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Teopusa ABTOMaTH4YeCKOro YnpaBJieHUs

KPATKAS1 TEOPUA

B ocHoBe AaHHOW paboTbl NEXUT ABNEHWE NMHeapu3auun. JInHea-
pu3auuMs - 3T0 OAMH M3 MEeTOAOB NPUBIMKEHHOrO NpPeAcTaBneHus
3aMKHYTbIX HEJTMHENHBIX CUCTEM, NMPU KOTOPOM WUCCNEN0BaHUE HETMHENHOW
CUCTEMbI 3aMEHSIETCS aHa/IM30M JIMHEMHOW CUCTEMbI, B HEKOTOPOM CMbIC/IE
3KBMBANIEHTHOW WUCXOAHOW. MeToabl NMMHeapv3aLUnM UMEKT OrpaHUYEHHBbIN
XapakTep, T. €. 3KBUBAJIEHTHOCTb MCXOMHON HENMHEWHOW CUCTEMbI U eé
NMHENHOTO MPUBIIMKEHNS COXPAHSIETCA NULLIb AN OFPaHUYEHHbIX MNpo-
CTPaHCTBEHHbIX WM BPEMEHHbIX MaclTaboB cucTeMbl, M60 Ans onpene-
NEHHbIX MPOLIECCOB, MPUYEM, €C/IM CUCTEMA NEPEXOAUT M3 OAHOMO peXuMa
paboTbl B [PYro, crneayetT U3MEHUTb U e€ NTMHEApU3MPOBaHHYIO MOJESb.
anIMeHFIf-l JINHEapu3aLlunto, MOXHO onpeaennTb MHOrne KadeCTBEHHbIE U
0COB6EHHO KONTMYECTBEHHBIE CBOMCTBA HEJIMHENHON CUCTEMBI.
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Yol — — — Volri— =
I
I I
I I
I I
! > L .
X0 X X0 X
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JInHeapu3aumsi HENVHENHOW XapaKTEPUCTUKM METOAOM Kaca-
TenbHoW (@) u MeToaoM cekyluei (6).

Ha pucyHke BMAHO, YTO SMHeapM3auMsl METOAOM KacaTenbHOW AaeT
xopollee coBnageHve B6A13N TOUKM YCTAHOBMBLLENOCS pPeXuMa U XyA-
Lee y rpaHuy paboyeii 30Hbl. JIHeap13aums No MeToay Cekyllein faeT
XOpollee coBrnageHue "B cpegHeM", XOTS HaKJIOH CeKylLen He coBnaga-
€T C HaK/IOHOM KpUBOM B pabouyei Touke.

JInHeapuzaums npeanonaraeT co3faHve NMHENHOM anmnpokcuMaumu
HENIMHENHOW CMCTEMBbI, KOTOpas AEMCTBYET B HEBOMbLION OKPECTHOCTU
paboyelt Touku. Mpy 3TOM B YCTAHOBMBLLUEMCS PEXWUME NPU HEU3MEH-
HbIX CUrHanax BCe COCTOSIHUW MOAENW MOCTOSIHHbLI. JIMHeapu3auus
HeobxoamMMma Ans paspaboTkM CUCTEM YMpaBAeHUS KNacCUYeCcKUMM
MeToAaMu MpoeKTUpPOBaHus, uUcnonb3ys awarpammbl boge (JTAOYX) u
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Teopusa ABTOMaTH4YeCKOT0 YTIpaBJaeHUs

MeToAbl KOPHEBOro rogorpada. J/InHeapusaums Takke Mo3BOSSET aHa-
NU3MPOBaTh MOBEAEHWNE CUCTEMbI, OMNpeaenss yCTONYMBOCTb CUCTEMBbI,
rnofaBfieHne BO3MYLLEHWUI U Apyrue KayecTBa yrpaB/ieHUst CUCTEMb.
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Teopusa ABTOMaTH4YeCKOT0 YTIpaBJaeHUs

OBOPYNOBAHMUE
1. ba3oBblii 2. bazoBbilt 6nok Experiment-
6nok Interface (basic VI): er SO4203-2B.

504203-2A.

U"llr
Loy,
i

3. DKkcnepuMeHTanbHas nnaaTa
"Cucrembl perynnpoBaHus
TeMnepaTypbl, CKOPOCTU W
ceeta" S04201-5V.
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Teopusa ABTOMaTH4YeCKOT0 YTIpaBJaeHUs

JIABOPATOPHASA PABOTA:

"HACTPOMKA PABOYEIO PEXXUMA HA YCTAHOBKE C
TEPMOPEIYNIATOPOM"

Lenb pabotbl: o3HakomneHne ¢ ob6opyaoBaHWMEM, MOSyYEHME
HaBbIKOB NO paboTe ¢ AaHHbIM 0bopyaoBaHWEM, onpefeneHne Heob-
X0AMMbIX NapaMeTpoB paboTbl 060pyaOBaHUSI.

Ob6opynosanue:
1. BaszoBbiin 6nok Interface (basic VI): S04203-2A.

2. Basosbliii 65110k Experimenter SO4203-2B.
3. DkcnepuMeHTanbHas nnata "Cucrembl perynmpoBaHus TeM-
nepaTtypbl, ckopocTu un ceeta" SO4201-5V.

Xoa paboTbl:

Analog
Out

x :‘ p o

Analog
In A

[na Havana BbiNOAHeHMs paboTbl HEO6XOAMMO BbICTAaBUTb MOTEH-
unomeTp «P1» B cpegHee nonoxenuwe. [Janee HeobxoguMo OT-
KpbITb rpaconocTponTenb NepexoaHoro npouecca M yCTaHOBUTb
cnegyolime 3HaveHus:

BxopgHble CHrHasibl:

KaHan A [nanasoH n3MepeHuii: CoeanHeHne: NOCTOSH-
10B Hblli Tok (DC)
KaHan b [nanasoH n3MepeHuii: CoeanHeHne: NOCTOSH-
10B HbIl ToK (DC)
Apyrve curHans [vanasoH: 100 OtknoHeHue: 0

BbixogHbIe cHrHaznbl:

| War ot ... A0 ... 0 | 100 %
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Teopusa ABTOMaTH4YeCKOro YnpaBJieHUs

BpeMsi 3agepxxku 0
N3mepeHne 300
lMapameTpsl gnarpamMmesl:

OKpaH KaHan «A»
Mo ocn x oOT ... 0 360 c
[0 ...
Mo ocn y ot ... 0 100
[0 ...

3aTeM BKJIlOUMTE paboumnin pexxMM Ha AaHHOMN YCTAHOBKE M MosyunTe
COOTBETCTBYIOLMI rpacuK.

Onpepenute U3MeHeHue AX Ha BbIXOAHOM CUrHasne CUCTeMbl, NyTém
€ro CpaBHEHWSI C HayanbHOM BEIMYMHON, W3MEpPEHHON B BONbTax, W
BNULIMTE 3HAYEHNE B CNIEAYIOLLEE BblpaXkeHME:

«Ax = __\»

Bkntounte BonbTMeTp «A» M oxnaguTte CUCTEMY [0 YPOBHS, MOKa
BbIXOZHOM CUrHan He BEPHETCS B HayasIbHOE MOJSIoXKEHME. 3aTeM BKIILOUMTE
pabounii peXxxMM Ha [aHHOM YCTAHOBKE M MOJyYMTE COOTBETCTBYHOLLWMA
rpacduk.

MoBTOpHO onpeaennTe U3MeHeHMe «AX» Ha BbIXOAHOM CUTHane cu-
CTeMbl NYTEM €ro CpaBHEHMSI C HayasibHOM BEMYMHON, WU3MEPEHHON B
BO/bTAX, M BCTAaBbTe 3HAUYEHME B C/IEAYIOLLEE BbIPAXEHUE:

«AX = __ \»

CpaBHUTE MOMyYEHHbIE 3HAYeHWUs! B AaHHbIX 3KCMEPUMEHTaxX |
cchopMynMpyinTe OTBET, BIUSIET N CMELLEHNE Hayana OTCYETa Ha U3MeHe-
HMe «AX» 1 MO KaKon NpuUmHe.

BbinosiHeHMe nabopaTopHoi paboThbl.
CobepuTe yCTaHOBKY, CMOHTUPOBAB 3/1EKTPOCXEMY U coeanHme 6n0-

kn S04203-2A n SO4203-2B apyr c ApyroM C MOMOLLbIO KOMMYTUPYIOLIMX
CBSi3ell B COOTBETCTBUW C PUCYHKOM.
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Teopusa ABTOMaTH4YeCKOT0 YTIpaBJaeHUs

UniTrain UniTrain
‘:(;:;:;\:/’\ EXPERIMENTER
SOM203-28

OTKpoOiTE BKIAAKY C NapaMeTpaMu U BbiCTaBUTE Tab/IMYHblE AaHHbIE,
HeobxoauMble ANS BbINOJIHEHMS NlabopaTopHOM paboTbl.

®ain Hacapowka Bug [Awarpamma Pacyer Cepeuc [Mpubopbl  Cnpaska

SH & X0 &0 22 /-
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Teopusa ABTOMaTH4YeCKOT0 YTIpaBJaeHUs

MapameTpbl
Exopsl Boxoa
Kanan A Kanan b
[nanasoH: Duanason: | 100 [nanasoH: Duanason: | 100
10V v 10V v
Cmewerme: |0 Cmewenne: |0
Tok Tok
(®) NoCTORHHbIA TOK (®) nocToRHHbBIM TOK
() nepemeHHbIit ToK () nepemeHHBIi TOK
0K Omvena | MpumernT Cnpaska
[MapameTpbl
Bxoab! Bexon
War ot 0 no ‘100 %
. |0
3anepxxa [mcl:
i T
3MepeHna:
0K Omvena MpyMeHuTs Cnpaska

[na Havyana BbIMOMHEHWSI paboThbl, HEOBXOANMO BbICTABUThL MOTEH-
uMoMeTp «P1» B cpegHee nonoxeHue. [lanee HeoBXOOMMO OTKPbITb
rpadonocTponTesb NMepexoaHoro MpoLecca M YCTaHOBUTb Cheaylolme
3HAUYEHUS MO OCK «X» U MO OCU «<y» B MeHI0 «CBONCTBa».

@ 0 [HOE B
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HazsaHue:
t/ts

MurumaneHoe |4
nenenHue: Hactponts wkany

OK H OmveHa MpumeHnTs l@

| Bverne | Tpammponra | Cenca | Hyneosie nurvan | ipnor|

paayvposka

s || s

HazsaHue:

DOenenme: ‘ 10 I i./'

Makcumym: ‘100

MurmmansHoe
AeneHue: HacTpouTs wkany

[ OK |l Omvera | MpumernTs Cnp;agsn_ga_J
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Teopusa ABToMaTH4eCKOro YnpaBJeHUs

[Janee BbicTaBUTE pabounin peXxunM Ha yCTaHOBKE W MONy4YnUTe COOT-
BETCTBYIOLUMI rpachuK.

w0

®

L

NS N N SR SN S— E— S— E— E— — —

[ N N S S S N S — —

H 7 %
"

Onpepenute n3MeHeHWe «AX» Ha BbIXOAHOM CUrHane CUCTeMbl ny-
TEM €ero cpaBHeHus C HayasnibHON BENUYMHOMN M3MepeHHOl)'I B BO/bTax U
BCTaBbTE€ 3Ha4Y€HNE B BblpaXXEHUE!

M=V

[anee BkounMTe BonbTMETp «A» N AOXKAUTECH OXNAXAEHUS CUCTe-
Mbl 4O TEX MOp, MOKa BbIXOAHON CUIHaN He BEPHETCS B HavanbHOe
MonoXeHue.

YCTaHOBMB paboumnii peXxuM Ha AaHHOW YCTaHOBKE, MosyduTe rpa-
12
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Teopus ABTOMaTH4YeCKOro YnpaBJleHUs

VK, aHanorMyHbIi NpeabiayLieMy.

TeM e cnocoboM onpefieNnTe U3MEHEHNE «AX>».

CpaBHWUTE MOMYyYEHHbIE 3HAYEHWs B AaHHbIX 3KCMEPUMEHTAX WU
copMynmpyiTe OTBET, BIMSIET NIX CMELLEHME Hayana OTCYETa Ha U3MEHe-
HME «AX» 1 N0 KaKon NpuymHe.

13
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Teopusa ABTOMaTH4YeCKOT0 YTIpaBJaeHUs

LABORATORY WORK: "SETTING THE OPERATING POINT OF
THE TEMPERATURE CONTROLLED SYSTEM"

Work objective: Plant familiarization, acquiring skills for working
with this equipment, the detection of the required parameters of the
equipment.

Equipment: basic blocks Interface (basic VI): SO4203-2A and Ex-
perimenter SO04203-2B.

Analog
Out ‘
.‘::‘.".'.' a
Analog
In A

The phenomenon of linearization is the basis of this work. Lineariza-
tion - is one of the methods of the closed nonlinear systems approximate
representation. Using this method we may replace the research of
nonlinear systems by the by the linear system analysis, which is equivalent
to the original in some sense. Linearization methods have a limited nature.
It means that the equivalence of the original nonlinear system and its
linear approximation is kept only for the limited spatial and temporal
system scales for specific processes, and, if the system transforms from
one mode to another, you should change its linearized model. Applying
linearization, we can determine qualitative and quantitative properties of
the particular nonlinear system.

To start with, set the potentiometer "P1" in the middle position.
Next, activate the step response plotter and configure it with the following
values:

14
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Teopusa ABTOMaTH4YeCKOro YnpaBJieHUs

Input settings

Channel A Meas range.: 10V Coupling: DC

Channel B Meas. range: 10V Coupling: DC

Other Range: 100 Offset: 0
Output settings

Step from ... to . 0 100%

Delay time/ms 0

Measurements 300

Diagram settings

Display Channel A
¥-axis from . to ... 0 360 s
y-axis from . to . 0 100

Determine the step response for the controlled system and get the
appropriate schedule.

Determine the change Ax in the output of the system as compared
to its initial value measured in volts and enter the value in the following
answer box.

Now activate Voltmeter A and cool down the system until the output
returns to its initial value then adjust potentiometer P1 so that the output
has the value 0V. Then activate the step response plotter once again (with
the same settings as above) to determine the step response for the
controlled system at this operating point and get the appropriate schedule.

Determine the change Ax in the output of the system as compared
to its initial value measured in volts again and enter the value in the
following answer box.

Compare the results obtained in the two experiments and formulate
an answer, if the displacement of the reference effects the changes «Ax»
and for what reason.

Execution algorithm.
Mount the temperature controlled system connecting blocks
S04203-2A and S04203-2B with each other via commutative connec-
tions in accordance with the figure.

15
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Teopusa ABTOMaTH4YeCKOT0 YTIpaBJaeHUs

l \

Unirain
INTERFACE
SORR03-2A

Unifrain
EXPERIMENTER
BO4203-26

Open the tab with parameters and expose tabular data necessary to
perform laboratory work.

MapameTpbl
Bxomb! | Boon
Kanan A Kanan b
[manasoH: Dyanason: | 100 [nanaszoH: Dyanason: | 100
10V 10V
- Cmewenue: |0 g Cmewenue: |0
Tok Tok

(® nocToRHHBIN TOK

(® nocToRHHBIN TOK
() nepemeHHbIit ToK

() nepemeHHbIit ToK

OK Ovena MpumernTs

Cnpaeka

16
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Teopusa ABTOMaTH4YeCKOT0 YTIpaBJaeHUs

[MapameTphl
Bxopwi | Bexon
War ot 0 no _100 %
3apepxxa [mcl:
i T
3MEpEHNA:
OK OmveHa | | Mpumvernms | | Cripaeka |

To start the work, set the potentiometer "P1" in the middle position.
Next, open the step response plotter and set the following values on the
axis «x» and the axis of «y» on the menu "Properties".

@ W [HOR S

17
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)
o Teopus ABTOMaTH4eCKOTo YIpaBJeHUs

@J Fpagposka | Cenxa | Hyneswie nurm | Wpnar |

Kiisss D ILJ.ENB‘I': B

| v
Marccumyna: [36.; Hassarue:

\10 | jn/#s

Oenenme:

MuHumaneHoe |4
nenexve: Hactponts wxkany

0K || OmvenHa MpumernTs ’_Crpiexa

m Ipanyvposka ICema | Hynessie nurum | Wpnor |

-
G 0 UseT:

MuHmmym: Aiv
Makcumym: ‘ 100 |

10 ‘

Oenetme:

MuHumansHoe 1 1
nenexve: HacTpoum wkany

0K | I Ommena MpymeHnTs Aﬁlp;ﬂaw_]

Further expose the operating mode and get the appropriate sched-
18
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=
@g Teopusi ABTOMaTHYECKOTO YIIpaBJeHUs

ule.

|
|
|
|
|
|
|
|
|
|
1
|
|
—
|
|
1
|
|
nl
|
|
|
|
|
|
|

[ N S S S I N S -

o
o

Determine the change «Ax» on the output of the system by compar-
ing it with the initial value measured in volts and paste the value in the
expression:

Next, turn on the voltmeter "A" and wait the system cooling system
until the output signal does not return to its original position.

Set the operating mode and get an appropriate schedule similar to
the previous one.
19
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Teopusa ABTOMaTH4YeCKOT0 YTIpaBJaeHUs

Determine the change «Ax» in the same way.

Compare the results obtained in the two experiments and formulate
an answer, if the displacement of the reference effects the changes «Ax»
and for what reason.

20



el e

Teopusa ABTOMaTH4YeCKOT0 YTIpaBJaeHUs

COAEPXXAHME OTYETA

HasBaHue n uenb paboTsl.
KpaTkas Teopus.
Pe3ynbTaTt n3MepeHus.
BobiBoa.

21



t“’K“M¢ YHpaBneHHe AUCTAHIMOHHOTO 06y‘leHI/IH U NMOBBbIIIEHU A KBaJII/I(bI/IKaL[I/II/I

2 Teopusa ABTOMaTH4YeCKOro YnpaBJieHUs

CIMNCOK NCCNOJ1Ib30OBAHHbIX AICTOYHUKOB

1. Kypc UniTrain-I "ABTOMaTM4eckoe ynpasnieHne TemMnepary-
PO, CKOPOCTbIO M cBeTOM", Www.unitrain-i.com.

2. B.A. Becekepckui, E.lM. MonoB «Teopusi aBTOMaTU4YECKOro
ynpasnexus», ClNb, N3a-Bo «Mpodeccus», 2003.-752c.

3. J1.[. NeB3Hep «lpakTUKyM No Teopmn aBTOMaTU4YECKOro
ynpasneHus»: Yueb. nocobne-M.: Boicw. wk., 2006.-590c.

4. CoBpeMeHHble cuctemMbl ynpaeneHus/ P. Oopd, P. buworn.

Mep. c aHrn. b.W. Konbinoa.- M.: JlabopaTtopus ba3oBbix 3HaHWi,
2002.-832 c.:un.

22



