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Bhktop KxnnapoKxa
MapxynoAbOKxfl MeTaAAyprxneoKxft XHOTHTyT

MOflEJIKPOBAHHE flHHAMHKH CUnYMEfl CPEflU

Pe3K>Me. B flOKAane orixoaHa weTOflXKa MaTeMaTxxeoKoro MOueAxposaHHii 
flBMxeHHS nAOOKoro oeHeHxa ounyxero MaTepxaAa. flpw noMomx nporpaMMH, 
oooTaBJieHHOfl no X3AoxeHHOil u flOKiiafle MeTOflMKe, xcoAeuoBano 
noBenei-me ounyneii opeflu npH pasAXHHHX pexMMax a b x x c h x h Kawepu

i . BBEflEHHE

Hns MozieAMpoBaHMs AXHaMXKX ounyvMX MaTepxaAOB HaxOoAee paonpooTpaHenu 
T6KM0 MeTOflU, K8K:

-  MeTOfl onAOmHOfl o p e flH . n o  o t o I Í  r x n o T e 3 e  ounyM M ti w a T e p x a A  

ynofloóA íieT oa ne$K>pM npyeM OM y T B e p n o M y  T e z iy , u  n m  e r o  o n x o a H x a  

M onoA bsyeT oa M aTeM aTM ueoK xB a n n a p a T  x e o p x x  y n p y r o o x x  mam nAaoTMHHooTM b  

3SBMOHMOOTM OT nOOT3HOBKM 38^34«.
MeTOfl KOHeMHUX OAeMeHTOB. ripHMenaeTCS flAfl MOOAeflOBaHHH 

HanpaxeHHoro oootohhxb n nepeMenjeuxS b oOteMe ounysero MaTepxaAa. 
McnoAb30BaHne Mexona nosBOAaex ysMXNBaxb xsMeneHxe o b oJíctb oanysHX 
MaTepxaAOB b peayAbTaTe flefloxBxa BHeruHeft HarpyoKM.

- rxnoxe3a bs3koB x x a k o c t h. JlBxieHxe canyaero MaxepxaAa b 
pa3ptix'AeHHOM oooxosHXX (paooxoaHxe Mexfly sacTHqaMH Maxepxa;ia 6oAbme 
pa3MepoB Maoxxq) aHaAorxHHo aBXxeHX» BH3KOÍÍ xxak o c t x x  xoxex Ouxt onxcaxo 
ypaBHeHXHMM rxApasAXKx.

- tíccAeflOBaHxe ziBxxeHxa euxHXSHof! saoxxqa. JlBxxeuxe sacTHUti oanysero 
MaTepxaAa onxouBaeTosi ypeBHenxsMM KAaccxnecKofl MexaHXKM.

- MeTOfl MaoTxq. Has onxcanxs nosefleHxs cunysero MaxepxaAa 
uonoAbsyexos annapax MOAeKyA5ipnoB s x h8m h k h. Hsoth u h oanynero MaTepxaAa 
npe^cTaBABKiTca b Bxjqe c$ep xa ynpyroro MaTepxaAa. PaoowaxpxBaioToa 
MrHOBeHHHe napHue BaaxMOfleflOTBxa xaoTHu.

MeTo;¡u cnAouiHoB opean, KOHesHUX SAeMeHTOB x bsskoB ihakootx 
npeAHa3HaneHU aab peraeHxa oneux$XMeoKxx saaaH.
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2. MMCBEHHOE MOflEJlMPOBAHME METOflOM MACTHU

B MeTone moothu HocnenyeToa ¿¡BiixenHe KasfloS H3 n Macraq ounyqero 
MaTepuaJia non /lefíoTBUe.M bhoüjHm x own: rpaBHTaqwoHHux; own KOHTaKTHoro
B3anMo^eflcTBMa o flpyrwMM TenaMw; oonpoTMBneHwa oKpyxaiomeñ opefla (rasa, 
xwhkooth); oqeKTpMMeoKoro, MarHHTHoro w fip.

B OoíibawHOTBe onyqaeB H3 rpáBHTaqHOHHHx ovsn flooTaTÓMHO yMHTBBaTb cmiy 
THXeOTM P :

F^t= (1)

BeTiMHHHa ou/la PkiJ, neííOTBy¡o¡nett Ha Teño i npw ero oonpnKooHoseHHn o 
TeflOM j 38! HOHT OT CÖnWXeHMa Tejí 6^, $OpMH Lkij, Pa3M6pOB ft H CBOÍÍOTB 
MaTepwanoa sÄtJ KOHTaKrapyßüiiix noaepxHOOTeti ren:

F kij = f tiGiJ,LkiJ,RkiJrSkiJ) ' <2)

COJWxeHiie Ten onpeaenseToa wx KoopjjwnaTaMH.
Cuna oonpoTHBJieHHa openu Tena i 33bhoht ot ero OKopocrru

. OTHOOHTenbHO OpeflH v¿{, (JlOpMH Lzi H flilOCHnaTHBHliX OBOñOTB OpeflH Szi :

F z t  = ■f 2 fV2 < 1,L2 i ' S 2 i > - <3>

Ha owny oneicrpooTaTimeoKoro B3anM0neñcTBns Ten j w i Bnna»T oOnwxeHwe 
Ten îj' flHoneKTpwMeoKwe OBoñcTBa openu « 3apsna Ten oooTBeTOTBeHHO q < 
H q^ =

p9ij “ f 3<ÖiJ,So,q<’ q^  • <4)

AnanorHMHo moxho onpenenwTb cuna npyrwx B3awMO,qeflCTBMíí Ten, HanpwMep 
MarHHTHoro F* » t .r .mij

Haflns Boe neHoTBy¡on(we Ha i-Toe Teño ownu, cooTaBWM ypaBHeHwe ero
HBHxeHHa o yqeroM MHepuwoHHOÍÍ c m/ih F*t :

n

F-* . +P"* +F* + V  (P* + p"* +F-* ) + ...=o .ut gi eí ¿_ kij eíj bíJ '
i=1

(j K i )

• ’ <*> 

rué m <( ä ( - oooTBeTCTseHHo Maooa u yoKopenne i -Toro Tena.

flOnOÖHKM 06pa30M MOZHO OCOTñBHTb ypaBHeHHS) flBWSeHHH BOeX RaOTHU 
cunywero MaTepnana. CwcrreMa ypaBHenwii BH«a <5) onwcHBaeT aBwxeHwe 
ounyqero Marepnana na ypoBHe ero höotmlp PemeHue o h o t c m h nosBonaeT 
onpeflenMTb nonoieHxe u oKopoorw koiísoíí ms Maoraq b nioöofi MoweHT BpeweHH.
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3 to t  onoooO  MOfle^HposaHna npoqeoooB , nponoxofl5HĘMX o  cunywMM 
MaiepnanaMH HBnneTcn HaMOonee tomhhm, o^H ano e r o  npuMeHeHue orpaH im eH o 
TpyfloeMKOOTbio, nponopMMOHajibHOil 'w iony  paooMaTpnBaeMHX Macrrnu, n x  $>opMofi u 
T.n. TpynoeMKOOTb c n o c o ó a  m o ih o  OHM3HTb, npe^oTaBUB M aoroya c an y w e ro  
Maiepnana b BMfle m apoe; b HeKOTopax onyMasix 3 a u an y  o  fl8MxeHMii o a n y n e r^  
Kaiepnana m ouho oym eorseH H o ynpoorH Tb, OBena e e  k flByMepHofi (nnooKoS).

2.1. y ^ e r oh/i KOHTaKTHoro B3anMOfletłoTBHSi aaoT ny

3aflaaa c o otomt b t o m, mtoOh onpenem iT b BenmMHy oOranteHMa T en , 
Hanpae;ieHMe HopManw k noBepxHOOT3M Ten b i c t o  KOHTaKTa, a  T aK ie BenHMMHy 
h HanpaBnemie HopManbHoft u  KaoaTenbHofl oocTaB na»m nx OTHoosiTenbHotl 
OKopoom ooyflapaeM ax Ten. 3a8HOHMOOTH o n pefleneH ua nepeMMCJieHHax
napawerpoB y flap a  npuBefleHU b  TaO nnue 1.

T a  6  ji n  q  a  1 

napaM eTpa, xapaKTepn3yiomwe o o y flap e w ie  KpyrnoH M aoroqa 

o  noBepxHOOTS?MM pa3HHMHax TunoB

IlapaMeTp 
u e r o  

0603H8MeHHe

T w i  n o B ep x H o o rn

rinooK as B orH yTan BHnyKnast

C6nnseHne 
Ten fi

y i " <yo " ( x r r i - tg0 t)  • 

• t g a - r  t >
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+ < r o - y l , 2 ]  ,/2

C < y t - y o ) 2+ ( X<-
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nnooKocTH r o  ~y l
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UTHOOMT. 
HopManbHan 
OKOpOOTb Vn

AV *cosa-A V  * s i n aV *
AV *cosa-A V  » s in a  V x AV - c o s a -A V  -s in c t  V *

ÓTHOOHT. 
KacaTenbTan 
OKOpOOTb V

AV 'S ina~ A V  . c o s a -  V *
- U ł T <

AV •cosa~A V  - s i n a -  V x
- “ 0 -r 0 - “ l - r l

Av -co sa-A V  - s i n a -  

V - “ o - * o +wl - r l

Tępy ycraHOBiin M exuy KOHTaKTHoP. onn o tt u  oyMMapHotl fle$opM auneP. Ten 
(06TOxeHXeM) 3aBHOMMOOTb B BUfle:

<5 = k -P 2 /3  , (7)
r a e  p  _  K O H T aK T H aa o u n a ;

k - K03<[4)npneHT, .ywruBawąHfl (Jjopny u OBOitoTBa ooy^apneMHX Ten b
30He KOHTaKTa.

Hpm MoflejwpoBaHHM yflapHHx n p o q e o o o s  yfloOHee n o n b 3 0 8 aT b cs oO pareofl 
38BHOHMOOTbX>:

p = N# . 6 3 / £ , <8)
N = l / k S /£  . <91O
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B o i r y n a e  K OHTaicra n s y x  o4>ep ( B / a = 1 )  m o x h o  n o n b s o B a T b c ra  ynpom eH H O f) 

MeTOflMKOfl:
1 / 2

( 1 . 7 7 7 6  1 . . . .
« = [ l/Rj+l/Rg J TJ ’

a  jp isi KOHTaKTa o $ e p n  o  n n o o K o cn rb B  ( B / a = 0 ) :

r ’/2
N =  1 . 3 3 3 3 - A - —  ,  ( 1 1 )

1 “ (1, 1 ” ^2 . (12)
P  - ----- ------- g   • — g ----------- >

1 2
m e  p f, - K03ixJ)HuneHT nyaoooHa MaTepvianoB Ten ;

E i ’ B2 ~ ynpyrocrrM, Ps .

no onMoaHHOfl MeTOflWKe oocrraBneHa nporpoMMa barring, oMynupyionas) Ha 
oKpaHe nepooHanbHoro KOMnb»Tepo flBHKeHue mapoB b uvtnnH/iPHweoKo{ł KaMepe, 
coBepmatoineR BpamaxenbHoe n / n m  KoneOaTenbHoe nBMxeHMe. npvi noMonjn 
pe3ynbTaTOB HnoneHHoro MOflenupoBaHHü Hoone^oBanocb nBHzeHHe paOoHefł 
3arpy3KH b KaMepe yoTaHOBKH poTopHoro Tuna ans OTflenoHHo-3amioTHOiî 
OOpaOOTKM.

MODELOWANIE DYNAMIKI MATERIAŁU SYPKIEGO

S t r e s z c z e n i  o
V referacie opisano metodykę matematycznego modelowania ruchu prze­

kroju poprzecznego materiału sypkiego. 2a pomocą programu zbudowanego 
według przedstawionej w referacie metodyki badano zachowywanie się ma­
teriałów sypkich przy róinych warunkach ruchu komory.

MODELLING OF THE LOOSE MATERIAL DYNAMICS 

S' u m m a r y

In the paper the matematical modelling methodology of loose material 
cross-section movement has been presented. With the assistance of the 
programmo c r e a t e d  on the base of the methodology presented in the paper 
the behaviour of loose materials in the different conditions of chamber 
movement has been tested.


