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BBEJAEHHUE

B cBs3u ¢ noBblillieHUEM TpeOOBaHUI K YPOBHIO MOJITOTOBKHU CIEIHAIACTA U HIUPO-
KUM HUCIOJIb30BAHUEM COBPEMEHHBIX BBIYMCIHUTENIBHBIX CPENICTB, B MPAKTUYECKOM PYKO-
BOJICTBE TepepaboTaHbl U JIOTIOJHEHBI METOJANYECKUE YKA3aHUS MO CTaTUYECKOMY U JIH-
HAMUYECKOMY pacueTy OJJHOMEPHBIX TUIIOBBIX CAY, UCHONIb3yeMbIX B yueOHOM Ipoliecce
Ha Kadenpe «ABTOMATHKA U yrpasicHue» [28, 29].

[Tocobue npeaHazHavY€HO 1JI CaMOCTOSATENbHON pabOThl CTYIEHTOB OYHOTO M 3a04-
HoTO otaeneHuil cnenuanbHocTedt 210100 — «Ynpasnenue u uHpopMaTuka B TEXHUYE-
ckux cuctemax», 181200 — «IIpubopsl U cucTeMbl OpUEHTAIUH, CTAOUIIN3ALUA U HABH-
raiumy, a TakkKe MOXKET ObITh UCIOJIB30BAHO ISl APYTHX WHKEHEPHBIX CHEIUATBHOCTEH
TEXHUYECKUX BY30B.. L[eNbl0 MpaKTHUECKOro pyKOBOJACTBA SIBJSIETCS 3aKpEIUIEHUE Teope-
TUYECKUX 3HAHUU MO JucHUIUIMHE «Teopusi aBTOMAaTHYECKOrO YIPaBJICHUS» U MpUoOpe-
TEHHE MPAKTUYECKUX HABBIKOB IO MpoeKTHUpoBaHU0 CAY ¢ UCNOIb30BaHUEM COBPEMEH-
HOro BeiuKciauTensHoro nakera MATLAB 7.5.

Jlist obnierdeHusi CaMOCTOSITENIbHONW pabOThl MO KaXXJAOMY ITYHKTY 3aJaHus MPHUBO-
ISATCS TIOCTPAHUYHBIE CCBUIKM HA JIUTEPATYypPy, IPU ATOM JJIsl BBINOJHEHHUSI PacyeToB B
KypCOBOI1 paboTe He TpeOyeTcs TOMOJHUTENbHBIX cBeleHni. [IpeacTaBieHHbie B MOCOOUH
nporpammubie Qaitibl cuctembl MATLAB 7.5. o3BoJsiIOT aBTOMAaTU3UPOBATh Hanbosee
TPYJIOEMKHE BBIUMCIUTENbHBIE OMNEpali, OCBOOOXKIas TEM caMbiM Bpems g OoJjee
MOJHOTO TEOPETUYECKOT0 MCCIEAOBAHUS C MCIOJIB30BAHUEM PA3JIMYHBIX METOAOB U pac-
IIMPEHUA 3aJ]a4yd CHUHTE3a, BKIIOYAOUIEH CHUHTE3 HENPEPHIBHOIO U JUCKPETHOTO PEryJs-

TOPOB.

VYuuteiBas, uro nporpaMmmubie cpeacta cucteMbl MATLAB sBasitoTcst Bcmomora-
TEJILHBIMU JIJIS1 BBITIOJIHEHUSI KYPCOBOM pabOThI, HEOOXOUMbIEC TTpOrpaMMHbIE (pailibl MO-
I'yT OBITh CKOIUPOBAHBI U3 AJIEKTPOHHON BEPCHUU MOCOOMS, a TaKKe B3SIThI U3 €0 MPHUJIO-

KCHU.



1. SAJAHUE HA KYPCOBYIO PABOTY

[udp 3agaHuss Ha KypcoOBYIO pabOTy COCTOUT W3 MEepBOM OYKBBI M TpEX TPYIIII
udp, Tpu 3ToM OyKBa O3HAYaeT TUI MPUHUIUIUAIBLHON cxembl ogHoMepHOl CAY (puc.1-
5). IlepBas rpymnmna u3 4eThipex Hudp o3HayaeT: nepBas uudpa - M npuratens; BTOpas
uudpa — N rereparopa; TpeTbs nudpa — N 3IeKTPOMAIIMHHOTO YCUIIUTENS;, YeTBEpTas
udpa — N Taxoreneparopa (tadbmuna 1). [{udpa "0" yka3piBaeT Ha OTCYTCTBHE IJIEMEHTA
B JIaHHOU cxeme. Bropas rpymnmna u3 tpex nudp o3Hadaet: nepsasi mudpa — 41cio, Ha Ko-
TOpOE HAJ0 MOJEIUTh 3HaUYCHUE B MEPBOM CTOJOIIEC TaOIMIIBI 2; BTOpas nmudpa — 4ucio,
KOTOpPOE HAJI0 OTHATH OT 3HAYEHUsI BO BTOPOM CTOJIOIE TaONHIIbI 2; TPEThs LHU(ppa — Yuc-
J10, Ha KOTOPOE HAJI0 MOJETUTh 3HaUYEHHE B TPETheM cToOIe Tabmuisl 2. TpeThs rpymnmna
U3 AByX 1udp, NpeaHa3HAUYCHHAs N7 BHITOJHEHHS BTOPOM YacTH 3aJaHUs, O3HAYACT:
nepBas mudpa — Ne HenuHeitHOCTH (pUC.6); BTOpast 1udpa — YUCiI0, Ha KOTOPOE HAT0 yM-
HOXKUTh 3aJJaHHOE 3HAUCHHUE Mmapamerpa b.

Hampumep, s BemosHeHus 3amanus A-1323-202-12 HeoOXOauMO pacCUHMTATh
cxemy A ¢ nBurarenem MNe |, ¢ reHepaTopom Ne 3, ¢ SIIEKTPOMAITMHHBIM yCHIIATEEM No2,

¢ TaxoreHepatopom MNe 3; B COOTBETCTBHH C 00O3HaueHmsiMM Tabmmmper 2 t, =lc,

o =30%, &,, =0,1B; B 3anaHnu Ha HEJIMHENHHYIO YaCTh UCIOJIb30BaTh HEIMHEHHOCTH No

1 ¢ mapamerpom b =0,2B.

1.1 CuniioBble cHCTEMBbI ABTOMATHYECKOI0 YIIPaBJIeHUs

Ha npunnunuanbapix cxemax cuioBeix CAY puc.1-5 mpuHsTH ciemyromye 00o-
3HaueHust: [| — nBurarens; I' — renepatop; OMY — snexkTpomMamimHHbIi yeunutenb; T —
TaxoreHepaTop; > — JEKTPOHHBIN ycunurens; M/l — mexannueckuii auddepenuuan; P —
peaykrop. [ns ynoOcTtBa B KauecTBe MPOMEXKYTOUHBIX MEPEMEHHBIX HA CXEMaX BMECTO
(bakTUYECKUX HAMPSDKEHUN MPUHATHI 3.]1.C. BBIXOJHBIX CUTHAJIOB 3JIEKTPOHHOTO YCHIIUTE-
ns €y, reHeparopa €. IIpu 5TOM BBIXOJHOE CONPOTHBIICHHE 3JEKTPOHHOTO YCHIIMTEIIs,
CONPOTHBIJIEHUE SIKOPS T€HEPATOPa BEIHECEHO BO BHEIIHIOKO LIEIIb.
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Harpy3ka

R>

Puc. 5. Cnensias cuctema (cxema Jl)

1.1.1 UcxoaHbie JaAHHDBIE

HoMuHanpHBIE JaHHBIC AJICKTPUYSCKUX MAIIMH MOCTOSSHHOTO TOKA IMPEACTaBIICHBI B
tabnuie 1.

Ta6nuna 1. HomuHanbHbIE TaHHBIE SJIEKTPUYECKUX MAIIIUH MOCTOSHHOTO TOKA

Onement | Neosme-| P Uy Iy I @ J Ry | Ry Ly
CUCTEMBI | MEHTA | (R B A A |pan/c | keem® | Om | Om | TH
JlBura- 1 500 625 | 800 - 83,8 | 360 | 0,025 | - -
TEJb 2 540 645 | 860 - 785 | 380 | 0,025 | - -

3 600 | 800 | 750 - 104,7 510 | 0,035 | - -
I'enepa- 1 660 725 | 915 | 45 - - 0,030 | 8 6
TOp 2 630 700 | 880 | 40 - - 0025 | 6 6
3 700 750 | 935 | 45 - - 0,035 | 8 10
1 10 200 | 50 | 0,04 - - 02 |350]| 20
OMY 2 12 250 | 48 | 0,06 - - 0,2 |420]| 25
3 16 290 | 55 | 0,08 - - 0,2 |50,0]| 3,0




Taxore- | 1 | 001 | 120 |0084| - |157,1| - i -]
mepatop | 2 | 0012 | 120 | 01 | - |1466| - i _ |
3 | 0014 100 | 014 | - |1256| - i _ |

[Ipu paccMoTpeHnu cxeM HEOOXOIUMO YUYECTh CIIeIyIOoIIee:
1) KpuBblc HaMarHWYMBAHHUS BCEX SJICKTPUYCCKHX MAIIUH MPEANOJIATaloTCs JIUHCH-
HBIMHU B TIpejerax pabodero pexrMa 3aJaHHBIX CHCTEM, TUCTEPE3UC OTCYTCTBYET, peak-
AU SJIEKTPUUYECKUX MAIIIUH CKOMIIEHCUPOBAHBI.

2) [IpeHeOpekuMo Mallbl HHAYKTUBHOCTH OOMOTOK SIKOPEH BCEX MAIIIMH.

3) I[TapameTps! KopoTKo3amMKkHYTOH e OMY pasuer R, =0,30m; L, =0,06 I'n.

4) MoMEHT UHEPIMHU pOTOpa ABUTATENS J MPUBEACH C YIETOM MHEPIIUU HATPY3KH.

5) DNEeKTPOHHBIN YCHUIIUTEND € KOIDDUITUESHTOM YCHIICHHS Ky cuuTaeTcs HieanbHbIM ¢
OCCKOHEYHBIM BXO/IHBIM COTIPOTHUBJICHUEM U BBIXOIHBIM COMPOTUBIICHHEM Ry, =10 Om.

6) Ilapamerpsr koppektupytomeii RC - menmm (B cxemax 4, B): Ry =4000 Ow,
R =400000 Om, C =1 Mx®.

7) B cxeme B comnportuBieHus aenutens HampsbkeHus Ry =R, =1 kOwm; compo-
TtuBieHue Harpy3ku R, =20 Owm.

8) B cxeme b mapameTpbl ynpaBisomeii 00MoTku Bo30yxkacHus OMY u 0OMOTKH 00-

paTHOM cBsA3M cumTaTh OogMHAKOBEIMU (R, =R,, L, =L, W, =w,);

JUTSL CTAaOMIIM3UPYIOLIEro TpaHc(opMaTopa CO CTalbHBIM CEPACYHUKOM MPHUHSATHI Cle-
AYIOILIUE TapaMeTpBbl:

nepsuuHas oomorka — Ry =100 Om, Ly =50 I'n;

BTOpUYHas 0OMoTKa — Ry =12 Om, Ly =3 I'n; R; =60 Om (mononuuTensHoe co-
MIPOTUBJICHUE);

B3aMMHas UHIYKIUS 0OMOTOK M = m :

9) B cxemax I u /[ xoapdurmentsl nepegaun qudepennnana u moTeHIIMoMeTpa co-

OTBETCTBEHHO PaBHBI Kﬂ =1, K,=114,6 B/pan.

10) B cxeme /[ napametpsl nenurens HanpsokeHus Ry =1kOwm, R, =0,02kOm.
11) B cxemax /' u /[ nepenaToyHble OTHOUIEHUS PEIyKTOpa iIO =a | oq 1 mnarhopmsl
i

mn = a1 | ap coorsercTBenHo pasHel 1y =100, iy, =0,01.

12) [pu uccaenoBaHUy BIUSHHUS HETMHEWHOCTEH HAa JMHAMUKY 3aMKHYTOM CHCTEMBI C

HaﬁﬂeHHBIM 3dKOHOM YIIPABJICHHA PAaCCMATPUBAIOTCA HEJIMHEHHBIC 3JIEMEHTHI C HEUETHO-
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CUMMETPUYHBbIMU XapakTepuctukamu Ne 1,23 (puc. 6), BKIIOYaEMbIE B CTPYKTYPHYIO
CXEMY CUCTEMBI IEpe]l FJIEKTPOHHBIM YCWINTEIEM U HEJIMHEHHBIN 31eMeHT Ne 4 TOJIbKO
s cxeM I, [, BKIIrouaeMslil repei peaAyKTopoM ABUTraTelisl. 31€Ch HETMHEHHBIN 3JIEMEHT
Neo 1 Tumna "30Ha HEUYBCTBUTEIBHOCTH'" XapaKTEPU3yET MOMEHT TPOTAHUS JBUTATENS TS
cxeM 4, b, I, /[ c napamerpom b =0,1B; nenuneitnpiii smement Ne 2 tuna "Haceimerue"
ONpENENsET OTPAHNYEHUE YIIPABIISAIOIEIO HAPSDKEHNS Ha BBIXOJE 3JIEKTPOHHOIO YCHIIM-
TEIIs, CBSI3aHHOTO C BEJIMYMHOW HANPsDKEHUsI UTaHus, ¢ mapameTpoM b =10 B; nenuHeii-
HbI1 31emMeHT Ne 3 Tuna "30Ha HEYyBCTBUTEJIIBHOCTH - HACBIIIEHHE' COYETAeT CBOWMCTBA
JBYX TIEPBBIX HEJIMHEHHBIX 2JIEMEHTOB ¢ apametpoMm b =10 B; HemuHeliHbIH 3eMeHT Ne

4 Tuna "modT" xapakrepusyeT JIOPT 3y0UaToi nepeaaun peykTopa JBUraTeNs sl CXeM

I, /[ c mapametpom b = 1074 pa.

‘;}{MJ + MNel '?3(1&} 'y M
p=45° 8= 45
)/—b b 1 b bow

ofu) & 2R3 ef{x) t He 4
Azﬂlﬁn / p=45"
—b)/—d i b u S/ /P o
d =0,1b

Puc. 6.

1.1.2 Texuuueckoe 3aJaHue

1. Tlo 3agaHHBIM B COOTBETCTBUM € TaOJIuUIEH 2 MoKa3aTeasiM TOYHOCTH U KauecTBa
MEPEXOAHBIX MpoleccoB B 3aMKHYTOH CAY MpOBECTH CUHTE3 HENPEPBHIBHOW MOCIEN0BA-
TEJIbHOW KOPPEKIUHU, COCTABUTH €€ JJIEKTPUYECKYIO CXEMY, OIPENCIIUTh IapaMeTpsl KOp-

PEKTUPYIOLIETO YCTPOMCTBA U MECTO €0 BKIIOUYEHUS.
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Tabmuma 2. TpeOyemble moKa3aTeId TOYHOCTH U KauecTBa

Bapuant Bpewms [Tepeperynupo- Crarnueckas omuoka CkopocTHas
CXEeMBI | perynupoBaHHs tp ,c | BaHume O, % ommoOKa
1 2 3 4
A, b 2 30 0,2B -

(ormensHO O KOoManze Uy

u BosmyierHnio M)

B 2 30 0,2B -
(mo xomanze Up)
I, ] 2 30 0,008 pan 0,0004 pan

(o Bosmymenmio M) | (1o xomanze g(t))

3I[CCB ITIOKa3aTCJIN KadcCTBa tp, O COOTBCTCTBYIOT HGpGXOIIHOI;'I XAPAKTCPUCTHUKC

per YJII/IpyeMOﬁ KOOPpAHWHATHI SaMKHYTOﬁ CUCTCMEBI IIPpH OTpa60TKC KOMaHJIHOI'O CHMI'HAaJIa B
BHAC CTYIICHYATOI'O BOSI[GI\/'ICTBI/ISI.

Hia cxeM A, b, B 3HaueHuMe KOMAHJIHOIO curHaima Uy =95B; mia cxem [, /[
koMmaHHbIN curHan g(t) =at, a =0,052 pan/c.
Hus cxeM A4, b, I, /{ momenT Harpy3ku M. = 2000 H-m (B cxemax 4, 5 MOMEHT Ha-

TPY3KHU IPUIIOKEH K Bajly IBUTATENs; B cxemax [ u /[ — AeiicTByeT Ha miaaTthopmy).

2. PaccMoTpeTh BO3MOYKHOCTH 3aMEHBI HETIPEPHIBHOW KOPPEKIIMA HA JITHUCKPETHOE
KOPPEKTHUPYIOIIEE YCTPONUCTBO MPU MAJIBIX MTEPUOJIAX TUCKPETHOCTH.

3. IlpoBecTn aHanmW3 BIWSHHUS HETWHEHHOTO JJIEMEHTa HAa JUHAMHUKY 3aMKHYTOU
CHUCTEMBI PU OTCYTCTBUU BXOAHOI'O CUTHAJIA U HArPY3KHU C MCIOJIb30BAaHUEM METOJA rap-

MOHHMYECKOH JINHEAapHU3aI[Mi U METOAa aOCOMIOTHON YCTOMYMBOCTH.

1.2 ConepsxkaHne NOSICHUTEIbHOH 3aNIMCKH

[TosicuutenpHas 3anucka (o0bemoMm He Oosiee 40 crpanuil) odopmisieTcss B COOT-
BerctBun ¢ ['OCT 7.32-2001 [31]. Pexomenayetcst odopmieHre padotel B Microsoft
Word ¢ ucrosp30BaHnEM 3JIEKTPOHHOM BEPCHUU JAHHOTO MMOCOOMs, ¢ HAOOPOM MaTeMaTH-
yeckux (popmyin B pemakrope Math Type 5.2, koTopslii nmpuiiaraeTcst K 3JIEKTPOHHOU Bep-
CUU JIAHHOTO NMOCOOUS HApSALY C IPYTUMU JIUTEPATYPHBIMUA UCTOYHUKAMU.

[TosicHuTeIbHAS 3aMKUCKa COJIEPIKUT:

® TUTYJBHBIA JUCT (C HA3BaHUEM 3aJJaHKS B €r0 MH(PPOM);
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® COZEpXKAHMUE;
® BBCJ/ICHHUE;
® OCHOBHAas 4YacTh;
® 3aKJIIOYCHUE;
® CIHCOK MCHOJIb30BAHHBIX UICTOYHUKOB;
® [PUJIOKEHHUS.

B nosicHuTeNnpHON 3amucKe NPUBOJIATCS PE3yibTaThl pacyeTOB B COOTBETCTBUU C
MOPSIIKOM BBITIOJHEHUS] pabOThI, OMMCAHHOrO B paszzaeine 2. IIpu 3ToM Ha3BaHUS MMyHKTOB
BBINIOJIHEHHSI PAOOTHI, BBIIEJIEHHBIX KypCOPOM, BXOJST B COJIEpKAHUE MOSCHUTEIBHOM 3a-
MIUCKH.

B 3axntoueHny npuBOJSATCS OCHOBHBIE PE3YJIbTAThl, IOJIYYEHHbBIE B paboTe.

B npunoxeHue pekoMeHayeTCsl BBIHOCUTh IPOTpaMMBbl pacyeTa Ha BHIOPaHHOM all-
TOPUTMHYECKOM S3BIKE, CXeMbl MOJEeTUpoBaHus (Hampumep, B cucremax MATLAB, Sl-
MULINK), rpaduku norapupMudeckux XapakTepUCTHK U T.M. [lepexoaHble MpoIeccHl,
WUTIOCTPUPYIOUIUE PEe3YyJIbTaThl BBIYMCICHUH, CIEAYEeT NMPUBOAUTH B TEKCTE OCHOBHOM

YaCTH MOSCHUTECIbHOM 3aMMCKU.

2. MOPAIOK BBINTOJTHEHUSA PABOTHBI

Beeoenue. Bo BBesieHNH HEOOXOIUMO MPUBECTH:
® CXEMY CHCTEMBI YIIPaBJICHUS, UCXOHBIC JAHHBIC B COOTBETCTBHH C IIM(PPOM 3aTaHHSI
Y IPUHSATHIMU JTOMYIICHUSMHU B I.10.1.2;
® KpaTKOE OIMCaHue pabOThl CXEMBI,
¢ (DYHKIIMOHAIBEHYIO CXEMY CHCTEMBI;
e KiaccUHUKAIMIO 110 MPUHIIAITY peryaupoBanus [2, ¢.21-34; 3, ¢.9-14; 4, ¢.30];

® OIpCaAcIICHUC CTaTU3Ma (aCTaTI/I3Ma) CUCTEMBI 110 OTHOIICHHUIO K BO3MYIUICHHIO Ha-

rpy3ku U komanae Buaa 1(t), t (u t2 /2 s oxem T, /) MeTo0M OT TIPOTHBHOTO.
Pacuer CAY cocTOUT U3 IBYX 3TANOB:
1. Pacuem CAY 6 nunetinom npubaudicenuu
1I. Pacuem CAY ¢ yuemom nenuneunocmu
Ha nepBom stane npoBoautcs pacyer CAY B nuHEtHOM npubmmkeHnn 6e3 ydera
UMEIOIIUXCSl HETMHEMHOCTE!; Ha BTOPOM 3Talle — pacyeT CUCTEMBI MPU HAIMYKUU OJHOTO

HEJIMHENHOT 0 3JIeMeHTa. PacueTsl mpoBoasTca ¢ ucnoiab3oBanue [I19BM.
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2.1 Pacuer CAY B JiuHeiliHOM NPUOJIMKEHUH

1. Bvi600 ypasHenuii u onpeoenenue nepeoamoyHviX QYHKYul QyHKYUOHATILHBIX
anemenmos. [IpoBecTn MaTeMaTH4eCKOe onucanue QyHKIIMOHAIBHBIX 3JIEMEHTOB CXEMBI,
OTIpEICTUTh UX NepeaToYHble (PYHKIMN U YHUCIICHHBIC 3HAYEHUS MTOCTOSHHBIX BPEMEHU U
K03 (PHUIIMEHTOB YCUIICHHS C YKa3aHUEM Pa3MEPHOCTH IO MCXOIHBIM JaHHBIM [1, ¢.127-
132; 5, ¢.66-71, 95-100; 18, c¢.72-81]

2. Cmpyxmypnasn cxema CAY. T1ocTpouTh CTPYKTYPHYIO CXEMYy CHUCTEMBI C yKa3a-
HUEM TEePEIaTOUYHbIX (YHKIMI 3BEHHEB C yUYETOM MPHUHATHIX 0003HAUYCHUN MapaMeTpoB B
nepefaarounoin ynkmuu [1, c.113-118; 18, ¢.72-81]. 3mech ke npuBecTH CBOAHYIO Ta0-
JIMITY BCEX MEPENAaTOUHbIX (DYHKIUM 3BEHBEB C YUETOM YMCIICHHBIX 3HAUYCHUI MapaMeTpoB.

3. Ilepedamounvie Qynkyuu pazomxHymou u 3amkHymou cucmemvl. ONpenennuTh
nepesaToyHyr0 GYHKIIUI0 PA30OMKHYTON CUCTEMBI MO TJIaBHOM OOpaTHOM CBSI3U, C YUETOM
MPUHATHIX 0003HAYEHU.

Onpenenuth nepeaaToyHble GyHKIMU 3aMKHYTOM CUCTEMBI OTHOCUTENIBHO PEryJIH-
pyemMoil KoopAHMHATBI M OMMOKK (paccoriacoBaHUs) MO KOMaHAEC W BO3MYyIIeHHIO [1,
c.113-118; 5, ¢.39; 18, c. 82-83]:

e Bcxemax A u b — il yrioBoW CKOPOCTH @ U OIIMOKM U MO 3aJ1al0lleMy Harpsixke-

HUIO Uy ¥ Bo3MylieHuo Mg ;
e B cXeMe B — Ui HanpsKeHus Ug U OIIMOKM U 110 HaNpsKEHWIO Ug M HarpyskKe co-

npotuBieHus Ry ;
e Bcxemax /' /[— g yrna @ ¥ omMOKU O 1O yrily § U Bo3MyleHuo M.

4. Onpeoenenue ko3guyuenma ycuienus 21eKmpoHH020 YCUIUMess no 3a0AHHbIM
VCI08UAM MOYHOCMU 8 YcmaHousuemcs pexcume. Onpeneautb KodPHUIUeHT yCUuaeHus
Pa30MKHYTON CHUCTEMBI U KOA(DDUIIMEHT YCUJICHHS DJIEKTPOHHOTO YCHUJIUTENS IO 3aJaH-
HBIM YCJIOBHSIM TOYHOCTH B yCTaHOBHBIIEMCS pexkume [2, ¢. 178-187]:

e s cxeM A, b u B — 1o 3aJaHHON CTaTUYECKOH OIIHNOKE;
e Juis cxeM [ U /[ — M0 CKOPOCTHOW M CTaTHUYECKOW OmmMOKaM (BbIOpaTh HAUOOJIBIIHIA

KOd(DPUITMEHT yCcuIeHus).

5. Uccnedosanue cmamuueckux c8olUCmME 3aMKHYMOU CUCMEMbL ¢ HAUOEHHbIM KO-
aghpuyuenmom ycunenus. IlpoBecTn uccaeOBaHUE 3aMKHYTONH CHCTEMbI B YCTaHOBUB-
IIeMcs pekuMe, Ipenoiaras, 4To cucreMa ycroiumBas [1, ¢.127; 5, ¢. 51, 59].

5.1 Ilpu oTcyTCTBUM HArpy3KH OMPEAEIUTh BXOIHON CUTHAJ, IPH KOTOPOM pery-

aupyemasi KoopAuHaTa oObEKTa yNpaBiIeHUs] UMEET HOMHHAIBLHOE MAaCMOPTHOE 3HAUCHHE
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B COOTBETCTBUU C TaHHBIMH TaOJIHUIIBI 1:
® Ui CUCTEM PEryJIUpOBaHUsS CKOPOCTH (CXeMbl A, b) U sl clesumx cucTeM (cxe-
™Mbl [, /[) B KauecTBe peryJiMpyeMoil KOOpAUHATHI IPUHATH YIJIOBYIO CKOPOCTh JBU-
raTens @,
® Ul CHUCTEMBI PEryJIMPOBAHMS HAIPSHKEHUS PErYIUPYEMON KOOPJIMHATOMN SIBIIAETCA

HaIpsHDKEHUE Ha 3aKUMax reHepaTopa.

5.2. CpaBHHUTH BENMYMHBI YCTAHOBUBIIEICS OLMIMOKHU JJIA PETYIUPYEMON U Hepe-
ryaupyeMoi (0e3 ramaBHOM 0OpaTHOM CBSI3M) CUCTEMBI PU JEHCTBUU HArPY3KHU.

6. Uccrneoosanue ounamuueckux c8ouUcme 3aMKHYMOU CUCEeMbl ¢ HAUOEHHbIM KO-
agppuyuenmom ycunenus sneKkmponno2o ycuarumerns. [IpoBepuTs JUHAMHUYECKUE CBONCTBA
3aMKHYTOM CHCTEMBI ¢ HallIeHHbIM KO3()(PUIIMEHTOM YCHIIEHUS PA3IMYHBIMU METOIaAMHU.

6.1. Ilocmpoenue obracmu ycmouuugocmu no Kodghguyuenmy ycuieHus 3jeK-
mponnoco ycunumens. I1ocTpouTs 001acTh YCTOMYUBOCTH MO KOA(DPHUIIMEHTY yCHIICHUS
ANIEKTPOHHOI'O YCUJIMTEINS ¢ MoMoIlbio Kputepus ['ypeuua u metonom /| — pazOuenus c
HCIIOJIb30BaHUEM KpuTepus MuxainoBa Juisi IpoBEepKU 00JacTU MPETEHAEHTa Ha YCTOM-
9UBOCTH [3, ¢.128-145, 155-159].

Onpenenutb KpUTHUECKUI KOADPUIIMEHT YCUIICHUS IEKTPOHHOTO YCUIIUTENS, IPU
KoTopoM 3amMkHyTass CAY HaxonuTcsd Ha TpaHULEe YCTOMYMBOCTU, U CPABHUTH €r0 € KOA(-
buIMeHTOM yCHiIeHus, HalaeHHbIM B.1L.4 [18, ¢.112-113].

6.2. Onpeodenenue kpumuuecko2o Kodpouyuenma ycuirenus pazoMKHYmMou Cuc-
memvl ¢ nomowwto JIAX u JIOX. Tloctpouts JIAX u JI®X pa3oMKHYTON CHUCTEMBI MpU
HalJIeHHOM B.1.4 KO3(pPUIMEHTE YCUIIEHUS U ClIeJaTh BbIBOJ 00 YCTOMYMBOCTH 3aMKHY-
TOW CHUCTEMBI TIO JorapupMuueckoMmy aHayory kpurepus Haiikeucra. [3, c.145-154].
Onpenenutsb rpaduuecku ¢ noMomibio noctpoeHHbIx JIAX, JIOX kputnueckuii kordpdu-
IUEHT YCWJICHUSI PAa30MKHYTOM CHCTEMBI U COOTBETCTBYIOIINN eMy KOA(h(UILIMEHT yCcuiie-
HUS 3JEKTPOHHOIO YCUIIMTENISA, KOTOPBIA CPaBHUTh CO 3HAYEHHEM, MTOJTYYEHHBIM B I1.11.6.1.

ITo pesynpTaTaM, monydyeHHbIM B M.1.6.1-6.2, caenaTh BbIBOJ 00 yCTOMYMBOCTH
3aMKHYTOM CUCTEMBI C HAICHHBIM KO(DPUIIMEHTOM YCUIIEHUS DIEKTPOHHOTO YCUIIUTETIS.

6.3. Ilocmpoenue nepexoono2o npoyecca 3aMKHYMOU CUCMEMbL ¢ HAUOEHHbIM KO-
agpPuyuenmom ycunenus 31eKmporHHo2o ycuaumens. B ciaydae ycTOHYMBOCTH 3aMKHYTON
cucteMbl ocTpouTh Ha [I9BM ee nepexoaHyro XapakTepUCTUKY 110 KOMaHAHOMY CUTHa-
Jy; ONPEAEUTh BPEMsl PEryJIMPOBaHUs, IEPEPETYIUPOBAHNE U CPABHUTD UX C 3a1aHHBIMU
sHauenusmu [10, ¢.153-155].

[To pesymbratam, mosiydeHHBIM B M.1.6.1-6.3, cmenmaTh BBIBOJ O HEOOXOIUMOCTH
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CUHTE3a KOPPEKTUPYIOILIETO YCTPOUCTBA.

7. Cunme3 Henpepuvl8HO20 Koppekmupylowe2o ycmpoticmea. [IpoBecT cUHTE3 He-
HPEPHIBHOTO KOPPEKTUPYIOIIETO YCTPOMCTBA YaCTOTHBIM MeToioM [4, ¢.154-165]. ITo mo-
Jy4YEHHOHM NepeaaToyHol (QyHKIHH KOPPEKTUPYIOIIETO YCTPOMCTBA COCTABUTh €0 3JIEK-
TPUUECKYIO CXEMY M OIpENeIUTh YUCICHHbIC 3HAUCHUS 3JIEMEHTOB CXeMbl. BriOpaTh Me-
CTO BKIIFOUEHUS KOPPEKTUPYIOIIETo ycTpoiicTsa [14, ¢.104-118].

8. Cunmes ouckpemmnozco Koppexmupyiowezo ycmpoticmea. IIpoBectu cuHTe3 AMC-
KPETHOTO KOPPEKTUPYIOIIETO YCTPOMCTBAa, OOECIEUMBAIOLIETO KAaYeCTBO IMEPEXOTHBIX
MPOIIECCOB 3aMKHYTOM CUCTEMBI K CHCTEME C HETIPEPBIBHOM Koppekiueii [9, ¢.73-78].

[To monyuyeHHOU mepenatoyHol (DYHKIUMU TUCKPETHOTO KOPPEKTUPYIOIIETO YCT-
POMCTBa COCTABUTH AITOPUTM BBIYHCIICHUsI YIIPABISIONIEro curaana [9, ¢.59-62].

9. Ananuz xauecmea nepexooHvIX NPOYeCcco8 CKOppeKkmuposannou cucmemsi. Ilo-
ctpouth Ha [IDBM nepexo/iHble MPOLECCH 3aMKHYTOW CHCTEMBI C HEMPEPBIBHON U JuC-
KPETHOM KOppEKLHeN Ha OAHOM rpaduke:

® [IEPEXOJHYIO0 XapaKTEPUCTHKY PETYIHPYEMON KOOPAMHATHI IO KOMaHIHOMY CHUTHa-
1y,
® [IEPEXOJHYIO0 XapaKTEPUCTUKY PETYJINPYEMONA KOOPAUHATHI IO HArpy3Ke.

JlononHUTENbHO 17151 ¢XeM [, /[ mOCTpOUTh NEPEXOAHOM MPOUECC MO OMUOKE MpU
koMaHaHOM curHajie g(t) =at, a=0,05 pan/c.

ITo mepexoaHOM XapaKTEpUCTUKE OT KOMaHJHOTO CHTHajla ONPENEIUTh BpeMs pe-
I'YJIUpPOBaHUs, NEPEPEryITUPOBAHUE U CPABHUTD UX C 33JaHHBIMHU 3HAUEHUSMHU.

Cnenatp 00U BBIBOJ O pabOTOCHOCOOHOCTH CHUCTEMBl C HENPEPBHIBHOW M AMC-
KpeTHOH Koppekune. OUeHUTh BIUSHUE HArPY3KW HA TOYHOCTh U 3aJaHHBIE MTOKa3aTeln

Ka4ycCTBa CUCTCMBI.

2.2 Pacuer CAY ¢ yueTOM HeJMHEHHOCTH

1. I'apmonuueckas nuneapusayus HenuHelino2o snemenma. I[IpoBecTu rapmMoHuue-
CKYIO JINHEAPU3ALUI0 HEJIMHEWHOTO 3JIEMEHTA, IPEAIoaras CyleCTBOBaHUE B 3aMKHYTOM

cucteMe aBTokoJieOaHuM c mapamerpamu A, (2 MpU OTCYTCTBUU BHEIIHMX BO3JAEHCTBUMN

[2, ¢.350-359; 4, ¢.251-256; 9, ¢.13-15; 19, ¢.68-80]. [TocTpouTh 000OIICHHYIO CTPYKTYP-
HYIO CXEMY JIMHEAPU30BAHHOW CHCTEMBI, COACPIKAIIYIO KeJTaeMyo NepeaTOuHy0 QyHK-
[IUI0 PA3OMKHYTOH CHUCTEMBI M DKBUBAJICHTHYIO MEPEIATOUYHYI0 (YHKIUIO HEIUHEWHOrO
3JICMEHTA.

2. Onpeodenenue ycnoguti 803HuKHo8eHus asmoxonedanuii. Iloctpouts ADOUX sxe-
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JaeMol TMepeAaToyHol (PyHKUIHMU PAa3OMKHYTOHW CHCTEMbI U OTPUIATENBbHYIO OOpaTHYIO
XapaKTePUCTHUKY MepeAaTOuHON (PyHKUIMU HEITMHEMHOro 3jeMeHTa. Eciu ykazaHHbIE Xa-

PAKTCPUCTUKU HC IICPCCCKAKOTCA, TO OIIPCACINT MUHUMAJIbHOC 3HAYCHHUC KOC—)(i)(bI/IHI/ICHTa

k

(GyHKIMM PAa30MKHYTOM CHUCTEMBI JJIs MOJYYEHUS! MEPECCUCHUs] XapaKTEPUCTUK, YKa3bl-

5> Ha KOTOpPOE Hal0 YMHOXHUTh KO3((UIMEHT Nepefadu >KeIaeMoil IeperaToyHON

BalOIlle€ Ha BOBMOXKHOCTh CYIIIECTBOBAHUE aBTOKOJICOaHUH.

3. Onpedenenue napamempos agmoKoaeOAHUL U UCCIe008aHUe UX YCTNOUYUBOCHIU.
Ecnu nns HalimeHHOHW jKellaeMOoU mepenaTOYHON (YHKIIMA Pa3OMKHYTOW CHUCTEMBI W 3a-
JaHHOTO MapaMeTpa D HEeNIMHEHHOCTH BBIOIHICTCS yCIOBHE CYIICCTBOBAHUS aBTOKOJIE-
OaHUi, TO ONpPEAETUTh aMIUIUTYy A U 4acToTy () rapMOHMYECKHX KOJeOaHuM, U uccie-
J0BaTh UX YCTOMUHUBOCTH [2, ¢.359-367; 4, ¢.256-259; 9, c.15-21, 19, ¢.81-86]. [IpoBeputh
BBINIOJIHEHHE YCIIOBHS (PUIIbTPA JUIsl HAMIEHHON YacTOThI AaBTOKOJIEOAHUH.

[Toctpoute Ha [IDBM nepexonHon npounecc 3aMKHYTOM CUCTEMBI C YYETOM HENH-
HEWHOTO 371eMeHTa. CpaBHUTH MapaMeTPhl YCTAHOBUBIIETOCS MEPUOANYECKOTO JBUKEHUS
C HaWJICHHBIMU MapaMeTpaMy aBTOKOJICOAHUW METOJIOM TapMOHHYECKOW JIMHEeapu3aluu.
Cnenatp BBIBOJ O JIOMYCTUMOCTH METO/Ia TapMOHHUYECKOH JnHeapuzanuu. Chopmynupo-
BaTh PEKOMEHJAIMK O BHIOOPE KOPPEKIMH, IPU KOTOPOIl aBTOKOJEOAHHSI B CHCTEME OT-
CYTCTBYIOT.

4. B ciydae, korja aBTOK0JI€0aHUs B CHCTEME OTCYTCTBYIOT, IPOBEPUTH CUCTEMY Ha
a0COJTIOTHYIO YCTOWYMBOCTH [2, €.359-367; 4, ¢.256-259; 9, ¢.15-21]. OnpeaenuTs gomyc-
TUMYIO BelH4YrHY KOd((duIreHTa K CeKTOpHOro OrpaHMYeHUs] HETMHEWHOTO JJIEMEHTa,
Py KOTOPOM 3aMKHYTasl cUCTeMa a0CONIOTHO ycToilunBa. CpaBHUTH 3HAUeHUS KOd(hdu-

ueHTa K co 3HaueHueM koaddunuenta K, ., caenaTh BHIBOIBI.

HO >

3. NIPAKTUYECKHUE PEKOMEHJIALIUN

3.1 BBeaenue

Bo BBCACHHUHU IIPHU JOKA3ATCIILCTBE CTATU3MA WM aCTaTHU3Ma CUCTCMbI MOXXHO BOC-
IIOJI30BATBCA MCTOA0M J0KA3aTCIIbCTBA OT IIPOTHUBHOI'O.

Hampumep, 11t cxeMbl 4 IO OTHOIIEHHIO K BXOAHOMY cUTHay Ug =1(t) u mpu ot-

CYTCTBUH HArpy3KH MPEIINOJI0KHUM, YTO CUCTEMA SIBIISETCS aCTaTUYECKOM, T.€. B YCTaHO-
BHUBLIEMCsI PEKUME PACCOTIIACOBAHME U PaBHO HYJIO. TOrna Ha BBIXOJE YCWIMTENS Ha-
IIPSDKEHUE OTCYTCTBYET M HA JIBUTAaTElb HANPSDKEHUE HE NOCTYIIAET, U POTOP HENOABHU-

’keH. B aTom ClIy4ae paccorjiacoBaHue U = UO - Ul MCXKAY BXOAHBIM CUTHAJIOM UO H HYJIC-
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BbIM HalpsDKEHHEM Ha BBIXOJIE TaxoreHepartopa U; paBHO Uy, T.€. HE PaBHO HYJIIO, YTO
MIPOTUBOPEYUT HCXOTHOMY MPEATIONOKECHUIO. TeM CaMbIM PaccoTJacoBaHHUE B YCTaHO-
BHUBIIIEMCSI PEKUME HE PaBHO HYJIO U CHCTEMa SBISICTCSI CTATHYECKOW 10 OTHOIICHUIO K
BXOJHOMY curHamy Uy =1(t).

[Tpu moxaszaTenbCcTBE CTaTU3Ma CUCTEMBI 110 OTHOIICHHUIO K BO3MYIIIEHUIO PAcCMaT-
puBaeTCSI W3MEHEHHWE YCTAHOBWBIICHCS OIMMMOKA TPH HAIMYAA BXOJHOTO CHUTHaja
Ug =1(t). B xauecTBe KpuUTEpUs MPOTUBOPEUUS MOXKET UCIIOJIB30BAThCS 3aKOH COXpaHe-
HUS SHEPTUU U JP.

Jlnst mosicHeHusT paboThI CHCTEMBI U OOOCHOBAHHMSI TIPEUMYIIIECTBA OTPUIIATESILHOMN
0OpaTHOM CBSI3M HEOOXOJMMO YUUTHIBATh CIACAYIOIICE.

1. lnsa cuctem crabunuzanuu (cxembl A, b, B) 00001IeHHas CTPYKTypHas cxema
CUCTEMBI JUIsl YCTAaHOBUBIIETOCS pEXKUMa CHCTEMbI, T.e. 0€3 ydeTra WHEPIMOHHOCTH
(YHKIIMOHATBLHBIX AJIEMEHTOB (ITOCTOSIHHBIC BPEMEHH THITOBBIX 3BE€HBEB PaBHBI HYJIIO)

IIPEACTaBIICHA HA pHUC. 7.

ocC

Puc. 7

Bripaxxenune s ynpaBiiieMOM  BBIXOAHOM KOOPAWMHATBI CHUCTEMBI Y B

YCTAaHOBHUBHICMCA PCKUME IIpU TOCTOAHHBIX 3HAUCHHAX BXOJHOI'O CHI'HAJIA UO "

*
BO3MYIIAIOIICTO BO3ACUCTBUA MC JJIs1 pa30MKHYTOHU M 3aMKHYTOU CUCTEMbI UMCHOT BU/I.

f *
y =kuy -k M,

f
__k o — K M,
1+ KKy 1+ KKy

y

f o
rae K u k' — ko dunments! nepepaun cuctemsl, K,. — ko3¢ dunueHT oOpaTHOH CBS3M.
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[IpenMymecTBO 3aMKHYTOW CHUCTEMBI, 3aKJIIOYaeTCs B TOM, YTO BBIXOJ Y B
*
MEHBIIEH CTENEeHN 3aBHCUT OT M3MeHeHus K u BHemHero Bo3zeiictBus Mg, dem B
pa3oMKHyTOM cucteMe. bonee Toro mpu K — oo B 3aMKHYTOM cucTeMe BoIXOA Y = Ug / K,

NPAaKTUIECKH HE 3aBUCHUT OT KOd(UIMeHTa K, KOTOphIid MOXET ObITh HETOYHO 3a/1aH. B
TOM Ciydae JUIsl MOCTPOEHUS TOYHOM CHCTEMBl HEOOXOAMMO HCIOJIb30BaTh TOJIBKO

TOYHBIE YCTpOiicTBa 00paTHOM CBsI3U ¢ K03 UIKeHTOM mepenadn K .
*
[Ipu oTCyTCTBUU BO3MYILEHUS JKeJaeMOe 3HaUYCHHE BbIX0Ja Y AJISt pa3OMKHYTOU 1

SaMKHYTOﬁ CHCTEMBI MOXKET OBIThH AJOCTUTHYTO 3aJaHHUCM BXOJHOT'O CHI'HAJIa UO C yucToOM

BBIPAKECHUN

y" =kup;
* k

LT
Y Tk, O

*
Torzxa omunoOKa CTa6I/IJII/ISaI_[I/II/I 3a1aHHOI'O 3HAa4YCHMUA Ay =Y —Y HMECT BHU]I

Ayzka:;
f
L
1+ kK,

*
T.€. 3aBUCUT OT 3apaHee HEU3BECTHOTO Bo3MyIueHuss M. .
C npyroit cTopoHBI ommOKa paccoryiacoBaHusi AU =Uy—K,. Y A7TI 3aMKHYTOH

CUCTEMBI OIpeesnsercs no popmyse

*

f f
__ 1 Ug + K Ko M::y—+—k Koc M,
1+KkKye 1+KkKye 1+KkKye

AU

* *
kotopas npu M. =0 nomxkHa ObiTh paBHa Yy /K, 1.e. He paBHOIl Hymr0. Kpome Toro s

MIPOCTOTHI peaau3anuu KodpuireHT K He H0KeH ObITh CIUIIKOM OOJIBIINM, MTOCKOJIbKY
Opyd MaiblX 3HAaYeHUsIX AU Ha JMHAMHUKY CHCTEMbl MOXET OKa3blBaTh BIIMSHUE
HEJIMHENHOCTh THIA "30HAa HEUYBCTBUTEIBHOCTH" .

31ecs Takke MpU HEKOTOPOM 3HadeHHH K ¢ yBenmueHueM Koddduimenta K, 3a

CUCT BTOpPOro ciaracMoro yBCIMYMBACTCA 3HAYCHUC Au , XOTs IPpHU 3TOM YMCHBIIACTCA
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omuOka ctabummsanuu | Ay |.

Takum oOpa3oMm, Npu BO3MOKHOCTH H3MEpPEHUs U (HOPMHUPOBAHMSI BXOAHOIO
curHana Uy (cxemsl 4, b, B) mepBoe claraeMoe YCTAaHOBHBIICHCS OLIMOKH
paccoryiacoBaHusi AU XapaKTepU3YET CBOMCTBO CHCTEMBI, @ BTOPOE CBA3aHO C TOYHOCTHIO
CHCTEMBI U PaBHO K Ay .

B Tex ciydasx, Kkorja NOCTOSHHBIM CUTHall Uy 3apaHee HEU3BECTEH, U3MepsieMas
omunOKa paccoriaacoBaHus AU XapaKTEpH3yeT TOYHOCTb CTaOMIN3aUU CUCTEMBI.

2. s cnensiiuux cucteM (cxemsl /), /[) 00001IEHHas CTPYKTYpHasi CXeMa CUCTEMBI
0e3 yuyera HHEpUUMOHHOCTH (PYHKIIMOHAJIBHBIX 3JIEMEHTOB (IIOCTOSIHHBIE BPEMEHU TUIIOBBIX

3BEHBEB PaBHBI HYJIIO) IIPE/ICTaBIICHA Ha pHC. 8.

| M
!
P
g o k N a 2

1

Puc. &

351ech epeMEeHHbIN BXOJIHOM CUTHANI ( 3apaHee HEM3BECTEH U U3MepsAeMasi OlnoKa
paccornacoBanus O =( —K,.Y XapakTepusyeT TOUHOCTb CIEKECHHUS CHCTEMBL.

Ecmu nns ysakuuu g(t) ymaercs nmpoBeCcTH KyCOYHO-JIMHEHHYIO amlmpOKCHMAIIUIO
§(t) c 3amanHoli TOUHOCTHIO (pHC. 9), TO Ha MHTEpBaiax BpemeHu At =t —t_4, 1=1,2,...,
ty =0 3amarommii curnan g(t) = goj + 0y (t —tji_y), re mocrosiHHEBIE KO3 UIMEHTHI ;)
;i 3apaHee Hew3BecTHEI. IIpum 3TOM Bpems pErylMpOBaHHsS CICAAIIEH CHCTEMBI t,

OOJIKHO YAOBIJICTBOPATH YCJIOBHIO tp < m_in Atl , 4 3alaHHas TOYHOCTB CJICKCHUA AOJI2KHA
1

nocturateca A g(t) =at, roe a =max| gy |, MOCKONBKY Ha MOCTOSHHOE BO3JEHCTBHE
i

Jpj OLIMOKA paBHA HYJIO.



g(t) g(t)

/

Puc. 9

D70 cieayeT U3 BhIpaxeHus n3o0pakenue mo Jlammacy ms ommoku O (t):

kf
“KoKy g
5(p):; g_0+ a + p .MC
2 ]
1+l;kpkm Pp 1+Ekpkm P

HJIN TIOCJIC YITPOIICHUA

6(p) =

kK k *
— '(go+3j+ pfun M
P+ KKoKpy p) pP+kkpky; P

JI1st yCTOMYMBOM 3aMKHYTOW CHUCTEMBbI YCTAHOBHBIIIASICS OUTHOKA OMPEACINISIETCS 10
dbopmyie

f *

: a k'M

Oyer = lim pS(p) = + € =5y + O

ycT D0 p ( p) kkpkrm K CK CT
a k'M¢
rae O, = ——— — CKOPOCTHas OMHOKa; Oy, = — craTudeckas omuoka. [Ipu stom
CK kk k CT

p™on

CKOpPOCTh KOMAaHJAHOI'O CHI'HAJIa paBHA YCTaHOBHBmeﬁCH CKOPOCTHU KOOpAHMHATBI (&9, T.C.

a=dpyer = Ky Qyer - OTCIORA CIIERYET, UTO Cyer = A1 Ky,

B cucremax ciexxeHus 3a IIOABUXKXHBIMHA 00BEKTaMH JOJIZKHO BBIIIOJIHATBHCS YCIIOBHUC

dl}ICT =a mpu K, =1; B cucremax BOCHPOM3BEICHMS BHIAa KOMAHIHOTO CHUTHaia

BO3MOXHBI CIy4aHl (fpyer <@ npu Ky, >1 wmm &gy >a@ mpu Ky, <1. Ipu stom

20
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a
YCTAaHOBUBIIAACS omOKa CIICKCHUS AO!:L =—t- 04 C Y4CTOM BBIPAKCHHSL
TIJT

f *
ko a Kk oM

p+kkpky p2  Prkkoky, P

p

a(p) =

onpenensercs no Gopmyie

: . 1 Kk a Kk, M2
A = lim pA = lim — Z . Ve
Xyer D0 p 0!1( p) 550 p krm p2 P+ kkpknﬂ p2 P+ kkpkrm p

*

. = (Oex +0cr) I Ky :5yCT/k

TIJ1

f *
[ 2K KpkuMe ) e Kk
p—0| Ky (P +KKo Ky ) kkpkgn Kk

I *

Takum obpazom, npu K, #1 ycraHoBHBIIascs OmMOKa Attyyer # Oyer - 1loaTOMY

P 3aJJaHHOI OMNOKe Ay, LOIDKHA OBITH OOecredeHa OMuOKa Oyer = Ky A yer -

3.2 MaTemaTn4eckoe onucanne (PyHKIMOHAJIBHBIX )JIEMEHTOB

MareMaTtrnyeckoe OMUCaHue KaXJ10ro (PYHKIIMOHAIBHOTO 3JIEMEHTA CIEAYET MPOBO-
JIUTH B OTJIETILHOM TOJIpa3/ielie ¢ yKa3aHUEM 3aroJioBKa, HalpuMep:
1.1 Dnexmpounsiii ycunumens
1.2 I'enepamop nocmosauro2o moka
U T.JI.

JIist kKaxa0ro (PyHKIIMOHAIBHOTO AJIEMEHTa MPUBECTH €0 MPUHLIUITHAIIBHYIO CXEMY,
JaTh KpaTKOe ONMMCAaHWE MPUHIIMIA JEHCTBUA (HampuMep, MOSICHUTh KaKUM 00pa3oM A0cC-
TUTAETCsl YCUJIEHHE CUTHajla 0 MOILIHOCTH B reHeparope u OMY). C onucanuem QpyHk-
[{HOHATBHBIX 3JIEMECHTOB MOKHO O3HAKOMHTHCS B [1-5].

[Ipu BBIBO/EC ypaBHEHUH (HYHKIIMOHATIBHBIX JIEMEHTOB C YYETOM MPUHSTHIX JIOMY-
IEHUH HET HeOOXOAMMOCTU MPOBOAUTH JIMHEAPU3ALMIO YPABHEHUN U 3alHChIBaTh ypaB-
HEHUS B MaJbIX OTKJIIOHEHUSX OT HOMHUHAJIBHOIO pekuMa. 3/1eCh ypaBHEHUS (YHKIHO-
HaJIbHBIX AJIEMEHTOB JIMHEWHBIE U U3MEHEHUE UX KOOPJUHAT MOTYT OBbITh OOJBIITUMHU.

[Tpu 3anmucu ypaBHEHHH U MepeAaToOYHbIX (HYHKIUN PEKOMEHAYETCS UCIIOIb30BaTh

clefyromuii cnocod o0o3HaueHuit: HanpuMep, Ky — KO3(pQUUUCHT yCUICHNS SJIEKTPOH-
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Horo ycumurens, Wy (p)=Kk, — mnepenarousas (yHKUMS SICKTPOHHOIO YCUIMTEILS,
u :WU’UO(p)uO, rie Wu,uo(p) — nepenaTodHas (QYHKIIMS, CBSI3bIBAIOIIAs BHIXOJ U C BXO-

I0M Ug ¥ T.I. (Apyrue 0003HAYEHUS CM. HIKE).

JlommyckaeTcsi CKBO3Hasi HyMmepaius Gopmyn wid Hymepanus GopMyl B Mpeaenax
OJIHOTO pazjena (Hanpumep, (2.4) u 1.1L.).

OnpeneneHrne nmapamMeTpoB AIEKTPUUECKUX MAaIIWH MPOBOJUTCS MO MACIOPTHBIM
JaHHBIM TAOJHUIBI 1, KOTOpbIE COOTBETCTBYIOT HOMUHAJIBHBIM pPEXUMaM MPU UCTOYHUKE
nUTaHUsl 0ECKOHEYHOM MOITHOCTH (C HYJI€BBIM BHYTPEHHHUM CONpPOTUBICHUEM). [Ipu 3TOM
KO3 GULIMEHTHI TIepeadyr OMPEACNISIIOTCS U3 ypaBHEHUM cTaTuku. C MOMOIIBIO HaWeH-
HBIX IMACIOPTHBIX 3HAYECHUU KOIPPUIMEHTOB MEpeAadyud ONpeaessaoTcs Ko3()(QUIMEHTHI
nepeayu U MOCTOSTHHBIE BPEMEHHU TepeJaTOUYHbIX (DYHKIUN ISl COCAUHEHHBIX OJIOKOB
(GYHKIMOHATBHBIX 71€MEHTOB ('IJIeKTPOHHBIN yeunuTeab-OMY" B cxemax A4, b, B; "anek-
TPOHHBIN ycHIHTENb-TeHepaTop" B cxeMax [, /[; "renepaTop-aBurarens" B cxemax A, b,
I, /) c yueToM BHYTPEHHUX CONPOTUBICHUN HCTOUHUKOB HAIMPSKECHMUS.

Huxe npuBoasTcs nmpuMepsl ONpeaeieHUs MapamMeTpoB MepeaaTOYHbIX (PYHKIIUMA

1Sl YHKITMOHAIBHBIX 2JIEMEHTOB. PacueTsl mpoBoarcs B cucteme equnui CU.

3.2.1 T'eHepaTop NOCTOSAHHOTO TOKA

1. YpaBHEHUs CTaTUKU JI711 HOMUHAJIBHOTO PEKHMa T€HEPATOpa UMEIOT BU]L

=R,

BI''BH ’

l’IBH

€y = kilBH '

€y =Ugy + RSIFZSIH 1

rae Uy, ¥ iy, — HOMUHAJbHbBIC HANPsDKEHHE M TOK B 0OMOTKE BO30Y)KICHMS TeHepaTopa,

e u i

y — HOMHMHAJIBHOC 3HAYCHHE 3.4.C.; U

— HOMHUHAQJIBHBIC HAIIPSKCHUC W TOK B

SIH SIH

SKOpPHOIl 0OMOTKe reHepaTtopa, R, — compoTuBieHHE ymnpaBistolmel o0OMOTKH BO30YX-
JeHus reHeparopa; R, — compoTuBIeHHE IKOPHOI 0OMOTKM renepartopa; Kj = kjay — xo-
3QQULUEHT yCUJIEHUS MO TOKY, 3aBUCSIIUN OT YIJIOBOW CKOPOCTH BpAILlCHUS @) SIKOPS

BCIIOMOI'aT€JIBbHOT'O ABHUIaTCIIA. B reacparopax, nNpeaHasHaAa4YCHHbIX JJId YCHUJICHUA HaIIpsd-

YKEHUS 110 MOIIHOCTH, ) = CONSst.

Orcroza cienyer, 4To
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U C YYETOM MACMOPTHBIX 3HAUCHUH HaiieM KOd(PPUIIMEHT yCUlieHus reHeparopa

ki €n Ugy + RSIF Lan

__RI

BI''BH

Hanpuwmep, nns renepatopa Nel monyuum
ki 725+0,03-915
R 8-45

=2,09.

BI'

2. ypaBHeHI/IH JAWUHAMHUKH I'CHEPATOpPA B CXEME COCAMHCHUA UMCIOT BU/T

*, di
U = RBIB +LBrd_,f’
e = kiiB’

*

e Uy =€y, Ry =Ry +R R — COIpOTHUBIIEHUE sKOps OMY — nist cxem 4, b,

AIMy? | S OMY

*

B; u;=¢,, R R

y' B RBF+R

BBIX ! — BBIXO/IHOE COIIPOTHUBIICHUE NIEKTPOHHOTO yCHIIUTE-

BbIX
st — agst cxem 1, /1.
Otcrona ¢ ydyeroM mnpeoOpazoBaHus Jlamaca npu HyJI€BbIX HAa4YaJIbHBIX YCIIOBHSIX

noxyuanm € =W, (p)u, c nepexatounoit Gpynkumeit

kF

W (p)=—"—,
' T,p+1
rie k. =k /R, T, =L, /R,.

Hampumep, koadduriment ycuienus reaeparopa ajis cxem /', /[ uMeet 3HaueHue

k :ﬁR_szz,og 8
R 8+10

=0,93,

T
BI' B

T.C. MCHBIIC IMACIIOPTHOT'O 3HAYCHMNSI.

3. Jlns reneparopa ¢ Harpy3koil R, B cxeme B HallpspKeHHE Ha HarpysKe oIpeaess-

eTcs 1o hopmyiie

RR, R
" TR +R)+RR. T R_+RLRR.Y
H ST AT AT Al "H

€,
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rie R=R;+R, >R

.» Yy =1/ R, — nmpoBoauMocTs Harpy3ku. OTcrofa cienyer, 4To Ha-

npsoKeHue U, SBIISieTCs] HeNMHEHHON QyHKUuel oT BeuuuH Yy, €.. YUHUTbIBas, YTO MpH
Hanuuuu Harpy3ku R, =20 Owm BemmumHa R, Y, =R, /20 <1, c nomormpio pa3znoxe-
Hus B psia Ternopa MOXKHO 3anucaThb
R R RZR
AT

u. = e. ~ - Y. |e..
" Ry +R+RR,Y, " (Ry+R (R, +R?Z ")

B ycraHoBHBIIEMCS HOMMHAJIBHOM PEXHME NP OTCYTCTBHM Harpy3ku R, =oo

(Y, =0) cripaBeuBO ypaBHEHHE

* R *
u. =———=...
" R, +R T

* *
VYuuteiBas Manocts BennuuHbl R, Y., oTknoHeHus AuU. =U.—U., Ae. =€.—€.

BBI3BAHHBIC ITOAKIIIOUYCHUCM HAI'PY3KHU RH , TAKIKC 6y,Z[YT MaJIbIMH. TOI‘I[& IIpu OT6paCI>IBa-

HHH CJIAraeMoro BTOporo nopsuaka mainoctu R, Y, Ae. Oyner cnpaBennnBo ypaBHEHHE

2 *
* R o R R;[rerY ~e _R

- ey
Ry +R ' (R}IF+R)2 o

AT "H*®

@parMeHT CTPYKTYPHOU CXEMBbI FEHEPATOPa C HATPY3KOH npeacTasieH Ha puc. 10.

— W.(p)

Puc. 10
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3.2.2 Taxorenepartop

1. TaxoreHepaTop NOCTOSIHHOTO TOKa MpeIHa3HA4YeH JUIsl U3MEPEHUS YIIIOBOM CKO-
POCTH BpalllcHUsI SIKOps. YPaBHEHUS CTATHKU JIJI1 HOMHHAJIBHOTO PEXUMa CIEIYIOT W3

ypaBHEHH CTaTUKU reHeparopa 0e3 yuera Majoro COnpoTuBieHus R, :

Uy =R

BFIBH !

Ugy = klabHIBH ,

TI€ (), — HOMHHAJIBHBIE 00OPOTHI KOPS; Uy, = CONSt.

Ortcrona cienyer, 4to

Uy = kTra)OH’
rac
_ KUy _ Ugy
k= Lo _ U
R
BI 2%

Hanpumep, nns taxoreneparopa Nel nosryuum

Kp = Upy _ 120 _ 0,764 Bc/pan.

ap, 157,1
2. YpaBHEHHUS TMHAMUKHU TaXOT€HEpaTopa UMEIOT BU/T
—k

u Q.

T T

Torma nepenatounast QyHKIHS TaxoreHeparopa ajist cxem 4,5 uMeeT BUJ
WTr ( p) = kTF'

Hna cxem [, /[ BBIXOAOM TaxoreHeparopa SIBJISETCA YIJIOBOE IepeMenieHne o . B

5TOM CJIy4Yae ¢ y4ETOM PaBEHCTBA d_(tx = @ MOIY4YUM
WTr(p) = kTr P.

3.2.3 DJyIeKTPOMAIIMHHBIN yCHJINTEIb

1. C yueToM NpUHSATHIX JONYIICHUH O MOJHON KOMIIEHCAIIUU PEAKIIUHU SIKOPS B LIETIH
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Harpy3ku OMY, ypaBHEHUS CTaTUKU JUIsl HOMUHAJIBHOTO PEXXMMA UMEIOT BUJT

Uy, = Ryl

B'BH’

€kn =~ kl W0l »

€kn = RKZKH 1

Emyn — k2@ gl

Emyn = Usn T Ryl

rae Uy, U Iy, — HOMUHAIBHBIC HANIPSDKEHUE U TOK B OOMOTKE BO3OYXKIEHHS; €y U by —

HOMHHAJIBHBIC 3.]1.C. H TOK B KOPOTKO3AMKHYTOH LCTIH; €5y, Uy, lgy U Ry — HOMHHANB-

HBIC 3.4.C., HAIIPAKCHHUC, TOK U COIIPOTHBIICHUC HKOpHOﬁ LCIIN HAI'PY3KH OMY cootBert-

CTBCHHO, C?)O — IIOCTOAHHAA YITIOBAA CKOPOCTH BPAIICHUA SAKOPS BCIIOMOI'ATCIIBHOI'O ABH-

raTcii.

Hckiroyast IEpeMEHHBIE €,y U |y MOIyYnM

)
_ kikoarg .

€ = Uy = Upy
My H BH My “BH
RK RB

Otcrona HallgeM

-2 .
i Kake®0 _ Coyn Uy + Ryl

uBH

Hanpuwmep, nns OMY Nel nomyunm

i _ Ug +Ryigy _200+40,2:50
My Ryl 35.0,04 '

2. YpaBHeHus AuHaMUK OMY B cxeme COeIMHEHUS] UMEIOT BUJ]

e, =Ry, +L, %f
e, =kjwgi, —nas cxem 4, B;
e =kj@y(iy —iy) — nns cxemsl b (OOBSICHUTD TIOUEMY),
diy
dt '

e = Rl +

Esmy = ko@D



27
rae R =R, +R

Ortcrona ¢ ydyeroM mnpeoOpasoBaHus Jlamaca npu HyJI€BbIX HAaYaJIbHBIX YCIIOBHSX

spix o 12 — TOK BO BTOPUYHOM 0OMOTKE TpaHc(opmaropa cxemsl b.

HalgeM:
1) nnst cxem A, B:

Eymy = omy (p)ey

C IepeaTOYHON (PyHKITUEH

Wiy (P) = =2 :
T (Typ+)(Tep+2)
re Koy =K Ry /Ry, Ty =Ly /Ry, T =L /Ry

2) B cxeMax b, B mpemycmotpeHa rudkas auddepeHnupyoolias oopaTHas CBs3b,
NpeHa3HaYeHHasl /I TalleHUs] BO3MOXHBIX KOJeOaTeIbHBIX MPOILIECCOB B AJIEKTPOMa-
IIMHHOM cucTeme MmpHu O0onpmux koddduuuentax ycuinenus OMY. Curnan orpuuaTenb-
HOIl OOpaTHOM CBSI3M CHUMAETCS C 3aKUMOB BbIxoja OMY B COOTBETCTBUHU CO CXEMOM

R, puc.11, rne Z,(p)=R, +L,.p — omepannoHHOE CONPOTHUBIIE-

HUEe 0OMOTKH BO30YxAeHUs reHeparopa. [Ipu aTom
e

o Ze(p)|| Yy

u — ZB(p) e — RBF (fBFp+1)e
¢ e o Rﬂ + ZB o (RBF + R}I) (TBr p +l) i
Pucll
roe T,. =L, /Ry, Ty =L, / (R, +R,). VunrsiBas, uto T, ~T,., MOXKHO IPHUHATE

R
uaMy ~ 2 e3My'
(RBF + RSI)

Hanpumep, nnsa renepatopa u MY Nel nonyunm

Rir = 8 =0,976.
(R +R,) 8+0,2

a) B cxeme b oOpaTHasi CBSI3b OCYIIECTBIISIETCS C IMOMOIIBIO CTAOMIIU3UPYIOIIETO

TpaHchopMaTopa, ypaBHEHHS KOTOPOTro UMetoT Buj [8, c1p.68; 9, ctp. 17]

di di
Upyy = Rl + 1 dtl —Z

+M—=,
dt
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d|2

0= R2|2 + L2 at %

dt

+M

rae i u lp— TOK B IEPBUYHON M BTOPUYHOM OOMOTKE COOTBETCTBEHHO; M — B3auMHas
MHAYKIHS 00MOTOK; Ry, =Ry +R. + RJ1 — o011ee CONPOTUBICHUE BTOPUYHON OOMOTKH,
L, =L, + L — obmmee MHAYKTUBHOE CONPOTUBICHUE BTOPUYHON OOMOTKH.

Hcxitouas TOK i U3 ypaBHEHuUH, rocie npeodpazoBanuii ¢ yuetom M ~ /4L, mis

TpaHCQ)opMaTopa CO CTAJIBHBIM CCPACHYHHUKOM ITIOJYYHUM BBIPAKCHHUC IJISI TOKA i2 .

i —KipP
2=
T1T2(1 L2/L2)p +(T1+T2)p+1
rae Ky, = RNFIE , 1 = :;1 T, —%
1M2 1 2

ITocne MMOACTAHOBKH MCXOJAHBIX HJAHHBIX ITOJYYCHHOC BBIPAKCHUC MOKHO IIpCACTa-

BUTB B BUJIC

—Kpp P
(TP +1D)(Tp+1) oy =

i2 WTp( p)uaMy’

I7le HAUMEHBIIEH MTOCTOSHHOW BpeMEeHU [, MOXKHO npeHeOpeub. Torga ynpouieHHas Ie-

peaarouyHas GpyHKUIMs TpaHchopmaTopa OyIeT UMETh BU/L:

Kep P
Tpp+1

C y4yeroM 0oOpaTHOM CBSI3U MO TOKY Iy, B COOTBETCTBHH CO CTPYKTYpPHOH CXeMOM

WTp( p) =

puc. 12 HaliIeM 3aBUCHMOCTb €,y = ~3My( p)e,, TIE SKBHUBAJCHTHAs MepeNaTOYHAS
byHKIUSA V\73My( p) uMeet BUA
Kowy (Trp P +1)
(Ts P+ [T p+1)(Typ P +1) +kp]
rae Ky = ki Ry /Ry, K=Kkl RyRyr / (Ryr +R, ).

IMY

V\73My( p) =
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E}.i' lfﬁ.: I13 k—H ’? 31::5:
Lrtl | Tp+1

&

U
W (P)e ayl  fer
For + Ry

Puc. 12

PaCKJ'IaI[BIBaH BBIPpA’KCHHUC B KBAJIPATHBIX CKOOKax 3HaMCHATCJIsI, OKOHYATCIIbHO I10-

JIy4UM
Kony (Trp P +1)
TP+ p+D)(Trp+1)

V\73My( p)=

rae T =T Ty, T +Tp =T + T, +K.
0) B cxeme B oOpatHas cBsi3b OCYLIECTBIIAETCS ¢ nmoMouibio (opcupyromeid RC -

uenu ¢ nepenatoaHol gpynkuuein Wy, (p) corsracHo CTpyKTypHOii cxeme puc. 13.

M- €3r ESI\-IEF
— k, o W (D)—>
(-)
)
M £
W) ooy | Fa |
Rop + R,
Puc. 13

[Tepenarounas pyukuus Gopcupyromeit RC - nenu (1151 cxem A, B) umeet BUa

Ko (TiP +1)

W, (p) =222 12—
ou(P) T,p+1

rae Ky =Ry /(Ry +R), Ty =RC, Ty =kg,T;. ockonsky Ky, <1, TO BbIONHSETCS He-

paBeHCTBO o <Tj.

I1o 3a1aHHBIM YHCIEHHBIM 3HAYEHUSAM HAUJIEM
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4000
P 4000 + 400000

=0,01, T; =400000-10° =0,4 ¢, T, =0,004c.

[TockosbKy MOCTOSIHHASI BPEMEHHM [, 3HAYMTENILHO MEHbIIE MOCTOSHHOM BpeMeHU
T{ ¥ NOCTOSIHHBIX BpEeMEHH APYruX (PyHKIMOHAJIBHBIX 3JIEMEHTOB CXEMBbl, MOXHO IpU-
HATH T = 0. IIpu 3TOM ynpomenHas nepenatounas ¢pyHkuus gpopcupyromeit RC - nenu

UMeeT BU
Wi (P) = K (Ty P +1),

T.C. COACPKUT ITPOU3BOAHYIO OT BXOJHOI'O CUT'HAJIA.

Torma B COOTBETCTBMM CO CTPYKTYpPHOW CXe€MOW pHC. 13 HalIeMm 3aBUCUMOCTH

oy = ~3My (p)u ¢ PKBUBaJCHTHOW NIEPEAATOYHON (DYHKITHEH
- k, K k
Wy (P) = TS = ,
(Tep+D(Tep+D +ki(Mp+1)  (Top+1)(T3p+1)
rac ko = kykaMyk(bu RBF / (RBF + Rﬂ) ; T2T3 = TBTK / (1+ kl) ,

To+T3 = (T + T +kTy) / (L+k), K =kyKyyy / (L+ko).

3.2.4 JIBurarejib NOCTOSIHHOTO TOKA

1. ypaBHeHI/IH CTaTUKU OJIsI HOMUHAJIBHOTO pEKUMa UMCIOT BU/T

Ugy = R}I,ui;IH + CEa)H’
Cylgy =My,

M"sH
rne Cg — xo3dpduuuent npotuso - DJC sxops, C,,— KO3POUIMEHT BpaIlAIOLIEro Mo-
meHTa. [Ipu equnune nsmepenus o, pan/c B cucteme equaull CH BbINOIHSIETCS paBEeHCT-

Bo Cg =C,, c pa3mepHOCThIO B-c=Kr- M2/A - c?=H - WA [7, c.25]. Tem cambIM Haitnem

CE:M, C, =Cg.

Wy

Hanpumep, nnsa npuratens Nel nosydum
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~ 625-0,025-800

C
E 83,8

=7,22 B-c, C,, =7,22 H-WA..

2. ypaBHCHI/IH JAWHAMHUKHU IBHUTaTCIA B CXCMC COCANHCHUA NMCIOT BU

* x di
er :Rﬂiﬁ +Lﬂd—f+CEO),

dw , *
E:CMZH - M.,

* * *
e Ry =Ry +Ry, Ly=Lgp+L,; =0, npu stom My =M. — nns cxem 4, b
* - (%)
M =Mc /i, — MOMEHT Harpy3ku NPUBECHHbIN K Baly ABurartess 1 cxem [, /.

OTCIOI[a C YUYCTOM Hp€O6p330BaHI/I}I Jlamnaca IIpY HYJICBBIX HAYAJIBHBIX YCJIOBHUAX

HaMgeM:
=W, (p)e; Wy, (P)Mc,
rie W, (p)= Ko wf(p)zi k,,=1/C T,=JR,/C,C
IIB T,I[Bp+1’ IIB THBFH‘]-’ TIB E: IIB ST M~E>

f _p*
Kis =Ry 1 C\Ck.
g cxem I, /[ BBIXOOHOW KOOPAWHATOM JBUTATEIIS SIBJISIETCS YTOJI IOBOPOTA POTO-

pa a,T.e. = Pa W, CIEAOBATEILHO,

1 1 h y *
=W (P —va;,xp)Mc =Wy, (P)&: —Wg,(P)M¢,
Ty (9) == i (py -
rac B = 1 B = _
! P(Tp+1) " P(Tyep +1)

Hanpuwmep, nns npuratens u reaeparopa Nel nonyuum

Ky =1/Cg =1/7,22=0,14 (B-c)™*,
0,025+0,03
7,222
360- (0,025 +0,03)
7,222

kly =R,/ C,,Cp = =0,001 (H-m-c)?

Ty = IR, / C,,Cp = =0,38 c.
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[Ipu ompeneneHun nepenaTOUYHbIX (YHKIMM 3aMKHYTBIX CUCTEM CJEAYEeT HUCIOIb-

30BaTh IICPCAATOIHLIC (1)YHKHI/II/I Pa30OMKHYTBIX CUCTCM. I[J'IH O9TOT'O MOJKHO HCIIOJIB30BaTh

CeAYIONIee MPaBUIIO I CTPYKTYPHBIX CXE€M C OJJHUM KOHTYPOM OOpaTHOI CBA3U:

B YHUCIIUTCIIC Hepez[aTquofI (1)YHKHI/II/I YKa3bIBACTCA IIPOU3BCACHHUC IICPCAATOYHBIX

(YHKIMI ¢ y4eTOM 3HAKOB, Yepe3 KOTOpbIe MPOXOIUT BXOJHOM CUTHAN 0 33JaHHOTO

BBIXOJHOTO CHTHaja KPOTYAMIIMM MyTeM; B 3HAMEHATEJe MepPeAaTOYHON (YHKIHH

ykasbiBaeTcst Bolpakenne 1+Wo,,(p), rae Wyo,(p)

— mepenaTtouHas GyHKIUS pa-

30MKHYTOM CHUCTEMBI, paBHas MPOU3BEACHUIO IMEpeAaTOYHBbIX (PYHKIMI OT CUTHana

paccoriaCoBaHu:A OO0 CHUI'HAJIA rJIaBHOM OTpI/IIIaTGJIBHOﬁ 06paTHOﬁ CBA3H, IIOCTYIIAro-

mero Ha YCTPOﬁCTBO CpaBHCHMUA.

B kadecTBe mpumepa pacCMOTPUM CTPYKTYPHYIO CXEMY CHCTEMBI JJIsl CXEMbl /],

IIpCACTAaBJICHHYIO Ha pPHC. 14. I[aHHaH CXCMa COACPIKHUT ABa KOHTYpaA: KOHTYp OTpHIA-

TEJILHON MECTHON OOpaTHOM CBSI3U MO CUTHATY @ U KOHTYP OTPHUIATEIHHOM TJIaBHOU 00-

paTHOﬁ CBs3H1 110 CUTHAILY 1. HpI/IBeIICHHOG IMPaBHJIO UCIIOJIB3YCTCA IJIA KAXKIA0T'O KOHTY-

pa.

v

wi
g s ! W o [
— k k » W W =
@ﬂ I y r IIB _’® D
O | a, O
k}lH < kTF <
kHJ'I <
Puc. 14

Haiinem, nanpumep, 3asucumocts 6(p) =Ws o (p)g(p) +W5 " (p) M:( p), T.€.
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onpezneauM nepegarounbie Gyukunn Wg o (p), W M (p).
Wie

a) Brmmuiiem BbelpakeHHe M1 HEpeJaTOYHON (PYHKIHH W(;,g(p), IUIsL  OTOTO

YCTAaHOBUM IyTh CHUTHAJAa ( JO CUTHaJA O, KOTOPBIA HPOXOJIUT 4YEpe3 YCTPOMCTBO

CpaBHEHUs ¢ KOd(puImeHToM nepeaaun paBHbIM eauHuIe. CienoBaTeabHO, YUCIUTEIEM
nepenaroyHon GpyHKIuM sBisieTcs eauHuna. [lpu onpenenenun nepeaaToyHol QyHKIUU

Wopas(P) PasoMKHYTOI CHCTEMBI CHIHAN MPOXOJHMT YepPe3 KOHTYP C MECTHOH 0OpaTHOM

CBA3BIO, IJIsI KOTOPOIO B CBOIO O4YCpECAb 3aBHCHUMOCTH BBIXOIAa @ OT BXOJa U 4Yepe3

nepenarounyro pyukumo W, (p) cornacHo npasuiIy onpenensercs no Gpopmyie

KyW;. (P)W o5 (P)
1+Woas(P)

Wa),u ( p) =

3,Z[CCI> B YHCIHUTCIIC YKA3bIBACTCA IMPOU3BCACHUC IICPCAATOYHBIX ¢)YHKHHﬁ Kp&T‘lElI?IIHGFO

IIYTH OT BXOJa U K BBIXOAY @, B 3HAMCHATCJIC BBIPAKCHUC 1+Wpa3( p) C HCpGHaTOqHOﬁ
byHKIHEH Pa30OMKHYTOMH CUCTEMBI BHYTPEHHETO KOHTYpa
Wpa3( p) = kyWr ( p)W;[B( p)kTF k)IH .

Torna nepeparounas gpynxuus W, (p) onpenemnseres no popmyse

kW (p)W
Wpag(p):kHWw’u(p)%kpkm:kn( y r(p) HB(p) Jl

1+ kW, (PW.gg (P | P
a CKoMasi riepeatoyHasi GyHKIIUSI UMEET BUJI
1 1
Ws o (P) = = =
T LeWe(p) W (P (P) Y1,
L2+ K WL (PWo (DK S P

_ PLL+ KkyWr (P)W i (PR Ky ]
PLL -+ Ky Wi (PIW g5 (D)Ko Koy 1+ Ky kWi (D)W (P)K Ky

0) AHamoruyHo ompeaensercs nepeaatounas Gyuakmus W 5 M*(p)' Cuauana ompe-
Wie

*
ACIACTCA CBA3b BbBIXOJAa @ CO BXOAOM MC A1 BHYTPCHHCTO KOHTypa € IOMOIIBIO

nepenaTouyHo GpyHKuuu
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Wh(P) _ Wy ()
1 +Wpa3( p) 1+ kyWr( p)WI[B( P)Ker kI[H |

Ww,M:(p) =

n_n

rje 3HaK "—" COOTBETCTBYET 3HAKy CHTHaja Ha YCTPOWCTBE CPABHEHHMSI. 3aTEM IIPH JIBHKE-

HHHU 110 KOHTYPY OT CUTHAJIa @ 10 CUI'HaJIa O OKOHYATEJILHO HaxoauM BHU]] HGpGI{&TO‘IHOﬁ

GyHKIHH
f
1 _ B ,uB(p) ik K
W () s Pt {1+kywr(p)vvﬂB(p)kTrkﬂH] p
Mg 1+Wp, () Lk kyW, (D)W, (P) 1
214K W (PIW 5 (P)KpeK e J PP
Wi (P)kpkans

~PIL+ Ky W, (PIWgg (D) K g T+ Ky kW (PIW (P)K oKy

3.4 Onpepnesienusi KO3GPUUUEHTA YCUTICHUS JJIEKTPOHHOI0 YCUIUTEJISA

st onpenenenuss Kodh@UIIMEHTa YCUIEHUS 3JIEKTPOHHOTO YCUJIMTENS MO 3aJaH-
HBIM YCJIOBHUSIM TOYHOCTH B YCTAHOBUBUIEMCSI pEXUME HEOOXOIMMO HCIOIb30BaTh TEOpE-
My O KOHEUHOM 3HAa4€HUU OpUTHHAJA 1715 n300paxkenus Jlamaca.

Hanpumep, nis cxemsl /[ ¢ y4eTOM MPEABIIYIIETO TOJIYUYUM

Oyer = lim pS(p) =Sk + Oer
p—0

rae Oy = Iim0 PW5s o (P)9(p) — cxopoctaas ommbka mpu g(t)=at (g(p)=a/ p2),
p—

Oer = lim pW M (p) M: (p) -  cratmueckas  ommbka npu M : t)=M :

p—0
(Mc(p): Mc / p)

C ydyeTom BeIpakKeHUH ISl IepeAaTOUYHbBIX QYHKIIUN TTOJTYydUM
O = lim pWs o (p)a(p) =

p—0

im p PLL+ KyW, (PIW 15 (P)K K] ca (@ kyKeK KK )
p—>0 " P[L+K Wi (PIWoig (P)KprK 1+ Kk We (PIW s (P)KpKn  p? Kpkykpkpgkok

oy as N p
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5CT = [!I—r>n0 pWé‘,M:(p)Mc(p) =

f
m o Wy (P)Kpkns M kMe
p—0 p[l + kyWr( p)W;[B( p)kTr kI[H] + kn kyWr( p)W)lB( p)kp knn p kn kykrkz[B

*
IIo 3aJaHHOMY YCJIIOBHIO TOYHOCTHU 501( B YCTAaHOBUBHICMCA PCKUMC HAUACM:

1

CK _
ky =

*

5
KoK | kg — KoK

r\ B

*

npu BBIMONMHEHHH yenoBus —- Ky KoKy, > KKy, Tk mpu Ky <0 mectHas oGpathas
a

CBSI3b OyJeT TIOJOKUTEIbHOM, a pa30OMKHYyTas CHCTEMa CTaHET HEYCTOYHBOM.
Brinonxenue ycioBus k;K >0 gocTturaeTcs 3a cueT BBEIICHUS B OOpAaTHYIO CBSI3b JICJIUTE-

TSl HATIPSDKEHHS € KOdQduumenTom nepenadn Ky, .

*
I[To 3anaHHOMY YCIIOBHIO TOUHOCTH O,; B YCTAHOBMBILEMCS PEKAME HAUJEM:

f *
ot - KmMe

YK koK 0

o' r™“aB
N3 nByx HailieHHBIX KOA(P(ULIHUEHTOB YCUIICHHS BBIOUPAEM MaKCHUMAaJIbHbIM:

ky = max(ky"*, ky")

3.5 IlocTpoenne 06J1aCTH YCTOMYMBOCTH 10 KO3 PUUMEHTY YCHIICHUS

g aHanu3a yCTOMYMBOCTH MCXOQHOW 3aMKHYTOW CHCTEMBI IIPOBOJUTCA MOCTPOE-

HUe 00JaCTH YCTOMYUBOCTH 1O KOA((OULMEHTY YCUIICHUS U JIeTaeTCsl BBIBOJ 00 yCTOMYH-

BOCTH CUCTEMBI C BBIOPAHHBIM KO3 PUIIMEHTOM YCUICHUS ky.

3.5.1 Anre6panyeckuii MeToJ MOCTPOEHHUS 00J1aCTH YCTOHYUBOCTH

[Toctpoenue o0nacTv yCTOMYMBOCTH B aHAJUTHUYECKOM BHIE MO KOAPPUIUEHTY

cunennst K, DJIEKTPOHHOTO YCHIHTENS OC IMCCTBIACTCA C IIOMOIIIBHO MOAUPHUIIUPOBAH-
y
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Horo kputepust ['ypuna (kpurepus JIbenapa-lllunapa [25]) mnst xapakreprcTH4eCcKOTO

ypaBHCHHUSI
D(p) =agp" +a1p”_1+...+an =0,

HEKOTOpbIe KO (PHUITHEHTHI KOTOPOTO 3aBUCST OT ky.

VYcaoBue ycTOMYMBOCTH CUCTEMBI C YYETOM BhIpaxeHus: MaTpuilbl ['ypBuiia

d 3.3 3.5 ... 0O
ag a a4 ... O
I'=|0 d a3 ... 0O
0 0 a |
3aIACHIBACTCS B BUJIC HCPABCHCTB:
1) a >0, i=0,n;
2) A; >0, 1=2,4,...,n—1 nns He4eTHBIX N (MHIEKCHI | YETHHIC);
WA
A; >0,1=35,...,n—1 nns 4yeTHpIX N (MHIEKCHI | HEYETHBIE);

rae A; — IJaBHbIM IMaroHaJIbHBIA MUHOP MaTpulsl ['ypBuia.
[Ipu n =3 ycioBue yCTONYMBOCTH OMpPENEsIeTCS HEPAaBEHCTBAaMH 1) M HEpaBEHCT-
BOM A, =&y, —apag >0.

IIpu N=4 ycnoBue yCTOWYMBOCTH C YUETOM MPEIBITYIIETO BBIpaXKEHHU A, oIpe-

IeJseTCsl HEPAaBEHCTBaMU 1) M HEpaBEHCTBOM Az = agA, — a12a4 >0.
IIpy N=5 yciaoBHE yCTOMYMBOCTU C YYETOM HPENBIAYIIHMX BBIpAXKCHUM A,, Ag

OmpeeiIeTCsl HEPaBEeHCTBAMHU 1) U HEpaBEHCTBAMHU
AZ >0 )

A4 = a4A3 — a2a5A2 + 23031343.5 - a§a52 > 0.

[TocTpoenue 00aacTH YCTOMYMBOCTH MO KOIPPUIMEHTY YCUICHUS ky paccMoTpuUM

Ha TIPUMEPE MepeaTOuHON QYHKITUN PA30MKHYTON CHCTEMBI CXEMBI A
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Wpas( p) :W;[y (p)Wy(p)WaMy (p)Wr (p)WnB (p)WTr (p) =
_ kpa3 (lip+1)
(ToP+1)(Te P+ 1) (T P+ )Ty p+1)

e Kpas = KKy KonyKrKgKyy s 011 01HOTO M3 BapuaHTOB 3ajaHus HallACHBI IIapaMeTpbl

Kpas = 79,5, Ty =0,4¢, T, =0,04¢, Ty =0,2¢, T, =0,9c¢, T,; =0,38c.

[Tockonpky 31mech kK03 dumueHt K MIPOTIOPIIMOHAJICH ky, TO HaiaeM cHadaja

pa3s

o0yacTh ycroiunBoCcTH 1O Ko3pdummenty K JIJist BBIYUCIIEHUS] HEOOXOJUMBIX TJIaB-

pasz-
HBIX JTUAroHaJbHbIX MUHOPOB MaTpullbl ['ypBHIia BocnosibdyeMcst M-pyHkiuei:

function gurviz

o)

syms p kpas % CHMMBOJIBHEIE II€pPEMEHHEBIE

% McxonHble IaHHEBIE

T1=0.4;Tv=0.04;Tk=0.2;Tvg=0.96;Tdv=0.38;% IOCTOSHHEE BpPEMEeHU
Wpas=kpas* (T1*p+1l) / ((Tv*p+1) * (Tk*p+1) * (Tvg*p+1) * (Tdv*p+1)) ;
n=4; % NOPSAIOK CUCTEMEL

% OnpegneneHue KO30OMUMEHTOB XapaKTEPUCTUUECKOTO YpPaBHEHMS
Wz=simplify (1/ (1+Wpas)); [num,den]=numden (Wz) ;

N=n+1; M=N-2; ac=coeffs(den,p); Dp=vpa(collect (den/ac(N)),6)
% OOopMMPOBAHME oNpemeyamuTesiey MaTpHuus I'ypBuua G, KOTOPEHE

% IOJIXHBI OBITH OOJIblle HYJIS
for i=1:N; bl (i)=ac(N+1l-1i); end; b=bl/ac(N);

N=n+1; M=N-2;KN=N-fix (N/2)*2;

for K=1:M; IK=fix((K+1l)/2); KK=(-1)"K;
K1=IK+fix ((KK+KN) /2)+fix (N/2)-1;

for I=IK:Kl; Il=(I-IK+1)*2-fix((KK+1)/2);G(K,I)=b(Il);end; end
nk=fix((n-1)/2);for id=1l:nk; nid=n-1-2* (nk-id) ;

for i=1:nid for j=1:nid; Gd(i,J)=G(i,7) ;end; end
detG=vpa (det (Gd), 6), cdet=symZ2poly(detG) ;krasl=roots(cdet);krasl'
end

3nech mig BbIMoOJgHEHUs]T M-QyHKIMM BBOJSATCS MCXOIHBIE JaHHBIC. MOCTOSIHHBIC
BPEMEHHU TIEPeIaTOYHON (PYHKIIMIO PA30MKHYTOM CHCTEMBI, €e BUJ W mopsgok N. B pe-
3yJIbTaTE BBINIOJIHEHHS MPOrpaMMbl Ha ME€4YaTh BBIBOJAUTCS BBIPAXKEHUE MOJMHOMA Xapak-

TEPUCTUUYECKOTO YPABHECHUS 3aMKHYTON CUCTEMBI

P 4+33.6732%p"34237.939%p 2+ (137.061*kpas+541.393) *p+342.654+342.654*kpas

BBIPKEHHSI HEOOXOIUMBIX JIJIsl IPOBEPKU OTIPEICTUTENCH
561220.*kpas+.365609e7-18785.8*kpas”"?2

U 3HAYCHUA kpas, IIPHU KOTOPHIX ONPCACIUTCIIN 06paH.IaIOTCH B HOJIb.
35.3761 -5.5014

Takum oOpazom, JUisi JAHHOTO MPUMEPA YCIOBUSMU YCTOMYMBOCTH 3aMKHYTOW CHC-

TCMBI SABJIIHOTCA HCPABCHCTBA
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342,65+342,65K ,,; >0,

137,06 k45 +541,39>0,

7 2
561220k, +0,3656-10" —18785,8ky,; >0,

13 KOTOPBIX ClIe[lyeT HCKoMast obnacTs yeroituusoctn —1 <Ky, <35,376.

3.5.2 YacTOTHBIH METO/ MOCTPOECHUSA 00J1ACTH YCTOMYMBOCTH

[Ipu 3HaueHUW TOpSAIKA CHCTEMBI N> 6 HMCIOJB30BaHHUE ANTEOPaNnIECKUX METOJ/IOB
CBSI3aHO C PEIICHUEM CJIOKHBIX HEpaBEHCTB. B aTom ciyuae mis omnpezeneHuss o0IacTu
yCTOWYUBOCTHU OoJiee 3PPeKTUBHBIM SBISETCSA YaCTOTHBIA MeToJ D - pasouenus: Helimap-

Ka, KOTOPBIH B OTJIMYKE OT aJreOpandecKoro MeTo/1a SBISIETCS] YUCIEHHBIM METOJIOM.
Cymocts Merona D - pasbuerus 1o kospduuuenty ycuneHns Ky 3aKiIro4actcs B

cieayromieM. M3 xapakKTepUCTUYECKOTO YPAaBHEHUSI PA3OMKHYTON CUCTEMBI, TIPEICTABIICH-

HOT'O B BHJIE:
D(p.ky) =d(p)+kym(p)=0.
HaXOJUTCS BBIPAKEHUE IS ky B OIlEpaTOPHOM opme:
d(p)
m(p)

[Ipu moacTaHOBKH P = jo IS 3HAYCHUN —o0o < @< o0 ONpEACISICTCS YCIOBHE Ha

ky () =-

KOMILIEKCHBIH k0o duument Ky (jw), npu KOTOPOM 3aMKHYTasl CHCTEMa UMEET KOPHH Ha
muuMoit ocu. Ilocrpoennas kpusas D - pasouenust Ky(jw)=X(w)+ jY(w) npu

—00 < @ < 00 pa30dMBAET KOMILIEKCHYIO INIOCKOCTh Ha 00JIACTH € PA3IMYHBIM COAECpKAHUEM
yCTOMUMBBIX KOpHEH. [Ipu mepexone u3 oAHONW CMEXHON 00JIacTU B APYTYIO Uepe3 Kpu-
By10 D - pa3OueHus o1H BEUIECTBEHHBIN WM Mapa KOMIUIEKCHBIX COMPSHKEHHBIX KOpHEH
NEePEeXOIUT Yepe3 MHUMYIO ocb. O0acTh, coaepskaias HauOoJIbIIee YUCIIO JIEBBIX KOPHEH
HA3bIBAETCS MPETEHICHTOM Ha YCTOMUYMBYIO 00iacThb. [ ycTaHOBIEHUS MpaBuia, Ompe-
JEJSIFOIIEro 00JacTh MPETEHIEHT, pACCMOTPUM IpumMep mipu N =1.

[onaras ~ D(p,ky)=p+ky =0, momyunm Kky=-p mu, cregosarenbHo,
ky(Jjo) =—]jo, X(®) =0, Y(®) =—w. Tem cambim rogorpad ky(jeo) npoxoaur no muu-

MOM OCH U PasacisieT KOMIJICKCHYIO IIJIIOCKOCTh Ha JIBEC obnactu. U3 XapaKTCPUCTHUUCCKO-

ro ypaBHEHHs CJIEAYeT, 4TO cucreMa ycroiumsa npu ky >0, T.e. npu X(w)>0. Ecnu
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HAHECTHU IITPUXOBKY Ha KpuBOi D — pasOuenust Ky (jw) cnesa npu usmeHeHnn @ ot —oo

70 +00, TO 007acTh YCTOMYMBOCTH OyJIET Ha CTOPOHE IITPUXOBKU. TeM caMbIM B TaHHOM
00JacTU HaMOOJIbIIEE YHCIO YCTOWYUBBIX KOpHEW (OAWH €AMHCTBEHHBIM KOpeHb). [Ipu
nepexo/ie U3 MpaBoi MOJIYIIIOCKOCTH (CO CTOPOHBI IITPUXOBKH) B JIEBYIO MOIYIJIOCKOCTh
OJINH KOPEHb CTAaHOBUTCSI HEYCTOWYMBBIM U HA000pOT. JlaHHBIE CBOICTBA TAK)KE CIPaBe-
JIUBBL 151 N> 2.

B o0mem cinyyae g cucteMsl N-ro MOpsiiKa, €CIM CyMMapHOE YHUCIIO MEPEX0/I0B
KOpHEH mpu mepexoaax M3 00JIacTU ¢ HAaMMEHBUIUM YHCIIOM KOpHEHW B 00JIacTh C HaW-
OO0JIBIIMM YHCIIOM PaBHO N, TO 00JacTh MPETEHEHT OyIeT 00JacTbi0 YCTOWYUBOCTH.

Ecnu yncno takux nepexoioB MEHbIIE N, TO HAWJAEHHYIO 00JIacTh MPETEHICHT He-
00XOAMMO TPOBEPUTH HA YCTOWYMBOCTH JJis JIIOOOT0 (DMKCUPOBAHHOTO BEILIECTBEHHOIO
3Ha4YeHUs1 K03 (DUITMEHTA YCUTICHUS U3 TaHHOW 00JIaCTH C TOMOIIbIO KAKOTO-HUOYAb KpH-
TEpUsl yCTOMYUBOCTH.

IIpu 5TOM Kak 4acTHBIM ciay4yail BEIIECTBEHHAs IMOJyOCh SIBISETCS O0JIACThIO yC-

TOMYMBOCTH 10 KOA(D(HULIHEHTY ky.

[TocTpoenue obmacTh yCTOMYMBOCTH 1O KOAP(DULIMEHTY YCUICHUS ky meroqoM [ -

pazoueHus: MoxxkHo poBoaAuTh B cucteme MATLAB ¢ momMomnisio ¢hyHKIIMU nyquist as

OIIEPaTOPHOro BbIpaXeHUs Koodduumenta ycunenus Ky(p). C onucannem QyHKUHH

nyquist, a Takke Ipyrux GyHKIHUN UCTIONB3YEMBIX HIXKE, MOKHO 03HakomuTcs B [10-12]

WJIM C MIOMOIIBI0 KOMaHAsl help, Hanpumep:
>> help nyquist

[TocTpoenue kpuBoi J[-pazdorenus mo ko3PPUUUEHTY YCUTIEHUS ky paccMOTpUM Ha

npuMepe nepeaaToyHor PyHKIIUU pa30MKHYTON CHUCTEMBI CXeMbl A, paCCMOTPEHHOMN BBI-

1.
Kpas (T1p +1)
(Top+D)(T p+D)(Tyr P+ (TP +1)°
e Ky =KpuKykoykekgkye, T =0,4c, T, =004c, T, =02c; T, =0,96c,

My TN IB T
T, =0,38c¢.

Wpa3( p) =

nporopiyoHanes K, , To Haiinem cHavaia

ITockosbky 31ech K0dahdULUHEHT Ky,

y 1
00J1acTh YCTOMYMBOCTH 1O KOIPHUITUEHTY kpa3.
U3 ypasrenus 1+W,,,(p) =0 nomyunm Beipakenue st koddduuuenta Ky, B

OIepaTOPHOM BHJIE
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(TB p +1)(Tk p +1)(TBF p +1)(T):[B p +1)
Tip+1 '

kpas(p) =

JUIsE IPUHATHIX [MapaMeTpPOB MOCTpOeHUEe KpuBOMl Jl-pa30MeHHs] OCyIIECTBISETCS C

IMIOMOIIbKO KOMAaHAHBIX CTPOK:

>> Kpas=-tf([0.04 1],[0.4 11)*tf([0.2 1],[1])*tf([0.96 1],[1])*tf(C[0.38 11,[1])
>> nyquist(Kpas)

B pe3ynbTaTe BBINOJHEHHSI HA YKPAaHE OTKPOETCS OKHO puc. 15,a, HA KOTOPOM IIO-
cTpoeHa kpuBas /| — pa3buenus B ykpynHeHHOM Buje. CTpenku Ha rpaduke yKa3blBaroT
HaIlpaBJIEHUE NPU U3MEHEHUH YACTOTHI @ OT —00 JO +0.

Jlji1 yTOUHEHUsI TIOBEJIEHUSI KPUBOI B OKPECTHOCTH Hayaia KOOpAUHAT HEOOXOAUMO
Ha)kaTh Ha MaHEeIM KHONKY YBEJIMYEHUs MaclliTada ¥ ¢ IOMOIIBIO JI€BOW KJIABUIIHM MBIIIN
BBIJIEJIUTH 00JIACTh B OKPECTHOCTH Hadajla KOOPAMHAT HECKOJIBKO pa3 10 TEX MOP, TOKa HE

Oyzer BuzHa TOuKa K5 (0) =—1 (puc.15,0).

C noMonibto rpa@uuecKux CpeaCTB MaHEIU yINPaBICHUs OCTPOCHHBIN IpaduK puc.
15,6 MOXHO OTpeIaKTUPOBATH (3alaTh HYXKHBIA BHJI, BHECTH OO0O3HAYCHUs, HAHECTHU
IITPUXOBKY JUISL BBIJICICHHUS OOJIACTH MPETCHCHTa Ha yCTOWYMBOCTD). [l aTOr0 Ha ma-
HEIIM UHCTPYMEHTOB Figure, HampuMep, MoCIeI0BaTeIbHO BEIOPATh:

Edit — Figure Properties — Style — Color — White.

C nmoMouIpI0 MbIIM PACTSIHYTh rpauK, OTPEAAKTUPOBATh I'paUK U 3aTEM Ha MaHe-
JIM UHCTPYMEHTOB Figure BeIOpaTh:

Edit — Copy Figure.

OtkpeiTh MOKyMeHT WOrd u BCTaBUTh IpadyK ¢ MOMOIIBI0 KHOMKU HA MaHEIH WH-

CTPYMEHTOB.
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N3 yrounenHoro rpaduka puc. 15,6 cinemyer, yTo 00JacTh MPETEHASHT HA yCTOM-

YUBOCTh 3aMKHYTOW CUCTEMBI ONPEAEIISIETCS HEPABEHCTBOM —1 < kpa3 < 35,376, 4TO COB-

MAaJAET C PE3YJAbTATOM, IOJYUYEHHBIM ¢ ITOMOLIBIO Kputepus ['ypeuna. [Iposepum ycrou-

YUBOCTh JIAaHHOW 00JIACTH, HApUMEp MPH kpa3 =1, no xapakTepUCTUYECKOMY MOJIHMHOMY

3aMKHYTOM CHUCTEMBI
D(p) = (T p+1)(T P +1) (T P +1)(Tys P +1) + Koy (T +1)

¢ moMoIbio Kputepus Muxainosa. st aToro moctpoum roporpad MuxaiiinoBa ¢ momo-
K0 KOMAH/IHBIX CTPOK
>> D=tf([0.04 1],[1])*tf([0.2 1],[1])*tf([0.96 1],[1])*tf([0.38 1],[1])...

+tf([0.4 1],[1D)
>> [u,v,w]=nyquist(D, {1e-8,100}) ;plot(squeeze(u),squeeze(v));grid

B pe3ynbTaTe BBINOJHEHHSI HA SKPAaHE OTKPOETCS OKHO puc. 16,a, Ha KOTOpOM IIO-
cTpoeH rojorpad MuxaiiioBa B YKPYMHEHHOM BHJC. AHAJIOTHYHO TPEABIAYIIEMY Ha
puc.16,6 B yBenTU4eHHOM MaciTade moixy4deH rpaduk B OKPECTHOCTH Haudajaa KOOPIAWHAT,

rae BugHa touka D(0)=2.
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N3 puc.16,a, puc.16,6 cnenyet, yto Bua rogorpada MuxaiiioBa COOTBETCTBYET yC-

TOMYMBOW 3AMKHYTOM CUCTEMBI IIpU kpas =1. Tem cambIM 3aMKHYyTasi CUCTEMA YCTOMYUBA

mpu —1< kpa3 < 35,3756. OTCr0/1a MOXHO OIpPEIETUTh 00J1aCTh YCTOMYMBOCTHU MO KO3(-

(UIUEHTY yCUIICHHUS ky , KOTOpasi JOJKHA COBIAJATh C aHAJIOTUYHOM 00JIaCThIO YCTONYH-

BOCTH, MMOCTPOEHHOM C MOMOIIIBIO MOAUDUITUPOBAaHHOTO KpuTepus ['ypBuiia.

3.6 IlocTpoenne JIAX u JI®X pa3oMKHYTOH CHCTEMBbI U OIIpe/ie/IecHUE 3a11aCOB
YCTOMYMBOCTH 3AMKHYTOM CHCTEMbI

[Toctpoenue JIAX u JI®X pazoMKHYTOW CHUCTEMBI MOKHO IMPOBOJHWTH PYYHBIM U
MAaITUHHBIM CIIOCOOOM.

JUisi Mcronb30BaHUST PYYHOTo crocoba moctpoeHus acumnroruyeckorn JIAX wu
JI®X HeobOxomuMmo, 4TOOBI MCXOJHAs NepenarodyHas (QyHKIMs Oblia MNpeacTaBieHa B
CTaHJIapTHOM BHJE, T.€. B BHJIE MPOM3BEICHHUS TUIOBBIX 3BeHbEB. [Ipum HEoOXomMMOCTH
NpUBEICHNE K CTaHIAPTHOMY BHUAY MPOU3BOJIBHOM MepeaaToyHON (YHKIIMH MOXKHO IPO-

BOJUTH C moMoIbio pyukmuu zpk. Hampumep, nis nepenatoqnon GyHKIHH
3 p2 +6p+2
200p° +10p? +3p

Wpa3( p) =

IIPpH BBIIIOJIHCHUHA KOMaHHHOﬁ CTPOKH
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>> w=tf([3 6 2],[200 10 3 01),wl=zpk(W)

Transfer function:
3 SA2 + 6 s + 2

200 sA3 + 10 sA2 + 3 s

Zero/pole/gain:
0.015 (s+1.577) (s+0.4226)

s (sA2 + 0.05s + 0.015)
HNCXOJHAas1 nepez[aTquaﬂ CI)YHKLII/ISI HpeI[CTaBJ'IeHa B BUJIC Ze ro/po'l e/gai n, T.C. B BUIC HpO—

M3BEJICHUS] TUIIOBBIX 3BEHBEB, Y KOTOPBIX CBOOOJHBIE WIECHBI OTJIMYHBI OT €AUHMIBI. [y
NpUBEICHUS NepeJaTOyHOW (DYHKUMU K CTaHIapTHOMY BHJY HEOOXOAMMO CBOOOJHBIE
YJIEHBI BBIHECTH 3@ CKOOKH.

Pyunoii cnoco6 moctpoenusi acumnrtoruyeckord JIAX u JIOX nmo mepegaToyHoit
(YyHKIHMH Pa30MKHYTOM CUCTEMBI MPOBOJIUTCA B CIEAYIOIIEH MOCIEA0BATEIbHOCTH:

¢ HCXOOHad IICpcaarodHas (bYHKI_[I/IH NpCaACTaBLACTCA B CTAHAAPTHOM BHAC!

m(p) _ kpa3 (Ts+1P+1)- '(Ts+q p +1)(Tr2+1 p2 +281P +1)"'(Tr2+h p2 +2&,hP+1)

W (p) = 2 =
PR d(p)  pY(Mp+D) (T p+ DT P2 + 2801 +1)- (T3 P2 + 28 P +1)

rae kpa3 — K03 PHUIUEHT yCHIICHUS Pa30MKHYTOM cucTeMbl; S=K+1, r =S+( ; mopsmok
[IOJIMHOMA YUCIUTENST M HE IPEBBILIACT MOPSAIKAa 3HAMEHATENsT N, 4YTO COOTBETCTBYET
(U3UYECKHU peai3yeMbIM CUCTEMAM;

e omnpeneisiercs 3naueHue 2019K,;;

® OIpEENIOTCs compAraromue yactTotsl @ =1/T;, Beruncisitorest 19 ;

e cTpouTcsa acumnToTudeckas JIAX:

yepes Touky 2019 kpas IIPOBOJIUTCS CJIeBa HaIpaBo npsimMast ¢ HakiioHoM —20v ab/nek

110 TIEPBOM CJIEBA COIPATAIOLIEH YacTOThI, T1€ V — YUCIO0 UHTErPUPYIOLINUX 3BEHLEB B II€-
penaroudoit pyHkuuu (ecnu V=0, To npsiMas TPOBOJAUTCS MAPAJIIEIBHO OCH YacTOT; €C-
JIM BMECTO UHTETPUPYIOIINX 3BEHbEB MPUCYTCTBYIOT 4 AU EPEHITUPYIONINX 3BEHBEB, TO
CJIeyeT NPUHSTH V = —4/ W HAKJIOH aCUMIITOTHI OYJIET MOJIOKUTEITHHBIM);

B conpsratoieit yacrore JIAX TepnuT u3ioM OTHOCUTENBHO MPEIbIAYIIET0 Y4acTKa
Ha +20 nb/nex nmm +40 nb/nex. Ecnu compsraromeit 4acToTe COOTBETCTBYET 3BEHO Tep-

BOro mopsiika, To u3noMm cocrasiser 20ab/mek, mist 3BeHa BToporo mopsiika (¢ KOM-
MJIEKCHO-COTPSKEHHBIMU KOpHAMHU) cooTBeTcTBeHHO 40nb/nek. 3nak "+" cooTBeTCTBYET
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3BEHBSIM, PACIOJIOKEHHBIX B YUCIHTENE, a 3HaK "—" B 3HaMeHaTese nepeaaTouyHor QyHK-
ITHH;

Jlajiee MPOBOJUTCS MpsiMasi 40 CIEIYIOIIEH CONPATarolIed 4acToThl, B KOTopoil JIAX
TEPIUT U3JI0M aHAJIOTUYHO NPEABIAYIIEMY;

B oOsactu BbIcOKHX 4YacToT JIAX yxoaur B OECKOHEYHOCTh C HAKIOHOM
20(m—n) nb/nek, rme M — MOPSAIOK YHUCIUTENSA, N — MOPSIOK 3HAMEHATENsI MepeaaTod-
HOU (PyHKIIHU.

e crpourcs JI®X B Buae cymmel JIOX TUNOBBIX 3BEHBEB, BXOAALIUX B IEPEIATOYHYIO
(bYHKIHIO, TIPH 3TOM B 00yacTH HU3KUX 4yacToT JI®X HaumHaeTcs co 3HaueHus —Vr /2
pan, a B obmactu Beicokux 4acToT JIOX crpemutcs k 3Hadenuro (M—n)z /2 pan.

[Ipu pyunom cniocobe noctpoenust JIAX u JI®X crenyer ucnoiab30BaTh MacmTao:
o ocu opauHat 20 1b - 40 mm m | rpax - | MM; mo ocu gactot 1 mek - 100 mm. Ilpu mo-
ctpoennu JI®X Bocnonp3oBarhes madaonamu JIOX anepuoanyeckoro u KojaedaTeIbHOTO
3BeHa C 3aJIaHHBIM KO3(D(QUIIMEHTOM 3aTyXaHHs, IIOCTPOSHHBIX ¢ TIOMOIIbI0 Tabmui [1] u
BBIPE3aHHBIX U3 BaTMAHa.

[Ipn mammHHOM croco0e MHoCcTpoeHus ¢ ucnonb3oBanuem cucremsl MATLAB
ctpoutcs TouHas JIAX, Ha KoTOpyro cienyeT HaHecTd rpaduk acumnrorudeckoit JIAX,
KOTOpasi B JAJbHEHIIEM HCIIOJIB3YETCs U1 CHUHTE3a IIOCIIENOBATEIIBHOTO KOPPEKTH-
PYIOLIETO YCTPOMCTRA.

Paccmorpum MammHHBIN cnioco6 nmoctpoenue JIAX u JIOX ¢ moMouipo cuCTeMbl
MATLAB nns paccMOTpeHHOI BbIlI€ MEpeaTOYHON (PYHKIIMU Pa30MKHYTOW CHUCTEMBI
CXEMBI A:

kp33 (lip+1)
(TB P +1)(Tk P +1)(TBF P +1)(TI[B p+1) |
JUIsL TIPUHATBIX [MapamMeTpoB K., =795,5; Ty =0,4; T,=0,04; T =0,2; T, =0,96;
T =0,38.

vaas(p)::

Bocnonb3yemcst BcriomoraTeabHOM MporpaMMOid, cocTaBiieHHOM B SCript-daite:

% nepepaTovyHas QYHKUMA PA3OMKHYTOW CUCTEMbI
wpas=75.5*tf([0.4 1],[0.04 1])*tf([1],[0.2 1])*tf([1],[0.96 1])*tf([1],[0.38 1]);
% conpsarawowmMe 4acToTbl
omega=[0.1 1/0.96 1/0.4 1/0.38 1/0.2 1/0.04 1/0.001];
% nocTpoeHue JIAX U JidX, 3anacoB YCTOMYMBOCTWU MO amnauTtyae u dase
margin(wWpas); grid on; figure

% NOCTpOeHWe acuMmnToTuyeckas JIAX B 3ajaHHOM obnacTu 4acToT NO nepesaToyHOM (yHKUUU
L1=20%10g10(75.5);L2=20*10910(75.5) ;L3=L2-20%10910(0.96/0.4);
L4=L3;L5=L4-20%10910(0.38/0.2);L6=L5-40%10910(0.2/0.04);L7=L6-60*10910(0.04/0.001);
L=[L1 L2 L3 L4 L5 L6 L7]; semilogx(omega,L); grid on; hold on

% To4dHasa JIAX AnA CpaBHEHUA
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20*10g10(squeeze(Lg)); semilogx(w,Lgl,'--")
Bode Diagram
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L
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L

Freguency (radfzec)
Puc. 17

bode(wpas,{0.1,1000});Lgl

[Lg,f,w]

HpHBCZIGHHBIﬁ TCKCT IMPOrpaMMbl MOKHO CKOIIMPOBATb U BCTABUTH B pa6oqee I10JIC

, KOTOPOC OTKPBIBACTCA IIPH HAXKATHUH JICBOW BCPXHC

m-file

3aTeM BBIIOTHHTD MPOrPAMMy HAXKaTHEM KHOIIKH co cTpenkoif ¥ (Run) Ha maHenn uHCT-

pymentoB m-file. [Ipu 3ToM BhIUUCIIEHHBIE TIepeMeHHBIE B SCript-daiine sBISIOTCS TII0-
OalbHBIMM U JOCTYIIHBI B JII0OOM pyroM Script-gaiire, a Takke B cpene MATLAB.

Ecnu nporpammy odopmuts B Buge M-daiina ¢ momotbio oneparopa function, To

nepeMeHHbIe OyAyT JIOKAJIbHBIMU B MIpeeiax JaHHOro m-ga

B pesynbraTe BBINONMHEHUS OMYyYuM TpaduKu MpeIcTaBiIeHHbIe Ha puc. 17, puc.18.

-} Figure Mo. 1
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()

(V)

HUKBUCTA OJId YCTOIZQHBOCTH 3aMKHYTON OTPHULIATCIIBHOU

(V)

CornacHo xputepuro Ha

(V)

(V)

(v

CAUHUYHOMU O

OpaTHOM CBS3BI0 (PU3UYECKU PEATU3yEMO

H Pa3OMKHYTOMU CUCTEMEI C IICpCaa-

9

a3 (P), HEOOXOMMMO U TOCTATOYHO

uroObr AOUX W, (jo) oxsa-

T04HOM QyHKumen W,

-1, jO) c yuerom 3Haka B cymme M/ 2 pas, rjae M— 4YuciIo IpaBbIX KOp-

ThIBaJla TOUKY (

0. Ilpu sTom cie-

d(p) =

AyeT CUUTaTh, YTO MPHU HAJTMYUHU V HYJICBBIX KOpHEH ypaBHeHus d(p)

HEH XapaKTCPUCTUICCKOI'O YPABHCHUS PA3OMKHYTOHW CUCTCMbI

0 xapakTepucTu-

OECKOHEYHO OOJIBIIIOTO paguyca ¢ pacTBOPOM

0 nmomomHsieTCS IYTO

ka W(jow) npu @

17}

yriaa —Vz /2

1 mostyocu ¢ 6ECKOHEYHO

(v

, T.€. HAUMHAETCA Ha BEIIECTBEHHOMW MOJIOKUTEIBHO
Oonpiioro 3HaueHus. [100KUTENbHBIA OXBAT COOTBETCTBYET MOBOPOTY paguyc-BEKTOpa

otHocuTeNbHO Touku (—1, jO) Ha yroy1 27 mMpOTUB 4acOBOM CTPEIIKH (TI0 YaCOBOM CTPEJIKE

(V)

(V)

). [IpuHATHIE 3HAKU TTOBOPOTA PaINyC-BEKTOPA OOBICHIIOTCS TEM,
YTO YIVIy ¢, OTJIO)KEHHOMY OT BEILIECTBEHHOM IOJIOKUTEIBHOU II0JYyOCH, B IIEPBOM KBa/JI-

(V)

— OTPHUIIATETHHBIN OXBaT
pante cooTBeTcTBYeT SiNg >0 U, ciuemoBaTenbHO, @ >0, a B YETBEPTOM KBaJpaHTE

sing <0 wu, cnenoBarenbho, ¢ < 0.
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HOI[C‘-ICT OXBAaTOB y,HO6HO IMPOBOJUTL C IMOMOLIBIO ITPpaBUJIA HBIHKI/IHa, COrjiaCHO

KOTOpOMY cyMMa oxBaToB Touku (—1, jO) paBHa cymMMe mepexo/IoB ¢ y4eTOM 3HaKa Bellle-
CTBEHHOM 1osiyocu (—oo, —1) B COOTBETCTBUU C pHC. 19, HA KOTOPOM MOKa3aHbI BO3MOXK-

HbIE CITydau MepPEeXo0B BellecTBeHHOM momyocu (—oo, —1). Eciim ADUX WpaS( Jw) xaca-

eTcs BEIIeCTBEHHOU moyocu (—oo, —1), To 3TO 3KBUBAJIEHTHO TOMY, YTO OHA COBEPIIAET

JIBa MOJIyIIEpexo/ia ¢ 0OpaTHBIMU 3HaKaMH, B CYMME PaBHbBIX HYJIIO.

Ipu npoxoxnennn AGUX W, (jw) uepes touky (-1, jO) samxuyras cucrema

HMMEET TMapy YUCTO MHUMBIX KOpHEH. ITO CIEIYET U3 yCII0-

A
Im BISL Wiy, (jw) = —1, KOTOPOMY COOTBETCTBYET ypaBHEHHE
& 1”21 1 Tlﬂ’r 5
. o : :
J'Hﬂ e 1+ W, (j) =1+ :803;: 5((;“’)):0,
@ @

Fuc. 15
rac XapakKTCpUuCTHYCCKOC YPAaBHCHHC BaMKHYTOﬁ CHUCTCMBI

D( jw) =0 umeer napy MHUMBIX KOPHEH P =+ J®y, TIPU HEKOTOPOM 3HAYCHUH (O, .

Jlorapudmuyeckuii ananor kpurepusi HalikBucTa ycTaHaBIMBAaETCs C YYETOM CBSI3H

AQYX u JIAX n JIOX nepenarounoin dynkuun Wp,,(p). Kpurepuit ycroiunsocru

bopMynupyeTcst CIeayoIM 00pa3oM: 01 YCMOuYU8OCMU 3AMKHYMOU CUCEMbl He00-
X00UMO U 00CMamo4Ho, 4mobwvl 6 obracmu 4acmom @, COOMEEMCMEYIOUUX NOJIOHCU-
menvhvim  snavenusim L(w)=201g|W(jw)|, cymma nepexooos JIDPX wuepez nunuu
—m+27K, k=0,1,2,... ¢ yuemom 3naxoe (nonoxicumenvuviti — CHU3y 66€pX, OMPUYAMelb-
HbIMU — C8epXYy 6HU3 U M.0.) pasHsiacs M/ 2, 20e M — uucno npasvix KOpHel xapaxkmepu-
cmuuecko2o ypasnenus pazomxknymoiu cucmemot d(p)=0.

[Tepeceuenune JIOX muuuit —7 + 27K, kK =0,1,2,... COOTBETCTBYET TOYKAM, IIPHHA/I-
JeKAIIMM BeriecTBeHHoH moiyocu (—oo, 0) miockoct ADOUX. B OoNbIIMHCTBE CITydYacs,
B TOM 4ucie Ayl paccMarpuBaemMbix cxem CAY, JI®X mepecekaeT TOJBKO OJHY JIMHUIO
—7T.

Ha puc. 17 npencraBnenst Tounbie JIAX n JIOX ¢ yka3aHHBIMA 3HAYECHHUSIMU 3aria-
coB ycrtoruuBocTth 1o amiuiuryae: Gm=-6,58dB (mpu uacrore 12,7 pan/c) u (dase
Pm = -16,4 rpax (ipu gacrote 18 pan/c).

Ha puc. 18 npencrasnena acumnrornueckas JIAX (u Tounast JIAX ajist cpaBHeHHs ),
KOTOpasi MOKET ObITh UCIIOJIb30BaHa B JAJbHEHIIIEM JIJI1 CUHTE3a MOCIEA0BaTENbHON KOp-

PEeKITUH.
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I'paduku puc. 17, puc. 18 cneayer npeactaBisth B HanOousbleM Mmaciurade (pac-

TAHYTh U OTPEJAKTUPOBATH IPa(PUK aHATOTMYHO MPEIBIIYIIEMY) U BCTABIATh B TEKCT J0-
kymeHTa Word, BeiOupas mapaMeTpsl JaHHOH CTpaHHIlbI ""aibOOMHas".

B cootBeTcTBHM C norapudMudecKkuM aHanoroM kpurepus HaiikBucra 3amMkHyTas

cucTemMa HeyctonumBa. /(s ycToiunBoil 3aMKHYTOI cucTeMbl 3HaueHuss Gm, Pm m1ommk-

HBI OBITh ITOJIOKUTCILHBIMU.

Kpurraeckuii Ko3QpOUIMEHT YCUIECHUS Pa30MKHYTONH CHCTEMBI K P | pH KOTOpOM

paz>
3aMKHYTasi CHUCTEMa C OTPUIATENIbHON €IMHUYHONW OOpaTHOW CBSI3bI0 HAXOJIWTCS HA Tpa-

HUILIE YCTOMYUBOCTH, OIIPEAENSAETCA COINIACHO KpuTeputo HallkBucra u3 ycioBus

KpasM(joep)
d(jorg)

Wpas(kpasf Ja)Kp) =

mpu 9TOM Kby = Koas ! [Wias (Kpass Joy,) |-

3HaYCHUE KPUTHUUECKOU YACTOTHI @)

p MOKHO HaiiTu ¢ nomoibio JIOX u3 ycnoBus

Ppas (Wp) = —180rpax, npu 5ToM I KPHTHYECKOrO KOOPOUIMEHT YCUICHUS kp£3 BbI-

MIOJIHSIETCSI PABEHCTBO Lpa3(kpa3,a)Kp) =20Ig |W (kpa3, Jog) =0, uro Moxer ObiTh HC-

MOJIb30BAHO MPHU TpaPUIeCcKOM OIpeaeTIeHUN kp§3 o JIAX u JI®X.

JUiss  MUHUManbHO-(A30BbIX  MEPENATOYHBIX  (DYHKIIMMA Wpa3( p) ycioBue
Woas (Kpass J&p) =—1 coorBercTByeT rpaHuie KonebaTebHON yCTONIHBOCTH.

Hns puc. 14 nmpu yTOYHEHHOM 3HAYCHHUU =12,6518 pan/c BBIUMCIICHUE kpa3

OCYUIECTBIISIETCS C TIOMOIIBI0 KOMaHIHOU CTPOKHU
>> Kpas=75.5;Kkp=Kpas/abs(freqresp(wpas,[12.6518]))

B pesynbrate momyuum 3HaueHue kkp =35.3756 paBHOE 3HAUCHUIO, HAWJEHHOMY C ITOMO-
mpt0 Metoaa D — pazouenusi.

JIJIst IpOBEPKM TTPaBUIIBHOCTH TIOJYYEHHOTO pe3yJibTaTa MOXHO TakK)Ke IMOCTPOUTH
rogorpadbl ABMKCHUS KOPHEH XapaKTEPUCTUYECKOTO YPABHEHUS 3aMKHYTOW CHCTEMBI

Py U3MEHEHUW KO3(DQUIMEHTa YCHUJICHHS Pa30MKHYTOH cucTteMbl K C IIOMOIIBIO

pa3

KOMaHIHOMU CTPOKH
>> WKpas=Wpas/Kpas; rlocus(wWKpas);
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Pe3ynbTaT BhIUMCIEHHH TpencTaBieH Ha puc. 19. C moMomipio J1€BOM KIIABHILH
MBI OTMETUTh TOYKY IEpeceueHuss OJHON W3 BeTBeil rojgorpada ¢ MHHUMON OCBIO
KOMILJIEKCHOM IJIOCKOCTH KOPHEH M He OTMyCKas KJIABHUILY MOABUTATh TOUKY B JIEBYIO U
mpaByio CcTopoHy. Ilpm 5TOM B OTKpBIBIIEMCS OKHE OyAyT YyKa3aHbl 3HAYCHUS

kodpuuunenta ycunenus K,,, U COOTBETCTByIOIMe eMy KopHu (moiroca). Tak,
HampuMep, Ha puc. 19 BUIHO, 4TO TpH KOIPPUITUECHTE kpa3 =34,4 B 3aMKHYTOI cUCTEME
BCE KOpDHM YCTOMYMBBIE K3 HHX OJIHA Napa KOMIUIEKCHO-COINPSDKEHHBIX KOPHEH

P2 =—0,00754 £ j12,5; mpu Ky, > kggs, Koqs =35,6 mapa KOMIUIEKCHO-COTPSKEHHBIX

pas3

KOPHEH CTaHOBHTCS HEYCTOHYMBOM: Py o =0,0655+ j12,7.
Takum obGpasom, npu Kp,, = k;% 3aMKHYyTasi CHUCTEMa HAaxXOJIUTCA Ha TpaHUIIC

o o Kp o o
KOH€6aT€HBHOI/I YCTONYHUBOCTH H IIpU kpa3 > kpa3 CTaHOBHUTCA HCYCTONYHUBOM.

Brraucints KOpHU XapaKTEPUCTUUECKOTO YPABHEHMS 3aMKHYTOW CUCTEMBI IIPH BbI-

OpaHHOM KO3 (PUIIEHTE YCUIICHUS MOXKHO C TIOMOIIBI0O KOMaHHOW CTPOKHU
>> Kkp=35.3756; p=esort(tzero(l+kKkp*wpas/Kpas))

=

Root Locus

SD I I I T T
System: WHpas

Gain: 34 .4

Pole: -0.00734 + 125
Damping: 0.000&04
Orwershoot (%61 99.5
Frequency (radfzec) 125

System: WKpas

Gairn: 35.6

Pole: 00655 + 12.7i
Damping: -0.00517
Overshoot (%) 102
Frequency (radfzec) 12.7

[P

Imaginary Axis
(o )

0
-Fo -E0 -50 -40 -30 =20 -10
Real Axis

[ T

Puc. 19

B pE3YyJIbTAaTC BBIITOJIHCHUSA KOTOpOﬁ [MoJIy4Yum
p =
-0.0000 +12.65181
-0.0000 -12.65181
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-2.4977
-31.1754

3.7 IlocTpoeHune MepexoAHON XapaKTePUCTUKH 3aMKHYTOM CHCTEMBI

[TocTpoeHue nepexoqHON XapaKTEPUCTUKU 3aMKHYTOM CHUCTEMBI C OTPUIATEIHHON
€AMHUYHON 00paTHOM CBsI3bI0 (TpadUK peaklvyd CUCTEMbl HA €AMHUYHBIA CKAYOK IIPU HY-

JIEBBIX HAYaJIbHBIX YCJOBHSX) C MEepeAaTOYHON (PyHKIMEH Wpa3(p) OCYLIECTBIISIETCS 10

bopmyiie

h(t) = L~ Whas (P) 1

1+ W, (P) P

KOTOpas BEITHUCIIACTCA C IIOMOIIBIO KOMaHIIHOﬁ CTPOKH
>> Ws=feedback(wWpas,1); step(ws);grid

JI1s1 pacCMOTPEHHOr0 MpUMeEpa MEPEXOAHON mpolecc npuBeAeH Ha puc. 20, U3 Ko-

TOPOTO CIEAYET HEYCTOHIMBOCT 3aMKHYTON CUCTEMBI IIPH Kp,, = 75,5, 4T0 moATBepKAa-

CT IIPCABLLAYIINEC PC3YJIbTATHI U YKA3bIBACT HA HGO6XOI[I/IMOCTI> CHUHTC3a KOPPCKTHUPYIOLICTO

YCTPOMCTBA.

=
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Puc. 20

[Ipu penaktupoBaHuu TrpadUKOB MEPEXOAHBIX IMPOLIECCOB HEOOXOAMMO YKa3aTh
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0003HaUYeHNE IEPEMEHHON 1 €€ pa3MEepHOCTb [0 OCH OPJIUHAT.

3.8 Cunre3 nocJienoBareJbHON Koppekuuu ¢ nomombio JIAX n JI®X

CuHTe3 mociie1oBaTeIbHON KoppeKuun ¢ nepexpatounoi ¢pynkueir Wy (p) mposo-

JUTCSL TIO0 3aJIaHHOM TepelaToYHOW (DYHKIMH PA30MKHYTON HECKOPPEKTHPOBAHHOM CHC-

TCEMbI

kpa3mH( p)

WH(p) E\Npas(p): dH(p)

C BBI6paHHI>IM KOB(l)(bI/I]_II/ICHTOM YCWICHUA JJICKTPOHHOI'O YCHUIIUTCIIA, H JKeJIaeMou Iepe-

JATOYHON (YHKUMU PA30MKHYTON CUCTEMBI
kpa3 M % (p)

W (p) = d(p)

IIpu sTOoM Tpebyemas nepenaroyHas (GyHKIUS TOCIEI0BATEIILHON KOPPEKIIMHU OIl-
penensiercs o popmyne We (p) =W, (p)/W; (p).
[Ipu wucnonb3oBaHuu JorapuMUYECKUX YACTOTHBIX Xapaktepuctuk 1o JIAX

Ly (w) =201g|WH (jw)| m Ly (w) naxomutcs JIAX mocnenoBaTeNbHON KOPPEKIHH

Ly (@) = Lyx (w) — Ly (w), mo xoTopod BOCCTaHABIMBAETCS TNepenaTodHas (QyHKIus

Wi (p).

Bri6op sxenaemoii nepenarouHoit GpyHkuuu Wy (p) wmm noctpoenue Ly (w) ocy-

mMECTBIACTCA B COOTBECTCTBUM C 3aJaHHBIMHU ITOKA3aTCIIIMHU KadyC€CTBaA tp, (o} HCpGXOI[HOﬁ

XapaKTEPUCTUKH 3aMKHYTOW CUCTEMBI

b - -t W () .1},
) {1+W;K(p) p

WY 3aJIaHHBIMHA KOPHSIMU XapaKTEPUCTHICCKOTO YPABHEHUS
D (P) = d g (P) +KpasMyx (P) =0.

Hapsiny ¢ ykazaHHbIM TpeOOBaHMEM 3aMKHYTasi CUCTEMa JOJIKHA ObITh pabOTOCIIO-

COOHOM Mpu JMOOBIX HAYAIbHBIX YCIOBUAX. i onpeneneHus JONOJHUTENbHBIX TpeOoBa-
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HAH K BbIOOPY Wi (p) 3ammmieM mepenaTodHyro (YHKIMIO 3aMKHYTOH CHCTEMBI IO

OIIHOKE:

1
1+ W (pWy (p)

ng(p) =

C yuerom BbeipaxkeHuit Wg(p), Wy (p) mnomyunMm neperaTouHyro (GYHKIHUIO

KOPPEKTUPYIOIIETO YCTPOUCTBA

Wk (P) _ My (p) dyy (P)
Wy (p)  dy(p) my(p)’

Wi (p) =

B KOTOPOH COKPAIIAIOTCS OAMHAKOBBIE MHOKUTEIIM B YHCIUTENIC U 3aMeHarese. [Ipu aTom
y TepenatoyHoil ¢yHKIHM pasoMkHyToH cucteMbl Wy (P)WH (p) He nomyckaercs
COKpAIIlEHUS] OJMHAKOBBIX MHOMKHTCIICH YHCIUTECIA M 3HAMEHATENIs IepeaaTOYHbBIX
¢ynxmuit - Wi (p), Wg(pP) DHOCKONBKY OHHM OTHOCSATCA K pPasHbIM (U3WYECKUM

YCTPOMCTBAM, M HX COKpALIEHUWE PABHOCUIIBHO CHUXEHHUIO ACHCTBUTEIBHOTO OOIIEro
MOpsIIKA YPABHEHHSI PA30MKHYTON CUCTEMBI.

[Ipeanonoxxum, 4TO HET COKpAIICHHN B MEpPeNaToyHOM (YHKIHMH KOPPEKTHUPYIO-

mero ycrpoiictBa Wy (p). Toraa mocie noacTaHOBKH TOTyYHM BBIPaKEHHE

1 _ My (P)dy (P)d % (P)
1+Wy (PWi (p)  MH (P)dp (P 5 (P) +KpasMix (P)]

W,q(P) =

U3 KOTOPOTO CIIEAyeT YpaBHEHUE JIJIsl OIUOKH &
D(p)e =m(p)g,

rae D(p) =1(p)Dx(p), m(p)=1(p)d x(p), I(p)=my(p)dy(p).

Ortcroaa cnenyer, YTo XapaKTEPUCTUUECKOE YPABHEHHUE 3aMKHYTON CUCTEMBI
D(p) =1(p)Dx(p) =0

COJICPXKHUT HE TOJBKO KOPHH XKEJIaeMOr0 XapaKTepUCTHUecKoro nonmmHoma Dy (p), HO u
KopHH noirHOMa |(P), KOTOphIe MOTYT pacrojaraTbCs B OJM3M TPAHUIBI YCTOHYUBOCTH

(71 MUHUMANBHO-(a30BBIX CUCTEM) WU JaKe ObITh HEYCTOWYMBBIMHU (11 HEMUHUMAJIh-

HO-(Da30BBIX CHUCTEM).
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B To e Bpemst peakius cuctembl &(t) Ha THIIOBOE BXOaHOE Bo3aeiicTBue ((t) mpu
HYJICBBIX HAYaJbHBIX YCIOBHSX HE 3aBHCUT OT KOpHEH moauHOMOB |(p), MOCKOIBKY s
n3o0paxenus Jlarmaca £(p) Aomyckaercsi COKpalleHUue OJJMHAKOBBIX MHOXHTeeH |(p) B

YUCIUTENIC U 3HAMEHATeNe MepelaTOYHOM (PYHKIMH, YTO MOXKET CO3/1aTh OOMaHYUBYIO
KapTUHY BBIMOJIHEHHS TPEOYEeMOro KauecTBa.

I[JBI YCTpAaHCHUA OTMCUYCHHOTO HCAOCTAaTKa IMPOBCACM (l)aKTOpI/IBaI_[I/IIO YUCINUTCIIA U

3HameHaTens nepeaatouHsix GyHkuuit Wy (p) u Wi (p), T.€. mpeacTaBum ux B BUE

KpasMz7 (P)My ()
d(p)dz(p)

_ KpasM (P)Mz7 ()
dx (p)dz (p)

Wr (p) = Wi (p)

nn

rae cuMBosbl '+ n 0003HaYarT MOJUHOMBI, KOPHH KOTOPBIX YJOBJIETBOPSAIOT U HE

YAOBJICTBOPAIOT Tpe6y€MI>IM 3aliacaMm YCTOI‘/JI‘-IHBOCTI/I COOTBETCTBEHHO. TeM caMbIM Inepe-

narounas ¢pynkuus W (p) 3amaeTcs He MPOM3BOIBHO, a C YYETOM MOJIMHOMOB My (P),

dy (p) mepenarounoit pyrxumuu Wy (p). B aTom ciryuae momydanm

Wy (p) = W) _ e (P)my (p) dj(P)dr (P) _ My (P)d (P)
Wh(P)  dix(p)dz(p) myz(p)my(p)  dix(p)mi(p)

Torna ¢ yuyeTom nepegaTouyHoON GyHKIIMN PA30OMKHYTOM CUCTEMbI

M (P)d7(p) KpasMrr (P)My (P)
dx(P)mz;(p)  diz(p)dz(p)

Wopas (P) =Wg (P)Wg (P) =

HalieM MepelaTouHyo GYHKIUIO 3aMKHYTOM CHCTEMBI 110 OUTHOKe

1 d3x (P)Mzz (p)d 7 (P)d (p)
1+Wpas (P) - my7 (p)d 77 (P)[d 5 (P)d 17 (P) +KpasMi (PIMy (P)]

ng(p) =

C XapaKTCPUCTUICCKUM YPABHCHUCM

D(p) = Mg (p)d 7 (P)[A3x (P)d 77 (P) +KpasMi (P)Mz ()] =0.
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TockonbKy KopHH TonmuHOMOB My (p), d7; () ABNAIOTCA AOMYCTUMBIMH, TIOTHHO-

MBI d.(p), mz(p) BBIOMPAIOTCS Tax, YTOOBI KOPHH TIOJIMHOMA

d i (p)dg(p)+ kpagm;}(( pP)My (P) yroBIETBOPSUIM TPeOyeMbIM MTOKa3aTeNIsIM KauecTBa.

Takum o6pazom, npu nocrpoeHuu L, (w) HeoOXxoauMo BKIIOYATh B HEE CONpS-
rarollhe YacTOThI, MTOCTOSIHHBIE BPEMEHU KOTOPBIX COOTBETCTBYIOT KOPHSIM IOJIMHOMOB
My (p), dz (p) B pasnoxeHnu nepeaaTouHON QyHKIMHA HA MHOKHTEIH.

[Ipouenypa cuHTE3a KOPPEKTUPYIOUIETO YCTPOKWCTBA COCTOUT M3 CIEAYIOIIMX 3Ta-
IIOB.

1. ITo 3amaHHBIM 3HAYEHUAM MOKA3aTEJNEH KayeCcTBa MEPEXOJHOTO MpoIecca thy, o
PYYHBIM HJIM MaIIMHHBIM criocoboM ctpoutes xenaemas JIAX L. (@), xoropast nzobpa-
kaetcst Ha rpaduke JIAX HecKOppeKTUpOBaHHOW cucTeMbl Ly (@), mocTpoeHHOH 1O Tie-

penatouHoil (yHkuuu pazoMkHyTOoOM CAY ¢ BbIOpaHHBIM KOA(PGUIMEHTOM YCUIICHUS
(puc. 18).

C Metoaukoii moctpoenus xemaemMor JIAX M0okHO 03HaKOMUThCS B [4, ¢.159-162],
13 KOTOPOH CIEAYIOT CIEAYIOIIME PEKOMEHIAINYU €€ TOCTPOCHUS IO IIaram.

a) I[locmpoenue JIAX 6 obnacmu cpeonux uacmom:

L OHpeI[eJ'IHeTCH JKejlacMasd 4aCcToTa Cpe3a I10 3aJaHHBbIM 3HAYCHUAM I10Ka3aTcC-

Ocpoc

neil Ka4ecTBa MePexoJHOro mporuecca ty, ¢ ¢ MOMOIIbI0 H300paXCHHBIX HA pHC. 21 Ho-
morpamM L@y (Pyax / Fy), ¥ 0(Pyax / Ry), tae Pay / Ry BBINOIHAET ponb Benomora-

TeNbHOTO napamerpa ( Ppax ¥ Py — MakcumanpHOE M Ha4aabHOE 3HAYEHUE BEIIECTBEHHON

YaCTOTHOM XapaKTEPUCTHUKHU 3aMKHYTOM cucTeMbl [14, ¢.496]). 3aech 1Mo keaeMoMy Iie-

peperyanpoBaHuio o, % IO CTPEJKe HAXOIUM apryMeHT P / Py u cooTBeTcTBYyIOIIEE
eMy npousBeieHue ty, . OTCroaa 10 3aJaHHOMY 3HAYCHHIO 1) HAXOIUM Wpy -

e [lo monmonuurensHbM HOMOTpaMMaM @3(Prax / Fy) u Ly, Ly (Pyax / Py) ouenuBa-
IOTCSI 3arac yCTOHUMBOCTH 110 (a3e ¢3 U MUHUMAIbHBIC TTOJIOKUTEIbHBIE 3HAUEHHsI Kpae-
BeIX ammumTyn L =Ly (@.), Ly = Lyx(®w,)|, mo koTopsIM ompemenstoTcss TpaHUIbI

CPCAHCHACTOTHOI'O AaIla30Ha.

e Yepes TOUKY @pp, HPOBOAUTCS OTPE30K JIAX ¢ HAKIOHOM —20 nb/nek, y xotoporo
ClIeBA OT (py, 3HAUeHUE Ly (@,) =1Ly, a cnpasa Ly(@;) =—L;. Tem cambim onpenens-

€TCsl CPEAHEYACTOTHBIN JUaNa3oH @, < @ < @), *xenaemont JIAX, rae
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e Jlns oOecriedeHHs TOCTATOYHOIO 3amaca yCTOMYMBOCTH LIMPUHA CPEIHEYACTOTHOTO

JAualria3doHa JOJIXKHa OBITH HE MCHEE ACKAIbl, @ 9aCTOTa CPEC3a pacCIiojiararbCia NpuMCEpHO B

ero cepenuse. JlanpHelee nmocrpoeHue xeaaeMor JIAX B 001aCTH HU3KUX M BBICOKHUX

qacTOT JOJDKHO ITPOBOJAUTCA TAKHUM O6p2130M, YTOOBI AJI1 pC€aJIbHBIX 3aI1aCoOB YCTOIZHHBO—

* * * * * *
cru no ammmryne Ly, Ly, u dase @3 Bemonnamuce ycnosus Ly =Ly, Ly 2Ly, @3 2 @3,

KOTOPBIC 00eCIIeUnBaOT 3aJaHHBIC ITIOKA3aTCIN Kau€CTBa tp y O
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0) llocmpoenue JIAX 6 obaacmu HU3KUX Yacmom:

CormpsiraeTcsi CpeHEYaCTOTHBIH y4acTOK Ly(®) ¢ HHU3KOYAaCTOTHBIM y4acTKOM
L;; (w) HeCKOPPEKTHPOBAaHHON CHCTEMBI C IIOMOIIBIO CONpSTAloONIel 4acT, T.e. OTpe3Ka
IpsIMOIl B MHTEpBase 4acToT @, <w<®, npu Ly (®,)=Ly(®,), HAKIOH KOTOpOrO HE
JOJDKEH OTINYaThesl OT HakIoHa Ly (w) B aTolt obmactn wactoT Gonee, uem Ha 20 wm

+40 nb/nex. ComnpshkeHrne TOPU30HTATBHBIM YIaCTKOM JIJTHHOM 00Jiee TIOJIOBUHBI JEKa bl
HEKeNaTeNbHO, T.K. OHO 3aTSATMBaeT MEepeXxoHON mpouecc. MHoraa st ConpshKeHUus uc-
MoJib3yeTcsl 0oJiee YeM OJIMH OTPE30K, YTO YCIOKHIET CXEMY KOPPEKTHPYIOIIETO YCTPOi-
CTBa.

3HaueHUEe @y HE TOJDKHO OBITh MCHBIIIE 3HAYCHHUS compdararomux 4aCToT XapaKTe-

PUCTHKH LH(C{)), IMIOCTOAHHBIC BPCMCHH KOTOPBIX COOTBCTCTBYIOT KOPHAM IIOJIMHOMOB

My (p), dg(p) B paznoxennn nepexatounort pyHkuuu Wy (P) Ha MHOKHTEIIH.

8) I[locmpoenue JIAX 6 obaacmu vlcoxux uacmom:

[TocTpoeHue BBICOKOYACTOTHOTO y4acTKa Ly (@) mpoBoauTces u3 ycinoBus MOyde-
HUS HauboJIee MPOCTOr0 KOPPEKTUPYIOMIETO yCTpoiicTBa. st 3TOro He0OX0UMO, YTOOBI
BIPABO OT 4acTOTHl @, *enaemas JIAX mmena HaKJIOHBI paBHbIE HakiIoHaM Ly (w) wm
OTJIMYHBIC OT HUX, He Oonee yem Ha +20 wim +40 nb/nek, mpu 3TOM HaKJIOHBI TTOCIICTHUX
Y4acTKOB JIOJDKHBI OBITh PaBHBI HaKIIOHaM Lz ().

2. To Buny xemaemoii JIAX BoccranaBmmBaercs nepenarodnas Gpynkuus W (p),

Y KOTOPOii KO3()ULUCHT YCUICHNS PA3OMKHYTOH CHCTEMbI PaBeH K ,; HECKOPPEKTHPO-

3
BaHHON cucTeMbl. [lociienoBaTeIbHOCTh BOCCTAHOBIICHHS IE€pEIaTOYHON  (DYHKIIUU

W (p) mo acumnrorryeckoid JIAX Ly (@) ocymecTBisieTcss B COOTBETCTBUH C METOIH-

koi moctpoenus JIAX mo ee nmepegaTouHON GYHKIIUN, IPUBEACHHON BBIIIIE.

3. ITo mepenarounoit pyukiuu W (p) crpoutcs JIOX ¢y (w) u onpenenstores
peanbHBIC 3amachkl yCTOWYUBOCTH 10 (pa3e U aMIUIUTY/Ie LI, L; u g0§ (cM. puc. 17).

4. Ecnu LI <l wm L; <Ly, nmm (p; < 3, TO HEOOXOJUMO TIOBTOPUTH IIPOLEAYPY
CHHTE3a TaK, YTOOBI BHINOJIHSIINCH YCIOBHS LI > 1y, L; > Ly, (p; > Q3.

*

*
5. Onpenensiorcst peabHbIe MOKA3aTe/IM KayecTBa ty, ¢ MOMy4YCHHON 3aMKHYTOM

CUCTEMBI C NePEAATOYHON (PYHKIIMEH MO MEePEXOAHON XapaKTEPUCTUKE
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ht) =L WelP) 1
1+We(p) P

*
da TaKXXC BpCMA IICPCXOAHOI0 IIponecca tU CUCTCMBbI IIpU OTpa6OTK€ Ha4daJIbHBIX

OTKJIOHEHHUW U OTCYTCTBHH BXOJHOT'O CUTHAJA.
* *
6. Ecin tp Stp, o <0, TO NPOILECC CUHTE3a 3aKOHYEH; B IPOTUBHOM CJIy4yac He-
00X0MMO MOBTOPUTH MPOLELYPY CUHTE3a TaK, YTOOBI YBEJIMYUTH 3alachl YCTONUNBOCTH
* * *
L, Ly u 3.
7. IlepenaTouHas pyHKUMS NOCIEAOBATEILHON KOPPEKLIUU OMPEAEIISIETCS IO €€ JI0-

rapu(MUIECKOil XapaKTepUCTHKE
L (@) = Ly (@) = Ly (@),

NOCTpoeHHOH Ha rpaduke GyHKIUA Ly (@), Ly (@), nnm ¢ moMomsio BeIpakeHUs

Wx (P)

WK(p):WH(p)'

8. Ilo mHaiineHHOW miepenaToyHOM (YHKIIMU KOPPEKTHPYIOUIETO YCTPONCTBA
COCTABJISIETCS €0 DJIEKTPUYECKas CXeMa, KOTOpas MOKET ObITh peain30BaHa Pa3IuYHbIMU
cnocobamu [14, ¢.104-118]. Haubosiee NpOCTBIM SBISETCS CHOCOO peanu3alii ¢
MTOMOIIBI0 TIOCJIEOBATEILHO COEAUHEHHBIX MAacCUBHBIX W akTuBHBIX RC - meneit. [Ipu
ATOM HCXOJIHasl TMepenaroyHass (YHKIUS KOPPEKUHUH pa3OuBaeTcs Ha IPOU3BEIACHUE
nepeaaToyHbiXx (YHKIUNA TUMOBBIX KOPPEKTUPYIOIIUX II€Te, KOTOpble NpPUBEACHBI B
[Tpunoxenun A (tabmuma I1.1). YkazanHoe pa30OueHue He SBISETCS OJHO3HAYHBIM,
MIOATOMY €T0 CIEAYyET MPOBOAUTH M3 YCIOBHS MPOCTOTHI PEATU3ALNU KOPPEKTUPYIOIIETO
ycTpoiicTBa. [Ipu 3ToM HEOOXOIUMO CTPEMUTHCS K TOMY, UTOOBI pa3HHUIIA B MOCTOSTHHBIX
BPEMEHU YUCIIUTENS M 3HAMEHATEIsl TUTIOBOM KOPPEKTUPYIOIIEH 11enu Obljia HauMEHbBIIIEH,
YTO CHUKAET BIUSHHE IIIYMOB B MEXKACKAIHBIX COCTMHEHUSX.

JI71s1 MCKJTIOYEHHUS B3aMMHOTO BIIMSIHUSI TACCUBHBIX KOPPEKTUPYIOIIUX LENEeH MEXKIY
HUMU YCTaHABIWBAIOTCS OIEPAlMOHHBIC YCWIHTENU C TpeOyeMmbIM Koddduimentom
YCHUJICHUSI WJIK TIOBTOPUTEIIN HAMIPSIKCHUSI.

B kauectBe mpuMepa CHHTE3a MOCIEAO0BATEIBHOIO KOPPEKTUPYIOLIErO YCTPONCTBA

PACCMOTPUM HECKOPPEKTUPOBAHHYIO Pa30MKHYTYIO CHCTEMY C TIepeaaTodHON (PyHKITEH
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kpa3 (Mip+1)
(TB Y +1)(Tk Y +1)(TBF Y +1)(T,ILB p +1) |

Wy (p) =

rIe kpas =75,5; 1 =0,4; T,=0,04; Ty =0,2; T;. =0,96; Ty = 0,38; norapudmuue-
ckas xapakrepuctuka Ly (@) npuBenena Ha puc. 18.

YuuThIBas yCTOHYMBOCTH KOPHEH MOIMHOMOB uuciutess u 3Hamenarens Wy (p),
Gynem monaratk, uto My (p) =Typ+1, dj;(p) =(T,p +1)(T p +1)(T,. P +D)(Tp +1).

Jist 3ajaHHbIX mokasarened kadecta o =30%, t, =1c u3 HoMorpammsl puc. 21
O CTPEJKaM HaXOMuM t,@ey =3,75 U, CIHCNOBATENBHO, hpy =3,757/t, =11,78 wnin
9 epy =1,07. Ilpu o5TOM MHHHMANbHO JIONYCTHMBIC —3aMachl  YCTONYMBOCTH
L =L, =11,716, @3 =37,5 rpan; rpaHuibl CpeJHEUaCTOTHOrO auanasoHa «, < 3,06,
@, >45,31 umu lgw, <0,486, lgw, >1,656.

[Tonaras @, =3,06, @, =45,31pan/c cTpOMM aCUMITOTHYECKYIO Xkenaemyro JIAX
B 00JIaCTH HU3KUX YaCTOT @y < @< @), ¢ HaKIOHOM —4010/1eK IIpU 4acTOTE CONPSIKEHMS

@y =0,7pan/c. B 0061acTi BBICOKMX YacTOT BIPABO OT YacCTOThl @, kenaemyro JIAX mpo-

BOJIMM C HakJoHOM —6010/1ek. B pe3ynbrare moctpoeHus noiayuum xenaemyro JIAX, ko-

TOPOW COOTBETCTBYET IepeaaTouHas QyHKIIUsS

kpa3 (Tep+1)
(T p+D2(T,p+1)%

W (p) =

e T, =, T, =, Ty, =t

* * * * *
Jist mpoBepku BhimonHeHust yenosuit Ly 2Ly, L 2y, o323 u ty,<t,, 0 <o
BOCIIOJIB3YEMCSI BCIIOMOTaTeIbHOM MPOrpaMMoOii, COCTaBIICHHOH B SCript-daiie:

% HecKoppeKTupoBaHHAA pa3OMKHyTasa cucTema
% NepepaTovyHasa GYyHKUUA
wpas=75.5*tf([0.4 1],[0.04 1])*tf([1],[0.2 1])*...
tf([1],[0.96 1]1)*tf([1]1,[0.38 11);
% ConparawoumMe 4acToTbl
omega=[0.1 1/0.96 1/0.4 1/0.38 1/0.2 1/0.04 1/0.001];
% AcumnToTUYeckas JIAX
L1=20*10910(75.5);L2=20%10910(75.5);L3=L2-20%*T10910(0.96/0.4);
L4=L3;L5=L4-20%*10910(0.38/0.2);L6=L5-40*T0g10(0.2/0.04);
L7=L6-60*10910(0.04/0.001);L=[L1 L2 L3 L4 L5 L6 L7];
semilogx(omega,L); hold on



59

% Xenaemasa pasoMKHyTas cucTema
% ConpsaramumMe 4acToTbl
omega=[0.1 0.7 3.06 45.31 1000];
% AcumnTOoTUYecKas JIAX

L1=20%T0g10(75.5);L2=20%*10910(75.5) ;L3=L2-40%10910(3.06/0.7);
L4=L3-20*T10910(45.31/3.06) ;L5=L4-60%10910(1000/45.31);
L=[L1 L2 L3 L4 L5];

semilogx(omega,L,'r'); grid on % KpacHbin uBeT
% MepepatoyHasa GyHKUMSA
wgpas=75.5*tf([1/3.06 1]1,[1/0.7 11)*tf([1],[1/0.7 1])...

*tf([1],[1/45.31 11)*tf([1],[1/45.31 1]);
% TO4YHble JIAX W JidX, 3anachl YCTOMYMBOCTU
figure; margin(wgpas); grid on

% NepexoAHas XapaKTepUCTUKA XeNaeMOn 3aMKHYTOM CUCTEMb
wgs=feedback(wgpas,1); figure; step(wgs);grid on
% NepepaToyHas (YHKUMUSA KOppeKTUpywlWero ycTponcTBa
wk=wgpas/Wpas; zpk(wk)
% YNpouweHne KOppeKkTUpywlero ycTponcTea
% MNepepaToyHas (QYHKUMS YNPOWEHHOrO KOpPpPeKTUpywlero yCTponcTBa
% nocne cokpaweHus B6AM3KUX HyNen U NOMCOB:

% 2.3985 (s+25) (s+5) (s+3.06)(s+1.042)
% WKks ===
% (s+45.31)A2 (s+0.7)A2

wk2=zpk([-25,-5,-3.06,-1.042],[-45.31,-45.31,-0.7,-0.7],2.3985);
% NepexoAHas XapaKTepuCTUKa XenaemMom 3aMKHYTOW CUCTEMbI
wgpas2=wpas*wk2;wgs2=feedback(wgpas2,1); hold on; step(wgs2,'r--');

B pe3ynbrate BBITONHEHUS MPOrpaMMbl CTpoATcs: acumnrornueckue JIAX

HECKOPPEKTUPOBAHHOU M kenaemMoil cuctemsl (puc. 22); Tounble JIAX u JIOX xemnaemont

* *
cucteMsl (puc. 23) ¢ ykazaHHEM 3anacoB ycroiiunoctu Ly =16,8 n16/aek, g3 =53,3rpax;

*
MepeXolHas XapaKTepPHCTUKAa 3aMKHYTOH cHCTeMbl (puc. 24), y koropoit t; =0,45c,

o =19,2 %; JIAX u JI®X KOppeKTHPYIOLIEro YCTPOMCTBA C MepeaaToyHon (yHKIUEH
Wi (p) (puc. 25).

Ha nedats BeIBoAMTCS BhIpakeHue nepenatodnoi GpyHkuuu Wy (p):

>>
Zero/pole/gain:
2.3985 (s+25) (s+5) (s+3.06) (s+2.632) (s+1.042)

(s+45.31)A2 (s+2.5) (s+0.7)A2

[TomyueHHyto nepeaaToyHyro (PyHKIHIO

2,3985 (p +25) (p+5) (p+2,632) (p+3,06)(p+1,042)
(p+45,31)%(p+2,5) (p+0,7)?

Wi (p) =
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MOJKHO YIPOCTHTh, MOCKOJBKY YHCIHATEb M 3HAMEHATEIb COJAEP)KAT OJM3KHE COMHO-
xurenn (pP+2,632) u (p+2,5). BeiHOCs 332 ck0OOKHM CBOOO/IHBIC YJICHBI B COMHOXHTEIISIX,
TIOCJIe COKPAIICHUS MOy YHM:
* 2,5251 (p+25) (p+5) (p+3,06)(p+1,042)
Wi (p) = > 5 :
(p+45,31)°(p+0,7)

Hns cpaBHenusi Ha puc. 25 mnpuBeneHbl JIAX u JI®X KOppEeKTUPYIOLIETO

yCcTpoiicTBa ¢ mepenaTtounbiMu GyHKIIAME Wy (p) n W;é( p) (TyHKTUpHas KpUBasi), KO-
TOpbIE MPAKTUYECKU COBIAAIOT.

Taxke Mg CpaBHEHHs Ha puC. 24 TPUBEICH NEPEXOAHOM IPOLECC 3aMKHYTOU
CUCTEMBI C TEpPEAaTOYHON (YHKIIMEH Pa30OMKHYTOH CHCTEMBI W;K(p) :W;(p)WH(p)
(MyHKTUpHasi KpuBas), KOTOPbIA NPAKTUYECKH HE OTJIMYaeTcs OT Mpouecca ¢
nepenatoynoit pynkuueir Wy (p).

Takum oOpa3oMm, CHHTE3 KOPPEKTHUPYIOIIETO yCTPOWCTBA MO  3aJaHHBIM

IMOKa3aTCJIsIM Ka4C€CTBA BBINIOJIHCH 34 OAHY UTCPALMIO.
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=10l x|

) Figure Mo, 2

Bode Diagram
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=10l x|

) Figure Mo. 4

Bode Diagram
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1 KOppEKLHH

(V)

i pyHKIIHIE

HCTB SaMKHYTOﬁ CUCTCMEI C IICPCAATOYHO

HACM KOPHHU XapaKTCPUCTUUCCKOI'O YPABHCHUA 3aMKHYTOU CUCTCMbI, ITIOCTPOUM

Jlna ananusa cBO

(p) Ha
MEPEXOJHON IIPOHCCC CUCTCMBI IMPHU HAYAJIbHBIX OTKJIIOHCHUAX W OTCYTCTBHUHU BXOJHOT'O

*

Wy

(V)

CUTHaJa ¢ MOMOIIbI0 SCript-chaiina:

HeCKkoppeKTnpoBaHHass pPa3OMKHYyTasa CcucTtema

%

% MepepatoyHasa (yHKUMA

*tf([1],[0.2 1])*...

[0.38 11);
W cucTtembl B NPOCTPAHCTBE COCTOAHUN

75.5*tf([0.4 1],[0.04 1]1)
tf([1],[0.96 1])*tf([1]

wpas

-

“

% MoAenb Pa3soOMKHYTO

ss(wpas);
[a,b,c,d]

%
% MNepeaaToyHas QyHKUMA

sys=

ssdata(sys);

NUCTBO

KoppeKkTupywllee ycTpo

zpk([-25,-5,-3.06,-1.042],[-45.31,-45.31,-0.7,-0.7],2.3985%2.632/2.5);

wk2=

MCTBa B NPOCTPAHCTBE COCTOSHUM

% MoAenb KOppeKTUpyllero ycTpo

ss(wk2);

[ak, bk, ck, dk]

%

sysk

ssdata(sysk);

Mosenb 3aMKHYTOU CUCTEMbI



63
az=[a-b*dk*c b*ck;-bk*c ak];bz=[b*dk;bk];cz=[c ck*0];dz=0;
sysz=ss(az,bz,cz,dz);
eig(az)% onpeaeneHne KOpHeN 3aMKHYTOW CUCTEMbI
% MoCTpoeHUe nepexoAHOro npoilecca Mo HayasibHbiM YCIOBUAM
initial(sysz,[0 0 01 0 0 0 1])

Bpe3yJIBTaTC BBIIIOJIHCHUA IIPOrpaMMBbl BbIYUCIIAKOTCS. KOPHU:

-65.1013 -25.0000 -11.7419 +14.4727i -11.7419 -14.47271 -5.0000
-3.5248 -2.5413 -1.0420

U CTPOUTCSA MEPEXOTHON MPOIECC MO BBIXOLY CUCTEMbI, TPUBEIACHHBIN HA puC. 26.

Bpemst mepexomHOro mporecca MOKHO OIEHUTH 1o ¢opmyne t; ~3/7n, tone n —

HaMEHbIIEE 3HAYEHUE MOZYJA  BEHIECTBEHHOM YaCTH  YCTOMYMBBIX  KOpPHEHU

XapaKTePUCTHUECKOTO ypaBHeHHUs cuctembl [1]. Jlns manHoro ciaywas 77=1,042, uro
COOTBETCTBYET KOPHIO 3BeHa 3HaMmeHarens mnepexatouHoi ¢ynkumn Wy (p) ¢
noctosiHHO#M Bpemenu T,. =0,96. IIpu stom t;; =3/1,042 =2,9¢ cootBercryer puc. 26,
MMOCTPOEHHOTO JIJIi HAaYaJbHBIX OTKJIOHCHWHA B OOBKTE YMPABICHHUS W KOPPEKTHPYIOMIEM
YCTPOMCTBE.

B ciydsae HeoO0XoAMMOCTH yMEHBIIEHUS BpeMeHU t;; cieayeT NpUHATH
dy(p) =T, p+1, dj;(p)=(T,p+1)(Tp +1)(Tz P +1) ¥ mpoBecTH CHHTE3 YIpaBJIEHHS

3aHOBO.

) Figure No. 1 =0 =]
yit), pan/c Responze to Initial Condtions
0.4 T T T

025

0z

Amplitude

015

01

0os

I:I 1 1 1

Time (sec)

Puc. 26
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3.9 DnekTpuyeckasi cxeMa KOPPeKTHPYIOLIEro yCTPOMCTBA

*
[To mepenarounoit pynkunn Wy (P) cocTaBUM DIEKTPUYECKYIO CXEMY KOPPEKTH-

pyroaicro YCTpOﬁCTBa. I[JIH 9TOI0 CHa4daJia IICPCIIMIICM €€ B CTAHAAPTHOM BHUJAC C YUCTOM

HOBBIX 0003HaY€HMI IIOCTOSTHHBIX BpEMEHU 11 >To > T3 > Ty > Ty > T

Wi (p) = (Tap+1) (T3p +1)(Typ+1)(Tsp +1)
(Top +1)%(Tgp +1) |

rie T, =1/0,7, T, =1/1,042, T3 =1/3,06, T, =1/5, Ts =1/ 25, T =1/45,31.

*
Cnoco6 1. TlpencraBum Wy (P) B BHIE NPOW3BEICHUS YETHIPEX IMEPEAaTOYHBIX

(GYHKIMIA TUTTOBBIX KOPPEKTUPYIOIMIMX IETEH:

W*(p)—T2p+1 Tap+1 Typ+1 Tgp+1
K Tp+1 Tp+1 Tgp+1 Tgp+1’

[Tockonbky Ty >T,, Ty >Tz, TO mepBbIM OBYM INEpelaTOYHBIM (PYHKIMSIM OynyT

COOTBCTCTBOBATb IIACCHMBHBLIC HHTCIPHUPYIOIIHUC LCIIOYKH, Pa3ACICHHBIC ITOBTOPUTCIICM
HaIIPpsOKCHUA TJIA HUCKIIOYCHHA B3aMMHOI'O BJIIMAHHUA ueneﬁ, B PE3YIbTATC KOTOPOIO

U3MeHseTcs o01Ias nepefaToyHas QyHKIUs. YUUThIBas, 4To T4 > Tg, Tg > Tg, nocaeqHuM

JIBYM TIEPEIaTOYHBIM (PYHKIIUAM OYAYyT COOTBETCTBOBATH aKTUBHBIC NU(PHEpEHITUPYIOIINE
LEMH.

B cootBerctBUM ¢ Tabnuued II.1 »nekTpuyeckas cxema KOPPEKTUPYIOIIETO

*
ycTpoiicTBa ¢ nepenarouHoit pynkmueir Wy (p) npencrasiena Ha puc. 27.

Rl le
u Rﬁé j Rg'i R C ‘ R C ‘
RU f:l—{ Rur usur
I “T “T I 2

Puc. 27

ITo M3BECTHBIM 3HAYCHUSAM IMOCTOSHHBIX BPEMCHHM, 3a7aBasCh BEIIMYUHON €MKOCTH
C =0,1MkD, HalieM BEIUYNHLI:

nepevlii Kackao
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R =TT2 _ 1/0,7—1/1é042 _ 4,680 Mow, R, = 2 :1/1’_04% — 9,597 Mon:
C 0,1-10 C 0110

8MOPOU KACKAO

Ry = 1=Ta _MOTZLIB08 4y 519 Mow, Ry =23 =29 _ 3568 Mow;
C 0,1.10 C 01-10°

3ILCCI) MaJIbIM BBIXOAHBIM COIIPOTHUBJICHUCM OIICPAIMOHHOIO YCHIIUTCIIA r[peHe6pe-

'
racm 110 CpaBHCHHUIO C COIIPOTHUBIICHUCM Rl .

mpemuii Kackao

=1,779 Mom, Rz = T—6 = m =0,221 Mowm;

Ty —Tg 1/5-1/4531
C 01-10°°

C 0,1.107°

Ry =

yemeepmolii KAcKao

, Ts—Tg 1/25-1/4531
C 0,1.107°

=0,179 Mom, R3 = %6 = R3 =0,221 Mowm.

Ro

Cnocob 2. qu/ITBIBaH, qTo Tl > T2 > T5 > T6’ T1T6 <T2T5 u Tl >T3 > T4 > T6’

*
TiTg <T3ly,, npeacrasum Wy (p) B BuIE IpOU3BECHUS

W (p) =k -k (T2p+1)(T5p+1).k (Tap +1)(Typ+1)
: ' (Mp+1)(Tgp+1) 2 (Typ +1)(Tgp +1) ,

rae k1=ﬂ<l, Ky :ﬂ<l, k:i>1.
ToTs T3Ty kiko

Tem campIM 1 peanu3arii KOPPEKTUPYIOIIETO YCTPOWCTBA COTJacHO TabiuIie
I1.1 HEoOXOaMMO HMCIOJIB30BATh JIBE MHTErPO-AuddepeHIupyIomue 1enu, pa3aeicHHbIC

ycuuteneM ¢ koddduuuentom ycunenus K (puc. 28).
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Puc. 28
HO N3BCCTHBIM 3HAQUCHUAM ITOCTOJAHHBIX BpeMeHI/I, 3a1aBasiChb BeHHqHHOﬁ SHCKTPO-

emrocteil C =1 Mx®, C'=0,1 Mx® HalineM BEJIMYHUHBL:

nepevlii Kackao

0,821,

Tp 11042 o0 @ = TiTe _ 1,042:25 _
C 10° T,Ts 0,7-45,31

A kiTsRy ~ 0,821-0,96 /25 0,069
2 T +Tg—(Ty+Ts)ky 1/0,7+1/4531—(1/1,042+1/25)-0,821

R]_:

Mowm,
Ry = kq R~ Ry = 0,821-0,96
1-k 1-0,821

C - kiTsR;  0,821-0,96 /25 0,589 M-
(1-k))R,R; (1-0,821)-0,069-4,33 ’

—0,069 =4,33 Mow,

8MOPOU KACKao

R =13 1/#’066 ~3,27 Mow, ky =216 - 3005 4y
C' 0110 TsT, 0,7-45,31
' KoTaRy 0,482-3,27 /5 =0,26 Mom

R - =
2 T +Tg—(Ta+T )k, 1/0,7+1/45,31—(1/3,06+1/5)-0,482

ni o Yo g _py 048282 o0 o
1—k, 1-0,482

o - QTsRy 0482327 /306 .. 0
(1—ky)R,R; (1-0482)-0,26-2,78

HeUHBepmMupyIouwjuLl ONepayuoOHHbIU YCUTUMETb

nonarast Ry =1 Mowm, Haiinem
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1 1 Ry 1

k=——= -2,527, Ry =0 = = 0,655 Mowm.
kik, ~ 0,821-0,482 k-1 2,527-1

YuuteiBas, uto conpoTusienus Ry, Ry, Ry, R{', Ry ,Rg uMeror 3Hauenus mopsiz-

Ka MoM, JUIs ONIEpaIllMOHHOTO YCHIIUTEIs OyIeT BBIMOJHEHO orpaHndeHue mo Toky [30, c.
16-17].

Takum 0Opa3om, BTOpoi crmoco0 peann3auu KOPPEeKTHPYIOMIEro YCTPOHCTBA TIPO-
II€ ¥ SKOHOMUYHEE TIEPBOTO.

OkoHYaTeNbHBIA BHIOOP HAWJEHHBIX AJIEMEHTOB DJIEKTPUUYECKON CXEMbl OCYIIECTB-
JSI€TCS C TIOMONIBI0 HOMUHAJIBHBIX MACIMOPTHBIX 3JIEMEHTOB. ECIIH MPU 3TOM MOCTOSIHHbBIE
BPEMEHU MEpelaTOYHON (DYHKIIMU KOPPEKTHUPYIOIIETO YCTPOMCTBA OyIyT OTJIMYATHCS OT
pacueTHbIX Oomble yeM Ha 3%, TO HeOOXOIUMO MOCTPOUTH EPEXOIHYIO XaPAKTEPUCTUKY

3aMKHYTOM CUCTEMBbI C TOJYYCHHOU MepeaTOuHON (DYHKIIMEH KOPPEKTHUPYIOUIEro YCT-
* *
poiCTBa U MPOBEPUTH BBIMOIHEHHE YCIOBHi 1y <1, 0 <o. Ilpn HapyIICHUN JaHHBIX

YCIIOBH HEOOXOAMMO JOOIPEACIIUTh apaMETPhl JIEMEHTOB KOPPEKTUPYIOLIETO yCTPOU-
CTBa.

OueHuTh BIMSTHUE U3MEHEHUS MMOCTOSTHHBIX BPEMEHH NEPEeIaTOuHON (PYHKIUU KOP-
PEKTUPYIOLIETO YCTPOMCTBA HA KAYECTBO NEPEXOAHBIX IPOLECCOB 3aMKHYTOM CHCTEMBI

TaKxke MOKHO ¢ moMoibio JIAX u JI®OX HeCKOpPEKTUPOBAHHOM U KETAEMON CUCTEMBI.

3.10 CunTe3 TMCKPETHOT0 KOPPEKTHPYIOIIEr0 YCTPOHCTBA

Ha mpakTthke 9acTo BO3HHMKAET 3a/ada 3aMEHBI HEMPEPBIBHBIX PETYJISATOPOB JHC-
KPETHBIMU PETYyJIATOpaMH, Kak 0ojiee HaJAC)KHBIMUA U 3((HEKTUBHBIMU CPEJICTBAMH yIIPaB-
nenus. [Ipu 3ToM HEOOX0UMO, YTOOBI TUCKpPETHAS CHCTeMa 00Jiaiajga TEMHU KE CBONCT-
BaMM, YTO U HETIPEPHIBHAS.

CtpykTypHas cxema CUCTEMbI C TUCKPETHON KOppeKUren npeacTaBieHa Ha puc.29,

*
rac CUraajig ¢ uACaJIbHOI0 UMITYJIbCHOTO 2JICMCHTA & IIOCTYIIACT HAa BXOJ NCPCAATOTHOU

*
(GYyHKUMHA JTUCKPETHOM KOPPEKLHH, BBIXOJHOM CUTHAN KOTOpPOW U TOCTymnaer Ha GopMHu-
poBaTeNb MPSMOYTOJIbHBIX HUMITYJIBCOB ((pUKCATOp HYJIEBOrO MOPSKA) UIMTEIbHOCTHIO

To. Tem campiM Ha BXox 00BeKTa ymnpaBiieHHs ¢ nepenaroynoi ¢ynkumeir Wy (p) mo-

CTymaeT KyCOYHO-IOCTOSIHHBIM curHai: U(t) =u[iTp]=const mpu Ty <t <(i+1Ty,
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1=012,..

Juckpemnas koppexuyus

* *
g E & u u y

—>0—>We (2) > W; (p) W, (p)T*

v

Puc. 29

3.10.1 IpubanKeHHbIH CHHTE3 TUCKPETHOT0 KOPPEKTHPYIOIIEr0 YCTPOiicTBa

PaccmoTpum npuOnukeHHbI crioco0 3aMeHbl HEMPEPHIBHOTO PETYJsATOpa C Iepe-

JTATOYHOU PyHKIIMEH

W ( )_mK(p) bOp +blp +.. b|—1p+1
dr(p) agp' +ap t+.a 4p+l

Ha JUCKPETHBIA PErysiTop ¢ NepeaaToyHon PpyHKIuen

Mg (2) _ boz +blz +...b|_1z+1
Wi (2) = I ’
dx(2) aoz +a2 T+ qz+1

rae Z==¢ PTo ,rne Ty — nepuoa JUCKPETHOCTH.

3aech IMEpUOA  IOUCKPETHOCTH [y PEKOMEHAyeTcs BBIOMpAaTh U3 YCIOBHSA
[lepenatounas ¢yukius W, (z) HaxoauTcs B pe3ynbTaTe NOJCTAaHOBKHA P = To_1 Inz

*
B nepenatounyto QyHkmmio Wy (p). [lpu manoil BenmuuuHe mepruoja AUCKPETHOCTH T

byHKIMS P :To‘llnz JIONyCKaeT pa3M4Hble MPHOIMKEHHBIE MpeacTaBienus [9, ¢.73-
78].

PaccMmoTpuM pacnpocTpaHeHHYIO Ha MPaKTUKE TpUOIMKEHHYIO 3aMeHy TycreHa

p~2Ty Y (z-1)/(z+1).
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JUtst paCCMOTPEHHOTO paHee MPUMEPA (kyy =11,78 pan/c, mosromy mepuon jwuc-
KPETHOCTH JOJDKCH yHOBIETBOPSTH yCIOBHIO Ty <2/ @y = 0,17 c.
Omnpenenenne W, (zZ) u noctpoeHue NepexoHOl XapakKTepUCTHKH 3aMKHYTON cuc-

TEMBI JUI Pa3IM4YHBIX 3Ha4eHHH nepuona nuckperHoctu I =0,02+0,04¢ moxHO mpo-

BECTH C IIOMOIIBIO BCIIOMOTATEIBHOM MPOTrpaMMBbl, COCTaBIICHHOW B SCript-caiine:

% NepenaToyHas (YHKUUA HECKOPPEKTUPOBAHHOM PaA3OMKHYTOW CUCTEMb
wpas=75.5*tf([0.4 1],[0.04 1])*tf(C[1],[0.2 11)*...
tf([1],[0.96 1]1)*tf([1],[0.38 11);

% HenpepbiBHOE KOppeKTupylllee YCTPOUCTBO
wk2=zpk([-25,-5,-3.06,-1.042],[-45.31,-45.31,-0.7,-0.7]1,2.3985%2.632/2.5);
% Moaenb HenpepbiBHOrO perynsTopa B MNPOCTPAHCTBE COCTOSHUM

sys=ss(wWk2);

% IVCKpeTHoe KoppekTupymwlee ycTponuctso npu T0=0,02;0,03;0.04c

for 10=0.02:0.01:0.04

wkd=c2d(wWk2,TO, "tustin'); % nocTpoeHue AUCKPETHOW MoAeNnu
sim('Diskrkor'); % 3anyck Ha BbiMOJIHEHME S-MOAENU
figure(1);hold on; simplot(y)

figure(2);hold on; simplot(u)

end

JlanHasi mporpaMMa 3amycKaeT Ha BBIMOJHEHUE 3apaHee COCTABICHHYIO S-MOJIENb B
cucteme SIMULINK, nanpumep, ¢ umenem Diskrkor, npuBeaennyto Ha puc. 30. 3nech

Ha BXOJ CHCTEMbI IIOJACTCA eI[HHI/I‘IHBIfI CKAa4O0K, OJIs1 BBIXOI[HOﬁ KOOPAWHATBI CTPOUTCHA

5% TpyOka OTHOCHTENIBHO YCTAHOBUBLIETOCS 3HAUCHUS Yyor = Kpas / (14 Kpgs) = 0,987.

=10l x|

File Edit Mjew Simulation Format  Tools  Help

O & == 2 =fio |Noma || O g2

10570927 |—
Seope u Constant
1 Mikcd Miip as |:|
Constant LTI System LTI System Seope v
0950087 —
Constant?
Ready 100% | | |ode4s >

Puc. 30
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3amanue mepenatoyHblx PyHKIuH Wpas u Wkd B S-Moaeny mpoOBOIUTCS C MTOMO-
b0 OJIOKOB LTI System, BBIOOp KOTOPBIX OCYIIECTBISCTCS C MOMOIIBIO OKHA Simu-
link Library Browser u3 pa3nena menro Control System Toolbox.
[Tocne packpertust LTI G10ka yka3zpiBaeTcs ero uMs Wpas , Kak mmokazaHo Ha puc.31;
aHaJIOTUYHO 3ajaeTcs 070k wkd.
[TockobKY ¢ TIOMOIIBIO MUKTOrpamMMbl Print maHeinm MHCTPYMEHTOB JMAJOTOBOIO OKHA
0JIoka SCOpPE He yJaeTcsl MOJYyYUTh IpauK KEIaeMoro BHa, HEOOXOIUMO Pa3MECTUTb
MaCCHBBI BBIXOJIHBIX JaHHBIX B pabodeit oomactu cucrembl MATLAB. s atoro HeoO-
XOIMMO y Oyoka SCOPE Ha TMaHead WHCTPYMEHTOB BBIOpaTh MUKTOTpaMMmy Parameters,
BEIOpaTh BKiIaaky Data history, ycranoButs diaxxok Save data to workspace u B TekcTo-
BoM niosie Variable name 3agath uMs nepeMenHoi padoueii odactu cuctembl MATLAB,
KOTOpPOM MPUCBAMBAIOTCSA 3HAYCHUS MAacCUBa JIAHHBIX, KaK MOKa3aHo Ha puc.32 1js Oj0ka

Scopey BBIXOJHOM MmepeMeHHON Y. AHaJOru4Ho B OJ0Ke SCOPe U yCTaHaBJIMBAETCS Iie-

peMeHHas U .

K
M s =10l

The LTI System block accepts both continuous and discrete LTI models
az defined in the Control Systemn Toolbos. Transfer function, state-space, Generall [ ata histarny | Tip: try right clicking on axes
and zero-pole-gain farmatz are all supparted in this block.

Mate: Initial states are only meaningful for state-space spstems. I Limit data points to last I 2000

~ Parameters v 5ave data to workspace
LTI syztem varable :
Yariable narne: I L]
IWpas

» Format: Structure with time -
Initial states [state-space only] I J

[

Ok I Cancel Help Al ok | Ear‘u:ell Help | Spply

Puc. 31 Puc. 32

Jlnst moctpoenus rpadgukoB B padodeit oomactu cucreMbl MATLAB ucnonb3yercs
KomanHja simplot.

B pesysabTare BeimonHeHus SCript-haiiaa CTpOsATCs MEepPeXOaHbIC MPOIECCHI IS BbI-
xonma Y(t) m xycouHo-nocrostHHOTO ynpasienus U(t) mpu Tg =0,02+0,04c, npencras-
neHHble Ha puc. 33 u puc.34 coOTBETCTBEHHO. 3 mepexoIHbIX MPOIIECCOB puc. 33 creay-

€T, 4TO B SaMKHYTOﬁ CUCTEMC COXPAHAIOTCA 3aJdaHHBIC II0OKA3aTCIM KaducCTBa IIpH
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To <0,03c n Hapymratorcst mpu T > 0,03c¢ (3Hauenne o > 30%).

Ecnu ¢ moMoIneo paccMOTPEHHOTO Croco0a MOCTPOCHUS AUCKPETHON KOPPEKIIUH
He yraercs o0eceYnTh pueMiIeMoe 3Ha4eHHe Ty, TO MOXKHO JOONPEICTNTD BEIPAXKECHHE
nepeaaTouHol (PyHKIMH HEMPEPHIBHOM KOPPEKIUU C YIETOM BIMSHHUSA (PUKcaTopa HyIle-
BOro mopsaka. Jjas 3Toro HeoOX0IUMO B KadyecTBE MepPeaaTouyHON (DYHKIMH HECKOPPEK-

THUPOBAHHOU pa3oMKHYTOH cucteMbl Wy (p) mpHHATSH

kpa3mH( p)
dr (p)(0,5Tg p +1)

W (p) =

rae anepuoandeckoe 38eHo 1/(0,5Typ +1) umutupyer dukcatop HyneBoro nopsjaka, Ko-
TOPBIF BHOCHUT 3ama3jbIBaHUE B CUCTEMY, H 3aHOBO IPOBECTH CHHTE3 HEMPEPBIBHON KO-
peKIMu. 3aTeM TPOBECTH MPHUOIMKCHHBIN CHHTE3 TUCKPETHOTO KOPPEKTUPYIOIIETO YCT-

pOKCTBA.

=

¥(t), pan/c

1.4

1.2

0.8

0.k

0.4

0.2

Tirme

Puc. 33
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1o
uit), B

2—"'(':1'r ------ ':' ------ b B -: ------- : ------- FEs==== r====== ':' ------ b B -:
L St Mt I
L i e R A SECEEES EREEES
S S O O —
SN SRS T S
0 | | | i | | | | | |
o 0.1 02 03 04 05 0B 07 08 089 1

Time

Puc. 34

3.10.2 CuHTE3 AUCKPETHOI0 KOPPEKTUPYIOLIET0 YCTPOICTBA YACTOTHBIM METOI0M

B ciydae, korga ¢ momMoip0 NpUOIMKEHHOTO Coco0a CUHTE3 IUCKPETHOIO KOp-
PEKTUPYIOIIETO YCTPONCTBA yAAaeTCs MOMYyYUTh TpeOyeMoe KauecTBO MEPEXOAHON Xapak-
TEPUCTUKN 3aMKHYTOW CHUCTEMBI TOJBKO MPU MAJIOM 3HAYEHUHM NEPUOJA AUCKPETHOCTHU

Tp < 0,02 ¢, MOKHO IPOBECTU CUHTE3 AUCKPETHOM KOPPEKLUU C TIOMOIIBIO JIOTapupmMuye-

CKHMX YaCTOTHBIX XapaKTEPUCTHK.
[TocemoBaTeIbHOCTh CHHTE3a TUCKPETHOW KOPPEKIHMHK cieaytoriast [9, ¢. 66-70].

1. ITo mepenarounoit GyHKIIMH HECKOPPEKTUPOBAHHON PA30MKHYTON CUCTEMBI

kpa3mH (p)

Wi (p) = a.(p)

C yueToM rnepenatodHor ¢pyHkimn pukcaropa Hymnesoro mopsaka Wg(p) =(1—¢e PTo ) p

CTPOUTCS €€ AUCKPETHAas nepeaarodnas GyHKIus 1mo hopmysie:
Wy (2)=(1-z1)zZ {WH—('O)}
P

2. C momourpto moxacraHoBku Z =(1+STy/2)/(1-sTy/2) naxonsrcs nepenarod-
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uple QyHKIHH Wy (S), Wik (S), rme s= jA4, 4 — nceBmouacrora. [Ipu W=ST, /2 Ounu-

HEWHOE NpeoOpa3zoBaHue

z=(1+w)/(Q—-w).

OCYIIECTBIISIET KOH(DOPMHOE OTOOpaKeHHE 3aMKHYTON OOJACTH YCTOMYMBOCTH KOpHEH

| Z|<1 KOMITIEKCHOM MIOCKOCTH Z B JIEBYIO MOJIYIUIOCKOCTHh Rew <0 BcromoraTenbHOM

KOMILICKCHOM TIepeMeHHOM W (puc. 35) K nepeMeHHon S = 2T0_JW

Almw

Re w

Puc. 35

JleiCTBUTENBHO, YUUTHIBAs, YTO JIIOOOMY KOPHIO Zj COOTBETCTBYET €IMHCTBEHHBIH
KOpeHb W, =@ + | f5, ipu ¢ <0 OyzeT BHITOIHATHCS HEPABEHCTBO

Nt +ifl_Nara)’ g

|z |—|1_0[i " \/(1—ai)2+ﬁi2

C npyroit cTropoHsl, TOckobKy W= (z—1)/(z+1), ¢ yueTom paBeHCTBa Z = ePTo

npa P = j@ TOITy4uM
w = (1?0 1)/ (e)¥"0 4 1) = jsinaTy / (L+cosaTy) = jtg(aly /2) = jATy /2,

rje ncepjoyacrora A = 2T0_1 tg(wly / 2) m3mensiercst Ha uHTepBane 0< A <oo mpu u3Me-
Heaun O<w<xz/Ty. Ilpm MampIx 3HAYECHUSIX @ TICEBAOYACTOTA ~®, T.K.
t9(wly /2) = Ty / 2.

OTcroza ciaenyer, YTo eAUHINYHAS OKPY)KHOCTh OTOOpaXKaeTcss B MHUMYIO OCh KOM-

IJIEKCHOM W - IJIOCKOCTH.

Jlnst HaiinenHo# nepexatouHor GyHKimu Wi (S) pa3oMKHYTOH CHCTEMBI MOYKHO

IIPUMEHUTH KPUTEPUH YCTONYMBOCTH HankBuCTa 1151 HEPEPBIBHBIX CUCTEM.

3. [IpoBomuTtcs pakTopuzanus: nepeaarounoit Gpynkmmm Wy (S):
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Wi (5) = M3 (S)mp () / s ()i (5),

n_n

Ir1¢ CHMMBOJIBI "+" n 0003HAYaIOT IIOJIMHOMBI, KOPHHN KOTOPBIX YIOBJICTBOPAIOT WM HC

YAOBJIETBOPSIOT TPeOyEeMbIM MOKA3aTESIM COOTBETCTBEHHO.

dopMupyeTcs CTPYKTypa KeTaeMor mepeaTouHol GyHKIIUN
W (8) = i ()M () / A (S)d 7 (5).

Takum oOpazom, xemaeMasi epefaTovHast JODKHA COJIepKaTh MOTMHOMBI My (S),

d 7 (s) mepenarounoii pynxumu W (S).
4. Io mepenatounoit ¢pynkimm Wy (S) crpositess acumnrornueckas JIAX n JIOX B

norapudmrueckom mMacmrade Ig A, Takxke Kak paHee i HENPEPHIBHBIX CUCTEM.

5. C yueToM cBOGOIBI BHIGOPA HOMMHOMOB Mk (S), d 35 (S) cTpouTCs acuMnTOTHYE-
ckas xenmaemast JIAX Ly (A) mo 3agaHHBIM MMOKa3aTensiM KadyecTBa tp, o, KOTOpas u30-
Opaxaercst Ha rpaduke JIAX HeckoppekTupoBaHHOM cucteMbl L (4). [Ipu aTom cemyer
yuuTbIBaTh, 4T0 Wi (S) sBIsieTCSI HEMHHUMATIbHO-(a3oBol u mpu mocTpoeHuu L (A)

HE00X0AMMO obecnieunBaTh TpeOyeMble 3armachl yCTOMUMBOCTH 0 aMIUIUTY/E U (a3ze, Kak
paHee JJIsl HETIPEPhIBHBIX MUHUMAJIbHO-(a30BBIX CHCTEM.
6. Onpenensercs nepeaarouHas GyHKIHs MOCIEA0BATEIbHON TUCKPETHOW KOPPEK-

IIUU TI0 €€ JIOTapu(MHUUECKON XapaKTEPUCTHKE
Ly (A1) = L (A) - Ly (1),

HNJIA C IIOMOIIIBIO BBIpa>I<eHI/I$I
W (s
Wi (s) = W ().
Wi (S)

BripaskeHne nepenaToyHoi GyHKIH qukpeTHoi koppekunu Wy (z) ompenensercs
B pe3yNIbTaTe 06PaTHOro npeodpasosanus s = jA = 2Ty L(z—1)/(z+1).
pesy P peoop J 0
7. Ilo wnaiinenHoit nepenatounoil ¢yHkmn Wy (Z) AMCKPeTHONW KOPPEKIHU

COCTABJIACTCA aJITOPHUTM BBIYUCIICHUSA YIIPABJIOIICTO CHUTHAJIA. I[J'I}I 9TOro0 mnmepcaarodyHasi

(I)YHKHI/ISI 3aIllMCBIBACTCA B BUC:
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me(2) oz +b 2 T b2+l by bzt b2 e
Wk (2) = = _

dx(2) aoz'+alz'_1+...al_1z+1 ag +alz_1+...al_1z'_1+z_'

JlanHO¥ mepenaToyHOW (PYHKIMU COOTBETCTBYET OIEPATOPHOE YpaBHEHHUE IS

JUCKPETHOW KOPPEKIUHU

de (U (2) =mg(DE@E ),

KOTOPOMY COOTBCTCTBYCT PA3HOCTHOC YPABHCHHC

U[kTo] = ag{—agul(k —)To] —...— a_qu[(k — | +DTo] —ul(k —)T,] +
+bye[KTol +byel(k —D)To] +... + by _gel(k =1 + DTl + [k = DTo1}, k=0,12,...

IIpHU HYJICBBIX HAYaJIbHBIX YCJIOBUAX:
U[—To] = U[—2T0] =...= U[—ITo] = 0, 8[—T0] = 8[—2T0] =...= 8[—|T0] = 0

Jst ycroitunBoii paboTsl anroput™a Beraucienus U[KT;] meobxoanmo, 4Tobs! mo-

nroca nepenatoynoit pynkmun W (z), T.e. kopuu ypaBHeHus d g (z) =0, nexanu BHyTpH

SIUHUYHON OKPY)KHOCTH KOMILUICKCHOM IIIOCKOCTH. IIpum 3TOM OIMOKW BBIUYMCICHUS

u[kTp] nakamnmuBaThCs HE OyIYyT.
Takum 00pa3oM, alrTOpUTM BEIYHCICHUS yrpasisitomero curaana U[KTy] sBisercs

PEKYPPEHTHBIM M JIETKO peann3yercs. [Ipn 3TOM TOYHOCTH peanu3alnuy 3aKOHa yIpaBiie-
Husl 3aBUCUT OT uncia paspsaos AL, ITAIT u ynpasnstonieit [IBM. O6b14HO unciio pas-
psanoB ALII coorBeTcTBYET umcity paspsaoB ynpasiswoomei [IBM u mpeBblmaer 4ucio
paspsiioB LIAIL. Kpome Toro, Bpems npeodpazoBanusi curHaioB B AL, TIAIT u Beruwmc-
JICHUSI YNPABISIIOIIETO CHTHAJA, CBA3aHHOTO C BbimoiaHeHuem 2| ymuoxenwit u 2| —1
CJIOKEHUH (BBIYMTAHMI), IPUBOAUT K 3ala3/IbIBAHUIO YIIPABIECHUS HA BPEMs 7, KOTOPOE
HE JIOJDKHO IIPEBBIIIATH IEPUO JUCKPETHOCTH .

BinsHue 3ama3aplBaHKs Ha KAYECTBO NEPEXOAHBIX MPOLIECCOB 3aMKHYTON CHCTEMBI
MOKHO OLIEHUThH C IOMOIIBIO MOJEIUPOBaHUs cucTeMbl. [Ipu HeoOXxomuMocT ciemyet
3aHOBO IMPOBECTH CUHTE3 KOPPEKIMHU C YYETOM 3amna3/bIBaHHs 7, IPUHAMAS B Ka4eCTBE

HiepeIaTOuHON (PYHKIIMHA HECKOPPEKTUPOBAaHHOM pa3oMkHyTOW cucteMbl Wy (p) mepena-

TOYHYIO (PYHKITHIO



kpa3mH( p) APz

Wy (p) = a0 (p)
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s paccMOTpeHHOTO BbllIe npumepa npu Ig = 0,06 ¢ npoBenem cuHTE3 JUCKpET-

HOW KOPPEKIIMK YaCTOTHBIM METOJIOM C IMOMOIIBIO MPOTpaMMbl COCTaBJICHHOW B SCript-

Gatine:

% MNepepaTovyHas (QYHKLMA HECKOPPEKTUPOBAHHOW PAa3OMKHYTOM CUCTeMbl

Wpas=75.5%tf([0.4 1],[0.04 11)*tf([1],[0.2 1])*...
££([1],[0.96 11)*tF([1],[0.38 11);

% INCKpeTHaa nepeaaToyHas (PyHKUMS HECKOPPEKTUPOBAHHOW PA3OMKHYTOM CUCTEMb

T0=0.06, wpasd=c2d(wpas,TO);

% NAX N JNIGX HECKOPPEKTUPOBAHHOM AMCKPETHOW CUCTEeMbl B MCEBAOYACTOTE

[nwpasd,dwpasd]=tfdata(wpasd, 'v');
Nwpasd=poly2sym(nwpasd, 'z"'); DWpasd=poly2sym(dwpasd,'z"');
s=sym('s'); z=(1+s*T0/2)/(1-s*T0/2);
Ns=compose(Nwpasd,z); Ds=compose(Dwpasd,z);

Ws=Ns/Ds; Ws=simple((Ws)); [nws,dws]=numden(ws);
nws=sym2poly(expand(nws)) ;dws=sym2poly(expand(dws));
wpass=tf(nws,dws) ; zpk(wpass)

% AcuMnToTMYecKas JIAX HeCKOppeKTUPOBAHHOW CUCTEMbl B NMCeBAOYACTOTE
omega=[0.1 1.041 2.495 2.626 4.963 21.17 33.33 46.17 79.54 1000];
L1=20%T0gl0(75.5);L2=20%10910(75.5);L3=L2-20%10910(2.495/1.041);
L4=L3;L5=L4-20%*10910(4.963/2.626);L6=L5-40%10910(21.17/4.963);

L7=L6-60%*10910(33.33/21.17);L8=L7-40%10910(46.17/33.33);
L9=L8-20%10910(79.54/46.17);L10=L9;

L=[L1 L2 L3 L4 L5 L6 L7 L8 L9 L10];

figure(l); semilogx(omega,L);hold on

% AcuMmnToTMYecKas JIAX xesaemown paBOMKHyTOﬁ CUCTemMbl B nceBaovyacTtoTe

omega=[0.1 0.6 3 46.17 79.54 1000];
L1=20%T0g1l0(75.5);L2=20%10910(75.5);L3=L2-40%10910(4/0.7);
L4=L3-20%*10910(46.17/4) ;L5=L4-20%109g10(79.54/46.17) ;L6=L5;
L=[L1 L2 L3 L4 L5 L6];

semilogx(omega,L, 'r');grid on % kpacHbii LBeT

% TOYHble JIAX U JidX, 3anachl yCTOﬁHMBOCTM XefaemMoM CUCTeMbl B NCeBAOYACTOTE

wgs=75.5*tf([1/3 1]1,[1/0.6 1])*tf([1/46.17 1],[1/0.6 1]1)...

*tf([1/33.33 -1],[1/33.33 1])*tf([1/79.54 -1],[1/79.54 1]);zpk(wgs)

figure(2) ;margin(wgs);

% NocnepoBaTesibHAA KOppekuus B NcCeBAoYaCTOTE
wks=Wgs/wpass;wks=minreal (wks,le-2);

% 06bpaTHbIN Nepexod OT MCeBAOYACTOThl K z-U3obpaxeHuo
[nwks, dwks]=tfdata(wks, 'v');
Nwks=poly2sym(nwks, 's"'); DWks=poly2sym(dwks,'s"');
z=sym('z"'); s=2/70%(z-1)/(z+1);

Ns=compose(Nwks,s); Ds=compose(Dwks,s);

Ws=Ns/Ds; Ws=simple((Ws)); [nws,dws]=numden(ws);
nws=sym2poly(expand(nws)) ;dws=sym2poly(expand(dws));
% OUCKpeTHaa Koppekuusa B z-u3obpaxeHuu
wkd=tf(nws,dws,T0) ; zpk (Wkd)
sim('DiskrKor');figure(3);hold on; simplot(y)

B PE3YyJIbTATC BBIIOJHCHUA HPOrpaMMbl OIPCACIIAIOTCS

nepenaToyHble PyHKIUU
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W (S), Wyr(S), Wg(z) muckpeTHO# cUCTEMBI, KOTOpbIE COOTBETCTBEHHO BBIBOIATCS Ha

I1e4arTh.

Zero/pole/gain:
0.071012 (s-79.54) (s-33.33) (s+46.17) (s+2.495)

(s421.17) (s+4.963) (s+2.626) (s+1.041)

Zero/pole/gain:
0.19623 (s-79.54) (s-33.33) (s+46.17) (s+3)

(s+79.54) (s+33.33) (s5+0.6)A2
Zero/pole/gain:
0.8345 (z-0.9394) (z-0.8539) (z-0.8349) (z-0.7408) (z-0.2231)

(z-0.9646)A2 (z-0.8607) (z+0.4094) (z-5e-005)

Sampling time: 0.06

3amanue KejaaeMoi nepenaTouHol GyHKIUU PA30MKHYTON CHUCTEMBI B TICEBOYAC-

TOTE TIPOBOJUTCS C yaeToM My (S) = (s —79,54)(s —33,33).

B PE3YIILTATC BBIIIOJIHCHHUA IMPOIPaMMBI TAKIKC BBIBOIAATCA Ha IICYATb. aCHUMIITOTH-

yeckue JIAX HECKOPPEKTUPOBAHHOM U JKEJIAeMOU Pa30MKHYTOW CUCTEMBI B IICEBAOYACTO-

Te (puc. 36); Tounsie 3HaueHUs JIAX u JIOX xenaeMoil pa3oMKHYTO# cucteMsl (puc. 37)

C ykazaHueMm 3amacoB 1o amruutynae (8,26 nb) u daze (45,5 pan/c); mepexonHas

*
XapaKTEePUCTHKA 3aMKHYTOW cucteMsl (puc. 38) ¢ mnokasaremsimu kadectsa t, =0,5lc,

o =295 %.
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Puc. 36

C yueTom ManocTu noJiroca zj = 5-10_5, BBI3BAHHOTO OITMOKAMU BBIUMCJICHHH, TIe-

penarounyto ¢pyHkuuto Wy (z) MOXHO 3amucarh B BUIE

0,834 (z—0,939) (z—0,854) (z—0,835) (z-0,741) (z-0,223)
(z-0,965)? (z-0,861) (z+0,409) z '

Wi (2) =

IIpu 3TOM mepexoHas XapaKTEPUCTUKA 3aMKHYTOW CUCTEMBbI MPAKTUUYECKH HE U3-

MeHseTcs. 3aeck noioca nepenarounor Gpyakmun Wy (Z) nexxar BHYTpU €AMHUYHOU OK-

PYXKHOCTHU KOMITJICKCHOM IIJIOCKOCTH, CJICAOBATCIIbHO, AJITOPUTM BBIYHMCIICHHA YIIPABJIAIO-

mero currana U[KTp] Oymer paboraTh ycToiumBO, T.€. OMIMOKM BBIYMCICHUS HAKaIUIU-

BaThCs HE OyayT.
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st Beramcnenust ynpasistoniero curaana U[KTg] mpu | =5 Ttpebyerca 10 ymuo-

KeHHUH 1 8 ciokeHuit (Beranranuii). Ecim cornmacHo [27] mpUHATH, 4TO BPeMS BBIITOJIHE-
HHS OIEpallil YMHOKEHUS U CIIOKEHHSI COU3MEPHUMBI U COCTABIISAET MPUMEPHO 3MKC, TO
oO111ee BpeMsi BBIYUCIIECHUS COCTAaBUT 54 MKC.

OuenuM BiIUsIHUE 3ama3AblBaHus ynpasisomero curnana U[KTy], manpumep, npu

7 =1000mkc = 0,001c¢. Jlns aToro Bocmonb3yeMest SCript-gaitiiom:

wpas=75.5*tf([0.4 1],[0.04 1])*tf([1],[0.2 1])*...
tf([1],[0.96 1])*tf([1],[0.38 1],'td',0.001)
wkd=tf(nws,dws,TO0) ; zpk (wkd)
sim('DiskrKor');figure(3);hold on; simplot(y)
KOTOPBIH 3aIyCKaeTCsl Ha BBITOJHEHHE MOCTIC BBIIOIHECHUS TpeabayIero Script-aiina. B

PE3YIILTATC CTPOUTCA IICPCXOJHAA XaApPpAKTCPUCTUKA 3aMKHYTOﬁ CHCTCMBI C I10Ka3aTCIIsIMU

KayecTBa t; =0,5¢c, o = 30,4 %.

3.11 Onpenesnenue napaMeTpoB aBTOKOJIeOaAHU I

ITocne cuHTE3a KOPPEKTUPYIOUIETO YCTPOUCTBA HEOOXOIMMO UCCIIE0BaTh TUHAMU-
Ky 3aMKHYTOM CHCTEMbI IIPH y4eTe HEJIMHEHHOCTeW (DyHKIMOHAIBHBIX 3JIeMeHTOB. Hanu-
Yye HEJMHENHBIX JIEMEHTOB B CUCTEME MOXKET IMPUBECTH K MTOTEPE YCTOMYMBOCTU CUCTE-
MBI WJIA K BO3HUKHOBCHMIO HE3aTyXarOLIMX MEPUOJUUYECKUX IABHKEHUU, KOTOPHIC HA3bI-
BaIOTCSl aBTOKOJICOAHUSMH.

TeM camMbIM, HEIMHEHHOCTH (PYHKIMOHAJIBHBIX 3JIEMEHTOB MOTYT MPHUBOJUTH K
YXYJALIEHUIO Ka4e€CTBA NIEPEXOIHBIX IIPOLIECCOB U CHUKEHNUIO TOUHOCTH CHUCTEMBI.

[lenpro KicciienoBaHUs YCIOBUI BOSHUKHOBEHUSI aBTOKOJICOAHUMN U OTIpeIeNICHUs HX
napamMeTpoB (aMIUTUTYIBI U YaCTOTHI) SIBISIETCS OIEHKA TOYHOCTH CHCTEMBI U MPHU HEOO-
XOJIMMOCTH CHUHTE3 BCIIOMOTATEIHLHON KOPPEKIUU ISl UCKIIIOUCHUS aBTOKOJICOaHUN WIIN
oOecrieueHus 3aJaHHON TOYHOCTH.

[Ipn yyere HEIMHEMHOTO 3JEMEHTAa CTPYKTYPHYIO CXEMY CHCTEMBI C IOCIEAO0BA-
TEJIbHOW HENMPEPHIBHOW KOPPEKLUEH ISl HETMHEUHBIX 371eMeHTOB Ne 1-3 MokHO npeacTa-

BUTH B BUJIE puc. 39, nis HenuHelHoro 35emenTa Ne 4 cxem [, /[ — puc. 40.

9(X) Wik(p) Wix(p)

A

o(y)

Puc. 39 Puc. 40
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31eck MPUHATHI 0003HAUEHUSA:  — BXOJAHOW CHUTHAN; Y — YCJIOBHBIN BBIXOJ CHUCTE-
A V)
MBI, X =¢& — paccoriacoBanue; @(X) — HenmuneitHas Gynkuums; Wy (p) — skemaemas me-

penatouHas (pyHKIMS pa30OMKHYTOW CHCTEMBbI HaiieHHass B moapaszaene 3.8. Ha puc. 39

napamMeTpbl HETMHEHHOCTH @(X) TPUHUMAIOTCS 3aJaHHbIMU; Ha puc. 40 mapameTp b He-

IMHEHHOTO seMeHTa Ne 4 crepryer ysenu4nts B Kok, pas.

[Ipu GyHKIMOHUPOBAHUU CUCTEMBI BO3MOXKHBI PEKHUMBI: MEPBbI — OTpabOTKa Ha-
YaJbHBIX OTKJIOHEHUM CUCTEMBI MPU OTCYTCTBUU BXOJHOTO BO3JEHCTBUS; BTOPOU — OTpa-
00TKa BXOJIHOTO BO3JCHCTBUS MPHU Pa3TUIHBIX HAYAIBHBIX OTKIOHCHUSX. 31€Ch TIPH yC-
TONYMBOM (DYHKIIMOHUPOBAHUU 3aMKHYTOM CUCTEMBI, KOTJIa IIEPEXOHBIE MPOIECCHI Orpa-
HUYEHBI, BO3MOXKHBI ClIy4au: B MEPBOM PEKHUME aBTOKOJEOAHUSI OTCYTCTBYIOT, IIPH 3TOM
OHHM MOTYT BO3HUKHYTh BO BTOPOM PEXHME U Ha00OOPOT; aBTOKOJIEOAHUSI MOTYT OTCYTCT-
BOBaTh UJIM BO3HHUKATh B KaXKJIOM PEKUME.

PaccMmoTpum niepBbIid pexxum, nojaras B cxemax puc. 39, puc.40 curnan g =0.

Jliist onpesiesieHys mapaMeTpoB aBTOKOJICOAHUM M MCCIIEIOBAHUSI UX YCTOMYMBOCTU
MOKHO HCIIOJIb30BaTh aHAJUTUYECKUN WK rpadoaHATUTUYECKHUI CIIOCOObI, paCCMOTPEH-
Hble B [2, ¢.359-367; 4, ¢.256-259; 9, ¢.15-21, 19, ¢.81-86]. YuuTsiBas ClI0KHOCTh aHAJIH-
TUYECKUX BBIYUCICHUW [IJII CHCTEM BBICOKOTO TIOpSAKA, paccMOTpuMm Tpado-
aHATUTUYECKUI CIoCcOo0 ompeseeHus] apaMeTpoB aBTOKOJEOAaHUN U UCCIIEIOBAHUE HX
YCTOWUYHMBOCTH C UCIIOJIb30BaHUEM KpuTepust HalikBucra.

C yyeToM rumnoTesbl CylIECTBOBAHUS B 3aMKHYTOW CUCTEME MEPUOJUYECKUX KOJIe-
OaHmii OJM3KKMX K rapMoHudeckum X =~ AsinQt, rae A — ammumtyna u Q — yacToTa
MpenoaraéMbIX aBToKoJieOaHUl (TapaMeTpbl aBTOKOJeOaHUii), MO BUAY HEIUHEHHOTO

AJIIEMEHTa 3aMEHSAEM €T0 HeJIMHEWHYIO XapaKTEPUCTUKY MEepeIaTOYHON (QyHKIIMEH

q'(A)
o 7

WH9 (A,Q,p) = Q(A) +

rae (A), q'(A) — kodhGHUIHEHTH TAPMOHUYECKOM THHEAPHIALIHH.
Torma mepenarounasi (GyHKIMS Pa30OMKHYTOH CHCTEMBI, OXBaueHHAs OTPHUIATEIIb-

HOI 00paTHOM CBSI3BIO JIJISl CTPYKTYPHBIX cXeM puc. 39, puc. 40, umeeTt BU:
W(A191 p) :WHQ(A1Q1 p)W)K( p) .

[Ipu 3TOM XapakTEepUCTUYECKOE YPAaBHEHHE 3aMKHYTON CHUCTEMBI OIpEAENAeTCS U3 ypaB-

HCHHUA
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1+W(AQ, p) =0

1 ¢ yaeToM BeIpaxeHUst Wy (P) = My (p) / d ;5 (p) nmeer Bux:

D(A’Q1 p) = d}[((p) +WH3(Ale p)m}K(p) =0.

JIyist cyiecTBOBaHMS TapMOHMYECKHX HE3aTyXaloIUX KoJieOaHuW ¢ dactoTor

HEo0X0MMO, 4TOOKI Xapakrepuctudeckoe ypasaenue D(A,Q, p) =0 umerno neBbie KOpHU
Y Tapy KOMIUIEKCHO-COTIPSDKEHHBIX YUCTO MHUMBIX KOpHel P =+ Q. [Tomaras p= JQ, ¢
ydaeroM BeipakeHHs W5 (4,Q, jQ) = q(A4) + jq'(A) =Wy (A4, j) Haiinem ypaBHEHUE IS

OIIPCACIICHUA aMILIIUTYAbI Anu 4acTOThI {2 BO3MOXXHBIX aBTOKOHC6aHHﬁI
1+Wh5 (@, W (jo) =0

HniIm

D(a, jo) = d x (Jo) +Wy 5(a, ))Mx (Jo) =0

npu a=A, o= 11 HANIEHHOTO PEIICHUSI.
Jlns onpesienieHus: mapamMeTpoB aBTOKOJIEOaHUIN BOCTIOJIb3yeMCsl TIEPBLIM YPaBHEHU-

€M, KOTOPOE MEPEIHUIIEM B BUIE:

1

W) :_WHS(a’ i)

31ech mapaMeTpsl aBTOKoJIe0aHui a = A 1 @ =) OnpenensItoTCs IpH PaBEHCTBE JICBOU U
IpaBOil YacTH YpaBHEHUs, T.e. IpH IepecedeHun rpapukoB QyHKIHH Wi -(jo) u
—1/Wy»(a, J), mocTpoeHHBIX Ha KOMIUICKCHOW INIOCKOCTH IpH n3MeHeHnH 0<w <o u
b<a<ow, e b>0 — mapameTp HEIMHEHHOTO JICMCHTA.

[Tpu Hanmuuu aBTOKONICOAHUH SISl HAACHHON YacTOThl () HEOOXOIUMO MTPOBEPHUTH
ycioBue GUIbTpa JIMHEHHOW YacTu ¢ nepeaatoynoit pyukued W (p) B BuIe HepaBeH-

CTBa.
W (JQ) 5| W (V) |, v =2,3,...

3)1605 B 3aBUCUMOCTH OT TOI'O HACKOJIBKO JICBasd 4aCTb B HCPABCHCTBC 0oJbIIIe npaBoﬁ Ha-
CTOJIBKO BO3paCTacT TOUYHOCTDH FﬂpMOHH‘I@CKOﬁ JIMHCapu3annun HEJIMHEHMHOI'O 2JI€MEHTA.

[TpoBepky ycinoBus GpuibTpa MOXKHO PoBOIUTH 10 BHIY JIAX L (@), KoTopas B

COOTBETCTBUH C METOJIUKON CHHTE3a B OOJNBITUHCTBE ciiydaeB yobBaeT mpu 0 < @w < oo,
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Halinennbie meprnoandecKkue perieHus, yI0BICTBOPSIONINE YCIOBUIO (GUIBTPA, MO-

I'YT OBITh YCTOMYMBBIMU (T.€. 00J1a/Ial0T CBOMCTBOM aCUMITOTHYECKOW OpOUTAILHOMN yC-
TOMYMBOCTH) M HEyCTOWYUBBIMU. Eciu nepuoinueckoe penieHnue yCTouumBo, To (pa3oBbie
TPACKTOPUU CTITHBAIOTCS K MPEICTbHOMY IUKIY, KO-

% TOPBII pazaenser Gpa3oByI0 IIOCKOCTh HA JIBE 001aCTH

y I | u Il (puc. 41) ¢ KayeCTBEHHO PA3IUIHBIM XapaKTEPOM
// I, \ X (ha30BBIX TPACKTOPHI; €CITU MEPUOTUICCKOE PEIICHUE
&y HEYCTONYMBO, TO (ha30BbIC TPACKTOPHH YHAISIOTCA OT

MpeaeNbHOTO KA (B 3TOM ciiydae obmacth |l mpe-

JACJIBHOT'O IUKJIIA OHpGI[CJ'DIeT O6J'IaCTB YCTOfIQHBOCTH
Puc. 41
ITOJIOKCHUA paBHOBGCHH).

OauH 13 NpUOIM>KEHHBIX METOJIOB MCCIEAOBAaHUS YCTONYMBOCTU HAWJIEHHBIX IIe-
PUOJIMYECKHUX PEIICHUN — METO/ BapHallMi aMIUIUTY/bl U 4acTOThl HA OCHOBE KpUTEPHS
Hatiksucra [9, ¢.18-21; 19, ¢.82-86].

N3 xpurepusa HaiikBucra i rapMOHUYECKH JIMHEAPU30BAHHOW PAa30MKHYTOM CHC-
TeMbI ¢ nepenaTodnoil pyukuueit W (A, p) clieayeT, 4To 051 YCmouuusoCmu aénmoKo-
nebanuti neobxooumo, umodwl 2odoepad —1/\Wy~(a, j) npu usmenenuu 0 <a <oo nepe-
cexan 2o0ozpag Wy (jw) usnympu napyaicy.

B Tabmuue I1.2 (ITpunoxenue b) mpuBeneHsl BeipakeHus: koddduiientos q(a),
q'(a) nmepenatounoii pynkuun W5 (a, j) a1 HeIMHEeHHbIX dyeMeHToB Ne 1-4.

BoipakeHus: HeMMHEHHBIX 371eMeHTOB Ta0auIbl 11.2 y1oOHO npeacTaBUTh B 3aBUCH-
MOCTH OT BelMuuHbl « =a /b, koropas usmensercs B npenenax 1< a <oo. B Tabmuie

1.3 mpuBeneHsbl yKa3aHHBIC 3aBHCUMOCTH M TpapHuecKoe H300paKCHHE XapaKTePHUCTUK
1/Wyr (@, J) ¢ yaeToM 3amaHHbBIX TapaMeTpoB HemHeliHocTel =45, d =0,1b.

Ecim xapaxtepuctuka —1/Wpyy(er, J) npum m3menenmn 1< o <oo mepecekaer

*

W (jw) B HEKOTOpO# TOYKE IPH @ = , TO 3HAYEHHE aMILIUTYIbI BO3MOXHBIX aBTOKO-

nebanuii onpexaensercs mo hopmyne A= be”.

N3 tabmumpt 11.3 cnemyert, uto s HenuHeHocTer Ne 1,2 HE3aBUCHMO OT BEITUYH-
Hbl mapamerpa D aBTOKONeOaHWS B 3aMKHYTOW CHUCTeME OTCYTCTBYIOT, eciim ADUX
W (jow) me mepecekaer momyoch (—o,—1); mis HenuHeiHocTH Ne 3 — TOIYOCH
(—0,—1,15). Jns wemmueitHoctn Ne 4 B Tabnume I1.3 mpuBeneHa xapakTepHCTHKA

—1/Wpys (e, J), nepecedenne ¢ xotopoit xapakTepucTuku W ( j®) BO3MOXKHO naxe B
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TOM cJIydae, KOr/ia MOCIIeAHsIs He epeceKaeT Moiayoch (—oo,—1).
st moctpoenust rpadpukoB GpyHkuuit W (jo) u —=1/Wy5 (e, j) MoxHO BOCTIONB-

30BaThCs CIemyrommmM SCript-gaiiaom uIs pacCMOTPEHHOTO BBIIIE MPUMEPA U IS HEJU-

HerHocTu No 1:

*XKenaemasa nepemaTrouHasa QyHKUMS
Wgpas=75.5*tf([1/3.06 1],[1/0.7 11)*tf£([1],[1/0.7 11)...
*tf([1],[1/45.31 1]1)*tf([1],[1/45.31 11);
figure (1) ;nyquist (Wgpas) ;hold on;$%$ A®UX Wgpas (jw)
StHenmueMHBEM sJiemMeHT N 1
a=1:0.1:100;
g=1-2/pi* (asin(l./a)+(1l./a).”"2.*(a.”2-1).70.5);
Wnl=-1./g+i*1le-20%*a;

% TNocTpoeHne rTomorpaba -1/Wus (a)
plot (Wnl)

PesynbraT mocrpoeHus npuseneH Ha puc. 42, U3 KOTOPOro CIEAYET, YTO TOUKHU IIe-

peceuernss Wy (jo) u —1/Wy5 (@, J) (xapakTepucTika pacroyio)keHa Ha BEIIECTBEHHOM

OCH) OTCYTCTBYIOT, T.C. aBTOKOJICOAHHUS B 3aMKHYTOﬁ CHCTCMC HC BO3HHUKAIOT.

) Figure1 M=k ) Figure1 =10l x|
File Edit “iew Insert Tools Deskiop ‘Window Help File Edit Yiew Insert Tools Deskiop Window Help
Myejuizt Disgram Myejuizt Disgram

03} 03} \ ;
02 r 02r System: Wigpas :
Real: -0.143 :
% ot % oa Imag; 0.000232 ;
- - Freguency (radizech 44 5 E

E bt . E L e mmm b EEEECEEEEEEEE | EEEE
[} [n}] 1
E E :
= -01 Syatem: Wigpaz = D¢ :
Real; -0.402 !
02} Irmagy: -0.31 0zt .
Freguency (radfzec) 23.2 :
-0 ] b 03t !
L L A& H L L H
-15 -1 -0.5 1] -15 -1 -0.5 ]

Real Axis Real Axis
Puc. 42

[lpu srom ADPUX W, (jw) mnepecekaeT BEIIECTBEHHYID OCh NPU YaCTOTE

@ =44,5 co sHauennem Re{W }K(ja)*)}: —0,143. TlosTOoMy, eciu yBeIU4HUTh KOA(PPU-
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MeHT ycuieHus mnepenatouHod ¢ynkumm Wiy (p) B K, 21/ | Re{W }K(ja)*)} |= 6,993

pa3, TO MOJYyYUM IE€PECEYEHUE YKa3aHHbBIX XapakTepucTuk. OIHAKO MPU 3TOM ABTOKOJIE-

OaHMs HE BO3HHKAIOT, IOCKONBbKY xapakrepuctuka —1/Wys(e, ) mpu usmeHenuu
1< a <o nepecekaer ADYX Wy (jw) u3BHE BOBHYTPb, UTO COOTBETCTBYET HEYCTONYHU-

BOMY IpENEIbHOMY LIUKIY. DTO O3HAYAET, UYTO B HEKOTOPOW 00jacTu (a3oBble TPAEKTO-
pHUM CTATHBAIOTCSA K Hayally KOOPJMHAT, a 3a IpeJesiaMu JaHHOM 00JIacTH yXoJAaT B Oec-
KOHEYHOCTh. TeM caMbIM 3aMKHYyTas CUCTEMa yCTONYMBasi B OOJNBIIOM U HEYCTOMUYUBAs B
L[EJIOM.

B cuny nmpuOamkeHHOCTH MEeTo/la TapMOHMYECKOH JIMHEapU3aluu Ja)ke MpU BbI-
MOJIHEHUH YCJIOBUS (PUIIbTPA B HEKOTOPBIX CIIydasiX aBTOKOJEOAHMs Ul HalJEHHOW Yac-
TOTHI ) MOTYT HE BO3HHMKATh. [[03TOMY NpoBEepKy HaIM4Ms aBTOKOJIEOaHU ClIeyeT Mpo-
BOJUTH IIyTEM MOJIEIUPOBAHMS 3aMKHYTON CHCTEMBI M HCCIEAOBAaHHEM €€ Ha a0CONIOT-
HYIO0 YCTOMYUBOCTb.

Jlig yTOUHEHMsI TapaMeTpoB aBTOKOJIEOaHU HEOOXOAUMO IMPOBECTH MOJEIHPOBA-
HUS 3aMKHYTOM CHCTEMBI B COOTBETCTBHM CO CTPYKTYpHOU cxeMol puc. 39 nnu puc. 40.

CxeMa MOJIeJIMPOBAHKS CUCTEMBI ¢ MepeaTouHol pyHkuuel Wopas =Wy (p), kne= Ky,
npeJcTaBicHa Ha puc. 43, rie Ha BXOJ CHCTEMbI MOJACTCS KOPOTKUH HMCYC3AIOUIUN UM-
NyJIbC JUIS BO30YXKIEHUS aBTOKOJeOaHUI TakoH, 4ToObI mepexoanoit mporecc X(t) mpe-
BBICHJI 3HaUeHue mapametp b. [Ipyroit cioco6 Bo30ykaeHHS aBTOKOJICOAHUH CBsI3aH C 3a-

JAHWEM Ha4YaJIbHBIX YCIOBUM IO KOOPJIUHATE Y .

-i8i x|

File Edit Wiew Simulation Format Tools Help

DI@H%I%EI?QI} IISEI IN:::rmaI |

,.-"' J"lr —e- b igpas .-|:|
Fulse Dead Zane Zain LTI System v
Genaratar 1
3
Ready |100% | |ode4s v
Puc. 43

MO,Z[CJ'II/IpOBaHI/Ie CUCTEMbI CJIICAYCT IMPOBECTU JIsI OJHOI'O H3 3HAYCHUH kHa’ Impu

KOTOPOM BO3HUKAIOT aBTOKoyeOaHus, U npu K., =1 mig ncxogHoit cuctemsl. M3menss
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AMIIIMTYAY BXOJHOI'O UMITYJIbCa I[O6I/ITBC$I BO3HHUKHOBEHHMS aBTOKOJIcOaHNI MIIN Y66I[I/ITB—
Cid B UX OTCYTCTBUH.

OTMCTI/IM, 9TO0 IOCHHOCTH MCTOJ4a FapMOHI/I‘leCKOﬁ JJUHCapU3aluu COCTOUT B TOM,

4TO C €ro IMOMOIIBI0 yaaercs: chopmupoBaTh yciaoBus Ha BuJ AOUX W (jw), npu xo-

TOPBIX aBTOKOJICOAHHS B SaMKHYTOﬁ CUCTEMC OTCYTCTBYIOT. Tem CaMbIM, IIPpHU PCHICHHUN
3aJa4nu CHUHTC3a HOCHCHOB&TCHBHOﬁ KOPpCKOU HCO6XOI[I/IMO YUUTBIBATh YKa3aHHBIC YyC-

JIOBUA.

3.12 UccienoBanue cucTeMbl Ha a0COJIOTHYIO YCTOHYHUBOCTH

Ecin wenuuediHas ¢yHKIuUS @(X) yIOBICTBOPSET CEKTOPHOMY OTPaHUYCHHIO
[0, K]:
0<p(X)x <kx?, ¢(0)=0, k>0,
Hanpumep, 1 HenuHeiHocTel tuna Ne 1,2,3 (puc. 44), To 1 MPOBEPKU OTCYTCTBUS aB-
TOKOJIC6aHI/II7[ B 3aMKHyTOﬁ CUCTEME MOXKHO UCCJIICA0OBATDH
" o) 4 -
CUCTEMY Ha a0COJIOTHYIO YCTOUUUBOCTD.

CocrosiHEEe paBHOBECHS 3aMKHYTOM CUCTEMBI (pHC. 4 Me 2

39) npu g =0 Ha3bIBaeTCs aOCOJIOTHO YCTONYHUBBIM, €C-

=7 b e’
i

TopHOMY orpanuucHuio [0, K]. Puc. 44

JI1 OHO ACUMIITOTUYECKH YCTOWYUBO B LEJIOM MPHU JHO00i

HeNnMHeHHON (yHKIMK @(X), YIOBICTBOPSIOIICH CEK-

Jliist onpenenenusi aOCOMOTHON YCTOMYUBOCTUA CHCTEMBI MOYKHO MCIIOJIb30BaTh Yac-
TOoTHBIM Kputepuil [lomosa. IIpaktuyeckas neHHocts kpurepus Ilomosa cocTouT B €ro
MPOCTOM T€OMETPUUYECKON UHTEepIpeTauu. J[Jis 3Toro BBeeM mpeoOpa3oBaHHYIO YaCcTOT-

Hyto xapaktepuctuky Wy (jw) = P (@) + Q7 (®), y KoTOpOIi BemecTBeHHAsE 4acTh COB-

najaet ¢ BeriecTBeHHOH yacThio W ( jw), a MHMMas 4acTh OTJIMYACTCS HA MHOXKHUTEIb @ |

Prr(w) = ReW; (jo) = ReW ¢ (jw),
Qp(®) = ImWp;(jo) = o ImW i (jw).

1. PaccmoTpuM OCHOBHOM cilyyal, Korja nepeaaroyHas GQyHKIus
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kp&ﬂ“ﬂ?(p)

W (p) = d(p)

MMeeT YCTOWYMBBIE MOJI0CA, T.€. KOpHU ypaBHEeHUS O (p)=0 umeroT orpunareisHble

BEIIICCTBEHHBIC YACTH. ITO COOTBETCTBYET BapuaHTaM cxeM A, b, B.
B stom ciiydae kputepuii [ToroBa popmynupyeTcs ciaeayronmmM oopa3om:
Cocmosnue pasrosecust 3aMKHYMOU cucmemvl ¢ 0OHOU CMAYUOHAPHOU HelUHEUHO-

cmoio, yoosnemeopsiowen cekmopromy oepanuyenuio [0, K], npu ycmouuuewix xopmsix

ypasnenus d - (p) =0 abcomomno ycmoiiuuso, ec-

e/ U HA KOMNJEKCHOU NJIOCKOCMU uYepe3 MOYKY
1k ﬂ%— (—=1/k, jO) mooicro nposecmu npsamyio mak, umoowl

xapakmepucmuxa W (o) yenruxom nexcara cnpa-

6a om smoti npsmotl (puc. 45).

[Toctpoenne Wy (jw) nnst paccMOTpeHHOTO

BBIIIIC TMPHMEPAa MOKHO IPOBECTH C ITOMOIIBIO
Puc. 45 Script-gaiina:

3 Kesaemasa nepemartouHas QyHKUMS

Wgpas=75.5*tf ([1/3.06 1], [1/0.7 1]1)*tf([1],[1/0.7 171)...
*tf([1],[1/45.31 1]1)*tf([1],[1/45.31 11);

[Re, Im,w]=nyquist (Wgpas) ;

Wgpasn=squeeze (Re) +j*squeeze (w) . *squeeze (Im) ;

figure (1) ;plot (Wgpasn) ;grid; $llpeobpazoBaHHas APUX

Pesynprar moctpoeHus npuBeAcH Ha puc. 46, U3 KOTOPOTO CIEAYeT, YTO JJIsl HEJU-
ueriHoct Ne 1 co 3HadeHreMm K =1 MOXHO mpoBecTH mpsmyro-1 gepe3 Touky A (-1, jO)
Tak, 4ToObI Xxapaktepuctuka Wy ( jo) menukoM sexana cnpasa OT 3TOW IPSMOH U, CIe0-
BaTeJIbHO, 3aMKHYTas CHCTeMa a0COJIFOTHO YCTOMYMBA.

310 cBoicTBO coxpausiercst it K <Ky, rae K, — kpurtndeckuit kospduuueHrt,

Kp°

coorBercTByomuit Touke B (=1/Kk.,, JO) (npsmas-2). 3aech 3HadeHuUe Kip ® 2,7, ut0

Kp?’
MEHbIIIEe paHee HaineHHOro kodddummenra K., =6,993, coorBercrBytomero Touke C
(-1/Ky,, JO), mockombky ReW;(jow) = ReW - (jw).

Takum o6pazom, cormacHo kputeputo [lormoBa B 3aMKHYTON CUCTEME OTCYTCTBYIOT
aBTOKOJIcOanust mpu K < ka U OHA SIBJIAETCSI a0COIFOTHO yCTOWYMBOW. B cuimy mocrarod-

Hoctu kputepus Ilomosa mpu K =Kk, (Touka C) aGcomoTHas yCTOWYNBOCTh HE TapaHTHU-

pYETCA U COrjilaCHO MpCAbIAYIIEMY, BOSMOXKXHO, YTO COCTOSAHHUEC PAaBHOBCCHUA CHCTCMbI YC-
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TOWYMBO B OOJIBIIIOM M HEYCTOWYUBO B IeioM. OqHako goka3aHo [15], uro B aToM cirydae
aBTOKOJICOAHHS C 9acTOTOM (2 OTCYTCTBYIOT, eciiH 4epe3 Touky C MOKHO MPOBECTH Mpsi-
Myl0-3 ciieBa oT Bcex Touek Ha KpuBod W7 (@), KOTOpble COOTBETCTBYIOT FapMOHHUKAM
o=kQ, k=123,...

-} Figure 1 =10l x|
File Edit %iew Insert Tools Deskbop Window Help N

A0 | | | | | |
5 . .

Puc. 46

2. B ciyuae, koraa kopHu ypaBHeHHS d 5 (P) =0 KpoMe yCTOHYMBBIX MOIIOCOB CO-

nepskat HyjeBble (cxemsl [, /[) i HeycToiuuBble nontoca kpurepuit [lonosa dhopmymnu-
pyeTcsl CIEaYIOIINM 00pa3oM:

Cocmosnue pasHogecus 3aMKHYmMOU cucmemvl ¢ 0OHOU CMAYUOHAPHOU HeTUHEUHO-

CMbio, Y0081emeopsioueti cekmoprHomy ocpanudenuto [r, K], npu nanuuuu nynegvix u ne-
yemouyusbix kopHeu ypasterus O (p) =0 abcorromno ycmoiiuuso, eciu na Komniexc-
noti niockocmu uepes mouxy (—=1/K, jO) moorcno nposecmu npsmyro max, umodwvl xapax-
mepucmura Wy (j) = Pr(@) + iQu(@), tae Prr(@) = RefWoge(je) / 1+ W (Jeo)T3,

Q7 (@) = IM{W - (jo) I [L+ YW 51 (J0)1}, yeruxom nesxcana cnpasa om smotui npsamoil.
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Takum 00pazoM, 31ech HEOOXOIUMO, YTOOBI HEIMHEHHOCTh @(X) yIOBJIETBOpSIIA
CEKTOpHOMY orpanmdcHwuio [r, K]: rx® < p(X)x < kx?, »(0)=0, r>0, k>0. Dtomy yc-
JIOBUIO HE YAOBIETBOPSAIOT HenuHenHoctu Ne 1-3, mosTo-

(1) 4 x My HNPUMEHUTh Kpurepuid Ilomosa B 3TOM ciiy4yae He yna-

ra o
- erca. OmHako [JIsT HEIWHEWHOro »jieMeHTa Ne 2 MOKHO
+

rapaHTUPOBATh OTCYTCTBHE aBTOKOJIeOaHW X ~ ASINQt,

*
€CJIU BBIMOJIHSIETCS HEpaBEeHCTBO A< A, Ie aMIuIUTya

i 5 A HalileHa METOJOM TapMOHHYECKOM JIMHEapu3aluu,

sHaueHne A ompenensercs u3 rpaduka puc. 47.
Puc 47
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Tabmuna I1.1
[Tepenarounas GpyHKIUSA DnekTpuueckas cxema [TapameTpsl
Heuneepmupyowuii ycunumeins
R
Ry
Tloemopumensv HanpsadjiceHus:
W( p) =1 Ly O
E uﬂﬂ'
Hneepmupyrowuii ycurumens
Fy
o =20
W(p) =k ‘ R,
” us.wr
Axmuenas oughghepenyupyrowas
yenw T -T
1—'2
Ro = C
° T
R, =2
B Rl i " C
Tip+1 f:H o
W (p)=—t— i 2l
T2 p+ 1
Tl > T2 T2
Ro=-—=%
C
T, —T
¢=-"1-—-2.c
T
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Jughghepenyupyrowasn yeno T
T p+1 A =g
W(p)=k
T2p+l R, — T2R1
Hﬂ Cf Rg Hﬂ“ 2 — T —T '
k= L3 <1 1=
Tl et —C
Humezepupyrowas yens
W (p) =222 5 R T2
Tl p+ 1 C '
Y Rg Yam T2
Rp = -2
h>T — T, c
Humeepo-oughghepenyupyrowas
Top+1)(Tap+1 yeno (Ty+T, =T, =Ty)C
W(p):(zp )(Tzp+1) c, -1 4T2 )€
(Tl p+ 1)(T4 p+ 1) R 2
T T3
T >To >Ty>Ty, Ri=7<, Ro=—"
1 2 3 4 “ o R, e, C Cl
TTy =ToT. G
1'4 2'3 - 1T -
Humezpo-oughghepenyupyrowas T,
W(p):k(T2p+l)(T3p+1) yenbv Rl:?’
(Tip+1)(T4p+1) . KT3R,
2T AT (T + Tk
T1>T2 >T3 >T4, k
R, =—R; —R,,
3T R
k = T1T4 <1 _ kT3 Rl
T2T3 1 L=K)RoRs
Humeepo-oughghepenyupyrowas
T,p+1)(Tap+1 yenv TqT, T
W(p):(zp )(3p ) k:14’ R2:€3’
(Typ +1)(T4p+1) R R ToT3
=(k-1DR,,
T1>T2 >T3 >T4, y RO ( ) 2
e G &L e (T Ty kTR,
1 =
ToT3 <TiTy o “T. T3
oL

= R,
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B mpuBeneHHBIX SJIEKTPUYECKUX CXEMax B KayeCTBE HAYAIBHOTO MPHUOJIKEHUS
AeKTpoeMKocTh C MokHO npuHATH paBHOU 0,1+1 MKD.

JI1s1 OONBIIMHCTBA PACIPOCTPAHEHHBIX onepanuoHHbIX ycunurenen (OY) BxoaHoe
conpotusieHue cocrapisger oT 300 kOMm (B OY ¢ OGUIOIAPHBIM BXOJTHBIM KacKaJoM) 0
100 I'Om (B OV ¢ BXOJHBIM KacKaJIOM Ha IMOJEBBIX TpaH3UCTOpax). BeixomaHoe conpoTus-
nenne OY cocraBuser R, =50-+1500 OM, KOTOPOE BEIHOCUTCS BO BHELIHIOKO LICIIb.

[Tpu BeIOOpE COMPOTHUBIIEHUN HArpy3KH W 1enu oopaTHOU cBsizu OY HEo0X0auMO

YUYUTBIBATb OI'PAHUYCHNUC Ha MAKCUMAJIbHO I[OHYCTPIMI)Iﬁ BI)IXOI[HOfI TOK Oy, KOTOpLIﬁ CO-

ctaBisieT 10 + 20 MA npu MakcUMabHOM HaIpsKEHUU Bbixoja 13 B.
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HPUJIOKEHUE b. Ko duuueHTbl rapMOHNYECKOM THHEAPU3ALMU HEJTHHEHHbIX

XapaKTEePUCTHK
Ta6muma I1.2
Tun Koaddurmentsl rapmoHYECKON TMHEApU3ANKN HEIMHEHHOTO 3JIEMEHTA
HEJIMHEHHOCTH Wih(a, j)=q(a)+ jq'(a)
2tg8 b |, b’
Ne 1 q(a):tg,b’—— arcsm +—1-— , 9'(@)=0 mpu a=b
- a a a
2t b b [ b
No 2 (a)—— arcsin—+—,/1-— , 9'(@)=0 mpu a=b
- a a a

q(a) = 295 arcsinE—arcsing+9 —i 4 —£
Ne 3 Vs a a a a2 a a2 |’

q'(a)=0 mpu a>Db

94| 7 ZbJ ( 2bj b( bj
a)=——| —+arcsin| 1—— (+2|1—— |, [—|1-—| |,

Ne 4 9@ { 2 ( a a/\al a

q'(a) = _4bt_gﬁ(1_9) npu a>b

za a
Ta6muma I1.3
Tun KoadduunenTs rapMoHHUECKON THHEApU3alui HETMHEHHOTO JIeMEHTa

HeIIMHCHHOCTH Wis (e, J) =q(@) + jo'(a) urpadux pysxkumn 1/ W (), a=alb

2| .1 Na®-1
0 =1-—|arcsin—+ g (a)=0
Ne 1 q(a) 7;[ oA q'(«)

LW y(2)
8 :
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2 1 Na?-1
° o) =—| arcsin— + q'(a)=0
Ne 2 q( ) ju o az q( )
1/
MUEC
20
15
10
5
1ts : : o
1 10 20 an
2 2
Ne 3 Q(Ot)=g[arcsinl—arcsin(o_’l}r 0‘2 1_0,1W |
0 . . » . -
q'(a)=0
1 Wys(a)
3 1
25
2
15
115 i : :
1 15 2 25 3
Q(a)=£ Z+arcsin(1—£)+2(1_zj\/0‘—1 ’ qf(a):_i(a—l)
Ne 4 | 2 o a) w2

Im -1/ Wes(e, j))
1] , . :

b bbb
Re(-1/Wys(e, j))

- 345 -3 25 iy, 15 1




HPUJIOKEHHUE B. CnpaBouHble JaHHbIE

97

Ta6muma I1.4
1. HexoTophie YnCIOBBIE 3HAUCHUS
7 =3,141593 Ig0,1=-1 arctg( + o) = +90°
1 pan =180/ 7 =57,2958" lg1=0 arctg(+100) = +89,43°
1° =0,017453 pax lg10=1

1'=0,000291 pan
1" =0,00000485 pan

201g~/2 =3,0103

arctg(+10) = £84,29°

arctg(+1) =45
arctg0=0

2. [IpucraBku Kk 0003HAYCHUSIM SMHUII

['ura (I ..10° Henwu () ...1071 Mukpo (MK)... 1070
Mera (M) ...10° Cautu (¢) ...107% | Hamo () ...107°
Kwumo (k) ... 10° Musu (m) ...1073 [Tuxko (1) .. 1072
3. PazmepHocTh 1 0003HaYCHHE BEIMYUH B cucteme enuuui CU

Bemuunna O06o3HaueHue PasmepHocTh
JlnnHa M M
Macca KT KT
MoMmeHT uHepIHH KT M° K M°
Bpewms c c
CkopocThb Mm/c Mm/c
VYrioBas CKOpoCTh pan/c pan/c
Yckopenue m/c? M/c?
VYriaoBoe yckopeHue pan/c® pam/c®
DHeprus u paboTa JIx KT M%/c?
Cuna H Kkr M/c” = JIx/M
MOMEHT CHJIBI Hwm Hw™m
MoImHoCTb Bt KT M7/c = JIx/c
Tok A A
KosmmuecTBo anekTpuyecTna K Ac
Hanpsxenue, 3/1C B kr M/Ac’
DIEKTPUYECKOE COTPOTUBIICHUE OMm kr M/A% ¢*=B/A
DJIEKTPOEMKOCTh o Ac’/krm’=Ac/B=c/Om
NHAyKTUBHOCTH I'm kT M/A% ¢®>=Om ¢
MaruuTHbIN MOTOK Bo6 KT MY/A ¢




