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MeTo10 1i€i poOOTH € TOCTiKEHHS Ta ONTHMI3allisl MPOLECIB MPOSKTYBAaHHS Ta ONEPATHBHOTO
yIpaBIiHHS ABOCTAAIaIbHOIO TEXHOJIOTTUHOIO JIIHIEIO.

MeTtoauka aociaixxenHsi. st JOCSITHEHHS IIOCTaBJICHOI METH 3aCTOCOBAHO KOMILJICKCHUM
MiAX11, KU nonsdrae y dopMaiizaiii Ta aHaiszl 3a/1a4 OnepaTUBHOTO yMPaBIIHHS Ta MPOEKTYBaH-
HSI TEXHOJIOTIYHMX JIiHIN. JIJIT BU3HAYCHHS ONITUMAJIBLHOTO CITIBBITHOIIECHHS MK TPAHHYHUMU IIPO-
MIyCKHUMU 3A10HOCTSIMH CTaJiil TEXHOJOTIYHUX JIHINA 3aCTOCOBaHI METOAM Teopii WMOBIPHOCTEIA,
10 nepeadavarnTs 0OPOOKY MaTEeMAaTUYHUX MOJIENICH BUITAIKOBUX BEJIMYKH.

PesyabraTu gociaigkenHss. OOrpyHTOBaHO HEOOXITHICTh BUKOPUCTAHHS CUCTEMHOIO KOMILIE-
KCHOTO ITiTXO/Ty TPH YIPaBIiHHI TBOCTAIaIbLHUMHU TEXHOJIOTTYHUMH JIHISMH, IO mepeadavae Ciri-
JBHUN pO3TIIAN 3a/Jad MPOEKTYBAHHA Ta OMNEPATUBHOTO YIpaBliHHA. Po3rimsgaioTecsi Tpu OIl-
THUMI3allii{Hi 3aBJlaHHs, 110 PO3PI3HAIOTHCS Y CBOIM MOCTAHOBII BUXIAHUMHU JIaHUMH, LUJISIMU Ta Ia-
pameTrpamMu ontuMizaiii. Lle 3aB1aHHsS KOHCTPYKTOPCHKOT ONTUMI3allii pu CTBOPEHH1 001aIHaHHS,
3aBJIaHHSI ONTHMAJIBHOTO TPOEKTYBAaHHS TEXHOJIOTIYHUX CXEM Ta 3aBJAaHHS ONTHMAaJIbHOTO OIepa-
TUBHOTO yHpaBiiHHA. 711 JOCSATHEHHS II100aJbHOr0 ONTUMYMY 32 €KOHOMIUHUM KPHUTEPIEM Iii TpU
BHUJIA 3aBJaHb CJIIJ PO3MISIIATH KOMIUIEKCHO, Y B3aEMHOMY 3B's3Ky. Y Il poOOTI BUKOHAHO Y 3a-
ralbHOMY BUTIIAI popManizallisi moJiOHOTO KOMIUIEKCHOTO 3aBIaHHS IS JBOCTA{ialbHUX TEXHO-
JIOTIYHUX CXEM Ta 3a3HA4Y€HO MIJXOIH J0 il BUPIIIEHHS. 3allpOIIOHOBAHO METO/IMKY BUPIILIEHHS Ta-
KHX 3a/1a4 3aCHOBaHy Ha iH(OpMallii Ipo MUTOMI BUTPATU PECYPCY Ta MPO XapaKTEPUCTHUKU MOTOKY
MaTepiaiy, 10 NepepoOIseTbCs.

HaykoBa HoBH3HA. BUKOHaHO MOCTaHOBKY KOMILIEKCHOI 3aJaui oNTUMI3alii (QyHKIIOHYBaHHS
JBOCTAialbHUX TEXHOJIOTIYHUX JIIHIA, 10 BpaxoBye MpoOjemMu BUOOPY cKiaay oOjaJHAaHHA Ta
OIEPATUBHOTO YNPAaBIIIHHS Ta 3alIPONOHOBAHO MiAX1J 110 il BUPIIEHHS.

IIpakTuyHe 3HAYeHHsl. 3aMpPONOHOBAHUM MIAXI JO3BOJISIE 3HAWUTH ONTHUMAJbHE PIIICHHS
KOMIUIEKCHOT 33/1a4l yIpaBJliHHS Ta MPOEKTYBAaHHS JIBOCTA1aIbHUX TEXHOJOTIYHUX JIHIHN 3 moris-
1y €KOHOMIYHOTO KPUTEPIIO.

Knrouogi cnosa: cucmemnuil nioxio, 080cmaoiaibHa MexHON02IUHA NiHis, OnNMuMaibHe Kepy-
BAHHS, KOMNJIEKCHUL NIOXI0, NUMOMI eKCNIyamayitiii gumpamu, onepamuene YnpaeiiHHs.

®opmyaoBaHHsa npodjaemu. HaiiOuibin 00'€eKTUBHO €(EKTUBHICTH (PYHKIIIO-
HYBaHHS TEXHOJOTIYHOI JiHIT MOKHA OLIHUTA €KOHOMIYHUMH Kpurtepiasmu. Hampu-
KJIaJl, IPU MPOEKTYBaHHI MOXKE CTABUTHUCH 3ajada 3a0e3MeueHHs MIHIMyMYy TTUTOMUX
eKCIUTyaTaI[liHUX BUTPAT TPH OOMEXKEHHSX HA MPOMYKTUBHICTH 1 SIKICTh TOTOBOL
npoaykiii. [Ipu cTBOpeHHI CKIIaTHUX TEXHOJOTIYHUX CTPYKTYp, IO MPAIlOI0Th B
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yMOBax [ii BUMAaKOBUX (PaKTOPiB, BUPIMICHHS MOMIOHUX 3a/1a4 HE OUEBUIHE 1 MOXKE
OyTH OTpUMaHe JIUIIEe Ha OCHOBI KOMIUIEKCHOTO mifaxony [1 — 8].

3amada CTBOPEHHS TEXHOJIOTIYHOI JIHIT y 3araJbHOMY BUIAJAKY 3BOJIUTHCS 0
TpbOX eTamiB: 1) po3poOka KOHCTPYKIIIi OKPEMHUX arapariB TEXHOJIOTIYHOI JIiHii; 2) BU-
Oip ckiagy amapaTiB JIiHIT 3 HAsIBHOTO pALy (HaifyacTiiie 3a MPOIYKTUBHICTIO) 1 3'€]1-
HaHHA X B €IUHY CTPYKTYPY; 3) OlepaTUBHE YIPABIIHHS TEXHOJIOTTYHOIO JIHIETO.

Ha >xanp, mepepaxoBaHe 4acTO pO3IJISNAIOTH SIK BiAOKpEMIIEHI 3a/adi, M0 He
J03BOJISIE BUKOHATH OINTHUMI3AII0 MPOIECY CTBOPEHHS TEXHOJOTIl 3a rio0ambHUM
KputepieM. ToMy pO3IIIHEMO CIIPOLIEHY ABOCTaAialbHy CTPYKTYpYy (pHc. 1), Xapak-
TEpHY JUI HU3KH Tally3ei POMHCIIOBOCTI: XIMIYHOT, TiPHUYOPYAHO1, Xap40OBO1 TOILIO.

Q;m, Qy; my
Q kQ kQ

(1-k)Q
Puc.1. Copoiiena gBocTaiiajibHa CTPYKTypa TEXHOJIOTTYHOT JIIHII.

IocTanoBka Ta po3B'si3anHs 3aaa4i. Ha BXij JiHIT HAAXOAUTH MOTIK MaTepia-
ay Q [1/ron.], sxuit moTpeOye MmeBHOI MepepoOKH 3a IBOCTATialIbHOK cxeMor. Ha
nepiriit craaii (610K 1) KpiM MEepeTBOPEHHSI SIKICHUX XapaKTEPUCTUK TOTOKY BinOy-
Ba€ThCs WOTo moaia Ha iBi yacTuHu — KQ Ta (1 — k)Q 3a neBHO0 03HAKOK0. 3HAYCHHS
koedirienta noity (0 < k < 1) 3aiexuTh Bijl MOKa3HUKIB BUX1JIHOTO MOTOKY MaTepi-
ay. AmapaTu IepIoi Ta Apyroi cTajiiid XapakTepu3yIThCsl TPAHUYHOKO TIPOITYCKHOIO
smatHicTiO Q1 Ta Q2 [T/roa.] (3a3BUUaii e Taka MPOAYKTHUBHICTD, IPH SIKiK HE Bi0Y-
BA€THCS HEMPUITYCTUMHUX BTPAT SKOCTI), & TAKOXK EKCIUTyaTallliHUMHU BUTpaTamu Rj
ta Ry [rpH/roa.]. YuMm Ounbplia mpoayKTUBHICTh anapary, TUM BHIILI €KCILUTyaTaliiHi
BuTpatu. CHpoIleHo NpUIyCKaTUMEMO JIIHIMHUNA 3B'I30K M1 IMapaMeTpamu, TOOTO:

R; =Q1 my;
Rz =Q2 my.

KoedimienTn nponopiiHocTi My Ta My [ITpH/T| MatOTh CEHC MUTOMUX EKCILTya-
TallMHUX BUTPAT 32 MAKCUMAJIBbHOI MPOJYKTUBHOCTI. Po3Mip 1ux KoedillieHTIB BU-
3Ha4da€ e(h)eKTUBHICTh KOHCTPYKIIIi BIATIOBITHUX amaparis.

Hexait y ciporieniii mocTaHoBINl 3a7a4i KpUTEPieM €PEKTUBHOCTI € CyMapHi MH-
TOMI €KCIUTyaTaIliiHI BUTPATH 3a HACTYITHUX 0OMEXEeHb Ha TIPOYKTUBHICTH araparib
MepIIOi Ta APYTOi CTAIM:

J_&—F R, :Q1m1+Q2m2 — min;

Q (kQ) Q (kQ)
Q<Q (1)
kQ <Qa.
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HesBakaroun Ha mpocTy CTPYKTYpy 3aaada (1) Bka3zye Ha 3B'A30K MK TpboMa
eTaraMy CTBOPEHHS TEXHOJOTIYHOI JiHIi: po3p00Ky KOHCTPYKIIIi anmapatiB, MPOEKTY-
BaHHJI JIiHII Ta OTIEpaTHBHE KEPYBAHHS HETO.

Onmumizayis KoHcmpyKyii anapartiB MOJATaE y MiHIMI3aIlli M, Ta M,; ONTUMI-
3aIlis TIPU MPOEKTYBaHHI - y BUOOP1 criBBiaHOIIEHHS MK Q1 1 Q2 (abo y BuOOpi Q2
npu 3agaHoMy Qi); onmTuUMI3allisl ONEPaTUBHOTO YIIPABIIIHHS MOJIATa€ y BHU3HAYCHHI
Q.

Buxonaemo anami3 3amadi (1). OdeBugHO, 1110 OnTUMAaIbHE 3HaYeHHST QQ BH3HA-
JAETHCS 5K

Q™" =min{Q,; Q, / k}

Skmio 3uadenHs K Bigmome 1 craje, TO 3aaa4a BHOOPY CITIBBIIHOIICHHS Mk Qg 1
Q2 TakoX Ma€e OUEBUIHE PIITICHHS:

onm __ onm
2 - le
OTtxe, s ctayioro K pimenns 3aaadi (1) HacTymHe:
onm onm onm
Q" = = le

OnHak y peajlbHHX yMOBax KOeQiIlieHT moaily K € BUIIaIKOBOIO BEITMYHUHOIO,
PO3MOIIICHOIO 32 MIEBHUM 3aKOHOM B 1HTepBai Bij 0 10 1. 3a3Buuail 3aK0H po3Moi-
7y K 3aJIe)uTh BiJ AKICHUX BJIACTHBOCTEH BXIJHOTO MMOTOKY MaTepially, Mo mepepoo-
Js€ThCsl, TOOTO Bix Q. Y nbomy BUManky kputepiit J Takoxx Oyje BUMaIKOBOIO BEIH-
YuHOIO 1 3a7a4a (1) Oyne MaTu BUTIISIAL

M(3)=m| 2T, QM| i
Q (kQ)
Q< (2)
kQ<Q:
ne M (.) — omepaTtop MaTeMaTHYHOTO CIOIBaHHS; K — BHITagKoBa BEJUYMHA 3 BiJIO-
MHUM 3aKOHOM PO3MOALTY; M1, My, Q1 — MOCTIiHI TapaMeTpHu.

3HATH TOYHE aHAMITHYHE PO3B'S3aHHsS 3a4adl (2) y 3aralbHOMY BHITQJIKy HE
MokHa. i MOKHA BUPIIIUTH NPUOIM3HO METOJIOM CTATUCTUYHUX BUIPOOYBaHb, KU
€ YHIBEpCAIHHUM 1 YCHIITHO MOXK€ OyTH 3aCTOCOBAaHHWM JJIS ONTHUMI3AIl 1 CKIaaHI-
mux 0araTocTagiiHuX CTPYKTYD.

HaGmmxeno 3amauy (2) MOKHA BUPIIIATH, IPYHTYIOUMCh HAa HACTyITHOMY BH-
CHOBKY: YMM OUITBIII BUTPATHUN TEXHOJOTIYHUN miepeais (duMm Oimbre m;, i = 1,2),
TUM O1JIbIII€ BiH HOBUHEH OyTH 3aBaHTAKEHUI.

OxkpiM 3a7a4i ONEPaTUBHOTO YIPABIIHHSA 00JaJHAHHSAM CJI1]] 3BEpHYTH yBary Ha
HE MEHII aKTyaJbHY 3aJa4y BUOOPY CHIBBIAHOLIEHHS MK FPAHUYHO JOMYCTUMUMU
Qi ta Q. Taka 3amaya BUHHUKAE HA €Talll MPOEKTYBaHHs TEXHOJIOT14HOT JiHii. Hexai
rpaHnyYHa MPOAYKTUBHICTH Q1 3amanHa Ta HeoOxigHO BU3HAYUTH Q. 3 ypaxyBaHHAM
3B's13ky Q1 = KQ2, 1151 3a71a4a 3BOIMTHLCS [0 BU3HAYCHHS 3HaUYeHHs Koedimienta k*, ae

Q1 = k*Qz.
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OdeBuHO, MO ONTUMAJIBHE CIiBBIHOMICHHS MiX Q1 1 Q2 BU3HaYaeThCs Koedi-
IieHTOM ToTy K, SKMil € BUIIAJKOBOIO BEIUYHHOIO 1 B OCHOBHOMY 3aJICXKHUTh BiJ
BJIACTMBOCTEH MOTOKY BuXinHOro martepiany Q. Ilpu npomy MoxivBi 3HaueHHs k
JaeKaTh B JAesakoMy miana3oHi Kmin — Kmax (0 < Kmin < Kmax < 1) 1 miaHOPSAKOBYIOTHCS
JCIKOMY 3aKOHY PO3IOI1LTy KMOBIPHOCTCH.

SAkimo 1e 3akoH BiJIOMHUM, HANPHUKIA, y BUIJISAAI TU(epeHIiaTbHOol (yHKIT
f(k), To onTuManbeHe 3HaYeHHA K~ BU3HAYAETBHCA 3 ypaxyBaHHAM ITMTOMHUX EKCILTyaTa-
[MIHHUX BUTPAT JJIs IEPIIoi My 1 Apyruid My cTamii (puc. 2):

: m
f(k)dk =———.
in ( ) m1+m2

[

mi

f(k) 4

k min k’ k max 1 k

v

0

Puc. 2. lllinbHICTH pO3MOI1TY BUITAIKOBOI BEIMYUHU K.

B saxocTi npukiagy po3risiHeMo (pparMeHT TE€XHOJIOTIYHOI JIiHii 30aradyeHHs 3a-
J3HUX Py, 0 CKJIAJIA€ThCA 3 MIIMHA 3 KIACU(PIKYIOUUMH IO KPYITHOCTI arperaramu
B mepiii crajii Ha pucyHKy 1 (610K 1) Ta KiTbKOX MarHiTHUX CENapaTopiB y JIpyTii
crazii (0sok 2). Koedimient moainy K y npomMy BUMAAKy Oyzie 3aJeKaTH Bill PEKUMY
poOOTH MJIMHA 1, B OCHOBHOMY, BiJl XapaKTEPUCTUK PY/H, 0 HAJIXOJUTh HA TOJIPi0-
HeHHs. Hexaii 3akoH po3noainy K OJu3bKuil 10 HOPMAJIBHOTO B Aiana3oHi Kmin — Kmax.
Toni mapameTtpu 3akoHY po3noiny K:

k . +k -
=M T _ maTeMaTU4YHE CIOIIBaHHS;

M (k)

O'( k) = w — CepeIHE KBaAPATUYHE BlAXUIICHHS.

[IpunycTrmo, 1110 TUTOMI €KCIUTyaTalliiHl BUTpATH MPOMOPLIAHI TUTOMIN BH-
TpaTi eJIeKTpOEHeprii, sfika s MIMHIB MOKpOro camononapioHeHHss tunmy MMC
70*23 cranoButh npubau3Ho 10 kBt u/T. Ilei moka3HUK JI1 MPOTUTOYHUX MarHiT-
HUX OapabaHHMX cemapaTopiB MOKPOTO 30aradyeHHsi CTaHOBUTH O1n3bKo 0,3 kBT u/T.
Toni onTuManbHe 3HaueHHs K BM3HAYUTHLCS 38 YMOBH:
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m 10 _
m+m, 10+0,3

[ f(k)dk =

kmin

0,97.

Bupintytoun octanHe piBHAHHSA, 3HAWEMO:
K* = M(k)+2,45 - o(k)

OTpuMaHuil pe3ynbTaT O3HAYaE, M0 y IbOMY BUIAAKY MPOIYKTHUBHICTH 1 KiJIb-
KICTh CemaparopiB MOTpPiOHO BUOMpATH, OPIEHTYIOYMCHh HAa MaKCHMajbHE 3HAYEHHS
koeodinienta nonainy. lle Bu3HayaeTbcst TUM, IO MUTOMI BUTpPATH Ha MOJPIOHEHHSA
3HAYHO MEePEBUIIYIOTH aHAIOTIYHUH MOKAa3HUK JJIsI MArHITHOT cemapartii.

BucHoBku Ta pe3yabTaTu: [Ipu cTBOpeHHI IBOCTaliadbHUX TEXHOJOTIN mepe-
pOOKM HEOOXITHUM KOMIUIEKCHUM CHCTEMHHH MiJXIJ: 3aja4yl ONTUMaJIbHOTO olepa-
TUBHOTO YMPABIIIHHS CHiJ PO3TIISIATH CIUIBHO 13 3a/[auaMU IPOEKTYBAHHS TEXHOJIO-
rigyHoi cxemH Ta BHOOpYy oOsmamHaHHA. [Ipu oMy BIAMOBIAHO 1O 3alPOTOHOBAHOT
METOJMKN HEOOX1THO BpaxoByBaTH 1H(GOpPMAIIiIO PO MUTOMI eKCIUTyaTalliiHl BUTpa-
TH JJI9 KOXKHOT CTaJlli epepoOKU Ta SIKICHI MOKA3HUKH MMOTOKY CHPOBUHH, IO Tepe-
pOOJISIETHCSL.
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ABSTRACT
Purpose of work is to research and design process optimization and optimal operational manage-
ment for a two-stage technological line.

Methodology. To achieve the goal, we apply a comprehensive approach, which consists of the for-
malization and analysis of operational management tasks and technological lines designing. The
methods of probability theory are used to determine the optimal level between the maximum band-
widths of the stages of the technological lines and for processing mathematical models of random
variables.
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Research results. The need for a system-wide approach to the management of two-stage technolog-
ical lines is substantiated, which involves joint consideration of design and operational management
tasks. Three optimization problems are considered, which differ in their formulation by initial data,
goals and optimization parameters. This is the problem of design optimization when creating
equipment, the problem of optimal design of technological schemes and the problem of optimal op-
erational control. These three types of tasks must be considered comprehensively, in mutual con-
nection to achieve a global optimum in terms of the economic criterion. The formalization of such a
complex problem for two-stage technological schemes was carried out in a general form and ap-
proaches to its solution. The methodology for solving such problems is proposed, based on infor-
mation about the specific consumption of the resource and the characteristics of the flow of the pro-
cessed material.

Scientific novelty. The formulation of the complex optimization problem for the functioning of
two-stage technological lines, including the choice of the equipment and a type of operational man-
agement, and a solving approach for the considered problem was provided.

Practical significance of work results. The proposed approach makes it possible to find the opti-
mal solution to the problem of management and design of two-stage technological lines from the
point of view of the economic criterion.

Keywords: system approach, two-stage technological line, optimal management, specific operation
cost, methodology, comprehensive approach, complex task.
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