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Pa3spa6oTtka ¢YHKLUOHANIBHOWN
Moaenu paboydero npouecca
npeobpasoBartens TeMmnepaTtypbl

TOYKMU pPOChI

C.O.Muxnn!, O.H.Kowwkyp', B.A.TaHxa?

YK 551.508.71

OnucaH npouecc GopMmpoBaHUS GyHKLUMOHAbHOW MOAENN paboTbl npeobpa3oBaTtens,
npeAHasHa4YeHHOoro Ans M3MepeHnsa TemnepaTtypbl TOYKK POChl MO BOAE B MPUPOAHOM rase
B AvanaszoHe oT 20 40 —60 °C. B Hen onpegeneHbl 610KM M NOACUCTEMbI PYHKLIMOHANTBHOM
Mopnenu, obecneymatoue c6op 1 06paboTKy AaHHbLIX, XPAHEHVE U pacnpeneneHme
[AHHbLIX B MOCTOSAHHOM 3aNOMUHALLLEM YCTPOWCTBE 3/IEKTPOHHOM N1aThl, @ TAKXKe
dopMKMpoBaHMe rpadypoBOYHOM TabaKnLbl 1 Mpecbpa3zoBaHMe MCKOMOTO 3HA4YeHMS

B BbIXOZHOW 3N1€KTPUYECKMI CUTHAN NOCTOSIHHOMO ToKa. [10Ar0TOBNEHA TeopeTnyecKkas
(BMpTyanbHas) MoAenb ANs AdnbHenwen paboTbl MO peanmaym KoHUenumm
npeobpasoBaTens TemnepaTtypbl TOYKM POChl HA OTEYEeCTBEHHOM 31eMeHTHOW 6ase.

Knto4yeBble cnosa: npecbpasosaTteny TemnepaTypbl TOYKM pOChl, COPOLIMOHHO-
EeMKOCTHbIV YyBCTBUTEbHbLIN 3/1EMEHT BNAXKHOCTM rasa, QYHKUMOHAbHAsA MOAEb,
anNropuTM, NPUHUMAMANLHAs 3NeKTpruyeckas cxema, rpagympoBoyHas Tabnmua,
KOHTPO/IbHO-M3MepUTENbHbIN NpUbBop, COop M 06paboTKa AAHHbIX

BBegeHUe

lFa3orpaHcnopTHas cucTeMa Poccurickon Pefepanuu
MMeeT PeKOPAHYIO [IPOTSKEeHHOCTh B MHPe, a KCIIOPT
rasa cocTaBisieT 34% OT BCeX SKCIIOPTHPYeMbIX MU He-
PaNBbHBIX pecypcoB cTpaHBl [1]. [I03ToMy 04eHb BasKHO
obecrieunTh HaESKHOCTh QYHKIIMOHHUPOBAHUS Ia30-
TPAHCIIOPTHOM CHUCTeMBI, 671aroapsi He TOIBKO BBICO-
KOTeXHOJIOTHYHOMY 000PYZOBAHHUIO Ha IIPeIIPUATHSIX
TPAHCIIOPTA rasa, TPyboIIpoBoJaM, U3rOTOBIEHHBIM
[ CMOHTHPOBAaHHBIM I10 COBPEMEHHBIM TeXHOJIOTHSIM,
HO M KaudeCTBY TPAaHCIIOPTHPYeMOro rasa. BaskHon
XaPaKTepHUCTUKOMN rasa sIBJsSeTCs BAAarocofepsKaHHue,
II0OCKOJIbKY KMEHHO BJIara BefjeT K KOPPO3HMOHHBIM IIpO-
IleccaM BHYTPH TpPyDOIIpOBOJA, CHHKAeT KaueCTBeH-
HbI€ [10KAa3aTe/IU IIepefaBaeMoro HOTPE6I/ITEHHM rasa,

1 000 «3aBoj, BBICOKOBOJIBTHBIX 3JIEKTPOHHBIX KOMIIOHEHTOB
«IIporpecc», YXTta, Poccus.
2 @rAOY BO «Cubupcku# denepasbHBIN YHUBEPCUTET?,

KpacHospck, Poccus.

yMeHbIIIaeT S3HepreTHYecKyo 3¢PpeKTUBHOCT 060Pym0-
BaHUS U OOIIMI CPOK 3KCIUIYaTALIMU CHCTEMBI, IIPH-
BOJLUT K HEOOXOJUMOCTH IIPOBEEHUS JOIIOTHUTEb-
HBIX PeMOHTHBIX paboT. TeMIlepaTypa TOYKH POCHI 10
BoZe [2] (manee - TTP,) siB/IsieTCsI KOHTPOIKHPYyeMBIM
IapaMeTpoM KOHJIMIIMOHHOCTH ras3a Kak [Jisl II0Tpe-
buTener BHYTPHU CTPAHBI, TaK U IIPHU 3KCIIOPTe. 3HA-
YeHHe 3TOTO HapaMeTpa (B 3aBUCHMOCTH OT Ha3Haye-
HUSI FA30I1POBOZOB) He OJIKHO IIPeBBIIIATh IIPefiesioB,
yCcTaHOBJIeHHBIX TpeboBanusimu TP EAC 046/2018
«O 6e30I1aCHOCTH ra3a FOprYero IpUpOLHOr0, IIOAI0-
TOBJIEHHOI'O K TPAHCIIOPTHPOBAHHUIO U (HMJIH) HUCIIOJb-
30BaHUIO” [3].

Hawuboree pacripocTpaHeHs! A1 U3mepeHus TTP, raza
B IIPOMBIIIJIEHHBIX YCIOBHUSX ITpeobpa3oBaTent, IIOCTpo-
eHHBbIe Ha COPOLIIOHHO-eMKOCTHOM ITPHUHILIUIIE IeFICTBHSL.
OpmHaKo 3TOT THII IPUOOPOB MIpeLCTaBlIeH B PoccHu B
OCHOBHOM 3apybe>KHBIMU KOMIIAHUSIMH, a OTe4eCTBeH-
HBIX aHaJIOTOB, JOKA3aBIIHX CBOIO COCTOSTEIBHOCTh
B YC/IOBHUSIX JJIMTEIBHOM SKCIUIyaTalluH, Ha JAHHBIA
MOMEHT HeT. KOHCTPYKTHBHO IIpeobpa3oBaTesb BKIIIO-
4JaeT: KOPITYC, JeKTPOHHYIO IIaTy U YYBCTBUTE/IbHBIN
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Block Parameters: 248

DC Voltage Source

The ideal voltage source maintains a constant voltage across its output terminals, independent of the current
flowing through the source. The output voltage is defined by the Constant voltage parameter, and can be any
real value.

View source for DC Voltage Source

Parameters

é 24B

Constant voltage: 24 A v

OK ][ Cancel ][ Help ]m7

Puc. 1. icmoYyHUK NocmosiHHO20 HanpsKkeHus 24 B
U e20 onucaxue

37IeMeHT, COeJUHEHHBIH C 3/1eKTPOHHBIMH KOMIIOHEH-
TaMHM aHAJIM3aTOPa TePMeTH3HPYIOIIHM YCTPOMCTBOM.
YT06BI 00eCIIeYUTh UMIIOPTO3aMeIlleHHe 3THUX IIPU-
60poB, KpoMe pa3paboTKu COpOIIIOHHO-eMKOCTHOH
TEXHOJIOTUH U3TOTOBJIEHUS YYBCTBUTEIBHBIX I€MeH-
TOB, KPaliHe BAKHbI CXeMOTEXHHUKA U aJITOPUTM 06pa-
OOTKU JaHHBIX aHA/IM3aTOPOB. TOIONOTHS M3TOTOBIIe-
HUSI 2JIeKTPOHHBIX I1/IaT ITpeobpa3oBaTtesier TOUKH POCHI
JOJKHA OBIT OCHOBAaHA Ha YHUPUIIMPOBAHHBIX IO/
Xoax, 0becreYnBaIOIIKX IIPOCTOe U HAIEKHOE TeXHH-
YecKoe pellleHHe JIsl CEPUITHOTO BBIITYCKA ITPOLYKIIHH.
OnMH U3 TaKUX II0[XO/I0B pealn3yeTcs B Ipeobpa3oBa-
TeJle CUTHAJ/IA IIOCTOSTHHOT'O TOKA, KOTOPBIF M3MEeHSIeTCsI
IIPU MU3MeHeHHUH TeKTPUYeCKHX [IapaMeTPOB YyBCTBHU-
TEJIBHOTO 3/IeMeHTa.
Pa3paboTKa 371eKTPOHHBIX IIPUHLIUIINAIBHBIX CXeM
C IOC/IeAYIOIMM H3TOTOB/IeHHEM 3JIeKTPOHHBIX IIIaT
npeo6pa3oBaTesiel TeMIIEPAaTyphl TOUKH POCHI HEBO3-
MO>KHa 6e3 MOeTMPOBaHMUS IIpoliecca IIpeobpa3oBa-
HUSI BXOJHBIX 3JIeKTPUYECKUX BeTUYHH, IT0TTy4aeMBbIX
OT YyBCTBUTEIBHOIO 3/IeMeHTa ITpHbopa, B BEIXOLHOM
CUTHAJI IIOCTOSIHHOT'O TOKa ITpeobpa3oBares.
Lles1b paboTsl cocTosIa B pa3paborke GyHKIIHOHAIb-
HOM MoJeNnu Ipeobpa3oBaTessi TeMIIEPATYPbl TOYKHU
POCEHL I10 BOJle B IIPHPOSHOM Tra3e, obecriedrBaroniei
usMepenue TTP, B nuamnasone ot 20 10-60 °C.
Mopenp fo/IsKHA BBIIIONHSTH CJIeAYIOIKe QYHKIHH
* cbop 1 06paboTKy JAHHBIX;
 XpaHeHHe U paclipelie/ieHHe JaHHBIX B 3aIIOMHUHA-
IOII[eM YCTPOMCTBE 3JIeKTPOHHOM IIAaThl, GOPMHU-
POBaHHeE IPafyHPOBOYHOM TabIUIIBI;

* oIlpefereHHe MCKOMOIO 3HAUYeHHs I10 IPafyH-
POBOYHON XapaKTePHUCTHKEe M IIOCJIeLyIOIero

CxeMOTexXHHKA ~ 3TO IIPOEKTHOe PelleHHe 31eKTPOHUKHU MPH-
6opa, ero 3/1eMeHTOB, IPUYHUHHO-CIe/[CTBEHHBIX CBSI3eH
MesK/ly HUMHU, pa3paboTKa IporpaMMHOI0 obecriedyeHus, OMU-
ChIBaIOIero paboTy 3/IeKTPOHUKU. Bce 3TO HEBO3MOSKHO 0Cy-
IeCTBUTD 63 MaTeMaTH4eCKOH 06paboTKU U MOZEeTUPOBAHHUS

Imponecca.

ANALYTICAL METHODS AND INSTRUMENTS

Block Parameters: Peryaatop HanpaxeHua auneiinei KP1157EHSE [
DC-DC Converter
Behavioral model of an ideal DC-DC converter. The block can be used to represent unidirectional or bidirectional
converters without the need to simulate individual switching events. The supply-side can be connected to any
voltage, and the regulated-side voltage has optional droop.
Note that the two electrical networks connected to the supply-side and regulated-side terminals must each have
their own Electrical Reference block.

Parameters

Main Dynamics

Perynarop
HANPDXEHUA

JHHSHHBI
KP1157EHSB

Output voltage reference ==
s v
demand:

Output voltage droop with output

current: & /L =z

Power direction: |Unld|rectlonal power flow from supply to regulated side ']

Maximum expected supply-side 2 A =
current:

Aoply

Puc. 2. DC-DC Converter u e2o onucaHue

bopMUPOBaHUS BBIXOJHOTO 31€KTPUYECKOI0 CUT-
Hasa.
['pagyrpoBoUYHasl XapaKTepHUCTHKa, XpaHsIascs
B IIOCTOSIHHOM 3aIIOMHUHAIOIIeM yCTPOHCTBe, IIpefCTaB-
nsieT coboil MacCUB HAHHBIX, IIOTYYeHHBIX C YYBCTBHU-
TeJILHOI'O 37IeMeHTa BJIa’KHOCTH rasa, pa3MelleHHOro
B IIOTOKE Ia3a U H3MEHSIOIIEro CBOM 1eKTPHUUeCcKUe
IapaMeTphl B 3aBUCUMOCTH OT BJIaroCOAep>KaHUsI. ITOT
MacCCHUB, FeHepHPYeMBIH C LIeHTPaJIbHOIO IIpolieccopa
37IeKTPOHHOM IJIaThl, TpebyeTcs rrpeobpa3oBath B CTAH-
JOApTHU3HPOBAHHBIE CUTHA/IBL IPHOOPOB, UCIIOIb3YeMBbIX
Ha OITACHBIX ITPOM3BOJCTBEHHBIX 00BEKTAX, BKIIOUAS
TOKOBBIM CUTHAII 4-20 MA.

Pa3paboTka
JYHKIIMOHAIPHOHM MO eHu

DyHKIIMOHAIBHAS MOJeNb pa3paboTaHa B ITaKeTe IIPH-
KIagHbIX porpaMm MathLAB. [lns MomenupoBaHUS
KCII0/1b30BaH MakeT Simulink. D71eMeHTBI MOJeTH B3SITHL
u3 6ubnuorex Simulink u Simscape.

B KauecTBe MCTOYHHKA BXOJHBIX CHUIHAJIOB
B QYHKIIMOHA/IPHOM MOZe/IM MCIIO/B3YIOTCS U3MeHse-
MBle IlepeMeHHbIe, TaKkHe KaK 3/IeKTpHuYeckasi eMKOCTb,
Iojly4eHHasi C 4YyBCTBUTEIbHOIO 37leMeHTa BJIasKHOCTH
rasa[4, 5], u Temnepatypa, IoJy4eHHast C TEPMOCOIIPO-
THBJIEHUS JI/I51 KOMIIeHCALIMH U3MepeHH s TOUKH POChI
I10 TeMIlepaType TPaHCIIOPTUPYeMOH Cpe/ibl.

HanpsoreHue K mpubopam KHITHA 110faeTcst 0T UCTOY-
HHKa II0CTOSIHHOI'O TOKa HOMHUHA/IOM B 24 B, B kauecTBe
KOTOPOro B QYHKLIHMOHAIPHON MOJENHU HCIIOIb3yeTCs
aneMeHT U3 6ubnuorexku Simscape/Foundation Library/
Electrical/Electrical Sources (puc. 1). [lnst nUTaHUS
KOMIIOHEHTOB 3JIeKTPOHHOM IUIaThl MCKOMOE HaIlpsi-
SKeHHe IMoHMyKaeTcs 40 5 B. Iyisg momobHoro npeo6-
Pa30BaHUs B MOJe/NU IIPUMeHeH PeryJsiTop Halps-
skeHHs1 DC-DC Converter u3 6ubnuoreku Simscape/
SimElectronics/Sources (puc. 2).
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Pulse type determines the computational technique used.
signal.
Time-based is recommended for use with a variable step solver, while
Sample-based is recommended for use with a fixed step solver or
within a discrete portion of a model using a variable step solver.

Parameters

Converts the input Physical Signal to a unitless Simulink output

The unit expression in 'Output signal unit' parameter must match or
be commensurate with the unit of the Physical Signal and determines
the conversion from the Physical Signal to the unitless Simulink

Source Block Parameters: Pulse Generator = |
D{Rss) sssf
Pulse Generator 5 J ad
Output pulses: PS-Simulink Simulink-PS
Converter Converter
if (t >= PhaseDelay) && Pulse is on
¥(t) = Amplitud =
MBS amplice Block Parameters: PS-Simulink Converter [ Block Parameters: Simulink-PS Converter =
Y(t)=0
emﬂ) PS-Simulink Converter Simulink-PS Converter

Converts the unitless Simulink input signal to a Physical Signal.

The unit expression in 'Input signal unit' parameter is associated with
the unitless Simulink input signal and determines the unit assigned to
the Physical Signal.

output signal. 'Apply affine conversion' check box is only relevant for units with
Pulse type: Time based -] offset (such as temperature units).
‘Apply affine conversion' check box is only relevant for units with
= Time (t): (Use simulation time ) offset (such as temperature units). There are three options to handle the input: you can use it as is,
e 2 Amplitude: filter input, or provide the input derivatives through additional signal
nerator pHces
Parameters ports. Input filtering also provides time derivatives. The first-order
2 filter provides one derivative, while the second-order filter provides
Period (secs): Output signal unit: 1 v the first and second derivatives.
5e-8
e [Z] Apply affine conversion Parameters
Pulse Width (% of period):
- Units | Input Handling
oK Cancel Hel [ Appt ; t:
Phase delay (secs): ] [ ance ] [ ep (E ) Input signal unit: 3 v

0

[¥] Interpret vector parameters as 1-D

[ ok ][ cancel | [ Help Apply

Puc. 3. leHepamop npsimoy20AbHbIX
UMnNYyAbCo8 U e20 onucaHue

Jlyist ipeobpa3oBaHUsI BXOJHBIX CUTHAJIOB C YyB-
CTBUTEJIBHOTO 37IeMeHTa B IIPSIMOYTOJIbHbIE CUTHAJIBI,
rocrymnamuue Ha sxon LI1Y, B Moge/lIu IIpUMeHSIeTCs
B KayeCTBe TeHepaTopa 4acToThl Pulse Cenerator u3
6ubnuoreku Simulink/Sources (puc. 3).

B Momenu HCIIONB3YIOTCS TPHU THIIA CUTHAJIOB:
Simulink Signal, Physical Signal u Electrical Signal.
Jnsa npeobpasoBanus Physical Signal B Simulink
Signal u o6paTHO NPHUMEHSIIOTCSI COOTBETCTBYIO-
IKe YTHINUTHI (pUc. 4). PacrionoskeHsl OHU B paszerne
Simscape/ Utilities.

[l U3MepeHUs HAIIPSDKeHUSI M TOKA HCIIOJIb3Y-
I0TCSI BOJIBTMETP U aMIIePMeTp, KOTopble GOPMUPYIOT
Ha BbIxogie Physical Signal (puc. 5). HalTu 3/1eMeHTHI
MOKHO B 6ubnnoreke Simscape/Foundation Library/
Electrical/Electrical Sensors.

Ins mpeobpa3oBaHUs GU3U-

YeCKOTro CHUTHaJIa B 3JIeKTPHU-
YecKkoe HaIPssKeHHe CIYKUT
610k PS Sensor u3 Simscape/

@ Voltage Sensor

[Z] Apply affine conversion

[ OK ][ Cancel H Help Apply

Puc. 4. Ymuaumsi 0451 npeo6pazosaHus cuzHanoe 00H0zo muna 8 dpyaoli

IepeMeHHOM, TO HCIIO0NB3yIoTcs 6oku Function (Fcn)
u3 pasgena Simulink/User-Defined Function). ITozmo6-
Hble OJI0KH ITIPUMeHEeHB! Ha Pa3HBIX 9TAIlaX MOZENIHPOBa-
HUS, HAlIpUMep, A1 HaXOKOeHUs 3HaUeHUH 3/1eKTPU-
YeCKUX COITPOTUBIEHUS] KT eMKOCTH YYBCTBHUTEIBHOTO
3/IeMeHTa.

ITpu yc/I0BHOM H3MeHEeHHH TeMIlepaTypbl TOUKHU
pocsl (puc. 6) B AuanasoHe oT 40,07 go +40,55 °C u3me-
HSIIOTCSI XapaKTepHUCTHUecKHe IToKas3aTe/ll YyBCTBU-
TeJIbHOI'O 37IeMeHTa ~ TEpMOCOIIPOTHUBIEHHE U e MKOCTb.
Hanpumep, Ipy MUHHUMAJIBHOM TeMIIlepaType Tep-
MocorpoTtuBnenue TCII-50I1 6ymet paBHO 42 OM, IIpU
MaKCHMaJIbHOHN - 58 OM. J/eKTpHUecKass eMKOCTb
YyBCTBUTE/IBHOTO 371eMeHTa IIPU 3THX TeMIlepaTypax
paBHa 600 1 1000 KD COOTBETCTBEHHO. 3aBUCHUMOCTD

Current Sensor

ol

SimElectronics/Sensors. Takke T————

==

Block Parameters: Current Sensor

B MOJE/IIM MCIIONb30BaHBI Cjle-
OyIoIlHe 3JeKTPUUYecKHe 3Jie-
MeHTHI: pe3ucTopsl (Resistors),
peoctat (Variable Resistors),

Voltage Sensor

the sensor is

The block represents an ideal voltage sensor, that is, a device that
converts voltage measured between any electrical connections into a
physical signal proportional to the voltage.

Connections + and - are conserving electrical ports through which
d to the circuit. C

Current Sensor

The block represents an ideal current sensor, that is, a device that
converts current measured in any electrical branch into a physical
signal proportional to the current.

Connections + and - are conserving electrical ports through which

V is a physical the sensor is inserted into the circuit. Connection Iis a physical

KoHzmeHcaTop (Capacitor). Die-
MEHTBI MOKHO HAaHTH : Simscape/
Foundation Library/Electrical/

View source for Voltage Sensor

signal port that outputs voltage value.

signal port that outputs current value.
View source for Current Sensor

OK ][ Cancel H Help H

Apply (Lo« ][ cancel ][ Help ][ Apply |

Electrical Elements. Ecnu ume-

IOTCSL C/IO>KHBIe QYHKIIHMOHAIb"
HbIe 3aBUCHMOCTH OT OJHOH

Puc. 5. Boabmmemp u amnepmemp u3 6ubAuomexu Simscape u Ux onucaHue
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50

30
20 -

Puc. 6. YcnosHoe usmeHeHue memnepamypbl moYKu pochl

16

60
58 -
56

R, Om

40 L L L L L

Puc. 7. YcnosHoe usmeHeHue conpomusneHus
mMepmMoconpomueneHus

16

1000

950 -

900

850

C, nk®

750

700 -

600 1 1 1 1 1

t, c

14

Puc. 8. YcnosHoe usameHeHue eMmKocmu 4yscmaumeAnbH020

JnemeHma

16

ANALYTICAL METHODS AND INSTRUMENTS

COIIPOTHB/IEHHUS OT BpeMeHH II0Ka3aHa Ha pHC. 7,
a eMKOCTH — Ha pHC. 8.

[ToyuyeHHBIe 3Ha4UeHHUSI 06pabaThIBAIOTCS MIpoLiec-
COPOM, UM ITPUCBAKUBAETCS OIIPeie/IeHHBIN KO, I10CiIe
Yero 3TH CUTHAJIBI IIePeJaloTCsl B [IOCTOSIHHOE 3aI10-
MHHalolllee ycTpoucTBoO (I13Y), sIB/sIOIIeecs: YaCThbIO
MHKPOIIPOLIeCCOopa. 37ech, I10 ITpeABAPHUTEIbHO 3aHeCeH-
HOM B IIaMATh b6a3e AaHHBIX (TPaflyHPOBOYHOM XapaK-
TEePHCTUKE), OITpefeisieTcsl KOGUPOBAHHOe 3HAUYeHUe,
COOTBETCTBYIOILlee TeKyllekl TeMIlepaType TOUKU POCHI.
B Mopmenu 6a3a mAHHBIX peasIM30BaHA IIPU IIOMOILH
61oka mopcucTeMsl (Subsystem), KOTOPBIE MOSKHO
HaMTH 110 agpecy Simulink/Ports & Subsystems. OcHOB-
Hble ITapaMeTpsl 6710Ka [TOKa3aHbI Ha pPUC. 9.

[NopcucteMa «Bbasa maHHBIX» (pHc. 10) TocTpoeHa
Ha MHOXeCTBe HCTOUHHKOB THUIa Constant (puc. 11),
6ubnuoreka Simulink/Sources, xoTopele comocTas-
JISTIOT 3HAaueHHe BJIKHOCTH ra3a TepMOCOIIPOTHUBIIe-
HUS K eMKOCTH YyBCTBUTEIBHOIO 37IeMeHTa (IIOMHMO

Function Block Parameters: Subsystem u
Subsystem

Select the settings for the subsystem block. To enable parameters on the
Code Generation tab, on the Main tab, select 'Treat as atomic unit'.

Main | Code Generation

Show port labels IFromPortIcon vI
Read/Write permissi [ReadWrite ']
Name of error callback function:
Subsystem
Permit hierarchical resolution: | All Z
[T Treat as atomic unit

Q (o« ][ cancel ][ telp ][ Apply |

Puc. 9. baok Subsystem u e2o onucaHue

I B
Source Block Parameters: Constant M
Constant

Output the constant specified by the 'Constant value' parameter. If
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is on,
treat the constant value as a 1-D array. Otherwise, output a matrix with the
same dimensions as the constant value.

Main | Signal Attributes

Constant value:
[12345] p [12345]

Constant Interpret vector parameters as 1-D i

Sampling mode: | Sample based -

Sample time:

inf

?) [ ok ][ cancel ][ Help Apply

Puc. 10. bnaok Constant u ezo onucaHue
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Function Block Parameters: Matrix Concatenate &J
Concatenate
Concatenate input signals of the same data type to create a contiguous
output signal. Select vector or multidimensional array mode.
/’ / In vector mode, all input signals must be either vectors or one-row [1xM]
/ / matrices or one-column [Mx1] matrices or a combination of vectors and
7 4 either one-row matrices or one-column matrices. The output is a vector if
/’ ’,’ all inputs are vectors. The output is a one-row or one-column matrix if any
of the inputs are one-row or one-column matrices, respectively.
In idi i mode, use 'C to specify the
output dimension along which to concatenate the input arrays. For
example, to concatenate the input arrays vertically or horizontally, specify 1
or2, ively, as the i i
Parameters
/ Number of inputs:
/ 17
/
/ Mode: [ [tidi | array Z
Concatenate dimension:
1
1
Matrix
Concatenate Q [ OK ] [ Cancel ] [ Help Apply

Puc. 11. baok Matrix Concatenate u e2o onucaHue

HeTI0CPe/ICTBEHHO KOHCTAHTHI, 67I0K I103BO/ISIET 3aJaTh

ero Kak 1D-BeKTOp, [/l 3TOr0 3HAYEeHHUsI BBOASTCS Yepe3

ripobes U C ABYX CTOPOH 0OPaMIISIIOTCS KBaAPATHBIMU

CKOOKaMH). Bce 3TH HCTOUHUKHU CBe/IEHBI B eUHYIO

MaTpuLy Ipu nomouy 61oka Matrix Concatenate

(puc. 12). Brok Matrix Concatenate HaXOJUTCSI B KaTaslo-
rax Simulink/Math Operation u B DSP System Toolbox/
Math Functions/Martices and Linear Algebra/Matrix
Operations. Terepp KaskIOMY 3HaueHHIO COITPOTHBIIe-
HUS 1 eMKOCTH COOTBETCTBYeET OIpe/ie/IeHHOe YCIOBHOe
3Ha4YeHHe TeMIIepaTypbl TOUKH POCHL.

BbI60p eqMHCTBEHHO BePHOTO IT0KA3aHHUS TOYKH POCHI
ocymiecTBisiercs B 61oke Direct Lookup Table (n-D) u3
Simulink/Lookup Tables (puc. 13). ®opMupoBaHuUe CUT-
HaJla HCKOMOT0 3HaUeHHS TOUKU POChI IIPOUCXOTHUT CIe-
OyIOMKUM 06pa3oM: 3HaUeHHe COIIPOTHUBIEHHUS 33jaeT

[

Function Block Parameters: BuiGop H%
Direct Lookup Table (n-D)

Table member selection. Inputs are zero-based indices into the table, e.g., an input
of 3 returns the fourth element in that dimension. Block can also be used to select a
column or 2-D matrix out of the table. The first selection index corresponds to the
top (or left) input port.

Bribop H% =
N 2D TE Main | Table Attributes
__:4» Number of table dimensions: 2 v
T :__ Inputs select this object from table: [Element ']
Make table an input
Diagnostic for out-of-range input: [Warning S ]
Sample time (-1 for inherited): =1

[ ok ][ cancel | [ Help Apply

Puc. 13. baok Direct Lookup Table (n-D) u ezo onucavue

HoMep cTob1a, 3HaYeHHe eMKOCTH — HOMep CTPOKH,
a BBIXOTHOM CUTHaI 6epeTcst 13 6a3bl JAHHBIX U3 STIEHKH
C COOTBETCTBYIOIIMMH KOOPAHHATAMH B BUAe LIUPpo-
BOI'O CUTHAJIA.

[Tony4eHHBIN LIUPPOBOM CHUTHAJ IIPHU IIOMOIIH
dunpTpa Analog Filter Design (DSP System Toolbox/
Filtering/Filter Implementations) mpeobpa3syetcs
B QHAJIOTOBBIM 3JIEKTPUUYECKUI CHUTHAJI, KOTOPBIA
[IOCTyIIaeT Ha BXOJ OIIePALIMOHHOTO YCHJIHTENS.
CxeMa II0C/Ie OIIEPALIMOHHOI0 YCHAHNTeNs obpasyer
TaK Ha3bIBaeMyIO TOKOBYIO IIeT/I0. 3HaueHHe CHIIBL
TOKA B LU KOJIJIEKTOPa OUIIONSIPHOrO TPAH3UCTOPA
[IOJIKHO HaXOOUTLCS B IIpefenax oT 4 1o 20 MA. Jns
OTC/IEKUBAHUS MAaKCUMaJIbHOI0, MUHHUMAJIBHOTO
U CpefHero 3HaueHHI BBIXOJHOI'O0 TOKA OPraHH30-
BaH BBIBOJ] 3THX 3HaUeHHM Ha LHUPPOBOU AUCILIEH
(Display), Takke KaK U IIOCTpoeHHe IpaduKa IIpHU
IIOMOIIM BUPTYyasIbHOro ocusiorpada (Scope) (oborx
MOXKHO HauTu B gupekTopuu Simulink/ Scins). Ons

MOACTPOMKH TOKOBOM II€T/IH CIy-
SKAT PeocTaT, 3HaUYeHHe 3JIeKTPU-

YeCKOT'0 COITPOTHBIIEHHSI KOTOPOI0
3aJlaeTCs UCTOUYHHUKOM QH3HUe-
CKOTO CUTHaJIa, KOTOPBIM Ha cCXeMe
Tak 1 Ha3BaH «[IoJICTPOIKA TOKO-
BOH IET/IHNY.

OrnpeneneHue Ipefe/bHbIX 3Ha-
YeHHH PeaIM30BAHO CIeAyIOIHM

criocobom:

Brnoku MinMax (puc. 14) u3s
Simulink/Math Operation umeroT
IBa BXOJla, CUTHAJIbl Ha KOTOPBIX
CPaBHUBAIOTCS MeXIY cob0M. [Iyist
: ompeneneHHUs] MaKCHUMaJbHOIO

=
R=420m
R:@Om E
R=44 Om E,[
R=45Om E}
R=46 Om E}
R=47 Om E
R=48 Om E
R=49 Om E
R=50 Om [~
R=510m [~
R=520m
R@Om .
R=54 Om . .
R=0m .
R=56 Om .
R=37 Om
R=58 Om
Puc. 12. YcnosHas nodcucmema 6a3bl 0aHHbIX

HJIN MHHHMAJIBHOT'O 3HAYeHHUSA
IepeMeHHOI0 CHTHaaa Heobxo-
AKXMO OPTaHH30BaTb €TI0 3aJ€P>KKY

Matrx
Concatenate
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[ oK ] [ Cancel ] [ Help " Apply \
Puc. 14. baok MinMax u ez0 onucaHue
Function Block Parameters: Memory Iﬂ

Memory

-
Function Block Parameters: min

MinMax

Output min or max of input. For a single input, operators are applied
across the input vector. For multiple inputs, operators are applied
across the inputs.

Main | Signal Attributes

Function: [min N

Number of input ports:
2

Enable zero-crossing detection
Sample time (-1 for inherited):

-X

Memory

Apply a one integration step delay. The output is the previous input
value.

Main | State Attributes

Initial condition:
1

Inherit sample time
[7] Direct feedthrough of input during linearization

[T] Treat as a unit delay when linearizing with discrete sample time

S

ANALYTICAL METHODS AND INSTRUMENTS

BO BpeMeHH Ha OJHOM M3 BXOZOB. [lJIsl 3TOH LieNH
B MO/ MCIIONB3YI0TCS 6710KHM Memory U3 JHpek-
topuu Simulink/Discrete (puc. 15). Takke, 4TO6HI
MHHHMAaJbHOE 3HaUeHHe He OBITI0 Hy/leBBIM, IIPH-
HSITO pellleHHe IOAATh Ha Bxof 6i0ka Memory He
HYJIeBOM CUTHAJI (715 3TOro 6bUIM IIPOCYMMHUPOBAHEL
CHUTHaJI OT UCTOYHUKa Step (pHcC. 16) ckaukoobpa3HOTro
HaIlpsiKeHHsl, KOTOPBIM KOPOTKHH ITPOMEeKYTOK Bpe-
MeHHU I10laBajI 3HAUYMMOe, HO He MaKCHMa/bHOe 3Ha-
YeHHUe, U CUTHa/I, PaKTHUIECKU NPUXOASIIHE).

Jlyst 6e30macHOl paboThl CXeMbl B HEH IpefyCcMo-
TpeHO 31eKTpHuyecKoe 3a3eMneHue (Electrical Reference).
HakoHel1, 4To6bl cXxeMa MOJe/NH, cofepsKalller 3/1eK-
TPOHHBIE 37IeMeHTHI, 6bl1a paboTtocriocobHa, Simulink
TpebyeTcst MOIOTHUTD CXeMY TaK Ha3bIBaeMBIM pella-
terneM (Solver Configuration), pasmen SimScape/
Utilities (puc. 17), a nns pabotsl camoro 6710ka IMoHazo-
6UTCS M3MeHeHHe HacTpoeK MopenupoBaHus (Model
Configuration Parametrs). HTOroBble HAaCTPOKKH ITOKa-
3aHBI Ha puc. 18.

TokoBast MeT/Is Ha BBIXOZIe GYHKITMOHAIBHOM MOIETH
coctasseT oT 4,006 mo 20,000 MA. Pe3yabTaThl YC/IOB-
HOT'0 MOJe/TMPOBAHUS ITPeICTABIeHbI Ha PUC. 19.

BrIBOBI

CdopmMHpOBaHBI 6J10KHU GYHKLIIMOHATBPHON MOZENH IJ151
cbopa 1 06pabOTKHU JAHHBIX C UyBCTBUTEJIBHOIO 3JIe-
MeHTa BJI&KHOCTH rasa.

[ OK ] [ Cancel ] [ Help ] [ Apply
Puc. 15. Gaok Memory U ezo onucaHue Block P Solver Conti et
Solver Configuration
Defines solver settings to use for simulation.
Source Block Parameters: Step l.g Parameters
Step Start simulation from steady state
ONtputia step: Consistency tolerance 1e-12
ERecmoeois [7] use local solver
Step time: i
T Solver type |Backward Euler |
Initial value: f(x)=0 Sample time [0.001 \
&
.I 0.15 Solver Use fixed-cost runtime consistency iterations
” Configuration -
Final value: Nonlinear B ‘
iterations L J
0
iterati [
Sample time: Mode iterations |2 !
0 Linear Algebra Sparse = ]
Interpret vector parameters as 1-D Delay memory budget
fka] 1024
Enable zero-crossing detection I
ok | [ cancel ][ Help ][ Apply | ‘ (ox ][ cancel ][ Help ][ Apply
Puc. 16. bnok Step u e2o onucaHue Puc. 17. bnok Solver Configuration u e2o onucaHue
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OHPE,ILE)'[QHLI IIO0ACHCTEeMBI CIJYHK‘ Simulation time
LII/IOHaJ'IbHOI;I MOoaenu, obecreurBa- SEIRITEd 0.0 Stop time: |16.7
oujue XpaHeHI/Ie nu pacheﬂe)’[eHI/Ie Solver options
OaHHBIX B IIOCTOSIHHOM 3aIllOMUMHa- Type: [Variahl?step 'I Solver: [ode23t (mod. stiff/Trapezoidal) =
IOH_IeM yCTpOfICTBe BHEKTPOHHOIZI Max step size: auto Relative tolerance:  1e-6
Min step size: auto I Maximum step size for variable-step solver. lsomte tolerance:  auto
I171aThL ¢ QOPMHPOBAHKEM MacCHBa i oo R e -
OAaHHBIX (BXOILH]JIX Be/IMYHNH LIYB_ Solver reset method: | Fast 'I
CTBUTEJIBHOTO BHGMEHTa) B Irpany- Number of consecutive min steps: 1
I/IPOBO‘{HOI;I Ta.6f[I/IHe Solver Jacobian method: [auto v]
YCTaHOBJIEHO, YTO peajlHn30BaH- e=toacdan s e rions
Tasking mode for periodic sample times: [Auto % ‘

Hasi QyHKIHMOHA/IbHAs MOZeJNb
rpeobpasyer HCKOMBIe 3HAUYEHHUS
3/IeKTPUYECKON €eMKOCTH YyBCTBH-

[7] Automatically handle rate transition for data transfer

[7] Higher priority value indicates higher task priority

Zero-crossing options

TeJIBHOI'O 3JIeMeHTa U TeMl‘Iepa- Zero-crossing control: [Use local settings ¥ | Algorithm: [Adaptive ']
Typ],[ TpaHCHOpTI/IpyeMOI;I CpeﬂbI Time tolerance: 10%128%eps Signal threshold: auto
B BBIXOILHOI;I BHeKTqueCKHI‘/‘I CUT- Number of consecutive zero crossings: 1000

HaJI IIOCTOSIHHOTO TOKa 4-20 MA,

4TO JeslaeT ee IIPUMeHUMOM JJIs Puc. 18. Napamempbl moOeAuposaHus
pellleHMs 3a7a4 ra30BOM THUIPO-

METPHUH.

[l IoATBep>KAeHUs PaboToCrIoCOOHOCTH QYHKLIM-  37eKTPOHHYIO IIIATy AJISl IIPOBeleHUsI UCIIBITAHUHI
OHAIBHOM MOJeNIH HeobXogUMo pa3paboTaTe MPUH- B KOHCTPYKIIHH IIpeobpa3oBaTesis TeMII€PATYPhl TOUKU
LUIIHATBHYIO 3JIeKTPHUUYECKYIO0 CXeMy, peajlr30BaH-  POCHl B pAMKax MepOIPHUATHUMI I10 yTBePKAeHHIO TUIIA
HYIO Ha OTeueCTBeHHOM 9/IeMeHTHOH ba3e, U3rOTOBUTh CpencTB U3MepeHUH.

0.025

0.02

Bribop H% 0015 oo
2-D T[k

T —’H—L@—D >16383/100 001
> T

Brracnenne R
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. . |—m— h S z :
}-lgsh-E84_ 4 i § .
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R22 o
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