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C.-TIeTep6yprcKHH rocynapcrse ansui TeXHOJlOrHlJeCKHH yHHBepcHTeT pacrtrrensnstx 
nOJlHMepOB, yn. H BaHa Hepastx , 4, r . C .-flel'e\16 ')'\w , P OCC\\~ . \9'609 5; 
e-mai l: tamara_ tpt@mai l.ru 

Cztaaroasre Te4eHWI 6yMa)l(HOH MaCChI HMelOT MeCl'O B pasnu-uuax annapaTaX 6y Ma)l(Hoii 
r N 

npcnsnnnea aocr a ( MeJKllY poropo» II CIl7UM rf(£((J'oym~'f(B'a'f'(O:JTe H , COpTUpOBOK. B suxpe-

BhlX nOTOKax UeH1]JuKJJHHep OB, B KOHcjJy30pflhlX K8f18JJ8X f18nOpHhlx J1Ujmw »,. lJ.!) Cl:~­

HhlX 3JJe})JeJlT.ar. Il:l.WeflffJe..rrerf I\Oflu eRTpauHff Jf ztp.) . Ilpn 3TOM B WUpOKOM TeXHOJlOrH lJe­

CKOM naanasone xonuenrpauaa MaCChIO,S .. . 5.0 % BaJKHa CTenCHh ziucncpcuoc'r n MaCChI 

(yposen s QJJJOKKYJlJlUUI1), KOTOpaJl nonzcna 6bITh CpaBHI1Ma C OTBepCTI1J1MI1 11J111 ll\eJJJlMI1 

CI1T (0, I ... 10,0 MM) 11J111 Tpe6yeMhlM pasaepou QJJlOKKyJl aa cerxe 6YMarOLleJIaTeJIbHOH 

MaWI1HhI. PeOJlOrHH II LletPJlOKKYJl5lUHH 6yMa)l(HoH MaCChInOCB5Ill\eHO60JlhWOe KOJlH4eCTBO 

pa60T, H3 KOTOphlX CJlO)l(HO npocneznrrs saxonovepnocm H3MeHeHH5I peOJlOrH4eCKHX na­

pauerpos H CTeneHH LlHcnepCHOCTH MaCChI B 3aBHCHMOCTI1 OT ee KOHueHTpaIlHII. Ilofio-r ­
HhIe 'reseana B H3BeCTHhIX BHCK03I1MeTpax , HcnOJlh3YIOll\I1XC5I .llJl51 onpenenenns peonorn­

lJeCKHX x apaKTepHCTHK MHor OKOMnOHeHTHhlX HeHhlOTOHOBCKHX cpezi, KaKOH 51BJl5leTC5I 6y ­

Ma)l(Ha51 Maeca, 3aTpY.llH5IeT auaaneune 3TUX 3aKOHOMepHOCTeH. B LlaHHOH pafiore B sxcne­

p"MeHTaJlhHOM BlI CK03HMeTpe C03.llaBaJlOCh OLlHOp0.llHOe CLlBl1rOBOe TelJeHl1e 6yMa)l(HoH 

MaCChI neperaennoii KOHueHTpaUHH B aasope Me)l(,lly spauraiounoaca C perynupyeraoji CKO­

POCThlO 11 HenOLlBI1)1(HhIM, pern crpnpytoura« 06p a3YIOll\HHC5I ua HeM MOMeHT, KOJlhl\aMII, 

lJTO n03BOJlHJlO o np en emm, axcnepauearansuste 3aBHCHMOCTI1 Hanp5l)l(eHI1H OT cpezmero 

rpanneara CKOpOCTH B JlaMHHap HOM, nepeXOLlHOM 11 Typ6yJleHTHOM pe)l(lIMaX TelJeHI151 , 

nOCTp0I1Th rp arpu-recxne 3aBI1ClIMOCTH B5I3KOCTH MaCChI nepeveaaoil KOHl\eHTpaIlI1H OT 

rpanaeirra CKOpOCTH H nOJJY4HTh I1X aHaJJHTH4eCKoe onncaune. Ha OCHOBaHHI1 OnHCaHI151 11 

.llBYXCJlOHHOH MOLlem l Typ6yJleHTHOCTH nOJlYlJeHhI fi eapaaraepuoe pacnpeneneuue CKOpO­

CTH, a TaK)I(e TOJIll\HHa n or pan a-ra or o CJl051 B pa3J1HlJHhIX peacuaax CLlBHrOBoro TelJeHH5I , 

51BJl5I1Oll\erOCJI Ba)l(HOH xapaKTepHCTHKOH nOTOKa Me)l(.llY CHTOM 11 pOTOpOM coprnpyrouiero 

060pY.llOBaHH5I. Ilpnsenen u 3aBHCHMOCTH uanpazceauii OT KOHl\eHTpaUHH npn nepeaeaaoii 

CKOpOCTII spaureaaa CTeHKH. Cpanaeune nOCJleLlHHX C xapaKTepl1CTHKaMI1 H3BeCTHhlX H3­

MepHTeJleH KOHueHTpallHH nOKa3aJlO HX xopouryro KalJeCTBeHHYIO CXO.llHMOCTh. Ilpencras­
nena cxeva pacnana tPJlOKKYJlhI B CLlBlIrOBOM Te4eHHH. TIpHJlO)l(eHHe 113BeCTHhIX tPOpMyJl 

rHLlpOMeXaHHKH K 3TOH cxesre C YlJeTOM npeLlCTaBJleHHhIX 3KcnepHMeHTaJlhHhIX xapaxrepn­

CTHK n03BOJlHJlO yCTaHo BHTh aHaJlHTl1lJeCKl1e H rparpu-tecxue 3aBHCHMOCTH nOBhIWeHII5I 

crenean LlI1Cnep CHOCTI1 MaCChI (YMeHhweHHe paaaepa tPJlOKKyJI) pa3JlH4HOH KOHueHTpalll111 

npn YBeJlHlJeHHlf rpaznreu r a CKOpOCTI1, lJTO cornacyercs C H3BeCTHblMI1 LlaHHhIMI1. 
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Knioueeue cnoea: HanplDKeH H5I CiJ,BHr a , rpan u e tr r CKOpOCTH, B5I3KOCTh, KOH ueHTpaUH5I Mac­

ChI, paswep <pJIOKKyJI, TOJIlUHHa norpaaaxxoro CJIOl! . 

Cnaaroaue Te 4eH I1jI B sasope M e JK)l,y n O)l,BHJKHOH 11 HenO)l,BI1JKH OH nosepx­
HOCTJlMI1 I1MelOT MeCTO B p a3JI H4 H bI X annapar ax, nanp ua ep, M e JK)l,y p OTOpOM 11 

CI1TOM runpopasfiusarena 11 COp T l1p OBKI1 , B r opne l(eHTpI1KJI I1Hep a , fiapafiaue cPl1JIb­

rpa 11 cPopMepa . OCHOBH bl e 3a KOHOM ep HOCTI1 C)l,Bl1f OBbI X T e 4eH I1H I1CnOJIb 3Y lOTCJl 

rrpn pacsere CH CTeM M accono,n:f OTOBKI1 11 nanycxa. TI p l1 3TOM Ba )J<Ha creneas ,n:I1C­

nepCHOCT H MaCCbI ()l,ecPnOKKy JIJll(I1I1) , 4 a CT O JlBJIJlIOlll,a JlCJl Heo6x o )l, I1M bIM YCJI OBl1eM 

B pa3JII14HbIX CTa)l,I1JlX T e XHOJIOfH4eCKOfO n p o u ecca . 

P e OJIOf H H 11 )l,e cPJIOK KYJI Jll(H H MaCCbI rrocsauteno 6 0JIbIlJ Oe KOJII14e CTBO p a ­

60T, 113 KOTOpbIX, O)l,HaKO, CJIOJKH O n pOCJIe,n:I1Tb 3a KOHOM e p H OCTI1 113MeHeHI1Jl peo­

JIOf l14 e CKI1X napaverpos 11 CTeneHI1 )l,I1Cn epCHOCTH M a CCbI npu H3MeHeHI111 ee KOH­

l(eHTpal(1111 B OCHOBH OM T e X HOnOfl1L l eCKOM zmarrasone (0,5 ... 5,0 %) nO)l,fOTOBKI1 

6yM aJK HOH MaCCbl [4, 6, 7]. TI o 6 04HbIe 3 cPcPe KTbI B p OTa l(HOH H bIX BI1CK03I1MeTpax, 

I1CnOJIb3YIOlll,I1X CJl )l,JI jI onpenenenaa p eOJIorJ14eCKI1X x ap a KTepl1CT I1K CnOJKH bIX H e­

H blOTOHOBCK I1X cpen Ka K OH jIBn JleTCJl 6 yMa JKHa Jl M acc a , 3aTpy ,n:HJlIO T BblJlBJIeHl1e 

3T I1X aaxoaovepnocreii . )J,JIJl YMeHb IlJ e H I1Jl I1CKaIKalOlll,I1X 3 cPcPe KTo B B ,n:aHHoH pa­
60Te I1Cn OJIb30BaJI I1 MO )l,l1cPl1l(l1p OBaHHbI H )l,I1CKOBbI H BI1CK0 311M eTp (puc. 1) [2, 3]. 

PHC . I . MOiJ,Hq:m UHpO Ba HH hI H KOJIhUeBOH BHCK03HMe Tp 
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XTb , xouuearpauua Mac-

HenO)J,BIDKHOH nosepx­

ep, Me)J()J,Y pOTOpOM H 

auepa, fiapafiane tP l1JIb­

'ey:eHIiH I1CnOJIb3YIOTC5I 

)M Ba)J(Ha CTcnCHb .D.I1C­

~06XO)J,I1MbIM YCJIOBI1CM 

nsuroe KOJII1Y:CCTBO pa­

IHOCTI1 113MCHCHI151 PCO­

rpn 113MCHCHI111 CC KOH­

... 5,0 %) nO.D.rOTOBKI1 

OHHblX BI1CK03HMcrpax, 

TCPI1CTI1K CJIO)J(HbIX HC­

mTPY)J,HHJOT BblHBJICHHC 

1<!><!>CKTOB B )J,aHHoH pa­

lIiMCTP (pHC. 1) [2, 3] . 

311Merp 
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CpeAH~ £l rp aA~ e HT CKOpOCn1 , 1fc 

Puc. 2. 3 aB liCI1MOCTh CABHrO Bb lX Hanp5l)l(e HI1H t OT cpenne ro rpanneirr a CKOpOCTl1 y 
An 51 MaCCbl KOHL\eHrpaUl1eH C = 0,7 ... 5,0 % B JlaMI1Ha p HOM (L), nepexonuov (p) 

11 r ypoynenruoa (t) p e)l(l1MaX Tey:eHI151 ( to 11 'tL - Hanp5l)l( eH I151, npu KOTOp blX xaxc yuiaa ­

C5I	 B5I3KOCTh AOCT!1r a eT coomeTCTBeHHO Hal1 Me Hb W I1X (110) 11 Hal1 6 o nbW I1X (l1d aaa-ie ­

HI1t! HbJOTOIIOBCKOH B5I3KOCT I1) 

B BHCK03H M CTpC C03.D.aBaJJOCh C.D.BH r OBOC TCY:CHH C M C)I{.D.Y spautaiounmca C 

OKPy)I{HOH CKO p OCThlO V H HCn 0 .D.B}\)I( HbIM KOJIbuaMH H onpC.D.CJI HJIaCb 3aBHCHMOCTb 

C.D.BHrOBblX nanpaaceuaa T B 3a30 p C urupa a oii S OT CpC.D.HCrO rpa.D.H CHTa CKOpOCTI1 y 
= VIS . ,lLrr 51 HCpa3M OJIOTOH CyJIbtPHTHOH UCJIJIIOJI0 3bl 1(0 HUCHTp a U l1CH C = 0,7 ... 5,0 
% CB5I3b MC)K.D.Y C.D.BHrOBhIMI1 Hanp5DKCHH5IM H 11 CpC.D.HHM r pa.D.HCHTOM CI(0 POCT I1 

n pC.D.CTaBJICHa ua p HC. 2. B 3 KCn Cp l1MC HTaJJbHbi X I1CCJIC.D.OB aH I151 X TCMncparyPY 

c y c ncH3 11 11 n O.D..D.Cp)KHBaJJH nOCT05lHHOH ( OKOJIO 22 °C). 
W Tp HX OBbl C JIH HI1I1 l'L H TO ofipasyior M e)K,lly C060H 30Hy, r zre TeLJeHUe Mac­

Cb l npOHCXO.D.I1T B COOT BCTCTBH H CO CXO.D.HbIMI1 3aBHC I1MOC T5IMI1 . OnpC.D.CJIHM 113 

JIaMH H apHOH 06JIa CTI1 T ClICHI151 n a p ac. 2 xazcyutytoca B5I3KOCT b /-l = 'tfy (puc. 3). 

W T p UXOBblC JII1HI1I1 'tL 11 'to 113 p n c . 2 nepeurnn B W TpUXOBbIC np5lMbi C JII1 H I1I1 ~l L 11 

~ n a PI1 C. 3. 

o~~~~~~~ 
o 100 200 300 400 500 600 

o ~~L_~_~_....J 
o	 1000 2000 3000 4000 

CpeAH~ £l rpa A~eHT CKOpOCn1, 1fc 

PI1C . 3. 3aBI1CI1MOCTh B1l3KOCTlI M ac ­

Ch i KOHL\eIlTpaL\l1et! C = 0,7 ... 5,0 % 
OT rpannerrr a CKOpOCTl1 

400 50J 60J 70J IDJ 9Xl 11m 1100 
rp a,Al1eHT CKOpOCTI1. tic 
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C OfJlaCHO rHflOTC3C nporpeccopa 3 .J1 . AKI1Ma, ,Il,Jl 51 K3)I<,UOH KOHl(CHTpal(l111 

M aCC bl CY I.l.lCCTBycT 06JlaCTb TCLICHI151, r,UC OHa L\BJ1)J(CT C5I a HaJlOfl1LIHO Hh IOTOHOB­

CKOH )KI1 ,1l,KOCTI1, MCH5I5I CBOlO BH3KOCTh 01' lIa l16 0 Jlb W CH ~lL ,Il,O Hal1M CllbWCH }J.o, B 

,Il,aJJbH CHW CM n paKTI1LICCKI1 n OCT0 5lH HOH . 

Pac , 3 n O,ll,TBCp)K,Il,aCT rHnOTC3Y 3. J1 . AKI1Ma : B 06JlaCTl1 YL -::; Y -::; Yo BH3KOCTb 

~ ,Il,JlH Ka )K,Il,OH KOHl(CHT p al(l111 MCHHCTCH no s a x o u y 

/l=/l o ( Y o/Y ) "' . ( 1) 

B 06Jl aCTl1 MaJlblX rpanneuros -::; YL ,Il,Jl51 onpc ,Il,CJlCHI1H Ka)KYUJ.cHc H °< Y 

B5I3KOCT I1 I1Cn OJlb3YCM CJl C,Il,YIOI.l.lYlO <pOp MyJly : 

M~ M+ - K")(2 - ;}K"~ l (2) 

rae K = _
1:
H; 

H 
1:L 

TH - HaLIan b HOC Ha n p5l )K CHI1C, npn KOTOpOM Macca npl10 6 p CTaCT T CKy LICCT b . 

C y LICTOM <pOp MyJl (1), (2) 11 ,Il,ByxCJlOHHOH M O,ll,CJl I1 Typ6 y JlCHTHOCTI1 [1, 5] 
na puc. 4 n p I1Bc ,Il,CH O pacnpenenenae CKOpOCTCH ,Il,Jl51 MaCCbI Pa3JlI1LIHOH KOHl(CH­

'rpauna BO BCCX pC)KI1MaX TC4CHI151 C Y Ka3aHI1cM B nepexornrov 11 Typ6yJlCHTHOM 

p C)KI1MaX 'ronuuuns JlaMI1HapHOfo CJl051 0, KOTOpa51 yxteasuraerca C YBCJl l14 CH I1CM 

CKOpOCTYI V. 
v 

~O {;iJ 0:2, 0: 3 ~;v 

o 0.5 1 0 0.5 0 0.5 1 0.5 
~ ~ ~ ~ 

Puc . 4 . Pacn penenenne CKOpOCTli MaCCbl U no sasopy S Me)J(JI,Y HenOJl,BI1)J(HOH 11 Jl,BI1)J(Yllleilc51 

co CKOp OCTb lO V CTeHKaMI1: 1 - Jl,0 MOMelJTa Jl,OCTI1)J(eHI151 HaH60JIbWeH HblOTO HOBCKOH B5I3KO­

ern ~L (c = 0 ,7 % , V = 0 ,11 M/c; C = 3 ,0 %, V = 0,84 M/c; C = 5 ,0 % , V = 1,6 3 M/c) ; 

2 - B KOHu e JIaMHHap Ho r o pe)J(HMa Te4eHI151 (c = 0,7 % , V = 1,9I M/ c ; c=3% , V= 11 ,78 M/c; 
C = 5 ,0 % , V = 22,3 M/c); 3 - B nepeXOJl,HOM pe)J(lThl e npu TOJIllll1He JIaMHHap Ho ro CJIOli 

8/S = 0,33 (c = 0,7%, V = 2 ,35 M/c; C = 3 % , V = 14 ,5 M/c ; C = 5 % , V = 25 M/c); 4 - B Ha4aJIe 

TYp 6YJIeHTHOrO pe)J(HMa npn TOJIIllHHe JIaMHHapHoro CJI0 51 8/S = 0 , 12 (c = 0, 7 % , V = 

= 3 ,3 6 w c;C = 3 ,0 %, V = 20,7 wc ;C = 5,0 % , V = 39,2 M/ C; BOJl,a: V = 3, 3 6 vdc, 8/S = 0,0 12) 

T OJl UJ.I1Ha navuaapaoro CJl051 °B Typ6yJlCHTHOM PC)KI1MC 51BJl5leTC5I Ba)KHbIM 

napaverpov , nan pavep, ,Il,Jl51 CI1T uanopnsrx COpTl1pOBOK. ComaCHO puc. 4, Ka)K­

,Il,OH KOH l(CHTpal( l111 6Y,ll,CT COOTBCTCTBOBaTb onpC,Il,CnCHHa51 CKO pOCTb poropa, npn 
KOTOp OH 'ron uta ua norpauu-ntoro CJl051 °na nOBcpXHOCTI1 npodmm.noro CI1Ta CTa ­

HOBI1TC5I paBHOH BblCOTC npodiuna L1 '" 1MM 11 CJlOH CTaHOBI1TbC5I TYp6YJlCHTHbiM 

(pa c. 5), B T O Bp CM5I KaK na n OBcpX HOCTI1 r nanxoro CI1Ta OH JlaM I1HapHblH (pac. 6). 
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KaJK.L\OH x o a uearp a uun 

aHaJlOrH4HO Hb IOTOHO B­

lL no Ha l1MeHb W eH ).10, B 

sera YL~ Y~ YoB5I3KOCT b 

(1) 

rJpeneJIeHI151 xazcyuteiic» 

(2) 

ofi peraer r exys ecr s . 
I ryp6yneHTHOCTH [1, 5] 
:Chl Pa3JIH4HOH KOH lI,e H­

OnHOM H Typ6yJIeHT HO M 

,WaeTC5I C YBeJI H'-1eH I1CM 

v 
BOAa 

0.5 I ~ "' - - -:\! :- - ~ ~ ~ . 

0 '--- --- -1 
o 0.5 

y/s 

10,UBIDKHOH 11 ,UBI1)J(Yllle lk 5I 

w eH HblOTOHOBCKOHB5I3KO­

= 5,0 %, V = 1,63 M/C) ; 

Ic; c=3%, V = 11 ,78 M/c; 
numne JlaMI1Hap HOr o enos 

V=25M/c); 4 - B naxane 
= 0,12 (c = 0,7 %, V = 
V= 3,36 M/C, o/S= 0,01 2) 

)1, Ie senserc» Ba}/(Hbflll 

Cornacno pHC. 4, Ka)I(­

'KofJOCTb pompa, npn 
IPO<pI1JIhHOrO CI1Ta CTa ­

BI1TbC5I ryp 6yJIe HTH hI M 

naMI1HapHbIH ( p uc. 6). 

PI1C. 5. Typ 6YJl eJITHhiH norp aa nuusni cnoa na npo dinnsuo« PI1C. 6. JIaMI1HapHhlH 

clue nO r p aH l1t lHhl H CJlOH 

aa rnankoxt cirre 

C OOTBCTCTBe HHO, pa3,UeJICH l1e epJIOKKy JI aa BOJIOKHa " npoxon n OCJIe,UHI1X -repea OT­

BepCTYI5I I1JI" llIJIl1l1,bI npoduun.m.tx CI1T n p OI1CXO,UI1T JIe r LJe, LJeM ,UJI5I r JIa,UKI1X . 

):(JI5I 113MepeHI151 KOHlI,CHTpal\1111 n p e,UCT a BI1M r padnuc n (CM . puc, 2) B BI1,Ue sa­
BI1CI1M OCTefl Hanp 5l)l(eHMH C,UB l1ra L OT KOHlI,eHTpal\11 11 C npu p a3JII1 4HbiX CKO pOCT5IX 

V M epl1KCHpOBaHHoM 3a30pC S ( p HC. 7). 

120.---- - --,----,120 v=5M/c V=10M/c , 4C 120 ITIill1M/c 120 v=3M/c_
80 I

<ll 

80 : 5 ",/ 80 - , 

1 :23' : "):(:§. 40 . . - . 40 · 4 "" 40 
c: 
<ll 0 0 ==-'---

5 .....,

---'-----' o'----'-------' 0'----'-------' 
:I: 0 1 2 345 0 1 2 3 45 0 1 2 3 4 5 o 2 3 4 5 

KOHlI eHTpalll111 , % 

PI1C. 7. 3 aBl1ClIMOCTh C./lBHrOBhIX Hanp5DKeHI1H OT KOHu eHTp aUl111 MaCChi B sasope Me)J(./ly aeno­
./lBlI)J(HOH 11 n O./lBlJ)J(Holl CTeHKaMlI npa Pa3J1114HOH CKOp OCTll (V = I ... 10 M/C): I - oonacrs 
ry poynerrruoro pe)J(HMa ; 2 - nepexonnoro pe)J(lIMa; 3 - nOCT0 5lHHOH Hal1MeH hWeH HhIOTOHOB­

CKOH B5I3KOCTH; 4 - nepeuenaoit HhIOTOHOBCKOHB5I3KOCTI1; 5 - HeHblOTOHOBCKOro Te4eHH5I 

P HC . 7 HJIJIlOCTpl1p y CT CM e w, CHHC 30H 70 
PC)I(I1MOB TCyeHl15I MaCCbI OT Ty p6yJIeHTHOro 

~ 60 
,UO HeH b lOTOHOBCKoro B ,UHa na30 He KOH lI,CH­ .;.., 
'rpaua n (0...5,0 %) B 3a BHCHMOCT I1 OT CKOpO­ '" S 

50 

u 
CTI1 ,UBH)I(e H H5I CTeHKI1 . C ,UBl1rOBbIe uanps­ 's

0 
40 

q)I(eHH5I, Y MHO)l(CH HbIC na n JIO U\a,Ub XOPO W O '" 3D 0 
><

ofirexaexroro nporp I1JI51 , ,UaJOT CI1JIY, TpaHC­ A 
lD 20 

<j)OpMHpyeMylo B BbIXO,UHOH Cl1rHaJI B 113Me­
10 

pl1TeJI5IX KOJIl\elITpall,HH [8]. 
H a P l1c. 8 n o x a aaaa THnI1 YHa 51 3aBI1­ o 

CH MO CTb BbIXO,UH o r o CHrHaJIa OT KOH lI,e HTp a ­
PI1c .8. 3aBl1Cl1MOCTh BhIXO./lHOrO

l\11 11 MaCCbI ,UJI5I p OTall, I10 HH b iX 113MCp HTeJIe H 
Cl1r Hana OT KOHueHTpaUl1 11 B pOTa ­

KOHlI,eHTpall,1111 MaCChI [9]. C paBHcHI1e pHC. 7 Ul10HHbIX 113Mep l1TeJl5lX KOHueHTpa­
H puc. 8 nOKa3aJIO 06W,HOCTb OCHOBH blX 3a ­ UHI1 MaCChi : I - H3MepHTenh GW; 
«onoaepuocreti C,UBl1rOBOrO T CYCH I151 . 2 - H3Mepl1TeJlh KR 
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O n p e ,IJ,eJlHM crpyxrypusie H3MeHe H H5I (,IJ,eq)JIoKKYJl5l~ HIO) B C,IJ,BHrOBOM Te4e­

BHH cornacno pHC. 9. 

!J '1= ~ 

P HC. 9. Cxeva paapyureuna <PJlOKKYJlbI B C,1lBHroBOM Te 4e n HH KaK 3aBHCHMOCTb ee 

TOJlLUHHbI b OT rpanneara CKOp OCTH y 

B C,IJ,BHrOBOM TelJeHHH npn Y ~ Yl HM eeT M eCT O OT HOCHT eJl bHa51 CKOpOCTb 

epJlOKKyJlbl H n OT OKa L1 V = ~y BCJl e,IJ,CTB l1e -rero ua cexrop epJlO KKYJlbI T OJl W,I1HO H, 
4 ' 

paBBOH nOJlOBI1He ,IJ,JlH IIbI BOJlOKHa (1/2) , ,IJ,e Hc TByIOT CHJlbI Fp (na r p aH 5IX dmorocyn) 
H F; (aa 60KOBOH nosepxaocrn), c yMMapHoe B03,IJ,e HCTBHe KOTOpbIX npHBO,IJ,I1T K 

B03HHKHOBeHHlO Hanp5l)KeHHH r , CTpeM5Iw,HXC5I npeononers Ha np5l)KeHI1 51 sauenne­
HH5I BOJlOKOH '!l (pHC . 2) . OpHJlO)KeHHe epOPMYJl rH,IJ,pOM e Xa H HKH [7] K cxev e, 
H306p a)J(eHHOH na pHC. 9, npH BO,IJ,HT K CJle,IJ,yIOw,eH 3aBI1CHM OCTH: 

O, 088~d(n'HHr"+ O, 25My(HHl-i)'-(HH1-Hl) 
'L= (b)2( 1)2 

1- d I-b 
rne Il =Il 0 (Y0 jyr npn Yl $. Y$. Yo; Il = Ilo= const n pn Y~ YO· 

Fpadnnca 3TOH 3a BH CHM OCT H ,IJ,O HacTynJle H H5I n epeXO,IJ,HO r O p e )K HM a YP ,IJ,Jl 5I 

MaCCb l Pa3J1HlJHOH KO H ~eHTPa~HH npe,IJ,CTaBJleHbI aa p HC. 10 n p n d = 10 M M , COOT­

aercrsyroureay HalJaJIbIloMY ,IJ,Ha M eT p y dmoxxyn H )l,JIH He BOJlO KH a I = 2 MM . 

c=0.5% 
10 r------'-------, 

, ""'" 

, 

c=2% 
10 ,..-,-------,-:..,....,,----, 10 r--,--------:-:::::-:-----, 10 r----=-.->"""'-' c8 l'YL=:: 1 2,~ 1 /~ 8 8 

6 .. ..,.... 6 ········ 6 · 
4 y()=9301/c ,4 '" 4 y()=3001/c : 

2 Y =18001/c ; 2 y =2701/c 2 y=5701/c : o p o p . , o p , : 

8 , ·YL=.=V1!c.. 
6 " " 'Yo=531/c 
4 : 

: 
,
: 

. 

2 Y =1001/c " o p , 

o 50 100 150 o 100 200 300 o 200 400 600 o 600 1200 1800 

y. 1/c y. 1/c y. 1/c 
y. 1/c 

PHC. 10. 3aBHcHMoCTh romunau <PJlOKKYJlhl b OT rpannenra CKOpOCTH y ,1lJlH MaCChi KOH­

uenrpauueu C = 0,5,..5,0 % B JlaMHHap HOM p e)J(HMe Te'leHHH (YL , Yo- rpa nneursr , COOTBeT­

CTBYJOLUHe HaH60JlbllleH (Ill) H HaHMeHhllleH (Ilo) HhIOTOHOBCKOH BH3KOCTH) 
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110) B CjJ,BHr OBOM 're -te ­

~H KaK 3aBHC I1MOCTb ee 

'HOCHTeJlbHa51 CKOp OCTb 

I <PJlOKKYJlbl TOJlll.l,HHOH, 

~ (na rpaH5IX cPJlOKKyn) 
e KOTOpblX npHBo jJ,HT K 

) HanpIDKeHH5I 3aJJ,enne­

texannxa [7] K cxeu e, 
OCTH: 

o­

.onnor o pe)J(HMa YP jJ,n 51
 
onpa d = 10 MM, COOT­


~JlOKH a 1=2 MM.
 

c=5% 

' 1~ " . . YL= c 

~, 
6 . 
4 Yo=9301fc 

2 y =18001fc ' o p , 
. 

600 0 600 1200 1800 
y,1fc 

'pOCTH YnJllI MaCCbI KOH ­
0- rpann enru, COOTBeT­

HOBCKOH B1I3KOCTH) 
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Cpaaaenne pHC. 3 H pHC . 10 nOKa3aJlO, 'I TO CHH)I(eHHe B5I3KOCTH B CjJ,BHrOBOM 

Te4eHHH ofiycnosneao YMeHbweHHeM ron manu cPnOKKyn. 

Bueoou 

1. Hcnonsaoaanne x on su eaor o (zurcxoeoro) BHcKo3HMeTpa n03BOn5leT 

YMeHbwHTb BJJH5I Hl1e HCKmKaIOllJ,I1X 3cPcPeKToB npn nony-reinsn peOnOrl14eCKI1X xa­

paKTepHcTHK . 

2. H a OCHOBaHl111 TeOp eTI14eCKHX 3aBI1CI1MOCTeH npacreao-raoro pacnpene­

neHWI CKOp OCTH jJ,n 51 6yMa)l( HoH MaCChI nepexreaaoii KOHueHTpaUI1H npennozceaa 

3aBI1CI1MOCTb aanpxaceuati cn s ara OT cpen uer o rpazmeara CKOpOCTI1 H KOHueHTpa­

JJ,HI1 . 

3. TIonY4eHbI OCHOBI-IhIe x apaKTep l1CTHKI1 Te4eHH5I MaCCbl nepeMeI-IHOH KOH­

JJ,eHTpaJJ,HH B naMI1I-Iap HOM 11 r ypfiynear noa pe)l(I1MaX, XopOWO cornacyroumecs C 

H3BeCTI-IbIMI1 3Kcnep UMeI-ITaJlhHhIMI1 jJ,aHI-IhIMI1, C 3aBHCI1MOCTbIO K03cPcPHJJ,HeI-ITa 

ranp aan n -rec soro TpeHH5I , nepenan a jJ,aBn eHI151 11 CTeneHH jJ,HcnepCHOCTH cPn oKKy­

nnpoaau n oro CTep)l(H5I OT cpenn eii CKOpOCTI1. 
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Shea r Flows of Paper-Pulp of Varying Concentrations 

Yll. A. Tikhonov, Doctor ofEngineering, Prof essor 
V. S. Kuro v, Doctor ofEngineering, Prof essor 
D.R. Orudz hov, Postgraduate Student 
Saint Petersburg State Technological University of Plan t Polymers, Ivana Chernyh street, 4, 
Saint Petersbur g, 19809 5, Russia; e-mail: tam ara_ tpt@mail.ru 

Shear flow s of paper-pulp occur in various devices in paper industry machines, for exa mple, 
between the rotor and sieve pulpers, grading machines, in eddy flow s of centricleaners , in 
converging ducts of flow boxes, in sensing elements of concentration meter. Thus, in a w id­
er technological mass concentration ran ge of 0.5 -i- 5 %, the degree of mass dispersion (the 
level of flocc ulat ion) is of importa nce, which shou ld be comparable to the sieve hole s of 
10 -i- 0.1 mm or to a required size of flocculation of the papermach ine . 
Rheology and paper - pulp defloccula tion is covered in many studies, in which, however, it 
is difficult to trace the patterns of change of the rheolog ical parameters and degree of mas s 
dispersion depending on its concentration. Adverse flows in the known viscometers used to 
measure the rheological pro perties of multicompone nt non-Newtonian ambient, such as pa­
per - pulp, makes it difficult to iden tify these patterns. In this paper, in an experimental vis­
cometer a homogeneous shear flow of paper - pulp of vari able consistency was cre ated in 
the gap between the rings. One ring was rotating at a variable spee d, and the other was 
fixed, wh ich allowed defini ng the experimental dependence of the stresses of the average 
velocity gradient in laminar, transient and turbulent flow cycles, to construct a characteristic 
curve of viscosity of variable mass concentration on the velocity gradient and get their ana­
lytical description. On its based and two-layer turbulence model , a dimensionless velocity 
distribution was defi ned, as well as the boundary layer thickness in different modes of shear 
flow , which is an impo rtant characteristic o f the flow between the rotor and the sieve of the 
sorting eq uipment. Representat ion of characteristic curve of stresses to velocity gradient at a 
variable concen tration as characteristic curves of stresses to concentration at variable rota­
tion al speed of the wall is rep orted. Comparison of the latter with the characteristics of the 
known concen tra tion meters demonstrates the ir good quality convergence. A scheme of the 
floccules coll apse in a shear flow is also represented. Application of the known formulas of 
fluid mechanics to this scheme , taking into consi deration the exper imental charac teristics, 
shows anal ytical and graphica l dependencies of inc rease of the deg ree of mass dispersion 
(floc size reduction) of vari ous concentrations with increasing velocity gradient that corre­
sponds to the kno wn data. 

Keywords: shear, velo city grad ient, viscosity, concentration of mass, size of flocculation, 
the boundary layer thickness. 
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