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IIpononosanuti npucmpiti mModice BUABUMUCA KOPUCHUM O 0)0b-K020 CHOMCUBAYA.
Buxopucmanns tioco 6 ogpmanemonoziunux aiKy8anibHux 3aK1a0ax Ax npoghinakmuyHuil 3acio oysce
bascxcano, a npu nposedeHHi KOMNJIEKCHO20 JIKYBAHHSA 1020 Cli0 peKOMeHOY8amu Ha 000amox 00
npogedenoi mepanii. Ilpu 6upobnuymei MmodcHa 0OyOe BUKOHAMU U020 NOBHICMIO HA
MUKDOKOHMPONIEPHOU 06a3i, o 000aCmb SHYYKICMb Peai308aHuM MpPeHiH208UM ACOPUMMAM.

Knrwuosi cnosa: oxo, Myckynu, c8imnooioo, ysmra pyxoma

Skliar O. 1., Sorochan E. N.
DEVICE FOR EYE’S MUSCLE TRAINING

Abstract. A device has been developed that allows to train various muscle groups of the
eyes. The device is based on the use of unconditioned reflex of the eye to track a light object on a
dark background. The widespread use in everyday life of a huge number of various electronic
devices with built-in displays leads to significant eye fatigue .. This leads to various visual
impairments and provokes the development of various ophthalmologic diseases. Therefore, the aim
of the work is to develop a device for training the eye muscles rather simple, but allowing to
implement the majority of oculomotor exercises. The essence of the development is the need to make
the movement of the eyes in different directions.

The basis for using the effect of «running pointy, created using a line of LEDs that turn on
and off in series. With the help of the reverse counter, the “movement” of the luminous point is easy
to organize both in the forward and in the reverse direction. When a ruler with LEDs is added to
the instrument’s control, it is also easy to realize a linear “displacement” of a point in any
direction and make a device that allows training the eye muscles in any direction, and most
importantly, all muscle groups will be included in the training process. The device is implemented
on a digital element base. It is assumed that the arc line of LEDs is located in a hemisphere that has
a dark background, then when using the device, the effect of the movement of a bright point on a
dark background will be fully realized.

The proposed device can be useful for any consumer. Its use in ophthalmologic medical
institutions as a prophylactic is very desirable, and when carrying out complex treatment it should
be recommended in addition to the therapy. During production, it will be possible to execute it
completely on a microcontroller base, which will give flexibility to the implemented training
algorithms.

Key words: eye, muscle, light diode, running point
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IMPOTPAMHHWI MOAYJIb IJISI BABHAUEHHS IIIJIbHOCTI TPYBYACTHUX
KICTOK JIIOAUHU 3A TUPPOBUMU PEHTTEHOI'PAMAMMUA

Anomayisn. Hasooumuvcs onuc YHKYIOHANbHUX MONCIUBOCHEN NPOSPAMHO20 MOOYII0 Ol
BUBHAYEHHS WITbHOCI MPYOYACMUX KICMOK JIOOUHU MA aHAli3 1020 poOomu 8 iHmepaxkmueHoMy
pescumi. Pospaxynox wineHocmi KiCmKOBUX CmMpYKmMyp 30iUCHIOEMbCA 3d  pe3yibmamom
NOPIBHAILHO20 AHANI3Y PEHM2eHIBCLKUX 300paAdiCeHb KICMKU Ma PeHM2eHeK8i8aNeHmMHOo20 il mecm-
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00 ’€kmy 3 8i0OMOI WLTLHICIIO.
Kniouosi cnoea: winvuicme Kicmkoeux Cmpykmyp, yYugposa penmeeHo2pama, aHauiz
npocpamuul, Oencimoepama, mecm-o0 €xm.

Beryn

3a ominkoo BcecBiTHBOI opranizaiii OXOpoHH 370pOB'sl MpodiIeMa OCTEOmOpo3y IIo
COLIIAJIbHO-EKOHOMIYHOT Ta MEIUYHOI 3HA4yllocTi 3aiiMae 4 Micue Mmicis CepleBO-CyIUHHUX,
OHKOJIOT1YHHMX 3aXBOPIOBaHb 1 I[ykpoBoro aiabery. Cepen JiTHIX Jtofel B YKpaiHi 0CTeonopos y
TparisieThes y 22 % y 4onoBikiB i 53 % y kiHOK. 3MEHIIICHHST MiHEPAIbHOT HACHYCHOCTI KiCTKOBOI
TKaHUHM Ma€ pi3Hi npuuuHu [1, 2], mpoTe HAcCHiIKW LbOro MOPYIIEHHS NPU3BOAATH [0
1HBaJiAM3alll 3HaYHOI YaCTHHU JITHIX XBOPHUX, UYBEPTh 3 SKHX IEpPEeIYacHO MOMMPAE BHACIHIJIOK
YCKJIQJIHEHb IPH JIIKYBaHHI HAaTOJIOTIYHUX MEPEIOMiB, HaiuyacTille — IMHAKA CTErHOBOI KICTKH.
Haii6inbi1 po3NOBCIO)KEHUM 1 JIOKa30BUM METOJOM BHUSIBJICHHS OCTEONOPOTHUYHUX 3MIH €
kiacuyHa pentresorpadis [1, 3, 4]. [Ipore BiACYTHICTh €IUHMX 3ac0O0IB Ta MIIXOAIB A0 aHANII3y
PEHTIeHIBCHKUX 300paK€Hb 3HAYHO 3MEHIIYE MOXKJIUBOCTI O0’€KTUBHOI OIIHKK JHWHAMIKA
3HWKEHHS MIHEPaJbHOI HACMYEHOCTI KICTKOBOi TKaHMHM, L0 HE JIO3BOJISIE BUACHO 3aCTOCYBAaTH
MEJMKaMEHTO3HY KOPEKI[IIO Ta OLIHUTH 11 €PEeKTUBHICTb.

3acTocyBaHHs Cy4acHMX KOMII'IOTEPHUX TEXHOJIOTIH aHaji3y PEHTTEHIBCHKUX 300pakeHb
[3-7] BimkpuaO MOXJIHMBICTH PO3POOKH E(PEKTHBHUX METOJIB KIUIBKICHOT OI[HKH MiHEPaJbHOI
LIJIBHOCTI  KICTOK, MpOT€ CTPUMYIOYMM YMHHUKOM JOBIMHA 4Yac 3aJuliajach HE3HauHa
PO3MOBCIO/IKEHICTh cucTeM UG poBoi peHTreHorpadii. Huni B YkpaiHi 111 cUCTeMHU € JOCTYITHUMH,
[poTe BOHU 00Ja/HaHI JMIIE YHIBEPCAJbHUMHU MPOrPAaMHUMHU 3ac00aMU OOpPOOKH PEHTI€HOTPaM.
3a HasIBHOCTI BIANOBIJHOI METOAOJOrIYHOI 0a3u [8] crewnianizoBaHi MporpaMu JUIsl PO3paxyHKY
¢G13MYHMX TapamMeTpiB KiCTKOBUX CTPYKTYp, 30KpeMa IIUIBHOCTI, y KJIIHIYHUX YMOBaX MPaKTUYHO
BIJICYTHI.

Po3paxyHkoBi cniBBiqHOIIEHHS

Po3paxyHOK OIUIBHOCTI KICTKOBUX CTPYKTYp [8] BHUKOHY€ThCS 13 ypaxyBaHHSIM 3aKOHY
Byrepa, sikuii BU3HaUa€ CTYMiHb OCIA0JIEHHS PEHTT€HIBCHKOTO BUITPOMIHIOBAaHHS PEYOBHHOIO:

[ =1Ie ™, 1)

ne [ — IHTeHCUBHICTb BUIIPOMIHIOBaHHS, SIK€ MPOMUIILIO KPi3b PEUOBHHY;

lp — moyaTkoOBa IHTEHCUBHICTh BUIIPOMIHIOBAHHS;

M — MiHIAHUHA Koe]ilieHT ociabieHHs] BUITPOMiHIOBAaHHS,

Y — TOBIIMHA MIapy MPOMIHEHOT pEYOBHHH.

SIkmo mpu ocialieHH! PEeHTreHIBCHKOTO BHUIIPOMIHIOBAHHS PI3HUMM peyoBMHaMHu 1 Ta 2
YTBOPIOETHCS OJTHAKOBA PEITa IHTEHCUBHOCTI /, TO MOXHA CTBEP/DKYBATH, 110

- - - . _ . Ui _ V1
et = eVl iy =y, = (2)
U2 Y2

3a (2) 3HaxomAThCS CHIBBIIHOIIEGHHS JHIKHUX  KOEQIi€HTIB ocialbieHHs 3a
CIIBB1IHOIIIEHHSIM TOBILMH JBOX PEYOBHH y HAINPSIMKY /il BUTIPOMIHIOBAHHSI.

3 iHII0r0 6OKY, MacoBi KOE(DILIEHTH Uy OCIA0ICHHS IBOX PEYOBHH 31 UIUIBHOCTAMH p1 Ta P
CHIBBITHOCSITHCS SIK

B _ pH2 B _ P = Bm (3)
P1 p2’ Uz p2’ tm2’
ne K — KOHCTaHTa BiJHOIIEHHS MAacOBHX KOCQII€HTIB OcinalleHHs JBOX PEYOBUH Yy
3a/IaHOMY Jlana3oHl eHepTii.
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3 (3) oTpuMaemo 3B’SI30K MK BEJIMIMHAMH IIUTBHOCTI Ta TOBIIMHU BiJIIOBITHHX PEYOBHH

Y2 P
22—k _11
Y1 P2

3BIJIKM 3HAHAEMO IIIJILHICTh HEB1JIOMOI PEYOBHHH 32 BIJJOMOIO PEYOBHHOIO

Py =k )
2

3a BUpa3oM (4) BU3HAUYCHHIO ITiUIATAIOTH BEJIMYMHU TOBIIUH PEYOBUH Ta KOHCTaHTH K st
KOXKHOT KOHKPETHOI CTPYKTYpU Ta pexkumy penrreHorpadii. VY [8] HaBegeHO CHiBBIIHOIICHHS
napameTpiB (2, 3) KOPTHKaIbHOI KICTKOBOI TKAHWHH Ta aJIOMIHII0 Ta po3paxoBaHo K ais 3HaueHb
eHeprii peHTreHiBcbkoro BurpomMinioBanHs 10 kEB, 15 keB Tta 20 xeB, mo BianoBigae pisHuM 3a
KOPCTKICTIO pexuMaM peHTreHorpadii kicrok moaunu. [Ipu npomy Bu3HayeHa koHcraHTa K (3)
JUTS TIapy PEYOBHH «KOPTHUKAIbHA KICTKA - afOMIiHIN» Kal,~0,88, I peuoBHH «M’Ki TKAaHUHU-
AMIOMIHI»  Kajy e ~5,6. Haganmi 3anuimaeTbcs NMpOrpaMHO BHU3HAYUTH TOBIIMHY KOPTHUKAIBHOTO
mapy KICTKH Yy (32 MaTeMaTH4HOI0 MOJEJUII0) Ta CIHIBBIAHECTH 3 TOBIIMHOIO CTYMIHYACTOIO
amoMiHieBoro tect-00’kry Yai (Puc. 1), mo i 1acte 3Mory po3paxyBaTu IIUIBHICTh KOPTUKAJIBHOT
KICTKOBOiI TKaHUHHU.

_0,88p, Y4
Yo ©

KK

Pucynok 1 — CtymiHYacTHii aqtoMiHIEBUN TECT-00’€KT [5]

OTxe, 3aBAaHHAM JaHOI POOOTH OyJIO CTBOPEHHS MPOrPaMHOIO MOJYJIIO Ta 1HCTPYMEHTIB
JUIs. BU3HAUCHHS HEBIIOMUX Y (5) BETUYMH 32 PEHTI€HOTPaMOI0 TpyOUyacToi KicTku JtoauHn. Kpim
TOTO, Ul TOPIBHAHHS TOBIIMH KICTKM Ta TeCcT-00’€KTy, SIKI JalOTh OJHAKOBY SICKpPaBICTh Ha
pEeHTreHoTpami, HEOOXiTHO MPOrpaMHO MOOYyBaTH MPOQiii ACKPaBOCTI (IEHCITOrpamMu) KiCTKH Ta
TecT-00’€KTY Ta BU3HAYMTH BIiAMOBIIHI TOBIIIUHH.

Pe3ysabTaTu podotu

Po3pobneno MeToaumky Ta aJropuTM HpPOTPAMHOrO PO3paxyHKY IIUIBHOCTI KICTKOBOT
tkanuHH (Puc. 2). [Iporpamuuii Moy peanizoBano y cepenosuiii Delphi.

Po3paxyHok aOCONMOTHUX 3HA4YeHb TOBIIMHU KICTKH Ta TECT-00 €KTy BiIOyBa€eTbCsA 3
ypaxyBaHHSIM PO3pi3HEHHS UPPOBOTO PEHTTEHIBCHKOTO 300payKEHHS, sIKe Ma€e OyTH HE HIDKYUM 32
300 dpi. Po3pisHeHHs BKa3yeThCs y BikHI 011t Hanmucy «Dpi» 1 1ani po3paxyHOK po3Mipy MiKCeNs B
MM TIPOBOJAWTHCS NMpH HaTHCKaHHI kKHOmKH «Calculatey (Puc. 3).

[udpoBa peHTreHOrpaMa CIOYATKy AaHAI3Y€ThCS y MICII pPO3TAllyBaHHS TeCT-00’€KTY
(Puc. 1). Ha xoxHil CXOAWHIII BUAUISETHCA TMPSIMOKYTHA 30HA JJISi BU3HAYCHHS yCEpEIHEHOI
SICKpaBoOCTI 300paxkeHHs1 cxomuHku (Puc. 1), Hamanmi 3a UMM 3HAYEHHSMH 13 3aCTOCYBAaHHSAM
TiHIHHOT 1HTepHOsii OyayeThesl NeHciTorpamMa TecT-00’ekTy. Bei 1mi Ail mpoBOIsIThCS Y peXuMi
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«D» (mencitorpama). Came 1ieit eTan aHatizy 300paKeHHS 1 € OpUTIHAIBHAM, BiH J03BOJISIE HAIAI1
BU3HAYUTH TOBIIMHY aTIOMiHIEBOTO TecT-00’KTy yAl, sika 3a sickpaBiCTIO Ha 300pakeHHI Oyne
€KBiBAJICHTHA TICBHIN TOBIINHI KOPTUKAILHOI KicTKH Ykk (5).

(o] €

h 4
PospaxyHoOK
TOBUMHN
306pakeHHn KOPTMKaNbHOrO

7 o wapy

71,, v
BusaHauyeHHn
Beoaumo sickpasocTi
dpi 306paxkeHHn
KOPTUKAnLHOrO Wwapy

BuainexHs
CXOAUHOK

3aBaHTaXyemo

BusHavueHHs
TOBLYMHN
TecT-o6'ekTy
TecT-06’exTy 3a sckpasicTio
306paxeHHs
KOPTUKanbHOro wapy

/
" v
BuaineHHs
nepeTuHy KicTku PospaxyHok
winsHocCTi

l KOPTUKanbHOro Wwapy|

No6ynosa X

AeHciTorpamn Bino6pareHHn

pesynbTartis

MapkyBaHHA v _
0COBNMBUX TOHOK 4 5
AeHciTorpamu ( KiHeub )

BuaineHHsa

$oHy Ha
mexi

3 KiCTKOO

#
\

\\/l

" §
Pucynox 2 — Anroput™ po3paxyHKy IIUIBHOCTI KICTKOBOI TKAHMHHM 32 aHAJII30M PEHTTe€HOTpaMH

HactynHum eramom € aHami3 ¢parMeHTy PEeHTIeHOTpaMH TpyOuacToi KICTKH y cepelHiit
yacTuHi (1adizi). Bunaiiserbes npsMokyTHa 30Ha y nepeTHHi Aiadisy s aBTOMaTHYHOI 0Oy 10BU
yCepelHEeHOi JEHCITOrpaMu KICTKM Yy mepepi3i. Hamani, BIAMOBIAHO [0 MaTeMaTHYHOI MOJENI,
HaBe/eHO1 y [8] BH3HAYAIOTHhCS 1 MapKyIOThCSI TOYKH PO3MEXYBaHHS 300pa)Ke€Hb M’ SKHX TKaHUH,
KOPTUKAJIBHOTO Iapy KICTKU Ta I MeayJsipHOT MOpOXHUHU. ITicis 1bOro MOKJIMBO pO3paxyBaTu
BHYTpilHiN Oy Ta 30BHImHIN Dy qiaMeTp KOPTUKAIBHOTO mapy y aiadisi, i, BIAMOBIIHO, TOBIIMHY
KUTBIT KOPTUKAJIbHOTO mIapy. Po3paXxyHOK INIJIBHOCTI KICTKM TPOBOAMTHCS 3a 3HAYCHHAM
SICKPABOCTI Y CepEe/IMHI JICHCITOrpaMH, Jie TOBIIMHA KOPTHKAIBHOTO I1apy ctaHoBUTH (Dy - dy).

VY pospobuneHiit mporpami Oyio MpoaHali30BaHO PEHTI'€HIBCbKI 3HIMKM KHCTI JIFOJUHU 3
MPOTPECYIOYMM OCTEOMOPO30M Ta 0e3 HhOTO Ha TiH ke AUIIHIN Aiadizy. 3HAYEHHSM MIIBHOCTI
KOPTHKAJIbHOI TKAaHUHH y HOPMI BBaXKaeThes 1,2 r/em® [8]. MeHui 3HaueHHS CBITUUTUMYTH PO
He3aBepIIeHy abo MopyIIeHy MiHepai3allifo BiIMOBIIHUX KICTKOBUX CTPYKTyp. HaBemeni poGoui
BIKHA MIPOTpaMHu 3 pe3yjbTaTaMH POOOTH MPOrpaMu JIsl pEHTTeHOTPaMH KHUCTI MPU HOPMAaJIbHOMY
KicTkoBOMY 370poB’1 (Puc. 3a) Ta 3 mporpecyrouum octeornopozom (Puc. 3 6).
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Pucynox 3 — Po0Ooui BikHa mporpamMu 3 pe3yJibTaTaMu pO3paxyHKiB IPH aHAJII31 PEHTI€HOTpaMu
KHCT1 Y HOpMI (2) Ta mopyIieHH1 MiHepaui3alii KicTok (0)

Y IepioMy BHIAAKY OTPHMAIH PE3YIbTarT, WO A0piBHIOE 1,42 r/cM’, 10 MOXHA BBaXaTH
HOpMaJIbHUM. Pe3ynbraToM po3paxyHKy y BUIIAJIKy 3HM)KEHOI MiHepaizalii crano 3HaueHus 0,077
r/em®,

OTtpumani pe3ynbTaTd JO3BOJSIOTH OTPUMATH 3HAUEHHS HE TaK 3BAHOI PEHTI'C€HOONTHYHOL
MIHEpPaJbHOI HIIJILHOCTI KICTKH Y /MM, sika OBruii gac BUKOPHUCTOBYBAJIaCh Y PEHTTEHOJIOTI, a

3HaueHHs (i3HIHOI MITBHOCTI KICTKH y T/MM",
BUCHOBKHA

B po6oTi HaBeoeHO METOAMKY pO3paxyHKy UIUIBHOCTI KICTKOBOI CTPYKTypu 3a ii
PEHTTeHOrPamMol0, OMKUCAHO AJITOPUTM Ta PE3yJIbTaTH POOOTHU CTBOPEHOIO AJIS IILOTO IPOrPaMHOTO
Moaymro. llei mporpamMHuMii MOIyNs TOTPeOy€e TONANBIIOTO TECTYBaHHS Ha OUTHIIMX MacHBaXxX
PEHTICHOJIOTIYHUX JIaHWX. TakKoX Hajajai CJiJ TPOBECTH TMEPEBIPKY BIAMOBIIHOCTI MIXK
pPO3PaxXOBaHUM 3a PEHTICHOTPAMOIO0 3HAYCHHSM IMIUIBHOCTI KICTKH Ta 11 pealibHOIO (hi3MIHOIO
niipHICTI0.  Po3po0OiieHnii  mporpaMHMid  3aci0 MOXKJIMBO PEKOMEHAYBATH Il  TIPOBEICHHS
CKPHHIHTOBOTO JICHCUTOMETPUYHOTO aHaTi3y B KIIHIYHUX 3aKJIa/laX Ta IIarHOCTUYHHX IIEHTPaX.
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Ynaunosuu /I. I'., ABepbsinoBa JI. A.

HPOFPAMMHI)!I?'I MOAYJIb JJIsA OIPEAEJEHUSA IIVIOTHOCTHU TPYBYATBIX
KOCTEHU YEJIOBEKA 110 HU®POBBIM PEHTTEHOI'PAMMAM

IIpusooumcsa onucanue @OYHKYUOHATLHBIX BO3MONCHOCHMEU NPOSPAMMHO20 MOOYVIA OJisl
onpeoeneHus NIOMHOCMU MPYOUamslX Kocmell 4el08eKa U aHauu3 e2o pabomol 8 UHMEPaAKMUEHOM
peorcume. Pacuem naomHocmu KOCMHBIX CMPYKMYP OCYWECMBIAEemcs No  pe3yibmamam
CPABHUMENLHO20 AHANU3A DEHM2EHOBCKUX U300PANCEHUU KOCMU U PEeHM2eHOIKBUBANIEHMHO20 el
mecm-06vbeKma ¢ u38eCMHOU NJIOMHOCMbIO.

Knroueswie cnosa: niomHocme KOCMHbIX CIMPYKMYD, YUDposas peHmeenocpamma, aHamu3
NPOCPAMMHBIL, OEHCUMOSPAMMA, MeCm-00beKm.

Udanovych D. G., Averianova L. O.

SOFTWARE MODULE FOR DETERMINING THE DENSITY OF HUMAN
TUBULAR BONDS ON DIGITAL RADIOGRAMS

The analysis of the capabilities of existing methods for quantitative assessment of the density
of cortical bone tissue of human tubular bones by X-ray image was carried out. The
correspondence between the density of bone tissue and the aluminum step X-ray equivalent test
object was determined in accordance with the Bouguer law from the condition of equality of
brightness of their images. For the final density calculation, it is necessary to determine the
thickness of the cortical layer and the test object in the analyzed fragment of the X-ray image. The
exact determination of the thickness of the aluminum layer for a given brightness is made as a
result of the construction and approximation of the densitogram of the stepped test object and
taking into account its real physical dimensions. A description of the method for analyzing the
image of a test object is given. The thickness of the cortical bone is determined on the basis of its
mathematical model from the condition that in the diaphysis the cortical layer has a tubular shape
that is close to cylindrical. When a computer analysis of a fragment of the x-ray of the bone in the
diaphysis is used to build its densitoram, the extremums of the curve are analyzed, which determine
the internal and external diameters of the bone. This allows you to calculate the thickness of the
bone in the center of the diaphysis as the double thickness of the ring. The corresponding value of
the brightness of the image of the bone at this point is compared with the brightness of the image of
the test object. A software module for the automated construction of densitograms and the
determination of the density of tubular bones has been developed, a description of its functionality
and an algorithm for its work in an interactive mode are given. The calculation of the density of
bone structures is carried out according to the results of a comparative analysis of the
densitograms of x-ray images of the bone and the test object with a known density.

Keywords: density of bone structures, digital X-ray, software analysis, densitogram, test
object.
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