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PASPABOTKH

HAYYHbIE HCCNEJIOBAHKS

ABTOMATU3INPOBAHHbIN

CTeHJ ANS uccrieoBaHUS
MOCCOOOMEHHbIX
M rMAPOAMHAMMUYECKUX
npoLeccoB

Anekcarap Conosbés, Kupunn Sdkosnes

B pabote paccmaTpuBaeTcs ABTOMATU3UPOBAHHBIM CTEHA, ANSt HAYYHbIX MCCNEAOBAHMM,
paspabotanHbiid Ha ocHose MJTIK ADAM-5510EWK/TP. Matepuan crateu moxeT 6biTb
noneseH ans pewenus 3apad ynpasneuuns 8 ACY Tl Ha uexosom ypoBsHe.

BBEAEHMUE

Bb10op cTpateruu ynpanieHUsI XUMUKO-
TexHoyJorndeckumu mpoueccamu (XTII)
3aBUCUT OT OOJIBIIOTO YKcyia (paKTOpOB.
[MoaToMy HEeoOXOMMMO OILIEHUBATH KaxK-
nuiit XTIT u ero oTnesnbHbIE ONepaluu ¢
TOUYKU 3PEHUSI UX YCTONUUBOCTH K BHEIII-
HUM BO3/IECTBUSM, KOTOPBIE MOTYT Cy-

LLIECTBEHHO BJIMITH HA KAYeCTBO U KOJIU-
YeCTBO BBHIITyCKAaeMOii TTpoayKiuu. B xu-
MMYECKOIl TTPOMBIILIEHHOCTH MTPOU3BO-
IISITCSI COTHU Pa3INYHBIX TIPOLYKTOB, TIPH-
YEM JIJI51 KaXI0TO UCITOJb3YeTCsl CBOE 000-
pynoBanue. [1o cpaBHEHUIO ¢ IPYTUMU OT-
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Puc. 1. 3panue UXTPIMC

pacisaMu B XUMUYECKOM TTPOMBIIILICHHO-
ctu Maso uaeHTuyHbiX X TI1, HecMoTpst Ha
TO YTO TaKue MPOLIECCHl, KaK, HalpuMep,
SKCTpaKIIvsl, abcopOLMsl, peKTU(PUKALIHS
U IPYTHE, SIBISIOTCS OOIIMMU TSI MHOTUX
XTII.

YacTo uaMepeHne KIYeBbIX TapamMeT-
pOB OBIBacT BeCchMa TPYIHBIM U JaXKe He-
BO3MOXKHBIM eJ10M. CII0KHOCTb XUMUKO-
TEXHOJIOTUYECKUX U OCOOCHHO TUIPOME-
TaJUTyprUYeCKUX MPOIIECCOB KaK 0OBbEKTOB
peryIMpoBaHust 00yCIOBIeHA MHEPLIMOH-
HOCTBIO MAaCCOOOMEHHBIX U TETUIOBBIX all-
mapaToB, HEJIMHEHHOCTBIO CTATUYECKUX

XapaKTEePUCTUK, HATMINEM OOJIBIITNX 3HA-
yeHuil BpeMeHU 3amasaeiBaHus. Kpome
TOTO, BO MHOTHX CITyJasiX MEXaHU3M Mac-
corepeayu v TiaApoANHAMUIECKHe 3aK0-
HOMEPHOCTH B ammaparax He TTOIIatoTCs
afeKBaTHOMY MaTeMaTU4eCKOMY OIuca-
HUIO, KOTOPOe HEOOXOAMMO TSI TIOCTPOe-
HUST HafEKHBIX CUCTeM yripaBieHus. He-
CMOTpST HA MHOTOUYMCJIEHHBIE UCCTIeI0Ba-
HUS B 00J1aCTH TEOPETUIECKUX OCHOB XU~
MWYECKOW TEXHOJIOTUH, eIl He pa3pabo-
TaHa eqMHasl TEOPUSsI, TIO3BOJISIONIAST TIPO-
BOJIUTH TOCTOBEPHBIE MHKEHEPHBIE pacué-
THI KaK MaccooOMeHa, TaK W TUAPOIUHA-
MUKW TeTepOTeHHBIX cucteM. [loatomy
MIPUXOAUTCST BHAYaJIe TTPOBOAUTH IKCIIe-
pUMEHTAIbHBIE UCCIIEIOBAHMS Ha CTIeTIN-
aJTbHO CO3MAaHHBIX MUJIOTHBIX YCTAHOBKAX,
a 3aTeM Ha OCHOBAHUU OTBITHBIX TAHHBIX
CTPOUTH MaTeMaTHYECKYyI0 MOJENb MPo-
1ecca u oTpabaThIBaTh CUCTEMY €TO aBTO-
MaTHU4ecKoro yrnpasieHus. OqHaKo Takoi
TIO/IXOJI, KaK MPaBUI0, SKOHOMUIECKHU He
BBITOJIEH.

[TpobaeMy MOXHO pelIuTb C HAUMEHb-
MMM MATE€PUATBHBIMA U BPEMEHHBIMU
3aTpaTaMu, €CIM y TEXHOJIOTOB U pa3pa-
6otunkoB ACY TII umeetcs B pacriopsi-
JKEHWU YCTAaHOBKA, OCHAIIEHHAsT MHOTO-
1IeJIEBBIMU armapaTaMyu ¥ COBPEMEHHBIMU
CpeaCcTBAMU KOHTPOJISI ¥ aBTOMAaTU3aLINH,
TTO3BOJISTIOIIMU U3MEPSITh OCHOBHBIE TEX-
HOJIOTMYECKHE TTapaMeTpPhl U OTIaXXUBATh
CXEMBbl aBTOMAaTUYECKOTO YIIPABIEHUS
mpoiieccoM B 1iesioM. [IpencraBnenHas pa-
00Ta TMOoCBsIIIeHa UMEHHO TAKOMY pellie-
HUIO OTTMCAHHOM MPOOJIEMBI, pean3yeMo-
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PA3PAEOTKM/HAY‘-IHbIE MCCNEOOBAHWNA

Puc. 2. Bu6paumoHHas KONOHHA BbICOTON 5 M

n pnametpom 110 mm

My Ha OCHOBE CIIeLINaTbHO pa3paboTaHHO-
TO aBTOMATU3MPOBAHHOTO HAyYHO-HCCIIe-
nmoBatenbckoro creHna (AHUC).

Pa3paboTka HOBBIX XMMUUECKUX TEXHO-
JIOTWi, KaK MPaBWIO, HAUMHAETCS C U3-
YUEHUST PAaBHOBECHBIX 3aBUCUMOCTEU U
KWHEeTUKHU mporecca. Ha aTom artare nc-
CJIeMOBaHUI TPYIHO OCYIIIECTBUTH HETIpe-
PBIBHBII TIpoIiecc, a 6e3 HeTo Hellb3sl To-
JIY9UTh TOCTOBEPHYIO MH(POPMAIINIO O pe-
JKMMHBIX TTapaMeTpax, KOTOPBIE SBISTIOTCS
OCHOBOTIOJIATAIOIIUMH TSI TIPOMBITIIEH-
HbIX iporieccoB. AHM C mo3BosisieT ycTpa-
HUTH 2Ty TIpobsieMy Garogapsi BO3MOX-
HOCTU TIPOBOAUTH IKCTIEPUMEHTHI B He-
TPEPHIBHOM peXrMe Ha peaTbHBIX Gpusn-
KO-XUMUYECKUX CUCTEMaX.

Pacmionarast omeiTom 0 pa3paboTke aB-
TOMaTU3UPOBAHHOU CUCTEMBI cOOpa 1 06-
paboTKM  2KCTIEPUMEHTAIBHBIX  JTaH-
Heix [1], B 1988 rony Ha 6a3ze mHpopma-
IIMOHHO-BBIYNCIUTEIBHOTO KOMILIEKCa
MNBK-3 B UHCTUTYTE XUMUU U TEXHOJIO-
TUU PENKUX DJIEMEHTOB U MUHEPATLHOTO
cbipbst (MXTPOMC) um. M.B. TananaeBa
(puc. 1) Konbckoro Hay4yHOTro ILIEHTpa
PAH xomieKkTuB criennairncToB CO3MIa aB-
TOMATHU3UPOBAHHYIO CUCTEMY YIIPABICHUS
TUAPOMETAIUTYPTUIECKUMHU TIPOIIECCAMMU.
3artem B 2006 romy mpu moaaepxkke Poc-
cuiickoro GoHma pyHIaMeHTAIbHBIX UC-
CIIeOBaHUN TIepelii K pa3paboTke
AHMUC. YcremmHoe pelieHue ToCTaBIeH-
HOI 32[1a41 CTAJI0 BOBMOXHBIM Oy1aromapst
TIOSIBJIEHUIO Ha POCCUIICKOM PBIHKE BBICO-
KOTOYHBIX U3MEPUTEIBHBIX IIPeoOpa3oBa-
TeJeil M COOTBETCTBYIONINX TEXHUUECKUX

CPEICTB CO3MaHMsI TOKAThHBIX ceTeil. ba-
301t ms cozpanusg AHUC cinyxwuna nu-
JIOTHAsT 9KCTpaKIIMOHHas yctaHoBKa [2]. K
coxanenuto, kpusuc 2008 roma He TO3BO-
JIAJT B TIOJTHOM Mepe pean30BaTh TUTaHbI,
OTHAKO yHaJIOCh COXPAaHUTh MaTepHUalb-
HYIO 4acTh YCTAHOBKU, Oiaromapst 4emy
paboTa poaoIIKaeTCsI.

COCTAB U KPATKAS

XAPAKTEPUCTUKA AHMUC
B cocTtaB uccienoBaTenbCcKOro cTeHaa

BXOJIAT CJIEAYyIONIre TIPUOOPHI 1 000PyI0-

BaHUeE:

@ TIPOTPAMMUPYEMBIii TOTHUECKUT KOHT-
potep ADAM-5510EWK/TP ¢ Ha6o-
POM pas3MyHbIX Momyseit cepuit ADAM-
5000 m ADAM-4000 upmsr Advantech;

® 4 MaccOOOMEHHBIX BUOPAIIMOHHBIX all-

Mmapara KOJOHHOTO THIa (puc. 2) BEICO-

TOM OT 1,5 10 5 M 1 tMamMeTpoM ot 55 1o

150 MM (Kaxknmass KOJOHHA SIBJISIETCS

MHOTOGYHKIIMOHATBHBIM allapaToM,

YTO TIO3BOJISIET MCTIOJNB30BATh OJVH U

TOT K€ alMapar B Pa3TUIHBIX XUMUKO-

TEXHOJIOTUIECKUX Tpolleccax, Halpu-

Mep, B JTIOOOM M3 HUX MOXHO MPOBO-

IUTH SKCIIEPUMEHTHI 10 abcopOimu,

SKCTPAKIIUU, BHIIIETAYNBAHUIO U T.I1.);
® 2 Kackaja 9KCTPaKTOPOB TUIIA CMECH-

TEJTb-OTCTOWHUK JUISI 9KCTPAKIIMOHHBIX

TPOIIECCOB;
©® OpUTWHAJIbHBIE TATYUKU U YCTPOICTBA

NI TUAPONUHAMUIECKUX WCCIeq0Ba-

HUIA;
® CTaHAApTHBIE  KOHTPOJHHO-M3MEpH-

TeJTbHBIE TIPUOOPHI U TIpeodpazoBaTeNnn

CHUTHAJIOB TIPEMMYIIECTBEHHO OTeYe-

CTBEHHOTO ITPON3BOICTBA;
® 1IecTepEHHBIE U ITOTPYKHBIE HACOCHI;
® HacochI-go3aTtopsl Turma DLS-F u DLX-

CC/M;
® peryJIMpyIomye MHeBMO- U 2JIEKTPOKJIa-

TTaHBbI.

Bce xonmoHHBIe anmapaThl U3TOTOBIEHBI
U3 CTEKJISTHHBIX 11apT, 9TO MAET BO3MOX-
HOCTb BU3YaJIbHO HAOJIIOATh 3a TIpoliec-
COM, TIPOUCXOMISIINM BHYTPU arlapara.
[Mockonbky ammapaTsl MHOTOGMYHKIINO-
HaJIbHBI, TIOSIBIISIETCS BO3MOXKHOCTD CO3-
NaBaTh HOBBIE TEXHOJIIOTUIECKIE CXEMBI, B
KOTOPBIX OJHOBPEMEHHO HCIIOTb3YIOTCS
pa3TuyHbIE MAacCOOOMEHHBIE TTPOIIECCHI.
[1pu aTOM OTMamaeT He0OXOTUMOCTD B U3-
TOTOBJIEHUY HOBBIX alllapaToB.

Tpu KOJIOHHBI OCHATIIEHBI AIEKTPOMeEXa-
HUYEeCKUMU BUOPOMPUBOAAMU, ONHA —
TUAPaBINIecKUM TpUBoAOM. C TTOMOIIIBIO
STUX YCTPOWCTB TOABOIUTCS IOTIOTHU-
TeJIbHASI QHEPTUSI B alllIapaThl C LIETbI0 MH-
TeHCU(UKAIIMY TIpoliecca Maccormepena-
yu. Ha puc. 3 mokasan aBToMaTU31pOBaH-

HBIII TUIpPABIMYECKUA BUOPOMPHUBO,
MPEACTABISIONINI CO00T TeHepaToOp HU3-
KOYaCcTOTHBIX KojebaHuili. B ero cocras
BXOIWUT aKTUBHBIM 3JIEMEHT — THIPOIIM-
JIMHP, KOTOPBIH SABJISIETCS] BEICOKOITIOTEH-
LIUAJTbHBIM YCTPOMCTBOM. DTO O3HAYAET,
YTO IMPU HEOOJIBIINX rabapruTax OH MOXKET
(GYHKIIMOHUPOBATh KaK Ha HEOOJBIIUX
armaparax, Tak 1 Ha KpyITHOTOHHAaKHBIX.
Bnarogapst aToMy ruapaBIndecKuii BUO-
POTIPUBOJA CTAHOBUTCS YHU(PUIIMPOBAH-
HBIM 3BEHOM, CITOCOOHBIM 0e3 KOHCTPYK-
TUBHBIX W3MEHEHMII TIPUMEHSTHCS Ha
MPOMBIIIIJIEHHBIX anapaTtax pa3JIMIHOro
MaciTaba.

Lienu u 3apaum AHUC
ABTOMAaTU3UPOBAHHBIN CTEH]I CO31aH

C LEJIbIO TTOJYYEHUSI UCXOMHBIX TaHHBIX

I1JISI TPOEKTUPOBAHUS XUMUYECKUX MTPO-

n3BoacTB 1 paspabotku ACY TII Ha 1e-

XOBOM YpoBHe. Il OCTUXEHUS Mo-

CTaBJICHHOW LM pEelaloTCsd CIenylo-

LIMe 3a1a4u:

® co3llaHue AeiCTBYIoLIer (puznmyeckoi
MOJEJIM TEXHOJIOTUYECKOrO Mpoliecca;

@ 3aIyCK U OTJIaJKa BCEX KAaHAJIOB KOHT-
poJis ¥ yIpaBJIeHUsI MAaCCOOOMEHHBIMU
U TUAPOIUHAMUYECKMMU MPOLIECCAMMU;

® cOop 1 00paboTKa JaHHBIX O XOJ/I€ TeX-
HOJIOTMYECKOTO MPOLIECCa B PeaIbHOM
BPEMEHU;

@ MPOBEICHNUE HAyYHbIX UCCIEIOBAHUI 11O
TUAPONMHAMUKE U MACCOOOMEHY XUMMU-
KO-TEXHOJOTUYECKUX MTPOLECCOB, pa3-
pabateiBaeMbix B UXTPOMC;

® oTpaboTKa aBapUHBIX CUTYyalLIUiA;

@ KOHTPOJIb COCTOSIHUSI UCTIOJIHUTEIbHBIX
MEXaHU3MOB;

Puc. 3. ngpasnuyeckuin Bubponpueos
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APM onepatopa

ADAM-5510EKW/TP
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Puc. 4. TpéxyposHeBas cTpykTypa AHUC

POB Ha 9KpaH MOHUTOPA.

[ ] pa3pa60TKa MHEMOCXEM C BOBMOXKHOC- HeobxonumocTb IIPOBEACHMA HAYYHBIX
TbIO B1>160pa OTACJIbHOIO arrapara " WUCCIIENOBAHU T10 TUAPOAVNHAMUKE U Mac-

BbIBOJIA €TI0 TEXHOJIOTMYCCKUX ITapaMeT-

COOOMeHY Ha aBTOMATU3UPOBAHHOM CTEH-
Jie 00yCJIOBIEHA TeM, YTO TaKUe TTapaMeT-
pBbI, KaK TTOBepXHOCTh KOHTaKTa (a3, mua-
METp Kamejdb B CHCTeMax XHIKOCTb—
KUIKOCTh, KOA(MOUIIMEHTH 00paTHOTO
TepeMenInBaHus U MacCcoOTIauu, Tpe-
JIETbHO AOITYCTUMbIE HATPY3KU U PSII IPY-
TUX, HEJb3sT OTIPENeINTh HU PACUETHBIM
MyTéM, HU B JIAOOPATOPHBIX YCIOBUSIX.
[pu HaMUUIMY NEHCTBYIOMINX TEXHOIOTHU -
YECKUX armaparoB, MPOrpaMMHOT0 obec-
nedeHuss (I10), TexHMUECKMX CpEICTB
KOHTPOJISI U PEeTYTMPOBAHUS MOXHO He
TOJIBKO JOCTATOYHO OBICTPO OTPENETUTh
BEJMYUHY TePEUYNCICHHBIX TapaMeTPOB,
Ho 1 omtaguth ACY TII ns BHOBB co3na-
BaeMOT0 XUMUYECKOTO MPON3BOJICTBA.

ANNAPATHBIE CPEACTBA
KOHTPOJII U YNIPABJIEHUA

[Tpu pazpa6orke AHUC 3a ocHOBY ObI-
Jla TIpUHATAa TPEXYpOBHEBAsl CTPYKTypa
(puc. 4).

IlepBsIii ypoBeHb COCTOUT U3 CIIEIYIO-
WX JaTINKOB, IPUOOPOB, NCTIOTHUTEb-
HBIX MEXaHU3MOB U IPYTOro 06opymoBa-
HUST:

@ tepmorapbl XA, TEPMOMETPHI COTIPO-
tuBinenus TCM, TCII;

@ curHaau3aropsl ypoBHsI MOCY-1BY2 u
poTallMoHHbIe AaTYuku ypoBHsT UWT

www.cta.ru
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Puc. 5. YcTpoiicTBO ANA nsmepeHus

MexasHo NOBEPXHOCTH

Rotonivo ¢ TOKOBBIMM BBIXOJAMU

0—20 MA;

@ poramerpel POBK-0,632K ¢ TOKOBBIM
BeIXog0M 0—20 MA;

® MaHoMeTphl mudposbie JIM5002 ¢ To-
KOBBIM BBIXOZIOM 4—20 MA;

o muddepeHManbHBIN MaHOMEeTp JIMDP
C TOKOBBIM BBIXOA0M 0—5 MA;

® naruuk pH maructpanbubiii IM-5M;

@ yJIBTPa3BYKOBOU PacXOIOMep-CUETINK
kuciaotel US-800 ¢ TOKOBBIM BBIXOIOM
4-20 MA;

©® JATYMK TIOJIOXKEHUS TPAHUIIBI pa3ziesia
da3 (I'PP) MHIYKITMOHHOTO TUIIA C BBI-
XoaHbIM curHamoM 0—10 IH;

©® U3MEepUTeNb TUaMeTpa Kareiab U MeX-
daznoit moBepxHoctH [3] (puc. 5);

©® JAaTYUKKU JUTSI U3MEPEHUs] aMIUTATYIbI
U 9aCTOTBI BUOPALINY HACAIKU (BXOIST B
COCTaB I'MIPaBINYECKOTO BUOPOTIPUBO/IA);

® marosble aurarenu JAI1Y-127 B kom-

IJIEKTE C TAXOMETPAMM;

©® YyHUBEpPCAIbHBIE  JJIEKTPOABUTATETU
MYH-2, aneKTpoaBuraTeiv mocTOsTH-
Horo Toka PIVT 6-25/3A B KoMILIEKTE C
TaXOMeTpaMH;

©® MMHEeBMAaTUYECKUE U DJIeKTPOMEXaHUde-
CKUe PeTYUPYIOIINe OPTaHbI (KTallaHbl);

® Hacocel-mo3aTopel DLS-F m DLX-
CC/M (puc. 6);

® peJse ypoBHs PY-39;

@ 1peoOpa3oBaTeNI CUTHATIOB, TaKWe Kak
— [TA-1 1 TeH30pe3UCTOPHBIX AATUYU -

KOB (BbIXOOHOM curHai +1 B),

— I1-201 m1st 9yBCTBUTENIBHBIX 3JIEMEH-
TOB, MPeTHA3HAYCHHBIX TSI U3Mepe-
Husg pH (BbeixomHoi#1 curHan 0—5 MA),

— anekTporHeBMaTdeckuit DI (Bxon-
Hoii curHai 0—5 MA, BBIXOIHOM CUTHAT
20—100 kITa, mm 0,2—1,0 krc/cm?),

— aJIeKTponHeBMaTndeckuii  DI1-Ex-
Op-3334 (BxomHOi1 curHai 4—20 MA,
BeixomHou curHan 20—100 xIla, wau
0,2—1,0 krc/cm?),

— HP-61 B KOMIUIEKTe C AaTYMKOM
[MPUM-25 (BXOIHOI CHUTHAaI
0—5 MA).

Bropoii ypoBens ripe1Ha3HayeH AJ1s1 c00-
pa 1 00pabOTKM TAaHHBIX, BBIIAYU CUTHA-
JIOB YIIPaBJIEHUS U CBSI3U C TIEPBBIM U
TpeTbUM YpOBHSAMU. OCHOBOI BTOPOTO
ypoBHs  gBisiercss  [IJIK ~ ADAM-
5510EWK/TP ¢ HabopoM MHOTOKaHaJIb-
HBIX MOMyJieli BBOJA-BBIBOJA CEPUU
ADAM-5000, oCcyIIeCTBISIONINX CBSI3b C
YCTPOMCTBAMU U [NAaTYMKAMU TIEPBOTO
ypoBHs. B cocras I1JIK Bxomst momynu
IIECTU PA3TUIHBIX TUTIOB:

CTA 4/2013
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Puc. 6. Hacocbl-po3atopbl

@ monynb ADAM-5013 (mpuHUMaeT cur-
HaJIBI TT0 TPEM KaHaAJIaM OT TEPMOMETPOB
conporusienuss TCM-1199);

@ monyas ADAM-5017 BxomHoO# 8-Ka-
HaJIbHBIN (IPUHUMAET TOKOBbIE CUTHA-
JIBI OT TIpeoOpasoBaTeneil mo 2 KkaHajxam
U OT TATIYNKOB YPOBHSI, IaBJICHUS U pac-
XOJ1a IO OCTAJIbHBIM 6 KaHalaM);

® monynb ADAM-5018 (mpuHUMaeT cur-
Haibl oT TepMmoriap XA(K) mo 7 kaHa-
J1am);

@ 18a Moaysis ADAM-5024 (onuH MOy b
dopMupyeT Ha BBIXOIE TPU TOKOBBIX
curHaia 4—20 MA u curHan 0—10 B,
BTOPOI1 MOIYJIb — PE3EPBHBIIA);

e moayiu ADAM-5060 u ADAM-5068
(ABJISIIOTCST  BBIXOMHBIMU  PeJIEHBIMU
MOIYJISIMU, BCE KaHAJTbI KOTOPBIX 3aeii-
CTBOBaHBl Ha IYCK/CTOM MAarHUTHBIX
myckaTesleli ¥  HacOCOB-I03aTOPOB
DLS-Fu DLX-CC/M uepe3 mpoMexy-
TOYHBIC pelie);

@ momyinb ADAM-5050 (saBistercst 16-xa-
HaJIbHBIM MOJTYJIEM TUCKPETHOTO BBOJA-
BeIBoIa, B cucteMe AHWC ncnonn3y-
€TCST TSI KOHTPOJIST KOHIIEBBIX BBIKITIO-
yaTesell TUAPOTPUBOAA U YIIPABIECHUS
CIIeNAIIUMY UCTIOTHUTEIbHBIMUA MeXa-
HU3MaMN).

TpeTuii ypoBeHb, MpeCTABISIOLINIA CO-
001 aBTOMaTU3UPOBAHHOE pabodyee MecTo
(APM) omneparopa (puc. 7), BKIIOYacT B
CBOM COCTaB:

@ IBM PC coBMecTuMBIi cTaHZapTHBIN
kommnbeiotep (Pentium 4 2,4 TITi,
1,48 Ioaiit  O3Y, XECTKUII OUCK
300 I'6aiiT) ¢ 32-pa3psimHOIL omepaly-
oHHoi cuctemoit Windows XP;

@ MonuTop Samsung Sync Master 795DE,
npuntep HP LaserJet 6L, 610K muTaHust
Bb5-8;

@ momyinb ADAM-4561 ¢ mocenoBareib-
HbIM uHTepdeiicom RS-232/422/485,
TIpeTHa3HAYeHHBIN IS TIOICOEAMHEHMST
T1JIK x KoMmbIoTepYy Yepe3 uHTepdeiic
USB (m1s1 3TOTO MOAY/ST HE TpebyeTcs
HUKaKMX OOMOTHUTENbHBIX IRQ wmam
BXOIHBIX/BBIXOAHBIX TIOPTOB, €My He
HYXeH BHEIIHWI1 OJOK MUTaHUS, TaK
Kak nuTtaHue 6epércs ot mopta USB, u,
YTO BeChbMa CYIIECTBEHHO, OH yIpaB-
JISIET TIOTOKOM JMaHHBIX st RS-485 aB-
TOMATUYECKN).

NMPOrPAMMHOE OGECNEYEHME
ITpu pazpabotke [10 pemaauck npe 3a-

aqu:

1) pazpaboTKa MmoyIb30BaTeIbCKOTO UHTEP-
(etica misg onepatopa APM, To ecTb 1t
TPEThETO (BEPXHETO) YPOBHS;

2)amanTaius K COBPEMEHHBIM YCTPOW-
cTBaM cBsI3M ¢ oobekTaMu (YCO) paHee
paspaboranHoro [10 st YCO, BxonuB-
mmx B cucteMy KAMAK (CAMAC).
IlepBas 3agaya Obla yCMENIHO pellieHa

3a cu€t ucronb3oBanuss SCADA-cucTeMbl

Trace Mode Bepcuu 6.02. [l penieHust

BTOPOIl 3amayu HeoOXoanuMo ObLIO He

TOJIBKO afalTUPOBATh CTapble MaKeThl

MpoTrpamMM, KOTOpPBIE YIPABISLIA TUAPO-

MPUBOJIOM W YCTPOMCTBOM W3MEPEHUS

Mexk(da3HOl MOBEPXHOCTU, HO U BHECTHU

HEKOTOpbIe M3MEHEHUsI B KOHCTPYKIINIO

9TuX 00BeKTOB. B KOHEYHOM UTOTE BTOpast

3amada Oblla TAaKKe YCIENTHO pelleHa.
Teneps 10, kpome SCADA-cucTeMBbI,

BKJTIOUAET CIEAyIoNIe MPOTpaMMHBIE

Os10KU:

© OJIOK yTIpaBIeHUsT KOIOHHAMU BBICOTOM
4 u 5 M, nmameTpoM 55 1 110 Mm;

® OJIOK yTIpaBIIeHUST PEaKTOPOM IJIST CU-
cTeM ra3—TBEpIoe;

Puc. 7. APM onepartopa

@ GJIOK YIpaBJieHUsI TUAPOTIPUBOIIOM;

@ OJIOK yTIpaBJIeHUST YCTPOUCTBOM TSI U3-
MEpeHUsT TOBEePXHOCTH Macco-O0MeHa.
Takas ctpykrypa [10 mo3Bosuia pa3pa-

0oTrath TMOKYIO cCTeMYy OOMeHa JaHHbI-

MU MEKIy BTOPBIM U TPETbUM YPOBHSIMU U

CO31aTh YOOOHBIH TTOTh30BATETbCKUM NH-

Tepdeiic.

PE3YNBTATBI U BbiBOAbI
Cucrema AHUC npomoirkaer coBep-
IIEHCTBOBAThCS, OMHAKO YXKe CETOIHS OHA
MO3BOJISIET TPOBOIUTH SKCITEPUMEHTHI 1
MOJTy9aTh MH(GOPMALIMIO B peaTbHOM Bpe-
meHu. [1pu 3TOM HccenoBaTeslb MOXET
Ha0JII0IaTh 332 XOJJOM MaccoOOMeHa WM 3a
TUAPOIMHAMUYECKOM OOCTAaHOBKOW B
HanboJiee BaXKHBIX TOUKAX TEXHOJOrMYe-
CKOI LIETIOUYKH 110 aHMMAIIMOHHBIM Kap-
TUHKaM, Ha KOTOPBIX BUIHO, KaK pabo-
TarOT HACOCHI, MOJAETCS CHIPBE B anmapar
WJIM IBVXKYTCSI B3aMMOJEUCTBYIOLINE TTI0-
Toku. Ha puc. 8 mokazaHa MHemMocxeMa
TEXHOJOTUYECKOTO MOJYJISI, COCTOSIIIIETO
13 TPEX KOJOHHBIX alllapaToB, Ha KOTO-
PBIX KOHTPOJUPYIOTCA 23 Hanbosiee MHTe-
PECHBIX C UCCTIEIOBATEIBCKON TOUKH 3pe-
HUs TmapameTpa. Ecau ammapatsl BKITIO-
YyalpTcs B paboTy, B HUX HAYMHAIOT TIepe-
MEIIAThCS «ITOTOKW», YTO CO3AET ISl DKC-
MepuMeHTaTOpa OJIarONPUSITHBIC YCIOBUS
HabJroneHus 3a o0bekToM. JIt00oit anma-
paT WJIM €T0 YaCTh MOXKHO BBIJICIUTH B BU-
JIe MHEMOCXEMBI B 00Jiee KpyITHOM Mac-
mrabe. 3a IMHAMUKON KaXIOro KOHTPO-
JINPYeMOTO TTapaMeTpa MOXXKHO HaOJto1aTh
B peaJbHOM BpeMeHM Ha rpacduke. s
3TOT0 OTIEPaTOPy JOCTATOYHO YKA3aTh MbI-
1IbIO TOT 3HAYOK Ha MHEMOCXeMe, Ha KO-
TOPOM OTpaXKkaeTcsl MHTEpecCyollasi ero
¢usmyeckas BeanunHa. Bes ommdpoBaH-
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Puc. 9. luHamuKa TemnepaTypHOro pocTa Npu pasnuyHbIX YCIOBUAX NPOBEAEHUA

npouyecca amMoOHHu3aLuu

Hast "HGOpMaIIUs O XOJIe TIpoliecca oMe-
IaeTcsl B apXvMB B BUAE TaOIUIHO-Bpe-
MEHHBIX MACCUBOB. Braronaps sTomy MoX-
HO rpapuIecKu COMOCTaBISTh Pe3yIbTa-
THI paHee MPOBENEHHBIX IKCIIEPUMEHTOB
C TEKYIIUMU pe3yJIbTaTaMHU.

Ha puc. 9 conocraBnens! rpaduku Kc-
MEPUMEHTOB, MPOBENEHHBIX HA PeaKTope
TIPY UCCIIEIOBAHUHM TTPOIecca aMMOHU3a-
UH. DKCTIEPUMEHTHI CTABWIIUCH B PA3HBIX
YCIOBUSIX U B pPa3HOE BPeMsI, HO KaKIbIit
13 HUX TTePBOHAYATHHO ObLT 3aUKCUPO-
BaH Ha MOoHUTOpe APM B peajibHOM Bpe-
MEHH, TO €CThb B MEPUOM MPOXOXKICHUS
SKCTIepUMEHTa, U CoXpaHEH B apxuBe. Or1-

TUMaJIbHBIMA OKa3aluCh YCJIOBUS, TPU
KOTOPBIX TIOJTy4eH rpadk ¢ MUHUMAJTb-
HBIM BpEMEHEM JOCTVXKEHUSI MAKCUMAaJTb-
HOU TeMITepaTyphbl.

Hcnonb3yst BO3MOXKHOCTY aBTOMAaTH 31 -
pPOBAHHOTO CTEH/IA, B TEUCHUE TTOCTETHUX
Tpéx sieT Ha 6a3e AHW C 6b111 mpoBeieHbI
HCCNEIOBAaHUSI DKCTPAKIIMOHHOTO TIPO-
11ecca MoTy4eHusT IUPKOHUS U3 dBIUAIN-
TOBOTO KOHIIEHTpAaTa. 3aTeM ObUT U3yueH
npoiecc TBepaoda3HONH aMMOHM3ALINU
COJIelt ATIOMUHUSI C 1IEJThIO TIOyYeHUs Ka-
Tanu3aropoB. Ha ocHoBaHuu sKcmepu-
MEHTAJIbHBIX UCCIIEIOBAHNIT TTOATOTOBIIE-
HBI UICXOIHBIE TaHHBIE [T TIPOEKTUPOBA-

HUS TIPOMBIIIUIEHHBIX anmapaToB. B 060-

WX TTPOILIECCaX MPUXOIIIOCH UCTIONb30BATh

GU3UKO-XUMUUECKNE CUCTEMBI

KOCTb—XUIIKOCTb, Ta3—XUIKOCTb U Ta3—

TBEpAOE. ISl KaKaoi U3 HUX HeoOXoau-

MBI aTlTIapaThl C OTIPeNeIEHHOM crietndu-

koit. AHWC B mmoHOIT Mepe cripaBuIICs ¢

9TOM 3a/aueii, UMest Ha BOOPYXKEeHUU BCe-
r0 4 anmapara v CpaBHUTEJILHO HEOPOTHE
cpenctBa KOHTpOJsT u ynpasnenust. Cie-

JIyeT OTMETUTD, YTO U armaparhl, U aBTO-

MaTHKa OKa3aJuch HANEXHBIMU OJI0KaMU

9KCIEPUMEHTAIILHOTO CTEHIA.
AHanM3upyst pe3yabTaThl TPOBEAEHHBIX

WCCNeIOBAaHNH, MOXHO CIENaTh CIemyio-

1[1i€ BBIBOJIBI:

@ pa3paboTaHa METONUKA TOATOTOBKU
MCXOIHBIX TaHHBIX JJIST TIPOEKTUPOBA-
HUST TIPOMBITIIEHHBIX MACCOOOMEHHBIX
arrmapaTosB, JeXaluil B €€ OCHOBE Me-
Tom 6a3upyeTcs Ha OMpEeIeeHUNn OC-
HOBHBIX TUIPOAMHAMUYECKIX U MACCO-
OOMEHHBIX MMapaMeTPOB IKCTIEPUMEH-
TaJTbHBIM MYTEM Ha aBTOMATU3WPOBAH-
HOM CTEHJIE;

® Graromapst Hanmmumio B coctase AHUC
armapaToB MHOTOIIEIEBOTO TTPUMEHe-
HUSI TMEETCSI BO3MOXKHOCTD IIPOBOIUTH
SKCIIEPUMEHTBI Ha TIPOM3BOJCTBEHHBIX
pacTBopax ¢ pa3IMIHBIMU (PU3UKO-XH-
MUYECKUMU CUCTEMaMU;

® nockosibky aBromaTnka AHUC nokaza-
J1a ce0s1 HamEXHOM TMOKOI CUCTeMOIA,
JIETKO TIO[/IAOIIENCsT pacIupeHuIo, e€
MOXHO PeKOMEeHIOBaTh B KauecTBe ACY
TTI xuMHUIeCKUX IIPOU3BOMICTB Ha 1I€XO0-
BOM ypoBHe. @

KWa-
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