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Poboma npucesauena Oesakum NpaKmuyHuM acnekmam NpoeKmy6amnts i npoMuUcio8o2o
BNPOBAONCEHHA —CXeM  BOOOCHOJNCUBAHHA, B0000HUWEHHA ma 60008i06edeHHs. YV  pokyci
00CNiOdNCeHb: 3ACMOCYBAHH CMAMUCMUYHO20 AHANIZY 00 GUBYEHHS 3IOPAHUX HA GUPOGHUYME]
BUXIOHUX OaHUX 01151 MOOEPHI3ayii cxem 8000CHONCUBAHHSA, A MAKONC 3ACHOBAHA HA MOOENbHOMY
nioxodi  oyinka  OOYINbHOCMI  BRPOBAOICEHHS CXeM  B800OCHOMNCUBAHHA Y  eKCHIyamayiio.
3anpononosani nioxoou modcynie 6ymu 3acmoco8ani Ha pisHUX pieHAX iepapxil mexHon02idHux
cxem 600H020 20CNOO0APCMBA NPOMUCTOB020 NIONPUEMCMEA.

Kniovogi cnoea: cxema B00OCHONCUBAHHS, ONMUMIZAYIs, NPOMUCTIOE BNPOBAOINCEHHA,
ni02omMosKa OaHUX, 3ACHOBANHUL HA MOOENIO8AHHI CYeHapill.

Beryn

BakJIMBOIO MEpeyMOBOI0 CTAJIOTO0 PO3BUTKY CYCHIJIBCTBA € BIPOBAKEHHS CYYaCHHMX
pecypco30epiratouux TEXHOJOrH, €KOIori3alis BITYM3HAHUX MPOMHCIOBUX BUPOOHULITB, 30KpeMa,
MiICMCTEM-CKIIaZI0BUX BOAHOTO IOCIOIAPCTRA MiAMPUEMCTRA.

3acTrocyBaHHs CydYacHMX 3aco0iB OOYMCIIOBAILHOT TEXHIKM 1 MaTeMaTHYHHUX METOJIIB
ONTUMI3aLil 103BOJIIE PO3pOOUTH €(EeKTHBHI TEXHIUHI PIIIEHHA IO MOBTOPHO-0AraToKpaTHOMY
BOJIOCTIOKMBAHHIO 1 JICHEHTPaIi30BAHOMY BOJ00OUMIEHHIO [1-3]. 3anponoHoBaHi psaoM aBTOPIB
QITOPUTMIYHI  TPOLEAYPH MIATPUMKH YXBAJIEHHS ONTHUMAJbHUX IMPOEKTHUX pillleHb 10
BOJIOCTIO’KHBAHHIO, BOJIOBI/IBEICHHIO 1 BOJIOOYHMILIEHHIO MPOULIIA TEOPETUYHY MEPEBIPKY 1 J1OBEIH
CBOIO e(DEeKTUBHICTh Ha MpakThlli [2-5].

[Ipote edexTHBHI B MATEMAaTUYHOMY CEHCI TEXHIYHI PILIEHHS MOJEKY/IM HE 3HAXOATh BUITYKY Yy
BUpOOHUYHMKIB. [IpuyrHamMu BIAMOBH Bijl BIIPOBA/DKEHHS 3raJlaHuX MPOrPECUBHUX PO3POOOK, OKpIM
HEJI0CTATHLO MOCIIIOBHOT JIEP/KaBHOT MOJITUKM 3 OXOPOHM BOJIHHMX PECYpCIB, € MEBHI HEIOMIKH Y
3arajibHONPUIHHATHX MpOLeaypax NpOeKTyBaHHA cxem BojaHoro rocnogapcrea (CBIY). Tak, npu
npoektyBanHi CBI™ noknajgaeTnbes, 1110 BUXIJIHI JaHi U1 po3paxyHKy € aerepmiHoBaHMMH. [IpoTte Ha
npaktill iHdopmallis, HeoOXigHa Uil BHMKOHaHHS pospaxyHkis CBI, Mmae 3naunuii CTymniHb
HEBU3HAYEHOCTI, SIK Y BUMAJKY NPOEKTYBaHHS HOBOINO BUPOJIHMITBA, TAK 1 MPU MOJEPHI3aLIl BIKE
ICHYyIOUMX cHcTeM [6]. MK THM, TOYHICTH TMOKJIAJEHUX Y OCHOBY PO3pPaxyHKY TEXHOIOTIYHHX Ta
E€KOHOMIYHHX MapaMeTpiB y 3HauHii Mipi BU3HAYa€ e(heKTUBHICTH PO3PAXYHKY.

Kpim Ttoro, tpaauuiiine oOrpyHTYyBaHHS JOLIIBHOCTI peaiizallii MpoeKkTy — po3paxyHOK
OUYIKYBAHOTO EKOHOMIYHOTO edekTy, — B JaHOMY BHIMAJKy BHSBISETbCS HEC(PEKTUBHUM,
HEOCTATHBO MEPEKOHIMBUM I 0CI0, IO YXBAIOKOThH PillICHHS.

Takum uuMHOM, MpoLlEeAypa MPOEKTYBAaHHS ONTHUMAJIBHUX CXEM BOJHOIO TOCMOAAPCTBA MAE
BKJIOYATH HACTYIHI €TaIu:

1. ITigroroska ta Bepudikauis BUXIAHUX JAHUX JUISL PO3PAXYHKY.

2. BnacHe po3paxyHoK (TexHosoriune npoektyBanHs) CBI'.

3. JlocniayKeHHs 10UIIbHOCTI BIpOBaKeHHs onTuMizoBaHoi CBI' y ekcnntyarattito.

B naniii poboTi yBary 30Cepe/PKEHO Ha eTamax [MiArOTOBKM [MOYAaTKOBHUX JaHUX Ta
OLIIHIOBAHHS JIOLLJIBHOCTI BMpoBaukeHHs ontuMmizoBanoi CBI. Tlomyk wmisxiB 301U1blICHHS
TOYHOCTI npoueayp cuaresy CBI € Temoro okpeMoro aociiKeHHs [S].
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Jns o6poOKHM BHUXIZIHUX JaHMX B YMOBaX HEBHU3HAUYEHOCTI aBTOPAMM 3aCTOCOBAHO METO/M
npuKiaaHol cratuctukd. CTaTUCTHYHI METOAM OOpOOKM BMXIIHMX JaHMX [OKa3aiu CBOIO
eexkTUBHICTL NpH NOOYAOBI  pEerpeciiHuX MOJIHOMIAIBHUX MoOjeaeld «BXiA-Buxim»y [7].
MaremaTiyHi METOJAM Y3TO/UKEHHS JaHWX, BUSIBJICHHS 1 3MEHIIEHHS MOXUOOK CrocTepekeHHs
TEXHOJIOTTYHUX AaHUX OYyJI0 A0CHILKEHO, 30KpeMa, y [8-11].

Bunaaky HeBU3HAYEHOCTI Ta HEMOBHOTHU JAHUX MPH JOCIIPKEHHI TEXHOJOTIYHHMX CXEM B
HIIOMY PO3rIAAalOThest 30kpema y [6]; npu  JOCHIKEHHI TEXHONIOINYHMX CXE€M BOJHOIO
rocroiapcTBa (MnepeBaxHo B KOHTEKCTI AOCIHIHKEHHS HaIIHHOCTI OTPUMAHUX MPOEKTHUX PIllIEHb) —
y [12-14]. Tak, y [12] BUBUalOTbCA MUTAHHA THYYKOCTI Ta poOacTHOCTI pe3y/bTaTiB pO3paxyHKY
CBI'. V¥ [13] 3anpononosano mijaxij 1o cuHre3y CBI' Ha 0CHOBI METOly CTPYKTYPHMX MapaMeTpis,
MNPUYOMY HEBHU3HAYEHICTh BPAXOBYEThCs HUIIXOM Moaudikaiii 3aaa4i JiHIMHONO MporpaMyBaHHs
Ha OCHOBI METOIIB HEYITKOI Joriku. ABTopu [14] nponoHyloTh BpaxoBYyBaTH HEBH3HAYCHICTb
HUIsIXoM GaraToeTarnHoro BUPILIEHHs! BUXIIHOT 3a/1a4l HENMiHIHHOTO NporpaMyBaHHs.

[Ipononosaxi y [12-14] niaxoau nepeadayars BpaXyBaHHs HEBU3HAUYEHOCTI HA €Tari CHHTE3Y
CBI' (eran 2 npe/acraBieHOl BUILE MPOLEAYPH MTPoeKTyBaHHs). Bkazanuit etan HaBiTh y BUNAAKY
NPUIYLIEHHs. [pO JeTepMIHOBAHMX J@HUX Ta CTALIOHAPHMH PEKHUM TPOTIKAHHS MPOLECIB
BIJAPI3HAETHCS AOCTATHHO CKJIQJIHUM METOAOJIOrYHUM anapatoMm [1, 3-5]. ¥ uux ymoBax BBEIACHHS
CHelliaIbHUX METO/IB BpaxyBaHHs HEBHU3HAYEHOCTI YCKJAQJHIOE [OLIYK ONTHMyMY 1 MOKe
HEraTUBHO MO3HAYMTUCS HA IIBHJIKOCTI 1 e)eKTUBHOCTI peanizallii eramny cunresy CBI.

JlocnipkeHHlo  laHux, HeoOXigHux s cuHtesy CBI, npuceauyeni poborm [15, 16].
Ocobmusictio [15] € Te, mo cepen enementiB CBI' He posrisparoTees MMPOKO MOMIMpPEHI Ha
BUPOOHULITBI MacooOMiHHI npouec. Y [16] moaemoeTbest CBIT dikcoBaHOT CTPYKTYpH M1/l BILIMBOM
BHIAIKOBUX 30ypeHb, (DOPMYJIHOETHCS 3a1a4a MiAr0TOBKM BUXIHUX JAHUX /IS PO3PAXYHKY.

1 CrarncTuyna o0podka BUXIAHUX JaHHX s npoekTyBanus CBIT

1.1 PankupyBaHus 3a0pyaHiOBa4iB

[Tix gac 30MpaHHs MOYATKOBUX JaHUX MPO BHUPOOHMLTBO HA CTAAIl MOMEPEAHBOr0 aHalli3y
MaloTh OyTH YyXBaJieHI PIIIEHHS TPO MOXKJIMBE YMOBHE O0’€HaHHS KUIBKOX TMPOLECIB, IO
CHOKMBAKOTH BOJLY, @ TAKOXK PO 00’ €/IHAHHS y IPYIH 3a0pyAHIOYMX JOMILLIOK.

HeoOX1/IHICTh 3MEHILECHHS! KIJIbKOCTI BpaxOBYBaHUX 3a0pyJAHIOYHMX JIOMIIIOK MIIAXOM IX
rpyIyBaHHs, BUKJIIOYEHHS 13 PO3IJISAY HE3HAYMMHUX JOMILIOK, YMOBHOIO 3MEHIIEHHS KiJIbKOCTI
BOJIOCTIO’KMBAYIB 3yMOBJIEHa 0COOIMBOCTAMU npolecy npoektyBanHsi CBI'. Take crpoieHHs Ta
arperyBaHHs Ma€ Ha METi 3MEHILEHHs pO3MIPHOCTI 3aj1ayl ONTUMI3allii Ta 3011blIeHHs HMOBIPHOCTI
JIOCATHEHHS] ONTUMYMY Ha erarni cuHTe3y ontumanbHux CBI.

Takum 4uHOM, mHoNepeaHbO Mae OyTH BHpillieHa 3ajiada paH)KyBaHHS HAsSBHUX y CHCTEMI
3a0py/IHIOBAYiB 3a CTyNeHeM iX BakauBocTl. OCKiIbKM MOAIOHI 3a/1a4i BUPILIYIOTHCS MEPEeBaKHO 3a
JAHUMM €KCHIEPTHUX ONUTYBaHb, BUHMUKAE MpobieMa OLIHKK CTYNEHI Y3rO/KEHOCTI JIyMOK
excrieptiB [17]. BaxinicTh KOKHOIO 3a0py/iHIOBaya J1a€ 3MOr'y OLIIHUTH BeJIMYMHA paHry. Panr —
micue, ske Hamae excrnepT (daxiBeub I Yac ONWTYBaHHsS, aBTOP CTATTi, TOLIO) TMEBHIM
3a0py/IHIOKOYi  JOMilNlli, pO3TalIOBYHOYM BCi 3a0pyjAHIOBayl Yy  BiAMNOBIAHOCTI A0 1X
nepebdadyBaHol (KiJIbKICHO HEBIZIOMOT) 3HAYUMOCTI.

V3ro/UKeHICTh €KCIEPTHUX OILIIHOK MO)Ke OyTH MepeBipeHa 13 BUKOPHUCTAHHSIM METO/(IB
nepeBipku craTUcTHUHUX rinote3 [18]. INinmoTe3a nmpo y3ro/uKeHICTh AyMOK €KCHepTiB Moxke OyTH

npuiiHATa, AKWIO TeopeTMuHe (Tabmuune) 3HaueHHs Kputepilo Ilipcona y’1 € MeHmuM 3a
pO3paxyHKOBe 3HaueHHs jaHoro kpurepito (7). SIKIO JAyMKHM eKcnepTiB y J0CTaTHiif Mipi
y3roJUKeHi, MO)KHA o0y 1yBaTH AiarpaMy paHriB rpaayciB (3a0py/aHioBaui B y MOPSAKY 3MEHILICHHS
CYMapHOIo paHry 3a JyMKaMu eKcrepriB) - puc. 1. Y 3HauHIi KiJIbKOCTI BUMAJKIB JlarpaMa paHrisB
Hajgae iHopMalliio I BUKJIIOUEHHS! 13 PO3IJIsily YacTUHM 3a0pyaHioouux aomimok. Tak, s
npukiaany CBI' OyniBenbHoro BupoOnuiTea ([18], nus. puc. la), 3abpyantoBaui Big 4 ax mo 10
MOXKYTh OYTH BUKJIIOYEHI 3 MOJAJIBIIOrO po3risay (y NpUMNYILIEHHI, IO IX BIUIMB HE INEPEBUIILYE
MEBHOT I'paHMLll BMIAAKOBMX BIUIMBIB Ha npouec). HaiticroTHimmmu 3abpy/HioBa4aMu B JJaHOMY
BUIAJAKY BU3HAHO: pH, 3araibHuil coneBmict, BMicT cyJibdati, XCK.
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Puc. 1. BukiatoueHHst 3 po3riisly He3HaUMMHUX 3a0pyAHIOIOUUX JOMILLIOK 3a Jiarpamoro
paHriB:
a — HeJIIHIMHMI po3Mmo1iji paHTiB; b — po3moain paHris, 6JM3bKHit 10 pIBHOMIPHOTO.

SIKIO  po3nojlil paHriB YMHHMKIB Ha jiarpami OnM3bKuil 10 piBHOMipHOro (puc. 106),

PEKOMEH/1y€ThCsl BKJIFOUATH J10 PO3IJIsiLy BCl 3a0py/1HIOBaYI.

%10

3abpynniosavi

1.2 OuiHoBaHHS NapaMeTpiB NpoLeciB BOAOCHOKUBAHHS

Jnsa pospaxyuky ontumaibHux CBI' y Bunmaaky cxem BOJOCMOKHMBAHHS Ta BO/OBIIBEACHHS
(CBB) HeoOxiana HacTynHa iH(opMallis: MakcumalibHa J103BOJIeHa KOHLIEHTpallisi 3a0py/iHIoBaviB
Ha BXOJi J0 KOXKHOIO Npolecy, 0 CHOKUBAE BOY; IHTEHCUBHICTb 3a0py/IHEHHS BOIM KOKHUM i3
BOJIOCITO’KMBAYIB (MAacoBe HABAHTAKEHHS /IS KOKHOI i3 3a0pyIHIOIOYMX JOMIIIOK); HOMiHalbHA
KOHLIEHTpaLlisl 3a0pyAHIOBaYiB Y BOJII Ha BUXO/I 3 KOKHOTO MPOLIECY, 1110 CMOKHBAE BOIY.

[nenTudikaiis Mojenl 1-TOro TEXHOIOTIHHOrO MPOLECY, 1O CHOXKUBAE BOAY, 3BOJUTHLCS J10
3HAXO/KEHHsSI MAacCOBOIO HaBaHTAKEHHsI m; y piBHsHHI (1) MarepianbHOro OajaHcy UBOrO
TEXHOJIOTTYHOTO MPOLECY.

m, =f(C(~";3X—Cc_m-l(,":l,NC,f:l,No, (1)
ae m, — mapameTp mojeni (MacoBe HaBaHTaxeHHs); f — Butpara Boau; C. v, Cp gy

KOHIIEHTpaL[iT 3a0pyAHIOIYOT JOMIIIKH ¢ BIAMOBIAHO y BOJII HA BXO/i Ta Ha BUXO/i 3 npouecy; Nc
— KIIbKICTh 3a0pyAHIOIOUUX AOMIIIOK Y cUcTeMi; No — KiJIbKICTh BOAOCHOKHBAYIB Y CUCTEMI

MacoBe HaBaHTa)KE€HHs € CEeUU(IUHOI XapaKTEPUCTUKOIO MPOLECIB 3a0pyAHEHHS BOJIH, 1110
J1a€ YSBJICHHS MPO MPOLEC BOAOCNOKHUBAHHSA 1 103BOJISE IACHTU(IKYBATH CHIPOLLEHI MaTeMaTUYHI
MOjJel  BOJOCNOXKMBauiB y ckiaal 3araabHol mozeal CBB  [3]. Buxopucranuss macoBoro
HaBaHTAKEHHS € 3arajJlbHONPUUHATHM Yy npakTuii npoektyBanHs CBIT, npore daxiBusgmu
MOAEKY/IM BUKAa3y€ThCsl CYMHIB Y TOMY, 1110 BEJTMYMHM MAaCOBUX HABAHTAKEHb MOKYTh OyTH OLIHEHI
3 JIOCTaTHbOIO TOYHICTIO [4, 19]. Jlns ouinku HaaiiHOCTI iAeHTH]IKALIT MOeIeH BOJOCTIOKUBAYIB
(OLIHKM 3HAY€Hb MACOBOI'0 HABAHTAYKEHHS) MPOMOHYETHCS 3aCTOCYBAHHS CTATUCTUYHOTO aHai3y.

Jlis cTalioHapHUX YMOB Y SIKOCTI OLIIHKM MAacOBOTO HABAaHTAXKEHHS MOKHA MPUAHITH
ycepeaHeHl B TpaHHMLAX TEeBHOTO 4YacoBOro iHTepBaly emmipuyHi jgani [20], 3 HacTynHHUM
pO3paxyHKOM 3Ha4eHb MACOBUX HaBaHTaKeHb 3a piBHAHHAM (1). HeoOXiaHi 3HauYeHHs BEIWYUH
Ce sy Coppy» J MOKYTb OyTH OTPUMAaHI B MPOLIECI HOPMAIILHOT eKCILTyaTallii 00’eKTa.

Buxoasuu i3 TOro, 1o BHOIpKOBe cepeaHe € e(EeKTHBHOK OLIHKOI TeHepalbHOro
CePeHbOr0 y BHUMAAKY, KOJM I'€HEpajbHa CYKYIHICTb, 3 SKOI B3ATO JaHy BHOIPKY, po3nojijieHa
HOPMaJIbHO, CTABUTHCSI BUMOIa HOPMAJIBHOCTI CTATUCTUYHOIO PO3MO/LTYy BUMIPIOBAHOT BEITHYHHH.
Ha mnpaktuii 1e o3Hayae, 10 MpO HaAIRHICTL pe3yJbTaTiB, OTPUMAHMX 32 METO/I0M
0e3nocepeHbOr0  aHasmizy, MOYKHA TOBOPUTH JIMILIE Y BHUMNAAKy J00pe HalarokKeHoro
TEXHOJIOTTYHOTO MPOLECY, MIHIMAJIBHOIO BIUIMBY Ha BUMIPIOBAIbHI BEJIMYMHH 30BHILIHIX (PaKTOPIB.

3acToCyBaBILHU JI0 TEXHOJOTYHUX JaHUX BIIOMI METOJM BCTAHOBJICHHS THITY 3aKOHY PO3IOJILTY
BUOIPKOBOT CYyKyNHOCTI [17], MOYKHA 3p0OMTH BUCHOBOK PO Y3I'0/UKEHICTh a00 HEY3rO/DKEHICTD JIAHUX
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i3 TEOPETHYHUM HOPMAIBHUM po3n0iaoM. [To3UTHBHUIT pe3yIbTaT CTATUCTUYHOT NEPEBIPKH A€ NpaBo
BUKOPUCTOBYBATH PE3YyJIbTATH €KCIIEPUMEHTIB Y MOJAIBIIMX PO3paxyHKax (3rajaHuM BHILE YHHOM).
HeratuBHHiA ke pe3ysbTaT (PO3MNOALT €KCHEPUMEHTAIbHUX JaHUX BIJIMIHHUE BiJi HOPMAJIbLHOTO) Y
JTAHOMY KOHTEKCTI MOJKE CBUIYMTH, 30KpeMa, MpO 3HAYHE BUIXWJICHHS PEKUMY BOJIOCIOKUBAHHS BiJl
CTaTMYHOIO, HASBHICTh 3HAUMMMX MOXMOOK BUMIPIOBAaHHS, HAsBHICTb HEBpaXOBaHUX (hakTopiB, 110
3HAYUMO BIUTMBAIOTh HA MPOLIEC BOJAOCHOKHBAHHSL.

V sdKOCTI NpuKiagy HaBeAeMO OLHIOBAHHS 3HA4YeHb MACOBOr0 HABAaHTAXKEHHS TPU
npoektyBaHHi CBI' ¢apmaueBTuuHoro BupoOHuiTBa [21]. BuBUanocs MacoBe HaBaHTaXEHHS I10
3aBUCIIMX PEUOBUHAX UIsl OJIHIET 3 TPyN BOAOCHOKHMBAYIB — ABTOMATUYHUX MAIIMH MUTTA (DIaKOHIB
npenapary A. 3 Merow iAeHTH]ikauli aaHOi XapaKTepUCTHKM BHBYEHO 78 1ipod BoOjM.
EKcriepuMeHT NpOBOIMBCS HACTYITHUM YMHOM: OJIHOYACHO BMMIPIOBAIOCS KOHLIEHTpALliT 3aBUCINX
pPEYOBHMH Ha BXOJi Ta BUXOJI MpoLeCy Ta BIANOBiIHE 3HAUYEHHS BUTpaTH Boau. Ha puc. puc. 2, a
HaBEJEHO pe3y/bTaTh BUMIPIB BUTPATH BOAM. OCKiIbKM MAacOBE HaBaHTAXEHHS HE BUMIPIOBAIOCS
OesnocepeaHbo, B nepiry 4epry 0ys10 ouiHeHO OIM3bKICTh PO3MOILTY pe3yJbTaTiB MPAMUX BUMIPIB
JI0 HOpMajbHOro posnoaily (puc. 2, 0,B). SIk MokHa OauuTH 3 pUC. 2, B, CKCIEPUMEHTAJIbHI
3HAYCHHsI JIe)KaTh BCEPEAMHI A0BIpYOro inTepsay (piBeHb 3HaYuMocTi 5%).
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6) B)

Puc. 2. Jo olliHIOBaHHsI MAaCOBOT'0 HAaBAHTAKEHHS 110 3aBUCIMX PEYOBUHAX:

a — pe3yJibTaTH BUMIpPIB BUTpATH BOAU [, KI/roj1; O-B — MOPIBHAHHS €KCIIEPUMEHTAIbHUX
JIaHUX 13 TEOPETUYHUM HOPMAJIbHHM PO3M0/1170M (O—TpaauiliiiHe npeacTaBiIeHHs; B-
NpeACTaBICHHS Y KOOpAMHATaX “IMOBIpHICHOrO narnepy”); | — eKCriepuMeHTalIbHI 3HAYEHHS
(TOYKH); 2 — JTIHISA TEOPETHYHOTO0 HOPMAJIBLHOTO PO3MOALNTY; 3 — rpaHMIli IOBIPYOro IHTEPBAITY.

[lepeBipka rinoTe3d Mpo HOPMAIbHUH PO3MOALI  TEHEpajbHOI CYKYMHOCTI MacoBUX
HaBaHTa)KeHb 3/1ilicHIOBaIacs 3a KpuTepieM 3roju [lipcona. OCHOBHI CTATUCTHYHI XapaKTEPUCTUKHU
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JOCHipKyBaHoT BUOIpKM HactynHi: o0'em BuOipku n=78; BubipkoBe cepenne 0,49715 wmr/m;
cranaaprre Biaxuienus S, = 0,0088504 mr/n.

. . 3 . .
Pospaxynkose 3HauyeHHs kpurepito Ilipcona: y, = 3,1286. PiBenb 3HauMmocTi UId
BU3Ha4YEeHHS TaOIMYHOrO 3Ha4eHHs kputepito [Tipcona npuiinsato 5%; KilbKICTh CTYNEHIB cBOOO/1U
f = 4. Tabnuune 3naueHHs kpurepito [Tipcona: ,gﬁ: 9.5

3a pe3yJibTaTaMH MEPEBIPKH NPU PiBHI 3HAYUMOCTI 5% rinore3a npo HOpMaJbHHH PO3MOJIILI
npuitMaeTbesi. OTKe, y SKOCTI OL[IHKHA BEIMYMHU MAacOBOIO HABAHTAXKEHHS MOYKe OyTH MpUitHATE
BHUOIPKOBE CEPE/IHE 717 BIAINOBIHUX BUMIPIB.

2 Cuenapiiine OUiHIOBAHHSI JOUIIBHOCTI BHpoBajkeHHs onTumizoBanux CBI' B
eKCIIyaTanilo

OOrpyHTyBaTH JIOUUILHICTH BHOPOBAUKEHHsT ONTHMMI30BAHMX CXEM y  [POMMCIOBY
eKCIUTyaTallilo, OLHUTH BIUIMB Ha €KCIUIyaTalliiHi XapaKTEepPUCTHKM CXEMH TEXHOJOTIYHUX Ta
€KOHOMIYHMX NapaMeTpiB HENMEBHOCTI J03BOJISE MOJEIIOBAHHS PI3HUX CLIEHAPIIB (PYHKIIIOHYBaHHS
CBI'. ¥V npeacraBieHoMy JOCHIKEHHI OyJ0 BHUKOPMCTAHO TakKi 3acHOBaHI Ha MOJE/IOBaHHI
TJIXO/IH:

1. BaraTroBapiaHTHMI PO3paxyHOK €KOHOMIYHOTO €(eKTy UUISXOM BapilOBaHHS B IEIKOMY
Jllanas3oHl MOKa3HMKIB, 10 HOro BU3HA4YalOTh; MMOOy/J0Ba 1 aHajli3 «IMOBEPXOHb BIATYKY»
E€KOHOMIYHOT0 edeKTy (mexHiko-exoHomiuHUl nioXio).

2. ImiTauiiine MojeaOBaHHsA POOOTH CXeM BOJAHOro rocrogapcTsa i (abo) TeXHOJIOriYHOro
npouecy B Liomy (mexxonoziunuil nioxio).

3. ®opmysioBaHHA 1 pO3paxyHOK 1HMKATOPIB BOJ0O-e(EKTUBHOCTI (y3aeanbHeHull nioxio Ha
OCHOBI Meopii cmanoeo NPOMUCIOB020 PO3GUMKY ).

30kpema, TEXHOJOTIYHMHA MiAXia mnepeadadae MOAENIOBaHHS poOOTH CXeM BOJHOTO
rocrnojapcrsa i (a00) TEXHOJIOrIYHOrO MPOLECY B LIJIOMY J0 1 MiCas OnTHMi3auii (y BUNaaKy
mojepHizauii icuyrouux CBI'), B pexumi HOpMaiabHOI eKCrulyatauii 1 MpH MOpYILEHHI
TEeXHOJIOTTYHOI0 peKuMy (y BUINAAKAX MPOSKTYBAaHHA HOBUX IMPOLIECIB 1 MOJAEPHI3aLlil ICHYIOUUX
CBI'). 3agaua maHoro eramy JOCHIJKEHHS — IEpeBipKa J0CTaTHOCTI Koe(illie€HTIB 3aracy

d=10% [22, 23], Bkiawouenux B ontumizauiiiny moxaens CBI'. [lns mojentoBaHHs ckiany
notokis B CBI' BuKkopucToByBaiucs yHiBepcalibHi Mozentooui naketu Hysys/UniSim Design,
Aspen Plus.

Komn'torepHe Mojie1t0BaHHs BKJIIOYAI0 HACTYIIHI CTafli:

1) [IpencraBineHHs TEXHOMOIYHUX OAUMHULB, 110 ckiaanaTe CBC (cneundiuni aus gaHoi
CXeMHU TEXHOJIOTIYHI anapaTU-BOJAOCIOKHMBAYl, a TaKoX JAUIBHUKM 1 3MillyBadi MOTOKIB,
30IpHUKH BOJM TOIO), Y (hopMaTi MOJIEIIO0YOT MporpamMHu.

2) MogaemoBanHs nycky i podboru CBC y HopmanbHomy pexkumi. Ilpu upomy, 30kpema,
CTAJI0 OYEBUHUM, L0 B MMOYATKOBUH MOMEHT 4acy (IIyCK CXEeMM B €KCIUlyaTaliio) HOpMaTHBHU
BOJIOCIIOJKMBAHHS HE BUKOHYIOTbCS Yepe3 BIJACYTHICTh BOJM MOBTOPHOTO BUKOPUCTAHHSI.

3) Bnache, BuBueHHa HaaiiHocTi CBC miisixom HaHECeHHs BHMMNAAKOBMX 30ypeHb
IMITYJIBCHOTO 1 CX114aCTOr0 XapakTepy Mo pi3HUX KaHallax

ITigxin 3abe3nedye TakoK BUPILIEHHS 3BOPOTHOT MpoOJeMH: BU3HAYEHHSI MaKCUMaJIbHUX
MOKJIUBUX KOHLEHTPALIMHUX 3MiH B KOXXHOMY BOJIHOMY KOPHCTYBaui, siKi HE 3/1HCHIOIOTH
3HAYMMOT0 BIUIMBY Ha TeXHOJOTYHUIA pexxuMm CBI™ npu nanomy 3HayeHHi KoedillieHTa 3anacy.

Y S4KOCTI NpUKJIaly HaBEAEMO OLIHIOBaHHS JIOLIJIBHOCTI BIPOBAKEHHS ONTHUMI30BAaHOT
CBI' npinsuku wnadronepepodbHoro 3asoay [24]. 3ragany CBIT Oyno ontumizoBaHo i3
BUKOPUCTAHHAM Mpoueaypu cuutesy 3 [1]. Ontumizamis 3adesneuye 24.3% i3 30epexeHHs
cBikoi Boam (3 koediumientom 3anacy 10%). Ha puc. 3 npeacraBieHO MNOPiBHAHHA
KOHLIEHTpalliii Ha BXO/1 MpOILECiB, 110 crokuBaoTh Boay (Cyy) B ontumizoBaniii CBI' B ymoBax
HOPMaJIbHOT €KCIIIyaTalil 1 micjst HaHeCeHHs 30ypeHHs. Y aKocTl 30ypeHHs BUCTyMajla 3HavyHa
CTyIiHYacTa 3MiHA MacOBOT0 HaBaHTAXKEeHHs KIo4oBoro 3adpyaHiosaya (XCK, mrO,/in) na 69,2
mr/n (npubnu3no y m’aTaecsAT pasziB). Micue HaHeceHHs 30ypeHHs — mnpouec | (myxkHe
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OYMILEHHs). 3ayBaXKMMO, 110 HA puc. 3 3apaan iHGOPMATHBHOCTI NMpeACTaBICHHsS BigoOpaxkeHa
3MIHAQ KOHLEHTpauli TUIbKK Ui TPbOX 3a0pyAHMKIB, MPUCYTHIX Y CHUCTEMI; TAKOXK MOKa3aHO
TUIBKH HIICTh 3 BOCBMH BOJIOCIOKUBAYIB.

Cax, 150 1 ; CBX, 300 St e e e R A3
M a0 - me/n 250 0 B B
110 \ 7/ ; 200 o U = .
?,-g \ : - 150 0| HN
100 H | H | H N
8 \ 2 3 m (= i N
30 ﬁ %0 H| H | H || 2
10 1 s ; ; | | E] { 0
-10 1 2 3 4 5 6
1 2 3 4 5 6 _
a) Boaocnoxusayi 0) Bomocnommeas
CBx, 2000 | \ CX, 40 :
ma/m meln ' |
1500 \ 30 | e ) /
1] I 2
1] ' ——
1000 20 i i A i
H ’ ' 3—_[F
101 ’ ' ]
1] : ' 1] Tl 1]
O e
1 2 3 4 5 6
Bopocnoxneayi .
Bopocnoxusayi

B)

Puc. 3. Po3paxyHKOBI 3Ha4€HHs KOHLUEHTpALlii Ha BXOJ1 MPOLECiB BOJOCIOKHBAHHS Y
ONTUMI30BaHIi cxemi, MI/i1: a) 3a 3araibHUM cosieBMicToM; 0) 3a XCK; B) 3a cipkoBojiHeM; 1 —
HOMIHAJIbHI 3HaYEHHS; 2 — 3HAYEHH Y PeXKUMI HOPMAJIbHOT eKCILTyaTallil; 3 — 3HaYSHHS Mic/s

HaHeCeHHs 30ypeHHs..

Sk moxna Oauutu 3 puc. 3, ontumizoBaHa CBI' y pexumi HOpMaabHOI eKcrutyartaril
3a/10BOJILHSIE TEXHOJOTTYHUM OOMEKEHHSIM: 3a0py/AHEHICTh BOAM Ha BXO/I MPOLECIB (CTOBIIL) HE
MepeBHILYE HOMIHAJbHUX 3HAU€Hb Ul KOKHOro mnporecy. Pesynbrat mozaentoBaHHs (puc. 3)
UTIOCTPYIOTh TakoXkK HAcTynmHMH (axkT. MakcumalibHe NOBTOPHE BUKOPUCTAHHS BOAM JIOCSTAEThCs
MpH MaKCHMMaJIbHOMY — IPaHUYHO MOKIMBOMY — 3Ha4€HHI KOHLIEHTpaLlii Ha BXO/I TEXHOJIOTITYHUX
npoueciB. [Tpy HasIBHOCTI y CUCTEMI KIJIbKOX 3a0pyIHIOYHMX JOMIIIOK KOHIEHTpallis O/HIeT 3 HUX
(KJII0YOBOT) 3aBXKAM € JIMITYIOUOI0, OOMEKYye TMojajblue 30UIbIICHHS CTYMEHIO TOBTOPHOTO
BUKOpHcTaHHsa Boau. Omike, y ontumizoBaHiii CBI' koHueHTpauis kiaro4oBoro 3abpyaHioBaya Ha
BXOJ1 MPOLECIB-BOOCIIOKHBAYIB J0CIra€ TpaHMYHUX 3HA4YeHb (puc. 3, ©), TOAl fAK MO IHILKX
3abpyanioBayax CBI™ 30epirae pecypc ekoHomil Boau (puc. 3, a, B). Sk HaciiJIoK, onTHMi3oBaHa
CBI" € Haii0iap1 4yyTIMBOIO 10 3MiH KOHIEHTpalii came KI4oBoro 3adbpyaHioBaya (puc. 3, 0).
BkazaHe nepeBullleHHss HOMIHAIBHUX 3HA4Y€Hb BXiJHOT KOHLIEHTpALT /Uis JAesIKMX BOIOCHOKUBAYIB
y cknaai CBI' € HenpuiycTUMO BEIMKUM, 3HAYHO BUXOJWTH 3a MPUHHATY BEIUYUHY KoeilieHTa
3anacy (puc. 4).
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Puc. 4. [lepeBuiiieHHs HOPM KOHLEHTpALLT OpraHiuHKX PEYOBUH Ha BXO/1i MPOLECIB, 1110
CIMOXKHMBAIOTh BO/LY, B Pe3yJIbTaTi HAHECEHHs 30ypeHHSI.

Pe3ysnbTaT MOJEIIOBAHHS TOKA3YIOTh, 1110 Y BUMAIKY 3HAYHUX BIJIXWJIEHD BiJl CTALLIOHAPHOTO
PEKHUMY BOJIOCIIOKHBAHHS Y OJHOMY 3 MpoleciB npu ¢yHkiionysanni jganoi CBI' Moxiuse
CYTTEBE TMOPYLICHHS TEXHOJOTIYHOTO pekuMy y cxemi. [lpu ubomy npuiiHATOr0 3HAYEHHS
KoedilieHTa 3anacy BUABISETHCS HEOCTATHBO.

MojenbHuit miaXigA Ja€ 3MOry TaKOK BHU3HAUUTH CXEMU BOJOCIHOKHBaHHS, MpHU
NPOEKTYBaHHI SAKUX MIAX1J HA OCHOBI KOE(ILIEHTIB 3anacy MOXKe BUSABUTHUCS Hee(hEeKTUBHUM, i
KOHYEe HeOOXiJIHMUM € 3acTOCyBaHHA 3aco0iB aBTOMaTH3alil Mpolecy MoBTOPHO-0araTopaszoBoro
BojlocnOoKUBaHHA. OuYeBMIHO, WO IS YXBaJ€HHs MOAIOHOro piuieHHs notpibHa ampiopHa
1HdopMmauis nmpo MOXKIMBI 30ypeHHS y JOCHIKYBaHMX Mpolecax BojocnokuBaHHdA. Taki
anpiopHi JlaHli MOXKYTh OyTH OTpHUMaHi, HANpUKIald, 3 JOCBIJly EKCIUlyaraiii aHaloriyHuX
MiAITPHEMCTB.

BucnoBku

3HayHa dYactuHa noTpiOHOT ana mnpoektyBanHa CBIT  indopmauii He mimnsrae
peryjasipHOMy  KOHTPOJI Ha MIANPUEMCTBI; HasBHI JaHi € TOJEKYIM HEMOBHUMM,
HEY3ro/UKeHUMHU, TOI10. ToMy MiAroTyBaHHs “sSKicHOI” BUXiaHOT iHopMalii A1 po3paxyHKy
CBI' Bumarae 3actocyBaHHs cneuudiuHUX MeTOAIB 30MpaHHA Ta CTATHCTUYHOT 0O0poOKH
OTpUMaHUX AaHuX (s X cucTeMaru3ailii, JOCHIKeHHS JIOCTOBIPHOCTI 1 Y3TOJIKEHOCTI,
ineHTudikamii Mmoaenei).

OOrpyHTyBaHHs JAOLIJIBHOCTI BIpPOBa/KeHHs onTtumizopanux CBIT moxe Oytu 3ailicHeHe
BIJMOBIHO /10 CLIEHapiiHOro mijaxoay — OaratoBapiaHTHOro iMmitauiiiHoro mozaemoBanHs CBIT
(BKJIFOYHO 3 HAacocamu, TpyOONpOBiIHOIO apMaTypOlO, TOLIO) Yy HECTALlIOHAPHUX peKUMax podoTH,
13 BAKOPUCTAHHSIM MaKETiB yHIBEPCAIbHUX MOJEITIOIOYHX MPOrpam.

VYeniuiHe BupillleHHS BKa3aHUX 3aj@a4  y KOMIUIEKCI 3 e(EeKTHBHOK MPOLEAYyPOIo
TEXHOJIOr4HOro npoekTyBaHHs CBI' noknukane 3a0e3ne4nTH CTBOPEHHs HAAIMHKUX, ONTUMAIbHUX
B EKOHOMIYHOMY, €KOJIOTIYHOMY Ta TEXHOJOrIYHOMY CEHCI CXeM BOJHOIO TrOCIOAapCcTBa
MPOMUCIOBUX TMANPHEMCTB.

Cepes nepcrieKTHB HACTYITHMX JAOC/IIDKEHb aBTOPIB CJIiJ Ha3BaTH MOAAJIbLIMI aHaji3 LUIAXIB
30171bIIEHHS. TOYHOCTI po3paxyHKIB Oesnocepenanbo Ha etari cuHtesy CBI, 30kpema, nepcrnekTus
BUKOPHCTAHHS crieliu(iyHUX MOJIeNIe NpoLeciB-BOI0CIIOKUBAYIB.
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HEKOTOPBIE ACIIEKTbBI PABPABOTKHU METO/10JIOT'UH
NMPOEKTHPOBAHUA CXEM IMPOMBIIIJIEHHOI'O BOJAOINOTPEBJIEHUA

I'. A. CraTioxa, A. M. lllaxnoBckwmii, *, A. ExoBcka*, A. A.KBuTka
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*Rzeszow University of Technology, Department of Chemical and Process Engineering, Poland,
e-mail: ichjj@prz.edu.pll

Paboma nocssaujena  HEKOMOPbLIM — NPAKMUYECKUM — ACHEKMAM — NPOCKMUpOsanus U
NPOMBIULTEHHO20 B8HEOPEHUs. cXemM 800onompedaeHus, 600004UCMKU U 60000omeedenus. B ¢okyce
UCcne006aHull; NPUMEHEHUEe CIMAMUCMUYecK020 aHANU3A K U3VHEHUI0 COOPAHHBIX HA NPOU360OCMEE
UCXOOHBIX OAHHBIX OISl MOOEPHUZAYUU CXeM 6000NOMPedNeHusl, a MAaKdyice OCHOBAHHAS HA
MOOEIbHOM — NOOX00e OyeHKd YenecoobpasHocmu  BHEOpeHUs cxeMm 8000nompebieHus 6
sxcnayamayuio. Ilpeonoicentvie nOOXo0bl MO2ym Dblmb NPUMEHEHbL HA PAZHBIX YPOBHAX UepapXull
MEXHONO2UHECKUX CXeM BOOHO20 XO3AUCMBA NPOMbBIULTICHHO20 NPEONPUSMUSL.

Knmouesvie cnosa: cxema 600onompeodienus, ONMUMU3AYUS, NPOMbIULIEHHOE 6HEOPEeHuUe,
HOO20MOBKA OAHHBLY, OCHOBAHHDLU HA MOOCTUPOBAHUU CYEHAPUII.

SOME ASPECTS OF DESIGNING INDUSTRIAL WATER NETWORKS

Statyukha G., Shakhnovsky A., Jezowski JJ*, Jezowska A.*, Kvitka A.
National Technical University of Ukraine “Kyiv Politechnical Institute”, Kiev
e-mail: ArcadyShakhn@mail.ru
*Rzeszow University of Technology, Rzeszéw, Poland.
e-mail:ichjj@prz.edu.pl

The paper deals with some practical aspects of designing and implementing industrial water
networks in process plants. The main issues addressed are: application of statistical analysis to the
study of initial data collected at the plant for designing optimal water networks, simulation-based
estimation of expediency of optimized water networks implementation. Methods developed are
applicable for water usage networks with treatment processes, i.e. water networks with reuse and
regeneration as well as wastewater treatment facilities.

Keywords: water usage network, optimization, industrial implementation, data treatment,
simulation-based scenario.
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