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HABKOJIMITHBOTO CEPETOBHINA IMIPOTHO3YBAHHI 11 AKICHHX MOKA3HUKIB TAKOXK € aKTYAJILHHUM.

AHaJti3 nonepeIHix XOCi/LKeHb, YIPOBAIKCHHA MAJIOBIIX0HUX TEXHOJIOTIIHIX MPOICCIB TO3BOJIIE MOBHI-
mie ¥ KOMIDIEKCHO BHKOPHCTOBYBATH IIPHPOHI, CHPOBHHHI, MaTepialbHi T EHEPTETHYHI PECYPCH, BUKIIOUAE abo
CYTT€BO 3MCHIIY€E MIKITMBUH BIUIHB BUPOOHHUITBA HA HABKOJIUIIHE CEPEIOBHIIIC.

BaxumBuM acTieKTOM MANOBIIXOTHHUX TIPOLECIB € iHTeHCH(IKANisl BHKOPUCTAHHSA OOOPOTHHX BOJA 1 3HAYHE
CKOPOYCHHS CIIOYKHBAHHS CBI’KOI BOAW Y BHPOOHMUOMY LMK, 3aBIJKH ObOMY CTaH BOJH, IO ITOBEPTAETHCS Y BH-
PpOOHMYHMIT TPOIICC, BIUIMBAE HA AKICTh MPOAYKUii H pobOTY 00MaaHAHHA i HABMakH. SIK Bigpearye CKJIagHA TCXHO-
JOTIYHA CHCTEMA HA 3MIHY YMOB BHKOPHUCTAHHS BOJM — MMUTAHHS, IO HOTPEOY€ ACTATLHOTO AHANIZY Ta BUBUCHHS.

3arajnHOI0 HAYKOBOIO MPO0/IEMOI0 € HCBH3HAUCHICTD BILIMBY 3MiH Y TICPSTKY arperaris Ta 00IaqHAHHA, a Ta-
KOK Y CTPYKTYPi BOJOTIOTOKIB TEXHOJIOTIMHOI CHCTEMH MICII il peKOHCTPYKIIi, 200 KOJIH IIi/T 4ac MPOCKTYBAHHS TEX-
HOJIOTIYHOI CHCTEMH HPOIIOHYIOTHCS HOBI i7ei. Bumaraerscs rimOOKe po3yMIiHHS HACTIAKIB BIUIMBY JTHHAMIYHIX 3a-
KOHOMIpPHOCTEH (KITBKICHUX Ta SIKICHUX), BIACTHBHX PO3TJIIHYTHM CHCTEMAaM, OCKUIBKH METO0 IIPOCKTYBAIBHUKIB €
CHpsIMyBaHHS (DYHKI[IOHYBAHHS IIMX CHCTEM HAa BHILYCK SIKICHOT IIPO/IYKITIi.

CrnpoOu >k BIATBOPUTH HA OJHOMY 3 IMIJIPHEMCTB TANy31 TEXHOJOTIYHI YMOBH IiJIMPHEMCTBA, HIO IPOCKTY-
€TBCS, HE MOXYTh JaTH OOKAHUX PE3yIbTaTiB, OCKIIBKH KOXKHE IJIMPHEMCTBO € CKIATHHM 00 €KTOM, IO Xapak-
TEPU3YETHCS OPUTIHATHLHOIO MHOXKHHOIO BY3JiB Ta amapartis, IO (PYHKIIOHYIOTh ¥ IECBHOMY PCKHMI, a TaKOXK
CTPYKTYPOIO iXHBOTO B3a€MO3B S3KY. [HTCHCH(iKalis BHKOPUCTAHHSI OOOPOTHHX BOJ Yy BHPOOHHYOMY IIPOIECI
HACTLNBbKH 301IBIIY€E B3a€MOBIUTHB BY3JIIB (aMaparis), IO HCMOJKITMBO HATICPSH 3HATH, K BiTOOPA3ATHCSA 3MIHH B
CTPYKTYpI CHCTEMH YH PEXXuMaxX PoOOTH amaparie (HaBiTH OJHOTO 3 HHUX) HA ()YHKIIOHYBaHHI iHINNX BY3IiB (ama-
pariB) i HA CTaHi BOIOMIOTOKIB CHCTEMH.

HepupimeHnoio 9aCTHHOI0 HAYKOBOT TIPOGJIEMH € BiICYTHICTh HAYKOBO-OOTPYHTOBAHOI METOIOJIOTII MPOTHO-
3YBAaHHS CTAHY CKJIAJHUX CHCTEM Ha CTaAii IXHBOI PEKOHCTPYKIII Ui MPOCKTY BAHHSL

Merto10 cTaTTi € PO3POOICHHSA MCTOAOJIOTII JOCTIKCHHSA AUHAMIKH ()Y HKIIOHYBAHHS CKIATHUX CHCTEM, a Ca-
MC CHCTCMHOTO TiIXOAy A0 BHPIMICHHA MPOOJCM, IMO BHHHKAIOTH ¥ CHCTEMAX BOAOKOPHCTYBAaHHSI BHPOOHHIITBA
manepy # KapToHYy.

Buxaax ocHoBHOro marepiamy. /Ui JOCATHEHHS 3a3HA4UeHOI MeTH Ta Oa3ylOdMCh HA KJIACHYHHX
BH3HAUCHHSX, BAPTO BCTAHOBHTH Take. [lo-mepime, cucteMa — Iie IPeMET, SIBHINEC Y MPOIEC, SIKI CKIATAFOTHCS 3
SIKICHO BH3HAYCHOI CYKYITHOCTI €JICMEHTIB, IO IEPeOYBAIOTh ¥ B3AEMHHX 3B SI3KaX 1 BIJHOCHHAX (amB. puc. 1),
VTBOPIOIOTh €IMHE 1IN B CBOEMY ()YHKIOHYBaHHI [1, 2] 1 cipoMoskHI 70 B3a€MOIi 13 30BHIMIHIM CEPEIOBHIICM.
[To-apyre, eneMeHT Takoi CHCTEMH — IIe 00 €KT, SIKHH HE MOXKHA HMOJIMMTH HA OKPEMi YACTHHH B CHCTEMI, IO
posrisiaeTees. Ha cxemax ereMeHTH CHCTEM MOAA0Th, 3a3BHYAH, Y BUIJLIAL MPSIMOKYTHHKIB (KiT), a iXHI BXOAH H
BHUXOAH — CTPLIOK (ayT) (auB. puc. 1). KoKHMA ¢ICMCHT CHCTCMH MOXKE MATH OIWH YH JCKITbKA BXOMiB, OJHUH UH
JCKLIbKA BHXOMIB. [10-TPETE, CICMCHTH CHCTCMH B3AEMOMIFOTH MK COOOI0 3aBAAKH 3B A3KAM MUK HHMH, IO
3a0e3neuye IXHE Y3roHKCHE (PYHKITIOHYBAHHA. 3B A3KH MK CJICMCHTAMH CHCTEMH TIOMIIFOTh HA BXiTHI («BX1m») i
BHXiTHI («BHXiT»). CHCTEMY CTBOPIOIOTH, BCTAHOBIFOIOYH 3B A3KH MiXK ii CICMCHTAMH NIIIXOM 00’ €THAHHS BXO/IB
OJHHX CJICMCHTIB i3 BUXOJAaMH iHIMHMX. Tak, HANPHKIAA, SIKIIO PO3TJLIHYTH BHPOOHMITBO HAmepy W KapTOHY SIK
CHCTEMY, TO HA il BXOAW HAAXOiITh HamiB(haOpPHKATH, TOMOMI’KHI XIMiUHI PESUOBHHHM, CBLKA BOAA, 4 BUXOJAMH €
TOTOBA MPOIYKILS H BIAXOAM BUPOOHHITBA.

Buxomsun 3 BHKIAJCHOTO BHINC, TEXHOJOTIYHA CHCTEMA € €IMHHM IINM, HAJITCHHM CYTHICTHHMH PHCAMH
mimcHOCTI ((ikcye 00 ’exTHBHY (POpMYy ICHYBAHHSA CHCTCMHOTO fABHINA H HASBHICTH B3A€EMO3B S3KIB MK HOTO
CJICMCHTAMH) Ta IHTCTPATHUBHOCTI (00’ €IHY€ YACTHHH B €IWHC IiJIC, CIPOMOKHE 3a0C3MCUHTH KHUTTEMIATBHICTD
cucremu). PazoM i3 mmM, iCHYIOTH ¥ iHIINI CYTHICTHI BIACTHBOCTI, 30KpeMa €MEP/UKEHTHICTD [1, 2] — cucremHmit
e(ekT un gBume HAOYTTA CHCTCMOK) HOBHX PHC, SKOCTCH, BIACTHBOCTCH, HC MPHTAMAHHHX >KOTHOMY 3 00 €KTIB,
mo i1 yTBOProtoTh. CamMe eMepHKCHTHICTh BUHUKAE, 30KPEMA, BHACIIIOK IHTCHCH(IKAii BUKOPHCTAHHS 000POTHHX
BoA. Bpaxysaru ii MOKHA, BHKOPHCTABIIH IMITAIli{HE MOJCIFOBAHHS MPOLCCiB, MO BiAOYBAOTHCSA B CHCTCMI.

Po3po0:rtroun METOA0IOTIF0 CHCTEMHOTO aHAMIZY CKIAJHHUX CHCTEM, aKICHTYIOTh YBary Ha TPhOX €Tamax BH-
pimmeHH Oy ab-1K0i cHCTeMHO]T 3aaa4i. Ha mepmomy i3 HEX Oy AYIOTh MOJCTH TOCITIIKYBAHOI CHCTEMH (OACPKYIOTh
(opMamizoBaHui onmc 00 €KTa), HA APYTOMY — (POPMYIIOIOTh KPUTEPii BUPIIMICHHS 3a74a4i (CTABIATH 337ady), HA
TPETHOMY — BHPIIIYIOTH ii.

IMompu mo3ipHY NETKICTh Hi€i YKPYMHECHOI CXCMH, CHCTCMHHH aHAJI3 € CKJIATHO0 MPOLCAYPOR0, METOIOIOTIA H
TOJIOBHI MPHHIIHITA SKOTO HC MOKYTh OYTH YHIBEPCATHPHAMH — KOJKHA CHCTEMA MA€ CBOi 0COOMBOCTI I BHMATae Big
BHKOHABIII IHTYIiMIi, iHINIATHBH Ta ySIBH, OO MPAaBUIBLHO BH3HAYUTH METY AOCILIKEHHS 1 JOCATTH ii.

Pazom i3 muM, BiZOMI 3araibHI MPOLEAYPH CHCTEMHOTO aHAMIZY, MO BIAOOPAKAIOTH HOTO TOJOBHI 3aKOHOMIp-
HOCTI. IX peanizoByroTh y Takil MOCTITOBHOCTI: BUBYCHHS (PO3POOJICHHS) CTPYKTYPH CHCTEMH; aHAMI3 ii €ICMCHTIB
Ta BUSBICHHS B3Aa€EMO3B SI3KIB MK HUMM; 30MPAHHS JAHUX NP0 (PYHKIIOHYBAHHS CHCTEMH; JOCILMKECHHS iH(OpMa-
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OiHHUX MOTOKIB CHCTEMHE;, IOOYA0BA MOACTCH CIICMCHTIB CHCTCMH, BU3HAUCHHA ITICH CHCTCMHOTO aHATI3Y; iMiTa-
[iffHE MOJCTFOBAHHS, ICPEBIPKA AJCKBATHOCTI MozaeleH, (opMyBaHHS KPHTEpiiB, NPUIHATTSA PIIICHB, YIPOBa-
JUKEHHS Pe3yIbTaTiB aHAMI3Y.

Bupuaroun cTpykTypy cucremu (ado CTBOPIOIOYH ii AJs1 HOBOTO 00’ €KTa), BAPTO BPAXOBYBATH, MIO IPOLIEC BH-
PpOOHHUIITBA Manepy i KapTOHY — [E CKIATHA CYKYIHICTH OTepamiii, mo BiZOyBArOTECA B OKPEMEX arperarax (ama-
parax) abo iX KOMIUICKCHOMY MO€AHAHHI. | HOpManbHE (YHKIIOHYBAaHHS KOKHOI OJMHHMII 00JNATHAHHS, M0 CKIA-
JIA€ CHCTEMY, 3aIICKUTh HE JTUIIC BiJ KOMIUICKCY ITAPAMETPIB i€l O TMHMII, ajie H Bl CTAHY CHCTEMH B IIJIOMY.

106 moOyayBaTH CTPYKTYPHY MOJCTH CKIATHOI CHCTCMH H BiZOOPA3WTH B HiH YCi aCTECKTH B3aeMOii ii ere-
MCHTIB, 3aCTOCOBYIOTh TCOPiF0 rpadiB i TOMOJIOTIMHIHA aHANI3 CKIATHHX CHCTCM, IO 0a3VETHCA HA BHKOPHCTAHHI
MATCMATHYHAX iKOHOTPA(piTHHX (TOTIOIOTIMHIX) MOACTCH [5].

TMomepenni aocmimkeHus [4, 5] cBim4yaTh, MmO 3a MiHIMATBHOTO CIIOKHBAHHSA CBIXKOi BOAH B TCXHOJOTITHOMY
mporieci B 00OPOTHIH BOI Mmicisa 6araTopa30BOro KOHTAKTY 3 BOJOKHHCTHMH HammiBpaOpukaTaMu i XIMIYHUMH J0-
6aBKaMU HAKOMIYFOTHCSI BOJOPO3UMHHI MIHEPAIBHI TA OPTAHIUHI KOMIOHCHTH, MPUCY THICTD SIKUX MO’KE HETATHB-
HO BIUTMHYTH HA SAKICTh mMpoaykuii. [HxepesoM 3a0pyAHCHHS TCXHOIOTIYHOI CHCTCMH, HACAMIICPEH, € BOJOKHHCTI
HamiB(aOpuKaTH W XiMIYHI CHOJTYKH, IO BUKOPUCTOBYIOTH ITi YaC BUTOTOBICHHS TOTOBOI MPOAYKIi T OUHINCHHS
BOJIH.

OCKiTbKH BUPOOHUIITBO KAPTOHHOI U MAMCPOBOI MPOAYKINI € CKIaTHOI CHCTCMOK0, BUPIIMYBATH 3aBIAHHS TO-
OyI0BH MOJCICH ii CICMCHTIB BApPTO 3 BHKOPHCTAHHAM ACKOMIIO3HLII [7], TOOTO MOIiMy CKIaTHOI CHCTEMH BHPOO-
HUOTBA HA MPOCTi CKIAA0BI (OIOKHM) — ICBHI BUIW 00JIATHAHHA, BY3JIH YH arperaty.

[Micas BU3HAYCHHA IICH CHCTCMHOTO aHATI3Y 3AIHCHIOOTH iIMITAIHE MOJCTIOBAHHA CHTYALIH, sAKi HMOBIPHO
MO’KYTh BHHHKHYTH T 4ac BHPOOHHITBA. MOJECTIOBAILHUN KOMILICKC 32 JOMOMOTOI0 KOMIT FOTEPA BiATBOPIOE
JUHAMIKY IIPOIICCIB, IO BiIOYBAFOTHCS B CHCTEMI, BUKOPHCTOBYIOUH BBEICHI MAaTEMATH4HI ONHCH H CTPYKTYPHI
0COOIIHBOCTI CHCTEMH.

BaxumsuM acTieKTOM METOAO0JIOTI] CHCTEMHOTO aHATI3Y € MATBEPXKECHHS TOTO, IO CTBOPEHI MaTEMAaTHYHI MO-
JIeJTi 3 BUCOKOI0 HMOBIPHICTIO BIATBOPIOIOTH JUHAMIKY H PIBHOBAXKHHUI CTaH mpouecy. ToMy 000B’ A3KOBHM € Tiepe-
BIPKA a/IEKBATHOCTI HA JIFOUNX CHCTEMAX.

Imei, 3axknazeHi mig 9ac po3pOOICHHS METOIOJOTI aHAMI3y CKIAJHHX CHCTEM, MOJKHA BHKOPHCTATH K I
TIPOLIETYP BU3HAUCHHS CTAHY CHCTEMH SIK B AMHAMIYHOMY, TaK 1 CTATHYHOMY PE:KUMI, HATIPHUKIAA, 111 PO3PAXYHKY
MAaTepiaTbHOTO OANAHCY BOJHM H BOJOKHA 3a CTATHYHOI PIBHOBAaTH.

BucHoBkn. BHKOpPHCTAHHS 3ampOIIOHOBAHOI METOJOJOTIi HAJACTh MOSKIMBICTH IPOAHANI3YBATH JUHAMIKY
3MIHH PiBHA 3a0pyTHCHHS BOJOMOTOKIB TEXHOJIOTIYHOI CHCTEMH BUPOOHHUITBA TATepy H KapTOHY BOJOPO3IMHHIMH
MIHEPATLHAMHE TA OPTAHIYHAMH KOMIIOHEHTAMH 3aJIC)KHO BiJ OOCATIB CIIOKHTOI CBIXKOI BOJH. AJBTCPHATHBOIO MO-
JKC CTATH PO3PAXyHOK HEOOXimHOI M AOCTATHROI KiITBKOCTI CBIXKOI BOAM, 32 SAKOi 3a0pyIHCHICTH BOJOTOTOKIB HC
Oyze cyTT€EBO BILIMBATH HA AKICTh TOTOBOI MPOAYKIIi i poOOTY OYHCHUX CIIOPY .

VY nozjamemoMy nependavaeTbes KIMEPEKIACTH CTPYKTYPHI OCOOIMBOCTI CKIIATHIX CHCTEM MOBOIO UHCEI 1 po-
3pOOHMTH MAaTEMATHIHI MOJIEI CIEMEHTIB CHCTEMH BHPOOHHUIITBA Hanepy it kKaproHy. L{ikaBorO BHIIISAIAE TAKOXK IIe-
PCIIEKTHBA BHKOPHCTAHHSA 3aIPOIIOHOBAHOI METOJOJIOTII UL aHAM3y KOMIUICKCHHX ITPOLECIB, IO BiAOYBAFOTHCS
TIi T 9ac BapiHHS LEJIOJNO3H.
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Ploskonos V. H.

THE RESEARCH METHODOLOGY OF THE FUNCTIONING OF COMPLEX SYSTEMS
OF PRODUCTION OF PAPER AND PAPERBOARD

During the work implementation the basic research methodology aspects of functioning dynamics of the complex
systems are worked out, namely: the system approach to the decision of problems arising up in the water consump-
tion systems of paper and cardboard production.

1t is established that the technological systems are characterized by the ramified streams of considerable water vol-
umes in the productive loop, both fresh and especially water that is used repeatedly in the production process. The
state of such technological system during the set time is determined both by the streams dynamics and by a number
of different indexes, which characterize the state of its separate elements, their entrances and exits.

If there is a question of alteration making in the list of aggregates and equipment or in the structure of water
streams of the technological system during its reconstruction, or new ideas are offered during planning of the tech-
nological system, then the specialists are required to have a deep understanding of influence consequences of dy-
namic conformities with a law (quantitative and qualitative), inherent in the examined systems, because the aim is
always one — to point the investigated system functioning to production of qualitative products.

Therefore the decision of such enough complicated questions is expedient, both on the reconstruction stage of the
object and its planning, being based on scientifically-reasonable methodology of the state prognostication of such
complex systems.

The development of the system approach methodology to the technological systems analysis of paper and card-
board production supposes to accent the main attention on three stages which are a basis for the solution of any
task by the system researches realization: model construction of the investigated system, criteria forming and task
decision.

The practical use of the offered methodology taking into account the put aim gives an opportunity to analyze the
change dynamics of water streams muddiness levels of the technological production system by water-soluble miner-
al and organic components.

During the methodology development the researchers had the tasks to transform the complex systems structural
Jfeatures into numbers language and to develop the different mathematical models of the technological systems ele-
ments of paper and cardboard production depending on the aim of researches.

Keywords: complex system, system element, system of water consumption, emergency effect, procedures of the sys-
tems analysis, mathematical model, imitation modelling, processes dynamics.
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