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IocranoBka npo6aemu. Texuiynuii Byrieus (nani TB) BUKOPUCTOBYETHCS, B OCHOBHOMY, JUISl TIOCHJICHHS
pesun. Voro nonaBaHHs N03BONs€ 3GiNbIIMTH CYNPOTHB PE3MHM CTHPAHHIO Ta i MillHiCTh. BimM3bKO cimMaecaTu
BIZICOTKIB BUI'OTOBJIEHOTO TB BUKOPHCTOBYETHCS IpU BUPOOHHMLTBI MIKH. 32 JaHUMHU HaBeleHUMH y [1] BUIHO 110
o0csT BupoOHuITBa TB y cBiTi HeBIMHHO 3pocTae mounHaoun 3 2010 poky (y 2008 ta 2009 pokax OyB cnax depes
eKOHOMIUHY Kpu3y). Uepes 1e cTae nenami OibIl 3HAYMMHUM IIATPHIMAHHSI HEOOXITHOT SKOCTI 1 ACMICBU3HH TaHOTO
MPOAYKTY 337151 30POBOi KOHKYpeHIii (i B3arami il MOXKIIMBOCTI) HA pUHKY.

VY BupobHuuTBI TB cHpoBHHOIO € cymim OaraThOX BYIJIEBOJAHIB. BCi BOHH € MOOIYHUME TpPOAYKTaMu Had-
TOXIMIYHOT UM KOKCOXIMIYHOI TPOMHCIIOBOCTI, TOMY iX CKJIaJl MOXKE KOJMBATHCh HABITH Y OJTHOTO MOCTadaNbHHKa [2].
Uepes 1e MOCTa€ MHMTaHHS BU3HAYCHHS ONTHMAIIBHOI PELENTYpHM CHUPOBHMHH INpPH KOXHIiM mocraBmi. s 1poro
HEOOXiJTHO PO3pOOUTH MaTeMaTHYHYy MOJEb IO J03BOJMTH MPOTHO3YBaTH Nepedir mpolecy 1 CHHTE3yBaTH
ITOPUTMH ONTUMAJIBHOTO KEPYBaHHSI.

AHaJii3 nonepeaHix gociimkenb. OnTUManbHa penentypa Mae OyTH HaiOUIbII €KOHOMIYHO BUTIIHOO, TOOTO
3a0e3nevyBaTy HaWOIIBIINKA BHUXiJ] TEXHIYHOTO BYIVICII0 Ha OJAMHMIIO CUPOBUHH. Taky penentypy B HHUHIIIHII yac
BU3HAYAIOTh B JIabopaTopii, MPOBOJSAYM CEPil0 JOCIHIAIB HaJ KOMIIOHEHTaMH [3]. ABTOMAaTH30BaHOI ) CHUCTEMH
KEpyBaHHS PELENTYPOIO Ha TaHUH Jac He iCHYE.

Metoi0 podoTH € po3poOKa MaTreMaTHYHOI MOJEN TpOIecy 3MIIIyBaHHS CHPOBHHHM IJIsI BHPOOHHIITBA
TEXHIYHOTO ByrJiemto. L{e HeoOXiMHO Uil CHHTE3y alropuTMiB ONTUMAJIbHOTO KEPYBAaHHS PEENTYypOI0 CHPOBHHH,
KOTpl JO3BOJISATH 30UTHIINTH €(QEKTHBHICTH MIIIPUEMCTB 3 BHUTOTOBJICHHS TEXHIYHOTO BYIJICHIO 1 HAIPaBUTH
KBaJi(hiKOBaHi JIFOJICHKI PECypCH Ha BHPIIICHHS iHIINX aKTyaIbHUX TpobieM [4].

MartemaTHyHe MOJeTIOBAHHA 00’ €KTAa KepyBaHHSI.

OnmHUM 3 mapaMeTpiB 10 XapaKTepU3yIOTh SKICTh CUPOBUHH € iHnekc kopensuii (zani IK). Bin xapakrepusye
Buxig TB Ha oIWHUIIO CUPOBUHHU.

ITpu po3pobmi MaTeMaTHYHOI MOJIeJIi TPUHHATI TaKi MPUITYIIEHHS:

1. Mix Toukamu Binoopy iHdopmarii Ta peakTopoM He BiIOYBa€ThCS XIMIUHMX pEaKIiil.

2. 3MillyBaHHS MPOXOAMTh 33 NPUHIMUIIOM 1/1€ajIbHOTO 3MilllyBaHHS. 3 IIbOTO MOYKHA 3pOOMTH BHCHOBOK IO
00’€KT Ma€ 30cepeKeHi mapaMeTpH.

MareMaTiyHa MoOJENb OyAe po3pOONATHCH BUXOIAYH 3 [5] Tak sSK 3amporoHOBaHO y [6]. 3amis CTBOpEeHHS
MPOTIOHOBAHOI CHCTEMH KEepYBaHHS HEOOXIZHO BHECTH IEBHI 3MiHM y TEXHOJOTIYHY CXeMy NpOIecy, a caMme Bif
TpyOOIPOBOIIB, B KOTPUX TEUyTh KOMIIOHEHTH, 3pOOUTH BiATaTy>KEHHS i MPOBECTH IX Yepe3 TeIUIOOOMIHHUKH, JIe
KOMIOHEeHTH OymyTh HarpiBatuchk no 100 °C. Ile HeoOXimHO UTs BU3HAYEHHS IX AWHAMIYHUX B’SI3KOCTEH 3a Takol
temnepaTypHu. ITicns TenIooOMiHHUKIB KOMIIOHEHTH MOXKHA ITOBEPHYTH y OCHOBHI IIOTOKH.

B nopanemomy 6yayTh BAKOPUCTOBYBATHCH Taki mosHaueHHs: Q1', Q2Y, Qs'— 06’ €MHi BUTpaTH KOMIIOHEHTIB IpH
temnepatypi t °C, m%/c; G1, G2, G3 — MacoBi BUTpaTH KOMIIOHEHTIB, KI/c; p1', p2l, ps', p' — T'YCTUHM KOMIOHEHTIB i
cupoBuHH 3a Temmeparypu t °C, xr/m%; wit, M2t, M3 t, Mt — AMHAMIYHI B A3KOCTI KOMIIOHEHTIB Ta CHPOBMHM HpU
temnepatypi t °C, Ta-c; vt — KiHeMaTHYHA B’ A3KiCTh CUPOBMHU NpH Temrepatypi t °C, M%/c; ts1, 1, tss — TeMnepatypu,
IIpH SIKUX OyJIM BUMIpSAHI TyCTHHU KoMIOHEeHTiB, °C; IK — iHnexc kopemsimii cHpoBUHH.

[Hnexc xopernsrii MOXHA 3HAHTH HACTYITHUM YHHOM [5]:

IK= 915,97d420 +23,68/vi00 — :|.99,63/(d420)2 — 629,76

ne d4?° = p?/p,* — BinHOCHA rycTMHA cvpOBHHY (BifHOEHHS TycTHHY cupoBunu ipu 20 °C J10 TYCTUHY BOIM
npu 4 °C, npu gomy p,* = 1000 kr/md).

V naniit popMyJi BUKOPUCTOBYETHCS MM2/C SIK PO3MIPHICTb KIHEMATHYHOI B’SI3KOCTi, TOMY HaBeIeMO (pOpMyJTy
BiJIMOBI/IHO /10 KIHEMATHYHOT B I3KOCTI BUMIpsHOi y M%/c i migcraBumo Bupas d.2° = p?%p,+:

IK = 915,97p%/p,* +2,368:105/v100 — 199,63/(p*/ps*)2 — 629,76

I'ycTuHy cUpOBMHH MOYHA 3HaiiT Tak p' = (p1'Q1' + p2'Q2t + ps'Qa')/(Qqt + Q2 + Q3Y)



HeoOxigHO mpuBeCTH TYCTHHH KOMIIOHEHTIB MO TemmepaTypi. JIJIS 1bOro CKOPHCTAEMOCH TEMIIEPaTypHOIO
nonpaskoro ryctuan ag = 0,7 kr/(m3x°C) [7], [2] Ans KokcoxiMiuHOi cupoBUHH (KOMHOHEHT 1) Ta o2 = az = 0,65

3 L. . ptnn — ptBn +o (t _t ) ptnn
kr/(M°*x°C) [2] nns HadToxiMiuyHOT cUpoBUHM (KOMITIOHEHTH 2 Ta 3) 3a ¢popmyioro Fn n n\en  m/ npe bn
— NpUBEJIEHA JI0 tIN TyCTHHA KOMIIOHEHTa N, Kr/M3; ptrf” — BUMIpsIHA [IPU TeMIeparypi tBn rycTHHa KOMIOHEHTa N,

Kr/M3.

KinemaTnyHy B’S3KiCTh CHPOBHHH MOXXHA 3HAHTH depe3 IWHAMIYHY SK Vipo = [L100/P100, @ JHHAMIYHY MOXHA
3HAWTH 3a (I)OPMYJIO}O ManHa pigo = (Qlloo + Q2100 + Q3100)/(Q1100/},L1 100 + Qzloo/}iz 100 + Qaloo/},la 100).

V BumeHaBeqeHUX (PopMyIaX BUKOPHUCTOBYIOTHCS 00 €MHI BUTpaTH. Uepe3 MacoBi BUTPATH X MOYKHA BUPA3UTH
tak Q'= G/p'.

[To3HaunmMo cyMy MacoBHX BUTpAT KOMITIOHEHTIB y 3MilryBad sik G. MoxxHa Bupasutu MacoBi Butparu Gi, G, Gs
Yyepe3 MacoBi KOHLEHTpalil KOMIOHEHTIB y cupoBuHI Ta G. [lo3Haummo mi KOHUEHTpauii K X1, X2, X3. MoxHa
BUPA3UTH OHY 3MIHHY X1, X2 UM X3 4epe3 1Bl iH1i. [Ticyis oueBUIHUX EepeTBOPEHb OTPUMAEMO PIBHSIHHS CTATHKH:

IK =0,91597 - (——* N N 31_X1_X2 o
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~1,9963-10° | ——— s p— 629,76
p +ay(t, —100) p,* +a,(t, —100) p,= +a,(t, —100)

JluHaMiKy Mpolecy MO>KHa MPEACTaBUTH B IUCKPETHOMY Yaci Tak:

IK(K) = 0,91597 - p® (k) +2,368-107° - p (K) / py0 (K) —1,9963-107* - (p?° (k))? — 629, 76
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ae M(K) — maca akymynpoBaHoi y 3minryBadi cymirri, kr; Mi(k), Ma(k), Ma(K) — HagxomKkeHHS KOMIIOHEHTIB Y
3mimyBad, Kr; Mc(K) — BEXiZ CHPOBHHHU 31 3MillIyBaya, KT}

Bapro momituti 1o iHdopmaris npo BUTpaTy CHPOBHHH 31 3MilllyBaya Ma€ MOCTYIATH SIK OJHE 3 3aBJaHb y
CHCTEMY KEepyBaHHS PELENTYPOIO Bi/l CHCTEMH KEpPYBaHHS PEaKTOPOM.

Tak sx Kepyrodi BIUTUBU (KOHIIEHTpAIlil abo X MacoBi BUTPATH KOMIIOHEHTIB) B3a€MOIIOB’s13aHi, JOCIIIKCHHS
CTaTHYHHMX XapaKTEPHCTHK 3a KOXXHUM 3 KaHAIIB BHIY «BHTpaTa KommoHeHTa — IK» HemopewHo, Tak sIK y
MPOTIOHOBAHIM CHCTEMI KepYBaHHS KePYIOUi BIUIMBH MAIOTh 3MIHIOBATHUCH OJJHOYACHO 1 B3aeMONoB’s13aH0. HaroMicTh
MPOTIOHYETHhCS BUKOPUCTAHHS OaraTOBUMIPHMX CTaTHYHHX XapaKTEPHCTHK 110 €IMHOMY KaHAly «KOHIEHTpALii
KOMITOHEHTIB — 1H/IEKC KOpEJsLil CUPOBUHM» ISl OJTHOI0 KOHKPETHOTO BUMAJKy 30ypeHb (maHi B3srTo 3 [3], [8] Ta
[2]), a came: p1i® = 1074 xkr/m®, p2t% = 1068 xr/m5, p3'® = 858 kr/m®, p1100 = 2,148:10° Ma-c, pa100 = 2,67-10° Ma-c,
W3 100 = 2,3 166-1 0_3 ITa-c.

Ie mo3BoIsIE TOOYMYBATH CTATHYHY XapaKTEPUCTHKY 0 €MHOMY KaHay «KOHIIEHTpaIlii KOMIOHEHTIB — IHJEKC
KOpeJsilii CUPOBMHU» JJIsl 1bOTO BHUOAAKy. JlJisi LbOTO y PIBHSHHS CTATMKU MIiJICTABUMO IPHITYIHIEHI 3HAYECHHS
30ypeHsb i 300pazumo. Ha pucyHkax Hibk4e MpeIcTaBieHa CTaTUYHA XapaKTePUCTUKA 3MillTyBada o0y 10BaHa 3TiTHO
NPUITYIIEHb Y TPUBUMIPHUX KOOpAWHATAX Ta Y JIBOBUMIPHHX (y BUIJIsAAL ciMelcTBa rpadikis).
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Puc. 2 — CtaTuyHa XapaKTepHCTHKA 3MilTyBada
npeAcTaBJieHa ciMelicTBoM rpagikis

Puc. 1 — CraruyHa XapakTepucTHKA 3MillyBada
Npe/cTaB/IeHa Y TPMBHMIPHUX KOOPAMHATAX

3 1MX PUCYHKIB BHIHO, 110 HaiOutemmii IK cHpoBHHM OTpUMYEMO NPH BHUKOPUCTAHHI JIMIIE IEPLIOTO KOM-
MOHEHTa, ajie MpU LOMY CIIiJ HaM’sTaTH 10 BapTiCTh KOMIIOHEHTIB KOKCOXIMIYHOTO MOXO/KEHHS Olnblla HiX
BapTICTh KOMIIOHEHTIB Ha(TOXIMIYHOrO MmoXo/pkeHHs. Uepe3 e mocrae HEOOXiTHICTH y PO3pOOLi alropuTMmy
3HaXOJDKEHHS ONTHMAIIBHOT PELIENTypH 3 BpaxyBaHHIM BapTOCTi 3aKyIKA KOMIOHEHTIB.

[ToOynyemMo nepexiHi IpoLecH MpH pi3HUX 3MiHAX BXOIB (BUTpPAT Ta SIKICHUX XapaKTEPUCTUK KOMIIOHEHTIB) Ta
HEe3MiHHiH BUTpaTi HA Buxoi. s npukiamy Oymu oOpaHi Taki CTYIMIHYACTI1 BIUIMBU: BUTPAaTa OJHOTO 3 KOMIIOHEHTIB;
TYCTHHA OJJHOTO 3 KOMIIOHEHTIB; TMHAMI4YHa B’SI3KiCTh OJJHOTO 3 KOMIIOHEHTIB.

Puc. 3 — Ilepexignnii npouec mpu 30iabIeHH]
MACOBOI BUTPATH NepUIOro KoMmnoHneHnra Ha 20%

Puc. 5 — Ilepexignuii mpouec npu 30inbmenni
rycrunu (100 °C) nepmoro komnoHenta Ha 20%

Puc. 4 — IlepexigHuii nmponec Npu 3MeHIIEeHHI
MAacOBOI BUTPATH NepUIOro KoMImoHeHnTa Ha 20%

Puc. 6 — Ilepexinnuii npouec mpu 3MeHIIeHH]
rycrunu (100 °C) nepmoro komnonenTa Ha 20%



Puc. 7 — Ilepexinnuii npouec npu 36i1bmeHHi Puc. 8 — Ilepexignuii mpouec npu 3MeHIIeHHi
B’sa3kocTi (100 °C) nepuioro komnoxenra na 20% B’sa3kocTi (100 °C) nepumioro komnoxHenrta na 20%

BucHoBku. Byno nocmimKeHO TEXHONOTIYHUNA MPOIec 3MINTYBaHHS CHPOBUHH ISl BUPOOHHUITBA TEXHIYHOTO
Byriemto. [IpoananizoBaHO MOMITBHICTE PO3POOKH HOBOI CHCTEMH KepyBaHHA. Po3pobieHO MateMaTHYHY MOJEINb
nporiecy. B mamiift po0OoTi po3risfHyTa akTyalbHAa HAayKOBa Ta IMPakTHYHAa NpoOiIeMa MOJCTIOBAHHS IIPOLECY
3MilIyBaHHS CUPOBUHH. byna HaBezeHa akTyalbHICTh JaHOI PO3POOKH, a TAKOXK MOXIIMBI IIUISIXM BUKOPUCTAHHS, a
caMe CHHTE3 aJITOPUTMIB ONITHMAILHOTO KEPyBaHHS PELEHTYPOIO CUPOBHHH Ha 0a3i1 IKMX € MOYIJIUBUM MIPOCKTYBaHHS
CHCTEMHU KepyBaHHs PELENTypol CHUpPOBMHHU. [laHa po3poOKa 103BOJIMTH ONTHUMI3yBaTH BHUKOPUCTAHHS HasiBHUX
pecypciB Uist 301IBIICHHS TPOAYKTUBHOCTI BUPOOHHUIITBA TEXHIYHOTO BYTJICIFO Ta 3MEHIIICHHSI COOIBAPTOCTI OIUHHUIII
npoaykuii. [le miaBUIUTE €EKOHOMIKY BUPOOHHUIITBA | KOHKYPEHTOCIPOMOIXKHICTD 38 paXyHOK 301IbIICHHS IBUIKO/IIT,
3MEHILIEeHHS (hiHAHCOBUX BUTPAT i JAaCTh MOXJIMBICTh HANPAaBUTH KBali(hiKOBaHI JIIOACHKI PeCypcH Ha BHPILICHHS
IHIIMX aKTyanbHUX mpobaeM. [ 3pydHOCTI TOaIbIIOro MPakTHYHOTO BUKOPHCTAHHS POIIOHYETHCS 3HAXOMKESHHS
ONTUMAJEHUX KEepyBaHb NPH 0aratbOX pi3HUX 3HAYCHHSIX MapaMeTpiB KOMIIOHEHTIB Ta MOYATKOBHX YMOBaxX 3
HOJAIIBIION0 anpoKcHManiero. 1le 103BoIHTh BUKOPUCTOBYBATH MPOIIOHOBAHI AJITOPHTMHU 3 BUKOPHCTAHHAM MEHILO]
KUTbKOCTI TEXHIYHUX PECYypCiB.
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Havrysh B. A., Korzhyk M. V.

MATHEMATICAL MODELING OF MIXTURE PROCESS RAW MATERIALS FOR MANUFACTURING
CARBON BLACK

It was investigated the technological process of changing the raw material for the production of technical carbon.
The expediency of developing a new control system is analyzed. The mathematical model proce-su is developed.
The volume of carbon black production in the world does not increase since 2010. Moreover, it will help to increase
the quality of help and quality of money in the market.



The optimal formulation should be as economically profitable as possible, that is, to choose the highest yield of
technical carbon per unit of raw materials. This formulation is currently determined in the laboratory by conducting
a series of studies on components. Automated recipe management system does not exist at this time. Since the
production of TV raw materials is a combination of many hydrocarbons and all of them are combined with products
of the petrochemical or coke industry, through which their composition can fluctuate on a single user, raises questions
about the optimal formulation of raw materials for each supplier. To do this, you need to develop a mathematical
model that will allow you to predict the review of the process and synthesize optimal control algorithms.

In this paper, the actual scientific and practical problem of modeling the static and dynamic regime of the raw material
process for the production of technical carbon is considered. The current development was introduced, as well as the
possible use of the paths, namely, the synthesis of optimal management of raw recipe management, which can be used
to optimize the recipes. This development will allow to optimize the types of use of available resources to increase the
productivity of technical carbon production and reduce the number of production units. It improves economic
efficiency and reduces the speed of costs, reducing financial costs and giving the opportunity to quasilifting human
resources to solve other pressing problems. Transition processes have been built, aimed at the implementation of
different models. They attest to the transient process of the first-order links.

Because of the significant nonlinearity and dependence, each other influences one another from the proposed
automatic system of optimal control of the linearization of the object. For the convenience of further practical use, it
is proposed to attract optimal controls at different meanings of the initial rates for further approximation. This will
allow the proposed algorithms to be used with fewer technical resources.

Keywords: carbon black, soot, correlation index, mathematical model.
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