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ACCOUNTING FOR THE PSYCHO-FUNCTIONAL CHARACTERISTICS OF
A PERSON IN LEARNING PROSTHETIC MANAGEMENT

Prosthetics is a complex of medical and social measures aimed at compensating anatomical and
functional defects of a person with the help of prosthetic and orthopedic means and devices. At the same time,
the main task of prosthetics is the maximum possible restoration of the functions of the lost organ and the return
of the person to active labor activity. The technical device of a prosthetic-orthopedic product, regardless of its
complexity, is considered by prosthetists only in cooperation with the human musculoskeletal system and its
psycho-physiological features. The key task of the prosthesis is to create a methodology and a complex for
teaching a person how to use a bionic prosthesis. The stage of learning to use the prosthesis is performed last,
its duration depends on the technological complexity of the prosthesis, the accuracy of observance of all the
principles of modern prosthetics at the previous stages, as well as the characteristics of human
psychophysiology.

The article deals with the interaction of a person with a prosthesis. The problem of learning to use the
prosthesis is analyzed, taking into account the characteristics of the psycho-physiological characteristics of the
trainees. The time characteristics of human interaction with the technical device of the prosthesis in time, from
the beginning of the interaction to the end of the commission of the elementary action, the duration of the action,
the frequency of execution, and the organization of the elementary movement during this time are considered.
Consideration of these factors will allow flexible adaptation of the learning process to the specific
characteristics and needs of a particular person to manage a personal prosthesis, as well as to choose an
individual teaching method for him.

Keywords: human adaptation to the prosthesis, speed, information processing, perception time,
feedback.

€.J1. MEPELIKO, ®.M. LINBUILCBHKUIA, €.A. JIPO3JOBA

XepCOHChKH HAI[IOHAJIBHUH TEXHIYHUH YHIBEPCUTET

YPAXYBAHHSA [ICUXO® YHKINIOHAJIBHUX XAPAKTEPUCTHUK
JIIOAUHU ITPU HABYAHHI KEPYBAHHIO ITPOTE30M

Ilpome3yeanis — KOMNIEKC MEOUKO-COYIANbHUX 3AX00i8, CNPAMOBAHUX HA KOMNEHCAYTI0 aHaAMOMIUHUX i
@yuryionarvHux Oeexmie MIOOUHU 30 00NOMO20I0 NPOMeE3HO-OpmoneduuHux 3acobie i npucmocysans. Ilpu
YbOMY 207108HE 3A60AHHS NPOME3YBAHHA — MAKCUMATLHO MOXCIUBE B8IOHOGIeHHA (DYHKYI 8MPAteH020 0peana i
nosepHeHHs MOOUHU 00 aKmueHoi mpyooeoi OdisnvHocmi. TexHiunuti npucmpii npomesHO-opmoneoutHo20
8UPOOY HE3ANEHCHO IO U020 CKIAOHOCTI PO32TAAEMbCA NPOMEIUCMAMY MITbKU Y 83AEMOOTT 3 ONOPHO-PYX08UM
anapamom moouny i ii ncuxogisionociunumu ocobausocmamu. Knwouwosum 3agdanmuam npomesodyodyeanns €
CMBOPEHHA MemOOUKU U KOMNIEKCY ONs HAGYAHHA JIOOUHU KOPUCMYBAHHIO OloMiunum npomesom. Eman
HABUAHHS KOPUCTYBAHHIO NPOME30M BUKOHYEMbCA OCMAHHIM, 11020 MPUBATICMb 3ANeHCUMD 810 MEXHON02TUHOT
CKIAOHOCMI npomesa, MOYHOCMI OOMPUMAHHA 6CIX NPUHYUNIE CYYACHO20 NPOME3Y8AHHA HA NONEPeOHix
emanax, a makodic 6io ocoonugocmelt NCUxohiziono2ii MmoouHu.

Y pobomi pozensoaemvca 63aemo0ia nmoouHu i3 npomesom. Auanizyemvca npobdiema HABYAHHSA
KOPUCTITYBAHHIO NPOME30M 3 YPAXYBAHHAM 0COOIUBOCHEN NCUXODIZI0N0IUHUX XAPAKMEPUCTHUK MO20, AKO2O0
Hagualomy. Posenanymi yacosi xapaxmepucmuxky 63aeMo0ii TOOUHU 3 MEXHIYHUM NPUCMPOEM Npome3d 8 Yaci,
8i0 nouamxy 63a€mo0ii 00 3aKiHYeHHs 30ICHeHHA elleMeHmAapHoi Oii, mpuganicme 30iUcHeHHs Oii, yacmoma
BUKOHAMHS, OP2AHI3aYis eleMEeHMAPHO20 PYXy NPOMALOM Ybo2o yacy. VYpaxyeawua yux axmopie 003601umy
SHYUKO a0anmyeamu npoyec HAasYyauHsa nio cneyughiuni ocobrueocmi il nompedbu KOHKpemHOi MOOUHU O
KepyBaHHs 0COOUCMUM NPOME30M, d MAKONXC Nidibpamu Uomy iHOU8IOYaibHy MemoOUKy Ha8YaHHSL.

Kuwuosi crosa: adammayis nr0o0unu 0o npomesa, wisuoKooOis, nepepobka ingopmayii, uac
CNPULIHAMMA, 360POMHULL 38'A30K.
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XepcoHCKUil HalMOHAJIBHBIH TEXHUYECKUI YHUBEPCUTET

YUYET IICUXO®PYHKIIMOHAJIBHBIX XAPAKTEPUCTHUK
YEJIOBEKA ITPU OBYYEHUU YITPABJIEHUIO ITPOTE30M

Ilpomesuposanue — KOMNIEKC MEOUKO-COYUATbHBIX MEPONPUAMULL, HANPAGIEHHbIX HA 603MelyjeHue
AHAMOMUYECKUX U (DYHKYUOHANbHBIX 0epeKMOs8 Yel08eKa ¢ NOMOWbIO NPOME3HO-0PMONeOUdeckux cpeocms u
npucnocobdaenuil. Ilpu smom enasnas 3a0a4a npome3suUpoBaHUs — MAKCUMATILHO BO3MOICHOE 80CCHAHOGLEHUE
@yHryuil ympauennoeo opeana u 8038paijeHue Yeio8eKa K aKmusHol mpyooeol desmenvhocmu. Texnuueckoe
YCMpOUCMBEO  NPOMe3HO-0PMONEOUYECKO20 U30eTUsi HEe3A6UCUMO OMl €20 CIONCHOCMU  PACCMAMPUBAEMCS]
NPOME3UCMAMU  MOALKO 80  83AUMOOCUCBUL ¢ ONOPHO-08USAMENbHLIM —ANNAPATOM  Hel08eKd U €20
ncuxogusuonozuveckumu  ocobennocmamu. Kmouegoul 3adaueil npome3ocmpoenusi A6IsAemcs Co30aHue
MemoOuUKY U KOMHUIEKCa ONsi 00VHeHUsl 4Yel06eKd NOJb306AHUI0 OUOHUYECKUM npome3om. Dman oOyyenus
NOIbL30BAHUIO NPOME3OM  GbINOMHAEHICS HNOCACOHUM, €20 ONUMENTbHOCHb 3A6UCUN  OM  TEXHOI0UYEeCKOU
CHIOJICHOCYU  npome3a, MOYHOCMU  COONI0OeHUsT 6CeX NPUHYUNOE COBPEMEHHO20 NPOME3UPOBAHUs HA
npeoblOyWUX IMANaAx, a maxice om 0coOOeHHOCmell NCUXOPUIUOIOSUU Yel08eKd.

B pabome paccmampueaemcs ezaumooeiicmsue yenogeka ¢ npome3om. Ananusupyemcs npobrema
00yyYenUus NOAb308AHUIO NPOME30M C YYemOM OCOOEHHOCMEU NCUXODUIUOTOSUYECKUX XaAPAKMePUCTHUK
obyuaemozo. Paccmompenvt 8pemennvie Xapakmepucmuku 83auMOOelcCmeusl Yeno8eKa ¢ MexXHU4YecKum
YCMPOTICMBOM NPOMe3a 60 BPEMEHU, OM HAYANA G3aUMOOECBUSL 00 OKOHYAHUS COBEPULEHUsL DTIEMEHMAPHOZ0
Oeticmeusi,  NPOOONINCUMENbHOCIb — COBEPUEHUst  OelicgUsl, — Yacmoma  6bINOJHEHUs, U OpP2aHU3AYUsL
INEMEHMAPHO2O OBUIICEHUSI 8 MEYEeHUe IMO20 BPeMenU. Yyuem smux paxmopos no36onum 2ubko adanmuposams
npoyecc 00yyenusi noo cheyuguyeckue 0codeHHOCmU U NOMPEOHOCMU KOHKPEMHO20 Yen06eKka O YNpaesieHus.
JIUYHBIM NPOME3OM, A MAKICE NOO0OPAMb eMy UHOUBUOYATLHYIO MEMOOUKY 00VYeHUs

Knrouegvle crosa: adanmayus uenogexa k npomesy, Ovicmpooeticmsue, nepepabomra uHgpopmayuu,
8pems 80CHpuUAmMusL, 0OPAMHASL C8isA3b.

Problem definition

Prosthetics is a complex of medical and social measures aimed at compensating anatomical and
functional defects of a person with the help of prosthetic and orthopedic means and devices. At the same time,
the main task of prosthetics is the maximum possible restoration of the functions of the lost organ and the return
of the person to active labor activity. The latter circumstance is of great psychological importance and affects the
terms of mastering and mastery of the management of the prosthesis. [1]

An integral part of prosthetics that studies the human system - the technical design and development of
prosthetic and orthopedic appliances is prosthetic engineering. Prosthetics and prosthetics structure form a
medical-technical complex, designed to solve the issues of preparing a patient for prosthetics, choosing a
prosthesis design, making it and learning how to use it. In determining the most effective methods of prosthetics,
not only the age and sex of a person is taken into account, but also a large number of individual anthropometric,
physiological, clinical and biomechanical characteristics, on the basis of which the degree of compensatory
adaptability of his body is established. The analysis of this information is a difficult task, and the use of the
conclusions of this analysis largely determines the results of prosthetics.

Related publications

The technical device of a prosthetic-orthopedic product, regardless of its complexity, is considered by
prosthetists only in cooperation with the human musculoskeletal system and its psycho-physiological features.

There are two options for controlling the prosthesis - without feedback and with feedback. [2] The
block diagram of the prosthesis without feedback is presented in [3] and is as follows (Fig. 1).

In a prosthesis without feedback (see Fig. 1), when a person tries to mentally move an amputated limb,
the signal from efferent nerve fibers (ENF) using a biopotential pickup device (DRBP) is fed to the biopotential
amplifier (ABP), and then after the A/D converter ) into the microprocessor (MP). In the microprocessor, the
signal is decoded and the command is issued to the actuators (MI) of the prosthesis (P). For this digital code
from the output of the MP is converted using a digital-to-analog converter (DAC) into an analog signal and
amplified by a power amplifier (PA). Thus, the transformation of control nerve impulses into mechanical
movements of the limb prosthesis is carried out.

The disadvantage of such a prosthesis is the lack of feedback from the objects of interaction of the
prosthesis with the objects of interaction, which is present in biological systems, which leads to insufficient
accuracy of movement.
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ENF
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Fig. 1. Block diagram of the prosthesis without feedback

This disadvantage is compensated by the introduction of feedback, which makes it possible to
coordinate the movement of a limb due to information about the position in space, speed of movement, applied
efforts, etc. [4] With this variant of prosthesis control, feedback is achieved only through visual perception of the
prosthesis. Due to the use of active modules in the design of the prosthesis, special sensors in the coating of the
prosthesis that mimic the joints and are driven by hydraulic hydraulics, and small electric engines, sensations can
be transmitted in response to pressure, touch or temperature changes. Due to the reverse transformation of the
electronic signal into the biopotential, which is captured by the sensory nerve endings of the limb stump, the
sensation of a person’s own limb is achieved. The structural diagram of this type of prosthesis is shown in Fig. 2.
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Fig. 2. Block diagram of the prosthesis with feedback

In this scheme, there is a system of sensors (SS), which controls the movement of the prosthesis in
space, as well as the efforts developed by the actuators. This information enters the MP and is compared with the
specified parameters of the movement. Thus, the adjustment of the movement of the prosthesis. In addition, it is
possible “sensation” of the prosthesis with the help of sensors capable of perceiving tactile information that can
be transmitted to the remaining afferent nerve fibers (AHF) through the device to interface with the object
(DIO). In this case, the person will feel the object to which the prosthesis touches the limb.

Modern models of prostheses involve the installation of temperature and pressure sensors on each
finger that can control the seizure of an object with greater reliability, and thus both protect the hand itself and
prevent possible damage due to careless movement. With the help of such a kind of artificial leather, you can
hold light and fragile objects, such as a plastic cup, which could not be done in prostheses without feedback - the
prosthesis simply breaks it. Too little squeezing fingers for the same plastic cup is no less a problem - the cup
slips out of your hands.

The key task of the prosthesis is to create a methodology and a complex for teaching a person how to
use a bionic prosthesis. The stage of learning to use the prosthesis is performed last, its duration depends on the
technological complexity of the prosthesis, the accuracy of observance of all the principles of modern prosthetics
at the previous stages, as well as the characteristics of human psychophysiology.
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The continuity of the stages and the correct implementation of all the principles of modern prosthetics
gives a good effect, accelerates the process of rehabilitation of a person after amputation and the return of lost
functions.

The quantitative characteristics of human body movements are methodologically convenient to divide
into two main types: biokinematic and biodynamic. Biokinematic characteristics Section of biomechanical
analysis of biokinematics studies the movement of living bodies and biological systems. Biokinematic
characteristics of human movements are characteristics of the movement of human body parts without taking
into account their inertia and acting forces. They include descriptions of changes in body position in space
relative to other bodies over time. The main goal is the analysis of various types of motion and the detection of
laws showing the relationship between the quantities that characterize these movements (spatial, temporal and
spatial-temporal). The physical characteristics of material objects in their interaction (mass, force) - material
nature, as well as physical processes are not considered.

Goal of investigation

In order to optimize the process of teaching a person a bionic prosthesis, it is necessary to consider the
temporal characteristics of the person’s interaction with the technical device of the prosthesis in time, from the
beginning of the interaction to the end of the elementary action, the duration of the action, frequency of
execution, and the organization of the elementary movement during this time. Together with the space-time
characteristics, they determine the nature of human movements.

Presentation of the research material

When a person adapts to the prosthesis, one has to deal with different training times, which is associated
with different perceptions of this process by the trainees. At the time of training, i.e. the transition from
meaningful action of the prosthesis to the automatic implementation, the psycho-physiological characteristics of
a person affect the speed of learning.

To select the optimal training program, it is necessary to take into account the psycho-physiological
characteristics of a person, such as the degree of fatigue and information load, as well as additional factors:

a) In the state of psychological tension arising in the process of adaptation of a person to new conditions
of activity, there is a mobilization of body reserves.

b) The inertia of psycho-physiological changes in the body when the effects on the person.

Adaptive changes in the functional state of various systems of the human body undergoing a prosthesis
under the influence of training loads occur heterochronously. At different stages of this process, the reaction of
various systems is specific and not always amenable to prompt diagnosis. The signs of the optimal level of
adaptability include the achievement of the maximum of the realized functions (maximum reaction rate and
motor actions, the greatest accuracy, a high degree of concentration and distribution of attention, etc.), as well as
the duration of the preservation of working functions at the maximum level. [5]

The speed of interaction (perception and comprehension of the incoming information) of a person with
a prosthesis as a technical tool is determined by the time of information passing through the closed loop of the
human system - the technical structure of the prosthesis and is estimated by the duration of the control cycle. In
case of receipt of several signals, a person proceeds to the processing of each of them during the time t, g after
some delay toreset. In this case, the processing time (speed) tyro is characterized by two components:

toroc = ts del T tpreset

n
T,=t+ Z toreset i
—

4

and the duration of the control cycle is:

where t is the time to solve a problem by a human, i.e. the time from the moment the signal appears until the end
of the control actions; tyes: i is the information delay time in the i - th link of the technical system, and n is the
number of links in the human system - the technical system of the prosthesis.

Given a given Tn and known characteristics of the prosthesis and the object of interaction with the
prosthesis from a person, such speed is required:

n
toroc =T + z t;.
i=1

On the other hand, tyo. can be defined as the sum of the time of each of the stages of information
processing - decision making and the implementation of control actions - t, and ta.
The time of a person's activity according to a predetermined algorithm can be represented as a set of
times necessary for a person to receive information from feedback sensors and perform response actions:
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Tn: Tn.percep + Tn.dic + Tn.upd + Tn.mot

where T, percep 1S the time of signal perception (latent period is the time interval separating the human response
from the moment the stimulus is applied); T, qic - decision time; T, ypq - time thinking actions for the muscles of
the stump; T, mot - the time of the motor action on the control body.

Thus, the learner controls the prosthesis and adjusts its operation in accordance with the program, which
has temporary characteristics. The implementation of this program depends on the technical characteristics of the
system, which determine external, technical, time constraints. In addition, the learner has its own, internal,
psycho-physiological properties, which also cause certain time constraints.

At the same time, internal constraints, time of perception and comprehension of information t},
representing the sum of the time of perception of the signal, time of decision making and comprehension of
actions to control the muscles tj =t} percep + th gic + t,"l_upd may vary depending on the functional state of the
person during training. Time perception and judgment in the accomplishment of one and the same result may
differ not only among different students, but one and the same person.

We describe the process of processing information received by a person at the time of learning to act
with a prosthesis. Nerve impulses produced by a person give a signal to process data and form commands to
control the prosthesis. The data coming from the feedback sensors can be characterized by some measure of the
complexity of perception by the muscles of a person - C, which depends on the degree of difficulty of
perception. The complexity of information is directly related to the time of its perception and comprehension by

a person and can be found by the formula [6].
; 1
th = 5 Clum),

where th, is the time of perception and comprehension of i - th information by t5 = t} percep + thaic + thupa ;
V is the capacity of a person; g - function of the intensity of perception, characterizes the degree of fatigue and
information load of a person; C(h;_,) - the complexity of the user's perception of the piece of information at the
i-th stage of training.

At the same time, taking into account the “objective” and “subjective” factors of the student, the

complexity of perception can be determined.
K¢

Cth) = Z C(hi)Kostf

i=1

where c(h;_,) is the complexity of the human perception of a piece of information at the i-th stage of
communication with the prosthesis, i = 1, K; K. - the number of stages of communication; K - the coefficient of
"objective" factors affecting a person (preparedness, environment, features of prosthesis management, etc.); K
is the coefficient of the user's subjective factors, reflecting his individual psycho-physiological features.

In addition, the criterion of speed is the time t,.,.. to solve the control task, that is, the time from the
moment a person responds to information flow until the end of the control actions. This time is directly
proportional to the amount of information processed:

treact = Tq +1H

where T, is the latent human response time, which depends on the modality of the signal and is approximately
equal to 0.2 s; I - the reciprocal of the speed of processing information by a man, equal to 0.15 + 0.35 s/bit; H -
the amount of information in bits.

In Fig. 3 shows the physiological and required human response for the perception of the process of
prosthetic control during training, where Vi is the speed of information receipt, V is the person’s throughput.
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Fig. 3. The physiological and required human response for the perception of the process of prosthetic
control during training

Then the mismatch of the ergatic system, in quality, which can be considered a human system is a
technical system of the prosthesis that allows you to automatically track the exit of the ergatic system beyond the
boundary conditions and correct the person’s work when learning to use the prosthesis:

K e—Zhi
pP= VZ ty<1
£5(hy)

where h; - deviations from the standard, which are produced in humans as a result of perception of the previous
portion of the information flow; t is the time of transmission of a message to the person from the technical
system of the prosthesis; Z - the coefficient of tension characterizing the individual characteristics of the
perception of information by the student.

Results and conclusions

Thus, the temporal characteristics when teaching a person to use a prosthesis are used as:

- indicator of time constraints;

- an indicator of the speed of the flow of nerve processes;

- characteristics of the learning process;

- characterization of the consistency of the human components with the technical system of the
prosthesis. Accounting for these characteristics will allow flexibly adapting the system of management of a
personal prosthesis to the specific characteristics and needs of a particular person, as well as to choose an
individual technique and complex for training. All this will speed up the process of rehabilitation after
amputation and the return of lost functions.

As further ways of developing the system, one can indicate the development of a model with feedback
with adaptation to the individual psychophysiological characteristics of a person, with the aim of increasing the
controllability of the mechanical model to ensure a greater similarity to human limb.
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