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AHHOTAUSA

AxtyanbHOCTh. JIOCTUHCYAFTHOE BOCCTAHOBJICHHE OCTAGTCS OMHOM \M3 CIOKHEUIINX 3a/1a4
cCOoBpeMeHHOI Heipopeadmnutanvy. (HEEMOTpsi Ha MPOBOAMMYIO\ MEANKAMEHTO3HYIO TEPANUI0 U
KHHE30TepaIvio, 3HAYMTCHBbHAS 4YacTh MAMCHTOB COXPAHSET | CTOWKHIA JBHUTaTelIbHBIA U
KOTHUTHUBHBINA JeQUIMT~-B CBs3u c 9TUM BO3pacTaeT MHTEpPeC K METOAaM HeMeInKaMEeHTO3HOU
HEUPOMOIYIISIIIUH, B HACTHOCTH, K TPAHCKpaHWAIbLHOW MarHUTHOU cTumyssiinu (TMC).

Ienp. M3yunTh MEXaHM3MBI, NCHCTBUS M  OUEHUTH KIUHHUYECKYIO S((HEeKTUBHOCTH
HU3Ko49acToTHOM nopropstonieiicss TMC (rTMS) B KoppeKili# ABUTaTSIBHBIX HAPYIICHH, ada3zuu u
MMOCTHHCYJABTHOM ICNPECCUH Y TAICHTOB, IEPEHSCHINX HIIEeMIYeCKUI HHCYIILT.

Mertonsl. [IpoBeneH anani3 COBPEMEHHBIX OTEUECTBEHHBIX W 3apYOeKHBIX MyONUKaIMid 3a
nocnennue 10—15 net, MOeBAMESHHBIX MPUMEHEHNIO HHTHOUpPYIonuX npeTokonoB TMC B panHeM u
MO3/THEM BOCCTAHOBUTEIBHOM IEPHO/IaX NHCYIIBTA.

Pesynerar. B 0030pe - mpeactaBieH Mato(u3NOIOrHICEKiil. MEXaHI3M MEKIIONyIIapHOU
acCHMMETpUHU TIocje WHCYNbTa. OO00CHOBAaHO TpUMEHEHHE HM3KoHacToTHOM (1 ') crumymsnuu
«HETIOCTPAJIABIIETO»  TOMYHAPUs © IJIS  BOCCTAHOBIEHUS  Oajarica BO30YIUMOCTH  KODBI.
[IponemoHcTpHUpOBaHa MoKa3aTeibHasA 0a3a YPPEKTHBHOCTH METOMA B OTHOIIICHUH BOCCTAHOBJICHHUS
MOTOPUKH (PYHKIIMM KHCTH, YMEHBIHCHHUS CHACTHYHOCTH; YIyUIICHHUsS pEYeBBIX (QYHKIUNA U
CHMXXCHHS BBIPAKCHHOCTHU ACITPECCUBHBIX paCCTpOﬁCTB.

3axmouenne. Huskowacrotnas rTMS sBhsieTcss 6€30MacHBIM U MEPCHIEKTUBHBIM METOJIOM
HCI\/JIpOpea6I/IJ'II/ITaIII/II/I, KOTOpI)II\/'I MOYET OBITH HHTCIPHUPOBAaH B CTAHAAPTHBLIC CXEMbI BOCCTAHOBJICHUA
JUISL yAydIieHus (QyHKIIMOHATBHBIX UCXOA0B Y MAIIUEHTOB, MIEPEHECIINX UIIEMUYECKUN HHCYIBT.

KiaroueBpie cjoBa: UIIEMHYECKUU HHCYJIBT, TPpaHCKpaHHWaJIbHasA MarHuTHas CTHUMYJIALNUA,
Hu3kouactoTHas  rTMS,  HelipopeabunmuTainus,  MEXMNOIYHIIApHBIM  OamaHc,  MOTOpPHOE
BOCCTAHOBJICHUE, ITOCTUHCYJIBTHAS JICTTPECCHSL.
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Abstract

Relevance. Post-stroke recovery remains one of the most challenging tasks in modern
neurorchabilitation. Despite ongoing pharmacotherapy and kinesiotherapy, a significant proportion
of patients retain persistent motor and cognitive deficits. Consequently, interest in non-
pharmacological neuromodulation methods, particularly transcranial magnetic stimulation (TMS), is
increasing.

Goal. To study the mechanisms of action and evaluate the clinical efficacy of low-frequency
repetitive TMS (rTMS) in correcting motor disorders, aphasia, and post-stroke depression in patients
who have suffered an ischemic stroke.

Methods. An analysis of modern domestic and foreign publications from the last 10—15 years
dedicated to the application of inhibitory TMS protocols in the early and late recovery periods of
stroke was conducted.

Result. The review presenits® the pathophysiologicalv. mechanism of interhemispheric
asymmetry following a stroke: The use of low-frequency (1 Hz) stimulation of the "unaffected"
hemisphere to restore the balance, of cortical-excitability 1s justified.\The evidence base for the
method's efficacy regarding the restoration of, hand motor function,\ reduction of spasticity,
improvement of speech’ functions, and reduction, of the severity ‘of depressive disorders is
demonstrated.

Conclusion. Low-ftequency rTMS is a safe and promising methodof neurorehabilitation that
can be integrated into standard recovery regimens to improve functional eutcomes in patients who
have suffered an ischemie stroke.

Keywords: | ischemic¢ stfoke, .transcranial magnetic . stimulation, low-frequency rTMS,
neurorehabilitation, interhemispheric balance, motor recovery, post-stroke depression.
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Annotatsiya

Muhimligi. Insultdan keyingi tiklanish zamonaviy neyrosreabilitatsiyaning eng murakkab
vazifalaridan biri bo'lib qolmogda. Olib borilayotgan dori terapiyasi va kinezoterapiyaga garamay,
bemorlarning ahamiyatli qismi barqaror motorik va kognitiv yetishmovchiliklarni saqlab qolmoqda.
Shu munosabat bilan dorilarsiz neyromodulyatsiya usullariga, xususan, transkranial magnit
stimulyatsiyasiga (TMS) qiziqish ortmoqda.

Magsad. Iskemik insult o'tgan bemorlarda harakat buzilishlarini, afaziyani va post-insult
depressiyasini tuzatishda past chastotali takroriy TMS (rTMS) ning ta'sir mexanizmlarini o'rganish
va uning klinik samaradorligini baholash.

Metodlar. Insultning erta va kech tiklanish davrlarida ingibitorlik TMS protokollarini
go'llashga bag'ishlangan so'nggi 10—15 yildagi o'zbek va xorijiy nashrlarning tahlili o'tkazildi.

Natija. Ko'rib chiqishda insultdan keyingi yarimsharlar asimmetriyasining patofiziologik
mexanizmi keltirilgan. Poya kortikalari qo'zg'aluvchanligi balansini tiklash uchun "zarar ko'rmagan"
yarimsharni past chastotali (1 Gts) stimulyatsiya qilish asosladi. Qo'ldagi motor funksiyalarni tiklash,

292



URGANCH DAVLAT TIBBIYOT INSTITUTI
JANUBIY OROLBO‘YI TIBBIYOT JURNALI

2 - TOM, 3 - SON. 2026
14.00.00 - TIBBIYOT FANLARI  ISSN: 3093-8740

spastiklikni kamaytirish, nutq funksiyalarini yaxshilash va depressiv kasalliklarning og'irligini
kamaytirish bo'yicha usulning samaradorligi bo'yicha dalillar keltirildi.

Xulosa. Past chastotali rTMS xavfsiz va istigbolli neyrosreabilitatsiya usuli bo'lib, u iskemik
insult o'tgan bemorlarning funktsional natijalarini yaxshilash uchun standart tiklanish sxemalariga
integratsiya qilinishi mumkin.

Kalit so'zlar: iskemik insult, transkranial magnit stimulyatsiyasi, past chastotali rTMS,
neyrosreabilitatsiya, yarimsharlar balansi, motor tiklanishi, post-insult depressiya.

AKTyanabHocTh. Mmemudeckuit uncynst (M) mo mpaBy 3aHMMAaeT OHO M3 MEPBBIX MECT B
100abHON CTPYKTYpEe MPUYMH CMEPTHOCTH U CTOMKON MHBAJIMIW3AIMN HACEICHUS, MPEICTaBIIsA
co00i1 OIHy M3 CaMBIX CJIOXKHBIX MPOOJIEM COBPEMEHHOro 31paBooxpaHeHus. COIlacHO JAaHHBIM
BceMupHO#l opraHuzanyu 31paBOOXpPaHeHIL,  COCYAUCTHIE, KaTacTpo(pbl MO3ra €XKEroJHO YHOCST
KU3HU MUUIMOHOB UYEJIOBEK, A+ Y« BBDKMBIINX = [MalUEHTOB- 4acTo (OPMUPYIOTCS TSHKEIIbIe
HEBPOJIOTUYECKHUE NePHUIUTHL, FPEOYIOTINIEC JIUTENBHOM, TOPOY MOKUZHEHHOM oMo, OrpoMHBIN
COLMAJIbHO-9KOHOMUYECKUI YIIEPO, “HAHOCHUMBII “MHCYJIBTOM, OOYCIOBICH HE TOJBKO BBICOKOM
JETAJIbHOCTBIO B OCTPOM' HEPUOJE, HO U TEM, YTO© 3HAUMTENbHAA YacTh BHUKUBIINX (10 30-50%)
HaBcerna TepseT TpyAoCHOCOOHOCT U CIIOCOOHOCTEK CaMOOOCHYKUBAHMIO, YTO NIPEBPAIAET UX B
VOKJIMBEHIIEB U BO3JIAAET KOIOCCANbHYIO HArpy3Ky Ha CHCTEMBI CONMAIbHOI0 00eCTieueHus U CeMbU
[9].

3a nocieqHue AecATUIICTHS TIPOU30IIIIA HaCTOAMIAas PEBOJIIOLINS B JIe4EHHN OCTPOro NEPHOA
UHCYNbTa. BHenpeHne B KIMHNYECKYI0 TPAaKTHKY BBICOKOTEXHOJIOTMYHBIX "METO/10B penepdy3uu -
CHCTEMHOI0 TpOMOOJHM3UCA U (SHAOBACKYISIDHOW MEXaHMUECKOM TpOMOSKTOMHM - TO3BOJIMIO
CYILIECTBEHHO CHU3UTh MOKa3aTelll paHHEeW CMEepTHOCTH: "OJHako, HECMOTpS Ha YCHEIIHYIO
pEKaHAIN3ALMIO OKKIIIO3UPOBaHHOM apTEPUH 1 CHIACEHYIe TKAaHKW OT HEKPO3a B «30JI0TOH 4acy, IOITHOE
BOCCTAHOBJICHHE yTPAUEHHBIX | HEBPOJIOTUYECKUX 'QYHKINN OCTAaeTCsi HEMOCTIIKUMON TEINBI0 IS
OOJIBLIIMHCTBA MAIMeHTOB, DEHOMEH penepdy3uOHHOTO MOBPEX/ICHU, @ Takyke rudenb HEHpPOHOB,
HaXOIUBUIMXCS B 30HE MIMIEMUYECKOM [OIYTEHH, NIPUBOAIT K< POPMUPOBAHUIO CTOMKOTO
HEBPOJIOTUYECKOTO JeHULMTA: Y HOAABIAIONIEr0 O0IbIIMHCTBA BBDKUBIINX OOJMBHBIX Pa3BUBAIOTCS
pe3uayanbHble HapyIICHHS: DIyOOKHe. TeMHITape3bl H-MIeruH,  MyBCTBUTEIEHBIE PAacCTPONCTBA,
ada3um, amnpakcud, a TakXKe CIOXKHbIe KOTHUTHBHBIC W 'OMOIMUOHAIBLHO-BOJIEBbIE HapyLICHUs
(BKJIFOYAs TIOCTHHCYJIBTHYIO JACHPECCHIO (1 JIEMEHIMIO). “DTH ~COCTOSIHUS PE3KO JeTPagupyroT
Ka4eCTBO >KM3HHU, OIPAaHWYMBAIOT COHMUANBHYIO aJaNTallii0 U IPEMATCTBYIOT BO3BPALLEHUIO K
npekHen npodeccuoHanbHoi nestenbHocty [13].

TpanuoHHBIE TOAXOIBl K IOCTHHCYJIBTHOM peabuIuTaluy, SBISIOIIUECS «30JI0ThIM
CTaHJapTOM»,  BKIIOYAIOT  KOMIUIEKCHYI0  MEAMKAMEHTO3HYK  Tepanuio  (Ha3HaueHue
HEHPONPOTEKTOPOB, BAa30aKTUBHBIX IPENaparoB, HOOTPOMNOB), (PU3MOTEPAIUIO, KUHE30TEpaIluIio,
Maccaxk W Jprorepamnuio. be3ycioBHO, 3TH MeTOJbl HEOOXOAMMBI, OJHAKO WX TEparneBTUYECKUN
MOTEHIIMAJ 3a4acTyl0 OTPAaHUYEH €CTECTBEHHBIMU pe3epBaMu lLiepeOpanbHOM HEWpOIUIaCTUYHOCTH
rosioBHOro Mo3ra. CrioHTaHHOE BOCCTaHOBJIEHHE, 00YCIIOBICHHOE IEPECTPONKOI HEHPOHHBIX CETEH,
HanboJiee HMHTEHCHBHO B MEpBbIe 3—6 MecCsIEeB MOCIe UHCYIBTA, TOCJIE Yero MPOoLece 3aMesieTcs,
nocrurasi 1uato. KoncepBartuBHas ¢apmakorepanusi, Kak MPaBHJIO, HOCUT MPEUMYIIECTBEHHO
CUMIITOMaTUYECKUM MM MeTa0OIMYeCKU XapakTep M He CHOCOOHA HampsMyI0 U M30MpaTesbHO
MOJIyJIMPOBaTh (PYHKIMOHAIBHYIO aKTUBHOCThH CIEUU(UUECKUX KOPKOBBIX 30H, OTBETCTBEHHBIX 32
yTpayeHHble pyHkumu [1].

B cBsi3u ¢ 3TUM, B TOCieIHUE Tobl HAOIIOIAETCsl CTPEMUTENBHBIN POCT UHTEpEca K METOAAM
NpsIMON HEMEAMKAMEHTO3HOM HeWpoMonyasiuuu. TeXHOIOrnu, MO3BOJSIOUIME IIEJICHANPABICHHO
MEHATh OHOBJIEKTPUUECKYI0 BO30yAMMOCTh HEMpPOHHBIX CeTe W MHIYLHMPOBATH AJIUTEIHbHYIO
IUIACTUYECKYI0 TEPECTPOMKY KOpbl TOJOBHOIO MO3ra, OTKpPBHIBAIOT HOBBIE TOPHU30HTHI B
BOCCTAaHOBUTEIbHON HeBpoaoruu. OAHUM K3 Hanbosee N3yUYEeHHBIX U MePCIEKTUBHBIX HAlpaBIeHUN
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ABJsieTCA TpaHCKpaHuanbHas MarHuTHast cTUMyJsiust (TMC). OcoGeHHO Ba)keH ee MOBTOPSIOLIMNACS
pexxum (repetitive TMS - rTMS), koTOpbIii TO3BOJIIET HE TOJBKO BPEMEHHO BIHUSATH Ha KOPKOBBIH
TOHYC, HO M 3aIlyCKaTh JOJIOCPOYHBIE MPOLECChl NOTECHIHMAUN WIM JENPECCUM CHUHANTHYECKON
nepenauu. CrnocobHocts rTMS u30MpaTenbHO NOJABIATH T'MIIEPAKTUBHOCTH HENOCTPAIABIIETO
MOJIYLIAPHs WM CTUMYJIUPOBAThH MOPAaXKEHHOE NOJIyIIapHe AeaeT €€ YHUKAIbHBIM MHCTPYMEHTOM
JUIS IPEOIONICHHSI MEKIIOTYIIAPHOTO AucOaliaHca, JISKAIIeTro B OCHOBE MOCTUHCYIBTHBIX 1e(pUIINTOB

[6].

Heapr nanHoro o63opa - mpoaHaau3UpoOBaTh POJb HU3KOYACTOTHOM r'TMS B Koppekuuu
HEBPOJIOTUYECKUX JACPUIMTOB MPH HUIIEMUYECKOM MHCYJIbTE€, OCHOBBIBAasCh Ha MJAaHHBIX O
MEXaHN3Max MEKII0JIyIIapHOTO B3aUMO/IEHCTBUS.

Marepuana u Metoabl uccjenoBanus. [Iposenen cucremarnueckuii 0030p JIUTEPATYPHI 3a
nepuoxa 2010-2025 romos B 6a3ax maHuex PubMed, Scopus, Web of Science, Cochrane Library u
eLibrary (PMHL) mna ananuza.-5b@eKTuBHOCTH HM3KOYacTorHON rTMS mnpu wuimeMuyeckoMm
uHcynbTre. C  UCHOIb30BaHUEM' KIFOYEBBIX: CJOB, - BKIOYAIOMINX «HHU3KO4acTOTHas rTMSy,
«CTIACTUYHOCTBY, «adazugn U W«HEHPOIIacTHIHOCTL», ObLIa CdopMUpoBaHA BHIOOpPKA U3
PaHIOMU3HMPOBAHHBIX UCCACNOBAHUM,~METa-aHAM30B M CHCTEMATUYCCKIX 0030pOB, COIEpIKaIlnX
KOJIMYE€CTBEHHBIE JIAHHBIE O KIMHNYECKON Y(PEKTUBHOCTH; MPU'9TOM MCKIIQUAINCh YKCIIEPUMEHTBI
Ha KMBOTHBIX U eAMHUYHBIE KINHNYECKue ciaydan. CHHTE3 monydeHHOM uH(pOopMaIMi MO3BOIUIT
OLICHUTh MaTOPU3NOJOTHYECCKUE MEXaHU3MBbI METO/1a, €r0 BIUSHIE HA BOCCTAHOBICHUE MOTOPHBIX,
pEUEBBbIX U KOTHUTUBHBIX (PYHKIIMH, 4 Takke Mpobuib 0€30MacHOCTH.

Pe3yabTaThl HEeneR0BaHusl.

ITaropusnosiorudeckoe/ 000CHOBaAHWE: TeOpHs -~ MEKNOIyIIApHOro 0OanaHca W
MAaJI0aJaNITUBHON NJIACTHYHOCTH

B ocHoBe HeBposiOrHueckoro Ae¢uiinta mocae MepeHeCeHHOTO0 MUIIEMUYECKOT0 MHCYIbTa
JIKUT HE TOJIBbKO NepBUYHAsL F1Oeh HEHPOHOB B 30HE sijipa HH(apKTa, HO U CJI0KHOE HapylleHUe
(YHKLIMOHANIBHON apXMTEKTYphl MEKIOMYIIApHBIX B3aUMOEHCTBHIM:, COITacHO COBpPEMEHHOMH
KOHIENINNA «MEXITOIYIapHOTO \ TOPMOXKEHHSDY, B (U3HUOJIOPAMECKHX = YCIOBUSAX IONyIIApHUs
TOJIOBHOTO MO3Ta HaXOMATCS B/ COCTOSHUU TUHAMHUECKOTO PABHOBECHUS, HOCTOSHHO OOMEHUBAsCh
TOPMO3HBIMU CUTHAJIaMU Y€PE3 BOJIOKHA MOQ30JIMCTOr0, Tefas DT0 FPaHCKAII03a]IbHOE TOPMOXKEHUE
He00XOMMO 11 TOYHOW HACTPOUKH MOTOPHBIX aKTOB M KOTHUTUBHBLX Tiporieccos [11].

ITpu ouaroBoM mopaxeHHH, FOIOBHOIO MO3ra | (HaHpUMep, HIIIEMIUUYECKOM HUHCYJIBTE B JIEBOM
MOJyIIApUH) 3TOT TOHKUN OanaHc Hapylraercs. Habmonacres peskoe CHIKEHHE BO30YyAMMOCTH U
(YHKIIMOHAIBHOW AaKTMBHOCTU KOPHI B MOpPAXCHHOM MNOJylIapuu. B OTBET Ha 3TO «MoOIYaHHE»
MOPaXCHHONW 30HBI B WHTAaKTHOM (3I0POBOM) TOJYIIAPHUH pPa3BUBAETCS KOMIIEHCATOpHAs
TUNEepakTUBHOCTh. OJTHAKO, COITIACHO COBPEMEHHBIM IPEJICTABICHUSM, 3Ta THIEPAKTUBHOCTH HOCUT
HE TOJIBKO KOMIIEHCATOPHBIM, HO U AaTOJIOTMYECKUH XapaKTep.

BoccraHoBreHne  MEXIONYIIAPHOTO  PAaBHOBECUS  MPOMCXOAUT MO  NPUHIUILY
«OTpHULIATEILHON 00paTHOM CBSA3M»: CHUKEHHASI aKTHBHOCTD MOPAKEHHOTO MONYIIAPUS YMEHbBIIIAET
€ro TOpMO3silliee BIUSHUE Ha 310pOBOE, YTO MPUBOAUT K €0 pacTOpMakKuBaHuio. B cBoto ouepenp,
TMIIEPAKTUBHOE 370pOBOE TMOJNyIIapHe HaYMHAET OKa3blBaThb H30BITOYHOE HHTUOUTOPHOE
BO3/ICIICTBHE Ha MOBPEXKJIEHHBIE YYAaCTKU Yepe3 MO30JUCTOE Tello. DTOT (DEHOMEH B JHMTEparype
4acTo MeTa(OpUYECKH ONUCHIBAECTCS KaK APQPEKT «3JI00HOTO 310pOBOTO  MOIYLIAPHUS.
[TaTonoruueckast uHTEp(HEPEHLMSI CO CTOPOHBI HEMOCTPAAABILETO MONYIIAPUS OIOKUPYET MOMBITKU
nepupepuyecKux HEHPOHHBIX CeTel MOPaKEHHOTO MOTYLIApUs PEOPraHU30BaThCs U B3SATh Ha ceds
yTpaueHHble (QYHKLIHH, YTO MPEmsTCTBYeT 3()(PEKTUBHOMY BOCCTAHOBJICHMIO JBHUIaTE€NbHBIX U
PEYEBBIX HABBIKOB M 3aKPEIUISET KOHTPAKTYPBI U CIIACTUYHOCTH [19].

MexaHu3sMbl  JAeiicTBUS  HU3Ko4acTOTHOW rTMS: or Heilpodusuosorum 10
MOJIEKYJISAPHOM 0M0JIOTHH
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TepamneBruueckuii 3GEKT MOBTOPSAIOMICHCS TPAaHCKPAHHAIBHOW MarHUTHON CTUMYJISIIUN
(rTMS) cTporo 3aBHCHT OT YacTOTHI UMIYJIbCOB M IO3BOJISIET H30MPATENHLHO MOIYJIUPOBATH
CHUHANTUYECKYI0 Y3PPEKTUBHOCTH B OMPEIEICHHBIX KOPKOBBIX 30HAX:

» BricokouactotHas TMC (Bemme 5 I'm): OOmamaeT BbIpaK€HHBIM BO30YKIAIONTUM
JnercTBUeM, MHAYIUPYs ¢peHoMeH noiroBpeMenHon noteHuanuu (Long-Term Potentiation - LTP).
OOBIYHO PUMEHSIETCS HETTOCPEACTBEHHO HAJl MOPAKEHHBIM 0UaroM iU NeprudoKaIbHOM 30HOH 115
MPSIMOTO TOBBIIIEHHS BO3OYIUMOCTH J1eMII()UPOBAHHOM KOPBHI.

» Huskowacrornas TMC (1 I'm u Hke): Okas3piBaeT MHTHOUpYIOIIee (TOPMO3HOE) IeHCTBUE
Ha KOPKOBYIO HEHpPOHHYIO CETb, BbI3bIBasi ojroBpeMeHHyto nenpeccuto (Long-Term Depression -
LTD) cunantuueckoii nepenauu. JlaHHbIN pexuM OPUBOAUT K CHUXKEHUIO CIIOHTAHHOW aKTUBHOCTU
HEWPOHOB M IMOBBIIIICHUIO ITOPOTra MX BO30OYAMMOCTH B 30HE CTUMYJIsiiuu [20].

B KOHTEKcTe MIIEMHYECKOTO MHEYNBTA CTPATEIMsi-UCI0Ib30BaHUsl HU3Ko4acTOTHON r'TMS
0asupyeTcs Ha IPUHIIUIIAX BOCCTAHOBIACHUSA MEXKIIOTyIIapHore Hbananca. Kartymika ycranaBnuBaeTcs
HaJ KOHTpaJaTepajbHbIM (HEILOCTPaAaBIINM) HOMYIIAPHEM, Yallle BCEro Ha i IPOEKLMEH IEPBUYHON
MOTOpHON  kopbl (M) / unn <, IpePpOoHTaTEHON-. KOPbL: MHrMOUpoBaHUEe MaTOJOTUYECKU
THIIEPAKTUBHOTO  370pPOBOTO . “IIONyIHApUs CHMIKAET eros, M30BITOYHOE TOPMO3HOE BIHSHUE
(TpaHckamio3anabHy0 HHTephEpeHII0) Ha TOPAKEHHOE MOy IIapHe. ITOT [PoIecc, U3BECTHBIN Kak
«IUCUHTUOUISY, (PAKTHUECKH «PasbIOKUpyceT» TOBPEKICHHYIO - KOpy, CO3/1aBas OKHO
BO3MOXKHOCTEH TS €€/ (yHKIFOHATHHOTO BOCCTAHOBIICHHUS M peopranu3annmn [11].

Ha MoisekynspHOM M /KJIETOYHOM YPOBHSX MEXAaHM3Mb! [EHCTBHS-HU3KouacTOTHOU r'TMS
SIBJISIFOTCSI MHOTO()aKTOPHBIMH:

1. Monynsiust HEMpOMEAUATOPHBIX cucTeM. CTUMYISALMS CHOCOOCTBYeT HOpMallM3allUuU
OamaHca MexIy BO30OyKmatommMu (Tiyramar) u Topmo3sivu (TAMK) He#lporpaHcMUTTEpaMHu.
Habmronaercs cHIbkeHUE Iy TaMaTeprudeckoi SKCaHTOTOKCHYHOCTH 1 MOBBIIIeHNE 3D pexTHBHOCTH
'AMK-epruueckoro TOpMOKEHYSI B CTUMYJITHPYEMOM 30HE.

2. Cunantuueckas fulactnuHoets. Muayknus LTD nmpusBoaut k,BHYTpPEHHEH NepecTporKe
MOCTCUHANTHYECKUX MEMOpaH; \ M3MCHSS  UyBCTBUTCIHHOCTE/ (PEHCHTOPOB U  ONTHMH3HPYS
HEWPOHHBIE LIETIH.

3. Hetiporpoduueckmii adderr.. Huskouacrorias 1 IMS CrmocobHa MOIyIHpPOBATH
HKCIPECCHUIO TEHOB U MOBKIIIATH YPOBEHb (DaKTOpoB HEHPOTPOhUIECKoro pocra, Hanbonee BaKHbBIM
13 KOTOPBIX SBJISETCS MO3rOBOM HeMporpodudeckmii pakrop (BDNF - Brain-Derived Neurotrophic
Factor). YBenuuenue konueHtpanuu BDNF cnoco0cTByeT BsI’KBaHUIO HEHPOHOB, POCTY aKCOHOB U
JICH/IPUTOB, a TaKke (POPMHUPOBAHMIO HOBBIX CHHANTHYECKHUX CBSI3€H (CHHANTOTEHE3), UTO CO3AAET
MOIIHBIN MeTabonnueckuii (oH 11 HelpopereHepaui U BOCCTAHOBJICHUS YTPAueHHBIX (PYHKINN

[8].

Kinnunyeckasi 3ppexTuBHOCTH

HakomnneHHsli 3a mocienHee AecSITUIETHE KIMHUYECKUH ONBIT U pe3yabTaThl METa-aHAJIN30B
MOATBEP)KIAAIOT, YTO HU3KOYACTOTHASI TOBTOPSIOLIASICSI TPAHCKPAaHUAJIbHASI MarHUTHAs CTUMYJIALIUS
(rTMS) sBnsercss 3(Q(PEKTUBHBIM HHCTPYMEHTOM KOPPEKLMH PA3IUYHBIX HEBPOJIOTMUYECKHUX
Ne(pUIUTOB B TOCTUHCYABTHOM Nepuoje. Hanbonpias noka3arenbHas 6a3a HaKOIUIEHA B OTHOLICHUN
BOCCTAHOBJICHUS IBUTATEIbHBIX (PYHKIIMNA, CHU)KEHHUS CIIACTUYHOCTHU, KOPpeKLIUHU ada3uu U JIeUeHUs
MIOCTUHCYJIBTHOM JIEIIPECCHM.

1. BoccTaHoB/IeHHMe ABUTraTeJIbHBIX yHKIIUI

BonbmMHCTBO HCCIe0BAHUI U KIHHAYECKUX PEKOMEHJAIUM IOCBSIIEHO IPUMEHEHUIO
nporokona wuHruoupyrome rTMS (1 ['n) Haxg HMHTAKTHBIM MOMyHIapUeM Y TAalMEeHTOB C
remunape3oM. CoBpeMEHHbIE METa-aHAIN3bl PaHIOMU3UPOBAHHBIX KOHTPOJIUPYEMBIX UCCIIEIOBAHUN
(PKN) BBICOKOTO YpOBHSI J0Ka3aTENIbHOCTU AEMOHCTPUPYIOT, YTO TakKOW MOAXOJ NPUBOIUT K
CTaTUCTUYECKH M KJIMHUYECKH 3HAYMMOMY YIYYLICHUIO MBIIICYHON CHIIBI, YBEIMYEHUIO 00beMa
AaKTUBHBIX W TIACCHBHBIX JBIKEHUH B NApeTUYHOM KOHEYHOCTH, a TaKKe MOBBILICHUIO
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(yHKIIMOHATBLHOM HE3aBUCMMOCTH B IOBCEIHEBHOW >kM3HU 1Mo mkamaM Fugl-Meyer (FMA) u
nnaekcy baprena [10]. BaxxHO OTMETHTH, YTO MOJNOXKHUTEIbHBIN 3((eKkT HaOmomaercs Kak B
MOJOCTPOM, TaK M B XPOHUYECKOM IEepUOJe HUHCYNIbTa, XOTS HaubOonbmas 3¢h(HEeKTHBHOCTh
JIOCTUTAETCs NIpU HavyaJle Tepanuu B nepsble 3—6 Mecsues [14].

Oco0eHHO TepCHEeKTUBHBIM TpU3HAHO TNpuMeHeHne TMC B codyeTaHWW C 3prorepamnueit
(occupational therapy) u poOOTH3MPOBAHHON MexaHOTepamueld. IJTO SBICHUE, H3BECTHOE Kak
«TEeUTHpPOBaHHAS CTUMYJSILUS» WIM  «OpaMUHT»  (priming), OCHOBaHO Ha KOHLEMIUHU
COCTOSIHME3aBUCUMOM  IulacTU4YHOCTU. [IpenBapuTenbHOE  «YrHETEHUE»  THIIEPBO30YAMMOIO
3I0pPOBOTO MOJyIIApUsl TOBBIIIAET CHHANTHYECKYI0 IUIACTUYHOCTh MOPAXKEHHOW KOphI U €€
YYBCTBUTEJIBHOCTh K IOCJIEAYIOIIEH CEHCOMOTOPHOW CTUMYJSLUH. DTO I03BOJISIET 3aKPEIUIATh
HOBBIE J[BUTATEJIbHBbIC MATTEPHBI Oojiee APPEKTUBHO, YeM MPHU H30JIHUPOBAHHOM IMPUMEHEHUU
¢usnorepanuu [7]. UccnenoBanusi ¢ ucmoab3oBaHUEM~hGMPT moaTBepkaaroT, 4To MOcie Kypca
HuskouactoTHO 'TMS  HabOniorfaercs  cMmelieHue  (Pokyea MOTOPHOM  aKTUBHOCTH U3
KOHTpAaJIaTepajJIbHOTO MOTyIIapiisi 00PATHO. B MIICHIATEPalibHbIE MOTOPHbIE 30HBI, YTO KOPPETUPYET
C KIIMHUYECKUM yiyurieHnueM 211

2. Koppexkuusi cACTHIHOCTH

CrnacTu4HOCTS, (HOPMUPYIOIIascs B MO3AHEM BOCCTaHOBHTEILHOM HEPHO/IE, YACTO IPUBOAUT
K KOHTPaKTypam 1 60JIEBOMY CHHIPOMY, CYIIECTBCHHO 3aTPyiHsis peadunuTaiuio. [latorenetnyecku
OHa BO MHOroM /| oOyCiOBICHAa  HapylicHHeM  OajaHca | MEWKAY | COXpaHUBIINMUCS
PETUKYJIOCITUHANIBHBIMU ~~ IyTsIMH | (OOSCHeYMBAIOMIUMU  TOHYC) .~ U | TOBPEXKJICHHBIMU
KOPTUKOCTIMHATBHBIME “TPAaKTaMH (00eceunBaiomiivMd TOPMO3HOH KOHTPOAB). HmuskouactoTHas
rTMS, wmomynupysi aKTUBHOCTH MHEPBUHHOM MOTOPHOI KOpBI "M NPedPOHTaNbHBIX oObIacTen
3IOPOBOTO TIOTYIIAPHsl, CHOCOOHA BOCCTaHABINBATE ATOT HEHTPAITHHBIN OanaHc [12].

Kinuanueckue uccaeoBanusl HMOKA3bIBAOT TOCTOBEPHOEC YMEHBIIEHHWE CIIACTUYHOCTU 10
MoupunmpoBanHo MmKkajge DuBoprra (Modified Ashworth Scale - MAS) mmocite kypca cTumysisiiim
KOHTpanarepaqbHON MOTOPHOW Kopbl. bosiee  TOro, CHIMKEHHE / MBIIEYHOTO TOHYCa HOCHUT
YCTONYMBBIN XapakTep,u COXPaHACTCS B TCUEHHE HECKOJIbKMX HeJeib I0¢ie 3aBepllieHus: Kypca
MpoLeAyp. DTO HE TONHKQ 00derdaer yxo 1 3a NaUeHTOM 1 MPOBEACHIUE TACCUBHOM TMMHACTUKH, HO
U yaydiaeT OnoMeXxaHUKY\XOABOLI, O3B0 NAllMCHTY-HCHOIB30BATh OCTATOUYHBINA JIBUTATEIILHBIN
noteHuuan oonee moiHo [12]:

3. Jleyenne nNoCTUHCY/ILTHOM adhazuu

VY nanueHToB ¢ MOTOpHOM ada3uch (Hauboiee 4acTo-BO3HUKAIOIIEH MpU MOPAKEHUU JIEBOTO
MOJTyIIapusi) COBPEMEHHbIE HEHPOBHU3yalIM3al[IOHHBIE WCCIIEIOBaHMUS BBISBISIOT HE TOJIBKO
TUCOYHKIMIO JIeBOM peuyeBoil 30HBI (30HBI bpoka u BepHuke), HO U TATOIOTUYECKYIO
TUTIEPAKTUBHOCTh €€ TOMOJIOTa B TIPABOM TMOJNyIIapuu (MPaBOM HUKHEH JIOOHOW H3BUIIMHBI).
CornacHo TEOpUHU «MEKIMONYIIApHON HHTEp(EPEHITHI, T AKTUBHOCTH OKa3bIBa€T MHTUOUPYIOIIIee
BIUSHUE HA OCTaBIIHECS TNepu(oKaIbHbIE 30HBI pPeueBOM (YHKIIMHM B JIEBOM IOIYIIAPHH,
MPEMSTCTBYSI UX IIACTUYECKOH nepecTpoiike [16].

[Tpumenenue HuskodacrotHoi rTMS (1 I'm) Hax npaBoit HUXKHEHN T0OHOM M3BHIMHON (pars
triangularis) mo3BOJNSET MOAABUTH ATy MHTEPHEPUPYIONIYI0 aKTUBHOCTh U BBICBOOOAMTH PEUYCBBIC
pecypcel  MOpaKEHHOTO Mofiymapus. PaHIOMH3UMpOBaHHBIE HCCIIEIOBaHUSI MOATBEPIKIAIOT
3HAYUTEIHHOE YIydllleHHe HOMUHATUBHON (DYHKIIUU peyH, TOBTOPEHUS U MOHUMAHUS OOpalieHHON
peur y TMANWeHTOB, IIOJNIyYaBIIUX JAHHBIA BHJI TEPallMd B KOMIUICKCE C HMHTCHCUBHBIMH
JIOTOTIEANYECKUMH 3aHATHAMHU. D¢ ekt Haubonee BBIpAXKEH MPH HETsHKeNbIX (opmax adazuu,
OJTHAKO HAOIIOMAETCsI MOJIOKUTENbHAS JUHAMUKA U TIPH TSDKEIBIX HapymeHusx [16].

4. Koppexkuusi IOCTHHCY/IbTHOM AeNIpecCHH

[MoctuncynsrHas penpeccust (IICI) Bcrpewaercs y 30-50% manmueHTOB W SIBISIETCS
Cepbe3HBIM (PAKTOPOM, YXYIIIAOIIMM TPOTHO3 BOCCTAHOBIEHUS, CHIDKAIONIUM MOTHBALIMIO K
peaduiIuTalMu ¥ TIOBBIMIAIONIMM CMEPTHOCTh. B KIMHMYECKOW TCUXUATPUH HWHTHOUPYIOIIas
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HuzkovactotHas rTMS (1 I'm) mpaBoit mopconarepanbHOi TpedpoHTasbHOW Kopel (DLPFC)
SIBIIIETCS. YTBEPXKIECHHBIM METOJOM JICUCHUsS JeNpecchr (KaKk aJbTEepPHATHBA BBICOKOYACTOTHOM
ctumyssiiun jgeBoit DLPFC), obnanaromuii xopomum npoduiem 6e3omacHocTH [5].

[TpuMeHeHne 3TOTo MPOTOKOJIA Y TOCTHHCYIBTHBIX MAIIHEHTOB MO3BOJISIET HE TOJILKO CHU3HUTH
BBIPOKEHHOCTh TpeBoru W jaemnpeccuu 1o mkaidam [amumibsrona (HDRS) u beka (BDI), Ho u
yAYUYIINTh KOTHUTHBHBIC (YHKIHMH (BHUMaHHE, MaMSTh), CTPAJAIONINE MPHU Jenpeccuu. BaxHbIM
npeumyiecTBoM rTMS mepes aHTHICTPECCAHTAMU SIBIISIETCS OTCYTCTBUE CHCTEMHBIX MOOOYHBIX
3¢(}HeKTOB W MUHUMAIBHOE JIEKAPCTBEHHOE B3aWMOJCHUCTBUE, YTO KPUTHUYECKH BaXXHO IS
MAIMEHTOB, MPUHUMAIOIIMX KOMIUICKCHYIO TEPAITHIO [TOCIIC HHCYIBTA. YIy4IIEHHE IMOIIHOHAIEHOTO
(oHa, B CBOIO OYEpE/Ib, TIOBHIIIACT MPUBEPIKEHHOCTH MAITUCHTA K AKTUBHBIM METO/IaM peaOuIHTAIINN
[15].

Be3onacHocTh M NPOTHBONOKA3AHNS

HuszkouacToTHast moBTopsiolasics TpaHCKpaHHajbHas ~MarHuTHas cTuMmyasiaus (rTMS)
3apeKoMeHzoBana cels Kak Tpoueaypa €+ BBICOKHM Mmpoduiaem, 0e30MacHOCTH M  XOpOUIeH
MIEPEHOCUMOCTbIO, OCOOCHHO MpH “HCHodb3oBanmm—4actorsl A Iy, ComracHo OOHOBIEHHBIM
KIIMHUYECKUM DPEKOMEHJAHMsM, M MeKayHapoaHsiM koHCeHcycam  (Rossi et al., 2021), puck
BO3HMKHOBEHMsI 1MOOOUHBIX 3(P(EKToB npu coOMOAEHNN MPOTOKOJIOB 0€30I1aCHOCTH MHHHUMAJIEH.
BaxxHbpIM npeumyliecTBOM “HU3KOUACTOTHON CTUMYIISIINAN SABIsieTCs KpallHe, HU3Kash BEpOSATHOCTD
WHIYIUPOBAHUS DIHIEHTHYECKOTO TMPHUMaaka. B OWIMYHE OT BBICOKOMACTOTHBIX IPOTOKOJIOB,
obnaaaronmx Bo30yKAAOUIMM /1eHCTBHEM U HECYIIUX 00J€€ BHICOKMH PUCK Cynopor (0COOEHHO y
MAlMEHTOB C OPraHWYECKHM IMOpAKEHUEeM MO3ra), gactora |11 oka3piBaeT cTabwIM3upyroIee
BJIMSIHME HAa KOPKOBYHO aKTUBHOCTH [17].

Haunbonee uacThIMU HexeTaTeABHBIMU SIBICHUSIME SBISIFOTCSI JISTKHE W TpaH3uTopHbIE. K HUM
OTHOCSITCS TOJIOBHAs1 0011k (0OBIYHO HATIPSKEHTIS), ANCKOMMBOPT MK 1yBCTBO MOKATBIBAHUS B MECTE
MPUIIOKEHUS KaTyIIKA, & FTaKyKe JIETKOE FONIOBOKPYKEHUE. ITH CUMIITOMBI, KaK MPABUIIO, TPOXOASAT
CaMOCTOSITENIbHO B TEHEHME KOPOTKOrO BPEMEHH MOCHe CeaHca M /JIeTKO. KYyHUPYIOTCS OOBIYHBIMU
aHaJbTeTUKaMH. B CBS3M € TPOMKHM 3BYKOM, U3AABAEMBIM CTHMY/IATOPOM, 00s3aTeITHHBIM SBIISIETCS
UCMOJIb30BaHue Oepylum, Mis - IPEAOTBpAIECHUS BPEMEHHOT O YXYIMCHNS' cllyXa WIN TUHHHTYCA.
Penxo, HO MoryT HaOIIOMATBCs COCYMMCThIC peaKIUu.(rumepemus Jurna) win brief episodes of
hypomania y naiueHToB ¢ OTATOIIEHHBIM MCHXHATPUIECKIM aHaMHe30M [17].

K alcomfoTHBIM  MPOTHBOMOKA3aHWSM | [OTHOCATCHA: _HAIWYNE KapAHOCTHMYJISTOPOB,
ne(puOpUIUIATOPOB MM MMIUIAHTUPOBAHHBIX MEAMIUHCKUX HACOCOB; HAJIMYME METaJUINYEeCKHX
(heppOMarHUTHBIX HMITJIAHTATOB B 00JIACTH TOJIOBBI (BHYTPHUYEPEITHBIC AHEBPHU3MATHIECKHE KITUTICH,
OCKOJIKH, KOXJieapHble UMIUIaHThI). K OTHOCHUTENBHBIM MPOTHBOIOKA3aHUAM, TPEOYIOIUM 0Cc000H
OCTOPOXXHOCTH M OIIGHKHA COOTHOIICHHUS PHUCK/TIONB3a, OTHOCSATCS: ASMHJICTICUS WM CYIOpPOXKHBIE
MIPUIIAIKHM B aHaMHe3€ (BHE 3aBUCMMOCTH OT 3THOJIOTHH), HAIWYHE BHYTPUMO3TOBBIX OITyXOJIeH WIn
apTEepUOBEHO3HBIX MaJTb(POPMAaLIUii B 30HE CTUMYIISLIUH, OCTPHIE TICHXOTUYECKHE PACCTPOUCTBA FITH
TsDKeNas TpeBora, OEpeMeHHOCTh, a TAaKXKe MPUEM MPErnapaToB, CHIDKAIOUINX CYTOPOXKHBIA MOpOT
(ueiiponenTuku, antuaenpeccantsl) [17]. Ilepen HauamoM Kypca jJedyeHus: HEOOXOAUMO TIIATEIbHOE
coOpaHue aHaMHe3a U, TPU HEOOXOAMMOCTH, KOHCYJIBTALUS CMEKHBIX CIICIIMAINCTOB.

3AKJIIOYEHHUE

HuskouacToTHast TpaHCKpaHUANbHAs MarHUTHas CTUMYJSLUS —TOpPEACTaBIseT coOoit
MaTOT€HETUYECKH OOOCHOBAHHBIN, BBICOKOTEXHOJIIOTUYHBIM METOJ] HEMEAMKAMEHTO3HOTO JICUCHUS
MOCIIEICTBUIM MIIEMHYECKOr0 MHCYNbTa. DyHIaMEeHTalIbHOE MPEUMYIIECTBO JAHHON TEXHOJIOTUU
3aKITI0YaeTCsl B €€ CIIOCOOHOCTH H30UPaTEIbHO MOYIIMPOBATh HEUPOIUIACTUYHOCTD, BO3JICHCTBYS Ha
KJIIOUEBOM MEXaHM3M [OCTUHCYJIBTHOM ManbajanTalii - MEXIOIyIIapHbIH aucOamaHc.
Wurnbupyromas ~ CTUMYISIIUS ~ TUNEPBO30YyAMMOTO  WHTAKTHOTO  TOJYHIApUS  CHHXKAET
uHTEepdepupylollee BIUSHUE Ha MOBPEXKIECHHYIO KOpPY, TEM CaMbIM co3/laBas (pu3noloruyeckue
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MIPEOCHIIKY AJI1 BOCCTAHOBIIEHUS (DYHKIIMOHATBHON aKTUBHOCTH MOPA’KEHHBIX HEMPOHHBIX ceTel
U peopraHu3aliy yTpadeHHbIX GyHKuui [8].

CoBpemeHHass Joka3arenbHasi 0a3a, IMOATBEPXKIEHHAs pe3ylbTaTaMd MeETa-aHAJIU30B U
KpPYMHBIX PAaHIOMHPOBAHHBIX HCCJICIOBAHUM, CBUICTEIHLCTBYET O KIMHUYECKOH 3(ddexTuBHOCTH
HU3KOYACTOTHOHM I'TMS B BOCCTaHOBJICHHH JABUTATEIBHBIX (QYHKIUH (YBEIMUECHUE MBIIICYHON CHJIIBI
1 o0beMa JIBMKCHHIA), CHIDKEHUU CIIACTHYHOCTH, KOPPEKIIUU TIOCTUHCYIBTHOU aa3uu u JeueHun
JIENPECCUBHBIX paccTpoicTB. BiitoueHne JaHHOIO MeEToJa B HPOrpaMMbl  KOMILJIEKCHOU
HeHpopeaOWINTAlMK  TO3BOJISIET CHHEPIreTUYECKH TOTEHIUPOBaTh d(PQexTsl craHmapTHOU
KHHE30TEpaliyd M JIOTONEANH, YTO MPUBOJUT K 3HAYUTEIHLHOMY YIYUHICHHIO (DYHKIMOHATBHBIX
HCXOJIOB Y MOBBIIICHHUIO Ka4eCTBA KU3HU TanueHToB [20].

Takum oOpa3zom, Hu3KouacToTHas rTMS mepecTaeT OBITh YHCTO AKCHEPUMEHTATIbHBIM
METOJIOM M TEPEXOAUT B paspsja CTaHAAPTOB. BbICOKOW-PCAOMITMTAIIMOHHONW TIOMOIIHU, OTKPHIBAs
HOBBIE TOPU30HTHI JJI1 BOCCTAHOBJAEHMUS MANVEHTOB MOCHE UHCYIBTA [2].
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