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3AXBAJTHULIA

OBa ngmcepranuja He Om Owita moryha 0e3 mojpIIKe JbyId KOjUMa OBOM
MPIIMKOM JKEJIUM Jia ce 3axBaiauM. CBaKo OJ HBUX j€ Ha CBOj HAYMH JOTMPUHEO Ja OHA

110 MHOTO 4YeMy Oy/ie KBAJIUTETHH]a.

[Ipe cBera Oux »xeiena Aa ce 3aXxBAIMM MOM MEHTOpY, mpodecopy Jejany
[TonoBuhy, Ha HeceOMYHO] MOMONH, MOAPIIIN U CTPILBEHY KOJY MH j€ MPYKHO TOKOM
Hallle capaliib¢ U TOKOM H3pajie OBe Te3e. 3axBalbyjyhn meMy Haydwia caM ITyHO O
noceeheHocTr paay, MOTUBHCAHOCTH U JbYOaBH IpeMa mociy. JKenum na My 3aXxBajiiM
Ha JTMBHO] Capaliibv, CjajHUM HJiejaMa ¥ Ha TOME IITO j& CBOjY Jby0aB mpemMa My3HUIld H

KJIaBUpY NOJACIINO Ca MHOM.

3axBasbyjem ce mpodecopkn Mupjanu Ilonmosuh, Ha cBecTpanoj momohw,

CaBCTHUMaA U IMOKA3aHOM HHTCPCCOBALY 34a MOj pan.

3axBajbyjeM c€ M CBUM WJIAHOBHMAa KOMHCHjE€ 32 KOPHCHE CYTeCTHje U CaBeTe

TOKOM IIperiicaa OBC I[I/ICCpTaI_[I/IjC.

XKenmum na ce 3axBanum npodecopy Jlacmy LIBupriauxy, ap AjekcaHapu
Hparun, u tepaneyry Jenenn MwunoBaHoBHh, 3a momMoh M cyrectuje mpu oaadupy
nanyjeHara U peaju3aldju CTyAuja, a Hapo4yMTO 32 JbyOa3HOCT U TOCTONPUMCTBO KOj€

CY MU NPYKUIIN TOKOM MOT €KCIICPUMCHTAJIHOT paJida y 3aBOI[y.

3axBajbyjeM ce MMHHCTApCTBY 3a HayKy M TEXHOJOLIKM pa3Boj PemyOmmke
Cpbuje u mnpenysehy Tecnalia Serbia, Beorpan, koju cy ¢uHaHcupand paa Ha
JOKTOpCcKOj aucepranuju. [loceOHO Oux jkerena Aa ce 3aXBaluM JTUPEKTOpy Hpenyseha
Tecnalia Serbia, T'opany bujenuhy, Ha moapIM ¥ KOPUCHAM CaBETHMa TOKOM HaIlIe

capajme.

XBana Mununwu, Jlanu, Hebojmm, Munomry, Auapejy u Haauuu, Mmojum cjajHuM
KoJleraMa M3 MCTPaKMBAauKe TIpyrne 3a OHOMEIMLIMHCKY WHCTpYMEHTAlU]y U
TEXHOJIOTH]j€e, 3a AUBHO MPUjaTeJbCTBO U MOAPLIKY. be3 wux paa y naboparopuju He Ou

010 TaKo 3aHUMJBMBO U 3a0aBHO UCKYCTBO.



[ToceOHy 3aXBaTHOCT IyTyjeéM MOjOj IOPOJIUIIM, MOJUM POJUTEIFUMA U OpaTy, 3a

HEYMOpPHY ¥ HeceOUYHY Jby0aB U MOJPIIKY KOjy MU MPYXKajy UATABOT KUBOTA.

W najBaxkHuje, XBaja MOM cynpyry u hepku, Ha OeckpajHO] JbyOaBH, H

pazymeBamy. Bbuma y uacTt, of cpua, nocsehyjemM oBy aucepTaiujy.



CHUHEPI'NJE XOA OCOBA ITOCJIE MOXIAHOTI YIAPA:
NMIIVIMKAIIMJE 3A YIIPAB/BAIBE ACUCTUBHUM
CUCTEMUMA HA BA3U EJIEKTPUYHE CTUMYJIAIIMJE

Pe3ume - Moxanu yaap je 000JbeHe KOje M3a3uBa MPOMEHE KOje YTHYy Ha
NPAaKTHYHO CBE CETMEHTE JKMBOTHHMX aKTUBHOCTH. [lociemuiie MOXIaHOT ymapa Cy
U3paXEHEe Y CEH30PHO-MOTOPHUM (GYHKIMjaMa, ajld ¥ Y MCHTAIHUM U €MOIIMOHAIHUM
eqleMeHTHMa. ['yOuTaK CeIeKTUBHE MOTOPHE KOHTPOJIE, IMOCEOHO X0/1a U MOKPETa IIaKe,
Cy OJl LIEHTPAITHOT 3Hauaja y pa3Bojy OHECMOCOOJLEHOCTH MalujeHaTa. ToMe JT0AaTHO

JOIIPHUHOCE nopeMehajH roeopa 1 rNICUXUYIKE ITPOMCHC.

Xolame je BakHA KOMIIOHEHTAa CaMOCTAJHOCTH M HEONXOJaH YMHHUIIALL
HOpPMaJIHUX >KMBOTHMX akTHUBHOCTH. [IoHOBHO omoryheme Xona mauujeHTy Hocie
MOKJAQHOT yJapa 3aTo 3ay3uMa Ba)XXHO MECTO y pPEeXaOWIWTalUju U MPEAMET je
u3ydaBamba MHOTOOpPOJHMX KIMHMYKUX cTynuja. OCHOBHa XHIIOTE3a YCIIOCTaBJbamba
X0/J1a je Aa je oH Moryh u ca cMameHUM CEH30pHO-MOTOpPHUM pecypcuma. HoBu xon ce
MOKE aKTHUBUPATH KPO3 MOTOPHO y4y€He, KOpHcTehH CBOJCTBO LIEHTPAJIHOI HEPBHOT
cucTeMa Ja MOXE Jla ce ajanTupa Ha npomeHe. OBO MOTOPHO y4Y€H€ j€ y OCHOBHU
CIIMYHO TIPOLIECY yueHa y MepHory IHocie pohema. MOTOPHO yueme Xo/a ce 1ojadaBa
KJIACUYHUM  peXaOWIMTAllMOHUM TeXHHKaMa (MPUHLUI HEypO(PHU3HOJIOMIKOT U
MOTOPHOT y4€Ha), a JaHac 4YecTO U y KOMOMHaIUjH ca: 1) poOOTCKMM HampaBama Koje
acucTupajy OayaHcy, AETMMUYHOM pactepehemy TexuHe U Yy ojapeheHoj mepu
MOKpeTamwy I0jeIMHUX CerMeHaTa, 2) noBehameM MOTHBAallMjeé U MOTOPHOT Ydera
npumeHoM mnoBpaTHux crpera (biofeedback, brain-computer interface - BCI) u 3)
(GyHKIMOHATHOM eneKTpuyHOM cTumynangjoM (PEC) koja axkTHBHpa NOjeIHHE

CEH30PHO-MOTOpHE MyTEBE O] 3Ha4aja 32 XO/.

OBa J0OKTOpCKa JucepTalyja je HacTajla Kao pe3yiTaT pa3Boja yHampeheHux
CHCTEMa 3a aCHCTEHIIN]y XOJama MPUMEHOM eleKTpuuHe ctumynanuje. [lo3naro je na
eJIeKTpUYHa CTHMYJanuja omoryhaBa akTuBalMjy napajin3oBaHux muinnha nenyjyhu
JUPEKTHO HAa MOTOpHE HepBe MM Jenyjyhum Ha ceH30pHe HepBe M reHepuiryhu
¢ynkunonanne pediexce. OBaj METOJ] aCUCTEHIMjE je 4eCTO KOpHUIINeH 3a Tepamnujy

ocoba mociae MOXIAHOT yaapa KOJH PE3yNTyje XEMHIUIETHJOM, Tj. jeAHOCTPAHOM
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napanu3oM Tena. EnekTpuuHa cTHMynanyja 3axTeBa YHpPaBJbauKH CHCTEM Koju he
CUHXPOHO JIPYIMM aKTUBHOCTHMA aKTUBHpATH MUIMhe KOju Cy Mapaiu30BaHdH. Y
paHUjUM UCTpaXMBAKUMA j€ MOJIE YIpaBJbatkba O0M0 0a3upaH Ha KOMHMPAWky CHHEpPruja
KOje Cy KapaKTepHUCTHYHE 3a XOJ JbYAU KOjU HEeMajy MOTOpHe mpobieme. Y THM
UCTpaXMBabUMa Cy JTOMHMHAHTHA JIBa MPHUCTYIA: YIPaBJbabEe Ca MOBPATHOM CIIPETOM
Ha 0a3W JeTajbHOI MOZENa XOAa, W CEH30PCKU yIpaBjbaHa CTUMYyJaluja Ha 0asu
HEAHAJTMTUYKOT MoOJella Xoaa. Y MepemrMa IpOMEHa Koje HacTajy Ha HOBO
YCIIOCTaB/EHOM XOJY j€ YOYEHO Jia IOCTOjU 3HavajHa aKoMojaluja OHOJIOIIKE
KOHTpOJIE HENapalM30BaHMX JIEJIOBAa Teja y Wby KOMIICH3AllMje U TeHepHCama CTamba
Koja omoryhaBajy HWHTErpanujy IOKpeTa ca CroJba KOHTPOJIMCAHUM IOKPETHMA

napaan30BaHuX (MApETUYHHX) eKCTPEMUTETA.

OBa ca3Hama Cy JONpHUHENAa WJACjH Ja je HEOMXOJHO JE€TajbHO HCTPAKHUTH
KapaKTEepUCTUKE XOAa 0co0a Irmocie MOXKIAHOT yaapa ca HujbeM (GopMupama Mojenia
KOjH C€ MOXX€ MMIUIEMEHTHUPATH y CHUCTEM KOjU KOPHCTH BHIICKAHAIHY EJICKTPUYHY
CTHMYJIAIH]jy, a KOJH pe3yJTyje reHepHCcaheM aKTUBHOCTH MHIIMNha KOje Ha ONTHMalaH

HA4YMH JOIPUHOCE ONOPAaBKY X0/1a.

CxomHO TOME je IWJb HCTpaKMBama OHO pa3BOj MeToje 3a mpaheme
KapakTepucTUKa Xoja (KMHEeMaTUKe W JAWHAMUKE) M KapaKTepUCTHKa MHIIUhHE
aKTUBHOCTH TIpU XOJy y Mpolecy yuema XoAa. XojA ce Hajuemhe rmocmarpa Kao
IUKJIMYHU TIPOLIEC Y KOME C€ KOpaIlH MOHABJhAjy, aTu j€ 3alpaBo CKYIl KOpaka KOjHu ce
MelycoOHO pa3nuKyjy U Tpeda ux KapakTepucaTy Kao ciry4ajaH mpoiec. OBa YMmbeHUIIA
je YKJbY4eHa y UCTpakKUBama U 3a aHAIM3Y X0Jla Cy MPUMEHEHH CTaTUCTUYKHU MOJIEIH.
VY pany je mocBeheHa mnaxmwa M JUHAMUYKOM MOJIENHpamy Xo0Ja C 003MpOM Ha
CHenU(pUYHOCTH CUCTEMa KOJU YMHE HEPBHU, MULIMNHU U CKEJIETHU CUCTEM, KOJU CYy

OJICOBOPHM 3a XOJ1 U CTajambe.

HcTtpaxuBamwy je MPUCTYIJbEHO HAKOH JETajbHE aHanu3e mnocrojehux cucrema
yIpaBJbakba BUIICKAHATHOM EJIEKTPUYHOM CTHUMYJAIMjOM 3a pPeXaOWIHTAIH]y XOJa.
[TocebHO cy pa3MOTpeHe pa3IMYuTe METOJE YIpaBJbakba M HUXOBA OrpaHHYCHA.
CHUMame KapakTepuCTHKa XOJa Ha 3ApaBUM HCIHTAHUIIMMA O0aBJBEHO j€ paau
dbopmupama Mojena 3apaBor oOpaciia xoia. Buile-CeH30pCKMM CHCTEMOM KOjH Ce

MOoCTaB/ba Ha TeJlo W omoryhaBa cHuMame Beher Opoja Kopaka, CHUMJBEHE CY
\%



KMHEMAaTUYKEe KapaKTePUCTUKE XOJa MalfjeHaTa HaKOH MOXKIAHOT yaapa. 3a Mepeme
CWJIC pEeaKIlyje MOAJIOre, Y UCTPAKUBAKY je KOpUIINEH YIIOIIaK 3a LHUIETy KOjU CMO
pazBunu 'y JlabGoparopuju 3a OHMOMEIUIIMHCKO WHXKEHEPCTBO, EleKTpoTexHUYKOr
dakynrera y beorpany. Cuctemom 3a cHEMame elekrpoMuorpadcekux curnana (EMI)
ca Beher Opoja mummha cy perucrpoBaHe MumMhHe aKTUBHOCTH MuiMha KOju cy
JOMUHAHTHU 3a MOKPETe O] MHTepeca. Y OBOM HCTPaXHMBaWby CMO ce 0aBWIIM ca JBa
MOJIaJIUTEeTa XOJa: XOJOM AacHCTUpPaHUM KOHBEHLHOHAIHUM MeTojaMa (IuTar,
TeparneyT) W Xoi0oM ca Motopu3oBaHoMm xoxanuiom Walkaround. Cea cHumama
obaBibeHa cy Ha Knunumu 3a pexabunuranujy ,,Jlp Mupocnas 3otoBuh®, beorpan, Ha
OCHOBY yHarmpena Ae(uHUCAaHMX TMpoleaAypa OA0OpEHHX O CTpaHe €THMYKOT KOMHTETa
Knunuke. YV cTyauju cy ydecTBOBalIM MallMjeHTH Ca JMjarHO30M aKyTHE (Mame o 6
HeZlleJba HAKOH MOXIAHOT yaapa), cyO-akyTHe (on 6 Hemesba 10 6 Meceld HAKOH

MOYKIaHOT yJapa) U XpoHu4yHe (paze xemurieruje (Bumie o1 6 Mecery HAKOH MOXKJIaHOT

yzaapa).

3a 0Opaay u aHAIM3Y TOJIaTaKa, peaan3alijy CTOXaCTHIKE METOIC M HeyPaTHUX
mpexa kopumiheH je mporpamcku maker MATJIAB, MaTeMatnyko W CHMYJAIIOHO

OKPYKCHE 3a MATEMATUYIKE IIPOPAYYHE, CUMYJIUPAKC U aHAJIU3Y IIponeca.

AmHanm3a xoJja Ha OCHOBY yoOM4ajeHO KOpHIIheHNX KHHEMaTHYKUX MapaMerapa
xofa (Op3uHe, cuMeTpuje, Tpajamka jJEeAHOOCIOHAukKe M JABOOCIOHAuke (ase),
NPOIIMPEHA je KOMIUIEKCHHjOM aHaJIM30M y3 MpUMeHy ctoxactuyke merone (Principal
Component Analysis - PCA). JletasbH1ja aHa M3a KHHEMAaTHYKAX CHHEPTHja oMoryhuia
je OoJbM YBUJA y MeXaHHM3Me HEpBHOI CHUCTEMa KOjJU PEe3yiTyjy JeBHjalHjaMa Xoja.
AHann3za xoza Ha 0a3u eJIeKTpOMHOTrpaCKUX CUTHajla MokKas3ala je /a JId ce U Ha KOjH
HAYMH CHHEPITHjCKE IIeMe MHUIMMNHUX aKTHUBAllMja MEHajy Y 3aBUCHOCTH O]
KOpUITheHOT aCHCTUBHOT CpeACTBa. TeXHWKE MAaIIMHCKOT y4ema YIoTpeOJheHe Cy Ja
OM ce Ha OCHOBY MocTojehMX CHUMaka MalyjeHaTa ca XEMHIUIETHjOM H3BPLIMIIO
MalnMpame CEH30pPCKEe penpe3eHTaluje M MHUIIMhHUX aKTHBalWja XoJa, paau
dbopmupaka WHIUBUAYATHOT Mojena xonaa (0a3e 3Hama) KOJU KapaKTepuile

MOTEHIIN]aJTHOT KOPUCHUKA CUCTEMA.

VI
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SYNERGY PATTERNS OF STROKE SUBJECTS WHILE
WALKING: IMPLICATIONS FOR CONTROL OF FES ASSISTIVE
DEVICES

Abstract - Stroke is a unique disease with consequences affecting all life
aspects. As a result of stroke, patients face physical, mental and emotional changes that
decrease life potentials. The loss of selective control of limb segments and hand
movements is the main contributor to the patients’ disability. This state is additionally
affected by communication problems and mental disorders.

Walking is an essential component of independence and an important part of
various life activities. This is why restoration of walking has a significant role in
rehabilitation of stroke patients and is often a central task of many clinical trials.
Restoration techniques are based on the hypothesis that neuroplasticity (motor learning)
allows the development of a new walking even with the existing limitations of a

sensory-motor system after stroke.

At present, gait restoration is largely based on different methods, used either
independently or combined: 1) classical rehabilitation (neurophysiological and motor
learning techniques), 2) robotic assistance of posture, body weight, and body segment
movements, 3) feedback and brain-computer interface (BCI) used for motor learning,

and 4) functional electrical stimulation (FES).

This doctoral dissertation was written as a part of a larger study, where the
systems for walking assistance using functional electrical stimulation are being
developed. It has been shown that electrical stimulation activates paralyzed muscles by
direct stimulation of motor system or reflex stimulation of afferent nerves. This
principle is often used in movement restoration in patients after stroke which results in
hemiplegia — paralysis of one side of the body. The use of FES requires external control
that would integrate the biological and artificial control. In previous studies, the control
of FES was primarily based on using synergies that characterize the walking of subjects
with no sensory-motor impairments. Here two approaches are used: feedback control

systems based on a detailed gait model and a sensor-driven stimulation based on a non-
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analytical gait model. The gait assessment showed that there is a significant
accommodation of biological control of non-paralyzed extremities to match the
disability of the affected leg, and that the restoration of healthy-like walking is most

likely not the achievable goal.

These findings have contributed to the idea that the characteristics of walking in
hemiplegic patients after stroke need to be investigated in more details. This should lead
to a model that could be implemented in a system that uses a multi-channel electrical

stimulation, and generates muscle activities for optimal walking recovery.

The important goal of this research was to develop a method for assessment of
walking characteristics (kinematics and dynamics) and the characteristics of muscle
activities during walking in clinical conditions. The gait is considered a cyclic activity;
yet in reality there are substantial differences among the consecutive strides even when
walking over ground with no obstacles. This directly suggests that the strides being part
of the walking cycle should be characterized as a random process. This modeling
requires the use of statistical models of gait. Not all elements of the process can be
analyzed solely by kinematic measures. Knowledge of sensory-motor system
responsible for locomotion is necessary, so the analysis includes dynamics of the

walking as well.

The inital step in the research was a detailed literature review in order to get a
better insight into the existing control systems. Different control methods as well as
their limitations were studied in detail. Walking characteristics of healthy subjects were
recorded in order to form a model of healthy walking patterns (benchmark). Portable
multi-sensor system that included goniometers and force sensing resistors (FSR) was
used to record kinematical and dynamic characteristics of walking in patients after
stroke. A sensor insole with FSR sensors developed in the Laboratory for biomedical
engineering, at the Faculty of Electrical Engineering, Belgrade, was used as a force
sensor. A multy-channel system for electromyography (EMG) was used to assess
activities of muscles dominant for the walking. In this case, two modalities of walking
were analyzed: walking assisted with a cane and walking assisted by a powered walker,
called Walkaround that provides postural assistance. All recordings were done at the

Institute for Rehabilitation ,,Dr Miroslav Zotovi¢®, Belgrade, based on pre-defined
IX



protocols approved by the Institute’s ethics committee following the Helsinki
declaration and current EC rules and recommendations. The study included patients in
their acute (less than 6 weeks after stroke), sub-acute (6 weeks to 6 months post-stroke)

and chronic phases of hemiplegia (more than 6 months after stroke).

Data processing and analysis, implementation of stochastic methods and neural

networks, were done in MatLab.

Principal Component Analysis — PCA, allowed a statistical gait analysis in
addition to commonly used data analysis methods which consider kinematic and
dynamic parameters of walking (speed, symmetry, single and double stance duration).
The method provided a better understanding of the underlying mechanisms of the
nervous system that result in walking deviations. Gait analysis based on
electromyographic signals showed whether synergistic muscle activation patterns
change depending on the asistive device used. Based on existing recordings of patients
with hemiplegia, machine learning techniques were implemented to performe mapping
of sensory representations to muscle activations of walking, in order to form an

individual model (knowledge base), which characterizes a potential user of the system.

Key words: gait kinematics, gait dynamics, synergies, principal component

analysis, PCA, functional electrical stimulation, machine learning, neural networks.
Scientific area: technical sciences, electrical engineering
Specific scientific area: biomedical engineering

UDK number: 621.3
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MPEATOBOP

VY nucepTanuju je MpeicTaB/beH Ae0 UCTPAXKUBAUKOT pajia pealn30BaH y OKBUPY

rpyme 3a OMOMEIUIIMHCKY HHCTpYMeHTanujy u Texnonoruje, BMUT, beorpan, Cpowuja.

HctpaxkuBama KoOja Cy TpUKa3aHa Yy JUCEpPTAllMju Cy CHOPOBEACHA Yy
JlaGopaTtopuju 3a OMOMEIUIIMHCKY  WHCTPYMEHTallMjy HW  TEXHOJIOTH]E,
Enexrporexnuukor ¢Qakynrera y beorpany, m Ha Knmuumm 3a pexabunuranmjy ,,/JAp

Mupocnas 3otoBuh y beorpany.

HcrpaxxkuBama cy GpuHaHCHpaHa IpOjeKTOM MUHHCTAapCTBA HAYKE U TEXHOIIKOT
pa3Boja PenyOnuke CpOuje, #ET 11019 — EnexTpoHCKH cHCTEM 3a yIpaBibambe
nokperuma ocoba ca muBanuaurerom (2008-2010, pykoBoaunan - mpodecop [ejan
[Torroeuh), u npojekrom "CONGAIT - Control of Walking with electrical stimulation”

npeayseha Fatronik Serbia, beorpan, Cp6wuja.



HI/IJ'IJ HCTPpaKNBaABLA

OCHOBHH 1IMJb MOT HUCTPaKHBama j€ JOMPHUHOC METOJOJIOTHjU O0jeKTHBHOT
npahema KapakTepUCTHKAa XxoJa (KMHEMaTHKE M JWHAMHKE) W KapaKTePUCTHKA
MuIuhHe aKTUBHOCTH TPH XOAYy y KIMHHYKHM YCJIOBHMa ca IHWJbeM YyHamnpehema
yIpaBJbakha ACHCTUBHUM CUCTEMOM, U jOIIl 3HaYajHUje, mpahema onopaBka ManujeHTa y

TOKY pexaOuinTaIyje.

C o03upoM n1a ce Kopamy y TOKY XOJa MOTy KapaKTepHCaTH Kao CllydajaH
IPOLIEC, Y aHAINU3Y Cy MHTETPUCAHU CTATHCTHYKU MOJEIH KOjU TIOCMAaTpajy KOpake Kao

CTOXAaCTHUYKH IIpOoLECC.

VY ucrtpaxuBamwy je nocBeheHa makwba U JUHAMHYKHM €JIEMEHTUMA y CUCTEMY
X0/1a, jep ce mpolec He MOXKE KapaKTepucaTH caMO Ha OCHOBY KMHeMmartuke, Beh m Ha

OCHOBY ITI03HaBamka CEH30PHO-MOTOPHOT CUCTEMA KOJH j€ OJrOBOPaH 3a JIOKOMOITH]Y.

ITo1a3He xumore3se HCTPaAKUBALA

1) Ob6jexTuBM3aLMja MapaMeTapa KOjU KapaKTepHuily Xoja omoryhaBa CHHTE3y
MoJleNia KOjH Cce€ MOXKE HMMIUIEMEHTHpPATH Yy CHUCTeM KOjU TpUMEmYje BHUIIEKaHAIHY
¢yHkMoHanHy enexkTpuuny ctumyinanujy (PEC) u Moxke na gompuHece mpouecy

pexabunurainuje.

2) HoBu croxacTuuku Monen XojAa JeTajbHHMje ONHCYyje Xoa Hu omoryhasa

00jeKTUBHY UAeHTHpUKaN]y mocTtojehux aeduuua.

3) HoBu Mozen xoju kapakTepuile XoJ naiujeHrta omoryhasa ¢opmupame meme
X0Jla Koja je HHAMBHIyalHa, a oapehyje oOpacie 3a KOHTPOILy Xo0Jla Koje je MOTpeOHO

HAMETHYTH TOKOM TIpOIieca PeCcTopaIje Xo/a.



Pe3y.11TaTn ! NJONIPUHOC UCTPAKHUBAaIbA

JlorpuHoc OBe JAOKTOPCKE qucepTaiyje je anar 3a GopMHupame HOBOT Mojena
X0Jla Koju ce 0azupa Ha XMIIOTE3U J1a Cy KOpalH 0 CTOXaCTUYKOT Mpolieca, a unja je
JUpPEKTHA HMIUIMKALMja MOJEN KOjU €€ MOXE HMIUIEMEHTHPAaTH Ha YIpaBJbambe

BUIICKAHATHUM CUCTEMOM 32 EJICKTPUYHY CTUMYTIAIH]y.

Y OKBUpY JOKTOPCKE AUCEpTalMje MoKa3aHu cy cienehu pesynraru:

1) Wnentudukanuja aepunura KOHTPOJE YOpaBjbakka M MHIIMhHOT
0JIrOBOpA,
2) Pa3Boj Merome 3a aHanMM3y KHHEMAaTHYKUX CHHEpruja ocoba ca

MOY/IaHUM yZapoM Koja 6u omoryhmia ycMmepaBame pexaOWIMTaIMOHOT TIOCTYIIKa Ka

WHAUBUAYAIHUM NOTpebaMa maiujeHTa a caMiuM THM U e(pUKAaCcHU]y Tepanujy,

3) Pa3Boj amata 3a Qopmupame Mojena xojna Koju OU ce KOPHUCTHO Y

CUCTCMY BUILICKAHAJIHC CIICKTPUYIHC CTI/IMy.]'IaI_II/Ije.

Tesa je 0azupana Ha cieaehum myOnukamnujama:
A. PanoBu y yaconucuma

1) I. Milovanovi¢, D.B. Popovi¢, ,,Principal Component Analtysis of gait
kinematics data in acute and chronic stroke patients.*, Comput Math Methods Med, vol.

2012, Article ID 649743, 8 pages, 2012. doi: 10.1155/2012/649743.

2) N. Miljkovi¢, I. Milovanovi¢, A. Dragin, Lj. Konstantinovi¢, D.B. Popovi¢,
,»Muscle synergies with Walkaround postural support vs. ,,cane/therapist* assistance* (J

NeuroRehabilitation, mpuxsahen 3a mybinkoBame).

3) A. Dragin, M. Dijuri¢-Jovici¢, N. Miljkovi¢, |. Milovanovié, Lj.
Konstantinovi¢, L. Schwirtlich, A. Veg, D.B. Popovi¢. Gait training of post stroke
patients assisted by the Walkaround (Body Postural Support), y npunpemu.

b. PajioBu Ha MHTEpHALMOHAIHUM KOH(pepeHrjama



1) LMilovanovié¢, D. B. Popovié, ,,Mapping of sensory representation of
walking and EMG of prime joint movers: control of functional electrical stimulation.*
In: 10th Symposium on Neural Network Applications in Electrical Engineering,
NEUREL 2010, 23-25 September 2010, Belgrade, Serbia, pp. 7-10.

2) 1. Milovanovi¢, M. Duri¢-Jovici¢, ,,Polymyography during hemiplegic
walking: Implications for control of FES. In: IFESS 2010 Conference, Sep 8- Sep 12,
Vienna, Austria.

B. PagoBu Ha nomahum kKoH(pepeHijama

1) I. Milovanovié, N. Malesevi¢, and D. B. Popovi¢, "Evaluacija sistema za
merenje sile reakcije podloge,”, In: Proc of the 52nd ETRAN Conference, 8-12 June
2008, Palic, Serbia.

2) M. Dijuri¢-Jovici¢, I. Milovanovi¢, N. Jovi¢i¢, S. Radovanovi¢, ,,Gait
analysis: BUDA vs. GaitRite®, In: Proc of the 53rd ETRAN Conference, 15-18 June
2009, Vrnjacka Banja, Serbia.



IIperJien caapskaja IOKTOpCKe aucepramnmje:

1) VYBomHa pa3matparmba,

2) CeH30pCKH CHCTEMHU 3a aKBH3HIIM]y CUTHAJIA X014,

3) KunemaTtnuka aHajm3a X0Jia HAKOH MOXKJIAHOT yapa,

4) EnextpoMuorpadcka aHaiansa Xxo/ia HAKOH MOX/IaHOT Yapa,

5) ®opmupame Mojiena Xo1a moMohy TeXHHKa MAITHHCKOT Y4eha
6) 3aksby4HE HAIIOMEHE Ca IJIABHUM JIOTPUHOCUMA, U

7) Ilpemopyke 3a gajbu pa.

Y npBOM MOTJaBby OINWCAaHM Cy MEXaHU3MH HACTaHKa MOXIAHOT ynapa u
MaHubecTanuje noBpenae y nopemehajuma xozga. Jlat je mperieq TeXHHKa W Teparuja
KOje ce KOpHUCTe y pexaOuimuTaluju XoJa HAKOH MOXIaHor ynapa. JlerasbHuje je
pa3MoTpeHa npuMeHa GyHKIMoHamHa enekTpudna crumyianuje (PEC) 3a pecropanujy

X0[a 1M yKa3aHO Ha NPCAHOCTHU U HCJOCTATKC OBC ACCTUBHE TeXHOJIOFI/IjC.

VY apyrom moriiaBJjby NMpHKa3aH je MOJAET KOjU C€ MOXKE€ KOPUCTHUTH 3a YIPaBIbarbe
CHUCTEMOM BHWIIICKAHATTHE SJICKTPUYIHE CTUMYJIAIH]je, a MOApa3yMeBa Mallpame CUTHATA
MPUKYIJBEHUX Ca CEH30pa TOKOM X0J1a Ha oJroBapajyhe mumnhae akTHBHOCTH MHIIIMha
Koju mokpehy 3rmo6oBe KoJeHa M 4iaHKa. AHAIM3UpaHE Cy JABE TEXHUKE MAIIUHCKOT

y4ema ca 0COOMHOM MPETUKIIN]e BPEMEHCKUX CepHja.

VY t1pehem mormaBby Cy ONWCAaHW OPWUTHHAIHU CEH30PCKH CHCTEMH KOjU Cy
KopuitheHy y KIMHUYHUM HCOUTHBamuMa. Jlar je mperien KopumheHnX KOMIIOHEHTH
CeH30pa Kao M JeTajbaH OIMC CEH30pa CHIe pa3BHjeHOr y okBupy JlabGopatopuje 3a
OMOMEIMIIMHCKO MHXKEHEPCTBO, YMja je ¢opMa HaKHAJHO mIpuiaroheHa morpedama

UCTpaXHBamba, TECTUPAHA U YIIOTPEOJbEHA Y CTYIU]H.

YeTBpTO NOIJIAaBIbE Ca/lP>KU KUHEMATHUKY aHaJIM3y X0Ja HAaKOH MOXKJAHOT yaapa, y
OKBHpY Koje cy ymnopehene yoOuuajeHo KopuilheHe KIMHMYKE Mepe OIopaBKa ca
MPUMEHEHUM CTOXAaCTUYKUM MeTojama. AKIIEHAT j€ CTaBJbeH Ha MOTOPHE Ne(UIIUTE U

KOMIICH3allMOHC KMHCMAaTU4YKC CI/IHCpFI/IjC. ITokazane Cy MMpEaAHOCTU pa3BI/IjCHC TCXHHUKC



y OJIHOCY Ha KOHBCHIIMOHAJHE Mepe, Kao W 3Hauaj OBAaKBE aHAIM3E 3a pealln3allu]jy

porpama pecTopaluje Xoaa npuiaarol)eHor HANBUAYAIHUM MTOTpedamMa MmaujeHTa.

VY meToM nornasiby je mpukazaHa enexkrpomuorpadceka (EMI') ananusa xona HaKOH
MOXaHOT yzaapa. Pa3zmoTpeHe cy cuHepruje MUIIMNHUX aKTHBalMja MPUJIMKOM XoJa
nanMjeHaTa ca JiBa pa3JIMuuTa aCUCTHBHA CpeACTBa (IITAall U MOTOPU30BaHa XOAAJIMIIA).
EMI' ananu3a je ymorpeOsbeHa 3a mopeheme MHUIIMNHUX CHHEpruja manujeHara ca
CHHEpTrujamMa 3[paBUX HWCHOUTAHUKA W UACHTU(PHUKOBAHM Cy KapaKTEPUCTHUYHH

IeUIUTH.

VY miecToM moOrNaBiby je MpUKazaH 30MPHU Tperiiea MOCTUTHYTHX pe3yiTara |

U3BEJICHUX 3aKJbydaKa.
VY ceaqmoM nornassby Aate cy npenopyke 3a oyayhu pan.

VY npuiory cy onucane: (aze Xxoaa, IPUHIUI pajia CeH30pa CHJIIE, MPErJie/l CucTeMa
3a MEpeme IMPUTHCKA M CHIe Yy BHJIY YJIONIKAa 3a MHUIENy, METOJI aHaIu3e

HpI/IHI_[I/IHI/Ij €JIHUX KOMIIOHEHTH U MHIIHhHE CI/IHepFI/Ije JAOBLUX CKCTPECMHUTCTA.



1. YBOJ

Mo:xnanu ynap

Moxnanu ymap je T[OoCleIuIia TpecTaHKa MCXpaHe KOPTHKATHUX U
CyOKOPTHKAIHUX CTPYKTypa. Y3pOKOBaH je mopemehajeM IUPKYyIalje KpBU y MO3TY,
yCIie]] HarJior MPEeKUaa MPOTOKa KPBH Yy KPBHOM Cyny (MOXIaHU WH(DAPKT, UCXeMHUja)

WIH yCIIe Mylamka KPBHOT cy/a (MOKIaHO KpPBAapemke, XeMOparuja).

Yak 85% cBHX MOXIaHHX ynapa MpOY3pOKOBaHH Cy 3a4eIlJbEeM KPBHOT Cyaa
[1], wTo 3a mocienuily MMa HEIOBOJbAH MPHJIMB KHCEOHHKA M HCXPAEEHOCT jeJHOT
Jiesia Mo3ra Koju mocie kpaher BpemeHna ogymupe. MoxaaHo KpBapeme je pehu anm u
TEXH 00JIMK MOXKJAHOT y/apa KoJ Kora Mylame KPBHOT CyJa U U3JIMBAakbe KPBU Y TKHBO
MO3ra WM m3Mel)y MOXJIaHWX OIMHU J0BOAM 10 omrehema. Y oba ciydaja mopen
TUPEKTHO 3axBaheHe peruje, HacTajy 3HauajHa omTehema M y IPYyrUM CTPyKTypama
KOje Cy TOBE3aHe ca JUPEKTHO HANaJHYTHM pervjama, a joIl BHIIE YCJeJ OTHIAmba

MOXIaHUX CTPYKTYpa KOje clipedaBa HOPMAJIHU TPOTOK KPBH.

[Ipema wu3BemTajy CBeTcke 3ApaBCTBEHE OpraHu3aidje, MOXKIaHH YAapu
NPEJICTaBIbajy APYTH 10 PEy Y3POK CMPTHOCTH CTAHOBHHUIIITBA y CBETY, MOCIIE CPYAHOT
nH(papkTa. Mako HeMa npenu3HuX mojaraka, npoiemyje ce aa je y Cpouju MoxgaHu
yaap IpBH MO peay y3pOK CMPTHOCTH KOJI K€Ha M JAPYrd KO MyliKapama. MoxnaHu
yaap, y ciydajeBUMa y KOjUMa MallljeHT MPeXUBU, OCTaBJha TPajHY OHECIOCOOHLEHOCT

3a HOPMAaJIHU KHUBOT.

[Tonynanuja manujeHara ca MOXKJAAaHUM YIapoM je€ BeoMa XeTeporeHa rpyra.
['otoBo nma ce moxe pehu na je cBakM MOXKJIaHM yAap JOHEKJIEe 3acebaH Ciyyaj,
IPOY3POKOBaH BEJIMKUM OpojeM pa3InuyuTUX (PakTopa KOjU ce 4ecTO He MOTY jacHO
unentudukosaru. Pazmepe omrehema 3aBrce u 01 CTpaHe MO3ra Koja je moroheHa anu
W 07 OTIIITET CTaka OpraHu3Ma y TOM TPeHYTKY. Y Hajuemihe ¢akTope pu3HKa CIajaajy:

XUTIEPTeH3Uja,  TMOpPOJWYHA  HWCTOopWja  Ooyiectd,  aTpujanHa  ¢uOpHUIanuja,



XUMNEPIUNUAeMUja, aujadeTec, CTpec, IPeTepaHo KOH3YMHPAamkEe alIKOoX0Jia, r0ja3HOCT,

nyIiemke U 00JIECTH KOPOHAPHUX apTepHja.

Mo aHu yaap y CB0joj OCHOBH 00jenumbyje omrehema Koja 3Ha4ajHO yTUYy Ha
CBE CErMeHTe KHMBOTA ((HU3UKE, MEHTAIHE, EMOLIMOHAIIHE MPOMEHE). YIIpaBo 300r Tora,
pexabuuTaija, Kao CI0KEHH IMPOIeC OCIOCO0JbaBamha 3a CaMOCTaIaH JKUBOT U pajl,

3ay3UMa Moce0HO MECTO.

TunoBu MosKAaHOT yaapa

Hcxemujekn MoOKIAaHUW yaap HacTaje yciel MOpeKuaa IpoToKa KpBH Yy
onpehenom neny mosra. [Ipekun mpoToka y3pokyje mpecTaHak cHalOJeBamba MOXKIAHOT
TKHMBa KHCEOHWKOM M XPaHJbUBUM MaTepHjamMa IITO, y TPajamy OJ] HEKOJIMKO MUHYTA,
IoBOM A0 cMpTH henuja m HemoBpaTHOr MokaaHor omtehema. IlocToje pazmuunTu
TUTIOBH MCXEMH]CKOT MOXKJIAHOT yAapa, U Ty CMajajy: TPOMOOTHYKH, XEMOJUHAMCKH,

eMOOJIMjCKU | JakyHapHu [2].

TpoMOoTHYKM MOKIAHM yAap HacTaje yciel TPOMOOTHYKE OKIy3Hje Y jOIi
paHuje CY)KEHO] MOXJJAaHOj WJIM BpPAaTHO] apTepuju. Y 3aBHCHOCTH OJl BEIMYUHE
apTepuje, alld ¥ O] Pa3BHjEHOCTH KOJIaTepallHE IUPKYJIAIHje 3aBUCH U TEKHWHA CaMOT
MoxaaHor yaapa. Hajuemhe ce jaBsba koj ocoba ca pa3BHjeHUM (akTOpuUMa pU3MKa
Kao M KoJl 0coba crapuje ®HUBOTHE 100u. OAuKyje ra MoCTeNeHu pa3Boj CUMITOMA, ca
MOYETHOM cJlabomihy y rTopmbUM eKCTPEMUTETUMA, KOja Ce 3aTHM IITUPH U 3aXBaTa J0Hbe

CKCTPEMUTETE UJIN JIULIC.

XeMoOAMHAMCKH MOKIAHHU yIap HAcTaje y KpajlbuM, TPAHUYHUM apTepUjCKUM
noJipy4juMa M TO: TPEImeM — u3Mel)y Ipenme M Cpelibe MOXAaHE apTepuje WUIu
3alEM — Y TPAaHMYHOM MOJIpY4jy Cpelbe U 3aame MokaaHe aprepuje. Hajuenthe ra
y3poKyjy Beh mocrojeha aTepockiepoTHYHA CyK€Hha eKCTpaKpaHUjaTHUX W/MUIH
MOKJaHUX apTepuja, F'eHepajHa XUIIOKCHja U CMakbeHU MUHYTHU BOJIYMEH cpua (HIIp.

CpyYaHa JIEKOMITCH3aI1]a).

Em0onujcku Moxkaanum yaap. Y ciydajy eMOOJHMJCKOT MOXKIAaHOT yaapa,

emboinyc (hopMupaH Herze y Teny, a Hajuemihe y cpiy (kapAauoreHa em0omuja) myTyje



KpO3 KPBOTOK JI0 MO3Ta, JIOK HE Johe J0 apTepuje T0BOJFHO yCKE Ja Ce Y 0] 3arjaBu.
Bbnokupajyhu aprepujy y Kojy je mocmeo, u3a3uBa MoxaaHu ynap. Hacryma narmo, ca
MaKCHUMaJIHIM pa3BojeM HeypoJomkor Aehunurta. Hajuenthe je mocieauia pa3nuanTux
cpuaHux OoJiecTd U mopemehaja (apuTMHje, CTalkba HAKOH cpyaHor uHbapKTa, 6ojecTu

CpUaHUX 3aJIMCaKa, UTAH.).

Jlakynapuu unpapkru. [lonpasymeBajy okiy3uje MambUX apTepHja, MPeUHUKA
0,5 no 15 MM, JoKanM30BaHUX Yy AYOOKHM JEJIOBUMa XeMucdepa BEIMKOI MO3ra.
W3a3Banu cy jaereHepanujoM 3ujaa AyOOKMX, NEHETPAHTHHX KPBHHUX CYAOBa MO3Ta.
Knuanuna cnmka ykjpydyje Harjo HacTaly XEMHIapesy, JAEMEHIH]jy, AU3apTpHjy,

,I[SSI/IHXI/I6I/ITOB3H Ij1a4 1 CMEX, X0 CUTHHUM KOpalluMa U YPUHAPHY I/IHKOHTI/IHGHL[I/ij.

XemMoparujcku MOKIAHM YAap je MPOY3POKOBAaH je IyLAmEeM MOXKIaHHX
KPBHUX CyZOBa Koje je mpaheHO H3IMBamkeM KPBH y MO3aK, a KapaKTepHIly Tra
JIpaMaTH4YaH KIWHUYKH pa3Boj M cuMnToMu. Kao mocienuiia oBOT MOKIAHOT yjaapa
jaBibajy ce: rinaBoOoJba, Kpahu WM TyKU TyOWIM cBecTH, moBpahame kao u Op3a
Iporpecuja HEYPOJIOMIKUX WCHaAa. Y3poUu MOTry OMTH Hajpaznuuuthje 0oJiecTH Koje
yTH4y Ha KpBHE CyJoBe, Mel)y KojuMa Cy W BHCOK KpPBHU HPUTHCAK U IepedpaiHu
aneypusmu. Pasnmukyjemo nBa Ttuma: umHTpaunenynapry (MLX) u cybapaxnoupmanny

xemoparujy (CAX).

HNutpanenynapua xemoparuja (MIIX) noapazymeBa KpBapeme U3 KPBHUX

cyZoBa camor Mo3ra. theros Hajuemhu y3pok je XunepreHsuja.

Cy0apaxnonpanna xemoparuja (CAX) npexncraBba Npoaop KpBH U3
cyOapaXxHOMJAIHOT y HHTpalepeOpalHu MpocTop, Hajuyenthe y3poKOBaHO PYNTYpOM

nepeOpaiHe aHeypu3Me Wi HeypoTpaymom [3].

KapakTepucTike X012 HAKOH MOKIAHOT yaapa

Omrehema MOTOPHMX HEYpOHa M IyTeBa LEHTPATHOT HEPBHOT CHCTEMa
MPEBACXOJHO PE3yATyjy mopeMehajeM BOJbHE KOHTpOJIC MOKpETa, MHUIIMNHE CHAare u
TOHyCa, KOOpJMHAIIM]je MOTOpPHHMX oOpasama, OamaHca u mopemehaja mepremnmuje.
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[Tomenytu HemocTanmuM y BEJIWKOj Mepu oHeMoryhaBajy wu3Boheme yoOuyajeHux
MOTOpHHX oOpa3zamna (cuHepruja) y oarosapajyhem TpeHyTKy U ojarosapajyhum
uHTeH3uTeTOM. OBEe aOHOpMaJlHE CHHEPTHje IOBOJE W J0 NMPOMEHa y XOAy Koje je

MOFYFIG carjicagaTtu ca pa3jJiMinTHuX acrickara.

VY HacraBky he ykparko OuTH omucaHe Hajuemhe MpOCTOPHO-BPEMEHCKE W
KMHEMAaTUYKe KapaKTEPUCTUKE, KAPAKTEPUCTUKE KOHTPOJE TOCType M MHIIMNHOT

CUCTEMA HAaKOH MOKIAHOT yAapa.

IIpocTopHO-BpeMeHCKe KAPAKTEPUCTHKE

VY nopehemy ca 3apaBuUM oOpacieM Xoja, XOJ HAaKOH MOXIAHOT yaapa ce
OJUTMKYje€ CMameHOM Op3MHOM M KaJCHIIOM, KpahoMm Iy)KHHOM KOpaka W JIy)KUM
TpajarbeM IEIOKYIMHOr IuKiIyca xoaa [4-8]. leburmuru MOTOpHE KOHTpOJIE, OanaHnca u
HemMoryhHOCT TipebarBama TEXHHE MPEKO TMApeTUYHE HOre, Y3POKYjy II0jaBy
acumetpuje [9]. Pa3za ocioHIa MapeTHYHE W HEMApEeTUYHE HOIe Tpaje MyKe W YHHU
BehM mpoleHaT YKyIHOT Tpajama LuKiIyca xoma y mnopehemy ca 3mpaBuma. daza
OCJIOHIIa HEMapeTHYHE CTpaHe je ayxa ol (a3e OCIOHIA MAapeTUYHE CTPAaHE, U YUHH
Behy mporeHar of yKyImHOT Tpajama IuKiyca xona. Takohe, 3HaTHO Behu €0 muKiTyca

XO071a ce IPOBO/IU Y a3y ABOCTPYKOT OCIIOHIIA.

KunemaTnuke KapakTepucTHKE

['yOutak cenekTUBHE KOHTpPOJIE jeHA je OJf Haj3HA4YajHUX KapaKTepUCTHKa
MOTOPHOT CHCT€Ma HaKOH MOXKJIaHor ynapa. HemoryhHocT ynpaBsbama NnojeJMHAYHUM
3r11000BMMa MMa 3a MOCJIEIUIly T0jaBy aOHOPMATHUX CHUHEPTHja KOje y BEJIUKO] MEpH

oMeTajy MoTOopHO moHarrame [10].

Beoma uecta manudecranmja nopemehaja MOTOpHE KOHTpOJIE j€ CMam€HAa U
otokeHa (iekcrja kojeHa y ¢a3u 3amaxa. C 003upom Ja je Hora Taja aayKoBaHa U y
MOJIOKA]y €KCTEH3H]e, FlheHO MPEedalUBame j€ 0TEXKAHO, Ca YECTUM 3aMUHABEM CTOoMana
o mommory. CaMuM THM, TOKOM XOJlama, MalMjeHT Mokpehe MapeTuyHy HOTy
MOJYKPYXKHO W Yy CTpaHy Ma J0ja3W JO CTBapama KOMIICH3AalMOHWX MeXaHH3ama:

UPKYMIYKIIHj€ U ITOIU3arba Kyka napetndne Hore [11].
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Crynuja cupoBeneHa Haj 19 ogpacnux cy0jekara ca IMjarHO30M XEMHUILIETH]E,

MoKasaja je Ja cy yoOudajeHe KMHEMAaTHYKe KapaKTePUCTHKE X0Jla HAKOH MOXIAHOT

ynapa:

1) CmameHa ¢riekcrja KyKa Py WHHUIMjaTHOM KOHTAKTy ca IMOAJIOTOM U
TOKOM (ha3e 3amaxa, a moBehaHa MPUIMKOM OJM3ama HOTe

2) [ToBehana ¢exkcuja KoeHa IPU MHUAIUjATHOM KOHTAKTY ca MOJJIOTOM, a
cMameHa y (a3 3amaxa v MPUIMKOM OJIU3amka HOTe

3) [ToBehana mnantapHa Quiekcrja WwiaHKa NP WHUIMJATHOM KOHTAKTy U

TOKOM (ha3e 3amaxa, a CMambeHa PUIMKOM O/i3ama Hore [8].

300r Tora ce TpeTMaH XCEMWIUICTHYHUX MaIfjeHara ca JIONIOM CEIIEKTHBHOM
KOHTPOJIOM ycMepaBa Ka BexOama 3a omaOpaHe M30JI0BaHE IMOKpeTe 3ri000Ba, paau

eJIMMUHAaNM]je TocTojehnX CHHepruCTUYKUX I1eMa U Bpahamwa Ha ,,3paBy® 11eMy Xoa.

KonTtpoJua nocrype

[Topen mpobiiema ca MOKpETambeM M YIPaBJbAkbEM JOBUM E€KCTPEMUTETHMA, Y
BEJIMKOM Opojy cllydajeBa, MalijeHTH ca XEMUIUICTHjOM HUMajy TOJaTHUX MoTemkoha ca
KOHTpoJioM TmocType. KoHTposna moctype moapazymeBa paime OJp)KaBama WIN
yCIIOCTaBJbalbd PABHOTEXKE TOKOM pa3jIMUMTHUX I[I0JIOKAja TejJa M IpH  pa3HUM
aktuBHOcTUMa [12]. V nedunute koju ce Hajhemthe cpehy cnanajy Behu nomepaj Tena
U3 BePTUKAIHOT MoJoXkaja (postural sway) u u3memeHa meMa pacrojiernie TeKUHE TaKko
Jla ce Mame TeXHWHE MPEHOCH Ha MapeTudHy Hory. KoHTposja mocType mpencTaBiba
IpeayclioB 3a 00aBJbalkbe€ CBAaKOJHEBHMX JHEBHUX AaKTUBHOCTH, M Kao TakBa HMMa
MPUOPHUTET TpU crpoBohemy pexabunurtanuone Tepamuje. BexOe koje mobosbiaBajy
CHary, KOOpJuHaIHjy, OINCEr MOKPEeTa U MPONPUOLIENITUBHU (HUIAOEK, TO3UTUBHO yTUUY
Ha MOCTYpPaIHy CTa0MITHOCT, pPa3B0j TMHAMUYKE PAaBHOTE)KE a CAMUM THM U Ha KBAJIUTET

xona [13].

Kapakrepucruke mumuhHor cucrema

Ca cranoBuTa MUIIKMha, MOXKJIAHHU yIap Y3pOKYje€ XUIIOTOHH]Y (CTambe HHUCKOT
muinnhHOr TOHYyca) U apedekcujy (0JICyCTBO HEYpPOJIOUMIKUX pediekca). 3aTUM YUTaB
nporec yoOuuajeHo Hampeayje 10 CTaaujyMa CIIaCTHYHE XEMHUIIape3e Koja YKIbydyje

HEKOJIMKO I10jaBa: CITaCTUIMTET, W3MEHkeHe peduiekce, Kao W mape3y, JIeIHMMHYHY
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ONIy3eTOCT KOja ce MaHudecTyje y BHUAY CMamkeHe MulinhHe cHare W MuIuhHEe

cl1abocTH.

Mummuhaa cmaboct ce orineaa y HemMoryhHOCTH mManujeHata jJa TeHEepUIny
HopMmaiHe HHMBoe Mmummhue cuie [14], mTo YWMHHM 3amaTKe OIpKaBarba Oaamca,
UHUIMPakha MOKPETa U KOHTPOITY TIOKPETa TOKOM M3BOhema, H3y3eTHO TEIIKMM, HeKaja

u Hemoryhuwm [15].

®dusnosnonke MpoMeHe MapeTHYHUX MUIMMNa U BUXOBUX MOTOPHUX jeIUHHMIIA,
abHOpMasiHe mieMe MUINMhHUX aKTHBalWja, NMoBehaH MACMBHU TOHYC M H3MEH-CHA
MOTOpPHA KOHTpOJia JOBOJAE N0 TojaBe naeBHWjanuja xonaa. Hajuemhe cy mpucyTtHe
IpOMEHEe y KapaKTepUCTUYHUM TpPEHYIMMa aKTHBalMje MUIMha Kao M Yy HEHOM
YKYITHOM Tpajamy. AGHOpMaliHa KOAaKTHUBAIMja aHTarOHUCTUYKUX MHIIMha HOTY yTHYE

Ha KPYTOCT 3171000Ba M y3pOKyje MmpodiieMe ojipikaBarmba paBHOTEke Tena [16].

EnexTpomuorpadcka aHanmsa HemapeTUYHE HOTe MoKa3aja je Ja e y BEIMKOM
Opojy ciydajeBa aOHOPMAIHOCTH, OCHM Ha MapeTUYHO] HO3M, MOTY BHJIETH WU Ha
HEMapeTHYHOj HO3W, MITO Ce 00jallmbaBa KOMIICH3AIIMOHUM MEXaHH3MHMa KOHTPOJIC

[17].

CuHepruje HAaKOH MOKIAHOI yAapa

Cunepruje cy ouomnomku yrpaheHe koopauHaiuje n3mel)y OCHOBHUX KpeTamba
cermMeHara. IbuxoBo mocrojame ce cMaTpa HEYpaJHOM CTPaTerujoM IEHTPATHOT
HEpBHOI' CHCTEMa KOJOM C€ II0jelHOCTaBJbyjeé KOHTpOJA BEJIUMKOT Opoja CTeneHu
cimobome Tenma [18]. Cmarpa ce ma Hacrajy Kao pesyaTarT camMooOydaBama |
CHenupUYHOCTH TOBE3MBalka y MPUPOJHO] HeypanHoj mpexu. dopmupane cy Ha
OCHOBY YHYTpallllb€ CeJIeKILIHj€ CEH30pPCKUX MH(OpMallija, aKTUBHPajy ce ca n30opom

1Jba U 3aBUCC O] TPCHYTHOT CTalkba YHYTPAIILC U CIIOJbAlllbE CPECAUHE.

Peu ,cunepruja“ motuue om Tpuke peud SYNergos, ca 3HAUCHEM ,,paTUTH

3ajeqHo”. Y HajoNIITHjeM CMHCIY O3HayaBa CKyHN JBa WM BHILIE KOOPIWHHCAHUX
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eJieMeHara, Koju (yHKUMOHMINYhM 3ajeJHO MPOU3BOAE PE3YNTaT KOjU MOjeAMHAYHUM

JenoBameM He 01 61o moryh.

Wnak, y pa3iuyuTUM HAyYHO-HCTPAKUBAUYKUM O0JaCTHMa MEIUIIMHE, MOojaM
,,CHHEpruja‘“ ce pasiuuuTo TyMayh. Y HCTpaXMBambHMa HEPBHOI CHUCTEMa, MOTOPHE
CHHEprHje Ce CMarpajy MOTEHIMjaTHOM CTPATEerHjoM LEHTPATHOT HEPBHOT CHCTEMa
KOJOM ce, TIPH pean3allijy MOKpeTa, M0jeTHOCTaBIbYje MPOIeC KOOPAUHAIIN]E BEIUKOT
Opoja crenena ciobone MmummhHO-ckeneTHor cucrema [19-24]. Ca cranoBuiTa
OMoMexaHWKe, CHHepryjama ce Hajuenthe cmarpajy KOOpJUMHHCAaHA JelIoBama 3riIo000Ba
u wmumuha pamy mocTH3ama IOCTaBJbeHOr muiba [25]. Y OKBHpY KIMHHYKE
HeypopexaOuinTaiuje, MOTOpHE CHHEpruje ce Hajuenthe neuHUNLY Ka0 CTEPEOTUITHU
NOKPETH YHMTAaBOI EKCTPEMHTETa KOjU YKa3dyjy Ha TIyOMTaK HE3aBUCHE KOHTPOJIC
3r11000Ba M OorpaHnveHy MoryhHocT muxoBe koopaunaiuje [26]. lleme kperama THMe
MOCTajy Mame aJanTUOWIHE, OTekaBajyhu m3Boheme BenuKor Opoja (pyHKIIMOHAITHUX
MOTOPHHUX 33/1aTaka. ¥ OKBHpHMa HEypopexaOWiIuTanuje, CHHEPrHje X0a Ce CMaTpajy
HeKE/beHUM e(EeKTOM a Tepanuja 3a b uMa ,,pasoujame cuHepruja™ [27;28]. Ose
CHHEpruje ce y onpeheHMM H3BOpHMa Ha3WBajy W ,o0muraropuum™ [29], a

HAjOCHOBHH]a MOJIeNa je Ha CuHepruje (rekcuje u cuHepruje ekcrensuje (tadbena 1.1).

VY cinyuajy ropmHUX eKTpeMHTeTa, Kao Hajuellhd CHHEprucTHYKHM olpacuy,

HaBOJE€ CC:

1) cuHepruja guiekcuje (peTpakiuja M MOAM3alke JIoNaTuie, abIyKuuja u
eKCTepHa poTalja pamMeHa, (ekcuja JaKTa, CyNuHalMja MOAJaKTHLEe U (IeKkcHja
3171002 U TIPCTH]Y PYKE.

2) CHHEpTHja eKCTeH3uje (MpOTpakiyja JIOMaTulle, aayKidja paMeHa u
UHTEpHa poTalyja, eKCTeH3Wja JIaKTa, MpoHallMja MoJulakTule U ¢uiekcuja 3rioda u

MIPCTH]Y PYKE)
VY cunepructuuke obpaciie 10mhHX eKCTPEMHUTETa CIa1ajy:

1) cuHepruja puekcuje (¢uexcuja, abaykuuja U eKCTepHa poTaluja Kyka,

daekcuja KoJieHa, Jop3uQIIeKCH]a 1 HHBEP3Hja WiaHKa U Top3udIeKCH]ja masa)
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2) CHHEpTHja eKCcTeH3Huje (EKTeH3Mja, aayKluja U WHTepHa poTaluja Kyka,

eKCTeH3Mja KOJIeHA, TUTaHTapHa (UICKCHja U WHBEp3HWja WIaHKa W TUIaHTapHa (JeKcuja

najima).

Ta6ena 1.1 CuHeprucTHYKHA 00pacu T0HUX U ropmHuX ekcrpemurera. Ilpeysero u3 {[29]}.

CHUHEPTUCTHYKH OBPACIIM EKCTPEMHUTETA

ExcTtpemureTu Enementu cunepruje diekcuje EnemeHTy cunepruje ekcTeHsuje
pETpaKilija 1 MoAu3ame MPOTPaKIHja JOMATHIIE
JIonaTUIe aJlyKIIMja paMeHa U HHTEepHa
abIyKIMja ¥ eKCTEpHA poTalja | portaiuja

Topwu pamMeHa SKCTCH3Hja JIaKTa
(brnexcuja makTa MTPOHAITH]ja TIOTAKTHIIC
CyNUHAIIH]ja TIOIAKTHIIC ¢ekcyja 3ra00a U IPCTHjY pyKe
(hiexcuja 3rirobda u IPCTHjY pyKe
(hriexcuja, abayKIMja v eKCTepHa | KTCH3H]ja, alyKIHja U HHTepHA
poTanuja Kyka poTanuja Kyka

Tomu (hrekcuja KoIieHa ’ CKCTCH3Mja KoneHa
nmop3uduieKkcrja U HHBEp3Uja ITaHTapHa (iaekcuja u
YIIaHKa WHBEp3Hja WIaHKa
nmop3udyiekcuja maia IaHTapHa (QeKcuja maia

JlaHac ce y nutapaTypu Mo)ke IpoHahu HEKOJIMKO reHepallHuX Kiacudukanuja

cuHepruja maperuyne Hore. CHHEpruja Koja ce JIaKo youyaBa W YeCTO j€ MPHUCYTHA Y
pa3IMYUTHM CTY/AHjaMa, j¢ EKBHHOBApyCHHU X011 (€quinovarus), xo/1 ca eKBUHOBapyCHUM
nopemehajeM cromaia, Kaja jé OHO OPjeHTHCAHO MPCTHMa Ha JI0Jie ¥ POTHPAHO Ka
cnosba [30]. [lpyra mpeosnalyjyha cuHeprija je eKCTEH30pCKa CHHEpruja, Koja ce
nepuHUIIe Kao KOKOHTpakuuja BehmHe Mummha Hore TOKOM TOTOBO 4MTaBe (Qasze
ocnoHua. Kao nocnennna, Xoj namyjeHara ca eKCTEH30pCKOM CHHEPIHjOM j€ CIIOpHjH, a
¢aza ocioHIla HEmapeTHYHEe HOTe je 3HATHO Ayka oA ¢a3e OCIOHIA MapeTU4YHE HOTe
[31;32]. IIpema jemnom on moctojehmx kputepujyma [33], kinacudukanuja cuHepruja

W3BpIICHA je Ha cieaehn HauuH:

1. ExBuHYyCHa cuHepruja — npeBpeMeHa akTuBalja Mumnha 3aame cTpaHe

IIOTKOJICHA
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2. [TapeTnuna cuHepryja - 1Ba WIM BUILIE MUIIKMNA KOjU Cy HEAKTUBHU WU
HE/IOBOJbHO aKTUBHU

3. Pediiekcna koaktuBanmja — Beha rpynma mumwuha WM CBM MUIIUNOH,
CHUMYJITAaHO aKTUBHHU TOKOM oJipel)eHrX JeNIoBa MUKITyca X0/1a

4. KomrmuiekcHa cuHepruja — cCHHEpTHja Koja ce pehe jaBiba, U He craga HU

y jeIHy OJ] MPETXOAHHUX TPpyIia

VYHpKoc YMEEHHIM J1a € XOJ MO CBOjOj MPHPOM OMiaTepalHa U PEIHIIpOYHa
pamma, Mo je CTyadja y KOojuMa ce aHanu3upajy cuHepruje obe nore [31;34].
JloOujenn pe3ynraTH O W3MEHEHUM CHHEpPrujaMa HemapeTHYHe HOTe MHTEPHPETHPaAjy
ce Kao KOMIIEH3allMja W3MEHEHE MOTOPHE KOHTPOJIE MapeTH4YHe Hore. Y H3MEHmEHe
CHHEpTHje HemapeTHYHe HOre Crajajy Ipe CBera MNpoayKeHa Tpajarba MUIIWhHE

AKTUBHOCTH U BlbUXO0BAa CUMYJITaHAa AKTUBHOCT TOKOM (1)3.36 OCJIOHIIA.

Wnentudukanmja aOHOPMATHUX CHHEpPrHja yoOMUYajeHO C€ BPIIA TNPHIUKOM
MOKYyIlIaja TAalMjeHTa Ja W3BEJC BOJbHU IIOKPET MHUHUMAIHOT HWHTEH3UTETa WIH
UCIIHUTUBAKEM HHETOBUX peduiekca. BakHO je MOMEHYTH M TO Ja ce aOHOpMasHe
CUHEpruje KOJ pa3jMuuTUX IMalHjeHata pa3imuuTo MaHudectyjy. YecT je cimydaj aa
MAIUjeHTH UMa]y caMO HEKe OJ1 Tope IOMEHYTHX CHHEPTHjCKUX IeMa, JTOK ce oapel)eHn

3171000BU U AaJb€ MOT'Y U30JIOBAHO KOHTPOJIMCATH.

Ca gpyre ctpane, oxapeheHe acmekTe 3[IpaBUX CHHEpruja je wMoryhe
UCKOPUCTUTH 3a yHampeheme mocrojehe moropne dynkuuje. Ha npumep, duexcuja
IOpPCTHjy Kaja je 31100 y eKCTeH3UjU U OOpHYTO, BUXOBA €KCTeH3Mja Kaja je 317100 y
draekcuju, je CMHEepruja ol KJbyYHOT 3Havaja 3a (YHKIIMOHUCAKE U KOOPAMHAIM]Y IIaKe

kao nenune [35].

TecToBH 3a npoueHy onopaBKa Ha 0a3u CHHepruja

KBanutaTuBHM OmMcH NMpOMEHa y MOTOPHUM CHHEprujaMa HAaKOH MOXKJIaHOT
ynapa Mory ce npoHahu y oxBupy Curne bpynctpom merome m bobar konuenta
pexabunutaije [27;36]. AKyTHH MaIMjeHTH Ce HajIipe MOTY MOMEpaTH caMO y OKBUDPY
CTEPEOTUITHUX CHHEPTHCTHYKHX mema. KacHuje, y Kopak ca HBHXOBHM OIOPABKOM HJIe
U MoryhHOCT u3BOhema CBe KOMIUIEKCHHjUX IMOKpeTa y BHIIE mpaBaua. Ha ocHOBY

KBaJIUTAaTUBHHUX CKaja, pa3BI/IjCHI/I Cy U KBAHTUTATUBHU TCCTOBH 34 OLICHY OIIOpAaBKa.
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Jenan on majmosHaTHjux W Hajuemhe kopumhenux tectoBa, dyrin-Majep-oBa ckana,
KOPHUCTH C€ 32 IPOLIeHy a0HOPMATHUX CHUHEPTHja TOPHUX U JOBUX EKCTPEMUTETA U KA0
Mepa CeH30pOHOMOTOpHOr omopaBka [37]. Mako BeoMa mpakTHYHE U YECTO
KopuinheHe, KBAaHTUTATUBHE BEIMYMHE IIPOMEHA NATOJOMIKMX CHHEPrdja TOKOM
OIlopaBKa O[] LIJIora He Ipykajy fo0ap yBHJ y caMe MEXaHHM3ME OIOpaBKa I1a MOTY

HABECTH M Ha TOrpeliaH 3ak/byyak [38].

VY oB0j Te3u Ouhe npukazaHa KapakTepu3alyja IpoOMeHa y CHHeprujaMa Xoaa Ha
ocHOBY mnpahema KHHEMAaTHMYKMX M JUHAMUYKHX @apamerapa. buhe pasmotpene
IpOMEHE HacTaje Kao IMOCIeanIa MOKIAHOT yAapa ajdu U IPOMEHE KOje HAcTajy TOKOM
camor pexabunuranuoHor nocrynka. [loceban ocBpT 6uhe HampaBibeH HAa TO Y KOjOj
Mepu MPOMEHE Yy CHHEprujamMa yKaszyjy Ha KBAJIUTET ONOpaBKa, a CaMHM THM W Ha
kBanuTeT Kopumhene tepanuje. Takohe, Ouhe pasmoTpena moryhHoct npahema camor
TOKa pexaduinTaije, OAHOCHO, J1a Jiu nmoctojehe abHOpMalHe CUHEpruje HeCTajy, Uilu

MOX/Ja O0J1a3u 10 CTBapakba HOBUX.

IIperyien TexHuka U Tepanuja Koje ce KOpUCTe y pexaduJIuTaluju Xo4a

HAKOH MOKIAHOT yaapa

VY pexabunutanuju xoJa HAKOH MOX/IAHOT yaapa Hajuenthe ce ynorpebsbaBajy:
KJIJaCUYHE pexaOWIMTAlMOHE TEXHUKE (MPUHIUN HEYpO(PHU3UOJIOMIKOT U MOTOPHOT
y4dema), poOOTCKEe HampaBe, MOTOPHO YUY€H-€ I10jayaHO MPUMEHOM IOBPATHHUX CIpera
(unp. brain-computer interface - BCl) u ¢yHKkunOHaIHA €JEKTpUYHA CTUMYIAlHUja
(PEC).

OHo 1ITO je 3ajeJTHUYKO HaBeJEHUM TEeXHHKaMa jecTe caM MPHUHIIHI, 10 KOMe Ce
MOHOBHUM YY€H-EM U MHTCH3MBHUM BeXOameM IOKpeTa 3alpaBo IHJba HA MEHTPATHU
HEpPBHU CHCTEM, MPH UYEMy C€ TpoleC pexadWiIuTaluje OJurpaBa 3axBajbyjyhu
MEXaHM3MHMa HEypaJdHOr IacTuiurera. Mako cy camMu MeXaHM3MH OMOpaBKa jOII
YBEK MPHJIMYHO HEMO3HATH, KPO3 MPAKCy Ce MOKa3aJlio Ja OBaj MPHUHIMUI Aaje mobpe

pesyirare.
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KaacuuHe (KOHBEHIIMOHAIHE) PeXa0UIUTAIIMOHE TEXHUKE.

Heypodusnonomke pexabunuranpone Ttexnuke. dusmorepaneyr moapkaBa
nalujeHTa y u3Bohemy HCIPAaBHUX IIEMa MOKPETa, W JOHOCH BaXKHE OJUTYKE O TOKY
pexabuanTalje 0K je caM MalujeHT nmacuBHH yuecHUK [39]. Jenna ox HajmozHaTHjux

Y HajpacrnpoCTpambeHUjX TEXHUKA oBe rpyne je bodar merona [40].

Texnuke MoTOpHOr Yyuyema. Hacympor TexHMKama HEypO(pH3HOIOIIKE
pexabuiuranyje, OBE TEXHHKE NOApa3yMeBajy akTUBHO yuemrhe manujenta [41].
Cactoje ce u3 BexOuM KojuMa ce yTude Ha CTpaTerdje MOTOPHOT yuera U Ha Ta] HAYMH
nozacruye ornopasak. OHe NOAP)KaBajy MPHUHIMII IT0 KOME CE TOKOM PEeXaOMIINTAOHOT

npoiieca, [IMJbEBH MMOCTaBIbajy y CKIIaAy ca moTpebama caMor maiujenta [42].

PexaOuimmranuja y3 acCTeHIUjy NEPCOHAJIHHUX podoTa

PoGotn  crmemnmjamHe  KOHCTPYKIMj€  IOCTajy cBe mnpuxBaheHHju y
pexabWiuTanrju MOTOPHUX JAeduIuTa TOPHUX M JOHBUX eKcTpemureTa, Mmehy
UCTpaXuBaYnMa aiu u kinHudapuma [43;44]. OcHOBHE MpPEIHOCTH OBAaKBOT MPHCTYIIA
Cy Ipelu3Ha KOHTPOJIa aCUCTEHIIMje€ U OTHOpa TOKOM TPEHHHra, J00pa MOHOBJBUBOCT,
00jeKTUBHE W KBaHTHTAaTHBHE Mepe meppopMaHcH CyOjeKTa Kao W MOryhHoCT
Kopuithema WHTepakTUBHOT Quudeka. PoboTcke HampaBe cMmamyjy W KOJIWYHHY
ACHCTEHIIM]j€ KOja je MalujeHTy norpedHa o ctpaHe ¢pusukanHor tepaneyra. Kaga cy y
NUTalky pexaOWIMTaIMOHE CTpaTeruje, poOOTCKe HampaBe ce Hajuemhe KopucTe MpU
u3Bohewmy crneuupUUHUX PENeTUTHBHUX IOKpeTa 3a KOje ce cMarpa Ja JONpPUHOCE
MHIITMNHOj CHa31, KOOPIUHAIIU]H U TIOHOBHOM y4ekYy TMOKpeTa naiujeHara [45;46]. Osu
POOOTCKM CHUCTEMH IPEJCTaBIbajy eNEeKTPOMEXaHHUKA IToMaraia 3a XoJl, 1 T0 y GOopMH:
MOKPETHUX Tpaka ca CYCIIEH3HjOM KOje penyKyjy TeiecHy Texuny [47], kpajiux
edekTopa podota kao o je ,,G-EO System* (Reha-Technologies, Germany, GT) [48]

WK eIEKTPOMEXaHUUKHX er30CKeNeTa, Kao mro je Locomat [49].
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Cauka 1.1 Po6oTcku cucTeMu 3a pexaduauranujy xoaa: nokperna tpaka (GaitKeeper) sa LiteGait
NOIPLIKOM TeJjly namnujenra (ciauka jeso), G-EO System (ciiuka y cpenunu) u Locomat (ciauka

JIECHO).

Cucremu 3a pexaduiMranujy Ha 0a3u nojavyaHe NOBpPaTHe cpere M nojayaHe
aKTHBalHje KOPTUKAIHUX cTpyKTypa (BCI)

OBu cucTeMH MMO/Ipa3yMeBajy CHUMame, JIeKOJ0Bamke U mpeBoleme onpehennx
HEYpO(H3HMOIONIKMX CHTHANA y aKinujy eeKTopa WM TeHepucame moHamama [50].
OHu mnpexacraBibajy IOUPEKTHY Be3y u3Mmely Mo3ra M Kommjyrepa, 6Oe3 ydemrha
nepudepHux Hepaa uian mumnha. Tume je omoryheHa koMyHMKanMja U KOHTposa 0e3
MOTOpHE aKTHBHOCTH KopucHHKa (mamujenta). Y BCl cucremnma, HeypopH3HOIOMIKH
CHUTHAJIM MO3Ta C€ y PEaTHOM BpEMEHY TPaHCPOPMHINY y KOMIIjyTepCKe KOMAaHJIE.
[TocToju HEKONMKO PA3MYUTUX METOJA JETEKIMje M Mepema MOXKIAHUX CHUTHala y
3aBHCHOCTH OJl HbUXOBE NpPUPOAE. 3a CHUMAame ENeKTPUYHMX I0Jba KOPUCTE Ce:
esiekTpoeHnedanorpadpuja (EEG), eJIEKTPOKOpTUKOTpaduja (ECoG) "
MHTPAKOPTUKAIHU CHUMIIM TIOMOhY IOjeiMHAaYHE €JEeKTPOAE WJIM HHU3a eleKTpoja. 3a
CHUMamke MarHeTHUX T0Jba, Ty Ccy: MarHetoeHledanorpadpuja (MEG), dpynkmuonanna
maraetHa pesonanna (fMRI), mnosutponcka emucuona Ttomorpaduja (PET) u
cnektpockonuja 'y Ommsy wuHOpanpsenom crnekrpy (fNIRS) [51;52]. Moaynaunuja
CEH30PHOMOTOPHUX PUTMOBA TOKOM 3aMHIbalba MOTOPHE aKTHBHOCTH jellaH j& OJ
TPEHYTHO HajBHIle KopuliheHuxXx Heypo(Hu3MONIOWKUX (PeHOMEHa y HCTpakHBambHUMa
Koja ykipyuyjy BCI. 3amunspame mokpera eKCTpeMUTeTa CTBapa Mperno3HaT/bUBE IIeMe

Yy MOTOPHOM KOPTEKCY, Koje je Moryhe IeTeKToBaTH MOMEHYTUM TexHuKaMa. OBaKBOM
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MEHTAJIHOM CHUMYJIALMjOM MOKpETa, MOTOPHH KOPTEKC C€ aKTHBHpA Ha CIMYaH HAYMH
Kao MPUIIMKOM H3Bohema Tor mokpera [53]. 3a cama ce oBe TexHHMKe Hajuemhe KopucTe
y KOMOWHAaIMjH ca KJIACUYHUM pPEXaOWIMTAIIMOHUM TEXHHKaMa WM CecHjama Koje
YKJBY4yjy poOOTe, a cMarpa ce Ja MO3WTHUBHO yTHUy Ha Heypormiactuuuter [54]. Ha
cmu 1.2 je npukazana oproza ROGO konrponmcana EEIT curnammma y peanHom

BpeMeHny [55].

o BCI
Komnjyrep

Cauka 1.2 Opro3a ,,RoGO“ ynpasmana EEI' curnanuma y peajiHoM BpeMeHy (mpey3ero u3 [55]).

Pexabuauranuja y3 acucTeHUHjy PYHKIHOHATHOM €JIeKTPHYHOM CTUMYJIAINjOM
(PEC)

@EC je TexHHKa KOJOM C€ €JEeKTPUYHA CTPYyja MaJOl MHTEH3UTETa KOPUCTH 3a
pecropainujy MOTOpHUX (YHKIIMja U3TyOJbEHUX Yyciea OOJECTH WU MOBPEAe HEPBHOT
cucreMa. EnexTpudHa cTpyja ce myTeM eJeKTpoja A0BOAW N0 Muimha, rie crBapa
aKI[MOHE MOTEHIMjaJie y aKCOHMMa MOTOpPHHMX HepaBa, reHepumryhu tume muimhhe
KOHTpakuuje [56] wmm y penaputuma adepeHTHHUX HepaBa KOjUMa TI'eHEpHIIe
pednekcHe oaroBope mummha koju ¢y Gyaknuonanau. crpaxuBauku paa y ooactu

dbyHKIIMOHATHE CTUMYIanuje, caaa Beh ayr npeko 50 roawHa, pe3ynToBao je, uzMehy
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ocrajor, 6e30eITHOM CTHMYJIAIMjOM HEPBHO-MUIMMNHUX CTPYKTypa, Ka0 U METoJlama 3a
MOJIyJIUCA-E CHAre CII0Jha MHAYKOBAHUX MHUIMUNHHUX KOHTpakuuja. JlaHac ce cucremu
GyHKIMOHATHE CTUMYJalje yrnoTpeOsbaBajy 3a pecTopanujy (GyHKIHja TOPHUX H
JOWUX CKCTPEMHTETA, OCIIMKE U IPEeBa, KA0 M pPEeCIUpaTOpHOT cuctema. Hekn o oBux

CHCTeMa IPETBOPEHH Cy U Y KOMepIIHjaiHe pou3Boje [57].

Cucmemu na 6azu (lynKyuoHaIHe e1eKMPUYHE CIMUMYIAYUJe 3a KOPEKUUjy X00a
Pecropanja xoma €NEKTPUYHOM CTHMYIIAIMJOM IMPEACTaBIba HCTPAKHBAUKY
obnact kojoj ce Beh menenujama nmocsehyje mocra nmaxkme. VcTpakuBadku paja y OBOj

obsacT 00yXBaTHO j€ pa3IMuMTE MOMyJaIje, IUJbEBE U MPUCTYIIE.

[TpBu nokymaj pectopauuje nokpera @EC-om 3abenexeH je jom 1961. roaune,
KaJa je pa3BHjeHa IpBa HeypallHa MpoTe3a 3a KOpeKuHjy mnagajyher cromaia Koj
nalMjeHaTa ca XEMHILIETHjOM, 3aCHOBaHA Ha €JIEKTPHUYHO] CTUMYIALUJU TEPOHEATHOT
HepBa [58]. Hapeanux roauHa, OpPOM3BENCHO j€ M TECTHPAHO jOII HEKOJUKO
jeHOKaHAHUX CHCTEMa eJIeKTPUYHE CTHMYyJaldje 3a cTajalbe W Xoaame [59].
[TomenyTu cucteMu cy ce 0a3upany Ha MOBPIIMHCKO) CTUMYJIAIH]H MUIIKha THOUjaIHC
aHTepuopa WM nepoHeanHor HepBa (ciuka 1.3, neBo). Ilpexkmpau y metu numesne

KopuirheH je Kao ceH30p 3a YKJbYUMBAE U UCKIbYUHBAE CTUMYJIAIH]E.

()YOBMYAIEHA
MECTA
CTAMYALAIE

Common —,
peronteal 1.

Peroneus >
longus m. | | (

Superficial —\ ' ||
peroneal n. \\\\

Cauxa 1.3 Mecrta crumyaanmje (ciimka a)), Oacrok crumy.aarop 3a naaajyhe cromano (ciimka 0)),

NMpPHUKA3 CUCTEMA HA HO3HU (CJIUKA II))
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Mehyrtum, ycnen TEeXHOJOUIKMX OTpaHUYeH-a, MPBE MOPTAOMIIHE aMOyIaTopHe
HEYpoIpoTe3e peanu3oBaHe cy Tek 80-THMX TOAMHA ca pPa3BOjeM BHUIIC-KaHATHUX
HampaBa ca MHKPOIPOIIECOPCKOM KoHTposoMm [60-62]. Jeman ox oBuUX cHCTEMa,
TPOKaHAJIHU TPEHOCHBH CTUMYJIATOp pa3BHjeH je Ha YHuBep3utery y JbyOsbanw,
CnoBennja [61]. OmoryhaBao je He3aBUCHY KOHTPOJY TpU Mulinha, JIOK je Kao CeH30p
KOPUCTHO TIpeKuAady Ha MeTH OeKWYHO TOBe3aH ca cTumynaropoM. Kopak masbe
HalpaBJbEH j€ pa3BojeM O-KaHAJIHOT CTUMYJaTopa KOju je ocuM MoryhHocTH
KOMIUIEKCHUJUX CTUMYJIAIIMOHKUX Tpodmuiia npyxao ¥ MOryhHOCT aHanm3e mapaMerapa
X0J1a Kao mTOo Cy Opoj Kopaka, Cpellib€ BpeMe Tpajama Kopaka, Tpajama (aza 3aMaxa u

ocionIa [63].

Y cnenehoj dasu pasBujenu cy u umiuiaHTHOWIHN cuctemu y CAJl [64] u
JbyOspanu (CnoBenuja) [65]. OBu cucTeMu ca CTUMYIIATOPOM yrpal)eHUM y CpemuInbH
neo OyTWHE WIM 3a[ibd €0 JHCTA, KOPUCTHIM Cy emnuHeypanHe win ,.kad“ (cuff)
eNEeKTPOJIC 3a JAUPEKTHY CTHMYIANHK]y MEPOHEATHOT HEpBa W MpPEKHIa4 y TETH 3a

TPUTEPOBAKE CTUMYJIAIH]E.

HenpaBuiHo nocTaBbeHE €IEKTPOLIE, ,,JTAKHO TPUTEPOBAE CTUMYIIALUje, 001
Y3pPOKOBaH CTUMYJIAIIMjOM Ka0 M MEXaHWYKa OmTehema CeH30PCKUX KOMIIOHEHTH, CaMO
Cy HEKH O]l mpobieMa KOju Cy MpaTuiu oBe cucteme. Mmak, oHM Cy Janu BakaH

noacTuiaj aasbeM pa3pojy @EC cucrema 3a pexabunuTanujy xoza.

Jla MHOTH O]l OBUX HpOoOJeMa oIl YBEK HUCY PELICHH, TOBOPU M YHILCHHUIIA O
Opojy cucTeMa KOjH je MOCTao KOMepIHjaiHo AocTynaH. Ty ce Hala3u TeK HEKOIHKO
CTHMYJIaTopa 3a KOpekimjy mnanajyher cromana, mehy kojuma cy: The Walkaide [66],
The Odstock Footdrop Stimulator [67], The ActiGait [68], The STIMUSTEP [69].

Jlanac ce cucremMu (QyHKIMOHAIHE €JNEKTPUYHE CTUMYNALUjEe YKIbYUYY]y Y
nporec pexabwiuranuje joml y akyTHoj ¢a3u xemumuiernje. OcHOBHa wujeja je
MOHAaBJbamk-E MOKPETa IMMyHO MyTa Jia Ou ce OH ,,JIOHOBO Hayyuo™ . 3a cajia je MoKa3aHo Ja
Tepanuja nanujeHara Koja ykibyayje ®EC, mo3utuBHO yrude Ha Op3uny xozaa [56;70] u

nosehame mumuhne cHare [71].

Hajsehu Opoj caBpemMeHHX cucTeMa €NeKTpUYHE CTHUMYJalHje 3a KOPEKIH]Y

X0/la pagd Ha TMPUHIUNY Komupama (QYHKIHja CEH30pPOHO-MOTOPHOT CHCTEMa
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KapaKTEePUCTUYHOT 3a 3]IpaBe, He y3uMajyhu y 003up YMIHCHHUILY J1a j& KOHTPOITY Koja ce
Hamehe moTpeOHO ycKIaauTu ca noctojehum QyHKIHMjamMa, O4yBaHUM HAKOH MOKIAHOT
ynapa. Mox/a je yrmpaBo TO jemaH Of] pasjora 300T KOra HU JlaH JaHaC OBH CHCTEMH
HUCY M3allUId W3 OKBHpPAa KIMHUYKOT TECTHpama, HUTH JOCTHIVIA CTaTycC

KOMEpIIHjaTHUX POU3BOJIA.

Takohe, Ccuctem ca (QyHKIMOHAIHOM CTHMYJAIMjoM Koju OuM Morao ga ce
KOPHCTH 3a Tepanujy ail M Kao CBAaKOJHEBHA acCHCTEHallMja XOoay, Mopao O 1a
3aJI0BOJbM HEKOJHMKO ycioBa. OH mopa O6utu 6e30emaH, MPEHOCHB U jeIHOCTaBaH 3a
ynorpe0dy, Kako OM HaljeHT MOrao Ja ra MOCTaBH M KOPHCTH CaMOCTAJIHO WU Y3

MHUHHMMAJIHY aCUCTEHLU]Y.
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2. TEXHUKE YIIPAB/bAIbA ®YHKIIMOHAJTHOM
EJEKTPUYHOM CTUMYJIAINJOM

Edukacna, ayromarcka KOHTpoJia (YHKIIMOHATHE EJICKTPUYHE CTUMYJIAllHje,
Koja omoryhaBa WHTerpanujy ca BOJbHHUM IIOKPETOM M YCIICIIHO KOMIIEH3Yje moctojehe

MaTOJIOTH]e, j€ 3a/1aTaK KOj! jOIIl YBEK HHje PEIICH Ha 3aJ]0BOJbaBajyhu HAUHH.

30or Tora ce y KIMHHYKO] ymnoTpebu Hajuemhe cpehy camo penaTHBHO
jemHocraBHU ypehaju 3acHOBaHM Ha PYYHO T'€HEPHCAHUM CTHMYJIAIIMOHUM CEKBEHIIAMA
KOje ce TpUrepyjy PyYHHM NpeKHJaueM, WIH, y HANpPEAHUJEM CHCTEMY, CEH30PCKUM
CHCTEMOM TIOCTaBJbEHHM Ha Tejo cyOjekta. OBako TIeHEpUCAH XOJ, YIJIABHOM je

HeeduKkacaH, ciop 1 Op30 ymapa narujeHra.

VYHanpeheme kouTposne PEC cucrema Ou oMoryhuino \BuxoBy HHUPY MIPUMEHY Y
CBaKOJIHEBHO] KJIIMYHMKO] Mpakch. Ha oBOM moJpy MCTpakuBama, M3/IBOjUIIA Cy CE JIBa
JOMHUHAHTHA NPUCTYMA: YIIPAaBJhahe Ca IOBPATHOM CIIPETOM Ha 0a3M JeTajbHOT MOJeTa

X04a, 1 CCH30PCKHU yIIpaBJbaHa CTI/IMyJ'IaI_[I/Ija Ha 0a3M HeaHATUTHYKOT Mozacia.

Yrnpasibame Ha 0231 1eTa/bHOT MO/IEJIa X0/1a

VY nureparypu ce Moxke HpoHahnm HHM3 Beoma JeTajbHHX Mojena MHUIIUhHO-
CKEJIETHOT CHUCTEMa KOjU C€ MOTY KOPUCTUTH 32 MOJIETIOBamhe KHHEMATHKE U JTUHAMHKE
xopa [72;73]. Oum cy Beoma 3HaYajHU 3a pa3yMeBame OJpeheHuX KOHIIeraTa Be3aHuX
3a JBY/ICKH XOJl, OCHOBHHUX TPWHIIMIIAa KOHTpoJie M m3Bohema mokpera. Ilopen Tora,
YeCTO Ce KOPUCTE U Y OKBHpY cHcTeMa (DYHKIHMOHAJIHE eJeKTpUYHE cTuMmyianuje. Y
TOM CITy4ajy, KOHTPOJIEp Ha OCHOBY Tpemke mpahema 3a7are TpajeKTopuje u3padyHaBa
CTUMYJIAIIMOHE MapaMeTpe Koju he 10BecTH 10 cMamema Te rpemke. Mehyrum, moaenu
KOjH ce€ OBJIe KOPUCTE Cy YEeCTO U CYBHIIE JIETAJbHU U KOMIUIEKCHHU, U KAa0 TAKBH HUCY
JUPEKTHO NMPUMEHJbUBU 32 KOHTPOJY CTHUMYyJalyje y peaqHoM BpeMeHy. OHu y ceOu
caJip>ke BEJMKH Opoj mapamerapa, of KOjUX je MHOTe TelKo uaeHTtugukoBatu. OBO je
HApOYUTO HEMOTOTHO KaJla MOJIeN Tpeda MPIIAroAUTH XEMHIICTUYHUM TallijeHTUMA,
Yiju ¢y OMOMEXaHWYKH MMapaMeTpy HAKOH MOYKIAHOT yJapa M3MEHEHHU, H JOJATHO ce

MEHajy TOKOM Ipoleca OMOpaBKa.
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CeH30pCKH ynpaB/baHA CTUMYJIANMja HA 023U HEAHAJTUTHYKOT MojlesIa X01a

Jlpyru mpHCcTyn KOHTPOJIM XOJa je ynpaBibamke KoHauHuM ayromaTuma (finite
state control), cucremom ca KoHauHHM OpojeM crama. OBaj MPHUCTYII MOApa3yMeBa J1a je
CBaKO CTame cuUcTeMa ojpeheHO jeMHCTBEHOM ,,aK0-OHAA™ penanujoM. Y CBaKOM
TPEHYTKY, CUCTEM ce MO)ke Hahu y TayHO jeqHOM cramy. [Ipenasak cucrema u3 jeHor
CcTama y Jpyro, wHHUIMpa ce onapehenum norahajem nepuHUCAHUM Yy ,,aK0™ dETy
penanuje. Mueja 3a mpumMeHy OBe METOJI€ HacTaja jé Ha OCHOBY jeIHE O]l TeopHja
BE3aHUX 32 MEXaHU3Me MOTOpHE KOHTpoJe. OHa ce 0a3upa Ha CXBaTamy Jia je KOHTPOJIa
X0Jla 0J1 CTpaHE HEPBHOI' CHCTEMa BEOMa CIIMYHA yIpaBJbalby KOHAYHUM ayTOMAaTHUMA.
[Ipema Teopuju 0a3MpaHOj HA CEH30PHOMOTOPHO] XUNOTE3M [/4], LEHTpaTHU HEPBHU
CHCTEM YIpaBJba XOJIOM TaKO IIITO MPETBapa CEH30pHE yia3e y oaroBapajyhe MoTopHe
uznaze. Cmarpa ce aa cy pediiekcHe MHPOpPMaLUje Y CTalky Ja aKTHBHPAjy MOTOPHE
nporpaMe, WM Ja W3a30BYy Ipeia3aK CHUCTeMa U3 jeHOT y Ipyro crame (Hmp. u3 ¢ase
ocioHma y ¢a3y 3amaxa). Tama je yMecTo TEeMeJBHOT 3Hama O (QYHKIMOHHUCALY
OMOJIOIIKOT KOHTpOJIEpa KOjU yIpaBjba XOJIOM, YHjH CYy MEXaHU3MH jOII YBEK BEJIMKA
HETO3HAHUIIA, JIOBOJAHO MAaIlUPaTH HEroBO (QYHKIMOHUCAWke, onpeheHuM Opojem

penanuja ynas-usias.

YnpaBibame JbYJCKUM X0J0M 0a3UpaHO Ha KOHAYHUM ayToMaThMa IPBH MYT je
npeuioskeHo 60-TUX TOAMHAa TPONIUIOr BeKa, Yy CTyadjamMa W3 ToJba KHOEpPHETHKE
[75;76]. C o03upoM Ha mpUpOIY X012, KOjy KapaKTEpHIle CEKBEHIIMjaTHO M3BOhCHE
remMa mokpera [77], u36op oBe MeToie je Ouo Kpajibe jorndad. OBaj KOHIIETT je Hajpe
3a)KMBEO Ka0 METOJIa 33 YIPaBJbalbe X0JJ0M po0oTa, i je Helyro 3aTUM INPUMEHEH U

y OKBUPY HEeypalHe pOTe3e 3a pexaOuinuTaIujy jbyackor xoaa [78].

Janac je mpuMeHa OBE METOJIe YIpaBJbakha Yy PEeXaOWIUTAIMjU XOJla BeoMa
yecta. Kopucti ce 3a ympaBipame HEypaTHHUM MpoTe3amMa 3a pexaOuiInTarmjy
naparuieruaHor xoxa [79;80], kao u y OKBHpY cuCTeMa 3a KOpeKIHjy majajyher
cronana [81]. ¥ mouerky je 0a3a mpaBuia 3a KOHTPOIY MpaBjbeHa pyuHO [82] amu ce

BPEMEHOM MPEILIO Ha KopHihemhe TeXHUKa MAlIMHCKOT yuerma [83].
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TexHHKe MAIIMHCKOT Yielkha 1 lbUX0Ba IPpUMEHaA y pexaﬁnﬂnTaunjn Xxoaa

TexHWKEe MAIIMHCKOT Y4Y€iha, Y HAJONIITHjeM CMHCIY, MpPEACTaBibajy
pauyHapCcKy CHUMYJAIHjy Tpolieca yderma, y OKBHPY Kora ,y4eme MOKe OWTH:
pe3ynTaT mporeca TpeHHpama y KOMe ce MOJeNyjy penanuje umely mator ymasza u
onropapajyher wu3maza, WM pe3yiaTaT ayTOHOMHOT camoopraHusyjyher mporeca.
HbrxoBa OCHOBHA KapaKTEPHCTHKA je CIIOCOOHOCT pelliaBarmba MpodjieMa 3aCHOBaHUX Ha
BCJIMKUM  CKYITOBMMa  BHMCOKOJAMMCH3MOHAJIHMX IOJaTaka, Koje IpeBa3miiase

MOTYhHOCTH JbY/ICKOT €KCIepTa.

[IpumeHa TeXHUKa MAIIMHCKOT YUeHha y PeXaOWIUTAIMj! MalijeHaTa, MOXe ce
cBe yemhe nHahm y nureparypu. OHe Cy MmocTaje CTaTUCTUYKH alaT KOjU C€ YecTO
KOPUCTH 3a: TMPEIuKIHUjy IujarHose, KIacuUKaMjy pa3IMuUTHX THIIOBA XOJa,
yIIPaBJbahE ENEKTPUYHOM CTHMYJIANUjOM, JOHOUICHE OJUIyKa O pexaOMINTannOHOM

HOCTYIIKY.

JenHa ox mpBUX MpHMEHAa TEXHUKA MAIIMHCKOT yd4ewma OWwia je npuMeHa
HEYpAJTHHX MpEXka 3a aHau3y onopaBka narujeHata [84]. YV oBoj cTyauju, HEypaaHe
Mpexe KopumheHe Ccy 3a npeasuhame (YHKIMOHATHOT OMOpaBKa, MyXKHHE OOpaBKa y
OOJIHMIIM M TPOIIKOBA JieUeHa manujeHara ca (ppaktypom kyka. [lomohy HeypamHHX
MpeXa peaM30BaHM Cy W IMjarHOCTUYKH CHCTeMH, Mel)y Kojuma cy u cucrteM 3a paHy
JCTEKIINjy aKTyHOT MoxaaHor yaapa [85], mpenuknujy ucxoma tepamuje [86], kao u

NPEIUKIIN]y MOPTAIIMTETA MAlMjeHaTa ca MOX/1aH|uM yaapom [87].

MoryhHocT aHanu3e BEIWKE KOJIMYMHE M0JIaTaka, MHXEPEHTHOT HEJIMHEAPHOT
Manupama, Kao0 U KpaTKo BpeMe MpPOLECHpama, caMo Cy HEKe 0]l 0COOMHA HEeypaHUX
Mpeka KOje UX YMHE TMOTOJHMM 3a aHaju3y Mapamerapa xoja. Takohe, yKOITUKO Cy
JMOCTYIHH aJIeKBaTHH TOJaI, moMohy mux je moryhe monenoBatu OWIO KakBY
3aBHCHOCT KOja IOCTOJU U3Mel)y MPOMEHJbUBHUX XOAa. Y OKBUDPY aHAJIU3€ XOfa, OHE ce
Hajuenthe mpuMem Y]y 3a KiIacupUKAIN]y Pa3THIATHX THIIOBA X0/1a, Y OMOMEXaHUIKOM

MOZCIIOBAKbY Kao U 3a Hpe)lI/IKLII/ij MPOMCHJbUBHUX U ITapaMCTapa Xo/a.

JenqHa on mpBHX CTyaWja y KOjoj Cy HEypallHE MpexXe YIoTpeOsbeHe Kao

Ki1acudukaropn Omna je cryamja [88] y kojoj je crammapaHa CTpyKTypa Mpexe ca
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JeTHUM CKPHBEHHM CJI0jeM KOpHIINeHa 32 pa3IuKOBAkE 3PaBUX O] TATOJIONIKUX MeMa

xona. Mpexa je Bprmmia kinacudukaiyjy ca ycnemsomhy ox 95%.

AyTomaTn3oBaHa KiIacU(pHKaIMja MAaTOJOUIKMX IIeMa XOJa, Halula je CBOjY
OpUMEHY KOJl Hajpa3IMdMTUX TIpyna mnanujeHara. M3mely ocramor, oHa ce naHac
KOPHCTH 3a Ipero3HaBame mopemehaja xoma y ciydajy mynaruivie ckiepose [89],

nepedpante mapanuse [89;90], nutora [91] u [TapkurcoHose Oostectu [92].

[Tokymraj kareropusanuje mamnujeHaTa ca XpOHUYHOM XEMHILIETHjOM, Ha TpyIe
ca CIMYHUM JaeunuTuMa Xoaa, ToMOhy XHjepapXujcKe KIIACcTep aHaIu3e, pe3yaToBa0
je ca Tpu MOArpyIle HanujeHara CIMYHUX (YHKIHOHATHUX Kapaktepuctuka [93]. ¥V
[91], ymopehene cy Tpu paznuuute MeToje 3a KiacH(UKAIKjy [IeMa Xo/a manujeHara
HAKOH MOXJaHor ynapa. HeypamHe Mpexe Iokaszaie Cy ce Kao CYNEpUOpHE Yy
nopehemy ca KBAUIMTATHBHUM TECTOM M aHAIM30M EKCTPEMHHX BPETHOCTH YIJIOBa
3rnoboBa. OBa M 1HOj CIMYHE MeTojae oMoryhaBajy ycMmepaBame Tepamnuje U HBeHO

npunarohaBame nmoTpedama namujeHara.

Texnuke mamimHCcKoOr yuyewa y okBupy PEC cucrema

TexHUKe MaIMHCKOI Yy4emha YeCTO C€ KOpPUCTe€ U 3a yIpaBJbambe
(YHKLIMOHATHOM €NEeKTPUYHOM CTUMYJanujoM. HbXOB OCHOBHU 3a/1aTak je JAeTeKIuja
HaMmepe XoJlama M ayroMmarcka WaAeHTH(HKanMja ¢aza XoAa, ald ce KOpHCTe U 3a

¢buaOex KOHTPOIY M aJIallTallk]y TapameTapa CTuMyJaluje.

Ilpumena mexuuxa na demexyujy gaza xooa

Jeman ox mpenyciaoBa 3a INPOJEKTOBAEKE MOY3JaHOI CUCTEMA 3a KOHTPOILY
(yHKIIMOHAJIHE €JIEeKTpUYHE CTUMYJallMje JAOHmUX EKCTPEMHUTETa, CBaKako je H
npenu3Ha JeTekuyja crneunpuyHux jgorahaja y okBHpY Lukiayca xoaa. Ocum
aroputama Oa3MpaHWX Ha EJIIEMEHTapHOM TPOLIECHUPaly CEH30PCKUX CUTHaja
(untpupame, IpBM U APYyTd M3BOJA, HUBO Ipara), cBe uemnthe ce ynorpebibaBajy H

pPas3IniInTE TCXHUKEC MAIIMHCKOT YUCHA.

Metoa HHIYKTUBHOT yuera, Kopuiithed y [83] mokasao ce kao Beoma edukacan

KaJa je y mnuTamy KoHTposa aokaHanHor ®EC cucrtema. Jlerekiuja 3HauajHUX

26



norahaja TOKOM X0Ja MaparjeruyHuX IManyjeHara IpUMEeHoOM (a3u JOTHYKOT MOJena,
npukazana je y [94]. 3akipyueHo je na je kopuinhenu (a3d MOJCI y OBOM CIydajy

CYNEPUOPHUjU O] CTaHapIHE HEPEKYPEHTHE HeypallHe MpEeXKe.

Crenuduuna rpyna HEypallHUX MpeXa, IMOJ HA3WBOM aJalTUBHE JIOTHYKE
Mpexxe (AJIM), decTo ce KOpPHCTH y pexaOWIWUTalMju TanujeHata o0O0JeNIux O
MOYIaHOT yjapa. Y OJHOCY Ha KJIIaCHYHE HEypallHe MpEKe, OBE MpPEXe Cy Ipe CBera
KOMITjYTallMOHO e(hUKacHUje U Jajy pe3yaTare Koje je jelIHOCTaBHUje HHTEPIPETHPATH.
VY [95], AJIM xopurihene cy yrnopeao ca MeTozoMm rpyoux ckymosa (Rough Sets), 3a
NETEeKIHjy TMeT pa3nuuutux (asa HopmamHOr Xoma. Ha ocHOBY akmenepomerpa
MIOCTaBJLCHOI Ha TOTKOJICHO, BpIICHA je JeTeKiuja (haza y pealHOM BpEMEHY ca

tagronthy y rpanumama oa 86% 1o 91%.

Jlereknuja mect ¢a3a Xoaa Ha OCHOBY CHJIA peakildje MOJUIOre M CKPUBEHUX
MapkoBJbeBUX MOJIeNa, puKazaHa je y [96]. da3e xoaa JeTeKTOBaHE OBOM METOJIOM,
ynopelere cy ca u3nazoM ¢asu JOrHUKOr Mojea. AyTOpH Cy IOLUIH 70 3aKJbydKa Ja
Ce MpHKa3aHa METOJa MOXE KOPHUCTHTH Kao IMjalHOCTHYKO CPEICTBO Kao U 3a

eBalTyalnjy pexaOmInTaluoHOT TPETMAaHa.

Ocum ynorpe0e BeIITAYKUX CEH30pa, 3a Iperno3HaBame (a3a xojla 4YecTo ce
kopucte 1 EMI' curnanu y koMOMHanMju ca pa3iMuUTUM TEXHHMKama MallluHCKOT
yuema. Jlerekuja gaza xoaa u3 MUIIMNHUX aKTUBHOCTH JOKBUX €KCTPEMHUTETA TOMONY
¢da3u uHpepeHTHOr cucremMa Ha 0a3u amantuBHe Mmpexe (ANFIS) mokaszama ce kao
JIOBOJBHO Tpelnu3Ha U poOycTHa 3a MPUMEHE Yy OKBHPY CHCTEMa eJIeKTpUYHe

crumysanuje [97].

Ilpumena mexnHuxa Ha ynpasmsaree CIMUMYIaYUjom

VYV BenukoM Opojy paaoBa MOKa3aHO je Ja c€ TeXHMKaMa MAIIMHCKOT y4era
MOJKe 3Ha4ajHO yHanpeIuTu koHTpoua xozaa [98-104]. Heypanne Mpexe ca paanjamrHumM
0azuuM QyHkuujama, kopuitheHe cy y [98] 3a kontponmy PEC-a ocam wmwummha
naparuieTHYHuX cy0jekara. [ 'eHepucame mpaBuia 3a KOHTPOJTY U3BEICHO je IoMOohy JBa
€JIEMEHTa: MPOCTOPHOT MOJIeNla TAPAIUIETHYHOT XOJa W HEYpaTHHX Mpexa Koje Cy

o0e30enmiie Manupame meMa MUIIMNHUX aKTUBalMja M KUHEMaTuke. Y CTyIUju je
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yrnopeh)eHo ayToMaTCKO yIpaBibamke U yIpaBibamkbe pydyHUM npekugadeM. Ilokasano ce

Jla ayTOMAaTCKO yIpaBJbamke X01a0M 00e30el)yje edrukacHujy KOHTPOIY U OpKU XOJI.

Heypanne mpexe ynorpebsbeHe Cy U Y OKBUPY CHCTEMa 332 KOPEKIjy najajyher
cronana [99]. V 0BOj cTyauju, jaunHa eIEKTPUYHE CTPYje 3a CTUMYJIAIHjy KOPUTOBaHa
je Ha OCHOBY HeypalHHMX Mpexa U (azu-¢pumdex kKoHTpose. Pa3u KOHTpOIEp BPIIH
ONTHMH3AIM]Yy KOMIICGH30BaleM Trpemiaka y mpahewmy myTame Koje ce ao0ujajy
nopehemeM H3mMa3a HeypalHe MpeXe M CEeH30pa MO3WIMje Ha MapeTHYHO] HO3U
nanujenta. HakoH TecTwpama Ha 4YeTHpU cyOjekTa, Cpelma KBaJpaTHa Tpelika |
Cpellba BPEIHOCT TPElIKe Cy KOpHIINEemeM OBOT METO/a, CBEJICHE Ha MUHUMYM.Y
auTeparypu ce (a3 KOHTpoJIa SICKTPUIHE CTUMYJIAIMje MOXKe IpoHahu u y cTyiujama
KOje He MoJIpa3syMeBajy eNeKTPUYHY CTUMYJIaNnjy Xoaama, Beh nmimiementupajy ®EC
y HEITO JApyradyuje aKTHBHOCTH KOj€ TMOACTUYY ONOpaBak. Tako Hamjgazumo Ha (aszu
KOHTPOJIy eNEeKTpUYHEe CcTuMyianuje 3a crajatbe [100] xao u dasu KoHTpOIY

CNIEKTPUYHE CTUMYJIAINje Y OKBUPY BexOe Becama 3a mapariernude nanujenre [101].

Cryauja nerekuuje (asze 3amaxa W OCJIOHIA NMOMONY aJanTUBHHUX JOTHYKHX
mpexa (AJIM) [102], mpepacna je y cucreM 3a Kopekuujy mamajyher cromaiga y
peamnom Bpemeny [103]. 3axBasbyjyhu aganTHBHUM PECTPUKIMOHMM IPaBHIMMA
(APP), koja ce TuHAMUYKHN MEHajy TOKOM yroTpede cucreMa, Jo0ujeH je 6e30enHuju u

H0y3I[aHI/IjI/I CHUCTEM CIICKTPUIHC CTI/IMy.]'IaLII/Ije.

[Topeheme TexHHMKa MAIIMHCKOT Yy4y€mha Ca CTaHOBUINTA e(PUKACHOCTH
reHepucama npasuia 3a PEC konTposep, naro je y [104]. Buieciojuu nepuentpoH ca
MOIM(PUKOBAaHUM aJTOPUTMOM IIponaraiuje yHasaz, gpa3su uHEepeHTHH cucTeM Ha 0azu
aJlaliTUBHE MpEke M KOMOMHAalMja MHAYKTUBHOI yu€ma M MpPEXKEe ca pajaujaTHuM
6a3HuM (pyHKIMjaMa, KOpUIINEeHH Cy 3a MPEAUKIN]Y MUITMNHUX aKTUBHOCTH Ha OCHOBY
IPETXOAHUX BPEAHOCTH CEH30pCKMX curHaia. OcuM HauumHa IeHepucama MpaBuia,
JOJIaTHU  KpUTepUjyMu 3a Tnopehewe Ounm cy: MOryhHOCT reHepanuzauuje,
KOMITjyTalliOHa KOMIUIEKCHOCT M cToma ydema (learning rate). ANFIS mpexa nana je
CeT ca MMHHMMAJHUM OpojeM NpaBuia, BEOMa EKCIUIMIUTHUM M TpErjegHUM, JOK je

HajOOoJby reHepanu3alujy rnoxkasana KoMOMHaIMja MHIYKTUBHOT yuewma u Pb® mpexe.
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Heypanna mpesxa koja Ha yia3y uMa eJIeKTpoMuorpadcke curaasie mpuka3ana je
y [105]. Kontposnep Ha 0a3u oBe HeypallHe MpEXKe YIpaBjba CTUMYJIAIM]jOM Ha OCHOBY
BpeMeHckuX cepuja EMI' curnama BosbHO KOHTpoducanux wmuimha. Ilopenm Tora,
Mpexxa Bpm aHanuzy EMIT akTMBHOCTH CHMMJBCHHMX HAa MECTY CTHMYJaluje, U Ha

OCHOBY OBHX CHUTHAJIa JETEKTYje HACTyName 3aMopa Muiuha.

Manupame ceH30pCKe penpe3eHTaIuje Xoaa 1 MUIMhHIX AKTHBHOCTH

1
muinha 3a KOHTpOJIy X012

Y 0BOM MOTJIaBJby Pa3MOTPEHE Cy TEXHUKE MAIMHCKOT ydema MOMONy KOjuX
O ce MOTCHIMjaJTHO pealli30Bajia IIeMa yIpaBibamkba (HYHKIIMOHAIHOM EICKTPHIHOM
CTUMYJIALIMjOM y OKBUPY ACUCTEHLIMje XOAy ocoba HaKOH MOXKJaHor yaapa. Kpajwu
Wb je pealu3alija CEH30PCKU YIpaBJbaHE CTUMYJALHUjE, MallUpambeM CHrHalla
NPUKYIUBEHUX Ca CEH30pa TOKOM X0J1a Ha oJiroBapajyhe mummhue akTuBHOCTH MUuIMha
KOju mokpehy 3ri1000Be KOJEeHA U 4iaHKa. AHAIM3HPAHE CY JIBE TEXHHWKE MAaIIMHCKOT
yuema ca MoryhHomhy npeaukuuje BpeMEHCKUX CepHja: HelIMHeapHa ayToperpecuBHa
HeypaiHa mpexa (NARX) u dasu uHbepeHTHH crcTeM Ha 0a3u aJanTHBHE MpPEXKE
(ANFIS). 3a mpeaukimjy MUMIMHHUX aKTHBAllMja HEMAPETUYHE M IMApETHYHE HOTE,
KopumtheHn Cy aKIeIepoOMEeTapcKh W JKUPOCKOIICKM CHTHAJIM HeNapeTHyHe HOre.
Mpexe cy ynopeheHe ca cTaHOBMINTAa MHHMMAIHOT Opoja ceH3opa MOTpeOHOr 3a
Npelu3Hy NMpeluKLnjy, rpemaka y oapehuBamy BpeMeHCKuX jaorahaja, 6poja JaxHUX

JIeTeKI1ja 1 MOIr'YhHOCTH reHepaiu3anyje.

CuHeprucTiYKa KOHTpOJa KOjy OBJe mpemiaakemo Oasupa ce Ha black-box
MOJIeNTy TpUKa3aHoM Ha ciunu 2.1. YnasHu curHaim cy CUTHaJIM ca CEH30pa KOjH
KapaKTepHIly FeoMeTpHjy, KUHEMAaTUKy U JAMHAMHUKY Tela (CTame CUCTeMa), 0K Cy
U3Ja3HU CUTHAIM IIeMe MMIIMhHUX aKTUBalMja (akTyaluja) HelapeTHYHe HOore.
[Tponenypa ce cactoju u3 o¢-yajH TpeHUHra HeypaiaHe mpexe (HM) u ynotpebe Tako

no0WjeHOr Mamupama 3a KOHTPOJY (YHKIMOHAHE EJIEKTPUYHE CTUMYJIANHje Y

! Anantupano u3 paga: L.Milovanovic, D. B. Popovic, ,,Mapping of sensory representation of
walking and EMG of prime joint movers: control of functional electrical stimulation.“ In: 10th
Symposium on Neural Network Applications in Electrical Engineering, NEUREL 2010, 23-25 September
2010, Belgrade, Serbia, pp. 7-10.
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peamHoM BpemeHy. OBaj MeTOJ peanu3yje KOHTPOJIY IPeKo cKyma ,,aKko-oHAaa'
penamnyja, moMohy kojux ce AeuHHINY CTamka cucTeMa. Y MPOU3BOJFHOM TPECHYTKY,
Mepema ca CEH30pa YMHE JeIMHCTBEHY CEH30pPCKYy IIeMy (CTame CHCTeMa) Koja ce
JIOBOJIM Y Be3y ca ojaroBapajyhoM mMoTopHOM akTuBHOmINYy (MUIIMhHE aKTUBaIyje).
Ckyn cBux mamupajyhux pemanuja unHu 0a3y 3Hama. OBakaB NMPUCTYH 3aXTEBa O]
KOPHCHHKA MOBPEMEHY MOJIU(PHUKANN]y KOHTPOIHOT AITOPUTMA, UTEPATUBHO, TOKOM
TPEHUHTa, Yy CKJIAJAy Ca OUYCKMBAaHUM IPOMEHAMa AaKTHBAIIMOHHMX ImeMa Mulirha

HEMApCeTUYHC HOI'C YCJIC OIIOpaBKa Xo4a.

YHEHE

HEYPANHA MPEHA EMI MPCEHKH CA
HEMNAFETH4YHE HOTE

NoAALM
CA .
CEHIORA (HM)

KOHTPONAY PEANHOM BPEMEHY

BHLLERAHAMHA
CTHMYNALKIA

CEH30PH —= WCTPEHUPAHAHM —>

Canka 2.1 lllema npeasioxKeHoOr Mo/ieJia KOHTPOJIe

C 0031poM Ha MIMPOKU CHEKTap PA3IMUUTUX MOTOPHUX JIeUIMTA KOJU CE MOTY
HahM KoJ malnujeHara ca XeMHUIJIernjom, 0aza 3Haba Mopa OMTH UITH JaKO BEJIMKa, HE OU
T TIOKpHJIa cBe MoTyhe ciiydajeBe, WK MpaBJbeHA 3a CBAKOT TMAallMjeHTa M0jeIUHAYHO.
VYkoinko OM TeHepucame MpaBWwia OWIO ayTOMAaTH30BAHO, TEXHMKaMa MAalIMHCKOT

yuema, ouso 6u Moryhe npaBuTH UHAWBHYalIHE 0a3e 3HambA.

[{uss oBe cTyauje OUIO je MCTPaXUTH MOTYNHOCT TeHepucama MIpaBHla 3a
KOHTPOIYy XOJa TalyjeHaTa ca  XEHMHIUIETHJOM, MalHpameM  CEH30pCKe
peripe3eHTanuje Xojaa a00MjeHe Ha OCHOBY NPAKTUYHUX, HOCHUBHX, CEH30pa, Ha
MuIuhHE aKTUBHOCTM MHIIMha YKIbYYEHUX Yy HajyrpoxeHuje (yHKIuje xoma -

KOHTPOJY KOJICHA U YJIaHKaA.

VY nutepaTypu ce Mory npoHahu clM4He aHaju3e, Koje cy y cebe yKibyduiie
pasnnyuTe CUMOOJIIMYKE M KOHEKIIMOHMCTHYKE TEXHHMKE MAIlMHCKOI y4yewa. Mertoxe

UHIYKTUBHOT yuema Kopumihiene cy y [106] u [107] 3a mpeaBubame mummhHHX
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AKTUBHOCTH HAa OCHOBY CHTHAJIa ca TOHMOMETapa U ceHzopa cwie. Y cryauju [104] je
yrnopeheHO HEKOJIMKO TEeXHHMKa MAIIWHCKOT y4ema, yKJbydyjyhu HeypaiHe Mpexe
pamujanne ocHoBe (RBF networks) u ¢asu uubepeHTHH cHUCTeM Ha 0a3H aJarnTHBHE
mpexe (ANFIS), 3a mpeaukinjy munmmhHe akTHBHOCTH (uieKcopa KOJeHAa W yria y

KOJICHY.

Hako ce ceH30pH CHJIC BeOMa 4YeCTO KOPHUCTE 3a perpe3eHranujy xoxa [106-
109], nama Hamepa je Ouia Ja UX KOMIUICTHO CIMMHUHMIIEMO W3 Tpolenype, 300r
BbUXOBE CKJIOHOCTH Ka JIOMJbEHY M HENOY3JaHOCTH. 300r Tora je omaOpaH CKyIl
CEH30pa CacTaBJbEH OJ] )KUPOCKOIA U aKIeJIepOMEeTapa, Ha OCHOBY CTY/AHjE y KOjoj ce
TBP/H Ja JIMHEapHa yOp3ama CTonajia U yraoHe Op3uHEe CTonaja W MOTKOJICHA 3ajeHO
HOCE HMCTY KOJW4MHy uH(popmaiuje kao cenzopu cuie [110]. 3a koHTposiHE cHUTHATE
onabpaHy Cy CHTHAJIM CHHUMJBCHU Ca HEMapeTHYHe Hore, 300r 00Jbe MOHOBJHUBOCTH,
Behnx mpoMeHa aMIUIUTYA€ M Mame H300JMYCHOCTH y OJHOCY Ha CHTHAjlIe ca

napeTuyHe Hore (ciuka 2.2).
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Canka 2.2 Penpe3eHTATHBHY CHUMIY TPH Y3aCTONHA KOPaKa CHUMJbEHA HA MAPEeTHYHOj U

HenapeTHYHOj HO3M cy0jexTa ca XeMHUILJIerujoM

3a motpebe peanmsaiyje 0a3e 3HaWma 3a YyIpaBJbarkhbe KOHAYHUM ayTOMaTHMa,
YIOOPEIUIN CMO JBE TEXHHKE MAIIMHCKOT yuYelka ca MOryhHomihy mpenuKiuje
BpeMeHCKuX cepuja. OBO je OJ HApOUMTE BAXKHOCTU 3a YIPaBbaAlkE y PEATHOM

BpEeMeHY, KajJla KOMaH/IHU CUTHAJl MOPa MPeImhadyuTi MUIIMNHO] aKkTUBHOCTH 32 oko 100
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MS, mMTO je BpeMe KOje MPOTEKHE O]l MOjaBe CTHMYJIAMOHOT UMITyJca 0 TPEHYyTKa
reHeprucama MUIIUhHE cuie. YnopeheHe cy: HelMHeapHa ayTOperpecuBHa HEypajaHa
mpexka (NARX) u dasu umnpepentHn cucteM Ha 0asu amantuBHe Mpexe (ANFIS).
Manupame je u3BpiieHO u3Mel)y CEH30pPHCKHX CHTHalla Cca HEMmapeTHYHe HOre W

MUIIMhHUX akTUBalyja Mumrha o0e, mapeTnyHe U HelapeTUIHE HOTe.

MeTtoae u MmaTepujaian

Cybjexmu. Y CTyOuju je YydYecTBOBAJIO NET cy0jekaTta ca XEMHILUICTHjOM.
Cybjextu cy omabpanu Ha OCHOBY cieicher kpurepujyma: yHHIIATEpaliHa CladoCT,
CIOCOOHOCT CaMOCTAJTHOT XOJalka MUHHUMATHOM AyXHHOM oj 10m, ca wumm 0e3
acucTuBHOT ypehaja/moapiike Tepaneyra W CHOCOOHOCT Ja pasymMejy U Iparte

uHcTpyKuuje. [Ipe cHumama, cBH Cy0jeKTH Cy MOTIHCAIA HHPOPMHCaHY CariacHOCT.

Ilpomoxon. CBu kopuilheHH MMOJaLU NPUKYIJBEHH Cy TOKOM CYKIIECHBHMX
mpoJja3aka mamujeHara JIyx mpase nyrame ayre 10 merapa. Cy0jekTr cy 3aMOJbCHH Ja
camu oiabepy Op3uHY X0Jla KOja MM MPHUPOJHO OJroBapa. 3a KMHEMaTHYKa CHUMama
KopuihieH je MPEHOCHBHU, BUILE-CEH30PCKH CHCTEM, KOjU y ceOHM CaapKh MOIYN 3a
NPUKYIUbAkEe, MPOIECUPABE M MPEHOC CEH30PCKUX CUTHAla JI0 TJIABHOT padyHapa
[111]. Kopumihena cy derupu uHepuujaniHa mepua ypehaja (MMY) mocraBibeHa Ha
MOTKOJICHO M cTonano obe Hore. CBaku MY caapxu y ceOu 3-OCHH KHPOCKOI U
akmenepomerap. [Ipunukom cHUMama cUrHana, ppeKkBeHNHja oJadupama je N3HOCHIA

100Hz.

[TapanenHo ca cHUMameM KMHEMaTHKe, CHUMaH je W noBpumHcku EMI ca 4
muimmuha o0e Hore: TubOumjamuc antepuopa (TA), T'actpoxnemujyca (I'L]), Bacrtyc
narepanuca (BJI) u bunenc ®emopuca (b®P). 3a caumame cy kopuntherne GS 26 (Bio-
Medical Ins.) emextpoae 3a jenHokparHy ynoTpeOy u Biovision EMI-mojayaBaun.
[Tpunpema Ko’ke M MOCTaBJbamke €JIEKTPoJia 00aB/BEHO je y CKIaay ca IMpernopykama
»SENIAM® mpotokona [112]. 3a akBu3unmjy nojaraka kopuinheHa je aKBH3HIMOHA
kaprua NI USB-6008, mosesana ca Sony Vaio UX Premium pauynapom. Hcra
amaparypa xopumhena je u y [113]. ®pekBenuuja onabupama eneKTPOMUOTPAPCKUX

curxana uzHocuia je 1000 Hz.
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Cuumibenn nonanu obpahenu cy momohy Matna® codTBepcKor makera HaKOH
CHHMama, ¥ THME JIOBEJACHHU y OOJMK IMOroJaH 3a NOoTpede anropurama MalIMHCKOT
yuemwa. Pamum excrpaxoBawma anBenone EMIT curnana, OpuUrMHajdIHU CHUTHQJIM CY
UCTIpaB/bCHU M (PUATPUpPAHH HHCKOIpOmycHUM (uarpom yerBpror peaa (Butterworth,
fc=6Hz). Ilpumenom amrumutyxackor npara (threshold), nobujen je OuHapHM curHain
4uje BPEAHOCTH Tpe/ACTaBibajy crambe mumuha (1 — aktuBan mummh, 0 — HeaKTUBaH
muiuh). Mumuh ce cmMaTpao aKTUBHHUM YKOJHKO j€ BPEIHOCT aHBEJOINE Yy JaTOM

TpeHyTKy Beha on 20% MakcuMaaHe BpeJHOCTH CUTHajlA.

Penyknujom  ¢dpekBennuje omabupama EMIT  curmama (meuumanujom),
YUECTaHOCT OBUX CHrHaJa je cMameHa Ha 100 Hz, a 3atum je wu3BpIIcHa

CHHXPOHH3AIIH]ja ABa CUCTEMA.
Mawuncko yuerve.

dazu nnpepenTHH cucTeM Ha O6as3u agantuBHe Mpexe (ANFIS)

ANFIS mpexxe npeacraBibajy Haarpammy ¢a3u uHpepentHor cuctema CyreHo-
tuna. OH je OpoIIMpeH XUOPUIAHUM aJrOPUTMOM 32 y4YeHe KOJUM ce HIEHTH(PUKY]Y
napamerpu cuctema. OBakaB HEypaJIHO-aJ@TUBHM METOJ| Y4€lma MPAKTUYHO
Ipe/ICTaBba MpoLeaypy a3y MOJIEIOBaka KOJOM CEe CTHUE 3HAME O CKYITy ImojaTaka. Y
OKBHPY OBOI METO/a, pauyHajy ce mapamMeTpu (yHKIHja IPUMATHOCTU KOju (a3u
uH(pEepeHTHOM cucTeMy omoryhaBajy Manupame 3aJaThx [apoBa ylas3/u3ias.
XuOpuaHU aJlropuraM KOjUM C€ padyHajy napameTpu (yHKIUja NPHUIaTHOCTH
npecTaB/ba KOMOMHAIM]y ajiropuTMa Iponaraiuje yHas3aJl ¥ MeToJle HajMamuX

KBajIpara.

3a moTpebe MpeauKIMje BpPEMEHCKHUX CepHuja, KOPUCTHIM CMO IIO3HATe
BPEIHOCTH CHTHAJIA 10 BPEMEHCKOT TpeHyTKa t. Ya3Hu curaai 3a Mpexy GopMHpaH je
ManupambeM CEH30pCKHUX CHTHalla Tako Jla Cy C€ y CBaKOM OAOMPKY YJIa3HOT CUTHaja
HallUla TPU CEMIUIa CEH30PCKHUX CHTHajla: TpEeHyTHa BPEJHOCT U JBE INPETXOJHE
BpeaHocTH (koje nperxoze 3a 50 ms u 100 ms). Ha ocHOBY iaTor yia3HOT CHTHAJa, Ha
W3J1a3y U3 Mpexke ce 1o0uja crame Mulrha (aKTUBHO/HEAKTUBHO) Koje ce jaBsba 100 ms

Ol MOCMAaTpaHoOr TPCHYTKa.
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PeanuzoBanu ¢a3u MHPEPEHTHU CUCTEM CaAPXKAo je y ceOU JIBe TeHepaTn30BaHe
GyHKIMje MpUIagHOCTH Y 00IMKY 3BOHA (I10 jeIHY Ha CBaKOM yiasy), 64 ¢a3u mpaBuiia

u 484 mapamerpa.

Henuneapna ayroperpecuBHa HeypaiHa mpexka (NARX)

NARX Mpexe cy peKypeHTHE IMHAMHYKE MpPEXE Yy OKBUPY KOJUX ITOCTOJH
HEKOJIMKO CJI0jeBa ca 3aTBOPEHUM TeT/hama MOBPATHHUX crpera. Y o0n4ajeHo ce KOpUCTe
3a MOJICJIOBAkh¢ BPEMEHCKUX CepHja. YKOJIHMKO CE pean3yjy Yy MapalieiHOj CTPYKTYpH,
€CTHUMHUPAHU M3JIa3 MpPEXe ce MOBPATHOM crperoM Bpaha Ha ynase mpexe. OBe Mpexe
Ce MOTYy KOPUCTHTH TaKo Jla UM apXHTeKTypa Oyle cepHjcKO-TlapalieiHa, U Tajga ce
npaBu M3ia3 (TayHa BPEIHOCT CUTHAJIA YKOJHMKO je JocTymHa) Bpaha moBpaTHOM
CIIPEroM yMECTO €CTHMHPAHOT M3Ja3a. ¥ OBOM CIIyd4ajy, MPEeXy MOXKEMO IOCMaTpaTu
Kao HajjenHoctaBHH]y arukianuHy (feed forward) meypanHy Mpexy W TpeHHpaTH je
QITOPUTMOM TIpomaranuje yHas3ald, e(uKacHHje Hero OWJIO KOJUM TPEHUHIOM 3a

JAUHAMHUYKE MPCIKE.

VY cryauju je ynotpebsbeHa HeypaiHa Mpexa ca 10 HeypoHa y CKpHBCHOM
cinojy. Mpexa je TpeHHpaHa Yy CEpHjCKO-TApaJIeTHO] apXUTEKTYpH, IpoIaramujom
yHa3aa ca bajecoBoMm perynapusainujom. 3aTuM je BpaheHa y OpUTHHAIHY, apajeiHy

CTPYKTYpY, U KopuitheHa 3a UTepaTUBHY MIPEIUKIHI]Yy U3J1a3a.

O06e Mpexe Ccy Hajupe TpEeHUpPaHE W TECTHpPAHE MOoJalKuMa Ca WHAUBUIYATHUX
cybjexara. HakoH TpeHupama, Mpexa je TeCTUpaHa CUTHAJIMMA ca UCTOT Cy0jeKTa KOju

HUCY OMJIN TTOKa3aHU MPE)KHU TOKOM TPpCHHUHTA.

VY napyroj ¢a3u, ucnurusana je MoryhHocT reHepanuzanuje Mpexa. Mpexe cy

TPEHUpaHEe MoJIalliMa JeTHOT Cy0jeKTa, a TECTUPAmEM MO IalliMa IPYTOr.

Vkymnan 0poj kopumtheHuX yiiazHo-u3na3Hux naposa usHocuo je 3000, xoju cy
nojespeHu y ckynose of 1o 2000 mapoBa 3a Tperupame u 1000 mapoBa 3a Banuaanmjy.
VYna3Ho-u3na3Hu NapoBu ¢y 100WjeHH Ha OCHOBY HEKOJHMKO IMpojia3aka UCTOT cyDjekTa
3alaTOM TyTakoM. 3a mpeaBuhamkbe MUIIMNHE aKTUBHOCTH CBaKOT I0jeIMHAYHOT

Muirha mpaBjbeHa je 3ace0Ha Mpexa.

[Tepdopmance mpexa ynopeheHe cy Ha HCTOM CKYIy yJIa3HO-H3J1a3HUX MapoBa.
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Mpexe cy ynopehene ca cTaHOBHUIITA:

- MHHHMAIHOT Opoja CeH30pa MOTPEOHOT 3a TaYHYy MPEAUKIU]Y

- Tpemiaka y oapehuBamy TpeHyTaKa HACTYyMamkha aKTUBHOT/HEAKTUBHOT CTamba
murrha

- MoryhHOCTH reHepucama UTEpaTUBHUX MpenuKIrja y Tpajamy ox 10 S

- TeHepaiu3alyje Haj pa3InduTuM CyOjeKTHMa

Pesyararu

Ha cnukama 2.3 u 2.4 npukasan je uzna3 ¢a3u uH(EepeHTHOr cucTeMa Ha 0a3u
aJaniTUBHE MpeXe KOopuITheHOr 3a MpeIuKIUjy aKTUBHOCTM MUIIMha BacTyc
narepanuca (eKcTeH3opa KoieHa). Ha ropmem maHeny npukasaHo je nopeheme crama
mutnha (myHa 1uHHja) 10O0MjEHOT HAa OCHOBY IMoOcTaBJbeHOT npara Ha EMI curnane, u
npenuknuje poomjere ANFIS mpexxom. Ha nomem manenmy mpukazaHe Cy TpeEIIKe y
onpehuBamy KapaKTEPUCTUYHHX BPEMEHCKHMX TpeHyTaka u3Jla3He MUIIMhHE
aKTHBHOCTH. 3a CBa 4eTHpH Mumnha J0OMjeHU Cy CIMYHH PE3YyJITaTH, Ma Cy CPEIrbe

BPEIHOCTH I'pellaka, Kaja ce y3My y 003up CBU Cy0jeKTH, IpeAcTaB/beHe Ha CIuiu 2.7.

Kana je mpexa Banuaupana mojanuMa ca UCTOT CyOjeKTa, alld KopaluMa Koju
HUCY KOpHUIITNEHN TOKOM TIpoIeca TPEHUPakha, MPekKa je BPIIHiIa MPEIUKIN]y MAIHhHE
aKTUBHOCTH ca BeJWKOM TauyHomhy (ciauka 2.3). I'pemike y NpenuKIUju y ciaydajy
MpUKa3aHoTr Cy0jeKTa, 3a CBa YeTHpU Mulnha, 6miie cy Mame o S0 MS, a y omncery oj

16 ms mo 45 ms.
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Camnka 2.3 Pesynraru npenuknuje mumuhne akrusnocru mumuha Bacryc Jlatepanuc ANFIS

MPeKOM, Yy CJIy4ajy Kaja NoAany 3a TPEHUHT 1 TeCTHPame NOTHYY 0]l HCTOT cy0jeKTa

Mpexa je moJjjeIHaKO YCHEIIHO BPIIWIA U UTEPATHBHY MPEAUKIN]Y HAPETHUX

100 ms mummhHe aKTHBHOCTH TOKOM YHTABOT ITepHojia TecTupama o 10 S.

[MpwimkoM Bamuaanuje Mpeke MmoannuMa ca Apyrux cydjekara, Mpeka je TOKOM
nepuona oa 10 S nmaBana ucrpaBaH W3Jia3 HEKO Bpeme, o4 1 — 5 S y 3aBUCHOCTH O]1
mutrha. Hakon Tor mepuona, rpemike y oapehuBamy BpeMeHa MUITUNHUX aKTHBAIlHja

6u ce 3HauajHO noBehae, kao U Opoj JaKHUX JAeTeKluja (cinuka 2.4).
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Cauka 2.4 Pesyaratu npeguknuje mumunhne aktusnoctu mumuha Bacryc Jlatepamuc ANFIS
MPpekKOM, Y ciIydajy Kaja ce BaJuAauuja BpIIM MOJALMMA ca APYror cydjekra (Tect

resepajusanuje)

Ha cnukama 2.5 u 2.6 npukazanu cy pesynratu gooujenu Banuganujom NARX
Mpexe, Kajia Cy 3a TeCTUpame KOpHIIheHH MoJany ca MCTOT M Pa3In4uTor cyOjeKTa,
pectiektuBHO. Ilomamm 3a TecThpame HUCY KOpWIINEHHM paHHUje, TOKOM Ipoleca

TpEeHHpama.

Bamunanujom NARX mpeke moparuma ca ucTor cybjekra, qodujeHe cy Behe
rpemke y oapehuBamy BpEMEHCKMX TpeHyTaka akTuBamuja y oxHocy Ha ANFIS
Mpexy. Jlobujene rpemrke Ouie cy y omcery oa 22 ms qo 110 ms, 3a cBa 4 mumuha
(cmuka 2.5). Mpexa je BplImia YCHENIHY MNPeaukiujy Oyayhux BpeaHOCTH TOKOM

YUTaBOT IE€pHoaa TCCTUPAhA.
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Cauka 2.5 Pesyaratu npequknuje mumuhae akrusHoctu mumnunha Bactyc Jlatepamune NARX

MPEeXKOM, y cIydajy KaJga moAaly 3a TPEHUHT M TeCTUPamhe NOTHYY O/ MCTOT cy0jeKTa

Kana je Mpexa TecTupaHa mojaiuma ca Apyrux cyOjekara, mokasano ce Ja je
meHa MoryhHocT reHepanusanuje 0osba y omHocy Ha ANFIS (ciuka 2.6). Y oBom
CIIy4ajy, Tpelike y BpeMeHnMa MHUIIMNHUX aKkTUBaIja Ouse cy Hemro Behe, y orcery
on 32 ms go 140 ms. Mpexa je Ouna y cramwy na uuTaB mepuona onx 10 S Bpuim

UTEPATUBHY NMPEAUKIHI]Y 0€3 TaKHUX JETEKIH]a.

5 CTAHE MHLUHRA +==== [HHMLEHH EMIT = = = MPEJHELIHIA .GFKS.G_.K.E
¢

| 1 v =

= i 1 I I

= 1 1 I 1

= | [ ' i [ i I

5 H ! ! I! ! il " ! | 4
g “t 17Tt [ P oy :_;in [ oo, B N 5- SR ¥ b
I (R R S SR T
I A P DA PO, S5 Ll L Y AL

- o 1t 2z 3 4 5 & T & 8 10
=

=

5w 05k |
&=

g3 ©°

3 <

i -1 L g i L 1 ! L \ . 4
= o 1 2 3 4 5 [ 7 9 10

epeme [s]

Cuanka 2.6 Pesyararu npeaukuuje mumuhne akrusocrn mumunha Bacryc Jlatepaauc NARX
MpeKOM, Y CJIy4ajy KaJia ce BaJuJalnuja BpUId MoJAanuMa ca apyror cydjexra (Tect

reHepajusamnuje)
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Ha conmm 2.7 mpukasaHe cy cpelie BPEIHOCTH Tpeliaka mnpu oapehuBamy
TpeHyTaKka MUIIMNHUX aKTUBAIMja U3pauyyHAaTHX 32 YETHPH MOCMAaTpaHa MuIInha cBUX
cy0jekara, ca CTaHAAPIHOM JICBHjalldjoM. Y THUTamy Cy I'PEIIKe T00HjeHEe MPUITUKOM
TpeHHpama U TECTUPaka MperKa IMoJalliMa ca UCTOT CyOjeKTa. YTOPEAUIH CMO TPEIIKe
OPUIMKOM NpPEIUKIHMje TpeHyTaka MUIIMNHE aKTUBHOCTUM HemapeTuyHe (HO) u

napeTudHe (1) Hore.

onE
S
:Es 05
T ==
S g2 2 : ;
G0d o - T4
£35 il 1 i
o = * i i i mry
E[Eg o0y -
E‘g: + {' L] bl
w5 s x .5
= B
=T
R o il
E& Culy! Culy! -1 uly! =1 M -1 Culy! 41 1
a [7r] E (2] - [e] Farl o o
B : & F B 7 & s

Cauxa 2.7 Cpeame BpeIHOCTH Ipeliaka y BpeMeHny Mmumnhne aktuBanuje mumuha Hemaperuune

(Hm) U maperuyHe (1) HOre, U3paYyHaTe HA OCHOBY CMTHAJIa ca CBHX 5 cy0jexara

JMuckycuja

VY 0BOj cTynuju, yIOPEAWIN CMO JIB€ TEXHUKE MAIIMHCKOT yUeHha 32 Mallupame
CEH30PCKE penpe3eHTaIM]je X0a Ha MUIITMhHE akKTUBHOCTH MHUIIIMha MOKpeTavya KoJjeHa
u uwiaHka. Mako cy ob6e mpexe BplIMie yCHEHIHy NPeAUKIH]y MUIIMNHE aKTUBHOCTU
100 ms ynampen, MCIOCTAaBWIIO C€ Ja C€ OHE 3HATHO Pa3MKyjy y morieay Opoja
HEOINXOJHUX CEH30pa, Irpemiaka y ojpehuBamy BpEMEHCKUX TpeHyTaka MUIIMhHUX

aKTHBallN]ja, CTAOUIHOCTHU MPEAUKIUje U TeHepaTu3alju.

[Tpunukom oxapehuBama MUHUMATHOT Opoja ceH3opa MOTpeOHOTr 3a 100pYy
MPEANKIIN]Yy, TOCTaBJbeH je cieaehu KpuTepujym: wu3iIa3 Mpexe 3a omabpaHy
KOMOUWHAIIM]y CEH30pa, CM€ C€ Pa3IUKOBAaTH OJ ,,TAYHOT* M3j1a3a 3a HajBuiie S0MS, u
BehuHa nobujenux rpemaka (6ap 90%) mopa 6utu y oBom omcery. Ilokasano ce na y
cyuajy ANFIS texauke, MEHHMaIaH Opoj cer3opa m3Hoch 2. Kaga cMo mokymanm aa

Jajbe CMamUMO Opoj CeH30pa Ha jelaH, JOOWIM CMO TPEIIKEe MPEIUKIHM]je MUIIUNHOT
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ojpcer-a BaH omcera 3amaror kpurepujymoMmM. KomOuHammja KHpOCKOma |
aKienepoMeTpa MOCTaB/bEHUX Ha CTOMAJO Jlala je HajTaYHU]y NPEIUKIHjy, ald Cy U
KOMOUWHAIIMjE aKIeJIepOMeTpa ca cromnaja W OWIO KOT JPYror >KHpockoma Takobe
pammie noopo. NARX mpexa gama je CiIMYHe pe3ysiTare MPHIMKOM MPEIuKIHje ca
JemHOr WJIM JBa CEH30pa, NpU dYeMy je 3amoBobaBajyhm Opoj rpemaka OWo y
NPOINKCAHUM IpaHuama. [IpeuKirje Ha OCHOBY JKMPOCKOMA CTONala WM MOTKOJICHA
Cy Jajne 3anoBoJbaBajyhu pe3ynrar, JOK Cy MPEeIuKIUje caMO Ha OCHOBY jEIHOT

aklieJIepoMeTpa pe3yaToBaje 3Ha4ajHUM IpeliKkama.

Nako 3axTeBa Behu 6poj cenzopa, ANFIS mpexa Bpmu npenukiujy ca Behom
tayHomthy. Tectupana monmamuma ca HCTOT CyOjeKTa, Cpelma Tpelika MpeAuKIuje
MuIrhHe aKTUBHOCTH YeTHpY Muirha omia je y omncery o 20 ms go 32 ms, y cinydajy
muimrha HemapeTU4yHe HOore, W y omcery oa 26 ms mo 47 ms y ciydajy mummha
napetuyHe Hore (cnuka 2.7). I'pemke NARX Mpeke y HCTUM BadWAallMOHUM yCIOBHMA
cy 6uine Behe, ca cpenmbUM BpeAHOCTUMA rpetike o 28 mS 1o 40 ms, u ox 31 ms go 48

MS 3a mumuhe HeMapeTUYHe U MapeTHYHE HOTe, PECIIEKTHBHO (cinka 2.7).

CTaOWIHOCT TpEIUKIMje eBajlyHpaHa j€ Ha OCHOBY H3JIa3a MPEKE TOKOM
UTEepaTHBHE Npeauknuje mumuhHe akTuBHOCTH y Tpajamy ox 10 S. NARX mpexa je
Owina crabwiHMja, JOAylIe ca HemTo BehuM Trpemkama MpeauKIfje BpeMeHa
aktuBanuja. ANFIS mMpexa je Bpmmiaa mpeaukuujy BeoMa IpPeUu3HO, JAOK ToJl Cy
MuiuhHa crama Ouiia ciryHa jenHo apyrom. Hakon mpBe Behe Bapwujaiuje, 107a31I0
Ou 110 mojaBe JAXKHUX JETEKIMja, a TAYHOCT NpEAUKIHUje TpEeHyTaka aKTHBAlHje U

JeakTuBanyje Muirha Ou 3HadajHO Aerpaaupana (ciauka 2.4).

OBa uMBEHHUIIA JIOCTAa TOBOPM M O CHOCOOHOCTH TEeHEpalu3alfje Mpexa, C
o03upom na ce NARX mpexa Oosbe afanTupa Ha Bapujanyje MUIIMNHUX CTama, Ma je
caMHMM THM Yy CTamy Jla BPILIM MPEeIUKII]y Ha OCHOBY MOJ[aTaka OCTAIMX cy0jekaTa ca

TOTOBO UCTOM TauHoIIhy (ciuka 2.6).

Manupame curaia Ha MUIIUhe HeapeTHyHe U MUIIMhe mapeTH4He Hore, HUje
ce OuTHO paznukoBano (cmuka 2.7). I'pemike MpHIMKOM MamnMpama Ha Muinnhe
napeTuyHe Hore cy Ouie Hemro Behe, HajBepoBaTHMje ycien Behux Bapujanuja y

CIICKTPOMUOT] pa(bCKI/IM noganmyuMa CHUMJbCHHM Ha HapeTI/I‘-IHOj CTpaHHU.
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3ak/pyuak

[TopehemeM TexHUKA MAIIMHCKOT y4€a, JOILIM CMO JI0 3aKJbydka jga cy obe
MEeTOJIe MPUMEHJbUBE 3a ayTOMAaTCKO T'€HEpUCame MPaBUIia, U J1a CBaKa O] HHX HUMa
onpehene npeanoctu. To 3HauM 1a OM TEXHUKY MAIIMHCKOT y4ema Tpebano u3adparu y
3aBHCHOCTH O]l IIUJba KOJU €€ JKETHM MOCTHhU (HIIp. MUHUMAJaH XapJBep, MUHUMAaIHA

BpPEMEHCKa I'pellKa, UT/A.)

Pagu yHanpehema mnpukazaHor moOCTynmKa MOKyIIAIM CMO Jaa mpoHahemo
Haj00Jby Moryhy CEH30pCKY penpe3eHTaIjy Xo0/1a, Koja OM ce KOpUCTHIIA 32 TPEHUHT
HEYpaIHUX MpEeXKa M Pe3yJITOBala ONTHMATHOM 0a3oM 3Hama. Crtora je crpoBelcHa
JeTajbHa aHalM3a KUHEMATHYKUX M JUHAMHYKAX KapaKTEPUCTHKA JIOKOMOTOPHOT

CUCTeMa MalijeHaTa HAKOH MOXKJIaHOT yJapa, IpruKa3aHa y HapeIHUM ITOTJIaBJbUMa.
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3. CEH30PHU 3A IIPOLHEHY KPETABA ITIOI'OJHU 3A
ITPUMEHE Y PEXABUWINTALIMJU XOJJA

[Ipenm3HO Mepeme NPOCTOPHO-BPEMEHCKHX Iapamerapa JbYJICKOT XOaa je
U3y3€THO 3HAYajHO 3a IpOLEC pexadwInTalyje HAaKOH MOXIAHOT yaapa. AHaiu3a
CEH30PCKMX CHUTHajJa Mpyxka MOryhHOCT OO0jeKTHBHE, KBAaHTUTATHBHE €Ballyalldje
MoOTOpHE (yHKIHje, Kao u mpaheme pexaObWIMTAIMOHOT TOCTYIKa, OIeHY edekara
Tepanuje W KBaJUTETa ONOpaBKa. J[eTeKnMjoM KapakTepHCTHYHHX Aorahaja y OKBUDY
IUKJIyca XO/a, pealn3yje Ce CEH30PCKO TPHUIepoBame (YHKIMOHATHE EJIeKTPUYHE
cTuMynanuje. Y J0CaJallibUM CTyadjamMa, KOpuIIheHW Cy pa3iuduTH CEH30PCKU
cHUCTeMH Koju omoryhaBajy Mepeme KHHEMAaTHKe, KWHETHKE M TUHAMHKE JbYICKOT
xona. TpeHyTHo, HajupenHU3HUja Mepema ce Jo0ujajy moMohy ONTHYKUX cHCTeMa 3a
Mmepeme mokpera [114;115] koju ce 0OMYHO KOpHUCTE ymopeao ca ruargopmama 3a
Mmepeme cuite [116]. MehyTum, oBakBH CHCTEMH Cy BeOMa CKYITH, OOMYHO CE Hallase y
OKBHpPY CICIHjaIM30BaHUX J1abopaTtoprja W 3aXTEBajy KOMIMKOBaHY IMPOLEAYPY
IIOCTaBJbathba ONpEME U TMpolecHupama IojaTaka. 300r Tora cy HMHTCH3UBHH
UCTPAXMBAYKH HAIOPHU YJIOXKECHU Y pa3BOj HOCHUBHMX CEH30PCKHX CHUCTEMa, y KojuMma ce
Kao eleMeHTU Hajuemthe ymnoTrpebsbaBajy CEH30pH CHJIE, HMHEPLUHUjaTHU CEH30pH -
akrenepomerpu [117;118] u sxupockornu [119], marHeropesuctuBHH cenzopu [120-

122], pnexcubmmau rornomeTpu [123], u censopu 3a enekrpomuorpadujy [124].

[TocToju HEKONMMKO TpPEmyclioBa KOjU MOpajy OMTH 3a/l0BOJbEHU Jla OM ce
CEH30PCKH CHUCTEM MOTao KOPHUCTUTH y CBaKOJAHEBHO] KIMHHMYKO] mpakcu. OH mopa
ONTH ManuxX TUMEH3HWja, JlaraH, Ja He 3axTeBa KaluOpalnujy M Ja ce jeAHOCTaBHO
MOCTaB/ba M CKUjJa ca mamujeHta. [lorpedHo je mponahu u MuHHMManaH Opoj ceHzopa
KOJU Jaje Penpe3eHTATUBHY M PEnpoaynHOuiiHy HHQOpMalKM]y O XOAy, Ma je 3a Ty

CBpXY HOTpe6HO CHUMHUTHU XOI €a pa3JIMIYUTHM CCH30pUMa U OI[a6paTI/I HajHOFO):lHI/Ije.

Yy HapCJIHUM IIOTJIaBJbUMa ouhe YKpaTKO OIIMCaH! NMPHUHIUIIN pada Pa3INYUuTUX
BpCTa CCH30pa, BHBHUXOBC MNPCAHOCTH U MAHC, U TPCHYTHC IPHMCHC Y OKBUDPY

pexabunuranuje xoaa.
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Cenzopu cuiie

CeH30pu cuiie Cy CEH30pH KOjU C€ BEOMa YeCTO KOPHCTE 3a KapaKTepH3allHjy
Jpynckor xona. Ha mpBu morien, ®»UXOB 0nabup Jeiyje MOTIYHO JIOTUYHO, jep ce
JeTeKIMja KOHTaKTa HOre ca TOJIOTOM | ICHOT OJu3ama Off MOJJIOTE,
HajjeJHOCTaBHUjEe J00Mja CEH30pOM JUPEKTHO TIOCTaBJbEHHMM HAa  CTOIMAJO.
Kapakrepuie MX jeJHOCTABHOCT W3Ja3HOI CHUTHAJIa KOJU CE JIAKO MOXE CBECTH Ha
,on/off popmy. Uecro ce koprcTe 3a ecTHMAIM]y CHIa Peakildje MOIore, HEHTpa
NPUTUCKA U BPEMEHCKUX mMapamerapa xoaa [125;126], u jenHu cy oa mpBUX CEH30pa
yIOTPEeOJbCHUX 32 TPUIEPOBAKE CICKTPUUHE cTuMynanuje [127]. YV nanammme Bpeme,
CEH30pH CHJIE Cy CacTaBHU JIE0 BHIIE KOMEpUHUjaITHUX cucteMa Oazupanux Ha OEC-y,
mehy kojuma cy u Oncrok crumynarop [67], NESS L300 [128] u JyoCTHUM [129].
Mebhyrum, ymorpeba ceH3opa cuiie HOCH ca COOOM W HHM3 MPAKTHYHUX Mpodiiema:
NOCTaBJbakh¢ HUBOA TIpara 3a CBaKor cy0jeKTa MojeJMHaYHO, KpaTak Bek Tpajama [81] u
HenoBosbHY moy3maHocT [130;131]. Ha mnoy3maHOCT HajBHINE YTHUY: H3JIarame
KOHCTaHTHOM IPHUTHUCKY, JIOIIE IO3UIIUOHUPAKE, KAPAKTCPUCTUKE CpPEAMHE YHYTap
IUIIENIE - 3HO] U BJIara, Kao u crnenududHu oopaciy xoaa (HIp. HaljeHT By4ye HOTe JOK

X0J1a UJTU X0JIa Ha TIPCTUMA).
JletaspaH npuKa3 MpUHIIMIIA paja CeH30pa Cuile Jat je y mpuiory b.

Kao anTepHaruBa ceHzopuMma cuiie, yrmorpeOsbaBajy ce KHHEMaTHUKH CEH30pH,
KOjU c€ MOTy TIOCTaBHTH Ha pazlIMuMTe JEJOBe Tela cyOjexTa. tbuxoBa mpemHocT ce
oriena y MoryhHocTM Mepewma pa3iMuuTUX (U3MUKUX BeIMYMHA (HIp. YraoHOT
yOp3ama, yraoHe Op3uHe, Haruba, UT/.) MITO UX YHHU MOTOJAHHUM 3a JEeTeKIjy Beher
Opoja dasza xoma, a He caMO OCHOBHOI OfM3ama M CIyIITakba HOTE Ha MOJUIOTY.
MebhyTum, U3N1a3HU CUTHAJ ca OBUX CEH30pa jeé KOMIUICKCAaH U Y BEJIMKO] MEpPH BapHpa

ca MECTOM TIOCTaBJbakha, IITO 3aXTeBa MPOILIECHPakhe HAIPEAHUM anroputmumMa [132].

AKuesepoMeTpu

AKrienepoMeTap je BpCTa WHEPIMjaTHOT CEH30pa KOJu Mepu yOp3ame TyK

cBojux oca. Pax akmenepomerpa ce 0a3upa Ha Mepewmy CUjla MHEPIHje Koje Jeyjy Ha
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WHCTPYMEHT TOKOM KpeTama. Ha mHepiujanHy mMacy Koja je mpuyBpiiheHa 3a CUCTEM
MEXaHUYKe OIpyre Jelyje Chila MpOy3pOKOBaHAa OMIIO yOp3ameM IpH HOKpeTy, Omiio
rpaBUTaljoM. YOp3ame ce MEepH Ha OCHOBY IPOMEHE MecTa MHEpUHjalHe Mace Y
OJHOCY Ha pe(ePEHTHH IM0JI0XKa]j. AKIIETIEPOMETPH C€ YECTO KOPUCTE 3a JIETEKIHjy (a3a
mukiyca xoma [133], a mMajy ¥ BeIMKHM NOTCHLHMjaJl KAaO CEH30pU 3a KOHTPOJIY
¢yHKUMOHATHE  eneKTpuyHe cTuMynanuje. OcuM  yoOMYajeHOI  IOCTaBJbamba
aKIerepoMeTapa Ha HOTe UCIIMTaHUKa, pa)eHa Cy U NCIIMTHBAmba ca aKIeIepOMETpIMa
nocraB/beHMM Ha sehuma [131;134]. V oBoM ciydajy ce KOPHUCTH jeIHOCTaBHH]E
npoIecupame CUrHajla, a OCUM JIeTeKIje (haza Xo/1a MoCcToju U MOTYRHOCT TpEeHYTHOT
onpehuBama Op3une. [lopehemem akienepomMeTrapckor cucTeMa ca CeH30puMa CHIIe y
[135], mmcy mnpoHaljeHe CTATHCTHYKKA 3HA4YajHE pa3jidKe Yy MapaMeTpuMa Xoja
JIOo0MjeHHM ca oOBa JiBa CHCTeMa. AYTOpH Cy 3aKJby4WIM Jia C€ CHCTEM ca IeT
aKIerepoMeTapa MoXe KOPUCTUTH 32 TPOIEHY KBAIUTETA IIeMe X0a. AKIEIEePOMETPH
Kao JeTeKTopu (a3a OCIOHIA M 3amMaxa, y OKBUPY IMEPOHEATHOT CTHUMYJIATopa,
peanuzoBanu cy y [81]. [TocraBibameM ceH3opa u3Mel)y KolieHa U YiaHKa MCIHUTAHUKA,
Jo0MjeH je penpoayuuOHMiIaH CHUTHAI Ha OCHOBY KOra Cy KpOC-KOpEJIAlMOHHM
npopauyHuMa jaeTekToBaHe 3amate (aze. KopumhemeM pazaMuuTHX —TEXHHKA
MaIlmuHCKOr yuema [136], Ha OCHOBY akIEIEpPOMETapCKHX CHUTHAjla Cy YCIEIIHO
JNETeKTOBaHW 3HA4ajHU Jorahaju TOKOM IHMKIyca Xoaa. Y TEOPHjH, IBOCTPYKOM
MHTETPaIlijOM aKIIEeIePOMETapCKOT CUTHAIA MOXKE C€ U3payyHaTH M IPOMEHa MO3UIIHje
cermeHara. Mehytum, ykonuko yOp3ame HMje MO3HATO ca oxarosapajyhom TtauHourhy,
oBo he noBecTw A0 MojaBe OorpomMHoOr apudra y curHairy. Mory ce KOPUCTUTH Kao
WHKJIMHOMETPH KOJ TIOKpeTa 4YHje je yOp3ame 3aHeMap/bUBO Y OJHOCY Ha
rpaBUTAlMOHO yOp3ame [137;138]. AkuenepoMeTpu Cy Maild, PelaTHBHO jeTUHU H

TPOILIIE MaJio EHeprHje.

Kupockonu

JXupockon je ceH3op 3a Mepeme yraone Op3une. Hbero pan ce Gasupa Ha
mepeny Kopuomnncose cuie, koja je MpONOpHMOHAIHA yraoHO] Op3WHU poTaiuje y
potupajyhem pedepeHTHOM cucTeMmy. JleTekinjoM JIMHEeapHOT MoMepaja HacTalor Mo

nejctBoM KopuomnmcoBe cuie, U WHTETPAIMjOM KHUPOCKOIICKOT CHTHaja, J00Hja ce
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yraona Op3uHa. YraoHa Op3uHa ce Jjajbe MOXKE KOPUCTUTH 3a oapehuBame mpomMeHe y
OpHjeHTaluju KpeTama. MehytuMm, oapehuBame mpomMeHe OpHjeHTalje je OTEeXaHO
II0jaBOM HMHTErpaluoHOr IpudTa. Y H0CaJallllbM HCTPAXKHBAKBUMA JbYICKOT XO.a,
IpUMEHEHH Cy 3a KiIacu(uKalujy IOKpeTa MoMohly TEeXHHKa MAIIMHCKOT yYeHa
[139;140] xao u 3a nerexuujy dasza xoma [141;142]. ¥ npakcu ce 4ecTo JIONMymY]Y
aKIeIepoMeTpruMa y OKBUpY HHepIjaaHor MepHor ypehaja (MMY)[143;144].

Nuaxaunomerpu

WNuknuHomerpu Mepe yrao usmel)y MepHux oca u pedepeHTHOT BEKTOpa, (HIp.
BEKTOpa IrpaBUTAIIMOHE CHIIE). Y 3aBHCHOCTHU O] IPETBAPAYKOT €IIEMEHTa Pa3INKYjeMO
WHKIMHOMETpE Ha 0a3u TEYHOT MHEPIMjaJTHOT WM MAarHETOPE3UCTHUBHOI €JIEMEHTa, Ha
0a3u KJIaTHa WK cucTema onpyra. Y cryauju [121], npukasan je Metos 3a oapehuBame
yria y 3ri1000BHMa Ha OCHOBY MHKIMHOMeTapa. [lokasaHo je na je moryhe mpernusHo
U3MEPUTH YTao y 3100y wianka npu xoay. OBO je HApOUYHTO 3HAYAJHO 32 MPOLEHY
edekara Tepamuje, ¢ 003MpPOM Ja je KHHEMATHKa 3IJI000Ba jelaH Ojf OCHOBHUX
nokaszaresba ornopaBka xona [145]. MarneTope3uCTHBHH WHKIMHOMETAp YCICUIHO je
ynoTpeOJbeH U Y OKBUPY MHUHH]aTypPHOT CTUMYJIATOpa 3a KOPEKIHjy naaajyher cromnana
y [120]. Ctumynatopom je ynpaB/baHO Ha OCHOBY CHI'HAJIa aliCOJIyTHE YraoHE MPOMEHE
notkosieHa. [Tokazano ce 1a MHKIIMHOMETPH Y OBOM CIIy4ajy MOTY YCIEIIHO 3aMEHUTH
CeH30pe CHJie, Ja Cy JE€JHOCTaBHM 3a IOCTaB/balkbeé M Ja 3aXTeBajy MUHUMAIIHY
KanuOpauujy. YrpaamoM CEeH30pa y CTUMYJIATop, CMambeH je Opoj MoTpeOHUX KablioBa.
AyTOpH Cy HMCTakiii MOTYhHOCT ynpaBibamkba BHUIIEKAaHATHOM CTHUMYJALM]jOM, alld Y3
KOMIUIEKCHHU]Y 00paay CUTHajla, ynoTpedy MallMHCKOT yuermha WM KOMOMHOBAaHmEM ca
JOII HEKMM THIIOM CEH30pa paJu IOoCTU3ama poOycHMje KoHTpose. Jloma crpaHa
MHKJIMHOMETapa je 1y’ke BpeMe 0J31Ba y nopehemy ca ceH3opruMa cuie, 1 MoAI0KHOCT
apredakTmMa yOp3ama KOJU 3axTeBajy nojaTHO duntpupame. JlogaTHu mpobdiiem
NOCTOjU y CIlydajy MAarHeTOpEe3WCTUBHUX CEeH30pa: Oim3nHa (epoMarHeTCKuX
MaTepHjajia U eJeKTPOHCKE OlpeMe KOja TeHepHUIle MAarHeTCKa M0Jba PEMETH CTaTUUKO

MAard€THO I10JbC, a CAMUM TUM YTHYC U HA KBAJIUTCT MCPCHA OpI/IjCHTaI_[I/IjC.
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I'onnomerpu

3a pa3IMKy oA MHEpUWjaHUX CeH30pa, (UIEKCHOWIHN TOHHOMETap MEpH
npoMeHe (U3MYKOI CHUTHaja KOjU je MOCIeAMIa HACTAIMX YraoHUX IpoMeHa. Y
KJIMHUYKUM CTyJHjamMa JbYJCKOT MOKpeTa ce Hajuemhe KOPUCTH 32 MEpemhe pelaTUBHE
poranuje u3mely nBa cycemHa cermenra tena. [loctoju Buie Bpcta (prekcHOMITHUX
rOHHOMETapa: TOHHOMETPH OasWpaHu Ha MepHUM Tpakama [123;146], duaexcubunu
MEXaHUYKH, Ka0 M HOBHje BpcTe — WHAyKTHBHU [147] u ¢ubep omrumuxu [148]. YV
KJIMHUYKUM CTyAHMjaMa JbYACKOT X0jaa, Melhy mpBUMa Cy ymoTpeOsbeHH (IeKCHOMIHU
CJIEKTPOTOHUOMETPH 3aCHOBaHM Ha MepHUM Tpakama [149]. TpenytHo ce Benuku Opoj
BUX KOPUCTH W y cryaujama crajama [150;151]. Tonmomerpu 3a TpHUrepoBame
CTUMYJIAIFje MOCTAaB/beHU Ha KYKY, KOJCHY M WIAHKY CyOjeKTa, mpeioxkeHu ¢y y [94].
VY KOMOMHAIMju ca CEeH30pHMa CHJIE U aKIIeJIePOMETPOM Ha KyKy, TOHHOMETPH Cy Y
noTpeOJbeHH 332 AyTOMAaTHU30BaHO YIPABJbAE CTUMYJIANMJOM XOJa Maparierudapa
[152]. V okBupy cryauje Banuganuje diaekcubmwinnx ronnomerapa [153], mokazano je
na ce momohy WHX MOKe CTaOWIIHO, TNPENH3HO, TaYHO M TOHOBJBMBO MEPHTH
KWHEMaTHKa 3rJ000Ba TOKOM (DYHKIMOHAIHMX TUHAMUYKUX aKTHBHOCTH. Ha OCHOBY
Mepema XoJa 3ApaBUX HCIHTAaHHKA, 3aKJbYYEHO j€ Ja 10 Tpeliaka Ipu Mepemy
TOHHOMETpYMA Hajuemhe J0J1a3u MpU HCTOBPEMEHOM yraoHOM MOMEpamy 3riio0a y JABe
paziuuute paBHH (Crosstalk), koje je HapOUUTO M3paXKEHO y CIy4ajy 3rioda Kyka. 3aTo
j€ Heonxo/IHO 01a0paTH TOHUOMETpE MIPaBe BEIMUMHE U IOCTAaBUTH UX Ha oArosapajyhe
Mecto. [Ipunukom mocraBsbama, 0ca TOHHOMETpa C€ MOpa MOKJIONUTH IITO je Moryhe
BUIIIE ca OCOM caMmor 3riioba. Yak u mana oJCTynama MOTY HM3a3BaTH IpolieMe ca
tayHomthy Mepema. ['oHnOMeTpyu cy MexaHHUYKe Halpase, U Kao TakBe, uMajy Kpahu Bek
Tpajama M mpobieme ca noysganomhy. Benukux cy auMeHsuja, ma TEMKO MOTY OUTH

CacTaBHHM JI€0 HOCUBOT CUCTEMA U HUCY MOTO/IHU 32 UMIUIAHTALIN]Y.

KomOunanuje cenzopa

[Tocnenwux roxumHa, CBE je BHILE CTyIWja Yy KOjuMa ce€ KOMOMHOBAamEeM
pPa3NIMYATHX THUIIOBA CEH30pa BpIIM KOMIICH3AIMja FHUXOBUX TI0jeAMHAYHUX

HepocTtaTaka. Ha nmpumep, komObuHoBameM @CP ceHzopa ca KMNHEMaTHYKUM CEH30pOM
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[132] nobuhe ce Beha moy3maHOCT y pa3jMUUTHM ycloBMMa xona. Yecte cy u
KOMOMHAIIM]E aKIleIepoMeTapa U KHUPOCKOTA, KOje Cce y JTUTepaTypu OOMYHO HA3HBAjy
LaHepiujanauM MepauM ypehajem™ (MMY) (Inertial Measurement Unit, UMY) [154].
Cwmatpa ce na ce mH(popmalyja 0 OpUjEHTAIMjU CETMEHTa, J0O0MjeHa WHTETPAaIlHjoM
KHUPOCKOIICKOT CHTHAJIa, MOXE€ KOPUTOBAaTH MH(OPMAIMjOM O WHKIMHALUJU CETMEHTA,
nobujeHoM ca akienepomerpa [155]. TpoAMMEH3MOHAIHH CHCTEM HWHEPIIH]jaTHUX
CCH30pa 3a YIpPaBJbake JBOKAHATHOM CTUMYJIAIM]jOM MEPOHEATHOT HEpBa MPEIJIOKCH
je u Tectupan y [156]. Ha ocHoBy Mepema yOp3ama W yraoHe Op3uHE, YCIEIIHO CY
PEKOHCTPYHCAaHU OpjeHTAlMja U TOJIOKAj CTOMajia y MpPOCTOpy TOKOM (ase 3amaxa, Ha
OCHOBY 4era je Jajbe yNnpaB/baHO KaHaTuMa cTUMynanuje. TpoocHH akuenepoMeTap u

TPOOCHH MarHeToMeTap cy KoMOuHOBaHu y [157] paxu Mepema opujeHTalHje.

Knacrepu aknenepomerapa, MarHeTCKUX CE€H30pa, )KUPOCKOTa M MEPHUX Tpaka,
yrnotpebsbern ¢y y [133]. KomOuHOBameM IMMOMEHYTHX CEH30pa, YCICIIHO CYy
JeTeKToBaHe (haze Xo/a 37ApaBUX UCIUTAHMKA U oJpehuBaHu yrioBu ¢uiekcuje KojeHa
M KyKa, IITO UX YUHU MOTOJHUM 3a KOHTpoiay PEC-a y peanHoMm BpeMeHy, ajlu U 3a

IPOLIEHY ONOpaBKa.

EaexTpomuorpaguja

Enextpomuorpadguja je TeXHMKAa CHUMama U EBalyalldje eJIeKTPUYHE
aKTUBHOCTH KoOjy mpousBoje wmumuhu. OnHa omoryhaBa JeTeKIujy eIeKTPUYHUX
NOTEHIMjajla Koje TreHepuiny mumnhae henuje xajga ce eneKTpUYHO WM HEYPOJIOIIKH
aKkTUBUpajy. CHUMame eNeKTPOMHUOrpa)CKOr CUTHala MOXKE €€ W3BpIIUTH Homohy
MOBPIIMHCKUX WJIM WIJIEHUX €JIEeKTPOJa a caM CHHMaK IMpejcTaBiba anredapcku 30up
aKTUBHOCTH CBUX henuja Koje TeHepuIly MOTeHIHjan Ha MepHoM MecTy. Omadup Bpcre
€JIEKTPO/ia BPIIM C€ HAa OCHOBY HEKOJHMKO KpUTepHjyMa: cBpxe cHuMama EMI curnana,
aHaromMje Mumuha, aMcrep3Wje CcurHajga Kpo3 TKUBA, TOJEpaHLMje KOXe Ha
neHetpauujy urie. [Ipahemwe enekrpomuorpadcke akTMBHOCTH TOKOM Tepamuje Xoja
BaKHO j€ 3a eBajlyallfjy KBaJIUTETa X0/a nainyjenara. HuBon MummhHuX akTHUBanuja u
TPEHYLM aKTUBAlMje y OKBHUPY IHMKIyca XOJa Cy MapaMeTpu Ha OCHOBY KOJUX ce
KBaHTHTAaTUBHO ojnpehyje oxctymame oj 3apaBe meme xonxa [158]. EMIT curnamm
BPEMCHCKH Mpe/baue TeHepucamy Mulimhae cuiie u u3Bohemy nokpera [159], mro ux
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YMHA TOTOJHMM 3a JETEKLH]y HaMepe U YIpPaBJbalbe CIEKTPUYHOM CTHMYJIAIN]OM
[159-161]. ¥V Tom cnyyajy, y yhao3u Ouodugdeka, OHH MOTy jaa omoryhe, HE camo
yIIpaBJbamke CTUMYJIANNjoM, Beh 1 KopuroBame mapaMerapa CTUMYJIalnje Y 3aBUCHOCTH
on ¢usnukor crama cybjekra. Ctumynanuja koHTponucana EMIT curnanmmma mMa 3a
Wb J1a TIAIMjeHT Oy/ie aKTUBHO YKJbYUYEH Y IPOIIEC TPEHUPAbA, jep CTUMYJIAIje HeMa
JIOK TOJ C€ HE JOCTUTHY ojapeleHM HMBOM BOJPHMX MUMIMhHHX KOHTpakuuja. EMIT
CUTHAJIM Hemapann3oBaHuX Muimnha (pamMeHa W Tpyma) cy0Ojekarta ca KOMIUICTHOM
naparierijoM, KOpuinheHH Cy Kao yJda3HM CHTHAIHM Kiacuukaropa Oa3upaHOr Ha
HeypaiHum Mpexkama y [105;162]. ¥V okBupy PEC cuctema 3a KOHTPOILy €KCTEH3HjE
KOJICHA TIallMjeHaTa ca MOXKJIaHUM yaapoM peanusoBaHor y [163], mokaszaHo je aa je
Moryhe xao ympaipauku curHai kopuctutd EMIT akTuBHOCT cTUMynucaHor mummha
(mapuyjamHO TMapajaM30BaHOT EKCTEH30pa KojieHa). BosbHa MummmhHa akTUBHOCT
JCTMMUYHO Tlapainu3oBaHux mumrha xopumihena je y [164] 3a nerekuujy dase 3amaxa
Hore. Tpeba umatu y BUAY J1a Cy €IEKTPOMHOTPAQCKU CUTHAIN Y MHIUPEKTHO] BE3U ca
MHUIIMhHEM CcHJaMa M TO3HMILHUjOM KOjy T'€HEpHUIIe MOTOPHH CHCTEM, OATOBOpaH 3a
U3BpIIaBamke (GYHKIMOHATHHUX 3anaraka. JloOmjene pesynrare Tpeba MHTEPIPETUPATH
NaXJbUBO, U y ciy4ajy melhycoOHor mopehema nBa mummha, KOPHCTUTH HCKIBYYHBO
HOPMaJIM30BaHE BPEJAHOCTU. 3a YCHEIIHO CHUMAme eJEKTPOMHOrpadCKUX CHTHaja,
noTpeOHO je 1 MUHMMH30BaTH MOTYRHOCT 1OjaBe pa3nuiuTux apredakara. Ty cmangajy
apredakT Hamajama, MEXaHWYKH W CTUMYJIAIMOHH apTe(akTH, Ka0 U aKTUBHOCTH
OKOJHMX MuIIMha. MaHa enekTpoMHorpadCcKor NOCTyIKa je U 'y TOME ILITO €JIeKTPoJIe U
KaOJIOBM MOTY OMETaTH W3BOhEHme MOKpeTa TOKOM CHHMAama, W JAONPHUHETH CBECHOM
u3Bohewmy nokpera. CaMuM THUM, IOKPETU KOJU c€ CHUMa]y Hehe ociaukaTi yoOu4dajeHu

HAY1H KpCTamba naqu CHTa.

Pa3Boj cucrema 3a npoueHy cujie peakuuje moajore npu Xoay

IIperaen mocrojehux cucrema

Mepeme cuiie peakiiyje MoJJIore MocTaio jé He3aMEHJbUBU JIe0 KIMHUYKUX U
eKCHepUMEHTATHUX CTyaWja Koje aHauu3upajy JbyACKM Xoi. Hajraunmju cy
J1ab0paTOPHjCKU CUCTEMH KOju KoprcTe MepHe mardopme [165;166]. Ose miardopme

Cy pelaTHUBHO CKyle, TUMUYHUX JuMeH3uja 60 cm x 60 cm u yrpahyjy ce y mon

48



Jlaboparopuja 3a ucnUTHUBaKE XoAa. MepHe margopme, ca BEIMKOM TayHOIIhy,
KopucTehu MepHE Tpake, /1ajy Ha U3lla3uMa pe3yJITaHTHY CHITY, Pe3yJTaHTHH MOMEHAT
U TI0JIOKA] IICHTpPAa MPUTHCKA Yy OJHOCY Ha CTOMAJIO M TO CaMO Y jEITHOM KOpaKy.
HcToBpeMeHO, pa3BHjeHH Cy W MEPHH CHUCTEMH KOjJU Jajy BPEMEHCKY pacrojeiy
KOHTaKara ctomnaia ca nojjorom [167;168]. [Ipumena MepHHX MpeTBapaya KOjH Cy y
[UIENTA j€ TOKYyIIaj Ja Ce MPOIECHE CUJIe peakluje MoAIore (CIMYHO MEpPHUM

maTdopmama) Mpyu HOPMAJTHOM X0y (He caMo jefaH KOpaK).

Pa3Boj TexHomOrMja KOj€ KOPHCTE€ TAaKO3BaHy “‘CEHIBHY CTPYKTYypy ca
MUE30PE3UCTUBHUM, TUE30€IEKTPUYHUM U KalallUTUBHUM IIpeTBapayrmMa je oMoryhuo
Mepeme IpU KOME ce IpeTBapauu CTaBshajy usMmely cromana u nunene. C 063upoM Ha
HHUCKY IIEHY W jeTHOCTaBHOCT IOCTaBJhakhba OBAKBUX CEH30pa, HHXOBAa ymorpeda je
ompaBgaHa W Moryha, y3 NpeTXOJHY BalUJalH]y W IO3HABAaWkE BEIMYMHA MOTryhux

OACTYyIlakba.

I[TocToje nBe BpcTe ceHzopa KOju ¢y JOBEACHH O KOMepLujamHor oonuka. Jenan
KOHIIENT j€ CEH30PCKH CHUCTEM KOjH YKJbydyje MamH OpOj AUCKPETHUX CEH30pa, JOK
npyru uHTerpumie Behm Opoj cenzopa y ob6mmky marpure. CucTeMH ca MaTpULIOM
CeH3opa Mory ummard (opMy yJIOIIKAa 3a IMIENy WIM TPAKe 3a XOJame U IPYKajy
KOMIUIETHY CJIMKY O AMCTPUOYLHMjU TPUTHCKA M BEPTUKAIHE CHJIE MO IOBPLIMHU
cronana. /lerasbHe uH(OpMaIje 0 OBUM KOMEPLMjAIHUM CUCTEMHMa ce Mory Hahu y
npwiory B kao u Ha BeO cTpanama komnanuja Tekscan Inc, Bocton, CAJl [169], Novel

gmbh, Munxen, Hemauka [170] u Paromed Medizintechnik GmbH [171].

[IpenHoCT ceH30pa MHTEIPUCAHUX Y YJIOXKAaK 3a LMIENTy jé y TOME IUTO He
OMETajy XOJI HUTHU HapyllaBajy MPHUPOIHE TOKpeTe Mpu xoay. To HHUje ciaydaj ca
wiatpopmMama, KOJ KOJUX HalMjeHT MMa 3aJaTak Ja y oJapeheHOM TpPEeHYTKY y TOKY
X0Jla MO TOJUI03U CTaHe Ha miuatdopmMy, NMpH YeMy KOHIIEHTpalMja Ha OBaj 3aJaTak
MOJKE JOBECTH JO0 U3MEHmEeHe, HenpupoaHe meme xonaa. CeH30pCcKH  YIOMIIH
omoryhaBajy npaheme Hajpa3IMuYUTHjUX aKTUBHOCTH, HIIP. IJieca U 0aBJbema CIIOPTOM,
0€3 MKaKBHX OrpaHHuYema. YecTo ce KOpUCTe U 3a MPOjeKToBame opTomneacke odyhe u

y pa3Bojy opTo3a.
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VY nopehemy ca miarpopmama 3a Mepeme MPUTHUCKA, CUCTEMH KOjU C€ HOCE Y
IUIETN MMajy HEKOJMKO HEJOoCTaTaka. Yciel OrpaHudeHor Opoja ceH3opa Koju ce
MOTY UHTETPUCATH y YIIOKaK, PE30JIyIIHja OBUX CHCTEMA j€ 3HATHO Mama O]l PE30JIyIIHje
MepHUX TIaTHOPMHU. YIIOUIHU CYy TOJIOKHUJU MEXaHWMYKUM KBAapOBHUMA, HAPOUYUTO Ha
MecTy u3Jlacka KoHekropa w3 munene [172]. KontunyanHo onrtepehmnBame ceH3opa
YHyTap LUIENe Yy CpPeauHH KOja je TOIUIa M BJIaKHA, MOXE JOBECTH 10 omTehema
MOjeJMHAYHMX CEH30pa W YTHUIATH Ha IMOY3JaHOCT M BadUAHOCT Mepema [173]. YV
3aBHCHOCTH OJI MaTrepujaja oOJi KOI je HampaBJbEeH, jaBJbajy ce mpoljemMu ca
XHCTEPE3rCOM, MOHOBJbUBOMLINY U TauHotthy [174;175]. YecTo je nmpucyTaH u mpoodiem
criopor BpeMeHckor oarosopa [175]. Takohe, BaxxHO je UMaTu y BUAY Ja YJIOLIIU 3a
IUIIeNTy 3alpaBO MEpPe HOPMAIIHY CHITY. YCIe] MO3MIMje CEH30PCKOT YIIOIIKAa YHYyTap
IUIIENIC Y OJHOCY Ha IMOJJIOTY, MEpPEHha Ha MOYETKY M Ha Kpajy HHUKIyca X0/a He Jajy

npaBe BPEIHOCTH BepTuKaiHe cuie [172].

Yaoxkak 3a nunesy ca HHTEIPUCAHUM CEH30pPUMA CHIIe HITEKH“

CucreMu y KOjuMa je UCIIUTHBAYY OCTaBJBEHO J1a caM ToctaBu auckperHe OCP
censope [176] HuCy HajmOroaHHUjU, HAPOUUTO Y CIy4ajy CHAMAama MaTOJOMIKOT XOJa.
Hanme, camo mocraBipame CEH30pa 3aXTeBa BpEMeE, a PE3yJTaTH MEpema y BEIUKO]

MCPH 3aBUCC OJf HAYMHA U MECTA ITIOCTABKC CCH30pa Ha CTOIIAJIO.

OBa unmeHMIIA je YCIOBMJIA pa3Boj CHCTeMa KOjU C€ jJeJHOCTABHO IOCTaBJba Y
LUIIENTY U UCTOBpeMEHO omoryhaBa n300p BeIMYMHE U MOJI0XKaja IpeTBapada y OJAHOCY

Ha CTOoIIaJIo.

Y 0BOM LMJBY je pa3BHjE€H METO] MpaBJbeHa YIOIIKA 3a IMIETY Ha KOME ce
HaJla3W MTaMIaHa MPOBOJHA pemieTkacta crpykrypa (cimka 3.1). dopma ymomka je

TakKBa Ja OMOFYHaBa MOCTAaBJbaKkC PA3JIMUYUTUX BCINMYHHA CECH30Pa U BapUpamkEe BbUXOBOT

? Pa3upaHo Ha paJOBHUMA:

I. Milovanovic, N. Malesevic, and D. B. Popovic, "Evaluacija sistema za merenje sile
reakcije podloge,”, In: Proc of the 52nd ETRAN Conference, 8-12 June 2008, Palic, Serbia

M. Djuric-Jovicic, I. Milovanovic, N. Jovicic, S. Radovanovic, ,,Gait analysis: BUDA vs.
GaitRite*, In: Proc of the 53rd ETRAN Conference, 15-18 June 2009, Vrnjacka Banja, Serbia.
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nonoxaja [177]. IlpomeHoM BenuyMHE H OOJUKA MHE30PE3UCTUBHUX IUIOYHUIIA
MOJIENIUPajy Cy OICE3U MPOMEHE OTHOPHOCTH ceH3opa. Ilonoxkaj ceHzopa Ha YIOIIKY
onpeheH je Tako Ja pEerucTpyje CUily peakidje Ha MeCTHUMa Iajia, MeTaTap3aiHe

obsactu u nete. Y 1ajbeM TEKCTY, TIOMEHYTH CUCTeM Ha3zBaym cMo “Ileku”.

Peanm3oBaHe cy jBe KOH(UTrypammje: ca TpU M ca IMeT ceH3opa cuie (JieBa u
necHa ctpaHa ciuke 3.1, pecriektuBHO). KoHurypamuje ce pa3iukyjy y MeraTap3aiHoj
obnactu. Kondurypamuja ca Tpu ceH30pa perucTpyje mpuTUCaK U3 OUII0 KOT Jielia OB
00JIaCTH U HaMECHA je CUCTeMUMa ca (DYHKIIMOHAIHOM €JIEKTPUYHOM CTUMYJIALIN]OM,
I7Ie j€ BaXKHO JETEKTOBATH onpeheHe morahaje yrpkoc maToJIOTHjU Xoaa. 3axBasbyjyhu
HIMPOKO] MeTarap3anHoj obijactu, forahaj onusama/cryliTamka OBOT Jella CTolana,
Ouhe neTeKTOBaH yBEK, YIPKOC X0y Ha CIOJbAIH0] WM YHYTPAIIkhOj CTPaHU CTONAIa.
Kondurypammja ca mer ceHzopa y MeTaTap3allHOj 30HH PETHCTPYyje TPU 3aceOHE
nonobnactu. HamemeHa je KIIMHUYKUM HCTIUTUBAakUMA Koja y ce0e YKIbYUy]y aHalnu3y
U eBallyalyjy Xoia. Y 3aBHUCHOCTH OJI MeCTa Ha KOjUMa C€ pPErucTpyje cuwia y
onpehenum TpeHynuMa, 100Mja ce Mpenu3Hja CIMKa TUCTPUOYIH]je TPUTHCKA a CAMUM

TUM U JICBHjaIlH]ja Y XOIY.

Caunka 3.1 lllemarcku npuka3s yiaomka 3a nunedy ,IIEKU“ . Kongurypamnuja ca Tpu censopa

(1eB0), KOH(pUrypanuja ca meT ceH3opa (IecHo).
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Cucrem je mpe yBohewa y KIMHHYKY YNOTpeOy TECTHpaH, NMpH 4YeMy je
eBaJlypaHa TayHOCT jaerekiuje ¢dasa xoxa [178]. ¥V crynuju cy nopehenu pesynratu
IpUMEHE OBOT MEPHOT CHCTEMa Ca KOHBEHIIMOHAIHHUM, Y MPAaKCH 4eCTO KOpUITheHHM
npeTBapaurMa cuiie y HaroH [176]. IIperBapauun cy mocraB/beHH Ha MCTa MEpHA MECTa
Ka0 W TMpeTBapayd TECTHPAHOI MEpPHOT CUCTeMa. AHaIM3HpaHe Cy pasjiuke y
BPEMEHCKOM OJ3UBY Kao M Mel)ycoOHa oncTymama CHUTHaja M3pakeHa y MpPOICHTUMA

AMIIIMTYOC.

JlobujeHn pesynraT Mepema MoKa3alld Cy Ja Ce MPEMJIOKEHU CHCTEM MOXKE
KOPHUCTUTHU Kao aJeKBaTHa 3aMeHa 3a Beh mocrojehu censopcku cucreM. Mako HuCMO
O y cramy Ja MPOLEHHMO TAa4HOCT CaMOr CHCTEMa, IMOHOBJBUBOCT MEPEHUX

pe3yinrara je Ouia Beoma a00pa.

VYuanpehena Bep3uja MOMEHYTOT CEH30PCKOT CUCTEMa, ITOCTAJIa j€ CACTABHU JICO
NPEHOCHUBOT OSKUYHOT cucTema 3a anainmu3y xoaa, (BUDA cuctem, ciuka 3.2) [179]. V
CTYIUjU Y K0jOj je U3BpILEHO Mopeheme Halller cucTeMa ca KOMEPIHjalHUM CHCTEMOM

GaitRite [180], moka3aHo je Ia ce BPEMEHCKH MapaMEeTpH OBHUX CHCTEMa BPJIO Majo

pa3IuKyjy.

Cauxka 3.2 [Ipnka3 kopunrheHe HHCTpyMeHTaNuje
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HcnutuBame je 00yXBaTWJIO MET 3/paBuX cy0jekara KOju Cy ca CEH30PCKHM
yJomiuma y numnesiama xonanu no GaitRite cucremy. Ha oBaj HauuH cy nojanu ca asa
cucTeMa mapajieiaHo MpukynbeHu u ynopehenu. I[uesopesuctuBue miounne Ha [IEKU
VIIOIIKY 3a IHIeTy cy Omie pacniopeleHe Tako 1a CHUMajy CHITy peakidje Moajiore Ha
4eTUpU MecCTa: Ha IMpBoj, Tpehoj W meToj Mmerarap3aidHoj KocTH u metd. Osa
KoHpurypamnuja je camo jenna ox moryhux. BYJIA cucrem 103BOJbaBa UCTOBPEMEHO
CHHMame 8 KaHalla CHJIE PEaKIrje MOJIore, KOjU ce MOTY KOH(PUTYpUCATH TI0 KeJbH. Y
tabenu 3.1 je maT ymopemHM Tperiie] CBUX IMapaMerapa MEPEHHX y OKBUPY CTYIHje.
[TpocTopHu mapaMeTpu HUCY U3padyHaTH, Beh je u3BplIeHa BUXOBA €CTUMAIIN]ja, U OHH
cy y tabenmu o3HaueHu ca *** Takohe, Heke oj mapamerapa HUje Owino Moryhe
OJIPETUTH HAa OCHOBY KOPHITNEHOT CEH30PCKOT CKJIONA, U OHU Cy Yy Ta0eJIM 03HAUCHH Ca

X.

['pemike npu oapehuBamy BpeMeHckux mapamerapa [IEKU cucremom ynasze y
orncer on 10%. OBa rpemka Ou Moryia OUTH penykoBaHa, ogabuUpoM Jpyrauuje
KOH(HTypannje CeH30PCKUX M0Jba. Y KIbYUNBAKEM CEH30PCKOT KaHala Ha MECTy Haa,
noBehaBa ce TauHOCT neTeknuje ¢a3a 3amaxa u ocioHna. Jlooujena cy 30-40 ms myxa
Tpajama (¢a3e OCJIOHIA, IITO je YIPaBO BEIUYMHA pa3lIMKe Mepema yrnopeheHux
cuctema. Mehytum, ykonuko Opoj KaHalla Kao y OBOM CIIy4ajy, orpaHrM4aBa Opoj mosba
KOJU c€ MOXe 0/1a0paTH, IIOCTaBJba Ce MUTAE Ja JIU je Beha TaYHOCT BasKHH]a OJ1 IPYTe
BpcTe MH(pOpMaIja Koje ce TOM MpHIMKOM Moxnaa ryde. HapaBHo, cBe 3aBHCH Of
KOHKpPETHE MPUMEHE CEH30pCKOr cucteMa. Ha OCHOBY Haller MCKycTBa ca cyOjeKTHMa
o0oJneluM 0]l MOKIAHOT ynapa, KOJA KOJUX je Yy BEIMKO] MEpHU INPHCYTaH XOJ Ha
YHYTPAIIH0] WIIH CIIOJhAIIH0j CTPAHH CTOMAIIA, IOKPHBEHOCT KOMIUIETHE MeTaTap3aiHe
30HE je 0J BelWKOr 3Hayaja. Mmak, cmaTpamo ma Ou 3a xiuHMuke npumene [TEKU

CUCTEeMa TaYHOCT 0] OKO 95% (paznuke mame on S0MS) 6una ajekBaTHa.

Tabena 3.1 Ilopehewe n31a3Hux mapamerapa cucrema ,,bYJIA“ u ,,GateRite“ na ocHoBy cecuje

NojeMHAYHOT cy0jexTa

Gait Rite BYJIA cuctem I'perka
OIIMC ITAPAMETPA Vikymao\lesa Ilecua VYymuo\Jlesa Jlecna Jlesa [%)] Jlecna [%]
Bpoj xopaxa 7 7 0
Bpewme kperama (cek) 4.3 4.322 -0.51163
Bp3uHa (um/cex)*** 113.7 108.9 4.221636
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HopmanusoBana  Op3una
97.7 89 8.904811
(m/cex)***
Kanenna (bpoj mmxiyca
Epo) Y 1.17 121 3.42
xoalcek)
DAL 100 X X
Bpeme Ttpajama Kopaka
0.615 0.614 0.62 0.613 -0.81301 0.162866
(cek)
yxuHa Kopaka (1m)*** 68.931 71.087 57.66 89.55 16.35113 -25.9724
WHA  KOpaka/ayXKuHa
Ay P Y 0.71 0.73 0.594 0.923 16.33803 -26.4384
ucre Hore***
Tpajame umkiayca xona
1.218 1.218 1.22 1.231 -0.1642 -1.06732
(cek)
JyxuHa nmukiyca xoza
140.664 139.175 147.9 124 -5.14417 10.9035
()%
Ilupuna ©Oa3e ocioHLA
6.333 7.027 X X X X
(™)
Tpajame a3e 3amaxa (cex) 0.476 0.459 0.49 0.466 -2.94118 -1.52505
Tpajame (¢aze ocioHIa
0.742 0.759 0.745 0.766 -0.40431 -0.92227
(cex)
Tpajame jeaHOOCIOHAYKE
0.459 0.476 0.466 0.49 -1.52505 -2.94118
(asze (cex)
Tpajabe  ABOOCIOHAYKE
0.283 0.272 0.275 0.272 2.826855 0
(asze (cex)
®a3a 3amaxa (% LX) 39.1 37.7 40.16 37.86 -2.711 -0.4244
®a3a oconna (% 11X) 60.9 62.3 61.07 62.22 -0.27915 0.128411
Jennoocnonauka ¢asza (%
37.7 39.1 38.2 39.8 -1.32626 -1.79028
x)
JlBoocnonauka ¢asza (%
23.2 22.3 22.54 221 2.844828 0.896861
X)
Tonoxaj manma y omHOCy
Ha mpaBarg KpeTamba 9 18.3 X X X X
(cTemnen)
Bbp3una nwmkmyca  xoma
115.553 114.405 121.23 106.73 -4.9129 6.7
(11M/cek)
Jyxuna crorana (M) 29 29.2
Hlupuna cromana (1m) 10.3 10.7 X X X X

Tectupanu CEH30pPCKM CHCTEM je TMOy3/aH M NpPaKTU4YaH jep je HEroBo
MOCTaBJbakhb€ BEOMA jJETHOCTABHO M HM3UCKYyje 3HATHO Mame BpEeMEHa Yy OJHOCY Ha

nocrapibame qUckpeTHUX OCP ceHzopa, cBakor moHaocooO.

Kazna roBopumo 0 HepocTanmma OBOI CHUCTEMa, Ty CBAKako crazajy MoryhHocT

caBHMjama yJolIKa yHyTap o0yhe Kao U KpTOCT U JIOMJbHBOCT CEH30pa.
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CaBujame yJoIKa MOXKe JI0BECTH J0 MOTPEIIHOT TO3UIIMOHUPamha CEH30pa CUjle
Ha CTOMAJy W TaKo IMPOY3POKOBATH TpEIIKE MEpema, TE€ je IMpe CBera HEOIXOJHO
omabpaTu ynokak oaroBapajyhe Benmnuune. I'pernike Mepema Koje 0BaKO HACTajy HITaK
Cy 3aHEMapJbUBO MaJie y OJHOCY Ha TPEUIKE y TO3UIIMOHUPAKY ITUCKPETHUX CEH30pa

CHJIC KOJH C€ JIeTIe Ha YJIOXKaK WM CTOIAJIO0 Ha MECTa KOja c€ YNHE HajIIOTOTHH]UM.

YobuuajeHu mpodiaemM KPTOCTH U JiombuBocTH KoMeprujaraux ®CP cenzopa 3a
caza HUje npeBasuleH HU KopuithemeM yromka. [locne oapehenor O6poja yzacTomHux
NOHAaBJbamka, NMPU KOjUMa J0ia3u 10 BehMx caBHjama IJIAaCTUKE, JEIIaBa ce Ja Ha
MectuMma mperuba jgohe g0 mymama mrTammaHux —KoHTakata. Kopumhemem
dbnexcuOunHUje IUTACTUKE 3a U3paay yIollka oBaj mnpobieM Ou Morao Outu

npeBasul)eH.
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4. AHAJIM3A KHHEMATHYKHX ITAPAMETAPA XOJIA®

[Tomarana 3a xonmame Koja TpYkKajy MOTHOPY Tely W Ha oapeheHHM HauuH
MOJICTUYY Pa3Boj 3/IpaBe MIeMe X0/, Y JOCAJAllkh0j KHHUYKO] IPAKCH Cy ce MoKa3aia
BEOMa KOpUCHHM. MelhyTum, yrnpkoc HBHUXOBO] AOCTYMHOCTH M IIMPOKO) YHOTPEOH,
HEMa JIOBOJbHO MCTPAKUBAYKKX JO0Ka3a KOjU OW MOTBPIWIIA WINA ONOBPTHYJIA HUXOBY
eukacHOCT. MeTa aHanM3e yKa3yjy Ha TO Ja je 100HjeHO 000JbIIake U3Y3ETHO MaJIo

y OJTHOCY Ha I000JbIlakbe JOOUjEeHO TpaJuinoHaIHOM Tepanujom [181-185].

Y OKBUpPY KIMHHYKE CTyIHWje pexaOWiuTaldje Xojaa, paad yTBphHBama
e(pUKaCHOCTH MOTOpH30BaHe Xojaiumie, y WHctuTyry 3a pexadbwmranujy ,,Jp
Mupocnas 3otoBuh®, CHUMaHa je KMHEMaTHKa W MHIIUNHA aKTUBHOCT Y TOKY XOJa
aKyTHUX M XPOHHYHMX MalMjeHaTa HAKOH MOIaHOr ynapa. Xomanwuma ,,Walkaround*
(cmuka 4.1) nonpuHocH OanaHCy W J1aje OpHjeHTAIN]y TOPHEM ey Tela, a 00e30ehyje
KpeTame mnperxoaHo omgadbpanom OpsuHom (0.1-1 m/s). Takohe, ona enuMuHMIIE
notpely 3a KopuihemeM pyKy 3a ocliambame, ClipeuaBa MajoBe Y TOKY TPSHHHTa X0/
u omoryhaBa ayxe Tpajame Tpenunra [186]. Xomamuia ce Moke KOPUCTUTH Kao
camocraian ypehaj mpu TPEeHUHTY XOJa, all Cce MOX€ KOMOWHOBAaTH M Ca JPYTrUM
ACHCTUBHUM CHCTEeMHMMa (€r3ocKelneTMMa WIH  (DYHKIMOHAIHOM  EIeKTPHYHOM

CTUMYJIAIHjOM).

% Anmarrrupaso u3 paga: I. Milovanovié, D.B. Popovié, ,.Principal Component Analtysis of gait
kinematics data in acute and chronic stroke patients.“, Comput Math Methods Med, vol. 2012, Article ID
649743, 8 pages, 2012. doi: 10.1155/2012/649743.
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Cauka 4.1 ITauujeHT y MOTOPU30BaHOj Xoa1uIH ,, Walkaround*

use cryauje je OO MCIUTATH JIa JIM U Ha KOJH HAYWH, XOJJAJIMIIA YTUYE Ha XOJ]
nanyjeHaTa oBe JBE TPYyIe, jep Ce MO JOoCaJalllbuM Ca3HAakbHUMa, TOKOBH HUXOBOT
OMOpaBKa 3HA4ajHO pa3nuKyjy. buno je HeomnxogHo mponahu onromapajyhe mepe,
KOjUMa ce MOry IOKa3aTH pa3IMYUTH MEXaHW3MHU ONOpaBKa OBUX Ipyla M YTBPAMTHU

TavyaH eekar Tepamuje.
Meton

Cy0jexTn
VY 0B0j paHIOMH30BaHO] KIMHUYKO] CTYUJU ydecTBOBaja cy 32 cy0jexTa. YKYIHO

27 je ogabpaHO HA OCHOBY yJIa3HOT KPUTEPH]jyMa:

1. TpBH U jenuHH OLIOT,

2. aKyTHa WJIM XpOHUYHA (a3a XeMHILIETH]e,

3. cnaboct jenHe cTpaHe Tena,

4. cnocoOHOCT Xo/ama TyKHHOM o HajMame 10 MeTapa ca wiau 0e3 acCHCTUBHOT
ypebhaja/moapike Tepamneyra,

5. KOTHUTHBHA CIIOCOOHOCT pahema HHCTPYKITH]a.

Cy0jexTu cy 3aTUM MOJIeJbEHH Y JIBE TPYIIE:
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- XpoHuyHa (BHIIE 0] 6 MecelH HakoH 1uiora): 16 cybjekara
- akytHa: 11 cyOjekara ykymHo, 4 y akyTHOj ¢a3u (Mame o1 6 Hemesba
HaKOH 1uIora) u 7 y cybakytHoj ¢a3u (o1 6 Henespa 10 6 Meceln HaKOH

MOKJQHOT yJapa)

Kapakrepuctuke cydjekaTa npukaszane cy y tademnn 4.1.

Tabena 4.1 OcHoBHe KapaKTepHCTHKe MaNHjeHATa yYeCHUKA CTyAHje

XponnuHa rpymna (XI') AxyTtHa rpyna (Al')
16 cyOjekara 11 cy6Gjexara
Cp.epennoct=C/l | Mun/Makc | Cp.epeanoct+CJ] | Mun/Makc

Crapocr (roauHe) 63.2+6.9 44/66 65.5+7.8 42/69
Bpeme HakoH nutora (Mecenu) 39.9+27.9 12/84 3+1.7 1/6
Dyrin-MajepoB HHAEKC 22.50+4.5 15/30 21.67+5.33 12/30
Beproga ckana 6ananca 36.17+4.83 28/44 31.83+6.22 21/41
DyHKIMOHAIHY TECT KPeTarbha 2.28+0.78 2/3 2.05+0.56 1/3
Bucuna (m) 171.3+5.4 165/179 168+7.1 159/176
Texuna (kr) 68.1x12.0 64/82 71.3£12.5 61/80
Ton (>keHCKU/MYIIKHN) 7/9 417
Iorolena crpana (yeBa/mecHa) 10/6 8/3

[Tomaum cHUMIBEHHM ca TEeT 3/IpaBHX cyOjekaTa (mpocek rojguHa 62+3) npu xoxy
manuMm Op3uHama (v=0.4 no 0.6 m/s), kopumhenu cy paau mnopehema. 3apaBu
VCIUTAHUIIM HUCY MMAaJIM HEYPOJIOIIKUX HUTU OpPTOINENCKUX Ipobiema. CBU cyOjeKTH
Cy MOTHHUCATH MH(OPMHCAHY CarJacHOCT HAKOH LITO Cy JETaJbHO YIO3HATH Ca IUJBEM

CTy,Z[I/IjC U BCHUM IIPOTOKOJIMMA.

HNucTpymenTanuja

3a cHUMamke KMHEMaTHMYKUX CHUTHaja KOpHUIINEH je MPEHOCHBH BHILIECEH30PCKH
cucTeM 3a aHanmu3y xoja (cmuka 4.2). Y ocHOBH OBOT cucTeMa je ypehaj 3a akBU3HIIN]y
CHTHaJIa KOjH ca yJlaJbeHUM padyyHapoM KoMmyHuIrpa momohy Bluetooth Bese [111;180].

Cer cenzopa kopuiiheH y oBoj CTyAHju 00yxBaTa:
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- 6 ronnomerapa (SG110 - 3rno6 unanka, SG150 - 3r1000BU KOJIEHA U KyKa)

- 2 ceH30pcKa yJIOIIKa 3a [HUIIeNe, ca 1o 5 ceH3opa cuiie Ha cBakoM (,,[IEKH)

["oHHOMETPH Cy TIOCTaBJEHU Ha 3r7I000BE KyKa, KOJIEHa M WwiaHka o0e Hore moMohy
JIBOCTPYKO JICTIJBMBE TpaKe IMpeMa WHCTpyKIHjama mpousBohaua. CeH30pCKH YIIOMIIN
Cy TOCTaBJbEHU Yy JIEBY M JIECHY LHMIICNY, Ca CEH30pHMa MCIOJ IMOoJApydYja masla,
Merartap3aia u nere (ciauka 4.2). CurHanu cy CHUMaHu ca (pEeKBEHIIMjOM Oa0upama

on 166 Hz.

MATUYHN PAHYHAP

\ J
T
Biometrics Ltdl
DntaLar

Canka 4.2 Cucrem 3a 2KBI/I3I/II[I/ljy nmoaaTaka €a CEH30puMa 3a CHUMamb€ CHJjia peammje nmoaJiore

~

\Z

KHHeMaTHKe xo/1a. Biometrics Datal.og cucrem je kopuurhen 3a 06pagy roHnoMerapcKux CHrHaJa.
BUDA je MUKPOKOMIIjyTepCKH aKBU3MIIMOHH MO/YJI 32 MPOlleCHpPame U 0eKNYHY KOMYHUKAIU]Y

ca pauyHapom.

IIpoTokou

[TpoToKkoJ CHUMama ce cacTojao OJ CHUMamba BUIIE Y3aCTOITHUX MPOJIa3aKa JIyxK
paBHe nuHHje, ayre 10 merapa. CybjekTuMa je OCTaBJ/bEHO Ja camu ofalepy Op3uHy
KpeTama Koja MM oJronapa. TOKOM Xo/1a Cy CHUMAaHH yIJIOBH 3r7I000Ba U CHJIE PEaKIlyje
nojajore. 3a CBakor cy0jeKkTa je CHUMJBEHO HajMame |2 mposiazaka TOKOM TpHU
y3acTonHa fAaHa. [lanujeHTH cy MpaBWJIM TMay3e y Tpajamby O]l HajMame 5 MUHYTa

u3Mel)y mposiazaka CHUMaHUX MCTOT JlaHa Jia Ou ce ymamuo ytunaj ymopa. CBe cecuje
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cy OenexeHe u BUICO KaMepoM, fa O ce omoryhuia HakHaaHA aHAIHM3a U 00jallbemhe

HenpeaBuleHux norahaja y KHHEMaTHUYKUM U TUHAMAYKUM T0/IallIMa.

AHajm3a xoaa NPUMEHOM KOHBCHIIMOHATHHUX TCXHHUKA

[TouerHa aHanu3a ykjpyuuia je y cebe Mepe Mcxojaa Koje ce yoomuajeHo cpehy y

JIUTEpaTypHu:

1) Kunemarnuke mepe (Op3uHa xo0/1a, CHMETpHja, KaJICHIIa, YIJIOBH 3IJI000Ba, Kao U
HU3 BPEMEHCKHUX IapameTapa JOOHjeHHX Ha OCHOBY CHJIa PEaKIIH]je MOJIOTe)

2) Kinunwnuke mepe (DPYHKIMOHATHM TECT KpeTama y aMOyJaHTHHM YCIOBHMA
(FAC): 0 no 5 [187], ®yra-Majep-oBa ckana 3a nome ekcrpemurere: 0 10 36
[37] u beprosa ckana 6ananca: 0 10 56 [188])

OnewuBame cyoOjekara @Dyri-Majep-oBOM CKajJoM 3a JOHBE CKCTPEMHUTETE,
beproBom ckaiom OanaHca u @YHKIMOHAIHUM TECTOM KpeTama y aMOyJIaHTHUM
yCIIOBUMA BPIICHO j& 0JI CTpaHe caMo jeJHOT, 3a To onapeheHor usukamHOr Tepamneyra

na 6u ce elMMHHKCANA Cy0jeKTUBHOCT ucnuThBava (interrater variability).

CurHanym CHUMJBEHM TOKOM CecHja XOJAa Cy HajIpe H3JE/beHH Ha JIeIOBe KOjH
0JIrOBapajy MojeJMHaYHUM KopauuMma. ExcTpakiija MHIUBUAYaTHUX KOpaka 00aBJbeHa
je ayToMaTcku, MeToioM rpara. HuBo mpara je moctaBibeH Ha 5% 0J1 MaKCUMaITHE CHJIe
peakuuje mojjore (IeTeKIMja KOHTAKTa METOM M oAu3ama mnpcrtujy). Mctu meron je
kopuitheH 3a 00e Hore, napeTHUHy U HemapeTuuny. Kopauu cy 3aTuM HOpMaau30BaHU
Ha 100% na 6u ce omoryhwmia nerasbHHMja aHann3a. OBa HOpManu3aluja MoaApasymMeBa
¢duToBame MoAaTaka Koju IMpHUNanajy MojeAMHaYHOM KOpaky Ha cTo Tayaka. Kopaiu
KOJU Cy C€ O] TPOCEUHOI Tpajamka Kopaka pa3iaukoBanu 3a Bumie on 10% Hucy
pa3marpanu (Mame 01 4% o]l yKynHor O6poja kopaka). CUrHaiIM cy 3aTUM (QUITpUpPaHH,
HUCKoIIponycHUM ¢untpom apyror peaa (Butterworth, f;=5Hz), nasse npouecupanu u
noHoBO (uurpupanu Ha ppexksenuuju ox 30Hz, Butterworth-oBum dunrpom uerBpTOr

pena kKoju He Mema (Ga3y curHaia.
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CryneHToB T-TecT je kopuinheH 3a aHaiau3y pasiuka uamely rpyma y omHocy Ha
MepeHe mapamerpe. OBUM TecToM YTBphyje ce CTaTHCTHYKA 3HAYajHOCT Pa3IHKe

u3Mel)y Be apuTMETHUKE Cpe/IhHE.

Ha cmunm 4.3 mpukasaHa je CEKBEHIIA HENpOLECHUPAaHUX CHTHAlA: yrioBa Y
srino6oBuMa u cuia peakiuje noiore (GRF). [Ipuka3anu cy curHaim CHUMJbEHH ca
napeTHYHe U HeMapeTUYHe HOTe, Ha KOjuMa Cy o0elexxene: a3a KOHTaKTa ca MOoJIOTOM
ca 0o6e Hore (JI®), da3a koHTaKTa ca moyIoroM ca jeaHom HoroM (JD), dasza 3amaxa u

OCJIOHIIA.
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Cauka 4.3 YIj10BH y 3r71000BUMA U CHJIe peaKiuje MoAJI0re CHUMJbeHU TOKOM jelTHe cecHje Xoaa

jeaHor mauMjeHra.

Ha cnunum 4.4 npukasan je ,,00kc TIOT rpaguk ca BPeIHOCTHMA KBapTHia 3a
UHJEKC cuMeTpuje (MpUIMKOM IpelaluBama ca MapeTuyHe Ha HeMapeTU4Hy HOry, ca
HeMapeTUyHe Ha MapeTU4Hy M 3a YUTaB KOpak), Op3uHy xona u @yrin-MajepoB HHJIEKC,

[TapameTpu cy HOpMaiM30BaHU Ha CPeby BPEIHOCT 3a CBaKy OJ Irpyna (XpOHUYHY
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(XI') u akyrny (AI')). Hu 3a jeman on HaBeneHMX mapaMeTapa, HHCY HpoHaleHe
CTaTUCTHYKHU 3HAYajHE pa3iuke uamehy rpyna.
2 .

XPOHUYHA rPYNA i CPE[IHbA BPEHOCT
AKYTHA rPynA i

| !
T T T T
NAPETUYHA HEMAPETUYHA  YKYMHA BP3MHA XOOA &M MHOEKC

CMETPUNJA

Cauxa 4.4 Bokc miot rpaguk 3a HHAeKC cUMeTpHje, 6p3uny xoaa u ®yria-MajepoB uHIEKC.

2 -
1.8 { XPOHUYHA TPYMA i
164 AkvTHATPYMA
1.4
* * *
1.21 . = ==
) T 5* = =
0.8- /
CPEOHA
0.6 1 BPEAHOCT
0.4 1
0.2 -
O napeTtuyHa HenapeTuyHa napetnyHa HenapeTuyHa napeTtuyHa HenapeTuyHa
I
YTAO Y KYKY YTAO Y KOMEHY ~ YTAO Y UNIAHKY

Cauxa 4.5 KpapTuiana quctpudynmja yriosa y KyKy, KOJeHY H WIAHKY NapeTHYHe U HeMapeTu4dHe

HOTre KO/l AKyTHe M XpOHMYHe rpyne. 3Be3A11a 03HaYaBa 3Ha4ajHe pasiuke (p<0.01).

Ha counum 4.5 npukazaHe cy pefeBaHTHE pasiiuke MpoHaleHe y yrioBuMma
3r;1000Ba akyTHE U XpoHU4YHE rpyne. O CBUX Pa3MOTPEHUX YIJIOBa, 3HaYajHE pa3jIHKe

npoHaljeHe cy camo y yriioBUMa 3r;1000Ba HermapeTuyHe Hore. OBa mmojaBa BEpOBaTHO je
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noclienIia ryOuTKa JOMUHAHTHE KOOPAWHAIIM]jE KOja je MPEeTXOIHO MOcTojana u3mehy
cerMeHara Hore (HaJIKOJICHHIIE, TOTKOJIeHa U cTomana). OCHOBa OBE TBPAC U3HETA j€ Y
pesyntaTuma ucTpakuBama Mpanenka [189], mo xoMe cy BpeMeHCKe MPOMEHE YIioBa

TOBUX EKCTPEMUTETA Y BEIHKO] Mepu Mel)ycoOHO 3aBHCHE.

OTKpUBCHE pa3jivKe y KHHEMaTHYKUM CHHEprujama, YKa3yjy Ha YHECHUILY J1a je
npuwiukoM opabupa oxaroBapajyhe Ttepamuje MOTpeOHO JAETaJbHO Pa3MOTPUTH

KMHCMATHUKY XO0/a.

AHaJan3a Xo71a MeTOA0M aHaJn3e NpUuHIHNNjeJHuX koMnoHeHTH (ITIA)

Panu netaspHHje aHaNnM3e KHHEMAaTHKE XO0/a, YBEICHA je CTATUCTUYKA METOIa —
aHanmu3a npuHimnujenaux komnoneHTn (IT1LJA) Hax ckynmoBMMa MojaTaka KOjU ce
cacroje U3 HOPMaJIM30BaHUX CHUTHaa xonxa. Hopmanuzamuja je u3BpiIieHa y OJHOCY Ha

IIPOCEYHO TPajame KOpaka.

[TIIA anamuza omoryhaBa uaeHtudukanujy oapeheHux moBe3aHocTH Mehy
noJalnyuMa U IpeAcTaB/bambe TUX M10AaTaka Ha HAYMH KOJU UCTUYE HUXOBE CIIMYHOCTH U
paszmuke. OBO je HAPOYHUTO 3HAYAJHO y CIy4ajeBUMa BUCOKOJIMMEH3HOHAIHUX CKYIIOBa
nojaTaka, Kajga He MoCTOju MOTYNHOCT BHUXOBE rpaduyuKe Mpe3eHTalyje, mna je TEeIKo
YOUMTH TpaBUIHOCTU. Y OBakBUM cuTyanujama, [II{A ananusa npezacraBiba MohaH
ajaT 3a aHanu3y nojataka. JlogaTHa IMpeIHOCT OBE METOJIE CacTOju ce y ToMe Ja
M3payyHaTe KOMIIOHEHTE CUTHaJIa oMoryhaBajy Jajby pPeIyKIH]y HErOBHX JUMEH3H]a,
KOja TPaKTUYHO KOMIIpECYj€ CHUTHaJ ca MUHUMAaJIHMM IyOuTKOM HH(opmanuja. OBaj
METOJI CMO OJla0palii Ha OCHOBY 3Ha4ajHUX OTKpHha Be3aHUX 3a KapaKTepH3allnjy Xo/1a

[189:190].

VY (akTtopckoj aHanmu3W, TalacHU OOJHIIM OCHOBE ce Oupajy Ha OCHOBY
CTPYKType TajacHUX oOnMka mopaaraka. llocTynmak mojpazymeBa H3padyHaBame
KOpeNamroHe MaTrpuile, oapehuBame HWHUIMjaTHUX TPUHIUIIN]ETHUX KOMIIOHECHTH,
MPUMEHY ,,BapUMaKc‘’ poTalyje, u3pauyHaBambe TEKUHCKUX (PaKTOpa U UHTEPIIPETALIN]Y
pesyirara. 3a AeTajbHHUja o0jallmkerma noraenaty npuwior . ,,Bapumaxc poramuja je
MOCTYIAK KOjUM Ce poTallyja BPIIX TaKo Ja CBaKa MPHHIIMIIKjeJIHAa KOMIIOHEHTa Y3 cebe
“Ma Majau Opoj TeXKHHA ca BEJIMKOM BPEIHOIINY M BETUKH OpOj TEKHWHA KOje Cy HyJa,
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WIM UMajy Maity BpenHocT. OBO IMOjeTHOCTaBJbyje MHTEPIPETALH]y MPUHIIMIIN]EITHUX
KOMIIOHEHTH, C OO3MpOM Ja Cy TaJacHu OONUIM pOTHpaHuX (akTopa ONMKH

opurnHanHuMm curaanuma [191;192].

[IpaBuiHa MpUMEHA TOCTYNKA aHAIM3€ MOJpa3yMeBa WHUIMjAIHY HPOLEHY Y
K0joj MepH Cy ojpelieHe KOMIIOHEHTE CHUTHAa 3aje[IHUYKE 3a IMPEeocTaie CHrHaje
MOCMAaTpaHor CKyma (MOBE3aHOCT), Ka0 M y KO0joj Mepu je oxapeheHa rmojasa

KapaKTepUCTUYHA 33 CBAKH MojaTak nojeauHavyno (jeauacraeHoct) [193].

VYBeneHa je Xumore3a Ja TaTacHU OOJIMIM Y MOCMATPaHOM CIIy4ajy 3aBUCE O]
JBa acrekrta: 1) cuHepruja 3riio00Ba YCIOBJbEHHX IUKIMYHOM IMPUPOAOM Xoaa u 2)
MOTOPHOM aKTHBHOIINY KapaKTepUCTHYHOM 3a ojapeheHu 3riio0, a He W 3a ocraie

3r1000B€.

baptrneroB Tect cdepuuHocTH je kopuinheH Aa OW ce YTBpAWIO Ja JU je
onabpaHy CKyNl ToJaTaka TIOroJlaH 3a MpUMeHy ¢akropcke aHaimze. OBaj Tect
UCTINTYj€ XHUIIOTE3Y Ja je KOpeslaluoHa Marpuia GopMrupaHa Ha OCHOBY MOITyJaIHje y
KO0jOj Cy NMpOMeHJbHBE He3aBuCHE. On0anBame XUIOTE3¢ O HE3aBUCHOCTH yKa3yje Ha
TO JIa je CKYI ToJiaTaka aJeKBaTaH 3a npuMeHy (akropcke aHanuse. [lopen momenyror,
yBEIIEH je JOJaTHU KPHUTEPHUjyM IO KOME CE COICTBEHH BEKTOPU 4YHj€ CY COICTBEHE
BpPEeIHOCTH Mambe o7 1 cmarpajy mymom [192;194] u oxbamnyjy. Kpurepujym je yBeo
Kajzep [195].

AHanmv3a TPUHIUINJEHUX KOMIIOHEHTH j€ METOJl 3a PEAYKIH]y IUMEH3U]je
nozaraka. [IpuMeHOM OBOT MeTOla, CKYIl yJa3HUX MPOMEHJBMBHUX CE€ MPETBApa y CKYI
HEKOpEJIMCAaHUX MPOMEHJbUBUX (NPUHIMIMJETHUX KOMIOHeHata). Tako noOujeHe
MIPOMEHJBUBE TMPEJCTaBIba]y JIMHEApHE KOMOMHAIM]E MOYETHHX CHUTHaja CKaJMpPaHUX
(dakTopoM KOjU je 3ampaBO Mepa BapHjaHCE KOJy TH CHUTHAU cajapxke. AHamuza
NPUHIUIM]ETHUX KOMIIOHEHTH oMoryhaBa MpojeKlH]y OpHUTMHAIHUX I[0JlaTaka Ha
OPTOTOHAJIHM CHUCTEM, Ca MPHUHLUIHUJETHUM KOMIIOHEHTaMa Yy TMpaBlly HHUXOBE
MakcuMaiHe BapujaHce. OBoM TpaHC(OpMAIMjOM BPIIH C€ MTPECInKaBambe BEKTopa X (X
€ R") na Bektop y (y € R™), rie je m<n. Kosapujanuona MaTpHIa HOYETHOT CKyHa ce

onpehyje Ha OCHOBY opmyIe:
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1w _ 1oy
S=4 =1 (e — W (e — w7, b= k=1 %y

rae je N muMeHsuja yla3Hux nogaraka. HoBU KOOpJMHATHH CHCTEM, Y IPOCTOPY
HPUHIUITNJCHUX KOMIIOHEHTH, J00HMja Ce IOCTYHKOM JEKOMIIO3UIIMjE COICTBEHHX
BpenHocTH. HakoH oapehuBama CONCTBEHUX BPEAHOCTH, OHE C€ COPTUPA]jy omnajajyhum

PEIOCIIENIOM U BaKH pellaluja:
SUp =Yty vy Z 2

YKOIHMKO ce y Jajbe pa3MaTpame y3Me M Hajehux ¥; ¥ muMa ojarorapajyhux

COTICTBEHUX BEKTOpA 1i;, MAMpamke YIa3HUX MojaTaka ojpeleHo je penanujom:

v =u; (x—w),i=12..,m

AHaJIW3a CUTHAJA 3APABUX HCIMUTAHUKA

AHaJIM3a MPUHIIMITN]EITHUX KOMIIOHCHTH YIJIOBA 3IJI000BA 3/IpaBUX MCIUTAHUKA
moKasasa je Jia mpBe JIBe IPUHIIUITH]jETHEe KOMIIOHEHTE HOce OKO 88% yKyIiHe BapujaHce
(83-94%). Tlpsa mpunnunujenHa kommnonenta (I1IK) omwmcyje oko 58% , mok apyra
ornucyje oko 30% ykymHe BapujaHce. lIpeciiMkaBameM YIIa3HMX CHUTHajda y HOBH
npoctop (GopMHpaH Ha OCHOBY IpBE JIB€ NMPHUHLUIMjETHE KOMIIOHEHTE, To0Huja ce
JBOJIMMEH3MOHATHA (hopma 00MKa JJaTHHUYIHOT cioBa [] - nukiorpam (cnuka 4.6). 3a
YUTaB CKyN YJa3HUX TMojaTaka, baptineTroB TecT chepuyHOCTH je TMOTBPAMO Ja je

aHaM3a MPUHIUIH]eIHUX KOMIIOHEHaTa rmoroaan meton (p<0.0001).
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MpomeHrbuee: Oce ®1 1 ®2 88.34 +2.7%

cy6j 1 0,75
cy6j 2 H
cy6j 3
cy6j 4 H
cy6j 5

KONEHQ
0,5 1

0,25 KYK

YNAHAK —g
-°

-0,25

-0,5

Mpomensbuea: Oca ®2  29.92 +2.0%
o

-0,75

K

-1 -0,75 -05 -0,25 0 0,25 05 075 1
MpomeHrbmea: Oca @1 58.22 +2.7%

Camnka 4.6 LluxyiorpamMmu ner 31paBuX HCNUTAHUKA KOju (popMHUpajy KapakTepucTHUHY Gopmy
00JIMKa JATHHHYHOT cj10Ba JI (ciuka Jieo) u [Iupconose kopenaunuje nsmel)y yriosa uianka,

KOJIEHA U KYKa (CJIMKA J1eCHO).

Hukmorpamu (ciuka 4.6, neBo) ce Mory npoHahuw W y JUTEpaTypu BE3aHO] 3a
KOMITjyTePCKY BU3HUjy U IheHe amukaiudje [196] kao u y obnactu kinacudukaropa xoza.
Cam 00nMK M TOJNOXKa] IMKJIOrpamMa HE3HATHO Bapupa usMmely cybjekara, anu ra
KapaKTepHIle BPJIO Mperno3HaTibiBa Gopma. [IpopadyH mpUHIUNMjEHUX KOMITOHEHATa
3acHOBaH Ha [IMPCOHOBOj KOpENAlMOHO] MAaTPHLIK OMOTYhHO je M aHanu3y y3ajaMHe
3aBHCHOCTHU yJa3HUX MPOMEHJbUBHX. [IMpcOHOBE Kopenaiyje cy NpuKa3aHe Ha CIHLU
4.6, necHo, y BUAY BEKTOpa KOPEIALMOHOT Kpyra. YKOJIUKO Cy BEKTOPU MPOMEHIBUBUX
O0nn3y jemaH JpyroM, IPOMEHJbMBE Cy 3HA4YajHO KOpeiaucaHe. YKOJIHMKO Cy
OpPTOTOHAIIHU, IPOMEHJBHBE Cy HEKOpEJHCcaHe. AHaIM3a je MoKa3aia Ja Cy KO 3/[paBuxX
UCTHMTAaHUKA: KyK M KOJIEHO 3aHeMapspuBo kopenucaHu (r=0.09-0.22), kyk u uyjgaHak
cpenme kopenucanu (r=0.48-0.66), mok 3a KOJEHO M YjaHaK HHUje Oumo moryhe
NPOIICHUTH CTENeH KopenucaHoCcTH. CTerneH KOpeIHCaHOCTH OBHX IPOMEHJbHUBHX,
Bapupao je oja cyoOjekta 10 cyOjekta, kpehyhm ce wusmehy Hucke u cpeame

KOPCIIMCAHOCTH.

AHaJM3a CUTHAJIA NAIUjeHATA HAKOH MOXKIAHOT yaapa
Hakon ananuse 31paBuX UCIMTaHHMKA, yiju he pesynratu OuTH KopuirheHu 3a
nopeheme U uACHTUDUKAIM]Y aOHOPMAJIHMUX LIEeMa X0Jla, aHAJTU3UPAHU Cy CUTHAIU

naiyjeHara.
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Ha cimum 4.7 npukazanu Cy pe3yaTaTd aHaiu3e MPUHIUIN]ETHUX KOMIIOHEHTH
yeTupu cyOjexTa ca MoKAaHuM ynapom. Ilpukasana cy qBa mauujeHTa W3 rpyme ca
Oop3unom wu3Haa v=0.5m/s u ®Dyra-Majep ungekcom OM~25 (cauka 4.7, ropwmu
TaHes ), ¥ JBa ManujeHTa ca op3uHoM oko v=0.2m/s u ®yri-Majep naaekcom ®M~20
(cnuka 4.7, nowu nanenu). JIeBM maHenW NMpHUKa3yjy HalMjeHTe U3 XPOHUYHE Tpyme a
JNeCHH U3 akyTHe. Haj3HadajHWju 3ak/by4aK CIpPOBEICHE aHAM3€ je Ca3Hame Ja
Cy0jeKTH KOjU TPHUIIAJIAaJy aKyTHO] TPyHOH HMajy TOTOBO ,,HOpMaJlaH* ITUKIIOIpaM
HermapernyHe Hore. OBO moTBphyje na cy CHHepruje IMOKpera HOre TOKOM Xoja
nanujeHaTa y akyTHoj ¢a3u Onmcke cUHeprijama 37ApaBUX HCIUTAaHHUKA. 3a Pa3JIuKy Ol

BUX, Cy0jeKTH U3 XPOHUYHE TPYIe UMajy U3MEHhEHEe CHHepruje ode Hore.

BbpojHe BpeHOCTH IUKIIOTpama jiate cy y tabenu 4.2.

_ 87,02% HEMAPETUYHA o1 noy 8787% HEMAPET/YHA
s *1u ez 92,99% MAPETUYHA 12 " 95,77% MAPETUYHA
KONEHO UNAHAK
6 4
£ £ 8
1 KONMEHO
g % 4 KYK g % YNAHAK
b2 b2 / 1 \
KYK
2o R — Ffo——obgif
R R NAPETVUHA )/ HIAHAK R R M v
T 62 gy 3L HEMAPETVYHA I o
3o HEMAPETUYHA S g4 +
S 4 + g NAPETVYHA
8 4
6 4
8 12
10 8 -6 4 -2 0 2 4 6 8 10 12 -10 -6 -2 2 6 10
. 55,93% HEMAPETUYHA
1:28:58% HEMAPETVAHA '66,31% MAPETUYHA
67,04% MAPETVYHA
93,68% HEMAPETWUYHA 89,27% HEMAPETUYHA
o1ne2 D10 d2: .
98,15% MAPETUYHA 16 91,93% MAPETUYHA
10
< ¢ T 12
I UNAHAK anabiak
Ig 6 r b S
EZ KOMEHO < 8
B 4 =
w s
< W ws
T <w 4
o< 2 UnAHAK | = &
TE o < HEMAPETUYHA KONEHO
o o Ic
R0 5 0 4,%%. ; ‘ n
» © X R B
= o 53
g o - 23
82 HEMAPETUYHO N HAPETMHV
° 4 L NAPETWUYHO gi ok
KOMEHO .
6 4
8 12
10 8 6 -4 2 0 2 4 6 8 10 12 -8 -4 0 4 8 12
63,25% HEMAPETUYHA 56,52% HEMAPETWUYHA
'68,49% MAPETUYHA '56,55% MAPETUYHA

Canka 4.7 Huxaorpamu u IlupconoBu koedpunmjeHTn Kopejanmje 3a 4eTHPHU cydjexra ca

xemuIuierujom. l'opmy naneau npunagajy cy0jekTuMa ca MaJIMM HHBAJIHAUTETOM, 10K N0HH
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npuka3syjy cy0jexre u3 rpyne ca Behnm unBanuanterom. JleBu naHeau noxkasyjy Asa XpOHHYHA

cy0jexTa, 10K JeCHU MaHe U NPUKA3yjy ABa cy0jexkTa y akyTHOj ¢a3u XeMHILIeruje.

Tabena 4.2 BpengnocTu aHaj n3e NPUHIUNKjeTHUX KOMIIOHEHTH 3a 31paBe cy0jekTe H cy0jekTe ca

XeMHILIeTHjoM, Moje/beHe Y YeTHPHU Ipylie Ha OCHOBY Op3uHe Xoia. McTakHyTe BpeTHOCTH yKa3yjy

HA IPyNy Koja ce 3HA4YajHO pa3jmKyje ox 3apase (p<0.05).

TPYIIA Dl + D2 o1 2
37IPABU CYBJEKTHU 883+27 | 582+27 | 292+20
< | 8682+ 41| 5038438 | 35.31%47
v>0.35 m/s 86.46+50 | 57.99+3.7 | 32.03+49
AT’ HemapeTu4Ha
gp | 9401+49% | 63.83+38% | 3849+53* Hora
v<0.35 mis Ap | 8901£39 | 56.06460 | 30.95%50
< | 9299%4.2% | 67.04+3,6* | 19.97 +3.2%
v>0.35 m/s 95.77 + 4.4% | 66.31 £ 5.2% | 29.46 + 3.5*
AT’ napeTuyHa
HOTra
o | 98.15%1.3* | 64.89%5.1% | 20.96  3.4*
v<0.35 m/s o | 9193436 |5655+4.4* | 3539+ 4.1%

JlucKycHja v 3aK/by4lH

Knunnuke mepe (®@yrin-MajepoB uHaekc, DYHKIMOHAIHU TECT KpeTawma Y

aM6y.]'IaHTHI/IM ycjioBuMa u BepFOBa CKalia 68.J'IaHC8.) HUCY YyKa3aJIC Ha CTATUCTUYKU

3HaAuajHEe pa3nuKe u3Mel)y XpOHHYHHUX M aKyTHHUX marujeHara (tabena 4.1).

TpajaH,e HHTCpBAJIa OA KOHTAKTa jeI[He HOre¢ ca ImnoJJIoroM g0 IIOHOBHOT

KOHTaKTa T€ UCTe Hore (IIMKJIyca X0/a) KoJa akyTHe rpymne usHocu uzmehy 1.95 u 3.05
CeKyHJIE, TOK KOJ XpOHWYHE rpymne Tpaje ayxke (2.05-3.5 cexyHne), anu paziuke y
Tpajalby HUCY CTAaTUCTUYKHU 3HayajHe. Jly’knHe Kopaka cy Ouie ClIM4YHe KOJ aKyTHe
(0.71-0.81 wmerapa) m xponmune rpyne (0.66-0.78 wmerapa). AHanmmza ApYrux

BPEMEHCKHUX U MPOCTOPHUX MapameTapa Takole HUje yKa3ajia Ha 3HauajHe pasjIHKe.
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YobuuajeHa Mepa KBaJlTeTa xo/a je cumeTpuja. Hama cryamja je mokaszana jaa
pasiiKe y CHMETPUjHU MOCToje u3Mel)y XpOHHYHE U aKyTHE TpYIE, alld HU OBE Pa3jIHKe
HUCY Owmie craTucTUykH 3HaudajHe (cimka 4.4). Jeman on moryhux pasiora je BenHka

BapHjalnja HHJEKca CUMETpHje y o0e rpyre.

Amnanuza yriosa 3rioboBa o0e Hore (cnmka 4.5) ykaszajga je Ha pasiUKe Y
kuHeMatui u3mely ase rpyne. HajsHauajHuje pa3iuke youeHe Cy HA HEMapeTHYHO]
HO3U. AOHOpPMaJHE TPajeKTOpHje YrioBa 3riI000Ba Cy y CKIaAy ca KIMHUIKOM
KapaKkTepHu3alijoM XEMHIUISTHYHOT XOJa, W HajBEpOBaTHHUjE Yy IUPEKTHO] BE3U ca

HUPKYMIYKIMjOM U MOIN3akheM KyKa HaBHUIIIE.

VYcraHOBJbEHE pas3iMKe Cy JeTajbHUje AaHAIU3UpPAHE METOJOM aHaInu3e
NPUHINNHM]ETHAX KOMIIOHEHTH. YTBPAMIM CMO Ja KOJ 3/IpaBUX CyOjekaTa, MpBE JBE
KOMIIOHCHTEe Hoce Hajsehu Jjeo BapujaHce yrioBa Yy 3rioboBuMma. IlmanapHa
KoBapujaHca u3Mmel)y yrioBa 3rio0oBa, nperxofHo omucana y [189], mpencrasiba
OrPaHUYCHE KOje CE Ca CTAHOBHUILTA MEXaHUKE MOXKE [IOCMAaTPaTH Kao peayKiuja opoja
CTEMeHH cJI000[e cucTeMa ca TP CTereHa ciaobone Ha aBa. CaMHM THM, BPEIHOCTH

yIJI0Ba JIBa 3171002 TUPEKTHO ojpelyyjy BpenHocT Tpeher yria.

AHanm3a mojaTaka CHUMJBCHHX Ha MAIMjeHTHMa yKa3aja HaM je Ha pasiiuke y
omHOCY Ha 3/apaBy mmeMy xoma. Ca MmoOpacTOM TEXHHE XEMHUIUIETHje, TpBE JIBE
MIPUHIIMIIM]eTTHE KOMIIOHEHTe Hoce Behu neo ykymHe Bapujance. Takohe, pacmomena
BapujaHce Mel)y KoMmmoHeHTama je JIpyraunja. Behe oxcrymame on HopmaiHe Lieme
X0/1a Orjiesia ce y mopacTy MpBe NPUHIMIIK]EIHE KOMIIOHEHTE Ha pauyH OCTaIMX, IITO Y
eKCTPEMHHUM CIlydajeBUMa JOBOJM TOTOBO JI0 HECTajamha OCTAINX KOMIIOHEHTH.
['megaHo ca craHoBUUITa yrioBa y 3rio0oBuUMa, MOXe ce pehu a OHM MOCTajy CBe
BUIlIE JIMHEApHO crperHyrd. OBakBa JMHEAapHAa 3aBHCHOCT CMamyje YyKymaH Opoj

Moryhux KkoMOuHaluMja yriosa y 3rji000BUMa.

YKOJIMKO yIOpeAMMO 3[paBy IIEMYy XOJa OKapaKTepUCaHy IIJIaHapHOM
KOBapHjaHCOM ca X0JI0M MalfjeHaTa Kora KapakTepullle roTOBO JIMHeapHa KOBapHjaHca,
MOXXEMO 3aKJbyYUTH Ja Yy CJydajy TOBpeae, HEYpPaITHH CHCTEM TYyOH Je0 CBOJHUX
MoryhHocTH yripaBibamwa. Y cryauju ViBanenka [189] je mokaszano na ce y ciry4ajy xona

KOju je Ha onpeheHH HauMH orpaHudeH (M3BohemEM TOKpeTa y MeCTy WIH
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MapIIMpameM) TPajeKTopuja MpeTBapa y JUHU]Y U Ja je KoBapujaHca u3mely yriosa
nuHeapHa. TuMme je TOTBphEeHO Ja je Y OBOM CiIy4ajy JIMHEApPHOCT (IOMHUHAIMja MpBe

MPUHIIMITH]eJTHE KOMIIOHEHTE) Mepa OOJUTaTOPHUX CUHEPIUCTUYKUX 00pasala.

HaxoH aHanm3e mojaraka akyTHUX M XPOHUYHUX IMalldjeHaTa ca XeMHUIUICTHjOM,
OmnM cMO y cTamy na uaeHTudukyjemo oxapelheHe meme mnopemMeheHOr MoHalama.
Pesynratu cy npukazanu y Tabenu 4.2. YBeneHa je ¥ rpaHuuHa Op3uHa, IOCTaBJ/beHA Ha
BpenHoct v=0.35 m/s, koja pas3nBaja (GYHKIUMOHATHO OOJbE MANHJEHTE Off

(YHKIMOHATHO JIOIIHjHX.

Kon manujenara u3 o0e rpyre, akyTHUX U XPOHUYHHX, YTBPAWIA CMO 3HAYajHO
OJCTyName O] 3[paBe IIEME Ha IapeTHYHOj HO3M, HE3aBUCHO OJf Op3WHE Xoja.
Pacrionena Bapujance Mel)y npuHIUNMjETHUM KOMIIOHEHTaMa c€ MPOMEHMUIIA, Kao LITO
je Beh moMeHyTO, TOMEpUBIIHN C€ Ka MPBOj MPHUHUUNHjeTHO] KommoHeHTH (mpBa 1K
Hocu M 10 67% ykymHe BapujaHce). Kopenamuje yrioBa y 3rio0oBMMa IOKa3yjy
3HAYajHO Cabujy CIpery Kyka M 4iaHKa, IPOy3pOKOBaHY JACITUMUYHUM WM MTOTITYHUM
ryOuTKOM TokpeTa nop3uduiexcrje. OBo BOAM Ka HETaTUBHO] KOPEIMCAHOCTH KyKa U

KOJICHA.

AHaIM30M HEmapeTHyHe HOre JOIUIM CMO JI0 3aHMMJBMBHX pa3inka m3mehy
aKyTHUX U XpOHUYHMX nanujeHarta. Koa cBHX akyTHHX NalyjeHaTa, Ha HENapeTU4YHO]
HO3H TOCTOjaJIa j€ IIeMa X0/1a BpJIo CIMYHA 3/IpaBoj. 3a pa3iuKy O/ aKyTHUX, XPOHUYHE
nanujeHTe OMcMo MOTJIM MOJIENIUTH Y /Be rpyne. OBa nojena je y CKiIajy ca MpeTXoaHO
MOCTaB/LEHOM I'paHUYHOM Op3uHOM Xoja. DyHKIMOHATHO 00JbH MALMjEHTH UMajy WIN
3/paBy ILIEeMy Xo0Ja Ha 00e HOre WM IIeMYy XOJa CIMYHY aKyTHUM IHalijeHTHMA.
XpoHHUYHA TpyTa Koja HUje MOBPaTUJIa MHOTO O] CBOj€ (DYHKIIMOHATHOCTH OJITUKY]j€ Ce
U3MEHEHOM IIEMOM X0Jla Ha 00e Hore, HemapeTHyHo] U mapeTnyHoj. Ca cTaHOBHILITA
KOopenaluja yrioBa, Ha HEMapeTUYHO] HO3M MMaMO HETaTHMBHO KOpEIHCaHe KyK MU
YJlaHaK, Ka0 M HETaTHMBHO KOpeincaHe KyK W KoseHo. [lapeTudHa Hora, y 3aBUCHOCTH

0]1 cy0jeKTa, IoKaszyje pa3InuuTe BpCcTe mopemehaja.

HNako cy cBH XpOHHYHHM CYOjeKTH OWIM YKJby4YeHH Yy HajMame jeIHy
KOHBEHLIMOHAJIHY Tepamnujy, CTyAMja je ToKa3zajda Ja OHa HHUje Oujla MOjeHaKo

KOpUCHa 3a cBe. Pesynratu noOMjeHM Ha OCHOBY CUTHala cy0Ojekara akyTHE Ipylie
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MOKa3yjy /a y oBOj paHoj (a3u Tepamuje, MalyjeHTH uMajy Mame-Bullle mopemeheny
nieMy XoJa MapeTHYHe HOre M 3[paBy IIEMy HeMapeTuyHe Hore. AKO TOrjienamo
pasiivKe y memMama Xoja IMalyjeHaTa XpOHUYHE TpyIe, MOXKEMO Ja 3aKJby4rMO Ja Cy
OHH KOjU Ccy ce 00Jbe OMOpaBWIIM, 3aapXKalld 3]IpaBy MIEMy HEMapeTHYHEe HOTe H
UCIPABWIM HApYIIEHY IIeMy I[apeTHYHe HOre, ACTMMUYHO WM moTnyHo. Koj
cy0jekara 4uju KBaJUTET X0Jla HUje 3HAYAjHHje yHAmNpeheH, U Tope] YHHEHUIIE 1a Cy
OwiTi y TIpoliecy Teparuje Iy>Kd BPeMEHCKH TepHoI, IPOHAILTH cMO nopemehere nmeme
xoja Ha o0e Hore. To TMoOKa3yje Ja je TOKOM pexaOWIMTAIIMOHOT IMpoIeca JIONUIO 10
MojaBe KOMIICH3AIIMOHUX MEXaHW3aMa KOjU Cy YTUIAIA HE CaMO Ha CTamke MapeTUYHE
Hore, Beh cy JIoBenu M 10 HapyllaBama rnocrojehe 3apaBe memMe HemapeTuyHe Hore U

OHeMOFth/IJ'II/I OIIOpaBakK.

HajBepoBaTHHju pa3ior 3a 1mojaBy aOHOPMAJTHHX CHHEPTHja j€ Y CaMOM LUJbY
3a1aTOM TIPHIMKOM Ipolieca pexadmiuTanuje Xxoaa: OpKu Xox U MoryhHOCT mpenacka
mro Behux pacrojama.To je ouurienHo pe3yiToBajo CHHEprujamMma xoja Koje

TPEHHUHI'OM HHUCY MOBpaTHiIe O0JIHUK ,,31paBux‘ cuHepruja (radena 4.2).

OBa cryamja je mokasajia Jia je W3Yy3eTHO BaKHO KOPHCTUTH KHHEMAaTHYKe
MOJAaTKe W CTOXacTHUYKy aHaIM3y Ja Ou ce 00e30eqwin aneKkBaTHH EJIEMEHTH 32
NPOIICHY ONopaBka HakoH oxpeheHor Tpermana. CmaTpamo Ja je TPUMEHOM aHan3e
MPUHIIMIIA]ETTHUX KOMIIOHEHTH Moryhe 0oJbe OKapakTepucaTtd crenupuyHe OJTHKE
nopemehaja yriosa y 3ri1000BMMa, Y OJHOCY Ha yoOHW4ajeHO KOpHUITheHe TEXHUKE KOje
y pa3MaTpame y3MMajy camo map Hecycennux kopaka [197-200]. OBo ce HapouuTo
OJIHOCH Ha CTyAHje y KOjuUMa ce HCTOBPEMEHO AaHalu3Upajy aKyTHH U XPOHUYHU
NanyjeHTH ca  xeMmuruierujoM.  KBanmuTeTHHjUM  pa3yMeBameM  MeXaHHu3ama
pexabwinTanuje TanujeHaTa y XpOHWYHO] (a3u XemwuIuierdje, 3acCHOBAHOM Ha
pe3ysiTaTiMa CTOXAaCTUYKE aHaiu3e, Omio OM Moryhe mpaBOBpEMEHO IPOICHUTH

e(beKTe peXa6I/IJ'II/ITaI_II/IOHe TepaHHje " JOHCTH OMJIYKE O lbCHOM J1aJbEM YCMEpABAKY.
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5. AHAJIN3A EJJEKTPOMUOI'PA®CKUX ITAPAMETAPA XOZIA

Enextpomuorpaduja je TeXHHKa KOja C€ KOPHCTH 3a CHHMAamke W eBallyalujy
CJIEKTPUYHE aKTHUBHOCTH KOjy TeHepumry mummhu. CHUMame MUIIMhHE aKTUBHOCTU
eJIEKTpOZaMa TIOCTaB/LEHMM Ha KOXHM W3HAJA MuIMha, pe3ynTyje AeTeKLHjoM
KOMIUIEKCHUX CEpHja eNeKTPUYHUX IOTEHIMjajla KOjH HACTajy Kao IMOCIEIHNIA HEroBe
KoHTpakuuje. OBaj TUI €IEKTPUYHOT CHUMKA C€ y TPAKCH Ha3HMBa €JIEKTPOMHUOIPAMOM

(EMI).

Enextpomuorpaduja je Beh myro BpemMeHa cacTaBHH /€0 KIMHHYKUX CTYAH]a.
JlmjarHOCTHKOBamke Heypo-MummhHux Oonectd, 6ona y nehuma, mopemehaja MoTopHe
KOHTpOJIE, eBallyallija PeXaOMIMTAIIMOHOT TOCTYNKAa M JeTeKIHja 3amopa mwummha,
caMo Cy HeKe oA meHHMX Moryhux mnpumena. OcCHM TOMEHYTHX NpUMEHa,
€JIEKTPOMHUOTrpa)CKH CHTHAIM KOPHUCTE Ce W 3a YIPaBJbalkbe HEYPATHUM IpOTe3aMa

TOpPHUX U JOBUX CKTPCMUTCTA.

[Tomumuorpaduja mpeacraBiba MocedaH Ciydaj eleKkTpoMuorpaduje, kKama ce
CHUMamke MUMMhHUX aKTUBHOCTH o0aBjba ca Buiie mummha wucroBpemeHo. OnHa
oMmoryhaBa CHUMame M aHaAIU3y KOMIUIEKCHUX MOTOPHUX AKTUBHOCTH Kao IITO CY
mieMe akTuBauuja Mummha, penocieny axkTHBallMja, OJHOCH ArOHUCTUYKUX U
AHTAaroHUCTHYKUX Muiuha u peduexcu. OOpagoM CHUMJBEHUX CHUTHaja, 100Hjajy ce
napaMeTpHu KOju TOBOpE O TOME Ja JIM jé aKTMBHOCT HEKOT MuIuha ,,HopmasiHa®, BaH
daze uaM KOHTHHYyalHa W ciauyHO. IbeHa Haj3HayajHUja TMpUMEHA j€ Y OKBHUPY
u3yyaBamba KOMIUIMKOBaHHMX mopeMehaja (QyHKIMOHAIHUX TMOKpeTa, Kaaa Ooiect
yrpo3u rpyre muiirha Juna u Bpara, pyky, Hory u Tpymna. Ocum y ciydajy nopemehaja
(GyHKIIMje HAaKOH MOXKIAHOT yjaapa, OBa METOJa YECTO C€ MPUMElmYje U Y CIydajy

I[I/ICTOHI/Ije, CIIMHAJIHOT MUOKJIOHYCA, Ka0 U Pa3JIMYUTUX BPCTa TpEMOpaA.

KBanturatuBHom anamuzom EMI' curnama moryhe je aujarHOCTHKOBAaTH
pasnuuuta Heypo-mumuhHa oOosbema. MeToa 3a pa3jiMKOoBame MaldjeHara ca

MHOIATHjOM M HEYpOmaTHjoM oj 3apaBux mnpukazan je y [201]. IMommmuorpaduja je
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yrnotpeOJbeHa U 3a IMjarHOCTUKOBamke mopemehaja Xoaa Ko Jere, TpeMopa, TUCTOHHU]e

U MuokJonyca [202].

Kao mepa onopaBka MoTopHE (DYHKIIMje TOKOM peXaOUIUTAIMOHOT IMOCTYIIKA U
Kao METOJ 3a MpoIeHy edekaTa Tepanuje xojaa, moauMuorpaduja je ynorpedbeHa y
cryauju [203]. Tlokazano je ma ce Ha OBaj HauWH J00Mja KBAaHTUTATHBHA IPOICHA

OTIOpaBKa Koja je 3HadajaH JoJaTaK MocTojehuM KIMHIUYKIM TeCTOBUMA.

VY nuteparypu koja o0yxBara ananuzy EMI curnama, kao Hajuemrhu nmapamerpu
ce nomumy: amiuutyaa EMIT curnana [204;205], 3agatu HuBO (HOp. yria y 3riio0y
NPWIMKOM akTuBauuje mnocMmarpanor wummha) [206;207], tpajame wmumuhae
aktuBHOCTH [208], koakTuBarmja [209;210]. V pehe pasmarpane mapamerpe yopajajy
ce: 3aBHCHOCT MuIMhHE aKkTUBHOCTH on OpsuHe [211], moaymanmja wMmumuhne
aktuBHOocTH [208] m Harm® kpuBe moOyhuBama [212]. Ilapamerpu ce oxapelyjy y
pa3IMYUTHM OKOJHOCTHMA: Ha OCHOBY MaKCHMAaJHE BOJbHE KOHTPAKIMjEe WIH

IMPHUIUKOM I/ISBObeI-ba AKTHBHUX W ITACUBHHUX IIOKPCTA.

[Tomumuorpaduja ce KopucTM U 3a UACHTU(DUKANH]Y (GYHKIIMOHATHUX
muiinhaux cusHepruyja. OHe ce AeuHUIIY Kao IIeMe KoakTHBauuje Muiuha
perpyToBaHe  3ajeJHUYKUM, JEOIUHCTBEHUM HEypalHUM cHrHaioM. [loctymak
Mo/ipa3yMeBa Mepeme EICKTPOMHOTPaPCKUX CUTHAJA ca CBUX MUIIMNhA KOJH Y4ECTBY]Y
y onpehenom mokpery. Cmarpa ce 1a ce aHaaM30M MUIIMNHUX CHHEpryja Moxe aohu
70 3HayajHUX ca3Hamba BE3aHMX 3a CTPATervje HEPBHOI CHUCTEMa IpH KOHTPOJIH
nokpeta. Taxole, MumuhHa akKTUBHOCT AMPEKTHO 3aBUCH OFf aKTUBHOCTH MOTOPHHX
HEYpOHa, Ia C€ Ha OCHOBY H¢ MOXKE BHIIE Ca3HATH U O (DYHKIIMOHATHUM HEYpaTHUM

nepunuTIMa 000J1e5I0T HEPBHOT CHUCTEMA.

Cuctem eneKTpUYHE CTUMYyJAlHje KOju OM y cebdu caKao eleMeHTe
O6uodpundexa - ayroMaTcKo IMOJEIIaBake IapamMerapa CTUMYyJalWje WIH MPUMEHY
CTUMYyJalMje y CKIaay ca (PM3NYKUM CTakbeM KOPUCHMKA, IIWJb je CTyAMja y KOojuMa ce
EMI' censopu uHTerpumly y pasnuuute crumysiarope [159;213]. V crymuju [214],
yropeheHe cy IBe METO/E 3a TPUTEPOBAKE SIEKTPUYHE CTUMYJIANNje: PYIHH MTPEKHIaq
U JIETEKTOp Hamepe Ha 0a3u enekTpomuorpama. Ilokaszaiso ce Ja TpUrepoBame

ctumynanuje Ha 6a3u EMI' curnana nonmpuHocH 060Jb0j KOOpAMHAIM]U U JAUHAMHYKU
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cTabuimHUjeM XOoay. AyTOpW cMaTpajy Jla ce Ha OBaj HAYMH CTHMYJIMCAaHA W BOJbHA
mumnhHa akTHBHOCT edukacHuje yckmalyjy TokoM xona. CucreM (QyHKIMOHAIHE
CJICKTPUYHE CTUMYyJallMje 3a  KOpeknujy manajyher cromasia Ha  0as3u

eJleKTpoMuorpa)CKuX cHUMaka Mulirha THOMjajIie aHTepropa, mpuKasat je y [215].

Herexnuja 3amopa mummha je jomr jeaHa oJ NMPUMEHa eJeKTpomMuorpaduje.
EMI' curHanm CHUMJbCHH Ca KBaJ[pHIICIICA, KOPHUCTE CE 3a JCTEKIH]y 3aMOpa TOKOM

cTajama y3 nmomoh GpyHKIIMOHATIHE eNeKTPHUYHE CTUMYJIanuje [216].

Ynotpeba enekrpomuorpaduje je JOCTYITHA TEXHOJIOTHja KOja HHUje MPEBUIIEC
ckyma. Mmak, meHa NpUMEHa BaH KIMHUYKHAX YCJIOBAa JOII YBEK j€ MPUIHYHO
orpanuveHa. Jlomie penpolyKoBame TauyHE IMO3WIUje EeJIEKTPOja, Koje y oapeheHum
yCIOBUMa MOXe€E JIOBECTH M 10 Jjoimmer paaa ypehaja [217], ummenanca koxe,

npeciylaBame Kanana (,,Kpoc Tajk ), camo cy HeKH oj rocrojehux mpobiema.

MumnhHe cuHepruje 10mBUX eKCTPEeMHUTETA

Y 0BOM HOIJIaBJbY YKPATKO Cy ONHMCAHE aKTMBHOCTU MHIIMha KOjU Y4ECTBY]Y Y

xofy. [leTasbHUjU ONMUC BUXOBE (PYHKIHU]jE M KAPAKTEPUCTHKA HUXOBE aKTHUBAIUjE AT

je y mpmory /1.

Mummuhu nop3uduiekcopu 4jiaHka.

Tubujanuu mMummhu akTUBHU Cy OJ TPEHYTKa O/AM3ama CTONana oOf
noJjiore, Kpo3 4ntaBy ¢asy 3amaxa, CBE JI0 TPEHYTKa CIyIITamka CToIajia Ha MOJAJIOTY
(cmuka 5.1). Ilpunukom mpenacka u3 (aze ocnoHna y ¢azy 3amaxa, OHU CIpedaBajy
3alUbabe CToMaja O MOAJIOTY, a OCUM TOra, UMajy U yiory crabuiuzanuje wianka. 13
OBE Tpyme, U3/Baja ce MUIIMh THOWjaTuC aHTEepUop, KOjU je 300T CBOje MO3HIIH]E
HApOYMTO TMOrojaH 3a cHuMmame EMI' curhama, ma ce kao TakaB 4eCTO KOPUCTH Yy

CTyAMjaMa Koje ce 0aBe KOpeKI1joM mnajajyher cromnana.
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UNAHAK

ao  10%
OO

-10°%

no -20°

OCNOHALL \ 3AMAX |
A. YITAQY 3[TIOBY

SOLEUS
GASTROC

B. MIAHTAP®IIEKCOPK

TIB. ANT. ’
EXT.DIG. L.
EXT. HALL. L.

L. OOP3V®IIEKCOPU

Cauka 5.1 llleme akTuBanyje Mumunhaux akTusHocT Mmumnha miianrapguexcopa yianka (b) n
aop3uduiexcopa wianka (I). Ocum MumumhHUX aKTMBHOCTH, HA CJIULM je IPUKA3aAHA U

TpajexkTopuja yriaay uianky (A). Ilpeysero u3 {[218]}.

Mumuhu nianrapguiekcopn 4iaHKa.

OBu mumuhu Cy mpere)XHO akTHBHH y (a3u OcioHIa. HbuxoBa akTUBHOCT
mpecraje HermocpeaHo npe kpaja oBe ¢ase (oko 40% mmkiryca xona). OHM mpe cBera
yTUUYy Ha TPOTrpecHjy Tella yHampes y3 €KCTEH3W]y KOJEeHa, alu Cy 3aIyKEHH U 3a

0JIM3ak-€ CTOIAajIa OJ1 IOJUTOre Ipe moverka ¢ase 3amaxa [219].

IIpeawa myckyaaTypa HagkodeHa — KBaapuuenc

KBanpunenc je koj BehumHe nanMjeHaTa akTHBaH TOKOM Ipenacka u3 (ase
3amaxa y ¢a3y OCJIOHIA, AOK Yy JAPYTHM JENOBHMa LUKIYCa XOJa HEroBa aKTHBHOCT
BapHpa y 3aBUCHOCTH of cyOjexra. HberoBa ocHoBHa yinora je craOuian3anuja KoJieHa

IMPUITUKOM IIPCHOUICHY TCI)KUHE HA HOT'Y.

3aama MyCKYJIaTypa HaJKoJIeHa — XaMCTPHHT

XaMCTpUHT je Ha3MB 3a TPYIMy OJ TPU MHUIIUNA, KOJU Cy aKTHUBHH TOKOM
npenacka u3 (aze 3amaxa y $aszy ocinonna (cnmuka 5.2). OBu mummhu ycrmopagajy Teio
TOKOM (pa3e Kpajmer 3amaxa pajau yinacka y ¢asy OcJIoHIa. 3aTUM ce BHXoBa (PyHKIH]a

MCHa U HOCTajy 3a1y’KCHHU 3a MPCHOLICHC TCKUHE Ha HOT'Y OCJIOHIIA.
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Biceps Femoris. Short :|
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Cauxa 5.2 Ileme akTuBanuje MUmMhHUX akTHBHOCTH Muimnuha 3aamer gena HaaKoJeHHIe.

Ipey3ero u3 {[220]}.

[Hosumuorpadgcka anaausa xoma’

Pexabunuranuja xona kKoja je ycMepeHa Ha TOHOBHO YHYCH-C M YCIIOCTaBJbambe
,»3IPaBUX " MOTOPHUX (PYHKIIH]jA je BaKHA KOMIIOHEHTA peXaOWIHTalMje TalijeHara ca
xemumuierujom  [221].  Vnorpeba (QyHKIMOHATIHE EIEKTPUYHE CTUMYNAlHje Y
pexabunuTanuju OBUX MalnujeHata je moryha, anu je Tpeba YCKIAAWTH ca BOJHHOM
KOHTPOJIOM BbUXOBUX MHIIIMhA KOja y Maw0j win Behoj Mepu u gasbe noctoju. [Ipu Tom,
BOJbHA KOHTpOJIa MUIIMNa OBUX TalWjeHaTa pa3juKyje ce O]l BOJbHE KOHTPOJIE KOJ

3/paBUX 0co0a.

VY 0BOM mOrnaBby NpUKa3zaHa je MOJMMHOTpadcKa aHaaM3a Kao METOA 3a
onpehuBame MHUIIMNHUX aKTHBalKMja TPU XOAYy TMalUjeHTa Cca XEMUIUIETHJOM.
Vnopehene cy wmummhHe axkTUBHOCTM TMPH XOJy C€a pPAa3IMYUTUM aCHUCTUBHUM

CpeICTBMMA: IIITAllOM ¥ MOTOPHU30BaHOM Xoaaiuiiom ,,Walkaround.

[Mogamm 3a cTyaujy cy Npey3eTd W3 OIIIMPHHUje KIMHUYKE CTyIHje O
ACHCTEHIMJH X0/J1a XUOPHIHUM cUcTeMOoM [222]. ¥V pa3MaTparme cy y3eTH caMo MOIaIH

CHUMJbCHH TIPBOT JaHa, IOJ] UCTUM yclIoBUMA U 0e3 edekara Tpennnra. Omadpano je 10

* U3 pama y mpumpemu: N. Miljkovi¢, |. Milovanovié, A. Dragin, Lj. Konstantinovi¢, D.B.
Popovi¢, ,,Muscle synergies in stroke patients during the training of the gait: Body Postural Support vs.
,cane/therapist® assistance®. Jleo pe3ynrara npe3eHToBaH je Ha koH(pepennuju: |. P. MunoBanosuh, M.
Buri¢-Jovic¢ié, ,,Polymyography during hemiplegic walking: Implications for control of FES. In: IFESS
2010 Conference, Sep 8- Sep 12, Vienna, Austria.
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HACYMUYHUX manujeHata. [{uib ucrpakuBama 01O je 1a ce YTBpIU KaKko U3riiea BoJbHA
KOHTpOJIa MUIIMha maryjeHara ca XeMUIJIETH]OM U JIa I Ce€, U Ha KOJU HaYWH, MEHhajy
muinmnhHe akTUBAIMje MpH KOpHIINeHwYy pa3iMYUTHX ToMmarana. PasMoTrpeHa je u
MoryhHOCT Kopumhema CHHMJBEHUX EICKTPOMHUOTPA(CKHX CHTHAJIa 3a YIPaBJbhambe

(YHKIMOHATHOM €JIEKTPUYHOM CTUMYIIALI]jOM.

Ha cmukama 5.3 uw 54 cy nmnpukazaHd OpUTHHAJIHM CHTHATU  JBa
pernpe3eHTaTuBHA Cy0jeKTa, CHUMJbEHHU Ha MAapETUYHO] M HEMAPETHUUHO] HO3H, TIPH X0y

Ca mrarnoM 1 'y XO4aJIMIH.

LUTAMN
NAPETUYHA HOTA HEMAPETUYHA HOTA
TA UWM“%W 0 B L e L TR Lo e F e
2 4 3 8 10 12 14 2 4 3 8 10 12 14
m o MWWWWM%M 0 WWWWWW
2 4 6 8 10 12 14 2 4 6 2 10 12 14
1 . o : ‘ . . . ; ;
BN o W«WWWWV\W—IW 0 WMHM'«MFN‘
2 4 3 8 10 12 14 2 4 6 8 10 12 14
08 . . . . . . 2 : : T : . : y
B 0 fumsticngrtlfmssrshncrs WM A om0 MWW&WWMM
05 2 4 6 8 10 12 u 2 4 6 8 10 12 14
0 2 4 3 8 10 12 1w 0 2 7 5 8 10 1 T
Bpeme (s) Bpeme (s)
XOOANMUA
0.5 . . . . T T . 5 . T : - : ! T
TA OH“M%“M‘%‘M 0 bbb e H e i
05 L L L L 1 1 L 5 1 1 1 1 L 1 1
2 4 3 8 10 12 4 2 1 6 8 10 12 14
2 T T T T T T T 5 T T T T T T T
I e e n%WWW\«WWWM
2 L L L L 1 1 L 5 1 1 1 1 L 1 1
2 4 3 8 10 12 4 2 1 6 8 10 12 14
5 T T T T T T T 1 .
BN o WMMWWMMJW 0
-5 L L L L L L L K Il Il Il Il 1 L Il
2 4 6 8 10 12 14 2 iz & 8 10 12 14
0.2 ; ; ; ; . : ; 1 : . . . : ; .
BP o M'—MMW%'G 0 M‘%M%MMM
02 L L L L L L L K Il Il Il Il 1 Il Il
2 4 6 8 10 12 14 2 iz & 8 10 12 14
e 0d) BV AVAVAVAVEVAVE
0 ‘ s ) ) 0 . . . . ‘ . .
2 4 3 8 10 12 4 2 1z 6 8 10 12 14
Bpeme (s) Bpeme (s)

Cuanka 5.3 NoBpmunckun EMIT curuaim cHUMJbeHH ca nanujenrta 6p. 1 TokoM XoJ1a y X04aJulH U
ca wranom. Ha kpajsum 1omuM rpadunuMa cy npuka3aHe cuiie peakiuje noajiore CHUMJ/beHe

CeH30puMa CUJIE.

77



MAPETUYHA HOTA HENAPETUYHA HOTA
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Cauka 5.4 Iloppmunckn EMI™ curiajm cHUMJ/beHH ca nanMjeHTa 6p.2 TOKOM X0/a y X0AaJMIHU U
ca wranom. Ha kpajibuM 1omuM rpadunuMa cy npuka3aHe cuijie peakiuje noajiore CHUMJ/beHe

CEeH30puMa cuJjie.

M3 npuka3aHuX CUTHAja ce BUAM Jia y 00a ciaydaja MocToje 3HauajHa OCTyTama
0]l 3/paBe IIeMe MUIIMhHUX aKTHBallMja Kao U TO Ja IOCTOje BEJIMKE pa3IHKe O]l
nanujeHTa a0 nanujeHTta. llokaszana BapujabunmHoct EMIT curnama ra 49uHH
HETIOTOIHAM 32 YIpaBJbambe (PYHKIMOHATHOM EIEKTPHYHOM CTHUMYnanujoM. Taxobe,
OHa JIOBOJM JI0 3aKJby4Ka J1a ce e()MKACHO YIpPaBJbake aCUCTUBHUM CHCTEMOM Ha 0asu
CJIEKTPUYHE CTUMYJallijeé MOXE pealu30BaTH JE€JMHO 3a CBAaKOI KOPHCHHUKA

M0jeIMHAYHO.

Ynpkoc BapHjabMIIHOCTH, eleKTpoMHUorpaduja ce MOKe KOPUCTUTH 32 MPOLEHY

KBAIHTETa Xo/a W mpaheme pexaOunmurtanmoHux edexkara. Ha OCHOBY CHHMIbEHUX
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MUIIMNHAX AKTUBHOCTH TOKOM TEpPANUjCKOr IOCTYIKa, mnopehemeM ca MummhHUM
mieMama 37IpaBoT’ X073, MOKE C€ MPATUTH HaNpelaK, YCMEPUTU MM KOPUTOBAaTH TOK

Teparmje n u30ehu nacranak KOMIICH3aTOpHUX MCXaHHU3aMa.

HNako ce y JmTepaTypu 4YeCTO TIOMHIE XOJ ,,KapaKTEpUCTHYaH 3a
XEMUIUIETUYHE TAIjeHTe, BAKHO j€ 3HATH J1a He ITOCTOj! TaKBa 3ajeHNYKa [IeMa Xo1a
YHUjU C€ CKYNl KapaKTEepUCTHKA MOXE BUIETH KOJ CBakor namujenrta. Ilokymaju aa ce
aQHAJTM30M DPA3JIMYUTUX EIIeKTpOoMHOrpadCKUX mapamerapa Xoia Johe a0 rpyma
nanyjeHara ca CJIMYHUM KapaKTepUCTHKaMa, HHUCY JajM pEleBaHTHE pesyiarare. Y
HPUIJIOT OBOME TOBOPH M YMIHCHHUIIA 1A C€ Y JIMUTEpaTypu MOKe NpoHahM TeK HEKOJIHMKO
tTakBUX kiacupukanmja [33], om Kojux HM jeAHA HHUje y 3BAHUYHO] KJIMHHYKO]
yrnotpebu. CBe je BHIIe NPUCYTHO MHIUBCHE J1a CBAaKM IALUjeHT UMa ofpeheHy
KOMOWHAIM]y U3 IIUPOKOT CIIEKTpa NEPUINTA KAPAKTEPUCTUIHHX 32 XEMHILIETH]Y, KOja
pe3yiaryje oarosapajyhom, memy crenu(puyHoM, IIeMOM MHUIIMNHUX aKTUBaluja. 300r
TOTa je BaXHO NPWJIATOJUTH TEPanujy WHAWBUAyaTHUM morpedbamMa n MoryhHoctuma

cBakor nanujeHra [223].

VYV HactaBky he OuTH mnokasaHa noiauMmuorpadcka aHaiau3a MpPUMEHEHA Ha
CUTHAJIC JeIMHCTBEHOT CyOjekra. BakHO je HAlmoOMEHYyTH Ja y OBOM CIIy4ajy,
MPE/ICTaBIbaE JEAMHCTBEHOT CY0jeKTa HE CMambyje TreHepaTu30BaHOCT, C 003UPOM Ja U
y TpPaKTUYHUM IpPHUMEHaMa, CTPATerHjy pexaOWjHTalMje ¥ KOHTPOJY AaCHCTHBHOT

cucreMa Tpeda MOJEIOBATH 33 CBAKOT KOPHCHUKA T10J€AMHAYHO.

[Topaum xoju cy oBJie MpeACTaBbEHH CHUMIBEHH Cy Ha MalljeHTy 000JIeI0OM 0]
XeMUILIernje, crapoM 56 roauHa, y akyTHo] (a3u (3 Hemesbe HakoH mwiora). Hberom
®dyra-Majep HHIEKC 3a JOHE EKCTpeMHTeTe je oapeheH onx crpaHe Ttepareyra
u3Hocuo je 22. [lanujeHT HUje UMao APYrux HEYPOJIOIIKUX Ae(UIUTA, U KOTHUTHBHO je
Ouo y cTamy Ja TpaTH Halle HHCTPyKHOWje. Y TPEeHYTKY NpHKYIUbama I10/aTakKa,
NAIMjeHT je MOTrao Jia CTOjH Ha MapeTHYHOj HO3M | Ja ce kpehe Op3unom ox 0.43 m/s y3
ynotpeOy mtana. [lanujeHT je mormucao MH(OpPMHCAaHY CarJIaCHOCT HAaKOH WITO je

ACTAaJbHO YIO3HAT €Ca HUJbEM U IIPOTOKOJIOM CTy,Z[I/IjC.
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HNHcTpyMeHTaNMja U METO/
[Momanu cy CHUMJbCHH MPUJIMKOM J[Ba Pa3jIMuUTa MOJAIUTETA XOJa: MPH XOIY
y3 moMoh mrama (ciauka 5.5, jeBa CTpaHa) W MPHU XOAY y3 IOMONh MOTOPH30BaHE

xonanuiie Walkaround [224] (ciuka 5.5, necHa ctpaHa).

[TannjeHT je MMao 3amaTak Aa xoAa Iy paBHe craze ayre 10 merapa. [lTomanu
MPUKYIJEHU TOKOM TPBOT U TOCIEAHET MeTpa mnpeleHe MyKHHe, UCKIbYUYEHU Cy M3
anaymze. O0a 3a7aTKa Cy MOHOBJbEHA HEKOJIMKO MyTa U CaMO KapaKTEPUCTUIHHU CUHAIH

CY Y3€TH y pa3MaTpae.

Cauxa 5.5 Ilanujent xoaa y3 nomoh moropusoBane xoaanune (Walkaround, caiuka jeBo); u y3
nomoh mrana (cjauMKa AecHO) TOKOM CHUMam-a y 3aBoay 3a pexaduiaurauujy ,,JAp Mupociaas

3oroBuh“, beorpan.

[ToBpmmHcku EMIT curnanu cHumibenu cy ca 4 mumuha o6e Hore: Tubujanuc
aatepuopa (TA), Tacrpoxnemujyca (I'L]), Bacryc narepammca (BJI) u bunenc
demopuca (b®). 3a cuumame cy kopumhene GS 26 (Bio-Medical Ins.) Ag/AgCl
ENIEKTPO/IC 3a jeHOKpaTHY yrnoTpeOy u Biovision EMI-mojauaBaun [225]. TTpuarkom
CHHMama je MOLITOBaHa Mpoleaypa npeanoxena y ,,SENIAM® nporokony [226]. Ocum
€JIEeKTPOMHUOTPa)CKUX CUTHAJA, CHUMJbEHE Cy M CHJIE peakimje mojuiore mnomohy

yJI0XaKa 3a IUIeNy OpeMJbeHUM ceH3opuma cuite [180].

3a akBu3MIMjy nojaaTaka kopumrhenu cy LabView 8.2 codrep u NI-USB-6212
aKBU3MIIMOHA KapTuia moBe3aHa Ha Sony Vaio UX Premium Micro PC. Bp3una
cemmioBarba EMI' curnana 6una je 1000 Hz, a 6p3uHa cemmuioBama cuiia peaxiuja
nomiore 100 Hz. EMI' curHamm cy Hajupe HCOpaBJbeHH, a 3aTuM je ypaleHa
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eKCTpaKIlMja EeHBEJONe HUCKONponycHuM ¢uitpoMm uyerBpror pena (Butterworth,
f.=6Hz).

Pesyararu

Ha cimunm 5.6 cy npukazanu ucnpasibeHd u ¢unrpupann EMIT curnamum ca
napeTuyHe U HemapeTUyHe HOre o/adpaHor cy0jekTa, TOKOM jeHOr LUKIyca X0Ja, ca
mTanoM M y xoxanmnu. HampaBibeHo je mopeheme ca EMIT curnammma 3apaBor

cy0jekra.

VY mpukazaHoM TpHMEpy, Tpajame ¢a3e 3amaxa Koje je MpH XOIy ca IITaroM
nu3HoCwIo 23% on yKymHOT Tpajama mukiryca xoxa (LX), mosehamo ce mpu xomy y
xonanuiy Ha 34% on ykynHor tpajama L[X. Tpajame da3e 3amaxa Ha MAPETUYHO] HO3H
ce moBehamo ca 26% 11X 3a xoxm ca mranom Ha 38% I[X 3a X0a ca XOIalMIIOM.
[TponyxeHo Tpajame (ase 3amMaxa IpH XOAY Y XOJAIWIHU j€ 1O BPEAHOCTH CIIHYHO
OyXUHH (a3e 3aMaxa 37paBuX cyOjekara mpu cropom xoay. Kao mro je u odekuBaHo,
XOJlaNiIla HUje JompuHena mnoBehawy cumerpuje u3mely nmapeTuuHe W HemapeTHYHE
Hore. Cpeama Op3una xoaa usHocwia je V.= 0.43 m/s u v = 0.48 m/s 3a xo1 ca mrarnom

" XO04aJIMIIOM, PECIICKTUBHO.

NAPETWYHA HOTA (MAUWMJEHT CA XEMUIIL.)

HEMAPETUYHA HOTA (NMAUWMJEHT CA XEMUII.)

v=0.48 m/s
XOOAN
L; L— - --‘I‘ ‘—L
v=0.43 m/s
IA “L A—L o
TA r BIl (=10J

Cuanka 5.6 EMTI eHBes1o1e TOKOM jeIHOT LIUKJIYCca X0/1a CHUMJbeHe MPH: CIIOPOM XOJY 3/IPaBHX

cy0jexara (MpBU XOPU30OHTAJIHH pen rpaduka, v = 0.4 m/s), xoay ca xoxaauuom (XOAAJL, v =0.48
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m/s), xoay ca mranom (IITAII, v =0.43 m/s). Bepruka/jiHe JuHHje 03Ha4YaBajy rpaHuny usmely

(aze ocronna u dase 3amaxa.

Ca cnuke ce BUAM Jla Ce U y CIy4ajy XOJa ca IITalloM M y CIy4ajy Xoja ca
xomanuioM, EMI' npoduian Ha mapeTHuHO] U HEMAPETUYHO] HO3HM CYOjeKTa paslIuKyjy
ox EMI" mpodwuna 3npaBor cybjexra. Mnak, moxe ce npumerutu aa cy EMI™ npodunu
X0J]a ca XOAAJIHMIIOM IO OOJIMKY CIMYHUjU mpoduimuma 3xapaBor cyojekra. Hajsehe
pasnmuke mocroje u3Mehy EMIT mpoduna Ha HeEmapeTHYHO] HO3HW, TIAE CE XOIOM Yy

XOJIaJIMIIM YCTIOCTaBJhajy TOTOBO 37jpaBe MUIIMNhHE aKTHUBAIH]€.

bp3una xona ca xoxanuuom je 6una oko 10% eha Hero npu xoay ca mITanoM, u
HajBEpPOBATHU]E je ToBe3aHa ca ocehajeM CUTypHOCTH KOjy j€ MalljeHT UMao MPU X0y

Y XOJaJIHIIH.

Ha ciaukama 5.7 u 5.8, mpukazanu cy ¢uiatpupanu u Hopmainu3zoBaHu EMI
CHUTHAJIM, CHUMJBCHH Ca HEMApeTHYHE M MapeTHYHE HOTe XEMUIUICTHYHOT MallhjeHTa,
pecnexktuBHO. EMI' CHUrHaiM CHMMJbEHM TOKOM XOJa Ca IITallOM IPUKa3aHU Cy Ha
JICBUM TIaHEIMMa, a TOKOM XOJa ca XOJAJNWIIOM Ha JECHUM IMaHenuma o0e CIHKe.
Beptukanne nuHuje mokasyjy rpanunly usmely dasze 3amaxa u (dasze ocioHna kox
3/paBOr MCIUTAaHWKA, KOju he ce OBJe KOPUTUTHU KAao TMPUMEP 3IpaBe IIEeME XOja.

Tpajama a3za 3amaxa u OCJIOHIIA IPUKA3aHa Cy AYK XOPU30HTAITHE OCe.

Cunepruje MumuhHUX aKTHBalMja KBaHTU(QUKOBaHE cCy oJpehuBamem
KapaKTepUCTUYHUX BPEMEHCKMX TpeHyTaka MUIIMNHMX aKTHBallMja U HHUXOBHUX
ammuTyaa. Ha cBakoM o mojennHaduHux Mummha u3padyHate cy IMpocedHa
aMIUTUTYa W BPEMEHCKO Tpajatbe Mumuhuae aktusHoctd (burst duration). Csu
napameTpu cy ojpehuBanum Ha 3acebHuM nukinycuMa xoxa (L[X). Bpemencku
napaMeTpH Cy HOpPMaJIM30BaHU y OJJHOCY Ha BpeMe Tpajama LUKIyca X0Ja, paduyHaTUM
0]l TPEHyTKa KOHTaKTa rete ca nojuiorom. Hopmanuzosanu EMI je pauyHat y ogHOCY
Ha MakcuMmanHy BpenHoct EMIT curHana koju je u3MepeH 3a CBakd MHIIKWD
MOjeIMHAYHO HEMOCPETHO Tpe MOYeTKa CHUMama cecrja xona. Makcumanuu EMI je
CHUMJbEH TOKOM H3BOhema MaKCUMalHUX H30MeTpujckux KoHTpakuuja (MVC) mpu

CaBJIalaBamky OTIIOPA.
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WTAN XOOANMN
25 TA e TA

EMI HopmanusosaH Ha MBK

Canka 5.7 Hopmaiauzosan EMI' curnaiu ca HemapernyHe HOre nanujeHTa (pHa JHHUja) U

CUTHAJIU ca 3ApaBor cy0jexTa (cMBa NOBPIINHA).
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Cauxa 5.8 Hopmanuzoau EMI curnanu ca naperuyne HOre nanujeHTa (IpHA JUHUja) H CHTHAIA

ca 31paBor cyfjexkra (CUBa NOBPILIMHA)

Juckycuja

[Mpunukom nopehema MUIIMAHNX aKTUBHOCTH HEMApeTHYHE HOTE, MPH XOaYy ca
pa3IMYUTHM aCUCTHBHHM HampaBama, NpoHaljeHe Cy 3HauajHe pas3iuKke y MieMama
MUIIMNHUX aKTUBaIMja y OJHOCY Ha IlleMe 3/paBuX akTuBanuja (ciauka 5.7). Tokom
XoJla y3 momMoh Imrama, BPEMEHCKHM NapaMeTpd MMIIMhHUX akTUBalMja ykKa3yjy Ha
nponyxeHe mumunhae aktuBHocTH TA (35% nyxu), BJI u B® (40% u 50% nyxu,
PECIIEKTUBHO). Y3 TO Cy mpuMeheHH U TyXKU Meproau KokoHnTpakmuje mummmha TA-T'L]
(20% nyxu) u BJI-BD (60% nyxu). XonameM y XOJalWIM AOJa3d 10 3HAYAJHOT
cMamema nyxune tpajama bd (ckopo 40 %) mok ce akTuBHOCT TA HHje MpOMEHHUIIA.
OBe abHOpMalTHE CHHEPTHje HemapeTuyHe Hore Mory ce mponahu u y [14;17], tae ce

TymMade Kao KOMHeH3aHI/Ija 3a HEJOCTAaTaK BOJbHC KOHTPOJIC MAPETHUIHE HOT'C.
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[Tomumuorpadcka aHanM3a NApeTUYHE HOTE IMOKa3ala je Ha KOjU HadMH
ACHCTUBHO CPE/ICTBO yTUYE HA XOJ MallijeHTa U CyrepHile Jia eMe CTUMYyJannje Koje

ce Hamehy ®EC-oM Tpeba npuaarouTy TUIY aCUCTEHIIH]E.

Xona ca mtanowM, ycieq HemoryhHocTy nqop3udiiekcrje wiaHka HapeTUuyHe HOTe,
ommikyje ce MamuMm amrumtyaama EMIT curnana TA w I'l] mmmmha y omHocy Ha

aKTuBaluje Mummha 3paBor cybjexTa.

3npaB TA yoOuvajeHO MMa [[Ba KapaKTEPUCTUYHA MEPHUOJIa AKTUBHOCTH, TOKOM
KOHTaKTa TMEeTe Cca MOJUIOTOM U TOKOM (pa3ze MHUIMjATHOT 3amMaxa (Hop3udiaeKkcuja), mTo
je y ckmany ca [145]. Ilpu xoxy ca mTamoMm, akTuBHOCT TA mocToju camo y (asu
3amaxa, JOK IPBH IEPUOJ] aKTHUBAIMje, KOJU CIYXKH 3a CTaOWIM3aIKjy HOre I10

CHyIITamy Ha MOJUIOTY HelocTaje (ciuka 5.8a).

Ca ciuke 5.80, MOXe ce MPUMETUTH Jia 3l[paBa MUNIMhHA aKTHBHOCT MuIrha
'l uma aMIUTyJe NMUKOBAa KOje ce KOHCTaHTHO moBehaBajy, on (asze cpemumimer
3amaxa 710 ¢aze oau3ama MPCTHjy OJ MOJJIOore, y K0joj AOCTHXKY HajBehe BpeaHOCTH.
HajBuiie Bpeanoctu y ¢asu oam3ama MPCTHjY OJTOBOPHE Cy 3a MPOTPECH]y Teia
yHanpea. Koa cybjekata ca XeMHUILIETHjoM, IPH X0y ca mrranom, mutiuh ' qocTtike
CBOje MaKCHMAaJTHE BPEIHOCTH Yy a3y CPeAMINE-Er OCIOHIA, ITO je mpaheHo Jabum

1aJ0M aMIUINTY/1a TUKOBA Ka (ha3u 3aBpILIHOT OCJIOHIIA.

Mumuh b® wuma npoxyxeno Tpajame y ¢aszu ocimoHna (34% ox ykymHOT

Tpajama L[X), mro je 3a oko 10% myxe Hero koj 3apaBor ucrnutanuka (oko 20%).

YV xopmamuuu, ammmryae TA wu T'L] mummha ce mnosehaBajy no HHUBOa
KapaKTepUCTUYHUX 3a 37paBe. [lepuox axktuBHoctu TA wmummha 3a Bpeme (dase
MHUIIMjATHOT KOHTAaKTa ce MMOHOBO yCIocTaBJba (cnuka 5.8a), a mumuh I'L] moHoBo numa
BUJIUBMBO TIOBehame aMIUTMTy/la MUKOBAa Ka 3aBpIIETKY ¢asze ocioHia (ciauka 5.80).

AxtuHocT muinha b® je ckpahena Ha 23% on LIX 31paBor ucnuraHuka.

Ca 00e acuctuBHe Hamnpase, akTuBHOCT '] Mummha nuun Ha 3ApaBy aKTUBHOCT,
U 33/Ip)KaBa UCTU OOJIMK aKTHBAIMje MPH X0y ca ITanoM U y xoaamuiu. Mumumh BJI

Takole He MoKa3yje aTUIUYHO MTOHAIIAE.
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Paznuke mponaljene y mumuhHMM akTHBanMjaMa yKa3yjy Ha motpelOy ma ce
mieMa CTUMYJalKje MPHIaroad KopuimheHoMm Ty acucreHiyje. Ykomuko ce ®EC
npUMembYje MPUIMKOM XOJia MalMjeHTa ca ImMTarnoM, notpedHo je ctumynucata TA-T'T]
KOMIUIEKC, He Ou 1 ce o0e30eauna ctabuiuzalija HOre TOKOM HEHOT CHYIITamba Ha
MOJJIOTY W JIOBOJBHO CHAre 3a MPOTpecHjy Tella yHampea TOKOoM (a3e 3aBpIIHOT
ocnonma. Kajga je ka0 acCHCTUBHO CPEICTBO YIOTpeOs/bEeHA XOAaIHIla, OBO HUjE CIIY4aj.
XomameM y XOJajulld, IeMa MUIMMNHUX aKTHBaIMja 00€¢ HOTe je CIMYHMja IIEeMU
3IpaBUX aKTHBAallMja, a mMojapa3ymeBa Kpahe Tpajame MHUIIUNHE aKTUBHOCTH M Mambe
KOKOHTpakmuje. [IpaBuiiHUje OpKame Tela y XOMAIUIM M JIe0 TEXKHHE Telna KOju Ha
cebe mpey3uma XOoJanuila, npyxa Behy cTaOMITHOCT IpH XOAY M CMamyje moTpedy 3a

CTI/IMYHaHHjOM, mTO CC BUJIU U U3 eHeKTpOMI/IOFpaQ)CKe aHaJIn3C.

3ak/pyuak

OBa cTyauja nokasyje Ja je NpUJIMKOM OJUIy4HBama O CTpaTeruju CTUMYJaluje
HEOIXOJHO y3€TH y 003Up W TUIl KopullheHe acUCTeHIMje Mpu Xoay. MeToa Koju je
npeacTaBbeH omMoryhaBa WTEpaTHBHY NPOMEHY CTUMYJIAMOHMX CHHEPrHja TOKOM
Tepanuje (HOp. jeqHoM HeaesbHO). CodTBep KOju cMO pa3Bwiu oMmoryhaBa ma oBa

HUTEpaTHBHaA IIpoucaypa 6yz[e KOpI/IH_IheHa H 04 CTpaHC KIIMHUYapa.
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6. 3BAK/bYYAK

[{nsb oBe Te3e je Omo pa3Boj MeToje 3a 00jeKTUBHO INpaheme KapaKTepUCTHUKA
xoJla (KHHEMaTHUKE U TMHAMUKE) U KapaKTEepUCTUKA MUIIMNHE aKTUBHOCTH MPHU X0y Y
KIIMHUYKAM yCIIOBUMAa paau yHampehema yIrpaB/bamkba ACUCTHBHUM CHCTEMOM U

npahema oropaBka namujeHaTa y TOKy pexaOrinTaimje.
VY IIOKTOPCKOj AUCEpTaAIjH Cy NToKa3aHu cienehu pesynraru:

Ilpumena u nopeheme MeTOaa MAIIMHCKOT y4ewa paau ¢gopMmupama 0aze
3HaWa. Y IpyroM IMOrjaBiby T€3€, aHAJIIM3UPAHE Cy JIBE TEXHUKE MALIMHCKOI y4yema ca
moryhHomhy npeaukinje BpeMEHCKIX CepHja: HelIMHeapHa ayToperpecuBHa HEypaiIHa
mpexa (NARX) u ¢dasu uadepentnu cucrem Ha 6asu amantuBae mpexe (ANFIS), ca
mbeM (opMupama 06a3e 3Haba 3a YIpaB/bambe BHIIEKAHATHOM (DYHKIIMOHAIHOM
€JIGKTPUYHOM CTUMYJIALMjOM y pealHoM BpeMeHy. Ha OCHOBY aklenepoMeTapckux H
AKHUPOCKOIICKUX CUTHAJIA, BPLICHA je MpeIuKLMja MUIIMNHIX aKTUBHOCTH HNapeTHYHE U
HermapeTuyHe Hore. Mpexe cy ynopeheHe ca cTaHOBHIITa MHHUMAIHOT Opoja ceHzopa
NOTPEOHOT 3a MPENH3HY MPEAUKIN]y, Tpelaka y oapehuBamy BPEeMEHCKHX joralaja,
Opoja naxxHuX JeTekuMja W MoryhHoctH reHepanuzauuje. Ilopehemem TexHUKa,
nokasajo ce Ja ce o0e MeToJie MOry MPUMEHUTH 3a ayTOMAaTCKO TeHepucame MpaBuia,
W J1a CBaka o] ’buxX uMa onpehene npearnoctn. CaMuM THM, TEXHUKY MAIIMHCKOT yUera
6u Tpebano m3adpaTu y 3aBUCHOCTH O] LWJba KOjU ce kenu noctuhu. 3axBasbyjyhu
peNaTUBHO JeTHOCTaBHO) MPOLEAYpU NMPHUKYIJbamka M0/1aTaka, TOKOM CBEra HEKOJIUKO
cecHja xojla, M Op30M TPEHHUHTY IMPeJICTAaB/bEHUX HEYpaTHUX Mpexa, Moryhe je
HanpaBUTHU 0a3y 3HaWa Koja je MOTIYHO NpuiaroleHa MHAMBUAYATHOM KOPUCHUKY U
noOujeHn Mojen uMmiuieMeHtupatu y BumekaHanHu PEC cucrem mro notsphyje
xunote3y X1. HaBeneHn mpucTyn 3axTeBa 0] KOPUCHUKA MOBpEeMEHY MOAU(DUKALHU]y
KOHTPOJIHOT aJiTOpUTMa, WTEPaTUBHO, TOKOM TpPEHHWHra, Yy CKJaJly ca IMpoMeHama

aKTHBAIMOHUX IlIeMa MUIITha HOTe yclie ] OmopaBKa.

Yuanpehemwe ceH30pCcKOr cucTeMa 3a NPOLEHY CUJIe peaKuuje Moajaore npu

xoay. PazBujeH je MeTo/1 3a MpaBJbeHkh-E YIOIIKA 32 [UIENTy ca MHTETPUCAHUM CEH30pHMa
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cune. [lomoxaj ceHzopa omoryhaBa perucTpoBame CHIIE Ha MECTUMa Mala,
MeTaTap3aigHe 00JIacTH U TeTe, a IOCTOjU U MOTYNHOCT MOJIeNHpama Orcera mpoMeHe
OTIIOPHOCTH ceH3opa. HampaBibeHe cy JBe KOH(pHTrypanuje yJomika, ca TPH U ca MeT
censopa cwie. Kondurypamuja ca Tpu ceH3opa je MPBEHCTBEHO HAMEHEHA CHCTEMHMA
ca €JEKTPUYHOM CTHUMYJIALMJOM JIOK je KOH(Urypaluja ca MeT CEeH30pa HaMemheHa
aHAIM3M XOJa Yy KIWHUYKOM OKpykemy. Cucrem je Tectupan u ymopehen ca
npeTBapayrMa CHJIC y HalloH, Kao U ca komepuujaiaum GaitRite cucremom. ITokazano
jeé ha je cucTeM TOY3/aH W NPaKTH4YaH jep je€ HEroBO IMOCTaBJhalke JEAHOCTABHO W
U3UCKYje 3HATHO Mame BpEMEHa Y OJJHOCY Ha mocTaBibame auckperHux OCP censopa,
a y onHocy Ha GaitRite omoryhasa npaheme akTHBHOCTH Ha MPOU3BOJBHOM IIPOCTOPY
KOjU HHUjEe OIpaHWYCH JMMCH3MjamMa CEH30pcKe mMoBpiirHe. CEH30pCKU YIIOXKAK je
MI0CTA0 CACTaBHU JICO MPEHOCHBOT OEKHYHOI CHUCTeMa 3a aHaim3y xozaa ,.bYJIA“ u
KOpHIINEH je 3a CHUMame X0Ja TalrujeHara odonenux o xemuwieruje, [lapkuacoHOBe
OosiecTH M MYNTHIUIC CKIiepo3e. Y HEIOCTaTKe OBOT CHUCTEMa CIajajy Ipe CBera
MOryhHOCT caBWjama yiolIKa yHyTap oOyhe, KpPTOCT W JIOMJBUBOCT CEH30pa U

mTaMIIaHUMX KOHTaKaTa, Kao 1 pacnojaBa}Le YyJIOIIKA 1IOJ YTI/II_IajeM BJIare y nuIiCJjIu.

Pa3Boj MeTone 3a npaheme onopaBka nanMjeHaATa HAKOH MOKIAaHOT yAapa
HA OCHOBY KMHEMAaTH4YKHMX CeH30pa. Y 4YeTBPTOM IOIJIaBJby Te3€, MPEACTaBbEH je
METO/]] 33 aHAJIM3y KUHEMaTUUKUX CHHEpIuja MaiyjeHara y akyTHO] U XpOHUYHO] (a3u
xemurieruje. [IpuMeHoM pa3nuuuTux MeToja KapakTepusalldje Xoja, yTBpheHo je na
yobuuajeHo xopuinheHn kiauHW4YKU TectoBu (Dyria-Majepos-a ckana, beprosa ckana
Oananca, OYHKIMOHATIHU TECT KpeTamka y aMOYJIaHTHUM YCJIOBHMA ) U KMHEMaTHUKe
Mepe (Op3uHa X0/1a, CUMETpH]ja, KaJeHIla U CJI.) HUCY JIOBOJbHO OCETJbUMBH U HE YKa3yjy
Ha Pa3NIUKy y KapaKTepUCTHKaMa MOTOPHOT Je(uInTa ManyjeHaTa akyTHe ¥ XpOHUYHE
rpymne. JeanHa Mepa Koja je ykaszajia Ha 3HauyajHe pasjiuKe y KBaIMTETy X0/a MallijeHara
OBE JBE TIpyle, OAHOCHM C€ Ha KWHEMAaTW4Ke CHHEepruje yrioBa y 3rJI000BUMA.
OTkpuBeHE pa3iiKe Jajbe€ Cy aHaJu3upaHe MOoMOoNy CTOXAaCTUYKE METOJE, aHaIu3e
MPUHLMIIN]ETHUX KOMIOHEHTH. CMmameme Opoja NMPHUHLMIMJETHUX KOMIIOHEHTH ca
opacToM O030MJBHOCTH XEMHIUIETHje, MOXKE C€ IocMaTpaTH Kao peaykiuja Opoja
CTENEHU cJ0007e MOCMaTpaHOr cUcTeMa. Y ciydajy MOCMaTpaHUX KHHEMAaTHYKUX
CUHEprHuja, MOXKE Ce 3aKJbYUUTH J]a OHE MOCTajy MPUMHUTUBHH]E, jep UX KapaKTepulle

JMHEeapHa 3aBHCHOCT yriioBa y 3riioboBuma. CaMuM TuM, yKymaH Opoj Moryhumx
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KOMOWHAIIMja yIJIOBa y 3TI000BUMA je CMameHa, a yjeqHO U MOTyhHOCT CEelIeKTHBHE

KOHTpOJIE.

3axBasbyjyhu pa3BujeHOj METO/IM aHAJIM3Ee KUHEMAaTHYKUX CUHEPrHja, YOUeHe Cy
U 3HauYajHe pa3iMKe y MEXaHM3MUMa Xoja IalfjeHaTa U3 akyTHe M XPOHWYHE TpyIe.
[lokazaHo je &ma Ha JIOMIMjH MCXOJA PEeXaOWINTALMOHOT MOCTYINKAa 3HAYajHO yTHUIY
KOMIIEH3aTOPHI MEXaHU3MH KOjU € HAKOH oJjpel)eHor BpeMeHa MOTY M0jaBUTH Ha 00e
HOTe, MMAPETUYHOj] U HEMApeTHYHO], U TAKO CIPEYUTH MOHOBHO YCIIOCTABIbAE 3/IPABHX
curepruja. Opa mojasa je mpumeheHa Ha ManMjeHTHMa XPOHUYHE TPyIE KOJU U HAKOH

AKTUBHOI' TPDCHUHI'A, HUCY YCIICIIU Aa IIOBpPATe (bYHKHHOHaJ'IaH XO0na.

[IpumeHoM aHanu3e NPUHLMUIMJETHUX KOMIIOHEHTH Moryhe je 0oJbe
OKapakTepucaTH cnenuduuHe oanuke mopemehaja y Xoay y oaHOCYy Ha yoOuyajeHO
kopuithene texnuke. OBa MeTOJa TpyXka YBHI y MEXaHH3ME KOJH PE3YITHPajy

nopemehajuma xoa 1 omoryhaBa ycMepaBame Tepaliije pajy eJIMMUHAIN]E UCTHX.
Ogaj meron noTBphyje xumoresy X2.

Pa3Boj merome 3a anaqu3y wmummhaux cusepruja. Ilomumuorpadcku
NOCTYNaK TpUKa3aH Yy TIEeTOM TIOrJIaBjby Te3e, oMoryhaBa aHamm3y MummhHUX
CHUHEpIuja M yKa3yje Ha HAauMH Ha KOjU Cy OHE H3MEH-EHE KOJ IalyjeHaTa HaKOH
MOYIaHOT yaapa. ¥ CTYIHjH je U3BpIleHa yNopeIHa aHalu3a MUIMIMNHUX aKTUBHOCTH
Opd XOIy ca JBa AacCHCTHBHA CPEICTBA: MITAlOM W MOTOPHU30BAHOM XOJAIHIIOM
Walkaround. O6a momanutera xoaa cy ynopehena ca 3apasum obpaciiem. [Tokaszano je
na ce EMI' curHanm pasznuuuTHX NHalnMjeHaTa y BEJIUKO] MEpH pa3jiMKyjy, alud Ja
pasyiiKe MOCToje M KOJ MCTOTI MallMjeHTa KOju XoJa y3 MoMoh pazIuMuuTHX MoMaraia.
OBakBa BapujaOunHocT ynHM EMI' curnane HemorogHuM 3a ynpaBibamkbe€ aCUCTHUBHUM
CHCTEMHMA M yKa3yje Ha MoTpedy /Ja ce KOHTPOJIa eICKTPUYHE CTUMYJIAIIH]E PeaTn3yje
3a CBaKkorI MAalMjeHTa I0jelMHa4YHO M Ja Oyzae mnpuiaroheHa kopumheHOM Tumy
acucrennuje. Ctynuja je nokaszana na ce EMIT curHamm Mory KOpUCTHTH 3a MPOLEHY
KBaJIUTETa Xo/a U edekara Tepamnuje, TJle Ce aHaTU30M MHUIIMNHUX CHHEpruja Moxe

nohu 10 3Ha4YajHUX 3aKJbydaka O AeQUIMTHUMA TOCMATPaHOT X0/1a.
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OBo noTtBphyje xunorezy X3, na je hopMupame MoOJIeNIa X01a KOjH je
WHIMBUyallaH, He caMo Moryhe Beh U HEONXO0IHO yCiIe BEIMKHUX pa3jikKa Koje

noctoje mehy manujeHTuma.

90



7. IPEIJIOT 3A BYAYRA UCTPAXKUBAIbA

Yuanpehemwe yinomka 3a numney ca CeH30pumMa cuJjie

VYinoxak 3a OuIeny ca HMHTETPUCAHMM CEH30pUMa CHJIE NIpPUMEHEeH 3a
JMjarHOCTUKOBame mopemehaja xoma Morao OM 3HAYajHO JONPUHETH E(PUKACHOCTH
u3BOhemha U TAaYHOCTH OBUX CTynuja. bexnuHa KOMyHHUKalldja yIIOIIKa 3a IUIeNny ca
OCTaTKOM CHCTE€Ma, MCKJbYYWiia O IMpOOJIeM KOHEKTOpa M IMOOOoJbIIANA ICIOKYITHY
MOY3AaHOCT cuUcTeMa. YmnorpeOoMm (ruekcHOWIHMje TUTACTUKE WM JPYTrUX BpCTa
ceHsopa (HIp. ,xuapohenuje®), mpobdieM JTOMJBHBOCTH M paciojaBama CEH30pa IOJ

yTHIIajeM Bllare Morao Ou 6utu npesasul)eH.

AHaJIN3a KHHEMAaTHKe X012

Ha ocHOBy pesynrara n0OMjeHMX aHAIM30M MNPUHIMIN]ETHUX KOMIIOHEHTH
Mmoryhe je pa3BHTH JHjarHOCTHYKH MOJEN 3a Kopuliheme y CBAKOAHEBHO] KIMHHYKO]
mpakcH. Jeman oj mpeaycioBa 3a TO je pa3Boj codprepa koju O6u omoryhno npumeny
NOCTYIIKa y3 Tap jEeAHOCTAaBHUX HHCTPYKIHja, 332 KOjy HHjE HEOIXOJHO TEMEJHHO
NIO3HABaWke CTaTHCTHUKE aHanu3e. Takolhe, pesynraru aHanmse, 3a caja NMpPEACTaBIbajy
camMo rpy0e CMepHHIlE y MOoTieay AcUIMTa JOKOMOTOpHOT cuctema. IloTpebHO je
UCTPaXUTH J1a JIX j€ Ha OCHOBY JO0OHMjE€HUX pe3yaTara Moryhe yBecTH KOHKPETHE Mepe
KOje OM Y KIIMHUYKOM OKpYXKEeHY UMaJle JaCHUjU cMUcao U 00Jbe yKa3uBalle Ha IPUPOTY
neunura. ITocraBiba ce M nUTame Ja JU OM HEKEe JIpyre CTOXaCTHYKE METOJ]e Jaie

pe3yAaTaTe KOju Cy Y IMPEKTHH]O] BE3H ca MOCTOjehrM KIMHUIKUM Mepama.

AHanu3a MUIIMAHUX aKTHBHOCTH X012

Ha ocnoBy nomuMuorpadcke cTyauje nmpuKa3aHe y MmoriaBiby 4, MOXKe ce Jajbe
UCTpaXXUTH MoOTyhHOCT Kopuinhema OBE MeTo/e 3a (POPMUPAKE CTHUMYIALMOHUX
CeKBeHIM 3a mnocrojehe xuOpuIHEe acUCTUBHE pexaOWIMTalloOHe cucTeMe. bexxundHu
cucTeM 3a enexkrpomuorpadujy, omoryhno 6u jeqHoctaBHMjy ynorpely u epukacHuje

n3Boheme OBaKBUX CTY/IH]a.
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Ynorpeda HeypaJaHHX MpexKa

VY namem pany, MOTpeOHO je MMIUIEMEHTHPATH HEYPaIHY MPEXY Y CHCTEM
ylpaBJbatkba (QYHKIIMOHATHOM EJICKTPUYHOM CTHMYyJanujoM. Ha OCHOBY mocTymka
MIPEIOKEHOT Y OKBHPY Te3€, Y morjaBiby 1, Moryha je mMmIuieMeHTamuja Mpexe Koja
Ou Owmna TpeHupaHa y ,,0-majH* pexxumy. Y ciiydajy HEJOBOJHHO TadyHE MPEAHKIIH]E,
cnenehn kopak OM Morao OMTH MpPUMEHA ,,0H-JIAJH y4ema, KOJ Kora ce o0ydJaBame
MpeXe HH Yy jeIHOM TpPEHYTKYy He 3aycTaBjba, Beh ce TOKOM Xoja, Ha OCHOBY
CHUMJbCHHX ,,pUAOCK CUTHAJIa, BEHO OoOydyaBame KOpUryje M Tako jaoOuja Beha

Ta4YHOCT.

92



JIMTEPATYPA

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

Hickey J.V., The Clinical Practice of Neurological and Neurosurgical Nursing,
5 ed Lippincott, Philadelphia, 2003.

J. L. Hinkle and M. McKenna Guanci, "Acute ischaemic stroke," 2007, pp. 285-
293.

K. Osborn, Wraa C.E., and Watson A.B., Medical-surgical nursing: preparation

for practice Pearson Prentice Hall, 2010.

H. P. von Schroeder, R. D. Coutts, P. D. Lyden, Billings E Jr, and V. L. Nickel,
"Gait parameters following stroke: a practical assessment,” J Rehabil. Res. Dev.,
vol. 32, no. 1, pp. 25-31, Feb.1995.

R. W. Bohannon, "Gait performance of hemiparetic stroke patients: selected
variables," Arch. Phys. Med. Rehabil., vol. 68, no. 11, pp. 777-781, Nov.1987.

C. D. Cozean, W. S. Pease, and S. L. Hubbell, "Biofeedback and functional
electric stimulation in stroke rehabilitation," Arch. Phys. Med. Rehabil., vol. 69,
no. 6, pp. 401-405, June1988.

M. A. Dettmann, M. T. Linder, and S. B. Sepic, "Relationships among walking
performance, postural stability, and functional assessments of the hemiplegic
patient,”"” Am. J Phys. Med., vol. 66, no. 2, pp. 77-90, Apr.1987.

R. G. Burdett, D. Borello-France, C. Blatchly, and C. Potter, "Gait comparison
of subjects with hemiplegia walking unbraced, with ankle-foot orthosis, and with
Air-Stirrup brace,” Phys. Ther., vol. 68, no. 8, pp. 1197-1203, Aug.1988.

M. E. Brandstater, B. H. de, C. Gowland, and B. M. Clark, "Hemiplegic gait:
analysis of temporal variables,” Arch. Phys. Med. Rehabil., vol. 64, no. 12, pp.
583-587, Dec.1983.

93



[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

L. Dipietro, H. I. Krebs, S. E. Fasoli, B. T. Volpe, J. Stein, C. Bever, and N.
Hogan, "Changing motor synergies in chronic stroke,” J Neurophysiol., vol. 98,
no. 2, pp. 757-768, Aug.2007.

C. G. Goetz and E. J. Pappert, Textbook of Clinical Neurology Saunders, 1999.

A. Pollock, G. Baer, V. Pomeroy, and P. Langhorne, "Physiotherapy treatment
approaches for the recovery of postural control and lower limb function
following stroke,” Cochrane. Database. Syst. Rev., no. 1, p. CD001920, 2007.

G. Yavuzer, "Postural control in hemiparetic patients after stroke,”, 9 ed 2006,
pp. 76-79.

G. G. HIRSCHBERG and M. NATHANSON, "Electromyographic recording of
muscular activity in normal and spastic gaits,” Arch. Phys. Med. Rehabil., vol.
33, no. 4, pp. 217-225, Apr.1952.

G. L. Smidt and M. W. Rogers, "Factors contributing to the regulation and
clinical assessment of muscular strength,” Phys. Ther., vol. 62, no. 9, pp. 1283-
1290, Sept.1982.

N. Arene and J. Hidler, "Understanding motor impairment in the paretic lower
limb after a stroke: a review of the literature,” Top. Stroke Rehabil., vol. 16, no.
5, pp. 346-356, Sept.2009.

S. B. WORTIS, M. MARKS, G. G. HIRSCHBERG, and M. NATHANSON,
"Gait analysis in hemiplegia,” Trans. Am. Neurol. Assoc., vol. 56, pp. 181-183,
1951.

N. A. Bernshtein, The co-ordination and regulation of movements Pergamon
Press, 1967.

A. Alexandrov, A. Frolov, and J. Massion, "Axial synergies during human upper
trunk bending," Exp. Brain Res., vol. 118, no. 2, pp. 210-220, Jan.1998.

94



[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

E. Bizzi, S. F. Giszter, E. Loeb, F. A. Mussa-Ivaldi, and P. Saltiel, "Modular
organization of motor behavior in the frog's spinal cord,” Trends Neurosci., vol.
18, no. 10, pp. 442-446, Oct.1995.

A. d'Avella, P. Saltiel, and E. Bizzi, "Combinations of muscle synergies in the
construction of a natural motor behavior,” Nat. Neurosci., vol. 6, no. 3, pp. 300-
308, Mar.2003.

V. Krishnamoorthy, M. L. Latash, J. P. Scholz, and V. M. Zatsiorsky, "Muscle
synergies during shifts of the center of pressure by standing persons,™ Exp. Brain
Res., vol. 152, no. 3, pp. 281-292, Oct.2003.

C. D. Mah, M. Hulliger, R. G. Lee, and I. S. O'Callaghan, "Quantitative analysis
of human movement synergies: constructive pattern analysis for gait,” J. Mot.
Behav., vol. 26, no. 2, pp. 83-102, June1994.

M. Popovic and D. Popovic, "Cloning biological synergies improves control of
elbow neuroprosthesis,” IEEE Eng Med. Biol. Mag., vol. 20, no. 1, pp. 74-81,
Jan.2001.

F. E. Zajac, R. R. Neptune, and S. A. Kautz, "Biomechanics and muscle
coordination of human walking. Part I: introduction to concepts, power transfer,
dynamics and simulations,” Gait. Posture., vol. 16, no. 3, pp. 215-232,
Dec.2002.

D. J. Clark, L. H. Ting, F. E. Zajac, R. R. Neptune, and S. A. Kautz, "Merging
of healthy motor modules predicts reduced locomotor performance and muscle
coordination complexity post-stroke,” J. Neurophysiol., vol. 103, no. 2, pp. 844-
857, Feb.2010.

S. Brunnstrom, Movement therapy in hemiplegia: a neurophysiological

approach Medical Dept., Harper & Row, 1970.

S. A. Sahrmann and B. J. Norton, "The relationship of voluntary movement to
spasticity in the upper motor neuron syndrome,™ Trans. Am. Neurol. Assoc., vol.

102, pp. 108-112, 1977,
95



[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

S. B. O'Sullivan and T. J. Schmitz, "Stroke," in Physical Rehabilitation, 5 ed. S.
B. O'Sullivan and T. J. Schmitz, Eds. F.A. Davis, 2007, p. 720.

J. Perry, R. L. Waters, and T. Perrin, "Electromyographic analysis of
equinovarus following stroke,” Clin Orthop. Relat Res., no. 131, pp. 47-53,
Mar.1978.

S. Carlsoo, A. G. Dahlof, and J. Holm, "Kinetic analysis of the gait in patients
with hemiparesis and in patients with intermittent claudication,” Scand. J
Rehabil Med, vol. 6, no. 4, pp. 166-179, 1974.

M. Peat, H. I. Dubo, D. A. Winter, A. O. Quanbury, T. Steinke, and R.
Grahame, "Electromyographic temporal analysis of gait: hemiplegic
locomotion,” Arch Phys Med Rehabil, vol. 57, no. 9, pp. 421-425, Sept.1976.

E. Knutsson and C. Richards, "Different types of disturbed motor control in gait

of hemiparetic patients,” Brain, vol. 102, no. 2, pp. 405-430, June1979.

M. MARKS and G. G. HIRSCHBERG, "Analysis of the hemiplegic gait,” Ann.
N. Y. Acad. Sci, vol. 74, no. 1, pp. 59-77, Sept.1958.

M. B. Popovic, "Control of neural prostheses for grasping and reaching,” Med
Eng Phys, vol. 25, no. 1, pp. 41-50, Jan.2003.

B. J. Kollen, S. Lennon, B. Lyons, L. Wheatley-Smith, M. Scheper, J. H.
Buurke, J. Halfens, A. C. H. Geurts, and G. Kwakkel, "The Effectiveness of the
Bobath Concept in Stroke Rehabilitation,” Stroke, vol. 40, no. 4, p. €89-e97,
Apr.2009.

A. R. Fugl-Meyer, L. Jaasko, I. Leyman, S. Olsson, and S. Steglind, "The post-
stroke hemiplegic patient. 1. a method for evaluation of physical performance,”
Scand. J Rehabil Med, vol. 7, no. 1, pp. 13-31, 1975.

D. J. Gladstone, C. J. Danells, and S. E. Black, "The fugl-meyer assessment of
motor recovery after stroke: a critical review of its measurement properties,”
Neurorehabil. Neural Repair, vol. 16, no. 3, pp. 232-240, Sept.2002.

96



[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

S. Lennon, "The Bobath concept: a critical review of the theoretical assumptions
that guide physiotherapy practice in stroke rehabilitation,”, 1 ed 1996, pp. 35-45.

M. Paci, "Physiotherapy based on the Bobath concept for adults with post-stroke
hemiplegia: a review of effectiveness studies,” J Rehabil. Med., vol. 35, no. 1,
pp. 2-7, Jan.2003.

J. Carr and R. Shepherd, A Motor Relearning Programme for Stroke, 3 ed
Oxford: Heinemann Physiotherapy, 1987.

P. Langhorne, J. Bernhardt, and G. Kwakkel, "Stroke rehabilitation,” Lancet,
vol. 377, no. 9778, pp. 1693-1702, May2011.

J. Hidler, D. Nichols, M. Pelliccio, and K. Brady, "Advances in the
understanding and treatment of stroke impairment using robotic devices," Top.
Stroke Rehabil., vol. 12, no. 2, pp. 22-35, 2005.

A. Mirelman, P. Bonato, and J. E. Deutsch, "Effects of training with a robot-
virtual reality system compared with a robot alone on the gait of individuals
after stroke," Stroke, vol. 40, no. 1, pp. 169-174, Jan.2009.

M. Peshkin, D. A. Brown, J. J. Santos-Munne, A. Makhlin, E. Lewis, J. E.
Colgate, J. Patton, and D. Schwandt, "KineAssist: a robotic overground gait and
balance training device,” 2001, pp. 241-246.

R. Riener, L. Lunenburger, S. Jezernik, M. Anderschitz, G. Colombo, and V.
Dietz, "Patient-cooperative strategies for robot-aided treadmill training: first
experimental results," IEEE Trans. Neural Syst. Rehabil. Eng, vol. 13, no. 3, pp.
380-394, Sept.2005.

K. J. McCain, F. E. Pollo, B. S. Baum, S. C. Coleman, S. Baker, and P. S.
Smith, "Locomotor treadmill training with partial body-weight support before
overground gait in adults with acute stroke: a pilot study,” Arch. Phys. Med.
Rehabil., vol. 89, no. 4, pp. 684-691, Apr.2008.

97



[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

S. Hesse, D. Uhlenbrock, C. Werner, and A. Bardeleben, "A mechanized gait
trainer for restoring gait in nonambulatory subjects,”, 81 ed 2000, pp. 1158-
1161.

G. Colombo, "Der Lokomat - eine angetriebene Geh-Orthese. The "lokomat™ - A
driven ambulatory orthosis,", 6 ed 2000, pp. 178-181.

E. Buch, C. Weber, L. G. Cohen, C. Braun, M. A. Dimyan, T. Ard, J. Mellinger,
A. Caria, S. Soekadar, A. Fourkas, and N. Birbaumer, "Think to move: a
neuromagnetic brain-computer interface (BCI) system for chronic stroke,”
Stroke, vol. 39, no. 3, pp. 910-917, Mar.2008.

J. J. Daly and J. R. Wolpaw, "Brain-computer interfaces in neurological
rehabilitation,”, 7 ed 2008, pp. 1032-1043.

N. Birbaumer, "Breaking the silence: brain-computer interfaces (BCIl) for
communication and motor control,” Psychophysiology, vol. 43, no. 6, pp. 517-
532, Nov.2006.

Carrillo-de-la-Pena MT, S. Galdo-Alvarez, and C. Lastra-Barreira, "Equivalent
is not equal: primary motor cortex (MI) activation during motor imagery and
execution of sequential movements,” Brain Res., vol. 1226, pp. 134-143,
Aug.2008.

N. Sharma, V. M. Pomeroy, and J. C. Baron, "Motor imagery: a backdoor to the
motor system after stroke?," Stroke, vol. 37, no. 7, pp. 1941-1952, July2006.

A. H. Do, P. T. Wang, C. E. King, Chun S.N., and Z. Nenadic, "Brain-Computer
Interface Controlled Robotic Gait Orthosis: A Case Report,” 2012.

S. M. Robbins, P. E. Houghton, M. G. Woodbury, and J. L. Brown, "The
therapeutic effect of functional and transcutaneous electric stimulation on
improving gait speed in stroke patients: a meta-analysis,” Arch Phys Med
Rehabil, vol. 87, no. 6, pp. 853-859, June2006.

98



[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

R. B. Stein, P. H. Peckham, and D. B. Popovi-¢, Neural Prostheses: Replacing
Motor Function After Disease Or Disability Oxford University Press, 1992.

W. T. LIBERSON, H. J. HOLMQUEST, D. SCOT, and M. DOW, "Functional
electrotherapy: stimulation of the peroneal nerve synchronized with the swing
phase of the gait of hemiplegic patients," Arch Phys Med Rehabil, vol. 42, pp.
101-105, Feb.1961.

G. M. Lyons, T. Sinkjaer, J. H. Burridge, and D. J. Wilcox, "A review of
portable FES-based neural orthoses for the correction of drop foot," IEEE Trans.
Neural Syst. Rehabil Eng, vol. 10, no. 4, pp. 260-279, Dec.2002.

L. Vodovnik and S. Grobelnik, "Multichannel functional electrical stimulation--
facts and expectations,” Prosthet. Orthot. Int., vol. 1, no. 1, pp. 43-46, Apr.1977.

A. Kralj, T. Bajd, R. Turk, J. Krajnik, and H. Benko, "Gait restoration in
paraplegic patients: a feasibility demonstration using multichannel surface
electrode FES," J Rehabil R. D., vol. 20, no. 1, pp. 3-20, July1983.

M. Malezic, U. Stanic, M. Kljajic, R. Acimovic, N. Gros, J. Krajnik, S. Ahlin,
and M. Stopar, "Multichannel electrical stimulation of gait in motor disabled
patients,” 1984, pp. 1187-1195.

U. Bogataj, M. Kljajic, U. Stanic, R. Acimovic, and N. Gros, "Gait pattern
behavior of hemiplegic patients under the influence of a six-channel

microprocessor stimulator in a real environment,"” 1984, pp. 529-530.

R. Waters, M. Rhoades, and J. Montgomery, "Improvement of physical function
after stroke: surgical and orthotic management,” J Am. Geriatr. Soc., vol. 23, no.
6, pp. 248-253, Junel975.

M. Kljajic, M. Malezic, R. Acimovic, E. Vavken, U. Stanic, B. Pangrsic, and J.
Rozman, "Gait evaluation in hemiparetic patients using subcutaneous peroneal
electrical stimulation,” Scand. J Rehabil Med, vol. 24, no. 3, pp. 121-126,
Sept.1992.

99



[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

M. H. Cameron, "The WalkAide® Functional Electrical Stimulation System - A
Novel Therapeutic Approach For Foot Drop in Central Nervous System
Disorders,", 5 ed 2010, pp. 18-20.

P. N. Taylor, J. H. Burridge, A. L. Dunkerley, D. E. Wood, J. A. Norton, C.
Singleton, and I. D. Swain, "Clinical use of the Odstock dropped foot stimulator:
its effect on the speed and effort of walking," Arch Phys Med Rehabil, vol. 80,
no. 12, pp. 1577-1583, Dec.1999.

J. Burridge, M. Haugland, B. Larsen, R. M. Pickering, N. Svaneborg, H. K.
Iversen, P. B. Christensen, J. Haase, J. Brennum, and T. Sinkjaer, "Phase Il trial
to evaluate the ActiGait implanted drop-foot stimulator in established
hemiplegia,”, 39 ed 2007, pp. 212-218.

K. Minassian, U. Hofstoetter, K. Tansey, and W. Mayr, "Neuromodulation of

lower limb motor control in restorative neurology,”, 114 ed 2012, pp. 489-497.

S. K. SABUT, C. H. H. A. SIKDAR, R. A. T. N. KUMAR, and M. A. N. J.
MAHADEVAPPA, "CLINICAL USE OF FUNCTIONAL ELECTRICAL
STIMULATION FOR CORRECTION OF FOOT DROP: A COMPARISON
BETWEEN SUBACUTE AND CHRONIC STROKE PATIENTS," J. Mech.
Med. Biol., vol. 11, no. 05, pp. 1165-1177, Dec.2011.

S. K. Sabut, C. Sikdar, R. Kumar, and M. Mahadevappa, "Improvement of gait
& muscle strength with functional electrical stimulation in sub-acute & chronic
stroke patients,” Conf Proc. IEEE Eng Med Biol. Soc., vol. 2011, pp. 2085-2088,
2011.

A. Erdemir, S. McLean, W. Herzog, and A. J. van den Bogert, "Model-based
estimation of muscle forces exerted during movements," Clin Biomech. (Bristol.
, Avon. ), vol. 22, no. 2, pp. 131-154, Feb.2007.

M. G. Pandy, "Computer modeling and simulation of human movement,” Annu.
Rev. Biomed. Eng, vol. 3, pp. 245-273, 2001.

100



[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

A. Prochazka, F. Clarac, G. E. Loeb, J. C. Rothwell, and J. R. Wolpaw, "What
do reflex and voluntary mean? Modern views on an ancient debate,” Exp. Brain
Res., vol. 130, no. 4, pp. 417-432, Feb.2000.

R. Tomovic and W. J. Karplus, "Land Locomotion Simulation and Control,"
1961, pp. 385-390.

R. B. McGhee, "Some finite state aspects of legged locomotion,” Mathematical
Biosciences, vol. 2, no. 1I'C62, pp. 67-84, 1968.

E. Muybridge, The Human Figure in Motion Dover Publ., 1955.

R. Tomovic and R. B. McGhee, "A Finite State Approach to the Synthesis of
Bioengineering Control Systems,” Human Factors in Electronics, IEEE
Transactions on, vol. HFE-7, no. 2, pp. 65-69, June1966.

B. J. Andrews, C. A. Kirkwood, R. W. Barnett, G. E. Phillips, and R. H.
Baxendale, "Restoration of walking for paraplegics: recent advancements and
trends,” in Restoration of Walking for Paraplegics: Recent Advances and
Trends. A. Pedotti and M. Ferrarin, Eds. los Pressinc, 1992, pp. 235-250.

D. Popovic, R. Tomovic, and L. Schwirtlich, "Hybrid assistive system-the motor
neuroprosthesis,” Biomedical Engineering, IEEE Transactions on, vol. 36, no. 7,
pp. 729-737, July1989.

A. T. M. Willemsen, F. Bloemhof, and H. B. K. Boom, "Automatic stance-
swing phase detection from accelerometer data for peroneal nerve stimulation,”
Biomedical Engineering, IEEE Transactions on, vol. 37, no. 12, pp. 1201-1208,
Dec.1990.

H. Jonkers and A. L. Schoute, "High-level control of FED-assisted walking
using path expression,” Advances in external control of human extremities, vol.
10, pp. 21-37, 1990.

C. A. Kirkwood and B. J. Andrews, "Finite state control of FES systems:
application of Al inductive learning techniques,” 1989, pp. 1020-1021.
101



[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

J. Grigsby, R. Kooken, and J. Hershberger, "Simulated neural networks to
predict outcomes, costs, and length of stay among orthopedic rehabilitation
patients,” Arch Phys Med Rehabil, vol. 75, no. 10, pp. 1077-1081, Oct.1994.

A. Thakur, S. Bhanot, and S. N. Mishra, "Early diagnosis of Ischemia Stroke
using neural network," Universiti Malaysia Perlis, 2009.

H. Bagher-Ebadian, K. Jafari-Khouzani, P. D. Mitsias, M. Lu, H. Soltanian-
Zadeh, M. Chopp, and J. R. Ewing, "Predicting Final Extent of Ischemic
Infarction Using Artificial Neural Network Analysis of Multi-Parametric MRI in
Patients with Stroke,"” PLoS ONE, vol. 6, no. 8, p. e22626, Aug.2011.

N. Sut and Y. Celik, "Prediction of mortality in stroke patients using multilayer
perceptron neural networks,", 42 ed 2012, pp. 886-893.

S. H. Holzreiter and M. E. Kohle, "Assessment of gait patterns using neural
networks," J Biomech., vol. 26, no. 6, pp. 645-651, June1993.

M. Alagtash, T. Sarkodie-Gyan, H. Yu, O. Fuentes, R. Brower, and A.
Abdelgawad, "Automatic classification of pathological gait patterns using
ground reaction forces and machine learning algorithms,” Conf Proc. IEEE Eng
Med Biol. Soc., vol. 2011, pp. 453-457, 2011.

B. I. Zhang, Y. Zhang, and R. K. Begg, "Gait classification in children with
cerebral palsy by Bayesian approach,” Pattern Recognition, vol. 42, no. 4, pp.
581-586, Apr.20009.

K. Kaczmarczyk, A. Wit, M. Krawczyk, and J. Zaborski, "Gait classification in
post-stroke patients using artificial neural networks,”" Gait &amp; Posture, vol.
30, no. 2, pp. 207-210, Aug.2009.

H. H. Manap, N. M. Tahir, and Yassin A.l.M., "Statistical analysis of parkinson
disease gait classification using Artificial Neural Network," 2011, pp. 60-65.

102



[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

[102]

S. Kinsella and K. Moran, "Gait pattern categorization of stroke participants
with equinus deformity of the foot," Gait Posture, vol. 27, no. 1, pp. 144-151,
Jan.2008.

K. N. San and H. J. Chizeck, "Fuzzy model identification for classification of
gait events in paraplegics,” Fuzzy Systems, IEEE Transactions on, vol. 5, no. 4,
pp. 536-544, Nov.1997.

R. Williamson and B. J. Andrews, "Gait event detection for FES using
accelerometers and supervised machine learning,” IEEE Trans. Rehabil Eng,
vol. 8, no. 3, pp. 312-319, Sept.2000.

J. Bae and M. Tomizuka, "Gait phase analysis based on a Hidden Markov
Model," Mechatronics, vol. 21, no. 6, pp. 961-970, Sept.2011.

R. T. Lauer, B. T. Smith, and R. R. Betz, "Application of a neuro-fuzzy network
for gait event detection using electromyography in the child with cerebral
palsy," IEEE Trans. Biomed. Eng, vol. 52, no. 9, pp. 1532-1540, Sept.2005.

D. Popovic, M. Radulovic, L. Schwirtlich, and N. Jaukovic, "Automatic vs
hand-controlled walking of paraplegics,” Med Eng Phys, vol. 25, no. 1, pp. 63-
73, Jan.2003.

Y. L. Chen, S. C. Chen, W. L. Chen, C. C. Hsiao, T. S. Kuo, and J. S. Lai,
"Neural network and fuzzy control in FES-assisted locomotion for the
hemiplegic,” J Med Eng Technol., vol. 28, no. 1, pp. 32-38, Jan.2004.

K. J. Hunt, M. Munih, and N. D. de, "Feedback control of unsupported standing
in paraplegia--part I: optimal control approach,” IEEE Trans. Rehabil Eng, vol.
5, no. 4, pp. 331-340, Dec.1997.

R. Davoodi and B. J. Andrews, "Fuzzy logic control of FES rowing exercise in
paraplegia,” IEEE Trans. Biomed. Eng, vol. 51, no. 3, pp. 541-543, Mar.2004.

A. Kostov, T. Sinkjaer, and B. Upshaw, "Gait event discrimination using ALNs
for control of FES in foot-drop problem,"”, 1 ed 2003, pp. 459-460.

103



[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

M. Hansen, M. K. Haugland, A. Kostov, and T. Sinkjer, "Machine learning for
real time control of foot-drop correction using natural sensors,” Center for
Sensory-Motor Interaction (SMI), Department of Health Science and
Technology, Aalborg University, 2000, pp. 444-447.

S. Jonic, T. Jankovic, V. Gajic, and D. Popvic, "Three machine learning
techniques for automatic determination of rules to control locomotion,”
Biomedical Engineering, IEEE Transactions on, vol. 46, no. 3, pp. 300-310,
Mar.1999.

D. Graupe and H. Kordylewski, "Artificial neural network control of FES in
paraplegics for patient responsive ambulation,” IEEE Trans. Biomed. Eng, vol.
42, no. 7, pp. 699-707, July1995.

Z. Nikolic and D. Popovic, "Automatic detection of production rules for

locomotion,” J Automat Contr, vol. 6, pp. 81-94, 1996.

B. W. Heller, P. H. Veltink, N. J. M. Rijkhoff, W. L. C. Rutten, and B. J.
Andrews, "Reconstructing muscle activation during normal walking: a
comparison of symbolic and connectionist machine learning techniques,”
Biological Cybernetics, vol. 69, no. 4, pp. 327-335, 1993.

S. Jonic, T. Jankovic, V. Gajic, and D. Popvic, "Three machine learning
techniques for automatic determination of rules to control locomotion,”
Biomedical Engineering, IEEE Transactions on, vol. 46, no. 3, pp. 300-310,
Mar.1999.

S. Dosen and D. B. Popovic, "Rule-based control of walking by using decision
trees and practical sensors,” 2008, pp. 125-128.

J. M. Jasiewicz, J. H. Allum, J. W. Middleton, A. Barriskill, P. Condie, B.
Purcell, and R. C. Li, "Gait event detection using linear accelerometers or
angular velocity transducers in able-bodied and spinal-cord injured individuals,”
Gait. Posture., vol. 24, no. 4, pp. 502-509, Dec.2006.

104



[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

M. Djuric-Jovicic, I. P. Milovanovic, N. S. Jovicic, and D. B. Popovic,
"Reproducibility of "BUDA" multisensor system for gait analysis,” 2009, pp.
108-111.

"http://www.seniam.org/," 2012.

I. Milovanovic and M. Djuric-Jovicic, "Polymyography during hemiplegic
walking: Implications for control of FES,” 15th Annual Conference of the

International Functional Electrical Stimulation Society, 2010.

I. A. Karaulova, P. M. Hall, and A. D. Marshall, "Tracking people in three
dimensions using a hierarchical model of dynamics,” Image and Vision
Computing, vol. 20, no. 9I'C0610, pp. 691-700, Aug.2002.

H. Furnee, Three-Dimensional Analysis of Human Locomotion. Chichester,
England: John Wiley & Sons, 1998, pp. 85-108.

M. Roerdink, B. H. Coolen, B. H. Clairbois, C. J. Lamoth, and P. J. Beek,
"Online gait event detection using a large force platform embedded in a
treadmill,” J. Biomech., vol. 41, no. 12, pp. 2628-2632, Aug.2008.

C. V. C. Bouten, K. T. M. Koekkoek, M. Verduin, R. Kodde, and J. D. Janssen,
"A triaxial accelerometer and portable data processing unit for the assessment of
daily physical activity," Biomedical Engineering, IEEE Transactions on, vol. 44,
no. 3, pp. 136-147, Mar.1997.

P. H. Veltink, H. B. Bussmann, V. W. de, W. L. Martens, and R. C. Van
Lummel, "Detection of static and dynamic activities using uniaxial
accelerometers,” IEEE Trans. Rehabil. Eng, vol. 4, no. 4, pp. 375-385,
Dec.1996.

C. C. Monaghan, W. J. van Riel, and P. H. Veltink, "Control of triceps surae
stimulation based on shank orientation using a uniaxial gyroscope during gait,"”
Med. Biol. Eng Comput., vol. 47, no. 11, pp. 1181-1188, Nov.20009.

105



[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

R. Dai, R. B. Stein, B. J. Andrews, K. B. James, and M. Wieler, "Application of
tilt sensors in functional electrical stimulation,” IEEE Trans. Rehabil. Eng, vol.
4, no. 2, pp. 63-72, Junel996.

K. J. O'Donovan, R. Kamnik, D. T. O'Keeffe, and G. M. Lyons, "An inertial and
magnetic sensor based technique for joint angle measurement,” J. Biomech., vol.
40, no. 12, pp. 2604-2611, 2007.

J. H. Choi, J. Cho, J. H. Park, J. M. Eun, and M. S. Kim, "An Efficient Gait
Phase Detection Device Based on Magnetic Sensor Array 4th Kuala Lumpur
International Conference on Biomedical Engineering 2008,", 21 ed. N. A. Abu
Osman, F. Ibrahim, W. A. B. Wan Abas, H. S. Abdul Rahman, H. N. Ting, and
R. Magjarevic, Eds. Springer Berlin Heidelberg, 2008, pp. 778-781.

P. J. Rowe, A. C. Nicol, and I. G. Kelly, "Flexible goniometer computer system
for the assessment of hip function,” Clinical Biomechanics, vol. 4, no. 2, pp. 68-
72, May1989.

M. Chen, Q. B. Wang, X. X. Lou, K. Xu, and X. X. Zheng, "A foot drop
correcting FES envelope design method using tibialis anterior EMG during
healthy gait with a new walking speed control strategy,” Conf. Proc. IEEE Eng
Med. Biol. Soc., vol. 2010, pp. 4906-4909, 2010.

J. Yun, "User identification using gait patterns on UbiFloorll,” Sensors (Basel),
vol. 11, no. 3, pp. 2611-2639, 2011.

T. Liu, Y. Inoue, and K. Shibata, "A wearable ground reaction force sensor
system and its application to the measurement of extrinsic gait variability,"
Sensors (Basel), vol. 10, no. 11, pp. 10240-10255, 2010.

B. R. Brandell, "Development of a universal control unit for functional electrical
stimulation (FES)," Am. J. Phys. Med., vol. 61, no. 6, pp. 279-301, Dec.1982.

S. R. van, J. Vloothuis, B. J. den, V. Weerdesteyn, and A. C. Geurts, "Is
transcutaneous peroneal stimulation beneficial to patients with chronic stroke

using an ankle-foot orthosis? A within-subjects study of patients' satisfaction,

106



[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

walking speed and physical activity level," J Rehabil Med, vol. 42, no. 2, pp.
117-121, Feb.2010.

P. P. Breen, G. J. Corley, D. T. O'Keeffe, R. Conway, and G. OLaighin, "A
programmable and portable NMES device for drop foot correction and blood
flow assist applications," Conf Proc. IEEE Eng Med Biol. Soc., vol. 2007, pp.
2416-2419, 2007.

B. T. Smith, D. J. Coiro, R. Finson, R. R. Betz, and J. McCarthy, "Evaluation of
force-sensing resistors for gait event detection to trigger electrical stimulation to
improve walking in the child with cerebral palsy,” IEEE Trans. Neural Syst.
Rehabil. Eng, vol. 10, no. 1, pp. 22-29, Mar.2002.

A. Mansfield and G. M. Lyons, "The use of accelerometry to detect heel contact
events for use as a sensor in FES assisted walking," Med. Eng Phys., vol. 25, no.
10, pp. 879-885, Dec.2003.

I. P. I. Pappas, T. Keller, and S. Mangold, "A reliable, gyroscope based gait
phase detection sensor embedded in a shoe insole,", 2 ed 2002, pp. 1085-1088.

R. Williamson and B. J. Andrews, "Sensor systems for lower limb functional
electrical stimulation (FES) control,” Med. Eng Phys., vol. 22, no. 5, pp. 313-
325, June2000.

G. M. Lyons, D. J. Wilcox, and P. A. Grace, "Real-Time Measurement of
Walking Speed Using an Integrated Accelerometer,” 6th Annual Conference of

the International Functional Electrical Stimulation Society (2001), 2001.

K. Saremi, J. Marehbian, X. Yan, J. P. Regnaux, R. Elashoff, B. Bussel, and B.
H. Dobkin, "Reliability and validity of bilateral thigh and foot accelerometry
measures of walking in healthy and hemiparetic subjects,” Neurorehabil. Neural
Repair, vol. 20, no. 2, pp. 297-305, June2006.

R. Williamson and B. J. Andrews, "Gait event detection for FES using
accelerometers and supervised machine learning,” IEEE Trans. Rehabil. Eng,

vol. 8, no. 3, pp. 312-319, Sept.2000.
107



[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

A. T. Willemsen, J. A. van Alste, and H. B. Boom, "Real-time gait assessment
utilizing a new way of accelerometry,” J. Biomech., vol. 23, no. 8, pp. 859-863,
1990.

H. J. Luinge and P. H. Veltink, "Inclination measurement of human movement
using a 3-D accelerometer with autocalibration,” Neural Systems and
Rehabilitation Engineering, IEEE Transactions on, vol. 12, no. 1, pp. 112-121,
Mar.2004.

B. Ayrulu-Erdem and B. Barshan, "Leg Motion Classification with Artificial
Neural Networks Using Wavelet-Based Features of Gyroscope Signals,”
Sensors, vol. 2, no. 11, pp. 1721-1743, 2011.

O. Tuncel, K. Altun, and B. Barshan, "Classifying Human Leg Motions with
Uniaxial Piezoelectric Gyroscopes,” Sensors, vol. 11, no. 9, pp. 8508-8546,
2009.

P. Catalfamo, S. Ghoussayni, and D. Ewins, "Gait Event Detection on Level
Ground and Incline Walking Using a Rate Gyroscope,” Sensors, vol. 6, no. 10,
pp. 5683-5702, 2010.

I. P. I. Pappas, M. R. Popovic, T. Keller, V. Dietz, and M. Morari, "A reliable
gait phase detection system," Neural Systems and Rehabilitation Engineering,
IEEE Transactions on, vol. 9, no. 2, pp. 113-125, June2001.

S. Simcox, S. Parker, G. M. Davis, R. W. Smith, and J. W. Middleton,
"Performance of orientation sensors for use with a functional electrical
stimulation mobility system,” J. Biomech., vol. 38, no. 5, pp. 1185-1190,
May2005.

K. Y. Tong, A. F. Mak, and W. Y. Ip, "Command control for functional
electrical stimulation hand grasp systems using miniature accelerometers and

gyroscopes,” Med. Biol. Eng Comput., vol. 41, no. 6, pp. 710-717, Nov.2003.

Perry J., Gait Analysis: Normal and Pathological Function. New Jersey: Slack

Incorporated, 1992.
108



[146]

[147]

[148]

[149]

[150]

[151]

[152]

[153]

[154]

R. Erzin, T. Bajd, A. Kralj, R. Savrin, and H. Benko, "Influence of Sensory
Biofeedback on Fes Assisted Walking," Elektrotehn Vestn, vol. 1, no. 63, pp.
53-60, 1996.

G. T. Laskoski, L. D. L. Martins, S. F. Pichorim, and P. J. Abatti, "Development
of a Telemetric Goniometer,” in World Congress on Medical Physics and
Biomedical Engineering, September 7 - 12, 2009, Munich, Germany, 25/9 ed. O.
D+issel and W. Schlegel, Eds. Springer Berlin Heidelberg, 2009, pp. 227-230.

M. Donno, E. Palange, F. Di Nicola, G. Bucci, and F. Ciancetta, "A New
Flexible Optical Fiber Goniometer for Dynamic Angular Measurements:
Application to Human Joint Movement Monitoring,” Instrumentation and
Measurement, IEEE Transactions on, vol. 57, no. 8, pp. 1614-1620, Aug.2008.

W. Tao, T. Liu, R. Zheng, and H. Feng, "Gait Analysis Using Wearable
Sensors," Sensors, vol. 2, no. 12, pp. 2255-2283, 2012,

A. Seo, N. Tsubota, and F. Yoshinaga, "Development of posture measuring
apparatus using goniometer and inclinometer. 1. Description of the apparatus

and its usefulness," Sangyo Igaku, vol. 33, no. 3, pp. 163-169, May1991.

S. Tanaka, M. Nakagawara, and K. I. Yamakoshi, "Portable instrument for
ambulatory monitoring of human posture together with walking speed-

preliminary study for walking speed measurement,”, 1 ed 1999, p. 623.

N. Fisekovic and D. B. Popovic, "New controller for functional electrical
stimulation systems,"” Med. Eng Phys., vol. 23, no. 6, pp. 391-399, July2001.

P. J. Rowe, C. M. Myles, S. J. Hillmann, and M. E. Hazlewood, "Validation of
Flexible Electrogoniometry as a Measure of Joint Kinematics," Physiotherapy,
vol. 87, no. 9, pp. 479-488, Sept.2001.

S. Bamberg, A. Y. Benbasat, D. M. Scarborough, D. E. Krebs, and J. A.
Paradiso, "Gait Analysis Using a Shoe-Integrated Wireless Sensor System,"
Information Technology in Biomedicine, IEEE Transactions on, vol. 12, no. 4,

pp. 413-423, July2008.
109



[155]

[156]

[157]

[158]

[159]

[160]

[161]

[162]

[163]

H. J. Luinge, P. H. Veltink, and C. T. M. Baten, "Estimation of orientation with
gyroscopes and accelerometers,”, 2 ed 1999, p. 844.

P. H. Veltink, P. Slycke, J. Hemssems, R. Buschman, G. Bultstra, and H.
Hermens, "Three dimensional inertial sensing of foot movements for automatic
tuning of a two-channel implantable drop-foot stimulator,” Med. Eng Phys., vol.
25, no. 1, pp. 21-28, Jan.2003.

B. Kemp, A. J. Janssen, and B. van der Kamp, "Body position can be monitored
in 3D using miniature accelerometers and earth-magnetic field sensors,”
Electroencephalogr. Clin. Neurophysiol., vol. 109, no. 6, pp. 484-488,
Dec.1998.

A. L. Ricamato and J. M. Hidler, "Quantification of the dynamic properties of
EMG patterns during gait,” J Electromyogr. Kinesiol., vol. 15, no. 4, pp. 384-
392, Aug.2005.

R. Thorsen, M. Ferrarin, R. Spadone, and C. Frigo, "Functional control of the
hand in tetraplegics based on residual synergistic EMG activity,” Artif. Organs,
vol. 23, no. 5, pp. 470-473, May1999.

J. D. Moreland, M. A. Thomson, and A. R. Fuoco, "Electromyographic
biofeedback to improve lower extremity function after stroke: a meta-analysis,"
Arch. Phys. Med. Rehabil., vol. 79, no. 2, pp. 134-140, Feb.1998.

T. Sinkjaer, M. Haugland, A. Inmann, M. Hansen, and K. D. Nielsen,
"Biopotentials as command and feedback signals in functional electrical

stimulation systems,” Med. Eng Phys., vol. 25, no. 1, pp. 29-40, Jan.2003.

H. Kordylewski and D. Graupe, "Control of neuromuscular stimulation for
ambulation by complete paraplegics via artificial neural networks," Neurol. Res.,
vol. 23, no. 5, pp. 472-481, July2001.

R. Futami, K. Seki, T. Kawanishi, T. Sugiyama, I. Cikajlo, and Y. Handa,
"Application of Local EMG-Driven FES to Incompletely Paralyzed Lower

110



[164]

[165]
[166]
[167]
[168]
[169]

[170]

Extremities," 10th Annual Conference of the International Functional Electrical
Stimulation Society, 2005.

A. Dutta, R. Kobetic, and R. J. Triolo, "Ambulation after incomplete spinal cord
injury with EMG-triggered functional electrical stimulation,” IEEE Trans.
Biomed. Eng, vol. 55, no. 2 Pt 1, pp. 791-794, Feb.2008.

"http://www.kistler.com," 2012.

"http://www.amti.biz," 2012.

"http://www.gaitrite.com,” 2012.
"http://www.novel.de/productinfo/systems-pedar.htm,” 2012.
"Tekscan Inc., Boston, USA," 2012.

"Novel gmbh, Minhen, Nemacka," 2012.

[171]http://www.paromed.com.au/index.php?option=com_content&view=article&id=6

[172]

[173]

[174]

[175]

[176]

0&Itemid=59," 2013.

McPoil T.G., Cornwall M.W., and W. Yamada, "A comparison of two in-shoe

plantar pressure measurement systems,"”, 2 ed 1995, pp. 95-103.

P. R. Cavanagh, F. G. Hewitt Jr, and J. E. Perry, "In-shoe plantar pressure
measurement: a review," The Foot, vol. 2, no. 4, pp. 185-194, Dec.1992.

N. K. S. Lee, R. S. Goonetilleke, Y. S. Cheung, and G. M. Y. So, "A flexible
encapsulated MEMS pressure sensor system for biomechanical applications,”
Microsystem Technologies, vol. 7, no. 2, pp. 55-62, 2001.

J. Wheeler, B. Rohrer, D. Kholwadwala, S. Buerger, R. Givler, J. Neely, C.
Hobart, and P. Galambos, "In-Sole MEMS Pressure Sensing for a
LowerExtremity Exoskeleton,” 2006, pp. 31-34.

"http://www.interlinkelectronics.com/force_sensors/technologi

es/fsr.html," 2012.

111



[177]

[178]

[179]

[180]

[181]

[182]

[183]

[184]

[185]

G. Bijelic, D. Dinic, and M. B. Popovic, "Novi sistem za detekciju i akviziciju
parametara hoda,", 3 ed 2006, pp. 227-230.

I. Milovanovic, N. Malesevic, and D. B. Popovic, "Evaluacija sistema za

merenje sile reakcije podloge,” Palic (Serbia): 2008.

M. Djuric-Jovicic, I. P. Milovanovic, N. S. Jovicic, and D. B. Popovic,

""Reproducibility of BUDA Multisensor System for Gait Analysis™,
St.Petersburg, Russia: 2009, pp. 108-111.

M. Djuric-Jovicic, N. S. Jovicic, I. Milovanovic, and S. Radovanovic, "Gait
analysis: BUDA vs. GAITRITE," 20009.

A. M. Moseley, A. Stark, I. D. Cameron, and A. Pollock, "Treadmill Training
and Body Weight Support for Walking After Stroke," Stroke, vol. 34, no. 12, p.
3006, Dec.2003.

M. Wirz, D. H. Zemon, R. Rupp, A. Scheel, G. Colombo, V. Dietz, and T. G.
Hornby, "Effectiveness of automated locomotor training in patients with chronic
incomplete spinal cord injury: a multicenter trial," Arch Phys Med Rehabil, vol.
86, no. 4, pp. 672-680, Apr.2005.

A. R. Den Otter, A. C. Geurts, T. Mulder, and J. Duysens, "Gait recovery is not
associated with changes in the temporal patterning of muscle activity during
treadmill walking in patients with post-stroke hemiparesis,” Clin Neurophysiol.,
vol. 117, no. 1, pp. 4-15, Jan.2006.

S. Hesse, C. Bertelt, M. T. Jahnke, A. Schaffrin, P. Baake, M. Malezic, and K.
H. Mauritz, "Treadmill training with partial body weight support compared with
physiotherapy in nonambulatory hemiparetic patients,” Stroke, vol. 26, no. 6, pp.
976-981, June1995.

B. Husemann, F. Muller, C. Krewer, S. Heller, and E. Koenig, "Effects of
locomotion training with assistance of a robot-driven gait orthosis in hemiparetic
patients after stroke: a randomized controlled pilot study," Stroke, vol. 38, no. 2,

pp. 349-354, Feb.2007.
112



[186]

[187]

[188]

[189]

[190]

[191]

[192]

[193]

[194]

[195]

A. Veg and D. B. Popovic, "Walkaround: mobile balance support for therapy of
walking," IEEE Trans. Neural Syst. Rehabil Eng, vol. 16, no. 3, pp. 264-269,
June2008.

M. K. Holden, K. M. Gill, M. R. Magliozzi, J. Nathan, and L. Piehl-Baker,
"Clinical gait assessment in the neurologically impaired. Reliability and
meaningfulness,” Phys Ther., vol. 64, no. 1, pp. 35-40, Jan.1984.

K. Berg, "Measuring balance in the elderly: preliminary development of an

instrument,” Physiotherapy Canada, vol. 41, no. 6, pp. 304-311, Jan.1989.

Y. P. Ivanenko, G. Cappellini, N. Dominici, R. E. Poppele, and F. Lacquaniti,
"Modular control of limb movements during human locomotion,” J Neurosci,
vol. 27, no. 41, pp. 11149-11161, Oct.2007.

A. E. Patla, "Some characteristics of EMG patterns during locomotion:
implications for the locomotor control process,” J Mot. Behav., vol. 17, no. 4,
pp. 443-461, Dec.1985.

B. L. Davis and C. L. Vaughan, "Phasic behavior of EMG signals during gait:
Use of multivariate statistics,” J Electromyogr. Kinesiol., vol. 3, no. 1, pp. 51-
60, 1993.

T. Chau, "A review of analytical techniques for gait data. Part 1: Fuzzy,
statistical and fractal methods,"” Gait Posture, vol. 13, no. 1, pp. 49-66,
Feb.2001.

E. M. Glaser and D. S. Ruchkin, Principles of neurobiological signal analysis
Academic Press, 1976.

A. M. Sabatini, "Identification of neuromuscular synergies in natural upper-arm
movements,"” Biol. Cybern., vol. 86, no. 4, pp. 253-262, Apr.2002.

H. Kaiser, "An index of factorial simplicity," Psychometrika, vol. 39, no. 1, pp.
31-36, Mar.1974.

113



[196]

[197]

[198]

[199]

[200]

[201]

[202]

[203]

[204]

Y. Jang-Hee, M. S. Nixon, and C. J. Harris, "Model-driven statistical analysis of
human gait motion,"”, 1 ed 2002, p. 1-285.

C. M. Kim and J. J. Eng, "Symmetry in vertical ground reaction force is
accompanied by symmetry in temporal but not distance variables of gait in

persons with stroke," Gait Posture, vol. 18, no. 1, pp. 23-28, Aug.2003.

G. Chen and C. Patten, "Joint moment work during the stance-to-swing
transition in hemiparetic subjects,” J Biomech., vol. 41, no. 4, pp. 877-883,
2008.

D. C. Kerrigan, M. E. Karvosky, and P. O. Riley, "Spastic paretic stiff-legged
gait: joint kinetics,” Am. J Phys Med Rehabil, vol. 80, no. 4, pp. 244-249,
Apr.2001.

N. D. Neckel, N. Blonien, D. Nichols, and J. Hidler, "Abnormal joint torque
patterns exhibited by chronic stroke subjects while walking with a prescribed
physiological gait pattern,” J Neuroeng. Rehabil, vol. 5, p. 19, 2008.

H. S. Wimalaratna, M. A. Tooley, E. Churchill, A. W. Preece, and H. M.
Morgan, "Quantitative surface EMG in the diagnosis of neuromuscular
disorders,” Electromyogr. Clin Neurophysiol., vol. 42, no. 3, pp. 167-174,
Apr.2002.

C. Canavese, C. Ciano, G. Zorzi, F. Zibordi, C. Costa, and N. Nardocci,
"Polymyography in the diagnosis of childhood onset movement disorders,” Eur.
J Paediatr. Neurol, vol. 12, no. 6, pp. 480-483, Nov.2008.

J. Kojovic, N. Miljkovic, M. M. Jankovic, and D. B. Popovic, "Recovery of
motor function after stroke: a polymyography-based analysis,” J Neurosci
Methods, vol. 194, no. 2, pp. 321-328, Jan.2011.

L. Galiana, J. Fung, and R. Kearney, "ldentification of intrinsic and reflex ankle
stiffness components in stroke patients,” Exp. Brain Res., vol. 165, no. 4, pp.
422-434, Sept.2005.

114



[205]

[206]

[207]

[208]

[209]

[210]

[211]

[212]

I. Black, D. Nichols, M. Pelliccio, and J. Hidler, "Quantification of reflex
activity in stroke survivors during an imposed multi-joint leg extension
movement,” Exp. Brain Res., vol. 183, no. 2, pp. 271-281, Nov.2007.

D. Y. Kim, C. I. Park, J. S. Chon, S. H. Ohn, T. H. Park, and I. K. Bang,
"Biomechanical assessment with electromyography of post-stroke ankle plantar
flexor spasticity,” Yonsei Med J, vol. 46, no. 4, pp. 546-554, Aug.2005.

J.J.J. Chen, Y. N. Wu, S. C. Huang, H. M. Lee, and Y. L. Wang, "The Use of a
Portable Muscle Tone Measurement Device to Measure the Effects of
Botulinum Toxin Type A on Elbow Flexor Spasticity,”, 86 ed 2005, pp. 1655-
1660.

A. Hyngstrom, T. Onushko, M. Chua, and B. D. Schmit, "Abnormal volitional
hip torque phasing and hip impairments in gait post stroke,” J Neurophysiol.,
vol. 103, no. 3, pp. 1557-1568, Mar.2010.

M. M. Mirbagheri, K. Settle, R. Harvey, and W. Z. Rymer, "Neuromuscular
abnormalities associated with spasticity of upper extremity muscles in

hemiparetic stroke," J Neurophysiol., vol. 98, no. 2, pp. 629-637, Aug.2007.

J. F. Fleuren, G. J. Snoek, G. E. Voerman, and H. J. Hermens, "Muscle
activation patterns of knee flexors and extensors during passive and active
movement of the spastic lower limb in chronic stroke patients,” J Electromyogr.
Kinesiol., vol. 19, no. 5, p. e301-e310, Oct.20009.

A. D. Pandyan, F. M. Van Wijck, S. Stark, P. Vuadens, G. R. Johnson, and M.
P. Barnes, "The construct validity of a spasticity measurement device for clinical
practice: an alternative to the Ashworth scales," Disabil. Rehabil, vol. 28, no. 9,
pp. 579-585, May2006.

Y. Barzi and E. P. Zehr, "Rhythmic arm cycling suppresses hyperactive soleus
H-reflex amplitude after stroke,” Clin Neurophysiol., vol. 119, no. 6, pp. 1443-
1452, June2008.

115



[213]

[214]

[215]

[216]

[217]

[218]

[219]

[220]

[221]

[222]

S. Saxena, S. Nikolic, and D. Popovic, "An EMG-controlled grasping system for
tetraplegics,”" J Rehabil Res. Dev., vol. 32, no. 1, pp. 17-24, Feb.1995.

A. Dutta, R. Kobetic, and R. Triolo, "Walking after partial paralysis assisted
with EMG-triggered or switch-triggered functional electrical stimulation
&#x2014; Two case studies,” 2011, pp. 1-6.

M. Chen, Q. B. Wang, X. X. Lou, K. Xu, and X. X. Zheng, "A foot drop
correcting FES envelope design method using tibialis anterior EMG during
healthy gait with a new walking speed control strategy,” Conf Proc. IEEE Eng
Med Biol. Soc., vol. 2010, pp. 4906-4909, 2010.

L. Z. Popovic and N. M. Malesevic, "Muscle fatigue of quadriceps in
paraplegics: comparison between single vs. multi-pad electrode surface
stimulation,” Conf Proc. IEEE Eng Med Biol. Soc., vol. 2009, pp. 6785-6788,
2009.

C. De Luca, "The use of surface electromyography in biomechanics,” Journal of
Applied Biomechanics, vol. 13, no. 2, pp. 135-163, 1997.

J. Perry, "Kinesiology of lower extremity bracing,” Clin Orthop. Relat Res., no.
102, pp. 18-31, July1974.

D. H. Sutherland, "An Electromyographic Study of the Plantar Flexors of the
Ankle in Normal Walking on the Level,” The Journal of Bone & Joint Surgery,
vol. 48, no. 1, pp. 66-71, Jan.1966.

R. Shiavi, "Electromyographic patterns in adult locomotion: A comprehensive
review,", 22 ed 1985, pp. 85-98.

Mazzaro N, Spaich E.G., Anderson O.K., Grey M.J., Popovic D., and Sinkjaer

T., "Electrical stimulation augmented rehabilitation of hemiparetic gait," 2006.

D. B. Popovic, A. Veg, A. Dragin, N. Miljkovic, Djuric-Jovicic M., and Lj.
Konstantinovic, "Assisting persons after stroke to restore gait: hybrid system,".
D. T. M. P. José L.Pons, Ed. Springer, 2012, pp. 209-213.

116



[223]

[224]

[225]

[226]

[227]

[228]

[229]

[230]

[231]

[232]

[233]

L. Finch and H. Barbeau, "Hemiplegic Gait: New treatment strategies,"”, 38 ed
1986, pp. 36-41.

A. Veg and D. B. Popovic, "Walkaround: mobile balance support for therapy of
walking,” IEEE Trans. Neural Syst. Rehabil. Eng, vol. 16, no. 3, pp. 264-269,
June2008.

"Biovision Amplifiers,” 2010.
"SENIAM," 2012,

Rancho Los Amigos Medical Center.Professional Staff Association, Rancho Los
Amigos Medical Center.Pathokinesiology Service, and Rancho Los Amigos
Medical Center.Physical Therapy Dept, Observational Gait Analysis Handbook

Professional Staff Association, Rancho Los Amigos Medical Center, 1989.
"http://resenv.media.mit.edu/classes/MAS836/Readings/fsrguide.pdf,” 2013.

M. Lord and R. Hosein, "Pressure redistribution by molded inserts in diabetic
footwear: a pilot study,” J Rehabil Res. Dev., vol. 31, no. 3, pp. 214-221,
Aug.1994.

V. M. Donaghue and A. Veves, "Foot pressure measurement.,”, 6 ed 1997, pp.
1-16.

B. Claudon, G. Robain, and F. Valentini, "Gait study in hemiplegic patients:
Role of spasticity on baropodometric parameters,”, 55 ed 2012, p. 339.

M. R. Sarnow, A. Veves, J. M. Giurini, B. I. Rosenblum, J. S. Chrzan, and G.
M. Habershaw, "In-shoe foot pressure measurements in diabetic patients with at-
risk feet and in healthy subjects,” Diabetes Care, vol. 17, no. 9, pp. 1002-1006,
Sept.1994.

L. A. Lavery, D. R. Lanctot, G. Constantinides, R. G. Zamorano, K. A.

Athanasiou, and C. M. Agrawal, "Wear and biomechanical characteristics of a

117



[234]

[235]

[236]

[237]

[238]

[239]

[240]

[241]

novel shear-reducing insole with implications for high-risk persons with
diabetes," Diabetes Technol. Ther, vol. 7, no. 4, pp. 638-646, Aug.2005.

T. Deaver, "Nature and use of the F-Scan gait analysis system,"”, 1 ed 1999, pp.
32-33.

H. S. Bedi and B. R. Love, "Differences in impulse distribution in patients with
plantar fasciitis,” Foot Ankle Int, vol. 19, no. 3, pp. 153-156, Mar.1998.

J. Crosbie, J. Burns, and R. A. Ouvrier, "Pressure characteristics in painful pes
cavus feet resulting from Charcot-Marie-Tooth disease,” Gait Posture, vol. 28,
no. 4, pp. 545-551, Nov.2008.

A. Vasarhelyi, T. Baumert, C. Fritsch, W. Hopfenmuller, G. Gradl, and T.
Mittlmeier, "Partial weight bearing after surgery for fractures of the lower

extremity--is it achievable?," Gait Posture, vol. 23, no. 1, pp. 99-105, Jan.2006.

U. G. Kersting and G. P. Bruggemann, "Midsole material-related force control
during heel-toe running,” Res. Sports Med, vol. 14, no. 1, pp. 1-17, Jan.2006.

E. M. Hennig and T. L. Milani, "Pressure distribution measurements for
evaluation of running shoe properties,” Sportverletz. Sportschaden, vol. 14, no.
3, pp. 90-97, Sept.2000.

P. Hinz, A. Henningsen, G. Matthes, B. Jager, A. Ekkernkamp, and D.
Rosenbaum, "Analysis of pressure distribution below the metatarsals with
different insoles in combat boots of the German Army for prevention of march
fractures," Gait Posture, vol. 27, no. 3, pp. 535-538, Apr.2008.

N. A. Guldemond, P. Leffers, A. P. Sanders, H. Emmen, N. C. Schaper, and G.
H. Walenkamp, "Casting methods and plantar pressure: effects of custom-made
foot orthoses on dynamic plantar pressure distribution,” J Am. Podiatr. Med
Assoc., vol. 96, no. 1, pp. 9-18, Jan.2006.

118



[242]

[243]

[244]

[245]

[246]

[247]

[248]

[249]

[250]

[251]

H. D. Carl, D. Pfander, and B. Swoboda, "Assessment of plantar pressure in
forefoot relief shoes of different designs," Foot Ankle Int, vol. 27, no. 2, pp. 117-
120, Feb.2006.

P. S. Schaff, "An overview of foot pressure measurement systems,” Clin
Podiatr. Med Surg., vol. 10, no. 3, pp. 403-415, July1993.

P. Fiolkowski and J. Bauer, "The effects of viscoelastic insoles on gait kinetics,"

Tokyo Metropolitan University, Tokyo, Japan, 1997.

K. Kopicera, J. Piecha, and J. Zygula, "The neural networks in diagnostics
support for PSW system,” 1999, pp. 113-118.

K. Kopicera and J. Piecha, "The fault analysis made by PSW data recorder for
neurological disease classification,”, 4 ed 2002, p. SN-10-SN-13.

S. Chandzlik and J. Piecha, "The body balance measures for neurological

disease estimation and classification,", 6 ed 2003, p. IT-87-1T-94.

J. J. Lin, W. S. Liao, M. H. Jan, Y. S. Tsai, and K. T. Yeh, "A Portable
PAROTEC insole plantar pressure measurement system: Foot pressure
distribution of ten healthy adult.,”, 24 ed 1999, pp. 183-191.

F. J. Potdevin, V. G. Femery, A. Decatoire, L. Bosquet, Y. Coello, and P.
Moretto, "Using effect size to quantify plantar pressure asymmetry of gait of
nondisabled adults and patients with hemiparesis,” J Rehabil Res. Dev., vol. 44,
no. 3, pp. 347-354, 2007.

E. Kaplan, "Muscles Alive. Their Functions Revealed by Electromyography. J.
V. Basmajian. Baltimore, The Williams and Wilkins Co., 1962. $8.50," The
Journal of Bone & Joint Surgery, vol. 44, no. 6, p. 1272, Sept.1962.

H. 1. Dubo, M. Peat, D. A. Winter, A. O. Quanbury, D. A. Hobson, T. Steinke,
and G. Reimer, "Electromyographic temporal analysis of gait: normal human
locomotion,” Arch Phys Med Rehabil, vol. 57, no. 9, pp. 415-420, Sept.1976.

119



[252] R. Rozin, R. C. Robin, A. Magora, A. Simkin, and B. Gonen, "Investigation of
gait. 2. Gait analysis in normal individuals,” Electromyography., vol. 11, no. 2,
pp. 183-190, May1971.

120



IMPUJIOTI" A — ®A3E XOIA

Yobuuajena TepMuHOiIOTHja, Koja he Outn kopuitheHa u y oBoj T€3H, YBEJI€Ha je O]
crpane Ilepuja [227]. Ceaku mukiryc xoa (Stride) ce cacToju u3 aBa Kopaka, U J€IH Ce

Ha JIBe OCHOBHE (haze:

1) da3y ocioHIa, BpEMEHCKH MEPUOJ TOKOM Kora je OWJIO KOjU JIe0 MOoCMaTpaHor
CTOMaja y KOHTaKTYy ca IO/JI0rOM
2) da3a 3amaxa, BPEMECHCKH IEpOJl TOKOM KOra HeMa KOHTAaKTa MOCMAaTpPaHOT

CcToIlIajaa ca moajIiorom

Bpemena porahama oxapehenux ¢daza HoOpmanuzyjy ce Tako Ja MpeAcTaBibajy
NPOIICHAT O] YKYITHOT Tpajama IuKiIyca xona. Ha coumm 25 cy nmpukazane dasze xona

KapaKTCPpUCTUYIHC 3a 3/IpaB XO/I.

LIMKNYC XOOA

—— ¢$as3a ocNoHUa ———+— $a3a 3amaxa —

ARLAAY

KOHTQAKT | oarosop Ha cpearom Kpaj on| MHUUMjanHK|  CPeArU Kpaj
pas
NneTom |ontepehetve ocnoHay, ocnoHua 3amax 3amax 3amaxa

Cauka A.1 ®a3e X012 y OKBHPY jeTHOT IMKJIYCa X0/1a

®daza ocioHIa caapxu y cedbu crienehe moadase:

1) Wuunwmjanau koHTakT. [loyerak (aze ocaoHIA Kajia je rmeTa Wi HEKH APYTH 10

cToIaja y KOHTAKTY ca IOJIOrOM.
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2)

3)

4)

5)

1)

2)

3)

Onrosop Ha ontepeheme. Jleo ¢ase ocioHIA Ol TPEHYTKa HAKOH WHUIIH]ATHOT
KOHTaKTa JI0 TPEHYTKa O/IM3ama CYIIPOTHE HOT'e OJ1 TIOJIOTe.

da3za cpenmer ocionia. Jleo dase 0cIOHIA KOjU MOYUEHE OU3ABEM CYIIPOTHE
HOT'€ ca MOJJIOre a 3aBpIliaBa ce MO3UIMjOM TeJla IUPEKTHO U3HAJ HOTE OCIIOHIIA
Kpaj dasze ocmonmna. leo ¢ase ocioHIa KOjU TOYUEE HAKOH (paze Cpeamber
OCJIOHIIa a 3aBplllaBa C€ TPEHYTKOM HEMOCpeaHo Tpe (a3ze WHHUIHUjATHOT
KOHTaKTa CYINpOTHE HOTE.

daza ozpasa. [lourbe HHUIMjATHUM KOHTAKTOM CYIIPOTHE HOTE a 3aBpIlaBa ce

HCIIOCPCAHO ITPC OaAn3akhba HOI'C OCJIOHLIA.
daza 3aMaxa ce MOKe IMOJCIUTH Ha TpHu HOI[(i)aSCZ

Wuunjanau 3amax. Jleo ¢ase 3amaxa o1 oau3ama I[OCMaTpaHe HOTe OJ
HOJJIOTe JI0 TPEHYTKa MaKCUMalTHe (ICKCHje KOJICHa UCTE HOTe

daza cpemmer 3amaxa. Jleo dase 3amaxa on TpeHyTKa MakcHMaiHe (Iiekcuje
KOJICHA TIOCMATpaHe HOTe J0 TPEHYTKa BEPTHKAIHE MO3HUIIMje THOHjaIHE KOCTH
UCTE HOTE Y OJIHOCY Ha MOJUIOTY

Kpaj ¢daze 3amaxa. Jleo dase 3amaxa oa TpeHYTKa BEPTHKAITHOT IOJIOKaja
TUOMjaJIHEe KOCTH MOCMAaTpaHe HOTe J0 TPEHYTKA HEMOCPEIHO MPEe WHUIH]ATHOT

KOHTAaKTa.
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MNPUJIOI' b — TIPUHIUII PAJIA CEH30PA CUJIE

OCP (force-sensing resistor) ceHszopu, Cy CEH30pH HaIlPaBJbEHH O MaTepHjaia
YHja ce OTIIOPHOCT MEHa Kajla ce Ha FhHX MPHUMEHH CHIla WK TpuThHcak. OBH CEH30pU
ce cacroje M3 JBa CJI0ja: CaBUTJBHMBE IMOAJIOTe Ha KOjy jé HaHET NOJYNPOBOIHUK U
CaBUTJbUBE IMOJUIOTE HA KOjOj Cy HANITAMIIAHE yYelLbaHE CNCKTPOAC W HPUKIbYUIH

(cmuka b.1). CrojeBu cy Mel)ycoOHO CIOjeHH JICTIJbUBUM JIUCTAHIIEPOM.

Cauka B.1 Ilpunuun paga cenzopa cuJjie (npeysero u3 [228])

Kana na akTHBHY NOBpPIIMHY CEH30pa Jeiyje Cujla, OHa PE3yJTyje MalIuM
TEOMETPUJCKUM TIPpOMEHamMa Koje [OBOJE 10 3HA4YajHUX TPOMEHa crenuduane
ornopHocTH. Oncer cuja Koje MOXE /a PEerucTpyje MUe30pe3UCTUBHU CEH30p 3aBUCH
0]l BEJIMYMHE W TYCTHHE €JIEKTPUYHMX KOHTakara Kao M OJl KapaKTepUCTHKa

MOJIYITPOBOJHUKA.

[TpomeHa OTHOPHOCTH CeH30pa je HelMHeapHa U cMamyje ce mnpu nosehamy
cuie/mputrcka. 3axBajbyjyhu JICTJBUBOM CJI0jy KOjU Y TIOTIIYHOCTH pa3/iBaja IITaMIIaHe
caBuTJpuBe mojyiore, ornopHoct @CP ceH3opa je y paBHOTEKHOM CTamy BeEJIHMKa

(NMQ) HpI/IJ'II/IKOM ACJIOBakba CUJIC, OTIIOPHOCT CC HAIJIO MCHba U OIlaZia 10 BpCAHOCTH
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pena kQ. 3aBUCHOCT OTIOPHOCTH OJ CHWIIE je HEJIMHEapHa, ald je 3aBUCHOCT

IMPOBOAHOCTHU O CHJIC, TIOCMATPAHO Ha HIMPEM OIICCTY, TOTOBO JIMHCAPHA.

Ha couum B.2 je mpuka3aHa 3aBUCHOCT OTIOPHOCTH CEH30pa OJi MPUMCH-CHE
cune. Ca cimke ce MOTy YOUUTH TPH OICera pa3IMuuTOr IMOHamlama ceHzopa. IIpBu
OIICET je ONCEer Haryor Maja OTHOPHOCTH ca MpuMeHoM Maie cuie. OBa ocobuHa ce
KOPUCTH 3a peanu3anujy npekugada nomohy @CP cenzopa. Ban oBor omcera, cuia
1ocTaje MPUOIUKHO OOPHYTO-TPOTIOPIIMOHAIHA OTIOPHOCTH, CBE JOK CE€ HE JOCTUTHE
orcer 3acuhema. Y omcery 3acuhema, najbe moBehame cuie Hehe Mpoy3poKoBaTu

3HA4YajHH]€ IPOMEHE OTIIOPHOCTH.

100
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10 100 1000 10000
CUNA (g)

Cauxa b.2 3aBHCHOCT OTIIOPHOCTH CEH30pa CHJIe O] IpUMem-eHe cuJe (npey3ero u3 [228])

Ha cmumm B3  je mpuka3aHa 3aBUCHOCT  MPOBOJHOCTH — THUITUYHOT
MHE30PE3UCTUBHOI CEH30pa O] MPUMEHhCHE cuiie. Y OBOM ClIyuajy, HakoH onpeheHe

Ta4yKe, HpOBO}IHOCTje rOTOBO JIMHEAPHO 3aBUCHA O CHIJIC.
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Cauka b.3 3aBHCHOCT POBOJHOCTH CeH30pa CHUJIe 0] NpUMeH-eHe cuJjie (nmpey3ero u3 [228])

[Ine30pe3sucTUBHU CEH30pH HMCY IIOTOJHM 3a IpELU3Ha Mepema cuie. Y
3aBHCHOCTH OJ1 MeCTa IIPUTUCKA [TOBPILIMHE CEH30pa, PE3Yy/ITaT MOKE BapupaTH u 3a 15

—25% ol yKyIlHE pEeTUCTPOBAHE CUJIE.
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ITPUJIOT B - IIPEIJVIE] CUCTEMA 3A MEPEILE IIPUTUCKA U
CWJIE Y BUY YJIOHIKA 3A ITUIIEJTY

F-Scan® (Tekscan, Inc.)

F-Scan® cen3opcku yaoak 3a IMIETY je MPOou3Boa Kommanuje Tekscan, koju
oMmoryhaBa cHHUMame pacrojieliec IPUTUCKA M CHJIC PEaKIlje MOAJIore, U Ha Ta] HAYHH
Jlaje eTajbaH ONMHUC MHTEepakiyje u3Mely cronana u 1nuIesne. YJIoKak y ceOu caapkxu
Matpuiry ca 960 cenzopa cuiie. Y 3aBUCHOCTH O IPUMEHE, Ca OCTATKOM CHUCTEMa MOXKE
OuTH 1MoBe3aH kabjaoBuMa WM OexuaHuM myteM. [lomanu ce Mory cHUMaTu Ha 3acebaH
KOMITjyTep, alld U Ha UHTEepHY Memopujy. OBaj CUCTEM ce JaHac 4ecTo MPUMEHYje Yy
CTyaMjaMa BE3aHUM 3a aHANM3y XOjAa WM JAu3ajHupare opromenacke odyhe [229]. V
KJIMHUYKO] Tpakcu, oH oMoryhaBa aHanmu3y auchyskiuje cronana [230], mopemehaja
xoaa [231] u nocnenua HeypornaTckux odosberma u aujadereca [232;233]. Kopumihen
je m 3a yrBphuBame edekara Tpermana [234], kao u 3a mpaheme pas3Boja

JereHepaTuBHUX mopeMehaja ctonana [235].

Ciuka B.1 TIpuka3 F-Scan® cucrema 3a Mmepeme nputrucka u cuiie: F-Scan® ceH30pckH yiiokak 3a

numesy (a), CHUMaK pacrnoje/ie NPUTHCKA IO cTonajuMa (6) M CHCTEM IOCTaB/beH Ha KOPHCHUKA

(B).
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Pedar® (Novel GmbH)

Pedar® je cucteM 3a AMHAMHYKO MEpPEH-E paciojielic MPUTUCKa u3Mel)y cTomana
u nunene. Cnuyno kao u F-Scan®, uma moryhHocTH MoBe3MBamba Ha MAaTHYHU padyap
KabyioM uiau OJyTyT KOMYHHUKAIIMjOM, a TIOCEAyje ¥ MHTEPHY MEMOPHU]Y 3a CMEIITamke
onpehene xonmmumHe nojaraka. Ha memy ce Hamasu 256 ceHzopa koju omoryhasajy
dpexBennujy mepewma ox 20000 cenzopa/cek. CucreM oMmoryhaBa Mepeme MPUTHUCKA,
cuJie, KOHTAaKTHE MOBPIIMHE U MapaMmerapa xona (Hmp. ¢a3e ocioHIa, ¢aze 3amaxa,
UKIyca XO0Ja, WUTH.)., a MpyXka W J0oJaTHE MOTYNHOCTH 0Ja0upa WHAWBHIYATHUX
CeH30pa, aHMMaIllije KOHTaKTHUX (pa3a cTomana u ogabupa peneBaHTHHX Kopaka. J{o
caza je kopumiheH y BelMKoM 0pojy 6nomexannukux [236;237], cioprckux [238;239] u
oprorckux cryauja [240;241] u y cryaujama Be3aHHM 3a JW3ajH opTolielncke oOyhe

[242].
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Cauka B.2 Ilpuka3 Pedar® cucrema (a) u npareher coprBepckor makera (0).

Parotec® (Paromed Medizintechnik GmbH)

Parotec® je cuctem 3a Mepeme AUCTPUOYLIMje IPUTHUCKA MCIION CTOMajla TOKOM

cTajama W Xxojama. OCHOBHY KOMIIOHEHTY CHUCTEMa YWHE MEpPHHU YIJIOLIIU KOjH Ce
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NOCTaBJbajy y LHMIENy. YJIoxkak omoryhaBa cHuMmame mpuTucka Ha 24-36
OMOMeXaHMUYKM 3HAYajHUX MEpHUX MecTa, (ppekBeHIjoM Mepema a0 300 Hz. Cenzopu
KOJU Cy WMHTETPHCAHHM ca YJOIIKOM Ha3WBajy ce xujapohemuje. CBaka xuupohenuja
CacToju ce M3 MUE30PE3UCTHBHOI CEH30pa KOjU C€ Hala3W y TPOCTOPY HCIYEHECHOM
teynomthy (omamie u HasuB ,xuapohenmja®). Kama ce mputHcak mTpuUMEHH Ha
xuapohenwnjy, monasu 1o nmoehama OTIOPHOCTH y BOJACHOM OKPYKEHY Xuapohenuje
[243]. Ycnen Tora mue30pe3MCTUBHU CEH30p YHyTap heldje reHepuIle HaeIeKTPUCabe.
3axBasbyjyhu 100puM ocoOMHaMa OBOT THIIA CEH30pa, CMaTpa Ce Ja OBU YJIOIIIU MOTY
YCIIEIIHO MEPUTH M XOPU3OHTAIHY CHJY, @ HE CaMO BEpTHKAIHy Kao BehuHa Ipyrux,
QJIH jOII YBEK HE MOCTOjU CTyHja Koja moTBplyje oBo CBOjcTBO. JloaTHA TOTOTHOCT je

U TO LITO TEXHOJIOTH]ja Xuapohenuja omoryhaBa v KBaHTU(UKALIN]Y IPUTUCKA.

Parotec® cucrem omoryhaBa JWHaMUYKa MeEpema MPUTHCKA U CHIIE,
KOMITapaTHBHA Mepema, CHUMambe Mpoduiia cuiie ¥ mpopadyH pa3InduTHX BPEMEHCKUX
napamerapa xona. Kopumihen je y OMOMeXaHMYKHM CTyqujama qu3ajHUpama oOyhe
[244], crynujama kiacudukanyje HEypOJIOMIKUX 0OoJbema [245-247], u y cryaujama

aHayu3e 37paBor xoa u nmopemehaja xona [248;249].

Cauxa B.3 IIpuka3 ParoTec® cucrema (a), CHHMAaK pacnojelie MPUTHCKA M0 cTonajguma (6) u

CHCTEM NMOCTAB/beH HA KOPHCHUKA (B).
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IMPUJIOTI' I' - AHAJIM3A NTIPUHIUIINJEJTHUX KOMITIOHEHTH

Amnanuza npunnunujenaux komrnonentu (I1LIA anamuza) jeqHa je o HajBHIIE
KOpHITNEHUX METO/a M3BEACHUX W3 MpHUMEHeHe nuHeapHe anreOpe. [TIIA amamusa je
CBOjy NMpHUMEHY Hallla y Hajpa3IUuuTHjUM O0JIACTHMA, O]l HEYpOJOUIKUX HayKa 0
koMItjyrepcke rpaduke. OBaj jeTHOCTaBHM, HEMapaMeTapCKU MOJCH Yy CTamy je J1a U3
BEJIMKMX KOH(Y3HUX CKyIOBa IMOJaTaka €KCTpaxyje caMo pejeBaHTHE WH(opMaluje.
Y3 Mano gojaTHe aHaIM3e M MaXJBUBOI TyMmadema Jo0HjeHux pesynrata, [TLA
aHaJM3a HE CaMO Ja MOKE PEIYyKOBAaTH JWMEH3HMje KOMIUIEKCHHX CKYIOBa IOJaTaKa,
Beh 4YecTo MOXKe€ OTKPUTH IOHEKaJ CKPUBEHY II0j€HOCTABJbEHY JUHAMHKY CaMoOr

npoiieca, Kojy Ipyre MeTojie HUCY OTKpHIIE.

VY pasymeBamy HEKOT' (heHOMEHa, HApPOYUTO Yy O0IACTH HAYYHOT UCTPaKUBamba,
YecTo je MOTPeOHO MEpUTH BEIMKH Opoj pa3iMyuTHX IapaMerapa (HIp. Op3uHe,
HAIoOHE, CreKTpe) Tor cuctema. OBU BENTMKM CKYIIOBH IT0JIaTaKa, BEOMa HENPETJIeHU a
IIOHEKaJ] YaK M pEeAyHJAaHTHH, YMHE pazyMeBame caMor Iporeca TemkuM. OBaj

npoOJeM je yecTa IperpeKa Ha KOjy Ce Haula3y y eKCIEPUMEHTAIHO] HAYLIH.
Hexka je nat ckym oz N BeKTopa:

%) k=12..,n
Op xojux cBakd UMa M KOMITOHEHTH:

(&Y — (k (k (k
200 = [,00 x 00 x GO

Panu jeanoctaBHOCTH, mocMaTpaheMo CBaku BEKTOp Kao MOjeJUHAYHY TAuyKy y
M-auMen3uoHaiHoM Eykmuackom mpoctopy. Y mpobiieMuma 3a Koje ce yoOudajeHo
kopuctu I1IIA ananmu3a, n je Bemuku 11eo 0poj a m=2. Ha ciunu I'.1 je npukaszan ckym
nojaraka koju hemo aHanmu3upaTtd, MpH YeMy TaukKe CKyla OUYHUIIIETHO ,Jiexke™ IyxK
HEBU/IJbUBE IIpaBe JIMHH]jE, ajli CY Y OJTHOCY Ha Y pacnopeheHne Maio ca jeHe a Majo

ca Ipyre cTpaHe JHMHU]e.
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X4

Canka I''1 Ckyn nonaraka y Eykauackoj paBan

YKOJIMKO Ma)KJBUBO IOCMATPAMO CIIUKY, TIOCTaje jaCHO J1a AUCTPUOYIHja TadyaKa
HHj€ y MOTIYHOCTH HaCyMHYHa,  JIa TOCTOju oapehena 3aBucHoct usmely koopauHaTa
X1 1 Xo. CaMo mocMaTpameM, MOTY C€ YaK M3BECTHM M HEKH 3aKJbydlld, HOp. ,,X2 je
BeIMKO Kana je X1 Benmmko m X2 je mMano kama je X1 mamo®. Mornm OmcMo 4ak u
NPETIOCTaBUTU Ja ¢y X1 u X2 moBe3aHu CTPOrO JIMHEAPHO, ajk je TadyHa IPUpPOIa

BHUXOBOT' OAHOCA HIIdK HETIO3HATa yCJICA HIyMa ,Z[O6HjeH0r TOKOM MCPHOT IIponcca.

[IpBu 3amarak [1LIA anamu3ze jecre onpehuBame jeqHaYMHE HEBHIJBHBE IPAaBE
KOjOoj ce 3aTuM JoJejbyje yjora ,IpUHLHUIUjeTHe oce” Y1 HOBOr KOOpIMHATHOT
cucTeMa Tayaka. 3aTHUM ce NpopadyHaBa U Jpyra MpUHLUIMjeTHa oca Y2, HopMaliHa Ha
pBy. YKOJIMKO OM OWI0 m>2, mpopadyH oca Ou ce HacTaBuo J0 Opoja m. Ha crnunum
['.2, mpuka3zaHe Cy oce HOBOT KoopauHaTtHOr cucrema. Ca ciuke ce BHIU Ja ce

BapHjaHca rnojataka sehum nenom npoctupe 1yx Y1 oce a MambUM AeI0M AyX Y2 oce.
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Canka I'.2 HoBu koopannatuu cuctem nodujen IILIA anannzom

VY peamnum npumenama [1L[A anamuze, 6poj M je oduuyHO 3HaTHO Behu ox 2,
TaKO Jla je OBaKBa BU3yelu3alyja nojgaraka Hemoryha. Mnak, caMm mocTynak v 1usb cy
UCTH: TIpoHahW HOBU KOOPIMHATHU CHCTEM 3a JaTH CKYIl MoJlaTaka, y KOMe IpBa
MPHUHIMITAjeTTHA Oca OAroBapa HajBehoj Bapwjamuju mojaraka y gatoM ckymy. CBaka
cieneha TMpPUHIMIMjEJIHA OcCa je HOpMallHA Ha MPETXOJAHE, W ojaroBapa cienchem

(HI>KeM) cTereHy BapHjaiyje.

Cet nonaraka 3a III[A ananusy

[MIIA ananmu3a ce yoOWuajeHO MpPUMEHYje Hal TMoAaluMa J00UjeHUM TOKOM
HEKe eKCIIepUMEeHTalIHe mporeaype. CBaku BEKTOp je CKyI oOcepBalija KOju OJroBapa
HojeJMHAYHOM Jioral)ajy/€HTUTETy KOjU je WiaH CKyIa CacTaBJbEHOI O] BEJIMKOT Opoja
TakBUX jorahaja/enturera. BakHo je youuTH na He MOpajy cBe obOcepBauuje OUTH
nojamny ucTor Tuna. BexTtop obOcepBaiiyja je 4ecTo pa3HOBPCTAH CKYI IMOAaTaka KOjU

MPEJICTaBIbajy MEpe Pa3IuUUTUX GUINYKUX BEIMUMHA.
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YKOJIMKO MOCMaTpaMO KOMIUIETAH CKYI IMOJaTaka Kao MAaTpHILy, CBAKH PeJ
MaTpHUIle YBEK CaAp K UCTH THUN obcepmamuje. [locMarpajMo mMaTtpuily N BEKTOpa, Of

KOJUX CBaKH CaJIpXu y ceOu M oOcepraryja.

(1 (2) (n)

*1 %1 %1

Xz[x(ﬂ £@ 3 x':”}]: x2'~1:' x:“} xgm]
(1 (2) (m)

x?‘]‘l x?‘]‘l x?‘]‘l

OOcepBamje y CBakOM peAy Marpuie cy MelycoOHO He3aBHCHE, IIOK CY
oOcepBarje 1o KoJoHama Kopenucane, npu udemy je umib [II[A mertome nma Onmxe
oJlpel KHUXOBY Be3y. YKOJIHMKO Kopenanuja m3Mmel)y oOcepBaiyja Mo KoJOHaMa HE

nocroju, Hema cmucia kopuctutu [1LA meto.

BaxxHo je HamoMeHyTH Ja je 4YecT clydaj Ja NPUHIUIHjETHE OCe KOoje
OJIFOBApajy Mam0j BapHjalMjH I0JaTaka HUCY HCKJBYYMBO TOCICAMIIA [IyMa WIH
rpemiaka npu Mepewmy. OHe 4ecTo ONUCYjy JO0JaTHE OCOOMHE IMOCMATpaHor Mpolieca,

KOj€ MPOY3pPOKY]Yy HEKE Mamkhe IPOMEHE Y HEMY.

IIpunpema nogaraka 3a III{A anaausy

CranmapnHa mpoledypa TpeTUpama 3allyMJbEHHUX I[I0J1aTaka je IpHMeHa
pasIMYUTUX MeToJa ycpelmwaBama. Y okBupy IILIA mocrymnka, cpenma BpeJHOCT je
3HaYyajHMja 3a aHaIMU3Y 0J1 OMJIO Koje MojelMHauYHe BPEJHOCTH U3 CKYIa mojaTaka. 300r
TOTa je TPBU KOPaK y MPUIPEMH IT0JaTaka MpeCTaB/bambe CBake oOcepBalije y BUILY
pasnuke u3Mel)y MpBOOMTHE BPEAHOCTH OOCEpBaIlMje M CPEAEme BPEIHOCTU CBHUX
oOcepBarja Tor tuna. /lakie, mpBo Tpeda U3padyyHaTH Cpelmby BPEAHOCT oOcepBalyja

y CBaKOM pejly MaTpHulie, YuMe ce 1001ja M CpeamnbuX BPeJHOCTH:
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3atum Tpeba cBaKo] BPEIHOCTH Y MATPHIM OIYy3€TH OJroBapajyhy cpemmy

BPEIHOCT:

xz_u} *_xeu} —

OBako NpUNpeMJbeHH MOJAIY U3 MPETXOIHOT MPUMepa, MPUKA3AHU CY Ha CIIUIN
3. Ha K0joj Cy HOJAIy TPAHCIHUPAHU OAY3UMAaEM CPEI-€ BPEIHOCTH, KOjU Cy caja

LHEHTPUPAHH Y KOOPIUHATHOM IOYETKY.

Takohe, caza je cyma CBakor pefia MaTpHIIE jeHAKA HYJIU:
T

(& — ,
E X 3':[; = x; =0 zaceako i =12, .., m

i
k=1

Bapwujanca cBakor pena MaTpuile padyHa ce 1mo GOopMYyIIn:

n

. 1 k) -2
BapHjaHCa,, . (;) = S 12(2:!. —xz-}

k=1

]
k=1

jep je cako x; = 0.
KoBapujanca uzmely nBa pena nonaraka:

x® k=12..n u 2¥ k=12..n

neduHUIIE ce Kao:

C O63HpOM Ha OCHTPUPAHOCT MOJAaTakKa Yy KOOPJAUMHATHOM IIOYCTKY, MOKE CC

3aKJbYUUTH JIa BEJIMKA MO3UTHBHA BPEIHOCT KOC(HIMjEeHTa KOBapHjaHCe 5, ; yKasyje Ha
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TO Ja ce oBa JBa mapamerpa nosehaBajy ncroBpemeHo. Bennka HeraTMBHa BPEIHOCT

KoeuIMjeHTa 5, ; yKasyje Ha TO Ja je OJHOC lapamerapa Takas Ja rnosehame jeHOr y

MO3UTUBHOM CMeEpy H3a3uBa MnoBehame APYror y CyNpOTHOM, HEraTUBHOM CMeEpY.

VYkonuko je s,. OnmM3y Hyne, OHIAa IBa pela IHpeACcTaBibajy MapaMeTrpe KOju Cy

7

HE3aBUCHU jeJlaH OJ1 IPYTOr.
Martpuua koBapujance

bpoj ykynmHHMX mnpopauyHa KOBapujaHCe, YKOJIHKO c€ y3Me y 003up m

PasIMYMTHX Napamerapa IpU 4Yemy Baxu s; =s; , Je m(m—1)/2. Vkomuko ce

npopavyyHaTy KoepuuujeHTH nopehajy y Mmatpuity, popmupa ce MaTpuiia KoBapujance S
KOja y CBAKOM CBOM I-TOM peAly U J-TO] KOJIOHH CaJpXK1 KOCPULIMJEHT KOBapUjaHCe s,
a'y IIaBHOj JMjaroHaIM MaTPUIIE BAPUjaHCY CBAKOT pella BaPHjaHC . .. 1),
AKoO yna3He noJaTKe MPUKaKeMO y BUAY MaTPHIIE BEKTOpa KOJIOHA!
X = [x(l} 2D L@ .. xin}]
OHJIa C€ MaTpHIIa KoBapujaHce MoXe Hanucartu y cieaehoj hopmu:

5(x) = — xx".

YHOpeI[I/IMO calla MaTpune KOBapI/IjaHCG Y ABa KOOpJAWHATHA CUCTEMA, [TIOUCTHOM

- 5(X) 1 xOOpAMHATHOM CHCTEMY NPHHIUMUjeTHUX oca - S(¥), mpuka3zaHoM Ha cuIH

31.

Cimnka I'.3 Iopauu y 3apoTHpaHOM KOOPAMHATHOM CHCTEMY NPHHIMIIMjETHUX 0ca
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Y nOpBOOMTHOM KOOPAMHATHOM CHCTEMY, IIOCTOje MapaMeTpud KOju Cy
MeljycoOHO y KOBapHjaHTHOM OJHOCY, Ma he camMuM TUM BaH TJaBHE JHjaroHaie

marpuiie S(X) 1mocrojaTd BpeIHOCTH BEJMKE II0 ArCONYTHOj BPEAHOCTH. Y MAaTpULH
5(Y), BaH-7MjaroHaqHU eNEMEHTH MaTpuie he OUTH MHOro ONMKU HYIM Ycies

OpjeHTaIje 0ca HOBOI KOOPAMHATHOI CHUCTEMa Yy OJHOCY Ha CKyHN IojaTaka (cluka

r.3).

W3 oBora cnenu na je ,,HajIOBOJHbHUJU KOOPAMHATHU CHCTEM 3a aHaIH3Y,

KOOPIVUHATHU CUCTEM:
V= (},Ll}’},ﬂ]" _”J},erﬂj

ymja Matpuua Kosapujance S(Y) uMa eneMeHTe INIaBHE JMjaroHale pasziMuuTe

Ol HYJIC, a CJTICMCHTC BaH TC I[I/Ijal"OHaJ'Ie je,Z[HaKe HYJIH.

MaremaTHuKu TJICOaHO, OBaj 3aXxTeB OHM ce MOrao (I)OpMaJ'II/ISOBaTI/I Ha cnez[ehn

HaunH. Heka je mara marpuma X, udje KOJIOHE MPEICTaBJbajy CKYN IOoJaTaka ca

LEHTPOM y KOOpIUHATHOM MoueTKy. [loTpebHo je mponahu marpuily Tpanchopmanuje

P koja yma3HH CKyIl IOJjaTaKa MpecanKana y:

Y=PX

npu uYeMy MaTpula KoBapujance Bektopa Y, S(V) =%YYT Mopa OHuTH

-1
JjaroHaJIHa MaTpPHUIIA.

Ako mocMaTpamo wu3aBojeHo m3pa3 Y'Y, moxke ce ycmocrtaBuTH crencha

JEITHAKOCT:

YYT = (PX)(PX)" = PXXTPT,

Marpuna XX je cuMeTpuuHa, a caMUM THM je Moryhe W JujaroHajan30BaTH, Na

MOCTOJV MHBEPTHOMITHA OPTOTOHATHA MaTpHIa {J TaKBa Ja BaXKH:

XxT =gQDQ".
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[Ipu TOoM je Marpuma D [ujaroHajdHa a KOJIOHE Marpuile @ TpeacTaBibajy

COIICTBEHE BEKTOpE MaTpule XX T Ha OCHOBY JIEKOMITO3HIIH]E:
(n—1)5(Y) = PXX"PT = PQDQ"PT = (PQ)D(PQ)"

MOXe ce 3aKpyunuTH aa he S(Y) OuTm aujaroHansHa MaTpuia yKOJIMKO je P
uHBep3Ha Matpuia marpuie @. C 0063upoM 1a je @ opToroHasiHa MaTpHIla, MOXE Ce

MOCTABUTH Clie/ichu yCIoB:
P =QT,

OJIHOCHO, PENOBM MaTpHile P Cy COICTBEHM BeKTopH Matpuue XX’ . Camum

THUM, 34 CBaKy KOJIOHY e Marpuile ¥ Baxu:
(k) — AT,k
y® = QTx®,
ie x (KD ¥
IIpHU 4eMy je x " KOJIOHA MaTpULIC X -

OBHUM MTOCTYIIKOM COIICTBEHU BEKTOPH ITOCTAjy HOBa 06a3a BEKTOPCKOT IMPOCTOPA,
Tj. MHOXeme Marpuie Xca JieBe CTpaHe MaTpuiIoM Q7 3ampaBo IpeciMKaBa Tauke
YJIa3HOT CKYIla MOJaTaKa U3 MOYETHOT KOOPJAMHATHOT CHCTEMa y KOOPJIMHATHU CUCTEM

y KOMe ce Kao HOBH 0a3HC KOPHCTE CONCTBEHH BEKTOpH MaTpuiie XX .

Coprupame CONCTBEHUX BPEAHOCTH

ITIIA ananu3a ce 3aCHUBA Ha YUHCHUIU A Cy HEKE 0Ce KOOPJMHATHOT CHUCTEMA
y KOME Cy CMELITEHH MOAalu BakHUje o qpyrux. OCHOBHaA IPETIOCTaBKa je /1a je Mepa
3Ha4YajHOCTH OCE 3allpaBO BEJIMUMHA Bapujalyje nojataka xyx te oce. C 003upom aa he
CBaKa 0Ca HOCUTH PazIMUUTy KOJMYMHY BapHjalyje, pa3BUjeH je MOCTYIaK Mepema U

ynopehuBama Bapujaimja Iyx oca.

Axo nocmarpamo Tauky x*) € R™ Taja je meHa CIIMKa y HOBOM HPOCTOPY

y¥ = @Tx "), Cpenma BpeHOCT CBUX TakBHX V) Tauaka je 1aTa BEKTOPOM:
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Hhena BpegHocT je Hyma jep cy x*) 3a k =1,2,..,n Tauke ca LEHTPOM Y
KOOpAMHATHOM TouyeTKy. OBUM je MpopadyH BapHjaHCEe 10jeHOCTaB/bEH. Y KOJIUKO Ce
padyHa BapHjaHca pojeKiinja exeMenara MaTprue X Ha oxpeleny ocy, Ha mpumep g,

nobwuja ce:

1

n—1
k=1

"= LT o G o (AT ()

qVq

T
var(q?) = ——= " [[¢?7x
k=1

n—1

360r Tora mro cy u xXTgl? u T ®) cxamapue BpemHOCTH, MOXKEMO MM

3aMEHHUTH MECTa, YMMe ce Jo0uja:

1
va‘r[q”j) = n__ N E q"*’}rx"k:'x Lk}Tqu}
k=1

1

n—1

(0T 0
g4 qu j

)
. . . .. 1 . . 1
oT BTy — 7 Ty T —
q (kzl Jq L q —)

VY mocienme aBe jeaHakoctH kopucre ce cieaehe ummennme: (1) g je
COTICTBEHH BEKTOp MaTpuile XX uuja je COINCTBEHa BPETHOCT A m (2 g uma

JEIUHUYHY TYKUHY.

OcnoBuu npunnun [1I[A ananuse jecte monesbUBame ,,CTETIEHA BaXXHOCTH'
CBaKOj OCH HOBOT KOOPJWHATHOT CUCTEMA, IIPH YEMY j€ OH MPOTOPLIUOHANIAH KOJIUIHHA
BapHjaHCe MPOjEeKTOBAaHHUX TadyaKa yJIa3HOT CKyIa ImojaTaka Ha Ty ocy. Oca ca Hajehum
3HayajeM je OHa Koja oJAroBapa HajBehoj CONCTBEHO] BPEAHOCTH. Y 00HMUajeHo je Ja ce
HOBE OCE COpPTHpajy Ha OCHOBY HbHMa OJroBapajyhux COINCTBEHHX BpEIHOCTH,

penocnenaoM oj HajBehe Ka HajMamOj.
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IIperaen IIIA aaropurma

Via3:

Ckyn BekTopa mojaTaka x'~1},x'~23',...,x'~”3', 01 KOJUX C€ CBaKH CacTOjH OJ M

oOcepBaryja.
[Ipouenypa:

1. Ha ocHOBY BekTOpa yla3HHMX TmojaTaka (opmupaTd MaTpuily mojaTaka X
JUMEH3Mja m X n

2. JlebuHucaT BEKTOp Cpehe BPEIHOCTH Kao:

k=1

3. W3pauyHatu maTpuily KoBapHjaHce:
1 [
xxT = Z 25 _ (T
—1 /.0 1 ( 1)
k=1
4. OpnpenuTy TmapoBe (CONCTBEHH BEKTOp, CONCTBEHA BpEAHOCT) Marpuie XX u
5] r .
dopmHpaTH O] BUX CKYII 1apoBa {[q "14")};:1 , IpY 4yeMy je T paHK MaTpuLe

XXT. Concrenn BekTopu g% TpencraBmbajy konome martpuie Q. Houxos
pactiopen; y okBHpy MaTpuie { Tpeba ma onaroeapa pemocieny HHXOBUX

COIICTBEHUX BPEIHOCTH y OmajaajyheM moperky.

5. 3acsako xY,x 2, x™ yzpagynarn vy = @l

HN3znas:

Vymuo n Bektopa ¥,y P, L, ¢,

IIpumene IILIA anaauze:

Ha ocnoBy moctymika [1I{A ananuze, moxe ce gohu 1o cnepehux cazHama:
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Hakon amjaronanmusanuvje maTpuile KOBapHjaHce, J0JNa3d CE€ JO0 Ca3Hama o
Kopenanyjama Koje moctoje m3mel)y oOcepBaruja. JluHeapHe komOuHaluje
obOcepBanmja (Tojaraka CMEIMITEHUX Yy PeIOBHMa MaTpuile) AehUHUIIY OJHOCE
u3Mel)y mapamerapa cajapKaHux y YIa3HOM BEKTOPY.

JlebpuHucameM HOBOT CKyla KOOPAMHATHUX oca (pOTaljoM Y HOBH
KOOPJMHATHHA CUCTEM) J0JIa3U JI0 eMMHUHAIHM]je opeheHIX 3aBUCHOCTH MapoBa
nojaTaka

ComncTBeHa BpEIHOCT MPHJAPYKEHA CBaKOj I0jeIMHAYHO] OCH HOBOT
KOOpDAMHATHOT  cucTeMa  ofpelyje  KoIM4YMHY  BapHjaHce  IojaTaka
NPOjeKTOBAHUX IIyX THX oca. Y 3aBucHocTH of npumene [1LIA ananmse, oBo
MOYKEe OMTH O] BEJIMKOT 3Hayaja ajld OBy OCOOMHY Tpeba y3eTH ca pe3epBoM. Y
Cllydyajy HEJIMHeapHHUX Ipolieca, MOXKE Ce JIECHTH Jla yJia3 U3a30BE JPACTHYHE
pPOMEHE y MOHAIIalky CHUCTEMa YaK W y CIIy4ajy CacBUM Majie Bapujaldje
nojlaTaka qy Heke oce. Y TakBoM ciy4dajy, I1I[A ananm3a HHje TOBOJHHA Kao
METO/, U MOpa ce JIOIMYHUTH METOJOM Koja OW MorJyia JeTajbHHje OIHCATH
MOHAIIAKkE CUCTEMA JYXK JIaTe Oce.

Jenna on cBakako HajBume mnpuMemuBaHux MoryhHoctu IILA anammse je
MoryhHOCT TMOjeJHOCTaBJbMBaKka IOJIaTaKa W TpodiieMa TOMOhy pemykiuje

JTUMEH3H]a.

Penykumja numensuja

Bemmkun u KOMILIEKCHH CKYIIOBU I10JJaTaka BE€OMa 4YCECTO Cy IMMOMJIOKHU

peayHIaHTHOCTH (KOpenrcaHocTu oOceBaiuja) u mymy. OBO ce MOXKe BUIETH U Ha

OCHOBY H3TJI€a CIICKTpa CONCTBCHUX BPCAHOCTHU TAKBOI' CKYIId: HAKOH HITO CC IMOCTAaBC

y omanajyhu penocinen, oapeheH Opoj MPUWIMYHO BETUMKUX CONCTBEHHX BPEAHOCTH je

npaheH CONCTBEHMM BpEIHOCTMMA 3HAYAJHO Mamke aMIUuTynae. 3axBasbyjyhu 0OBOj

nojaBu, Moryhe je popmupati Tpanchopmaimony Matpuiy @7 y kojoj je 6poj penosa

cmamen. To pe3ynTyje reHeprcameM V') BekTopa Koji y cebu campike camo onpeler

Opoj MPUHITMITH]EITHUX OCa Ca HajBHIIIEC BapHjalnje y ceOu, IOK ce ocTaTak ojadairyje.
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TakBUM TOCTYIIKOM J0JIa3W C€ JI0 IOjeJHOCTaBJbEHa CKyIa IoJaTaka, jep
JOJIa3H JIO 3a/ipKaBama Jiena nHpopMalrja 3Ha4ajHOT 3a aHaIu3y, ca UCTOBPEMEHUM
yKIIamhameM [IyMa Mepema. JenaH aeo myma he cBakako W Jajbe OMTH MPHCyTaH y
3aJip)kKaHUM TPOjeKIMjamMa TojaTaka, ald je OH CBakako MamK Hero panuje. Mnak,
OCHOBHA HJIgja PEAyKIMje TUMEH3Hja HHje YKIamame IyMa Beh ykiamame CyBUIIHE
KoTMurHEe WH(pOpMallFja Be3aHNX 3a MaJie BapHjallhje CKyIla Mmojaraka Tj. elTMMUHAIja

napaMerapa Koju uMajy Maju eekaT Ha TIOCMAaTPaHU CHCTEM.
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IMPUJIOT I - MUIIMRAHE CUHEPI'MJE JOBUX
EKCTPEMHUTETA

Mumuhu nop3uduiekcopu 4iaHka.

TuOujanun mummhy akTUBHU Cy O]l TPEHYTKa O/AM3ama CTOMaja O] MOIJIOore,
Kpo3 4nTaBy (hasy 3amaxa, CBE JI0 TPEHYTKa CIIyIlTamka CTOINaia Ha MOIUIOTY (CiHKa
5.1). IbuxoBa akTHBHOCT y (ha3u CPEAmbEr 3aMaxa MOKe C€ pa3IMKOBaTH OJ] CyOjeKTa 10
cy0jekTa, a KoJ| II0jeIMHUX Cy0jeKaTa MOKe Ce JIECUTH JIa He IMOCTOju. TOKOM mperacka
u3 ¢asze ocnoHma y ¢asy 3amaxa, 6p3om mop3udIiekcrujom cToraia crpedaBa ce BeroBo
3allubakbe 0 MOUIOTY. Y 0OpHYTOM cilydajy, mpenacka u3 ¢gase 3amaxa y ¢asy ocjoHIa,
IUTAHTApHOM (PJIEKCHjOM CTOIIAa PETYJIUIIe Ce YCIIOPABAKkE Tella Y TPEHYTKY KOHTAKTa
CToMaja ca MoUIoroM. YJiora OBUX MuIlnha jecte Ja KOHICHTPUYHUM KOHTPAKIIMjama,
y MepUOoIMMa CITYIITalka HOre Ha MOJUIOTY, IONPHHOCE CTa0MIM3aluji wiaHka. Mummh
KOjU y OBOME HajBHIIIE YYECTBY]j€, THOMjaIUC aHTEPUOP, MUMa U JOJIATHY YIIOTY poTalluje
cTomnaljia Ka yHyTpa (MHBEep3Huja), TOKOM KOTa Ce TEXHIIE MoMepa Ka CIIOJballlheM ey
cronana. Tubujanuc aHTepHOp je y OKBHPY pexaOWuTalMje Xo/a jeJaH oJ Hajdyemhe
n3y4yaBanux muimnha. Ha ocHOBY enektpomuorpaduje, 4ecTo ce eKCTpaxyjy TpeHYIH

HBCTOBC aKTI/IBaHHje/,Z[eaKTI/IBaHI/IjC, Kao W aHBCJIOIIA.

Mummnhu nuiianrapgiexkcopu 4iaHka.

CBu Mummhu 3ay»eHH 3a MIAHTapHYy QJIEKCH]Y WIaHKa OCUM racTpOKHEMH]yca
cy mumuhu mokperauu jegHor 3rioba. Hajehu neo muxoBe KoHTpakivje je y dazu
OCJIOHIIa, CBE JI0 yJlacka y Kpajiby (a3y ocioHua (oxo 40% mmxiyca xoxa). OBu
muinhy cy mpe cBera 3aay)K€HH 3a KOHTPOJy IoMepama Tena yHampes. Tokom dasze
Cpemmer OCJIOHIIA, OHM YCIOpaBajy pOTalMjy y 3T00y WiaHkKa, W omoryhaBajy
nmoMepame Tella YHampeJ y3 eKCTeH3u]y KosieHa. Hakon oBe daze, cienu ¢daza
KOHI[EHTPUYHUX KOHTPAaKIMja y KOjoj MUIIMNU MOMaxy OJIM3ame CTOMala OJ] MOJIore
[219]. AxrtuBHOCT OBe rpyme mummha yoOW4ajeHO TpecTaje y TPEHYTKY OJU3arba

cronana ox moaiore [250]. V HOBHjuUM cTyaujaMa je mokasaHo Ja IuraHtapdaeKcopu
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YlaHKa MOTY OWTH aKTHBHM M TOKOM Tpenacka u3 Qase 3amaxa y a3y OCIOHIIA
[251;252]. [Tpunukom kperama BehuM Op3nHaMa, SKCIEHTPUYHE KOHTPAKIUje MUIIMha
racTpoKHEMHjyca M cojeyca, oMoryhaBajy ycrmopaBame IOTKOJICHA, a CAMHUM THM H

ycropaBame MPUINKOM yiacka y a3y OCIOHIA.

IIpenma myckyaatypa HaakoseHa - Kaapunenc

OBaj mumuh je KOH3UCTEHTHO aKTUBAaH TOKOM IIpesiacka u3 ¢aze 3amaxa y daszy
ociioHnia. MehytuMm, y ocTaTky HUKIyca, BapHjaOMIHOCT je Beoma Benuka. OBO je
HApOUYUTO MPUCYTHO Y TPEHYTKY Ipenacka u3 (aze ocioHna y ¢asy 3amaxa rie ce
TENIKO MOTY W3JIBOjUTH TuUnn4yHe meme. IlpBa momenyra (a3a akTHBHOCTH
KBaJpUIIETiCa TIpYyXa KOJEHY CTaOWIHOCT TpH NPEHOLICHY TEXKHHE W IpecTaje ca
MOYETKOM eKCTEH3Mje KojieHa. Jlpyra ¢a3a aKTHBHOCTH Ce€ JeliaBa HPUIMKOM
NPEHOIICHA TEKUHE HAa CYIPOTHY HOTY, a CIIY)KH 3a CTa0WIIM3alnjy KoJieHa U yOp3ame

HOT€ y TPEHYTKY 3aMaxa.

3aama MycKyJaTypa HaJKoJeHa — XaMCTPUHT

Cea Tpu Mumwuha KOju 4MHE Ipyly I[OJA Ha3UBOM ,XaMCTPUHI aKTHBHA CYy
TOKOM Mepuoja mpenacka u3 (ase 3amaxa y a3y ocionna. (cmuka 5.2) Mehyrum,
JTy’)KMHA aKTUBHOCTH y (a3u 3amMaxa y BEJIMKO] MEpU BapHpa M 3aBUCH O] Op3uHE X0/a.
Ca nosehameM Op3uHe, akTUBHOCT y (pa3u 3amaxa ce HpojaykaBa U3 (asze Kpajmer
3aMaxa y nepuoja MHMLMjanHor 3amaxa. Kon oxpehenux cy6jekata, y oxo 40% on
yKynHor Opoja, npumMeheHa je u apyra ¢a3a akTUBHOCTH OBUX Mulnha mpu npenaacky
u3 (¢asze ocinonna y (aszy 3amaxa. Y mnpBoj (a3su aKTUBHOCTH, EKCIICHTPUYHOM
KOHTpakI1joM oBUX Mumuha y ¢a3u kpajmer 3amaxa, peryiulle ce ycropaBame Teja
npu ynacky y ¢asy ocnona. Y TpPEeHYTKY KOHTaKTa IeTe ca IMOJAJIOroM, J0JIa3d J0
npoMeHe y QyHKIUjU Muimha, KOju ce€ KOHTpaxyjy KOHLEHTpu4yHo, omoryhasajyhu
TUME EKCTeH3HWjy KyKa paad IMpEeHOIIeHka TEXKHHE Ha HOTY M TOKOM (paze cpemmer
ocioHna. HekoH3ucTeHTHa apyra ¢a3a akTUBHOCTH TOJpPa3yMeBa EKCLEHTPUYHE
KOHTpakKIfje oBUX MHIKha 3a BpeMe (iekcuje kyka. OHe moMaxy (iaekcujy KojeHa u

CIpeYaBajy 3alUbamke HOTE O OUIOTY.
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BUOI'PA®UJA AYTOPA

HNBana MunoBanoBuh je pohena y [TanueBy 1983. romune. 'mmuazujy ,,¥Ypoi
[Mpenuh* y ITanyeBy 3aBpmia je 2002. roguHe, a TMIUIOMHPAIIA j€ HA METOTOJUIIHEM
nporpamy Ha EnekrporexnnukoM Qaxynrery YHusep3utera y beorpany 2007. rogune
Ha cMepy HykieapHa u MequnMHCKa TexHHKA. Tema AMIIOMCKOr pana je ,,Pa3Boj
DC/DC xonBepTopa 3a MUIIMNHK CTUMYJIATOP®, MO PyKoBojCcTBOM mpod. ap Jlejana

[Tonosuha.

Kangunatkuma je ox wmapra 2008. roamHe Owmia 3amocieHa Ha
Enekrporexnudkom ¢akynrery YHUBep3uTeTa y beorpaay kao capaaHuK HA TPOjEKTY.
Hcte roqune je MBaHna ynucana JOKTOPCKE CTyAMj€ HA cMepy YTpPaBibamkhe CUCTEMHMA
u o0paga curHajia Ha KOME jeé ca OJJUYHHUM YCIIEXOM IIOJIOKMJIA CBE HCIUTE H

3aBpIIMiIa cBe o0aBese.

VY cBOM JocanammeM pany, UMDl WHXK. MiBana MwusnoBanoBuh je camoctanHo
WIH Y capajiby ca IpyruM ayTopuma objasuia 1 pan y melhynapogHom gacomucy, 1 paj
y momaheM wacommcy, 5 pamoBa Ha MehyHapoaHuM KoHdepeHIMjama U 7 pamoBa Ha
KOH(epeHIIMjaMa HaIlMOHAJIHOT 3Havyaja. Y TOKY je peleH3Hja JeAHOT paja y 4acoIlucy,

U y 3aBpIIHOj a3y je pajx Koju he OUTH MOJHET 3a MyOJUKOBAHkE Y YACOIUCY.

[Topen Tora, yuecTBoBaja je y pealu3allju IMPOjeKTa TEXHOJIOLIKOT pa3Boja
MHTP Peny6nuxe Cpouje (ET11019, MHTP, , EnexktpoHcku cucteM 3a ynpaBibame
NOKpeTMa ocola ca HHBAIMAMTETOM, pyKoBojawial mpojexra: npod. nap Jlejan
[ToroBuh. MBana je y okBupy capanme Dakynrtera ca npenysehem datponuxk Cpouja
(cama Technalia Serbia, Beorpax) nonpunena pa3Bojy cucteMa 3a aKBH3HIHU]Y XO/a, U

TO y JOMEHY yHanpehema MEpHOT CUCTEMA.

HayunoucrpaxkuBauku pan VBane MunoBaHoBUh Yy OKBHpY JOKTOPCKHX
cTyauja O0Mo je ycMepeH Ha cienehe oOmactu: OHOMEAMIMHCKO HHXEHEPCTBO,
MEAMIMHCKY MHCTPYMEHTAIU]y, pexaOuiauTanujy MoKpeTa, KIMHUYKO WHKEHEpPCTBO,

MOTOPHY KOHTPOJY 1 OMOMEXaHUKY.
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