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AHHOTALIHA Y pobomi 3anpononoganuti cnocié KkepysanHs npoyecom pexmuikayii 3a 0onomozoio po3nooiieHux
Kepylouux 6nausie, wo 3abe3neyye OmpuManHs OUCIMULAMY MAKCUMATbHO MONCIUSOT SAKOCMI NpU MIHIMATbHUX
eHepeogumpamax. 3a MamemamuiHo MOOeII0 SUKOHAHO OOCTIONCEH s 6NAUBY PONOOLIEHUX YRPAGIAIOUUX BNIUBIE
Ha GUXIOHI napamempu YCMAHOGKU peKmu@ikayii, 8CMAaHO8IeHa OOYINbHICMb IX BUKOPUCMAHHA NpU YNPAGTIHHI
npoyecom. 3anponoHosanull cnocio ynpasuinHsa npoyecom pexmugikayii modice BUKOPUCTNOBY8AMUCA NPU pPO3POOYi
cucmem onmuManbHO20 YRPAGLiHHA OAHUM HPOYECOM.

Knrouosi cnoea: cnocio ynpasninusa, pekmugbikayis, po3nooineni ynpaeiaroui oii

AHHOTALIHA B pabome npeonodicen cnocod ynpasieHus npoyeccom peKmuuKkayuy Ha OCHO8e pacnpedeneHHblx
VAPAGIAIOWUX 8030elicmeuti, 06ecnevusarowull NOIyyeHue OUCHMULIAMA MAKCUMATbHO 803MOJICHO20 KAYecmeda npu
MUHUMATbHBIX SHepeo3ampamax. 1o mamemamuyeckoi Mooenu 6bINOIHEHO UCCIeO08AHUE TUSAHUS PACHPEOeTeHHbIX
VAPAGIAIOWUX  B030€liCEULl HA 8LIXOOHbIE NAPAMEmpPbl YCMAHOSKU PeKMUpUKayuy, ycmanogiena yenecooopasHocmy
UX UCNOTBb308AHUA NPU YNpasieHuu npoyeccom. IIpednoscenudvlii cnocob ynpagienus npoyeccom pexmugpuxayuu
MOJHCem UCNONb308AMbCA NPU PA3PAOOMKe CUCHeM ONMUMATLHO20 YNPABIeHUs OAHHBIM NPOYECCOM.

Kntouesvie cnosa: cnocob ynpasnenus, pekmuuxayus, pacnpeoeseHHule Ynpaguaiouue 6030eicmesus

CONTROL METHOD OF DISTILLATION PROCESS WITH DISTRIBUTED
CONTROL EFFECTS

I. LEVCHUK , A. SHEYKUS, V. TRISHKIN
Ukrainian state university of chemical technology, Dnepropetrovsk, UKRAINE

ABSTRACT The aim is the improvement of the method of managing the process of rectification based on distributed
control actions to increase the quality of the final product and to improve the economic efficiency of the process. The
paper presents a mathematical description of the statics of a distillation column adapted to solve the problem
management. A method is developed for process control of the rectification based on distributed control actions,
producing distillate is the best possible quality with minimal energy consumption. According to the mathematical model
study of the influence of distributed discrete and continuous control actions on the output parameters of distillation.
Analysis of the dependence of the optimal composition of the distillate from the distillate flow in the column showed that
distributed discrete control action in the form of a switching point of the input of raw materials in the column provides
greater management efficiency, in comparison with continuous distributed control action in the form of redistribution of
the raw material into two streams. Control by switching the point of entry of raw materials into rectification column
saves the coolant flow in a cube columns on the interval of flow of distillate 70 KMOL/h or more is reduced to the
desired steam flow rate in the column. This leads to cost reduction of the coolant per unit of production and reduces the
overall energy consumption and the cost of the rectification process. The proposed method of controlling the
rectification process can be used in the development of systems of optimal control of the process.
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K MaccooOMEeHHBIM OTHOCST MpOIIECCH], B
KOTOPBIX TIPOMCXOMUT TIEPEHOC BEMIeCTBA W3
CoBpeMeHHOE pa3BUTHE XUMHYECKOW U omgHoW (a3sl B  APYryl0 B  HaIlpaBIICHUH

BBenenue

POICTBEHHBIX oTpaciei MIPOMBITIUIEHHOCTH ycTtaHoBiieHus paBHoBecus [1]. [leperoc BemecTa
CBA3AHO c IIMPOKUM NpUMEHEHHUEM B cepenune (as, a TaKKe yepes TPaHUIly pasiena
TEXHOJIIOTUYECKIX TIPOIIECCOB, OCHOBAaHHBIX Ha (a3 ocymecTBisiercss myteM Iud y3un, MOITOMY
(hyHIaMEHTATEHBIX SIBIICHUSX TEIIOMAaCcCOo- MacCcOOOMEHHBIE MPOIECCH HA3BIBAIOTCS TAKKE
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muddysnonaeiMu. K sTolf rpynme mpomeccos
OTHOCSITCSL TIPOLECcChl peKTH(HUKanuyu, adbcopOmum,
SKCTPaKIUH, KPUCTAJUIN3ALMH, CYILIKH U IPyTHE.

[Ipoueccol pexktudukanuu [2] SBIAIOTCS
OIHOH M3 pacHpoCTpaHeHHBIX rpynn Au(Qy3HBIX
MpoLlecCOB W,  HECMOTPSA  HA  BBICOKYIO
9HEPrOEMKOCTb, CIIOKHOCTb, paclpeleeHHOCT
Mo JJMHE anmapara U BO BPEMEHH (U3NUYECKHX
MpeBpamieHuil, HuX OONBLIYI0 HHEPrOEMKOCTH,
pekTu(duKanus OcTaércsi OCHOBHBIM METOAOM
pasmeneHus KHIKMX cMmecei. Jma mHOrmx
MPOMU3BOACTB, INpOLECC PEKTU(PHUKAIMU SBISCTCS
OCHOBHBIM 3BEHOM TEXHOJIOTHYECKOW LENOYKU U
ompezesieT KauecTBO, a TaKke ce0ecTOMMOCTh
BBIITYCKaeMOU MPOIYKLIUH.

B coBpeMeHHBIX peanusx >KOHOMHYECKOTO
KpH3HCa, TOCTUTIIEr0 MHUP B TOCICAHHUE TOIbI,
3aJaya  yAYYLOIEHUS  TEXHUKO-3KOHOMUYECKUX
MoKaszareneil MacCOOOMEHHBIX TPOLECCOB, K
KOTOPBIM OTHOCHTCS M PEKTU(UKALUS, SBISETCS
BeCcbMa akTyanpHOW. OJUH W3 MyTell pelneHud
9TOM 3aJaud - COBEPLICHCTBOBAHHE CIIOCOOOB
yIOpaBieHHsT MaccOOOMEHHBIMH IPOLECCaMU |
pa3paboTka HOBBIX, Oojee >(PQEKTUBHBIX CHCTEM
yIpaBIeHHsI HA UX OCHOBE.

UccnenoBanuio  crmocoOOB  ympaBieHUs
PEKTH()UKATMOHHBIME YCTAHOBKAMHU TTOCBALIECHO
Oonpimoe KonmuuecTBO pabor. B pabore [3]
BBIMIOJIHEH 0030p  CYIIECTBYIOILMX CIIOCOOOB
yhnpaBiieHHs] PEKTH(QHUKAIMOHHBIMU YCTaHOBKAMHU.
Bompocs! onTtumansHOro yrnpasiaeHUs MPOLecCaMu
pekTHUKAIMK  paccMOTpeHsl B pabote [4].
CriocoObl  ympaBieHUs  peKTH(PHUKAaLUOHHON
KOJIOHHOM Ha OCHOBE HEWpPOHHBIX ceTell [J].
VYhopaBneHne mpoueccoM — peKTU(UKALUM 110
MaTeMaTH4ecKol Moaenu B pabore [6] m myrem
M3MEHEHHUS TapeiaKu nmuTaHus [7].

B nmocnemHue TrOmBl [UIA  ITOBBILICHUS
s¢dextuBHOCTH ympaBieHuss aAu(pPy3nOHHBIMU
MpoIlecCaMM,  KOTOpblE€  OCYLIECTBIAIOTCS B
KOJIOHHBIX ammaparax, HCIOJIb3YIOTCS CHUCTEMBI
YIpaBIEHHs C pacHpeneIeHHBIMH YIPABIISIOIUMH
BozneicTBUAMH [8, 9]. Ilpu 3TOM MaTteMaTuyeckue
MOJIEIH, UCIIONb3YEMbIE B 3TUX CHUCTEMaX, UMEIOT
00BEKTHO-OPUEHTUPOBAHHBIIN XapakxTep u
HEIOCTaTOYHBIN YPOBEHb IpopaboTKH
METOMOJIOTMYECKHX BOMPOcoB. B pa3paboraHHBIX
METO/ax YIpaBJIEHHS B OCHOBHOM HCIIONb3YHOTCS

TPaJWLMOHHbIE  TOAXOABI  JJS  TIOBBIIIEHUS
KadecTBa  yNpaBJieHWs, TPH  KOTOPBIX  HE
JOCTUTAIOTCS  ITOTEHIMAJIBHBIE  BO3MOXKHOCTHU

TEXHOJOTMIECKUX MPOIECCOB.

Takum 00pa3oM, MOXHO CcJeJaTh BBIBOJ,
9T0 pa3paboTka HOBBIX, Oonee >PPEKTHBHBIX
C1IIoco0oB YIPaBJICHUS 1 Gy3HOHHBEIMEU
mporeccaM, K KOTOPBIM  OTHOCUTCS U
peKTH(MUKAIMS, _Ha __OCHOBE _ DACHPEJICICHHbBIX
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YIIpaBJIAOIIUX BO3H€ﬁCTBHﬁ - O9TO aKTyaJlbHag
Hay4dHa#d 3agayva.

ean paGoTsl

OOBeKT HCCIIETOBAHUS - CIIOCOOBI
yIpaBIIeHHS MPOLECCOM PEKTU(UKAIINY.
Lemp paboTel -  YCOBEPIICHCTBOBaHUE

crocoba ympaBlIeHHS MPOLECCOM PEKTUDHUKALMU
HAa OCHOBE pacHpeleNeHHBIX  YIPaBISIOMINX
BO3ACHCTBUH ANl YBENIMYEHUS  KaydecTBa
KOHEYHOTO MPOLYKTa u MTOBBIILICHUS
HSKOHOMHUYECKOH 3((EKTUBHOCTH MpOoLIecca.

H30:xeHne 0CHOBHOTO MaTepHajia

PacnpenenenHoe ynpaBieHHE CHCTEMaMH C
pacnpeneneHHbIMU NTapaMeTpaMy OTINYAETCS TEM,
YTO BXOJHOE BO3JEHCTBHE BKIIOYaeT B cebs
nepeMelnieHne HCTOYHUKA CyOCcTaHIMU (BEIIecTBa,
SHEPrUd W [p.) B MPOCTPAHCTBEHHOM 00JacTy,
3aHUMAaeMO pacrpeleeHHbIM 00BEKTOM, a pojb
YIOPaBIAOLIMX CHIHAJOB OepyT Ha cels 3aKOH
3TOr0  mepeMenieHuss W (WIM) HU3MEHEHHE
MOIIHOCTH UCTOYHMKA B MPOLIECCE TIEPEMEIIECHHS.

B muddy3uonnsix mporeccax, B 4aCTHOCTH
B Ipolecce PeKTH(PHUKALNHU, PpaclpeneeHHOCTh
VOpaBIAOLIMX  JEHCTBUH  3aKkmoyaerca B
nepepacnpeneieHN BXOSIIET0 MOTOKAa ChIPhS B
MPOCTPAHCTBE KOJIOHHBI, WIH B U3MEHEHUH TOYKU
BBOJIA CHIPbS B KOJIOHHY.

AHanu3 M3BECTHBIX CIOCOOOB YIpaBIICHUS
MPOLIECCOM pekTuduKanun Ha OCHOBE
pacIpeneneHHbIX YIPaBISOMIUX BO3ACUCTBUM [9,
10] moka3zair, 9To OHH HEe 00ECTICUNBAIOT BBICOKOTO
KayecTBa YIPAaBJICHHS MU TPeOYIOT OalbHEHUIIEro
COBEpIICHCTBOBAaHUS [UId IONydeHHs Oosee
KayeCTBEHHOI0  MPOAYKTa W  yMEHbBILICHUS
9HEPreTUYECKUX 3aTpar.

B nmanHoii pabGote mpoBomuTCS pa3padoTkKa
crocoba ynpasiieHHUs, OCHOBAaHHOTO Ha MPUHLIMIIAX
pacnpeneneHHOro YIIpaBJICHUS u
o0ecIeunBaroIIero IpOTEKaHue mporecca
peKTUHUKAITIN ONTUMAIBEHBIM 00pa3oM.

Jns  pemeHuss NOCTaBIEHHOM — 3ajauu
yIpaBieHHe IPOLIECCOM pexTuduUKanuu
OCYLIECTBIIAETCS IIyTEM HM3MEHEHUS! COOTHOIICHUS
pacxofoB MOTOKOB ChIPbsi, KOTOpbIE IOJAIOTCS B
BEPXHIOI0 U HIKHIOI 4acTu KOJOHHBL Ilpu sTom
U3MEHEHHE COOTHOIIEHUS PacXoJ0B IOTOKOB
ChIpb B  KOJOHHY  paccUuThIBaercs IO
MaTeMaTUYeCKOM MOZEIM B 3aBUCHUMOCTH OT
pacxoga W cocTaBa ChIpbS, a pETYIHPOBaHHE
pacxoga  HapoBOro  IIOTOKA B KOJIOHHE
OCYLIECTBIAETCS IyTeM M3MEHEHHs pacxona
I'PEOILEro napa B KyO KOJIOHHBI.
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Pacxom mapa B Ky0 KOJOHHBI W
COOTHOIIEHHWE  pacXofOB  IOTOKOB  CBHIPbHA
paccUnTBIBaE€TCSl MO MaTEMATHYECKOW MOJENU B
3aBHCHMOCTH OT COCTaBa M pacxoia ChIpbs B
KOJIOHHY, TEeMIIEpaTypbl TpEIoIIero mapa B KyO
KOJIOHHBI U TEMIIEpaTypbl KyOOBOrO MPOIYKTA.

Crabuin3anuu TakXke MOIJIEKUT YPOBEHb
KyOOBOTrO MpOAYKTa MyTEeM H3MEHEHHUS pacxoza

6
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KyOOBOTO NMpOAYKTA, AaBJICHHWE B KOJIIOHHE IyTEM
M3MEHEHHS IMOJa4yM XJIaJareHTa B XOJIOJUIbHUK-
KOHJICHCATOP U PACXOJ IUCTUILIATA.

Ha  puc. 1  mpencraBieHa — cxema
pa3paboTaHHOTO CIOCO0a YIPaBIEHUS MPOIIECCOM
peKTUhUKAITIH.
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Puc. 1 — Cxema ynpagnenust npoyeccom pekmugpuxayuu ¢ pacnpeoeieHnbiMu YRpasisiowumu
8030€UcmeusaImMu

[Ipouecc pa3geneHus cMecH MPOU3BOAUTCS
B KOJIOHHE 1, OCHAIIlEHHOHW TEINIOOOMEHHHUKOM 2,
XOJOAUITBHUKOM-KOHICHCATOPOM 3,
BBIYUCIHUTEIBHBIM ~ YCTPOUCTBOM 4, IOaTYUKOM
YPOBHS KyOOBOIO HPOAYKTa 5, peryasTopoM
YPOBHS KyOOBOTro HpOIyKTa 6, WCIOJHUTEIbHBIM
YCTPOHCTBOM 7, TATYMKOM AABJICHHS B KOJIOHHE 8,
perysiTopoM  JaBlieHHA B KOJOHHE 9,
WCIOJIHUTENBHBIM  ycTpoiicTBOM 10, gaT4mkoMm
pacxoma mumctuiuiata 11, perymstopoM pacxona
TUCTHILUIATa 12, WCHONHHUTENBHBIM YCTPOWCTBOM
13, matunkamu pacxoma 14 u cocraBa ceipbsa 15,
WCTIOIHUTEIRHBIMA ~ yCTpoiicTBaMu 16 u 17,
aTIYNKOM TEMIIEpaTyphl B KyOe KOJIOHHBI 18,
maTyukaMd  Temmepatypsl 19  m  pacxoma
Tperomiero mnapa B Ky0 KomoHHHI 20, peryasTopoM
pacxoma TperoImiero mapa B KyO0 KoOJOHHBI 21,
WCTIOJTHUTEIBHBIM ~ YCTPOUCTBOM 22, JTUHUSAMH
MoIaud CHIPhSI B KOJIOHHY 23 Tperolero mapa B

KyO0 KOJNIOHHBI 24, XJajgareHTa B XOJIOAWJIBHHK-
KOH/IeHCaTOop 25, opomIeHus B KOIOHHY 26, oTOOpa
mucTIIIATa 27 ¥ KyOOBOTO MpOIyKTa 28.

Crioco6 YIpaBIeHHS MPOIIECCOM
PEKTU(UKAIIMA  OCYHIECTBISIIOT  CIEAYIOLIIHM
obpazom.

KonTyps! crabunuzannu ypoBHS KyOOBOTO
NPOJYKTa U JABJICHHS B KOJOHHE O0ECIEUMBAIOT
HOpMaJIbHOe, Oe3aBapuifHOE BeIeHHE mpolecca
pextudukanuu. 3agada perymiaropam 6 uw 9
ONpeeNIIOT COTJIacHO TEXHOJIOTHYECKOMY
perIaMeHry. JHaBnenue CTaOMIIN3UPYIOT
M3MEHEHUEM II0/1auy XJIaJareHTa B XOJIOIMIbHUK-
KOH/IEHCATOp, YPOBEHb - HM3MEHEHHEM pacxofa
KyOoBoro mpoxaykra. KoHTyp crabunmsanmn
BBIXO/a  JUCTWIISATA  TO3BOJSAET  ITONY4aTh
HEoOXOIMMOe KOJIMYECTBO T'OTOBOTO IIPOIYKTA.
3aganue perymaropy 12 3amaercs B 3aBUCHMOCTH
OT HEOOXO0AMMOM MTPON3BOUTEILHOCTH ITpoLecca.
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VYhpaBieHue MpomeccoM peKTU(UKANH
OCYILECTBIIAIOT IYTEM H3MEHEHUS COOTHOLIEHHA
pacxomoB MOTOKOB CBHIPBS, KOTOpHIE MOAAIOTCS B
BEPXHIOIO M HIDKHIOKO 4YacTH KOJOHHBI, U
W3MEHEHHUs] pacxoja Tpellero mapa B Ky0
KOJIOHHBI TakuM o0pa3oM, 4TO oOecneuyuBaercs
MaKCHMHU3allUsl COCTaB KOHEYHOTO IMPOAYKTa INpHU
HEOOXOMMOM MPOU3BOAUTENFHOCTH MPOIIECcCa.

Pacuer onTtuManeHBIX 3HaYeHHI pacxozaa
TperoILero napa B Ky0 KOJOHHBI M COOTHOILEHHE
pacxomoB TOTOKOB CBIpbS OCYIIECTBISAIOT B
BBIYUCIIUTEIbHOM YCTpOWCTBE 4 o
MaTEeMaTHYECKOH MOJENH, CTPYKTypa KOTOpOM
MeeT BU/T:

V.=V, )
V., +U+W, i<N,
L=V *U+W+(g-DF, N,<i<N, (2
V.,+U-D, i>N,
Vi Y tU-x  + W - x
V.,+U+W
Vi v +U-x +W-x,+(q-1)-F-x,
% = v +u+wW+q-np
i-1 q-1)
Vi Y tU-x  + W% - Fx,
V.,+U-D
Y =Yiq +(y: _yifl)'ni 4)
—Kv.
n=l-exp| 2t ()
i—1
S.
Ky =_ °i
ViE (6)
—+
ﬁyi ﬁxl
a)/*
m, =| — 7
l ax x=xi ()
v =y'(x) )
B=B,V.Y L. X)) 9
B ZIBX(Vi—l’Yi—l’Li’Xi) (10)
F=W+D (11)
F-x,=W-x,+D-xy, (12)
Xy =Xy (13)
X, =X, (14)
Ly.,=V,—-D (15)
rae

X¢ - COCTaB MUTATENFHOW CMECH B MOJIBHBIX JOJISIX
JIETy4ero KOMIIOHEHTa B KUAKOH (ase;

BICHUK HTY «XIII» Nel4 (1123) 2015

CEPIA: "HOBI PILLIEHHA B CYYACHUX TEXHOJIOI'TAX"

XN+, Xd - COCTaB AUCTHIUIATA B MOJIBHBIX JOJSX
JIETKOJIETY4Eero KOMIIOHEHTa;

X9, Xw - COCTaB KyOOBOI'O OCTaTKa B MOJBHBIX
JIOJSAX JIETKOJIETYYEro KOMITOHEHTa;

F - pacxox nuTaTenbHOM cMecH, KMOJIb/U;

V - pacxon nmapa B KOJIOHHE, KMOJIb/4;

Xi - COCTaB XHIKOW ¢a3pl Ha i-i Tapenke B
MOJIBHBIX JOJISIX JIETKOJNETY4Yero KOMIIOHEHTA;

yi - coctaB mapoBod (a3l Ha i- Tapenke B
MOJIBHBIX JOJISIX JIETKOJIETYy4Yero KOMIIOHEHTa;

N - kodpdumment Mepdu, xapaxrepusyer
3¢ (GeKTUBHOE ACHCTBHE TapelKd MO MapoBOM
dbaze;

K, - xoaddunuenT macconepenadu;

m - 3Ha4YeHUE MEePBOM MPOU3BOJHON OT (PYHKIHH
KPHBOI paBHOBECHS;

S - 5 deKTHBHAS [UTOMAIb TAPEITKH, M;

Bx -  HacTpoeuHBI  mapaMerp  MOJIEJH,
K03()(DUIIMEHT MacCOOTAAYH I10 KHUIKOU (ase;
By - HacTpoeuHBI  mapaMerp  MOJEINH,

K03 () (pUIIMEHT MacCOOTAAaYH 10 MapoBOi (asze;

D - BenmmunHa oTO0pa JUCTUIIIATA, KMOJIB/4;

N - KOIMYECTBO TAPENOK;

Ny - HOMep BepXHel Tapelku NUTaHus;

Np, - HOMep HIKHEH Tapelky MUTaHHS;

q - K03((QUIHEHT mNepepacupencieHusl ChIpbs
MeXAy Tapeikamu nutaHus. [lokaspiBaer, kakas
gacTe OOLIEro IIOTOKAa CBIPbsl IOJAeTCsl Ha
BEPXHIOIO TApENKy MUTAHMS;

W - BennumnHa 0TO0pa KyOOBOI'O OCTaTKa, KMOJb/;
L - pacxon ¢ierMel, KMOJIB/q;

U - BenuuuHA, XapaKTEpU3YIOLIas BHECEHHS
KHUIKOCTH C TapeJIKu, KMOJIb/4;

Yy (X) - KOHIIEHTPALHS JIETKONETydero KOMITOHEHTa
B [Iape, PaBHOBECHOM C XKHJKOCTBHIO COCTaBA X.

YpaBHeHUA (1D)-(10) COCTaBIISTFOT
MaTeMaTHYECKyl0 MOJeNb  PEKTU(PHUKAIIMOHHON
KomoHHBL.  YpaBHeHus (11)-(15) -  obmwue

YpaBHEHHSI MaTepHaIbHOro OajaHca M ypaBHEHHE
CBSI3H.

CoBokynHOCTh ypaBHeHmit (1)- (15) maer
MOJHOE MAaTeMaTHYeCKOe OIMCaHWEe CTaTHKU
peKTU(UKAITMOHHOW KONOHHBL. s  OuHapHOI
peKTHUKAIIN OHa MOXKET OBITh pacimmdpoBaHa ¢
YUYETOM CTereHel CBOOO/IbI CHCTEMBI B BUJIE:

Xy =O(F,x,,D,V,q,x,)
Xy = L(F,xf,D,x0

(16)

rae @ - HenuHEHHas 4YacTb CUCTEMBI, KOTOpas
peamusyerca B pe3yjbTare  IOTApPEIOYHOTO
pacdera u comepxut ypasaenus (1)-(10);
L - nuHeliHas yacTh, ypaBHEHHE MaTE€PHAIBHOIO
OaraHca 10 JISTyYUM KOMITOHEHTaM (12).
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Cucrema ypaBHeHuii (16) TOTHOCTHIO
orperneneHa u MOXKET ObITh  pelieHa
UTEpPallMOHHBIMU MeTodaMH. Pe3ynbTaToM pacuera
SABISIIOTCA  COCTaBbl JAUCTHIUIATA U KyOOBOTO
MpOLyKTa IpU M3BECTHBIX pacxone F um coctase
CBIPBA Xy, pacxoae auctuiuiata D, pacxony mapa B
KonoHHe V u ko3dduumente nepepacnpeneaeHus
CBIPBA q.

Wudopmanuss o TJaBHBIX BO3MYLIAIOLIHE
BO3JEHCTBUA - PACXOAE W COCTABE CBIPhS,
M0JJaBa€MOr0 B KOJIOHHY, OT AaTyukoB 14 u 15
COOTBETCTBEHHO TIOCTYNAeT B BBIYMCIUTENBHOE
ycTpoiicTBo 4, KOTOPOE €  IIOMOIIBIO
UTEPALIMOHHBIX METOJOB PACCUUTHIBACT 3HAUCHHS
MapoBOr0 IOTOKa B KOJOHHE M KO3 QHUIMEHTa

nepepacupeaciCHus ChIPbA, npu KOTOPBIX
obOecreunBaercs MaKCHUMU3al s KadeCTBa
JAUCTUILIIATA.

PerJ'II/IpOBaHPIH napoBOro IIOTOKa B
KOJIOHHC OCYIICCTBJIAOT OyTeM HU3MCHCHUA

pacxoza IperowLero napa B Ky0 KOJIOHHBI, TaK Kak
MEKIYy  HUMH  CYIIECTBYeT  OJHO3HAa4yHas
3aBHCHUMOCTb. TakuMm o0pa3oM, 3aJaya peryasTopa
pacxoda Tperomero mapa B Ky0 KoOMoHHBI 21,
OIPEeNsIeTCs] BBIYNCIUTEIbHBIM YCTPOWCTBOM Ha
OCHOBaHUH PaccYHTaHHOTO ONTHUMAJILHOTO
3HA4YECHUS pacxona rapa B KOJOHHE M M3MEpeHHH
JAaTYUKOB TeMIlepaTypsl KyOoBoro mpoaykra 18 u
Temmepatypsl 19 rperomiero napa, mogaBaeMoro B
KyO KOJIOHHBI.

V3MeHeHnEe COOTHOLIEHHS 3aTpaT IOTOKOB
CBIPbSA, TIOAABAEMBIX B BEPXHIOIO U HIDKHIOK YacTH
KOJIOHHBI,  OCYIIECTBJIIETCS  BBIYMCIUTEIbHBIM
YCTPOMCTBOM ITyTEM BO3JCHCTBUA HA KJIamaHbl 16
u 17. Xapakrtep [IeHCTBUS KIIallaHOB BHIOpaH
TakuM  o0pa3oM, dYToObl TIpH  HW3MEHEHWUH
YIPaBIAIOLIEr0 CUTHAMa ONUH U3 HUX OTKPBIBAICH,
a Jpyroi - 3aKphIBAJICA.

V3meHeHne COOTHOLIEHHS 3aTpaT IOTOKOB
CBIPbS, TIOABAEMBIX B BEPXHIOIO U HIDKHIOK YacTH
KOJIOHHBI, 3((PEeKTHBHO TPH  3HAYUTEITHHBIX
KonebaHusAX CcoCcTaBa M pacxoja ChIpbs W
MO3BOJIIET CIKOHOMHUTH JIPyrue JOPOTue pecypcsl,
HEOOXoOuMble Ui KOMIIGHCAllUM  TaKuX
BO3MYIIICHUH.

O0cy:xaeHue pe3ybTaToOB

Ucnonr3oBanue METOJI0B MaTeMaTu-
YeCKOr0 MOJEIMPOBAHUS TO3BOJSET TIONyYaTh
HEM3MEHHO BBICOKOE KA4eCTBO IUCTHIUIATA, TaK
KaK YIpPaBIIAIONINE JEHCTBHUS HAHOCATCS Cpa3y Ke
MocJie BOSHUKHOBEHUS BO3MYIIIEHUH.

HesHnauntenpHble W3MEHEHHUS I1apaMETPOB
CBIPBSI KOMIIEHCHUPYIOTCS KOHTYPOM
peryIupoBaHus pacxoja MapoBOrO0 TIOTOKAa B
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KOJIIOHHE. Kpome TOrO, MTOBBILIIEHUE
3¢ (GEKTUBHOCTH  YNpaBJICHHUS 3aKIIOYaercs B
BO3MOKHOCTH OSKOHOMHH U MPHUMEHEHHS CBHIPbS
Oonee HU3KOrO KayecTBa, MPU COXPAHEHUH TaKOH
K€  TPOU3BOJUTEIBHOCTH U KOHLEHTpaluu
JUCTWIUISATA, KaK U IIPU OJHOIOTOYHOM BOJIE.

Ha puc. 2. mnpencraBieHbl pe3ynbTaThl
WCCIICIOBAaHUA  3aBHCHMOCTHM  ONTHUMAJBbHOTO
COCTaBa AMCTHIUIATA OT pacxofa IUCTWILIATa B
KOJIOHY, BBINOJIHEHHbIE TI0 TPEACTaBICHHOW
MaTEeMaTHYECKOH MOZENN TpH HCIOIb30BaHUU
Pa3NUYHBIX CIIOCOOOB YIIPaBIICHUS:

— IepepaclpeneneHnun ChIpbsl Ha 2 TOTOKa
(pactipenenieHHOE YIPaBIICHUE);

— EpEeKIIOYEHHE TOYKH BBOJA  CBIPbS
(pacmipenenieHHOE yIIPaBIICHUE);

— BBOJ CBIpp Ha MPOEKTHYIO Tapenky
MUTAHUS.

Lol

0.99

PacripeenenTie Ha 2 0ToRa . —

Xd
opt

0.97 TlepexmmouenTIe TOURIT BEOA__—

Beoj Ha tapetsy mirammns -

0.95

093 1 |
58 60 62 64 66 68
D

Puc. 2 - 3asucumocmev onmumanbroco cocmasa
oucmuniama om  pacxoda OUCMULIAma Hpu
NpUMEHeHUU nepepacnpedeieHus colpbsi HA 08d
NOMOKA, NPU NepekIroyeHUU’ MOYKU 8800d CblPbsl 8
KOJIOHHY U NpU YAPAGIEHUU MOAbKO HNymem
UBMEHEHUSl pacx00d Naposo2o NOMOKA 8 KOJIOHHE
(F =100, x,=0,76)

Ananu3 MOJIYYEHHBIX 3aBUCUMOCTEN
MOKa3ajl, 4TO MWCHOIb30BAHUE PpaCIpEIeICHHBIX
YIPaBISIONNX ACHCTBUH (TIEpEKITIOYEHNE TOYKH
BBOZIAa CHIPbSI B KOJIOHHY) ITO3BOJISIET COKOHOMHUTH
pacxol TEIUIOHOCHTENA B KyO KOJIOHHBI H
YMEHBIIUTh JHEPrOEMKOCTh U Ce0EeCTOMMOCTb
mporecca pexTudukanun. Kak BuaHo u3 puc. 2, Ha
WHTEpBaJie pacXoa0B TUCTIILIATA OT 70 KMOIB/9 1
Oornee MpUMEHEHHE PacIpeeNICeHHOT0 YIPaBIeHUsS
MO3BOJISIET 3HAYUTENBHO IIOBBICUTh
IPOU3BOAUTENIBHOCTD IIpoLlecca MPU COXPaHEHUU
TOrO K€ KadecTBa mpoxaykra. Kpome toro,
MOBBIIICHHBIA  pacxol OUCTWIIISATa Ha 3TOM
UHTEpBaJle yMeHbIlaeT TpeOyeMblil pacxox mapa B
KOJIOHHE. OTO IpPHUBOAUT K CHIDKEHHIO 3aTpar
TEIJIOHOCUTENS] Ha E€AUHHUIYY MpPONyKLUHH, a,
3HAYUT, U K CHIDKEHHIO €€ ce0eCTOMMOCTH.
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[IpeanoxeHHpld  cmoco0  ympaBiIeHHS
IIPOLIECCOM pexTuduKaun MOKeET
UCTIONIB30BAaThCsl  NMpH  pa3paboTKe  CHUCTEM

ONTUMAJIBHOTO YIIPABJIEHUS JAHHBIM MPOLECCOM.
BrIBOaBI

[IpencraBneHHbIil B paboTe HOBBIA CHOCOO

YIpaBJICHUSA mpoueccom peKTI/I(i)I/IKaI_II/II/I C
pacnpeaciICHHbIMU YIpaBIAOIIUMUA
BOS,Z[CﬁCTBPIHMPI, obecreunBaer MOJIy4YCHUC

JUCTHJUIATa MaKCHMaJIbHO BO3MOXKHOTO KadyecTBa,
NPU MUHHMAJIbHBIX YHEepro3arparax.
[IpoBeneHHoe B paboTe HcCIeIOBaHUE IO

MaTeMaTHYeCKOM MOACIIN ABYX BapHUaHTOB
pcain3anuu IIpUHIMAIIA PacIpeaciICHHOro
YIIpaBJICHUS ImoKasaJio HaI/I60J'II>H_IYIO

3¢ (GEKTUBHOCTh  YIPABIEHUA IEPEKII0UECHHEM
TOYKH BBOJA CHIPbS B KOJIOHHY, B CPaBHEHHH C
MepepaclpeieNeHneM ChIpbs Ha 2 MOTOKa.

[IpennoxeHHbIH €roco0 yIpaBJIEHUSA
MTO3BOJISIET COKOHOMUTH Pacxo] TEIIOHOCHTENS B
KyO KOJIOHHBI M YyMEHBLINTH 3JHEPTOEMKOCTh M
ce0ecTOMMOCTh  TMpolecca pPEeKTU(GHUKAINU, YTO
MPUBOIUT K CHIDKEHHUIO 3aTPaT TEINIOHOCUTENS Ha
eIMHUILY TPOAYKIHH, a, 3HAUUT, U K CHIDKCHHUIO e
ce0EeCTOMMOCTH.
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