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Beryn. [Ipun MomemoBaHHI OKPEMHUX CTaAIH TEXHOJOTIIHOTO MPOILECY (hPOPMYBAaHHS CKCTPY3IHHHUX BHPOOIB 13
MO3HIIOHOBAHNM B)KHBJICHHAM B HHUX JPIOHMX YAaCTMHOK po00di KaHamu (POPMYIOUOTO YCTAaTKYBAHHSI MAOTh
PI3HOMAHITHY TCOMECTpiro, aeopMaliitHi i TermoBi pekuMu. Bee 1¢ B3a€MHO MOB’A3aHO 31 3MIHOK) PCOJIOTITHUX
BIIACTHBOCTCH MepepoOFOBAHOTO MATEPiay HA CTAMIAX ITACTHKALII Ta (DOPMYBaHHSL.

B cuny CKIamHOCTI i BEHKOTO 00°€MY PO3PAXYHKIB MPH MOJCIFOBAHHI TPOLECIB (JOPMYBAHHSI BUPOOIB CKIIATHOT
TEOMETPIi, TaKi PO3PAXYHKH HHHI BUKOHYIOTHCS 32 JIOTIOMOTOX0 OOUNCIFOBAIBHOI TEXHIKA T YHIKAIBHOTO MPOTPAMHOTO
3a0e3neyueHHS HA MATEMATHYHIN 0231 METOIB CKIHUCHHHX EIEMEHTIB 1 KOHTPOIsHUX 00'emis. Lli porpaMHi mpoaykru
BH3HAYAOTH MPIOPUTET PO3POOHMKA B TICBHIHM TANy31 1 MAFOTh 3HAYHY HAYKOBY 1 KOMEPIIHHY IHHICTb.

IIporpec B pi3HUX 00MACTAX TEXHIKH, 1 TICPII 32 BCC B aBIAKOCMIYHIH TCXHII, poOOTOTCXHINI, CICKTPOHIII,
MCIUIMHI, TOB 3aHUH 3 MIMPOKAM BHKOPHCTAHHAM HAYKOEMHHX TEXHOJNOTIH 1 HOBHX Matepiams. OmHuM 3
HAMBAKIMBIINNX HANMPAMKIB PO3BHTKY IUX c(ep € po3poOKa HA OCHOBI JOCATHCHb HAYKOMICTKHMX TEXHOIOTIH
MaTepianiB, 3JATHHX 3TIHCHIOBATH MOHITOPHHT BIATOBIZATRHHX OETANCH Ta BY3MiB, 30KpeMa iX HAMPY>KCHO-
JIe(hOpMOBAHOTO CTAHY 3a JOMOMOTOK) BBCACHHA ¥ MATCPIall iHTCICKTYAIbHUX JATYUHKIB, CHTHAITH 3 AKHX V BUTIIAII
3MIHH ENEKTPHYHOTO a00 MATHITHOTO MOJS 3MIHFOFOTBCS Mix mi€ro aedopmariifi Ta HAmpy>KeHb 1 3UUTYFOTHCS
creniatbHUM OoONmagHAaHHSIM. [Ipu CTBOPEHHI TAaKMX MATepialiB y IX CTPYKTYPY MOXUIMBE BBCACHHS HE JIMINC
JATYHKIB,  H aKTI0OATOPIiB, SKI MOXKYTh BHOCHUTH B CTPYKTYPY MaTepialy 3MiHH Ha OCHOBI CHTHAJIIB, OTPUMAHUX BiJ
JaTaukis [1].

Anani3 pocaipkenn. HalOimbm mOBHO MUTAHHS CTBOPEHHS, BUTOTOBJICHHS Ta 3aCTOCY BAHHS 1HTEICKTY AIbHUX
MOTIMEPHUX KOMIIO3HIIHHUX MaTepiais po3ripiHyTO y mpani [1]. B pobori [2] mpoBoauTECS 3araabHE MOPIBHAHHA
MOTIMEPHUX KOMIIO3HITiH O€3 IHTEICKTYaIbHUX AATYHKIB T 3 HUMH i PO3TILIAAI0THCS MOKIMBOCTI iX 3aCTOCY BaHHSA
v pizHHEX c(epax.

VY nocmimkeHHX [3, 4] HABOOATHCSA NPUKIATM CTBOPEHHS IHTCICKTYAIBHHX MHMOJNIMEPHHX CHCTEM Ha 0asi
€JICKTPOAKTHBHUX JATYHKIB, SIKi TO3BOJLIIOTH KOHTPOMIOBATH Jif0 30BHIIIHIX (JaKTOpiB HAa BUPIO, 30KpeMa THCKY,
meopmanii, TeMmeparypu, TOMmO. BBCACHHA IHTCICKTYAIBHHX JATYHKIB Y TOTMCPHHH BHPIO TO3BOJSIE
3OIHCHIOBATH MOHITOPHHT BiAMOBITATBHAX ACTAJICH Ta BY3JIiB B POXKHMI PSAIBbHOTO YaCy B MPOLEC iX eKcIuTyaTanii.

B poOorax [5, 6] po3rasgaeTscs MOKIMBICTD BHKOPHCTAHHSA IHTEICKTYAIBHHX MOTIMEPHHX MAaTepiajiiB y
MEIWIMHI, 30KpeMa, M1 TAKHX BHCOKOBIJNOBITATBHUX 3aCTOCYBaHb, SIK IPOTC3YBAaHHA CYTJ00IB, INTY4HL
KapIiOKJIaNaHy Ta iH.

B [7] posrmsimaeTscsa 3aCTOCYBaHHS IHTEIECKTYAJIbHUX MOJNIMEPHUX MATEPiaNiB y XIMIUHIH IMPOMHCIOBOCTI Ta
MEIWIMHI. 3a [JOTOMOTOI0 IHTCIEKTYalTbHHX [JATUMKIB MOXKHA 3IIHCHIOBATH HEPYHHIBHHI KOHTPOJb 1
BIZICTIIKOBYBaTH TMPOLCCH (DOPMYBAHHS, TCPMOYCAIKH, HATIPHKIAA, 3’ €THYBAIbHHX My(T 3 mam aTTeo Gopmu [8].
ABTOD pO3rIIIaE MOKIHMBICTD 3aCTOCYBAHHS 1HTEICKTYAIbHUX MOTIMEPHIX KOMITIO3HIIH 1711 KOCMIMHHX anaparis,
IO TO3BOJIITH MOKPANIUTH iX CKCIUIYaTaIiiHI XapaKTCPUCTHKH.

[IpoTe, aBTOpPH BHINEC3TATAHHX POOIT MPHIIIAIOTH 3HAYHY VBATH JIMINC OCOOIMBOCTSAM 3aCTOCYBAHHS TOTOBHX
BHPOOIB 30BCIM HE 3YIHUHIIOUUCH HA TEXHOJOTIi BHPOOHHUITBA TAKUX BHPOOIB. TaKMM YHHOM, MUTAHHSA TEXHOJIOTII
BBEJCHHS IHTEICKTYaJbHUX [AaTYUKIB V PpO3IUIAB MOJIMEPHOTO KOMIIO3ZUIIHHOTO MaTepiany B Ipomecax
(hopMyBaHHS BHPOOIB € HCIOCTATHHO BUBUCHHM.

MeTo010 JAHOTO OCTIKEHHSI € aHAJI3 MOKIMBOCTECH TO3HIIIOHOBAHOTO BBEACHHS 1HTCICKTYAIbHUX JATYHKIB
V TOJIIMEPHI BUPOOH NPH X EKCTPY3IHHOMY (POPMYBaHHI 3 3aCTOCYBAHHIM MiKPOIH)KEKIILi.
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Pe3yabTarn YMC/IOBHX J0CTI/TKEHb

BpaxoBytoum, mo MIKpOBKIFOUCHHS MAKOTh PO3MIpH HA0Arato MEHII, HDK IEpepi3 KaHamy HepepoOHOTO
oONamHaHHA, A TpPH iX BBEACHHI BHKOPHUCTOBYETHCS IIATOTOBICHA IIOMIMEPHA CyMII 3 TBEPAHMH
MiKPOBKIIFOUCHHAMH V BHTJIAAL IHTCICKTYATbHHUX JATUHKIB, PO3TILAAETHCA CHPOIICHUI BapiaHT 3a4avi 10 Teuii
JTBOX MOTOKIB PO3ILIABY MOJTIMEPY.

MaremarudHy MOAETH 130TEPMIYHOTO 3MIIIYBAHHA ABOX JAaMIHAPHHUX MOTOKIB HE HBIOTOHIBCHKOI pinuHH
MOYKHA 3aIMCATH CHCTEMOIO PIBHIHB, SKa BKJIFOYAE PIBHSAHHA HEPO3PHUBHOCTI, 3AMMCAHOTO UL HECTHCIHBOTO
CCPEIOBHIIA, HECTAIIIOHAPHE PIBHIHHS 30epeKCHHS KLTBKOCTI pyxy [9]:

V-v=0;
(H

p %+(V.v)v - VpiVE

. -1 .
ne V- omeparop I'aminbToHa, M ; V — BEKTOp IIBHAKOCTI, M/C, ¢ — 4ac, C;  — TYCTHHA, KT/M, p -
30BHIIHIH TinpocTarmunmii THCK, I1a; T = 2n(y)D — TeH30pOM B’A3KHMX HATIPY’KeHb APYTOoro pamry, Ila; D =
P (Vv + vV) — Tensop msuakocTi aedopmanii, ¢ 7(y) — B A3KiCT PiTuHM AK (yHKIIS APYTOTO iHBAPIaHTA J BiI

D, Tla«c; y = \/;D - D — mpyruii iHBapiasT Big D, ¢ 1; 7:VV — usen, mo BiANOBiAae AMCHNALIT MEXaHIYHOT €HEPTii,

3 .
BT/ M" ; () — omeparop MOABIHHOTO CKAIIPHOTO JOOYTKY.
EHeprernunuii 3aK0H 171 B’ SI3KOCT1 HEHBIOTOHIBCHKOI PIIMHE Ma€ BUTILI
T
N N—1 0
n(@) = KF)" "exp (;) @
ne K — Bemmumua cepeanboi B sa3KocTi pimumm, Ila-c; y — apyruit imBapiant D, ¢'; #7 — NOKA3HHEK CTyNeEHS,
aKuil Bu3HAYae Kkiac piguum; 7 — moTouHa aGcomoTHA Temmeparypa pimman, K T o — abCOmOTHA TeMmepaTypa

BigmKy, K.
TpaekTopii pyXy TBEPAMX YACTHHOK BH3HAYAKOTHCA IHTCTPYBAHHSAM 34 TICCBIO-YACOBHMH KPOKAMH PiBHAHHS
6amaHCy CHII, IO AiF0Th HA YACTHHKY, 3aMHCAHOTO Y JIarpaHXeBii CHCTEMI BIZUTIKY.

dhu g(p-»,)
»
—p:FD(u—up)—l—— 3)
dt o,
J€ # — BEKTOP MIBHAKOCTI PiIKOTO CepeJOBHINA, M/C, U , — BCKTOD MIBUAKOCTI TBEPAMX YACTHHOK M/C;
18uC, Re R , , -
p =5 — CHJA TPaBIiYHOrO ONOPY, BIAHECCHA 10 OJMHULI MacH YACTHHKH, 1/c; C p — 0e3po3MipHMi
p,d,24
KOC(ILIEHT TiAPABIIYHOTO OTOPY; L , — TYCTHHA TBEPIHX YACTHHOK xriv, d » — YCepeTHCHUMH JiaMeTp TBEpAHUX
od |u —u|
»|7p .
4aCTHHOK, M; R€ = ————— —uncno Peiinombaca.
y7i

3a MOYaTKOBI YMOBH CHCTEMH DiBHAHB (2. 1) MpHHMArOTHCA PO3MOALI OB KOMIOHEHT BEKTOPA MIBUIKOCTI V,,
iTucky P, BMomenryacy [ =0:

v(x,y, z) =V,

p(x,y,2)=p,,

ac (x,y,z ) ceQ - JCKAPTOBI KOOpaMHATH, M, {2 — PO3PaXyHKOBA 00IACTS.

4)

I'panmani yMoBu 1urs (1) BKIIFOYAIOTH:
— vV BXIZHOMY CiYCHHI KaHAJIB 3aJAF0THCSI HOPMANbHI KOMIIOHCHTH IIBHIKOCTI a00 MacoBi BHTpAaTH

Marepiany:
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nv=y

inlet

(l)i‘ v G = Ginlet (l)i‘ (5)
G,

iot > Tinte; — IIBHAKICTB (M/C) Ta

Je 1 — BEKTOD 30BHILIHBOI HOPMAJ 0 MOBEPXHI BXiJHOrO CiYCHHA KaHamy; V,

MacoBa BUTpara (KI/c) y BXiTHOMY CiMeHHI KaHANIY, BIAMOBIAHO, V — JIOTIYHE «ab0»;
— YV BHXIZHOMY CIYCHHI KaHAIY — HYJIbOBHH IPAJIEHT THCKY
n-Vp =0, (6)
—  HA MOBEPXHAX KOHTAKTY PIAMHY 31 CTIHKAMH KaHAJTY 3aJar0Thcs, ad0 MPUCTIHHI 3CYyBHI HATPYKCHHS ¥
(¢opmi y3arampHCHOTO 3ak0HY Haw’e (rpanmunmx ymMoB Hap’e, mo SBIIOTH COOOK0 PIBHAHHI
piBHOBArM CHIJI, SIKi JIFOTh HA TOBEPXHI KOHTAKTY MK [JBOMA CEpEIOBHINAMHM), ab0 YMOBH
TIPATUTIAHHS:

T

wshstr

~Foiy (Ve =V )V V=0 ™

i (SR 2(2:'-71)-2‘ — KOMIIOHCHTA TAHTCHUIATBPHOTO HANMpPY)KCHHA y MpUCTiHHOMY miapi, [la; n, f —
OJMHUYHI HOPMATBHUH 1 TAHICHIIATLHHM BEKTODH A0 IOBEPXHI KaHAMy, V.  ,V, — BEKTOPH PE3yJIbTYIOHOi Ta
TAHTCHIIATBHOI INBHAKOCTI HA NOBCPXHI KaHamy, M/c; V,;,V,, — TAHICHIIANBHI KOMIIOHCHTH BCKTOPIB

PE3yIbTYIOUOI T TAHIEHIIAIBLHOI IIBUAKOCTI HA MOBEPXHi KaHAdy, M/c; [, — koe(illieHT KOB3aHHS (TEpPTHA) HA

slip
TOBEPXHI KaHATY, KI/(M°-C).

Jna uncmoBoi peamizamii c(OpMyITROBAHOI 3a1a9i BHKOPHCTAHO mporpamumit mpoaykr ANSYS Fluent, sxwit
moOyI0BAHO HA 0a3i METOAY CKIHUCHHHUX 00 €MIiB.

MozemoBaHHS TPOBOAWIOCH AN MOJMCTHICHY HH3BKOTO THCKY, TONICTHICHY BHCOKOTO THCKY,
TIOJITPOIIIJICHY.

Ha puc. 1 300paeH0 CKiHICHHO-CJICMCHTHY MOJCTH KaHAY, B IKOMY BiaOyBaeThcs mporiec [10].

7
. TN
4»@;"&‘
e e 4
] N“L‘ avay
57 “’
Y A A AN A
ST aTAVAVAVAN 4y
ZEEAARIOON %)
AT TaTAYA %
OCOA7 A Sk

0,040 (rm)
1

0,010 0,030

Puc. 1 — CrinvueHHO-€IeMEHTHA MOIETb KAHATY

MonemoBaHHSI TIPOBOAMIIOCS Y BHYTPIIIHBOMY KaHAM (D)OPMYIOUOi TOJIOBKH, V SIKHA 3a JOIIOMOTOFO
IHKEKIIITHOTO MEXaHi3My BBOIUJIMCS CYMIII YAaCTHHOK 3 JOCTIPKYBAaHUM MAaTEpialoM B OCHOBHHIT MOTIK, 3 METOIO
PEryMOBAHHS TTTHOMHH 3aHYPEHHS Ta BIACTCKECHHS YaCTHHOK B IMOJiMepHOMY po3miasi [11-18].

KinbKiCTh CKIHUCHHHX €JEMCHTIB, HA SKI HEOOXITHO PO3OHTH JOCHIAHI 00 €KTH, BH3HAYANACH MOPIBHAHHAM
PO3PaxXyHKOBHX IMBHAKOCTCH TOJIMEPY NMPH PO3PAXyHKAX 3 PI3HOI0 TYCTHHOIO CITKH. JIOCTATHBHOKO BBAXKANACS
KIBKICTh CKIHUCHHHX CIICMEHTIB, 3a SIKOi BEIWYHMHH IIBHIKOCTCH BIAPIZHAINCH BiX OTPHMAHMX HA CITI[ MEHIIOL
TyCTHHH, He Oimpnr Hixk Ha 1%.

PesynpraTn MOZCTIOBAHHS PO3MOILTY HANPY)KECHb BCEPEAMHI OCHOBHOTO CGKCTPY3IHHOTO Ta IHXKEKLIHHOTO
KaHAJIB MIPH PI3HUX CIIBBITHOMCHHIX IX IIBUAKOCTEH ITOKA3aHO HA PHC. 2.

Sk BumHO 3 pHC. 2, MpH 301TBIICHHI IMBHAKOCTI IMKCKIIl BEIMYHWHA HATPY'KCHb V MUMHII KAaHATLY, IO
po3ramoBaHa 6€3MOCePeTHBO MICIT 30HU IHKEKIIT I0JaTKOBOTO MOTOKY, 301IBIMY€THCSL.
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Puc. 2 — Po3nogist Hanpy:KkeHb BCepenHi 0CHOBHOTO EKCTPY3iiiHOTo Ta iKeKniiinoro Kanamis npu
Pi3HHX BXiJHUX HIBIJIKOCTSIX MIOTOKY B iHKeKMiliHOMY KaHami

PesynpraTn MOZEMIOBAHHS PO3NOAINY IBHAKOCTEH BCEPEIMHI OCHOBHOTO CKCTPY3IHHOTO Ta IHXKEKIIHHOTO
KaHAJIB MPH Pi3HUX CITiBBIAHOMCHHSIX IX MBHIKOCTCH IIOKA3aHO HA PHC. 3.

Sk BuaHO 3 puC. 3, TpH 30IMBIICHHI IMBUAKOCTI IH/KCKIIi IIBHUAKICTH 3aralbHOTO TOTOKY 3MIHFOETHCA
HC3HAYHO, B 3B 3Ky 3 BCIIUKOKO PI3HHUIICIO 00 €MiB OCHOBHOTO Ta T0JATKOBOTO TIOTOKYB.

Pesynpratn MOZETIOBAHHS TIMOWHH 3aHYPSHHS Ta TPAEKTOPIl PyXy IHXKCKTOBAHOTO MOTOKY B OCHOBHOMY
EKCTPYAOBAHOMY ITPH Pi3HUX CIIBBITHONICHHAX IX NIBHAKOCTEH IOKA3aHO HA pHC. 4.

Sk BuanHO 3 puC. 4, mpH 30iMBPINCHHI MIBHAKOCTI 1HKCKLIi TPAEKTOPIS PyXy IHKCKTOBAHOTO MOJIMEPY Mae
3HAYHO OUTBIIMH PO3MOMIN 32 IUIOMICIO TMOMEPEYHOTO0 HepeTwHy. Lle mpu3BOAWTH 10 YCKIATHEHHS Y TOYHOMY
MO3HIIOHYBAHHI MiKPOBKIIFOUCHD PH BUPOOHHITBI (JyHKIIOHAIBHUX MATEPIaiB.

BucHoBkn

MonemoBaHHSI TOKA3al0, IO 3aBAJAKH 3MiHI NApaMeTPiB IPOILECIB EKCTPY3il Ta IHKEeKWii JOCITAETHCS
MOYUIMBICTh PETYIIOBATH TTTHMOMHY 3aHYPEHHS I[UX IMOTOKIB TA TPAEKTOPIi PyXY JOJATKOBOTO MOTOKY B OCHOBHOMY.
KpiM TOTO, BHSBICHI MOKIMBI YCKIATHEHHS HMPH TOYHOMY IO3HIIIOHYBAHHI MIKPOBKJIIOUCHH NMPH BHPOOHHIITBL
(D)YHKITIOHATTBHUX MaTepiais.
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Puc. 3 — Po3noaiyi mBuaKocTeii pyxy Marepiaiy npH piHIX BXiTHHX HIBIJIKOCTSIX MOTOKY B IHKEKIIHHOMY KaHaTi

Z \#

8) Vie=0.5 m/c

Z &

2) Vie=0.8 M/c

Puc. 4 — BizyannHe 300pakeHHsI TTINOMHN 3AHYPEHHSA TA TPAECKTOPIT pyXy iH:KEKTOBAHOTO MOTOKY
MoJliMepy B OCHOBHMIT €KCTPYAOBAHMIA TIOTIK MPH 3MiHi IBHAKOCTI iHZKEKTOBAHOTO TIOTOKY

]7  —
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Sivetskyi V. L., Dvitskyi I. L., Kurylenko V. M., Polishchuk O. V.
MODELING OF THE MICROINCLUSIONS INJECTION IN POLYMER MELT PROCESS

Purpose of the study is obtaining dependencies of the parameters of the process of introducing a polymer mixture
with micro sensors to a certain depth and given coordinates of the finished product.Object of the study is the
process of formation of polymer products with the introduction of intelligent sensors. Research subject is
technological parameters of processes of extrusion-injection molding of polymer products from the positioning of
intelligent sensors. The relevance of the study - analysis of the properties of intelligent polymer materials and the
expediency of using intelligent sensors in the industry in the manufacture of polymer products showed a small
degree of study of this issue. Here we note that the possibility of embedding in the structure of polymeric materials
of elements capable of responding to changes in force, temperature and other environmental parameters allows
modeling a wide range of innovative "intelligent” materials. "Intelligent” materials are able to adequately respond
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to new loads, change their characteristics and form, as well as independently regulate the degree of their response
to new conditions in accordance with the level of their change. Intelligent sensors allow you to monitor the
processes that occur during the formation of products from "intelligent” PCMSs, as well as "monitor” their condition
during operation and adequately respond to changes occurring in them, due to environmental factors. The results of
the study - the data available in the literature on the motion of solid particles in the fluid in the channels of process
equipment cannot be used without additional analysis and calculations in different conditions of technological
processes. To fulfill the task, the experimental-theoretical approach and the method of investigation were used. The
obtained parametric dependences of the process of forming extrusion products from the positioned injection of
microporations of a mixture of polymer with solid microparticles for materials: low pressure polyethylene of grade
15313-003, high-pressure polyethylene of mark 15803-020 and polypropylene of grade 2248-002. Certain
reliability of obtaining experimental data. The relative error does not exceed 10 %. The geometric parameters of
the channels and the angle of inclination of the injection mechanism are established, at which the introduction of a
polymer melt with microparticles at the specified depth of immersion in the article is achieved as precisely as
possible. This work may be useful in the study, design and production of equipment for the processing of polymeric
materials and the receipt of products made of polymeric and composite materials.

Keywords: introduction, injection, extrusion, intelligent sensor, channel, depth of immersion.
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