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CocraBurenu:
[[TanoBanoB Banepuit BacuibeBud — JOKTOp XHMHYECKMX Hayk, Ipodeccop,
3aBeAyromuid Kadenpoil NPUKIAAHOW 5SKOJOTMH W OXPaHbl OKPYXKAIOMIEH Ccpebl
I'OYBIIO « IOHHTVY »;

['opbarko Cepreit ButanbeBuu — KaHIWJIAT TEXHUYECKUX HAYK, JOIEHT Kadeapbl
MPUKIIATHOM SKOJIOTHH U oxpaHbl okpyxkarouei cpeasl 'OYBIIO « JOHHTY ».
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MeToauueckue peKOMEHAAIUU JJis1 BBINOJHEHUsS J1a00pPaTOPHBIX
padoT Mo AUCHUIUINHE «KABTOMATH3AIUA TEXHOJOTHYECKUX MPOIECCOB U
CHCTEM 3alUTBl OKPYKAWIIEeH cpeabl». 1 O0ydYaroUuxcs I0
HampasieHuto noarotoBku 20.03.01 «TexHocdepHas 6e30mMacHOCTB» BCEX
dopm o6yuenuss /| TOYBIIO «IOHHTY», kad. mpHKIagHOH SKOJOTHUA H
oXpaHbl OKpykaromiei cpensl: coct.: B. B. Illamosanos, C.B. I'opbaTko. —
Honenk: JJIOHHTY, 2021. — Cucrem. TpeboBanus: Acrobat Reader. - 3arm. ¢
TUTYJI. YKpaHa.

Metoauyueckue peKOMEHIAIMU JJIsl  BBIMOJHEHHUS JIa0OpPATOPHBIX  paboT
pa3paboTaHbl € 1EJbI0 TMOJYYCHUH TMPAKTUYECKUX HABBIKOB MO JIUCIUIUIMHE
«ABTOMATHU3aLMSI TEXHOJOTUYECKUX TMPOIECCOB M CHUCTEM 3alUTHl OKPYKaoIIEH

CpeIbD».

COI[ep}KI/IT 3alaHusd M MCTOJAHMKY HPAKTHYCCKOIO COCTABJICHUA CXCM

ABTOMATHU3alli TCXHOJOIMYCCKHUX IIPOLCCCOB. HCJ’IB AUCHOUTIIUIMHBL - TIOJYYCHHC
TCOPCTUICCKUX 3HAaHUU U IMPAKTUYCCKHUX HABBIKOB 110 aBTOMATU3dINH U YIIPABJICHUIO
nmponeccCaMu B TCXHOJIOTHMH U CUCTCMaX 3alllhThI Oprxcafomeﬁ CPCIOBI.
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JIABOPATOPHAS PABOTA 1. Ilogkioyenne U HACTPOIlKa M3MepHUTeIS-
peryJjasTopa

Hear paGorbl. O3HAKOMUTCS C almapaTHbIMH CPEACTBAMHU KOHTPOJS H
yIpaBICHUS B TEXHOJIOTMUYECKUX OOBEKTaX M CHUCTEMax 3alllUThl OKPYXKAIOIIeH Cpebl.
[lonmyunTh  NpPaKTUYECKHE  HABBIKA  CONPSDKEHHS  KOHTPOJIBHO-U3MEPUTEIbHBIX
anmapaTHbIX CPEACTB C MEPBUYHBIMU HM3MEPUTEIBHBIMU IPE0Opa30OBaTEISIMU U
KOMITBFOTEPHOM TEXHUKOM.

[IpubopHoe 06opyIoBaHKE:

1. Uzmepumenw pecynamop OBEH TPM 202

2. Ilpeobpazosamensv (adanmep) unmepghetica A4 (W aHaor)
3. Tepmonapa TXA (K)

[IporpammHoe obecnieyeHue:

1. Kongueypamop < Setup_TPM101_TPM2xx_3.0.5.exe>

2. Driver <ac4_usb_driver_windows 7 8 8.1 10>

1. H3mepuTeu-peryjsitopbl, MOAYJIH BBOAa/BbIBOIA
B Hacrosimiee Bpemsi HUMeeTcsl OOJIbIIOE KOJMYECTBO CEPTUDUIIMPOBAHHBIX
U3MEPUTEIBHBIX TPUOOPOB pa3HbIX (upM. [Ipu 3T0M IpHOOPHI MOKHO pa3aeIUTh Ha:
® U3MEpPUTEIH,
U3MEPUTENU-PETYIIATOPHI,
MOJYJIM BBOJIa aHAJIOTOBBIX CUTHAJIOB,
MOZYJIY BBOJA IUCKPETHBIX CUTHAJIOB
MOJYJIM BBIBOJIa aHAJIOTOBBIX CUTHAJIOB,
® MOJyYJIM BBIBOJA IUCKPETHBIX CUTHAJIOB
OtaenbHO MOXHO  BBIJICITUTH IPOMBIIICHHbBIE KOHTpOJUIEpbl U
MUKPOKOHTPOJUIEPHI, KOTOPBIE SBJSIOTCS MAaCTEPAMH CETH M, B OIPE/ICTIEHHON CTENEeHH,
ABJIAIOTCS HeOoMpIMMU DBM.

“ 202500 HORINTID FOYDROF AECT A
4
< :
s

© a03es

Puc.1. Puc.3. U3mepurenu-perynsitopst OBEH TPM136 u TPM202

TunuaabIME ~ COBPEMEHHBIMU  TIpHOOpaMH  JJIi  BHU3YallbHOTO  KOHTPOJIS
[apaMeTPOB TEXHUYECKOM CHUCTEMbl W YIOPABICHUS TEXHOJOTHMYECKHM IPOLECCOM
SABJISIIOTCS, Hampumep, usMmepurtenu-perysitopsl tuna OBEH TPM202 u OBEH
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TPM136 (puc.l). Ilo goKyMeHTalluu OHHU TMpEeJHAa3HAYEHBl I H3MEpPEHUs
TEMIEpaTypbl TEIJIOHOCUTENEH U Pa3IMYHBIX Cpell B XOJOJWJIBHOW TEXHUKE,
CYIIWJIBHBIX IKadax, Medax pa3IMdHOTO HA3HAYCHHUS WU JAPYTOM TEXHOJIOTHYECKOM
0o0OpyZOBaHUHU, a TaKXKe JUIsl M3MEpPEHUs IPYrux (PU3NUECKHX IapaMeTpoB (Beca,
JIaBJICHUS, BIAKHOCTH U T. I1.).
OcHOBHBIE XapaKTePUCTUKH U3Meputelsi-peryisaropa TPM202:
o JIBa yHUMBepcalbHBIX BXOJAa JIsI MOAKIIOYEHUS] IIMPOKOTO CIIEKTpa AaTUMKOB
TEMIIEPATYPHI, TABIEHUS, BIIAXKHOCTH, PACX0/1a, YPOBHS U T. I1.;
o [udposas dunpTpaus U KOPPEKIUs BXOJHOTO CUTHANIA, MacIITaOUpPOBaHUE
IIKaJIbI U1 aHAJIOTOBOTO BXOJA;
o Bpruncnenne W WHOMKAUWA KBaApPaTHOTO KOPHS W3 HM3MEPSAEMOM BEJIMYHUHBI
(Hanmpumep, AJi PEryJIMpoOBaHKsl MTHOBEHHOT'O pacxoa);
o Brruucnenue pasnoctu nByx uzmepsieMbix Benuuut (AT =T1 — T2);
o MHMuaukanus TEKylmux 3HAYECHUN U3MEpPEeHHBIX BeauuuH T1,T2 nim ux pasHocTH
Ha BCTPOCHHOM 4-X pa3psHOM CBETOIUOIHOM ITU(POBOM UHIUKATOPE;
o HmnynbcHbM uctounuk nutanus 90...245 B 47...63 I'n;
o Bcerpoennsiit ucroyHuk nutaHus 24 B g akTUBHBIX (MapamMeTpUYECKHX)
JTAaTYUKOB BO BCEX MOJAU(PHUKALIUAX IIPHUOOPA;
o IlporpammMupoBaHue KHOIIKaMU Ha JIUIEBOU MaHEIN Mpudopa;
o CoxpaHeHHe HACTPOCK MPHU OTKIIOUCHUH TUTAHUS;
e PpEryJHpOBaHUE W OAHOBPEMEHHAS PErUCTpanus U3MEPSEMON BEIUYUHBI IpU
yctaHoBke [{AIT 4...20 MA B kauecTBE BTOPOTO BBIXOJIHOTO YCTPOMCTBA,
e OJHOKAHAIBHOE TPEXIO3UIIMOHHOE pEryJupoBaHue (C JByMs pa3HbIMU
YCTaBKaMH);
« BcTpoeHHsIi uurepdeiic RS -485 (mporokon OBEH, Modbus ASCII/RTU)
o 3alura HaCTPOEK OT HECAHKIIMOHHUPOBAHHBIX U3MEHEHHIA.
[Tpu6op TPM136 umeet 60bIIEE KOJIUYECTBO BXOJIOB U BBIXOOB.

B Tabn.l BBIOOPOYHO MpPHUBEAECHBI THUIBI KaK TE€HEPATOPHbIX, TaK U
napamMeTpHUYeCcKUX JaTYMKOB MOJKIIOYAEMbIX K JAHHBIM OpUOOpam.

Tabnuua 1 — Tunsl 1 XapakTepUCTUKa HEKOTOPBIX NaTYMKOB K npubopam OBEH
TPM202 u TPM136

Tun gaTunka Jnama3on Pazpemaromas
U3MEPEHUN CITIOCOOHOCTR*
TCM (50M) W100=1.428 —200...4200 °C 0,1°C
TCII (Pt50) W100=1.385 —200...4850 °C 0,1 °C
TCII (50IT) W100=1.391 —240...+1100 °C 0,1°C
TCII (1001T) W100=1.391 —240...+1100 °C 0,1°C
tepmornapa TXK (L) —200...+800 °C 0,1 °C
tepmomnapa TXA (K) —200...+1360 °C 0,1°C
tepmomnapa TIIII (S) —50...+1750 °C 0,1°C
tepmomnapa TIIII (R) =50...+1750 °C 0,1 °C
tepmonapa TIIP (B) +200...+1800 °C 0,1 °C
tepmomniapa TBP (A-1) 0...+2500 °C 0,1 °C
Tok 0...5 MA 0...100 % 0,1%
Tok 0...20 MA 0...100 % 0,1%




Tok 4...20 MA 0...100 % 0,1%
HanpspkeHue —50...+50 mB 0...100 % 0,1 %
Hanpsokernue 0...1 B 0...100 % 0,1%

Crnenyet oOpamiaTh BHUMaHHUE, YTO HE BCE MU3MEPUTENIN UMEIOT UHTep(deichl as
NOAKIIOYEHUS! K KOMIbBIOTEpPY. Y MPOMBIIUICHHBIX HPUOOPOB ISl MOAKIIOYCHUS
00bIYHO MpeaycMatpuBaroTcs uarepdeiicel RS485, RS232 unu HekoTophie IpyTHe.

[TomuMo mpubGOpoB ¢ MUGPOBON WHAUKAIMECH U3MEPSIEMON BEIMYUHEI, IMTAPOKOE
pacopocTpaHCHHUE MONYYMIM MOAYJIM BBOJA/BbiBoAA (pHC.2). JIOCTOMHCTBOM MOJYJICH
BBOJIA, TIPH OTHOCHUTEIIBHO HEOOJBIIONW CTOMMOCTH, SBISICTCS, KaK MPaBWIO, OOJIBIIOE
KOJIMYECTBO BBOJOB JJIs MOJIKIIOYEHHUS JATYUKOB, BO3MOKHOCTh MOAKIIOUeHHS K DBM,
HaJu4yue CHEeNUATN3UPOBAHHBIX MOAYJEH [JIi W3MEPEHUS KOHKPETHBIX BEIWYUH
(mampumep, pH), BbicOkMil knacc TOYHOCTU. OTCYTCTBHE SJIEMEHTOB BHU3YaJbHOU
WHJUKAIIMA CBUACTEILCTBYET O TOM, 4YTO MpUOOp SBISIETCS MPOMEKYTOUHBIM
DJIEMEHTOM B cHUCTeMe KOHTpousis. [lpuBeneHHbIE MOIYNM MpeaHA3HAYEHBI IS
U3MEpPEHUSI  AaHAJIOTOBBIX  CUTHAJIOB  BCTPOCHHBIMH  AHAJOTOBBIMH  BXOJaMH,
npeoOpa3oBaHUs U3MEPEHHBIX BEIWYMH B 3HAUYCHHE (UBUYECKON BEIUYUHBI U
nocieaywIeil mepegaun dtoro 3HadeHus 1o cetd RS-485. Takum obpasowm,
MPEICTABICHUE W3MEPUTEILHON HMH(pOpMallud B BUJE YJOOHOM i HAOMIOACHUS U
XpaHeHus ocyiecTBisgercss O9BM uiu mpoOMBIIIEHHBIM KOHTPOJIEPOM.

KondurypupoBanue (HacTpoiika) mMoayjed BBOJIa-BbIBOJIa OCYIIECTBISIETCS Ha
[IK uepe3 chnenuanbHble YCTpPOMCTBA, Ha3bIBaeMbI amantepamu uHTepdeiica RS-
485/RS-232 wim RS-485/USB ¢ nmomoripio porpamm «KoHpHUTrypaTtop», BXOASIICH B
KOMIUIEKT MOCTaBKHM MOJyJiel. B compoBOAMTENHHON NOKYMEHTAIlMU YKA3bIBAIOTCA U
HCXOJ/IHBIC 3aBOJICKHME CETEBbIE MapaMeTpPhl, KOTOPHIE B Mpoiecce pabOThl MOTYT OBITh
u3MeHeHbl. OObIUHBbIE KOMMYHHMKAIIMOHHBIE BO3MOXHOCTH MOJYJIEH BBOJIa-BhIBOJA
MIPUBEJICHBI B Ta0J1.2.
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Puc. 2. O6muii Bua moxayineit anamoroporo BBoja EBM-B u MB110-224-8A ¢
RS485

Tabnuma 2 — CxeMbl TOAKIIOYECHHS TaTYNKOB B MOJTYJISIX aHAJIOTOBOTO BBOJA

TC AlI-R Al-R
Aatyuk e
; AlIX-2 AIX-2
T,°C
Al R

Cxema INOAKJIIIOYCHHUS AaKTHBHOI'O JaT4yuKa C

Cxema MOAKJTIOUEHHUS TEPMOMETPA
A p p BBIX0JIOM B BuJe HamnpsikeHus -50...+50 mB unu

COIIPOTUBJICHHUA




0...1B
Datumnk Al-R Al-R

rote— T [ AIX-2 m 1] Ax-2
U R,
= = AIX-1 C AIX-1

CxemMa NOJAKIIOYEHHUS AaKTUBHOIO JaTyuKa C
TOKOBBIM BBIXOJOM 0...5 MA, 0...20 MA wmiau | CxemMa MOJKIIOYEHUS TEPMOIJIEKTPUUYECKOIO
4..20 MA. VYcraHOBKa LIYHTHPYIOIIEro | IpeoOpa3oBarens

pesucropa Ry = 49,9 OM — o6s3atenbHa!

K1
- AIX1 ot
Al-R AIX-1
R2
AlX-2

K2

i i <550 G CxeMa MOIKIIOYEHMs JaTYUKA IOJOKECHUS

CxeMa TOIKIIOUEHUS JUCKPETHBIX NaTYMKOB | SAIBHKKH PESUCTUBHOIO THIIA
«CYXHE KOHTaKTBI»

OOBIYHO HACTPOITKAa MOYJISl BKJIFOUAET:

e HHJUBHUAYATbHYIO KOH(MUTYPALIUIO IS KAKIOTO BXO/Ia;

¢ JIMarHOCTHUKY COCTOSTHUS MOJKITIOYCHHBIX aHAJIOTOBBIX TATYHUKOB;

¢ ABTOMATHYECKOE OIpe/IeTICHIE MPOTOKOIIA;

o yHuBepcaiabHoe nuTanue (=24 B wim ~230 B);

o OOHOBJICHHE BCTPOSCHHOTO MPOrpaMMHOT0 obecrieueHust mo RS-485.

Moaynu JAWCKPETHOTO BBOJA TMpPEAHA3HAYCHBI I cOOpa JaHHBIX THIIA
«BKJTIOYUTH-BBIKITIOUNTE» CO BCTPOSHHBIX TUCKPETHBIX BXOJOB W MEpeaaddl MX B CETh.
CymiecTBYyIOT MOJYJIM BBIBOJA, 3a/Jada KOTOPBIX COCTOUT B TEpeAadd YIPaBIISIONTNX
CUTHAJIOB OT KOMIIBIOTEpA Ha UCTIOTHUTEIHHBIC MEXaHU3MbI PETYIUPYIOIINX OPTaHOB.

2. Toaknwyenune uzmepureis-peryiasitopa TPM 202 k koMnboTepy

B npombImieHHBIX MOJYJSIX BBOJA-BBIBOAA, W3MEPHUTENAX, HW3MEPUTENNX-
pEryisTopax OPUECHTUPOBAHHBIX N7l paboThl ¢ RS485 mpucyTcTBYIOT 1Ba KOHTaKTa A
u B s nonkmtoueHust k mmHe RS485 (puc.3). Ecnum TakuMxX KOHTAaKTOB HET, TO
MOJKTIOYUTH MPUOOP K KoMmmbioTepy 1o mmHe RS485 ne ynacres.

314]5|6[7]8]9|10|11]12|13|14[15[16

‘LJ, 3123123321/}

B A
~90 2458 Bbixog1  Bbixog2  Bxog1 Bxog2 Rs-485

Puc.3. Cxema KOHTaKkTOB ThUIOBOM wYacTu wusMepurens-perynsitopa OBEH
TPM202

[Toaxmouenue npubopos, coaepxkamux RS485 unrepdeiic, k 11K duzndecku ne
npeacrasisger npoodseMbl. OaHako BeiaeacTBre Toro, yto OonbimuHcTBO IIK comepxar
nopt USB, nyxen npeoOpazoBarens untepdeiica USB—RS485. Ero noakmovaror k
USB nopty kommbioTepa, a 4depe3 KOHTakThl A W B mojakiIodaroT MmpoBoJaMu K
U3MEpPUTENbHOMY MPHOOpPY C TaKUMH K€ KOHTakTamMu. Ecim pacctosHue HeOOJbIOe
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(1o 5 M), TO 3TO /ABa OOBIUHBIX MPOBOJIA, €CIU KE PACCTOSIHUE OOJIbIIE, TO MPOBOAA
HY>KHO TIEPEBHUTH JJIsi 00pa30BaHUs «BUTOH Mapbl», KOTOPYIO CIEAyeT MOMECTHTHh B
JKpaH.

USB A

Micro-USB

RS-485

Vce

1

Vce

B |3

D-

12

D+

D+

Al

GND

AlOINE—-

2
3
4

GND

nK

AC4-M

) USBamaRS-488)

AC4

— &

Inpu6op 1 | Inpm6op 31|

_>_OQ— - — :Inprop 32I

Puc.4. TIpeo6pazoBarenu narepdeiica USB — RS485 u cmocob ux coennHeHHS.

1, 2 — AC4-M, AC-4 ¢ ranpBaHUYECKOH pa3Bsa3koil. 3 - mpeodpazoBarensr USB —
RS485 6e3 raibBannueckoil pa3ssizku Ha Mukpocxemax CH340 u MAX-485

TunuuasiMu  npeoOpaszoBatensimu  uHTepdeiicoB USB u RS485 sBastores
npubopst OBEH AC4 u OBEH AC4-M (puc.4), B KOTOpBIX 0OecrednBaeTCs
rajibBaHUYeCKas HM30JSLUs MEXAY BXOJIOM M BBIXOJIOM, KOTOpas MpeaoXpaHsieT
KOMITBIOTEP OT aBapUMHBIX BHIOPOCOB HaIpsKEHUs B 00beKTe yrpaieHus. [Ipubdopsl
no3BOJIAIOT noakItouaTh K mmHe RS485 T1K, umeronuit USB-nmopr. [Iutanune mpudopa
BEJINYMHOU 5 BOJBT OCYIIECTBISIETCS OT MHBI USB.
Ocobennoctu mpeodpazonarens AC4-M:
rajibBaHUYecKasi U30JisLUs HHTEp(PencoB;
aBTOMATHYECKOE OIPEACIICHUE HAIIPABJICHUS NIEpEeIau JaHHbIX;

co3ganue BuptyaabHoro COM-mopra mnpu mnoxkiouenun mnpudopa k IIK
N03BOJIAET O€3 JOMOJHUTENbHOM aJanTalli HCIO0JIb30BaTh MH(OPMAaLMOHHbIE
cuctembl (SCADA, kouduryparopsi), paboraromue c amnmapaTHeivm COM-

OPTOM;

pazbeMm micro USB ansa noakmouenus npeoopazonarens k [1K;
nutadue ot muHel USB.
[TonnepxrBaeMble ONepaliOHHbIE CHCTEMBbI

Windows XP/Server 2003/Vista/7/8/8.1/10;
Mac OS X

Linux 2.6.x/3.X.X.

[Iepen HayaaoM Da6OTI)I H€06XOI[I/IMO YCTAaHOBHUTH Ha KOMIIBIOTCPD KOH(bMZVDaWZOD

uzmepumens pecynsmopa OBEH TPM?202 u npeodbpazosamens (adanmep) unmepdetica

Ad.
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A4 13
AAT —
TPMZ02 R5—485 USE B USB 4
\Kosm| Lens
|Konm|  Lleno Leno  |Kowm) ~ 101
Kabeas USB B - USB A
AL 2208 | [RS465.8 | 16 :g; A 103 g j abere
— N7 2208 | [Rs#85_4 ] 15 — L [10r -

Kowm|  Uens Ueno  |Kowm)
9 |[Bxog 1-1| |Baxog 1-1| 3

10 |Brog 1-2| |Bewog 1-2
11 |Brog 1-3| |Boxog 1-3
12 |Brog 2-3| |Buxog 2-1
13 |Bxog 2-2| |Baxog 2-2
14 |Brog 2-1| [Bawog 2-3,

Q|||

Puc.5. Cxema  nomgkmodeHus  usMmepuress-perymstopa  TPM202 wu
npeobOpazoBarens unrepdeiica A4 kK KOMIBIOTEDY.

3areM coOpaTh cXeMy MOJKIIOUEHUs] MPUOOPOB B cooTBeTcTBUE ¢ puc.5. K
KoHTakTam 1-2 Bxoma 1 (puc.3, Tabn.2) moakiIouuTh TepMmorapy XA coOmronas ee
MOJISIPHOCTh

Ioakar0yeHnne NpuOOPOB OCYIIECTBJATH P BHIKJIIOYEHHOM HATNIPSKEHUH.

[IporpammupoBaHue HU3MEPUTENCH-PETYIATOPOB U MOAYJEH BBOJA/BBIBOJA, TIO
CYTH, CBOJUTCS K YCTaHOBKE IMapaMeTPOB paOOTHI TaHHBIX YCTPONCTB B MporpamMMmax,
Ha3bIBAEMBIX KOHPUTYpATOpaMU, KOTOPHIE BXOJSAT B KOMIUIEKT ITOCTABKH.

[Tocne moxakmrodeHUs mpubopa K KoMIbOTepy 1o wuHTEpdeiicy RS485
HE0O0X0IMMO 3anmycTuTh porpammy «Koudurypartop (ykazats mun npubopa)» u aajiee
paboTarth B CIAEAYIONIEH NOCIeA0BATEIbHOCTH:

VYcranaBiauBaem U npubdopa yepes oniuto « Tum npubdopay:

TPM101, TPM2xx Konduryparop - Onpegenetue npubopa
Buibop Tvna npubopa 1 ycTaHoBKa coeAMHEHUA
Tun npubopa:
TPM101 - ogHokaHanbHuii NMAO-perynaTop V02.0021 \
|
[ CeTesble NnapameTpbi NPOrpaMmbi ]
|
I
| l Mpubop oTKMoYeH ] [ MopxnioueHue npubopa J l OTmeHa l
|
@ Bribop BpyuHyto © ABTOMaTHueckoe onpenernesue

Puc.6. MeHio Bxoja B KOH(PUTYpaTOp M MEHIO CETEBBIX MapamMeTpoOB s
uzmeputenei-peryiasitopo TPM101 u TPM202
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| TPM101, TPM2xx Kowdurypatop —-Onpe,qeneuue npwbopa

Beibop Tvna npubopa u ycTaHoBKa CoeANHEHNA

Twn npubopa:

[TPM202 - ABYXKaAHaNBHBLIA 3MEpPUTENb-PETNYAATOP =
TPM101 - oaHokaHansHbid MW -peryaatop

TPM200 - aByxKaHaNLHbIA U3MepUTENs

TPM201 - oAHOKaHaNBHbIA M3MEPHTENL-PETYNATOP

TPM202 - nByXKaHaNbHbIA M3MEPUTENb-PE
TPM210 - oagHokaHaneHblid MAA-perynatop
TPM212 - NNA-perynatop AnA yNp. 3aABUXKaMK W KnanaHamu

MNpubop oTkaoueH l [ MNoaknrouerine npubopa ] l OtmeHa

@ Buibop BpyuHyto ' ABTOMaTUUecKoe onpejeneHue

‘—Iepes OIINHUIO «CCTCBLIC ITAPAMCTPHI IIPOI'PAMMBD) YCTAHABJINBACM IIAPAMCTPHEI CBA3H U
Ha)XUMAacM KHOIIKY «HpI/IMeHI/ITB».

TPM202 - C PaMETPbI Nporp
MapamMeTpul CBAZM
WMma nopTa: Ccoms -
| gy
i e

BeiSop anpeca noaknioyaeMoro npusopa

NnuHa ceTesoro agpeca
BazoBwid anpec npusopa: |16 H I

MpUMEHNTE OTtMeHa

Howmep nopra onpenensiercss B Aucnerdepe ycTpoicTB. OHaKo CKOPOCTh 0OMEeHa
JAHHBIMHU ¥ 0a30BBIN ajipec mprubopa HEOOXOIUMO B3STh U3 IOKYMEHTAIMU B pasjiesie
3aBOJICKUX HacTpoek. Ecnu Takue naHHbIE (OOBIYHO TMOCHE AKCIUTyaTalluu mpudopa c
W3MEHEHHEM 3aBOJICKMX YCTaHOBOK) OTCYTCTBYIOT, TO MOKHO BOWTH B KOH(HTYpaTop
MO/ OMNIUAMHU THUIA «IPUOOpP OTKIOYEH», «pabotath ofline» u ap. 3atem B
KOH(HUTYypaTope B COOTBETCTBYIONINX MyHKTaX MEHIO OMPEJIEIUTh CETEBBIC MMapaMeTPBhl.

Ecnmu aToro cmenaTh He ymaeTcs, MOXKHO IIOIBITAThCS BEPHYTCS K 3aBOICKUM
ycTaHOBKaM. IHade mpencToMT KpomoTiuBas padoTa IO YCTAHOBJICHHIO CETEBBIX
napaMeTpoB METOAOM MpoO U omuOoK. [Ipy 3TOM crnemayeT yuecTh, 4TO AJTUHA CETEBOTO
aapeca cocrtapysier 8(11) O6utr. C ydeToM JaHHBIX 3aMEUaHHUM CIEayeT HaJEeKHO
COXPaHSATh CETEBBIC MMApaMETPhl 000PYT0BAHHUS.

Ilocne yCTaHOBKHM CETEBBIX HACTPOEK CIEAYIOT MPOU3BECTH MOJKIIOUYEHHE
npubopa. Haxxnmaem kiiaBuily nofxiatoueHue npubopa, nocie 4Yero nosiBisercss OKHO:
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TPM101, TPM2xx Kondurypatop - O6wme napameTpel npubo.. (et |

\ Waentudmratop npubopa TPM202
" Bepcua nporpamms V03.0004

Haxumaem OK u HabGmronaeM rmokasaHusi TeMIeparypbl B KOHQUTypaTope:

_TPM202 - Konuryparop = ] V030004 — _Elﬂg
o e —
JuAeREsE s

Tpynna LvoP uAdu |Lvin 1 [Lvin 2 [LvoU 1 [LvoU 2 [Comm [K . W

pynna LvoP. PaGouwse napame sl npuopa.

229 :vﬁeﬂanaenmmna

Z= pemepa poepatopa 1
Y 1

S marmres SCLu L)

lm—:::egemauunmuna

Bxognan senvinHa ana
Lubl? =0 perynaTopa\perucTpaTopa 2

v pa2
£iL (orpenennercn SLL2w SLH2)

MNapameTpe! o YRRTOROM.
[t ] [rossmeweormouseps < [omeeoncore e f o
[ 2 ] [Ymumovma ']:L?‘::::::::::m 0.149 m?“m‘"

pynna Adu. MapameTpe: HpsaLIM.

[osr ] (O <] Pemmsmancu
[ ] 0 oo s i0cee:

oFF=100-a8ToMaTHYECKIA BOSEPET OTKN.)

rESt

B ommum «Lvin 1» ycranaBiauaem tun tepmonapsl TXA(K).

wmzoz Kongurypatop [npuop noaxmouen] V030004 S ‘ — Lo
®aiin Mpuop Onumn Cnpaska

PR

" Ipynna LvoP u Adu | Lvin 1 | Lvin 2 |LvoU 1 |Lvou 2 ICumm |Kan||6|mn|m MapaMeTphl CEKPETHOCTH

Mpynna Lvin. Mapametps: 140 sxoaa npwopa.

(K) | Tin BxogHoro aaTinka wan
curnan ana exoaa 1

l1— TourocTs BoIBOAA TEMNEPATYPBI
maexoge 1(0,1)

Bxoaran seniira
LR ey v

dP1 1 Monoxerise [AECATAHOR TONKIA
| arenona 1(0, 1.2, 3)

| 11 1999 MHR FPAHHLA HIMEDEHWA ANA

HEH

aa 1(-1999...9999 sasuewt ot dF)
Bewu rwuua WIMEPEHHA ANA
(-1999...9999 sasucut ot dP)
BoiscnuTens keagpaTHoro
KOpHA AnA Bx0aa 1

|nn Cogwr xapax: anA exona 1
(-500.0 ... +500.0 saguciT o1 dP )

(EET

(TN O (et 1 1

0.0 Monoca punsTpawm ans exoaa 1
[Lwf1 ]

(0 ... 9999 sasncur ot dP )

0 MocTosHHan BpeMeHH LMBPOBOroD
uneTpa ana exopa 1(0..999 ¢ ; oFF=0)

|
llink

Kax npaBuio, Bce npuBeieHHbIE B KOH(PUTYypaTOpe ONIIMU MHTYUTUBHO MOHSITHBI
U ToApoOHO OMHCaHbl B JOKYMEHTAlMu K npubopam nubo Ha caitax ¢Gupm
u3roroButenei. BenencTeue 0osporo pasHooOpasusi YCTPOHCTB HET BO3MOYKHOCTHU
IPOU3BECTH OMNMCAHME KaKJIOro YCTpoHCTBa. Bmecte C TeM, ciexyer OTMETHUTH
BO3MOXKHOCTH BbIOOpa B KOH(UIypaTOpe BHJa BXOAHOIO CHUTHaja, TUMNA JaT4MKa,
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JMara3oHa W3MEpPEHH, BhIOOpa XapakTepucTuk QuubTpa U T.1. K 3THM mapamerpam
CJIEIyeT OTHECTHCHh OTBETCTBEHHO, TaK KaK OT HUX 3aBHUCUT KOPPEKTHOCTH MOTydaeMbIX
B ACTIIEPUMEHTE PE3yIbTATOB.

[Ipu HEOOXOIUMOCTH B KOH(PUTYpATOPE MOKHO M3MEHUTH CETEBBIC MapaMeTpPhI
(u HE 3a0BITh MX 3a(UKCUPOBATH, B TOM YHCJIC M B BHJE HAKJICHKH Ha MPUOOpE). ITO
OCYIIECTBISETCS B OKHE «Commy:

PR TPM202 - Konduryparop [pwtop nomxmones] V020004 e — — [

|| ®aitn  MpuBop Onuww Cnpasxa
B =I i

|prnna LvoP n Adu ]Lvin 1 ]Lvin 2 ]Lqu 1 |LvoU 2 |Comm iKaaqum: ]I'Iapane‘lpu CEKPETHOCTH

Ipynna Comm. MNapameTps: obmessa no AS-485.

] - Basoswiit agpec npuiopa
[Lpa ] 16 < (8-0.255 11b-0,.2047)
[ ALEn | [86ur 'i Dnwra ceTesoro agpeca
[ag - | CkopocTs o6MeHa gaHHBIMM
I _ a6 ) (kéur/e)

20 3apepxxa npw oteeTe no RS-485
= T )

B m3mepuTtensix perymsitopax, ¢ 1eiablo UX aBTOHOMHOT'O UCIIOIh30BaHUS, OOBITHO
IPEAYCMOTPEHO MPOrPaMMHUPOBAHUE U ¢ TIOMOIIBbIO KHOIIOK Ha MaHeu rnmpruoopa. MeHto
KaJTHOPOBKU 0TOOpakaeTcs Ha AKCILICE MPUOOpa B BHIE CHMBOJILHOM rpaduku (puc.7).

- -3 - o - 2 - -3 -
oo | (AU B [AEAU| A JAEnt| B [AEnl | [AEnl
JiluvoP|M J Adu M diluvcn | Jlvol N Lllonn
(]
L5 dc 5P cn.k ! SL.L! bP5
T SERE E..L -/999 1i5.¢7
?>3c §>3c J;>3c !lEl>3c l;>3t:
L I L I S

Puc. 7.HaBuramus B mento Hactpoitku OBEH TPM 202

C manenu mpubopa OCYIIECTBIISIETCS U BXOJI Yepe3 Mapoiib B MEHIO KAJIMOPOBKHU U
I0CTUPOBKU Tpubopa. [loapoOHO omeparu Mo HAacTpolKe MPUOOPOB MPUBOASITCS B
nokyMeHTaruu. [IpoTokosibl 0OMeHa UCTIOIb3yeMble B IPUOOpE MPUBEICHBI B Ta0J.3.

Ta6nuna 3 — [TapameTpbl TPOTOKOJIOB OOMEHA

[TapameTtp [TpoTokon
OBEH ModBus RTU ModBus ASCII
KomnuuectBo crom-our 1 2 2
JlnvHa cioBa TaHHBIX & our 8 our 7 our
Kontposb ueTHOCTH HET HET HET

[IporpammupoBanue ¢ maHenu npudopa obecreurBaeT JOCTYI MPAKTUYECKH K
BceM (QYHKIMSAM yCTPOWMCTBA, B TOM YHCIIE YCTAaHOBKE MPOTOKoJia oOmeHa (Tabi.7) u
ceTeBbIM mapamerpaM. JlocTynm K MOCIEIHMM OO0JIer4aeT MX BOCCTAHOBJIEHUE MIPH
noTepe.
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KonTponpHbIE BOITPOCHI.

1.

HCpG‘II/ICHI/ITe THUIIbBI HpI/I60pOB HCIIOJIb3YCMbBIX B CUCTECMC KOHTPOJIA U

YHpaBJIICHUS TCXHOJIOTUICCKUMU ITPOICCCAMMU,

©ONOUE®WN

B deMm cocTouT OTIM4re U3MEPUTENECH U U3MEPUTEIICH-PETYISITOPOB?

B ueM cocTouT 0cCOOEHHOCTH IPUMEHEHHS MOTYJICH BBOIa/BBIBOIA?

Kakue naTdauku Ha3bIBAIOTCS MAPAMETPUICCKUMU, a KaKHe TeHePATOPHBIMU?
UYro takoe ['CII?

Kakue napameTpbl HacTpauBaroTcsa B KOHPUTypaTopax npuoopoB?

Kakue napameTpbl OTHOCATCS K CETEBBIM?

Ha kaxom a¢pdekte paboraet Tepmonapa?
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JIABOPATOPHAS PABOTA 2. MUKPOKOHTPOJLJIEPBI

Heanb padorbl. O3HAKOMUTCS ¢ MHKPOKOHTPOJUJIEPHOW TEXHUKOW B CPEICTBaxX
KOHTPOJISI W YOPAaBJICHUS TEXHOJOTHYECKUMHU OOBEKTaMH M CHUCTEMax 3allUTh
okpyxaromeir  cpeasl.  [lomyunTth  mpakTUYecKue  HABBIKM  paboOTBl ¢
MUKPOKOHTPOJUIEPAMH.

IIpubopHoe 060pya0BaHHE:
Muxpoxonmponnep ATmega328,
IInama Arduino UNO,
Conneunas bamapes,

Jlamuuk npumeceti 8 6030yxe,

. Ceemoouoo.

IIporpammMHoe obecricUeHHE:

1. Monumop Ilopma Ilpo 1.7.1.

2. Driver <ch341ser>

3. SerialPlot v0.10.0-win32(64).exe

abrwnE

B mnacrosimiee Bpemsi 0oJibllIOE paclpocTpaHeHUe sl cOopa, mnepepadoTKu
uHbopMaIuu u YIPaBICHUIO Pa3IMYHBIMU poueccamu npuoodpeu
MUKPOKOHTPOJUIEPhl M OJHOIUIATHBIE KOMIIbIOTEPHl. (OCOOEHHOCTHIO KOMIIBIOTEPOB
SBJIIETCS HAJIWYME YOPABISAIOIIEH ONEpPAlMOHHON CHCTEMBI, B TO BpeMs Kak
MUKPOKOHTPOJUIEPHl BBIMOJIHSIOT OINPEACIECHHYI0 IOCIEI0BATeIbHOCTh KOMaHA U
omepanuii. B kadecTBe mnpumepa MOXXHO CpPaBHUTh IIHUPOKO PacHpOCTpPaHEHHBIE
HACTOAIIEE BpeMs MHKPOKOHTpOJUIEpHbIe MiaThl Arduino U  MUHHATIOpHBIE
OJTHOIIJIATHBIC KOMIIBIOTEPHI THITA Raspberry Pi (puc.l).

Raspberry Pi Arduino Due

Puc.l. Onnomnatueiii komnbeioTep Raspberry Pi u MUKpOKOHTpOJIIEpHas miata
Arduino Due

[Inatel, conepxainme MUKPOKOHTPOJUJIEPhI, HE SBJISIIOTCS TMOJHOIEHHBIMU
KoMITbloTepaMu. Ha HUX HET onepanmoHHON CUCTEMBI KaK TaKOBOW, MUKPOKOHTPOJLIEP
MPOCTO BBHIMIOJIHAET KOJI, UHTEPIPETUPYEMBIN NpOomMBKONA. OJHAKO JJIs1 ONPEIeICHHOTO


https://hackaday.io/project/5334/log/66420-serialplot-v0100-released
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TUIA 3324 TAaKO€ HEMOCPEICTBEHHOE BBIMOJHEHHUE HECIOXKHOTO KOJAAa MPOTEKaeT
mpoire, a mpu paboTe HE BO3HUKACT HUKAKUX H37CPKEK, CBA3AHHBIX C OTICPAIIMOHHOMN
cuctemMonl. Paznuyrie MexIy OIHOIIATHBIMA KOMITBIOTEpAMU U MUKPOKOHTPOJIIICpAMH
XOPOIIIO TPOCISKUBAIOTCS M0 UX OTHOIICHHUIO K AJICKTPOMUTAHUIO, PAOOTON ¢ CEThIO U
JTATYNKAMHU.

MUKpOKOHTpOJUIEpEl  00J1amatoT HA00pOM HHTEP(EHCHBIX aHAJOTOBBIX H
U (HPOBBIX TOPTOB. [10ATOMY MUKPOKOHTPOJIIIEPHI OTIIMYHO MOIXOAT IS TEX CIy4aes,
Kor/ia mpesmnosaraercs coop MHGOpMAIMK C aHAJOTOBBIX WM HU(PPOBBIX TATYUKOB U
BBITIOJIHEHUE CEPUU KOMaHJ JUIsl pabOThl ANEKTPUUECKUX HIIM AJIEKTPOMEXaHUYECKHUX
YCTPOMCTB.

CTouT OTMETUTH, YTO MHUKPOKOHTPOJUIEPHl MOTYT OBITH JIETKO MOAKIIOYEHBI K
mHe RS485 coBMecTHO ¢ MPOMBINIIIEHHBIMU CEPTU(GUITUPOBAHHBIMU U3MEPUTEISIMU -
peryiasTopaMu WM MOJYJsSMH BBOJa/BbiBOAAa. [Ipu 3TOM OTKpBIBalOTCS OOJIbIINE
BO3MOYKHOCTH TIPH KOMITBIOTEPU3AINNHA SKCTICPUMEHTAIBHBIX YCTAaHOBOK WM CHCTEM
KOHTPOJII W HAOJIOJACHUSA, B TOM YHCJIC M C TOYKH 3PCHHUS TOJYYCHHUS HAIAC)KHBIX
cepTU(GUITMIPOBAHHBIX TAHHBIX.

2.1. XapaKkTepuCTHKH MUKPOKOHTPOJLJIEPOB

MUKpPOKOHTPOJUIEp - A3TO CHEIUaldbHAsi MHKPOCXEMa, TMpeaHa3HAuYeHHAs IS
VOPABJICHUS PA3IUYHBIMH  AJICKTPOHHBIMU  YCTpOMCTBaAaMU. MHUKPOKOHTPOJIIEPHI
BIIEPBbIC MOSBUJIUCH B TOM K€ TOJYy, YTO M MHUKPOMPOIECCOPhI OOIIEro Ha3HAYCHUS
(1971). B omiimure OT MUKPOKOHTpoOJUIepa paboTa MHUKPOIPOIECCOpPa Peaiu3yeTcsi B
COCTaBE MaTEPUHCKOM TUIaThl. B MUKPOKOHTPOJIIIEPE BCE ITH BO3MOKHOCTU BCTPOCHBI B
OJIMH YWIl, U OTCYTCTBYET MOTPEOHOCTh B MATEPUHCKOM IJIaAT€ U MHOTUX JIPYTUX
KoMIioHeHTaX. [Ipu 3ToM cl1aboTOYHBIE YCTPOWCTBA MOXKHO TOJKIIIOUUTh HATPSIMYIO K
MHUKPOKOHTpPOJIIEpY. B MuKpomnporeccopax Takoi BO3SMOYKHOCTH HET.

Wb
\ \

Puc.2. Mukpokontpomnepst AVR - ATmega8L-8PU (xopmyc DIP 28) u ARM
cemetictea STM32F10x (kopmyc LQFP 48)

B wmukpokonTposuiepax mporeccop, namsath, [I3Y u mepudepus HaxomsTcs
BHYTPH OJHOTO KOpITyCa, BHEIIHE IOX0XEro Ha OOBIYHYIO MHKpocxeMy (puc.2).
CrnenoBatesibHO, MUKPOKOHTPOJIIEP - ATO KOMITbIOTEP, (DYHKIIMOHUPYIOITUN HA OJTHOM
KpUCTaJlJIe, KOTOPBIM CIIOCOOEH BBIMOJIHSATH OTHOCUTEILHO HECIIOKHBIC ONEepaIliu.

MUKpPOKOHTPOJUIEp XapaKTepu3yeTcs OOJBIINM YMCIOM MapaMeTPOB, MOCKOJIbKY
OH OJHOBPEMEHHO SBIISIETCS CIIOKHBIM IPOrPAMMHO-YIPABISEMBIM YCTPOWCTBOM U
ANEKTPOHHBIM mpubopom (MuKpocxemoit). IlpucraBka '"mMukpo" B Ha3BaHUU
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MUKPOKOHTPOJUIEpa O3HA4aeT, YTO BBINOJHSAETCS OH IO MHKPOIIEKTPOHHOM
TEXHOJIOTHH.

s oGneryenust paboThl MUKPOKOHTPOJUIEP YaCTO YCTAaHABIMBACTCS Ha IUIATY C
OOCTY)KMBAIOIIIUMU €r0  JIOMOJIHUTEIBHBIMH JJIEMEHTAMH — CTaOwmiIM3aTopamu,
npeoOpa3oBaTeIsiMi, KOHTAaKTaMd M T.J. MUKPOKOHTPOJIJIEPHI TO3BOJIIOT THOKO
YIPABJISATH PA3TUYHBIMU JIEKTPOHHBIMH M AJICKTPUUCCKUMU yCTporcTBaMu. J{Jist menei
cobopa uHGOPMAINK U yIPABICHHUS UCTIOJTHUTEIHHBIMUA YCTPOHCTBAMH BaXKHO HATMYNE
y MUKPOKOHTpOJIIepa Habopa aHAIOrOBBIX U IIUGPOBBIX BXOJIOB M BBIXO/OB.

[lnaTe, copeprKaliue MUKPOKOHTPOJUIEPHI, COJEpKaT, KaK MPaBUIIO, TaKXKe
crabunuzaTtopsl HampsbkeHus, USB moptel ¢ mpeobOpazoBatensmu curnainoB USB-
UART u T. 1. (puc.3).

Bxomer u BeiIxogel MK GPIO (general-purpose input/output) otHocsTCS K
uHTepdeiicy BBoJa/BbIBOAa oOmIero HazHadeHus. [IpegHazHaueHbl IS CBS3H MEXKIY
KOMITOHEHTAaMH KOMIBIOTEPHOW CHCTEMBI, K TIPUMEPY, MHKPOIPOIECCOPOM U
paznuuHbiMU niepudepuitipiMu yerporictBamu. Kontaktel GPIO mMoryT BeICTynaTh Kak
B POJIM BXOJla, TAK M B POJIM BBIXOJA, YTO, KaK MPaBWJIO, KOHPUTYpPUPYETCS B Cpele
IPOTPaMMHUPOBAHMS.

Use | TX RX
ol

AHanorogble —> —» AHanorosble
BXOAbI —> namsaTb —/ BbIX0Abl
— —
analogRead|) —px ' » analogWrite()
GND ——— | MPOUECCOP | L 3 GND
Lncbposble —>f A . \—* Lincbposble
— ur, ATty ——>
BXO/Abl TalMepbl BbIXO/bl
digitalRead() — |y digitalWrite()
SJ'IEKTpOI'IMTaHTME
5V 3.3V
ctabunusaTtop
HanpsHXeHus

Puc.3. CxemaTuueckuit unTepdeic miarTel coepxaiieit MUKpOKOHTPOJLIEP

AHajoroBele BXxoabl. Ha mmatax oHm wuHOrma o0Oo3HadaroTcsi OykBou [A]
(Analog) u mpeaHa3HauEHBI AJIs MPHEMa CHUTHAJIOB OT aHAJIOTOBBIX T€HEPATOPHBIX HIIH
napamMeTpUIeCKuX JaTYMKOB HampspkeHueM He 6osee 3 wiun 5 B B 3aBucuMocTH OT THNA
MUKPOKOHTpPOJIJIEPA. AHAJIIOTOBBIE BXOJbl BOCHPHUHUMAIOT TOJBKO IMOJOKUTEIbHBIN
curHai. JJi1 moaKIII0YeHus 1aTyuKa JOCTATOYHO MOAKIIOUNUTH €ro + K KOHTaKTy (IUHY,
Pin — anen. 61600 ) aHaJIOroBOTO BX0/Aa, @ MUHYC K KOHTakTy GND.

AHAaJOTOBBIM BXOJ TOJKJIIOYEH K aHAJOro-uu@posoMy mnpeodpazoBareio,
KOTOPbIN NEPEBOAUT HANpsKeHUEe B IUGPoBoi KoJ. OObIUHO Ucnonib3ytoTes 8, 10, 12 u
16 outneie AIIIl. Paspsanocts AIIIl cBsizaHa C KOJIMYECTBOM YacTei, Ha KOTOpbHIC
pa3duBaeTcs OMOPHOE HAIPSHKEHUE:

AIIII 8 Our : 28 = 256

AIIIT 10 Our: 210 =1024

AIIIT 12 Owur: 212= 4096

AIIIT 16 Our: 216= 65536.


https://ru.wikipedia.org/wiki/%D0%9C%D0%B8%D0%BA%D1%80%D0%BE%D0%BF%D1%80%D0%BE%D1%86%D0%B5%D1%81%D1%81%D0%BE%D1%80
https://ru.wikipedia.org/wiki/%D0%9F%D0%B5%D1%80%D0%B8%D1%84%D0%B5%D1%80%D0%B8%D0%B9%D0%BD%D0%BE%D0%B5_%D1%83%D1%81%D1%82%D1%80%D0%BE%D0%B9%D1%81%D1%82%D0%B2%D0%BE
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OnopHoe HanpsixeHue siBisieTcs mwiardopmoit 1uist padotsl ALIL. OHo co3maercs
CTaOMIM3aTOPOM IIJIaThl MHUKPOKOHTpOJUIEpa M B TEPBOM NPUOIMKEHUU PaBHO
HaIPSHKEHUIO MUTaHUsI MUKPOKOHTpoJiepa. Eciin onopHoe HanpsbkeHue paBHo S5 B, To
YYBCTBUTEIHHOCTb aHAJIOIOBOTO BXO/a Oy/IE€T COCTABIIATH:

AIIII 8 6ut : 5/256 = 0,01953125 B = 19.5 mB
ALII 10 6ur: 5/1024 = 0,00488 B =4.88 MB
AT 12 6ur: 5/4096 = 0,00122 B =1.22 MB

ALII 16 Our: 5/65536 = 0,0000762 B = 0.076 mB

OTH dYacTh SBISAIOTCS MEpaMH, KOTOPBIMU U3MEPSIOTCS TMOCTYIAOIIEe Ha
aHaAJIOTOBBIM BXOJl HampspkeHue. Takum oOpaszoM, uem Bbilie paspsaHocts AL, Tem
OoJyiee 4yBCTBUTEJBHBIM OyAeT aHaloroBblid Bxoh. Ecnu, Hampumep, HE0OXOAUMO
U3MEPATh TEMIEPATYPY C MOMOIIBID TepMomNaphl, Kotopas reHepupyet tepmo IJIC
okoa0 5 MB na 100°C, To HeT cMbIcia ucnoiab3oBath 10 ouTHed AL, a HeoOxoauM
ALII 16 Outr. OOBIMHO B MHUKPOKOHTpOJUIEpAX HMEETCS BO3MOYKHOCTh YCTAaHOBKH
HECKOJIbKUX YPOBHEH OMOPHOI0 HAMPSIKEHUS.

[IporpaMmMHO aHAIOTOBBIE BXOAbl MOYKHO TIEPEBECTH B IIU(DPOBHIE.

Hudposbie Bxoabl. Ha mmarax, cogepxkamux MK AVR, oHu 00b19HO
obo3nauvarotcs Oykeoii [D] (Digital). CuutsiBaroT 3HaueHue ¢ 3amannoro Bxonxa: HIGH
wm LOW. HIGH — cootBerctByeT normueckor emmnuie, a LOW — jorumdeckomy
Hymto. Jlormueckas e€IuMHWLA COOTBETCTBYET HANPSDKEHWIO 3 WM S BOJBT B
3aBUCHMOCTH OT TUIIA MUKPOKOHTpoJuiepa, Jiorudeckuii 0 sto 0 B. [Ipumenstores mis
CUMTHIBAHMSI YMPABIAIONINX HAMPSXKEHUN THUMA «BKIIOUYEHO/BBIKIIOUEHOY», HAIPUMED,
OT KHOTIKH, KOHTaKTOB pelie, U(POBBIX JATYUKOB HIJIA CYETUYUKOB.

YpoBeHb HamNpsDKEHHWs] HA aHAJNOTOBBIX W IU(MPOBBIX BXOJaX HE JIOJDKEH
MPEBBINIATH JTOMYCTUMOTO 3Ha4YeHus (00buHO 3 miu 5 B), mHaAYe MUKPOKOHTPOIUIEP
BBIMJIET U3 CTPOSI.

BeiBoaslt TX wum RX. BrBoasl mnpuemonepenatuuka. llocienoBaTenbHbIit
uatepderic <Serial> i MOAKIIOYEHHS BHEIMIHUX YCTPOMCTB, TaKWX KaK MOJYJIH
Bluetooth,  mpeoOpazoBareru  UART-RS485 w  np. Ha  mumkpocxemax
MHKPOKOHTPOJIJIEPOB MPUCYTCTBYIOT BBIBOJBI TX n RX wyepe3 koTtopsle, ¢ TOMOIIBIO
crienUalIbHBIX TIpeoOpazoBateneid Tuna CP2102 win aHaTOTUYHBIX, MUKPOKOHTPOJUIEP
MOeT ObITh nmoakitoueH kK USB nopty komnetorepa. Ha psine niar, cogepxkanmux MK,
HarpuMmep ApJyuHO, OOBIYHO YCTAaHOBJIEHBI MUKpOCXeMbI NpeodpazoBareneii UART-
USB, 4T0 1m03BOJIsIET HAPSIMYIO TOJIKJII0YaTh ux yepe3 noptT USB k kommbioTepy.

AHaJI0roBble BbIX0AbI. CleayeT OTINYaTh HACTOSIINE (UCTHHHBIE) aHAJIOTOBBIC
BBIXO/Ibl U YCIIOBHO aHAJOTOBbIE TE€HEPUPYIOIINE MIUPOTHO-UMITYIBCHYIO MOIYJISIIIUIO
(IIUM). IcTUHHO aHAJIOTOBBIE BBIXO/IbI MPEIOIAral0T HAJIMYUE B MUKPOKOHTPOJLIEpPE
udpo-ananorosoro npeodpazosarens (L{AIT). Takue BBIBOIBI MPUCYTCTBYIOT TOJIBKO Y
HEKOTOPBIX MHUKPOKOHTPOJUIEPOB, Takux Kak rurata Arduino Due, MassDuino wmu
HEKOTOphIX Apyrux. Ha Takux BbIxogax ¢GOpPMUPYETCS aHAJIOTOBBIM  CHUTHAI
MOCTOSTHHOT'O HAIpsDKeHUsT JII0O0O0W 3aJlaHHOM BEJIIMYMHBI B Tpelesiax HamnpspKeHUs
nutanuss CPU (Central Processing Unit) kontposepa. Ilocne ycuieHus Takoit
AHAJIOTOBBI CUTH&JI MOXHO HCIIOJB30BaTh I YINPABICHUS YCTPONCTBaMH,
TeHEepUPOBAaHUS 3BYyKa, YINpaBICHUS CTAOWIbHBIMA HWCTOYHUKAMHU CBeTa, JHO0O,
HaIrpuMep, B dJIEKTPOXUMHUYECKOM aHAJIU3€E U T.[I.
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[IupoTHO-UMITYJIbCHAsT MOAYJSIUS TMPEACTaBiIsieT coO0M HabOp HMMITYJIBCOB C
nornyeckumu 0 u 1 pasneneHHbIX Bo BpeMeHH. Eciu, HanpuMep, NpoaoHKUTEIbHOCTh
MMITYJIbCOB OJIMHAKOBA, TO YCPEAHEHHOE JIOTMYECKOe HampspkeHne paBHo 0.5 oT ero
MaKCHUMaJbHOW BenuuuHbl. [Ipyn MakcumManbHOM HamnpsbkeHud S B ycpenneHHoe
coctaBuT 2.5 B. Ecnu npopomxutensHocTh 0-ummynbca paBHa 30%, a l-ummynbca
70%, TOo ycpenHeHHOoe HampsikeHue Oyner paBHo 5x0.7=3.5 B. [IporpaMmHbIM myTeM
3ajaBasg BpEMs JCUCTBHS MMITYJIbCOB, MOXHO Ha BBIXOAE CO30aBaThb HYKHOE
ycpennennoe Hanpspbkenue. IIMM-curnan  yno6Ho HaOmomarh ¢ MOMOIIBIO
ocuusuiorpada B BUAE MPSIMOYTOJIbHBIX UMITYJIbCOB.

ITockoJIBKY 4acToTa CleAOBaHUs HMITYJbCOB BBICOKA, TO MHOTIME YCTPOMCTBA,
YCIIOBHO TOBODS, «BOCHPHUHHMAIOT» HE MIHOBEHHBIE 3HAUEHHsI HAINpPSIKEHUS B
MMITYJIbCaX, & B UTOT€ KAK HEKOTOPOEe ycpeaHeHHoe HanpspkeHue. MM Baxuenmmii
Croco0 ympaBJ€HHS] MHOTMMH MOIIHBIMH YCTPOMCTBAMHU: CHIJIOBBIMH KJIHOYaMH,
HarpeBaTes MM, JBHUrareiasisMd u T.J. Ilo 3Tol mpuuMHE NaHHBI CcHoco0 BBIBOAA
IPUCYTCTBYET BO BCEX MHKPOKOHTpOJUIEpax. B OOJBIIMHCTBE MUKPOKOHTPOIIEPOB
ucnonb3yercss 8 wian 10-6utHeii [IMUM. B nepBoM ciiydae TOYHOCTH TMOMAJIEPKAHUS
YCPEIHEHHOT'O HANpsDKEHUsl cocTaBisieT 1/256 100 MakCMManbHOTO HalpsHKEHUs, BO
BTOpoM 1/1024 mouo.

BennunHa TOKa, KOTOPYIO BBIIEP/KUBAKOT AHAJIOIOBBIE BBIXOJBI, COCTaBIIIET B
CpPEIHEM BEIMYMHY TMOpSAIKAa JBYX JECITKOB (3aBUCUT OT MHUKPOKOHTPOJUIEPA)
muwumamnep. Ilostomy, ecnu Harpy3ka OyzneT HUMETh Majlo€  AJIEKTPUUYECKOE
CONMPOTHUBJIEHUE, TO BCJIEACTBHE OOJIBILIOTO TOKA BBIXOJ, @ TO U MHUKPOKOHTPOJUIED,
BBIMAYT U3 cTpos. Eciau o ycnoBusiM 10NMyCTUMBINA TOK BbixoAa okoiio 20 MA (0.02 A),
TO COINPOTHUBIIEHHE HArpy3KU JOJKHO COCTaBJIATH NpH HampsbkeHuu 5 B: 5/0.02 = 250
Om. Takoe CONpOTHBIIEHHE LENECO00pPa3HO MOCTABUTh B LENb HArpy3KH, €CIU €CTh
COMHEHHS BO BHYyTPEHHEM COMPOTUBIIEHUHU PETYIHPYEMOT0 YCTPOMCTBA.

Ha mmartax [HMM peanusyercs Ha HEKOTOPbIX IU(GPOBBIX KOHTAKTaX
obo3nauaembix OykBoi [D] (Digital). Homepa Takux KOHTaKTOB HPUBOAATCS K
ONMCAHUIO0 MUKPOKOHTPOJUIEPA.

Hudpossie Bbixoabl. Co3qal0T HampsbpKeHHE Ha LHU(POBBIX BXOJaX/BBIXOJAX:
tonbko HIGH  wmwm LOW. IlpumeHstoTcs Ui BKIIOYEHHUS WIH BBIKIIOUCHHS
YIOPABJSIIOUIMX YCTPOWCTB, HampuMmep, peine. Takke Kak M aHAJIOTOBBIE BBIXOBI
TPEOYIOT 3aIHUTHI OT IPOTEKAHUSI OOJIBIIIOTO TOKA.

BBoabI/BBIBOABI JJIEKTPONUTAHUA. B MUKPOKOHTpOJUIEpax MCHOJb3YyeTCs
HanpspkeHue 3.3 u 5 B. MUKpOKOHTpOIIIEpHl, pacCUUTaHHbIe Ha paboTy OT 3 BOJIBT, HE
JOMYCKAIOT MOJIa4yu Ha aHAJIOrOBbIE M HU(POBBIE BXOJbl HANpsKeHUsI 5 BosbT. [TopThl
BbIJ1aIOT 3,3 B, a B pexkuMe BxoAa NpUHUMAIOT 10 3,3 BosbT.

Ha puc.4 npencrasiena pacnoyioxkeHue KOHTAaKTOB MUKPOKOHTpOJUIepa ATMera
328.

OcCHOBHbBIE XapaKTEPUCTUKA MUKPOKOHTPOJLIEpA:

e HaumenoBanue: Atmega328;

e TakToBag yactora: 20 MI'11;

e pasmep nporpammuoi mamsatu (FLASH) (mporpamMmvHuas namsth): 32 kb;
e mamsaTh nanHex (EEPROM): 1024 b;
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e mamsaTh 03y (Sram) (ram): 2000 b;
® KOJI-BO TaiMepoOB (TaiiMepoB): 3
e KBapleBbIi pe3oHaTop 32 Kl 1;
® paspericHUe U KOJIMYECTBO KaHAJIOB aHAIOTO-1T(PPOBOTO TTpeodpa3zoBaTes
(amm): 8x10-bit;
® AHAJIOTOBBIM KOMIIApaTOp HampsiKeHus (KoJi-Bo) (kommaparop): 1;
e KOJMYECTBO JuHHI BBoaa-BeiBoga (1/0): 23;

THUIIBI TIOCJICAOBATEIIBHBIX HHTEP(EHCOB M KOJI-BO KaHAJIOB (ITOCICI0BATEIbHBIC
unrepdeiicel): UART; SPI; 12¢;

® BCTPOCHHBIA TEMIIEPATYPHBIA JATYHK (JaTUNK TEMITCPATyphl);
e mnanpspkenue nutanusg (Min) (U, (min)): 1;8 B;
o nanpspkenue nmutanus (Max) (U, (Max)): 5;5 B;
e MUHHUMaNIbHas padouas Temmeparypa (tmin): -40 °C;
o MaKkcHMajbHas padouas Temrepatypa (tmax): 85 °C;
/
(RESET) PC6 [ 1 28 [1PC5 (ADCS/SCL) A5
DO (RXD)PDO [ 2 27 [J PC4 (ADC4/SDA) A4
D1 (TXD) PD1[]3 26 [1PC3 (ADC3) A3
D2 (INTO) PD2 (] 4 25 [ PC2 (ADC2) A2
wum D3 (INT1) PD3[]5 24 [1PC1 (ADC1) Al
D4 (XCK/T0) PD4 (6 23 [1 PCO (ADCO) A0
[Z2[1GND
0 21 [J AREF
(XTAL1/TOSCH1 9 Eo[TAVCT)
(XTAL2/TOSC2) PB7 [] 10 19 [ PBS (SCK) D13
wum D5 (T1) PD5 ] 11 18 [J PB4 (MISO) D12
wum D6 (AINO) PD6 [] 12 17 1 PB3 (MOSI/OC2) D11 wum
D7 (AIN1) PD7 (] 13 16 [1PB2 (SS/0C1B) D10 wum
D8 (ICP1) PBO ] 14 15 [ PB1 (OC1A) D9 wwum

Puc.4. Pacnonoxenue Bxo0B 1 Beixo10B GPIO MK Atmega328

Knaccuueckot miatoit copepraiieii MUKpoOKOHTpoJuiep Atmega328 ssnsercs
Arduino Uno (puc.5). Ha Heit npenycMoTpeHo Bc€ HE0OX0auMoe ist yI00HOM padoThI
C MHUKpPOKOHTpoJuiepoM: 14 1udpoBbIX BXOIOB/BBIXOIOB (6 U3 HUX MOTYT
ucnoias3oBaThess B kadecTBe I[IIMM-BrIxon0B), 6 aHAJIOTOBBIX BXOJIOB, KBapIIECBBIH
pe3onarop Ha 16 MI'ni, pazsém USB, pazbém nutanus, pa3beéM IJjisi BHYTPUCXEMHOTO
nporpammupoBanus (ICSP) u kHonka copoca.

JJIeMEeHTHI IJIATHI:

Muxpokonrposiep ATmega328P sBnserca cepauem miargopmel Arduino
Uno.

Muxpokontposiep ATmegal6U2 oOecrnieunBaer CBs3b MUKPOKOHTPOJLIEpA
ATmega328P ¢ USB-nmoptom kommbtoTepa. [Ipu noaxiatoueHnn K KOMIOBIOTEPY, I1aTa
Arduino Uno onpenensieTcst kak BupTyaibHbiii COM-TopT.

Ha nuare umerorcs:

o IudpoBbie Bxoabl/BbIXoabl: nmuHbl 0—13. Jlorudyeckuii ypoBeHb €IWHUIIBI
— 5 B, nyna — 0 B. Makcumanbsblii Tok Bbixoga — 40 MA. C ucHoJIb30BaHUEM
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bynkuii pinMode(), digitalWrite() u digitalRead() xaxnapiii u3 1udpPOBBIX BBIBOIAOB
MO’KET pabOTaTh B KAYECTBE BXOa MIH BBIXO/A.

USB pazbvem
™nB

Muranue

GND

RESET—
3.3V (Buixog) —
5V (Bxoa-8eixon) ——

— 7-12V (8x0a) — BN

AOQ (D14)— 0

o
N
|

Uudpossie axonu-aanxoﬂbl

anorossie BXoAs
>
~N
o
=
L
o
w
|

AM

Puc.5. Tlinara Arduino Uno

o« INIIKM: nunsr 3,5,6,9,10 u 11 n03BOIAIOT BBIBOAUTL 8-OWTHBIE AaHAJIOTOBLIE
3HaueHus B Bujae IIIMM-curnana.

o AIII: nuuer AO—AS 6 aHaIOroOBBIX BXOJIOB, KXKIBIM U3 KOTOPBIX MOKET
MPEICTaBUTh aHAJIIOrOBOE HanpsbkeHue B Buae 10-6utHoro yucia (1024 3nauenuit).

o UART: muner O(RX) m 1(TX) BBIBOJABI COCAMHEHBI C COOTBETCTBYIOIIUMHU
BbIBOZIaMH MUKpokoHTposuiepa ATmegal 6U2, BeImodHSIOWIETO POJib TpeoOpa3oBaTeis
USB-UART. Ucnonp3yercs Ajii KOMMyHHKAIMK 11aThl Arduino ¢ KOMIBIOTEPOM WJIH
JIPYTUMU yCTpoiicTBaMu uepes kiacc Serial.

o« Pazbém USB Type-B npennasHaueH uisi TPOIIMBKH H  PabOTHI
MUKpOKOHTpoJuiepa miaaTdopmbl Arduino Uno ¢ mOMOIIBI0 KOMITBIOTEPA.

DJIEKTPONMTAHME OCYLIECTBIISIETCS YEPE3 CICTYIOIINE BBIBOJIBI.

VIN. Yepe3 3TOT BBIBOJA MOXHO KakK II0JaBaTh BHEIIHEE IUTaHHUE, TaK U
nOTPeOsATh TOK, €CIM K YCTPOWCTBY MONKIIOUEH BHemHWW anmanrtep. [lomaBaemoe
HanpspKEHUE TOCTyNMaeT Ha CTadWwin3aTrop, a 3aTeM Ha MPOLECCOp M BBIXOJbI
HanpspkeHust 5 u 3.3 B. PexomeHayercsl BeMYMHY BHEUIHErO NMUTAaHUS HAa KOHTAKTe
VIN noanep:xuBath Ha ypoBHE 7-12 BOJIBT.

5V. Ha BeIBOJ moctynaer HampsikeHue S B ot crabunmzaropa miatbl. J|aHHBIM
cTabunnszaTop oOecreurnBaeT TakXke MUTAaHWE MUKPOKOHTpoJuiepa. BriBoa nomyckaer
nporekanue Toka A0 800 MA M MOXET MCHOJIb30BaThCS ISl MUTAHUSI MAJIOMOIIHBIX
yCTPOUCTB. EC/IM TOK MPEBBHICUT PEKOMEHIYEMYIO BEJIMUMHY, MOKET BBIUTH U3 CTPOS
CTaOMIIM3AaTOP IUIAThl WM MEPETrOPEeTh TOKOMPOBOAAIIAS JOPOXKKA IJIaThl. 3aUTHIBATh
MUKPOKOHTPOJUIEp dYepe3 BhIBOA 5 B HecTaOWIM3UPOBAHHBIM HAMpPSIKEHUEM HE
PEKOMEHJIyeTCsl — B ATOM ClIy4ae HE€ HCHOJb3yeTCs CTAOMIM3aToOp W NpU CKayKe
HANPsDKEHUS BbllIe S5 B miata BEIUAET U3 CTPOS.


https://doc.arduino.ua/ru/prog/PinMode
https://doc.arduino.ua/ru/prog/DigitalWrite
https://doc.arduino.ua/ru/prog/DigitalRead
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3.3V. Ucnonp3yeTcs a1 MUTAaHUS BHEITHUX YCTPOMCTB C HAMPSHKEHUEM MU TaHUS
3,3 B ot crabuimmsatopa IuiaThl. B 3aBHCHMOCTH OT THIA MHKPOKOHTpOJUIEpA
MaKCHUMAaJILHBIA TOK BBIBOJIAa MOKET HaxoauThesa B auamna3zone or 50 1o 800 MA.

GND. BsemBoasl 3emiau. Bce BHemHHE yCTpOWCTBA IOAKIIOYAIOTCS K
MUKPOKOHTPOJIJIEPY C UCTOJIb30BAHUEM JTAHHOTO BBIBO/IA.

Reset. ®opmupoBanue Huzkoro ypoBHsa (LOW) Ha 3TOM BBIBOJIE TPUBEIET K

nepe3arpy3ke MUKpPOKOHTPOJUIEpA.

2.2. Tlopsiiok BHINOJIHEHUSI paGOTHI

1. ToaxnrounTh BHEHTHUE ycTpoiicTBa K miate Arduino Uno cornacho ta6i.1.

Tabnuna 1 — [MoakmrovyeHne BHEITHUX YCTPOMCTB K mate Arduino Uno

. KonTakT Ha BHEIIHEM KonTakT Ha mutare
Brewnee ycrpolcTso YCTPOMCTBE Arduino Uno
. - — GND
oJIHeYHasi 0aTapes n Al
GND GND
JlaTYMK NpuMecH VCC 5V
A0 A0
— (4epHbIil MPOBOA) GND
Ceeroauon =
+ (KpacHbIii MPOBOT) ~11

2. TMoaxmrounTs tutaty Arduino Uno ¢ momoripio kadels kK KoMibiotrepy. B
JUCIIETYEpPE YCTPOUCTB ONPEAEIINTh HOMEDP BUpTyasibHOro COM nopra.

3. 3amyctuth Monumop Ilopma Ilpo 1.7.1.
YcranoBuTh ckopocth oOmeHa naHHbiMH 9600 6ox. Homep COM moprta
ClIelyeT yCTaHOBUTh 110 JAHHBIM JUCIIETYEepa YCTPOUCTB.

PET

P ——

& Monurop Mopra Mpo 1.7.1‘ . T FrErTTTT

®aiin  Bug Coegnnenne Hactpoiikm  Wncrpymentst O nporpamme

239 81 194 284
239 89 193 280
il 239 99 208 292
239 111 206 288

1021
1022
1021

1021

-0.03

-0.03

-0.03
-0.03

-0.03 ~ [
-0.03
-0.03
-0.03

[¥] ABTOnpokpyTka

|UTFS (Defauit) v| coMwo ~ [o60060a ~

4. YcraHOBUTH coeiHeHUe yepes3 onuuto «Coenunenne». Ha skpane nosiBsiTcs
3HAYCHUS TIOKa3aHU JaTyrka npumeced (A0 — mepBasi KOJIOHKA) U
AJIEKTPUYECKOTO MOTEHITMAJIAa Ha COJTHEUHOU Oarapee (Al- BTopas KOJOHKA)
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5. IlepexpbITh CBETOBOM MOTOK, MOCTYNAIOIIUN Ha COHEUHYIO OaTapeto, U
Ha0JI01aTh CHIDKEHUE TIOTEHIHAA.

6. K maTuuky npumecelt mpuOIM3UTH 00pasell, coepKaluil JeTyuuit
YIIEBOJIOPOA WM CIIUPT. 3apUKCUPOBATH YBEIMUCHHE MMOKA3aHUN JaTUnKa
IIPUMECEH.

7. Tonmp3ysice Tabn.2 yepe3 crpoky «OtmpaButh » Monumopa Ilopma nonath
NOTEHIIMal Ha CBETOAMOJ. YCTaHOBUTh 3HA4YE€HHE O55 U HaAOMIOIaTh
IIOCTEIIEHHOE YBEIUYEHUE SIPKOCTU cBeroanoaa. Yuciom 333 OCTaHOBUTH
HapacTaHue sIPKOCTU CBETOIUO/IA.

8. 3aKpbITh CBETOAMO] COJHEYHOU OaTapeeil u ynpasiisisl SpKOCTbIO CBETOIUOIA
3a(uKCUpOBaTh yBEIMYEHHE [TOTEHIIMAIA Ha OaTapee.

9. Yepes onuuio MeH0 «Daili» COXpaHUTh JaHHBIE B BUJIE TEKCTOBOIO (haiiia

Tabmuia 2 — HacTpoiiku MUKpOKOHTpPOJIIEpa

IIporpaMmmHbie KOMaHAbl HA MUKPOKOHTPOJLIEpe

Kox BeiBogutr B MoHutop nopra wim Serialplot-0.10.0 msate curHamoB ¢ koHTakToB A(0-A4,
nogaer HampspkeHne 5 B Ha koHrtakThl D6-D8 mocne BeimonHenus komann 6, 7, 8 V. Jlua
BBIKJTIOUEHHUSI HANIPSHKEHUS UCTIoNb3yloTesa komauasl 60, 70, 80" .

[IpenycmoTpena paboTa ¢ aHaIOTrOBO-IIM(POBEIM MpeodpazoBaTeIeM

ADS1115 ¢ paspsanocthio 16 OuT mo auddepeHnUaTbHON cXeMe MOAKIIOYCHUS BXOOB
(readADC_Differential).

[TpenycMmoTpens! puabTpanys U yCpeJHEeHHEe CUTHAJIOB JaTYMKOB Ha Bxogax A0-A4.

Ha D9 u D10 nonaercst 10-paspsinasiii HIUM (0-1023), 4acToTy KOTOPOTO MOKHO H3MEHSTH B
crpoke Timerl.initialize(1000). ILINM curnan Ha konTakte D11 (0-255) BochMupa3psiAHBIN.
HINM na D9 perynupyercs noreHmmomerpoM Ha 45 kOM moakiIroueHHBIM 110 cxeme S5V--A0--
GND.

Crynenuatoe 3Hadyenue [IIIM curnana D11 onpenensiercs komanaamu 50, 101, 130, 150, 200
U 255, 4TO COOTBETCTBYET MPUOIMKEHHOMY HamnpspbkeHuto 1, 2, 2.5, 3, 4 u 5 BonbT Ha KOHTaKTe
D11.

[Tpu xomange 555 mpoucxoaut HenpepbiBHOE Hapactanue IIMM(PWM) ot 0 no 5 B na D11.
Komannoii 333 pazBepTKy MOXXHO OCTaHOBHTH, a MOBTOpHOU (333) cOpocHTb.

s peructpanmy nu@pOBBIX JaHHBIX MOKHO MCIIOJIB30BaTh CTAHAAPTHBIM MOHUTOP MOpTa WIIH,
Hanpumep, "Mouutop mopta IIpo 1.7.1." (http://arduino.on.kg/serialMonitor), "CoolTerm™ u
aHaJIOTHYHBIE.

Jns rpaduKoB W ynpaBieHHs peKoMeHIyeTcs ucronb3oBath Serialplot-0.10.0" ¢ oTnuuHbIM
unrepodeiicom: (https://bitbucket.org/hyOzd/serialplot/downloads/)

MoxHO (UKCHpOBaTh IaHHBIE M OCYIIECTBIATH ympasienue mno Bluetooth, mampumep, c
ucnois3oBanueM Moyt HC-05 wim HC-06.

10.BwriiTi U3 iporpammsl Monumop [lopma w 3anyctuth nporpammy SerialPlot
v0.10.0.



http://arduino.on.kg/serialMonitor
https://hackaday.io/project/5334/log/66420-serialplot-v0100-released
https://hackaday.io/project/5334/log/66420-serialplot-v0100-released
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11.VcraHoBUTh B MpOrpaMMe HACTPONKH MOPTa M HCIOJB3YSl MHCTPYKIMIO TI0
padore c¢ SerialPlot v0.10.0 BeBecTH wuHpOpPMAIMIO C JaTYAKOB B

rpaduyeckom BHUE.

12.IlponenaTth omepanuu MyHKTOB 5-8 U HaOMIOJaTh M3MEHEHHUS CHUTHAJOB C

JaTYUKOB (puc.6).

& SerialPlot

File View Secondary Snapshots Commands Help

Take Snapshot

& COM10 Arduino Uno[2341:0043]

250 —
200 ~
150 —
100 —

50

V] ] Record

10047.0431, 102,334

Channel 1 B Channel

T
9 960
Commands

T
9940

| Port | DataFormat | Plot Record

=  Command 1 200

—
9980

Log:

——
10 000

I
10 020

T
10 040

© [ascul[ rex |

—
10 060

[ s |

4= New Command

1sps

Puc.6. Uurepdetic SerialPlot v0.10.0

13.Yepes nynkt MeHo «Commandy BKIFOYHUTH CBETOAHMO/I.

KoHTpoIBHBIE BOITPOCHI.

1. B yeM COCTOHUT
MHKPOKOHTPOJIIIEPOM?

BN

pasHuIa

BHEIIHET0 000py0BaHUs?
5. B dem cocTout npuHIUI paboThl aHAIOTO-ITU(POBOTO IPeodpazoBaTes?

MEXITY

MUKPOIPOIIECCOPOM

n

OxapakTepu3ynTe aHaJIOTOBbIC U ITU(PPOBBIE BXOIbI MUKPOKOHTPOJLIEPA.
B 1uem cocTout 0cOOEHHOCTH MTUPOTHO-UMITYJILCHOU MOTYJISIITUN ?
Kak onpenenutrs HomMep BupTyamibHoro COM mnopTta mpu MNOJIKIIOYEHUU


https://hackaday.io/project/5334/log/66420-serialplot-v0100-released
https://hackaday.io/project/5334/log/66420-serialplot-v0100-released
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JIABOPATOPHAS PABOTA 3. Hactpoiiku OPC cepBepa

Heabp padorbl. [IpuoOpeTeHne HaBBHIKOB pa3pabOTKH aBTOMAaTHU3MPOBAHHBIX
UH(GOPMAIIMOHHBIX MPOIECCOB KOHTPOJS TEXHOJOTHUECKHX MapaMeTpoB B OOBEKTax
yhnpaBieHUsT Ha 0a3e KOHTPOJbHO-U3MEPUTEIBHBIX MPUOOPOB, TMEPCOHAIBHOTO
KOMIIbIOTEpa M COOTBETCTBYIOLIEro IporpaMMHOro otecneueHus. O3HaKOMIICHHE C
untepdericom OPC cepsepa.

[IpubopHoe 06opyIoBaHKE:

1. Uzmepumenwv pecynamop OBEH TPM 202

2. Ilpeobpazosamens (a0anmep) unmepghetica A4 (WU aHAJION)
3. Tepmonapa TXA (K)

IIporpamMmMHOe obecrieyeHue:

1. Kongueypamop < Setup_TPM101_TPM2xx_3.0.5.exe>

2. Driver <ac4_usb_driver_windows 7 8 8.1 10>

3. OBEH OPC-cepsep vI.10.63

1. Oo6wmme cBenenusi 00 OPC cepBepe

Ao66pesuatypa OPC pacmmmdpossiBaetces, kak OLE for Process Control mian, xak
HeiHe npueATo, Open Platform Communications. OLE — Object Linking and
Embedding (cBs3piBanue u BHeapeHue o0bekToB). OPC-cepBep — KOMIbIOTEpPHAs
nporpamMma, mnpeoOpasyromas JaHHble U3 ¢dopMara H3MEPHUTEIbHBIX YCTPOMCTB B
dbopmatr OPC (u Haob6oport), koTopbie moctymnHbl st OPC-knuentoB. OPC-kiueHTOM
ABIIgeTCs mporpamma, mpuHumaromas or OPC-cepsepa nannbie B hopmate OPC.

Kmuenramu OPC-cepBepa, kak mnpaBwio, sBisitorcss SCADA-cuctemsl
(abOpeBuatypa ot aHri. supervisory control and data acquisition — aucneTuepckoe
yIpaBjCHUE U COOP JaHHBIX) — CICIHAIbLHBIC KOMITBIOTEPHBIC MPOTPaMMbl Ha KOTOPBIX
MyTeM  BU3YaJbHOTO  TPOTPAMMHPOBAHMS  CO3MAIOTCA  CXEMBI  YIPaBJICHUS
TEXHOJIOTUYECKUM OOBEKTOM.

Takum o6pazom, OPC-cepBep sBISE€TCS CBS3BIBAKIIUM 3BEHOM MEXKIY
(pusnyeckuMH YCTPOMCTBAMHU M KOMIBITEPHOH IPOrpaMMOM KOHTPOJA H
ynpasJieHus (puc. 1).

Jyist peanu3anuu CXeMbl KOHTPOJII HEOOXOIMMO UMETh!

Ha (HM3UYECKOM anmapaTHOM YPOBHE:

o l3Mmeputenb, U3MEPHUTENb-PETYISATOP, MM MEKPOKOHTPOJIIED;

o+ IIpeobpazoBatenu USB-RS485 nnu RS232—RS485;

o IlepBuuHbIe U3MEpUTENbHBIE TPEOOPA30BATENH (IATUUKHN);

o IPU UCIHOJIB30BAHUM MHUKPOKOHTPOJUIEPOB, HE HMEIOUX Bbixoaa RS485

HeoOxoauM npeodpazoBatesib UART(TTL) — RS485;
Ha IPOrPaMMHOM YPOBHE:

« SCADA cucrema;

« OPC cepgep;

o KOH(UTYpATOp M3MEPUTENS WIH U3MEPUTEIS-PETyisiTopa (MAET B KOMILJIEKTE

MOCTaBKH);



http://ru.wikipedia.org/wiki/%D0%90%D0%B1%D0%B1%D1%80%D0%B5%D0%B2%D0%B8%D0%B0%D1%82%D1%83%D1%80%D0%B0
http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
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o JnpaiiBep npeodpazoBaresnst USB-RS485 nnum RS232—RS485;
e Cpela MPOTPaMMHUPOBAHUS JUIsI MUKPOKOHTpoJuiepa (IIPU HCIIOIh30BAHUN
MHKPOKOHTPOJIIIEPA).

KOMNbIOTEP

U3MEpUTENb »| [peobpasosarens | > =
perynaTop USB - RS485 fe{USB OPC SCADA

|—> Ha ynpasneHue

A

Ha ynpasnenue
[ KoMnbloTep
I1; 30BATENH
[EETaAK}-> MHKPOKOHTPORNED Upsegéfans s e lusB | OPC [ ] scapa

A ¢ T
L npeobpa3soBaTtent

UART- RS485

Puc. 1. Cxemsl conpspkeHuss (U3UYECKOTO YPOBHS C  MPOTrpaMMHBIM
o0ecrieyeHueM

Hcnonp3zoBanne OPC-cepBepa no3BOISET:

e TIpu cMeHe (u3uYecKoro obopyaoBanus 3ameHaTh Toiabko OPC-ceppep, OPC-
KJIMEHT IPOJ0JKAET padOTaTh;

o mipu cMene OPC-knueHTa Ha HOBBIM Bce 00OpyJ0OBaHME, padoTaroiiee uepes
OPC-cepBep, MOXHO OyJeT HCIIOJNIB30BATh Jajiee, HE OMacasiCh OTCYTCTBUS
JpaiBEpa B HOBOM IPUJIOKECHUHU.

Takum o6pazom, OPC-texHosorusi ooecrneunBaeT He3aBUCUMOCTh MOTpeOUTeNeH
OT HaJNWYMs WIK OTCYTCTBHS APAaiBEPOB WJIM MPOTOKOJIOB, YTO IMO3BOJISIET BHIOMPATH
o0opyi0BaHUE U MPOrpaMMHOe obecrieueHne, HanboJsee MOJIHO OTBEYarollee peaJbHbIM
MOTPEOHOCTSIM TIOJIH30BATEIIS.

Jo cozmannst ~ OPC-texHonornn  OpPOU3BOAUTENI0  IPOMBILIJIEHHOTO
000pyIOBaHUSI MPUXOAWIOCH CO3AAaBaTh U MOAEPKUBATh MHOXECTBO JApPANBEPOB s
Hamboee pacmpoOCTpAaHEHHBIX CHCTEM aBTOMAaTH3aluk (MM JIOTOBAapHBATHCS C
OPOM3BOAUTENAIMUA ATHX cucteMm). [Ipumenenne OPC-TexHOIOTHU  TO3BOJSET
OTKa3aThCS OT CO3[AaHMS JPAaiBEpOB M 3aMEHSET WX OJHWUM YyHHBepcanbHbiM OPC-
CepBepOM, MHOTOKPAaTHO COKpamias 3aTpaThl Ha pa3paboTKy H JaibHeiIee
cormpoBoxaeHue. [Ipu 3ToM obOecrmeunBaeTcsi BO3MOXKHOCTH TOJKIIOUEHUS THOO0O0H
CHUCTEMbl aBTOMAaTH3allMU, HauOojee MOAXONAILICH KIMEHTY, a He TOJbKO OIHOW W3
HECKOJIbKMX Haubosee pacpoCTpaHEHHBIX.

2. Ctpykrypa OPC cepBepa

I'maBHas 3amada OPC cepBepa coctouT B cOope MH(DOpMAIMU OT OTAEITBHBIX
JATYNKOB, TEpefadyd €€ KIMEHTY, a MpU HEOOXOIWMOCTH TepeaaTh YIPaBISIONINE
BO3JICUCTBHSI OT KJIMEHTa CEepBepa Ha MCIOJHUTEIbHBIE YCTpPOWCTBA. DTOW 3ajaye
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nomunHeHa cTpyktypa OPC cepBepa, KoTopas pealn3oBaHa B JepeBe OOBEKTOB
untepdetrica OPC cepsepa.

I'maBHBIM 3J€MEHTOM JiepeBa OOBEKTOB sIBIsIeTCS «cepBep» (puc. 2). K cepsepy
IPOrpaMMHO  TTOJKIIIOYAIOTCS KOMMYHHMKAIIMOHHBIE y3ibl. K cepBepy MOXKHO
MOIKTIOYUTH HECKOJIBKO Y37I0B ¢ paziudarommmucst COM mopramu. [Ipu Ber6ope y3710B
ycraHaBnuBaeTcs paspemeHHblii B OPC cepsepe mporokosnr oomena — Modbus RTU,
Modbus ASCII, Modbus TCP/IP, OBEH u T.1. 3ama4a y31a COCTOUT B HICHTHU(PUKAITIN
COM nmopra, K KOTOpOMY TOJKIIOYAaeTCs, HallpuMep, mpeodpa3oBareih MHTepdelica
USB-RS485 wimu mukpokontposuiep (tadm. 1). K kaxmomy cepBepy MOryT OBITh
MOJIKITIOUEHO 70 32 y37I0B, a K KOKIOMY Y37y 10 32 yCTPOWCTB CO CBOMMH TETaMH.
becrimatapie Bapuantel OPC cepBepoB, Kak MpaBWIO, WMEIOT OTPAHUYCHHS TI0
CYMMapHOMY KOJIMYECTBY TEroB (0OBIYHO 32). DTOro KOJIMYECTBA CBS3CH (PU3UICCKIX
pruOOpPOB C KOMITBIOTEPOM, B OCHOBHOM, BITOJIHE JOCTAaTOYHO IS PEIICHHS MHOTHX
OKCIIEPUMEHTAIBHBIX 3a/1a4.

Y3EN 1 YCTPOWCTBO 1 rPYNNA 1
Y3EN 2 YCTPOICTRO 2 FPYMNA 2

Y3E/ N YCTPOMCTBO N FPYANA N

Puc. 2. Ctpykrypa nepesa o6bextoB unTepdeiica OPC cepsepa

CEPBEP

Tabmuua 1 - Ilpumep HaAcTpOMKHM XapaKTEPUCTUK KOMMYHUKAIIMOHHOTO Yy37ia
OPC ceprepa

V3ea «COM RTU Master»: «uazeanue yzna»

OO0mme HacTpoiikn

KommenTapuii

BxuttoueH B paboty True
Hactpoiiku COM

[Topt 17
CkopocTb 9600
JlarHbBIC 8
KoHTpoib ueTHOCTH Het
Crorm OuTHI 1
MeKCUMBOJIBHBIN TaliMayT (McC) 0
Hcnonw3oBats pexkum ASCII False
Hcnoip30BaTh MOJEM False
Cxpunr

BeimosiHeHHE cKpHITa False
JonoJIHUTEIbHbIE HACTPOIKH

[TpuHYIUTETEHBIN pa3pbIB COSAMHEHUS B KOKIOM ITHKIIC False
Vcnonp30BaTh pe3epBHBIE KAHAJIBI False

K KOMMYHUKallUOHHOMY Y3Jly 4€pe3 COOTBETCTBYIOLIUE MEHIO IMOAKIIOYAIOTCA
YCTPOMCTBA, KaXI0€ U3 KOTOPBIX MMEET 00sA3aTeNbHO CBOM aapec, a TakkKe Ipyrue
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XapaKTEepUCTUKU TpUBEJIEHHbIE B Tabi. 2. Azpeca yCTPOWCTB HayuMHAKOTCA C «I».
HcxoaHplil_aipec NPOMBINLJIEHHBIX W3MEPUTEIbHBIX YCTPOIWCTB TMPHUBEACH B HX
COINIPOBOAMTEIbHOIM JOKYMEHTALIVH. Bce XapaKTePUCTUKU SIBJISIFOTCSI
HacTpauBaeMbIMU. Takass XapakTEepUCTHKA, KaK «IEpPUOJl OMpoca»  JOJKHA
COOTBETCTBOBATh IOCTABJIEHHON 3ajaue MccienoBaHus. Her cmbicia ycTaHaBIMBaTh
NEPUOJl ONMpoca B MUJUIMCEKYHAAX, €CIM SKCHEPUMEHT MIPOJOJDKAETCA JeCATKAMU
MUHYT WK yacamu. KpoMe Toro, Bpems orpoca JOJKHO MPaBUIBHO COOTHOCUTHCS C
MHEPIIMOHHOCTHIO JIaTYMKA U MPUOOpa, K KOTOPOMY JaTUUK MojacoequHeH. Bo MHOrux
CllydasiX MpaBUJIBHBIN BBHIOOp MapaMeTpoB MO3BOJISIET M30€KaTh MOSIBICHHUS ONIMOOK
npu pabote cuctemsl «obopynoBanue-OPC cepBep». Mnorga 5sToMy mnomoraer
YBEJIMYECHHE KOJIMYECTB MTOBTOPOB MPH OLIUOKE.

Tabnuua 2 - [Ipumep HacTpoitku xapaktepuctuk ycrpoiictBa OPC ceppepa

YerpoiictBo «MODBUS»: «ums yempoticmea

O61mme HACTPOIKHU

KommenTapuii

BxroueHo B paboty True
Anpec (0x01) 1
Bpewms oTBera (Mc) 1000
IToBTOPHI ITpHM OMINOKE 12
[ToBTOpHOE CcoelMHEHUE nocie OMUOKH yepes (€) 1
Pennnnmanusanus ysia npm omuoke False
[epuon ompoca 250
PazMepHOCTb Ieproia ompoca ms
Hauvanbnas dasa 0
PaszmepHocTh dazbl ms
Craprt nocne 3amycka True
3ajieprkKa 3ampoca 1mocjie moJiydeHus 0TBeTa (Mc) 80
Cxkpunr

BeinosiHeHUE cKpHInTa False
Hacrpoiika 3anpocos

MaxkcumanbsHoe konnaecTBo HOLDING peructpos B 3ampoce utenns | 125
MaxkcumanbHoe konuuecTBo INPUT peructpos B 3ampoce ureHust 125
He ucnons3oBars komanny WRITE_SINGLE_COIL (0x05) True

K ycrpoiicTBam depe3 riaBHOE WM KOHTEKCTHOE MEHIO MOAKIIOYAKOTCS TPYIIbI
TErOB WJIM HENOCPEACTBEHHO Teru, KOTOPBIE, 10 CYTH, SBJISIOTCA KaHAJIaMU CBS3U
bu3MuecKkux YCTPOWCTB C KoMIbloTepoM. B mpenenax omHOro ycTpoiicTBa
MUHUMAaJIbHBIN afpec Tera paBeH «0». Ecam KoaudyecTBO TEeroB (M3MepsieMbIX
apaMeTpoB) HEBEIMKO, TO UX MOXKHO JOOABUTh HEMOCPEACTBEHHO K yCTpoiicTBy. Ecin
KE M3MEpSAMBIX TMapaMeTpoB MHOTO, M TeM O0oJieé OHM pPa3HOIUIAHOBBIE, TO
1enecoo0pasHo K yCTPOMCTBY  J00aBUTh TpyHIy TEroB, Ha3BaTh €€ IO
(GYHKIIMOHAJIBHBIM CBOWCTBAM, a 3aT€M B Ipymiy 100aBUTh Teru. Kaxaplil Ter AomkeH
MMETh CBOM WHAWBHUIYAJIbHBIA aapec, TUIl JAHHBIX, THI JOCTYIlA — YTEHHE, 3aIIUCh,
yTeHHUe/3anuch (Tadm. 3).
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Ta6numna 3 - [Ipumep HacTpoiiku xapaktepuctuk Tera OPC ceppepa

Ter <<HOLDING_REGISTERS»: MO [2]

OO0mme HacTpoiikn

KommenTapuit

Bxuttouen B paboty True
Anpec (0x0002) 2

Tun JaHHBIX B YCTPOUCTBE intl6

Tun gaHHBIX B cepBepe int32
Tun goctyna Re ad Write
Mcrnonp30BaTh NepeCTaHOBKY OAWTOB B 3HAYCHUU True
IlepecTaHoBKa 0ATOB B 3HAYCHUH 10325476
[Tocaemuuii Ter B rpyImoBOM 3apoce False
Ilepecuer (A*X + B) False
Ckpunt

PaspeliieHye BbIOJHEHUS CKPHIITA [TOCIIC YTCHHUS False
PaspenieHre BBIMOJIHEHUS] CKPUIITA TIEPE]] 3aIUCHI0 False
HDA

HDA nocryn False

3. Hactpoiika Owen OPC Server'a nist padoThbl ¢ u3MepureieM-

peryasitopom TPM 202
E @Cnpasxa
i
E | Mmnopt Zxcnopt  OBHOBUTE @ o nporpaume

nporpaMMy

. %l |Modbu5—RTU

M

-

KOHTpOAAEps! YyNPaBAGHNA HACOCIMU
MOAyAH aHaNoroBoro BE0AR

-

-

MoaynM aHanoroeoro BsIB0Aa

-

MOAynH AMCKPETHOTO BE0AA

-

MOoayn AUCKPETHONO BEOAA-BLIBOAA

-

MoaynH AMCKPETHOTO BLIBOAS

-

MOAyAH N3PaMeTPOB INEKTPUYECKON CeTH

-

Manenn onepatopa

-

NN A-perynsTopel

-

MNpeoBpazoeaTeny YacToTel

-

MNpuBOopL! ANR MHAMKILMH M YNPIBASHWA 334BUKKAM|

-

MpOrpaMMHBIe 33A3TUMKM
4 Perynaropel

TPM 136

TPM 138

TPM 138B

TPM 201

TPM 202

b CUETUMKM MMIYNLCOB

Owen OPC Server coGupaer JaHHBIE C
YCTPOMCTB, TEpeJaeT KOMaHAbl YIPaBICHUS,
OTCIIC)KUBAET KA4YECTBO YIMPABIAEMbBIX JIaHHBIX,
npeobpasyer THUIIbI JTAHHBIX, co3/1aeT
nporpaMMHblii uHTEepdeiic mias noctyna SCADA
cucteM K nmaHHbeIM cepBepa. Owen OPC Server
nogxoauT mist onpoca ycrporcte OBEH: TPM,
Mx110, TIP mo ceru RS485; IUJIK, Mx210 mo
Ethernet. Ilon0XHUTENbHBIM MOMEHTOM JIaHHOTO
cepBepa SBIACTCS HAIMYUE OUOIMOTEKU IS
OOJIBIIIOTO KOJIMYECTBA MPUOOPOB, YTO MO3BOJISIET B
IporpamMmy yIpaBieHHUSI BCTABUTh HY>KHBIN TTPUOOD
CO BCEMH €ro BXOJaMW/BBIXOJAAMH U JAPYTUMH
xapakTepucTrkamu (puc.3).

Puc. 3. bubmmorexka nmpubopor Owen OPC
Server

Kpome TOro, cocraBieHHbIE IMOJIB30BATEIEM
OpOrpaMMmbl, HampuUMep i MUKPOKOHTpPOJUIEpa,
MOTYT OBITh BHECEHbl B OHUOJIMOTEKYy Kak
OTJENbHBIN (YHKIIMOHAJIbHBIN OJIOK, YTO YIPOIIAET

pa3paboTKy 0oJiee CIOKHBIX MPOTPAMM.
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IocranoBka 3agaum: Heooxooumo nacmpoume OBEH OPC cepeep ona

onpoca 6x0008 uzmepumens-pecyaaimopa OBEH TPM202 u nepedauu smux 0anHbIX
6 SCADA cucmemy.

B kauectBe ompammBaeMoro ycrpoiictBa mnoakiwodaem 1no COM-nopty
KOMITBIOTEpa uepe3 npeodpaszoBareinb uHTepdeiica AC4 npudop TPM202 (cm. i/p Nel).
Bri6epem npotokon nepeaaun nanubix Modbus RTU.

1. Beienus «CepBep» 106aBuM (puc. 4) yepe3 KOHTEKCTHOE MEHIO HITH Yepes
IJIaBHOE MEHIO «Y3em».

& oo Hoeas - Owen OPC Server
Mpoekt
aanyervms | Berasum. [J Konnpoeart epeMECTUTL BH Aobagwms © - NobasuTe M3 No6asuTs U3 Ao6a
onpoc S vaznure yaen TpOiiCTS MoTekM=  Ga Pyl
1 CeoiicTBa | XypHan
Wma 3HaveHue
» OBwue HacTPORKK
» XypHan

B Cepean CeoiicTea | KypHan |

| Bosasire [IE) P fosasurs ysen

4 ObLKre HACTPORKK

3HaueHWe

ma Cepeep

KomMMmeHTapui

Puc. 4. Jlo6aBieHrie KOMMYHHUKAITMOHHOTO y3Jia

2. OcymiecTBUM HACTPOMKYy y37a. B 00mux HacTpoiikax MOXKHO yKa3zaTh UMS
y37a 1 KoMMeHTapuil. B Bemmazgatomem crrcke "BxirodeH B paboTy" BeIOpaTh BapuaHT
"Jla". B Bemmanatoniem crircke «IIporokomn» Beiopats "Modbus RTU" (puc. 5).

. B Cepep I Ceoiicea | Xypuan |
# yzenl Wma 3HaueHne

4 O0wme HACTPOHKK -
M Yaenl
KoMMeHTapHi
Brnwouen B pafioty aa |i|
Mpotoxon ¢’ Modbus-RTU [v]

4 Hactpoiikm nHTepdeiica Modbus-RTU
Nopr 2| Modbus-AsCII
CropoCTs Modbus TCP/IP
AaHHble OBEH
UETHOCTE OwenCloud

Puc. 5. Bei6op npoTokosa nepegavn JaHHBIX
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3. B Bemmanparoniem cnucke "l[lopt" BBIOpaTh MOPT, K KOTOPOMY MOAKIIOUECHO
ycrporicTBo (puc. 6). Yrounuts HOMep COM mopTa U ero XapakTepUCTHKH MOKHO B
TACTIETYEPE YCTPOUCTB.

. B Cepeep | CeolcTBa | MypHan
% yaenl Mimn 3HaueHue

4 O0wme HACTPOHKK
Wma ¥aenl
KOMMEHTApWA
BrnoueH e padoty na |v|
MpoTokon Modbus-RTU | v |

4 HacTpoiiku uHTepdeica
Mopr com3 v
CropocTe com3
JNaHHbIe COM3
YeTHOCTL COMS

Puc. 6. Beitoop COM nopra

4. Bmectu ceteBble HacTpoiiku mpubopa: "Ckopocts", Hampumep, - 9600,
"Jlauueie" - 8, "HetHocTh" - none, cton-6uthl — 1 (puc. 7). Jlnsg Toro 4roObl y3HATH
CETEBbIC HACTPONKH YCTPOUCTBA, CIEAYyeT 0OPATUTHCS K PYKOBOJCTBY IO AKCILTyaTaIUH
YCTPOMCTBA.

. E Cepeep I CeolcTea | XypHan
<& YcraHoeka COM nopra Ms 3HadeHue

4 OBuye HACTPOHKK
ma (7 YcraHoeka COM nopra
KoMmeHTapuii
BKAKOMEH B PaBoTy Aa v
MNpoTokon Modbus-RTU |"|

4 Hactpoitku whTepdeica
MNopt | coms ]
CrOpOCTh 600 |i|
JaHHbIe a |l|
YeTHOCTB MNone
Cton GuThI 1

Puc. 7. [Ipumep Hactpoiiku COM nopra

5. Jlo6aBuTh HEOOXOAMMOE YCTPOMCTBO C TOMOIIBIO MEHIO: /lobasumb u3
oubauomexu — Pezynamopovr — TPM2(2 nnm depe3 KOHTEKCTHOE MEHI0: /Jobasums —>
Yempoiicmeo uz oubnuomexku — Pecynamoper — TPM202. YcTpoilcTBO OyaeT
N00aBJICHO B JIEPeBO 0O0BEKTOB. MOXKHO TaK)Ke IMEPETAIIUTh HYKHOE YCTPOHCTBO W3
OMOMMOTEKM B CO3JIaHHBIN y3el (puc. §) IeBOW KJIABUIIICH MBIIIKH.
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BB Hoeas - Owen OPC Server
> '-\oBupe3aTb MepemecT1Th BEEp +|I| |¢| I_EIJ
R 'ﬁKOI‘MpDBaTb MepemecTUTe BHU2 L = o g -
3anycTuTk | BCTEEWTE Nofzents Aobaewte Jobaemtb M2 Jobaeutb U3 Jo0zeuTe Ao02EMTe COXPEHWTE B
onpoc S vaanute yzen  yCTpoWcTBO Bubanotexu - taiina rpynmy Ter BubnuoTer
CeoficTea | XypHan =
« B Cepeep 3 L v=
i
® yzenl Mms 3HaueHue
= Monck no H
MNepemeugenne ogHOM CTPOKK: CLL) -
Crpoxa TPM 202 Yzenl TPM 136
0 i TPM 138
p CTWTh B go4Yep O KONAEL
Crpoxa Yzenl paboty Aa |E| TPM 138
TR Modbus-RTU TPM 200
4 Hactpoiiku uHTepgeiica TPM 201
P COM3 TPM 202
CKOpOCTh 9600 [v] TPM 210

Puc. 8. /Iob6aBneHne ycTpoicTBa B KOMMYHHKAIMOHHBINA y3€7

B mnosiBuBIIEMCST MEHIO HACTpPOEK MpUOOpa MOXKHO OCYIIECTBUTH HACTPOUKHU
OTIIEIBHBIX 3J€MEHTOB W (yHKUMA npudopa. Heobxoammo ykazaTh ceTeBOM ajapec
ycTpoiicTBa. Eciiu He M3BECTEH CETEeBOM aApec yCTPOWCTBA, TO CIAEAYET OOPATUTHCS K
PYKOBOJICTBY IO SKCIUTyaTallMud yCTpoWcTBa. B panbpHEHIIEM €ro MOXXHO H3MEHHUTh
yepe3 koHburypatop mpudbopa. B pazgene "OOmue HacTpoMku" MOXKHO HACTPOUTH
napameTpbl orpoca ycrpoiictsa: "Bpems oxunanus orsera”, "IloBTopsl npu ommodke",
"TTay3a mexay 3ampocamu", "Ilepuon onpoca", "HauansHas daza" (puc. 9).

CeOMCTEa | Tern | KypHan |

Mma 3HaueHne
4 O6wwe HACTPOHKN ~
MmA TPM 202
KommeHTapui M3aMepuTens-peryaaTop AByXKaHansHsId TPM 202
BrAoueH B pabory fa E|
Aapec s
BpemAa oxnaaHWA oTeeTa (Ms) 1000
MosTopel Npu ownbke 3
May3a Mexay 3anpocamu (ms) 0
Mepwoa onpoca 1 c E
HaudanbHan ¢aza 0 MC E|
4 HacTpoiixu rpynnosoro onpoca
Konwuecteo HOLDING perucTpoB B 3anpoce UTeHHA 125
Konwuecteo INPUT perucTpog B 2anpoce YTeHMA 125
Makc. AONYCTUMBIA PazpLIE AAPECOB 0
YuTaTk K2XALIH Ter OTAeNLHO Het E|
McnonbL30BaTh KOMaHAY 2aNKck eAWHWUHOID perucTpa Het E|

Puc. 9. [Tpumep HacTpoilku ycTpoucTBa

Ecnu BbIIETUTE OTIEIBHBIN 3JIEMEHT YCTPOMCTBA, TO B IPaBOM OKHE MHTepdeiica
OPC cepBepa nosIBITCS 3HAUCHUSI U XapAKTEPUCTUKHU COOTBETCTBYIOLIETO JieMeHTa. B
OPUHLIAIIE YCTAaHOBKAa mpubopa ©3 OMOMMOTEKH MpPEAnoyiaraeT HEKOTOphIe
ONTUMAaJbHbIE 3HAYEHHS U B OOJIBIIMHCTBE CIOy4yaeB He TpeOyeT HW3MEHEHHUS.
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HckmroueHne cocTaBisieT aapec. 3aBOJICKOM apec HOBOTO MPUOOpa yKa3bIBaeTCs B €ro
nokyMeHTaruu. OHaKO y SKCILTyaTHPOBABIIETOCsS MPpUOOpa OH MOXKET OBITh H3MEHEH,
KaK M JApyrue ceTeBble HaCTpOWKM mpubdopa. B 3ToM cityuae BoCcCTaHOBIIEHUE HACTPOEK
MO’KHO OCYIIECTBUTH C MOMOIIBI0 KOHPUTYpaTopa Mprudopa, KOTOPBIA MOCTABISETCS C
npruOOpPOM HIIM MOKET OBITh CKayaH C caiita ¢pupmbl u3roroButens. Ha atom HacTpoiika
3aBEpIICHA.

6. JI1st mpoBepKU NPABWIIBHOCTH HACTPOEK 3alyCTHTh pexuM orpoca OPC-
cepepa. IIporpamma npeIoKUT COXpPAaHWTH BHECEHHbIE HacTpokku. Haxare OK.
Bectu ums ¢aiina KoHUrypanuu 1 yka3atb MECTO JUIsl 3alMCcH (aiina.

MpoexTt MpoekTt
’ 3o Buipezath .
b&. |ﬁ Konupoeats
3amnycr OCTaHOBWUTE
onpoc ,ﬂ}’,ﬂ,aﬂmb onpac

Puc. 10. Mento nycka/ocranoBku OPC ceppepa

7. Haunercst ompoc NOAKIIOUEHHOTO YyCTpoucTBa. PesynpTar ompoca Oyner
BBIBOJMTHCS HA DKpaH NpH BbIOOpe 00beKTOB. Eciin B cTos1011e "3HaueHus" MosBIAIOTCS
W3MEHAIONIMECS 3HAYEHUs mnapameTpoB, a B crondie "KauecTBo" cTOST 3HAYEHUS
"GOOD" (puc. 11), 3nauwnt, noakmoueaue OPC cepBepa 0CyIIecTBICHO IPABHIIBLHO.

Terun ‘ YctpoiicTea
Nma Aapec 3HaueHue Tun AaHHbLIX KauyectBo |
TPM 202.0nepatueHblie napametpbl.U3...  Holding Registers [4105] 26,17822 Float GOOD
TPM 202.0nepatveHbie napameTpsbl.U3...  Holding Registers [4107] 28,85645 Float GOOD
TPM 202.0nepatueHbie napameTpbl.Bxo... Holding Registers [4109] 26,17822 Float GOOD
TPM 202.0nepatveHbie napameTpsl.Bxo... Holding Registers [4111] 28,85645 Float GOOD
<
XypHan | Owunbkn
Ne ¥ MeTka BpemeHu YcTpoicTeo Mopt  ®OpPMaT NOCLINKK
0000000884 26-07-2020 19:24... ¥3enl.TPM 202 Rx 1003 1041 D1 6D 00 41 E6 DA 00 41 D1 6D
0000000883 26-07-2020 19:24... Y¥Y3enl.TPM 202 Tx 10 03 10 09 00 08 93 8F

Puc. 11. BeiBox nanasix B OPC cepBepe

KonTposibHbIE BOIIPOCHL.

Kakyto pynkuuto soimonusier OPC cepsep?

JlaiiTe onpeneneHue Tera.

[lepeuncnure n3BectHbie Bam mpoTokoibl oOMeHa,

Kaxkue ceteBbie mapamerpsl HeoOxoauMsbl i HacTpoiiku OPC cepBepa?
UYto Takoe nepuon onpoca?

Urto BrIIIOUaET nepeBo o0vekToB uHTEpderica OPC ceprepa?

oghkwhrE
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JIJABOPATOPHASI PABOTA 4. lloakiwyeHue MHKPOKOHTpoJLIepa K
OBEH OPC cepBepy

Heabp padorbl. IIpuoOpeTeHne HaBBHIKOB pa3pabOTKH aBTOMATHU3MPOBAHHBIX
MPOIIECCOB KOHTPOJISI TEXHOJIOTHUECKUX MapaMeTpoB B 00BEKTaxX yIpaBieHHUS Ha 0aze
MUKpPOKOHTpoJuIepHO# TexHuku. O3nakomuenue ¢ uatepdericom OBEH OPC cepsepa
U €r0 HacTpOWKa MpH paboTe ¢ MUKPOKOHTPOJLIEPOM.

IocranoBka 3apaun: Hacmpoums OBEH OPC_1.10.70.0 cepsep 0na obmena
OAHHBIMU ¢ MUKDOKOHMPOJLIEPOM. 3aNUBKA MUKDOKOHMPOJEpa npednoiazaem, 6 mom
yucne, CUUMbIBAHUE OAHHLIX C AHALO208bIX 6X0008 U 661600 LIIUM cuenana ma
yugpposwvie 6v1800bL.

[TpubGopHoe 060pyI0BaHKE:

1. Muxpoxoumpoarep ATmega328,

2. [IInama Arduino UNO,

3. Conneunas 6amapes,

4. Jlamuuk npumeceti 8 6030yXxe,

5. Ceemoouoo.

[IporpammHoe obecrieyeHue:

1. Driver <ch341ser>

2. OPCSetup_1.10.70.0

IHopsinok BbIMOJIHEHNUsI padOTHI.

1. [ToaxmtounTs BHEHHUE ycTpoiicTBa K mate Arduino Uno cornacho Tabm. 1.

Tabnuna 1 — [MoakmroUyeHne BHEITHUX YCTPOMCTB K mate Arduino Uno

. KonTakT Ha BHELIHEM KonTakT Ha mutare
Bremnee ycTpoicTso YCTPOMCTBE Arduino Uno
- - — GND
oJIHeYHas1 OaTapes
+ + Al
GND GND
JaTYMK mpuMecH VCC 5V
A0 A0
c — (4epHbIil MPOBO) GND
BETOAHO =
AHOA + (KpacHBIA MPOBOT) ~11
2. [Mopxmounts maaty Arduino Uno ¢ momormipio kabGenss K Kommbiorepy. B
IUCIIETYEPE YCTPOUCTB ONPENEnTh HOMep BUpTyaidbHOoro COM nopra.
3. Boinenus «CepBep» m100aBuTh (puc.l) depe3 KOHTEKCTHOE MEHIO WM 4epes

rJIaBHOE MEHI0 «Y3em». Ilpu xemanuu BbIOpaTh CBOE UMS y3Ja. YCTaHOBHUTH
CBOMCTBa y3/1a: HOMEp TOpTa, MPOTOKOJ OOMEHa, OWTHI JaHHBIX, KOJMYECTBO
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cTon OWT. YCTaHOBUTh CKOPOCTh OOMEHA TaKyl, KOTOpas Obula NPHUHSATA B
mporpamMme, 3aJuToi B MHKpoKoHTpoiuiep (9600 6om). BreiOpate mpoToko
nepenaun qaaasix Modbus RTU.

B B - Hogas - Owen OPC Server - 0O x
MNpoekr

’ * @@

A
3anycTuTe O T OBHOBKTE
onpoc J nporpammy
CeoficTea | Xypwan
+ B cepeep ' o | . él Modous-RTU M’
< yaenl mn 3HaueHne :
4 06w He HACTPORKK |
Wma Y3enl b apaywHO =
KoMmMeHTapui b flaTumkm
BmoueH B pabory | n1a [v) b Wameputenu

Npotokon Modbus-RTU v,

4 Hactpoiiku uHTepdeiica

M3MepUTENM NAPaMETPOB NeK

KoHTpOANeps CUCTEM OTOMAEH

Mopr & com17 B » KOHTPOANEPh! CHCTEM OTOMNEH
CropocTe 9600 |1 b KoWTpOAneps yNpaefeHua Hac
JlaHHbie 8 E » Mogynu aHaNoroB0ro BECAA
HeTHocTs None E *» Moaynn aHanoroBoro BelBo4a
Cron Butel 1 E » Moaynau AWCKPETHOTO BBOAA

Puc.1l. Hactpoiika xapakTepuCTUK y3i1a

C noMouIpr0 BEpXHETr0 MEHIO, MIIM KOHTEKCTHOTO MEHI0, T0OABUTh YCTPOMCTBO U
MIpH JKEJIAHUM 1aTh eMy cBoe uMs (puc.2). [lepBoe ycTpoiCTBO y3i1a UMEET aJpec
paBHbIN 1.

CeolcTea | XypHan

4 E Cepeep
4 -9 MPMBOP 17 ma 3HaueHue
m MWKPOKOHTPONNEP 4 O0Wmre HACTPORKK
Mma ¢’ MWKPOKOHTPONNEP
KoMMeHTapri
Bawouen g paboty Na
Appec 1
Bpemp 0XWA3HWA OTBETA (MS) 1000
NoeTopel Npy owwnbke 3
Mayza mexay 3anpocamu (ms) 0
Nepwoa onpoca 1
HauaneHan ©aza 0

4 Hactpoiku rpynnosoro onpoca
Konuuecteo HOLDING perucTpoe B 3anpoce uteHua 125
Konnuecreo INPUT permcTpoe B 2anpoce YTeHus 125

Makc. AOMYCTUMBIA Pa3peiB aApecos 0

Puc.2. Ilpumep HaCTPOWKHU CBOMCTB MUKPOKOHTpOJLIEpa

5. Ilockonpky mpeamnonaraercss Hajauuuve OOJIBIIOTO YHCHA JIMHUWA Tepefadyu
JaHHBIX, TO K YCTPOUCTBY 11€J1€CO00pa3HO MOAKIIOYATh HE OTACIbHBIC TETH, a
CHauaja TPYIIbl TEroB, KaXkaass U3 KOTOPHIX OylIeT BKJIIOYATh TETH OJIHOU
(YHKIIMOHATBPHOW HANPABICHHOCTH U COOTBETCTBEHHO JI YIOOCTBA MOXKET
ObITh Ha3BaHa. Tak JaHHBIE, TMOCTyMawIMe C  MYJIbTUIUIEKCOPA,
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1enecoo0pasHo  OOBEAMHUTH, HaNpuMmep, B rpynny «MyiabTHILIEKCODY,
nanneie ¢ ALII B rpynmy «ALIT 1115», BeiBoasr IUM B rpynny «ILHM»

(puc.3) u T.1.
y E Cepaep = CeolicTBa ‘ Tern | Kypuan ‘
4 < NPWBOP 17 MR
4 [ MWKPOKOHTPONNED S ——
’

v Mynstunnexcop AaSanim  Ter
» © AnalogRead (R Coxpanurs ycrpoictso & 6ubanotery | 9 Tpynna Teros
» @ AUM 1115 e Bupesare Ctrl+X
, @ BKMOUHTE 5 B Iﬁ Konuposats Ctrl+C
4 @ WM reeta (ms)

Puc.3. ®opmupoBanue TpyIin TEroB

6. Jlanee B rpynmsl CIEAYET BCTABUTh OTAECIbHBIC TETH U UX HacTpouth. HyMeparus
aIpecoB TEroB B Ipenenax ycrporcTBa HauumHaercsa ¢ 0. [Ipu mymepanuu wu
YCTaHOBKE aJ[peECOB TETOB PYKOBOJCTBOBATHCA Ta01.2

Tabmuua 2 — @parMeHT MporpaMMbl  BBOJA-BbIBOJA  JAaHHBIX U3
MUKpOKOHTpoJuiepa. Lludpsl B KBaApaTHBIX CKOOKax SBISIIOTCA anpecamu TeroB B OPC
cepBepe

MScada 4 3 3 2ASD1115 PWM var RS485 USB
// Bkiiiouenune/BbIKjII049eHe 5 B

digitalWrite(6, aul6data[6] ); // (0-5 B) Ha kouTtakte D6
digitalWrite(7, aul6data[7] ); // (0-5 B) na xontakte D7
digitalWrite(8, aul6data[8] ); // (0-5 B) na konrakre D8

/| U3menenue 3Hayenusi LHIUM (ot 0 10 5 B) na konrakrax D 9, 10, 11 -
// (ynpasnenue uncinamu 0 + 255 na D11 HIVM 8 pa3psaHblii)
/I (ynpaBnenue uncinamu 0 + 1023 va D9 u D10 HINM 10 pa3psiaHblii)

Timerl.pwm(9, aul6data[9]);  // ycranapnusaer IIIIM ua konTakTe D9
Timerl.pwm(10, aul6data[10]); // ycranaBnuBaet IIIMM Ha kouTakte D10
analogWrite(11, aul6data[11]); // ycramasnusaer IIIMM nHa xouTakte D11
[[ **** ypaBHEHHE pacueTa TeMIepaTyphr*******
[lterm = -0.0215*pow((results1 * multiplier),2)+24.687*(results1l * //multiplier)+0.0479;

// Urenue anasioroBbix Bxoa0B (ALlIl)na kourakrax A0-A3 10 5 B

/[ (0=0Bwu 1023 =5 B)
aul6data[0] = analogRead( A0 );  //BBoja maHHBIX Ha KOHTaKT AQ,
aul6data[l] = analogRead( A1 ); // BBOJ maHHBIX HA KOHTAKT Al,
aul6data[2] = analogRead( A2 );  // BBOJ JaHHBIX Ha KOHTAKT A2,
aul6data[3] = analogRead( A3 );  // BBOJ maHHBIX Ha KOHTAKT A3,

// Yrenune BxomoB Ha ALIIT 1115

/[ aul6data[4] = (results* multiplier); //ImV (nud.A0-Al)

// aul 6data[5] = term; //Temneparypa (aud.A2-A3)

JI1s1 ipoBepKH MPaBUIILHOCTU HACTPOECK 3almyCcTUTh pexuM orpoca OPC-cepaepa.
Ecnmu B cronbue "3HaueHus" MOSIBISIOTCS M3MEHSIONINECS 3HAUYCHUS TTapaMeTpoB, a B
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crosioue "KagectBo" crost 3HaueHus "GOOD" (puc.4), 3nauut, nogxmoueHue OPC
cepBepa OCYIIECTBICHO MPABHIBHO.

s npoBepkM mepenaun gaHHbIX oT OPC cepBepa HA MHKPOKOHTPOJLIED
WM, HalpuMep, MPOMBIIIIEHHBIN PEryJsaTop, CAEAyeT BHIOpATh TET Mepelad JaHHBIX
Ha 1KU(pOoBBIE BBIXO/IBI MUKPOKOHTpOJUIEpa U caenaTh npu padotatoriem OPC cepsepe
JBa KIWKa IO 3Ha4eHHIo Tera. llpu STOM OTKpoeTcs MeHI0 Habopa 3HaueHUi
MepeIaBaeMoOro Ha MUKPOKOHTPOJUIEp WK peryisTtop curHana (puc.4). Ecnu naHubie
BOCIIPUHSATHI, TO Ha COOTBETCTBYIOIIEM BBIXOJI€ KOHTPOJUIEPA/PErysiTopa MOSIBUTCS
omnpejieieHHoe HampsbkeHue. Eciu BBIXOA MOACOEIUWHEH K 3JIEKTPOMEXAHUYECKOMY
pene, To OyAyT CIBIIIHBI IETYKU peie.

Boznukaer Bonpoc, KakuM 00pa3oM KOHKPETHBIE BXOJIbI/BBIXO/IbI IPUOOPOB WU
MUKPOKOHTPOJUIEPOB CBsi3aHbl ¢ ompeaeneHHeiMU Teramu B OPC cepeepe? Ot0
OCYILECTBISIETCS IyTEM B3aMMOCOIJIACOBAHMSI aJpECOB BXOJOB/BBIXOJOB YCTPOMCTB U
anpecoB teroB B OPC cepsepe.

& Arduino_TRM202 - Owen OPC Server
Mpoext
OCTaHOEUTB
onpoc
Ter YcipoiicTea
4 B cepeep ~ emm | YcTpon
4 ¥ nPUBOP 17 M Agpec  3Hauewue TWN AaHHBIX Kauecreo
4 [0 MrKPOKOHTPONNEP » MUKPOKOHTPONEP.W M M.D09[0-255] Holding.. 0 Inti6 GOOD
» @ Mynstunnecop MUKPOKOHTPONNEP.I M M.D 10[0-255] Holding... 0 Int16 GOOD
» & AnalogRead MUKPOKOHTPONNEP.W U M.D 11[0-255]  Holding... 0 Int16 GOOD
v aun 1115 B BBOA 3HaueHus ﬂ
1]
© exnounr 58 MPVIBOP 17.MVKPOKOHTPOMNER.LL M M.D 09 [0 - 255 ]
“ Q wumMm Tun AarHBX Intl6
© pogfo-255] Texyuiee sauesue 0
® Dp1010-255] Hosoe snauenme | 234
S D11[0-255]
“ Q AN 4725 E Mpumesivms Omuena
D Terl —

Puc.5. Broa 3nauenuii B OPC ceppep

[Ipn ucnosib30BaHUM YCTPOMCTB M3 OMOJIMOTEKH, agpeca MX BXOJOB/BBIXOJIOB
nporpamMmmHo 3anoxkeHbl B OPC cepBep, M0O3TOMY cpas3y ONpenessioTcs B uHTepderice
cepepa npu  goOaBieHun npubopa. B cimydae ¢ mporpaMMHpyeMbIMH
MUKpPOKOHTPOJUJIEpAMH UCHOJIB3YIOTCSl ClIelMalIbHbIe OWONIMOTEKH, BKJIIOYaeMble B
nporpaMmMy MHUKPOKOHTpOJIEpa, KOTOpPBIE COTJACYIOT aJpeca BXOJO0B/BBIXOJIOB
MUKpokoHTposuiepa u_TeroB B OPC cepBepe. CyTh Takux OMOIMOTEK CBOJIUTCA K
dbopMupoBaHHIO OLU(POBAHHBIX MapaMeTpoB, KoTopble BocmpuHumawrcs OPC
cepsepoM. Lludpa B a3Tom napamerpe Bocipunumaercst OPC cepBepom kak ajapec Tera.
B mpenenax mporpaMMbl MHKPOKOHTPOJIEPA, ATHUM OLU(GPOBAHHBIM MapaMeTpaM
MOJKHO 33JaTh 3Hau€HUeE JI000Tr0 BXOJa/BbIX0/1a MUKPOKOHTpoJuiepa. Hike mpuBeneH
AJIEMEHT MPOTPaMMBI COTJIaCOBaHUS aJpPECOB:

[Tpumep 1:

aul6data[10] = analogRead( A0 );
aul6data[11] = analogRead( Al);
aul6data[12] = analogRead( A2 );
aul6data[13] = analogRead( A3 );
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WU, IpuMep 2:
aul6data[10] = analogRead( A0 );
aul6data[11] = analogRead( Al );
aul6data[12] = analogRead( A2 );
aul6data[13] = analogRead( A3);

B neBoii yacTh paBEeHCTB HaXOJATCS MapaMeTphbl, KOTOPbIE€ BOCHPUHUMAIOTCS
OPC ceprepom kak teru. [ mpumepa 1 ato agpeca reroB B OPC ceprepe — 0, 1, 2, 3.
Bo Bropom nipumepe — 10, 11, 12 u 13.

B npaBoii yacTu HaXOAATCS AIEMEHTHI IPOTPAMMBbI, KOTOPBIE CUUTHIBAIOT JAHHBIC
¢ (U3UYECKUX aHAJIOTOBBIX BXOJ0B MUKPOKOHTpoJuiepa AO0+A3.

Takum obpaszom, aig Broporo npumepa ter B OPC cepsepe ¢ aapecom 10 Oyaer
CBSI3aH C BXOJOM MUKpOKoHTpoJsuiepa A0, Ter ¢ anpecoM 12 cBsizad ¢ BXxoaoM A2 | T.J.
Ecnu ke B mporpaMMe B MUKPOKOHTPOJIJIEPE 3anucaTh, HAaIpuMep,

aul6data[10] = analogRead( A3 );

To Ha aapec 10 B OPC cepBepe NOCTYNHUT CUTHAI ¢ BXOAa A3 MUKPOKOHTPOJUIEPA.

Kak Bugno, nactpoiika OPC cepBepa TpeOyeT TIIATEILHOCTH W BHUMAHUS,
MO3TOMY IIPH 3aIyCKE CEPBEPA YaCTO BO3HHMKAIOT OLIMOKH, BbI3BAaHHBIEC, KAaK MPAaBUIIO,
HecorylacoBanueM mapaMerpoB aapecoB COM 1mopTtoB cepBepa M YCTPOMCTB,
HECOOTBETCTBUEM CKOpPOCTEH OoOMeHa. OTH OIIMOKH XapaKTEpHbl B OCHOBHOM IIpU
UCIIOJIb30BaHUU NPUOOPOB M3 OMOIMOTEKH. B ciyyae Apyrux ycTpoiCTB, MepeyeHb
BO3MOXKHBIX OIIMOOK JOMOJHSIETCS HECOOTBETCTBHEM THUIIOB JaHHBIX B CEpBEpe U
yCTpOMCTBE, HEKOPPEKTHOM Imepuoze ompoca. JloctatoyHo yacto paboTa cepBepa
COIPOBOXAAETCA NMEPUOAMYECKUM MOSIBICHUEM OIIMOOK, YTO MOMKET OBITh CBSI3aHO C
AJIEKTPOMArHUTHBIMH [TIOMEXaMH Ha JIMHUM CBSA3U WJIM HEKOPPEKTHOM MEPUOAE ONpOCa.
[Tpu 3TOM 1HIENECO00pa3HO YBEIUYUTH YUCIIO MOBTOPOB Ipu ommnbOKke. bonee ceppesnas
CUTyallusl MOKET BO3HUKHYTh IPU pabOTe ¢ MUKPOKOHTPOJUIEpAMH, KOTAa HE yAaeTcs
ycTaHoBUTH cBsA3b ¢ OPC cepBepoM. B 0CHOBHOM 3TO CBSI3aHO C OLIMOKOM B porpamme
MUKpPOKOHTpOJUIEpa. 3JeCh MOKHO PEKOMEHJ0BaTh HadaTh pabOTy C MPOCTBIX
porpaMM M Ha HUX MPUOOPECTH HABBIKH, JMOO KCIONB30BATH HAJIEKHBIE MCTOUYHUKU
MporpamMm Jjisi MUKpOKOHTpoJsuiepa. CTout oTMEeTUTh, 4To HEKOTOphie OPC cepBepsl, B
tom yuciie OBEH OPC cepBep, M0o3BONISIOT HACHTU(DHUIIUPOBATE OMTHOKH (Ta01.3)

Tabmuna 3 - Craryc kKayecTBa JJisl KaXI0ro napaMeTpa (BIBOAUTCS B KypHAJIC B
koJsionke "KadectBo").

OPC DA Quality Codes KauecTBo

0 BAD [Tmoxoe kauecTno.

4 BAD_CONFIG_ERROR [Ipobnema koHpUTYpammu Tera.

8 BAD NOT CONNECTED He MOZKeT OBITh YCTAHOBJICHO COSAMHEHUE C
- - YCTPOMCTBOM.

12 BAD_DEVICE_FAILURE Omnpenenena ommbKa yCTPOMCTRBA.

16 BAD _SENSOR_FAILURE Omnpenenena omuoOKa gaTdrKa.

20 BAD_LAST_KNOWN CBs13b C YCTPOWCTBOM IpEpBaAIach, HO UMEETCS
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NOCJICAHEC MMOJTYYCHHOC 3HAUCHUC.

CBsi3b C YCTPONCTBOM IpepBaiach, U HE UMEETCS

24 BAD_COMM_FAILURE JIOCTOBEPHOTI'O MOJIYYEHHOTO C HETO MPEIbIIYIIEro
3HAYCHUSI.
28 BAD_OUT_OF_SERVICE YCTpoiCTBO HEIOCTYITHO TSI OITPOCa.

HaganpHOe kauecTBO JJIs1 DJIEMEHTA I[O63BJ'ICHO B

32 BAD_WAITING_FOR_INITIAL_DATA
- - - - aJ[pecHOe MPOCTPAHCTOB CepBepa.

64 UNCERTAIN He onpeneneno.

KauectBo HE OIIPECACIICHO. Hpe,Z[CTaBJ'IeHO

68 UNCERTAIN_LAST_USABLE
- - HOCIIEHEE 3HAYCHUE.

3HaueHUE BBIILIO 33 rpaHuIlbl JOITYCTUMOI'O

80 UNCERTAIN_SENSOR_CAL o
- - Jiana3oHa WiK yCTpOHCTBO HE OTKaMOpPOBAHO.

84 UNCERTAIN_EGU_EXCEEDED 3HaveHHe 3a IpeieJaMu YKa3aHHbIX JIUMHUTOB
3HaYCHUE BBIYHCIISICTCS HA OCHOBE HECKOJIBKHX

88 Uncertain [Sub-Normal] UCTOYHUKOB, IIPH 3TOM XOTSI Obl OJTUH UCTOYHHUK
He uMmeeT kauectsa "GOOD".

192 || GOOD Xoporiee.

216 || GOOD_LOCAL_OVERRIDE 3HadeHue ObUIO IEPEOTPEIEIICHO.

65535|| QUALITY_NOT _SET KauectBO He 3a/1aHo.

IIpu mnpaBunbHOl HacTpoiitke OPC cepBepa ero wuHtepdeiic MO3BOJISET
BBITIOJIHUTD CIAEAYIOMNE (PYHKITUU:

AJpec Tera B Pa3zmepHOCTS,
OyHKIUA .
OPC cepsepe JleiicTBue
BriBoa TaHHBIX U3 MUKPOKOHTpOJLIEpA
0 JlaHHBIE C TaTYUKA NPUMECH 0-+1023
1 IToTeHmuan ¢ COJTHEYHOM MaHESIN 0-+1023
2 _
3 _
BBoa 1aHHBIX B MUKPOKOHTPOJLIED
BKIIIOYNTEL/BBIKIIIOUNATE 5 BOJIBLT HA KOHTAKTE 6 False—True
7 BKIIIOYNTEL/BBIKIIIOUNATE 5 BOJIBLT HA KOHTAKTE 7 False—True
8 BKIIIOYNTEL/BBIKITIOUNATE 5 BOJIBT Ha KOHTAKTE 8 False—True
9 Vcranosuts HIMM Ha xoHTaKTE 9 0-+1023
10 Vcranosuts HIMM nHa xonTakte 10 0-+1023
11 Vcranosuts MM Ha konTtakte 11 0+ 255

ITocne nactpoiiku OPC cepBepa ero HE0OXOAUMO COXPaHUTh 4Yepe3 MEHIO
«®Daitm» onunro <COXpaHUTH KakK...>,
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Yno6usiM ceppucom OBEH OPC cepBepa sBisieTCs BO3MOXXHOCTh COXpaHEHUS
OTpabOTaHHOTO YCTpOHCTBA B OMONMOTEKY. UTOOBI COXpaHUTH YCTPOMCTBO C €ro
HACTpOIKaMu B OMOIMOTEKY HEOOXOAUMO:

1. BriGpath ycTpoiCTBO B AepeBe 0OBEKTOB,

2. B koHTeKCTHOM MeHIO ycTpoiicTBa "COXpaHUTh YCTPOHCTBO B OMOIHOTEKY",

MpoekT

> 4o Buipezats

[0 konmposats

3anyctuTe
onpoc S yaanute

Ceoiictea | Term | X
« B cepeep ~ | eLi

4 ¥ ycrawoeka COM nopra Wms
4 [ Arduino uno
a0
Qa1

HoBasuTs ¥

$ CoxpanwTb ycrpodcTeo B Bubamoreky

3 Beipezate Cirl+X

3. B oTkphIBIIIEMCSI OKHE BBECTH MApaMeTPhl (HAIpUMED):
& CoxpaHuTb ycTpoiicTeo B bubamoteky

Wwma ycrpoitcTea
| Arduino UNO_NANO |

Kareropua
| Co3faTe HOBYIO KATETOPMIO E“
W kateropum

| Kareropua 1 |

rac:
Umsa yempoiicmeéa  mMsi, KOTOpoe OyZeT 0ToOpakaTbcst B OMOIMOTEKE U B JEPEBE OOHEKTOB.

Kamezopus MEHIO, B KOTOPOM MOKET ObITh BHIOpaHa CYIECTBYIOIIAsl KAaTETOpus
(TaTYMKH, U3MEPUTEITH, MOTYJIM aHAJIIOTOBOI'O BBO/IA U T.J.) ISl pa3MeIleHUs
YCTPOMCTBA WM CO3/1aHUE HOBOW KaTErOpUHU.

Hma kamezopuu ecnu B MeHI0 "Kareropus" BeiOpano "Co31aTe HOBYIO KaTeropuio", To
oTtoOpaxaercs nanHoe nosie. Heo6xoauMo BBeCTH Ha3BaHUE KaTErOpHH, B
KOTOPOH OyJeT COXpaHEHO yCTPOICTBO.
4. Bemonnute "llpumenuts". VYcTpoHCTBO OyIeT COXpaHEHO B BbIOpaHHOMU
KaTeropuu OMOIMOTEKH.

VYerpoiictBa U3  OMOMMOTEKM MOXKHO JKCIOPTHPOBAaTh, a B OUOIMOTEKY
UMIOPTUPOBaTh. DYHKIMS HMMIIOPTa OTKPHIBACTCS MPH BBLICICHUUH KypCOPOM
KaTeropuy WM yCTPOMCTBA B Mpeaesiax MEHIO OMOIMOTEKH. DKCHOPT BO3MOXKEH MpHU
BBIJICJICHUH KOHKPETHOIO YCTPOMCTBA OMOJMOTEKHU. DKCIOPTUPOBAHHBIN Qaitn ¢
pactmpenuem dev oTkpbiBaeTcs u3 cpeabl Excel (B Bue TaOMIbI) MM TEKCTOBOTO
penaktopa (B CIUIOUITHOM TEKCTOBOM BHJIE€) U COJEP>KUT OCHOBHBIE XapaKTEPUCTHKHU
YCTPOMCTBA, B YACTHOCTH aJ[peca TErOB, YTO MOXKET OBITh MOJIE3HO MPH UCIOIb30BAHUH
npubopoB B cpene apyrux OPC cepsepoB. [lpu otkpeitum ¢aitna u3 cpenst Excel
HEOXO/IMMO YCTaHOBUTH OIIUIO «BcE (allibl» U WTHOPUPOBATH HMH(POPMAIIMOHHBIC
coobmenus Excel.
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KonTponpHbIE BOITPOCHI.

1. Oxapakrepusyiite npeumyiiectsa ucnonb3zoBanus OPC cepsepa B cucreme
KOHTPOJISA U yTIPaBJICHHUS.

2. Kaxum oOpaszom ocyriecTBisieTcs: coraacoBanue aapecos TeroB OPC cepepa
Y BXOJ0B MUKPOKOHTpOJuiepa?

3. Kak omnpenenuts Homep BupryaibHoro COM mopra, K KOTOpPOMY
MIOJIKJTFOUEHO BHEIITHEE 000pyI0BaHME?

4. B Kakux eJUHHIIAX BBIPAKAECTCS CKOPOCTH OOMeHa?
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JIABOPATOPHASA PABOTA 5. Iloak/io4yeHne MHKPOKOHTpPOJLIEpa K
MasterOPC Universal Modbas Server’y

Heabp padorbl. IIpuoOpeTeHne HaBBHIKOB pa3pabOTKH aBTOMATHU3MPOBAHHBIX
MPOIIECCOB KOHTPOJISI TEXHOJIOTHUECKUX MapaMeTpoB B 00BEKTaxX yIpaBieHHUS Ha 0aze
MUKpPOKOHTpoJuIepHO# TexHuku. O3nakomuenue ¢ uatepdericom OBEH OPC cepsepa
U €r0 HaCcTpOWKa MpH paboTe C MUKPOKOHTPOJLIIEPOM.

IocranoBka 3apaun: Hacmpoums OBEH OPC_1.10.70.0 cepsep 0na obmena
OAHHBIMU C MUKPOKOHMPOJLIEPOM. 3ANUBKA MUKPOKOHMPOILEpa npednoaazaem, 8 mom
yycie, CUUMbIBAHUE OAHHBIX C AHANLO208bIX 6X0008 U 6bleo0 LIIHM cuenana wma
yugpposwvie 6v1800bL.

[IpubopHoe 006opyI0BaHKE:

1. Muxpoxoumpoarep ATmega328,

2. [IInama Arduino UNO,

3. Conneunas 6amapes,

4. Jlamuuk npumeceti 8 6030yXxe,

5. Ceemoouoo.

[IporpammHoe obecnieueHue:

3. Driver <ch341ser>

4. MasterOPC Universal Modbas Server

1. Xapakrepucruka MasterOPC Universal Modbas Server

Y10o0HBIM U ycToWuMBBIM B pabore siBisercs MasterOPC Universal Modbas
Server ¢upmbr UHCAT. B mpunnune cosnanue aepeBa OOBEKTOB CYIIECTBEHHO HE
otnuyaeTcsi oT paHee paccmorpeHHoro OPC cepBepa u HaumHaercs ¢ J00aBIICHUS
KOMMYHHUKAI[MOHHOTO y371a (puc.l).

1. KoMMyHUKaIIMOHHBIN y3em cleayer 1o0aButh yepe3 BepxHee meHio OPC cepsepa
WM 4Yepe3 KOHTEKCTHOE MEHIO C IOMOIIBbI0 TMPaBOM KJIABHUIK MBIIIA TOCTE
BBIIEJICHUS OIIIUU «SErver.

erOPC Universal Modbus Server Demo 32 Build - 3.1.14

KoHtmrypauma Obwmre HacTpokKkK Momows

|  CospaTe E CoxpaHWTe KaK... 1, AobaewTs yzen JoGaewte Ter MNeperMeHoBaTE ¥YOanuTe
# Ompuims Caenate CTapToOBbLIM MeperecTMTs BBEPX KonvposaTts OTMEHUTE
Coxpannts  §% MMAOPT M3 sepcuun 2.0 AobasnTe rpynn NeperecTuTe BHM TABUT EPHYT
dafin KoRGUrypaumi Cepeep Mpamxa

TeKyWan KOHDUrypaLMmA :
OBbeKTbl |

] 5o R e

KOMMYHHUKALMOHHBIA y3en

= ObLMHe HACTPOHKH
KoMMeHTapHA

) o

WMMnopT yana

Puc.1. Jlo6aBineHrne KOMMYyHUKAIIMOHHOTO Y3Ji1a
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MeHto HaCTpOﬁKH y3J1a MOABJIAOTCS B BUAC OTACIIBHBIX ITOCIICIJOBATCIIbHBIX OKOH

(puc.2).

2. B tumne y3na BeiOpath, kak npasuio, COM mopt, a 3aTeM B CIEAYIOLIEM OKHE €T
HacTpouth (puc.2). MMeercss BO3MOKHOCTh TOCIE HACTPOMKH THUPAXHPOBATH

KOJIMYCCTBO Y3JIOB.

Hactpoiika COM nopta B OCHOBHOM BKJIFOYAET:

e Homep COM mnopra — ompenensieTcss B TUCHETYEPE YCTPOMCTB MOCIE
MOJIKJIFOUEHUS BHEIIHETO 000PYAOBaHUS K KOMITBIOTEPY;

® CKOPOCTh OOMEHA JJaHHBIMH — 10 yMo4anuto 9600 6uTt/c;

e OWTHI JAaHHBIX — 8;

¢ KOHTPOJIb YETHOCTH — HET,

e croI OUThI - 1

WMA yana MNodel HMA yana Nodel
B Obugwe HaCT PO 2 Obume HacT potixe
KOMMERT AR oM T AP
BeomoueH B paboTy Bemsoued B paboTy True
Tun yana Tun y=na oM
B Hacrpomm TCP/IP E Hacrpoisos COM
1P agpec NopT 1
IP nopT CHOpOCTE 9600
BpeMRA OMMOIHWA COBOMHEHMRA [C) 10 Navrmie 8
B Cupant KOHTROND YETHDCTH Her
BoinonHEHue CRpUnTa False Cron Guma 1
B MononHMT enbHEE HACT PORKN MER CAMBONSHE TakMayT (M) o
Slave nogenicueHre False Wonons30eaTh pexus ASCIT False
Modbus nopepx TCP False MCNOMbanaaTs MOgeM False
OrenexueaTe Transacton ID True E Capeerrr
MNEPUHYQUTENEHSA PATPNE COBQMHEHMA B KaRoM weone False BrafiOM-es#e CXpHnTa False
MCnonsz08aTn PEIEPEHNE KaHAN False E [ononHATENbHEME HACT PORKN
Slave NoqEmoLELTe False
Mpvory QETEAHNA DIAIPHE CORQMMEMAR B KAG0M Laene False
HONOMsEoeaTs PEIEpBHNE KaHANS False
[ Tupasmpenate 1 2 | Aa ] | Het [0 Twpasoswponats 1 & [ fa | | Het

Puc.2. OxHa MeHIO HACTPOUKH

3. Jlanee B y3e1 MOXHO 100aBUTh yCTPONCTBA B HEOOXOAMMOM KoJn4decTBe (puc.3).
Ecnu ucmons3yroTess MPOMBINIUICHHBIC PETYJIATOPBI WM MOIYJH BBOA/BBIBOMA,

TO ajpeca YCTPOWCTB JIOJDKHBI COBHAAaTh C aJpecami,

KoH(uryparopax.

3allMCaAHHBIMHU B HX

B cmywae nppyrux ycTpoilcTB anpeca HauuHaroTcs ¢ 1. B mpenmemax y3na
nybonupoBaHue aapecoB He jpomyckaercsa. llpm paboTe ¢ MUKpPOKOHTpoJuIepaMu
yCTaHaBJIMBAEM JUIsl IEPBOIO MUKPOKOHTpoOJLIEpa - aapec 1.

HacTtpolika ycTpoHCTB IPOU3BOAUTCS 110 CIEAYIOIIMM ITapaMeTpaM:

e Tun ycrpoiictBa — 0061uHO0 «MODBUSY;



e Anpec;

e [lepuon onpoca — cHadasia no ymosdanuto 1000 mc

b

Jlpyrue napaMmeTpsl TakKe M0 yMOJTYaHUIO.
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% Hun ycTpodcTaa bév;cal
Kondurypauma = Obwme wactpoiiku  Momows | f- —
. - . K ape
|  Cospam CoxpaHnTb KakK... ! Oobasute s:::::o Ny — on
® Omxpems o Coenams craprosem @ fo6asums | | T yerpoicrea MopeRss
g Anpec (0x01) 1
B Coxpaxurs ’ Wunopt us sepcun 2.0 34 DobBasurs Bpema oTBeTa (MC) 1000
& Moerops npu ownbke 3
Dain KoHburypaumm
MNoBTOpHOR CoemMMenna Nocne ownbku uepes (c) 10
Pewmeamanisauymns yana npu ownabxe False
lrexymaﬁ KOH¢V|l'ypaLlMﬁ .
Nepuog onpoca 1000
O6beKTbl I Pasnepuocr; nepuona onpoca :s
Hau aza
PasmeprocTs Qass ms
e L‘ Server Y3er Crapr nocne :;nyo:a True
[ o 3anepxxa 3aNpoca Nocne NOMyJeHus oTeara (Mc) 4
Nobasutb ¥ | YcrpoucTeo | BT
K BainonHerwe cXpunTa False
MNepeuMeHoBaTL 9] @ nacrpoixa sanpocos
Bl' MakcesmanoHoe KonwwecTao HOLDING pervcTpoa 8 3anpoce uresmn 125
yAanwrb = H MAKCMansHoe KoNmMuecTao INPUT perncrpos 8 3anpoce uTexun 125
He uonons3oeaTts KoMaHay WRITE_SINGLE_COIL (0x0S) True
Bblpe3aTb nd He ncnone3oaats xoMaugy WRITE_SINGLE_REGISTER (0x06) True
MIKCHMINGHOE AONYCTUMBIA DAIPHES AZPECOB B JANPOCE HTEHUA 0
Konwpoaarb CH WUenonssogars npeanGyny False
ﬂ MNpHOPUTET 2aNKUCK Nepes uTeHneM False
3KCNopT y3na
UMNopT yCTpoicTea K9l omwpacposars 1 8 [ga ][ wer ]
—

4.

B ycroiictBa yepe3 BepxHee WIH
rpymniy (puc.4)

MasterOPC Universal |

MATAA

Modbus 54 B

KOHTCKCTHOC MCHIO I[O63BJ'I$I€M TCIu

HIn

Puc.4. Ilpumep HacTpOWKH Tera

Kondurypaunn | Obwme wacTpoiixn  Momows Wma Tera  Tagl
| Cosmams I Coxpawms xax... \, GoSaewTe ysen SO Tcyoion -
@ Onpums o Caenars craprosem ¥ noSasurs yerpoiicras KOMMEHTapHIA R0
B Coxparums #¥ Mmnopr u3 pepoun 2.0 @ foBaswTs rpynny BroueH B paboTy True
S e peia Pervion HOLDIN...
[Texywan kowdurypaums : Anpec (0x0000) 0
ObvexTnl I Twun QaMHbix B8 YCTpORCTBe int1é
o W Server Twn faMkbix 8 cepaepe nt32
5 » Nodel Twn gocryna Readwnte
.W] J Ucnonb3oeats nepecradoeky 6anToe B 3Havenwmn  True
MNepecranoska 6aiTos B 3HaUEHMH 10325476
NepeumerosaT | rpynny Nocneaswid Ter B rpynnoBomM 3anpoce False
MoagycTporcTeo Nepecuer (A*X + B) False E
Yranms T Bpema oreeta||S cupmnr
Bupesarn NosTopw Npw 4 Paspewenve BHNONHEHUA CKPUNTa Nocne utenun  False
Konupoeatn Noaroproe co Paspewenne BuNONHEHUA CKPUNTa nepeg sanucso  False
fpynnoewme onepaumm Penmvumannzd| S flononuuTenvHo
3kcnopT ycTpodictea ::::::“:ﬂcﬁ: :anmme OTQENbHOrO PErMcTPa 3anncu False
WMNopT noaycTpoicTea 3BneueHne 6MTa U3 QanHbX False
HauanoHan P2 Yrenne cpasy nocne 3anvom False
3KcnopT Teros PaaMepHoCTD 4 MPUHYAMTENBHARA 3aNUCh KOMAHAOK 6 False
WmnopT Teroe Crapr noche 15 HDA
BUAMMOCTD Teros 3agepxKa 3a HDA goctyn False -
Terw & pabore = Cxpunt
JlONONHATENbMBIE CBORCTRA Bunonwexue ¢ [J Twpaxuposats 1 8 [ Aa I [ Hert ]
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B 3aBucuMMOCTH OT KOJIMYECTBA TETOB B YCTPOMCTBO MOXHO BCTaBUTH
HEIMOCPEICTBEHHO Tern WK IPYNIIbI TeroB (puc. 5).

Ecnu TeroB MHOro W OHHM pa3HOIUIAHOBBIE, TO OJHOTHUIIHBIE ILEJIECO0OpPa3HO
Oo0BEIMHUTh B OJHY TIPYNIYy, B KOTOPYIO uepe3 KOHTEKCTHOE MEHIO J00aBUTh
oTaenpHble Terd. [lpydyeM KOIMYECTBO TEroB B TPYIIE WIH YCTPONCTBE MOYKHO
TUPAXUpPOBaTh. Bce Term BCTaBIAIOTCS C Pa3sHbIMH aJApecamMM, KOTOpBIE IpHU
HEOOXOMMOCTH MOKHO KOPPEKTHPOBATh.

E Ma;JOPC U;m'l'Modbus Server Dern fexywan Konpurypaums : MScada_4_3 3 3
s ObbexKThl ‘
KoHpurypauus = OBume HacTpoiku Momouwb
|~ Cospate COXpaHuTL KaK... . AdobBasuts y3en '@ Lobae E‘"g isﬂeggl:'l_nopr
‘ OTKpbITD ' Chaenats craprossim Sasute ycrpoicrso “‘§ MNepes =l .
[ Coxpanute ¥ Wmnopr us sepcum 2.0 @ fobaswts rpynny & nepet ¥ aul6data[0] AO exog
®aiin KoHDUrypaumum Cepeep & aul6data[1] Al exog
Tekywasn KoHdUrypaums : YuebHoii.mbp ® aul6data[2] A2 exoq
& aulé6data[3] A3 exofn
ObvexTs | 2 aul6data[4] Oud_0_1
= |y Server rpynna <<Bxoal >> | i# auil6data[5] Oud_2_3
£ & MK Atmega i Bkn 5 B na D&(0-1)
= @ MuxpokoHTponnep * OGwme HaCTpOHKH # Bkn 5B Ha D7(0-1)
@ @ AWanorosbie KoMMeHTapuin Bxoal i Bkn 5 B Ha DB(0-1)
@ @ WuMm i Bikn WWM sa D9 (0-1023)
5 & OBEH 2 Bkn WWMM na D10 (0-1023)
& @ TPM202 ~ @ Bwkn LUMM na D11 (0-255)
58
 3Hauenue PV1
2 Cmewenue dp
2 Ycraeka SP1
i Mucrepesnc HYS
B Cratyc STAT
2 BHewwee ynpasner
= 4@ Bxoa2

Puc.5. YcranoBka TeroB B yCTPOMCTBO

Anpeca TeroB mnpu paboTe C TPOU3ZBOJBHBIM MHUKPOKOHTPOJUIEPOM MOKHO
HaunHath ¢ 0. [lns mpencraBieHHOro it pabOThI MHUKPOKOHTpOJUIEpA CIEIyeT
UCIIOJIB30BaTh  ajapeca TEroB TnpuBeAcHHble B TaOm.l. I[lpm wucnonp3oBaHUU
MIPOMBIILJICHHOTO O0OPY/IOBaHMS ajpeca TEroB YCTAaHABIWBAIOTCS MPOU3BOIUTEIEM U
JTAIOTCSl B OMMCAHUU K MpUOopam.

Tabauma 1 — Aapeca teros B cepBepe MasterOPC Universal Modbas Server ms
CorjiaCcoBaHus C KOHTAKTaMU MHUKPOKOHTPOJLJICpa

Anpec Tera B Pa3zmepHocTs,
@yHKIHS HA KOHTAKTE MUKPOKOHTPOJIIEpa .
OPC cepgepe JeiicTBue
BriBoa manHbIX 13 MuKpokoHTposuiepa Ha OPC cepsep
0 JlaHHbI€ ¢ 1aTyMKa npuMecH Ha KoHTakTe AQ 0-+1023
1 IToTeHinan ¢ COJHEUHOH ITaHeIN Ha KOHTaKTe Al 0-+1023
2 _
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3 B

BBox nanubix B Mukpokontposuiep u3 OPC cepsepa
6 BKJIFOYUTE/BBIKIIOUNATE 5 BOJIBT HA KOHTAKTE 6 False-True
7 BKIIFOYUTE/BBIKIIIOUATE 5 BOJILT HAa KOHTAaKTE 7 False-True
8 BKJIFOYUTE/BBIKIIOYUATH 5 BOJBT HA KOHTAKTE 8 False-True
9 Vceranosuts LIIMM Ha xoHTakTe 9 0-+1023
10 VYcranosuts IIM Ha xkoHTakTe 10 0-+1023
11 VYcranosuts HIMM Ha koHTakTe 11 0+ 255

Kpome ycTaHOBKM afipeca HaCTPOUKa TeTra BKIKOYACT:
T JaHHBIX B yCTPOKCTBE

|

JInst mpoBEpPKU MPAaBUIILHOCTH HACTPOECK 3aIyCTUTh pexkum onpoca OPC-cepaepa.
Ecnu B cron6ie "3HaueHus" MOsBIAIOTCS U3MEHSIOUIMECS 3HAYEHUS [1apaMeTPOB,
a B cronbre "KauectBo" crosT 3nauenus "OK" (puc.6), 3HAUNT MOIKITIOYCHHE
OPC cepBepa ocylIeCTBICHO MPABUILHO.

Master P Unieeissl Modbus Sero [hem 32 Budd - 3.1.14
i

CTapToBan kKoHgwrypauna @ MScada_4_3_3_2ASD1115_PWM_var_To.mbp

Ll NTa e 1) |

W Server Tarw ]
L Parrmoks  Anpad duguinHien Kaurcrnn
COM_napT.Arduing. aulGdatal0] A B... HOL.. [DeDD.. 26 QK
COM_nopr Arduno.aulbdatal 1] Al B... HOL._.  (0xD0... 0 (sl 4
COM_nogr Archaino, aulbdata[ 2] A2 b, HOL,..  [(DaO,.. 111 (a4
CoM_nopT.Arduino,aulbdatal3] A3 B, HOL..  (DeD0... 328 (o1
COM_nopt. Arduino.aul6datal4] fud... HOL.. (DxD0.. © OK
COM_nopT. Arduno.aulédatal 5] Aedp... HOL... (DxOD... 20 OK
COM_nopr. Arduno. Ben 5§ 8 wa DED-1) HOL...  (DxD0O... O 0K
COM_nopr. Arduno, Bien 5 8 wa DA0-1) HOL..  (0«D0.. © QK
COM_nopt Arduino.Bien & 8 wa D8{0-1) HOL.. (Dxb0.. © QK
COM_nopt. Arduino, Ben WWM wa D9 ... HOL.. (DxDD.. © oK
COM_nopr. Arduno. Bicn WAM wa D10, HOL...  (DxDD... O OK
COM_noger Archano, Ben WAM wa D11, HOL,.. (DeB0,.. O (K
COM_nopr Arduno, aulbdatal 12]_To HOWL,.. (GwbD,.. 20
COM_nopr Arduna, aulbodatal 13] 8 . HOL., (Daeb0,. 327
e | -
Coofmniun | 3anpocs | Conbuenma ogpunon|
Prmis BRBofLa: darmyuies DwneTp: Boe coobesn
01-10- 2019 17:26:11.033 COM_nopr.Arduine:CTapT onpoca yoTRoACTES
01-10- 2049 17:26:10.033 COM_nopT.brduno:CTen onpoca yoTposcTea (b = 159 ms

Puc.6. Otnpasnenue cooOIeHusI Ha yCTPOICTBO

Jlnst mpoBepku otrnpaBku gaHHbIX ¢ OPC cepBepa HEOOXOIUMO BBI3BATH MEHIO

JAaHHBIX, YTO OCYIICCTBJIACTCA ABYMA KIIMKAMHW MBIIIKW 110 3HAYCHHUIO IIapaMcTpa. HpI/I

3TOM IOSIBIIIETCS MEHIO THIIA KaJbKYJIATOPa, ¢ KOTOPOTO MOKHO OIPAaBHTH JaHHBIEC B
ycTpoicTBO (puc.6).

1.

IMocae vacrpoiiku OPC cepBepa npu padoraioieM cepBepe:

[lepekpbITh CBETOBOM MOTOK, MOCTYMAOIIMK Ha CONHEUHyI0 Oarapero, |
HAO0JII01aTh CHIKEHUE MOTEHIMala Ha Tere ¢ aapecom 1.
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2. K nmarumky mpumeceit mpuOIU3UTh 00pasell, coAep aliui JIeTy4Yruil yTrIeBOI0PO
WM cnupT. 3adUKCUPOBATh YBEITWUCHUE TIOKA3aHUMA TaTYMKA PUMECEH Ha Tere C
aapecom 0.

3.  TloagxmtounTh KpacHBIN TPOBOJ CBETOAMOAA K KOHTAaKTy 6 MHKPOKOHTpOJUIEpA.
[Tonb3ysick Tab1n.2, yepes Ter ¢ aapecoM 6 mogaTh MOTEHIMAN Ha CBETOUO/I.

4, [Toak/II0YUTh KpacHBIM MPOBOJ CBETOAMOAA K KOHTAaKTy 11 MUKpOKOHTpoOJLIEpa.

3aKpBITh CBETOMMOJ COJIHEYHOW Oarapeedl W ympaBisiTh SPKOCTHIO CBETOIMOAA
ycTaHaBiuBas Ha Tere 11 3Haduenus B aumamazone oT 0 go 255. Ilpocnenuts 3a
W3MEHEHNEM ITOKa3aHuii Ha Tere 1.

YnoOueiit  cepBuc ganHoro OPC cepBuca COCTOMT B  BO3MOKHOCTH
HKCIIOPTUPOBATh W UMIIOPTUPOBATH YCTPOMCcTBA. OTO YI0OHO Jenarth Yepe3
KOHTEKCTHOE MEHIO (pHuc.7), KOTOPOE OTKPHIBAET OKHO IKCIIOPTA TEroB. Teru B BepxHei
YaCTU OKHA HYKHO BBIJICIIUTH M MepeMecTuTh B okHO «®Paiinm CSV» mocie gero gepes
kHOTIKY «['oToBO» coxpanmth. Copepkanue (aitla wWUIFOCTpUPYET  TaOI.2.
DKCMOPTUPOBAHHBIN (hailsl TErOB MOKHO UMIIOPTUPOBATH B YCTPOMUCTBO.

MasterOf &m
Komwrypauss  Ofume wecTpoien  No Tern
Cossars B Compamems <. ot Name Regon Addess DataType Access SyteOrder Comment
= &
LT S S ~tis Rea 10228478
Orvguems V Conrams CrRpTuses N ot
I.Qc pA A 37 Qax PR 6 Rea. 10025476 .
L S Mo 2 i Rea . 10023478
BAAN 2Onbu DB B ey
M ML ) ntis Rea 1025478
TOXy\aan wowdur ypaums Garat-Bustooth 3 [PPRY . s e 10025478
Obvexru FNPESCRED) | sad. bx.. § s Rea . 10023476
@ Server Yerpe T Y s [N 10025478
o Ardano AN L - S ~tis [N 1022547%
o™ L ~tie res 0Ne
Aobasure ’
‘9 Moo 1 s s WIIATS AL DVUT_PALLe
¢ 9 Nepermerecaats P - . ™ P AN A
v 9
L @ Yaawm Gala OOV
‘9 S Name Repgon AdSess DataType Accest ByteOrder Comment
¢ 9 xorwposars
Mpynoewe COepapm
ICNoPT yCTPoRCTaa 71 3
PMNopT NOgYCTPORCTES Ormema
JKCNOpTTEeros
VoD T Tercs

e
Puc.7. Oxcnopt Teros B daitn CSV

Ta6muma 2 — I[Ipumep pparmMeHTa 3KCIIOPTUPOBAHHOTO (paiiia Teros

Name Region Address | DataType Access
Multipleksor{g}M7 [7] HOLDING_REGISTERS 7 int16 ReadWrite
AnalogRead{g}A0 [10] Beixoq CD4051 HOLDING_REGISTERS 10 int16 ReadWrite
AnalogRead{g}Al [11] HOLDING_REGISTERS 11 int16 ReadWrite
AnalogRead{g}A2 [12] PULLUP HOLDING_REGISTERS 12 int16 ReadWrite
AnalogRead{g}A3 [13] Beixoa IIAIT 4725 | HOLDING_REGISTERS 13 int16 ReadWrite
AnalogRead{g}A6 [22] HOLDING_REGISTERS 22 int16 ReadWrite
AnalogRead{g}A7 [23] HOLDING_REGISTERS 23 int16 ReadWrite
ADS 1115{g}Dif 0-1 [17] HOLDING_REGISTERS 17 int16 ReadWrite
ADS 1115{g}SingleEnded 3 [20] HOLDING_REGISTERS 20 int16 ReadWrite
I 1 M{g}D 09 [0-1023] [14] HOLDING_REGISTERS 14 int16 ReadWrite
I Y M{g}D 10 [0-1023] [15] HOLDING_REGISTERS 15 int16 ReadWrite
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I ¥ M{g}D 11 [0-255] [16] HOLDING_REGISTERS 16 int16 ReadWrite
Biomounts 5 B{g!D 7[0-1] [8] HOLDING_REGISTERS int16 ReadWrite
Bromounts 5 B{g!D 8 [0-1] [9] HOLDING REGISTERS int16 ReadWrite
LIATT 4725 {g}0-4093 [21] HOLDING_REGISTERS 21 int16 ReadWrite

DKCHOPT/MMITOPT MOKHO OCYIIECTBHTHh W i y3Ja. [l 3Toro y3en HYKHO
BBIJICJIUTh KypPCOPOM M 4epe3 KOHTEKCTHOE MEHIO MpoBecTu ero Ikcmopt. Daiin y3na
coxpansiercs B ¢popmare snd. Ilpu paspabotke HoBoM nporpammbl OPC cepBepa daiin
y3jJa MOXET ObITh MMIOPTUPOBaH B «Server» nepera oowekroB OPC cepBepa. OTo
OCYUIECTBIISIETCS 4Yepe3 KOHTEKCTHOE MEHI0 IMpu «Server» paepeBa o0bekToB. [lpu
UMIIOPTE COXPAHAIOTCS BCE HACTPOWKH YCTPOMCTB M TETOB. JTO BEChMa yJIOOHO IS
co3faHusi pe3epBHbIX Komuil ¢aitioB OPC cepBepa, a Takxke misi (HOpMHUPOBAHUS
CJIOKHBIX TIPOTpaMM KOHTPOJISI U YIIPaBJICHUS.

KOHTpOIBHBIE BOIIPOCHL.

JlaiiTe onpenenexue rera.

ohkhwWwbdE

Yrto npencrapisieT coO0i OuOIMoTeKa yCTPOUCTB?

Kakne ocHOBHEBIE IMapaMCTpbl BKIIIOYACT H&CTpOfIKa TETOB?

Kakue ocHOBHBIE TapaMeTphl BKIIOYAET HACTPOHKA yCTPOMCTB?

[To xkakuM mapamMeTpaM OCYHIECTBISETCS HACTPOMKAa KOMMYHUKAIIMOHHOTO y31a?
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JIABOPATOPHAS PABOTA 6. Cucrema KOHTpPOJIsI M yINpaBJeHUs] HA
OCHOBE MUKPOKOHTPOJUIEPA U H3MEPHUTEJISI-PeryJasTopa

Heap padorbl. PazpaboTka KOMOMHUPOBAHHBIX ABTOMATHU3UPOBAHHBIX CHUCTEM
KOHTPOJII TEXHOJIOTMUECKHX T[apaMeTpoB B OO0BEKTax YyIpaBieHHs Ha 0aze
MUKPOKOHTPOJUIEPHOU TEXHUKH U MPOMBIIIJICHHBIX U3MEPUTENICH PETYIATOPOB.

ITocranoBka 3axa4yu: Pa3paborath cCTEMY KOHTPOJIS U YIIPABJICHHS Ha OCHOBE
MasterOPC Universal Modbas Server’a comnps:KeHHOIO ¢ MHKPOIPOIECCOPHOM
TEXHUKON M MPOMBIIUICHHBIMH H3MEPUTEISIMU-PETYIIATOPAMH.

I[TpuGopHOE 000PYIOBAHHUE:

Muxpoxonmponnep ATmega328.
H3mepumenv-pecynsmop TPM202.
IInama AVR-KIT-BOARD.
IIpeobpazosamensy unmepgetica USB-RS485 AC4.
IIpeobpazosameny XY-017.

IInama Arduino UNO.

Tepmonapa XA.

Conneunasn bamapest.

. Hamuux npumeceii 8 6030yxe.

10. Ceemoouoo.

[IporpammHoe obecrieyeHue:

1. Driver <ch341ser>.

2. MasterOPC Universal Modbas Server.

CoNoOaRrLDE

[ToakmtoueHue MPOMBIIIUICHHBIX CPEJICTB aBTOMATH3allMU TPEUMYIIECTBEHHO
OCYIIECTBIISIETCS ¢ UcTonb3oBanneM uHTepdeiica RS485. Matepdeiic RS485 smusercs
HanOoJiee PACIpPOCTPAHCHHBIM B IMPOMBINIJICHHOW aBTOMAaTH3aIllid. ET0 MCHONB3YIOT
npomeinuicHabie cetu Modbus, Profibus DP, ARCNET, BitBus, WorldFip, LON,
Interbus w MHOXeCTBO HecTaHIApTHBIX ceTei. CBS3aHO 3TO C TEM, 4YTO IO BCEM
OCHOBHBIM TIOKa3aTelsIM JaHHBIH WHTep(EHC SBISETCS HAWIYUIIAM W3 BCEX
BO3MOYHBIX MPU COBPEMEHHOM YpOBHE pa3BuTusi TexHosnoruu. B RS485 ucnons3yercs
MHOTOTOYEYHAsT TOIOJIOTHS, YTO TO3BOJIICT MOJKIIOYUTH HECKOJBKO MPUEMHUKOB M
nepenatdyukoB. B omHoM cermente cetm RS485 mosker ObITh 10 32 YyCTPOMCTB, a C
MTOMOIIIBIO JIOMOJTHUTENBHBIX OBTOPUTENEH U YCUIIUTENEH CUTHAIOB A0 256 yCTPOICTB.
B oy MOMEHT BpeMeHH aKTUBHBIM MOKET OBITh TOJIBKO OJIUH TIEPEIaTUHK.

OCHOBHBIMH €T0 JJOCTOMHCTBAMU SIBIISTFOTCS:

o JBYCTOPOHHMI OOMEH JaHHBIMU BCETO MO OJHOM BUTOM Mape MPOBOJIOB;

o BO3MOXHOCTh OPTaHU3AIUHU CETH;

o OoJbIIAas JJIWHA JIMHUHU CBS3H;

o JIOCTaTOYHO BBICOKAs CKOPOCThH IEepeIadH.

Nurepdeiic RS485ucnonb3yer auddepeHnnanbHplii CUTHAI I Mepenadu
nanHbIx. CymiectByet aBa Thuna RS485:

o RS485 c 2 xonTakTamu, paboTaer B peKUMe MOy aYIUIEKC,
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o RS485 c 4 xonTakTamu, paboTaet B peKUME MOJIHBIN TYTUICKC.

B ocHoBe moctpoeHusi wuHTepderica RS485 nexur mnepemada UMITYJIBCOB
HaIPsHKEHUS TI0 IBYM TPOBOJAM, TIPHU 3TOM Pean3yeTcs oughgheperyuaivhbiii cnocoo
nepeadyd CUTHAJIa, KOTJa HaIpsHKEHUE, COOTBETCTBYIOIIEE YPOBHIO JIOTHYECKOMN
€AUHULIBI WIK HYJSl, OTCUMTHIBAETCA HE OT "3emun'", a U3MepsieTCs KaK Pa3HOCTh
MOTEHIINAJIOB MEXIy AByMs nepenarommmu Juausmu: Data+(A) m Data-(B). To ectb
KOT/Ia Ha OJTHOM IPOBOJIC TOSBIISICTCS TOJIOKUTEIBHBINA MMOTEHITMA, TO Ha IPYroM IO
OTHOIIICHHUIO K TICPBOMY IMOTCHIMAN OoTpHuarenbhbiid (puc.l). [Ipu 3TOM HampsbkeHue
KKIOW JHHUA OTHOCHUTEIBHO "3eMJIM" MOXET OBITh MPOW3BOJIBHBIM, HO, HaIpHUMED,
g RS485 ne momKHO BRIXOAUTH 3a Auanas3oH -7...+12 B.

MoTeHunan
AMHWK A

MoTeHuuan - -

NAHAKW B

PazHOCTEL
noTedunanoe
NUHUKM AN B

Puc.1. Ilpunuun nuddepenunanbHoro cnocoda nepegadn curHaia

[IpueMHUKN CcuUTHaJIA SBISIOTCA OU(PPEpeHIMAIbHBIMUA, T.€. BOCIHPUHUMAIOT
TOJILKO Pa3HOCTh MEXIy HampspbkeHussMu Ha junuud Datat+ u Data-. B RS485 mpu
pasHoctn Hampsbkenuin Oonee 200 MB (mo +12 B) cumraercs, 4ro Ha JIUHUU
YCTaHOBJICHO 3HAYEHHE JIOTMYECKON eMHMIIbI, TPU HanpsikeHuu meree -200 mB (o -7
B) - normueckoro nyins. JuddepeHnnaabHoe HAPsDKEHWE Ha BBIXOJE MepeaaTynka B
COOTBETCTBUM CO CTaHAAPTOM JOJDKHO ObITh He MeHee 1,5 B, mostomy mpu mopore
cpabateiBanusa npuemHuka 200 mMB momexa (B TOM uwuciie TNajeHUE HAMPSHKEHUS Ha
OMHUYECKOM CONPOTUBIICHUU JIMHUH) MOKET UMeTh pa3max 1,3 B Han ypoBaem 200 MB.
Takoit OousbIION 3amac HEOOXOMWM it pabOThl HA JUIMHHBIX JHHHUSX C OOJBIINM
OMMYECKUM COINPOTHUBICHHEM. PaKTUYECKH, UMEHHO 3TOT 3allac MO HAIPSOHKEHUIO U
OTpeJieNsieT MaKCUMaJIbHYIO JUIMHY JUHUHM CBsizu (1200 M) mpu HU3KUX CKOPOCTSIX
nepenaun (menee 100 k6ut/c).

bnaronapst cumMeTpuu JIMHUKA OTHOCUTENBHO "3eMiIn'" B HUX HABOASATCS MMOMEXH,
onuskue 1o popme u BenuunHe. B npueMuuke ¢ auddepeHnaibHbIM BXOAOM CUTHAI
BBIICJISIETCS] ITyTEM BBIYMTAHUS HANPSHKEHUM Ha JIMHUSX, MOATOMY TOCJIE€ BBIYMTAHUS
HaIpsHDKEHUE TIOMEXM OKa3bIBaeTCS PABHBIM HYJIIO. B peanbHBIX yCIOBHSIX, KOraa
CYILIECTBYET HeOOJIbllIasg aCUMMETpPHsl JUHUN W Harpy3oK, Iomexa MOJABIsEeTCS He
MOJIHOCTBIO, HO OCHaOJseTcsl CyIIEeCTBEHHO. [ MHUHHMH3AalMKU 4YyBCTBUTEIBHOCTH
JIMHUY TIEPENAYN K IEKTPOMATHUTHON HABOJKE MCIOJIb3YETCS BUTAN NAPA NPOBOAOB.
Toku, HaBOOUMBIE B COCEOHUX BUTKAX BCIIEACTBHUE SBJICHUS 3JIEKTPOMATHUTHOMN
UHAYKLINY, 110 "mpaBuily OypaBuMKa" OKa3bIBAIOTCS HAINPABJICHHBIMH HABCTPEUy APYT
JIpYTy YU B3aUMHO KOMIEHCUPYIOTCs. CTENEeHb KOMIIEHCAUU ONPEAEISIETCS KaYECTBOM
U3TOTOBJICHUSI KaOemsl M KOTMYECTBOM BUTKOB Ha €UHUILY JJIUHBI.

JUIUTETBHOCT HUMITYJIbCOB M YacTOTa CIEJOBAaHUS U OINPEHENSIIOT CMBICI
nepeaaBaeMoi HHPOpMalUu.




o1

Ha puc. 2 u 3 mnpeacraBieHsl JBa BapuaHTa MOAKIIOYEHUS KOHTPOJILHO-
U3MEPUTENbHBIX TPUOOPOB K KOMIIBIOTEPY.

B mepBom Bapmante (puc.2) xk nuHun RS485 moaxiIrOYeHBI MPOMBINITICHHBIN
npuoop TPM202 u mukpokontposuiep. [Ilpudbop TPM202 noxakirodyeH yepe3 KOHTaKThI
«A» m «B» wuntepdeiica RS485 nHa 3amHeit maHenu mnpubopa K BUTOM Tmape.
MuKpOKOHTpOJUIEp MOAKIIOUEH K BUTOU mape uepe3 npeodpazosarens XY-017. Buras
napa MmojkJItoueHa K KOHTakTaM «A» u «B» mpeobpazoBarens AC4. [IpeoOpaszoBarenn
AC4 1mHypoM HEMOCPEICTBEHHO MoAKIoYaeTcs K pazbeMy USB kommbrotepa.
[Ipeumy1iiecTBO JaHHOU CXEMbI MOJKIIIOUEHUSI COCTOUT B TOM, YTO UCIIOJIB3YETCS OJUH
MOPT KOMIIbIOTEPA, a K TMHUU RS485 MOKHO MOAKIIIOUATh U CJICIYIONINE TPUOOPHI.

T™TPM 202

112l al4]s]6]7]a]a]w]11]12]13]14]15]16 AC4 | USB
Filves 23123321 ][]
Ce ] A B

b A
.00 45 Bewoal  Bewop2 Bwopi Bxon? RS-48S

!
T

TXD® RX
- MUKDOKOHTpONNE
XY-017 oo ||~ MHKpoKoHTPOMAED
GND GND

NUTaHKUE

Puc.2. Cxema nonkimodenust npuOOpoB K KOMIbIOTEpY 1o auHun RS485.

Bropoit Bapmant (puc.3) mnpemycmatpuBaer Hamuume 2-x USB moptos
KoMIbtoTepa. OAMH NMOPT UCMONB3YETCS JUIsl MOAKIIOUEHHSI U3MEPUTENS-PErysiTopa
TPM202 mo muanm RS485, ko BTOpOMY MOPTY MOAKITIOYACTCS MUKPOKOHTPOJUIED Yepe3
npeodpazoBarens UART-USB.

TPM 202

1]2]3la]s]6]7]e]ofio]i1]12][13]14]15]16
oo 123123123321 ]

CeTb B A
~op. 2455 Bewon1  Bemop2  Bropl Bwon? RS.485

EER—

1 L
npeobpa3soBaTenb '

<:on,q/5blx0.ﬂ. >: MUKpOKOHTpOANEp | UART - USB :
]

Puc.3. KomOuHupoBaHHas cxeMa MOJKIIOUYEHHUSI TPUOOPOB K KOMIIBIOTEPY Yepes
untepdericel RS485 1 UART-USB.

Ha HekoTopbIX MHUKPOKOHTPOJIIEPHBIX IUIaTax mpeodpazoatenr UART-USB
YCTaHOBJICH, U MOAKIIOUYEHNE OCYIIECTBIISIETCS C MOMOIIBIO KaOessi HEOCPECTBEHHO K
USB kommnbroTepa.
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Iopsinok BeINOTHEHUS] padOTHhI.

1. K Bxomy Nel (kontaktel 2 u 3) TPM202 nonkmtouuth, coOiroaas
MOJISIPHOCTB, TepMonapy XA.

2. Toaxmounts TPM202 x mpeoOpazoBarento AC4 kak 1moka3aHo Ha puc.3

3. TIpeobpazoBatens AC4 ¢ MOMOIIBIO CIEIHUATBHOTO KaOess MOIKIIOYUTh K
KOMITBIOTEDPY.

4. B xadecTBe IUIaThl ¢ MHKPOKOHTPOJJICPOM HCIOJB30BaTh Iwiaty Arduino
UNO.

5. IlogkmroounTe BHEHNIHWE YCTPOWCTBA K MHUKPOKOHTPOJUIEPHOW —IUIaTe,
UCIIOJIb3Ysl TaHHbIE TaOJI. 1.

Tabmuua 1 — [NogkmroueHne BHEITHUX YCTPOKUCTB K tuiate Arduino Uno

KoHTakT Ha BHelIHEM KonTakT Ha nate
Brewmee ycTpoicTso YCTpOIiCTBE Arduino Uno
— GND
Conneunas Oarapes n AL
GND GND
JlaT4uK IpuMecH VCC SV
A0 A0
— (4epHbIil TPOBOA) GND
Creroanon + (KpacHblii MPOBOIT) ~11
6. IloakmouuTh MIaTy K KOMIIBIOTEPY.

/. 3arpy3uTh QUCIIETYEP YCTPOUCTB U OMPENEIUTh HOMepa BUpTyaidbHbix COM

HOPTOB, K KOTOPBIM MOACOEAMHEHO 000pYy1I0BaHUE.

3arpy3uth MasterOPC Universal Modbas Server.

9. Jlo6GaBuTh HEpBBIM KOMMYHUKAIIMOHHBIA Y3€l, W Ha3BaTh €ro, HAmpuMmep,
«Atmega». B Hactpoiikax yzna ykazatb Homep COM mnopra, K KOTOpOMY
MOAKJIIOUEHA TIaTa MUKPOKOHTpOJIEpa U CKOpOCcTh oomeHa 9600 6o.

10.K KOMMYHHMKaITMOHHOMY Y311y J00aBUTh YCTPOMCTBO, Ha3BaB €ro, HApUMED,
«MUKpPOKOHTpOJIIEpY». 3a1aTh aApec ycTpoiicTBa — 1.

11.K ycTpoiicTBy 100aBUTH JIBE IPYIIIIbI, HanpuMmep «AHanorossie » 1 « LLIMM».

12.B rpynmel no6aButh Teru ¢ aapecamu 0, 1 (Ananorossie) u 1 1(LLIM).

13.Jlo6aBuTh uepe3 KOHTEKCTHOE MEHI0O K omnmuu <Server> BTopou
KOMMYHUKALIMOHHBIN y3€] U Ha3BaTh ero, Hanpumep, «OBEH». B HacTpolikax
K y31y ykazatb Homep COM mopra, K KOTOPOMY IOAKJIIOYEH
npeodpazoBareinb AC4 u ckopocts oomera 9600 6071.

14 Beinenuts  y3en «OBEH» M 4epe3 KOHTEKCTHOE MEHIO OTKPBITH OIIIHIO
<Umnopt yctpoucTBa>. B OTKpBIBIIEMCS OKHE ITOCIEAOBATEIBHO OTKPBITH
DEVICE LIBRARY—-OWEN—TPM202.sdv.

©
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— LN N

= | |/« InSAT » MasterOPC Universal Modbus Server » SERVEREXPORT » - “,I Mouck: SERVEREXPORT pe
I

2 Ji Myzeika
b gy Lomawmkas rpynna

PRl KomneroTep
13 ﬁ Nokanexemt guck (C:)

Ynopagounts Hoean nanka =~ 0 @
i Vna [Jata nsmeHeHnA Tun Pasmep
4 [ BuBnnoTekn —
Hs | . DEVICE_LIBRARY 28.11.2021 18:34 Manka ¢ daiinamn
i3 €0
M ) SUBDEVICE_LIBRARY 28.11.2021 18:34 Manka c daiinammn
I @ JokyMeHTsl . |
|| PD_SIMULATOR.sdv 06.06.2011 15:50 aiin "SDV" 2
I =] MzoBpaxenua i

[* g 3apezepeupoeaHo cuctemoii (F) || <

L]

] ’

Wma daiina:

[Qaﬁnhl MMnopTa yeTpoiicTs (b v]

I OTKpbITh Ivl [ Otmena l_:E

53

[Ipu »tom B nepeBo o0wekToB OPC cepepa B yzen «OBEH» OynyT BcTaBieHBbI
Bce xapaktepuctuku TPM202. O6muii Bua okHa OPC cepBepa mpejcTaBiieH Ha puc.4.

g KoHdurypauua l Obwme HacTpoKK Mowmows

| | Cosnate ) CoxpanuTs Kak... %, Oobasuts ysen 1 Jo6asurs Ter 'L MNepenMeHoBaTh * Yaanute
' OTEPBITE ' Coenats CTapTOBbIM ’[ Oobaeuts yorpoiicteo - MNepenectwms ssepx [tl Konwpoeats W OTMEHWTE -
H CoxpaHuTe t WMnopT us sepcun 2.0 Q Oobasuts rpynny {r MNepenectwms BHM3 "3 Becrasume #8 BepHyTb
Dain KoHdurypaumm | Cepsep Mpaska
Tekywas KoHburypaumrs : Yuebubii.mbp
O6bexTbl |
= [ Server YcTpoiAcTeo <<MODBUS>> : MUKpOKOHTpOnnep 1
= wf MK Atmega @ ]
= . MuKpoKoHTponnep O6uwme HaCTpoiikn |
£ 4@ AWanorossie KoMMeHTapuin
& Npumece BrnoueHo B paboty True
2 C_snement Appec (ox01) 1
=@ Wwrm Bpema oTBeTa (MC) 1000 1
i# Tag1 MoeTopsl NpW ownbie 3
&= & OBEH MoeTopHoe coegnHexue nocne ownbin yepes (c) 10
= @ TPM202
© @ Bxoal PeMHMUMANN3aUMA y3Na npu ownbke False
B 3eauerme PVL MNepwoa onpoca 1000 |E
i Cmewenve dp PasMepHOCTb Nepuoaa onpoca ms |
# Veraexa SP1 HauaneHan paza 0
¥ rucrepesuc HYS PazmepHoCTe dazsl ms
[ Cratyc STAT CTapT nocne zanycka True
it' BHewHee ynpaenenue r- 3apepxKa 3anpoca nocne NonydYeHna oTseTa (Mc) 4
= 4 Bxoa2 = CkpunT
> 3nauenne PV2 BbiNONHEHWE CKpUNTa False | |
B Cmewenve dp = Hacrpoika zan, o8B
2 veraeka sp2 pos poo
# Mucrepeauc HYS2 MakcumanoHoe konuuecTeo HOLDING permcTpoB B 3anpoce uteHna 125
B Crartyc STAT MakcumanbHoe KonuuecTeo INPUT perncrpoB B 2anpoce YTeHUA 125
¥ BHewwee ynpaenenne r- He ncnonb3osaTtbh komaHay WRITE_SINGLE_COIL (0x05) True |~
L il t || Ceoiictea obvexTa | Tabmmua Teros
Pexim KoHdwurypvpoeaHue Terw : PaspeweHo - 32. 3arpyeHo - 15. B Tekylwem anemeHTe - 3 ) J

Puc.4. Ilpumepnsiii Bug oxkna MasterOPC Universal Modbas Server mocie

CO3JIaHUs JIepeBa 0OBEKTOB.

3anyctuth OPC cepBep. B okHe cepBepa T0KHBI TOSIBUTHCS IAHHBIE TErOB, KaK

IIPEACTABIICHO HA PUC.S.
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B e e - — = 0 [
W .2/ C Unwersal Modbus Server Demo 32 Build - 3.1 14T —

CTapToBas KOHpUrypauus : YuebHblid.mbp

OBbeKTb! |

- i Server Tern

ma PervoH Agpec 3HauveHwe HKauectso Bpems (UTC) Twn e cep. *
MK Atmega.Mwkpo... HOL... (0x00... 135 OK 2022-01-0... int32
MK Atmega.Mwkpo... HOL... (0x00... 3 oK 2022-01-0... int32
MK Atmega.Mwkpo... HOL... (0x00... 0 OK 2022-01-0... int32
OBEH.TPM202.Bxod... HOL... (0x00... 25.900... OK 2022-01-0... float
OBEH.TPM202.Bxog... HOL... (0x02... 1 OK 2022-01-0... int32
OBEH.TPM202.Bxod... HOL... (0x00... 30 OK 2022-01-0... float s
OBEH.TPM202.Bxog... HOL... (0x04... 1 OK 2022-01-0... int32
OBEH.TPM202.Bxof... HOL... (0x10... 16 OK 2022-01-0... int32
OBEH,TPM202.Bxoa... HOL... (0x00... 0 OK 2022-01-0.,. int32
OBEH.TPM202.Bxof... HOL... (0x00... 23.299... OK 2022-01-0... float
OBEH,TPM202.Bxoa... HOL... (0x02,.. 1 OK 2022-01-0,,. int32
OBEH.TPM202.Bxof... HOL... (0x00... 30 OK 2022-01-0... float
OBEH,TPM202.BxoA... HOL... (0x04... 1 OK 2022-01-0.,. int32
OBEH.TPM202.Bxoa... HOL... (0Ox10... 16 oK 2022-01-0... int32 il
4_|__. ———am o m sams y_r"__ - s __|__ - - * s mm = I

| CoobeHun | 3anpocel | Coobyerns ckpunTos
PexuM BoiBoAa: 3anyweH ©unbTp: Bee cooblueHua bl 11111
03-01-2022 15:54:42.138 OBEH.TPM202:CTon onpoca ycTpoAcTea (t = 375 ms) (H2 5,39,.I d
03-01-2022 15:54:41.804 MK Atmega.MukpokoHTponnep:CTon onpoca ycTporcTea (b = 10.
03-01-2022 15:54:41.763 OBEH.TPM202:CTapT onpoca yCTpoiAcTEa
0:?-01-2022 15:54:41.704 MK Atmeqga.MyKpokoHTponnep:CTapT onpoca yCTpoHCTEa 52
4 n 3

|' Paxum RunTime KnueHTe DA - 0 KnuenTel HDA - 0 ||

Puc.5. Bux oxaa MasterOPC Universal Modbas Server mipu BeiBozie JaHHBIX.

C anpeca 11 (rpynmna «[1IMM») MOXKHO OCYIIECTBIIATH YIIPaBICHUE MOTEHIIMAIOM
Ha 1udpoBom Beixoae D11 mukpokoHTpoiepa.
Coxpanuts ¢aiii ¢ Hactpoitkamu OPC cepBepa.

IHocae Hacrpoiiku OPC cepBepa npu padoTaomeM cepBepe:

1. TlepekpbIThb CBETOBOW TMOTOK, MOCTYNAIOLIMKA HAa COJHEYHYIO OaTtapero, u
HaOJI0/1aTh CHUKEHHUE MTOTEHIIMAIa Ha Tere ¢ ajapecom 1.

2. K marumky npumeceit mpuOIM3UTh 00paser], CoaepKaliui JIeTYIrui yTriIeBOI0POI
Wi cnupT. 3aUKCUPOBATh YBEITMYEHUE TTOKA3aHUM TaTYMKA MPUMECEN Ha TEre C
aapecom 0.

3. TloakmiounTh KpacHbIN MPOBOJ CBETOAMOAA K KOHTakTy 11 MHKpOKOHTposuiepa.
3aKpbITh CBETOJIUO]I COJIHEUHOM OaTapeeil M YINpaBisTh SIPKOCTHIO CBETOAMOAA
ycraHaBinuBas Ha Tere 11 3Hauenus B nuanazone ot 0 mo 255. [Ipocneauts 3a
M3MEHEHUEM NIOKA3aHM Ha Tere C aapecom 1.

4. Harpets TepMonapy XA u 3apuUKCHpPOBATh U3MEHEHHE TEeMIIepaTyphl HA IUCILIEe
npubopa TPM202 u 8 OPC cepsepe.

3axanmue.

Co0path 1 3amporpaMMHPOBATh CXEMY YIIPaBJICHUS, TIPEICTABICHHYIO Ha PHC.2
Jns MukpokoHTpoJsuiepa ucnoibzoBath miaty AVR-KIT-BOARD
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JIABOPATOPHAS PABOTA 7. ABToMaTU3HPOBAHHbIE CHCTEMbI KOHTPOJIA
Ha 6aze SCADA SIMP Light

Heans paGorel. O3HakoMieHHE € MporpamMHbIM mnakerom cosaanus ACYTII
<SCADA SIMP Light>. OcBoeHue NPHHIMIIOB CO3/IaHUS aBTOMATHU3UPOBAHHBIX
CHUCTEM KOHTPOJII M YIPABJICHUS TEXHOJOTHYECKMMH TapaMeTpamMu B O0ObEKTax
yIpaBICHUS U CUCTEMaX 3allUThl OKPYXKAIOUIEH Cpebl.

I[TpuGopHOE 00OPYIOBAHUE:

11. Muxpoxounmponnep ATmega328.
12. Uzmepumenv-pecyismop TPM202.
13. ITnama Arduino UNO.

14. Tepmonapa XA.

15. Conneunasn 6amapes.

16. /lamuux npumeceti 6 030yxe.

17. Ceemoouoo.

[IporpammHoe obecrieyeHue:

3. Driver <ch341ser>.

4. SCADA SIMP Light

5. Kougueypamop <Setup_TPM101_TPM2xx_3.0.5.exe>

1. Cenennsi 0 SCADA cucremax

OCHOBHBIM MPOTPAMMHBIM 00€CIIEUEHHEM MPOIIECCOB KOHTPOJS U YIPABIICHUS
TexHosoruueckuMu mporieccamu saBisirores SCADA cucrembr. SCADA (Supervisory
control and data acquisition — oucnemuepckoe ynpasnenue u cb6op OaHHBIX) DTO
IPOrPAMMHBIM KOMILIEKC, MpeAHa3HAYEHHBIM ISl pa3pabOTKU WM O0ecreyeHus
paboThl B peaJbHOM BpPEMEHHM CHCTEM cOopa, 00pabOTKH, OTOOpaKeHus U
apxuBHpoBaHusa WHMoOpMaruu 00 oObekTe MoHUTOpWHTA wWin yrpasieHus. SCADA
MOKeT sABIAThCS yacThio ACY TII, cucTeMbl 9KOJIOTHYECKOTO MOHUTOPUHTA, HAYYHOTO
HKCIIEPUMEHTa, aBTOMAaTH3allMu 37aHud U T. A. J[aHHOe mporpaMMHOe obecrieueHue
YCTaHaBJIMBAETCS Ha KOMIBIOTEPHI W, Ui CBSI3U C OOBEKTOM, MCHOJB3YET JpailBepbl
BBo1a-BeiBozIa i OPC u DDE (Dynamic Data Exchange) cepsepsi. Kak otmeuanocs,
st OPC cepsepa SCADA siBnisieTcst KITUEHTOM, KOTOPBIA MOydaeT uH(popMaIuio, mpu
HEOOXOJMMOCTH €€ BU3YAJIM3UPYeT U apXUBHUPYET, nepepabarviBaeT U GHOpPMHUPYET
CUTHAJI Ha yTIpaBJICHUE.

Nuorga SCADA-cucTeMbl KOMIUIEKTYIOTCS JOMOJHUTEIBHBIM TPOTPAMMHBIM
oOecrieyeHUeM JUIsl TNPOrPaMMHUPOBAHUS TMPOMBIIIJIEHHBIX KOHTPOJUJIEPOB. Takue
SCADA-cucTemMbl Ha3bIBalOTCSI MHTEIPUPOBAHHBIMM M K HUM J00aBISIOT TEPMUH
SoftLogic.

3nauenue tepmuHa SCADA mnperepneno HW3MEHEHUST BMECTE C PA3BUTHEM
TEXHOJIOTUI aBTOMATHU3allMU U YINPABICHUS TEXHOJIOTMYECKUMU mpoieccamu. B 80-e
ronbl nog SCADA-cucTtemamu yaie NOHUMAJIA TPOrPAMMHO-AIAPATHBIE KOMILIEKCHI
coopa manHbix peambHOro BpemeHH. C 90-x rtomoB TepmuH SCADA OGombine



http://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D0%BA%D0%B5%D1%82_%D0%BF%D1%80%D0%B8%D0%BA%D0%BB%D0%B0%D0%B4%D0%BD%D1%8B%D1%85_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC
http://ru.wikipedia.org/wiki/%D0%90%D0%A1%D0%A3_%D0%A2%D0%9F
http://ru.wikipedia.org/wiki/OPC
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HCIIOJB3YCTCA JIA 0003HaYCHMUS TOJIBKO HpOI‘pﬂMMHOﬁ qaCcTH 4YCJIO0BCKO-MAIlIMHHOI'O

untepdetica ACY TIIL.

SCADA-cucTemMbl peliaioT cJeayloliue 3a1a4un:

. OOMEH JaHHBIMH C «YCTPOWCTBAMH CBSI3M C OOBEKTOM» (TO €CTh C
[POMBINLJICHHBIMA KOHTPOJUIEPAMH W IUIATAMU BBOJAA/BBIBOJIA) B PEaJTbHOM BPEMEHHU
yepes IpanuBepsl;

o 00paboTka uH(popMalKK B peaTbHOM BPEMECHH,

e JIOTMYECKOE YNPABJICHUE,;

o OTOOpakeHHe MHPOPMAIIMK HAa SKPaHE MOHUTOPA B YAO0OHOM U MOHITHOU JJIs
qejoBeka Gopme;

o BeleHHME 0a3pl JAHHBIX PEATBHOTO BPEMEHU C  TEXHOJOTUYECKOU
nHpopmaruei;

e aBapuiiHasg CUTHAJIM3AIWA U YIPABICHUE TPEBOKHBIMU COOOIICHUSMH,

e IIOArOTOBKA M TEHEPUPOBAHUE OTYETOB O XOJE TEXHOJIOTMYECKOIO MPOLECCa;

e OCylIeCTBIICHUE ceTeBOro B3auMoercTBus Mexay SCADA TIK;

o oOecrieueHue cBsa3u ¢ BHemHUMH npwioxeHusmu (CYBJI, a1ekTpoHHbIE
Ta0NMIbI, TEKCTOBbIe mpoueccopsl U T. A.). SCADA-cuctembl 1NO3BOJSIOT
pa3pabatbiBaTh ACY TII B KIIMEHT-CEPBEPHON UM B PacHpeIeIEHHON apXUTEKTYpE.

SCADA—cucreMa 00BIYHO COIEPKUT CIEAVIOIINE IMTOACUCTEMBI:

e JpaiiBepbl WM CEPBEPHl BBOJA-BHIBOJIA — MPOrPaMMbl, OOECIECYMBAIOIINE
cBsi3b SCADA ¢ NpOMBIIUICHHBIMUA KOHTpoJiepamu, cuérunkamu, ALl u apyrumu
yCTpOMCTBaMH BBOJIa-BbIBOJIa MH(POpMAITUH;

e CHCTEMa peaJbHOr0 BPEMEHHM — MporpaMmma, obecrneuduBarouiasi oOpabOTKy
JAHHBIX B MIpejenax 3aJaHHOrO BPEMEHHOTO LIUKJIA C YYETOM MPUOPUTETOB,;

o uyenoBeko-MarmHHbIA wHTEpdetic (HMI, anrir; Human Machine Interface) —
WHCTPYMEHT, KOTOPBIM MPECTABISET JaHHBIE O XOJI¢ Mpoliecca YEJIOBEKY OIeparopy,
YTO MO3BOJISIET ONEPaTOPy KOHTPOIUPOBATH MPOIIECC U YIPABIATH UM,

e Mporpamma-peaaKTop A pa3paboTKH YeJIOBEKO-MAIIMHHOTO UHTEpdeica;

e CHUCTEMA JIOTMUECKOTO  YIPABJICHUS — MporpamMma, oOecleurBaroas
UCIIOJIHEHHUE TI0JIb30BATEIBCKUX MPOTPAaMM (CKPUMITOB) JOTHYECKOTO YIIPABICHUS B
SCADA-cucreme; HabOp penakTOPOB JJI UX pa3pabOTKH;

o 0a3za JaHHBIX pPEaTbHOTO BPEMEHU — TMporpamMma, OOeCIeYHBarOIIas
COXpaHEHUE UCTOPUU MPOLIecca B PEXKUME peaTbHOTO BPEMEHU;
e CHCTEMa YyIpaBJCHUS  TpPEBOraMu —  TMporpamMma,  OOeCIeUYHBarOIas

ABTOMATHYCCKUN KOHTPOJIbh TEXHOJIOTHUYECKHX COOBITHH, OTHECCHHE WX K KaTCTOPHH
HOPMAaJIbHBIX, MPEIYNPEKAAIONMIUX WM aBapUHHBIX, a TakkKe 00pabOTKy COOBITUI
OTIepaTOPOM HJTH KOMITBIOTEPOM;

e TEHEpPaTop  OTYETOB —  MpOorpaMma, o0OecrieunBaroiass  CO3JaHHE
MOJI30BATEILCKUX OTYETOB O TEXHOJOTUYECKUX cOOBITHsIX; Habop pemakTopoB s ux
pa3paboTKH,

e BHEIIHME WHTEpPQEICH — CTaHAapTHbIE HHTEpPeEiickl 00MeHa TaHHBIMU
Mexy SCADA u npyrumu npunoxenusimu. O6sryHo OPC, DDE, ODBC, DLL u T. n.



http://ru.wikipedia.org/wiki/HMI
http://ru.wikipedia.org/wiki/HMI
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D0%BB%D0%B5%D1%80
http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B0%D0%BB%D0%BE%D0%B3%D0%BE-%D1%86%D0%B8%D1%84%D1%80%D0%BE%D0%B2%D0%BE%D0%B9_%D0%BF%D1%80%D0%B5%D0%BE%D0%B1%D1%80%D0%B0%D0%B7%D0%BE%D0%B2%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
http://ru.wikipedia.org/wiki/%D0%A1%D0%A3%D0%91%D0%94
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D0%B5_%D1%82%D0%B0%D0%B1%D0%BB%D0%B8%D1%86%D1%8B
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D0%B5_%D1%82%D0%B0%D0%B1%D0%BB%D0%B8%D1%86%D1%8B
http://ru.wikipedia.org/wiki/%D0%90%D0%A1%D0%A3_%D0%A2%D0%9F
http://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D0%BA%D0%BE%D0%BD%D1%82%D1%80%D0%BE%D0%BB%D0%BB%D0%B5%D1%80
http://ru.wikipedia.org/wiki/%D0%A1%D1%87%D1%91%D1%82%D1%87%D0%B8%D0%BA_%D1%8D%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D1%8D%D0%BD%D0%B5%D1%80%D0%B3%D0%B8%D0%B8
http://ru.wikipedia.org/wiki/%D0%90%D0%A6%D0%9F
http://ru.wikipedia.org/wiki/%D0%A1%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0_%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE_%D0%B2%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%B8
http://ru.wikipedia.org/wiki/%D0%A7%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA%D0%BE-%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%BD%D1%8B%D0%B9_%D0%B8%D0%BD%D1%82%D0%B5%D1%80%D1%84%D0%B5%D0%B9%D1%81
http://ru.wikipedia.org/wiki/HMI
http://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
http://ru.wikipedia.org/wiki/%D0%91%D0%B0%D0%B7%D0%B0_%D0%B4%D0%B0%D0%BD%D0%BD%D1%8B%D1%85_%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B3%D0%BE_%D0%B2%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%B8
http://ru.wikipedia.org/wiki/OPC
http://ru.wikipedia.org/wiki/DDE
http://ru.wikipedia.org/wiki/ODBC
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Tepmun SCADA 00bIYHO OTHOCUTCS K LEHTPAIU30BAHHBIM CUCTEMaM KOHTPOJIS
U YOPaBJIEHUsS BCEU CHCTEMOM, WIM KOMIUIEKCAMU CHCTEM, OCYIIECTBISEMOIO C
Y4aCTHEM YEJOBEKA. bDOJBIIMHCTBO YIPABISIONMX BO3JCUCTBUM  BBIIOJIHSIETCA
aBTomarndecku ¢ nomormibio RTU (Remote Terminal Unit — YcrpolictBo cBsizm ¢
oobekrom) min PLC (Programmable logic controller, ITJIK). Onu HemocpeacTBeHHO
yapaBisitoT 00bekToM, a SCADA nosydaer nHQOpManuoo OT JaHHBIX YCTPOWCTB, MPU
HEOOXOJMMOCTH U3MEHSAET PeKUM yrpasieHus. L{ukn ynpaBiaenus ¢ 0OpaTHOM CBSI3bIO
npoxomuT udepe3 RTU wmm IUIK, B To Bpemss kak SCADA cuctemMa KOHTPOJIUPYET
MTOJTHOE BBIMOJIHEHHE ITUKJIA.

Co6op nannbix HaunHaeTcss B RTU wnn Ha ypoBHe PLC u BKitoyaeT — noka3aHus
u3MepuTensHoro mpubopa. [lanee manHble cobuparoTcs U (HOPMATUPYIOTCA TaKUM
croco0oM, YTOOBI ONEpaTop AMCHETYEPCKOM, UCHOJIb3Ysl YEeJIOBEKO-MAIIMHHBIN
uHTEeppeic, MOT MNPUHATh KOHTPOJIUPYIOLIME pPEHIeHUs — KOPPEKTHUPOBATh WIIU
npepBaTh cTanaaptHoe ymnpasieHue cpeiactBamu RTU/IUIK. JlanHbie MOryT Takxke
ObITh 3amMcaHbl B apXUB JUIsl TOCTPOCHUS TPEHIOB (rpadukoB) U JIPYyrou
aHATMTUYECKOM 00pabOTKM HAKOTIJICHHBIX JTAHHBIX.

2. SCADA cucrema SIMP Light

SCADA cucrema SIMP Light mo3Bossier codbuparth nanHbie ¢ Jo0bix OPC
DA/HDA cepBepoB wirn ¢ MODBUS coBMeCTHMBIX YCTPOWCTB, a TaK)Ke CO3/1aBaTh
COOCTBEHHBIE, cBOOOJHO HacTpauBaeMble BUPTYaJIbHbIE KaHaJbl (c
nporpaMMupyemMoil jorukoi padotel). C mnoapoOHOM AOKyMEHTaUHEHd MOXKHO
no3HakoMuTcs Ha caite https://simplight.ru/manual next/menedzher-proektov-simp-

light.

[TpumepHas cxema MOAKIIOYEHNE KOHTPOJIbHO-U3MEPUTEIBHBIX U YIPABIISIONINX
npubdopos s padotel ¢ SCADA cucTeMoil mpeacraBieHa Ha puc. 1

i RS-485
USB [ =~ | . .
i e
.
USB-nopt MNpeobpazoeatens
USB — RS 485
AC4

TPM2xx, TPM101, TPM138, TPM148,

Puc.l. Cxema mNOJKIIOYEHUE KOHTPOJIbHO-U3MEPUTEIBHBIX MW YIPaBISIOMINX
npubopoB st pabotel ¢ SCADA cuctemoit

2.1. Co3naHue HOBOTO MPOEKTA


http://ru.wikipedia.org/wiki/HMI
http://ru.wikipedia.org/wiki/%D0%A2%D1%80%D0%B5%D0%BD%D0%B4
https://simplight.ru/manual_next/menedzher-proektov-simp-light
https://simplight.ru/manual_next/menedzher-proektov-simp-light

Jns Toro 4toOBl CO34aTh HOBBIM MPOEKT, HEOOXOJIUMO
«Ymupasienue npoekramu» uHaue «SIMP Project manager».
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OTKPBITb MOJYJIb

P - = | B i)
e _ — ‘ - N S
. %« ProgramData » Microsoft » Windows » Tnaenoemenro » Mporpammer » Simplight » - | +y ||| Mouck: Sim... 0O |
— P ——— e — e B
Ynopagoumte * 2] Otkpeits 3anucatk Ha ONTUYECKMI AMCK Hoeaa nanka §== = [ @
Y Mspanroe Wras : Jlata wsmeHeHna Tun Pasmep
& Jarpysen . JenoanwtensHo 28.11.2021 19:59 Manka c dainamn
5| Hegaenue mecra . MoBuneHeIR KnKeHT 28.11.2021 19:59 Manka c ainamm
Bl Pabouwid cTon L CucTema oTHeToB 28.11.2021 19:59 Manka c dainamu
Eﬁ JenHcTannupoeate Simp light 28.11.2021 19:59 Apneik 2KB
) BuBnnotekn ﬁ Monutop 28.11.2021 19:59 Apnkic 2KB
H Bugeo &, MpocmoTp rpadukos 28.11.2021 19:59 Apneik 2KB
@ JokymeHTol (7l PegakTop kaHanoe 28.11.2021 19:59 Apneik 2KB
[ MzoBpaxkenna (@ PegakTop mMHEMOCKEM 28.11.2021 19:59 Apneix 2KB
& Myzeika HE],'.I ¥npaeneHue npoekTamm 28.11.2021 19:59 Apneik 2 KEl

|} SIMP Project manager

[

MpoekT 3anyctuTtb HacTpoitka Cnpaska

4[] Texkywwit npoexT

@ YyebHblit NpoeKT |
i - Apyrve npoekTel

3ateM oTkpeiBaeM MeHIO «lIpoexkT» u BbrIOMpaemM NOyHKT MeHIO «HoBbIH
IIPOEKT», MOSABUTCS AUATOTOBOE OKHO, B KOTOPOM HY>KHO NOATBEPAUTH CO3IAHUE
HOBOT'0 MpoekTa. Jlanee MOsSBUTCS €Ile OJJHO OKHO, B KOTOPOM OyJeT MPEeII0KEHO

00aBUTh KOMMEHTAPUH JIJIT pe3ePBHOM KOIHHU.

= SIMP Project manager
-

= | B ) |

— .
I'Ipoercr|33nychTb HacTpoiika Cnpaska
|D HoBkii npoekT
=] [epexMeHoBEaTE NpoexkT F2
¥ Yoanute Diel
I_:i; CoznaTe pesepEHYHD KoMK
[® WMnopTuposaTE NposkT
[# IKMOpPTMPOBETH MPOEKT
. ChenaTh aKTHEHbIM
BHuMaHWe u

l; CozaaTe HOBRIN NPOEKT, U CAENaTE EM0 AKTUEHBIMT

| ok || Omena |

[Tocne Bcex mpelcTBUI TPOEKT OyAET CO37aH, Ha3BaHWE Yy HEro OyneT
ctannaptHbiM «HoBbIi TpoekT». UTOOBI mepenMeHoBaTh €ro, HE0OX0AUMO BBIOPATh
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MeHI0 "[IpoexT" u BbIOpaTh MyHKT MeHI0 <IlepemMeHOBaTh MPOEKT> (MO0 HAXKATh
kiaBumry "F2").

SIMP Project manager

MpoexT | 3anycTTe HacTpoia Cnpaska
] l_. HoBwii npoexT
Nepeernoeats NpoexT F2

A Yaanute Dl

Co3flaTe DEISDBHYID KOMED
& MMNOpTHDOBATE NPOeKT

& SKMOPTHPOBATE MPOEKT

2.1.1. lobaBaenue ycrpoiicT u TeroB uepe3 Modbus driver

HacTtpoliku noakiatodeHus mpou3BOAATCS B MoAye «PegakTop KaHAJI0BY.

3anyctuth «PemakTop KaHajIoOB» MOXHO M3 MeH moayis «SIMP Project
manager» yepe3 onuuio «3amycTUThy WIN 4epe3 KOHTEKCTHOE MEHIO, BhI3bIBAEMOE
MpaBoi KJIaBUIIIEH MBIIIN MOCJIE BBIICICHUS UMEHHU TPOEKTA.

Penaktop KkaHaJloOB TMO3BOJIAET TMOJH30BATENIO0 YIPABIATH pPaOOYMMU  WIIU
aKTUBHBIMU KaHaJIAMM M HACTPOWUTH MPOIECC UYTCHUS HHPOPMAIUU U3 KaHAJOB.
[IpenocraBnsercss BO3MOXXHOCTh MAHMITYJIMPOBATh BPEMEHHBIMU HMHTEpBAIAMU U
YCIOBUSIMH YTCHHS JaHHBIX W3 KaHalla, a TaKXe KOHTPOJbHBIMH T'PAaHUYHBIMU
3HAYCHUSMH, O JOCTH)KCHUH KOTOPBIX MOHUTOP aBTOMATHYECKH M3BEIIACT JUCIIETUYEpa
cuctembl. [lomb30BaTenlb MOKET HACTPOUTH MIA0JIOH MaTEeMAaTHYECKOW (OPMYIBI, C
MTOMOIIIBI0 KOTOPOH JaHHBIC NPEOOPa3yrOTCsS W COXPaHSIOTCA. B pemakrope KaHaloOB
nocrymnHa padora ¢ OPC cepsepamu u ¢ Modbus driver.

[Tociie OTKpBITHS pemakTopa KaHAIOB B MaHeau «MICTOYHHUK» MOXHO BUIETH B
CIIMCKE HCTOYHUKOB JaHHBIX HauMmeHoBaHue «Modbus driver», koTopbIi
HEOOXOJMMO HACTPOUTH (pusic.2).

Hnsa otkpsiTusa penakropa "Pemakrop ModBus apaiiBepa" B HUXXHEH yacTu
nanenu "Mctounuk" HeoOxoaumo HaxkaTh KHONKY "HacTpoitka ModBus napaiiBepa”,
TO TPHUBEIAET K OTKPHITUIO OKHa penaktopa «Pemaktop ModBus npaiiBepay.
Hpyroii crnoco0® OTKPBITUS PEJaKTOpa OCYIIECTBISIETCS Yepe3 KOHTEKCTHOE MEHIO.
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@ NcTounnk

% SIMP Channel editor

@ OPCDA

> -0 Virtual channels
» €@ Modbus driver

Hacrpoiika ModBus apaiisepa

4 Cnncox akTusubix kananos [31] ||

KoHdurypaTop KaH:

@ Coxpanmte @ HacTpoika

leHepaTop A
TemnepaTtypa 1

TemnepaTtypa 2

TemnepaTtypa 3

Pacxon

3acnoHKa v

EEE®EEQ

Puc.2. Breizos Modbus drive

[TonkmroueHne YCTpOMCTB M WX HacTpoiika uepe3 ¢ynkuuto Modbus drive B
3HAYUTEJIPHOM CTENEHM AKBHBaJiecHTHA HacTporike OPC cepBepa ¢ ToW pas3HUIIEH, 4TO
OPC cepBep HacTpanBaeTcs HHAMBHIyaIbHO, a Modbus drive B cpene SCADA.

[Tocne BbI3OBa pemakTopa kaHamoB (SIMP Chanel edite), Hy)XHO BBIICTUTH
npaBoii kmaBumer Meimm «Modbus drive» w B KOHTEKCTHOM MEHIO BBIOpAThH
«Hacrtpoiika Modbus apaiiBepay (puc.3).

& SIMP Channel editor

2

ﬂ HCTOYHHK

> @ COPC DA
i Modbus driver
I
@n

o
o

On

]5[3]

B

CBEpHYTb BEE...

PazeepHyTh BCE...

JoBaenTe BMPTYaNEHEIR KaHan
¥A3NWTE EWPTYANEHEIR KaHaN

Hactpoiika ModBus gpaieepa

KoHdurypaTop KaHanoe

CnHCoK aKTHBHBIX KaHanos [0]

Puc. 3. Ilepexon B pexxum HacTpoiiku Modbus drive
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B nosiBuBIIEMCS OKHE HACTPONKH Yepe3 MEHIO «Y3e» WM KOHTEKCTHOE MEHIO
N00aBUTH y3ell U ycTaHOBUTH THIT «COM» (puc.4).

¥, SIMP Channel editor E—— EEIE
ﬁ MndBiic nn:-nf'lm:p
- - ﬁ
=2 . -

Hcroumnnk

4 @ OPC DA
i Modbus driver

Puc.4. Ycranoska COM y3na

Jlanee HE0OXOAUMO HACTPOUTH CBOWMCTBa y3na (pHC.D), KOTOphIE OKHBI B
TOYHOCTH COBIAJaTh co cBorictBaMu COM mopta B aucrnerdyepe ycTpoucTB. CKOPOCTh
oOMeHa Mo YMOJYaHWIO MPUHUMAIOT paBHOU 9600 6oxa. 31ech ke MOXKHO 3a7aTh s
y3J1a €r0 UMSL.

Hacrtpoiike y3ma ciemyer yaensate ocoboe BHUMaHHE, TaK KaK B OOJIBIITMHCTBE
CIIy4yaeB OTCYTCTBHE CBS3M MEXIY KOMIIBIOTEPOM U BHEIIHUMH YCTPOHCTBaAMU
0OyCJIOBJIEHO pPa3HBIMM HACTPOMKAMU XapAaKTEPUCTUK IOPTOB, a TaKKE ajpecamMu

YCTPOMCTB U TETOB.

ModBus ppaisep ﬁ
. i
¥zen  oF Ycrpoiicteo < Mpynna Tar Avimposats = Yaamume @ JwmopTBCsv @ MmMnopT w3 Csvl
= 4 Modbus driver Vs 1]
[+ @ ¥Yaen KormerTapesi

Com nopT Com29

CxopocTe 115200

BUT narL a

Cronosen: Bur 1

YeTHOCTD Het

Ynpasnesse nopToM Het

NMpoToxon RTU

Puc.5. Hacrtpoiika y3na

[Tocne HacTpoiiku y37la 4Yepe3 BepxHEe WM KOHTEKCTHOE MEHIO J00aBUTH
«YcerpoiicTBo» (puc.6, 7). [Ipu nobaBieHnn yCTpoCTBa MpeiaracTcs 18a BapuaHTa:

1. co3maTh HOBOE YCTPOWCTBO;
2. no0aBUTh U3 m1adJIoHA.

IIepBb1ii BapyuaHT NpPEANoaracT CO3JaHUEe HOBOTO YCTPOMCTBA XapaKTEPUCTUKU
KOTOpOTO 3aJal0Tcs pa3pabOTUMKOM. OTOT BapUaHT BIOJHE peajiu3yeM AJis paboThl ¢
MUKPOKOHTPOJIJIEPAMU B KA4e€CTBE YCTPOUCTB. JlJI1 HOBBIX YCTPOWCTB HyMEpPaLUIO
aJ[pecoB MOYKHO HAa4aTh ¢ eAUHUIEI (puc.7).
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Bropoii BapuaHT mnpeamnonaraer padboTy CO CTaHAAPTHBIM 000pYIOBaHUEM
bupmer  OBEH. 3nmech MOXHO BBIOpaTh usmepumenu, pe2yismopsl, MOOVIU
aHano208020 68600a/8bl800d, MOOYIU OUCKPEMHO20 6800a/6b1600a M T.A. Y CTPONCTBA
JIO0ABIISIOTCSL CO BCEMHU TEraMH, UX XapakTePUCTHKaMHU U ajipecamu (puc.6).

® Hactpoum (e = |

ModBus apaiieep %L
. -

¥sen ok Yorpoicteo 4 Mpynna Tar - — — e

%

El-4# Modbus driver
¥sen COM

m
ga88a8®8 0
Eﬂiﬂiﬂiﬂg

(5 Moaym asanorosoro ssoaa
# & Moayn asanorosoro sssona
& Moaym anopeTroro ssona
3 & Moaymm ancxpeTHOro BB0na-BmB0nA
3 Moaym anapeTHoro Busoas
- Monyr napameTpos 3nexTDIMECKON CeTH
-6 A - perynaTope!
@ PerynaTopel
(3 TPM 136
[ TPM 1388
[ TPM 201
[ TPM 202
[ TPM138
55 cuerwsa wnviscos S

[ o ][ omes ]

EBEE®RQ

Puc.6. Jlo6aBnenue yctpoiicTBa u3 onuuu « Beiopats u3 madioHay

Bwmecte ¢ Tem, aapec ycrpoiicTBa J0MKEH OBITh COTJIACOBAaH C aJpecoM
3amucaHHbBIM B KoH(urypaTtop npudopa. Hampumep, perymsitop TPM202 BcraBnsiercs
u3 mabioHa ¢ agpecoM 216, XOTs yCTaHOBKAa peaJIbHOTO ajpeca B KoHpUryparope
MOXeT ObITh paBHa 16. EcTecTBEHHO, YTO MOJKHA OBITH MPOBEJACHA KOPPEKTHPOBKA
aapeca c 216 Ha 16.

IlemecooOpa3HO YCTPOKMCTBY JaTh CBOE OPUTHMHAIBHOE HMMS, a TaKKe KpaTKHM
KOMMEHTapHUH.

*. Hacpours SR |EoH 58

ModBus apaiteep ﬁ
.I

¥zen verpolicteo  dk Mpynna < Tar 0 ybmeposats = Yaanwts @ Iwcnopt 8 Csv @ WmnopT w3 Cavl

=1 4% Modbus driver [ YeTpolicTeo [t=1]
=@ Yien K ommenT apuii
(6] verpoiicreo Aapec (0x0001) !
TadmayT ooxmaanus oTeeta (mc) | 1000
MosTope! npw owmbe 3

MNosTopHoe coeanHEHWE NPW owwbk 10
Kon - B0 perncCTpos B 3anpoce 125
PYHELAA 33NH0A 05, 06
OnmmassEaTop Data

Puc./. Hacrtpoiika yctpoiicTBa
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[Tocne HacTpOWKM yCTPOWCTBA YepE3 BEPXHEE MM KOHTEKCTHOE MEHIO 10OaBUTH
Tern (puc.8.), a TaKKe NPOU3BECTH WX HACTPOWKY, Kak 3T0 peammsyercs B OPC
cepBepe. O0s3aTeNBHO YKA3aTh UX aJpeca, THIl NepPMeHHbIX.

JIns HOBBIX YCTPOWCTB ajpeca TEroB MOryT HadaTeca ¢ 0 M manmee mo mopsKy.
Jlis  TeroB yCTpOWMCTB M00aBIEHHBIX W3 MIAa0JIOHa, ajpeca YCTaHABIMBAIOTCS
aBTOMAaTUYECKH U MOTYT MUMETh COBEPILIEHHO pa3Hble 3HaueHus. Hampumep, B ToM ke
TPM202 Bctpeuarorcs aapeca teros S5 -10 u 4105, 4107 u T.4.

¥4 Hactpowrs =0 iOR | t%™
ModBus apaiteep ﬁ
-
¥3en verpoiictee e Mpynna 4 Tsr [ Ay6meposate = Yaamute @ 3xkcopTBCsv @ Wmnopr us Cevl
= 4} Modbus driver Viim Terld
=8 ¥3en KoMMeHTapuiA
=] @ YeTpoiicTeo Anpec 10 E]
= Ter0 Pervon Halding Register
= Terl Thin AaHHBIX Word
= Terw Tun aocTyna ReadWrite
MopAgo bai Default

Puc.8. Tlpumep HacTpolKH Tera ycTpoiicTBa

Jlist paboThl ¢ TeraMu W MPOBEPKH COMpPsHKEHUsST ¢ Mpudbopom Heobxoaumo JIK
MBIIIA TEPETIHYTh Terd U3 OKHA «VICTOUYHHMK» B OKHO «CHHCOK aKTHUBHBIX KAHAJIOB)

(puc.8).

HETOMHAK

[y OPCDA
@D Virtual channels
4 {80 Modbus driver
4% ¥ien COM
a5 TPM 202(1)
i - Cucremmsie Tern
4 15/ OnepaTMBHLIE NapamMeTpel (25)
| Leag, TPM 202(1).ONEpaTHEHSE NEpaHETDS!
iy TPM 202(1). ONEPETHBHLIE NANEHETE

a{mwuu aAKTHBHBIX Kananos [5]

KoHdurypaTop KaHanos

TPM 202(1).OnepaTHBHeIE NapaMeTpel (25).M3MEpEHHAA BENMYMHA HA BXOAE |
TP 202(1).ONepaTHBHEIE NapaMeTpel (25).M3MepEHHAA BENWUMHA HA BXOLE &

Puc.8. Ilpumep co3nanusi Ciucka aKTUBHBIX KaHAJIOB.

[Tocne ATOTO BBIAECTUTH TETW U MPOU3BECTH WX HACTPOUKy (puc.9). He 3a0wITh
YCTAaHOBUTH (Jiar B oniui «OnpammBaTh KaHAN). YCTAaHOBUTh BEPX U HU3 IIKAJIBI

TE€ra, MHTCpBaAJI OIIpoca.
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KoHdurypaTop KaHanos

@ Coxpatute @ HacTpoiika @ Crnpase

a CnUcoK aKTHBHbIX Kananos [5] Ceo#ncTBa Kanana: - [TPM 202(1).0nepaTuBHbie napa
OnpawKeaTe kaHan BrnodeHo
WMHTEepBan onpoca 1000 msec.
[+ Coxpanenne 8 B
[ TPM 202(1).OnepaTieHsie napameTpil (25) MaMepeHHan BEnMHMHE Ha HaMMEHORAHWS KAHANA TPM 202(1).Onepa
TPM 202(1).OnepaTiBHEe NapaMeTpel (25) M3MEpEHHAS BEANHUHE Ha V3N, BRRMLHA
Bepx wkanks 100,00
HI3 Wwikane 0,00
BMAMMOCTE KaHANA BNIOHEHE
[=] CurHannsaumns
Bepx ycTaBKKM 100,00
Hi1z yCTaskM 0,00
KoHTpone YCTABOK BrnoqeHo
3afepHKa CMrHana Tpesari fes sanepKK
3eyK «Bepx ycTaBrK» DGTK..I'IIG'-IEHO
3ByK «HW3 ycTaskK |:| OTKNHDYEHD
[F MopgwhrkaTopkl

dopMyna (UTeHue) HeT

Puc.9. ®parmeHT OKHa HACTPOWKH TETOB.

[IpoBepka pabOTOCTIOCOOHOCTH OCYIIECTBISIETCS HakaTueM KHOOKA «TecT
KaHaJIOB», KOTOpasi HaXOJNUTCsI BHU3Y OKHa «TecT kaHanoBy». [Ipu 5TOM HanpoTUB TETOB
nosiBiisieTcs nupoBast MHIAUKaIUs nanHbIX (puc.10).

l (g :=
Kanan 3HaveHne
[} 33l OnepaTtusHbie napameTpe: (25) -

TPM 202(0).OnepaTtusHsie napaneTpet (25).M3mepersian senmma Ha Bx...  26,8071289062
TPM 202(0).OnepaTtusHpie napaneTpe: (25). M3mepersan semrama Ha Bx...  24,3056640625
TPM 202(0).OnepaTusHeie napareTps: (25).Bxoanan semruma ans Ny 1 26,8071289062 =
TPM 202(0).OnepaTusHsie napareTpe: (25).Bx0aHan Bemruma ans Y2 24,3056640625

=) ) NapameTpe! ynpasnerms (24)

TPM 202(0).NapameTpel ynpasnerus (24). YcTasxa perynatopa 1 300
TPM 202(0).NapameTpel ynpasnerms (24). YcTasxa perynaropa 2 300
TPM 202(0).NapameTpel ynpasnerin (24).MNepesoa KaHana 1 Ha BHewHee.., 0 v

B 3 B @ g Q

Puc.10. Ilpumep BoInoHEHUS! GYHKIIMHN «TECT KAaHAJIOBY B PEIAKTOPE KaHAJIOB.
2.1.2. lMoaknaouyenune ycrpoiictB yepe3 OPC-cepBep

Paboty ¢ cucteMoii HaUMHAaEeM CIIeAYIOIUM 00pa3oM:
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1. U3 menro «Ilyck» B manke SIMP Light 3anyckaem «PemakTop kaHamaoB». B
okHe «Mcrounnk» packpsiBaeM MeHI0O «OPC DAy (puc.10), BiOMpaemM U OTKpbIBaEM
OPC cepBep, K KOTOPOMY TOJKIIIOYEHO YCTPOWCTBO IS TMOMyYeHUS HWHPOPMAIUH C
BHEIIIHETO MpUoopa.

B SIMP Channel editor
. I X

Horounnk

@ oPcDa
€0 OWEN MODBUS
€0 OWEN MODBUS
0 Owen,OPCHet.DA.1
&0 OWEM, R5485
@D InSAT.MultiProtocolMasterOPCServer. DA
<@ InSAT.ModbusOPCServer.DA
i[>~ National Instruments.Variable Engine, 1
LD Modbus driver

Puc.10. Mento OPC cepBepoB

2. TlepersaruBaem JIK wmpimu kananel u3 «Mcrounuka» B «CHHCOK aKTHBHBIX
KaHaJIOBY

3. Beimensiem B CIMCKE aKTHUBHBIX KaHAJOB HYXKHBIM KaHal W B €ro CBOWCTBaX
YCTaHABIIMBAEM CTATYC KaHaJIa B MOJIOKECHUE «BKIIOYEHO», & TAKXKE PEIAKTUPYEM, €CIIU
HEO0OXO0JIMMO, JPYrue CBOMCTBA BHIOPAHHOI'O KaHalla, a TaK:Ke Mmpeaesbl U3MepsieMOo
BeJIMYMHBI. Takxke MmocTynaeM co BCEMU BEIOPAHHBIMU aKTUBHBIMU KaHAJIaMHU.

@ Coxparmte @ Hactpoika @ Cnpasxka @ O nporpamme

Cnncok aKkTuBHbIX Kananos [2] Q CsoiicTBa xanana: - [COM_nopr.Arduino.aul6data[0] A0 sxoa]
> COM_nopT.Arduino.aul6data[0] A0 sxoa CraTyc xaHana [#) Brxouero
COM_nopT.Arduino.Bxn LM xa D10 (0-255) VvTepean onpoca 1000 msec.
CoxpansiTe 8 5] [¥] Brxmouero
TecT kaHaJIOB VrTepsan coxparersn 8 51 1000 msec.

COM_nopT.Arduino.au16data[0] AO exoa

100

4. JInst IpOBEpKU COSAMHEHMS C MpUOOpoM 3amyckaeMm «TecT kaHamoB» KHOIKOH,
HaxosImencs BHU3Y OkHa « CTIMCOK aKTUBHBIX KaHAJOB». B MosBHUBIIEMCS HOBOM OKHE
yepe3 HEKOTOpOE BpeMs JOJDKHA MOSBUTHCS WHGopMmaius ¢ mpubopa. Eciam takoi
uHbOpMaIlMU HET, TO CIeAyeT MPOBEPUTh MPABUIBHOCTH COTJIACOBAHUS YCTaHOBKHU
COM nopta B OPC cepBepe u nucneryepe yCTpOucCTB.
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—— 1
Tect xaHanos ’
Tect
KaHa/oB O 55 =
Kasan 3HaveHue
COM_nopT.Arduino.au16data[0] A0 sxoa 118

COM_nopT.Arduino.Bxn LLMM 1a D10 (0-255) 0

BB 2 @ Q

2.1.3. Co3nanue HOBOWi MHEMOCXEMBI

Jimsg  BudyanuzauMyd — JaHHBIX WM CO3JaHUS  CUCTEMbl  YIPaBJICHUS
AKCTIEPUMEHTAIBHON YCTAaHOBKOM HEOOXOJIUMO COCTaBUTh MHEMOCXEMY YIIPaBJICHUS.
Jns storo u3 KoHduryparopa kaHainoB uepe3 «HacTpoiikm» OTKpbIBaeM OKHO
«3anmycTUTh PeJAKTOP MHEMOCXEM).

Jlnst Toro 4yToObl CO3/aTh HOBYIO MHEMOCXEMY, BBIOpaTh B TJIaBHOM MEHIO
«Pemakropa mMHemocxem» TyHKT @Daiu->Hosbiid. Pegaktop  MHeEMocxem
aBTOMATHYECKU CO37aCT HOBBIM (haill MHEMOCXEMbl B MAaNKe TEKYIIEro aKTHUBHOIO
npoekta. [Ipu OTCYyTCTBHM Tajeperm €€ MOXXHO BbI3BAaThb 4epe3 MeHI «Bum»y wnnm
KHOITKOM B BepXHeM MeHI0. [ 1aBHOe okHO PegakTopa nmpuodperer cleyomui BU/I:

. SIMPGUI Editor - [Mepesa mnemocxema] - O b4
Sain Buy Mpaeca Hacrpoiea Cnpasca

|DeES [ 4OD | K% |o = o5 &adddsm

Ll s b o ®OE i= 'z ED ceinasi komcymtoem
[ ———— TN . T T . -

Math MeigisaTon -~ [ T o o~

LMDV 114 ]

Bescora . ¢ 5 CH 08 5 0 3 o T S5, 56 G S et P E L

Namegn X 141

Nosega ¥ 17 na“_““" ......................
+ Mogcxaasa CE } et . |
= o rpadm- yoTEEr i T :
# kA YECKMYX 3% . MAGTHOCTE

Pama Clomenceeno | pomMnoHeHT

Cexiop O

CERTOD MBS N 0000 I..

CesTop rop. [ =00FF00

Cexrop mesenm — o]

OononssTensHo B PRI S maaee

Peugnry OKHO pegaKTHROBaHWA

| 7= .”.‘,‘“““:""9{ ; Mavens § - = HHEMOCKe
| Cnafigep {BepT, 5=
{¥] Cnaigen (rop.) Ppadquts :
% mMobide cnafigep (Bepr.)
[¥] Mobie cnaiigen (rop.)
{=8] Wadposod zaparTanK

qeckMx L]
KOMMOHEHT -

457

{3 Hepnoumpi mgar-es == -
Ukehposas ksestaTyna St | CTpoKa COCTORHWA ]:: _______________ v
| [all Crnnananil @naTEe b s "
| Beramiere: ko X:197,¥:0 TN LT [ We 14,8 146 100%  Ofwer Mg

Puc. 11. OkHO pellakTopa MHEMOCXEMBI MOCJIE BCTABKH HEKOTOPBIX 3JIEMEHTOB
rajgepeu u najauTpbl
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Ilanens rpaduyeckux KOMIIOHEHT COJEPKUT MATUTPy TrpaPuyuecKux
KOMIIOHEGHT, KOTOpbI€ MOKHO J00aBIATH B MHEMOCXEMBI. [ 'paduueckue
KOMIIOHEHTHI CTPYKTYPUPOBAHKI IO pa3/iesiaM, HAa3BaHHBIM CO3BYYHO BBITIOJTHSICMBIM
rpa@u4IecCKUMHA KOMITIOHCHTaMH (QYHKIUAMHU. TO ecTh rpaduyeckne KOMITOHCHTHI,
OoTBeHaromue 3a paboTy C U300paKeHUSIMU, CJIEAYeT UCKaTh B pasjene
"U3o0paxenus", a TpaduueCcKHE KOMIIOHEHTHI, OHMYIUPYIONUE SICMEHTHI
BKJTIOUCHUS/BBIKITIOUCHHST 000PYI0BaHUsI, pacIiojiaraloTcs B pasjaene "YmpapieHue".

IlanuTpa KOMIIOHEHT CTAHOBUTCS aKTUBHOM IMOCJE CO3/IaHUS HOBOTO MPOEKTa
MHEMOCXEMbl HWJIM OTKpPBITUS CYyIIECTBYIOIIEro. KOMIIOHEHThl aKTUBHON MaJUTPHI
MO>KHO MIEPETACKUBATh B OKHO MHEMOCXEMBI.

IIaneab cBoiicTB rpaguyeckux KOMHIOHEHT. COJIEpKUT CIHCOK CBOWCTB
rpauuecKoil KOMIIOHEHTHI, BbIOpaHHOW B OKHE peaakTupoBanus (puc.12). Bce
CBOMCTBA CTPYNIIUPOBAHBI B pa3Jielibl, KOTOPbIE MOTYT OBIThH CBEPHYTHI/Pa3BEPHYTHI,
YTO IIO3BOJIAT HE 3arpoOMOXKJaTh IPOCTPAHCTBO MaHeIW M (POKycHpoBaTh CBOE
BHUMaHHE TOJBKO Ha aKTyaJbHBIX B JaHHBIH MOMEHT CBOHCTBAX.

W
®ain Bwug [lMpaska Hactpoika Cnpaska
BRI -
CeoficTea: Pag1ansHeil Haukatop (270 rp.) (0] 0 .
MNozuuma Y | P o .gooo e
# Moackaska """"""""
¥ %PoH N AP, ¥
[# Wrana sof - ... 30,
Patira ] OtknwousHo j A
(WpweT T ahoma ] .20 -
CekTop [¥] Brwvero mn: R
CerTop MMUHKMYM [ BFFFFOO0 B 1 . 10 i
Corropropn, B OO EHEHR RN
CekTop Makcueyy I HFFO000 Jorr e
Mpueaska k kaHany  [] Braouero ] N I T o
K.aHan COM_nopr Arduino. aul Edata(0] A0 ... LA wol ... L
Pestbib MMraHWA ] ok nouenn - 1

Puc.12. Ilanens cBOMCTB TrpaduueCcKUX KOMIIOHEHT

Ecnu B okHE penakTUpPOBaHUS MHEMOCXEM BBIICIUTH I'pauuecKuil dJIEMEHT,
TO €ro CBOKMCTBA MOXHO PEHAKTUPOBATH B ITAHEU CBOWCTB.

OxHo (moJie) pelakTHpPOBaHMS BMJAa MHeMoOcxeMbl. B manHoi o6Omactu
oToOpaxaeTcs BU3yaJbHOE MpeACTaBlIeHHe rpaUuecKuX KOMIOHEHT MHEMOCXEMBI.
Buag  KOMIOHEHT MOXHO  HAcTpamBaTh: HM3MEHSTH  pa3Mep, MOJIOKEHHE,
IPYNIIUPOBATH U BEIPABHUBATH, MEHITh CBOMCTBA CETKHU U JIP.

Crpoka cocrosgHusi. OtoOpakaeT KOOPAMHATBHI Kypcopa U TeKylleH
rpauuecKoil KOMIIOHEHThl OTHOCUTEIBHO KOOPJIMHATHON CETKU, pa3Mephbl TEKyIIeH
KOMIIOHEHTHI U €€ Ha3BaHUe, MaclITad OTOOpaKeHUsI MHEMOCXEMBI.
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IlocenoBaTEIbHOCTH CO3/IAHUSI MHEMOCXEMBI.

1. 3anyctuts moayns SIMP Light mox nazBanuem "PegakTop MmEHEMOCXEM".

2. BwiOpats B meH «@aiim» myHKT «HoBas MHemMocxema» NI CO3IaHUS
HOBOT'O ITyCTOTO IIpOeKTa MHEMOCXeMbl. [JlaBHOe OKHO Moayis «Pemaktop
MHEMOCXEM» COJICPKUT TOJIBKO CETKY, O0JIETYAIONIYIO PACIIONOKEHNEe TpaduuecKux
KOMITOHCHT.

3. VYcranaBnuBaem cBoiicTBa moJsisi MHeMocxeMbl: "[Hupuna", "Beicota" unu
"Bo Bech nkpan". YcranoBute mupuny B 500 enunuil, a Beicoty B 400.
4, OTpImUTe B CIHUCKE TPAaPUUECKUX KOMIIOHCHT CJICAYIONIHE KOMITOHCHTHI:

«EmkocTh (Beprt.)»; «Knanan 2»; «Panuansueii uaaukarop (180 rp.)"», «Tpenay,
«Iudposas knaBuatypay, « IHAUKATOP YPOBHS.

5. Insa pasMmenieHus: rpaduuecKux KOMIIOHEHTOB Ha IOJIE peJaKTUPOBaHUS,
IPOCTO MEpETaIlUTe BbIOpAaHHBIE KOMIIOHEHTHI M3 MHaJIUTPhl KOMIOHEHT Ha IOJe
penaktupoBaHus. Ilocne neperackuBaHus KOMIIOHEHTOB Ha I10JIE€ PEIAaKTHUPOBAHUS
MOXXHO HM3MEHUTb HUX pa3Mep U JApyrue cpoiicTBa. Pa3zmecture rpaduueckue
KOMIIOHEHTHI Ha T0JI€ pETaKTUPOBAaHMS, TaK KaK II0OKa3aHo Ha puc.l4.

IIpuBsizka 3J;ieMeHTOB MHEMOCXeMbI K BHEIIIHEMY 000PYy/10BAHUIO

JIns TpUBSI3KM aKTHUBHBIX KaHAJIOB K JJEMEHTaM MHEMOCXEMbI HEOOXOJMMO
BBIBECTH CITMCOK KAaHAJIOB B PEIAKTOpP MHEMOCXeMbl. JIJIs 3TOTO B pemakTope
OTKpbIBacM MeHIO «Bum» 1 BKimrodaeM onmuio «Crincok kaHaiaoBy (puc.13,14).

®ain Bwa lMpaska Hactpodka Cnpaexa
DEBE | s D0 | H% (o= sjaaTdda|nn

CeoicTea: PaguansHeii uHamkarop (270 rp.) (0] [ocTynHble KaHanb >
Nosmiuua Y 72 (#)(®) » .g COM_nopt.Arduino.aul6data[0] AD exoa
[# Moackaska @ | COM_nopr. Arduino.Brn LLVM Ha D10 (0-255) |
[ 9PaoH
[# Wrana
Pamka ] Orrmoveno
W kT Tahoma
CexTop Bramovenn
CerTop MUHMMYR 1 #FFFFOO0 g
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Puc.13. Bun ¢parmenTta pegakropa MHEMOCXEMBI MPHU MPUBSI3KE aKTUBHOTO KaHalla K
AJIIEMEHTY MHEMOCXEMBI
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Puc. 14. KontposbHOe 3a7aH1E



Hanee:
1. Beimensiem snemeHT Ha MHemocxeme. [Ipy 3TOM Ha mnaHenum CBOMCTB

rpaU4YeCKuX KOMIIOHGHT TOSIBIISIIOTCSI BCE €r0 JIOCTYMHBIC IS PEAaKTUPOBAHUS
CBOICTBA: pa3Mep, BT GhoHa U T.1.
2. Briaensem akTUBHBIN KaHA Ha MAHENH «J{OCTYITHBIE KaHATIBD).
VYcranaBnuBaem ¢ar B oniuu «IIpuBsizka Kk KaHATy».

4, Brinonnsiem onepanuu 2 v 3 AJi BCeX aKTUBHBIX KaHAJIOB.
S. CoxpaHsieM U3MEHEHUS.
6. Uepes mento «HacTtpolika) BBITIOIHIEM OMIUIO «3ayCTUTh MOHUTOPY.

Ilocne »Tux OHGpaHI/Iﬁ IIGﬁCTBPIH Ha MHCMOCXCMC 6YIIYT nepcaaBaTroCa Ha
IMOAKIKOYCHHBIC KOHTPOJIBHO-U3MCPUTCIIBHBIC HpI/I60pBI, a I/IH(bOpMaLII/IiI C HpI/I60pOB
nepeaaBaTbCia Ha MHCMOCXEMY.

3amMeuanue.

1. Cnenyer ydecTb, YTO TMOCTyHarom@as ¢ BHEWIHUX MNpUOOpPOB uUH(pOpMaIUs
(bukcupyercss TpapUUEeCKUMU KOMIIOHEHTAMH pAaCIOJOXKEHHbIE B pyOpHKax
«Uapukamus» u  «Tpenas» Ha mnaHenu rpadUyeckux KOMIOHEHT. OJTO
pa3IMYHOTO BUAA rpadpuueckre U HUPpPOBble UHAUKATOPHI U TpadUKH.

2. YnopaBisoollue  BO3JIEHCTBUS  HA BHEIIHUE  IPUOOPBI-PETYISITOPHI
OCYILECTBISIOTCA Tpa@UUEeCKUMU KOMIIOHEHTAMH PAaCIOJIOKEHHbIE B PyOpHKe
«Ynpapnenue». K TakuM KOMIIOHEHTaM OTHOCSTCS ClIaiiiepbl, KHOIKH H
nM(ppOBBIE 3aATUMKH.

3. 3BATAHME

1. CoOpatb cxeMy npeacTaBiaeHHyo0 Ha puc.15. [loakmtoueHue ycTpoicTs
MIPOU3BECTHU COrjacHo Tadn.l.

Tabnuna 1 — [MoxkiroueHne BHEITHUX YCTPOMCTB K mare Arduino Uno

. KoHnTakT Ha BHELIHEM KonTakr Ha miate
Bremtee ycTpoicTBO YCTPOMCTBE Arduino Uno
- - — GND
OJTHEUHas Oarapes n Al
GND GND
JlaTuuk mpumecH VCC 5V
A0 A0
— (4epHBIA MPOBO.) GND
Ceroauon =
+ (KpacHbIH MPOBO.) ~11
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T SO — (4epHbIil NPOBOA) Konrakt 11 TPM202
cpmorapa + (KpacHbIH MPOBO.) KonTtakt 10 TPM202
TPM 202 (
1[2]a]a]s]a]7]8]alin]i1]12]13]14]15]16
b 1231231233821} e UsB MK
--BETEI-:E-E Buikog 1 Bexog2  Baogd Biog, 2 }38—?5 i E L oB
[:] 120 Om l
Arduino
<_ConH.naxenb :GAN[I)
ep11
< CBEToAMoL R
@ AQ
<.ElaTL|m( npumecn j @5 B
@ GND

Puc.15. Cxema noAKIIIOUEHNS BHEIIHUX YCTPOMCTB K KOMIIBIOTEPY

bk wn

7.
8.

3arpyxaem SCADA SIMP Light.

Hactpausaem Modbus drive.

Co3pnaeM MHEMOCXeMY, TPEACTABICHHYIO Ha puc.14.

ConpsiraeM aKTUBHBIE KaHAJIbI C 3JIEMEHTAMU MHEMOCXEMBI:

e [IINM c uudpoBoii KIaBuaTypou;

e Bxoa 1 TPM202 c rpadukom TemriepaTypbl U paauaibHbIM
WUHIUKATOPOM;

e (ConHeuHy!o MaHesnb (KaKk UMUTATOP YPOBHS) C MHAMKATOPOM YpPOBHS;

e Knamana c [IINM.

JloGaBbTe Ha MHEMOcXeMy rpaduk ais (PUKcauu MOKa3aHUM TaTYrKa
3arpsI3HSIONINX BEILIECTB.
3amyckaeM MOHMUTOP.

B nudposoii knaBuarype nHabupaem 3nauenus 0255 u mabmomaem

N3MCHCHHNC NMHTCHCHMBHOCTH CBECTOANOAA,

9.
10.

[Ipu ocBelIEeHNH COJTHEYHOM MTaHEN — U3MEHEHHUE YPOBHS Ha EMKOCTH;
HarpeBaem Tepmonapy. @ukcupyeM U3MEHEHUE TeMIIepaTyphl Ha Tpaduke

" paaruaJIbHOM MHIUKATOPC.

11.

Bo3zneiictByeM Ha JaT4MK IPUMECH MapaMu JIETYUYEero yrieBoAopoaa u

¢ukcupyeM Ha rpapuKe HANUYUE 3arPSA3HEHUS BO3yXa.
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Puc.16. Bun MmHEMOCXEMBI B paboyeM COCTOSIHUM




KoHTpoJsibHbIE BOMPOCHI.

Pacumdpyiite nonsitue SCADA.

B yem orimune ucnonp3oBanus OPC cepsepa u Modbus driver.
JlaiiTe onpesenenne 4eI0BeKO-MallIMHHOMY HHTEpQEHCy.

Kaknm 06pa3om mogaeTcsi CUTHaIM3amus 00 aBapuitHOW CUTyaIuu?
Jlist kakoit mporpammbl SCADA siBisieTCst KITUEHTOM?
[Tepeuncnure 3agaun pemaembie SCADA.

No O~ whN R

Kakue noacucrems! cogepxut SCADA?

Cnucok peKOMEHI0BaHHOM JIUTEPaTypPhl
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2014. — 200 c. — ISBN 978-5-00032-044-0. — TekcT : IEeKTPOHHBIH // DNEKTPOHHO-
OubIMoTEeUHas cucrema IPR BOOKS : [caliT]. — URL:
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TEXHOJIOTHYECKUMH TIporieccaMu. YueOHoe mocoOue. DIIEKTPOHHAs 03HAKOMHUTEIbHAS
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METOIUYECKHUE PEKOMEHIALIUN
JJI51 BHITIOJIHEHHS JIA00PATOPHBIX PadoT N0 AUCHUILIHHE

«ABTOMaTI/IBaIIHH TCXHOJOI'HNYCCKHUX MPOHECCOB U CUCTEM 3AllIUTHI
OKpPY:KaUmen cpeabi»

CocraBurenu:
[[TanmoBamoB Banepuii BacuinpeBUY — JOKTOp XHUMHYECKMX HaykK, Mpodeccop,
3aBeAyIOIUA Kadenpoil NpUKIAAHOW 5SKOJIOTMH W OXPaHbl OKPYXKAIOMIEH Cpenbl
['OVYBIIO « 1O0HHTVY»;
['opbatko Cepreii BuranbeBud — KaHIWZAT TEXHUYECKUX HAyK, JOLEHT Kadeapsl
MPUKIIATHOM SKOJIOTHH U oxXpaHbl okpyxkatouei cpeasl 'OYBIIO « JOHHTY ».

OTBeTCTBEHHBIN 32 BBINYCK:
[ITanoBanoB Banepuit BacunbeBuu — 3aBenyrouuii kadeapoi «lIpuknagnas
JKoJIoTMd W oxpaHa okpyxawouend cpeae» ['OYBIIO «OHHTY», noktop
XUMHUUYECKUX HayK, Ipodeccop



