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KuiBchkuii HalliOHANBHUM YHIBEPCUTET TEXHOJIOTIH Ta AU3AUHY

AHAJII3 PYXY CUIIKOI'O MATEPIAJIY HA BUXO/JI BYHKEPIB

Mema. Buguenns gniugy Qizuko-mexaniyHux 61acmugocmeri CUNKO20 MAMePIaLy Ha xapaxmep oo
DPYXY Ha 8UX00i OYHKeD).

Memoouxa. Y pobomi euxopucmaui memoou MameMamuyHo20 MOOeNI08AHHI Mda pezpeciinozo
aHanizy.

Pezynomamu. Busznaueno xapakmepHi 0coOAUB0OCMI OCHOBHUX peXCuMis pyxy mamepiany -—
HOpMAanbHO20 ma 2idpasiiuno2o. Hasedeno mamemamuyHi MoOeni pyxy CUNKUX Mamepianié 8 KOHIYHO-
YUNTHOPUYHUX OYHKepax, NPOaHaiiz08aHo 6NaUe napamempis OyHKepa ma YaCmuHOK Ha WeUOKICIb iX pyxy.
Po3pobreno cmeno ma nposedeni excnepumeHmanohi 00CHIONCEHHA WBUOKOCMI BUMIKAHHA MAamepianie 3
OyHKepis, pe3yibmamu AKUx HageoeHo y pooomi.

Haykoea nosusna. Ompumani mamemamuyti Mooeni pyxy CUnKUX mamepianié y KOHIUHUX ma
yuniHopuunux Oyukepax. Bemanoeneno zanescnocmi migie Qizuxo-mexanivnumu napamempamu YacmuHoK
ma weuoKicmio ix pyxy.

Ilpakmuuna 3uauumicms. Ompumani pe3yiomamu 003800 Mb NPOSHO3Y8AMU NPOOYKMUBHICHb
OYHKepHO20 00NA0OHAHHSA 0151 PI3HUX 8UOI6 CUNKUX MAMEPIAis.

Knrouosi cnoea. 6ynxep, cunkuil mamepian, ananiz pyxy, MoOemo8aHHs.

Beryn. V onerkiit, XiMiuHil Ta Xap4oBiii MPOMHCIIOBOCTSIX, B CUIBCHKOMY TOCIIOAApCTBI Ta
THITUX Tay3sAX MIUPOKO BUKOPUCTOBYIOTHCS OYHKEpHI MPUCTPOI I 30epiraHHs, MepeBe3eHHS Ta
HaKOIMYCHHS CHIKUX MaTepiaiiB. B oMHMX BUMaaKax CUIKI MaTepiaiu 3 OyHKEpiB HaAXOIiITh Ha
BaroBUMIpIOBaJIbHI Ta MaKyBaJbHI MPHUCTPOI (3BaXKyBaHHS Ta MaKyBaHHSA KpYyM, IIYKpY, OOpoOIIHa,
TOIIO), B 1HIIUX - JO3YIOThCA Ta Y BHUIVIJI OKPEMHUX KOMIIOHEHTIB MOJAIOTHCS B 3MillyBaui IS
NPUTOTYBAaHHS TEBHUX KOMITO3HUIIM A7 BUPOOHMIITBA PI3HOMAHITHOI MPOAYKLIi (ILTIBOK, TPYO,
B3YyTT$, TOLIO).

CyyacHl TIIOPUEMCTBA BUKOPHUCTOBYIOTH  aBTOMATH30BaHI  JIiHII  OGe3mepepBHOTO
MPUTOTYBAaHHS CUIIKUX KOMIIO3MIIIH 3 MOAANBUINM 3Ba)KYBaHHSAM 1 TAaKyBaHHSAM a00 BUTOTOBIIEHHSAM
BHpOOIB, B IKUX y 0araThbOX BHUIIQJKaXx OYHKEpPHI MPHUCTPOi SBISIOTHCS MOYATKOBOIO JIAHKOIO. J[o
Takoro oOJaHAHHS BHUCYBAIOTHCS BHCOKI BUMOTH Y3TO/KEHOCTI POOOTH KOXHOTO eJIeMEHTa
TEXHOJIOTIYHOTO TpOLeCy, a, OTXKE, 1 J0 XapakTepy pyXy CHUIIKOro Marepialxy Bix OyHKepa 10
OCTaHHbOI JIAHKH (3MilllyBaya a00 MaKyBaJbHOT'O arperary).

3aBnaHHs TOCIIKEHHS MPOLECY BUTIKAHHS CHUIIKOTO Marepialy 3 OyHKepa € aKkTyalbHUM,
HE JMBJITYMCH HA YUCIEHHI poOOTH B IboMy Hampsimy [1, 2]. Iloganbiie BUBUECHHS I[LOTO MPOLIECY
JUIS  OTPUMaHHS MaTEMaTHMYHOTO OIKUCY B3a€EMO3B’SI3KY CTPYKTYpHU IOTOKY, C(OPMOBAHOIO
OYHKEpOM 3 TMEBHUMHU TC€OMETPUYHUMHU TapameTpamu, Ta (Hi3WKO-MEXaHIYHUMHU BIIACTUBOCTSIMH
MaTepiagy JO03BOJUTh BpaxyBaTW BIUIMB OYHKEpHUX MPHUCTPOIB Ha 3arajbHUN TEXHOJOTIYHHMA
mporec Ta 3a0e3MeYUTH yYMOBH aBTOMATH3aIlll KOMIUIEKCIB [JIsi O€3MepepBHOTO MPUTOTYBAHHS
KOMITO3HIIiM CUITKMX MaTepiaiB.

IMocTanoBka 3aBaaHHsA. OCHOBHUM 3aBJaHHIM JOCII/PKEHHS € BUBUCHHS XapakTepy pyxy
CHIIKOT'O MaTepiainy 3 OyHKepa Ta BIUIMB Ha HBOTO (Pi3UKO-MEXaHIYHUX BJIACTHBOCTEH MaTrepialy Ta
KOHCTPYKTUBHUX TMapaMmeTpiB OyHkepa. /[lng BHM3HAueHHS KUIBKICHUX IapaMeTpiB IPOLECY
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HEOOX1THO MPOBECTH MAaTEeMAaTHYHE MOJICTIOBAHHS IUIMHY CUIIKOTO MaTepiaay Ha BUXOl 3 OyHKepa
3 ypaxyBaHHSM Pi3HUX PEKHUMIB BUTIKaHHS.

Pe3yabTaTH Ta iX 00roBopeHHs. byHkepu € nmepuor JIaHKOI TEXHOJOTIYHUX KOMIIJICKCIB
IUIs 3MINIYBaHHS CUTIKUX MartepiaiiiB. Bonu 3abe3nedytoTs 30epiraHis Ta HaIXOKEHHS YaCTHHOK
CHUIIKOTO Marepiajly Ha BXiJ >KMBWIBHUKIB Ta NPHUCTPOIB J03yBaHHS. B mepeBakHil KiJIBKOCTI
BHUMAJKIB OyHKEp SBIIE€ COOOI EMHICTH 13 BUITYCKHMM OTBOPOM pajiycoM R, mo 3abe3meuye
MepEMIIIEHHS YaCTUHOK T €0 CHJI TpaBiTallii Ha BX1Jl HACTYITHUX MPUCTPOIB Y TEXHOJOTIUHOMY
komrutekci (puc. 1). Pospisusiors [3] aBa OCHOBHI pekuMHU pyXy (IUIMHY) 4acTHHOK (puc. 2):
HOPMAaJIbHUH Ta T1IpaBIiuHAMN.

Haituacrime BUKOPUCTOBYIOTh EPUIMNA PEXUM (HOPMaJIbHUI), 1110 Ma€ Miclie B OyHKepax, 13
KyTOM Haxuily CTIHOK Y PEKOMEHJOBAaHUX MeEXax. 32 HOPMAaJbHOI Te’ii CHIKOro MaTepialy B
HEHTPaIbHIN YacTHHI OyHKepy (puC. 2,a) HaJl BUITyCKHUM OTBOPOM YTBOPIOETHCS TOTIK Marepiaiy,
10 CKJIAJA€ThCsl 3 YACTHHOK, SIKI PYXalOThCs BEPTUKAIbHO BHU3. binsg G1YHMX CTIHOK BHHHUKAIOThH
3aCTiiH1 30HU 13 3HAYHO MEHIIIOIO IMBHJIKICTIO YACTHHOK, SIK1 TIOCTYIIOBO CKOYYIOTHCS y IICHTPAIbHY
30HY. B pe3ynbTari B IIEeHTPi MOBEPXHI CUIIKOTO MaTepially YTBOPIOETHCS BOPOHKA.

[NapaBniyHui pyX BUHUKAE Y BUIAIKaX, KOJW KyT HaAXWUIy OIYHUX CTIHOK IEPEBUIIYE JICSIKE
ITPaHWYHE 3HAYCHHS a00 KOJM CUIKWUK MaTepial Ma€ BHCOKY BOJIOTICTH 1 3a BIJIACTUBOCTSIMH
HaOmkaeTbesa 10 piguHu. Ilpu TigpaBiaiuHOMY IUIMHI CHIKUM Marepial pyxaeTbcs y OyHKepi
MOCTIIOBHO, IIIap 3a IIapOM, NPHU IbOMY y BEPXHHOMY IIapi BOPOHKA HE YTBOPIOEThCA. YacTUHKU
MaTepially pyXarThesl IPAKTUYHO 3 OJTHAKOBHMHU IIBUAKOCTSIMH y BCbOMY 00’e€Mi OyHKepy 1 MosiBa
3aCTIHHKX 30H HE criocTepiraeTbes (puc. 2,0).

Hopmanbhauii Ta rigpaBlidHui pyXu Marepiaay MPUHIMIIOBO BIAPI3ZHSIOTHCS, ajieé MAloTh 1
JesIKl 3arajibHi PUCH: B TEPIIOMY BHUMNAIKYy PyX YaCTHHOK OOMEXEHUH CTIHKaMu OyHKepa, a y
APYroMy — HEpyXOMUMH YaCTHHKAMHU CHITKOTO Marepiaiy.

NBuxigruw
| nampydox WL
. Wt . s
Puc. 1. Po3ramyBanns a) HOPMAJIBHUI pyX 0) rigpaBiaiunmii pyx
Marepiaay B OyHkepi Puc. 2. Buau pyxy cunkoro marepianay B OyHKepi

[Iporiec pyxy 4acCTHHOK 3aJIeKHUTh Bij X (I3MKO-MEXaHIYHUX BIACTHBOCTEH, T€OMETPHUIHHUX
po3MipiB, (OpMH, 3B’S3aHOCTI YaCTUHOK Ta BOJIOTOCTI OTOYYIOUOTO CEpEeIOBHINA. XapaKTEPHOIO
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OCOOJIMBICTIO PYXYy CHIIKOTO MaTepialy € MOKJIMUBICTh BUHUKHEHHSI CKJIEIiHb, 110 MPU3BOIUTH JI0
NepepUBaHHs MOTOKY MaTepiany i, K HAcliJ0oK, HEOOXIJHOCTI KOPETyBaHHS PEXUMIB poOOTH
iHIIOr0 O00JaZHAHHS TEXHOJIOTIYHOTO KOoMIUIekcy. Jlns OyHKepiB HaHOUIBII BIPOTiIHUM €
YTBOPEHHS CKJIEMiHb B 30HI BHUITYCKHOTO OTBOpPY. 3HAYHO 3MEHIIMTH BipOTiJAHICTh BUHUKHEHHS
IIBOTO SIBHILA MOXKHA JIBOMa CIIOCOOAMHU: MPaBHIBHUM BHOOPOM PO3MIpiB BUIIYCKHOTO OTBOPY Ta
BUKOPHUCTAHHIM CHEIlaIbHUX MEXaHIYHMX MPHUCTPOiB (akTUBaTopiB). BomHodac, 301bIICHHS
PO3Mipy BHITYCKHOTO OTBOPY MPU3BOAUTH 0 BIJIMOBITHOTO 301IBIICHHS 00’ €MHOI TIPOyKTUBHOCTI
Ha BUXOJ1 OyHKEpa, a BHKOPHCTaHHS AaKTUBATOPIB — JO BUHUKHEHHS MyJbCallii y TMOTOII
Marepiany.

Takum 4YHHOM, MOXXHa C(OPMYIIOBaTH OCHOBHI BHUMOTH 10 pPOOOTH OyHKEPHOTO
oOJaTHaHHS:

- 3a0e3MeyeHHs 3aJJaH01 MPOYKTUBHOCTI;

- 3a0e3neyeHHs MiHIMaJIbHOI BEIMYMHHM MyJIbCallid TOTOKY Martepiany;

- MiHIMaJIbHE 3MEHIICHHS BIPOTITHOCTI YTBOPEHHS CKJICMiHb (YHHUKHEHHS CHUTYyaril
pPO3pHUBY MOTOKY Marepiany).

[IpakTruHa peamizaliisi 3a3HaYCHUX BUMOT MMOTPEOy€e CTBOPEHHS MaTEMaTHUYHOT MOJCI PyXY
YaCTMHOK Ha BHMXOJ1 OyHKepa, sika O BpaxoByBaja KOHCTPYKTHBHI TapamMeTpu OOJaJHAHHS Ta
BJIACTHBOCTI YaCTUHOK CHUIIKOTO MaTepiay.

Bimomo pexinpka miaxomiB [3, 4], mo A03BOJAIOTH BHU3HAYUTH IIBHAKICTH YAaCTHMHOK Ha
BUXO/Il OyHKepa.

VY BuUMNaIKy TiApaBIiYHOrO BUTIKAHHS XapakTep pyXy YacCTHHOK HaOIIKAETbCA M0
XapakTepy IUIMHY PIIWHM, 10 JO3BOJISIE 3 IEBHUM HAOIMKEHHSIM 3aCTOCOBYBATH 3aKOHHU Topidesti
ta [lyazeiins.

BigmoBimHo 1o 3akony Topidemni MBHAKICT TOTOKY MaTepialy BH3HAYAEThCA 3a
dhopmyroro:

v = A,/2gh, @)

7€ § — MPUCKOPEHHS BiTbHOTO IaiHus, M/c’;

h — Bucora mapy matepiany B OyHKepi, M;

/. — xoedimient Butikanus (0,55..0,65 mms merkocunkux marepiainis; 0,3..0,5 11 KyCKOBUX
MarepiaiiB HenpaBuiabHO1 hopmu; 0,2..0,25 my1s muIonogiOHNX MaTepiaiB).

3akon [lyaseiisis 103BOJIIE BUBHAUUTH BUTPATy PIAWHU Yy TPYOIll, IO PyXa€eThCs Mif JI€I0
PI3HULI CHUJT TUCKY

Q) = (P2(6) - P1(1)), @

P1(t) = O — Tck B HIDKHIN TOUL TPYOKH, [1a;

P2(t) — Tiick B BepxHiit TOUIl TPYOKH, IKHH BU3HAYAETHCS PIBHEM PiJUHH, [0 3HAXOIUTHCS
y emHocrTi (h);

| — moBkUHA TPYOKH, M;

7 — KoedIIieHT TMHAMIYHOI B’ A3KOCTI;

I — paaiyc TpyOKH, M.

VY Bumagky BHUTIKaHHS Marepiady 3 OyHKepa pI3HHMIS THCKIB BH3HAYA€ThCS KUTBKICTIO
Marepialy, II0 3HAXOIUTHhCS HAJA BUXIIHUM OTBOpoM. OTXe, 1 NpH BUKOPUCTaHHI 3aKOHY
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Topiuemm, 1 Ipu BUKOpUCTaHHI 3akoHY [lyaseiis, MBUAKICTh MOTOKY 3JICKUTH BiJ] BETUUMHHU
piBHS MaTepianxy HaJ BUILyCKHUM OTBOPOM.
Jlnist BU3HAUEHHS XapaKTepy pyxy MOTOKY CKJIa/leMO PiBHIHHS OallaHCy MaTepiaiy:

Q) =%© 3)

dt
ne V — 00’eM marepiany B OyHKepi.
BpaxoByroun, mo OyHkep B OUIBIIOCTI BUMAJIKIB Ma€ IMJIIHAPUYHY Ta KOHIYHY YAaCTHHH,
cKJaieMo audepeHIIiiiHi piBHSIHHS JUTS KOKHOI 3 TAKUX €MHOCTEH (puc. 3, 4).

J’f ! TN

P2(t)” P2(t)

Pl(t) _ Pl(t) __

or ar

Puc.3. Bynkep mmiaingpudHoi ¢gopmu Puc.4. Bynkep xoHiuHoi ¢opmu

JInst T HAPUYHOT EMHOCTI PiBHSIHHS IPUITMAE BUTIISI:
av() _ nr* _nrt _nrt V(t)
at  8nl pPz(t) = 8nl pgh(t) = 8nl 9 e (4)

Horo po3B’sI3KkOM € eKCIIOHEHLIalbHa 3aJIeKHICTh, 10 MOKa3aHa Ha PUC. 5 HACTYIHOMY
PHUCYHKY.
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0.0016 4
0.0014 4
0.0012 4
0.0010 1
0.0008 4
0.0006 4
0.0004 4
0.0002 1
0.0000 4

M3

0.0 02 04 06 08 1.0
t,c
Puc.5. 3mina 00’emy MaTepiaiy B OyHKepi HWJIIHAPUYIHOI (hopmMu

VY BUMaAKy YCi4eHOro KOHYCY HEOOXiJHO BpaxyBaTH, IO HOro MONEPEYHHH MEpPEeTHH €
3MIHHOIO BeTMUMHO0. J{J1s1 1boTo 3anuiemMo GopMyIly Uil BU3HaYeHHS 00’ €My YCi4eHOro KOHyca!

V(t) = mh(r? + TR() + R(t)?) (5)

neR=tgah+r
BinmoBinHo, audepeHIiiiine piBHIHHS MpUMa€e BATIIS

av() _ nmr

” 8—,;pgh(t) (6)

ne h(t) Bu3Hava€eThes K PO3B’A30K HACTYITHOTO PiBHAHHS
mtg?ah® +3ntga rh®*+3nr*h—3V =0 (7)
B npoMy BUIanky xapakTep BUTPATH MaTepialy HaOIUKAETHCS 0 JIHIHHOTO.

0.009 1
0.008 +
0.007 1
0.006
0.005
0.004 4
0.003 1
0.002 1
0.001

M3

00 05 1.0 15 2.0 25 3.0
t,c

Puc.6. 3mina 06’emy MaTtepiany B OyHkepi KOHiuHOI (hopMu
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Takox Bigoma [3] dopmyna, 1m0 103BOJIE€ BUSHAYUTH MIBHIAKICTh Y BUIAJIKY HOPMAJILHOTO
BHUTIKaHHS:

v = 1/324R, ®)

ne R — rigpaBiiuHuii pagiyc OTBOpPY, M.

B 1iboMy BuMaaKy BIUTMB MapaMEeTPiB CUIIKOTO MaTepialy BpaxoBYEThCS KoedimieHToM A, a
TiApaBIIYHANA pajilyc OTBOPY OyHKEpa BpPaxOBY€ MiaMETp OTBOPY Ta PO3MIp YaCTMHOK MaTepiaiy.
JJist OTBOPY Y BUTJISAL KOJIAa IOTO MOKHA BU3HAYUTH 32 (OPMYIIOH0:

R == 9)

1e a — po3mip yacTuHky, D — giamerp oTBOpY OyHKepa.
BpaxoByroum, mo piBHsSHHs Oanancy marepiany (3) 3aJUIIAEThCs HE3MIHHUM, JUTS BHIIAIKY
HOPMAaJIBHOI Teuii oTpuMaeMo audepeHIliifHe PIBHSHHS y BUTIISI:

av() _ _p2. _ . p2
= mR“v = mR*1,/3,29gR. (10)

Bci BenmumHM y mpaBiii 4acTWHI PIBHSHHS € CTAJMMH Ta HE 3ajJeXaTh BiJ 4acy. Takum
YUHOM, PO3B’SI3KOM PIBHSIHHS Oy/Ie JIiHIIHA 3aJIeKHICTh:

[, dv=nR*A/32gR [, dt, (11)
V = nR?1/3,2gRt . (12)

BiamoBigHo, BUpa3 I BU3HAUEHHS 4Yacy BUTIKaHHS 3aJaHOi KUIBKOCTI Marepiany 3
OyHKepy MO>KHA 3allicaTy Y HACTYITHOMY BUTJISIII:

m
tmax = 1re7 5aem (13)

Jie M — Maca Marepiainy B OyHKepi;

p — HACHITHA TYCTHHA MaTepiaiy.

Bci HaBeneHi CHIBBIIHONIICHHS € EMITIPUYHUMH 1 BPaxOBYIOTh IMapaMeTPU CHITKOTO
MaTepiany y BUIJIAL y3araabHioouMx kKoedimientiB (4, R). Ha mpaktumi xapaktep B3aeMojii
YaCTUHOK 3aJISKUTh AK BiJ] iX N€OMETPUYHUX PO3MIPIB Ta BIIACTMBOCTEH, TaK 1 BiJ BOJIOTOCTI
OTOYYIOUOTO CEPEOBUIIIA.

OTpuMmaHi aHANITHYHI 3aJ€KHOCTI JI03BOJISIIOTH BUCYHYTH TiNOTE3Y, IO MijJ Yac BUTIKAHHS
CHUIIKOTO MaTepiany 3 OyHKepa OyAyThb NMPOSBISATHCH SK BIACTHBOCTI, L0 XapaKTepHi AJS PiIUHH,
TaK 1 BJaCTUBOCTI, XapaKTEpH1 IS 17I€aJTbHOTO CUITKOTO MaTepialy.

Jl1st mepeBipKy TIMOTE3W MPOBEICHI €KCITEPUMEHTATbHI JJOCIIKEHHS BIIMOBITHO HACTYITHOL
IIOCJIITOBHOCTI.

1) Y OyHKep 13 3aKpUTUM BHUXITHUM OTBOPOM 3aBaHTAXYBajach 3aJlaHa KUIBKICTh
CHUIIKOTO MaTepiay.
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2) [Tin BuxigHMM OTBOpOM OyHKepa Oysia po3TalioBaHa €MHICTh 13 JAaTYUKOM MAacH,

skuit OyB mia’ exHanuii yepe3 AL o MikpokoHTpoIepa.

3) BinkpuBaBcst BuxinHuii oTBip OyHKepa, CHIKHI Marepiaj MOTpaIuisiB y €MHICTh, a
MIKPOKOHTPOJIEp 3YMTYBaB CUTHAJI IaTYMKA MAcH Yepe3 3a7aHi MPOMIKKH dacy.

4) Jlocniy TOBTOPIOBABCS IO JAECATh pa3iB Ui TPhOX PI3HUX MaTepialiB 1 JBOX
OyHKepiB pi3HOI (hopmHu.

VY tabnuii 1 HaBeeHi mapaMeTpu CUIIKKX MaTepiaiiB, M0 JOCIIKYBAIHUCH.

Tabnuys 1
ITapameTpu cunkux MarepiaJis
Marepiaa 1 Marepiaa 2 Marepiaa 3
Po3mip yacTuakmn, MM 2,9-3,8 ~1,7 ~2,2
KyT npupoansoro ykocy, rpajg 35,0 41,9 30,7
HacHiHa rycTHHA, KI/M" 815 770 850

Amnaiiz pesynbraTiB gocmimkenb (puc. 7,8,9) CBigUMTh, IO 3aJCKHICTH MK Macoro
Marepiany, sSIKMid BUTIK 3 OyHKepa, Ta 4acoM, € JiHiiHOW. ToOTo mis ii ampokcuMariii MoXHa
BUKOPHUCTATH JIIHIMHE PIBHSIHHS perpecii.

Toukamu Ha rpadikaXx TIOKa3aHI EKCIIEPUMEHTAIbHI JaHl, CYNUIBHHUMH JIHISIMU —
pe3yabTaTh PO3PaXyHKIB 32 OTPUMAHUMU PIBHSHHIM perpecii.

Marepian 1. PiBHsSHHS perpecii:

m = 0,0986¢ + 12,037. (14)

300

250
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E“ 150

100

50

0 500 1000 1500 2000 2500 3000
t, Mc

Puc.7. 3mina macu matepiany 1, sikuii BUTiK 3 OyHKepa, y yaci

Martepian 2. PiBHsIHHS perpecii:
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m = 0,0894t + 12,954. (15)
200
150
E 100
50
0
0 500 1000 1500 2000
t, Mc

Puc.8. 3mina Mmacu maTepiany 2, ikuii BUTIK 3 OyHKepa, y Jaci
Marepian 3. PiBHsSHHS perpecii:

m=0,111¢t — 1,841. (16)

350

300

250

200

m,

150

100

50

0 500 1000 1500 2000 2500 3000
t, MC

Puc.9. 3mina macu matepiany 3, sikuii BUTiK 3 OyHKepa, y yaci

Y Tabnuii 2 HaBeJACHO MIBUAKICTh BUTIKAHHS MaTepiaiiB 3 OyHKepa.
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Tabnuys 2
IIBuaKicTH BUTIKAHHS MaTepiaaiB 3 OyHKepa
Martepiaa 1 Marepiau 2 Marepiau 3
HIBuaKicTL BUTIKAHHA, KI/C 0,0986 0,0784 0,0894

Jlnst BU3HAUEHHS B3a€EMO3B’S3KY MDK IapaMeTpaMH CHUIKUX MaTrepiajiB Ta IMIBHJIKICTIO
MIOTOKY, po3paxyemo koedimienTn kopensiii ([lipcona) mix:

o IIBHJIKICTIO IOTOKY Ta KYTOM IPUPOJHBOTO YKOCY;
o IIBUJIKICTIO TIOTOKY Ta PO3MIPOM YaCTHHOK;
J MIBUKICTIO IOTOKY Ta HACHITHOIO TYCTHHOIO.

Koedimient kopemsmii Ilipcona xapakTepusye iCHyBaHHS JIHIHHOT 3a1€KHOCTI MK JBOMa
BEJTMYMHAMHU (X, y) Ta BU3HAYAETHCSA 32 (HOPMYIIOIO:

o 20— yi—y) (17)
¥ Ea02ihen?
ne X, ¥ — BUOIPKOBI cepeiHi.
PesynbpTatu po3paxyHKiB:
1) KoedimienT kopessuii MiXk IBUIKICTIO IOTOKY Ta HACHITHOKO TyCTHHOIO 7, = 0,603.
2) KoedimieHT Kopemnsiii Mik MBHIKICTIO MOTOKY Ta KYTOM HPHPOJHBOTO YKOCY
Ty = 0,65.
3) KoedirienT kopensiii Mixk MBUAKICTIO TOTOKY Ta pO3MipOM YacTHHOK 7, = 0,962.

[lepeBiprMO B3a€MO3B’ 30K MK OTPUMAHUMH €KCIIEPUMEHTAILHUMHU JAHUMH Ta PIBHSIHHAM
(8).

Busnagaemo rigpaBaidHuil paaiyc OTBOPY IS BCiX Tphox MatepiaiiB (9) Ta po3paxoByeMo
IIBUJIKICTh MaTepiany Ha BUX0/i 3 OyHkepa (8) Tabmwis 3.

Tabnuysa 3
IIBuakicTh MaTepiajay Ha BUX01i 3 OyHKkepa
I'inpaBaiunmii paaiyc, m IIBuakicTs MaTepiady,
m/c
Marepiaa 1 0,0044 0,2232
Marepian 2 0,0048 0,2334
Marepiana 3 0,0047 0,2303

Po3paxoByeMo KoedillieHT KOpENsIii MK IIBHAKOCTIMU PyXy MaTepially, sKi OTpUMaHi
CKCIIEpUMEHTAIBHO, 1 BU3HAYEHI 3a PiBHAHHAM (8):

r,=-0,961

Koedimient kopensiiii, mo gopiBHtoe 0,961 cBIqUUTH, 10 IPU MOJCIIOBAHHI PYXy CHIIKOTO
Mmatepiany 3 OyHKepa, MO>KHAa BHKOPHCTOBYBAaTH HOPMAJIbHUI 3aKOH IJIMHY CEPEIOBHUINA, SIKUH 1
BH3HAaYaTUME ITPOYKTUBHICTH OYHKepa.
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1) 3a HOpPMaJbHOI TEWii CHUIKOro Marepiady MOro HIBHIKICTh Ha BHXOJI OyHKepa €

CTaJIOIO Ta HE 3aJIXKHUTh BiJ KUIBKOCTI MaTepiany B OyHKepi.

2) IcHye niHiiiHA 3a7€XHICTH MK pO3MIpOM YaCTMHOK Martepiajy Ta IIBUAKICTIO HOro

pyxy (a = 0,962).

3) Hacunna ryctuHa Ta KyT HpPUPOJHBOTO YKOCY MEHILIOI MIpOIO BIUIMBAIOTh Ha

IIBUJIKICTH pyXy Marepiany (1, = 0,603,7, =
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AHAJIN3 IBUKEHUA ChIITYUYUX MATEPUAJIOB HA BBIXOJE BYHKEPOB
CTAIEHKO B. B., BYPMUCTEHKOB A. II., BEJIASA T. 5.

Kuescxuii nayuonanvuvlii yHugepcumem mexHoaio2ul U Ou3ana

He]lb. H3yquue GIIUAHUA ¢u3ul<0-mexaHuquKux ceoticms cblnydyeco mamepuaia Ha xapakmep eco

08udICeHUs. Ha 8blx00e OyHKepa.

Memoouxka. B pabome ucnonv3oganvt Memoovl MAMEMAMULECKO20 MOOeIUPosanus U
pezspeccuonH020 aHanu3a.
Pesynomamor.  Onpedenenvl  xapaxmepHvle O0COOEHHOCMU OCHOBHBIX — PENCUMO8  OBUICEHUS.

Mamepuana - HOpMAaIbHO20 U 2uopasiuieckozo. Ilpugedenvl mamemamuseckue MOOeaU OBUNCEHUS CHINYYUUX
MAmepuanos 8 KOHUYeCKU-YUIUHOPUIeCKUX OYHKepax, NPoaHaiu3upo8ano elusHue napamempos OyHkepa u
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yacmuy Ha ckopocms ux 0udicenust. Paspaboman cmeno u nposedenvl IKCnepumMenmanbHule UCCied08aHusl
CKOPOCMU UCMeYeHUsL MAMEPUANO8 U3 OYHKEPOS, Pe3yibmambl KOMOPbIX NPpeocmaesielvl 6 pabome.

Hayunasa nosusna. [lonyuenvt mamemamuueckue MOOEU OBUNCCHUS CHINYYUX MAMEPUANO8 6
KOHUYECKUX U YUIUHOPUYECKUX OYHKepax. YCcmaHnoeneHvl 3a8UcumMocmu Medxicoy @uuko-mexaHudeckumu
napamempamu Yacmuy u CKOPOCMuvlo UX OBUNCEHUSL.

Ipakmuueckas 3nauumocmo.  [lonyuennvie  pe3yiomamvl — NO36OISIOM  NPOSHOZUPOBANTb
nPOU3BOOUMENLHOCHb OYHKEPHO20 000PYO08aHUsL OISl PA3IUYHBIX BUOO8 CLINYUUX MAMEPUATO8.

Knirouesvie cnosa: 6ynxep, coinyuuii mamepuai, aHaiu3 OGUICEHUsL, MOOEIUPOBAHUE.

THE BULK MATERIALS MOVEMENT ANALYSIS AT THE BUNKERS OUTLET
STATSENKO V. V., BURMISTENKOV O. P.,, BILAT.Y.

Kyiv National University of Technologies and Design

Purpose. The study of the bulk material physics and mechanical properties influence on the its
movement nature at the bunker outlet.

Methodology. We used the mathematical modeling and regression analysis methods.

Findings. The characteristic features of the material main movement modes (hormal and hydraulic)
are defined. Mathematical models of the bulk materials movement in conical-cylindrical bunkers are given,
the bunker and particles parameters influence on their velocity is analyzed. An equipment was developed
and experimental studies of the materials discharge rate from bunkers were carried out, the results are
presented in the work.

Originality. Mathematical models of the bulk materials movement in conical and cylindrical bunkers
are obtained. The dependences between the particles physic-mechanical parameters and their movement
speed are established.

Practical value. The results obtained allow us to predict the bunker equipment performance of for
various bulk materials types.

Keywords: bunker, bulk material, motion analysis, modeling.
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