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OCHOBHBIE ITOJIOKEHHSA

Kypcosas pa6ota no muctunnuue «Teopus aBTOMATHYECKOIO YIPaBICHHSD

BBINIOJIHACTCS CTYACHTOM [1O[ PYKOBOJACTBOM NpEIoAaBaTeid Kak CaAMOCTOATENILHOE

HCCJIEIOBAHHe 3aaHHON cUCTeMBl aproMaTHyeckoro ynpasienus (CAY) ¢ uensio

aHany3a ee JMHAMHUYECKHMX XapaKTepHUCTHK, aHAJIM3a KayecTBa IIpoLecca yhapasJIeHHUs

M ero Koppekmuu s ofecredenus TpeGyeMBIX 3HaueHHH Mokasareneil kauecrTsa

CAY.

\
\

[

B pesynnTate BbLINOJIHEHMS KypcoBoi paGoThl (OPMMPYIOTCS 3ajaHHbIE

POBHH KOMIIETCH Ly CTYACHTA:

BNaJieHHe KyNbTypOH MBILUIEHUS, CIOCOGHOCTE K 0G0oOLieHuio, aHaiusy,
BOCIPUATHIO HHQOPMALIMH, CIIOCOOHOCTh K MOCTAHOBKE LiENM HCCIIeAOBaHHA
" BeIOOpPY nyTeH €€ NOCTIDKEHHS;

CrocOBHOCTh JTOTHYECKH BEPHO, apTyMEHTHPOBAHHO H ACHO CTPOHUTE YCTHYIO
1 IHCHMEHHYIO peyb;

COCOGHOCT K CAaMOpa3BMTHIO, TOBbILIEHHIO CBoell KBanudukauuu H
MacTepCTBa;

OCO3HAHHKe COLHANBHO 3HauuMoCTH cBoeil Oyayeit npodeccun;
CrIOCOGHOCTh  MCTIONE30BaTh OCHOBHBIC 3aKOHBI M METOHbl JMCIHILIAH
MaTeMaTHYEeCKOro M eCTECTBEHHOHAY4YHOIo NWKIA, a4 TaKkKe AUCIHIUINH
ofuienpodecCHOHANBHOrO IHKIa B cBoeH Oyaymied mpodeccHoHanbHOM
JeSITeNIbHOCTH;

cHocOBGHOCTE  NPUMEHSTH  METOABl  MaTeMaTHUYecKoro  apanusa M|
MOAESIHPOBAHUS, TEOPSTUUECKOTO M IKCIIEPUMEHTAIIEHOIO HCCIICAOBaHNS,
BJlaJieHHe METOlaMH pacuéTa ¥ NCCIEAOBAaHUI CHCTEM aBTOMATHYECKOTrO

yIpapjeHus Ha Gaze cospeme}moifl BBIYHCIUTEIBHON TEX HUKH,

Croco0HOCTh NIpUMEHEHHNA Ha IIPAKTHKE COBPEMEHHBIX METO/IOB aHAIH3a H

cuntesa CAY.



TEMA KYPCOBOMU PABOTEL:

«Mccnenopanme IMHaMIIecknx xapakrepuctuk CAY».

HEJb KYPCOBOW PABOTBI:

Ha ocHoge ananu3sa ycrouusocTy u ToudocTi CAY paspabotarh peKOMEHHALHH 10

MOBRIIIIECHHUIO KaueCTBa Ipouecca yripanjIeHus.

HCXONHBIE TAHHBIE AJISI KAYKJIOTO BAPHAHTA 3AJAHUS

(HOMepa BapHaHTOB 3a/laHNs yKa3aHsl B [Ipunoxennu 2)

1. Crpyxrypusie cxembl CAY Ans KaiKA0r0 BAPHAHTA 3a1aHHS 1aHbI B

Hpunoxenun 1.

Crpyxrypubie cxempt Ne 1, 2, 3 oTOOpaxaroT CHCTEMY aBTOMATHYECKOTO

peryiaupoBaHus CKOPOCTH BPaICHUA POTOPA JICKTPONBHUIATEIIS Qll‘

CrpyxrypHbie cxembl NeNe 4 ... 10 otofpaxaioT CHCTEMY aBTOMATH4€CKOTO

peTyIMpOBaHMs ~ yrJia TNOBOpOTa pepykropa ®p, coeauHsiouiero  Ban

3MEKTPOJIBUraTeNs U OOBEKT ynpasiieHns (Hanpumep, pyky po6ota).

Ha cTpykTypHBIX cXemax 3ajaiouige Hanpsbxkenwe Uj cpaBHHBaeTcs ©

HanpsoKeHHEM Uf.l JaTydxa CKOPOCTH BpallICHUA WM JaTUHKa yria IoBOpoTa. Ha

BHIXOJE BBIUMTAIOIIETO (CPaBHHUBAIOIIETO) YCTPOHCTBA (OPMUPYSTCH CHIHAI

paccornacosarus A = Uz~ Uy,

2. Mepeaarounbie GpyHKHH 3BeHbeB CAY 1451 KQXA0r0 BAPHAHTA 33/1aHHS

2.1. Yenaureab

Wyl(p) = B

il JUis CTPYKTYpHBIX cxeM NeNe 1,2, 3, 4, 10;

Wyz @ = ky Julsl CTPYKTYpPHBIX cxeM NeNe 5, 6, 7, 8, 9.

3nech 3HaueHUs KOODPHULHEHTOB ky ¥ TOCTOAHHBIX BPEMCHH Ty 3a/aloTcH B
tabn.l (Ilpunoxenue 2) ans xaxjoro BapuaHta safanus. KoapduuueHt
nepefaud yCuIuTens ky MOXeT BapbHPOBAThCS IS MOBLILIEHHS KauecTpa

Ipouecca aBTOMaTUYECKOT0 yIIpaBJiCHHA.

2.2. 3Beno nocsieaoBaTe/ibHON KOPPEKIHA
u’rxx(p) = kx(1 + Txp) s

rae 3HadeHus ko3 puimenTa nepefauu ky W NOCTOSHHOM BpeMeHH 3BeHa

T10CTIeJOBATENHHOM KOPPEKLUH Ty BHIOHMPAIOTCA HA OCHOBE aHAIM3a
quHamudeckux rnponeccos CAY. ’

[IpenBapuUTeNbHO YCTAHOBIEHSH! CIeAyIoue ux 3Havenus: k= 10, 1= 0,1c.

2.3. JaeKTpoABHIaTEAb

VVAB (p) — —kEE_____

TaTep? +Tp+1

rae  koaduuMent  rnepejaud  onekTpoasuratrend  kpy = 0,65

SJICKTPOMEXaHHUYEeCKasl ITOCTOAHHASI BpEMCHH TM = 1,6 C; JVICKTPOMArHUTHAA



MOCTOSHHAs BPEMEHH A CTPYKTypHbix cxem NeNe 1,3,5,6, 10 7y =1 ¢;

3NMeKTPOMArHATHAS NOCTOSHHAS BPEMEHH IS CTPYKTYPHBIX cxeM  NeNe 2, 4, 2.6.2. Tlepenatounas dpynkums ans cxem NeNe 6,7,8,9
7,8,9 T4=0,08c. w. = _Kar
A (p) T;p+1 ’
2.4 Penyxrop
rae koahuUIMeHT nepefayun faryuxa yria nosopota kyy = 0,01 B/pan,
pr (;p) = kp , MOCTOSIHHAS BPEMEHH JaT4uKa yria nosopota Ty = 0,05 c.
r

=1
TZie NepesiaTouHoe OTHOMEHHE peyKTopa Ky / 30 2.7. 3BeHBA KOPPEKTHPYIOLIHX 0GPATHBIX CBA3EH

Woi (p) = koi ps i=1,2,3,4,
2.5. JATYHK cKOpOCTH BpalleHHA POTOPA dJeKTPOABHraTe s

(amacxem NeNel,2,3) rae ko3 pULMEHThI epefayd KOPPEKTHPYIOWIMX 3BEHbEB 00OPATHOR CBA3U

" kor=2% 1073
- BT
W) = 2o
ko2=5;
rae koadGpuurenT mepenaun kyr= 0,02 B/(pam/c); nocrosHHas BpeMeHU ko3 = 60;
Ty=0,1c.
kogq = 4.
2.6. JlaTuuk yriia noBopoTa peayKkropa

IMpy HEOOXOAMMOCTH KOI(GHIHEHTHI Hepeayy KOPPEKTHPYIOLIHX 3BEHbEB
2.6.1. Tepenarounas dyuxuus aus cxem NeNe 4,10

obpatHoil cBa3u Ko , 1= 1,2,3,4 MOTyT BapbiUpoBaThCA A7 00ecneyeH s

W (p) = kpr,

TpebGyemoro kavectsa GyHkLHOHNpoBaHUsa CAY.

rae ko3 GUUHEHT NepeJayn JaT4nKa yria moBopora

kyr= 0,01 B/pan.



OCHOBHBIE BOIIPOCH! , HOAJEXKANIIUE

HCCITEAOBAHUIO U PASPABOTKE

1.  Anannz yeroiiuuBocthn CAY ¢ npHMeHeHHMeM ajarefpanvdeckKoro u
YaCTHOTO KpATEPHEB YCTOHYHBOCTH
1.1. Cocrasnenue nepegatoqHoil GYHKIMH Pa3OMKHYTOH U 3aMKHYTOMN
CAY.
1.2. Ananus yeroiiuuoctd CAY ¢ npuMeHeHueM kputepus Payca-I'ypBuua.
1.3. Ananus ycroituuoct CAY ¢ npumenesuneM kpurtepust Haliksucra.

1.4. Ananus nyreii noseiwenns ycroifunsoctd CAY.

2. Ananans rounoct CAY B BLIHYKACHHOM pesknMe
2.1. Ananus craTuyeckoil oMmHOKM.
2.2. Ananu3z omubKHU 110 CKOPOCTH.

2.3. Ananu3s nyTeil mosbiueHus ycroituupoctn CAY.

3. Anaju3 KadecTBa NepexofHOro npouecca
3.1. YacTOTHBIH METOJ aHaIu3a.
3.2. KopHeBoit MeTox aHanu3a.

3.3. Ananu3 ryTeil NOBLILIEHHS KauecTBa NePeXoIHOro npouecea.

4.  PaspaGorka pekoMeHAanHH N0 NOBLIIIEHAIO KaYeCTBA Npouecca
ynpasjaenns ucciaeayemoii CAY
4.1. Buibop nyteit xoppexiuu CAY.
4.2. PacueT 3anacoB YCTOWYMBOCTH ckoppekTuporanHoil CAY no
aMnnTyne 1 dase.
4.3. Pacuet TOUHOCTH cKkoppekTupoBaHHoH CAY B Bbmyn(neHHBM pEeXUME.

4.4, OueHka KauecTBa IepexoHOro npouecca ckoppextiupopantoi CAY.

(=)

NOPSIJIOK BBINOJHEHUWA U 3ALUTHI KYPCOBOM PABOTBI

Yrxazanun no ananusy u xoppexuuu CAY

. Ilpu ananuse ycroiiumBocty CAY nNpUMEHEHATb IMOCIEAOBATENBHO
anrebpanvecknit kpurepuit Payca-I'ypsuna u  uwacToTHBI KpuTepui
HatikBucra.

. Ilpn ananuse 3anacop yctoiumBocth CAY mnmo ammiuuryne M dase
ucrionp3oBath Jorapupmudeckue AUX 1 ®UX pazomkuytoit CAY.

. Ananus kavectsa nepexoasoro npouecca CAY npoBOAHTE ¢ HCIIONb30BaHHEM
KOPHEBOI'O Y YaCTOTHOTO METONOB aHaJIH3a IEPEXOJHBIX IIPOLIECCOB.

. Jas BbIuMCNEHMs 3HAYeHHH AMArOHANBHBIX MHHOpPOB MaTpuusl [ypsuua,
BBIUMCIIEHUS  KOpHEH  XapakTEpHCTHYECKHX  YPaBHEHUHM, DNOCTpPOeHHA
rojorpada aMIIMTY IHO-(a30BOH XapaKTEePUCTHKH, Jorapupmuyecknx AUX u
®UYX u npu aHanu3e mepexoAHOro mpouecca uccaeayemoit CAY
HCIONb30BaTh MPUKIAIHYIO Tporpammy Mathcad.

. Jina moBBIEHMS KauecTBa mpolecca yrpasiesus uccnenyemoit CAY moryt
ObITh CKOPPEKTUPOBaHBI NapaMeTpbl OCHOBHbiIX 3BeHbeB CAY ¥ BBeIEHBI
[IONIOJIHUTEIbHBIE KOPPEKTUPYIOLME 3BEHBA.

. [apameTpsl KOppeKTUPYIOIUX 3BeHbeB U ycumutens CAY BapbHpyIOTCH C
ydeToM ofecrieueHHs 3anacoB YCTORYHBOCTH MO aMILIMTYAe (He MeHee 6 Ab) u
daze (ue menee 30 rpap.) npu obecmeueHud Bbicokoi TouyHocTH CAY B
CTAaTHYECKOM peXXHUMeE (otHocurensHas owubka He OGonee 5%) 21
HeoOXO0MMOH TOYHOCTH 10 CKOPOCTH.

. [Ipn uccnegosanuu cpolicts CAY ynobHo npeobpasoBaTh HCXOAHYIO
cTpyKTypHYyto cxeMy CAYVY ¢ 1ensio noayueHus eMHIIHON raBuoi 06paTHOM

CBA3H, OTHECS Aar4yvK K 061>e1<‘ry yHOpaBJIEeHUs U [IOJYYHWB TaKUM 06])330M



npeobpazoBanbell OOBEKT kak OOBLEKT YIPaBREHHS C TOCHENOBATEILHO

TIOIKJITOYEHHBIM K €I'0 BbIXOAY HaTUHKOM.

Tpedosanus k codepycanuto u odhopmieno Kypcosoii pabonivt

TTosicHUTENBHAs 3aTIMCKa K KypcOBOH paboTe JOKHA CONEPKaTh.

I.
2.

4,
5.

THTYRbHBIH THCT.

Brenenue

Bo BBeJIeHHH PacKPLIBAETCS aKTYaNbHOCTh TEMBI, (OPMYITHPYIOTCS
eH U 33124k pabOTEl, ONMHUCHIBAIOTCS NIPEAMET, OOBEKT M METOAI

HcenenoBaHuys.

. OcHOBHas 4acTh.

OcHoBHas 4acTh JOMKHA OBITH IOCBAIIEHA AHATH3Y YCTOHYUBOCTH, TIEPEXOMHBIX
npouieccos u TounoctH CAY, aHanu3y OCHOBHBIX TUWHAMHYECKUX XapaKTEePHCTHK
CAY 1 1eolXouMoit HX KOppeKIuH. 3AeCh IPUBOJATCA aHATHTHIECKHE
BhIpaKeHus 1 rpaduku: rogorpadsl, norapupmuueckre AUX, @YX, rpaduku
nepexoaHod GyHKLHN,

BrIBojiEl B pexoMeHaInH 1o obectiedeHnIo kayecTsa Gpynkuuonnposanusa CAY.
CrHcoK UCTIONB30BAHHBIX HCTOYHHKOB.

Odopmiserca IIOSCHHTENbHAS 34lHCKA B COOTBETCTBHM C TPeOOBAHHAMU
I'OCTa no opopMIEHHIO OTYEeTa O HayqHO-HCCaenoBarenbekoif pabore. O6bem
noscHuTeNbHOI 3anucky He Oonee 20 cTpaHuL.

B npUnoXeHWH K MOACHUTENBHOH 3alHcKe JIOMKeH OBITH HpeAcCTaBlieH
JIEMOHCTPALMOHHNEI  MaTepHal, HUIIOCTPUPYIOIIMHA OCHOBHBIE —pe3y/bTaThl
aHANHM3a CTATHYECKHMX W JuHamuuecknx csoiictB CAY, u paspaboraHHsle
PEKOMEHIAIMH N0 MOBHILICHHIO KadecTsa Mporecca ynpasieHus Ticcaemyemo
CAY (ne meree 3 muiakatos, ciainoB). IIpu aToM uepTexu, rpaduky,
IMArPaMMBl, CXEMBI TOJDKHBI COOTBETCTBOBATh TPEOOBAHUSM IOCYIAPCTBEHHBIX
ctangaproB ECKJI.

10

B xayectse npumepa B Ilpunoxennn 3 npencrasied GpparMeHT WUIIOCTPALMK

PE3YJILTAaTOB KYPCOBOH pabOThI, BBIHOCHMBIX Ha JIOKJIa.

Hopaook 3auiumesl Kypcoeoii padonist

TMoscHuTeNbHAS 3aMUCKA 10 KypcoBoit paboTe NPeAcTaBIseTcs PYKOBOAUTENIO
KypcoBBIX paboT He mo3gHee 4eM 3a 5 JHel O HAa3HAYEHHOTO JIHS €€ 3alUTEI
JUIs TpeiBAPUTENBHON OLEHKH KayecTBa CONEpkaHusd M Oo(popMIIeHHS KypcoBoii

paboTkl.

3ammTa KypcoBod paGoThl IpoBoaMTCs B GopMe [0KJIafa €e OCHOBHBIX
pesynsraToB. Ha nmoxnan otBoautes no 10 MMHYT, B T€YEHHE KOTOPBIX CTYyACHT
LOJDKEH PacKpEITh CYTh IPOBEASHHBIX MCCIENOBAHMH M OCHOBHEIE PE3YIbTAThI
anaymza CAY ¢ nocnenymomeh e€ xoppexuueii. [Tocne foxnana cryaeHr orsedaer
Ha BONIPOCHI PYKOBOZAHTENS MO YTOYHEHHIO Pe3yJIbTaTOB BHIIIOJIHEHHOH KypCOBOM
paboTel M MPOBEpKE YPOBHS 3HAHMH W KOMIETEHUMH 10 aHamn3y M paspabotke

CAY.

Quenka_Kypcoeoli pabomut

Kypcosas paGota  OLEHHBAeICsi DYKOBOIMTENEM KypcoBoil paGoTsl IO
ClIeAYIOIHM KOMIIOHEHTaM:

® 110 CTelleHH MONHOTHI, NOCTOBEPHOCTH M OOOCHOBAaHHOCTH pe3YJNbTAaTOB
BBIMOJIHEHHS 3a/{aHus 110 KypcoBoii pabore;

® [0 KayecTBY O(opMIeHNs NOACHUTENBHOH 3aMHCKU U JeMOHCTPAlHOHHOrO
MarepHana;

® 10 YPOBHIO KayecTBa JOKNaja M HCIONB30BAHHOIO B XOAe  JIOKIaja
WIUTIOCTPAaTHBHOIO MaTepHaa;

® 110 YPOBHIO OGOCHOBAHHOCTH H MOJHOTEI OTBETOB CTY/ICHTA B XOME 3aLHTHI

KypcoBoit paboTsl.

11
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Bapuanrs! 3a5aHug

Ipuioxenne 2

Tabauna

1

Hpuaoxenne 3

IpuMep HATIOCTPANMY JOKJANA O pe3yabTaTax HecneroBanus CAY

CrpykrypHas cxema CAY

Homep BapuaHTta Homep cxembli Koadpuymenr NocroaxHas spemeHn,
ycunenus, k, Ty
1 1 10° 0,04
2 2 10° 0,04
3 3 10° 0,04
4 4 10° 0,04
5 5 10° 0,04
6 6 10° 0,04
7 7 10° 0,04
8 8 3*10° 0,04
9 9 3*10° 0,04
10 10 3*10° 0,04
11 1 2*10° 0,06
12 2 2*10° 0,06
13 3 2*10° 0,06
14 4 2*10° 0,06
15 5 2*10° 0,06
16 6 4*10° 0,06
17 7 4*10° 0,06
18 8 4*10° 0,06
19 9 4*10° 0,07
20 10 4*10° 0,07
21 1 10° 0,05
22 2 10° 0,05
23 3 10° 0,05
24 4 10° 0,05
25 5 10° 0,05

18

BapuanTt Ne3
LT AT pel T
3BeHO KOpPEKLVN
1 ko p 9
L.
Aunaaus yeroitunoctn CAY
Meroa anain3a PesyapTaTsnt aHa M3a
YCTOUMBOCTH :
Kopuepoit merog . 3
aHATH3A o
’_“'12 49 %01 8057
[ -3 -38 -3 ~[12
e
AP 92BO-2 8378
. .
~31 R0 1
19




Kpurepuii Payca- A= 0201,  A,=0418  a;= 1.448, se= 18824
I'ypsuna

Kpurepnii Hafiksncra o := 0.001 ,0.005 .. 1000

fzo0 w=0
o913 31833 5 161583 3

=y
¥4
o
o
%
=3

Im(Wolw)}

i
LN ]

TING //

N —]

Re(Woluw)),~t

Jlorapupmuyeckas aMOJHTYARO-9ACTOTHAS XapaKTePHCTHKA PA3OMKHYTOMH
CAY

7

L{w} AN

- 100 \ B

et

%1077 0.01 0.1 1 10 100 160 20

Jlorapugmuyeckas ¢azo-yacroTHas XapaKTepHCTHKA pazomknyToii CAY

o) - I

bao?

3anac yCTOWYMBOCTM MO amnnuryae:

L{o) =0 o, = 4843 AL := 11998 16

3anac yctoiunBocTu no case: .

wc = 2143 ¢ = -13733  Ap =180-|¢| =4267 rpay

AHanua konebarenbHoOcTU 1 ANNTENbHOCTY NEPEXOAHOro npoLlecca

MNokasaTent konebaTenbHOCTH:

Ogp =317

o ARe(¥s(0g))” + in{ws{o,y)”

JRe(Wa(0))? + Im(Wa(0y)’

= 1.084

Bpema nepexoanoro npouecca;

2n
ty =2 = 3.955
©ep
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Kputepuh AnuTen.HoCcT# - CTENeHL YCTOMMUBOCTH:

-11.057
-49.961
-0.9289~ 2.5478i
-0.9289+ 2.5478i,

n=min|Re (p;)|=0.929
{i}

tn < -:i- float ,3 — tn £3.23
n

Kputepui konebarenLHOCTHU - CTENEHbL KONebarensHOCTH

z:= ~0,9289+ 2.5478

[T Im(z) =2.743
Re(z)
arg(z)-180
= ———— = 110.031
¥ " rpaa.

Axanu3 TouHocT CAY

AHanua cTaTuyeCcKon omnbKu:

A =1~ Wa0) = 0.077

1

———— £ 0.05
1 + ky kur-kas

karz —o—; 2 o0
ky-kas  ky-kas

AHanna owmbku No CKOpPoCTH: -

d substitute ,p = 0
Ac = —d——(] - Ws3(p)) - 0.33515
p

float , 5



