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BrinonHeHHas KOHTpoJIbHAs paboTa 0popMIISIETCS B BUJIE TIOSCHUTEb-
HOM 3aIUCKHU ¢ HEOOXOJUMBIMU pacueTaMH, CKPUHIIIOTaMH, OJI0K-CXeMaMH U
HOSICHEHUSIMU.

BapuaHT 3a1aHus BEIOMpAETCsl B COOTBETCTBUM C HOMEPOM CTYJICHTA B
CIUCKE YYEOHOH IpYIIIIbI, HallpUMeEp:

cTyleHT oA Nel momyyuT BapuasT 1;

cTyneHT noxa Ne2 mosy4uT BapuaHr 2;

ctyneHT moa Ne3 moayyuT BapuaHT 3;

cTyleHT oA Ne4 nmonyyut Bapuast 4

U T.J.

PaboTa, HE COOTBETCTBYIOLIAsh BAPUAHTY 3aJlaHUSA, BBIIOJHEHHAs HE B
HOJTHOM 00BbEME MIIM HEOPEKHO, BO3BPAIIAETCS CTYACHTY Ha 10paboTKy. OTyer
HE CJelyeT Neperpykarb M3IUIIHUMU MOAPOOHOCTSIMH, OJHAKO BCE Ba)KHBIC
CTOPOHBI 3aJ]aHMsl JOJKHBI ObITh OCBELIEHBI JOCTATOUYHO MOAPOOHO. TekcT u
pELICHUs JOKHBI OBITh U3JI0’KEHBI TEXHUYECKUM SI3bIKOM U JIOIYCKaTh TOJIBKO
OJIHO3HAYHOE TOJIKOBAHHUE.



1. 34/TAHHUE

1. Haiitu aMmiutyabl 4 ¥ 4acTOTHI (O MEPUOIUUYECKUX PEKUMOB MPHU pas-
JINYHBIX 3HAYEHHSIX BApPbUPYEMOTO MapaMeTpa 3aJaHHON HEJIMHEMHONU CHCTEMBI
aBToMatuueckoro ynpasieHus (CAY) nByms cnocobamu: npuOIMKEHHBIM rpa-
(doaHAIUTUYECKUM W YTOUYHEHHBIM YHUCJICHHBIM C IOMOIIBIO MEPCOHAIBHOIO
kommbioTepa (I1K).

2. UccnenoBarh yCTOMYMBOCTD HAalIEHHBIX MEPUOIUYECKUX PEKUMOB.

3. HaiiTu rpaHnyHOE 3HaYEHUE BapbUPYEMOTO MapameTpa, Ipu KOTOPOM
KOJeOaHMsI B CUCTEME HaXOJATCS Ha TpaHUIE CBOErO BOSHUKHOBEHHUS U HCUE3-

HOBeHUs. [10CTpOUTh 3aBUCHMOCTH MapaMeTpoB 4 U () MEPUOIUUECKUX PEKH-
MOB OT 3HAYCHUI BapHUPYEMOTO ITapaMeTpa.

4. Tonyuuts Ha IIK, Hampumep ¢ MOMOINBIO TaKeTa MPHUKIAIHBIX MPO-
rpamm (ITTIIT) Simulink, BpeMeHHBbIC AUAarpaMMbl MEPEXOTHBIX MPOIECCOB H3-
MCHEHHUS BXOJHOM BEIMUYUHBI HeJUHEHHOTOo 3meMenTa (HD), mocTpouTh mpoek-
I[MM COOTBETCTBYIONIUX (ha30BBIX TPACKTOPHUH UCCIEAYSMON CHUCTEMBI IIPHU HE-
CKOJIbKHX 3HAYCHMSIX BapbHPYEMOI0O IapamMeTpa M CejaTh BHIBOIBI O €€ JUHA-
muke. CpaBHUTH MapaMeTPhl MOYUEHHOTO PEKUMA C PACCYMTAHHBIMU B II. 1.

2. BAPHAHTHI 3A/TAHAH

2.1. Cucrema aBTOMaTHY€CKOI0 peryjimpoBaHnus € HeJIMHEHHOCTHIO
THIIA HACBIIIICHUEC

CrtpykTypHas cxema cucTembl aBTomatuueckoro peryiauponanus (CAP) u
CTaTHYECKAs XapaKTEPUCTUKA €€ HEJTMHEWHOTO 3BEHA IPE/ICTABICHBI COOTBETCT-
BEHHO Ha puc. 2.1 u puc. 2.2.
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[lepenarounbie GyHKIMU JUHEHHBIX 3BE€HHEB U KOMIUIEKCHBIM K03 Du-
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a YUCIIEHHBIC 3HAYCHUS TTapaMETPOB 3BEHLEB CUCTEMBI IPUBEACHBI B Ta0. 2.1.
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Puc. 2.2

BapI)I/IpyeMLIM mapaMCcTpOM CHUCTCMBLI SABJIICTCA IIOCTOSAHHASA BPCMCHHA T]_, KO-

TOpast MOKET IPUHUMATh Tpu 3HadeHus 1, ={0;T;;T; }.

Tabaunma 2.1

Ba- [TapameTtpsl
ola e | K| T [ K | T | To [ Ta | m | r | Ts
0 1 125,02] 0204 |100{05]09|10] 0 0 0
1 2 |5 |01]0,04/008 |8 |01[02]03]| 1 0 0
2 1 120 02] 00501 |9 [02]05|10] O 0 0
3 2 |40 /03] 0,06/01 |150| 04|06 0,7 1 0 0
4 1 |10 | 05 ] 0,04/0,06 1000304 |02] 1 0 0
5 2 |16 | 0,2]0,25/0,50 | 80 | 10|18 |10]| O 0 0
6 2 | 20 | 03] 0,5/0,7 60 | 15]125[10] O 0 0
7 1 {30 |01] 001002 120/ 08|06 |04 1 0 0
8 1 |15 0,15] 0,04/0,07 |100| 1,2 |06 |08 | 1 0 0
9 2 13 ]02]| 0103 [120|12 |22 16| 1 0 0
10 | 1 | 25 0,2 | 0,204 100/ 05|09 |10 1 1 101
11 | 2 | 50 | 0,1 | 0,04/0,08 | 80 |01 02|03 ] 1 1 101
12 | 1 | 20 | 0,2 | 0,050,1 | 90 |02 05|10 ] 1 1 |01
13 | 2 | 40 | 03| 0,06/01 |150| 04|06 0,7 1 1 101
14 | 1 | 10 | 0,5 | 0,04/0,06 |100| 03|04 |02 | 1 1 101
15| 2 | 16 | 0,2 | 0,25/050 | 80 | 10|18 | 10| 1 1 101
16 | 2 | 20 | 0,3 | 0,5/0,7 60 [ 152510 1 1 101
17 | 1 | 30 |01 | 0,01/0,02 12208 |06 |04 | 1 0 |01
18 | 1 | 15 |0,15| 0,04/0,07 | 123 | 15|06 | 08 | 1 1 101
19 | 2 | 14|02 | 0,103 [124|10|22 14| O 1 101
20| 1 |13 ]01]0,01/0,02 115/08 |06 |01 ] 1 1 0
21| 1 | 15 |0,15] 0,04/0,07 | 1121106 |02 | O 0 0
22 | 2 |12 102 ] 0103 |121]12 22|13 | O 0 0
23| 2 |11 015 01/03 |125]13 |22 |11 ] 1 0 0




3. YKA3AHHUA K BBIIIOJIHEHHUIO 3A/TAHUA

3.1. IpudauxenHbli rpadoaHaIuTHYECKUii pacyeT NapaMeTpoB
NMePHOAUYECKUX PEKMMOB U HCCJIeI0BaHNE UX YCTOHYHNBOCTH

[Ipu rpadoanamuTHYecKOM pacueTe yKa3aHHBIX MMapaMeTpPOB HCXOIHYIO
CTPYKTYPHYIO CXEMY 3a/IaHHOW HEJIMHEWMHOW CHUCTEMBbI HEOOX0AUMO Mpeodpas3o-
BaTh K pacuetHou (puc. 3.1), cocTosimiel M3 MOCieA0BaTEIbHO COCIMHEHHBIX
HeNMMHeWHOro sjeMeHTa HD u mpeoOpa3oBaHHOW B €AMHBIN OJIOK JTMHEWHOM
yactu JIY. IIpu 3TOM curnan 3aianus X, nojiaraercs paBHbIM HYJIO, T.K. pacyeT
OCYUIECTBIISICTCS JJII CHMMETPUYHBIX aBTOKOJICOAHMIA.

X0=0 X

HO — JIY >

Punc. 3.1

VcnoBrueM BO3HUKHOBEHHS MEPUOHUYSCKUX PEKUMOB B MPEACTABICHHOM
Ha puc. 3.1 HeNMMHEHHOW cUCTeMe SIBIIETCS OCHOBHOE YpaBHEHHE METOJa rap-
MOHHYECKOW JINHEAPU3ALNH
1+ Wy (jo) -Wgn (A) =0, (3.1)
rnie W,y (jo) — wdacrornas mnepematounas ¢ynkmus JIYU; Wy, (A) —

KOMILJIEKCHBIN KOA((PULIMEHT nepeaur rapMOHUYECKH JIMHeapu30BaHHOro HO,
Win(4)=q(4)+jq (4),
[Mpuyem ko3P PUIHEHTHI TapMOHUYecKO# muHeapu3amu ((A) u g ’'(A) MOXKHO
HaWTH 17151 TI000H TUIIOBOM HEIMHEHHOCTH B COOTBETCTBYIOIICH TUTEpaType, B
JaCTHOCTH B COOpHHMKE 3a1a4 [2].
I'paduueckoe pemenne ypaBueHnus (3.1) COOTBETCTBYET TOUKaM Iepece-
geHus KpuBbIX Wy (J©) 1 Zys(4)= -1/Wy5(A), puc. 3.2, IO KOTOPEIM U3 KPUBOH

Wy (Jo) MOXHO ONpenenuTh 4acTOThl (Dj BO3MOXKHBIX MEPUOAMYECKHX pe-
KUMOB, a UX aMIUIMTYAbl A\ OIPEIEISAIOT U3 KPUBOU Zp5(A4).

Pacuer 1 nocTpoeHune XxapakTEPUCTUK HEIMHEMHOTO JIEMEHTA U JIMHEMHOM Yac-
TH CHCTEMbI MOYKHO OCYIIIECTBHTD C IIOMOIIbI0 MATEMaTHYECKOTO MaKeTa
Mathcad [3] xa nepconansHOM KOoMITbIOTEpe. OTHAKO ISl 5TOT0 HEOOXOIUMO
NPaBUIBHO BBIOPATH HEOOXOIUMBIN THANAa30H U3MEHEHHUS YaCTOThI M [T pac-
yeta XapakTepucTuku Wy(jo) u aMmmuTyasl A U1 pacyera XapaKTepUCTUKH
Zi»(A). ITpu 3TOM MOXHO TPUHSTH BO BHUMaHHUE CIICAYIOIIEe.
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Puc. 3.2

1. JInana3oHbl N3MEHEHUS aMIUIATYJ A YKa3aHbl B KaXJOM BApUAHTE Tak,
YTOOBI HEJIMHEWHOCTH CE0s MPOSBIIAIA.

2. Y OJIHO3HAaYHBIX HEIMHEHMHOCTEW KOA((HUIMEHT nepenadyu SBIAETCA
BEJIMYMHON BEIIECTBEHHOW, TIOATOMY XapaKTepUCTHKA Zy5(A) IPOXOIUT 1O OT-
pULIATENIBHON BEHMIECTBEHHOM NOJIyOoCcH. [IpudyeM y HEKOTOPBIX U3 HUX ITOT KO-

3¢ PULMEHT UMEeT SKCTpeMyM (HarpuMmep, Ipu A=a~2 y TPEXIO3ULHOHHOTO
perie), BCIEACTBHE Yero XapakTepucTuka Zys5(A) COCTOUT M3 IBYX BETBEH, UY-
IIMX HABCTPEUY APYT IPYTY, UTO CIEAYET OTPa3UTh YCIOBHO Ha rpaduke B BUIC
JIBYX 0€CKOHEYHO OJIM3KUX OTPE3KOB MPSMBIX.

3. HacToTra 0 MEpUOIUYECKOTO peKUMa JJIsi BCEX OJHO3HAYHBIX HEIU-
HeliHocTel (BapuanThl 2.1, 2.3, 2.6.2, 2.6.3) coBmagaeT ¢ 4aCTOTOU M, , JJIsl KO-
Topoit V y(w,)=0.

4.V HeIMHEHHOCTEH ¢ THCTEPE3MCOM XapaKTePUCTHKH Z;5(A) pacmona-
raloTCs B TPETHEM KBaJAPAHTE KOMIIEKCHON TIJIOCKOCTH, & Y HEJTMHEHHOCTH THITA
“ymop” — Bo BTOpoM. [loaTomMy m wactoTy @ npu noctpoeHuu W y(jo) mis mo-
WCKa TMIEPUOANYCCKUX PEIICHUH CIIeyeT U3MEHATh B TAaKOM JUAIa30He, YTOOBI
ADX JIY pacnionaranach B TOM k€ KBaJpaHTE, €CJIA 3TO BO3MOKHO TMpHU 3a7aH-
HOM 3HAYEHUU BapbUPYEMOT0O MapameTpa.

Pacuer u noctpoenne xapaktepuctuk Wy(jo) u Zy5(A) npousBoasaTcs B
CJIEIYIOLLEM ITOPSIJIKE.

1. B komanaHom okne Matcad ¢ moMoIpr0 KHOMKH “M..N" Ha aHEIH HH-
cTpyMmeHToB “Matrix” nepemeHHoO# | nprucBanBaioT (HaxkatreM kiaBuinu “Ctrl”)
MOCJIEIOBATEIBHOCTD HEAbIX uncesn oT M=0 mgo n=K, rae uncio K Ha eauHUILY
MEHBIIIE, YeM IJIAHUPYEMOE YUCIIO TUCKPETHBIX 3HAYCHUW YaCTOTHI O ¥ aMILIH-
Tynsl A, Hanpumep k=5. C momoImpio BBEICHHOW MEPEMEHHOU | (OPMHUPYIOT
KOMIOHEHTHI W; U Aj BEKTOPOB W 1 A.

2. Hwxke Ha TOM ke ToJie BBOIAT pacyeTHbIC (GOPMYIBI JIJI XapaKTepH-
ctuk Wyy(jo) u Zy»(A), a mox HUMU — (QYHKIIUH BBIICICHHS BEIICCTBEHHON M
MHHMOM YaCTH PacYCTHBIX (hOPMYI.

3. C nomoeto kHOmKH “Graph” B MeHI0 HHCTpYMeHTOB “Insert” BeiBoasT
Ha DKpaH JAUCIUIeS TPpaPUIecKoe OKHO C JEKAPTOBBIMU KOOPJAMHATHBIMU OCSIMHU.



4. BeIBOIAT Ha DKpaH AWCIUIES 3HAYCHHS KOMIIOHEHTOB BCEX BEKTOPOB,
HEOOXOJMUMBIX M JOCTATOYHBIX IJII MOCTPOCHUS W OOpabOTKU XapaKTEPHUCTUK
Wr(jo) u Zys(A), T.e. w, A, Re(W), Im(W), Re(Z), Im(Z). Dto HeoObxomumo 1ist
TOro, 4ro0bl Ha xapakrepuctukax Wyy(jw) u Zy(A) OTMETHTH JTOCTAaTOYHOE
YHCIIO TOYEK C OIU(POBAHHBIMH 3HAYCHUSMH COOTBETCTBYIOIINX MApPaMETPOB
uA.

5. B mo3unusx 0003HaYeHUI KOOPUHATHBIX OCEH BBOIAT Yepe3 3aIATYIO
COOTBETCTBYIOIIME 0003HAaYeHHUS Tpoeknuid BeKTOpoB Wiy(jw) m Zys(A). U
menkuyB “JIKM” B mo00if yacTu sKpaHa, Moay4aroT rpaduKi HCKOMBIX YacTei
xapakTepucTik W y(jo) u Zy5(A).

Jlnst mpuMepa B MPUIIOKEHUH | TIPEACTABJICH MPOTOKOJ pacdeTra W I0-
crpoenust XxapakTepucTuk Wy(jw) u Zg(A) nns CAP ¢ HellMHEHHOCThIO THIIA
JIBYXIIO3UITMOHHOE peJie ¢ TUCTEPE3UCOM, 3HAUCHUS TapaMeTPOB KOTOPOU ObLIH
BeIOpanbl cnenyromue: 1,=0.1, To;=1, T»,=0.1, T3=0, k;=2, k,=15, k;=0, a=1,
c=20.

N3 puc.Il.1, nHa koTtopom yepe3 W 0003Hau€HAa YacToTa (O, BUIHO, YTO
kpuBbie W (Jo) 1 Z;5(A) IMEIOT 0JIHY TOYKY TIepecedeHHsI. ITO O3HAYaCT, UTO
B paccMarpuBaeMoii CAP BO3MOKEH OAWH nepuoanyeckuil pexum. [Ipuuem
4acToTa M aMIUIUTyAa KojiebaHuW BXOMHOTO curHaia HD umerot ciepyromue
NpuOIMKEHHBIE 3HaueHus: © ~/7, A=1,1.

AHanu3 yCTOMYMBOCTH HAWJICHHBIX NEPUOJUYECKUX PEKHUMOB B TOUKAX
nepecedeHust KpuBbIX Wy (j®) 1 Zys(A4), puc. 3.2, OCYIIECTBIISETCS 10 B3aHM-

HOMY PacIIOJIOKEHUIO 3TUX KpUBBIX. PaccmaTpuBas Zy5(A4) kak mapamerp
D-pazOuenus u3 ypaBHeHust (3.1), MOXXHO yCTaHOBHUTh, 4TO rpaHunei D-
pa3Ouenust mpu dtom siBisieTcss kpuBass W, (jo). Hanecs na oty rpanumy

HITPUXOBKY IO U3BECTHOMY IpaBUIIy (CJIeBa MO X0y IPHU BO3PACTAHUU (D), BbI-
NS0T 00JaCTh YCTOMYMBOCTH (€ 3aIITPUXOBAHHON CTOPOHBI XapaKTEPUCTUKHU
JIY cuctemsl). Torga njs aHanu3a yCTOMYMBOCTH HAWJEHHBIX pPEUICHUN MTpUMe-
HUMO CIIEAYIOLIEE ITPABUIIO.

[Tepponnyeckuil pexKUM yCTOMYUB, €CIH, JBUTAsCh MO XapaKTEPUCTUKE
HD3 B cTopoHy BO3pacTaHus aMIUIUTYAbl A, IEPEXOIUM U3 HEYCTOWUYMUBOU B yC-
ToNuMBYI0 00nacTh D-pa3zouenust u Haobopot. Takum o6pazom, B Touke M; (cM.
puc. 3.2) nepuoANYeCcKUil peKUM HEYCTOMYMB, a B TOUKe M, — yCTOWYUB, T.€.
COOTBETCTBYET aBTOKOJICOAHUSIM C HaWJEHHBIMU aMIUTUTYJI0H A U 4acTOTOU (.
HeyctoiuuBblii peskxuM paboThl (PU3MYECKU CYILECTBOBATH HE MOXKET, HO IS
MPaKTUKU OH BAXKEH TE€M, UYTO OMpenesiseT B (a30oBOM MPOCTPAHCTBE CHUCTEMBI
IPaHUILy CXOISIIIMXCA U PACXOIAIIMXCS MPOLIECCOB, HA3bIBAEMYIO CEIAPATPUC-
COM.

3aMeTHM, YTO eCJIi KpuBble Zy5(A) 1 Wy(jow) BooOIIIe HEe TIepeceKaroTcs,
TO pemieHust ypaBHenus (3.1) He CyIiecTByeT, U aBTOKOJICOaHUs B 3aJJaHHOM He-
JMHEWHOU CHCTEME HEBO3MOXKHBI. ECIM K€ yKa3aHHBIE KPUBBIE MMEIOT TOYKY
KacaHWsl, TO aBTOKOJICOaHMS B 9TOM TOYKE HAXOMASITCS HAa TPAHU CBOETO BO3HUK-
HOBEHHUS U UICYE3HOBEHMUSI.



HccrnenoBanue yCTOMYMBOCTH MEPHOAUYECKHX DPEKUMOB MOXKET OBITH
OCYIIIECTBICHO TAK)KE U AHATUTHYCCKHU 110 BBIMOJIHEHHIO CIICAYIOIIETO HEpaBeH-
cTBa:

X(w,A) oY (o,A) Y (w,A) X(oA) 0
OA 30} oA 0w
rie X(mo,A)u Y(m,A) — COOTBETCTBCHHO BCIICCTBEHHAs M MHUMAas YacTh

: (3.2)

ypaBHeHus (3.1), 3anucanHoro B popme
X(®, A) + jY(», A) =0,
a IPOM3BO/IHBIE BBIUNCIIAIOTCS B TOUKAX IIEPECEUCHHUS.
JUIs1 paCCMOTPEHHOTO B IIPWIOKEHUH | IprMepa NEpHOAUIECKUN PEKUM
B TOYKE IIEpeCeUYEHUs KpUBbIX HA puc. 1.1 ycToiuus, T.€. COOTBETCTBYET ABTO-
KOJICOAHMSIM C HalICHHBIMU 3HAYEHUSIMU AMIUIUTY/bI U YACTOTBHI.

3.2. YTOUHeHHbII YHUCIEeHHbIH pacyeT NapaMeTpoB NepUOANYECKHX
PeKUMOB

VYpaBuenue (3.1) gBisieTcsi KOMILUIEKCHBIM, IOATOMY €TI0 MO>KHO MpPEeCTa-
BUTh CUCTEMOM JBYX YPABHEHUH C IBYMsI HEU3BECTHBIMU: 4 U O, T.€.
X (o, A) =0;
Y (o, A) =0,
/i€ IPUHSATHI T€ k€ 0003HAYEHHUSI, YTO U B BbIpakeHUH (3.2).

Pemenue cucremsl ypaBHeHHH (3.3) MOXKET ObITh HAHAEHO C MOMOIIBIO
TOTO e MareMaTtrueckoro makera Mathcad na 1K co ctapToBBIMU 3HAYCHUSIMU

(3.3)

aMILTUTYAbl A U 4aCTOTHI (0, TOJYYEHHbIMH B 1.3.1.

B kauectBe nmpumepa B [IpuiioxkeHnu 2 mpuBeaeH MPOTOKOJ pacdera ma-
pameTpoB A U (® mnepuoandeckoro pexxuma B CAY ¢ HEIMHEWHOCTHIO THUIIA
mo(dT myTeM pelieHusi COOTBETCTBYIOIIEH CHCTEMbl HEJTMHEHHBIX alreOpande-
ckux ypaBHeHu#. [Ipu sTom vepes 1 u g2 o603HaueHBI KOIDPHUITUEHTHI TAPMO-

HU4eckor jauHeapusanuu ((A) u q’(A), uepe3 W — gacTtoTa @, uepe3 b — mapa-
metp P.

3ameuanue. [y pemieHWs CHUCTEMbl HEJIWHEHHBIX alreOpandecKux
ypaBHeHMi B makere Mathcad mpuMeHsieTcs CreluaibHbId BBIYUCIUTEIbHBIHN
OJIOK, COCTOSIINN U3 TPEX YaCTEH:
1)  Given — ki1r0YEBOE CJIOBO;
2)  cuCTeMa ypaBHCHHMA, 3alMCaHHAs JIOTHYECKUMH OIIEpPaToOpaMH;
3)  Find(Xy,...,Xm) — BcTpoeHHAss (QYHKIUS A1 PELHICHHUS CHCTEMBbI ypaBHE-
HUN OTHOCUTEIBHO MEPEMEHHBIX X, ...,Xn.
bnok Given/Find ucnosnb3yer /Ui MOUCKa pelIeHHs] UTEPAllMOHHBIC Me-
tonel. IloaToMy TpebOyercst oOs3aTeNbHO 3a/laBaTh HaudallbHbIC 3HAYCHUS IS
BCEX MEPEMEHHBIX Xj,...,Xym. ITO OCYIHISCTBIIACTCS HaxkaThem kiaumu “Ctrl”.
3HaK paBEHCTBA B YPABHEHHSX CTaBHTCS codeTaHweM kiaBuii “Ctrl”+”=", koH-



CTaHTa Tt BBOAMWTCS codeTanneM kiaBum “Shift”+“Ctrl”+”p”, a 3anmyck pemeHus

9%

OCYHICCTBIACTCA HAXKATUCM KJIABUIITN .

3.3. Pacyer rpaHUYHOr0 3HAYeHUSI KOI(PPUIHEHTA YCHIIEHUS

['paHnYHBIM Ha3bIBACTCS MUHUMAJIbHOE 3HaUYC€HHE KOd(uIlneHTa ycumie-
uus K nmuneiinon yactu (JIU) CAY, nmpu KOTOpOM aBTOKOJICOAHHUS HAXOIATCS Ha
IPAHUIE CBOErO0 BO3HUKHOBEHHMSI M MCUYE3HOBEHMS. [Ipu rpaHMYHOM 3HAYECHUH
koahdunrenTa ycunenus xapakrepuctuk JIY u HD cuctembl aBToMaTH4ecko-
ro YIpaBJICHUs] UMEIOT OJIHY OOIIYI0 TOYKY COMPUKOCHOBEHMS WM KacaHus. Ha
puc. 3.3 mokaszaHbl pa3IMYHbIE CIIy4au PacCIONIOKEHUSI YKa3aHHBIX XapaKTepH-
CTUK Il CHUCTEM C HEIMHEWHOCTSAMH CJICIYIONIUX THUIIOB: a) HACHIIICHHE; O)
JIBYXIIO3UIIMOHHOE peJie; B) TPEXIIO3UIIMOHHOE pesie 0e3 rucrepesnca; ) JoQT.

a) jVﬂ'JA 6) jVJY'JA
L) - -
O Uﬂ‘[ O U./Yq
ZH3 (A)
Wy (o) Wy (jo)
8) :
JVJZ’{A Z JVJ]'JA
Z,,(A) _
>
Uﬂ‘[
Wy (jo)

Puc. 3.3

3aMeTHM, YTO B TOYKE KacaHUs, B OTJIMYUE OT TOYKH COMPUKOCHOBCHHS,
KpuBble Z;5(A) 1 Wy (jo) uMeroT o0IIyro KacaTenbHyo. DTOT ciay4aid BO3MO-
’KeH, B yacTHOCTH, 11 CAY ¢ HeTMHEHHOCTHIO TUTIA JTIO(T.

Brruucnenne rpannyHoro 3HaYeHUs K ympoIaeTrcs, €ciii TOYKa COIMpH-
KOCHOBEHUS TPUHAUICKAT OJHOW W3 OCel KOOPJIWHAT KOMILIEKCHOM IUIOCKO-
cTH, Ha KOTOpOoit cTpositcs kpuBble Wy (o) u Zy5(A) (puc. 3.3, a — 8). B aTom

Cllyyac CHaydajla HaxoIAT COOTBCTCTBYIOIICC 3HAYCHHUE YaCTOTHI (O aBTOKOJIeOa-
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HUW TIpUPaBHUBAHUEM K HYJIO MHUMOM (MJIM BEIIECTBEHHOW) YaCTH YaCTOTHOM
nepenaToqHoi GpyHkuuun W (jo).

3areM HaxonAT 3HaueHue Zy,(A) B TOUKe conpukocHoBeHus. Ilpu sTom
TouKe conpukocHoBeHus Ajist CAY, uMeronieit 1ByXIO3UIIMOHHOE PeJie C TUCTe-
PE3UCOM WJIM HEJIMHEWHOCTh TUIA HACBIIIEHHUE, COOTBETCTBYET MHUHUMAIIBHOE
3HAYCHUE aMIUTUTYAbl aBTOKoJNeOaHuil A=a. [{ns cucrtemsl ¢ UaeaIbHbIM JBYX-
NO3UIMOHHBIM pedie (a=0) monydaetcs ® —> o u 4=0. J[71s1 cucTeMsl ¢ TpexIio-
3UIMOHHBIM pejie HE0OXO0AUMO UCCIeA0BaTh Ha AKCTpeMyM GyHKIU WyH(4) n
IIPU HAWJICHHOM 3HAYE€HUU aMIUIUTYAbl A HANTH MUHUMAIbHOE IO MOAYJIIO 3Ha-
yeHue Zys(A4).

Hakonel, 13 0CHOBHOTO pacueTHOro ypaBHeHus (3.1) mMeTona rapMoHU-
4YecKoro OajaHca MpU HaWJIEHHBIX 3HAYEHUSX YaCTOThI (O M aMIUTUTYIbl A MOX-
HO ONPEAENTh NCKOMOE FPaHUYHOE 3HaUeHue K 7S ciiydasi CONPUKOCHOBEHUS
xapakrepuctuk JI4 n HO.

3ametuM, uTo st CAY ¢ HETMHENHOCTBIO THIA HACBIIICHUE TPAHUYHOE
3HaueHue K MOXKET ObITh HAalJICHO TaK K€, KaK JIMHEHHON CUCTEMBI: TI0 JIIOOOMY
U3BECTHOMY KPUTEPHUIO YCTOMYMBOCTHU IipH padote HD Ha mHelHOM yyacTke.

I'pannunoe 3HaueHue korhduuuenta ycunenus K gist CAY ¢ HenuHen-
HOCTBIO THMA JIIO(T MOXKET OBITh HAMIEHO MyTEM COBMECTHOTO PEIICHUS YpaB-
HeHus (3.1) U ypaBHEHHs, BHIPAKAIOIIETO YCIOBUE HAIMYUSA Y XapaKTEPUCTUK
JIY u HD o0mei kacaTeIbHOM, T.€.

N 0 (®) _ aq'(A)
U o(@)  0q(A)’
rae U (o),V ;0(w) — cooTBeTCTBEHHO BelIeCTBEHHAs M MHHMMasl 9acTH 00-

(3.4)

paTHOM yacToTHOM nepeaaTouHoit pynkiuu JIY, T.e.

~Wirg (j0) =U g0 (@) + V0 (). (35)

[Ipu »TOM BXoasuIMe B ypaBHeHUE (3.5) MpOU3BOJHBIE MOKHO HAWTH MO
(dbopmyIe nis HeIBHOW MapaMeTpUYECKH 3aJaHHON (QyHKIUH, T.€.

No (@) _ V() 0Ugo(e) . 00'(A) _ 30'(A) . 29(A)

oU (o) do o | 6q(A) B P
rae B=arcsin2a/ A-1).

3amMeTuM Takke, uTo ypaBHEeHHE (3.5) MOXeT ObITh MOJYy4€HO TOYHO B Ta-
KOM € BUJI€ U3 HEpaBEeHCTBA (3.2), BBIpaXkalollIero yCcjaoBUe yCTOMUMBOCTH Tie-
PUOAMYECKOTO PEXUMA, €CIIM B HEM 3aMEHUTh 3HAK HEPABEHCTBA HAa 3HAK pa-
BEHCTBA.

ITocne HaXxoXA€HU MPOU3BOAHBIX (3.6) M MOJACTAHOBKHM HAWJICHHBIX IS
HUX BbIpakeHUM B ypaBHeHUE (3.5), B 4aCTHOCTH JyIsl paccMaTpuBaemMoil B 1. 2.4
CAY, oHO npuoOpeTaeT CIeIyIONTNil BU/I:

3T1T2(,02 -1 _
2(Tl +T2)CO -

. (36)

tagp. (3.7)
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CoBmectHoe pemienue ypaBHeHuit (3.1) u (3.7) MoxeT ObITh HalJIeHO Ha
1K ¢ nomorisio TOro e MaremaTuyeckoro nakera Mathcad. [Tpudem B pe3yiib-
TaTe PEIICHUS] YKA3aHHBIX YpaBHEHHM OyayT OmpeesieHbl aMIUTUTYAa A, 4acTo-

Ta (O ¥ TpaHuYHOE 3HaueHue kordp¢unuenta K ycunenus JIYU, cooTBeTCTBYIO-
1IMe Touke kacanus xapakrepuctuk JIY u HO.

Ecnu ke cucrema ypapuenuii (3.1) u (3.7) He UMeeT penieHus:, To 3TO 03-
HAYaeT, YTO TOYKH KacaHus xapakrepuctuk JIY u HD npu 3aaHHbIX 3HAUEHUSAX
napameTpoB CAY ObITh HE MOXKET, HO BO3MOKHO CYIIIECTBOBAaHME TOYKH UX CO-
MPUKOCHOBEHUs (KpuBas 2 Ha puc. 3.3, r). [Ipu a3ToM ammuiutyga A = oo, 9acToTa
® = O, , a TPaHUYHOE 3HaueHHEe Kod(ppunuenrta ycunenusa JIY MoxxHO HalTH 13

OCHOBHOTO pacueTHOro ypaBHenus (3.1). B atom ciiydae npeaenbHbIi UK (CM.
puc. 3.3, T) CTaHOBHUTCS OCCKOHEYHO OOJIBIIMM, TaK KakK aMmrumtyga A=co.
Ocobast Touka B Hayajie KOOPJWHAT MPU ITOM NPHUOOPETAET YCTOWYUBOCTH «B
[EJIOM)» BMECTO YCTOMYMBOCTH «B OOJIBIIIOM.

JIucTUHT MCXOMHBIX JaHHBIX g BBoja B [IK u pacyera Ha HeM rpaHuy-
HOTO 3HaueHus1 koddduimenta ycunenus JIY, a Takxke COOTBETCTBYIOUUX €MY
napaMeTpoB 4 u @, Hanpumep, B Toi ke CAY ¢ HEIMHEHHOCThIO TUNA JIOPT,
OTIIMYAeTCs OT MpeJicTaBlieHHoro B [IpoTokonie pacuera nmapaMeTpoB aBTOKOJIE-
OaHMl MPUIIOKEHUS 2 TOJIBKO TeM, 4YTo BMecTo paBeHcTBa K:=10 BBOUTCS J10-
MOJIHUTENbHOE ypaBHeHue (3.7).

3.4. IlocTpoeHue npoekuuii pazoBbIX NOPTPETOB

BBuay TOro 4ro mopsjok ypaBHEHUM MCCIEAYEMbIX CUCTEM OoJibliIe
JBYX, IOCTpOEHUE UX (ha30BbIX NOPTPETOB B TOUHOM BH/IE 3aTPYAHUTEIHHO.

Opnnako npu pacuere Ha [IK mepexomHbIX IPOLIECCOB MOXKHO OJHOBpE-
MEHHO IMOCTPOUTH MPOEKINHU (Pa30BBIX TpAaeKTOpH Ha (Pa30ByI0 MIOCKOCTH (X1,

X;=X1), o003HaUeHNE TOPU3OHTAIBHONH OCH KOTOpPOHM COBMagaer ¢ o0o3Haue-

HUEeM BXoAHOHM BennuuHbl X; HD, u 00BACHUTH UX XapakTep.

Ha puc. 3.4 noka3aHbl BO3MOKHbIE Pa3HOBUAHOCTH TAKUX TPAEKTOPHIA:

a) C OIHUM YCTONYMBBIM NPEIEIbHBIM IIUKIOM, YTO COOTBETCTBYET MSIT-
KOMY PEKHUMY CaMOBO30Y>KJI€HHUSI aBTOKOJICOAHMIA;

0) ¢ OTHUM HEYCTOWYMBBIM MPEACTHHBIM ITUKIIOM;

B) C YCTOWYMBBIM U HEYCTOMYHUBBIM MPEIEIbHBIMU [IUKJIAMU;

) C TIOJYYCTOWYUBBIM TPEICIBbHBIM ITUKIOM, XapakTepHbiM it CAY ¢
IPaHUYHBIM 3HaueHueM KodpduimenTa ycunenus JIY.

Kpome Toro, npu 3naueHnn kodpduimenta ycunaenus JIY, MeHbiiem ero
IPaHUYHOTO 3HAYCHHUS, MOXKET OBITh CXOMISIIUNACS XapakTep BceX (ha30BbIX Tpa-
extopuil. [Ipu 3TOM y cucTeM aBTOMAaTUYECKOTO YIpPaBJICHUS, UMEIOIINUX HEJH-
HEHHOCTh C 30HOM HEYYBCTBUTEIHHOCTU MJIM HEOAHO3HAYHOCTH, (ha30Bble Tpa-
eKTOPUU MOTYT UCXOAUTH (CXOAUTHCS) U3 OCOOBIX TOYEK, MPUHAMICKAIIUX OT-
pe3Ky BellleCTBeHHOM ocu |Xq|<a.
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Puc. 3.4

Ecnu mpu 3amaHHOM auamna3oHe M3MEHEHUS BapbUPYEeMOro mnapamerpa
BO3MOXKHBI pa3HOXapaKTepHbIe (Pa3oBbie MOPTPETHI, TO BCE OHU JIOJKHBI OBITH
MOCTPOCHBI, a B BBIBOJIAX MO KYpCOBOM paboTe HEOOXOAUMO J1aTh aHAJIU3 U3Me-
HEHUSI TUHAMUAYECKHUX CBOMCTB uccienyemoit CAY.

3.5. MoaenupoBaHue HeJIMHENHHOM CUCTEMBI U MOJTy4eHHe BpeMeHH O
AuarpamMmsbl eé nepexoaHoro npouecca Ha IK

MoaenvupoBaHu€e 3aIaHHOW HEJTMHEHMHOW CUCTEMbI MOYKHO MPOU3BOJUTH C
MIOMOIIIBIO PA3JIMYHBIX MAKETOB MPHUKIAIHBIX Mporpamm, Hanpumep [T Sim-
ulink [4, 5]. B aTom makeTe npuMEHSICTCS CTPYKTYPHBIH METOI MOJICTTUPOBAHUS,
Korna kaxaoe 3seHo0 CAY mojenupyercs COOTBETCTBYIOUIMM (DYHKIIMOHAIb-
HBIM OJIOKOM.

Brox B OBM cTpykTypbl 1 ITapaMeTpOB CXEMBI MOAECIUPOBAHUS U TONY-
YEHHE BPEMEHHOW IuarpaMMbl U3MEHEHUs BXOIHOW BenuuuHbl X; HD wuccre-
JyeMOM CUCTEMBI ITPOU3BOJUTCS B TUAJIOTOBOM pexume. [loaTomy HE0OX0aMMO
3apaHee MOATrOTOBUTH OTBETHI Ha BOIpPockl DBM 0 BpeMeHH HAOMIOEHUS MPO-
necca (BpeMEHU MHTETPUPOBAHUS), HAUYAJILHOM IlIare MHTErPUPOBAHUS, UHTEP-
BaJie BBIBOJIA U HOMEp OJIOKa JiJisi BhIBOJA HA Tevath. [Ipu moucke OTBETOB Ha
YKa3aHHbIE BOMNPOCHI MOXKHO OPHUEHTHUPOBATHCS HA PE3yJIbTAThl pacuera mnapa-
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METPOB MEPUOIUUECKUX pexKUMOB (cM. 11.3.1 1 n.3.2). B wacTtHOCTH, eciiu napa-
METpbI aBTOKOJeOaHUN A 1 (O U3BECTHBI, TO TOTJAa MOXHO BHIOpaTh, B YaCTHO-
cTH, BpeMs HabOaroaenus npomecca: T =(8+10)n/ w;

Kpowme Toro, nipu Bojie B [IK mapameTpoB u HauainbHBIX YCIOBHM Cleny-
€T 3a/1aBaTh HAYaJbHOE 3HAYECHHE BEIUYMHBI X; B OKPECTHOCTH 3HAYCHUS aM-
IUIUTYJbl A WCCIENYEMOT0O MEPUOJUYECKOr0 PEKMMa M C y4E€TOM COOTBETCT-
BYIOLLETO (Pa30BOTr0 MOPTPETA CUCTEMBI.

[Tpu muppoBom moaenupoBannu HO ¢ xapakTepucTukamu tuna “ymnop” u
“IMIOQT” MOXKHO HCIIONB30BATh CXEMbI MOJEJEH, KOTOPbIE MPEICTAaBIEHbBI COOT-
BETCTBEHHO Ha puc. 3.5 u 3.6.

K e B -«
S B
=
} >
X—>» Y
Puc. 3.5
—»X K Y
+ |—»{—B | >
—_ B S
Puc. 3.6

B »tux cxemax Ky ¥ KpyTH3HY XapaKTEPUCTHKU «30HAa HEUYBCTBHUTEIb-
HOCTH» YCTPEMHUTH K OECKOHEUHOCTH.

[Ipn uudpoBom MopenupoBanun HD ¢ xapakTepucTukamu Thma ‘‘30Ha
HEUYBCTBUTEIBHOCTU C OrpaHUYEHUEM W “TMHEUHO-peNieiiHasl XapaKTepHUCTH-
K2~ MOKHO HCIIOJIb30BaTh CXEMbI MOJENIEH, KOTOPBIE MTPEACTABIECHBI COOTBETCT-
BEHHO Ha puc. 3.7 u 3.8.

©
\/
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Puc. 3.8

[Ipu MoenupoBaHUM CIIEAYET YUUTHIBATH CIETYIOIICE.

1. TunoBble HETMHEWHOCTH C OTPAHUYEHUEM HMEIOT YPOBEHb HACHIIIE-
HUSA, paBHbIA eauHuue. [loaTomMy mocnenoBaTreabHO C HUMH HAJ0 BKJIHOYATh
YCWINTENb, KOAP(OUIMEHT YCUIEHUS] KOTOPOrO PaBEH 3aJlaHHOMY YPOBHIO OT-
paHUYEHUS.

2. [lpu MonenupoOBaHUM CHUCTEM HCCIEIYETCS UX CBOOOJHOE JBUKEHUE,
IpUYEM HayajlbHbIE YCIOBHS 3aJal0TCS HAa WHTErpaTrope, MOAKIIOYEHHOM KO
Bxoay HO. Ecmm xe xo Bxonmy HD moakiroueHO MHEPHHMOHHOE 3BEHO, TO €r0
IPEJCTaBIISIIOT B BUJE UHTETPATOPA C KECTKOW OTpULIATEIbHON OOpaTHOH CBS-
3BI0.

3. Ha ropusonTanbhyio ochk peructparopa XY-Graph npu custuu daszo-
BBIX TPAEKTOPHM MOJAETCS CUTHAN X;, a HA BEPTUKAJIBHYIO OCh — IIPOU3BOIHAS
3TOr0 CUTHAJA.
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I[MTPMJIOKEHUE 1

IIpoTokoJ pacueTa XapaKTepPUCTHK

i=0.4 w:=95+25i A :=90+5i 95 8608
9.75 8903
70 =
W= W=l 10T Reqw) = | 7778
i (iw)2 (i 10.25
1+iw+.1(iw)" + .01 (i-w) —7.342
105 6,903
—T 2 . T
z:=—-\[A -1-i— _
40 40 0994
—-0.464
Im(W) = 0
0.401
0.741
90 —7.068 -0.079
95 —7.461 -0.079
A=| 100 Re(z) = | -7.854 Im(z) =| -0.079
105 —8.246 -0.079
110 —-8.639 -0.079
Im(z)
Im(W)
Re(z) , Re(W)

Puc. I1.1



16

[TPMJIOKEHUE 2

IIpoTokoJ pacyeTa mapamMeTpoB aBTOKOJI€OaHU I

A=1 gl:=.01 b=1 T1:=.3
k:=1C
W:=.5 g2=-.1 a:=.5 T2:=.2
Given
b in(2-b
—(T1+T2)W2+k-q1=0 ql=.5-| — —Sln( )
T 2
3
-T1T22w + w+ kQg2=0 —(COS(b))2
g2= ——2
2- T
b= asin[(xaj — }
0.59
0.525
Find(w,A,ql,92,b) =| 0.017
—-0.058
1.131
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