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Abstract

Surface tention (ST) is a physical-chemical paramiiat informs about the presence of surfactise agents (surfactar
in the aqueous environment. The article proposebtiain experimentally ST (IST) time dependencehefdontrolled aqueo
environment and to judge by the equilibrium ST ealEST) about the surfactant concentration in suchnvironment, based
the peviously received calibration dependence of ESThenconcentration of respective surfactant inatipgeous environme
EST dependence of controlled aqueous environmereadgsmmended to get though ST measurements byngufseniscu
method based on thmeasurement of maximum pressure in the bubble (MEBiout its separation.The essence of pu
meniscus method has been described. The advarftige method over usual MPB method is that in pphecess of obtainir
IST dependence and EST value ohewd use the same air meniscus surface at thefendtering capillary submerged in
sample of the investigated aqueous environmeobniiderably speeds up the process of getting &Entdence and EST va
of aqueous environment. The article @ns$ a block diagram, appearance and work desmrigti a device that impleme
pulsing meniscus method with the application of natontrollers and hydraulic damper of depth of thetering capillar
submersion in the controlled aqueous environmeaituGation of ST value on the basis of the measuradimum pressure dr
Apmax In the meniscus pulsation process could be acdshgal by one of the proposed dependences and rs

(M. Cantor, R. Feustel, E. Schrédinger, J. DugneS®&ben, R. Bendure, I. Kisil). Recommended rangesatfies for th
parameterApgr/Apmax have been demonstrated, where relative methodalogiror of the calculation results of ST valuél
not exceed 0.1%, wher&p is the densities difference of the controlled ampseenvironment and aig,is the acceleration
free fall and is an outlet radius of the device metering capilla

Key Words: aqueous environment, concentration, control, marinpressure in the bubble,easurement, pulsing menisc
surface-active agent, surface tension.

Introduction devices and systems to treat wastewater from sarfac
content. Taking into account surfactant high hazard

At present, surface active agents (surfactants) aneman health they should be revealed in surrounding
used almost in all branches of industry, agriceltur aqueous environment in time.
everyday life, medicine etc. The main property of  Well-known methods and devices applied for the
surfactants is their ability to influence the irsetion assessment of surfactant presence in aqueous
between the contacting phases. This fact enabkis thenvironment are mainly adapted to the Ilaboratory
usage as cleaning agents, as auxiliary materials gonditions, require a lot of time for the prepavatand
technological processes of ore flotation, oil arak g carrying out of each analysis, have high cost ardat
extraction, well drilling and also in production ofsuitable for practical environmental monitoring of
synthetic fibers, rubber, plastic etc. However, aurfactant content in surrounding aqueous enviromme
widespread usage of surfactant resulted in thee@ser especially when the concentrations are up to 0.01%
of their production volume. Constant renewal ofithe[1, 2].
range causes the pollution of aqueous environment Photometric, chromatographic and chemical
(rivers, reservoirs, industrial wastewater, grouathy methods are used to control surfactant contendrirons
etc.). It should be mentioned that most industrisdqueous environments of different manufactures.
enterprises and community facilities do not haveppr Photometric method of surfactant content control
in water is based on the extraction of surfactamtpairs
with different dyes from water samples by chlorafor
and determination of surfactant concentration atiogr
to the fluorescence intensity of the obtained extra
recorded by fluorimeter. Photometric method is eath
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Chromatographic method of surfactant Theoretical part
concentration assessment in water permits to determ
total surfactant content in the aquatic environmnemd ST measurement at the distribution limit of
its qualitative composition. Chromatographic metled controlled aqueous environment — air can be corduct
suitable only for studying of some surfactant typesl by many methods with the help of corresponding
also requires expensive and complex equipment awddvices [3].
laboratory measurement conditions. Analysis shaeald Among methods that study ST dynamics, the best
performed by a person with appropriate qualifiaagio one is the method of maximum pressure in the gas
In addition, there are always surfactant losses tdue bubble (MPB). Classical Laplace formula for cagwij
their adsorption on the chromatograph inner parts. surfaces, which describes the connection between
State  Environmental Inspectorate  controlphysical and geometrical parameters of a two-phase
surfactant content in wastewater of enterprises iand system [4] underlays MPB method as well as many
various aqueous environments by using mainlgther methods connected with ST study:
chemical analysis of water samples. Chemical aisalys 1 1
methods as well as photometric are long term and Ap =o|g (E+?J (1)
require skilled professionals and lots of expensive 1 2
reagents. Moreover, the latter should be diffefent where Ap is the difference of internal and external
various surfactant types. pressures that influence capillary axisymmetridaser
Taking into account the above-mentionedf two phases distribution in a certain poiR, R, is

information, the necessity to develop 'T‘?tho‘?'s f%e curvature radii of the capillary surface asthoint
surfactant content control without these deficieadias . : .
in mutually perpendicular planec,, is the ST at the

appeared. The best solution to this problem is thode
based on the measurement of surface tension (Sfig at distribution limit of liquid-gas.

distribution limit of controlled aqueous environrend In the Laplace equation (1) there is a possibthity
air. find ST o, if you know Ap and geometric parameters

Surfactants presence in aqueous environment ds capillary surface R, R,. The external pressure is a

detected by ST decrease at the phase distributioh | . .

of convoledagueous envronment andai [0S ne onecied Wih e dept oL gabial

Moreover, the character of ST variation from th he internal ressureg s re ?esente d by a capillar

moment of creation of phase distribution surfacéh® pres: P! y piilary
Qressure, which is always directed to the center of

achievement of ST equilibrium value has a distin apillary surface curvature. It manifests as olikty
dynamic nature, which is determined by chemicalaPhary sur . : . .
" . : column rise in a capillary submerged in fluid.
composition and surfactant concentration in thé . : :
Analyzing equation (1), one should notice that one

controllgd aqueous environment. . , of the values measured easily in practice is aspres
Fluids without surfactant presence, including cleag o .
rop Ap. If it is measured, then to find So,, one

water, do not show such ST variation with time.u$h
the dynamics of water ST at the distribution limith  should know curvature rad R and R, of the gas
air can serve as an indicator of surfactant coriteftt  pubble surface at one of its points.

For determining surfactants in water or aqueous However, the curvature racR and R, are the
solutions it is sufficient to measure ST of studigsids
fixing ST values in time. ST decrease with tim
accurately indicates the presence of surfactanthien onvironment a2 :i’ of edge radius of the lower
tested liquid. Apg

A necessity conditioned by the above-mentionegapillary endr, where gas bubble meniscus is located
facts is to study ST dynamics of controlled liqaidits (capillary outlet radius), wherAp is the difference of
dlstrlbutl_on_ I|m_|t W.'th. ar (dep_enden_ce Of. ST ateth densities of aqueous environment and bubble i,
phase distribution limit on the time of its existepand, acceleration of free fall. It is impossible to findlues

consequently, develop certain methods for suchesud o
At present all known instruments devoted to th ,Rl and R, within the process of ST measurema,

ST dynamic study at the distribution limit of ligui Py experiments. While implementing MPB method it
environment — air are produced in Germany, USAj)as been proposed to measure maximum pressure drop
Russia, Ukraine. They are mainly intended forAp,,, that occurs during gas bubble formation in the
laboratory operation conditions, have high cost ared |iquid from the lower orifice of metering capillary
practically not suitable for on-line control of factant submerged into investigated fluid to a depth The
content in natural water environments directly e t opeliscal point (meniscus vertex) here, where
field conditions. Therefore, the main task now ds t R =R, = Ry, should be taken as a characteristic point

develop a new methodology for surfactant concentrat of bubble capillary surface. Taking into account al

control based on the study of ST dynamics at t . ;
distribution limit of controlled aqueous environmen r}ﬁese facts the dependence (1) will be the follgwin

air that would have sufficient accuracy of ST study Ap,.. = 20, +0Apg(H+1h), 2)
results and high efficiency of control procedure. R

G]functions of capillary constant of the aqueous
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whereH is a distance from the obeliscal bubble pointts, ~ calculation by MPB method that will give
the capillary lower end at the moment of maXimu”methodological error no more than 0.1%.
pressure dropAp,..; Ry is the radius of bubble

- : A
meniscus curvature at this moment. Table 1 — Range of recommended val-—2" for the
It should be pointed out that valués and R, App,,

above-mentioned dependences and methoo,, of
calculation in order to receive their methodoladjic

depend ora® andr. Measurement of valugs and Ry
is almost impossible within the process (o,

determination by the MPB method. In this case a BITOrs 3y, < 0.1%
number of dependences and methodc,g fconversion Dependence, Recommended range
according to (2), providingi=0 can be actually used, methods of values
depending on the desired methodological error. TheyR. Bendure [11] 0-0.002
are the following: M. Cantor [5] 0-0.035
dependence of M Cantor [5] R. Feustel [6] 0-0.047
2 S. Sagden [9, 10] 0-0.123
G =M{1—M—(MJ . (3) [E. schrodinger [7] 0-0.154
2 A AP J. Dugne [8] 0-0.532
dependence of R. Feustel [6] . Kisil [12] 0-0.639
2
o =DPnall, 2Apgr _E(Apgr @) lllustrative changes in time of pressureAp
& 2 APy 3\ APy within the process of gas bubbles formation incaiti
dependence of E. Schrédinger [7] without surfactants and a liquid with surfactante a
2 shown in Fig. 1. Here the curves 1 and 3 demorstrat
o, = APyt | 4 _ 28p0r _}( Apgr . (5) 9reater amount of air supply into the bubbles witthie
‘ 2 Ap... 6lAp,. process of their formation, than it is demonstradigdhe

iterative dependence of J. Dugne [8] curves 2 and 4.

A ° ap
BPrax - 2 16679 + O.OSSéLJ . ®)  ap
MApga r/a a a .
iterative method of S. Sugden with the applicatiol N
of a certain table [9, 10];
iterative dependence of R. Bendure [11] (3
JAY A g rY A Ppin
Sy =—/ZB. (—j : @)
2 i=0 a\/§ 0 7 7 7
where By =0.99951; B; =0.01359; B, =-0.69498; [ ’
B; = 0.11133 B, = -0.56447 By = -0.20156; ap a)
dependence of I. Kisil [12] Dpmaxt
; | A
Glg = ApmaXrZCi [MJ , (8) DPpax2
i=0 Apmax 7
where Cy = 0.500152:C; = -0.354452;C, = 0.272662; )
(.
C3 =-1.953555 C, = 3.520689; C5 = -1.852359. Apming /
The analysis of the relative methodological error Apginz N\ | \/
3. Of the above-mentioned dependences and methc
[12] shows that to achieve valu§, ., <0.1% the range L h ] !
b)
. JaY L . -
of permitted values =29 at the application of these Figure 1 — Change of pressure dropp within the
APpay process of bubble formation in the liquids

dependences and methods should correspond totée da without surfactants (a) and with surfactants ()
listed in Table 1.

Thus, analyzing a received val Bpgr based on As shown "_1 the F_'g' 4, pressure dropsﬁlpmax'
Proax are equal in the liquid without surfactants atefidint air

the valuesAp, g, r and measured\p,., excluding supply into the bubbles (smaller intervals betwega
hydrostatic pressure in the investigated liquidtte successively formed bubbles). The same phenomenon

capillary lower end, on the basis of data liste@able 1 Can be observed with minimal pressure drdyg,, at

an appropriate dependency or method can be chosen the time of bubbles separation from the capillasitdm
end. In the liquid with surfactants the pressurepdr
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Appmax1 @t greater amount of air supply into bubbles  Experimental part
(smaller intervals between bubbles) are bigger thian

lower air supply into bubbles\p, ., . The pressure Based on the considerations given above a device

. block diagram has been developed to study ST
drops Appiny and Apmin, are changed accordingly. It gynamics of the surfactant aqueous solutions, wisch
can be explained by the fact that during the tt,e depicted on Figure 2 and contains the followingckéo

(life) of pressure increase in the bubble locatethe and units.

capillary bottom end in the liquid with surfactantsere |
is a surfactant adsorption at the distribution tiofithe = 73 9
air bubble meniscus. The more the intervals betwet —
formed bubbles the bigger is the amount of adsorbe
surfactant on the bubble meniscus surface than
smaller intervals between bubbles. It reduc,; and

accordingly, due to (1) or (2) reduc&pmax.- This

7 = 8 [~ 9 = 1

process cannot be observed in the liquids withot T
surfactants (Fig. 1z), so the pressurépyay remains y H p g |
the same at different air supply into bubbles witthieir
formation (different intervals between two succeslsi f T |
formed bubbles). y

Time interval from the moment of pressure valut 75 1% %
Apmax to the moment of pressure valdnn is a
time of spontaneous bubble formation. It is usuall J 1
called the time of bubble “death. The adsorption
process is believed to occur at this titgethat is, the 1 —investigated liquid; 2 — metering capillary,

) ) 3 — hydrostatic pressure compensator;

dependence will L _ 6, = f(t,) for different valuest, 4 ~ differential pressure sensor;

til o, equilibrium value is obtained, in other words 5 — analog-digital converter; 6 — microcontroller;
7 — diaphragm vessel; 8 — hydraulic cylinder;
_ 9 — transfer mechanism; 10 — stepping motor;
, Increase. 11 - stepping motor driver; 12 — power unit;

To obtain the dependencs, = f(t,) by MPB 13 — plug for blow-off; 14 — keyboard; _
method with the formation of air bubble separatenf 15 — memory expansion unit, 16 — indication unit
the capillary bottom end, it is necessary to creaeh  Figure 2 — Block diagram of the device to study ST
bubbles by increasing the time interval betweemmthe dynamics of surfactant aqueous solutions
till ST equilibrium value is reached.

In order to decrease time for obtaining a specified A vessel contains the investigated aqueous
dependency it has been proposed to avoid air bsibblenvironment 1 where the metering capillary 2 and
formation after the maximum pressure drApyay iS hydrostatic pressure compensator 3 (compensatbeof

reached. Then the capillary surface should beapillary 2 submersion depth) are submersed to the
immediately returned to one of its states, havixigted ~Same depth.
before the appearance of maximum pressure and the The basic element of the device is a calibrated
pressure inside should be increased again to reachnetering knife capillary, the lower end of which is
maximum pressure drop and etc. Due to this prabess Submersed into the investigated solution 3 andifiper
dependencis,, = f(t,) can be studies with the help ofénd is connected_ with dlaphragm_ vessel 6. To avoid
S ] ) chemical interaction of the capillary material and
one surface, considering that the tit,ewill represent ¢\, factant solution that can lead to the distortidn
the whole period of one distribution surface exiseeof measurement results, the capillary should be
the controlled aqueous environment and air. It wilnanufactured from inert (chemically resistant)
significantly reduce the time for obtaining thematerials.

such a valuis,, that will not change (decrease) with the
t

dependence o, = f(t,) and simplify the device Quartz glass has been selected as a materialeor th
necessary for the fulfillment of pulsing meniscugnetering capillary. Capillary lower end is manutaed
method. in the shape of a knife cut to avoid the influernée

To achieve this mode, the air volume of the devic®etting angle by the aqueous environment of capilla
measuring circuit should be considerably decreaset material. The internal capillary hole has the radize
as soon as the maximum pressure difpgy is ' - 0-°MM
reached, the system of air intake from the meniscus Hydrostatic pressure compensator 3, the lower part

should be put into operation, avoiding formationaaf 0 \_Nh'Ch IS fubn;ersed md the hlnvestlgalted Iaqigfoﬁs
bubbles and their separation from the lower enthef Environment 1 and mounted at the same level wien t

capillary metering capillary 2 and the upper part of which is
' connected to the differential pressure sensor dsésl
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Table 2 - Approximative dependences of surfactant solutiorceatration on equilibrium surface tensior
different surfactants

Ne Surfactant name Concentration dependence on EST

1 | Savenol c(0) =1.066- 54.64 + 9464° - 5494

2 | Zhyrynoks c(0) = 2.848- 125.8 + 1857* - 9156

3 | Tipol c(o)= 0.05304- 1.026+ 1.168+ 35.67

4 | Gala c(0) =0.03517- 0.9558+ 5.345 + 17.5%8

5 | Fairy c(o) =0.05227- 1.137 - 0.762%+ 91.69

6 BYK LPD 6296 c(0) =14.87- 34w + 1484° + 6049

7 | Isopropanol c(o) =-16.35+ 1593 - 3.418 T&°+ 2.115 A®°
8 | Ripoks c(o) =-90.97+ 6184 - 1.368 TW*+ 9.762 16°

for the pressure compensation of hydrostatic column  Stepping motor driver 11 is a distributive-power
submersed in liquid, which provides independerlock designed to operate the stepping motor 10ignd
measurement results from the depth of capillarsun by directing pulses of microcontroller 6.
submersion. Power unit 12 supplies direct current with
Differential pressure sensor 4 is designed tstabilized voltage to all electronic units of thevite.
measure pressure differences in the capillary 2 and Plug 13 closes the hole of diaphragm vessel 7 to
hydrostatic pressure compensator 3. Differentiathich the blowing-off node of the metering capylés
pressure  sensor MPXV7002DP  CASE1351-Otonnected. The blowing-off node should be used to
manufactured by the company Free scale semiconducttean the capillary from liquid residue before aaftbr
with a measuring range of pressure deo2kPa is the measurement process.
produced in the integrated form together with pesi The keyboard 14 is designed to input control
amplifier and thermal compensation circuit. Theoeof commands for the microcontroller. Memory expansion
pressure drop measurement given by this device dagsit 15 is devoted for storing of measurement tesul
not exceed 1.5%. To assess surfactant concentration in aqueous
Analog-digital converter 5 is used to convert direcenvironment on the basis of the determined equikbr
current signal from the differential pressure sedsand ST value one should use appropriate preliminary
transfer this signal in digital code to the micnotoller received approximative dependences of surfactant
6, where it is considered as a constituent part. concentration in water on equilibrium ST of
According to the developed program embedded igorresponding surfactant original solution. At jres
it, microcontroller 6 controls all external electio there are such dependences for two domestic and six
nodes of the device such as keyboard for data iiyput industrial surfactants. These dependences are
indication unit 16, stepping motor 10 and internatepresented in Table 2 and entered into microcthetro
integrated electronic nodes such as analog-digitdl memory. To determine surfactant concentration in
converter 5. It also conducts certain computation@lqueous environment an operator selects appropriate
operations connected with measuring process adépendence on the control panel taking into account
calculation of valueo, according to the selected previously received information about the preseote

dependence or method. In our case the application tegnl\slir(;);mg]nit surfactant in the controlled aqueous

depegti:l:glhcrzéa I\/SefSOSree|S$,e2.part of the device pneumati In_ FheT dependences Iis_ted i_n the Table 2 the value

system, is designed to change its internal volunigg a ©f €quilibrium surface tensioo is measured it/m,

consequently, the gas pressure inside the systentodu and concentration valic(o) is depicted in percents.

the membrane deformation. Due to this a bubble is When study process is finished the operator can

formed at the end of metering capillary 2. Therimaé represent the research results on the device Migita

spaces of metering capillary 2 and differentialsptee  display, which may show ST dynamics in the

sensor 4 are connected between each other tyrresponding aqueous environment, equilibrium ST

diaphragm vessel, which has the ability to joinlagp value, determined concentration of a certain stafec

for blow-off 13 to clean the capillary from the ichge of in the controlled aqueous environment.

the investigated liquid. An appearance of the developed device is
Hydraulic cylinder 8 is used to create pressure foepresented on the Fig. 3.

diaphragm deformation in the vessel 7. Transfer In the process of device operation the stepping

mechanism 9 converts the rotary motion of steppingotor controlled by the microcontroller rotates fslud

motor to the translational motion of the hydraulidransfer node, which then drives the hydraulicrodr

cylinder 8 rod. Stepping motor 10 is designed terafe  rod.

the hydraulic cylinder 8 rod.
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reverse rotation of the stepping motor and plunger
movement back in the hydraulic cylinder accordingly
The pressures in the pneumatic part and, consdguent
in the bubble decrease to a specified value. Aftat

the microcontroller sends a signal to the steppirogor

to change direction again for the pressure increates
system.  Moreover, during this process the
microcontroller records the values of pressure drop

APmax -

Described measurement cycles are repeated till the
value of maximum pressure drop becomes almost
unchangeable that corresponds to the achievement of
equilibrium ST at the distribution limit of aqueous
environment — air.

The value of equilibrium ST is calculated on the
basis of the obtained value of maximum pressure dro

APmax -

(35

Conclusion

1 — metering capillary; 2 — nut of the mounting ead
metering capillary; 3 — elevating table;
4 — handle of the elevating table drive; 5 — cdrarm
display panel; 6 — device stop button;
7 — compensator of liquid level;
8 — vessel with the investigated liquid

Control of surfactant content in aqueous
environment (rivers, reservoirs, industrial wastena
etc.) could be carried out on the basis of the
measurement results of their ST at the distribuliiot
of the controlled aqueous environment — air byipgls
meniscus method based on the method of maximum
Figure 3 — Appearance of the device designed pressure dropAp,ax Measurement in the air bubble.

for the control of surfactant low concentrations Moreover, one and the same meniscus surface is used
by pulsing meniscus method during the whole period of investigation — from the
) ) o moment of its appearance to the achievement of
As a result, a working fluid (glycerol) is displace equilibrium ST. A developed device based on the
from the hydraulic cylinder via connecting tubeoiite  py|sing meniscus method with the application of
diaphragm vessel. Under the working fluid presshee microprocessor can be implemented directly in taiel f
diaphragm deformation of this vessel is accomplishecongitions for the express-control of surfactant
which hermetically separates the diaphragm vessel i concentration in the real samples from aqueous
hydraulic and pneumatic parts. The diaphraganvironments. Besides, with the application of this
deformation is resulted in the decrease of thernate gevice there is a need to obtain preliminary catibn
volume of device pneumatic part, the gas pressugRpendence between the concentration of correspgndi
inside is increasing accordingly and then a bubble gyrfactant in the aqueous environment, the presehce
formed at the end of metering capillary in th&yhich will be for sure in the aqueous environmemt
investigated liquid. _equilibrium ST. To calculate the equilibrium ST tre
Stepwise gas displacement through the capillapasis of the measured maximum pressure drops at the
leads to the increase of bubbles at the capillay. € py|sing of the above-mentioned bubble meniscusobne
This process continues till the value of maximunhe mentioned dependences or methods should be used
pressure drop between meniscus pressure agfling into account the value of the parameter
hydrostatic pressure compensator is reached. Meval Apgr /Dp,... . In order to achieve the methodological

value of pressure drop is constantly measured by t., .
differential pressure sensor and transferred throu rror .Of the_ ST calculation result no more thart@ihe
ata listed in Tablel should be used.

ACD to the microcontroller, which discretely in #&m
records in memory a measured value of the pressure
drop with clock frequency. The microcontroller

constantly compares a movable pressure value vgh t [1] Litovka, OV, Ponomarjov, KS 2010, 'Surface-geti

previous one and if the comparing difference '(Sagents and methods applied for determining their

negative, it determines the moment of Maximumigncentration’ Construction Scientific Bulletinno. 60, pp.
pressure. 105-109.

After passing the state of maximum pressure drop [2] State Standard of the Russian Federation 1999,
the bubble volume increases very rapidly and tHeeva Drinking Water. Methods to determine surfactantteah in
of pressure drop unevenly decreases without bublslgnking water ISO P 51211-98, International Organization
formation and Separation from the Capi”ary end. for Standardization. Available from: WWW.gOSt-SVH.mKI.

At that moment the microcontroller produces at6 May 2013].

. o . [3] Rusanov, Al, Prokhorov, VA 1994|nterphase
signal for the transition to the gas suction moge btensometryChemistry, St.Petrsburg,
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KoHTponb BMicTy noBepXHEeBO-aKTUBHUX PEYOBUH Y BOOHUX cepeaoBMLLAX
LWIIAXOM BUMiIPIHOBaHHA IX MOBEPXHEBOro HaTAry

I.C. Kiciny , P.T. boouap, I.P. I[lamnoscvkuii, O.I'. Manvko, FO.M. Kyuipka

leano-®@pankiecvkuil HayioHaNLHUL MEXHIYHULL YHisepcumem Hagmu i 2asy;
syn. Kapnamcwora, 15,m. Isano-@panxisecok, 716019, Vrpaina

Bxkazano, mo noBepxuesuii Harsar ([TH) € ¢dizuko-xiMidHIM mapameTpoM, KWl iHGOPMYe PO HASBHICTH MOBEPXHEBO-
axtuBHEX peuoBuH ([IAP) y BomeMX cepemoBHImax. 3amporoOHOBAHO SKCIEPHMEHTATHLHO ONEPXKYBATH 4acoBy 3anexHicts [TH
(JIITH) KOHTPOJIBOBAHOIO BOIHOIO CEpeoBHINa i 110 piBHOBa)kHOMY 3HadeHHi [TH (PTIH) cymuru npo xoHuentpaiito ITAP y
TaKOMY CEpEeIOBUILI HAa OCHOBI IONEPEAHBO OTPUMAHOI rpagyloBaibHOi 3anexnocti PITH Bin kornenTpanii Bignosigaoro [TAP y
BogHOMY cepemoBuini. 3anexHicts JITH KOHTpONBEOBAaHOrO BOJHOTO CEPENOBHUINA PEKOMEHAYETHCS OAEPXKYBATH ILIIXOM
npoBeneHHsT BuMiproBanb [TH MeTomom mynbcylodoro MeHicKa, sSKHH 0a3yeTbcss Ha BUMIPIOBaHHI MAKCHMAalbHOTO THCKY Yy
Oymsbarm (MTB) 6e3 ii BigpuBy. OmucaHo CyTh METOLY MyJIbCYIOIOr0 MEHICKa, TepeBara sSIKOro Iepel 3BHYaiiHIM METOIOM
MTB nomnsirae y Tomy, mo y nponeci ogepxanus 3anexxaocti JITH i 3nauenns PITH BUKOpHCTOBY€ETHCS OfHA 1 Ta XK HOBEPXHS
MOBITPSHOTO MEHICKa HA TOPI BHMIPIOBAHOIO KaIlIipa, 3aHypeHOro y MpoOy MOCTIPKYyBAaHOTO BOAHOro ceperoBmmia. Lle
CYTTEBO TPHUCKOPIOE Tporiec onepxanHs 3anexkHocti JITH i1 3nauenns PITH BomHoro cepemoBuima. HaBemeHO cTpyKTypHY
CXeMy, 3OBHIIIHIM BUIJIAR i OHMHC POOOTH TPHUCTPOIO, SKUH peaslizye METOJ IyIbCyOuoro MEHICKa 3 BHUKOPHCTaHHSIM
MIKpPOKOHTPOJIEPA 1 TiApOKOMIIEHCAaTOpa TIHMONHY 3aHyPEHHSI BUMIPIOBAJILHOTO KaIlijsipa Y KOHTPOJIFOBAaHE BOJHE CEPEIOBHIIC.
Pospaxynok 3nauenns ITH Ha ocHOBI BUMIPSHOTO MaKCHMaJIBHOTO Iepenany THCKY APy, Y Hpoueci mymbcanii MeHicka

MPOMOHYEThCSA 3AIMCHATH 3a JONOMOrOK OfHi€l 3 HaBeldeHHMX 3aiexHocTedl 1 Mmeromuk (M. Kanropa, P. ®ecrens,
E. lllpenurrepa, [. dyrue, C. Carmena, P.benmype, 1. Kicinst). HaBemeHo pekoMeHIOBaHi [iamna3oHH 3HAYEHb Mapamerpa
Apgr/Ap,,., » 32 SKHX BiIHOCHA METONMYHA MOXMOKA OJIEPKAHMX PE3YIIBTATIB Po3paxyHKy 3HaueHb [IH He Gyne nepepuiyBarn
0.1%, ne Ap — pi3HMUS T'YCTHH KOHTPOJBOBAHOIO BOJHOIO CEPENOBHINA i MOBITPS, J — MPHUCKOPEHHS BIIBHOTO MajiHHA,
I —pajiyc BUXiHOTO OTBOPY BUMipIOBAIEHOTO KaIliJIsIpy MPUCTPOIO.

KirouoBi crnoBa: eumipiosanis, 6ooHe cepedoguuje, KOHMPONb, KOHYEHMPAyis, MAKCUMAIbHUl muck y Oynvoauyi,
nogepxueguil Hamse, NOBEPXHEeB0-AKMUBHA PEHOBUHA, NYIbCYIOUUL MEHICK.
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