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AHHOmMayus. B cmambe npusedeHb! cee0eHUs 10 8biSI8NIEHUI0 OCHOBHbIX HanpasieHull 8 uccriedosa-
HUU U IpoeKkmupo8aHuU 2udpornHeeMoydapHbIX MeXaHU3MOo8, MPUMEHSIeMbIX U paspyWeHuUU rNpoYHbIX
U cKallbHbIX 2PYHMO8 20PHBIMU U cmpoumeribHbIMU MawuHaMmu. [pednoxeHs! npozpamMMbl U anz2o-
pumm 01151 pacyema u MoOesiuposaHUsi OCHOBHbIX apamempos 2UudpoydapHUKO8, a makKxe npueedeHs!
3asucuMocmu napamempos audpoydapHbix ycmpolicms, NpuMeHsieMbIX 8 Kadyecmee paboyux opaaHoe
O0POXHO-CMpPOoUMesIbHbIX MawuH, 8 3a8UcuMocmu om napamempoe paspabambeieaemo20 2pyHma u
napamempos 6a3080U MalUHbI, TOCMPOeHHbIe 8 poepamme Maple.

Knroyeenle crioga: 2udporHeamMoydapHbIl MeXaHU3M, 2pyHM, MPOYHbIU, Mep3rbil, cKkambHbIlU, 6ba3osas

mMawuHa, ModenuposaHue.

BBEOEHUE

Kak m3BecTHO, Oo6Gblya MonesHbIX mMckonae-
MbIX, @ TaKKe CTPOMTENbLCTBO COOTBETCTBYIOLLEN
ANg 3Toro MHgpacTpykTypbl B Cubnpu, Ha Oanb-
Hem BocTtoke, B ApKTUKe SBRSieTCA MpuopuTeT-
HOW 3agadven ans akoHoMukn Poccun. [1ns 6onee
apbekTnBHOM A0OBIYN 1N CTPOUTENLCTBA B AaH-
HbIX MPUPOAHBIX 30HaX HeobxoouMO WUCMOMb30-
BaHWe COBPEMEHHbIX METOOO0B, KOTOPbIE Y4YUTbI-
BalOT JOCTMXXEHNSA COBPEMEHHOW HayKu B JAHHON
obnacTtu, a Takke B 0611acT KOMMNbIOTEPHbIX TEX-
HOMOMN, KOTOpble MO3BOMNSAT HE TOMbKO MoAe-
nMpoBaTb pasnunyHble AMHaMUYeCcKne NpoLeccsl,
HO M co3daBaTb aBTOMaTU3MPOBAHHbIE CUCTEMbI
yMpaBreHnst 1 NPOEKTUPOBaHNSI.

PA3PABOTKA (PA3PYLUEHME)
MEP3MbIX U CKATNbHbIX (FOPHbIX)
nopPop rmaPOYOAPHbLIMU U
NMHEBMOYOAPHbLIMU MEXAHU3MAMM

B HacTtosilee Bpemsi, pa3paboTka (pa3py-
LUEeHNe) Mep3nbiX U CKamnbHbIX (FOPHbIX) MOposa
rMopoyaapHbLIMU U MHEBMOYAAPHBLIMU MeXaHU3-
MaMn MOXET MPOU3BOAMUTLCA Kak OTKPbITbIM (C
MOMOLLbIO 3KCKaBaTOPOB C HaBeCHLIM 0bopyao-
BaHMEM), TaK 1 3aKpbITbIM CNOCOOOM (Hanpumep,
npy NOMOLLM NPOXOAYECKMX KOMOaHOB C MHEB-
MoOMosioTamu).

[JaHHble MeToAbl pa3pyLUeHUs OCHOBbIBAKOTCS
Ha NPUMEHEHUW TMAPOMNHEBMOYAAPHbIX MEXaHU3-
MOB 1151 FOPHbIX U CTPOUTENbHbLIX MaLLUH, OCHOB-
HbIMMW 3MEMEHTaMM KOTOPbIX SIBMSKOTCA: UCTOYHUK
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nMTaHus (Hacoc), HamopHas W CNvMBHas rMApo-
MIMHWN C CETEeBbIM rMOPONHEBMOAKKYMYNSTOPOM,
NCMOMHUTENbHbBIN MEXaHWU3M, BKIOYAIOLLMIA KOp-
nyc 1 NoABWXHbIE Macchl (NopLleHb-00€ek) ¢ pa-
6ounmmn kamepamu, opraH ynpaenexuvs [1, 2, 3,
4,5,6,7].

PaspaboTka Mep3nbiX W CKanbHbIX [PYHTOB
OTKPbITbIM CNOCOGOM NPON3BOAUTCH B OCHOBHOM
rMApOyAapHbIMYM  Me3aHn3MamMu, LOCTOMHCTBOM
KOTOPbIX ABMSETCS CO3AaHne HanbonbLUMX AaBre-
HWI B rMOpOCUCTEME, MO CPABHEHWIO C NHEBMATU-
YeckuMmn mexaHusmamu. Kak nokasana npakTtuka
[1,2] Hanbonee 3hdEKTUBHBIMM SBMASKOTCA TU-
ApOMHeBMaTn4ecKme rmapoyaapHble MexaHu3mbl.

ImaponHeBMOydapHble MexaHu3Mbl UCMOnb3y-
t0TCS1 B FOPHOWM MPOMBILLIIEHHOCTU, NpY A06bI4K NO-
Ne3HbIX MCKONaeMmblX, NPOKMaake KOMMYHMKaumn
(B TOM uncrne GecTpaHLueriHow), BbMBaHMM CBan
npy CTPOUTENbLCTBE Pa3fyHbIX OOBEKTOB U T.A4.

Mpun nccnegoBaHum rMapoOyAapHbIX MEeXaHWu3-
MOB, MPUMEHSAEMbIX MPY PaspyLLUEHUN MPOYHbIX U
CKarnbHbIX FPYHTOB MPUMEHSAOTCHA UCCNEA0BaHMS,
OCHOBaHHble Ha 3akoHax (u3uKM (B TOM 4ucrie
XMAKOCTEN W ra3oB), MaTeMaTuku, MeXaHWKM
TPYHTOB.

Ctporoe matemartuyeckoe onucaHue paboTbl
rMAPOYAApHOro MexaHu3ma (gBukeHusa 6onka u
Kopnyca) NpuBOAMWT K CUCTEME HEMUHENHbIX And-
depeHUManbHbIX YpPaBHEHWUN, C MepeMeHHbIMU
KoahpuLmeHTamn, YUCneHHasa peanu3aums Ko-
TOPbIX MOXET ObITb BbINOMHEHA C NCMOMb30BaHW-
eM CTaHOapTHbIX UK cneumansHo paspaboTan-
HbIX MpOrpamm.
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OpdpekTnBHaa paboTta ruapoygapHbIX Me-
XaHM3MOB BO3MOXHa TaKke npu ydete usmn-
KO-MexaHn4eckux cBoncTB rpyHTa [1]. Mepsnble
N CKarnbHble FPYHTbl OTHOCATCS K OQHOMY Kraccy
N NMeIOT OB XapaKkTep CTPYKTYPHbIX CBA3EN.

Mepanble rpyHTbl, B 3aBUCUMOCTU OT 4mcra
yaapos nnotHomepa JopHWW no TOCT 300067-
93, n3MeHsATCA OT NATOW A0 BOCbMOW KaTero-
pun. CkarnbHble rPyHTbl COOTBETCTBYIOT LUECTON
(1 Bble) KaTeropuu rpyHTa B COOTBETCTBUM C
AaHHbIM cTaHgapToM. [laHHble no u3nko-mexa-
HWYECKMM CBOWCTBAM FPYHTOB HEOBXOAMMO Y4u-
TbiBaTb NPU MOAENMPOBaHUM paccMaTpMBaeMoro
obopynoBaHus.

MopenvpoBaHne  rMapoydapHbIX — MexaHu3-
MOB, MPVMEHSEMbIX MPU PaspyLLUEHUN MEP3MbIX 1
CKanbHbIX FPYHTOB, OCHOBbLIBAETCS Ha CO3A4aHWM
Liernoro Kommnrekca nporpaMm, KOTopble B CBOHO
ovyepenb ABNSAIOTCA OCHOBOW CUCTEMbl aBTOMATU-
3MPOBaHHOIO MPOEKTMPOBaHUS AaHHOrO Buaa obo-
pyoosanus [1,2]. Ha puc. 1 nsobpaxeH akckasa-
TOp € 3y6OM — pbIXNUTENEM akTMBHOMO AENCTBUS.

Puc. 1. Okckasamop 30 2621 ¢ 3ybom-pbixiiumenem
akmugHoz0 delicmeusi Ha 0CHoge 2udpoydapHO20
ycmpolcmea

Mpy NpOEKTMpPOBaHWW TMAPOYAAPHbIX Mexa-
HM3MOB, paboTalrLWKMX C NePEMEHHBIMU Harpys-
KamMy MOXHO MOMb30BaTbCH YNCIEHHBIMU METO-
Aamu peanusyembiMun npu nomowm 3BM [1,2].

lMocTaHOBKa 3agjaynm Ha Marematudeckoe
MOENMpoOBaHNE — 3TO nepeBoq r3ndeckmnx
NpoLEeccoB B Marematudeckue 3aBUCUMOCTU, C
Lenbio darnbHenLWero NpoeKkTMpOBaHUsA AaHHOro
obbekTa [1,2].

Ha puc. 2 npuBegeHa 6nok-cxema anropytma
pacueTta rngpoyaapHoro MexaHnsma, npegHasHa-
YEHHOro ANd paspyLleHns Mep3noro U cKanbHOro
rpyHTa. [aHHbIA anroputMm peanus3oBaH B Mpo-
rpamme Delfi [8].

Ha puc. 3 n 4 npeacraeneHbl paboyne okHa
nporpamMm Ans pacyera OCHOBHbIX NapaMeTpoB
rMapoygapHbiX  MEXaHW3MOB, pa3paboTaHHbIX
ONg MOoOenupoBaHUSA rMOpoyAapHbIX MeXaHus-
MOB C LENb0 BbISIBNEHMs criabbix mecT B Oyay-
LLMX KOHCTPYKTUBHbIX PELUEHMNSX.

Becmnuk CubAN, ebinyck 3 (55), 2017
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Puc. 2. Briok-cxema anzopumma pacdyema
a2udpoydapHo20 MexaHuU3Ma
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Puc. 3. Paboyee okHO npozpamMmbl MOOEIUpPO8aHUs
OCHOBHbIX NMapamempos 3yba-pbix/iumersisi akmugHO20
delicmeusi Ha OCHoge audpornHesmMoydapHuKa 0nsi
akckasamopa 30-2621 (2pyHm — Ccy2/1uHOK)
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Puc. 4. Paboyee 0kHO npoepaMmbl MOOEIUpO8aHUs
OCHOBHbIX napamempos 3yba-pbix/iumersisi akmugHo20
Oelicmeus Ha ocHoge 2udpornHesmoydapHuKa 0rs
aKkckasamopa 30-2621 (2pyHm — anuHa)
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B HacTodwee Bpemsi CyllecTBYeT MHOXECTBO
nporpamm, MO3BOMSOLLMX Npon3BOANTb
aBTOMaTU3MpPOBaHHOE MOAENUPOBaHWE pasnny-
HbIX AMHAMWYECKMX, CIOXHbIX MaTeMaTU4ecKmx
NPOLECCOB, C Lenbio AanbHENLWero n3y4eHmns nx
ocobeHHocTel 1 pa3paboTkn KOHKPETHbIX pe-
KOMeHZauum Ans NPOEeKTUPOBaHUSA PasfnMyHOro
obopyaoBaHus.

Takme nporpammbl kak Maple, MathCad,
Mathematica n MatLab nossonswT ¢ nomoLlbto
MaTeMaTUYeCKNX CUMBOSIOB OMMUCHLIBATb CIOX-
Hble NpOoLIeCChl, NpoMcxogsLme B AMHAMUYECKNX
cuctemMax, CTPOWUTb 3aBUCUMOCTM  KOHKPETHbIX
napamMeTpoB B 3aBUCMMOCTM OT 3afaHHbIX YCro-
Bui [9,10].

Tak npu nomoLm nporpammbl Maple, MOXHO
paspabotatb MMMWUTAUMOHHBIA KOMMIEKC, KOTO-
pbii OydeT onucbiBaTb AaHHYH MEXaHUYECKYH
CUCTEMY MPWU MOMOLLM MaTEMaTUYECKUX CUMBO-
noB. Ha puc. 5 nokaszaHo paboyee OKHO nporpam-
Mbl Maple.
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Puc. 5. Paboyee okHo ripozpammbl Maple

MMonyyeHHbI Taknm 06pas3oM NporpaMmMHO-U-
MUTALMOHHbIA KOMMMEKC MOXEeT OnucbiBaTb WU
yCTaHaBNuBaTb B3aMMOCBS3b MEXY napameTpa-
MW, OT KOTOPbIX 3aBUCUT 3(PEEKTUBHOCTbL pac-
cMaTpuBaeMoro npotecca.

Ha puc. 6, 7 npuBegeHbl 3aBUCUMOCTHN, pac-
cuuTaHHble B nporpamme Maple (Macca noaBux-
HbIX YacTel rmapoydapHuKa B 3aBUCUMOCTU OT
Tpebyemol aHeprum ygapa u CKOpoCTu TMapoy-
OapHVKa Ans LecTon U ceaAbMOW KaTeropum rpyH-
Ta COOTBETCTBEHHO.
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Puc. 6. 3asucumocmb mMacchl MOOBUXHbIX Yacmel
a2udpoydapHuka 8 3agucumocmu om mpebyemou
3Hepauu ydapa u om ckopocmu 2udpoydapHuka
(wecmas kamezopusi 2pyHma)

1 g

Puc. 7. 3asucumocmb mMacchl MoOBUXHbIX Yacmel
a2udpoydapHuka 8 3agucumocmu om mpebyemou
SHepauu ydapa u om ckopocmu 2udpoydapHuka
(cedbmasi kamezopusi 2pyHma)

BblBOAbI

Takum obpasom, uccrieqoBaHWe VM MOAENu-
poBaHMe TMOPOMHEBMOYAAPHbIX MeXaHW3MOB,
NPUMEHSIEMbIX MPY  paspylleHnM MeparbiX U
MPOYHbIX TPYHTOB, NpeacTaBnseT coboi utepa-

BecmHuk CubAMN, ebinyck 3 (65), 2017
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LIMOHHbIV MPOLECC C MHOXECTBOM MapamMeTpoB U
yCroBui, BnusoLwLmMx Ha pabouun npouecc. Cos-
OaHnga 3P eKTUBHBIX CUCTEM aBTOMATU3NPOBAH-
HOro NPOEKTUPOBaHWS 1 pacyeTa rmgpoyaapHoro
MexaHu3ma, MpPUMEHAEMOro npu paspyLleHun
MEep3MOoro U CKanbHOro rpyHTa, CHWXaeT Tpyao-
eMKOCTb 3TUX ornepauui u nomMmoraeT BbibpaTb
Hanbonee a(PPEKTUBHLIA pexnm paboTbl AaH-
HbIX MEXaHW3MOB, YTO MOBbILAET MPOU3BOAU-
TENbHOCTb TPyAa U CHMXAET UX CTOMMOCTb Npu
NPOBEAEHNN OMbITHLIX MPOEKTHO—KOHCTPYKTOP-
CKux paboT (1 pacyeToB).
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METHODS OF INVESTIGATION AND SIMULATION OF
HYDROPNEUMEROUS MECHANISMS APPLIED IN THE
DESTRUCTION OF FROZEN AND SCALING SOILS BY MINING
AND CONSTRUCTION MACHINES

N.S. Galdin, I.A. Semenova

Annotation. The article contains information on the identification of the main directions in the study and
design of hydraulic shock mechanisms used in the destruction of strong and rocky soils by mining and
construction machines. The program and algorithm for calculating and modeling the basic parameters
of hammers are presented, and also the dependencies of the parameters of hydrostatic devices used
as working bodies of road-building machines are given, depending on the parameters of the developed
soil and the parameters of the base machine built in the Maple program.

Keywords: hydropneumatic impact mechanism, soil, durable, frozen, rocky, basic machine, modeling
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ONPEAENEHWUE NAPAMETPOB PACIMNPEAEJIUTENIBHOIO
BAPABAHA YCTPOUCTBA AJ11 OBPA30OBAHNA KAMEHUCTbIX
LLEPOXOBATOCTEN HA NEAAHOM NOKPbITUX OOPOTU

XK. T.l'anaposa, K.)K. Typeymbaes

Kbipabi3ckull eocydapcmeeHHbIl mexHudeckul yHueepcumem um. U.Pas3sakosa, e. buwkek, KbipabiacmaH

AHHOmauyusi. Cmames riocesweHa onpedesieHuUro napamempos ycmpoticmea 019 obpa3oeaHus we-
poxosamocmel Ha nedsiHoM rokpbimuu dopoeu. B pabome onucaHbl 0cobeHHOCMU KOHCMPYKUUU
ycmpoticmea, obpa3syoujeao wepoxoeamocmu Ha 51e05THOM MOKPbIMuu 0opoeu 3a cyem pacchinku Ha
N1e0sTHOM MOKPbLIMUU 20PSIYUX KAMEHUCMbIX Yacmul, KOmopbkle ymaraugaromcs 8 51e05IHoe MoKpblimue
u3-3a nonoxxumernbHoU memnepamypbl U cun msxecmu. PazpabomaHa pacdemHasi cxema g3aumooel-
cmeusi pacripedenumernbHo20 bapabaHa ¢ pe3uHo8ol emyrikol U KameHucmou Yacmuuel. YKa3aHbl
ycri08uUsi 808IeHEHUST KaMeHUCMbIX Yacmuy, pacripedenumerbHbiM 6apabaHom. HalideHb! 3agucumo-
cmu, rnosgosswue onpedenums yaibl 3axeama KaMeHUCMbIX Yacmuy, U HapyXHbIU duamemp pac-
npedenumenbHo20 bapabaHa.

Knroyeenie crnoea: pacripedenumersbHbili bapabaH, KoaghchuyueHm mpeHusi, 1edsiHoe MoKpbimue,
wepoxoeamocmb, KaMeHUcmasi Yacmuya.
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