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AHoTanis

BnpoBagikeHHs] KpioreHHOI TeXHikM B pPi3Hi ranysi Hayku i TexHIKH 3yMOBJII0€ HeOOXiTHICTH aBTOMATH3aNLIl KpPiOreHHHX
MAIIUH i ycTaHOBOK. PanioHajbHe ynpaBaiHHS BUPOOHHYMMH NMpoLecaMH, peatdi3oBaHUMH 3a JONOMOrOK MAIIMH i
anapartiB KpioreHHHX YCTaHOBOK, 2 TAK CaMO KOHTPOJb 32 X00M TeXHOJIOTiYHOr0 npolecy, 3ade3nevyeHHs1 HaailiHOI Ta
Oe3aBapiiiHoi po00oTH 00/1aJHAHHSI BUKOHYETHCA BillIOBITHUMH CHCTEeMaMil aBTOMAaTHU3allii.

Kpiorenni ycranoBku, i 0c00MBO NOBITpsi- i ra3opo3fiibHi yCTAaHOBKH, € [JOCUTh EHEProOEMHHUMH, TOMY iX
aBTOMATH3allisi, HAPSAMKHM HAa MiABMIIEHHS] CTyNeHS BMKOPHMCTAHHS TEeXHOJOIIYHOr0 yCTATKyBaHHsS, IiJBHUIIEHHS
SIKOCTi MpOayKUii, 3HMKEeHHSI cO0iBapTOCTi BUPOOHULTBA, NOJINILIEHHS] YMOB Hpali i cKOpoYeHHHA 00CIyroBYIOYOro
MepPCOHAJy, MA€ BeJIMKe BHPOOHMYE 3HAYEHHS.

ABTOMATH3allisi MAa€ Ba)KJMBe 3HAYeHHS] MJISl MOJAJbLION0 PO3BUTKY KPiOTeHHOI TeXHiKM Ta O00JagHAHHS I
posainenHs rasis. Oco0JHBO aKTyaJbHi po3po0Ka i 3aCTOCYyBaHHSI CHCTEM aBTOMATHYHOI MiATPUMKH HaHBHUTiIHIIIOrO
pe:KuMMY NpH Pi3Hiil NPOAYKTHUBHOCTI N0 Po3aijileHUM ra3aM i moBiTpPIO, NPpU CIOKMBAHHI eHeprii Ta IHIIMX 30BHIIIHIX
yMOB 110 3MiHIOI0ThCs. Ile Mae TUM GisibIe 3HAYEHHSA, YUM BHIIE NPOAYKTHBHICTh YCTAHOBKH, TaK SIK BIAXWJIEHHA Bil
ONTHUMAJIBHOTO PEeKUMY B IbOMY BHMNAAKy MOKe MPUBECTH 10 BiTYYTHMX BTPAT BHACJTIOK 30l/IbLIEHHS BUTPATH
eHeprii, 0 B CBOIO YepTy MO3HAYNTHLCS HA NMiBUIIEHHS co0iBapTocTi rady (a3oTy, KUCHIO).

OCHOBHOI0 amapaTyporo, sika 3aCTOCOBYETbCSI B CHCTeMi aBToMaTu3alii, € cepiiiH0 BUPOOJieHi NMpuaaao0yaiBHOIO
NPOMHUCJIOBICTIO 3ac00M BHUMIpPIOBaHHS Ta KOHTPOJI. SIk MpaBWJIO AJA KOPEKTHOI podOTH cHUCTeMH MNOTpPiOHa
MaKCHMAaJbHO TOYHO BHOpaTHM i HajJamTyBaTH peryasitopu. Tomy iHoai noBoaMThCsl BAATHCH A0 JOCHTH PiIKHX
CI0CO0iB peryJI0BaHHS Ta MOLIYKY, HANPHKJIAJ NOUIYK ONTHMAJbHHUX HAJIAIITYBAHb Ha (a3l HeviTKOI JIoTiKH.
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Abstract

Introduction of cryogenic technology in different spheres of science causes the necessity of automation of cryogenic
technology. Rational management of working processes that are realized by machines of cryogenic technology and
the same control of technologic process. Procuring reliable and trouble-free work of equipment marks the
respective system of automation. The cryogenic plants and particulary the air separation plants are quite power-
consuming. That is why their automation, ways of increasing the level of use of technical equipment, increasing of
quality production, reducing the cost of production, improvement of working conditions and reduction of service,
are very important. Automation is important for the further development of cryogenic technology and equipment
for gas separation Particularly relevant are the development and application of automated maintenance of the most
advantageous mode with different performance on split gas and air at varying energy consumption and other
environmental conditions. This is all the more important, the higher the productivity of the plant, as the deviation
from the optimum in this cast may lead to tangible losses due to increased energy consumption, which, in turn, will
affect the increasing cost of natural gas (nitrogen, oxygen). The main equipment that is using in automation system
are the serially made by industry arsenal of measuring and control. As a rule for correct system work it is required
a right choosing and set up regulators. Then we sometimes have to use some seldom using methods of regulation and
search. For example — searching of optimal settings based on fuzzy logic.

KarouoBsi ciioBa

ABTOMATHYHe YIPaBJiHHSA NOBITPOPO3NOAiIbHUMH YcTaHOBKaMHu - HeuiTka Jorika - Peryasitop — HeainiiiHicTb.

Berym.

VYecmimHe BUPIMICHHS 3aBIaHb YNPABIiHHS iCTOTHO YCKJIATHIOETHCS KOHCTPYKTUBHUMH OCOOJIHMBOCTSIMH KPiOT€HHHX
YCTaHOBOK:

a) HasBHICTh 3HAYHOI KIJIBKOCTI MOCIIIIOBHO 1 apaJieJIbHO 3'€IHAHMX allapaTiB PI3HOTO MPU3HAYCHHS 1 THITY;

0) HasIBHICTh HU3KU €EMHOCTEH B Ta30piIMHHOMY TPYOOIIPOBOII;

B) HasIBHICTh I'PYII araparis, 110 HEePiOANYHO EPEMHUKAIOTHCS;

I') TETUIOI30IIALIs anapariB 1 KOMyHiKallii, [0 YCKJIaHIOE JTOCTYI JI0 HUX.

JlaHi ycTaHOBKH NpH3HAYEH] JJIsl IEPEPOOKH ra30BOro CEpeOBHIIA, IO HAJIXOJUTh 3 OHOTO JDKEPENa, 1 MPOXOUTh
MOCJIIZIOBHO Yepe3 BCi armapaT 1 MallMHU ycTaHOBKH. CXeMy MaTepiajibHUX MOTOKIB Y BiIMIOBIHOCTI 3 TEXHOJOTIYHOO
CXEMOI0 MOYKHA NPEJCTaBUTH Y BUTJISII PO3raly’XeHoI Mepexi (MaoHOK 1), MpUYOMy Ha OJHMX AUITHKAaX MaloTh MicCIle
MOCJIIZIOBHO BKJIIOUEHI amapaTry, a Ha IHIIMX - IapajeibHO BKIIOYEHI. XapaKTepHOIO OCOOJIMBICTIO TAKMX YCTAHOBOK €
3MiHa TEMIIEpaTyp i TUCKIB IPH MPOXOIKEHHI MMOTOKY MO TPyOOIIPOBOAY YCTAHOBKH.

OcHoBHA YacTHHA

Ha okpemux aijgsiHKax TpyOONpoBOAY MOXYTh BifOyBaTHCS CTPHOKOIOIIOHI 3MiHM mHapameTpiB, OO0yMOBIIEHI
MICIIEBUMU OTIOPAMH.

MastroHoK | TMOSICHIOE IPUIHSATI B CTATTI IIO3HAYESHHS TEXHOJIOTTYHUX MOTOKIB (TIPOLECIB), 1€ CTPLIKU «|» 03HAYAIOTh
OpsMUAA  TIpOIIeC, TOOTO MOCHIJOBHICTh IPOIECIB MPHU3BOJATH 10 KIHIIEBOTO MPOAyKTy. [IpoiiecH pereHepariii Teruia
(TIoBepHEHHS HOTO B TEXHOJIOTTYHIH ITUKIT) IPOBOAMUTHCS TI0 JIHISAX «—»

B xiHneBOMy mifICYMKY JIeTKO Oa4UTH B3a€MHHM 3B'1I30K OCHOBHHUX TEXHOJIOTIYHUX MapaMeTPiB CXEMU:

G=G(Ap,v,T,p, F) (1)

[ToniOHa B3aeMHa 3aJIEKHICTH TEXHOJOTIYHMX IapaMeTpiB BU3HAYAE MOSBY NEPEXPECHUX BHYTPIMIHIX 3B'A3KIB B
ycraHoBui. CyBopHii MaTeMaTH4YHHUIT OIUC TaKMX 3B'SI3KIB MPEACTABIIE 3HAYHI TPYAHOIII Y 3B'A3KY 3 HAsSBHICTIO i1CTOTHOT
HEJIHIHHOCTI OKpeMHX 3aJIe)KHOCTEH, PO3IOJUICHHS TapaMeTpiB, a TAKOXK HASBHICTIO TPAHCIIOPTHUX 3ali3HIOBaHb, IO
NPU3BOJATE 10 HECTIMKMM pexnMmaM poOOTH OKpeMux IUITHOK cxemH [1,2,3]. CkimamHICTh yNpaBiiHHS HpPH iCTOTHIH
HEeJIHIHHOCTI 32)Ka1aJ10 po3poOKy ClielialbHIX PETYIIATOPIB Ha 0a3l HEeUiTKOI JIOTIKH.

Ha 6a3i 3ampornoHOBaHOTO BHIE MiAXOAY MONIYKY ONTHMAalIbHMX HamamrtyBaub st [11J[- perymstopa Ha OCHOBI
HEJiTKOI JIOTiKH, 6yJI0 BUPOOICHO MOJEIFOBaHHS 3a jormomMororo makera Matlab (Siniulink). Jlynst mporo 6ymau po3ristHyTi
ICHYIOY1 HEWiTKi MOJelli 1 anropuT™Mu ynpasiiHHA [5, 6, 8] i mpoBeneHa ¢a3zidikamis BXiIHUX 1 BUXITHUX JIHTBICTHYHUX
3MIHHHUX 3T1IHO 3 peKoMeHpaaisamu [4].
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Jiana3on QyHKUil MPUHAIEKHOCTI CKJIAIAETHC 3:
a) moxigHoi momMuiku E

fL(x, -0.9, 0.4) = [1,x< -0.9; 22=%: 0. x> 0.4]
£1(x, -0.75, 0.1, 0.7) = [0, X< -0.75: ’”;;: 125 0% 0.7]
fy(x, -0.37, 1.2) = [0,x< -0.37; =22 1 x> 1.2]
6) momunku E
fL(X, -0.7, 0.42) = [1,x< 0.7; 2% x> -0.42]

}{+D.'-" L DE2-u,

f1(x,-07,-0.1,0.52) = [0, X< -0.7; = =-—= 0,x= 0.52]
fy(x, -0.2,0.7) = [0,x<-0.2; ?; 1x> 0.7]

B) iHTerpary noMmiku E
LTS5 -,

fL(x, -0.5, 1.75) = [1,x< 0.5; 2% 0 x> 1.75]
(-85 285- =%, 0,x> 2.65]

f1(x, 0.9, 1.8,2.65) = [0, x<0.9; —— v S
fr(x, 1.9,3.1) = [0,x< 1,9; . ; 1,x>3.1]

®aszzidikamis BUXITHUX JIHTBICTHYHAX 3MIiHHUX «HajamTyBaHHS [IIJ[-perymsTopa» mpoBeleHi 3 BpaXyBaHHAIM
pexoMeHmanii [7,8] Ta MarOTh BUTIIS:
a) K- xoedimient nmpomnopuiitHoCTI
fL(x 2.3,6.7) = [L,x<2.3; 2 0.x 6.7]
%=1 11.5-;{
f1(x,3,7.4,115)=[0,x<3;—— aa ag o 0X21L5]

f¥(x, 7.7.12) = [0, 7.7; 27 1x> 12]

0) Ti — xoediuieHT IHTErpyBaHHS
f L(x, 0.55, 21)—[1X<055,E,0X>2 1]
H-DA5 | 45—,

f1(x, 0.45, 2.4, 4.55) = [0, X< 0.45; L2282 - 237%. 5 4> 4 55)

215
fr(x, 2.7, 4.25) = [0,x< 27, I 1x>425]
B) Td — xoedirtieHT audepeHitoBaHHS
fL(X 1,1, 415)—[1x<1,1,“’“ £ 0,x>3,05]

=015 215 =¥,

f1(x, 0.15, 4.5, 8.15) = [0, X< 0.15; £ 0,x>8.15]

fr(x, 1,931 =

1,x>8.15]

baza npaBun perymnstopa nodynoBaHa 3 ypaxyBaHHSIM JIOCBIy €KCIEPTiB-HAJAITYBaJbHUKIB CHCTEM aBTOMAaTH3allii
[IPY, mponoHy0OTHCS HACTYITHI MpaBmia (MATIOHOK 2).

[Micns cknaganHs 6a3M MpaBUIL, JUIS TIEPEBIPKH MPALE3AaTHOCTI PETYIISITOpa, HOTo MOKJIANN B €JIEKTPUYHY aHAJOTiI0
TpyOormpoBoay 3 ABox(}azHMM NOTOKOM (MayoHOK 3). HamamryBaHHS perynsTopa HPOBOJIMIIOCS MeToAaMmH 3iryiepa-
Hikosica ta Chien, Hrones and Reswick (CHR). B pesymbrari HOCTiKeHHsI YIPaBIiHHS Ha aHAJOTIl 3 ABOX(asHuM
MOTOKOM, PETyJISITOpP BUAB TaKi HAJAINTYBAHHS:

1) Ha mouatky HamamrryBauus K=7.5 Ti=2,5 Td=5

2) B mporeci MOIIyKy OMTAMAIBHUX HAJTAIITYBAHb:

a) B mporieci momyky ontumansaux HamamTyBanb Ne 1 K= 3,02 Ti = 3.89 Td=1.96

6) B mporeci moryky onTuMansHuxX HamamTyBanb Ne 2 K=3 Ti=3.95 Td=1.94

V HamoMy BHNanky (MajIOHOK 5) 4ac peryJlOBaHHS Ha MEpIIOMy BHTKY ckiagae tl= 30 cek Ta tl= min, mo
CBIIYMTH ITPO BUCOKY MIBHIKOJIO perynsitopa. IlepeperymoBaHHs pu o0ypeHi ckiianae:

g =X %1009 = 2 *1000% = 33%
X 2

5=33%,CBiAUNTH TIPO T0Ope 3aracaHHs KOJIUBAHb.
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BucHoBku

OtpuMmaHi pe3yiabTaTH JO3BOJISIIOTH 3pOOMTH BHCHOBOK, 10 MozemoBaHHs [II/[-perymstopa 3 mourykom
ONTHMAJIFHUX HaJAIITyBaHb Ha 0a3i HEUITKOI JIOTiKH, CTa0lIi3ye MapaMeTpy Npolecy, a y HalloOMy BHMNAAKY ABO(Aa3HOTO
notoky 1PV, Ha 3amaHoMy piBHI IpW BIUIMBI 30BHIIIHIX 30yprolounx (axkTopiB, JIFOUYNX HA 00’€KT yNPaBIiHHI, Ta Mae
3MOTY IepeX0y Ha HOBI peKUMH POOOTH 3 MATPUMAHHSAM ONTHMAaJIbHAX MTAapaMeTpiB.
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»B mupe ecmo 0ge dbeckoneunvie geuyu. Imo Bcecenennan u 2nynocme.
Hacuem Bcenennoii noanoit ygepennocmu nem.”

(Anvbepm Iitnmmeiin)
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