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Posenanymo axmyanvny naykosy i mpakmuyny npobiemy agmomamusayii npoyecy 3HAXOO0XHCEHHA ONMUMATbHOL
peuenmypu CUposuHU 018 BUPOOHUYMEA MEXHIYHO20 6yaieyto. 3anponoHO8AHO AN2OPUMMU  ORMUMATLHOSO
Kepy8aHHA Ol CUHMe3y aBMOMAMU308AHOI CUCMeMU ONMUMATLHO20 KepY8AHHSA, AKI 003801AMb NIOSUWUMU
EKOHOMIKY ma WeUOKOOII0 NIONPUEMCMEA [ HANPAGUMU KEANIQIKOGAHI JHOOCLKI peCcypCu HA GUPIUIeHHS THUWUX
AKYMAnbHUX NPOOIEM.

Knrouosi cnoga: mexuiunuii gyeneys, cadxca, iHOekc Kopenayii, ONMUMAIbHA CUCMEMA Kepy8aHHsL.

© I'apum b. A., Kopxuk M. B., 2019.

IocranoBka npo6aemu. Texuiynuii Byrieus (nani TB) BUKOPUCTOBYETHCS, B OCHOBHOMY, JUISl TIOCHJICHHS
pesun. Moro jomaBanHs 03BONsE 3GIMBIIMTA CYNPOTHB PE3HHH CTHPAHHIO Ta il MilmicTh. BImsbko ciMmecsTu
BIZICOTKIB BUTOTOBJICHOTO TB BHKOPHCTOBYETHCS NpH BUPOOHUITBI MIMH. 3a JaHUMH, HaBeIeHNMH Y [1] BuaHO, 110
o0csT BupoOHuITBa TB y cBiTi HeBIIMHHO 3pocTae mounHaroun 3 2010 poky (y 2008 ta 2009 pokax OyB cnanx depes
EeKOHOMIUHY Kpu3y). Uepes 1e cTae qenami OibIl 3HAYMMUM IIATPHIMAaHHSI HEOOXITHOT SKOCTI 1 ACICBU3HH TaHOTO
MPOAYKTY 337151 310pOBOi KOHKYpeHIii (i B3arami i MOXKIIMBOCTI) HA pUHKY.

VY BupoOHuuTBI TB cupoBuHOIO € cymil 6araTbox ByTJIeBOAHIB. Bci BOHM € MOOGIYHMMHU NPOAyKTaMH Had-
TOXIMIYHOT YH KOKCOXIMIYHOT IPOMHUCIOBOCTI, TOMY IX CKJIaJl MOKE KOJMBATUCh HABITh Y OJJHOTO MOCTaYaIbHUKA [2].
UYepes 11e IOCTAE MUTAHHS BU3HAYCHHS ONTHMAJILHOT pElleNTYPH CUPOBHHY MPU KOXKHIH MOCTABII.

AHaJii3 nonepeaHix gociimkenb. OnTUManbHa penentypa Mae OyT HaiOUIbIl €KOHOMIYHO BUTIIHOIO, TOOTO
3a0e3nevyBaTy HaWOIIBIINK BHUXiJ] TEXHIYHOTO BYIVICIIO Ha OJMHUIIO CUPOBUHH. Taky peuenTtypy B HUHIIIHINA 4ac
BU3HAYAIOTh B JIabopaTopii, MPOBOJSAYM CEPil0 JOCIHIAIB HaJ KOMIOHEHTaMH [3]. ABTOMAaTH30BaHOI ) CHUCTEMH
ONTHMAJIFHOTO KEPYBaHHS PEIENTYPOIO HA JaHUH Yac HE ICHYE.

MeTo10 poGOTH € CHHTE3 AITOPUTMIB ONTHMAIBHOTO KEPYBAaHHS PELENTYPOI0 CHPOBHHH, KOTPI JO3BOJIATH
30UTBIINTH €(DEeKTUBHICTD ITiIMIPUEMCTB 3 BUTOTOBJICHHS TEXHIYHOTO BYTJICIIO 1 HAPABUTH KBaJi(hiKOBaHi JFOJICHKI
pecypcH Ha BUPILICHHS 1HITUX aKTyalbHUX mpobiem [4].

CuHTe3 aJAropuTMIiB ONTUMAJILHOTO KEPYBaHHSI

1106 3MeHImMTH BapTiCTh NPOIYKTY, HEOOXIJHO 3HAXOANTH ONTUMAJIbHY PELENTypy CUPOBHHH. Tak sk ckiaj i
BapTICTh KOMIIOHEHTIB MOXYTb 3MIHIOBAaTHCh, TO 1 ONITUMAJIbHA PELENTYpa Ma€ 3HAXOAUTHUCH PU KOXKHiH 3MiHI. J{i1s
[bOT0 HEOOXIJIHO PO3POOUTH ANrOPUTM 3HAXOJKEHHSI ONTHUMAIBHOI PEUENTYpH, KOTpUH Oy/le BHKOHYBATHUCH 3a
noTpedu 3acobamu 0OUNCITIOBATBHOT TEXHIKH.

Panirre Oyiu po3po6ieHi piBastHHS (y [6] 3rigHO 3 [5, 7]) 110 OMUCYIOTH CTATHKY MPOIIECY:
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ne M(K) — maca akymynpoBaHoi y 3minryBagi cymirri, kr; Mi(k), Ma(k), Ms(K) — HamxomKkeHHS KOMITOHEHTIB Y
smimyBau, kr; Mc(K) — BuXin cupoBuHH 31 3MmimtyBaua, Kr; pi', p2', psl, p' — I'YCTHHM KOMIIOHEHTIB i CHDOBMHHM 3a
temnepaTypu t °C, kr/mM%; Wit, U2t, U3t Wt — AMHAMIYHI B’I3KOCTI KOMIIOHEHTIB Ta CUPOBMHH HpHu Temmepatypi t °C,
Ia-c; vt — KiHeMaTHYHA B A3KIiCTh CUPOBHHHU Npu Temmepatypi t °C, M/c; ty1, to, 153 — TeMIepaTypH, Opu SKuX Oyau
BUMIpsAHI TyCTHHU KOMIIOHEHTIB, °C; IK — iHIeKc KOopemnsIii CHpOBHHH; X1, X2, X3 — CITiBBiTHOIIEHHS MaCOBHX BUTPAT
KOMIIOHEHTIB; 01, 02, 03 — TEMIIEPATYPHi MONPABKU I'yCTHHU KOMIIOHEHTIB, Kr/(M3x°C);

IK € eMnipiyHMM MMOKAa3HUKOM 1 B JIaHil pOOOTI BH3HAYA€THCS HA OCHOBI HEJNIIHIHHOT 3aJIe)KHOCTI BiJI TYCTHHH Ta
B’SI3KOCTI KOMITOHEHTIB. Uepe3 XapakTep i€l 3aJIe)KHOCTI 3 TOYKH 30py MaTeMaTHKH CyMIlll JBOX KOMIIOHEHTIB 3
onnakoBuM IK okpemo moxke matu inmmit IK. IIpore, Tak sik He BinOyBa€eThCs XIMIYHUX Peakiii py 3MilyBaHHi, TO
CTPYKTYpa 1 CKJIaJ] HasBHUX B CYMillli MOJICKYJ OyJie Ti€l0 K, IO 1 B KOMIIOHCHTaX 0 3MilryBaHHs. Lle no3Bosnse
3pOOHTH BUCHOBOK 1110 ITPX He3MiHHOMY 3aBiaHHi Ha IK i BiIIOBIAHOCTI HOMY B)k€ TOTOBOT CyMIllli 10 aKyMYJIbOBaHa
y 3MilTyBadi MOXHa 3HEXTyBaTH (popManbHO 3MiHOIO [K cyMmimri mo yTBOPHUTHECS MpH AOAaBaHHI IO BiKE HASBHOL
HOBOYTBOPEHOI 31 3MiHEHOI penentyporo, ame tuM ke IK. Omxke, mpu ymoBi He3MiHHOCTI 3aBmaHHA Ha IK i
3aJ0BUIBHINM TOTOBIA CHPOBHHI, MOXKHA HE PO3MILIOATH TUHAMIKY MPOLECY NMPH 3HAXOPKCHHI HOBOI ONTHMAalbHOI
peLenTypH, a OOMEKUTHCH PIBHSIHHIM CTaTHKH.

3ammmemo ninpoBy GyHKIi0 (Hami D) i oOMexxeHHs:

F(x1, X2) = X1(g1 — g3) + X2(g2 — g3) — min, IK > IK
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ne g1, g2, §s — BapTOCTi ouHMII Macu komrnoHenTa; [K,,; — 3aBnanns Ha IK.

Tyt IK 3Hax0AMThCS 3TiTHO MOAENI CTaTHYHOTO pexuMy poboTu. Uepe3 HasBHE HelNiHiiiHE OOMEXEHHS THITY
HEpIBHICTh MOCTa€ HEOOXITHICTh BHKOPHCTAHHS ITEPAaTUBHUX CIIOCOOIB 3HAXOMKEHHS ONTUMYMY. IpomoHyeThCs
BUKOPUCTAHHS CydacHHX MeToniB 3a momomororo MATLAB. Buxopucraemo BOymoBaHy ¢yHKmifo fmincon. Ls
MiATIporpamMa J03BOJISIE 3HAXOJUTH MiHIMYM HeliHIITHOT GYHKIIT TpU HASBHOCTI JIHIHHUX Ta HETiHIHHAX 00MEXeHb
TUIY PiBHICTh Ta HEPiBHICTE. B maHiit poOoTi BuKopucTaHo anroput™m ActiveSet.

Tak sk y BHpOOHHMUOMY Tpoleci MOXKe BHHHKHYTH HEOOXimHICTh 3MiHM 3aBmaHHsA Ha IK (Hampuknanm, mpu
mepexoi Ha BUPOOHHUITBO iHIIOT Mapku TB Ha maHiif JiHii), TO mMocTae 3amada po3paxyHKy ONTUMAIEHOTO IDIAHY
KEpyBaHHS, KOTpHH 3a0e3NeYuTh IIBUAKUN MEpexiJ 10 HOBOT'O 3aJaHOr0 PeXuMy. TyT MOXIJIMBI TpU BapiaHTH
PO3BHUTKY MOJIH:

1. IToposxHiii 3MilIyBay 3aM0BHIOETHCSI HOBOKO CHPOBHHOM. Perientypa 3HaX0UThCs SIK HABEACHO BHIIIE.

2. 3milryBad He MOPOXKHIH, alie CHPOBHHA 3 HHOT'O HE BUXOHTH.

3. Burpara 3i 3MmilllyBaua He IIPUITUHIETHCS.

IIpu apyromy BapiaHTi PO3BHMTKY IOHili MOXKHa CKOPHCTATUCh MOJAM(IKOBAHMM METOJOM 3 MOINEPEIHHOTO
po3miny, a came 0OMEKeHHS Ta KpUTEPili ONTUMAaIbHOCTI MPEJCTAaBUTH B HACTYITHOMY BHIJISIAI:

F(M1, M2) = M1(g1 — gs) + M2(g2 — g3) — min, My + M2 < My, — Msy,
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ne M,, — 3aBaHHs Ha KiHIIeBY Macy cymimi; M, — Maca cyMiri, 110 B)ke HasiBHA y 3MIITyBadi.

CxopucTaBIINCh IPOrpaMoro MOAIOHOIO 10 3aCTOCOBAHOI BUILE MOKHA 3HAWTH ONTHMYM.

VY TpeTboMy BHIIAAKYy HEOOXITHO 3a0€3MCYUTH SKOHOMIYHO JOIUIBHWH 1 HAWOUTBIN MIBUAKHNA TepexiTHui
nporiec. [IpormoHy€eThCsl KepyBaHHS B TP €TAIIH:

IHepwuii eman. 3HAXOKCHHS TaKMX KEPYBaHb Ha [l MOMEHT KBAaHTYBaHHS, IO 3a0e3ledyBaiu O MaKCH-
Mizanito BimHomeHHs mpupocty IK 10 ¢iHaHCOBHX BHUTpaT Ha e KepyBaHHS. [IpW mbOMYy Mae BHKOHYBATHCh



nepeBipka un He Oyne IK, mo Moxxe OyTH OTpuMaHO BHACIIOK TAKOTO KEpyBaHHs, OUTBIIHNK 3a 3aBnaHHs. SIKIIo Hi,
TO HOBTOPIOETHCS LeH eTarl. SIKIo Tak, TO BUKOHY€EThCS TIEPEXiJl 10 HACTYIHOTO eTaly.

Jlpyeuti eman. 3HaXOKEHHS TaKMX KePyBaHb, 100 3a OJMMUH KPOK KepyBaHHS oTpuMaTu 3amanuit [K.

Tpemiu eman. IlinTpumanus 3amanoro piBas K 3a qomoMororo anropuTMy cTaTHYHOT ONITHMI3aIIii.

AnroputMm mepmoro eramy. [licas 3Minu 3aBmanas Ha IK B OLIpIIy cTOpOHY Ha KOKHOMY KpOIi HEOOXiITHO
IIYKaTH Take KepyBaHHS, NPH KOTPOMY BimHOmeHHs npupocty IK 1o ekoHOMiuHMX BHTpaT Oyae MakCHMAaIbHUM.
[IpuBenemo kputepiii 10 3aaa4i MiHiIMizallii i OTpUMaEMO:

F(M1(k), Ma(k), M3(k)) = (IK(k) — IK(k — 1))/(M1(k)g1 + M2(k)g2 + M3(k)gs) — min,
My (K) = Mmin — M(K) + Mc(K), My(K) < Mmax — M(K) + Mc(K), X1(K) My(K) < Mimax, X2(K) My:(K) < Mamax,
(1 — x1(K) — x2(K)) Mz(k) < Mamax, X1(K) + X2(K) < 1, x1(k) > 0, x2(k) > 0,

1€ Mmin Ta Mmax — MiHIMaJTbHa Ta MAKCHMAJIbHA JTOMTYCTAMI MacH CHPOBUHH Y 3MilyBadi; Mimax, Mamax, Mamax, —
MPOMYCKHI 3aTHOCTI TPAHCIIOPTHUX CHCTEM JUTs KOKHOTO 3 KoMmoHeHTiB; My(K) = M1(K) + Ma(k) + M3(k);

Otpumanu 3afady CTaTHIHOI onTuMizamii. Po3B’spkeMo i 32 1OITOMOTor0 MeToAa IO BUKOPHUCTAHO Y PO3Iii
CTaTAYHOI oIrTHUMI3arii.

[MigcTaBisroun OTPHIMaHi ONTUMAINIbHI KEPYBaHHS Y MaTeMAaTHIHY MOZIETh 00’ €KTa OTPIMAEMO TIPOTHO30BaHUN
Ha HacTymHUH MoMeHT kBaHTyBaHHA IK. [Ipn nepeBumeHHi HUM 3aBIaHHS MEPEXOANMO O HACTYMHOTO eramy. Ipu
JIOCSITHEHHI 3aBJaHHS NEPEXOIUMO [0 TPETHOTO eTaly. B iHIIMX BUMagKax MOBTOPIOEMO IIEH eTarl.

AJNTOPUTM IPYTOTO eTaIly MoJIsTrae y MiHiMi3amii (iHaHCOBUX BUTpPAT NP 0OMEKeHHI Ha KepyBaHHs, 3aganuii IK
Ta MOJIEITb:

F(x(k), xa(k), Mx(K)) = Mx(K)(x1(91 — 93) + X2(92 — g3) + g3) — min,
My (K) = Mmin — M(K) + Mc(K), Ms(K) < Mmax — M(K) + Mc(K), X1(K)Ms(K) < M1imax, X2(K)My(K) < Mamax,
(1 = x1(k) — x2(K))Mx(K) < Mamax, X1(K) + x2(K) < 1, x2(k) > 0, x2(k) > 0, IK > IK, .

Bukopucraemo nporpaMHy HoAiOHY O HaBEAEHOI BHUIIE.

AJNTOPUTM TPETHOTO €TAIy PO3IIISIHYTO Y PO3JUIi CTATHIHOI ONTHMI3aIlii.

Jus imitanii mepediry npomecy y 4aci HanrcaHo nporpamy B cepenosuini MATLAB. B Hiii 3i0pani po3po0OieHi
B LI} poOOTI aNrOpUTMH ONTHMAJIBHOTO KepyBaHH. [Ipukiian BUKOHaHHS Ha pHCyHKax 1 Ta 2.
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Puc. 1 — ITapaMeTpn KOMIOHEHTIB
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Puc. 2 — ITapameTpu YyTBOPEHOI CHPOBHHHU, 3aBJAAHHSA Ta KePYBAJIbHi BILINBH

3amaduy amHaMidHO omnTHMi3amii Oyllo 3BEACHO A0 MOCTITOBHOCTI 3aJad CTaTW4HOI omnrtumizamii. Bymo
PO3p00ICHO aNTOPUTMHU ONITUMAIHFHOTO KEPYBaHHS 1HACKCOM KOPEILAIil CHPOBHHH 1 HaBEACHO IMITAIliI0 IIePEeXiTHIX
HPOLECIB CHCTEMH 3 KOHTPOJIEPOM IO Kepye IPOLIECOM 3a IOIMOMOTOI0 IUX aITOPHTMIB.

BucHoBku. byno mocnizkeHO TEXHOJOTIYHMI Mponec 3MIllyBaHHS CHUPOBUHHU JJIS BUPOOHHULTBA TEXHIYHOTO
Byriewto. [IpoaHanizoBaHO JOLTBHICTH PO3POOKU HOBOT CHCTEMH KepyBaHHs. Po3po0iIeHO anropiuTMy 3HAXOKESHHS
onTHMaNbHOI penentypu. JlaHa po3poOka MO3BOJNUTH BIPOBAIUTH aBTOMATH30BaHYy CHCTEMY ONTHMAajbHOTO
KepyBaHHs IPOIIECOM 3MIIIyBaHHSA CUPOBHHU IS BUPOOHUIITBA TEXHIYHOTO BYIJICIIO IO MiABHIIUTH CKOHOMIKY
BUPOOHMITBA i KOHKYPEHTOCIPOMOXKHICTh 32 PaXyHOK 301JIbLICHHS LIBUIKOMII, 3MEHIICHHs (DiHAHCOBHUX BUTpAT i
MOXIIMBOCTI HaIllPaBUTHU 3BUILHEHI JIFOICHKI pECYPCH Ha BUPIIICHHS 1HIIUX aKTyaJIbHHUX MIPOOJIEM.
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Havrysh B. A., Korzhyk M. V.

SYNTHESIS OF ALGORITHMS OF OPTIMAL CONTROL OF RAW MATERIAL RECIPROCITY IN
THE PROCESS OF PRODUCTION OF CARBON BLACK

The technological process of mixing raw materials for the production of technical carbon was investigated. The
expediency of developing a new control system is analyzed. Optimum management algorithms are synthesized. The
volume of carbon black production in the world is steadily increasing from 2010. Due to this, the maintenance of the



necessary quality and cheapness of the given product for the sake of healthy competition (and, in general, its
opportunities) in the market is becoming increasingly meaningful. The optimal formulation should be the most cost-
effective, that is, to provide the highest yield of technical carbon per unit of raw materials. Such a recipe-u at present
is determined in the laboratory, conducting a series of experiments on components. The automated recipe management
system currently does not exist. As in the production of Technical Carbon, the raw material is a mixture of many
hydrocarbons and they all are by-products of the petrochemical or coke industry, which makes their composition
possible to fluctuate even from one supplier, the question arises of determining the optimal formulation of raw
materials at each delivery. To do this, you need to develop a mathematical model that will allow you to predict the
course of the process and synthesize optimal control algorithms. In this paper, the actual scientific and practical
problem of simulation of static and dynamic regimes of the mixing process of raw materials for the production of
technical carbon is considered. The urgency of this development, as well as possible ways of using, namely, the
synthesis of optimal control of the raw material recipe management on the basis of which it is possible to design a
system of optimal management of the recipe of raw materials in the production of technical carbon, was stressed. This
development will optimize the use of available resources to increase the production of carbon black and reduce the
unit cost of production. This will increase the economy of production and competitiveness by increasing the speed,
reducing the financial costs and will give the opportunity to direct quali fi ed human resources to solve other pressing
problems. For the convenience of further practical use, it is suggested to find optimal controls for many different
values of the initial states of the object, followed by approximation. This will allow the proposed algorithms to be
used with fewer technical resources.

Keywords: carbon black, correlation index, optimal control system.
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