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3HHOBMft Ct o u k o , WpHH Koapat Bh k t o p Mapeu 
JlbBOBCKHft lrOSHTeXHHHeCKKR HHCTHTyT

MOKEJWPOBAHHE nPOUECCA HAJIUJIEHHfl BEBECTBA

Streszczenie. Matematyczny model procesu nanoszenia powłoki za 
pomocą ruchomej głowicy natryskowej i ruchomego, pokrywanego podłoża 
umożliwia obliczanie rokładu masy powłoki w dowolnym punkcie powie
rzchni i dobieranie optymalnych parametrów procesu, zapewniających 
odpowiednią jakość powłoki.

Pe3»ne. MarenaTHMecKoe MoaejinpoBaHne irpouecca HairbuieHHS BemecTBa 
Tipn OTHOCHTejihHbK 7TepenemeHnsx pacnbunrreiis u HanunaenoH noBepxHocTH 
ito3BOJisieT paccMHTaTb pacupefleJieHHe Macew BemecTBa b juoóoh TOMKe 
noBepxHocTH m BudpaTb oiTTMnajibHue pejtmiH HarrbuieHHsf o6ecneMHBannpie 
HeoóxoaMnoe KasecTBO ttokpwtms.

Summary. Mathematical modelling of the process of substance 
spraying with the relative movement of the sprayer and the surface 
being sprayed allows us to calculate distribution of the substance 
mass in any point of the surface and to choose the best ways of 
spraying that provide the necessary quantity of covering.

HanuBeHHe BenecrBa Ha ocHOsaHwe ncTio»b3yeTca bo mhothx TexHoJiorwxecKKX 
mpoueccax, k irpHnepy: HaHecenne jaxoKpacoHHux trOKpwTKfl Ha HuaenHS t
TfonyMeHwe 3mhcchohhnx h  H30 nr u ho h h wx ttokpnthh Ha aeTanax > neKTpoHHtjx 
TrpHÓOpOB . npH 3TOM BO rtHOTKX CJiyVaSX Upea M B  JISKVTCS BUCOKHe TpefiOBaHUa K 
TOMHOCTM TTOKpNTMS BO TOJI®HHe, paBHOMepHOCTH paCHpeaejleHHi Maccbl TTOKpwTHS H 
ap. CymecTBy»T pa3Hwe neroaw oóecneMeHHS sthx TpeSoBaHHfl: ncnoibooBaHHe 
cooTBeTCTBynmHX kohc Tpy KUHft pacnbUHTeji9, irepenemeHHe H3aenwsi nndo 
pacnbuirrejia b npouecce HairbuieHHS senecTsa. OirrHnaxbHue peruMW 
HaiTbmeHHs r oóecireMHBawnue Heo6xoAHnoe xaxecTBO ttokpmths ( noryr 6uTb 
irojiyxeHM rryieM naTenaTKMecxoro noaejiwpoBaHHs npouecca HaitbueHHs BemecTsa 
M3 pacnuiwTe».
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ioirycTHH, mto BenecTBO Hanbuisercs Ha ir«ocKOCTb XDY (cm. puc. i.) «3 
pacnhUIHTeS». KOTOpHft HaXO/IKTCS Ha HeKOTOpOM paCCTOHHHH OT JTJIOCKOCTH 

nonaaaHHe xacTHMKH BenecTBa b TTpsMoyroibHy» oójiacTb j), orpamweHHy». xax 
noxa3aHO Ha pHcyHKe, a6cunccanM x t h x2 h op/iHHaTaMH h y moict 6wn> 
HHTepwpeTHpoBaHO xaK noiraaaHHe cjiyMaHHOH tomkh (X,Y) b aaHHuft 

npanoyroJibHHK, mto oimcuBaeica onpeaeaeHHOfł <J>yHKiineM pacirpeaejieHHa u 
TTBOTHOCTh» pacTrpeaeneHHS cHcreMfci /iByx ciyxaKHboc BejiHMHH - £(x,y). tynKiinsi 
f(x,y) BpeacraBnaeT coóoh njioTHocTb pactrpeaeaeHHS Macew BemecTBa.

Rys. 1. Szkic do wyznaczania masy powiokowej 
Puc. 1 . K onpeaejieHwo Macew HaimnaeMoro BeiaecTBa

Fig. 1. To the definition of the mass of the substance spraying

Hacca aeraecTBa, HanuneHHoro 3a BpeMst At Ha oójiacTb D, paBHa

M(D) = M(ńt) P((X,Y)cD), (1)

rtf-; M(fit) - nacca semeciBa, pacnbueHHoro pacnwjiHTejieM 3a BpeMB At"
P i ( X . Y ) 'D )  -  B ep ostH O C T b nonaaaH H a cxyM dHHoA sejiHMHHW b o ó a a c T b  D .
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x„ y, 2 •‘ 2
P((X,Y)cD) = / / £<x,y)dxdy (2)

M(At) = QAt, (3)
rae; Q - npoH3BoanTejibHOCTb pacnnjiHTena.

BBeaen noHßTHe botok nacen BeaecTBa m  - KonHaecTBO nacen BeinecTBa t 
oceaaeHoro Ha eaHHKue irjiomaaH 3a eaHHvmy BpeneHH. B Hamen enyaae

m =  QP((X,Y)cp)
( x 2- X l ) ( y 2- y i ) * (4 )

nPn m  = const, hto HneeT necTO trpH HeronenHof! npon3BoanTenbHocTH 
pacnnanTena, HetroasHXHhßt pacnuiiMTene h oöaacTH D, nacca BemecTBa 
HanbuieHHoro Ha naomaab s  3a B p e n a  t, paß Ha

M = mSt. Í5)3

ITpH OTHOCHTejibHOH n e p e n e m e H H H  o ö n a c T M  D * h 6o  p a c n u a K T e a n  a p y r  

O TH O C H TejibH o a p y r a  ttotok n a c e n  m S y a e T  BenHMHHOft n e p e n e H H o f t ,  T . e .  upíc o n s t . 
B 3TO H  c a y a a e  n a c c a  B e m e c T B a , H a n u n a e n o r o  H a n a o m a a b  s  3 a  B p e n a  t ,  p aB H a

C S CM = / n£dt = 7- —  TT— — / QP((X,Y)cD)dt . (6)s 0 ix2 xtM Y z y,) q

Ana xapaxTepH CTH K H  p a cn p e a e a e H H a  n a c e n  H a n u n a e n o ro  Bem ecTBa no  

n n o c x o c T H  XOY u e a e c o o 6 p a 3 « o  n o jib 3 0 B a T b ca  3HaaeHHeH n a c e n  B em ecT B a , 

H a n n n a e n o ro  Ha eaHHwuy nnom aan 3 a  B p e n a  t  b  o ó a a cT H  D ( x t , x z ; y 1 , y 2 ) :

Aonycicafl f mto pacTibUHTejn» paóoTaeT cTaówibHO c tioctoshhoB
TTpOH3BOÄHTeHbHOCTbD f M yMHTMBaS § MTO
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P((X,Y)cD) = / / t (x,y)dxdy, noayxHM (8)
* , y ,

t *2 y2
M1 = (X -X ?(v -V ) * 1 1 iix-yi^ydt • (9)

2 i 2 yi' 0 X1 y.,

3aecb £(x,y) “ nnoTHOCTh pacnpeaeneHtu Macew BemecTBa. Hcxoas i©
$n3Mnecxoro CMUcjia npouecca pacnbuieHHS BemecTBa, asa oóbiMHoro pacnbuiHTeaa 
MOXHO npHHSITb HOpMâJtbHMft 33KOH pacnWJieHHS MaCCW BeWeCTBa, T.e.

( x - a x ) Z ( y - a y ) 2

2 2
£ ( x , y )  = 2„ a ~  e  » y (10)

X y

rae; a h a - ueHTpw pacceMBdHHSi CHaTei-iaTHMecxoe OBtaaHHe) cooTBeTCTBeHHo
X y

no ocsM OX h OY" a h a - cpeaHHe KBaapaTHXHue OTKJioHeHws 
X y

B reoMeTpHMecKoii WHTepnpeTauKH a h a npeacTaBJisioT coóoft CMemeHHsi
X  y

paenbuiKTeiis no oc an OX h OY ot ueHTpa KoopamaT. flpn nepei-temenKH 
pacnwjiMTejia b nnocxocTH napamienbHOH XÛY, a m a sbjisiiotcsi <J>yHKunsi-in

X y

Bponf?HH. npH nepoMeweHHH oóaacTH D » nnocKOCTH XOY oônacTH HHTerpHpoBàHHSi 
x i H X2‘ yi 14 Y? 6yayT $yHKumir« BpeneHH.

3 a a a B a a  t o t  r u h  HHOft 3âKOH aB H xeH H S  p a c n b u i m e n s  j ih ó o  oôaacTM D, m o x h o  

paecnHTaTb pacnpeaeaeHHe m m ccw  nanhuiaeHoro B e m e c T B a  b jiinóoR T o n x e  

naoexocTH XOY, T.e. b jiioôoA nacTM H3aejiHa.
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MODELLING OF THE PROCESS OF SUBSTANCE SPRAYING

Here we deal with modelling of the process of substance spraying over 
the surface of a thing with its relative movement. Spraying of a particle 
of the substance is interpreted by casual quantity hitting the given area 
and is described in the theory of probability.

Notion of substance m s s  flow is introduced - that is a quantity of 
substance m s s  accumulated by a unit of area per a unit of time. 
Considering the sprayer to function with constant productivity, a 
mathematical expression for the mass of the substance sprayed over the 
unit of the surface of a thing at the given period of time was formulated. 
When taking this or that law of the sprayer or substance movement, one can 
calculate distribution of the covering m s s  over point on the surface of a 
thing. The suggested model can be used when making automatical systems of 
the technological process of spraying process control.


