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Monyns koHTpoiuiepa JavalikeCalc ipenocTaBiseT B CUCTEMY MEXaHU3M CO3AaHUsS (DYHKIMN 1
ux Oubnmorek Ha Java-mogoO6HOM si3bike. Onrcanue GyHKIMK HA Java-mio0OHOM SI3bIKE CBOIUTCS
K OOBsI3KE NapaMeTpoB (QYHKIMM anroputMoM. Kpome 3Toro, mMoaynb HajeneH (QyHKUIUSIMU
HEMOCPEACTBEHHBIX BBIYUCICHUH, TyTEM CO3/IaHHSI BHIYHUCIUTEIIBHBIX KOHTPOJIJIEPOB.

HemnocpenctBeHHbie BBIYUCICHUS OOECIIEUMBAIOTCS CO3JAaHHUEM KOHTPOJUIEpAa W CBA3BIBAHUEM
ero ¢ QyHKIUeH 3Toro >xe mMomyns. (s cBs3aHHOW (DYHKIHMM cO3MaéTcs Kaap 3HAYCHWH, Ha
KOTOPBIM U BBITIOJIHSIOTCS IEPUOIUYECKHUE BHIUUCICHUSI.

[TapameTprl (QyHKIMM MOTYT CBOOOJHO CO3/1aBaThCsl, YAAIATbCA WM MOAM(DUIUPOBATHCA.
Texymias Bepcust MOAYINS MOAAEPKHUBAET 0 255 mapaMeTpoB (GYHKIMU B CyMME€ C BHYTPEHHUMHU
nepeMeHHbIMH. Bun penakropa ¢pyHkuuii nokasas Ha puc.l.
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Puc.1. Bun penakropa QyHKIHiA.

[Tocne m00Oro W3MEHEHHS MPOrpaMMbl, WIM KOHQUTYpallMd MapaMeTpoB, BBIMOJIHIETCS
NEPEeKOMITWIISIIIAA IPOTPAMMBI, C YIPEXKICHUEM CBS3aHHBIX ¢ (yHKIuell oObexToB 3HaueHuilt TValCfg.
KoMmmunarop s3plka TOCTPOEH € WCIOJIB30BAaHMEM H3BECTHOTO TeHepaTopa rpammaTuku «Bisony,
KOTOPBIN COBMECTHM C HE MEHEE U3BECTHOW YTUIIMTOM Yacc.

S3BIK  UCHONIB3yeT HESBHOE OMNPEIeICHUE JIOKAIBHBIX TIEPEMEHHBIX, KOTOPOE 3aKJII04aeTCsl B
ompesieieHu HOBOM TEepEeMEHHOW B ciy4yae MpucBaumBaHusl eil 3HaueHus. [Ipuuém THm nokanbHOI
MEePEMEHHON yCTaHaBIWMBAE€TCI B COOTBETCTBHMM C THUIIOM NIPHCBAaMBaeMoro 3HaueHus. Hampumep,
BeipakeHre <Qr=Q0*Pi+0.01;> onpenenut nepemennyto Qr ¢ Tunom nepemerron QO.

B pa60Te C Pa3JIMYHBIMU TUIIAMH OAHHBIX, A3BIK UCIIOJIB3YCT MCXAHU3M dBTOMATUYCCKOTO NPUBCACHUA
THIIOB B MECTax, rac HO}IO6HO€ MPUBCACHUC ABJISACTCA HeHeCOO6pa3HBIM.

I[J'IH KOMMCHTHUPOBAHHUA YUACTKOB KOAA, B A3BIKC IPECAYCMOTPCHBI CUMBOJIBI «//». BCé, 4qTo I/II[éT II0CJIC
JaHHBIX CUMBOJIOB, 10 KOHIIA CTPOKHU, UTHOPUPYCTCA KOMITUIATOPOM.

B npouecce renepanuu Kojxa KOMIWIATOP SI3bIKa HPOM3BOJUT ONTHMHU3AIMIO 10 KOHCTaHTaM H
NPUBEJCHUE THUIOB KOHCTAaHT K TpeOyemomy Tuiy. [lox omTumu3zanueil KOHCTaHT MOJpa3yMeBaeTCs
BBINOJIHEHHE BBIUMCIIEHUH B IIpOLIECCE MOCTPOCHUS KOAA HaJl IBYMsl KOHCTAaHTAMHU U BCTaBKa pe3ysbTara B
koa. Hampumep, Belpakenue <y=pi*10;> cBepHErcs B mpoctoe mnpucBauBanue <y=31.4159;>. Ilox
NPUBEJCHUEM THITOB KOHCTAHT K TPEOyeMOMY THILY, IToipa3yMeBaeTcst popMUpoBaHUs B KOAE KOHCTAHTHI,
KOTOpasi UCKJII0YaeT MpUBEICHUE TUIA B Ipolecce ucrnonHeHus. Hanpumep, Bbipaxkenue <y=x*10>, B
CITy4ae BEIIECTBEHHOTO TUIIA TIEPEMEHHOM X, mpeodpazyercs B <y=x*10.0>.

SI3bIK TOAJIEPKMBAET BBI3OBBI BHEUIHMX M BHYTpeHHHX (QyHkumid. Mms mroboit ¢yHKkiuu, BooOIIe,
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BOCIPUHUMAETCS KaK CHMBOJI, MPOBEpPKa Ha MPUHAJIEKHOCTH KOTOPOTO, K TOW WM MHOW KaTeropuw,
MIPOU3BOAMUTCS B CIEAYIOLIEM MOPSAKE:

+ KIJIIOYEBBIE CIIOBA;

+  KOHCTaHTBHI;

+ BCTPOEHHBIE (PYHKLNU;

* BHEIIHHUE (QYHKIHH;

* YK€ 3aperucTpUpPOBAHHBIE CUMBOJIbI IEPEMEHHBIX;
* HOBBIE aTpPUOYTHI CUCTEMHBIX [IapaMETPOB;

+ HOBBIE apaMeTphl QYHKINHU;

-+ HOBas aBTOMaTU4ecKas repeMeHHasl.

Bb13oB BHemHel (yHKIMH, KaKk W aTpuOyTa CHUCTEMHOrO IMapaMeTpa, 3alMChIBaeTCs Kak ajpec K
00BEKTy JMHAMUYECKOro JepeBa o00bekTHOM Monenu  cuctembl OpenSCADA B Buze:
<DAQ.JavaLikeCalc.lib_techApp.klapNotLin>.

Jns  nmpenocraBieHMsT BO3MOXKHOCTH — HAalMCaHUS  MOJIb30BATENbCKUX  IPOLEAYpP  YIPaBICHUS
paznuunbiMu  koMnoHeHTamMu — OpenSCADA, wmonynem — mpepocraBisietcss  peanusauus — API
IIPEKOMITMJISLIUY T10JIb30BATEIbCKUX MPOLENyp OTIAENbHbIX KOMIOHEHTOB OpenSCADA Ha peanusanuu
Java-nogo6Horo si3pika. TakuMu KOMIOHEHTaMu yxe sBistorcs: lllabmoHbl mapamMeTpoB MOACHCTEMBI
«Co6op nanubix» u Cpena Buzyanusanuu u ynpasieHus (CBY).

1 Java-noaoOHBII A3BIK

1.1 DjeMeHTHI A3bIKA
Knioueswie cnosa: if, else, while, for, break, continue, true, false.
Tocmosnnuvie:

« pecsatuunsie: mudper 0-9 (12, 111, 678);

- BochMepuuHble: udpst 0-7 (012, 011, 076);

+ mectHaanatepuanbie: nudper 0-9, 6yksol a-f mmn A-F (0x12, 0XAB);
« BemecTBeHHble: 345.23, 2.1e5, 3.4E-5, 3¢e6;

« Jormyeckue: true, false;

- cTpokoBsie: «helloy.

Tunwi NEePeEMERHbLX.

« IIenoe: -231...231;
- BelecTBeHHoe: 3.4 * 1

- jorundeckoe: false, true;
+ CTpOKa: JyTMHA 256 CUMBOJIOB U 0€3 mepexojia Ha APYTYIO CTPOKY.

Bcempoennvie  koncmammwui:  pi = 3.14159265, e = 2.71828182, EVAL BOOL(2),
EVAL INT(-2147483647), EVAL REAL(-3.3E308), EVAL STR("<EVAL>")

Ampubymor napamempos cucmemvl OpenSCADA (nauurnas ¢ noocucmemovr DAQ, 6 6ude <Tun mooys
DAQ>.<Koumpoanep>.<Ilapamemp>.<Ampubym>).

0308;

@yuxyuu oovexmuou mooenu cucmemovl OpenSCADA.

1.2 Onepanun si3bika

Omnepauuu mnoaJepKUBaeMble SI3BIKOM NpeACTaBieHbl B Tabnuue Huxke. [Ipuopurer omnepauuit
YMEHbILIAeTCs ¢ BepXy BHU3. Onepaiyy ¢ 0lMHAKOBBIM IPUOPUTETOM BXOJISAT B OJIHY LIBETOBYIO TPYIIITY.
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1.3 BerpoenHnbie pyHKINHU A3bIKA

Jnst  obGecrieyeHust BBICOKOM cKOpocTH pabOThl B MaTeMAaTUYECKUX BBIYUCICHUSX, MOMAYIb
IPEJOCTaBIsAET BCTPOEHHBIE MaTeMaTHYecKue (YHKIUHM, KOTOpbIE BBI3BIBAIOTCS HAa YPOBHE KOMAaH]
BUPTYaJbHON MamuHbl. BcTpoeHHbIe MaTemMaTnyeckue ()yHKINH:

+ sin(X) — CUHYC X;

+  COS(X) — KOCHHYC X;

+ tan(X) — TaHTeHC X;

« sinh(X) — cuHyc runepOoOIMYECKHIl OT X;

+ cosh(x) — xocuHyc runepOOINIECKUH OT X;
+ tanh(X) — TaHTeHC THIMEPOOIUYECKHI OT X;
+ asin(Xx) — apKCUHYC OT X;

+ acos(X) — apKKOCHHYC OT X;

+ atan(X) — apKTaHT€HC OT X;

+ rand(x) — ciy4aitHoe uucio ot 0 10 X;

+ lg(x) — mecsaTuuHsbIi TOTapudM OT X;



+ In(x) — HaTrypaybHBIN JOTApUDM OT X;

+  exp(X) — IKCIIOHEHTA OT X;

«  pow(X,y) — BO3BEJICHHE X B CTCTICHb Y;

+ sqrt(X) — KOpeHb KBaJpATHBIN OT X;

+ abs(Xx) — abCoOTHOE 3HAUCHUE OT X;

+ sign(x) — 3HaK 4Mca X;

- ceil(x) — okpyrieHue yucia X 10 OOJIBIIETO IeJI0T0;

« floor(x) — okpyriieHre yucia X 10 MEHbIIETO IEJIOTO.

1.4 Oneparopsbl f3bIKa
OOwmii nepeveHp ornepaTopoB A3bIKa:

« if — omepatop ycioBus «Eciny;

+ else — oneparop ycnoBus «MHadey;

«  Wwhile — onncanune nukiaa while;

+ for — onucanue nukia for;

+ break — npepbiBaHHE BBHITIOTHEHUE IIUKIIA;

« continue — NPOJOJDKUATH BHITIOJTHCHHUE [IUKJIA C HaYaJIa.

1.4.1 YcioBHBIE OnIepaTophI

S3pIKOM MOIyJId TONIEPKMBAKOTCA JBa TUNA yCJIOBHM. llepBelii 3TO omepamuu yCIIOBHs IS
UCIIOJIb30BAaHUs BHYTPHU BBIPa)KE€HUsI, BTOPOU — INT00AJIbHBIN, OCHOBAHHBIN Ha YCIOBHBIX OllE€paTopax.

VYcnoBue BHYTPH BBIPQXEHHS CTPOUTCS Ha Omepanmusx «?» W «». B kadecTBe mpumepa MOMKHO
3amucaTh CIEnyIolee MpakTUdeckoe BhIpakeHue <st open=(pos>=100)?true:false;>, uyTto umraercs Kak
«Ecmn mepemenHas <pos> Oonbine win paBHa 100, To mepeMeHHON st open MpHUCBaWBAETCS 3HAUYCHHE
true uHaue false.

['706anpHOE YCIIOBHUE CTPOMUTCS HA OCHOBE YCJOBHBIX OrepaTopoB «ify» u «else». B kauecTBe mpumepa
MOJKHO TIPUBECTH TOKE BBIpaKEHUE, HO 3alHMcaHHOe JApyruM crocodboMm <if(pos>100) st open=true; else
st_open=false;>. Kak BUIHO, BbIpasKeHHE 3AMUCAHO 10 JAPYrOMY HO YHUTACTCS TaKKe.

1.4.2 Ilukabl

[TognepxuBaroTcss aBa Tuna mukiaoB: while u for. CHHTaKCHC IMKIOB COOTBETCBYET S3BbIKAM
nporpammupoBanus: C++, Java u JavaScript.

[{ukn while, B o0miem, 3anuceiBaeTcs ciaeayronmM odpasom: while(<ycrosue>) <meno yuxna>; Hukn
for 3ammceIBaeTcs chaeAyrommMM 00pazoM: for(<mnpe-unuyuanuz>;<ycioue>;<nocm-ebluucieHue>)
<meno yukna>, I'ne:

<ycnoeue> — BBIpaXKCHUE OIpPEACISIONIee YCIOBUE, <meao Yukia> — TEJI0 LHKIJIa MHOKECTBEHHOI'O
WCIIOJIHEHHUS; <npe-uHuyuaiu3> — BBIPAKECHUE MPEABAPUTEIIBHON UHULUAIN3ALUNA [IEPEMEHHBIX LUKIIA;
<nocm-gviuucieHue> — BbIpaK€HNUE MOAU(PHUKALIUU TapaMeTPOB LIUKJIa, 10CJI€ OUYEPEHON UTEepaliH.

1.5 I1pumepsl nporpaMmebl Ha A3bIKE

[TpuBenéM HECKOIBKO MPUMEPOB MPOrpaMM Ha Java-1mogoO0HOM s3bIKeE:

//Momesnb xOma MCIOJIHUTEJIbHOTO MeXaHM3Ma MapoBOTO KpaHa

if( ! (st close && !com) && ! (st open && com) )

{
tmp_ up=(pos>0&&p0s<100) ?0: (tmp up>0&&lst com==com) ?tmp up-1./frq:t up;
pos+=(tmp7up>0)?0:(lOO.*(com?l.:—l.))/(tifull*frq);
pos=(p0os>100) ?2100: (pos<0) ?0:pos;
st open=(pos>=100) ?true:false;
st close=(pos<=0) ?true:false; lst com=com;



//Momesnb kJjamaHa

Qr=Q0+Q0*Kpr* (Pi-1)+0.01;

Sr=(S_k11*1 k11+4S k12*1 k12)/100.;

Ftmp= (Pi>2.*Po) ?Pi*pow (Q0*0.75/Ti,0.5) : (Po>2.*Pi) ?Po*pow (Q0*0.75/T0,0.5) :pow (abs (Q0* (pow (Pi,2) -
pow (Po,2))/Ti),0.5);

Fi-=(Fi-7260.*Sr*sign (Pi-Po) *Ftmp) / (0.01*1lo*frq) ;

Po+=0.27* (Fi-Fo) / (So*1o*Q0*frq) ;

Po=(Po<0) ?0: (Po>100)?2100:Po;

To+= (abs (Fi)* (Ti*pow (Po/Pi,0.02)-To)+ (Fwind+1) * (Twind-To) /Riz) / (Ct*So*lo*Qr*frq) ;

2 KonTpoJuiep u ero kKoHpurypamnus

KonTtposiep 3Toro Moayns cBA3bIBacTCa ¢ GYHKUUAMHU U3 OUOIMOTEK MOCTPOCHHBIX C €ro MOMOIIBIO
Juist oOecriedeHns] HEMOCPEACTBEHHBIX BbIUMCICHHMM. i1 mpenocTaBieHHs] BBIYMCIEHHBIX JTaHHBIX B
cucremy OpenSCADA, B KOHTpoOJIepe MOTYT cOo3AaBaThecs napamerpsl. [Ipumep Briagku KoHGUrypauun
KOHTpOJUIEpA JAHHOTO TUIA N300pakeH Ha pucC.2.
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Puc.2. Bxinanka koH(UTypaliiy KOHTpoOJUIEepa.

C nomoIbIo 3TOM BKJIAJKH MOKHO YCTAHOBUTh:

+ CocrosiHMEe KOHTpoJUiepa, a HMEHHO: «Bkimouen», «3anymen» W ums bBbJ[ conmepxkaiueit

KOH(UTYpaIuio.

«  Wnentuduxatop, UMs 1 ONMMCaHUE KOHTPOJUIEPA.
« CocrosiHHE, B KOTOPOE MEPEBOAUTH KOHTPOIUIEP MpH 3arpy3ke: «Bkimouen» u «3armymeny.
+ VMg Tabnuisl 11st XpaHEeHUs TapaMeTPOB.
+ AJpec BEIYHCITUTEIHLHON (PYHKIIUH.

+ Tlepuon, MpUOPHUTET U YUCIIO UTEPAITUN B OJHOM IIUKJIC 3a1a91 BHIYUCIICHHUS.

« Ilepuon aBToMaTnyeckoi CHHXpoHM3auuu 610k0B ¢ B/,
« CoxpaHuTh/3arpy3uTh KoHTpOJIep B B/I.

Bxknanka «Beruucnenus», kontposiepa (Puc. 3), conmepXUT mnapaMeTpbl M TEKCT IPOrpaMMBbl,
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HEIIOCPCACTBCHHO BBIITOJTHAEMOM KOHTPOJUIEPOM. TaK>1<e, JJIs1 KOHTPOJIA BBIIIOJIHCHUSA, BEIBOAUTCA BPEMsL
BBIYHUCJICHUA TPOTPAMMBI.

-+ QT OpenSCADA KOHHTYpaTop . DI -4
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-- BnouyHbli BEIYHCIMTENL
-- CHop paHHbIX CHCTEMBI
-- Noruwyeckuid ypoBeHs l AT e | N ] Berumcnenis l
-- Zigbee network
E‘ Buiucnuens Ka java I'ID.EI.D'EHDr_ Bpema Boivprcnedua (MEC): Q
£} KonTponnep: [atHeie:
B TecTtoabii ACTTATE]
B ﬂHGE" bl Id |I.-'IM|:|| Tun | Pesum | 3HaueHue |
E}. TEXHONGrMYECKHe anna 1|out COut Bewecreennoe |Boxog 7
- 3anazgbiBaHue
- yM (2 rapM. + cn
- lapoBod KpaH
- CenapaTtop
 Knanan Mporpamma:
- 3anazgbiBaHue (I-luc_ out+=10;
- CeTh (Harpyska) iflout=100} out=0;
- MCTOUHMK (gaBneHk ModBus. Unidrive. pos. pos=out;

- Bo3n. XonogunbsHUE
- KoMnpeccop rasobb
- KnanaH [ paBHonpoL
- MCTouHMK (pacxon)

. TpyBa 1->1
Tpﬂ'rﬁa 1-=2 -
- Tpy6a 1->3 E

[« | | ]
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Puc.3. Brianka «BeraucieHus» KOHTpoJIIEpa.

3 IlapaMeTp KOHTPOJLJIEPA M €r0 KOH(pUTYpauus

[Tapamerp KOHTpoOJIIEpa JaHHOTO MOMYJSL BBIMONHSET (DYHKIHIO TPEAOCTABICHHUS JOCTyNa K
pe3ynbTaTaM BeIUMCIEHUsT KOoHTpoJuiepa B cucteMy OpenSCADA, nmocpeacTBoM aTpuOyTOB IMapaMeTpoB.
W3 cnenuduueckux moinel, BKIagKa KOH(UTypaly mapaMerpa KOHTPOIIepa COACPIKHUT TONBKO TOJE
MePEUHCIICHUS TAPAMETPOB BBIYHUCIAIEMON (DYHKIINH, KOTOPBIE HEOOXOUMO OTPA3UTh.

4 bubauorekn PyHKIUNA MOTY IS

Mozynb mpenocTaBiseT MEXaHU3M Ui CO3JaHHus OMOIMOTEK IMOJIb30BaTeNbCKUX (YHKUMN Ha Java-
nogo0HoM s3pike. [lpumep Bkmaaku KoHuUrypamuu OubOnMoTekn wu3zoOpakeH Ha Puc.4. Brxmagka
COAEPKUT 0a30BBIE TOJISA: COCTOSHHS, WACHTH(UKATOp, MMS M ONHUCAHUE, a TAKXKE aJpec TaOIUIIbI
xpansmeit oubnnorexy. Bo Bkiaake «DyHKIMM» OUOIMOTEKH, KpoMe mepeuHs (YHKIUM, COAepKHUTCS
dbopma KonrpoBaHUs (QYHKIIHIA.



QT OpenSCADA KoHtHIypaTop BE

@aiin Bug lMepedmn  [MoMmows

WL S0L @8
[+]

T T —— Bnbnnoreka pyHkumni: Controller
-- CHop AaHHBIX CUCTEMGI ﬁﬁ
-- Norudeckuid ypoBeHb BuonkoTeka PyHKLAN
[} Zigbee network  Cocromme
[} BolMWCIMTENL Ha java nogobHor

E}- KonTponnep: ] Docrynen: (%]

4 [t} TecToBbid BolMMCIMTEND B[ GuEnwoTerH [Mogynk.BO.Taénuua): | *.*.lib_Controllers ]

- BrbnnwoTera:

[} TexHonoruueckue anna — Kongurypauws
-- sys_compile
B Kourponnepol

Id: Controller

[#1- CepBHMCHbIE NPOUEIYPLI Mma: | KoHTponneps ]
- Diamend nnatel copa gaHHbIx

- Onucadue:

[#} Hilscher CIF CP

[ —— . MporpaMMel KOHTPCANEPoE GCHOBAHHLIX HA Java.
ApxKBhl

CreusanaHbe o

Monb3ocEaTensckwe MHTEpRDeRCh 3arpyzuTh

¥npasneHwe MogynAMK
]
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Puc.4. Bxnanka koHpurypauun 6u6InoTeKu.

S HoJab3oBareabcKue PYHKIMH MOAYJIS

OyHKIMA, TaKke Kak U OuOnIMOTeKa, COAEp>KUT 0a30BYyH0 BKIAAKy KOH(HUrypanuu, BKIAAKY
dbopMupoBaHus MporpaMMmbl U napameTpoB ¢yHkuuu (Puc.l), a Takke BKIAIKy UCTIOTHEHHS CO3JIaHHOM
byHKIHH.
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