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HCYJIBT OCTAETCS BEAYIIEH MPUIMHOM UTUTEIbHOM

UHBAIMIU3ALMY; 00Jiee YeM Y MOJOBUHBI Mallu-

€HTOB, TEPEHECIINX MHCYIbT, COXPAHSIETCS IBU-

raTeJbHBIN Ae(eKT, TPeOYIOIINii TpOoBeAeHUS

peabMIUTALIMOHHBIX ~ MEPONPUATUIA [33].
ViydiieHne KavecTBa KIAcCUYECKOW peadMIMTallMM, BKIIIO-
qaroleii 1edyeOHyI0 (PU3KYIBTYpY, Maccax, (pU3MOTepaneBTH-
Yyeckue TMPOUEAypbl, HE MOXET 3HAYUTEJbHO CHU3UThL JOJIIO
MMOCTUHCYIBTHOM MHBaIUaU3auK. Bee 310 mogHMMaeT Bompoc
0 Pa3BUTUM PeaOMINTAIIMOHHBIX CTPATETU MOCIIE TIEPEHEeCeH-
HOTO MHCYJIBTA, HANIPaBJIEHHBIX HA YMEHBILIECHHUE CTETIEHU HEB-
posnoruyeckoro aedexra [17, 31].

BronornyecKie 0CHOBBI BOCCTAHOBIIEHHS.
HeiipoBu3yam3anus B H3y4eHHH BOCCTAHOBIICHHS

H popMUPOBAHIH PeaOUTHTALMOHHOI CTPATErHH Y 00IbHBIX
¢ HIEMHYECKHM HHCYIBTOM

DKCIepUMEHTANBHBIMY, HEHPOMHU3NOTOrMYECKIMU ¥ HEHPO-
BU3YAIN3aIIMOHHBIMI UCCIEIOBAHUAME JIBYX TOCIEIHUX
JECATUIETHIA TI0Ka3aHa CIIOCOOHOCTE B3POC/ION0 MO3ra K peop-
raHu3aly Ha TPOTXEHUU BCEl KU3HU, YTO MMEET OOJIBIIOE
3HayeHMe [ BOCCTAHOBIEHNS HAPYIIEHHBIX (PYHKLMIA Mocie
TIOBPEXICHUSI HEPBHOI cucteMbl [76, 78, 85]. OmHako Mexa-
HM3M ¥ OMONOTMYECKUE OCHOBBI CIIOHTAHHOIO BOCCTAHOBIIE-
HUS HAPYIIEHHBIX (DYHKIIMI B IEPBBIE HENENM WIN TaXe MeCs-
bl T10CIe OCTporo uiemuyeckoro uueynsra (UMW), noaro
OCTaBaJINCh HEACHBIMU.

BHenpeHue B KIMHUKY HEMHBA3UBHBIX METOJIOB UCCIIEIOBAHMUS
(DYHKIIMOHUPYIOIIETO MO3ra, a UMEHHO (DYHKIMOHATbHOM
MarHUTHO-pe30HaHCHO# TomMorpaduu (GMPT), mosurporHoit
sMuccuoHHO# ToMorpaduu (I13T), anekTposHuedanorpa-
dun (B9I), maruuTHOI 3HUEdanorpadun (MII) u TpaHc-
KpaHuanbHOi MarHuTHO# ctumyasuuu (TMC) mnossoamnu
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n3y4yaTb MPOLECChbI, MPOUCXOOAILINE B COXpaHHBHlCI?'ICH TKaHU
Mog3ra.

YcTaHOBIEHO, UTO BOCCTAHOBJIEHHWE HAPYIIEHHBIX GYHKLMI Y
YesloBeKa IPOMCXOAUT BCISACTBUE (DYHKIIMOHAIBHOM peopra-
HU3ALMM MO3TOBHIX HEHPOHAIBHBIX CETeil B CTPYKTYPHO MU
(DYHKIIMOHAIBHO HETIOBPEXIEHHBIX O00JACTIX TOJOBHOTO
Mosra [36, 108, 109, 114]. Peopranusaiiysi, KaK MpaBuio, CBO-
JMTCS K BOBJICUEHHIO 00J1aCTel MO3Ta, He 3a1eliCTBOBAHHBIX JI0
€ro MOBPEXICHMS WK 3aeliCTBOBAHHBIX B MEHBILEI CTEIEHU
B BBINOJHEHUN NaHHOW (yHkumu. Llens peopraHuzanmu —
3aMeCTUTD MOBPEXICHHbIE 00JaCTH WK Te 00JacTH, C KOTO-
PbIMU HapyLIeHo coobiueHue [4, 27, 69, 76, 89, 109]. B ocHose
JaHHOTO 3aKJIIOYEHUs, CHEJIaHHOTO HAa OCHOBE 3KCIIEpUMEH-
TaJIbHBIX PaldoT, JiexKaT aHATOMUYECKIE OCOOEHHOCTH MIPOBOJI-
HUKOB. KOpKOBO-CIMHHOMO3rOBbIE BOJIOKHA, OOJIBbIIMHCTBO
M3 KOTOPHIX HAYMHAETCS B NMEPBUYHOIM IBUTATEJIBHON KOpE
(M1), a taxxke B mpemoTtopHoii oomactr (ITO) u JoTmoTHUTETh-
HOIi MoTOopHOI1 obnact (IMO), SBASIOTCS MapaiielbHbIMU,
HEe3aBUCHMBIMY IBUTATSIbHBIMU ITYTSIMU, UIMEIOIIMMU OTAC/Ib-
HbIE TPOEKIIMOHHBIE BOJOKHA K MOTOHEHpPOHAM CIIMHHOTO
MO3Ta U B3aMMOCBSI3M Ha YPOBHE KOPHI TOJIOBHOTO Mo3ra [98].
OcyliecTBieHNEe IBWKEHUI PYKOM, B 3aBUCUMOCTH OT HX
CJIOXHOCTM M BUIA, TIPOUCXOMSAT IPU OTHOBPEMEHHOM Yua-
CTUM HECKOJIbKMX HE3aBMCUMBIX JBUTATEJIbHBIX HEHPOHAIIb-
HBIX ceTeil (ceTw KoHTpous). [loBpexmeHue OmXHOW U3 HUX
MOXET, 10 KpaiiHeil Mepe, 4aCTUYHO, KOMIEHCHPOBATHCS
akTUBHOCTBIO Apyrux [32, 91]. Kpome TOro, cBSI3b JaHHBIX
00J1acTeil Yepe3 BOJIOKHA MO30JIMCTOrO TejIa C TOMOJIOTUYHBIMU
30HaMM TIPOTHBOIOIOXKHOTO TOJIYIIApUs MO3BOJISIET BOBIE-
KaTbh UX B IIpolecc (PYHKIMOHAIbHOM MHTErpallMy IIPU Peop-
TaHM3allMy JBUTATENbHBIX ceTeil Mmo3ra [37, 39, 107].
DKCNepUMEHTATBHO YCTaHOBJICHO, YTO CHYDKEHHAs BO30YIM-
MocTh B M1 ofHOTO M3 Mojaylapuii TPUBOAUT K He3aMeIH-
TEJIbLHOMY PacTOPMAaXXMBAHUIO ¥ TIOBBILIEHHON BO30YAMMOCTH
romonornyHoit M1 [81].
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®deHoMeH peopraHuzaly mosra mocie MW, BuisBiseMblii B
TeyeHue AJTUTEeJbHOTO Meproja Npu GyHKIMOHATbHON Heill-
pPOBU3YaTU3alMK, YCIOBHO DPa3leNseTcss Ha IBE OCHOBHBIE
rpynmel; 1) runepakTuBalys y4acTKOB (DU3MOJOTMIECKOM
HENpOHATbHOU CEeTY MPU BHITIOJHEHUN 331aHusI (AKTUBHBIE U
MaCCHUBHBIC IBMKEHUS M IpyTrue) U 2) aKTUBAIMS «HEOObIY-
HBIX» 00J1aCTeii, KOTOPBHIE MBITAIOTCS «B3SITh» Ha ce0sl (hyHK-
LUK TIOBPEXKAECHHBIX TKaHei [85]. PusnonornyeckuM o0b-
SICHEHUEM TIepBOTO (DEHOMEHA SIBIISIETCST BOBJIECUEHUE CYIIE-
CTBYIOIIMX, HO paHee HEAKTMBHBIX JEMEHTOB HEHpPOHAJb-
HBIX ceTell («peakTuBauus») [12, 14, 20, 114]. O1o mpeamno-
JIaraeT, 4To JJIsl MAIMEHTOB C MHCYJIBTOM JaXe camble Mpo-
CTbIE ABMXKEHUS SIBJISIIOTCS «CTIOXHBIMU» U TPEOYIOT 00IIMp-
HBIX CeTell MPEMOTOPHBIX U CEHCOMOTOPHBIX CTPYKTYp, aHa-
JIOTUYHO TOMY, KaK 3TO IPOUCXOIUT B MO3T€ 30POBOTO YEJIO-
BE€Ka TP BBITIOJHEHUH CJIOXHBIX IBUKEHUI, TI0 CPABHEHUIO
¢ npocthiMu [41, 67, 92]. B oTamMune OT 3TOr0 aKkTHBALIUS
HEOOBIUHBIX 00JacTell ¢ BOBIEUEHUEM HEUPOHOB M CBA3EIA,
paHee He YUYaCTBOBABIIMX B 00eCITCUeHUN ABIKCHUS («3aMe-
LIEHUE»), TIPOUCXOAUT BCIAEACTBUE AaKCOHAJIBHOIO POCTa C
(hopMupoBaHEM HOBBIX CUHATICOB M TOCIEAYIONIEH YBEIU-
YEeHHOW aKTMBAllMM HOBBIX YYaCTKOB HEWPOHAJIBHOU CETU
(uctunHast mnactuyHocTh) [20]. B skcmepumeHTax Ha
>KMBOTHBIX TTOKA3aHO, YTO B XOJI¢ ABUTATETbHON TPEHUPOBKHU
MJIOTHOCTh IEHAPUTOB B CITMHHOM MO3T€ 1 KOJTMYECTBO aKCO-
HaIIbHBIX CBsI3ell n3aMmeHsiorces [61, 117]. Xopolo n3BectTHa u
IVWHAMUYECKasl PeopraHu3alus Mo3ra B XOie OOy4YeHUs
CIIOXHBIM JABUTaTebHBIM 3amaHusMm [1, 47]. Ilo MHeHuIO
OOJNIBIIMHCTBA HMCCIENOBATENEN, COUETaHUE YBEIMUYEHHOM
BO30YIMMOCTH M «UCTUHHOW» IMJIACTUYHOCTU IPUBOAUT K
acddexTuBHOI amantauu [95, 120].

[TarTepH akTMBaIMKM MO3Ta KaXXIOro MaIleHTa B OTpeae/eH-
HBIIi MOMEHT OTpaXaeT COCTOSIHKME PeOpraHu3aliy IBUraTe b~
HBIX HelfpoHambHBIX ceteii [108]. Ero ¢popMupoBaHue 3aBUCUT
OT TSKECTH TTOBPEXIEHMST KOPKOBBIX IBUTAaTENbHBIX 00JaCTei
1 BOJIOKOH 0€JIOro BElleCTBa, JaTepalu3alui ovara mopaxe-
Hus [119]. DpdeKTuBHOCTh pabOThl COXPAHMBILEIHCS JIBUTA-
TeJbHOM CMCTeMBI 3aBUCUT TaKKe OT BO3pacTa MalMeHTa, mpe-
MOpPOMIHOIO COCTOSIHUSI €r0 TOJIOBHOIO MO3ra, MPOBOAMMOIO
neyenns [108]. Boxee Toro, ypoBHM HEHPOTPaHCMHUTTEPOB W
(bakTOpOB pocTa, KOTOPbIE U3MEHSIOT CIIOCOOHOCTh TOIOBHOTO
MO3ra OTBevaTh Ha abepeHTHbIE UMITYIbCH (T.e. 00ecmeun-
BaOT IJIACTUYHOCTD) OIPEAEISIOTCS TeHETUUECKUMK OCOOEH-
HocTsamu marueHTa [50].

3amayeil COBpEMEHHBIX METOMIOB CTPYKTYPHOW M (DYHKIIMO-
HAJIbHOW HENpPOBU3YAIM3aLUUU B U3YYEHUU BOCCTAHOBJIECHUS
OOJIBHBIX C IBUTATEBHBIM JIE(MUIIUTOM SIBISIETCS TIOUCK TIpe-
JTMKTOPOB OIarONPHUSITHON MM HEOJIaronpusaTHOM ISt BOCCTa-
HOBJICHUSI PEOPraHM3allMy MO3ra. YTOUHEHME 3TUX ToKa3are-
JIei TI03BOJIUT OLIEHUTh BEPOSITHOCTb U CTETIEHb CTIOHTAHHOTO
BOCCTaHOBJIEHUSI, OTIPENEIUTh, PEATU30BAT JM MALMEHT MOJ-
HOCTBIO CBOIf MOTEHIMANT K peadMIUTalMM Ha BCEX 3Tarax
TTOCTUHCYJIETHOTO MEPUO/A, A TAK K€ TIAaHUPOBATh MPOIOJIKI-
TEeJbHOCTb BOCCTAHOBUTENBHOTO Mpoliecca. MmeHTudukanms
HEeMPOHATBHBIX CETEN U CTPYKTYPHOTO TMOBPEXACHUS MO3ra y
OOJIBHBIX C Pa3HOW CTETEHBIO BUTATENBbHOTO JeQUINTA Ha
Pa3HbIX cTanusix BocctaHoBnaeHus nocie MW mossonut npu-
ONU3UTHCS K CO3NAHUIO BUPTYATbHOW MOJEIN ONTUMATbHBIX
HEMPOHATBHBIX CETEN MJIs1 OOJBHBIX CO CXOKUMU CTPYKTYPHBI-
MM TTOPaXEHUSIMU, YTOUHEHUIO POJU KaXKIOTO KOMIOHEHTA
HEMPOHATBHOW CETH B BOCCTAHOBJIEHUU. DTO UMEET OCOOYIO
MPAKTUYECKYI0 3HAYMMOCTD JUTSI YCIIEHTHOTO Pa3BUTHSI METO-
UK KOHTPOJMPYEMOTO JIOKAJTBHOTO BO3AEHCTBUS HA IJIACTU-
YeCKYI0 afanTaluio KOpbl (PUTMUYECKAsT U MapHO-UMITYJIb-
CHasl TPAaHCKPAaHUAJTbHAsI MATHUTHAST CTUMYJISILIUS, STIAYPaTh-
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Hasl CTUMYJNSINS, TPaHCKpaHWaNbHas CTUMYJSIIMS TOCTO-
sTHHBIM ToKOM) |8, 40, 51, 95]. Ucrionb3oBaHMEe TaHHBIX METO-
IVK Ha KIIIOYEBLIE CTPYKTYPbI-«MULIEHI» IS CHIDKEHUS aKTH-
BALIMM B MO3Te, MMPUBOSIICH K HeOIaronpusiTHoMy 3(hheKTy 1
YCUJIEHUsI aKTUBAIIMU, COMPSIKEHHOW ¢ yIydlIeHUeM JBUTa-
TEJTbHOW (PYHKIIMY, TO3BOJUT PEMOETNPOBAHUIO HEHPOHATb-
HBIX CeTell CTaTh B OYIyIEM HEOThEMJIEMOI YaCThIO MHINBHU-
JyaibHOI peabunutauyu. HeiipoBrusyanuzalioHHbIE METObI
00J1eryaloT MOHUMAaHWEe MEXaHM3MOB BO3/IEWCTBMS Ha MO3T
Pa3NTNUYHBIX PeabMINTAIIMOHHBIX TEXHOJNOTHI W JIeKapCTBEH-
HBIX CPEACTB, a TakXke CIIOCOOCTBYIOT pa3paboTKe MHAMBUIY-
AJIbHBIX TIPOTPaMM BOCCTAHOBJIEHUS ISl KaXAOro MalieHTa
[7]. HeoOxomumo momg4epKHYTh, YTO BO3NECUCTBUE JIEYEOHBIX
MeponpusITUil Ha ToBpexnaeHHb Benenctsue MU mosr c
LEJMbl0 ONTUMU3AUMK (DYHKUMOHATBHONW OpraHW3aluuu BO3-
MOXHO TOJBKO B Cy4ae, eciid 00JacTW TOJOBHOTO MO3Ta W
CETH SIBJISIIOTCS] MNHTAKTHBIMU, CTIOCOOHBIMU MOBIMSATH HA HUC-
XOIIIMe IBUTaTeNbHBIe yTH [108].

MBI u DT B uccae0BAHIH JBUIATEILHONO
BOCCTAHOBJICHHS MOCJIe HHCYIBTA

MBI u B3I — MeTonbl OLIEHKH 3MEKTPUIECKON aKTMBHOCTH
TOJIOBHOTO MO3Ta IMOCPEACTBOM PErUCTPALIU IEKTPOMATHUT-
HBIX MMIIYJIbCOB HMOCTCMHANTHYECKUX ITOTOKOB CHHXPOHHO
BO30YXXIEHHBIX HelipoHoB Mo3ra [28]. IlpemmymectBamMu
METOIOB SIBJISICTCSI BO3MOXHOCTh OTPaKEHUSI IMTPOIIECCOB C TOU-
HOCTBIO 10 MUJUIMCEKYHII, HEOCTaTKOM — CJ1aboe IPOCTpaH-
cTBeHHoe paspernenue [108]. DnekTpuueckas HEUTPaTbHOCTh
nHpapkra Mo3ra mo3sBojisger MBI u BBI peructpupoBaTh
UCTOYHUKY IeHepalli HEPOHAIbHOM aKTUBHOCTHU B ITEPUIH-
(bapKTHOI 30HE, COXPAaHHOCTb KOTOPOM MMeeT BaXKHOE IpO-
THOCTMUYECKOE 3HAUCHUE [IJIS BOCCTAHOBJICHUSI.

MHOro4YrcIeHHBIMU MCCICNOBAHUSIMU TI0KA3aHA MPUOPUTET-
Hocth MBI B umeHTM(UKAIUU Y4acTKOB MO3ra KOPKOBOTO
TIPECTaBUTEbCTBA PYKM, a TAaKKE B BBIIBICHUU MEXITOMY-
[IAPHOI aCUMMETPUU €€ TIEPBUYHBIX 30H Y OOJbHBIX C TIepeHe-
CEHHBIM MH(APKTOM MO3Ta IIPY UCIIOIb30BaHIM IaIbBaHNYEC-
CKOM CTUMYyJISUMM cpenwHHOro Hepsa [103, 118].
WccnenoBaHuist 60JbHBIX B OAOCTPOi U XPOHUUECKOM CTAIUSIX
WU nokazanu Koppessiinio MeXy 01aronprsITHBIM KIMHIYE-
CKMM HCXOIOM C OIHOI CTOPOHBI M YBEIMUYEHHEM pa3Mepa
«30HBI PyKU» C BO3pacTaHUEM KOPKOBOI aKTMBHOCTH B MIICH-
JatepaabHoOM (ropaxeHHoM) noymapuu (MJIIT) mo cpaBHe-
HUIO ¢ KOHTp/aTepaibHbIM (310poBbiM) mosymmapueM (KJIIT),
¢ apyroii [83, 84]. IpyruM YTOUHEHHBIM IMPOTHOCTUYECKUM
MOKa3aTeJieM BOCCTAHOBJICHMS SBISETCS MOIIHOCTH JE/bTa-
aktuHoct KJIII B momocTpom mepuoje: MpeBbILICHUE
BBIOPAHHOTO YPOBHSI ¢ BeposATHOCThIO 70% mpencKasbBaio
HeOmaronpuaTHeIA uexorn [102]. TpencraBnseT MHTEpeC BO3-
MOXHOCTb OIIEHKM BHYTPMKOPKOBBIX CBSI3€H ¢ TOMOIIBIO KOTe-
peHTHoro aHanu3a D3OI u MBI [IpoBeneHHBIE UCCIEI0BAHMUS
MoKa3any (YHKIIMOHANbHYIO 3HAYMMOCTb M3MEPEeHMIi Kore-
peHTHOCTH B OeTa- u anbda-auanazoHax. OqHaKO WHTEpPIIpe-
TalMsl MOJYYEHHBIX MAHHBIX TpoThBopeurBa [23, 36, 70].
BepositHO, ycreniHasi 00beKTUBM3ALUS BO3MOXHA TIPH OIHO-
BPEMEHHOM HCITOJTb30BAHNN IPYTUX METONOB OIIEHKH 3P QeK-
TUBHBIX CBSI3€ii MO3ra.

II9T u ¢MPT B uccienoBaHiH ABUTATETLHOTO
BOCCTAHOBJICHHS 110C/Ie HHCYJIBTA

9T u ¢MPT — metonbl ucciaenoBaHus (QYHKIMOHATIbHO-
00YC/IOBJIEHHBIX U3MEHEHUN HEHPOHaIbHOW aKTMBHOCTH IO
MeTaboIM3MY U JIOKATbHOMY MO3roBoMY KpoBOTOKY [108].
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I19T ocHoBaHa Ha KapTMPOBAaHUM pacIipeneeHIs] MHEPTHBIX
MOJIEKYJT C PAIMOAKTUBHOM METKOM, cBOOOMHO anbhyHIM-
PYIOLIMX M HAKATUTMBAIOIIMXCS B TKAHU B 3aBUCUMOCTH OT CKO-
pPOCTH JIOKIbHOTO MO3TOBOIO KpPOBOTOKA. Meton siBisercs
OTHOCHUTEJIbHO MHBA3UBHBIM U BKIOUAET MHBEKIIMIO WM BIIbI-
XaHWe PaIMOaKTUBHOTO BellecTBa. BpemMeHHoe paspelieHue
npu 19T ompenensercs BpeMeHeM W3MEpEeHMs JOKaTbHOTO
MO3roBOro KpoBoToka (0koyio 90 CekyHI) U MHTEPBAIOM MJIsI
MOBTOPHOTO ~ W3MepeHMs1  (He  MeHee 6  MUHYT).
[MpoctpancTBeHHOe paspernieHue cocTaasieT S—10 mm [85].

GMPT pacnonaraetr pasaMuHBIMM METOAMKAMM, OTHAKO B
OOJIBIIMHCTBE HUCCIIENOBAaHUI MCIOJIb3yeTCsl HEMHBA3UBHAs
HelipoBU3yanu3alusi, OCHOBaHHAsl HAa M3MEHEHUU YPOBHS
okcureHauun KpoBu (blood oxygenation level dependent,
BOLD). NoBblteHue HelipoOHATbHON aKTUBHOCTH TIPUBOJUT K
YBEIMYEHHUIO JIOKAJTbHOTO MO3TOBOTO KPOBOTOKA C COMYT-
CTBYIOIIMM TTOBBIIIIEHNEM KOHIIEHTPAILIMKM OKCUTEMOTIO0MHA B
TKaHW ¥ BBIBEACHUEM Je30KCUTEMOINIO0MHA B JIOKAIBHYIO
KamuUISIpHY10 ceTb. OKCUreMornobuH o0JafaeT ciabbiMu
MarHUTHBIMM CBOMCTBAMU M MOXET JIMIIb HE3HAYMTEIBHO
M3MEHSITh MAaTHUTHOE TI0JIe, B TO BPeMsI KaK Je30KCUTeMOTIIO-
OWH SIBJISIETCS TTapaMarHUTHOM MOJIEKYJOM, U U3MEHEHHUE ero
KOHIIEHTpAIMK TPUBOAMT K akTuBaiu Ha GMPT B oOpaTtHO
MPOMOPIIMOHABLHOM 3aBUCUMOCTH [2]. MexaHu3Mbl JaHHOTO
HEWpOBACKYJISIPHOTO B3aMMO/ICICTBHSI OKOHYATEIbHO HE YTOU-
HEHBbI U SIBJISIOTCS IPEIMETOM MHOTOUMCIEHHBIX 9KCIIEPUMEH-
TaJIbHBIX MccenoBaHuii. BpemenHoe paspeiieHue GMPT
orpeieNsieTcsl BpeMeHeM TeMOIMHAMUYEeCKOro oTBeTa (heHo-
MeHa HelpoBacKY/ISIPHOTO B3aMMOJIEICTBHS, KOTOPOE COCTaB-
asier okojio 12 cekyHn. IlpocTpaHCTBEHHOE pa3pelieHue
(GMPT Ha cerogHsIIHUI AeHb JOCTUTaeT CYOMUITUMETPOBOTO
YPOBHS U SIBASIeTCS HauOoJiee BHICOKMM CPEIU BCEX METONIOB
(DYHKIIMOHAJIbHOM TMarHoCTUKH [68].

[MepBoe wmccinenoBaHWe MOCTUHCYJIBTHOW peopraHu3alnun
MeTofoM (DYHKIIMOHATbHOM BU3yalU3allii, OCHOBAHHOM Ha
MeTaboanyeckux curHanax, osuto mposeneHo F. Chollet u
coaBT. B 1991 romy. YueHsle cooOummnm o OuaatepaabHOMI
[9T akTuBaLMK CEHCOMOTOPHBIX 30H ¥ BOBJIEYEHUU JOMOJI-
HUTENBHBIX TIPOBOASIINX MYTei B X0 NBYKEHUS Mapaan30-
BaHHOIt pyku [21]. Tlocnenyiouiue Kak eIMHOBPEMEHHbIE,
Tak v TMOBTOPHbIE UCCeNOBaHUs ¢ ucnob3oBanueM 19T u
GMPT mokazanu, 4to peopraHu3aiys HEHPOHATbHBIX CETEH
MPOMCXOIUT Ha BCEX CTAAUSIX MIIEMUYECKOTO MHCYIbTA, U,
KaK yXe OTMeyajoch BbIllIEe, BKJIIOYAET TMMEpaKTUBAIUIO
YYaCTKOB (PM3MOJIOTHUECKON HEHPOHHOM CeTH M3-3a CIICIIN-
(uyeckoil 3amauM M aKTUBALMIO HEOOBIYHBIX OOJAcTEH,
KOTOpBIE TBITAIOTCS B3ATh Ha Ce0s (DYHKIIUH TTOBPEXACHHBIX
TKaHeit [85].

Ilammepnot peopeanuszayuu netiponaibHol cemu
Tunepaxmusayus gusuonoeuueckoii cemu

bruta onmcana runepakTUBanMs Kak MEPBUYHBIX, TaK W BTO-
PUYHBIX 00JIacTell TOJIOBHOTO MO3ra B cocTaBe (hu3nonornye-
CKOIl HEeHpOoHaJbHON ceTu, obecrnevynBaoleil BbITOJHEHUS
cnenugIecKoro 3aaaHusl y TOCTMHCY/IBTHBIX MAlleHTOB.

Benymas poip umcuiaTepanbHBIX MOTOPHBIX ITPOBOMSIIUX
MyTeli B BOCCTAHOBJIEHUU JIBUTATEIbHBIX (DYHKIIWIA OTMEYaeTCsI
OOMBIIMHCTBOM Uccnemonareneii [9, 26, 93, 114]. Tlpu pacro-
JIOXXeHUH nHGapKTOB BHE 30HBI M 1, pabouast Harpy3ka Ha Hee
B xome peopranu3auuu yBennuumpaercs [85]. S.C. Cramer u
cotp. (1997 ron) pazpaboTanu IIKamy AJsi KOJIWYECTBEHHOU
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OILIEHKW WIICHJIaTepalbHON TUIIEPAaKTUBAIIMY, HAa3BaHHYIO
«AIcunaTepanbHblil MHAEKC». OH IpeacTaBaseT co0oil pa3HU-
Iy MEXIy 00bEMOM aKTMBALIMK MEPBUYHBIX CEHCO-MOTOPHBIX
00J1acTeil KOHTpajIaTepaJbHOTO M UTICKUIATePATbHOTO TTOJTyIIa-
puit, nenenHoit Ha ux cymmy: (K-M)/(K+W). lannbiii nokasa-
Telb XapakTepu3yeT Haau4yue MEXIONyNIapHOro OanaHca.
3HaueHWe I3TOTO MHIEKCAa MOXET BapbMpoBaTh OT +1
(MCKTIOUUTETHHO KOHTpajIaTepaibHOE) 10 -1 (MCKIIIOUUTETBHO
uncunarepaibHoe). [To3qHee 3TOT MOKazaTeab ObUT MepenMe-
HOBaH B «MHIeKC narepamm3amun» (MJI), MOCKOMbKY MMencst
€ro LIMPOKUIl pa3dpoc y MalUeHTOB B XPOHUYECKON CTaiuu
NN BcnenctBue Oonee BBIPAXEHHOW aKTUBALMU 3[10POBOTO
nosyiapust (ToTepsl JaTepaau3aliy) M0 CPaBHEHUIO C TPYII-
MOV KOHTPOJISI, Y KOTOPOM MEXIONyIIapHbIA OamaHC coxpa-
Hsuicsl. MccnenoBaHUsIMU TTOKA3aHO, YTO HECMOTPS Ha Bapua-
0eJIbHOCTh JIOKaNM3aluy MHMAPKTOB MO3ra M pas3IudyHbIe
TUIbI (DYHKIIMOHATBHOM peopraHu3aliyu OJHUM W3 OIpeje-
JIsonmx ee (aKTopoB — SIBISIETCS HAIUYME WU OTCYTCTBHE
nospexaenuss M1 WIII. T[lpu moBpexneHnn a1oii 30HBI OTMe-
yaeTcsi 0oJjiee BbIpaXeHHOE YcuieHue (QYHKIIMOHAIbHOM
akTuBHOCTU 30HBI M1 KIJITI mpu BBIMOJHEHUM MOTOPHBIX
3aganuil. HarpoTtus, naTakTHOCTH 30HEI M 1 MJITT ompenensier
BO3MOXHOCTb BOCCTAHOBJIEHUSI CO BDEMEHEM MEXKITOJTyIAPHO-
ro OanaHca [35, 97].

Hannste [19T u MPT uncciemoBaHmit yKa3pIBaOT Ha yIacThe
B TIOCTUHCYJIBTHON (DYHKIMOHAIBEHOW PEOPTAHM3ALNN KOPBI
TOJIOBHOTO MO3ra M30BITOYHO AKTMBHPOBAHHBIX BTOPUYHBIX
00J1acTeil — MOMOJTHUTENbHBIX MOTOPHBIX YYaCTKOB M HEMO-
TOPHBIX 30H (IIPEMOTOpHAs KOpa, JopcoyiaTepaibHas Tpe-
(bpoHTaIbHAS KOpPa, JOMOJIHUTEIbHASI MOTOPHAS KOpa, MO3XKe-
YOK, OCTPOBOK, HIZKHSIS TEMEHHasl KOpa, IOSCHAs TBUIATe b~
Has Kopa) kak B WMJIIT Tax u KJITI [9, 14-16, 21, 26, 49, 73, 74,
93,108, 109, 111, 112, 114].

Yarie Bcero oTMevaeTcsl M30BITOUHAST aKTUBALUSI TTPEMOTOP-
HOl KOphl. [Ipy CyOKOPTHKAIbHOM HHCYIBTE YBEIUYCHHYIO
OMTaTepa bHYIO aKTUBAIMIO TTPEMOTOPHOM KOPHI HAOTIOmANN
C. Weiller u cotp. (1992) [113] u C. Calautti u cotp. (2001) [14].
Co0011aoch TakKe 0 IBYCTOPOHHEH TMIepaKTUBALIUYI IIPEMO-
TOPHOIT KOPBI Y TALIMEHTOB ¢ KOPTUKATBbHO-CYOKOPTUKATBHBIM
nospexaeHueM [21, 93]. JIuiub B eTMHUYHBIX UCCIEI0BAHUSX
nipemoTopHast aktuBays UJIIT He Oblma moMuHMpYIOIIei [25,
114]. Cuuraetcs, 4To (peHOMEH T'MIIEPAKTUBAIIMK MPEMOTOP-
HOM KOpBI Ha CTOPOHE MH(MAPKTa MO3Ta OTPaXKaeT ee upe3Mep-
HOE BOBJICYEHHE ITPHU MTOIIBITKE BHIITOJTHUTD 3alaHKE, HECMOTPS
Ha TIOBpEXIeHNE KOPTUKOCIIMHAIBLHOTO TpakTa [89]. DTo oTua-
CTU MOXET ObITb OOBSICHEHO PETYIMPYIOIIUM BIMSHUEM IIpe-
MOTOPHOIT KOpbI Ha TIEPBUYHYIO MOTOPHYIO KOPY, CYLIECTBYIO-
MM B 310poBOM Moare. HemaBHo aTa rumoTesa Oblia moaTBep-
XJIeHa KapTtupoBaHueM npu nomoimiu ¢GMPT xoprtuko-
(byraJpHBIX BOJIOKOH Y 3M0POBBIX MCIIBITYEMbIX 1 MAIIMEHTOB C
uHcynsToM [75]. Kpome Toro, mpeMoTopHast Kopa COIepKuT
KOPTUKOCIMHAIbHbIE HEMPOHBI, JAlOlie HAavyaJlo IBYCTOPOH-
HEMY KOPTHKO-PETUKYIOCIIMHAILHOMY TpaKTy, 00ecIeYrBao-
IeMy TpOKCUMaibHbIe ABWXeHus [57]. BoisaBnsemast rumep-
aKTHBAIMsS MOXET OBITh OTpaXkeHHEM YCHJICHHOM paboueii
Harpy3ku Ha Hee NP MOBPEXICHUH JaHHBIX TIPOBOIHUKOB.

OOuMpHast aKTUBALUS Pa3IMYHBIX TEPBUYHBIX ¥ BTOPMYHBIX
obacTeii TOTIOBHOTO MO3ra, BeigBIsgseMas Kak B MJITI, Tak u B
KJIIT, mo mHeHuto P.M. Rossini 1 coaBt (2007), moaTBepxXIaeT
TO, YTO BOCCTAHOBJIEHME JBWIKEHUII TIOCJIE MHCYJIBTa COIpPO-
BOXIAeTCs TOBBIIIEHHON aKTMBHOCTHIO MOTOPHBIX HEMpO-
HaJIbHBIX CETei, KOTOpble B HOPME CYILIECTBYIOT, HO aKTMB-
HOCTb MX HEOOJIbIIIas, B X0 BHITIOIHEHHUS IIPOCTOTO, aBTOMA-
TU3UPOBAHHOTO 3amaHus. [1ocKoJBbKY MOmOOHBIN (peHOMEH
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OTMeYaeTcst IpU OOBIYHOM cTapeHuH [42] 1 TPy BBITIOTHEHUN
CIIOXKHBIX JBMXKEHUI 310pOBBIM yenoBekom [41, 67, 92],
HCCNeNoBaTeIM He eAMHbI B €0 TPAaKTOBKE: SBISETCS JIM AaH-
Hasl TUIIEPaKTUBAIIMSI MICTUHHBIM (DEHOMEHOM TIIACTUYHOCTH
WM BPEMEHHOI KoMIieHcaTopHolt ctpaterueit [30, 85].

JI7st pelieHnst TaHHOTO BOMPOCa, UMEIOIIEro OObIloe Mpak-
TUYECKOE 3HAYECHUWE ISl PeadMIUTAlVK, ObUTM BBIMOJHEHBI
MHOTOYHCIIEHHBIE UCCIIET0BAHNS TI0 YTOUHEHHIO B3AUMOOTHO-
HIEHUH MeXTy KIMHUYECKUM BOCCTAHOBJIEHUEM U aKTUBALU-
el Mosra. bBoOJBIIMHCTBOM, KaK €IMHOBPEMEHHBIX, TaK U
TIOBTOPHBIX MCCJIENOBAaHMI, YCTAaHOBJIEHAa O0paTHasl 3aBMCH-
MOCTh KJIMHUYECKOTO BOCCTAHOBJICHUSI OT CTETeHU aKTUBa-
LMY HEMEePBUYHBIX MOTOPHBIX 00JacTeil, 0COOEHHO Hemopa-
KEHHOTO TTOJTyIIapus 1 TpsiMast 3aBUCMMOCTb OT YBETMUECHUST
AKTUBALIAU NIEPBUYHON CEHCO-MOTOPHO KOPBI TIOPAXEHHOTO
nosyiapud [15, 16, 110, 112]. Takum obpasom, Jydiiee Boc-
CTAHOBJICHNE COTJIACHO OOJIBIIMHCTBY MCCIeNOBaHUI, HAaOMIO-
JlaeTcsl TpU BO3BPAIEHUM AKTUBAIIMOHHOTO MAaTTepHA K
(busmonornyeckoil 1emum KOHTPJIATEPATBHOTO KOHTPOJS
(bYHKIIMU KOHEYHOCTH, CYLIECTBYIOIIETO 10 60JI€3HMU, T.€. BOC-
CTAHOBJICHUIO MeXXTIoJTylapHoro 6ananca [ 13]. Jiuub eanHuy-
HBIE UCCIIENOBAHNUS YKA3bIBAIOT Ha 00J1ee BAXKHYIO POJIb IBUATA-
TEJbHBIX 00JIACTEHl MHTAKTHOTO MOJYIIAPWs B BBITIOJTHEHUU
CJIOXHBIX 3a/lay TMOPaKEHHOU KOHEYHOCTHIO y TMALMEHTOB C
MOYTH TIOJHBIM BOCCTAHOBJIEHWEM JBUTATENbHBIX (DYHKIIMI
[36, 65].

Q)OPMM[JOG(IHME’ u akmueayus Ho8ulX Y4acmkKoe cemu

[Tpu aBrXeHMM MOpaXkeHHOM PYKOM, KaK MpY KOPTUKAIbHOM,
TaK ¥ TIPU CYOKOPTUKAIbHOM MH(APKTe MO3ra B OTIMYKE OT
IBIKEHMIA 3I0POBOI PYKOM HEPEIKO OTMEYaeTcsl CMELIeHHUe
aKTHBALIMY TIEPBUYHBIX CCHCOMOTOPHBIX 30H K3amu [ 13, 25, 45,
58, 80]. HemaBHue uccienoBaHus ¢ UCMOIb30BaHUEM TU(DY-
3MOHHO-TEH30PHOM TpakTOorpaduu 1mokaszaiu, YTo KOPKOBBI
CIBUT TaKKe COMPOBOXIAETCS TIACTUIECKMMU U3MEHEHUSAMU
B THOJKOPKOBBIX MOTOPHBIX IyTSIX NMpU MH(ApKTe B 3agHEi
YacTH JIyurcToro BeHua [44]. bonee Toro, B HECKOJIBKUX CITy-
Yasgx CyOKOPTMKAIbHOTO MH(MapKTa HaOJoganach BEHTPalb-
Hasg TUINEPAKTUBALUSA B KOHTpaJaTepaJbHON NEPBUYHOUN
ceHco-MoTopHoOI 30He [14, 114]. C npyroii croponsr, Jaillard 1
cotp. [43] MpomEeMOHCTPUPOBATN TIPOTPECCUPYIONINIA TOp-
3QJIbHBIA CIBUT AKTUBALMU MEPBUYHON CEHCO-MOTOPHOM
KOphl y TAllMEHTOB C CEJIEKTUBHOW KOPKOBOW HIIEMUEN.
Hakonen, S.C. Cramer u cotp. [25] HaOmromanu TepeaHMiA
CIBUT y TALIMEHTOB C MH(MAPKTOM B MEPBUYHON CEHCOPHOI
Kope. JlaHHble Haxonku, o MHeHuio P.M. Rossini u coaBT.
(2007) oTpaxkailoT amanTHBHBIE PETMOHATbHBIC M3MEHCHUS,
00YCJIOBJICHHBIE CHUKEHUEM JIOKAJIbHOTO MHTMOMPOBAHUS, U,
B OTJIMYME OT TUIIEPAKTUBALIMH, MO3BOJISIIOT YTOYHATH 30HBI
MOTOpHOTO pernpe3eHTrpoBanus [85]. HecmoTpst Ha Bo3pac-
Talollee YKCIO0 COOOLIEHMI O CABUIe aKTMBALUU MEPBUYHOMN
CEHCO-MOTOPHOM KOpBI, OTCYTCTBYIOT YKa3aHUS Ha CBS3b JIaH-
HBIX TIPOLIECCOB C KIMHUYECKUM BOCCTaHOBIEHUEM [85].

Hedocmamxu @MPT, mpyonocmu unmepnpemayuu OGHHBLX,
yeaosus IKcnepumenma, 3ada4u Oy0yuux uccaedoeanui

Cepbe3HbIM HEOCTaTKOM METONa SIBJSIETCS TO, YTO, KaK U
Ipyrue (QyHKIMOHANbHbIE METOAMKU, OCHOBAaHHBIE Ha
perucTpaum KpOBOTOKA, OH JAeT CYPPOTaTHBIM CHUTHAI,
3aBUCSIIMNA OT MHOXecTBa (DU3MUYECKMX U OUOJOTMYECKUX
napametpoB. Hanbonee 3HaUMMOIi SIBJISIETCS TIOTPEIIHOCTD,
CBSI3aHHAS C M3MEHEHWEM PEAaKTUBHOCTH COCYIOB BCIE[-
CTBHME COCYAMCTBHIX 3a0ojeBaHUi W crapeHus. OHU U3Me-
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HSIOT HEeMpOoBacKyIsIpHOE B3aMMOJEHCTBUE, KOTOpoe obec-
neuynBaet popmupoBanue BOLD-curnana [64]. Kpowme Toro,
IIpU OLIEHKEe aKTUBaLKU MBI onepupyeM ¢ BOLD-curnaiom,
OCHOBAHHOM Ha aHaJM3¢ OTHOCHTEIbHO HU3KOW YaCTOTHI
ocumsiiuii (mpubnusurensuo 0,2 u 0,01 Tix), a He ¢ Helipo-
HaJIbHOW aKTUBHOCTBbIO [66]. Ilpu 3TOM CcUrHaa oTpaxaer
AKTHBHOCTb HEWPOHOB C pPa3IMYHON (YHKIIMOHAIbHOMN
HarnpaBieHHocThio. ®MPT He mo3BossieT OTIMYUTD CUTHAT,
UCXOMSANINIA OT HEeHpOHOB, YYaCTBYIOIIMX B BBIIOJIHEHUU
JAHHOTO 3aJaHMsl, OT HEHPOMOMAYISILMOHHOTO CHUTHaja
(BHMMaHUE, MOTUBALIMS, 3aIIOMUHAHKE, TAMSTh), a TAKXE OT
HalpaBJIeHWs CUTHANOB («CHU3Y-BBEpX» WM <«CBEPXY-
BHU3»). Jl0 HacTosIero BpeMEeHM He sICHA BO3MOXKHOCTb
T depeHIIMPOBAHNUS TIPOLIECCOB BO30YXAECHUS U TOPMOXKE-
Hus [64]. IIpu aToM cam peHoMeH HeratuBHoro BOLD-cur-
Hajia He UMEEeT OJHO3HAYHOTO 00bscHeHus. Yalie Bcero oH
SIBIISICTCSI CJICACTBUEM YMEHbBILICHMS IOMYJISIUK aKTHUBUPO-
BaHHBIX HEIIPOHOB, pexXe — Pe3yIBTaTOM pa3pylleHi Heii-
POBACKYISPHBIX B3aMMOICHCTBUM TIPU pa3IMIHBIX TAaTOJIO-
TMYECKUX COCTOSHMSIX, HEHpPOHAJIbHOW JeaKTUBALMMU,
BBICOKOI CENEKTMBHOCTU BXOIA CHMTHAjJa MU MHOTHMX IPYTUX
npoueccoB [64, 86, 90, 96]. Bce 310 Hepeako 3aTpymHSET
uHTtepnperanuio kKapt GMPT [64].

Jlpyrue CJIOXHOCTH B UCHOJNb30BaHUU MeToga (GMPT
00yC/IOBJIEHbl HEKOPPEKTHOM pa3pabOTKOl MPOTOKONOB 3KC-
MEPUMEHTOB C UTHOPMPOBAHMEM XOPOIIIO N3BECTHON TMPUHIIH-
MHUAJIBbHOI cXeMbl (DYHKIIMOHATLHON OpraHu3aluu Mo3ra [64].

Hecmotpst Ha Bce oTMeueHHbIe orpannderust pMPT siBnsiet-
csl B HacTosilee BpeMs JyYIIMM MHCTPYMEHTOM JUlsl MCCle-
JgoBaHus yHKIMi Mo3ra [64, 108]. Ux 1ocToBEpHOCTD 3aBHU-
cut ot TexHosnoruu GMPT, mporokona akcrnepuMeHTa, cra-
TUCTUYECKOI 00OpabOTKM U CII0C00a MOoAeIUpoBaHus. [64].
CosepuierctBoBanne Meronuk ¢bMPT, Hanmpumep, usmepe-
HUI CBSI3HOCTU MEXJy Pa3IMYHBIMU 00JAaCTSIMU KOPBI TIPU
BBITIOJIHEHUHM OTpeeSIeHHOTO 3alaH1sl, OTpaxalollei cyuie-
CTBOBaHME NEHCTBYIOIINX BHYTPUKOPKOBBIX CBs3eil [82],
OygeT crmocoOCTBOBAaTh YTOUHEHUIO CHELUGUYHOCTH pPETu-
CTPUPYEMOTO CUTHAJIA U TIO3BOJIUT MEePEeiTH OT KapTorpaduu
aKTUBALMK K MCCIENOBAaHUIO AMHAMUYECKON OpraHM3aluu
Mo3ra. boJbIIMHCTBO uccienoBareeil CUUTal0T He0OX0Iu-
MbIM TPOBOAUTH 0oJiee TIIATENbHYI0 Pa3pabOTKy Mpelb-
SIBJISIEMBIX TECTOB B COOTBETCTBUSIMU C 3a7lauaMU 3KCIIEpH-
meHTa [85, 108]. Tak B monassitonieM OONBIIMHCTBE UCCIIE-
JIOBAHMI B KauecTBe MapaJurMbl UCTIOIb30BATMCH AKTUBHbIE
JBWDKEHMSI, YTO TPEAINoJaraeT uccaeaoBaHue MOCTUHCYIIBT-
HBIX MAIUEHTOB C JIETKUM JIBUTATEJbHBIM AEHULIUTOM WU
€ro OTCYTCTBMEM. DKCTpaNoJupoBaHUE MOJYUYEHHBIX
pe3yJbTaTOB Ha MAIlMEHTOB C BBIPaXKEHHBIM JBUTATEIbHBIM
nebunutom nocie MM — 3aTpynHeHO M HEKOPPEKTHO.
OnHUM U3 TTOJX0I0B, MO3BOJISIIOIIMM MCMONb30BaTh KIMHU-
yeckuit moreHman ¢MPT 11t 60bHBIX ¢ ABUTATEIBHBIMU
HapylUIeHUsIMM, MOXET CTaThb HMCCAeNOBaHHWE aKTUBAIMU
CEHCO-MOTOPHOI KOPBI MPU MACCUBHBIX ABMXKEHUSX [52] U
TIPU MCIIOJb30BaHUY IalbBAHUYECKON CTUMYJISIIIMM Tiepue-
puyeckux Hepsos [101].

[TockoIbKy HM OIHA M3 UCIIOJIb3YEMBIX METONUK HE MOXET
TTOJTHOCTBIO 3aMEHUTB APYTYIO TSI YCIIEITHOTO W3YYEHUS peop-
TaHU3aIK MO3Tra, HEOOXOIUM MYJIBTUINCIUTUIMHAPHBINA O] -
xof. OH npeanonaraeT komouHaiuo GMPT ¢ HeMHBa3UBHBI-
MU METOIMKAMU, TIO3BOJISTIOIINMHU TIPSIMO M3MEPSITh SJIEKTPHU-
YeCKyl0 aKTUBHOCTh MO3Tra, M MHBAa3MBHBIMU 3JIEKTPO(DU3NO-
JIOTUYECKUMU U (DapMAKOJIOTMUECKUMK SKCIIEPUMEHTAMU Ha
JKMBOTHBIX MOJEIISIX [6, 25, 36, 64, 84].



HAYYHbII OB30P

MeTozb! ONEHKH CTPYKTYPHOIA 1eJ0CTHOCTH
KOPTHKOCIHHAJIBHOTO TPAKTA B HCCIEI0BAHHH
JIBUTATebHOTO BOCCTAHOBJIEHHS MOC/Ie HHCY/IBTA

3aBUCUMOCTh OPTraHU3ALMU HOBOIi TBUTAaTENbHON CUCTEMBI U
BOCCTaHOBJIEHUSI JBUIATEbHBIX (DYHKIIMII OT CTEIEHH Iopa-
KEHUSI aHATOMUYECKMX CTPYKTYP KOPKOBBIX JIBUTATEJIbHBIX
00J1acTeil 1 BOJIOKOH 0eJI0ro BELIEeCTBA MPeIoaaraeT yTouHe-
HUE 3aKOHOMEPHOCTel MaHHO B3auMocBs3u [119]. 3HaHue
AQHATOMMYECKOW MPOEKIMU KOPTMKOCIIMHAIBHOTO TpakKTa
(KCT) nosBosisieT ¢ MoMOIIbio CTaHAAPTHBIX pexxiMoB MPT u
Metoauku aud@ysnonHo-B3BemenHoit MPT (JIBU-MPT)
MPUOIN3UTETLHO OLIEHUTD €ro BoBjIeueHue. OnHaKo HEpeaKo
JOCTaTOYHO CJIOKHO, HampuMep, MpHM MajbiX HH(MapKTax,
OTpENeTUTh MOBPEXICH JIN IBUTATEIbHbINA TyTh [60]. OueHka
ctpyktypHoii ienoctHoct KCT Bo3dMoKHa ¢ TOMOIIIBIO METO-
UKW 1 GhY3MOHHO-TeH30pHOoro n3odpaxeHuss MPT (ITHU-
MPT), ocHOBaHHOI Ha OLIEHKE HEPAaBHOMEPHOCTH (aHU30TPO-
1K) ABMKEHUST MOJIEKYJ BOJBI B MO3TE BCJIENCTBUE HATMYMS
AKCOHOB, aKCOHAJIbHOI 000JI0YKH, [JIMAbHBIX KJIETOK U COCY-
muctoit cetu |5, 116]. Mcnombsys mannsie JTH Bo3MOXHO
PEKOHCTPYMPOBATh TPEXMEPHYIO MAKPOCKOITMUYECKYIO KAaPTUHY
MPOBOASIINX MyTeii Oesoro BelecTsa [24, 71] 1 BU3yanu3upo-
BaTh MX COOTHOLIEHME ¢ 30HOI MHbapkTa [53, 55, 60]. JaHHas
METOIMKA, U3BECTHAS KaK TpakTorpadus uim npociaexxuBaHue
BOJIOKOH, B HACTOSIIIEEe BPeMsI SIBJISIETCS] €IMHCTBEHHBIM CITO-
co00M NpPMXM3HEHHOW BU3YalM3allMy TIPOBOASIIMX IIyTeid
[53].

JTU taxxe MOXET OBITh HCIIOIB30BAHO [JIST KOJMTUUECTBEHHOI
oueHku coxpaHHocT KCT, myrem moacueTa (hpakilMOHHOMI
aHuzotponuu (PA), oTpaxkarolieil mpeaAnoyTeHue Harpasie-
Husl Andy3un BoAbl B 30HE MHTEpeca, HampuMep, 3ajHeM
Oelpe BHYTPEHHEH KarmcCybl, HOXKE MO3ra W Ipyrux [3].
Bricokue nokazarenn ®A coOTBETCTBYIOT OHOHANPABIEHHOMN
muddy3un MOJIEKya BOIbI, YTO COOTBETCTBYET COXPAHHBIM
KOMITaKTHO PacroIOKEHHBIM ITydKaM Oesloro BelecTna, Uy-
IIMM B OMHOM HarpasieHuu. Huskue nokazarenu @A xapak-
TEePHBI 1 BOJIOKOH, WIYIIMX B Pa3HBIX HAMpaBieHUsX (mepe-
KpEIIMBAIOIMeCs] BOJIOKHA) U B TOPaXEHHBIX 00JaCcTsIX
(7ToxkasbHOE TOBpEXIeHME TKaHeH 1/1in BaJIepoBCKoe Mepe-
poxIeHue) ¢ HapylieHueM uddy3un MoIeKyT BOIbl B aKCO-
Hax [56, 115].

OnHoctopoHHee HapymeHue uenoctHoctd KCT mpu MU
TIpemoTpeneIsaeT MeXmonymapHyio acuMmMerpuio @A [115].
O6cnenoBanne manueHToB ¢ MU mokazano, uto Oonee BhIpa-
keHHast acuMmeTpust DA cBsizaHa ¢ XyIIIUM BOCCTAHOBJIEHU-
€M JIBUTATeNbHBIX (DYHKLMI [46, 97, 104].

Hawm He BcTpeTHiioch paboT 1o YTOYHEHUIO 3aBUCUMOCTH (hop-
MUPOBAHUSI HEHPOHANBHBIX IBUTATEIBHBIX CETEH OT CTETIEHU
nospexaeHuss KCT.

TpaHCKpaHl/[a.]]bHaH MArHUTHAA CTUMYJIAIHUA B HCCJIEA0BAHUH
JIBUTaTEJIbHOT0 BOCCTAHOBJICHNA NMOCJI€ HHCYJIbTA

TpanckpanuanbHas MarHutHas ctumy/stius (TMC) — HeuwH-
BasuBHBIN MeTox uccnenoBanust KCT wim perynsaiuu akTrBa-
MU JABUTATEJIbHONM KOPBI MOCPEACTBOM CTUMYJSLIUU KOPKO-
BBIX JIBUTATENBHBIX TPE3CHTUPYIOMINX O0NACTEN JOKATbHBIM
MHTEHCUMBHBIM MarHMTHBIM TIoneM. [locrmemHee cosmaeTcs
3JIEKTPUYECKUM TOKOM, LIUPKYIMPYIOIIUM 110 KaTylIKe, KOTO-
past compuKacaeTcsl WM HaxOAUTCsl Ha HeOOJIBIIOM PacCTosI-
Huu oT Koxu ronossl [3, 88, 100, 108]. [Tponcxoxsmas mpu
CTUMYJISIIUK JCTIONIpU3alus MUPAMUAHBIX KJIETOK MOXET
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OBITh OIIEHEHA HAMPSMYIO 1) TI0 BEIMYMHE MOTOPHOTO BBI3BAH-
Horo noteHimana (MBII) B cooTBeTCTBYIOMIEN MBIIILIE; 2) 1O
BpPEMEHM, 3aTpaueHHOM Ha MHAyKuKo MBII (1aTeHTHOCTB);
3) 1Mo MHTEHCUBHOCTU CTUMYJNa, HEOOXOAMMOTO JJIsT Pa3BUTHS
MBII (nmopor Bo30ynumocTu Kopsl) [108].

Pa3mepsbl KapT akTUBaLK (COBOKYITHOCTh BO30YIMMBIX TOUEK
Ha IOBEpXHOCTH Yeperma) W amruiutyna MBII 3aBucar or
MHTEHCUBHOCT MAarHMTHOM CTUMYJISIIIMM, BO30YIMMOCTH M
KOJIMYECTBA KOPKOBBIX HEPOHOB, U B 1I€JIOM OT COXPAHHOCTHU
Bcero KCT [10]. Dto mo3Bossier ucnonbzoBaTb TMC y 60:1b-
HBIX, iepeHecinux MU mist otieHKY (hyHKIIMOHAIBHOM 11e10CT-
HOCTU KOPTMKOCIIHMHAJBHON CHCTEMBI, OCTATOYHBIX JIBUTa-
TeJbHBIX (DYHKIMIA M MPOTHO3UPOBAHMS (PYHKLIMOHATBHOIO
BoccTaHoBneHus [85]. TMC mapHBIM WMITYIbCOM (TTapHO-
ummnynscHas TMC) no3BosisieT u3ydyaTb MEXaHU3Mbl BHYTPHU-
KOPKOBOTO TOPMOXEHHUSI M BO30YXIEHHUS, NETCKTHUPOBATH
BHYTPUKOPKOBBIE M YTOUHSATh MX DPOJb B PeOpraHU3allK
rosoBHoro mosra mocie MU [11, 94]. Coueras TMC ¢
JIEKapCTBEHHBIMU TIperapaTaMyl, KOTOphIe 100 OJOKMPYIOT,
60 ctumynupyioT TMC-BbI3BaHHBIN OTBET, MOXHO YCTaHO-
BUTb, KaKue HEeMpOMEIUaTOPHBIE CUCTEMBI €r0 OMOCPEIYIOT
[121]. HakoHeln, HaKaIuIMBaOTCS TaHHBIE 00 MCITOJIb30BaAHUH
purmuaeckoii TMC ¢ ne4eOHBIMM LIEASIMU IS CTUMYJISILIAN
peopraHu3aly Mo3ra 1 yay4lIeHHs OTBeTa Ha TPaaULIMOHHOE
neyeHue [48].

B octpoii cranuu mHcynasta ammautyaga MBIT B M umeer
TIOJIOKMTEIbHYIO KOPPEJISIINIO B OTHOIIEHNH BOCCTAHOBIECHMS
neukeHuii [38]. B To Bpemst kak otcytctBue MBI B TeueHue
MIePBBIX YacoB WM AHel mocie MM xoppenupyeT ¢ IIoXum
BoccraHosieHueM [18, 38, 79]. [Tossnenne MBII B momocTpoii
WJINM XpOHMYECKOM CTaguy MHCYJIbTa He CBS3aHO C YIyYIIeHHU-
eM aBuraTesnbHoi ¢yHkuuu [22, 79]. HecMoTps Ha To, 4TO
nateHTHocTh U mopor MBIT B MJIII, Kak npaBuiio, BhILLE, YEM
Ha 3JI0pOBOi CTOpPOHE, KaK B OCTPOMA, TaK U B TIOAOCTPOIi CTa-
JIM, U IMEIOT TEHASHIIMIO IIOCTENEHHO CHIKATHCSI CO BpeMe-
HeM, JaHHBIC IT0 UX MPOTHOCTHYECKON 3HAYMMOCTH IS BOC-
CTaHOBJIEHHUS poTUBOpeuMBHI [18, 38, 72, 105, 106].

bonbiioe 3HayeHWe J1sT MPOTHOZUPOBAHUST BOCCTAHOBJICHUSI
JBIDKEHMI MOXET UMETh OLIEHKA aCUMMETPUHU IBUTATEIbHBIX
kapT TMC ms muimn pyku 8 UITT u KJIIT. Beigensior pa3Hbie
BapuaHTHI peopraHu3anuu. JIByMs Haubojee YacThIMU U3 HUX
SBJISIIOTCS: 1) paclIMpeHHe WIM YMeHbLIEHHE BO30YIMMOI
00J1aCTH, BO3MOXHO BCIIEICTBHE BOBICUCHNUS (AKTUBAIIMN WK
JIE3UHTUOMPOBAHUST) PSJIOM PACTIONOXEHHBIX HEMPOHOB;
2) nepemenieHre BO30yIMMON 001aCTh 3a OOBIYHbIE TPAHUIIBI,
BO3MOXHO, M3-3a TOBPEXICHMS TOM 00J1aCT MO3ra, B KOTO-
poii B HOpPME pacCIIOJaracTcsl «ropsyas TOYKa» aKTUBALMU
(MakCMMaJIbHbIIi MOTOPHBIN OTBET HA IMOBEPXHOCTH 4Yepela
TP CTUMYIISILINN UccaemyeMoid Meimimbl). [locmennmii Bapu-
AHT CJIOXEH Ul MHTEPIPETAlM: CABUT MOXET OBbIThb KakK
KaXYIIMMCSI, BbI3BAHHBIM aKTMBAIMEil BTOPUYHBIX «TOPSYMX
TOYEK», KOTOPbIE OBLIM IO 3TOTO CKPHITH 00Jice aKTMBHBIMMU,
TaK U CYLIECTBOBATh HAa CaMOM Jejie BCIECICTBHME MPOTPEcCH-
pylolleii akTUBAIlMM HOBBIX CMHANTMYECKUX cBs3eit [22, 105].
VkazanHple M3MEHEHNS MaKCHMaJbHO BBIPAXKEHBI B IICPBHIC
MeCSILBI TI0CJIe MHCYIIBTA U CTAHOBATCS CTAOMIbHBIMU B XPOHHU -
YeCKOH CTaTun BoccTaHoBIeHM [22, 105].

Anexrpodusnonornyeckre xapakrepructiku KCT Ha 3m0po-
BOIl CTOPOHE OCTAIOTCS B OOJIBIIMHCTBE CIIyJaeB B IMperesiax
HOPMBI, KaK B ocTpoii [11, 79, 94], Tak u B XpoHUYECKOIl cTa-
stx mHCysbra [94, 105]. B wactu ciry4aeB Ipu IIOXOM BOCCTa-
HOBJICHWHM JBUTATEIbHOM (DYHKIIMM OTMEYaeTCsT 3HAUUTENbHOE
nosbiiieHue MBIT co 310poBoil CTOPOHBI («TMUTAHTCKU
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MBII»), uto gBngeTcs MoKa3aTenaeM HapyIIeHHOTO MEXITONY-
1rapHoro 6agaHca BO30yIMMOCTU. MIMEIOTCSI maHHBIE O TOM,
YT0 aHOMaJbHEIE «ropsune Toukn» B KJITT acconmmpyiores ¢
IJIOXMM BOCCTaHOBIICHMEM [85].

TMC napHBIM HMITYJIbCOM TTO3BOJISIET OLEHMBATh MEXIIONY-
1IapHOE U BHYTPUKOPKOBOE MHTMOMpPOBAHUE. YCTAHOBJIEHO,
YTO BHYTPMKOPKOBOE MHIMOMPOBAHME B MIICHIATEPATbHOM
M1 orpaxaet aktTuBHOCTh [AMK-epriuuecKmnx MHTMOUTOPHBIX
UHTEpHepoHoB Kophl [54, 121]. MexmnonyiapHoe UHIUOU-
pOBaHME OT KOHTpaJaTepajbHOW N0 MICHMIaTepanbHOil M1
OTIOCPEIOBAaHHO MPEMMYIIECTBEHHO TIyTaMaTepruyecKiuMu
BOJIOKHAMMU, TIPOXOMSIIMMU Yepe3 MO30JUCTOe TeJo U Nei-
CTBYIOIIMMU 4epe3 JokanbHble TAMK-epruueckue wuHTEp-
Hetiponsl [19, 34]. [Tytu, cBI3bIBatOIINE MEXIY COO0I MOTOP-
HbI€ 30HBI KOPbl 000MX MOJIYLIAPUI U MepeceKaloe M030-
JIICTOE TEJIO, a TaKKe TOPMO3HbIE BHYTPUKOPKOBBIE KDPYTH
yJacTByioT B peryisiuun ummynbcaiuu o KCT, unymemy ot
M1 [59]. Buyrpukopkosoe unruduposanue B UJII cHuxaer-
cs B nepBbie Hepenu MM, Torga Kak MeXIoIylniapHOe MHTU-
OupoBaHue yalie He u3MeHsieTcst [62, 94]. D10 mo3BoOMMIO
UCCJIeI0BATEIISIM MIPEIIONIOXKUTD, YTO OBICTPOE BOCCTAHOBIIEC-
HUE OBIDKEHUI Y HEKOTOpBIX nmaimeHToB ¢ MW obycnopieHO
KOPKOBBIM JIE3MHTMOMPOBAHUEM, BTOPUYHBIM 110 OTHOIIEHUIO
K OTHaJICHHBIM CTPYKTYPHO MHTAKTHBIM 30HaM MO3raM (mua-
mmsuc) [87]. OmHaKo ocTaeTcsl HESICHBIM, CYIIECTBYET JIM KOp-
peJISLMs MeXIy CHUXKEHUEM BHYTPMKOPKOBOTO MHIMOMPOBA-
HUSI U YMEHBIIEHMEM CTEeIIEHU IBUTAaTeJbHOIO HapyLIEHMUS
[62]. UccnenoBanus 6OMbHBIX B XPOHUYECKOM CTAIUN HEMHO-
TOYMCIIEHHBI. Y HEKOTOPBIX OOJIBbHBIX OTMEUYAETCsI HOpMaIn3a-
LSl BHYTPUKOPKOBOro nHrubuposanus B UIIT [94]. [laHHble
0 COCTOSTHUM BHYTPUKOPKOBOTO 1 MEXKITOIYLIAPHOTO MHTUOU -
poBanust B KJITT mporuBopeuussl [29, 62, 94| 1 Moryt 00b-
SICHATbCS KaK BO3MOXKHBIM IIOBPEXICHUEM MO30JMCTOTO
Telda, TaKk M 0ojiee aKTMBHBIM MCITOJIb30BAHMEM 3I0POBOIA
PYKM B TTOBCETHEBHOI ku3HU. OTHAKO HOPMaU3allus BHYT-
PUKOPKOBOTO MHIMOMPOBAHUS Y MALMEHTOB B XPOHUYECKOMA
CTaJIUK C TUIOXMM BOCCTAHOBJIEHUEM He MOATBEPKIaeT (yHK-
LIMOHAJIbHYIO 3HAYMMOCTb TUIEPBO30YANMOCTH MOTOPHOM
kopsl KJITT [94].

B Hacrosimee Bpemss TMC sBiseTcs Haubosee Haae:KHBIM
METOJOM, JEMOHCTPUPYIOIIUM HM3MEHEHMS IUIACTUYHOCTHU
MO3Ta B3pOCJIoro uejoBeka [85], B TOM Unclie B OTBET Ha KMHE-
30Teparuio B OCTPOIi CTaIuMu MHCYIBTa [62]. YBennyeHne KapT
aKTHBAIlMM IBUTATEJIbHBIX BBIXOAOB, OTMEYAaeMOE TI0CHIE JIBU-
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ratebHOM Tepanuu, Kak MpaBUIIO, KOPPETUPYeT CO 3HAuM-
TeJIbHBIM KJIMHUYECKUM yiydnieHueM [85]. Kpome Toro, npes-
CTaBJIsIeT OOJNBIION MHTEPEC MCIOIb30BaHME HEMHBA3MBHOM
putMmdeckoit TMC B KauecTBe OTEHIIMANBLHOTO TePATeBTH-
YeCKOro BMeILATeIbCTBA JUIS YCKOPEHMSI PeopraHu3aluu U
yJIyylleHus] OTBeTa Ha TpaaullMOHHOe JevyeHue [48].
[MpenBapuTeNbHblC MCCIEIOBAHUMS MOKA3aIM, YTO PUTMUYE-
ckast TMC, ocyuiecTsisisi 0OpaTHYIO MOJOXUTENbHYIO PETysi-
LIMI0 BO3OYAMMOCTH (CTUMYJISALIMIO) B peaenax M1 3oubr MJIIT
WM oTpuILaTenbHylo (mHrnonposanue) — B KJITI, mpuBomuT K
YIy4IIEHMI0 MOTOPHBIX GYHKIMH [63, 99]. D10 Mpeanooxe-
HHUE COIJIAacyeTcsl C JTAaHHBIMU O TOM, YTO OOpaTHasl OTpUIIa-
TesbHas perynsiius Bo3oymumocty B KJITT mytem paspyieHust
TPAHCKAJLI03aIbHOI0 MHIMOMPOBAHMSI MOXET UCIIPABUTh aHO-
MaJIbHO BBICOKOE MEXIIONYIIApHOEe TOPMOXKEHME 110 OTHOIIIE-
nuto Kk WJIIT u BeI3BaTh MapagokcanbHOe (PYHKIIMOHAIBHOE
yay4LieHue nopaxeHHou pyku [99]. OnHako 1Jist BHEAPEHUS B
KIMHMYECKYIO IIPAKTUKY JTAHHOTO JIeYeHUsSI HE0OXOIMMO TIpO-
BelIeHNE TITale00-KOHTPOIMPYEMBIX UCCIeIoBaHMH [85].

CremyeT MOMHUTD, YTO M3MEHEHUE CUJTBI TIPEACYILECTBYIONTMX
CBsI3ell ¢ (pOpMUPOBAHKMEM HOBOTO MAaTTEPHA aKTUBALIUU Heli-
POHOB MOXET TIPMBECTH K HexXenatedbHOMY 3dderty [7].
Cy1ecTByeT MHOTO HETaTHBHBIX ITOCIEACTBUN CIIOCOOHOCTH
MO3ra K IJIaCTUYeCKUM M3MeHeHUsIM. K HuM oTHOcATCS (haH-
TOMHbIE KOHEYHOCTH — B OTBET Ha KOPKOBYIO PEOPraHU3aLIo
B OTCYTCTBUU CEHCOPHOI ¥ MOTOPHOM CTUMYISIINM, JIOKAJIb-
Hasl TUCTOHUS PYK Y My3bIKAHTOB I1OCJIE MEPErpy3ku CTepeo-
TUITHBIMM IBVKEHUSIMM, TOCTUHCYIbTHAS nunencus [7].
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B 3akmoueHnn eme pa3 cieayeT OTMETHTh, YTO MCIIONb30Ba-
HME METOJOB COBPEMEHHOI CTPYKTYPHOI U (PYHKIIMOHAIbHOMI
HeUpOoBU3yaM3alMK MO3BOJMIO 3HAYUTEIBHO MPOABUHYTHCS
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The use of structural and functional neuroimaging for the evaluation of motor rehabilitation
in patients with ischemic stroke
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We briefly review the methods of structural and functional neu-
roimaging use for the evaluation of motor rehabilitation after
ischemic stroke. The results of studies for functional adaptive
changes in stroke patients with different severity of corticospinal

tract damage, various approaches to evaluation of rehabilitation
prognosis and development of rehabilitation strategies designed
to reduce impairment are discussed.
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