Indopmariiini TexHoOTi1 B HAyIli, BUPOOHUIITBI Ta MiANIPHEMHHALITBI
KuiBcpkuii HalliOHAIBHUN YHIBEPCUTET TEXHOJIOTIN Ta TU3aiHy

BOJIOKHOYTBOPEHHS IIUITXOM I€PEBipPKU BIIMOBIAHUX JiHIHHNX TimoTe3. Moaeis
BUSIBUJIACH aJICKBATHOIO, IO JIA€ IiICTAaBU JUIsl 11 BUKOPHCTAHHS y MOAANIBIINX
JIOCII/DKEHHSIX, 30KpeMa — JUISl MPOTHO3YBAaHHS MOBEIIHKHA CHCTEMH, a TaKo¥kK
quts ontuMizamii 1i mapamerpiB. Kpim Toro, cTBopeHe mporpaMHe 3a0e3IedeHHs
MO>Ke OyTH 3aCTOCOBAHE /10 OUIBII MIMPOKOTo KiIacy 3ajad.
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RESEARCH AND DEVELOPMENT OF SOFTWARE FOR CREATION OF
THE MATHEMATICAL MODEL OF FORMATION OF MICROFIBRILLAR STRUCTURES

Purpose and tasks. The purpose of the work is the mathematical modeling and software
development for the investigation of fiber formation processes.
To achieve the goal, the following tasks need to be solved: according to the theory of
experiment planning, develop a plan for a given subject area. According to the results of
experiments, construct mathematical models of the dependence of the optimization criteria on
the input factors of the problem.
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Object and subject of research. Object of research - Object of research - the process of
formation of microfibrillar structures. It is realized under the appropriate conditions under
the flow of molten polymer mixtures. It is based on micro-regional processes - such as the
deformation of the droplets of the disperse phase component and the combining of liquid jets
in the direction of flow.

The subject of research is the planning of an experiment for this process and its mathematical
modeling.

Software development that implements all of the above steps will streamline the work
of the researcher. It will be possible without building a cumbersome manual calculation to
build different models and compare them. Ultimately, the use of  mathematical and
informational methods opens up opportunities for further research and obtaining
important practical vesults. In particular, mathematical models can be used to
optimize process parameters and predict its behavior in the future.

Beryn
CryniHb BUKOPUCTAHHS TOJIIMEPIB € OJIHUM 3 BOXKJIMBUX KPUTEPIiB OI[IHKU
PIBHS HayKOBO-TEXHIYHOTO Mporpecy B KpaiHi. CBITOBHI IOCBiX CBIIYUTH, IO
pallioHaJbHUM  DILMICHHSAM TPOOJIEMH CTBOPSHHS HOBHMX MaTepialiB i3
VHIKQJIbHUMHU XapaKTEPUCTHKAMH € 3MillyBaHHS TOJTIMEPIB.
®dopMyBaHHS MIKPOBOJIOKOH ITEPEepOOKOI0 PO3ILIABY CyMIIi ITOJIIMEpiB —
MpocTuil ePeKTUBHUN METON OJep)KaHHS KOMIUICKCHUX HUTOK 1 INTAMeTbHUX
BOJIOKOH 3 JIiaMETpaMH BiJl IECATHX JIOJICH 10 EKiTbKOX MikpomeTpis [1, 2, 3].
OfHMM 13 KJIACMYHMX METOJIB BIUIUBY Ha MDK(a3HI sBHIIA € BBEICHHS
TPETHOrO0 KOMIIOHEHTY — KOMIIaTHOlIi3aTopa, IO CHpHs€E IiABHIICHHIO
B3aeMO/IIT MiXk (pa3zaMu Ta YTBOPEHHIO OiIbIll TOHKOI CTaOIIbHOI aucnepcii i, K
HACJIJOK, IPUBOANTH IO MOKPAIICHHS ITPOIIECY BOJIOKHOYTBOPEHHS.

ITocTaHoBKA 3aBAaHHA

JlocmiKkeHHsT ONMUCAHWX SIBUIL 3AIHCHIOETBCS B OCHOBHOMY JIOCIIIHUM
IUIIXOM, TEOPETUYHI METOJAM BHKOPUCTOBYIOTHCS CYTTEBO MeEHIIE. AJie
MaTeMaTHYHEe MOJCIIOBAHHS IIMX TPOILECIB € BAXKIUBUM 3 TOYKH 30Dy
MOJKJIMBOCTI OTPHMAaHHS TEOPETUYHO OOTPYHTOBAHHMX MPAKTHYHHUX PE3YNIbTATiB.

[ToOynoBy MaTeMaTHYHOI MOJIEI 3aJIE)KHOCTI KPHUTEPIiB ONTUMI3AIii BiJ
BXigHUX (DakTOpiB OyAeMO 3IIHCHUTH, 3aCTOCYBABIIM TEOPil0 TUIAHYBaHHS
eKCIepuMeHTy [4].

OcHOBHA YacTHHA

ExcrniepuMeHT, B IKOMY peani3yloThCs YC1 MOXKIIMBI ITOE€JHAHHS PiBHIB BCiX
HE3aJeXKHUX 3MIHHUX ((akTOpiB) - Ie MOBHHH (HaKTOPHMI EKCHEPHMEHT.
MatematnaHa Monenb, IO Moke OyTH moOymoBaHa 3a pe3yJbTaTaMH
EKCIIEPUMEHTIB 1 ONMKCY€E MPOIECH, IO BiOYBAIOTHCS MPHU TiIPOIi3i 3aJeKHO
Bim BXigHUX (DaKTOPiB, 3HAXOJUMO Yy BHTJLAII MOTIHOMY HEHNOBHOTO TPETHOTO
TOPSIKY, OCKUTBKI JaHi JITepaTypH CBIIYaTh, MO Taki (GyHKIT JOCHTH SKICHO
ONKCYIOTh TMOBEJIHKY TPUKOMIIOHGHTHUX cyMimeBux cucrem [1, 2, 3].
BignoBigHO 10 METONWKH IUIAHYBaHHS EKCIIEPUMEHTY 13 CyMillamMH
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BUKOPHUCTOBYEMO CHMIUICKCHO-TpaTKOBUH TwiaH [4]. OcranHIH 3abe3meuye
PIBHOMIpHUH PO3KHKJ €KCIIEPUMEHTAIBHUX TOYOK Ha 00JIacTi, IO SIBJISE COOO0
CHUMIUIEKC ~ BiJIOBiAHOI  PO3MIpHOCTI  (II  TPUKOMIIOHEHTHOI  CyMirmi
Ile TPaBWIBHUNA TPUKYTHUK HA IDIOIIMHI). OCKUNBKHM Ha BMICT KOMIIOHEHTIB
cyMmilli yMOBaMM 3ajadi HAKJIQJArOThCsl TEBHI OOMEXKEHHs, Ha IIOBHOMY
CHUMIUICKCI MPOrpaMHUM YHHOM BHWJIUISIEMO Mi1007acTh, 110 BiJIOBIJA€E UM
oOMeXeHHsM, a MOTIM BCepeAWHI BUALICHOI mimoOmacTi oOmpaeMo 001acTs,
«TMO/I0HY» BHXITHOMY CHMIUIEKCY, TOOTO TPHUKYTHHK (X04a i He 00OB’sS3KOBO
npaBWIbHUK). [4]:
Y= Pix 4 foxy + fixy + Box Xy + Biyxixy + By Xoxs + By xiXpx,

ne: Bis By, By — neBigomi KoedillieHTH MOIHOMY;

X1, X2, X3 — (axTopu (BXigHI MapaMeTpH) MPOIecy, a came: X; — BMICT
BOJIOKHO YTBOPIOIOYOTO KOMITOHCHTY; X2 — BMICT MaTpU4YHOTO
KOMITOHEHTY; X3— BMICT KOMNATHOLII3aTOPA;

V1, ¥2, Y3 — BUXIJHI apaMeTpu MpoLecy, a caMme: y; — CepeaHii aiameTp
MIKPOBOJIOKOH; )2 — MacoBa 9YacTKa Oe3MepepBHUX BOJIOKOH; )3 — MacoBa
9acTKa KOPOTKHX BOJIOKOH.

[TepeTBOpHMO MOAEIH 10 BUIIISILY Y3arajlbHEHOI JIIHIHHOT 3aJI€)KHOCTI:
V=Bt Bozy + Pizy+ Bz + Bz + BayZay + Py Zig s
A€ Z12=X1X2; Z13=X1X3, Z23=X2X3; Z]23=X] X2X3.
Hepimomi koedimieHTH, sKi HEOOXITHO OOYUCIUTH 3a pe3ylbTaTaMH
eKCIIEPUMEHTY, OyaeMo LIyKaTH 3a MeTOJ0M HaiMeHmux kBaapatie (MHK) B
MaTpUYHOMY BHTIIAAL [4].

Hexait
Xog  Xor e Xg,
Y X Xy Xy,
- — MaTpHL IUTaHY,Je 7 - KIIbKICTh TOYOK IUIAHY, p —
xn() xnl xnp
KUIBKICTB (DaKTOpIB;
N
y=["?| — Bekrop-cTOBIYHK 3HAYeHb 3ANEXKHOI 3MiHHOI (mapamerpa
Y

ONTHMi3aii), IO CIIOCTEePIiraroThCs y MEBHUX TOYKAX IUIAHY;

b=| | — BEKTOP-CTOBITYHMK HEBITOMHX KOCDIIi€HTIB.
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Tomi, srimno 3 MHK: b=(XX)"'XY, nme «mTpux» O03HAayae OMEPAIii0
TPaHCIIOHYBaHHS.

3HaiiieHl 3a JONOMOTOK TPOTrpaMHOro 3abe3mneueHHs [5, 6] koedimieHTH —
KOMITOHEHTH BeKTOpa b — BKa3ylOThb Ha CHJY BIUIMBY OKPEMHUX YHHHHKIB Ha
pesyabTat. [To0ymoBaHy MoJIeNTb HEOOXIIHO MEPEBIPUTH HA aIeKBATHICTD, TiCIIS
4Oro MOYKHa BUKOPUCTOBYBATH 11 JIJIsl TOAAIBIIMX HAYKOBUX JOCIIJKCHb.

BucnoBku

Po3pobka mporpamMHOro 3a0e3NeuceHHs, 10 peatiye BCi BHIICONHCAHI KPOKH,
JI03BOJINTH pallioHaNi3yBaTd poOOTy JOCIIHUKA. 3’SIBUTHCS MOMKIMBICTH 0Oe3
MPOBENIEHHS TPOMI3JAKHX PYYHHUX PpO3paxXyHKiB OymyBaTd pi3HI Mozjemi i
MOpiBHIOBAaTH iX. B KIHIIEBOMY paxyHKy — 3aCTOCYBaHHS MaTEMaTHYHHX Ta
iHQopMaLliiHUX METOJIB BiJIKPUBAE MOKJIMBOCTI IS IOJAAJBIINX HAYKOBHX
JIOCITI/DKEHb Ta OTPUMAHHS BXKJIMBUX MPAaKTUYHUX pE3yJbTaTiB. 30Kpema —
MaTeMaTH4YHI MOJeTi MOKYTh OyTH BHKOPHCTaHI Ul ONTHMI3alii mapaMeTpis
IIpoLIeCy Ta Ul IPOrHO3YBAaHHs HOro MOBEAIHKU Y MaHOyTHHOMY.
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