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B pabote mpuBeseHbI HCCICIOBAHHS TPOIECCOB YIUIOTHEHHsI MPECC-TIOPOIIKOB ¢ BBICOKOH BITaX-
HOCTBIO, KOTOPbIE MPUMEHSIOTCS TPH IPOU3BOJICTBE HHU3KOBOJIBTHBIX 3JEKTPOTEXHHUYCCKUX H3IACITUN
CITOKHOU KOH(HUTYpalnH. Y CTAHOBJICHB! MPUYHHBI BOSHUKHOBEHHUS B M3AENUAX aehopManuii U pactpec-
KUBaHUs, BRI3BAHHBIX HEPABHOMEPHOM ycaaKoil oTHpeccoBaHHOTO Monydabdpukara. [Ipemiararores myTa
CHIYKEHHSI HETATHBHOTO BIIMSIHUS YCAT0YHBIX TPOIIECCOB.

KaioueBble cj10Ba: Mpecc-MOPOIIOK, BIAXKHOCTh, 3IEKTpodaphop, TOHKHI MOMOJI, ycajka, e-
(dhopmarusi, 00KHUT.
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The study condensation process press-powders with high moisture / 0.S. HOMENKO,
0.0. MYRSHAVKA, R.K. VASKOVSKYI, L.V. MYHALSKAYA, V.V. PALAGUT // Visnyk NTU «KhPI».
— 2014. — Ne 53 (1095). — (Series: Khimiya, khimichna tekhnolohiya ta ecolohiya). — P. 136 — 141.
— Bibliogr.: 4 names. — ISSN 2079-0821.

The paper presents the research process seal molding powders with high humidity, which are used
in the manufacture of low-voltage electrical products of complex configuration. The causes of a product
deformations and cracking caused by uneven shrinkage of the molded semi. Suggests ways to reduce the
negative impact of shrinkage processes. In particular, to improve the sliding of the particles during com-
pression, and their uniform distribution throughout the volume of the mold is recommended to use fatty
component — oleic acid. Its most optimum amount of 0,8 %. At this stage you can mold provides a denser
cake mix, which in turn contributes to the intensification of the sintering products.

Key words: press powder, moisture, electrical porcelain, fine grinding, shrinkage, deformation,
burning.
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OITPEAEJIEHUE CTPYKTYPHO-MEXAHNYECKHUX
U PEOJIOTMYECKHX CBOUCTB JUCHEPCHBIX MATEPHUAJIOB

Paccmotpena mpoOiiema MOBBIICHHUS aJeKBaTHOCTH MAaTEMAaTHYECKMX MOJIENEH IMPOIECCOB 00padOTKU
JUCIIEPCHBIX MAaTePUAJIOB IIYTEM 3a/ilaHus aJIeKBaTHBIX (hU3MKO-MEXaHHMUYECKUX MapaMeTpoB Marepualia
TBepaor (aspl. [IpemiokeHo HTEpalIOHHYIO DKCIEPHMEHTATBHO-PACUCTHYIO METOJUKY OMNpECICHUS
ATHUX MapaMeTPOB JUIsl CHIMYYHX (COJb, caxap, MIIICHO) U BIATOHACHIIICHHBIX (KEPAMUYECKUX MAcC) Mate-
pHUAaJIOB.
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KiawoueBble ciioBa: ,Z[I/ICHepCHHﬁ Marepualli, MaTeMaTudeCKass MOA€JIb, aACKBATHOCTb, OKCIICpH-
MCHTAJIbHO-paCY€THAasA METOJUKA, IPECCOBAHUE, ITYaHCOH

OngwIT MMPOBCACHUA TCOPCTUYCCKUX I/ICCJIGI[OBaHI/Iﬁ TEXHOJIOT UM O6pa6OTKI/I

I[I/ICHepCHBIX MaTepI/IafIOB C UCIIOJB30BAHHUEM MECTOJ0B MATEMATHUUYCCKOI'O MOACIIN-
© E.B.IlItedan, J.B. Peinmok, C.U. bnaxenko, 2014
poBanus mokasan [1, 2], uTo TpakToBKa BHJA TBEPAOH (pa3bl Marepuala U COOT-

BETCTBYIOIINE €€ (PU3UKO-MEXaHUUECKHE CBOMCTBA SIBIISIFOTCSI OCHOBHBIMU aCIIEK-
TaMH, KOTOPBIE OMPENEIISIOT aIEKBATHOCTD MTOJIYy4Ya€MbIX PE3YIbTATOB.

B pabGore [3] mpeacraBieHa METOAWKA OMPEACICHUS CTPYKTYPHO-
MEXaHUYECKUX CBOMCTB MenkoaucnepcHbix (10 0,1 MKkM) MaTepraos.

Jlns maTepuanoB CpelHeil aucnepcHocTH (10 3 MM) ompezaencHue (GU3uKo-
MEXaHUYECKUX CBOMCTB 3aTPyIHUTENIBHO, IIOCKOJBKY CBSI3aHO C MCIOJIb30BAaHUEM
cnenu(pUIecKoro SJKCIEPUMEHTAIIBHOTO 000PY/10BAHHUS.

Heap padoThl cOCTOUT B pa3pabOTKE pacyeTHO-IKCIIEPUMEHTAIbHOW METO-
UKW orpeaeseHns (U3nKO-MEeXaHMYECKUX MapaMeTpoB TBEpIoil (a3pl mMaTepua-
JIOB CpEJIHEN JUCIIEPCHOCTH.

Meronrka OpUEHTUPOBAHA HA OOECHEYEHHE aJ€KBAaTHBIX PE3YyJbTAaTOB BbI-
YUCIUTEIBHBIX SKCIEPUMEHTOB C UCIOJIb30BAHUEM BBIYUCIUTEIBLHON MpOrpamMm-
Hoit cuctemsl PLAST-002 [4].

MeToauka MccjeI0BaHUIN ONPEIEIAETCS AITOPUTMOM, COCTOSAIIMM M3 Cle-
IOYIOIIMX ATANoB:

1. IIpoBeneHne 3KCIEPUMEHTA MO MPECCOBAHUIO AUCIEPCHOIO MaTepHaya ¢
3aMUChIBAHUEM 3aBUCUMOCTHU CUJIbI IPECCOBAHUS OT MEPEMELIECHUS TyaHCOHA.

2. Pa3paboTka pacyeTHOI CXEMBbI MPOIecca MPEeCCOBAHUS SKBUBAJIEHTHOMN
CXeMe MPOBEJEHUS HKCIIEPUMEHTA.

3. I[IpoBegeHUE BBIUNCIUTENBHOTO 3KCIEPUMEHTA U ITOJTYyYEHUE PACUETHON
3aBUCUMOCTH CHJIbI IPECCOBAHMSI OT MEPEMEIICHUS ITyaHCOHA.

4. AHann3 Ta CpaBHEHHE MTOYYEHHBIX PE3YJIbTATOB.

5. Koppeknus pu3nko-MexaHM4ecKuX napaMeTpoB TBEPIOi (a3bl MmaTepHa-
JIOB Y MIPOBEJICHUE BBIUUCIUTEIBHOTO SKCIIEpUMEHTa (11. 2).

Pe3yabTaThl HCCII€I0BAHMIA.

B cranbnyto rune3y 1 nuamerpom D Hackimancst npoayKT 2 TONIIMHON ci1os h
(puc. 1).

B pe3ynbTaTe NoBeACHHBIX 3KCIEPUMEHTAIBHBIX UCCIIEJOBAHUMN MOJIYYEHO:

— rpadUK 3aBUCUMOCTH BEJIMYMHBI IEPEMEIICHUS TyaHCOHA OT MPUII0KEHHO-

ro yCuius;
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— MaKCHMaJIbHOE YCHIIUE, KOTOPOE OBLIO MPHIIOKEHO K ITyaHCOHY.

PacderHas cxema, KOTOpast OJIOKEHA B OCHOBY MaTeMaTHIECKON MOJICIH
npejcTaBicHa Ha puc. 2. B kauecTBe 1IUPPOBON MOJICIIN TPUHSATA TPOrPaMMHAs
cucrema PLAST-002 [5].

['paHrYHBIC YCIIOBUS 3aKIIOYAIOTCS B 3aaHUU:

— Ha OOKOBBIX MOBEPXHOCTSAX M JIHUIIE MATPHUILI YCIOBUS HICATBHOTO IPO-
CKaJIb3BbIBAHUS 110 KACATEIIBHOM K MMOBEPXHOCTSIM;

— Ha TIOBEPXHOCTH KOHTAaKTa ITyaHCOHAa M MaTepHaja KHHEMAaTHYSCKOTO ITe-

peMCcIICHUA, COOTBCTCTBYIOIICTO IICPCMCIICHHUIO ITYaHCOHA.

4
W

= o
= Ead

Puc. 1 — Cxema OKCIICPUMCHTAJIIbHOT'O Puc. 2 — PacuerHas cxema mnmponecca
MMPECCOBAHUS CBIITYUCTO0 MATCpUalia B IUIIMH- IMPECCOBAHUSA CBIITYHYECTO MATCpHUajia B UJINH-
ﬂqueCKOﬁ MaTpune Z[queCKOﬁ MaTpune

CTpyKTypHO-MEXaHHUYECKUE TMapaMeTPbl MaTepPUAIOB OMPEACISIIA HTePaIln-
OHHBIM CIIOCOOOM Ha OCHOBE KOPPEKTUPOBKH MapaMEeTPOB MPU CPABHCHUU PE3YIIb-
TaTOB MOJICIMPOBAHUS C TAHHBIMU YKCIICPUMEHTOB.

B kagecTBe mepBOro mpUOIMKEHHUS CTPYKTYPHO-MEXaHUYECKHUE MapaMeTphl
MPUHATH coryiacHo [6]. Tak asis cosu ObLIO B3SATO CIACAYIOIINE 3HAUCHUS BEJINYUH:
or = 6 Mlla — npegen Teky4decT, KOTOpoe OBLIO MPHUHITO PABHBIM MUHUMAJIBHO-
My W3 PEKOMEHIOBAHHBIX 3HAYCHHIO JOIMMYCTUMOTO HANpPsDKCHHS Ha ckarue;, E =
2,5.10° MIla — Moayib KOHTa, MUHUMAaTBHBINA U3 PEKOMEHAYEMBIX; 0 = 0,5 — 005b-
E€MHOE COJIep)KaHHME TBEPIOH (asbl.

OOmmii BUJ 3aBUCUMOCTH CHJIBI TIPECCOBAHUSI OT MEPEMEIEHUs TTyaHCOHA
(pacuetHas) mpuBe/IEH Ha puC. 3.

OTtpe3ok OA ONUCHIBAET YIIPYTYIO CTAAUIO AehopMaIiii MaTeprarna.
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OTtpesok AB — craguro hopmooOpazoBaHus.
Otpe3ok BC — cTaanio HeoOpaTUMOTO YIIIOTHEHUSL.
Kak moka3pIBatOT BBIYHCIUTEIBHBIC SKCIIEPUMEHTHI, KaK1as U3 TIEPECUNCIICH-

P, Ila
10
C
8
6
4 B
A
el '
2 i
0 | ’
0 Arnipm 5 At 4 6 A,MM

HBIX CTPYKTYPHO-MEXaHUYECKUX XapaKTEPUCTHK BIMSIIOT B TOW WJIM WHOW CTETIEHU
Ha BUJ] 3aBUCUMOCTH Ha puc. 3.

Puc. 3 — TumoBas 3aBUCUMOCTb JIABJICHHSI IIPECCOBAHUS OT IMEPEMEIICHUS ITyaHCOHA

Tak, OT BEJIMYMHBI G 3aBUCUT BBICOTA PACMOJIOKEHUSI oTpe3ka AB, oT o, —
nnuHa otpeska AO, ot E — yron Hakiiona AB.

Hcnonb3oBaHrue UTEPALMOHHOW MPOLEIYpPbl B COOTBETCTBHM C MPEHJIOKEH-
HOW METOJIMKOM, MO3BOJIMIIO OMPEACIUTh (PU3NKO-MEXaHUUYECKUE MapaMeTphl s
PA3JIMYHBIX CHIMYYHUX MAaTEPUAIIOB, & UMEHHO JIJIS:

coiim ot = 3 MIla, E = 5000 MIIa, ITOP =76 %,

mimena: ot = 2,5 MIla, E = 2500 MIIa, TIOP = 71 %,

caxapa: ot = 2,8 Mlla, E = 1500 MIla, ITOP = 65 %.

CpaBHeHUE TaHHBIX HKCIIEPUMEHTA C PE3YIbTaTaAMH PACUETOB JJIsI PA3JIMYHBIX
cTaaui MpUOIMKEHUHN TIPEACTaBICHO Ha puc. 4.

Takum 00pa3oM, ONpeAesieHbl PEOJIOTMYECKUE MapaMeTPbl TAKUX ChIMYYUX
MUIIEBBIX MPOAYKTOB, KaK COJIb, caxap U Kpymna (IIIeH0) MOTYT MCIOJb30BaThCS B
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MAaTeMAaTUYCCKOM MOJACIUPOBAHHUHN COOTBETCTBYIOINUX TEXHOJOTIMYCCKUX ITPOLCC-
COB.

BbIBOABI.
[IpennoxxeHHass MeTOAUKA OMpeeiacHus (HU3NKO-MEXaHUYECKUX XapaKTepu-
CTUK CBIITYYUX MATEPUATIOB MOKET ObITh PEKOMEHJIOBaHA U JIJIs APYTUX MaTepua-

3 P «vH
2 3

2,5

2
15 +—m —

l ///
0,5 ‘/

oC

0 1 2 3 4 A, MM

JIOB CPEIHEN JUCTIEPCHOCTH.

Puc. 4 — Pe3ynbTarhl cpaBHEHHS dKCIiepuMeHTanbHBIX (1 coib) U TeopeTuueckux (2, 3, 4)
3aBHCHMOCTEH CHIIBI MPECCOBAHMSI OT MEPEMEIIECHHUS TyaHCOHA JIJIS PA3IMUHbIX (PU3HKO-MEXaHH-
YecKuxX mapaMmerpax marepuana: 2 — op = 0,76; o, = 3 Mlla; E = 5000 MIla; 3 — ay = 0,75;
o.= 3 MIla; E = 5000 MIla; 4 — 0= 0,77; o,= 2 MIla; E = 5000 MI]Ia.

Cnucox Jgurepatypsi: 1. [llmegan €.B. Maremarnueckoe MOJEIHMPOBaHUE MPOLECCOB MEXaHHUYEC-
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OmnpeesieHne CTPYKTYPHO-MEXAHHYECKHX U PEOJIOTHYECKHX CBOMCTB IHCIEPCHBIX MaTepHa-
aoB / E.B. IITE®AH, /I.B. PbIH/[IOK, C.H. bJIAJKEHKO // Bicuuk HTY «XIIl». — 2014. — Ne 53
(1095). — (Cepist: Ximis, ximiuna TexHosorist Ta exojoris). — C. 141 — 146. — Bi6miorp.: 5 nass. — ISSN
2079-0821.

PosrnsayTO npobneMy MigBUINEHHS aeKBaTHOCTI MaTeMaTHYHUX MOJIENIeH MPoIeciB 00poOIeHHs
JMCIIEPCHUX MaTepialliB 3a paXyHOK 3aBJaHHs aJieKBaTHHX (Di3MKO-MEXaHIYHHUX TapameTpiB mMarepiaiy
TBepaoi (azu. 3ampornoHOBaHO iTepalliifHy eKCHepUMEHTATLHO-PO3PAaXyHKOBY METOJHMKY BH3HAYCHHS
X MTapaMeTPiB IS CHITKHX (Cijlb, I[yKOP, MIIIOHO) Ta BOJOT0 HACiYeHUX (KepaMivyHMX Mac) MaTepialiB.

KurouoBi ciioBa: aucnepcHuil Marepiai, MaTeMaTH4Ha MOJIENb, a/IeKBaTHICTh, eKCIIEPUMEHTAIb-
HO-PO3PaxyHKOBa METO/IMKa, PECYBAHHS, TyaHCOH
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Determination of structural — mechanic and reologic disperse materials properties /
E.V. SHTEFAN, D.B. RINDYUK, S.I. BLAZHENKO// Visnyk NTU «KhPI». — 2014. — Ne 53 (1095).
— (Series: Khimiya, khimichna tekhnolohiya ta ecolohiya). — P. 141 — 146. — Bibliogr.: 5 names. — ISSN
2079-0821.

The problem of improving the adequacy of mathematical models of dispersed materials handling
processes through task adequate physical and mechanical parameters of the material of the solid phase. A
iterative experimental design methodologies for determining these parameters for bulk (salt, sugar, wheat)
and water contained (ceramic mass) materials.

Structural and mechanical properties of materials are determined iteratively based on the adjust-
ments when comparing the simulation results with the experimental data.

Thus, the determined rheological parameters of bulk food products, such as salt, sugar and cereals
(millet) can be used in the mathematical modeling of the corresponding processes. The proposed method
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of determining the physical and mechanical characteristics of bulk products can be recommended for oth-
er foods.

In addition to the formation of the ceramic material extrusion process was considered backward ex-
trusion of ceramic materials. For experimental verification of the results of numerical simulations, the
setup is mounted on the base of the machine MR-200 was conducted indentation punches with different
forms of the ends (conical and cylindrical) in the ceramic mass, which is placed in a special cylindrical
container.

Keywords: disperse material, mathematical model, adequacy, experimental design technique,
pressing, punch
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PABPABOTKA TEXHOJIOI'MM 1 OCHACTKU JIA
MN3I'OTOBJEHUA CETHETOMAI'HUTHbBIX KOMIIO3UTHBIX
CTPYKTYP HA OCHOBE TUTAHATOB CTPOHIIUSA U BAPUA

B crarbe npuBeneHb! pe3yNbTaThl UCCISAOBAHUS B 00JIACTH CO3J[aHHST KOMIIO3HIIMOHHBIX CETHETOMAarHe-
THUKOB: pa3paboTKa COCTaBOB, TEXHOJIOI'MH W OCHACTKU JUIS M3TOTOBJICHHS JIETallel, MCIIONb3YEMbIX B
KadecTBe paldodyero Teja HEJIMHEWHBIX (GopMHUpyROIIUX HpuOopoB. MccnenoBanue s3aekTpodusndec-
KHX XapaKTepUCTHK TaHHOI'O KOMIIO3uTa MpoBoawiochk meronoMm Coiiepa-Tayepa mpu TemiepaTypax
25 — 70 °C. Pa3paboTtana mpecc-hopma ajisi anpoOUpOBaHUs NIEPCIIEKTUBHBIX BAPHAHTOB MOIYYCHUS CIIO-
HCTOTO CETHETOMAarHUTHOTO KOMITO3UTa W3 CHHTE3MPOBAHHBIX CETHETOKEPAMHYECKHUX MaTepHalioB, B
coYeTaHUsIX ¢ PEPPUTOM U KapOOHUIIHHBIM KEIE30M.

KiroueBble cjioBa: CErHETOMAarHUTHBIN KOMIIO3UT, OapUICTPOHIIMEBbIE TUTAHATHI, Mpecc-popma,
HEJIMHEWHOCTD, TIETJIS TUCTEPE3NCa, UMITYJILCHBIC TEHEPATOPHI.

BBenenue. PazButre HaydHO-TEXHUYECKOTO MpOrpecca B 3HAYUTEIBHOU Me-
pe€ CBSA3aHO C JOCTHUKEHUSIMU B OOJACTU MPUKIIAJHOIO MaTEpUATIOBE/ICHHUS, BaX-
HeHIIei 3aiaueit KOTOporo SIBISIETCS CO3/1aHUE BICOKOA(P(PEKTUBHBIX MATEPUATIOB
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