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TpaHckpaHuanbHaa marHuTHaa ctumynauma (TMC) — 3To HeuHBa3MBHaA CTUMYNALMA MO3ra, KoTopas NpPUMeHAeTca C uccne-
[0BaTENbCKAMMN 1 ANArHOCTUYECKUMU LIeSIAMM, @ TakKe Kak OAVIH 13 MeTO[0B HepOMOAynALUn AN NevyeHns paga bonesHen.
B nepnatpun TMC valye BCero ncnonb3yeTca AnA OLEHKU CO3peBaHnA KOPTUKOCMMHANIbHOIO TpaKkTa. [1na 3Toro Ha MOTOpPHble
30Hbl KOPbl FOJIOBHOTO MO3ra pebeHKa NoAaeTCA KOPOTKMNIA ORNHOYHbIV UMMYSIbCHDBI MarHUTHBIV CTUMYN 1 PETUCTPUPYIOTCA Bbl-
3BaHHble MOTOPHbIE OTBETbI C Pa3HbIX MbILUL, BEPXHUX U HUKHUX KOHEYHOCTEN, pacCYnTbIBAaeTCA BPEMA LieHTPasibHOro MoTop-
HOro npoBefieHNA. OTa MeTOAMKa B AETCKOW HeBPOJIOTUN TakXKe UCMOMb3yeTca ANiA onpeAeneHnsa HapyLueHin NpoBeAeHUA M-
nynbca nNo KOPTUKOCMNHANBHOMY TPaKTy U TECTUPOBaHNA MPOABNEHUA HENPONNACTUYHOCTN NPY NOBPEXAEHNN ABUTaTENbHbIX
30H KOPbl FOJIOBHOTO MO3ra 1 HUCXOAALMX MPOBOAALMX MyTeN Npu Takx 3aboneBaHnsAx, Kak 4eTCKUIA LepebparnbHblii napanuy,
WNHCYNbT, pacCeAaHHbI cknepo3s. Ewe oguH acnekt npumeHenna TMC — oueHKa TOPMO3HbIX KOPKOBbIX MeXaHN3MOB C OLEHKOW
napamMeTpOB KOPKOBOTO MepuoAa MofYaH1A 1 UMCUIaTepanbHOro Nepriofa MoYaHmsA, KOTopble YacTo MEHAIOTCA NPU Nnopaske-
HUAX LUeHTpanbHoM HepBHOW cuctembl. MNpu nposegeHnn TMC TakKke MOXHO BbIMOMHUTb KapTUPOBaHKe KOPTUKabHON npesa-
CTaB/IEHHOCTN KOHKPETHO MblLULibl, YTO UCMONb3YeTCA 1A OLeHKM QYHKLMOHANbHbIX NepecTpoeK Kopbl FOSIOBHOro Mo3ra npu
Pa3nnyYHbIX HEBPONOrMYecKnx 3aboneBaHusx. [na TOYHOro BbIMOIHEHWS KapTUPOBaHWA NMPUMEHAIOT CIIOXKHOE HaBMUraLuMoHHOe
obopypnoBaHue ¢ ncnonb3osaHnem pokycHorn TMC. B ctaTbe Noapo6HO onmcaHbl 3T1 1 Apyrie arnarHoctuyeckme metoabl TMC,
MCronb3yemble NPY HEBPONIOrMYECKUX 3ab0NeBaHNAX AETCKOro BO3PacTa, a TakkKe BO3MOXHOCTY TepaneBTUYECKOro npumMeHe-
HYA puTMnYeckon TMC npu HeBPOTOrnyecknx 3aboneBaHUAX.
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Transcranial magnetic stimulation (TMS) is a non-invasive brain stimulation used for research and diagnostic purposes, as well
as for the treatment of a number of diseases as one of the methods of neuromodulation. In pediatrics, TMS is most often used
to assess the normal maturation of the corticospinal tract when stimulating the motor areas of the cortex of healthy children
with a short single pulse magnetic stimulus, and recording motor evoked potentials from different muscles of the upper and
lower extremities, as well as calculating the central motor conduction time. This technique is also used in pediatric neurology
to determine conduction disturbances of the pulse along the corticospinal tract and to test neuroplasticity in damage to motor
areas of the cerebral cortex and descending motor pathways in such diseases as cerebral palsy, stroke, and multiple sclerosis.
Another aspect of TMS application is the evaluation of cortical inhibitory mechanisms with an assessment of the indices of
the cortical silent period and the ipsilateral silent period, which often change with central nervous system lesions. With TMS
it is also possible to map the cortical representation of a particular muscle, which is used to evaluate functional changes of
the cerebral cortex in various neurological diseases. For an accurate implementation of the TMS mapping technique, complex
navigation equipment must be currently used with focal TMS. The article describes in detail these and other diagnostic
methods of TMS used in child neurology. The possibilities of the therapeutic use of repetitive TMS in children’s neurological
diseases are considered in separate sections.
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BBepgeHme

paHcKpaHuanabHasg MarHuTHas1 ctumysiius (TMC)

B IIETCKOI HEBPOJIOTMHU UCIIOIb3yeTcs: 6osee 30 jeT

[1]. ITepBblie myOanKauu oTHOCITCSA K 1988 1. u mep-
BOHAYaJIbHO Kacajiuch aHaiu3a ¢ nomoiibsio TMC nBu-
raTeJbHbIX HapyleHuit y neteit. Ilpu auarHoctuyeckoit
TMC npoBoauTcst HEMHBA3MBHASI CTUMYJISILIUS MOTOPHBIX
30H KOPBI TOJIOBHOTO MO3ra MpHu Ioaadye OJMHOYHOTO KO-
POTKOr0 MarHMTHOTO UMITYJIbCa, YTO MPUBOAMUT K aKTHUBA-
LIMM KOPKOBBIX HEPOHOB U (DOPMUPOBAHUIO HUCXOISIIIIE-
ro MOTOKa BO30YXIEHUS M0 KOPTUKOCIIMHAIBHOMY TpaK-
Tty (KCT). Ha ypoBHe nepeaHux poroB CIUHHOIO MO3ra
MPOUCXOIUT Tepeaavya Bo30YXIEeHUs Ha O-MOTOHEHPOHBI,
JajblIe UMITYJIbC PACIIPOCTPaHSIeTCs o MeprudepruyecKo-
MY HEpBY U JOCTUIaeT MBILIL-MUIIEHEeH (Yallle AucTalb-
HBIX MBILIL PYK WU HOT), C KOTOPBIX PErMCTPUPYETCS
BbI3BaHHbII MOTOPHBIN oTBeT (BMO). DTa MeToauka mc-
MOJIb3YETCSl JJIsSI OINpeneeHUus] HapylleHUl TMPOBEACHMUS
umnyibcea mo KCT u tectupoBaHUs IPOSIBICHUI HEpo-
TUIACTUYHOCTH MPU MOBPEKACHUU ABUTATEIbHBIX 30H KO-
PbI TOJIOBHOT'O MO3Ta M MPOBOISIIMX IyTel [2, 3].

Eiie onnn acniekt npumeHeHust TMC — olieHKa Top-
MO3HBIX KOPKOBBIX MEXaHU3MOB, JI YeT0 MPUMEHSIOTCS
0CO0bIE METOAMYECKHE MIPUEMBbI: PETUCTPALIMsI KOPKOBOIO
neprvojga MoJjiyaHus, urncuiarepaibHoro (MJI) mepuoaa
mosuaHusi u ap. Taxke npu nposeaeHurn TMC MOXHO
BBITIOJIHSITh KapTUPOBAaHUE KOPTUKAJIbHOM MpencTaBIeH-
HOCTU KOHKPETHOM MBIIIIIbI, YTO BAXKHO JJISI OLIEHKU KOP-
TUKAJbHOI HEMPOTIACTUUHOCTU TTPU pa3TIUUHBIX 3a00J1€e-
BaHusix LTHC. JInst TOUHOTO BBIMOIHEHUST KAPTUPOBAHUS
MPUMEHSIOT CJIOXKHOE HaBUTallMOHHOE O00O0pyIOBaHUE
¢ ucrojib3oBanueM ¢okycHoit TMC.

BoabmmHcTBo nmyonukamuii mo TMC B neauatpuun
nocssieHo oueHke co3peBaHusi KCT, cocrosiHus nocie
MepUHAaTaJIbHOTO MHCYJIbTA, MPU IETCKOM liepedpaJbHOM
napanuue (JLIIT), paccessHHOM cKiaepo3e, pa3IUUHbIX
dbopmax amuiencuu, TpaBMaTUYECKUX IMOPAKEHUSIX TO-
JIOBHOTO U CIIMHHOTO MO3ra, TUKaX, CUHApoMe AedulunTa
BHUMAaHMS U TUTIEPAKTUBHOCTH, ayTU3Me U Ap. [1—5]. Ak-
TUBHO OOCYKIAIOTCS HE TOJbKO AUATHOCTUYECKUE U HC-
clienoBaTebckue acnekThl npuMeHeHusi TMC, HO U BO3-
MOXHOCTH TepaneBTU4YecKoro ucrnojab3zoBaHust TMC B nie-
auatpuu [6—9].

B TepaneBTMUeCKMX LESIX MPUMEHSIETCS PUTMUYE-
cKasl CTUMYJISILIMS, T.€. TIOAaeTCsl He OMMHOYHBINA MarHuT-
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HBII UMIIYJIbC, a CEPUsI UMITYIbCOB, IPUYEM MOTIYT IIPH-
MEHSTBCSI pa3Hble YaCTOThI, T.K. BBICOKAsl 4acTOTa PUT-
muyeckoiit TMC (pTMC) oka3sbIBaeT NpeuMyIIeCTBEHHO
CTUMYJIMpYIOIIME NeiicTBUe, HMU3Kasg 4yacrora pIMC —
MMPEeUMYIIECTBEHHO TOpMoO3Hoe aeiictBue [10], xoTa 3To
pasnefieHrue HeCKOJIbKO YCIOBHO.

Mexanusm peiictBuss pITMC 10 KoHIIa He SICEH.
Cuuraercst, uto pTMC MoXeT B3aMMOACUCTBOBATHL CO
CIIOHTAaHHBIMU KOJIe0aTeIbHBIMU PUTMaMU, KOTOPHIE CY-
IIECTBYIOT B KOPTUKAIbHBIX HEPOHAIBHBIX IEISIX U aK-
TUBUPYIOTCS 3TOU cTUMYyJIsiMeil. Monynupysi maTonoru-
YeCKMe PUTMBI B HEMPOHHBIX CETSIX MEXIY KOPKOBBIMU
U TIyO0OKMMU CTpyKTypamu mo3sra, pTMC moxeT oka-
3bIBaTh 3HAUMMOE TepaleBTUYECKOe BO3IACHCTBUE. DTO
BnusgHue pTMC cBA3BIBAIOT C YACTOTHLIMU (ITPU IIPpUME-
HEHUU Pa3HBIX YACTOT CTUMYJISILIMU TOCTUTAIOTCSI Pa3HbIe
3 @deKTh) U maTTepH-3aBUCUMBIMU (ITIPUMEHEHUE pa3-
HBIX TATTEPHOB CTUMYJISIIUN — M0/a4ya CTUMYJIOB OTHOM
YaCTOTHI, YepeIOBaHUE CTUMYJISIIIMU Pa3HBIMU YacTOTa-
MM, CTUMYJISILIUS TTaYKaMU CTMMYJIOB BBICOKOI YaCTOTHI
C ONPEAENICHHBIMU May3aMU U Ip. — TAKXKE MOXET IpU-
BOJIUTH K pa3HOHAIIpaBJIeHHOMY AEUCTBUIO) dadeKkTamu,
KOTOpbI€ MOIYT HACTYNUTb, 110 KpallHE Mepe 4acTU4-
HO, OT B3aMMOJEUCTBUS C HEKOTOPHIMU HOPMAaJIbHBIMU
U U3MEHEHHBIMHU KOJICOAQHUSIMU, BOBICUCHHBIMU B KOP-
TUKaJIbHBIE ceTH [11].

O6wue Bonpocbl npumeHeHuns TMC y petei

bezonacnocmo u 603moxncnovie nobounvie 3¢ppexmot npu
TMC. MHOroYyMciaeHHble MHOTOJIETHUE UCCIIeIOBaHUS
¥ HaOJIOIECHWS B KIIMHWYECKOM MPAaKTUKE JOKAa3aja, 4TO
TMC gaBnsiercss 6e30MacHO M XOpOIIO MNEPEHOCUMOI
npoueaypoii y nereit [1, 12—14]. JanHble mo 6e30MmacHo-
CTU W TIEPEHOCUMOCTH, TIOJIYYCHHBIC Y B3POCIBIX MallH-
SHTOB TIpHM OIIpeAe/ICHHOM IaTOJOTUM (HAIIpUMep, Tpu
WHCYJIBTE), MOTYT OBITH SKCTPAIlOJMPOBAaHBI Ha JeTei
¢ TIepUHATATbHBIM WHCYJIBTOM M TeMUTIapeTHIeCKOM hop-
moit JILIIT [15]. Takke nMpoBeaeHO MHOTIO MCCeA0BaHUM
Ha KMBOTHBIX, B KOTOPBIX ITOATBEpKIcHA 0Ee30ITacHOCTh
TMC. Ing pTMC ony6JrKoBaHO CHeMAIbHOE COTJIaco-
BaHHOE PYKOBOJICTBO IO pUCKaM U 0€30MacHOCTU METoja,
KOTOpOe ObLTIO OOHOBJIEHO M 3HAYUTESbHO PACIIMPEHO
B 2009 1. [16]. OgHaKo y AeTeil 10 CUX ITOp He ONpeneacHBI
BO3pacTHBIC TpaHMIIBI HcTob3oBaHus pTMC, uto ompe-
IIeJISIeTCS OTpaHMYCHHBIM YMCIIOM McclienoBaHmil. Takke
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OTCYTCTBYIOT PEKOMEHIAIIMM OTHOCHUTEIHHO YaCTOTHBIX
1 BpEMEHHBIX XapaKTePUCTHK JIEUeOHON CTUMYJISLINN.

Hecmotps Ha mmpoxkoe ucnonb3oBanue TMC npu
pa3HBIX HEBPOJIOTUYECKUX OOJIE3HSIX Y AeTell, B TOM UYHC-
Jie TIpY SMUJIENICUN U APYTUX MapPOKCU3MAJIbHBIX COCTOA -
HUsIX, cumTaercs, 4yro TMC OIMHOYHBIMM CTUMYJIaMU
HE TIPOBOIMPYET CYHOPOTM M HE MOXET OTPHUIIATEIbHO
BIMSTH Ha TeueHue snuienicuu [3, 5, 12]. Tonbko y 4 ne-
Teli ¢ anujerncueil ObIJI0 OTMEUEHO yJallleHUe MPUCTYIIOB
B miepBbIe 3 mHs nocie TMC, a 3aTeM JacToTa IpHUCTYIIOB
ocraBajach IpexHeil, kak u 1o TMC [14]. V B3pocabix
OIMMCaHBI CIMHUYIHBIC CITyJald Pa3BUTHUS SIMUICTITUIECKOTO
TMPUCTYITOB nocie quarHoctudeckoit TMC [15].

CHUXEeHHE clyXa y B3POCJBIX HE OTMEYaeTcs IpHu
ncnoab3oBaHu TMC OIMHOYHBIMU CTUMYJIAMHU, JaxKe
TpY IPOBEICHUN MHOTOYMCICHHBIX TOBTOPHBIX CTUMY -
mauuii. Y 8 nereit B Bo3pacte ot 2 Mec 10 16 J1eT ¢ pa3Hoii
HEBPOJOTUYECKON CUMIITOMATUKOI, HO C HOpMaJIbHOU
¢dyHKIIMEH cyxa, a TakxkKe 2 Bpadeil U 2 CpeTHUX Mea-
IIMHCKUX pAOOTHUKOB, KOTOPBIE ITPOBOIMIN UCCIICI0BA-
HUe, olleHuBanoch HeratuBHoe BnusgsHue TMC Ha pyHK-
1o ciayxa. TecTUpoBaHHME BKJIIOYATIO PETUCTPAIIUAIO
KOPOTKOJIATEHTHBIX CJIYXOBBIX BBI3BAHHBIX TOTEHIIMA-
JIOB M aKyCTUYECKOTo pedJeKkca, a Takxke IpOoBeAcHUE
ToHanbHOI aynuomeTpuu no u nociae TMC. Ipouenypa
TMC Bki0Yana ucciaeqoBaHNEe BPEMEHH LIEHTPAIbHOTO
MoTopHoro mpoBeneHus (BLIMII) u kopkoBoro mepuo-
la MOJYaHUSI B pacciaabjJeHHBIX MBIIIIAX W MPU Cla-
0oM mpousBojbHOM ycuauu. Kaxmomy obcienyeMomy
B CpeIHEM IIPEABSIBISIOCH 48 CTUMYJIOB MHTCHCUBHO-
cthio 50—75% MaKCcHMMaJbHON MOILIHOCTU MArHUTHOIO
crumynsatopa. Hu B omHoM ciydae mmocie TMC He BbI-
SIBJIEHO 3HAYMMBIX M3MEHeHWN ¢yHKUIuuM ciayxa [17].
HecmoTtpst Ha Bce BhIIICIIPUBEACHHBIC TaHHBIC, Y AU~
€HTOB C CeMEWHBIM aHAMHE30M HapyIICHUS clyXa WIN
IPYTUMH H3BECTHBIMU (haKTOpaMU pHCKa CHIDKEHUS
cllyXa PeKOMEHIYETCS MCITOJb30BaTh OCPYIIN IJIS MHU-
HUMHU3aIMU BO3MOXHOro pucka npu TMC.

HeiipoxkapauoreHHble OOMOpPOKM MOTYT OBbITb OC-
noxHeHUsIMHU Tipu TMC OgMHOYHBIMU CTHUMYJIAMU, UTO
IOKa3aHO B HCCIICIOBAHUU ITAIlMCHTOB C TreMUIIape3aMu
BCJIEICTBUE MMepUHATAIbHOTO MHCYIbTa [18]. ¥V 2 moapocT-
KOB pa3BUJIMCh OOMOPOKHU JUIUTEILHOCTBIO He Oosiee 1 MUH
mpu TMC B oTBeT Ha IIepBbIe CTUMYJIbI HU3KOM MHTEHCHB-
HocTh. HukKakux HexenaTeJbHbIX MOCAEACTBUI OOMO-
POKOB y JeTeil He BBISIBIICHO, HO OAWH M3 HUX OTKa3aJICs
OT JaJIbHEHIIIEr0 yJ9acTHs B MCCIICIOBaHUM. YTOYHEHUE
aHaMHe3a OOHApyXWJIO, YTO IMOJOOHBIC CHUHKOTATbHBIE
COCTOSTHUSI OTMEUYAJIUCh Y HUX M paHee IPU B3SITUU KPO-
Bu. Takke mis1 000UX IeTell HaxoxXIeHue B JabopaTopuu
TMC 6b110 cTpeccoM, U OHU OBUTU TOJIOAHBI.

VYuuteiBasi Bce BbIIIEU3IOXKEHHbIE (DAKThl, ObLIA pa3-
paboTaHa cTpaTerus I MUHUMHW3aIUY TOTeHINAIBHOTO
pHICKa pa3BUTHUS HEMPOKAapAMOTeHHBIX OOMOPOKOB, KOTO-
pas BKJIIOUaeT:

1) metanbHOE BBISICHEHHE BCEX BO3MOXKHBIX (DAKTOPOB,
CITIOCOOCTBYIOILIMX PAa3BUTUIO OOMOPOKA;
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2) mipoBeneHHe MPOGWIAKTAYECKUX MEPOIPUSTHUIA,
BKJTIOUAOIIIMX TOCTATOUHYIO TUAPATAIINIO, HETaBHUI IIPH-
€M UKW Iepel MPOLEeNypOil; HU3Kasg WHTEHCUBHOCTD
MEePBOTO CTUMYJIa U IOCTETICHHOE YBEIMICHNE NHTCHCHUB-
HOCTH IMOCJIENYIOINX CTUMYJIOB Iipu TMC;

3) mompoOHOe omnurcaHue BceX (paKTOPOB pHUCKA HEMpO-
KapIMOTeHHBIX OOMOPOKOB B MH(MOPMUPOBAHHOM COTJIa-
CHH Ha TIPOIIeAypPY M 00CYKIeHUE X ¢ poauTeasamu [18].

B nenom ipyu TMC onMHOYHBIMYA CTUMYJIAMU Yy IeTel
penKo HaOMIOMAIOTCS JITKME W YMEPEHHO BBhIpaKCHHBIC
mo0o4HbIe 3(PPEKThI, KOTOPBIE MOTYT BKJIFOYATh MECTHBIM
TUCKOMMOPT, TOJOBHYIO OOJIb, OIIYIIEHUS ITOKaJIbIBa-
HYsI, «CKaJIbIOBash» 00Jib, Apyrue OOJIU, TOIIHOTY/PBOTY,
NOTEPIO alIIeTUTA, 3BOH B yIIaX U HEMPOKAPAMOIE€HHBIN
cuHkomn. Puck paszButusi a0060ro mnodooyHoro 3gdekra
y 3m0poBbIX Aeteit ipu TMC OOUHOYHBIMU CTUMYJIaMU
coctasisieT 0,0342 Ha npouenypy, sl TAIMEHTOB C pac-
crpoiictBom HHC — 0,0597 Ha npouenypy, IS IaiieH-
TOB ¢ ammernicuein — 0,0455 Ha npouenypy. ITo MHeHMIO
MEXIYHAPOIHBIX 9KCIIEPTOB, B LIEJIOM OE30MMACHOCTD U PU-
CKM pa3BUTHI NOOOUHBIX 3(pPpekToB Tpu TMC y B3pocCabix
M JIeTeil 3HaYMMo He pasznudaetcs [14].

C 2001 T. BBIIIOJIHEHO OOJIBIIIOE YMCIIO MCCICIOBAHUIMA
¢ pazueiMu pexxumamul pTMC y neteit (B OCHOBHOM B BO3-
pacrte crapiiue 6 JIeT) ISl JIeYeHUs] HEBPOJIOTMYECKUX 3a-
OoneBaHMii. B 1ie1oM Bce uccliienoBaHUsI MMOKa3aau XOpO-
1IIyIO TIepeHOCUMOCTD 1 6e3omacHocTh pTMC y mauneHToB
JI000T0 BO3pacTa, JaXke ¢ YIETOM TOTO, YTO y AeTeil ITopor
BMO 00bIMHO OBIJT 3HAYUTEIBLHO BHINIE, YeM Y B3POCIBIX
[6]. Yncno uccrenoBanuii pTMC y neTeil He Tak BEJIMKO,
KaK y B3pOCIbIX, HO B OMYyOJUKOBAaHHBIX pabOTax HET CO-
OOLIEHUIA O 3HAYMMbBIX MOOOYHBLIX 3(dekrax [6, 9, 14].
Jlerkue mo6o4yHble 3(PPeKThI ObIM HEYACTHIMU U TIpE-
CTaBJICHBI CJICAYIOIIMU COCTOSTHUASIMU: TOJTOBHASI 00JTb, TO-
JIOBOKPY:KEHME, TMMOACPTUBAHNE YESIIOCTH, TOIITHOTA/pBOTA,
TpeBOra, CKOBAaHHOCTb IlIeH, 001b B 1Iee. TOJNBbKO y 3 T10/-
poctkoB ¢ gemnpeccueil nmpu pITMC oTMedyeHO pa3BUTHE
TeHEPATM30BaHHBIX TOHMKO-KIOHMYECKUX CymOpor. Puck
106010 modovyHbBIX 3 dekTa Bo BpeMs ceaHca pTMC y ne-
teit ¢ HapymeHusiMu LTHC cocrasnger 0,0378, a misg maum-
€HTOB C 3MWJICTICUEH TIpaKTUUeCK! paBeH Hymo. Cymmap-
HBII PUCK Pa3BUTHSI CYIOPOT Y ITAIITMEHTOB C HAPYIICHUSIMU
IIHC 3a ogun ceanc pTMC — 0,0014 [14].

Ilepenocumocms TMC. Hecmotpst Ha To uro TMC
cuuTaeTcss 0e300Je3HEHHOI MpOLEeAypoi, psia Malu-
€HTOB OITMCHIBA€T CBOM OIIYIICHMUSI KaK «MSTKWI ymap»
WIN «pe3Kuil TomyoK». OIlleHKa peakiuu Ha 00CiIemo-
BaHUE MPOBEICHA B TPYIIIE 3I0POBBIX JAETEU U y NETEW
C CHUHIpPOMOM HeduIIMTa BHUMAHUS U TUIICPAKTUBHO-
cThio. OlleHKa CYOBEeKTUBHBIX OIIYIIeHU 1o 10-0ayib-
HOI mKaje (caMoe HenpusiTHoe — 1 0ay1, HauMeHee He-
npugtHoe — 10 6amioB) mocie nuarHoctudeckon TMC
OCYIIECTBIISNIACh BO BpeMsI TPEIbABICHUS OMMHOYHBIX
crumynoB. CpenHuii Ga/ul 3TOi OLIEHKM cocTaBuia 6,13.
I1pu sToM TONBKO 4 pebeHKa 13 38 00CIeTOBAHHBIX IeTeit
xapakTtepusoBanm TMC kak «KpaiiHe HETIPUSTHYIO» IIPO-
LieIypy ¥ OTKa3aJIMCh OT TOBTOPHOTO obcienoBanusd [19].
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Ocpanuuenus u mpyonocmu npu TMC-uccaedosanuu
y Oemeii. OrpanmyeHusi TMC-uccnenoBaHuii y aeTeit
B IIEPBYIO OUepeIb CBSI3aHBI C BHICOKMM ITOPOTOM KOPKO-
Boro BMO BciiencTBre HEAOCTATOYHOM 3peJIOCTU HEPBHOM
CHCTEMBI B paHHEM BO3pacTe, a TAaKXKe C TICUXOJOTMIeCKM -
MU (00SI3HD JTIIOOBIX CJIOXHBIX MEIUIIMHCKUX ITPOIIEHYDP)
1 METOIMYECKUMHM CIOXHOCTSIMH (IOCTAaTOYHO IJIUTETh-
HOe TpeObIBaHUE B OMpPEISICHHON 103e, TPYTHOCTDb I0-
CTIDKCHUSI TIOJTHOTO PAacClabIeHUs] TeCTUPYEMBIX MBIIIIIT
u ap.). [Ipu nmposenenun TMC y geteil, UMEIOIITNX MaJIbIi
pa3Mep TOJIOBBI, BCeTaa BCTAaeT BOIIPOC 00 ameKBaTHOCTHU
HCIIOJIb30BaHUSI KOiJIa cTaHmapTHOro pasmepa. O0beM
MO3ra YeJIOBeKa 3HAUUTEIbHO He MEHSIETCSI ¢ 6 JIET, a BO3-
pact3aBucumMmbie omimunuss B TMC-napameTpax y neTeit
B TIEPBYIO OdYepedb OTpaxkaloT HeHpodDU3MOIOrnIecKue
OCOOCHHOCTM, CBSI3aHHBIC C IIPOAOJIKAIOIIEICS Iepe-
OpaJibHOI M KOPTUKOCIIMHAJIbHOM MUEIMHU3alIe, a TaK-
K€ CO3peBaHMEM MHTPAKOPTUKAJIBHBIX CHUHAIITHYECKUX
HelipoHanbHBIX cBsa3eil [3]. Tlopor perucTpaunm KopKo-
Boro BMO 110 cpaBHEHUIO C TTOAPOCTKAMH W B3POCIBIMU
y JIeTeii BhIlIE, 0COOEHHO B Bo3pacTte 10 6 jet. Jrs moy-
YyeHUs MUHUMaJIbHOTO KopkoBoro BMO B panHeM Bo3pac-
Te 0OBIYHO HEOOXOAMMAa MpeaABapUTEIbHAS IIPOU3BOJIbHAS
aKTUBALMSI MBILILbI-MUILIEHH [1].

TMC B oL,eHKe co3peBaHus
KOPTUKOCMVHANIbHOTO TPaKTa B HOpMe

C MomeHTa BHeapeHuss TMC B KIMHUYECKYIO TTpaK-
TUKY METOM MCHoJib3yeTcs M usydeHus: passutusi KCT
OT POXIEHMS 10 TTOAPOCTKOBOIO BO3pacTa, YTO MTO3BOJIMIIO
00BEKTUBU3UPOBATh MEXaHU3MbI CO3PEBAHUST TBUTATEb-
HOI CHCTeMBbI YeoBeKa [2].

KCT y HopManbHO pa3BUBAIOIIEroCs TJI0Aa JOCTU-
raet cnuHHOro moara yxe B Hauvajie III Tpumectpa Oe-
PEMEHHOCTH, UCXOAHO BKJII0Yasi B cebsl OuiaTepajbHbIe
MPOEKIIMOHHBIE TyTU OT Kaxkmoro mnojymapus. B xome
JIaJbHENIIero MmocTHaTaabHOro passutus MJI-mytu mo-
CTETIEHHO YTPauMBaIOTCS; COXPAHSIOTCS JUIIIb KOHTpaIa-
tepanabHbie (KJI).

Metonom TMC oIMHOYHBIMU CTUMYJIAMU OBIJIO TTPO-
aHAJIM3UPOBAHO HOPMAaJIbHOE 3BOJIOLIMOHHOE pPa3BUTHE
KOPTUKOCITMHAIbHBIX TBUTATEIbHBIX IyTeil HOBOPOXKIECH-
Horo pebeHKa U JeTeil 0ojee ctapiiero Bo3pacta [20, 21].

IMopor kopkoBoro BMO, T.e. MUHUMAaJbHBIII OTBET
MBIIIIBI-MUIIEHU TIpy cTumyssiiny KJI-nepBuyHoit Mo-
TOPHOM KOPBI, MOSIBISETCS B MEpBbie 3 MeC XU3HU TIpU
MaKCUMaJIbHOM MHTEHCUMBHOCTM MATrHUTHOTO CTUMYyJIa
[20]. Omnako peructpanuio KopkoBbix BMO y neteii ca-
MOTO paHHETo Bo3pacTa cieayeT rnpoBoauth npu TMC Ha
(¢oHEe MBIIIEYHON aKTUBHOCTH, KOTOpas oOecreynBaeT
dacunuTanuio Mblbl-MuieHr. Dacuivrauus, Ui pe-
rUcTpalms Ha hoHe «IIPEeMHHEPBALIMOHHON aKTUBHOCTH,
LIMPOKO UCITOJb3YETCSI Y HOBOPOXKICHHBIX Y HETOHOIIICH-
HbIX neteit [20].

BocnpousBonumblie goctoBepHblie BMO npu TMC
MOTOPHOI KOpPBI y IeTell Ha ¢hOHE MOJHOM pejakcaluu
MBIIII-MUIIEHEe BEpXHUX KOHEYHOCTEN peruCcTpUpYyIOTCS
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TOJIbKO Tocsie 1 roga xu3Hu. [1pu uccaenoBaHUM MbIIIILL
HOT BOCITPOU3BOAMMBIE KOpkoBble BMO ompenensiores
c4-5 et [22, 23].

g monydyeHnst Kopkosoro BMO y peteii paHHero
Bo3pacTa (o 1—2 JeT) 0OBIYHO HEOOXOIUM MAarHUTHBIN
CTUMYJI MAaKCHUMaJIbHOW MOIITHOCTH MCIIOJIb3yeMOTO Mar-
HUTHOTO CTUMYJSITOpa. 3HAYCHMS MIOPOTOB PEeTrUCTpalliu
BMO mmpoko BapbUpYIOT U TMPOSBISIOT TEHAEHIINIO
K CHIDKEHMIO C YBEJIMYCHMEM BO3pacTa peOeHKa. 3Hade-
HUS KopkoBoro nopora BMO ocTtaioTcsl BRICOKUMHA Y Jie-
Teit o 10 JeT 1 3aTeM MOCTeNeHHO CHIKaloTesd [24]. Boi-
paBHMBaHMe 3HAYE€HUI 1ToporoB peructpanuu BMO y ne-
Teil 1 B3pocibiX (35—50% mis mbiiin BepxHux u 60—80%
IJIST MBI HIDKHAX KOHEYHOCTEM) ITPOMCXOIUT JIWIIh
B 13—15 net [22, 23].

VY mereii, Kak M y B3pOCHIBIX, MOPOT KOopKoBoro BMO
CHIKAETCS IpH (PaCHIINTAIIAN — IIPOU3BOJIHHOM MBIIIICY-
HOM COKpPAIlIEHUU MBIIIIIbI-MUIIICHHU.

Ammiutyna BMO npu ctuMynssuuyd KOpbl 'y JeTeid
JIOCTAaTOYHO BapwaOesibHAa, a B paHHEM BO3pacTe, KpoMme
3TOro, KpaitHe Hu3Kasg. IIpy TeCTUPOBAHMU MBI PYK
Ha 1-M romy XXWU3HU aMIUIUTYIa KopkoBoro BMO He npe-
Bormaet 0,1—0,2 mB, a B 3—4 roma cocrasnset 0,2—0,3 mB
[22, 23]. ITpu peructpamyy BMO ¢ MBIIIL HOT aMIUIATY1a
OTBeTa ellle HIKe M 00brdHO He TipeBbiaet 0,05—0,08 mB.
[MomoOHast KapTrHA coxXpaHsIieTcsT 10 7—8 JIeT, a 3aTeM aM-
wmTyga Kopkosoro BMO TmocTeneHHO yBelIunyuBaeTcs,
JIOCTUTAsl 3HAUYEHUH Y B3POCIIBIX y AeTeit crapie 10 jeT.

XapaKTepHO, YTO BO BCEX BO3PACTHBIX IPYIIIIaxX aMILIH-
Tyga BMO mist KopoTKOii OTBOASINEH MBIIIIBI TIEPBOTO
Tayblia KUCTH BCETIa BBIIIE, YEM TSI MBIIIIIBI, OTBOISIICH
TepBBIH TTajiell cToIbl [ 13, 22]. Paznuuusa B aMITUTYTHBIX
xapakTepructukax BMO B 0CHOBHOM OIpeessiioTcs 10~
manblo (00BeMOM) MOTOPHOIO KOPKOBOTO TIPEICTaBH-
TEJIbCTBA KOHKPETHOM MBIIIIIBI.

JI1st MBI -MUIIEHEe HOT OTMeueHa OObIias Bapua-
OeIHbHOCTD 3HAUYCHUI TTOPOTOB TOSIBIICHUSI OTBETOB, UX JIa-
TEHTHOCTHU M aMIUIMTYIBI. B 11e710M Bo3pacTHOI Tpodhuiib
n3MeHeHu mapamMeTpoB BMO mist MBIIIII-MUIIIEHUN pyK
1 HOT (KOPOTKOI OTBOMSIIEH MBIIIIIBI TIEPBOrO Tajblia
KMCTU U OTBOJSIIEH MIEPBBIi Tajiel] CTOMbI) OMMHAKOB.

IlepBoHauanbHO IJII aHaIM3a BO3PACTHOTO acleKTa
dyakmonansHOro coctosiHusg KCT mcmonp30Baan TOMb-
KO JIaTeHTHOCTH KopkoBoro BMO. Bomnpeku oxugaHusMm
0Ka3ajioch, YTO JIATEHTHOCTb KopkoBoro BMO y nereit
MOCTOBEPHO HE OTIMYACTCS OT B3POCHIBIX M IIPUMEPHO
paBHa 19—21 Mc ipu peTUCTpaliy OTBETa ¢ KOPOTKOM OT-
BOJISIIEN MBIIILBI IEPBOTO I1aJblla KUCTU U IIEPBOM MEXK-
KOCTHOM MBI KUCTH [22, 23]. Takum 00pa3oMm, JTaTeHT-
HOCTb KOpKoBoro BMO 3HaunMo He 3aBUCHUT OT BO3pacTta
u cterienu 3penoct KCT.

Bonee wHGOpMAaTUBHBIM ITapaMeTPOM IJISI OLICHKH
3penoctu KCT oka3zanock onpeaenenue BIIMII, paccun-
THIBa€MOE CTAHIAPTHBIM CIIOCOOOM, KOTIa U3 JIATCHTHOCTHU
KopkoBoro BMO BbIUMTAIOT JJATEHTHOCTb CETMEHTAPHOTO
BMO [13, 22]. Onpenenernue BIIMII o F-BonHe y nerei,
KaK IpaBUJIO, HE IMMPOBOIUTCS IO MIPUYMHE HEOIIpaBIaH-
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Horo muckomdopra mist pebeHKa U MPOIOKUTSIIbHOCTH
uccinenoBanus. [Ipu cranmaptHom onpeneaeHun BLIMII
nokasaHo, uTo B uejiom y gereit BLIMII Gosnblie, yem
V B3pOCJBIX. BBISIBIICHHBIE BO3pacTHBIC pa3lduusl 3HAUe-
Huit oTpaxaiot He3pesocTh KCT y mereii.

Maxkcumanbabie 3HadeHns: BIIMIT (12—15 mc) masa
JUCTaJbHBIX MBILIL PYK BBISIBICHBI Y IETEH B BO3pacre
ot 1 roga no 3—4 net. 1o Mmepe pa3BuTHs pedeHKa 1 co3pe-
BaHUSI MOTOPHBIX ITyTel MPOMCXOIUT JTUHEHHOE YMEHb-
menne BIIMII. dyHkimoHanbHbIe XapaKTePUCTUKNA MO-
TOPHBIX ITyTe IMOJHOCTBIO COOTBETCTBYIOT IlapaMeTpaM
B3pocioro yeiaoseka (7—8 Mc) Toabko B Bo3pacTe 12—14
qer [22, 23].

AHaJ0OTMYHBIEe 3aKOHOMEPHOCTH yMeHbIIeHnst BIIMTI
C BO3pacTOM BBISIBJICHBI U TIPX TECTUPOBAHUM MBIIIIIL HOT.
Ilo cpaBHeHuo ¢ MbiamMu pyk 3HayeHust BIIMII, xa-
paKkTepHBIC NIJIT B3POCIBIX, OTMEUYEHBI HECKOJIBKO pPaHb-
e — B Bo3pacte 11—13 et [22].

B kopotkue BospactHble Trepuoanl (5—6 ner, 7—8 ner
U T.O.) HAOIIOmaeTcs IMMPOKMIT pa3dpoc KaK CPeaHUX 3Ha-
yeHuii BIIMII, Tak 1 cTaHOapTHBIX OTKJIOHEHUI, UTO 00b-
SICHSIETCST Pa3TMINSIMU B TEMITaX MUEJTMHU3AIINN TBATATEITb-
HBIX ITyTeH y IeTel OHOTO BO3pacTa, a TAKKe 3HAYNTETbHbI-
MU KOJIeOaHUSIMU POCTA B KAXKIOI BO3PACTHOI TPYIIIIE.

YTo06bI HUBEIMPOBATh Pa30pOC JaHHBIX Y IeTeil OJHO-
rO BO3pacTa, MPEIIOXKeHO MCIIOIb30BaTh KOPPUTUPOBAH-
Hoe BIIMII, T.e. ero 3HaueHue, COOTHECEHHOE C POCTOM
obcnenyemoro pedenka. Koppekruposka BLIMII He mo-
BIMSIIa HA YK€ ONMCAHHBIC BO3PACTHBIE OCOOCHHOCTH:
MaKCUMAaJbHbIe 3HAUCHUS ITO-TIPEKHEMY OTMEUYCHBI B BO3-
pacte oT 1 roma mo 4 net (15—12 Mc/M mIsd TUCTaIBHBIX
MBI PYK, 22—25 MC/M 7SI TUCTAJIBHBIX MBIIII] HOT)
C TIOCTETIEHHBIM CHIDKEHHUEM 3HAaueHHUI IT0 Mepe YBEJH-
yeHus Bo3pacta. OQHAKO ITOJTHOTO COOTBETCTBUS HOPMaM
B3pocibix KoppurupoBanHoe BLIMII nocturaeT B Bo3pac-
Te 17—18 net [22].

Taxkum obpasom, ucroiab3oBanre TMC 1okasano, 4To
muenmau3annsg KCT 3akaH4mBaeTcsl B TOIPOCTKOBOM BO3-
pacTe, IpuYeM MHUETUHU3AIMIS ITyTell K MBIIIIIAM HIDKHUX
KOHEUHOCTe 3aBepiaeTcs B Bo3pacte 11—12 jiet, a K MbIIII-
11aM BEPXHUX KOHEUHOCTe — TOJIBKO B 12—17 JteT.

Paznuuug B 3HaueHUsX gateHTHOocTM BMO, moyua-
€MBIX MPU TTOJTHOM paccaabIIeHUH U TIPU IPOU3BOJIBHOM
TOHUYECKOM HAIPSLKEHUU TECTUPYEMOM MBIIIIIIBI, COCTaB-
JISIeT Y B3pOCHbIX 2—4 Mc. Y nereil nepBbIX 10 T XKU3HU
5Ta pa3HUIIA MOXET TOCTUTaTh A0 10 McC, a 3aTeM yMEHb-
IIaeTCsl, TOCTUTasl B IOAPOCTKOBOM BO3pacTe 3HAYCHUIA,
XapaKTEPHBIX UIST B3pOCHbIX [25]. BeIsgBIeHHBIE OCOOEH-
HOCTH BIUSIHUSA (pacuauTaliuyd Ha (QYHKIIMOHAJIBHOE CO-
CTOSTHE KOPTHUKOCITMHAJIBHOTO IPOBEIECHUS OTPaKaroT-
Cs U Ha Pa3BUTUU TOHKUX MOTOPHBIX HABBIKOB y JETCHA.
[To cpaBHEHUIO C B3POCIBIMU CTEIICHb PAa3BUTHUSI TOHKHUX
MOTOPHBIX HAaBLIKOB DYKM Y JI€T€ll paHHEro LIKOJIbHOIO
BO3pacTa 3HAUMTEJIBHO OTCTacT. DTO MOATBEPIMIOCH TIPU
OLICHKE BPEMEHM pEaKIUM Ha aKyCTUIECKYI0 CTUMYJIS-
10, CKOPOCTU TMeYaTaHUsI U OBICTPOTHI COBEPIICHMS
OAJTMCTUIECKUX NBUKCHMI, B IpoOax Ha TUATOXOKMHE3

0630pbl

U MPOYMX TecTaxX. XapaKTepHO, YTO OTCTaBaHME B pa3BU-
TUU TOHKMX MOTOPHBIX HAaBBIKOB BEISIBIICHO Ha (pOHE yXe
cOpPMUPOBAHHBIX ITTOOAIBHBIX MOTOPHBIX HABBIKOB [26].

Takum ob6pa3oM, ucciienoBaHue BO3PaCTHOTO ITPOPuUIst
KOPTUKOCIIMHAIBLHBIX IIPOCKIIUI Y IETEH C MCITOIb30BaHM -
eM TMC 1oka3bIBaeT, YTO CO3peBaHUE TIPSIMBIX KOPTUKO-
CMUHAJIBHBIX ITyTEW HACTYITAET JOCTATOYHO PAHO, a ITOJTHOE
obecrieyeHre MHTPAKOPTUKAJIBHBIX TOPMO3HBIX M BO30Y-
IUTEIbHBIX CBSI3CH 3aBeplnacTcsl He paHbime 10—12 JeT.
C y4eToM 3TUX TAHHBIX 11T KOMILICKCHOM Heipohu3no-
JIOTUYECKOI OIICHKM CTEIeHU CO3PEBaHUSI KOPTUKOCIIH-
HaJIBHBIX ITPOEKIINI HEOOXOIMMO MCITOIb30BaTh 3HAUCHUS
BLIMIT u nmoporos nosiBieHuss BMO He TolbKO 1T TTOJI-
HOCTBIO PACCIA0JIEHHBIX MBI, HO U IIPU TPOU3BOJIBHOM
TOHHUYECKOM HAIIPSDKEHUH TECTUPYEMOM MBIIIIIIEI.

ITpu TMC onMHOYHBIMM CTUMYJIAMU MIEPBUYHOIN MO-
TopHOIT Kopbl moMuMo KJI-BMO Bo3moxkHa peructpanmus
WNJI-BMO 3a cuet nposeaenus 1mo MJI-KCT. ITpu uccne-
IOBaHUM MBIIII PyK, KpoMme Kimaccudeckoro KJI-orsera,
y IeTeil 3HAYMTEIBHO Yallle, YeM Y B3POCIBIX, PETUCTPUPY-
erca MJI-BMO [21, 27]. Pa3BuTue u co3peBaHue Iepekpe-
meHHoro KCT urpaet onpenesnsiontyo poib B GopMupo-
BaHUU HOPMAaJIbHOM IBUTATEbHON (DYHKIIMU, B TO BpeMs
Kak HemepekpelleHHble MJI-KopTUKOCIMHANIBHBIE TYTU
TaKKe SIBJISTIOTCSI BaXKHOI YacCThIO IBUTATEILHOTO Pa3BU-
THSI, OCOOCHHO TIPY HAIMIMU PAHHETO IMOPasKeHUST MO3Ta.
ITpu TMC nepBUYHOI# MOTOPHOI KOPHI Y 3I0POBBIX HO-
BOPOXIECHHBIX ¥ HEAOHOIIICHHBIX JeTei MMeeTcsl OasaHc
B pazsutuu KJI- u UJI-KCT [21]. NJI-nipoekiium MMeIoT
MIPY POKICHUM OTMHAKOBYIO TOIIIMHY U HeMpOoGhU3NOJI0-
ruyeckue cpoiictBa, yto U KJI-KCT, HO B TeueHue nep-
BBIX 2 JIET XM3HU MOCTETICHHO HAOJII0IaI0Ch YBEJIMUCHIE
momuHUpoBaHus KJI-TIpoekimii.

IIpocnexuBaeTcst ompenenaeHHasT BO3pacTHAsl IWHA-
Muka usMeHeHus jateHTHoctu WMJI- u KJI-oTBeTOB OT-
HOCUTEJIbHO IPYT ApYyra: y HOBOPOXIEHHBIX JIATEHTHOCTD
WNJI-BMO B cpentem Ha 4 mc menbiue KJI-BMO; k 6 Mec
KM3HU  TIPOMCXONWT BHIPAaBHUBAHWE JIATCHTHOCTEH,
n B Oojiee crapuieM Bo3pacTte JiareHTHocTh MJI-BMO
Bcerga Oogbie. Ilo maHHBIM pa3HBIX aBTOPOB, pa3HUIIA
narentHocteil MJI- u KJI-otBeToB cocraBisier 6—12 Mmc
[20, 27]. IToka3aHo, 4TO y 3mOpoBHIX Aeteit 3—11 met WUJI-
BMO perucrpupyercst B 70% ciaydaeB. [l CHMXXKeHMS
noporoB nosBieHus MJI-BMO Ttakke pekoMeHmyeTcs
MMPOBOIUTH PETUCTPALIMIO HAa (DOHE MMHHMMAJILHOTO IIPO-
U3BOJBHOTO TOHWYECKOTO HAIIPSLKEHUS] MBIIIIIBI-MUIIIE-
Hu. B pykax MJI-BMO uamie peructpupyercss B IPOKCH-
MaJIbHBIX MBIIIIAX (ABYIJIABOI MBIIIIIE TIJIeda U TUICUETy-
YeBOIf), YeM B MBIIIIIAX KUCTH [27].

Knuanyeckasgs 3HAYMMOCTh BO3MOXKHOCTH aKTHBA-
i MJI-KCT ocobeHHO pKO MposBiseTcs B (peHOMEHE
«3epKaJIbHBIX IBVKCHUI» Y IeTell ¢ OMHOCTOPOHHUM TI0-
paxkeHHeM MO3Ta B TIepUHATAIBHOM IIEPHUOAE U 9acTO ac-
COLIMMPOBaHa ¢ 0oJiee XYAIIUM Pa3BUTHUEM IBUTATEITbHBIX
GYHKIIMI mopakeHHOI KoHedHoCTH [28, 29].

ITpu npoBenennu TMC Ha (hoHe TOHUUECKOTO HAIIPSI-
JKEHUSI UCCIICAYEMOM MBIIIIIBI Y IEeTe, KaK M Y B3POCIIBIX,
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MOXET OBITh 3aPETUCTPUPOBAH KOPKOBBIM MIEPUOI MOTJYA-
Hug B KJI-xoneunoctu [25, 30]. KJI-rtepyon Moirdanus
PETUCTPUPYETCST KaK B TUCTATBHBIX, TAK U B IIPOKCUMAJTb-
HbBIX MBbIIIIIaX. ¥ JOLIKOJbHUKOB B Bo3pacTe 4—6 et 1jiu-
TeabHOCTh KJI-mepmoma MoyaHUsI 3HAYUTEIBHO MEHbB-
mre, yeM y B3pocibix, — 140,8 £ 30,2 u 192,5 £ 32,0 mc
cooTBeTcTBEHHO [26]. ITo Mepe B3pocCiaeHUsT MPOUCXOINT
MOCTETICHHOE YBEJIWYEHHUE JUINTEIBHOCTU 3TOTO TIepH-
ona. JlnurensHocTh KJI-mepuoma MojyaHMs, TIOJy4eH-
HOTO TIPpHM OIIpeAeICHHOW WHTCHCHMBHOCTH MAarHUTHOTO
CTUMYJa, OTPakaeT COXPAaHHOCTh KOPKOBBIX TOPMO3HBIX
MEXaHM3MOB, KOTOpPBIC PEaTU3YIOTCS Yepe3 pPelenTOphI
Y-aMMHOMACIISTHOM KUCIOTBL. TOT hakT, U4TO MmapameTphl
KJI-nnepyuona MonayaHusi 3HAYMTEJIbHO MEHSIIOTCSI B 3aBU-
CHMOCTH OT MCITOJIb3yeMOTO METOIA PETUCTPALIUU U UME-
[OT OOJIBIIIYI0 BapMaTUBHOCTh B IETCKOM BO3pacTe, orpa-
HUYMBAET MPUMEHEHNE JaHHOTO METOIa B IIMPOKOM KIIH-
HMYECKOI MPaKTUKE.

WJI-nepuon mongaHuWs (TpaHCKAIIO3aIbHOE TOP-
MOXEHHE) TPEACTaBIISIET COOO OTBET MOTOPHOI KOPBI
HAa OOWHOYHBIA MAarHUTHBIA CTUMYJI, PETUCTPUPYEMBbIN
B MNJI-pyke Ha ¢doHe MPOU3BOJILHOIO MBIIIEYHOIO CO-
kpamenus [3]. MJI-nepron Moa4aHUSI OTCYTCTBYET Y 10~
IIKOJBHUKOB ¥ MOXKET PETYJISIPHO PETUCTPUPOBATHCS TI0-
cie 6 yer. C yBeauMuyeHMeM Bo3pacTa jJaTeHTHocTh MJI-
rnepruona MOJYAHUSI YMEHBIIIACTCs, a er0 IIUTEIbHOCTD
YBEJIMUMBACTCSI, TOCTUTAs] 3HAYCHUI, XapaKTepHBIX IS
B3POCJBIX, K TOAPOCTKOBOMY Bo3pacTy [24]. Bo3pacTHbie
n3MeHeHus1 MJI-neproaa MOITIaHUS MOTYT OTPakaTh KaKk
CO3peBaHNEe KOPKOBBIX TOPMO3HBIX MHTEPHEMPOHOB, TaK
U MUeJIMHMU3a1uIo Mo3oucToro tena [1]. [TokazaHnsl pa3-
JINYUS B BO3pacTHBIX mpodwisix co3peBanus KJI- u NJI-
MepUoOAOB MOJYaHHsI, YTO TIpearojaracT aKTUBAIIMIO
pPa3HBIX HEHPODPU3NOIOTNISCKNX MEXaHM3MOB B pealii-
3aI[MU 3TUX ABYX TOPMO3HBIX (PeHOMEHOB KOPBI TOJIOBHO-
ro mo3ra [24].

Meron mapHOi CTUMYJISILIMKM C OILIEHKON MHTPaKOPTH-
KaJbHOTO BO30YKIECHMS M TOPMOKEHUS IMUPOKO TIPUMEHSI -
ercst y B3pocibix. OmyOoJIMKOBAaHO €IMHCTBEHHOE MCCIIEIO-
BaHUE, TOCBSIIEHHOE CO3PEBAHUIO MHTPAKOPTUKAIHLHOIO
TOpMOXeHUsT B Bo3pacte oT 6 1o 34 net [31]. I1pu ncnoms-
30BaHUM WHTEpBaTa 2 MC MEXIY KOHAUIIMOHUPYIOIIUM
¥ TECTUPYIOIIUM CTUMYJIaMU ITOKa3aHO, YTO MHTPAKOPTH-
KaJbHOE TOPMOXKEHHE TIOUTHU B 4 pasa OOJIbIIIe Y B3POCIBIX,
yeM y geteil B Bo3pacte 10 10 net. IIpenmnonaraercst, 4to
CHIDKCHHE WHTPAKOPTHKAJIBHOIO TOPMOXEHHSI OTpaxka-
eT Heipodu3noIornueckne MeXaHU3MBbI, OTBETCTBCHHBIC
3a MOBBIIIIEHNE HEWPOIUIACTUYHOCTH y AeTeit [3].

[OunarHocTtuyeckmne n TepaneBTN4YecKMe acneKTbl
npumeHeHna TMC B geTckon HeBponoruv

B cBsI3M cO 3HAYMTEIbHBIMU BO3PACTHBIMU U BHY-
TPUUHAVMBUAYAJTbHBIMU KoJiebaHUsIMU napameTpoB TMC
y OeTeii C LiejIblo 00JIerYeH sl TOJKOBaHMUS TaHHBIX BbIJIE-
JIEHO HECKOJIBKO KPUTEPUEB, ITO3BOJISIIOIIMX PACLIEHUBATh
MOJIyYE€HHbIE Pe3y/bTaThl B NEAMATPUU KaK OMHO3HAYHO
naTtonoruueckue [32]:
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1) yBenuuenue BIIMII Gonee yeMm Ha 2,5 ctaHmapt-
HBIX OTKJIOHEHUSI, TI0 CPaBHEHMIO C BO3PACTHBIMU HOP-
MaTHUBaMM;

2) acumMmetpust BIIMII Gomee wem Ha 1,5 Mc misa
MBI PYK U Ha 2,1 MC [IJIs1 MBILIIL HOT TIPU COXPAaHHOCTH
3HaueHuit BLIMII B npenenax HOpMBI;

3) orcyrcTBHE KopkoBoro BMO y neteit crapiie 15 mec
B MBIIILAX PYK U Y ATl cTapiie 6 JeT B MbIIILIAX HOT IIPU
YCIIOBUU TTOJTHOTO PacCIa0IeHMS MBIIII-MUIIICHEH.

B orimume oT B3pOCHBIX perucTpamys KOPKOBOTO
BMO HM3KO# aMIIIUTYIbI y IeTeil He SABIIeTCsS abCOMIOT-
HBIM KPUTEpPHUEM TIATOJIOTMHU, T.K. IJIT HUX XapaKTepeH
KpaiiHe LIMPOKU pa3dpoc 3HAYEHHU 3TOro IapaMeTpa.

TMC npu demckom uepebpasibHoM napasuye

JLIIT ssBaisieTcsl caMoii 4acToi MPUYMHOM JETCKOM He-
BPOJIOTUYECKOM MHBAJTUIHOCTH.

ITpu mpoBeneHu TMC y 60JBHBIX CO CITACTUYECKUMU
dopmamu AT HanbGoee moka3aTeIbHBIM SIBJISIETCS CHU-
KeHue aMruintyasl BMO, uzmeHeHnue ero ¢popMbl U, MHO-
rma, yBeauueHue ero giauteabHoctu [20, 33]. O6Hapyxku-
BaeMoe B psne ciaydaeB yBeauueHue BIIMIT vaiie Bcero
HaOMogaeTcs y MalMeHTOB C TeMUTIapeTUIecKoil (hopMoit
JLIIT, yTo yKa3bIBaeT Ha HapylieHue npoBeaeHus mo KCT
(Ta0a. 1).

IIpu mposenenun TMC y geTeil co cracTU4YecKoit
TIUTUIETUE! BBISIBICHO CHIDXEHHE YPOBHSI BO30OYIMMOCTHU
KOPKOBBIX MOTOHeipoHoB. Iloporu perucrpamyuu BMO
6b1 moctoBepHO (p < 0,05) moBbimeHbl g0 +10% mnpu
TECTUPOBAHUU KOPOTKOM OTBOIAIIEW MBIUILBI MEPBOTO
naibiia kuctv u 10 +19% (p < 0,001) npu perucrpanuu
OTBETa C MBIUILILI, OTBOISIIEH MepBbIii Tajiel] CTonbl. Ta-
KUM 00pa3oM, y 00JbHBIX CIACTUYECKOM OUTIJIETUEH TIpe-
00J1agaay U3MEHEHUs B TPOEKIIMU MBI HYDKHUX KOHEY-
HOCTel. Y OOJIbHBIX ¢ reMumapeTudeckoit opmoii JA1LIT
Ha0JI0Ja70Ch OTHOCHUTEJIbHO OJMHAKOBOE ITOBBIIICHUE
rmoporos BMO 1ipu TecTupoBaHMU MBI pyK (10 +22%)
u Hor (mo +25%). IloBblllieHKWE ITOpora perucrpanuu
BMO oTMeueHO He TOJIbKO y JeTell ¢ reMunapeTudecKoit
¢GopMoOii, HO U Y MALIMEHTOB CO CMACTUYECKOM TUTIIIerueit
(Tabn. 1), yTo yKasbIBaeT Ha (PYHKIMOHAJIbHbIE U3MEHE-
HHUE B MOTOPHOI KOpE TOJIOBHOI'O MO3Tra B 00EUX IpyIIax
0osbHbIX JILIIT.

YV 00JbHBIX ¢ TUTIEpKUHEeTHYeCcKOM hopmoit LT mpu
nposeaeHuu TMC napametrpsl BMO 00bIYHO He M3MeHe-
HbI [32, 34]. B TO xXe BpeMs Ipu cMelIaHHBIX (hopMax Ta-
TOJIOTMU MOXET oTMevaThes Kak yBeandyenue BLIMII, tak
U cHIXeHue aMruiutyasl BMO [33].

Opnnoit u3 npuuuH LI gBasgeTca mepuHaTaabHbIIT
MHCYJIBT, KOTOPBIf MOXHO paccMaTpuBaThb KakK MOIE/b
IUISI U3YYECHUS HEMPOIUIACTUYHOCTU [IBUTATEJIbHON CH-
CTEMBI B pa3BUBAIOIIEMCSI MO3Te JIJIsT aHAJIM3a C IIOMOIIIbIO
TMC [35]. UzsaiHble vccienoBaHUs Ha SKUBOTHBIX U Y Ma-
nuenToB ¢ HAIIT ¢ mpumeHenuem TMC 1 coBpeMeHHBIX
MEeTOIOB HelpoBuayanusauuu [21, 36] mossoauin cop-

MMpPOBaTh paboYyI0 MOJIEJb HEMPOIUIACTUYECKUX N3MEHE-
Huii B ITHC.
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Ta6bnuya 1. OcHoBHble napameTpbl TMC B Hopme 1 y 60onbHbIxX ¢ ABymA ¢opmamu JLM (remunapeTnyeckoii, =20, 1 cnacTuyeckon gunnerveii,

n=37) B Bo3pacte 12-15 net (M + m) [30]

Table 1. The main indices of TMS in patients with hemiparetic (n = 20) and spastic diplegia (n = 37) cerebral palsy at the age of 12-15 years (M £ m) [30]

0630pbl

ey omonﬂmalzlnnsz/lmua TIepBOTo najblia Mpiiiia, OTBOSIIAS TEPBBIN MMATeIl CTOITBI
.. . m. Abductor hallucis
m. Abductor pollicis brevis
TTapamerp
Parameter reMUIapeTnyecKast CHACTHYCCKAs reMurapeTnye- CHACTHYCCKAs
HopMa dopma HOpMa ckas opma
. . JTUTUICTHS . . JTUTUIETHSI
norm hemiparetic spastic diplegia norm hemiparetic spastic diplegia
cerebral palsy P pice cerebral palsy P picg
BLIMII, mc 73+ 1.3 9.9 £ 2.4%%+* 8.9 +3.1* 18.0£2.3 23.7 £ 6.8%* 21.9 £ 5.4%**
Central motor conduction time,
ms
Amrmuutyna BMO, mB 39+£1.9 0.3 £ 1.1%** 2.1 £2.4%* 1.6 £0.9 0.3 £0.7%** 0.7 £ 0.8%**
Amplitude of motor evoked
potential (MEP), mV
JmtensHocth BMO, Mc 77+1.5 12.5 £ 3.9%** 10.6 £ 3.7** 92+19 15.7 £ 5.2%** 19.7 £ 5.3%**
MEP duration, ms
IMopor perucrpauvu BMO, % 47.6 £9.3 69.1 £ 15.0%** 57.9 + 15.9* 67.8+12.7 93.0 £ 12.7%** 89.9 £ 19.6%**

MEP threshold, %

Ipumeuanue. **p < 0,01; ***p < 0,001 Mo cpaBHEHUIO C HOPMOIi.
Note. *p <0.01; ***p <0.001 compared to normal.

ITpu onHocToporHeMm noBpexneHuu KCT y HoBopoxk-
JIEHHOT0, Y KOTOPOTO B JajbHeIeM 0yneT GopMupoBaTh-
cs remunapetuudeckas ¢opma LTI, momoaHuTeNbHbIE
(«n30bITOUHBIE» MpU poxneHun) MJI-npoBoasinuve myTu
COXPAHSIOTCSI U CIIyXKaT JIs CBSI3U HenmoBpexaeHHou NJI-
MOTOPHOI KOPBI C MOCTpafaBIlieil KOHEUHOCThIO. DTO MO-
3BOJISIET 3MO0POBOMY IOJIYIIAPUIO B3SITh HA ce0s1 KOHTPOJIb
3a MOPAXKEHHON KOHEYHOCThIO. OUeBUAHO, YTO ITOT Me-
XaHU3M peopraHuzauuu >¢bdeKkTuBHee padoTaeT B Ipe-
U NepuHaTajbHOM Tepuonaax [37—39].

B mnpoiecce pa3BUTHSI TOJOBHOIO MO3ra TPYIIIbI
KOPKOBBIX HEWPOHOB <«KOHKYPUPYIOT» IPYr C JPYrOM
3a CHMHAITUYeCKOe IPOCTPaHCTBO. B oTcyTrcTBUE KIieT-
KH-KOHKYpeHTa (B pe3yjabTaTe IMOBPEXIACHUS WU aHO-
MaJIUM Pa3BUTHSI MO3Ta) COXPAHSIIOTCS HEUPOHBI, B HOP-
M€ SJIMMUHUDPYIOIIMECS B XOAE CTAHOBJEHUSI KOPKOBBIX
byukuumit. UMeHHO 3T HEelpoHBI U HOPMUpPYEMble UMU
MPOBOASIIME MyTU MOTYT B3Th Ha ce0s YyacTb (DyHKIUMI
MOBPEXAEHHBIX cucTeM. MccaenoBaHusl ¢ MpUMEHEeHUeM
(byHKIIMOHAIBHOIT MarHUTHO-PE30HAHCHOW ToMorpaduu
u TMCy neteii ¢ remunapetudeckoit popmoit L IT moka-
3aJI4, YTO CBSI3M KOPKOBBIX HelipoHOB U KCT K MbliIiam
PYK (hOpMUPYIOTCS B 3TOM Cilyyae hHaye, 4YeM Y 310POBbIX
nereit [37—39].

IIpu HeOoMbIIMX MOBPEXICHUSIX MEPBUYHON CEHCO-
MoTopHoit Kopel nipu JLIIT HapylieHHYI0 JBUTaTeIbHYIO
(yHKIIMIO, KaK MpaBUJIO, MOTYT KOMIIEHCUPOBAaTb BTO-
PUYHBIE MOTOPHBIE 30HBI. OTHU 30HBI TaKXe BKJIOYAIOT
B ce0s1 HEHPOHBI, Mepenarolre UMIYJIbChl K CIIMHHOMY
Mo3ry no KCT. Ilpu oOUIMpPHBIX MOBPEXIEHUSIX, 3a-
TparuBaIIMX U BTOPUYHYIO MOTOPHYIO KOPY, KOHTPOJIb
3a (yHKIUENH PYKU MEPEeXOqUT K HEMOBPEXKIEHHOMY MO-
JIyLIapUI0, UTICUIaTePaIbHOMY MapeTUYHON KOHEYHOCTH.
B aToM ciyyae perynsiuust ABUKEHUI MPOUCXOIUT 3a CUET
COXpaHEHUsI OHTOTeHETUYEeCKU «pe3epBHbIx» WMII-myTeit

OT MEePBUYHOI KOPHI K MbILILaM pyku. K coxasieHu1o, mo-
IOOHbIE MEXaHWU3MBbI TJIACTUYHOCTU 00J1alal0T HEAO0CTaT-
KaMM, MPOSIBISIIONIMMUCS, B IEPBYIO 0Yepeb, Ipu OuMa-
HyaJIbHOW AESITebHOCTU. Y JeTell ¢ reMUIIapeTUYecKom
dopmoit JLIT oTYETIMBO MPOCTEKUBAECTCS CBSI3b MEXITY
dyukumoHnanbHoi coxpaHHocThio MJI-KCT u Hanmnuunem
«3epKaJibHbIX» ABMKEHUI PyK (0aHA U3 HOpM IMaToIoru-
YeCKUX CUMHKUHe3uit) [39].

[ns moHMMaHusl MaToOU3UOJIOTUYECKUX U KOMITEH-
CaTOpHBIX MOTOpHBbIX MexaHu3moB JILIIT O6bu1 mpoBeneH
aHanu3 pyHkuroHaabHoro coctosinus MJI-KCT y mauu-
€HTOB c remuImapetruyeckoii hopmorii A1IT [20, 28, 29, 37].
MNJI-BMO peructpupoBajii ¢ MapeTUYHBIX MBIIIL] BepX-
HuUx KoHeuHocTeil npu TMC HenopaX€HHOro IoJylla-
pusi. OMHOBPEMEHHO B HEIMOPaXXEHHOU PYyKEe PErucTpu-
poaiu KJI-BMO. Crenyer o00paTuTh BHUMaHWE Ha
clenyomuit ¢paxr: eciau peructpupyercst MJI-otser B no-
PaXE€HHOI KOHEYHOCTH, TO B TOI e pyKe KJIaCCUYEeCKUI
BMO npu axktuBaumu KJI-mopakeHHOro mnomyiiapus,
Kak TMpaBWIo, 3aperucTpupoBaTh He yaaétcs. M Haobo-
POT: €CJIM Yy MalMeHTa C TeMUIIape30M He PEruCTpUpPYeTCs
WJI-otBeT, TO, Kak npaBujo, npu TMC nopaxx€HHOro 1mno-
Jytapust MoxkHo ronyuuTs KJI-BMO B napeTuuHoi pyke
6oabHorO ¢ AIIIT [28, 29].

ITo mapamerpam MJI-BMO, peructpupyemoro ¢ nep-
BOIl MEXKOCTHOU MBIIIIbI, TTALMEHTHl C TeMUIapeTHye-
ckoii dopmoii JALIIT Ob111 pa3neneHsl Ha TPY TPYIIILI [29].

B 1-ii rpynne npu TMC HemopaX€HHOTo MoJIyIapust
peructpupoBaiuch HopMmanbHbili KJI-BMO B 310poBoii
pyke u MJI-BMO o06blyHOI KOH(UTypalMy B MapeTUy-
HOM KOHEYHOCTHU C OJIMHAKOBOW JIATEHTHOCTBIO 1O CPaB-
HeHuto ¢ KJI-BMO. ITpu TMC nopaxx€HHOro moJylla-
pust BMO 3apeructpupoBaTh He ynaBajgoch. KnuHuuecku
B 9TOM IpyIINe BBISIBJCH TSKEJbIN reMunapes, 3aTpynHe-
HUME NBWXEHUIN MajJbllaMM, CHIDKEHHE CWIIBI OoJiee 4eM
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Ha 70% 110 CpaBHEHUIO CO 3[J0POBOIl CTOPOHOI, a TaKXe
BBIpAaXKEHHBIE 3¢pKaJbHbIC IBUKCHMS B MHTAKTHBIX KO-
HEYHOCTSIX TIPU TIOTIBITKE IPOU3BOJIBHBIX ABIDKCHUU Ha
MapeTUYHOUN CTOPOHE.

V manmeHToB 2-i rpynIibl TakKke ObUIA IBYCTOPOHHUE
OTBEThI, OMHAKO JlaTeHTHOCTh MJI-BMO B mmapeTudHoii Ko-
HEYHOCTH OBUIA pe3KO YBeIMUYCHA, aMIUIATYa — CHIDKEHA,
JUTUTEIBHOCTh CAMOTO OTBETa — YBEJIMUYEHA, a (hopMa — M3-
MeHeHa (momudasust). [Tpu TM C nopak€HHOTO IOy IIapust
Wi peructpuponBanuck nonudasusie KJI-BMO co 3Haun-
TEJIBHO YBEJIMICHHOM JIATEHTHOCTHIO, MJIM OTBETHI HE ObUI
nony4deHbl. KImMHMIecKn y 3Thx 00JIbHBIX TAKXKE OTMEYAICh
TSDKENBIN TeMUTIape3, HapyIeHYs MEJIKO MOTOPUKI U CHU-
JKEHUE MbIILIeYHOM cibl 10 30% 110 CpaBHEHUIO CO 3I0POBOI
CTOpPOHOM. 3epKajbHbIe OBIDKCHUS HE BBISIBIISUINCH, HO Ha
CTOpPOHE reMHIIape3a OTMEYAINCh BhIPAKEHHBIC CTHEPTHYC-
CKUE COIPYKECTBEHHBIE TBIKCHUS.

B 3-i1 rpyniie 60JBbHBIX ¢ TeMUIIApEeTUYECKOM (hopMoit
JIIIT NJI-otBethl He peructpupoBamuch. [Ipy TMC no-
PaXEHHOTO U HENMOpaxK€HHOro MOJYyIIapUuid PerucTpu-
poBanuch TOIbKO KJI-OTBeTHI ¢ HOpPMaJbHOI JaTeHT-
HocThlo. OmHako mpu TMC mopakéHHOTO MOJyIIapus
BMO ¢ HopMaJIbHO# TaTEHTHOCTBIO MMENIU OYeHb HU3KYIO
ammuutyny (meHee 200 MkB) u yBenmMUeHHYIO IJIUTETh-
HOCTB, a Takxke 0butH TTostndasHbiMu. [Topor perucrpanmu
BMO npu TMC nopaxéHnHoii remucdepsl ObUI 3HAYM-
TEJIbHO BbIIIE. Y 3TUX MAUMEHTOB OTMEYascs JIETKUI re-
MHIIape3 ¢ He3HAUYMTEIbHBIM TOBBIIIICHUEM MBIIIICYHOTO
TOHYyCa, HEJOBKOCTBHIO IIPU BBHITIOJTHEHUU IBUTATEIbHBIX
Mpo0 U CHIKEHMEM CUJIbl MeHee yeM Ha 50% 1o cpaBHe-
HUIO CO 310POBOI1 cTOpoHOI. Hu 3epKanbHBIX IBUXEHUIA,
HU CUHEPTUYECKON aKTUBHOCTHU HE BBISIBIISLIOCH. IMEeHHO
B TOM IpyIIIIe MaIleHTOB IIPOTHO3 BOCCTAHOBIICHUS TBU-
raTeJIbHBIX (DYHKIINI ObLT Hanbosiee 0JIaroNpusITHBIM.

[Tpu oOcnegoBaHMY IeTE ¢ rTeMUTIAPETUIECKOM hop-
moit IIIIT B npyrom uccienoBaHuM TOKa3aHO, YTO Ia-
mueHToB ¢ HammuuemM MJI-BMO nipu TMC Henopaxk€H-
HOTO IIOJYIIApUsI OTIMYa] 3HAYMTEIHHO OoJiee HU3KMI
YPOBEHb Pa3BUTHSI MOTOPHBIX (DYHKIMI IO CpaBHEHUIO
¢ OoJibHBIMU, Yy KoTopbix MJI-oTBeT mojayuyuTh He yna-
Jnock [27]. Hamuumne uyértkoro MJI-oTBera moutm Bcerma
coyeTaeTcsl ¢ GOpMUPOBAHEM HEBPOJIOTUYECKOM TLIIOC-
CUMIITOMATUKU B BUIE 3¢PKAJBbHBIX IBUXKCHHUI B HEIO-
paxkEHHON KOHEYHOCTU U/WJINU CHHEPTMIECKUX COMPYKe-
CTBEHHBIX ABMXKEHMI Ha CTOpOHE reMumnape3sa [28, 40, 41].

IMonoOHbBIe KIMHUKO-HEUPOPU3NOTOTNIECKHIE COITO-
cTaBlIeHUsI ¢ akiieHToM Ha aHanu3e MJI-BMO mo3Boauau
YTOYHUTH MOP(OJIOTHIECKYIO OCHOBY Pa3IW4Mii B IaTO-
(busmonornyeckux MexaHu3Max (QOPMUPOBAHUST IBUTA-
TEJBHOTO nedeKTa B KaXIOM KOHKPETHOM CiydJae, Jaxe
MPY KIMHUYECKHN CXOXUX CIIydasx IPU OTHOM M TOM Xe
dopwme JILIIT [39, 40, 42]. Aranu3 mapamerpoB MJI-oTBeTa
MIPY paccMaTPUBAEMOIl MTaTOJIOTUM TTO3BOJISIET HE TOJHKO
o HOBBIM YIJIOM B3IJISIHYTh Ha natogusuooruto JLIIT,
HO TaKKe TPaKTOBaTh (PaKT €T0 PEeTMCTpallii B KAYeCTBE
KpUTeprsl HEeOJAronmpusSTHOTO IIPOTHO3a KOMIICHCAIINU
JIBUTATEIbHBIX HAPYIIICHUIA.
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OlieHKa MEXaHM3MOB HEMPOIIACTUYHOCTH ObLIA TIPO-
BeneHa y 6onbHbBIX ¢ JILIIT B (hopme cmacTuueckoit nuruie-
run ¢ Tomombio TMC-kapTUpoBaHUS MBIIIL BEPXHUX
(mByriaBast MBIIIIIA TIJIeYa ¥ MBIIIIIA, OTBOISIIAS OOIBIION
Mmajiel] KUCTU) M HIDKHUX (TepeaHsis OoJblebepiioBast
MBIIIIa) KOHeYHocTel [34]. ¥V Bcex manmeHTOB B aHAM-
He3e ObLIM HETOHOIIEHHOCTb, Kjaccuyeckash KIMHUYe-
CKasl KapTWHA C IPEUMYIIECTBEHHBIM ITOpakeHUEM HOT
1 HEeTpyOBIM BOBJICUCHMEM PYK; IIPU HEHPOBU3yaIu3alll-
OHHBIX MCCJIeIOBaHUSIX (KOMIbIOTepHAsI MM MarHUTHO-
pe3oHaHCHasT ToMorpacdus) BBISIBISIIMCH TIPU3HAKHU TBY-
CTOPOHHEH MepPUBESHTPUKYJISIPHON JeiKoMassuuu. Jlerue
BCETO BO30YyXXKIaeMble MOTOPHBIE 30HBI KOPHI TIPU TECTH-
POBAaHMU MBI BEPXHUX KOHEYHOCTEH IIPaKTUIECCKU
HE OTJIMYAJINCh OT HOPMBI. B MPOTUBOIIOIOXKHOCTH 3TOMY
MMPOEKIIMOHHASI IBUTATeNIbHAS 00JIACTh IIepeaHeil 0O0Jb-
111e0epLIOBOI MBIIIILILI OblJIa 3HAYUTEJILHO 0oJjiee jaTepa-
Jm30BaHa, 1, momMmuMo KJI-oTBeTOB, mpu €€ CTUMYJISILIUU
yacto peructpupoBanuch MJI-otBeThl. Pexe MJI-oTBeThI
PETUCTPUPOBAIUCH B MBILIILE, OTBOASIIEH OOIBILION Taiell
KHUCTHU. Y OOJILHBIX C TUTIEPKUHETUUECKOM (hopMoii 3a00-
JIeBaHMS HEe OBLJIO CMEIIeHUs] TPOCKIIMOHHON TBUTATEIIb-
HOM 00JIaCTU HU [JIsI OJQHOI M3 UCCeIOBAaHHBIX MBIIIIII,
B TO Bpems Kak NJI-0TBeThl perucTpupoBaInuCh JOCTATOY-
Ho yacto [34].

VY nereii ¢ BpOXIEHHBIMU IreMuIlape3aMu ILIacTUye-
CKMe WM3MEHEHUS BBIIBISIIOTCSI HE TOJBKO B IOPaXKEH-
HOM mojaymapuu. [1py mpeHaTaJIbHOM MOpakeHUH MO3Ta
y Takux aeTeil B otBeT Ha TMC HenopaXEHHOTro MoJIy-
mapusi peructpupyoTcss BMO ¢ onmHaKOBO JTaTeHTHO-
ctbio ¢ MJI- u KJI-mbiuin pyk (¢ AByrJ1aBOi MBILILBI I1J1€-
ya). JIBurareabHasl MPOCKIIMOHHAS 30HA IS TTOJYICHMS
KJI- u WJI-otBeToB coBnagaeT. Y neTeid ¢ reMunape3aMu
BCJICZICTBHE TTOPAXKEHUSI MO3Ta IOCJe POXICHUS IBUTA-
TeJIbHbIe KOPKOBBIE npoeKuuu mist rnoiaydeHus: KJI- u NJI-
OTBETOB COBMAMAIOT He TMosHOCThI0. Hammune MJI-BMO
y IeTeit ¢ BpOXKIEHHBIMM TeMHIIape3aMy OTMEUYEHO JTaxe
IpY TIOPaXEHUSIX MO3ra, KiIacCU(PUIIMpPyeMBIX KaK He-
rpyoble WM CPEeIHEeHl TSIXECTH, B TO BpeMsl Kak y JeTei
C TIO3OTHUMH (ITIOCTHATAIBHBIMK) TeMUTIApe3aMy HaTndue
MNJI-BMO uyame coyetaetcs ¢ rpyObBIMM HapylIeHUSIMU
motopuku [28, 40]. 3anepxkka co3peBanust KCT B oboux
MOJIyIIapusIX y AeTel ¢ reMuItapeTudeckoii popmoii JILIIT,
BO3MOXKHO, OTpaxkaeT ITepUHATaTbHOE HAPYIIICHUE MUCIIH -
Huzanuu KCT u akcoHanbHOI 1ienoctHoctH [43]. Takke
noka3zaHo orcyrctBue ydyactus MJI-ctpykryp KCT B pe-
aju3alliy ABVDKEHUN B CIIydasiX, KOTJa IOpaxkeHHe Ipo-
M30IIUTO Y3Ke MOCIIe CO3PEBAHUS MO3Ta.

CoxpaHeHUe pe3uayalbHOrO MOTOPHOro JIedulinTa
1 Majiast 3((GEeKTUBHOCTD PeaOINTAIIMOHHBIX MEPOTIPHSI-
Tl y 601bHBIX JILLIT MOryT OBITH CBSI3aHbBI HE TOJIBKO C JI€-
(eKTOM IBUTATEIBHOI CUCTEMBI, HO M C PA3TUYUSIMU B OP-
TraHU3alMM CEHCOPHBIX 1 MOTOPHBIX 30H KOPHI TOJIOBHOTO
Mo3ra [44]. Ha mpuMepe remunapetndeckoii hopmbr JILITT
IOKa3aHO HapyIIeHHEe CCHCOMOTOPHON WHTErpalvyu Ha
KOpPTUKaIbHOM ypoBHe. Pesynbratel TMC yKa3bIBaoT Ha
TO, YTO UHHEPBALIMS MBILILL TOPAXKEHHON KOHEYHOCTH OCY-
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1LIECTBJsIETCS War mocpenacTBoM NMJI-KopTuKoCTIMHaIbHbBIX
NPOeKUMIA OT HEIOPAXXEHHOIO MOJyllapusl, Wil Ouare-
PaJIbHBIMM TIPOSKIMSIMU OT TTOPAXKEHHOTO 1 HEITOPaXKEH-
HOTO ITOJYIIAPUii. ¥ 3THX K€ OOJIbHBIX, COIJIACHO JaHHBIM
(byHKIIMOHAIBPHOM MarHUTHO-PE30HAHCHOM TOMOTpadun,
IPY TIACCUBHBIX IBIDKEHUSX ITOPaXXEHHON PYyKU IIPO-
ucxomut aktuBanusg KJI-remucheprsl. CrnemoBaTenbHO,
y OOJIBHBIX ¢ reMuIiapetTndeckoit hopmoii JLIIT MbIs!
TMOpaXEHHON KOHEYHOCTH MMEIOT B 3HAYUTEIBHON YacTu
OBICTPOIIPOBOISINNE KOPTUKOCIMHAIBHBIC —IIPOCKIINHI
oT uMHTakTHOro WMJI-monymapusi Mo3ra, a mpeo0OJamaro-
mue apdepeHTHBIE TPOSKIINU OT MOPAXKEHHONU PyKU Ha-
npasjieHbl B TTopaxkéHHyo KJI-remuchepy. B pesynbraTe
MMEeT MECTO MEXIIOylIapHasl AUCCoanus Mexay ad-
(depeHTHBIM KMHECTETUYECKUM BXOJIOM U 3P depeHTHBIM
KOPTUKOMOTOPHBIM BBIXOI0M [36, 39, 44].

TMC MoXeT UCITONb30BaThCA I8 OLIEHKU IJIaCTUYe-
CKOIf peopraHM3aluid B MOTOPHOIT Kope Ha (DOHE TTPOBO-
nuMoro JieyeHusi. Tak, o0ciienoBaHue HEOOJIBIIOTO YMcia
MalMeHTOB ¢ remuIniapetndeckoii opmoit J LI moka3za-
JIO, YTO MHBEKIIUM OOTYJIMHUYECKOTO TOKCHMHA THUIIA A,
BBITIOJIHEHHBIC [JISI CHIDKEHUSI CITACTUYHOCTHU MBIIIIL PYy-
KW, TIPUBOIMIN K IIJIACTUYCCKON peopraHM3alid B MO-
TOPHOM KOpEe KaK B IMTOPaxkEHHOM, TaK 1 B HETIOPAXKEHHOM
MTOJTYIIAPUH, YTO TIPOSIBIISIIIOCH B CMEIIIEHUY 30HBI KOPKO-
BOM IMPOEKIINY IS TTOYICHUS] OITUMAJIBHOTO OTBETa IIPHU
nposeaeHun TMC [45].

ToBops o Bo3moxHoM mnpumeHenuun TMC-
KapTUPOBAaHUS MJi KOHTPOJIS JICUCHUs, BCErOa HYXKHO
IIOMHUTHh O CYIIECTBEHHBIX OrPAHUYCHMSIX MeToda TP
JLIT:

« HEOOXOIMMOCTD UCIIOJIb30BaHMS BRICOKMX 3HAYCHUIM
CTUMYJIA, T.K. TIOPOTHU IJISI perucTpanni KopkoBoro BMO
MOTYT cocTaBiATh 90—100%;

« OoJibIIasl JIUTENIBHOCTh uccaenoBanus nmpu TMC-
KapTUPOBAaHUU,

« BO3pACT TalueHToB crapiie 10 rer;

« BBICOKAsI KOMITJIACHTHOCTD TTAIITUEHTOB U UX POIUTE-
JIEH.

Takum obpasom, pesynbrathl TMC, 0cobeHHO y mna-
IIMEHTOB C OMTHOCTOPOHHUM IOPaXXeHWEM MO3Ta, MOTYT
OBITH TTOJIC3HBIMU TSI TIOHUMAaHUS ITyTel peopraHu3alnu
KCT, xoTopsle, B CBOIO 0Uepeb, 3aBUCIT OT BpeMEHU T10-
paxkeHMsI (aHTeHATaJIbHOE, HaTaJbHOE, paHHEe ITOCTHA-
TaJbHOE) U €T0 PACIIPOCTPAHEHHOCTH.

[Iporpecc B u3y4eHMM IBUTATEIBHBIX HaPYIICHUI
npu LTI He TOJBKO 3HAYUTENIBHO IPOSICHUJI MOHUMA-
HHE CIeIMPUICCKUX TaTODU3NOIOTNISCKIUX U3MEHEHUIA,
HO Tak>Ke IMO3BOJIMII OIPEAEIUTh BO3MOXHbIE TEPAIeBTU-
YecKHe 1LIeJU U TTOHOMTH K pa3paboTKe JeUeOHBIX IIPOTO-
kosoB pTMC [35, 46—48].

bosbllioe KIMHUYECKOE uCCleq0BaHUE ObLIO TI0-
CBSIIEHO 3(h(MEKTUBHOCTH KOMOMHMPOBAHHOTO JICUCHUS
y neTeit ¢ remuriapetudeckoi ¢popmoit JLIIT B pesynbrare
MepuHaATaJIbHOTO MHCYJIbTa, BKIodaBuero pITMC, orpa-
HUYCHHWE NBUTATEIbHBIX BO3MOXHOCTEH 3MOPOBOM PYKHU
mpu ee ummoomIm3anuu (CIMT) u ”HTEHCUBHYIO TPEHM-

0630pbl

poBKy napetuaHoit pyku [6]. pTMC npoBoauiach B pexxu-
M€ TOPMOXKEHMSI IEPBUIHOM MOTOPHOM KOPHI HETIOPaXKeH-
Horo noJymapus. ¥ 35 nalmeHToB MpoJeMOHCTPUPOBaHA
0e30ITaCHOCTh M XOpoIlasi MePEeHOCUMOCTb BBIOPAHHOTO
crocoba JiIeYeHUsI, COXPAaHHOCTh HOPMaJIbHOU (DYHKIIMHU
MMMOOMIN30BaHHOM PYKHU, YIydllleHrWe (PYHKIIUM Tape-
TUYHOI PYKU y HIeTeil ¢ IBYCTOPOHHUM MOTOPHBIM KOH-
tposiem (3a cuet KJI- u WUJI-mmyTeit) u maxxe He OBLIO OT-
MEUEHO YXyAIIeHUs (QYHKIMU PYKU Yy IeTel, MMEIOIINX
MOTOPHBIM KOHTPOJIb TOJILKO 3a cueT UJI-npoekiiuii.

PanmomusupoBaHHOe KOHTPOJMPYEMOE WCCIenOBa-
HUE C aHAJIOTUYHBIM IM3afHOM BBHITIOJTHEHO aMEpUKaH-
ckumu uccnenosatensmu [49]. B mapasienbHbIX rpymmax
y OeTeil ¢ reMunapesaMu cpaBHMBaIu BiausHue pTMC
B HECKOJIbKUX pexkxruMax B KomouHauu ¢ CIMT-tepanueit
n joxHoit (sham) pTMC B xomOuHamum ¢ CIMT-
tepanueii. [Tokazana 6e3omacHocTh nmpuMeHeHust pTMC
y TalMeHTOB ¢ Temunapetndeckoin ¢opmoit JLIT u ad-
(EeKTUBHOCTh KOMOMHUPOBAHHOTO JICUCHUSI C MCIOJIB30-
BanueM pTMC u CIMT-tepanuu.

VYV 17 nauuentoB ¢ LTI, cmactuyeckum teTpamnape-
30M (cpemHmit Bo3pacT 9 jeT 1 Mec) IpoBeIeHO MCCIIen0-
BaHue 3(POEKTUBHOCTU U 0E30MACHOCTU Pa3HBIX YaCTOT-
HeIX pexkumoB TMC (1 T'm, 5 I'm m sham-ctumynsmm)
TP aKTUBALIMU TEPBUYHOM MOTOpHOM Kopkl [50]. B oc-
HOBY HCCIIEAOBAaHMS MOJIOXKEHA TuroTe3a, 4To npu pTMC
YBEJIMUYMBACTCS aKTUBAIMsSI MOTOPHOM KOpPBI, KOTOpas
MPUBOIUT K yBeIMYeHUIO TOpMO3HBIX BiusHuii KCT Ha
CIIMHAJIBHYIO BO30YIMMOCTb, UTO, B CBOIO O4Yepeab, CHU-
JKaeT THIEPBO30YIUMOCTh Y- M O-MOTOHEMPOHOB CITHMH-
HOTO MO3ra, IpUBOAS K CHIKeHMIO crmactuuHoct. TMC
MPOBOAMJIACH 5 AHEW MOAPSII C MHTEHCUBHOCTBIO CTHUMY-
1a 90% or nopora perucrpauun BMO. Iloka3zano, 4ro
pTMC 5 I'i mpuBommMia K 3HAYUTEIHPHOMY CHUKCHMIO
CITACTUIHOCTHU, OCOOCHHO B CrU0ATeIISIX TIPEATLICYbs; TIPU
atoM pTMC 1 I'm 1 5 T He BBI3BIBajIa 3HAUMMBIX TTOO0Y-
HBIX 3 HEKTOB, KaK U sham-CTUMYJISILIuS.

ITo naHHBIM HEAABHETO CUCTEMHOIO 0030pa CUMTAET-
cs nokazaHHOU 3 dekTnBHOCTh mpuMeHeHust pTMC misa
yIIydieHus: QYHKIIMY BEpXHEW KOHETHOCTHU y IETe ¢ re-
munapetuueckoit popmoit I [51].

TMC npu uHcynbme y demeti

IlepBoe paHIOMU3UPOBAHHOE, KOHTPOJUPYEMOE MC-
ciegoBaHue TeparneBTuyeckoro neiicteus pTMC y nerteit
BBITTOJIHEHO Ha MallMeHTax B Bo3pacTe 6—18 jieT ¢ uzomu-
POBaHHBIM CYOKOPTUKAJbHBIM HIIEMUYECKUM WHCYIIb-
ToM [52]. B cooTBeTCTBMM C TepalieBTUUECKON KOHIIEM-
LIMe TIpU MHCYJBTE Y B3POCHIBIX McToab3oBagack pTMC
IIEPBUYHON MOTOPHOM KOpbI, KOHTpaJaTepaJibHOU CTO-
poHe mopaxeHus (ctTumynsius dyactoroir 1 I'l B Teue-
Hue 20 MuH, cymmapHo 1200 UMITYTbCOB) €KETHEBHO B Te-
yeHue 8 gHeil. bruta mokaszaHa xopoiiasi mepeHOCUMOCTD
n 6e3zonacHoctb pITMC y geteii. Takke ObIJIO OTMEUEHO
yaydiieHue QYHKIUNA MopakeHHOH pyKu Mo MenboypH-
CKOI1 1IKaJie 1 pe3yabTaTaM U3MepeHMsT CHIbl KUCTU. [1o-
JIOXKUTEIbHBIC PEe3YJbTaThl OTMEUEHBI TOJBKO Y TOTyJaB-
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Ta6nuya 2. 3HauyeHusa BLMIM n ocHoBHbIX napameTpoB BMO npu TMC y peteii B Hopme u ¢ PC (M = m; n = 23) [30]

Table 2. The values of central motor conduction time (CMCT) and the main MEP parameters under TMS in healthy children and multiple

scrlerosis patients (M + o; n = 23) [30]

KOpOTKaSI OTBO/IS1IIas MBIIIIA ITEPBOro
ITaJiblia KUCTU

Mpl1111a, OTBOISIIAS MTEPBBIiA Majiel] CTOIbI

ITapametp m. Abductor pollicis brevis Ee cogis cce
Parameter
HOpMa TTaLMEeHTBI HOpMa TTaLMEeHTBI
norm patients norm patients
BLIMIT, mc 7.30 £ 1.30 10.53 £+ 5.84* 18.00 £+ 2.30 23.55 £ 5.81*
CMCT, ms
Awmmututyna BMO, MB 5.17 £2.21 4.11£1.91 1.67 £0.91 1.10 £ 0.98
MEP amplitude, mV
JutensHocTh BMO, Mc 7.57 £ 1.51 10.58 £ 3.40%** 9.27 £ 1.91 13.79 £ 3.52%**
MEP duration, ms
ITopor perucrparu BMO, % 51.60 £ 8.60 50.25 + 18.24 67.80 £ 12.70 76.25 £ 15.88

MEP threshold, %

TIpumeuanue. *p < 0,05; **p < 0,01; ***p < (0,001 110 CPaBHEHMIO C HOPMOIA.
Note. *p <0.05; **p < 0.01; ***p <0.001 compared to normal.

X PEATbHYI0 CTUMYJISIIIMIO U OTCYTCTBOBAIM y JETEI,
MOJTy4aBIINX sham-CTUMYJISIIIHIO.

TMC npu 3nunencuu y oemel

Ceromgus meromosiorusi TMC T103BOMISIET HE TOJIBKO
MPOBOAUTH MCCAEAOBAHUS, HAMpaBJIeHHbIE HAa U3yYeHUE
naTo(U3NOJOTHHN PA3HBIX (hOPM SITUICTICUH, HO U TIpe-
JIOKUTb TEpaneBTUUYECKME MOIXOAbl MpU MapLUaTbHBIX
dopmax srmnericun [5, 25, 53].

B MHOrouuciaeHHbIX MCCAEAOBAHUSIX AOKA3aHO, UYTO
TMC oavHOYHBIMU CTUMYJIAMU SIBJIIETCS Oe30ImacHoi
y IMalMeHTOB ¢ pa3HbIMU (popmamu snmiernicuu. [Tokasa-
HO, YTO y MalMEeHTOB MOJIOJOIO BO3pacTa ¢ UAMOINaThuye-
CKOM TeHEpAIIM30BAHHON SMWICIICUEN U KPUIITOT€HHOU
napuuaibHoit anunencueit KJI-nepuoa MmoayaHus yBeav-
yuUBaJICS.

V nereit ¢ gpyrumu popmamu srviericuu npu TMC
BBISIBJIEH ILIMPOKUI CIIEKTP UBMEHEHUIA: MOPOr perucrpa-
i BMO, kak mpaBWJIO, UMEET TEHIEHIINIO K ITOBBI-
LIeHn0; MoxeT yBeauuuBaTbcss BLIMII He Tonbko mipu
CUMNTOMATUYECKOM, WAMOMATUYECKOM, HO TakKXe Ipu
kpunrtoreHHoi smuiencuu. besomacHocts TMC omHO-
KpPaTHBIMM CTUMYJIaMU MTPOAEMOHCTpUPOBaAHaA IpU odclie-
moBaHuu 6ojee 100 mereit ¢ pasHBIMM (popMaMU SITIIETI-
CUU: HA B OJHOM CJIydyae CTUMYJISILIMS KOPbl TOJOBHOTO
MO3ra He COIMPOBOX/aJaCh MPOBOLIMPOBAHHBIMU CYI0PO-
raMy WiV yJallleHrueM TIpUItagkos [12].

KopTukanbHble IMCTeHE3Un YacTO MPUBOIST K pa3Bu-
THUIO PE3UCTEHTHBIX (POPM SIIJICTICHH, B OTHCIbHBIX CITy-
yasgx TpeOylolnx Helipoxupyprudyeckoro jedenus. TMC
OblIa UCTOJIb30BaHA JIJIs1 OLIEHKU BO30YIMMOCTU MOTOPHOM
KOpHI Y pebeHKa 12 JIeT ¢ OMHOCTOPOHHEH KOPTUKAIBHOM
NUCTeHEe3Uel C TMPOCTBIMU TapLMaIbHbIMU MPUCTYIaMU
JI0 W TI0CJIE MHOXECTBEHHOU CyONMUaIbHON TpaHCCEKIIUU
B KOp€ rOJIOBHOT'O MO3ra cIipaBa, BKJIIoUasi IEPBUYHYIO MO-
TopHYyI0 KOopy [54]. do onepanum mpu TMC mopaskeHHOTO
ronymrapust B KJI-MbIIImax perucTpupoBaiIuch mordas-
Hele BMO co 3HAUMTENbHO YBETWYCHHOM JIATECHTHOCTBIO,
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OTMEYasIoCh MOSBICHUE PAHHUX U TTO3AHUX KOMIIOHEHTOB
B otBete. [Ipu 3TOM BBISIBJIEHO HapyllleHUe BHYTPUKOPKO-
Boro TopMoxeHusi, 1 TMC-kapTupoBaHUe MOKa3aJ0 pac-
IIAPEHNE TMPOEKIIMOHHON NBUTATELHONW OOJACTU KODBI.
UYepes 1 Mec mociie orepaiyi OTMEUEHO YMEePEeHHOe BOC-
CTAHOBJICHWE JBUTATEIbHBIX (DPYHKIMI W KOHTPOJb Hal
TpucTynamu, a pe3yabratbl TMC n1eMOHCTpHUpOBain 3Ha-
YuTeIbHbIE M3MEHEHMs (PYHKIIMOHAIBHOW OpraHu3aluu
nBuUratesibHoi Kopbl: BMO 6butn 61taTepaqibHbIMUA U CUM-
METPUYHBIMU, B UX COCTaBE OTCYTCTBOBAIU MO3IHUE KOM-
noHeHThl; TMC-KapTa 3HAaUUTENbHO YMEHBIINUIACH, YITy4-
IIWIKCH TTOKA3aTeNId BHYTPUKOPKOBOTO TOpMOXKeHUs [54].

[MokazaHo, 4uto ompeneneHue KOPKOBOIl BO3OYAMMO-
ctu MeronamMu TMC MOXET UCIONb30BaThCSl B KAUECTBE
MPEIUKTOPA YYBCTBUTEJIBHOCTU K AHTUKOHBYJIbCAHTAM
[55] 1 maxe K KeToreHHOI auere [56].

V nereit TepaneBrudyeckoe npumeHeHue pTMC orpa-
HUYEHO citydyasgMu pokaibHbIX hopM snwiencuu [11, 57—
60]. Kak npaBuiio, mpuMeHsuich pexkumbl pTMC ¢ yacto-
toit 1 'l unm naxxe ¢ MeHbIIMMU YyacTotaMu. CII0XKHOCTh
ucnonb3oBanust pTMC omnpenensieTcst 00s13aTeTbHON CTH-
MyJISUMeR o0sacTu snujientuyeckoro dhokyca, Wi 4Yero
HEOOXOIMMO TIPUMEHSTh HEMPOHABUTALIMOHHOE U HEMpO-
BU3yaJTuallMOHHOE 000pyIOBaHUE.

TMC npu paccesHHOM cKiiepo3e y Oemel

Xots nmpumeHeHne TMC He BXOAZUT B 00s3aTeIbHBIE
MUATHOCTHMYECKHNE KPUTEPUU paccessHHOTo ckiepo3sa (PC)
WIN OPYTUX OeMHUCIMHU3NpYomux 3adoneBanuii [IHC,
IMpHY 00CJIeIOBAHNN TaKUX OOJBHBIX BBISIBIISIIOTCSI CTATH-
CTUYECKM 3HauMMble HapymeHus mposemeHus mo KCT.
ITpu npoBenennut TMC getam ¢ noctoBepHbiM PC Gonee
YeM B ITOJIOBMHE CJIydaeB, HE3aBUCHUMO OT CTEIICHU IBM-
raTeJIbHBIX HApYIICHWi, BBISIBIISIIOTCS OMHOTHUITHBIC HEii-
podusnonornuyeckue n3mMeHeHuss — yBeandenne BLIMIT
n n3meHenue napamerpos BMO [30, 61]. ITo cpaBHEHMIO
¢ HopMmoii ipu poctoBepHoM PC BLIMII yBenmuuBaercs
B 2—3 paza It MBI KUCTU 1 CTOTIHI (TabI. 2).
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VY nereit ¢ PC ycTaHOBJIEHO CTaTUCTUYECKH 3HAYNMOE
YBeJIIMYCHUE IUIMTEIIBHOCTU KopKoBoro BMO, mpuyem xa-
paKTepHBIM IIPU3HAKOM SIBJISIETCS pacIlleTUIeHe HeTaTUB-
Horo nuka BMO ¢ nosiBneHueM noiundasnuu 1 1ceBIono-
mmdaszun. B psaae cayyaeB oTMeUeHO TTOBBIIIEHUE TTOpora
nosinenuss BMO [30].

TMC npu cuHOpome depuyuma 8HUMAHUS

u eunepakmusHocmu

TMC no3BoJjsieT BBIIBUTb pa3Hble HEWpOhU3NOJI0-
TMYECKUE HapyIIeHUs Yy NeTell ¢ CUMHAPOMOM neduliuTa
BHUMaHUSI U rurniepakTuBHocThlio (CIBI). Ilpu Tectu-
poBaHuM OoJbioi rpynmel nereid ¢ CIABIT yctaHoBiaeHO
cratuctuuecku 3Hauumoe (p < 0,001) yBeanueHue cpen-
Hux 3HaueHuit BIIMII o cpaBHEHUIO ¢ COMOCTaBUMbBIMU
Mo MoJly, Bo3pacTy U 3HaueHu1o 1Q 310pOBBIMU AETHMU
[62]. BHauenue BLIMII Gosee 12 Mc mpu perucTpauuu
BMO c nByrnaBoii MbIIIILIBI TIJIeYa paclEHUBAJIOCh KakK Ma-
Tojlornyeckoe. BTopbiM xapakTepHbIM OTKJIOHEHUEM TpU
TMC okazajioch 3HaUUTEBHOE YBEIUYEHNE aCUMMETPUN
BILIMII npu bunatepanbHoit peructpauuu. Mccaenonare-
JIU MPEearioaraiT, YTO 3aJepXKa CO3pEeBaHUSI KOPTUKO-
MOTOHEMPOHATBHOW CUCTEMBI JIEXXUT B OCHOBE Habtoaa-
eMbIX HePOGU3NOJOrMYECKUX OTKJIOHEHUA.

TMC napubsiMu ctumyiamu y neteii ¢ CABI BoisiBui1a
CHIKEHUE MHTPAKOPTUKAIBHOTO TOPMOXeHUs [63], uTo
MOATBEPXKIAET AeDULIUT TOPMO3HBIX MEXaHU3MOB BHYTPU
MOTOPHOI KOpbl. CHUXXKEHUE WHTPAKOPTUKAJIBHOTO TOP-
MOKEHUSI Y TAaHHOTO KOHTUHIEeHTa OOJIbHBIX MOXET ObITh
YAaCTUYHO W BPEMEHHO HUBEJUPOBaThCs MpueMom 10 mr
MeTwidheHuaaTa.

B uccnenoBaHuu no nu3yyeHur0 0COOEHHOCTEN HEHpo-
ouonorun CIABI nmpoBeneHa koppensuust mexny TMC-
napamMeTpaMyd MOTOPHOU KOpPbI U JAaHHBIMU OLIEHKU TO-
BEJICHYECKOTO MaTTepHa U JBUTATELHOTO pa3BUTHS [64].
ITpu uccnenosanuu 49 nereit 8—12 ner ¢ CABI" o6Hapy-
>KEHO YKOpPOUeHHe NHTepBaia (IUIUTEJIbHOCTH) UHTPAKOP-
TUKAJIBHOTO TOPMOXEHUSI MEePBUYHON MOTOPHOU KOPBI
JOMUHaHTHOro nonyiiapus Ha 40%. smeHeHue uHTpa-
KOPTUKAJIBHOTO TOPMOXEHHUSI KOPPEIUPOBATIO C TSIXKe-
cteio CABI' u cTeneHblo pa3BUTUSI MOTOPHBIX HABBIKOB.
IIpenmnonaraercsi, 4To TOPMOXEHUE, oOOecreuyrnBacMoe
T'AMKepruyeckumMu UHTEpHEpOHAMU U MOAYJIUpPYEMOe
noaMUHOM, UTPAET BasKHYIO POJIb B BbISIBIEHUN OCOOEH-
HOCTeIl KOPTUKATIbHBIX CUTHAJIOB, BOBJICUEHHBIX B MOTOP-
HbIil KoHTposb pu CIBT.

V nereii ¢ CIABIT Takxxe oOHapy:kKeHO YKOpOYEHUE
nnutenabHoctu MJI-nepruona MoyaHUsI U yBETUYEHUE €ro
JIATEHTHOCTH MO CPaBHEHUIO CO 3M0POBBIMU CBEPCTHUKA-
MU [65]. ABTOPBI MPEANOIOXUIN, UTO YKOPOUCHUE T~
tenabHocTH MJI-niepuona monuanus npu CJABI otpaxaer
nucOalaHC TOPMO3HBIX U BO3OYXHAIOIIMX MEXaHU3MOB
HelipoHanbHbIX ceTeil Mexay Il kopkoBbeIM ciioeM (00-
JIaCTh MPOEKIMU TPAHCKAIO3JIbHBIX MOTOPHBIX KOPKO-
BBIX BOJIOKOH) U V KOPKOBBIM CJIOEM (Ha4aJio MUPaMUIHO-
ro TpakTa). YBenaudeHue jareHTHoctu UJI-niepuona moin-
yaHus y neteit ¢ CIIBI" aBTOpbI CBSI3bIBAIN C pa3InuyusIMu
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B CTENCHM MUEIMHU3ALNU OBICTPOIIPOBOASIINX TPaHC-
KaJUTO3aJIbHBIX BOJIOKOH. BBUIO MpemiokeHO MCIOob30-
BaTh aHanu3 MJI-neprona moayaHust Kak JOMOJHUTENb-
HBII TTapamMeTp IJjis pasrpaHndeHus nauueHToB ¢ CIBI
W 300POBBIMM CBEPCTHUKAMM. AHAJOTMYHBIC pe3ysIbTa-
ThI TIOJIyYEeHbI IPYToil UCCIeN0BATEIbLCKOM rpymnnoi [66].
Taxke mokaszaHo, uTo BeIsiBisieMble y Aeteii ¢ CABI Hapy-
meHus: napamerpoB MJI-nepuoga MoinyaHUSI MOTYT OBITh
YaCTUYHO HMBEJIMPOBAaHBI HA3HAYeHUEM MeTWI(heHUaaTa.

Mertaananu3 npumeHenuss TMC npu CIBI BbIs-
BWJI, UYTO TOJBKO CHUXXEHHE WHTPAKOPTUKAIBLHOTO
TopMmoxeHus y nui ¢ CABI cratuctuyeckn 3HaAYMMO
MO0 CpaBHEHMIO ¢ KOHTposieM [67]. YuursiBasg HeOOJIb-
1I0€ YMCJI0 TTyOIUKALIMIA, BasKHO, UYTOOBI OB MIPOBEIE-
HBI JaJbHEHNIINe UCCIIeTOBAHUS 11T (HOPMUPOBAHMS O -
HO3HAYHOTO 3aKJII04YeHUs. BriaeeHue HanexXHOTo Heli-
podusnonornyeckoro bumomapkepa npu CJBIT kpaiine
BaXXHO, T.K. IETU C 3TUM 3a00JeBaHNEM HE UMEIOT 3Ha-
YUMBbIX U3BMEHEHUU MPpU HEUPOBU3YATIU3ALUUN U IPYTUX
MeTomax O0ObeKTUBU3aNK [6].

PesynbraThl ncnonb3oBanust pTMC B paHIOMU3UPO-
BaHHOM, Sham-KOHTPOJIMPYEeMOM MCCIICIOBAHUU C TIepe-
KpecTHbIM mu3aiiHoM y nauueHToB ¢ CJIBIT 15—20 et
MoKa3ajdy 3HAUYMTENIbHOE YJIYYIIICHHE COCTOSIHUSI y BCEX
mauneHToB [68]. pTMC ¢ wacroroit 10 I'y (100% ot mo-
pora BMO), 2000 nuMITy1bCOB 3a C€CCHUIO IMPOBOAUIACH HAT
npaBoii mpedpoHTaIbHOM Kopoit. Kypc JleueHust cocTosi
n3 10 neueOHBIX ceccuit B TeueHue 2 Hed. [1000YHBIX SIB-
nennit pTMC He oTMe4eHO HU B OJHOM cjydyae, Bce Ia-
LIMEHTHI 3aKOHYWIN KypC JICUCHUS, UTO TOKa3bIBaeT Oe3-
oracHocTb pTMC y nereit. B oTKpbITOM MCCIeIOBAHUMN
pTMC neBoii mopcosarepaibHOM TPePOHTATBHON KOPHI
(c wacroroii 1 I'u, 90% ot nopora BMO, 1500 umrtyibcoB
3a ceccuto) y geteii ¢ CIABIT He oTBeTMBIIMX Ha MeaUKa-
MEHTO3HOE JIEYCHHME, IOJYyYECHO 3HAUYMMOE YIIydIlIeHUE
MOBeJCHUs KaK B ILIKoJie, Tak 1 goma [69]. Ilpu uccie-
noBanun pTMC y B3pocisix mamueHToB ¢ CIABI Takxke
TIOJTyYEHBI TTOJIOXKUTEJIbHBIC Pe3YIbTaThl IPU CTUMYJISIIINT
JIopcoJiaTepajibHOM MPe@POHTATIBHOM KOPHI.

TMC npu mukax y demeti

V nereit ¢ Tukamu, cuHapomom Kus e nst Typerra
n3meHenuii BLIIMIT u moporoB BMO mipu mpoBeneHuu
TMC He BoigBiieHo [32]. OgHako ucclenoBaHUE Yy aeTel
C TMKO3HBIMU THUIEPKMHE3aMU OOHAPYKUJIO 3HAYMTE/Ib-
Hoe ykopoueHue KJI-KopkoBoro mepuoma MOJYaHUs
[0 CPAaBHEHUIO C TPYIIION KOHTPOJISI, YTO UCCIICIOBATEIN
CBSI3BIBAJIM C HEAOCTAaTOYHOCTHIO MEXaHM3MOB TOPMOXKE-
HUsI B CCTEME MOTOPHOTO KOHTposst [63]. B npyrowm wmc-
cJIeIOBaHMU NALIMEHTOB C MOTOPHBIMU TUKAMU OOHapYKe -
HO YKOpOYEeHMEe UHTepBaja (IJUTEeIbHOCTU) UHTPAKOPTU-
KaJIbHOTO TOPMOKEHHSI, YTO TAKXKE BBISBIISUIOCH U Y IeTeit
¢ CJBTI [70]. OgHako KOppensiluy MeXIy MU3MEeHEHUSIMU
MmapaMeTpOB MHTPAKOPTUKAIbHOTO TOPMOXKEHUSI M TSKE-
CThIO KIIMHUYECKUX MTPOSIBJICHUM TUKOB HE OTMEUEHO.

B cnyuasgx, xorma y 60JbHOTO TUKO3HBIE TUTIEPKUHE-
3b1 couetanuch ¢ CIABIT, oOHapykeHa 1 COOTBETCTBYIOLLIAS
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KOMOMHALIMST HEeMpO(PU3NOJIOTUUECCKNX W3MEHEHUI: BbI-
SIBICHO CHIDKCHME WHTPAKOPTUKAIBHOTO TOPMOKEHUS
u ykopoueHue KJI-kopkoBoro mnepuona moiadyaHusi. JaH-
HBII TIpUMep WITIOCTPUPYET TOT (PaKT, UTO B CiIydyae KO-
MOPOMIHOCTU 3TUX COCTOSTHUI B X OCHOBE JIEXKAT pa3HbIe
U He HaKJIAIbIBAIOIIMECH IPYT Ha Apyra MaTo(pu3noIoru-
YecKMe MeXaHn3MbI [63].

B uccaenoBarnum pTMC 1ipyt MOTOPHBIX TUKAX Y TEeTEH
(cpemumii Bo3pact 11,2 roma) mpoaeMOHCTPUPOBAHO KITH -
HUYecKoe 3HaunTeabHoe yaydumenue [71]. pTMC ¢ yacTo-
Toil 1 'l mpuMeHsIach Hal 00JaCThIO JOMOJHUTEIbHOM
MOTOPHOI KOphI B TeueHne 10 gHeit. [TaumeHTH moy4da-
qn 1200 crumynoB MHTeHCUBHOCTBHIO B 100% OT KOpKO-
Boro nopora BMO B nokoe. Habmonenue 3a mauneHTa-
MU IIpojoJiKajaoch B TeyeHue 12 Hen. Hu B ogHOM cirydae
HE OTMEUYEHO 3HAYMMBIX ITOOOYHBIX SIBJICHUI 1 YXYIIIICHUS
pPacCTPOMCTB KOMOPOMIHBIX THKO3HBIM THUIIEPKHHE3aM
(COBI', nenmpeccun, TpeBOTH).

IIpu cungpome Typerra y nereit mpuMmeHenue pTMC
10 CXOIHOMY ITIPOTOKOJTY TAK3Ke ITOKAa3aJ10 3HAUMMOe yTyd-
menue [72]. B 063opHoIi ctathe 1o mpuMmeHeHuto TMC
npu cuHIpoMme TypeTTa ImoKa3aHO, YTO HAWMJIYJIIUEe pe-
3ynabTaThl pTMC B JIeUeHUHU TTOJIYYCHBI Y MOJIOIBIX TTAIlM-
eHTtoB ¢ conyrcTByromum CIABT [73].

TMC npu cuHOpome Pemma

Hns cunapoma PeTra xapakTtepHa KOMOWMHAIIWSI UHTE-
JIEKTyaJIbHO-MHECTUYECKUX PACCTPOMCTB C HApYIICHUSIMU
JBUTATENIbHOM chepbl (MBIIIEYHON TUIIOTOHUEH CO CBOE-
oOpasHbIMU  cTepeoTurnusaMu). [lpu cTumynsuum MoTop-
HOW KOPBI B paHHUX CTaAUSIX 3a00/1eBaHUsI KOPKOBbIii BMO
MMEET AHOMAJIbHO KOPOTKUM JIATEHTHBI MEPUOL TIPU HOP-
MaJIbHBIX TTIOKa3aTeIsix cermeHTapHoro BMO, uro npuBoaut
K ymeHbleHnio BIIMIT o cpaBHEeHUIO ¢ BO3pacTHOI HOP-
MOI1. 3HaYeHUs TTOCIEAHErO ObLIN MPSIMO MPOITOPILIMOHAIb-
HBI BO3pacTy pedeHKa [74], 4To MO3BOJIMIIO aBTOpaM MPEaIo-
JIOXKUTD CBSI3b JAHHOTO (hpeHOMEHa C TMIIePBO30YIMMOCTbIO
KOPKOBBIX HEMPOHOB JIM0O ¢ HATMYMEM OCOOEHHOCTEI CU-
HaNTUYECKOM OpraHu3aliid MOTOPHOM KOpbI WJIM CIIU-
HaJIbHBIX O-MOTOHEeNpoHOB. Ha mo3mHux ctamusix 60i1e3Hu
B cTapieM Bo3pacte ripu TMC oTMeueHO 3HaYUTETbHOE TT0-
BbIIlIeHMe TIopora nosiBieHust BMO (mo 100%), 4To KiuHu-
YecKU TMPOSIBISUIOCh HapacTaHUEM CIACTUYECKOIo rapesa,
¥ 1ipu 3ToM yKopoueHue BLIMIT yxxe He Habmomanocs [75].

TMC npu 6onu

pTMC y B3pOCJIBIX ILIMPOKO MPUMEHSIETCS 151 JIEUEHUST
XpPOHUYECKHUX 00JieBbIX paccTpoiicTB [11]. OnmHako cyie-
CTBYIOT TOJIBKO €IVMHWYHBIC MyOJMKALIMU O IMPUMEHECHNHT
3TOT0 METOMAa B AETCKOM BO3pacTe C LIEIbl0 KyIUpOBaHUS
6o [75, 76], HO TMOTEHMAIBHO WCITOIb30BaHne pTMC
MMeeT OOJIbIINE MePCIIEKTUBEI, T.K. SIBJISIETCST 0€30TIaCHBIM,
XOPOIIIO TIEPEHOCHUTCSI, IMEET HEBBICOKYIO CTOMMOCTb.

TMC npu Opyaux Hesposiozudeckux 3a60/1e8aHUAX

VY nereit crpanaommx Mykonoaucaxapuaosom I u IV
TUIIOB, B TTOAPOCTKOBOM BO3pacTe B psilie CIyyaeB pa3BU-
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BaeTcd meitHasg muenonatus. [Ipu TMC BBIIBICHO yBe-
mmuenne BLIMII, ocoGeHHO Tpu uCCIeIOBAaHUU MBILIL]
PYK, CHIDKEHUE aMIUTUTYIbI KopkoBoro BMO, nameHeHue
ero (hopMbI, TTOBBIIIEHUE TTopora peructpaun BMO [77].
DTO0 MO3BOJIACT UCIOIb30BaTh TMC 1 BBIIBICHUS Ha-
YaJIbHBIX IIPOSIBJIICHUM IIEMHOU MMEJIOIAaTUU U CBOEBpE-
MEHHO HaIMpaBUTb MAIIMEHTOB C MYKOIIOJIMCaXaprua03aMu
Ha HEHPOXUPYPrUIECKOe JICUCHHUE.

B OonblmMHCTBe ciiydyaeB y AeTeil ¢ aTaKCuel-Tese-
aHrnosKrasueit (cuHapomom Jlyn-bap—bonepa) BLIMII
3HAYUTEIBHO YBeJIMYeHO [78], 4TO MO3BOJISET MUCIIOIb30-
Bath TMC s nuddepeHIMaabHON IUaTHOCTUKY CUH/I-
poMa ¢ KJIIMHUYECKU CXOTHBIMM 3a00JIeBAaHUSIMU, B YacT-
HocTH ¢ atakcueit @puapeiixa.

MeTtabonuyeckue HapylIeHUSI MOTYT IPUBOAUTH
KaK K BUAUMBIM, TaK 1 K CKPBITHIM TTopaxkeHusM LITHC.
C nmomorrbio TMC MOKHO ¢ BBICOKOI TOYHOCTBIO OTIpe-
eJINTh U3MEHEHMUST JBUTATEIBHON CHCTEMbI Ha CaMBIX
pa3HBIX ee YPOBHSX. [IpuMepoM MOXET CIyKUTh 00cIIe-
noBaHUe 12 MOAPOCTKOB ¢ (peHUIKETOHYpUEl, oJydaB-
WX JIGYeHHWE ¢ paHHEeTo Bo3pacTa. Hu y omHOTO M3 HUX
HE BBISIBJICHO IIPU3HAKOB MBUTATEJbHBIX HapyIIeHUN
MMpU AETATLHOM KIMHUYECKOM TECTHMPOBAHHWU. Y BCeEX
MMOIPOCTKOB JJATEHTHOCTU KOPKOBOT'O 1 CETMEHTApPHOTO
BMO, a cootBeTctBeHHO 1 BIIMII, ObIu B Tipemenax
HOPMBI, YTO CBHUIAETEIBCTBYET OO0 OTCYTCTBUM Hapy-
meHus muenuHusauun KCT. OgHako mpu 3TOM ObI-
JI0O OOHApYXEHO CHIKEHHE BO30YIMMOCTH MOTOPHOM
KOpPBI — TIOPOT peructpauuu KopkoBoro BMO moBbI-
meH (p < 0,05), a ero ammutyna cHuxkeHa (p < 0,05).
Takke BBIIBICHO HapylleHHEe KOPKOBBIX MEXaHU3MOB
TOPMOXKEHUSI, O YeM CBUICTEJIHCTBOBAIO YKOPOUCHUE
IJIATSIBHOCTH TIEPUONA MOJYAHUS M OTCYTCTBHE WU
CHIKEHHME TPaHCKaJI03adbHOIO TOPMOXEHUSI (MHTEp-
remucgepHoro TopmoxeHus). [IpuBegeHHbIe NTaHHBIE
YKa3bIBalOT Ha BBIpaxkeHHbIC HApYIICHUS MEXaHU3MOB
Peryasiliui TIPOIIECCOB BO3OYXKICHUS U TOPMOXKEHUS
y OOJIbHBIX (PEHUIIKETOHYpHEl, HECMOTpPSI Ha paHHEe
Hayvajo JICYCHUSI, YTO MOXET OBITh CBSI3aHO C TUOEIIbIO
YacTU HEHPOHOB MM YMEHBIIICHUEM YKCIa UX TeHIPU-
TOB [79].

3aknoueHne

Taxkum o6pazom, TMC gBisgercd LIEHHBIM METO-
moM omeHKM co3peBaHus KCT, 3pemocTy mpsMbIxX 3d-
(bepeHTHBIX MPOEKLNiT B pa3HbIe BO3PACTHBIC ITEPHUOIHI,
dopmupoBaHus ToOpMO3HBIX MexaHu3MoB LIHC (unHTEp-
reMucepHbIX, UHTPAKOPTUKAIBHBIX U Tp.). KapTtupo-
BaHNWE MOTOPHOI KOpHI y AeTeil ¢ paHHUMU (IIepHu-, WH-
Tpa- ¥ MOCTHATAIbHBIMM ) IBUTATEILHBIMU HAPYIIEHUSIMU
ITO3BOJISIET TIPOCICANTh OCOOCHHOCTH TEPECTPOUKM HE-
POHAJIBHBIX CBS3EH B IUIACTUYHOM MO3Te peOeHKa. BHIsB-
JICHIE HOBBIX BO3MOXHOCTEI MeTOa OTKPHIBAET IMMPOKHE
MePCIEKTUBEl K TMOHUMAHMIO OCHOBHBIX 3aKOHOMEpPHO-
cTeil (PYHKIIMOHMPOBAHMSI NIBUTATEIBHOTO aHaIM3aTopa
B pa3BUBAIOIIEMCS MO3Te U TePaIIeBTUICCKOMY IIpUMEHE-
Huro pTMC.
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