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YIAAPHO-OPUKIIMOHHASA KJACCUPUKALIUA I'OPHBIX ITIOPO
HA PA3JIEJIUTEJIBHOHN IIJIOCKOCTH

JIanues C. A., [loranos B. {1., Iloranos B. B., Cemepukos JI. A., Bacuibes E. A.

B crarbe MPUBEACHO OCHOBHOC YPaBHCHUEC IMHAMUKHU, XapaKTCPUIYIOMICC NOBEACHNUE YACTUIL IIPU YAapC O pa3ACIUTECIbHY IO
TTOBEPXHOCTb. HpeﬂCTaB.HCHBI PE3YJbTAThl pacu€Ta yIjiia U CKOPOCTHU OTPAXKCHHs, BDEMCHU U a0CIMCChI maacHus Mociie

yaapa 4aCTull HEKOTOPbIX MaT€pUalioB.

Knruesvle cnosa: memoouka, @OpuKyuouHvle Xapakmepucmuki, Ougpeperyuaivhvle YpasHeHus, 2epaguuecKkue

3AB8UCUMOCMU.

Haubosee uwacto B mpakTHKe pa3pabOTKH
KOHCTPYKLIMHA TOPHBIX MAlIMH JJIs Pa3AcieHus
1 Ki1accu(UKalMu pya UCIONB3YIOT pasindne
B TPEHUM U YIPYrOCTH MHUHEpPanoB. MaliuHbl
OTOT0 HPHUHIUIIA )IefICTBHH IIPUMCHSAOT B
OCHOBHOM JUIsl pa3/elIeHUs] HEMETaJUTHUECKUX
IIOJIE3HBIX HMCKOIIA€MBIX, TaKHX KakK aC6eCT,
YTOJIb, CIIIONIA ¥ JIP.

OCHOBHBIM HEJIOCTaTKOM CYIIECTBYIOIIIX
apdexrax
B3aUMOJICHICTBHAS TOPHOW Macchl ¢ paboueit
IIOBEPXHOCTBIO aImapaTroB, SBISIETCS TO, YTO

MalinH, OCHOBAHHBIX Ha

pasjieNieHie TOPHBIX MMOPOA  OCYHICCTBISIETCS
KOMIUTEKCY  (DH3HUKO-MEXaHHYIECKUX
CBOWCTB, a M0 OJIHOMY HanOoJiee KOHTPACTHOMY
NpPU3HAKY: TPEHHIO, YNPYroctd, Qopme HIH
TBEPAOCTH. BHeApeHHe HOBHIX aIllaparoB II0
OJIHOMY TIPU3HAKY PA3/ICICHUS JHIIb YACTUIHO
obecreynBaeT
paseeHus TOPHBIX ITOPOJI.

Haubonee mepCrieKTHBHBIM HAIMPABICHUCM
B COBepHIeHCTBOBaHI/II/I 158 HpOGKTI/IpOBaHI/H/I
pa3aenuTeNbHBIX annaparoB SBISCTCS CO3/IaHue
anmapaToB, UCTOIL3YIONINX KOMIUIEKC (DU3HKO-
MECXAaHUYCCKHUX CBOﬁCTB FOpHI)IX HOpOZ[, qT0
paszesneHue
MOJIE3HBIX UCKOTIAEMBIX B OJIHOM arapare.

HC TII0

BO3MOXHOCTh Ka4€CTBCHHOI'O

obecrneurBaeTr 0Oojiee  IOJIHOE

Ddusnko-MexaHndecKre
[IOPOJ B TUTEPATYPE NPEACTABICHBl B OCHOBHOM
OJTHUM CTaTUYeCKUM KOA(D(UIIMESHTOM TpPEHUs,
a yIpyrue CBONCTBA MHHEPAJIOB IMPAKTHICCKU
OTCYTCTBYIOT. B pa3HBIX HCTOYHUKAX OIHU
T€ € MHUHEPAJIbl MMEIOT pPAa3HbIC 3HAUYCHUS
3TUX TNpPU3HAKOB. B mpemiokeHHOW cTarhe

PACCMOTPCHO TMOBCACHUC YaCTHUILl IIpU  yaAape O

XapaKTCPUCTUKHU

HAKJIOHHYTO TIOBEPXHOCTb.

[Ipu ymape wactumbel 00
IEPOXOBATYIO IJIOCKOCTh
M3MEHEHHE BeJIMYMHBI U HAIIPaBIICHUS CKOPOCTH
YacTUIBI W3-32 YAAPHOTO U (PPUKIIMOHHOTO
BO3JICUCTBUA.
KO3 PUITHEHTAMHA TPEHUS W BOCCTAHOBIICHUS
MpH yAape HMMEIOT pa3lIUYHbIC BEJIMYUHBI U
HaTpaBJIeHNs CKOPOCTH IOCJE yaapa, M03TOMY
KO3 HUITNEHTEI BOCCTAHOBIICHUS TIPH  yaape
U TPEHUE MOTYT CIYXHTHb pPa3/IeIuTCIbHBIMU
npusHakam# [1].

Hapuc. 1 m300pakeHacxemMaB3anMOACHCTBUS
YaCTHUIIbI C HAKIIOHHOH IJIOCKOCTBIO TPH yaape.
3nech V' u U — CKOPOCTH YaCTHIIBI TIEPE]] YIAPOM
urocne ynapa, S, u S, —UMITyJIbChl HOPMAIIbHOM

yHOpyryo
MIPOUCXOAUT

YacTuis! c pa3sHbIMU

peakiuu 1 TpeHus. Ecny gacTuipl mamaloT Ha
HAaKJIOHHYIO IUIOCKOCTb BEPTHKAJIbHO, TO YIOJ
NaJeHUs YacTUIBI O (C HOPMANbIO K TNIOCKOCTH)
paBeH ymIy HaKIOHa TIockocTu [ (puc. 1).
OCHOBHOE ypaBHEHUE TUHAMUKH MpH yaape [2]
3aMMChIBa€M B IIPOCKITUAX HA KacaTeNbHYIO (T) U
HOpMAJh (1):

mU sinp—mlV sino = —Sqp,

mU cosB+mV cosa=S§,. (1)

IIpu 3TOM, comtacHo runorese Payca,

Stp =SSy 2

rae f— Kod(pQUIMEHT TPEHUs TIPU yiape.
Kpowme Toro, u3 onpenenenus korppuirenra
BOCCTAHOBJICHHUS [2] CIICAYET, UTO

U cosP =kV cosa. 3)
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Pemras
MOJTYYUM

1
P = arctg ;(tgu—f)—f ;

CUCTEMY  YPABHEHUH

(D3,

kV cosa
U=——. “4)

cos 3

v

T_;t/:
5]

Xmax

Puc. 1. Cxema ynapa 9acTUIBI O HAKJIOHHYIO IIOCKOCTh

,HaJ'IBHeI\/'IIHGC JBM)KCHUC 4YaCTHIBI IIOCJIC

OTpakeHUs, TIpeHedperas COMPOTHBICHUEM
BO3/yXa, IojlaraeM CBOOOTHBIM TMajeHHeM. B
cucTeMe KoopJauHar x) (cM. puc. 1) ypaBHEHUS

CBOOOIHOIO MMaEHUS UMEIOT BUI:
x = Utsin(a + B),

y= ;gt2 — Ut cos(a + B). (5

Yactuna ymnazget TOPHU30HTAIbHYIO
IJIOCKOCTB IIPH Y = /1, TOATOMY JJIs1 OTIPEACTICHHSI
BpEMEHH  TaJeHus
ypaBHEHHUE

Ha

HMEeM  KBaJIpaTHOE

_ U cos(a + B)+\/U2 cos’(a+ B) +2gh

OTKyZa

1 5

Egt —Utcos(a+PB)—h=0. 7
IToacrapnsst BpeMs mnafeHUs B IE€PBOE

ypaBHEHHE CHUCTeMBI (5), MONy4YUM NaJbHOCTh

IOJIETA YaCTULIBI B BUJC:

Xax = Uty sin(a+ B). ()
B pabore [3] mnpuBeneHbl HEKOTOPHIC
3HaueHUs KOY(QOUIIMEHTOB  BOCCTAHOBJICHUS

U TPEHHS, TONyYEHHbIE HKCIEPUMEHTAIBHO.
B wacTHOCTHM, 1 WM3BEPKEHHBIX MOPON K,
= 0,52, f = 0,16, a s cmanues k, = 0,32,
fc = 0,27. IlpousBenmeMm BBIUUCIACHUS IO
dbopmynam  (4), (5), (7), (8) nns maHHBIX
3HaueHuid koddduuumentos. [ cpaBHeHUsS
PE3YNIbTaTOB PACUYETOB C AKCIIEPUMEHTAIbHBIMU
JAHHBIMHU
BbIOOpKe [3] 3HAYeHWs: BBICOTA, C KOTOPOI
Opocator yactuipl H = 0,5 M, yron HakjIoHa

HCIIOJIL3YyEM  NPCIACTAaBJIICHHBIE B

pasmenuTensHON MiockocT o = 35°. [lomyunm
B 00oux ciyuasx V =+/2gH = 3,13 m/c. Jlanee
NPOBOAUM pacyeTbl Uil KaXIOro MaTepHuaia
B OTHENBHOCTH. J[JIs1 M3BEPKEHHBIX TOPOJ IO
niepBoit popmyrte (4) yrox orpaxkenus = 41,3°,
a Mo BTOpPOW — cKopocTh oTpaxenus U = 1,77
Mm/c. Bpemsi maneHusi mocie yaapa HaxOIUM
o dopmyne (7): ¢ = 0,29 c. CnenosarensHo,
u3 cooTHouenus (8) nomydyaem x = 0,50 m.
AHAJIOTUYHO TIPOBOJMM PacyeThl JUIS CIaHIIEB:
B=47,1°U=1,20m/c;t =0,26¢c;x_ =031 m.
CrnenoBarenbHO, pa3sHHLA MEXKAY alOcruccamu
TOYEK TaJICHUsI N3BEPIKEHHBIX TIOPOJI U CIIAHIICB
coctasut 0,19 M.

Kak moka3pIBalOT  IKCIEPUMEHTAIBHBIC
uccienoBanus [4], QakTudeckuii pasdpoc
arperaroB acOECTOBBIX TOPHBIX IMOPOJA  Ha

TUIOCKOCTH TAaJACHHs 3HAYMTEILHO OOJbIIe.
OCHOBHOU IPUYMHOHN 3HAYUTEINHHOTO PACCESTHUS
JTAIBHOCTH OTCKOKA arperaToB BOJIOKOH SIBJIETCS
uX BBITAHYTas (opma, NPUBOAAIIAS K KOCOMY
yaapy. B aToM cilydae EHTp TAKECTH 4aCTHULIBI
3HAYUTEIBHO CMEIIEH OT JHMHUU yaapa. Y
MOPOJAHBIX YAaCTHII, HIMEIOIINX OKPYIIIYIo (hopMmy,

p (6) OTHOCHTENbHOE  Cpejee  KBajpaTHIecKoe
II s

g OTKJIOHCHHUC [JaJIbHOCTH HX OTPAXKCHHUA IIpU
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yImax HakjioHa miaockoctn 20-30°, xak mpa-
B0, cocranisier 30—40 %.

Vhopyrue CcBOHCTBa BMeEHIAIOLIEH MOPO-
JIbl, KOTOPbIE MOKHO OLIEHHWBAaTh BEIUYMHON

1, MM

d, MM

0 5 10 15 20 25 30 35 40 45

Puc. 2. 3aBUCHMOCTB PacCTOSHUS OTPaKSHUS MTOPOTHBIX
4acTui] / OT KPYIMHOCTH TIOCTIE B3aUMO/ICHCTBHS ¢ HAKIIOH-
HOM IJIOCKOCTHIO d:

[=144,1+83.2/d
— OKCIIEpUMCHTAaJIbHAsA KpUBasi;

— - — — pacueTHas KpuBas

OTCKOKAa YacCTHIbl OT IUIMTBI X _ , B HE3Ha-
YUTEIBHONW CTENEeHH 3aBUCAT OT KPYIMHOCTH
yactull. Jlnsg wHTEepBanma KpynHoctH d =
35—-63 MM 3aBUCHUMOCTb MEXAY HHMH ammpo-
KCUMUpYETCs ypaBHeHuem x = 44 + 83,2/d ¢
KOPpEIAIuOHHBIM oTHOIIeHUuEM 0,864 (puc. 2).

Kak a1 mOpOmHBIX YacTHI, TaKk W JUIA
HEpPAaCIyIIEHHOT0 acbecTOBOro BOJIOKHA d((heKT
B3aUMOJICUCTBHS C TIOBEPXHOCTHIO pa3/ieieHUs!
3aBUCHUT OT BBICOTHI IMOJAYM TPOAYKTA M yIiia

HAKJIOHA TIOBEPXHOCTH K TOPH30HTY (puC. 3).

B xoe SKCIeprMEHTOB YTOYHEHBI (u3Hue-
CKHE XapaKTePHCTHUKH 4YacTUI[ acOEeCTOBBIX U
yIiIeconepKammx GopManui, B 4aCTHOCTH, 3Ha-
YyeHus1 K0d(h(GUIIMEHTOB TPEHUs NpU yjaape, xa-

1, MM

120

100

80/

P, rpan

5 10 15 20 25 30 35

Puc. 3. 3aBucuUMOCTb pacCcTOSHUS OTPAKESHUS TOPOTHBIX
YJaCTHIl KpyMHOCTHIO —35+20 MM (/) OT yriia HaKJIOHA TUIO0-
CKOCTH [} 1 BBICOTBI ITOJAYH, MM:

—500 mm; — - —— — 450 Mm
————— — 400 mM; — «— . — — 350 MM

PaKTEPU3YIOIINX OTHOCUTENBEHOE CHIKEHHUE TIPO-
€KLMU CKOPOCTHU YacTHIl Ha IJIOCKOCTh yaapa.

Pe3ynbrarsl 3KCIIEPUMEHTAIBHBIX HCCIIENO-
BaHW MOATBEPIMIN TEOPETHUECKUE 3aKOHOMEP-
HOCTH, OIMMCAHHBLIC BBINIC, YTO IMO3BOJIACT IIPU
U3BECTHOM MHHEPAJIOTHYECKOM COCTaBE PYIIbI
MIPOBOJUTH ONTHMH3ALMIO Ipoliecca pasfene-
HUS HA PA3JLEIUTENBHON IIIOCKOCTH.
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