1.1. Relevant scientific research and analysis of issues

The neuromotor functioning of speech is a complex, multifaceted process, which is ensured by

cortical cells, subcortical formations, and centrifugal nerve fibres located in speech motor and sensory
centres (Luria, 1982; Kokun, 2006).
The Broca's motor centre, which is located in the posterior-inferior part of the third frontal gyrus of the
left hemisphere (next to the Penfield motor area) and performs the motor function of the muscles of the
face, tongue, palate and pharynx, is important for articulating speech sounds. Its damage leads to oral
speech disorders (alalia, aphasia, dysarthria, stuttering) - the inability to combine individual sounds,
syllables, and words into a single speech act (Clerget, Badets, Duqué, & Olivier, 2011; Long, Katlowitz,
& Svirsky, 2016; Lorca-Puls, Gajardo-Vidal, Ploras, Oberhuber, Prejawa, Hope et al., 2021). The
Penfield Centre is responsible for the kinetic and kinaesthetic motor-sensitive organization of speech.
The motor (efferent/kinetic) articulation area is located in the anterior central gyrus and switches
articulatory positions. The sensory (afferent/kinaesthetic) articulation zone is located in the posterior
central gyrus and ensures the maintenance of the articulation position. Damage to this centre leads to
disorders of static and dynamic movements of the articulatory apparatus (Kokun, 2006).

It should be noted that the full functioning of speech is equally affected: Wernicke's centre
(speech and auditory), located in the posterior part of the upper temporal gyrus of the left hemisphere.
It provides phonemic analysis and synthesis of sound symbols of oral speech. Damage to this area
causes impaired word perception (sensory aphasia) (DeWitt & Rauschecker, 2013); Degerin's centre
(writing and reading control) is located in the left hemisphere in the area of the angular gyrus of the
dominant hemisphere. The lesion results in verbal blindness (alexia or sensory aphasia), namely, the
lack of understanding of written speech; subcortical nodes are responsible for the pace and
expressiveness of speech; cranial nerve nuclei (trigeminal, facial, lingual, vagus, accessory and
sublingual) provide sensitivity and mobility of the articulation organs. As we can see, there is no single
centre of speech, it is formed by the speech cytoarchitectonic fields of the cerebral cortex (Luria, 1982;
Guenther, 2006; Long et al., 2016).

Speech readiness for school requires a sufficient level of neuromotor functioning of the hand,
oral and articulatory praxes. Neurophysiological studies (Roby-Brami, Hermsdorfer, Roy, & Jacobs,
2012) show that praxis (Greek: praxis - action) is a system of voluntary, purposeful motor actions that
provide practical skills for various activities. Motor control and movement control are organized by the
frontal lobe of the premotor cortex. Its activity involves the sequential synthesis of individual motor
impulses into unified "kinetic structures” that are automated during training and provide a dynamic
process of complex movements and motor skills. O. Luria (1982) divided all praxis actions into two
types of praxis: kinaesthetic praxis (afferent) is sensory and provides an understanding of one's own
body. Information gathered from the senses (from sensory neurons) is converted into nerve impulses
and reaches the central parts of the brain via afferent pathways, in particular, the parietal lobe of the left
hemisphere; Kinetic praxis (efferent) carries out motor activity. Electrical impulses are spread from the
premotor area of the frontal lobe cortex, which activates the muscular, tendon and joint systems.

The interdependence between speech components and gestures has been thoroughly studied
and explained from both neurophysiological and psycholinguistic perspectives (Luria, 1982; Saltzman
& Munhall, 1989; Amiel-Tison, 2001; Wang, Lekhal, Aarg, & Schjglberg, 2014; McNeill, 2014;
Oberer, Gashaj, & Roebers, 2017; Cadoret, Bigras, Duval, Lemay, Tremblay, & Lemire, 2017;
Sansavini, Favilla, Guasti, Marini, Millepiedi, & Di Martino, 2021). Scientific research convincingly
proves that not only cognitive processes, but also kinetic and kinaesthetic hand praxis affect the
coordinated mechanism of speech. In her study, D. McNeill (2014) argues that the development of
speech is interconnected with gestures. The ontogeny of speech at an early age begins with gestural
activity, which at the age of three or four, turns into a gestural-speech unity through self-regulation of



movements. This stage of development is called Mead's Loop, i.e., a change that took place in a certain
psychological and linguistic environment during the formation of speech. The prefrontal cortex, which
connects the ring of speech centres in the brain, is undergoing maturation during this period and may
be an additional factor in the late maturity of speech components ( McNeill, 2014).

The unity of speech movements and gestures has an internally conditional mechanism (Gafos
& van Lieshout, 2020). Speech systems interact with motor activity, in particular, phonological
grammar models gestures and regulates acceptable symbolic combinations; lexical realization content
(parts of words) can be conveyed through speech gestures; acoustic realization of sound depends on the
development of the articulatory motor function (Goldstein, 2019).

Developed fine motor skills of the fingers contribute to the acquisition of oral (Oberer, Gashaj,
& Roebers, 2017) and written language skills (Van der Fels, te Wierike, Hartman, Elferink-Gemser,
Smith, & Visscher 2015; Cameron, Cottone, Murrah, & Grissmer, 2016) and determine overall
psychophysical maturity (Luria, 1982; Bielova, 2022). Motor finger activity via kinaesthetic impulses
innervates the speech centres (Broca's), affecting their functional capabilities. Insufficiently developed
subject activity of the hand praxis in older preschool children may indicate the unformedness of their
speech functions.

The motor activity of the organs of the articulatory apparatus is provided by oral praxis, the
actions of which are considered more complex than hand praxis, as they are formed on abstract concepts
(puffing up the cheeks, frowning, tongue lolling, stretching the lips into a tube, etc.) Differential
articulatory movements of the facial muscles, lips, tongue, and oral cavity are performed by oral
kinaesthetic praxis. Oral kinetic praxis activates the actions of the articulation organs (tongue - lips,
jaws - tongue, jaws - lips). Well-formed oral skills in a child are a prerequisite for correct sound
pronunciation (an act of articulatory praxis) (Pakhomova, 2013; Pylyaeva, 2021).

Articulatory praxis is the ability to pronounce sounds and form an articulatory posture in
accordance with the sound of speech (Luria, 1982). It should be emphasized that kinaesthetic (afferent)
articulatory praxis is responsible for the reproduction of isolated speech sounds and the creation of
articulatory positions (kinaesthesia, articulums). The combination of sounds into syllables and words is
provided by the kinetic (efferent) articulatory praxis.

Praxis disorders lead to apraxia. Different forms are caused by damage to certain areas of the
left hemisphere cerebral cortex, namely lesions of the parietal region that disrupt static (kinaesthetic)
movements of the hand, oral and articulatory systems; frontotemporal damage affects the dynamism
(kinetic) of movements, causing their slowing down, inability to switch from one position to another,
and perseverations; damage to the parieto-occipital lobe of the brain affects specific spatial orientation
(Hill, 1998; Wang, Lekhal, Aarg, & Schjglberg, 2014; Park, 2017).

Special psychological and neurophysiological studies reveal a specific relationship between
speech and motor skills of children with special educational needs (Van Lieshout et al., 2007; Wilson
et al., 2013; Leonard et al, 2014); children with speech and language impairments replace words with
gestures during communication, although their fine and gross motor skills are quite low and do not
correspond to normotypical development (lverson & Braddock, 2011); speech and language
impairments have a greater impact on motor organization and such impairments are more pronounced
(Visscher, Houwen, Scherder, Moolenaar, & Hartman, 2007); in addition to the underdevelopment of
speech and motor functions, this category of children is characterized by underdevelopment of cognitive
processes (Flapper, & Schoemaker, 2013) and problems in hand-eye coordination (Kulp, Ciner, &
Maguire, 2017; Varuzza, D'Aiello, Lazzaro, Quarin, De Rose, Bergonzini et al., 2023); gross and fine
motor skills are interconnected with speech mechanisms (Gonzalez, Alvarez, & Nelson, 2019; Alcock
& Connor, 2021).



The above-mentioned research is valuable enough, but narrowly focused. They do not
sufficiently reveal the relationship between speech mechanisms and motor functions in children with
different specific speech development (dyslalias, stuttering, rhinolalia, dysarthria).

The harmonious functioning and production of speech are impossible without the development
of motor skills ( Gafos, van Lieshout, 2020 ). The modulation of articulatory movement and variable
acoustics has the form of a pulse structure, which is related to the structure of the syllable. The pulses
are aligned with each other in time, and the modulation functions are reliably correlated (Goldstein,
2019). Phonological coordination of movements is a fairly controlled process (Saltzman & Munhall,
1989; Schaal, Mohajerian, ljspeert, Cisek, Drew et al., 2007; ljspeert, Nakanishi, Hoffmann, Pastor,
Schaal, 2013; Turk, Shattuck-Hufnagel, 2020). Given that articulatory movements cause acoustic
signals, disorders of articulatory (kinaesthetic and kinetic) praxis lead to specific defects in speech
sounds, which is confirmed by our study. Older preschoolers with complex speech disorders have
unformed static and dynamic movements of facial muscles and are unable to hold articulatory positions
during the pronunciation of sounds. Accordingly, the speech of these respondents differs significantly
from the indicators of hormotypical development.

The motor organization of speech and phonological control is not natural, and the modulation
process is often influenced by individual characteristics, cognitive development and other factors (Patri,
Diard, Perrier, 2019). This is also evidenced by our study, which revealed different levels of hand, oral
and articulatory praxis (low, medium and high). As a rule, children who had long-term psycholinguistic,
correctional and developmental influence in the study conditions demonstrated the results of
normotypical development, which corresponded to a high level. As a rule, this is a category of children
with dyslalia, stuttering and less with rhinolalia. Those who had difficulties in manipulating and
controlling movements had medium and low scores. They are characterized by complex speech
disorders and specific psychophysical development, which was observed in a significant percentage of
children with dysarthria, stuttering (neurosis-like form) and rhinolalia.



1.1. Relevant scientific research and analysis of issues

HefipomoTopHa (QYHKIIHICTF MOBIEHHS — II€ CKIAIHWKA, OaraTOrpaHHUN WPOIEC, SKIN
3a0e3MeuyeThCsl KIITUHAMH KOPH TOJIOBHOTO MO3KY, IMIIKIPKOBHMH YTBOPEHHSIMH, LEHTPOODLKHUMU
HEPBOBMMH BOJIOKHAMH, IO PO3TAIIOBaHI B MOBHUX PYXOBUX Ta ceHcopHux neHtpax (Luria, 1982;
Kokun, 2006).

BaxumBoro 3Ha4YeHHs JJIsl apTUKYJIIOBAaHHS 3BYKIB MOBJICHHS Ha0yBa€ MOBJICHHEBOPYXOBHUI
Lentp bpoxka, mo po3ramoBaHuii B 3a{He-HIKHIA YaCTHHI TPETii 1000BOT 3BUBHHH JIIBOT HMIBKYJIi (TIOpYY
3 Bimminmamu pyxoBoi obOmacti Ilen¢inma) Ta BHKOHYe MOTOpHY (YHKIIFO M'i3iB OOMWYusi, s3MKa,
nigHeGinHs # TnoTKM. 1i ypaskeHHS NIPH3BOAMTH A0 MOPYIIEHh YCHOTO MOBJIEHHs (amamis, adasis,
IM3apTpis, 3aiKyBaTiCTh) — HEMOXKIMBOCTI IMOEIHATH OKpEeMi 3BYKH, CKIQJH, CIOBA B €IUHUHN
mosiienHeBui akT (Clerget, Badets, Duqué, & Olivier, 2011; Long, Katlowitz, Svirsky, 2016; Lorca-Puls,
Gajardo-Vidal, Ploras, Oberhuber, Prejawa, Hope et al., 2021). 3a kiHeTHYHY Ta KiHECTETHYHY
MOTOPHOUYYTJIUBY  Oprasizamito  MoBieHHs  BianoBigae  Llentp  Ilendinna. MotopHa
(edepenTHa/KIHETUYHA) aPTUKYJIALIITHA 30HA 3HAXOAUTHCS B TIEPEAHIN LIEHTPATIbHINA 3BUBHHH, 3IIHCHIOE
MEPEKIIIOUEHHS apTUKYIALiiHUX no3uliid. CeHcopHa (adepeHTHa/KIHeCTeTUYHA) apTUKYJsALIiHA 30Ha
po3TalioBaHa B 3a/HIM LIEHTpaJbHIA 3BUBHUHHM, 3a0e3leuye yTpUMaHHS apTUKYJALIIHOT MO3MUIiL.
VIOKO/DKEHHS TBOTO LEHTPY NPU3BOIUTH JIO TOPYIIEHb CTATUYHOTO Ta JAWHAMIYHOTO pPYXiB
aptukymsniiiHoro anapary (Kokun, 2006).

BapTo 3a3HaunTy, 110 Ha NOBHOLIHHE (YHKIIIOHYBaHHS MOBJIEHHS PIBHO3HAYHO BIUIMBAIOThH
Takox: [lenmp Bepnixe (MOBHOCIIYXOBHI1), 110 pO3TAIIOBAHUHN B 3aIHHOMY B1/IJIUTI BEPXHBOI CKPOHEBOT
3BUBUHU JIiBO1 MiBKyJil. 3abe3neuye (oHEMaTHYHUN aHali3 1 CHHTE3 3BYKOBHUX CHMBOJIB YCHOTO
MOBJICHHS. YTIKO/DKCHHS ITi€1 MUISHKY CHPUYMHIOE TOPYIIEHHS CIPUUHSATTS CiB (CeHCOopHa adaszis)
(DeWitt, Rauschecker, 2013); IJenmp [eocepina (ynpaBiaiHHS MHCbMOM Ta YHTAHHSIM) PO3TAIIOBAHUN B
JiBIA MIBKYJIl B 00JacTi KyTOBOI 3BMBHMHH JOMIHAaHTHOI miBKymi. Ilim 9ac ypaxeHHs BimOyBaeThes
cloBecHa cminoTta (anekcit, abo ceHcopHa adaszis), a camMe HEPO3YMIHHS MHCEMHOTO MOBJICHHS;
niOKipKo6i y3iu — BINMOBINAIOTH 3a TEMIT Ta BUPA3HICTh MOBJICHHS; A0pa 4epenHo-MO3KOBUX HepBis
(TpiiuacThi, JTUIBOBUM, SI3UKOTJOTKOBUH, OJIYKArOUHi, JOJMATKOBHH 1 Mi'I3UKOBHI) — 3a0€3MEeYyIOTh
YYTIAUBICTh Ta PYXJIMBICTh OPTaHiB apTUKYIAIIL. Sk 6aunMO €IMHOTO IIEHTPY MOBJICHHS HE ICHY€, HOTO
YTBOPIOIOTh MOBHI IIUTOAPXITEKTOHIYHI TI0JII KOpU Benmkoro Mo3ky (Luria, 1982; Guenther, 2006; Long
et al., 2016).

MoBiieHH€EBA TOTOBHICTh 10 HaBUaHHS B IIKOJII Tependavyae JOCTaTHIM piBeHb CPOPMOBAHOCTI
HEUPOMOTOPHOI  (YHKI[IHHOCTI ~ KHUCTHOBOTO, OPAJbHOTO Ta  APTHUKY/IAMIHHOTO  TPAKCHUCIB.
Hetipodizionoriuni pocmimkenus (Roby-Brami, Hermsdorfer, Roy, & Jacobs, 2012) nmoka3yioTs, 1o
npakcuc (Tpei. praxis — Jis) — Ie CHUCTeMa JOOpOBUIBHUX, HUICCHPIMOBAHUX PYXOBHX Jid, IO
3a0€31evyI0Th MPAKTUYHI HABUYKH I PI3HUX BUAIB JISUIBHOCTI. PyX0oBHII KOHTPOJIb 1 KOHTPOJIb PYXY
OPraHi30BYIOThCS JIOGOBOO YACTKOIO PEMOTOPHOT KOPH FOJIOBHOTO MO3KY. Moro nisnbHicTs nepentauae
MOCHIJOBHUM CHHTE3 OKPEMUX pYXOBUX IMIOYIbCIB B €QUHI «KIHETHMYHI CTPYKTYpW», SKi
aBTOMATHU3YIOTHCS ITiJ] 4ac TPEHYBaHHS 1 3a0€3MeuyroTh JUHAMIYHUI TIPOIEC CKIAIHUX PYXIB 1 pyXOBUX
HaBuuok. O. Luria (1982) po3ainuB yci aii mpakcucy Ha [Ba TUIH MPAKCUCY: KIHECTETHYHHMA MPAKCHUC
(adepenTtHHil) € ceHcopHUM 1 3a0e3neuye po3yMmiHHS BiacHOro Tina. [Hdopmaris, 3i6paHa 3 opraHis
MOYYTTIB (3 CEHCOPHUX HEHPOHIB), IEPETBOPIOETHCS B HEPBOBI IMITYJIBCH 1 IOCATAE LIEHTPAIBHUX BiI1ITIB
MO3KY adepeHTHHUMH LUIIXaMM, 30KpeMa, TIM'SIHOI YacTKOlO JiBoi miBKyii; KiHeTnuHuii mpakcuc
(edepenTHUIN) 3M1IIICHIOE PYXOBY aKTUBHICTh. 3 MPEMOTOPHOM 30HU KOPHU JIOOOBOT YACTKH MOIIHUPIOIOTHCS
€JIEKTPUYHI IMITYJIbCH, K1 aKTUBI3YIOTh M'SI30BY, CYX0KHJIbHY 1 CYTJI000BY CUCTEMH.

B3aemo3anexHICTh MK MOBJIEHHEBUMH KOMIIOHEHTAMHU Ta >KECTHUKYJIALIEI0 JOCTEMEHHO
BUBYAETHCS Ta PO3 SICHIOETHCS SIK 3 HEHPO(DI3I0I0TIUHOrO TaK i 3 MCUXOMHrBicTHYHOTO norysiaiB (Luria,
1982; Saltzman, Munhall, 1989; Amiel-Tison, 2001; Wang, Lekhal, Aarg, & Schjglberg, 2014; McNe:ill,
2014; Oberer, Gashaj, Roebers, 2017; Cadoret, Bigras, Duval, Lemay, Tremblay, & Lemire, 2017,
Sansavini, Favilla, Guasti, Marini, Millepiedi, Di Martino, 2021). HaykoBi gociimKeHHs, TEPEKOHIUBO
JIOBOJATH, 110 HA 3JIar0/DKEHUIM MeXaHi3M MOBIICHHS BIUIMBA€ HE TUIbKM KOTHITUBHI IpolecHu ane i
KIHETHYHUI Ta KIHECTCTUYHHMU Kucmvosuil npaxcuc. Y cBoemy nociimkenni D. McNeill (2014)
apryMEHTY€E B3a€MO3B’SI30K PO3BUTKY MOBIIEHHS 3 XKECTUKYJALI€0. OHTOreHe3 MOBJIEHHS B PaHHBOMY
BIIll 3aII0YAaTKOBY€E XECTOBA aKTHBHICTh, KOTpa B TpPH, YOTHPU POKU IEPETBOPIOETHCS HA KECTOBO-



MOBJICHHEBY €JIHICTh 3JIIICHIOIOUU caMOperyisiito pyxiB. Lleit eran mpoxomkeHHs Mae Ha3By «Mead’s
Loop» (metist «Mig») TOOTO — 3MIHHICTh, SIKa BiIOy/Iach y MEBHOMY ICHXOJOTIYHO-MOBJICHHEBOMY
CepeIOBUIII ITiJ1 Yac CTaHOBJIECHHS MOBJeHHs. [IpedpoHTanbHa Kopa, Mo 3’€IHY€E Kbl MOBJICHHEBUX
[IEHTPIB y MO3KY, Yy IIeH TIepioJI MPOXOAUTH CTaH T03PIBaHHS, MOKE CTAHOBUTH JIOJATKOBHH (DaKTOP 1010
MI3HBOTO TEPMiHY 3pinocTi MoBIeHHEBUX ckianoBux (McNeill, 2014).

€IHICTP MOBJICHHEBUX PYXIB Ta JKECTIB MalOTh BHYTPIIHHO yMOBHUHM MexaHi3M (Gafos, van
Lieshout, 2020). MoBJICHHEBI CHCTEMHU B3a€EMOJIIOTH i3 PYXOBOIO aKTHBHICTIO, 30KpeMa (OHOJIOTIIHA
rpaMaTuka 3MOJICIBOBYE KECTUKYJIISIII0 Ta PEryJIO€ JOMYCTUMI CUMBOJIYHI KOMOIHAIIT, JIEKCHIHUI
3MICT (4aCTHHH CIIIB) MOXE IEpeJaBaTUCh 4Yepe3 MOBJICHHEBI KECTH; aKyCTHYHA pealizallis 3BYKY
3aJIeXKHTh B chopMOBaHOCTI apTUKYIIALIHHOT MoTOpHOT QyHKIiT (Goldstein, 2019).

Po3BuHyTa npibHA MOTOPHUKA MANBLIB PYK CIIPHsE OBOJIOIIHHIO HaBuukaMm ycHoro (Oberer, Gashaj,
Roebers, 2017) Ta nucemuoro mosiennst (Van der Fels, te Wierike, Hartman, Elferink-Gemser, Smith,
& Visscher 2015; Cameron, Cottone, Murrah, & Grissmer, 2016) Bu3Hauae 3arajibHy MCUXO(i3HUHY
spimicte (Luria, 1982; Bielova, 2022). PyxoBa majibplieBa aKTHBHICTh MO KiHECTCTUYHUM IMITYJIBCaM
iHHepBYye MoBJEHHeBI 1eHTpu (bpoka) BmimuBarounm Ha iX (QyHKHIMHI MoxiauBocTi. HemocraTtHbo
PO3BHHYyTa MpPEIMETHA JISIbHICTE KUCTHOBOTO MPAKCHCY B JITEH CTapLIOro NOLIKUIBHOTO BIKY MOJXKE
BKa3yBaTH Ha HEC()OPMOBAHICTh X MOBHUX (DYHKIII.

PyxoBy akTUBHICTbh OpraHiB apTUKYJISILIIHOTO anapaTy 3a0e3neuye opatbHull npakcuc, nii sKoro
BB@)KAIOTHCSI OUTBII CKJIAJHUMHU, HDK KUCTbOBUMN MPAKCUC, TaK K POPMYEThCS Ha a0CTPAKTHUX MOHSITTAX
(HamyTH ILIOKH, XMYPHUTHCS, MOLOKOTH S3MKOM, BUTATHYTH I'you B TpyOouky Ta iH.). Judepenuiiini
apTUKYISIIHHL pyXu MIMIYHUX M’s131B 00nMYYsl, I'y0, sI3UKa, POTOBOI MOPOKHUHU 3/IHCHIOE OpalbHUN
KIHECTETUYHUN MpaKcUC. AKTUBI3YE i OpraHiB apTUKYIALIl (I3UK — IyOH, LIeNenu — S3UK, [IeJIend —
ryou) opajJbHUN KIHETUUHUHN IpakcHc. SKicHO cpopMoBaHi OpajbHI HABUYKH B IUTUHU € MEPEAYMOBOIO
MPaBUIIbHOT 3BYKOBUMOBH (aKT apTUKYIsALiHOT npakcucy) (Pakhomova, 2013; Pylyaeva, 2021).

Apmukynayiunuii npaxcuc — 1€ 3MaTHICTh BUMOBIIATH 3BYKH Ta YTBOPIOBATH apTHUKYJIAIIAHY
o3y BiAmoBigHO 10 3Byka MoBieHHs (Luria, 1982). BapTo Haroiocuru, 1o 3a BiATBOPCHHS 130J1b0BaHUX
3BYKIB MOBJICHHS Ta CTBOPCHHSI apTUKYSALIMHUX TO3UIliH (KIHECTe3ild, apTUKYJeM) BIAMOBiIae
KiHecTeTHUHM (adepeHTHUI) apTUKYyIAmiiHuK mpakcuc. [loegHaHHS 3BYKIB y CKJIaad Ta CIIOBa
3a0e3nevye KiHeTUUHUH (epepeHTHUI) apTUKYIIAIIIMHII TTPaKCHC.

[TopymmenHss mpakcucy NpU3BOIUTH A0 amnpakcii. [IpuyrmHamMu BUHUKHEHHS PI3HUX (BopM €
YIIKO/DKEHHSI IIEBHUX JUITHOK KOPH FOJIOBHOT'O MO3KY JIIBOT ITIBKYITi, a caMe: YpaKeHHs TiM'sTHOT 00J1acTi
MOPYIIy€E CTaTHYHI (KIHECTETUYHI) PYXH KHCTHOBOI, OpaJlbHOI Ta apTUKYJALINHOI CHUCTEM; JIOOHO-
TeMropajabHEe TOIIKO/HKEHHS BIUIMBA€ HA JAUHAMIYHICTD (KIHETHYHOTO) PYXIiB, BHKJIMKAE iX
YIOBUIBHEHICTh, HE3/IaTHICTh NMEPEKIIOYUTUCh 3 OJHIET MO3UIlIT Ha 1HINY, 3’ SBJISIOTHCS IEpCeBeparlii;
MOIIKOJ/KEHHS TIM'STHO-TIOTHJIMYHOI YacTKM MO3KY I[O3HAa4YaeTbCs Ha crenudiuHii mpocTopoBid
opienranii (Hill, 1998; Wang, Lekhal, Aarg, & Schjglberg, 2014; Park, 2017).

B crmemiaapHUX TCHXOJIOTIYHMX Ta HEUPO(I3I0JOTIYHUX JOCIIKEHHSIX PO3KPHUBAETHCS
crenugiuHuN B3aEMO3B’SI30K MK MOBIICHHSIM Ta PyXOBHUMH HaBHYKaMH JAITeH 3 0COOIMBUMH OCBITHIMU
npobiemamu (Van Lieshout etal., 2007; Wilson et al., 2013; Leonard et al., 2014); xitu i3 mopyiieHHIME
MOBJICHHSI MiJl Yac CIUIKYBaHHS 3aMiHIOIOTh CJIOBa JKECTUKYJAIIEI0, XO4Ya MOKA3HUKH X ApiOHOI Ta
3arajabHOi MOTOPHKM € JOCHUTh HM3BKMMHU 1 HE BIANOBINAIOTH HOPMOTHIOBOMY pPO3BUTKY (Iverson,
Braddock, 2011); HemOpO3BHHEHICT> MOBHM Ta MOBJIEHHS MAlOTh OUIBIIMN BIUIMB HAa MOTOPHY
opraizaiito i Taki nopymeHHs € Outbln BupakeHuMH (Visscher, Houwen, Scherder, Moolenaar, &
Hartman, 2007); okpim He c()OpMOBAHOCTI MOBJIEHHEBHX Ta MOTOPHHUX (DYHKI[IH y 1i€i kareropii xiteit
BHU3HAYalOTh HEIOPO3BUHEHICTh KOrHiTUBHUX mpoueciB (Flapper, & Schoemaker, 2013) ta npoGiemu B
30poBo-moTopHii koopauHaitii (Kulp, Ciner, Maguire, 2017; Varuzza, D’Aiello, Lazzaro, Quarin, De
Rose, Bergonzini etal., 2023); Benuka Ta ApiOHa MOTOpPHKAa B3a€EMOTIOB’s3aHi i3 MeXaHi3MaMH
MoBIieHHsM (Gonzalez, Alvarez, & Nelson, 2019; Alcock, Connor, 2021).

Buiie3a3znaueHi HayKoBi JOCHIIPKEHHs € JIOCTaTHbO IIHHUMH, ajle BY3bKOCIPSIMOBaHUMH. BoHU He
JOCTaTHbO PO3KPHUBAIOTH B3a€MO3B’A30K MEXaHI3MIB MOBJICHHS Ta MOTOPHUX (YHKIIN y AiTeH, 110
MaloTh PI3HUH crienudiuHNI pO3BUTOK MOBJIICHHS (AMCHANis, 3aikKaHHS, pUHOJIAIIS, TU3apTOis).




["apmoniiiHe (yHKIIOHYBAaHHS Ta IPOAYKYBaHHS MOBJICHHS HEMOXJIMBE 0€3 PO3BUHEHHS MOTOPHUX
nasuuok (Gafos, van Lieshout, 2020). Moaynsiiis apTHKYJISIIHHOTO PyXy Ta 3MIHHOT aKyCTHKH Ma€e
¢dopmy iMIynbcHOT OyIOBH, IIO MOB’A3aHO 31 CTPYKTYPOIO CKJIaxy. IMIynbcH BUPIBHIOIOTHCS OJUH 3
OJTHUM B 4aci, a GpyHKUii Moaymsanii HaxiiHO KopenboBaHi (Goldstein, 2019). ®oHonoOTIYHA KOOPAUHAILIS
PYXIB € JOCTaTHRO KOHTPOJIhOBAaHUM IporiecoM (Saltzman, Munhall, 1989; Schaal, Mohajerian, Ijspeert,
Cisek, Drew et al., 2007; Ijspeert, Nakanishi, Hoffmann, Pastor, Schaal, 2013; Turk, Shattuck-Hufnagel,
2020). 3Bakaroun Ha Te, U0 APTUKYJIIHHI PYyXH BHKJIMKAIOTh aKyCTHYHI CHUTHAJIM, TO MOPYIICHHS
APTUKYJSIIMHOTO (KIHECTETUYHOTO Ta KIHETUYHOTO) MPAKCUCY MPU3BOAUTH JI0 crienuivHuX aedexTin
3BYKIB MOBJICHHSI, IO ¥ MIATBEp/UKYE Haiie aociaipkeHHs. Crapir JOMKUTBHUKU 13 CKIIATHUMH
MOPYILLIEHHSMU MOBJIEHHS] MalOTh HEC()OPMOBAH1 CTATUYHI Ta TMHAMIYH1 pyXHU MIMIYHOI MYCKYJIaTypH, HE
3MaTHI BTPUMYBATH apTUKYJLIIIAHI MO3UIlI MM Yac BUMOBHM 3BYKIB. BiImoBiZHO MOBJIEHHS IHX
PECIOHJIEHTIB 3HAYHO BIJPI3HAETHCS B/l TOKA3HUKIB HOPMOTHUIIOBOTO PO3BUTKY.

MoTopHa oprasizailis MOBJCHHS Ta (DOHOJOTIYHMN KOHTPOJIb HE € 3aKOHOMIPHUM, YacTo Ha
MOAYJIALIHHUHN MPOIIeC BIUIMBAIOTH 1HANWBITyadbH1 0COOIMBOCTI, KOTHITUBHUI PO3BUTOK Ta 1HII ()aKTOPH
(Patri, Diard, Perrier, 2019). Ha 1o Bka3ye # Halire JOCIIDKSHHS, i Yac SKOro OyJ0 BHABJICHO Pi3Hi
piBHI c(pOPMOBAHOCTI KUCTHOBOTO, OPAJIILHOTO Ta apTUKYIALIMHOIO MpPaKCUCIB (HU3bKHM, cepenHil Ta
BHCOKHH). 3a3BUYai, JITH KOTP1 MAJIA JOBTOTPUBAIHI IICUXOJIHIBICTUYHUN, KOPEKIIHHO -PO3BUBATTBHUI
BILIUB B YMOBAX JIOCJII/DKEHHS IEMOHMTPYBAJIU PE3yIbTaTH HOPMOTUIIOBOTO PO3BUTKY, 110 BIAMOB1IAI0
BHCOKOMY PIBHIO. Sk TIpaBuUJIO, 1€ KaTeropis MITeH 13 AUCTANI€r0, 3aiKaHHIM Ta MEHIIE 13 PUHOJIAIIETO.
Oco0u B KOTpUX BHHHUKAJIW TPYAHOII B MAHIMYJAIIl pyXiB Ta iX KEpyBaHHIO Maji CEPEIHI Ta HU3bKI
MOKA3HUKU. IM NpUTaMaHHi CKJIaJHi MOBJIGHHEBI TNOpYyIIEeHHS Ta crenudivanii ncuxodisnuHmii
PO3BHUTOK, SIKUKA OyJ0 CIOCTEpEKEHO Yy 3HAYHOIO BIJICOTKAa JiTed 13 Au3apTpicro, 3aikaHHSAM

(HeBpo30m01i0Ha hopMa) Ta PUHOJIATIETO.



