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AHHOTAIIA

WHCYJIBT Ipe/ICTaBIIAET COOOH aKTYaTbHYI0 MEAUIIUHCKYIO TPO0JIeMY, IPUBOJIAIILYIO K 3HAYUTEILHBIM COIIUATIBHO-IKO-
HOMUYECKHUM HOoTepsAM. IIOCTHHCYITHBIE KOTHUTHUBHBIE HAPYIIIEHUs OTPHUIATEHbHO BJIMAIOT HA PE3Y/IbTATHl PeabuIn-
TaI[UY, YBEJIUIHUBAIOT BEPOSATHOCTH IOBTOPHOTO MHCYJIbTA U IPEXK/IEBPEMEHHON cMepTH. B 60pbbe ¢ HOCTHHCYIPTHRIMU
HapyLIeHUAMH KOTHUTUBHBIX (QYHKINI 3HAYMMOE MECTO OTBOJUTCS HCIIOJIH30BAHUIO HEMHBA3UBHBIX CTUMYJIATOPOB
Mo3Ta (PU3UYECKOH TPUPOBI — AyAUOBU3YATBHOM CTUMYJISIIUKA TOJIOBHOTO Mo3ra (I'M), TpaHCKpaHHAJIbHON MarHUT-
HOH CTUMYJIAIINU U TPAHCKPAHUAIBHOH HJIEKTPUUECKON CTUMYJISIIIUY OCTOSTHHBIM WJIM UMITYJIbCHBIM TOKaMu. Mexa-
HU3M ayJHUOBU3YaJIbHOTO BO3/IeHCTBUS HA cocTossHUEe I'M 00ycioBiieH GOpMUPOBaHUEM JJOMUHHUPYIOIIETO PUTMA JJIEK-
TPOKOPTHUKAJIBHON aKTHUBHOCTH, Oumosiorndeckre 3 deKThl c1adbIX MAarHUTHBIX IOJIEH ONPEJENAI0TC XUMUYECKUMHI
IpoIleccaM¥, OTBETCTBEHHBIMU 3a (pepMeHTaTUBHBIN cuHTe3 JJHK, criocOGHBIN CTHMYJIMPOBATh MIPOIIECChl HEHpoILIa-
CTUYHOCTH Y IIEPEHECIINX WHCYJIBT MTAIIMEHTOB U BJIMATH HA COCTOSHUE KOTHUTUBHBIX GyHKuui. Haubosee nepcuek-
TUBHBIMU B JIEUEHUH MTOCTUHCYIBTHBIX KOTHUTHUBHBIX HAPYIIEHUH CUMTAIOTCS COBPEMEHHbIE HATIPAaBIEHUs TPaHCKpa-
HuanbHOM MarHutocTUMYJsinu (TMC): BBICOKOUACTOTHON WJIM HU3KOYACTOTHOM putMuueckoil TMC, mpepbIBUCTOM
TeTa-UMITyJIbCHON CTUMYJISIIIUY, IPO/IEMOHCTPUPOBABIIIHE 6€30MacHOCTh U 3(GEKTHBHOCTh. B KOMILIEKce peabuianTa-
OHUOHHBIX IIPOTPAMM /IS BOCCTAHOBJIEHHS IOCTHHCYJIBTHOIO KOTHUTHUBHOTO JeUIIUTA B MOCJIEJHUE TOJBI IIUPOKO
HCIOJIB3YIOTCSI MYJIBTHMOZAIbHBIE BO3/IEUCTBIA, BKIOUAIONe GQU3HUECKUEe YIPAKHEHNUsI, X060y, KOTHUTHBHBIE U
a’poOHbIE TPDEHHUPOBKH.

IIpencraBieHHble B 0630pe JaHHBIE CBUETETHCTBYIOT O TOM, UTO BKJIIOUEHHE TPAHCKPAHUAIBHON HU3KO- U BHICOKOMH-
TEHCUBHOW HMIIYJIbCHOM MAarHUTOTEPAINHU, ayAHOBU3YaTbHOM CTUMYJIANMKU CTPYKTYP I'M B peabUIUTAI[MOHHBIE KOM-
IJIEKCHI TAI[UEHTOB C MOCJIEACTBUAMU HIIEMUYECKUX HHCYJIBTOB CIIOCOOCTBYET YJIYUIIIEHUIO BHUMAHUS, PEYH, THO3HCA,
OTCPOYEHHOU MaMATH ¥ OPUEHTAIUH, TOBBIIAIOT (GYHKIHMOHAIBHBIH ypoBeHb ITHC.

Karoueenvle croea: aynuoBusyaibHas CTUMYJIANNS, TPAHCKPAHUATIbHAS MarHUTHAS CTUMYJISAIUSA, 3JIeKTPO3HIedao-
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Audiovisual and magnetic brain stimulation in rehabilitation
of post-stroke cognitive impairment (literature review)
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ABSTRACT

Stroke is a pressing medical problem that causes significant socio-economic losses. Post-stroke cognitive impairment neg-
atively affects rehabilitation outcomes, increases the likelihood of recurrent stroke and premature death. In the manage-
ment of post-stroke cognitive impairment, significant attention is paid to the use of non-invasive physical brain stimula-
tion — audiovisual stimulation, transcranial magnetic stimulation (TMS) and transcranial direct or alternating current
electrical stimulation. The mechanism of audiovisual impact on the state of the brain is due to the formation of a dominant
rhythm of electrocortical activity, the biological effects of weak magnetic fields are determined by chemical processes
responsible for enzymatic DNA synthesis, which can stimulate processes of neuroplasticity in stroke patients and affect the
cognitive functions. The most promising in the treatment of post-stroke cognitive impairment are considered to be modern
directions of TMS: high-frequency or low-frequency repetitive TMS (rTMS), intermittent theta pulse stimulation, which
have demonstrated safety and effectiveness. In recent years, in the set of rehabilitation programs for the recovery of post-
stroke cognitive deficit multimodal interventions have been widely used, including physical exercises, walking, cognitive
and aerobic training.

The data presented in the review indicate that the inclusion of transcranial low- and high-intensity pulsed magnetic field
therapy, audiovisual stimulation of brain structures into rehabilitation programs for post-ischemic stroke patients contrib-
utes to the improvement of attention, speech, gnosis, delayed memory and orientation, and increases the functional level
of the central nervous system.

Keywords: audiovisual stimulation, transcranial magnetic stimulation, electroencephalogram, alpha rhythm, theta
rhythm, ischemic stroke, cognitive impairment, multimodal stimulation.
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WuCcynbT mnpencTaBiaser cobOH  aKTyaJbHYIO Stroke is a pressing medical and social problem

MEeIUKO-CONMAIBHYIO TPO0IeMy, BEIYIIYI0 K NHBA-
JIMAU3AIUHY TAIAEHTOB U BBICOKMM COIMAIbHO-3KO-
HOMHWYECKMM 3arparam [1]. BHUMaHUe creruanim-
CTOB 10 MEUIMHCKON peabuIuTalii HaIpaBIeHO
[IPEUMYIIECTBEHHO Ha BOCCTAHOBJIEHUE (YHKIIMHI
[MEPEIBUIKEHNS [AIEHTOB, IEPEHECIINX OCTPOE
HapyleHre MO3roBoro kpoBoobpartienus (OHMK),
1 00pBr0OYy € TAKUMM BBIPA’KEHHBIMH (DOPMaMM KOT-
HUTHBHOTO J1e(DUINTa, KAK JEMEHIUS WIN TSKesIast
adasus [2].

B mocstefame rojibl 0OJIbIIIOE BHUMAHUE y/Iess-
ercst mpobsieMe CyOBEKTUBHBIX KOTHUTHBHBIX HAPY-
menn (KH), korga akTUBHBIE KaI00bI ITAIIMEHTOB
KOTHUTHBHOIO XapakTepa He COIVIACYIOTCsA C HaIH-

that leads to patient disability and high socio-eco-
nomic losses [1]. The attention of medical rehabili-
tation specialists is directed primarily at recovery
of mobility of patients after an acute cerebrovascu-
lar accident (ACVA) and combating such severe
forms of cognitive deficit as dementia or severe
aphasia [2].

In recent years, much attention has been paid to
the problem of subjective cognitive impairment (CI)
when active complaints of patients concerning cog-
nitive functions disagree with the presence of serious
deviations from the standards for the corresponding
age and level of education revealed during a neuro-
psychological examination [3]. In a significant per-

110

Journal homepage: http://jsms.ngmu.ru



Drobyshev V.A. et al. / Journal of Siberian Medical Sciences Vol. 9, No. 3 (2025)

YueM Cepbe3HbIX OTKJIOHEHHH OT MPUHATHIX JISA
COOTBETCTBYIOIIIETO BO3pacTa U ypOBHS 00OpasoBa-
HUSI HOPMATHUBOB TIIpU HEHPOIICHXOJIOTHIECKOM
ucciaenoBanuu [3]. B ocHoBe cyObexkTuBHBIX KH B
3HAYUTEIBHOM IIPOIIEHTE CJIyYaeB JIe?KAT PACCTPOU-
CTBAa TPEBOXKHO-/IENIPECCUBHOIO CIIEKTPA, CBOEBpE-
MeHHasi KOPPEKIHA KOTOPHIX MOKET CII0COOCTBO-
BaTh MPEAYIPEKIEHUIO JaJIbHEHIIIero HapacTaHus
KOTHUTHUBHOTO JlepUIIUTa U YIYUIIEHUIO IIPOTHO3a
ucxoya 3abonepanus [4].

IToctuncynpTHBle KH oTpuliaTeIbHO BAUAIOT HA
pe3ybTaThl peabuUIUTalNH, YXYAIIas UCXOIbI BOC-
CTaHOBJIEHUS JBUTATETbHBIX (DYHKITUN, YMEHBIIAIOT
MIPUBEPIKEHHOCTh OOJIBHBIX K JIJIUTEIBLHBIM Jieueb-
HBIM MEPOIPUATHAM, CHIDKAIOT KAYeCTBO >KU3HU
[anyeHTa U €ero pOJICTBEHHUKOB, YBEJIUUYUBAIOT
BEPOSITHOCTh TIOBTOPHOTO WMHCYJIbTA U TIPEKIEBPE-
MeHHOI cMepTH [5].

OCHOBOM JIJIs1 KOPPEKIIMH KOTHUTHBHOTO JleDeKTa
siByisteTcst TwactuaHoets I'M (I'M), xotopast obGecrie-
YMBaeT KOMIIEHCAIIO CTPYKTYPHBIX M (YHKIHO-
HJIBHBIX pacCTpOHCTB [6]. CylecTByeT NOTEHIHATb-
Hasgi BO3MOXKHOCTb CIIOHTAHHOTO BOCCTaHOBJIEHUS
KOTHUTHUBHBIX QYHKIUH, aKTUBAIUA KOTOPOTO JIOCTH-
raeTcs KOTHUTUBHOU peabunuranueit (KP) [2].

Texumonoruu KP  Gasupyiorcss Ha paborax
A.P. Jlypus, IOCBAIIEHHBIX OPraHU3AIlUN BBICIINUX
MO3TOBBIX (DYHKIIMH, OCHOBAaHHOH HA WHTErPATHB-
HBIX CBSI3sX TpeX OJIOKOB MO3Ta, IPH 3TOM KasKaast
(yHKIIMOHAJIbHASA cHCTEMAa HEIPEPBIBHO B3aUMO/IeH-
CTBYET C APYTUMU CHCTEMaMH U JIeCTA0MIN3UPYeTCs
B CJIy4dae «II0JIOMKH» OHOTO 13 3BEHbEB HenH [7].

OcHoBHbIMU cTpaTeruamu KP nprusHaHbl: cozei-
CTBUE €CTECTBEHHOMY BOCCTAHOBJIEHUIO IICHXUYe-
CKMX (YHKIIUH; BOCCTAHOBUTEJIbHBIE TPEHUPOBKHU
KaK OTHEJIbHbIX KOTHUTHUBHBIX (YHKIUNA, TaK U
MPEKHUX OBCETHEBHBIX HABBIKOB; 00y4YeHUEe 60Th-
HOTO CTPATerusM KoMIeHcanuu aedUuiuTa OTesb-
HBIX KOTHUTUBHBIX GYHKIUA U OrpaHUYeHUH
[IOBCETHEBHOM aKTUBHOCTH; HCIIOJIb30BaHNE BHEII-
HUX KOMIIEHCATOPHBIX YCTPOWCTB M IOCTOPOHHEH
IIOMOINIM; PEOpraHU3anus U CTPYKTYPUPOBAHHE
BHEIITHEH cpepl [2].

JI1s1 yoydIeHuss KOTHUTUBHBIX (QYHKIIUH Maru-
enToB ¢ nocaeactBuAaMu OHMK BO3MOKHO HCITOIb-
30BaTh KaK JIEKADCTBEHHBIE CPE/ICTBA, TAK U HEMe-
JIUKaMEHTO3HBIE TIOJIXO/IbI, CPEI KOTOPBIX 3HAUMU-
MO€ MECTO OTBOJIUTCS UCIIOJIH30BAHUIO (PU3UUECKIX
(pakTOPOB — HEMHBA3UBHBIX CTHUMYJIATOPOB MO3Ta
(HUCM) [8]. Haubomee sdpdextuBabivu HUCM
CUUTAIOTCS PUTMHYECKHE CEHCOPHBIE BO3JIEHCTBUS
(akyctmueckas, BHU3yaJbHas M ayMOBHU3yaJIbHASA
CTUMYJIAINSA), TPAHCKPAHUAJIbHASI MarHUTHAS CTHU-
MYJISIUS U TPAHCKPAHUATbHAS JIEKTPUYECKAsT CTU-

centage of cases, anxiety-depressive spectrum disor-
ders underline subjective CI, hence, their timely cor-
rection can help prevent a further increase in
cognitive deficit and improve the prognosis of the
disease [4].

Post-stroke CI negatively affects the results of
rehabilitation, worsening the outcomes of motor
function recovery, reducing patients’ adherence to
long-term treatment, negatively affecting the quality
of life of the patient and his relatives, as well as
increasing the likelihood of recurrent stroke and pre-
mature death [5].

The basis for the correction of cognitive defects is
brain plasticity which provides compensation for
structural and functional disorders [6]. There is a
potential for spontaneous recovery of cognitive func-
tions, which is achieved through cognitive rehabilita-
tion (CR) [2].

CR technologies are based on the works of
AR. Luria, dedicated to the organization of higher
brain functions based on the integrative links of three
blocks of the brain, and each functional system con-
tinuously interacts with other systems and is destabi-
lized if one of the links in the chain has failed [7].

The main strategies of CR are recognized as: pro-
moting the natural recovery of cognitive functions;
recovery training of both individual cognitive func-
tions and previous daily skills; teaching the patient
strategies for compensating for the deficit of individ-
ual cognitive functions and limitations of activities of
daily living; the use of external devices and other
external assistance; reorganization and structuring
of the environment [2].

To improve the cognitive functions of patients
with the consequences of ACVA, it is possible to use
both pharmaceutical and non-pharmaceutical
approaches among which a significant place is given
to the use of physical factors — non-invasive brain
stimulation [8]. The most effective techniques are
repetitive sensory effects (acoustic, visual and audio-
visual stimulation), transcranial magnetic stimula-
tion and transcranial direct and alternating electrical
stimulation currents [9].

During audiovisual stimulation (AVS) of the
brain, light and sound signals are realized through
the visual and auditory processing, with the involve-
ment of brain structures (cortical, limbic and reticu-
lar formation) in the process, which indirectly affects
the neurohumoral regulation of individual [10].
Transcranial exposure to a low-frequency pulsed
magnetic field determines a jump in the concentra-
tion of hydrogen ions in the mitochondrial mem-
brane, which is used by the nerve cell to synthesize
ATP, that subsequently activates vasoactive reac-
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MYJISAIUS
TOoKaMu [9].
[TIpu mpoBeneHUN ayAUOBU3YAJIbHON CTUMYJISA-
nuu (ABC) I'M cBeTOBBIE U 3BYKOBBIE CUTHAJIBI pea-
JIM3YIOTCS Yepe3 3pUTEIbHBIA U CIyXOBOW aHAIN3a-
TOPBHI, C BOBJIEUEHHEM B IIpoIiecc cTpyKTyp I'M (kop-
KOBBIX, JINTMOWYECKUX U PETUKYJIIPHOH (popMmariim),
YTO KOCBEHHO BJIMAET HA HEHPOTYMOPIBHYIO PETY-
JIANUI0 uHAUBUAYyMa [10]. TpaHCKpaHUaIbHOE BO3-
JIeHiCTBHE HU3KOMHTEHCUBHOTO WUMIIYJIBCHOTO Mar-
HUTHOTO TIOJISI OIpeJieJisieT CKAaYOK KOHIIEHTPAIINH
HMOHOB BOZIOPOZIa B MeMOpaHe MUTOXOHIPHUI, KOTO-
pblil HCIOIb3yeTcsl HEPBHOU KJIETKOM /I CUHTe3a
ATO®, yTo B TIOCTIEYIONEM aKTUBUPYET Ba30AKTUB-
HbIE PEaKIIUU MUKPOIUPKYJIATOPHOTO Pycjia U CTH-
MYJILpPYyeT IPOIeCChl HEHPOILUIACTUYHOCTH [11].

OcHOBaHUEM JJI1 MPUMEHEHUs CIYXOBBIX DUT-
MHYECKUX CTUMYJIOB B KOPPEKITUN TOCTUHCYIBTHBIX
KH siBastIoTcs JaHHBIE O BO3MOXKHOCTH (POPMHUPOBA-
HUS C TIOMOIIBI0 OMHAYPATBHBIX PUTMOB 3JIEKTPO-
KOPTHUKAJIBHON aKTUBHOCTH, IMO3BOJIAIOIIEH H3Me-
HSATD COCTOsIHHE co3HaHusA [12]. Tak, GMHAypabHbIE
PUTMBI C YacCTOTOH OWEHHH, COOTBETCTBYIOIIEH
yacTore anbda-puTMa 3JIeKTposHIledaIorpaMMbl
(93T, crocobHBI YCUIMBATh BBHIPAKEHHOCTh OHO-
2JIEKTPUUYECKOU akTHBHOCTH M TIpU COCTOSHUH
CIIOKOMHOTO 60/IPCTBOBaHUsA, a GMHAypaIbHbIE OHe-
Hus B OeTa-Irana3oHe acCOIUUPYIOTCSA C TIOBHITIEH-
HOU COCpPEJIOTOUEHHOCThI0 U OOJIpCTBOBAHUEM, a
TaKKe yJIydIleHrneM maMmsaTu [13].

V. Gkolias et al. (2020) y manueHTOB ¢ CyOKJIHHU-
YeCKUMU IIPOSBJIEHUSIMU WHCOMHUH 107, BIUAHIEM
OuHAypaJIbHON ayAHOCTUMYJISIIANA, MPU YacTOTe
KosebaHuil 70 1500 [l U KpaTHOCTH rapMOHUYe-
CKOTO 3ByKa B JmMalia3oHe OT 200 70 1500 I'm, co
CTaHAAPTHOU JIJIsI BCeX OOJIbHBIX TPOMKOCTBIO U IIPO-
JIOJKUTEIBHOCTBIO ay/IMOBO3/IEHCTBUI ObLaa ycra-
HOBJIEHA 3HAUYUTEIbHAS MEPECTPONKA OMO3JIEKTPH-
YeCKOH aKTUBHOCTHU MO3Ta, KOTOPAasi BIUSET Ha KJTU-
HUYECKYI0 KapTHHYy 3abosieBanus [14]. B orBer Ha
3BYKOBBIe TAPMOHUKHU y IMAlNEHTOB C 3IU30/]aMH
WHCOMHUM HWMEJI0 MECTO YJIYYIlleHUE COCTOSHUS
IIOCJIE KOKJIOTO CEaHca.

doTocTUMYNIANNSA PUTMUYECKUMH  [IBETOHM-
MyJIbCHBIMU CUTHAJIAaMHU HMEET IIeJIbI0 uepe3 3pu-
TeJIbHBI aHAJN3aTOP BBI3BATh W3MEHEHHS B OHO-
putMmax I'M u MmozyiupoBaTh MO3TOBYIO aKTUBHOCTD
[15]. BeieykazaHHOE TTOATBEPIKIAETCSA HCCIEA0BA-
Huem M.B. flnenko, H.3. Kaiiropomosoii (2019),
KOTOpbI€ IPOJIEMOHCTHPOBAIN ONTUMU3BUPYIOIIEE
BiusiHUE (GQOTOCTUMYJIAIUN 3€JIEHBIM, CHHUM |
KPaCHBIM IIBETOM IIpH uyactoTe 10 ') Ha GyHKIIHO-
HaJIbHOe cocTossHUe I'M HCOBITyeMBIX, YTO IIPUBEJIO
K IOBBIIIEHHIO 3 GEKTUBHOCTHU UX IleJIeHAIPaBIIeH-

IIOCTOAHHBIM niin HUMIIYyJIbCHBIM

tions in the microcirculatory bed and stimulates neu-
roplasticity processes [11].

The basis for the use of rhythmic auditory stimuli
in the correction of post-stroke CI is the data on the
possibility of forming electrocortical activity with the
help of binaural beats, which allows changing the
state of consciousness [12]. Thus, binaural beats with
a frequency corresponding to the electroencephalo-
gram (EEG) alpha rhythm are capable of enhancing
the expression of the cerebral cortex bioelectrical
activity in a state of quiet vigilance, and binaural
beats in the beta range are associated with the
increased concentration and vigilance, as well as
improved memory [13].

Gkolias et al. (2020) in patients with subclinical
insomnia under the influence of auditory binaural
beats, at an oscillation frequency of up to 1500 Hz
and a harmonic sound frequency in the range from
200 to 1500 Hz, with a standard volume and dura-
tion of acoustic effects for all patients, a significant
restructuring of the brain bioelectrical activity was
established, which affects the clinical picture of the
disease [14]. In response to sound harmonics,
patients with episodes of insomnia showed an
improvement in their condition after each session.

Visual stimulation through flickering light is
aimed at causing changes in brain rhythms and
modulating brain activity through visual process-
ing [15]. The above mentioned is confirmed by a
study of Yatsenko, Kaigorodova (2019), who dem-
onstrated the positive effect of photochromostim-
ulation with green, blue and red colors at a fre-
quency of 10 Hz on the functional state of the brain
of the subjects, which led to an increase in the effi-
ciency of their intentional movements, i.e. the per-
son better controlled and managed his body com-
pared to the state when stimulation was not car-
ried out. A more significant improvement in motor
coordination was observed when using green color
for these purposes [16].

The mechanism of audiovisual effect on the brain
is due to the formation of a dominant rhythm of elec-
trocortical activity, an important aspect of which are
oscillatory patterns that have similar periodic effects,
rhythmic sequences of auditory and visual stimulat-
ing events that improve the processing of subsequent
stimuli, forming the essential core for perception
and attention [17].

It is known that a well-defined EEG alpha rhythm
is an indicator of rest and relaxation, and its suppres-
sion develops with increased attention, while sharper
shifts towards activation are accompanied by the
predominance of high-frequency rhythms of the
EEG — beta and gamma, also associated with cogni-
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HBIX JIBIDKEHUH, T.e. UeJIOBEK JIydllle KOHTPOJIMPO-
BJI W YOPaBJsUI CBOUM TeJIOM II0 CPaBHEHUIO C
COCTOSTHUEM, KOT/Ia CTHUMYJIAIUs He MPOBOJIUIIACK.
Bosee 3HaunMoe yiydineHne KOOPAUHAIINH JIBIKeE-
HUH HAOJIIOIAJI0Ch MPU WCIIOJIb30BAHUM JIJISI STHX
1eJIel 3eJ1eHoro nsera [16].

MexaHU3M ayUOBU3YaJIBHOTO BO3/IECTBUS HA
cocrostaue I'M 06yciioByieH GOPMUPOBAHUEM JIOMHU-
HUPYIOIIETO0 PUTMA 3JIEKTPOKOPTUKATIBLHON aKTHB-
HOCTH, BQKHBIM AaCIIEKTOM KOTOPOU BBICTYHAIOT
KoJieOaTesIbHble IIATTEPHBI, HMeEIOIINE CXOJHBIE
nepuoanveckue 3OGeKThl, pPUTMUYHBIE ITOCJIEIOBA-
TEJIbHOCTH ayANO- U (POTOCTUMYJIHPYIOIINX COOBI-
THH, KOTOPBIE YJIyUIIAlOT 06pabOTKy MOCIIEYIOIIIX
CTHUMYJIOB, COCTaBJisigA (DYHIAMEHTAIHHYI0 OCHOBY
BOCIIpUATHSA U BHUMaHUS [17].

V3BecTHO, UTO XOPOIIO BBIPAKEHHBIN aybda-
putM 93T ABjsAeTcA MOKasarejieM IIOKOA U paccsa-
OJieHUsA, a €ero yrHeTEHUEe Pa3BUBAETCS IMPU yCUIIE-
HUHM BHUMAaHUs, TOTZa Kak 0Oojiee pe3Kye CABUTH B
CTOPOHY aKTHBAIIMHU COIPOBOXKAAIOTCs Ipeobiiaza-
HHEM BBICOKOYACTOTHBIX COCTaBJSIOMUX I —
Oera- ¥ raMMa-pUTMa, TAaKXKe CBA3aHHBIMU C KOTHU-
TUBHBIMHU TIpoIleccaMu (pacro3HAHUEM CTHUMYJIA,
CEMaHTHUYECKUMHU onepanuamu u ap.) [18]. CHumke-
HUe YPOBHsI aKTUBAI[UU COIIPOBOXK/AeTcs ocyabiie-
HHEM BBICOKOYACTOTHBIX COCTABJISIOIINX CIIEKTpa
I3I' U pOCTOM AaMIUIUTYZIbI 0OoJiee MeJIeHHBIX
BOJIH — TeTa U JIeJIbTa, PETUCTPUPYEMBIX IIPU KOTHU-
TUBHOMU iesATessbHOCTHU. JJaHHBIN 53(pdeKT CBA3BIBAIOT
C YBEJIMYEHUEM «BHYTPEHHEH KOHIIEHTPAIIHU»,
OTKJIFDUEHWEM BHHUMAHUs OT BHEIIHEHN CpeJbl, 00y-
CJIOBJICHHBIM AaKTHUBAIlMeHd KOPTUKAJIBHBIX IPOEK-
OUA Ha TaJaMyc, BCJIEJICTBHE UEro CBsI3b KOPHI C
OKpy’Kawllel cpeaod Ttopmosutcss [19]. Takum
o06pa3oM, ¢ MOHIKEHHEeM YPOBHA OOZpCTBOBAHUA
IIPOUCXOAUT PEOPraHU3aIUs KOPKOBO-IOJKOPKO-
BBIX MHTETPATUBHBIX B3aUMOJIEUCTBUH C ITOCIEMYIO-
UM H3MEHEHHEM JIUCTAHTHBIX B3aUMOJEHCTBUI
Ppa3JIMYHBIX 30H KOPHI [20].

ITonTBepKAeHNEM ABJIAIOTCA TAHHBIE, TIOJTyUeH-
uble /[.B. BesnkoM u coaBT. (2015), KOTOPbIE C TIOMO-
mpl0 OJIOKA TEeHEPATOPOB TEXHUYECKOH CHCTEMBI
[I0/1aBaI HA WCHBITYeMbIX OWHAYpaJIbHBIE 3BYKO-
Bble ¥ OWHOKYJIAPHBIE I[BETOBBIE BO3/IEHCTBUS
MHGPA3BYKOBOTO /MANIa30HA, OTHOCUTEIHHO 3aMe-
peHHOro B TabHIle 3-pUTMa KOHKPETHOTO UCIIBITYE-
MoOro [21]. ABTOpHI BBISBIJIN, UTO MAaKCHUMAaJIbHOE
crumynupoBanne I'M pgocrturaercs IIpU pasHUIE
YaCTOT ay/[10- U CBETOBO3/IEHCTBUH, PABHOU YacTOTe
Oera-puTMa CO 3HAUYeHHsAMH 17,9, 18,2, 17,2 Hu
16,9 I', mpu 3eJIeHOM, KPAaCHOM W CHHEM I[BeTax
BO3/elicTBUA. B X0/1e SKCIIEpUMEHTOB C ayibgha-pUT-
MOM MaKCHMaJbHasd akKTUBHOCTb I'M ObLia 3aperu-

tive processes (recognition of stimuli, semantic oper-
ations, etc.) [18]. A decrease in the activation level is
accompanied by a weakening in the high-frequency
constituents of the EEG spectrum and an increase in
the range of slower waves — theta and delta, recorded
during cognitive activity. This effect is associated
with an increase in “internal concentration”, disen-
gagement of attention from the environment, associ-
ated with the activation of cortical projections to the
thalamus, as a result of which the connection com-
munication of the cortex with the environment is
inhibited [19]. Thus, with a decrease in the level of
vigilance, a reorganization of cortical-subcortical
integrative interactions occurs, followed by a change
in the distant interactions of various areas of the
cortex [20].

This is confirmed by the data obtained by Belik
et al. (2015), who, using a generator unit of the tech-
nical system, applied binaural auditory and binocu-
lar visual stimuli of the infrasound range to the sub-
jects, relative to the beta rhythm measured for the
each specific subject [21]. The authors found that
maximum stimulation of the brain is achieved with a
difference in the frequencies of auditory and visual
stimuli equal to the beta rhythm values of 17,9, 18,2,
17,2 and 16,9 Hz, with green, red and blue colors of
stimulation. During the alpha rhythm experiments,
maximum brain activity was recorded for visual
stimulation with a gradual frequency shift to 1 and
2 Hz and a predominance of red color — for both
alpha and beta stimulation.

Unidirectional effects were obtained by Khaerva-
rina et al. (2019) during 10 sessions of audiovisual
stimulation of athletes according to the alpha/theta
relaxation program, lasting 24 min, at a frequency of
8-28 Hz, which increased the subjects’ psychophy-
siological resistance to physical exertion and con-
tributed to an increase in performance [22].

Correction of functional state of the body amid
even a single AVS session was shown by Sysoeva et
al. (2018): a 15-minute session was performed, dur-
ing which the beta band frequencies moved to the
theta band frequencies and then continued in the
delta band [23]. The authors found that after a single
15-minute AVS session, the alpha rhythm power in
the frontal, anterior parietal and occipital leads of
the right and left hemispheres increased, the EEG
beta and delta rhythm power, as well as the vagosym-
pathetic balance coefficient calculated per results of
the assessment of the electrocardiogram intervals,
decreased. These changes characterized the optimi-
zation of the functional system of the body and con-
tributed to the accelerated recovery of the subjects’
performance.
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CTPUPOBAHA IIPHU IIBETOCTUMYJIAINH C IIOCTETIEHHBIM
CABUTOM 4YacTOTHI 7o 1 u 2 I'm u mpeobiaganuem
KPaCHOTO I[BeTa — Kak Jiyis aabda-, Tak u 11 beTa-
CTUMYJIAIUU.

OpHoHampasiieHHbIe 3G GEKThI ObLIN MOJTYYEHbI
A.®. XaepBapuHOH u coaBT. (2019) B TeueHUE
10 CeaHCOB ayAHOBU3YJIBHOU crumynanuu I'M
CIIOPTCMEHOB 10 TIporpaMmMe ainbga/TeTa-pac-
cnabiieHre, MPOMODKUTETBHOCTBIO 24 MUH, IIPH
yactore 8—28 I'l, YTO MOBBIIIATIO Y HCIIBITYEMBIX
cux0(pU3NUOJIOTHIECKYIO YCTOMYHUBOCTD K pU3nye-
CKMM Harpyskam, CIOCOOCTBOBAJIO IOBBIIIIEHHUIO
paboTtocriocobHOCTH [22].

Koppek1us GyHKIIMOHAIIBHOTO COCTOSTHHUSA Opra-
HHU3Ma IOJl BJIUSHHEM Jla’Ke OJTHOKPATHOTO CeaHca
ABC nokaszana B.H. CeicoeBoii u coasT. (2018): mpo-
BO/IWJIACH CECCHSA MPOIOIKUTEIBHOCTBIO 15 MUH, B
X07le KOTOPOU 0eTa-4yacTOTHBIN JUAIa30H Iepexo-
JIWJT JTO TETA-YaCTOT U Jlajiee MIPO/IOJIKAJICS B JIeJIbTa-
nuanasoHe [23]. ABTOpPHI YCTAaHOBWJIM, UTO IIOCTIE
OZJTHOKpAaTHOTO 15-MUHyTHOro ceaHca ABC Bo3spac-
TaJI0 3HAUEHUEe MOITHOCTU A-PUTMa BO (PPOHTAIIb-
HBIX, TIepeJIHeTEMEeHHBIX U OKIUIIUTATIbHBIX OTBEZe-
HUSX TPABOTO U JIEBOTO MOJIYIIAPUE MO3Ta, CHIKA-
JINICh IIOKA3aTeJIN MOIIHOCTH 6eTa- U e TbTa-PUTMOB
93T, a Takke KO3PPUITUEHT BAaroCUMIIATHYECKOTO
OasaHca, PaCCUMTAHHBIM MO pe3ysbTaTaM Kap/uo-
WHTEPBAIOMETPUU. YKa3aHHbIEe N3MEHEHUs XapaK-
TEPU30BATM  ONTUMHU3ANUI0  (YHKIMOHAJIBHON
CUCTEMbl OPraHW3Ma U CIIOCOOCTBOBAIM YCKOPEH-
HOMY BOCCTaHOBJIEHHIO PabOTOCIIOCOOHOCTH HCIIBI-
TyeMBIX.

B HacTosIee BpeMsi UMeeTCsT OIBIT UCIIOIb30Ba-
HUSI MYJIBTUMOZAQIBHOTO BJIMSHHUS C HCIIOJIb30Ba-
HHUEeM KOMIUIEKCHBIX peabMINTAlMOHHBIX METONUK
IPU BOCCTAHOBJIEHUM HE TOJIBKO JIBUTATETbHBIX
(yHKUIMH, HO U KOTHUTUBHOTO JlepuuuTa y naryes-
TOB C IepeOpOBACKY/IAPHBIME 3a00JIEBaHUSIMHU,
BKJIIOYAIONTUN (U3UUECKUEe yIPaKHEHUs, XOAbOY,
KOTHUTHBHBIE U a39POOHbIE TPEHUPOBKU [24]. Mysib-
TUMOZIAJIbHOE BO3/IeCTBUE, DU COUETAHUN TPaH-
IIMOHHBIX U COBPEMEHHBIX BBICOKOTEXHOJIOTHUHBIX
METOJI0B JIeYeHUsA, MOXKeT oka3aTh 3(hGdeKTUBHOE
BiaussHue Ha koppeknuio KH. Tak, JI.LA. Yepesa-
IIIEHKO U COABT. (2012) UCIIOJIH30BAIH Y TAIIUEHTOB C
XPOHUYECKOHN JIUCITUPKYISITOPHON sHIEedA-
sonatueit I crasuu B Xo/ie 21-HEBHOTO Kypca caHa-
TOPHO-KYPOPTHOTO JI€UEHUsI, BKJIIOUABIIETO KJIU-
MaToTepanuio, JjedebHylo (QUIKYJIbTypy, Maccax
[IEWHO-BOPOTHUKOBOK 00Js1acTH, 10 OasbHeoTe-
paneBTHUYECKUX TPOIEAYP — PaZlOHOBBIE BAaHHBI C
KOoHIleHTpanuen 1,5 kbk/n (40 uKu/ir), Temmnepary-
poi 37 °C, skcmosuiued 10—15 MHH, YacCTOTOH
3—4 pasa B HeJEJNI0, eXXeTHEBHbIE MPOIeyPHI IIBe-

Currently, there is experience in using multi-
modal interventions in combined rehabilitation
methods in the recovery of both motor functions and
cognitive deficit in patients with cerebrovascular dis-
eases, including physical exercise, walking, cognitive
and aerobic training [24]. Multimodal intervention
with a combination of traditional and modern high-
tech treatments, can have a positive effect on the cor-
rection of CI. Thus, Cherevaschenko et al. (2012)
used in patients with stage I chronic vascular enceph-
alopathy during a 21-day course of health resort
treatment, including climatotherapy, physical ther-
apy, back and neck massage, 10 balneotherapeutic
procedures — radon baths with a concentration of
1,5 kBq/l, temperature 37°C, exposure time
10—15 min, 3—4 times per week, daily color therapy
procedures, up to 10 sessions per course [25]. After
combined treatment, including radon baths and
color therapy, positive dynamics in impaired cogni-
tive functions were noted. In particular, according to
the Luria’s test, an improvement of memory function
occurred in 77,8% of patients (the volume of direct
and indirect reproduction was 6,3 and 6,1 words,
respectively, which significantly differed from the
baseline values and indicated an improvement in
short- and long-term memory of patients, as well as
in concentration and attention). The average time to
complete a task for one Schulte table significantly
decreased in 68% of patients and was 40—45 s
(p < 0,05), indicating an increase in the volume of
voluntary attention, its distribution and switching,
and an improvement in concentration. When assess-
ing anxiety level using the Spielberger-Khanin test,
the indicators of trait anxiety changed insignificantly,
while the score on state anxiety scale decreased
(p < 0,05).

The works of foreign researchers show the pros-
pect of using audiovisual stimulation as a possible
method for management of emotional burnout [26].
In an online survey conducted among 393 partici-
pants in a cross-sectional study, using multiple
regression analysis, the authors were able to reveal
positive correlations between audiovisual stimula-
tion and mental health, burnout and work engage-
ment. Based on the results of the study, it was con-
cluded that audiovisual stimulation may be a prom-
ising method for improving mental health.

Horwitz et al. (2019) investigated the association
between intelligence and the brain response to pas-
sive audiovisual stimulation in terms of changes in
neurocognitive function [27]. The authors showed
that the power of the brain response to visual stimu-
lation and combined audiovisual stimulation was
significantly associated with intelligence. It was also
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TOTEPAIIHH, JIO 10 ceaHcoB Ha Kypc [25]. [Tocie Kom-
IUIEKCHOTO JIeYeHUsI, BKJIIOYAIOIIETO PaJOHOBBIE
BaHHBI U IBETOTEPATINIO, OTMEUEHA II0JIOKUTETHbHAS
MUHAMUKA HApYIIEHHbIX KOTHHUTUBHBIX (DYHKITUN.
B wactHocty, o AaHHbIM Tecta A.P. Jlypus, yiyd-
IIeHNe MHECTUYECKUX TIPOIECCOB HACTYIHJIO Y
77,8 % OosbHBIX (00BEM HEIMIOCPEICTBEHHOTO H
OTIOCPEIOBAHHOTO BOCIIPOU3BEIEHUS COCTABIISI 6,3
u 6,1 CJIOBA COOTBETCTBEHHO, UTO 3HAUYUMO OTJINYa-
JIOCh OT UCXOJHBIX 3HAUEHUH U CBUAETEHCTBOBAJIO
00 yJIydIlleHuH KPaTKOBPEMEHHOU U JIOJITOBPEMEH-
HOH TaMATH TAI[UEHTOB, YJIYUYIIEHUHU TIPOIECCOB
cocpenoToueHuss W BHuUMaHusA). CpenHee BpeMs
BBINOJIHEHUS 33/IaHUsI 10 ofHOU Tabiurle IlyabTe
JTOCTOBEPHO CHHUBWJIOCH V¥ 68 % OOJIbHBIX U COCTa-
BUJIO 40—45 ¢ (p < 0,05), YTO CBU/IETEIHCTBOBAJIO 00
yBEJIMYEHNH O0BeMa IPOU3BOJIPHOTO BHUMAHUA,
€ro pacrpejie/ieHUus] U MePEeKTIOUeH s, YIyUIeHnH
IIpoIIecCcOB KOHIeHTparuu. [Ipu omeHKe BbIpaKeH-
HOCTH TPEBOXKHBIX IMPOSBIIEHUHU 110 TecTy Crmibep-
repa — XaHWHA [TOKA3aTeJI JIMYHOCTHOH TPEBOKHO-
CTH U3MEHWWINCh HE3HAUUTEIHPHO, TOT/IA KaK 3HAUe-
HUS 110 IITKaJIe PEAKTUBHOM TPEBOKHOCTHU CHU3UJINCh
(p < 0,05).

B paborax 3apyOe:kHBIX HCCIeIOBATEIEN ITOKA-
3aHa MEPCIEKTHBA WCIIOJIb30BAHUA AyAHNOBU3yaIIb-
HON CTUMYJISAIIUU KaK BO3MOKHOH METOAMKU KOP-
PEKIIM  3MOLMOHAJIBHOTO  BBITOPAHMUSA [26].
B omiyaiiH-ompoce, IPOBEZIEHHOM Cpelu 393 ydacT-
HUKOB KPOCC-CEKIIOHHOTO HCCJIEI0OBAHUS, HCIIOJIb-
3ysd MHOKECTBEHHBII perpecCHOHHBIN aHaJIu3,
aBTOpPBI CMOIJIM BBIABUTH IIOJIOXKUTEJIBHBIE CBA3HU
MEXKy ayANOBU3YaJTbHOW CTUMYJISITUEN U TICUXUYe-
CKUM 37I0POBBEM, BHITOPAHUEM U BOBJIEUEHHOCTHIO B
pabory. Ilo pesysbTaTam uccieqoBaHUs ObLIO clie-
JIAHO 3aKJII0YeHHe, YTO ayIMOBU3YaIbHAS CTUMYJIs-
M MOKET TPECTABIIATh COO0M MHOTOOOEIAOITYIO
METOZUKY YIIyUIIEeHUs ICUXIIECKOTO 3/I0POBBI.

A. Horwitz et al. (2019) wucciemoBanu CBS3b
MEK/Ty UHTEJIJIEKTOM U PeaKIFel Mo3ra Ha MacCHB-
HYIO ayINOBU3YATIBHYIO CTUMYJIAIUIO B [IJIAHE U3Me-
HEHUU HEWPOKOTHUTHUBHOH (yHKuuu [27]. ABTo-
paMu IMOKa3aHO, UTO MOIITHOCTh OTBETHOHM PEaKINU
I'M Ha BUBYaJIPHYIO CTUMYJISITUIO U KOMOMHUPOBaH-
HYI0 ayZIMOBU3YAJIbHYIO CTUMYJIANNIO B 3HAYNUTEb-
HOH CTENeHU CBsA3aHa ¢ UHTEJIEKTOM. Takke ObLIO
oOHapy’KeHO, UTO IOKa3aTelld WHTEJUIEKTa, MU3Me-
peHHble B pas3Hble MEPUOAbl >KU3HU (JIETCTBO,
IOHOCTbh, CPETHUU U MO3IHUI BO3PACT), TAKXKe KOP-
PpeIupyIoT ¢ ITOKa3aTejieM CHUJIBI OTBETHOM peaKInu
I'M Ha crumysasanuio (GusndecKkuMu GakToOpaMHu,
[IOJTyIeHHBIM B XO/I€ UCCJIEIOBAHUS.

AnlexBaTHasl paHHAA HEUPOPEAOWIIUTAIUS YITyd-
[IaeT TeYeHUe HUIIEMHUUYECKOTO HHCYJIbTa, CIO0C00-

found that intelligence scores measured at different
periods of life (childhood, adolescence, and late
midlife) also correlated with the power of the brain
response to stimulation by physical factors obtained
during the study.

Appropriate early neurorehabilitation improves
the course of ischemic stroke, promotes better adap-
tation of patients to the consequences of the disease,
reduces the severity of clinical and functional disor-
ders and improves the quality of life [28]. This deter-
mines the search for and implementation of new
low-cost technologies that can improve the effective-
ness of treatment of CI in post-stroke patients.

The most informative parameters that provide
the interpretation of the results of AVS of brain struc-
tures are those reflecting changes in a neurological
parameters, the EEG power spectrum and the effec-
tive relationship between the cortical areas respon-
sible for memory function and other indices of the
cognitive status of patients [29].

The results of AVS of the brain in the context of
cognitive rehabilitation of elderly patients following
primary and recurrent ischemic stroke are presented
Makarov et al. (2016): in patients in the early and
late recovery period of ischemic stroke, the effective-
ness of sessions with a neuropsychologist (1% sub-
group) was compared, as well as a combination of
neuropsychologist-guided training sessions and
10 daily photochromotherapeutic procedures with
exposure orbital area for 5 min and collar area for
10 min, in a continuous exposure mode, radiation
intensity of 100%, mean wavelength of electromag-
netic radiation 540 + 20 nm (green spectrum) — 2"
subgroup [30]. Patients of the 3™ subgroup, in addi-
tion to neuropsychological correction and photo-
chromotherapy, received 10 daily procedures of
transcranial electromagnetic stimulation using an
AMO-ATOS-E device with a frequency of 10—12 Hz,
which corresponded to the reference values of the
EEG alpha rhythm. When comparing the effective-
ness of rehabilitation, significantly better results
were found in the subgroups of physiotherapeutic
procedures and neuropsychologist-guided training
session (p < 0,05 for the Mini-Mental State Exami-
nation (MMSE), p < 0,01 for the Roshchina scale).
The authors noted that by the end of the study, the
increase in scores on all scales was the lowest in the
subgroup where the cognitive rehabilitation was lim-
ited to sessions with a neuropsychologist, and the
highest in patients who, in addition to neuropsycho-
logist-guided training session, consistently received
a course of photochromotherapy and transcranial
electromagnetic stimulation (in particular, the gain
rates for the Roshchina test in all three subgroups
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CTBYET JIy4Iled aZjanTaliy NAlMeHTOB K IIOCJIel-
CTBUAM 3ab0JIeBaHUs, YMEHBIIEHUIO BBIPA’KEHHO-
CTU KJIMHUYECKUX U (PYHKIMOHAJIBHBIX HAPYIIEHUH
YU IIOBBIIIEHHUIO KauecTBa Ku3HU [28]. YkasanHoe
ompezieisseT MOUCK W BHEJIDEHHE HOBBIX Majio3a-
TPAaTHBIX TEXHOJIOTUH, I03BOJIAIOMINX IOBBICUTH
95bdEKTUBHOCTh KOPPEKIINY KOTHUTUBHBIX HapyIIlle-
HUH y 6OJIbHBIX, IEPEHECIITHX MO3TOBOH HHCYJIBT.
Hawubosee wHGOOPMATUBHBIMH IapaMeTPaMU,
CIIOCOOCTBYIONUME paciiudpoBKe pe3ysbratoB ABC
cTtpykTyp I'M, ABIAIOTCA mapaMeTphl, OTPAKAIOIINE
U3MeHEHUs HEeBPOJIOTHYECKUX IIOKas3aTesel, CIIeK-
TpaTbHy10 MOITHOCT AT 1 3(pPekTuBHYI0 B3auMOcC-
BSI3b MEXIYy KOPKOBBIMU OOJIACTSIMHU, OTBETCTBEH-
HBIMH 3a (YHKIMOHHPOBAHUE IaMATH U JIPYTUX
IoKa3aTeJIel KOTHUTUBHOTO CTaTyca IMaIfueHToB [29].
PesynbraTel ABC 'M B KOHTEKCTE KOTHUTHUBHOU
peabmauTanUM TANHEHTOB ITOXKUJIOTO BO3PACTa,
MepeHeCIINX MEPBUYHBIA U MMOBTOPHBIA HIIEMUYe-
CKHUH WHCYJIBT, TIpe/icTaByieHbl B pabote A.O. Maka-
pOBa U coaBT. (2016): y MAI[MEHTOB B PAHHEM H ITO3/[-
HEeM BOCCTAaHOBHUTEJIBHOM IIEPHOJIE UIIEMUYECKOTO
WHCYJbTa CpaBHUBAIU 3(G(PEKTUBHOCTD 3aHATHH C
HEUPOICUXoyoroM (1-s1 MOATPYIIA), a TaKKe KOM-
OmHaIu paboThl ¢ HEHPOIICUXOJIOTOM H 10 exKe-
JTHEBHBIX TPOLEYP HOTOXPOMOTEpANUU C O0JIyUe-
HHeM o0JyiacTu OpOUT TJ1a3 10 5 MUH U «BOPOTHUKO-
BOH» 30HBI — 10 MHH, IIPH HEIIPEPBIBHOM DEKIME
BO37IECTBUSA, C UHTEHCUBHOCTBIO U3JIyYeHUA 100 %,
cpefHed JJIMHE BOJIHBI 2JIEKTPOMAarHUTHOTO H3JLy-
YeHUs — 540 + 20 HM (3€JIEHBIHA CIIEKTP) — 2-5 O/I-
rpynna [30]. IlanueHTHI TpeThbed MOATPYIIIIHI,
IIOMHUMO HeWPOIICUXOJIOTUYECKONH KOppPEeKIUu U
oroxpomoTepanuy, MOJYyUWIN 10 e€KeHEBHBIX
MPOTEAYP TPAHCKPAHUAIHHOU 3JIEKTPOMATrHUTHOU
crumynanuu annaparom «AMO-ATOC-9» ¢ gacro-
TOl 10—12 ', 9TO COOTBETCTBOBAIO PedepeHCHBIM
3HaueHUusAM a-putma JII. IIpu cpaBHeHNU 3ddek-
TUBHOCTHU PeabMINTAIINN 3HAUNMO JIyUIIIe Pe3YJIb-
TaThl OBUIN BBISABJIEHBI B IOIPYIIAaX IAI[IEHTOB, B
KOTOPBIX HAPAAY C HEHPOIICUXOJIOTHYECKOU KOPPEK-
nued BBIIOJHAINCH (GUBNOTEPANleBTHYECKUE IIPO-
mexypsl  (mocroBepHOCTh i mKaimel MMSE
p < 0,05, A7 MIKaJabl POIUHON p < 0,01). ABTOPHI
OTMEYaloT, YTO K 3aBEPIIEHUIO HCCJIeJIOBAHUSA IIPHU-
pocT 6ayJIOB IO BceM IITKaIaM OKas3ascs HauMeHb-
UM B IOJTPYIIIeE, I7ie 06beM KOTHUTUBHOM peabu-
JIUTANUU OBUI OTPAHUYEH 3aHATUAMU C HEHPOIICH-
XOJIOTOM, ¥ MAaKCHUMaJIbHBIM — y IalHeHTOB,
KOTOPBIE, IOMHMO HEHPOIICHXOJIOTHYECKON KOPPEK-
LU Y, 10CJIeJ0BaTEIbHO IIOJIyYHIN Kype OoTOXpoMO-
Tepanyuy W TPAHCKPAHUAIBHOU 3JIEKTPOMATHUTHOU
CcTUMYJIANUU (B YaCTHOCTH, IOKa3aTeJIu IPUPOCTA
JUis Tecta PoIuHOM BO BeexX Tpex MOJArpYyIIax cTa-

were statistically significantly different, and when
comparing pairwise the 1t and 27, 27 and 3" sub-
groups, the significance level p was less than 0,05,
and when comparing the 1% and 3" subgroups, the
degree of significance was higher: p < 0,01). The
MMSE-assessed cognitive status in the 1%t and 2™
subgroups by the end of the follow-up corresponded
to the level of predemential disorders, and in the 3rd
subgroup it reached the normal level.

The effectiveness of non-invasive brain stimula-
tion (computer modality-specific stimulation of sen-
sory brain areas) for the recovery of cognitive func-
tions in post-stroke patients was demonstrated by
Prokopenko et al. [31]. The researchers divided
58 middle-aged and elderly patients after ischemic
stroke with mild cognitive deficit into two groups: in
the control group (n = 27), where only conventional
rehabilitation methods were used, while in the main
group (n = 31) an additional rehabilitation training
was carried out using the author’s computer program
stimulating the posterior, gnostic regions of the
brain. Upon completion of the study, cognitive func-
tions improved in both groups, but the subjects who
had cognitive training had an advantage. In the main
group, compared with the control group, there was
an improvement in gnostic functions (p < 0,05), as
well as better score on the Montreal Cognitive Assess-
ment (MoCA) for the “attention” (p < 0,001) and
“memory” (p < 0,05) subscales, which had no direct
association with the brain region that was the object
of stimulation. In addition, in the main group, on the
Frontal Assessment Battery (FAB), reflecting the
state of the functions of the frontal-subcortical brain
regions, after the course of rehabilitation training,
there was a more significant dynamics in the perfor-
mance of tasks characterizing both visual-spatial
processes and the functions of the mediobasal tem-
poral structures, as well as the involvement of sub-
cortical-frontal connections of the brain. Thus, when
conducting the MoCA testing, in the main group,
compared with the control group, better results were
achieved on the “attention” and “memory” subscales,
which are not directly related to the stimulated brain
regions. The effect of computer stimulation of the
sensory brain areas extended to various brain
regions, which led to an improvement both in visual-
perceptual activity and in attention and auditory-
verbal memory.

According to Isakova, Slyunkov (2020), multi-
modal stimulation (MMS) can be useful in correction
of neurological deficit following stroke, including not
only decreased limb strength, loss of balance, but
also sensory, autonomic disorders, cognitive impair-
ment and emotional-behavioral disorders [32].
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TUCTUYECKU IOCTOBEPHO Pa3INYaIINCh, IPUYEM IIPU
COTIOCTaBJIEHUH TIOMAPHO 1-U U 2-#, 2-U U 3-U moj-
TPYIII UMeJ MECTO YPOBEHb 3HAUUMOCTH P < 0,05, a
[P CPaBHEHUU 1-d U 3-U IMOJTPYIIII CTENEHD JIOCTO-
BepHOCTH ObLIa BHIIIE: P < 0,01). KOTHUTUBHBIH cTa-
TyC, olleHeHHbIH 110 11kasie MMSE, B 1-11 u 2-1 iof-
rpynmnax K 3aBeplIEHUI0 Iepuoza HaOJofeHusa
COOTBETCTBOBAJI YPOBHIO MPEIJAEMEHTHBIX HapyIIle-
HUH, a B 3-1 HOATPYIIIE JOCTUT YPOBHSA HOPMBI.

AddextuBHOCTS TpUMeHeHUss HVCM (koMIIbIO-
TepHasT MOJAIbHO-CIeIupUUIecKass CTUMYJIAINI
CEHCOPHOTO 06JIOKA MO3Ta) JIJIsl BOCCTAHOBJIEHHUSI KOT-
HUTUBHBIX (DYHKIUN y MOCTHHCYJIBTHBIX OOJIBHBIX
nokazana C.B. IIpokonenko u coasT. [31]. Hcciemo-
BaTenu pachpeaearin 58 OOJIBHBIX CPETHETO U
IIO’KUJIOTO BO3PACTa, IEePeHEeCIINX HUIIeMUYeCKUi
HWHCYJIBT, C YMEPEHHBIM KOTHUTUBHBIM JeDUITUTOM
Ha [IBe TPYNIBI: B KOHTPOJBHOH TpyIme (n = 27)
[IPUMEHSIA TOJIBKO CTaH/IAPTHBIE METO/IBI peabiIn-
Tal¥u, B OCHOBHOH TpyIiiie (n = 31) TOTIOJHUTEIHHO
IIPOBO/IUJIA BOCCTAHOBUTEJIbHOE 00yUEHHE C UCIIOJTb-
30BaHUEM aBTOPCKOU KOMITHIOTEPHOH ITPOTrpaMMBblI,
CTUMYJIUPYIOLIEN 3a/lHNe, THOCTHYECKHE OT/IEJIbI
Mosra. Ilo 3aBepIIeHHI0 UCCIeIOBAHNUS KOTHUTHB-
Hble (PYHKIUHU YIIYJIIIUINCh B 00erx rpymnmax, HO
MIPEUMYIIECTBO UMETH UCIIBITYEMbIE, IIPOXOIUBIIIHE
KOTHUTHBHYIO TPEHHUPOBKY. B OCHOBHOW TpyTe, B
CPaBHEHUH € KOHTPOJIBHOU, OTMEUEHO YIIyJIIeHHe
rHOCTHYECKUX PyHKIHH (P < 0,05), a TAKKe JIydIlee
BBINIOJTHEHNE 33/JaHUU  MOHpEaJIbCKOU KA
OIleHKH KOTHUTUBHBIX (GyHKIUH (MoCA) mo cy6-
mKajzaM «BHHMaHue» (p < 0,001) U «IIaMATb»
(p < 0,05), KOTOpBIE HE WMEJH MPSAMOU CBSA3HU C
00JIaCThI0 MO3Ta, ABJIABIIEHCS 0O0BEKTOM CTHUMYJIS-
nuu. KpoMe TOTO, B OCHOBHOH TpyIIe IO IIKaJe
FAB, otpakaromeil cocTosiHue (GYHKIUH JIOOHO-
IIOIKOPKOBBIX OT/IEJIOB MO3Tra, IIOCJe Kypca BoccTa-
HOBUTEJILHOTO O0y4YeHHUsI OTMeuasnach 0ojiee BbIpa-
JKeHHasl JUHAMUKA B BBIIIOJTHEHUH 33JIaHUH, XapaK-
TEPUBYIOUTUX KaK 3PUTEJIbHO-IIPOCTPAHCTBEHHBIE
MIPOIIECCHI, TAK U (GYHKIIMHU MeAu00a3aIbHBIX BUCOY-
HBIX OT/ZIEJIOB, a TaK)Ke 3aMHTEPECOBAHHOCTH IIOJ-
KOPKOBO-100HBIX cBsA3elt 'M. Tak, mpu nmpoBeeHUn
Tecta MOCA B OCHOBHOI TPYIIIIEe B CPABHEHUH C KOH-
TPOJIBHOU OBUIHM JIOCTUTHYTHI JIyUIIIE PE3YIbTAThI
8(0) cy6mKa_naM «BHAMaHHUE» N «IIaMATb», HAIIPA-
MYyIO0 HE CBSI3aHHBIM CO CTHUMYJIMPOBAaBIIEHcs 061a-
cThI0 MO3ra. APdeKT KOMIBIOTEPHON CTUMYJIAIIUU
CEHCOPHBIX 30H MO3Ta PACIIPOCTPAHSIICA HA Pa3Ind-
Hble oTziesibl M, UTO MPUBOAMIIO K YJIYUIIEHUIO He
TOJIPKO 3PUTETHHO-TIEPLENTUBHON AesATETbHOCTH,
HO ¥ BHUMAHHUA U CIIyXOPeueBOr IaMATH.

ITo muenuio E.B. WMcaxosoii, E.B. CiaroHbKOBa
(2020), mynbrumonanbHas crumyasnusa (MMC)

Patients diagnosed with ischemic stroke, for a period
of 2 months to 2 years from the onset of the disease,
who had post-stroke hemiparesis with a severity of
1 to 4 points, mainly in the upper limb, as well as
mild-to-moderate CI, underwent two courses of
treatment using the MMS program: training on an
Exokist-2 hybrid assistive limb, cognitive training
using visual material or a computer program, stabi-
lometric platform biofeedback training and vibration
therapy. Cognitive rehabilitation procedures, the
duration of which was determined individually and
averaged 20—30 min, were based on solving logical
problems on counting, praxis, spatial and design
thinking, and attention. The results obtained after a
course of treatment using the MMS program demon-
strated the effectiveness of the proposed approach in
cognitive functions recovery and regressing emo-
tional-behavioral disorders in post-stroke patients.

The biological effects of weak magnetic fields are
induced by chemical processes involving radicals,
ion-radicals and paramagnetic particles [33]. It is
the ion-radical pairs, in which spin conversion is
controlled by magnetic fields (both external and
internal fields of magnetic nuclei), that are respon-
sible for the enzymatic synthesis of DNA, which
probably underlay regenerative processes, and in
combination with high penetration into biological
media, can stimulate neuroplasticity processes in
patients with consequences of ACVA and indirectly
affect cognitive functions [33]. The stimulating
effect of pulsed electromagnetic fields on the anti-
inflammatory cytokine IL-10 expression and a
decrease in the level of pro-inflammatory cytokines
IL-1a, IL-1B and TNF-a, revealed by Chan et al.
(2019) in human fibroblast-like cells [34], is rele-
vant for recovery of the central nervous system in
the acute period of ischemic stroke.

The effect of transcranial magnetic field exposure
on the bioelectrical brain activity in patients with
consequences of stroke has been studied in a number
of studies and is also presented in clinical guidelines
[35]. The authors present data on the use of transcra-
nial magnetic therapy (TCMT) in patients in the early
recovery period of ischemic stroke with a disease his-
tory of 1 to 5 months that showed significant positive
dynamics in brain bioelectrical activity according to
EEG data after the course of rehabilitation. Thus, the
asymmetry coefficient after a course of TCMT
decreased to 18,5% (p < 0,05), the B/A ratio reflect-
ing the tone of small- and medium-sized vessels,
decreased by 1,3 times, while no significant changes
were found in the placebo group. Initial disorders of
orientation, speech perception, writing and reading,
corresponding to mild dementia according to the
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MOXKET OBITh IOJIE3HA B KOPPEKIIMH HEBPOJIOTHYeE-
cKoro meduiuTa Iocjae WHCYJIbTA, BKJIIOUAsS He
TOJIBKO CHUKEHUE CHJIBI B KOHEUHOCTSX, yTPATy PaB-
HOBECH, HO TaKJKe CEHCOPHbIE, BeTeTATUBHBIE HAPY-
IIeHNs, KOTHUTUBHBIE U 3MOLMOHAIBHO-IIOBE/IEH-
yecKkue paccTporicTsa [32]. [TariueHTaM ¢ JUArHO30M
HIIIEMUYECKOTO HHCY/IbTa, CPOKOM OT 2 MeC 710 2 JIET
C MOMEHTa pa3BUTHA 3a00JIeBaHUA, HMEBIINX
ITOCTUHCYJITHBIN TeMUTIAPe3 C BEIPAKEHHOCTHIO OT 1
110 4 6aJUIOB, IPENMYIIIECTBEHHO B BEepXHEH KOHeU-
HOCTH, a TAKKe KOTHUTUBHBIE HAPYIIIEHU CO CTeIe-
HBIO BBIDQYKEHHOCTH OT JIETKOMH /IO YMEPEHHOH, OBLITH
IIPOBEZIEHBI IBA Kypca JIEUEHUs C UCIOJIb30BAHUEM
nporpaMmMbl MMC: 3aHATUA HA KOMILJIEKCe «IJK30-
KHUCTh-2», KOTHUTHBHbIE TPEHUHTH C HCIIOJIb30Ba-
HHUEM HaIJISIHOTO MaTepHasa WX KOMIIbIOTEPHOM
[IPOTPaMMBbl, CTAOMUIOMETPUYECKHE TPEHUPOBKHU HA
mwiatgopme ¢ 6UOJIOTHYECKOH OOpPATHOM CBS3BIO U
Bubporepanus. IIporeaypsl KOTHUTUBHOU peabu-
JINTAIUY, JJINTEIBHOCTh KOTOPBIX OIIPEeJesisIach
WHIUBUAYAJIbHO W COCTaBJIsIa B CpPeJHEM 20—
30 MUH, OCHOBBIBUINCH HA DEIIeHUH IAI[iEHTOM
JIOTHYECKUX 33Jlady Ha CYeT, MPAKCHC, IIPOCTPaH-
CTBEHHO-KOHCTPYKTHBHOE MBIIIIJIEHNE, BHUMAaHUE.
Pe3ysbTaThl, IOJIydeHHBIE TIOCTIE Kypca JIEUEHUs C
ucrnogb3oBaHueM mporpamMmmbl MMC, mpopeMoH-
cTpupoBasii 3(PGEKTUBHOCTD MPEJIOKEHHOTO TIO-
X0Jla B BOCCTAHOBJIEHUM KOTHUTUBHBIX QYHKIIUYU U
perpecce  5MOIIMOHAJIBHO-IIOBEIEHUECKUX  pac-
CTPOHCTB y AIIMEHTOB C TIOCIEACTBUAME UHCYJIBTA.

Buonornueckre 3¢G¢eKThl cIabbIX MarHUTHBIX
roJieid 00yCJIOBJIEHBI XUMHYECKUMU IIPOIIECCaMHU, B
KOTOPBIX VUACTBYIOT PaIUKAJIbI, UOH-PAAUKAIBI U
rmapaMarHuTHbIE YacTUIbl [33]. IMeHHO WOH-paiu-
KaJIbHbIE TIaphl, B KOTOPHIX CIIMHOBAas KOHBEPCHUS
VIpaBJsAeTcs MAarHUTHBIMUA TOJSAMU (KaK BHeI-
HUMH, TaK U BHYTPEHHUMH IOJIIMU MATHUTHBIX
s71ep), OTBETCTBEHHBI 3a (DepMEHTATUBHBIA CUHTE3
JAHK, KOTOpBIZ MOKET JIeXKaTh B OCHOBE pereHepa-
[IMOHHBIX MIPOIIECCOB, UTO, B COUETAHUU C BBICOKOM
MIPOHUKAIOIIENR CIIOCOOHOCTHI0 B OHOJIOTHUYECKHE
CpeJlbl, MOKET CTHMYJIMPOBATh IIPOIECCHl HEHPO-
IUIACTUYHOCTA y TAI[MEeHTOB C IOCJIEACTBHUSIMU
OHMK wu onocpe/ioBaHHO BJIUATh HA KOTHUTUBHbBIE
dyukiuu [33]. AKTyasIbHBIM /I BOCCTAHOBJIEHUS
(pyHKIMOHUPOBAHUA LIeHTPaJIbHOU HEpBHOU
CHUCTEeMBl B OCTPOM IIEPHOZE UIIEMUYECKOTO
WHCYJIbTA ABJISIETCA CTUMYJIUPYIONUH 3(pdeKT nepe-
MEHHBIX MAarHUTHBIX IT0JIEH B OTHOIIIEHUH DKCIIPeC-
CHM IIPOTHUBOBOCHAJIUTEIBHOTO IUTOKKHHA IL-10 1
CHIKEHHE YPOBHS ITPOBOCIATTUTETbHBIX IUTOKIHOB
IL-1a, IL-1p u TNF-q, BeisBiennsiii A.K. Chan et al.
(2019) B uesioBeueckux GUOPOOIACTOIONOOHBIX
KJIeTKax [34].

MMSE, amid TCMT significantly improved in 41%
(p < 0,05) of patients in the main group, reaching the
level of CI, while in the placebo group the number of
such patients was 17% (p > 0,05).

Gumarova et al. (2020) demonstrated the clinical
efficacy of threshold-free low-frequency transcranial
magnetic stimulation (ITCMS) (Almag-03 tool,
Elamed, Russia)) amid conventional therapy in
patients 3—4 days after ischemic stroke (group 1)
[36]. The inductor was placed on the patient’s head;
the input cables located in the occipital region and
the outer inductors covered the frontal region. The
working surface of the inductor marked N (north
pole) faced the patient’s scalp. The procedures were
carried out according to program 1 (traveling mag-
netic field, excitation frequency by pulse train of 1—5
per second, pulse repetition frequency within a train
of 7 per second, magnetic induction of 10 mT). The
procedure duration was 10—20 min (once a day), the
course was 8—10 procedures. The 2" group included
45 patients who received standard therapy in accor-
dance with the Procedures for Providing Medical
Care to Patients with ACVA (drug therapy, exercise
therapy, massage, occupational therapy), with the
exception of ITCMS. When evaluating the results of
the study, patients of the 1% group showed an increase
in the linear blood flow velocity in the internal carotid
artery on the affected side by 18,1% compared to the
2" group (p = 0,042); a significant increase in mobil-
ity in patients of the 1% group — by 42,1%, functional
independence in daily living — by 38,1%, muscle
strength — by 50%, which significantly differed from
similar indicators in the 2" group (p = 0,0005). It
should be noted that 60,8% of patients in the 1% group
did not show any psychoemotional disturbances,
absence of relevant symptoms of depression
(p < 0,0001); 89,3% of patients showed a significant
improvement in sleep, mood and life activities, an
increase in activities of daily living and quality of life
by 57,9% compared with the 2™ group of patients
(p = 0,006).

Unidirectional results were obtained by Di Gre-
gorio et al. (2021), who used a rehabilitation pro-
tocol based on a combination of brain stimulation
and standard cognitive treatment during two con-
secutive courses with an interval of 3—4 months
[37]. The protocol included repetitive transcranial
magnetic stimulation for the left intact parietal
cortex of patients, followed by visual scanning
treatment. In the author’s opinion, neuronal loss
after stroke can promote to cognitive decline due
to the functional deactivation of neuronal circuits
reactivation of whom can contribute to recovery of
cognitive functions. The use of inhibitory stimula-
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BiusiHue TpaHCKpaHUATBHOTO BO3/IEHCTBUS Mar-
HUTHBIX IOJIEH HAa OHO3JIEKTPUUECKYI0 aKTHBHOCTH
I'M y namuenToB ¢ nociaeactsuamu OHMK usyua-
JIOCh B PsA/iE WCCJIEOBAHUM, a TAaKKe IIPEJICTABIIEHO
B KJIMHUYECKUX PeKOMeHIausAX [35]. ABTOPBI IpH-
BOJIAIT JJaHHBIE 00 HCIOJIb30BAHUH TPAHCKPAHUAIIb-
voit marauTotepanuu (TKMT) y nmanueHTOB B paH-
HEM BOCCTAaHOBUTEJIPHOM IIEPHO/JI€ HIIEMUYECKOTO
WHCYJ/IbTA C TAaBHOCTHIO 32a00J1€BaHUA OT 1 /10 5 MEC ¢
JIOCTH?KEHHEM, II0 3aBEpIIEHHU Kypca peabuinTa-
UM, 3HAUYMMOM IIOJIOKUTEJIbHOH JUHAMUKU OHO-
2JIEKTPUUECKOHN aKTUBHOCTH MO3Ta 10 JaHHBIM DT
Tak, koadduruesT acummerpuu nocse kypca TKMT
causwicsa Ao 18,5 % (p < 0,05), nokasareynb B/A,
OTPaXKAIOIINN COCTOSHUE TOHYCA COCYZI0B METKOTO 1
cpefHero Kayjubpa, YMEHBIIWICA B 1,3 pasa, Toraa
KaK B IpyIIIe m1anebo He ObLIO BBISBIEHO JIOCTOBEP-
HBIX U3MeHeHul. VIcXonHble HapYIIeHUs OpUeHTa-
MY, BOCIPUSATHS PEUH, TUCbMAa U YTEHUsI, COOTBET-
CTBYIOIIME JIETKOH CTEleHU JEMEHIIUH II0 IIIKaje
MMSE, na ¢pore TKMT g0CTOBEPHO YIyUIIUIIUCH Y
41 % (p < 0,05) 6OILHBIX OCHOBHOU TPYIIIIBI, JIOCTUT-
HYB YPOBHSI JIETKUX KOTHUTHBHBIX HAapYyIIEHUH,
TOTZ]a KaK B TPYIIIE IJIaneb0 YHUCI0 TAKUX OO0JIbHBIX
coctaBuiio 17 % (p > 0,05).

JLIII. T'ymapoBo# u coaBT. (2020) moKa3aHa KJIU-
Huveckasn 3(pHeKTUBHOCTh «6eCIIOpOTOBOI» HUBKO-
YaCTOTHON TPaHCKPAaHUAJIBbHOM MarHUTHON CTUMY-
s (HTKMC) (ammapar Asmar-03 («Enamen»,
Poccus)) Ha ¢oHe cTaHZAPTHOM TepaNuy y MarueH-
TOB Ha 3—4-€ CYyTKH II0CJIe UIIIEMUYECKOTO WHCYJIbTa
(1-a rpynma) [36]. MuaaykTOp («OTOIOBBE») pasMe-
IIJaJTA HA TOJIOBE MAIlHeHTa C PACIIOJIOKeHneM Kabe-
Jie BBO/IA B 3aThUIOYHOU 00JIACTH ¥ 3aXBATOM Kpau-
HUMH WHJIyKTOpaMu JIOOHOW uyactu. Pabouas
IIOBEPXHOCTh UHAYKTOPA ¢ MapKUpoBKOH N (ceBep-
HBIH TOJTI0C) ObLIa 0OpallieHa B CTOPOHY BOJIOCHCTOM
YaCTH TOJIOBBI TamueHTa. IIporemaypsl ITPOBOIMIIN
mo mporpamMMe 1 (MarHHUTHOe mojie — Oeryiee,
YacToTa BO30OYXKIEHWS IMadyKaMH  HMIIYJIbCOB
1-5 HUMIL/C, 9acToTa CJIeOBAaHUSA HWMITYJIbCOB BHY-
TPU MAYKHU 7 UMIIL. /¢, MATHUTHAS UHIYKIUS 10 MT1).
[Ipo/IOKUTETPHOCT, ~ TPOIEAYPhl  COCTaBHUJIA
10—20 MuH (1 pa3 B JieHb), Kypc 8—10 mpouenyp. Bo
2-[0 TPYHIy BKJIIOYWIN 45 IMaIlHEHTOB, KOTOPHIM
MIPOBOJIAJIN CTAHZAPTHYIO TEPAIIHIO B COOTBETCTBUH
¢ IopsapkamMu OKazaHWS METUIMHCKOU MOMOIIH
6ompabiM ¢ OHMK (MeamkameHTO3HAs Teparmus,
seyebHasA PUBKYJIBTypa, Maccak, Sproreparnmus), 3a
uckstouenneM HTKMC. IIpu n3yueHun pe3yabTaToB
HCCJIeTOBAHUSA Y TAITUEHTOB 1-H IPYTIIbI OBLIO BHISIB-
JIEHO TIOBBIIIIEHNE JIMTHEMHOU CKOPOCTH KPOBOTOKA
BO BHYTPEHHEH COHHOH apTEPHUH HAa CTOPOHE oYara
Ha 18,1 % 1o cpaBHEHUIO €O 2-1 Ipymnmnoi (p = 0,042);

tion for the left intact parietal cortex reduces the
left hemisphere activation and recover the balance
of interhemispheric activity. Thus, it can be said
about clinical efficacy of the recovery effect of
repetitive TMS (rTMS) on a more large stroke
patients samples.

The opinion that TMS has the greatest potential
for the treatment of CI is supported by Hernandez-
Pavon, Harvey (2019), noting the importance of TMS
for the clinical treatment of stroke and stroke-related
disorders [38]. According to the authors, the ana-
tomical target and stimulation parameters will differ
for any clinical abnormality: fatigue, pain, cognitive
or communicative dysfunction. Biomarkers can also
be useful for identifying patients who have a more
positive response to treatment in order to improve
clinical decision-making. A combination with drugs
or certain types of physiotherapy may be necessary
to achieve the maximum effect. Combining calcu-
lated model values with magnetic resonance imaging
and electroencephalography data of a specific patient
allows localizing the electromagnetic effect and stim-
ulating affected brain structures, which can ulti-
mately help increase the effectiveness of the method
and expand the indications for its use.

Akimzhanova et al. (2016) also emphasize that
the most significant results are achieved in the reha-
bilitation of patients with cerebral stroke using high-
intensity TMS [39]. The authors showed that the
effect of high-frequency (>5 Hz) TMS on the non-
affected area, and low-frequency TMS (<1 Hz) on the
affected area of the hemisphere (in the projection of
the motor cortex and central gyrus) in the early post-
stroke recovery, 20 min once a day for 20 days, sig-
nificantly improves orientation, memory, and speech
(p = 0,007).

Dionisio et al. (2018) note that the most prom-
ising in conducting the rTMS procedure is a
8-shaped inductor — it provides better localiza-
tion of stimulating induced current with the
diameter of the targeted area 5 cm, and the effec-
tive stimulation depth 5-5,5 cm (the maximum
value of the induced current density in the gray
matter 38,7 A/m?) [40].

Mamedova (2021) demonstrated the effect of
repetitive transcranial and multilevel magnetic stimu-
lation on CI in post-stroke patients [41]. The author’s
technique included multilevel magnetic stimulation in
the 1% group of patients using a high-intensity pulsed
magnetic field (2—2,2 T): level I — rTMS of the projec-
tions of motor cortex areas of the affected hemisphere
with a pulsed magnetic field with intensity of 70—90%
of the maximum values, frequency of 30—40 Hz, and a
pulse duration of 0,1 ms; level IT — repetitive magnetic
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JIOCTOBEPHOE IOBBINIEHNE MOOWIBHOCTHU Y MAIeH-
TOB 1-¥ IPYIIBI HA 42,1%, QYHKIIMOHAIHPHOU He3a-
BHUCHMOCTH B IIOBCEIHEBHOM KM3HU — Ha 38,1%,
CHJIBI MBI — HA 50 %, YTO 3HAYNMO OTIINYAJIOCH OT
AHAJIOTMYHBIX IIOKa3aTejied BO 2-H  rpymme
(p = 0,0005). Heo6Xx0AMMO OTMETUTD, UTO ¥ 60,8 %
MaMeHTOB 1-i IPYNIBI He OBLJIO BBISBIEHO IICHUXO-
SMOITMOHAJIbHBIX HAPYIIEHWH, HU OJHOTO CJIydast
JTOCTOBEPHO BBIPAKEHHBIX CHMIITOMOB JIEIIPECCHU
(p < 0,0001); y 89,3% manueHTOB OBLJIO yCTAHOB-
JIEHO 3HA4YMMOe VJIyYllleHHe CHAa, HACTPOEHUs U
JKU3HEIeATEIFHOCTH, ITOBBIIIIEHNE CAMOOOCITYKITBA-
HUSA U Ka4ecTBa XKU3HU HA 57,9 % II0 CPAaBHEHHIO CO
2-# rpymmo# marueHTos (p = 0,006).
OnHOHampaBJIeHHbIE Pe3yJIbTAThl OBLIN IOJIY-
yenbl F. Di Gregorio et al. (2021), ucmnosb30BaB-
IIUMH TIPOTOKOJI peabuInuTanii, OCHOBAaHHBIA Ha
COYETAHUY CTUMYJIAINHI MO3Ta ¥ CTAHAAPTHOTO KOT-
HUTHUBHOTO JIEUEHUS B XOJI€ JIBYX IIOCJIEI0BATEILHO
MIPOBOIUBIIKXCS JIEUEOHBIX KYPCOB C MHTEPBAJIOM B
3—4 Mec [37]. IIpOTOKOJ BKJIFOYAJ BBIIIOJTHEHHE
IMIOBTOPHOH TPaHCKPaHHAJIbHOU MAarHUTHOU CTHUMY-
JIANAY, TPUMEHSIEeMOH K JIEBOU HENOBPEXKIEHHOU
TEMEHHOU KOpe MalleHTOB, C MOCJIeYIONUM BU3Y-
aJIbHBIM cKaHUpoBaHHeM. COTJIacCHO MHEHUS aBTO-
POB, TIOCJIE UHCYJIbTA B MIPABOM IOJIYIIIAPUU TTOTEPS
HEHUPOHOB MOJKET yXyAIIUTh KOTHUTHUBHBIE (YHK-
OUY U3-32 QYHKIIMOHAIBHOU JIe3aKTUBALUH COOT-
BETCTBYIOIIUX HEUPODPYHKIIMOHATBHBIX CETEH, peak-
THUBAIUsS KOTOPBIX MOKET CIOCOOCTBOBATH BOCCTA-
HOBJIEHUIO HAPYIIEeHHBIX QyHKIUH. Vcriosp30Banme
WHTUOUPYIOIIEH CTUMYJIAIIUNA HEMOBPEXIEHHOMN
JIeBO TEMEHHOU KOPBI CHIKaeT aKTUBAIUIO JIEBOTO
MIOJIyIIApUA U MOKET BOCCTAHOBUTD OAJIaHC MEXKIIO-
JIyIIapHOU aKTUBHOCTHU. TakuM 06pa3oM, BO3MOIKHO
TOBOPUTH O KJIIMHUYECKOH 3(peKTUBHOCTU BOCCTa-
HaBiuBawoiero spdekra purmuueckon TMC Ha

Oosiblllell  BBIOOpPKE  MAI[EHTOB, IIE€PEHECHINX
WHCYJIBT.

MueHHe 0 HAUOOJIBIIEN TEPCIIEKTUBHOCTH JIJISI
neuennas KH wumenno TMC noazep:KuBaioT

J.C. Hernandez-Pavon, R.L. Harvey (2019), oTmeuast
3HaunMocTh TMC I KJIMHHYECKOIO JIedeHUs
WHCY/IbTA U CBSI3aHHBIX ¢ HUM Hapyienui [38]. ITo
MHEHWIO aBTOPOB, aHATOMUYECKAasi MUIIIEHD U MTapa-
METPBI CTUMYJIAIIAY OYIyT pa3indaThCs AJ1sl TI060T0
KJIMHHUYECKOTo ouara, 6y/ib To c1abocTh, 60JIb, KOT-
HUTWUBHAs WIA KOMMYHHUKATHUBHAs JUCHYHKIUS.
BuoMapkepsl Takyke MOTYT OBITh IIOJI€3HBI A
BBISIBJIEHHUSI ITAI[EHTOB, KOTOPHIE JIyUIlle BCEro pea-
THPYIOT Ha JIEUeHUE, C [EeJIbIO YIyUIIeHUs IPUHATHS
KJIMHUYECKNX perieHuidi. KoMmOuHanmusa c¢ Jjekap-
CTBEHHBIMU TIpelapaTaMyi WA OIpeIeIeHHBIMHI
BHUIaMU JIe4eOHOU (HU3KYIBTYPHI MOKET OBITh HEOO-

stimulation (MS) of segmented reflex areas (cervical
and lumbar) with a pulsed magnetic field intensity of
40-60% of the maximum values, frequency of
40-50 Hz, and a pulse duration of 0,1 ms; level III —
repetitive MS of the peripheral neuromotor structures
with a pulsed magnetic field intensity of 70-100% of
the maximum value, frequency of 30—40 Hz, and a
pulse duration of 0,1 ms. The procedure duration was
20—25 min (10 procedures per course). Simultane-
ously, in the 2™ group, the rehabilitation course
included only high-frequency rTMS of the projections
of motor cortex areas of the affected hemisphere with
a pulsed magnetic field intensity of 70—90% of the
maximum value, frequency of 30—40 Hz, and a pulse
duration of 0,1 ms. The procedure duration was
10—15 min (10 procedures per course). The post-treat-
ment MMSE assessment revealed positive dynamics
in both groups: a significant increase in the mean
score was noted for the such items as orientation
(p < 0,01), perception (p < 0,05), attention and calcu-
lation (p < 0,05), memory (p < 0,01), speech (p < 0,01).
When comparing the results in the 1%t and 2" groups,
greater dynamics of the mean score for orientation,
perception, speech was noted in the 1 group, and for
attention, memory, speech — in the 2™ group.

In post-stroke patients received sessions of low-
frequency (1 Hz) rTMS of the intact hemisphere and
repetitive peripheral magnetic stimulation (rPMS)
using an 8-shaped induction coil connected to a
magnetic stimulator, amid basic drug therapy, a pos-
itive type of changes in the EEG structure was
observed, which indicated an additional positive
effect of rTMS and rPMS on brain bioelectrical acti-
vity [42].

Similar results were obtained by Lebedeva et al.
(2023) when assessing the effectiveness of rTMS in
post-stroke patients in a prospective study [43].

A review by Wang et al. (2022) describes the
results of 45 randomized clinical trials involving
3066 patients with post-stroke CI [44]. The authors
note that both high-frequency rTMS (HF-rTMS) and
low-frequency rTMS (LF-rTMS) demonstrate safety
and efficacy, but do not show a significant difference
in terms of improving cognitive function.

Currently, there are studies on the use of inter-
mittent theta burst stimulation (iTBS), a new tech-
nique of rTMS that delivers 600 pulses in only 3 min
compared to 37,5 min for conventional rTMS, in the
treatment of ischemic stroke-induced disorders [45].
The protocol for the procedure includes 600 pulses
per session: triplet 50 Hz bursts, repeated at a fre-
quency of 5 Hz; 2 s on and 8 s off.

Han et al. (2023) believe that the combination of
HF-rTMS with LF-rTMS provided higher efficacy
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X0/IMa JIJIsl IOCTHKEeHU ST MaKCUMaJIbHOTO 3 dekTa.
CoBMellleHNE pACUETHBIX MOJIEJIBHBIX 3HAYEHUH C
JIAHHBIMH MarHUTOpPe30HaHCHOU Tomorpaduu u
3JIEKTpO3HIleasIOrpaMM KOHKPETHOTO IanueHTa
MO3BOJISET JIOKAJIM30BATh HJIEKTPOMArHUTHOE BO3-
JleicTBHe U TIPOBOAUTH CTUMYJIAIIUIO 3aJ[aHHBIX
CTPYKTYP MO3Ta, YTO B KOHEYHOM UTOTE MOKET CII0-
coOCTBOBATh yBeIUYeHNI0 3G (PEKTUBHOCTH METOZA
U pacIIMpeHHIo IOKAa3aHUH /s ero NpuMeHeHU .

A.K. AkumikaHoBa u coaBT. (2016) Takke IIOJ-
YepKUBAIOT, UTO Haubojiee 3HAUYUMbIE PE3YIbTaThl
JIOCTUTAIOTCS B PeabMINTAIINH MTAIIUEHTOB C MO3TO-
BBIM UHCYJIBTOM C IIPUMEHEHNEM BBICOKOMHTEHCHUB-
wott TMC [39]. ABTOpamMu IOKa3aHO, YTO BO3MAEH-
cTBUe BbicokouactoTHOU (>5 I'iy) TMC Ha Hemopa-
J)KeHHyr, a HuskodyactotHou TMC (<1 I'm) — Ha
MIOPaYKEHHYIO YacTh MOJIyIIapus (B MPOEKIUU JIBU-
raTeJIbHOU KOPBI U IIEHTPAJIbHON U3BUJIMHBI) B PaH-
HeM BOCCTAaHOBHUTEJIBHOM IIEPUOJE TIOCTIE NHCYIIbTA,
[0 20 MUH 1 pa3 B CyTKU B T€UeHHUE 20 JAHEN JJOCTO-
BEPHO YJIy4lllaeT I0Ka3aTeI OpPUEeHTAI[UH, 3alI0MH-
HaHUs U peud (p = 0,007).

A. Dionisio et al. (2018) oTmMeuaroT, 4YTO B IPOBe-
nenuu nporeaypbl TMC Hanbosiee epCrneKTUBHBIM
SIBJIIETCA  WHJYKTOP THUIIA «BOCBMEDPKAa», IIPHU
KCIIOJIb30BAHUN KOTOPOTO HAOJIOZaeTcss HaMIyd-
mas JIOKIN3alusA CTUMYJIUPYIONIETO0 HHAYIIUPO-
BAHHOTO TOKA: JAMAMeTP 30HBI CTUMYJIAIUU 5 CM,
s dexTHUBHAS TIIyOMHA CTUMYJISIIUY 5—5,5 CM (MaK-
CHMaJIbHOe 3HaueHUe IUIOTHOCTHU WHAYIUPOBaH-
HOT'O TOKa B CEpOM BelllecTBe Mo3ra 38,7 A/m?) [40].

M.IO. MamezoBoi (2021) IIOKa3aHO BJIMSHUE
PUTMHUYECKOH TPaHCKPaHUAJIBHONW U MHOTOYPOBHe-
BOH MAarHUTHOM CTHUMYJIAIUN Ha KOTHUTHUBHBIE
HapyIIeHUs y MOCTUHCYJIbTHBIX GOJIbHBIX [41]. Pas-
paboraHHas aBTOPOM MeETOAWKA BKJIIOUAIA B 1-U
rpymIe ManueHTOB MHOTOYPOBHEBYIO MAaTHUTHYIO
CTUMYJIAIIAIO, C WCIHOJIb30BAaHUEM HMILYJIbCHOTO
MarHuTHOTO  IIOJII  BBICOKOH  MHTEHCHUBHOCTU
(2—2,2 Ti): ypoBenb I — purmuueckass TMC mpoek-
U MOTOPHBIX 30H KOPBI HOPAXKEHHOTO MOJIYIIIAPU
C UHTEHCUBHOCTBIO UMITYJIbCHOI'O MAarHUTHOI'O I10JIA
70—90 % OT MaKCHMAaJIBHOTO 3HAUEHUSA /IS CTUMY-
JIAATOpA, YaCTOTOM Mojavyu cTumysa 30—40 I'u, qiu-
TeJIBHOCTBIO MMITyJIbCa 0,1 MC; ypoBeHb II — pur-
muueckass MC cermeHTapHO-pedJIEKTOPHBIX 30H
(IefHBIX W MOSICHUYHBIX) C HHTEHCUBHOCTHIO
HUMITYJICHOTO MAarHUTHOTO 01 40—60 % OT MaKCH-
MaJIPHOTO 3HAUEHUS, YACTOTOH 40—50 I'1, ymnresns-
HOCTBIO UMITyJIbCa 0,1 Mc; ypoBeHb 1II — purmuue-
ckasg MC nepudepuyeckoro HEKPOMOTOPHOTO aIIia-
para ¢ HHTEHCUBHOCTHIO UMITYJIBCHOIO MAaTHUTHOTO
mojasg 70—-100 % OT MakKCHMAaJbHOTO 3HAYeHUs,
qactoTod 30—40 I, AJIUTEIbHOCTBIO UMILyJIbca

compared to rTMS alone; the combination of rTMS
with other cognitive therapies demonstrates the
potential to improve patient outcomes [46]. The
authors conclude that rTMS can effectively and safely
improve cognitive functions, quality of life, and daily
activities in patients with post-stroke CI, and its
combination with other conventional rehabilitation
methods may provide additional positive effects. In
addition, the authors confirm that the use of iTBS
has a therapeutic effect on patients with post-stroke
CI: the primary outcome is the change in the MoCA-
Beijing (MoCA-BJ) score from baseline to the end of
the intervention. Secondary outcomes include
changes in resting EEG indices from baseline to the
end of the intervention, as well as tests: auditory ver-
bal learning, symbol and digit modality, digital span,
and MoCA-BJ scores from baseline to the endpoint.
Daoud et al. (2024) assessed the efficacy and
safety of iTBS for improving cognitive functions in
patients with post-stroke CI based on a systematic
review and meta-analysis [47]. The meta-analysis
included six studies involving 325 patients. The
results showed that iTBS caused significant improve-
ments in the global cognitive scales (SMD (standard-
ized mean difference) = 1,12, 95% confidence interval
(CD[0,59—1,65], p < 0,0001), attention (SMD = 0,48,
95% CI [0,13-0,82], p = 0,007), visual perception
(SMD = 0,99, 95% CI [0,13—1,86], p = 0,02), and
activities of daily living (SMD = 0,82, 95% CI [0,55—
1,08], p < 0,00001). However, there was no signifi-
cant effect on orientation (SMD = 0,36, 95% CI
[-0,04...0,76], p = 0,07). Subgroup analysis based
on the number of sessions revealed a significant
improvement in global cognition among patients
with post-stroke CI across the three categories
(10 sessions, 20 sessions, and 30 sessions) with no
between-group difference (p = 0,28).

CONCLUSION

The data presented indicate that the inclusion of
transcranial low- and high-intensity pulsed mag-
netic therapy, audiovisual stimulation in rehabilita-
tion programs for post-stroke patients with CI ame-
liorates attention, speech, gnosis, delayed memory
and orientation, helps to increase the balance of the
main processes in the cortex; increase the level of
functional capabilities of the central nervous sys-
tem, reduces the severity of anxiety, improves qual-
ity of life. There are no data on side effects or patient
refusal to continue treatment in the articles
reviewed.
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0,1 Mc. IIpoAOJKUTENIBHOCTh TPOIEAYPHI COCTAB-
JIs1a 20—25 MUHYT (Ha Kypc 10 nporeayp). ITapas-
JIEJIBHO BO 2-H TPYIIe MAIlUEHTOB peabuIUTaIIOH-
HBIU KypC IPOBOJIWJICA TI0 METO/INKE, BKIIOUAIOIIEH
TOJIPKO BBICOKOMHTEHCUBHYIO putMuyeckyro TMC
MIPOEKIIUI MOTOPHBIX 30H KOPHI TOPAYKEHHOTO MOJIy-
apusi ¢ MHTEHCUBHOCTHIO HMITYJIbCHOTO MarHUT-
HOTO TOJISI 70—90 % OT MaKCHUMAaJIbHOTO 3HAYEHUs,
YaCTOTOU IolauM CTUMYyJIa 30—40 ', miuTebHO-
CTBHIO UMITyJIbCA 0,1 MC. IIpOZOIKUTETBHOCTD IIPO-
LeZyphl COCTaBJsIa 10—15 MUH (HA Kypc 10 IIpo-
nenyp). OmeHka pesyabraToB 1o Ikasie MMSE
TIOCJIE JIEUEeHMU BBISIBIJIA B 00€UX TPYIIIIaX TO3UTHB-
HYIO ITHAMUKY: JIOCTOBEPHOE YBEJINUEHE CPDETHETO
b6a/uta OTMEYAJOCh IO IYHKTaM IIIKAJIbI, Kacalo-
muMess opueHTarmuu (p < 0,01), BOCIPUITHUSI
(p < 0,05), BHUMaHUA U KaibKyauu (p < 0,05),
namatu (p < 0,01), peuu (p < 0,01). [Ipu cpaBHEHUN
pe3ybTaToOB B 1-H M 2-# rpymmax O00JbInas AMHA-
MUKa CpefiHEN OIleHKU II0 IyHKTaM OpHEeHTAaINH,
BOCIIPUSATHUS, DU OTMeYasach B 1-H TPYIIIe, a 1Mo
IIyHKTaM BHUMAaHUSI, IAMATH, PEUH — BO 2-H.

Y manueHTOB, ITepeHecIINX HHCYJIBT U IIOJIyIaB-
IIUX CeaHChl HU3KO4YacToTHOH (1 I'l) puTMmYecKoi
TMC (pTMC) UHTAKTHOTO MOJIYIIAPUS U PUTMUUE-
CKOU  mepudepuueckodl  MarHHUTOCTUMYJISI[AH
(pIIMC) ¢ momotipio 8-00pa3HON HHAYKIIMOHHON
KaTYIIKW, COEUHEHHOU ¢ MAarHUTHBIM CTHMYJIATO-
poM, Ha ¢oHe OGABUCHOU MeJIMKAaMEHTO3HOH Tepa-
Y, HabJTI0/IAJICS TTOJIOKUTEIbHBIA TUTI U3BMEHEHUH
CTPYKTypbl DAT', YTO CBUAETETBCTBOBATIO O JOMIOJI-
HUTEJIbHOM Koppurupywoiiem ausauu pTMC u
pIIMC Ha 6103sIeKTpHUYECKYIO aKTUBHOCTD I'M [42].

CxozmHble  pe3yJbTaThl  OBUIM  IIOJIyYEHBI
.M. JlebeneBoil u coaBT. (2023) mHpU OIEHKE
adpdextuBHoct pTMC y manueHTOB IOCJIE HIlle-
MHYECKOTO HHCYJIbTa B PaMKaX IIPOCIIEKTUBHOTO
nccaenoBaHus [43].

B 0630pe Y. Wang et al. (2022) onricanbl pesysib-
TaThl 45 PAHIOMU3UPOBAHHBIX KIIMHUYECKUX UCCIIe-
JIOBAHUU C y4JacTueM 3066 IMaIleHTOB C ITOCTHH-
CYJIbTHBIMU KOTHUTHUBHBIMU HapyIIEeHUSAMH [44].
ABTOpPBI OTMEYAIOT, YTO KaK BBICOKOYACTOTHAS
pTMC (HF-pTMC), tak u Hu3kouacrotHas pTMC
(LF-pTMC) nemoHcTpupyloT 06€301acHOCTh U
3¢ GEKTUBHOCTD, HO HE MOKA3BIBAIOT 3HAUYUTETLHON
Pa3HHUIIBI C TOUKHU 3PEHUS YIYUIIeHUs KOTHUTHBHBIX
pyHKIHII.

B mHacrosimee Bpems MOABUINUCH PabOTHI IO
HCIIOJIb30BAHUIO B JIEYEHUN HApyUIeHWUH, BBI3BAH-
HBIX UIIIEMUYECKUM HHCYJIBTOM, IPEPHIBUCTOH TETa-
UMIyIbCHOU cTuMyssanuu (intermittent theta burst
stimulation — iTBS), HoBOM dopmbl pPTMC, obecre-
YUBAIOIIEH 600 UMITYJILCOB BCETO 3a 3 MUH I10 CPaB-

HEHUIO ¢ 37,5 MuH npu oosraHor pTMC [45]. IIpo-
TOKOJI ~ TIPOBEAEHUS  MPOIEAYpPhl  BKJIOYAET
600 UMITYJIBCOB 32 CEAHC: TPUILJIETHHIE BCILJIECKU TI0
50 I', moBTOpSIOIIMECs ¢ YacTOTOMH 5 I'IT; 2 ¢ — BRITIO-
YeHO U 8 C — BBIKJIIOUEHO.

M. Han et al. (2023) cuuTaooT, 4TO COUYETAHUE
HF-pTMC ¢ LF-pTMC npuBogur k 60Jiee BBICOKOH
3¢ GEeKTUBHOCTH TI0 cpaBHeHHIO ¢ ogHor pTMC;
couetanue pTMC ¢ ipyrumMu KOTHUTUBHBIMU METO-
JlaMHi TepamluH JeMOHCTPUPYET IOTEeHIUAI IS
VIydIIeHUs pe3yJIbTaTOB y TAIUeHTOB [46].
ABTOpHI JlenaroT 3akiodyeHue, uto pTMC moxxer
9 PexTBHO M 06€30mMacHO YJIYUIINTH KOTHUTHUB-
Hble QYHKIINU, KAYECTBO *KU3HHU U IMOBCETHEBHYIO
JIeSITeJIbHOCTh Y TAI[UEHTOB C MOCTHHCYIbTHBIMU
KH, a ee coueranue Cc APyTUMH TPAJAUIMOHHBIMU
METO/IaMH pPeabHIUTAIMU MOKET JIaTh JOIOJIHH-
TeJIbHBIE TOJIOKUTENbHBIE 3ddekTl. Kpome ToOTO,
aBTOPHI MOATBEPIKAAIOT, UTO HCIOJIb3oBaHue iTBS
OKa3bIBaeT jieuebHOoe BO3/AeliCTBHE Ha MaI[MeHTOB ¢
IIOCTUHCYJIbTHBIM KOTHUTHBHBIM HapyIlIeHUEM:
MEPBUYHBIM PE3YJIbTATOM SIBJISIETCSI W3MEHEHUe
6ayuta o Ilekuackoit Bepcuu MoCA (MoCA-BJ) ot
HMCXO/THOTO YPOBHA /IO KOHIIA BMeEIIaTeIbCTBA. BTo-
PUYHBIE PE3YIBTATHI BKIIOUAIOT U3MEHEHUS HH/IEK-
coB IIAI' B cOCTOAHUU TTOKOSI OT UCXOTHOTO YPOBHS
JIo KOHIIAa BMEIIATEeIbCTBA, a TAK)Ke TECThI: Ha CJIy-
X0BOe BepbOanbHOEe o0yueHHWe, Ha MOJIAJIBHOCTD
CHMBOJIOB U ITUdp, HA MUPOBON OXBAT U OB
MoCA-BJ oT HCXOAHOTO YpPOBHA [0 KOHEUHOU
TOUKH.

A. Daoud et al. (2024) Ha ocHOBe cucTreMaTHUye-
ckoro 0030pa U MeTaaHaIu3a JaeT OIeHKY 3ddek-
TUBHOCTU U OesomacHoctu iTBS s ymyumenwus
KOTHUTUBHBIX (YHKIIUA y THANHEHTOB C IIOCTHH-
cyaptabiMu KH [47]. MeTaananus oXBaTHJI IIECTh
WCCJIEIOBAHUU C yYacTHEM 325 MAIMEHTOB. Pe3ysb-
TaThl MOKasatu, yto iTBS mpuBena K 3HAYUTEIb-
HOMY VJIYUIIIEHHIO OIEHKU MO 6a30BBIM KOTHUTUB-
HbIM 11KasaM (SMD (cranmapTu3oBaHHAasE Ppa3HOCTH
cpeaHux) = 1,12, 95% JOBEPUTEIbHBIA HHTEPBAJ
(In) [0,59-1,65], p < 0,0001), BHUMaHUA (SMD =
= 0,48, 95% 111 [0,13—0,82], p = 0,007), 3pUTEJIb-
Horo BocupusATus (SMD = 0,99, 95% U [0,13—
1,86], p = 0,02) U TOBCETHEBHOW AKTHBHOCTU
(SMD = 0,82, 95% U [0,55-1,08], p < 0,00001).
OpHAaKO He ObLIO 3HAYHUTETHHOTO 3 deKTa 10 IMoKa-
3atesio opuenTtaruu (SMD = 0,36, 95% JIU [—0,04—
0,76], p = 0,07). [IpoBe/ileHHBIN aHAJIU3 TOTPYIII
Ha OCHOBE KOJINYECTBA CEAHCOB BBISBUJI 3HAYUTEIIb-
HOe yJIydllleHre OOIIero mo3HaHus Cpeau MalueH-
TOB ¢ mocTuHCyJAbTHBIMU KH B Tpex kaTeropusx
(10 ceaHcoB, 20 ceaHCOB U 30 CeaHCOB) Oe3 pasJiu-
uuii Mexky rpymnmnamu (p = 0,28).
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3AKVIIOYEHUE

IIpencraByieHHBIE BBIINIE JAHHBIE CBU/AETEIb-
CTBYIOT O TOM, UTO BKJIIOUEHUE TPAHCKPAHUAIBHOMN
HU3KO- ¥ BHICOKOMHTEHCUBHOM UMITYJIbCHON MarHu-
TOTEPAINH, ayINOBU3YAJIBHON CTUMYJIAIUU CTPYK-
Typ 'M B peabuntanyioHHbBIE KOMILIEKCHI TAI[A€H-
ToB ¢ nociaencrsuaMu OHMK ¢ KOrHUTHUBHBIMU
HapyUIEHUSIMH CIOCOOCTBYET YJIYUIIIEHUI0 BHHUMA-
HUS, peYH, THO3KCA, OTCPOYEHHOU MaMATH U OPHEH-
TaIUy, IOMOraeT BO3PacTaHUIO YPAaBHOBEIIEHHOCTU
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CBEJEHUNA Ob ABTOPAX

JApo6sinieB Bukrop AHaTobeBUY — JI-p M€Jl. HAYK,
npodeccop kadeapsl TOCIUTATBHON TEPATNU U METU-
nuHCKON peabuwnutanuu ®TBOY BO «HoBocubup-
CKUU TOCYy/IapCTBEHHBIM MEIUIUHCKUN yHUBEPCH-
tet» Munsgpasa P®, HoBocubupck, Poccuss. ORCID:
0000-0002-7093-3071.

IMMenankeBuu Jlapuca AsiekcaHAPOBHA — J-D Me/l.
HayK, JIOIEHT, 3aBeJyIIUi Kadeapoll HEBPOJIOTUH
®I'bOY BO «HoBocuOUpPCKUE TroOCyAapCTBEHHBIN
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