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Hocranoska npodaevn. TexHivHNA ByTep (Aami TB) BHKOPHCTOBYETHCSA, B OCHOBHOMY, I HOCHICHHS
pesun. Moro 107aBaHHs 103BONsE 30iMBIIMTH CYNPOTHB PC3MHH CTHPAHHIO Ta il MinHicTh., Bim3bko cimmecsaTw
BIZICOTKIB BUTOTOBJICHOTO TB BHKOPHCTOBY €THCS IIPH BUPOOHUITBI IIHH. 32 JAHUMH HaBeACHUMH v [1] BHIHO mIo
o0csr BupoOHuITBa TB v CBiTi HEBMMHHO 3pocTae mounHaroud 3 2010 poxy (v 2008 Ta 2009 pokax Oys crax uepes
EKOHOMIUHY KpH3y). Uepes me crae aexami OibIn 3HAYAMEM ITATPHMAHHA HEOOXITHOI SIKOCTI 1 IEIICBU3HH JAHOTO
MPOAYKTY 341 3A0POBO1 KOHKYPSHIIi (i B3arai ii MOMUIHBOCTI) HA PHHKY.

VY BupoOHuITBI TB CHpPOBHHOIO € CyMinn 0ararbOX BYTJICBOAHIB. BCl BOHM € MOOIMHMMH HMPOAYKTaMH HAd-
TOXIMIYHOI UM KOKCOXIMIYHOI IPOMHCIOBOCTI, TOMY iX CKJIaJ MOXKE KOJHMBATHCh HABITH ¥ OJHOTO MOCTAYaJIbHUKA
[2]. Yepes me mocTae MUTAHHS BU3HAYCHHS ONTHMAIBHOI PEIENITYPH CHPOBHHH NPH KOXKHIM mocrasmi. st nboro
HEOOXiTHO PO3POOHTH MAaTEeMATHYHY MOJCTH INO JO3BOJINTH IIPOTHO3YBATH IEpedir IPOLECYy 1 CHHTE3YBaTH
ANTOPUTMH ONTHMAIIBHOTO KEPYBAHHSL.

AHaJni3 nonepeaHix gocizkens. ONTHMANBHA penenTypa Mae OyTH HaHOIIbI EKOHOMIYHO BHTITHOO, TOOTO
3abe3nedyBaTi HAaHOIIbIIMH BUX1A TEXHIYHOTO BYTJICIIO HA OJWHHIEO CHPOBHHH. TaKy pelenTypy B HHHIIIHIA Yac
BH3HAYAKOTH B JA0OPATOpii, MPOBOIIYH CCPit0 TOCTITIB HAA KOMIOHCHTAMH [3]. ABTOMATH30BAHOI K CHCTCMH
KEPYBAHHS PEUENTYPOIO HA TAHHH Yac HE ICHYE.

Meroio po0oTH € po3poOKa MATEMATHYHOI MOJCTI IPOLECY 3MIINYBAHHS CHPOBHHH A1 BHPOOHMIITBA
TEXHIYHOTO BYTJIEI0. Lle HEOOXiTHO A1 CHHTE3Y AITOPHTMIB ONTHMAIBHOTO KEPYBAHHS PEICITYPOIO CHPOBHHH,
KOTpl MO3BOJIATH 30IMBINIMTH CPESKTUBHICTH INJNPHEMCTB 3 BHTOTOBJCHHS TEXHIYHOTO BYIJICIIO 1 HAIPABHTH
KBaJi(hiKOBAHI JIOACHKI PECYPCH HA BUPIMICHH {HITUX aKTYaJIbHUX IpodieM [4].

MaremaruiHe MOAeTIOBAHHSI 00’ €KTA KepYBAHHSL.

OmHuM 3 MapaMeTpiB IO XapaKTePU3YIOTh SKICTh CHPOBUHH € iHAeKC Kopemamii (mam IK). Bin xapakrepmsye
puxix TB Ha OTUHHITO CHPOBHHH.

[Tpu po3pobii MareMaTHIHOT MO PHHHATI TaKi MPHUITY ICHHS:

1. Mix Toukamu BigOopy iH(popMaiii Ta peakTopoM HE BiTOYBAETHCS XIMITHUX PEAKIIH.

2. 3MIIIyBaHHSI MPOXOJWTDH 32 MPHUHIMIIOM IACANPHOTO 3MIMIyBaHHS. 3 I[bOTO MOKHA 3pOOHMTH BHCHOBOK INO
00’ €KT Ma€ 30CEPEHKEHI TTAPAMETPH.

MatemarudHa MOACHb OyAC PO3POOIATHCh BHXOMMIH 3 [5] Tak AK 3ampOmOHOBAHO y [6]. 3am1d CTBOPCHHSA
TIPOTIOHOBAHOI CHCTEMM KEPYBAaHHS HEOOXiTHO BHECTH IICBHI 3MIHH YV TEXHOJIOTIMHY CXEMy HPOIECY, a caMe BiJ
TpyOOTIPOBOIB, B KOTPUX TCUYTh KOMIIOHCHTH, 3pOOUTH BIATANYKCHH 1 IIPOBECTH iX Yepe3 TEIIIO0OMIHHHKH, JC
KOMIOHCHTH OyayTh HarpiBatuch 10 100 °C. Lle HeoOXiaHO AT BH3HAYCHHA iX JHHAMIYHHX B S3KOCTCH 3a Takoi
temmeparypu. [Ticis TermooOMIHHHKIB KOMIIOHCHTH MOYKHA TIOBEPHYTH Y OCHOBHI IIOTOKH.

B mofanmsmoMy GyAyTh BHKOPUCTOBYBATHCh Taki mosHaueHHA: O, Q5 O3’ — 06 €MHi BUTpPaTH KOMIOHCHTIB
npu Temuepatypi ¢ °C, m/c; Gy, G, G; — MACOBi BUTPATH KOMIIOHCHTIB, KI/C; i, p,’, ps’, p' — I'YCTHHH KOMIIOHCHTIB
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i cupoBuHH 32 Temneparypu ¢ °C, Kr/M3; Wz Wy U3z Ly — JHHAMIYHI B S3KOCTI KOMIIOHCHTIB T4 CHPOBHHH IMPH
temmeparypi ¢ °C, Tlac; v, — KiHEMATHYHA B A3KiCTh CHPOBHHH TpH Temmeparypi ¢ °C, M/C; Ly, Lo, s —
TEMIICPATYPH, TIPH SKUX OyJIH BUMIPSHI TYCTHHU KOMIIOHEHTIB, °C; IK — iHmekc kopeinii CHpOBHHH.

THmeKC KOpeIii MOYKHA 3HANTH HACTYITHAM YHHOM [5]:

IK = 915,97d,™ + 23,6800 — 199,63/(d,*°)* — 629,76

e di° = p™/p," — BiTHOCHA I'yCTHHA CHPOBHHH (BiJHOIICHHA I'yCTHHH CHPOBHHE Tpu 20 °C 10 I'YCTHHH BOIHM
npu 4 °C, mpu yomy p,” = 1000 kr/ar).

V maniit (popMyTi BAKOPHCTOBYETBCA MM /C AIK PO3MIPHICTh KiHEMATHYHOI B A3KOCTi, TOMy HABEAEMO (hOPMY.IY
BIMOBITHO 10 KIHCMATHYHOL B’ I3KOCTI BUMIPAHOL ¥ M/c i macTaBuMo BHpA3 d420 = pzo/p;‘:

IK = 915,97pIp," + 2.368-10° Ao — 199.63/(p™Ip, N2 — 629,76

['yCTHHY CHPOBHHE MOKHA 3HATH Tak p’ = (p,’O1’ + p,'0y" + ps' OO + O, + 05)

HeoOxinHO mpuBECTH TYCTHHHM KOMIIOHEGHTIB MO Temmeparypi. J1i mbOro CKOPHCTAEMOCH TEMIIEPATYPHOIO
NONPaBKO0 TycTHHA o = 0,7 kr/(M°x°C) [7]. [2] AN KOKCOXiMiuHOI CHPOBHHH (KOMIOHEHT 1) Ta o, = a3 = 0,65

3 S pm =pm oy (1)
kr/(m x°C) [2] ama HadTOXIMIYHOI CHPOBHHH (KOMIOHCHTH 2 Ta 3) 3a (opmymor ' n A

lr[n
Pn” TpHBENEHA 1O (N TYCTHHA KOMIOHEHTA N, KI/M; P — BHMIpSHA NpPH TeMmmepaTtypi tBn TyCTHHA

KOMITOHCHTA N, KT/M3.

KimematmyHy B’S3KiCTH CHPOBHHH MOYKHA 3HAWTH 4CPE3 AHHAMIYHY AK Vipo = WUioo/Proo, 4 JHHAMIMHY MOKHA
3Ha¥TH 32 Gopmynoro ManHa g = (Qlloo + Qzloo + Q3100)/ (Qlloo/ W00t Qzloo/ Wa100 Q3100/ U3 100)-

VY BumeHaBeAcHUX (POPMYJIAX BHKOPUCTOBYIOTBCSH 00’eMHI BHTpaTH. YUepe3 MacoBi BHTpAaTH iX MOXKHA
supaszutu Tak O’ = Glp’ .

[No3HaumMO CyMy MAacoBHX BHTPAaT KOMIIOHCHTIB y 3Minrysad sk (. Mo)kHa BUpasuTu Macosi surpatu (G, G,
(33 ¥epe3 MacoBi KOHICHTpALii KOMIIOHCHTIB v cupoBrHi Ta (7. [To3HAYAMO Il KOHICHTpPALIi K X1, X5, X3. MOXKHA
BHPA3ZUTH OJHY 3MIHHY X1, X, UM X3 Uepe3 Bl iHmmi. [Tic1 O4eBUIHUX IIEPETBOPEHb OTPUMAEMO PIBHIHHS CTATHKH:

1—x —
K= 0’91597.( 8l y + 182 " + B3 il )71 +
P oyt —20) p,™ +a,t, —20)  py +as (s —20)
5 X I-x —-x
Bl 1 + B2 2 + ey 1 2
2 368.10° 1 o (4 =100, ) oy (, —100)p,  py™ o (1, — 1000,
, X + X T 1- X=X )2
P oy, —100)  p,"* +au, (1, —100)  p,™ +ou, (1, ~100)
-2
1-x —
-1,9963-10 ( - ! +— %2 r— X% J 629,76
P+ —100)  p™ +o, (f, —100) ™ +o (7, —100)

JlmHaMmiky Tiponiecy MO>KHA IIPEICTABUTH B JUCKPETHOMY 4aci TakK:

IK(k) = 0,91597 - p™ (k) +2,368-107 - p'C (k) / p,00 (6) —1,9963-10™ - (p* (k))* =629, 76

I M, (%)
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e M(k) — maca akyMyITBOBaHOL Y 3MitmyBadi cymimm, Kr; M (k), My(k), M5(k) — HAIXOTKCHHA KOMIIOHCHTIB ¥
3MiIyBad, KT, M (k) — BUXiZ CHPOBHHH 31 3MiITyBaya, KT

Bapro momituta mo iHdopmamnis mpo BUTPATy CHPOBHHHM 31 3MIIIyBa4ya MA€ MOCTYNATH SIK OJHE 3 3aBJAHb Y
CHCTEMY KEPYBAHHS PELENTYPOIO BiJ CHCTEMH KEPYBAaHHS PEAKTOPOM.

Tak 5K KepyroUi BIMBH (KOHICHTPALIii 00 K MACOBiI BUTPATH KOMIIOHCHTIB) B3AEMOTIOB S3aHi, JOCTIIKCHHS
CTATHMHHUX XapaKTCPHCTHK 32 KOXKHHAM 3 KaHATIB BHAY «BHTpata koMmoHeHTa — IK» HemopedHO, Tak fK y
MPOTIOHOBAHIN CHCTEMi KEPYBAHHSI KEpPYIOUl BIUIMBH MArOTh 3MIHFOBATHCh OJHOYACHO 1 B3A€EMOIIOB S3aHO.
HaromicTes mPOMOHY€THCSI BHUKOPHCTAHHS OAraTOBHMIPHHX CTATHYHHX XAaPAKTEPUCTHK IO €IWHOMY KAHAIY
«KOHIICHTpANii KOMIIOHCHTIB — 1HIGKC KOPEIUIii CHPOBHHI» U1 OJHOTO KOHKPETHOTO BHIIAAKY 30ypeHb (IaHi
83470 3 [3]. [8] Ta [2]). a came: p' % = 1074 ke, p.'" = 1068 kr/ar, ps'™ = 858 kr/wC, 1y 100 = 2.148:107 Tlac,
12 100 = 2,67-107 Ta-c, pis 100 = 2,3166-107 Ma-c.

Lle nozBomsie moOyAyBaTH CTATHYHY XAPAKTEPHCTHKY IO €QWMHOMY KAHANTY «KOHLCHTPAIi KOMIIOHCHTIB —
IHAEKC KOPEILILii CHPOBHHM» [UIA IbOTO BHMAAKY. /U1 IIOTO y PIBHAHHSA CTAaTHKH IiJCTAaBUMO IPHITYIICHI
3HAYCHHA 30ypeHb 1 300pasmmo. Ha pHCYHKAX HIDKYC NPCACTABICHA CTATHYHA XAPAKTCPHCTHKA 3MIIMyBada
moOyA0BAHA 3T1THO MPUITYIICHD Y TPHBUMIPHUX KOOPIMHATAX TA ¥ ABOBUMIPHUX (Y BHIILAL CiMelicTBa rpadikis).

AN

Puc. 1 — CrarmvHa XapakTepucTiuKka 3MinryBata Puc. 2 — CrarmvHa XxapakTepucTuKa 3MinryBasa
MPEACTABJICHA Y TPHBHMIPHHAX KOOPIHHATAX npeacTasJieHa ciMelicTeoM rpagikis

3 IMX PUCYHKIB BHAHO, MO HanOinbmuit IK CHPOBHHE OTPHMYy€EMO HPH BHKOPHUCTAHHI JIMIIC MEPHOIOTO KOM-
TMOHCHTA, AJIC MPH MBOMY CIiT MaM ATATH IMO BapTiCTh KOMIOHCHTIB KOKCOXIMIYHOTO MOXOMKCHHA OLNbINA HiK
BapTICTh KOMIIOHCHTIB HA()TOXIMIMHOTO TOXOMKEHHA. Uepe3 Il MOCTae HEOOXITHICTh V po3poOIi anropurMmy
3HAXOHKEHHS ONTHMAJIBHOI PEUEHTYPH 3 BPaXyBAaHHIM BapTOCTi 3aKyTIKH KOMIIOHCHTIB.

IMobymyemo mepexigHi MPOUCCH MPH Pi3HUX 3MIHAX BXOIIB (BHTPAT Ta AKICHHX XAPAKTCPHCTHK KOMIIOHCHTIB)
Ta HE3MiHHIM BHTpaTi Ha BHXOAi. Jlmi1 mpukmaxy Oynmm oOpaHi Taki CTYNMIHYACTI BIUIMBH: BHTpara OJHOTO 3
KOMTIOHCHTIB; TYCTHHA OJHOTO 3 KOMIIOHCHTIB, THHAMIYHA B SI3KiCTh OHOTO 3 KOMIIOHCHTIB,

bao g s it
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Puc. 3 — Ilepexinnmii nponec npu 30116 menHi Puc. 4 — Ilepexixnmii nporec npu 3MeHIIEHHI MACOBOT
MACOBOI BUTPATH HEPHIOT0 KOMIIOHEHTA HA 20% BHTPATH IEPIIOro KOMIOHEHTA HA 20%
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e g oo b ope e
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Puc. 5 — Ilepexinnmii nponec npu 30116 meHHi Puc. 6 — Ilepexianuii mponec npu 3MeHI eHHI
rycruan (100 °C) nepmoro kommonenta Ha 20% rycruan (100 °C) nepmioro kommonenta Ha 20%

[ ——
Puc. 7 — Ilepexinnmii nponec npu 30116 meHHi Puc. 8 — Ilepexianuii nmponec npu 3MeHI eHHI
B’s3rocti (100 °C) mepmoro kommonenta ua 20% B’s3rocti (100 °C) mepmoro kommonenta ua 20%

BucnoBkn. Byno mocmipKeHO TEXHOIOTIMHUH MPOLEC 3MIMYBAHHSA CHPOBHHH JJISI BHPOOHUITBA TCXHIMHOTO
BYTICHO. [IpoaHam30BaHO JOUUTBHICT PO3POOKH HOBOI CHCTCMH KEpyBaHHA. P0O3po0iicHO MaTeMaTHYHY MOICTH
mpouecy. B mamiit poOOTI PO3TIAHYTA aKTyalbHA HAYKOBA Ta MPAKTHYHA MPOOICMA MOJCTIOBAHHA MPOLCCY
3MINIyBAaHHS CHPOBUHHU. bya HaBeIeHA aKTyalbHICTh JAaHOI PO3POOKH, a TAKOXK MOYKIIMBI IULTIXH BUKOPHCTAHHS, a
caMe CHHTE3 alTOPHTMIB ONTHMAJBHOTO KEPYBAHHS PCLENTYPOI0 CHPOBHHH HAa ©0a3l AKHX € MOKIMBUM
MPOCKTYBAHHSA CHCTEMH KCPYBAaHHSA PEICNTYPOX CHPOBHHH. JlaHa po3poOka J03BOJHMTH ONTHMI3YBAaTH
BHKOPHCTAHHS HASBHUX PECYpCiB i1 30LTBIICHHA TNPOAYKTHBHOCTI BHPOOHHUITBA TEXHIYHOTO BYIJCHIO Ta
3MEHIICHHS  coliBaprocti  omuHmii  mpoaykmil. lle  migBWImmTe  €KOHOMIKY — BHpPOOHHMITBA 1
KOHKYPCHTOCTIPOMOJKHICTD 33 PAXyHOK 3OIMBIICHHA IIBHAKOMII, 3MCHIICHHA (DIHAHCOBMX BHTPAT 1 JacTh
MOYUIMBICTh HAIPABHTH KBaMi(DIKOBAHI JIOACHKI PECYpCH HA BHUPIMICHHSI IHIMHX aKTyalbHHX mpoOxem. it
3PYYHOCTI IMOJAJNBINOTO IPAKTHYHOTO BHKOPHCTAHHS IMPOMOHYETHCSH 3HAXOIKCHHS ONTHMANBHHX KEPYBaHb IIPH
6ararpOX PI3HHUX 3HAYCHHIX IAPAMETPiB KOMIIOHCHTIB Ta IMOYATKOBHX YMOBAX 3 MOJANBINOI ampokcuMariiero. Lle
JIO3BOJIUTH BUKOPHCTOBYBATH IIPOIIOHOBAHI AITOPUTMH 3 BUKOPUCTAHHIM MEHIIOI KUTBKOCTI TEXHIYHHUX PECYPCIB.
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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 fo 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 fo
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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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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