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AHHOTaH“ﬂ: HpeﬂﬂO)KeH])l MAaTeMaTU4YCCKUC MOCTAHOBKHU W METOAbI PCHICHUA
3a/1a4 anmapaTypHoOro oQOpPMIICHHST XUMUKO-TEXHOJIOTHYECKHX CHCTEM, THITMYIHBIX IS
COBPEMEHHOM MPaKTUKH PabOTHI MPOEKTHO-KOHCTPYKTOPCKUX IIOAPA3IACICHH MHOTO-
ACCOPTUMEHTHBIX XHMHUYECKUX IPOM3BOJCTB: OPraHU3alK BBITyCKa HOBOIO IPOLYKTa
B 3aIUIAHMPOBAHHOM 00BEME K yKa3aHHOMY CPOKY C IOMOIIBIO OOOpYyZOBaHHUS IEii-
CTBYIOLIETO IPOHM3BOACTBA U ONMPEICICHNS] MaKCHMAJIbHOW MPOU3BOMUTEILHOCTH XH-
MHKO-TEXHOJOTHYECKON CHCTEMbI IO KOHKPETHOMY MPOAYKTY. [10CTaHOBKH 3ama4 pas-
paboTaHbl Ha OCHOBE aHalIM3a 0COOEHHOCTEH pealbHbIX MHOT0AaCCOPTUMEHTHBIX XHUMHU-
YECKUX IMPOU3BOACTB, BJIHAIOIINX HAa OPraHrU3alvuio0 MPOLCCCOB BLIITYCKa MNPOAYKTOB
U annapatypHoe o(pOpMIICHUE CTAJUi XUMUKO-TEXHOJIOTHYECKHX CHCTeM. [IprBeieHbI
OpUMeEpBI PelIeHHs 3a1a4 ISl peajbHbIX MHOTOaCCOPTHMEHTHBIX XUMHYECKHX MPOU3-
BOJICTB.

BBenenne

Anmnaparypraoe odopmienue (AO), To ecTh BHIOOpP TUIOB, YHCIA, TEOMETpUYE-
CKHX pa3MEpOB M MapaMeTPOB pekuMa (DYHKIIMOHHPOBAHUS OCHOBHBIX alapaToB XU-
Muko-TexHonorudeckux cuctem (XTC), sBisercs Ko4eBoi MpoOIeMoil TPOEKTUPO-
BaHHS HOBOI'O XMMHUYECKOTO MPOU3BOJCTBA U MOAECPHU3ALIMHU CYIIECTBYIOLIETO B LENIAX
W3MEHCHUST HOMCHKIIATYPBl U 00BEMOB BHIITyCcKa MpOAyKTOB. HambGounbime 3aTpymHe-
HUS BO3HHKAIOT MPH PEIICHUM JaHHOW MPOOJIEMBI JJIsi MHOTOACCOPTUMEHTHBIX XUMHU-
yecknx npomsBoAcTB (MXII), mpuMepaMu KOTOPBIX MOTYT CIYXHTh IPOHM3BOICTBA
XUMHYECKIX KpacUTeNeH W IONYyIpPOIYKTOB, MOOABOK K TMOJMMEPHBIM MaTepHalaMm,
(hapMaIeBTHUECKUX MPEnapaToB, XUMHUYECKUX PEaKTHBOB. OTIMINTETFHBIMA IIPH3HAKA-
MH TPOU3BOJICTB JAHHOTO Kjlacca SIBITIOTCS OOMIMpHAsi HOMEHKJIATypa MPOAyKIUH, He-
6ospmast (o 1000 T/rox) MPOU3BOAUTEIILHOCTE [0 OTACIIBHBIM €€ MapKaM, 4acThIe H3-
MEHEHHS aCCOPTUMEHTA MPOIYKTOB U 00BHEMOB MX BBITYCKA.
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OcHoBHOM cTpykTypHOU equnuuei MXII siBisieTcss XUMUKO-TEXHOJIOTHYecKasl CH-
CTeMa — anmapaTypHO-TEXHOJOTHYECKUH KOMIUIEKC, OPHUCHTUPOBAHHBIM Ha BBIMYCK
HECKOJBKUX MapoK MpOoAyKIMH onpeneneHHoro Buaa. bompmmacTBo XTC MXII ocy-
HIECTBISIFOT TIOCIIEIOBATENbHBIA BBITYCK MPOAYKTOB U PabOTAIOT B MEPHOANYECKOM
peXuMe: MPOAYKTHI BBITYCKAIOTCSA OTACIBHBIMH HNApTHSIMH, ITOCIEAOBATEIBHO IPOXO-
JUIIIIFIME BCe CTaaud nepepaboTku. Anmaparypasle cragun X 1C MXII, npeqHa3sHaueHHbIE
AT peain3ali NpeaAyCMOTPEHHBIX TCXHOJOT'MYECKUMHA PEIIaMCHTAMU 3TallOB BBIITYC-
Ka MPOJYKTOB, OCHAIL[AIOTCS] CTaHIAPTHBIM 00opyaoBanueM. Hexoropele cranuu (rias-
HBIM 00pa3oM, GUIBTPOBAHKE U CYIIKa) MOI'YT OCHAIIAThLCS anmaparaMmy HelpepbIBHO-
o JieiicTBUsL, pabOTaIOIIMMH B MTOJYHETIPEPHIBHOM PEXHUME, TO €CTh C OCTAHOBKAMH.

Amnmnaparyproe odopmiierne XTC MXII siBnseTcs 0JHUM U3 3TaIllOB TEXHOJIOTH-
YEeCKHMX PacyeToB NPH NPOEKTUPOBAHMH HOBOTO WM HEpernpoUIMPOBAHUU JECHCTBY-
IOIIETO MPOU3BOICTBA HA BBITYCK HOBOU mpoAykuuu. OCHOBHAS 3afjada JaHHOTO JTama
— BeIOOp g Kaxaoi XTC mpou3BOACTBA ONPENENIONINX TEOMETPUIECKHX Pa3MEpOB
(pabounx 00BEMOB M MOBEPXHOCTEH) M YHC/Ia OCHOBHBIX aIllapaToB KaKIOH CTaIuH,
napameTpoB pexumMa QyHkimronupoanus XTC u obopynoBaHus ee CTaauil, KOTOpbIe
obecrieuynBarOT TpeOyeMylo MPOM3BOAUTEIHHOCTE CHCTEMBI 10 KOKAOMY U3 MPOIYKTOB
3aJlaHHOTO accopTumMeHTa [1 — 6].

B nocnennue roasl HoBele MXII B Poccuun npakTuyecku He MPOEKTUPYIOTCS, OJI-
HaKo, BechbMa nomyJsisipHa 3agada moaepHuzanun AO XTC aeilcTByromero npousBo-
CTBa, KOTOpas MPEAyCMAaTPHBAET OPTraHU3AIMI0 BBITYCKA HOBBIX IPOIYKTOB U (WLIH)
KOPPEKIMIO MPOU3BOAUTENBHOCTU IO BBIYCKAEMBIM MPOAYKTaM B CBSI3U C PHIHOYHOU
CUTyaIlMel Mpy MUHUMAaNBHEIX m3MeHeHusx ee AO [7 — 10]. lanHas pabora mocBsiie-
Ha METOJUMKE PEIIeHHs 3a7ad BBIIOJHEHHUS 3aKa3a I10 BBITYCKY KOHKPETHOTO HOBOTO
MPOAYKTa B 3aJlaHHOM O0BEMEe K yKa3aHHOMY CPOKY W OIpENeNeHUS MaKCHMATBHOU
npou3BoauTenbHOCTH XTC, KOTOpBIE YacTO BCTPEYAIOTCS B COBPEMEHHOW IPAKTHKE
paboThl MPOEKTHO-KOHCTPYKTOPCKHX TOJpa3AeieHuid, neictpyrommx MXII.

Oco0eHHOCTH (PYHKUMOHHPOBAHUS XMMHMKO-TEXHOJIOTHYECKHUX CHCTEM
MHOI0acCOPTUMEHTHBIX XMMHYeCKHX NPON3BO/ACTB,
MeTOJHKA ONpeae/IeHUs alNapaTypPHOro o(hopMiIeHHs

BobIIMHCTBO NMPEUIOKEHHBIX B HAYYHBIX ITyONMKAIMAX OAXO0A0B K IIOCTAHOBKE
u pemennto 3an1a4y AO XTC MXII yuuTHIBalOT JHUIIbL HEKOTOPBIE M3 OCOOCHHOCTEH
(hyHKIIMOHMPOBAHUS WX ammaparypsl. MHoroneTHuHH (¢ 1975 T.) OIBIT COTpyIHIYECTBA
CO CIEUAINCTaMH B 00IaCTH MPOSKTUPOBAHMS 1 3KcIutyatannu MXII, yqacTus B mpo-
eKTHPOBAaHUU M TEPEeNpOGIITMPOBAHUN JIECSITKOB PEATbHBIX MTPOU3BOACTB ITO3BOJIMIN
chopMyIHpOBaTh CIEAYIONUMA KOMILUIEKC ocobeHHocTel ¢yHKiuoHnupoBanus XTC
MXII, oka3bIBaIONINX HEMOCPEACTBEHHOE BIMSHHAE Ha BBIOOp nX AO.

CrpykTypa MaTepHadbHBIX MOTOKOB XTC MOXeT OBITh pa3BETBICHHOW (HEKOTO-
pble CTaJuK MepepadOTKH MapTHH CHIPbS W HOIYNPOAYKTOB MOTYT OCYILECTBIISTHCS
napajiesibHO) M 4YacTO HEOJMHAKOBA MPHU BBITYCKE Pa3IMYHbBIX MPOXYKTOB. [ MaTe-
MaTH4eCKOTro INPEICTABICHUs MapIIpyTOB NepepaboTKH HapThuil Kaxaoro (i-ro) mpo-
JyKTa Heo0XoauMo c(hOpMUPOBATH MHOXECTBO HoMepoB cranuii X TC, obopynoBanue
KOTODBIX 3a/[eHCTBOBAHO B MPOLECCE €r0 BBITYCKA, M Marpuiy M’ mapmpyToB obpa-
0otk ero mapruit. Kaskmast cTpoka TaHHOW MaTpHIIBI IPEACTABISIET COOOM OHY M3 COBO-
KyITHOCTEH HOMEPOB aIMapaTypHBIX CTAANH, pealnn3yoNuX OCIeI0BaTeIbHbIEC CTAIUN

CHHTE3a MPOJYKTA, a 3HAYCHUE JII000ro 3JeMeHTa MaTpULb! U'ye = j (j — MOPSAAKOBBIA
HOMEp CTajJiuM), €CIIM B allliaparax CTaAuH j peanusyercs ctagus Ne e y-ro mapmpyra

nepepaboTku maptuit npoaykra (y =17 le=1, Efv , rae Y' — gmcno MapIIpyToB Tepe-
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Cramus 1 Craaus 2 Cranus 6 Cramus 7

J—

Cranus 3 Cranus 4 Cranus 8

Cranus 5 Cramusa 9

Puc. 1. Ilpumep pa3BeTBjIeHHOI cTPYKTYpsl XTC

paboTKM MapTuii i-ro IpPOIYKTa; E’y — 4Yhcio cramuid y-ro mapuipyra). Hanpumep
1 XTC, cTpyKTypa KOTOpO# mpencTaBiieHa Ha puc. 1, marpuma M nmeer Bua

12589
M={34589
679

[TpomomkuTenbHOCTH TIepepabOTKU nmapTuil MpoaykToB Ha cragusx X1C, ocHa-
IIIa€MBIX OCHOBHBIMH aIlllapaTaMH HENPEPHIBHOTO AEHCTBUS, 3aBUCAT OT pa3MepoB map-
T, ONPeeNSIONINX Pa3MEPOB OCHOBHBIX alnapaTroB U HE MOTYT ObITh 3a(hMKCHPOBa-
HBI [IPEIBaPUTEILHO.

Onepauuy 3arpy3Kn/BBITPY3KH OCHOBHBIX ammapaTroB HeKoTopbix craaumit XTC
MOTYT COBMEWIAThCA C (DM3MKO-XMMHUYECKHMMH INpEeBpAICHUsIMH (T10/1a4a CYCIIEH3UH
B (OMIIBTp-TIpEcC, pueM QUIbTpaTa MPH OYUCTHOM (QHIETPOBAHIH).

Ha mexoroprix cragmsax XTC pa3mepbl mapTuii IPOXYKTOB MOTYT W3MEHSTHCS:
MapTUsS JENUTCS Ha HECKOJIBKO OMMHAKOBBIX IMOPLUH IUIS TIOCIEIOBATEIFHON UM CHH-
XPOHHOU TepepabOTKH, HECKOIBKO MapTHi OOBEIUHSIOTCS U MepepadaThIBAIOTCS COB-
MmecTHO. [logo6ubie cutyanuu tumugHs! it X TC MXIT 1 BEI3BaHBI CTPEMIICHHEM MU-
HUMH3HPOBATH YUCIIO aNMapaTyPHBIX CTAQAWNA: OCYIIECTBUTh OJHOMMEHHBIEC CTaJNN BbI-
IMyCKa pa3HbIX MPOAYKTOB B OJHUX U TE€X K€ allliaparax, B TOM YUCJIE€ U IMPU 3HAYUTECIIb-
HOM pa30poce 3Ha4YeHUH pa3MepoB MapTUil HIPOJYKTOB M UX MaTepPHaIbHBIX MHICKCOB.
Crioco6 mepepaboTKU MapTHil [-ro0 MPOIYKTa OCHOBHBIMHU ammapatamu craauu j XTC
IpeasIaraeTcst XapakTepru30BaTh:

— yKazareieM p’) pexuMa mepepaboTK MapTH MPOXYKTOB IapauIeTbHBIMH OC-

HOBHBIMH amIiapaTaMy CTaJluu (pf'j = 0 — menMKoM, cO CABUIOM MO BPEMEHU; pij =1-
PpaBHbIMU JOJIAMU, CI/IHXpOHHO);

— yKazareneMm r’) M3MEHEHHS Pa3MepoB MapTHil MPOILYyKTOB HAa CTAAUU (r’}- =1-06e3
W3MEHEHUH, r"j > 1 — pa3gencHue Ha r"j PaBHBIX JOJIEH AJIs TOCIIE0BATEIbHON Mepepa-
60TKH, rfj <1 — oObenuHEeHUE l/r?j NapTHH U1l COBMECTHOM NIepepadOTKH).

Mexny HECKONbKMMH ONEpalUsMU 3arpy3Kd WM BBITPY3KU J0JIEH MapTHil Mpo-
JYKTOB WJIM LIEJBIX NApTHH NpU uX oObenuHeHun anmapatsl ctaguii XTC MoryT Haxo-
IHUTHCS B HEAOTPY)KEHHOM HJIM HEIOBBITPYKEHHOM COCTOSHHH, IJIsi 0003HaYeHHs KOTO-
poro B [11] BBeZIeH TEPMUH «3aMOJTHEHHBIN POCTOM».

OcHoBHas 3agaya AO XTC MXII yame Bcero GopMmysupyercs Kak 3amadya cMe-
IIAHHOTO JIMCKPETHO-HEIMHEHHOT0 MPOrpaMMHpOBaHusl (aHIJION3bIUHAsT aO0peBHaTypa —
MINLP). I'naBnast npoGiiema ee penieHuss — He00X0AUMOCTb OIPEeIeHUs TTapaMeTPOB
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3agaua R: onpenenenue pa3mMepoB MapTHi TPOLYKTOB
u pacnricanus pyskimonupoBanus X TC MXII

a) pa3Mepbl NapTHH MTPOITYKTOB; a) YHCJIO OCHOBHBIX alMNapaTos,
0) MaTepHaTbHBIC HHICKCHI M TICPUOTBI nepepadaThIBAIOIMX APTHH HPOIYKTOB,
06paGOTKH POLYKTOB HA CTAIUsX; 0) yka3sareiu crnocoba nepepaboTKy napTHil

IPOAYKTOB;
B) pa3Mepbl almapaToB CTAANI
(UITBTPOBAHMUS U CYIIKH

v L)
3agaya Aj: BbIOOp AO cramuu Ne j XTC,
croco0a mepepaboTKH MapTHil MPOIYKTOB

B) JUINTEIBHOCTH (DMIBTPOBAHMUS U CYIIKH,
MPOU3BOJUTEIBHOCTH AINapaToB

Puc. 2. Uepapxus 3aga4 onpeaenenuss AO XTC MXII

pexxnMa (yHkuuoHupoBanuss X TC, U3MEHSIONMXCS HENPEPbIBHO, BMECTE C JAMCKPET-
HBIMHU XapaKTEPUCTUKAMH 000PYIOBAHUS €€ CTa Ui,

I'maBHOW Maeel mpenIo)eHHOW METOAWKH pelleHrss ocHOBHOU 3amaun AO XTC
npoektupyemoro MXII (cm. [6, 10, 12, 13]) saBnsercs aekoMmo3uius oOmieil 3amadn

Ha 3amady R noucka 3HaueHuwit pasmepoB maptuil mnpoaykroB (w;, i=1,1)
U napameTpoB pacnucanus GpyHkunonuposanus XTC, a Takke 3a7a4u BBIOOpa OCHOB-
HOro obopynosanus ee craguit A, j=1,J, T0 ecTb GopMUpOBaHHE JBYXYPOBHEBO

uepapxuu 3aj1a4 (puc. 2). 3neck [, J — 4ncino npoaykTos, BeimyckaeMbix XTC, u uucio
ee anmapaTypHbIX CTaJlii COOTBETCTBEHHO.

B oTinuune ot pacCMOTPEHHBIX paHEE CTpaTEruil JEKOMIIO3ULIMA OCHOBHOM 3aJauu
AO XTC MXITI [14 — 16], npeanaraemast cTpaTerus 60asupyercs Ha IpUHLIUIE pa3/erie-
HUS [TapaMeTPOB 3a/1audl 110 XapaKTepy UX U3MEHEHHUs: OTAEIEHHs apaMeTpOB peKUMa
¢ynxumonupoBanus X TC, N3MEHSFONIMXCSl HEMPEPBIBHO, OT ANCKPETHBIX XapaKTEePHCTHK
00opyJoBaHus ee CTaauid, To ecThb 3aga4a R Gopmynupyercs kak 3agada HeTMHEHHOTO
TPOrpaMMHPOBAHKS, a 3a/1a4i A; — Kak 3a]a4u IMCKPETHOM onTuMu3anuu. B kadecTse
KpHUTEpHUS ONTUMATBHOCTH PEeIIeHHs 3a1a9i R nCmonp3yercst HIKHASA OIIEHKA CTOMMO-
CTU 3HEPTUM PA3INYHBIX BUJIOB, 3aTPAuMBAEMON Ha pealIM3allfIo ONepanuii nepepadoTku
MapTHUil IPOJYKTOB 3aJaHHOTO aCCOPTHMEHTA B TEUEHHUE MEPUOa UX BBIITYCKa B 3aIlia-
HUPOBaHHBIX 00beMax, a KaxIoH U3 3a1a4 A; — CyMMa aMOPTH3aLMOHHBIX OTYHCIIEHHH
OT CTOMMOCTH OCHOBHOTO 000pYZIOBaHMS CTaJINH j 32 TOT ke nepuox [17].

ITocTanoBKM 1 AJITOPUTMBI PCIICHUS 3a1a4
anmapaTrypHoro Oq)OpMJleHl/Iﬂ XHMHKO-TE€XHOJOTHYECKOH CHCTEMBI
)leﬁCTBlemeFO MHOI'0ACCOPTUMEHTHOI'0 XUMHYECKOT0 IPOU3BOACTBA

[Ipu permeHny 3amaun OpraHU3alNH BEITYCKAa HOBOTO MPOAYKTA B 3aJaHHOM O0B-
eMe K YKa3aHHOMY CpPOKY, TO €CTh 32 (PMKCUPOBaHHBIIN neproja BpeMeHu 7o, 3amaun R

uAj, j=1,J, pemarorcs TOIbKO i1 3TOr0 KOHKPETHOIO MpoAayKTa. Jlaxke eciau He-

CKOJIBKO TIOZOOHBIX 3aKa30B MPEIoNaraeTcsl pa3MecTHTh Ha ofHoi u Toif ke XTC, atn
3aaull OOBIYHO PEIIAOTCS OTIACNIBHO ISl KaXKIOro IMPOJAYKTa, TAK KakK MPOIECChl MX
BBIITyCKa B JAHHOM CJIy4ae He OKa3bIBalOT BIMSAHUS IPYT Ha JIpyTa.

[IpenBapuTensHO OCYIIECTBISCTCS BBIOOD ammaparypHbix craauii XTC, o6opymo-
BaHUE KOTOPBIX MPUTOJHO JUIS peaU3alliy CTaJWi BBIYCKa HOBOTO MPOAYKTa, Gop-
MHUPYIOTCS CTPYKTypa MaTepUabHBIX TTOTOKOB MEXIYy HUMH, MaTpulia M 1 MHOXECTBa

X, j=1,J, onpenensiomux pasMepoB UMEIOMIMXCS OCHOBHBIX allllapaToB, KOTOPBIE
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MOTYT OBITh WCIIOJIb30BAaHBI JUIS OCHAIIEHMS CTaJdil CHCTEMBI, B TOM 4YHCIIe U BHOBb
BBOIUMBIX B XTC. 3aMeTnM, YTO YHCIIO MPHUTOJHBIX U MCIIOIB30BAHHS Ha CTaIH j
OCHOBHBIX aIlllapaToB AEHCTBYIOIEro MPON3BOJICTBA, KaK MPABUIIO, HEBEIHNKO (Ba-TpH
TOJXOAAIMX amnmnapara, 4aule BCero — ofuH). COOTBETCTBEHHO MHOXeCTBa X; BKIIIO-
4aIOT OJMH-/1BA ONPEIEIAIONINX TEOMETPUIECKUX pa3Mepa.

W3meHeHus B mocTaHOBKeE 3a1aud R 10 CpaBHEHMIO ¢ MPOEKTHPOBAHUEM HOBOTO
MIPOM3BOJICTBA CBSI3aHBI C TEM, YTO PACCMATPUBAETCS MPOIIECC BITYCKA €ANHCTBEHHOTO
npoxykra. Heo6xonumo HaifTi 3HaYeHHe pa3Mepa ero MmapTHH W U OMPEAEINTh MOMEH-

THl Hayaja t?kl U OKOHYaHMs f;?kl KaKJI0if omeparuy / KaXkI0ro IHUKiIa k paboTer 060-

pyIoBaHUA Kamoi anmaparypHoi ctagun j X TC, KOTOpbIe MOCTaBISIOT KPUTEPHIO

len{r} J o KiLik

ZR(W):W ZTJZ

M~e

QYo g (t_?kl — i ) (1

1l=1y=1

<
I

MHHUMYM TIpH BBIINOJTHEHUHM OTPAHUUYCHUH, BXOAAIIMX B COCTAB MAaTeMaTHYECKOH MO-
JIENT TIPOEKTHOTO PEMISHHUS TI0 BEIOOPY TapamMeTpoB pexnma ¢pyHkunonnpoBanus XTC.

O6o3HaueHus B cooTHomeHNH (1): Jx[ — MEHUMAaNBHOE 1IEJI0e YUCITOo, OOJbIIee X;
O — 3aKa3aHHBI 00BEM BBITYCKA IPOAYKTA, T; T; — KOI(P(HUIMEHT yBeIUYCHHS 3aTpaT

sHepruu Ha j-it ctaguu XTC mpu CHHXpOHHOW 00paboTKe paBHBIX JOJEH MapTHH MPO-
IyKTa B HECKOJIBKHX ITapaiyieTIbHBIX anaparax (3a cueT YBEJINUEHHS TTIOTEPD),

1, ecu pj= 0;
’rc . =
Y 1,05n;, ecup; =1;

K;=r;/ min{r;} — 9MCI0 UUKIOB PabOTBI OCHOBHBIX AINAPATOB CTAIHMH j 38 OXMH LK
Jj=1,J

paboTBI CHCTEMBI, Ljk — YMCIO OlEpammii MepepabOTKH NMapTHM TNPOMYKTa B TEYECHUE

k-ro 1mKiIa pabOThl OCHOBHBIX armaparoB cramud j; V' — uucno sHepropecypcos;

QY — croumocts emuHumbr (1 JIX) 2Hepropecypca BuAa \ (NMEKTPUUYECTBO, TEILIO,

Xonon), p.; oaj.’kl — yIeNbHBIE PACXOIbl SHEPrOPECYPCOB, MOTPEOIIEMBIX HA CTaIUIX

XTC npu peanu3anny OTIEIBHBIX ONepanuii nmepepadoTKu NapTHil MPOAYyKTOB, BT/KT,
JUIL OTpENeNICHNs] 3Ha4€HUH KOTOPBIX MCIOJIb3YIOTCSl JAHHBIE PErjlaMeHTa BBITyCKa
npoaykra [17],j=1,.., k=1,.. K, I=1,. ., Li,y=1,.,¥;

gt [N J=len J k=1 K 1€ A UB

g?kl = gjkl/A?" jzl,...,J, k:1,...,Kj, ZEAjk UE]k’
gjkl’ ] = 1, . J,k = 1, ...,Kj, le ij,

g j=1,...J, k=1,..,K;, [ = 1,...,Ljj — MaTepHanbHbIe HHIEKCHI OIEPALUii, peanusy-

embix Ha craausax XTC B xone Beimycka nponykra; Ajk, Bjk, Uik, Ajk, Ejx — MHOXKecTBA

HOMEpPOB TEXHOJIOTHUECKUX OIEpaIHii A-ro IMKIa paboTHI alnaparoB j-i cTaguu (COOT-
BETCTBEHHO OIEpalli 3arpy3KH, «3allOJHEHHOTO MPOCTOS TPH 3arpy3ke», (H3HKO-
XUMHMYECKUX MpPEBpallleHUH, BBITPY3KH, «3allOJHEHHOTO IPOCTOS IIPHU BBITPY3KeE));

A% = max{l, rjf/rj }, A% =max{l, rjn/rj} — YHCJIO 3arpy30K U BHICPY30K arlapaToB
craguu j XTC B TeueHHe OJHOTO LMKIIA pabOTh OCHOBHBIX allapaToB CTaJuk COOTBET-

CTBeHHO; j', j" — HoMepa craauit XTC, npenmecTByromeit j-if U claeayrouei 3a Hei co-
OTBETCTBEHHO.
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Maremaruueckass MOJENb IPOEKTHOTO PEIISHHS 110 BEIOOPY MapaMeTpoB pexHMa
¢yaxmmornpoBanus XTC u 000pynoBaHHS €€ CTaAWN BKIIOYACT CIEAYIOMINE COOTHO-
LICHHSI.

OrpannueHre Ha U3MEHEHHE 3HAUCHUS W

0<w<Q. )

VYcnosue BBIITYCKa IMIPOAYKTa B 3aJaHHOM o0BeMe K YKa3zaHHOMY CpOKY

T, + _L—l Tp <T,, 3)
min {r; }w
j=1J
Ey
roe T, = max ZGHW — JUIMTEJBHOCTh IMKIA BBIMYCKa MPOAYKTa (TIPOMEKYTOK

y:LY e=1

BPEMCHH OT MOMCHTA Havajla HepBOﬁ ornepannu nepBoﬁ cTaauu 10 MOMCHTA 3aBEplIc-

HUS TIOCJICTHEH Omepaluy MOoCIeHed cTaauu nepepadbotku 1/ min {r/} napTui mpo-
j=lJ

nykTa, 4; Tp = max {0 j} — MexuukioBsil nepuon XTC, To ecTh MUHUMAIbHO BO3-
j=1J

MOJKHBIM TIPOMEXYTOK BPEMEHH MEXIy HadajJoM (3aBEpHICHHEM) LMKIOB BBIIYCKa
TIPOTYKTa, PEAlU3yeMbIX TOCIIEN0BATENBHO, Y; 0; — MPOJOKHTENBHOCTh UKIA PabOTHI
anmapatoB ctagui j XTC (MHHUMaJIBHO BO3MOXKHBIA NMPOMEXYTOK BPEMEHH MEXKIY
MOMEHTaMH{ Haualla IIepBOi olepanuy IepBoro UKIa U OKOHYAHMS MOCIEea el onepa-
MM TIOCJIETHETO IMKJIa paboThI allapaToB CTAANN), U,

K.
J [ K H —0-
0 T(tﬂle_tﬂl)’eCHH nj >1, pj—O,
.= j

t;ij LjK/ - t?l 1> B IPOTUBHOM CJly4ae,

nj — 9UCJI0 OCHOBHBIX allllapaToB CTaﬂI/II/Ij.

CooTHolEeHUs A7 ONpPENENCHUS 3HAYEHUI t?kl u t;?k,:

H K H .17 T
Ukgar =L =t +Tjw> J=1J, k=LK ;, I=LLy, 4)

T Tjk/ — MPOJOJKUTENBHOCTE [-i omepaiuu k-ro UKIIA epepadOTKH MapTHH MTPOILYK-
Ta HA CTaJWN J, 4,
3 3 .
Tjuj/Aj’lEAjk’
Algpe, 1 €B i3
u;, jeX,/Zy;
i sTER
o . S5k
Tj, VAS] Eb v Zf,
’t . =
ki B B
Tjuj/Aj’ leAjk,

Algye, [ €E j;

r?uj(l—hj)/hj, JjeZys

oq . .
Tj ,]eZb,

eq)jk’
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Uj=—"—"—""""" — KOA((PUIMEHT U3MEHEHHS pa3Mepa naptuu Ha cragun j X1C;
nr;
J'J
b, Xs, 2f C Xg — MHOXKECTBA HOMEPOB CTaAui MepepaboTKy MapTuil MpoayKTa, TIe oc-
HOBHEIMH SIBJISTFOTCSI €MKOCTHBIC alapathl, GUIBTPHI U CYIIMIKH, KAMEPHBIC WIH paM-
HBIC (IUIBTP-TIPECCHI, BBHIICIIIONINE B KAYeCTBE IEJIEBOTO MPOAYKTa TBEPAyIO (a3y

CYCIIEH3UH COOTBETCTBEHHO; r? — JJTMTENBHOCTD Ollepaluii (PHU3UKO-XMMHUYECKHX TIpe-

Bpamienuii Ha craguu j XTC, 4,

15, J € Zp;
m 10
JkI© j . .

T(}: hj—, jeﬁf,kzl,...,Kj,leij,

Viki4j
gk .

h.iﬁ’ jezs/zf’kzlﬂ"”Kj’ lerjk’
7%

hj — 10N OCHOBHBIX OIEpalMii OT OOLIEr0 BPEMEHH 3aHATOCTH anmapaTtoB CTaaud
J € X mepepaboTKOi mapTuu MpoayKTa (HampuMep, Uit cTaguid GpribTpoBaHust — co0-
CTBEHHO (UIBTPOBAHUS M IPOMBIBKH, €CIIM NPOMBIBHBIE BOIBI HIYT B JaJbHEHIIyIO
1epepaboTKy); Vikl, Mjl — 00beM, M3/T, U Macca, KI/T, MaTepHajioB, KOTOpble HEoOXo-
IUMO TIEpEpaboTaTh IS MOdydeHUs 1 T MPOXYKTa COOTBETCTBEHHO; Xj — ONPEIEIAFOIIMN
TEOMETPUYECKHH pa3Mep OCHOBHBIX ammapaTtoB cramuit j XTC, M3, M (B 3aBHCHMOCTH
OT THIIA aIIapar); @; — yAENbHAas IPOM3BOAUTEILHOCTD allllapara CTa[uu j € Xg IIPH Ie-
pepaboTke mapTHH MpPOIyKTa (pasMEpHOCTh 3aBHCHUT OT Pa3sMEPHOCTH MaTE€pHAIEHOTO
HHJIEKCA M THIIA aNIapaTa); §; — TONIIMHA CJIOS OCajKa MPH MepPepabOTKe MapTHUH IPo-
IOyKTa Ha CTaaud j € Xr (MOJOBHHA TIIyOMHBI paMbl WIM KaMepsl (QHIBTP-TIpecca BbI-
3
j’
JyKTa JUIsl alllapaToB CTaIuu j COOTBETCTBEHHO, U;

OpaHHOTO THIIA), M; T r‘; — AIUTENBHOCTH 3arpy3KH M BBITPY3KH OJHOH IMapTHH MPO-

P}, ecmn ' & Xg; P}, ecmn j" ¢ Xg;

pj(1l-z;)+z;15, ecmn j' €Xg; pi(1l=z;)+z;T5n, ecmu j'€X,
P}, P} — 3anaHuble (DErIaMeHTHEIE) UTHTETLHOCTH 3arPy3KU U BBITPY3KH OTHOI nap-

(}q — IMTENFHOCTD

OYHMCTKH annapaTa CTaJuHM j MOCIE BBIMPY3KU MapTHU MPOayKTa, Pjx — MHOKECTBO HO-
MEPOB ONepauyii OYMCTKHU annapaTosB j-i CTaauK B TEYEHHE k-TO LIUKIIA UX PaOOTHI; zj —
yKazaTellb crioco0a IepeIadyn MapTHil IpoIyKTa MEXITy anmapaTaMy CTaAnui j U j' Wih j
1 j" (eIMHOBPEMEHHO WU B X0J1e (PU3UKO-XUMHUYECKUX MTPEBPALLICHUN).

Anroput™m Algp. — adropuTM Moucka 3HauU€HUH AIUTEIbHOCTEH onepauuit «3a-
TIOJTHEHHBIX TIPOCTOEBY» OCHOBHBEIX ammapaToB cragumid XTC, MOMEHTOB WX Hadaia
Y OKOHYaHMs, MHHHMU3UPYIOUIMX UIMTENbHOCTh Iukia pabotsl XTC, To ecTh

THH TIPOXYKTA UL aNNapaToB CTAAWH j COOTBETCTBEHHO, 9; T

aIrOPUTM DPEUICHUS CICAYIOIEH 3alauM: HaWtu 3Hadenws Ty, j=1,J, k=1K s

leB UE jk» JOCTABIISIONIHE MUHHMYM Tiapamerpy Tc mpu ycinoBuu (4) u ¢pukcnpo-

BAHHBIX 3HAYECHMAX Tjy, j=1,J, k=1L K B l¢B jk UE jk - Heo6xonumocTs permieHust
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9TOM 3aa4u BO3HUKAET TOJBKO B ciydasax K j> 1, je (1, v J ), TO €CTh KOrJa B Te-

yeHne oHoro 1ukiia padotsl XTC peanu3yroTcs HECKOIBKO ITUKIOB pabOTHI almmapaTtoB
HEKOTOpPBIX cranuil. [Ipu 3TOM B IMKIBI pabOTHl OCHOBHBIX allllapaToB psia CTaauid
BBIITYCKa TPOAYKTa MOTYT OBITh BKIJIIOYEHBI ONEPALUH «3aMOJHEHHBIX IPOCTOEBY.
[Monpo6Hoe ormcanue anroput™a Algpe nano B [11].
Y CITOBHUS CHHXPOHU3AIMH ITUKJIOB paboTHI ammaparos ctaauit XTC:
v

—L —nenoe Vj=1,..,J; &)
min {r;}
J=LJ
rjrr . o —_—
T—uenoe, CCIH P > Fjy = Wyes J =My on]s V= 1,Y, ee (2, o B, —1). 6)
J

Ycnorus (5), (6) mpenHa3HAYCHBI IS POBEPKU KOPPEKTHOCTH 3aaHUS 3HAUCHHIMA
rj, j=1,J, TO eCTb BO3MOKHOCTH IPAKTHYCCKON PEANH3alUi MPEIOKCHHBIX H3Me-

HEHMH pa3MepoB MapTHH NMpOAyKTa B mpolecce ux mnepepadotku Ha craausax XTC.
OueBUTHO, YTO YHUCIIO IMKJIOB pabOThl OCHOBHBIX alapaToB JIOOOH CTaauu CUCTEMBI
3a OZMH LMKJI BBIITyCKa JIFOOOTO TPOYKTA, YHCIO 3arPY30K U BHITPY30K B TEUEHHUE O
HOTO ITUKJIa paboThI anmapatoB 000 craaun XTC MOKET OBITh TOJIBKO IIEJIBIM.

ﬁkl: H ol t‘?kl: K ol

J JrLbe g JrsEe

| ) SR T ™
_]:“yes J :uy,e—]! .V:LY, ezzaEy: k:Lst IEAJkUer,

rie k' — HoMep IMKiIa paboTHl ammapara cTaaud j', BO BpeMsl KOTOPOTO ITPOMCXOIUT
OTIeparys ero BBITPY3KH, COOTBETCTBYIOIIAs /-if omepanuy 3arpy3ku k-ro ukiia paboTsl
anmapaToB j-i ctagun XTC; I’ — HOMep omnepanyy BHITPY3KHU k'-To UKIIA pabOTHI arma-
pata craguu j', COOTBETCTBYIOIIEH /-1 omepariu 3arpy3Ku A-ro IHKIIa padoTHI ammapa-
TOB j-i1 CTaIUH.

Ycnosue (7) xapakrepu3yeT HE0OXOAUMOCTh COBIAICHUS JUTHTEIBHOCTEH omepa-
LUH NTpreMa MaTepHaloB ¢ AJIUTEIBLHOCTAMH OIepanuil mepegay MaTepuaoB ¢ Mpeabl-
JyIIUX CTaguil.

3agaua A; 1yis cllydas OpraHM3alMH BBITYCKa OJHOTO HOBOTO MPOJAYKTa C MOMO-
mpio obopynoBanus neiicteyromieii XTC pemraercs mpu (UKCHPOBAHHOM 3HAYCHHH
pa3mepa ero mapTHH w, HaJeHHOM Ipu pemieHnu 3aaa4u R. Heo0xoauMo BBLICHUTE,
CrocoOHO M oOopynoBaHue KOHKpeTHOM cramuu j XTC ocymiecTBUTh TepepadoTKy
MapTHi Takoro pasMepa C y4eTOM BO3MOXKHOCTH HM3MEHEHHs Crocoba nepepaboTku
(3Ha4eHUH nj, 1}, pj) U NPUBJICYEHUS JOIOIHUTENBHOTO 000pynoBanus. OTBET Ha ITOT
BOIPOC TpeOyeT MPOBEPKHU BHITOJIIHEHUS CIIEAYIOIINX OrPaHUIEHHH.

Jlist cranuid, OCHOBHBIMH amliapaTaMy KOTOPBIX SIBJISIIOTCSI EMKOCTH C IEepeMEIH-
BAaIOIIMMH YCTPOHCTBAMH WM O€3 HUX,

) S%S&,jezb, (8)

*
U Xp vy

*

*
rae @+, ¢; — MUHAMAIbHO M MAaKCHMAlbHO JOIYCTHMBIE CTENCHH 3aIlOJHEHHS
anmapatoB cragun j XTC nepepabaTeiBaeMoil Maccoif COOTBETCTBEHHO;

. &
Ky nity; Wk [ Km?})fu i
=LK ;;I=LL =LK j=LLj

Juist craguii  pUABTPOBaHMS, YKOMIUIEKTOBAaHHBIX PAaMHBIMH WM KaMEpHBIMU
(unpTp-NIpeccaMu, KOTOpBIE MIPEAHA3HAYCHBI AJIS BBIICICHUS TBEPAOH (Da3bl CyCIIeH3UH

S

w .

—<—L, jex. )
Yjooviuy
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st cranuii GUITETPOBaHUS U CYIITKH, OCHANMICHHBIX APYTHMH OCHOBHBIMH arlapa-
TaMH,

T:4;
e TT | jes /(3 UZy), (10)
Yio gjuy

TJie Tj — COBOKYIHAs JJINTEILHOCTD ONepanyii nepepaboTKu NapTHH NpOIyKTa ammnapa-
. *
tamu cragun j XTC; g = (i Km.a?fu {gjut-
— s js =L jk
Jist cranuii CyIIKM, YKOMIUIEKTOBAaHHBIX KOHJIYKTHBHBIMHU CYIIHJIKAMH TIE€PUOIH-

YeCKOro JICHUCTBUS,
*

b e |
WS mingx; ——, X; ———r, j€Xq, (11)
vitj mju j

rie xlj, x2j — pabounii 00beM m paboyas MOBEPXHOCTH CYIIHMIKH COOTBETCTBEHHO,

%
i k=1 Km'al)il L {mjkl} '
=LK =010

Kpome Toro, u3MeHEHHE 3HAYECHUI IIEPEMEHHBIX 71/, Xj OTPAHHMYEHO COOTHOIICHH-
SIMHU:
X j eX jo (12)
n; — Leroe . (13)
[TapameTpel 77 M pj MOTYT IPUHUMATE CIICIYIOIIME 3HAYCHHS:

0, ecu n;= 1

pj= (14)
0 wu 1, ecimm n; >1;

1 — pa3mep mapTuu HE MEHsSETCs;

r; =17, ¥ >1, nenoe — npobieHue NapTHH HA Y HOPLKIL; (15)

1/y, v > 1, uenoe— oObeIMHEHNE Y TIAPTHIA.

3aka3 Mo BBITYCKY HOBOTO NMPOAYKTA JKEJIATEIbHO BBINIOIHUTH C UCIONB30BaHUEM
KOMITJIEKTa OCHOBHOW ammapaTypbl MHHUMAaIbHOW CTOMMOCTH, ITO3TOMY B KadeCTBE
KPUTEPHs ONTUMAIILHOCTH PEIEHHs 3a/au A; IIpe/IaraeTcsl HCIolb30BaTh (yHKIHIO

A T
w

rae N — HOpMaTUBHBINA KOA()(OHUIMEHT OKYMaeMOCTH A XUMHYECKOT0 000pyJOBaHUS
(0,15); Tw — rogosoit s3¢pdexTnBHbIi Gong padodero Bpemenn XTC; o(k;, x;j) — 3aBHCH-
MOCTb CTOMMOCTH OCHOBHBIX anmapatos ctaauu j XTC oT ux THNa K; ¥ onpesensrole-
ro pasmepa x; [17].

Ipomecc coBmecTHOrO perenus 3a1ad R u A joJ= 1, J, Tpu OpraHuM3aIMy BBITYC-
Ka HOBOTO TIPOAYKTa C TIOMOIIBIO 000pymoBaHus cymecTByromux X TC cBoanTCS K UTepa-
IIMOHHOH MPOLEYpe YTOUHEHHS IIEPBOHAYANILHO NPUHATBIX 3HAYEHUH 1), 75, pj, j=1,J :

1) nporHo3 sHa4YeHui #nj;, 15, pj, j=1,J u xj,j €X/Z¢ (=1, =1, pj=0,

j=1J; x;=maxX; ,J €Z/Zp);

246 ISSN 0136-5835. Bectauk TI'TY. 2016. Tom 22. Ne 2. Transactions TSTU



2) pemienue 3ana4u R, To ecTh onpeneneHne 3HaYeHUs pa3Mepa NapTHH MPOIYKTa
4 H K . _ _
W U 3HAYEHUH MOMEHTOB f, f;y, j=1,J, k=1, K; I=1,L; Havaga 1 OKOHIAHHSA

oreparuii UKIOB pabOThl OCHOBHBIX AMIIapaTOB KAXOW CTAJAUU BBIMYCKAa MPOIYKTA,
obecrieunBarOIMX MUHUMYM QyHKIMH (1) pu BeINONHEHUH orpanuueHuii (2) — (7);
3) pemenue 3anad A; mist Beex craguii XTC, To ecTh BEIOOD YHMCIIA U ONPENEISIO-

X TEOMETPUIECKUX Pa3MepoB (X e, i=1J ) OCHOBHBIX amlIIapaToB CTaJWH C yde-

TOM BO3MOKHOCTH W3MECHEHHUS 3HAYEHHUH 7j, 75, pj, j € (1,..., J), 00eCTIeunBarOmux My-
HUMaJbHbIe 3HaueHus (pyHKImi (16) npu BeImosHeHUH ycnoBui (8) — (15);
4) BO3BpaT Ha MyHKT 2), €CIIM MOIy4YEHHbIE B ITyHKTE 3) 3HA4eHHA nj, 7j, pj,

j=1,Jmu X, je ZS/Zf, HE COBIIJIal0T C UX ITPOTHO30M.

3agaga R B mocranoBke (1) — (7) siBsieTcs 3a1a4eii OAHOMEPHON ONTHMH3ALUK Ha
orpeske we[0,Q]. s ee pemieHus MpemiIaracTcs UCIONb30BaTh MOIMIATOBEIA METO

[18] ¢ HauanbHbIM npubIKEeHHEM W = /T, HauanbHbIM padounm marom 0,05 (50 kr),
TOYHOCTBIO OTpeAeTICHHs 3HaueHus pa3mepa maptun npoaykra 0,001 (1 xr) u Bemuan-
HO¥ nipo6HoTo mara 0,0005 (0,5 kr).

3anmaga A; nus KoHKpeTHOH craguu j XTC 3aKmo9aeTcst B MPOBEPKE BHIIOJTHEHHUS
orpaHndeHui U3 4mciaa (8) —(11), COOTBETCTBYIOMIErO TUIy Kj OCHOBHBIX aIlIlapaToB
CTaauu Npu (UKCUPOBAHHBIX 3HAYEHHSX MX pa3MepoB W yucia. [Ipu oTpuuaTeIsHOM
pe3yJnbTare MpoBEepKH HE0OXOIMMO BHIOpPATh BapHaHT 0OeCTieYeHHs BBIIOJHEHUS Orpa-
HUYEHHUH 3a CYET U3MEHEHHS CIIOCco0a TepepaboTKK MapTUi NPoAyKTa (3HAUEHHH 77, p)),
4KCNia 71; U ONPENENSIONIEro pa3Mepa anmnapaToB Xj, KOTOPOMY COOTBETCTBYET MHHHM-
ManbHOe 3HaueHne QyHKIuH (16) mpu BemonHeHNH ycnouit (8) — (15).

Omnpenenenne MAKCUMAJIbHON MPOU3BOAUTEIbHOCTH XUMHUKO-TEXHOJIOTHYECKOM
CHCTEMbI MHOT0ACCOPTUMEHTHOT0 XUMHUY€ECKOI0 MPOU3BOJACTBA

B npakruke skcruryaraunu MXIT nHoraa Bo3HUKaeT He0OOXOIUMOCTh ONPEAETHTh
MaKCHMAIIbHYO TIPOM3BOIUTEIBHOCT (PMKCHPOBAHHOTO HaOOpa 000OPYIOBaHUS CTAaIMit
XTC 1o KOHKpPETHOMY HPOJYKTY, HallpuMep, €Ciid TpeOyeTcsi CPOUYHO YBEIHYHUTH €T0
BBIITYCK, KOMIIEHCHPOBaTh mpocton XTC 1o IpUYMHAM OTCYTCTBHS CHIPbS HIIM OTKa30B
obopynoBanus. IIpu 3ToM MOTYT OBITH CKOPPEKTUPOBAHBEI TPEOOBaHMUS K 3allOJIHEHHIO
€MKOCTHBIX allllapaToB, YTOYHEHbI 3HAYCHUS yIENbHBIX MTPOM3BOANTEIBHOCTEH (QHIIb-
TPOB U CYIIHJIOK.

B 3TOM ci1ydae HEOOXOMMO PELINTh 3a/1a4y TOUCKAa MAKCUMAIbHOTO 3HAUCHUS W,
YIOBJIETBOPSIOIIETO YCIOBHUIO (2) M orpanudeHusM (8) — (15) mis Bcex anmapaTypHBIX
craguit XTC npu pUKCHPOBAHHBIX 3HAUEHHUSAX Uj, 1), Xj, & 3aTEM — 3a/jauy ONpeJiesIeHUs

3HAYCHUH f?kl» t;?kl, j=1LJ, k=1,K;,1=1,Lj , obecriednBAIONINX BBITYCK 3a]aHHO-

TO KOJIMYECTBA MPOJYKTA 332 MHHUMAJILHBIA CPOK, TO ecTh (cM. (3) — (4)) MUHUMAIEHOE
3HaUYE€HHE CYMMBbI

E, Qmm{”j}
i=1J
max ¢ » 0 /= —1|max {0}, (17)
y=1,Y Z‘l Hye w j=1J /

R85 (000) BBIIIYCK MAKCUMAJIbHOI'O KOJIMYECTBA HapTI/Iﬁ MMpOAYKTa 3a BaﬂaHHHﬁ nepuon To,
TO €CTh MaKCHUMAJIbHOC 3HAYCHUEC ,IIpO6I/I

(18)
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AnropuT™ pelieHus AaHHOM 3afa4y IperycMaTpUBaeT CleayolIee:
— pelueHue 3a1a4 A )= 1, J npu pUKCHPOBAaHHBIX 3HAYEHUSX Uj, 1), Xj;

— OompeJieJIeHUE MaKCUMAJBHBIX 3HAUYEHHI pa3sMepa IapTHU IIPOAYKTa Wy, yAOBIIe-
TBOPSIFONIMX OrpaHuyeHusM u3 yucia (8) —(11), KoTopble COOTBETCTBYIOT THIIAM OC-
HOBHBIX aIlllapaToOB CTaWil M BHIOOpP B Ka4eCTBE 3HAUYEHMSI W MUHHUMAIBHOTO W3 HHX:
w=min {w;};

Jj=LJ

—ecnu 3HaYeHHe w He oOecreunBaeT BhINONHeHHWE orpaHudenuii (8)—(11)
Ha pa3Mepbl OCHOBHBIX aNIapaToB KaKUX-THOO CTaluil, TO MPEANPUHUMAIOTCS MOMBIT-
KU 00€CIIEYHTD MX BBIIOJHEHHUE 3a CUET H3MEHEHMH 3HAa9eHuld 7, 15, pj, j € (1,...,J).

Pemenne 3amaun R: npu GukcHpoBaHHOM 3HAYEHUH W ONIPEAEISIOTCS (C HCHOMNb-
30BaHHEM, eciu HeoOxoxmumo, anroputMa Algpe) 3HaUeHHs MOMEHTOB Hadaja U OKOH-
YaHUA ONepaluii IHUKIOB HepepaboTKu mapTtuii npoaykra Ha craguax XTC
t?kl, t}fk,, J=1J, k=1,K; 1=1,Ly , obecrieanBaionye MaKCHMaIbHYIO MPOM3BOIIH-

TEJNIFHOCTD CHCTEMBI (MUHUMYM cyMMBI (17) unm makcumyM apo6bu (18)) mpu BeImosHe-
HuH orpanndenuit (2) — (7).

IIpumeps! pemienus 3aga4

B kagecTBe mpumMepa 3a1aui OpraHU3alMy BBITYCKA MPOJIYKTa B 3alaHHOM 00BbeMe
K YKa3aHHOMY CpPOKY PacCMOTPHM 3ajiady BBIIYCKa KpacUTENsl aHHOHHOTO KOPUYHEBOTO
i koxu B o0beMe O = 90 1 3a T, = 2040 4 (85 cyTok mpH KpyTiOCYyTOYHOU paboTe)
¢ oMo1si0 ocHOoBHOTO obopynoBanmst XTC NeNe 1, 2 u 4 mexa Ne 2 CuBamickoro aHu-
JIMHOKPACOYHOTO 3aBOJia, pelieHHyo 1o 3akazy OAQO «Okoxummpoekt», . TamOoB.
CrpykTypa MaTepHalbHBIX MOTOKOB copmupoBanHoii XTC, HanMeHOBaHUS armapa-
TYPHBIX CTaquil, HOMepa, TUIBI U OINpPEACIIONINe Pa3Mepbl MX OCHOBHBIX aIlliapaToB
MIPEACTaBICHBI Ha pHC. 3. 3aMETHUM, YTO M3-3a OTCYTCTBHS JOCTAaTOYHOTO YHCIIA Majo-
ra0apuTHBIX EMKOCTHBIX aIaparoB C MepeMEINBAIONIIMU YCTPOHCTBaMH B armaparax
craguii 1 1 3 mocIe0BaTENFHO PeaTN3yIOTCs 110 BE CTaJUM CHHTE3a MPOIyKTa (pac-
TBOPEHHUE U TNa30THPOBAHUE).

B xone pemenus 3amaq A;j OnpesneseHo, 9ro paboune 00beMBI M YCIOBHS 3aI10JI-
HEHHS ammnaparoB cTaguil 2, 4, 6 © 9 MpensaTCTBYIOT BBIIOIHEHHIO OTrpaHUYeHuH (8).
Jst obecniedeHust X BBIMOIHEHHS MIPUHSTH peleHust 00 00beIMHEHUH B ATUX armapa-
TaxX JBYX MapTUH MPOAYKTA Al COBMECTHOH mepepaloTku (1) = rg4 = rg = r9 = 1/2).
[Tpu MUHUMAaTBFHOM YKCIIE OCHOBHBIX allllapaToB Ha KaKIOW CTaluu (n‘ j=1,7=110)

MHHUMaJbHAs MPOJOJDKUTEIBHOCTh BBIITyCKa NMPOAYKTa, coryacHo (17), mpeBblmaer
3200 4 (134 cyToK), MpryYeM JIMMUTHPYET 3HAUCHUE MEXKIIMKIIOBOTO MEpUoia CTamus 8
(¢punpTpoBanue). i1t BEIXOJa U3 3TOW CUTYaIlNH, C yYETOM HAJIMYHUS PE3EPBHBIX aIlla-
parToB, MPUHSITO pElIeHHE OCYIIECTBISATh Ha CTanusaX 7, 8§ CHHXPOHHYIO mepepaboTKy
JIBYX TapTU TPOAYKTa B JBYX NapajuleJIbHBIX OCHOBHBIX ammaparax (ny=ng=2,
r7=rg=1/2, p7=pg=1): Ha craauu 8§ WCIIOJH30BATh J1Ba WACHTUYHBIX (GHIBTPA,
a Ha crajauu 7 nonoidHuTeNnbHbIN anmapart Ne 1-30 oobemom 16 M3, HPUTOAHBIN IS TO-
Jlau¥l CyCIieH3MH KpacuTess Ha (unbtpoBanue. Anmapat craauu 10 ciocoOeH MpHHATH
cpa3y Bech 00BbEM PeryJIbIIMPOBAHHOM HacThl MPOAyKTa (00€ MmapTHH), TO €CTh ycTa-
HaBIuBaercs rig = 1/2.

PesynbraTe! pemenns 3anaun R mocne KoppeKuyu sHadenui n;, 15, pj, j € (1,...,10):

— pa3mMep maptun npoaykra w = 0,853 T;

— YHCIIO NapTHH NPOJYKTA, BBIIyCKAEMOE 3a LUKJI Pa0OThl cHCTeMbI 1/ min {r;} = 2;

j=1J

— IPOJIOIDKUATENHLHOCTE 1HKIa padboTel XTC T = 84,4 u;

— MEXIMKIJIOBBIN nepuoa 7p = 36 4;

— riepuo/ Beiycka npoaykra To = 1944,4 4 (81,02 cyTok).
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Cranus 1. PactBopenne Cramus 5. A3ocoueTaHue, Cranus 8. dunbTpoBanue,

¥ IMa30THPOBAHHUE, X| = 3,2 M° xs=16 xg =25 M* (PITAKM)
e
— : !
Ne 4-07 oo C '
Cranus 2. PactBopenue, ~——
X =32 Ne 4-12 Ne 1-32
) Cranus 6. Boiienenue Cranus 9% Penynbnanus,
> Kpacurens, xg = 50 M° xg=16 M’
No 2-23
Cranus 3. PactBopenue
M Ma30TUPOBaHKE, X3 = 3,2 M’ @
Ne 1-33
Ne 1-29
Crapmst 7. Ilonaua Cranus 10. Cymika,
Ne 4-11 Ha (uibTpoBanue, x; = 25 m° x19 = 20 M* (CHIH)
Cranus 4. PactBopenue,
x4=32M
—_ [
= T
\_/
No 4-16 Ne 1-30 No 4-41

Puc. 3. CTtpykTypa U XapaKTepHCTHKH OCHOBHOT0 000PY10BaHHS CTATUN
XTC BbImycka KpacuTeJIsi aHHOHHOTO KOPHYHEBOTO TSI KOKH

B kagecTBe mpumepa 3a1aud ONpeneeHUs MaKCHMaIbHON NMPOM3BOAUTEILHOCTH
XTC paccMoTpuM 3amady OINpezeseHUs] MUHUMAaIGHOTO Neprosaa Beimycka 1,3 ¢eHn-
JeHauamMuHa (TIONYTIPOAYKT UIsS TPOU3BOJCTBA JMCIEPCHBIX Kpacuteneil) B o0beme
170 T, pemeHHYIO 1O 3aKa3y MPOEKTHO-KOHCTpYKTOpcKoro otnena OAO «llurment,
r. Tam60B. ITnanoBernii nepuox Beimycka 170 T 1,3 ¢pernnenanamuna — 2640 1 (110 cy-
TOK MU KPYTJIOCYTOYHOH padoTe).

Crpykrypa XTC, peanusyromieil mporuecc CHHTe3a 3TOro MPOIyKTa, HAUMEHOBa-
HUS ee anmaparypHbIX ctaguil U ux AO npexacraBieHsl Ha puc. 4. Anmapartsl cTaguu 6
MPUHUMAIOT LieNble MapTUU MAaTOYHOTO PacTBOpa MOOYEPEHO, CO CIBUTOM IO BpeMe-
HU. B emkocTy Ha cTamuu 7 ocyuiecTBisieTcss cOOp ceMy MapTHH yIIapeHHOTO MPOAYKTa,
KOTOPBIE 3aTEM ITOJAF0TCS HA BAKyyM-TICPETOHKY.

Pesynbratel pemenns 3anad A;: wi = 1,288 1, wp = 0,376 T, w3 = 0,4 T, wg = 0,507 T,
ws=0,678 T, we = 0,398 T, w7 = 0,734 T, wg = 0,383 T, TO ecTh pazmep MapTUH MTPOTYK-
Ta W= mli% {w;}= 0,376 t. Ilpn 5ToM 3HaueHny w orpanudenus (8) st craguit 1 -3,

Jj=1
5 — 8 u orpanuuenwue (10) ans craguu 4 BBIMOJIHAIOTCS.

H K
B pesynbrare pemenns 3agadn R ompenencHsl Takue 3Ha4CHHS [y, @y,

E, Q min {r;}
. T7 e Fara j=1,J
j=1J, k=LK, I=1L;, aro max{» 0, ++| —L—"——1|max{0;} =93,16 +
J Jk y=Ly ; Hye w F=w; J

+170/(0,376:7)- 38,5 = 2579,86 1 (107,5 cytok), To ectb XTC mmeeT pe3epB pabodero
BpPEMEHH 2,5 CYTOK, KOTOPHI MOKET OBITh MCITOJIb30BAH JJIsI KOMIICHCAUU HETIpeBH-
JICHHBIX TPOCTOEB JTHOO JOMOJHUTEIBHOTO BEIMTYCKa MPOIYKTa B 00beMe 3,95 T.
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Cranus 1. PacraBinenue Cranus 2. BoccraHoBiienue Cranus 3. ITogaya

nuHUTpoGeH30Na, X1 = 2,166 M IMHUTPOOEH301a, Xy = 6,2 M3 Ha (QunsTpoBanue, x3= 6,3 Ve
—_— I > i
N
Cranus 6. Bakyym-ynapka, Cragus 5. C60p MaTo4HOTO Cranus 4. OunctHoe
x6=5,1 M, ng=2,pg=0 pacrtBopa, x5= 10 M* (unbTpoBanue, x4= 57,8 M* (OI1P)
(
@ Cranust 7. COop ynapeHHOro Cranus 8. BakyyM-Teperonka,
MPOMyKTa, X7 = 6,3 M°, 7= 1/7. xg=3,7M, rg=1/7
N B -
—>
O
N >

Puc. 4. XuMHKO-TeXHOJI0THYECKasl CUCTEMA /ISl IPOU3BOJACTBA
1,3 ¢peHmiIeHANAMMHA TEXHMYECKOI0

3akJ/rouenue

[IpennokeHHble MaTeMaTH4YeCKHE IIOCTAHOBKM M METOABl pelleHus 3ajnad
AO XTC getictyromero MXII obecnieunBatoT MpuHATHE 00OCHOBAaHHBIX PEIICHHUH IO
OpTaHM3aIMH BBITyCKAa HOBBIX MPOJYKTOB B 33aHHBIX 00beMax K YKa3aHHOMY CPOKY
C TTIOMOIIBI0 000PYI0BAHMS JEHCTBYIOIIETO MPOM3BOACTBA, @ TAK)KE BBISIBICHHE MAKCH-
MaJbHOM MPOU3BOANTENHHOCTH feiicTByromei X TC mo KOHKpETHOMY TIPOAYKTY.

Pemenne mepBoOif M3 3THX 3a7ad IMO3BOJSIET BHIOpAaTh OCHOBHOE 00OpYZOBaHWE
JEWCTBYIOIIETO MPOM3BOACTBA IS PeAN3alli BCEX CTAAUN CHHTE3a HOBOTO MPOAYKTa
U OIPeNIeNIUTh PEXXUM COBMECTHOTO (DPyHKIIMOHHUPOBAHHUS 3THX amllapaToB, 00ecHedu-
BAIOIUIl BBIMOJHEHUE 3aKa3a 10 BBITYCKY HOBOTO IMPOJIYKTa C MHHHMAJIBHBIMH H3-
Jep’KKaMH Ha TIOTpedisieMble SHEPropecypehl U aMOPTH3ALMIO 000pYIOBaHUSL.

Pewrenne BTopo#t 3aaum O3BOJISIET ONPENENISATh MAKCUMAIIBHBIH 00bEM BBITYCKa
KOHKPETHOTO TMPOAYKTa K YKa3aHHOMY CPOKY JINOO MHUHHMMAIBHYIO MPOAOJDKUTEIb-
HOCTP BBIITyCKa 3aJIaHHOT0 00beMa JJaHHOTO MpOAyKTa Ha KoHKpeTHoW XTC nmeicTBy-
roriero MXII 6e3 msmenenns ee AO, To ecTs pe3epB npousBoauTeabHocTH X 1C, KOTO-
PBIit MOXKET OBITH NCIIOJIB30BaH MO YCMOTPEHHIO aJMHHHUCTPALMN JUISl JOTIOIHUTEIHHO-
TO BBIIIYCKa 3TOTO WM JIPYTOT0 MPOAYKTA.
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Optimization of Existing Equipment for Multiproduct Batch Plants
in New Product Release

S. V. Karpushkin, M. N. Krasnyansky, A. B. Borisenko

Department of Computer-Integrated Systems in Mechanical Engineering,
TSTU; karp@mail.gaps.tstu.ru

Keywords: chemical process equipment; equipment design; maximum
productivity; multiproduct batch chemical plants; new products on existing production
systems.

Abstract: The authors propose mathematical formulations and methods for
solving the problems of choosing the equipment for multiproduct batch chemical plants
used in modern practices of design-and-engineering departments. The authors
formulated the problem of using the existing equipment to make a new product in a
given volume by the indicated date (due date), and the problem of determining the
maximum productivity of the chemical processing system for a particular product.
The problem statements are based on the analysis of real multi-product chemical plants
with regard to the features that affect the manufacturing processes and equipment design
stages. The authors give examples of solving the problems for existing multiproduct
batch plants.
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Optimisierung des Funktionierens der Ausriistung
der aktiven vielsortimenten Produktion bei der Realisierung
der Bestellung auf die Erzeugung des neuen Produktes

Zusammenfassung: Es sind die mathematischen Stellungen und die Methoden
der Losung der Aufgaben der Apparaturausstattung der chemietechnologischen
Systeme, die fiir die modernen Praxis der Arbeit der Entwurfkonstruktionsbteilungen
der vielsortimenten chemischen Produktionen typisch sind, vorgeschlagen: die
Aufgaben der Organisierung der Erzeugung des neuen Produktes im eingeplanten
Umfang zur angegebenen Frist mit Hilfe der Ausriistung der aktiven Produktion und die
Aufgaben der Bestimmung der maximalen Produktivitit des chemietechnologischen
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Systems nach dem konkreten Produkt. Die Aufgabenstellungen sind aufgrund der
Analyse der Besonderheiten der realen vielsortimenten chemischen Produktionen, die
die Organisation der Prozesse der Erzeugung der Produkte und die Apparaturausstattung
der Stadien der chemietechnologischen Systeme beeinflussen, entwickelt. Es sind die
Beispiele der Losung der Aufgaben fiir die realen vielsortimenten der chemischen
Produktionen angefiihrt.

Optimisation du fonctionnement de 1'équipement de la production
de haute gamme lors de la réalisation de la commande
de la sortie d'un nouveau produit

Résumé: Sont proposées les mises mathématiques et les méthodes de la
résolution des problémes de la présentation d’appareillage des systémes chimiques et
technologiques typiques pour les pratiques de travail des départements modernes de la
conception des unités de la production chimique de haute gamme: tiches de
'organisation de la production d'un nouveau produit dans le volume prévu pour une date
indiquée et a l'aide de I'équipement de la production qui fonctionne et tiches de la
détermination de la productivité maximale du systéme chimique-et technologique d’un
produit concret. Les objectifs sont élaborés a la base de l'analyse des caractéristiques
des productions chimiques de haute gamme qui influencent sur l'organisation des
processus de la production et la présentation d’appareillage des stades des systémes
chimiques et technologiques. Sont cités des exemples des solutions des problémes pour
les productions chimiques de haute gamme.

ABTtopsl: Kapnywkun Cepzeii Bukmopoguu — JOKTOp TEXHUYECKHX HAYK, IPO-
teccop xadenpsl «KoMITbIOTEpHO-UHTETPUPOBAHHBIE CHCTEMBI B MAaIIMHOCTPOCHUMY;
Kpacuanckui Muxaun Hukonaeeuu — TOKTOp TEXHUYECKUX HAYK, TPodeccop, PeKTop
OI'BOY BO «TT'TY»; Bopucenxo Audpeii bopucosuu — xaHIuAAaT TEXHUYECKUX HAYK,
nmoteHT Kadenpsl «KoMIbIOTepHO-HHTETPHPOBAHHBIE CUCTEMBI B MAITMHOCTPOCHHI,
OI'BOY BO «TT'TY».

Peuensenr: Tyzonykoe Eezenuii Huxonaeeuu — IOKTOp TEXHUYECKUX HAyK,
npodeccop kadenpsl «TexHHKa U TEXHONOTHMM TPOU3BOJCTBA HAHOMPOIYKTOBY,
OI'BOY BO «TT'TY».
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