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1. APPLICATION OF NANOFILTRATION METHODS FOR
DESALINATION OF WEAKLY MINERALIZED WATERS

Terssna Bepemyk
National Technical University of Ukraine «lgor Sikorsky Kyiv Polytechnic
Institute»

tatianakoren2000@gmailcom

Introduction. Water pollution is the contamination of water bodies, usually as a
result of human activities. Water bodies include for example lakes, rivers, oceans,
aquifers and groundwater. Water pollution results when contaminants are introduced
into the natural environment. For example, releasing inadequately treated wastewater
into natural water bodies can lead to degradation of aquatic ecosystems. In turn, this
can lead to public health problems for people living downstream. They may use the
same polluted river water for drinking or bathing or irrigation. Water pollution is the
leading worldwide cause of death and disease, e.g. due to water-borne diseases [1].

Water pollution can be classified as surface water or groundwater pollution.
Marine pollution and nutrient pollution are subsets of water pollution. Sources of
water pollution are either point sources or non-point sources. Point sources have one
identifiable cause of the pollution, such as a storm drain or a wastewater treatment
plant. Non-point sources are more diffuse, such as agricultural runoff. Pollution is the
result of the cumulative effect over time. All plants and organisms living in or being
exposed to polluted water bodies can be impacted. The effects can damage individual
species and impact the natural biological communities they are part of.

The causes of water pollution include a wide range of chemicals and pathogens
as well as physical parameters.

Contaminants may include organic and inorganic substances. Elevated
temperatures can also lead to polluted water. A common cause of thermal pollution is
the use of water as a coolant by power plants and industrial manufacturers. Elevated
water temperatures decrease oxygen levels, which can kill fish and alter food chain
composition, reduce species biodiversity, and foster invasion by new thermophilic
species. Water pollution is measured by analysing water samples. Physical, chemical
and biological tests can be conducted. Control of water pollution requires
appropriate infrastructure and management plans.

To date, existing wastewater treatment technologies provide a fairly effective
treatment of colloidal and suspended solids, but the issue of purification from mineral
substances remains unresolved. Therefore, in the surface water bodies of densely
populated regions, the level of mineralization is constantly increasing.
Baromembrane processes are widely used for water desalination. The advantages of
baromembrane separation processes are low energy consumption due to the absence
of phase transformations (membrane desalination of water requires 10-15 times less
energy consumption than distillation); low temperatures allowing the separation of
thermally unstable compounds. Their disadvantages include high operating pressures
(especially for reverse osmosis), as well as a drop in selectivity and permeability with
increasing concentration of solutions, due to concentration polarization - an increase
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in the concentration of a solute at the membrane surface. To reduce the concentration
polarization, flow turbulization, stirring, vibration can be used, which leads to
concentration equalization [2—-4]. The main problem in the implementation of these
methods is the disposal of saline concentrates. In case of accumulation of sulfate
anions in the concentrate, it is advisable to use reagent methods [1]. Since the
concentration of sulphates in mine waters is much higher than the concentration of
chlorides, which does not exceed 100—200 mg/dm?, the use of nanofiltration is a
fairly effective method, since sulphates are extracted from the water at permissible
concentrations of chlorides in the permeate [5, 6].

Materials and methods. For water desalination, an OPMN-P membrane was
used. For research, we used tap water (Hardness = 3,9 mEg/dm®, cC_, =

Ca?
2,90 mEg/dm®, C,. = 1,00mEg/dm’, Alkalinity = 375mEg/dm’, c . =
25,67 mg/dm3, C.,. =20,08 mg/dms, pH = 7,90) and the model solution is close in
composition to low-mineralized water from the Isakievskoe reservoir in Alchevsk
(Hardness = 9,40 mEg/dm®, C_.. =2,85 mEg/dm®, C,,.. = 6,55 mEqg/dm®, Alkalinity

— 3 - — —
= 4,40 mEq dm”, C, . = 600,00 mg/dm®, C = 106,00 mg/dm’, pH = 8,50).

Results. During desalination of tap water, the selectivity for sulfates in the first
sample becomes 75-88 %, and with an increase in the degree of permeate sampling,
it decreases to 50-70 %. For hardness ions only in the first sample, the selectivity
exceeds 35 %, and with an increase in the degree of permeate sampling, it decreases
to values less than 30%.

When desalting the model solution, the concentration of sulfates decreases from
600 mg/dm?® to 50-100 mg/dm?, while the hardness decreases from 12.5 mg-eq/dm®
to 1.0+3.1 mg-eq/dm?®. Thus, the selectivity of the membrane for sulfates became 90-
93 %, for hardness ions — 83-89 %. It should be noted that the membrane practically
does not retain chlorides, and the selectivity for hydrocarbons was rather low.

The characteristics of the concentrates obtained by desalination of tap water and
the model solution are given in tables 1, 2.

Table 1.

Dependence of the characteristics of concentrates of nanofiltration

purification of tap water on the OPMN-P membrane depending on the operating
pressure at a degree of permeate extraction of 70%.

P9 CSO}' ! CCI’ 1 A’ H, CCaz* J CMgz* ! H
MPa | mg/dm?® | mg/dm® | mEg/dm® | mEg/dm® | mEg/dm® | mEq/dm?® | ©
025 | 480 | 201 | 385 47 35 12 | 83
030 | 535 | 201 | 3,90 2,9 3.6 13 | 81
035 | 550 | 201 | 425 5.0 3.8 12 | 82
040 | 600 | 201 | 435 5,2 36 16 | 80

Demineralization of these concentrates can be carried out by reagent methods
due to the precipitation of calcium sulfohydroxoaluminate, magnesium hydroxide and
calcium carbonate, these processes are described in work [1]. This makes it possible
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to reduce the salinity of the solutions to the levels allowed for skidding into the sewer
or surface water bodies.

Table 2.
Dependence of the characteristics of the nanofiltration purification
concentrates of the model solution on the OPMN-P membrane depending on the

working pressure at the degree of permeate extraction of 70%

P’ CSOf’ ! CCI’ 1 A! H! CCaz* ! CMQ2+ ! H
MPa | mg/dm® | mg/dm® | mEg/dm’® | mEg/dm® | mEg/dm® | mEg/dm®| ©
0.5 | 1450 | 1060 | 450 | 255 8.9 166 | 86
0,30 | 1580 | 1060 | 450 | 2638 8.8 180 | 86
035 | 1530 | 1060 | 450 | 274 9,2 182 | 86
040 | 1490 | 1060 | 450 | 27.0 9.5 175 | 86

Conclusions. During nanofiltration purification of weakly mineralized waters,
their desalination occurs due to the removal of sulfates (up to 93 %) and partial
softening of water (up to 89 %). Chlorides and hydrocarbons are practically not
retained by the nanofiltration membrane.
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Introduction. Fresh potable water resources are the most vital reservoirs in the
world. It is important for all living organisms on earth to have access to adequate
clean water. Available water resources are decreasing due to world population
growth, developing industries, and long-time droughts. Contaminations of natural
water resources with refractory pollutants discharging from industries make the water
shortage worse even in rich water area. It is possible to store rainfall streams or storm
water to control water shortage for a short time, but the best way is to treat and reuse
wastewaters (polluted water coming from industries, businesses, and residences) [1,
2]. That is why this article describes such a cleaning method as baromembrane
method. Advantages of reverse osmosis have led to its widespread in the last 30 years
in the processes of preparation of drinking and technological water, primarily
desalination, and in some regions of consumption prepared reverse osmosis is 60-
70 % of the total water consumption. Given that freshwater reserves in Ukraine are
only 0.0003 % of the world, as well as relatively low values sustainable development
indices for water consumption (national average 0.8, for abdominal regions below
0.5), studies on use of baromembrane processes for drinking and technological
preparation water in the southern regions of Ukraine. Another area of application of
such processes is the cleaning of utilities and industrial wastewater [3-5]. The
properties of membranes for baromembrane processes depend on the type separation
process and tasks.

Materials and methods. Today, four basic ones are used on an industrial scale
designs of devices for carrying out baromembrane processes — flat-frame, tubular,
rolled and hollow-wool. Flat-frame and Tubular membrane modules due to relatively
high manufacturing cost and a relatively low specific surface area (100-
400 m?/m3and up to 300 m*m?, respectively) are used only in specific industries with
small productivity. However, their surface is available for mechanical methods
sludge removal, so these structures will not be detailed in detail. The most common
design is rolled or spiral the design of the membrane module. Rolled module contains
a perforated central tube around which the package is wound membrane package and
mesh separator, which forms a pressure channel for movement raw materials fed
from the end of the roll.

Permeate through drainage material enters the central tube, and the concentrate
is removed from the opposite end roll. The advantage of such modules is the high
specific surface area of the membranes (up t01000 m*/m®), as well as simplicity and
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reliability in operation and capability regeneration. Diameter of household rolled
modules is 0.0445 m (1.75 inches), the length of the pressure channel — 0.26 m,
height pressure channel — 0.35-10% m. For industrial diameter can reach 0.25 m,
length — 1.5 m, and the height of the pressure channel — 0.001 m . In the processes of
microfiltration, ultrafiltration and nanofiltration membranes with a porous structure
are used. At the same time the structure of reverse osmosis membranes can be
considered as porous, nonporous , or intermediate between porous and nonporous
(nonporous with defects).

In microfiltration processes, membranes can be used as with symmetric
(isotprone) and asymmetric (anisotprone) structure structure, in other baromembrane
processes asymmetric are used membranes, including composite . The vast majority
of membranes are made of polymeric materials, in mainly hydrophilic (cellulose
acetate, polysulfones, polyamides and others). Hydrophobic polymers can also be
used membranes (usually polyvinyldenfluoride and tetrafluoroethylene) that have
slightly worse separating properties and are used mainly in microfiltration processes.

Results. The most negative consequence of polarization phenomena is the
formation of the surface of the membranes of sediments that occur due to the
formation in the boundary layers of supersaturated solutions. In particular, as shown
in reduction performance of membrane installations by 95-97 % is determined by
pollution the surface of the membranes and only 3-5 % of their capillary-porous
compaction structures. The most common types of sediments: mineral sediments,
metal hydroxides, colloidal films of organic and biological origin, which can be
localized in different parts membrane installation [6, 7]. The causes of membrane
contamination are determined physicochemical and surface properties of the
membrane and particles polluting phase. In works [8-10] a complex composition is
noted pollution in industrial reverse osmosis plants.

The reduction of concentration polarization includes pre-treatment methods,
change of hydrodynamic regimes in the membrane module, as well as modification of
membrane properties. Pre-treatment methods can be divided into traditional treatment
methods, membrane treatment methods (use of microfiltration or ultrafiltration as a
pretreatment for reverse osmosis) as well specific methods. In addition, it
demonstrates high efficiency use of antiscalants. In some cases, coagulation allows
completely eliminate pollution. The combination of traditional methods, for example,
Is effective coagulation / flocculation and adsorption or ion exchange. However, in
most cases, coagulation processes allow only mitigate pollution and in some cases
they are inferior to others treatment methods, such as microfiltration and
ultrafiltration. Among other methods of pre-treatment is the most commonozone
treatment. Ozonation is effective only to combatorganic contamination and suitable
only for inorganic membranes, as it can lead to chemical destruction of polymer
membranes. Quite a simple method of preventing the appearance of inorganic
contamination is the dosing into the stream of purified water atiskeilants substances
that prevent crystallization (inhibit the crystallization process) of sparingly soluble
compounds from supersaturated solutions, as well as, according, are able to destroy
and disperse already formed crystals. But the use of antiscalants effective only when
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they are adapted to the specific type of membranes and them dosage is calculated. In
addition, was noted that antiscalants can lead to increased levels of biopollution.

Conclusions. Microfiltration and ultrafiltration are the most common membrane
pre-treatment methods in reverse osmosis systems. These processes able to
consistently reduce turbidity and completely eliminate bacteria and viruses. In recent
years, it has been proposed to use for pre-treatment process of direct osmosis, but the
method is currently small researched.
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3. MOIU®IKYBAHHS MOJIBIHUIIAEH®JIYOPUIHUX MEMBPAH
JTO®AMIHOM

I'.C. bBy0eaa, B.B. KonoBasosa, I.C. Konecnuk, A.®. bypoan
Hanionansuuit yniBepcuteT «KueBo-MoOruisiHebKa akaieMis»
halyna.bubela@ukma.edu.ua

[Momimepui  momiBiHumAeHpayopunui  (IIBJAPD)  memOpanu  mupoko
BUKOPHUCTOBYIOTHCSl Y TIpollecax KOHIEHTPYBaHHS, PO3AUIEHHS Ta (DpaKiliOHyBaHHS
pPEYOBUH PI3HOI XIMIYHOI MPUPOJAM, a TaKOXK Yy TMpOIecax BOJOOUUIICHHS Ta
BOAOMIATOTOBKU. OCHOBHUMH 1X HEAOJIKAMHU € HU3bKa MOBEPXHEBA €HEPTis 1 CHIIbHI
riipogoOHI BIACTHUBOCTI, 1[0 CIPUIHHSIIOTH 3a0pyTHEHHS TOBEPXHI 1 MPU3BOIATH 10
NaJliHHS 00’ €MHOTO MOTOKY 4Yepe3 MemOpany [1]. Ximiuna mogudikarist qodaminom
€ TEpPCHEKTUBHUM CIOCOOOM HaJaHHS OaXxaHMX BJIACTUBOCTEH Ta MopdoJorii
MOBEPXHI MeMOpaHHU, 3aBISKH MPOCTOTI Ta YHIBEpCAIbHOCTI MeTomy. OCKiIbKU
nohaMiH 31aTCH J0 caMOIOIiMepH3allil B Iy)KHOMY cepeaoBuili (puc.l), 3aHypeHHs
MeMOpaHU B OCHOBHUI pO34rH J10aMiHy JI03BOJISIE CTBOPUTH TiApOodUILHUN 11ap Ha
noBepxHi MeMmOpanu [2]. OkpiMm TOTO0, 3aBIsSKH HAsBHOCTI aMiHO- Ta TiIPOKCHUIbHUX
Ipyn y CTPYKTYpi, 1odaMiH MOKHA BUKOPUCTOBYBATH SIK ()YHKIIOHAJILHUA MOHOMED
TS TIOJAJTBIIIOT iIMMOO1ITI3aIli XIMIYHHUX CITOJIYK Ha MOBEpXHI MeMOpanu [3].

-0 &
[ { ‘,V,\-ﬂ’\J‘\_
0N~ ~N'H
NH, N2 _A__on
\ ".‘ NIH v = l. i B
7 { Oxucrennn ,,.:‘—‘—‘fv Monimepuzauis OH
oy — () - [
\_.. ' _'/ \ A ?‘I‘}h
HO OH HO OH ) -
0 ©
Nodamin 5.6-aurigpokcuingon Monigodamin (PDA)

Puc. 1. Peaknis camononiMepu3zariii 1odaminy

MeToro gaHOro MAOCHIIPKEHHS € po3poOKa NPOCTUX 1 3pYyYHUX METOJIIB
voaudikamii [IBAD wmemOpan 1 rigpodimizauii MoBepXHI MeMmOpaHU 1
NOKpAalIeHHs. i TPaHCIOPTHUX BJIACTHUBOCTEH. Y poOOTI BUKOPUCTOBYBAIU
npomucioBi MmemOpanu (I[IBJA®) Microdyn Nadir (Himeuyunna) 3 cut-off 150 x/la.
Jnst  migTBepmkeHHa Moaudikanii  10paMiHOM — BUKOPHUCTANM  IHPpPaYEpPBOHY
cnekTpockomito (puc.2). YV pesynabTaTi iMMoOUmi3amii Ha MeMmOpaHax nodaMiHy B
[U-crieKTpi 3’SIBISETHCS IMIMPOKA CMyTa MOTIHHAHHS B o6macti 3100-3500 cM ', sika €
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XapakTepHOW Juis BajeHTHUX KoiuBaHb N-H 3B’sa3kiB aminorpyn. TpaHcmopThi
BJIACTUBOCTI MO IM(1KOBAHOT MeMOpaHU BUBYEHI Yy TIPOIIeC] yIbTpadiabTparii.

—— HemoaudikosaHa NBAD
—— NBA®P-ponamiH

IHTeHcuBHicTb [y.o]

3741 _—
* *
B s
I T I
4000 3000 2000 1000

Xsunvbose uncno [cm?]

Puc. 2. TY-cnextpu moaudikoBanoi Ta Hemoaudikoanoi [1B/Id memOpanu.

3araniom, opepxkanHs MoaudikoBanux I[IBJ[® MemOpan 3 mNOKpalleHUMHU
MMOBEPXHEBUMU BJIACTUBOCTIAMU 1 MTOCUJICHUMHU TPAHCIIOPTHUMHU XapaKTEPUCTUKAMHU,
Ta BUBYCHHS IXHIX BJACTUBOCTEH CTBOPUTH MEPETyMOBU JJII KOHCTPYIOBAHHS HOBHX
€KOHOMIYHUX MOJIYJIB, 1[0 HE MOTpeOyBaTUMYTh BUTPAT HA OUMILEHHA MEMOpaH y
npoiieci GpiabTparii.

JlirepaTtypa:
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1. 2.Y.Qi, L. Zhu, C. Gaoa, J. Shen, RSC Adv. 9 (2019) 6107.

2. 3.H. Shi, L. Xue, A. Gao, Y. Fu, Q. Zhou, L. Zhu, J. Membr. Sci. 498
(2016) 39.
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4. YTOYHEHHSA KPUTEPIAJIBHOI'O PIBHAHHSA IS PO3PAXYHKY
KOE®IIIEHTA IEPEHECEHHSA MACH IIPU PETEHEPAILIIL
MEMBPAHHUX MOAYJIIB

Cepriii I'yaienko

HanionansHuit TeXHIYHUMA YHIBEpCUTET Y KpaiHU

«KuiBchbKUi MOMTEXHIYHUHN THCTUTYT IMeHI [rops CikopchbKOTo»
sergiiguliienko@gmail.com

Mapuna MeTtiina

HarionansHuii TEXHIYHUMA YHIBEPCUTET YKpaiHH

«KuiBchkuii monmiTexHiuHui IHCTUTYT iMeHl [ropst CikopchKOTO»
marynametlina@gmail.com

Berym.

3a0py/HEHHsSI TOBEpXHI MeMOpaH € OJHI€l 3 OCHOBHHMX IMpOOJeM Mpu
eKcIuTyaTalii MeMOpaHHUX YCTaHOBOK, B TOMY YHCII 1 3BOpOTHOro ocmocy [1].
He3Bakatoun Ha po3BUTOK MEMOpPAH 3 BJIACTUBOCTSIMM OIOPY 10 3a0pyAHEHHs [2],
METO/IIB mornepeaHboi 00pobku [3] Ta onTumizaiii poboYnX mapaMerpiB B MOAYJi
[4], moTpeba B mepioauyHil perenepaiiii MeMOpaH 3aJuIIaeThCsl aKTyaJIbHOIO [S].

[Ipu peamizariii mpoiiecy pereHepailii BaXJIUBUM 1 HEAOCTaTHHO BUBYCHUM
MUTaHHAM € TPOrHO3YBaHHSM BJIACTUBOCTE MeMOpaHW MICHs 3aKIHYCHHA
npolueaypu, YoMy Oysa TpucCBsiueHa mornepeaHs podota [6]. OgHak B il poOoTi
BUKOPUCTOBYBAJIOCS KpPTUTEplalibHE PIBHSAHHS, SKe OyJl0 OTpUMaHe 3 pSAOM
MPUIYILIEHb, K1 HE 10 KIHLA BIANOBIIAIOTh PEAIbBHUM YMOBAM.

ToMy METOI0 1aHOTO JTOCHIJIKEHHSI € YTOUHEHHSI KpUTEPI1aJIbHOI 3aJIEKHOCTI JJIs
pO3paxyHKy koedillieHTa MePEeHECEHHsI Macu MIpU pereHepailii MeMOpaHHUX MOAYJIIB
3 BUKOPHCTAHHSM SIK HOBUX, TaK 1 paHillle OTPUMAHUX €KCTIEPUMEHTAIbHUX JTAHHX.

Marepianu i meToau.

JlocnmiKeHHsT TPOBOAMWINCS 3 MOOYTOBUMH MEMOpPAaHHUMU MOIYJSIMUA THUITY
TFC-75, na moBepxHi sxkux HanocuBcs mryunuit ocax NaCl. Ilpomec pereneparii
3IMCHIOBABCS IIISIXOM TPOMUBAHHS TMiJI PO3PLIKEHHAM. B sKOCTI TpOMHUBHOI
pPIIMHU BHUKOPUCTOBYBalacs JCiOHI30BaHAa BojJla. BuTpara NpOMHUBHOIO PO3YUHY
BuMipioBaigacs BaroBuM MetonoM. Konmenrpamism NaCl ma BXxomi 1 Buxoai B
MeMOpaHHUH amapaT BUMIpIOBaIacs KOHAYKTOMETPUYHUM METOOM.

OG6poOka pe3ynbTaTiB BUMIPIOBaHb 3/IIMCHIOBAIACS 3 BUKOPUCTAHHSIM METO/IIB
Teopii moaioHoCTI [7], a KpuTepiaabHe PIBHSIHHS IIYKAIOCS Y BUTJIISIIL

Sh = ARe" S¢" (de (1)

BapitoBanusa 3Hauenb kputepito IlImigra pocsrasiocs 3a paxXyHOK 3MIHH
TEeMIIepaTypy IPOMHUBHOTO PO3UUHY.

Pesyabtatu. [Ipu oOpoOii pe3ynbTaTiB €KCIEPUMEHTIB, SIK 1 B TMOMEPEIHIM
poborti [7], moka3uuk crenens mpu kputepii [lImiara npuitmascs pisauMm N = 0,33. B
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TaKOMY pas3i 3aJa4a OTPUMaHHS KPUETPIaJbHOTO PIBHSHHS 3BOJMIACA O BU3HAUCHHS
NOKa3HUKa CTETeHs P KpuTepii PelitHombca M Ta MHOXKHUKA A.

3anexxHo BiJ 3HayeHb Kpurtepito IlIMinra Bech Jiamna3oH pe3yJibTaTiB OyB
po30utuii Ha 17 Tpyn, B MeXax SKMX BEJIMYHA SC 3MIHIOBajiacs HE OUIbII HDK Ha
10%. Jlns KoXHOiI 3 Tpym METOAOM HAaWMEHIUX KBaJpaTiB 3TiTHO METOIUKH
HaBeIeHo1 BpoOoTi [8], Oyio npoBeacHo anpokcuMaliito 3anexHocti Sh = f(Re), 6ymo
3HAWJEHO CepelHE 3HAYeHHsS TOKa3HWKa M’, ske OyJI0 YTOYHEHO MUIIXOM

anpokcuMartii 3aexHocrti Sh = f (Rem SC”), B pe3yJbTaTi 40ro OyJI0 BCTAaHOBJICHO

3HaueHHs TokazHmka M = 0,8. Ilicng doro mpoBoamiacs ampoKCUMAITis
y3arajbHIO4O0i 3aJ1€KHOCTI (PUCYHOK 1).

Sh

0,1
0,01
0,001
0,0001

0,00001

0,000001
0,001 0,01 0,1 1

0.8 033
Re™ Sc™ (d@/l)
Puc. 1. Y3aranpHeHa KpueTpiajibHa 3aJI€KHICTD

ArmipokcuMallisi y3arajdbHEHOT KPHETPIaibHOT 3aJIeKHOCTI JO3BOJISIE OTPUMATH
3aJICKHICTh y BUTIISIL:

Sh = 0,0018ReSc?%| 1 )
d

[Ipy 1bOMY NOKa3HMK CTENEHSM Y3arajibHIOIOUYO1 3aJ€KHOCTI B PE3yJbTarTi
anpokcumartii orpumyetrbes 1,0023, mo CBIIYUTH NpPO Te, IO HEMae MOTpeOu B
MOTAJIBIIIOMY YTOYHEHHI KOe(IIIEHTIB B KpUTEPiaTbHOMY PIBHSHHI

BubipkoBuii koedimieHT Kopessmii 3anexkHocTi (2) craHoButh * = (0,712, a
CTaTUCTUYHUI aHaJi3 MiITBEPKY€E ICHYBaHHS 3aJiexxHOCTI [8].
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BucnoBku. B pe3ynbpTaTi yTOUHIOIOUMX EKCIIEPUMEHTIB OTpUMaHE YTOUHEHE
KpUTEpiaJIbHEe PIBHSIHHS /I BU3HAYEHHS KOe(]III€HTIB MacoBiAadl NPy pereHepartii
MeMOpaHHMX MOAYJiB. OTpuMaHe PIBHSHHS JO3BOJIMTH OUIBII TOYHO BHU3HAYATH
TPUBAJICTh pereHepariii 3a METOAMKOIO, HaBelIeHOW B poboTi [6]. 3anexHicTh (2)
l'IOTp€6y€ MOJAJIBIIOIO YTOYHCHHA, 4 CaMC YTOYHCHHA IMOKAa3HHUKA CTCIICHA n, TOOTO
YTOUHEHHS BIUIMBY XIMIYHOTO CKJIQJy OCaJy Ha 1HTEHCHBHICTH MAacOOOMIHY MpH
pereHepariii, o € 3a7a4ero MOoJaIbIINX JTOCTIKEHb B [IbOMY HAMPSIMKY.
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5. PRELIMINARY HYDRODYNAMIC WATER SOLUTIONS TREATMENT
IN THE TECHNOLOGIES OF FOOD PRODUCTION

Iryna Dubovkina

Institute of Engineering Thermophysics of

National Academy of Sciences of Ukraine, Kyiv
dubovkinai@ukr.net

Introduction. Water is an special, universal substance that is a major
component of all living things, which has anomalous in many of its physical and
chemical parameters and properties. Pure water and different liquid solutions and
systems are plenty complicated associate systems, which are susceptible to the
nominal quantity power influences and used in many branches of industries including
food production. There are many methods of water treatment for changing chemical
and physical properties and parameters. The processes implicated in treating water
and liquid aqueous systems and solutions rationale may be chemical, biological,
physical and different combination between of them.

Materials and methods. The electrochemical methods of analytical chemistry
were used for determination of physical and chemical parameters and properties of
liquid samples of water solutions which received throughout the experimental
investigation. Equipped examples of water and water solutions were used as the
model mediums. Determination of alteration of potential of hydrogen and reduction-
oxidation potential of liquid samples of water and water solutions is approved out
with apply analogue pH-meter-millivoltmeter pH-150 M with electrodes.

Results and discussion. Preliminary hydrodynamic water and water solutions
treatment can influence on structural and energy transformation in different liquid
mediums on micro- and nano- level and gives opportunity to begin physical and
chemical alteration in these mediums. The aim of the research investigations is to
study the modification of physical and chemical parameters and properties of samples
with application of preliminary hydrodynamic water solutions treatment in the
technologies of food production. Throughout of research investigation was accepted
that the potential of hydrogen of the water samples obtained with preliminary
hydrodynamic water solutions treatment increases on 15-17%. It gives the possibility
to apply such treatment in the technological processes of food production. Besides,
was found the decreasing of reduction-oxidation potential of water and water
solutions. The application of the preliminary hydrodynamic water and water solutions
treatment gives the ability to decrease reduction-oxidation potential on 10-60%. The
decreasing of reduction-oxidation potential takes place throughout the treatment for
the duration of 100-150 seconds.

Conclusions. As a result of research, it was found that the application of the
preliminary hydrodynamic water and water solutions treatment could improve the
water treatment process more environmentally. As a result of investigation work, it
was established that such hydrodynamic water treatment can extensively decrease
energy, power and resource expenses, reduce duration of the technological processes
of food production.
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6. BIVIUB CYIIYTHIX IOHIB HA E@EKTUBHICTb TIPOLECY
SHE®TOPEHHA BOIN MOAUPIKOBAHOIO KEPAMIYHOIO
MEMBPAHOIO

Tersaina dyabneBa, Jliogmuia lepememko, [Imutpo Kyuepyk
[HcTHTYT KOMTOIAHOT XiMiT Ta Ximii Bojau iM. A.B. Jlymancekoro HAH VYkpainu
t_dulneva@ukr.net

Beryn. OnHuM 13 MOKa3HMKIB, IO BU3HAYAIOTh (Di310JIOTIYHY MOBHOLIHHICTH
MIHEpaJIbHOTO CKJIaay MUTHOI BOAM, € BMICT y Hii ¢Topy. 3rimHo Bumor [CTY
7525:2014 rpannyno-gomnyctuma konuenTpauisa (I'/IK) ¢dropy y nuTHiit Boi mOBUHHA
crarosurr 0,7 — 1,5 mr/om° [1]. OfHak, IpUpPOAHi BOIM, SIK IPABHIIO, MICTSATh PA30M 3
¢TopumamMu iHIII CYMyTHI 10HW, IO BIUIMBAIOTh Ha TMapamMeTpu IMpouecy i
3He()TOpeHHs. 3 OMIAAY Ha 1€ JOCTIKCHO BIUIMB CYNyTHIX 10HIB, 30kpema, Cl,
HCO; i SO, mo MicTHiucs y 3HedTOPIOBAHOMY PO3UMHI, HA 3aTPUMyBAIbHY
3IaTHICTh 10 (QTOPHUAIB MIKpODUIbTpaIifHOT TpyOUacToi KepamiyHOi MeMOpaHu, sKa
moaudikoBana rigpokcocrnorykamu Al(I1D).

Ha cporoani anbTepHaTHBOIO ICHYIOUMM METOJAAaM 3HE(TOpPEHHS MUTHOI BOJIU €
OapoMeMOpaHH1 MPOIECH 3 BUKOPUCTAHHSAM KepaMIYHUX MeMOpaH, OCOOIHBO Yy
ranyssx, ¢ A0 SKOCTI MATHOI BOJIU HPE ABISIOTHCS MIABUIICHI BUMOTH. Y po0oTi [2]
IOKa3aHa BHCOKa €(EKTUBHICTb IIPOLIECY 3HE(PTOPEHHS PO34YMHIB
MIKpO(DUIBTPALIHHOIO TPyOUACTOI0 KEPaAaMIYHOI MEMOPAHOIO 3 TJIMHUCTUX MIHEpaJiB,
sika MoaudikoBana rigpokcocnorykamu Al(III). MexaHi3M bOro MpPOIECY MOJIATaB B
YTBOPEHHI alOMO(DTOPUAHUX KOMIUIEKCIB, iX aacopOuii TIAPOKCHIOM aIIOMIHIIO 1
nojaibIIii (UIbTpallli TAKOro KOJIOIMHOTO PO3YMHY Kpi3b MOJIUPIKYIOUHMI Imap y
BUTJISII TUHAMIYHOT MeMOpanu 3 rigpokcocmonyk Al(III).

Marepianum i meToau. J{ociimkeHHs MPOBEACHO HA CTalllOHAPHIM J1abopaTopHiit
O6apoMeMOpaHHiil MPOTOYHO-PEIUPKYIISIINHINA YCTAHOBII, Y SIKI BUKOPHUCTOBYBAJIH
HOBITHIO KepaMiuHy MeMOpaHy 3 TJIMHUCTUX MiHepaliB, 1o po3pobiena B IKXXB
iM. A.B. Jlymancekoro HAH VYxpainu (TY V29.2-05417348-014:2014 MemOpanu
kepamiuHi «Kepamay). OuumieHHio miggaBaid MoaenbHl po3unnu com NaF. Ananis
ioHIB F y modarkoBoMy pO34MHI ¥ TiepMeaTi BHU3HAUaIud 3a JOTIOMOTOIO
¢dTopcenekriBHOro enekrpona Emic-131F ta ionomipa I-160MI, koHIeHTpaIlit0 10HIB
AI** — OTOKOTOPHMETPUIHO 3 ATFOMIHOHOM.

Pesyabtatn i oOroBopenHss. MoaudikyBaHHs MeMOpaHH MPOBOJUIIN
(opMyBaHHSIM Ha ii 30BHIIIHIA MOBEPXHI IWUHAMIYHOT MEMOpaHU 3 T1IPOKCOCHOIYK
AI(IIT) 3a ymoB, ski 3a0e3nedyBaiu HaWKpaul napameTpu 3HEQTOPEHHS PO3YMHIB.
[Ticnst boro MemMOpaHoGopMyrOUHii PO3YMH 3aMIHSIM Ha PoOOUYMN 3 HEOOX1THUMU
KOHUEeHTpalisMu ¢ropuniB 1 rigpokcocnonyk Al(IIl) sax memOpaHomiaTpuMyrOUdOi
00aBKHU.

Ha puc. 1, kpuBi 1-3 mokazaHo, 110 3 TIJBUIIEHHSM KOHIIEHTpAIN] CYMyTHIX
ioni (C.) CI", HCO; i SO,” mpu momaBamui 1o posumny NaF 3 moyaTkoBOIO
koHrentpamieto (Co) iomis F~ 10,0 mr/mm®, koHIeHTpamieto rigpokcocmonyk Al(III) y
MeMOpaHomaTpuMyrouiit xo6asii (C,) 12,5 mr/am°, pHy 7,0, poGouomy Tucky (P)
1,0 MIla i TpuBanocTi npoiecy (t) okpemo oxaniei i3 coneit NaCl, NaHCO; i Na,SO,,
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3pocrana KoHueHTpanis y mnepmeari (Cp,) 10HIB F . 3HMKEHHA eqaeKTHBHOCTl
nporiecy 3HeTOPEHHS PO3UMHY Y psiay cymyTHix ioniB CI'<HCO; <SO,”” mos’s3aHo,
OUYEBHJIHO, 31 30UIBIICHHSIM 1X KOHKYPEHTHOI Jii pu (HopMyBaHHI allFOMOPTOPUIHUX
KoMIuiekciB. HaiOunpmuii HeraTUBHUN BIUIMB Ha 1€ IPOIIEC MPOSBISUIM CYIyTHI
iorn SO,> BHacmigok Ginbimoro 3apsixy mopisrsHO 3 ionamu Cl~ i HCOs . I3 psixy
JTOCITIDKYBAaHUX CYITyTHIX aHIOHIB TUIbKM xjopuau 3abesneuyBanu ['JIK ioniB F y
nuTHIi Boai (puc. 1, xpusa 1). IIpu npomy Cpep. Al(III) MIPAKTUYHO HE 3M1HIOBaJIaCSI 1
6yna rrkaoro, Hix [JIK ionis Al(IIL) (0,2 mr/mm®) y nuTHil Boxi (puc. 1, kpusi 1-3),
0 CBIMYWJIO TPO BHUCOKY 3aTPUMyBaJbHY 3/IaTHICTh MOAHM(IKOBAHOI KepaMidHOI
MeMOpanu a0 rigpokcocmonyk Al(IIl) He3amekHO BiJl HAIBHOCTI CYIYTHIX 10HIB y
PO3YHHI.

] CoF- — 10,0 wmr/om®; C,AI(II) -
3 3 ’ > .
Crep " parlian Crp Alllparie 12,5 mr/mv®; pH — 6,5; P — 1,0 MIla;
2 0,15
T— 120 xB.
Puc. 1. 3aJIe}KHICTI> CuepF (1-3) Ta
1.5 0,1 AI(III) (1 3) BiJl KOHueHTpauu cynyTHlx
ionis (Co) CI” (1,1), HCO; (2,2") 1 SO
1 0,05 (3,3), s1Ki okpeMo Jlof1aBaNH 10 PO3UMHIB
VY 3B’s3Ky 3 TUM, 10 Yy GTOPUIHHUX
05 0 BOJIaX MOXYTb MICTUTHCS HE TUIBKU
50 100 150 200 : . - o
Ce mrlam® OKpeMi CymyTHi 10HH, aje ¥ ix cymimi,

JOIIJILHO OYJI0 MOCTITUTH BIUIMB ITUX
cyMmimie Ha eQEeKTHBHICTh MPOLECY
3HE(TOPEHHS BOJIU MOIU(PIKOBAHOIO KEPAMIYHOIO MEMOPaHOIO.

I3 puc. 2, xpuBa 1 BuaHO, 10 31 30UmbIIeHHAM KoedimienTa Bimbopy (K)
nepmearty (BiIHOIIEHHS 00’ €MIB TIEpMearty 1 MOYaTKOBOTO PO3YMHY) MPU HASIBHOCTI Y
posumHi cymimi cymyrtaix iomis ClIT, HCO; i SO,” (mogaBaHHS KOXHOTO i3
3a3HayeHuX 10HIB okpeMo 3abe3neuyBano ['JIK ioniB F y nuthiit Boai, puc. 1, kpusi

1-3) 3pocrasa KoHIEHTpalis 1oHIB F vy

Crep.F,mriam° J,mM¥(m%rop) HepMeaTl.
nep.I”

3t 1] 018 CoF - 10,0 MF/JIMg; C,AlI) — 12,5 mr

pH- 7,0; P — 1,0 MIla; C. ionis Cl, HCO;
SO,*", mr/am™: Bignosiano 200,0, 150,0 i 75,0.

¢ Puc. 2. BmmB koedinienty Bigoopy (K)
T 1% nepmeary Ha koHLeHTpawilo y HbOMy iOHIB F
(Chep) (1) 1 nuromMy mpogyKTHBHICTH (Jy)
KepaMiuHOi MeMmOpaHu (2) TpW HasIBHOCTI Yy
posumHi cyminn cymythix ioniB Cl', HCOj;
k,% 80427

2 r 1 0,1

1 1 1 1 0
0 20 40 60 80

Hopmy I'/IK ¢ropy y nuTHIN BOAi y SKCIEPUMEHTI Jocsraiv Tiiku npu K <
40 % (puc. 2, xpuBa 1), MO HEAOCTATHHO JJII NMPAKTHYHOIO BHKOpHCTaHHS. [lpu
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bOMY MHUTOMA MPOAYKTHUBHICTh MEMOpaHU JEII0 3MEHIIyBanacs 1 CTaHOBHWJIA
0,6 M*/(M*rox). Taki pe3yibTaTH OOYMOBICHI THMH 3K MPHIMHAM, IO 1 B
MIOTIEPETHBOMY €KCIIEPUMEHTI.

BpaxoByroun HeraTMBHUM BIUIMB CYMIIlll CYIYTHIX 10HIB Ha XapaKTEPHUCTUKH
nporecy 3He(TOPEHHS PO3UYMHY KepaMidHOK MeMOpaHoro, 1o MojaudiKoBaHa
rigpokcocronykamu Al(II), HeoOXimHO Oyl0 BH3HAYUTH YMOBH, 3a SIKUX MOKHA
oyno 6 nocartu ['JIK ioHIB F y IuTHIM Boi.

BcranoBneno, 1o  e(EKTHBHICTb  MpOLECYy  3HEPTOPEHHS  PO3UUHY
MO (PIKOBAHOIO KEpaMIYHOIO MEMOPAHOI0 MOXKHA MMOBUCUTH MPH HASIBHOCTI Y HHOMY
CyMillli CyMyTHIX aHIOHIB, SKIIO 30UThbmUTH KOHIEHTpamito ioHiB Al(IIl) y
MeMOpaHomaATpuMytodiid mobasii. Sk BumHo 3 Tabdn.,, mpu CoF 10 mr/om° i
(CL)AI(IID) 25 wmr/om® 3a iHmMHEX AaHATOTIYHHX YMOB (SK i B MOIEPEIHBOMY
ekcriepuMmenTti) Oyino gocaruyro [JIK ¢ropy y mnutHid Boai B iHTepBaii
JOCIIKYBaHUX 3HaueHb KoediiienTa Biaoopy. [Ipu npomMy nuroMa npoayKTHUBHICTh
MeMOpaHu 3MeHIyBanacsi, a 3HadeHHSI C,., Al(IIl) s3amummanocsa nocTiiHUM Ta
HwkunM, HDK X [JIK y mutHiii Boal 3 THX e NPUYMH, IO 1 B MOMEPEIHBOMY
€KCIICPUMEHTI.

Tabauys
BanexkHicTh KoedinmienTa 3arpumku (R) ioniB F, konumentpanii F i AI(IIT) y
nepmeari (C,p) i muToMoi npoaykruBHocti (J,) kepamiuyHoi MeMOpaHH Bi
koedinienra Binoopy (K) nepmeaTy npu HasiBHOCTI y po3unHi cyminri
CYILYTHIX IOHiB

Kk, % RF,% CuepF Mr/am° Crep. AI(II), Mr/om Jy.mof (MZTOI[)
10 95,8 0,42 0,06 0,10
20 94,0 0,60 0,06 0,09
30 93,0 0,70 0,06 0,08
40 92,4 0,76 0,05 0,08
50 91,4 0,86 0,05 0,07
60 90,0 1,00 0,05 0,07
70 88,0 1,20 0,05 0,07
80 87,5 1,25 0,05 0,07

pumitka. CoF~ — 10,0 mr/am®; C, AI(IIT) — 25,0 mr/am’; pH — 7,0; P — 1,0 MITa;
cymim cynytHix ioHiB ClI, HCO;z; i SO42_ — ix konmeHTpamii BimmosigHo 200,0,
150,01 75,0 mr/mv°.

BucnoBkn. Takum uyuHoM, mo6 pocsrtu ['JIK ioniB F y nurtHiii Bomi
KepaMiuHOI MeMOpaHor, 1o MoaudikoBaHa rigpokcocnonaykamu Al(IIl), mpu
HAsBHOCTI Yy PO3YMHI CYNYTHIX 10HIB, HEOOXIJHO BapilOBaTH CITiBBIAHOIICHHS
KOHIIeHTpalii ioHiB F y po3uuHi i ioniB Al(II1) y MmemOpanomiaTpumytodiit 100aBIii.

Jliteparypa.

1. ACTY 7525: 2014. Boga nutHa. Bumoru Ta MeToau KOHTPOJIIOBaHHS SKOCTi. KHiB:
MinexkoHOMpo3BUTKY Ykpainu, 2014. 30 c.
2. Dulneva T.Yu., Deremeshko L.A., Kucheruk D.D., Goncharuk V.V.
Defluorination of water by modified ceramic membranes from clayey minerals.
Journal of Water Chemistry and Technology. 2017. V. 39, N 5. P. 263-267.
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7. BCTAHOBJIEHHS BUJY 3AKYIIOPKHU MOP IPU EKCIITYATALII
VIABTPAGLIBTPYIOUOI YCTAHOBKHY OUNIIIEHHS
CTIYHOI BOIN
Bacuis JIsg4ox
Hamionanpauit yHiBepcuteT «JIbBiBChKa MOMITEXHIKA
dyachokvasil@gmail.com

Beryn. Ha choromHimHiid JeHb OYHIICHHS CTIYHMX BOJ, pAaIliOHAIBHE iX
BUKOPHUCTAHHA, TOOTO BUJIyYEHHS LIHHUX KOMIIOHEHTIB 3 BUKOPHUCTAaHHSM HOBITHIX
TEXHOJIOTI € OJHMM 3 HaWMpIOPITETHIMINX 3aBIaHb, AKI CTABIATH MEpe] COOOI0
HaykoBIli. CBITOBI TEHJEHINI 3aCBIAYYIOTH, IO IS BUPIMICHHS LUX Ta MOJIIOHUX
3aB/laHb BCE OLJIbIlIe 3aCTOCOBYIOThCS MeMOpaHHI TexHouorii. Lle Metoau ouunteHHs
BoaM 6e3 (pa3oBHX MepexoAiB TOMY BUMAraiOTh CTApaHHOI MOMEPEAHBOI MIATOTOBKH,
a came NepeIOUUIICHHS, HalyacTille TPaaUuIiiHUM MeJIoM (IIbTPYBaHHS.

Marepiaan i meroau. BrUBUEHHSI KIHETUKU IPOLECY OUMILEHHS CTIYHHUX BOJ
METOJIOM YJIbTpaQiIbTPYBaHHS MPOBOJSATHCA Ha JAaOOpATOpHIA YCTAaHOBII, SKa
CKJIQ/Ia€ThCS 13 Hacoca, ynbTpauibTPyBaJIbHOIO €JIEMEHTY B CTaJIbHOMY KOPIIYCi,
€MHOCTEH JJIi BUXIAHOI BOAM, TMepMiaTy 1 KOHLEHTpPary, KOHTPOJIbHO-
BUMIpIOBAIBHUX MpUiaAiB. B X0/ ekcriepuMeHTy BU3HAYaIUCs: BMICT 3a0py/IHEHb Y
BUXIJHIA BOJ, mepMiaTi Ta KOHIIEHTpATI, MPOAYKTHBHICTh MEMOpaHHOTO arapara,
o0’'eMr mepMmiaTIB Ta KOHUEHTpaTiB. Sk MoJenbHuUil po3uuH Oyj0 BUOpaHO
acriapariHar 3aji3a, CIIOJyKa SIKa 3aCTOCOBYEThCA Yy JIKApChKUX 3aco0ax s
JIKYBaHHS 3aM130AU(PIIUTHOI aHeMil. 3HauHa KUIbKICTh TAKUX CTOKIB YTBOPIOETHCA
Ha (¢apMaleBTUYHUX  MIANPUEMCTBAX, 110 CTBOPIOE  CEPUO3HY  3arpo3y
HABKOJIMIIIHBOMY CEPEIOBUIILY.

Pesyabtatu. Ha OCHOBI onepXaHMX [aHUX OTpPUMAaHO TpadikK 3aJIeKHOCTI
o0'emy mepmiaTy BIJ 4acy TPOXOJKEHHS  mporecy. Sk 3acBimguye
EKCIIEpUMEHTAJILHUN MaTepial 3 yacoM 00'eM mepmiaTy 3pOoCTae aHaJIOTIYHO IS
TPHOX JOCHIKYBaHUX KOHIIEHTpallii acnapariHaty 3Biniza. Crnodatky o0'em
nepmiaTy pi3KO 3pOCTae€, 10 XapaKTepU3yeThCs KPUBOKO Ha BIAPI3KY 4acy BiA 5 10
150 xB. mporecy, ajie B MOJAJIBIIOMY Ha BIApi3Ky dacy Big 160 xB. fioro o0'em
30UTBITY€ETHCS HA HE3HAYHY MOCTIHHO OJTHAKOBY KUIBbKICTh. Lle roBopuTh 1po Te, 110 3
4acoM TIPOJAYKTUBHICTH MeEOpaHW CIajga€e, BHACHIJOK 3aKyMOpEeHHA 11 Top
acriaparinatoM 3aiiza. KpiMm Toro, yum OuibIlIa KOHIIEHTpAIlisd, THM MEHIIUM € 00'eM
nepMmiaTy 3a OAWH 1 TOM caMHil MPOMIXKOK yacy mpouecy. Ha mouaTkoBux cTamisix
3a0pyIHEHHsT MeMOpaHM Ha X1J MpolLecy MaJiHHg NPOAYKTUBHOCTI BIUIUBAE
MOBEPXHEBA 1 BHYTPILIHSA MOPUCTICTh MEMOpaH, HasBHICTh B3a€MOIMOB'S3aHUX IOP.
ToMy HOCHTB 9acTO BaXKKO YiTKO BH3HAYMTH, 32 SIKHM MEXaHi3My MPOXOAUTH MPOIIEC
yIbTpapiIbTPyBaHHS.

[Ipore 3a pesynpraramu OaraTopiuHUX JOCHITKEHb, XapaKTep KpHUBOi Ha
rpadiky 3anexHocTi B koopaunarax t/q=f(q) uu t/q =f(t) mo3BosIsT€ BCTAaHOBUTH THI
3akynopeHHs mop memOpanu. Tyt  — 00'eM miepmiaty, t- gac mepeOiry mporecy.

BucHoBok. B pe3ynbTaTi JOCTIIKE€Hb BCTAHOBJIEHO, 110 B HAIIOMY BHIIAJKY
Ma€ MicIle Mporec yabTpaduIbTpyBaHHS «ITPOMDKHOTO THIY» , TOOTO KOJH PO3MIp
MOp € CHIBMIPHUI 3 pO3MipaMu MOJIEKYJT aclapariHary 3aji3a, SIKe CyIpOBOIXKY€ETbCA
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MOCTYTOBUM 3aKyTIOPIOBAHHSM TOP 3 MOAAIBITAM MOKJIUBAM yTBOPEHHSM OCaay Ha
noBepxHi MemOpaHu. [l 3amoOiraHHs TaKOro SBUINA JOLUIBHO IPOBOJAUTH
pereHepalliro MeMOPaHH METOJIOM MIPOMHUBKH JUCTHIIBOBAHOIO BOJIOIO Y 3BOPOTHBOMY
HAIIPSIMKY.

8. BUBHAUYEHHSI BIIVIUBY POBOUYOI'O TUCKY HA ITPOLEC
VJIbTPA®LIBTPAII BIJIKOBO-BYTIJIEBOJJHOI
MOJIOYHOI CUPOBUHHU
3axap Ma3Hsk
z.mazniak@gmail.com
Inna 3osn0Tyxina
i.zolotukhina@hduht.edu.ua
Lnas Connomaxa
zolotceb@gmail.com
XapKiBChKHM JIep>KaBHUN YHIBEPCUTET XapuyBaHHsI Ta TOPTiBIIi, M XapKiB

Beryn. B pganmii wac B Xap4yoBiii MPOMHCIOBOCTI MEMOpaHHI METO/IU
3aCTOCOBYIOTH ISl OUMUIICHHSI 1 KOHLUEHTPYBaHHS (PPYKTOBHX 1 OBOYEBUX COKIB B
KOHCEPBHOMY BHUPOOHHMITBI, AU(Y31IHHOTO COKY B ILIYKPOBOMY BHUPOOHMIITBI, IS
KOHIICHTPYBaHHS MOJIOKA 1 MOJIOYHUX MIPOAYKTIB TOMIO [1-6].

3 ycix OapoMeMOpaHHMX TIPOIECIB JyIsi OOpOOKM OLIKOBO-BYIJIEBOIHOT
Mos1i04HO1 cupoBuHM (BBMC) HailOuIbIIO MIpOI0 MIAXOAUThH YIbTpadiibTpamis
(YO). IIponecy Y@ nputamaHHI Taki IepeBary, sik BUCOKa €KOHOMIYHICTh, HU3bKa
€HEpProeEMHICTh, BIACYTHICTH (Da30BUX NepeTBopeHb Oinka [7]. Ha BiamiHy Bin
3BOPOTHOTO ocMocy 1 HaHodiunbTparii nporec Y@ mportikae npu Habarato OLIBII
HU3BKOMY THCKY 1 B TOM K€ 4ac 3a0e3neuye Habarato OUTbII BUCOKY CEJIEKTUBHICTD,
HIX MikpoduibTpanis [8]. OmHOYaCHO 3 KOHIEHTpAIEID Xap4yOBHX pO3urHIB YD
3MIMCHIOE TX OYMIIEHHS B1J] HU3bKOMOJEKYJISIPHUX PEUOBUH, OakTepiid, 30epirarouu
noctiiiHe 3HadueHHs pH. Bce BuIeBMKIageHEe 3yMOBHIJIO BHUKOPHUCTAHHS IPOIECY
ynbTpadinsTpalii npu nepepodii BBMC, 3 meToro Bukopuctants Y @-KOHIICHTPATIB
y BUPOOHUIITBI IECEPTHOI MPOTYKIIIi.

Marepiaiam i Meroau. MeToro poOOTH € BU3HAUEHHS BIUIMBY POOOYOTO THCKY
Ha TIpollec yabTpaduibTpallii 3HEKUPEHOTO MOJIOKA, CKOJIOTUH Ta CUPOBATKHU 3-I1i]1
KHCIIOTO CHDY.

3 METOI0 BUBYEHHSI OCHOBHUX 3aKOHOMipHOcTel Yd-koH1eHTpyBaHHsS BBMC
3a pgomnoMororo MemOpan Ttumy IIAH 1 BmiMBY Ha HBOro J0JATKOBUX
iHTeHCU(DiKyr0UnX (PaKTOPIB AOCHIIKEHHSI MPOBOJMIM HACTYNMHUM 4YHHOM. I[lpu
BU3HAYCHHI 3aJIe)KHOCTI IIBUJKOCTI yibTpadinbTpamii Big poOOYOTO THUCKY
KOHIIEHTPAT, 1110 YTBOPIOETHCS, MOBEPTAIHN HA3a/] B €EMHICTh JJI1 BUX1AHOTO MPOIYKTY
[9]. TToTpiOHMiT THCK B HaAMEMOPaHHOMY MPOCTOPI YAbTPadiIbTPAIIITHOIO MOIYJIS
CTBOPIOBAJIM 3a JOTIOMOTOI0 Kommpecopa 1 BuMipioBaiin B mexax 0,2...0,5 MlIla.
CTBOpEeHHS HEOOXITHUX TapoAMHAMIYHUX YMOB oToky BBMC B MixkMeMOpaHnHOMY
KaHaJl B pexumi 6apOo0TyBaHHs 311 CHIOBAIM HACTYITHUM YHMHOM.
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Bxomtowanu mepucTansTUYHUN HACOC, 3'€JHAHWUN Yepe3 THYYKHM maTpyOoK 3
OapOoTrytounM npucTpoeM. Hacoc mojaBaB CTUCHEHE TMOBITPS TiJ THUCKOM, IO
NEPEeBUIIY€E BEIMYMHY THUCKY B Y®d-moaynmi, BiJl 30BHIIIHBOTO JKepena o
JPOCEIIOI0YOro COIIa, sIKe pIBHOMIPHO BIIOPCKYE CTUCHEHE MOBITPS Mepes T'yMOBOIO
npioHOTEpdopoBaHOID MeMOpaHOK OapOoTyrodoro mnpuctpor. HaBiTh CTHCHEHE
MOBITPs MPOAABIIOBAIOCS Kpi3b MOpU T'yMOBOI JApiOHornepdopoBaHoi MeMOpaHH 1
Hagxonauio y BBMC, mo po3ainserbes, y BUIIIAAl ApiOHUX OynbOaiiok, sKi
TypOyJi30BajiM ii 1 CTBOPIOBAJIM HEOOXIJAHI T1APOJMHAMIYHI YMOBU HaJl TIOBEPXHEIO
HamiBIpoHUKHOT  Y®-memOpanu. Illnsaxom  perymioBaHHS — MPOTYyKTHBHOCTI
MEePUCTATHPTHYHOTO HACOCAa 3MIHIOBAIM YacCTOTY MYJbCYIOYOi IMOJa4i CTHCHEHOTO
noBiTpa B Y®-Moayns. 3a AOMOMOIOI0 JOJATKOBOTO KOMIpPECOpa 3MiHIOBAIUM THUCK
0/1a4i CTUCHEHOTO TOBITPS B Y D-MOTyIb B 3aJaHUX MEKaX.

PesyabTaTu. 3anexHicTs npoaykTuBHOCTI Y D-memOpan [TAH-50 1 [TAH-100 B
TYIUKOBOMY pEXuMI BiJl TUCKY MeMOpaHHoi 00po6ku bBBMC npu temneparypi 20 °C
npuBeeHa Ha puc. 1. 3 JaHUX pUCYHKA BUTIKAE, 1110 XapakTep 3MiH MPOyKTUBHOCTI
3 MABUIICHHSAM TUCKY (UIbTpaIli 1IeHTUYHUN JUIsi 000X TOCHIKYBAaHUX MEMOpaH.
ITpu 3nauennsx tucky Big 0,2 mo 0,35 MIla BinOyBaeThcsi IHTCHCUBHE 301JIbIITSHHS
IPOYKTUBHOCTI MeMOpaH st Beix BujiiB BBMC.

11

G, o f{m’-u) \
10 —
5 /4-0,08%1,23 5x+5,629
6 / t = t
_./—/‘ v=-0,089x°+1,346x+2,714
8 t/ .fff —
' 3 " y=-0,08+1,0702x+2,614
: _

't y=-0,077x+1,008x+2,343

v=-0,069x°+0,832x+1,321

/ il )

1!'-"_—.-.-.-.-_ T r\ ¥ _'c.\.

?: \ y=-0,073x*+0,877x+0,9
// :

ra// 1

P, MMz

g2 0,3 0,4 0,5

Puc. 3anexuicts npoayktuBHocTi (G) yabTpadiasrparniiaux memopan [TAH-50 (1,
2,3)111AH-100 (4, 5, 6) Bix Tucky dinsrpariii (P) mpu MmeMOpaHHOMY TIOILITI
ckosiotuH (1, 4), 3HSKUPEHOTO MOJIOKA (2, 5) 1 CHpOBAaTKH 3-11i/] KUcIoro cupy (3, 6)
mpu Temneparypi 20 © C B TYMUKOBOMY PEKHUMI.
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Ha minsami 3nadens tucky Big 0,35 MIla mo 0,5 MIla npoaykTuBHICTE 000X
MeMOpaH CcTabUT3YyeThCA MPU YAbTpadiIbTpallii CKOJOTUH 1 3HEXKUPEHOTO MOJIOKA 1
3HAYHO CIOBUIBHIOETHCS TIPHU yIbTpadiabTpallli CHpOBaTKH 3-MiJ KUCIOTO CUPY.

Tak, 1Isl TYIUKOBOTO peXUMYy poOoue 3HAYeHHs MPOIYKTUBHOCTI mipu P = 0,2
MIla ckianae wist memopas ITAH-50 npu yistpadinsparii ckomotus 1,8 mv® / (M2 »
rox), mpu yabTpadiibTparii 3HSKHpeHOro Monoka - 2,0 am° / (M * rox), mpu Y®
CHPOBATKH 3-T1i KHCIOTO cupy - 3,9 am° / (M * rox). st Y®-membpann ITAH-100
3HAYCHHS MPOAYKTUBHOCTI TP 3a3HAYCHIN BEJIUYHMHI THUCKY CKJIATAIOTh BiJMOBIIHO
33 e/ (M2 *ron), 3,6 e/ (M2 *rom) 16,8 e/ (M2 * ron). [Ipu migBUIIIEHH] TUCKY
no P = 0,35 Mlla npoxykrusHicte MmemOpan [TAH-50 30imbpiryersest Ha 94% mpu
Y®-006pobi ckosotrH, HA 90% 1pu Y D-00po0I1i 3HSKUPEHOTO MOJIOKa, Ha 62%
npu Y P-06pobiii cupoBatku 3-miJ kucioro cupy. s YD-memOpan [TAH-100 mpu
aHAJIOTIYHUX yMOBaX MPOIYKTUBHICTh 30umbmIyeThcst Ha 54,5%, 52,8%, 35,5%
BIIMOBIAHO. Y TOM kK€ Yac Ha JUISHIN 3Ha4YeHb TUCKY ¢iapTparii Big 0,35 Mlla o
0,5 MIla 3poctanHs 3Ha4€Hb MPOAYKTHUBHOCTI MEMOpaH 3HAYHO 3HUKYEThbCA. Tak,
3pOCTaHHsS a0COIIOTHHX 3HAYC€Hb NMPOAYKTUBHOCTI MemOpaH I[TAH-50 Ha it miisHIT
cTaHoBUTH 8,6% npu Y D-06podiii ckonotul, 4,2% npu Y D-00poOiii 3HEKUPEHOTO
moisioka, 20,1% npu Y@ oOpoOii CUpOBATKU 3-TijJ KHCIOrO CHpPY. 30UIbIICHHS
3Ha4YeHb NpoayKTuBHOCTI MemOpan ITAH-100 Ha maHif AUISHII 3HAYE€Hb THCKY
dinpTparnii BiamoBiHO ctaHoBUTH 11,8%, 12,7% 1 14,1%.

BucnoBku. Ha mijicraBi BUIIEBHUKIAIEHOTO MOXXHA 3pOOMTH BHUCHOBOK, IO
pobounM 1HTEpBajIoM TUCKY QinbTpanii € 3HadeHHs 0,4..0,5 Mlla. 36inbmryBaTu
THUCK TICPEBUINYE 3a3HAUYCHI BETUYMHHN HEIAOLUILHO, TOMY IO 1€ HE TMPU3BOIUTH 0
3HAYHOT'O MIJBUILEHHS MPOYKTUBHOCTI JOCIKyBaHUX Y D-MemOpaH.
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Beryn. Ha cporogni, akTyaiabHOIO MPOOJIEMOIO JJIsl BCIX PEriOHIB YKpaiHU €
HEPIBHOMIPHICTh PO3MOAUTY MPICHOI BOJHU, IO MPU3BOJIUTH 0 MEBHUX TPYIHOILIB,
MOB’A3aHUX 13 BOJIONOCTAYaHHSAM TIJANPUEMCTB PI3HOMAHITHUX BUPOOHUIITB.
[HTEHCUBHUI PO3BUTOK IMPOMHUCIOBOCTEN B YKpaiHl COPUYMHSAE 3HAYHE 3POCTAHHS
CTIO’KMBAHHS TUTHOI BOJIH.

Bukiaa ocHoBHOro martepianay. Bogoniaroroska — 1e npouec nonepeaHboro
OYMIIICHHS MTUTHOI BOJIM B1J HAJJTUIIIKY MEXaHIYHHMX JIOMIIIOK 1 KaTioHiB. B mporecax
BOJOOYMINICHHS] BUKOPUCTOBYIOTh OJWH 13 BUIIB (QUIBTPALIMHUX MPOIECIB —
MeMOpanHy (dinbTparito. MemOpaHHI CHCTEMH BOJOMIATOTOBKU, IPOMHCIIOBE
OCBOEHHSI SIKUX pO3Movanocs npuodiusHo 3 1985 poky, Ha maHuii yac 3aCTOCOBYIOTHCS
IPAKTHUYHO Y BCIX rayry3sx, Kl CIOXKHBAIOTh OUUIIECHY BOJY.

[lepen mnomadero Ha MemOpaHy, BOJYy, SK TMPABWIO, OYHINAIOTH BIJ
rpyOOIMCIIEPCHUX JOMIIIOK, & TAKOXK BiJI TUX PO3YMHEHUX PEYOBHH, SIKI MOXKYTh a00
MOIIKOJAUTA MeMOpaHy (aKTMBHUH XJop), a0 CTaTW NMPUYMHOIO BiAKIAJE€Hb Ha ii
nmoBepxHi (comi >xopcTkocTi). Taka monepenHs MiArOTOBKAa BOAU JO3BOJISIE 3HAYHO
30UTBIIMTH TEPMIH CIY>KOM MeMOpaHW 1 TPUBANICTh ii pOOOTH MiXK XIMIYHHUMH
npomuBkamMu [1, 2]. OpnHi€ro 3 TOJOBHUX NPUYUH 3a0pyIHEHHS MeMOpaH €
dopMyBaHHS Ha iX MOBEPXHI KapOOHATHUX OCAiB, YTBOPEHHS SKUX BHU3HAYAETHCS
YyMOBaMHU pIBHOBarv, I1HTCHCHBHICTIO MacOOOMIHY TIpH KpHCTami3aili, a TaKoX
HasBHICTIO noMimiok. 11006 3MEeHmMTH MBUAKICTE 3a0pyAHEHHS, PO3YMHHU TEpe
MOJaHHSIM B MeMOpaHHUW amapaT WiJalTh TOMEepenHId 00poOIli: MPOBOIATH
KOAaryJisiio 3 MOJaJbIIUM OCA/KEHHSM, 3MIHMCHIOIOTHh (DUIBTPYBAHHS HA MIIMAHOMY
¢b1abTp1, @ MOTIM HA MIKPO(IIBTPI, MAKUCITIOIOTh, 100 3aM00IrTH BUTIAJaHHIO COJIeH
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xopcTtkocti 1 Tak jgami [3-5]. Ilpore, paHO YW mMmi3HO BHHHUKAE HEOOXIJTHICTH
OYHIIICHHS MeMOpaHH BiJl 3a0pyaHEHb [ 6].

3 TOYKHA 30py TEXHOJIOTTYHHUX MOKIJIMBOCTEH pO3PI3HAIOTH MEMOpaHu Jist
MikpodiapTpallli, HaHO(IIBTpallli, yabTpaduUIbTpallii 1 3BOPOTHOTO OCMOCY.
MikpodiabTpyBaHHS 3aCTOCOBYIOTH [IJI1 BIJIOKPEMJICHHS BiJ PO3YMHHHMKA (BOJIN)
3aBUCIMX Ta KOJOIAHMX dYacToyok po3MmipoMm 0,1-10 mxm. Hawodinbrpamiiiai
€JIEeMEHTH, SIKIi MaroTh MopH Bia 5 A0 50 HM, BUKOPUCTOBYIOTH JUIsI TTOM'SIKILIEHHS
BOJIM 3 ITiIBHIIIEHOO YKOPCTKICTIO Ta JIJIsl BUJIAJICHHS 10HIB BaXXKHX MeTaliB [4, 7, 8].
VYnbrpadinasTpalniiini MeMOpaHu MaroTh HAMOLIbII BETUKI MOpHU AiaMeTpoM Bix 1 10
0,05 mikpoH. BoHU 3aCTOCOBYIOTHCS 711 JJOOUYHUIICHHS TUTHOI BOJOIPOBIAHOI BOIU
BiJl KOJIOITHMX 1 BUCOKOMOJIEKYJIIPHUX 3a0pyIHEHbB, K0 HE MOTPIOHE KOPUTYBAHHS
il compoBOTO CKIaay. Bukopucranus ynpTpadinsTpaiii B moOyTi oOMekeHe uepes Te,
10 B IIbOMY TpOIECi HE BiAOYBAa€THCS BUIAICHHS JOMIIIOK 10HHOTO po3Mipy (coui
TBEPOCTI, BaXKKI METAJIM, HITPATH), 1110 CKJIAJIAI0Th YUMATy HeOe3NeKy JJIs JIFOAUHH.
3BOPOTHROOCMOTHYHI MEMOpaHU MarOTh MOPHU AiaMeTpoM MeHiie 10 HaHOMETpIB 1
3a0€3neuyoTh BUJAJICHHS 3a0py/HEHb 10HHOTO PO3Mipy (10HU KOPCTKOCTI, BAXKKUX
METaJIiB, HITpPaTH, cyibdatu Ta iH.) [1-3, 8].

EdextuBHicTh  6apoMeMOpaHHOTO  OYMINEHHS  BOJM  3aJCKHUTh  BIJ
BJIACTUBOCTEN MeMOpaH, poOOYOro TUCKY, TEMIIepaTypH, MPUPOIU 1 KOHIIEHTpaIlii
OYMIIYBaHUX JIOMIIIOK, KOHIICHTPAIIMHOI MOsipU3aIii, TIpoAUHAMIYHUX YMOB.

Pesyabtarn. CyTh BCiX MEMOpaHHHUX METOMIB MOJArae y (QUIBTPYBaHHI
00poOr0BaHOI BOAM M1 IEBHUM THCKOM 3a JIOIIOMOTOIO €JIEMEHTIB, 0 (PLIbTPYIOThH
Ta BOJIOAIIOTH PI3HUM CTYNEHEM 3aTpuUMaHHs 3a0pyaHeHb. KoxkeH meTroj mae cBOi
nepeBaru Ta HenoJiiku. Hanpukian, 1o nepesar yiabTpaduibTpaliii MOKHA B1JIHECTH:
BHCOKY €(EKTHBHICTh 3a 3HEOAPBIEHHSM 1 CTEPUIII3ALIEI0 BOAM, HU3bKUI POOOUMIA
TUCK, TPHUBAJIMM TEpMIH CIIy’)kOM MeMOpaHHUX €JIEMEHTIB, a TaK0X, IOBHY
aBromatuzaiito. o HemomnmikiB — HeepEeKTUBHICTH MPOTH BIPYCIB 1 MiHEpAIbHUX
3a0pyHEHb (CosIei TBEPAOCTI, BAXKKUX METAIB), BUCOKY BapTicTh oOyagHanHs [1].

3BOPOTHHI OCMOC Ha JJaHUH Yac € HAaHO1IBII OMYJIIPHUM METOJA0M OUYHIIECHHS
BOAM BiJ ycixX 3a0pyaHeHb. [lopucra cTpykTypa MemMOpaHu HabaraTo MIUTBHINIA BiJl
MeMOpanu yibTpadinbTpariii. 3BOPOTHUH OCMOC € JOCUTh €()EKTUBHUM METOJIOM
BUJAJICHHS PO3YMHEHUX PEUOBHH, KaJIaMyTHOCTI, a30ecTy, CBHHIIO Ta IHIIHMX
TOKCUYHUX BaXKHX MeTaniB. Came ToMy HOTo repeBaraMu €: e(heKTUBHE BUIAICHHS
BCIX BUJIIB 3a0pyIHEHb (YaCTKH, MIKpOOPIraHi3MH, KOJIOiIU i pO3YMHEH] HEOPTraHIuHI
PEYOBHHM), a TAKOX T€, IO BiH BIIOYBaeThcs 0€3 (ha30BUX MEPETBOPEHB 1 €HEPTis
31€01IBIIOT0 BUTPAYAETHCSI HA CTBOPEHHS MMIJIBUILEHOIO THUCKY HaJl PO3UYMHOM Ta
HOro mpoJaBlIIOBaHHS Kpi3b MeMOpaHy. A OT HEJOJIIKaMH € Te, 110 TEXHOJIOTIs
OUYUIICHHS BOJIW 3BOPOTHHM OCMOCOM JOYX€ BOJO 3aTpaTHa: MpU PoOOTI CHCTEMHU
3BOPOTHOTO OCMOCY B JpPEHaX CKUAAEThCSA 10 75% BOAM 1 Ha BUXOM1 KOPUCTYBad
orpumye mumie 25-30% Boau, BTIM 3 BOAM TaKOX BIJIYYalOThCS TakKi KOPHUCHI
MiHEepasy, sIK Kalbllii 1 Marxii. [2, 8]. Hait0inbimoro nepeBaroro HaHo(imbTparii Haj
yibTpadiIbTpaIi€lo € Te, Mo HAHOPUIBTPYIOYl MEMOpPaHH BUAAISIOTH 3 BOJM BCE:
cycmensii, komnoimu, OakTepii 1 BiIpyCH, KaTIOHM BaXKHUX METaJiB 1 YaCTUHY
BHCOKOMOJICKYJIIPHUX OpraHiyHUX croiyk. KpiM Toro, BimOyBaeThbcsi e(EeKTHBHE
3HIDKEHHSI 3arajbHOi >KOPCTKOCTI, 3arajbHOi JIY’KHOCT1 1 COJIEBMICTY BUXIJTHOI BOJH
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[10]. 3a monomororo memOpan 11t MiKpodiIbTpaii Bi0yBaeThCsI BUCOKOS(EKTUBHA
OYHMCTKA BOJIH, i1 yac Kol MiHEpalbHUN CKJIaJ OCTAHHBOI He 3MiHIoeThes [11, 12].

BucnoBku. TakuM yuHOM, HaMu OyJIO0 BHU3HAYEHO, IO OYHUIICHHS BOJU
MEMOpaHHUMHU METOJaMU € OJHUMH 3 HAWMPOTPECUBHIIIUX  TEXHOJOTIN
BOJIOMIATOTOBKH, 1110 BKJIIOYa€ B ce0e Taki TUIKM MeMOpaH sK: JJIs MiKpoUIbTpaliii,
HaHOQUIBTpAIli, YIbTpaduIbTpalii 1 3BOPOTHOTO ocMocy. Cepe 3a3HaYeHUX METO/IIB
HalieeKTUBHIIIUM € 3BOPOTHIM OcMOC. BakJIMBOIO OCOOMMBICTIO 3aCTOCYBaHHSI
IIbOTO METOJy B TEXHOJIOTISIX MIATOTOBKH BOJW € PETENbHE OUHWIIEHHS MIITXOM
MPOITyCKaHHS Kpi3b HAMIBOIPOHUKHY MEMOpaHy JIUIIE MOJIEKYJ BOAH, OJOKYIOUHU MPH
IIbOMY TIOTPAIUISHHSA JO BOXU 3a0PYJHIOIOYMX PEYOBHH. 3arajoM, 3HAYHOIO
MepeBaror0 MeMOpaHHUX TPOIECIB HA/ 1HIIMMH aJTbTEPHATUBHIUMH TEXHOJIOTISIMH €
Te, M0 BOHU BIAOYBAaIOTHCSA, 3a3BHuail, 0e3 eHeproeMHUx (a3z0BUX MEPEXOIiB
PEYOBHH.
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Beryn

MikpoeMyibcii BUKOPUCTOBYIOTh SIK HOCIT ISl IOCTAaBKH JIIKAPCHKUX 3aC00iB,
30KpeMa, JJs TpaHCACPMAaJbHOI JOCTaBKM. Sk HOCii JKapchKUX 3aco0iB,
MIKpOEMYJIbCii MarTh HACTYMHI IepeBaru: O010CyMICHICTb, MPOCTOTa OTPUMAHHS,
MOJKJIMBICTh KaIlCyJIFOBaHHS TiIPOPUIBHUX 1 TiIpoPOOHUX pPEUOBHH, MIIBUIIECHHS
PO3YMHHOCTI JIIKapChKOTO 3ac00y.

3aranpHOBIIOMI METOAM OJEpXAaHHSA €MYJbCId 3a JIOMOMOTOK KOJIOITHUX
MJIMHIB, TOMOIE€HI3aTOPIB BHCOKOIO THUCKY Ta YJIBTPAa3BYKOBHUX T'OMOTI€HI3aTOPIB,
MalTh PsSIJ HEAOJIKIB, 30KpeMa CHHTE3 TMOJIAUCIEPCHUX CHUCTEM, BHCOKI
€HEPTrOBUTPATH MPOIIECY Ta HETAaTUBHUIA BIUTMB BHCOKOI HAMPYTH 3CYyBY Ha YYTJIUBI
KOMITOHEHTH, 1110 1HKArCyJIbOBaH1 B oTpuMaHi cuctemu. [Ipore, po3mip 4acTUHOK Ta
iX po3moAUT 3a PO3MIPOM € OJHUMHU 13 KIIOYOBUX (DaKTOpIB, SIKI BU3HAYAIOThH
BJIACTUBOCTI OTpMMaHuX emyibcii [1-2]. Texuonoris MemOpaHHOI emynbcugikarii
I'PYHTYETHCSI HA BUKOPUCTAaHHI MeMOpaH JijIsi OTPUMAaHHSI MOHOAUCTIEPCHUX €MYJIbCiH,
IIUISIXOM TIPOITYCKAaHHS JUCTIEPCIHOT a3y 10 AMCIEPCIMHOTO CepeoBUINA KpPi3b
OpH MEMOpaHu TIEBHOT'O po3Mipy mpu HaknaganHi TUCKY [3]. Husbka Hampyra 3cyBy
BIIPOJIOBXK OTPUMAaHHS €MYJIbCI JTaHUM METOJIOM, SKa HIBENIIOE BIIUB HAa BTPaTy
TEpaneBTUYHOI aKTUBHOCTI J1I0YOi PEYOBHHH, MOXKIJIUBICTH OTPHUMATH YACTUHKH 3
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BY3bKMM J1alla30HOM pO3MOAUTY 3a pO3MIpoM, 10 30UIblllye CTaOUTBHICTD
HOBOYTBOPEHUX CHUCTEM — II€ OCHOBHI (PAaKTOpH, SIKi OOYMOBIIOIOTH AKTYaJIbHICTb
PO3BUTKY 1 BIPOBAKEHHS METOAY MeMOpaHHOi eMyibCcu(iKalii Uisl OJep>KaHHS
emyJbciit [4].

Marepiayiu i MeTOaH.

JUist  oTpuMaHHST MIKPOEMYJIbCI BUKOPHCTOBYBAJIM IPOMHUCIOBA TPEKOBA
meOpana (PETF), miamerp mop d = 0,1 MKM BHTOTOBIICHA 3 IOJieTHICHTEpadTaIaTy
(IacturyT sspepuux gocmimxens, [S]1, Pocificbka denepartis)

s opepkaHHS MIKPOEMYJIbCIH, AUCTIEPCIHHY (pa3y MpOIyCKaloTh Yyepe3 Mopu
MeMOpaHU B AHCHEpCiiiHe cepenoBuie. s mpurotyBanHs nucrnepciiHoi gasu Ha
aHAIITUYHUX Barax 3BaxykoTh 0,25 T MaHTOTEHATYy Kalbllilo, SIKUA PO3UMHAIOTH Y 5
Ma 0,5 006. % po3umHy XiTO3aHy. 3araJbHH 00’eM mucmepciiHoi (asu s
OTPUMaHHS MIKpOEMYJbCii, SIKHH BIIOMPAIOTh y WIMPHI 2 CTAaHOBUTH V = 5 MIL.
JlucniepciiiHe cepefoBUILE CKJIaJaeTbes 3 eMysbratopis Tween 80, oJeiHOBOI
KHUCIIOTH 3 KOHIEHTpamisiMu 106. % 1 2 00. % BIANOBIAHO 1 COHSIIHUKOBOI OJIii.
3aranpHuil 00’eM gucnepciitHoro cepemoBuia V = 20 mu. Tuck 10 — 15 klla.
[IBuakicte nepeminryBanns — 400 06/xB. Yac nepeminryBanus t = 10 xs.

Meroa TUHAMIYHOTO PO3CIIOBAHHS CBITJIa BUKOPUCTAHO JUISL JTOCHII>KEHHS
CTaOUIBHOCTI MiKpoeMyJbCiii. KiHeTUKY BHBUJIBHEHHS KaJblliii MaTOTEHATY,
1IMOO1JII30BaHOTO 70 MIKPOEMYJbCI Ha OCHOBI XiTO3aHy, OTPUMaHUX METOJIOM
MeMOpaHHOi eMyibcU]iKallli, IOCHIIPKEHO Ha CHelialbHO PO3pOoOJIEHIi
ycraHoBIi (puc.l). Jlo miamizHoi MemOpaHu 5 BigiOMparOTh 5 MJI TONEPETHBO
MPUTOTOBAHOT MIKpOEeMYyJibCii. MeMOpaHy noMiniarTh 10 MipHoro ctakany (500
Mi) 3 OydepHuMm pozurHoM BiamnoBigHoro pH. TemmnepaTypy KOHTpPOJIOIOTH 3a
JIOTIOMOTOI0 BOJIsTHOT OaHl. Merogom Y d-CceKTpOoCKomii JOCHIKEHO KIHETUKY
BUBUJILHEHHS KaJbI[1d MAHTOTEHATY 3 MOJIMEPHUX OOOJOHOK XITO3aHYy 3aJICKHO
Biz pH cepenoBuia i remneparypu (A =220 HMm).

J_LD

Puc.1. YcranoBka 1jisi BAMIpIOBaHHS KIHCTUKH BUBUIBHEHHS KaJbI[Id MTAHTOTCHATY 3
X1TO3aHOBUX MIKPOEMYJbCIi: 1 — OJIOK JKUBJICHHS; 2 — MarHiTHA MilIanka; 3 —
MIpHHH CTakaH, 4 — BojAsHA OaHs; 5 — miami3Ha MeMOpaHa.

Pe3yabTaTn Ta iX 00roBOpeHHs.

JociizkeHHsT  CTa0WIBHOCTI  MIKpOeMyJibCiil, OTPHUMAHUX  METOJO0OM
MeMOpaHHOI emyJibcudikamii

MetogoM JAMHAMIYHOTO PO3CIFOBaHHS CBITJA JIOCHIPKEHO CTaOlIbHICTh
MIKPOEMYJIbCIM  XiTO3aHy, OTPUMaHMX METOJ0M MeMOpaHHOi eMyibcudikarii
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(puc. 2, puc. 3, puc. 4). Unm OinbIna cTabUTEHICT OJIEP’KAHOT €MYIIbCil, TUM O1TBIINT
TEPMIH MPUJIATHOCTI TAKUX CUCTEM 1 THUM OulbINa iX epeKTHBHICTh. BuMiproBaHHS
CTablJILHOCTI OTPUMAHUX CHCTEM MPOBEACHO B JICHh OTPUMAaHHS, Yepe3 JiBa THIKHI 1
4yepe3 COpOK JIHIB. YNIPOJOBXK BKA3aHOTO Yacy PO3MIp YaCTHHOK MIKpOEMYJIbCii
KoJuBaBcsa y miamazoHi Big 250 mo 320 HM. Hesnauyne BiIXwieHHS y po3Mipax
YaCTUHOK  CBIIYUTH TMPO Te, 10 MIKpPOEeMYJbCii  XiTO3aHy /O  SKHUX
IMMOOUTI30BAHO ITAHTOTEHAT KAJBIIIO € CTA0UILHUMH.
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Puc. 2. CTabuibHICTh MIKPOEMYJIBCIH Y MEPIIHNi IeHb OTPUMAaHHS.
Cknan emynbcii: 280 HM — 99,3 %, 4490 um — 0,7%.
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Puc. 3. CTaOupHICTh MIKPOEMYJIBCIH Yepe3 1BA TUKHI.
Ckman emynbcii: 250 am — 99,8 %, 3360 am — 0,2%.

3 s A

1 xﬁ 5
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Puc. 4. CtaOinpHICTh MIKPOEMYJIBCIH Yepe3 COPOK JIHIB.
Cxknan emynbcii: 320 am — 100%.

JocaigkeHHs] KiHETMKH BHUBLIBHEHHS NAHTOTEHATY KAJbUIKO 3aJ1€KHO
Bil TeMnepatypu

JlocmimkeHHsT ~ TeMIepaTypHOi  3aJ€KHOCTI  JO3BOJIJIO  PO3paxyBaTH
3HaUYCHHS eHeprii aktuBamii E,, BemuunHa SKO1 M03BOJSE BCTAHOBHUTH XapaKTep
B3a€EMOJIII MDK 1HKANCYJhOBAaHOK PEUYOBHMHOIO (KajbI[ii TMAHTOTEHATOM) 1
MOJIIMEPHOI0 000JI0HKOIO (XiTO3aHOM). Beranosneno, mo npu pH = 5,5 cepenne
3Ha4YeHHs eHeprii aktuBaiii mgopiBHOe E, = 58,66 x/[x/monb. Ile o3Hauae, 1o
BUBUIBHEHHS JIIKAPCHKOTO TMpernapary BiOyBa€eTbCAd Yy KIHETHUYHIM 00JacTi Ta
CBIIUUTh TPO HASABHICTh XIMIYHOI B3a€EMOJIIi MK  XITO3aHOM 1 MaHTOTEHATOM
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KaJIBIIif0, IO 3a0e3euye MPOoJIOHTOBaHY Aito npenapary. [Ipu 3smenmenni pH mo 2,0,
BEJIMYMHA CEPEIHBOTO 3HAUCHHS €HEeprii aKTUBAIlli TaKOK 3MEHIINYETHCS 1 JOPIBHIOE
Ex = 24,07 x/lx/Monb. 3a Takux yMOB XIMIYHI 3B’SI3KM MIXK XITO3aHOM 1
MAHTOTEHATOM KaJbIlII0 MOCIA0TIOIOTHCS, JIMITYIOUOK CTali€l0  BUBUIbHEHHS
JIKapChKOro Tipemnapary € audysisg, ToOTO BUBUIBHEHHS IIpenapTy BigOyBaeThCs
3HAYHO MIBUJIIIE, a HOT0 TepaleBTUYHA Jisl 3MEHIYeThCs (puc. 5a i puc. 56).
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BucnoBku. BianpanboBano MeToauKy iMMoOLUTi3allii Kalublllid MaHTOTEHATY
70 MIKpOEMYJbCIH Ha OCHOBI XITO3aHY, OTPUMAaHUX METOJIOM MEMOpaHHOI
emynbcudikaimii. MeTolIoM TUHAMIYHOTO PO3CIIOBAHHS CBITJIA JOCIIHKEHO
CTaOUIBHICTh €MYJIbCIH B JIEHb OTPMMAaHHS, Y€pe3 J[Ba THXKHI 1 4epe3 COpOK JHIB.
YIpooBXK BKa3aHOTO TEPMIHY CEpEIHIM pO3Mip YAaCTHHOK MIKPOEMYJIhCIi
BapitoBaBca y aiamazodi Bix 250 mo 320 HM, IO B IIJIOMY CBIAYHUTH MpPO
CTallIBHICTh OTPUMAHUX MIKOEMYJibCil. Po3pobiieHo amaptypHe 0hOpMIICHHS
JUISl BUMIPIOBaHHS KIHETUKU BUBIJILHEHHSI KaJIbIiil TAHTOTEHATY 3 MIKPOEMYJIbCIH
xiTo3any. Jocnimkeno BmmB pH cepenoBuia Ha MIBUAKICTE BUBUIBHEHHS
KaJIbLlIil MaHTOTEHATy 3 MIKPOEMYJbCIH Ha OCHOBI XiTO3aHy MeToaoM Y O-
cnektopockormii. I[lponoHroBana pisi mpemapary 30uUIbIIyeThesi Big pH=2 no
pH=9. JlochimxeHo BIUIMB TeMIlepaTypyd Ha KIHETUKY BHBIJIBHEHHS KaJIbLIii
nantoteHary. l[lokazaHo, mo B kucioMmy cepenoBuili (pH=2) BuBIIbHEHHS
BiOyBaeThcss y AudysiiHii obnacti, a mnpu 30ubmenni pH (pH=5,5)
BUBUIbHEHHS BIJJOYBA€THCS Y KIHETHUHIN 00J1aCTi.

Jliteparypa.

1. S.Gehrmann, H.Bunjes, Influence of membrane material on the production of
colloidal emulsions by premix membrane emulsification// European Journal of
Pharmaceutics and Biopharmaceutics. -2018. - V.126/ -P. 140-148.

2. JWu, Q.Fan, G. Ma, Uniform-sized particles in biomedical field prepared by
membrane emulsification technique// Chemical Engineering Science. -2015. — V.
125. - P. 85-97.

3. Vladisavljevi¢ G.T. Preparation of microemulsions and nanoemulsions by
membrane emulsification // Colloids and Surfaces A: Physicochemical and
Engineering Aspects. — 2019. — VVol. 579 . — P. 1-45.

4. E. Piacentini, M.M. Dragosavac, L. Giorno, Pharmaceutical particles design
by membrane emulsification: preparation methods and applications in drug deliver//
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11. AOCILKEHHA HIPOLECY 3BOPOTHOI'O OCMOCY IIPH
PO3JALIEHHI YJIBTPA®LIbTPAHIMOHI'O IEPMEATY
HICJIACIIMPTOBOI 3BEPHOBOI BAPAU

Amnpapiid My3uuenko, Jlronmuiaa Koprienko
HamionanpHu#t yHIBEpCUTET XapUOBUX TEXHOJIOT1H
KornienkoLV@ukr.net

Beryn. [lutanHs yooCKOHaNEHHS TMTPOIECIB 1 TEXHOJOTIH mepepoOKu
MICTACIUPTOBOI  OapAM € aKkTyalbHMM Ha ChOTOAHIMIHIA 1eHb. [locmimoBHe
BUKOPUCTAHHSAM TIPOIECIB yAbTpadiabTparii Ta 3BOPOTHOTO OCMOCY, 3 BHITYYCHHSIM
BHCOKO- Ta HHM3BKOMOJICKYJSIPHUX CHOJIYK 3 (yrary Oapau, Aa€e MOXIHUBICTH
OTpUMATH YUCTY BOAY, 1[0 MAa€ MPUPOIOOXOPOHHE 3HAYCHHSI.

Marepianau i meroamu. [{ociikeHHS MPOBOJWIM HA YCTAaHOBIIl TYIMiKOBOTO
tunty. EdextuBHa mioma MemMOpaHU CTaHOBHIIA 1,38-10° % ExcniepumMenTanbHi
JOCHIKEHHsT OyJiM TIPOBEIECHI Ha 3pa3kax MICISICIUPTOBOI 3€pHOBOI  Oapiw,
orpuManoi Ha 3aBoji JI1 «YepBoHocnoOiackkuii cniupT3aBoa» KuiBchkoi 00:1. mpu
BUPOOHHUIITBI CIUPTY €TUIOBOT0. BUKOpHCTOBYBaIM 3BOPOTHO OCMOTHYHI MEMOpaHU
HanoPo cepii K (3AT «PM Hanotex»).

Pesyabtaru. Ilepmear, oTpumaHuii B pe3ynbTari yIbTpaduIbTpariiHOTO
po3auieHHst ¢dyraty micascnuptoBoi Oapau mictuthes Big 0,8 mo 1,2% cyxux
PEUOBHH, a TAKOXK MiHEpaIbHI PeYOBHHH B fiamasoHi Bix 1043 mo 1376 mu/nm®, Tomy
HOro Ha Hally JYMKY JOLIJIBHO Joo4HIryBartu [1].

JlochipkeHHsT poLecy 3BOPOTHOTO OCMOCY TMapajieIbHO MPOBOIMIN AK IS
pO3AiIeHHS yIbTpadUIbTPAIliiHOTO TepMeaTy, Tak 1 JIa Gyrary MicasCIIAPTOBOL
Oapau. Ha mepmomy eram €KCIIEpUMEHT MPOBOAWIIM TPH CTaJili TeMIepaTypi
po3unHiB 20°C, 06’em ctanoBuB 100 muI, THCK 3MiHIOBaJIM B Aiama3oHi Big 2 1o 8
MIla. Pe3ynbpTaTu npencrasiieHi Ha puc.l.
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Puc.1. 3anexHicTb MUTOMOT MPOAYKTUBHOCTI BIJl TUCKY MiJ 4ac MpOLECy 3BOPOTHOTO
ocmocy: 1- ynprpadinbrpartiiinuii nepmeart; 2-QpyraT micasICOIUPTOBOI 36pHOBOT
Oapau
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[3 30iIblIEHHSM THCKY MPOAYKTHUBHICTh MEeMOpaHU TMpU  PO3UICHHI
yIbTpadiabTpallifHOrO mepMeary mpomnopiiiHo 3pocrae (puc.l, kpua 1).I10o
CTOCYEThCSl PO3/UJIeHHs ¢yraTy miciascnuproBoi Oapau (puc 4.1, kpuBa 2), TO
30UIBIIICHHS THUCKY MaJl0 BIUIMBAE Ha TMPOAYKTUBHICTH MeMOpaHu. MoxkHa
NPUIYCTUTH, IO BIIOYBAETHCS SBUILE KOHUEHTpPAIIHOI Moispu3alili ToMmy, M0
BHCOKOMOJICKYJISIPHI CIIOJIYKH, SIKl He OyJIM 3aTpuMaHi B IpoIieci yabTpadiibTpaliii,
OCiJal0Th Ha TOBEpPXHI MEMOpaHH, B HACHIIOK 4YOro (QopMyeThcs IgUHaAMIYHA
MeMOpaHa. TOUYKOIO TeNeyTBOPEHHsS B HAIIOMY BHUIAAKYy MOKHAa BBa)KaTH TUCK 6
MIla. Ha moBepxHi MemOpanu (GopMyeTbcs TeJEeBUN 1Iap, SKUW MPU3BOAUTH O
PI3KOTO 3pOCTaHHA TIAPABIIYHOTO OMOpPY MeMOpaHu. [3 30UIbLIEHHSM THCKY
BiJI0YBA€THCS YIIIIBHEHHSI, BHACIIOK YOTO MATOMA MPOTYKTUBHICTh 3MEHIIYETHCS.

OnHi€l0 3 HaWBAXKIMBIMIMX XapaKTEPUCTHK MEMOpaH € 3aTpuMyBalibHA
3maTHiCTh MeMOpanu. Ha puc.2 300pakeHi 3aj1eXHOCTI 3aTpUMYyBajbHOI 37aTHOCTI

meMOpanu HanoPo Bix Tucky.
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Puc.2. 3anexxHicTh CEEKTUBHOCTI MEMOpPAHU TTO MIHEPAIIBHUM PEYOBUHAM BIJ]
TUCKY: |- yabTpadinbTpalliitHuil mepMeart 3epHOBO1 6apau; 2-GiabTpaT 3epHOBOT
Oapu micis neHTpudyryBaHHs

3 miABUIIIEHHSM pOO0YOr0o TUCKY 3aTpUMyBajibHa 3AaTHICTh MeMOpaHU 3pOCTaE,
10 CIIPUYMHEHO 3MEHIIICHHSM KOHIICHTpallli pO3YMHEHOTO KOMIIOHEHTA B IEpMearTi.
Haiibinpiia CeneKTUBHICTh JOCATAEThCS MPU TUCKY B Jiama3oHi Big 4 go 6 MIla.
Pazom 3 THM, 13 301IbIIEHHSIM POOOYOro THCKY 3pOCTalOTh €HEProBUTPATH, TOMY B
MOAAJIBIINX JOCHIIKEHHAX puitmMaemo podounii Trck 4 MIla.

BucHoBkn. BcTaHoBieHO, 110 HaAWOLIBII 1HTEHCUBHO MPOIEC 3BOPOTHOTO
ocMocCy  yiabTpaduibTpaliiiiHOro mnepmeary Ta (yraTy nicasacnupToBOi Oapau
B110yBaeThCs 32 yMOB TUCKY 4,0 MIla, npu 1bOMy CEEKTUBHICTh MEMOPaHU MApPKH
HanoPo no MinepaisHUM pedoBUHAM CTaHOBUTH 95-97 %.

Jliteparypa.

1.Kopnienko JI.B. Jlochimkennas mporiecy yapTpadiapTparlii micascnupTOBOi
3epHoBoi Oapau /JI.B. Kopauenko, FO.I'. 3mieBcrkmii , B.I'. Muponuyk // BicHuk
XapKiBChKOTO HAITIOHAILHOTO TEXHIYHOTO YHIBEPCHUTETY CLILCHKOTO TOCIOJApCTBA
imeni Ilerpa Bacunmenka «CyuacHi HampsIMKH TEXHOJIOTIT Ta MeXaHi3allli MmporieciB
nepepoOHMX 1 XapuoBUX BUPOOHHMIITBY. - XapkiB, 2014. Bum.152. C. 156-161.
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12. KOMIIO3HUTHI YJIbTPA®LIBTPAIIMHI MEMBPAHH 3
IHKOPIIOPOBAHUMMU JUCITEPTOBAHUMHU OKCUJAHUMU

HAHOYACTUHKAMUA
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Bosogumup 3axapos

HanionansHuii YHiBepcuteT XapuoBux TexHonoriin
saharoff.911@gmail.com

Beryn.  YaerpadineTpalliiiHe OYMILEHHS IIMPOKO 3aCTOCOBYETHCS IS
BUJAJIEHHS KOJOiJHUX YAaCTUHOK 3 BOJHMX Ta HEBOJHUX CEPEJOBHIL. Y XapyoBId
IIPOMHUCIIOBOCTI yJIbTpadiIbTpallis BUKOPUCTOBYETHCS TTPU BUPOOHUIITBI HATIOIB, IS
3HEKUPEHHS MOJIOKA, KOHILEHTPYBaHHS COKIB, SIK €Tall, 110 Iepeay€e 3BOPOTHHOMY
ocmocy. OCHOBHOIO TpoOJIEeMOI0 (DUIBTpaIlli € 3MEHIIEHHSI MPOHUKHOCTI MeMOpaH
yepe3 3a0pynHEeHHs opraHikoro. MemOpanu moTpeOyroTh XIMIYHOI pereHeparlii, ska
nependayae arpeCMBHI peareHTH. 3MIHIOIYHU T1ApOdUIBHICTh TOBEPXHI MOJIMEPHUX
MeMOpaH, JIOCSATalOTh MOKpaIIeHHS OmMopy MeMOpaHu 110  3a0pyTHEHHS.
3aCTOCOBYEThCSI pAJl HEOPTaHIYHUX CIOJIYK B SKOCTI MOAM(DIKATOPIB, HANPUKIAJ,
rigpodocdar UPKOHIO, TiApaToBaHWK Jaiokcua mupkoHito [1], okcua 3amiza (I11).
MoaudikyBaHHs 103BOJISIE TI1ABUIIUTH MPOHUKHICTD PIIMHU Ta 301JIBIIUTH CTIHKICTh
710 3a0pyAHEeHHs 0€3 T0CTaTHIX 3MIH MEMOPaHHOI CTPYKTYpPH.

MarHiTHi 4YacTMHKH - MoAudiKaTop, SKUW TOKpallye (QYHKIIOHAIbHI
BJIACTUBOCTI MOJIMEpHUX MeMOpaH. MeMOpaHna, 1110 MicTUTh HaHoyacTuHKH Fe3O,4 Ta
YaCTUHKHM OKCHAY TIpadeHy, JeMOHCTPYE BUCOKY MPOMYCKHY 3/aTHICTh Ta BUCOKHUMN
CTYIHb PO3AUICHHA. AZICOPOIIiifHA 3MaTHICTh 301IBIIYETHCS 32 PAXyHOK MOJIMIIIEHHS
riApo@uUIbHOCTI, 3 OJHOTO OOKy, Ta HYKJICOPUIbHUX (YHKIIOHAIBHUX TpYN Ha
MOBEPXHI HAHOYACTUHOK, 3 1HIIOro. MeTtor poboTtu Oyno OTpUMaHHS OpPraHo-
HEOpPraHIYHUX MEeMOpaH, M0 MICTSITh HEOPTaHIYHWA MarHiTHHN MoaudikaTop, Ta
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BCTAHOBJICHHS BIUIMBY HAIMOBHIOBAYa HA PO3LILYY 37aTHICTh KOMIIO3UIIHHUAX
MeMOpaH Ta iX CTIMKICTh MPOTH 3a0pyAHEHHS.

Marepiaim i wmeroam. VYibTpadiunbTpaliiiHi MeMOpaHU (BUTOTOBJIEHI
[HcTUTYTOM (bi3MKO-OpraniuHoi ximii HarionansHO1 akamemii Hayk PecmyOmiku
binopych) BHKOpPHUCTOBYBaJIMCh B SKOCTI BHXIJIHOI MiAKIagkH. Marepiaau
CKJIQIAI0ThCS 3 MaKpOMOPHUCTOTO CyOCTpaTy, SIKHA MICTUTh HAATOHKHA aKTUBHHUU
map (nomicynbdony (PS) abo nomiakpunonitpuiny (PAN)). MarHiTHi HaHOYACTUHKH
(MNP) BaFe;;0;9 cunTE30BaHO 3rigHO 3 [2]. ®DikcyBajim YacTHHKHA y IOpax
MeMOpaHu 3a JOTIOMOTOI0 TiJpaToBaHOTO mAiokcuay mmpkoHiro (HZD). MNP
mucniepryBainu B 30i1i HZD npu 3actocyBanHi ynbTpa3BykoBoi akTuBarii (30 kI'm).
HZD i MNP cninpHO ocamkyBamu Oe3nocepenabo B modimepi 3 0,1M po3unHOM
NH;OH. Mem6pany cymmma npu 50°C i ouumand yasTpa3sByKOM IS BUIAJIEHHS
ocany 3 30BHIIIHBOI MOBepxHi. OTpuMaHO MeMOpaHH, 10 MICTAThH JHUIIE YaCTUHKU
HZD. Mopdoorito MeMOpaH TOCTIIKYBaId 32 JOTIOMOTOI0 CKaHYI0UYO01 €JIeKTPOHHOT
MIKpOcKoIii. 3HaueHHs1 (PpaKTaJbHOI PO3MIPHICTI arperatiB 'y MaKpOIOPHUCTOCTI
MIIKIAII OI[IHIOBAIA METOJOM TMiJApaxyHKy KyOiB, TPHAHTYJIII Ta 3a CHIJIOIO
cnektpa. Jlas TecTyBaHb MPOIYCKHOI 3/IaTHOCTI MeMOpaH BHUKOPHCTOBYBAJIH
BOZOMpPOBinHy Boxy. Konuenrpauiro Ca’*, Mg*" Bu3Hauannm aToMHO-aGCOPOIiiiHIM
MeronoM. BukopucrtoByBanmu cik 1ykpoBoro Oypsky (ITAT "CanuBOHKIBCHKHIA
IyKpoBui 3aBoa"). BMmicT pocivHHUX O1IKIB BU3HAYAIU Y BUKOPUCTAHHSIM OapBHUKA
Coomassie brilliant blue G-250. OmiHroBaiM CEICKTHBHICTh MEMOpaH ¢, Ta
MPOITYCKHY 3/1aTHICTh MEMOpaHH, IOTOK mepMiaty J.

Pesyabtatu. SEM-300paxkennss memOpanu PAN HaBeneni Ha puc. 1 a, 0.
MikpornopucTta MmiKJIagKa CKIAJAA€TbCsl 3 BOJIOKOH, pO3MIp sIKUX cTaHOBUTH 10-20
MKM. AKTUBHHH IIap, KM HAHECEHO Ha MIJKIAJIKY, YTBOPIOE MEMOpaHy, 3/1aTHY
3aTPUMYBATH KOJIOi/IH1 YACTUHKH.

Puc. 1. CEM 300pakeHHs BUXiHOI (8, 0) Ta MoaudikoBanoi (B, r) PAN memOpanu:
aKTUBHHI 111ap (8) Ta Makpornopucra miakiaaaka (0-r). Moaudikarop:
onHokomnoHeHTHU! HZD (B) Ta nBokoMnonenTHuit HZD 3 nucneproBanumMu
gactuakamu MNP (r).

VY Bumagky ocapkeHHs y memOpani momudikaropy HZD, uwactunku, po3mip
SKUX CTAaHOBHUTH JI0 5 MKM, 3HAWJICHI y MakKpOmopucTid migkmamm (puc. 1B). Y
BUITAJIKy JIBOXKOMIIOHEHTHOTO Mojaudikaropy, mo mictute MNP, po3mip gactuHOK
HaIOBHIOBaYa CTaHOBUTH A0 2 MKM (puc. 1r). Po3paxoBano ¢pakTanbHy po3MipHICTb
arperatiB (2,4-2,7), TakuM YHHOM, JIIMITYIOUOK CTAJI€0 1X YTBOPCHHS IIiJl Yac
oca/pKeHHs1 € Jnudy3is TMEepBICHUX HAHOYACTUHOK. MexaHi3M mepeadadyae
MPUIAITAHHS YaCTHHOK JI0 HEBEIHMKHUX arperaTiB (Moaenb DLA). YV Hamomy BUIIAAKY
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gyactuHkn MNP, BoyeBHIb, € [IOAATKOBUMM LEHTpaMHM oOcakeHHs. llpm
OapoMeMOpaHHOMY OUMIIEHHI COKY I[yKpOBUX OYypsIKIB 3 BHKOPUCTAHHSAM
MOAM(DIKOBAaHUX MEMOpaH OyJIM JIOCATHYTI MIJBUINCHHI 3HAYCHHS CEJICKTUBHOCTI T10
BIIHOIIIEHHST 70 pociauHHuUX Ou1kiB (PB). ®inbTpartiero coky ITOCATHYTO HOro
ocBiTIIeHHs. PocnuHHI OiKkM yacTkoBO audyHAyBaau y nepmear. [lokazaHo, 1o
Moau(iKallisl HAaHOYACTUHKAMM IOKpAIly€e 37aTHICTh MEMOpaH BUIAUIATH 11 IIHHI
KOMIIOHEHTH  (muB.  Tabmuiro ). BummMmMu  3HaYeHHSIM  CEJEKTHBHOCTI
oxapaktepusyBaiuch MemOpanu, mo wmictate MNT. Kpim Toro, momudikyBaHHS
TIIBUIINJIO CETIEKTUBHICTH MEMOPAH JI0 10HIB JKOPCTKOCTI.

Tabnuys
@inbTPyBaHHS MPHU THCKY 2 (ap.
Boaa Cik nykpoBoro 0ypsika
%),
Memopana J w2 e %E’:Iz;), Joi*m? e ¢ (%), PB
Mg“~*
PAN 1.1x10° 6-7 1.1x10° 16-26
PAN+HZD 5.9x107 8-19 3.8x107 58-77
PAN+HZD+MNP 9.5x107’ 7-20 4.3x107 78-87
PS 2.3x10° 2-3 2.4x10° 6-13
PS+HZD 5.7x107’ 5-7 5.5x107 38-49
PS+HZD+MNP 3.6x10° 5-6 5.7x10” 55-60

BucnoBku. Ilpu monudikyBaHHi yapTpa@iibTpaliiiHUX NOJIMEPHUX MeMOpaH
yacTUHKaMu HZD KOMIIOHEHT ocifa€e 1 yTBOPIOE arperaTtd SIK B MAaKpOIIOPHCTIM
IiJJI0KII, Tak 1 B akTuBHOMY Immapi. JlomaBanus kommonenty MNP wa craxii 301
3a0e3neuye yTBOpeHHA MeHmux dYactok HZD. BusBneno, mo ¢yskiis MNP
npuckoproe audysito ocamxeHux HaHouactuHOK HZD. B pesynbrari momudikarrii
KOMITO3UTHA MeMOpaHa IEMOHCTPYe HE3HauHe MojimmeHHs posainenns Ca”*, Mg®*
Ta BUILE PO3AUICHHS POCIMHHHUX OIJKIB TMOPIBHSIHO 3 BUXIAHUMHU MeMOpaHamu.
Mopaudikyrounii edheKT HalOIIbII BUpaXKEHUH i nojiiMepHoi MmemOpanu PAN, sika
XapaKTepU3yeTbCs MEHIIMMU TMOpamMH dYepe3 CBI aKTUBHUI LIap MOPIBHSAHO 3
MeMmOpanotro PS. HeopraniuHi KOMMO3UTH JAEMOHCTPYIOTh  aHTU(DAYIIHTOBI
BJIACTUBOCTI 3aBASKM JOJATKOBIM Tiapodiaizaiii mojiMepHoi OCHOBU. MemOpaHu
MOKHa PEKOMEHIYBAaTH JJIsl OUYMILIEHHS BOJIM Ta MEPEPOOKU CHPOBHHM Ta BiIXOIIB
Xap4yoBO1 MPOMHUCIOBOCTI.

Jlireparypa.
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13. OYMIIEHHSA NPUPOJHOI BOJU BIJ OPTAHIYHUX
3ABPYJHEHb MOAUPIKOBAHOIO KEPAMIYHOIO MEMBPAHOIO

Tersana AyabHeBa, Jlroamuia depemeniko
[HCTUTYT KOMOiMHOT X1Mmii 1 Ximii Boau iM. A.B. Jlymancekoro HAH Vkpainu
t dulneva@ukr.net, colal3@ukr.net

FOuis IloBaposa

HanionansHuit TeXHIYHUMA YHIBEpCUTET Y KpaiHU

«KuiBcpkuii moniTexHiuHui i HCTUTYT iM. [. CikOopcbKOT0»
povarova97@gmail.com

Beryn. Bigomo [1], 1m0 HasSBHICTP OpPraHIYHUX PEUYOBUH Yy MPHUPOJAHIA BOI
noripiuye ii sSKicTb — KOJIp, CMaK 1 3amax, MepenIkoakae 6iomoriyHoMy Oanancy i
caMOOYMIIeHHIO. JIJis OLIHKM BMICTY Yy MNPUPOAHMX BOJAaX OPraHIYHUX PEUYOBUH
BUKOPUCTOBYIOTh Ha MPAKTHIl HAWYacTillle BU3HAYEHHS 3arajilbHOr0 OPTaHiuHOTO
Byrierto (30B). 3rimno 3 JICTY 7525:2014 3HaueHHS TpaHUYHO-IOMYCTHMOT
koHneHTpanii (I'’JIK) 30B y mnuTHIA BoAI IIEHTPAIi30BAaHOTO BOJOIOCTAYaHHS
cranoButh 8,0 MrC/om®, a HementpamizoBaroro — 1,5 mrC/mv® (JICTY 7525: 2014.
Bona nutHa). [IpupoHi BOAM MICTATh OpraHiuHi PEUOBHHU B MOPIBHIHO HEBUCOKHX
KoHIeHTpalisx. CepeaHss KOHIEHTPAIlli OPraHIYHOTO BYTJICIIO0 B PIUKOBUX 1 03€pHUX
BOJIaX Haifuactime He nepesurye 20 mr/om° [2].

JUist ounIeHHS BOAW BiJI MPUPOJHUX OPraHIYHUX 3a0pyAHEHb, BKIIIOYAIOYH
TYMIHOBI PEYOBUHH, OUIKH, BYTJIEBOJIHI, JITHIHU ¥ 1HII CIIOJYKH, IO CHHTE30BaHI
riApoOIOHTaMH, BHUKOPHUCTOBYIOTh KOAryJjsililo, XIMIYHE OKHUCJIEHHS, aJcopOLiio,
10HOOOMiHH1 Ta MeMOpaHH1 TexHoJjorii. OgHaK, Taki MeToau abo € T0poruMu, abo He
3agxau 3a0esneuyrorb ['JIK 30B y nutHiii Bomi. ToMy BHUHHKAae HEOOXITHICTb
PO3pOOKH HOBHX €(DEKTUBHIIIMX MPOLECIB OYUIIIEHHS BOAM B1J] OPraHIYHUX PEYOBHH.
[lepcriekTMBHUMU y IIbOMY BIIHOIIIEHHI € OapoMeMOpaHH1 METO/IH, K1 Peati3yrThCs
Ha KepamiuHux MemOpanax [3]. Taki meMOpaHu MawTh HHU3KY MepeBar Haju
MOJIIMEPHUMHU: BOHHU MIITHIII, CTIAKINN 7O Aii TUCKY Ta TEMIIEpaTypH, arpeCUBHHUX
CEPElIOBHUIll, MIKPOOPTaHI3MiB, TPOCTO PEreHEPYIOThCS 3BOPOTHUM TMOTOKOM
OYMIIICHOI BOJIH (IIEpMEaTOM).

Mera ganoi po6oTH mossirajia y BU3HAUCHHI MapaMeTpiB MPOIECY OYHUIICHHS
JTHITTPOBCHKOT BOAM BiJ OPTraHIYHUX PEYOBUH MIKPODIIBTPAIIITHO TpyOUacToro
KEpaMIYHOI0O MEMOpaHOI0 3 TJIMHUCTUX MIHEpaliB, ska MoAU(IKOBaHA PI3HUMHU
pEYOBHUHAMM.

Marepiaiam i meroau. J{ocmipKeHHST 3 OYUILEHHS MPUPOJIHOT BOJIU MPOBEICHI
Ha JOCHIJHIM OapoMeMOpaHHIN yCTaHOBI, 1[0 TMpalioBajla B MNPOTOYHO-
PELUPKYJIALIAHOMY pexuMi. Y Hiil BUKOPUCTAHO MIKpO(UIbTpaLiiHy KepaMiuHy
TpyOuacty MeMmOpaHy 3 TJHMHHCTHUX MiHepaliB, sika po3pooneHa B IKXXB
iM. A.B. lymancekoro HAH VYkpaian (TY VYV 29.2-05417348-014:2014 MemOpanu
kepamiuHi «Kepama»). B ekcnepuMmeHTax BHKOpHUCTOBYBaiu Boay p. JHIIpo B
parioni M. KueBa. AHani3 po3unHiB Ha BMICT B HUX 3aBUCIUX PEUOBHH 3/I1MCHIOBAIU
srimao  JICT 3351. Konnenrpamirto 30B BH3Hauaam METOJOM KAaTAIITHYHOTO
cnaitoBanHs Ha npuiaai Shimadzu TOC-V CSN.
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3a pe3ynabTaTaMu €KCIEPUMEHTIB po3paxoByBain kKoedimieHT 3aTpumku R (%)
30B i muromy npoaykTHBHICTS J, (MY/(M*T01)) MEMOpaHH.

PesyabraTu. /{11 ounineHHs JHIIPOBChKOI Boau (/[1B) Bij opraHiyHHUX PESUOBUH
BUKOPHCTOBYBaJIM KepaMmiuHi MeMOpaHH, IONepeaHbo MOoau(]iKoBaHI pPIZHUMHU
peuoBuHamu  (rigpokcocmonykamu  Al(IIl),  kKykypyassHuM — Kpoxmaiem,
MOHTMOPHJIOHITOM), 1110 (hOpMYBaJIM Ha ii MOBEpXHI IMHAMIYHY MeMOpany ([IM), mis
3a0e3MeueHHs CcTab1IbHOT pOOOTH SKOi HEOOX1AHO MOCTIMHO J0JaBaTH 0 PO3UYHHY
MeMOpaHOMATPUMYIOYY JT00aBKYy 3 KOHIICHTPAII€I0 B KiJbKa pa3iB MEHIIO, HIX
KOHIICHTpAIliss MeMOpaHO(pOpMYyI0U0i T00aBKH.

VY Ttabn. 1 mokazaHo, mo quHaMivHO Moau(ikoBaHa rinmpokcocmorykamu Al(I11)
KepaMiuHa MeMOpaHa 3aTpuMyBaja 3a ONTUMAJIbHUX YMOB OpraHIdHI pEYOBHMHU HA
66,1 — 70,6 %. Taki pe3ynpTaTi maBanu 3mory ounmatu JIB mo mopmu I'JIK 30B y
MUATHIA BOJI IS IETPaIi30BaHOTO BojomocTtadaHHs. [Ipu mpoMy 3HAYCHHS
KOHIIEHTpanli 3aBuciux pedoBuH y nepmeari (C,,, 3P) nocsramm ix I'IK mig nutHoi
BOJIH.

Tabauys 1.
Brums TpuBaJjiocti () npouecy ounmenns /IB na R 308, C,.,, 308, C,,, 3P
Ta J, KepamMiuHoi MeMOpaHu, 1o MoaudikoBana rigpoxcocnoaykamu Al(111)

3

7, TO/I. R 30B, % Cup30B, | C,p 3P, Mr/mm® | Jy, MY/(M°-TON)
mrC/mm’
0,5 70,6 3,3 0,2 0,20
1,0 70,6 3,3 0,2 0,15
2,0 68,7 3,5 0,1 0,12
4,0 66,1 3,8 0,1 0,11
[pumitka: C,, 40 Al(I11) — 80,0 Mr/IM; Co o Al = 16,0 Mr/om®;
Co30B — 11,2 mr/mm®, pHy — 6,5; P — 1,0 MITa.
[Ipu wmonudikyBaHHI y JUHAMIYHOMY pEXHMI KepaMmiuHOi MeMOpaHu

KYKYPYI35HUM KpOXMaJleM pe3yibTaTu ounileHHs [IB Oynu nenio iHmmMu (Tadsn. 2).
Ocob6nuBicTIO 1OTO Tpolecy Oyino Te, mo 3HaueHHs Cp30B y JIB 3pocrano 1o
20,1 MrC/nM° 3a paxyHOK HAasBHOCTI y Hiif MEMOPaHOMIATPHMYIOHOi HOGABKH 3
kpoxmaino. 3HaueHHa C,., 30B nocsrano nopmu ['’IK 30B g nenTpanizoBaHOro
BOJOINOCTaYaHHs MPOTIroM ychoro ekcnepumenty, a C,,, 3P — micna 1,0 ron Bia
nmoyaTky ekcrnepumeHTy (Tadn. 2). OpHak, Taka MeMOpaHa XapaKTepu3yBajacs
HabaraTo HUXKYOI MUTOMOIO MPOTYKTUBHICTIO, HIK MOMEPEIHS.

BpaxoByroun, 110 MOJIEKYJTH KPOXMAIIIO BITHOCITHCS J0 €IEKTPOHEHUTpaIbHUX,
MEXaHi3M JIii JHHAMIYHOT MeMOpaHHM 13 i€l PEYOBMHU MOYKHA BBaYKATH CTCPHYHHM.
[Ipo 1me TakoX CBIMUWIM pe3yJdbTaTH, IO OTPUMAaHl IHIIUMH aBTOPAMH TIPU
OYHIIIEHH] PO3YHHIB BiJ COJICH TMHAMIYHOKO MeEMOpaHOIo 3 Kpoxmaiio [4, 5].

Huspkoro Oyna 3arpumka 30B (R 20,6 %) mpu oummenni JIB (Co30B —
10,0 mr/am®, pHo —7,3; P — 1,0 MIla; 7 — 120 xB.) KepaMidyHOIO MEMOpPAHOIO, IO
MOAU(IKOBAHA Yy  JUHAMIYHOMY  PEXUMI  [JIMHUCTUM  MIHEpajJoM  —
MOHTMOPHUJIOHITOM. [{e MOKHa MOSICHUTH WOTO HU3BKOIO aJCOPOIIMHOI0 EMHICTIO JI0
OpraHiyHuX pedoBuH, siki mictwiuca B JIB. Ilpu npboMy Taka monaudixkoBaHa
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KepamiyHa MeMmOpaHa MpOSIBIsIa JOCUTh BHCOKY MUTOMY HPOAYKTHUBHICTD
(0,20 m*/(M*rox)). ITicist 120 XB. eKCIIEPHMEHTY 3aTPHMKA 3aBUCINX PEUOBHH LIEIO
MeMOpaHoto jnocsarana Hopmu ix I'JIK y nutHii Boi.

Tabauys 2.

3anexnicTe Bia TpuBaJiocTi (7) mpouecy 3navyens R 30B, C,.,,308B, C,,, 3P
Ta J, KepaMiuHOi MeMOpaHHu, 1110 MOAU(DiKOBAHA KYKYPYA3AHUM KpPoXMajieM

7, TOIL. R 30B, % Cup30B, | C,0p 3P, Mr/mm® | Jy, MY/(M°-TON)
mrC/mm®
0,5 69,6 6,1 0,5 0,05
1,0 68,6 6,9 0,3 0,03
2,0 67,7 6,5 0,3 0,02
4,0 66,2 6,8 0,2 0,02

[Tpumitka: C,, 4, .kpoxmamo — 100,0 mr/am>; Co30B — 20,1 mrC/mm®, pHo —7,7;
P —1,0 MIla.

BucnoBku. TakuM 4WHOM, JOCIIIKEHO 3aKOHOMIPHOCTI MPOIECY OYHUIICHHS
BOAM MIKpOPUIbTpALIMHUMH TPYOUACTUMHU KEpaMIYHUMU MeMOpaHamu 3 TJIMHUCTUX
MIHEpaJiB, sKI MOAM(DIKOBAHI pI3HUMH PEYOBHHAMH: TIAPOKCOCONOIYKAMU
ATIOMIHII0, KYKYPYI3STHUM KpoxmajieM 1 MOHTMoOpwioHITOM. IlokazaHo, mo ais
OYMIIEHHS JTHIMPOBCHKOI BOAM B1Jl OpraHiuHMX peyoBUH 10 HopmH iX ['JIK y nutHii
BOJI JJIA IIEHTPaATi30BAHOTO  BOJOMOCTa4aHHS JIOUUIBHO BUKOPHUCTOBYBATH
KepaMiuHy MeMOpaHy 3 TJIMHHCTHX MIHEpaJliB, IKa MOAU(IKOBAHA y JUHAMIYHOMY
pPSKHMI  TIIPOKCOCOMNOJYKaMH allioMiHiF0 mpu  KoHmeHtpamii ioHiB  Al(Ill) y
MeMmOpaHodopMyroUiii 1 MeMOpaHOmiATpUMYyrOUil mobaBkax BiamoBigHo 80,0 i
16,0 MF/I[M3, pHp —6,5; P — 1,0 MIla. Kepamiuai memOpanu, 110 0yiau MoaudikoBaH1
IHITMMU 3a3HAYCHUMH PEYOBHMHAMH, MM 32 ONTHMAIBHHX YMOB TipIi PO3ILIOBI
BJIACTUBOCTI.
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14. SHECOJIEHHSA TA TPAHUYHE KOHIOEHTPYBAHHSA XJIOPU/JIHUX
COJIOHYBATHX BOJ EJIEKTPOAIAJIIBATOPOM YJIOCKOHAJIEHOI
KOHCTPYKILII

JIroamuia lepememiko, Maprapura banakina, /Imurpo Kydepyk

[HCTUTYT KOMOiMHOT X1Mmii 1 Ximii Boau iM. A.B. Jlymancekoro HAH Vkpainu
colal3@ukr.net

Beryn. OTpuMaHHS NHUTHOI BOJAW 3 BOJ THILY COJIOHYBAaTHX 3a JIOTIOMOTOIO
3HECOJICHHS IMPOKO MPAKTUKYETHCS B PETiOHAX, SKi BIAUYBAIOTH il TOCTPY HECTady.
Opi€HTOBHO, TpPH 3arajbHOMY coneBmicti Bogm 1,5-15 1/aM° peKOMEHIYeTbCs
3aCTOCOBYBaTH 3BOPOTHHM oOcMOC abo enekrpoxmiamis. OnuHaK, OJHIEIOD 3
HaWBAKJIUBIIINX CTAlii MEeMOpaHHOI TEXHOJIOTI € IepepoOKa KOHIIEHTPATY, TOJI K
y TpoIEeCi 3BOPOTHOOCMOTHYHOTO 3HECOJICHHS XO0ua 1 YTBOPIOETHCS KOHIIEHTpPAT 3
COJICBMICTOM 3HAYHO BWIIMM, HI’K BHXIJHA BOJIa, ajie HEJAOCTATHIM JJisi MOJAJIbIIOq
nepepoOKH, TOJl SIK KOHUEHTPYBaHHS PO3YHMHIB — OJHE 3 OCHOBHHX BJIACTUBOCTEU
eJeKTpoianizHoi  TexHosorii. [lpoTe enexkTposiamizaTop, 10 BHUIIYCKAIOThCS
IIPOMHUCIIOBICTIO, MAJIONPHUJIATHI JJisi LJIeH 3HAYHOTO KOHIIGHTPYBAaHHS COJEH Y
PO3COJIl BHACHIOK MOro PO3pIIKEHHS BUXIAHOKO BOJOIO, SIKa IMPOKAYYETHCS Yepes
po3coyibHI kKamepu. Merta maHoi poOOTHM mojsirasia y JOCHIKEHHI Tpolecy
€JIEKTPO/IIATI3HOTO 3HECOJICHHS Ta TPAHUYHOTO KOHIEHTPYBAHHS MOJEIbHUX
PO3UYMHIB XJIOPDUJHHMX COJIOHYBaTUX BOJl €JIEKTPOAIaII3aTOPOM BIOCKOHAJIEHOI
KOHCTPYKI1i, 0COOJUBICTh SIKOi MOJISITA€ B TOMY, 10 B KaMEpHU KOHIIEHTPYBaHHS HE
MOIAE€THCS BUXITHUM PO3YMH, 3aB/ISIKA YOMY HE B110yBaeTbcs po30aBI€HHS PO3COJIIB,
10 J03BOJISIE OTPUMYBATH KOHIEHTPAT 3 BUCOKHM COJIEBMICTOM 1 B MIHIMAJIBHOMY
0o0’eMi (rpaHMYHE KOHIICHTPYBAHHS), IO 3HAYHO CIPOIIYE WHOTO MOJANIBITY
nepepooKy.

Marepiaau Tta metomu. [locnmiKeHHS TPOBENEHI Ha JOCHITHOMY 3pa3Ky
eJIEKTpO/I1aTizaTopa-KOHIIEHTpaTopa BJIOCKOHAJICHOI1 KOHCTPYKITIT (EAK),
po3pobienoi B IKXXB im. A.B. Jlymancekoro HAH Vkpainu. B exkcnepumenrtax
BUKOPUCTOBYBaM 10H00OMIHHI MeMOpanu MK-40 1 MA-40 3 po6040r0 OBEpXHEIO
1,0 oM koxHa. Buximmmii posunmH momaBamu B Kamepu 3Hecomenns EJIK B
IPOTOYHO-PELMPKYISLIHOMY pexuMi, ioro 06’em cranoBuB 1,0 qm°. s
IPUTOTYBaHHS MOJICIILHUX PO3YHMHIB BUKOPUCTOBYBAIM XJIOPU HATPirO Kiacudikarrii
«x.4.». Bwmict ioniB Cl" y BuXimHuxX po3umHAaxX, ALTI0ATI Ta PO3COJII BU3HAYAIH
TUTPYBAHHSIM HITpaTOM cpioa.

Pesyabtaru. IIpu BuBUeHHI npouecy enekrpoxaiamsy (EJ) Oyno BcTaHOBIEHO,
mo 3 migBumeHHsM ryctuHE crpymy (i) Bim 0,4 mo 1,0 A/mM® B pesymbTati
3HECOJICHHS PO3YMHY XJIOPHAY HATPiO0 3 BHXimHOW KoHueHTpauicro (Co) 6,9 r/mm’
npu TpuBaIOCTI mporecy T = 105 XB pi3ko 3HWXKYyBajacs KOHIICHTpAIlis IiIroara
(Cy), i mpu i =1,0 A/nm® mocsranace TJIK i Hmkde 3a iomamu Cly mumrHiit Bomi
(puc. 1, xpusa 1). B ananoriyaux ymoBax MiJBUIILYBaBCS BMICT XJIOPHUIY HATpilO B
poscoii (C,) Bin 91,3 mo 125,7 v/am° (puc. 1, kpuBa 2) B pe3y/IbTaTi 36ibIICHHS
pymriitHoi cuu nporecy EJI.
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i, Alnm?
Puc. 1. 3anexxHicTh eNeKTPo11aTi3HOTO Puc. 2. KineTnka enexkTpo/1iaiai3Horo
saecosieHHs (Cy,) (1) 1 KOHIIEHTPYBaHHS saecosieHns (C,) (1-4) i
(C,) (2) Bin rycTUHM CTpyMy IIpH koH1eHTpyBaHHs (C,) (1’ - 4" npm
BHUXIJTHOMY BMICTI XJIOPUY HATPIIO BHUXI1JTHOMY BMICTI XJIOPUTy HATPIIO,
6,95 /v i TpHUBAJIOCTI mporecy T = 105 /o 4,3 (1—1/); 6,2 (2—2/); 8,6 (3—3/) 1
XB 10,4 (44"

31 301IBbIIEHHSAM TpUBaIOCTI mipotiecy EJl po3unHiB XJI0puy HATPIiIO B IHTEpBaI
fioro BuximHEX KoHnentpamiii Co Bim 4,3 mo 104 r/mv® mpu rycrmmi crpymy
i = 1,0 A/nm® 3MeHIIyBaBcst fforo BMicT B mimoarti (puc. 2, kpusi 1-4). OxHax, SKIo
Bmict iomie Cl” mmxue ix TJIK y murwiit Boxi (250 mr/am°) 3abesmedyBaBcst pH
Co=4,31/mv’ 3a 65 xB (kpusa 1), mpu Co = 6,2 r/am° 3a 75 xB (kpuBa 2), TIpu
Co = 8,6 r/am° 3a 105 xB (kpuBa 3), To mpu Cy = 10,4 r/am° (kpuBa 4) ['JIK 3a meif xe
qac He Jocsrajacs, o MOYKHA MOSICHUTH HEAOCTAaTHHOIO BEIMYMHOKO PYIIIHHOT CHIIH
MPOIIECY B OCTAHHHOMY BHIIAJIKY.

B ananoriuHux ymoBax BMICT XJIopuay HaTpito B po3comi (C,) 3MiHIOBaBCS B
inrepsani 110,7-135,8 r/am°®, mpu 1pOMy 9MM BHIIOIO OylIa BHXiZHA KOHICHTPALIs,
TUM OUIBIIMM OYB COJIEBMICT pO3COiy (pUc. 2, KpUBI 1'-4). Jlesixe 3MeHImeHHs G 3
4acoM, OYEBHUJHO, OOYMOBJIEHO TMOCUJIEHHSM OCMOTHYHOrO Ta Ju(y3iitHOro
NEPEHOCY BIAMOBIHO BOJHU 1 10HIB Yepe3 MEMOpaHHU.

BucnoBku. IlokazaHo BHCOKYy €QEKTHBHICTh TPOIECY 3HECOJCHHS 1
IPAaHUYHOTO KOHIIEHTPYBAHHS 1MITaTiB XJOpUAHUX cojoHyBatux Boa B EJIK
yIOCKOHAJIEHOT KOHCTPYKIii, po3podsieHoi B IKXXB im. A.B. Jlymancekoro HAH
Vkpainy. BeraHosieHo, mo mpu rycturn crpymy 1,0 A/am® mpotsrom 65-105 xB
MOKHA 3HECOJIUTH PO3YMH XJIOPUY HATPIIO 3 BUX1AHOI KOHIIEHTpali€eo 4,3—-8,6 /v
o0 BMicTy xJjopui-ioHiB Hmwkuye iXx [JIK y nuTHid Boali mpu OAHOYACHOMY
KOHIICHTPYBaHHI B pPO3COJBHUX Kkamepax g0 110,7-135,8 /v, Buxopucranns
3anponoHoBaHoro EJIK st 3HEcCOJieHHS MiHEpali30BaHUX XJIOPUJIHUX BOJ 3
ITPaHUYHUM KOHIIGHTPYBAHHS pO3CONy JO3BOJSIE B TOJANBIIOMY e(hEeKTHBHO
nepepooIATH OTPUMAaH1 PO3COJIH.
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15. BIOTECTYBAHHSA BOAU P. THIITPO

Oabra Cemincbka, Maprapura banakina, Onexkcanapa Ocmajiena

[HCTUTYT KOMOIAHOT X1MiT Ta XiMii BoJIU

iM. A.B. lymancekoro HAH VYkpainu, M. Kuis
olya.sunshine@gmail.com

Beryn: [Tuthe Bomonocradanns Ykpainu npubiansso Ha 80 % 3maiiicHIOEThCS 3a
paxyHOK IMOBEPXHEBUX BOJHHUX JpKepes. B Toi ke dac, Bu3HAYaAIbHUM (PaKTOPOM JIJIst
3JIOpOB’sl HACEJICHHS € SIKICTh BOJH, Ky BOHO crioxuBae. Haiibinpia BogHa apTepis
VYxpainu — p. JAHinpo, ToMy AyXe BaXKIUBUM € ii ekoioriunuii ctad. [Ipu npomy,
HaBITh Ha 3aKOHOJABYOMY piBHI, BIJIMIYAETHCS 3a0pyAHEHICTh MOBEPXHEBHUX BOJ
kpainu [l], ToMy akTyaJlbHOIO € TpoOiieMa 3a0e3leueHHs HacelICHHS YKpaiHd
SAKICHOIO (XIMIYHO Ta TEHETHYHO OC3IECYHOI0) IUTHOI Boao0 [2]. Metoau
0loTecTyBaHHS € KOMIUIEKCHUMHU Ta CTaHJIAPHUMU, HAJIIWHUMU Ta YHIBEPCATbHUMU,
TOMY iX BCE YacTillle BUKOPUCTOBYIOTH JIJISl OI[IHKA TOKCHYHOCTI BOJu. BoHM mpocTi
y TPOBEICHHI Ta JO3BOJISIIOTH MPOTHO3YBATH IHTETPajIbHUN BIUIUB JOCIIIKYBAaHOI
BOJIM Ha JKMB1 OpraHi3Mu [3], B TOMY YHCII 1 JIFOJICHKUH.

Marepiaam i metoau: biojoriyHe TecTyBaHHS MPOBOAMIIM Ha 3pa3kax BOAU
p. JAuinpo 0e3 ii monepenHboi 0OpoOKHM Ta Micis 1i OYUIEHHS HAHO(UIBTpAIIEIO 3
BukopuctanHaM memOpanu OIIMH-IT Ha ocHoBi ninepa3uny (BupoOnuk 3AT HTL]
«ITonmumepcunTes», M. Bnagumup) [4] 3 HACTYIHOIO peMiHEpaTi3aIliel0 OTPUMAHOTO
nepMeary J10JoMiToM. PiBeHb TOKCHYHOCTI 3pa3KiB BUXIAHOI BOJAU Ta BOAM MICIA 1l
pemiHepaiizalii mpoBoawiM MeToamu OiotectyBanns (Hydra tect ta Daphnia tecr)
[5, 6] i3 BUKOPUCTaHHSIM CTaHIApTHHUX TecT-opranizMiB Hydra attenuata ta Daphnia
magna. SIk KOHTpPOJIb BUKOPHUCTOBYBAJIN CHHTCTHYHY IPICHY BOJIY, BUTOTOBJICHY Yy
BIIOBiAHOCTI 13 [6].

Pe3yabtatu: OTpuMani JaHi 010JI0TIYHOTO TECTYBaHHS 3pa3KiB BHXIJIHOT BOIH
nokazaiii 3MiHy Mopdoiiorii 000X JOCHIKYBaHUX TECT-OpraHi3MiB (Ha piBHI
opra”isMmy rigpu Ta aadHii), M0 CBIAYUTH MPO HASBHICTH XPOHIYHOI TOKCHUYHOCTI
BOAM. 3pa3oK BOAM, IO OyB OYHMIIEHUN METOJOM HaHO(UIBTpaIlii 13 HACTYITHOIO
peMiHepaii3alli€l0 He BHUSBUB aHI TOCTPOi, aHl XPOHIYHOI TOKCHYHOCTI TIO
BIJTHOIICHHIO 10 0OpaHUX TECT-CUCTEM.

BucnoBku: J[ns 3a0e3meueHHsT HACEICHHS SKICHOIO MUTHOIO BOJIOIO JIOIIIBHO
MIPOBOJIUTH OYHIICHHS JHIMTPOBCHKOI BOJIM 3aIPOTIOHOBAHUM METOJIOM, IO JO3BOJISIE
OTpUMAaTH BOJy, SIKa BIJIMOBIAa€ HOpMATHUBaM SIKOCTI MUTHOIT BOJY 3a 010JIOTTYHUMHU
MTOKa3HUKAMH.
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Inna Tpyc
HanionanbHuil TeXHIYHUNA yHIBEpCUTET YKpainu «KuiBCbKUN MOMITEXHIYHUI
1HCTUTYT 1IMeH] Iropst CiIKOpChKOTro»
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Muxoaa I'omenst
HanionansHuit TexHiuHUN yHIBepcUTET YKpainu «KuiBChbKUN MOMITEXHIYHUN
1HCTUTYT iIMeHI Iropst CikopchbKOro»

m.gomelya@kpi.ua

Beryn. Huni cnoctepira€TbCsi TOTIPIICHHS SIKOCTI BOAU B TPHUPOIHUX
JOKepenax, KpIM TOTO BCTAHOBIIIOIOTHCS OUIBII KOPCTKI BUMOTH JIO SIKOCT1 IMMUTHOI Ta
TEXHIYHOI BOJAM. BHacmizok 4Yoro HaHOMUIbTpaliiHI Ta 3BOPOTHHOOCMOTHYHI
MeMOpaHu MaroTh BEJIMYE3HI MEPCIEKTUBU MPU 3aCTOCYBaHHI iX B MPOMUCIOBOCTI,
KOMYHaJIbHUX rocrmogapctBax Ta mooyti [1-4]. OcobnuBo edeKTHBHHM Mpoliec
HaHOQIBTpalii mpu 00poOIl BOA 3 BUCOKMMH IMOKAa3HUKAMH KOJILOPOBOCTI. Jljis
IIMPOKOMACIITA0OHOTO ~ 3aCTOCYBaHHS ~ MEMOpaHHUX  TEXHOJIOTIH  HEeoOX1THO
CIIPOIICHHS 1 3/ICIICBICHHS TEXHOJOT1M OYUIIICHHS BOAM, MIABUIIICHHS 1X HaIIMHOCTI
Ta e(peKTUBHOCTI. OCHOBHI JOCSITHEHHS Yy BIOCKOHAJEHHI CHUCTEM HaHO(IIbTpallii,
MOJIATAl0Th B OOJIACTI CHMHTE3Y HOBUX MeMOpaH, HOBHX KOHCTPYKIIIHA araparis,
BUBUCHHS TIPOIIECIB 3a0pyIHEHHS MEMOpaH Ta TIPOJOBXKEHHS TEPMIHY iX
excrutyatarii [5, 6]. Tomy HEOOX1AHO BUPIMIUTU MPoOsieMy cTadimizamiitHoi 0OpoOKH
BOJIU TIEpE]l CTAIEI0 MEMOPAHHOTO OUHIICHHS IS 3a100IraHHs 0CaI0BIIKIaACHHIM
Ha MeMOpaHax [7, 8].

Marepiaim i meroau. B poGoTi Oyio BUBYEHO TIPOIECH OYHINCHHS
cnaboMiHepalTi30BaHUX BOJ MpPU BHUKOPUCTAHHI HaHO(UIbTpaALIHOI MeMOpaHu
OIIMH-II B craruyHuUX yMOBax MpU MEpPEMIIIyBaHHI PO3YMHY, BJIACTUBOCTI SIKOi
HaBeIeHo B Ta0mumi 1.
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Tabnuys 1.
BaacrtuBocti HaHodinbTpaniiinoi MmemOpanun OIIMH-II

[Toka3Huk 3HavYeHHS

MakcuMaiibHa Temneparypa, °C 45
Po6ounii gianazon pH 2-12
Po6oumii Tuck, mlla 1,6
MiHiManbHA POYKTUBHICTH MO QLIBTPATY MPH

- 55 o 3, 2. 100
temneparypi 25 °C, nm“/M“ ron
CeneKTUBHICTD, %o:
[To 0,2% MgSQO,, He MeHI1Ie 98,5
[To 0,15% NaCl, ne meH1e 55,0
Criiikicts 3 Cl, Mun™, He MeHme 1

[Ipu mpoBeaeHH! MOCTIIKEHb AOCIIKEHb HAHODUIBTPALITHOTO 3HECOJIEHHS
BO/IM OYB BHKOPHCTAHMiT MoaebHuiT posunn: K = 9,5 mr-exs/nm°, C(Ca*") = 2,9 mr-
eKB/I[M3, C(Mg2+)= 6,6 MF-CKB/I[M3, J=4,5 Mr-eKB/I[M3, C(SO42')= 13,0 MI-€KB/IMS,
C(Cl)=3,0 MF-CKB/I[M3, pH = 8,50 Ta po3uuH micnis oro crabinizamiiiHoi oOpoOKu
Ha c1a00KHCIOTHOMY KaT1OHITI.

Pesyabtartu. [Ipu QineTpyBaHH1 c1abOMIHEpPaTi30BAHOIO PO3YMHY Ta POIUUHY
micisg  Horo cralumizariiiiHoi 0OpoOKM Ha CIa0OKHMCIOTHOMY KaTIOHITI uepes
HaHOoQUIbTpamiiiHy MemOpany OIIMH-II BuzHauwiu 3MiHY OPOJYKTUBHOCTI
MEeMOpaHu B 3aJieKHOCTI BiJT poOOYOro THUCKY Ta CTYNEHIO BiAOOpYy mepmiaTy
(tabm. 2). Ilpm ouumieHHi caaOOMIHEPaTi30BAHOTO PO3YUHY MNPOAYKTHUBHICTD
3aJIeKUTh Bl poOOYOTO THUCKY 1 B MEHIIIM Mipi Bii CTYIEHIO BiIOOpYy Mepmiarty.
OTxe, 3pOCTaHHS OCMOTHYHOTO THCKY PO3YMHY BiAirpa€e OUIbII 3HAYHY POJIb.
3HWKEHHS NMPOAYKTUBHOCTI MEMOpaHU 3 4acoM B JJaHOMY BuUmaaky npu tucky 0,30,
0,35 ta 0,40 MIla cranoButs BignosigHo 1,65, 1,67 ta 2,58 am /Mo,

Tabnuys 2.

3ajie:KHICTh NMPOAYKTUBHOCTI HaHOGuUIbTpauiitHol memOpanun OIIMH-II

Bil cTynmeHio Big0opy mnepmiaty npu GuUIbTPyYBaHHI cJ1a0OMiHepaai30BaHOIO
po3uuny (I) Ta po3uuHy micjiss HOro oOpPoOKM Ha CJIA0OKHUCIOTHOMY KATIOHITI

a1

J, z[Mg/M‘z'roz[
I II

2% P, MIla
0,30 0,35 0,40 0,30 0,35 0,40
10 4,58 5,59 8,17 5,77 7,17 8,85
20 4,11 5,26 6,63 4,42 5,36 7,58
30 3,64 4,62 5,77 4,35 5,26 7,27
40 3,45 4,35 6,03 4,21 5,15 7,17
50 3,09 4,28 5,83 4,15 4,96 6,89
60 2,94 4,15 5,59 4,11 4,87 7,08
70 2,93 3,92 5,59 4,08 4,78 6,80
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[Ipu ¢inpTpyBaHHI po3uMHY TicAsS Horo crabumizamiiiHoi 00poOkM Ha
c1a0OKHCIOTHOMY KaTIOHITI 4epe3 HaHouibTpamiiiny wmemOpany OIIMH-II
IPOJYKTUBHICTE MEMOpPAaHH 3pOCTa€ 13 MiABUILECHHSIM poOodoro TUCKy Bix 0,3 10
0,4 MIla Ta 3HMKYETbCS 13 MIABUIIEHHSIM CTYIICHIO Bia0Oopy mepmiaty Big 10 1o
70 %. OueBuaHo, MmO JaHul edeKT OOyMOBJIEHUH B MEPIIy 4YEpry 3pOCTAHHIM
COJIEBMICTY B KOHIIEHTpATI Ta MIABUIICHHSM OCMOTUYHOI'O TUCKY.

[Ipu TpuBasioMy (ibTpyBaHHI BOJM 4Yepe3 HaHOMIbTpalliiiHI MeMOpaHu Ha iX
MOBEPXHSIX  YTBOPIOIOTHCS  BIAKIQACHHS, W0 TPU3BOAATH 1O  3HIDKCHHS
MPOAYKTUBHOCTI MeMOpaH. Ajie mpu (iIbTpyBaHHI HEKaTIOHOBAHOTO MOJEIHHOTO
pPO34YMHY Yac BUKOPHUCTaHHS MeMOpaHH OyB JIOCUTh Majuil s yTBOPEHHS Ha Il
MOBEPXHI 3HAYHUX BIAKIA/EHb, 10 MEpemKomkanu O ¢inbTpyBaHHO Boau. llpum
Ol  TpuBajoMy (QUIBTPYBaHHI HEOOPOOJIEHOrO0 PO3YMHY MPOIYKTUBHICTH
MeMOpaH! 3HAYHO 3MEHIIMIach O6u. ToMy Mpu MiAKUCIEHHI pO3YMHY Ha KaTIOHITI
POJYKTUBHICTh MEMOpAaHU 3MIHIOETHCA MPAKTUYHO B THUX K€ MEXax, IO 1 Mmpu
(b1IpTpYBaHHI HEKATIOHOBAHOTO BUX1HOTO PO3UYHHY.

KoHuentpatu HaHO(UIBTPALIMHOTO 3HECOJEHHS BOAM JIOIIBHO OYMINATH 32
pPaxyHOK BHUCAJDKEHHS Cylb(aTiB Ta MOM SKIIEHHS MPH 3aCTOCYBaHHI peareHTHUX
metoniB. [lpu Takiii 0OpoOIll KOHIEHTPATIB MOXHA 3HU3UTH BMICT CyJb(aTiB,
MiHEpati3alilo po34MHy J0 PIBHIB, JOMYCTUMUX Ha CKHJ B KaHaji3aiito abo
OBEpPXHEB1 BOJOUMH [7].

BucnoBku. Po3pobOireHo Meroau cralumizamiiiHOi 0OpoOKM BOAM TIpH
HaHOQIBTpALITHOMY 1i ONpPICHEHHI AJI1 MIJBUILEHHSA €()EKTUBHOCTI Ta TEPMIHY
eKcIuTyaTalii MeMOpaH, 110 3a0e3MeYyI0Th BUCOKY SIKICTh BOJIU.

Buznaunnm 3MiHy NpoayKTHBHOCTI HaHO(MUIbTpaniiiHoi memOpanu OIIMH-IT B
3JIEKHOCTI B1JI poOOYOro THUCKY Ta CTYIEHIO BiIOOpy mepMiary Mnpu (QuIbTpyBaHHI
c1ab0 MiHEpaTi30BaHOTO PO3YMHY Ta PO3UMHY MICJsl HOro cTadiiizamiiiHoi 00poOKu
Ha CJIA00KUCIOTHOMY KaTiOHITI.
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National University of Life and Environmental Sciences of Ukraine, Kyiv, Ukraine

Introduction. One of the modern trends in food industry researches is creation
of high-quality and safe products that contain vitamins, macro- and microelements
and other biologically active nutrients. Search for alternative natural sugar substitutes
that may increase biological value and diversity of food products is an essential focus
of current researches [1].

Sorghum saccharatum is characterized by short ripening period, well tolerates
soil-air droughts, and provides high and stable yields of grains and green biomass.
Sorghum saccharatum stalk juice contains free soluble sugars, amino acids, vitamins,
macro and microelements, which makes Sorghum saccharatum promising alternative
material to sugar beet [2].

Traditional technologies of sugar syrups production include thermal evaporation
in various modifications of installations [3]. Main disadvantages of high-temperature
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concentration are decomposition of juice odorants (or necessary to operate some
additional modules that are capable of recovering odorants separately from juice),
increases significant energy costs of the process: occurrence of juice local
overheating, which leads to caramelization of sugars and formation of coloured
substances, also known as Maillard reaction [4].

One of the methods of juice concentration with reduced energy costs and
maintained nutritional profile of final syrup is membrane distillation (MD), which
consists in passing juice through a porous material that is selective for solutes.
Among the advantages of this method, simplicity of installations, possibility to carry
out the process at low temperatures, which ensures the preservation of odorants and
heat-sensitive substances of juice, modular facilities and ability to adjust operating
parameters of the process [5-6].

Therefore, the purpose of work was to evaluate membrane technologies for
clarification and concentration of sorghum juice with the view of increasing quality
of the final product and possibility of its use in various foods as a sugar-containing
component or sweetener.

Materials and methods. The preparatory stage of obtaining Sorghum
saccharatum juice consisted of stems cleaning and grinding, extraction of juice,
separation of pulp, thermal coagulation of non-sugars, starch pasting, enzymatic
hydrolysis. For precipitation of colloids, flocculants were added. Precipitate was
separated by filtration [7]. Juice clarification was performed by ultrafiltration (UF) to
eject macromolecular substances (MMS) using a laboratory baromembrane
installation of a dead-end type. Concentration of clarified juice was carried out at the
pilot installation of direct contact membrane distillation (DCMD). For investigations,
hydrophobic microfiltration membrane was used. To confirm the effectiveness of
identified methods of clarification and concentration, change of following
physicochemical parameters were observed. In essence, MMS were determined by
Dumansky-Harin method in Korolkov-Silin modification [8], the colority by
photocolorimetry, total soluble solids (TSS) content by refractometry, total sugars
(TS) by Luff-Schoorl method [9].

Results and discussion. Use of UF and DCMD for Sorghum saccharatum juice
treatment made it possible to ensure the optimal characteristics of the resulting low-
concentrated syrups.

Table.
Physicochemical parameters of raw, clarified juice and concentrates
Param |Measuremen| AT, °C
eters |t S8 |20 30 40 |50 |60 70
units > E o
=88
x| oO.2
TSS % to mass 21.63 |23.31 |25.96 [34.09 | 35.12 |35.65

17.60
16.25
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TS % to mass 18.22 [19.37 |[23.18 | 29.96 | 30.21 |30.34
o [o0]
0 | ©
o o
— —
Sucrose | % to mass 11.85 |[12.20 |14.04 |18.23 | 18.32 | 18.14
% to TSS o | w© 56.43 |55.45 |54.42 |53.77 |52.34 |50.67
< | o
MMS | % to TSS 9.57 9.63 969 |10.1 [11.34 |12.19
N~ |~
0 | N
o0 <
Colority | ICUMSA 419.7 |421.3 |4235 |428.4 |483.3 |612.4
units N | ©
o (@)
Lo (@)
(9\] —

Thus, TSS content increases with increasing temperature difference of the
experiment. It should be noted that increasing temperature difference in the range of
AT =40...50 °C, increasing TSS is observed, at the same time a further increase of
temperature difference of the process provides slight TSS increase, while the quality
of product decreases significantly. As a result of increasing the temperature
difference of process in the range, AT = 60...70 °C, a gradual decrease in purity of
concentrated sorghum juice is observed, which is caused by the process of oxidation
of organic juice substances.

Conclusions. Sophisticated membrane technology for the production of high-
quality Sorghum saccharatum syrups has been developed, which includes the process
of thermal coagulation, enzymatic treatment, precipitation of colloidal substances by
flocculants, followed by UF clarification and its subsequent concentration by DCMD.

The efficiency of UF application was proved, and optimal conditions were
determined. Results of experimental studies have shown that usage of UF with juice
pretreatment reduces MMS content by 50.18% and the colority by 49.4 ICUMSA
units.

Efficiency of concentration by DCMD was confirmed. It was found that the
level of MMS increased by 2.37 times during the concentration process and colority
by 2.25 times, in case of permeate and concentrate elimination ratio 50%.

It is recommended to carry out DCMD in the temperature range AT = 40...
50°C to attain the quality of Sorghum saccharatum syrup and the performance of the
concentration process.
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Beryn. Sk HikosiM rocTpo mepesl HayKOBLUSMH Ta 1H)XEHEpaMH CTOITh MUTAHHS
OTPUMAaHHsS YUCTOI MUTHOI BOJAM 3 MOBHOLIHHUM MiHEpaIbHUM CKJaaoM. OIHUM 3
MOXJIMBUX JDKEped MIHEpaJbHUX KOHIIGHTpATIiB JUIL  peMiHepamizamii Ta
JOMIHEepasi3allii MUTHOT BOAM MOKe OyTH HaHOQUIbTpALliiHUI mepmeaT MOJIOYHOI
cupoBatku [1-3]. Bin Mae y cBoemy ckjiaai OULTBLIICTH HEOOXIMHUX JIFOIAMHI
MiHEepaJbHUX peuoBMH. Ha choromni HaHO(UIBTpALIMHUK TIEepMeaT MOJIOYHOT
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CHPOBATKH MPAKTUYHO HE BUKOPUCTOBYETHCS 1 HANPABISAETHCS y cTiuHi Boau [1]. e
MOB’SI3aHO 3 HAABHICTIO y HBOMY OPTaHIYHMX CIIOJIYK, $IKI 3aBaXkalOTh IOTro
HoJaNbIIoMy BUKOpuUcTaHHIO [3]. Po3poOsicHHS HOBHMX TEXHOJOTIH Ta TEXHIYHUX
pillieHb JUIsi OTPUMAaHHSA TMPUPOJHUX KOHLEHTPIB MIHEpANbHUX PEUYOBUH Ta
OJTHOYACHOTO TJIMOOKOTO BHUKOPUCTAHHS HAHO(UIBTPAIIITHOTO mepMeaTy MOJIOYHOI
CHUPOBATKU — aKTyaJbHE 3aBJJaHHS CHOTOJICHHS Ta MEPCIEKTUBHUIN HAMPAM HAyKOBHX
JTIOCJIIIKEHD.

Marepiaau i Merogu. B poOOTI BHKOPHCTOBYBIMCH OPUTIHAIBHI JOCIIJIHI
YCTaHOBKH JUISI JOCTI)KEHHSI TPOIECIB: O30HYBaHHS, PO3AUICHHA 3 JOMOMOIOIO
MeMOpaH 3BOPOTHHM OCMOCOM Ta eJeKTpojianmizoM. Jlms reHepariii o30HY Oyio
BUKOpucTaHO  o3oHatop AW 0,5  mpoaykrtuBHicTIO 1m0  o30Hy, 0,25
(BuKOpHUCTOBYBaAJIOCH TIOBITPs) 0,5 (BUKOPUCTOBYBABCS KUCEHB), T O3/TO/I.

PesyabraTtu. ExcrepyMeHTaqbHO  BCTAaHOBJIEHO — JOLUIBHICTE  OOpOOKHU
HaHO(UIBTPALIIMHOrO MepMeaTy MOJOYHOI CUPOBATKM O30HYBAaHHSM Y MO€JHAHHI 3
MOJIANBIIIO OOpOOKOI0O Ha AaKTMBOBAHOMY Byrium. Taki omepaiii 103BOJIHIA
BUJIAJINTH OPTaHiuHi cnojiyku B Mexax (95 £ 1) % Big moyaTkoBOro 3HaueHHs. 3a
pPaxyHOK BHUJIAJICHHSA OpraHiYHUX CIIOJTYK 301JIBIIINIIACK IIBUJIKOCTI
3BOPOTHOOCMOTHYHOIO KOHILCHTPYBAHH IIepMeaTy MOJIOYHOI CUPOBATKH B Jliana3oHi
Biz 20 % 10 30 %. [Ipu pomy, HGO6X1,Z[Ha KUIBKICTh PO3YMHEHOTO y MepMeati 030Hy
mae Oytr B Mexkax 20...28 mr Og/(am° nepMeaTy)

[lomanpie  KOHLIEHTPYBAaHHA  MIHEPAJIbHUX  COJIEH  €JIEKTpOAIaizoM
IPOBOJIMUJIOCH 13 3aCTOCYBAHHS KOMIIO3UTHHUX HeopraHquI/Ix KepaMquHx MeM6paH
Lie J103BOJIA€ IPOBOJMTH HPOLLEC €JIEKTPOIiali3y MpH MiABUILEHIA TyCTHHI CTPyMY,
n0 625 A-m”. KommosuTHi MeM6paHI/I TaKOX OUIbII CTIMKII 0 3a6py):[HeHH;1
OpraHIYHUMU CIIOJyKaMU Ta MEHIIE MiJIal0ThCsl XIMIYHOMY BIUIUBY. B pesyinbrarti
BUKOPUCTAHHS KOMIIO3UTHUX HEOPraHIYHUX MeMOpaH i EeJIeKTpoAiallizy
BHJIaJIEHHSI MIHEpPAJIbHUX PEYOBHH Miciig 35 XB 00po0IieHHs cTaHoBuia 68...72 %.

3amponoHOBAaHO THYYKY amaparypHO-TEXHOJIOTIYHYy cxemy  (Oyok — 2)
nepepoOsieHHsT HaHO(MUIBTPAIIIHHOTO TepMeaTy MOJIOYHOI CHPOBATKH, sIKa BKIIIOYAE
3aCTOCYBAHHS MPOIECIB 3BOPOTHOTO ocMoCy Ta eJIeKTpoAianizy. 3ampornoHOBaHA
cXeMa J103BOJIAE OTPUMATH KOHLCHTPATH MiHEpaTbHUX pedoBUH (KOHL[CHTpaI_IIH B
mexax 120...180 r/am’), ski MOXKYTh GYTH BHKOPHCTaHI Mis peMiHeparisamii Ta
JOMiHepasli3allii MUTHOT BOJAU, OYMIIEHOI 3BOPOTHUM OCMOCOM, a TAKOXK OUYHUIIECHY
BOJY, MPUAATHY JIJIsl 3ACTOCYBAHHS Y TEXHOJIOTTUHUX MPOIIECcaX BUPOOHUIITBA.

3anponoHOBaHa CXeMa KOHIIEHTPYBaHHS MOJIOYHOI CHPOBATKH, B MOPIBHSHHI 3
anamoramu [1,3,4], 3abesneuye OuTbln HamidHy po0OOTYy HaHODUIBTpAIIHHOT
YCTAaHOBKH 32 PaXyHOK BIIIJICHHS KPYMHUX JOMIMIOK MiKpodinbTpaiieto (60K 1),
J03BOJISIE OTPUMATH MPOJIYKT O1IbII BUCOKOI SKOCTI Ta B MOBHIA MIpl BUKOPHUCTATU
MiHEpaJIbHI CIIOYKH, 110, SIK MPABUIIO, CKUAAIOTHCS B CTOKH.

BcranoBneHo, 110 €HEProBUTpaTH HA 3HECOJEHHS HaHoq)ianpauiﬁHoro
nepMeary MOJIOYHOT CHPOBATKH eneKTpomamgoM SMEHINYIOTbCS Y 5...8 paziB mpu
MM ABUIICHH] BMICTy PO3YMHEHHMX pedoBHH Bim 4 r/am® mo 50 r/mM° i cKIagaoTh B
cepenaboMy Om3bko 0,188 kBT -Toa/(kr coumi), 1m0 Maiike B 5 pa3iB MEHIIE, HIXK MpU
eJIEKTPOI1ai3HIi 00po0Il TPUPOAHOI BOAM, IO TOB’SI3aHO 3 HASBHICTIO PYXJIMBHX
ioHIB y po3uuHi (K+, Na+, Cl-) Ta BiICYTHICTIO OpraHIYHUX KOMIUIEKCIB, SKi
3B’SI3yI0Th 10HM HEOPTaHIYHUX CIIOYK.
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Puc. AnapatypHo-TeXHOJIOT1YHA CXeMa KOHIIEHTPYBAHHS MOJIOYHOI CHPOBATKU
HaHO(UIBTPAILIIEIO 13 HACTYITHOIO MEPEPOOKOI0 OTPUMAHOTO TIEPMEATY 3 METOIO
OTPUMaHHS KOHILIEHTPATIB MIHEPAJbHUX PEYOBUH.

1 - OydepHi emHOCTI; 2 - MIKpODIBTPALIITHII MOJTYJIb; 3 - )KMUBWIbHI Hacocu; 4 -
HACOCH BHUCOKOTO THCKY; 5 - IUPKYJIALIIHI HacocH; 6 - HaHO(IbTpalliifHi MOTyL; 7 -
3BOPOTHOOCMOTHYHI MOJYJII; 8 - €JIeKTpoAiaIizaTop; 9 - EMHICTb JIsl €JEKTPOIHOTO
po3unHy; 10 - eMHICTB /ISl KOHIIEHTPATY MIHEPAIbHUX PEYOBHH;

-I- mosiouna cuposartka; -11- koHIIeHTpaT MOJIOYHOT cupoBaTky; -111-
HaHOQIbTpaLiitHuil nepmear; -1V- 3B0OpoTHOOCMOTHYHUI TTepMeaT (Boja); -V-
KOHLIEHTpaT HaHO(IbTpaLIHOTO nepMmearty; - VI- KoHueHTpaT MiHEpaTbHUX
pedoBuH; -VII- enextpoanuii pozuun; -VIII- 3Heconenuit po3uuH 13 3aMUIIKaMu
OpraHIYHUX CITOJTYK.

Tomy 3acTOCyBaHHS 3alpONOHOBAHUX TEXHIYHUX PIIIEHb J03BOJUTH B MOBHIM
MiIpi BUKOPUCTOBYBAaTH PECYpCH MOJIOYHOI CHUPOBATKM Ta 3a0€3MEYUTH TMOBTOPHE
BUKOPHUCTAHHS 3HAYHOI KUTBKOCT1 BOJIH.

BucHoBku. B pe3ynbraT = AOCHIKEHb  BAAJOCS  MIABUIMUTA  BUXIA
HaHO(UIBTPAIITHOTO TEepMeaTy MOJIOYHOI CHUPOBATKH 13 3BOPOTHOTO OCMOCY 3
88,0 % mo 94,5 %, Ta Oinble HIXK y ABa pa3d 3MCHIIUTH BUX1Jl KOHIIEHTpaTy: 3 12 %
10 5,5 %. OTpuMaHuil KOHIEHTPAT, 3 BMICTOM CyXux pedoBuH y 4,50 %, matume B
OLIBIIOCTI MIHEpaIbHI COJII, OCKUIbKK Oyjo BuaaneHo 1o (95 + 1) % opraHiyHux
ckimagoBux. lle J030auTh B TMOAANBIIOMY OTPUMYBAaTH 3 HBOTO MPUPOJHI
KOHIICHTPATH MiHEPAIIbHUX COJICH ISl TUTHOI BOJIH.
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JIAHAHO®IATPALISA SAK AJIbTEPHATUBA EJIEKTPOOIAJIIZY B
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Beryn. liananodinbTpaliis y TEXHOJIOTIT MEpepOOKH MOJIOYHOI CUPOBATKU
IPYHTYETHCSI Ha PI3HIN CEIEKTUBHOCTI MEMOPaH /10 IIJTLOBUX Ta 0AIACTOBUX CIIOYK.
[Mpunnun miananodinerpanii [1,2,4,5] y 3raganii TeXHOIOTII MOXHA 3aCTOCYBATH 5K
aNbTEPHATUBY €JIEKTPOIIAIIZY.

Meta poboru. OOrpyHTYBaHHS PEKUMIB JilaHaHOMUIBTpAIli AJIs MiABUIIECHHS
PIBHSI IeMiHepaJi3ailii MOJIOYHOT CUPOBATKH.

Marepiaim i Mmeroam. JlocnipKeHHS TPOBOJWIM Ha €KCIIEPUMEHTAIbHUX
CTEHJAaX TYINHUKOBOIO Ta MPOTOYHOro TUMIB. JlJI1 MoOJEmoBaHHS MpPOIECY
nmiananoginbTpamii  3acrocoByBasiu  MemOpanu  OIIMH-II.  Konmentpartito
MiHEpAJbHUX PEUOBMH BU3HAYAIN BIJOMUM KOHIAYKTOMETPUYHUM METOOM.

Pe3yabTatu i oOroBopennsi. [Ipm n01aBaHHI OYMIIEHOI BOJU Yy MOJIOYHY
CHUPOBATKY, BIJIOYBA€ThCS 11 pO30aBIICHHS, 1110 MA€ K MO3UTUBHUN Tak 1 HEraTUBHUM
MOMEHTU. 3 OJHOro OOKYy, 3MEHUIEHHS BMICTY CYXHMX PEUYOBHH MPHU3BOAUTH 10
3pOCTaHHS MUTOMOI MPOAYKTHMBHOCTI MeMOpaH 3a OJJHAaKOBUX yYMOB Ta MOKpAILy€e
CTYMIHb OYMILEHHS PO3YMHY. 3 1HIIOI CTOPOHH, 3pOCTa€E 00’€M pIJUHHU, SKUAN
HEOOXITHO MPOMYCTUTH Kpi3b (QUIBTPYBAJIbHY MEperopoAxy (memoOpany). Tomy
MONIYK PAIliOHAILHOTO CHIBBIIHOIIEHHS 100aBICHOI BOAM O KIIBKOCTI OTPUMAHOTO
nepmeary, IO XapaKTepU3YEThCs KOE(QILIEHTOM KpaTHOCTI pO30aBICHHS 0, €
BOXJIMBUM TEXHIYHMM 3aBAaHHsM [1-3]. PedympTatu JOCHIIKEHB CBIIYATH MPO TE,
0 B IAaHOMY BUMAJKY pailioHaIsHOI0 BenuduHow € o = 0,8.

[TopiBHSAIBHI TOKAa3HUKA MO 1 TICIAS MEMOPaHHOTO PO3IIICHHS MOJOYHOL
CUpOBATKK HaHO(DUIBTpAIli€ro Ta AianaHODUTBTpalliero HaBeeHi B Tabmuii [1].
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Pesynbratu nmocnmipkeHb CBiAYaTh MpPO T€, HIO0 BMICT CYXUX pEYOBHH Y
OTPUMaHMUX KOHIIEHTpaTax Maike OJHAKOBHIA, IPOTE BMICT MiHEpPAJIbHUX PEYOBHUH
MeHImni Ha 36 % y 3pa3ky micis aiaHaHo(UIbTpalti.

Tabnuys.
Hoka3zuuku 10 i micasi MeMOPAHHOTO PO3diJIeHHS MOJIOYHOI CMPOBATKH
HaHOGUIbTPaLi€I0 Ta JiaHAHO(IIbLTPALIEI0

HanodineTpartis Jiana"nodiapTparis

[Toxa3auk TICIIS ITiCJIS

Ho K vl Ho K I
Buier - eyxix | 5 50609 | 14,241,0 | 0,46£0,05 | 5,7+0,2 | 13,8£1,0 | 0,3120,05
peyoBUH, %
Turposara = 1 foi s | 43317 | 2333 | 675 | 93+5 2043
KHUCJIOTHICTD, T
3arajgbHui
et 5,31 3,98 1,32 5,31 2,01 3,30
MIHCpaAJIbHUX
pEYOBUH, T
Hemine- : 26 : . 62 .
pamizaris, %

[Tpumitku: K — konnentpar; [1 — nepmear; T® — TuTpoBaHa KUCIOTHICTD

OTxe, oNMMparOYuCh Ha JaHl HaBEJEHI B TaOJMIIl MOXKHA CTBEP/XKYBAaTH, IIO
npolec AiaHaHO(UIbTpalli JOIUIBHO 3aCTOCOBYBATH y TEXHOJIOTISIX MEpepoOKU
MOJIOYHOI CHPOBAaTKH, IO JO3BOJUTH 3HAYHO 3MEHIIMTH BMICT MiHEpaIbHUX
PEYOBHH Ta KUCIOTHICTh. OCOOJIMBO 1€ €PEKTUBHO AJIsl PO3AIJICHHS CUPOBATKHU 3-T11]
CHUPY KHUCJIIOMOJIOUHOTO, fIKa XapaKTepU3YETbCS IMIJBULICHOIO KHUCIOTHICTIO, IO
3aBa)kae€ Ha eTarax 3TyIIEHHS Ta CyIIIHHS.

BucnoBok. Ilpouec niaHaHoguibTpamii  Moxke OyTH — albTEPHATHUBOIO
eJIEKTpOoAiaizy 3a YMOBH, KOJU piBeHb AeMiHepanizaiii 50...60 % e pocraTHiM 3
TEXHOJIOT1YHOT TOUKH 30PYy.
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