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Anomauin. Po3pobieno cmpyKmypHi acnekmu 63aeMo0ii eleMeHmis
CKIAOHUX CUCMeM 3 BUKOPUCMAHHAM OCHOBHUX NOJIOXCEHb meopii epagie ma
MONONO2IYHO20 MemoOdy aHAli3y 3 Memol MOOelio8aHHs npoodiem, wo
BUHUKAIOMb Y 8000NOMOKAX GUPOOHUYMEA nanepy ma Kapmomuy.

Kniouosi cnosa: cxnaona cucmema, enemenm Ccucmemu, Cucmemd
B000KOPUCMYB8AHHA, ~ CMPYKMYPHA — MOOeNb  cucmemu, meopia 2epagis,

MONOJIOIYHULL MeMOO AHANI3Y

Annomauusa. Paspabomanvl cmpyKmypHvle acnekmul 83aumMo0eiucmasus
9JIeMEHMO8 CIIOJHCHBIX CUCMEM C UCHONIb308AHUEM OCHOBHBIX NOJIOAHCEHUU
meopuu 2pago8 u MmonoiocUYecK020 Memood aHaiu3da ¢ Yeibko MOOeIUPOBaAHUs.
npobiemM, 03HUKAIOUWUX 8 B00ONOMOKAX NPOU3B00CMEA OyMau U KApmoHa.

Knwueswvie cnosa: cnoocnas cucmema, 31eMeHm CUCMEMbl, CUCMeMd
8000N0bL308ANUS, CMPYKMYPHAA  MOOEIb  cucmemsl, meopus 2paghos,

MONOJI02UYECKULL MEMOO aAHAU3A.

Summary. The structural aspects of complex systems elements
interaction with using the base theses of graph theory and topological analysis
method with the aim of problems modeling which are appearing in the water
streams of paper and paperboard production.

Key words: complex system, system element, system of water
consumption, structural system model, graph theory, topological analysis

method.

[Iporiec BUPOOHUIITBA KapTOHHO-TIANEPOBOI MPOIYKIT — 1€ CKiIaaHa
CYKYIHICTh PI3HUX Omeparlii, siKi BifIOyBalOTbCSI HAa OKPEMHUX arperarax
(amapaTax) TEXHOJOTIYHOI cucTeMU. DYHKI[IOHYBAaHHSI KOXHOI OJIMHUII
oOnagHaHHSA, K€ BXOAWTH JO CKJIAQAy CKIATHOI TEXHOJIOTIYHOI CHCTEMH,

3aJIeKUTh HE TIIBKU B1J KOMIUIEKCY CBOiX MMapaMeTpiB, a TAKOXK Bl CTaHy BCI€i
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CUCTEMU B IiIoMy, BpaxoByrouu 1e, po3po0JI€HO METOMOJIOTII0 JOCIIIKEHHS
TUHaMiKM  (QYHKIIIOHYBaHHS CKJIAQgHUX cucteM [1], cepen HEBUpPIICHUX
aCIEeKTIB SIKOi 3aJUINAEThC CTBOPCHHS Ta TIPAKTUYHE BUKOPHUCTAHHS
CTPYKTYpHOI MOJIeJll B3a€EMOJIi €JIEMEHTIB Ili€i CKJIaJHOI TEeXHOJOTIYHOI
CUCTEMH.

SIk BIIOMO, €JEMEHTH CKJIAaAHOI CHCTEMH B3a€EMOJIIIOTH MK CO0O0IO0
3aBISIKA 3B'sI3KaM, SKI yCTAaHOBWJIHMCS MDK HHMH, 1 II¢ 3a0e3ledye iXHeE
y3roJixkeHe (PyHKIIOHYBaHHS. 3 METOIO TOOY0BU CTPYKTYPHOT MOJIEII CUCTEMHU
B I[IJIOMY Ta BIJOUTTSA acCHEKTiB B3a€MOJIi €JIEMEHTIB CKJIQJHOI TEXHOJOTIYHOI
CUCTEMHU TIpaKTUKa PEKOMEHJYE€ CKOpPUCTaTHUCS Teopielo rpadiB Ta
TOMNOJIOTIYHMM METOJIOM aHali3y CKJIaJHUX CHUCTEM, SKUH Oa3yeTbcsi Ha
BUKOPUCTAHHI MaTeMaTUYHUX 1KOHOrpadiuHUX (TOIMOJOTIYHUX) MOJENei
cuctem [2,3].

3 MpakTUYHOI TOYKM 30py, TMOOyIOBa CTPYKTYpHOI MOJeil Jae
MOXJIUBICTh KOXHOMY BXIJTHOMY CHUTHajly BIJ €J€MEHTa 30BHIIIHbOIO
cepenoBUIlla a00 BUHUKAIOYOMY SIK BUX1JIHMM CUTHAJ €JIEMEHTa TEXHOJOTT4HO1
CHUCTeMM BKa3aTU HUIAX (aapecy), 3a SIKUM Iled CUrHajl TOBUHEH HaAIUTH B
SIKOCTI BXIJHOTO HAa €JE€MEHT TEXHOJIOIYHOI CHUCTEMH a00 30BHIIIHLOIO
cepenoBuia. PazoMm 3 THM, BpaxoBYIOUH, 1110 30BHIIIHE CEPEAOBHINE HAKIAIAE
cBoi "BIAOWTKM" Ha xapaktep (QYHKIIIOHYBaHHS CKJIQJHOI TEXHOJIOTTYHOI
CUCTEMH, HEOOXIJHO TaKOX pO3MISiAaTH B3aEMOJII0 CHUCTEMH KapTOHHO-
MarepoBOro BUPOOHUIITBA 13 30BHIIITHIM CEPETOBHIIIEM.

Mertoro AaHO1 CTaTTi € pO3pPOOJIECHHS MIAXOAIB 10 MOOYAOBU CTPYKTYPHOT
MOJIeJIi, B pe3yiIbTaTi YOro TEXHOJIOTIYHA CUCTEMA MOXKE OyTH TTO/TaHa Y BUTJISII
MaTepiaabHOTO OPIEHTOBAHOTO CIPSMOBAHOTO MTOTOKOBOTO rpada:

G=GU)=U.E) ()

mo ckiaagaeTbes 13 MuHokuaM U ={u.}, (i =LVVJ.) BEPIIMH Ta MHOXWHHU

E={e}.(j=1D;) myr.
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TexHonoriuna cucTeMa BHPOOHHWIITBA, SK TMPABHIO, B3aEMOJIE 13
30BHIIIHIM CEPEAOBHUIIEM, TOJI BCIO MHOXHHY BepIIuH Trpada MOXKHA
PO3AUTUTH Ha TPU HEMepeciyHi MHOKUHHU:

U, mxepen cucremn, U,- crokiB cucremut Ta U~ - IPOMDKHIX BEpIHH
(eIeMEeHTIB) TEXHOJIOTTYHOT CHCTEMH, TOOTO:

U =U\U,uU,;U" ={i,:iieU /i ¢U,,i U} 2)

Tyt enementr MHOXKUH U; 1 U, BITHOCATHCS 10 €JI€MEHTIB 30BHIITHLOTO
CEpeIOBHUIIIA.

Januii cnocid € HallOUTbII HATIAAHO0 (POPMOIO MOJAHHS BIJHOCHUH MIX
eJIEMEHTaMu CKJIaJHOI cucTeMu. Pa3oM 3 TM, HOro HEMOKIIMBO 3aCTOCYBaTH B
TaKOMy BUIJIS[1, SKIOIO Y BHPINICHHI 3ajlad CTPYKTYpPHOrO aHami3y
BUKOPUCTOBYIOTh KOMIT IOTEPHY TEXHIKY.

Pazom 3 THmM, iHQoOpMamiio, WO XapakTepuzye MareplajJbHUN
OpIEHTOBAaHMM CHPSIMOBAHUN TMOTOKOBHM Tpad, MOXKIMUBO IOJATH B
anredpaiyHOMY BHIJISAI 3a JIOMOMOTOK MAaTpHUIll 1, TAKUM YHHOM, IEPEBECTH
CTPYKTYPH1 OCOOJIMBOCTI TEXHOJIOTIYHOT CUCTEMHU HA MOBY UHCET.

JIns uboro HEOOX1AHO 3aJaTH YMCIIOBY (PYHKIIIIO Ha BeplIMHaX rpada.
DyHKINIA BBAXKAETHCS 33aHOM0, SIKIO KOXKHIN 1-0# BepmuHi u; rpada G(U)
U, €U (craBurbes y BigmosimnicTs geske uwciao |;=I(u;) 3 muoxuuu L. Toxi
kokHa ayra rpada G(U) (1) moxke Oyt momaHa y BUIUIAAI 1, I3, TOOTO maporo
Yyucen, Tepire 3 SKUX BKa3ye Ha HOMEP BEpIIMHH, 3 SKOi Jyra BUXOIWUTH, a
JIpyTe - Ha HOMEp BEPIIMHM, B SIKY Jyra MOCTYTIAE.

Takuit miaxia J03BOJISE BCIO TEXHOJOTIYHY CHUCTEMY MOJATH Yy BUIJISII
MaTpuil iHneaeHii [S] mopsaxy [U*E] 3 enemenTamMu 3a yMOBH:

-1,  saxwooyea ej BUXOOUMDB [3 GEPUIUHU u;
S.. :{ +1, AKWo oyea ej 6naoac y 6epuiuHy u;

0, saxwoodyea ej He IHYyeOeHmHna 8epuLUti u;
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Jlnst GaraTh0X MPAaKTHYHHUX 3aBAaHb, MOB'SI3aHUX 3 aHAI30M CKJIAJHUX
TEXHOJIOTIYHMX CHCTEM, 3Ba)Karo4H, IO OLIBIIICTh €JIEMEHTIB Yy MaTpuill [S]
BUSIBJSIIOTECS  HYJIBOBUMH, JOIUIPHO BUKOPUCTOBYBAaTH MHOXXHHHI CIOocOOU
dopmamizanii crpyktypu. Jas opienroBanoro rpada  G(U) 3amaerncs
muoxuHa BepmuH U={u;},(i=1,W,) i BignoBiaHicTs G, 10 CBIAYUTH PO 3B'I30K
MDK co00r0 BepiuH. J[ms KoXKHOT BepIIMHM U; BiAmoBigHICTE G BHU3HAYae
MHOXUHY BepmuH G(U;), B SKi MOXKIIMBO O€3M0CepeIHBO MOTPAITUTH 3 BEPIIUHU
Ui.

TakuM 4YMHOM, OpIEHTOBAaHMWA Tpad 3ada€TbCs MepepaxyBaHHAM
(criuckom) MuOkuMHH G(U;)) mnms Becix BepmmH rpada. Ilpu 1mpoMmy ayru
BCTAHOBITIOIOTH 3B'SI30K MiJK €JIEMEHTAMH TEXHOJIOTTYHOI CHCTEMH.

Pazom 3 TuM, UEHTpajgbHE MiCIle B TEXHOJOTIUHIM CHCTeMI, IO
NOJAETbCSI Yy  BUMVISIAI  MareplajJbHOTO  OPIEHTOBAHOTO  CIIPSIMOBAHOTO
noTokoBoro rpada (1), MaroTh 3aliMaTH MOJIeJl BEpIIUH rpada, HaIBHICTD SKHX
JIO3BOJIUTh 3 BUKOPUCTAHHSM 3acC00IB KOMITFOTEPHOI TEXHIKM BHKOHYBAaTH
OOYHUCITIOBAILHUN €KCTIEPUMEHT 3 METOI0 BU3HAYEHHS CTaHy CKJIAJHOI CUCTEMU
y OyAb-SIKUI IPOMIXKOK Yacy.

VY BiANOBIAHOCTI 3 BUpa3oM (2), yactuHa BepiuH rpada (1) BigHOCUTHCS
JI0 €JEMEHTIB 30BHIIIHBOIO CEPENOBMINA, a I1HII — CKJIaJAal0Th MHOXKUHY
€JIEMEHTIB TEXHOJIOT1YHOT CUCTEMHU.

EneMeHTH 30BHINIHKOTO CEPEAOBUIIA HEOOXIAHO PO3TIIAIATH JUIIE B T
YaCTHHI, SIKa CTOCYEThCS iX BIUIMBY Ha €JIEMEHTH TEXHOJOTIYHOI CHUCTEMH, a
camMe: BOJOPO3YMHHHUX 3a0pyNHIOIOYUX PEUYOBWH, 10 HAAXOIATH 3
BOJIOKHUCTUMU HarmiBhadpuKaTaMu, JOTOMIKHIUMHU XIMIYHUMU PEUOBUHAMH Ta
CBI)KOIO BOJIOIO.

EnemenTtn, mo BXOASTh A0 CKJIAMy camMoOi TEXHOJOTIYHOI CHCTEMH,
XapakTepu3yloThcsl OaraTodyHKI[IOHAIBHICTIO. Buxonsuum 3 camoi MeTu
(GyHKIIOHYBaHHS TEXHOJIOTIYHOT CUCTEMU, JOCIIKYBATH iX HEOOXITHO 3 TOYKU

30py BIUIMBY Ha KUIbKICTh BOJOPO3YMHHUX 3a0pYJHIOIOUYMX PEYOBHUH, SKi
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MOTPANMJIA 10 BOJOMOTOKIB  KAapTOHHO-TIAIIEPOBOTO  BUPOOHWIITBA 13
BOJIOKHMCTUMHU HamiBpaOpukatamMu, JOMOMDKHUMH XIMIYHUMH pPEUYOBHHA Ta
CBI’KOIO BOJIOIO.

B mporieci imiTariiiHOro MojiefitoBaHHsI, SIKE JI03BOJINTh, y TIEPCIIEKTHUBI,
po3paxyBaTh CTaH BOJOIOTOKIB TEXHOJOTIYHOI CHCTEMH, BUKOPHUCTOBYIOUYHU
KOMITFOTEPHY TEXHIKY, IOIUIBHO IIOJaBaTH MOJIEIi €JIIEMCHTIB CHCTEMH Y
BUTJISAA1 IBOX CKJIAMOBUX: CTATUKHU 1 JUHAMIKH.

3 TOYKM 30py CTAaTHUYHUX XapaKTEPUCTHUK EJIEMEHTH TEXHOJOTT4HOI
CHCTEMH MO>KJIMBO MOJUIMTH Ha JBa KJIACH.

Jlo mepiioro i3 HUX MOXJIMBO BiJHECTH €JIEMEHTH, y SKHX BOJOIOTOKH
3HAXOAATHCS B 0€3MOCcepeTHhOMY KOHTAKTI 3 BOJIOKHUCTOIO CYCTICH3I€HO.

Tak, xapaKTEepUCTUKH CTaHy 3BOPOTHIX MOTOKIB BOAH, SIKI HAAXOIATH JI0
CJIEMEHTY TMIepIIOr0 KJacy, 3a PO3YMHHUMH MiHEpPaIbHUMH PEYOBHHAMU
MOXKJIMBO BU3HAYNUTH, BAKOPHCTOBYIOUH 3aJI€KHICTh:

i Ii
Cisx.Heope. — PJI CJI \Z PJI
i E ©

ae li - KiTbKicTh BOJIOTIOTOKIB, SIKI HAAXOASTH B [-Hii 0JI0K (By3011);

Pji - BOZONOTIK 3a j-010 AYyrolo, [0 HAAXOAUTH A0 [-T0 OIIOKY;

Cii - KOHILEHTpalis BOJOPO3YMHHOI MIHEpaJIbHOI pe4oBUHU Yy Pji
BOJIOIOTOIII.

XapakTepuCTUKN CTaHy 3BOPOTHHUX TMOTOKIB BOJHU, SIKI HAIAXOISATH 10
CJIEMECHTY TMEpIIoTO Kiacy, 3a PO3YMHHUMHU OpPTraHIYHUMH pPEYOBHHAMU
MO>KJIUBO BU3HAYATH 3 BUKOPUCTAHHIM MATEMAaTHYHHX MOJENEH CTaTHKH, SIKi
HEOOX1JHO, B MEPCIEKTUBI, PO3POOJISATH 3 BpaxXyBaHHSIM CKJIQJIHOI 3aJIeKHOCTI
MpoIecy TEepexoay B PO3YMHHUN CTaH OPTraHIYHUX PEYOBHH BiJ OaraTbox

TEXHOJIOTTYHUX (pakTopiB. [[bOMYy MUTAHHIO B MOJANBIINX TOCTIKEHHIX Oyjie

MPUALICHO 0COOJUBY yBary.
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EnemenTn TexHOJIOTIYHOI CHCTEMH, Yepe3 SKI MPOXOIATh MOTOKU BOJIH,
0 MICTSATh HE3HA4YHl JOMIIIKM TBEPAMX YacTOK (MacH), BIIHOCSATHCS IO
JPYTOTOo KJIacy.

[Toxa3HukH cTaHy BOJY B IIUX €JIEMEHTAaX a00 yCEepeIHIOIThCS 3a BCiMa
BXIJTHUMHU TTOTOKaMHU (HampuKJiiaj, 0aceiiHu 3BOPOTHOI BOJH), a00 3MIHIOIOTHCS
3a TEBHUMH 3aJICKHOCTAMU (HaNpHKIIAJ, MeXaHO-XiMiuHa abo OlojoriyHa
OYHCTKA CTIYHUX BOJ).

JIns eneMeHTiB Ipyroro Kiacy (Takux SK MeXaHO-XIMIYHA Ta 610JIoTiuHa
OYMCTKAa CTIYHMX BOJI) BHU3HAYEHHS CTAaHy CTIYHUX BOJ 32 IOKA3HUKOM
po3unHeH1 opra"iyHi pedoBuHH, a Tak0kK BCKs 1 XCK no1iIbHO MPOBOIUTH 3
BUKOPHUCTAHHIM KOE(IUIEHTIB €()EKTUBHOCTI OYMLIEHHS CTIYHUX BOJ.
Koedimientn MoxyTh OyTH po3p00JieHI 3 BAKOPUCTAHHSIM CTaTUCTUYHUX JaHUX
e(EeKTUBHOCTI OYMIICHHS BOAM Ha NIANPUEMCTBAX, WLI0 NEPEPOOISIOTH
MaKyJaTypy.

Pasom 3 TMM, quHAMIYHA CKJIaJ0Ba MOJECJIEH €JIEeMEHTIB TECXHOJIOTTYHOI
CUCTEMHU TOBWHHA J1aBaTH YSBJICHHS MPO CTPYKTYpPY MOTOKIB (BOAOIOTOKIB) B
amaparax CHCTeMH KapTOHHO-TIaIIEpOBOTO BUPOOHHUIITBA.

XapakTepuCTUKN CTaHy 3BOPOTHUX 1 CTIYHUX BOJ 33 TIOKAa3HHUKOM
PO3YMHEHUX 3a0pyAHIOIYHUX PEYOBHH, PO3paxoBaHi 3a MOJCISIMH CTAaTHKH,
MIJJAI0ThCS 3MIHAM B 3QJIEKHOCTI BiJl CTPYKTYpH TMOTOKY B JaHOMY BY3Ii
TEXHOJIOTTYHOI CUCTEMH.

3 morisay JUHAMIKM €JIeMEHTH TEXHOJOTTYHOI CHCTEMH HEeOoOXiTHO
PO3IUTUTH HA YOTUPH TPYIIH.

Jlo mepiioi rpynu Ciijl BiTHECTH €JIEMEHTH, Yy SIKHUX Maca nepeOyBae B
KOHTAaKTI 3 BOJIOKO (KpiM OaceitHiB aJig 30epiraHHs Macu). XapakKTepHOIO PUCOIO
€JIEMEHTIB MEePIoi TPYIHU € Te, 10 BOHH MalOTh HEBEJIMKI EMHOCTI 1 TOMY TOTIK
3 Macol0 B HUX MPAKTHYHO HE 3aTPUMYETHCS.

[Tepemimryrounich, Maca 31 MIBHUAKICTIO, OOYMOBJICHOIO IIBUIKICTIO

BIJIJTMBY MANepoBOTo (KapTOHHOIO) MOJOTHA Ha CITLI Hanepo- KapTOHOPOOHOI
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MAaIIMHHA, PYXA€ThCS BiJ MOYATKOBUX BY3IIB MIATOTOBKHM Macu JO HAaMipHOTO
AIIUKA.

EnemMentaM mepiioi rpynu MOXKHA MOCTABUTH Y BIAMOBIAHICTH MOJEITH
17IeaIbHOT0 3MINTYyBaHHsI, 3T1IHO 3 KOO B1IOYBA€ThCS PIBHOMIPHHMH PO3MOJILI
PO3YMHEHUX PEYOBUH B Maci Boau (TIOTOIII).

3alexKHICTh MK KOHIIGHTpAIl€l0 1-T0  KOMIIOHEHTa PO3YMHEHHUX
3a0pyJHIOIOUMX pEUoBMH Ha BXoxmi Bysziaa Ci* i Buxomi 3 mHporo C;*" mae
BUTJISI;

dC \dz=(C*" -C")-V.\V (4)

ne V. - o0'eMHa MBUIKICTh MOTOKY MacH (BOJIN);

V- 00'eM €éMHOCTI1 TOCTI)KYBaHOTO €JIEMEHTA.

Jlnst eneMeHTiB mepiroi rpynu BeiawduHa BimHomeHHS VC/V mpakTU4HO
JIOPIBHIOE OJIMHUII, @ KOHIICHTpAIliSi PO3PaXOBYETHCSA 32 MOJEISMHU CTAaTUKU
€JIEMEHTIB MEPIIOro KJiacy.

baceitnu ju1st akyMyIitOBaHHS pO3MEJICHOI MacH BiJIILTY MIATOTOBKH Macu
3 MO3HIIIT ITOJaHHA iX B SIKOCT1 €JIEMEHTIB TEXHOJIOTIYHOI CHCTEMH, BITHOCSITHCS
JI0 Ipyroi rpyImu.

JIisi HUX XapakTepHE TPaHCIOPTHE 3alli3HIOBAHHS MO BITHOIICHHIO [0
nmopIii Macw, IO HAAXOAUTh OO0 OaceliHy Ta HAasSBHICTh 1HTEHCHBHOIO
nepemMilryBaHHsl Macu M0 BCbOMY 00'eMy OaceliHa.

VY pesynbrari, BiIOYBa€ThCS JESIKE BHUPIBHIOBAHHS KOHIIEHTpAIIil
pO3MENEHOI MacH 1, K HacliJIOK, BUPIBHIOBaHHS KOHUEHTpauli PO3YMHEHUX
3a0pyIHIOIOYUX PEYOBUH.

3aJIeKHICT MDK  KOHIIGHTpPAIl€l0 1-T0  KOMIIOHEHTa PO3YHMHEHHX
3a0pyJHIOIOUMX pPEYOBHH Ha BXomi Oaceitny Ci* Ta Buxomi 3 Hporo Ci""
OMUCYETHCA PIBHSIHHAM (4).

Benwuuna cmiBBigHomenus VC/V s eJIeMEHTIB Apyroi rpymd 3HAYHO
Oinpmie oxuHuIl. [le CHmiBBIAHOMICHHS Il Cy4YacHUX KapTOHHO-TIAEPOBUX

N1IMPUEMCTB BUOUMPAETHCS 3 TaKUM PO3PAXYHKOM, 1100 3a0€3MeYUTH HE MEHII
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SK IBOTOJAWHHHUH 3amac Macu y OaceiiHi. PazoM 3 TUM, MacoBa KOHIICHTpAIIis
Ci*" BHM3HaYaeThCs 3a PIBHAHHIMU CTATHKH JUIS €JIEMEHTIB MIEPIIIOTO KIIacy.

baceitHu 3BOpPOTHOT BOAM BIIHOCATHCS IO €IEMEHTIB TPEeThoi rpymu. J[ms
HUX XapaKTepHO HAsBHICTb HE3HAYHOI TPAHCIOPTHOI 3aTPUMKHU MOPIIIi,
000OpOTHOT BOJH, 110 HATXOJUTh, Ta BUPIBHIOBAHHS KOHLIEHTpPAIl pPO3YMHEHUX
3a0pyIHIOIOYUX PEYOBUH y MEKax MOpIIi.

Jlis eneMeHTIiB TPeThOi TPYNU MOXKIMBO 3aCTOCYBAaTH PIBHIHHS (4).
BiaMiHHOIO pHCOIO ITUX €JIEMEHTIB, Y MOPIBHSAHHI 3 €JIEeMEHTaMH TIepIIoi IPYIIH,
€ BIJACYTHICTb KOHTAKTy 3 Macor. Y 3B'SI3Ky 13 IIUM KOHLEHTpauis KOKHOI
NopIIii BOJMU, IO HAIXOIUTh JO0 OaceilHy, BU3HAUAEThCA HA CTaJli, KOJH IIs
MOPIlis BOJAU YTBOPHUJIACS.

3unauenHss Ci* po3paxoBYeThCS 3a MOJCIUIIO CTATHKU JUIS CJICMEHTIB
apyroro kiacy. Benmnuwnna BimHomenHs VC/V He3HAYHO OLIBIIE OMHUIIL.

Jlo d4erBepTOi TpYyNHM BIJHOCATHCS €MHOCTI KapTOHHO-IANEpOBOrO
BUPOOHUIITBA, MPU3HAYEHI JISI OYHUIIECHHS CTIYHUX BOJA (CHOPYyAM MEXaHO-
XIMI9HOT 1 610JIOT1YHOT OUHCTKH).

Ha nux cnopyaax y pe3yibTaTi 3aCTOCYBaHHS XIMIYHUX peareHTiB ado
KUTTEAISUTBHOCT1 OaKTepiil BiIOyBaIOThCS 3MIHU SIKICHUX TTOKAa3HUKIB BOJIH, IO
OYMINAETHCS (3MEHIITYEThCS KOHIICHTPALliS PO3YMHEHUX OPraHIYHUX PEUOBHH).
Pasom 3 TuM, y BHMaAKy 3acCTOCYBaHHsS XIMIYHMX J00ABOK MOJKIIMBE
M1JIBUIIICHHS KOHIIEHTPAIll PO3YNHEHUX MIHEpATbHUX PEYOBUH.

XapakTepHUM € TPUBAJIUN MPOMIKOK YaCcH MK HAJXOJKEHHSM BOJU Ha
OUHMIIEHHSA 1 TOBEPHEHHSAM ii y BHUPOOHMYMI Mpolec (SKIIO0 NOBEPHEHHS
nepeadaveHe TEXHOJIOTTYHUM PETIIaMEHTOM).

Tak, SKIIO JUIsI MEXAaHO-XIMIYHHUX OYMCHHMX CIOPYJ LEeH MPOMIXKOK
CTAaHOBUTH Y CEpPEeIHbOMY 3-4 T0A, TO JUIsl CIOPYJ O10JIOTIYHOTO OYMIIECHHS
MPOMDKOK 4acy MOXe JoCsITraTH ACKUIBKOX 10.

JlnHaMika BOJIOTIOTOKIB B €JIEMEHTaX YETBEPTOi TPYyNU JOCUThH CKIIAHA.

Ha cramii HagxomkeHHs BOJAM  HA OYMCHI CIOPYAM BOHA I1HTEHCHUBHO
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HePEeMIITyeThCs 1 11 AMHAMIKY MOYKHA OITMCATH 3a JIONIOMOTOIO PIBHSHHS (4).
3uauenns C;i¥ B 1bOMYy BHIQJKy MOKJIHBO PO3paxyBaTH 3 BHKOPHUCTAHHSIM
PIBHSIHHS CTaTUKU JJI €JEMEHTIB IPYroro Kiacy.

Hanani pyx motokiB Bojau HaOyBae CIOKiHHOTO Xapaktepy. Ha i cramii
JUISL ONUCY CTPYKTYPH TOTOKIB MOXKE OyTH BHUKOPHUCTAHE DIBHSHHS MOJENI
11€aIbHOTO BUTICHEHHS:

0C, \0r=—-w-0C,\oX (5)

7€ @ - JiHiiiHA MBUIKICTh MOTOKY BOJH, IO OYUIIAETHCS;

X - KOOpJIMHATA, Y3/I0BXK SIKOI PyXa€ThCs MOTIK BOAM, SIKAW MIITAETHCS
OYUIICHHIO.

3rigHo 3 piBHAHHAM (5) MOTIK BOIW, IO OYMINAETHCSA, MPHIMAE
NOPIIHEBUI TUIMH 0O€3 mnepeMillyBaHHS Y3[OBX IOTOKY 3a PIBHOMIPHOIO
pO3MOAUTY  PO3YMHEHUX  3a0pYyJHIOIOUMX  PEYOBHH Yy  HamIpsMKY,
NEPICHIUKYISIPHOMY PYXY.

Yac nepeOyBaHHS BCiX YAaCTOK B €JIEMEHTaX YETBEPTOI IPYIU OJIHAKOBUMN
1 JOPIBHIOE BIJTHOIIEHHIO 00'€MYy €MHOCTI 10 00'eéMy BOJAH, 1110 OUUIIIAETHCH.

BucnoBku. 3 MeTor0 mnoOylOBH CTPYKTYPHOI MOJEN CKIIaIHOI
TEXHOJIOT1YHOI CHUCTEMH Ta BIJOUTTS AaCMEKTIB B3a€MOJIi €JIEMEHTIB TaKoi
CUCTEMH BHKOPHUCTAHO OCHOBHI TOJIOKEHHS Teopii rpadiB Ta TOMOJOTIYHOTO
METOJY aHaji3y CKJIAQJHUX CHUCTEeM, SKUW 0a3yeTbcs HAa BUKOPUCTaHHI
MaTEeMaTUYHUX 1KOHOTpa(iUHUX (TOMOJIOTTYHUX) MOJICIIEH.

Pazom 3 TuM, m00 pPO3KPUTH IHWHAMIKY BCI€l TEXHOJOTIYHOI CHUCTEMU
MO>KJIMBO 13 3aCTOCYBaHHA Cy4aCHHUX 3aC001B KOMIT'IOTEPHOI TEXHIKH, MOTPIOHO
PO3TISTHYTH MaTEeMaTH4HI MOJEJ KOXHOTO 13 €JIEMEHTIB CUCTEMHU Y IXHHOMY
B3a€MO3B'SI3KY 3 BUKOPUCTAHHSM TOMOJIOTIYHOTO METOAY aHai3Yy.

Buxonsum 3 1poro, MepCrneKTUBU MOMAIBIINX HAYKOBHX JOCIITKEHB
MOB’s13aH1 3 aHAJII30M MPOOJIEM CHUCTEM 3 MIHIMAJIbHUM CIIOKUBAHHSM CBIXKOI
BOJM Ha TEXHOJOTIYHI MOTPEOM Ta IJIAHYBAaHHSAM EKCIIEPUMEHTY 1 pO3POOKOIO

MO/ieJield CTOCOBHO OPraHIYHUX 3a0pyAHIOIOUNX PEUOBUH.
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