JIABOPATOPHA POBOTA 3
"CuHTe3 1 JoCTiKEHHS TUIIOBOT OJHOKOHTYPHOT CHCTEMHU
peryntoBaHHs"

Merta po6OTH — CHHTE3 1 JOCTIHKEHHS TUIIOBOT OJHOKOHTYPHOT
CHCTEMH peryIioBaHHS.

TeopeTnuni BiToMOCTI

CuHTe3 cHucTEeM aBTOMATHUYHOTO YIPABIIHHA IMOJIATaE Yy
BuOopi Takoi ctpyktypu CAY, ska 3a0esnedyBaTUMeE MepexinHi
IPOIECH 3 ONTUMAJIBHUM CHIBBIIHOIIEHHSIM IMpPSIMHUX MOKa3HUKIB
AKOCTI y BCiX 1i KOHTypax perymoBaHHsa. Halinpocrimie 1e 3aBaanHs
BUPILIYETHCS, SKIIO MPUB'A3aTH 1O 00'€KTa YIpaBIIHHSA MPUCTPIH,
10 YIpaBJIsi€, TAKUM YUHOM, IIO B pe3yilbTaTi 3arajibHa CTPYKTypa
nanoi CAY wmatume  BUTISA[ CUCTEMH  IIIMOPSIKOBAHOTO
peryaoBaHHS 3 MOCHIIOBHOIO Kopekiieto ( puc. 5.1 )
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Pucynox 5.1 —  CTpykTypHa  CX€Ma  CHCTEMH

MIANOPAIKOBAHOTO PETYIIOBaHHA 3
MOCITIOBHOKO KOPEKIIIEI0

[Ticns nporo MokHa Oe€3 3HAUYHUX PO3PaXyHKIB BHOpaTh
napaMeTpu peryiiaTopiB, 1O 3a0e3MeuyroTh BIAMOBIAHICTE CUCTEMHU
BUIICHA3BAHUM BuMoraMm. HaiOulbll NOMMpPEeHUMH KPHUTEPIIMU
onTuMi3amii 1  HaJamITyBaHHS  CHCTEM  MiAHOPSIKOBAHOTO
pEeryaioBaHHS 3 IOCIIIOBHOIO KOPEKII€0 € MOIYIbHHHA 1
CUMETPUYHHMI  onTuMymMHu. Jlng  HamamTyBaHHS  CHUCTEMHU
HIAMOPAIKOBAHOTO PETyJIIOBaHHS Ha MoayiabHHH ontumym (MO)



HEOOXIJTHO BIANOBiIHY mepenaTouHy (QyHKIiI0 00’€KTa yNpaBJIiHHS
MiICTaBUTH Y popmyy
1 1

T,p W,(p)’

Wpi(p) = 21‘

7€ | — MOPSKOBUN HOMEP 30BHIIIHBOTO KOHTYpA.

PesynpraTrom Oyne mepenarouyHa (QyHKI[iS peryistopa, Ha
MiicTaBl SKOi MOKHA POOUTH BHCHOBKM IPO 3aKOH PEryJIIOBaHHS,
HEOOXIMHUN JUId 3a0e3leyYeHHs OINTUMAJIBHOIO CHIBBIIHOIICHHS
OpSMUX TOKa3HUKIB SKOCTI B JITaHOMY KOHTYpi W BiIMOBIIHOCTI
nepexigHoMy mpotecy ¢piipTpa barrepBopca BiTnoBiIHOTo MOPSAAKY.
IlepeBaroro MOAYIBHOTO ONTHMYMY € ONITUMAIBbHUHN 32 IMIBUAKOIIEIO
NEepexiTHUM mpouec 13 HaMKpalMM CHIBBIAHOIICHHSM IMPSMHUX
MOKa3HUKIB SKOCTI, MPOTE B CHUCTeMax, HajaropkeHux Ha MO,
MOJKJIMBE BMHUKHEHHSI CTaTUYHOI MOMMJIKM BUXITHOTO CHUTHAJIy 3a
HasIBHOCTI HABaHTAXXEHHA Ha OO0 €KT ynpaBiiHHA. s ycyHeHHs
[[bOTO HEAOJIKY MOXHa 3a0€3MeYHTH HAJAIITYBAaHHS CHCTEMH Ha
MO. Jlns uporo crnoyaTky HEOOXiJHO HaJalITyBaTH BCI KOHTYpPH
perymoBanHs 1i€i cuctemu Ha MO, a micias mMbOro B 30BHILIHIN
KOHTYp perymoBanHs aonatu [l - perymarop i3 koediumieHTaMu
HAJIAIITYBaHHS TaKUMH, IO 3HAMEHHHMK NepelaToyHoi (yHKIil
HOBOi CHCTEMHM IIOBHHEH JIOPIBHIOBAaTH 3HAMEHHHUKY OJHOIO 3
¢uteTpiB  barTepBopca. Y  pe3ynbTaTi Takoro HaJalITyBaHHS
CTaTU4HA IOMMJIKA BUXIJHOTO CUTHAy Oy/e BiICYTHS, ajie MOXJINBE
NOTIPIICHHST 3HAYeHb OCHOBHMX TPSAMHUX IIOKA3HUKIB SKOCTI
nepexigHoro mnporecy. IloTpiOHO 3a3HauMTH Takui (aKT: SKIIO
nomepeaHsl Tpoleaypa NOCIIAOBHOI KOPEKIii 1 HalalmTyBaHHS
CHUCTEMH Ha MOJIYJIbHUI ONTUMYM BHUKOHAaHA IpPaBHIBHO, TOOTO
nepeaaTrouHi (yHKIII BCIX KOHTYpIB PEryiaiOBaHHS BiOBIIAarOTh
nepenatouHuM ¢GyHKIIAM ¢inbTpa barTepBopca, Toal KoedilieHTH
HamamTyBaHHs BiamoBigHoro I[ll-perymsaropa, He0OOXiTHOTO IS
CUMETPHYHOT'O ONITUMYMY CUCTEMH, IOPIBHIOBATUMYTh
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1€ | — MOPSAAKOBUN HOMEP 30BHIIIHHOTO KOHTYpA.
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Xin pobotu

1 JIns o0’exta peryiroBaHHs 3 MEPEAATOYHOIO (YHKIIEIO

K
W, (p)= 7 pOl+1 , HapaMeTpu SKOr0 BKa3ylOTbCs BHKJIAJadeM 3
01

Ttabn. A.4. Ilepenarouna ¢yHKIIS peryasTopa B JaHOMY BHUIAAKY
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HeoOXigHO 3i0patn

perymaropa K, =

cxemy (puc. 5.2) B Matlab ta mimibpatu Take T“, mo0 yac

MepexiTHOro MPoIecy CTAHOBUB 6 MC.
Ail_, ]
K01

- Scope

TO1.5+1
Transfer Fon

Pucynox 5.2 — Cxema 11 Bu3HaueHHs mnapametpiB I1I-
perynaropa

2 Jlns 00’ €KTIB peryiioBaHHsA 3 EPEJATOUHUMH (DYHKIIIMU
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v ITapamerpn
WO(p) MoBH Kpurepiit peryastopa
3aCTOCYBaHHS
Kp Tu
1 2 3 4 5
T03¢4T02 MO T03/2K02*T02 | T03
+1)* +
KO2/(T02pt1)*(T03p+1) T03>4T02 CO T03/2K02*T02 | 4T02
_____________ k! Tttt
KO3/(T04p+1)*p MO 1/2K03*T04 B
----------- Co 1/2K03*T04 | 4T04

HeoOxigHo BpaxyBaTH, L0 A MOJEIIOBAHHS PEryJsATOpa
HOro CTPYKTYpy JOpPEYHO HOJATH Yy BUIVIAMI ABOX CKIagoBUX K, 1

K
—L (puc. 5.3).
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Pucynok 5.3 — Ctpykrypa I1l-perynaropa

3 3i0patu cxemMy 00’€KTa DPEryjlOBaHHS 3 IIEPEIATOYHOIO
Yy

. K .
dynxuiero W, (p) =—2—, BucraBusum napamerpu I, i K,
Typ+1

BIIMOBIAHO 10 Bamoro Bapianta. [lomaiite Ha BXim o00’ekra
CTymiHYacTUi BXimHu# curnan (puc. 5.4). OTpumany ocuuiorpamy
MEPEXiTHOrO MPOIIECy 1 OCUUIOTpaMy BXIHOTO CUTHANy HAaBEIITh Y
3BiTi. BumipsiiTe yac mepexiHOro mpouecy i HOpiBHANTE aMILTITYH
BXIIHOTO ¥ YCTaJ€HOrOo 3HA4YeHb BHXIIHOTO CUTHAIY, PE3yJbTaTH
3aHECTH JO 3BITY.
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Step Transfer Fon

¥

Pucynok 5.4 — CtpykTypHa cxema 00’€KTa peryinoBaHHs
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4 He 3MiHIOIOYM aMIUTITYAX BXIJHOTO CHTHANy, OXOIITb
MOJienb O0’€KTa YINpaBIiHHSA OAMHUYHUM BiI’€EMHHM  3BOPOTHIM
3B’s3KOM. [IpM 1IbOMY BXiIHUI CHUTHAN HEOOXIAHO MOJABATH Yepe3
cymatop (puc. 5.5). OTpuMaHy OCIIIOTrpaMy NEPEXiTHOTO MPOLECY i
OCLMJIOTpaMy BXIJHOTO CUTHaJy HaBeliTh y 3BiTi. Bumipsiite uac
MEepexiTHOro TMpolecy 1 MOPIBHANHTE aMIUNITYau BXIAHOTO 1
YCTaJIGHOTO 3HAY€Hb BHXIJHOTO CUTHAIY, PE3yJlbTaTH 3aHECTH JIO
3BITY.

]
Scope

K01
T01.5+1

Step Transfer Fon

Pucynox 5.5 — CtpykTypHa cxema 00’€KTa peryiroBaHHA 3
OJIMHUYHHM BiJl’€MHUM 3BOPOTHIM 3B’SI3KOM

5 3ibpatu cxeMy 3aMKHEHOI CHCTEMH PpEryJIOBaHHS,
3’€THABIIX TOCTIIOBHO MO 00’€KTa 1 peryasTopa, i OXOIMHUTH iX
3BOpoTHUM 3B’si3koM (puc. 5.2). llomaiite Ha BXig CHCTEMH
pEeryaioBaHHS CTYMIHYacCTUH BXIJHUM CHUTHAI 3 TIEO CaMolo
aMILTITY/I010, 110 1 B TIONEpeaHiX myHKTaX. OTpUMaHy OCLHUIOTpamy
NEepexiTHOrO MPOoLeCcy H OCIMIOrpaMy BXIJHOTO CUTHATY HaBENIiTh Y
3BiTi. BuMipsiiTe yac nepexiHOro mpouecy, pe3yJibTaTH 3aHeCTH J10
3BiTy. BU3HauTe, sSIK 3a1€KUTh Yac NEpexiJHOTO mpouecy tp, 3 Toi.

6 3i0patu cxemy 00’€KTa peryiioBaHHA 3 MepelaTOYHOIO
¢bynkuiero W, (p), BUCTaBUBIIN NapaMETPU BIANOBIIHO IO BAILOr0

BapianTta. [lonaiite Ha BXig 00’€KTa CTYMIHYACTHI BXITHUWA CUTHAJ
(puc. 5.6). Otpumany ocHuiIOTpamMy NEpexiJHOro Impouecy i
OCLMJIOTpaMy BXIJTHOTO CHUT'HaNly NMpPUBEIITH B 3BiTi. Bumipsiite yac
NepexiTHOrO MPOLECY 1 MepeperynoBaHHs, pe3yabTaTu 3aHECTH 10
3BITY.



r
r

—-C
I > Koz 1 p—

Ll
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Step

Pucynok 5.6 — CTpykTypHa cxeMa 00’€KTa peryimroBaHHs

7 He 3MIiHIOIOYM aMIUITYAH BXIIHOTO CHUTHAIY, OXOIITh
MoJielb 00’€KTa YNpaBIiHHSA OJUHUYHUM BiI'€MHHM 3BOPOTHHM
3B’s3KOM. [IpM 1IbOMy BXiIHUI CHUTHaN HEOOXIAHO MOJABATH Yepes3
cymatop (puc. 5.7). OTpuMaHy OCIIIOTrpaMy NEPEXiTHOTO MPOLECY i
OCLMJIOTpaMy BXIJHOTO CUTHAJy HaBeliTh y 3BiTi. Bumipsiite uac
NEepexiTHOrO MPOLECY 1 MepeperynoBaHHs, pe3yabTaTu 3aHECTH 0
3BITY.
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Scope

K02 1
it Ll
T02.5+1 TO2.5+1

Step

Transfer Fon Transfer Fon2

Pucynox 5.7 — Moaenb 00’ekTa YHnpaBiiHHA 3 OJUHUYHHM
BiJl’EMHHM 3BOPOTHIM 3B’SI3KOM

8 3ibpatm cXeMy 3aMKHEHOi CHCTEMH peryaloBaHHS,
3’€THABIIX TOCTIIOBHO MOJETI 00’€KTa 1 peryasTopa, i OXOMHUTH iX
3BOpoTHUM 3B’si3koM (puc. 5.8). llomaiitTe Ha BXig CHCTEMH
peryaioBaHHS CTYMIHYacTUH BXIJHUM CHUTHAN 3 TIEO CaMolo
aMILTITY/I010, 110 1 B TIONEpeaHiX myHKTax. OTpUMaHy OCLHUIOTpamy
NEepexXiTHOTO MPOoLEeCy H OCHMIOrpaMy BXIJHOTO CUTHATY HaBENIiTh Y
3BiTi. Bumipsiite dwac mnepexiiHOro mpouecy 1 BEIUYHHY



MepeperyinioBaHHs, pe3ylbTaTh 3aHECTH 10 3BiTy. BusHaure, sk
3aJIeKUTh Yac MepexiHoro mporuecy t, 3 Too.

> L1
Ku Koz 1
i+ e — - Scope
3 TOZ2.5+1 TO3.541
Step Transfer Feni Transfer Fen Transfer FenZ
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|
Gain
Pucynok 5.8 — CrpykTypHa cXxeéMa 3aMKHEHOI CHCTEMH
PEryjitOBaHHA

9 Tlopmaiite Ha BXiA JAaHKKM 3 OUIBIIOI0 CTajJOK dYacy
CTYMIHYaCTUH BXiAHUHN cUTHAN yepe3 cymarop (puc. 5.9). Orpumany
OCIMJIOTPaMy TEPEXiAHOTO TpoIecy 31 30ypeHHs HaBeIiTh y 3BiTi.
Busnaure cratnyny noxuoky Ax, =x ., —X,.

1 [
TO2.5+1
Scope

Transfer Fen2

yem

Koz

TOZ.5+1

Transfer Fen

Pucynok 5.9 — CrpykTypHa cxema 3aMKHYTOi CHCTEMHU
pEryJIIOBaHHS

10 He 3MmiHIOIOYM TapameTpiB peryiboBaHOro 00’€KTa,
EKCIIEPUMEHTATHbHUM [UIIXOM BH3HAYUTH, $AK BIUIMBA€ 3MiHA
koediieHTiB K, 1 K, perynstopa Ha BUIJISL IEPEXIIHUX IIPOLECIB
3 KepyBaHHA 1 30ypeHHs. HaBemiTh y 3BiTI OTpUMaHi OCIMJIOTPaMHU
MEePEexXiTHUX MPOLECIB 1 BKAXITh X CTATHYHI TOXUOKH.

11 3ibpat cxeMy 3aMKHEHOT CHCTEMHU PpEryJIIOBaHHS,
3’€[JHaBIIM TOCIIIOBHO Mozeni o0’ekra W, (p) 1 peryusaropa 3
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BUCTABJIICHUMH KOe(QII[ieHTaMH TpH HAJAIITYBaHHI 3a KpUTEpPiEM
MO, i oxonutu iX 3BOpPOTHUM 3B’si3koM (puc. 5.10). Ilogaiite Ha
BXiJI CHCTEMH pEryjliOBaHHS CTYNIHYAaCTMHA BXIJHUH CHUTHAI.
OTpumaHy ocCHWIOTpaMy MEPEeXiAHOTO Mpollecy HaBEIiTh Y 3BITI.
Bumipsiite qac HepexiHOTO IIpoLECY 1 BETUYUHY
NepeperyIioBaHHsA, pe3yabTaTh 3aHECTH 10 3BiTy. BusHaute sk
3aJIeXKUTh Yac MepexiiHoro npouecy tp 3 Tos.

|

Step

K03 1

i

¥

TO4.5+1 5
Transfer Fcn Integrator Scope

Pucynoxk 5.10 - CrpykTypHa cXxeMa 3aMKHEHOI CHCTEMHU
peryaoBaHHS 3 BHCTABJICHUMHU
KoedillieHTaMH TpU  HaJalITyBaHHI 34
kpurepiem MO

12 Tlomaiite Ha BXim IHTErpajdbHOI JAHKK CTYITIHYACTHUI
BXiHUH curHan yepe3 cymatop (puc 5.11). Otpumany ocuunorpamy
nepexigHoro mpouecy 31 30ypeHHS 3a BIICYTHOCTI KEpyHYOro

CUTHAJLY HaBEJiTh y 3BITI. Busnaure CTaTU4YHY
noxubky Ax,,, =X, —X,.
T] o3 T [
04541 : "
Step Transfer Fon Integrator Scope
Step
Pucynoxk 5.11 — CrpykTypHa cXeéMa 3aMKHEHOI CHCTEMU
pEryJIIOBaHHS 3a BIZICYTHOCT1

KEpYBaJIbHOTO CUTHAILY



13 3ibpatu cxemMy 3aMKHEHOi CHCTEMH peryJIOBaHHS,
3’€[JHaBIIM TOCIIIOBHO Mozeni o0’ekra W, (p) 1 perynsaropa 3

BHCTaBJICHUMH KoeillieHTaMH NP HalalTyBaHHi 3a kputepiem CO,
i oxomuTH iX 3BOPOTHHM 3B’si3koM (puc. 5.10). Ilomaiite Ha BXifg
CHCTEMH DETyJITIOBaHHSA CTYMIHYacTUW BXigHUH curHaia. OTpumany
OCIIJIOTPaMy MEPEXiTHOTO MPOIECY 32 KePYBAIBHOIO JII€I0 HABEITh
y 3BiTi. Bumipsiite dYac mnepexiIHOro Tmpouecy 1 BeIUYUHY
NepeperyIiOBaHHsA, Pe3yJlbTaTH 3aHECTH N0 3BiTy. BusHaure, sk
3aJIeXKUTh Yac MepexiiHoro npouecy tp 3 Tos.

14 Tlopmaiite Ha BXim IHTErpanbHOi JAHKU CTYMIHYACTHH
BXiHUH curHan yepe3 cymatop (puc 5.11). Otpumany ocuunorpamy
HepexiTHOro Mpouecy 3i 30ypeHHs 3a BiIICYTHOCTI KepYyBaJbHOIO
CUTHAIIy HAaBEAITh Yy 3BiTI.

[TuTtanHs 171 epeBipKU Ta KOHTPOJIIO

1 Ha3BiTh OCHOBHI BUIM TUTIOBUX 30ypEHb.

2 1o po3yMIIOTh IiJ 3aKOHOM PETYJIFOBaHHS?

3 Ha3BiTh BuaM pErynaTopis i iX OCHOBHI apaMeTpH.

4 SIxi nepesaru mae I1I — perynsrop?

5 Sk BIIMBa€ 3aMUKaHHS CUCTEM Ha 11 IKICTh?

6 Sk BM3HAUUTH NepenaTouHy (YHKIIO peryiasTopa Mpu
HACTPOIOBaHHI KOHTypa Ha MOJYJIbHMA Ta CHMETPUYHHHA
ONTUMYMH?

7 SIK BHUKOHYETHCSI CHUHTE3 TMOCHIOBHOT KOPHUTYBaJIbHOI
JaHKu?
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Tabmuus A4 — 3HaueHHS KoedilieHTIB MNeperaToYHoi
¢byHKLIT BiAMOBIIHO A0 BapiaHTa s JI. p. Ne 3

J.VQ TO01 K01 T02 TO03 K02 T04 K03
BapiaHTa

1 0,02 2 0,005 0,008 0,2 0,005 10
2 0,0125 16 0,005 0.025 5 0,005 38
3 0,02 4 0,005 0,008 0,25 0,005 12
4 0,0125 6 0,005 0,0125 0,25 0,005 30
5 0,02 8 0,005 0,008 04 0,005 14
6 0,0125 5 0,005 0,125 2 0,005 45
7 0,02 10 0,005 0,008 0,5 0,005 15
8 0,0125 4 0,005 0,125 5 0,005 44
9 0,02 16 0,005 0,009 0,2 0,005 16
10 0,0125 10 0,005 0,1 4 0,005 50
11 0,02 20 0,005 0,009 0,25 0,005 20
12 0,0125 2 0,005 0,009 04 0,005 24
13 0,02 8 0,005 0,1 10 0,005 48
14 0,0125 4 0,005 0,009 0,5 0,005 25
15 0,02 5 0,005 0,0125 0,2 0,005 28
16 0,0125 12 0,005 0,0125 0,5 0,005 35
17 0,02 2 0,005 0,025 1 0,005 42
18 0,0125 10 0,005 0,0125 04 0,005 32
19 0,02 20 0,005 0,05 5 0,005 60
20 0,0125 20 0,005 0,05 1 0,005 40




