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Purpose of work. The implantation of drainage devices in glaucoma is usually performed after previous unsuc-
cessful treatments and is the patient's last chance to save his vision. The article describes the device that allows auto-
mating the process of a preoperative check-up of implants of different types used for intraocular fluid withdrawal in
case of glaucoma. This device will help increase the success of the operation and help preserve the vision of the patients
with glaucoma due to the pre-test of the implants for serviceability and intraocular fluid withdrawal parameters.

Methodology. To realize the goal, the authors developed a functional scheme of the automated system for measur-
ing and controlling the parameters of the intraocular pressure regulation implants based on the microsystem technol-
ogy elements.

The results. Depending on the implant's material and hardness, there are three possible cases in which the im-
plant opens earlier, and there is a risk of hypotension to the patient's eye. Later, there is a risk of hypertension, and the
implant works in the normal pressure zone. The authors provide testing graphs of three implants of varying levels of
hardness and a graph of the reproducibility of the characteristics of the non-faulty implant.

Scientific innovation. The method of testing implant parameters by way of hardware overpressure creation with
the possibility of automated control parameters of preoperative testing the implants is proposed

Practical significance. The developed automated system for preoperative testing of implants, which provides:
simplification of the scheme with the simultaneous possibility of automating the process of preoperative testing of im-
plants of different types; allow getting an increase of sensitivity, measurement accuracy, and objectivity of implant pa-
rameters determination, determination of their suitability for use in the medical-surgical practice by the parameters of
fluid withdrawal, exactly opening pressure, closing pressure and reproducibility of the characteristics during the re-
peated operation, which will contribute to the efficiency of the performed operations; reducing the time of implant
check, which is limited by 2-3 minutes, and the possibility to save information about the parameters both in electronic
(computer) and paper forms.

Keywords: glaucoma; intraocular pressure; implant; pressure measurements; testing; process automation; micro-

systems engineering.

Introduction

Glaucoma is one of the most severe diseases in
ophthalmology and often leads to loss of vision and is
the second most frequently occurring disease [1]. The
leading cause of glaucoma is uncontrolled changes in
the passage of intraocular fluid through the trabecular
network; in the case of pathology, this leads to an in-
crease in intraocular pressure (IOP) and eye nerve dam-
age. During this disease, an essential means of preserv-
ing the patient's vision is to control IOPs to take timely
IOP normalization measures. Such control can be per-
formed on an outpatient basis (one-time) or using an
implanted microchip, e.g., 1.2-2.4 mm in size with
regular IOP information transmission at 914 MHz or
2.2 GHz [2, 3]. However, it should be noted that the use
of the microchip is currently in the process of experi-
mental research approbation but is not widespread.

The last, most effective method of IOP normaliza-
tion is the implantation of drainage devices (valves),
which is usually performed after previous unsuccessful
treatments and is the patient's last chance to save his
vision. Installation of the valve is carried out in the
process of a complex surgical operation.

The last, most effective method of IOP normali-
zation is the implantation of drainage devices (valves),
which is usually performed after previous unsuccess-
ful treatments and is the patient's last chance to save
his vision. Installation of the valve is carried out in the
process of a complex surgical operation.

Molteno (Molteno Ophthalmic Ltd, New Zea-
land), Baerveldt (Advanced Medical Optics, USA),
Ahmed (New World Medical Inc, USA), and Krupin
(Hood Laboratories, USA) valves are used as implants
[4]. Timely actuation of the valve and pressure reduc-
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tion ensures the storage of the optic nerve in working
condition.

However, some parameters of the implants may
have considerable variation. It is also important to
maintain their stability overtime during the usage of the
product [5]. The normal range of intraocular pressure at
which no pathological lesions occur and the implant
should react is within the range of 9-21 mm Hg, but it
can fluctuate, even up to 60 mm Hg. [6].

Therefore, testing existing implants before sur-
gery is an actual task for ophthalmologists and implant
designers. Evaluation of implant parameters before
implantation is one of the components of successful
surgical intervention and preservation of the patient's
vision [7]. The testing procedure consists of measur-
ing the pressure parameters at which the intraocular
fluid is output by the implant before insertion into the
human eye. It improves the selection and helps iden-
tify deviations in the intraocular fluid output parame-
ters in the implant and make predictions about its fur-
ther performance when used.

Literature review

Modern methods and tools for implant operability
testing provide for hardware creation of overpressure of
physiological solution and its passing through the con-
trolled valve with analog or digital control devices,
which can significantly differ in structural construction,
accuracy, and resolution of pressure parameters deter-
mination. Equally important are metrological parame-
ters and the simplicity and availability of such equip-
ment for a preoperative check before implantation.

Currently, there are several well-known methods
of testing implants for workability and measuring
equipment built on their principles.

Currently, there are several well-known methods
of testing implants for workability and measuring
equipment built on their principles.

Thus, for example, in [8] is considered testing of
implants without a pressure sensor; instead of it, an
operator manually lifts a reservoir with a saline solu-
tion to a given programmed height. The disadvantages
of this technical solution include inaccuracy and sub-
jectivity of the reference when setting the pressure and
the lack of automation.

In work [9], the device of preoperative testing
has in its composition a tank with a saline solution, 3-
inlet splitter, analog manometer, cannula 30G (exter-
nal diameter 0.3112 mm, and an internal diameter
0.159 mm), connecting tubes. The tank with a saline
solution connects to the input of 3 inputs splitter, the
first output connects to the manometer, and the second
output connects through the cannula with the valve
input. By raising or lowering the saline solution tank,
the ground gravity increases the system's pressure to
pass the solution through the AGV valve and fixes the
pressure values of its actuation. The disadvantages of
this device are the significant inaccuracy and subjec-

tivity of the pressure reading and the assessment of the
valve functionality for implantation.

The paper [10] describes two preoperative testing
methods of drainage valves, presented in the form of
two protocols.

One of them realizes the influence of a change of
world gravitation, and in the other, overpressure cre-
ates by the engine connected to the tank with saline
which exit through a connecting tube and 3-inlet split-
ter connects to a pressure balancing tube, the manome-
ter, and AGV. Insufficient sensitivity and complexity
of registration the operation moment of the valve
which depends on the professionalism of the operator,
and accordingly, some subjectivity in definition of
implants parameters reduces the efficiency of the defi-
nition of their suitability for use should attribute to
lacks of the considered device.

A more complicated verification system de-
scribed in [11], a reservoir creates excess pressure in it
with a saline solution in the form of an infusion pump
— the created pressure controlled by two manometers
analog and digital. This system is also equipped with a
high-speed digital camera with a microscope used to
record the solution's flow through the implant.

The disadvantage of the described device and
method of verification is the high cost and complexity
due to the use of infusion pump, video camera, and
microscope, which are necessary to record the time
and parameters of the valve actuation, as well as the
focus on the detection of fluid passage only with the
implant type AGV, which limits their mass use.

Shortcomings of previous devices have corrected
in the device [12]. The system based on a microcon-
troller, a stepper motor with a worm gear, a tank with
saline, a microelectromechanical pressure gauge, a
liquid detector, and an ADC connected accordingly.

The system provides a significant increase in the
sensitivity and accuracy of implant parameters deter-
mination. At the same time, the weak point of this
technical solution is the use of mechanical elements,
such as a stepper motor with worm gear and a piston
in a saline reservoir. The presence of these elements
limits the use of such a system more in stationary con-
ditions at implant manufacturing enterprises or spe-
cialized ophthalmological treatment centers. However,
the development of ophthalmological care and the
availability of many centers require the creation of
highly accurate but affordable devices for preoperative
verification and testing of such implants in clinics and
outpatient clinics. The testing process should be more
natural and closer to the physiological processes of
intraocular pressure changes.

Purpose

The authors set the task to develop a simple and
reliable measurement scheme based on the aforemen-
tioned device and to provide high sensitivity, accuracy
and objectivity in determining the parameters of im-
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plants to increase the efficiency of their use in medical
and surgical practice.

Methods

Fig. 1 shows the authors' proposed functional
scheme of the implant testing system for regulating
intraocular pressure.

The system includes a power supply unit (accu-
mulator) 1, electronic key 2, miniature compressor 3
connected through the passage valve 4 with a reservoir
with saline solution 5, 3-input splitter 6, with an elec-

tromechanical pressure sensor 11 with a shut-off valve
of saline solution 7, and a canula with the implant 8.
To the output of the implant is connected liquid detec-
tor 9 and ADC 10 connected to the microcontroller 12.
The first output of the microcontroller connected to
computer input 13, and the second output connected to
electronic key control input 2.

The implant testing device for intraocular pres-
sure regulation works as follows. First, the implant
connected to the cannula. Cannula connected to the
stopping tap of the saline solution supply 7.
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Fig. 1. Functional scheme of the implant testing system for the regulation of intraocular pressure

The computer 13 switches on the implant testing
mode, microcontroller 12 switches on the compressor
3 via the electronic key 2 to increase the pressure in
the reservoir 5, due to the throughput valve 4 the air
cannot return to the compressor from the reservoir.
The pressure in the connection system gradually in-
creases and is continuously monitored by a microelec-
tromechanical pressure sensor 11, the level of pressure
is continuously read by microcontroller 12 and re-
corded in the computer memory as a pressure graph.
The system pressure rises from zero to the trigger
value of the implant.

When the implant is activated, the liquid appears
on the implant outlet, which falls on the liquid detec-
tor 9, this fixed the implant opening pressure level.
The signal of the detector 9 is converted into digital
form via ADC 10 and sent to the microcontroller 11,
which stops the compressor 3 turning off the power
supply due to its electronic key 2. The computer saves
the value of opening pressure from microcontroller 11.

When the valve is open, the system's pressure
gradually decreases; the dynamics of pressure change
are monitored continuously by the microelectrome-
chanical pressure sensor 11 and input into the com-
puter 13. When the valve is closed, the pressure stops
to a constant level; the value of closing pressure from
the electromechanical pressure sensor 6 transmitted to
microcontroller 11 and input into the computer 13.
The computer programs are drawn up a graph of the
change of pressure of this instance of the valve and
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determined the working range of pressure in which the
valve can operate

R=p-r, M

Where P;, P,, — is the value of the opening and
closing pressure of the valve.

Also, the system provides the ability to check the
reproducibility of the received valve parameters. After
the first step information taken by a computer, multi-
ple test cycles are activated, the average value of the
dynamic range determined; for example, for 7 meas-

urements:
X =B, +F,+P,)/n, ()

Where P,;, P,,, P,; — pressure variation ranges
for repeated 3-times measurements and the scattering
percentage of each measurement.

The obtained values compared with the standard
ones (9-21 mm Hg), the results summed up according
to the implant conformity or non-conformity with the
established norms, and filled in the testing protocol.

Fig. 2 shows the testing algorithm, which con-
tains the steps for starting and working on the implant
checking system.

In the first step, the operator will connect the can-
nula with the implant to the crane. In the second stage,
the operator will open the tap. The third step starts test-
ing the implant for which the microcontroller controls
the electronic key with a compressor and increases the
fluid pressure that comes to the implant inlet. Feedback
is provided by a microelectromechanical pressure sen-
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sor that continuously records the pressure level at 50 Hz
and transmits data to the microcontroller, the second
feedback provided by the fluid detector, registers the
passage of fluid through the implant.

The pressure in the above system continually in-
creases until the implant starts to withdraw the fluid,
and recorded by the fluid sensor. At the moment the
fluid passes through the implant, the system deter-
mines the pressure level at which the implant starts to

1. Connect the implant

2. Open valve

3. implant testing mode
3 steps

Oief the iguid N
detector work?

Yes

Oied the liguid
datector work? o

Did the liquid
deteclor work?

remove the test fluid, after the operation of the fluid
detector, the system registers the pressure of the open-
ing of the implant and stops the fluid supply point (1a,
1b, 1c) in Figure 2.

Open valves smoothly reduce the system's pres-
sure level until it is completely closed (points 2a, 2b,
2¢). The process of testing the valves depends on the
quality of these products, different levels of hardness.
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Fig. 2. Algorithm of the implant testing system for the regulation of intraocular pressure

Results

During the testing process, the system checks the
parameters and conditions that are important for fur-
ther ensuring the implants' quality, and there are three
options for the obtained result. Fig. 3 shows the
graphs of checking the pressure parameters for three
implants of different hardness levels, marked by the
symbols a, b, and c.

First implant a (Fig. 3) has a reduced level of
hardness and characterized by pressure changes from

8 mm Hg. (valve opening point 1a) to 5 mm Hg. (clos-
ing point 2a). The testing cycle of such an implant
lasts within 30 - 40 seconds. Activation of the liquid
detector at this stage is a sign of the implant failure
with the risk of hypotension for the patient's eyes, and
such a valve is not suitable for use.

The second implant, marked with the symbol b,
has a higher hardness and therefore opens at a higher
pressure level and increases the test time to 65 sec-
onds.
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Fig. 3. Test pressure diagrams of implants of different
valve hardness: a, ¢ — defective implants, b —
functional implant

The change of the pressure parameters of the
second implant (Fig. 3) of the points 1b and 2b is
within the normal range of 18-13 mm Hg. Activation
of the fluid sensor indicates that the implant works
within the normalized intraocular pressure range of 9-
21 mm Hg. After determining the implant, which
meets the normative requirements, the reproducibility
of parameters checked by the method of multiple re-
peated pressure increases. For this purpose, the opera-
tor removes the fluid from the fluid detector indicator
plate and switches on the system of pressure increase
again up to the moment of the fluid detector actuation,
fixes the moment of the implant reopening in the point
3b. The detector's signal stops the compressor, after
which the open valve pressure is reduced and stabi-
lized at point 4b. This step repeated (points 5b and
6b). Due to triple testing in repeatability, the valve is
recognized as a quality valve and used for surgical
treatment of a patient with glaucoma.

The third implant ¢ (Fig. 3) characterized by high
hardness (stiffness) and change of actuation pressure
within the range of 28-23 mm Hg at points 1c and 2c,
which exceeds the normal range of intraocular pres-
sure. Activation of the liquid detector at this pressure
indicates a complete malfunction of the implant. The
use of such an implant indicates the risk of hyperten-
sion in the patient's eye.

The realization of an automated system for test-
ing existing implants before the surgical intervention
was carried out using the following elements of mi-
crosystems technology.

Microcompressor WHALEB-100 with 1.5 V
supply voltage was used to create the required pres-
sure variation range from 0 to 30-40 mm Hg. As a
microcontroller used the STM32F103RET6 chip to
provide automated modes of system operation. An
essential element of the system is a pressure sensor —
it is one of the functional units, which provides the
possibility of automation of the verification process
and the corresponding accuracy of implant testing.

The ST Microelectronics LPS33HW microelectrome-
chanical pressure sensor satisfies these requirements.
The sensor has an integrated filter, a pressure reading
frequency from 1 to 75 Hz, the microcontroller reads
the data from the sensor via the SPI interface, and
provides communication with a computer. The accu-
racy of the pressure measurement is 0.075 mmHg or
0.25% at the maximum pressure in the LPS33HW.
WAVGAT MH RD resistive liquid detector with 4 cm
x 5 cm sensor part size, with ADC based on LM393
comparator, 5V supply voltage, and comparator re-
sponse speed of 1.3 pus was used as a liquid detector.
The conversion characteristic for the analog output of
such a detector is a discrete function of the presence of
liquid on the sensor plate of the detector w and looks:

y=0,at-w=0,
y=1lLat-w=0.

3)

As follows from (3) on the digital output 0 or 1 is
formed, in the absence or presence of liquid on the
sensor, the required response sensitivity adjusts by
changing the potentiometer's resistance.

Conclusions

The proposed system provides:

1. Simplification of the scheme with the possibil-
ity to automate the process of preoperative verification
of implants of different types.

2. Allow getting higher sensitivity, measurement
accuracy, and objectivity of implant parameters de-
termination.

3. Determining their suitability for use in medi-
cal-surgical practice by the parameters of fluid with-
drawal, namely opening pressure, closing pressure,
and reproducibility of the characteristics at repeated
operation will contribute to the efficiency of the per-
formed operations

4. Shortened implant testing time, which is lim-
ited to 2-3 minutes, can save and store parameter in-
formation, both electronically and in paper form.

The system developed by the authors is a promis-
ing one and can be used not only for checking known
types of valves but also for testing implanted radio-
frequency chip [2,3], which are currently only under-
going experimental testing.
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D Hayionansnuii mexniunuii yHigepcumem Ykpainu «Kuigcokuil nonimexuiuHui iHcmumym iMeHi
leopa Cikopcvrkozor, Kuie, Yxpaina

IT, ePHONLILCOKUL HAYIOHAbHUL mexHIuHuil yHigepcumem im. 1. Ilyntos, Tepnonine, Ykpaina
ABTOMATU3N30BAHA CHUCTEMA BUITPOBYBAHb IMITJTAHTATOB JUIA
PEI'YJIIOBAHHSA BHYTPIIHHBOOYHOI'O TUCKY

MeTta po6oTu. IMmaHTamist ApeHKHUX MPUCTPOIB MIPH TIAYKOMi 3a3BHUall BUKOHYETHCS TICIIS MOMEPETHIX HEBIATNX
MIPOLIEIYP 1 € OCTAHHIM ITAHCOM TIAIliEHTa 30€pPEerTH 3ip. Y CTATTI ONMUCAHWK MPHUCTPIH, IO Ja€ 3MOTY aBTOMATH3yBaTH
TIpoIIeC Mepenonepaliiiol mepeBipKy iIMIUTAHTATIB Pi3HUX THIIIB, IO BUKOPUCTOBYIOTHCS ISl BUBEICHHS BHYTPIIIHBO-
OYHOI piAWHU TPHU TIAYKOMIi. TaKWH TpHIIAJ JTOTIOMOXE IiIBUIIATH YCHIIIHICT Oomeparii Ta JomoMoxke 30epertu 3ip
MaIieHTaM i3 TIAyKOMOIO, 3aBSKH MONEPEIHIN MepeBipIl iIMIUTAHTATIB Ha CIPAaBHICTh Ta MTapaMeTPH BUBEIEHHS BHYT-
PIIIHBOOYHOT PiIUHY.

Metoauka. Jlns peanizaiii NOCTaBI€HOI METH aBTOpaMH Ha 0a3i €JIeMEHTIB MIKpPOCHCTEMHOI TEXHIKH po3poldiieHa
CTPYKTYpHa CXeMa aBTOMaTH30BaHOI CHCTEMH JJIsl BUMIPIOBaHHS Ta KOHTPOJIIO NMapaMeTpiB IMIUIAHTATIB PEryJIIOBaHHS
BHYTPIIIHBOOYHOT'O TUCKY.

Pe3yabraTn. 3anexHo Bif MaTepialy Ta CTYNEHIO TBEPAOCTI IMILIAHTATy MO>KJIMBI TPU BUIIQAKH, KOJIHM IMIUTAHTAT Bij-
KpUBAETHCS paHillle, BOAHOYAC BUHUKAE PU3WK TIMOTOHII JJIs OKa IMaIli€HTa, Mi3HIle — PU3HK TIMepTOHii ¥ KoiH iM-
IUIAHTAHT TPALIOE B 30HI BCTAHOBJICHOTO TUCKY. ABTOpaMHM NMPUBOJATHCS Tpadiky TeCTyBaHHs TPhOX IMILUIAHTATIB Pi3-
HOTO CTYIICHIO TBEPJIOCTI, a TAKOXK Ipadik BiITBOPIOBAHOCTI XapaKTEPUCTHKH He e(eKTHOTO IMITIAHTATY.

HaykoBa HOBH3HA. 3apoIOHOBAHO METOJI TMIEPEBIPKU TMapaMeTpiB iIMIUIAHTATIB IIISIXOM alapaTHOTO CTBOPSHHS HAJIH-
IIIKOBOTO THCKY, 3 MOYUIMBICTIO aBTOMAaTH30BAHOTO KOHTPOJIIO ITapaMeTpiB MepeonepaniifHol mepeBipKy iMIUTaHTATIB.
IMpakTuyna 3HaunMicTb. Po3po0iieHa aBTOMAaTH30BaHA CHCTEMa ISl TEPEAOTEPAifHOTO TeCTYBaHHS IMIUIAHTATIB,
sika 3a0e3Iedye: CIPOIICHHS CXeMH 3 OJTHOYACHOI0 MOJKIIMBICTIO aBTOMATH3aIlii MPOLeCy TepeoepaliitHoi mepeBipKu
IMIUTAaHTATIB PI3HUX THUIIB; Ja€ 3MOTY 3700yTH MiABHINEHHS YYTIUBOCTi, TOYHOCTI BHMIpIOBaHHS Ta 00 €KTUBHOCTI
BU3HAYCHHS TapaMeTpiB IMIUIAHTATI; BM3HAYEHHsS iXHBOI NMPHUAATHOCTI Ui BUKOPHUCTAHHS B MEAWYHIN Xipypridfii
MPAKTHUII 32 MapaMeTpaMu BUBEJICHHS PiIUHK, @ CaMe TUCKY BIIKPHUTTS, 3aKPUTTS Ta BIATBOPIOBAHOCTI XapaKTCPUCTUKU
Ii/I Yac MOBTOPHOTO CIIPAIIOBAHHS, L0 CHPUSITHME IiJBUIICHHIO €(EKTUBHOCTI MPOBEJCHUX OINEpalliil; CKOPOYESHHS
Yacy NepeBipKH IMIUIAHTATY, SIKUH 0OMeXyeThest 2—3 XBHIMHAMU, 1 MOXKIIMBICTIO 30epexeHHs iHpopMarii mpo napame-
TpIB, SIK B €JIEKTPOHHOMY (Ha KOMII I0T€pi), TaK i B IaliepOBOMY BUTJISI.

Kaiouosi cinoBa: rimaykoMa; BHYTPIIIHBOOYHHMH THCK; IMIUIAHTAT; BUMIPIOBaHHS THCKY; TECTYBaHHS; aBTOMAaTH3alis
MIPOIIECy; MiKPOCHCTEMHA TEXHiKa.
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U Hayuonanvmuiii mexnuueckuii yHusepcumem Ykpaunvl « Kuesckuil nonumexHudeckutl UHCmumym
umenu Meops Cuxopckozo», Kues, Yxpauna
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ABTOMATU3MPOBAHHAS CUCTEMA  WCIHBITAHUM  HUMIUIAHTATOB  JIJIA
PEI'YJIMPOBAHUA BHYTPUI'JIAZHOT'O JABJIEHU A

ean padorel. MIutanTanust JpeHaxHbIX YCTPOUCTB MPH IIIayKOME YacTO BBIOJIHAETCS MOCie NPeAblIyluX Heyaau-
HBIX TIPOLEAYP U SBJISETCS MOCIETHUM IIAHCOM MallU€HTa COXPAHUTh 3peHKe. B cTaTbe omMcaHO yCTpOWCTBO, aBTOMa-
TU3UPYIOILEe MpoLece MPpeaoNepalioHHON IPOBEPKU UMIUIAHTATOB Pa3HBIX MPOU3BOAUTENEH, UCTIONB3YEMbIX AT BbI-
BOJIa BHYTPHIJIA3HOM XKHUIKOCTH IIPH TiayKoMme. Takoi mprOop MOMOKET HOBBICHTh YCHEIIHOCTh ONEpaii U TOMOXKET
COXPaHUTh 3pPCHUE MAIMEHTaM C [NIAYKOMOM, OJIarofapsi mpeIBapuTeNIbHOW MPOBEPKE UMILIAHTATOB HA UCTIPABHOCTH U
MapaMeTpbl BbIBO/IA BHYTPUTIIA3HOM JKUIKOCTH.

Metoauka. )i TOCTIKEHHUS TIOCTaBICHHOHN IIEJM aBTOpaMU Ha 0a3e JIEMEHTOB MHUKPOCHUCTEMHON TEXHUKH pa3pado-
TaHa CTPYKTypHAasl CXeMa aBTOMaTH3MPOBAHHON CHCTEMBI ISl M3MEPEHISI M KOHTPOJIS TAapaMeTPOB UMILIAHTATOB PETy-
JMPOBAHUS BHYTPUTTIA3HOTO JABIICHHS.

Pe3yabTaThl. B 3aBUCHMOCTH OT THIIa MaTepHaja M CTEICHH TBEPAOCTH MMIUIAHTAaTa BO3SMOXKHBI TPH CIydas, KOTaa
UMIUTIAHTAT OTKPHIBACTCS paHBIE, OJHOBPEMEHHO BO3HMKACT PHCK TMIIOTOHHH Tjla3a MAaIMeHTa, MO3Ke — PUCK THUIep-
TOHHHU 1 KOTJIa IMIUIAHTAHT paboTaeT B 30HE YCTAHOBIEHHOTO HOPMAJIBOTO YPOBHS JNABJICHUSA. ABTOpaMH MPUBOIATCS
rpad)MKy TECTHPOBAHUS TPEX MMIUIAHTATOB PA3HOW CTEIECHH TBEPIOCTH, a TAKXKe IpapuK BOCIPOU3BOIMMOCTH XapaK-
TEPUCTUKH He JIe(peKTHOTO UMILIaHTATA.

Hayuynas HoBu3Ha. [Ipe/utoskeH METO/ MPOBEPKU NapaMeTPOB UMIUIAHTATOB MYTEM allapaTHOTO CO3AaHUs M30BITOY-
HOTO JIaBJI€HUs], C aBTOMATU3UPOBAHBIM KOHTPOJIEM MapaMeTPOB MPEONEPALIMIOHHON MPOBEPKU UMILIAHTATOB.
IpakTHyeckast 3HaYMMOCTh. PazpaboTaHa aBTOMaTH3MpOBAaHHAs CHCTEMa ISl MIPEAONEPALOHHOTO TECTHPOBAHHMS
MMILIaHTATOB, KOTOpasi 00eCleunBaeT: YIPOIIEeHHE CXEMBI C OJTHOBPEMEHHOH aBTOMaTH3allMel mpolecca npeaomnepa-
IIUOHHOHN MPOBEPKH UMIUIAHTATOB Pa3IMYHBIX THIIOB; ITO3BOJISET HOJXYYHUTH MOBBIIIIEHNE YyYBCTBUTEIHHOCTH, TOYHOCTH
W3MEpPEHUs U 0OBEKTUBHOCTH OIPENIeICHHUs MapaMeTPOB UMIUIAHTATOB; ONPENEICHNE X MPUTOAHOCTH ISl MCTIONB30-
BaHUS B MEIUIIMHCKON XHUPYPTHUECKON IMPAKTHKE IO MTapaMeTpaM BBIBOJA JKHUAKOCTH, & UIMEHHO JTABICHUS OTKPBITHIA,
3aKpBITHS B BOCIIPOM3BOIUMOCTH XapaKTEPUCTHKH MIPH TIOBTOPHOM cpabaThIBaHIL, YTO OYyAET CrocoOCTBOBATH TOBBI-
MIeHUI0 3P PEKTUBHOCTH MPOBOJAMMEIX OIEPAIlNii; COKpAIlCHHE BPEMEHH NMPOBEPKH MMIUIAHTATa, KOTOPBIA OTpaHUYH-
BaeTcs 2-3 MUHYTaMHM, 1 BO3MOXKHOCTBIO COXpaHEHUsI MH(POPMAIMHU O ITapaMeTpax, KaK B JIEKTPOHHOM (Ha KOMITBIOTE-
pe), Tak ¥ B OyMa)kHOM BHJIE.
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