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JOCILJKEHHSI HABAHTAKEHHS CAMOXIZHOI'O CKPEIIEPA 3 YCIMA
IMPOBIJHUMMU KOJIECAMHA

Y cmammi nasedeni pezynomamu 0ocniodcenb Ha8aHMANCEHH MEMALOKOHCMPYKYIT CAMOXIOH020 cKpenepa
nio uyac konawHa epynma. IIpoexmyeanHs cyuacHUX 3eMIepUNHO-MPAHCNOPMHUX MAWUH nompebye
CMBOPEHHs Ma BUKOPUCMAHHA PO3PAXYHKOBUX CXeM mMa MAmeMamuyHux mooenel, AKi 00360.1510Mb
PO32NAHYMU  NUMAHHA — HABAHMAJICEHHS  GY3Ni6  MEMAaniOKOHCMpPYKyil. Awuaniz  pobomu  camoxioHux
NHEBMOKONICHUX CKpenepie 0036015€ 3p00UMU GUCHOBOK NPO HEOOCMAMHICMY 34INHUX AKOCMEN Olld NOSHO20
3aNOBHEHHA KOGWA 2PYHMOM. 3 Memoio niOGUIEHHA MA2O6UX GIACMUGOCHEN  3apd3  WUPOKO
BUKOPUCTNOBYIOMbCA NOMYINCHI NOGHONDUSIOHI MA2aYl, 3 AKUMU ASPe2amyembCs CKpenepHe 00NAOHAHHS 3
NPOGIOHUMU 3A0HIMU KOJIeCamu, Wo nompeodye UHAUEHHS Ma OOCHIONCEeHHA 3YCUlb, Oi0YUX 6 OCHOBHUX
enemenmax KoHcmpykyii. Ha ocnosi cmeopenoi po3spaxyHkogoi cxemu ma mMamemamuiroi Mooeni ompumaHo
epagiune Gupasicents npoyecie HABAHMANCEHHA MA2060i paMu, NOKA3AHO, WO HABAHMAIICEHHS, Ki
BUHUKATOMb @ 20PU3OHMANLHIT NIOWUHT, SHAYHOIO MIPOIO hepesuuyloms mi, wo Oilombs 8 6epMUKATLHOMY Ma
Kymosomy Hanpamkax. Haiibinew payionanehum cnio euswamu pexcum pooomu, 6 AKOMY cuna maeu
PO3NOOINAEMbCIL NOPIBHY MIdiC msi2auem I CKpenepom, wjo 0ae HatlmeHuti Oioui 3yCuis.

Knrouosi cnosa: ckpenep; mooenosanns, pobouuil npoyecc, HA8AHMANCEHHs, MemaniokoHcmpykyis, Key
words: scraper; modeling; the working process; loading; metal construction; driving wheels. npogioni
Kozeca.

AxTyaibHicTh jgochimkeHHsi. Ckpenepy BHKOHYIOTH BEIHKI OOCSTH 3eMJISSHUX POOIT B JOPOXKHBOMY,
JIICOTEXHITYHOMY 1 CITbCHKOTOCHOIAPCHKOMY OYAIBHUIITBI. AHali3 poOOTH CaMOXiTHOTO ITHEBMOKOJIICHOTO CKperepa
JI03BOJISIE 3pOOUTH BUCHOBOK MPO HEJOCTATHI TATOBI SIKOCTI /ISl IOBHOTO 3a[IOBHEHHS KOBIIIA TPYHTOM, 1[0 MPU3BOIUTH
JI0 3MEHILEHHS IPOXYKTUBHOCTI MarnHu [1,2]. OqHuM 3 HalOLIbII MTOMIMPEHNX CIIOCOO0IB MiABUIIEHHS e(EeKTHBHOCTI
CaMOXIJTHOTO CKperiepa € BUKOPUCTAHHS MPOBITHOI 3aIHBOI OCi 3 MIPUBOIOM BijJi OCHOBHOTO 200 10JJaTKOBOTO JBUT'YHA,
IO J103BOJISIE 30UIBIINTH CTYIiIHb HAIIOBHEHHS KOBINA, CKOPOTUTH WLUISIX 1 4Yac KOMaHHs, alie MPU3BOJIUTH 10
301IBIICHHS HABAHTAXKEHb, 110 JIIOTh B By3JlaX METAJIOKOHCTPYKIIIi CKpernepa.

Ananu3 nyoaukanmii. J{OoCHiKeHHS CaMOXiTHHX CKperepiB, BHKOHAHI [0 TEHEPINIHBOTO Yacy, OyJu
MPUCBSIYEHI BU3HAYEHHIO MAaKCUMaJbHOTO TATOBOTO 3YCHJUIS, HEOOXINHOIO JUIs 3alOBHEHHS KOBIIA, MiHIMaJbHOT
€HEePrOEMHOCTI MPOIIECY KOMAHHS 1 IMOJANIBIIOTO 3MEHIIEHHS [IMX BEIMYHMH [UITXOM BJIOCKOHAIECHHS KOHCTPYKTHBHHUX
eneMeHTiB ckpenepa [3,4]. Bu3HaueHHsS HANPYXKEHOrO CTaHy BY3IiB METATOKOHCTPYKII CaMOXiJHOTO CKperepa,
npoBejieHe B poboTax [5,6], ctocyBasiocsi ckperiepa 3 MPOBIAHOI MEPEAHBOI0 BicCIO a00 poOOTH 3 IITOBXadeM, IO
CBITYUTH MPO HEOOXITHICTH BUBUCHHS POOOTH MMOBHOMPUBITHOT MAIITITHH.

Mera po6oTu. Po3poOka HayKoBO OOIPYHTOBAHHX PEKOMEHMIAIil 100 3HMKEHHS HABAHTAXKEHOCTI
METAJIOKOHCTPYKI[ TArOBOI paMH CAaMOXIJHOTO CKperepa, Ha OCHOBI CTBOPEHOI pPO3PaxyHKOBOI CXEMH Ta
MaTeMaTH4YHOI MOJEMI.

OcHoBHa 4yacTMHa. B sKocTi mpumyiieHb, M0 JIO3BOJISITH CIPOCTHTH MOJICIIOBAHHS POOOTH CaMOXiJHOTO
cKperiepa, CJIiji IPUHHATHA PO3IIIS]L IJIOCKOT 3a/1aui MPH BiICYTHOCTI OB3/JOBXKHBOIO 1 MOMEPEYHOT0 YXHUIIIB.

B nuHamini nporiecy KOMaHHS IPYHTY CKPENepoM BiIOMO, 11O TArOBa pama € IPYKHUM €IEMEHTOM, JKOPCTKICTh
SIKOTO 3HAYHO HMIKYE >KOPCTKOCTI 1HIIMX BY3JiB METAJIOKOHCTPYKILIT MAIlIMHH, JKOPCTKICTD CKperiepa B BEPTUKAILHOMY
HAMpPSIMKY BU3HAYAETHCS MiAAATIMBICTIO THEBMATHYHHX KOJIIC.

OmnopHa TNOBEpXHS NPUHHATA Takolo, 0 HeaehOopMYyeThCs, a TO3I0BXKHI 3YCHIUIS Ha MPOBIIHUX KoJecax
oOMerKeHi 34ilTHUMH SIKOCTSIMH PYILIiB 3 OIIOPHOIO TIOBEPXHEO.

Tsrad 1 KiBII cKperiepa, po3MIAAI0THCS SIK ADCOIIOTHO JKOPCTKI TiNla, MalOTh 30CEPEPKEHI MacH, NMPUKJIIaJIeH] B
KOOpAWHATAX IIEHTPIB TSDKIHHS.

PosrisiHeMo cxeMy cuil, IiFOUMX Ha CaMOXIZHUI CKperlep Mpu KONaHHI IPYHTY, B SIKiil BpaXOBYIOTBCS CHIIU TATH

Ha BeIyd4mXx Komecax Iy, T,, peakuii rpyHTy Ha ocsix ckpenepa R;, R,, omip kodennio komic F,, F,, ropusonransHa i

BEpTHKAJIbHA CKIAJ0Bi chiin ornopy komanus R, R, npukmazeni 1o Hoxa ckperepa, BepTHKANbHI CHUIM TSOKIHHS

G,,G, .(Puc. 1).



Puc. 1. Cxema cui, 1110 AiIOTh HA CAaMOXIiJHUH CKperiep IpH KOIaHHI TPyHTa

CaMoxiJHuil ckpenep, po3risaJacTbCs K ABOXMAacHa cucremMa My, M, , 10 BpaxoBye MO3A0BKHI, BEPTHKAIBHI 1
KyToBi nepemimeHHs. [IpyHi 3B'I3Ky CHCTEMH XapaKTepU3YIOThCS KOeQillieHTaMH KOPCTKOCTI TATOBOI paMHu CKpernepa
B TOPHU30HTAJIBHIN i BEpTUKAIBHIHN IDIOMIMHI, paAiabHOI )KOPCTKICTIO BEIYUYHX KOJIC, 3 B'SI3KUM OMOPOM.

HHH CKJIaJaHHS piBHﬂHL PyXy Tdradya CaMOXiZ{HOFO CKpericpa moAo0 YysaraJbHCHHUX KOOPJIWHAT BU3HAYHUMO
LIBUKICTh IEHTPA Bard MacH:

V,, =% +ho,
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KBaapat mBUAKOCTI MEPIIOT MacH:
V12 =% +h '(bl)z + (=l 'q)l)z = X12 + @
2%y +hEQT + V7 — 2l Yoy + 1536
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T =1m1v12 +£J(pf = m()'(12 +2h %, +
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+hZo;7 + Y = 2h, iy + 15,00) + 5 3,7,
[MoxigHi KHHETUYHOT eHeprii:
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Cunu, o Ai10Th Ha Maccy M

Koepiuientn U,;, Up,, U, U,, BusHauaroThes 3a 1edopManissMu paMu METOIOM KiHIIEBHX €IEMEHTIB.

R =C[-y, + o]+
+Ky[=Y; + @y,

P, =U,, A% +U,,Ay;,
F’iy =U,,Ax +U,,Ay;,
AXy =X = X5,
AY, =Y, = Ys,

VY3araJbHEHi UM BU3HAYAIOThCSI POOOTOIO HA BIPTYAIBHHUX ITEPEMIILCHSX:

A, =T,5x— F,5x —

U1 (% —Xp) + U, (Y1 — ¥,)I8X,

PiBusanns pyxy macu My, m,:

Qx=T,—F -U;x +

U %, —U,Y, +ULY,,
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m,hy, %, +m, (l,, —1,5) Y, +

J{mz(hzzz + I§m)+ JJ(‘[‘)Z =

=C,lp Y, + Colyy @, + Kyl ¥y — (26)
Kol 9, ++F, (N +hy) —

—T, (hy +0y)+ Rrhyy + Ryl

TArose 3ycuus:

T+T,=(R+R,)e, (27)
CuiM o1opy KOMaHHIO BU3HAYAKOTHCS iHTEHCHBHICTIO A !
Rr = AX,, 8)
Rs = Rrw,

PeSyJ'II)TaTI/I MOJCIIOBaHHA HaBaHTaAXXCHHS TATOBO1 paMu OJHOMOTOPHOI'O M JABYXMOTOPHOI'O CaMOXi[[HOI‘O
CKperepa 3 epeIHbOI0 MPOBIIHOIO Bicclo 1 Ta yciMa NMpoBiAHUMH BiCSIMU TIPUBE/ICHI HA puC.2.
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Puc. 2. Pe3ynbTaTi MOJIEIIOBAaHHSI HABAHTAXKEHHSI TATOBOT paMH:
1 — OTHOMOTOPHBII CKpenep;
2 — IByXMOTOPHBIH CKperiep.
IIpu MozenmoBaHHI HABAHTa)KEHHS METAJOKOHCTPYKIIi MPOBOAMIACA 3MiHA CHIBBiAHONICHHS TATOBHUX 3YCHIIb,
AKi peasi3yloThes TAraueM Ta ckperepom B Mexkax: Bix: T,=100% - mpu BUMKHEHOMY NpHBiTy 3aJHBOI Bici 10

semmuns: 1, =30%, T,=70% 3araneuoi cu Tru. OTpuMaHi pe3yabTaTi IpHBe/IeH] Ha puc.3.
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Puc. 3. Pe3ynbTaTi MOJIEIIOBAHHSI HABAHTAXKEHHS TATOBOT paMH:
1 — ckpernep 3 nepeaniv npusogom, 1; =100%, 2 -4 — ckpernep 3 MOBHUM TIPHBOIOM,

Tl =70%, 50%, 30% 3arajbHOI CHJI TSATH BiAIIOBIIHO



AHali3 pe3ysibTaTiB pO3PaxyHKIB 3 BUKOPUCTAHHSIM CTBOPCHOT MAaTEMAaTHYHOI MOJENI [OKa3aB, M0
HABAHTAXXCHHS, SKi BHHUKAIOTh B TOPH30HTAJBHIN IUIONIMHI, 3HAYHOK MIPOI MCPEBUINYIOTh Ti, IO [iIOTh B
BEPTUKAJIBHOMY Ta KYTOBOMY HaIpPsSMKaXx.

3MiHM HaBaHTa)XCHb MAIOTh CXOKUI KOJIHMBAJbHHUU XapaKTep 1 JOCATAI0Th MAKCHMAIBHUX 3HAYCHb B MEPIIOMY
Ha miBnepioni (puc. 2,3).

Haii6inpmn 3ycwiuiss BUHHMKAIOTh TPU POOOTI CKperepa 3 IMEepeaHIMH IMPOBIIHUMHU KOJECaMH, BOHH MAaioTh
MIBUIKWH TEMIT 3pOCTaHHS, a KOe(IIliEHT JUHAMIYHOCTI TOpiBHIOE 1,9.

[Ipu minkiIroueHHi 3aaHIX MPUBITHUX KOJIC TEMIT Ta BEJIMYMHA BUHUKAIOUMX HABAHTAKEHL 3MEHIIYIOTHCS, a
KoedimienT auHaMigHOCTI nopiBHIoE 1,1 — 1,5 mpu peamizamii 3agaiMu koecamu ckperiepa 30 Ta 50% 3aranpHOI cHITH
TSATH, BIAMOBITHO.

[pu mepenadi Ha 3aaHI0 Bich 70% 3araJbHOI CHIM TSATH JEIIO 3MIHIOETHCS XapaKTep KOJUBAJILHUX MPOLECIB, a
came: 301BIIYETHCS aMILTITY 1A, TEMIT 3pOCTAaHHS, MAKCHMaJIbHI 3HAYCHHS MPAKTHYHO HE 3MiHHI.

Takum ymHOM, poOOTa CaAMOXITHOI'O CKpermepa 3 yciMa MPOBIAHUMHU KOJIGCAMH MPU3BOIWTH O 3MCHIICHHS
HABaHTaXXCHHS TATOBOI paMM, a HAHOUTBINI MPUHHATHUM PSKUMOM Tpeda BU3HATH BapiaHT PIBHOTO PO3IOLTY TATOBOTO
3YCHIUISL MIXK MIEPEIHIMHU Ta 33 THIMH KOJICCAMH.

BucHoBku. B pe3ynpraTi  OpOBEACHOrO MOJCTIOBAHHS BCTAHOBICHO, 10 IO3JOBXKHI Jedopmartii
METAIOKOHCTPYKIIT TATOBOT paMu CAMOXIiJJHOTO CKperepa 3Ha4YHO MEePEBHUIYIOTh BEPTUKAIBHI.

IMporiecy HaBaHTAXKEHHS MAalOTh OJHAKOBUII KONMBAJIBHHN XapakTep, a 3yCHLUISI B TATOBiil pami ckperepa 3
MIPOBITHUMH IepeHIMH Kojecamu Ha 21 — 46% mepeBuIyoTh [if04i B MAIINHI 3 yCiMa BELyYHMMH KOJIECaMHu.

Haii0inpmr pamioHaqpHUM CIiI BU3HATH PEXHM pPOOOTH, B SKOMY CHIIA TATH PO3MOIUIAETHCS MOPIBHY MIiXK
TATa4YeM i CKpErepoM, 0 Ja€ HaWMEHII it04i 3yCHIlIs, a KoeimieHT JHHAMIYHOCTI AOpiBHIOE 1,2.

[TpoBeneHi KOCIIKEHHsI MAIOTh CTATH OCHOBOIO JIJIsl PO3PaxyHKIB METaJIOKOHCTPYKIIT CKperepa Ha MIlHICTh Ta
HaJIIHICTh 3 BUKOPUCTAHHIM KOMIT FOTEPHHUX MOJIEJIeH CKpenepiB.
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B crartee mpuBeneHBI pe3yNbTaThl HCCIENOBAaHUN HAarpy3KM METAUIOKOHCTPYKLHMHM CaMOXOJHOTO CKperepa BO BpeMs KOMaHUs
rpyHTa. [IpoekTiHpoBaHHE COBPEMEHHBIX 3eMIIEPOIHO-TPAHCIIOPTHBIX MAMINH TPeOYeT CO3[aHHs U UCIIONb30BAHHS PACUETHBIX CXEM
U MaTeMaTHYECKUX MOJENeH, MO3BONSAIOIINX PAcCMOTPETh BONPOC HATPY3KH Y3JI0B METAIIOKOHCTPYKLUUH. AHamu3 pabGoThI
CaMOXOJHBIX ITHEBMOKOJIECHBIX CKPENEPOB IO3BOJSAET CHAENAaTh BHIBOJ O HEIOCTATOYHOCTH CLEMHBIX KAuecTB JUIS IIOJHOTO
3all0JHEHNs! KoBIIa TpyHTOM. C Iebi0 NMOBBIIICHHS TATOBBIX CBOMCTB celdac IIMPOKO HCIOJIB3YIOTCS MOILHBIC ITOJHOIPUBOAHBIC
TSAra4u, C KOTOPBIMHU arperaTupyercs CKperepHbIMI 000pYJOBaHUS C BEAYIIMMH 3aJHAMH KOJECAMH, YTO TpeOyeT OIpeiesieHus U
HCCIIe/IOBaHNs yCWIN, IeHCTBYIOIIMX B OCHOBHBIX 3JIEMEHTaX KOHCTpyKuuH. Ha ocHOBe co3maHHOHM pacueTHOM cxeMbl U
MaTeMaTHYeCKOIl MOJENN MOIydYeHO Ipaduueckoe BBIpaKEHHE IPOIIECCOB HArpy3KH TSATOBOH paMbl, IOKa3aHO, YTO Harpys3KH,
BO3HUKAIOIINE B TOPU30HTAIBHOMN IIOCKOCTH, B 3HAYUTEIBHON CTETICHU MPEBBIIIAIOT T€, YTO ACHCTBYIOT B BEPTHKAIBHOM H YTTIOBOM
HampaBieHusX. Hambonee panmoHambHBIM CleAyeT MPH3HATh PeXuM paboThl, B KOTOPOM CHJIA TSATH pacHpenersieTcs MOPOBHY
MEXy TATAYOM U CKPEIepOM, UTO JAeT CaMble ACHCTBYIONINE YCHUINS.

KirogeBsie croBa: ckpemnep, MoAeNHpOBaHUe, pabounii mpolecc, Harpy>KeHne, MeTaNIOKOHCTPYKIIHS, BEAYIIHE KoJeca.

The statistics show the results of the previous installation of the metalwork of the self-cleaning scraper in the hour of digging the soil.
The design of the current earth moving machines will require the creation of a design scheme and mathematical models that allow
you to take a look at the power supply of the metalwork. Analysis work of self-supporting pneumatic scrapers allowing you to drill
gadgets about the lack of special brushes for filling the bucket with soil. By way of increased traction power at a time, widespread
use of tightly driven trailers, and with such aggregates are tied to being possessed with rear wheels, | will require a license plate and
additional construction in the main ones. As an allowance, it’s possible to simplify the model of robots of a self-cleaning scraper,
and to take a look at the plane tasks when there is a daily and lateral problem. In the dynamical process, digging with a scraper in a
house, a traction frame with a spring element, the rigidity is much lower than the rigidity of the metal components of the machine,
and the rigidity of the valve vertically The support surface is adopted in such a way that it is not deformed, and the rear axle on the
front wheels is interspersed with the clutching qualities of the wheels. The tractor and the scraper may have the absolute power, and
the medium weight is applied in the coordinates of the center. Based on the established design scheme and the mathematical model,
the graphic design of the viral processes was demonstrated, it is shown that they can be installed in a horizontal area that can be
significantly transposed. The most rational way to do this is to use the robot mode, in some way the pulling power is unchanged
between the tractor and the scraper, and I’'m sure to get the best power.

Key words: scraper, modeling, the working proces, loading, metal constructio, driving wheels.
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