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Drainage implantation in glaucoma is usually performed after previous unsuccessful treatments and is the
patient’s last chance to save vision. The article describes a device that allows to automate the process of
preoperative checking different types of implants used for the output of intraocular fluid in glaucoma. The
article analyzes the existing methods of implant testing and proposes a new method of implant testing
that eliminates the disadvantages of previous methods. This device will help to increase the success of the
operation and help to preserve the vision of patients with glaucoma by checking the implants for serviceability

and parameters of the fluid output.
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Introduction

The development of microelectronic technology and
the corresponding element base stimulates its extensi-
ve introduction in various spheres of human activity.
Employing micro miniaturization, we obtain new devi-
ces and systems of increased reliability with extended
functional and operational capabilities and improved
metrological parameters.

This fully applies to the field of medical
instrumentation and bioengineering, especially in the
field of ophthalmology. One of the most severe diseases
in ophthalmology is glaucoma of the eye, which, in most
cases, leads to loss of sight of a person and is the second
leading cause of blindness [1]. The main reason for the
progression of glaucoma is the uncontrolled change in
the outflow of intraocular fluid through the trabecular
network, which leads to an increase in intraocular
pressure (IOP) and lesions of the eye nerve in case
of pathology. An essential procedure for this disease
is to control the patient’s IOP to take timely action to
reduce it. Such control can be performed on an outpati-
ent basis or by implanted microchip, e.g., 1.2-2.4 mm
in size, with the transmission of IOP information at
914 MHz or 2.2 GHz [2, 3]. However, the use of the
microchip is currently in the process of experimental
research approbation but is not widespread.

Another method of IOP reduction is the implantati-
on of drainage devices (valves), which is usually
performed after previous failed treatments and is the
last chance for the patient to save vision. Installation of
the valve is a sufficiently complex surgical procedure.

Molteno valves ("Molteno Ophthalmic Ltd New
Zealand), Baerveldt (Advanced Medical Optics, USA),
Ahmed (New World Medical Inc, USA), and Krupin
(Hood Laboratories, USA) used as implant [4]. Timely
valve actuation and pressure reduction ensure that the
optic nerve remains in working condition.

However, some implant’s parameters can have a
significant variation, and keeping them stable over ti-
me when using the device is also essential. The usual
range of intraocular pressure, which does not cause
pathological lesions and to which the implant should
react, is within the range of 9-21 mm Hg. however, it
may increase even up to 60 mm Hg. [5].

Therefore, the testing of existing implants before
surgery is an essential task for ophthalmologists
and implant developers. One of the components of
successful surgical treatment and preserving the pati-
ent’s vision is evaluating the parameters of implants
before the implantation. The testing procedure consists
of measuring the pressure parameters at which the
implant removes the intraocular fluid before insertion
into the human eye. It improves the selection and helps
to detect deviations of the intraocular fluid outflow
parameters in the implant and to make a prediction
of its further efficiency in use.

1 Review of the research problem

There are several methods available to test implants
for efficiency. For example, in [6] the testing of implants
without a pressure sensor is considered; instead, a
person manually lifts the reservoir with the fluid at a
predetermined graduated height. The disadvantages of
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Fig. 1. Structural scheme of the implant testing system for the regulation of intraocular pressure

this technical solution include inaccuracy and subjecti-
vity of the readout when setting the pressure, as well
as the lack of automation. In work [7] pre-operational
testing device has a tank with saline solution, 3-input
splitter, analog pressure gauge, 30G cannula (external
diameter 0.3112mm, and internal diameter 0.159mm),
connecting tubes. The tank with saline connect to the
input of 3-input splitter, the first output connected to
the pressure gauge, and the second output connected to
the valve input through the cannula raising or loweri-
ng by the saline tank, gravity increases the pressure
in the system to pass the solution through the AGV
valve. It records the pressure values of its actuation.
The disadvantages of this device are the significant
inaccuracy and subjectivity of the pressure reading and
the evaluation of the valve functionality for implantati-
on.

The modern method and tool for testing implants
for efficiency is the hardware creation of excess pressure
of the saline solution and its passing through the
controlled valve using both analog and digital control
device, implementation in work [8,9].

The work [8] describes two methods of verifying the
pre-surgical testing of drainage valves, presented in two
protocols.

One of them realizes the effect of the change in the
earth’s gravity, and the other is create overpressure by
a motor connected to a tank with a saline solution,
the output connects to the pressure balancing tube,
pressure gauge and AGV valve via a connecting tube
and a 3-inlet splitter. The disadvantages of the device
under consideration include insufficient sensitivity and
difficulty in recording the moment of valve operati-
on. This depends on the operator’s professionalism,
and, consequently, some subjectivity in determining
the parameters of implants reduces the effectiveness
of determining their suitability for use.

A more sophisticated system for testing is descri-
bed in [9], a reservoir creates the excess pressure in
the system with a physiological saline solution in the
form of an infusion pump. An analog pressure sensor
controls the created pressure and the input of the AGV
valve by a digital measurer. To detect the flow through
the implant used a high-speed digital camera with a
microscope.

The disadvantages of this device are the high cost
and difficulty of this system due to the use of infusi-
on pump, video camera and microscope, necessary to
record the time and operation parameters of the valve,
as also the focus on detecting the flow of fluid only with
an implant such as AGV, which limits its widespread
use.

Taking into account the revealed disadvantages,
the authors have set the task to develop a simple
measurement scheme increasing sensitivity, accuracy,
and objectivity of implant parameters determination,
as well as efficiency by determining their suitability for
use in medical-surgical practice.

2 Description of the functi-
onal scheme of the automated
system

Fig. 1 presents the functional scheme of the
automated implant testing system for regulating
intraocular pressure.

The device includes computer 1, in sequence
connected to microcontroller 2, motor 3 with worm
gear set 4, tank with saline solution 5, 3-input spli-
tter 6 with connected to it electromechanical pressure
sensor 7, pressure balancing tube 8 and implant 9
which output connect to the liquid detector 10 and
ADC 11, which is connected to the input of mi-
crocontroller 2, the second output connected to the
input of computer 1.

The implant testing device for intraocular pressure
regulation works in the following way.

First, the implant connects to the cannula, then
a set of connection tubes and tank 5 is filled with
saline through the pressure tube 8. The computer 1 set
to check the existence of air inclusions in the system
(the mode of "zero reference"measuring system) for
which the microcontroller 2 forms a series of pulses
for rotation of the rotor of the stepper motor 3, insi-
gnificantly (by 3-5 units of mm Hg.) increases with the
help of worm gear set 4 pressure in the tank 5 and the
connection system, and through the pressure-balancing
tube 7 displaced the existing air residue.

The next step is the “implant testing mode” for
which the pressure tube 7 is closed. Microcontroller
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2 forms a test pulse sequence (Fig. 2) to rotate the
rotor of the stepper motor 3 through the worm gear
4 connected to the piston of the reservoir with saline
fluid 5, the pressure in the system grows step by step
and monitored by the microelectromechanical pressure
sensor 7, the pressure level is continuously read out
by microcontroller 2 and recorded in the computer
memory in the form of a graph.

The system pressure rises from zero to the implant
actuation value. At the output of the implant, there
appears liquid, which gets on the liquid detector 10.
The signal from the detector 10 through ADC 11 is
digitized and transmitted to microcontroller 2, whi-
ch stops the rotation of the stepper motor rotor 3.
The information about the end of the testing process
and the measured value of the implant pressure level
from microcontroller 2 and electromechanical pressure
sensor 8 is transmitted and recorded in the memory of
computer 1.

3 Control function of the implant
testing system

Fig. 2 shows the function of controlling the implant
testing process, and microcontroller 2 forms pulses
(Fig. 2a) controlling the stepper motor, each pulse
turns the rotor to the discrete angle varphi, (Fig. 2b)
transmitting the rotational motion to the worm gear,
that in turn leads to an increase the pressure on the
P (Fig. 2¢) in the system proportionally to the rotor
rotation angle of the stepper motor.

When using a reservoir volume v=5 ml and a
stepper motor with the number of steps n = 200 there
is a resolution to change the liquid

1%
AVipin = — = 0.025 m1/step (1)

Calculated pressure change limits (P) with full use
of the tank volume change from 0 to 30 mm Hg.

The ratio determines the resolution for pressure
measurement
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Considering the ratio (2) at the maximum value of
pressure that can be achieved in the tank 5, the relative
error of pressure determination is

6 Praw < 0.5 % (3)

which is quite satisfactory for this class device.
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Fig. 2. Function of managing the implant testing
process

Fig.2a shows the form of switching pulses at the
microcontroller output, Fig.2b wmin.wrk, @maz.wrk and
min.wrk, maz.wrk the area of the rotor motor rotation
angle and the pressure in the reservoir at which the
implant is suitable for use.

4 Used elements

The implementation of the automated system
for testing implants with the preoperative surgical
intervention uses the following elements.

The stepper motor is one of the essential elements
of the automated system. The most successful model
in technical characteristics is the step motors from
the Fulling Motor FL 39ST-1.8, NEMA 16 (39 mm),
which use in drives, printers, medical equipment, and
instrumentation. In terms of technical characteristics
with steps of 1.80° (200 steps with accuracy £0.090),
12 V supply voltage, and consumption current 0.16-
0.5 A, the stepper motors of this company ensure the
implementation of the developed automated system.

As a microcontroller, used chip STM32F103RET6,
microelectromechanical — pressure sensor ST Mi-
croelectronics LPS33HW is one of the functional units
that provide the ability to automate the verification
process. The pressure sensor has an integrated filter,
a pressure reading frequency from 1 to 75 Hz, a
microcontroller reads data from the sensor via the SPI
interface, and communicates with the computer. The
pressure measurement error is 0.075 mmHg or 0.25 %
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at maximum system pressure, which is less than the
error (3) applied by the tank and the stepper motor
discreteness.

The liquid detector is WAVGAT MH RD with a
4 cm x 5 cm sensor size, LM393-based ADC, 5 V
supply voltage, and 1.3 us comparator response rate.
The conversion characteristic for the analog output of
such a sensor is a linear function of the amount of fluid
on the sensor plate of the w detector:

y = w(t) (4)

When digital output O or 1 is formed, in the absence
or presence of liquid on the sensor, sensitivity of the
response adjusted by changing the of the potentiometer
resistance.

5 The algorithm of the implant
testing system

Fig. 3 shows the testing algorithm, which includes
the following actions to enable implant testing systems
to function.

First, the operator connects the implant to the
system and turns it on. The second step is to establish
the mode of checking the presence of air inclusions
in the system and the implementation of the “zero
reference” mode of the measuring system. The mi-
crocontroller forms a sequence of pulses, for discrete
regulation (growth) of the fluid, which leads to a change
in the piston in the tank and a controlled pressure
increase in the system by 3-5 mmHg and squeezing out
the air residue available in the system.

The third step implements the “implant testi-
ng mode”. The microcontroller increases the pressure
of the liquid in the tank with the discrete control
unit (increment) of the initial liquid coming into the
inlet of the implant, the feedback is providing by
the microelectromechanical pressure sensor records the
pressure level with 50 Hz frequency, and transfers the
data to the microcontroller, the second feedback is
providing by the liquid detector detecting the fluid
passing through the implant.

The pressure in the system is increasing until the
implant starts to output fluid that is registered by the
fluid sensor. At the moment the fluid passes through
the implant, the system determines pressure levels the
implant starts to exude the test fluid on the fluid
detector, the system detects the opening pressure of
the implant and stops the fluid supply point 1 in Figure
4. The open valve reduces the system pressure level
until it is completely closed (point 2). During the valve
testing, there are three options for the results obtained
depending on the quality of these products, different
degrees of hardness, etc.
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Fig. 3. Algorithm of the implant testing system for the
regulation of intraocular pressure

Fig. 4 shows examples of diagrams for checking
implants with different levels of hardness.
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Fig. 4. The pressure change graphs for implant testing

During the testing, the system checks several
important conditions to ensure the quality of the
implant:

e The first implant (Fig. 4c¢). Input pressure is
below normal Pj,, < P; (within 8-5 mmHg, opening
point 1, closing point 2). Activation of the fluid detector
at this stage indicates a malfunction of the implant and
the risk of hypotension for the patient’s eye.

e The second implant (Fig. 4b) P;,, = P, pressure
within normal limits (1b, 2b 18-13 mm Hg.). he acti-
vation of the liquid sensor indicates that the implant
works within the normal intraocular pressure range of
9-21 mmHg and that it can use to treat glaucoma.

e The third implant (Fig. 4a) P,,, > P; has a high
hardness (rigidity) and pressure at points la. 2a (28-
23 mm Hg.) exceeds the normal range of intraocular
pressure. Activation of the liquid detector at this stage
indicates the risk of hypertension for the patient and
indicates complete implant failure.
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After testing, the measured pressure values store
in the computer. The operator gets data on the
fluid outlet parameters, namely opening and closi-
ng pressure, and a graph of pressure changes in the
system, concluding the function or malfunction of the
implant.

After the preliminary testing for the selected quali-
ty implants, additional testing, and determination of
the pressure position of the opening point 1b, closure
point 2b, and reproducibility of the characteristics.
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Fig. 5. The pressure change graphs for functional
implant testing

Fig. 5 shows the complete testing cycle of the
working valve, which performed as described above to
determine the opening point pressure of valve 1b. After
a smooth pressure drop due to the valve opening and
closing pressure setting (point 2b), the operator fixes
the pressure value on the closed valve, removes fluid
from the detector and activates the pressure boosti-
ng system until the fluid detector again signals the
reopening of the implant point 3b, after which the
pressure decreases and stabilizes at point 4b. This step
repeated (points 5b and 6b). In the reproducible case,
the valve is recognized by three single tests and can be
used to treat the glaucoma patient.

Conclusions

There is proposed a new method and system of
implant parameters verification due to the overpressure
hardware creation, with the possibility of automated
control of parameters of preoperative verification of
implants of different types.

The proposed system provides:

1. Simplification of the scheme with the automation
of the pre-surgical testing of all implant types.

2. Higher sensitivity, the accuracy of measurement,
and objectivity of implant parameters determination.

3. Determining their suitability for use in medical-
surgical practice, in the parameters of fluid output,
specifically the opening pressure, closing pressure, and
repeatability of the characteristic at reactivation will
help improve the efficiency of operations.

4. Reduced implant verification time, which is limi-
ted to 2-3 minutes, can save and store parameters in
both electronic and paper form.

The system developed by the authors is a promising
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 undergoing experi-
mental testing.
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XapaKTEePU3YETHCS MUPOKUM BUKOPUCTAHHIM IMIIJIAHTATIB,
MOYMHAIOYH Bl 3aMiHI KPUCTAJINKA 1 3aKiHIy0un pamiodi-
koBaamM (Ha 914 MI'm) mikpodinom (po3mipom 1,2-2,4 mm)
718 BUMIDIOBAHHS Ta PEry/IOBAaHHS OYHOTO THCKY, AKUMA
TiJIbKY TIPOXOAUTH J1abopaTopHi BurpobyBanus. OmuuM i3
TSKKHUX 3aXBOPIOBAHb B O0(TAIBMOJIOril € IiaykoMma OKa,
KA TMPUBOIUTH [0 HiABUIIEHHS OYHOTO THUCKY, B OLIbIIOCTI
CBOTi1 IPUBOAUTE OO BTPATH JIIOAWHOIO 30DY i 3HAXOIUTHCS
Ha Jgpyromy Mmicmi 3a wacroroio mposiBy. Haitbinem ede-
KTUBHUM METOIOM JIKYBaHHS € XIPpypridHa yCTaHOBKa B
OKO, SIKa € OCTAHHIM MIAHCOM TaIieHTa 30epertn 3ip, im-
maanTaTa (KIamaHa) Jyis pery/IiOBaHHs TUCKY B Mexkax 9-21
MM pr.ct. O60B’43K0BOIO IEPeONePAIiiHOI POy POIO
MOBUHEH OyTH BUMIPIOBAHHS Ta KOHTPOJIb MapaMeTpa Mo-
Ai0HUX IMIIaHTAaHTIB. AHaJII3 BiZIOMUX pe3yJIbTaTiB IOCIIi-
JKeHb. BimomMo jekijibKa MeTOiB MepeBipKU IMILIaHTATIB
Ha Tpane3JaTHICTb, fKi MOXKHA PO3JIINTH Ha JBa Ha-
NPSAMKHI: METOAY 3 BUKOPUCTAHHAM CHJIA 3€MHOTO TSIKIHHS
NUJIAXOM HiTHATTS pe3epByapa 3 (i3iooridauM po3dmHOM
HA TIPOrpaIyHOBaHy BUCOTY 3 BUKOPUCTAHHIM BUMipDIOBAIIb-
HOI IUTaHKK 200 aHAJIOTOBOTO UM MG POBOTO MAHOMETPA Ta
MEeTO/T AIIaPATHOTO CTBOPEHHS HAJINIIKOBOTO TUCKY. [l0 He-
JOJIIKIB PO3IVISHYTUX METO/IiB Ta IPUCTPOIB IO IX peaJii3arii
CJILJT BITHECTH 3HAYHY HETOYHICTD 1 HeJOCTATHIO Iy TIUBICTD
Ta CKJIQJHICTb PEEeCTPaliii MOMEHTY CIIPAIIOBAHHS KJ/IAIIAHA,
sIKa 3aJIeKUTH Bif mpodecifiHocTi onmepaTopa, a BiAIOBiIHO
i mesika Cy0’€KTHBHICTH y BU3HAYEHHS MAPAMETPIB IMILIAH-
TaTIB 110 3HUKYE eEKTUBHICTD BU3HAYEHHS 1X IIPUIATHO-
cTi A1 BUKOpucTaHHs. Mera poboTH Ta OMMC aBTOMATH30-
BaHOI cucTemu. BpaxoByioun BusBIeH] HEIOMIKHA aBTOpaMA
Oys1a mocTaBiieHa 3a7a49a PO3POOKU OiyIbIn mPOCTImIol cxe-
MU TIPOBEIEHHST BUMIPIOBAHHS, 3 OJHOYACHIM ITi IBUIEHHSIM
9y TIMBOCTI, TOYHOCTI Ta OO’€KTHUBHOCTI BU3HAYEHHS I[1a-
paMerpiB IMILIAaHTATIB, a TAaKOXK €(EKTUBHOCTI ILIAXOM
BU3HAYEHHS X IPUIATHOCTI [JIsT BUKOPDHCTAHHS B MeIN-
qHi#l Xipypriuniii mpaktumi. s peasizarii moctaBaeHOT
MeTH aBropaMu Ha 6a3i eJIleMeHTIB MIKPOCHUCTEMHOI TeXHIKU
po3pobiieHa CTPYKTYPHA CXeMa aBTOMATH30BAHOI CHCTEMH
IJTsi BUMIPIOBaHHS Ta KOHTPOJIIO MapaMeTpiB IMILTAHTATIB
Pery/IioBaHHs BHYTPIIIHBO 04HOro Tucky. Cucrema micturh
KOMIT'IOTeD, MIKDOKOHTPOJIED, 3 TEHEPATOPOM KepYIOUnxX
iMmynbeiB, 60K TUCKPETHOTO (MOKPOKOBOTO) 36iIbuIeH-
g tucky 3 marom 0,025 mu1/Kpok, mikpoenekrpomexami-
9HAN BUMIDIOBAY TUCKY, PE3UCTUBHUI HIETEKTOD DPiIuHM,
aHAJIOrO-1 (P POBHIL IIEPETBOPIOBAY Ta JBOX JIIHIH 3BOPOTHO-
ro 3B’43Ky Ha MiKPOKOHTPOJIED, 3 MIKPOEJIeKTPOMEXAHITHO-
ro BUMIPIOBaYa THICKY Ta JeTEeKTOpa pimumuan. Po3pobieHo
aJITOPUTM POOOTH CHCTEMH, SIKUI TTepedavdae mepeBipKy cu-
cTeMu B “DeKUMi yCTAaHOBKU HyJIs Ta PEKUM BUMIPIOBAHHS
1 KOHTPOJIIO ITapaMeTpiB iMITaHTaTa “pesKUM TECTYBAHHS .
ITokazamo, mo moxmbka BU3HAYEHHS IAPAMETPiB TUCKY B
cucremi me nepesumye 0,5%. ExkciepumenTanbaa nepesipka
poboru cuctemu. B 3asekHocTi Bif MaTepiasy Ta CTyIEHIO
TBEPJIOCT] IMIIAHTATY MOXKJIMBI TPW BHUMAIKH, KOJIHA iM-
IUTAHTAT BIIKPUBAETHCH PAHIIIE, IIPU IIbOMY BUHUKAE PU3UK
rinoToHil Ajd OKa IAIli€HTa, Mi3HINIe — PHU3WK TillepTOHIL
i mparmoe B 30HI BCTAHOBJIEHOIO THUCKY. ABTOpaMu mnpu-
BOAATHCA I'Padiku TaKuX BUMIPIOBaHb, a TAaKOkK I'padik
BiATBOPIOBAHOCTI XapaKTEPUCTUKY He Je(eKTHOrO iMILIaH-
Tary. BucHoBkm. TakuM 9HHOM 3aImpPONOHOBAHA CHCTEMA
3abe3medye: CHPOLIEHHS CXEMU 3 OJHOYACHOIO MOXKJIMBi-
CTIO aBTOMATH3aIlil IpoIlecy IeperoIepaliiiHol mepeBipKnr
IMIJTAHTATIB PI3SHUX TUIB; OTPUMATHU IiABUMIEHHS Ty TJIH-

BOCT1, TOYHOCTI Ta 00’€KTUBHOCTI BUMiPIOBAHHS IIapaMeTPiB
iMIIaHTaTi; BU3HAYEHHS IX MPUIATHOCTI A1 BUKOPUCTA-
HHE B MeIWYHIA XipypridHiil HpaKTHIl 3a IapaMeTpaMH
TUCKY BIIKPHUTTH, 33KPUTTS Ta BiATBOPIOBAHOCTI XapaKTe-
PUCTHUKN TIPU MOBTOPHOMY CIIPAIlIOBAHHI., IO CIPUSTHME
miaBUMEHHI0 eEeKTUBHOCTI MPOBEIEHUX OTEpariiii; CKOpo-
YeHHd 49acy IIePeBiPKU IMIITaHTaTy, AKuil 00MexyeThcs 2-3
XBUJIMHAMU, W MOMKJIMBICTIO 30epeskeHHst iHdopMaIii mpo
mapaMeTpy B €JIeKTPOHHOMY Ta MAIepPOBOMY BUTJIS[I.

Karono06i cro6a: BUMIPIOBaHHST THUCKY; MIKPOCHCTEMHA
TeXHIKA; IMIIJIAHTAT; ABTOMATHU3ALi IIPOLECY; TJIAyKOMa

ABTOMaTU3MpOBaHHAsA  CUCTEMa  JJisd
n3MepeHud " KOHTPOJA IIapaMeTpPOB
o TATHPMOJOTUIECKUX UMIIJIAHTATOB

Trawyx P.A., SAnenxo A. @.

Pa3Butne MUKPOCHCTEMHOM TEXHUKU M COOTBETCTBYIO-
meil 371eMeHTHON 0a3bl CTUMYJINPYET IMHUPOKOE ee BHeIpe-
HUE B pa3/inyHble C(epbl YeT0BEYECKON IedTeIbHOCTH. B
TIOJTHOI Mepe 3TO OTHOCUTCS K 00/IACTH MEIUITHHCKOTO TTPH-
GopocTpoeHus U OMOMHKEHEPHUH, 0COOEHHO 0()TAIHMOJIOTH-
YeCKOI0 HAIIPABJIEHUs, XaPAKTEPU3YETCsl IMUPOKUM UCIIOIIb-
30BAHUEM WMILJIAHTATOB HAYMHAS OT 3aMEHBI XPYCTAJIMKA U
3akamumBag paauodunupoBanabx (Ha 914 MI'm) Mukpoun-
oM (pasmepom 1,2 - 2,4 MM) [7151 ©3BMEPEHUS U PETYINPOBa-
HUS TJIA3HOTO JABJIEHUS, TOJHKO MTPOXOIUT JIAOOPATOPHBIE
ucobiTanns. OMHUM U3 TAXKeEIbIX 3a001eBaHuil B 0 TaIb-
MOJIOIMH SBJISIETCS TVIAYKOMA IJIa3a, KOTOPas IIPUBOIUT K
TIOBBITIEHNIO BHYTPUT/IA3HOTO aBJIEHUs, B OOJIHIITUHCTBE
CBOEM TIPUBOJIUT K TIOTEPE YEJIOBEKOM 3PEHUS U HAXOIUTCS
Ha BTOPOM MecTe II0 JacToTe IpossyeHus. Haubosee 3¢h-
(GEKTUBHBIM METOIOM JIEUEHWS SIBJISIETCS XUPYPrAYeCKast
YCTAHOBKA B IJIa3a, KOTOpas $BJISETCS TOCTEIHUM IMaH-
COM HAIMEHTAa COXPAHUTDH 3PEHHUE, MMIUIAHTATA (K/IAIaHa)
JJTsT PEryJIMpOBaHUS JaBJeHUd B Tipedenax 9-21 MM pr.cT.
O0s13aTe/IbHBIM IIPEIOIEePAMOHHON IPOIeyPOil HOJIKeH
ObITh KOHTPOJIb IIapaMerpa cpabaTblBaHUs U OIPEeJICHUS
TapaMeTpoOB, & WMEHHO JIABJIEHVS OTKPBITHS, 3aKPBITUS ¥
BOCIIPOM3BOINMOCTH XapPaKTEPUCTUKHN IPU TOBTOPHOM Cpa-
OaTpiBaHUU, YTO OyaeT CIIOCOOCTBOBATH IIOBBINIEHUIO d(-
GEKTUBHOCTH TIPOBOAUMBIX OMEpaIuii. AHAIN3 W3BECTHBIX
Pe3yIbTATOB UCCJIeI0BAHMIN. VI3BeCTHO HECKOIHKO METOI0B
HPOBEPKHU HMMILIAHTATOB Ha PabOTOCIIOCOOHOCTH, KOTOPbIE
MOYKHO Pa3/Ie/IUTh HA, 1B HATTPABJICHUS: METO/IBI C WCIIOJIb-
30BAaHUEM CHJIbI 3€MHOI0 MPUTIKEHUs IIyTeM TOTHATUS
pe3epByapa € (U3HOJOIMYECKUM DPACTBOPOM HA MIPOrpa-
JYWUPOBAHHYIO BBICOTY C WCITO/IH30BAHUEM H3MEPUTEIHHOM
IUTAHKY WU AHAJIOTOBOTO, WU IU(POBOro MaHOMETpPa U
METOJ AIIaPAaTHOrO CO3/aHusd W30bITOYHOIO JaBjeHus. K
HEJ0CTAaTKaM PACCMOTPEHHBIX METOIOB M YCTPOMCTB 0 WX
peasim3anuu CJielyeT OTHECTH 3HAYUTEbHYI0 HETOYHOCTD
U HEJOCTATOYHYIO 1yBCTBUTEIHHOCTD, U CJI0XKHOCTb PEru-
CTpaIry MOMEHTa CpabaThIBaHUs KJIallaHa, KOTOpPas 3aBU-
cut 0T TPOodeCCUOHAIM3MA OTePaTOPa, a COOTBETCTBEHHO
U HEKOTOpas CyO'beKTUBHOCTH B OLIPEJIEJICHUM [1aPAMETPOB
VIMITIJTAHTATOB 9TO CHUKAET (P (HEKTUBHOCTH OMpeIe/IeH s
WX MPUTOIHOCTH i UCIOIb30BaHugA. Lleas paboTsl u onu-
CaHMWE ABTOMATU3UPOBAHHON CHUCTEMBI.. YUYUTbHIBAs BbLAB-
JIGHHBIE HEJOCTATKN aBTOpPAaMM ObLIa IIOCTABJIEHA 33/a9a
pa3paboTku 0OoJiee MPOCTON CXeMbl IPOBEICHHS H3Mepe-
HUsl, C OJHOBPEMEHHBIM IIOBBIIIEHUEM 4yBCTBUTEJIbHOCTH,
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TOYHOCTHA U OOBbEKTUBHOCTH OIIPEeICHUs TaPAMETPOB NM-
IJIAHTATOB, & TakXke 3(hdEKTUBHOCTY IIyTEeM OIPEIesIeHNUs
WX IPUTOJHOCTH [JIsI MCIIOIb30BAHUS B MEIUIINHCKON Xu-
pyprudeckoit mpakTuke. [l peasm3aruu mOCTaBIEHHON
e aBTOpamMm Ha 6a3e 37IeMEHTOB MUKDPOCHCTEMHON Te-
XHUKH pa3paboTaHa CTPYKTYpPHAsI CX€Ma ABTOMATHU3UPO-
BAHHON CHCTEMBI [jI M3MEePEHUsl U KOHTPOJIS IapaMeTPOB
MMILIAHTATOB PETyIMPOBAHUS BHYTPUIJIA3HOTO TABJICHUS.
CucremMa COmEpPKUT KOMIIBIOTED, MUKPDOKOHTDOJLIED, C re-
HEPATOPOM YIIPABJIAIOIMINX HUMILYIbCOB, OJIOK AUCKPETHOTO
(momaroeoro) ysenwuenue nasieHusi ¢ marom 0,025 i
/ IIar, MHKPO3JI€KTPOMEXAHUYECKUIl U3MEPUTEsb JIaBjie-
HUsl, PE3UCTUBHBIN CEHCOP KUJKOCTH, aHAJIOrOo-rudpoBOit
peo6pa30BaTeh M ABYX JIMHII 00PATHON CBSI3M HA MUKPO-
KOHTDOJIJIEP, C MUKPOIEKTPOMEXAHUIECKIM N3MEPHUTEIEM
JaBJIEHUs] W JETEKTOPa XKUJIKOCTH. Pa3paboTaH ajropurm
paboThl CHCTEMBI, KOTODBIH IPEIIIOJATAET TPOBEPKY CH-
cTeMbl B “peKMMe YCTAHOBKH HyJIs’ M DPEKUM H3MEpPEHUs
¥ KOHTPOJIA ITapaMeTPOB UMILIAHTATa “PEKUM TECTHPOBA-
uns”. [loka3aHo, YTO MOTPENTHOCTH OMpEee/IeHNs TTapaMe-
TPOB JaBjieHnd B cucreme He mpesbrmaer 0,5%. Dxcnepn-
MeHTaJIbHas IPOBepKa paborsl cucreMbl. B 3aBucuMocTu ot
MaTepnaJia W CTEIEHVM TBEPJOCTH MMILIAHTATA BO3MOYKHBL

TpU Ciiydas, KOI/1a UMILJIAHTAT OTKPHIBAETCH DaHbIIe, DU
3TOM BO3HWKAET PHUCK THMOTOHUY TJIa3y MMAI[eHTa, TO3Ke -
PHCK TUIIEPTOHUM U PabOTaeT B 30HE YCTAHOBJIEHHOTO 1AB-
JtleHus. ABTOpaMu IPUBOAATCH IPad UK TAKUX H3MEPEHUil,
a Takke rpaduK BOCITPOU3BOAVMOCTH XaPAKTEPUCTUKU He
nedexrHoro mmiianrara. BeiBoger. Takum obpasom mpe-
JJIOKEHHas CHUCTeMa O00ecreduBaer: YIPOLIEHWE CXEMBL C
OJTHOBPEMEHHOI BO3MOYKHOCTHIO ABTOMATH3AIMY IIPOIIEC-
Ca MPeIONePAIMOHHOMN IIPOBEPKY MMILIAHTATOB PA3JIMIHBIX
THIIOB; IIOBBIIIEHIE YyBCTBUTEIHLHOCTH, TOYHOCTH ¥ 00be-
KTUBHOCTY W3MEPEHWsI MMapaMeTpPOB MMILIAHTATA; OIpe/Ie-
JIeHW€e WX IIPUTOAHOCTHU [JIsi WCIOJb30BAHUS B MeIUINH-
CKOI XHPYyPpru4decKoil IIpaKTHUKe II0 IIapaMeTpaM JaBJIeHHUd
OTKDBITHUSI, 3aKPBITUST M BOCIPOM3BOAMMOCTH XapaKTEPH-
CTHUKY IIPY IIOBTOPHOM CPabaTHIBAHUMU., 9TO OyaeT crocob-
CTBOBATH LOBBIIEHUIO ) OEKTUBHOCTH IPOBOAUMBIX Olle-
panmit; COKpaleHne BPEMEHH IIPOBEPKU MMILIAHTATA, KO-
TOPBIl OrPAHUINBAETCH 2-3 MUHYTAMH, U BO3MOXKHOCTHIO
coxpasenus HHGOPMAIMY O [1APAMETPAX B JIEKTPOHHOM U
OyMasKHOM BHJIE.

Karwesve caosa: U3MepeHne MTaBJICHUA; MUKPOCUCTEM-
Had TEXHHWKa; UMIIJIAHTAT; aBTOMaTU3alud IIpONeCCa; rjay-
KOMa
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