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HanD H020 RUlUKa CO cmgn HqamblMU 
gU$$g30paMu 

10. A. THXOHOB, 

B. C. Ky pOB, B. H. rOH~apOB, 

ens rrvrn 

Han o pHbl~ R l1\ ~ K Aon}t{eH 0 6 ec n e

~~ T b p aB HOMe p HOCTb pac npe Ae neHMR 

MacCbl H anYCKa eMO~ Ha cer ky MaWMHbl M 

Bbl COKYIO cre neus ee AMcn epCHOCTM. 

np06neMbJ paBH OMepH OCTM pacnpenene
HMR peuresu An R Rl1\MKOB c AMcjlcjly 30pa

M ~ , B TO BpeM R Ka K A O CT~}t{ eHM e BbICO

KO~ CTeneH M A ~ c ne p C H O CT ~ - A aneKO 

HepeweHHaR sana-t a. n OBbl weHMe KOH

ue-npauu« uanycaa C uenuo nosuureuan 
npOM3BOAMTenbH OCTM ~ CHM}t{eHMR3 He p

r O-MeTann oeM KOCTM 060 pYAOBa HMR Be

AeT K CHM}t{eHMIO Ka4 eCTBa cjlopMyeMoro 

n oncru a B cn e ACTB ~ e pO CTa cjlnoK Kyn B 

crpye Ma CCbl oca}t{ AalO l1\ e~C R Ha cerxe 

M aw~H b l , 4TO ~ H~ l.\ ~MpyeT ~X Aan b H e ~

WM ~ POCT B H a 4 anbH O ~ 30 He cjlopM o Ba

H~R. n porH0 3Mp OBaH Me M3MeHeHMR AMC

n 
n 

u 

v, 

6) 
MI 

n epC HOCTM MaCCbl OT KOHl.\eHTpa l.\MM Ha

nycka ~ CKOpOCTM MaWMHbl C Y4eTOM OC

HOBHbl X napaaerpoa Rl1\MKa npencrasna
eT Ba}t{HylO, HO cn O}t{Hy lO 3aA a4Y, rpetiy
IOl1\YIO 4Mcn eHHbi X MeTOAOB C npaane se 

HMeM TPYAHOA0 6blBaeMbiX 3Kc n e pMMe H

TanbHblX AaHHbi x [1]. B cran-e n penn o

}t{e H 0 l.\e H04Hbl~ MeToA, oCHOBaHH b l~ Ha 

npocrux MOAenRx Ty p6y neHTHo CTM, ~c 

n onb 3Y IOl1\ M ~ HaMMe Hb wylO ( HbIOTOHOB-

CKylO) BR3KOCTb MaCCbl, aaBMCRlI\YlOoree 
KO H l.\ e H Tp a l.\ ~ M [2]. 

Ol.\ eH 04Hbl ~ MeT oA 6a3Mpye TcR H3 
r,lloTo}t{Ae CTBneHMMcpenaero pasxepa ¢noK


Kyn d
f 

M MMKpOMacwTa6a TYP6yJleHTHOCTII 
HI
 

A , RBnRIOl1\MMCR cpeAH ~ M pasaepos BI1X

g 

pe ~, -epea koropue oCYl1\eCTBJlReTCR AIIe

c M na l.\~R 3H e pr M~, 3arpa 4~ BaeMaR Ha pal
pus c BR 3 e ~ B onoKHM CTo~ crpy r ry pu, I1 c
nonb3ye M e ro AnH Hl1\MKa Ha pHC. 1. 
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Jet photograph	 t-l icroturbulence image analysis 

P~c. 3. YBem14 eHV1 e MacwTa6a Ty p6yneHTH oCTV1 101 paawepa cjJn oKKyn B crpy e. Bblw eAwe~ 1013 HanopHOIO ~l11V1Ka [7] 

Ilpn pacwV1 peHV1V1 nOTOKa Djd BAV1cjJ 06beA V1 H ~ ~ (1 -3) 101 Y4 V1 TbI Ba~, 4TO p aCTYl11V1~ CYBefl V14 eHV1eM napaxerpa yc

¢Y30pax V1HTeHCV1BHOCTb Typ6yneHTHoc .\ = d
f

, oripenenu« paaaep cjJnoK Kyn Ha KOpeHV1l'1 K,:
 
H; B03paCTaeTnponopunouansko Co npo BblXOAe 101 3 6nOKa AV1cjJcjJY30POB BKOHcjJy

HiBneHV1 10 AV1cjJcjJY30pa c,: 3 0 PHbl ~ xauan:
 

~ = Kd '\ = 0,15[1- (~\12 ]2 . 0,3 5~5 0,8( 1) 
I'D OJ D YCTa HoBKa rV16KV1 x nflaCTV1H (nanen) 

yMeHbwaeTyron tJAO 3Ha4eHV1~ Wn 101, co
Typ6yneHTH oCTb npa paCWV1pe HV1 V1 OTBeTCTBeHH O cjJopMyfl aM (6-5) pasaep B KO HcjJy30pHO M KaHan e (pIo1C . 2)

6n~3 Ka K V1 3 0Tp onH O~, 4TO nenaer npa cjJllO KKyll d B xaaane CHV1lt<aeTC~ .Macca ycuopner ca d:: > 0, BcneACTBV1 e fL 
;·1e H ~ r.1O ~ cjJopMyny [3]: n pOXOAl'I ry 6y ~l11V1Ka cjJfl OKKyflbl-re ro Typ6yneHTHocTb 6blCTPO BbIPOlt< 

AV1cne pr V1 pYIOTcl'I Ad paanepa d fl V160U U, 2	 f H AaeTCl'I [3], a paane p cjJnoKKyn pacrer 
C = lS· '--.9.._ (2) BClleACTBV1e TYP6YfleHTH o~ AV1 CCV1nal.\V1 V1 ,p A~ ' AO MaKCV1ManbH or o paswepa «; B KO H

eCflV1 V1 X paa aep d nepen r y 60~ 3Ha4V1ue xasana: f L 

rAe p - nnOTHOCTb Maccbl, E - AV1 coma rensno MeHbwe BblCOTbl ee OT KPbI T V1~ h ' o 
~~H	 3Hep rV1V1 TYP6yneHTH OCH1. nV1 60 nOA A e~ cTBV1eM rpanneura CKOpO

A ~C CV1n al.\ V1 1O 3Hepr V1 V1 MOlt< HO asrpa CTV1, eCflV1 V1 X paswep cpaBHV1 MCBbI COTO~ 

3m [4]: OTKpbITV1l'1 . n OCKOllbKY paswe p ry6bl LylO OTee	 H 
O,8'U, 3 rAe t - B pe M ~ npOXO lt<AeHV1~ KaHan a Mac Mall,TOonpenenmo uryio pons Bpaapyuie

E: =-1\- ' (3) 
CO~, Qlb - pacxon Ha eAV1HV1 l.\y WV1 pV1 Hbl HV1V1 cjJflOKKyn V1 rpaeT BpeM~ npoxoxaeeTCl'I Ha 

rAecornacuo [5] A = 0,1 . D - nonepex ~l11V1 Ka , n 101 e - KOflV14eCTBO 101 war P ~ AO B HV1~ V1MV1 ry6bl 101 passepu d cjJll OKKyll 

H bl~ MaK pOM aC WTa6 TYP 6yneHTH OCTV1. AV1 cjJcjJy30pOB, A= 4-10 - K03cjJcjJ V1l.\ V1eHT npa CXO Ae C ry6bl onpenensrca: 
ra cjJnO K	 f H 
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P ~ c. 4. 1t1 3MeHeHV1e cpenuero pasae pa cjJll OKKyll B Macce K OHl.\eHT p al.\V1 e~ 0,5 101 1 % B «auane. ry6e 101 cr pye npa p a 31lV14HO~°coorsercrs yer BblXOAY MaCCbl 101 3 4x- p ~A H oroCKO pO CT V1 MawV1 Hbl. 0PAV1 uara x = AV1 cjJ cjJy30pHo ro fino xa: 
- - - - cOO TBeTCT ByeT YCTaH OBKe flaMell; + - 3 H a 4 e H V1 ~ 3KcnepV1 MeHTall bHblX AaHHbix npV1 cXO ACTBeHHblx napaM eTpax 

co rnaoro [1] 
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P~C. 5. 3aB~c~MoCT~ paswepa cjJ nOKKyn B crpye MaCCbl Ha n~H~~ KO HTaKTa CCeTKOf1 OT CKOPOCT~ M a W ~Hb l n p~ pa3n ~ Y H0 f1
 

KOHl.\eHTpal.\~~ ~ Y~ cn e p ~p, OB p,~ cjJ cjJY30pOB. - - - CyCTaH OBK Of1 naMen
 

B COOT B eT CTB~ e C puc. 3 C pe p, H ~ f1 
df N = __l - h- rrpu dfL > 0,25 .(8) paane p cjJnoKKyn d Ha n~ H~~ KO HTaKTa he 0,48+----f... h e w 

dfL CTPY ~ C CeTKOf1 onpenenarca : 
CO f1p,ll C H~ mH ef1 KpOMKI1 ry6bl crpys rp,e B = -:"' 0,1 - 6e3pa3MepHbl f1 MaKpo

t rJ( Vi pacurnpn erca n p~ 6nI1 3~T e flbH O nop, y r 
MacwTa6, B = II = 0,025 - ~HTeH C~B -

u fl OMnaa rpap,yca (pac, 3) . llponopuao
HOCTb Typ 6Yfl eHT H o CT~ Bry6e 11 ll1 ~Ka [6], HanbHO ee YBe n~Y~BalO ll1ef1Cll r ornunue Ha OCHOBe cjJ opMyn (4-9) ua pile. 4 
h, = 0,8 h - ronui aua crpya BcmaTOM ceo pacrer MaCW Ta6 Typ6yn e H THoCT ~ ~, CO  npencrasneua KapTI1 Ha ~ 3Me He H l1ll pas
Y eH~~ ry6bl OTBeTCTBeHH O eMy paanep cjJnoKKyn. MepoB cjJnoKKyn BMacce co Cpep,He f1 An~-
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P~ c. 6. 3aB~ c~M o CT ~ noreps Hanopa !'lh
d 

B llll1~Ke (B cpaB H eH~~ co CK OPOCTHblM uanopon crpyu, Bb I XOp,~ ll1ef1 113 Hero v~ / 2g) 
~ Tpe6yeM0f1 MOll1H O CT~ Ha MeTp era W~P~Hbl OT CKOPO CT~ M aW~H b l npn pa 3 n ~YH0 f1 «ouueurpauaa MaCCbl ~ K On~Y eCTBa 

panos A~cjJcjJY30POB 
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kOi1 BOIlOKO H 2 :-1M, KO H 4 e HTpa 4I'1e~ 0,5 
K 10/0 npl'1 pa31ll'1Y HOCl CKOpOCTI'1 MaW I'1 
Hbi HaY I'1 Ha~ OT BblXOAa 1'1 3 cryneusarux 
A~¢¢Y3 0PO B 1'1 KO HY a ~ nl'1Hl'1 eCl KOHTaK

lacrpyl'1 CCeT K O ~ npa CneAYIO l!1 I'1X napa

m pax: d = 16 MM, ~ = 1,625, e= 28 MM, 

L=0,5 M, e= 9+11 0
, h0 cOO TBeTCTByeT 

q= 80 r/ M2 
1'1 v

v
-'- =0, 98, n

h
G... = 0,375, 

eel V 0 
L, =2h

l 
, a = 9 MM, ~ = 0,97. 

Ha pac, 5 npl'1 BeAeHbl 3a B I'1 C I'1 ~1 0 CT I'1 
pa3 ~\ e pa <jJnoKKyn BCTpye MacCbI pa3M1Y 
HOII KOH4eHTpa41'1 1'1 OT CKOpOCTI'1 MaWI'1 
Hbi nparex x e BblW enpl'1 BeAeHHblx napa
~erpa x, 4TO 1'1 Ha PI'1c. 4. 

P~ c. 5 (n=4) nnmocrpa pyer. YTO OAI'1 
Ha K O B a~ creneus AI'1 CnepCHoCTI'1 MaCCbl 
npll nOB blWe H1'1 1'1 ee KOH 4eHTpa41'1 1'1 AOC
Kra eT C~ 3Ha YI'1 TenbHbl:-l YBenl'1ye Hl'1 eM 

CKOpOCTI'1 ~l a W I'1 H bl. Pl'1c. 5 TaK)!(e noxa
sueaer noauureuae 3<jJ <jJ eKTI'1B HOCTI'1 yc
TaHOB KI'1 nawen CYBenl'1 yeHl'1eM YI'1 Clla p~ 

AOB AI'1cjJ cjJy30pOB 1'1 noau ur euae crene
HI'1 AI'1 Cnep CH oCTI'1 MacCbI npl'1 yM eHbw e
HI'1I'1 p~AOB . npl'1 YMeHbweH1'1 1'1 P ~ AO B He
06XOAI'1 MO YYI'1 TbIBaTb noau ureuue no
re ps aanopa B ~l!1I'1K e COmaCHO pac, 6. 
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3K DR pnOHe 
np0l'13BOA\onenl'1 ry aneTH oCl 6yMarl'11'1 candiero x B3flnl'1 Hasoo pyxeuae MeToA nOBbIWeHI'1~ npl'1 6blnl'1, KOTOpblM y)!(enonssy

mCR np01'13BOAI'1Tenl'1 npOAyKToB nI'1TaHI'1~. OHI'1 ctana coxpaurars KOnl'1yeCTBO TOBapoB B ynakoake , npononxas nponaaars 
IIXno npe)!(HI'1 M 4eH aM . 

Kimberly-Clark, BTOPO~ nocne Procter & Gamble (P&G) np01'1 3BOAI'1Tenb rl'1rl'1eHl'1yeCKI'1XTOBapOB B Ml'1pe, HeAaBHO Bbl

nyCT l'1lla HOBbie canoerx« Kleenex: Ha ee naxxe CKa3aHO, YTO OHI'1 crana Hd 15 % 60nbwe. Ilpasna, npu 3TO:-l KOnl'1yeCTBO 

ma1Xcano erok B na-uce YMeHbwl'1nocb Ha 13 %, pacckaauaaer The Wall Stre et Journal. Ha 3TOCl uenene ron-xeaenxepu 
Kimberly-Clark co06l!1l'1nl'1 aHanl'1 TI'1 KaM, YTO C06I'1paIOTC~ nOCTaBI'1Tb MeTOA Ha nOTOK BO II nOIlOBI'1He 2013 r., YT06bl ysenv
~ 1 1Tb npl'1 6blll b. 

np0l'1 3BOAI'1Telll'1 Ha4anl'1 CHI'1 )!(aTb KOll1'14eCTBO candiero« 1'1 ry aneruoji 6yMar l'1 B pynoue, npu 3TOM coxpauaa 4eHbi Ha 

npe)l{HeMyposue. KOHCTaTl'1 pyeTrasera. 3TI'1 Mnpl'1e:-l OM AaBH o 1'1 ycneumo n Ollb 3Y IOTC~ KO:-lnaHI'1 I'1 , 3 a H I'1 M a lO l!1 l'1 e C ~ npouaaon

C TBO~1 npoAY KToB nl'1T aHI'1 ~ 1'1 HanI'1TKOB . 3TO noasonaer He3aMeTHO noeu urars 4eHbi HaeAI'1 HI'1 4Yros apa. 

TaK, 6aTOH4 1'1K Snickers ceronas BeCI'1T 1,86 yH41'11'1 (53 r). XOTfl euie COBceMHeAaBHO secun 2,07 yH41'1 1'1 (59 r) . f{oM n aH I'1~ 

i·iars(BblnycKaeTSnickers) 06b~c H l'1n a 3TO)!(enaH l'1 eM CHI'131'1Tb KOnl'14 eCTBO Kanopl'1C1 AO 250 na 6aTOH4 I'1K. A anenbCI'1H OBblC1 

cos Iropicana Pure Premi um (ero np01'1 3BOAI'1T PepsiCo) ceronas nponaer cs B 59-yH4l'1eBblx 6yTbinKax (1,6 xr), r orna KaK el!1e 

B2010 r. OH nponasanca B 6 4 -YH4I'1 e Bo~ ynaxoaxe (1,8 xr) . 

B03MO)!(HOCTb He3aMeTHO n OAH ~Tb ~e H bl ocotieuuo Ba)!(Ha An~ np01'13 BOAI'1TeneC1 r yaner uoa 6yMarl'1 1'13 -3a BblCOK OCl KOH 

KypeHl1 l'1 1'1 c 4aCTHblMI'1 MapKaMI'1. Kimberly -Clark B I'1 CnOnb30BaHI'1 1'1 3TOCl ynoBK I'1 HeOAI'1 HOKa: np01'13BOAI'1 Tenl'1 Georgi a Pacific 

IIP&G rox e nl'1 60 COKpaT l'1n l'1 KOnl'14eCTBO6yMar l'1 B pynoue, nl'1 60 cnenanu ee tionee TOH KOC1 . ." 

Ho A\o1peKTOp no cjJl'1HaHCaM Kimberly-Clark MapK 5yTMaH rOBOp\o1T, 4TO 1'13-3a BBeAeHI'1~ HOBblX TeXHOnOrl'1Cl 3<jJcjJeKT OT 

CHK)I{eH\o1 fl KOnl'1 4eCTBa roa apa Bynakoske C B OA I'1 TC ~ Ha HeT: HOBbie canrper xa Kleenex 1'1 ry aneru as 6yMara Cottonelle crana 

60neenp04HblMI'1 1'1 Ka4eCTBeHHblMI'1 1'1 B I'1TOre noxynarenu norpe tinmor I'1 X BMeHbWI'1X KOIl1'14eCTBaX,yrs epxnaer OH . 0 TOM)!(e 

ro B OP~T \01 Cnl'1 Kepbl P&G 1'1 Georgia Pacifi c. 
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