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Jnst 30epiraHHs BENMKHX 00’€MIB CHIIKMX MarepialiB MPOTIroM 0OaraTbox
POKIB BUKOPHCTOBYIOTBCSI TakKi €MHOCTI, Ik OyHKepH. BoHM MOXyTh MaTu pi3Hy
KOHCTPYKIIif0, ajie HaiOunbml e(peKTHBHUMHM € TaK 3BaHi THy4YKi abo BuCsUl
OyHkepu. BoHU sBISIIOTH COOO0I0 HE3aMKHEHY LMJIIHAPUYHY OOOJIOHKY HYJIHOBOIO
rayccoBoi KpMBW3HH, SKa MiJBINIYETHCS 3 IBOX OOKIB JI0 MapajelbHUX METalIeBUX
6aiox [1,2]. XapakTepHOIO OCOOIHMBICTIO TaKOi KOHCTPYKIIT € poO0Ta 000JIOHKH Ha
PO3TSAr y HamNpsIMKY NPOJbOTy. B pe3ynbTari BOHa BHSBISETHCS €KOHOMIUHOIO 32
BUTpaTaMH CTaIi.

Binomo, 1m0 o6puc rHy4Koro OyHKepy MpUHAMAETHCS IO JIAHIIOTOBIil KpUBIH B
TOMY BHIAJKy, SIKIIO HE INPOBOJUTHCS YpaxyBaHHS TOPH30HTAIBHOTO THCKY
cunkoro Marepiany. [lpu #oro ypaxyBaHHi, BHKOPHUCTOBYEThCS HaOJIIKCHE
PIBHSHHA KpUBOI y BHUIIAAI aireOpaidHOro IOJIHOMa, OTPUMAHOrO LUISIXOM
pO3KJIanaHHs pileHHs AU epeHLiaIbHOTO PIBHAHHS Y (GYHKIIOHAIBHUH psf [2,3].
Take pimeHHS € HAOMMKEHUM I BUKOPHCTOBYBAJIOCH NPH NPOEKTYBaHHI JOBIHA
yac. PO3BHTOK KOMIT'IOTEPHHUX TEXHOJIOTIH BIAKPHBAE HOBI MOXIIMBOCTI OUIBII
TOYHOTO OMNHCY KPHBOI THYYKOro OyHKepa B3JIOBX IPOJNBOTY. 30Kpema,
(YHKIIOHANBHY 3aJIe)KHICTh MOXKHa BHpPa3UTH HE TUIBKM dYepe3 elieMeHTapHi
MareMaTuuHi QyHKIIII, a TAKOXK Yepe3 BU3HAYCHI IHTerpajIn i BAKOPUCTOBYBATH ii B
TEOPETHYHUX JIOCII/DKEHHSX 1 TPY BUPILICHH] MPAaKTHYHUX 3a/1a4 IIPOSKTYBaHHSL.

BupimieHnsm npobneMu ontumiszanii KOHCTPYKIiT OyHKepiB 3aiiManucst 6arato
BuaatHUX BueHuX [4-8]. OcobmuBo ciia Bim3Hauutd mpaimi Xabima Srodaposa,
SKUAI 3anporoHyBaB CHOCIO BH3HAYEHHS ONTUMAIBHOI IUIONI IONEPEYHOrO
nepepisy THy4koro OyHKepa BHUXOJSYM 3 KpPHTepiro mpuBemeHnx sutpart [4,5].
[IpoOnemMu MPakTHYHOTO PO3PAaxXyHKY TOHKOCTIHHUX IMJIIHAPHYHUX OOOJIOHOK
posrisayTi B mpaisgx Conomonosa 0. C. [9,10]. OcHOBH MPOEKTYBaHHS IPYKHAX
T HAPUYHUX 0OOJIOHOK 32 MOMEHTHUM Ta 0€3MOMEHTHHM METOJIaMH BUKJIAJICHI
B pobotax Ilerposa B. B. [11]. 3amaui po3paxyHKy HHIHAPUYHHX 0OOJIOHOK ITPH
pI3HHX BHXiZHHX yMOBax Bupimeni y mpami [12]. Ane, B minomy icHye meBHHI
Opak myOJikariif Ha TeMy TOYHOTO BH3HA4YCHHS ()OPMH I'HYYKOTO HMITIHAPUYHOTO
OyHKepY.

Buxomstau 3 po3risiny piBHSHB PiIBHOBAaru /Ui HECKiHUEHHO MAJIOTO eeMEeHTa
000NOHKH, OTpHMaHO JudepeHiianbHe PIiBHAHHA JPYroro MOPSAKY OO
KoopanHAT KpuBoi mpoBucaHHS. OCKUIBKM BOHO HE MICTHUTH B SBHOMY BHIVII
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KoopauHaTH abcrucw, Oylmd BHKOPHCTAHI ITJICTAHOBKH, IO MPHU3BOIATH [0
BUpIMICHHS AU(EPEHIIaTbHOTO PiBHAHHS MEPIIOTO MOPSIKY.

Buxopucranss ninpoBoi ¢yHKINT 00°eMy Martepially 0OOIIOHKH O3BOJHIIO
BUPIIMINTH 3a/ady ONTHMIi3amlii po3MmipiB i ¢opMH THydKOoro OyHKepa. 30Kpema
OTPHMAaHO ONTHMAIIFHE CIIBBIIHOIIEHHS MIX TIPOIHOTOM OOOJOHKH 1 CTPLIOIO
TIPOBUCAHHS BUXOISMYHU 3 MiHIMyMYy BUTPATH CTaJIi.

st BU3HAYEHHST ONTHMAJIBHOTO CIiBBiTHOLICHHS MK CTPisioro mpoBucanHs f
i mponpotom OyHkepy O 3amaeTbesi psia 3HaueHb f 3 IESKHMM KPOKOM y IIEBHOMY
nTiarra3oHi.

Ipu koxxHoMy 3HaueHHi f Tpeba 3HalTH:

1) posmip H 3 pimrenns pisastaA:A (1);

f
Anep = ZJ. X(y,H,f) : dy ! (1)
0

Jie Anep — 33JI1aHa IUIOLIA IONEPEYHOTO Nepepi3y OyHKepy;
X; Y — KOOpJIMHATU Ha IUIOIIMHI MOMEPEYHOro mnepepizy (Io4aToK KOOPAUHAT
3HAXOIWUTHCS Y HIDKHIHM TOUIl POBHUCAHHA);

H Kk ,
y [+(f—y) J'dy - )
XyH, 1) = VK| pm 2

2 2
0O f'H k., H k 2
J(pﬂzf J-(rae-)

(YHKIISI KOOPAWHATH X, IO 3aJ€XKUTh BijJl KOOPJMHATH y, a Takox Binm H i f;

A - 10CTaTHBO Majia TUISHKA Y3[I0BXK JTOBKUHM OyHKepy L ;

p — MIATOMA Bara CHIIKOTO MaTepiaiy;

K<l — KoeiIlieHT, SIKUil SBJIT€ COOOI0 BIJHOMICHHS TOPH30HTAIHLHOIO THUCKY
3aCHUIIAHHS 10 BEPTHKAIHHOTO;

2) NOBXHHY KPHBOI IPOBHCAHHS cMYyTH L1 MiXk TOYkaM¥ KpiIUIEHHs HA OMopax

3a hopmymoro (3);
f
L1=2 X(5)+J1 1+(X£y))2 dy ’ (3)
o

Jie ® — IOCTaTHRO MaJia BeJUYHHA JOBKHUHHU;
3) BepTUKAIBHY CKJIAZOBY peakiii omopu V 3a ¢hopmynoro (4);
f

V= ij Xy, - dy’ 4)
0

4) MakcuMaJbHE TI03/I0BXKHE 3yCHIIIA Y cMy3i Tmax 32 hopmyioro (5);

T =Vof1+ (< F s ©)

5) ToBUIMHY CcTiHKM 000JI0HKH t 32 popmyoro (6);
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7t Tax ' (6)

AR
wy
ne yi — Koe(iieHT HaaifHOCTI 32 HAaBaHTa)KEHHSIM ISl CHITKOTO MaTepiaiy;
Ry — po3paxyHKOBHI OIIp pO3TATY CTUKOBOTO 3BAPHOTO 1IIBA;
6) 06’em marepiany o6onoHkH Vs 32 popmymoro (7);
V,=L tA. (7
Ipu ycix 3Hauennsx T r1woma nomnepeyHoro mepepisy OyHkepy Oyxe
OJTHAKOBOIO 1 PIBHOIO Anep. BUKOPHCTOBYIOUM BUKIIQICHUH aJlTOPUTM, CKIaIa€ThCs
1inpoBa GyHKIlst 00’ eMy MaTepina 000g0HKH Vo), sika Oye 3aiexaru Bif f.
3a gomomororo komm'roteproi cuctemu MathCAD 6Gynyertbest rpadik i€l
¢byukuii (quB. puc.1) Ta BU3HAYaeThCst 3Ha4YCHHs f, mpu skomMy BOHA Mae MiHIMyM.
BinmoBigHe 3HaYeHHS MPOIBOTY BH3HAYAETHCS BUXOASIH 3 popmymu (2):

d =2 X (8)

0.093, 0.09321496

0.093214955

Vo't 0.09321495

0.093214945

0.093,
0'0932149140.383 10.384 10385 10386 10387 10.388 10.389

10.384, f 10.389,

Puc.1. Ipadix pynxuii Ves®: Vos) - 00°em MaTepiamy 060I0HKH, M°;
f - cTpina npoBucanssi, M.

3ajaya 3HAXOJPKSHHS PALiOHABHOTO criBBiaHOmIeHHS Mk d 1 f Buxomsun i3
MiHIMyMy BHTpAT CTajli po3B’si3aHa NPH TAKUX KOHTPOJIBHHUX BHXIIHUX TaHHX:

Anep=100m?; p=20xH/M3; 7i=1,3; Rwy=191,25MI1a; k=0,333; A=1m; 6=0,1m

Otpumanuii rpadik GyHKUil Vos), skuil Mae Minimym npu f=10,387m (nus.
puc.l). Onrumanbauii mposit d i omrumaneHe BimHomenus d o f ckmamm
BIIMOBIHO: d =13,688v; %:1’318.

3aBAsSKM ONTHMAJbHOMY CIIBBIHOIICHHIO MiX CTpinoro mpoBucaHHs f i
npokoTOM O MOCSTAETHCSI 3MEHINCHHST BUTPAT METaly Ha THYYKdil OyHKep mpH
3amaHOMy 00’e€Mi CHIKOTO Martepialy Ta eKCIUIyaTallifHMX mapaMmerpax JaHoi
KOHCTPYKIIi.
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HANGING BINS FOR STORAGE OF BULK MATERIALS

The object of the study is hanging steel bins designed to store large volumes of bulk
materials and having the form of an open cylindrical shell. Using the well-known methods
of differential and integral calculus, the relation between the span of the bin and the
sagging arrow is obtained, which corresponds to the minimum consumption of steel. To
solve this problem, it was obtained equation of the curve of the outline of a flexible steel bin
in the transverse direction, taking into account the horizontal pressure of the bulk material.
A second-order differential equation is obtained for the coordinates of the sag curve for an
infinitely small shell element. The solution of this equation is represented as a function that
contains integrals. The problem of the bin cross-section size optimization based on the
minimum cost of steel is solved. An objective function for the volume of the shell material
using a program block in the MathCAD computer system was created. By constructing a
graph of this function, its minimum is determined by the numerical method. The paper
shows the possibility to reduce the consumption of steel on a flexible bin due to the
optimization of the cross-sectional shape.
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