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IlocranoBka mpodjemu. CydacHe MamuHOOYAyBaHHS CHOPSMOBAaHE HAa  CTBOPEHHS
eHeproeeKTUBHUX MAallWH I BUKOHAHHS Pi3HUX PoOiT. OCHOBHUMH HAampsSMKaMH PO3BHTKY €:
3HW)KEHHS €Hepro3arpar Ha pPO3pPOOKY TpyHTYy; 30UIbIICHHS NPOIYKTUBHOCTI; MiABHIICHHS
JIOBTOBIYHOCTI Ta HAIIHHOCTI; PO3IMIHUPEHHS TEXHOJOTTYHUX MOKIIUBOCTEH Ta iH.

Tpaauuiiiai cnocoOn po3paxyHKy CHIL, SIKi AIFOTH IPU pO3BaHTaKEHHI KOBIIA CKperepa, He Aal0Th
MOYKJIMBOCTI OMMCATH MPOLEC MOBHICTIO, a JIMIIE AO3BOJSIOTH PO3PaxyBaTH MaKCUMAallbHE 3yCHILIS,
notpibHe mpu pos3BaHTaxkeHHI [1; 2]. Tomy 3ycwmns, sSKi BUHHKAIOTh Yy TPOIECI PO3BAaHTAKEHHS,
HEBIIOMi.

AHaJji3 myoaikaniii. AHaTiI3yr0un KOHCTPYKIIiHI 0COOIIMBOCTI BIOCKOHAJICHHS KOBIIIA CKperepa,
CIIJT BI3HAYMUTH TEHJCHIIIO, CIPSIMOBaHY Ha IMiJBUIICHHS ©()EKTUBHOCTI 3amoBHEHHs KoBmia. [Ipu
[IbOMY HE PO3IIAAETHCS MpobiieMa PO3BAaHTAKEHHS IPYHTY 3 KOBILIA CKperepa, SKa TaKOK BHMAarae
JIONAaTKOBUX eHeproButpar. [lingBuiieHHs e(QeKTHBHOCTI TPOLECYy pPO3BAHTAXKEHHSI MOXE OyTH
JIOCSTHYTE 32 PaXyHOK YIOCKOHAJIEHHS ()OPMU €TIEMEHTIB KOBIIIA, KOHCTPYKIIil.

Merta crarTi. CTBOpEHHS HOBOTO TEOPETUYHOTO CIIOCO0Y PO3paxyHKY, SIKHM BPaXxOBY€ KiJIbKiCTh
3aJIMIIKOBOTO I'PYHTY B KOBIII IIPOTSITOM YCHOTO TIEPiOy PO3BAHTAKECHHS.

3aBaanns. Po3poOuTH MareMaTHuHy MOJENb NPOIECy PO3BAHTAKEHHS KOBIIA CKperepa.
[TpoBecTn TeopeTHYHHI aHaJi3 MPOLIECY PO3BAHTAKEHHS KOBIIA CKperepa 3 METOK aHaJITHYHOTO
BU3HAUEHHS [il040oro omopy. Po3poOMTH alropuT™ Ui pPO3paxyHKy BH3HAUEHHsS OMOpPY
PO3BaHTaKEHHSI.

Buxian matepiany. {15 TEOpEeTHYHOTO PO3PAaxyHKY CHJI, SIKI BUHUKAIOTH IPH PO3BAHTAKEHHI
KOBIIIA, 32 OCHOBY OyB y3stuii ckpenep /1-357 i3 mpuMyCcOBOIO CHUCTEMOIO po3BaHTaXeHHs [3 — 5].

3a OCHOBY ISl PO3pAaxyHKy IIPOIECY PO3BAHTAXKECHHS MNpHAMaeMO (GOpMyNH, OTpPHMaHi
K. O. Aprem’eBumM [2].

Cuia, HeoOXiJJHA JJIsl PO3BAHTAXXCHHS IPYHTY 3 KOBINA CKperepa, 00JaJHAHOTO HaMiBKPYTIIHM
JTHHIIEM, BU3HAYAETHCS 3a (hopMyoro (puc. 1):

F= F()+ F6+ ch+ ij
ne F,— cuna TepTs IpyHTY 1O JHUILY KOBIIIA;
Fs — cuna TepTs rpyHTY 10 OiYHHX CTiHKaX KOBIIA,
F.. — cuna onopy pyxy 3a/IHbO1 CTiHKH;
F; — cuna iHepuii mocTynaapHOrO pyxXy MacH IPYHTY MijJl 4ac yBIMKHEHHS MEXaHi3My
PO3BaHTaKEHHS IPYHTY 3 KOBIIIA CKpeTiepa.
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Puc. 1. Cxema 3ycune, axi 0itoms npu po36aHmMaAdCeHHi IPYHMY 3 KOGUWA CKpenepa, 001a0HaAH020
HANiGKpyeaum OHUWeM. a — euaisio 300Ky, 6 — euensio cnepedy, 1 — Kisut y 3an06HeHoOMy CIMAHI,
2 — 006 ’em [pyHmy 6 KOS npu GIOKpUmMil nepeoniil 3acainyi



Cuna TepTs IpyHTY O JHHIY KOBIIA

Fo =G, = ,UlqyrkH,

ne uy — Koe(ilieHT TepTs IPYHTY O CTali;

( — TEOMETPUYHA MiCTKICTh KOBITIA B M}

7. — 00’ €MHa Maca IPyHTY B PUPOIHOMY 3a/IAraHHi B K/Mm’.

3a po3paxyHKOBE MOJIOKEHHS MPUUMAETHCS ITOYATOK MepecyBaHHsl 3aAHBOI CTIHKU MPH TOBHOMY
3aBaHTaXEHHI KOBIIA ITPYHTOM 1 BITKPHUTIH MEpeaHii 3acIiHIIi.

Juia po3paxyHKy Macl TPYHTY, SKa 3QJIHIIMIACSA Y KOBIII CKperepa, MOTPiOHO 3poOHuTH DS
JOMYLICHb: MicIs BiAKPUTTS MEPEAHbOI 3aCiiHKY, Y MEpeAHild YaCTHHI KOBIIA IPYHT HaOupae Gpopmy
MIPUPOTHOTO BIAKOCY; YaCTHHA IPYHTY, KA 3aJHIIMIACSA Y KOBIII, Y BEPXHIH YaCTHHI 3aIIOBHIOE KiBIII
MTOBHICTIO 0€3 BIAKOCIB BiJl CEpeIHLOT YaCTHHH.

[Monepeunuii mepepiz KOBIIA CKperiepa Aa€ MOXIIUBICTh BU3HauuTH Iwionty S(od), siKy 3aiimae
IpyHT y KoBuI (puc. 2). [ns po3paxyHKy moTpiOHI movaTkoBi naHi: H,, — BUCOTa KOBIIA CKpenepa;
h — BizcTanb Bix oci miaBiCy 3aHBOI CTIHKH 10 PiBHS IPYHTY y KOBII; R — pajaiyc TOHHOI YaCTHHU
KOBILIA CKperepa; I — pazniyc, sikuii omucye Touka E, po3ramoBaHa Ha cepeauHi 3aJHBOI CTiHKH;
p — WUIBHICTb IPYHTY; )., — KyT IIPUPOJHOTO BIAKOCY IPYHTY; (a, Oc — KYTH, SIKi 33/1aI0ThCS 3aJI€XKHO
BiJl TapaMeTpiB KOBIIIA CKpernepa Ta BKa3yIOTh Ha ITOYATKOBE Ta KpailHe MOJIOKEHHS 33/IHBO1 CTiHKH; Q
— mo4yatkoBuii 006’eM rpyHTY; S'(ad) — 00’€M BHBAaHTaXEHOTO IPYHTY; A — TOYKa KPaWHBOIO
TIOJIOXKEHHS 33/IHbOI CTiHKM; B, B; — Touky, sKi BU3HA4YalOTh PiBeHb IPYHTY B KoBHI ckpenepa; C —
TOYKA MOYAaTKOBOI'O IOJIOKEHHS 3aJHbOI CTIHKH; D — nesike Mono)keHHs 3aJHbOI CTIHKH, NIPH SIKOMY
3MIHIOETBCS PIBEHb IPYHTY Y KOBIII (301IbIIyETHCS 3HAUeHHs N); S; — muTo1a BepXHbOro CeKTopa; Sy —
IUIOIIA HWXKHBOIO cekropa. I[liapaxyHku [aHOi IUIOIII BUKOHYBalM 32 JIOIIOMOTOI0 MPOTPaMu
MathCad15.

Puc. 2. Cxema ons po3paxyHky niowi nonepeuro2o nepepizy Koguia ckpenepda,
SKY 3aUMac IpyHm

OCKiJIbKH OTpUMaHI 3HaYeHHS Jal0Th PE3YJIbTAT JIMIIE IO IUIONII TTOIePEYHOr0 Mepepi3y KOBIIa,
SIKAM 3aliMa€ IPyHT, BUPAXOBYEMO MAacy IPYHTY:
G., = Vy.—maca 1pyHTy.
V = BS(ad) — 00’em rpyHTY,
1e B — mmpuHa KoBIIIa CKperiepa;
S(ad) — myo1ma MonepeYHOro nepepilzy KOoBIIa, SKUil 3aiiMae IPyHT.
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Puc. 3. Aneopumm po3paxynxy 3ycuiiisi pO36aHMAdCeHHsl IPYHNMY 3 KOGUIA CKpenepa,
00100HAHO20 HANIBKPYEIUM OHUWEM

Cuna TepTst rpyHTYy 00 OiYHI CTIHKH KOBIIIA!
Fs =2 wE,
ne E, — akTUBHUHN THUCK IPYHTY Ha Oi4HY CTiHKY KOBLIA.
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E,= VeH? Lk th (450 - %)!
ne Ly — morxuHa qHMINA KOBIIA;
H — BrcoTa HarmtOBHEHHSI KOBIIIA TPYHTOM.
Cwuna omopy pyxy 3a7Hbo1 CTiHku [6 — 8]

For=

ne M-— Momylib MOMEHTY 3aJJHbO1 CTiHKH;

h — mieue cunm F,,.

Cuna inepii IpyHTy:

» 981t

e Ve — MIBUAKICTD PyXy 3aaHb0i cTiHKH (0,2 M/c);

t — wac posrony (2 c).

[licng minCTaHOBKM CKIANOBHX BEJIMYMH OCTAaTOYHO OTPHMAEMO MAaTEeMAaTH4HY MOJENb JUIS
BU3HAYCHHS 3YCHJIIS PO3BAHTAKCHHS:

qyrky qvrky Ve
= y—2 + [ LA R
F=u k, 2 wE,+M/h k, 981t

JIst po3paxyHKy MpOIeCy pO3BaHTaKEHHs 3acTocoByBaH mporpamy Microsoft Excel.

ANTOPUTM PO3paxyHKY 3yCWIUIS PO3BAaHTAXKCHHS IPYHTY 3 KOBIIA CKpenepa 3 HamiBKPYTIHM
JTHUIIIEM HaBEJICHO HAa PUCYHKY 3.

VY pe3ynbTari po3paxyHKIB OTPUMAaHO 3aJe)KHOCTI 3MiHM MacH IPYHTY B KOBIII CKperepa y
nporieci Horo po3BanTaxkeHHs (puc. 4). JlaHi 3a1eKHOCTI T03BOJISIIOTh BU3HAYUTH KUTBKICTh IPYHTY B
KOBILI CKpernepa npu OyAb-1KOMY MOJIOKEHHI 33JHbOT CTIHKH.
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97 873 776 67,9 58,2 48,5 388 29,1 194 0,97 Oy, cm

Puc. 4. 3anesxcnicmo 3minu macu ipynmy G 610 nonodcents 3a0Hb0i CMIHKU GIOHOCHO O08NHCUHU
Onuwa Ly, ckpenepa J-357(q = 8m%): 1 — tpyum winsnicmio 2 000 ke/m>;
2 — pyum winvuicmio 1 700 ke/m®; 3 — tpynm winenicmio 1 500 ke/m®

3aIeXKHICTh 3MIHHM 3YCHIJIIS PO3BAHTAXKCHHS BiJl MOJIOKEHHS 3aJHBOI CTIHKH BIAHOCHO JOBKHUHHU
JTHUINA CKperepa MoKa3aHo Ha PUCYHKY 5. Ha BiaMiHY Bif TpaJuIiifHOTO PO3paxyHKy, TEOPETHYHI
3HAYEHHS 3yCHIUISA, SIKi BUHUKAIOTh Y TIEPiojl PO3BAHTAXEHHSI, MOKHA PO3PaxyBaTH JJIsl IIPOMIXKHOTO
MOJIO’KEHHS 3a/IHbOT CTIHKH BiTHOCHO JTHHIIIA KOBIIIA CKperepa.

BucHoBku. 1. /[yt po3riIsHYTOrO KOBIA CKperepa po3po0JIeHO MaTeMaTU4HI MOJEI MPOLEeCy
PO3BaHTAXKEHHS, SKi BPaXOBYIOTH: CHIIy TEPTs IPYHTY MO JHHINY KOBIIA, CUIIy TEPTS IPYHTY IO
OIYHMX CTIHKaX KOBINA; CHJIy OMNOPY KOYEHHIO POJWKIB MiJBICY 3aJHBOI CTIHKH; CHIy iHEpIIii
MOCTYMAILHOTO PYXYy MacH IPYHTY 1 3aJIHbOI CTIHKHM NpPH BBIMKHEHHI MEXaHI3My pPO3BaHTa)KCHHS
IPYHTY 3 KOBINIA CKperepa; JIOBXKWHY JHHWIINA, BACOTY KOBINA; MIUIBHICTH HAOPaHOTO IPYHTY; KYT
MIPUPOJTHOTO OCHUTIAHHS TPYHTY 1 JTO3BOJISIOTH PO3PAaXOBYBATH 3aJIEKHICTh 3MIHM MacH TPYHTY Bin
MOJIOXKEHHS 33J{HhOI CTIHKMA BiJIHOCHO JOBKMHH JHHMIIA CKperepa, a TaKoX 3yCHJUISL, HEOOXIAHI IS
HOT0 pO3BaHTAXEHHS.
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Puc. 5. 3anescnicmo 3minu 3ycunns pozsanmasicenus F 6i0 nonoscenns 3a0Hv0i cminku 8i0HOCHO
dosexcunu onuwa Ly, ckpenepa J1-357(q=8x°): 1 — tpyum winenicmio 2000 Kke/m>;
2 — tpyum winvnicmio 1700 ke/m®; 3 — tpynm winenicmio 1500 xe/m®

2. TeopeTnuHUI1 PO3paxyHOK TO3BOJISIE BH3HAYATH: OMIp PO3BAHTAXESHHS JUIS KOBIIA CKperepa 3
HAIIBKPYTJIMM JHUINEM; 3MiHY Macd IPYHTY Yy KOBIII Bifl TOJOKEHHS 3aTHBOI CTIHKHA BiJHOCHO
JIOBKWHU JIHUIIA CKpenepa s miibHocTi rpyHTy 1 500 — 2 000 Kr/M>,

3. Po3pobneHuii aaropuT™ UIsi PO3TIISTHYTOrO KOBIA CKperepa 03BOJIE PO3PaxyBaTH CHITY
OTIOpY PO3BAHTAKCHHS.
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SUMMARY

Statement of the problem. Modern engineering aimed at creating energy efficient machines to
perform various operations. The main areas of development are: reduction of energy consumption for
extraction of soil; increase productivity; increase durability and reliability; expanding technological
capabilities and so on.

Traditional methods of calculating the forces acting at unloading scraper, make it impossible to
fully describe the process, but only allows to calculate the maximum effort that is required when
loading [1; 2]. Therefore, efforts that occur during discharge are unknown.

Analysis publications. Analyzing the design features improve scraper should be a trend aimed at
increasing the efficiency of filling the bucket. It is not the problem of unloading soil with a scraper,



which also requires additional energy. Increasing the efficiency of the discharge can be achieved by
improving the shape elements bucket design.

The purpose of the article. Create a new theoretical method of calculation which takes into
account the amount of residual soil in buckets throughout the period of discharge.

Problems. Develop a mathematical model of unloading scraper. To conduct a theoretical analysis
of the discharge scraper for the purpose of determining the current analytical support. Develop an
algorithm for calculating the definition of resistance discharge.

Conclusions: 1. Scraper considered for the mathematical model of the process of discharge,
taking into account : friction force of the soil in the bottoms of the bucket; force of friction of soil on
the side walls of the bucket; rolling resistance force of the rollers suspension rear wall; inertia
translational motion of the mass of the soil and the back wall when turning the unloading mechanism
of soil scraper; the length of the bottom; the height of the bucket; dialed density of the soil; angle of
crumbling soil and allow us to calculate the mass dependence of the soil on the position relative to the
length of the back wall of the bottom scraper and the efforts that are required for its discharge;

2. Theoretical calculation allows to determine : the resistance to discharge scraper with a
semicircular head; change in the mass of soil in buckets on the position relative to the length of the
back wall of the bottom scraper for soil density 1 500 — 2 000 kg/m®.

3. Algorithm for reporting scraper allows you to calculate the resistance of the discharge.
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MaremMaTH4yHa MoJeJb MNpoLecy PO3BAHTAKEHHs1 IPYHTa 3 KOBIIA cKpenepa 3
HanmiBkpyraum aaumeMm / JI. A. Xmapa, C. B. baeB, M. A. CninbHuk. // BicHuk
IIpuaHinpoBcbKoi Aep:kaBHOI akagemii OyaiBHuNTBa Ta apxitektypu. — . : IIIABA, 2014. —
Ne 1. - C. 8 — 13. — puc. 5. — Bi6.iorp.: (8 Hass.).

Posrnsinaerbest TeopeTHUHMN aHANI3 MPOLIECY PO3BAHTAXKEHHS KOBILA CKperepa 3 HaliBKPYIIUM
JHHUINEM 13 TPHUMYCOBHM pPO3BaHTKCHHAM. TEOPETHYHUH aHami3 JI03BOJISIE PO3PaXxOBYBAaTH
3aJIeKHICTD 3MIHM MacH IPYHTY BiJI ITOJIOKEHHS 3aIHBOI CTIHKH BiTHOCHO JIOBXXMHH THUIIA CKpernepa,
a TaKOX 3yCHJUTA, HEOOXiTHI 7S 10T0 pO3BaHTAKEHHSI.

Kniouosi cnoea: ckpenep, 3a0Hi cminKu KO8wia CKpenepa, pO3GAHMANCEHHS, OOCHIONCEHHS,
MamemMamuina Mooeb.

MaremaTuyeckasi MojAesib Mpouecca Ppa3srpy3kKd TIPyHTa U3 KOBIIA cKpemepa ¢
noJaykpyriabiMm  aHumem / Jl A. Xmapa, C. B. bae, M. A. Couiabnuk. // BicHuk
IMpuaninpoBcbkoi aep:kaBHOI akaaemii OyniBHunTBa Ta apxitekrypu. — /1. : [ITACA, 2014, —
Ne 1. — C. 8 —13. — puc. 5. — buéanorp.: (8 Ha3B.).

PaccmarpuBaeTcs TeopeTHUECKHI aHAIN3 TPOLIEcca pa3rpy3KH KOBIIA CKPerepa ¢ MOIyKPYyTIIbIM
JHULIEM C TPUHYOATEIBbHOM pasrpy3koil. TeopeTnyeckuid aHaiau3 IO3BOJSIET PACCUUTHIBATH
3aBUCHMOCTh M3MEHEHHS MAcCHl TIOYBHI OT TOJOXKEHHS 33JHEH CTEHKH OTHOCHTENHFHO JUTHHBI JTHHINA
CKpeTiepa, a TaKkKe YCHIIUS, HeOOXOJUMBIE AJISl €TO Pa3rPy3KH.

Knwouesvie cnosa: ckpenep, 3a0Hue CMeHKU KOBWIA CKpenepda, pazepysKu, UCCLe008aHUsl,
Mamemamuieckdas Mooeb.

A mathematical model of the process of discharge the soil with a scraper with a semicircular
bottom / L. Khmara, S. Baev, M. Spilnik // Visnyk of Pridneprovsk State Academy of Civil
Engineering and Architecture. — D. : PSACEA, 2014. — Ne 1. — P. 8 — 13. — pic. 5. — Bibliogr.:
(8 names).

This paper deals with a theoretical analysis of the discharge scraper with a semicircular head with
a forced discharge. Theoretical analysis allows to calculate the mass dependence of the soil on the
position relative to the length of the back wall of the bottom scraper and the efforts that are required
for its discharge.

Keywords: scraper, rear wallsof the scraper bucket, unloading, research, mathematical model.



