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PacrrpOCTpaHeHae tjlOT03MYilbCH OHHOH MeTOAHKH AI!B auepHhlX HCCneAOBilHHH II 

Heo6xoAHMOCTb npo HBneHH5! sMynbCIIOHHbiX KaMep 6onbiii11X o6beMOB npHBena K co

l 1,2 3 / 
3/lllHHJO cneullallbHoi't annapaTypbi ung 3 TIIX uenell ' • 

B l!a6opa-rop1111 BbiCOKHX saeprHH OH.HH B Te'leHue npoAOillKHTenhHOro BpeMe-

HI! ycrreiiiHO 3KCnnyaTHpyeTC51 rronynpOII3BOACTBeHHill! yCTilHOBKil All51 o6pa60TK!f TOil

C T OCilOi!HbiX HAepHbiX 3 MYilbCHll no TeMnepaTypHOMY MeTOAY C cyxoll "Tennoil' CTil

A Hell a npeABilpiiT81lbHOll HllKileHKOH Hll CTeKno
14

•
51

, 

B Ka'!eCTBe oCHOBb i All5! H3f'OTOBileHHSI annapaTypbi 6hin npHHHT H3BeCTHbilf 

• ,/6,7 / 
CllOC06 rrpOHBileHIIB B 3 T8)1{epKaX , KOf'Ail CllOH pll3M811lll!OTCB B TII!OCKOCTH 

Apyr HilA APYI"OM H co6paHbl B eniiHbiH 6noK, 

PaBHOMepHOCTb II OAHOpOAHOCTb np05!BileHII5! no BepTHKili!H (OT B epXHell AO 

ria:>!CHell llOilOK • 3 TillKepKII'), KllK nOK 83biBileT On biT, XOpOW851 H p aa6poC llO 'IYBCTBII

/ 4/ 
T ellb flOCTH fle rrpeBbllll lleT OIIIH 60K OTib!Til 

Llnn a a a6one e npoAOI!)I{HTe llbHbiX onepauaii - <jJHKCHpoBaHH!l, paa6aBneHHH a 

rrpOMbiBKII, 3 8HIIMillOIIIHX K HeKOTOpbiX Clly'lll51X AO 90% 061118f'O BpeMeHH o6pa60TKH 1 

lfCll01lb3YJOTC51 T e lKe • 3 T8lK e pKII', 'ITO II AI!B np051BileHH51, 6e3 nepeK118Ab1BilHH51 CllQ

eB , Ona aKo a OTilii'IHe oT npocToro oxna)I{AaeMoro 6aKa AllH npoBeAe HH5! npoHBO'l

HhiX npoueccoa B 3 TOM c n y,rae npuMeH!leTCH cneuaanbHbiH 6aK, o6ecne'IHBBJOIIIHll 

UHPKYilBUIIIO p a6o'!HX pacTBOpOB 'lepea • s Ta)l{epKy'. 

YcTpollcTBO tjlHKCB)I{HOf'O 6aKa noKa3aHo Ha pnc. 1. TennoH30<lllpoaaHHbiH, cae

TOHenpoHHuaeMbift, BbiTIOllHeHHbiH H3 BHHHllnaCTil 6aK BM811188T OAHH 6nOK - '3Til

)l{epKy' H3 12 llOilOK , K ll)I{A85! nOilKil IIMeeT OI"p8BB'IIIT8 11H All51 tjlOTOllllllCTHHOK AO 

tjlopMilTil 20 X 40 CM, He Tip81151TCTBYJOIIIH8 CB060AHOMY rrpOTOKY pllCTBOpOB '!epe3 

IIOJIKY, 

.UnH TpaacrropTHp OBKH ' a Ta)l{epKII' npenycMOTpe a a o6oilMa c py'IKBMH. Penbc, 

llp01lO>K8HHbiil HilA rpynnofl 6aKOB ( BKillO'lllH II llpOHBO'!Hbie), n03BGn!leT nepeM81118Tb 

"9Til lKepKy" C llOMOIIIblO llpOCTOf'O ll0Ab8MHHK8 Hll pOillfKilX, 
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UHpKymiUI!ll pacTaopoa qepe3 6aK ocymecTBIIlleTCll cneJlylOllliiM o6pa3oM. 

OxnaJK)leHHblfi pa6o•mfi paCTBOp H8COCOM IIO.Q8BTCSI qepe3 KOHTpOIIbHo-perynHpyiOlllYIO 

CHCTeMy H T-o6pa3nyiO Tpy6Ky B IIOIIOCTb, 06pa30B8HHYIO n-o6pa3HOfi p8MOli B !)>IlK-

calKHOM 6aKe . PauiiOHaiihHO pacrronoJKeHHhJe oTaepCTIIll a ropH30HTanbHOH qaCTII 

T-o6p83HOli Tpy6KH HarrpaBIIillOT TIOTOK lKIIJlKOCTII B CTeHKY 6aKa, p8CTB0p pacrrpe

nengeT Cll ITO BCeH IIOIIOCTH II p8BHOMepHblM IIOTOKOM IIpOXOJlHT qepe3 IIOIIKH 'sTa-

)KepKH" • 

PacTaop, rrpolfag qepe3 rronKH 'sTalKepKH', co6HpaeTC51 B apyroli 'IBCTH 6aKa, 

rrcpenHB8eTC51 q epe3 BHyTpeHHHH 6opT 68K8 B IIOTOK II Bb!BOAHTC51 C IIOMOlllbiO 1UII8H

ra II BOpOHKH B UHpKyiiSIUHOHHblH 6aK (B03BpamaeTC51 B CHCTeMY). 

PaaHoMepHOCTb npoToKa pacTaopoa qepe3 rronKH 'sTaJKepKH" rrpeaaapHTenbHO 

H3Y'I8n8Cb H8 M8KeTe 113 OprcTeKna C TIOMOlllbiO GOJlKpameBHbiX paCTBOpOB. nocneayiO

mag aniiT enbHaSI sKcnnyaTaUHll 6aKoB noKa3ana, 'ITO cnou Ha acex rronKax * s TaJKep-

KH • o6pa6aTbiB8IOTCSI a OJliiHBKOBhiX ycnoBIISIX c xopomeli aocnpoii3BOJliiMOCTh10. 

OrrbiThi, npoae)leHHhie ua 12 rrapTIIllX anSI oueHKII cTaHaapTHOCTII npoganeHHSI 

H BOCIIpOH3BOAIIMOCTH pe3yrrbT8TOB, Jl8IIII pa36poC no 'IYBCTBI!Te nbHOCTII MelKAY 

OTAeiibHbiMII II8pTII51MII npOHBIIeHIISI 1% IIpll cpeJlHefi qyBCTBIITeiibHOCTII 

29,8:t_0,4 6no6/100 MK . 

n-o6p83H8ll paMa CIIYlKIIT Jliill npeJlOXpaHeHIISI OT nepe6poca paCTBOpa (6onee 

KopoTKIIM rryTeM) qepe3 aepXHlOIO 11 6oKOBhie 'laCTII 'sTaJKepKB'. Harrpaanmomali 

KnHH noMoraeT ycTaHaaniiBBTb 'sTaJKepKy' annoTHYlO K paMe . He6onhllllle 3a3ophi 

MeJK.Qy TIIIOCKOCTbiO paM hi II • STaJKepKOli', K8K TIOK838II OTihiT, He llf'p810T 60IIblllOil: 

ponH, T8K K8K pa60'IIIe IIpOMBJKyTKH MeJK)ly TIOIIK8MII 'sTaJKepKII' AOCT8TO'IHO Be-

nHKH. 

0TCYTCTBIIe B03JlYlllHbiX TIY3b!peil: MeJKJlY nOIIK8MII 'sTalKepKI!' o6eCTie'IHB8eTCll 

cneayiOllliiMII MeponpB51T1151MII: a) TIOCTeneHHhiM 38TIOIIHeHI!eM rryCTOf'O 68K8 C npeJl

B8p11TenbHO yCT8HOBIIeHHOl!: 'sTaJKepKol!:', 6) Bh!Be.QBHI!eM C TIO.Q8101Ueli TIOIIOCTII ny-

3blpeil:, 38HOCI!MbiX C paCTBOpOM, a) IICTIOIIh30B8HIIBM nonOK C pa60'IIIM npoMeJKyT

KOM OKOIIO 15 MM. 

CHCTeMa UIIPKYIIHUIIII, BKIII0'1810lll851 B ce6g lliiPKYIIllUIIOHHblil: 6aK Ha 150 IIIIT-

2 
pOB, H8COC, TeTIII006MeHHIIK C noaepXHOCTbiO OXII8lK)leHB51 1 ,5 M II KOMMyHHK8UIIOH-

HOe o6opyJlOBaHI!e (aeHTIIIIII, pOTaMeTphl II np.) 1 o6crrylKI!B8eT JlB8 T8KIIX 6aK8 (eM. 

pi!C. 2) • 

4 

l 
I 

1 

--

B ycTaHOBKe HCIIOIIh3ye· 

lUHM XOIIO.QHIIbHhiM arperaTOM 

HaKneeHHhiX cnoea cpopMaTa 1 C 

roro cj>opMaTa no 20 x 40 CM B 

B orrHCBHHhiX Bhime 6 

pa60TKH sMynhCHOHHhiX KaMep 

JKepoK' . 

Ha pHc . 2 TIOK838Hbl 0 

MbiBKH B 3HMHee BpeMll rrp eA)i 

rrpeaaapHTenbHoro oxnaJKAeH H 

neplKHB8eTCll IIOCTOllHHOH An! 

puc . 3 npHaene H xoa rrpou 

TIOA8'1e BOJlbl OT 10 AO 100 J 

KoHTponh 3a rroaaeplKaH 

Cll C TIOMOlllbiO BCTpOeHHbiX !! 

TIIICbiO TIOK838HHli TeMTiepaTy 

pOT8MeTpOB II Jlp. np1160p0B 

Dnll npoBe)leHI!ll cyxoli 

CT8T C TIOCTOllHHb!M sneKTpOJ 

DaHHbie no H3MepeHI!IO ' 

60T8HHbiX 118 ycTaHOBKe J1J 

JlllTCll B T86IIHUe. TaM JKe 

pa6oTe IICTIOIIb30B8Hbl SMynbC 

Hb!X cpllpM (HHK<I>H, HJib<I>OP 

Cno11 6binll o6ny'!eHhl nr: 

roKpaTHoro pacce51HIIll npoac 

/8/ 
aoM • 06mag anaHa B3Mepe 

U3l30LUWOCb ITO cpOpMyne p {3 C' 

BTOpbiX p83HOCTefi Jliill • nOlKH 

rae D 11 A - H3MepeHHOe 

AII51 p 9 rsa, D lll03 - my!\ 

C~OHHbiX CnoeB TOnlUI!HOH 40· 



reg cne.QyiOIUHM o6pa30M. 

KOHTpOilhHo-perynapyiOIUYIO 

> TI-o6pa3HOH paMOH B <j>HK-

B ropH30HT8nbHOH 'IBCTH 

~KY 6aKa, paCTBOp pacnpe

oxonHT qepe3 nonKH "9Ta-

eTCH B npyrofi 'IBCTII 6BKB, 

o!BO.QIITCH C ITOMO!Ub!O rnnaH-

!HCTeMY). 

9 TaJKepKII" npenBapHTenbHO 

~HHb!X paCTBOpOB. TiocnenyJO

aa acex nonKax " 9TaJKep-

mel\ BOCnpOH3BOJlHMOCTbiO. 

CT8H.Q8pTHOCTH npOS!BneHHSI 

::> 'IYBCTBHTenbHOCTH MelKJlY 

qyBCTBHTenbHOCTH 

n epe6poca paCTBopa (6onee 

s TaJKepKH". HanpaBn5IIOIUHfi 

K paMe. He6onbmHe sa3opbt 

1 onbtT, He arpaiOT 6onhwofi 

1 3 T8lKepKH 0 .QOCTBTO'IHO Be-

'l 
.J 

B yCTBHOBKe HCnO/lh3yeTCH TpH BBTOHOMHbiX UHpKynHUHOHHbiX CHCTeMbl C 06-

IUHM XOnOJlH/lhHbiM arpera·roM, 'ITO n03BOn5IeT OJlHOBpeMeHHO o6pa6aTbiB8Tb UO 600 

HBKneeHHbiX CnOeB <j>OpM8T8 } 0 X} 0 CM ( HnH 9KBHBaneHTHOe KOnH'IeCTBO CnOeB Jlpy

I'OI'O <j>OpMaTa .QO 20x40 CM BKniO'IHTenbHO). 

B onacaHHbiX BbiiUe 6aKax npoaonnTcn ace TexHonorH'IeCKIIe onepauHH o6-

pa60TKII 9MynbCHOHHb!X KBMep ( KpOMe npOHBneHIIH H CyiUKII) 6e3 H3BneqeHHH " 9T8-

mepoK". 

Ha p11c. 2 ITOK838Hbl OCHOBHbie KOMMYHIIKBUIIOHHbie niiHHII CHCTeMbl. L!nH npo-

MbiBKH B 311MHee apeMH npenycMoTpeaa HenocpencTae aaaH nonaqa BOJlbt B 6aKH 6es 

npenaapHTenbHoro oxnaJKneHIIH. CKopoCTb nona'IH pa6o'IIIX pacTaopoB B 6aK non

neplKHBaeTCH nocT05!HHofi nnn acex npoueccoa H cocTaBnHeT oKono 100 n/qac. Ha 

pHC. 3 npHBeneH XOJl npouecca pas6aBneHHSI B <jJHKCBlKHOM 6aKe npH pa3nH'IHOH 

ITO.Qa'Ie BO.Qbl OT 10 JlO 100 nf'IBC llpll ITOCTOHHHOH !!HpKynHUHH CMeCH. 

KoHTponb 3a nonneplKaHHeM sanaaaoro peJKHMa B annapaType ocymeCTBnneT

cn C nOMOIUbiO BCTpOeHHb!X B 6aKH ( H Jlpyrae Y'IBCTKH CHCTeMbl) .QBT'IHKOB C 38-

nHCblO nOK838HIIll TeMnepaTypbl HB .QHarpaMMHOH neHTe CBMOnHCUa, noroMeTpOB, 

pOTBMeTpOB H Up. npH60pOB KOHTpOnH. 

L!nst npoaeneHHH cyxofi "Tennofiu CTBJlHH HCnonbayeTCSI cneuHanbHWH TepMo

CTaT C nOCTOHHHbiM sneKTpononorpeBOM. 

L!aHHbte no H3MepeHHIO "noJKHoro paccestHHH" nnst sMynhCHOHHbiX cnoea, o6pa-

60T8HHbiX liB yCTBHOBKe nB3 C npeJlBBpHTenbHOH HBKnel!KOll HB CTeKno, npHBO-

.QHTCH B Ta6nHue. TaM JKe npHBeneHbi JlBHHbte no 'IYBCTBHTenhHOCTH H ByanH. B 

pa6oTe HCnOnb30B8Hbl 3MynbCHOHHbie CnOH TOnll!HHOH 600 MK npOH3BO.QCTB8 pa3nii'I-

Hbtx <!>HPM (HI1K<I>11, 11nb<I>OPL!, OPBO). 

"sTaJKepKH" o6ecne'UIBaeTCH CnoH 6btnll o6nyqeabt npoToHaMII c sHepr11el! 9 fsa B 0115111, 113MepeHIIH MHo-

,aHeM rrycToro 6aKa c npen-

~M C nO.QBIOIIIefi nonOCTH ny-

lOnOK C pa60'IHM npOMelKyT-

ynHUHOHHb!H 6aK HB 150 niiT-

2 
fH 1,5 M II KOMMYHIIKBUHOH-

KIIBBeT .QBB TBKIIX 6aKa (eM. 

I'OKpBTHOI'O pacCeHHHH npOBOJlHniiCb HB MHKpOCKOne KSM -1 KOOPUIIHBTHbiM MeTo

/8/ 
noM • 06man nnHHa 113MepeHHbiX cnenoB oKono 6 M. Bbt'IIICneHIIe p{3 c npo-. K 
W3DO.QIWOCb no <j>opMyne p{3c=l,74+ (tOtO )

3
/2 , rueD =D(p 2 - p2 j p2-p 2 )~(9), 

r' k n ' it /}. 

BTOpbtX pasaocTefi nnn "no>Kaoro paccesmHn" (Dn)no <j>opMYneD = (D 2
-/',.

2-D 2
UI03 )>. 

rne D H A - H3MepeaHoe H TeopeTH'IeCKoe aaa'IeHHH KynoaoBcKoro pacceHHHH 

nnn p 9 fsa, D IIIOS - IIIYM oTC'IeTa H 3epeH. AHanorH'IHbte .QBHHbte nnH sMyllh

CI!OHHbtX CnOeB TOniiiHHOH 400 MK npHBO.QHTCH B flO/ 

5 



illlHT81lbHbiH OIIb!T 3KCIIJiy8T8Ut!H llBHHOl'O o6opynOBBH.IB! IIOK8381l li8ll8:X{HQCTb 

11 yno6cTao a pa6oTe rrpH o6pa6oTKe KPYIIHhiX 3MYJJhCHOHHbi X KBMep. Tax, ¢DTorpa

¢H'IecKast 06pa60TK8 K8M8pb! OO'b8MOM OKOIIO 30 miTpOB \IIpH ljJOpMaTe 20x4Q eM 

11 TOilmHHe 450 MK B H8Kil8HHOM BHAe) Oh!JJB rrpoaeneHa B Te~eHB:e 40-42 CYTOK 

III/ 11 He IIpenCTBBHJIB CKOilbKO-HHOYilb Cy!UeCTB8HHbiX 38TpynHef!J!lt , 

f1onh3YIOCh B03MO*HOCTbiO, 'ITOO bi rro6JiaronapaTb B e noaa A.A. aa Y'lBCTHe 

a pa6oTe. 
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Cpe~HHe 3HatleHKR BTOphlX pa3HOCTe~ )J.JIR "no:r:Horo pacceSIHKII" ( .DJL ) , 
3Heprl1ld ( p ~ C ) K )J.aHHhle DO. tlyBCTBKTeJibHOCTH ( 4 MK ) H ByaJIH 

( ~ MKJ ) )J.JIR 3llYJibCH~ pa3J!HllHhlX THITOB TOJ!n;HHOR 600 MKKpOH, 

D-1 ± A 1)1\ ( MK) p~c j: "ppc (r3B) 
N 

'fOOMK/ 
N 
~)(KJ 

HqenKa (MK) : 500 1000 2000 4000 500 .1000 2000 4000 TIOBepXH, cepe)J.. CTeitJIO 

IiP-1 HID<~~ 0,088 0,120 0,091 0,089 9,52 9,15 8,81 11,2 1H 2~:4 2~,4 
4775 .:!:o ' 001 :to' 002 ±o' 00 3 ±o' 004 ~1,73 :!:o,46 ·o,32 = 0,59 

' ,5 

EP-2 H11K.PH 0,092 0,109 0,129 0,227 9,25 9,0 9,06 11,5 2H ~ ~ 4664 ±o' 001 ±o' 002 ±o' 004 ±o' 009 ±1,67 ±o,70 ±o,68 ± 0,62 ' ' 
K-5 ORWO 0,130 0,158 0,140 01210 9,90 8,76 9,51 10,0 2~·1 2~:@ 2~,~ v 3514 ±o 1 002 :!:.o t 00 3 ±o t {){)4 ±o t 008 ±1178 ±o,67 ±o,70 j: 0,53 I ' 
K-5 ILFORD 0,082 o, 103 0,097 0,276 9,03 8,94 9,76 10,3 2~:~ ~ £H r 3809 0,001 o,oo2 0,003 0,011 1,62 0,46 0,36 0,55 ,8 ' 
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Pac. 1. 

s 3 2 8 

YcTpo~CTBO ¢axca * aor o 6ax a . 

A -
I 
3 
5 -
8 

n oAa 'la p a6o'IHX pacTa opoa, B - Bb! XOA pa6o'IHX pacTaopoa, 
npeAOXpaaaT ellbHB H paMa, 2 - pacnpeAenaTellbaa!T Tpy6Ka , 

• 8TB*epKa • B C60pe, 4 - Tpy6a AIT !T Bb!X0)1a pa60'IHX paCTBOpOB, 

CITHBHBSI Tpy6a, 6 - aanpaBIT!IIOWHli KITHH , 7 - nepeiTHDHOii ITOTOK, 
noJI.Ka ... 3TB>I{epKB• , 9 - orpaHH 1!3TellR ann QloTonnacTHHOK. 

8 

Pac. 2. CxeMa uupxynSIIlHH pacTa op oa a ¢uxca*HOli c e xuua. 

I - uupxynmmoaab!ll 6 a x ( 150 n), 2 - Tennoo6MeaauJt, 3 - ¢u~tca*H.bill 6ax, 

4 - aeaTHITK ITOAB'UI pa60'IKX paCTBOp OB B ¢aKC8>KHble 6altK, 5 - BeHTHnK 

ITOAB'IB BOilbl, 6 - p OTaMeTpbl , 7 - BOpOHKa B03BpaTa paCTBOpOB B napxyn

llBOHHblli 6aK, 8 - KB HallK3BUKOHHB SI BOpOH!ta, g - BOAOITpOBOAHBH MaraCTpanb, 
10 - "aXOA-BblXOA" XOITOAOHOCJI'TenH B T e Un006MeRHHJte. 
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