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NMPOCTPAHCTBEHHO-BPEMEHHAA 3BOJTFOLIA
YJIbTPA3BYKOBbLIX NMIMTY/JIbCOB B NOPOLLUKOBbIX
MATEPUNANAX KAK AVNCIEPCHbIX ®PAKTAJIbHbIX CPEOAX

Po3rnsHyTa npocTopoBO-4acoBa eBOIOLIA YNbTPa3BYKOBUX iMMY/bCIB Y NMOPOLLKOBUX MaTepianax sk au-
CrepcHUX (hpakTa/ibHUX CepesoBMLLAX.

The dimensional-time evolution of the ultrasonic impulses at the powder like materials as dispersive fractal
media is discussed.

CTpoeHue 1 CBOICTBA AUCMEPCHBIX CPpef, K KOTOPbIM NpUHAaA/Iexar nopoLLKo-
Bble matepuanbl (MM), NpmBneKatoT B nocnefHee Bpems Bce 60/bLUEe BHUMaHMe
uccrneposatenen. Takue cpefbl UMEHOT Ype3BblyaliHO LUMPOKOE PacrpoCcTpaHeHue
KaK B NpMpoze, B TOM YKC/e Te0I0rM4yeckoro NponCXoXaeHns, Tak U B pas/inyHbIX
TEXHOJIOTUYECKUX MPUIOXKEHUAX (HanpuMep, B MOPOLLKOBOW MeTanyprun, B
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CTPOMTENbHON WHAYCTPUKM, NPU NPOW3BOACTBE U WUCMONb30BAHUN CTPOUTESbHBIX
cmeceit 1 np.). Ocobblil HTEPEC OHW BbI3bIBAlOT B CBA3M C 0OHAPY>XXEHHOMW B TaKuX
cpefiax camoOpraHu3yHLLENCca KPUTUUYHOCTBIO ABleHNIA [1]. Takoro poga siBneHus
XapaKTepu3yrTca HamymMemM camonogobus NpoLeccoB, NPOTEKAKWMUX Ha pasHbIX
MacwiTabax (MUKpPO-, Me30- M MaKpOYPOBHSX). [Nt X onmMcaHns B CTaTUCTUYECKOM
(hM3MKe 1 KBAHTOBOW TeOpuW MONSA PasBUTO MPUOGIMIKEHME PEHOPMaIN3ALMOHHON
rpynmnbl, MO3BO/IAOLLEE MPON3BOAMTL PACYUETbl BAXHbLIX (PU3MYECKMX MapameTpoB
cpegbl (MM) [2]. C TOYKM 3peHUs TeOMeTPUYeCKOro CTPOEHUsi CamMOomnoA06HbIe
CTPYKTYpbI, B TOM YWC/e CTaTUCTUYECKM CaMOMOfO06Hble, ABMAKOTCA (ppaKTasia--
MU [3], @ aHaIM3 TakUX CTPYKTYP CTPOUTCA HA OCHOBE APOOGHbLIX MPOU3BOAHLIX
[4, 5]. ®pakKTanbHble CBOMNCTBA Pa3INUHbIX AMcnepcHbIX cped (B T.4. MM) ycTaHOB-
NeHbl Ana 60/bLIOro Y1cia Cbinyynx maTtepuanoB MyTeM WU3MeEpPeHus afcopoummn
ra3oB VX Pa3BUTOM NOBEPXHOCTLIO [6].

Llenbto HacToALLen paboTbl ABMAETCA YCTAHOBNEHWE (PPAKTa/IbHOCTM YacTuL,
MM (Ha npvMepe MOIOTOMO KBApPLEBOro Mnecka pasMyHon AUCNepcHOCTU) METOo-
[AOM CTaHAApPTHOro OMTMYECKOro aHanmMs3a W MCMoMb30BaHWe Pe3ynbTaToB Y/bTpa-
3BYKOBbIX WMCCNEA0BaHUIA ANs onpefeneHns (pakTalbHOCTU MACCUBHbIX W3AeNni
(maccuBoB) 13 MM (KBapLeBoro necka). lNprvmeHeHne MoA06HOrO 3KCNepUMeH-
Ta/IbHOr0 Cnocoba onpegeneHns pakTaibHbIX NapameTpos vactuy, MM (monotoro
rMecka) rno pesynbrataM U3MepeHUs NMPOXOXKAEHNUA aKyCTUYECKOro MMMysbea Yepes
MaccuBbl (rotoBble m3aenus n3 NMV) necka pasnnMyHon amcnepcHocTn (T.e. CTaH-
[apTHbIX METOJ0B JIMHENHOW/HENNHENHOW YNbTPa3BYKOBOW aKyCTOANArHOCUKM
ancnepcHbiX pakTanbHbIX cpeq (MM)) No3BoNseT YCTaHOBUTL APO6GHLIA MOKa3a-
Te/lb CTEMEHN B 3aBUCMMOCTM CKOPOCTU PacrnpoCTpPaHeHUs OT A/IMHbI BOJHbI Y/bT-
pa3Byka. Marematnyeckor MOAenbto, afleKBaTHO OMMCbIBatoLLeli NPOCTPaHCTBEH-
HO-BPEMEHHYHO 3BOJIKOLMIO YKazaHHOro nMnynsca B MM (BoobLe, B AMUCMepcHom
Cpeae), CNY>XUT NpeasioKeHHOe BOJIHOBOE YpaBHeHVE B [POOHbLIX NMPOU3BOAHbIX,
A1 KOTOPOro HainfAeHo (hyHAaMeHTa/lbHOe pelueHue. JaHHOe pelleHne MOXKHO UC-
Mosib30BaTh A4/ aHa/M3a Pas/INYHbIX HauyalbHO-KPaeBbIX 3a4ay B MOLOOHbLIX AucC-
MepcHbIX hpakTasibHbIX cpegax, MM,

CTaHaapTHas MeToAMKa ONTHUYeCcKoro aHanmsa vyactuy, MM (keapuesoro nec-
Ka) CBOAUTCA K MX (hoTorpadmpoBaHnIo Yepe3 MUKPOCKON ¢ 280-KpaTHbIM yBenu-
YeHWeM Mpw yaenbHoi nosepxHocTy MM (necka) soT 3 Ao 35 m?/kg 1 ¢ yBenuye-
Hve B 630 pa3 npu s>100 m’/kg. Janee onpegensietcs pakTaibHas pasMepHOCTb
nepumeTtpa npoekumn yactuy MM (necka) Ha MNOCKOCTb MPU pasHbIX MacluTa-
6ax [7]. 3aBMCMMOCTb ymcna N, 3/1eMEHTOB A4/IMHbI, NOKPbIBAKOLWMX NEPUMETP, OT

89



MacLuTaba MMeeT CTerneHHON BUA;
Ny =d ™k, (1)
roe D, —(hpakTasibHasd pasmMepHOCTb, d —MacLuTao.

3asucumoctb N oT d B ABaXKAbl forapudmmyeckom Maclutabe (T.e 3aBuCK-
MocTb INN, oT Ind) XOpoLUO NOXUTCA Ha NPAMYIO NNHWIO. [py 3TOM BbIEPXKN-
BaeTCs OANHAKOBbIA HAK/MOH IMHUIA A7 Pa3HbIX YacTuL, COOTBETCTBYHOLMX Orpe-
AeneHHoNM yaensHoin nosepxHocTh MM (necka). Ons pasHbIX YAeNnbHbIX NOBEPXHO-
cTeii D, Bapbupyetca oT 1,23 npu s =200 m?/kg 4o 1,16 npu s =35 m/kg.

PacueT (pakTanbHOW pasmepHocTM Dg mnowaan npoekuun vactuubl MM
(necka) NPoM3BOAMUTCA METOAOM MOACYeTa yucna KeaapatoB Ng, MOKPbIBAKOLLMX

nnowaab NPOEKLMN YacTULbl Ha NIOCKOCTb NMPY pasiMyHbIX Macwtabax d CTOPOH
KBapaToB.

MpsMONNHENHas 3aBUCUMOCTb (B ABXKAbI 10rapuMmMyecKoM MacLuTabe) Ha-
6nogaeTca U AN 3aBUCMMOCTU florapudma Yncna KeagpartoB N, MOKPbIBAKOLMX

nnowaab npoekumn Yactmupl MM (necka) ot norapndma macwrtada d. Mpu atom
D U3MeHsieTcst oT 1,582 ana s =200 m?/kg [0 1,784 ana s =35 m*/kg. BaxHbIM

BOMPOCOM fAB/IIETCA ONpesenieHne CTpyKTypbl Bcero maccuaa MM (necka). [Ans Bbl-
SIB/IEHNA TaKOW CBA3N HEOOXOAUMO MPOBECTM NU3MEPEHME CKOPOCTU 3BYKA B CYXOM
MM (KBapLeBOM MECKe) pas3IM4yHOM ANCMEPCHOCTU. JMHA YNbTPa3ByKOBOW BOJHbI,
MPOXOAsLLEN Yepe3 Takyto cpefy, AO/MKHA ObITb, MO KpalHeil Mepe, Ha NOPSAOK
6onblwe camoro pasmepa 4vactuy, MM (necka), 4to obecrieynBaeT UcCnefoBaHUe
NMOJOGHBIX Cpef B BOJTHOBOM peXxume pacnpoctpaHeHus. [Npeaiaraetcs n3mepeHus
MPOM3BOANTL MPU YacTOTe CrefoBaHMsA MMNYNbCoB 65...70 KHz u TonwmHe obpas-
LoB cpedbl (M3genunin n3 NMM) 20...30 mm. N3mepsas Bpems, 3a KOTOPOe MepeaHnii
(PPOHT Y/NbTPA3BYKOBOr0 MMMy/bCa MPOXOAUT W3BECTHOE PacCTOsHWE B Cpeje,
MOXHO 3aTeM pacCuMTbiBaTb CKOPOCTb pacnpocTpaHeHus BOH. [Mpu 3atom dopma
MMMy/ibCa MPaKTUYECKN He MpeTepneBaeT M3MEHEHW Npu NPOXOXKAeHWM MOA06-
HbIX 06pa3LIoB.

Pe3ynbTarbl NPOBEAEHHbIX 3KCNEPUMEHTA/IbHbIX U3MEPEHUIA 3aBUCUMOCTH J10-
rapugma CKopoCTU pacrnpocTpaHeHns ynbtpassyka InV B MM (KBapLieBOM Mec-Ke)
OT Nnorapuma cpefiHero AnameTpa ero YacTtul, Ind MoryT 6bITb NPeAcTaB/eHbI (an-
MPOKCUMMPOBaHbI) MHENHON 3aBUCUMOCTbIO ClieyHoLLEero Buaa:

InV=01-Ind + 6,65 (2)
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C yBenuyeHnem gucnepcHocTt MM (necka) CKOpOCTb MPOXOXKAEHWUA yNbTpa-
3BYKa CHWXXaeTCs, CTAHOBACb MeHbLLE CKOPOCTU 3BYKa B BO3fyxe. [ns 06bACHEHWS
CBA3N HabNHOLAEMOI 3aBMCMMOCTU CKOPOCTU 3BYKA B Cpefe OT ee (PpaKTa/bHbIX
CBOWCTB npea/ioeHa ((hn3nKo-mexaHuyeckas) MOAe/lb BOJTHOBOrO YpaBHEHMUS C
APOBHBLIMY NPOCTPAHCTBEHHLIMM NMPOU3BOAHLIMMU,

[N9 NoCTPOeHUss MaTemMaTU4eCKon MoAenn OLHOMEPHOro pacrnpoCcTpaHeHus
MPOAOILHOM BOMHBI BLO/Ib OCU X B AWCMEPCHOW Cpefe NPUMEM, YTO HanpshkeHue
Ha rpaHuLe BblAeNeHHOro o6bema V OMpedenseTcs rpagueHToM CMELLEeHUs u
TBepaon asbl MNMM. Torga BTOpOW 3aKOH HbiOTOHA ANs BblAeNeHHOro o6bema
MOXXHO 3anucarb B BUae:

o%u ~ 0*Pu

"o Y T

ds. )

3[ecb r —NIOTHOCTb, k —Moaynb ynpyroctu (KOHra) cpegpl (MM).

[Mpn 3TOM MCNONL3YETCA TOT PaKT, YTO UHTErPasibHOE NPUpPALLEHNE BE/IMYMH B
camonofo6HOM pa3pbIBHON CTPYKTYPE BblpaXaeTcs vepe3 ApPo6HOe WHTerpoamd-
(hepeHumpoBaHue [5]. Micnonb3ys npeobpasoBaHue [raycca-OcTporpagckoro Aans
nepexofa B NpaBoi YacTu (2) oT MHTEerpasa no NOBEPXHOCTU K UHTerpany rno obb-
emy 1 nepexoas K anddepeHumansHom opme 3anmncu, yaem NMeTb:

82u 2 62DU

T 3)

a2 ox?P’

rge c? =k/r, 1< D<2. OTMeTUM, YTO Apo6HOe AnthepeHLMpPoBaHMe Gbino Npy-
MEHEHO paHee NS MOCTPOeHMs Mofeny (uibTpaumum B MOPUCTBIX cpefax Cc (ppak-
TaJIbHOW CTPYKTYpOM [8].

B pa6bote [9] Ha ocHoBe npeobpaszoBaHusi Jlanjaca Mosy4eHO (yHAAMEH-
Ta/IbHOE peLleHne ypaBHeHMs Tuna (3) B BUAE:

u=M(zb), z=[x|/(c-t”), b=2-D,
0 (_1)n.zn (4)

M(zb)= X rCbn+@-b)]

YpaBHeHue (2) NopoxaaeT ANCMNEPCUOHHOE YpaBHEHME PacnpOCTPaHEHUS 3BY-
Ka BO (ppakTanbHOM ancnepcHou cpege (MM):
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kP =a - w, a:%, (5)

~

roe K —BOTHOBOWM BEKTOP, w—KPyroBast (LMKINYecKast) YyactoTa pacnpocTpaHeHus

BO/IHbl. CKOPOCTb (PpPOHTa TaKoi BOSIHbI N ~k P Ecm NPeAnosioKNTb MacLuTab-
Hoe camonofobuve (pakTa/ibHOro 06bekTa, TO M3MEHEHMe MacluTaba YacTuy B a
pa3 03Ha4aeT a)PeKTUBHOE U3MeHeHWe AMHbI BOMHbI | — | /a. Torga nsmeHeHue
CKOPOCTW NOAYNHAETCA 3aKOHY:

n~at, (6)

Ha ocHOBaHUW AaHHbIX MO U3MEPEHMIO CKOPOCTU MPU U3MEHEHUU AMCNEPCHO-
ctn cpedbl (MM) ona KBapLeBoro necka nosydeH nokasarens D =1,103, 4To noa-
TBEPXKAAET (h)paKTa/lbHOCTb CUCTEMbI. TaKOW APOOGHBIA XapakTep AUCMEPCUOHHON
3aBMCMMOCTWN XOPOLLIO M3BECTEH ANs (PpakTasibHbIX CeTOK [10]. CHmXeHMe CKOpo-
CTU MPOXOXKAEHNS YNbTpasByka C MOBblWeHWeM aucnepcHocth MM (B faHHOM
C/ly4ae KBapLeBOro necka), Ha Hall B3r/isj, CBA3aHO C yBe/iMyeHneM 3(h(PeKTUBHOMO
aKyCTMYECKOro nyTu MpPOXOXKAeHWUs 3BYKOBOW BOJHbI 4epe3 martepuan. ITOT pe-
3yNbTaT OTPaXKaeT TOT (PaKT, UTO CTPYKTypa maccuea (13genms ns NM) keapLesoro
Mecka xapakTepusyeTcs yepefoBaHEM MYCTOT W MNOTHbIX 06pa3oBaHuiA YacTuy, ¢
MHO)KECTBEHHbIMW KOHTaKTamu,

BbIBOAbI

1. MpuBefeHHble pPe3y/bTaTbl 3KCMEPUMEHTA/IbHOTO OnpeseneHns pakTab-
HbIX napameTpoB MM (B YaCTHOCTW, KBapLIEBOr0 Necka), No3BO/ISAKOT YTBEPXKAATb O
Ha/ MY Yy NOAO0OHBIX MaTepUasioB CBONCTB (DPaKTasloB.

2. Vicnonb3oBaHne npefaioXeHHOW MeTOAUKWU YNbTPa3BYKOBOWN aKycTo-Auar-
HOCTUKWN AMCNEPCHbIX (pakTanbHbIX cpes (MM) no3BonseT HageXXHOo Onpenenstb
[POO6HbIN NoKasaTesib CTENEHW B 3aBUCMMOCTM CKOPOCTU PacrnpocTpaHeHus OT 4/in-
Hbl BOJHbI Y/IbTPa3BYKa.

3. [nsa onucaHns pacnpocTpaHeHUs yNnbTpas3ByKOBbIX BOH B [TM npeanoxeHo
BO/IHOBOE YpaBHeHWe B APOOHbLIX MPOM3BOAHBIX M ero (hyHAaMEHTa/IbHOE peLleHme.

4. CnepyeT NOAYEPKHYTb, YTO 4acTO WUCMO/b3yeMOe MpU MOLENMPOBaHUN
ancnepcHblx cuctem (MM) gonyuleHne 06 YCNOBHOW LWIAPO06Pa3HOCTU YacTuy, U
MNOTHOM XapaKTepe X YNakoBKW M10X0 COrnacyeTcs ¢ peasibHON CTPYKTYPOW TOH-
KOAUCMEPCHBIX CPeg.

5. MNMpegnoxkeHHaa MeTOAMKA IKCNEPUMEHTASIbHOIO 1CCnefoBaHusA U (hU3NKo-
MexaHn4eckas Mofe/lb OnucaHust NPOCTPaHCTBEHHO-BPEMEHHOW 3BOMOLUMMN YIbT-
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Pa3BYKOBbIX MMMY/bCOB B MM MOXET 6bITb 1CMOMb30BaHA ANS YTOYHEHNUS W aflb-
HelLIero CoBepLLEHCTBOBAHNSA METOAMK MHXXEHEPHbIX pPacyeToB KOHCTPYKUUIA Ma-
LUWMH AN NPOM3BO/ACTBA CTPOUTENbHBIX CMeceld 1 u3genuii n3 MM, a Takke B MaTe-
pUanoBeaeHNN.
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PE3Y/IbTATbI TEXHO/TOMMUYECKNX UCTbITAHUN
BAJIKOBOI' O K/TACCUNDPUNKATOPA BUBPALUNOHHOIO TUTA

Y cTaTTi BUKNaLeHOo pesy/ibTaTh CTEHLOBMX Ta MPOMUCIOBUX LOCAIAKEHb TEXHOMOTYHMX XapaKTepUCTUK
Ta npaue3gaTHocTi BibpawiiHOro BanKoBOro Knacudgikatopa, Kou ripcbka Maca Mae BUCOKY BOMOFICTb i
BUHUKaOTb TPYAHOLL 3 TI FPOXOYEHHS.

In article, results of bench and industrial researches of technical characteristics and work capacity the vi-
brating roller classifier when the mountain weight has high humidity are stated and there are its difficulties
screening.
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