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BBEJIEHUE

Teopust aBToMaTnaeckoro ynpasnenus (TAY) BXoauT B 4ncio Aucuum-
J1H 0a30BOi YacTH NMpo(hecCHOHAIBHOrO 1IMKJIA OCHOBHBIX 00pa3oBaTeib-
HBIX MOPOTrpaMM MOAYJS «OJIEKTPOTEXHHKa» HANpPaBIE€HUs MOATOTOBKU
OakanaBpoB 140400 — «DneKkTpodHEpreTuKa U 3JEKTPOTEXHUKA» U HAINpPaB-
nenus 220700 — «ABToMaTHU3alUsl TEXHOJIOTHYECKUX IIPOILIECCOB U IPOU3-
BOJICTBY, peajiu3yeMbIX (eliepaibHbIMU FOCYJApCTBEHHBIMU 00pa30oBaTeib-
HBIMH CTAQHAAPTaMH BBICILETO MPO(ECCHOHATIBHOIO 00pa3oBaHUsl, yTBEPXK-
nenHbiMu [Ipuka3zom MunucrepcTBa oOpa3oBaHusi U Hayku Poccuiickoit
®enepanuu Ne 710 ot 08.12.09 1.

Lenpto HacTOsIIEH AMCHWTUIMHBEI SBISETCS (GOPMUPOBAHUE IIUPOKOTO
NPEACTaBIEHUs] O COBPEMEHHBIX CHCTEMaxX aBTOMAaTHYECKOTO YIpPaBJIECHUS
(CAY), n3ydyenne Teopun JMHEHHBIX W HEIMHEHHBIX CHUCTEM YIpPaBICHHUS,
MOJTy4YeHHe MPaKTUIECKUX HaBBIKOB aHanu3a u cuHre3a CAY.

B pesynwraTe m3ydenus TAY CTyIeHT HO/DKEH

— AMeTh NpecTaBIeHHe:

® 0 TOM, YTO TEOPHsI aBTOMATUUYECKOTO YIPaBJIEHHS SBISETCSA YaCThIO
obmelt Teopuu 00 ympaBieHHH, KOTOpas Ha3biBaeTCs: « KnubepHeTHKOm»;

® O MPUHLHMINAX U aJIrOPUTMAax YIPABIEHUS CUCTEM aBTOMAaTH4YECKOIO
yIpaBlI€HUS;

® 0 TOM, YTO BC€ pacueTsl B TEOPHWH aBTOMATHUYECKOTO YTPABICHHUS
NPOU3BOISATCS C UCIONB30BAHUEM MAaTEMaTHYECKOTO OMHMCAHHA HCCIexye-
MBIX WJIM IPOEKTUPYEMBIX CHCTEM;

® 0 Pa3NMYHBIX MOAXOAAX MPH aHAIM3E W CHHTE3€ JIMHEHHBIX W HEeNlH-
HeiiHpix CAY: cucteM cTaOMIM3alM, MPOTPAMMHBIX, CIEISIINX, ONTH-
MAaJIbHBIX, DKCTPEMAJIbHBIX, aalITUBHBIX U JPYTUX;

® O COBPEMEHHBIX TEHICHIMAX Pa3BUTHS TEOPUM ABTOMATHYECKOIO
yIpaBlI€HUS;

— 3HATh:

e >KBUBaJIeHTHbIE (hopMbl MaTemaTuyeckoro onucanuss CAY: nudde-
peHLIMAIbHBIE YPAaBHEHUS, NepefaTOYHble (YHKLUH, CTPYKTYPHbIE CXEMBI,
KOMILIEKCHBIH K03 puumeHT nepenauu;

e nuddepeHnaIbHbIE YPaBHEHHS, IepeJaTouHble QyHKINHU, epexo-
Hble (YHKIMM U YacTOTHBIE XapaKTEPUCTUKU B OOBIYHOM M Jorapudmuue-
CKOM Maciutade TUnoBbIX 3BeHbeB CAY;

® METONBl M KPUTEPUH YCTOHUMBOCTH CHCTEM aBTOMAaTHYECKOTO
yYIpaBJIeHUS W METOIWKY OTPE/EICHNs 3armacoB yCTONYMBOCTH IO YacTOT-
HBIM XapaKTePUCTHKaM B OOBIYHOM H JOTapu()hMUUIECKOM MacIITade;



e MeToabl OoneHKH KadecTBa CAY B yCTaHOBHBIIEMCS M IIEPEXOTHOM
pexume;

e myTH yiyumeHus kauectBa CAY W MeTOJbI CHHTE3a KOPPEKTHPYIO-
LIUX YCTPOMWCTB;

® METOIBI KOMIBbIOTEpHOTO Moaenupoanuss CAY, yCKopsonme u pa-
[MUOHATM3UPYIOIIHE TIPOIEeCCHl aHaJv3a U CHHTe3a CHCTEM YIIpaBIIeHUS;

— yMeTb:

® COCTaB/IsiTh M JIMHEAPU30BbIBATH U (EpeHLIUaIbHbIC YPaBHEHUS
3BEHbEB C HETMHEMHOM CTaTUYECKON XapaKTEepUCTUKOM;

e npeoOpa3oBEIBATh MATEMATHYECKOE OMTMCAHNE B HYXKHYIO U YIAOOHYIO
dbopmy aist aHanm3a 3anaHHo CAY u CHMHTE3a CUCTEMBbI 0 3a/IaHHbIM TPE-
OOBaHUAM;

e BBIOMpATh METON [UISI aHAIW3a JTUHAMUYECKAX W CTATHICCKUX
CBOMCTB 33aJJaHHOI CUCTEMBI;

® CHHTE3HpPOBAaTh KOPPEKTHPYIOIIHNE YCTPOWCTBA, OOECIEUYHBAIOIIHE
TpeOyeMoe KaueCTBO CUCTEMbI YIIPABIICHUS B YCTAHOBUBILEMCS U MEPEXO/I-
HOM PEXUME;

® HCIIOB30BaTh IMPHUKIATHBIC POTPAaMMBI CTPYKTYPHOTO MOJIEITHPOBa-
HUSI IMHAMUYECKUX 00BEKTOB Ul aHaau3a u cuHresa CAY Ha nepcoHasb-
HBIX BBIYHCIUTEIBHBIX MAIINHAX.



OBIIUE CBEJAEHUA

Jiist nostyueHus: NepeunclieHHbIX BO BBEJACHUHM HABBIKOB CTYJICHT 3a04Y-
HOM (hopMbI 0OYYEHHUS JTOMKEH OCBOUTH TEOPETUYECKHI MaTepuan B o0be-
Me, 33/laHHOM pabouell mporpaMMol JUCLMIUIMHBI, U BBIIOJIHUTH OIpe/e-
JIEHHOE KOJIMYEeCTBO KOHTPOJBHBIX pabOT B 3aBHCHMOCTH OT Mpoduis
MOJrOTOBKH CTYJICHTA.

BapuanThl 3a1aHnii Ha KOHTPOJBHBIE paOOTHI BEIIAIOTCS TIPEToiaBaTe-
JieM, Bely MM AUCUUIIMHY, HHAWBUIYAIbHO KOKIOMY CTYACHTY.

B xoHTpOompHBIX pabotax Ne 1 u 2 wmccnenyercs TMHEHHas CHCTeMa aBTO-
MaTHYeCKOTO YMpaBlieHus. BapuaHT 3a1aHusi COCTOMT M3 PUMCKOW HUQPBI
(ot I mo X), onpenensrorieii HoMep CTPYKTYPHO# CXeMbI (CM. TprIokeHue 1,
tabu. I11.1), aByx apadckux mudp (ot 01 go 20), 3agaronmmx 3HaYSHUS Tapa-
METpPOB 3BEHBEB CTPYKTYPHOW CXEMBI U MMOKa3aTesell KauecTBa peryrpoBa-
HUA (cM. mpuoxkerue 1, tadim. I11.2 u I11.3) u OykBBI «Y», YKa3bIBaloIIeH,
4YTO B KOHTPOJIbHON padoTe Ne 2 CHHTE3 KOPPEKTUPYIOLIMX YCTPOWUCTB MPO-
BOJIUTCS IO YIIPABJISIIOLIEMY Bo3/ieicTBUIO, Hanpumep: 11-05-Y.

B konTposbHO# pabore Ne 3 uccienyercst HeJMHEHHAs cuCTeMa aBTO-
MaTHYeCKOTO yTpaBieHus. BapuaHT 3aJaHisi COCTOUT U3 PUMCKON U PEI
(ot I mo X), o3Hauarouieil HoMep CTPYKTYpHOH CXeMbI (CM. MPHUIIOKEHHE 2,
tabm. [12.1), nByx apabckux mudp (ot 01 mo 20), onpenensomux 3Ha9eHAS
MapaMeTpoB 3BEHbEB CTPYKTYpHOU cxembl HenuHelHoW CAY (cM. mpuiio-
xenne 2, Tabn. [12.3) u OykB a, b, ¢, d, e, f, TOKa3BIBaIOIUX BHJI U TIapa-
METpPBI HEMMHEHHBIX XapakTepucTHK (cM. mpuioxenne 2, tabn. [12.3). Ha-
npumep: V-13-b.

[Ipu odopmiIeHNH KOHTPOJIBHBIX paboT HEOOXOAUMO TPHIAEPKUBATHCS
CIIEAYIOUIMX PEKOMEHIALIUM.

» KoHTponpHas paboTa BBHIMOJHAETCS B BHJE MOSCHUTEIBHON 3aMUCKH
Ha CTaHIApPTHBIX JUCTaxX nucyeit Oymarn popmara A4.

» OOpasel, TUTYJbHOI'O JIMCTA KOHTPOJILHOW paboThl MPUBEAEH B MpPHU-
JI0K€HUU 4.

» TekcT nuieTcst Jubo OT PyKH, 10O C NPUMEHEHUEM JIIO00ro TeXHU-
YeCKOro cpelcTBa. Pa3Hblil cTuiIb 0OpMIIEHNS HE AOIyCKaeTcs.

* B Tekcre He pa3peliaeTcs COKpauleHue CIIoB M (pa3, Kpome oOuie-
NpUHATHIX: cTp., CAY, TAY u 1. 1.

* [Ipy HEOOXOAMMOCTH COKpAllleHHsl KaKoro-iubo HaMMEHOBaHMs B
TEKCTe MPEABAPUTENBHO JOJDKHO OBITH MPUBEACHO MoscHeHue. Hampumep:
KoppekTupytomiee ycrpoictso (KVY).



* PucyHku U rpaduky BKIIOYAIOTCS B KOHTPOJBHYIO padOTy MO XOIy
TEKCTa ¥ U300paXkaroTcs Ha MIJUTHMETPOBOH HITH TMHOBAHHOM OyMare.

= PacueTHbIe IICP'ICTBI/ISI JOJDKHBI MPEABAPATHCA COOTBETCTBYIOIIUMUA
MTOSICHEHUSIMH.

= PacueTsl NOMMKHBI MPOU3BOAUTHCS 1O Gopmyiam. CHadana dpopmyia
3amuchiBaeTcs B OYKBEHHOM BHJE, IIOTOM BMECTO KaXXIOTO OYKBEHHOTO
0003HaYEHNs TIOACTABISETCS YHCIO M 3aT€M BIMCHIBAETCSl PE3yJIbTaT BbI-
yucneHus. CiaoxHple GOPMYIEI ClIeyeT yIpollaTh cHadana B OYKBEHHOM
BHJIE W TOJBKO IOCJE TOTO TOJACTABIATH YNCIa. byKkBeHHBIE 0003HAUEHUS
B OJIHO¥M KOHTPOJIbHOU paboTe HE TOJIXKHbI OBTOPSATHLCS, HOBbIE 0003HAUE-
HUS TIOJDKHBI PacIIn(pOBBIBATHCS.

* CTpaHHMLIbl, PUCYHKHU U TaOJIMLBbI JOJKHBI ObITh IPOHYMEPOBAHBI.

= [lepedeHp WCMIONB30BAaHHOW JINTEPATYpPHl MPHUBOJUTCS B KOHIE KOH-
TpOJIbHOW paloThl B BUJE HyMEPOBAaHHOIO crucka. [lisi Kaxaoro JMrepa-
TYpHOTO WCTOYHWKA MOJKHBI OBITH yYKa3aHbI: (aMIIns, HHUITHABI aBTOPA,
HAaUMEHOBAHUE, W3MIaTEIbCTBO, TO M3JaHUS U KOJWYEeCTBO cTpanull. Crum-
COK JUTEpaTypbl, TMPHBENEHHBIA B JAHHBIX METOJUYECKHX YKa3aHUSX,
odopmiieH B cooTBeTcTBUU ¢ TpeboanusmMu ['OCTa u MoxeT OBITH WC-
MOJTF30BaH B Ka4ecTBe 00pasia.

= Ha mpoBepKy u 3a4eT KOHTPOJIbHAs paboTa JODKHA MPEICTABIATHCS
B CIIUTOM (TI€PETIETeHHOM ) BUJIE.

3aueT 1Mo KOHTPOJIBHBIM paboTaM MPOW3BOJIMTCS YCTHO B TPOIIECCE CO-
OeceoBaHUS C TIpenojaBaTelleM, BeIyIIUM JUCIUIUIAHY. PaGoTel MOXHO
3alIUTUTh B MEKCECCUOHHBIM MEPUOJ B JTHU KOHCYJIbTAlMH WK B MEPUOJ]
nabopaTOpHO-IK3aMEHAIIMOHHOW CeCCUU B JIHHU, NPeyCMOTpPEHHbBIE PacIIu-
CaHHEM CECCHH.

CITUCOK JIMTEPATYPbI

1. Becexepcxuii B.A. Teopus cucteM aBToMarnieckoro yrpasienus / B.A. be-
cekepckuit, E.I1. ITorog. — CI16.: TTpodeccust, 2004. — 752 c.

2. Boponog A.A. OCHOBBI T€OpUN aBTOMATHYECKOTO PETyJIMPOBAHUS M yIpaB-
nenust: yue0. mocodbue st By308 / A.A. Boponos, B.K. Turos, b.H. HoBorpanos. —
M.: Bercm. mk., 1977. - 519 c.

3. Bocmpuxog A.C. Teopusi aBTOMaTHIECKOTO PETYIUPOBAaHUS: yuel. mocoone /
A.C. Boctpukos, I'.A. ®@paniy3oBa. — Hoocubupck: M3n-eo HI'TY, 2003. —
364 c.

4. Teopus aBToMaTuyeckoro ympasieHus. Y 1. Teopust TMHEWHBIX CUCTEM aB-
TOMaTHYIECKOTO yTpaBeHus: y4eOHuK /st By30oB / H.A. babakoB [u np.]; mox pexn.
A.A. Boponosa. — M.: Bercmr. mik., 1977. —303 c.



5. Teopus aBToMaTmaeckoro ympasieHus. U 2. Teopust HEMUHEWHBIX U CIICLH-
AIBHBIX CUCTEM yHpaBiieHus: yueOHuK Jutst By30B / H.A. babakos [u ap.]; mox pex.
A.A. Boponosa. — M.: Bercm. mik., 1977. — 288 c.

6. Tonuees FO.H. Atnac sl IpOEKTUPOBAHUS CUCTEM aBTOMATUYECKOTO PETy-
mupoBaHus: y4eo. mocobue amst By30B / FO.M. TomyeeB. — M.: MammHocTpoenne,
1989. - 752 c.

7. Tonuees FO.HM. 3amauHUK TO TEOPUH ABTOMATHUYECKOTO PETYJIUPOBAHMSA:
yueb. nocobue st By30B / FO.M. Tonuees, A.I1. 1pirisikoB. — M.: MaiuHoctpoe-
uue, 1977. — 592 c.

8. Anocos B.H. Ilporpamma Matlab 6.5/ Simulink 5: yueb6. mocobue /
B.H. Anocos, B.B. Haymos. — HoBocubupck: M3n-so HI'TY, 2007. — 104 c.

9. Teopusi aBTOMaTHYECKOTO YNPABICHUS: METOA. yKa3aHUs K J1ab. paboram
Ne 1-5 nnsa crymentoB III-IV kypcoB anmekTpomexaHW4decKoro (pakyipreTa BeexX
(hopm oOyuenus / HoBocuO. roc. TexH. yH-T; [cocT.: B.H. Arocos, B.B. HaymoB]. —
HoBocubupck: M3n-8o HI'TY, 2004. — 62 c.

10. Teopuss aBTrOMaTH4eCcKOro yIpaBjieHHs: METOJ. yKazaHus K jab. paboram
Ne 6-9 st cryeHToB (haKyJbTeTa MEXAaTPOHUKM M aBTOMATHU3ALIMH, 3a09HOTO (a-
KyIbTeTa U MHCTUTYTa JUCTAaHIUOHHOTO oOpa3oBanus / HoBocud. roc. TexXH. yH-T;
[coct.: B.H. Anocos, B.B. Haymog]. — HoBocubupck: U3n-so HI'TY, 2010. — 58 c.



KOHTPOJIBHAS PABOTA Ne 1

3ananue

Jna nuneitHoit CAY, 3agaHHOIN CTPYKTYpHOW CXeMOW M YHCICHHBIMHU
3HAYEHWSIMH TTapaMeTpoB (/711 CBOEr0 BapHaHTa), BHITIOIHNATH CIIEAYIOIIEe.

1. Haiitn nepenaTouHbie GyHKUUK CUCTEMbI B PA30OMKHYTOM U 3aMKHY-
TOM COCTOSHMHM IO YNpPaBJAIOIEMY K BO3MYIIAIONIEMY BO3AEHCTBUAM,
nepeiaToyHble QyHKIMKM OLIMOOK MO YNPaBJIAIOLIEMY M BO3MYLIAIOLIEMY
BO3JEHCTBUAM, XapakTepuctuueckoe ypaBHeHne CAY B 3aMKHYTOM CO-
CTOSIHUMU.

2. OnpenenuTh yCTOMUUBOCTh ABYMS KPUTEPUIMU.

3. OnpeneniuTh 3HaYEHHE KPUTUYECKOro KodpduiMeHTa nepenaqyu
CAY.

Metoanveckne yKa3aHHA K BbINOJHEHUIO
KOHTPOJIbHOM padoThl

1. B xoHTpONBHOW paboTe cucTeMa aBTOMATUYECKOTO YIPaBIICHHUS 3a-
JlaHa CTPYKTYpHOU cxemoil. B aToM ciydae cienyer HaXOIUTh MepenaTod-
Hble (YHKLMHU, PUMEHssl MpaBuia rnpeodpa3oBaHusi CTPYKTYPHBIX CXEM.
Tak Kak B 3aJaHHBIX CTPYKTYPHBIX CX€MaX OTCYTCTBYIOT NEPEKpeIIHBato-
LIMECs CBSI3H, TO Ul MPeoOpa3oBaHus UX JOCTATOYHO 3HATH TPU OCHOBHBIX
MpaBHia.

IIpaBuJo 1

[lepenaTounast GyHKIMS TOCIEOBATEIHHO COEAMHEHHBIX 3BEHBEB PaB-
Ha MPOU3BEICHUIO MePeAaTOYHbIX QYHKUNHI 3THX 3BeHbeB (puc. 1.1).

XoP) X Kow(p) Xp) Xun(p)
—> Wip) P Wap) P W) —> = — W) —>

Wias(p) = Wi(p) Wap) W3(p)
Puc. 1.1

IIpaBuno 2

Mepenatounast GyHKIMs NapajjieibHO COCIUHCHHBIX 3BEHHEB paBHA
CyMMe IepelaTOYHBIX (DYHKIIHI 3THX 3BeHbEB (pHC. 1.2).



Xox(P) X

> Wi(p)
X2 XBBIX(p) sz(p) XBLIX(p)

> Wap) = —» Waslp) — >
X3

» Wi(p) Wias(p) = Wi(p) + Wap) + W3(p)

Puc. 1.2
IIpaBuio 3

[epenaTounast GyHKINS KOHTypa MPH 3alaHHBIX TTepeaTOYHBIX (HyHK-
nusx npsmoro kanana (Wi(p)) u ooparnoro kanana (W,(p)) paBHa npobu, B
YUCIUTeNle KOTOpPOol 3amuckiBaeTcs Wi(p), a B 3HameHarene «1 + » mpous-
BeJEHNE TIEPEeJaTOYHBIX (YHKIHHA, MPSIMOTO W O00paTHOTO KaHANOB (IIJIFOC
MIpHU OTpULIATENIFHOW 00paTHOHU cBsizm (puc. 1.3, a), a MUHYC TIPU TOJOKH-
TeIbHOM 00paTHOU cBsizu (puc. 1.3, 0).

_p I
ng(p) XBMX(p) XBX(p) me(p)
Wl(p) > = —p WlZ(p) —
< Wi(p)
Wa(p) Wilp) = 7% Wl(]p) Wa(p)
OK <—
a
—» IIK
Xox(p) Xolp) )
_ > _ _(p» W) —»>
Lo -
Wi(p) Wip) = 7= Wl(lp(l)n)Wz(p)
OK €4—
7]
Puc. 1.3



IIpn egmanuHON oOpatHOi cBsi3m Wo(p) =1, a dopmyna mpuobperaet
CIENYIOIIUN BU:

Wi(p)

Vl/lz(l?):%-

(1.1)

Js Haxoxnenus mnepenatodnoid ¢yHknmm CAY B pa3oMKHYTOM CO-
CTOSIHUM CJICAYEeT pa3MbIKaTh rjIaBHyI0 o0parHyio cBsi3b ('OC), puc. 1.4.

G(p) E(p) lF(p)

—»% Wa(p) —>®—> Wi(p)
% IocC

Puc. 1.4

me(l?)

[MockoJibKy K JIMHEHHBIM CHUCTEMaM MPUMEHUM MPUHLMI CYNEPIO3u-
UM, TO TepenaToyHas (QYHKIHSA MO YHPaBISAIONIEMY BO3JCHCTBUIO HaXo-
IUTCS B TPEATIONIOKEHNH, YTO BO3MYIIaloIee Bo3aecTBre F(p) paBHO HY-
710, a 10 BO3MYINAIOIIEMY BO3JIEHCTBHIO, YTO PABHO HYIIO YIPaBISIOIIEE
BoznelicTBre G(p).

[lpn HaxoXIEeHWW TepeAaTOYHON (PYHKIMU OIMHMOKH HYKHO He 3a0bl-
Barh, uro ommnOkor CAY He3aBHCMMO OT BHAA BXOIHOTO BO3IECHCTBUS
(YTIpaBIISIOIIETO WITH BO3MYIIAIOIIET0) BCET/1a SBISETCS BeTHINHA!

E(p) = G(p) — Xauxlp)- (1.2)

Bce nalinenHbple mepenaTouHbie (PYHKIHWH JOIKHBI OBITH 3alMCaHBI B
cTaHAapTHOH GopMme, npuHATOH B TAY:

bop" +bp" "+ . +b,

W(p) = P n—l N (1 3)

app” +ap" +..+a,
rae by, by,..., b,, — dACIEHHBIE 3HaUYEeHUS KO3 PUIMEHTOB MOJIMHOMA YHC-
TUTEN, a dy, dis..., d, — YACICHHBIC 3HAYCHUS KOIPPHUIINEHTOB MOJTUHOMA

3HaAMEHATEN.

XapakTeprucTHIecKoe YpaBHEHHE B 3aMKHYTOM COCTOSIHUM (POPMaIbHO
MOJKHO Ha#TH, NPUPABHUBAsL K HYJIIO 3HAMEHATelb IepelaTOuHON QyHKIMH
3aMKHYTOH cucrembl. Ilpu sTom cienyer He 3a0bIBaTh, YTO B XapaKTepH-
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CTHYECKOM ypaBHEHHH «p» OyIeT KOPHEM 3TOT0 ypaBHEHHS, a HE ONepaTo-
powm Jlamtaca, Kak 3T0 OBUIO MPH 3aMUCH NEPeIATOYHBIX (YHKIHA.

2. Ans ompeneneHUs] YCTOMUMBOCTH JMHEHHBIX CHCTEM YTpaBIICHHS
MOJKHO BOCIIOJIb30BaThCSI YETHIPHMSI KPUTEPHUAMU:

1) kpurepmuii Payca,

2) kputepuii ['ypBuua,

3) xputepuit Muxaiinona,

4) xpurepuit Haiikucra (B 00b14HOM U Jiorapu(mMuuecKoM macuirade).

[Ipn ompeneneHnM ycCTONUMBOCTH NPEANOYTEHHE OTAAIOT KPUTEPHUSIM
mnbo Hambojee palOHANBHBIM, JHOO NMPUMEHHMMBIM K 3amaHHoH CAY.
B kadecTBe mepBOro Merona PEeKOMEHIYeTCsl MPUMEHAThH ajredpandyecKkue
kputepuu ycroituuBoct Payca unu ['ypsuna. Ecnu s kputepun Henpu-
MEHHMBI, HAal[pUMeEp, K CHCTeMaM, UMEIOIIIMM 3BEHbs 3ala3/blBaHus (e 7),
TO ClIEAyeT UCNOJb30BaTh KpuTepuil Muxaiinosa. B kadectBe BToporo me-
Tozma Ienecoobpa3Ho B3sATh kputepui HaiikBucra B sorapupmMudeckom
MacmrTabe. YCTOWYMBOCTE B 3TOM CJIy4ae OMPEAENseTcsl M0 B3aUMHOMY
PACIOJIOKEHHIO JIOrapuPMUYECKOH aMIUIMTYTHO-YACTOTHOW XapaKTepu-
cTuku L(m) 1 norapupmudeckoit (ha3ouacToTHON XapaKTEePUCTUKH Q(®M).

[Ipumenenune norapudmMuueckoro Macmrada ynpou@aeT pacyeTsl U rpa-
¢udeckue MOCTPOSHHsI YaCTOTHBIX XapaKTEPUCTHK, HEOOXOAUMBIX UISl OII-
penenenus ycroiunBocTd. KpoMe TOro, mocTpoeHHyo J0rapuMUuecKyo
aMILUTUTYTHO-4aCTOTHY10 XapakTepucTuKy (JIAUX) mcxomaori CAY MOXHO
OyZIeT NCroas30BaTh MPH BHITIOTHEHWH BTOPOI KOHTPOJIBHOH paboThI.

[Tpn mocTpoernn HorapupMUIECKUX JaCTOTHBIX XapaKTEPUCTHK HEOO-
XOJAMMO UMETh B BHJY, YTO 10 OCH abcUMCC OTKJIAJbIBAETCS YACTOTA B JIO-
rapupmMuyeckom Maciurade. BbIIONHATE 3TO MOXKHO IBYMs CIIOCOOaMHU.

Iepswiii cnocod

[To ocu abcuuce OTKIabIBACTCS AeCATUYHBIN jorapudm yactoTsl (1gm)
B JIeKaax (JieKk) B paBHOMepHOM MaciuTabe. (/lekaaa — 3To M3MEeHeHue Jac-
ToThl B 10 pa3.) [lnuHa oTpe3Ka, paBHOTO J€Kaje, He 3aBUCUT OT YacTOTHI U
oIIpesieNnseTcsl BhIpaKeHUEM
lg10w — 1gw =1g10 + Igo — lgo = 1g10 =1 nek. (1.4)
TIpH CYMTHIBAHUH YACTOTHI HY)KHO HE 3a0BIBATH, uto M =10,
Ocp abcermuce as 3Toro cnocoba n3odpaxeHa Ha puc. 1.5.

2 lgo [mex]




Bmopoii cnocod

[o ocu abcuuce OTKIIAABIBACTCS 4aCTOTA B JIOrapu()MU4ECKOM MACIIITa-
0e B paamaHax 3a cekyHay (pam/c). Och abcuuce IS 3TOTo crocoda IpuBe-
JieHa Ha puc. 1.6.

0.1 1 2 345678910 100

Puc. 1.6

o [pan/c]

Hanecenne norapupmudeckoro macmraba B 3TOM CIIOc00e MOXHO 00-
JIETYNTh, €CITH BOCIIOJB30BAThCS IS Pa3METKH Ka)KIoW JeKaasl HOpMyIIoi
Ik = liex - 1gK, puc. 1.7 u Tabi. 1.1,
r71€ /e — OTPE30K OcH abCIUCC, COOTBETCTBYIONINI JIeKale;

Iy — BenMuMHa oTpe3ka Mexay Toukamu "1" u "K";

K —y4ucao ot 1 no 10.

Tab6unuua 1.1

k11| 2| 3 | 4| 5 | 6 | 7|8 | 9 |10

lgK | 0 | 0301 | 0.477 | 0.602 | 0.699 | 0.778 | 0.845 | 0.903 | 0.954 | 1.00

[Ipeanourenue, Kak npaBuilo, OTHA-
eTcs TIepBOMY cIoco0y, Tak Kak Hepas- 1
HOMEpHasi pa3MeTKa OCH [0 BTOPOMY
Croco0y He MO3BONSET € JOCTATOYHOMH
TOYHOCTHIO BBICTABHTH M CUUTATh HYIK-
HYIO YaCTOTY.

OnHako MepBBIA CIIOCOO TOXKE MMEET
CBOM HeNOCTAaTKU. IIpW BBICTABICHUH
YaCTOThl €€ HYXHO TMepPEeCUYUTHIBATH B
jgorapuM YacTtoThl, a NPU CUYUTHIBAHWM TpeOyercss OoOpaTHBIA nepec-
4eT Igo B o.

3akoH4MM (HOpMHUPOBAHUE KOOPAMHATHON IUIOCKOCTH Ul IOCTPOEHUS
Jorapu(MUYECKUX YaCTOTHBIX XaPaKTEPUCTHK YCTAHOBKOW OCH OpJMHAT.
[pu 00biyHOM MaciiTabe ocu a0CIHKMCC OCh OPAMHAT BCEra MPOXOJUT ye-
pe3 3Hauenue ® = 0. [Ipu norapudmudeckom Maciitabe ocu adbcuuce 3Ha-
yeHuto ® = 0 cooTBeTcTBYeT abcuucca, paBHas oo, YTO HE MO3BOJISET yCTa-
HOBUTh E€CTECTBEHHYIO OCh OpauHar. [103TOMy NpUXOAUTCS HPOBOIMTH

Ik

Y

A

/ JIeK

\4

A

Puc. 1.7
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BCTIOMOTATENFHYI0 OCh OPAMHAT Uepe3 Jro0oe 3HaueHne aprymenTa. B TAY
ee MpoBoJAT 00bryHO uepes ® = 1 (Igl = 0).

[Tocne Toro kak MOATOTOBIIEHA KOOPAWHATHAs CHCTEMa, MOXKHO Tiepe-
XOJIUTh K NOCTPOSHHIO JIOrapu(hMUYECKMX YACTOTHBIX XapaKTepucTuk L(wm)
1 @(®). OGBIYHO OHH CTPOSATCS B OJTHOM KOOPJMHATHON CHUCTEME.

s mocTpoeHus norapruGpMHUYEcKoil aMIUIMTYTHO-4aCTOTHON XapakTe-
PHUCTHKH TI0 OCH OpPAWHAT OTKJIaJabIBatoTcs 3HaueHus L(m) = 20 IgA(w) B
nernubenax, a Ans JorapupMuieckor (ha309acTOTHON XapaKTepUCTHKHU 3Ha-
yeHust O(0) B 00bIYHOM MaciuTalde B rpajaycax Mid pajuaHax.

[Noctpoenne mnorapuMuyecKold aMILTUTYIHO-9ACTOTHOW XapaKTepu-
CTHUKM 3HAYUTEIILHO YMPOIIACTCS, €CAM MNEPEeHTH K TaKk Ha3bIBaAEMOM
acuMnToTHdeckoit L(®). [ns 3Toro Hy»XHO IMyTeM CTPYKTYpHBIX Ipeodpa-
30BaHMil mpuBecTH 3anaHHyl0 CAY K mocnenoBaTelbHOMY COEIUHEHHUIO
TUIOBBIX YCTOWYMBBIX 3B€HBEB ([IJIs1 BCEX BaPUAHTOB 3aJ@HHBIX CTPYKTYp-
HBIX CXEM B KOHTPOJIbHOH padoTte N 1 370 BO3MOXKHO).

JL1st MOCTPOEHUST ACUMITTOTHYECKOH L((®) HEOOXOIMMO:

e paccuutarth 20 1gK 6y

e paccuutarh K03 duurenTs! nemnduposanus (£) s KojaedaTeabHbIX
3BEHBEB, BXOMAIINX B HCCIENyeMyl0 cuUcTeMy ympaBieHus. (Bo Bcex 3a-
JAHHBIX CTPYKTYpHbIX cxemax & = T4/2T;.) Ecnu & > 1, To konebarenbHoe
3BEHO CIIeyeT Pa3JIOKUTh Ha JIBa TOCIIENOBATEIHHO COETMHEHHBIX, YKBU-
BAJICHTHBIX alEpPUOJUYECKUX 3BEHA C MOCTOSHHbIMU BpeMeHu 1, u Ty.
YucnenHble 3Ha4eHUs Ty U T, MOXKHO HalTH U3 paBEHCTBA

T5°p* + Top +1 = (Typ + 1)(Toy + 1);

® pAcCYMTATh YACTOThl CONMpsKEHHs (Ocp; = 1/73) M ux snorapudmsi
(Ig(®cp ;) AN BcEX TUMOBBIX 3BEHBEB CUCTEMBI.

[TocTpoenne acuMnToTHYecKOil L(m) BemeTcs B CIEAYIOIMIeH Mocieno-
BaTEIbHOCTH:

® Ha OCH a0CLKCC BHICTABJISIFOTCS YaCTOThI COMPSXKEHUS BCEX THITOBBIX
3BEHBEB, BXOMAIINX B MPEeoOpa30BaHHYIO CTPYKTYPHYIO CXEMY HCCIedye-
MOM CHUCTEMEL,

® [IOCTPOEHHE HAYMHAETCS C HU3KOYAaCTOTHOH obmactu (oT ® = 0 u 10
MHHUMAJIBHOIM 9acTOTHI compspkeHus). B 3Toil obimactn acmMnrornyeckas
L(®) — 3TO TIpsAiMast TWHUS, HAKIOH KOTOPOH 3aBUCUT OT HAIIMYHS B KOHTYpE
CAY uHTerpupyroumx 3BeHbeB.

[Ipu orcyrctBun B CAY MHTErpUpYIOMIMX 3BEHBEB — 3TO MpsiMasi JId-
HUS, MapajuiebHas OCH YacTOT M oTcTosmas ot Hee Ha 20 1gK 6y, -
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Ecmu B CAY nMeeTcs 0JTHO MHTETpHUpYIOlee 3BeHO, TO HU3KOYACTOTHAS
4acTh aCUMNOTOTHYECKON L(®) — 3TO HAKIIOHHAS TIpsMas JTHHHS C HaKJIO-
Hom —20 nb/nex, mpoxonsiias uepe3 Touky ¢ koopauHatamu (lgo = 0,
20 1gKo61) 10 MUHUMAJIbHOM YaCTOThI COMPSKEHUSI.

[Ipu Gonpiem Yrcie UHTETPUPYIOIINX 3BEHHEB HAKIIOH YBEITHUNBAETCS
MPOMOPLUUOHAIEHO UX KOJIMYECTBY;

e jajiee, HAYMHAsE C MUHUMAJIBHOW YacTOThI CONPSDKEHMsI, HAKIIOH KaX-
JIO TIOCIIeAyIomeil acuMITOTHl L(() U3MEHSIeTCS B 3aBUCUMOCTH OT TOTO,
KakoMy THIIOBOMY 3BEHY MNPWHAUIC)KHUT OUEpEe]HAs 4acTOTa COMPSIKEHUS
(Tabm. 1.2).

Tabauma 1.2

W3Menenune HakIOHA aCUMIITOTHYECKOM

Tunosoe 3BeHO
L(®) Ha 9acTOTE CONPSDKEHHUS

Anepuoandeckoe Ha — 20 nb/nex
Kouiebarensnoe Ha — 40 nb/nex
Audgepermmpyiomee Ha + 20 nb/nex
MEPBOTO TIOPSAAKA
Auddepentmpyoinee Ha + 40 nb/nex

BTOPOIO Mnopsiaka

3BeHO 3ara3abIBaHUA Ha naxon me Biuser

Ecnu y xonebarenpHOTO 3BeHa KO3 dutineHT aemrndupopanus & MeHb-
mre 0.4, To B 0051acTH 4acTOTHI COTIPSDKEHUS (+ O/IHA AeKana) HeoOXoIuMo
YTOUHATh OPIUHATHl acCUMNTOTHYecKo L(w) nmmubo mo TouHOU (opmyre,
1160 1o rpadukaM NONpPaBOK, KOTOPbIE IPUBOISATCA B JIMTEPATyPeE.

Jlorapudmuyeckas hazouacToTHask XapakTepUCTHKa () CTPOUTCS I10
¢opMynaM Ui TUNOBBIX 3BEHBEB NMPH M3MEHEHHH 4acTOThl oT 0 1o oo.
B aTor anama3oH m0DKHBI OBITH B 00S3aTEIBEHOM MOPSIKE BKIIOYEHBI Yac-
TOTBI COTIPSKEHUSI BCEX TUIOBBIX 3BEHBEB MPEOOPa30BaHHOMN CTPYKTYPHOU
cxeMmsl. J{nst ymoOcTBa IPOBEPKH ¥ CAMOTIPOBEPKH PACUETHI CIEAYET AeTaTh
MI03BEHHO, a PE3YJIbTaThl CBOAUTH B TAONHILY.

3. Kputnueckoe 3nauenne koddduunenta nepenaun (K,) onpenenser-
Csl M3 YCJIOBUSI HaXOXKJCHHUS CUCTEMbI Ha T'PAHUIIE yCTOHYMBOCTH IO OAHO-
MYy U3 KPUTEPUEB YCTONUUBOCTH.

Hns kputepust I'ypBuLia yciloBUE rpaHHULIbl YCTOMUMBOCTH MOYHO Hai-
TH, TIPUPABHAB HyJIO (7 — 1)-i mHaroHambHBIH MUHOp ompenenutens [yp-
Buua. Jist kpurepusi Payca, npupaBHsiB Hymo (7 — 1)-10 cTpoKy TaOnuubl
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Payca (rmpu OTCYTCTBMH HYJEBBIX KOPHEH XapaKTePUCTUIECKOTO yPaBHEHUS
cucTeMbl). Pa3pemuB momydeHHbIe paBEeHCTBA OTHOCUTEIBHO KO3 duIieH-
Ta Mepeaady, MOXKHO MOIYyIUTh K.

[lo xpureputo MuxaiinoBa CAY HaxoAWTCS Ha FpaHUIlE yCTOWYMBOCTH,
ecim rogorpad MuxaitioBa mpoXoaANT Yepe3 Havalo KOOPAWHAT U B Xapak-
TEPUCTUYECKOM YpPaBHEHHU CHCTEMBI OTCYTCTBYIOT KOPHH C MOJIOKUTEINb-
HOM BeIeCTBEHHON YaCThIO.

[Tpu noctpoenHoM rogorpade Muxaitnopa M(jo) Benuuuny K, MOXK-
HO HaliTu 1o AJaMHe oTpe3ka /g (puc. 1.8).

+j +j
M(jm) M(jo)
/
n +
lp ©=0 Lo ®=0
n=3 n=3
a — CUCTEMA yCToHunBas 6 — cucTeMa HeyCTOMUMBast
Puc. 1.8

Ha puc. 1.8 n =3 — crenens xapakreprcTudeckoro ypasHeHus CAY.
IIpn OTCyTCTBMHM B KOHTYpPE HCCIIEIYEMOIl CHCTEMBI MWHTETPHPYIOMINX
3BEHBEB!

Kp=lp—1.

[Ipu HaNTMYUHM WHTETPUPYIOIIUX 3BEHBEB:
Kip = b

3nech [, — YUCIEHHOE 3HaYE€HHE OTPE3Ka B MacITabe BELIECTBEHHOW OCH
KoopauHat rogorpagda Muxaitnosa M(jo).

ITo kputepuro HalikBucTa crcTeMa HaxOJWTCS Ha TpaHMIlE YCTOMYHBO-
ctu, eciu npu L(w) = 0 ¢a3zouacTorHas xapakTepucTuka ¢(m) = —T.

[lpu mocTpoeHHBIX NOTapu()MUYECKIX YaCTOTHBIX XapaKTePHCTHUKAX
3amanHoi CAY kputndecknit KodpGUIHEHT Mepesayd MOXKHO HalTH Tpa-
¢uuecku. Ha puc. 1.9 nnmoctpupyercs nponeaypa onpeaeneHust K.
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o) o(w) L(o)

20 1gKk 20 1gKxp
=Ueh | LN
~
201K 20 1gK L(©) S~
— N N lgo
—_— —_— 40 i \\
/ P
n _p | e NG N
N\ -0
a — cucremMa HeyCTOWYMBast 6 — cucreMa ycToiumnBas
Puc. 1.9

Ha puc. 1.9 myHKTHpOM TIOKa3aHBI CMellleHHbIE JTOTapu(pMUIEeCKHe aM-
MJIMTYAHO-4YaCTOTHBIE XapaKTEPUCTUKHU, COOTBETCTBYIOUIME TpaHHUIIE yC-
TOUYHUBOCTU CUCTEMBI.

KOHTPOJIBHASA PABOTA Ne 2

3axanue

Hs muaeiinot CAY, ucciemyeMoil B KOHTpOJIbHOR pabore Ne 1, BBI-
MOJTHUTH CJIETyIoIIee.

1. CuHTe3upoBaTh (BBHIOpaTh) KOPPEKTHUPYIOIIEEe yCTPOWCTBO, obecre-
yuBaloliee TpeOyeMblil ToKa3aTellb Ka4ecTBa B YCTAHOBUBIIEMCS PEKUME
(TpeOyembie mokaszareid KauecTBa B YCTaHOBHMBLIEMCSl U MEPEXOAHOM pe-
JKUMax TpUBeJIeHBI B puiioxkennd 1, tabdm. [11.3.):

a) HATH OIIMOKY CHCTEMbI B YCTAHOBHUBILEMCS PEXHME MPH 33JaHHOM
BXO/IHOM BO3€HCTBUU U CPABHUTD €€ C JAOIYCTHUMbIM 3HAUCHHUEM;

0) HaliTH TpeOyeMBbIit KOADPHUITNESHT Iepeaayn;

B) HAWTH JOMOTHUTENBHBIN KO3(D(ULIMEHT TIepeaun 1 OTNPEAeTUTh Me-
CTO BKITIOUEHHS €r0 B CTPYKTYPHYI0 cxeMy 3amaHHoii CAY.

2. CunTesnpoBaTh (BBIOpaTh) KoppekTHpyiomee ycrpoiictBo (KVY),
oOecnieunBaroilee TpeOyeMbie MMOKA3aTe/Id KAauyeCTBa B IMEPEXOJHOM pe-
KUMe:

a) BEIOpATh THIT KOPPEKTHPYIOIIETO yCTPONUCTRA;

0) BbIOpaTh MECTO BKJIIOUYCHUS KOPPEKTUPYIOLIETO yCTPOUCTBA;
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B) METOZIOM JIOrapu(MUYECKMX YAaCTOTHBIX XaPaKTEPUCTUK HAUTH
Liy(o) (morapudMudecKyto aMIUTHTY THO-4aCTOTHYI0 XapakTepucTuky KVY);

r) 10 BUAY Liy(®) HaliTH TUIIOBOE KOPPEKTHPYIOIIEE YCTPONHCTBO.

3. [IpoBepuTh pe3yabTaThl CHHTE3A!

a) ONpeeNuTh 3amackl yCTONMUMBOCTH cKoppekTupoBanHoii CAY mno
Moaymo # ¢a3e Mo IJoTapu(PpMHYECKAM YACTOTHBIM XapaKTepUCTHKAM
Lo ©) 1 e 0);

0) MeTOIOM CTPYKTYpHOTO MoJenupoBanus B MatLab 6.5 / Simulink 5
1o nepenaToyHol (QYyHKUUHU, COCTABJICHHOW MO JKejlaeMoil jorapudmuye-
CKOH aMIUTHTYIHO-9aCTOTHON XapaKTepHCTHKE L,(®), HAUTH MEPEeXOaHYIO
XapaKTePUCTUKY CKOPPEKTUPOBAHHOM CHUCTEMBI, OINpPENENUTh I0Ka3aTein
kauecTBA (Tper, Omax/0, Kion) U CPABHUTBb UX C 3a[JaHHBIMH JIOITyCTHMBIMH
3HAYCHUSIMH.

MeToanueckue yKa3aHHus K BbIIIOJHEHHIO
KOHTPOJIbHOM PadoThI

Cunte3 KoppekTtupyromux ycTpoictB (KY) mms mpoekTupyemoit cuc-
TEMbI BBIMOJIHSIETCS B TOM Clly4dae, €ClId OHa HeYCTOWYMBaAs WiiM HE o0ecrie-
ypBaeT TpeOOBaHUA B YCTAaHOBHBIIEMCS T IIEPEXOTHOM PEKAMAX.

B ycraHoBuBmIEMCST peKUME €AMHCTBEHHBIM MMOKA3aTeNIEM, XapaKTepu-
3YIOIIAM CHCTEMY, SABJIsAETCs 3HadeHHe omuOku. B TAY B 3aBHCHMOCTH OT
BHJIa BXOJHOTO BO3ACUCTBUS (TIOCTOSTHHOTO, M3MEHSIOIIETOCS C MOCTOSH-
HO# CKOPOCTBIO HJIH C IIOCTOSTHHBIM YCKOPEHHEM) pa3IndaroT OIIMOKH: CTa-
TUYECKYI0, CKOPOCTHYIO M OLIMOKY MO0 YCKOPEHHIO ISl yIPABJISIOLICrO U
BO3MYUIAIOIIETO BO3IEHCTBUM.

Ecmn CAY 3amaHa CTPYKTYpHOH CXEMOH W ONPEICICHHBIM BXOIHBIM
BO3JICHCTBHEM, KaK B JaHHOW KOHTPOJIbHOM paboTe, TO OMHUOKY CHCTEMEI B
YCTAaHOBHUBIIEMCSI PEXMME MOKHO HAWTH, BOCMOJIB30BABIINCH TEOPEMOI
Jlamnaca 0 KOHEYHOM 3HaYEHUH OpHUTHHAJIA:

g(e0) =lim [p - E(p)] = lim [p - W(p) - Xux(P)], (2.1)
p—0 p—0

rae E(p) — uzobpaxenue ommbku (cMm. puc. 1.1); Wy (p) — nepenarouHas

dbyHKIUS ommMoOKY; Xo(p) — M300parkeHNe BXOAHOTO BO3ACUCTBUS, MO KOTO-
poMy ompeneisieTcs ommnoKa.
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[Ipn OTCYTCTBMM MHTErpHUPYIOLIMX 3BEHBEB B KOHTYPE CHUCTEMbI (M1

CAY c momepamu I, 111, ..., IX) — aT0 Oymer cratmueckas ommuOka. [lpu
Hanuyuu uHTerpupytomero 3seHa (aus CAY c nomepamu II, IV, ..., X) —
CKOpOCTHa.

BenuunHa ommnOKku Kak CTaTU4ECKOH, TaK U CKOPOCTHOM 3aBUCHT TOJIb-
KO OT obmrero koaddumnuenta mepexadn cuHTe3npyeMoii CAY. ITosromy
KOPPEKIUSI CHCTEMBI B YCTAHOBUBIIEMCSI PEKUME CBOJUTCS K PAcUeTy Tpe-
Oyemoro obmero koaddunuenta nepenaun (K;,) 1 JONOTHUTEIBHOIO KO-
s punmenta nepenaun (Kyon).

Ecnu Koy < Krp, TO HEOOXOIUMO PACCUUTATh JAOMOIHHUTENBHBIA KOI(O-
bument nepenadn Kyon = Kip/ Ko

Ecnu Kosy > Ko, TO KOPPEKIIMU B YCTAaHOBHBLIEMCS PeXKUME He TpeOy-
eTcsl.

[Ipu 5TOM OTMETHM clieaytoIIee:

1) eciiu 3agaHHas JOMyCcTUMast OlIMOKA (CTaTUYECKasi, CKOPOCTHAs WJIH
M0 YCKOPEHHI0) paBHA HYJIIO, TO KOPPEKIHsl CUCTEMbI B YCTaHOBUBIIEMCS
pexume CBOAUTCS K BKJIIIOUEHHUIO B KOHTYp CAY ompeneiaeHHOro Koiuye-
CTBa MHTETPUPYIOUINX 3BEHBEB (OAHOTO, IBYX WIIH TPEX);

2) Hy»HO HE 3a0bIBaTh, YTO OLIMOKA MPU BO3MYLIAIOUIEM BO3ACHCTBUU
3aBUCHT €Ille U OT MeCTa BKIIIOUECHHS HHTETPUPYIOIINX 3BEHBEB.

B nepexomHoM pexume cucTema J0JDKHA ObITh YCTONYMBON U MMETh
MoKa3aTelld KayecTBa He HIDKE JOIYCTHUMBIX 3HaueHHi. Yare Bcero moka-
3aTeny KadecTBa 3aJal0Tcs MapaMeTpaMy MEpPEXOAHOTO IMpoLecca: Bpeme-
HeM perynupoBaHus (7per), MAKCUMAIBbHBIM NIE€PEPETYTHPOBAHUEM (Gmax 70)
¥ KOTM4YeCTBOM Kojiebanuii (Kyoy).

[lon BpeMeHeM perynupOBaHUS MOHUMAETCS TaKoe BpeMs, [0 HCTede-
HUHU KOTOPOTO OTKIIOHEHHE YIIPABIISIEMON TIEpeMEHHON OT YCTaHOBHBIIETO-
Csl 3HA4EHUs He npesbimaer + 5 %.

MaxkcumanbHOe IepeperyInpoBaHne onpeneisercs mo Gopmye

Gmax% = [(XBBIX max _XBBIX(w)) /XBLIX(w)] : 100 %' (2'2)

KonwmdecTtBo konebGaHW — 3TO YHUCIO OTKIOHCHHH IEPEXOTHOH Xa-
PaKTEpUCTUKHN OT YPOBHS yCTAHOBUBILIETOCS PEXKUMA 3a BPEMs PETyJIH-
poBaHUs.

Ha pwuc. 2.1 moka3aHo, KaK ONPEACNAIOTCS MapaMeTphl MEPEXOTHOTO
nponecca Xpun(?).
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Xumx(t )

L Kom 3
/ X & l +5 % Xgux(0)
XBMX(OO) - \ _______ /—-B ________

e p— NS T _T__s% Kopn(0)

)(B BIX MAX

A 4

T per

Puc. 2.1.

Koppexkuus crucremsl ynpaBiaeHHs B IEPEXOTHOM PEKUME 3aKITI0OUAETCS
B IIEJICHAIIPaBIIEHHOM BHIOOpE M BKIIIOUEHUH B KOHTYP YIIpaBIIeHUS TaK Ha-
3bIBAEMBIX KOPPEKTHUPYIOLINX YCTPONUCTB.

Ecnu kauectBo CAY 3a1aH0 napaMeTpaMu MepexoaHOro pexxuma, To
CHHTE3 KOPPEKTUPYIOIUX YCTPOHUCTB Ciley€eT IPOU3BOIUTD O Jiorapud-
MHUYECKIM aCHUMITOTHYECKAM aMILUTATY THO-4YaCTOTHBIM XapaKTepUCTHKAM.
B 3ToMm cityuae cunte3 KY MOXHO MPEACTaBUTh COCTOSALLMM U3 CJIELYIOLIUX
JTAIOoB:

1) BeIOOp THMa KOPPEKTHPYIOIIETO YCTpPOWCTBA (IMOCIEIOBATENEHOTO
WA TIapaJleTbHOTO);

2) BBIOOP MeCTa BKIIIOUCHHSI KOPPEKTUPYIOIIETO YCTPOUCTBA;

3) mocTpoeHHEe aCHMIITOTHYECKOW IJorapu(MHUYecKol aMIUIHTYTHO-
YaCTOTHOM XapaKkTepUCTHKH HeCKOppeKTupoBaHHOW CAY — L, ().

4) noctpoeHue KenaeMoH JIorapu(pMUUECKOH aMIUIMTYIHO-4aCTOTHOM
XapaKTEPUCTHKHA — L, (®);

5) HaxOXIeHUE JTOTapUPMUIECKON aMIIUTYTHO-4aCTOTHOW XapakTe-
PHCTHKH KOPPEKTUPYIOLIETO YCTPOiicTBa — Licy(®);

6) BBEIOOp THITOBOTO KOPPEKTHPYIOIIEr0 yCTPOWCTBA (3IEKTPHUYECKOM
CXE€MBbl, 1epeJaTOuHON (PYHKUMHU U COOTHOLLIEHUS [1apaMeTPOB).

Hns muaeriHbIXx CAY, 3amaHHBIX B 3TOH KOHTPOJBHOW pabore, mpen-
noutuTensHeIM THIOM KV sIBIsIIOTCS, Kak mpaBuiio, napauiensbusie KY, Tak
KaKk OHH OO0JNIaJaloT pSAIOM MPEUMYINECTB Ieped IOCieA0BaTENbHBIMH
[1, 3, 9]. ITocnenoBaresbHbie KOPPEKTUPYIOLIME YCTPOHCTBA LE/I€CO00pa3-
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HO TIPUMEHSTh B TOM CIIydae, €CIM MX MOXXHO Peann30BaTh HA OTEpaInoH-
HOM yCHITUTelle, KOTOPBI HUCTIOIh30BAJICS IS yBeamueHus kodhdunnenTta
nepesadn CHCTEMBI.

Bri6op mecrta Brmouenus KY oOycrnorieH nonrydeHneM Hanbolee mpo-
CTOTO, C MEHBIINM YHCIOM 3JIEMEHTOB, KOPPEKTHPYIOIIETO YCTPOMHCTBA.
Pexomennyetcst Brmodats KY kak MOXHO OnmKe K BXOAY CHCTEMBI M OX-
BaThIBATh 3BEHbs, UMEIOIME HAMOOJbIINE MOCTOSHHBIE BPEMEHU MIIM KO-
3¢ hunmeHTH Iepeaayn.

[MocTpoenne L,.(®) 3HAYUTETHHO YMIPOIIAECTCS, €CIU B KOHTPOJBHON
pabore Ne 1 Obl1a NOCTpOCHA ACUMIITOTHYECKAs JorapudMuueckas amIuiu-
TYHO-4aCTOTHAs XapaKTepUCTHKA UCXOIHON cucTeMbl. B aToM citydae mms
MocTpoeHUus L,(®) MOCTaTOYHO YTOUHUTH BHI Ly,cx(®), €CTU TIpH CHHTE3E
CAY B yCcTaHOBHUBILEMCS peXHUME YBEIHYHBAJICI KOI(QGHUIMEHT mepenadn
WM BKITIOYAJIOCHh B KOHTYP CHCTEMBI HHTETPHPYIOIIee 3BEHO.

Haubonee BaXHbIM 3TarnoM cuHTe3a sBIsieTcsl ocTpoeHue L, (w). XKe-
JaeMYI0 XapaKTepUCTHKY MOXKHO pa30WTh Ha TPH XapaKTepHbIE YaCTOTHBIE
00JacTh: HI3KOYaCTOTHYIO, CPEIHEYACTOTHYIO M BRICOKOYACTOTHYIO.

HwuskouactoTHas obmacts L,(m) momkHA coBmagaTh ¢ Ly (). DTo He-
00X0MMMO I coXpaHeHHs Kod(pGHIHEHTa Iepeladyd, BBIOpaHHOTO CO-
riiacHo TpeboBaHusIM K KauecTBy CAY B yCTaHOBUBIIEMCSI PEKUME.

CpenHevyacToTHas 00JaCTh OKa3bIBAa€T OIpeNestollee BIUsIHIE Ha yC-
TOWYMBOCTD U KAYECTBO CUCTEMBI B MIEPEXOJHOM pekume. [l noiydeHus y
CHUHTE3UPYEeMOl CHCTEMBI TpeOyeMOoTo KadyecTBa CpeIHEeYacTOTHast 00JacTh
JKeJaeMoi XapaKTepPUCTUKHU CTPOUTCs o HakiaoHoMm —20 nb Ha nekany Tak,
4TOOBI OHA MPOXOAMJIA Yepe3 4acToTy cpe3a (m.). YacTtoTa cpesa onpenens-
€TCsl 10 3a/laHHBIM NTapaMeTpaM MePEXOTHOr0 Mpouecca: 7perqon M Omax on ©
MCHOJIb30BaHUEM TpaduKa, MPUBEACHHOrO Ha puc. 2.2, g. OpauHaThl HavYa-
Ja ¥ KOHIIAa CPEeIHEYaCTOTHOH O0JacTH OpPHUEHTHPOBOYHO NPUHUMAIOTCS
PaBHBIMU COOTBETCTBEHHO +AL;, ¥ —ALy,. 3nech AL,, — TpeOyemblii 3anac
YCTOWYHMBOCTH CHHTE3MPYEMOU CHCTEMBI 10 MOJYIIIO, KOTOPBIA OMpeens-
eTcs 1o rpaduKy, MpUBEICHHOMY Ha puc. 2.2, 6.

[lpu ompeneneHny TpaHUI] CPETHEYACTOTHOW OONIACTH HYKHO TOMHHTS,
YTO YBEIWYCHWE IIUPUHBI OOJIACTH YNYy4YIAeT, a YMEHbLICHHE YXyALlaeT
KadecTBO cuHTe3npyeMoil CAY. MUHNManbHas MHUpHUHA CPETHEUYaCTOTHOM
obyactu ans oOecredeHNs] HEOOXOIUMON KOPPEKIIUH HCXOJHOW CHCTEMBI
JIOJDKHA ObITh HE MEHEee OJIHOMW JIeKabl.

BricokouactoTHas 06nacth L, () Mao BIUsSET Ha OCHOBHBIE TIOKa3aTeln
MIEPEXOTHOTO TPOLIECCa, TIO3TOMY €€ CIIEyeT CTPOUTh TaKuM 00pa3om, 4To-
OBl MOTyYUTh HAarOOJIee IPOCTOE (TUTIOBOE) KOPPEKTHPYIOIIee yCTPOHCTBO.
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Cmax [%] Tyw=am/oc vy [rpan] AL [nB]

60 610 60 30
50 / smlo 50 [\ N\ 25
40 Toer / / [ A1t/ ®¢ 40 \\ 20
1 A NN
30 — 1 3/ 30 \\ 15
20 " Jom 21/0, 20 AL ™ ™ 10
10 /o, 10 5
0 0 0 0
10 11 12 13 14 15 16 Prn 10 1.1 12 13 14 1.5 1.6 Puax
a o
Puc. 2.2

ConpsbkeHre HU3KOYAaCTOTHOW M CPEAHEYaCTOTHON 00macTr L,(®) mpo-
W3BOJUTCS OTPE3KOM MpsiMOi JinHuu 1o HakioHom —40 wiu —60 nb/aek.
[Ipu mapamrensHON KOPPEKIINH MOXKHO B HEKOTOPBIX CIydYasx COIpPSDKCHHE
OCYULICCTB/ISTH MPSAMOU 1o HakiioHoM —20 nb/nek.

Haxoxnenne morapuMudeckoll aMIUTHTYIHO-9acCTOTHOM XapaKTepH-
CTUKHU KOPPEKTUPYIOLIETrO 3BEHA MPOU3BOIUTCS Ipad)MueCcKu C UCIOJIb30Ba-
HHEM CJICIYIONAX COOTHOIIICHHIA:

e 15 mocnenoBaTesibHOTO KVY':!

Liy(0) = Li(©) = Lue(®); (23)
e s mapasnensHoro KY:
Ly(0) = Lio(©) — L(®), (2.4)

rae Ly(®) — jorapudmuyeckas aMILUIMTYIHO-4aCTOTHAs XapaKTePUCTHKA
3BEHBEB, HE OXBAUYEHHBIX IMApaAIJIeIbHBIM KOPPEKTUPYIOIIAM yCTPOWCTBOM.

Takum obpazom, Wi HaxoxaeHus Lyy(®) mapamiensaoro KY Heobxo-
JIUMO JTOTIOJTHUTEIBHO MOCTPOUTH Lo ®).

OTMeTHM, 9TO cooTHoIneHne (2.4) He ToyHOe. MIM MOYKHO TOJTB30BaTh-
Csl TOJIBKO B CPEIHEYACTOTHOW M BBICOKOYACTOTHOU oOmactsax. [loaTomy B
HU3KOYAaCTOTHOM 00JacTH XapaKTEePUCTHUKY MapallIelbHOTO KOPPEKTHPYIO-
IIETO YCTPOMNCTBA CJIEAYyET MPOBOIUTH TMOJ HAKJIOHOM TPAHWYAIIETO C HEM
otpeska Liy(®). Takxke orMeTum, 4TO XapakTepUCTUKY Liy(®) mapamiesnb-
HOTO KOPPEKTHPYIOIIETO YCTPOHCTBA MOXKHO HAXOIHTh, MONB3YICh APYTH-
MM coOoTHoleHusmH [1, 3, 9].
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Br160op THITIOBOTO KOPPEKTHPYIOIIET0 YCTPOMCTBA MTPOU3BOAUTCS TI0 BHU-
Iy XapaKTepUCTUKH Lyy(®) ¢ UCTIOTB30BaHUEM TaOIUI] THIIOBBIX KOPPEKTHU-
PYIOIIUX YCTPOHCTB, KOTOPBIe MPUBOAATCS B Y4eOHOM MM CIIPaBOYHOM JTH-
teparype [1, 3, 5].

B HekoTophIX clydasiX OJHUM KOPPEKTUPYIOIIKUM YCTPOMCTBOM He yna-
€TCsl peanu3oBaTh HakneHHylo L. (o). Torna nomyckaercs NpuUMEHEHHUE
JIBYX WU TPEX MOCIEA0BATEIBHO COSANHEHHBIX TUIOBBIX 3BEHBEB [3].

[TpoBepka pe3ynbTaTOB CUHTE3a 3aKJII0OYACTCS B OMPEICIICHUH 3aracoB
YCTOMUMBOCTH U MapaMeTpPoOB MEPEXOAHOro Mpoliecca CKOPPEKTUPOBAHHOM
CAY u conocTaBJIeHAN UX ¢ TpeOYEeMBIMHU U JIOTTYCTAMBIMH 3HAYECHUSIMH.

s ompeneneHus 3amacoB YCTOMYMBOCTH TIO MOAYMIO U (haze He0OXo-
JIUMO TIOCTPOUTH (Da309aCTOTHYIO XapaKTEPHCTHUKY CKOPPEKTHPOBAHHOMN
CUCTEMBI. AHAJUTHUUYECKOE BBIPAXKEHUE IS (Pe((0) MOXKHO HAWTH 1O TEpe-
JATOYHON (PYHKIMU CKOPPEKTUPOBAHHON CHCTEMbI, KOTOPYIO, B CBOIO Oue-
pens, MOXHO 3anmucath 1o Buny L,(m). Ecmm CAY B cBOeM cocTaBe mMeeT
3BEHO 3aMa3bIBaHus, TO P (M) CIAEITyeT yTOUHSTE!

Pecyr(®) = Per(@) + Pr(®), (2.5)

rae () — da3zouacToTHas XapaKTEPUCTHKA 3BEHA 3ara3/iblBaHMUsL.

3amachl yCTOMYUBOCTH IO MOZIYIIO U (pa3e ONpeelNsstoTCs M0 B3aUMHO-
MY PACIOJIOKEHUIO L (®) U Qe ®).

Ecnu nostydeHHbie 3HaYEHUS 3a11aCOB  YCTOMYMBOCTH 110 MOJYJIIO U (a-
3¢ OKaKyTcsi MEHbllIe TpeOyeMbIX, TO CHHTE3 ClelyeT MpOJesarh 3aHOBO.
ITpu 3TOM HEOOXOAMMO U3MEHHUTH COOTBETCTBYIOIIAM 00pa3oM L, ().

Ecimu 3anacel ycrol4MBOCTH OYIYT COOTBETCTBOBATH TPEOyEeMbIM, TO
MOJKHO EPEXOUTh K NOCTPOCHHUIO NEPEXOIHON XapaKTEPUCTUKH M HAX0XK-
JICHHUIO TI0Ka3aTelieil KayecTBa peryJiMpoBaHusl.

[MocTpouTth NepexoJHyI0 XapaKTepPUCTUKY CKOPPEKTUPOBAHHOM cCHCTe-
MbI MOYKHO CJIEIyIOLIUMH METOIAMM:

1) knaccuueckum, pemiuB nudppepeHnanbHoe YpaBHEHHE CKOPPEKTH-
poBanHoit CAY;

2) oneparopHbIM, IPUMEHUB Juis pelieHus auddepeHuranbHoro ypas-
HeHus npeoOpa3oBanue Jlamnaca;

3) MeTonoM TpaneuenaaibHbIX BEIECTBEHHbIX YaCTOTHBIX XapaKTepH-
CTHK;

4) METOJIOM CTPYKTYPHOT'O MOJICITUPOBAHHUS.

[epBbie aBa Merona MpuU PyYyHOM cyeTe NMPUMEHSIOTCS, KaK MPaBuIIo,
JUIsl CUCTeM He Bblllle 3—4-ro Nopsijika, Tak Kak CBsI3aHbl C TPYIHOCTSIMHU
HaXOXJIeHNS] KOpHeW XapaKTEepHCTUYECKOTO YpPaBHEHHS U IEPEXOJIOM OT
n300pakeHNH K OpUTHHAIAM.
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Meton TpaneuenalbHbIX BEIECTBEHHBIX YaCTOTHBIX XapaKTePUCTHK
Ype3BBIYAHO TPYJOEMKHUI 1 He 00ecreyuBaeT JOCTATOYHONW TOYHOCTHU MPH
MOCTPOEHUH MEPEXOTHON XapaKTEPUCTHKH.

TpynHOCTH TpH HAXOXKICHUU NEPEXOTHOW XapaKTEPUCTHKH CKOPPEK-
tupoBaHHOW CAY Jerko mpeojoianMbl, €CIH BOCIOJIB30BaTECS COBPEMEH-
HBIMH KOMIIBIOTEPHBIMU TIPOTpaMMaMH, MpeJHa3HAuYE€HHBIMU CIIEIHAIBHO
Ui OONeTdeHnst U yCKOPEHMs TMpakTHYeckn Mo0bix pacdyetoB. Hambonee
YHHUBEPCATbHOM, MPOCTOH B MCIIOIB30BAHUH M TOCTATOYHO JIETKOI B OCBOE-
HUM sBisercs mporpamMma «MatLab 6.5 / Simulink 5» [8]. TIporpamma no-
3BOJISIET METO/IOM CTPYKTYpPHOTO MOJEIMPOBAHUS PACCUMTHIBATH MEPEXO-
Hble mpouecchl B CAY NpakTHUecKd NMpH JHOObIX BXOAHBIX BO3IEHCTBUIX,
BKJIIOUAsi €IMHUYHOE CTyrneH4aroe. Kpome Toro, 3ToT MeToq JaeT BO3MOXK-
HOCTb NMPOU3BOJIUTH BCECTOPOHHUH aHANN3 IMHAMHYECKHX CBOMCTB CHCTE-
MbI [IPY BapHalluy €e I1apaMeTpoB.

Jlis HaX0XKIeHHSI IEPEXOIHON XapaKTepPUCTUKUA HEOOXO0AUMO: OCBOUTD
padory B moamporpamme «Simulink 5», HaOpaTb CTPYKTypHYIO cXemy
Mozenu cKoppekTupoBaHHONH CAY U CHATH ee MEepexXOJHYI0 XapaKTepu-
CTHKY.

[To mepexonHON XapaKTepHCTUKE HANTH ee mapaMeTphl, KaK 3TO chena-
HO Ha puc. 2.1, ¥ CPaBHUTH C IOMyCTUMBIMH 3HaYeHUsIMH. Ecii ckoppekTH-
poBanHas CAY Oyner yoBIeTBOPATH TPeOOBaHUSIM KadecTBa, TO CHHTE3 Ha
9TOM CYHMTAEeTCs OKOHYEHHBIM; €CJIM HET, TO KOPPEKLHUIO TUHAMUYECKUX
CBOWCTB 3a/1aHHOM CHCTEMbI HYXKHO IIOBTOPHTh, HAUMHAs ¢ MyHKTa «Bbpibop
MeCTa BKJIIOUEHUS] KOPPEKTHPYIOIIETO YCTPOHCTBAY.

KOHTPOJIBHAS PABOTA Ne 3

3axanue

g HenuueliHOW CAY, 3aaHHOI CTPYKTYpHOI CXeMOMH, BUAOM HEIH-
HEHHOCTH W YWCJIOBBIMH 3HAYCHHUSIMH TIAPAMETPOB (IIJI1 CBOETO BapHaHTA),
BBITIOJIHUTH CJIEAYIOIIEE.

1. UccaenoBaTh AUHAMHUYECKHUE CBOMCTBA 3aJaHHOW HEJIUHEHMHOW CHUC-
TEMbl aHAJIUTUYCCKUM METOA0M (MeT0a0M (ha30BOM MJIOCKOCTH MJIM METO-
JTOM TapMOHHYECKOH JIMHEApHU3AIIHH ).

2. MeronoMm CTpYKTYpHOrO MoJieiupoBanus B nporpamme «MatLab 6.5 /
Simulink 5»:

a) MPOBEPUTH PE3YJIbTAThl AaHAIUTUYECKOTO pacyera 1o 1. 1;
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0) HallTH TepeXOHBII MPOLIEeCC TTPH MMOCTOSHHOM XapaKTePHOM BO3.EH-
CTBUH U ONPEAETUTH €0 MapaMeTphl;

B) MICCIIEIOBATH BIMSHUE YPOBHS BXOJHOTO BO3JIEHCTBHS Ha BUA M TIa-
paMeTpEl MEPEX0HOTO Mpolecca.

Metoanveckne yKa3aHHA K BbINOJHEHUIO
KOHTPOJIbHOM padoThl

1. UccnenoBanne HenuHeiiHbiX CAY 3HAYMTENBHO CIIOKHEE, YEM JIH-
HEHHBIX CHCTEM, TaK KaK CBJI3aHO ¢ HEOOXOTUMOCTBIO pEIleHUs HelnHel-
HBIX JUQdepeHLnalibHbIX ypaBHeHUH. B GoJbIIMHCTBE ciiyyaeB 1moji00HOe
pelieHre He MOXKET OBITh MOJY4YEHO B OOIEM BHJIE, B CBSI3U C YEM IIPHUXO-
JUTCS npuOeraTh K YaCTHBIM PELUCHHUSM M YaCTHbIM METOJIaM, MO3BOJISIO-
MM OTIPENETIATh OT/eNbHbIe JUHAMUYEeCKHe CBOiicTBa uccienyeMberx CAY
(YCTOMUYMBOCTh TIPU OMPEACICHHBIX YCIOBHSX, MOBEACHUE CHCTEMbI IMPH
Pa3TUYHBIX HAYalBHBIX OTKJIOHEHUSIX, HAJIMYKEe aBTOKOJIEeOaHWiA, UX YCTOM-
YUBOCTH | T. 11.).

1 3a1aHHBIX B KOHTPOJIBHOHN pa0oTe HEMMHEWHBIX CUCTEM TUHAMMYe-
CKH€ CBOIMCTBA MOXXHO MCCJIENOBATH METOOM (Da30BOM TUIOCKOCTH HIIA Me-
TOJIOM TapMOHHWYECKOH JTMHEeapH3aIIH.

Meron uccienoBaHUs BEIOMPAETCS B 3aBHCHMOCTH OT TIopsika audde-
peHIMansHOTO ypaBHeHUs 3amaHHON CAY. CHUCTeMBI BTOPOTO MOPSIKA ¥C-
ClIeytoTCs MeToAoM (Pa30BOH IIIOCKOCTH, TPETHETO U OoJiee BEICOKOTO II0-
pAlKa — METOJIOM TapMOHUYECKOMN JIMHEAPU3AIIAH.

[Ipu uccnenoBannu HenuHelHOM CAY MeTtonoM (a30BOil INTOCKOCTH
WM METOAOM TFapMOHUYECKOHN JMHEapu3aluu MPEKIC BCEro HEOOXOAUMO
MIPUBECTH 33JaHHYI0 CTPYKTYPHYIO CX€MY K paCueTHOMY BHITY.

CrtpyKTypHBIE CXeMbl peanbHbIX HelMMHEeHHbIXx CAY Moryt comepxarb
HECKOJIbKO TPYII JIMHEHHBIX 3BEHBEB M HEIMHEHHBIX 3JIEMEHTOB, Pa3iiny-
HbIM 00pa30M COEJMHEHHBIX MEX1y co00i. MeTo (ha30BOM MIOCKOCTH U
METO]T TAPMOHUYECKON JIMHEeApU3aINK MTPUMEHUMBI TOJIEKO K TaKUM Hellu-
HEHHBIM CUCTEMaM, CTPYKTYPHBIC CXEMbl KOTOPBIX MOXKHO MPUBECTH K pac-
YEeTHOMY BHIY, 300pakeHHOMY Ha puc. 3.1.

Xex Xppix

—>@—>» w> [ u >

Puc. 3.1
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Ha puc. 3.1:

e HD — HenuHEHHBINA 3JIEMEHT C DKBUBAJICHTHON CTAaTUYECKON Xapak-
TEPUCTUKOI BceX HETMHEHHBIX 3IEMEHTOB, COEAMHEHHBIX MEXIY COOOM;

e JIY — nuneliHas 4acTh (9KBMBAJICHTHAS MepenaToyHast QyHKIHNS BCEX
JIMHEHHBIX 3BEHBEB, COEANHEHHBIX MEXIy COOOM).

[TpuBenem mpumMep mpeoOpa3oBaHUsl CTPYKTYPHOW CXeMbI HEMTWHEHHOM
CAY, u300pakeHHOH Ha pHC. 3.2, K paCUETHOMY BHILY.

xBX beL\
4>®—+ Wi(p) |—>» HI —>®—> W, (p) Wi (p) -
L Wi (p)

Puc. 3.2

A 4

[IpeoOpazoBaHue CTPYKTYPHOU CXEMbl HEJIMHEWHOWM CHUCTEMbI K pacuer-
HOMY BHJIy UMEET HEKOTOpble OCOOCHHOCTH. B wacTHOCTH HeoO0Xoammo,
4TOOBI BXO/JHOE BO3/EHCTBHME BCETAa MOJABAIOCH HA BXOJ HEITWHEHHOTO
aneMeHTa. B Hamem npumepe mepeHeceM BXOIHOE BO3ICUCTBHUE Xy, HA BXOJ
HENMHEHHOTO 3IIEMEHTa W 0003HAUNM €T0 Yepe3 Xy, @ B KaUeCTBE BBIXO-
HOW BeIMYWHBI CHCTEMBI BO3bMEM BBIXOJHYIO BEIMYMHY 3BE€HA C Tepefa-
TOUHOU (hyHKIHEH W (p) 1 0003HAUHNM €€ Xpy ).

[Nocne mpeoOpa3oBaHus INHEHHBIX 3BEHBEB K OJJHOMY 3BEHY C JKBHBa-
JIEHTHOI mepenaToyHoil QyHkumed W,.(p) pacueTHas CTpyKTypHas cxema
MpPUMeET TaKoW BUJ, KaK IMOKa3aHo Ha puc. 3.3.

Xpx1 X1 Xppix1

—»(?—b HD »  Wu(p)

Ha puc. 3.3: x; — mpoMexxyTouHas mepeMeHHasi, a

W, () =W (pWV,y (p>% .
2 3

MeTtonoMm (ha30BOii TITOCKOCTH OIIEHKAa KauecTBa HETMHEWHOW CHCTEMBI
OCYILIECTBJISIETCA MO PEAKI[MM CUCTEMbI BTOPOIO MOPs/iKa HA OTKJIOHEHHE

v

Puc. 3.3

3.1)
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BBIXOJIHOM BETMYMHBI M €€ MPOW3BOJAHBIX OT COCTOSHHMS paBHOBecHs. s
3TOTO B PacyeTHOW CTPYKTYPHOH cXeMe IMOJIOKHM Xz = 0 U 0003HAUMM
OTKJIOHEHWE BBIXOJTHOW BEJIMUNHBI Xy HYEPE3 X.

OxoHYaTENBHO CTPYKTypHas cXeMma Ui HMCCIENOBaHUS HEIMHEHHOM
CHCTEMBI BTOPOTO TIOPSAKA METOAOM (a30BO TNIOCKOCTH OyJIET UMETh BU,
n300pakeHHBI Ha puc. 3.4.

- X1 X
> HD P> WJ‘l‘l (P)

v

Puc. 3.4

Meton ¢a3oBoii MIOCKOCTH OCHOBAaH Ha rpa)MvecKoM Mpe/CTaBICHUN
JIBIDKEHUI CHCTEMBI Ha (pa30BOM MIIOCKOCTH, TJIe 10 OCH aOCIMCC OTKIIA/IbI-
BaeTCs OTKJIOHEHHE BBIXOJHOW BEJIMUYMHBI X, a IO OCH OPAMHAT MPOM3BO/I-
Hasi OTKJIOHEHUS 110 BpeMeHH » = dx/dt. ®a30Bas MI0CKOCTh U300paXKeHa
Ha puc. 3.5.

y M,
Y0|-mov x
i M,
[ | x
X0
M,
/4
M;
Puc. 3.5

Ecau npu uccnenoBanuu HenuHelHoit CAY 3anaTh HayalbHBIE 3Haue-
HUS OTKJIOHEHUS Xy U Jp, TO 3THM 3HAUEHUSIM Ha (Ha30BOM TIIOCKOCTH Oy-
JIeT COOTBETCTBOBATh TOUYKA HAYaIbHBIX YCIOBUN M. DTa ToUuKa Ha3bIBaeT-
cs m3oOpaxaromeid. Bo Bpemsi mepexomHOro mporecca n300pakaromas
TOYKA TiepeMelaeTcs B KOOpANHATaX (a30BOW IIOCKOCTH U MPOUYEPUUBAET
(dazoByro Tpaekroputo ucciemyemoinr CAY. CoBOKYMHOCTh (a30BBIX TPaeK-
TOpUH TSI Pa3IMYHBIX HAYaIbHBIX YCIIOBUH Ha3biBaeTcs ()a30BBIM MOPTpe-
TOM CUCTEMBI.
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AHanu3 JIBWKEHHs CUCTEMBbI IMPOU3BOJUTCS 10 BUIY (a30BbIX Tpaek-
TOpUH W MO HAINPABIIEHUIO IBIDKEHUS M300paxkaroliell TOYKU. Y CTaHOBHUB-
nieMycsi pexxnMy Ha (ha30BOH TMIIOCKOCTH COOTBETCTBYET HA4allo KOOPIH-
HaT, TaK KaK OTKJIOHEHHWE X M ero MpOM3BOJHAs y B Hayane KOOpPAMHAT
paBubl Hymo. Ecin n300paxaromas Touka CTpeMUTCS K Hadally KOOpJUHAT,
TO JBWXKEHHE B CHCTEME YCTOMUYMBOE; €CIM yJaJIsieTCsl OT Havaja KOOpau-
HaT, TO HEyCTOMYMBOE; €CIIU KE COBEPIIAET MOBTOPSIOLIUECS TBUKEHUS 110
3aMKHYTOH (ha30BOI TpaeKTOpHWH, TO B CHCTeMe HaOIIOJAIOTCS aBTOKOJIe-
OaHusl.

Havano ¢a30BBIX KOOpIMHAT B paccMaTpHBa€MOM METO/Ie TIPHHATO Ha-
3BIBaTh 0C000i1 TOUKOM.

®daz30BbIe TPAEKTOPUH, COOTBETCTBYIOIINE aBTOKONEOATETHHBIM JIBUXKE-
HUSIM CHCTEMBI, Ha3bIBAIOTCSH OCOOBIMU JIMHUSAMH WM TpEeeNbHBIMA IIHK-
Jamu. VIx nBa TUna: yCcTOMYMBBIA NPEJIEbHbIA LMK U HEYCTOMUYMBBIN IIpe-
JEITLHBIN UK.

Hampapnenme aBmkeHUsT CHCTEMBI 1O (Da30BBIM TPAEKTOPHSM YKa3bIBa-
ercs crpeikamu. Ha ocHOBaHMM CBOWCTB (ha30BbIX TPAaeKTOpPHH Bcerna
JBIKEHHE M300pakarolell TOYKH MPOUCXOANUT B BEpXHEH MOMYTLIOCKOCTH
ClIeBa HaIpaBO, B HWXXHEW — CIpaBa HaJeBO, a OCh a0CIMCC TepeceKaeTcs
nox yriom 90°.

W3 ckazanHOTO CcremyeT, 9To (a3oBBIHA MOPTPET IMOTHOCTHIO XapaKTepu-
3yeT IMHaMUYecKue CBOWCTBA cucrembl. [loaTomy MeTo] (a3oBoil MmiocKo-
CTH CBOJUTCS K TOCTPOEHHIO (pa30BOTO MOPTpeTa MPH XapaKTEPHBIX IS
CHCTEMBI OTKJIOHEHHSIX.

[Mocrpoenue ¢azoBoro mnoprpera MPOU3BOAUTCS JHOO [0 YPaBHEHHIO
(ha30BBIX TpaeKTOpwHii, THOO MPHUOIKEHHBIM rpadoaHATUTHIECKUM METO-
oM M30KIHWH. [Ipr 3TOM MOXXHO pEeKOMEHIOBaTh CIEAYIOUIYIO MOCIEI0Ba-
TEJNBHOCTH pacueTa:

1) mcxomHas CTpPyKTypHas cxema HenmHeiiHo CAY mnpuBomuTcs K
OKOHYATENFHOW PpacyYeTHOW CTPYyKTYpHOH cxeme, W300pakeHHOW Ha
puc. 3.4;

2) mo mepedaToYHOW (YHKIIMH 3alrCchiBaeTcsa AudhepeHITnaIbHOe
YpPaBHEHUE JIMHEMHON yacTu. JlonmycThM, YTO JIMHEHAs 4acTh NpeiCTaBils-
eT co0ol THMOBOe KoliebaTeNbHOe 3BEHO — 3BEHO BTOPOTO TOPSIKA, TOTAa
mudepeHnanbHoe ypaBHEHNE TMHEHHON YacTh OyIeT MMETh BUJT

2
dt dt
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3) 3anuchiBalOTCsl anreOpanvyeckue ypaBHEHUsI BCEX JIMHEHHBIX y4dacT-
KOB 9KBHBAJIEHTHOTO HEIMHEHHOTO 3JIeMEHTa

x1=f(x)
JUIS CAMMETPUYHbBIX HEJIMHEHHOCTEN
x; = —fx);
4) memaeTcs MOACTaHOBKa Xx; = —f(x) B ypaBHeHHe (3.2) U 3almCHIBacT-

csi nuddepeHInaNbHOE YpaBHEHUE HCCIIEAYyEeMO CUCTEMbl OTHOCUTEIBHO
OTKJIOHEHHSI BBIXOJHOW BEJNWYUHBI (MIPU ITOM HCKIIOYAETCS MPOMEXKYTOU-
Hasl TIepeMeHHas X ):

d*x dx
an———+a,—+a,x =—kf(x). 3.3
0 S apx =k () (33)

IIpu Kyco4HO-TMHEHHOW amnmpOKCUMAallMM HEJIWHEWHOW cTaTu4ecKon
XapaKTePUCTUKA BBOAWTCS TIOHATHE JTMHUM TiepexmoueHus. Jlmann nepe-
KITIOUeHHs JenaT (a3oBYIO IUIOCKOCTh Ha 00JAacTH, KaKZOH M3 KOTOPBIX
COOTBETCTBYET cBoe andepeHnmansHoe ypaBHeHHe. JIMHNN mepekioye-
HUSI HAaHOCATCA Ha (Pa3oByIO IUIOCKOCTH B IpoIecce MOCTPOeHHs (a30BOTO
noprpera. Ha puc. 3.6 mokazan mpumep pacCTaHOBKM JIMHUW NEpEeKIroYe-
Hus JII1 u JI12 nng HenuHeitHOCTH THnNa «OrpaHuuyeHue». Kpyxkkom c
uudpoit 0603HaYeH HOMEp JIMHEHHOTO y4JacTKa HEeJIWHEHHOTO 3JIeMEeHTa W
COOTBETCTBYIOIIKE eMy 001acTH Ha (pa3oBOM MIIOCKOCTH;

JIIT JITL,

X :] y : 2
¢ t--—G l !

: ©Ie 0

-b L b x b L b

€ e |
A g i

I, T,

Puc. 3.6
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5) BBoaMTCs BTOpas a3zoBasi KOOpAHHATA

=—; 34
y=— (3.4)

6) muddepeHnnanpsHOE ypaBHEHHE BTOPOTO Mopsiaka (3.3) 3amuceiBaeT-
Csl B BUJIE CUCTEMbI U3 ABYX au(pdepeHInaibHbIX yPaBHEHUI MEPBOro Mo-
pAaka:

d k a a
Do L opy-2y Ly, (3.5)
dt Clo ao ao

ax _ .

dr )

7) n3 ypaBHeHmwii (3.5) nmeneHWeM TIepBOTO YpaBHEHHS Ha BTOpOE
HCKJIIOYacTCs BpEMSI:
k a a
b0’ 0’
- b % | (3.6)
dx y

ypaBHeHHue (3.6) HazpBaeTcs nuddepeHnnaIsHbIM ypaBHEHHEM (Ha30BbIX
TPaeKTOPHIi;

8) moxacranoBkoi B (3.6) anreOpamuecknx ypaBHeHHH f(x) I Kax-
JIOTO JIMHEHHOTO y4acTKa CTAaTHYECKOW XapaKTepUCTHKU HEIHMHEWHOTO 3Iie-
MEHTA TIOJIy9aeM CHCTEeMY JIMHEHHBIX ArQepeHInaNIbHbIX YpaBHeHUH (a-
30BBIX TPAaeKTOPUH MCCIIeyeMON CHCTEMBI,

9) ecnu B momy4eHHBIX AU PepeHIHATFHBIX YPaBHEHUAX Pa3IeNsIioTCs
NepEeMEHHbIE, TO MHTErPUPOBAHUEM HAXOJSTCS ypaBHEHHs (a30BbIX TpaeK-
TOPHH:

y=Fx) +C, (3.7)

rae C; — MOCTOSIHHBIE HHTETPUPOBAHUS.

IMo ypaBuenusim (3.7) crpoutcst (a30Bblii HOPTPET CUCTEMbI NPU pas-
HBIX HadaJbHBIX yeaoBusx (C, Cy, ...).

Eciu B xakux-nm6o auddepeHuanbHblX YPaBHEHUSX NepEMEHHbIE He
pa3memsioTcs WiM BO3HUKAIOT TPYAHOCTH IPU MHTETPUPOBaHUH, TO (azo-
BbI€ TPAEKTOPHH CTPOATCS NPUOIMKEHHBIM IpaOaHaTMTHYECKUM METOJIOM

29



M30KIWH. M30KIWHBI MPECTABISIIOT COO0N T€OMETPHUIECKOEe MECTO TOYEK
Ha (a30BO TIOCKOCTH, B KOTOPHIX (ha30BBIE TPAEKTOPHU MPOXOMIST TIOX
OJIHAM W TEM e YTJIOM K OCH abciucc.
YpaBHEHUS M30KIMH HaXOATCS 1O YpaBHEHHIO (3.6) MpupaBHUBaHUEM
MPaBOM €ro YacTh MOCTOSHHBIM BEJIUYUHAM NV,
L S )
) a a

y

=N, =const, (3.9)

rae N; =tgw;, o; = arctg N;; o; — yrou, oj KOTopsIM (ha30Bble TPAEKTOPUH
nepeceKkaloT U3OKIUHY .

Eciu maciuTalbl 110 0CsSM X M ) pa3Hble, TO yrodl o; CIEAYeT PacCUnThbI-
BaTh 1o hopMyIie

M
a; =arctg| N;,—= |, (3.9
M,

rae M, n M, — MacitaGHble KO3()dUIMEHTHI IO OCIM KOOPAUHAT.

s moctpoenus (a3oBoro moprpera Ha (pa3oBYIO IIOCKOCTh HAHOCHT-
cs ceTka m3oKmH (No, Ny, N> U T. 11.), Ha KaXKI0W W30KIMHE CTPEIIKAMH OT-
MEYAIOTCS YTIbl HAKJIOHA KacaTelbHBIX K (Pa30BBIM TPACKTOPHUSAM MO OTHO-
meHnto k ocu abemmee (0, o, 0 U T. 11.). [lopsnok mocTpoeHus: (a3opoii
TPaeKTOPHH METOIOM M30KJIMH MMOKa3aH Ha puc. 3.7.

No(ag)  Ni(ay) Ny(02)

Y

N5(90°)

Puc. 3.7
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W3 Toukm HaYANBHBIX YCIOBHH M, (€€ BBEIOWpAIOT JIexalneil Ha OJXHOU
U3 W30KJIMH) JI0 IEPECEUEHHs CO ClleAyolleil H30KINHOM MPOBOAT ABA JIy-
4a MOCTPOSHMS: OJIMH — IOJ YIJIOM O, JPYroi — nox yriaom o;. [1pubmu-
JKEHHO CUHUTAIOT, YTO CleAylollas u3o0paxatomas Touka M; HaxoguTces Ha
cepeiliHe OTpe3Ka CieAylouleld N30KJINHBI, OTCEKaeMOro Jy4aMu MOCTpoe-
HUS, TIPOBEACHHBIMA M3 TOYKH M,. AHAJOTHYHO OTpeneNstoTces n3obpa-
xKaroue TOYKd Mo, M 1 T. . Da30ByI0 TPaeKTOPHIO MOIYYaloT CoennHe-
HUEM TUIaBHOW KpPWBOM HaWAEHHBIX HM300pa)kalomMX TOUYeK (MMyHKTHP HA
puc. 3.7).

Meroauka nocrpoeHus ($HazoBbIX NOPTPETOB puBoauTes B [1, 2, 4, 10].

[Ipumep dazooro moprpera miss CAY, cocrosimel U3 HETHHEHHOTO
anemenTa tuna «MaeanpHoe Tpexmo3uunoHHOE pene» (puc. 3.8, a) u ju-
HeitHo# wacTu, wmeromell anddepenumansioe ypasuenne T - d x/df +
+ dx/dt = k - x,, npuBenen Ha puc. 3.8, 6.

X @\’@ Q ®
M,
_b @ b X g b §<>b X
v\ -K-c

. I

® T
) T, 5 1T,

Puc. 3.8

Meton rapMOHUYECKON JIMHEapU3aLUU MPEAHA3HAuYEH Ul UCCIIEA0Ba-
HUSI aBTOKOJIE0aHWH B HENIMHEIHBIX CHCTEMax TPEThero M 0oyiee BBICOKOTO
nopsaka. OH MO3BOJIAET ONPENENNTh YCIOBHS CyIIECTBOBAHUS M IapaMeT-
pBl BO3MOXKHBIX aBTOKoseOanmid. [lapamerpsr ke aBTOKONEOaHWI naroT
BO3MOXHOCTb MPEICTaBUTh KAPTHHY BCEX BO3MOXKHBIX IPOLIECCOB B CHCTE-
Me€, B TOM UYHCIIE ONPEAETIUTH yCIOBUS YCTOWIMBOCTH.

Meton rapMOHHYECKOH JIMHEeapH3allid OCHOBaH Ha MPEAIOIO0KEHUH,
YTO KOJIeOaHUs Ha BBIXO/E JMHEHHOH YacTH (CM. puc. 3.4) SBISIOTCS CHHY-
COUAATBbHBIMY, T. €. 4TO

X = A, sin oy, (3.10)
rae Ay — aMIUIMTY1a aBTOKOJIe0aHuit; ) — 4aCTOTa aBTOKOJIeOaHuI.
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B nelcTBUTENBLHOCTH aBTOKOJIEOAHUS B HEJIWHEHHBIX CHUCTEMAX BCErIa
HECHHYCOHJJATEHBIE BCIIEJCTBHE MCKa)XXeHUS WX (POpPMBI HENMHEHHBIM 3Be-
HOM. [ToaTOMY TMpUHSATOE MPEANOJ0KEHHUE O3HAYAET, YTO METOJ SBIISETCA
MPUONMKEHHBIM B 00J1acTh €r0 MPUMEHEHHs OTpaHnueHa CIIydasMH, KoTaa
aBTOKOJI€OaHUsI HA BBHIXOJE JUHEHHOW 4aCTU U COOTBETCTBEHHO BXOJIE HeE-
JTUHEWHOTO 3BeHa JIOCTATOYHO OJNM3KU K CHHYCOUJAITBHBIM. J[J11 TOTO 4TOOBI
3TO WUMEJ0 MECTO, JIMHEWHAs YacTh JOJDKHA SBISATHCS (QMIBTPOM HHU3KUX
4acToT (He MPOITYCKATh BRICOKUE YaCTOTHI).

Hcxons w3 clienaHHOro MpenoyioKEeHUs ClIeyeT, YTO Ha BXOJ HEu-
HEHHOr0 3JIEMEHTA TAaKKEe MOJACTCS CUHYCOMAAIbHBIA CUTHAI Ao Sin ®yt, a
BBIXOJTHASI BETMYMHA X|, B CHIy MCKa)KCHHS HEJIMHEHWHOCTHIO, OyIeT HecH-
HYCOUIaJIbHOW. DTa BEJMUMHA MOXKET ObITh pa3jiokeHa B psig Dypobe:

X1 =f(X) =f (A sinwpt) = A} sin(wot + @1) + 4, sin(2wet + ¢,) +
+ A;sin(3mef + @3) + U T. 1., (3.11)

rae wo = 2n / T — yacrota nepBoi (OCHOBHOHN) rapMoHuKH; T — mepuoja
dbyaxmun f(X).

[Tockoneky mpearmonaraercs, 4To JWHEHAS 4acTh SBISETCS (QUIBTPOM
HU3KUX YacTOT, TO B pasioxkeHud (3.11) orpaHMumMMcs TOJBKO IEPBBIM
YJIEHOM:

X1 = A, sin ((l)ol + (Pl) (312)

W3 atoro caenyer, uTo npu GUKCUPOBAHHBIX 3HAYEHUSIX A) U ) HA BXOJE U
BBIXOJIE HEJIMHEIHOIO 3JIEMEHTa OKAa3bIBAIOTCA I'apMOHWYECKHE CUTHAIIBIL.
A 3TO 3HAYNT, YTO HEIMHEIHOE 3BEHO MOXKET OBITh 3aMEHEHO DKBWBAJICHT-
HBIM JIMHEHHBIM. JTa 3aMeHa Ha3blBaeTCAd FapMOHWYECKON TMHEeapHU3aluen.
IIpn rapmoHuueckol JHMHEAPU3ALMM HEJIUHEHHBIA 3JIEMEHT MOXHO
NpEeACTaBUTh CTPYKTYpHOH CXeMOii, n300pakeHHOH Ha puc. 3.9.

Ao sinwot Ay sin(wot + @1)
H>

\ 4
v

Puc. 3.9

ITo ananoruu ¢ TUHEWHBIMH 3BEHBIMH BBCICM ITOHATHEC KOMIIJICKCHOT'O
KO3 GUIMEHTA NIEPEIaYu HEJMHCHHOI O 3JICMCHTA!

A sin(@g? +@;)

3.13
Ay sinwgt G.13)

Ky (4g) =
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B nokazarensHoOl hopme:

A J(@ot+¢7) A4 .
KHa(AO)z © - =L/ =
A{)e]coot A()

_ Ajcos@ + jAsing, b+ ja
Ay 4

, (3.14)

rae by v a; — ko3 duurenTs pasioxenus B psn Dypee.

[y HEeOMHO3HAYHBIX HENWHEHHOCTel KO3(QUIMEHT IMepenayn Helu-
HEWHOTO 2JIEMEHTA — KOMIUIEKCHAsT QYHKIHS A, a I OTHO3HAYHBIX — JCH-
CTBUTeNbHas QYHKIHA A, TaK Kak ¢ = 0.

Taknm 006pa3om, MaTeMaTHUECKUM OINMCAaHWEM HEIWHEHHOTO AIIEMEHTa
B paccMaTpUBaeMOM METOJie SIBIISETCS KOMIUIEKCHBIN Kod(dumueHT nepe-
maun. Ero oueHs wacTto Ha3wpBalOT KO3()PHUIMEHTOM TapMOHWYECKOH IJn-
Heapu3anuy.

JUis TUMMYHBIX HEJIWHEWHBIX DJIEMEHTOB AHAJTMTHUYECKHE BBIPAKEHUS
ko3 uumeHTa rapMOHUYECKON JIMHEapU3alKi NPUBOISTCS B CIPaBOYHON
1 y4eOHOH muteparype. s HemWHEHHOCTEH, 3aJaHHBIX B KOHTPOJILHOM
padore, Gyukuuu K,(4y) npuBeaeHbI B NPUIIOKECHUH 4.

B nepenaroyHoit pyHKUMM JMHEHHON YacTh CliesaeM ClielyoLyto Moj-
CTaHOBKY: p = j®o. C y4eToM CKa3aHHOTO CTPYKTYpHas cxeMa IPUMET BHL,
npeacTaBieHHbIN Ha puc. 3.10.

X1

Ty Ko(dy) | —p PmGoo | T

Puc. 3.10

s 3amknyToit CAY, npenrnonaras, 4To B CHCTEME CYIIECTBYIOT aBTO-
KojeOanus (Ay, ®y), MOXKHO 3aIIHCaTh:

X = Wm{ (i(’)O)xl 5
(3.15)
x1 = Kin(Ao)(—x).
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HckmounM nMpoMexxyTOUHYI0 TIEPEMEHHYIO X| M 3alUIIeM YCIIOBHE CY-
IIECTBOBAHMS aBTOKOJICOAHUI:

WJ‘[‘-[ (](DO) KH3(AO) = _1 . (3 1 6)

DTO0 ycloBHE Ha3bIBAaeTCs YpaBHeHHEM rapMoHndeckoro Oananca (YI'B).
3anuiem YI'B B nokazarenbHou dopme:

Ay ()"0 A, (g0 = /TR, (3.17)

rae k —uuciaoBodt psig 0, £1,+£2, £3, + u T. 1.
YI'b MoXHO pa30OuTh Ha ABa ypaBHEHUS:
e ypaBHeHHE rapMoHHYeckoro 6amanca ammutyn (YI'BA):

A.nl[ ((00) AH3 (AO) = 1’ (3 1 8)
e ypaBHeHHE rapMoHHYeckoro 6amanca da3 (YIbD):
(‘pﬂ‘l(wo) + (PH’B(AO) =x7 (2k - 1) (319)

Ou3nyuecKknii CMBICT YCJIOBHSI TapMOHWYEeCKOTo Oananca (3.16) 3akio-
yaeTcs B TOM, UTO JUII BOHUKHOBEHHUS B CHCTeMe aBTOKoJeOaHUi HeoOXo-
JIUMO, 9TOOBI 00mMii KO3 (OUIMEHT YCHIIEHNS! B 3aMKHYTOM KOHTYpPE OBII
paBeH 1, a caur mo aze — kpatHeiM + m (25— 1).

K pemenuto 3amaun 1mo HaXOXKACHUIO Ag M (09 CIEAYET MOAXOAUTH TO-
pa3HOMY B 3aBHCHMOCTH OT TOTO, OyaeT i K,(4y) NeHCTBUTETHFHON WITH
KOMIIJIEKCHOH (yHKIIHEH.

Eciu K,,(4¢) neiictBuTe/ibHast PyHKIHUSA Ay, TO Qy(4o) = 0. B aToMm
clly4ae ypaBHeHHe OanaHca (a3 ymporraercs:

Ora®0) =% 7 2k — 1). (3.20)

[To Bumy W,(®o) MOXXHO ONpPENENUTh k, a CieOBaTeIbHO, YAaCTOTY aB-
TokonebGanuii . [Tocie yero u3 ypaBHEeHHS TAPMOHUYECKOTO OaaHca aM-
Mty (Tenepb ypaBHEHHE C OJHON HEM3BECTHOM) OMPENEIISIeTCs] aMILIU-
TyJa aBTOKOJIeOaHHH Aj.

Ecan K,,(Ay) xomniaexkcHasi QyHKIHUSA Ay, TO HATMYKE U TAPAMETPBI
aBTOKOJIEOAaHH ONPEe/IeNAI0OTCA HETOCPEACTBEHHO M3 YPaBHEHHS TapMOHU-
yeckoro OanaHca (3.16) rpaduueckum merogom [Nonbadapoa.

[Tpu nonn3oBanuu MetonoM [onpadapba HEOOXOAUMO 3amucaTh ypaB-
HEHHE rapMOHUYECKOro 0ajaHca B CeJyoLeM BUJIE:

Wi (jog)=— (3.21)

1
Ky ()
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i HaXOoXKaeHWS MapaMeTpoB aBTOKOJIe0ATeNIbHOTO pesknma (Ay, Mp) 1
WX yCTOMYHMBOCTH HEOOXOAMMO HAa KOMILIEKCHOH TIOCKOCTH B OJJHOM Mac-
mrabe mocTponuTh rpad MKy JIEBOH 1 MpaBoi yacTteil ypasuenus (3.21).

Ecnu rpadguku He mepecekaroTcs, TO aBTOKOJIeOaHUS OTCYTCTBYHOT. Ec-
T TpaMKM TIEPECEKAIOTCS, TO 3TO TOBOPUT O TOM, UTO BBITIOTHSETCS YCIIO-
BHE TapMOHHYECKOTO OallaHca, W, ClIeZJOBAaTENbHO, BO3MOXXHO CYIIECTBOBA-
HUE aBTOKOJICOaHUI B HCCIIEyeMON HETMHEHOU cucteMe. ABTOKOIeOaHUs
MOTYT OBITh YCTOMYUBBIMU U HEYCTOWYHBBIMH.

st onpenenennst yCTOWIMBOCTH aBTOKONeOanuii ["ompadapb npemnio-
JKWIT CIIEAYIOLIee MPaBUJIO: €CIIM MPH YBEJIMYEHUN aMILTUTYbl Ay TOUKa Ha
xapakTepuctuke —1/K,,(4yp) He OXBaThIBAaeTCs aMIUIUTYIHO-(a3oBoH yac-
TOTHOM XapaKTePUCTUKOW JIMHEHHOW 4YacTH CHCTEMbl, TO KOjicOaHUs
YCTOHYHBEIE, 1 HA00OPOT.

[pumep rpaduka aist onpenesieHns aBTOKOJIEOaHUH, UX YCTOHUMBOCTH
Y MapaMeTpoB IoKa3aH Ha puc. 3.11.

+J

N1 (Ao1, ©01

W (jo
1K (Ay) 1 (J®o)

Ny(Agz, ©2) A/(,JO

A

Puc. 3.11

Touke mnepeceueHus N; COOTBETCTBYIOT IapaMeTpbl aBTOKOJICOAHUI
(Ao1 11 ®¢1), a Touke N, (Ap 1 ®y).

[Tpn yBennueHNM aMIuIMTyAbl Ay OTHOCHUTENHHO TOUYKH TEPECEHCHHS
N Touka Ha xapakTepuctuke —1/ K,;,(A4¢) cMeriaercsi BI€BO U HE OXBAThI-
BaeTCs aMIIUTYIHO-(PAa30BOI XapaKTEPUCTUKONW JTMHEHHOW YacTH cucre-
Mbl. ClieioBaTeIbHO, aBTOKONEOAHUS ¢ aMIUTUTYIOH Ao M Y9aCTOTOH ®¢
YCTONYUBEIE.

Ecnu yBennuuTh aMIUINTYly A9 OTHOCHTENBHO TOUKH IepecedeHus Ny,
TO TOUKa Ha Xapakrepuctuke —1/K,,(4yp) cMelaercss Takxe BJIEBO, HO OHa
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OXBAaTBIBAETCS XaPAKTEPUCTHKON W, (j®g). DTO TOBOPUT O TOM, UTO KOJe-
OaHus ¢ mapameTpaMu Ag; U ®y; OyAyT HEYCTOHYHUBBIMHU.

Meton I'ompadapba MOXKHO Takke MPUMEHSTh W B TOM Cllydae, Koraa
—1/K;»(4o) GyHKIHS TeHCTBUTENBFHOTO TIepeMeHHOTro. OTiInyne 3aKiodaeT-
sl TOJIBKO B TOM, 4To rpaduk ¢yHkunu —1/K,(A4,) Oyner pacrnonaratbcs Ha
OTpHLIATETIFHOM YacTH IeHCTBUTENBHON OCH KOMITJIEKCHOM TIOCKOCTH.

ITpumep rpaduika 1y1st 3TOTO Ciaydast mokaszaH Ha puc. 3.12

+J
Ay N
<+ [~ N 0
«
—1/K,5(Ao) W aa (jo)
4
Puc. 3.12

2. Meroa cTpykTypHOro monenupoanus «MatLab 6.5 / Simulink 5»
MO3BOJISIET TPOBEPUTH PE3YNIBTATHl AHATUTUIECKUX PAacdyeToB Mo M. 1 3aja-
HUsI HAa KOHTPOJBHYIO padoTy Ne 3, a Takke MpPOBECTH JOMOJHHUTEIbHbIE
WCCIIeZIOBaHUS 3aJJaHHBIX HEIMHEHHBIX CHCTEM.

[Ipu cocraBiieHnn CXeMBI MOCIH I HccleaoBanms HennHelHoit CAY
HEOOXOAMMO YUUTHIBATh CIeTyIOIIHe 0COOCHHOCTH:

e ecnmd KOO(QUIMEHT Tepefaydl HAKIOHHON ITMHEHHOW YacTh HelH-
HEWHBIX 3JIEMEHTOB cucTeMbl «OrpaHuueHne» 1 «30Ha HEUyBCTBHUTEIHLHO-
CTH» He paBeH 1, TO HEOOXOAWMO TOCIENOBATETHHO C MOJENUPYIOIUMHE
omokamu «Saturation» n «Dead Zone» BKIIOYNTH MOAETUPYIOMHHA OIOK
«Gainy» (ycuiuTemnb) U BBICTABUTH HA HEM KO3()(PUIIMEHT nepeaayn, OTInd-
HBIN OT 1;

e HejuHEHHOCTH a) u b) (cM. npuitokeHue 2, tadu. [12.3)moryt ObiTh
MOJTyYeHBl IMOCIEIOBATENIbHBIM COEIMHEHNEM MOJAETHPYIOMHUX OJIOKOB
«Dead Zoney, «Gain» n «Saturationy;

e Tak Kak B mporpamme MatLab / Simulink HaganepHOe 3HaUYeHUE BBI-
XOJHOW BEJIMYMHBI U €€ MPOU3BOJAHON MOXHO 3a7aTh TOJbKO Ha MOJEJIH-
pyroiem Osoke «Integrator», TO NMpUXOAUTCS nmpuOeratbh K Tak Ha3blBae-
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MO JETaJIM3UPOBAHHOW CTPYKTYpHOM cxeme. B neranuzupoBaHHOM
CTPYKTYPHOU cxeMe JIMHENHOI YacTh BTOPOro MOpsiKa Ha BBIXOJE JOJIK-
HBI OBITH JIBAa TOCJEAOBATEIHLHO COCIMHEHHBIX WHTETPUPYIOIINX 3BEHA.
OnHo — s 3aJjaHUs Ha4yaJbHOTO OTKIOHEHUS BBIXOJHOU BEJIMUYUHBI, BTO-
poe — s 3alaHKsl HA4aJIbHOTO OTKJIOHEHMS IPOU3BOAHON BBIXOAHOM Be-
JTUYUHBI.

JeTanu3npoBaHHOW Ha3bpIBaeTCAd Takash CTPYKTypHas cXeMa, KOTO-
pasi COCTOUT U3 OE3BIHEPIMOHHBIX, CYMMHPYVIOMNAX W HHTETPUPYIOMIAX
3BEHBEB.

ITokaxkeM MOpSAOK COCTaBIEHUS NETaIU3UPOBAHHONW CTPYKTYPHOU CXe-
MBI Ha IpUMepe KosedaTeTpHoro 3BeHa (puc. 3.13):

® KCXOJHbIC JJAHHBIC — CTPYKTYpHAs cxema K0jie0aTe/IbHOro 3BeHa;

Xoc(P) k Ky (P)
—p >

L p* +Typ+1

Puc. 3.13

® [0 TIepeAaTovYHOl (YHKIMH KOIeOaTeThbHOTO 3BEHA 3aIHIleM
OTIepaTOpHOE YpaBHEHNE

TizszBblx(p)+T2pXBLIX(p)+XBBIX(p) = kXBX(p);

o 2
e BBIJEIUM B JIEBOH 4acTH ypaBHeHU p~ X, . (p),

1
PP X (D)= F(kXBX (P) = DPX e (P) = Xy (P)) 5
1

® TIpEANOJT0KHUM, YTO B Ka)KI[LIﬁ MOMEHT BpEMCEHH H3BECTHLBL

2
XBX(p)’ TZPXBHX(p) u XBLIX(p)’ TO AJIA HAXOXKIACHUA p XBLIX(p) HYyX-
HO cJe1aTh ClIeIyole MaTeMaTHUeCKUe Omepaluu: yMHOXKUTh X (p)
Ha k, HaliTH CyMMy cjaraeMbIX B CKOOKAaX M YMHOXHTHb BBIPaK€HUE B

1
cKkoOKax Ha —.
2
L
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Teneps, utoObl Haiitn X, (p), HEOOXOAUMO /IBAKAbl IPOUHTEIPUPO-
1
BaTh (YMHOXXHTh JABa)KJbl HA — ) JIEBYIO U MPABYIO YaCTH MOJyYEHHOTO BbI-

PaKCHUA:

111
XBLIX(p):__ _Z(kXBX(p)_szXBHX(p)_XBLIX(p)) .
pplT

1

Bce maremaTnueckue onepanun NOJYy4CHHOI'O BhIPAXKCHUSA MOXKHO pea-
JIN30BaTh C MOMOIIBIO TPEX 6C3LIH€pHI/IOHHLIX 3BCHBEB C KO3(1)(1)I/II_[I/I€HT3MI/I

1
k,T, u — » CYMMHPYIOLIETO 3B€HA U JIBYX MHTErPUPYIOLINX 3BEHBEB.

1
,Z[eTaIII/ISI/IPOBaHHaSI CTPYKTYpPHasa cxeMa KoJie0aTelIbHOr0 3Be€Ha 0Ka3a-

Ha Ha puc. 3.14.
T pXous(P) PXonp)
1' T, |1—

Xo(p) = TpXonP) = XD | | P X [ | XonD)
g T
Puc. 3.14

Ha puc. 3.15 u300pakeHa cxemMa MOAETH ISl MCCIeIOBaHUs 3aJaHHOM
HenmHeiHOH CAY BTOpOTO NMopsiaka MeTo10M (a3oBOi TIIOCKOCTH.

Henuneitnbrit JIuneitnas
JJICMCHT qacCTb
i ]
In1 Cut 1 = In1
v Out? »] | -
Step Subsystem Subsystemns Scope
— O]
Scoped -
X Graph
Puc. 3.15
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B cxeme Mozenu mperyCMOTpPEHBI:

e 00K «Step» — [UIs 33/1aHUsI IOCTOSIHHOTO BXOJHOI'O BO3ACHCTBHS AJIs
CHATHS NIEPEXOJIHBIX MpolieccoB B uccienyemoit CAY;

e Guokm «Subsystem» — Ans MOJAENTMPOBAHUS 3alaHHOTO HEIWHEHHOTO
3JIeMeHTa W JIMHEWHOW YacTH BTOPOTO Nopsaka. HazBaHHbIe OIIOKU BBIOpa-
HBI Ui y100CTBa W3MEHEHHs MapaMeTPOB HEIMHEWHOTO 3JIeMEHTa W JIH-
HEHHOI YacTu;

e OJIOK «Scope» — Ui PerucTpalfii MepeXoHBIX MPOIECCOB pa3Ieib-
HO To KoopanHaTam X W Y mpu CHATHH (Da30BBIX TOPTPETOB 3aJAaHHOM
CAY;

o Omok «XY Graph» — musa peructpanuu (pa3oBbIX MOPTPETOB B KOOP-
JuHaTtax XY,

e 050K «Scope 1» ocyuiecTBIIsieT BU3yallbHOE HAOJIIOJEHHE 32 BbIXO/I-
HOH BEJIMYMHOI HETMHEHHOr O 3BEHA.

Ha puc. 3.16 uzo0OpakeHa cxema MOJCIHU il UCCIICAOBAHUS 3aJaHHON
HenuHeHo CAY TpeThero mopsijika METOA0M T'apMOHMYECKOU JIMHeapu-
3aluu.

B cxeme monenu 3amanHoit CAY npenycMOTpeH KaHal HAaCTPOMKH He-
JUHEHHOTO JJIEMEHTA C CHHYCOUJAIBHBIM BXOIHBIM CHUTHAJIOM (Sine Wave)
u rpagomnoctponteneM (XY Graph). [lepeknmtoueHne Ha HaCTPOWKY HENH-
HEIHOTO 3JIeMeHTa M 00paTHO OCYIIECTBISETCS PyYHBIMH TIEPEKITI0YaTeNs-
mu (Manual Switch). [l monydeHns TOTONHUTENBHON WHGOPMAINH O pa-
00Te HEeMHEIHOTO 3JIEMEHTa MPeyCMOTpeH octmyutorpad Scope 1.

'/-\ -
L
e —0
Sine Niave
hianual Switchz
——0
Manual Switch1 ¥ 12ph
> []
1 e Int Out 1 P In1 Out1 !
Constant hianual Siitch - P
tanual Switchs Atomic Subsystem ] » l:l Atomic Subsystem Scope
Scoped
Puc. 3.16

39



[TyHKT 2 3amaHnst HA KOHTPONBHYIO PaboTy No 3 BBITIONHSIETCS B MTEPHO]
9K3aMEHALIMOHHONW CEeCCHM B KayecTBE OJHOW W3 NabopaTOpHBIX padoT
M0 TEOPWH HEIMHEHHBIX CHCTEM aBTOMATHYecKOoro yrpaBieHus. OTaenbpHo-
ro or4yera Mo 3TOoi nabopaTopHOil paboTe CTyHEHTH HE O(GOPMIISIOT.
ITomydennsie pe3ynbraTsl 1a00PAaTOPHBIX WCCIENOBAHWH BKIIIOYAIOTCS
B IIM. a) — B) KOHTPOJIHHON pabOTHI.

JanuMm HeKoTOphle peKOMEHIAIINH W MOSICHEHHS K BBITIOTHEHHIO J1a0o-
PATOPHBIX UCCIIeOBaHUN muHaAMUYecKux cBOHUCTB CAY, 3amaHHON B KOH-
TPOJILHOH paboTe.

[Ipu BEIMOTHEHNH MYyHKTA a) HEOOXOTUMO:

e YTOOBI CX€Ma MOJENM B TOYHOCTH COOTBETCTBOBaja pacueTHON
CTPYKTYPHOM CXeMe;

e YTOOBI MacImTadbl O OCSIM KOOPAWHAT M HAa4YallbHBIE YCIOBUS OBLIH
TEMH K€, KAKUMHU OHU OBLIN BHIOPAHBI MPU aHATUTHYECKOM WU Tpaduye-
CKOM pacuere;

® B aBTOKOJEeOATENBHBIX PEKUMaX B 00SA3aTETHHOM TIOPSJIKE OIpene-
JISITh YaCTOTY W aMILIUTY 1y KOJICOaHUIA.

B 1. 6) moCTOSHHBIM XapaKTepHBIM BO3/IEHCTBHEM ClIEyeT CUYNTAThH Ta-
KO€ O YPOBHIO BO3JCHCTBHE, KOTJAa B HAYaJIbHOW CTaAMM MEPEXOIHOTO
mpolecca 3aJeiiCTBOBaHbl BCE JTUHENHbIE YUACTKU CTaTUYECKON XapaKTepH-
CTUKU HEJIMHEIHOTO 2JIEMEHTA.

[Napamerpsl HeaBTOKONEOATENBHBIX IEPEXOMHBIX IPOIECCOB OIpee-
JSIIOTCS Tak ke, kKak B tnHeHHBIX CAY. [lapamerpamn aBTOKOIE0ATETBHBIX
MPOLIECCOB SIBIISAIOTCS aMIUTUTYAA U YacToTa.

Ecnam npu BRITIOIHEHWH ITYHKTA B) OKAXETCS, YTO YPOBEHH BXOJHOTO
BO3JICUCTBYSI HE BIMSET WIM MaJllo BIUSET HA BUJ U MapaMeTphbl IEPEXOaHO-
TO TIPOIECCa, TO MPU HATTUIHH JIA0OPATOPHOTO BPEMEHU MOXHO PACIITUPHUTH
UCCleI0BaHUS — NMPOAHATU3UPOBATh BIMSHUE NMapaMeTPOB JUHEIHOM U He-
nuHeHo yacteit CAY Ha BUJ M apaMmeTphl MepexXoaHOro Impoiiecca.

3aueT 1o 1adopaTOPHBIM UCCIICOBAHUSM B COOTBETCTBUU C IYHKTOM 2
MPUHAMAET, HapsAIy C APYTUMH JaOOpaTOpHBIMH padoTaMu, MpernojaBa-
Tellb, BEAYILU JIAOOPATOPHBIN MPAKTUKYM 110 TEOPUU HEITMHEHHBIX CUCTEM
YIIPaBJICHHUS.

VYCTHBIN 3a4eT 110 KOHTPOJIbHON padoTe Ne 3 ¢ y4eTOM BBIIIOJHEHHBIX U
3aYTEHHBIX JIAOOPATOPHBIX HCCIIENOBaHM MPUHUMAET MpeTnoaBaTeib, Be-
IyIIANA U3y4aeMyl0 TUCIUILINHY.
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Tabnauma II11.3

TpeboBanus k kauecTBy CAY B yCTAHOBHBIIEMCS] H MEPEXOAHOM PEKUMAX

Homep Benunza ommoky, Bpewmst MaxkcumanbHoe
s || e | g
1 0.005 0.75 20
2 0.0052 0.6 20
3 0.0054 0.6 20
4 0.0055 12 20
5 0.0057 s 50
6 0.0058 18 50
7 0.006 2.1 20
8 0.0062 2.4 25
9 0.0064 2.7 25
10 0.0065 225 25
11 0.0068 135 25
12 0.007 0.75 25
13 0.0072 s Y
14 0.0074 12 s
15 0.0075 1.35 30
16 0.0076 s 30
17 0.0078 1.65 30
18 0.008 0.75 30
19 0.0082 0.9 30
20 0.0083 1.05 30

Mpumeuanne. [l HUCXOAHBIX CTPYKTYPHBIX CXEM C HEYETHBIMU HOMEpPaMu
(I, 1L,..., IX) 3agana momycTuMasi CTaTU4eCKasi OIIMOKa, a ¢ YeT-
seiMu HOMepamiu (I, IV,..., X) — ckopocTHas ommoKa.
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IIpunaoxenune 3

Oobpa3zen opopmiieHust 00J10:KKH KOHTPOJIBHOH PadoThI

HoBocuOupckuii rocy1apcTBeHHbIH TEXHUYECKUN
YHHUBEPCUTET

Kagenpa DAITY

KonTtpoabnas padora Ne
o "Teopuu aBTOMaTUUECKOTO yIIpaBieHUs "
BapUAHT 33 aHUsI /

CTYJICHTa Kypca, IpyIIlbl ,CIELIMAJIBHOCTU

®.1.0. (IToTHOCTBI0)

Homannuii agpec:

MOYTOBBIN MHAEKC, TOPOJ (TTOCENIOK, TEPEBHS ),

ynuna, Ne noma, Ne kBapTHpBI

Pabora BrIOTHEHA

Jara

Pabora 3ammuinena

Jara

IIpenonasareins

HOJIINUCH d.1.0.
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