
Ha npasax pyIconncu 



nOKToP TeXHU4eCKUX HayK, npo@eccop 

Mnxanenico Muxaun r p a r o p b e ~ a s  

"r0~ynap~T~eH~blf i  OpneHa 

T ~ Y A O B O ~ O  Kpac~oro ~ H ~ M ~ H U  HE/M 

XUMUYeCKUX PeaKTUBOB U oco6o YUcTbIX 

xuMusecKax B ~ U ~ C T B "  (CDTYII "MPEA") 

3aruu~a naccepaqua c o c ~ o u ~ c x  ct 1 1 )) ~oa6va 2005 rona B 14 Yac. 

Ha sacena~uu nuccepauuoHriom coseTa A 2 12.165.06 npu H M W ~ ~ O ~ O ~ C K O M  
rOCynapCTBeHHOM TeXHWWCKOM YHHBepCUTiTeTe nO aAPeCy: 603600 r. H U X H H ~ ~  
Ho~ropon, yn. MUHUH~, 24. 

YgeHblW CeKpeTapb ~HCCepTaUUOHHOrO COBeTa COKOnOBA T.H. 



3 
OEWAR XAPAKTEPRCTMKA PAEOTLI 

Alcryanblloc~~ np06Jle~bl. Me~on pa3neneHUR r a 3 O B  C IIOMOUbIO 

HenOpIiCTbIX nOnUMepHbIX M ~ M ~ P ~ H  SIBJlSIeTCR CpaBHMTenbHO HOBblM 

n p o q e c c o M  p a 3 n e n e H u n ,  HauenuuM npuMeHeHue B npoMblulneHHocTM. K 
AOCTOUHCTBaM MeTOAa OTHOCUTCSI HenPePblBHOCTb IIpOqeCCa, er0 HU3KaR 

3Hepr0 - U MaTePUaJlOeMKOCTb, OTHOCUTenbHaR ITpOCTOTa npUMeHReMbIX 

M ~ C C O O ~ M ~ H H ~ I X  a n n a p a T 0 B .  ~ ~ O U ~ C C ~ I  pa3aeneHUR npOBOnRTCR npU 
K O M H ~ T H O ~ ~  TeMnepaType 6e3 @ a 3 0 B b I x  I lpeBpaIUeHUfi ,  H e  CO3AaWT BpenHblX 

B ~ I ~ ~ O C O B  U H e  ~ p e 6 y m ~  PeareHTOB. M M e e T c x  B03MOXHOCTb U3MeHeHHR 

~I$I$~KTHBHOCTU pa3nenHTenbHOrO npOUeCCa nyTeM H3MeHeHUR CBOBCTB 
n O n U M e p H O r 0  MaTepMaJla ~eM6paHb1, nOBbIUIeHHR CeneKTHBHOCTH H 

n p o H w u a e M o c T H .  
B HaCTOR4ee BpeMR M ~ M ~ P ~ H H O ~  p a 3 A e n e H U e  RBJlReTCR O ~ H O ~  U 3  

~ a u 6 o n e e  u H T e H c u B H o  pa3BuBamunxcfi o ~ p a c n e f i  TexHonoruu pa3neneHuR 
ra3oa.  mile^ p a 3 s c r T u e  K a K  TeopeTuqecKoro onncaHm npoqecca u usyqe~ue 
H O B ~ I X  cxeM ero nposeneHm, TaK u 3KcnepMMeHTanbHoe UccnenosaHue 
M ~ M ~ ~ ~ H H O ~ O  MeTOna, p a p a 6 0 ~ ~ a  HOBbIX TUnOB M ~ M ~ P ~ H  U M ~ M ~ ~ ~ H H U X  

MoAyne f i .  3 H a W i ~ e J l b H b 1 f i  BKnan B pa3pa60~Ky IlpOUeCCa M ~ M ~ ~ ~ H H O ~ O  

r a o p a 3 n e n e H u n  BHecnu R.W.Baker, M.Benedict, K.Cohen, S.T.Hwang, 
K.Kammermeyer, W.J.Koros, M . H . V . M u l d e r ,  C.Y.Pan, RRautenbach, 
S . A . S t e r n ,  B.B.Bo~KoB, B.n.,lly6~ra, K).ki.~bl~~ep~Kklii ,  I O . k l . K u c e n e s ,  
H . A . K o n o ~ o n b u e ~ ,  H.I/I.nary~so~, H . M . H u ~ o n a e ~ ,  H . A . I Z n a m ,  
C . A . P e f i ~ n U H r e p ,  A.M.pose~, C . M . C e ~ e ~ o s a ,  O.~.T~J'I~KUH, B . B . T e n n n ~ o ~ ,  
C.<D.THM~ILI~B, A.E.qanb~x, ~.H.%K&~'~oB, K ) . n . ) S ~ n ~ n b ~ K l i f i  U MHOrUe  

A p y r H e .  O ~ H ~ K O  TeOpeTHseCKUX U 3KCnepUMeHTaJlbHbIX H C C ~ ~ ~ O B ~ H U ~ ~  

M ~ M ~ ~ ~ H H O ~ O  MeTOna npUMeHkiTenbH0 K r n y 6 0 ~ o Z i  OWiCTKe r a3OB npaKTHqeCKEi 

H e  IIpOBOnUJIOCb, H e  PaCCMOTpeHbI npenenbHbIe BO3MOXHOCTH MeTOAa. 
&C)"~'CTBYK)T CBeneHUR U 0 M ~ M ~ ~ ~ H H ~ I X  MOAYIIRX C B ~ I C O K O ~ ~  CTeneHbm 

pa3neneHuR. BHMMSLHU~ u c c n e n o ~ a ~ e n e f i  B OCHOBHOM CocpenoTo'IeHo H a  

pa3pa60~Ke MeM6paHHblx annapaTOB C B ~ I C O K O ~ ~  nPOR3BOAHTenbHOCTbK), a H e  C 

B ~ I C O K O ~ ~  CTeneHbK) Pa3AeneHMII .  ~ P O M ~ B O A C T B O  BbICOKOqUCTblX BeUeCTB, K a K  

JlpaBlmO, XBJIReTCR ManOTOHHaXHblM,  n03TOMY npo6ne~a B ~ L C O K O ~ ~  

~pOU3BOAUTeJIbHOCTU H e  CTOMT TaK OCTPO, K a K  npo6ne~a B ~ I C O K O ~ ~  CTelTeHU 

paneneam B M ~ M ~ P ~ H H O M  annapaTe. 
no  CpaBHeHUH, C TpQHuUOHHbIMU MeTOnaMH r n y 6 0 ~ o Z i  OqUCTKH r a 3 0 B , .  

~ e M 6 p a ~ H b I f i  MeTOn MOXeT OKa3aTbCR 6onee 3KOHOMUqHbIM H ~ I $ @ ~ K T H B H ~ ~ M  
AnR OsHCTKU pma BeueCTB. T ~ K ,  no CpaBHeHHW C MeTOnOM 

~ ~ 3 ~ 0 ~ e ~ l I e p a T y p ~ 0 f i  ~ ~ K T U @ N . K ~ U U U ,  M ~ M ~ P ~ H H O ~  pa3neneHkie npOB0,LWTCX 

npn K O M H ~ T H O ~  TeMnepaType u 6e3 @ a 3 0 s b r x  npe~paue~u i i .  O r c y ~ c ~ s u e  
X N ~ ~ K O #  (Pa3b1 B MeTOAe M ~ M ~ ~ ~ H H O ~ O  r a 3 0 p a 3 A e n e H U H  npU pa6o~e C TaKMMkI 

B3pbIBOOIIaCHbIMU BeIUeCTBaMU, K a K  neTysUe HeOpraHHYeCKUe rUnpULlbl, 
CyueCTBeHHO yBenUWiBa€T 6e30nac~ocrb IlpOueCCa. no  CpaBHeHMW C 

a n c o p 6 u n e f i  H XUMHqeCKMMU MeTOnaMM 04UCTKH U ~ ~ n e ~ ~ e M b l f i  MeTOn 

RBnReTCR HenpepbIBHblM U H e  ~ p e 6 y e ~  npUMeHeHUR KaKHX n ~ 6 0  PeareHTOB. 
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Pwpa6m~a M ~ ~ ~ ~ I - I L H H O ~  MeTOfla rny6o~ol OqACTKkl r a 3 0 B  CBI13aHa C 

PeUIeHkteM KPY~HQ$,  H ~ Y Y H O ~ ~  npo6ne~b1 - CO3AaHkieM HaY'iHbIX OCHOB 

mny6o~o# OWi~:TKI(  I W O B  C I I O M O ~ b l O  HellOpHCTblX nOnUMepHblX M ~ M ~ P ~ H ,  a 
TaKXe C C O 3 m M e M  TeXHOJlOrUU rny6o~oii OWCTKU rX30B MeTOAOM 

~e~6pa~kioioro ra3opa3neneHux. 
, & ~ c c ~ J ~ T ~ u H o H H ~ ~ ~  pa6o~a BblnOnHXJlaCb no paCnOpXXeHHl0 AkipeKTHBHbIX 

OWaHOB, - a Tame no rOCKOHTPaKIy C MHHHCT~PCTBOM nPOMbILLmeHHOCTH, 

H&YKW u TexHonornn PQ) Nc 35.663.1 1.0039 OT 06.04.2002 r. cornacHo 
IIpOvaMMe ( t H a ~ 0 ~ a n b ~ a X  TeXHOJlO~H'ieCK&l 6a3m) H a  2002 - 2006 rr. H 
nOMf3pXkiBaJIaCb rPaHTOM Mexny~apomoro HaYSHO-TeXHHSeCKOTY) UeHTpa N2 
2372. 

qeJlU ~ U C C ~ ~ T ~ ~ U O H H O ~ ~  pa6o~b1: 1. Pa3pa60~~a HaYYHblX OCHOB 

i'Jly60~0fi OYHCTKU ra30B MeTOAOM M ~ M ~ ~ ~ H H O ~ O  ra30pa3AeJleHkiH, 
B r c n r o 9 r u o u u x :  

- Paspa60~~y M ~ T ~ M ~ T U ~ ~ C K O ~ ~  MOAeJIH IIpOr[eCCa ~ y 6 0 ~ 0 f i  OYUCTKM ra30B 

OT n e r ~ o n p o ~ u ~ a ~ ~ q u x  n p u ~ e c e l  c ylreToM npononbxoro nepeMemaeaHua B 

paAUaJlbHb1X I4 npHMOyr0nbHbIX IlJlOCKOnapaJlJIWlbHbIX M ~ M ~ P ~ H H ~ I X  MQLU(nRX B 

BaKyyMHoM pexuh6e H pexnMe nonepeworo ToKa llposene~ue nposeprts 
MOAeJlH Wff p a , 4 U a b H b I X  Mehf6paHHbXX ~ 0 ~ y n e f i .  

- Bsene~ne n o t i m i x  o ~ ~ ~ O T ~ Q P H O M  pexuMe npouecca m y 6 0 ~ 0 B  osacmn 
r a 3 0 B  B M ~ M ~ P ~ H H O M  MOJIyJIe. 

- T ~ o ~ ~ T u ¶ ~ c K o ~  n s ~ c n e p u ~ e ~ ~ a n b ~ o e  onIjenene~ne mkur~nx peuama 
smonnoro noToKa H PeuupKynxwu no nepMeaTy Ha npouecc pa3Aen.eHua B 

M ~ M ~ ~ ~ H H O M  MOHyne. 

- Pa3pa6o~~y MaTeMaTUSeCKOlW OnaCaHHX KaCKWOB Tuna " H ~ I X P ~ P ~ ~ B H ~ R  

M ~ M ~ P ~ H H ~  K O ~ O H H ~ ' '  AJIX npOqeCCa r n y 6 o ~ o f i  OWfCTKH ra3O.B. 

- ~ K C ~ ~ ~ H M ~ H T ~ J I ~ H O ~  OIIpeAeneHkie npOHMUaeMOCTJ3 JIkryWix rtlAp&iAOB 
s n e M e w T o B  111' - YI rpynn u 3 a ~ u c n ~ o c ~ u  ~ o s @ @ u r l u e ~ ~ a  p a n e n e w  H a  

HeIIOpHCTbIX n0nkfMepHblX M ~ M ~ P W ~ X  OT KOHueHTQarulU IlplrMeCH B ' 

HHTepBaJIe W 10 % (06.) no 3-10" % (06.). 
2. PemeHIie B=HO# H ~ P H O - T ~ X H H S ~ C K O ~ ~  np06~1e~b1 CO3AaHkiX 

TexHonorsa m y 6 0 ~ 0 f i  OZIHCTKH raoB u -no~wx&mm~~a  ra3qwm~e#rur ,  - 
------- - 

~mmramrrreii: 
- Pmpa6omy B ~ I C O K O ~ @ @ ~ K T U B H O ~ O  nPOTUBOTOYHOr0 PaAUanbHOrO 

~ e ~ 6 p a ~ ~ o r o  Mopynx n ero npamusecKoe npsMeHeHne ,qnn rny6o~ok 
OYHCTKU M O B .  

- P ~ ~ P ~ o T K ~  B ~ I C O K O ~ ~ @ ~ K T E ~ B H ~ ~ X  K ~ C K ~ A O B  Tuna "~enpepb1~HaX 
~ e M G p a ~ ~ a x  K O ~ O H H ~ "  u ~ I X  npuMeHeHne, mx npoqecca r~1y60~0Zf  OYHCTKN 

r a 3 0 ~  OT npmectl napoB H ~ e ~ o ~ r ~ e ~ c n ~ ~ r o r u & c ~  n p n ~ e c e f i .  . ., 
- Pa3pa6oncy K O M ~ U H U P O B ~ H H ~ I X  MWOAOB ~ J ' ~ ~ ~ ~ K O ~ . , ~ ~ ~ C T K H ~  BeWeCTB, 

cowraiou~r p e ~ ~ a y w a r o  a ~ e ~ 6 p a ~ ~ o e  ra30tkunenenne? a Tame 
a6cop6usro y nepeanopaum. . - , ,  

- C ~ A ~ H U ~  Te)tHOJIOrkiM my6o~oti 0.lUCTKU M O H O ~ ~ ~ M ~ H ~  OT npHMeCU 

BOA~I,  a ~ o ~ o c u n a ~ a  OT npnMecu x n o p q Q n a s o a ,  nuMmupyroruax SUCTOTY TX 
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r n n p n n o B ,  a T a K x e  o q n c T K H  M o H o c n n a n a ,  M o H o r e p M a H a  n x n o p u c T o r o  

BOnOpOna OT B3BeUJeHHbIX YaCTki& Pa3pa60~~y TeXHOnOrMH rny6o~oii OYHCTKH 

nOCTOXHHblX r a 3 0 B  OT npHMeCH BOnbI U y ~ e B O ~ O p O ~ O B .  

Hayman ItOBU3Ha. 1. B n e p s b l e  ~OnyYeHbl3KCnepHMeHTaJIbHble 3HaYeHHR 

n p o H n w a e u o m  n q w x  r n n p w n o B  ~ J I ~ M ~ H T O B  I11 - YI rpynn n n o ~ a s a ~ a  
B03MOXHOCTb HX rny6o~ofi OYHCTKH MeTOnOM M ~ M ~ P ~ H H O ~  ra30pa3f ieJ leHUX. 

2. B n e p s b ~ e  IIOKa3aH0, YTO B m H q U H a  K O ~ @ @ U U U ~ H T ~  pa3AeJ ' leHHn 

(CM~KTKBHOCT~) r a 3 0 p a 3 n e J I U T M b H b l X  nOJIUMepHb1X M ~ M ~ P ~ H  r a 3 0 B b l X  

~ M e c e f i  H e  3aBHCHT OT KOHUeHTPaUUH IIpHMeCH n p U  ee 3HaYeHHH I '1  0-I + j.10~' 
% (06.). 

3. Haiine~o, S T 0  BMUYUHa CTelleHki pa3AWIeHbin B M ~ M ~ P ~ H H O M  MOAyYJIe C 

YMeHbIXleHHeM KOHUeHTPaUUH J I ~ ~ K o ~ P o H u ~ ~ I O L U ~ ~ ~  IIpHMeCH yBeJlHYHBaeTCR H 

AOCTUTaeT MaKCHMWIbHOrO 3HaYeHRR. E l T e p ~ b l e  BBeAeHO I IOHHTne  

6e30~6op~om npouecca rny60~0fi OYHCTKH ra30~ B M o A y n e  n c ero no~orribm 
n p O B e n e H 0  CpaBHeHHe  PaAHaJIbHOIV ll IlpXMOyrO.VbHO~0 MOAynX. 

4. B n e p B b l e  n o r l y Y e H o  a r i a n k t m q e c K o e  sblpaxeaue n n ~  c T e n e H u  

pa3neJIeHHR PaJIHUIbHOrO H IIpIIMOylWJIbHOm r l J I O C K O I I a p ~ e J ' l b H O I X 3  

M e M 6 p a H H o m  MOAJ'JIff B BaKYYMHOM P e X A M e  U P e X H M e  n O n e p e Y H O r 0  TOKa  C 

y.IeToM n p o n o n b H o m  n e p e M e m e a s u n  B c v a e  rny60~0fi OYWCTKY ra30~. 
Y C T ~ H O B J I ~ H ~ I  TeOpeTuYeCKHe  H 3KCIlepHMeHTaJIbHbIe 3aKOHOMePHOCTU 

rny6o~ot4 OYUCTKH r X 3 0 B  B PBAWUIbHbIX M e M 6 p a H H b l ~  M O m f f X  B YCSIOBHIIX, 

6ne3mx K BaKYYMHOMY PeXHMY. ~ K C ~ ~ P U M ~ H T ~ ~ ~ H O  0nPeJ3WleHa CTeI IeHb  

p a 3 n M e H H 2  M e M 6 p a H H o m  MOA)'na C r a 3 0 p a 3 n e J I H ~ W I b H o f i  M ~ M ~ P ~ H O #  T A p a  

((CHJIap)) I4 H O H O O ~ M ~ H H O ~ ~  I ~ ~ ~ @ T o ~ H ~ o B ~ H H o ~ ~  C ~ ~ ~ @ O ~ ~ T H O H U T O B O #  

M ~ M ~ P W O Z ~  MO-4CK. 
5 .  Pa3pa6o~ma MaTeMaTUWCKaJl M O A M b  IIpOUeCCa rny6o~oii OYUCTKkl 

r a 3 0 B  B nPOTkIBOTO¶HblX P W U I b H b I X  M ~ M ~ ~ ~ H H ~ I X  MOJIJ'Jlm C yYH"l'M p e U H M a  

BbIXOrnOrO IIOTOKB. ~ @ o B ~ # ~ H o  CpaBHeHHe  PaCqeTHbIX ki 3KCnepHMeHTWlbHbIX 

n a H H b l x  H n o ~ a 3 a ~ o  HX xopmee cornacxe. 
6. P ~ C C M O T ~ ~ H ~ I  M ~ M ~ P E U I H ~ I ~  M 0 A y n H  C p e 4 U p 1 c y n f l u ~ e f i  no nepMea?y ,  a 

T a K X e  KaCKWJbI T u n a  " ~ e I I p e p b I ~ ~ a J l  M ~ M ~ P ~ H H -  KOJIOHH~" U n p O B e n e H 0  HX 

c p a B H e H u e  mrr rny60~0Zt omc~mi ~ 8 3 0 ~ .  

7. P ~ C C M O T ~ ~ H ~  rny6o~m OYHCTKa B e q e C T B  K O M ~ ~ W H ~ O B ~ H U M  MeTOAOM, 

BKJIIOsaIoUHM P~KTU@~KSUIHIO H M ~ M ~ P ~ H H O ~  ra30pa3AeJ l eHHe ,  a Tame 
a6cop6uum u n e p B a n o p a u n I o .  

n p N C T r t q e c I C a S l  3 H a q H M O C T b  pa6orbr.. 1. Bnepsbre H a  OCHOBe 

TeOpeTHYeCKkiX U 3KcnepUMeHTaJIbHbIX naFUibIX C03naHbI  P a A N a n b H b I e  , 

IIpOTHBOTOWIbIe ~ e M 6 p a H ~ b l e  MOnyJIH K KaCKWbI H a  HX OCHOBe, KQTOPbIe  

~ O ~ B O J I R I ~ T  nposonn-rb r n y 6 o ~ p  o r u c T K y  ra30s OT n e r x o n p o H u K a r o u r u x  

HeKOHAeHCEipyIoIUnXCH llpn~e~efi, a T a K X e  OT I I p ~ M e C H  IIapOB. 

2. l lo~a3a~6 ,  YTO n p o s e n e H u e  npoqecca B p e x u M e  peuu~na  s b ~ x o n ~ o r o  

nOTOKa B C J l y q a e  HCIIOJIb30BaHUfl BblCOKOCeJIeKTUBHbIX M ~ M ~ P ~ H ,  o6nanamrunx 
H U ~ K O ~ ~  nPOHHUaeMOCTbK) no OCHOBHOMY K O M ~ O H ~ ~ T Y ,  nO3BOJmeT 

CyUeCTBeHHO YBenHYkiTb C T e n e H b  pa3AeJIeHHR U npOkf3BOAHTeJIbHOCTb 
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M ~ M ~ P ~ H H O ~  MO~.J IR i  Ta~me H ~ # A ~ H O ,  S T 0  BBeAeHUe p e X U M a  pel.lUKIIa 

B b l X O A H O ~  nOT0~b t n o 3 ~ b n r r ~  Cj'lUeCTBeHHO PaCUINpMTb pa6oquti U H T e P m  

OTHOmeHHR " A a ' k J I e ~ n ~  B IIOJ'IOCTIlX M ~ M ~ ~ ~ H H o I Q  MOAynlr, VTO WeT 
B03MOXHOCTb l 4 ~ 1 ~ 0 J l b 3 0 ~ a ~ b  K O M ~ P ~ C C O P ~ ~  C MeHbIIIe#  V e Q e H b K )  CXaTUII. 

O X e H  HoBblf i  MeTOA, c o r l ~ a t o l U U #  a6cop6uuio U 

O B ~ H H ~ I #  npu n o n y s e H s u  xnopunoro Bo.uopoAa us 
OAa C BOAOpOAOM U n U  ap rOHOM,  

~P~~~~~~~~~~~ M ~ M ~ ~ ~ H H O M  MOAyJIe n p 0 B e n e H a  

u a p r o H a  OT rrpuvecn B O ~ ,  a H a  K a s ; w e  mna 
" H e n p e p b l ~ H a n  M ~ M ~ ~ ~ H H U  K O ~ O H H ~ "  - O'fUCTKa a p r O H a  OT yl'JleBOAOpOAOB. 

5. ~ P O B ~ A ~ H ~  r n y 6 o ~ ~  OqHCTKa M O H O r e p M a w  MOHOCWIUI5UIB OT n p H M e C H  

MOXllJlOB B BUAe B3BeLIleHHfdX S$CTUQ. Ha pa,4UaJl,bHOM .KlPOTUBOTOYHOM 

MOAyne O n p e A M e H a  ~ @ @ ~ K T u B H Q c T ~  OqUCTKH MOHOcUJIaHa OT XJIOPCHlIilHOB, a 
T a m e  M o H o r e p M a H a  OT n p u M e c u  BOA~I .  Onpenenwp 3 n e ~ o @ a 3 u v e c ~ u e  
n a p a M e T p b I  s n u T a K c M m b H a l x  crpyy.ryp, nonpewux r a 3 ~ 4 w ~ i i  snuwcaefi 
N3 OqUlUeHHOrO B b I C O K O S H ~ O r O  M O H O ~ ~ ~ M ~ H ~ ' . '  Mmon my60~aii OsHCTKN 

MOHOCWaHa BHeA.eH H a  000 ( t~>Up 'Ma  ( (XO~CTD. 

i 
O C H O B H ~ I ~  pe3J'JIbTfiTbl ?I I l O J ' I O ~ e H H R ,  B b l H O C H M b l e  H a  3alQHTy: 

1. ~ K C ~ ~ ~ U M ~ H T Z I J I ~ H O  OnpeAeJ IeHHbIe  3HaSeHUR K O ~ @ @ U ~ U ~ H T ~  

n p o H u y a e M o c m  n e w a x  r u A p u A o a  ~ ~ ~ M ~ H T O B  III - ~ 7 .  rpynn. . 
2. M ~ T o A U K ~  onpenenesm K O ~ $ @ K U H ~ H ~ B  pa3~ene~arr H a  ~erropacn~x 

n 0 h ~ e p H b l X  M ~ M ~ P ~ H ~ X  n p U  W ~ K O ~  KOWeHTPaI@iH npMMeCU. ~ ~ B W C M M O C T ~  

K O @ H ~ U ~ H T ~  pa3~ene~kn QT KOIJUeHlJXtl.lUH I l p k i e H  B HHTepBaJCe ee 
~ H ~ W H U R  1.10-' %(06.) - 3.1'0'' % (06.). 

3. M ~ ~ M ~ T W I ~ C K U  M O A W b  n p 0 z I e C C a  UIY~OKOP OVEICTW f 8 3 0 B  OT 

n e r K o n p o a u K a m u r u x  npu~eqeii c yqe-roM n p o A o n b n o r o  p e p y M e m H B B n u R  B 

BaxyyMHoM p e x u M e  u p e x y M e  n o n e p e q H o r o  T O K ~ ,  a ''+amice B p e x n M e  

npOTUBOTOqHOr0 ABUXeHUX ,CMeCH B KaHaJIaX MOJIJ'Y C p & U K n O M  BbIXOAHOm 

noTotca .  

4. ~ K C ~ ~ ~ H M ~ H T ~ I J T ~ H ~ I ~  ~ Z ~ K O H O M ~ ~ H O C T U  ~ Y ~ Q K &  OYHCTKU r a 3 0 B  B 

p ~ p a 6 O T a ~ ~ b l x  paLIU2IJTbHbIX M ~ M ~ ~ ~ U I H ~ I X  MOWJIIIX 683 y e T a  U C YSeTON 

PeQUIUIa BbIXOAHOrO nOTOKa. P e 3 y n b T a ~ b 1  I Ip0~e, l@HUlI  rny60~0% OSUCTKU. 

IWlUR, a p F H a ,  MOHOrepMaHa  U MOHOCUJIaHa. 

5. ~ O H X T U ~  0 ~ ~ ~ O T ~ O P H O M  p e x u M e  npouecca rny6p1@j O W a K I 1 .  Ta30B B 

M ~ M ~ P ~ H H O M  M O A y n e  U MeTOAUKa er0 u c n ~ n b 3 h P B q ~ $  CpaBHeHUSI 

pa3JIH9HblX THnOB M ~ M ~ R W H ~ I X  MOPJ'JI~#, a W X e  ~ o ~ R T ~ ~  ~ ' ~ e r y j O T O W O M  

M ~ M ~ ~ ~ H H O M  MOAyJIe C IlOJIHMepHbIMH M ~ M ~ ~ W ~ M U  A UX M a T e ~ @ T U Y e C K O e  

~o~enupasame.  
6. M ~ T C M ~ T H ' ~ ~ C K ~ R  M O p b  H 3I$CnepHMeHTaJIkHble 3i#COHOMepHOCTw 

npOUeCCa I ' JX)~OKO~~ OSHCTKU B , M ~ M ~ P ~ H H ~ I X  M O p Y J I m  C ~ ~ u ; ~ x P K ~ J I x u . w #  IIQ 

HepMeaTY H KaCKallaX ~ H n a ' " ~ e n ~ e ' ~ b l B ~ a ~  ~ e ~ 6 ~ & ~ a j ?  ~ 0 J l i o n o H H ~ .  
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7 : ~ ~ ~ a ~ k i ~ ~ I C ~  ,-B, 4.:: r@Q& - O ~ ~ ! !  B e m B  

K O M ~ H H H ~ O B L L H H ~ I M  MeTOJlOM, BKnIO981r01l(WW~ .;~RTI@@W~%QUBO~. ' i @ ' ~ ~ h & f B ~ ~ ~ e  
FWp%3.4mHW2, a THCBS Et6 

~ . m n e p w m b W i .  
pa3pa6onca M~TOAAK 3~cn  
B nonygeHuu 3 ~ c n e p u ~ e  
PaCWTHblX H 3E$?mmTkUM ~ ~ A ~ ~ ' ! ~ ~ ~ ~ I I H P o B ~ H w H  B ~ ~ B O W B  H 

I I O ~ O X ~ H A # ,  B paspa6me PaJIHaJlbHMX I I ~ o T A B o ~ > ~ H ~ I x  ~eM6p~irllhnr 
~ o n y n e i 4  A K ~ C K ~ A O B  H a  AX ocHoBe. ,f!,:aL, ii. ,::t:;,v ,.;,*: :frf*i :... 

B n w m p )  A HFlO " 
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YII, YIII B880mp(.bw m ~ m r t u ~ ~  &Q .RcifpkeMmf k j~URWwbej tgM 
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M e m y ~ a p a n ~ a r r  xon~epenuua c<<8ymMe~-e 'P ;lnbh.&biii~ 
npo6ne~w.oxp- q m e f i  ~ p & ~ > y ~ . 6 w e ~ ,  1'995x1" ' '- ' 

m H m g  K-: ho *M~~:'H~~M6p~H&$1'~p"6~&&' 
mme, ~QOB);~,, ;*.wrl,t b4i l !  i:--. ?: i; ; * + > ; ! t : ~ j ;  P ,  I O ~ : ; . ~ ~ : ! ~ , ~ ~ , ~ .  ;'.-;.. 

" ?l-&&,&&&, .f&p4p 

np&a~** ' j&&gii' ; 
. .:::. .., .s JiL: .:r:.!:.dr' .! 

~~6JEEf~uUM. &~Wl%b?e p e 3 m w  ~ ~ ~ o T I ~ % ~ ~  Y 52"' 
pa6o'm, v m  KOT.OPMJ( 23 CT8Tbu B ueHTpMbHbFX HaYqHUX XypHanax PAH, 
3 CTaTbH B X Y P H a n e  ' 'M~B~CTUR A K ~ A ~ M U A  ]MHXCe~epHblx  hay^", 4 CTaTbH B 



COREPXAHEIE &UCCEPTAU(HM 
I 

n u ~ e p a ~ y p ~ b ~ f i  0630p 
n p o B e n e n u a  npouecca p a 3 A e n e H u n  ra30~ c n o M w b m  uenopuc~ofi 

~ O J T U M ~ ~ H O ~ ~  M e ~ 6 p a H b l  H ~ O ~ X O A U M O  U3y4eHUe  ~pOHMIJaeMO6TU KOMlTOHeUTOB 

CMeCU, K O T O P U  OOrrpeAeJlXeTCB UX n?i@@y3~eg U PaCTBOPWMOCTblO B 

M a T e p g , q e  M ~ M ~ P ~ H ~ I .  K p o ~ e  ~o ro ,  H ~ O ~ X O A U M  p a c q e T  c T e n e H n  pmmnema, 
v-ro CBIIJ~HO c W W ~ ~ O B ~ H U ~ M  ~ a ~ e ~ a ~ w q e c ~ o i i  M o n e n u ,  o n a c b l ~ a m u c e f i  

naHHb1fi npOueCC.  Hauhnee BblCOKaB C T e n e H b  p a 3 n e n e H H X  O T  

n e r K o n p o H a K m u r u x  n p u ~ e c e l  nocmramca B cnyqae n p u M e H e H u x  p e x u M a  

UAeaJlbHOrO BbITecHeHUa. H a l i ~ e H e e  ~ @ ~ ~ K T u B H ~ ~ M  PeXUMOM lBn leTC5I  

cny~afi n o n H o r o  n e p e M e r u n e a H n a  B o6oux mnanax M o n y n a .  A a ~ ~ b r e   onen nu 
M O W  ~ P ~ ~ ~ J I U X ~ H U O  OnUCbIBaTb XlpOUeCC pa3AeJIeHUli JlHlJlb B O n p M e J r e H H b I X  

ycno~urrx. B o 6 4 e ~  cnpae senmuwa crenenu pa~nene~ua H a x o n u T c a  M e x n y  

m m  n p e ~ e n b ~ b r m  p e m M a M u  u ~ ~ B U C U T  OT n a p a M e T p O a  rposecca.. 
Y B ~ H ' I H T ~  c T e n t H b  pwezeeua B M ~ M ~ ~ M H O M  a n n a p a T e  MOTHO 3a 

C q e T  IIPUMeHeHliX KaCKanOB. ~ ~ [ C ~ O J I ~ ~ O B ~ U U ~  MHOrOCQ'newaTbIX K a c K W O B  

n p u s o m  K C y u e c T B e H H c w y  ~ C I I O X H ~ U H )  n p w c a ,  ysenwwmno ero 
M a T e p u a n o e M K o c m  u H e  u m o  runpo~oro npaMeHeHwrr  H a  n p a m K e  ( ~ p o ~ e  
paweneuna u3omno~). C 3~09 TO'IKW 3 p e ~ ~ a  6onee n e p c n e K T u B w r  KactcaAbI, 

nOJIY'IHBIUUe Ha3BaHUe "HeIIpepb1BHaX M ~ M ~ P ~ H I W ~  KOJIOHH~". 'OAH~KO 
npamusecscoro n p n M e a m u n  n a m b r e  a n n a p a T b I  noxa H e  H a m u .  

K p o ~ e  TOrO, YB~JIU'IUTb CTeneHb  pa3neJ l eHUa  ra30~0fi CMeCU B 

M ~ M ~ ~ ~ H H O M  a I T n a p a T e  MOXHO 3a C q e T  P e I J U p K y J I ~ ~ l i U ,  UCIIOJIb30BaHUX 

PeUUKJIa IIO BbDtOAHOMY ROTOKY U IIPU COWTELHWU M ~ M ~ J I ~ H H ~ I x  MtXOAOB 
----------- 

p S a L @ n m C  APYrMMkf IIPOUeCCaMU, OAHaKO BO3MOXHOCTU HX npAMeHeHMX &JIB 

r y 6 0 ~ 0 #  O'IUCTKki m 0 B  H e  W3YWHbI. 

H3 o63opa MOXHO CAeJ'IaTb BbIBO& q T 0  TeOpeTkl'IeCKuX U 

3KCnepUMeHTanbHbIX U ~ c ~ r e ~ ~ ~ a H k i i f  no . rny6oxofi OYUCTKe r a 3 0 B  OT 

nerKOIIpOHHKafOI4UX IIpUMecef i  MeTOAOM M~M~PBHHOIY)  lX30p83AWRHUII  

npa rcTk i secKn  4e npoeonunocb, H e  nsyseaa ~ ~ B M C H M O C T ~  K O B @ @ H ~ U ~ H T ~  

pa3nene~ua OT KoHueeHTpauwi  n p u M e c u  B o6nacm M H K ~ O K O H Q ~ H T ~ ~ I J U ~ ~ ,  H e  

p a 3 p a 6 o ~ a ~ b 1  M o a e n u  npouecca r~y60~0i'4 O~UCTKU rame, H e  o n p e m e ~ b ~  
npeAeJlbHMe B03MOXHOCTU M ~ M ~ P ~ H H ~ I X  illllTapaTOB, OTCyTcTByHYr C B e D H w a  0 

B ~ ~ c o K c ~ @ ~ ~ K T W B ~ ~ ~ ~ X  ~ e ~ 6 p a I i H b I X  MOAynXX. 

I 



B samonuleii pa6o~e onpenenmu ~ o s + + u r ( u e ~ ~ ~ b t  n p o s u q a e M o c T u  

C ~ ~ O U H O ~ ~  ~ e ~ 6 p a ~ b l  T u n a  (<C~nap)), npOHMqaeMOCTb ~ C U M M ~ T ~ U Y H O ~ ~  

~ e ~ 6 p a H b l  T U n a  < t C ~ n a p > )  U ~ ~ & Z T ~ T ~ ~ J I J ~ W J I O ~ H O ~  ~ e ~ 6 p a ~ b 1 ,  K O M ~ O ~ U U M O H H O #  

~ e ~ 6 p a ~ b l  T u n a  ccJlec~ocunn, a T a m e  nep~~opaposas~o2i 
C ~ J I ~ ~ O K ~ T U O H U T O B O ~ ~  M e ~ 6 p a ~ b I  MO4CK. B e n u y u ~ y  npOHHUaeMOCTU ra3OB 

HaXOAUnH MaHOMeTpHYeCKUM MeTOAOM, a n a p O B  BOAbI - BeCORbIM MeTOAOM. 

3 sase~ue  ~ o s ~ ~ u u u e ~ ~ a  p a 3 A e n e H u a  r a 3 o s b l x  c~eceji onpenenxna ucxow us 
K O H U ~ H T P ~ ~ H ~ ~  n p U M e C n  B HanOpHOM U f ipeHaXHQM KaffcuraX MOAyJIn, KQTOPbre 

HaxoAkinU C IIOMOUlbW x ~ o M ~ T o ~ ~ ~ @ u ~ ~ c K o ~ O  MeTOAa. Hau6onbruyro o m a 6 ~ y  
B 0llpefie.IIeWU K O ~ @ @ & ~ U U ~ H T ~  np0HMUaeMOCTU BHOCUT H3MepeHUe  T O n U U H b l  

M ~ M ~ P ~ H ~ I .  & H O C U T ~ ~ ~ H ~ ~ I  o m u 6 ~ a  B O n p e A m e H N H  K O ~ @ @ U U M ~ H T ~  

npOHUUaeMOCTU COCTZIBJlHeT 15 %. M ~ K C U M ~ ~ ~ H M  O T H O C U T ~ J I ~ H ~ %  o m u 6 ~ a  B 

onpenenessu n p o H u u a e M o c m  ra30~ H e  n p e s b l u x a n a  5 %, a napoe B O A ~ I  - 15%. 
n o n y q e r r e b ~ e  s ~ a s e s u n  K O ~ @ @ U U U ~ H T O B  npo~tnuae~oc~a  B ~ I C O K O Y M C T ~ ~ X  

neTJ'YHX rHApHAOB 3JIewHTOB 111-VI rpylln IKpUBeAeHbI B ~a6nme.  k i 3 t d e p e H ~ n  

nposonunu npa A a m e H a u  ~ O B  B H a n o p H o M  K a s a n e ,  p a m i o M  0,l Mlla, a B 

ApeHaJKHoM K a H a n e  - H e  6onee 3 Kna. B ~ B J I ~ H U ~  napa n e r K o R e - r y r u x  

XWW& B HanOpHOM K a H a n e  COOTBeTCTBOBWO AaBJIeHUlO UX HaCbIrrIeHHblX 

n a p o B  npu 296 K. 
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B C n y l i a e  eCnU n p b W e C ~ b l f i  KOMIlOHeHT CYUeCTBeHHO M O A N @ H I X ~ ~ T  

C B O ~ ~ C T B ~  MeM6paHbl  ( n e f i ~ o p ~ p o ~ r l ~ ~ a f l  c ~ J I ~ ~ o K ~ T U O H U T O B ~ %  M e ~ 6 p a ~ a  

M@-4CK - t l apb l  BOA~I), TO BWHSHHa I lPOHU~aeMOOTR ByUleCllBeHHO 3aBHCUT 

OT COnePHCClHWS IIpUMeCN B me. 
Ilpe onpenenenus r o s t + t + u s ~ e ~ ~ a  p a 3 n e n e H n a  (wnu c e J r e ~ ~ u s H o n n  

M e b l 6 p a k ~  npktMeHnTenbHo K peanbao# c~eca)  n e r r c o n p o ~ u ~ a ~ > m 2 t  

KoMnoHeH-r n p e u ~ y r u e m e ~ ~ o  npoxonm *ptm ~ e ~ 6 p a ~ y ,  n ero 
KOHUeWl'paUUX BnOJlb ll0BepXHOCTn ~~6part i ,1  . :-H~M~H#WFCS. n03TQMJ' 

llpe&BapUT€?JIbHO n p O B O ~ H  P a C W T  I IapaMerpOB -pmWCa, 
n p e n o T s p a q e H s a  n s ~ e m ~ x ~ a  i c o e u e n r p a w n  hpmiecn $ PIairoPHoM K a n a  w 
06ecnese~m ~ u ~ n ~ a n b a o k  0mn6m 3 K C n e p n M e m .  B enyirac b ~ n o n k e ~ ~ ~  
EaHHOI'O YC-JIOBMS nOnOJiHBTeJIbHOe F P e p e M e I I I U ~ A k l e  lW30~0fi C W C H  d h 0  
IIOBepXHOClM MeM6- lie npnBo$mnb K ~ o M Y - J I M ~ O  U3MeHeHUIO 

pe3ynbTaTOB. *O C B U A W b C T B Y B T  0 IIo&'$W~~CTB& KM&eHTpaqUM l'IpNMeCN 

BAOJlb nOBepXHOCTH M e ~ 6 p i W b 1 ,  a TaK)#e 06 OfCyTCTBUH RBJleHNII 

K O H ~ ~ H ~ M O H ~ I O ~ ~  n 0 J I f f p ~ 3 ~ K H .  

1 7 p ~  onpenenerinti c e n e m n B H o c T u  MaKcuManbHax  m o & n r ~ r i i ~ a ?  
O U I M ~ K ~  H e  npesuruana 10 %. Ha pwc. 1 npsseneaa sa~ucmocrb ~ensEaiiriasl" 
I C O ~ @ @ H I I H ~ H T ~  p83A(3'leHUR OT K O I i U e ~ U E i U  IIpUMeCEf H a  BXOAe B C  

WIdK)', KoToparr B YCJIOBUm 3KClIepUMeHTa PawIReTcR KOHUeHTpaUHU llpliMeCU 

B HallOpH6M KaHWIe (C,). 3ne~b K ~ ~ ~ $ ~ H L W ~ H T  pa3AeJIeHHP LY p8BHIIeTCII ' 

OTHOIIleHBK) nPOHHIl(aeM0CTH KOMnOHeNTOB, H a X O m X C I I  B CMeCH IIPM 
. !l .. , 

. - r r  "1U . ' .<',. . , I ,  . 1 
., ,PWCYLLOIC ,*;, , 1. ~ B B ~ ~ C A M O ~ T ~  

. ro3@@iWenra pa~neneeua OT 

'----I 
- tconsempaqrm npnMecIc qmsi 

~ y ~ 6 p a m  Tmna &napn. 

6 .[L 2 - 
0) % - oHcEema = 8,7; (2) Alcnp~~eCb - A r - n p ~ ~ e c b  C3H8, 

4 COs, tqfn = 5,s; (3) - Gel& - 

:;I , , , 

2-p. nPHMeCb pH39 % = 2 9 1 ;  (4) - 
*nPHPMMecaCK - - -- - - - - - - 

7-;?---------- 4, a& -13. 
1.2 r . .- 

1 0 -1 -3  -5 -7W1I%(06.)1 r: 
J 

~ ~ A ~ H H ~ I X  napunmbnm namenum. B 0611le~ crry.rae OH we cosnanaeT c 
HneaJlbHbIM K ~ ~ @ @ ~ ~ U U ~ H T O M  pa3AeJIeHHII %LI, PaBHbIM OTHOLUeH,UK) 

npOHHLiaeMOCT?f ~AFiBPlay(UIbHb1X nPkIMeCHOr0 R OCHOBHOrO KOMnOHeHTOB. 

M3 PUQYHKa BUJXHO, ZIM ma r a ~ o p a ~ n e n n ~ r n ~ ~ n r  M e M 6 p a ~  ( ~ a n p u ~ e p ,  H a  

OcnoDe  nonnxu~mcmoxcana) KO~@@E&U~HT P a w e n e H u n  H e  ' ~ ~ B W C K T  OT 

compmmr n p n k i e c s o r o  x o M n o n e H T a  -npu - 'erb H U J K O ~ ~  K O H U ~ ~ + ~ ~ W U .   TO 
CBWWWIbCTByeT 0 BO'JM~XHOCTU U C ~ I O J ~ ~ ~ O B ~ H A ~  MeTOAa AN@@Y~MU Wpe3 
llOJlUMepHbIe k i e ~ 6 p a H b r  ~ ~ H M ~ H N T ~ ~ ~ H O  K r J l y 6 0 ~ 0 2 t  OSHCTKe Ta30B. 



~ P U  P a C q e T e  M ~ M ~ ~ ~ H H o I ' O  pa3AeJIeHUn ra30BbIX c~eceR CO CPaBHUMMMU 

KonI tenrpauMaMu,  npo~onbeoe n e p e ~ e w u ~ a ~ u e ,  k a ~  npasuno, ~e 
y w m e a e T c a .  Mcxona 143 U ~ B ~ O T H O ~ ~  (Pop~ynw LUIR m~yymord p e x u M a ,  

a ~ a n o r u q ~ o i i  y p a B H e H n m  Penes, K m a a  maiuenne hame~ntP cooTBmesao 
B APeHtDKHOM H HanOPHOM KaHWIaX P 'lfyJXl6, H ~ R A ~ P I ~  3aBUCHMOCTb 

c T e n e a u  pawv~ie~ua  OT K o H u e H T p a u n u  n e ~ ~ o n p o ~ ~ ~ a m u e f i  'npmecu. 
R o K ~ ~ ~ H o ,  'IT0 3 H a q e H H e  CTeneHU pa3AeJIeHAff 6yne~ MaKCWMaJIbHbIM IlpU 

HU3KOM C O ~ p T a H U K  n p U M e H  AJIR OAI&fX H TeX Te ~ 0 0 T H O I l l e H k i ~  ~ O T O K O ~  H a  

BXOAe U BbIXOne 113 H a n O p H W  K a H a a '  M O W X  ( H ~ U  0 f t F f H a K 0 ~ 0 ~ ' C T e n e H U  

d o p a  Y e p e 3  M ~ M ~ P ~ H Y ) .  3n> CBR3aHO C TeM, 1ITO n p U  H U ~ K O ~ ~  KOHUeHTPWAU 

I'IpUMeCA Y e p e 3  ~e~6paEtJ' I ' IpOXO~UT 6 d n b L U a ~  AOnX UCXOAHOrO IlOTOKa 

n p u M e c u ,  v e M  npu ee B~IGOKOM H a q a n b H o M  c o A e p x a n u u .  l l o u r o ~ y ' ~  cnysae 
rsry60~02i O~UCTKU IYI~OB rpaanem I t b w e m p a u H u  npmecn u c ~ m a ~ ~ o e  c HUM 

n p o n o n b H o e  n e p e M e r u u e a H u e  mace ~ o m r a ~ a  MarccwManbnoro  

3HaYeHUR. C Y q m M  3TOlW, n p U  TeOpeTUqeCKOM OnHCaHUU IlpOUeCCa, K O r n a  

HYXHO peanA30BbIBaTb npeAeJ lbHbIe  peXUMbI pa60w a n n a p a T a  U 

CpaBHHTMbHO ' HeBbICOKyIO er0 npOH3BO~TeJ lbHOCl+ ,  H e 4 3 6 ~ 0 g ~ r ~ a  

p a c m a - r p u ' e a ~ b  n p d n o n b ~ o e  n e p e M e u r n m a i e .  

~ ~ ~ B ~ C T H O ,  W O  n J I O C K O n a ~ e J l b H b I e  lTpR~6X&bfib~e M ~ M ~ ~ H M ~  
M O ~ n n  UMeIOT BeCbMa BbICOQK) CTeReHb $a!3AeJIe~ru1. l ( v ~ e  &r0, AJ'IX 3TUX 

~ 0 ~ y n e f i  MOXHO IIOJIYW4Tb 38AaHHbIe l Z O M T w 4 e c K H e  XapaKTepHCTnKU, 

n p m ~ o m  KmaJIa.  Enre 6onk nepcne~m~nbim a m ~ m x  
rIJlOCKOnapaJlJIeJlbHble paJUiaJIbHb1e MOAyrm C ABUXeHUeM r a 3 0 ~ 0 ~ '  C M a U  B 

H2UlopHOM KaHWle OT I I ~ ~ M @ ~ A H  K UeHTPY. C X ~ M ~  TaKOrO MOAyJlR. C 

n p o m e o r o g H b l M  n s u m e H u e u  B K a H a n a x  n p u B e A e H a  H a  pqc. 2. M o n y n b  

n p e n c T a a n n e T  ~060% ~ p y r n y i o  s ~ e ~ ~ y ,  B ~ a ~ o p o i i  n p T m o T o q H o e  n~u);;&rie 

t I t 
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ra30~0fi CMeCU BAOJIb ~ e ~ 6 p a ~ b l  O ~ ~ C I I ~ ~ M B ~ ~ T C H  3a C s e T  

p a c n p e n e n u - r e n b t i b l x  AUCKOB. B cnysae, K o r n a  nameme rasosoii c M e c w  B 

n p e H a X H 0 M  KaHaJle H ~ O ~ X O ~ M M O  nOnyqUT1,  ~ I I M ~ K M M  K HyJlIO, 

p a c n p e ~ e n n ~ e n b ~ b r i i  AUCK B  TOM K a H a n e  ~ ~ M ~ H R ~ T C R  n e p @ o p u p o ~ a ~ ~ b l ~  

A p e H a X H b I M  AHCKOM. 

K ~ K  6yne-r BUnHO M3 IIOCJIeAyfOUIHX paCqeTOB,  PaAUWIbHbIe  MOAYJIH 

MMeIOT BbICOKYM C T e n e H b  pZi3AeJleHMR U IlBnRtOTCR 6onee ~ ~ @ ~ K T M B H ~ I M I I ,  

YeM npJTMOyrOnbHb1e n n O C K O ~ a p a J I n e J I b H b l e  M ~ M ~ P ~ H H ~ I ~  MOAYJIU. K p o ~ e  T W O ,  

3AeCb OTCYTCTBYfOT napa3HTHbIe  IIOTOKH, C H U X a l o ~ H e  ~@&KTUBHOCT~ 

p a 3 n e n e H n n .  

3 A e c b  CI  -MOJlbHUI AOnR npAMeCH B ~ a ~ o Z i - n U 6 0  TOYKe H a n o p H o r 0  KaHZiJIa, 

C I<<~ ;  VI - J I H H ~ B H ~ R  CKOpOCTb nOTOKa ra30~0fi CMeCA B H a n O p H O M  KaHUIe ;  

D l  - K O ~ ~ $ @ H ~ U ~ H T  npOAOnbHOr0  ITepeMeUlHBaHHR I lpUMeCU B ra3e B HaITOpHOM 

KaHZUIe; p -  MOJIbHaR NIOTHOCTb CMeCU; WI - BWlU'iUHa 3 a 3 0 p a  B HanOpHOM 

KaHaJIe, no KOTOPOMJ' ABHXeTCR Ta30BaB CMeCb; R- K O O P m H a T a  n0 pa,UHyCY 

~ e ~ 6 p a ~ b 1 ;  Q, - nPOHUUaeMOCTb npUMeCHOrO KOMnOHeHTa Wpe3 ~ e ~ 6 p C i ~ y ;  
PI - A a B n e H H e  B HXIOPHOM KaHUIe,  CSUTaeTCR nOCTORHHbIM. 

Y p a s ~ e ~ u e  (1) sannca~o AJIX cnyyarr n o c ~ o a ~ ~ o #  B e n u v u H b I  n a m e H u n  

ra30~0# CMeCH B HanOPHOM K a H m e  U OTCYTCTBHR K O H J @ H T P ~ ~ M O H H O #  

IIOJIRpU3aLlUU. n e p ~ h l #  WIeH B JIeB0fi  WCTM YqHTbIBaeT BJIHRHHe n p O n O n b H O r 0  

n e p e M e r u u s a H u R  npmecu H a  npouecc M a c c o n e p e H o c a .  

& l R  CnyYaR rny6o~ofi OYHCTKH r a 3 0 B  BCneACTBIle M~Mo# KOHIleHTPaLIMM 

IIPIIMeCHOF'O KOMnOHeHTa eI'0 BJIHHHkieM H a  CKOPOCTb ABMXeHUIl ra3a IIO 

K a H a n y  MOXHO n p e ~ e 6 p e s b .  B e n s q u ~ a  CKOPOCTU VI  onpenenne-rcn 
H3MeHeHUeM CKOPOCTH nOTOKa OCHOBHOrO KOMITOHeHTa CMeCH 3a CYeT er0 
npOHHKHOBeHHX Y e p e 3  M e ~ 6 p a ~ y  C B ~ J I A ~ u H o ~ ~  npoHHIJaeMocTu  QB II 321 , C W T  

. . U3MeHeHHR lTJIOUIaAU nPOXOnHOT0 CeYeHNIl MOHYSIR: 



V ~ , C ~ ' ~ ,  = VnxCl + D l  npu R = b ,  
dR 

dCl/dR=O npu R=RI. (4) 
B YpaBHeHMXX (3) 11 (4) RI  - PanMYC UUJIUH~PU' l eCKO~O KaHiiJla AnA BbIBOna 

~ X ~ O B O ~  CMeCM M3 nOJIOCTIl BbICOKOrO naBJIeHHR MOAynn, CIBX - KOHUeHTpaqHIl  

npUMeCM B nOTOKe H a  BXOne B M e M 6 p a ~ H b l f i  M O W n b .  

M 3  Y ~ ~ B H ~ H B ~  (1)-(4) AJlH CnyYaIl MiiJlbIX BenUqUH RI  n O J l y ~ M M  

s b r p a ~ e ~ u e  A n n  c T e n e H u  p a 3 n e n e H u a  npa o r u c T K e  OT n e r ~ o n p o ~ u ~ a m u e i i  
IlpUMeCU, 0npeneJI5IeM0fi  KaK OTHOlUeHUe KOHqeHTpaUUU IYpUMeCU H a  B X O n e  B 

COOTBeTCTBeHHO, LM = Q ~ P ~ X R ~  ; @ - B ~ I ~ O X ~ ~ H H ~ R  r A l l e p r e O M e T p U r e C K a H  

@J'HKUUX. 

B U ~ H O ,  YTO C T e n e H b  Pa3AeJIeHIfII 3aBUCklT OT K O ~ @ @ U ~ U ~ H T ~  pa3AeJIeHHR, 

nOTOKa H a  BXOne B M O n y n b  A nOTOKa Wpe3 M ~ M ~ P ~ H Y ,  OT CBOGCTB 
pmnense~ofi c M e c u  u n a p a M e T p o s  ~ e ~ 6 p a ~ ~ o r o  M o n y n a .  

B IIpeAeJIbHOM CJIyWe,  KOrAa A U @ @ ~ ~ U O H H O ~  s U C n 0  r k I u r e  

Pel = V,Ro / D l  MHOrO MeHbUle  eAUHUUb1, T.e. peaJIU3YeTCX ~ J I y s a f i  n O n H O r 0  

nepeMer .uuaaaun  B M o n y n e ,  u3 (5) cnenye-r, s ~ o  

F=a-(a-l>b,,dbd 9 (6-1 
me LBblX - nOTOK CMeCU H a  BbIXOAe U 3  HanOPHOrO K a H m a  M ~ M ~ ~ ~ H H O ~ O  

MOAynR. Ecnu YMCJIO r k I u r e  MHOrO 6 0 n b ~ u e  eAUHUUbl, T.e. p e m U 3 y e T C X  

~ J I y s a f i  MneiUlbHOrO BbITeCHeHUR, U3  (5) MOXHO IlOnyYUTb, YTO 

F = ( L  BX / L BblX )a-1 (7) 
Y p a ~ ~ e ~ u e  (7) a H a n o r m H o  @ o p ~ y n e  Penen nnn c n y y a n  ~ u s ~ o r i  

KOHIJeHTPaqUU n p U M e C H O r 0  KOMnOHeHTa. 

M3 PaCYeTOB, aHXlOrUYHbIX IIpUBeneHHbIM P a H e e  [ ~ ~ ~ B H ~ H U I I  (1)-(4)] 
cnenye-r, VTO B cnysae, K o r n a  npoqecc M a c c o n e p e H o c a  o n u c b r s a e - r c n  M o n e n b r o  

n o n e p e s H o r o  ToKa ,  c T e n e H b  p m n e n e H u n  T a K m e  x a p a ~ ~ e p u 3 y e - r ~ ~  Y p a B H e H u n M u  

(5)-(7). O ~ H ~ K O  B 3TOM C n y Y a e  BMeCTO BeJIUYUHbI LX H ~ O ~ X O ~ U M O  3 a n U C a T b  ' 

~ @ @ ~ K T u B H ~ I ~ ~  K O ~ @ @ U ~ U ~ H T  pa3neneHHII.  

& =n/ [ l+(a+l )~~/~ , ] ,  (8) 
a BeJlUsUHy nOTOKa Wpe3 M ~ M ~ P ~ H Y  LM BbIpa3UTb, UCnOnb3YR Pa3HOCTb (PI - 
P2) memo s ~ a s e ~ w x  PI ,  r e  P2 - namesue rmoaofi c M e c u  B n p e H a x H o M  

K a H m e ,  KOTOpOe CYUTaeTCX IIOCTOIIHHMM. 

n p e n e J I b H b l 2  p e X U M  p a 6 0 ~ b 1  M ~ M ~ ~ ~ H H ~ I X  ~0)lyJTefi M O X e T  6 b l ~ b  

n o n y r e H  npu p a c c M o T p e H u u  6 e 3 0 ~ 6 0 p ~ o r o  npouecca, K o r n a  CKOPOCT~ 0T60pa 



r e  Peal = L ~ / ( ~ ~ L W ~ D ~ ~ ) = ~ L ;  =V,Ro/Dl, V, =L,/(2nRoW1p). 
y p a r r H m n a  (9) BHAHO, YTO n p e n e n b n o e  3 ~ a ~ e ~ n e  c T e n e H n  pasneneiiw B 

BaKyyMHOM 6 e 3 0 6 0 p ~ 0 ~  p e X H M e  (Fo) PaAHaJXbHOI'O M ~ M ~ ~ ~ H H O ~ O  MOJlJ'JlR 

OnpeAeJuIeTCR TOJIbKO W ~ @ @ H ~ U ~ H T O M  p83AWeHirurr H 'ZHCJIOM &XJIe, KOTOpOe, 

B CBOH) OYepeAb,  3aBUCMT OT p a 3 M e p a  M ~ M ~ P ~ H H ,  BenHWiHbI 3 a 3 O p a ,  

K O ~ @ $ H U H ~ H T ~  n p o n o n b n o r o  n e p e M e u u B a H m  n p n M e c H  B ra30~09 @me, 
IlnOTHOCTM CMeCH H BeJTHYUHbI lIpOHHqaeMOCTH. 

n 0 ~ 1 l ~ u e  0 ~ ~ ~ O T ~ O ~ H O M  p e m M e  MOXeT 6 H ~ b  HCnORb30BaHO AJIl 

CpaBHeHHII M ~ M ~ ~ ~ H H ~ I X  M O A ~ J I ~ P  p~3J lHYHOrO T u n a .  Tau, C W n e H b  pa3AWeHHX 

n p ~ O y r O J I b H O l " 0  ~ O C K O n a p a l I J l ~ J l b H O ~  M ~ M ~ ~ ~ H H O ~ O  MOAyJlII B BaKyyMHOM 

~ ~ ~ O T ~ O P H O M  pWCWMe MOXeT 6 b 1 ~ b  3 m H C a l i a  B BHAe: 

3 n e c b  B e n a q n H a  & B wcne i I e ~ n e  o 6 0 3 ~ a ~ a e ~  mnny ~ e t d p a n b r .  

C p b ~ H B a f f  BenKWfHy CTeWHM p&3AWIeHHR PaAHanbHOrO H 

n p m o y r o n b a o r o  M ~ M ~ ~ ~ X H ~ I X  M O ~ ~ F A ~ P  (PHc. 3) M O ~ O  riatimi, YTO 

~ @ @ K T M B H O C T ~  O'ZkICTKEl B PaAH8JIbHbIX M O W =  CYqeCTBeHHO BMIIIe, 9 e M  

B IIPIIMO~rOJIbHbIX. %3 MOXHO O ~ I C H N T ~  C J I e ~ I U & i M .  B M S I V ~ P ~ ~ H O M  

lnFo 2a Pacynolc 3. 3 a e ~ c ~ w o e ~ s  crenenn 

12 - pa3nenenun OT .rne.ma Helure B 

panuansnow (a) H ~~I IMO~I-OJI~HOM 

(6) M ~ M ~ ~ ~ H H ~ I X  MOWAIIX AJIH 

8 - 6e30~60p~oro p e x u ~ a .  
-- * - --arf))-3rf2)=5.i'a-mTO).- - p 

4 - 

4 

0 50 100 



IS 
n e p e M e m n s a H u a  H a  npoqecc pamene~us. B PaAUaJlbHbIX x e  MOpyJlaX 

n n ~ e i i ~ a a  c~opocrb ra3o~ol c ~ e c u  npw ee n a n x e H u n  B H a n o p u o w  K a H a n e  OT 

flepH@pPin K IJeHTpy U3MeHReTCR CpaBHUTWlbHO cJI&. M3 PUC. 3 WeayeT, 

' IT0 YeM BbIUle BenH+IHHa U W C n O  n e ~ e ,  TeM B5iI&€3 W e n e H b  pa3AWeH&i%T B 

M o n y n e .  E m  y u c n o  neme p a B H n e T c a  H ~ J I K )  ( w p a k  n o n H o r o  

n e p e ~ e m n e a ~ n n ) ,  TO 3 ~ a ~ e ~ n e  C T e n e H u  pa3nene~na Fo P a B H o - m w q n H e  K. 

Ecnn YUCnO Ueme CTpeMUTCd K ~ ~ C K O H ~ + I F ~ O C T H  (cnyh#' &&WI~HO~O 

B ~ I T ~ C H ~ H U I I ) ,  BkJIHYHHa Fo T Z L K * ~  CTj3eMUTCII K 6dettokesiro&Lr. B 
PeaJIbHbIX YCnOBURX H a  npOIleCCb1 pa3AeJIeHHX OKa3bIBaeT B,qUaHUe 

n p o n o n b H o e  n e p e M e m u s a H n e ,  x a p a ~ ~ e p ~ 3 y e ~ o e  s n c n o M  Ue~ne,  n 
3Ha ' I eHHe Fo HaXOnHTCX M e ~ . @ 3 T U M U  K P B # H U M ~  BenHSUHaMH. 

Ha OCHOBe f f p e ~ C T a B J f e d d  0 6e30T60p~0~ p e X H M e  B pa6me npOBeAeH 

pacsm menew pa3~ene~urr. B M ~ M ~ ~ ~ H H O M  M o n y n e  B p e x n % M e ,  6nu3~0u K 

BaK)')'MHOMY, K O r n a  AaBneHHe B n p e H a X H O M  K a H m e  BeCbMa M a n o ,  HO 

OTJlHqaeTCff OT HyJIeBOIW H IIOCTOpHHO. n p I 4  3TOM CqHTaeTCII, qTO BCJlenCTBHe 

H U ~ K O ~ O  namenun waw~&~e n e p e M e u n B a H n e  npnwecn B n p e H a z H a M  

KaHaJ'le npOUCXQl&iT nOcTaTOYH0 #HTeHCUBHO U K O H U ~ H T P ~ ~ @ ~ B  nPHMeCH B HeM 

- nOCTOnHHa. Torna BM&HH~ m n e H u  pa3AWfeHUX B 6 e 3 0 ~ 6 0 p ~ o ~  P e T H M e  

o n p e n e n n e T c s  KaK 

k l3  y p a s H e H u s  cnenye-r, YTO B p a c c M a q n s a e M o M  +ae H a  ~ m n s n ~ y  c T e n e H u  

p a 3 n e n e H u a  K p o M e  s ~ a v e ~ u i i  K O ~ @ ~ H U W ~ H T ~  pa3nenenua n sucna Ileme T m x e  

annne-r n O T H o L u e m e  ~aanena# P = P2/PI. 3r0 M O X ~  O r p a n u S n B a T b  

B03MOXHOCTEI NC~OJl630BaHUII npOUeCCa ~ W ~ O K O #  OSHCTKU npH cpa~k&&JIbHq 

B~ICOKO# BeJ'IklYHHe P. 
I ? 3 y S e H ~ e  ry60~0f i  OYUCTKU ra30B B paAkiaJIbH6lX M ~ M @ ~ H H ~ I X  MO.4YIIXX 

npOBOnHnH B YCIIOBHIIX, ~ J ~ H ~ K U X  K B~*MHOMY ~ X A M Y ,  l l p H  M H H U M U ~ H O ~ ~  

BeJlUqHHe AaBJIeHUn m a  B ApeHaXHOM ~aH&'lk. 

B pa6o~e S I ~ ~ W ~ . J I ~  n e p 4 ~ 0 p ~ p o ~ a ~ ~ b r e  C ~ ~ ~ ~ O K ~ T U O H ~ O B ~ I ~  

U O H O O ~ M ~ H H ~ I ~  M ~ M ~ P ~ H ~ I  M ~ ~ K H  M<PdCK, KOTOPble X ~ ~ ~ K T ~ ~ H ~ Y I ? T C ~  

BIJCOKO~~ CeneKTHBHOCTbW B' CUCTeMe n a P b 1  BOAbI - ra3. AaHHb1e  M e M 6 p a ~ b 1  

IlPaKTIlqeCKU HelTpOHHqaeMbl O¶kfIIlaeMOrO OT npHMeCH BOAbI KOMnOHeHTa. 

~ O ~ T O M Y  n p H  HCIIOnb3OBaHUH T ~ K ~ X  M ~ M G ~ ~ H  MOSHO C03AaTb BeCbMa H H ~ K O ~  

n a B n e H a e  B A ~ ~ H ~ ~ H O M  K a m e .  I - ~ o K ~ ~ ~ H o ,  wo nph ncnonisos~aur 
M e M 6 p a ~ b 1  MapKU MQ4CK MOXliO CHH3UTb K O H U ~ H T P ~ U U K )  npUMeCH BOAbl B 

O W m e H H O M  ra3e A 0  YpOBHIi 5 . 1 0 ~  % (06.). ~ 0 n e e '  H H ~ K O ~ O  cbnepxmnn ' 

n p u M e c n  a o n b r  B o r u m a e M o M  m e  AOCTUYL H e  y n a e T c a .  3To csnsa~o,  B nepsym 
O'IepeAb, C C ~ ~ ~ C T B ~ H H O ~ ~ ~ B H C H M O C T ~ K )  n P 6 H U ~ a e M O C T U  ZI~$OB BOnbI O< UX 

llaP9WaJlbHOrO AaBJIeHUII. 

K p o ~ e  TWO, B p a 6 0 ~  H3yqaJlU npouecc OWCTKU H a  r a 3 0 p a 3 A e J l ~ n b H b I X  



16 
M ~ M ~ P ~ H ~ X  T n n a  "Clmap". ~ K C ~ ~ ~ H M ~ H T ~ I  npOBOAHlIH I f a  M o n e J I b ~ ~ f i  CMeCU 

a p r o H  - n p m e c b  n p o n a H a  c ~orrqe~~parluei.4 2 % (06.). B WOM cnysae npn 
IlpOBeAeHHU ll,pOqeCCa OYUCTKU U CHZIXeHNM KOH~eHTpWUIHU I'IPCIMeCH 

Bf3IHYnHa ~ O ~ @ C ~ ) A U H W I T ~  pa3AeneHMSl a: OCTaBaJiaCb ~ O C T O ~ I H H O ~ .  

M a K c n M a J l b ~ a R  OTHOCHTenbHaH nOrpeUIHOCTb n p U  O n p e n e J I e H U U  CTeneHH 

pmnenewa H e  n p e s b r u r a m  15 %. 
,Ha PHC. 4 n p I 4 B e n e H a  3aBHCUMOCTb CTeneHN pa3AWleHUR OT COOTHOUIeHHR 

MTOKOB H a  BXQAe H BbIXOW H 3  H8llOPHOIY) KaHWla M ~ M ~ ~ ~ H H O ~ O  MOAyJIR. 

&Ix BCeX 3KCnepnMeHTaJIbHbIX T O W K  ( ~ p o ~ e  PaCIIOnOXeHHbIX H a  K P U B O ~  6) 
H ~ ~ J ' I K ~ ~ ~ T C X  xoponree corsracue c pacueTaw no y p a B n e H k i F  (5). C 
YMeHbIUeHUeM B e J I U W H h l  3 X 3 0 p a  B HanOpHOM KAHaJIe Fi C YBWIHpeHMeM B .HeM 

AaBJIeHHX C T e n e H b  pa3AeJIeHkiR BO3paCTaeT, S T 0  O ~ ' ~ B C H I I ~ T C B  YMeHbWeHUeM 

BnnaHur r  n p o n o n b H o r o  n e p e M e r r r n e a m a  H a  npoqecc pmneneeua. m a  
3KCnepkiMeHTtlJIbHbIX TOYeK, paCnOJIOTeHHbIX H a  K P U B O ~ ~  6, H ~ ~ J I I O A ~ ~ T C X  

CyUeCTBeHHOe PaCXOXAeHHe  C COOTBeTCTByIQUUMU PaCYeTHbIMH ASLHHbIMkI 

 pusax ax 7) . Pacxoxnenue o n p e n e n a e T c R  orpmurennmn p e m M a  I - J I Y ~ O K O ~ ~  

OWCTKN, 6nu3~0ro K BIKYYMHOMY. K a K  CJIeAyeT ki3 YpaBHeHkiII (1 1) 
Y C ~ O B H ~  3KCnepUMeHTa,  COOTBeTCTBy~II&fX K P U B O ~ ~  6 (PI = 0,4 Mlla, P 2 =  80 
na), BWlUWiHa CTeneHM pa3AeJIeHHX B 6e301fjOp~0~ peXH,Me ~ Y A ~ T  PaBHRTbCP 

FOSp '= 4,4-lo3, r ~ o  cywecmemo H u x e  (hnee, q e M  H a  n a p q o ~ )  p a c r e ~ n o f i ,  

BWlHqUHbI Fo no YpaBHeHMIO (9) W BaKyyMHOrO a0 CBI13aHO C 

TeM, W O  AaBJIeHHe l"a3a B APeHaXHOM KaHWle HeB03MOXHO 0 6 e c n e ~ k i ~ b  

PaBHbIM HYJIIO. ~ O ~ M M Y  B nPeAeJIbHOM CJIyYae n a p W m b H O e  ~ a ~ n e l i k i e  

n p u M e c n  ria s b l x o n e  u3 H a n o p H o r 0  K a H a n a  maaoBu-rcrr C ~ ~ B H H M ~ I M  ,c 
n a p u u a n b H b I M  n a a r r e H u e M  npmecu B A p e H a x H o M  K a n a n e ,  ABH)KYW~R C n n a  , . 
nposecca y M e H b G a e T c a ,  A npoqecc M a c c o n e p e H o c a  cymec-cseiuio 
sa~emne~cn. ~ n e n y e T  O T M ~ T U T ~ ,  YTO nonyressaa emnruaa F H ~ U ~ O J I ~ I I I ~ ~ I  



P~CCMOTPUM ~ ~ a q H 0 ~ a p ~ b l f i  I lpOUeCC my6o~oii OYUCTKH I3 

P ~ ~ ~ ~ ~ O T ~ H H O M  HaMH n p O T M B O T O ~ H O M  paAM&lIbHOM M ~ M ~ P ~ H H O M  M O I l y n e  

(pUc.2).  ~ P O ~ ~ C C  M a C C O n e p e H O C a  B H a n O p H O M  U R p e H a X H O M  K a H W a X  MOAynR 

OnUCblBaeTCfl CJ leQWlUUMH YpaBHeHUXMU B 6 e 3 p a 3 M e p ~ o M  BUAe: 

1 dc, -- dc 
+c, =1, L = O  npu r=l ,  

Pel dr dr 

n p u e e n e ~ ~ b ~ e  y p a B H e H u a  o n n c b 1 B a m - r  npouecc M a c c o n e p e H o c a  

n p U M e C H O r 0  KOMnOHeHTa B paAMCi.JlbHOM M ~ M ~ P ~ H H O M  MOAYIIe C Y s e T O M  

n p o n o n b H o r o  n e p e M e r u a B a H n a .  Ans HBX B O ~ L U ~ M  mine a H a n u T n s e c K o e  

P e W e H I l e  OTCYTCTBYeT, n 0 3 T O M j '  P a C q e T b I  IIpOBOnMJIll YHCJleHHbIMU 

M ~ T O A ~ M U ~ .  

B ~ X H ~ I M  n a p a M e T p o M ,  onpenensrouu~ n~uxymyro  cuny npouecca u 
C T e n e H b  P a 3 n e n e H M R ,  IlBJIHeTCR OTHOUleHAe A ~ B J I ~ H u ~ ~  B KaHaJTaX MOQ'nX. Ha 
PUC. 5 npUBOAUTCs 3 K C n e p U M e H T W I b H a R  U P a C s e T H m  3aBHCUMOCTb 

C T e n e H U  pa3AeJleHUH O T  OTHOUeHUlI  A a B J I e ~ k i f i  COOTBeTCTBeHHO B A p e H a X H O M  U 

H a n O p H O M  K a H U a X  n p O T U B O T O q H O r 0  M ~ M ~ ~ ~ H H O ~ O  M O A y n a .  ~ K C ~ ~ ~ U M ~ H T ~ I  

npOBOAUnU H a  ~ a ~ 0 f i  Xe CMeCU, S T 0  U B nPe.LlblAJ'UMX OnbITaX,  IlpHBeAeFlHblX 





dc '1 dc2 t 2  = few,, ,--A = 0,--- 
dr Pe, dr + f! B ~ I X  cz = ft B ~ I X ~ B ~ I X  ~ P H  "13 (16) 

B X O ~ O ~  C ~ C T W '  L B ~ ;  CBblX '= CIBblF /CIBXm KOHUeHTpUkIII Ha B m O A e  'k3 

HaIlOpWOn> KWWIa, PTHQfeHY K B X O ~ I ~ O ~ ~  KOHUeHTPLUIUH CIBX. 
3 + ~ ~ 4  =K xce KW p B r[laewyzUeM cnyuae, peurenne ypa~~enuii 

Haxoan-ccx ymaemb11~11 M~TOABW 

Ha pnc. 6 B cnyyae ~ ~ ~ I I I O ~ Q , ~ :  ~ps@a$nuue~-ra pa3nene~~r npuseneHa 
- 

, : .  , , I r  PMC~HOK 6. ~~BHCUMOCT~ eTeneHw 

pa3~enenn~ OT O T H ~ I U ~ H W R  

W B J I ~ H H ~ ~  npM pa3.lIH9HblX f H 

Pe. - 
a = !WD; '1 ,Mx = '0.98; pel-' = 0, 

In F pe i l  = 0; f : (I)  - 0, (2) - 0.5,. 
(3) - 0.9, (4) - 0.99. f :&0.99; 
(5) ~9%?~'=0.df, peil = 0; 
, (61- B14 = 0.1, ' PecI's 0'; 
(7) - ~ ; " w  lie, peyG= 6; 
@) ; lpeil = '00, .&pi = 00; 
(9) - perl = 0, w -0.01; 

. ( 1 0 ) - ~ e , - ' = 0 , ~ e ; ' = a ~  a 

(11) - pelm' = 0, peiL = 1.6. 
P 
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PaCYeTHaR 3aBMCUMOCTb Cl'CnyHM PWAeneHMII  OT OTHOUIeHMR A a B n e l l ~ #  P B 

IlOJIOCTaX M ~ M ~ ~ ~ V H O ~ O  MO.JlYJIr npn pa3JlUrHbIX 3HaWHHXX AOnN BO3BgaTa  f N 

pa3JlHVHblX YllCJlaX fleKJle. ~ P U  OTCYTCTBMH p e 4 U K n a  BblXOAHOlW nOTOKa 

BblCOKHe 3 H a r I e H W  CTeneHH pa3AeJIeHHX ~ a 6 n i O ~ a l o ~ c n  TOJlbKO n p M  MaJlblX 

~ H ~ Y ~ H H R X  &riioye~aa naaneflnk P '< 0.05 ( ~ p n s w  1). Mcnonbso~anne 
P e X H M 8  P e U U W l a  BblXOAHOTO nOTOKa n03BOnReT CYueCTBeHHO PaCLIlWPUTb 

p a 6 o q u i l  HHTepBaJl OTHOWeHUR A W ~ H H ~  B nOJTOCTXX M ~ M ~ ~ ~ H H O ~ O  MOAyn5I 

( ~ p h ~ b l e  2 - 4). C NCnOnb3OBaHHeM Peuf-iWa BblXOaHOrO nOTOKa napyWiJ'IbHOe 

A a m e H u e  n p u M e c u  B nonoc-rn HMKOTO A a B n e H n x  c y u e c T B e H H o  c H a m a e T o a  n 
c T e n e H b  pmnenenux ~ospac~am. B npamme rny60~oii O~HCTKM  TO A a m  

B03MOXHOCTb IlPUMeHXTb KOMnPeCCOPbI C M € ! H ~ I U ~ ~  c T e I l e H W  CXaTMR npki 
COXpaHeHllM B ~ I C O K O ~  C T e n e H n  pqAWleHki r r  M ~ M ~ ~ ~ H H o I W  MOAyJIa. B n n R ~ u e  

n p o n o m t l o n ,  n e p e M e m n e a n a a  B H a n o p H o M  A A p e H a x n o M  K a H a n a x  

KaYeCTBeHHO pa3nHrIaeTCR TOnbKO B C J I y W e  MNIbIX O T H O U ~ H U ~ ~  ~ a B n e ~ N g .  

Ilpu P -r 0 n p o n o n b s o e  n e p e M e u r n B a a s e  B n o n o c T k i  ~83~01-0  n a m e H u n  H e  

orcublaam anuatinr H a  m n e m  p m A e n e H a x .  B  TOM cnpae A B n x y u a x  cuna 
nposecca o c T a e T c 2  ~b~cokdi  n H e  S~BHCMT OT p a c n p e A e n e H n g  n p u M e c n  B 3mk 
nonom. 

P e q n K I I  BbIXOnHOrO nOTOKa UCnOnb30BaH IIpOBeAeHUX rny60~oB 
o q n c T m  aprona OT n p u M e c w  BOAI,I c n o m m b m  ase~a~uennmno3~0Zi 
~ e ~ 6 p I U l b l .  Ha pW.7 llOKa3aHbI 3KCnepk iMeHTanbHbIe  AaHHbIe  ki p a C 4 e T H a R  

1 
pa3aeJIeHHff O T  AOnH BO3BP;LtUeHHOTO 

2 norotca f. 
PI = 0 f MIIa; P2 = 0,025 Mna; Rg = 
12,9 e ~ ;  RI = 0,l CM; W1 = 0,l CM; 

900; QB= 1,0.10"~ M0JIb/CM2'~'~a; 
L ~ ~ ~ ~ ~ , ~ ~ x ~ o * M o ~ ~ / c ~  
(1) - ~ 0 ~ e . m  uneanb~oro 
BbITeCHeHHSI; (2) - PaC'IeT C yYe70M 

npononbHoro nepeMemHBaHug, Dl = 

3 0,096 CM2/C; W2 DZ = 0,04 C M ~ / ~  (3) - 
nlonenb nonnoro nepeMemnsanHu; 

0 
f 
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BO3paCTaeT. ki3 p H c . 7  BUAHO, 'IT0 p e 3 y n b T a T b I  TeOpeTH'ieCKHX PaCYeTOB U 

3KCllepclMeHTaJlbHbIe AaHHble  C O ~ n a C y e T C R  M e m y  co602L. M3 PMCYHKa TaWe 
cnenyeT, YTO c y B e n u g e H u e M  nonu B o w p a q a e M o n ,  n o T o K a  ~ @ + ~ K T R B H O C T ~  

pa3AeneHUX CylUeCTBeHHO BOspaCTaeT, eCJlH B M ~ M ~ ~ ~ H H O M  M O A y n e  

06ecne~n~ae~ca p e X N M ,  6nu3~nG K UAeWlbHOMy B b t T c H e H U W .  

p e m n ~ a  non~oro n e p e ~ e u r n s a ~ ~ x  ~ + @ ~ K T U B H O C T ~  p a ~ n e ~ ~ e ~ u s  - ~ 0 3 p a c ~ a e ~  
H a M H o r o  M e x n e H H e e .  

T ~ K H M  O ~ P ~ O M ,  H 3  npUBeAeHHblX p e 3 y n b T a T O B  CJ'IeJI.ym* 9TO C I lOMOUbK) 

pa,4ManbHbIX ~POTUBOTO'lHbIX M ~ M ~ ~ Z ~ H H ~ I X  M O . ~ I Y J ~ ~ #  B03MOXHO n p O B e c T H  

rny6oqro OSHCTKY ra3OB OT J le~KOnPOHMK8K)UHX n p ~ M e c e #  H a  T p H  - 'leTbIpe 
nopama H 6onee. O ~ H ~ K O  B  TOM cnyyae npu nee~corofi c e n e m u e H o c T m  

M e M 6 p a ~ b 1 ,  'lepe3 H e e  H ~ O ~ X O A U M O  0 T 6 U p a ~ b  3H89WTeJIbHYW W C T b  ra3UBOfi 

c M e c u  c ~ o ~ s e ~ ~ p a s u e i i  n p w M e c u ,  6nu3~ofi K UCXOAHO~~. 3M npm0nu-r K 

~ O J I ~ I I I U M  nmepm nnpoyma. T ~ K ,  ma c M e c w  a p r o H  - n p u M e c b  nponatia 
( ~ e ~ 6 p a ~ a  T u n a  ( (~~cTocuJI) ) )  TepReTCR A 0  95 - 98 % UCXOAHO# CMeCH. 

Y M ~ H ~ W U T ~  n O T e p H  MOXHO 31 CYeT UCnOJ'Ib30B8HHR a n n a p a T O B ,  B KOTOPbIX 

H a p a n y  c ce~uueit o w c m  n M e e T c r  T a m e  u c e ~ r l w n  06oraure~ua. C ee 
IIOMOUbK) l IpNMeCb  KOHUeHTpMPYeTCR, A KOnUqeCTBO o T ~ ~ ~ c ~ I B ~ ~ M o ~ o  BMeCTe 

C He#  OCHOBHOrO KOMnOHeHTa CHHTaeTCR. 

M e ~ 6 p a n ~ b t e  M o n y n u  c p e q u p m t y n ~ u n e i i .  u K a c r c a n b l  Tuna "nenpepbr~na~  
M ~ M ~ ~ B H H ~ R  KOJIOHH~" AJlR IXf lo t co f i  OZlHCTKH I 3 3 O B  

B M ~ M ~ ~ ~ H H ~ I x  MOAynlX  C p e ~ ~ p ~ y n ~ ~ ~ e f i  U KaCKaAax Tuna 
" H e n p e p b 1 ~ H W  ~ e M 6 p a t i H a R  KOJ'IOHH~" KpOMe OgHCTKH T a K X e  IIPOBOJ&iTCII 

KOHUeHTpKpOlsaHIie npEiMeCH. B M ~ M ~ P ~ W H M X  M O A y W  C p e U ~ p K y J I X 4 i e f i  

~ ~ ~ K O ~ ~ O H U K ~ K > U H #  KOMnOHeHT CHOBa B 0 3 B P W a e T C R  H a  BXOA MOqYJ'IlI H 

KOHUeHTpHpyeTCa B yCTaHOBKe. B KaCKanaX T u n a  " H e n p e p b ~ ~ H W  M e M 6 p a H H a R  

KOJIOHH~" H C n O J I b 3 y ~ C R  0Il~ki~aJIb~b1# BBOA UCXOAHO# ~ ~ O B O #  CCMCCIl B 

TOSKY, r A e  O T G y T C T B w  CMeLUeHHe IIOTOKOB C pa3JIHYHOfi K O H U ~ H T ~ & ~ & ;  W O  

~ M W W W  . n m p n  p a 6 0 ~ b 1  p a 3 ~ e n e ~ u ~ .  C x e ~ b ~  na~abrx a n n a p a T o B ,  

npcmcciaauawbrx ma y n a n e H w a  n e r ~ o n p o ~ n ~ a r o ~ ~ x  H ~ K O H D Z H C ~ - ~ ~ I L W X C I I  - 
---------- 

npu~eceg, n p m i e n e H b I  H a  pwc. 8. Ha p ~ c . 8  (a) u (6) n p e n c T a m e H b 1  

COOTBeTCTBeHHO CXeMbI 0 ~ ~ 0 6 ~ 0 ~ ~ 0 ~ 0  H ABYX~~OSHOTO M ~ M ~ P ~ H H ~ I X  ~ 0 ~ y n e f i  
C peIIHpKj'~~RIlFiefi H ~ O ~ O M  KOHUeHTpaTa IIOClIe BBOAa HCXOAHO$ CMeCU. 

C X ~ M ~ I  KaCKWOB T U n a  "MeM6paHHaR K O ~ Q H H ~ "  (MK) U " T ~ ~ X M O A ~ J I ~ H ~  

M ~ M ~ P Z U I H ~ X  KOJIOHH~" (TMK) npUBeAeHb1  COOTBeTCTBeHHO H a  PnC.  8 (B) H (r). 
K a c ~ a n b l  COCTORT m3 M o n y n a  ce~unn  U ~ B J I ~ ' I ~ H M ~  1, rne npoicxomi~ ynaneaue 
m3 rmo~oZi c M e c u  npmeceit, n e r r c o n p o H u K m m x  ~epes  ~ e ~ 6 p a ~ y  3 M o n y n n  

CeKUHU 060ra~ue~u11 2, w I H  2 U 3, KOH~eHTPHPOBaHHX 3THX I I p H ~ e c e f i .  

AaliHaH CCKUUR a H a n O r H Y H a  OAHO~JIO'IHOMY H n H  ABYX~IIO'IHOMY M ~ M ~ ~ ~ H H O M Y  

M o n y n m  c peswpKynnaqne#. rmosan c M e c b ,  npomenrrraa u e p e 3  ~ e ~ 6 p a ~ y  B 

A p e H a ~ H b l f i  KaHaJl M O A ~ J I ~ #  1 H 2 OTKa9HBaeTCR C I l O M O q b W  KOMnpeCCOpa HJIH 

~ a ~ y y ~  - K o M n p e c c o p a  H c H o a a  nonae-rca H a  BXOA M o n y n a  2. 



rnpauf lmv=a b a r n r b m  

(a), (6), CM. TBKCT. 
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B p a 3 p a 6 0 ~ a ~ ~ o f i  HaMU M ~ T ~ M ~ T U ' ~ ~ C K O ~ ~  MOneJlU n p O U e C C  p a 3 n e n e H H I  B 

AaHHblX YCTaHOBKaX OnUCblBaeTCR P n n O M  6 e 3 p a 3 M e p l i b l x  n a p a M e T p O B .  B 
3TOM C n Y q a e  OTHOUleHHe CKOPOCTH 0T60pa O.lMLUeHHOr0 n p O n y K T a  L n b l x  K 

RCXOAHOMY nOTOKy Lox p a B H 0  LBblx/LBx = p. ~ P U M ~ H U T ~ J ~ ~ H O  K M ~ M ~ ~ ~ H H ~ I M  

MOnyJTHM C peuup~ynauueti [ P H C . ~  (a), (6)] OTHOUleHUe n 0 T O K a  ra3a W Q e 3  

M e M 6 p a ~ y  LM K HCXOnHOMY IIOTOKY LOX PaBHO LM/LBX = n l .  KaCKWOB 

[puc.8 (B), (r)] L I LBX = n, rne LI - n o T o K  ra3a repe3 ~ e ~ 6 p a H y  B M o n y n e  

1 CeKUUH M 3 B n e q e ~ u ~ .  K p o ~ e  TOrO, m H  KaCKaAa OTHOIUeRUe ITOTOKOB sepe3 
M e M 6 p a ~ b l  pZl3JIUqHbIX ce~uufi LZM/LIM = a, me L ~ M  - nOTOK ra3a V e p e 3  

~ e ~ 6 p a ~ y  M o n y n a  2 c e K q u u  0 6 0 m ~ e ~ u n .  Benuqu~a  n m u  n l  x a p a ~ ~ e p u 3 y e ~  
nPOU3BOnUTeJlbHOCTb, p RBnReTCX C T e n e H b W  0 ~ 6 0 ~ 4  a I I a p a M e T p  U O n p e n e n l r e T  

OTHOUleHUe nJI0uanefi MeM6paHb1  C ~ K U U ~ ~  2 U 1 ( T ~ K  KaK n p U  OnUHaKOBbIX 

B e n u r u H a x  n a m e H u n  B n o n o c T R x  ~ o ~ y n e i t  u O A H H ~ K O B O ~  n p o H u u a e M o c m ,  

OTHOIUeHUe IIOTOKOB Wpe3 MeM6paHb1  M o ~ y J I e f i  PaBHReTCfi  OTHOIUeHHK) UX 

nnouaneti). T a ~ x e  y g u T b r a a e T c n  s e n u r u H a  c T e n e H u  p a 3 A e n e H u H  o T A e n b H a l x  

M ~ M ~ ~ ~ H H ~ I X  M ~ A y n e f i .  T ~ K  C T e n e H b  p a 3 A e n e H U R  M O A ~ J I ~ E  c e ~ 4 U f i  1 U 2 B 

KaCKaHe COOTBeTCTBeHHO PaBHReTCR Fl.0 = C l e x / C e b i x  F2.0 = C~BX/C~BLIX- 
Ana M ~ M ~ ~ ~ H H O ~ O  M o A y n n  C p e u u p K y n R u ~ e f i  Fo = CIBX/CB~IX (p~c.8). K ~ o M ~  
TOrO, npki H U ~ K O #  KOHueHTpauHH ITpUMeCU CKOPOCTb o~60pa 
KOHUeHTpaTa npUMeCU AOJlXHa 6 b l ~ b  MHOI'O M e H b U l e  CKOPOCTU 0~60pa 
OWiI I l eHHOM OCHOBHOI'O KOMIIOHeHTa M CKOPOCTU ITOTOKa, UMPKYnUPYWLUeTY) B 

YCTaHOBKe. ~ O ~ T O M Y  0T60p KOHUeHTpaTa n p a K T H W C K U  H e  BbI3bIBaeT 

M3MeHeHUR KOHUeHTpaUUU npUMeCH B H a n O p H O M  KaHaJ Ie  LIOnOJlHUTeJIbHOrO 

M ~ M ~ ~ ~ H H O ~ O  MOnynR [ P U C . ~  (6), (r)]. B 3TOM C m a e  n p O 4 e C C  pa3AeJ IeHUH B 

nOnOJIHUTelTbHOM M ~ M ~ P S Z H H O M  MOAyJTe M O T H 0  O n U C a T b  MOAtXbK) IIOIlHOrO 

I'lepeMelUkiBaHMR, KOrAa KOHUeHTpZUJUR IIPHMeCU B HalTOpHOM K a H a n e  

nOCTORHHa. n p M  3TOM M O T H 0  3al lHCaTb,  W O  COT~/C2B~ = NI* JDIR K a C K W a  

T u n a  TMK tinu CordCIBx = (XI* arm n~yx6nos~oro  M ~ M ~ ~ ~ H H O ~ O  MOAyJIH C 

BBOAOM U C X O A H O ~ ~  CMBCH, O ~ O ~ H ~ ' I ~ H H ~ I M  CIIJXOIUHO~~ n U H U e 8 .  3necb 
~ @ @ ~ K T u B H ~ I ~ ~  K O ~ @ @ U I J U ~ H T  p a 3 n t X e H U R  OnpeAeJIReTCR aHaJ 'XOrUsH0 (8) B 

BMAe 

at*= al/[l+(ai - l)P'21Pl] (17) 

ApeHaXHOM KaHaJle  nOIIOnHUTeJIbHOr0 M ~ M ~ ~ ~ H H O ~ O  MOAynH, PI - DaBJIeHUe 

B HanOpHOM KaHaJIe  YCTaHOBKU, PI, P2, PI2 - CZIUTaIOTCR nOCTORHHbIMU. 

M ~ M ~ ~ ~ H H O ~ O  M o w n R  c peuup~ynnuuefi o64an C T e n e H b  p a 3 n e n e H u R  

CMeCU, PaBHaR OTHOUleHUIO KOHUeHTPaUUH npUMeCM B ITOTOKe KOHUeI-ITpaTa U B 

OSUUeHHOM IIPOAYKTe, M O X e T  6 b l ~ b  H a f i n e H a  B BHAe 

C o r d c ~ b r x  = Fo , (18) 
a nnn x~yx6nos~oro  M o n y n r r  - B sune 

C o r d C s b l x  = a!* FO . (19) 
B u n ~ o ,  qTO BenMqHHa CTeneHM ~ ~ ~ A ~ S I ~ H C I R  M ~ M ~ ~ ~ H H O ~ O  MOAyJIR U 

o n p e n e n n e T  B n e p B y m  o q e p e n b  o6uy10 c T e n e H b  p a 3 ~ e n e ~ u ~ .  
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&IS p&+-l&WIY qCK&I&OB B CJIy.iae QIITKMaJIbHOrO BBWa nHlXlHHn, 

KOrm OTCyTGTBYIO$ G m e w  nOTOKOB C ~83nH9~0fi K O H U ~ H T ~ ~ M ~ ~ ~  H nOTepH 

pa6o~br p a 3 ~ q e ~ p 1 ,  BeJrusHna CBX = CIBX = CZU~IX H FI = F1.0. W Kacwa 
Tuna F2 = F2.h a LUII~ KacKana Tuna TMK Fz= at*F2,0. 3Ae~b FI = CDX~CB~IX, 
F2 ' C&CBX - CTeneHb pa3AWeHHa CeKUHH U3BJIe'4eHktR PI 060raxue~~n, 
wommrmen~o.  B ~enuswab1 Flva H F20 BXOppT, napaMeTpbI n, a u p, 
cB-e ypasHemeM, nnany.Itm-rbxM us .ypaswYax MaTepaanbHoro 6an- 
~dls KWKW Twna MK 

4 %  ~ F C ;  +(l--p)F2, ,=1 . (20) 
u r n '  ' ' 

i .  

p~,-; +qa( l  - p )  F,,, = 1. 
+ s & u ~  

C~enenb pmAeneaua B ceKUwi nsaneveena mn oxnnx u Tex xe napamqua 
npoqecca B K a c K w  ~ $ 5 9 ~  ..yinop n ~ n s e c ~ u  onufIaKosa. C ~ e n e ~ b  

pa3wenesaa B c e ~ u u u  060rawenun y R m n a  T M +  a1 pa3 B ~ I -  V ~ M  y 
KacKaAa mna MK, ¶TO yaenasseam ~oauwrpxwo inpkmws .aa mxone 1x3 
3~0k CeKUHU. '.*.,I - .t ' ,, 

-,. , , . 
Cpa~neeue KacwoB Tuna ' k e n p e p b ~ ~ ~ a n  ~ e ~ b p a n ~ a a  ~onoeea"  c 
npyrnMn amnapa-raMu 

." 
5 - . . -  . '17 

B pa6ol.e npeBeaeHo cpa~errm . Y  M e M g p m x  MOW c 
pewp~ymwe2i A KELCKWOB m a  MK H ThW, p860~a~)wix c 
OnTUMlUIbkisaM BBOXOM lIHTaHUX. C ~ ~ B H ~ H U ~  npOBOAIUIH WII BaKyyMHOICl 

PQIWMa Fi BAeWIbHOI'O BbITeCHeHHI B HNIOPHOM KaBTIe. B 3TOM CJ?)T& 

peam3ye~cx u ~ c ~ ~ a n b ~ a r r  memenb pAenem.snnapan,B. 3necb BO~MOHCHO 

nposeneme pacsem~ H c p ~ ~ e  m a p a m . a t  s r v e c K o M  sune. E m -  
PaCCMaTPEiBaTb PeSkiM UOlZSpeWfOl%7 ,S'gK& -TO, ,-,' MmUHbI 

K O ~ @ @ H U U ~ H T ~  pa3AWeHHJI a g e o 6 x g 1 y ~ ~  ;HC~OJJhSOBaTb ~ @ @ ~ K T u B H ~ *  

KO~++HUH~HT pnenenun dl* no ypaBmnixo (0b 43 p a h e  npoaonurrH 
cpaBHenue M ~ M ~ ~ W H ~ I X  annapamB c OAAH~KOB~IMH ---------- no c~oficmm 
~~. I me clr~aTIumTMeii6panb~ nMetoT OAHY A y xe nnorqanb, a 
namenue B HanopHoM n AFH~XHOM Kanmax CpaBflmaeMbIx ~ o p y n e l  
OnUHaKOBO. ~o~To&J' IIOTOKH 0'4HUaeMOm ra3a Wpe3 Me~6pa1ib1 pa3JIIxSHbIX 

aIInapaTm TaKXe 6ynyr OAuHaKOBbI. K ~ o M ~  Tom, COnOCTaBnrmA OAHOTHnHbIe 

annapa-m, T.e. oriHo6nosab1e ~ o n y n a  cpaBnw~anu c KacKWww Tuna MF, a 
nsyx6nom~e - c K a C K a a M k I  TU& TMK. ~ ~ ~ B H A B ~ S I  on~o6JIosnbte MoAynn c 
~acxanami Tuna MK nony.IuM, ¶TO nomK uepe.3 r i e ~ ~ ~ h y  og~o6no4~oro 
MOJIyJIJi AOJIXeH 6b1~b PaBHbIM nOTOKY rIepe.3 0'6 ' Me~6pa~b1 B KaCKaae nina 
MK - puc.8 (a) n (B), TO ecrb LM = LM, + LM2 = nLBX + anLBX. Pacc~a~pnsax 
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f i x  ~ B ) ' x ~ ~ o . ~ I I ~ I X  ~ o n y n e k  u KaCKaAOB T u n a  TMK n n o q a n b  ~ e ~ 6 p a ~ b l  
AOnOnHMTenlHOrO M ~ M ~ ~ ~ H H O ~ O  M0)Q'nX CylQeCTBeHHO M e H b m e ,  4 e M  y 
OCTaJlbHblX M o n y n e f i  I4 ee MOXHO H e  p U T b l B a T b .  ~ O ~ T O M Y  3AeCb  T a K X e  MOXUO 

ACnOnb30BaTb COOTHOlUeHHe (22). 
O T ~ o m e ~ u e  o6ueti c T e n e H u  p a 3 A e n e m x  c M e c u  B K a c K a n e  T u n a  MK H B 

O J ~ H O ~ ~ O ~ H O M  MOAyne  C pequprcynnquek li BBQAOM UCXOAHO~~ CMeCti A 0  0'60pa 
KOHueHTpaTa ( 0 6 0 3 ~ a . t e ~ ~ b 1 ~  C I T ~ O U I H O ~ ~  n ~ ~ u e f i )  M O X W  6 b 1 ~ b  38IIHCaHO B 

C n y 4 a e  H M ~ K O ~ ~  K0HqeHTpwNI . I  n p H M e C A  B BUAe: . . 
I 

= [( n + p - I  ' ) ( n + p + m - l ) r  n + p + n a  = [ l - p + n i ' + a l ]  , (23 
I-- 

P  +n  
me 3 @ @ e K ~ ~ ~ ~ b l f i  K O ~ @ @ H ~ H ~ H T  pa3neJ l eHUX L1[* OnpeAenReTCX YpaBHeHUeM 

(8). BNAHO, 'ITO ecnu B e n u q u H a  a = 0, TO K a c K a n  mna MK B b r p o x n a e T c a  B 

MeM6paHHblf i  MOAynb  C pesup~ynwuek ki CYCHOLIIeHUe G = 1. Ann n1o6b lx  

3 ~ a s e ~ u #  a>O, r u c n m e n b  6 o n b m e  s a a ~ e ~ a ~ e n a  A B e n u y n a a  O T a o r u e a u R  G > 1, 
T.e. B C n p a e  mfl0~0fi 04UCTKU r a 3 0 B  KaCKaA T u n a  h4K 06nwae~ 6 o n b m e k  

CTeneHbW P a W e J I e H U a ,  VeM O A H O ~ ~ O Y H ~ I ~  M O w n b  C peuup~yn~suek.  
Y p a ~ ~ e ~ u e ,  ananoruraoe (23), M o x e T  6 b 1 ~ b  T a m e  3anuca~o B cnyqae 

CpaBHeHAX KaCKaAOB T u n a  TMK A A B ~ ~ ~ ~ O Y H ~ I X  M e ~ 6 p a ~ H b E  M o A y n e k  C 

p e u n p ~ y n a q a e f i  u BBOAOM BCXO~.HO# c M e c n  no o6opa KoHueHTpaTa .  

K p o ~ e  PaCCMOTpeHHbIX M ~ M ~ P ~ H H ~ I X  ~ ~ A y n e k ,  B JIIlTePaTJ'Pe T a K X e  

OnACaHbI KOHCTpYK~UU OAHO~JIOSH~IX U ABJX~JIO~H~IX M ~ M ~ P S U I H ~ I X  MOAJ ' J I~~~  C 

p e q ~ p ~ c y n x u u e k  A BBOAOM ACXOAHO~ CMeCU nOCJIe o~60pa KOHUeHTpaTa. Ha 
puc.8 (a) u (6) ~ a ~ o k  BBOA 0603aase~ unpnxo~ofi n u ~ ~ e k .  A a a H b l e  annapam 
RMeIoT 6onee BbICOKYIo O ~ L U Y I ~  C T e n e H b  pa3neJ IeHNX B CBX3A C TeM, W O  B 3TOM 

csrysae H e  n p o B o n u w a  pa36aane~ue 0~6upae~oro  K o H u e a T p a T a  a c x o n ~ o ~  
CMeCbW, OAHaKO AnX HUX npOBeCTH CpaBHeHHe  B iurUIkiTUVeCKOM BMAe C 

K a c K a n a M u  T u n a  MK u TMK s a ~ p y n ~ m e n b ~ o .  B pa6me n p o B e A e H  p a c s e T  

c T e n e n w  p a 3 A e n e H u x  B a n n a p a T a x  A a H a o r o  T u n a  u HX cpamenue H a  pme 
KOHKPeTHbIX nPHMepOB p e X k i M a  rny60~0k O'IUCTKB. kX3 P a C q e T a  T a K X e  

Hai iAeH0,  4TO KaCKaAbI T u n a  MK ki TMK 6onee 3@@eKTPi~Hbl ,  ZieM M e ~ 6 p a ~ H b I e  

M o n y n u  c pesup~ynaquefi. OCHOBHO~ O T n u q u e  B c T e n e H u  p a 3 A e n e H a x  

PaCCMOTpeHHbIX M ~ M ~ ~ ~ H H ~ I X  a n n a p a T O B  3aKJIIoqaeTCX B TOM, 4TO B KaCKaAaX 

T u n a  MK I4 TMK p e a n u 3 y e ~ c a  p e X k i M  OnTHManbHOrO BBOAa nATaHkIX, T.e. 683 
CMeIlleHHs nOTOKOB C p a 3 n U ~ H 0 6  K O H ~ ~ H T ~ ~ U H ~ ~ .  AJIX M ~ M ~ ~ ~ H H ~ I X  M O A Y ~ ~ ~  

C p e l l ~ p K y n X ~ u e # ,  KaK 3TO BMAHO H 3  PAC. 8 (a), (6), BBOA ~ C X O A H O ~ O  

OCy~eCTBJ lXeTCR B CKOHU.eHTpMPOBaHHYIo CMeCb, KOTOPaR N 0 6 k i p a e ~ ~ X  B 

KaYeCTBe KOHUeHTpaTa. kX3-3a HeOnTkIMUIbHOrO BBOAa nHTaHHX 3AeCb 

H ~ ~ ~ I ~ A ~ W T C X  n o T e p a  pa60~b1 p a 3 n e n e H n a .  

B pa6o~e IIpOBOAklnki CpaBHeHHe  KaCKaAOB T u n a  MK . M TMK n 
nPOTHBOTOSHb1X MHOrOCTYneHW3TbIX K a C K a O B  6e3 CMeuIeHilX B y 3 n a X ,  

C q e ~ a n u ,   TO c T e n e H b  p a 3 ~ e n e ~ u x  scex p a c c M o T p e H H b r x  a n n a p a T o e  
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O-B& nCW33=, W C YBMHYeHHeM K O ~ @ @ ~ U ~ S ~ H T ~  pa3ne.JIeHHa LT? 

pWHrltie B VMMPHO~ nnOUlaAH M ~ M ~ P ~ H  MHOn>cT)meHY8TM KaCKaAOB li 

~aszwwe . m a c . . W  n TMK y ~ m b m c a .  n o  m c w m b ~ o #  
~@+~KTHBHOCTH ceKunr 06oraqesna B KacKane mna MK wTMM cymemeetitso 

i 
y c a y m  s e a n u  U ~ B J I ~ Y ~ H ~ S .  B cmqnu c6orawe~ua nponcxowr no-repn 1 

plZBAeJleHHX, CBJBa- CO CMeUWeM IIOTOICOB C p@3JWMOk 
IWRS&STJ~MU~~, nOClyEaSO~UXcX3 lQXXM#CRMO KaliaJIZl C~KUH# o 6 c x a ~ w ~ ~ l a  k i  

~3anesenna. Konsen~paqnn B m ~ ,  m e ~ y s i 3 1 o ~ q 3  npeHcmtnsro Kanana 
cerunn n3~nerenns 6 m ~ a  K KoHueeHTpauun PCXOAAOG c ~ e c n .  9 e ~  6onbme 
CTeneHb KOH~eHTpHpOBaHHS, T e M  BbI& KOHU 

pa3JlUqHe B KOHueHTpmLiIM C M ~ L U U B ~ E D ~ ~ ( U X C ~  IIOTOKOB 53, CneAOBaTenbHO, 
BbIUIe TrOTepFi pa6m1 p83Ae.JIeHMH. ' X I *  

,b." I . ,  ,k . ,-. 
P e ~ y n b ~ a ~ b ~ '  pscqrn n o K u b ~ ~  nepmemfisxocib npnuen&~rid K cy;. 9 

nos mna TMK B cnyrae rnfi0~0# o~ncmu nub$"@ h ~ ~ o f x o n p o ~ u ~ a ~ u n x  
npn~ecetr c ~03@@uweyram pneneHna, c w e c r ~ e ~ ~ o e n ' t h i h a  uulMAca OT 

e ~ n a u u ~ .  B,'~TOM wryrae i e d 6 x o m ~ o  nonyse~ne k a ~ i d & d h b  F ,.'j$i)hy 
CTeneHH P~AC~I~HHI CeKuMli ~3BJIdqeHh$ (FI) H c ~ ~ B H ~ W ~ ~ H O  H ~ B ~ I M K ~ ? X '  

3 ~ a ~ e ~ u k  cTeneHM pa3nmenna ceKuun obora4ennr (F2 He 6onee 10 - 40). . 
CTenenb ~o~ue i i~puposa ina  n e r r c o r t p o r i i ~ m ~  npn-~eceg muam TonaKo Ha 
Benwnwy n m p b  nponym u MOX? Sbih 3&t&a be tiih-od%bIC@%~~,:ta~ n p ~  
panenennn c~eceii  co cpaam~Md'iiikq&ad&Pr~-'riP~ &t'fcr 3'Gksa ' .  8 -  tcln pa3ntiJIenkin O ~ O A X  K O ~ O H ~ H T O B  Ha O T A W ~ & ~  (hP&4til.i. ~&&e I I ~ O ~ X O A M M O  

y u e m , ' m  npu omnx n T ~ ' x ~  napaMeTpax npouecca cTenenb pa~nenenna 
c ~ e c e l  c HH~KO# ~o~uen-rpariHeil nerKonpoHnKamugix n p u ~ e c e l  cyiuecTseHno 
BbILUe, YeM C BMCORO# KOHWHTPWH~~ .. 

p 1-J 
I .J . ?CI A J s '  . - & I ~ I - .  : 

. a .  c bm mny6o~yro O Z ~ W C T K ~  ra30B B 4 i ~ ~ & e  ~ < n a  MK ii TMK npo~opmn Ha .>,>.! 
j l c ~ C 3 B K * .  9, W - I ~ T P T O  U B ~ T ~ Y H ~ I ~ M % ~ ~ H H ~ I ~  
M o w n  1 s 2 c -  ~ e ~ 6 p a ~ o i l  mna icJTec~ocnn~~,,, n ~ e m u e l  maMeTp 26 CM. 

C n ' 0 ~ 0 4 b l o  CllCTeMbI KpaHOB MOXHO n0AKJIH)qaTb A O ~ O . - ~ ~ E ~ I T ~ J I ~ H ~  ~0.lQVfb 3 
H TeM C M b l M  IlepeXOABTb OT KaCKaAa WM MK K TMK. ~ ~ O I - ~ ~ B O ~ T ~ ~ ~ H O C T ~  

Monyna 3 ~ ~ M ~ H X ~ T C R  B S ~ B H C N M O ~ T ~  +T pean&ye~ot c ~ e r r e ~ u  odopa p 3a 
c-rm HsMeHeHnn n n o u a  n T O ~ W H ~ I  nkif0nb3yeMoii B Moqne MeM6pa~b1. 
CKOPCTE. d o p a  oqnweHnoro nponyqa a3 ceKuna u3arre~enu11, a TaKxe 
xonueqara  m a  vacrana p n a  MK"'perynnpylo~ seHmnaMu TOHKOB 
perynnpoBKn. Asnxyqm cuna npouecca, onpenenaacn nepenanoM aamenna 
Ha MeM6paHe B MOAYJIm II C03AaeTCa3a CYeT BaKyybl-KOMlTpeCCOpa, a 
~acicana Tuna TMK mxxe 3a cyer omasusanus nj>e~axaoro KaHana ~oaynrr 3. 
Aaartewie m a  B HanopHm n npeiiamHoM KaHanax y c m o k ~ n  
KonTponnpyeTCa c noMombro ~ a n s ~ e ~ p a  n sakyy~kielpoe n nomepxnsaeTcx 






























