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velocity and temperature. The simulation results help to clarify the results of calculations of the parameters of
extrusion, 3D printing and other polymer processing processes, as well as recommend the use of lubricant additives
to increase productivity and prevent.

Prospects for further research may be modeling flow with a wall of melts with highly elastic properties.

Keywords: melt, polymer, near-wall layer, modeling, viscosity.
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MOJEJIIOBAHHSI IMTPOLECY CEHNAPAIIIl B TUKJIOHHUX
BUXPOBHX AITAPATAX

Ha npuxnaoi yuxioHHo20 menniooOMiHHUKA 00epmogux neyeti po3enaoacmvea NUMAHHL MOOETIO8AHHA npoyecy
cenapayii 2emepoceHHUX CUCHIEM & YUKIOHHUX @QUXposux anapamax. B pobomi obrpyHmoganusi npuxyun
cenapysants YaCMuHOK i chopmynbo8ana y3azanbHeHa Mooens po3nooily aepo30abHOL cUCmeMU 3 BUKOPUCIAHHIM
30IPHUKIE YACMUHOK NOOIMOGAHUX MAC, KA OA3YeMbCs HA 3AKOHOMIPHOCHIAX DYXY NULONOSIMPAHOL CYMiti.
3anpononosano Hoguil nioxio 00 GuUsHAYEHHS pPO30LNI0OL 30amuocmi Ha 6aszi pO3PAXYHKY pyXy OUCNepcitiHo2o
cepedoguua ma OUCHEPCHUX HACMUHOK 3 VPAXVEAHHAM AGUWA 3IMKHEHHS HACMUHOK 3 NepeuiKoooio ma
BCAHOBGNEHHA 3AKOHOMIPHOCHIEN PYXY YACHUHOK NPU 83AEMOOIT 3 POOOUUMY OP2AHAMU GUXPOBO2O aNApANty.
Po3spobnena mamemamuyna Mmooenv, npospamue 3abesnedeHHs ma GUKOHAHI YUCTO8I PO3PAXYHKU AKI 00380JIAI0Mb
GUSHAUUMYU MPAEKMOPII0 PYXY, OMPUMAmiy noje WeuoKocmeil ma yac nepeOY8aHHA HACMUHOK Mamepiany &
cenapayiiinomy anapami. Pe3ynomamu po3paxyHKy maKoxic npugeoeHi 8 000amky y euenioi gideo ¢aiinig.
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Mocranoska nipodJemu. [Iponecn momiiiB TETCPOTCHHAX CHCTEM CKIANAIOTh OCHOBY 0ararb0X BHPOOHHIITB
XiMiyHOI, HAQTOXIMIYHOI, XapuOBOi, TIPHHUIOPYIHOI, OI0TOTIUHOT W IHIIMX Taxy3eH MPOMHUCIOBOCTI. Y 3aTadbHOMY
BHIIAJKY IIi CHCTEMH INJPO3IULTIOTh HA PIAKI 1 Ta30Bi TETEPOTCHHI CHCTEMH Ta CENMAPYIOTHCS B YCTATKYBAHHI, IO
BIZPI3HIETHCS BEIMKOKO PO3MAITICTIO. MeToau NMOoAiNy BHOMPAIOTH Y 3aJEKHOCTI BIT XapakTepy CKIATOBHX YaCTHH
cucremu i crany (a3 [1-3] 3 BpaxyBaHHIM (i3UYHUX 1 XIMIMHHX BIACTHBOCTCH CEpPEIOBHIN, a TaKOXK (ha3w, mIo
3HAXOJUTHCS B MUIKOpa3apoOIcHOMY craHi. HalOuremr mommpeHMMH amapataMu il Cemapanii € IMKIOHHI
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BHXpPOBI amapatu. Tak a1 OYMIICHHS a3y BiJ NMHWIYy BHKOPHCTOBYIOTHCS IHMKIOHHM, 7SI OUHINCHHS CyCIICH3II UM
piaMHY Bix JOMIIIOK TiAPONUKIOHH. Lle 3yMOBICHO THM, IO BKA3aHI alApaTH MOEIHYIOTh MPOCTOTY KOHCTPYKIII,
KOMIIAKTHICTb, HAMIWHICTH 3 BHCOKOKO IHTCHCHBHICTIO PO3TIIOBHX IMPOLECIB, IO JO3BOJLIE 3HAYHO MOJIMIIATH
KIACH(PIKAIIFO MPOAYKTIB 3APIOHFOBAHHA 1 30aTaUCHHA.

Omnak iCHYIOTH (DAKTOpH, IO YTPYAHIOKOTH MPOICC NOMIMPCHHSA BHXPOBHX PO3AITOBAIGHHX AMAPATIB.
OCHOBHHM 3 HHX BBR)KAETHCS BIACYTHICTh BHBIPCHHX METO/IB PO3PAXYHKY ACPOAMHAMIKH PO3JLIOBHX MPOLECIB 1
KPHTEPIiB MEPEX0ay IO BEIMKOMACINTAOHUX YCTAHOBOK B J1aOOPAaTOPHHX MOJENCH, IO 0COOMHBO BAXKIHMBO I
OUKJIOHHUX TCIDIOOOMIHHHX amaparis [4] SKi BHKOPHCTOBYIOTHCSA B BHCOKOTCMIICPATYPHUX TCILIOBHX arperarax y
TO€THAHHI 3 00EPTOBHMHE IICUAMH 11 BHPOOHHUIITBA B SDKyUHX. TOMy poOO0Ta, MPHUCBSMEHA BUPIMICHHIO HAYKOBO-
TEXHIYHOI MPOOIEMH MO PO3BUTKY METOIB MOJCIIOBAHHSI Ta JOCTIKCHHS IPOIECY Cemaparii reTeporcHHUX
CHCTEM B IMKIOHHHX BHXPOBHX aIaparax, € BKpPal AaKTYalbHOIO 1 HEOOXITHOI, TaK K CIPAMOBAHA HA
T ABHMINICHHA €()EKTUBHOCTI TA B 3araJbHOMY BHIIAJKY 3HIDKCHHIO CHEPTOBUTPAT BKA3aHOTO OO THAHHS.

AHaji3 momnepeaHix AoCTiAKeHb. He3Bakaroum Ha KOHCTPYKTHBHY IPOCTOTY CEHAPAUIHHUX BUXPOBHX
anapari, Ta BEIHKY KIJIbKICTh EKCHEPHMEHTANBHOI iHpopMmamii [2, 5-9] mpo CTpykTypy 3aKkpydueHHX i
PCUHPKYIAMHAX TOTOKIB T4 3aKOHOMIPHOCTCH MPOLCCIB MOy, IXHE MOJCTIOBAHHS 3aJMINAECTHCS OIHI€T 3
TOJIOBHHX TPOOJACM MpPH MPOCKTYBAaHHI MPOMHUCIOBHX VCTaHOBOK. Jlotemep 0araTo THTaHb, MOB'S3AHHX 3
PO3paxyHKOM MPOMHUCIOBHX BUXPOBUX aNapaTiB, 3aTHITHINCA HCBHPIMCHUMH [9—12]. ExCiepuMeHTATBHAH T
HE BHUpIIIy€e MpoOIeMy, TaK SIK IPH HbOMY BIACYTHS Y3araJbHEHICTh PE3yIbTATIB, 2 TCOPCTUIHHH OOYMOBICHUH
TPYIHOIIAMH MATCMATHIHOTO XapakTepy. 3araibHOK) HAYKOBOK MPOOJICMOK0 € BiACYTHICTH VHIBCPCANBHOI Ta
e(eKTHBHOI TEOpeTHYHOI MOnehi, fKa JaBana O MOKIMBICTE OJHO3HAYHO MPOTHO3YBATH 1 THM OLibIie
ONTHMI3YBATH iXHI HapaMeTpH. BincyTHiCTP dUiTKO OOIPYHTOBAHMX PEKOMEHAAIIH 3 PpaIlioHAJBHOTO
KOHCTPYIOBAHHS 0OMEKY€ MOKA3HUKH CTBOPIOBAHUX ITPOMHUCIIOBHX AIAPATiB 1 YCTAHOBOK.

CKIamHICTh MATEMATHYHOT MOACI OOYMOBJICHA THM, IO OCOOJHBICTIO BKA3aHHX 330a4 € HASBHICTD BCIHMKOI
KIBKOCTI CKJIQTHUX SIBHIN, 30KPEMa BPAXYBAHHS JCTEPMIHOBAHO-CTOXACTHYHOTO XapaKTEpy PyXYy YACTHHOK B
TypOYICHTHOMY 3aKPYYCHOMY MOTOMI, M0 YCKIATHCHUH B3a€EMOIIE€I0 YACTHHOK 31 CTIHKAMM, OJHOI 3 IHOIHMH Ta
HECYYUM TYPOYJICHTHHM MOTOKOM, HEBH3HAUCHICTIO BXITHUX YMOB, MOMUIMBOIO 3MIHOIO YHCIIA 1 PO3MIPY YaCTHHOK
v pe3yibTari ApodseHHSI ado KoaryJuilii, 3MiHOI0 (opMu JeOPMOBAHUX YACTHHOK, a TAKOXK 1HITHMH IPHIHHAMHE,
IO BIDTMBAFOTH HA PO3B’SI3aHH 3a7a4i.

3a3BH4aii 3a7ava PO3TIBIIAETHCA 3 VBEACHHAM BIJNOBIAHUX CIPOINCHb, IO YaCOM CIIOTBOPIOIOTH (Di3HKY
mpouecy [2, 3, 7], xoua 0e3 BHBUCHHSI TPHBHMIPHOI CTPYKTYPH IOTOKY HEMOKIMBO BHOPATH IPABHIbHI
KOHCTPYKTOPCBKI pIMICHHA 1 3HAWTH TPAHUII TEPEXITHUX 30H POOOTH BHXPOBHX AaIapaTiB, BH3HAYUTH, YU
JOCATHYTA MAKCHMAJNbHA C(CKTHBHICTh MPOLCSCY MOTUTY, 1 HCMOXIIHBO ULLICCHPAMOBAHO VIOCKOHATOBATH
KOHCTPYKIIIO, TEXHOJIOTIYHI TAPAMETPH Ta MOIMIXTH POOOTY BUXPOBHUX anaparis [4].

Merto10 pob0TH € po3poOKa MATCMATHYHOL MOICITL Ta JOCTIHKCHHS MPOLECY CeMapamii reTepOTCHHNX CHCTEM B
OUKITOHHAX BHXPOBHX AaIlaparaXx Ha OCHOBI HAYKOBO OOIPYHTOBAHMX METOZIB PO3PAXYHKY TiAPOMEXaHIUHHX
MPOLECIB MOAUTY TCTCPOTCHHHX CCPCIOBHIN 13 TBEPAOK (Da3010, IO BKIIOYAE BH3HAUCHHA TPAEKTOPIl Pyxy,
MIBUAKOCTI, Yacy nepeOyBaHHS YACTHHOK B amapari.

BuxJ/iag 0CHOBHOTO MaTepiaty

OOrpyaTyBaHHs NPUHIATY cenapyBanas. /i1 BUPIMICHHS 32134 PaliOHATHHOTO BHOOPY IPOIIECY 1 PEXKUMY
PO3IUICHHS B KOHKPETHUX BHIIAAKAX, JOLITPHO OIHCATH CYTHICTh CENAPYBAHHSI I'€TCPOTCHHHX CHCTEM 3 €IMHHUX
no3unii. Hezsaskaroum Ha fesAKi BIAMIHHOCTI SIBHIN, IO BiAOYBAOTHCS MPH PO3ZUICHI TETEPOTCHHUX CHCTEM, BOHH
MAOTh PAA MOAIOHMX BIACTHBOCTCH, fAKi BIAOYBAFOTBCA HC3AICHKHO BiA CHocoOy 3aIHCHCHHA mporecy. Lla
00CTaBHHA O3BOJIIE NMPEACTABHTH 3aranbHUH (DI3UKO-XIMIUHHH MEXaHI3M IPOLECIB CEMApyBAaHHS I€TCPOTCHHHUX
CHCTEM.

Braskaemo, 0 B pe3yJIbTaTi cemapamii BitOyBaeThCA 3aTOBHCHHS ICAKHX POOOUHX 30H — 30IPHHKIB YACTHHOK
(Puc. 1), B sAKI NOTPAILIOTH KOMIIOHCHTAMH MOJUMIOBAHMX NPOAYKTIB 4M (a3m cemapamii HMOAITFOBAHOL
TeTEPOTeHHOI cucTeMu. [IpmyoMy B mux 30ipHHKAX 3HAXOJUTHCS PEUOBHHH, INO MO CKIAAY BiAPI3HSIOTHCA BiX
CKJIaJy TMOXiTHOI cucTeMu. TakuM YMHOM Yy BCiX IMPOIECaxX MOALTY MA€ MiCIiE CIIPAMOBAHE IEPCHECEHHS MACH.

Jna aHamizy npouecy cemaparii pO3TATAETBCA PyX UACTHHOK TOAUTOBAHOI CHCTCMH. [IpH IbOMYy
BHKOPHCTOBYIOTHCA TOHATTA CICMCHTIB MACH MOALTIOBAHHMX (Da3, AKi MPOTATOM YCHOTO MHPOILECY Cemapamii He
I UBITar0Th ICTOTHHM 3MIHAM.

B camoMy 3araabHOMY BHITAJKY ITOJIJ TETEPOTCHHUX CHCTEM MOJKE BIIOYBATHCS NPH PO3AIICHHI TBEpAUX (a3
JI0 HACTYITHOTO CTaHy (B 3aTaJbHOMY BHITAJIKY O PiBHS MOJICKYI).
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TakuM 4YHHOM [ CHITBHOCTI ONHCY CYTHOCTI
MPOIIECIB PO3AIICHHS HEOOXITHO OIMCYBATH PyX
KOKHOI YACTHHKH CHCTEMH, a Y BHIAAKAX
MPOTIKAHHA XIMIYHHX PEAKIiH HAaBiTh KOXKHOI
MOJICKYJIU IH aTOMa.

HeoOxiguo i mocTaTHbo, OO IS 3MIHCHCHHS
Oyap-SIKOTO  TPOIECY MOJULy B pe3yibrari
MPOTIKAHHA  TPOLCCY  HOAUTOBAHI  PCUOBHHH
BISIBHJIHCS B PI3HAX MPOCTOPOBHX 30HAX (00IACTIX),
MPH IHOMY TMOTPAIUDIIOYM B TPH3HAYCHI UIT HUX
30ipaukH. OTKe cemaparis TCTCPOTCHHUX CHCTEM

n* aGipHik BiZOYBAETECA B TOMY BHIAAKY, SKIIO CHIH, IO

Anapat
ANA po3fineHHd

1% 36ipHUK
° . \\\ % JIFOTh HA NOALMIOBAHI PEUOBHHH 33a0E3MEYYHOTH
%‘% i BIJHOCHE mepeMimmeHHs Ckmamosux (a3. Bkaszaxe
2 stipmnkgg Sod ¢ asiprne FI03BOJLIE BH3HAYHTH DA (h13UKO-XIMITHUX BHJ‘II/IBiB?
%%ﬁ ) [0 TPHBOIATH A0 MOy TETCPOTCHHUX CHCTEM, i
THM CAMHM Ja€ MOJKIMBICTH BHSBHTH CIIOCOOHM Ii
5" 3GipHuk iHTeHCH(IKAIi.

Posrmsmaroun arperaTMBHO CTIHKI JAHCIEPCHI
CHCTEMH PO3pPaXYHOK MOKIMBO BHUKOHYBaTH IS
OKpEMHX YACTHHOK, HE MOAPIOHFOIOYM iX HA Memri
eneMeHTH. [ rpyOOdUCIEPCHUX CHCTEM MOSKIHBO
PO3TIBIATH JCTCPMIHOBAHHH PyX YAaCTHHOK. B poOOTI IPOMOHYETHCA PO3B SM3aHHA 337Ja4vl Yy BHUIAAKY PYyXy
JICTEPMIHOBAHHUX YACTHHOK JJISI JUCTICPCHUX CHCTEM.

MaremaTn4Ha MOJeIh Ta PO3PAXYHOK. PO3IISIHEMO PyX YACTHHKH B IIEPETHHI BHXPOBOTO CEMAPALiHHOTO
amapary. IIpu nboMy HENEpPepBHE JOCITIIKYBAHE CEPEHOBHINE 3aMIHAETHCA TUCKPETHOIO CITKOBOIO MOJCILUIO. Y
By3/1ax CiTKOBOi o0macTi HeoOXigHO, M0 OyJHM 3a7aHi CKIAMO0BI IIBHAKOCTI MOTOKY, IIIBHICTh IOTOKY 1 YHCIIO
Petinompaca. BrazaHi JaHi MOKITHBO OTPHMATH KOPHCTYIOUHCH METOIUKOIO IIPHBEACHOO B [6].
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[Tpu MoacTFOBAHHI MIPOLECY Cemapamii HeoOXiTHO BPAXOBYBATH, IO TCOPiS MIJIOBIOBICHHA W OYHIICHHS Ta3iB
BiJ TBCPAUX YACTHHOK 3BHYANHO BHXOJHTH 3 MOJOKCHHS, MO KOXKHC 3ITKHCHHA 11 3 MEPCITKOI0K0 a00 MOBCPXHCIO
OCA/UKCHHS 3aBCPINYETHCS BHIANCHHAM YACTHHKH 3 MOTOKY, TOOTO ynoBmoBaHHAM [2, 7]. B mamifi poGori
e(PeKTHBHICTh BHXPOBOTO AaIapary BH3HAYANACH MOMUIMBICTIO TPOXOKEHHS YACTHHKH BiJ BXIZHOTO 10
PO3BAHTAXYBAIGHOTO MATPYyOKy, BH3HAUCHHAM YACy NCPCOYBAHHA YACTHHKH B TCILUIOOOMIHHHKY, IMBHAKOCTI Ta
TPAEKTOPII PyXy.

Posrasimaroun muTaHHS 3ITKHEHHS YACTHHKH 3 IECPEUIKOA0I0 MOTPIOHO 3a3HAYMTH, IO BEIWYMHA BIICKOKY 1
HOTO BCTMYMHA CYTTEBO BILTHBAE HA 3arajbHy C(CKTHBHICTH CCMApamii 3aJC:KHTh KyTa 3ITKHCHHA YACTHHOK 31
CTIHKOIO, Bi IIBHAKOCTI, (JOPMHU, MEXaHIUHHX XapaKTCPHCTHK MAaTepiaiB, KoeDimieHTa TepTS U IHIINX apaMeTpiB.
OmHak TEOPETHYHMH AaHANI3 IMX YMOB CYTTEBO VTPYJHCHHM HCBH3HAUCHICTIO 0ararb0X 3 IEPEPAXOBAHHX
MapaMeTPiB MPOLECY, a ICHYIOYI MATCMATHYHI MOJCTI A YHCIOBOTO PO3PaXyHKY MAajOHATIHHI Ta JAFOTh
cymepewmmBi pesyabraTa [7]. Tomy M po3paxyHKY OOUITPHO BHKOPHCTOBYBATH CMIIIPHYHI 3aJICKHOCTI, SKi
T ATBEPIKY ETHCS] EKCIICPHMEHTATIbHUMH TOCITIPKCHHSIMHL.

ITpu 3ITKHEHHSX 13 CTIHKOIO 200 €IEMEHTOM KOHCTPYKIi YACTHHKH BTPAYa0Th CHEPTIFO 1 3MIHFOKOTH HATIPAMOK
pyxy. Jnsg po3paxyHKy TPaeKTOpii, MCIs 3ITKHEHHS 31 MOBEPXHEIO, HEOOXITHO BH3HAYMTH HANPSMOK 1 BEJIMUHHY
BEKTOPY mBUAKOCTL. [lapamerpu BIACKOKY MArOTh CTOXAaCTHYHHH XAapakTep i B OCHOBHOMY BH3HAYAIOTHCS KyTOM
i STKMM YaCTHHKA TOTPAIULIE HA MOBEPXHIO. [Ipn po3paxyHKaX BUKOPHCTAHI HACTYIHI BHPA3H A BH3HAUCHHSI
CKJIAAOBHX MIBHAKOCTI YACTHHKH MICTSA 3iTKHSHHS [10 ]:

V,, =(1-0.41598+0.4994 5 ~0.2928°) -V, 25)
V., =(1-2.128+3.07758" -1.15°) -V, 26)
ae [ — KyT MisK HATIPAMKOM INBUAKOCTI 0 3ITKHEHHAM H JOTHYHOI 10 MOBEPXHI MEPEIIKOIM U CTiHKH; V V  —

CKJIATIOBI WBHAKOCTI BIJHOCHO TIOBEPXHi TiNA MEPE] 3ITKHEHHAM, HOPMAJbHA Ta AOTHYHA; } .V , — CKIa#oBi

IIBUAKOCT] YACTHHKH ITCI 3ITKHEHHI.

Ha ocHOBI BHKIaACHIX MATEMATHYHUX METOIB PO3POOICHUHA MAKET MPHUKIATHUX IIPOTPAM, MPU3HAUCHUH I
BH3HAYUCHHS TPAEKTOPIi PyXy YACTHHOK MaTepiany B IHUKIOHHHX TEIIIOOOMIHHHKAX. [1akeT mporpam sBiste co00r0
HaOIp MPOTPaMHHUX MOJYJIIB BUKOHAHUX HA (D)YHKI[IOHAIBHUX TA AJTOPUTMIYHHX MOBAX IMporpamMyBaHHI. UncioBui
PO3paxyHOK PiBHAHb MATCMATHYHOI MOJCTI 3JIHCHIOBABCS iTCpPamiHHAM METOIOM 3 BHKOPHCTAHHAM SBHOI CXCMH
METOOM CKIiHYCHHX pizHuOb. Ha ¢yHkmioramsHii MoBI AutolLisp BHKOHAHI mporpaMu AUl Bi3yawmizarii
Pe3YIBTATIB PO3PAXYHKY B rpadiunomMy cepeaosuii AutoCAD.

PesyabTaru po3paxyskis. [t anpoOanii MaTeMaTHIHOT MOJEI Ta aITOPHTMIB U1 PO3PAXYHKY TPAEKTOPIi
PYXy 4YACTHHOK Marepialy [JOCTI/PKCHHH 3aIiyHHN TEIUIOOOMIHHHMK IYHOTO arperary 3 maaro  4x60Mm
KpuBOpisbkoTO TEMCHTHOTO 3aBOAY. | COMCTPHYHI PO3MIpH TCHIOOOMIHHHKA MPCACTABJICHI HA puc.2a. Y cxemi
PO3paxyHKy, MOACTFOIOTECH HHTIHAPHYHA 1 KOHIYHA YACTHHH, IO PA30oM i3 BXITHHM MaTpyOKOM, HATPABIIAFOTH
MOTIK TAHTCHIIANBHO YCCPCAWHY LHTIHAPHYHOI YACTHHH. BuXigHHHA marpyOOK MOACTFOETHCA MNCPSIIKOTIAMH
KOHCTPYKIIi HAa IDIAXY ra3oBOro motoky. IIIBHAKICTH AMCHCPCIHHOTO CCPEAOBHINA (Ta30BO — MOBITPSHHUH IMOTIK)
3a7A€THCA IO KOMIOHEHTaM V'=2.5m/c; V=4 3m/c.

Pesyapratn po3paxyHKy NMPHUBCICHI HA PHC. 2, IC MOKA3aHI KOHCTPYKTHBHA CXCMA TCILUTOOOMIHHHKA, BEKTOPH
IMBUIKOCTI Ta TPAEKTOPISA PYXy HAaCTHHOK MATCpialy BIAMOBIAHOTO JUCTICPCHOTO CKiIAAy, Bix 1 Mk m0 26,0 MK
[TpuBeneHi IMBHUAKOCTI Ta TPAEKTOPIi NMEPEMIMECHHS A1 HAHOITBII XAPAKTEPHHUX PO3MIPIB HACTHHOK. Takox
PC3YJIBTaTH PO3PAXYHKY HABSACHI Y BUTILAAL BiAco (aiIiB B JOJATKY A0 CTATTI.
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Puc. 2 — TpaexTopisi pyxy YaCTHHOK Ta MBIAKICTH(V'+v?) B Tenmoo0mMiHunKy (v He moka3ana)

YacTHHKH, IO NOTPAILBIFOTH B TEIUIOOOMIHHHK Pa30M 3 MOTOKOM PiJUHH, 3AIyHalOThCS B 00EPTANBHUNA PYX 31
MIBUAKICTIO, IO HAOMMKEHA 10 MIBUAKOCTI JHCIEpCiifHOTO cepeaoBuma. [Ipw mpOMYy YAaCTHHKH PYXarOTHCS B
OCBHOBOMY Ta PAmiaTbHOMY HAINPSAMKAX BIATMOBITHO A0 JIFOYMX HA HUX TiAPOAWHAMIMHUX, IHEPUIHHHX CHI i CHI
OTOpPY PYXY fAKi CIIIPHO BIUIMBAIOTh HA TPAEKTOPi0. CyMa BEKTOPIB CHJI Y KOXKGH MOMCHT 4acy BH3HAYAE
TIPUCKOPEHHS YACTHHKHY, ii IMBUAKICTD 1 BIAMOBITHO TPAEKTOPIFO.

Ha nmpiOHI 4aCTHHKH CYTTE€BO BIUIMBAE OIIP CEPETOBHINA, TOMY TPAEKTOPIi IX PyXy MaibKe CIIBIIANAIOTH 3
JiHISIMH TOKY JHCTIEPCIHHOTO CepeaoBHINa, puc.20 — puc.2s. SIk BUAHO 3 rpadikiB HAHMEHIN YACTHHKH PYXAFOTHCS
AQHAJIOTIYHO JUCTICpCitHOMY cepeaoBuiny. Jleski 3 HHX, II0 3HAXOAATHCS HA mepHudepii BXITHOTO MOTOKY, TAKOXK
OyIyTh MOTPAIUDITH HA KOHIYHHX CTIHKAX amapara, a Ti sSKi 3HAXOAATHCS ONIDKUC 0 LEHTPY MOXKYTH IOTPAIIUTH Y
PEUMPKYHIIHHOTO SAPO MOTOKY 1 B OCTATOYHOMY IIJCYMKY MOTPAIULIOTH ¥ BHXILAHHI marpyOok. Ha vactmakm
HEBEIHMKHX PO3MIPIB BIUTHB BIALCHTPOBUX CHJI HE3HAYHUH 1 TIPH JOCHTh MATHMX PO3MIPAx PyX YaCTHHOK HE iCTOTHO
BIAPI3HSETHCA BIJ PyXy Hecydoi piauHu. YuM ApiOHIII YaCTHHKH, THM OiJIbIIC HA HUX BIUTHBAE OIIP CEPEAOBHMIIA i
TPAeKTOpii PyXy CHIBMAZA€ 3 JiHIAMH TOKY piguHn. HaliMCHINI YACTHHKH PO3MOTIIAFOTECA MK BXITHHMH 1
PO3BAHTAXXYBAIbHUM IATPYOKAMH B TIM jKE CIIBBIIHOIICHHI, IO 1 HECYYa PiAMHA. 3 PUCYHKIB BHIHO, IO YACTHHKH
PO3MIPOM 6 MK Ta MEHIIEC MTOBHICTIO MOTPAIJIIOTH ¥ BIABIAHUI NATPyOOK.

YacTHHKH CEPSIHBOTO PO3MIpPY MOBOATHCA ceOc iHAKIIe, puc.2a — puc.2K. Jledki 3 HIX Ha MCHIIHX Pagiycax
0O0EpTaHHS, 32 PAXYHOK Jii BIJUEHTPOBHUX CHJI, MOXKYTb 3MIHHTH HAIPAMOK PyXy. Bka3aHi JaCTHHKH MOXYTb
TOTPAIUTH HA CTIHKH amapary i BUMTH 3 HHOTO UEPE3 PO3BAHTAXKYBAIBHHUN MAaTPyOOK, a00 MOBEPHYTHCH B MOTIK
piIMHY BHACTIAOK 3MCHIICHHS ii BIAUCHTPOBOI cuay. Bka3zaHi 4YaCTHHKH MOXKYTH TPHUBAIHH Yac MUPKYIFOBATH B
po0ouiif 30HI 3 OJHAKOBOIO IMOBIPHICTIO IOTPAIIMTH B BIABLTHUH UM PO3BAHTAKYBaJIbHUI MarpyOxu. Buxin 3 maHoi
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30HM MOKJIMBHI 32 PAXYHOK KOATyJUIIii, JWUCIIECPTYBAaHHSA a00 3INTOBXYBAHHAM 3 IHIMMH dYacTHHKaMH. [lo
30BHIIIHBOMY BHIJDITY BOHH BLAPI3HAIOTHCS THM, IO NMPUHMAOTH OLMbII KPYTiLICTY (hopMmy. 3TITHO PE3yibTaTiB
po3paxyHky 87.2 % uacTuHOK (pakuii 14 MK HOTPAIULIFOTE ¥ PO3BAHTAKYBaIbHUIL a 12,8% y BigBigHMIA MaTpyOOK,
¢pakmist 10 Mx — 33,8% y posaHTaxXyBaNbHHH, 06,2% BigBimHuH marpyOok, ¢pakmiz 9 Mx— 20,0% y
possaHTaxyBambHEH, 80,0% vy BimBigHmii marpyOok, ¢paxmis 7 Mk — 8,0% y pospaHTaOxXyBamsHHH, 92.0% y
BiIBITHHI MATPYOOK.

UacTuHKE OLThOIOTO PO3MIPY, 3a PAXYHOK il BIAUEHTPOBHX CHJI, OYAyTh CEHAPYBATHCS 1 MOTPAILLITH HA
CTIHKY KOHIYHOI a00 HAaBiTh IMIIHAPHIHOI YACTHHH, PHC.2K — puc.2M. Miclie MOTPANITHHS B TCIDIOOOMIHHHK HE
Ma€ CYTTEBOTO BIUIMBY HA TPAEKTOPIIO iX PyXy TaK SK BKA3aHI YACTHHKH TMOTPAIULIIOTh HA CTIHKY 3a JOCHTH
HE3HAYHUH TEPMIH 4Yacy 1 Jall pyXaroThCs B3TOBK CTIHKH J0 PO3BAHTAKYBAJIHGHOTO MaTpyOKy. Po3mip BkazaHMX
YACTHHOK CTAHOBHTH 16.0 MK Ta OiybIme.

3 JOCTaTHIM CTYTIEHEM IMOBIPHOCTI, MOXXHA BH3HAYHUTH MOKIMBICTH HMOTPAIUIIHHS YACTHHOK KOHKPETHOL
(dpakuii B BiABIAHHMI ab0 PO3BAHTAXYBAMBHUI MATpyOKw. BHM3HAYCHHSA TPAEKTOPii YACTHHOK A€ MOXKIHBICTH
BCTAHOBWTH Yac IX IepeOyBaHHA HE TLTbKU B LIJIOMY Y BUXPOBOMY amapari, ajie i pisHUX HOro 30Hax, o 0co0IMBO
BXIIMBO 1151 BH3HAYCHH €()EKTHBHOCTI POOOTH TEIIOOOMIHHHKA.

BuxopucTaBmu OTPHMAHI PE3yJIbTATH, MOXKIHBO OTPHUMATH 3HAYCHHA C(ESKTHBHOCTI CETNapyBaHHSI
TCIUIOOOMIHHUKA B 3aJICKHOCTI BiJ HIBHAKOCTI MOTOKY, PO3MipiB (ppakmiii Ta BiACOTKY YJIOBICHHS (PPaKIIHHUX
ckIafoBux. JlaHi MO cemapyBaHHIO, B 3aJ€XKHOCTI BiX PO3MIpY YACTHHOK IIOKA3aHI HA pHC.3, BKa3aHWH dUac
mepeOyBaHHA YACTHHOK Marepiamy pisHHX (Pakiiif B 3aJICKHOCTI Bi MICI iX YBEACHHS B TCIUIOOOMIHHHK Bif
BHITYCKHOI TPyOH IO CTIHKH.

Yac, ¢
50
=f=1 MKM 5 MKM  ==fr=9 MKM
20 == 11 MKM == 12 MKM 14 mKm
16 MKm 19 mKm 26 MKM
30
20
10
0
0,55 0,60 0,65 0,70 0,75 0,80 0,85 0,90 0,95 1,00

BigctaHb
Puc. 3 — Yac nepeSyBaHHsI YACTHHOK B TENJI000MIHHIKY TIPH Pi3HHX IOJIOKEHHSIX YBE/ICHHS

Sk crmigye 3 OTpHMAHUX JAHUX, Yac MepeOyBaHHS YACTHHKY B TEIUTIOOOMIHHHKY 3MIHIOETBCS B 3aJICKHOCTI BiJ
MICIISI OTPAIUIIHHS. B 3arampHOMY BHManky 4ac 301IbINYETHCS IMPH HAOMIDKCHHI A0 CTIHKH B BHITYCKHOI TPyOH
TEIIOOOMIHHHKA. JlaHE SIBUTIC MOSCHIOETHCS TMECBHOI KiMBKICTIO 3ITKHCHD YACTHHKH 3 CTIHKOIO Ta Ii BiACKOKAMU.
OTKe YaCTHHKA Tpoiiae OLMbIIAH MULIX, HiJK Ta, IO 3HAXOJUTHCSA B MOTOI MTOCTIHHO.

Ha wactunkm posmipoMm 16 MK — 26 MK MicHe MOTPAIUBIHHS HE CYTTEBO BIUIMBAE HA YaC 3HAXOKCHHS B
TCIUIOOOMIHHUKY. BKa3aHi YaCTHHKM NPAKTHYHO BIApa3y MOTPAILLIIOTH HA CTIHKY 1 CHPSIMOBYIOTBCI B
PO3BaHTAXYBATGHAH MATPyOOK. Yac iX mepeOyBaHHA B TCIUIOOOMIHHUKY CTAHOBHTH BiJ 8§ C 10 35 C, B 3aJICKHOCTI
BiJ MiCIiI yBeICHHS Ta po3Mipy (pakmii. [Tpu 30inbIucHI BiACTaHI BiA BUIYCKHOI TPYOH 10 KOPIYCY 301MbIIy€ThCA
[UISIX KOTPHUH MPOXOAWTbh YACTHHKA TOMY 4ac ii mepeOyBaHHSI B TCILIOOOMIHHHKY 301IbIIYETHCS. 3 TpadikiB TaKoK
BHJIHO, IO Yac nepeOyBaHHs 3MCHIITY €ThCS PH 301IBbIICHHI IXHBOTO PO3MIPY YaCTHHKH.

BucnoBkn. ['00BHHM PE3yIbTaTOM MPOBEACHUX JOCIIHKEHb € PO3POOKAa MATEMATHIHOI MOJETI, aITOPHTMIB
Ta MPOTPAMHOTO 3a0C3MEUCHHA T4 PO3PAXYHKY 1 AOCT/HKCHHA MPOLCCY Cemapanii B IHKJIOHHHX BHXPOBHX
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amaparax, mo JO03BOJUIFOTH JOCHTh NMOBHO ONHCATH IOBOKCHHS YACTHHOK MATEpiajy 3 MOMIIMBICTIO BHBUCHHSI
TPOIIECY PO3JLICHHS Ta BU3HAUCHHIM TPAEKTOPII PyXy YACTHHOK, IIBHIKOCTI Ta Yacy nepeOyBaHHA B amaparTi.

VY pe3ybTari NpoBEACHHS JOCTIKCHB!

- OOTPYHTOBAHE BH3HAUCHHS PO3IOALTY A€PO30JIbHUX CHCTEM 3 BUKOPHCTOBYIOUH MOHATTS 30ipHHUKIB
YACTHHOK MMOJLTOBAHKUX MAC, IO IPYHTYIOTHCS HA BHBUCHHI MATEMATHYHUX MOJCNCH 1 3aKOHOMIPHOCTEH PyXy
Ta30MIIIOBOI CYMINN B KOHCTPYKIISIX BUXPOBUX aNaparis;

- BUKOPHCTOBYIOYH METOJ CKIHUYCHHX Pi3HHIb PO3POOIICHO YHUCIOBY METOJUKY Ta MPOTpaMHE 3a0€3MEUCHHS
JUT pO3B’SI3aHHS 337144 CEMapaii B MUKJIOHHUX BUXPOBHX amaparax, mo Ja€ MOKINBICTh BU3HAYHATH IIBHIKICTD,
TPAEKTOPIFO PYXY, YaC MCPCOYBAHHA MATCPIiANy B TCIIOOOMIHHHKY Ta B 3aTaIbHOMY BHIAIKY 301BIIHTH TOUHICT
PO3PaXyHKY

- PO3pOOJICHO METOAMKY, MATEMATHIHI Ta MPOTPAMHE 3a0€3ICHCHHS I PO3PAXYHKIB CTYICHI cemapaii
YACTHUHOK JuctiepcHoi (asu Ta PpaxuiiHoi ePeKTHBHOCTI IUKIOHHUX TEILIOOOMIHHHKIB;

- 3aMPOTMIOHOBAHO PIIICHHS 7 PO3PAXYHKY PO3AITIOBOI 37aTHOCTI 3 YPaXyBaHHSM 3ITKHCHHS YACTHHOK 3
TIEPEINKOI0I0 Ta BU3HAUYCHHS 3aKOHOMIPHOCTEH IX PyXY IPH iX B3aEMOZIl 3 poOOYMMHE OpPraHaMH BUXPOBOTO
amapary.

IMepcnekTHBA MOAATBIINAX JOCTIKeHD, [TAHY€THCA B IO AATBITOMY BHKOHATH BiAMOBIAHI JOCTIHKCHHS I
OiIbIn JETANFHOTO POBTIIIHYTH IHUTAHHS €()EKTUBHICTH MOJLTY 3 BPAXYBAaHHAM YMOB JHCICPTYBAHHS YACTHHOK Ta
BIDTUBY 3MiHH TEMIICPATYPH 1 BHY TPIIIHBOTO/30BHIITHHOTO THCKY HA PYX YACTHHOK 1 MOKIMBOCTEH cenaparii.
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Shcherbyna V. Yu.
MODELING THE PROCESS OF SEPARATION IN CYCLONIC WIRING APPARATUS

The processes of division of heterogeneous systems form the basis of many chemical, petrochemical, food, mining,

biological and other branches of industry. The most common are cyclone vortex devices. So, for the purification of
gas from dust, cyclones are used to clean the suspension or liquid from impurities of the hydro-cyclone. This is due
to the fact that the vortex devices combine simplicity of construction, compactness, reliability and high intensity of
separation processes, which allows to significantly improve the classification of products of crushing and
enrichment. However, there are factors that complicate the process of propagation of vortex cyclone vehicles. The
main reasons for limited use are the lack of reliable methods for calculating the dynamics of separation processes
and the criteria for switching from laboratory models to large-scale installations.

Despite the apparent structural simplicity of these devices and the availability of extensive experimental information
on the structure of swirling and recirculation flows and the patterns of separation processes, their modeling
remains one of the main problems in the design of industrial plants. To date, many issues remain unresolved. A

purely experimental approach does not solve the problem, because in this case there is no generalization of
research results, and the theoretical is due fo the difficulties of mathematical nature.

The complexity of the motion of particles within the cyclone and the presence of a large number of unexplored
Jactors that determine the processes of motion make the process of studving the trajectories of particles rather
complicated. In addition, in the study of aerodynamic patterns of motion of particles, their trajectories are usually
not studied, since in most cases the fact of removal or penetration onto the wall was investigated, not the path
through which the particle passed to the removal. Such an approach in the case of industrial devices does not justify
itself, because it does not allow to study the heat exchange between the particle and the aerodynamic flow.

Therefore, the purpose of the work is to develop a mathematical model and study the process of separation of
heterogeneous systems in cyclone vortex machines with the definition of the trajectory of motion, speed and time of
the presence of particles in the apparatus. As an example in this paper, a cyclone heat exchanger used in rotary
kilns for cement production has been investigated.

In order to solve these problems, the principle of particle separation is substantiated in the work, and a generalized
model of the distribution of the aerosol system is formulated using mass collections of particles, which is based on
the laws of the dust-air mixture movement.

The motion of particles was determined on the basis of the fundamental laws of mechanics of systems connected by
systems of continuum mechanics equations, using proven mathematical apparatus of numerical methods, developed
by numerical methods, algorithms and sofiware.

An approach to the determination of separation capacity based on the calculation of the dispersion medium and
disperse particles is proposed, taking into account the phenomenon of collision of particles with an obstacle and the
establishment of patterns of motion of particles in their interaction with the working organs of the vortex apparatus.

The developed mathematical model, sofiware and numerical calculations allow determining the trajectory of
motion, obtaining a field of velocities and the residence time of material particles in a separation apparatus. The
software is a package of application software modules executed on algorithmic and functional programming
languages. Numerical calculation of the equations of the mathematical model was carried out by an iterative
method using explicit scheme by finite difference method. In the functional language AutoLisp programs are
implemented to visualize the calculation results in the AutoCAD graphical environment.

The calculation results are also included in the appendix in the form of video files.

Key words: separation, vortex apparatus, cyclone heat exchanger, dispersion medium, disperse phase, speed,
trajectory of motion.
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