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N3MEHEHVE 3JIEKTPODU3NYECKUX
XAPAKTEPUCTUK 3NIACTOMEPHbIX
AHOOOB nNoa AEMCTBUEM
FOPHOYE-CMIA304HbIX MATEPUAJIOB

B nocnednee spema 3nacmomepHsie aHOObI HAX0OAM WUPOKOe
npumeHeHue npu 3aujume OHUW, pe3epsyapos u dpyaux emKocmeu
XpaHeHus Hegpmu u Hegpmenpodykmos om nod3emHol Kopposuu.

B npouecce 3atapuBaHus HedTenpopyk-
TOB B €MKOCTU BO3MOXHA MUX 4aCTU4Has
yTeyka M nomnajaHue yepe3 rpyHT Ha
anactomepHble aHoabl. locnegHee, Bcnep-
cTBME HabyxaHWs 3nacTomMepos B 6eH3U-
He U Ap. OpraHNYyecKUx pacTBOPUTENAX
[1], moxeT npuBecTM K yBenuyeHuio
3NeKTPUYECKOro CONPOTUBIEHUSA 31aCTO-
MEpHbIX aHOA0B U, KaK CNeACTBUe, Hapy-
WweHuto paboTbl aHOLHOTO 3a3eM/IEHMS.
lo3Tomy, Lenblo HacToAweh paboTsl Gbi-
JI0 UCCnepoBaHue BAUAHUA BO3AeiCTBUA
roploye-cMa3oyHbIX MaTepUanos, B YacT-
HOCTW 6eH3MHA U MHAYCTPUANbHOro Mac-
na N-40A, na anekTpou3nyeckue napa-
MeTpbl 3N1aCTOMEPHbIX aHOJ0B.

B kayectBe aHopoB uccnepoBanuch 06-
pa3ubl Macno6eH30CTOMKMUX MPOTAMEH-
HbIX KabenbHbx NpoBoaos Tuna MAPM,
Bbinyckaemblix OAO «3nekTpokabenb
«Konbuyrunckuit 3asoa» n 0AO «Kamka-
Genby, usrotasnmsaembix no TY 3555-001-
00217053-2006 (TY 16.K71-299-2006).
Wccneposanus npoBofunuch Ha nabopa-
TOPHOM YCTaHOBKe, MpUHLUMUNUANbHAA
CXema KOTopo¥i npusefeHa Ha puc.l.
JKcnepumeHTanbHas naboparopHas ycra-
HOBKa npejcTaBnseT coboi ABa UAEHTUY-
HbIX 3neKTponu3epa, 06beUHEHHbIX B
€[IuHbI 610K, EMKOCTb KaToiHOWM 1 aHoA-
HOM Kamep Kawfjoro 3neKkTponusepa co-
cranset no 10 nuTpoB, TakMM 06Pa3oM,
061Kt 06beM yCTaHOBKM cocTasnseT 40
NUTPOB. YCTaHOBKA BbINOJIHEHA M3 Opra-
HUYECKOro CcTeKna TonwuHoi 10 mm.

KatoaHoe 1 aHopHOe npocTpaHcTea pas-
AeneHbl auadparmon U3 GuLTPOBaANbHOM
TKaHu (6enbTuHr). B Kpbilike ycTaHOBKM
“meloTCa npucnocobnenus ans Kpenne-
HUA KaTofia M aHofa, a TaKXKe OTBEpPCTUS
Aans 3abopa npob 3neKkTponuta 1 npobel
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Puc. 1. MpuHyunuanbHas cxema
UcnbITaTeNIbHOro cTeHaa

1 — amnepmemp; 2 — 8biKnOYamens; 3 —
pezynupyembiti UCMOYHUK MOKA UAU BbINPS-
mumens; 4 — ucnsimyembili 06pazey — aHoo;
5 — BaHHa-3/1€KMposIU3ep U3 opeaHu4ecKo2o
cmekaa; 6 — scnomozamesnibHbll cmabHol
31ekmpod — Kamoo; 7 — 3nekmpoaum; 8 —
KPbIWKQ U3 0p2aHuyecKo2o cmeknaa; 9 — pas-
OenumensHas MeMbpaHa u3 HeMKaHo20 uau
mepmocKpenneHHo20 nonomHa; 10 — 8osnbm-

memp; Rs — 6annacmxoe conpomusnerue

COCTaBa BbIAENAOWMXCSA ra3os.

[na ucnbiTaHuit 6bin BbIGPAH 3n€KTpo-
JINT, UMUTUPYIOLLNIA KUCbIe NOYBbI, C pH
paBHbIM 4,2. B cocTaB anekTponuta BXo-
AAT KaTnoHbl (1-10-*M): Ca? - 0,5, Mg** - 0,7,
K*- 0,4, Na* - 4,4, a Takxe aHuoHbl (1
10-M): NO, - 3,8, Cl'- 0,2, SO,> - 04 [2].
TokoBas Harpy3ka coctasnset 20 MA Ha
NOTOHHbIA METP 3/1aCTOMEPHOro aHofa
(5 mA Ha obpasell, KOTOpbIi NOrpyXeH B
INEKTPOAUT Ha 0,25 m).

[ina nposefeHUs UcnbITaHMit Bce 0bpas-
Libl aHOAOB GbIIN 3NEKTPUYECKU U30JIU-
pOBaHbl C TOPLLOB, MOrPY}aEMbIX B 3€K-
TponuT. NpPOTUBONONOXKHBIA KOHEL, aHo-
[0B 3a4ULANCA OT Pe3uHbl U K HeMy Kpe-
nunca Tokonposof. oAaroToBneHHble
aHOfbl B3BELWMUBANNUCD.

IneKTpoNM3epbl 3aN0NHANUCH INEKTPOSIU-
TOM. KpblwWKK 3n1eKTponu3epos, ¢ 3akpen-
NEeHHbIMU Ha HWUX KaTofaMu M aHOAaMM,
3aKpblBaNUCb W yCTaHaBAUBANUCh HEO6-
XOAMMble napameTpbl TOKOBOW HArpy3Ku.
B npouecce npoBefeHNs UCNbITaHUit U3Me-
panu pH anekTponuTa u yaenbHyIo 3eKT-
pOnNpoBOAHOCTb 3NEKTPONUTA B aHO[HbIX
Kamepax, a TaKke HanpsikeHue Ha Knem-
Max MeXly KaTofjoM U aHOAO0M U NOTEHLM-
asnbl KaTo/10B M aHOLL0B OTHOCUTENILHO XJ10-
pUACepebPAHOTo 3NeKTPOAa CpaBHEHMS,
ucnonb3ysa kanunnap Jlyruxa.

Yepe3 13 pgHei 3nektponus 6bin ocra-
HOBJIEH. AHOAbI U3BNEYEHbl U3 JJIEeKT-
ponuta, 06paboTaHbl AUCTUNNUPOBAH-
HO BOJL0MA, NOC/Ie BbICbIXaHMA B3Belle-

90 \\ TEPPUTOPVIS HEMTENAS \\

\ N 4 \\ anpens \ 2007




m
q
L
i
T
g
W
T
1S
S
o
@)
T
X
o
il
iy
T

/0

Ipapuk 2.1

6,5

Ipaduk 1.1

o 2l 2
wn < (o]
g ' XeWWaLt BH  avHawBdueH
\
0 n v 0 v
O w < ) ~

g ' XeWwauy eH auHamedueH

30

20

JICTY
lpaduk 2.2

10

30

20

IcT]

lpaduk 1.2

10

—

/
{

P g B R

adawey WOHTOHe
g edosied Hd

o

/
3
Y,

wn

q=—n =N

adawes WOHIOHe
g edoswed Hd

o

30

20

[iHn
Ipadumk 2.3

10

30

20

iGT]
lpaduk 1.3

10

o

/0

L 4

< o ~ et
g ' efoHe uweuhHalo

ﬂ
,
\

g ‘ efoHe weuhHalol|

30

20

G
lpaduk 2.4

10

30

20

10 i
Ipaduk 1.4

K
\\ m ﬂ 4
] X
{ E \
=
+ £ N//o
b1 3
e \
/ ,/
X v
i -
S 8 3 g S
-W _Wo ‘ adawex WoOHIOHe :1~ .2|w H, M, W, M,
S RLONYGHIRNG bisie I SAHUW ‘g ‘Bfoles  LeuhHaLo|
R
} R
f - ?
* - —
E -
-~ A
\ e & \
| y,
Jv// :
e o
M, m, Ww w, m n . N W0

W WO ‘ adawex uoOHIOHE
8 q1doHifosoduodisiave: g

(=) ~
— — — (=% (=) (=)
JAHUW ‘g ‘eforex LeunHILOL|

20

[AHn

10

(=2
o0

20

[iHn
Puc. 2. UcnbiTaHue aHOA0B Ha YCTOMYUBOCTb B GeH3UHe

10

aws

\\ ANEKTPOXVMI3ALLUNTA \\ 91

WWW.NEFTEGAS.INFO



MNadunk 4.1

fpagmk 3.1

30

20

N
OHwn

M:apuk 4.2

————m

N

O R~ O T M N - O

8" XEWwoLn BH USIG*EQ:M—.—

20

\‘—-——o

|
1 7]

Tpadmk 3.2

b
|
._ m *
| ¢
o
0 1_.”. T M N - O
adawen
woMifone 8 edosided Hd
'S
¢
\
I ﬁ
4
«\\
< m o~ — o

30

arn 20

lpaduk 4.3

19

30

LA 20

10
fpa¢nk 3.3

~

T
L'e] w <t o o~ — o

g ' etfoHe wewnkaLol|

30

20

AHwn

30

20

AHn

10

A
< [
¥ — ]
$ )
it
AN
/
g £ 2 ~ b
S o =3 o =)
W wo ' adawen womlfone
8 aoHroeoduodivave i
4 I
8
< LS ]
; N
£ |
? Y]
a —
L%
.//
//
D

30

20

iftl]

10

30

. 20

10

@
;
wn ¢
<
*
m -
&
8 ] 1
+
Lv/ !
—
ot S S S S |
il - — o o o
JAHAW ‘g ‘effolex  vewhualoy)
¢
*
w t
L)
3
x
5
£
a 4
[
*
ot T S S S
— — — o o o
pLC]

30

20

AHn

30

20

YCTOAUMBOCTS B MABCNE

Arn

10

it s 8

3

) P*'

W\ N 4\ anpans \ 2007

92 \ TERPPUTORPVA HEMTErA3 \\



W IERR PA HEBTEMA3 \\

Hbl. 3aTeM o6a aHoja (M3 ABYX 3/EKT-
ponusepos) 6bINKU NOMeLeHbl Ha 24 Ya-
ca B 6eH3uH ¢ o6bemom, B 10 pas npe-
BblWalWMM 06beM aHopa. lMocne u3-
BfeYeHUs M3 GeH3MHa W BbICbIXaHUs
aHoAbl ObiNW B3BeWeHbl. 3aTeM aHOAbl
OblNM NOMeLeHbl B 31EKTPONUT U Ha
HWUX MOJ@aHa Ta )X€ TOKOBAs Harpyska,
KoTopas 6bina BHavane.

Yepe3 26 cyTok 3neKTponu3 Gbin BHOBbL
OCTaHOBIEH. AHOAbI U3BNIEYEHbI U3 INeK-
TPONUTA, NPOMbITHI AUCTUANUPOBAHHOM
BOJ0, 06CYIIEHbI U B3BELEHbI.
Pe3ynbratbl MCNbITaHWI HA YCTOMYUBOCTD
aHOO0B B BEH3WUHe OTpaXeHbl Ha puC.2.
(Tpapmkm 1.1-1.5 n 2.1-2.5).
McnblTaHUs Ha ycTOWYMBOCTb aHOLOB B
Macne npoBOAUNMUCH B TOM JKe pexume,
Kak onucaHo Bbilwe. Pa3Huua cocTouT B
TOM, YTO OCTaHOBKA NpoLecca 3NeKTpo-
nu3a 6bina ocywecTeneHa Ha 7 AeHb oT
Hayana UCnbITaHuit U aHofbl 6binK nome-
LeHbl B Macio Ha 2 CyTOK.

Pe3ynbTatbl MCNbITaHMIA HA YCTOMYUBOCTD
aHO0B B Macne OTpa)ieHbl Ha puc.3.
(Tpacpukm 3.1-3.5 u 4.1-4.5).

Kak BUAHO M3 pUCYHKOB, UMEETCs onpe-
JeNneHHoe pa3nuyue B NOBEAEHWUM 3nac-
TOMEpHbIX aHOAOB nocne HabyxaHus B
6eH3uHe U MHAYCTPUANbHOM Macse.
Mpuyem 310 pasnuume xapakTepHo Kak
Ansa aHopos, Bbinyckaembix OAO «3Inekt-
pokabenb» (rpadmku 1 u 3), Tak u 0AO
«Kamkabenby» (rpadumku 2 u 4).

AHanu3 nosy4eHHbIX aHHbIX NO3BONIAET Nped-
NONOXUTDL CNEAYIOWNIA MEXaHU3M ABJIEHMUIA,
NPOUCXOAALMX B 060/104KE INACTOMEPHBIX
aHoAoB nocne HabyxaHus B GeH3nHe.

B npouecce HabyxaHus Monekynbl GeH3u-
Ha (HM3KOMONEKYNAPHOrO pacTBOpUTENs
NONMMEPHBIX MaTepUanoB) NIErko NpoHu-
KaloT MeXAy MaKpOMONEKyNaMu Kayuyka,
npUYeM KaK NOBEPXHOCTHOTO, OKUCNEHHO-
ro cnos [3], Tak U OCHOBHO# Macchl none-
peyHo CLIMTOro 3nacTomepa.

M3-3a 3T0ro yBeNMYMBAETCS PacCTOAHUE
MEXAY YacCTUYKaMU YINepPOAHOr0 3NeKT-
pPONpPOBOAAWEro HanoONHUTENs W, Kak
CNeAcTBue, YBENUUYNBAETCS 3IeKTpUYec-

Koe conpoTusneHue aHopa. OfHaKo 310
yBeJINYeHUe He3HAUYUTENbHO, NOCKONbKY
aHoAbl BbINMONHEHbl HA OCHOBE MacJio-
6€eH30CTOIKOro Kay4yka.
OpHOBpeMeHHO 6eH3MH pacTBOpPSET HU3-
KOMONeKynspHble 406aBKU pe3nHOBbLIX
CMecel, B NepByl0 o4Yepefb MAryuTend,
OpraHuyeckue aKTUBaTOPbl, HU3KOMOJIE-
KynsapHble QpaKuum Kayyyka 1 T.n.
Mocne B0306HOBNEHMSA 3NEKTPONM3A U3
HabyxwWwero 3NeKTpofa NPOUCXOAMUT Bbi-
TecHeHWe 6eH3MHa M PacTBOPEHHbIX B
HeM NpOAYKTOB AUCCOLMUPOBAHHbLIMM
Monekynamu anektponuta. Bcnepcrsue
3TOr0 Pe3KO CHUXAETCA 3NeKTPOConpo-
TUBNEHME aHOAA, NPOUCXOAAT CKAYKM
3NEeKTPOAHbIX NOTEHLMUANOB Ha aHOAe M
Katope, kotopble (0COBEHHO BaXHO Ans
Katofa) AOBONLHO ObICTPO MPUXOAAT K
paBHOBeCHOMY 3HayeHuto. O ToMm, yTO
GeH3WUH pacTBOPAET HU3KOMOJIEKYNSAp-
Hble MPOAYKTHI NepepaboTku pe3nHOBbIX
CMeceil U BbIBOAUT MX U3 COCTABa 3/1ac-
TOMEPHOro aHOAa, MOXHO CyAUTb MO U3-
MEHEHMIO yaeNbHO 31eKTPONpPOBOAHOC-
TW 3NEKTPONNTA, 3MeHeHuio pH-pacTBo-
pa ( PucyHok 2). B nopTBepxpaeHue 3to-
ro npouecca Takxe 6bi10 BU3yanbHO OT-
MEUYEHO, YTO 3NeKTPOIUT 3aMETHO MOTEM-
Hen Npu NpoBefeHUU NEKTPOIN3a noc-
ne HabyxaHus.

B npouecce HabyxaHus 3NeKTPOAOB B
MHAYCTPUANbHOM Macne MexaHu3M, ro-
BUAMMOMY, MEHAETCSA. ITO CBA3AHO B Nep-
BYIO 04Yepefb C TeM, YTO BbICOKOMOJIEKY-
nApHoe Macno (No cpaBHEHMIO C BeH3u-
HOM) MeANleHHee NPOHUKAET B 31acTOMEp
1 He pacTBOpseT, MW PacTBOPsieT B Ma-
Noii CTeneHu, HU3KOMONEKYNsApHbIE A0-
6aBKM Pe3nNHOBbIX CMECeil U HU3KoMOoNe-
KynapHbIX hpakuuit Kayyyka. Benepcr-
BME 3TOr0 NpoLecc 3aMeleHns macna
INEKTPONIUTOM MPOTEKAET Mef/ieHHee,
6€e3 pe3Koro yMeHbleHUs 3NeKTpocon-
POTUBAEHUA 3/MacTOMEpPA M CKA4KOB
3NeKTPOAHbIX NoTeHUManos. Mpoucxoaut
Me[NIeHHOe «BblaBAMBaHME» Macna U3
3N1aCTOMEPHOro aHoAa B 3NEKTPONUT, O
YyeM CBUAETENbCTBYET MOHUKEHUE 3Ha-

YeHWil 3NeKTPONPOBOAHOCTH PacTBopa U
He3HauuTenbHoe u3meHeHue pH.

B cBoto oyepesb BU3yanbHoOe HabniogeHne
OTMeYaeT OTCYTCTBUE NOMYTHEHUs PacTBO-
pa 3N1eKTPONNTA, OAHAKO Ha NOBEPXHOCTH
3N1eKTPONNTA CO BPEMEHEM MOSABASIOTCS
KUPHble NATHA.

N3meHeHMe yaenbHOro 3NeKTPUYECcKoro
CONpPOTUBNEHUSA INACTOMEPHOrO aHOAa,
paccuutaHHoe U3 dopmynsbl [4]
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rae d, u d, — COOTBETCTBEHHO BHEWHMUIA
U BHYTPEHHUW AMAMETPbI 31aCTOMEPHON
060/104KM aHOAA, NOKA3bIBAET, YTO Haby-
XaHue aHOf0B B GEH3MHE U UHAYCTPU-
aNbHOM Macne NPUBOAUT K YBEANUYEHNUIO
0, 21aCTOMEpHbIX aHOAOB He bosee Yem
B 3 pasa.

MocnepHee MOXET CNYKUTL 0O0CHOBAHM-
eM TexXHUYecKux TpeboBaHuit No Macso-
6€H30CTOMKOCTM 3N1aCTOMEPHbIX aHO/10B B
HOPMaTUBHOW AOKYMEHTALMK, NpeaHa-
3HaYeHHOW AR NPOEKTUPOBAHUA U U3TO-
TOBJIEHUSI @HOAHOrO 3a3eMNuUTens B cpe-
Aax (ycnoBusx) BO3MOXHOMO KpaTKoBpe-
MEHHOr0 KOHTaKTa 31aCTOMEpHbIX aHOA0B
C roptoye-cMa3oyHbIMU MaTepuanamu.
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