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Abstract. With the new medical reform in
Ukraine, many private medical institutions have
appeared, which need to be saturated with various
diagnostic and treatment devices and devices.

There is a need to develop new low-cost
diagnostic devices. Among them is a hearing aid -
an audiometer. The diagnostic device for
measuring the level of hearing was created on the
basis of the Atmega 328 controller. A literature
analysis of hearing measurement methods was
previously performed; analytical selection of the
controller and device modeling in ISIS Proteus /
ISIS Ares was performed; the accuracy and
reliability of the results are determined.

The Arduino nano platform was used as a
microcontroller. This is due to its lower cost than
the Arduino Uno, and it fully provides ours needs
at the data processing level. The Arduino works
with 5V logic levels, so you can connect it directly
to other 5V logic, such as some LCDs. The
MSP430 analog requires a supply voltage of 1.8
Vt03.6V.
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AHoTaniss. 3 TPOBEAECHHAM HOBOI
MeAuuHOI pegopmMu Ha VYKpaiHi 3’sBHIOCS
0arato TPUBATHUX MEIWYHUX 3aKJIaJiB, SKi
noTpedyIoTh HaCHYEHHS pI3HUMHU
JIIarHOCTHYHUMH Ta JIIKYBaJIbHUMHU anapaTamu
Ta IPUIIAJIaMU.

BimzHauaeThest HEOOXIAHICTE PO3POOKHU
HOBUX JIIaTHOCTUYHHUX amnapaTiB  HU3BKOI
cobiBaprocti. Cepen SIKUX anapaT J1arHOCTUKH
cnyxy — ayaioMerp. JliarHOCTHUHMI mNpuiIaj
JUTsl BUMIPIOBaHHS PIBHIO CIIyXy CTBOPEHO Ha
OCHOBI KoHTpousiepy Atmega 328. ITonepeauro
MPOBEICHO JIITEpAaTypHUH  aHaA3 METOIIB
BHUMIPIOBAHHS CIIyXY; MPOBEICHO aHATITUYHUI
BUOIp KOHTpOJIEpa Ta MOJETIOBAHHS ITPUCTPOIO
y ISIS Proteus/ISIS Ares; Bu3HaueHa TOYHICTh
Ta JOCTOBIPHICTb PE3YyJIbTATIB.

B sikoCTI MIKpOKOHTpOJIEpa BUKOPUCTAHO
wiatpopmy Arduino nano. Ile mow’s3ano 3 ii
Oimp MeHmry coOiBapticTh HiX Arduino Uno,

Mpu IIbOMY BOHA TIOBHICTH 3a0e3medye Harri

notpebu Ha piBHI 00poOKHU manux. Arduino
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The MSP430 start panel will supply 3.6 V

to the controller. You can use another power
source.

The principle of connecting the element
base with Arduino modules is presented.

Computer circuit modeling was performed
using Proteus Professional v.8.5 to create a
schematic diagram. 3D model created.

Using the Filter design tool Texas
Instruments, a sound filter was selected.

Installation of the scheme is carried out.

To check the accuracy, comparative
measurements of the hearing level with the
reference audiograph ABRIS440 and the results
of the developed device were performed.
According to the results of measurements, it is
established that the relative error is 5.6%, which
is acceptable for medical devices.

As a result, a compact, portable,
inexpensive device with affordable accuracy has
been developed.

Keywords: ciyx, ayaiometpis, Arduino.
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MpPALIoe 3 JIOTIYHUMH PiBHAMHU S5V, ToMy

MOKHa 0e€3MoCcepeIHbO MIAKIIOUYUTH HOro [0
iHmoi joriku 5V, Taky sk geski PK-nmucrei.
Amnanor MSP430 Bumarae Hanpyru >kuBJI€HHS BiJl
1,8 B 1o 3,6 B. CraproBa manens MSP430 Oyne
nogaBatu 3,6 B Ha koHTponep. MoxHa
BUKOPHUCTOBYBATH 1HILIE JXKEPEIIO KUBICHHS.

[IpeacraBneno  npuHmMO 3’ €QHAHHS
enleMeHTHOI 6a3u 3 MoxyisiMu Arduino.

Jnst  CTBOpEHHS NPHUHLHUIIOBOI CXEMH
npoBeeHo 3a gormomoror Proteus Professional
v.8.5 KoMIT'IOTepHE MOJETIOBAHHS JIAHITIOTA.
CrBopeno 3D mozens.

3 BukopucTaHHsM iHctpymentom Filter
design tool Texas Instruments mpoBeaeHo BUOIp
3BYKOBOTO QUIBTPY.

[IpoBeIeHO MOHTAX CXEMH.

Jis  mepeBipKM TOYHOCTI MPOBEJIEHO
HOPIBHSJIBHI BUMIPH PIBHS CIIyXy €TaJOHHUM
aymiorpagom  ABRIS440 Ta pe3yibTaTiB
pO3pOOJIEHOTO TPUCTPOI. 3a pe3yibTaTaMu
BUMIpIB BCTaHOBJIEHO, IO BIJIHOCHA IOXHMOKa
CTaHOBUTH 5,6%, 110 JOMYCTUMO AJISi METUYHUX
armaparis.

B pesynbTaTi po3po0SIEHO KOMITAKTHUH,

HepeHOCHHﬁ, He,uopomﬁ amnapar 3 JOCTYIHORO

TOYHICTIO.
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Introduction. 3 mpoBeeHHsIM HOBOT MeTMUHOI pepopMHU Ha YKpaiHi 3’ IBHIIOCS Oarato MpUBaTHHX

MEIUYHUX 3aKJIa/]iB, OJJHAK 3/I€OLIBIIIOT0 OKpeMi MEIUYHI JIarHOCTUYHI JTOCHIKEHHS TaKi sk peorpadis
Ta ayaiorpadis BUKOHYIOTBCS y CTapuX MEAMYHHMX 3aKjajax 1€ 3yMOBJIICHO THUM, IO HOBi J1arHOCTUYHI
npuiaagd  mi€i  ra’my3i  MaroTh BHCOKY COOIBapTiCTh SKy NPAKTHYHO HEMOXJIMBO BIiIOMTH B
CepeIHbOCTPOKOBIH TepcnekTHBi. ToMy HEOOXiAHI pPO3pOOKM MiarHOCTHYHOI amapaTypu HHU3BKOI
c001BapTOCTI.
Heo06xi1HO BIAMITHTH, IO ayAIOMETPisl € METOJIOM ITEPBUHHOT JJAHKU J1arHOCTUKH CIIyXOBOT

naroJorii [1].

Objective. € po3poOka IiarHOCTUYHOTO MPHJIAJy Ha OCHOBI KOHTposiepy Atmega 328 s
BHUMIPIOBAHHSA PIBHIO CIIyXY. J[J1s1 TOCSTHEHHS METU pOOOTH HEOOXITHO BUPIIIMTH HACTYITHI 3aBJIaHHS:

1. [TpoBecTu niTepaTypHHil aHaIi3 METO/IB BUMIPIOBAHHS CIIYXY;

2. O6partu MIKpOKOHTPOJIEP I TOOyI0BHU ayaiorpada HU3bKOi cO0IBapTOCTI.

3. IIpoBectu monemoBanHs npuctporo y ISIS Proteus/ISIS Ares.

4. Po3paxyBaTu TOYHICTh Ta JOCTOBIPHICTb PE3yIbTATIB.

Materials and methods. Ilepen moyaTkoM po3poOKH MPHHIIMIIOBOI CXEMHU IMPHUCTPOIO HEOOXITHO
nposectu aHani3z y [I3 Labview, 11 1bOro CTBOPIOEMO 1HCTPYMEHTH KOHTPOJIIO YAaCTOTH, MOTY>KHOCTI

TYYHOCTI Ta 1HAUKATOPY (OPMHU XBHIIL.
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Puc. 1 brok-cxema npuctporo

Jlnst cTBOpeHHs ayaiorpady HU3bKO1 cO0IBapTOCTI TOUIIBHO BUKOPUCTOBYBATH CyJacH1

MIKPOKOHTPOJIEPH /711 3aMillleHHs (DYHKIII aHAJIOTOBHX €JIEMEHTIB.

Copyright: © The Authors Licensee: This work is licensed under the Creative Commons Attribution License



ISSN 2311-1100 CC-BY-NC
B sikocTi MIKpOKOHTpOJIEpa MU BUPIIIIA BUKOPUCTOBYBATH IutaTopmy Arduino nano|3]

60 BoHa Mae MeHITy cobiBapricTh HixK Arduino Uno[2], npu oMy BOHA MOBHICTh 3a0e3meuye
HaI noTpeOu Ha piBHI 0OPOOKHU JaHUX.

[lepeBaroio BUKOpUCTAHHS 11i€l TIaTHOpPMH €:

. Arduino mparioe 3 JOriYHUMH PiBHAMH SV, TOMY MU MOKEMO 0e3110CepeIHbO
MIIKJIFOYATHA WOTO 70 1HIIO1 Jioriku 5V, Taky sk neski PK-nucmnei. Ananor MSP430 Bumarae
Harnpyru >xuBjaeHHs Bix 1,8 B 1o 3,6 B, Tomy, sKIIIo BU X04eTe B3aEMOIISITH 3 JIOTiKOW 5 B
(HampuKIaa, ACSIKI PIIKOKPUCTANIYHI UCIIIET), BAM MOKE 3HaJOOUTHUCS TIEpEMUKAY PiBHSI.
CraproBa nmanens MSP430 Oyne mogaBartu 3,6 B Ha KoHTposep, TOMY, SIKIIO BU XOUETe
HIKITIOYUTUCA 10 Joriku 3,3 B, Bam Moxke 3HaI00MTHCSI BAKOPUCTOBYBATH 1HIIIE HDKEPEIIO
JKUBJICHHS.

. KonTtponepu ATMELS AVR icHyIOTh Bke JaBHO. Y TIO€HAHHI 3 TIOMYJISPHICTIO
iatopmu Arduino e o3Havae, Mo BOHHU JOCTYITHI 3 BEIIMYE3HOIO KIJBKICTIO HKEpe. AHAIOTH
MSP430 Baxko 3HAITH 32 MeXaMH pecenepiB.

[TpunHumn 3’eqHaHHS eeMEeHTHOI 0a3u 3 MoayasimMu Arduino npezacrasnenuit Ha Puc. 2
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Jnist CTBOpEHHS IPUHIIMIIOBOI CXEMHU HaM HEOOX1HO MPOBECTH KOMII FOTEPHE MOJICIIIOBAHHS

JaHIora. Mu BUKOPHCTOBYEMO ISt MojeroBadHs Proteus Professional v.8.5
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Puc. 3 Tlpunuumnoa cxema npuiany BukoHasa y ISIS Proteus

CrBoproemo 3D monens Puc. 4
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Heo06xigHo oOpaTtu 3ByKoBHI (QibTp, MU IBOTO CKOpucTaeMoch iHcTpyMeHToM Filter design tool

Texas Instruments. 3a HEOOX1JHMM YaCTOTHHUM J11alTa30HOM HaM MiAXO0AUTh PLIBTp MpencTaBieHuii Ha Puc.
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Puc. 6 MoHTax cxemMu IpUCTPOIO

Jlnist mepeBipKH TOYHOCTI HEOOX1THO MPOBECTH BUMIPH PIBHS CIYXY €TAIOHHHUM ayiiorpadom

ABRIS440 [4] Ta mopiBHATH pe3y/IbTaTH 3 HALTKUM MPHCTPoeM Puc. 7.
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Puc. 7 MNopiBHAHHSA 3p06rieHMX BUMIpIB 3 €TanOHUM NPUCTPOEM

VY pe3ynbTatiB MOPIBHSHHS BiIHOCHA TOXHOKA CTAHOBHUTH 5.6%.

Conclusions. B pe3ynbraTti BUKOHaHHS KBalli(hikamiiHOT pOOOTH 3p00JICHO HACTYITHI BUCHOBKH:

1. Byno mpoBeneHo miTepaTypHUiM aHali3 METOJIB BHMIPIOBAaHHS CIyXy. 3a OCHOBY Oyilo
00paHO METOM BUMIPIOBAaHHS 3a JOMOMOI00 IU(poBOi ayniomeTpii

2. B sxocTi MiKpoKOHTpoJiepa HU3bKO1 cobiBapTOCTi Oysio o6paHo Arduino nano

3. Byno po3po06iieHO NPUHLMIIOBY CXEMY Ta MPOBEAEHO il MOJENIOBAHHS y MPOTPAMHOMY
naketi Proteus.

4. byna nigpaxoBaHo moxuoOka sika ckiana 5.6%
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