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H h c th ty t  HHnPOPyflA

OilPEflEJlEHHE rH/IPABIIHHECKHX tlOTEPb nPH HAnOPHOM TPAHCnOPTMPOBAHHH 
HEOflHOPOIUIblX no rPAHynOMETPHHECKOMy COCTABY MATEPHAJIOB C EOnbfflHM 
COflEPSAHHEM MEI1KHX HACTHU

PeatoNie. AHannaHpyeT'ca Bonpoc onpeaeneHHa rHapaBnnaecKHX nOTepb 
npw HanopHOM TpaHcnopTHpoBaHHH HeoaHopoaHbix no rpaHynoMeTpHaecKOMy 
cocTaBy MaTepnanoB c SojibmHM coaepxaHHeM MenKHX aacTH a.  Ha ocHOBe 
ontJTHbix naHHbix yKasaHHbtx Bbtnie aBTopOB, a Taxxe  Ha ocHOBe flpyrnx  
naHHbix aaioTca 33bhchmocth a n a  onpeaeneHHa rH apaB nnaecK oro  yxnoHa. 
rip« TypSyneHTHOM pexHMe ABHxeHHa rHapaBnnaecKH oaHopoaHux h BMecTe 
c 3 t h m  HeoaHopoaHbix no rpaHyiiOMeTpnaeCKOMy cocTaBy rnapocM eceń  n o -  
Ka3aH0, aTo oaHopoanocTb cycneH3HH (fcopMHpyeTca He H3 Bcex aacTH a.  
npeanaraeTC H  KpHTepHH onpeaeneHHa MaKCHManbHOro pa3Mepa aacT H a,  0 6-  
pa3yK)IUHX OaH OpOaHOCTb CMecH.

ripH rnapaBnHaecKOM TpaHcnopTe Bee aame BCTpeaaeTCH rHAPOTpaHcnopTHpoBa- 
HHe MaTepnanoB c HeoAHopoaHoft rpaHynoMeTpHeń H 6onbniHM coaepxaHHeM MenKHX 
toaKUHii -  pa3nnaHbix bhaob KOHaeHTpaTOB, necKOB, xboctob o 6oraTHTenbHbix 4>a- 
6phk h ap. Bonpoc nporH03HpoBaaHH xapaKTepHbix CKopocTeft H rHapaBJiHaecKHX 
noTepb npn TpaHcnopTHpoBaHHH MaTepnanoB peraeH He noiiHOCTbio. OnpeaeneHHbie 
cyxaeHHH h aononHHTenbHbie aaHHue a n a  e r o  pemeHHH OKaxyTca npaKTHa.ecKH n o -  
ne3HbtMH a n a  cneananHCTOB, 3aHHMaiomHxca Teopneft h npaKTHKOH rnapaB nH aecK oro  

TpaHcnopTa .

OnbiT noKa3biBaeT 111, hto rnapocMecH c HeoaHopoaHOH rpaHynoMeTpHeft h 
6onbuiHM coaepxaHHeM Menrax (JipaKAHH MoryT paccMaTpHBaTbca KaK xHaKOCTH co 
CBońcTBaMH, xapaKTepHbiMH oaHOBpeMeHHO a n a  Ba3KO-nnacTHaecKoro Tena h HbioTO- 
HOBCKOH XHAKOCTH. OpH SOnbmOft KOHaeHTpaaHH TBepaOTO OHH npOHBJIHIOT xapaKTep 
HbioTOHOBCKoft XHaKOCTH, a npH He6onbuiHx KOHaeHTpaanax OTBeaaioT nHHeiiHOfi p e o -  
norHaecKOH 33bhchmocth. 3th rnapocMecH HMeioT peorpaMMu, noaaHHeHHbie 3aK0Hy 
EHHraMa-UlBeaoBa, c onpeaeneHHoft HenHHeiiHOCTbio peorpaMMbi npH He6onbnmx ycKO- 

PCHHax h HaaanbHOM caBHre  %> , 3aBHcameM ÓT BHaa raapocMecH h KOHaeHTpaaHH 

TBepaoro .  3 t o  ocoSeHHOCTb peorpaMM n o sB o n a eT  b ycnoBHHX ABHxeHHa c OonbmHMH
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ycKOpeHHHMH (ajih jiHHeńHOro ynacTKa peorpaMMbi) , T.e. b TypöyneHTHOM pexHMe 
ABHXeHHH, HHTepnpeTHpOBaTb XHAKOCTb K3K HbKJTOHOB CKyiO , HO C nOBbimeHHOÜ nHOT- 
HOCTblO H EH3KOCTbK>. IlpH JI SMHHapHOM pexHMe ABHseHHfl - ABHXeHHe C H 0 6o JI bUIHMtl 
ycKOpeHHHMH, aHOMailbHbie OC0 6eHHOCTH XHAKOCTH 0K3 3bIBai0T CymeCTBeHHOe BHHHHHe 
Ha aHCCHnauHio h yCnoBHH TpaHCnopTHpoBaHHH, nosTOMy hx HeoöxoAHMO ymiTHBaTb.

B yenOBHHX ABHXeHHH C OTHeTJIHBblMH HblOTOHOBCKHMH CBOHC T B 3 M H  AB H OU6KKH 
pexHMa flBHxeHHH MOXHo Hcnonb30BaTb o 6o 6«eHHoe HHcno PeüHonbflca:

VD
(1) Re* = -------------- ,

3>c« * - S 2 L -
6VJ0CM

rae: D -  AHaMeTp TpyöonpoBona ; V - cpeAHHH CKopocTb abhx ch hh ; 9 CM -  KiiHeMa-
THHecKHü K03<M)HUHeHT BH3K0CTH r-HAPOCMecH ; - HaHajibHoe HanpaxeHne CflBllra;
.Pc m  - nnoTHOCTb rHflpocMecH; g - ycKopeHHe CBoöoAHoro naneHH».

Bo3MO*Hbi flBa pexHMa HBHxeHHH - naMHHapHbiH h TypöyneHTHbiH. npH onpene-
neHHOM 3H3M6HHH oOoömeHHoro HHCJia PeftHOnbflca Re*=Re* JiaMHHapHbiñ pexHM n e -

K p
pexoflHT b TypßyneHTHbift. Ocoßbift HHTepec npeACTaßnaeT TypöyneHTHbm pexHM. B 
flaHHOM c n y n a e  onepiHBaioTCH ABe oßnaCTH -  oOnacTb rnnpaBHH<iecKH o a h o p o ah h x  
TypßyneHTHbix ABHxeHHñ h nepexoAHaa o ö n a c T b ,  pacnonoxeH K aa  MexAy naMHHapHbiM 
pexHMOM H pexHMOM rHflpaBJiHMecKH OHHOpoflHbix TypByneHTHbix a b h x c h h h .  B n e p e -  
x o ah o ö  oönacTH AHCCHnauna noToxa H3MeHsieTcsi He3HaHHTenbH0 c H3MeHeHneM c k o -  
pocTH. noTOK x ax  6bi H3MeHSjeT CBOK> CTpyKTypy, nepexoflH b rHflpaBjiHHecKH o a h o - , 
poflHuñ noTOK. B 3T0H oßnacTH Ha flHCCHnauHH noTOKa OTpaxaioTca x ax  c b o h c t b s  
naMHHapHoro n o T o x a ,  Tax H CBOHCTBa TynßyneHTHoro noTOKa, npHHeM nepBbie n p e -  
o 6naaax)T b Hanane  oSnacTH, a  BTopue -  b KOHne. B oßnacTH rHApaBAHvecKH o a -  
HopoflHbix TypöyneHTHbix a b h x c h h h  rHflpaBjiHnecKHe noTepH pe3KO h apacTaioT c  y ß e -  
jiHweHHeM CKOpocTH. KpHBaH rHApaBJiHnecKoro yxnoHa J CM(V> B norapniJjMHHecKHX 
KoopflHHaTax npaKTHHecKH n ap an n e n b H a a  k p h b o S ,  nocTpoeHHoñ n n a  boam J0 (v).
3oHy ojjHopoflHbix TypöyneHTHbix HBHxeHHö moxho onpenenHTb no cpeAHeń CKopocTH 

b oônacTH V £  ^ n p ’ r , a e : ' Vnp "  CK° P ° CTb n e p e x o n a  ot naMHHapHoro k TypOyneH- 
THOMy pexHMy ; k  »  1 -  K03<Jx}>HAHeHT-, 3aBHcanHft ot KOHneHTpauHH T B ep n o ro .

THflpoTpaHcnopT 3THX MaTepHanoB HeoßxoflHMO ocymecTBBHTb co cpenHeii cko-  
pOCTbK):

(2i ' v„„ < V « kVnp np
CKopocTb V np moxho onpenenHTb H3 (1 )  npH Re*=Re*Kp, T . e .

( 3 )  V = 1  V cM R e* KP (1 + l / l  T 1  -1 »
" P  2 D 3 p  ^

J CM y<CM Re KP

H c c n e n o B a H H H  O T se jb x u x  aBTopos n O K a 3 b i B a x ) T , hto R e* He HMeeT onpeneneH-KP
HOÜ BejIHHHHbl H H3MeHfleTCH B TpaHHuaX OT 10’ AO 2,5. 10s . PaCCMaTpHBaH 3aKO- 
H OMepHOCTH ABHXeHHH 3THX THAPOCMeCeft KaK THAPaBAHHeCKH OAHOpOAHbIX C nOBbl- 
rneHHOH nnoTHOCTbH) h BH3KOCTbK>, no ananorHH c ABHXeHHeM boa h  aah 3HaHeHHH 
Re*Kp m oxho npHHHTb 2 , 3 2 . 1 0 s (no  naHHbiM flH)paHa Re*,^, = 2 . 1 0 s).

Ha n p a K T M K e  TO HbKO HeKOTopue rnnpocMeCH n o A H H H H K J T c a  3aKOHy BHHraMa. 3 to
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CMecH c OMeHb MenKHMH qacTHuaMH. CMecH c HeoAHopoAHOft rpaHynoMeTpueft h Ha- 
CTHuaMH AHaMeTpOM 6onee aeM 0,03-0,04 m m  npH ABHieHHii non AeiiCTBueM bhcui- 
Hero ycHiiHH, aHaMHTenbHO npesocxofiamero ycwiHe nun npeononeHiia Haaanbiioro 
HanpaaceHMH CABHra, AOCTaToaHO to>iho MoryT öbtTb npoaHanH3HpoBaHU no 3BKOHy 
He-HblOTOHOBCKOH ÖHH TaMOBOM XHAXOCTH, npHHeM yMHTHBaeTCH BJIHHHHe OCOÖeHHOC- 
Teß r-HApocMecH, CBH3aHHbix c HaJiHMHGM 6onee KpynHbix (fcpaxuHö, xax Ha cxopocn. 
ocaxaeHHH (KpHTHMecKaa cKopocTb) , Tax h Ha rHApaBJiHMecKHe noTepH.

Pa3Ho<t>paKUHOHHbie THiipocMecH c öonbniHM conepxaHHeM MenK03epHHCTbix aac- 
THU B naMHHapHOM pexHMe nBHxemw npoHBJiHioT TeHAeHumo k ocaxAeHH» 6onee 
KpynHbix wacTHu. B aahhom cnyaae Bonpoc o Tax Ha3UBaeMOH xpHTHaecxofl cxo- 
POCTH HBJ1HBTCH CymeCTBeHHbIM. üpH Tp3HCnOpTHpOBaHHH B yCJIOBHHX rHAPaBJlHaeC- 
XOH oahopoahocth Bonpoc onpeAeneHHH rHApaBnnaecxoro yxnoHa cboahtch x onpe- 
neneHHK) xo3<txt>HUHeHTa rHApaBnnaecxHx noTepbACM, a npH V ?  kvnp " K nPaBMnb’ 
HOMy onpeneneHHK) nnoTHOCTH rHAPOCMecH p  CM- B nepBOM cnyaae rHApaBjiHaecxne 
noTepH onpenensnoTCH npH noMoutH 33bhchmocth:

C4) A ^3ar. A c m ^K J   = J  = ----------------------- ,  M .C T .n y j i b n u
L CM D 2g

a BO BTOpOM - H3 yc JIOBHH rHflpaB JIHMeCKOÜ OflHOpOflHOCTH npH nOMOmH 3aBHCMMOC- 
TH :

(5) ±üi££2_  = J . _*•_ —  1 ™ -  = J Í £ Í L  , M.B.cr.,
Ł CM D 2g Po ° fo

rne: ,X0- xo34>4)HUHeHT rHApaBnnaecxHx noTepb i h c t o ä  b o a n ; p0 - nnoTHOCTb b o a h .
ripn na M M HapHOM pexHMe a b h x o h h h  xo3W>HAHeHT X  CM b TpyßonpoBOAax o n p eA e-  

naeTCH no fcopMyne:

(6) A cm= ■CM Re*
npH TypöyneHTHOM p e x H M e  A B H x e H H H  xoaixfeHuneHT CM onpenenaeTca: 
a) no H 3 B e c T H b iM  ÿopMynaM üpaHATnn h Bna3Hyca n p H  a b h x c h h h  b rnanxnx 

Tpy6ax:

( 7 ) ^-CM= » rs‘kp 6  Re = ~ f ~ < 2 -1°4

(81 — --- = 2 logRelfÄ^ - 0,8; 2.104 iRe = ^ 3 , 2 4 . 106

6 ) no <J>opMyne Kon6pyx a -Y a« T a  npH ABHxeHHH b mepoxoßaTux T p y ö a x .(9).
CnpaBeAHHBOCTb (4) npn (7), (8) h (9), x o r n a  p e ab  HAeT ot TpaHcnopTHpo- 

BaHHH MaTepnanoB c o ahopoahoh rpaHynoMeTpHeft h öojibmHM xonnaecTBOM Menxnx 
itpaxuHH, HeoaeBHAHa. npn Hcnonb30BaHHH (5) HeoöxoAHMO 3HaTb nnoTHOCTb tha- 
paBAHHeCXH OAHOpOAHOft CMeCH. Een« Bce aaCTHAbl fcopMHpyiOT THApaBAHHeCXH OA- 
HopoAHyn cMecb, to hnoTHOCTb noToxa onpeAonneTCJi c noMontbio aaBHCHMOCTH.
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HO)  f c M  “ c - (f T  - P o )  .

rae : C -  oSteMwaa KOHaeHTpaaHH rnapocM ecH.
A n n MHOrOKOMnOHeHTHbix rnapocMeceö nornqeH Bonpoc o b o 3 M 0 * h o c t h  k p h t h -  

qecKoro Hcnonb30BaHHH (4) n (5).
n p H M B H ö H H e  (4) n p H  A cm no H O) T p e ö y e T  Hanannn y c n o B H S

r H f l p a B n n q e c K O H  o a H o p o a H O C T H  r a a p o c M e c H .  H c n o n b 3 0 B a H H e  <i>opMynbt (5) n p H  T p a H 

c n o p T H p o B a H H H  M a T e p a a n o B  c  H e o a H o p o a H O ö  r p a H y n o M e T p a e ä  h ß o n b n iH M  c o a e p x c a H H -  

eM MejiKHX q a c T H U ,  H e c M O T p a  H a  t o ,  h t o  O H a  O K a s b J B a e T C H  c n e a c T B H e M  T H a p a B i i H -  

q e c K O H  O H H O p of lH O C T H  c y c n e H 3 H H ,  T p e ö y e T  o 6 o c H O B a H H H . Æ n a  3 T 0 f i  p e n n  B o c n o n b -  

a y e M c a  onbiTHbiMH n a H H b iM H ,  n p H B e a e H H b i M H  H a  P H C . 1  H phc.2. H a  p n c . l a  a a H b i  kph- 
Bbie J ( V )  n p H  T p a H c n o p T H p o B a H H H  p e q H O r o  n e c x a  c  n n o T H O C T b r o  f > T = 2,4 t / m 3 h  

r p a H y n o M e T p a e f t ,  n 0 K a 3 a H H 0 f t  H a  phc.16. I l o  a a H H N M  1 2 1  H a  p a c . 2 a  B no ra p H <}>M H -  

q e c K H X  K O o p f l H H a T a x  y K a 3 a H  r H a p a B J i H H e c K H ń  y i c n o H  n p H  T p a H c n o p T H p o B a H H H  » e n e 3 -  

Horo K O H u e H T p a T a  n n o T H O C T b i o  ß T= 4,9  t / m 3 h  r p a H y n O M e T p H e ü , n p e a c T a ß n e H H O ö

Ha phc.26. M3 pnc.2a bhaho, mto npn V .? V, = kV„ KpHBbie npaKTHMec-
h n p  CM

km napannenbHbi kphboh, cnpaBeanHBOH hhctoh boah Jo (V). CneaoBaTenbHO, Ha 
yqacTKe V >  ^Vnp rH W 0CMecH moikho paCCMaTpHBaTb KaK rHapaBiinnecKH oaHOpoa- 
Hbie. Ha 3 tom yqacTKe, ncxonn H3 ycnoBHH rnapaBiiHaecKOH oaHopoaHOCTH, nnn 
onpeaeneHHH J (V) aonjKHa 6biTb cnpaBeanHBa aaBHCHMOCTb (5).

P n c . l a  3a B H CHMOCTb rH flp a B J iH q e c K o ro  P h c . 1 6  K pH B aa r p a H y n o M e T p H a e c K o r o  
yKIIOHa OT CKOpOCTH flBHKeHHH C O CTaB a n e C K a  H3 aOJIHHbl
B onorpyH T O B O H  CMecH B Tpyöo- p .M a p n u a  -  p T = 2 , 4  t /m 3
n p o B o a e  D = 8 0  m m

B T a 6 n H u e  1 a n »  HeKOTopux x a p a K T e p H u x  CKOpocTeö aaH b i onbiTHbse (B3HTbie c  

KpHBbix p h c . 1 6  h p h c . 2 6 )  h BbiHHcaeHHbie n o  ( 5 )  3H aaeH H H  rn a p a B J iH q e C K o r o  y K n o -

H a.
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P n c . 2 a  H 3 M e H e H H e  T H n p a B J iH M e c K C  

r o  y K n o w a  c  H 3 M e H e H H e M  

CKOpOCTH npH T H f l p a B n H -  

MeCKOM TpaHCnOpTHpOBa- 
HHH Kene3H0r0 KOHUeHTpS 
T a  1 2 1 .
OSteMHaa KOHueHTpauwa 
C  =  0,32, P t = 4 , 9  t / m 5 , 

d 50= ° . 0 4  MM 

... - 0=150 MM 
ooo - 0=200 MM

P u e . 2 6  r p a H y n o M e T p H a e c K H f t  c o c T a B j  

Kene3Horo KOHpeHTpaTa 121
p T=4 ,9 t/m5 ,
d5o= 0,04 m m , d=0,078 m m .I 
n = 0,881
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TaSnima 1

V, M/cex 1,5 2,0 2,5 3,0 3,5 4,0 4,5 3aMenaHHe

ifenxHH necox 
HI

ínbn- 0,031 0,054 0,0815 o.ne 0,144 0,181
5>t=2,4 t/m3
0=80

Jcm
C=0,091 no(5) 0,0316 0,054 0,0824 0,1127 0,1465 0,185

n=0,83 
d=0,111 NM

Jcm 
no(12) 0,031 0,0535 0,081 0,1106 0,144 0,1812 -

vnp=0,767 
M/cex no(3)

Jonwr 0,048 0,057 0,086 0,118 0,1535 0,1940 - Pt=2,4 t / m 3

JCM
C=0,16 noC5) 0,0343 0,0587 0,0895 0,1224 0,159 0,203 _

O = 80 NW
n = 0,83 
V =1,719

noPf/) 0,0332 0,0569 0,0865 0,1186 0,154 0,1945 -
np ’

M / c e x  no(3)

XeHe3HbM XOH- Pt=4,9 t / m 3 
O = 200 NM

aeHTpaT 121 
Jonbrr - 0,0386 0,0599 0,0854 0,1155 0,1499 0,1889
J n = 0,881CM d=0,078 NW00,32 no(5) - 0,04136 0,0641 0,091 0,1236 0,1605 0,202
JCM
no(12) “ 0,03864 0,05984 0,08536 0,115489 0,1499 0,18898

H3 Ta6nHu« bhaho, MTO BbiMHcneHHbie 3HaneHHa r n a p a B U H H e c x o ro  yKnOHa 6onb- 
rne onbiTHbix, hto He cooTBeTCTByeT ycnoBHio rHApaBiiHHecxoH oahopobhocth. B 0 3 - 

HHKaeT B o n p o c ,  c aeM CBH3aH0 3to n p O T H B o p e n n e . Ecnn nccneaOBaHHbie r w a p a c M e -  

CH oaHopoflHU n o  rpaHynoMeTpHH h m o t h o c t h  h OTBeaaioT TpeöoBaHHHM rHflpaBjjH- 

HecKOii oflHopoflHOCTH, to npH J o ( V ) ,  onpeaeneHHbiM onuTHbiM nyTeM , T a x o r o  n p o -  

THBopeaHH He 6bino 6bi. Æjih HeoaHOpoflHbix CMeceń c SonbiiiHM npoueHTOM MenKHX 

nacT H U , K3KHMH HBJiHioTCH paccMOTpeHHbie Bbime, noHHTHe " rH flpaB nH H ecK aa  ohho- 
ponHOCTb" HMeeT to * e  caM oe coaepacaHHe -  paBHOMepHoe p a c n p e a e n e H H e  nacTHij  

n o  ceneHHio, - ho b y c n o B n a x  T ax  Ha3biBaeMOH OflHOpoflHOH H ecym eń xchaxocth wiot 
HOCTblO H BH3XOCTbK> 6onbUie aeM y  HHCTOH BOflbl. HeXOTOphie ÿpaXUHH 3THX THAPO- 

CMeceñ npH o n p e a e n e H H o ñ  c p e n n e ñ  cxopocth T paH c n o p T u p o B a n n a  B c e r a a  H ax o f laT c a  

B COCTOHHHH PHiip 3B J1 HHe CXOH 03H0p0aH0CTH H JUS TpaH cnopTHpoBaHHH x p y n H u x  no 

p a s M e p y  O paxun i i  o6pa3yioT  c B oaon  T ax  Ha3biBaeMyio Hecymyio x cnaxocT b .  K o r a a  a a -  

CTHUtj, ÿopMnpyiomiie rHapaBJiHHecxH oaHopoaHyio  Hecymyio c p e a y ,  n p e o ß j ia a a io T  b 
rn a p o c M e C H , to ohm o6pa3yioT  r n a p a B n i m e c x H  oaHopoaHHH nOTOx, cnocoöH biö  n e p e -  

HOCHTb onpeaeaeHHbiH n poueH T  6 o n e e  xpynHbix O p a x n n i i ,  xoTopbie He oxa3UBaioT c y -  

mecTBeiiHoe B o a a e n c T B iie  Ha c r p y x T y p y  p a c n p e a e n e H H H  nacTHU h Ha BenHHHHy r n a -  

paBHHHecxHX noTepb. 3to oneBnaHoe npeanonoaceHne noxa3biBaeT, hto nnoTHOCTb 
THApaBnHHecxoH oaHopoaHOCTH ruapocMecH He o6ycnaBnnBaeTCH bccmh nacTHijaMH, 
a Tonbxo TeMH, xoTopue ÿopMHpyioT rnapaBnimecxyio oaHopoaHOCTb. OcTanbHbie 
nacTHUbi c pa3MepoM 6onbme Tex, xoTopbie o6pa3yioT rHapaBnnwecxyio oaHopoaHOCTb, 
naaBaioT b roMoreHHOH CMecH, He 0Ka3HBas B03neńcTBHH Ha rHApaBjiHHecxHft yxnOH
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cM ecx BcneacTBH e hx h h 3 k o t o  conepxaHHH b Heft. CneaoBaTenbH O, c rHapaBnH- 

MeCKOft TOMKH 3pe H H H THAPOCMeCb flOHSHa paCCMBTpHB3 T b CH KaK rHflpaB J1 IIAeCKH 

onHOpoflHaa c oSbeMHOft KOHueHTpauHeft C0 = nC, rae n -  HacTb aaCTHU b CMecH, 
o6pa3yiomaH e e  rH npaBnH aecxyio oaHopoflHOCTb. rinoTHOCTb roMOreHHOft CMecH, b 
KOTopofi aBHraioTCH KpynHbie  aacTHaw, 6 y a eT  MeHbme nnoTHOCTH Bceft CMecH, T . e .

B aaHHOM cnyaae H3 ycnoBHH rHApaBnnaecKOfi oaHopoaHOCTH ana onpeaeneHHa 
rftapaBnHaecKoro yxnoHa HcnonbayeTca 3aBHcHMocTb (12):

MT06bl HCn0JIb30BaTb (12) Heo6XOBHMO 3H 3Tb npOUeHTHOe COaep*aHHe HaCTHU, 
4>opMHpyioniHX rHapaBnHMecKyio oaHopoaHocTb CMec«, T.e. ancno n. M h c b o  n m o x c h o  

onpeaenHTb no rpaHynoMeTpHaecxofi KpHBoft npn ycnoBHH, a t o  BepxHaa rpaHHua 
pa3Mepa aacTHu b oaHopoaHoft cycneH3HH H3BecTHa. MaxcHManbHuft paaMep aacTHu, 
yaacTByiomnx b ()>opMHpoBaHHH rHApaBHHaecxoft oaHopoaHOCTH yxasaHHoft rHApoCMe- 
c h  , yrny6neHHO npoaHanH3HpoBaH aBTopaMH b 111, h a n a  ero onpeaeneHHa pexo- 
MeHayeTca 4>opMyna (13):

r a e :  d  -  ycnoBHbift MaxcHManbHbift anaMeTp a ac T H a ,  mm; j0T h p Q - nnoTHOCTb 
T B epaoro  h b o a h ,  t / m j .

B Ta6n n a e  1 yxa3aHW BMancneHHbie 3HaaeHHa rH A paB nnaecxoro  yxnoHa JCM(V) 
no (1 2 )  npH p CM Q no ( 1 1 ) ,  r a e  n  o n p e a e n a e T c a  rpaHynoMeTpHaecKHMH k phbw m h 

no MaKCHManbHOMy anaMeTpy a a c m a ,  o6pa3yiomHX rnapaBnHaeCKyio oAHOpOAHOCTb 
CMecn, BbiancneHHOMy no (13). H3 aaHHbix b h a h o ,  aTO onuTHbie 3HaaeHHa rn a p a B -  
n n a ec K o ro  yxnoHa H BbiaHcneHHbie no (1 2 )  coBnaaaioT.

Hcnonb3ya onbiTHue aaHHue H3 131, xacaionHeca onpeaeneHHa rHapaBnnaecxoro 
yxnoHa npn TpaHcnopTHpoBaHHH pa3HHAHHX bhaob  KOHaeHTpaTOB h x b o c to b  b Tpy- 
6onpoBoaax <P 103, 206 H 310 mm, npnxonHM k TOMy x e  pe3ynbTaTy. 3 t o  notca3«- 
BaeT, aTO BbiaBneHa onpeaeneHHaa 3 3K0H0MepH0CTb, KOTopyio HymHO yaHTbiBaTb 
npn onpeaeneHHH rnapaBnHaeCKoro yxnoHa npn TpaHcnopTHpoBaHHH oahopoahmx 
rnapocMeceft c SonbiiiHM coaepxaHHeM Menxnx aacTHA.
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OKREŚLENIE HYDRAULICZNYCH STRAT PODCZAS CIŚNIENIOWEGO TRANSPORTU 
NIE3EDN0R0DNYCH WEDŁUG SKŁADU GRANULOMETRYCZNEGO 
MATERIAŁÓW Z DUŻĄ ZAWARTOŚCIĄ MAŁYCH CZĄSTEK

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

W artykule analizuje się zagadnienie określenia strat hydraulicznych 
w rurocięgach podczas transportu materiałów niejednorodnych z dużę do
mieszkę drobnych frakcji.

Wskazano, że te mieszaniny hydrauliczne można rozpatrywać jako częstkl 
ni e n e u t o n o w e a  w warunkach ruchu turbolentnego jako newtonowe, lecz z 
podwyższona lepkościę i gęstościę w stosunku do lepkości i gęstości wody.

Otrzymsno dane doświadczalne o wartości i charakterze zalany oporów 
hydraulicznych podczas transportu hydraulicznego drobnoziarnistego piesku 
rurociągiem o średnicy 80 mm.

Dane przytoczono w postaci wykresu IcB « f(v) dla stałej wartości 
objętościowej konsystencji mieszaniny hydraulicznej - C - 0,091, 0,116 
i 0,16. Charakter krzywych wskazuje, że mieszanina hydrauliczna o dużej 
zawartości drobnych częstek tworzy jednorodnę ciecz z dużę lepkościę i 
gęstościę w stosunku do wody.

Wskazano, że jednorodnę ciecz tworzę nie wszystkie częstkl, a tylko 
te, które posiadaję wymiary mniejsze od określonej średnicy.

Podaje się wzór dla obliczenia maksymalnej średnicy częstek tworzęcych 
hydraulicznę jednorodnę suspenzję.

Proponuje się sposób określenia strat hydraulicznych w rurocięgach pod
czas transportu materiałów niejednorodnych z dużę domieszkę drobnych frak
cji. Dla uzasadnienia sposobu wykorzystuje się dane doświadczalne w tym 
takie dane otrzymane innymi badaniami.

DETERMINATION OF HYDRAULIC LOSS IN PRESSURE TRANSPORTATION 
OF SIZED MATERIALS WITH HIGH PORTION OF FINE PARTICLES

S u m m a r y

In this paper are analyzed the problems of hydraulic loss determina
tion for pipelines, transporting heterogenous materials with high fine 
particles content .

It is shown that such hydromixtures can be considered non-Newtonion, 
but having a brigher viscosity and density than water .

The test results obtained show the range and character of the hydrau
lic loss variation in case of hondling fine sand in a pipeline with 80 mm 
diameter and solids volume concentration e = 0,031, 0,116 and 0,16 .

Data is plotted in the form of the Ij^ = (V) curves . The curve carác
ter snow thsd the hydromixtures with high proportion of fine fractions
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form homogenous liquids of e brigher viscosity and density than water. It 
is shown, thad homogenous liquids can be formed only by particles, having 
8 size , smaller than or equal to a certain diameter, for the determina
tion of wich an equation is given.

A method is proposed for the assessment of the hydraulic loss in the 
hydraulic transportation of heterogenous materials with high fine fraction 
content. The method is based on test results, including also other rese
archers evidence .


