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Bhktop K n n a a p o K M f i ,  M p H H a  B y T o p H H a ,  B m a n M  E B T y m e H K O  

HapHynoA b O K M i l  M e T a n j i y p r H a e o K M t ł  H H O T M T y T

■ MOflEJlHPOBAHHE BHEPAIJHOHHOrO HEPF.MEtHEHUfl HACTMLlbl

Pe3»Me. B noK /iane o n n o a n a  m o t o u h k o  MaTeMaTwaeoKoro MOfle/iHpoBaHxa 
flBHieHHH aaoTHUU o u n y a e ro  MQTepHPJin n o n  neBoTBHeM KO/ieóaHMfl 
ooHOBaHMn. B Moneim H onoubsoB oiia r p  iOTe3a H.HbCTOHa o  "MrHOBeHHOM 
y n ap e" . ripn noMomu nporpaMMH, o o o ro a . o h h o B  n o  M3AoxeHHoB b  noKJiajqe 
MeTonHKe, HooneflOBaHa yoTOilapBoorb nep p o flp aeo K o ro  h b m ich h b  
oipepxaeoKott aaoTPLju Ha BepTMxa/ibHO BpOpppy»meM o o h o b 6 h p m ,

1. BBEflEHHE

B M e T a n T i y p r H H e o K o f l  n p o M u m n e H H O O T H  m w p o K o  n p p M e H a c r o a  n p o q e o o H  

n e p e p a O o T K M  o u n y a x x  M a T e p p a n o B  b  B P Ó p o K P n a m e M  o n o e ,  x a p a K T e p p 3 y » n p e o a  

BHCOKOił n p O M 3 B O f l M T e J l b H O O T b C  M  K a a e O T B O M  n p O f l y K U P P ,  H P 3 K M M

S H e p r o n o T p e ó / i e H H e M ,  n o n H o f t  M e x a n n 3 a u n e i ł  u  a B T O M a T H 3 a q n e n  o ó o n y i P B O H P a  

Cli. H o o n e n o B a H H f l  n p o u e o c o s  H a n p a B J i e H H  H a  P 3 y a e H P e  T e n / i o -  h  M a o o o o Ó M e n a  b  

KknaiqeM o n o e ,  e r o  r p n p o n p n a M P K P  u  O T p y x T y p n .  T e o p p a  B p O p a u P O H H o r o  

n e p e M eineHMa M e n K 0 3 e p H P 0 T N X  M a T e p p a / i o B  n o o T p o e H a  H a  P 3 y a e H P P  n o B e n e H P f l  

eflHHMMHOñ a a c T P U H  C 2 1 .  E o n b m o e  3 H a 4 e H n e  H M e e T  3 a n a a a  p o o n e n o B a H P a  

flBMieHHa a a o T p q u  n o n  f l eflcTBPeM B e p T P K a / i b H u x  K o n e C a H n f l  o o H O B a H P a ,  ( M o n e n b  

ł e p M M - y n a M a  C33), K O T o p a a  p o n o n b s y e T o a  n n a  p o o J i e f l O B a H P a  O P i y p x a i i M O H H U x  

KaoxaflOB H e j i M H e ñ H h i x  f l P H a M P a e o K M x  OHcrreM, x a p a i c r e p e H U M  n e p e x o n o M  

n e p p o f l p a e o K P X  p e x P M O B  k  x a o T P a e o K P M .  flna e e  p e m e H P a  n c n o n b 3 y e T o a  

MMoneHHufl M e T o n  3 a o 7 i a B o x o r o  -  P b m k o  c 4 3, o o n e p x a m « «  n o n y n j e H p e ,  K O T o p o e  

M o z e T  n o B J i n a T b  H a  T o a n o o T b  p a o a e T a  n p p  O o i i b m p x  a M n n p T y n a x  n B P x e u p a  

ooHOBaHxa.
B paOoTe c 53 n p p B en en o  yonoB Pe nepponpaitH X  pexnMOB n B P ie u p a  m apa, 

nonyaeHHoe K3 yonoB Pa paBeHOTBa oxopooTefl naneH Pa u  OTOKOKa, OTKyna m o x h o  

onpene/iHTb :J>a3y ooynapeH P a <l>:
n •n i-R

cos  ----------- > f J
a l*R

r^e n  - oTHomeHxe neppofla f l B P x e H H S  m a p a  k  neppofly KoiieOaHMfl o o n o B a H w a ;  

a  -  o T H O o H T e n b H o e  B P O p o y o x o p e H P e  o o H O B S H i i a ;

a  "  A - u 2x g  ,  ( 2)
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A. «  -  aM nnwTyfla u  q a o x o x a  xo jieöaH H ft o o h o b b h n a ;

R -  K03$$HHneHT BOooraHOBTieHna oKopooTM m ap a  r ip a  y ^ a p e .  

g -  rpaBM TauHOHHaa nooTosiH H aa, g  = 9 .8 0 7  M ^oex2 ;

H3 O T o ro  B upaseH M a o ^ e u y e T , wxo n e p n o u n a e c K n e  T p aeK T opnn  flB uxeH aa 

m apa oym eoxB yjox b ¿gnana30H e

, t/zl+R
A i1-R n-n-g J

3K onepnM eH Ta^bH ue MOOJie/joBaHna noK a3a j in , q x o  o  yBeim qeH w eM  q a o x o x n  

KOJieöaHHfl ooHOBaHHa n p n  onpe^e^eH H oti q a o x o x e  npoHOXO^HT H3MeHeHne Tana 
TpaeKTopaa flBM xem ia m ap a  C33. flp n  fla^bHe(in¡eM ysejiH M enaa q a o x o x a  

CTa6aJibHn(ł peiMM flBMieHaa cM enaeToa xaoTHqeoKHM.
B H aoT oam ee BpeMa H e paoK puT  MexaHW3M OMeHH n e p a o a a q e o K o ro  peatHM a, a  

•raicie BBiiaHne y p o sH a  flHoonnannM Ha n e p n o f ln q e o K o e  flSHzeHM e, b C B a3n o  qeM 

Ou/io npoB efleH O  HcojieflOBaHw e Ha yxóqHenHoíí MOflenvi n p o y e o o a .

2. METOflHKA MOßEJIMPOBAHHil 3AJIA4H í'EPHH-Y/IAMA

B MOMeHT BpeMeHH t 0 H3BeoTHO noTioxenne qeHTpa xaxeom  qaoxMUH y( t Q), 
ee OKOpocTb v^( t-0 ) , u 38KOH KOJieÖaHMß ooHOBaHHa y0 = A-Sin( u-t-+4>). pa3Mep 
qaOTMUH d H K03$$MUHeHT BOOCTaHOBBeHMa R.

H aqa.no ooyjgapeHM a q a o r a u u  o  ooHOBaHMeM t  o n p e a e n u M  M3 youoB H a

KaoaHMa:

y(tO)+V  V ' (tA_tO)+ I W  = I  + A‘sin(W'S+ <t>)* (3)
i  y

n o n y q eH H o e y p a s n e H H e  TpahoueH fleH TH O ; e r o  pem envia  HeoöxoflHMO

npHMeHGHHe qHOneHHHX MeXOflOB.

C q tix aa , qTO M aooa ooHOBaHHa 3H aqnTe/ibHO 60/ibm e M aoou m ö o th u u  h

CKopooTb njoHOBanna v o  3a  BpeMa y a a p a  He H3MeHMBaob, o n p e a e m iM  cK opooT b 

O T O K O K 8 :

W  = < V -  R' V (t* ! • (4)

m e  v ^  c t ^ ) , V ( t ^ )  -  cooTBeTCTBeHHo o K o p o o x n  pafleH w a w oTOKoxa rnapa. 

ł a s a  o o y flap eH H a m ap a  $  paB H a

i}> =  ( w - t  +  <i>) m o d  2 - 7 1  .  ( 5 )

a  MaKOMManbHâa B u o o T a  otckokd  m apa;

X = X (t_) + V [tj.t + ^g.t 2 . (6)max o ft y f ft max 2^ max
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no 3T0My ajrropwTMy oooTaBneHH nporpaw M u v © rt_ o i  u v © rt_ 0 2 . llporpaviM a 
Vert_oi oM ynnpyeT Ha oxpaH e nepooH anbH oro  KOMnb»Tepa TpaeicropHC flBMieHHa 
mapa. • fl/ia ó o /ie e  n o n H o ro  HooneflOBaHMS TMnoB T paeK ropnił, n n a  x a zn o tt rp y n n u  
flaHHUX (u, F, R), pao aeT  npoBO^HJios) o  pa3JiHMHHMM sHaMemisiMM $a3U n 

OKopooTM n e p B o ro  ooynapeHMsj (4> e  c o ,  B - n i .  &<p = n /1 2 ) .  n o o n e  <JnKoai4nn 
yoToSMHBHX opóMT, n p n  noMorqn nporpaMMH V e r t_ 0 2  H oonenoB anoob h x  pa3BHTne 
npM yMeHbmeHHH h/im ysejiMMeHHM m b o to th  m aMn/iHTynu KoneCaHMtt. 3aTeM npn 
nOMOmM nporpaMM G ra p h _ 0 1 , G ra p h _ 0 2  H G rap h _ 0 3  OTpOMJIMOb K apra  4>-a.

max v +

3. BHBOflŁI

fljIH $MKCHpOBaHHUX 3H8MeHHfl a  M U  B03M0XHH HeOKOJIbKO TliriOB TpaeKTOpMB,
onpeflenaeMue $a3oR nepBoro ooyaapeHwa. 3aBHOMMOOTH $a3H ooynapeHMH i(i o t « 
b ojiynae oflHOTaKTHux TpaeKTopMii, nooTpoeHHue no naHHUM nnonenHoro 
SKonepwMeHTa, ooBnaflaioT o paoMMTaHHUMH no 3aBHonMooro (i). Tomkh 
6n$ypKaunM nepnoflnqeoKnx TpaeKToputt, nonyneHHue paoMerauM nyreM,
ooBnaflaeT o nsHHUMw SKonepHMeHTOB C31. nepMonnMeoKoe flsmeHHe 
npeKpamaeTon npw onpeyieneHHOM 3HaHeHHH napaMeTpa a - HaoTynaeT 30Ha 
XaOTMMeOKOrO flBHXeHMfl.

PeiMMU nepnoflHHeoKoro flBHieHwa paBHOfl TaKTHOcrra, h o pa3JiHWH0fi 
nepMOflMMHOOTH OTTiHMaiDTOfi ypoBHeM MexaHHMeoKoft OHeprwH OMOTeMU map - 
njiocKocTb. Kasflaa TpaeKTopna HMeeT onpeneneHHue OHepreTimeoraie "6apbepu", 
KOTopue "y^epxMBaBT" map Ha o t oH TpaeKTopnn npH H3MeHeHHM OHeprwM
CHcreMH. 4eM Bume HaHanbHHfl 3anao OHeprwM CHCTeMu, TeM OoBbme ano.no 
B03M0XHUX nepnoflHaeoKHX TpaeKTopnfi. ripn H3MeHeHHH OHepreTHMeoKoro Oananoa 
(pasCanaHce CMCTeMtj) H3MeHeHneM, HanpnMep, MaoTora nnn awnnHTyflu 
KoneOaHHfi nnooKoora, HapymaeToa TpaeKTopna mapa. Eojih "pa36anaH0" OHOTeMH 
He BuxoflMT 3a OHepreTHHeoKHe Oapbepu, to nepMOflimeoKoe nsnreHHe 
BoooTaHaBnHBaeiosi Ha o t o m re ypoBHe (ooxpaHseToa xpaeKxopna xoro re
Tuna), B npoTHBHOM cnynae oHOTeMa nepexoflHT Ha xpaeKTopuD- 6onee HH3Koro

ypoBHa. ripH  M an o M  ” p a 3 6 a n n a H o e ”  CM OxeM ht n p o H o x o / jH T  e e  " c a M o p a c K a M K a ”  f lo  

o n p e f l e n e H H o r o  y p o B H H . C y B e n H H e H w e H  a n p o H c x o n n x  " c O n n x e H H e "  

s n e p re T H H e o K H X  y p o B H e P i T p a e K T o p v tf i  p a 3 n n H H O f t  TaKTHOOTM n p H  O flH ospeM eH H O M  

" n p n 6 n n a :e H H H "  y p o B H n  y o x o f W M B o r o  f lB H s e H itn  k  B e p x H e M y  ” 6 a p b e p y " .  i l e p e x o n  

OT OflHOTaKTHOft T paO K T O pH H  K flB yX T aK T H O fl oC L aO H S eT O H  OHH X eH M etS BenH H H H H

B e p x H e ro  O a p b e p a  H u s e  B e n n 4 H H U  " c a M o p a c K a M K M " . C a w o p a o K a H K o f l  o n o r e m t  

ofibaoH B exosj t o ,  m t o  b  B H M H onH T enbH H X  s K o n e p H M e H T a x  nonoreHwe t o h k h  

CH$ypKaiiHH He 3 a B H 0 H T  o t  nH O K pexH O O T H  npHpanjeHHsi napauexpa o p  npeKpameHHe 
l
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•nepnofln<mHX TpaeKTopwfi moxho oótaoHHTb B3anMHUM nepeKpuTHeH 
OHepreTMweoKMX ypoBHefl w y x  u Conee TpaeKTopxfl - TpaeKTOpHH OTaHOBHTOS 
paBH03Ha4HUMH H map He yaepstWBaeTOfl hm Ha oflHoił W3 hmx.
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MODELOWANIE WIBRACYJNEGO PRZEMIESZCZENIA CZĄSTECZKI

S t r e s z c z e n i e

W referacie opisano metody matematycznego modelowania ruchu cząste
czki materiału sypkiego pod działaniem drgań podłoia. W modelu wykorzy
stano hipotezp Newtona o "chwilowym zderzeniu". Za pomocą programu zbudo
wanego według przedstawionej w referacie metodyki badana jest stabilność 
ruchu periodycznego sferycznej cząsteczki na poziomo wibrującym podłodu.

MODELLING OF VIBR ATOR Y PARTI CLE DISLOCATION 

S u m m a r y

In the paper the methodology of partlcal movement mathematical model
ling of loose material effected by base vibration has been discussed.
In the model Newton’s temporary impact has been used. With the assistance 
of the programme created on the base of the methodology presented In the 
paper the stability of spherical particle vibration movement on the 
horizontally base has been tested.


