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Purpose. The rationale for the use of environmentally acceptable polymer surfactants of the guanidine series to increase the fire
extinguishing efficiency of water when extinguishing fires in natural ecosystems.

Methodology. Studies on the criteria for the effectiveness of aqueous solutions of polymer surface active agents of the guanidine
series in quenching model fire 1A. Field tests of aqueous solutions of guanidine polymers in a stream with a high jet velocity were
carried out using a water fire extinguisher VVSH-9 (produced by Makiivka Plant “Fakel” JSC).

Findings. It has been established that the addition of small concentrations of solutions of polymer surfactants of the guanidine
series to water leads to an increase in the range of the jet supply by 20—30 % using a water extinguisher VVSH-9; accelerating the
supply of charge of the VVSH-9 fire extinguisher by 20—22 %; reducing the time of extinguishing the quenching model fire 1A by
15—20 %; increasing fire extinguishing efficiency of water by 1.98—2.23 times. It has been experimentally established that the use
of a 6 % SFPM foaming agent solution makes it possible to extinguish quenching model fire 2A with a total area of 9.36 m?, and
the use of polyhexamethylene guanidine urea phosphate solution makes it possible to extinguish a quenching model fire 3A with a
total area of 13.89 m2. The fire extinguishing ability of the solutions of polyhexamethylene guanidine urea and SFPM foaming
agents has been calculated, which is 0.55 and 0.93 kg/m?’, accordingly. It is shown that the investigated solutions of guanidine
polymers have a higher fire extinguishing efficiency compared to the SFPM foaming agent under these technological conditions,
which is possibly associated with a decrease in energy dissipation and loss of friction of the turbulent flow.

Originality. The obtained results indicate a significant improvement in the fire extinguishing properties of the studied aqueous
solutions of guanidine polymers compared to water. This is directly related to the improvement in the fluidity of aqueous solutions
of polyhexamethylene guanidine salts in the studied range of concentrations, which proves that polymer features hydrodynamic
activity and the ability to reduce the hydrodynamic resistance of water, as a result of which an increase capacity of pipelines may
take place, in particular in primary fire fighting equipment.

Practical value. The obtained results create the prerequisites for the successful use in practice of polymer surfactants of the
guanidine series as highly effective additives to water to increase the efficiency of fire fighting in natural ecosystems.

Keywords: surfactants, polyguanidines, polyhexamethylene guanidine carbamide phosphate, hydrodynamic activity, phosphorus-

containing antipenes

Introduction. Nowadays about 7 million fire incidents,
causing huge economic and ecological damage, are registered
in the world annually. More than a half of all fire incidents oc-
cur in premises and in vehicles, others — in the open air,
among those forest fires take an essential place [1].

The large forest fires that took place during the last decade
showed increase in vulnerability of forests to fires [2, 3].

To counteract the growing risk of conflagration in the for-
est ecosystems, effective methods are being searched for all
over the world, which is especially urgent in the conditions of
the climate changes and extermes [1].

Open fire is one of the most dangerous factors for people,
the environment, firefighters who are at risk of the harmful ef-
fects of high temperature, thermal radiation, along with the
negative effects of products of complete and incomplete com-
bustion [4].

Unfortunately, not always fire extinguishing corresponds
to the expected level of efficiency and effectiveness, which
does not allow eliminating a fire as soon as possible at the ini-
tial stage and thus minimizing the captured area and ecologi-
cal damage.

Water is the most widely used means for fire extinguishing
due to its thermal properties which make it perfectly suit as a
means for this aim in most types of fire incidents namely in
forest ecosystems.

But water also has some negative properties for fire extin-
guishing, for example, a high value of surface tension and low
viscosity, as a result of which it quickly drains from vertical
surfaces and a sufficient amount of it may simply not be in-
volved in extinguishing a fire. Improving the fire extinguishing
properties of water and, accordingly, reducing the thermal ef-
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fect on rescuers can be achieved by using aqueous solutions of
surface-active substances (surfactants) and polymers in fire
extinguishing systems.

These substances are introduced into the fire hoses and
pipelines, which allows increasing the flow rate of the extin-
guishing agent, the delivery range of the extinguishing agent,
as well as reducing the time of the extinguishing operation and,
accordingly, improving working conditions during emergency
rescue operations by increasing the distance from the rescuer
to the fire source [5].

But the use of certain surfactants and polymers as fire ex-
tinguishing agents can have negative environmental conse-
quences. Recently, special attention has been paid to the envi-
ronmental component of the extinguishing agents used [6].
The developed countries of the world create restrictions on the
concentration of harmful substances in fire extinguishing
agents, but the requirements of the standards that are observed
in the USA, Europe and China are not always the same.

Literature review. All recent surfactants in connection with
their biochemical decomposition are divided into 3 groups [7]:

1) surfactants, the level of biochemical decomposition of
which constitutes 85 % and more — “biologically soft”;

2) surfactants, the level of biochemical decomposition of
which constitutes 70—85 %;

3) surfactants, the level of biochemical decomposition of
which is less than 70 % — “biologically tough”.

“Biologically tough” surfactants are considered to include
hydroxyethylated alkyl phenols (OP-7, OP-10), and among
anionic substances there are considered to be alkylaryl sulfo-
nates with branched alkyl chains (such as sulfonol NP-I, solu-
ble alkylaryl sulfonate, wetting agent NB). Also among “bio-
logically tough” foaming agents there are expensive foaming
agents with fluorinated surfactants [8]. However, applying
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them under controlled conditions is considered appropriate
due to the high fire extinguishing performance film forming
foaming agents with fluorinated surface active substances
when extinguishing fires in large tanks including water-soluble
(polar) organic liquids [9].

The research concerning protection of the environment
has proved ecological hazard of surfactants based on perfluo-
rooctane carboxylate acid (PFOA) and perfluorooctane sulfo-
nate acid (PFOS). These surfactants are extremely stable in
natural ecosystems, not amenable to hydrolysis, are not used
by microorganisms, are present in water and soil, are toxic,
migrate along food chains and are bioaccumulated [10]. It has
been established that both products (PFOA and PFOS) form
equal environmental threat. That is why since 2000 they have
been considered persistent organic pollutants and their manu-
facturing and usage in the USA, Canada and EU countries
have been limited [11].

Experimentally, it has been established that fluorosynthet-
ic foaming agents are 150 times more toxic than “biologically
tough” foaming agent PO-6K and 2500 times more stable to
biochemical decomposition in the environment [11]. The de-
cision of the U.S. Environmental Protection Agency to an-
nounce the voluntary discontinuation of the program of using
those substances has proved ecological hazard of those foam-
ing agents .

It should be mentioned that the authors of this work [12]
state that traditional anionic foaming agents are more toxic in
comparison with fluorinated foaming agents. It means that in-
vestigated foaming agents do not correspond to the expected
demands as on their effectiveness and environmental safety.

As a large group of surfactants hardly decompose in course
of time and very slow compose under the influence of ultravio-
let, absorbing on the surface of dispersed minerals, bottom
sediments and other natural colloidal systems, thus breaking
ecological balance, European countries have signed the agree-
ment which states that surface active agents, used for indus-
trial and domestic purposes must contain not less than 80%
biodegradable surface active agents [12].

That is why for the aim of environmental protection and
rational usage of natural resources surfactants of the third
group, “biologically tough”, are gradually replaced by surface
active substances of the first and second groups [13].

It is worth mentioning that the use of surfactants in fire ex-
tinguishing can cause negative consequences for the health of
fire brigade personnel too. While dissolved solutions, especially
in case they are placed on unprotected skin only once, do not
have any side effects, the repeated effect of concentrated sur-
face active agents’ solutions can cause dermatitis. Active (di-
luted) solutions of surfactants at frequent repeated effect on
eyes can cause slight corneal clouding which disappears after a
while. Concentrated solutions of surfactants while contacting
eyes cause inflammation which can lead to corneal clouding
that may remain for a month. At repeated effect of surfactant
solutions on eye tissues, irreversible changes can occur. While
working with surfactant solutions, especially concentrated
ones, a person must thoroughly protect their eyes. In case of
contact of surfactant with eyes, a person should wash them
with a large amount of water or 2 % solution of boric acid,
which in most cases reduces the inflammatory process [14].

Having effected the human organism, surfactants are able
to accumulate in cell diaphragms, covering their surface with a
thin layer and at certain concentration can cause breaking of
the most important biochemical processes, stimulate resorp-
tion of substances in gastrointestinal tract, increase the blood
cholesterol; change liver excretory function; change water and
electrolyte balance; disrupt redox processes in the body; form
real reasons for strengthening toxic action of a mixture of sub-
stances even if these substances get into organism in small
quantities [15].

One of the ways of increasing environmental parameters of
fire extinguishing agents is the creation of ecologically safe

foaming agents [15], which contain surfactants of vegetative
and animal origin. They gave start to the use of foam extin-
guishers at the beginning of the last century. As foaming agents
were used extracts of liquorice and soap root, the processed
products of biomass hydrolysates. In some European coun-
tries protein foaming agents are used nowadays due to their
high environmental indicators. There has appeared informa-
tion as to emerging new foaming agents with high environ-
mental characteristics based on the hop extract [16].

But as to their fire suppressing and economical parameters
they essentially yield to synthetic foam agents used nowadays.

That is why the search of ecologically safe and effective
foaming agents is an urgent task.

Unsolved aspects of the problem. To our mind, the solution
of the problems connected with raising the effectiveness of the
use of water for fire extinguishing in natural ecosystems is pos-
sible on the account of the use of biodegradable polymeric
surfactants from series of polyalkylene guanidines.

Some of the most investigated representatives of polyalkyl-
ene guanidines are polyhexamethylene guanidine hydrochlo-
ride (PHMG-HC), polyhexamethylene guanidine hydro-
phosphate (PHMG-HP) and polyhexamethylene guanidine
carbamide phosphate (PHMG-CP) which belong to IV low
hazard class in case of contact with skin (in accordance with
State Standart GOST 12.1.007) [17].

Besides, salts of polyhexamethylene guanidine at the same
time demonstrate qualities of surfactants and polymers that al-
lows to use them as effective water fire extinguishing means for
fire suppression in natural ecosystems.

Purpose. The goal of this work is rationale of the use of
ecologically acceptable polymeric surfactants from series of
guanidines and the elaboration of their composition for in-
creasing fire extinguishing ability of water to suppress fires in
natural ecosystems.

Methods. Polyhexamethylene guanidines, investigated in
the work, have been received by the way of polycondensation
of the salt of guanidine with diamine in the presence of or-
ganic acid or mixture of organic acids in the presence of inor-
ganic salt at gradual heating to the temperature 120—130 °C
during one hour with the gradual raising of temperature to
150—160 °C, which is being kept for 3.5—4 hours with the
gradual raising of temperature to 170—180 °C, kept for
1—1.5 hour [17].

The polyhexamethylene guanidines received by this meth-
od are characterized by low content of the residual amount of
monomer and can be used for getting fire extinguishing means
at ultra low content of surfactant in fire extinguishing solutions,
which corresponds to high ecological requirements of environ-
mental protection and rational use of natural resources.

Being cationic polyelectrolytes, they are effectively ab-
sorbed by components which pollute water. After transferring
into the bottom phase the processes of their biodegradation
essentially accelerate, which is expressed in reducing by 80 %
concentration of guanidine substances even after the first pass
through the layer of an “active sludge”.

In the experimental studies medium hard tap water, solu-
tions of salts PHMG and foam agent SFPM in concentration
range 0—6 % were used. The used salts of PHMG-HC,
PHMG-HP and PHMG-CP with a molecular weight of
10000-11000 u

——(CH)y—— HN—C—— NH—| ,

NH, X i
where X — HCI, HPOZ~, n = 30—90.

Aqueous solutions of salts PHMG were received by dis-
solving precision hinges in distilled water. The solutions were
left for 24 hours at the temperature of 25 + 5 °C till their com-
plete dissolution.
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The research on performance criteria of studied water fire
suppression means at extinguishing of quenching model fire
was conducted according to the methodology, created in coor-
dination with Ukrainian Civil Protection Research Institute
(UkrCPRI) [18].

The essence of this methodology involves the definition of
fire suppression effectiveness of water fire extinguishing means
on accounts of their mass determination which is needed to
supply (under the same conditions) to extinguish quenching
model fire “A” class with the use of a water fire extinguisher
VVSH-9 (manufactured by JSC “Makiivka Plant “Fakel”,
Kyiv).

The relative fire extinguishing effectiveness of the investi-
gated solutions and water was determined by using the facility,
whose scheme is shown in Fig. 1.

The mass of the substance spent on fire extinguishing was
calculated by the formula

Am=m; —m,, (1)

where m, is fire extinguisher tank mass before experimental
studies (kg); m, is fire extinguisher tank mass after extinguish-
ing (kg).

The relative efficiency Z was determined by the formula
Z: AmW/AmWBll7 (2)

where Am,, is mass of the water which was used to extinguish
quenching model fire “A” class (kg); Am,,, is mass of water
extinguishing agent which was used to extinguish quenching
model fire “A” class (kg).

The investigation in the range of the jet supply, the accel-
erating the supply of charge time, the time of extinguish
quenching model fire “A” class was conducted with the use of
a water fire extinguisher VVSH-9 (manufactured by “Makiiv-
ka Plant “Fakel” JSC, Kyiv) according to [19].

Results. It has been established by the conducted experi-
mental research that polymere addition promotes:

- the extending range of the jet supply by 20—30 % with use
of water fire extinguisher VVSH-9;

- acceleration of the supply of the charge of water fire ex-
tinguisher VVSH-9 by 20—22 %;

- reduction of time extinguish quenching model fire “A”
class by 15—-20 %;

- increasing fire suppression effectiveness of water extin-
guish quenching model fire “A” class by almost 1.98—2.23 times
(Table 1).

To our mind, substantiation of the received results is con-
tained in the following.

The used PHMG is a linear polymer, referred to the class
of strong polybases and polyelectrolytes in the consequence of
electrolytic dissociation of which macroions and counterions

Fig. 1. Scheme of facility for determination of relative fire sup-
pression effectiveness of water fire extinguishers to fires of
“A” class:

1 — metal deco for flammable liquid; 2 — metal tripod; 3 —
quenching model fire “A” class;, 4 — water extinguishing agent
sprays (2 units); 5, 8 — manometers; 6, 11 — stopcocks; 7 — safety
valve; 9 — neck for charging containers with extinguishing agent;
10 — connecting pipelines; 12 — compressor; 13 — scales; 14 — fire
extinguisher tank (VVSH-9)

Table 1

Mid-range results of the determination of relative fire
suppression effectiveness of water extinguish agents
(fire class — 1A)

Average weight Relative fire
N Am, of the agent .
Water fire extinguish agent suppression
consumed for fire .
o effectiveness Z

extinguish, kg
Water 9+ 1.00
Water +2 % foaming agent of 5.42+ 1.66
Pirena type
PHMG-HP 4.45+ 1.98
PHMG-CP 4.03+ 2.23

are formed. PHMG ionogenic guanidine groups give the poly-
mere the properties of a cationic polyelectrolyte, which has a
polyelectrolyte effect in dilute solutions — the effect of swelling
of macroclubs when exposed to positive charges on the macro-
molecule chain. It is possible that under these conditions
polymere molecules greatly swell in water having filamentous
structure and, as a result, they pull along the flow under the
effect of the liquid flow, intensifying fluidity in wall areas,
which promotes the raise of range of the jet supply and accel-
eration of water fire extinguisher VVSH-9 (Table 1), and as a
consequence of supply of large amount of water for a certain
time, it is possible to reduce the time of fire extinguishing a
quenching model fire “1A” class by 15—20 % (Table 1).

Adsorption on walls of the pipeline of PHMG salts in
presence of a secondary amino group in the guanidine group
with the formation of a sufficiently stable adsorption layer can
also have a significant effect on the reduction of hydrody-
namic resistance by guanidine polymers. Thus, macromole-
cules of polymer increase the wall (laminar) layer on the in-
ner surface of pipes. And, since each PHMG macromolecule
is covered by water tetramers (due to association), their
interaction with the formation of hydrogen bonds can lead to
water structuring and also to an increase in fluidity at wall
regions.

The further field studies involving the use of water fire ex-
tinguisher VVSH-9 were directed to revealing fire extinguish-
ing ability of solutions PHMG-CP in comparison with regular
charge of the given fire extinguisher (6 % solution of foaming
agent SFPM).

Using 6 % solution of foaming agent SFPM, it was possi-
ble to suppress a quenching model fire “2A” class, with the
total area of 9.36 m?, and using the solution PHMG-CP made
it possible to suppress a quenching model fire “2A” class, with
the total area of 13.89 m?. Taking into consideration the re-
ceived data, indices of fire extinguishing ability of the solutions
under study were calculated, which are demonstrated in Ta-
ble 2.

The investigated solutions PHMG have higher fire extin-
guishing effectiveness in comparison with foaming agent
SFPM at the given technological regimes, which can be relat-
ed to reduced energy dissipation and friction loss in turbulent
flow [20]. As the presence of secondary amino group in the
polymere allows the PHMG salts to adsorb on the surface,
that can lead to reducing friction.

Table 2

Fire extinguishing ability of solutions PHMG-CP and
foaming agent SFPM

Fire extinguish agent Fire extinguishing ability, kg/m?
PHMG-CP 0.55

SFPM 0.93
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Fig. 2. Photo of quenching model fires “1A” class after the sup-
pression by:
a — water; b — PHMG-CP

In Fig. 2. there is a photo of quenching model fires “1A”
class after the suppression by water (a) and PHMG-CP (b).

Visual analysis of the samples after suppression allows
drawing conclusions as to prospects for the use of PHMG-CP
as fire extinguishing means for cellulose-containing materials.
To our mind, this can be related to two factors: the presence of
phosphorus ions of guanidine compounds (H,PO;, HPO;,
PO;3, PO", P,0, P,03, P,0%) which increase efficiency of both
homogeneous and heterogeneous inhibition of reactions com-
bustion; as a result, a reduction in the time of extinguishing the
class fire 1A is achieved. P—N synergism promotes the forma-
tion of cross-linked networks with polymer chains during a
fire, thereby encouraging the retention of P in the condensed
phase and yielding higher and more thermally stable char for-
mation [21].

Or it can also be associated with the fact that the received
finely sprayed jets increase vaporization in the area of combus-
tion thus raising cooling and phlegmatizing effects.

The received results allow speaking about considerable im-
provement of fire extinguishing qualities of the investigated
aqueous solutions of guanidine polymers in comparison with
water use which is directly associated with the improvement of
fluidity of aqueous solutions PHMG in the researched range of
concentration, that is about presence of the hydrodynamic ac-
tivity in polymere PHMG, ability to reduce hydrodynamic re-
sistance of water on account of which it is possible to increase
capacity, in particular, primary fire extinguishing means [17].

Due to their chemical structure the researched polymere
surface active agents of guanidine series are able to realize sev-
eral parameters of the cessation of combustion: inhibition,
phlegmatization, cooling and do not contain components,
which, with regard of their effect on the organism, are consid-
ered dangerous and extremely dangerous. The use of these sur-
factants makes them promising for developing a solution for
fire extinguishing on their basis. Phosphorus is pivotal to the
development of novel efficient flame retardants, mainly be-
cause of its chemical versatility: it can act in both the con-
densed and gas phases, as an additive component or as a reac-
tive one, in various oxidization states, and in synergy with nu-
merous adjuvant elements [21].

PHMG salts have a wide range of biocidal effect: bacteri-
cidal, virucidal, sporocidal, fungicidal and algicidal) [17].
A wide range of biocidal effect of polyalkylene guanidines is
conditioned by the presence of guanidine groups in repeating
units of macromolecules polymers of polyalkylene, which are
an active base for some natural and synthetic medicines and
antibiotics (sulgin, ismelin, pharyngosept, streptomycin)
making them promising in the sphere of disinfection in emer-
gency.

A great value of polyguanidines is the absence of volatility,
good dissolving capacity, absence of smell, colour, unaggres-
siveness to various materials, biodegradability and safety for
environment. Besides PHMG-HC is inhibitor of biocorrosion
of metal equipment; it prevents the forming of biofilm, remove
components of biocenosis of fouling and iron salts, stored in
old pipelines [17].

The polymere researched in the work has the qualities of
“biologically soft” surfactant and corresponds to high ecologi-
cal demands of environment and rational use of natural re-
sources. It can be used for developing ecologically acceptable
water fire extinguishing means and during fire-fighting opera-
tions.

Conclusions.

1. Approaches to the estimation of negative impact of
foaming agents used nowadays on the environment and people
are considered. The use of ecologically acceptable polymere
surfactants of guanidine series is grounded for fire extinguish-
ing in natural ecosystems.

2. It has been established that small amounts of polyhexa-
methylene guanidine salts added into water, on the account of
reduction of hydraulic losses, allow raising the amount of fire
suppressing substance used at flash point by 1.5-2.0 times;
improving fire suppressing qualities of water by 1.98—2.23 times
(depending on the concentration of polymere and its salt com-
position), and also increasing the range of fire extinguishing
agent in primary fire extinguishing means of fire suppression
by 20—30 % with the use of the fire extinguisher VVSH-9.

3. The use of “biologically soft” surface active agents,
which simultaneously have the properties of polymers, in the
composition of modern fire suppression means allows improv-
ing indices of fire suppressing and ecological safety.
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Meta. OOrpyHTYBaHHS 3aCTOCYBaHHSI €KOJIOTIYHO MPU-
WHATHUX TIOJIIMEpPHUX MOBEPXHEBO-aKTUBHUX PEUOBUH Tya-
HiIMHOBOTO PsIMy ISl TMiABUILEHHS BOTHEracHoi e(eKTuB-
HOCTi BOIU TIPY TaCiHHS TTOXKEX Y MPUPOTHUX €KOCHCTEMAX.

Metoauka. JlocnimkeHHsT KpUTepiiB e(eKTUBHOCTI BOMI-
HUX PO3UMHIB MOJTIMEPHUX MTOBEPXHEBO-aKTUBHUX PEUYOBUH
TYaHiIMHOBOIO PSiAy MPU TaciHHI MOAENbHUX BOTHUILL KJa-
cy A. HatypHi BUnpoOyBaHHsI BOTHUX PO3YMHIB I'yaHiTUHO-
BUX IOJIIMEpPIB y MOTOL 3 BUCOKOIO IIBUAKICTIO CTPYMEHSI
MPOBOIMJIN 3 BUKOPMCTaHHSM BOIHOTO BorHeracHuKa BBILI-
9 (BupoonuuTsa [IpAT «MakiiBcbkuii 3aBon «Dakes»).

Pesyabratn. BcTaHOBIIEHO, IO TOmaBaHHS 10 BOIU He-
BEJIMKMX KOHLEHTpaLiil pO3UMHIB MOJiMEPHUX ITOBEPXHEBO-
aKTUBHUX PEUYOBMH TYaHiTWHOBOTO PSAY NPU3BOAUTHL IO
301TbIIIEHHST TAJIBHOCTI Tonadi crpyMeHst Ha 20—30 % 3 Bu-
KOPUCTaHHSIM BOgHOTO BorHeracHnKa BBILI-9; mpuckopeH-
HsI BUKUIY 3apsiny BorHeracHuka BBIII-9 na 20—22 %; cko-
pOYEHHS Yacy raciHHsI MOJIeJIbHOTO BOTHUILA MOXeXi 1A Ha
15—20 %; migBWIIEHHSI BOrHETacCHOI e(PeKTUBHOCTI BOIW B
1,98—2,23 pasu. ExcriepuMeHTalIbHO BCTAHOBJICHO, 110 BU-
KOpUCTaHHS 6 %-BOro po3unHy miHoyrBopioBauya SFPM nae
MOXKJIMBICTb 3araCUTU MOJEJBbHUI OCepenoK MOXeXi Kilacy
2A, 3arajbHolo Iioweio 9,36 M2, a 3aCTOCYBAaHHS PO3UMHY
noJlirekcaMeTuIeHryaHinuH ¢gocdart kKapdamimy 1a€ MOXIN-
BIiCTb 3aracuUTH MOJAEJbHUIT OCEepPeloK MOXKeXi Kaacy 3A, 3a-
raipHoI0 Tutowielo 13,89 m2. PozpaxoBaHa BOTHEracHa 31aT-
HICTh PO3YMHIB MoOJlireKcaMeTUIeHTyaHinuH docdar Kkapda-

Miny it miHoyTtBoproBaya SFPM, 1110 CTaHOBUTD, BiITOBiAHO,
0,5510,93 kr/m>. [Toka3zaHo, 1O JOCTIKyBaHi PO3YMHH Iya-
HiIMHOBUX MOJIiIMEPIB MalOTh OiJIbIII BUCOKY BiTHOCHY BOI'HEe-
racHy 3[aTHICTb y TIOPiBHSIHHI 3 miHOyTBOptoBaueM SFPM 3a
JIAHUX TEXHOJIOTIYHUX peXUMax, 1110 MOXJIMBO MOB’S3aHO 3i
3HUDKEHHSIM PO3CiIOBaHHS €HEPTii Ta 3MEHIIEHHS TePTS TYp-
OYJIEHTHOTO MOTOKY.

Haykosa HoBu3Ha. OTpuMaHi pe3yabTaTU TO3BOJSIOTH
TOBOPUTHU MPO 3HAYHE MOJIMILIEHHS BOTHETaCHUX BJIACTH-
BOCTEi1 TOCIIIKYBaHUX BOAHUX PO3YMHIB I'yaHiIMHOBUX I10-
JIiMepiB y MOpiBHSIHHI 3 Bojxolo. Lle moB’s3aHo 3 mosTinieH-
HSIM IUIMHHOCTI BOIHUX PO34YMHIB COJICi MoJlireKcaMeTUIeH-
TyaHiIMHY B IOCJiIXKYBaHOMY Jlialla30Hi KOHIIEHTpallil, 1110
CBIIYUTH MPO HASBHICTH Yy IOJIMEpy TiIpoauMHaMivyHOI aK-
TUBHOCTI, 31aTHOCTI 3HUXXYBATH TiAPOAUHAMIUHUIM OITip Tep-
Tsl, YHAC/TiIOK YOT0 MOXJIMBE 301IbIIEHHSI ITPOMYCKHOI 3/1aT-
HOCTIi TpyOONPOBOIiB, 30KpeMa, B IEpBUHHUX 3aC00aX MoxKe-
JKOTaCiHHS.

IIpakTiyna 3HaunMicTs. OTpUMaHi pe3yJbTaTU CTBOPIO-
I0Th MePeyMOBU IJIs1 YCIIIIIHOTO BUKOPUCTAHHS HA MPaKTU-
11i TTOJTIMEPHUX TTOBEPXHEBO-aKTUBHUX PEYOBUH TyaHIIMHO-
BOTO PSIY B SIKOCTi BUCOKOE()EKTUBHUX 10OABOK 110 BOAU ISt
MiIBUILLIEHHST €(eKTUBHOCTI raciHHS TOXeX y MPUPOTHUX
eKocucTemMax sl MiABUILEHHS MOKA3HUKIB TMOXEXHOI Ta
€KOJIOTiYHOI Oe3MneKu.

Kurouosi cioBa: nogepxneso-akmugni pevosutu, noaicya-
HIOUHU, noaieeKcamemuaeHeyanioun gocgham kapbamio, eiopo-
Junamiuna akmuenicme, pocghopoemicHi anmuniperu

O06ocHOBaHUe TPUMEHEHHUS
NOBEPXHOCTHO-AKTHBHBIX BEIECTB
TYAaHWIMHOBOTO PAAA /ISl TYHIEHHS TOXKAPOB
B NMPUPOIHBIX IKOCHCTEMAX

C. B. XKapmoeckuii', T. B. Maenesanas?

1 — VYkpauHCKMII HaydyHO-UCCIeNOBATEebCKUI WHCTUTYT
rpaXXIaHCKou 3amuThl ['ocymapcTBEHHOM CITyKObI YKpanHbI
T10 Ype3BBIYATHBIM cUTyalusM, T. Kues, Ykpanuna

2 — YepKacCKuil MTHCTUTYT MOXKAPHOM 6€30MaCHOCTH UMEHU
I'epoeB YepHoObLIs1 HanmoHasbHOTO yHUBEpPCUTETA Tpax-
NIAHCKOW 3alllUThl YKpauHsbl, I. Yepkaccsl, YKpauHa, e-mail:
maglovana_t@ukr.net

Ieap. O60cHOBaHVE MPUMEHEHUS SKOJOTUYECKU TPH-
eMJIEMBIX TOJIMMEPHBIX MOBEPXHOCTHO-AKTUBHBIX BEILECTB
TYaHUIWHOBOTO psia IJIs TOBBIIIEHUS OTHETyIIamei -
(EeKTUBHOCTU BOIBI NMPU TYLICHUU TOXApOB B MPUPOTHBIX
5KOCHCTEMAX.

Metoauka. MccienoBanusi kputepueB 3G (GEeKTUBHOCTH
BOIHBIX PACTBOPOB IMOJMMEPHBIX IMOBEPXHOCTHO-aKTUBHBIX
BEILIECTB TYaHUAMHOBOIO psiia TPW TYIIEHWH MOAETbHbBIX
ouaroB Kjacca A. HatypHble UCIIBITAHKSI BOIHBIX PACTBOPOB
TYaHUIWHOBBIX ITOJMMEPOB B ITOTOKE C BHICOKOW CKOPOCTHIO
CTPYH MPOBOAWIM C UCTTOIb30BAHUEM BOJTHOTO OTHETYIITUTE -
s BBILI-9 (mpomsBonctBa YAO «MakeeBckuit 3aBox «Pa-
Kell»).

PesynbTaThl. YcTaHOBIIEHO, UYTO 10OaBIeHUE K BOJIE He-
OOJIBIINX KOHIICHTPAIMII pacTBOPOB MOJMMEPHBIX TTOBEPX-
HOCTHO-aKTHBHBIX BEILIECTB TYaHUINHOBOTO Psiia IPUBOINUT
K YBEJIMUEHUIO JaTbHOCTH mogaun ctpyu Ha 20—30 % c uc-
MmoJib30BaHWeM BoaHoro orHerywmutesnss BBII-9; yckope-
HHIO BBIOpoca 3apsaa orHeryimmreas BBIL-9 na 20—-22 %;
COKPAILIEHUIO BpEMEHM TYLIEHHST MOJIEIBLHOTO o4ara rmoxapa
1A Ha 15—20 %; noBblleHUIO OrHeTymaiein 3GeKTUBHO-
ctv Boabl B 1,98—2,23 paza. DKcniepuMeHTalbHO yCTaHOBJIe-
HO, YTO UCII0JIb30BaHMe 6 %-HOro pacTBopa IeHooopa3oBa-
tesss SFPM ngaeT BO3MOXKHOCTB TTOTYLIMTL MOJEIbHbBIN ovar
noxapa kjacca 2A, obiueii rromaneio 9,36 M2, a npuMeHe-
HUe pacTBOpa IMoJUrekcaMeTuaeHryaHuaua ¢gpocgar Kkapoa-
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MMIA JaeT BO3MOXHOCTh IMOTYIIIMTb MOJEJIbHBIN oJar moxa-
pa kiacca 3A, obueii miomansio 13,89 Mm% Paccuurana or-
HeTyIalas CltocCOOHOCTh PACTBOPOB IOJIMTEKCAMETUIICHTY -
aHuauH ¢ocdar kKapbamuaa u neHoobpasosatenss SFPM,
KOTOpasl COCTaBJIseT, cOOTBeTcTBeHHO, 0,55 u 0,93 xr/Mm°.
IlokazaHo, 4TO MccaeIyeMble PaCTBOPHI T'YaHUIUHOBBIX T10-
JIMMEPOB UMEIOT 00Jiee BBICOKYIO OTHETYIAlLy10 3 GheKTUB-
HOCTb I10 CpaBHEHMIO ¢ TTeHooOpa3zoBarteaeM SFPM npu naH-
HBIX TEXHOJIOTMYECKUX PekruMax, 4TO, BO3MOXHO, CBSI3aHO
CO CHUKEHHMEM pacCesTHUsI HEPTUU U TTIOTepe TPEHUSI TypOy-
JIEHTHOTO TTOTOKA.

Hayunas HoBu3Ha. [TonyyeHHBIC pe3yabTaThbl TO3BOJISIIOT
TOBOPUTh O 3HAYMTEIHLHOM YIYUYIIEHWW OTHEeTYIIAIINX
CBOICTB HCCJIEAyeMbIX BOIHBIX PacTBOPOB I'YaHMIMHOBBIX
TTOJTMMEPOB 10 CPAaBHEHUIO C BOIOM. DTO HEMTOCPEACTBEHHO
CBSI3aHO C YJIYYIIEHHEM TeKyuyeCTH BOIHBIX PACTBOPOB CO-
JIel TToJIUTeKCaMeTUJIEHTYaHUIMHA B MCCIIeyeMOM Thara-
30HE KOHIEHTpAIMii, YTO CBUAECTEIbCTBYET O HAJIUUUU Yy

TOJTMMepa TUAPONMHAMUIECKON aKTUBHOCTH, CTIOCOOHOCTH
CHUXATh TUAPOIMHAMUYECKOE COTPOTUBIEHUE BOJIBI,
BCJIEICTBHE YeTO BO3MOXHO YBEJIMUeHNE TIPOITYCKHOM CcTIo-
COOHOCTH, B YACTHOCTHU, B MEPBUYHBIX CPEACTBAX MMOXKAPO-
TYLIEHUSI.

IIpakTiyeckas 3HaYuMocTb. [lojyyeHHbIE pe3yabTaThl
CO3MAI0T MPEINOChUTKK ISl YCIISITHOTO UCTIOIb30BaHUST Ha
MpaKTUKE TOJMMEPHBIX TTOBEPXHOCTHO-AKTUBHBIX BELIECTB
I'YaHUIMHOBOTO Psifia B KAYeCTBE BbICOKOA((HEKTUBHBIX 10-
0aBOK K BOJe ISl TOBbIIIEHUSI 3(P(HEKTUBHOCTU TYILIEHUS
MOXapOB B MPUPOIHBIX IKOCUCTEMAX.

KiroueBbie CJI0Ba: 108epXHOCMHO-AKMUBHblE 6euecmed,
noAucyaHuOUHbL, NoAUEeKcamemuieHyanuout gocgham kapoa-
MUQ, euopoduHamMu4ecKkas aKkmueHocms, ocgopcodepicauyue
anmunepebl
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