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BeepeHue. MpaKTMYECKN BCE KOHCTPYKLMOHHbIE MaTepuanbl HEOAHOPOA-
Hbl MO CBOEW CTPYKType. B ogHMX cnyyasx 3To 06yCNOBAEHO TEXHONOTNEN U3TO-
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TOB/IEHUS MaTepunanoB (MNOPUCTOCTb, PA3/IMYHONO PoJa MHOPOAHbIE BK/KOYE-
HWA), B APYyrMx BTOpasa ¢asa BBOAMUTCA C LEe/Nbl0 AOCTUNKEHMA KOMOMHaLUM
CBOWCTB, HE NPUCYLLUX KaXKAOMY U3 KOMMNOHEHTOB (TBEpAble CNAaBbI).

Echn HeKkoTOpbIi 06BEM TBEPAOro Tena NoABepKeH ObICTPO HaANpPAXKEH-
HOMY COCTOSIHUIO 33 NpeAesiaMu NPOYHOCTM MaTepuana, To paspyLlleHrne HoCUT
MHOYECTBEHHbI XapaKTep WU COMNPOBOXKAaeTcA 0b6pa3oBaHMEM OCKONKOB Ca-
MbIX Pa3NMYHbIX GOPM M pa3mepoB. TaKoe paspyLleHMe MMeeT MecTo Npu yaa-
pe u B3pbiBe. MNpobiema NPOrHO3MPOBaAHMA KOJIMYECTBA OCKONKOB M MX pas-
JINYHDBIX XapPaKTEPUCTUK MMEET BaXKHOE NpuKAagHoe 3HadeHue [1, 3].

3HaHWe pacnpeneneHna sHeprum B3pbiBa NO Cpeae, OKpPYyKaloLen 3apaa,
NO3BOJIAET CYAUTb HE TO/IbKO O rTEOMETPUYECKMX Pa3mepax 30Hbl paspyLLeHus,
HO M O KpynHOCTU ApobneHuns [2].

Lienb pabortbl. poBecTM TeopeTUyeckoe mUccaepoBaHWe NPOrHO3MPOBa-
HWA KOJINYECTBA OCKOJIKOB U UX Pa3/INYHbIX XapaKTEPUCTUK TeNa NoABeEpPIKEH-
HOro 6bICTPO HANPAXEHHOMY COCTOAHMIO 33 NpeAenaMn NPOYHOCTU MaTepua-
na. PeweHune 3agaun tpebyet nogpobHOro aHanM3a NoAA CKOPOCTEM NO 0cAM
KOOPAMHAT Vi, V,, V3, TaK Kak B 0bOLeM cnyyae cooblueHHan cpege KMHeTunye-
CKas 3Heprua TONbKO YaCTUMYHO pPacXo4yeTcA Ha paspylleHune cpeadbl, @ OCTa/lb-
HaA YacTb 3TOM 3HEPrMM 3aTPaYMBaAETCA HA NepemMelLeHne OTAENNBLUMXCA KyC-
KOB.

Marepuan u pesynbratbl uccnegoBaHun. MoayynMm OCHOBHbIE pacyeTHble
COOTHOLUEHMA HenocpeacTBEHHO M3 paccMoTpeHua 6anaHca aHeprumn, Npoms-
BOJIbHO BblAE/NIEHHOTO B cpee 3emeHTa. [ledopmaLmm Npon3BoIbHOro A0CTa-
TOYHO Masoro anemeHTa B obuiem caydae cocToAT: 1) M3 mocTynaTenbHoro
ABUMKEHUA 3/1eMeHTa, 2) U3 ero BpaleHMA KaK TBepaoro Tena v 3) us cob-
CTBEHHO AedopMaLnii OTHOCUMTEIbHO HEKOTOPOM CUCTEMbI KOOPAMHAT, Hepas-
PbIBHO CBA3AHHOM C YacTMLAMM 3TOTO 31€MEHTA.

O Be/IYMHE N HAaNpPaBJEHUM CKOPOCTU MOCTYNaTe/IbHOrO ABUMEHMUA AaH-

Y10°V20° V30
HOTro 3neMeHTa MOXHO CYyAuUTb MO BEKTOPY CKOPOCTU YyacCTuupbl,
ﬂE'H(aIJ.I,EI‘;I B UEHTPE UHEPLUWN OTOTO 3/1EMEHTA. |_|03TOMy Ana CoCtaBieHnA 6a-

NNaHCa 3Heprnn AOCTATOYHO pPaACCMOTPETb MoJs1eé OTHOCUTEJ/IbHbIX CKOpOCTeﬁ

V, =V, s VA = VAar,V, —V .
1710072 "20°°3 30, B cnyyae, ecam HayanbHOE None CKOPOCTEl Bbl3Ba-

HO AEeNCcTBMEM B3pblBa, TO CKOPOCTM MMEKT NOTeHuMan, u, cnenoBaTesbHO,
BpalLlaTeNibHOE ABUXKEHME OTCYTCTBYET. Takum 0bpa3om, none OTHOCUTENbHbIX
CKOpOCTEeN NONHOCTbIO onpeaenaeT aepopmaumnm BblgeNEHHOTO 3N1€MEHTa.

Mpn aedbopmaumax Mmasbix 31eMEHTOB BCAKMN 0OBbEM, OrpaHUYEHHbIN NO-
BEPXHOCTbIO BTOPOro NopsAKa, NepexoanT B Apyroi 06bem, TakkKe orpaHMYeH-
HbI MOBEPXHOCTbIO BTOPOro NOpPsAKa, Tak Kak B 3TUX YC/IOBMAX Mbl OrPaHUYU-
BAaeMCA N1Lb BTOPbIMU CTENEHAMM PACCTOAHUIA MeXKAY TOYKAaMM M OTOpacbIBa-
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eM MO ManoCTU YNeHbl, cogep)Kawme b6osiee BbICOKME cTeneHW. [loaTomy,
Hanpumep, 0H6BEM, OrpaHUYEHHbIM Kakon-nmbo cpepon, OonNMCaHHOM BOKpPYr
LEHTPa MHepLMWU 31emeHTa, nocne agebopmmnpoBaHusa ByaeT orpaHUYeH no-
BEPXHOCTbIO TPEXOCHOro 3nnauncouaa. ocneaHaa e NOBEPXHOCTb MOXKET
6bITb MONy4eHa M3 HavyanbHOM cdepbl, KaK M3BECTHO, NYTEM PACTANKEHUN (MK
C)KaTWi1) NO TPEM B3aMMHO NepneHANKYNAPHbIM F1aBHbIM HanpaB/ieHUAM.

Ecnn ocn KoopanHat 6yayT coBMeELLEHbI C 3TUMM TNABHbIMU HanpaBAeHU-
AMW, TO KUHETMYECKAA dHeprua, naywas Ha gebopmmpoBaHme eanHuLbl 06b-
emMa AaHHOro 3siemeHTa, byaeT paBHa CyMMe KMHETUYECKUX SHEPTUiA, 3aTpaun-
BAaeMbIX Ha PacCTAXEHME 3N1eMeHTa MO Ka)KAOMY M3 NaBHbIX HanpaBAeHUA B
oTAEeNbHOCTU. [1eNCTBUTENBHO, N3 COOTHOLWIEHUSA, ONPeaensAtoLLErO BEKTOP CKO-

V.,V \A)
POCTU Mo ero coctasaawwmMm 1’ 2 p

2_.2 2 2
\% —v1+v2+v3,
nmeem
2
_pPV™ _
E= 2 _E1+E2+E3

Bbiperkem paccmaTpuBaeMblii 31EMEHT
B popme Kybuka, pebpa KoToporo napan- ¥
NenbHbl OCAM KOOPAWHAT U paBHbl 2a, Ta-
KMM 06pasom, 4YTo HayasNo KOOPAMHAT COB-
nafaeT C ero UeHTpom nHepumm (puc. 1). To-
roa NPy pPacTAXKeHUM BAOb ocu X abcontoT-

Hble CKOpOCTM ero 4actuy 6yayt onpege- 0
NATbCA OOWMM BblpaXkeHUem ©
6V1
ViTVi0t Y 5% 2 x dx
OTcloAa HaxoAMM OTHOCUTE/IbHbIE CKO-
pocTH Puc. 1 Uccnepyembii
v, 9N1eMeHTaPHbIN 06BEM
1I7V10 T Y 5

Bbluncanm KnHeTU4veckyto saHeprmto E nayuiyto Ha pactarkeHue Kybuka no
ocn OX. OHa bygeT, o4eBNAHO, paBHa

2 2
+ap(v -V ) al ov ov a 4 ov
E =] —1 10/ (2a)2dx:4pa2j x—1 dx:4pa2 _1 szdx:—pa5 1
1
_a 2 oL OX X ) o 3 0x

CnepoBaTtesnibHO, NOJIHAA 3Heprus aebopmauunm byaeTt paBHa Cymme Hep-
T PACTAMKEHMA NO TPEM IMaBHbIM HaNpPaB/leHMAM U COCTaBUT
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C Apyroi CTOpOHbI, ecin pasmepbl KybrKa cOOTBETCTBYIOT pa3mepam OT-
AeNVBLIeroca Kycka, To HalAeHHana aHeprua AosXHa bbiTb paBHa paboTe pas-
pyweHua cpeapl B obbeme Kybuka, T. e.

E= 8a5A,

roe A — yaenbHaa paboTa paspylueHWAa cpefpl, OTHECEHHaA K eAuHuLe
obbema. U3 nocnegHUX ABYX BblpaXKeHUI HAXOAMM pa3mep KYCKOB
| 6A

2 2 2
0 ov ov
p{ VI} +{ 2} +{ 3}
10) ¢ oy oz

Mpu aTom BXogAwWwMe B 3HamMeHaTe /b NPOM3BOAHbIE AO0NXKHbI 6bITb B3ATbI
Mo rnaBHbIM HanpaBAEHUAM.

D

a=

o \Y%
BmecTo yaenbHol paboTbl A MOXHO BHECTM KPUTUYECKYIO CKOPOCTb P
N3 YyCNOBUA, YTO

Torga nonyymm

2 2 2
T
19, oy oz
(1)

B obwem cnyyae rnaBHble Hanpas/ieHua gebopmaumii He COBNAAaloT C
ocamu KoopauHaT. NMoatomy B ypaBHeHun (1) cneayeTt 3HameHaTenb npeobpa-
30BaTb K NPOWU3BO/IbHON MPAMOYroNbHOM cUCTeMe KoopAauHat. Hanbonee npo-
CTO 3TO Npeobpas3oBaHNE MOXKHO BbIMOJIHUTL, €CIN BBECTU NOTEHLMAN CKOPO-
ctn ?. CheposatenbHo

2
2 2 2 2 2 2
ov ov ov 2 2 2 3 A2
Ho| L| 4| 2| (|3 |20 ,|00e| |27 _5l07¢
Ox oy 0z ox2 oy 2 oz2 ) i|ow.?
1

Mpu npeobpa3oBaHUM KOOPAMHAT B APYryl0 MNPAMOYrO/bHYIO CUCTEMY

Xi>¥Y1oZi34aueHuna P, koHeuHo, ocTaHyTca 6e3 usmeHeHua. Hy>kHo byaeT nmwb
BbIYMCUTb HOBbIE 3HAYEHUA MPOU3BOAHbIX
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dy 12 6x1 22 ayl 32
Z_(p:bms_(p”ma_(p*b%
Z X 6‘y1
3pecb koapduumeHTbl P cokpaleHHo 0603HaYalOT NPOM3BOAHbBIE HOBbIX
KoopAnHAT NO CTapbim

ox ox ox oy
b, =—,b =—Lpb =—Lp L .
117 ¢ 2127 oy~ 13 oz 721 px

PaCCMOTpMN\ I'IO,CI,pO6HO BpaweHne CUCtembl OKOJZ1I0O OCU Z. Torga UsmeHsa-
HOTCA TOJZIbKO ABe KOOPAUNHATbLI X N Y. |_|pl4 3TOM UMEIKT MeCTO cneayroume co-
OoTHOWEeHUNA

X, =X-cosa+Yy-sina
y, =y-coso —X-sina

Torga nonyymm
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MoBTOopHbIM ANdPepeHUMpPOBaAHNEM HAXOANM
2 2 2 2
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Tenepb MOXHO COCTaBUTb U3 BTOPbIX MPOU3BOAHbIX NUHBAPUAHT, KOTOprI‘;I
COXpaHAET CBOeE BblparKeHUNe npu nepemeHe KoOopanHat

2 2
2 2 2 2
2 2 2 2 2 2
070 | L1070 ) 9Te| _|070| |07 L, 070
ox2 oy> Oxdy ox; oy? R

B obuwem cnyyae npuv U3IMEHEHMM BCEX KOOPAMHAT TOYKU COXpaHseTca
cnenyrowmnii UHBapUaHT

o 3



>\{E=

- GITEPTMTI'2014  Mining and Metallurgical Equipment

2 2 2 2 2 2
2 2 2 2 2 2
0o | |97 |970| 070 | 070 | 07| _
ox 2 oy 2 oz OXOy 0x0z 0yoz

2 2 2 2
= 62(p + 62(p + 62(p +2{ 62(p ] +2{ 62(p ] +2{ 62(p ]
ox2 6y12 6212 6x16y1 6x1611 6y1621

(3)
B yacTHOMm cnyyae, ecam ocu KOOpAMHAT COBNAAAIOT C MaBHbIMU Hanpas-
NEHNAMWN U OAHOBPEMEHHO C FMABHbIMM OCAMM aanunconaa gebopmaumni, To
3TU OCU ABNIAIOTCA B TO e Bpema U 0CAMU CUMMETPUU, BCIeACTBUE Yero cme-
LWaHHble Npon3BogHble obpawatoTca B Hyan. OTcloaa caegyeT, YTO B 3HAaMeEHa-

Tene popmynbl (1) nog 3HaKOM KOPHA [AOMKEH CTOATb MHBApPUaHT (3), Bcrea-
CTBME Yero pacyeTHas ¢opmyna byaet umeTb ceayowmn Bua,

v 3

Kp

33 62(p .
¥y

ZZawaw ;

't I (4)

roe 6il - cumBo/bl KpoHeKepa, npuyem noA pagukan KopHA AO0MKHbI BXOAUTb
BCe BTOpble npounsBoaHble P, Kak B BbiparkeHum (3).

Ecan Ham M3BECTHO nosie NOTeHLMANa CKOPOCTM, TO NO ypaBHeHuto (4),
MOHO ONpeaennTb KPYNHOCTb ApobseHMA No BCcel cpene, OKpyKatolen 3a-
PAL YTOUYHAA rPaHMLbl 30HbI ApobaeHus.

Hanpumep, B cnyyae chepruyeckon CMMMETPUM UMEEM

rae © - dyHKUMA, 3aBMCALLAA OT BpEMEHM 1 NO3BOAAET BbIYUCANUTL CKOPOCTb U B
Ntobo MOMEHT t Ha 1t06OM PACCTOAHMM I; B MOMEHT BPEMEHM t CKOPOCTb YObI-
BaeT No mMepe yaasneHusa oT 3apsaga obpaTHO NPONOpPLMOHANbHO KBaapaTy pac-
CTOAHMA T;

6v1:6v1:_2.9 6V2:6v3:v_1:i
ox or 3 , oy oz r r3_
CnepoBaTtenbHO
3
VKP\/g VKP
a= =
J4 02 02 02 OV
1'6 1'6 1'6 (5)
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MocnepHee COOTHOWEHMEe AaeT pe3ynbTaTbl B OTHOWEHUU pacnpeaeneHns
KpynHOCTM apobneHus. MNMpepsapuTenbHO NOCTPOUM Ha puc. 2 KpmByto. Ha no-
BEPXHOCTU 3apAda B TOYKe A HaxoAUTbCA BHYTPEHHWE rpaHM KYCKOB NepBOro
paga. Moatomy 13 Toukn A nposoagum nog yrnom B 45° npamyto AB oo nepece-
YeHMA C KpuBOM B TO4uKke B, T.K.
rnaBHble HanpasneHuma pgedopma- a
UMM COBMAZAlOT C OCAMM Koopau-

HaT. CooTBeTCcTBYylOWAA oOpAaMHaTa
al=BC onpegenut pasmep 3TUX Kyc-

H
KOB U NonoXeHwe B Touke D BHYT-
PEHHUX TpaHen BTOporo paga. MNo- p E
BTOPUB KaszaHHOe nOoCTpoeHune
P y - P ' 0 ACDF G F d
Haxo4um, cpeaHUN pa3mep KYyCKOB /
BTOporo paga a2=EtF. Mpamasa, npo-

BeAEHHas U3 TOYKU G MOMKET U He
nepecekaTbCcsA C KPUBOM U, CneaoBa-
TeNbHO, pJanbHenwee apobneHune
6yaeT HEBO3MOXKHbIM.

BbiBoA. Ha ocHOBaHWKM NpoBeAeHHbIX UCCNEeA0BaHUIA MOXKHO MPOrHO3U-
pPOBaTb KO/IMYECTBO OCKO/IKOB U MX Pa3/INYHble XapaKTEPUCTUKK ANA Tena noa-
BEPXKEHHOro ObICTPO HANPAXEHHOMY COCTOAHUIO 3a Npeaenamm MPOYHOCTU
maTtepuana.

Puc. 2 NpaduK pacnpegeneHuns
KpynHOCTK ApobneHuna
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