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JIABOPATOPHASI PABOTA Ne 9.
HMCCJIEJJOBAHHE TPEXTIO3HIIHOHHBIX PET'YJISITOPOB
" CHCTEM

Ilean paGoThi: O3HAKOMICHIE ¢ MPHHLIION ACHCTBI TPEXTOSi-
LUIOHKOrO PEry;IATOpa; HCCIEIOBAMIE TPEXMOSMLHORHOTO PEryIsTOpa
Ha MpHMEpE PEryITOPA TEMIIEPATYPHI i PEAKIMOB PaGOTs TPEXIIO3i-
LHOHHBIX CHCTeM Ha npivepe CAP TeMNeparyphi CymIib Ol KaMeps.

Sananme:

1. 3NpOrPaMMHPOBATE H3MEPHTEb-PeryIaTop Temneparypst MT2141
Ha TPEXTIOSMIMOHHBI PEry/IATOp TEMIEPATYPbI CYIIHIBHOI KaMepbi
3aaiiyio TeMNEPATypy O34z 1 UIHPHIY 30HbI HEMYBCTBHTENBHOCTI 2
3a19€T NpenoaBaTe .

2. CHSTH CTATIECKYI0 XaPAKTEPHCTIKY PEryIsTOpa Kak (hyHKIiio
conporus et xaritica. Tlo CHATOI XapaKTEPHCTHKE PACCHITAT, Aeii-
CTBHTENBHO Tt PEryISTOp CPAGATHIBACT NIPH JATAHHBIX TEMIIEPATYPAX.

3. B mporpamye KOMNiOTepHOr0 Mozemmposanis Simulink cocta-
BITL KOMIIBIOTEPHYIO MOACTS TpexTOHUHORHOH CAP Temmeparyps
B CYIIMIBROIi KaMepe i CMOZETHPOBATS €¢ PagoTy.

Annapatypa, ucnoas3syemas B 1abopatopioii padote

Lludposoii msvepiTers-peryTop Temneparypst MT2141, npeuia-
SHaveHHbii U I3MEpEHIts 1 PEryHpOBaHIis TeMneparyphi (pic. 60),
Marasi ConpoTHBIEHHI, HMMTHDYIOUNHH ATHHK TEMTIEPATY I — Tep-
MoMeTp conpoTisenis, u IBM /1A KOMITHIOTEPHOTO MOZETHPOBAHHS
PeikinMOB PaGoThl no3MIHORHEX CAY C HCMONB30BAHHEM MAKETa KOM-
HbioTepHOro MozempoBans Simulink, BXOIAILET0 B COCTaB cHCTEMBI
KoMmbioTepibix pactictos MATLAB,

Tlopsiox BLoERNs paGoTEl

L TIporpaMMupOBANITe H3MEPHTEs-PeryISTOPA TeMIEPATY LI
MT2141 na Tpexnosummonnbiii peryasop
VLo KamepEt

TpeXnO3HIIHOHbITi 3aKOH PeryIMPOBANIIA 3a1ACTCS HACTPOKOI 3011
HEOTHO3MANHOCTH 11X nerTpoB Ans pene K1 K2. Tpu oTom mmpitia
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30HbI HEUYBCTBHTELHOCTH paBHa pasnocTh Oy, s pene K1 u K2
ILTI0C IMpHHA 30HB! HEOAHOHAHOCTH (Aideperuta) ITix pere.
PaGora npuGopa ONMPEAE/AETC JHAMCHIAMI TAPAMETPOB, KOTOPHIE
IIPOrPAMMIpYIOTCS OEPATOPOM.
BRINOMHITE TPOrPAMMHPOBAHIE H3MEPHTES-PErYISTOPA TeMepa-
Typst MT2141 (M. MOPS0K BbimoAHeis TaGopaTOpHoii pacors: Ne 8).

11 CrsiTie cTaTiveckoii XapaKTEPHCTIKN PeryasiTopa

B nanioii raGopatoprofi paGote BsiGpai 1 3apance 3AMPOrpaNMI-
posait garaink 100M (W], =1,426). DT0 3HAUHT, HTO JATHHK NPH TeM-
neparype 0 °C umeeT HommHanbHOe conporiaaetiie 100 O, a mpi Tem-
neparype 100 °C — conporsrenie 142,6 O, M0ITOMY HOMIHATbHas
CTaTIMeCKast XapAKTEPHCTIKA AQTHIKA OMHChBaCTCS (OpMyI0ii (89).

2.1. C NOMOUIBIO Marasiia coNpOTHBICHINii YBETHHHBATS 3HAYCHIE
conporiBaens atka sepes 0,1 On i sadukcuposats suaserns Ry,
Rs, 6, 0,, npit KoTopBIX mpoucxomiT piioterme pere KI i K2. 3arem
yMeHbIIATh conporiBaerne Maraviia uepes 0,1 O i sadukcHposats
3maserns Ry, Ry, 01, O, MpHt KOTOPBIX MPONCXOAHT OTKIIONEHHE Perie
K1 1 K2. Pesyastarst siiectn B aon. 20.

2.2 TIoCTPOHTS CTATIYECKYIO XAPAKTEPHCTIKY Kak (YHKIIMIO CO-
MpOTHBICHHS AaTwIKa AU peryupylounx seixoon K1 i K2, wa reii
MOKA3ATS WHPHHY 301 HESYBCTBHTEMBHOCTI I HEOAHOHAHOCTH (Aiidh-

epermasi d).

TaGmya 20
CraTiiceKas XapaKTEpHCTIIK TPEXTIOMLIOHHOTO PEryAATOpa
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2.3. PaccumTaTh 10 IKCMEPHMEHTATBHOM XaPAKTEPHCTIIKE, TpH Ka-
KIX TeMIIEpaTypax CpaGaThBaeT PEryIsTop, HCMOb3ys CTATINECKYIO
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XapAKTEPHCTHKY AaTainka. CPABHITS MOTYNICHHbIE SHATCHIS C 3ANPO-
PAMMHPOBAHHBIMH M1APAMETPaMt TI0POTOB CPAGATHIBAIIIS.

2.4. CienaTh BHBOTB O COOTBETCTBIMI 3AMPOTPAMMUPOBAHHBIX Ma-
PAMETPOB PACHETHBIM HANCHIAM.

111 KomnzioTepuoe Moaeanposanue padors: CAP

JU1 KOMIBIOTEPHOr0 MOZC/HPOBAHIIS PAGOTH! TPEXTOIMLIHORHON
CAP 3a ochoy CreayeT B3sTh CTPYKTYpHyo cxemy CAP Temneparypst
B CymIIBHOI Kamepe, 300pwKeniyio Ha pic. 63. B kauectse perysi-
TOPA HCTIOM3YCTCA TPEXTIOMIMOHHOE PEC.
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Puc. 63. CrpyTypHas cxema TpexosmmonHoli CAP TeMIEpaTypst B cymiuibHoii ka-
Mepe: 0 — yNpaRIseMasn BeTHIHA (TMIEPATYPa B KAMEPE); B34 — 3A1AHHOE IHAUCHHE
TeMmEpaTYpH B Kawepe; 0 — IHAteHHE TEMEPATYPh, NIOKAISIBIEMOE JATHHKOM;
€ — owmGka ynpassenns; u — curaan ynpasnens; U — ynpannsoutee sosaeHicTame na
OBLEKT cO CTOPOHHI HCTIOTHHTESHOTO YCTPONCTA (MOUIHOCTS HArpesaTens); Oy — Bo3-
Mymatoimee Bo3TElCTBHE Ha OGbEKT (HIMeHeHHe HAPYAHON TeMepaTyPhi)

Jlns ynpouienns cxembl GyaeM CuMTaTh, UTO 3HaucHHE KOO(Quu-
enTa nepenaun AaTunka Ky yUTCHO B PeNCiiHOM XapaKTepHCTHKE pery-
MpYIOIEro G710Ka, T. €., YTO PEryATOp «HACTPOCH) Ha MOAKTIOUEHHE
J@HHOTO KOHKPETHOTO JATHHKA TCMIICPATYPEL, KAK 3T0 ACHCTBHTEILHO
HMeno MecTo B ctyuae perynstopa MT2141 s mynxrax 1w 11 nanmoii
~naGopaTopHOii paboTsI T. €., Gyiem nonarats, w0 K, = Ky, = 1. Otciona
CHIE/yeT, ¥TO BEMUMHA BHIXOHOTO CHIHANTA ATUMKA M 3a7aT4HKA —
TewmiepaTypa, BuIpaKeHHas B rpazycax mo Llembcro.
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BLINONHATS 3aTYCK NAKETA KOMIBIOTEPHOTO MOACTHpOBalHs Simu-
link Tak, Kak 5T0 yKasaHo MW OMHCAHMH BLITOTHEHNS TAGOPATOPHOI
pacoTs Ne 2.

Boecrn 58 MATLAB 3a1anibic npenofianareem 3Hauenys napamer-
poB cxembl. Jlns oToro B okne BBoxa komana Command Window s
CTPOKE BBOZIA BBECTH CIIEAYIOMHE KOMAHIbI

>>clearall; close all; clc;

>>global T_ext % HapyxHas Temnepatypa B rpagycax Llenbcus

>>global T_req % 3anaHHas Temnepartypa B rpagycax Lienscus

>> global d % 30Ha HEOAHO3HAYHOCTY perynsTopa

>> global @ % NonyLwMp1Ha 30HLI HEYYBCTBUTENBHOCTU perynstopa

>>global T1 T2 K_obj% napamerpsi o6bexta

>>global T_sens % NOCTOsHHas BPEMEHU AaTyuka, C.

>>global K_iu % k03athhULMEHT UCMIONHUTENBHOTO YCTPOCTBA
T_ext= ;

Tloc:ie 3HAKOB PABEHCTBA HY’KHO BBCCTH 3ATAHHBIC SHAYCHHS Napa-
METpOB.

Jlanee na ocose cTpykTypHoii cxemsi CAP ma prc. 63 cosmath
5 Simulink Mozens CAP ¢ TpexmosuumORHbIM perysTopon. B kauectse
HAYATLHON OCHOBBI MOYKHO B3ATh H3OODWKEHHYIO Ha PHC. 62 MOJETD
CAP, co31aniyio IpH BINOMHEHHH NPeBAYLLET TaGOpaTopHOli paGoTs!
No 8. B AaHityIo MOZEITs HEOGXOMMO BHECTH CEAYIOLLIE W3MEHEHIS:

1. JloGasuTs eite omm KommonenT Tuna Relay, naxosaumiics B okie
Simulink Library Brouser s 6n6inotexe komnonentos Simulink na
srnake Discontinuities. Tlpu neperacknanin B OKHO peIaKTHPOBa-
U MOZICTH HOBOMY KOMTOHEHTY OY/CT ABTOMATHNCCKH MPHCBOCHO
ums Relay1.

2. Vaanuts IMHHIO CBSI3H MEXCITY BBIXOZIOM TIepBoro pere Relay u sxo-
1M HCROHHTENBHOTO YCTpOficTBa, MEity ABYMA STHMH 3HAUKAMH
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TIOMECTHTS €L OZINH CYMMUpYIOIIHii sneMenT SUM, emy asToMarie-
cxu Gyser npucsoeno i SUM3. Bxozst cymmatopa SUM3 coemmmis,
¢ seixozamn pene Relay n Relay1, a eixox cymmaropa — co Bxogom
HCTOTHUTENLHOTO YCTPOFICTBA, @ TAKKE — CO BTOPHIM BXOZIOM YIEMEHTa
Scope (ocmorpada).

Taxim 0Gpa3soM, B AHHOI CXEMe TPEXTOSHIHONHbII PEryIISTop MOie-
SWpyeTCR ¢ MoMoNILIO 7BYX By XTo3MmonHLIX pere: Relay i Relay1.

3. 3a1aTh NAPaMETPh! HACTPOIIKH TPEXMOMIHONHOTO PEryISTOpa.
L% 5TOr0 ABOHHEIM WETIKOM JICBOf KNABMIIN Ml Ha 3nauke Relay
OTKPLITH OKHO 3a7ANMA MapaveTpoB Aammoro Groka Block Parame-
ters: Relay. B uewm, B none Switch on point (touxa sxmouenns) sectn
—a + d, B none Switch off point (touxa orkmouenns) sectn —a. B no-
ax Output when on (3nauenne Ha BEIXOJE BO BKIIOYEHHOM COCTOSHHIM)
u Output when off (3nauenne na BBIXOAE B OTKIIOYEHHOM COCTOSIHIN)
OCTABHTS 3AAHHBIE 110 YMOTMANHIO 3HauCHNs: | 1 0, COOTBETCTBEHHO.
BBot MaHHLIX NOTTBEpNTE HaaTiem Krorok Apply 1 OK.

Anazormuno ans 6n0ka Relay1 sanam, creayioue napaveTpsi: @ —
JUISl TOSKH BKJTIOMEHNS H @ — d — JUTst TOUKH BBIKIIOUEHHS.

TIpuGm3HTETbHbI BUA CO3IAHHOI rpauiuccKoii MOeTN HCCTe-
Ayemoii CAP TeMNEpaTyphi B AKHBOTHOBOAUCCKOM NIOMEILICHIN TOKA3aH
a prc. 64

CoxpanuTs nocTpoentyio rpadueckyio Mozers CAP B daiin ¢ nve-
ewm «relay3_regulator mdly.

Jlns 3amycKa MpoLECCa MOACTHPOBAHH BLNOAHHTS KOMAHY MCHIO
Simulation — Start. Otkpis satem paGotee okHo amementa SCOpe,
MOKHO BUACTS COOTBETCTBYIOWC TPAQUKH W3MCHCHUA BO BPEMCHH
curnanos e(?), u(z), 0(f). /1A oSecnieueH s HAMTAHOCTH OTOBPAKEHUS
TpaMKOB MOXHO pa3BepHYTh paGouce OKHO SCOPE Ha BeCh JKPaH,
aTaKKe HAKATL HA NAHETM MHCTPyMenToB Knomky Autoscale A
(aBTOMATHYECKOE MACHITAGHPOBANHE).

JU18 MOZICTMDOBAHNS CTYTICHYATOrO BO3MYIIAIOMIEr0 BO3ACHCTBHS
Ha CHCTEMY HCIONb3yeTcss KOMNoHeHT Step (cTynemuarsiii curnan),
pacronaraiommiics Ha BKiaake SOUMCES GHOIHOTEKH KOMIOHEHTOB
Simulink. TlepeTans MbiliIbiO JaHHbIH KOMIOHEHT B OKHO PEaKTHPO-
BAHMA MOJCTH, BHXOZ €T0 COSTMHMTH CO BXOOM dnementa W_Of,
T.€. CO BXOZOM BO3MYIIAIOIEro BO3AE/CTBIS Ha CHCTeMy. JIBOMHBIM
ETUKOM 7ICBOfi KNABMUIN MbILIH HA 7MCHTE SteP OTKPLITH OKHO
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3ajanms ero napamerpos. B none Step time (spems crynenuaroro
H3MEHEHNS CHTHANA) BBECTH YKA3AHHOE MPEMOABATENCM 3HAUCHHE
Bpemenn, B none Initial value (navanbioe 3uauenne curnana) ocra-
Buth 0, a B nozne Final value (xoneunoe 3nauenue curnana) BBECTH
YKA3aHHOE NMPENOJABATENEM 3HAUCHHE, HA KOTOPOE W3MCHSCTCH Ha-
Py’KHas TemnepaTypa. BBOZ AGHHLIX NOATBEPHTL HAKATHEM KHOMOK

Apply 1 OK.
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Pue. 64. Tpageckas Monens CAP ¢ TPeXTOSHIHIOHHEM PEryISTOpON

3aMyCTHTS 3aHOBO MPOIECC MOEHPOBAILS I OUCHITS, KAk I3Me-
HwHCh cooTBeTCTRYIOUIE rpadukit e(7), u(7), (1)

B pabore eoGxominmo mposozeniposars padory CAP ¢ pasmirs-
HEIMI BO3MYILGIONUMI BO3ACHCTBHSIMI, YKA3AHHBIMI TPEMOTABATEEM
TpadiKis NOBEACHIS CHCTEMb! P ABYX PAMINSHEIX BOIMYIIOLIX
BoseiicTaIx e(7), u(7), B(f) HEOBXOMIMO MIOCTPOKTS B OTHETE.

CHenaTh BEIBOMBI O MEPEXOMHBIX 1 YCTAHOBMBIIEMCS PEAIMAX Pa-
GOTHI TPEXTOMUMORKBIX CHCTEM 1 W3MEHCHHN STHX PEAKIMOB NpH
M3MEHCHIH BOIMYIAIOUIEr0 BO3elicTBmS.
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Conepmanne oriera

1. Hassaniue naGopaTopioii paGoTsi, 1eits, 3azanie.

2. PesynuTars okcriepivenTa (tada. 20).

3. CraTieckas XapaKTepHCTIKa PEry.ISTOpa B BILE (ByHKLiM CO-
NPOTHBIICHIS ATHHKA.

4. PacHieTible TeMIIEPATypb CPAGATHIBANIA PErySTOPa.

5. BHBOAb O COOTBETCTBII 3aPOrPAMMUPOBANHEIX MaPAMETPOB
PACHETHbIM 3HACHHSM.

6. KommbioTeprast Mozens icenenyemoii CAP, coyarmas s Simulink.

7. Tpadycn e(r), u(t), 0(r) NOBEACHHS CHCTEMbI P ZBYX PASTHAHEX
BOIMYIIAIONIX BOIACHCTBIAX.

8. BBBOZS O MEPEXOMHBIX [ YCTAHOBHBLICNMCS PEAIMAX PaGOTH!
TPEXTIOMIHOHHBIX CHCTEM I H3MEHEHHH TIIX PEAIMOB MPH I3MEHEHII
BOIMYIIAIONIETO BO3ACHCTRIIS.

Koutpoabibie Bonpoctt

1. Jlah Onpeniesie te TPEXTOSHIMORHOTO 5aKOHA DTy THOBAHIS.

2. Ha3sath NapaveTphi HACTPOIiKi TPEXTOSMIHONHBIX PETYIATOPOB.

3. TIOSCHITE Pa3HIily My MORSTHSMI 301a HEHYBCTBHTENBHOCTIE
1 30HA HEOAHOHAHOCTIL.

4. B KaKoM yCTAHOBHBILIEMCS PEAIME PAGOTAIOT TPEXIOSMIHOHHEIE
crcrems?

5. Ha3paTh MOKA3ATeNN KA4eCTBA PeryMPOBAHIS TPEXMOSMIIOH-
nuix CAP.

6. Kak 13MeHsioTes pesibi paGoThI TPEXTOSHIMORHBIX CHCTEM
DM MSMEHEHHH BOSMYMIAIONIETo BO3ACTiCTBUA?
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