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BBenenne

PazButne COBPEMEHHOU XHUMHUYECKOM
TEXHOJIOTMH MIPEAIO0JIAraeT NIMPOKOE IPUMEHEHNE
BBICOKOKOHIIEHTPUPOBAHHBIX AUCIEPCHBIX CHUC-
TeM, 0COOCHHO B TEX 00JIACTSIX, KOTOPBIE CBS3aHBI
C  INPUMEHEHHWEM  TE€TePOreHHBIX  XHMHKO-
TEXHOJIOTUYECKNX IpoueccoB. MX cKopocTb
OIPENEIISETCS BEJIMYMHON aKTHBHOW Mex(pa3zHON
MOBEPXHOCTH, 4@, CIEIO0BAaTENbHO, CTEMEHBIO
JUCIIEPCHOCTH M KOHUEHTpalMEed JHCIIEPCHOU
¢a3bl. OT 3THX XK€ (PAKTOPOB 3aBUCST IPOYHOCTD
¥ JIONTOBEYHOCTh MATEPHAIOB, 00pa3yIOmXCS B
pe3yapTaTeé IPOLECCOB CHEKAHHA HCXOIOHBIX
mucniepeuit  [1]. Llupokoe u  pasHooOpasHOe
NPUMEHEHNE BBICOKOKOHIIEHTPUPOBAHHBIX CHC-
TEM, COJepKaInX TBepAylo (a3y, o0ycnoBiuBaeT
HEOOXOUMOCTh BCECTOPOHHETO W3YYEHHS WX
CBOMCTB, 0c000€e MecTo Ccpeanm  KOTOPBIX

3aHUMAIOT KHHETUYCCKas1 Hu arperaTuBHas

YCTOMYHBOCTS.
MeToabl uccjie10BaHuA

W3mepenus pa3MepoB u IIEKTPO-
KMHETMYECKOI'O IOTEHLMANA 4YacTUL, KOHLEH-
TpUPOBAaHHOM M pazbasnennoil nucnepcuit [1TOD
npowussoamn Ha npubdope Delso Nano C Particle

Analyzer pupmer Beckman Coulter.

Kuneruky KOaryJsiiyu n3ydann
(otomerpruyecku Ha cnekrpodoromerpe KOK-—
3KM npu mumne Boausl 440 uHM. MyTHOCTB

CHCTEMBbI paCCUYUTBIBAJIHA 110 YPAaBHCHHIO

2,303-D
r:f

>

A€ T — MYTHOCTD, D — ontuyeckas IJIOTHOCTh

CHCTCMBI, l— TOJIINHA KIOBETHI.

Pe3yabTaThbl M 00CysKIeHHE

Hamn Opiio  u3ydeHo BIMSHHE BpeMeHH
KU3HH, pazbaBneHus U IIPUCYTCTBHUE
3IEKTPONUTA-KOATYIATOpa HA  CTAOMIBHOCTb
BBICOKOKOHIIEHTPUPOBAaHHBIX nucnepcuii [1TD3,
NIpeJBApUTENbHO CTAOMIN3UPOBAHHBIX HEMOHHBIM
ITABowm. Ucxonusre 00pa3upbl BBICOKO-
KOHLIEHTpupoBanHod  aucnepcun IITOD ¢
cojepkaHueM aucnepcHol dassl 60 % wMmac.
pa30aBnsin BoAOH B OOBEMHBIX COOTHOLICHUSIX
KOHIIEHTPHUPOBaHHBIA oOpazem:Boga 3:2, 1:1, 1:3
u 1:9 u BeigepxuBanu B Teuenue 15 cyr. Ha puc.
1 mpuBemenst  ¢otorpadmm  0oOpaznoB B
HAYaJbHBI U KOHEYHBIH MOMEHTHI MPOBEIEHUS

9KCIICPUMCHTA.

Puc. 1. Baemnnii Bug o6pasnos crabunmsupoBanHoil nucnepenu [1TDD, pazbaBneHHON B COOTHOMIEHHSIX (clieBa

nHampaso): 1:0,5, 1:1, 1:3, 1:9 npu Bpemenn xu3au a —14, 6 — 15 cyT.
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W3 Hero cnenyer, uro paz0aBieHUEe AUCIIEPCHU
BBI3BIBAET €€ JEeCTa0WIM3allhi0 U IPUBOAUT K
pacciiauBaHUIO, KOTOPOE B Cily4ae pa30aBieHUs B
COOTHOIIEHUAX 113 =m 1:9  BuzyanbnO
(bUKCHPOBATIOCH YK€ uepe3 cyT., depe3 7 CyT.
CTAaHOBWIOCh 3aMETHBIM B Cllyyae pa30aBieHuUs
1:1, m gepe3 15 cyTok B cucteme, paz0aBIeHHON B
cootHomiennn 3:2. McxomHasg  KOHLEHTpH-
poBaHHAsl cUCTEMA COXpaHsUla CBOIO CEIMMEHTa-

HMOHHYIO yCTOfI‘iHBOCTb B TCUCHUC HOJIyroaa u

Goxee.

Crnenyer  ymnoMsHYTb, 4TO  KpUTEpHEM
KOJUTOHAHOH JHCIIEPCHOCTH SABISIETCS
CII0COOHOCTB JaCTHI] cOBepLIATh B
COOTBETCTBYIOIEH  JHCIIEPCHOHHOU cpene
OpoyHoBckoe mBmkeHune. OpHako B clydae
KOHUCHTPUPOBAHHBIX AUCTICPCHBIX CHUCTEM

ydactu€ AUCHCPCHLIX YaCTUL B 6p0}IH0BCK0M

JABHXKCHHH Iepecract OBITH peuaromunum

(aktopom. Kunermueckas yCTOHYHMBOCTb, T.€.

OTCYTCTBUE CEAUMEHTAIMHM YaCTHI IHCIEPCHOH
(a3bl, obeceunBaeTcs 3a c4eT (PUKCHPOBAHHOTO

IIOJIOKCHHUA HaCTHIl B HpOCTpaHCTBeHHOfI

CTPYKTypHOH  ceTke, JuOO B  pe3ynbTare

BO3HUKHOBCHUA KOaryJsiinOHHbIX KOHTaKTOB

Mexay HuMmH. YacTHuel pacmojararoTcs Ha

PACCTOAHUAX OMmKHETO 00 JAAJIBHET0 IIOPOIr'oB

KOAryJIsluM, 4YTO COOTBETCTBYET PACCTOSHUSAM
HopsaKa 10°-107 M. Ecmm B
CTPYKTYpOOOpa30BaHU¥  NPUHUMAET  Y4acTHE

ITAB, Tto B cnydae tunpodoOHON AuCTIEpCHOM

(da3pl HemosspHas rpynmna Monekyiasl IIAB

aagcopbupyercss  ruapooOHON MOBEPXHOCTHIO
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TBEpAOil (a3bl, a monApHas udacTh oOpaiieHa B

BoaHylo. Apncopbupysice, IIAB pazmBuraior

YaCTHIB! JUCHEPCHON (a3l Mo Kkpaitneit mepe Ha
pacCTOSHHE JABYX MOHOMOJEKYNIAPHBIX CJIOEB,
OJHOBPEMEHHO 3KpaHHpys Hamboliee SHEepreTH-

YCCKHM  AKTUBHBIC  Y4YaCTKH MaKpOMO3aH‘iHOfI

ITIOBEPXHOCTH YACTHLI. Cuna u SHEPIus CBA3U

KOaryJsimuOHHBIX KOHTaKTOB IIpu 9TOM

3HAQYUTCJ/IBHO TIAaAAl0T, B PE3YyJbTAaTC CHUCTEMA

COXpaHsIET CBOIO KMHETUYECKYIO U arperaruBHYIO
YCTOHYMBOCTH [2].
B ciyuae yBenuuenus noiM AUCIEPCHOHHOM

Cp€abl IIpH pa36aBHeHI/II/I CICAYET OXHUAaThb

YBEIMUCHUST AUCHCPCHOCTU CUCTEMBI, YTO MOXKET

OBITH BBI3BaHO

nud dyzuei MOJIEKYN

pactBoputens B 00beM (UIOKYIN, CYIECTBYIOIIUX
B KOHLEHTPHUPOBAHHBIX CHCTEMAX, B KOTOPBIX

YaCTHLBl  JMCHIEPCHOH  ()a3bl  PACIOIOKEHBI

OTHOCHTCJIBHO IIOJIOKCHHUH

Apyr  Apyra B

JaJIBHETO KOaryJisimuoOHHOI'O KOHTaKTa Hu

pas3zieneHsl  MepeKPHIBAIOIIIMUCS  aacopPOIOH-
HBIMU CJIOSIMH CTa0MJIM3aTopa. DTO CTAHOBUTCA
BO3MOXHEIM, TaK  Kak

BHCIIHAA qaCTb

aJicCOPOLIMOHHOIO0  CIIOS HAa HMHAMBUAYalbHBIX
yacTHHax o0Opa3oBaHa MONAPHBIMH TPYHIAMH
moisiekys IIAB, 3akpeiuieHHbIX HENOJSPHOU
4acThl0 HAa HHU3KOBHEPIe€THYECKOH HOBEPXHOCTH
TBEpAOH (a3bl.

Jlannoe

HNPEANONIOKECHNUE  ITOATBEPIKAACTCA

pe3yibTaTaMu, HPUBCACHHBIMU HA PUC. 2:



Uepbans M.I"., Cocna M.X., ['ozonuweunu O.111., u op.

%

30

25 | pasbasneHue avcnepcun
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B  «onuenTpupoBanHas

20 40 60 80 100 120 140 160 180
d, Hm

Puc. 2. Bnusinue pazbasnenus Ha pa3mepsl yactun aucnepcuu IITOD.

Bpewmst )x1u3HH KOHIIEHTPUPOBAaHHOM Aucniepcuu — 7 CyT.

mo Mepe paszdaBieHHs HCXOJHOTO o0Opasua WILTIOCTPUPYET pHC. 3, Ha KOTOPOM IPEICTaBICHO
HaOmiomaeTcs  TEHOEHIHA K  YMEHBIICHHUIO pacmpeseneHne YaCTHI] IO pasMepaM Ui
pa3MepoB YaCTHUIl U3-3a pa3pyLIaIOIIero AeUCTBUA HACXOQHOTO o0pa3ma: B TedeHHEe O MecsueB
MOJIEKYJl pPAcTBOPHTENISI 10 OTHOLICHHIO K CpefHHH pa3Mep YBEIUUUBAETCS HMPAKTHYECKU B
¢bmoxynam nucnepcHo Qasbl. IIBa pasa.

Hamnpotus, B HCXOIHBIX oOpasmnax

KOHOCHTPHUPOBAHHBIX ,Z[I/ICHepCI/Iﬁ C TCUCHHCM

BPEMEHH IMPOUCXOAUT pocT (aokyr. 3ITo

%

30 -
25
BpPEeMS XM3HW Jgucnepcumn
20 - [ 7eyrox
B 6 vecsues
15 M
10
5 =
0 T T

50 100 150 200 250 300

Puc. 3. 3meHnenne pa3MepoB 9acTUI] KOHIIEHTPUPOBAHHOH THCIIEPCHH B TIPOIecce CTapeHUs
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OOpasyrouuecs B [pOLECCE  CTapeHHs

Jucriepcud  (pIOKyJIAIHOHHbIE HE

CTPYKTYpBI

ABJIAIOTCA  AOCTATOYHO IPOYHBIMH, TaK KakK

paspylaloTcss IpU  YBEIMYEHUH OOBEMHOTO

COOTHOIIICHUA BOaa KOHIOEHTPUPOBaHHAs

aucnepcust aHaJOru4HoO CBe)KerHFOTOBHCHHOﬁ

(puc. 4).

VBenuuenue COOTHOIICHUS JAUCIIEPCHOHHAA

cpena —  gucrnepcHas  (asa  CHMXKaer
KHHETUYCCKYIO YCTOﬁqHBOCTb HCCICAYCMbIX
o0pa3uoB. D10 CBsS3aHO C  paspyLICHUEM

a7copOIIMOHHO-CONBBATHOTO ciosi Monekyn [TAB

%

50

40

100 150

Ha TOBEPXHOCTH YaCTHLBL. AncopOuus MOJEKyJ
ITAB na [IT®D nocutr Qu3mueckuil Xapaxrep H,
COIJIaCHO JIUTEPATYPHBIM JAaHHBIM, JOCTaTOYHO
nerko oOpatmma [3]. YBenmuenue oO0BEMHOU
JOAM JAHUCHEPCHOHHOM cpeapl INPHUBOAUT K
necopOuun IIAB B o00BEM pacTtBOpa U €ro
ynanenmio ¢ noBepxHoctu [IT®D, B pesynprare
YEero CcHcIeMa TEpPSAET CBOIO KHUHETHYECKYI0 H

CEJUMEHTALlMOHHYIO YCTONYHUBOCTb.

pa36aBneHv|e ancnepcun

B «onuenTpuposaHHan

1:3
1:1

200 250

d, H™M

Puc. 4. Bnusiaue pa3z6asienus Ha pa3meps! dactur gucnepcun [1TOD.

Bpewms kn3HH KOHIEHTPHPOBAHHOM Aucnepcun — 6 MecsIes

3HaueHus QJICKTPOKHHETHNYECKNX IIOTCH-

I1aJIOB, KOTOPBIC IO MOAYJIIO YMCHBIIAIOTCA KaK

B Tipomecce€ CTrap€Husi, TaKk HW TI0 MEpE

364

pasz0aBieHns WCXOMHOTO OOpa3ma Bomo# (Taldi.

D),

yctoiunBocTH [4].

TAKKe  CBHJAETEIBCTBYIOT O  IOTEpe
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Tabnuua 1

3HaueHusn JIEKTPOKMHETHYECKOI'0O NNOTCHUMAIAa KOHHCHTPHUPOBAHHBIX

U pa30aBJIeHHbIX AUcHepcuii

3HayeHus JIEKTPOKUHETHYECKOT0 noteHuana (MB) npu 00bEMHBIX
THOLIEHUSX KOHLEHTPUPOBAHHbBII B
Bpewms xu3nu aucnepcun COOTHOIIE OHUCHTPHPOBA obpaser: sona
1:0 1:1 1:3 1:9

7 cyToK -32,3 -28,6 -15,6 -14,8

6 Mecs1eB -30,7 -23,2 -18,5 -11,4
Arperauuio  4actul,  CONPOBOXKIAIOILYIO HMOHOB AP, o0agaronmx BBICOKOH
Ipolecc  CTapeHus  JUCHEPCHH,  HU3ydalu KOaryJIupyomeil CcrocoOHOCThIO, U 3apsiioM,
OIITHYECKUM METOAOM. Tak Kak MIPOTHBOIIONIOKHBIM 110 OTHOLIEHHIO K YacTHULaM

KOHLICHTPHUPOBAHHbIE 00pa3lbl ObLIM CTAOMIBHEI
B TEYCHUE AOCTATOYHO JUIMTEIBHOIO BPEMCHH,

npouecce arperauvv CTUMYJIMPOBAJIM BBCACHUCM

[T®D. OnTryeckyio IIOTHOCTh (PUKCUPOBAIH B

TCUCHHUEC daca.

T, M1

* . .
185 | ® 6 6060060 0 90 00
1.80 —

BPEMS XKU3HN ANCIEPCUm

175 [ ) 7 cyTok
sl ¢ 6 MecsiLeB
1.70
1.65

o
160 @ o

o o o
\ ! ® ® 9 00
0 10 30 40 50 60

t, MUH

Puc. 5. U3menenne mytHOocTH qucniepcun [ITDD B nponecce 35eKTpONATHON KOATYIISAIHH

Hccnenyemble CUCTEMBI B 3HAYUTEJIBHOM

CTCIICHN NOJIMAUCTIEPCHBI, U TIPOLECCC arperanuu

MOor OBITH MHULUUPOBAH KakK JacTuoaMu

60J'IBIIII/IX, TaK W YaCTHLaMH MaJlbIX pa3sMEpOB.
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IlonyyenHnple Hamu YOBIBAIOIIME 3aBUCUMOCTH
MYTHOCTH OT BpeMeHH (pHuc. 5), COINacHo
JIUTEPATYPHBIM JaHHBIM, HAOIIOJAIOTCS B IEPBOM
ciydae, ¥, HAIpOTHUB, €CINH Obl KOAryJISIH
MHMLMHMPOBAlach 4YacTULaMM MallbIX DPa3MEPOB,
OKCIIEPUMEHTAIbHO  (uKCUpoBajics Obl  pocT
MYTHOCTH BO BpeMeHH [5].

Hannuane ABYX JIMHEHWHBIX Y4JaCTKOB B

KOOpAMHATaxX i=f(t) (3aecy Dy, Doy D —
D

ONTUYCCKUEC IUVIOTHOCTH B MOMCHT BPCMCHU IZO,
t=cou f) (puc. 6) MO3BOJISIET TOBOPUTH O TOM, YTO,
HE3aBHCHMO OT BpPEMEHH KH3HH JAUCIIEPCHH,
Koaryysinuss mpoOTeKacT B ABa JTallad, IIPU 3TOM
YacTUIBl KoaryiasTa HMEIOT JHHEHHYI0 (opMmy.
Ilpm »TOM, cormacHo pe3ynpTataM Tadul. 2,
CO3peBLIAsl AUCIEPCUS KOATYIHPYET 3HAUUTEIBHO

6510Tpee, 4YCM CBCIKCIIPUTOTOBJICHHAS.

_DOO
DO
D-D,
120 -
BPEeMS XU3HW AUCrepcum
100 - € 6 wmecsues
[ ] 7 cyToK

80
60
40 | | |

0 10 20

40 50 60
t, MUH

Puc. 6. Ananu3 pe3ynbTaToB KUHETUKHU JIEKTPOJIMTHON KOArYJIALUU

Tabnuua 2

CKOpOCTb KoaryJisinuu 06[)331103 AUCIIePCUH € PAa3HBIM BPEMECHEM KU3HU

VrioBoit koapduument ( MUH!) KUHETHYECKNX KPUBBIX KOAryJIsAluu 00pasLos
JUCIIEPCUI C BPEMEHEM JKU3HU

7 cyToK

6 Mecs1eB

Yyactok 1 Yyacrok 2

VYyacrok 1 Yyactok 2

1,53 0,32

2,97 0,59
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D10 00bBsicHSAETCH OOJBIIMM KOJIUYECTBOM

(hnokym, o0OpazoBaBmmxCs B IIporecce

CO3pCBaHus JUCTICPCUH.

3akiuyeHue
HpOBeZ[eHHBIe 3KCHepI/IMeHTI>I HOI[TBep)KZ[aIOT,
YTO KaK KHHETHYEeCKas, TaK W arperaTuBHas
YCTOMYMBOCTh B cllydyae KOHIIEHTPUPOBAHHOU
JUCTIEPCUU

OIIPEIEIISIOTCS Mo ACPKaHUEM

KOHLCHTPALMOHHONH  OAHOPOAHOCTH  pacipe-
JeJICHUs YacTULl JAMUCHEPCHOM ¢a3sl B oObeme
JFCIIEPCHOHHOM CPEIbI.

Hapymenne 3T0i 0AHOPOAHOCTH IOCPEACTBOM
pazbaBieHus

IPpUBOAUT K CTCIICHU

pocry
JFCIIEPCHOCTH 00pa3IoB BCIEACTBHIE Pa3pyIICHHU
¢bnokyn 3a cuer auddy3uH pacTBOPHUTENS W
COIPOBOXAAETCA AecopOumeil crabuimsaTopa ¢
noBepxHoctd uactuu. llocnennee npuBoAuT K
CHIDKEHHIO CEJIMMEHTAIlHOHHOH YCTOHYMBOCTH.

B mpouecce CO3pEBaHMS JaCTHIIBI
YKPYIHSIOTCS, OTHAKO 00pa3ylomuecs KOHTaKThI
HE SIBJISLTEOTCS

JA0CTAaTOYHO MPOYHBIMH.

BHeKTpOJII/ITHaﬂ Koaryjsinuss IIPpOTEKAa€T B ABa

3Tama, IPH 3TOM  CO3pEBINas  JTUCIIEPCHS
KoaryJimpyer 3HAYUTEIHHO ObicTpee o
CPaBHEHMIO co CBEXXEIPUTOTOBICHHBIMH
oOpa3namu.
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