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Baromembrane technologies for purification of industrial wastes,
using pulse water treatment

In this article the data of the purification of water steam condensate of the LLP «Pavlodar Petrochemical Plant»
is considered. In the course of research multifunctional ion exchangers for pre-filters synthesized and were
studied. A pilot reverse osmosis unit was produced with a capacity of 600 L per hours, and had been tested to
clean steam condensate using a «Unit of Electromagnetic Treatment» (UET) and without it. The optimal treat-
ment mode of purification was selected to the separation of the concentrate 0.1 m? per hour. It was found that
after desalination of water acidity value of pH changed to acidic medium (permeate) or to the basic medium in
the concentrate tract, which associated by decreasing or increasing hydrocarbonate ions, accordingly, in per-
meate and concentrate. It was noted that the using of the UET at the inlet, led to a slight decreasing of the
operating pressure inside the reverse osmosis unit, while on the reverse osmosis unit without UET it corre-
sponded to the calculated value. It was established that the membranes used in testing by using the UET prac-
tically have no deposits on themselves, and without it they have a noticeable amount of contamination on their
surface. Thus, using the UET in the process of reverse osmosis desalination can significantly increase the ser-
vice life of membranes and maintain their selectivity, and the proposed method allows to achieve the required
water purification standards set by the plant.

Keywords: anion exchanger, static exchange capacity, process flow, membrane elements, selectivity, pilot re-
verse 0smosis unit, electromagnetic water treatment device, water sample, test protocol, antiscalant.

Introduction

Rapid industrialization and economic growth have significantly contributed to human welfare in the re-
cent decades in contributing to industrial pollution and eradication of the natural resources around the world.
In particular, the generation of large amounts of industrial effluents has considerably stressed the available
water resources, thus raising a great concern not only in developing countries, but also worldwide. There are
a number of pieces of evidence for subsequent toxic effects on aquatic organisms when industrial effluents are
dis-charged into the environment without an effective treatment [1, 2].

The environmentally friendly methods recently used for obtaining water are ion exchange and reverse
osmosis. These technologies can assure an obtainment of deeply purified water, with content of impurities
much below the maximum permissible values according to hygienic standards and even below the limits of
detection [3, 4].

Nowadays the membrane and sorption technologies are one of the most progressive and developing
branches in chemical engineering [5, 6]. High efficiency of the using membrane processes in various industrial
technologies, and their environmental compatibility contribute to rapid growth of the scientific and applied
research. Also, the number and range of manufactured membranes and units are increased, as well as it asso-
ciated in the funding allocated for these purposes in all economically developed countries. Membrane technol-
ogy in its modern form has been entering in our life since the 70s of the 20" century.

One of the reasons for the intensive development of the membrane technology is its relatively low energy
costs of separation processes [7,8]. In the forecasts of the world economy development, the membrane tech-
nologies are characterized as technologies of the future. The volume of their utilization in the economically
developed countries increases annually by 20-25 % [9]. Thus, membranes in reverse osmosis and ultra-filtra-
tion, as compared with the other methods (evaporation, freezing, distillation), make it possible to carry out
dehydration and concentration of the product, dispose of impurities, isolate the necessary substances and purify
solutions. Herewith, the energy consumption is significantly reduced.

Among the membrane processes, which have been intensively developing in the recent years, baromem-
brane processes, such as reverse osmosis, ultra-, micro- and nano-filtration, hold a special place, which is
connected with related to their universality and a wide range of application [10, 11]. They are characterized by
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such features as low energy consumption, simplicity of the equipment design, an ability to work at the ambient
temperature.

The Republic of Kazakhstan has the largest mineral and raw material resources and does not have suffi-
cient sources of fresh water. At the same time, a number of regions of our country have large reserves of
underground waters, which are not used for the needs of water supply due to the high content of salts, dissolved
in water. These waters can become sources of water supply only in case of their further desalination.

That is why, the development of methods for producing new membranes, which are the basis of the de-
salination equipment, is of a big practical importance [12].

This work aims at the purification of the water steam condensate of Pavlodar Petrochemical Plant LLP
(PPCP LLP), using the reverse osmosis method, combined with an electromagnetic water treatment device
(EWTD) for ensuring a minimum volume of the concentrate (no more than 10 %), and preventing an intense
salt deposition on the reverse osmosis membranes.

Experimental

Polyfunctional anion exchangers, based on aniline (A), benzylamine (BA) and polyethyleneimine (PEI)
were obtained by the condensation with PEI of epoxyamines, synthesized from A or BA, and ECH. First,
glycidyl derivatives of amines (epoxyamines) were synthesized from aniline (A) or benzylamine (BA), and
epichlorohydrin (ECH) in the presence of NaOH at the temperature of 50 °C for 6 hours:
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The polycondensation with PEI was carried out in a solution of dimethylformamide (DMF) at different
mass ratios, at the temperature of 60-65 °C for 5-6 hours, after which the reaction mass was baked at the
temperature of 100 °C for 16-24 hours.
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The elemental composition of anion exchangers (found/calculated), % for A-ECH-PEI: C —
73,32/73,86; H — 17,60/17,34; N — 5,89/5,60; O — 3,19/3,20 and BA-ECH-PEI: C — 70,72/70,92; H —
17,61/17,48; N — 7,81/8,09; O — 3,86/3,51.

The study of the main physical and chemical characteristics of ion exchangers, based on A-ECH-PEI
and BA-ECH-PEI has been carried out according to the GOSTs 1918073, 10898.1-74 and GOST 10898.5-
74 on the enlarged batches, obtained under the optimal conditions.
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Results and Discussion

In the course of our studies, we have synthesized and investigated polyfunctional ion exchangers for pre-
filters.

On the basis of the chemical analysis, the structure of the synthesized polymers may be represented as
follows:
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Table 1 shows the main physicochemical characteristics of the synthesized anion exchangers

A-ECH-PEI and BA-ECH-PEI.

Table 1

Main physicochemical characteristics of the synthesized anion exchangers

1 ili i 1 0
Anion exchangers COEwqci, Vep, grr]]emlcal stablllgyr:n SOIUtlonS’lc/)O% Thermal stability in
- 0,
based on mg-equ/g ml/g HaSO. NaOH H,0, water, %
A-ECH-PEI 4.83 4.5 92.5 94.9 70.1 95.0
BA-ECH-PEI 8.95 5.7 97.9 08.7 72.0 94.1

Note. COEncI — static exchange capacity of an anion exchanger by 0.1 n solution of HCI; Vs, — specific volume of an ion
exchanger.

Tests of efficiency of applying the electromagnetic water treatment technology have been carried out in
the process of the reverse osmosis desalination of the water steam condensate of PPCP LLP. It has been found
that with a decrease in the volume of the concentrate, the concentration of all salts in it increases, namely, the
hardness salts in the concentrate form microcrystals with their isolation on the surface of a membrane element.
As a result the productivity of the unit sharply decreases and the membrane elements should be «chemically»
washed or replaced. This problem may be solved either with the help of reagents, introduced into the initial
water, or with the help of magnetic pulse treatment of water in the process of reverse osmosis. To solve this
problem it is necessary to create the conditions, when only the emerging microcrystals of the hardness salts
will be in water, as if on a «magnetic pad», without isolating them on the membrane surface.

An electromagnetic transducer is designed for cleaning and protection against the deposits of the hardness
salts. It can be used both independently and as an addition to the existing water treatment systems. The control
unit has a printed board with a powerful electromagnet and a microprocessor, which generates electromagnetic
pulses and controls the change in the frequency range from 1 kHz to 25-50 kHz. Electromagnetic waves of
various lengths, amplitude and frequency, which vary over time, are transmitted through the wire-transmitters.
An electromagnetic pulse is concentrated in the volume of water flowing in the pipeline where the coil is
installed. Under the effect of electromagnetic waves, divalent cations of calcium and magnesium lose an ability
to interact with anions and form insoluble compounds. The converted calcium and magnesium cations lose an
ability to crystallize and precipitate. Herewith, the chemical and mineral composition of water does not change.

According to the goal to be sought, a set of documents for the test bench has been developed, including
two reverse 0smosis units, one of which is equipped with an electromagnetic water treatment device. A process
flow has been developed, according to the fact that the initial water enters the tank, where from the water is
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supplied to the two reverse osmosis units with a capacity of 600 I/h. In front of a high pressure pump — after
the tie-in point of the recirculation line — an electromagnetic water treatment device is installed on the pipeline
of one unit. The test bench operates in a closed circuit, i.e. permeate and brine return to their initial capacity.
The controlled parameters of the test bench are: the capacity of permeate, concentrate, recirculation line, dif-
ferential pressure at each circuit, TDS in the water steam condensate before the treatment, in permeate and
concentrate thrice a day.

During the next researches, tests have been conducted for the purification of the steam condensate, taken
from PPCP LLP, using EWTD and without it. An assembled pilot reverse osmosis unit with a capacity of 600
I/h is shown in Figure 1.

Unit No. 1 C1 PH EWTD F1  PH Unit No. 2

FO-F2

D2
D1

D2

C1 — initial water capacity PH — high pressure pump CVF 2-22

F1 — cartridge fine filter (LVR 3-36)
Unit No. 1(2) — reverse osmosis unit FO-F2 — flowmeter 100 — 1000 I/h
D1...D2 — Reverse osmosis device Im  EWTD — magnetic transducer

Figure 1. General view of a pilot reverse osmosis unit with a capacity of 600 I/h

Sampling of the steam condensate from PPCP LLP, amounting to 2500 L has been carried out. The ob-
tained samples have been submitted for a complete chemical analysis to an independent certified testing labor-
atory of «Kazecologiya» Scientific Research and Production Center LLP (Almaty). According to the test pro-
tocol, the composition of the obtained water samples is as follows (Table 2).

Table 2

Data of the chemical analysis of the steam condensate samples from PPCP LLP

Parameters Content
Salt content, mg/dm?® 238
Total hardness, mg-equ/dm?® 3.0
Iron, mg/dm3 50
QOil products, mg/dm?3 0.8
pH — value 7.24

The required standards for the purified steam condensate requested by PPCP LLP are presented in Ta-
ble 3.

Table 3
Required standards for the purified water steam condensate
Product Parameters Standard
Salt content, mg/dm?® No more than 40
Total hardness, mg-equ/dm?® No more than 5
Water steam 3
condensate Iron, mg/dm No more than 0.5
Qil products, mg/dm?® No more than 0.3
pH — value 6.8-7.5
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Tables 4, 5 show the results of the tests, carried out on the reverse osmosis unit, combined with EWTD
and without it.

During the tests at the pilot units, the optimal mode for desalinating the water steam concentrate has been
selected, whose gist is as follows: a water flow with a capacity of 0.7 m3h has been supplied to the inlet of the
high-pressure pump of the reverse osmosis units, the permeate output has been 0.6 m®/h, the discharge into the
concentrate circuit has been 0.5 m3/h, of which 0.4 m®h has been fed back to the inlet to the high pressure
pump via the recirculation circuit. Thus, the concentrate discharge has been equal to 0.1 m%h. Also, in the
course of the repeated tests, the optimal volume of water flow in the recirculation circuit of the reverse osmosis
units (0.4 m3/h) has been chosen.

It should be noted, that pH of the initial water has been equal to 7.24, after desalination of the water, pH
has shifted to the acidic medium (permeate) and to the alkaline medium on the concentrate circuit, which is
connected with a decrease and, respectively, an increase of hydrocarbonate ions in permeate and concentrate.
It has been noted, that the use of EWTD at the inlet leads to a slight decrease in the working pressure inside
the reverse osmosis unit, while at the reverse osmosis unit without EWTD, the working pressure corresponds
to the calculated one. This effect is explained by the effect of electromagnetic waves on the ability of divalent
calcium and magnesium cations to interact with anions to form insoluble compounds and their subsequent
precipitation on the working surface of the reverse osmosis membranes (which, as a rule, leads to an increase
in the working pressure as the membrane surface becomes polluted).

It has been found, that a pressure decrease is connected with a change in the salt content of the tested
water. The water temperature also has an indirect effect. With a temperature increase of the water for osmosis,
the medium becomes less viscous and dense, as a result, more mobile. This leads to the increase of the filtration
rate, which negatively affects the membrane life. To ensure the maximum possible mode of operation of the
membranes, it is necessary to have a temperature range between 15-20 °C.

The following statement is actual for expressing the dependence of the diffusion rate of water molecules
through the membrane walls, upon changing of the water temperature before osmosis: when the solution tem-
perature changes by one degree (decreases or increases), the specific flow rate of the medium reaches 3 % of
the set value. This change causes a negative effect on the filtration processes on the industrial scale, as the
0SmMOSis treatment units require constant capacity. The osmosis capacity is temperature dependent as follows:
a decrease in the temperature reduces the capacity, and when it reaches 4 °C, the rate drops approximately
twice.

Upon the completion, the membrane elements have been removed for visual inspection and determination
of the degree of microcrystal contamination. Figures 2—3 present the photographs of the membrane samples,
using EWTD and without it.

e o EN
IR RN

Figure 2. Photo of the membrane samples Figure 3. Photo of the membrane samples
after the tests, using EWTD after the tests, without using EWTD
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Table 4

Results of the tests of the steam condensate samples on the reverse osmosis unit, combined with EWTD

Date | Time | AP [APoux | Qper | Qeonc | Qrec | __TDs, (mg/l) ____T.°C —— pH

bar | bar | m¥h | m%h | m%h [initial | perm. | conc. |initial | perm.| conc. |initial| perm. | conc.
09.12.1919.00| 6.8 | 68| 05 |0.07| 0.3 ]20.2| 12.0 | 143.7 7 7 7 7.24 ] 6.31 | 6.93
09.12.19112.00| 6.8 | 68| 05 |0.07| 0.3 |20.2 | 11.9 |143.7 7 8 8 7.24 ] 6.34 | 6.93
09.12.19115.00| 6.7 | 67| 05 |0.07| 0.3 |20.2 | 11.9 |143.7 8 8 8 7.24 ] 6.32 | 6.93
10.12.1919.00 | 6.8 | 6.7 05 |0.07 ] 0.3 |20.2 | 12.2 | 144.0 6 6 6 7.24 | 6.31 | 6.92
10.12.19|12.00| 6.8 | 6.8 | 05 |0.07 | 0.3 | 20.2 | 11.7 | 1442 6 7 7 7.24 | 6.34 | 6.96
10.12.19 |15.00| 6.7 | 6.7 | 05 |0.07| 0.3 | 20.2 | 12.0 | 1437 8 8 8 7.24 ] 6.34 | 6.93
11.121919.00 | 68 | 6.7 05 |0.07 | 0.3 |20.2| 12.0 | 1437 8 8 8 7.24 ] 6.34 | 6.93
11.12.1912.00| 6.7 | 6.7 05 |0.07 | 0.3 |20.2| 119 | 1437 8 8 8 724 6.32 | 6.94
11.12.19|15.00] 6.8 | 6.7 | 05 |0.07 | 0.3 | 20.2 | 11.7 | 144.0 8 8 8 7.24 | 6.32 | 6.92
12.121919.00 | 6.8 | 68| 05 |0.07 | 0.3 |20.2| 12.0 |144.2 7 7 7 7.24 | 6.34 | 6.96
12.12.1912.00] 6.7 | 6.7 05 |0.07 | 0.3 | 20.2 | 11.7 | 1437 7 7 7 7.24 ] 6.34 | 6.93
12.12.19 15,00 6.8 | 68| 05 |0.07| 0.3 |20.2| 12.0 |144.1 7 8 8 7.24 ] 6.31 | 6.93
13.12.1919.00 | 68 | 68| 05 |0.07| 0.3 |20.2 | 11.7 | 1437 8 8 8 7.24 ] 6.34 | 6.93
13.12.1912.00| 6.7 | 6.7 05 |0.07| 0.3 |20.2 | 119 | 1437 8 8 8 7.24 ] 6.31 | 6.93
13.12.19 |15.00| 6.7 | 6.7 | 05 |0.07| 0.3 | 20.2 | 12.2 | 1442 8 8 8 7.24 | 6.31 | 6.93
Table 5

Results of the tests of the steam condensate samples on the reverse osmosis unit

Date Time APin. |APout. Qperm. Qconc. Qrec. ___ TDS, (mC/I) ___ T, °C ___ pH

bar | bar | m%h | m¥h | m%h |initial | perm. | conc. | initial |perm.| conc. |initial| perm. | conc.
09.12.1919.00] 70 | 70| 05 | 0.07 | 0.3 |20.2 | 12.0 | 1424 7 7 7 7.24 | 6.40 | 6.98
09.12.19|12.00] 70 | 70| 05 | 0.07 | 0.3 | 20.2 | 12.0 | 1424 7 8 8 7.24 | 6.37 | 6.98
09.12.19]15.00| 69 | 69| 05 | 0.07 | 03 |20.2 | 12.0 | 1424 8 8 8 7.24 | 6.39 | 6.98
10.12.19]9.00| 7.0 [ 69| 05 | 0.07 ] 0.3 | 20.2 | 123 | 1421 6 6 6 7.24 | 6.40 | 6.99
10.12.19 12,00 7.0 | 70| 05 | 0.07 | 0.3 | 20.2 | 11.8 | 1420 6 7 7 7.24 | 6.37 7.1
10.12.19]15.00] 6.9 | 69| 05 | 0.07] 0.3 | 20.2 | 12.0 | 1424 8 8 8 7.24 | 6.37 | 6.98
1112191900 | 7.0 | 69| 05 | 0.07] 0.3 | 20.2| 12.0 | 1424 8 8 8 7.24 | 6.37 | 6.98
11.12.19]12.00] 6.9 | 69| 05 | 0.07 ] 0.3 | 20.2 | 12.0 | 1424 8 8 8 7.24 | 6.39 7.2
11.12.19]15.00f 7.0 | 69 | 05 | 0.07 | 0.3 | 20.2 | 11.8 | 1421 8 8 8 7.24 | 6.39 | 6.99
1212191900 70 | 70| 05 | 0.07] 0.3 | 20.2 | 12.0 | 1420 7 7 7 7.24 | 6.37 7.1
12.12.19]12.00] 6.9 | 69| 05 | 0.07] 0.3 |20.2| 11.8 | 1424 7 7 7 7.24 | 6.37 | 6.98
12.12.19]15.00f 7.0 | 70| 05 | 0.07 | 0.3 | 20.2 | 12.0 | 1421 7 8 8 7.24 | 6.40 | 6.98
13.12.19]9.00| 70 | 70| 05 | 0.07 ] 0.3 | 20.2 | 11.8 | 1424 8 8 8 7.24 | 6.37 | 6.98
13.12.19]12.00] 6.9 | 69| 05 | 0.07 ] 0.3 | 20.2 | 12.0 | 1424 8 8 8 7.24 | 6.40 | 6.98
13.12.19]15.00] 69 | 69| 05 | 0.07] 0.3 | 20.2 | 12.3 | 1420 8 8 8 7.24 | 6.40 | 6.98

It is seen in the above photographs, that the membranes, which have been tested, using EWTD, practically
have no deposits thereon, and those, tested without using EWTD, have a noticeable contamination on their
surface. Hence it follows, that the use of EWTD in the process of the reverse osmosis desalination can signif-
icantly increase the service life of the membranes, and maintain their selectivity.

Conclusions

Thus, a highly effective technology for purifying the water steam condensate of Pavlodar Petrochemical
Plant LLP has been developed on the basis of the reverse osmosis method, combined with the electromagnetic
water treatment device. During the tests at the pilot units, the optimal mode for desalinating the water steam
concentrate has been selected. It has been established, that the use of this technology, which is based on pulsed
water treatment technique, makes it possible to minimize the volume of the concentrate and contributes to
preventing an intense salt deposition on the reverse osmosis membranes. Herewith, a high efficiency of water
purification and an increase in the concentration coefficient are achieved and therefore service life of these
membranes is increased with preservation of their highly selective properties.
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E.E. Eproxun, T.K. Yanos, T.B. KoBpuruna, E.A. Mensnukos, b.E. berenosa

Cyabl MMIYJIBCTIK 6HIeyAe KOJIAHA OTHIPBII, OHEPKICINTIK aFbIHAAPABI
Ta3apTyAblH 0apoMeMOpaH/Ibl TEXHOJIOTHSIAPBI

Maxkanana «IlaBnomap mynaii-xumus 3aybited» JKIIC cy Oy KoHIeHCAaThIH Ta3apTy OOMBIHIIA IEpEKTep KeTi-
pinren. JKyprizinres 3epTreyiiep OapbIChIHAA AIJIbIH-aa Ta3ajay Cy3riiepiHe apHaIFaH NoIu(yHKIIMOHA b
HMOHUTTEP CHHTE3JCNTCH JKoHe 3epTTeired. Onimaimiri 600 Ji/c MUIOTTHIK KEPIOCMOCTHIK KOHABIPFbI Al bIH-
JIaJIIbl, OHJIA JJISKTPOMArHUTTI oHIey KypaisH (DOK) KosgaHa OTHIPHIT XKaHE OHCBI3 Oy KOHICHCATHIH Ta3ajay
OOMBIHIIA CHIHAKTAp KYprisinreH. TazamayAblH OHTAWIBI PeXMMI TaHAAN albIHFaH, o)1 OOWBIHIIA KOHIICH-
tparThl mbFapy 0,1 M%/car. kypaiinpl. Cy/bl TyIbUIAHIBIPFaHHAH Keilin pH KbIIIKBLUT opTara (epMeaT) sKoHe
KOHIIEHTPATTHI XKOJIa CUITIJI OpTaFa BIFBICYBI OPBIH NI, OYJI IepMeaT IIeH KOHIIEHTPATTarbl THAPOKapOoHaT-
MOHAAP/IBIH a3aI0BIMEH JKOHE THICIHIIIE YIFarobIMeH OaimaHbIcThl. DOK-HBI KipebGepicTe maiinanany kepiocMoc
KOHJIBIPFBICHIHBIH 1IIIHIET1 )KYMBIC KBICBIMBIHBIH a3/1all TOMEH/ICYiHe okeni, an DOK-CchI3 kepiocMOC KOHIBIP-
FBICBIHZIA OJ1 ecenTeNreHre caiikec kenai. DOK-HBI KoiaHy apKbUIbl ChIHAY MPOLECIHE MaijataHbuIaThIH
MeMOpaHaapbIH ic XKy3iHAe IeriHaiIepi koK, an DOK-Hbl maiinananbaca onapablH OCTiHIE JTACTaHYIBIH
eneyti MeJiiepi 6ap exeHi aHpIKTanraH. COHbIMEH, KepiocMOC Ty3ChI3IaHIbIpy npouecinae JOK-Hbl Koniany
MeMOpaHaapAbIH KbI3MET €Ty MEep3iMiH el1oyip apTTHIPHII, OJap.IbIH CEICKTUBTLIITIH CaKTayFa MYMKIH/IIK Oe-
pei, all YCBIHBUIFaH oJIic 3aybIT OPHATKAH CY/Ibl Ta3apTy CTaHAApPTTapbIHA KOJI XKETKi3yre KOMEKTeCe/i.

Kinm co30ep: aHNOHHUT, CTATUKAJIBIK aJIMACy ChIMBIMIBLIBIFbI, TEXHOJOTHUSIIBIK CXeMa, MEMOPAH/IBIK 3JIEMEHT-
Tep, CENEKTUBTLIIK, MAJOTTHIK KEPIOCMOC KOHJIBIPFBICHI, SJIEKTPOMArHUTTIK Cy Ta3apTy KYPHUFBICH, ChIHAK
ece0i, aHTHCKaJIaHT.
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BbapomeMOpaHHbIe TEXHOJOTHN OYNCTKH MPOMBINIJIEHHBIX CTOKOB
¢ MPUMEHEHHEeM UMITYJIbCHOI 00pPadOTKHU BOIbI

B crarse npuBeieHb! TaHHBIE 10 OYHUCTKE BOSTHOTO apoBoro koHneHcara TOO «IlaBmogapckuil HedTexnMu-
4eckuit 3aBo». B X01e IPOBEACHHBIX UCCIECA0BAHNH CHHTE3UPOBAHBI M HCCIIEIOBAHBI TOIH(YHKIMOHATbHbIC
HOHUTHI Ul (QUIBTPOB MPEABAPUTEIBHOH OYMCTKH. VI3roToBiIeHa MWIOTHAas OOpPaTHOOCMOTHYECKAas yCTa-
HOBKa, IPOM3BOAUTENHHOCTEIO 600 J1/4, Ha KOTOPO MTPOBEICHBI HCIIBITAHUS 10 OYHUCTKE ITAPOBOTO KOHCHCATa
¢ IpUMEHEHHeM prOopa >eKkTpoMarHuTHOU 06paboTku (I190) u 6e3 Hero. [TogoOpan onTUMAaIBHBINA PEXKUM
OYHCTKH, TI0 KOTOPOMY cOpoc KoHIeHTpara cocTasisn 0,1 M%/4. HaiiieHo, 4To TIociie OnpecHEeH s BOBI Mpo-
ucxoawi casur pH B kucIoTHYIO cpeny (IepMear) U B IETIOYHYIO Cpely Ha KOHIIEHTPATHOM TPAKTE, UTO CBSI-
3aHO C yMCHBIICHUEM U, COOTBETCTBEHHO, YBEIHIEHHEM THIPOKapOOHAT-HOHOB B IlepMeaTe U KOHIIEHTpaTe.
OtMmeueHo, uTo Hcnonb3oBanue [190 Ha BXxoe NpUBENTO K HE3HAUNTEIILHOMY YMEHBIICHUIO paboyvero aaBiie-
HUS BHYTPH 0OpaTHOOCMOTHYECKOH yCTaHOBKH, B TO BpeMs, KaK Ha 00OpaTHOOCMOTHYECKOH ycTaHOBKe Oe3
T150, 0HO COOTBETCTBOBAJIO PACYETHOMY. Y CTAHOBJICHO, YTO MEMOPaHBI, HCIIOJIb3yEMbIE B IIPOLIECCE UCTIBITA-
Huii ¢ mpuMeHenueM [130, npakTudecky He UMEIOT Ha ce0e OTII0KeHHH, a 6e3 ncnonpzoBanus [190 obnanarot
3aMETHBIM KOJIMYECTBOM 3arps3HeHHMil Ha UX oBepXHOCTH. TakuM 00pasom, ucrons3oBanue 1190 B npouecce
00paTHOOCMOTHYECKOTO OIPECHEHHs IO3BOJSCT 3HAYUTENIBHO YBEIMYUTh CPOK CIY)KOBI MeMOpaH U coxpa-
HHUTh UX CEJIIEKTHBHOCTH, a IPEIUIOKEHHBIN CII0CO0 OMOTAeT JOCTHYb TPEeOyeMbIX HOPM OYHUCTKU BOABL, BBI-
CTaBJICHHBIX 3aBOJIOM.

Knrouesvie cnosa: AaHUOHUT, CTaTUYCCKas oOMeHHas €MKOCTb, TCXHOJIOTHYCCKasA CXEMa, MeM6paHHBIe 9JIC-
MCHTBI, CCJICKTUBHOCTD, ITUJIOTHAs 06paTHOOCMOTI/I'leCKaH yCTaHOBKa, l'IpI/I60p SHCKTpoMaFHHTHOfI O6pa6OTKI/I
BOJFBI, Hpo6a BOJBI, IIPOTOKOJI I/ICHLIT&HI/Iﬁ, AHTHUCKaJIaHT.
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