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SOFTWARE FOR AUTOMATION
OF THE DRYING PROCESS IN SUPERCRITICAL FLUIDS

B. Khussainl, S.I. Ivanov, L.A. Tiptsova, P.U. Tsigankov, N.V. Menshutina

'D.V.Sokolsky Institute of Fuel, Catalysis and Electrochemistry, Republic of Kazakhstan, Almaty;
D.I. Mendeleev University of Chemical Technology of Russia, Moscow, Russia
e-mail: b.khusain@ifce.kz

Keywords: supercritical fluids reactor; ACS; integrated development environment of Arduino

Key words: Automatic control system (ACS) of the reactor for drying process in supercritical fluids has been
developed. The system is controlled from a personal computer; it is possible to assign the mode of operation of both
separate units, and the work program of the entire system. It shows the economic efficiency of this development, its
practicability.

YK 681.542.3

ITPOTPAMMHOE OBECIIEYEHHUE JIJIS1 ABTOMATU3AIINN
IMPOIECCA CYIIKHU B CKD

B.Xycamil, C.A.UBanoB, U.A. Tunmonsa, IL1O. llpirankos, H.B. MenbmyTuna

! «J1.B.Cokomnbckuii athiHaars! JKanapMaii, KaTanms xkoHe 31eKTpoxumus HHCTHTYTh AK, Kasakcran
PecniyGnukacel, Anmarsi K., J[.Konaes k., 142, e-mail: b.khusain@ifce.kz
J V1. MenneneeB ateiHAaFs Peceil XMMUA-TEXHONOTHSUIIBIK YHUBEpCUTeTI, Peceit, 125480, Mockaa K.,
[MTandwos 6ateipaap K., y. 20 , xoprr. 1

KiroueBnie cioBa: peaktop CK®; ACP; unrerpupoBanHnas cpeia paspadorku Arduino.

Annoranmsi.  Pazpaborana  aBromarm3upoBaHHas ~ cuctemMa  perynupoBaHus  (ACP)  peakropa,
IpeAHa3HAYeHHOT0 Ul IPOBEACHHS MpoLecca CYIIKM B CBEPXKPHUTHYECKHX (IIougax. YIpaBlIeHHE CHUCTEMOH
OCYIIECTBIISICTCS C IEPCOHAIIBHOTO KOMITBIOTEPA, BO3MOXKHO 331aHHE KaK PEXMMOB PaOOTHI OT/IENIBHBIX Y3JI0B, TaK U
mporpaMMbl  paboTBHl CHCTeMBI B menoM. [lokazaHa sKoHOMHYecKas S(PQGEKTHBHOCTh NAaHHOH pa3paboTkm, e€
eJIeco00Pa3HOCTb.

Crepxkputndeckne ¢(monnsl (CK®) — ¢opma arperaTHOro COCTOSHHS BEIIECTBA, B KOTOPYIO
CHOCOOHBI TEPeXOAUTh MHOTHE OpPraHMYeCKWe W HEOpPraHMYecKHe BeIecTBA MPH JAOCTHIKCHUH
OTIpeNICJICHHOM, KPUTUYECKOM TeMmmepaTypsl W AaBieHus. B kputudeckoil Touke ase (asbl, XKHUOKAS H
ra3oBasi, CTAHOBATCS Hepa3nuuuMmbl. B Hactosmee Bpems TtexHomorus CK® momyudaer mmpokoe
pacipoCTpaHCHUEC B PA3JIUYHBIX o0JacTax HayKM W TCXHUKH. YHUKAIILHOCTD IIaHHOﬁ TEXHOJIOInn
3aKJII0YaeTCs B TOM, YTO OHA ITO3BOJISIET MPOBOIUTH IPOLECCHl HAJA YacTUIAMH MHKPOHHOTO YDPOBHS
JIETKO TIEPEHOCHUTCS] Ha IPOU3BOACTBEHHBIE OOBEMBI; IO3BOJIAET YMEHBIIUTH pa3Mephl PEaKTopa.
OcHoBHag yacTe CK® TexHOoI0THi NCTIONB3YEeT CBEPXKPUTHIECKHIM TUOKCH yTIiiepoaa OTO 000CHOBAHHO




Becmuux Hayuonanvroi akademuu nayk Pecnybnuku Kaszaxcman

pAAOM MPUYHH: 3KOJIOrn4yecKasd 6€3OHaCHOCTL, ACHICBU3HA U NOCTYIMHOCTb. CYI]_IKa B CBCPXKPUTHUYCCKHUX
(i)JIIOI/II[aX HCIOJIB3YETCA IJId IMOJYYCHUA aaporenel‘/i, ME3O0IOPUCTOI0 KBApLEBOro CTEKIa, ONTHYCCKOIO
KBapIeBOIro CTEKJa.

Pucynok — 1 Peakrop CK®

[Iportecchl CBEPXKPUTHYECKON CYIIKH SBISIFOTCS HPOJOIDKHUTENBFHBIMU (0ojiee 8 dYacoB), 3TUM
00yCIIOBJIEHAa HEOOXOIMMOCTh aBTOMATHU3aIUH MPOoILIecca.

ABTOMaTHyecKas CHCTEMa pEryJIMpPOBaHHs COCTOMT U3 OOBEKTOB  PETyJIMpPOBaHUS U
aBTOMAaTUYECKOTO  PETYyJISATOpa, KOTOPBIA  yIpaBisieT OOBEKTOM. ABTOMATHYECKUN  PETYISATOP
BO3JICHCTBYET Ha MPOLECC YEPE3 UCIIOJIHUTEIBHOE YCTPOHUCTBO.

W3MmepeHre OCHOBHBIX IapaMeTpoOB Tpoliecca IPOM3BOAUTCA C IOMOIIBIO  KOHTPOJBHO-
n3MepuTenbHbIX npudopos (KUIT).

brina mocraBnena 3amada apromatusanun peakropa CK® n Hanmcanme mporpaMMHOTO 00ecTIeueHuUs
JUTSL yIpaBJeHUs MPOLECCOM C MOMOIIBIO KOMIbIOTepa. Peann3oBaTh pemieHue JaHHOW 3aAavdl MOXKHO
OBLIO TPEMS CIIOCOOaMH:

-camoctositennbHo  m3rotoBuTh KUII, mepBuuHBIe mpeoOpazoBaTeNd M HAMHMCATH YIPABISIONTYIO
MpoTrpaMMmy;

-kymuth KUIT 1 nporpamMmmHuoe obecniedeHue;

-CMEIIaHHBII BapHaHT (CaMOCTOSTENFHOE W3TOTOBICHHE YCHIMTENHHOW TUIATHl W HAlHMCaHUe
MPOrpaMMHOT0 00ecTieueHus, MOKYIKa CIIOKHBIX B M3TOTOBJICHUH U3MEPHUTEIHHBIX MTPHOOPOB).

CamocTosiTeIbHOE H3TOTOBJIEHHE Bcex cocTapisitomux ACP He memecooOpa3Ho 1Mo NpHYUHE
CJI0XHOH peann3anuy HEKOTOPBIX KOMIIOHEHTOB.

[Noxynka KUII n mporpaMMHOTO 0O€CTIEUeHHS SIBIISIETCS] SKOHOMHYECKH HEBBITOIHOM.

Bbut BBIOpaH CMeEIIaHHBIA BapUaHT, MO3BOJISIONINN M30€KaTh HEIOCTATKOB MEPBBIX JBYX CIOCOOOB:
HaunOoJiee CIOXHbBIE B U3OTOBICHUHU cocTaBiisitomue ACP Obiio pemieHo mproOpecTH, a MporpaMMHOE
obecrniedeHune 1 yCHITUTENbHBIC TUIATHI BEITIOJHUTH CAMOCTOSATENBHO.

Jns mponeccoB mpoucxonsmux B peaktope CK® Heo0XoaMMO KOHTPOJIMPOBATH CIIEAYIOIIUE
mapaMeTphl: JaBJeHHe, TeMIepatrypa B peakTope U pacxon CO,. M3MepeHne gaBieHus OCyIECTBIAETCS C
MOMOIIBI0 MEMOPaHHOTO MaHOMETpPa BBICOKOTO JaBiieHHA. V3MepeHHe TeMIepaTypbl MPOU3BOIUTCS C
MOMOIIBIO TepMoasiekTpudeckoro mnpeobpazosarens TCII 100, ycuieHue curHaia OCyIIECTBISIETCS C
IIOMOIIIBIO YCHHHTGHBHOﬁ I1J1aThI.

TepmoanekTpuueckuii mpeoOpa3oBarenb (TepMmoriapa) MPEICcTaBiseT Co000H YyBCTBUTEIbHBIN
3JIEMEHT COCTOSIIIMKA W3 JABYX Pa3HOPOIHBIX NMPOBOIHUKOB — TEPMOAIIEKTPOJOB, OJIHU KOHIIBI KOTOPBIX
COCIIMHEHBI CBAPKOW WIIM TaliKO#, a Ipyrue cBoOOAHbL. Eciu Temmeparypa XOJ0AHBIX KOHIIOB OTJMYHA OT
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TeMIepaTypsl «pabodero crasy (Crmail MeTalJIOB HaXOSIIHICA B pabouei cpesie), TO Ha HUX BO3HUKAET
PasHOCTh MOTEHIHANOB — TepM0o-IJIC, KOTOPBIH 0OHAPYIKMBACTCS BTOPUIHBIM MPUOOPOM, COCIMHEHHBIM
€0 CBOOOHBIMH KOHITAMH.

Vcunenne curHama ¢ TEPMODJIEKTPHUECKOTO TMPeodpa3oBaTenss HEOOXOMMMO [UIA YMEHBIICHHS
MOTPEIIHOCTH H3MEpPEHHst. DTa KOHCTPYKTHBHAS OCOOEHHOCTH TMpeaHa3HaueHa JJIsl COIMOCTABJICHUS
BEJIMYMH Pa3HOro Mopsijka (MakcuMmanbpHoe 3HaueHue Tepmo-2J[C Ha TepMorape COCTaBIsieT JAeCATKU MB,
a ynpasisomas miata Arduino padoraer B utepsaie ot 0 10 5 B).

YcunurenpHas ~— 1uiarta
Obuta chemaHa Ha OCHOBE
paHe€ U3BCCTHBIX CXEM H
Metonuk. [l Hawama ObIT
[OJTy4eH PHCYHOK IUIATHl B
SJIEKTPOHHOM  BHUJIE. Ha
npo3payHoil  TiéHKe — ObuT

= 3 pacneyaraH OITBITHBIN
obpasen. [loaroToBka IUTATHI
f1| oocoo—o ¢ BKIIIO4aja B cebsa o0paboTky

MTOBEPXHOCTH TEKCTOJIUTA
allETOHOM C MOCHeayoei

UM (hOBKOH HaXXTAYHOH
Oymaroii. [lamee Ha maty
OBIT HaKJIeeH (DOTOPE3HCT,
MO3BOJISIONIMM HAaHECTH Ha

IJ1aTy 3allUTHBIA PHCYHOK,

Puc. 2. HaHeceHue 3aIIMTHOTO PUCYHKA M TPABJICHUE TLIATHI KOTOPBIH NPEIOXPAHUT
JIOPOKKHA OT BBITPABIMBAHHS

B arpecCMBHOM K MeTaJljiaMm
pacTBope XJIOpHOTO >keie3a. Cremyrommii stan — mposiBieHne B Y@ H3Iy4YeHUH C TMOCIEIYIOIUM
ynanenueM (otopesucra. llocme sToro rmara O6puTa TOMEIIEHa B PacTBOP XJIOPHOTO skene3a. C rmaTel
yAQIAETCS 3alUTHBIM PUCYHOK C IOMOIIBIO aleToHa. /lajiee B IuiaTe OBLIM BBICBEPJICHBI OTBEPCTHS, U
Mpou3BOAMIIACE €€ Maiika.
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[IporpamMmHoe oGecnieuenue ObuTo0 HamucaHo Ha s3bike C# B cpene Microsoft Visual Studio 2013.
VYnpasnsomnas nporpaMma I03BOJIIET KOHTPOJIMPOBATh OCHOBHBIC IapaMeTphl Ipoliecca, HaOM0AaTh B
pearbHOM BpeMEHH N3MEHEHUE TEMIICPaTyphl, IaBICHUS B PEaKTOPE U Pacxola TMOKCHAA YTIIepoa.

[IporpaMma MO yYMONYAaHUIO COXpaHSAET TapaMeTphl Mpolecca Ha BCEM €ro MpoTsbKkeHuu. B
IporpaMMe TPEAyCMOTPEH IMPOCMOTP NPEAbIIYIINX pPEe3ylbTaToB M HMX aHaiuu3. [ paduueckas
UHTEpIpeTaysl MO3BOJSIET (PUKCHPOBATh CKauyKW M KONeOaHUS MapaMeTpoB B IIMPOKOM HHTEpBaJe
BpPEMEHH.

bein mpoBemeH psii 3KCIEPUMEHTOB, IOATBEPXKAAIOMNX 3(PQPEKTUBHOCTH W LENecooOpa3HOCTb
TTAaHHOM pabOTHI.

Pa3zpaborannas ACP oTkprIBaeT MIMPOKHE MEPCHEKTHBBI AajdbHENIero pa3sutus. OHa MMO3BOJIUT HE
TOJILKO KOHTPOJIMPOBATh, HO M PETYIUPOBATH OCHOBHBIE TApaMeTpHl IpoLecca.

B kauecTBe peryysiTOpoB BO3MOXKHO HCIIOJb30BAHUE IMPOINOPLUOHAIBHOIO, MPOMOPLUUOHAIBHO -
WHTETPUPYIOIIETO U MPOMOPIIHOHATBHO - HHTETpHUpYyolie-1uh(hepeHIUPYIOIIeTO 3BEHBEB.

Pa3zpaborannass ACP MOKeT YCHEIIHO CHpaBISATHCS C MOCTaBICHHOH 3aladell peryimpoBaHHs
TEMIIEpaTyphl U AABJICHUS B PEAKTOPE M pacxoja AMOKCHIA YIJepona. YIpaBisiomas mporpamma Ha
OCHOBE TaKUX KPUTEpUEB, KaK CTaTHYeCcKas OIIMOKa, AMHAMHUYECKas OIIMOKa, CTENeHb 3aTyXaHUs, BpeMsI
pEeTyIMpOBaHUSI W  WHTETPANBHBIA  KBAaJIpAaTUUHBIA KPUTEPHH IO3BOJNUT  YJIYYIIUTh KadecTBO
PEryIMpOBaHUsL.

Pabota BemonHeHa npu GuHancoBoi mogaepxkke I'Y “Komurer Haykm MuHHCTEpCTBa 00pa3oBaHUs
u Hayku Pecniy6nuku Kazaxcram» B pamkax morosopa Ne 294 ot 12.02.2015.

VJIK 681.542.3

AC®-TA KENTIPY IPOLECIH ABTOMATTAH/IBIPYF'A APHAJITAH
BAFJAPJIAMAJIBIK ’JKACAKTAMA

B.Xycamll, C.A."UBanoB, U.A. Tunuosa, IL.1O. Hpirankos, H.B. MenburyTnna

«/1.B.Coxonbckuii arbianarsl XKanapmaii, katanus xkoHe anekTpoxumus nHCTUTYTel» AK, Kazakcran
PecniyOnukacer, Anmarsl K., JI.Konaes k., 142, e-mail: b.khusain@ifce.kz
J.W1. MenneneeB aTeIHIArs Peceil XMMUA-TEXHONIOTHUSUIBIK YHUBEpCUTeTI, Peceit, 125480, Mockga K.,
[Mandunos 6ateipiap k., y. 20 , kopr. 1

Herizri co3mnep: ACD peaxropsr; PAXK; Arduino 3epTTeMeciHi KipiCTIpiareH opTachl.

Tyitin. Aca 1meKkTi CYHBIKTBIKTa KENTIpy MPOLECIH XKYPri3y YIIIH apHaJIFaH PeakTOpAbl PETTEyIiH aBTOMATTh
xyieci (PAX) xacanbiaraH.

JKyiieni 6ackapy nepOec KOMITBIOTEPCH JKY3ere achIpbUIabl, )KEKEJICTeH TOPANTapbIH Ja, KaJlbl XKYHCHIH
JKYMBIC OarJapiiaManapblHbIH KYMBIC iCTEy PEXUMIHIEpIH opHaryra Oonaznpl. OCbl 3epTTEMEHIH AKOHOMHKAJIBIK
THIMJLIIT], OHBIH MaKcaTKa CaiJIbIFbl KOPCETUITEH.

Tlocmynuna 13.04.2016 2.
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