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MocranoBka mpodaemu. TexHiuamii Byrieup (Jami TB) BUKOPHCTOBYETHCS, B OCHOBHOMY, IS ITOCHIICHHS
pesun. Moro 107aBaHHs 103BOIIsE 30iMBIIMTH CYMPOTHB PC3MHH CTHPAHHIO Ta il MilHicTh. BOm3bko cimmecsaTw
BIZICOTKIB BUTOTOBJICHOTO TB BHKOPHUCTOBY€ETHCS PH BUPOOHUITBI NIMH. 34 JAHUMHM, HaBEACHUMH Y [ 1] BUIHO, 1IO
o0csr BupoOHUITBAa TB v CBiTi HEBMUHHO 3pocTtae mounHaroud 3 2010 poxy (v 2008 Ta 2009 pokax Oy crazn uepes
EKOHOMIYHY Kpu3y). Uepes me crae aexami OibIn 3HAYAMEM IATPHMAHHA HEOOXITHOI SKOCTI 1 ICIICBU3HH JAHOTO
MPOAYKTY 341 3A0P0BOi KOHKYpeHIIii (i B3arai ii MOXJIHBOCTI) HA PHHKY.

VY BupoOHuITBI TB CHpPOBHHOIO € CyMinn 0ararbOX BYTJICBOAHIB. BCl BOHM € MOOIMHMMH HMPOAYKTaMH HAd-
TOXIMIYHOI UM KOKCOXIMIYHOI IPOMHCIOBOCTI, TOMY iX CKJIaJ MOXKE KOJIHMBATHCh HABITH ¥ OJHOTO MOCTAYaJbHUKA
[2]. Yepe3 1e mocTae MUTAaHHS BU3HAYCHHS ONTHMAIBHOI PEUEIITYPH CHPOBHHE IIPH KOXKHIH MOCTAaBIIL.

AHaJni3 nonepeaHix gociukens. ONTHMANBHA PElenTypa Mae OyTH HaHOIIbII €KOHOMIYHO BHTLTHOO, TOOTO
3abe3nedyBaTi HAHOITbIIMH BUX1A TEXHIYHOTO BYTJICIIO HA OJMHUIO CHPOBHHH. Taky perienTypy B HUHIIIHIN Yac
BH3HAYAIOTh B Jadoparopii, MPOBOSMH CEPII0 JOCTIAIB HAJ KOMIOHCHTAMH [3]. ABTOMATH30BAaHOI X CHCTEMH
ONTHUMAJTHHOTO KEPYBAHHS PEIICITYPOFO HAa JAHUI Yac HE ICHYE.

MeTo10 po0OTH € CHHTE3 AJTOPUTMIB ONTHMAILHOTO KEPYBAHHS PEUENTYPOIO CHPOBHHH, KOTPi JO3BOJIITH
301TbIINTH €()eKTHBHICT MIAMPHUEMCTB 3 BUTOTOBICHHS TEXHIYHOTO BYTJICIIO i HAMIPABUTH KBaTi(DiKOBaHI JTHOACHKI
pecypcH Ha BUPIIICHHS iHITHX aKTYaJIbHUX Mpo0ieM [4].

Cunres aaropuTMiB ONITHMAJILHOTO KEPYBAHHS
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{06 3MeHmUTH BapTICTh MPOAYKTY, HEOOXITHO 3HAXOJUTH ONTHMAJBHY PELCNTYPY CHPOBHHH. Tak sIK CKIaf i
BapTICTh KOMITOHCHTIB MO>KYTh 3MIHIOBATHCH, TO i ONTHMAJIbHA PELENTYPA MA€ 3HAXOAMTHUCH TPH KOKHIM 3MIHI.
Jmst mboT0 HEOOXITHO PO3POOUTH ANTOPUTM 3HAXOIKCHHS ONTHUMAJBHOI PELENTYPH, KOTPUi OyAe BUKOHYBAaTHCH
3a moTPeOH 3ac00aMu OOUHCITIOBATBHOT TCXHIKH.

Paninie 6y po3podncHi piBHAHHEA (V [6] 3riAH0 3 [5, 7]) IO OMHUCYIOTH CTATHKY MPOIICCY
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e M(k) — maca akyMyITBOBaHOL Y 3MiImyBadi cymimm, kr; M, (k), Mo(k), M5(k) — HAIXOXKCHHA KOMIIOHCHTIB ¥
smimyBay, kr; My(k) — BUXiZ CHPOBHHH 3i 3MirmyBaya, Kr; p,’, py’, ps, p’ — IYCTHHM KOMIIOHCHTIB i CHDOBMHHM 3a
TemmeparypH ¢ °C, Kt/M; U 1, 12 1 13 1 | — AHHAMIYHI B’S3KOCTi KOMIIOHEHTIB TA CHPOBHHH TIPH TeMmepatypi ¢ °C,
IMa-c; v, — KiHEMATHYHA B’A3KiCTh CHPOBHHH TPH TeMIepaTypi ¢ °C, M/C; L1, £y, 3 — TEMIEPATYPH, TPH AKUX Oy TH
BUMIpsHI TyCcTHHE KoMIOHCHTIB, °C; IK — iHmZeKC KOpenduii CHpOBHHH, X, X;, X3 — CIIBBITHOMCHHA MAaCOBHX
BHUTPAT KOMIIOHCHTIB; O, O, O3 — TCMIICPATYPHI MOMPABKH I'yCTHHH KOMIIOHCHTIB, kr/(m>%°C);

IK € eMmipiyHIM MMOKA3HUKOM 1 B TaHIH POOOTI BH3HAYAETHCS HA OCHOBI HENIHIIHOI 3aJIC;KHOCTI B1J TYCTHHA
Ta B’S3KOCT1 KOMITOHEHTIB. Uepes XapakTep mi€i 3aJeKHOCTI 3 TOUKH 30py MATEMATHKU CYMIIll TBOX KOMIIOHCHTIB 3
oxHakoBuM IK oxpemo moske mMaru innmii IK. [IpoTe, Tak Sk HE BiAOYBAETHCS XIMIMHUX PEAKIH MPH 3MINIyBaHHI,
TO CTPYKTYpA 1 CKJIaJ HASIBHUX B CYMIII MOJICKYJ OyA€ Ti€r0 X, IO 1 B KOMIOHCHTAX /10 3MimyBaHHs. Lle 1o3Borie
3p0oOHTH BHCHOBOK IO TPH HE3MIiHHOMY 3apmaHHI Ha IK i BigmoBimHOCTI HOMY BKC TOTOBOi CYMIIIi MO
AaKyMyJIbOBaHA y 3MIIIyBadi MOXKHA 3HEXTyBaTH (hpopManbHOO 3MiHOKO IK cywmimm mo yTBOPHTHCS MPH A0JABAHHI
JI0 B)KE HAsIBHOT HOBOYTBOPCHOI 31 3MIHEHOIO perenTyporo, ane TuM e IK. Omxe, mpu yMOBI HE3MIHHOCTI 3aBIAHHS
Ha IK i1 3amoBimTbHIH TOTOBiH CHpPOBHHI, MOXKHA HE POBIINATH AWHAMIKY IPOLECY IPH 3HAXOIKCHHI HOBOI
ONTHUMAJIBHOI PELENTYPH, 3 OOMEKUTHCH PIBHIHHIM CTATHKH.

3anmmemo ninboBy (QyHkuiro (gami L) i oOMeKkeHHS:

Fxy, x2) = x1(g1 — g3) +x2(g2—g3) — min, IK>IK,,,x>20,0,>0, 1 -x -x,20

I g1, €2, €3 — BAPTOCTI OJMHULI MacH KOMIIOHEHTa; 1K, — 3aBmanns Ha IK.

Tyt IK 3HaX0AWTHCS 3TIAHO MOJEIN CTATHYHOTO PEKUMY poOoTH. Uepes HasBHE HENIHIHHE OOMEIKCHHS THITY
HEPIBHICTh NMOCTAa€ HEOOXITHICTh BHKOPHCTAHHS ITCPATHBHUX CHOCOOIB 3HAXOMKCHHSI ONTHUMYMY. [IpOTIOHY€ETHCS
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BHKOPHCTAHHSA CYYacHHX MeToAiB 3a aomomororo MATLAB. Bukopucraemo BOyaoBaHy (yukuiro fmincon. L
M ATIpOTpaMa A03BOIIE 3HAXOJUTH MIHIMYM HENIHIHHOT (DYHKIIT TPH HASIBHOCTI JIHIMHUX Ta HETHIHHUX 00OMEKCHb
THUITYy PiBHICTb Ta HEPiBHICTS. B AaHiit poOoTi BUKOpHCTaHO anroputM ActiveSet.

Tak fx y BHPOOHHYIOMY TPOLECI MOXKC BHHHKHYTH HCOOXITHICTH 3MiHM 3aBHaHHA HA IK (Hampukiaz, mpu
mepexoai Ha BUPOOHUITBO iHIIOT Mapku TB Ha AaHiH miHii), TO MOCTAE 3a1a9a PO3PAXYHKY ONTHMAJILHOTO IDIAHY
KEPYBaHHS, KOTPUHA 3a0€3MEUUTh IIBHAKHH MEPEXiZ J0 HOBOTO 3aJaHOTO PEKHMY. TYT MOXIHBI TPH BapiaHTH
PO3BHTKY IOIIH:

1. TTopoxkHiH 3MINTyBa4 3aMMOBHIOETHCS HOBOKO CHPOBHHOK. PenenTypa 3HAX0IUTHCS K HABSACHO BHIIC.

2. 3MimyBad He OPO>KHIH, ane CHPOBHHA 3 HBOTO HE BUXOIUTb.

3. Burpara 3i 3MimIyBada HE IPHITHHIETHCS.

[Ipu apyromy BapiaHTi PO3BHTKY MOJIH MOKHA CKOPHCTAaTHCh MOAM(IKOBAHHM METOJOM 3 HOIECPEIHHOTO
po3ainy, a caMe OOMEKEHHS Ta KPUTEPIH ONTHMAIBLHOCTI IIPEICTABUTH B HACTYITHOMY BHUTJISIAL:

FMh, M) = Mi(g1 — g3) + Mg — g3) — min, My + My < My — M,
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e M, — 3aBAAHHA HA KiHICBY MAcCy CyMimii; M, — Maca CyMimIi, mo BXC HASBHA Y 3MIIMYBadi.

CKOPHCTABIIUCH MPOTPAMOIO TIOTIOHO0 A0 3aCTOCOBAHOI BHIIC MOKHA 3HAWTH ONTHMYM.

Y TperboMy BHIAAKY HCOOXIZHO 3a0C3MCUYMTH CKOHOMIYHO MOUIMBHHN 1 HAWOLNBIN TIBHIKHH TCPEXiTHUH
nporec. [IpOTIOHY€THCS KEPYBAHHS B TPH CTAIIH:

IHepwiuii eman. 3HAXOMKCHHS TAKMX KCPYBaHb HA IICH MOMCHT KBAHTYBAHHS, IO 3a0e3NeuyBaId O MakCH-
Mizarmito BigHomeHHs mpupocty IK 10 (iHancoBuX BHTpaT Ha mEe KepyBaHHA lIpm ObOMYy Mae€ BHKOHYBATHCH
mepeBipka un He Oyae 1K, mo Moske OyTH OTPHMAHO BHACTIIOK TAKOTO KCPYBAHHA, OiTbImit 32 3aBAAHHA. SIKIIO Hi,
TO HOBTOPIOETHCS IIEH eTarl. SIKIO Tak, TO BHKOHY€ThCS IIEPEXi/T 10 HACTYITHOTO ETaITy.

Jlpyeuii eman. 3HAXOHKCHHS TAKUX KEPYBaHb, MO0 32 OAMMH KPOK KEPYBAHHSI OTpUMATH 3ananui [K.

Tpemiii eman. Tligrpumanns 3amas0ro piBHA [K 32 7101IOMOTO0O aNTOpUTMY CTATHYHOI ONTHMI3aMii.

Anroput™m mepmoro eramy. [licmt 3miam 3aBmaHHsA HAa IK B Oijpmry CTOPOHY HAa KOKHOMY KPOILi HEOOXiAHO
IIYKATH TAKe KCPYBAHHS, ITPH KOTPOMY BigHOIICHHS MpHPOCTy 1K 10 eKOHOMIMHUX BHTpAT OyJe MAKCHMAJIbHUM.
[TpuBenemo kpuTEPii 10 3373l MiHIMIZALIT 1 OTPUMAEMO:

FQ(K), Ma(k). Ma(k)) = (IK(k) — IK(k — 1)/(Mi(k)gy + Ma(k)g: + Ms(k)gs) — min,
M (K) > Mg = MK) + M), M (k) < Mo = M(K) + M(k). 51 (K) M (k) < M, %208) My (k) < Mo,
(1 = x1(k) = x5(k)) M5 (k) < Mo, 1K) + x2(k) < 1, x1(k) 2 0, x2(k) 2 0,

e M, Ta M, — MiHIMAJTBHA TA MAKCHMAJIbHA JOMYCTHUMI MACH CHPOBHHH Y 3MIITyBa4i; M., Monae, Mamax,
— HOPOMYCKHI 3JATHOCTI TPAHCTIOPTHHX CHCTEM JJI1 KOKHOTO 3 KOMIIOHCHTIB; My (K) = M, (k) + M,(k) + Ma(k);

Ortpumany 3amady CTaTHdHOi onmTuMisamii. Po3B smxkeMo 1i 32 TOTOMOTOI0 METOAA MO BHKOPHCTAHO Y PO3ILIL
CTaTUYHOI OMTHMI3aMii.

[TizcTapnsroun OTPUMaHI ONTHMAIbHI KEPYBAHHSI Y MATEMATHUHY MOJCIb 00’ €KTa OTPEMAEMO ITPOTHO30BAHUH
HA HACTYIHUHA MOMCEHT KBaHTYBaHHA K. [Ipu mepeBHIeHHI HIM 3aBAaHHS MEPEX0IMMO 10 HACTYIHOTO eramny. [Ipu
JIOCSITHECHHI 3aBJAHHS IEPEXOIUMO O TPETHOTO €TaIly. B iHIINX BHIIaIKaX IIOBTOPEOEMO LICH €Tl

AJNropuT™ IpyTOTO €TaIly IMOJUIraE y MiHiMizanii (piHAHCOBHX BHTpAT IPH OOME)KEHHI HA KCPYBAHHS, 3a1aHUH
IK Ta Mmogens!
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Fa(k), xa(k), My(k)) = My (R)(e(g1 — g3) + %282 - g3) +g3) — min,
My (k) 2 Muin — M(k) + Mo(R), M5 (k) < Minax — M(K) + M), x1 ()M (k) < Mimax, X2(-)My (k) < Manax.,
(1 = x1(k) = x2(0)My (k) < M, x1(k) +x2(k) < 1, x1(k) = 0, x2(k) 2 0, IK2 1K, .
Buxopucraemo nporpaMHy OIiOHY 10 HABSACHOI BHIIIC.
AJTOpUTM TPETHOTO €TAIY PO3IIITHYTO V PO3ILIL CTATHYHOI ONTHMI3amii.

Jns imitauwii mepeOiry mpomecy y daci HammcaHo mporpamy B cepemosumi MATLAB. B wid 3i0pani
PpO3pobIIeHi B LiH poOOTI AITOPUTMH ONTUMAIBHOTO KepyBaHHA. [IpuKiIa BUKOHAHHS HAa pUCYHKAX 1 Ta 2.
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Puc. 2 — Ilapamerpu YTBOPEHOT CHPOBHHH, 3ABJAHHS TA KEPYBAJIbHI BIVINBH
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3amauy AmHAMIYHOI omTmMi3amii OynIo 3BEACHO OO0 TOCTITOBHOCTI 3aAad cTraTWdHOi omrmMizamii. Bymo
PO3pPOOICHO ANTOPUTMH ONTHUMANHHOTO KEPYBAHHSA 1HACKCOM KOPEDINii CHPOBHHM 1 HABEICHO IMITALiIO
MICPEXiTHUX MPOLECIiB CHCTEMH 3 KOHTPOJCPOM MIO KEPYE MPOLCCOM 32 JOTIOMOTOK) IIUX ATTOPHTMIB,

BucnoBkn. byno m0CIiKEHO TEXHOIOTIMHHN MPOLEC 3MIIMIYBAHHSI CHPOBHHH AJSI BUPOOHUITBA TEXHITHOTO
Byracuro. [IpoaHami3oBaHO MJOUITHHICTE PO3POOKH HOBOI CHCTCMH KCPYBAHHA. PO3pOOJCHO anropuUTMH
3HAXO/DKCHHSA ONTHMANbHOI pementypu. Jlama po3poOKa A03BOJMTH BIPOBAJUTH AaBTOMATH30BAHY CHCTEMY
ONTHUMATHHOTO KEPYBAHHA MPOLECOM 3MIMIYBAHHA CHPOBHHH [ BHPOOHHWITBA TEXHIUYHOTO BYIJCIFO IO
T ABHIIATH EKOHOMIKY BUPOOHHITBA I KOHKYPEHTOCIIPOMOJKHICTD 32 PAXyHOK 30UIBINCHHS IIBUAKOLI, 3MCHIICHHS
(pIHAHCOBUX BHTPAT 1 MO’KIMBOCTI HANPABHTH 3BIIBHCHI JIOJACHKI PECYPCH HA BHPIIICHHS IHIIUX AKTYaJbHUX
mpooIeM.
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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
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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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MOJIEJIOBAHHA YCAJIKHA HOJIIMEPHOI'O BUPOBY
B ITPOIIECI JINTTA IIIJI TUCKOM

1Ipogedero uucnose MOOEMOBAHHA NPOYeCy TUMM NiO MUCKOM. PO32NaHYmo TUumms mMOHKOCMIHHO20 gUpoby muny
«Kpumixa» i3 noniemuneHy Huzexkol eyemumy. Iloxazano pesynvmamu MOOENOSAHHA, WO OO036ONUNY GUABUNIY
sanesicnicms Oehopmayii, cepeonvol ycaoku, vacy nepebysanns y opmi ma uacy 3an06HeHHs 8i0 memnepamypu
Qopmu. Busgnero, wo 3i 30invueHHAM memnepamypu opmu 3MmeHuLyemocs Oeghopmayia eupoby, HeobXiOHul
MUCK JUMMA MA 4ac 3an0gHeHHA PopMu, npome 36iTbULYEMbC CepeOHs YCaoKa ma Yac nepebysants y hopmi.
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Mocranoska nipodJemu. JINTTS X THCKOM € OJHHM 3 OCHOBHHX CIOCOOIB MEPEepOOKH MIACTMAC, SAKHH Ja€
3MOTY BUTOTOBIIITH ACTAM MPOCTOi i CKIaaHoi (popmu. J[st BATOTOBICHHS ACTANCH BUKOPHUCTOBYHOTh TEPMOTLIACTH
0¢3 HANIOBHIOBAYIB (TOTICTHPOJ, TONICTHICH, KANPOH, JABCAH, NOJIYPeTaH TOmoO) ado i3 ANCHCPCHHUMH
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