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Abstract: This paper is dedicated to the development of a concept and software
solution for generating human movements based on a semantically-oriented language
notation created by the authors. The language notation is presented as a formula with
a flexible structure of concepts and rules for their implementation, allowing easy
adaptation of movement parameter changes to match an ideal or real sample.

To model movements represented in the language notation, a cross-platform
application was developed using the Blender 4.2 for the visualization and generation
of gestures for anthropomorphic models. The movement control system consists of
the following stages: translating it into a gesture notation record; parsing this record;
constructing an internal representation of the movement, which is a sequence of
frames. Frames contain information about which bone (body part) of the performer
they refer to, how they affect its position, and at what time from the start of the
movement this frame is relevant. In the final stage, the internal representation of the
movement is transformed into the performer’s movement, which can be either virtual
anthropomorphic 3D models or physical software-hardware systems in the form of
anthropomorphic robots.

To better correspond to anthropomorphic behavior, in addition to “ideal samples” of
human movement, models of human gesture behavior presented in a multimodal
corpus specially created for this purpose by the team were used. The material
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consists of audiovisual recordings of spontaneous oral texts where recipients describe
a wide range of their own emotional states. The data obtained during the
experimental research confirmed the flexibility, enhanced controllability, and
modularity of the language notation, as well as the ability to model the continuous
space of human motor activity.

Keywords: Technosemantics; Movement generation; Language notation of gestures;
Gesture; Visualization; Multimodal corpus; 3D graphics; Interpretability
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AnHoTtauus: Ctarbs MocBsIeHa pa3padoTKe KOHIIETIINU 1 POTPaMMHOTO PEIICHUs
reHepaluuy JBIKCHUM 4YeJIOBEKa Ha OCHOBE CO3JaHHOW KOJUIEKTUBOM CEMaHTHKO-
OpPUEHTHPOBAHHOM KeCTOBOM HoTauuu. Horamus npencrasisercs B Buae (HopMyisl,
omnMyaroueiics ruOkoi CTPYKTYpoH NOHSATHH M MpaBWJ MX peajn3aluy, 4YTo
IIO3BOJISIET  JIETKO  aJanTUPOBAaTb M3MEHEHHs I[IapaMETPOB  JBMXKCHMUS UL
COOTBETCTBUS UJCAIbHOMY UJIHM pealbHOMY 00pasiLy.

Jns  MonmenupoBaHMsS —ABWKCHUM, IIPEACTABICHHBIX B  SA3BIKOBOM  HOTAaluH,
pa3paboTaHo KpoccriarpopMeHHOe IPHIOKeHUe Ha Oa3e urposoro aprmxka Blender
4.2 g BU3yalu3aluyu U TeHEpaluy aHUMAalliU KECTOB aHTPOIIOMOP(HBIX MOJEIEH.
Cucrema ynpasieHUs ABMKEHUN COCTOUT M3 CIEAYIOIIUX CTaJHUN: 3aIMCh )KECTOBOU
HOTalMK; pa30op d3TOW 3amuCH; MOCTPOEHHE BHYTPEHHEro IpEJCTaBICHUS
JBUKEHMSI, KOTOPOE SABIIETCS MOCIEN0BATEIBbHOCTBIO pAsla KaapoB. Kagpsl umeroT
MH(OPMAIMIO O TOM, K KaKOH KOCTH (4acTH TeJla) UCIOJHUTENSI OHU OTHOCSITCS, KaK
BIIUSAIOT HA €€ MOJIOKEHUE, B KAKOM MOMEHT BPEMEHU OT Ha4yaJsla JBUKEHUS DTOT Kajp
akTyaneH. Ha mocnenHem stame ocyluecTBisieTcss npeoOpa3oBaHME BHYTPEHHETO
MIPEACTABIICHNS JBUKEHUS B JBUKCHUE HMCIIOJIHUTENS, B KAYECTBE KOTOPOIO MOTYT
BBICTyIIaTh KaK BUpPTyaJlbHble aHTponoMopdubsle 3D-mozaenu, Tak U mMarepuajgbHbIe
porpaMMHO-aNapaTHble KOMIUIEKCHI B BUI€ aHTPOIIOMOP(HBIX pOOOTOB.

Jl1st GonbIIEro COOTBETCTBUSI AaHTPOIIOMOP(GHOMY MOBEACHHUIO IOMUMO «HI€AJTBHBIX
00pa31oB» JIBUKEHUS YeJI0BEKa ObUIN MCIOIb30BaHbl MOJEIH JKECTOBOTO MOBEIEHUS
JIIOZIEH, MPEICTABICHHBIE B CIIEHIHAIBHO CO3aBaEMOM I 3TOM LEIU KOJUIEKTUBOM
MYJIBTUMOJIAIBHOM KopItyce. Marepuan mpeacTaBiseT co0oil ayquoBU3yalbHbIE
3allMCH YCTHBIX CIIOHTAHHBIX TEKCTOB ONMCAHMS PELMIMEHTAMU IIMPOKOTO CIEKTpa
COOCTBEHHBIX SMOLIMOHAJIBHBIX COCTOSHUM. ITony4yeHnsle B xoze
SKCIEPUMEHTAJILHOTO HCCIIeI0BaHUS JaHHbIE MOATBEPIUIN THOKOCTh, TOBBIIIEHHYIO
KOHTPOJIMPYEMOCTb UM MOAYJIBHOCTb  S3BIKOBOM  HOTAallUM, BO3MOXKHOCTb
MOJZIETITMPOBAHMS  HENPEPBIBHOTO IMPOCTPAHCTBA  YEJIOBEYECKOM  JIBUTaTEIbHOU
AKTUBHOCTH.

KiroueBbie cnoBa: TexnocemaHnTuka; ['eHepauusi OBUKEHMH; SI3bIKOBas HOTaLMs
xkectoB; Kecr; Bmsyanmuzamms; MynstuMmonanbHbiid - kKopryc;  3D-rpaduka;
HureprpetupyeMocTs
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Introduction

The development of systems for
describing human movements is a relevant
task across various fields, such as
choreography, robotics, animation, and many
others. Just as a musical score represents
musical notes, movement notation is designed
to provide precise instructions regarding
specific movements, actions, as well as their
combinations and/or sequences. The creation
of notations that describe movements across
different domains faces several challenges.
The first challenge is the absence of a
universal language for recording movements.
Different fields use distinct methods and
languages to record movements, leading to a
“Tower of Babel” situation  where
communication between disciplines becomes
difficult (Laumond, Abe, 2016). The second

challenge arises from the established
terminological systems, paradigms, and goals
in different fields (e.g., choreography vs.
robotics),  which  further  complicates
interdisciplinary communication and hinders
scientific integration (Calvert, 2015).

At the same time, the metalinguistic and
conceptual fragmentation of disciplinary
fields contradicts the qualitative changes in
the nature of human communication and
activity, driven by the increasing prominence
of interface-mediated communication and the
digitization of various forms of activity. This
type of communication demands universal
“seamless” tools (meta-languages and
technologies) for transitioning between
different forms of human activity. Hence,
there is a need to explore new, potentially
universal approaches to describing human-
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machine interaction (HMI) and human-
computer interaction (HCI).

Electronic computing devices and
virtual anthropomorphic 3D models, such as
robots and virtual avatars, imitate human
behavior, communication, emotions,
movements, gestures, and other human traits
and  behavioral patterns. As  these
anthropomorphic  models become more
integrated into everyday life, they must be
able to handle a wide range of human actions
and linguistic expressions. When discussing
human movements, for effective interaction
with people and the extraction of information
from linguistic and gestural data, these
intelligent models need to understand the
referential relationships between actions and
language, as well as interpret actions
conveyed through language.

The development of tangible human-
machine interfaces is based on the principles
of human communication, where information
is perceived, processed, and transmitted using
multiple modalities (Belousov et al., 2024).
Semantics in this context covers not only
auditory or visual messages but also motor
actions. For example, van Elk et al. describe
the semantics of actions as a hierarchically
organized system, whose subsystems are
selectively activated depending on the
subject’s intentions and task context (van Elk
et al., 2009). In natural communication,
information is transmitted through several
channels of different modalities to “narrow”
and focus the scope of meaning. For instance,
spatial deixis in face-to-face interaction
requires gestural involvement: “Look there!”
(accompanied by a hand gesture or a nod).

Typically, the problem of describing
movements relates to the discussion of the
differences between movements and gestures.
Several approaches distinguish between
movement and gesture. For example,
movement can be viewed as a concept
encompassing any physical activity of the
body, including gestures, which, in turn, carry
symbolic meaning in communication (Bull,
Doody, 2013; Kendon, 1997; Kilpatrick,
2020; Murillo et al, 2021; Novack,

Wakefield, 2016: 340; Stults-Kolehmainen,
2023). According to the approach of A.M.
Novack et al., a gesture is not directly related
to altering the world (e.g., opening a jar by
twisting it) or representing movement patterns
(e.g., performing dance steps). Instead, it
represents movement that may change the
world (e.g., a gesture showing how to open a
jar by twisting it) or represents movement that
exists on its own (e.g., a gesture showing how
to perform a dance) (Novack, Wakefield,
2016: 340). Both examples are generally
correct; however, one can find contexts where
dance movements or opening a jar can be
viewed as gestures. For example, professional
dance movements (e.g., in ballet) are loaded
with communicative and semantic meaning,
and when directed at an audience, they are
interpreted similarly to any other sign. The
example involving material transformation of
the world (“opening a jar”, etc.) can also be
contextualized as a sign of professional skill.

We prefer an understanding of the
relationship between gesture and movement,
where movement is not only a general
concept for gesture but also unites them in
sequential chains (Kendon, 1997; Kilpatrick,
2020; Streeck, 2010; Trujillo et al., 2018). If a
movement fragment is communicatively
directed and semantically coherent, it can be
considered a gesture. However, the same
movement might not be a gesture if it lacks an
addressee capable of interpreting the sign
(with the addressee potentially being the
communicator themselves, i.e., in the case of
self-communication).

In the modern technological world,
gestures are forms of  non-verbal
communication used not only for interacting
with people but also with anthropomorphic
virtual or robotic models. Recording human
movements,  developing  models and
algorithms for effective motion recognition,
creating unified movement notation, and
improving human-machine communication
are pressing challenges in science, robotics,
machine learning, and other fields.

The goals of movement notation —
whether in dance, animation, or robotics —
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include  providing clear, interpretable
instructions that can be executed by
performers, machines, or digital characters.
Accurate movement notation is essential for
their present and future use, study, or
reproduction, ensuring consistency across
different situations and among different
performers (both human and anthropomorphic
models). In this paper, we present a new
concept and software solution for modeling
and generating movements based on a
semantically-oriented  linguistic  notation,
which we have named the Perm Gesture
Notation (PGN). The primary goal of this
paper is to present a methodology for
modeling human movements based on the
developed linguistic notation. This includes
the presentation of the developed notation, a
description of an application that implements
a movement control system based on the
Blender 4.2 engine. In the developed
application, visualization and generation of
movements for anthropomorphic models, as
well as compositional and sequential control
of the generated movements based on the
developed notation, are carried out. To
achieve plausible anthropomorphic behavior
in the 3D model, we use a multimodal corpus
of audiovisual recordings of people describing
various emotional states. This confirms the
possibility of modeling a wide range of
human motor actions.

Theoretical review

The development of movement notation
systems has a history spanning several
centuries. Since the 15th century, at least 87
different movement notation systems have
been used across Europe and North America
(Abbie, 1974; Farnell, 1996; Guest, 1984;
Key, 1977). These systems often arose to
document specific dance styles or gesture
languages, and many fell out of use as the
associated movement practices evolved or
disappeared (Farnell, 1996).

In the field of non-verbal
communication research, any attempt to
develop a movement alphabet must inevitably
take into account historically significant
systems of movement notation, including the

Beauchamp-Feuillet system that thrived at the
French court in the 17th and 18th centuries,
Gilbert Austin’s gesture system for public
speaking from 1806, Ray Birdwhistell’s
kinesics from the mid-20th century, William
Stokoe’s system for recording American Sign
Language, as well as adaptations for other
sign languages by Adam Kendon and La
Mont West Jr. Generalized systems like
Labanotation, Laban Movement Analysis,
Benesh Choreology, and Eshkol-Wachman
notation are designed for adaptation to a wide
range of movements, functioning as a
“phonetic alphabet” for body actions, capable
of recording any physical action while
preserving its semantic content (Abbie, 1974;
Bashan et al., 2024; Benesh, Benesh, 1956;
Bernardet et al., 2019; Birdwhistell, 1952;
Dell, 1977; El Raheb, loannidis, 2014; El
Raheb et al., 2023; Eshkol, Wachmann, 1958;
Farnell, 1996; Frishberg, 1983; Grushkin,
2017; Guest, 1984; 2005; Harrigan, 2008;
Kendon, 1997; Key, 1977; Laban, Lawrence,
1974).

Several key systems of movement
description have emerged from related fields
such as anthropology, ethology, and
psychology. The Facial Action Coding System
(FACS) (Ekman, Friesen, 1978) is designed
for analyzing and interpreting facial
expressions by identifying specific facial
actions. The Bernese System (Frey et al.,
1982) offers a methodology for analyzing
movement in psychological and
anthropological studies. The most recent
system, the Body Action and Posture Coding
System (BAP) (Dael et al., 2012), was
developed for detailed analysis of body
movements and postures using 141 behavioral
variables that capture complex temporal
movement segments. These systems provide a
comprehensive toolkit for studying non-
verbal communication and human behavior in
various scientific and applied contexts
(Bernardet et al., 2019).

Movement classification, coding, and
interpretation systems differ across several
parameters, including their intended purpose,
origin, level of detail, and reliability. First,
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these systems vary in their objectives: some
are designed for reproducing or analyzing
movements, while others aim to draw
conclusions about the individual performing
the movements. For example, systems
originating in dance, such as Labanotation
and Laban Movement Analysis, focus on the
precise transmission and analysis of dancers’
movements. In contrast, systems from
anthropology, ethology, and psychology, like
FACS and kinesics, are aimed at studying and
interpreting human behavior in a broader
context (Birdwhistell, 1952; Bernardet et al.,
2019; Duprey et al., 2017; Ekman, Friesen,
1978; Laban et al., 1974).

Second, the level of subjective inference
varies among different systems. Some
systems rely on subjective judgments by
coders, while others use systematic labels and
observational coding, or direct measurement
of muscle activity. This distinction is
particularly important in scientific research,
where high precision and data reliability are
required (Bernardet et al., 2019).

The focus on movement quality or type
is another distinguishing feature of various
systems. For instance, Labanotation and the
Bernese System emphasize movement quality,
while  kinesics focuses on types of
movements. The level of system detail,
including parameters such as the minimum
time unit for coding, the size of the alphabet
(number of distinct codes), and the number of
simultaneously coded tracks (body parts),
plays a key role in determining the system’s
level of detail. The smaller the time unit, the
larger the alphabet, and the more tracks
coded, the more detailed the system is. This,
in turn, affects coding time: detailed systems
require significantly more time for data
coding than less detailed ones (Birdwhistell,
1952; Bernardet et al., 2019; Dael et al., 2012;
Ekman, Friesen, 1978; Farnell, 1996; Laban,
Lawrence, 1974).

Reliability also varies across systems.
Some, like FACS and BAP, have undergone
empirical reliability evaluation, while others,
like LMA, have been evaluated to a limited
extent, and some systems have not been

assessed for reliability at all (Bernardet et al.,
2019; Dael et al.,, 2012; Ekman, Friesen,
1978; Laban, Lawrence, 1974; Shafir et al.,
2016).

Thus, differences among movement
classification, coding, and interpretation
systems include their intended purpose,
origin, degree of subjective inference, focus
on movement quality or type, level of detail,
coding time, and reliability. M. Karg et al.
(2013) emphasize that movements are
typically represented as joint angle
trajectories or kinematic features, which,
while detailed, can be computationally
intensive and may overlook the expressive
qualities of movements. Movement notation
systems offer a more efficient and expressive
representation.

Due to the conceptual proximity to our
notation system, we pay particular attention to
the Common Morphokinetic Alphabet (CMA)
for transcribing and analyzing body
movements, which seeks to provide a
comprehensive, precise, and user-friendly
method for recording physical movements,
establishing grammatical rules based on
Noam Chomsky’s phrase grammar (lzquierdo,
Anguera, 2018). Like our notation, the CMA
system incorporates linguistic principles,
particularly the structure and syntax of
movement phrases, to create a notation
system capable of capturing the complexity of
human movement in three-dimensional space
over time (lzquierdo, Anguera, 2018). The
CMA system builds on previous systems,
such as Ray Birdwhistell’skinesic notation
system (KNS) (Birdwhistell, 1952) and the
Facial Action Coding System (FACS)
(Ekman, Friesen, 1978), but positions itself as
a more comprehensive and adaptable system
capable of keeping pace with technological
advancements (lIzquierdo, Anguera, 2018).

It should be noted that the research
conducted by Izquierdo, Anguera (2018) is
closely related to our work in certain aspects,
which will be discussed in the next section.

Methodology. Description of the
Perm Gesture Notation (PGN)
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The movement notation system, as we
conceptualize it, must satisfy several key
criteria.

First, the movement notation should be
semantically oriented and based on natural
language. This would allow subject matter
experts, when writing or interpreting a
movement formula, to visualize how the
action will be performed. The language for
recording movements should be represented
as a formalized structure of concepts and rules
for their implementation. This would facilitate
the use of computational technologies,
particularly allowing for encoded messages to
be interpreted by an intelligent interpreter.

The language for recording movements
must be flexible, extendable through the
integration of new objects, concepts, and
rules, and easily adaptable to changes in
movement parameters. The notation should be
comprehensive, covering all aspects of
movement, and universal, capable of
encoding all types of movements.
Furthermore, the notation must exhibit
anatomical and physiological accuracy,
representing the mechanics of the body
correctly. There should also be a possibility
for quantitative evaluation of the generated
movement models.

Additionally, the notation must be
practical and easily integrated with modern
technologies. It is crucial that the system of
notation can document observed movements
without relying on contextual assumptions or
subjective interpretations, ensuring objectivity
and minimizing coder bias. We have
endeavored to account for these criteria as

thoroughly as possible in the creation of our
movement notation system.

Unlike other movement notation
systems, particularly the Common
Morphokinetic Alphabet (CMA) (lzquierdo,
Anguera, 2018) , which is the closest to ours,
where the movement notation includes not
only position/state but also complex
movement patterns (e.g., both hands
together), with repetitions of entities (e.g.,
right and left sides for position and body
parts), and where some indicators are
described using numbers, our system models
movement as a sequential transition from one
stationary state of the body part performing
the movement to another stationary state. The
key distinction in our approach is that instead
of describing the movement itself, which
requires the inclusion of numerous variables,
we define only the initial and final states of
the body part performing the movement
(intermediate states can be included, as
discussed below) and the temporal
characteristics of executing the movement as
a transition from one state of the body part to
another.

Each state has specific indicators
associated with certain entities (movement
system, numerical indicators, etc.), body
parts, and their nature and functions. The
entities, nature, and functions of body parts
have different types, allowing them to be
represented in a structured and symbolic
form. Latin is chosen as the natural language
for description. A fragment of the system is
provided in Table 1.
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Table 1. Fragment of the Perm Gesture Notation (PGN)
Ta6muna 1. ®parment I[lepmckoii xectopoit HoTaruu (IDKH)
Entities Types Symbol Latin Name
Movement Transitional [ transitorius motus
Basic ([ basicus
State {} status
Event # eventus
Motion System Sequence + sequentia motus ratio
Simultaneity * simultaneus
Cyclicality <> repetitio
Numerical Time Interval (ms) tempus intervallum secundum
Indicator numerum indicator
Nature and Name Symbol Latin Name
Functions
Body Parts Hand (overall) M manus pars corporis
Palm P palma humani
Wrist MO manus
Forearm AB antibrachium
Movement Up su sursum directio
Direction Down de deorsum (trajectoria) motus
(Trajectory) Middle med medium
Right dx dextra
Left Si sinistra
Clockwise shm secundum
horologii motum
Hand Position Extended ex extensus manus positio
Bent an ancus
Movement Form Circle c circulus forma motus
Semicircle sC semicirculus

The notation allows for the description
of both complete movements and movement
fragments. An example of a movement
formula using our notation is:

:1000:{s7 Ma} (1)

The description of movement using a
specific notation system can be illustrated by
the example of raising a hand, as shown in
Figure 1. For the precise description of a body

part’s state, the following model is used
(demonstrated for the left hand):

e M (manus) — denotes the hand.

e Left lower index (si): Specifies the
selected hand, where “si” means the left hand
(similarly, “dx” refers to the right hand).

e Right upper index (ex): Indicates the
hand’s position, where “ex” denotes an
extended hand.
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e Right lower index (de): Specifies the
direction, where “de” means downward.

The use of curly braces {} around the
notation indicates that this part of the
movement represents a state, while :1000:
specifies the duration of this state in
milliseconds. Thus, formula (1) conveys the
initial state of the movement.

This can be translated into a more
machine-readable form as follows:

:1000:{_si_M"ex_de_} (2)

Some positions and states of the hand
are assumed by default. For instance, the fully
extended arm state is considered the default.
Therefore, such states may not need to be
explicitly  marked in the  notation.
Consequently, formula (2) simplifies to:

:1000:{ si_M de }(3)

Using these notation rules, we can
describe the movement shown in Figure 1 as
follows:

:1000:{ _si_M_de }:1000:[ si_M su_]:1000:
{RE} (4)

From this formula, it is clear that it does
not describe intermediate states: the left hand
moves directly from a downward extended
position to an upward extended position. It
may seem that the movement is described
separately (e.g. 1000:[_si_M_su_]). However,
this is not the case: this notation captures the
final state as the result of the movement, and
its placement within the movement code
serves to: a) indicate the movement itself, b)
specify its execution time, and c) allow for the
possibility of simultaneous execution with
another action (an example is provided
below). At the same time, since the final state
is already presented in the formula, there is no
need to duplicate its notation, which is why
the formula ends with the fragment
1000:{RE}, indicating that this state, lasting
1000 ms, is described in the movement block,
i.e,as{si_ M su }

Figure 1. Raising the Arm in Blender (three motion slices)
Pucynok 1. ITonusitie pyku B npuinoxernu Blender (tpu cpesa aprmxeHus)

In this case, the movement is performed
in the most efficient manner. However, if we
want to execute the movement differently, we
need to define intermediate states for the
arm’s position. This will result in the arm
moving along a different trajectory. For

example, raising the arm through an
intermediate position, where the arm is
extended to the side, followed by a pause of 1
millisecond (1:{RE} denotes a resting state
for 1 millisecond), can be described as
follows:
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:200:{_si_M_de_}:1000:[_si_M_si_]:1:

{RE}:1000:[_si_M_su_]:200:{RE}

Figure 2. Raising an arm in Blender (four motion slices)
Pucynok 2. [Togustue pyku B npuiokenuu Blender (detsipe cpesa nBmkeHms)

In Figure 2, it is evident that the final
position of the arm coincides with the position
shown in Figure 1: the arm is extended with
the palm facing forward. To specify a
different final position, we need to use
additional notation to clarify the precise
orientation, e.g.:

:200:{ si_M de }:1000:[ _si_M si ]:1:
{RE}:1000:[_si_M_su*MO_dx_]:200:{RE}

Let’s examine the  construction
[ si_M_su*MO_dx_J:

e The final position of the left arm is

indicated (upwards).

e The “*’ symbol denotes simultaneity,

meaning another action occurs at the

same time as the arm is in the upward
position.

e “MO” represents the palm, and “dx”

indicates that the palm is turned to the

right. For the left arm, this means the
palm is turned towards the body.

This example illustrates that the
directions and positions of body parts, as
described in Table 1, can be applied to various
body parts depending on their anatomical
capabilities. For instance, for the palm,
“MO_at” (forward) indicates the arm is
rotated so that the palm faces forward.
Therefore, the position of the arm in its final
state, as shown in Figures 1 and 2, can be

precisely described using this notation
system.

Since the notation is designed for
modeling movements in  computerized
systems, there are preset configurations
(settings) through which the movements of
body parts in an anthropomorphic 3D model
are executed. For example, raising the arm
upward is performed through an intermediate
state of elbow bending, thus such movement
does not require special marking. At the same
time, this approach raises the issue of
determining the most human-like
configurations, which can be achieved
through statistical analysis of a wide range of
human movements modeled with varying
psychobiological characteristics (e.g., age,
gender, temperament, etc.), a promising area
for further research.

Up to this point, movement descriptions
have been focused on a single body part. But
how does the notation work with
simultaneous movements of multiple body
parts, such as both arms?

For modeling simultaneous-
successional  movements  (simultaneous
execution of actions by multiple body parts in
their temporal dynamics), the following
concepts are introduced:

1. Independence (autonomy) of the 3D
model’s body parts, limited only by the
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anatomical and physiological capabilities of a
human, as fixed in the 3D model settings.

2. “Recording tracks”, which are used
for independent description of each body
part’s movement (each body part is assigned
its own “track™).

3. A movement event, understood as
either: a) any change in state/movement of a
body part caused by external factors (another
body part or object, e.g., the hand striking
another body part or object), or b) a complex
movement of body parts, where mandatory
states of these parts are defined relative to
each other over time. It is worth noting that
despite the autonomy of a body part’s
movement, its motion can influence another
body part due to connectivity and inertia (e.g.,
arm rotation affecting the torso). Such inertial
changes are natural and are not considered
events.

An event is tied to time but occurs
within a certain interval At. The At parameters
can be used to calculate and assess the
precision of modeled movements. The event
is denoted by the symbol “#” in the upper left
index of the body part. For example, the
description of the event (#1) where two hands
make contact in front of the chest: for the left
hand[_si_"#1"M_dx*at_Jand for the right
hand[_dx_"#1"M_si*at ]. Events have their
indices, allowing distinction between different
events and linking formula fragments
describing various body parts.

It should be noted that complex
movements (such as “hands together” in
CMA) can be defined separately in our case
and stored as formula variants. In other
words, certain patterns of states or movements
can be implemented as units in a dictionary,
with their formal representations.

Implementation of Motion Control
Systems

The development of a motion control
system based on linguistic notation involves
several stages: gesture notation, construction
of an internal representation of motion, and its
translation into executable movements,
demonstrated using 3D modeling and
animation software.

Stage One: Parsing Notation
The first stage is parsing the notation
(formula parsing). Parsing involves analyzing
the notation string, extracting terms, and
creating an abstract syntax tree (AST). The
parsing process is illustrated with the
following formula example:
:400:{_dx_M_2la-de-
2at_}:500:[_dx_M_la-su-2at_]:400:{RE}
1. Extraction of Individual Terms:
o First Term: :400:{ dx_M_2la-de-
2at_}
m Time: 400 milliseconds.
m Type: State ({})
m Position Details:
m dx_M: Right hand.
m 2la: Movement left with
coefficient 2.
m de: Movement down.
m 2at: Movement forward with
coefficient 2.
m Term Object: A State Term is
created with attributes:
m time = 400.
m node = dx_ M.
m details = {‘2la’, ‘de’, ‘2at’}.
o Second Term: :500:[_dx_M_la-su-
2at_]
m Time: 500 milliseconds.
m Type: Movement ([])
m Direction Details (Final State):
m dx_M: Right hand.
m la: Movement left.
m su: Movement up.
m 2at: Movement forward with
coefficient 2.
m Term Object: A Move Term is
created with attributes:
m time = 500.
m node = dx M.
m details = {‘la’, ‘su’, ‘2at’}.
o Third Term: :400:{RE}m Time: 400
milliseconds.
m Type: State ({})
m Details: RE (State fixation).
m Term Object: A State Term is
created with attributes:
m time = 400.
m details = {‘RE’}.
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Stage Two: Construction of Internal
Motion Representation

In the second stage, an internal
representation of motion is constructed based
on the AST. This representation consists of a
series of frames that include information
about which body part of the performer is
associated with each frame, how they affect
its position, and the specific moment in time
from the start of the motion when each frame
is relevant. Only key frames are recorded in
this series — extreme positions of primitive
movements. E.g. if a performer needs to trace
the letter “L” with their hand, the series will
include key frames for the hand’s positions at
the bottom, top, and top right. Motion
interpolation is the responsibility of the
performer.

Stage Three: Transformation of Internal
Representation into Final Motion

The third stage involves transforming
the internal representation into final motion.
The internal motion representation is handed
over to the performer, who converts it into the
final result visible to the user. The performer
can be a robot or any program working with
skeletal animation, including game engines.
In this study, Blender 3D, a 3D modeling and
animation program, is used as the performer.
Blender 3D allows for the creation of custom
extensions using Python and provides a
comprehensive set of graphical interfaces and
software utilities for working with 3D
graphics.

Results and discussions

In this paper, the results are presented as
a demonstration of the notation’s ability to
describe natural human movements extracted
from video segments of a multimodal corpus
depicting various emotional states described
by individuals. The primary aim of the
developed gesture notation is to facilitate
seamless transitions from one form of human
activity to another in different interface-
mediated communications by providing a
universal and precise system for encoding and
describing human movements, including
gestures, postures, and complex interactions
of body parts.

At this stage, we do not aim for
complete and precise tempo-rhythmic and
spatial reproduction of human movements by
machines due to existing technical limitations.
Therefore, we will define the formal
description boundaries: notation will be
applied only to hand movements.

The complex of movements is described
as a series of states for each hand, represented
in two recordings (referred to as “tracks”). In
formal notation, the transition from one track
to another is separated by a comma (this
symbol is used exclusively for this function).

The formal notation of the movement
ultimately shapes our understanding of the
gesture, which, from a semantic perspective,
is communicatively directed and semantically
coherent, and, from a formal perspective,
represents a movement from one state to
another (including intermediate states if
present).

We examine fragments of movements
from a specialized multimodal corpus of
emotions and gestures. Emotions in this
corpus can be broadly categorized as positive
and negative. The gquantitative and qualitative
characteristics of the movements
accompanying these emotions may vary. As
an example, we consider two sets of
movements: one associated with the positive
emotion “Delight” (Figure 3) and another
associated with the negative emotion “Anger”
(Figure 4), as well as the corresponding
linguistic contexts of their use (see Example 1
and Example 2). Ilustrations will use
screenshots of hand movement states from
informants, which  serve as  model
representations in the form of movement
formulas.

Each of the movement complexes
selected for illustration differs in several
parameters. For the first complex, which
occurs in the context of the emotion
“Delight”, it is noted for its simplified
structure. Additionally, this movement is an
example of synchronous movement of both
hands.
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Figure 3. lllustration of the complex of movements within the framework of the emotion “Delight”

and its components

Pucynok 3. Mimroctpanust KOMIUIEKCAa JBHKEHHMH B paMkax osmouuu «Boctopr» u ero

COCTAaBIISIOLINE

This movement complex is observed in
the following linguistic context:

Example 1. ... Bor (Bent arms are
folded with one palm placed on the back of
the other hand palm) mosner na maparuiane
(Arms extended outward and downward),
s Obuta B Boctopre (Bent arms raised on
either side).

In describing the emotion “Delight”, the
informant uses this movement complex
(Figure 3), which can be divided into three
main states: a) bent arms and one palm placed
on the back of the other hand palm; b) arms
extended outward and downward; c) bent
arms raised on either side.

A detailed description of these states
reveals the following characteristics: the
initial state (a) represents the starting position
where the arms are bent at the elbows at a 90-
degree angle, with the left forearm directed
forward and to the right, the right forearm
forward and to the left, and the palms pressed
together at the level of the abdomen (palms
up). This component can be represented by
the terms ({ dx B de +dx_AB_ ad-at-si_}
and { si_B_de_+si_AB_ad-at-dx_}). In state
(b), the right arm is extended downward and
to the right, and the left arm is extended
downward and to the left ([_dx_AB_de-la_]
and [_si_AB_de-la_]). Finally, the last state
(c), which is the concluding stage of the

complex, is characterized by the right arm
being bent with the forearm directed upward
and to the right, and the left arm also bent
with the forearm directed upward and to the
left ([ dx AB_su-la_] and [ _si_AB su-la_]).
Each part of the movement component is
followed by a fixation with a specific time
measurement, e.g. (:190:{RE}).

This movement complex can be clearly
encoded as the following formula:

:415:{ dx_B_de_+dx_AB_ad-at-

si_}:375:[ _dx_AB_de-
la_]:765:{RE}:690:[_dx_AB_su-
la_]:190{RE},:415:{ si_B_de_+si_AB_ad-at-
dx_}:375:[_si_AB_de-

la_]:765:{RE}:690:[ si_AB_su-
la_]:190:{RE}

The structure of this formula consists of
six terms, three for each hand. These terms
are distributed across two tracks, one for the
right hand and one for the left hand,
respectively. Comparing the terms and their
sequences across both tracks reveals their
complete identity, indicating the synchronicity
of the movements of both hands.
Furthermore, each term can be associated
with a specific linguistic context, as illustrated
in Table 2.

The following section presents an
illustration of the movement complex
accompanying the negative emotion “Anger”.
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Table 2. The ratio of terms and contexts of the emotion “Delight”
Tadoauuna 2. CooTHOIIEHUE TEPMOB U KOHTEKCTOB 3Mo1uu «BocTopry

Track 1 |:415:{ dx_B de +d | :375:[ dx_AB_de- :690:[_dx_AB_su-
Terms X_AB_ad-at-si_} la_]:765:{RE} la_]:190:{RE}
Track 2 | :415:{ si_B_de_+si | :375:[_si_AB_de- :690:[_si_AB_su-
_AB_ad-at-dx_} la_]:765:{RE} la_]:190:{RE}
Linguistic Context U BoT MOJICT Ha MapariaHe s1 ObLIIa B BOCTOPIe

Figure 4. Illustration of the complex of movements within the framework of the emotion “Anger”

and its components

Pucynok 4. MnmocTpauust KOMIUIEKCAa JBWKEHUHM B paMKax »HMOLUU «3JI0CTb» U  €ro

COCTaBJIAOIIUC

(b) (©)

The complex movement patterns
associated with the emotion of “Anger” are
accompanied by the following linguistic
context:

Example 2. (Both hands are lowered)
3710CTb — 3TO KOTrja MOCTOAHHO XOYETCA IMPAMO

nozaparecst (Hands bent, the forearms of the
right and left arms are lifted upwards and
come together — right to the left, left to the
right) wim 11 xouems (Right hand bent,
forearm upward, left hand extended
downward and slightly to the side) crykuyTs
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no crony (Bent hands are stacked, one palm
in a fist on top of the other), ckazars (Right
hand bent, right forearm to the left and
slightly up, left hand extends forward, to the
right, and then drops down with a five-fold
amplitude), uro wmer (Hands extended
downward and diverge — right to the left, left
to the right, and cross), eI He TIpaB. ..

The interpretation of movements in this
sequence, as opposed to the previous one, is
more complex, involving unsynchronized and
additional actions for the right (dx) and left (si)
hands, structured by terms in two main tracks.

For the right hand, movement begins
from the initial position with the hand lowered
down ({_ dx M de }). This is followed by
several components. The second component (b)
([_dx_AB_at-ad-si_]) is observed when the
right forearm extends forward, bends towards
the shoulder, and moves left, after which the
final position is fixed ({RE}). Next is the third
component (c) — the forearm raises up and
moves left ([_dx_AB_su-la_]), also followed by
fixation ({RE}).

The first event (d) ([_dx"#1"AB_at-ad-
2si_]) involves the forearm extending forward,
bending towards the shoulder, and moving left
with double amplitude. After fixing the position
(:200:{RE}), we encounter the next component
() ([Ldx_AB_at-ad-2si-su_]), where the
forearm again extends forward, bends towards
the shoulder, moves left with double amplitude,
and then rises. The stage ends with fixation
({RE}). The final event (f) includes lowering
the hand down and moving left with triple
amplitude ([_dx"#2"M_de-3si_]), followed by
fixation ({RE}).

The left hand repeats a similar sequence
of movements. In the initial position (a) it is
also lowered down ({_si_M _de }). The next
component (b) includes extending the forearm
forward, bending towards the shoulder, moving
right, and lowering down ([_si_AB_at-ad-dx-
de_]), after which the position is fixed ({RE}).
Next (c), the forearm lowers down with double
amplitude and moves left ([_si_M_2de-la_]),
with fixation ({RE}).

The first event (d), where the forearm
extends forward, bends towards the shoulder,
and moves right, can be noted as
([_si"#1"AB_at-ad-dx_]), with  subsequent
fixation ({RE}). Then follows the movement
component (e), where the forearm extends
forward, moves right, and lowers down with
five-fold amplitude ([_si_AB_at-dx-5de ]),
after which the position is fixed ({RE}). The
final event (f) includes lowering the hand down
and moving right with triple amplitude
([_si"#2"M_de-3dx_]), ending with fixation
({RE}).

The overall description of this movement
complex, considering its temporal range, can be
encoded as follows:

:240:{ dx_M_de }:1535:[ dx_AB_at-ad-
si_]:3365:{RE}:335:[ _dx_AB_su-
la_]:175:{RE}.405:[ dx"#1"AB_at-ad-
2si_]:685:{RE}:240:[_dx_AB_at-ad-2si-
su_]:130:{RE}:100:[ dx"#2"M_de-
3si_]:1170:{RE},:240:{_si_M_de_}:1535:[_si
_AB_at-ad-dx-

de ]:3365:{RE}:335:[_si_M_2de-
la_]:175:{RE}.405:[ si"#1"AB_at-ad-
dx_]:685:{RE}:240:[_si_AB_at-dx-

5de ]:130:{RE}:100:[_si"#2"M_de-
3dx_]:1170:{RE}

Based on the presented formula, it is
noted that the examined sequence represents a
complex hand movement pattern, which
includes not only elementary manipulations but
also more complex forms of interaction
between the hands, indicating a high level of
coordination and synchronization of
movements within this sequence. Thus, it can
be emphasized that the proposed gesture
notation is an effective tool for systematizing
and displaying not only primitive but also
complex movements. This notation allows for
accurate and detailed recording of any gesture
interactions, ensuring a precise representation
of their structure and sequence.
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Table 3. The ratio of terms and contexts of the emotion “Anger”
Tadauuna 3. CooTHOIIEHUE TEPMOB U KOHTEKCTOB AMOIUU «3J10CTh)»

142

Term 1 2 3
Number
Track 1 |[:240:{ dx_M de } |:1535:[ dx AB_at-ad- |:335:[ dx_AB_su-
Tracks si_]:3365:{RE} la_]:175:{RE}
Track 2 |:240:{ si_ M_de_} |:1535:[ si_AB_at-ad- :335:[_si_M_2de-
dx-de_]:3365:{RE} la_]:175:{RE}
Linguistic Context 310CTh — 3TO KOTza WU ThI XOYCIIb
IIOCTOSTHHO XO4YE€TCA
MPSIMO ITOAPATHCS
Term 4 5 6
Number
Track 1 |:405:[ dx"#1"AB a | :240:[ _dx_AB_at-ad- :100:[_dx"#2"M_de-
Tracks t-ad-2si_]:685:{RE} | 2si-su_]:130:{RE} 3si_]:1170:{RE}
Track 2 | :405:[ si"#1"AB_at | :240:[ si_AB_at-dx- :100:[_si™#2"M_de-
-ad-dx_]:685:{RE} [5de ]:130:{RE} 3dx_]:1170:{RE}
Linguistic Context | cTykHyTb 1O CTOITY CKa3arh YTO HET ThI HE MPaB

The notations presented in Tables 2 and
3 can be enriched with additional parameters.
The first set consists of dynamically variable
behavioral parameters, based on the already
identified parameters (sequence of terms in
the formula, speech material, duration of
gestures), and includes metrics derived from
these parameters, as well as optional
physiological characteristics that can be
measured in experimental situations (pulse,
tidal volume, saturation, etc.). The second set
consists of optional constants (for ongoing
communication) describing socio-
demographic, psychological, and
physiological parameters of the individual
(gender, age, education, height, arm span,
etc.).

The construction of a hierarchy of
metrics for gesture analysis and their
constraints relies on extensive research
materials. Recent studies (Liu et al., 2022; Qi
et al., 2024; Tonoli et al., 2024; Yang et al.,
2023; Yoon et al., 2020; Zhi et al., 2023)
discuss metrics such as Mean Squared Error
(MSE), Mean Average Error (MAE), Fréchet
Gesture Distance (FGD), Gesture Area

Coverage (GAC), among others, which
compare movements to a reference, assess
naturalness and similarity, analyze dynamic
characteristics (speed, acceleration, etc.), and
consider spatial coverage of gestures.

It is proposed that some metrics might
also be used for evaluating speech-gesture
behavior. Assuming that the integral
behavioral unit is the term (as a final state of
movement, represented in notation by a
transition from the previous state to the next
via movement, i.e., as {termK} —
[termK+1]), all measurements should be tied
to terms. This approach leads to the following
metrics:

1. L — Length of the hand movement
trajectory. Calculations can be performed for
a segment (termK — termK+1) as well as for
the entire chain of movement for one or both
hands: term1 — term2 —... — termN.

2. S — Area under the curve of the
hand movement trajectory within a single
gesture, i.e., the designated behavioral unit
termK — termK+1, and for the entire
movement.
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3. V — Volume of space captured
by the gesture (termK — termK+1).
Measurement methods may vary from the
space of a single hand or both hands to the
space considered between two hands in the
gesture.

Parameters L, S, and V require
normalization in the description of real
communication (without using 3D models);
we propose introducing a normalizing
parameter = , Where (I1 — height,
12 —arm span) for L, N? for S, and N2 for V.

4. speech — Volume of speech material
associated with the duration of the gesture,
1.e., termK — termK+1.

5. temp — Metric characterizing the
dynamics of the space captured by
gestures:= . The temp metric can
also be computed differently, such as the ratio
of the number of terms or volume of speech
material to the unit of time.

Overall, the recording of the function
arguments for Behavior can be represented as
follows:

Behavior = {(termy, speechy, t1, L1, Sy,
Vi, ...),..., (termn, speechn, tn, Ln, Sn, VN,
...); (pulsey, tidal volumes, ...)*, ..., (pulsen,
tidal volumen, ..)*; (gender, age, N,
temp...)*}, where the asterisk (*) denotes
groups of optional parameters.

Conclusions and Future Work

The creation of a formalized system for
encoding human movements for interface-
mediated communication in various machine-
generated environments, as we have
attempted to demonstrate, is a complex yet
solvable scientific problem. In the course of
the study, the Perm Gesture Notation system
was introduced, and the unit for describing
human behavior — the term — was identified. A
term represents the record of a transition from
a preceding fixed state of a body part within
its movement to a subsequent fixed state. As a
unit of movement discretization, a term aligns
with other forms of activity (i.e., it functions
as a cognitive-behavioral unit), such as speech
(we discussed the volume of speech material,
though other measurable parameters, such as
acoustic measures, may also be relevant), as

well as facial expressions or data from
wearable devices that convey information
about pulse, breathing volume, and other
factors.

Given that each human movement
likely has semantic meaning, i.e., is not
random and/or chaotic in the sequence of
human behavior acts, we should ultimately
require machines to achieve similar semantic
understanding of motor activity and
synchronize it with the speech semantics of
the message. Complete and accurate tempo-
rhythmic and spatial reproduction of human
movements by a machine (i.e., essentially
replicating the human chronotope by its
virtual avatar) can be achieved by combining
computer vision methods with modern neural
network transformer models. The ultimate
goal of this approach is to generate a
movement formula in the developed formal
language notation based on the analysis of
video sequences of human movements input
into the model. The generated formula can
then be transmitted to an executor (either a
virtual 3D model or a physical robotic
device). Reproducing the encoded movements
by the executor is necessary for analyzing the
accuracy and realism of the generated
animations through comparison with actual
movements, followed by formula adjustments
and model retraining.

It is evident that the quality of the
model’s reproduction of human speech-
gesture behavior by the machine should
ultimately be assessed by humans themselves.
It is important that machines not only
replicate physical movements but also
appropriately convey the semantic and
emotional values of these movements, in
accordance with human expectations and
cultural norms. In this context, there is a need
to develop a separate branch of general
semantics — technosemantics, as semantics
generated by anthropomorphic machines in
human-machine interaction and directed
towards the communicating human (for issues
related to technosemantics, see (Belousov et
al., 2024)).
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The synthesis of movements, which is
oriented not only towards mechanical
reproduction but also towards meaningful
content, is a crucial component in creating
more  effective and  human-centered
communication systems in various machine-
generated environments. It is important to
consider not only visual and kinematic
parameters but also the hidden meanings
carried by gestures and movements in the
context of communication. This task becomes
increasingly relevant in the context of the
development of anthropomorphic machines
and large language models, which strive not
only to imitate humans but also to
communicate with them at a level close to
human interaction.

In conclusion, further development of
movement encoding systems, including those
presented in this work, and their application
in various fields such as the film industry,
computer games, education, medicine, sports,
and robotics, could lay the foundation for new
forms of communication where machines not
only execute commands but also actively
engage in  semantically  meaningful
interactions, maintaining a comprehensive
and intuitive dialogue with humans.
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AnHoTanus: CtaTbs MocBslieHa pa3paboTKe KOHIETIUU 1 IPOrPaMMHOI0 pelIeHus
reHepaluu JIBUKEHUHM 4YeJloBeKa Ha OCHOBE CO3JJaHHOW KOJJIEKTUBOM CEMAaHTHKO-
OpPUEHTHPOBAHHOM *ecToBoM HoTauuu. Horamus npencrapnsercs B BUae GOpMYyIIbl,
OTJIMYAIOLIECIiCsl TUOKOM CTPYKTYpOW NOHSITHM W TpaBUJI HMX pealu3allyy, 4To
MO3BOJIAET  JIETKO  aJalTHpOBaTb W3MEHEHUS IapaMETpOB  JBWXKEHUS  JUIA
COOTBETCTBHS U/I€aJIbHOMY WJIM PEAIbHOMY 00pasiy.

Jnia  MonmenupoBaHWsS  IBWJKEHWM, TIPEACTABIEHHBIX B  S3BIKOBOM  HOTAlMH,
pa3paboraHo kpoccriarhopMeHHOE MPUIIOKEHHE Ha 0a3e urpoBoro ABrkka Blender
4.2 g BU3yalu3aluy U FeHEepaluy aHUMalluu KEeCTOB aHTPOIIOMOP(HBIX MoJele.
Cucrema ynpaBieHUs ABM)KEHUN COCTOUT U3 CIEAYIOIIMX CTaJANN: 3alHCh )KECTOBOU
HOTAIMM; pa3bop HSTOW 3alucu; MOCTPOEHHE BHYTPEHHETO Ipe/CTaBICHUS
JBUKEHMSI, KOTOPOE SBIISIETCS MOCIEN0BAaTENbHOCTBIO pAsia KaapoB. Kagpsl umeror
UH(OPMAIIUIO O TOM, K KaKOH KOCTH (4acTH TeJa) UCTIOIHUTEINSE OHU OTHOCSTCS, KaK
BJIMSIIOT Ha €€ MOJIO’KEHUE, B KAKOM MOMEHT BpEMEHH OT Hadasla ABMXKEHHUS 3TOT KaJip
akTyaneH. Ha mocnenHem srTame ocyliecTBIisieTcss mpeoOpa3oBaHHE BHYTPEHHETO
MPEJICTaBICHUS JABW)KEHUSI B JIBUKEHHE HCIOJHUTENS, B Ka4eCTBE KOTOPOTO MOTYT
BBICTYIIaTh KaK BHPTyasbHble aHTpornoMop¢Hsle 3D-monenu, Tak U MarepuaibHbIe
MPOrpaMMHO-aINapaTHbIe KOMILJIEKCHI B BUJIE aHTPOOMOP(HBIX POOOTOB.

Jli1st 6OJBIIEr0 COOTBETCTBUS aHTPOIIOMOP(HOMY MOBEICHUIO MOMUMO «HJI€ATbHBIX
00pa310By IBUKEHUS YeIoBeKa ObUIH MCIIOJIb30BaHbl MOJIEH 5KECTOBOTO MTOBEICHUS
JIOZIed, IPEJCTABICHHBIE B CIELMAIBHO CO3aBa€MOM I 3TOW LIEIU KOJUIEKTHBOM
MYJIBTUMOJIAIBHOM KopItyce. Marepuan mpenctasisieT co0oil aynnoBU3yalibHbIE
3allMCH YCTHBIX CIIOHTAHHBIX TEKCTOB ONMMCAHUS PELUIIMEHTAaMH IIMPOKOIO CIEKTpa
COOCTBEHHBIX AMOLIMOHAIBHBIX COCTOSIHUIA. [TomyuenHnsie B xoJie
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IKCIIEPUMEHTATIBLHOTO UCCIICIOBAHMSI JAHHBIE TTOJTBEPIMIIA THOKOCTh, MTOBBIIICHHYO
KOHTPOJIMPYEMOCTh W MOAYJIBHOCTb  SI3IKOBOM  HOTAallMM, BO3MOXXHOCTb
MOJEIIMPOBAHUS  HENPEPBIBHOTO IPOCTPAHCTBA  YEJIIOBEUECKOW  JABUTATEIbHOM
AKTUBHOCTH.
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Abstract: This paper is dedicated to the development of a concept and software
solution for generating human movements based on a semantically-oriented language
notation created by the authors. The language notation is presented as a formula with
a flexible structure of concepts and rules for their implementation, allowing easy
adaptation of movement parameter changes to match an ideal or real sample.

To model movements represented in the language notation, a cross-platform
application was developed using the Blender 4.2 for the visualization and generation
of gestures for anthropomorphic models. The movement control system consists of
the following stages: translating it into a gesture notation record; parsing this record,;
constructing an internal representation of the movement, which is a sequence of
frames. Frames contain information about which bone (body part) of the performer
they refer to, how they affect its position, and at what time from the start of the
movement this frame is relevant. In the final stage, the internal representation of the
movement is transformed into the performer’s movement, which can be either virtual
anthropomorphic 3D models or physical software-hardware systems in the form of
anthropomorphic robots.

To better correspond to anthropomorphic behavior, in addition to “ideal samples” of
human movement, models of human gesture behavior presented in a multimodal
corpus specially created for this purpose by the team were used. The material
consists of audiovisual recordings of spontaneous oral texts where recipients describe
a wide range of their own emotional states. The data obtained during the
experimental research confirmed the flexibility, enhanced controllability, and
modularity of the language notation, as well as the ability to model the continuous
space of human motor activity.

Keywords: Technosemantics; Movement generation; Language notation of gestures;
Gesture; Visualization; Multimodal corpus; 3D graphics; Interpretability
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TECHNOSEMANTICS OF GESTURE: ON THE POSSIBILITIES OF USING PERM SIGN
NOTATION IN SOFTWARE-GENERATED ENVIRONMENTS

Problem Solution

The absence of a universal A concept has been developed
for modeling and generating
human and anthropomorphic  human and anthropomorphic
robotic models” movements  robotic models’ movements
based on a semantically
oriented linguistic notation

language for recording

in human-machine
communication

Generating 3D-Model Movements

Results

e  For describing movements, the Perm Gesture
Notation was created

e A cross-platform application has been developed
for visualizing and generating gesture animations
of anthropomorphic models

e  To achieve plausible anthropomorphic gestural
behavior, audiovisual recordings of humans
describing emotional states were used

Modeling Gesture Behavior

NETWORK SCIENTIFIC JOURNAL \ / ,
RESEARCH )/
RESLUI.T
HAYYHBIH PE3VJIBTAT /
BBenenue
Pazpabotka CUCTEM OTUCaHUS

JIBUKCHUN YeNOBeKa SBISIETCS aKTyallbHOM
3agadei B Pa3IMYHBIX obmacTsx
NEeSTeTbHOCTH, TaKWX Kak Xxopeorpadwusi,
poboToTexHuKa, aHuManusi U MH.Jp. [lomoGHO
TOMY Kak MY3bIKaJIbHAS MapTUTypa
MPEJCTABIISIET MY3bIKaJIbHBIE HOTBI, HOTAITHS
NBIDKEHUN  TMpHU3BaHAa  MepeAaTb  TOYHBIC
WHCTPYKIIMM B  OTHOIICHWU  KOHKPETHBIX
JIBIDKCHUM, TEMCTBHM, a TaK)Ke MX KOMILICKCOB
W/WIM  TIOCJICIOBATeIbHOCTEH. Coznanne
HOTAITWH, TIO3BOJISIOIIUX OIMCHIBATH JBMKECHHS
B Pa3HBIX MPEMETHBIX 00JIACTSX, CTATKUBACTCS
¢ pagom npoGmem. Ilepsas  mpobiema
3aKJII0YAETCsl B OTCYTCTBUM YHHBEPCAIHHOIO
s3pIKa JUIS  3aIMCH  JIBMOKCHUH. Paznmnunble
MIpeZIMETHbIE obnactu UCTIONB3YIOT
OTJIMYAIOIIMECS IPYT OT APyTra METOBI U S3BIKK
JUISL  3alUCH  JBIDKEHUH, 4YTO TPUBOAUT K
cutyauun «BaBunoHckod — OamrHmM»,  Korma
OOIIeHNE MEXITy AUCIUIUIMHAMH CTaHOBUTCS
sarpyaautensHbiM - (Laumond, Abe, 2016).
Bropass mpoOmemMa BO3HHMKaeT W3-3a YykKe

CIJIOKHMBIIMXCS B PA3HBIX PEAMETHBIX 00IacTsIX
CBOMX TEPMHUHOCHUCTEM, MapairM U Ienei (cp.
xopeorpaguio U pOOOTOTEXHMKY), YTO elle
OoJbIIe  YCIOXKHACT  MEXIUCIHUIUTHAPHOE
oOIlleHHE W TPENATCTBYEeT MHTETpalyd HaykK
(Calvert, 2015).

B TO e Bpems MeTas3blkoBas H

KOHILIETITyaJIbHAsI (parMeHTapHOCTh
JUCUUIUIMHAPHBIX ~ o0yactell  BXOAUT B
IIPOTUBOPEYHE c KaueCTBEHHBIMH
U3MEHEHWSIMA B TIIPUPOJE  YEIOBEYECKON
KOMMYHHKaIIUU u NeSITeIIbHOCTH,
00yCJIOBJICHHBIMU BBIZIBUKEHHEM Ha MepeTHUN
IU1aH UHTEPHEHCHO-0MOCPETOBAHHOM
KOMMYHHKALIUN u U(ppOBU3ALIH
MHOTOYHCIIEHHBIX (OpM JeaTenbHOCTH. Takas
KOMMYHHUKalUst  TpeOyeT  YHHBEPCAIbHBIX

«OECIIOBHBIX» HMHCTPYMEHTOB (MeTasi3blka H
TEXHOJIOTUI) A/ Tepexona OT ofHOW (hopmbl
YeJIOBEUECKOM aKTMBHOCTU K apyroi. Orcrona
BBITEKAET TMOTPEOHOCTh B IIOWUCKE HOBBIX,
BO3MOKHO  YHUBEpCAJIbHBIX, TOAXOIOB K
OIMCAHUIO  B3aUMOJICHCTBUS  YEJIOBEKa U
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ManmHbel (HMI) u B3anMoneiicTBus uenoBeka u
xommsrotepa (HCI).

DIIEeKTPOHHBIE BBIUUCITUTEITbHBIC
YCTPOICTBA ¥ BUPTyaJbHBIC aHTPOIIOMOP(HBIC
3D-Mmozenu, Takue KaKk poOOThI M BUPTYaJIbHBIC
aBaTapbpl, UMHUTHUPYIOT TIOBEIECHHE YEJIOBEKa,
o0IIIeHre, SMOITUH, ABUKCHUS, )KECThI U IPyTUE
YeJIOBEUECKUEe YepThl M  IOBEACHYECKUE
nartepHbl. [lockonmbKy 3TH aHTpornomopdHbie
MOJIEITN CTaHOBSTCS BCE Oonee
WHTETPUPOBAHHBIMA B TTOBCEHEBHYIO KH3Hb,
OHU JIOJDKHBI YMETh OIEPUPOBATH MHOKECTBOM
YEJIOBEYECKUX  JICUCTBHMM M A3BIKOBBIX
BBIp&KECHUH. ECIIM MBI TOBOPUM O JIBUKECHHUSAX
YeJIoBeKa, TO JUTST 3¢ hHEKTUBHOTO
B3aUMOJICHCTBUSL C JIIOIBMH M W3BJICYCHUS
WHpOpPMAIIMA W3  JIMHTBHCTHYECKHUX U
KECTOBBIX [AHHBIX, ATU HHTEIUIEKTYalIbHbIC
MOJIEH JOJIKHBI IOHUMATh pedepeHIInaIbHbIE
OTHOIICHUSI MEXTy ACHCTBHAMHU U S3BIKOM, a

TaKxKe MHTEPIIPETUPOBATD NEeUCTBUS,
IepeiaBacMble 4epe3 S3bIK.
Pa3spaOoTka  OCs3a€MBIX  YEIIOBEKO-

MAaIMHHBIX HWHTEP(ENCOB OCHOBBIBACTCS Ha
MPUHIMIAX YEeIOBEYECKOro OOIIeHus, Tme
uHpOpMAaIus BOCHPHHUMAETCH,
o0pabarbIBaeTcs u nepenaercs c
UCTIOJb30BaHMEM HECKOJIBKUX MOAAIbHOCTEH
(Belousov et al.,, 2024). CemaHTHKa B 3TOM
KOHTEKCTE OXBATHIBAET HE TOJBKO CIyXOBEIC
WM BU3yaJIbHBIE COOOILEHHUS, HO ¥ MOTOPHBIE
nerictBus. Hampumep, BaH Dnk M KoJwleru
ONKCBHIBAIOT ~ CEMAHTHKY  JCHCTBHH  Kak
MEepapXUUeCKH  OpraHM30BAHHYIO  CHCTEMY,
MIO/ICCTEMBI KOTOpOH n30UparebHO
aKTUBHMPYIOTCS B 3aBHCHMOCTH OT HaMepeHHi
cyObekTa U KoHTekcTa 3aaadu (van Elk et al.,
2009). B ecrecTBeHHOW KOMMYHHUKAIIUU
nepesaya HHPOPMALMH OCYILIECTBISIETCS Cpasy
10 HECKOJIbKMM KaHaJlaM Pa3HOH MOJAIbHOCTH
Ui «CYXeHUs» U (HOKYCHPOBaHHS 0OIacTH
CMbICJIa,  Hampumep,  MPOCTPAHCTBEHHBIN
JIEHKCUC B CHTyallMd HEMOCPEACTBEHHOTO
oOmieHnss  TpeOyeT  JKeCTOBOTO  y4YacCTHS:
«ITocmotpn  Tam!» (ykazaHue pykod wWiIn
KHUBKOM TOJIOBBI).

OO0b14HO MpoOIIeMa OMUCAHUS JBM)KCHUI
CBsI3aHAa C OOCYXXJAEHHEM pazIMulidl Mexay
IBWKEHUAMH M kecTamHu.  CylecTByer
HECKOJIBKO TTOIXOIOB K PA3JIMUCHUIO ABHKCHHS

u  oxkecra. Tak,  JBIDKEHHE  MOXHO
paccmarpuBarb  Kak ~ IOHSITHE,  KOTOpOE
OXBaTbIBACT JIOOYIO (DH3HUYECKYI0O AKTUBHOCTH
Tea, B TOM YHCJIE U JKECThI, KOTOPbIE, B CBOIO
odepellb, HECYT CHMBOJHMYECKOE 3HAYEHHE B
xommynukanuu (Bull, Doody, 2013; Kendon,
1997; Kilpatrick, 2020; Murillo et al., 2021;
Novack, Wakefield, 2016: 340; Stults-
Kolehmainen, 2023). Cornacao moaxoay A.M.
HoBaka u Kommer »kecT He CBA3aH C
HETIOCPEICTBEHHBIM U3MEHEHHEM MHpa
(HampuMep, OTKpBITHE OaHKK IyTeM ee
MOBOPOTA) WM HE OTOOpakaeT 00pasibl
JIBWKEHHS (HAIpUMep, BBIOJIHEHUE IIaroB B
TaHIle), a BMECTO JTOT0 TPEICTABISIET
NBIDKEHHE, KOTOpPOE MOXET WM3MEHHUTh MHpP
(HarpuMep, HKECT, TOKA3bIBAIOIINMA, KaK MOXKHO
OTKpBITb ~ 0aHKy, TIIOBEpHYB  €€), WU
MIPE/ICTABISET JBIKEHUE, KOTOPOE CYIIECTBYET
camo 1O cebe (Hampumep,  KecCT,
MOKA3bIBAIOIINN, KaK CJIEAyeT HCHONHSATH
tanen) (Novack, Wakefield, 2016: 340). O6a
NpUBEICHHBIC TPUMEpa, HA Haml B3DIAN, B
LETIOM KOPPEKTHBI, OJJHAKO MOYKHO OOHAPY>KUTh
KOHTEKCTbl, B  KOTOPBIX  TaHIIEBAIbHBIC
JBWKEHHMS WM OTKpPbITHE OaHKM MOXKHO
paccMarpuBarh B KadecTBE KECTOB. Tak,
npodeccroHallbHbIE TaHIIEBAJIbHBIE JBHKEHUS
(Harmpumep, B OaseTe) KOMMYHUKaTHBHO U
CEeMaHTHUYECKH  HArpyXeHsl ¥ Oyayum
oOpaieHsl K 3pUTENNI0 HHTEPIPETHPYIOTCH,
MoI00HO TOMY, KaK HMHTEpIIpeTupyercs Jro0oin
apyroi  3Hak. IIpuMep  CBEIIECTBEHHBIM
peoOpazoBaHuEM MHpa («OTKpPBITHE OaHKW» U
T0J1.), TAK)Ke MOXKHO IMOTPY3UTh B KOHTEKCT, B
KOTOpOM  Takoe IpeoOpa3oBaHUE  MOXKET
paccMarpHuBaThCs KaK 3HaK
npoeccroHaILHOrO MacTepCTBa.

Ham Omke mOHMMaHHE B3aUMOCBSI3H
KecTa W JIBIKCHHUS, B KOTOPOM JIBHDKCHHE
SIBIISIETCS. HE TOJBKO PONOBBIM TOHSTHEM LIS
KeCTa, HO U 00bEIUHSACT UX B CIIEYIOUIUX APYT
3a apyrom mocienoBarensHoCcTAX  (Kendon,
1997; Kilpatrick, 2020; Streeck, 2010; Trujillo
et al., 2018). Ilpu stom ecmu (parMeHT
JBIDKEHUS. KOMMYHHMKAaTHBHO HAlpaBlIeH U
CEeMaHTHUYECKH IMEJIOCTeH, TO €ro MOXKHO
paccMarpuBarh B KauecTBe xecrta. Ho 3amernm,
YTO TOYHO TAKOE€ € JIBIDKCHHE MOXKET U He
SBISITBCSL  J)KECTOM, €CIIH  OHO HE HMeEeT
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azpecara, CIOCOOHOTO  HHTEPIPETUPOBATDH
JAHHBIA 3HaK (B KauyecTBe ajpecara MOXKET
BBICTYIIaTh CaM aJ[PeCaHT, T.e. peub UAET 00
ABTOKOMMYHUKAIIUN).

B coBpeMEHHOM TEXHOIOIMYHOM MHpE
KECThl SIBISAIOTCS (popMamu  HeBepOaIbHOTO
OOILICHUS, WCHOJIB3YeMbIMH HE TOJBKO ISt
B3aUMOJICICTBUA C JIIOABMU, HO TaKXe C
AQHTPONOMOP(HBIMU ~ BUPTYQJIBHBIMH  HJIU
pPOOOTH3HPOBAHHBIMU ~ MOJIEISIMH.  3aIlucCh
YeJIOBEUECKUX JBIKCHUH, pa3paboTka Mojeneit
u QJITOPUTMOB TUIS 3¢ hEKTUBHOTO
pacno3HaBaHUsl JBWKEHHUM, CO3JaHUE EIMHON
HOTAIlUU JIBWKCHUW W YIYyUYIICHHUE YeJIOBEKO-
MAIIUHHOU KOMMYHHKALIUU SBJISTFOTCSL
aKTyaJIbHbIMU 3a1auaMu B HaykKe,
pPOOOTOTEXHUKE, MAIIMHHOM OOYYCHUH U
MHOTHUX JPYTHX 00IaCTAX.

Lenu HOTalMM ABMKEHHM BKITIOYAIOT —
Oyib TO B  TaHIe, aHUMAIMH  WJIH
POOOTOTEXHUKE, — M TPEIOCTABICHUE YETKHX,
MHTEPIPETUPYEMBIX ~ MHCTPYKLMHA, KOTOPbIE
MOTYT OBITh BBITIOJIHEHBI ~HMCIOJHUTEISIMH,
MallMHAMH WM IUQPOBBIMA TICPCOHAKAMH.
Tounast HOTalMs ABWKEHUN HEOOXOMMMA s
UX HACTOAIIETO M OyIyIIEero HCIOIb30BaHMUS,
W3Y4YEHUs] WM BOCIIPOM3BENIEHUs, oOecreurBas
COIVIACOBAHHOCTh B PA3IMYHBIX CHUTYyallUsIX H
Cpelnu pa3UyYHBIX UCTIONHHUTENEH (Kak JroIeH,
Tak U aHTponoMopdHBIX Mozenei). B atoit
CTaTbe MBI MIPEJCTABIISIEM HOBYIO KOHIICTIIIHIO U
MIPOrpaMMHOE PELIeHUE Il MOAEIUPOBAHUS U
reHepanuu JBYKCHUHN Ha OCHOBE
CEMAHTUYECKH OPUEHTUPOBAHHOM  S3BIKOBOU
HOTAaI1H, Ha3BaHHOH Hamu  [lepmckoit
*KecToBoM Horauued. OCHOBHasi 3ajada 3TOM
CTaTbl  —  MpPEACTaBUTh  METOIOJOTHIO
MOJIJIMPOBAHMSI YEJIOBEUYECKUX IBMKEHUM Ha
OCHOBE pa3pabOTaHHON S3BIKOBOM HOTAIIHU.
DTO BKIIIOYAET MpeACTaBleHne pa3paboTaHHOI

HOTAaIUH, OIMCAHNE TIPHJIOKEHUS,
pealn3yIoIIero CUCTEMY yIpaBJICHUS
JBIDKEHHSIMHI, OCHOBAaHHOTO Ha IBHKKe Blender
4.2. B pa3paboTaHHOM MIPWIOKEHU U

OCYILIECTBIISIETCS BU3yallM3alUsl U TIeHepanus
JIBWKEHUH TSI aHTPOMOMOP(HBIX MoJesel, a
TaKK€ KOMIIO3MIIMOHHOE W TOCIEA0BaTEIbHOE
YIPAaBJICHUE CTCHEPUPOBAHHBIMU JIBUKCHUSMHU
Ha OCHOBe pa3paboTaHHOM HoTtauuu. Jlus
IOCTKEHHUS MIPaBIOIOI0O0HOCTH

a"TporiomMopdnoro noseneHus: 3D-monenu Mbl
UCMONIb3yeM  MYJBTUMOJNAIBHBIA  KOpIyC
ayIMOBU3YaJIbHBIX 3aIIUCEH OMMCAHMS JIIOIBMHU
pa3IM4HBIX 3MOLMOHAIBHBIX COCTOSHUI. ITO
MOATBEPKIAET BO3MOXKHOCTH MOJIEIUPOBAHUS
LIMPOKOTO CIEKTPa YEeIOBEYECKUX MOTOPHBIX
JIENCTBUM.

Teoperudeckuii 0030p

Cosnanue cucTeMbl HOTALMU JIBHKEHHI
nMmeeT MHorosekoByto ucroputo. C XV Beka B
EBpone u CeBepHoli AMepHKE UCIIOIB30BATIOCh
KaKk MUHUMYM 87 pa3IM4HbIX CUCTEM HOTAllUU
newxennii (Abbie, 1974; Farnell, 1996; Guest,
1984; Key, 1977). DOTu cucTeMBl YacTo
BO3HHUKAIU TUIst JOKyMEHTHUPOBAHUS
OIPEIETICHHBIX CTHJICH TaHIla WM >KECTOB
(SI3BIKOB ’KECTOB), 1 MHOTHE U3 HUX BBIXOIUJIH
U3 YNoTpeOJeHus MO Mepe OSBOJIOLUH WIIU
WCUE3HOBEHMSI CBSI3aHHBIX C HUMH MPAKTHK
nerokenns (Farnell, 1996).

B obnactu UCCIIeIOBAaHUI
HeBepOanbHOrO OOIIEHUsT Jit00ast TMOIBITKA
pa3paborarh andaBuUT IBWKEHHUN HEH30EKHO
JOJDKHA YYUTHIBaTh 3HAYMMBIE CHCTEMBl W3
WCTOPUM  HOTAUMU  JBWXKECHUM,  BKJIIOYast
cucreMy bomana-®éiie, kortopas mpoLBeTaia
npu QpanirysckoM 1Bope B XVII u XVIII
BEKaX, CUCTEMy JKECTOB JUIl ITyOJMYHBIX
BeicTyruieHMid [unbepra Octuna 1806 rona,
kuHecuky Poaa bépneucremna cepemunbr XX
BEKa, CHUCTEMY 3alliCH aMEpPUKAHCKOTO SI3bIKa
xecTtoB Yuipsima CTokoe W ajanTaiyy IS
JpYTux s3bIKOB xkecToB Anama Kenpona u Jla
Monra Becta wimagmero, 00O0OIIECHHBIE
CHCTEMBl HOTAllUM [JBIKCHHUH, TaKHe Kak
JlabGanorarus, aHanmu3 aBwkeHuii JlabOaHa,
xopeosiorust benema u HoTauus OmIKoia-
Baxmana, KoTOpble INpeaHa3HAuYeHbl IS
aJlanTayy K pa3InyHbIM (opMaM JBHKSHUN U
(YHKIMOHUPYIOT Kak MesxryHapOoHbIi
(donernvecknii  andaBUT IS IBWOKCHUM,
CIIOCOOHBII  3amuChIBaTh JII000E  TEJIeCHOe
NEeWCTBUE, COXpaHAs €ro CEeMaHTUYeCKOoe
coneprkanue (Abbie, 1974; Bashan et al., 2024;
Benesh, Benesh, 1956; Bernardet et al., 2019;
Birdwhistell, 1952; Dell, 1977; El Raheb,
loannidis, 2014; 2023; Eshkol, Wachmann,
1958; Farnell, 1996; Frishberg, 1983; Grushkin,
2017; Guest, 1984; 2005; Harrigan, 2008;
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Kendon, 1997; Key, 1977; Laban, Lawrence,
1974).

Heckosbko KIFOUEBBIX CHUCTEM ONMHMCAHHM
JBIDKCHUH BO3HHKIM W3 CMEXKHBIX oOmacreit
AQHTPOMNOJIOTUH, JTOJOTMU M  TCHXOJOTHH.
CucreMa KOOUPOBAaHUSI JIMIEBBIX JCHCTBHI
(FACS) (Ekman, Friesen, 1978) npenna3naucHa
JUISL aHaJdu3a U MHTEPIpEeTalid MUMHYECKHX
BBbIpa)KEHUI yTeM uaeHTH(pUKaIH
KOHKPETHBIX JIMLEBBIX JACHUCTBUM. bepHCckas
cucrema (Frey et al., 1982) mnpemmaraer
METOMOJIOTUIO JJIsl aHaliu3a JBIDKCHUH B
MICUXOJIOTMYECKUX W AHTPOIOJOTHYECKUX
uccienoBanusax. Camasi MOCHEAHssT CUCTeMa —
cHCTeMa KOJUPOBAaHMS TEJIECHBIX ICUCTBUUA U
o3 (BAP) (Dael et al., 2012) pa3paborana juist
JIETAIbHOTO aHalu3a JBIKEHUM M 103 Tela C
HUCIIOJIb30BAaHUEM 141 IIOBEIEHYECKOMN
MEePEMEHHOM, buxcupyroeit CJIOKHBIE
BPEMEHHBIE ~ CETMEHTHI  JBIDKEHHS.  OTH
CHCTEMBI MIPEIOCTABIISIOT OOIIUPHBII
WHCTPYMEHTapHii TUIst U3y4YEHUs
HEBepOAITBHOTO OOMICHUS H  YEIOBCYCCKOTO
MOBEJCHUSI B  PAa3IMYHBIX  HAYYHBIX U
MPUKJIAAHBIX KOoHTekcTax (Bernardet et al.,
2019).

Cucrembl KiacCH(pUKAIUY, KOTUPOBAHUS
Y UHTEPIIPETalu ABMXKEHUIN Pa3IU4aroTCs 1Mo
psiy mapaMmeTpoB, ONPEACTSIONINX UX LIEJIeBOE

Ha3HA4YCHHC, IMPOUCXOKACHUC, YPOBEHb
JerajJi3alii U HaJC)KHOCTb. BO-HCpBBIX, 9TH
CHUCTCMbI Ppas3IMvIaroTCA 8 (Y) CBOCMY

Ha3HAYCHUIO: OJHM  MPEIHA3HAYEHbl  JUIsS
BOCITPOM3BENICHUS WK aHAJIN3a JIBM>KCHUM, B TO
BpeMsl KaK Jpyrye HaIpaBJeHbl HAa CO3/1aHUE
3aKJIFOUCHUS/BBEIBOJIOB 0 cyObekTe,
BBIITOJIHSIOIIEM JIBIDKCHHSL. Hanpumep,
CHCTEMBI, MPOUCXOJAIIME W3 OONAcTH TaHIIA,
Takue Kak JlaGaHoTalys M aHalu3 JIBMOKCHUI
JlaGaHa, cocpenoToueHbI Ha TOYHOH Tepenade u
aHaM3e JIBWOKGHWM TaHUopoB. Harporus,
CUCTEMBI, BO3HHUKIIME W3 AaAHTPOIOJIOTUH,
JTONOTMH M IIcuxonoruu, Takue kak FACS m
KUHECUKa, HAlpaBI€Hbl Ha M3y4Y€HUE U
WHTEPIPETALUIO YEIOBEYECKOIO IOBENCHUS B
6onee mmpokom koHTekcte (Birdwhistell, 1952;
Bernardet et al., 2019; Duprey et al., 2017;
Ekman, Friesen, 1978; Laban et al., 1974).
Bo-BTOpBIX, ypOBEHb CYOBEKTUBHOIO
BBIBOJIa PA3IMYAETCS CPEOU Pa3HBIX CHUCTEM.

Hexotropele ~ cucrembl — mojaraiorcss — Ha
CYOBEKTUBHBIE  CY)KICHUS  KOAWPOBIIMKOB,
JPYTUE UCTIONB3YIOT CHCTEMAaTHUeCKUE METKH U
HaOoaTeIbHOE KOIMPOBAaHHUE, a TPEThbH — Ha
MPSMOE H3MEPEHHE MBbIIIEYHON aKTUBHOCTH.
D710 paznuure 0COOEHHO BaKHO NpU BBIOOpE
CHCTEMBl JUISi HAy4HBIX HCCIICJOBaHUH, TIJe
TpeOyeTcsl BBICOKAsh TOUHOCTh U HaJEKHOCTh
naHHbIX (Bernardet et al., 2019).

@DoKyC Ha KauecTBE WJIM TUIE JBMKECHUS
TaKKE ABJKICTCA  OTJIMYMUTEIBHOW  4YEepPTOH
pasnuuHbix cucteMm. Hampumep, Jlabanoramus
n bepHckas cucrema MOTYEPKUBAIOT KauyeCTBO
JIBYDKCHUS, ToT/Ia Kak KUHECHKA
KOHIICHTPUPYETCS Ha  TUMAaxX  JIBHOKECHHIA.
YpoBeHb AeTan3alii CUCTEMbI, BKITFOUAIOIIUN
TaKUe  TapaMeTpbl, KaKk  MWHHMAJIbHAs
BpPEMEHHAs €IMHUIIA [T KOOUPOBAHHUS, pa3Mep
andaBuTa (KOJMYECTBO PA3IMYHBIX KOIOB) H
KOJIMYECTBO  OJHOBPEMEHHO  KOAMPYEMBIX
JOPOXKEK (JacTed Tena), Urpaer KIIOYEeBYIO
pOJb B OMNpEACTICHUH YPOBHS JIeTalU3aluu
cucTeMbl. UeM MeHbIle BpEMEHHasl €IMHUIIA,
Oonbiie andaBUT W OONBIIE JOPOXKEK, TEM
Oonee neTaNbHON SBISETCA CUCTEMa. JTO, B
CBOIO Ouepe/ib, BIUSET Ha BPEMsI KOTUPOBAHMUSL:

JIeTaTU3UPOBAHHBIC CUCTEMBI TpeOyroT
3HAYUTEIHHO 0oIBIIIE BpPEMCHU JUTSt
KOTUPOBAHHUS JIAHHBIX, yem MeHee
JIeTaTN3UPOBAHHBIC (Birdwhistell, 1952;

Bernardet et al., 2019; Dael et al., 2012; Ekman,
Friesen, 1978; Farnell, 1996; Laban, Lawrence,
1974).

HanexxHocTh cucTeM TakKe pa3iinyacTcs:
HekoTopble cuctembl, Takue kak FACS u BAP,
MPOLUTM SMIUPUYECKYIO OLICHKY HAIEeKHOCTH,
TOorga Kak Jpyrue, Takue kak LMA, Obutn
OLICHEHbl B  OrPAaHUYEHHOW CTENEHH, U
CYLIECTBYIOT CHUCTEMbI, HAJIEKHOCTh KOTOPBIX
BooOIIe He Oblia oneHena (Bernardet et al.,
2019; Dael et al., 2012; Ekman, Friesen, 1978;
Laban, Lawrence, 1974; Shafir et al., 2016).

Takum  oOpazoMm, pasnmuuus MeXITy
cHUCTEMaMH KJIacCHU(PUKAIUK, KOAUPOBAHUS U
WHTEpIIpEeTalliid  JBMKCHUN BKIIFOYAIOT HX
LIEJIEBOE Ha3HAUYEHUE, TPOUCXOKICHHUE, CTENIEHb
CYOBEKTUBHOTO BBIBOZA, (POKYC Ha KadyecTBe
WK TUIIC ABVOKCHUA, YPOBCHbL JCTAJIM3AllUU,
BpeMsi KOAUpOoBaHus U HaaexHocTb. M. Kapr ¢
coastopamu (Karg et al., 2013) momuepkuBaror,
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YTO JBIDKEHHS OOBIYHO  MPENCTABISIOTCS
TPAaEeKTOPUIMHU yIJIOB CYCTaBOB Wi
KUHEMaTHYECKIMH TIPU3HAKAMU, KOTOPBIE, XOTS
u J€TaIU3UPOBaHbI, MOT'YT ObITh
BBIYMCIIMTEILHO 3aTPAaTHBIMH, a TaKKe MOTYT
WUTHOPHPOBaTh  KayecTBa  BBIPA3UTEIbHOCTU
mBkeHnii. CucreMbl HOTALMM — IBIDKEHUHI
MpeyIaratoT Oonee s deKTHBHOE u
BBIPA3UTENbHOE MPEICTABIICHUE.

B cBs31 ¢ KOHIENITYaJIbHOW OJIM30CTHIO K
HAIllel CUCTEME HOTAIlUHU, MBI YIIENsieM 0C000€e
BHuMaHue cucreMe Common Morphokinetic
Alphabet (CMA) 1st TpaHCKPHITIIIH U aHAJTIM32
NBWDKCHUH  Telma,  KOTopas  CTPEMHTCS
00ecIeunTh KOMIUIEKCHBIHM, TOUHBIN U YIOOHBII
METO[  3amuch  (PU3HYECKHX  JBIKCHHH,
yCTaHABIMBAs TIpaMMaTHUYCCKHE IIpaBWiIa Ha
ocHoBe  (pa3oBoii  rpammaruku ~ Hoama
Xomckoro (lzquierdo, Anguera, 2018). Kak u
Hama Horamus, cucrema CMA  BKIoyaeT
TIPUHIIHITEI JITHTBUCTUKH, OCOOCHHO CTPYKTYPY
U CHUHTaKkcuc (pa3 IBWOKEHHI, JUIA CO3AHUS
CHCTEMBl HOTAIlH, CIIOCOOHOW 3aXBaTUTh
CIIO)KHOCTh ~ YEJIOBEYECKOTO  JBIDKCHUS B
TPEXMEPHOM  MPOCTPAHCTBE BO  BpPEMEHU
(Izquierdo, Anguera, 2018). Cucrema CMA
OCHOBaHAa Ha TIPENBITYIINX CHUCTEMAX, TAKUX
KaK KMHECHUYEeCKasl CHCTeMa 3alliCH JBKSHUHN
Pas bépapucrenna (KNS) (Birdwhistell, 1952)
U CHUCTEMAa KOJUPOBAaHUS JIMLEBBIX JECHCTBUUI
(FACS) (Ekman, Friesen, 1978), Ho, B oTinune
OT HHUX, 3Ta CHCTeMa TO3UIMOHHUPYET ceOs Kak
Oonee  KOMIUIEKCHYIO M aJIallTUPYEMYIO
CHCTEMY, CHOCOOHY0O HUATH B HOTy C
TexHOIornueckumu goctkenusmu (lzquierdo,
Anguera, 2018).

Crnenyer MOYEPKHYTh, 41O
HCCIIEI0OBAHMS, MIPOBE/ICHHBIC Izquierdo,
Anguera (2018), oueHb TeCHO CBSI3aHBI C HaIIeH
pabOTOlf B HEKOTOPBIX AacCIeKTaX, KOTOpBIC
OymyT 0OCYy>K/IE€HBI B CIEIYIOIIEM pa3iere.

Metoaosorus.
CucreMa HOTAIMMA ABIKEHWH B HaIleM
ITIOHUMAaHUU JOJIDKHA YJIOBJ'I T BOpSITI)

HECKOJIBKUM KITFOUE€BBIM KPUTEPHUSIM.

Horanmsa naBmwkeHUM JODKHA JIOJDKHA
OBITH CEMAaHTHKO OpPUEHTHUPOBAHHOM,
OCHOBAHHOM Ha €CTECTBEHHOM s3bIKe. B sTOM
cllyyae TpEeAMETHBIM HKCIEepT Ha  JTamne
HanmvcaHuu (opMynbl JBIDKEHHS (WM ee

YTCHWW) TpEACTaBIsLT  Obl, Kak  Oymer
COBEpIIAThCS JICHCTBUE.

SI3BIK 3amuCH JBIDKCHUM JIODKCH OBITH
MpeACTaBleH B BHIE  (OPMATM30BAHHON
CTPYKTYpbI TOHATUI W MPaBUJI UX peaTnu3alliu.
DTO TO3BOJUT MCHOJIb30BATH KOMITbIOTEPHBIE
TEXHOJIOTHH, B YaCTHOCTH, YTCHHUE
HMHTEJUIEKTYaJTbHBIM HUHTEPIPETATOPOM
3aKOJJMPOBAHHOTO COOOIIECHHUS.

SI3BIK OJ19 3alMCH  JIBMOKEHUM HOJDKEH
ObITh TI'MOKMM, pAacCIIUpsSeMbIM 32  CYeT
BHE/IPCHUST HOBBIX OOBEKTOB, TIOHATUH |
MpaBUJ, a TaKXKe JIETKO aJaNTHPYyEeMbIM K
BO3MOKHOCTU H3MCHCHUS rapaMeTpoB
JIBUOKCHUS.

Horanms pommkHa o0namarh MOJHOTOM
(oxBaTbIBAaHHMEM BCEX ACIEKTOB IBMXKCHUS) M
YHUBEPCAIBHOCTBIO (CIOCOOHOCTh KOAWPOBATH
BCE BH/JIbI IBMOKCHUH )

Horanus JIOJDKHA 00J1a1aTh
AHaTOMUYECKOU u (U3HONIOTUIECKOM
TOYHOCTHIO  (TIPABWIIBHBIM  TPE/ICTABICHUEM
MEXaHUKH TeNa).

JlokHa  CyIiecTBOBaTh  BO3MOXKHOCTH
KOJIMYECTBEHHOM OIICHKHU CO3/1aBaCMBIX
MOZCIICH JBIKCHHUS.

Kpome Toro, HoTammst momkHA OBITH
MPAKTUYHOM W  JIETKO HMHTETPUPYEMOM  C
COBPEMEHHBIMH TEXHOJIOTUAMU. Takke BaKHO,
9TOOBI crucTema HOTAaIUH MorJIa
JIOKYMEHTUPOBaTh HAOIOaeMble  JIBUKCHUS,

HE oJIarasich Ha KOHTEKCTyaJIbHbIE
MIPEATIONIOKEHHS WIH CYOBEKTHBHBIE
HWHTEPIpETAUH, YTOOBI o0ecrneunTh
00BEKTHBHOCTh u MUHUMH3UPOBATh
MIPEB3ATOCTh KOJMPOBIIIMKOB. Mp1

MOCTAPAIMCh MAKCUMAJIbHO YYHTHIBaTh OTH
KpUTEpUM TIPU CO3JAaHUM HAIEH CUCTEMBbI
HOTAallUU JIBUKECHUH.

B ommume ot mpyrux cucteM HOTaluu
JIBIWKEHMM, B 4YacTHOCTH cucteMbl CMA
(Izquierdo, Anguera, 2018), kotopasi HarboIIee
OnmM3ka K Hamed, TJAe HOTAalWs JIBYDKEHHS
BKJTFOYAET HE TOJIBKO MOJIOKEHUE/COCTOSTHUE, HO
Y KOMITJIEKCHBIE MOJIENN JIBHKEHUH (HarpuMmep,
PYKH BMECTE), U TJIe HaOTIOIal0TCs TIOBTOPEHUS
CYIIHOCTEH (Hampumep, TipaBas U  JieBast
CTOPOHBI JUIs TIOJIOKEHUSI W YacTed Tena), a
HEKOTOpPbIE MHAUKATOPbI OIHCHIBAIOTCSA
nudpaMu, Halla CUCTeMa HOTAITUH MOJICTHPYET
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JABMIKEHHE KAK I0C/Ie10BaTe/IbHbINH Iepexo
OT OJHOI0 HENOJABM:KHOIO COCTOSIHMSI YacTH
TeJ1a, BHIIOJTHSIOLEro IBHZKeHHe, K IPYToMYy
HEeMOABHKHOMY COCTOSIHMIO. TakuMm oOpazom
KJIFOYEBOE OTIIMYME B ONUCAHUU JBHXKCHUS —
BMECTO  ONHCAHUSI  CaMoOro  JIBMDKCHUS,
TpeOylolmee  BHEIPEHHS  MHOTOYMCIEHHBIX
IIEPEMEHHBIX, Mbl 33/1a€M TOJIKO HauaJIbHOE U
KOHEYHOE COCTOSIHUS 4acTu Tena,
BBINOJHSIIOILETO JBMKEHHE (MOYKHO BKJIFOUAaTh
U TIPOMEKYTOUHBIE COCTOSTHUS, 00 3TOM HUXKE),

OT OJHOIO COCTOSIHUS 4acTH Tela K APYroMy
€ro COCTOSIHHUIO.

Kaxnoe cocrosHue uMeeT KOHKPETHbIE
VHJMKATOPBI, CBS3aHHBIE C OIPEICICHHBIMU
CYIIHOCTAMM (CHCTeMa JIBM)KEHMS, YUCIIOBBIC
UHIMKATOpbl U TJ.), YacTAMM Tela, U UX
npuponoi 1 pyHKImsaME. CyIIHOCTH, IPUPOAA
1 (YHKIMM 4YacTedl Tejaa HMMEIT pa3IuyHble
TUIIBI, 4YTO IIO3BOJIIET NPENCTABIATH MX B
CTPYKTYpHPOBAaHHOH M CHMBOJIBHOH (opme.
JlatuHCKUI S3BIK BBIOPAH KaK €CTECTBEHHBIMI

a Takke  BPEMEHHBIE  XapPAKTEPUCTHUKHU SI3bIK ~ onucaHua.  DPparMeHT  CUCTEMBbI
HCIIOHEHUSL CaMOT'0 JIBUKCHHS KakK IEpEX0a npuBejieH B Tabnuie 1.
Table 1. Fragment of the Perm Gesture Notation (PGN)
Tabauna 1. ®parment Ilepmckoii xecroBoit HoTauuu (IDKH)
Cyurnoctn Tunel CumBoa JlaTHHCKOE HAa3BaHMe
JIBrKeHne MIEPEXOIHOE [1 transitorius motus
OCHOBHOE [ basicus
Cocrosinue {} status
CoObiTHE eventus
CucreMa IBUKEHHS [OCJIEN0BATENLHOCTD + sequentia motusratio
OIHOBPEMEHHOCTh * simultaneus
LUKJIAYHOCTD <> repetitio
YucaeHHsIi BPEMEHHOH OTPe30K (MC) tempus intervallum | secundum numerum
MOKa3aresb indicator
Ilpupona u Ha3panmue Cumsoa JlaTuHCcKoe Ha3BaHHMe
byHKuMHU
YacTu Tena pyka (B 11e710M) M manus pars corporis humani
JIA0Hb P palma
KHCTh MO manus
npeaIIeybe AB antibrachium
Hanpasnenne BBEPX su sursum directio (trajectoria)
(TpaekTopus) BHU3 de deorsum motus
JBUXECHUS
cepeauHa med medium
BIIPaBoO dx dextra
BJICBO Si sinistra
10 YaCOBO¥t CTpeInke shm secundum horologii
motum
[Nonoxenue pyku BEITSTHY THIT ex extensus manus positio
COTHYTBIA an ancus
dopma IBIKEHUS KpyT c circulus forma motus
MOTYKPYT sc semicirculus
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Horanusa no3BomsieT onuceiBarh Kak
IBIDKEHHE LEIMKOM, TaKk M  (parMeHTbl
nBkeHus. Ilpumep Qopmynbl IBMOKEHUS C
UCIIOJIb30BaHUEM HAIIEH HOTALUM:

11000:{s7 Mz} (1)
Onucanue JOBUXXCHUS C
HCIIOJIB30BAHUEM KOHKpGTHOfI CUCTCMBI

HOTAlUM MOXXHO MPOWUIIOCTPUPOBATH Ha
npUMepe TOAHATUS PYKH, KaK IOKa3aHO Ha
pucynke 1. Jlng  TOYHOrO  ONMHUCAHMS
COCTOSIHMSI ~ 4YacTM  Tela  HCHOJb3yeTcs
clenyoomas Moneiab (AeMOHCTpUpyeTcs IUis
JIEBOM PYKH):

e M (manus) — 0003Ha4aeT pyKy/KUCTh

o JleBblii HYDKHMIA MHICKC (Si):

Vka3bIBaeT BbIOOp pyKH, e “Si”

03HAYaeT JIEBYIO PYKY (aHAJIOTUYHO,

“dX” o3HaYaeT MPaByIo PyKy).

o [IpaBsIii BepxHHii HHAEKC (EX):

VYKa3bpIBaeT MOJOKEHUE PYKH, I1Ie “EX’

0003HauaeT BBITAHYTYIO PYKY.

o [IpaBblii HYOKHMI UHIIEKC (de):

O6o3Hayaer HanpasieHue, rae “de”

03HAYaeT BHU3.

Hcnonb3oBanue (GUrypHbIX CKOOOK {}
BOKPYI' HOTAIlMM YKa3bIBa€T Ha TO, YTO 3Ta
YacTh JIBWXKEHUS SBISIETCA COCTOSHUEM, a
:1000: yka3bIBaeT Ha HPOAOJIKUTEIBHOCTH
3TOr0 COCTOSIHMS B MHJUIMCEKyHJaX. Takum
obOpazom dopmyna (1) mepemaer HavaibHOE
COCTOSIHUE BBITIOJTHEHUS IBUKEHHUS.

OT0 MOXHO IepeBecTH B Oolee
NPUBBIYHYIO ISl  MamuHbBl  GopMy, HUTO
MIPHUBEICT K:

:1000:{_si_M"ex_de} (2)

Hekoropble monoxeHUuss M COCTOSHUS
PYKH TIpEANoyararoTcsi MO YMOJIYaHHUIO, B
4acTHOCTH, COCTOSIHUE MIOJIHOCTBIO
BBITSHYTOM PYKH CUMTAeTCs MO YMOJYaHHUIO.
CrnenoBarenbHO, TaKHW€ COCTOSIHUS MOTYT
SBHO HE OTMeYaThbcs B HoTauuu. [lostomy (2)
yHIpoIIaeTcs J0:

:1000:{_si_M_de} (3)

Hcnonb3yst 3T mpaBuja HOTAIMU, MBI
MOJKEM OINMCaTh JBUKEHHE, IOKA3aHHOE Ha
pucyske 1, caenyromum oopa3om:

:1000:{si_M_de}:1000:[si_M_ su]:1000:
{RE} (4)

N3 aToli popmynbl O4EBHIHO, YTO OHA
HE OINHUCHIBAECT MPOMEKYTOUHBIE COCTOSIHHUS:
JBUKECHHE JeBoi PYKH EePEXOIUT
HENOCPEACTBEHHO U3 IIOJIOKEHUS  PYKH,
BBITSIHYTOM BHU3, B TOJOXCHHUE PYKH,
BBITSIHYTOW BBEpX. MOKET MOKa3aThbCs, YTO B
(dbopMyInie OTIENbHO OMHCHIBACTCS JIBUKECHUE
(marmpumep, TyT: 1000:[Si_M_su]). Omuako
3TO HE TakK: 37ech (DUKCUpPYETCs KOHEYHOe
COCTOSIHME  pe3yinbTara  JABW)KEHHUA,  a
pa3MernieHue ero B YacTH KOJIa,
0003HauaIOIIEr0 ABUKEHUE HYXHO JUISI TOTO,
9TOOBI a) O0O3HAYWTH CaMO JBHIKEHHUE, O)
BpeMsl €r0 BBIIIOJHEHUS M B) BO3MOXKHOCTH
OHOBPEMEHHOTO HCHOJHEHUS C JpyruM
neiictBueM (mpumep AaH Huxke). B To ke
BpEMsI MTOCKOJIbKY KOHEYHOE COCTOSIHHUE YXKE
npencraBieHo B (opmyne, HET CMbICTa
TyOIMpOBaTh €r0 3alKch, OATOMY (opmyra
3aBepmaercs  (pparMeHTOM 1000:{RE},
YKa3bIBAIOIIMM Ha TO, YTO 3TO COCTOSHUE,
mameecs 1000 Mc, o6o3HaueHO B OJIOKE
JIBWDKCHUS, T.C. siBisieTcs {Si_M_su}.

B 3TOM citydae ABMKEHHE BBIOIHIETCS
HaubOoznee >PPexTuBHBIM 00pazoM. OpHaxo,
€CIM MBI XOTUM BBHIMIOJHHUTH 3TO JIBHYKCHHE
WHayve, HaM HY)KHO OTIpeIEUTh
NPOMeKYTOYHbIE COCTOSTHUA TUIS
MOJIOKEHUST PyKU. DTO MPHUBEIET K TOMY, YTO
pyka OyJeT IBUraThCs 1O APYTON TPACKTOPHUHU.
Hanpuwmep, TIOJHSTHE pyKu yepes
MPOMEXKYTOYHOE  TIOJNIOKEHHe, TAe pyka
BBITSIHYTa B CTOPOHY, M 3areM Iay3a Ha |
MUJUIACEKYHIY (1:{RE} 0003HavaeT
COCTOSIHME TIOKOS Ha | MWJUIMCEKYHAY),
MOYKHO OITUCATh CIIEAYIOIINUM 00pazoM:

:200:{si_M_de}:1000:[si_M _si]:1:{RE
}:1000:[si_M_su]:200:{RE}
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Pucynoxk 1. [Toxustue pyku B npunoxenuu Blender (tpu cpesa aBuxenust)
Figure 1. Raising the Arm in Blender (three motion slices

Pucynok 2. [Tonusitie pyku B npuiioxenuu Blender (uetbipe cpesa aprxeHws)
Figure 2. Raising an arm in Blender (four motion slices

Ha pucynke 2 BUAHO, YTO KOHEYHOE
MOJIOKEHUE PYKU COBITAJIACT C IOJIOKCHUEM,
IIOKa3aHHBIM  HAa  PHUCYHKE I:  pyka
OKa3bIBACTCs BBITHHYTOﬁ C JJAaAOHBIO,
oOparieHHoM Brepen. UToObl yKkazaTh Apyroe
KOHEYHOE MOJIOKEHHE, HaM HY>KHO
WCIONB30BaTh JIOMOMHUTEIBHYIO HOTAIIHMIO
JUIS ~ yTOYHEHUs  TOYHOM  OpHEHTAalUU.
Hampumep:

:200:{si_M_de}:1000:[si_M _si]:1:{RE

}:1000:[si_M_su*MO_dx_]:200:{RE}

Paz6epem KOHCTPYKITHIO
[si_M_su*MO_dx ]

® YKa3bIBACTCsl KOHEUHOE MOJIOKEHNE

TIEBOM pYKH (BBEPX).

® 3HaK ‘*’ 0003HayaeT

OJTHOBPEMEHHOCTb, TO €CTh APYroe

JIeCTBHE MMPOUCXOIUT OJHOBPEMEHHO C

MOJIOKEHUEM PYKH BBEPX.

e “MO” mpejcraBiser J1a0Hb, a “dx”
YKaSBIBaeT, 4qTO JIaAOHb HOBepHYTa
BIpaBo. J[J1 1€BOM pyKH 3TO O3HAYAET,

YTO JIAJIOHb IIOBEPHYTA K TEITY.

OTOT TpuMep WUIIOCTPUPYET, UTO
HampaBlieHUs] M TOJOXKEHUs dYacTed Tena,
OmMcaHHble B Tabmune 1, MOryT OBITh
MPUMEHEHBl K pPa3JNYHBIM YacTsSM Tela B
3aBHCHMOCTH  OT HMX  aHAaTOMHUYECKHX
BO3MOKHOCTEH. Hampumep, g nagoHu
“MO_at” (Bmepem) o3HayaeT MOBOPOT PYKH
Tak, 4TOObI JIaJ0OHb ObLIa OoOpalieHa Brepes.
Takum oOpazom, TMONOKEHHE PYKH B €€
KOHEYHOM COCTOSHHH, KaK II0Ka3aHO Ha
pucyHkax 1 u 2, MOXeT ObITh TOUHO OTMHCAHO
C HCIIOJIL30BAaHUEM DTOH CUCTEMBI HOTALIMH.

Tak kak HOTalUs TpeaHa3HaueHa IS
MOJICTTUPOBAHHMSI TBIKEHU
KOMITBIOTEPU3UPOBAHHBIMHU CUCTEMaMH, B HUX
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€CTh IpeAyCTaHOBICHHBIC HACTPOUKH
(xoH(pUTYpamn), 1o KOTOpBIM
OCYILECTBIIACTCS  JEHUCTBUE 4YacTeld Tela
anTporiomopduoit  3D-monenu. Hampumep,
MOJHITAE PYKH BBEPX TMPOM3BOAMUTCS 4Yepe3
MIPOMEKYTOYHOE COCTOSTHHE Cruba pykd B
JIOKTE, TIOATOMY TaKoe JBIIKEHHE HE TpeOyer
CIEMATBHOTO MAapKHpOBaHUs. B To ke Bpems
TAaKOW IOAXOJ CTaBUT MpoOieMy Hambolee

aJICKBATHBIX YCIO0BCUYCCKUM JABMOKCHUSAM
HAaCTPOCK, KOTOPLIC MOT'YT OBITh IMOJIYy4YCHBI C
IIOMOIIIBIO CTaTUCTUYCCKOI'O aHaJin3a

MHO>KECTBA MOJEIUPYEMBIX IBHKECHUN JIFONEH
c pa3HbIMU MICHX0-ONOJIOTHYECKUMU
XapaKTepUCTUKaMu (HampuMep, BO3pacT, MoJl,
TeMIepaMeHT U Jp.), 4TO  sBJIsIeTCA
NIEPCIIEKTUBON UCCIIEA0BaHUS.

Jlo cux mnop onucaHue JBUKCHHUU
IIPOBOZIUJIOCH HA MPUMEPE OJHOW YacTH TEla;
HO KakK HOTalus paboTaeT ¢ OJHOBPEMEHHBIM
JNBUKEHMEM  HECKOJIBKMX  4acTed  Tena,
Harpumep, ooenx pyk?

JUis  MoJenupoBaHMUsSI CUMYJIBTaHHO-
CYKIIECCUBHBIX JIBUKEHUI (OIHOBPEMEHHOIO
UCIIOJTHEHUS JNEeNCTBUN HECKOJIbKUMHU
YacTAMHM Teja B UX BPEMEHHOH JHMHaMHKE)
BBOJATCS CIEIYIOLINE TOHATHS:

1. He3aBucumocTs (aBTOHOMHOCTD)
gacteil Tena 3D-monenu, orpaHuyeHHas
TOJIBKO AHaTOMHMYECKUMHU u
(U3HONIOTHYECKUMHU BO3MOKHOCTSIMH
YesioBeKa, 3a)MKCHPOBAaHHBIMU B HACTPOMKaxX
3D-monenu.

2. «/lopoXku 3ammcu», € TOMOIIBIO
KOTOPBIX  OCYIIECTBIISIETCSI ~ HE3aBUCHUMOE
OIMCaHME JBM)KEHUS KaXKI0H yacTu Tena (s
KaOXIOM 4YacTH Tela  BBOAMUTCA  CBOA

«IOPOIKKAY).
3. CoObITHE ABMXKEHMS, TMOJA KOTOPBIM
MTOHMMAaeM a) moboe MU3MEHEHUe

COCTOSIHUSI/ABM>KEHUS YaCTH Tejla, BbI3BAHHOE
BHEUTHUMH MPUYUHAMU (Ipyroil 4acThlo Temna
WM TPEIMETOM — HalpuMep, CTOJIKHOBEHUEM
PYKH C IpYrof 4acThIO Tejla UM MPEIMETOM)
Wi 0) KOMIUIEKCHOE JIBIKEHHE YacTel Tena,
IpU  KOTOpPOM  33/al0TCsi  00s3aTenbHbIe
COCTOSIHMSI 3THX YacTe€ld OTHOCHUTENBHO IpPYyT
apyra Bo BpeMmeHHM. OTnenpHO —clenyer
OTMETUTh, YTO, HECMOTpPSI Ha ABTOHOMHOCTb
JBUKEHUSI YaCTH TeJla, €ro JABUKEHHE MOXKET
B CHWIy CBS3aHHOCTM ¥ WHEPIHMOHHOCTH

OKa3blBaTh BJIMSHUE Ha JPYIyl0 4acTb Teja
(Hampumep, TOBOPOT pYKHM CBsi3aH C
IIOBOPOTOM Kopriyca). Takue HHEpLUUOHHbIE
W3MEHEHHUS €CTECTBEHHbI M HE SBISIOTCS
COOBITUSIMH.

CoObITHE TPHUBS3aHO KO BPEMEHH, HO
MPOUCXOMUT B  Mpenerax  HEKOTOPOro
BbIJICJIEHHOTO TTpoMexyTka At. [Tapamerpsr At
MOKHO HMCIIOJIb30BaTh JUIsl pacdeTa U OLIEHKHU
TOYHOCTHU MOJICTHPYEMBIX TIBUKCHHIM.
CoObiTHe 0003Ha4aeM CcHUMBOJIOM “#” B
BEPXHEM JIEBOM MHJEKCE 4YacTH Tela,
HanpuMmep, onucaHue coObITHs (#1) KoHTaKTa
IBYX pPYyK Iepel TPyAblo: A JIEBOH PyKH
[si 1" _dx*at ]| w  mia  npaBoi
[Ldx_™M1M"M_si*at ]. CoObITHSI UMEIOT CBOM
WHJCKCHI, YTO TMO3BOJISIET OTJIMYaTh OJHO
cOObITHE OT JPYroro M  COIOCTAaBISThH
(bparMeHTHI bopMyIbl, OTIHCBHIBAIOLINE
pa3Hble YacTH Tena.

OTnenbHO OTMETHUM, YTO KOMILIEKCHBIE
JMBUKCHHSI (KaK HAIPUMEP, «PYKH BMECTE» B
CMA), B mHamem ciiydae MOTYT OBITH
OTIpEJICNIEHBl OTIIEIIbHO M XPAHUTHCS B BHJEC
BapuaHTOB (opMyibl. UTHBIMU cTiOBaMH, T€ JIH
WHBbIE TATTEPHbl COCTOSHUN WM JBHXKEHUI
MOTYT OBITh peann30BaHbl B BUIE EIUHUIL
HEKOEro cjoBaps CO CBOMMHU BO3MOXKHBIMHU
(hopManbHBIMU TIPECTABICHUSMHU.

Peasu3auusa cucreMbl yNpaBJIeHUs
JABHKEHUEM

Pa3pabotka  cuctembl  ymnpaBieHHUS
JBHIKCHHUEM, OCHOBAHHOM Ha
JTUHTBUCTHYCCKON HOTAITUH MIPOXOAUT
HECKOJIBKO ~ JTamoB:  HOTAIlUI0  JKECTOB,

NOCTPOCHUC BHYTPCHHCTO MNPCACTABICHUA
ABWXKXCHUSA U €ro mnepeBOA B HUCIOJHACMBIC

JBHKEHUS, JEMOHCTPUPYEMBIE c
ucrnonb3oBaHueM  nporpamm s 3D-
MOJIEJIMPOBAHUS U aHUMAIUU.

[lepBriii 3Tam — pa3dop HOTAIMH

(mapcunr ¢opmynsl). Ilapcunr Briroyaer
pazbop CTPOKM HOTAIMHU, BBIJICJICHUE TEPMOB
U co3JaHue abCTPaKTHOTO CHHTAKCHYECKOTO
nepesa (AST). ITokaxkem mpoliecc mapcuHra
Ha npuMepe paszbopa (bopMyIIBL:
:400:{_dx_M_2la-de-2at_}:500:[ dx M la-
su-2at_]:400:{RE}

1. Beiienenue OTeNbHBIX TEPMOB:

1. Mepseoiiitepm: :400:{_dx_M_2la-de-
2at_}
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o Bpewms: 400 MumuiMceKkyH/I.

o Tumn: coctosinue ({}).

o JleTanu noJIOKEHUS:

m dx_M: mpaBas pyka.

m 2la: 1BMXeEHME BIEBO C
K03 UIIHEHTOM 2.

m de: IBUKEHUE BHUS.

m 2at: gABMOKEHUE BIIEpE] ¢
ko3¢ purenTom 2.

o O6mwekt TepMma: Cozmaercs State Term
c arpubyTamu:

m time = 400.

m node = dx_ M.

m details = {‘2la’, ‘de’, ‘2at’}.

2. Bropoii Tepm: :500:[ _dx_M_la-su-
2at_]

o Bpemst: 500 MumuceKkyH/I.

o Tun: aeuxenue ([]).

o Jleranu HanpaBieHus (KOHEYHOE
COCTOSIHHE):

m dx_M: npagas pyka.

m la: ABMOKEHUE BIICBO.

W SU: JIBIDKCHUE BBEPX.

m 2at: 1BIKEHHE BIIepes ¢
K03 ULIHEHTOM 2.

o OobekT TepMma: Coznaercst Move
Term:

m time = 500.

m node = dx_M.

m details = {‘la’, ‘su’, ‘2at’}.

3. Tpernii repm: :400:{RE}

o Bpemst: 400 MHIIITHCEKYH]T.

o Tum: cocrosiaue ({}).

o leramu: RE (dukcarust cocTosiHUs ).

o O6wekt TepMma: Co3naercs State
Term:

m time = 400.
m details = {‘RE’}.
Bropoit oTal - IIOCTPOEHHE

BHYTPEHHETO MpejAcTaBleHus aBrxkeHus. Ha
ocHoBe ~ AST  crpouTcsi  BHyTpEHHee
MPEJICTABICHUE JBM)KEHHUS, COCTOALIEE U3
CepUM  KaApoB. OTHU KaAphl  Ccofaepxkar
nHpOpMaIMI0O O TOM, Kakas KOCTh (4YacTb
TeJNa) WCHOJHUTENs OTHOCHTCA K HUM, Kak
OHM BIMAIOT HAa €ro IOJOXKEHHE U
KOHKPETHBIII MOMEHT BpEMEHM C Haudajia
JBUKEHUSI, KOT/Ia 3TOT KaJp akTyajieH. B atoit
CEpUM 3aIUCBIBAIOTCS TOJBKO  KJIKOUEBBIE
KaJpbl — KpaillHHe MOJI0KEHUS MPUMUTHUBHBIX
nBrKeHni. Hampumep, €ciau HCIOIHUTEIO

HY’KHO oOBectu OykBy “L” pykoil, B cepuu
OyIyT BKJIIOYEHBI KIIOYEBBIE KaJpbl s
IIOJIOKEHUI pyKHM BHHU3Y, BBEPXY U BBEpXY
cnpaBa. MHTepnonsuus IBUXKEHUS SIBIISETCS
00513aHHOCTBIO CIIOJTHUTEISL.

Tpetuti »sTam —  mpeoOpa3oBaHUE
BHYTPEHHEIO IMPEACTABICHUSI B KOHEYHOE
JIBU)KEHUE. BHyTpeHHee  IpeacTaBieHHE
JIBUKEHUS nepenaeTcs HCIIOJIHUTEIIIO,
KOTOpBI mpeoOpa3dyeT ero B KOHEYHBIN
pe3yabTar, BUJIUMBII 10JIb30BATEII0.

HcnomauTenieM MOXeET OBITh pPOOOT WU
mrobass  mporpamma, — paboTaromas  co
CKEJICTHOM aHMMAalMel, BKIOYas HIPOBBIC
IBUKKU. B 9TOM HccrnenoBaHuu B KavyecTBe
ucronuuTens  ucnonb3yercss  Blender 3D,
nporpamma i 3D-mopenupoBaHus U
anuManuu. Blender 3D nmo3Bossger co3naBars
M0JIb30BaTENbCKUE JIOTIOTHEHUS c
ucrnonp3oBanuemM Python wu mpenocrasiser
OOMIMPHBI HA0Op TOTOBBIX TIpadUUIECKUX
UHTEP(PEHCOB M TPOrPaMMHBIX YTHJIAT JIJIS
pabotsl ¢ 3D-rpadukoii.
Pe3yabTarhl u 00cyx1eHue

B nanHOil cratbe B KauecTBe
pEe3yNbTaToB MBI paccmarpuBaeM
JEMOHCTPALMI0  BO3MOYKHOCTEH  HOTAlUU
OIHCHIBAThH €CTECTBEHHBIC JIBUOKEHUS
YEJI0BEKA, B3SIThIE u3 ¢parMeHToB
BUJIEO3alIUCEH MYJIbTUMOAAIBHOIO KOpIIyca
ONMCAHUS JIOIbMU Pa3IMYHbIX

SMOIIMOHAIBHBIX COCTOSHUM. B  ganHOM
clyyae peaju3yeTcsi OCHOBHOE Ha3HAuCHUE
pa3pabaTpiBaéMOi  JKECTOBOM HOTAIlUu —
CIYXHUTh TEJISAM  CO3JaHus  OECIIOBHBIX
WHCTPYMEHTOB IIepexoia OT OIHOW (OpMBbI
YEeJIOBEYECKOM aKTUBHOCTH K Jpyrod B
pa3IUuUHbIX HMHTEpP(HEHCHO-0NOCPETOBAHHBIX
KOMMYHHKAIUAX C MTOMOILIBIO YHUBEPCAIBHOMN
W TOYHOW CHCTEMBI IJisi KOJAWPOBAHUS U
OIMCAHMS JBW)KCHHHM 4YellOBeKa, BKIIOYas
JKECTBI, IIO3BI U CIOXKHBIE B3aMMOEHCTBUSA
JacTeH Teia.

Ha mannowm orarie Mbl HE CTaBUM 3a7a4u
MOJHOTO M TOYHOTO TEMITO-PUTMHYECKOTO M
MPOCTPAHCTBEHHOTO BOCIIPOW3BEICHUS
MAaIllMHOW  JABMKEHHM 4YeJlloOBeKa B  CHIIY
HMEIOIIUXCS Ha CETOIHSIIHUN JIEHb
TexHuueckux mpobmem. Ilostomy cpasy
0003HauYUM pamMKk#u (HOPMATBLHOTO OTNHUCAHUS:
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HOTanus OyIeT OCYIIECTBIATHCS TOJIBKO IS
JBUKEHUN PYK.

Kommuiekc aBUXEHUN OMUCHIBACTCS KaK
COBOKYNHOCTb COCTOSIHMM JJI KaXJAOW PyKH,
MpEJCTaBICHHBIX B JBYX 3amucax (T.H.
nopokkax). B dopmanbHON 3amucu mepexoj
oT OITHOU JIOPOXKKH K JIpyrou
OTHEIIAETCA3AIATON (maHHBIN 3HAK
UCIOJIB3YETCS TOIBKO B ATOW (DYHKIIHIH).

[IpousBogumasi  opmasbHAs — 3amKCh
JBUKCHUSI, B KOHEYHOM cueTe, C(HhOpMUPOBAIIO
Y Halle NTOHMMAaHHUE JKeCTa, KOTOPBIM C TOUKHU
3peHUst CEMaHTUKHU KOMMYHHKATHBHO
HalpaBiIeH W CEMAHTHYECKH IIEJIOCTEH, a C
TOYKU 3peHHsi (OpPMBI TPEACTABIAET COOOM
JBUKEHUE OT OJHOTO COCTOSIHUSL 10 APYTOro
(BKITIOUAs MIPOMEKYTOUHBIE COCTOSIHMS
MIPOXOKJCHHUSI IBUXKEHHUS, €CTTH OHU OBUIH).

PaccmoTpuM (parMeHThl JBMKEHUI U3
CHEIUATU3UPOBAHHOTO  MYJIBTUMOIAIBHOTO
KOpIyca SMOIMA W KECTOB. OMOIMU B
JAHHOM KOPITyC€ YCJIOBHO MOXXHO TOJEIHTH
Ha TIOJIOKHUTENIbHBIE W  OTPHIlATEIbHBIE.
KonuuectBennsie u Ka4eCTBEHHbIC

XapaKTEPUCTUKHU JIBUOKCHU U,
COMPOBOXK/JIAIOIIMX 3TH  HAMOILMH, MOTYT
BappUpoBaThcsi. B kauectBe  mpumepa
paccMOTpUM JIBa KOMILJIEKCA JBM)KEHUH:
OJIVH, UCIIOJIb3yEeMBbII B KOHTEKCTE
HOJIOKUTEIBbHOMN IMOILIUHA “BocTopr”
(pucyHok 3), u ApPYyroil, COMPOBOKIAOIIHIA
OTPULATETFHYIO AMOLUIO “310CTh” (PUCYHOK
4), a TakXe COOTBETCTBYIOLIUE S3BIKOBHIE
KOHTEKCTHI UX MpUMeHEeHHs (cM. mpumep 1 u
npumep 2). B xadectBe miumoctpauuu OyayT
WCIONBb30BaThCSl  CKPUHILIOTBHI  COCTOSIHUI
IBUKCHHUST pPyK HWH(OPMAHTOB, KOTOpPHBIE
CIy’)KaT JJIi MOJIENbHOIO MPEICTaBICHUS B
BUjIe GOPMYI TBUKECHHUS.

Kaxnprii u3 IIPEICTABICHHBIX
KOMILJIEKCOB JIBM)KEHHI, BHIOPAHHBIX HAMH IS
WUTIOCTPALIMU, OTIIMYAETCS PSIOM [1apaMETPOB.
B oTHOmEHHMH NEepBOro KOMIUIEKCA, KOTOPBII
BCTpeyaeTcss B KOHTEKcTe amouuu «Boctopry,
clieflyeT  OTMETUThb  €r0  YIPOLICHHYIO
cTpyktypy. Kpome TOro, maHHoe JBumxeHHE
SIBIISICTCSI TIPUMEPOM CHHXPOHHOTO JIBHYKEHUS
o0eux pyK.

P HCYHOK 3. I/IJ'IJ'IIOCTpaI_[I/IH KOMIIJICKCa ,Z[BI/I)KCHI/Iﬁ B paMKax 5SMOLUH ((BOCTOpF» n €ro

COCTAaBJISIONIHE.

Figure 3. Tllustration of the complex of movements within the framework of the emotion “Delight”

and its components.
a 0)

Jannbri KOMILJIEKC IBIDKECHUHN
HaOmoaeTcss B CIEAYIOIIEM  SI3BIKOBOM
KOHTEKCTE:!

ITpumep 1. ...N Bor (CorHyTble pyKH
CJI0KeHbl OJHA JIAJIOHb Ha THUIbHYIO
CTOPOHY JIAJIOHM JPYroil pyKH) NOJET Ha
naparuiane (Pa3Begennme pyk B pa3HbIe
CTOPOHBI BHHU3), s ObUIa B BOCTOpre

(IMonusATBIE MO
COTHYTbIE PYKH)...

IIpu onucanum »smouuu «BocTtopry
MH(OPMAHT HCMONb3YeT O3TOT  KOMILJIEKC
neuxkennii  (PucyHok 3), KOTOpBIH MOXKHO
pa3leauTh Ha TPU OCHOBHBIX COCTOSIHUS: a)
PYKH COTHYTBI UM CJOXEHBl JIAJJOHb Ha
TBUTLHYIO CTOPOHY JIaJlOHU; O) pas3BeleHUe

Pa3HbIM CTOpOHaAM
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PYK B CTOPOHBI BHU3; B) TIOJHATHIC 10 Pa3HbIC
CTOPOHBI COTHYTHIE PYKH.

[Ipu  peTanu3MpPOBAHHOM  ONUCAHUU
3TUX COCTOSIHHI MO>KHO BBIJICIUTh
CIICAYIONINE  XAPAKTEPUCTUKHU: HadalbHOE
coctossHMe  (a))  TpeacTaBiIsieT  coOou
UCXOHOE TIOJIOKEHUE, B KOTOPOM PYKH
COTHYTHI B JIOKTSX noj yrmioMm 90 rpaamycos,
JIeBO€ TpelIieybe HAaIlpaBICHO BIepea U
BIIPaBO, MpaBOE€ — BIEPEI U BIEBO, JaJOHU
CJIO’KEHBI OIHA Ha JAPYTYIO HA YPOBHE KUBOTA
(mamonu BBepx). JlaHHBIM KOMIIOHEHT MOXXHO

npeaACTaBUTh B BUIC TEPMOB
({_dx_B_de _+dx_AB_ad-at-
si_}u{ si_B_de_+si_AB_ad-at-dx }). B

coctostHuM (0)) mpaBasi pyKa BBITSHYTa BHU3 U
BITPaBo, jieBas — BHU3 1 BiieBo ([ _dX_AB_de-

la] wu [ si_AB_de-la ]). Haxkonemn,
MocCJenHOe cocTosiHue (B)), SIBISIONIEECS
3aBepIIAOIIAM ITaroM KOMILIEKCA,

XapakTepusyeTcss TeM, 4YTo I[paBas pyka
COTHYTa, C TMPEAIUICYbEM, HAMPaBICHHBIM
BBEPX W BIpPABO, M JIeBas pyKa Takxke
COTHYTa, C TPEAIUICYbEM, HAMPaBICHHBIM
BBepx u BiueBo ([ dX AB su-la] w
[si_AB_su-la ]). 3a kaxmol  4YacTbio
KOMITOHEHTa, O0O03HAYAONIET0  JIBIKCHUE,

cienayer bukcarus C KOHKPETHBIM
HU3MEpPEHHUEM BpPEMCHH, HarpuMmep,
(:190:{RE})

DTOT KOMILICKC JABHKCHHI MOXET OBITh
3aKOIUPOBAH YETKO B BHJE CIEIYIONICH
(bopMyIBL:

:415:{ dx B _de_+dx_AB_ad-at-

si_}:375:[ _dx_AB_de-

la_]:765:{RE}:690:[ dx_AB_su-
la_]:190{RE},:415:{ si_ B de +si_AB_ad-at-
dx_}:375:[_si_AB_de-

la_]:765:{RE}:690:[ si_AB_su-
la_]:190:{RE}

Crpykrypa gaHHOH (OpPMYJIBI COCTOUT
13 IIECTH TEPMOB, IO TPU VISl KaXKAOU PYKH.
OTn  TepMBl  pacIpeleleHbl 10 JIByM
JOpO’KKaM, IO OJHOW JUIsl MPaBOW U JIEBOU
pyKu cooTBeTCTBeHHO. IIpu cpaBHeHun
TEPMOB M HX MOCIEIOBATEILHOCTH B 00€MX
JOPOKKAaX MOKHO OTMETUTH HX IOJHYIO
UJEHTUYHOCTb, 4TO YKa3bIBaeT Ha
CHHXPOHHOCTH JIBIKEHMI 00eux pyk. Kpome
TOrO, KAXKIBIA TEPM MOXKHO COOTHECTH C
ONPEIECICHHBIM S3BIKOBBIM KOHTEKCTOM, YTO
HaIIATHO IPEeACTaBIeHO B Tabnuie 2.

Taéanua 2. CoOTHOLICHHE TEPMOB M KOHTEKCTOB dMOIHHU «BocTopr»
Table 2. The ratio of terms and contexts of the emotion “Delight”

Hopoxka | :415:{ dx_B_de +d | :375:[_dx_AB_de- :690:[_dx_AB_su-
Tepmbl 1 X_AB_ad-at-si_} la_]:765:{RE} la_]:190:{RE}
Hopoxka | :415:{ si_B _de_+si |:375:[_si_AB_de- :690:[_si_AB_su-
2 _AB_ad-at-dx_} la_]:765:{RE} la_]:190:{RE}
S3bIKOBOI U Bor TOJIET HA TTaparuiaHe s OblJIa B BOCTOpPTe
KOHTEKCT

Hanee Hh3naraercs WITIOCTpaLys
KOMIUJIEKCAa JBHWKEHHUH, COMPOBOKIAOIINX
OTPHULIATENBHYIO AMOLIUIO «3J0CThHY.

Yto KacaeTcs KOMIUJIEKC IBIOKCHHUH B

pamMKax  SMOLMHM  «370CTb», TO  OH
COIIPOBOXK/IAET CHEeAYOIIUN SI3BIKOBOU
KOHTEKCT:

[Ipumep 2. (O6e pykH onyuieHbl BHU3)
310CTh — 3TO KOIJA TOCTOSIHHO XOYETCS
MpsAMO IIOPaThCst (Pykn COTHYThI,

npeanJjiedbss NpPaBoil W JIeBOH  pyK
MOAHMMAKOTCHA BBEPX HUCXOAATCH — IpaBoc¢
BJI€BO, JIeBOE€ BIIPABO) WINM Thl XOYEIlb

(IIpaBasi pyka cOrnyra, npeaijieibe BBepx,
JieBasi PyKa BBITAHYTAa BHU3 U HEMHOIO B
00k) cTykHyTh 10 croiy (COrHyThie pyKH
CI0KeHBbI O/lHA JIAJ0IKA B KYJaK Ha
apyrywo), ckaszarb (IlpaBasi pyka corhyra,
npeamvieybe IMNpPaBoil PYKM BJeBO H
HEMHOI0 BBepX, JIeBasi PyKa BbITATMBAETCHA
BIlepe], BIPaBO, OIYCKAaeTCsl BHHU3 C
NATEPHOM aMIUIMTYAOM) , yTo HeT (Pykm
BBITSSHYTHl BHHM3 M PAacXosiTCi — MNpaBas
BJICBO, JIeBasi BIPABO M NepeceKaroTcst), Thl
HE IpaB...
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Pucynok 4. MmmocTpanus KOMIUIEKCA JBWKEHHH B pPaMKaX OAMOIHUH «3JIOCTb» M  €ro

COCTAaBIISIOLIINE.

Figure 4. lllustration of the complex of movements within the framework of the emotion “Anger’

and its components.

b

WNurtepniperanuss IBMXKEHUM B JTaHHOM
MOCJIEJIOBATEIBHOCTA B OTIWYHE  OT
NPEbITYILIEH, CIOXHEW, TMOCKOJIbKY
BKJTFOYAET HECHHXPOHU3UPOBAHHBIC u
JIOTIOJIHUTEIIbHBIC JEUCTBHS Ui mpaBoit (dX)
U JIeBOil (SI) PyKH, CTPYKTYpPHUPOBAHHBIC IO
TepMaM, B JIBYX OCHOBHBIX JIOPOXKKaX.

Jns IIpaBoi pyKH JBWKCHUE
HAQUMHAETCS C MHCXOIHOTO TIOJIOXKEHMS, B
KOTOPOM pyka OIlyIIeHA BHU3
({_Ldx_M_de }). lanee ciaeayrOT HECKOJILKO
KOMIIOHEHTOB. Btopoii kommoHeHT (0))
([_dx_AB_at-ad-si ]) mnposiBisieTcst, Koraa
Mpearieybe TMpaBOl PYKH BBITATUBACTCS
BIepeN, crubaercs K IUIedy U JIBHXKETCS
BJIEBO, TOCJE 4YEro MPOUCXOIUT (QUKCAIHS
koHeuHoro monokenust ({RE}). [Hanbme
cleqyeT  TpeTud  KOMIOHEHT (B)) —

npeIieybe TMOJHUMAETCS BBEPX M JIBUIKETCS
BieBo ([ dx_AB_su-la ]), 3a uem Ttakke
cnenyet ukcanus ({RE}).

Jlanee mpoucxoaut nepBoe coobiThe (T)
([_dx"#1"AB_at-ad-2si_]), korma mpearnsieube
BBITSATUBAETCS BIIEPE, CTHOAETCS K IUICUYY W
JIBOKETCSL BJIEBO C YIBOCHHOW aMIUTATYIOM.
IMocne ¢ukcanuu monoxenus (:200:{RE})
CTAJIKUBAEMCSI CO CIIEAYIOIUM KOMITOHEHTOM
(m)) ([_dx_AB_at-ad-2si-su_]), e
NpeaIieybe CHOBA BBITATHUBAETCSA BIEPE],
crubaercs K IUIeUY, JBHXKETCS BIIEBO C
YIBOCHHOM aMIUIUTYIOM W TMOAHUMAETCS
BBEpX. OTam  3aBepmiaetcs  (uKcanue
({RE}). Mocnenroe cobbiThe (€)) BKIHOYAET
OIyCKaHWE PyKH BHH3 W JIBUKCHHE BJIEBO C
yTpoeHHo#t  ammuutygor ([ dX"#2"M_de-
3si_]), ¢ mocnenyromieii ¢pukcanueii ({RE}).
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JleBass  pyka  IIOBTOpPAET  CXOXKYIO
IIOCJIEI0BATENbHOCTD JBMKEHUN. B ncxoqnom
MOJIOKEHUH (@)) OHa TaKXe OMNYIeHAa BHU3
({_si_M_de }). Crenyrommii komoneHT (0))
BKJIIOYAET BBITATHMBAHUE TMPEIIUICYbs BIEpPEI,
crubaHue K TIUIedy, IBIDKEHHE BIIPaBO |
omyckanve Buu3 Ha ([ Si_AB_at-ad-dx-de_]),
mocie dero ¢pukcupyercs nojoxenue ({RE}).
Janpiie (B)) Npeamieube OIyCKaeTCs BHU3 C
YABOCHHOM aMIUIUTYAOW M JBHXKETCS BJIEBO
([_si_M_2de-la ]), ¢ puxcammeii ({RE}).

[lepBoe coOwiTHEe (T)), B TEUYCHHE
KOTOPOTO TMPE/IILICYbE BBHITATUBACTCS BIIEPE]I,
crubaercss K IUle4y W JBH)KETCS BIIPABO,
MOXXHO oTMeTHTh Kak ([ SI"#1"AB_at-ad-
dx_]), ¢ mocnenyromieni ¢uxcaruein ({RE}).
3areM cleayeT KOMIOHEHT ABWXeHus (1)),
IJ¢ Tpealviedbe  BBITATUBACTCS — BIIEPEN,
JIBMDKETCSI BIPABO W OIYCKAeTCs BHU3 C
natepHoit  amrumatynoi ([ _si_AB_at-dx-
5de ), mocine yero monoxenue Gpukcupyercs
({RE}). Iocnennee cobbiThe (€)) BKIHOYACT
OIyCKaHWE PYKH BHHU3 U JIBH)KCHHE BIIPABO C
yTpoeHHO#  ammautynon ([ _SIM#2"M_de-
3dx 1), 3aBepmaroreecs pukcanueit ({RE}).

OOmiee omnucaHWe TaHHOTO KOMILIEKCA
JBU)KEHUM € Y4€TOM HMX  BPEMEHHOIO
JMana3oHa MOYKHO KOJMPOBATh CIIEIYHOIIAM
obpazoM:

:240:{_dx_M_de }:1535:[ dx_AB_at-ad-
si_]:3365:{RE}:335:[_dx_AB_su-

la_]:175:{RE}:405:[_dx"#1"AB_at-ad-
2si_]:685:{RE}:240:[_dx_AB_at-ad-2si-
su_]:130:{RE}:100:[_dx"#2"M_de-
3si_]:1170:{RE},:240:{ si_M de_}:1535:[ si
_AB_at-ad-dx-

de ]:3365:{RE}:335:[ si_M_2de-
la_]:175:{RE}.405:[ si"#1"AB_at-ad-
dx_]:685:{RE}:240:[ _si_AB_at-dx-
5de_]:130:{RE}:100:[_si™#2"M_de-
3dx_]:1170:{RE}

Hcxons u3 mpeacTaBieHHON (HopMyIbl,
MOKHO OTMETHTb, YTO paccMarpuBaeMast
[IOCJIEZIOBATENIBHOCTD  IIPEJCTABIsIET CcOo00M
CJIOXHBIM KOMIUIEKC IBHJKEHUM PYK, KOTOPBIH
BKJIIOYaeT B ce0s HE TOJBKO DJIEMEHTAapHBIC
MaHUMNYJSIIUKA, HO U 00Jee CIIOXKHbIE (HOPMBI
B3aMMOJICUCTBUSA  MEXAY  pyKaMHu, UTO
CBUCTENBCTBYET O  BBICOKOM  YPOBHE
CIIO)KHOCTH KOOPJIMHAIMM U CUHXPOHM3AIUU
IBIDKCHUI B JAHHOM IIOCJICIOBATEILHOCTHU.
Takum 00pazoM, MOXKHO MOIYEPKHYTh, UYTO
npejaraemas JKECTOBas HOTAalHUs
MIPEJICTaBIISIET co0oit 3 PeKTUBHBIHI
WHCTPYMEHT  JJIs  CHCTeMaTH3aluuu |
0TOOpakeHUs HE TOJbKO MPUMUTUBHBIX, HO U
TaKUX CJIOKHBIX JBWKEHUU. JlaHHAs HOTaLMs
MIO3BOJISIET aZIcKBaTHO u JIeTaJIbHO
(uKcupoBaTh To0bIe KECTOBBIE
B3aMMOJEHUCTBUSI, YTO OOECIEUYMBAET TOUYHOE
MIpeJICTaBICHNE ux CTPYKTYPBI u
MIOCJIEIOBATEILHOCTH.

Ta6auna 3. COOTHONICHHE TEPMOB ¥ KOHTEKCTOB AMOIIHH «37I0CTh)
Table 3. The ratio of terms and contexts of the emotion “Anger”

Ne Tepma 1 2 3
Hopoxka | :240:{_dx_M_de } :1535:[ dx_AB_at-ad- :335:[_dx_AB_su-
JopoxKH 1 si_]:3365:{RE} la_]:175:{RE}
Hopoxkka | :240:{ si M _de } :1535:[_si_AB_at-ad-dx- :335:[_si_M_2de-
2 de_]:3365:{RE} la_]:175:{RE}

SI3BIKOBOI KOHTEKCT

3510CTEh — 3TO KOTa ITOCTOSHHO
XOYETCS IPSIMO TOJIPATHCS

WJIN ThI XO4YC€IIb

Ne Tepma 4

5 6

Jopoxkn 1 ad-2si_]:685:{RE}

Hopoxka | :405:[ dx"#1"AB_at- | :240:[_dx_AB_at-ad-2si-
su_]:130:{RE}

:100:[_dx"#2~"M_de-
3si_]:1170:{RE}

Hopoxka | :405:[ Si*#1"AB_at-
2 ad-dx_]:685:{RE}

:240:[_si_AB_at-dx-
5de_]:130:{RE}

:100:[_si™#2"M_de-
3dx_]:1170:{RE}

S3bIKOBOI KOHTEKCT CTYKHYTb 110 CTOJIY

CKa3aTb YTO HET Thl HC ITpaB
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[IpencraBnennpie B Tabmumax 2 u 3
HOTAIUU (bparmMeHTOB PEYEKECTOBOTO
MIOBEICHUS MO>KHO 00oraTuTh
JIOTIOJTHUTENbHBIMU ~ TIapaMeTpaMu,  MepBast
4acTh W3 KOTOPBIX IMPEACTaBIseT COOOM
JTMHAMAYECKU M3MEHYMBbIE napamMeTpbl
MIOBE/ICHUSI, OCHOBaHHbIE, BO-TIEPBBIX, HA YKE
0003HAYCHHBIX napamMmeTpax
(mocnenoBareIbHOCTH  TEPMOB  (HOPMYIIBI,
pedeBoil  Marepuall, BpeMs  IPOTEKaHUs
KECTOB), BO-BTOPBIX, BKIIFOYAIOIIUE METPHUKH,
BBIBOJIUMBIE M3 3TUX MApPaMETPOB, U B-TPETHUX,
(bakyabTaTUBHBIE bu3noIOrNUecKue
XapaKTEPUCTUKH, KOTOPbIE MOKHO H3MEpSTh B
AKCMIEPUMEHTAIbHON CHUTyaluu (MyJbC, 00bEM
JIBIXaHUsl, caTypauus W Jp.), a BTopas 4acTh
COCTOMT U3 (PaKyJIBTATUBHBIX MOCTOSHHBIX (M1
IIPOTEKAIOILEN KOMMYHHKALIIH)
XapaKTEPUCTUK, OIMCHIBAIOIINX COLMAIBHO-
nemorpapuieckue, TICUXOJIOTMYECKUE u
¢busnonornueckue napameTpsl 4yenoBeka (Mo,
BO3pAacT, 00pa3oBaHKe, POCT, pa3Max PyK U JIp.).

[locTtpoeHne wuepapxuu METPUK  AJIA
aHaJM3a >KeCTOB U UX OTPaHMYCHUN OMUPAETCs
Ha OOIIMPHBIC UCCIIEIOBATEIILCKUE MaTePUATBL.
B psine pabor mociennux jet (Liu et al., 2022;
Qi et al., 2024; Tonoli et al., 2024; Yang et al.,
2023; Yoon et al., 2020; Zhi et al., 2023)
OOCY>KHaloTCsl Takue MeTpukH, kak Mean
Squared Error (MSE), Mean Average Error
(MAE), Fréchet Gesture Distance (FGD),
Gesture Area Coverage (GAC) u nip., KoTOpble
CpPaBHUBAIOT  JBW)KEHUSI  C  OITAJIOHOM,
OLICHUBAIOT = €CTECTBEHHOCTh M  CXOXECTb
NBIDKCHUHM,  aHATM3UPYIOT  JAWHAMUYECKHe
XapaKTEPUCTUKHU (CKOPOCTh, YCKOPEHHE U JIp.) U
YYUTBHIBAIOT ~ MPOCTPAHCTBEHHOE  TOKPBITHE
KECTOB.

[lomaraem, dYTO HEKOTOpBIE METPUKHU
MOTYT OBITh MCIOJNB30BAHbI U B HAIIEM CITydae
JUI OLIEHKH PEYeKEeCTOBOro moseneHus. [Ipu
9TOM MBI HCXOIWM U3 TOTO, YTO TOCKOJIBKY
VMHTErpajbHOM TOBEJCHYECKOM €IUHULEH B
HalleM ciydae sBIsieTcs TepM (Kak KOHEYHOE
COCTOSIHME JIBIKEHMs, KOTOPO€ B HOTAIUHU
MOXET OBITh TPENCTABICHO TIEPEXOIOM OT
MPEIBIYIIETO COCTOSHUSL K TOCIEIYIOIIEMY
MOCPEJICTBOM JIBIKEHUS, T.e. Kak {termK} —
[termK+1]), To Bce m3mepeHUs] TOKHBI OBITh
npuBsi3aHbl K TepMaMm. M3 Takoro mnoxpxona
CIIEYIOT HEKOTOPBIE METPUKHU:

1. L — niMHA TpaeKTOpUU JBIDKEHUS
pykd. 37ech W B JAbHEHINIEM BBIUYUCIICHUS

MOXXHO TPOBOAUTH Kak Jyisi ¢parmenTa (termK
— termK+1), Tak W A BCEH IEMNOYKH
JIBUKEHMSI OJJTHOM PYKH WJIM JBYX pyK: terml —
term2 —... — termN.

2. S — oAb MO/ KPUBOM TPACKTOPUH
JBIDKEHUS PYKH WM PYK B paMKax OIHOTO
JKeCTa, T.€. BBIJIICJICHHOM TOBEACHUYCCKOU
equaunsl  termK  —  termK+1 u  Bcero
JIBDKEHUSI.

3. V — 00beM 3axBau€HHOIO 3>KECTOM
(termK — termK+1) mnpocrpanctBa. 371ech
MOTYT OBbITh pa3Hble METOJUKH H3MEPEHUs: OT
MIPOCTPAHCTBA YKECTA OTHONU PYKHU WU JIByX PyK
JI0 TIPOCTPAHCTBA, PACCMAaTPHUBAEMOI0 B JKECTe
MEXITy IBYMSI pyKaMHU.

[Mapamerpsr L, S, V npu onucanum
peanbHO KOMMyHUKaIU (0€e3 MCIOoIb30BaHUs
3D-Mozeneit) HyXIAroTcsi B HOPMHPOBaHHU;
MBI  TIpe/UlaraéM BBECTH  HOPMHPYIOLIUI
napaMerp = , tie (I1 — pocrt, 12 —
pasmax pyk) st L, N2 st S u N° s V.

4. speech — 00beM peyeBOro marepuaia,
MPUBSI3aHHOTO KO BPEMEHU TMPOU3BEICHUS
JKecTa, T.€. K termK — termK+1.

o. — METPHUKA, XapaKTepU3yroIas
JTUHAMUKY H3MEHEHUSI 3aXBaY€HHOTO >KeCTaMHU
MPOCTPAHCTBA: = . Merpuka temp
MOXET BBIUUCIATBCS WHAye, HampuMmep, Kak
OTHOIIICHWE  KOJMYECTBA  TEPMOB WM
KOJIMYECTBA PEUYEBOr0 Marepuana K €IUHULE
BPEMEHHU.

B uenom, 3ammck aprymMeHTOB (DyHKLIUHU
Behavior MOXHO mNpencTaBUTh CIEAYIOMIUM
o0pazom:

Behavior = {(termy, speechs, t1, L1, Si,
Vi, ...),..., (termn, speechn, tn, Ln, SN, VN, ...);
(pulsey, tidal volumes, ...)*, ..., (pulsen, tidal
volumen, ..)*; (gender, age, N, temp...)*},
[JIE€3HAKOM * OTMEUYEHBI TPy
(haKyIIBTaTUBHBIX MTAPAMETPOB.

3akioueHue

Cosnanne (HopMaTM30BaHHOM CHUCTEMBI
KOJMPOBAaHUSI  JBIDKEHUH  YEOBEKa IS
UHTEpEHCHO-0MOCPETOBAHHOM
KOMMYHHUKAIIMA B  Pa3WYHbIX  MAIIHMHHO-
TeHEPUPYEMBIX Cpefax, KaK Mbl IOMBITAINCH
MOKa3arh, SBISETCS CIOKHOM, HO pelraeMoit
Hay4yHOW mpobOnemoi. B Xome mpoBeneHHOTO
WCCNeIOBaHNsl OblIa TMPEICTaBlI€Ha CHUCTEMa
[lepmckoli ECTOBOWM HOTallMM M BBIIEIIECHA
€IVHUIIA OIHWCAaHUs TOBEJCHUS YeJIOBeKa —
TEpM, MPEICTABIAIOIIMN 3alKch Iepexoaa OT
TIPE/IIIECTBYOIIETO (UKCUPOBAHHOTO
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COCTOSIHMSI YacTH Tejla B PaMKaXx €ro JBMKEHUS
K MOCTIEAYIOIEMY (bUKCHPOBaHHOMY
cocTosiHUIO. TepM Kak eIMHHIIA TUCKPETH3aluN
JIBWKEHHSI BBIPABHUBAECT OTHOCUTEIBHO CeOst U
npyrue GopMbl aKTUBHOCTH (T.€. BHICTYTIAET KaK
€IMHULA  KOIHUTHBHO-TIOBEJCHYECKAs), B
KauecTBE KOTOPHIX MOXKHO paccMaTrpuBaTh peyub
(MBI TOBOpHITH 00 00BbEME PEUSBOTO Marepuana,
XOTSi MOryT OBITh M HHBIE H3MEpSIEeMbIe
napamerpbl, HalpuMmep, aKyCTH4YecKue), a
TaKKE MHUMHUKY WIM JIaHHBIE HOCHMBIX
YCTPOMCTB, MepefarolliuX CBEIECHHUS O IyJbCe,
o0beMe JbIXaHUs | Jp.

Hcxons U3 TOro, 4To BEPOSITHO, KAXKI0E
JBIKEHUE YEJIOBEKa UMEET CEMaHTHKY, T.€. He
SBISICTCS CIyYaHBIM W/WIIM XaOTHYECKUM B
MOCTIEZIOBATEIbHOCTH ~ aKTOB  YEJIOBEYECKOTO
IIOBE/IEHUSI, Mbl JIOJDKHBI B IIpenienie TpeOoBaTh
OT MAaIMHBI TaKOM K€ CEeMaHTHU3AlUH
JIBUrareJIbHOM AKTUBHOCTH W CHHXPOHHU3ALUU
€e ¢ peyeBoil ceMaHTHKol cooOmenus. [loaHoe
u TOYHOE TEMII0-PUTMHUYECKOE u
IIPOCTPAHCTBEHHOE BOCITPOM3BE/ICHUE
MAIlIMHOM JIBM)KEHHWH 4YeJioBeKa (T.e. MO CYTH
KOIIMPOBaHME  XPOHOTOIIA  YEJIOBEKa  €ro
BUPTYaJIbHBIM ~ aBaTrapoM)  BO3MOXHO  C
MOMOLIbIO OOpallleHnss K KOMOWHUPOBAHHUIO
METOJOB M  TEXHOJIOTMH  KOMIIBIOTEPHOIO
3pEHUSI C COBPEMEHHBIMH HEHPOCETEBBIMU
MoZEISIMU-TpaHchopMepamH. Koneunoit
LEJIBI0 TAKOTO IOAXOAA SBISETCA TeHepauus
dbopmynbl  IBIDKEHHST B pa3pabOTaHHOM
(opManbHO-3bIKOBOM  HOTAllUM HAa OCHOBE
aHaJM3a IMOCTYMAIOIIEr0 Ha BXOA MOJIEIH
BUJEOPSIIA JBWKEHUN 4eJI0BeKa.
CrenepupoBaHHass (opMyna MOXET 3aTeM
repeiaBaThCsl UCTIOHUTENMO (BUpTyaibHOM 3D-
MoJieNd WK (pu3uueckoMy poOOTH3HpyeMOMY
YCTPOMCTBY). Bocmpoussenenue
3aKOIMPOBAHHBIX B GopMyie  JBIKEHUMN
UCTIOJTHUTENIEM HYXXHO B TOM YHCIE W IS
aHaJgM3a  TOYHOCTH M PEATMCTUYHOCTH
CT€HEPHUPOBaHHBIX aHUMAaIIn nyTéM
CPaBHEHHUS C pEabHBIMH JBWKECHUSIMHU C
MOCIIEYIOUMMH KOPPEKTUPOBKOM (popMysbl 1
J000YYEHHST MOJICITH.

OueBunHo, 4TO KaueCcTBO
BOCIIPOM3BENICHUS ~ MOJENM  PEUYEKECTOBOrO
MOBE/ICHUS] YeNIOBEKa MAIIMHOM B KOHEYHOM
CUETe JIOJDKHO OLIEHUBATHCS CAMHUM YEJIOBEKOM.
BaxHo, 4T00BI MalIMHBI HE MPOCTO MOBTOPSUTU
¢busnyeckue JBWXKEHHA, HO U aJIeKBaTHO
repeiaBajii CeMaHTUYECKHE M SMOLMOHAIIbHBIE

3HAQYCHHUS STHX JBMKCHUM, COOTBETCTBYIOIIUC
YEIIOBEYECKUM OXHIAHUSAM W KYJIBTYPHBIM
HOpMaM. B 3TOM KOHTEKCTE MOSBIISETCS 3aIpoC
K CO3MaHHUI0 OTJCIbHOM BETBH  OOIIEH
CEMaHTHKH — TEXHOCEMAHTHKH KaK CEMaHTHKH,
TCHEPUPYEMO aHTPOITOMOP(MHBIMK MaIlIMHAMH
B Trpolecce YEJI0BEKO-MAITHHHOTO
B3aUMOZENCTBUS u aJpECOBaHHOMN
KOMMYHHIIUPYIOIIEMY C MAIlTMHOW YEJIOBEKY (O
YacTu mpobiieM TexHoceMaHTHKu cM. Belousov
etal., 2024).

Cunres JIBHOKCHH, KOTOPBIM
OPUCHTHUPOBAaH HE TOJBKO HAa MEXaHHYECKOS
BOCIIPOM3BEJICHUE, HO U B IEPCIEKTUBE — Ha
CMBICJIOBOE COZICPIKAaHUE, SIBIISCTCS Ba)KHOM
COCTABJISOIICH B CO3/TaHUH Oonee
3((HEKTHBHBIX M YCIIOBEKOLICHTPUYHBIX CHCTEM
KOMMYHHMKALIMA B  pa3jMYHbIX  MAaIMHHO-
TEeHEpUPYEMBIX cpemax. Ilpy 3ToM  BakHO
YUUTBIBaTh ~HE  TOJILKO  BH3YyalbHBIC U
KMHEMAaTUYCCKUE IMapaMeTPbl, HO U CKPBITHIC
CMBICJIBI, KOTOPBIC HECYT JKECThI M JBH)KCHUS B
KOHTEKCTE OOIIeHWs. DJTa 3ajjaqa CTaHOBHUTCS
Bce Oojiee aKkTyaJbHOM B YCIIOBUSX Pa3BHTHUS
AQHTPOIIOMOP(HBIX ~ MAallMH W OOJBIIHX
SI3BIKOBBIX MOZEIICH, KOTOPHIC CTPEMSTCS HE
MPOCTO  MOApaKarb  YEIOBEKY, HO H
KOMMYHHIIUPOBAaTh C HUM Ha YpOBHE, OIHM3KOM
K 4EJIOBEYECCKOMY.

B 3aKIIFOYCHIC OTMETHM, 9TO
JaJIbHEHIIIee pa3BUTHE CUCTEM KOIWPOBAHHS
JIBIOKCHUH, B TOM YHCJIC U NPEACTABICHHON B
JAaHHOM paboTe, W TPUMEHEHWEe UuX B

PA3IMYHBIX 06J'IaCT$IX, TaKHuX Kak
KHMHOUHOYCTPHUA, KOMITbIOTCPHBIC HI'PBI,
O6pa30BaHI/Ie, MCIHIIMHA, CIIOpT u

poOOTOTEXHUKA, MOTYT CTarb OCHOBOHW JIJIst
HOBBIX (OpM KOMMYHHKAIIUH, B KOTOPBIX
MalllMHbI HE TIPOCTO BBHITIOIHSAIOT KOMaH/Ibl, HO
W aKTHBHO YYacCTBYIOT B CEMaHTUYECKH
3HAUYMMBIX B3aUMOJACUCTBUSAX, IOAJACPKUBAS
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