHO3HAYHA.

HuskouacrotHas dactb kenaemodi JIAUX oOycnaBiMBaeT TOYHOCTH
BOCIIpOM3BElIeHUs 3amaiolllero BosnelcTBus. (PopMa XapakTEpUCTHKH B 3TOM
auanaszone (0 < ® < @, , rae O, ONpeeNieTcs U3 3aJaHHBIX MOKa3aTe/iell KauyecTsa)
3aBUCHT OT TPeGYEMOro Mopsi/ika aCTaTU3MA.

CpeznHeyacToTHas 4acTh XapaKTepUCTHKH ¢ HakiionoM —20 nb/nexamy uMeer

YaCTOTHBIA JYana3oH B npenenax 0y < @ < @, ¥ COCTABIAET 0KOJIO OHOM JeKalbl.
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JlaHHEI! [Uama30H BKIIOYAET YaCTOTY CPE3a CHCTEMBI M, M OMpeNensieT MoKa3aTeq
Ka4ecTBa 3aMKHYTOH CHCTeMBL.

BricOKO4acTOTHAS YacCTh XapaKTEPHCTHKH HaXOAUTCH B Ipedenax 0, < o < o
U He OKa3biBaeT CYHIECTBEHHOI'O B/IMSHHS Ha II0KasaTelM KadyecTBa CHCTEMBI,
1o3TOMYy AJis Gonee NMPOCTOH peanusaldd KOPPEKTHPYIOLIEro ycTpolcrBa ¢opma
XenaeMOH XapaKTepHCTUMKH B BBICOKOYACTOTHOH OGNacTH [OJXKHA COBNAiaTh C
dopmoit IAUX HenzMeHsaeMOl 4acTH.

B coorBercTBMH € METOHOM 4acTOTHHIX xapakrepuctuk JIAUYX mnocine-
JAOBATENBHOIO KOPPEKTHPYIOLIETO YCTPOHCTBA HAaXOMMTCHA KaK pa3sHOCTH JkejlaeMoit
JIAYUX u JIAYUX HensmeHsieMoii 4aCTH, 3aTeM ONpeeNsieTcs nepeJaTounas GyHKuus
perynstopa Wi(p).

IIa.ﬁee IIPOM3BOMMTCH  OIlEHKA KadecTBa MOJNYYEHHOH CHCTeMBl C
HCTIONE30BaHHEM MoJenupywuero xomrekca Matlab (cM. npunoxerue) nu6o
IpYTrEX aHANOrHMYHEIX IporpaMM. Ecnu nokasarenu KauyecTBa nepexoaHol GyHKUNH

yﬂOBﬂ&TBOpﬁIOT 3alaHHBIM, TO IPOLENYPA CHHTE3a CYUTAaETCA 3aBepmeHHoﬁ.

3. ACCJIENOBAHUE YCTOMUMNBOCTH 1 KAYMECTBA CUCTEMBI

3.1. Onpesenenue 3anacoB YCTORYHBOCTH

MeTon norapuMu4ecKHX HYacTOTHEIX XapaKTepHCTHK [aeT BO3MOXHOCTb
CPaBHUTENBHO IIPOCTO HCCNER0BATH YCTOHYHMBOCTL JIMHEHHON CHCTEMB!I HA OCHOBEC
kputepus HajikBucra. 110 9acTOTHBIM XapaKTEPUCTHKAM MOMXHO CYIHTh TAKKE O
cTeneHu ONU30CTH CHCTEMBl K TpaHHUaM YCTOH4MBOCTH. s 3TOro oOueHHMBaiOT
3a1achl yCTOHYMBOCTH IO aMIUIUTY e M dase.

IIp# npoeKTHpOBaHHKA ABTOMATHYECKOil CHCTEMBl PEKOMEHIYETCH HMETh
3amac yeTOMYMBOCTH 110 aMILIUTYZE He MeHee 6 1B, a 3arnac yCTORYMBOCTH 110 Qase —

He Meree 30°,

B kypcoBoit paboTe HEOOXOAUMO ONEHHUTE YCTOHUHBOCTL CHCTEMBHL IO
xemnaemoit JIAUX, orpenenus 3amacsl no ammnutyne u ¢ase. Jlorapudmuyeckas

¢azomas YacTOTHAA XAPAKTEPUCTHKA CTPOUTCSA IO (opMYsIaM JUIA TMIIOBEIX 3BEHBEB,
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Ha KOTOpme pa3bura HeH3MeHseMas 4YacTh CHCTEMBl, ¢ ydeToM (a3oBoif

XapaKTepHCTHKH PerynaTopa.

3.2. TlocTpoeHHe peaKuuM CHCTeMb] HAa BO3MYIUalollee BO3REHCTBHE

YCToHYMBOCTE SBASETCH HEOOXOAMMBIM, HO HEROCTATOYHRIM YCIIOBHEM
paboTocnocobHOCTH aBTOMATHIECKOH CHCTeMBI. Y CTOHYHBOCTD FApaHTHPYET JIHINE

3aTyXaHHE IIEPEeXOJHOr0 IIpolLeccea.

KagectBo muHEWHO! CHCTEMB! NPHHATO OUEHHBATH IO BUIY NEPEXOLHOTO
npouecca. Ilpn 3ToM 3a CTRHAAPTHEIN NepexOnHbIH MPONECC NPUHUMAIOT PEAKLHUIO
CHCTEMBI Ha IMHHYHYIO CTYNEHYATYI0 QYHKIHIO, KOTOpas HA3hLIBAETCS NEPEXOAHOM
¢ynkumedt. Ilpy amamuse KkayecTBa CHHTC3HPOBAHHOM CHCTEMBl B I 2 YKe
paccMaTpHBajiach €¢ peaKlUWs Ha eAMHHYHOE 3ajafouiee Bo3meiictsume. OnHako He
MeHee BaXKHOE 3HaueHHe JUIS 3IEeKTPONPHBOXOB HMEET KadecTBO MPOLECCOB NpH
€AHHMYHOM BO3MYIIaroIeM BosgefcTauH i(f) = 1(f).

B [aHHOM IIyHKTe IpEINaraercs BBIYMCIHTG U HOCTPOHTE DPEAKI[HIO
3aMKHYTOH CHCTEMBI pPEryIMPOBaHMA CKOpOCTH o(f) M i(f) npu emMHAYHOM

BO3MYIIAIONIEM BO3JCHCTBHH. 3ajaloliee BO3NEHCTBHE M,(f) MPH 3TOM MOJNAraeTcs

PaBHBIM HYJIIO.

3.3. HocTpoeHHe peakliAN CHCTEMbI Ha THIOBOE 3ajaloliee BO3AelcTBHE

TunosemM 3anatonuM Bo3AeHCTBHEM B COBPEMEHHOM 3NIEKTPONPHBOJE ABIS-
€TCA CUTHall 3aJaTyHka HWHTEHCHBHOCTH, IpaHK KOTOPOro BO BPEMEHH Ipefl-
crasiger coboi Tpamewmo. Ilpennaraerca moctpouts rpaduxu i) u @(f) npu
TPATICHEHJANEHOM 3aKOHE M3MEHEHHs 3alAIOIIET0 BO3NEHCTBUSA O,(f) C BpeMeHeM
pa3roHa, TOPMOXKEHHA H . paboTel Ha ycTaHOBHBIeHcs ckopoctd mo 1,5 ¢ m
3HaueHHeM yCTaHOBHBIIeHcs cKopocTd, paBHEIM !, Bosmywaromiee BoszmeiicTaue
TOJIOKHUTh PaBHBIM HyJH0. 10 BenM4HHE yCTaHOBUBIIEHCS OMMOKM NPH pasroHe H

TOPMOXEHHH CHENIATh BEIBOJ O ITOPSIIKE aCTaTH3Ma CHCTEMBI.
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4, ACCJIEAOBAHUE TOYHOCTU CUCTEMbI
4.1. Briuncnenne ko3pPHUHEHTOB OAGOK H CHCTEMATHYECKHX OIMGOK

Jing OlEHKM TOYHOCTM CHCTEMB! HCIOJNB3YeTCs MepesarovHas QyHKIHs

cucteMsl 1o omHOke Gy(p), KOTOpas ONPEReNserTcs IO CTPYKTYPHOM Cxeme

3aMKHYTOH CHCTEMBI:

" X(p) 1+0,(p) VW (pW (D)

Beipaxenue ans omubku E(p)= G(p)X(p) npu paznoskenun G(p) B pag Mak-

JlopeHa, cxopsumiics IpH Malblx 3HadeHusx p — 0 (1. e. £ ~> ), IMEET BUA

G0 Gm o
E(p)=X(p)G,(0)+ G, (0)p+ 2(' ) +...+——§—’;—'(—-l]= @
2 n ’
=coX(p)+cle(p)+czp' o
Tae Co, Cl, C2,... — KOIDPUIMEHTH! OIIMOOK CHCTEMBI PEryJUPOBaHHs, 110 KOTOPHIM

MOXHO OLEHMTh BENMYHHY CHCTEMATHYecKOHM ycTaHoBMBIUelics oummbke npu

PAa3IMYHBIX BXOIHBIX BO3AEHCTBHAX X(7)

dx(t) , o dzx(t) L& d"x()
Y dt* nt d"

B nannolf pabore HeoOXonumo Halitn kodhGUUHEHTH! ¢y, ¢, ¢3. g ux

e(t)=cyx(t) +¢ 3)

BBIYHCIIEHUS MOTYT OBITH UCHOJIB30BAaHb! JIMOO H3BECTHBIE (GOPMYIIBI, CBA3LIBAIOLIHE
HX 3Ha4eHMs ¢ K03t OHUIMeHTaMH YHCTHTeNS U 3HaMeHaTeNs G(p) unmu @,(p), 6o
MeTOJ JeNeHus NOMMHOMOB YHCIUTENs U 3HameHatens Ge(p). Jlanee no HaleHHBIM

KoagduuuentamM omubok 1o (3) BeMHCAAETCA YCTAHOBHBLUAACA OIMIHOKA &y DM

CTYNEHYaTOM, JTMHEeHHO HApacTarolleM 1 napaboiHieckoM BO3NEHCTBUAX.

4.2, BoiunciieHre OLeHOK CTENEHH BJIHAHUA NoMex

CI/ICTGMH ABTOMAaTHUYECKOTO ynpaBneHHﬂ npaxmqecxn BCerga noaBepPXEHEBI
BJAUSHHIO BHEWIHMX BO3JeHCTBHH — [OMeX, YTO MOXKET CKa3biBaThCcid Ha HX
tdyaxunonupoBaHud. IloaToMy TmNpH [OpPOEKTHPOBAHHM CHCTeM Heo0xoaumo
OLICHHUBATH CTEIICHB BIAIHHUA ITOMEXH Ha paGOTy CHCTEMDBI.
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B naunoit paGote TpeGyeTcs OLEHUTH CTENCHE BAHAHUA PEryJIApHON moMexn
N(t)=ay sinwyt,, npuIoXeHHOM K BXoAy cucteMsl. 3xechk ay = 0,01, oy = 10n 1/c,
rae n — HoMep BapwanTta. IIpenaraercs OUEHHTL BIHAHME ITOMEXHU Ha 3aMKHYTEHIE
KOHTYPH  DEryiupOBaHHMs TOKA H  CKOPOCTH, HCHONB3YysS  HMEHOIIHecs
sorapuMUYECKHe YacTOTHBIE XapakTepHcTHkH. Uit storo Heobxomumo HalTH

AMILTHTYIbI YABCALIHI TOKA M CKOpPOCTH, 00YCIIOBIeHHbIE ToMexoi N(?).

4.3, Onenka omHGoK cHCTEeMbl MOICTUPOBAHAEM -

Pesyneratel, nonyucHHsle B n. 4.1, 4.2, HeoOXoIHMO MpPOBEPHTH MOJe-
nupoBaHueM. JIJIs 3TOro Ha BXOJ CHCTEMEI TIOOUEPEHHO MMOAACTCS CTYTIEHIATOE My(f)
= 1(¢), TMHeNHO HapacTaiollee ©,(f) = ¢ H mapabommdeckoe oy (f) = £ 3aKaroLIHe
BO3HEHCTBHS H H3MEpSAETCS BeNHYMHA ycraHoBuBmIeics ownbku. s oueHku

CTENeHM BIMSAHHA MOMEX Ha ee BXOA Nonaerca nomexa N(t)=aysinoyt u

HU3MEPAOTCA YCTAaHOBHBHINECH] aMIITHUTYAbI TOKA 4 CKOpPOCTH ®.

5. KOHCTPYKTHUBHbIE PACYHETHI PETYJIATOPA CKOPOCTH

Crpykrypa perymasropa CKOPOCTH H ero napaMé'rpbl ObUTH ompeseneHs! B L. 2.
OpHako Ui MpakTH4eCKOH peanusanuu Tpebyercs paspaborare NpHHOAMHANBHYIO
CXeMy YCTpOHCTBa M pacCYUTaTh TIlapaMeTpbl €ero »3JeMeHTOB. B paGote

npennaraeTcd pacCIuTaTh PeryjaiaTop B aHAJIOTOBOM H IHCKPETHOM BHJIE.

5.1, Pacuer NpHHUHNHAIBHON cXeMbl AHAJIOTOBOTO PEryJIsSTOPa CKOPOCTH
ITpuHUAIIHATEHAS CXEMa PETYISTOpa peantusyeTcs B BIAEe aKTUBHOTO QHIbTpa

Ha OCHOBE OIICPAITMOHHOI0 YCHIIMTE/A, pac4deTr [apaMeTpOB KOTOpPOro XOpomlo

OCBeIleH B JIMTepatype (cM., HanpuMmep, [7]).

5.2. Pacuyer aaropuTma paboThl nngpoBoro peryasropa
Illnpokoe HCNONB30BaHHE MHMKPONPOLECCOPHOH TEXHHUKH B HPAKTHKE

COBPEMEHHOTO 3TEKTPONPUBOAE JUKTYET HEOOXOIUMOCTE NPEICTABIEHHS OCHOBHEIX
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3aKOHOB ynpasiedus B Gpopme, yno6HO ansa peanusanuu B undposoM sune. C atoit
Hensi0 B paboTe npeiaraercss HaWTH 3aKOH YIPABJIEHHS CKOPOCTHIO B BHJE
anroput™a paboTHl IHGPOBOTO PEryasTopa,

Iponenypa peleHUs 3TOH 3a1a4y BKIIIOYAET JBa dTana [1,2,8-1.1]:

1. Orpickanye AMCKpeTHOH NepefaTouHol ynkumu W(z), xotopas coorsetr-
CTByeT mepenaTo4Hod (YHKIUMH aHANOTOBOIO PeryjaTopa CKOpocTH Wi(p),
HaWneHHo#l paHee. OnMH H3 BO3MOXHBIX BapHaHTOB 3aK/IIOYAETCI B
HCIIOAB30BaHUM noacraHoBkw p=(z-1)/(1z), roe T — nepHoa AMCKPETHOCTH
[0 BpEMEHH.

2. OmpezienieHde MO AHCKPETHOH TepenaTodHol (GYHKUMH aIropHTMa paboThi

1 pPOBOTO PerynaTOpa B BUE PA3HOCTHOTO YPaBHEHMS:

L,(nT)=ae(nT)+ae(nT -T)+

4
+aze(nT = 2T) +...+ byi,(nT ~T)+ byi,(nT - 2T) +... @

5.3. Mogennposanne npoueccos B M poBoit cHcTeme Pery/inpoBaHHs CKOPOCTH

Hcnons3oBanne  UUGPOBBIX  PEryJTOPOB,  JIOAYYEHHBIX  METOJaMH,
AHATTOTMYHBIMM HCIIONIB30BAHHOMY BBIIE, MPHBOAMT, KaK IPaBHIO, K YXYAIUEHHIO
KayecTBa perynuposaHus. UroOsl yGefMThCs B 9TOM, IpeanaraeTcsi IIOCTPOHTDH
NepexonHbIA Tpollecc B CHUCTeMe ¢ LUGPOBBIM DETYIATOPOM IpPH eIMHUYHOM
CTYNEHYaTOM YIPABIAIOIEM BO3ZeHCTBUM M COMOCTABMTH €r0 C IPOLECCOM B

HENpepLIBHOR CHCTEME.

6. OOOPMJIEHHE PABOTBI

PaGora odopmisiercs B BHAe  PacYETHO-TOACHHUTENBHOH  3amMCKH

npou3BoNbHOro 06seMa B cooTBercTBHM ¢ TpeGopanuaMu ECKJIL. Bcee rpaguueckue
TOCTPOEHHS YACTOTHLIX XaPAaKTEPUCTHK BHIIONHAOTCA HAa MHJIMMETPOBOM Oymare U

BIIMBAIOTCA B 3alHUCKY B COOTBETCTBYIOLIEM Das3lcie. B 3amucke 005A3aTENBHO

TIPHBOAKTCH 3aKJII0YEeHHe 1o paborte.
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L1, Hemkun 5. 3. Teopus muHEHHBIX UMITYNbCHEIX cucTem / 5. 3. Ilemxun. M. :

Ouszmatrus, 1963.
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HPAIOKEHHUE
Co3nanue Mojen B Bue nepexaTounoi GYHKUHH, BLIYHCIEHHE H I0CTPOCHHE

no Heil JIAYUX u JI®YX pazoMKHYTO# cHCTeMBI ¢ YKa3aHHeM 3anacoB
ee yCTOHYHBOCTH

DOynkunn nakera Matlab [14,15] nosBomsiioT cosmaBath Moens B BHIE
NEPeaTouHOH (YHKIMH, a8 TaKXKe PacCYHTHIBATE rpadpuka  ee JIAUX M JIOUX,
BBMHCIATE 3a11aCkl yCTORYMBOCTH 1O (hase U aMILTHTY €.

HonyctuM, mnepesaTounas  ¢ymxrus Pa30MKHYTOrO KOHTYpa  MOJIENH
BBINI/IUT CREIYIOMHM 06pasoM:

LSp+1

0,0049p* +0,0462p° + 0,22 p2

D(p)=

Oyukimua tf co3faeT MoIens B BHAE nepenaroyHoit dynkuuu. Komannuas

CTpOKa B pabodeM okxe Command Window B 00ILeM ciyuae BBINMISIAT TaK
sys=tf (num, den),

ri¢ num W den — BEKTOPHI-CTPOKH KOI(GHULMEHTOB TONMHOMOB YHCIHTENS K
SHAMEHATCN, PpACIIONOKEHHBIX B TOpsake yObIBaHusi cTemeHel. Pesyssrat

BBIBOIUTCS MO HAXATHIO KHONKH Entex (puc, I11).

‘-}MATIAB e e s =10 x)

| Current Drectory: [ C:WATLABBRTWork i __]

rarnand W

>> sys =tf([1.5 1], [0.0049 0.0462 0.22 0 0]] -

Tranafer function:

0.0049 944 + 0.0462 s*3 + 0.22 8+2

>> margin{sys)
>>

Ready

Puc. I11. Ilpumep pacuera B pabouem okie Command Window
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DyHKUKMA margin (sys) (cM. puc. [11) HO3BONAET BLMUCIHTD 1 MOCTPOHTE
TOrapuGMUIECKHE YaCTOTHbIE XaPAKTEPHCTHKH Pa3OMKHYTOH CHCTEMBI ¢ YKa3aHUEM

3anacos ee ycToiunsocTy (cM. puc. I12),

Jlns Gonee HarnsgHOro M306paXeHUs MOXHO YCTaHOBHTE TPalyHpOBKY

rpauxa HaKaTHEM NPaBOH KHOMKH MBILLH ¥ MeHIO Gzid.

-} Figure No. 1
Fle Edt Vew Insert Tools Window Help

losmaira A/ poo

Bode Disgrem

Gm = 1.5055 dB (at 8.2138 rad/sec), Pm = 71816 deg (at 56324 radssec)
100 T T

“Phase (deg) -

10 0’ 1 10
Frequency (radisec)

Puc. I12. JIAUX U JIOUX c ykasauuem 3anacos YCTOHYHBOCTH

Opzanusayua nowazosozo nocmpoenus T9X

B pabouem oxHe Command Window CIENYeT TOOYEPEeRHO BBECTH
TEpEeNaToOYHbIe QYHKIHK BCEX 3BEHBEB H NEPENATOIHYIO QYHKIHMIO pa3oMKHYTOro
KOHTypa. 3atem BhiBecTH rpadwxy JIAUX Ha oHOM JmcTe ¢ IIOMOIIBIO YHKUMHK

bode. B o6uiem Bune 3anuch KoMaugHON CTPOKH BBITJISIIUT TaK:
bode (sysl, sys2,.., sysN)

Host cxemer Ha puc. IT3 nporpamma GyJeT BRITASAETH TaK, KaK 3TO MOKA3aHO

Ha puc. [14.

20




image18.png
1 ~ 1 1
105+1 1,55+ 0.25+1

Transfer Fen Transfer Fen1  Transfer Fon2

Puc. [13. CTpyxTypHas cxema MOJEIH

Pesynerarsl pacyera npescrasieHsl Ha puc. [15. Ecau Haxath npaByro KHOTKY
MBIIIM, OTKPOETCS MEHIO, B KOTOPOM MOXHO IOCMOTPETh, Kako# LBET Kaxod
nepefaTosHoil  QYHKIEM COOTBETCTByeT (Sistem), BBICTABUTH IPAJyHPOBKY
(Grid). Jlns u3sMeHeHus napameTpos rpaduka (HampHMep, TONIIHHA JHHAH, 1{BETa)

HyXHO HaxaTh Edit — Current Object Properties.

Elle. Edit  View web window Help
Dos| % Bw ol o o | 8| 2 |curentor

>>» sysle=tt({0 1],[1 01)

Transfer function:

>> sys2=t£{[5 1],[0 11)

Transfer function:
5 a8 + 1

>> sys3=vf ([0 11, [10 11)

Transfer function:

>> sysa=te({0 1], {1.5 1]}

Transfer funcrtion:

>>» gsysSece((0 11, [0-2 11

Transfex function:

>> sysS=tf£({{(5 1], {3 17.3 11.7 1 0O

Transfer functiont
5 s + 1

>> bode({aysl,sya2,3ys3,sys4,sys5, syss)l

Ready

Puc. I14. ITporpamma pacyera JIUX no nepesarouyHmm GYHKIHAM
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Puc. I15. Tpaduxu JJAUX u JIOUX OTACNBHBIX 3BEHBEB ¥ PE3YNBTHPYIOLIHE (BBLOCTEHB]
JKHPHOIT IMHUEF)
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BBEJEHUE

Hacrosmas paGota npecnefyeT Helb O3HAKOMHTb CTYJEHTOB ¢ OCHOBHBIMH
MOJIOXKEHMAMHE KIaCCHYECKOH W COBPEMEHHOH TEOpHHM aBTOMATH4eCKOro ympas-
7leHHd B NPWIOKEHHH K 3aJadaM aneKTponpusBoga. B pabote paccmarpHBaioTes
3afayy aHANU3a M CHHTEe3a NHHEeHHBIX HENpPEpPBHIBHEIX CHCTEM, @ TAKKEe OTAENIbHbIE
[PUIOXKEHUA TEOPUM JIMHCHHBIX HMIYNBCHBIX (LIMQPOBBIX) CHCTEM yNpapieHus. B
KayecTBE OCHOBHOIO METOAA MCC/IEI0BAHHS HCIIOB3YETCA METO TOrapHOMHUECKHX
YACTOTHEIX XapaKTEepHCTHK, KOTOPBIH OTJIMYAeTCs IIPOCTOTOH, HArfsJHOCTBIO H
[PHBOIMUT K JIErKO 0603PHMBIM pe3ynbTaTaM. JTO ITO3BOJISET IPHMEHKTh €r0 Hapsaay
€ METONAaMH, OCHOBAHHBIMH H2 HCIIOJBb30BAHNH BBIYUCAUTENILHON TEXHHMKHU, KOTOPEIE
HeoOX0QuMB! B XOJie BeINOJIHeHus paboTsl. B KadecTBe anbTepHATUBHOIO NOAX0MA K
CHMHTE3Y PeryJsaTopa NpejuiaraeTcst paccMOTPeTh TONHHOMHANEHEIH MeTof [1,2]. s
BAINOJIHEHUs PACYETOB ¥ IPOBEPKH PE3yJIhTATOB IIPEANIONAraeTCs HCIONb3OBAHUC
naxera Matlab.

Meroguueckue YyKa3aHHs HCIONB3YIOTCH CTYACHTAMM IIpH  BBIMOJHEHHH
KypcoBoif palOTEI IO COBPEMEHHOH TEOPHM YIPaBJieHHs, a TakXe MPH KypcOBOM
[OPOEKTUPOBAHMU 1O TEOPHH JMEKTPOIPHBONA, CHCTEMaM YIIPaBIEHHA SJEXTPO-
NPUBOAAMM H JIRIIOMHOM IPOEKTHPOBaHUM. YXa3aHMs MOTYT OBITH NMONE3HH H
CTYJEHTaM [pPYTHX O9NEeKTPOTEXHHYECKHX CIEeUHaNBHOCTEH, MMEIOIIMM OelIo ¢

CHCTEMaMH aBTOMATHYIECKOI'0 yOpaBIeHH .
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1. COOEP)KAHUE PABOTEI

B paﬁo're npemiaraercs IIPOBECTH HMCCIEHOBaHHE aBTOMaTHBHpOBaHHOFO

EKTPONIPUBOZA  MOCTOSHHOIO  TOKA, (YHKUHOHANBHAS  CXema KOTOPOro

NpezcTaBiieHa Ha puc. 1,

Puc. 1. Oynkuyonansras cxema 3NEKTPONPUBOAA

Cxema BKmiouwaeT nBa KOHTypa PeryIHpoOBaHusA: BHYTPEHHHH — KOHTYp
PETY/TH-pOBAHKs TOKA M BHEWIHHH — KOHTYD perymupoBaHus ckopoctd. B xoutyp
PETy/IH-pOBAHHSA TOKA BXOMIT perynstop Toka (PT), TUPHCTOPHBIN IIpeobpasoBaress
(TII), 3Beno, yunThHIBaIOILEE SMCKTPOMATHHTHYI0O MHEPLHIO JIBHTATENA IOCTOSHHOIO
Toxa (1), u naruux Toxa (IT). Perymuposanne Toxa B KOHTYPE OCYIIECTBJISAETCS
perynaropoM toxa PT, xoToperit nonyuaer undopmanmio o 3anauax yHpaBleHus i,
OT perynsropa ckopoctr PC u mudopmanmio o pesyasratax YNPABJIEHUS OT JATYHKA
Toka JIT. PerynupoBanue Toka OCyIECTBISETCS B COOTBETCTRHU ¢ mporop-
LUMOHANBHO-UHTEIPAJIBHLIM  3aKOHOM  YIIpaBneHus, B KOHTYD peryiaupoBasis
CKOPOCTH BXOZST DETyNsTOp CKOpocTH PC, 3aMKHYTHI KOHTYD PperyJIHpOBaHHA
TOKa, 3BCHO, YIMTHIBAIOLIEE MEXAHHIESCKYIO HHEPUHIO uﬁnrarenx MTOCTOSTHHOTO TOKA
(A2), n matunk ckopocty JC. Curran sanauus AJI% CHCTEMEI B LIEIOM (opMHpyeTes

3a[IaTINKOM HHTEHCUBHOCTH 3, ofecnedunaromuy HeoBGXOmUMELH Temn H3MEHEHHs




image3.png
CKOPOCTH. B  OCTaIbHOM NpHHLMI (YHKUMOHMPOBAHHSA KOHTYpa CKOpOCTH
aHalOrM4CH KOHTYpY ToKa. IIpu HeobGXoaumoCcTH orpanuuenue Toka aKops
ABHTATENA { MOXET OCYLUECTBIATHCH HEAUHERHOd 06paTHOR CBA3BIO B perynstope
CKOPOCTH.

Ha ocHoBaHHHM (yHKUMOHANBHON cxeMbl NEKTPOIPUBOAA COCTABNAETCS
CTPYKTypHas Cxema CHCTEMEBI, NpEeiCTaBNEHHas HA pHC. 2, KOTOpas ABISETCA
OCHOBHOH MCXOAHOHM pacueTHOd cxemoil, [MapameTpbl 3nmeMeHTOB 3amaloTCs
MHIUBHIYANRHO KQXA0MY CTyAeHTy. CTpyKTypa M TapaMeTphl PerynsTopa cKOpooTH
ABISHOTCH MCKOMBIMH M OMPENENAIOTCA B NPOLECCE CHHTE3a MCXONA M3 3aJaHHBIX
noxasarenell Kavecrsa cucTeMbl. K cucTeme NpHIONKEHb BO3AEHCTBUS: BXOAHOMH
CHMTHANl ,(f), ONpENENAOIMME 3HaYeHHE CKOPOCTH 3JIEKTPONpHBoAa (Hanee —
3ajaloliee  BO3AGHCTBUE);, HArpyska, nelcTBylollas Ha Baly JBHrarens u
NPENCTABNCHHAs B BHAE CTaTHYECKOTO TOKa i(f) (aajee — BoO3MyLalOLee
BO3JICHCTBUE); CHrHam moMexd N(f), SKBUBAIEHTHBIME npeobpazoBaHUAMHU

TIpHBEJEHHbIA K BXOAY PEryJ/iTopa CKOPOCTH (faliee ~ roMexa).

HpoexTupyeman cucreMa moskHa ofecnedHTb cieylouHe noKa3aTean
Kayecrsa nepexoHOro mpouecca npH o,(f) = 1(f):
1) nepeperyanpoanue ¢ < (30-50) %; |
2) BpeMs NOCTHIKEH U MAaKCHMYMa ¢, = (0,15-0,2) c;
3) Bpems nepexogHoro mpouecca f, = (0,3-0,4) c.

Tpebyemplii nopspok acTarnusma — BTOPOii.
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