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CTpyKTYpHO-(PYHKIIMOHAJbHbIC
OCHOBBI XPOHUYECKUX
HapylIEeHN CO3HAHUSI

M.A. ITupanos, H.A. Cynonesa, JI.B. Ceprees, |A.B. Yepsskos|, }0.B. Paourkuna, 1.0. Cununpin, A.T. Iloiinamesa,
E.W. Kpemnesa, C.H. Mopo3osa, E.I. fI3esa, JI.A. Jlerocraea

OI'EHY «Hayyuwiii yenmp nesposoeuu», Mocksa, Poccus

ITIpobaema xporuueckux napywenuii coznanus (XHC) cmanosumes 6cé 6onee aKmyansHoil 6 cs3u ¢ NOCMOSHHbIM Y8eAUHeHueM KOAUecmaa nayueHmos 0ax-
Holl Kamezopuu U (haKmuueckum omcymemeuem memooos spexmugholi peabusumayuu. braeodaps cospementbim OUAZHOCMUECKUM MEXHOA0UAM K HACMO-
SUEMy 8PeMeHU HAKONAeHo 00AbUOe KOAUMeCB0 ce0eHuUll 0 NAMOMUIU0A0UMECKUX MEXAHUIMAX, AecauuX 6 ocHose Gopmuposanus XHC, cpedu komopbix
nepeooHepedHyio pob uepaem CpyKmypHoe U (yHKYUOHAAbHOe pasoduerue IneMeHmos cemeil 20408H020 M032a, 00eche UBarWUX nocmynieHue u 06padomky
uHopmauuy. B 3agucumocmu om MoOasHoCU UCCACO0BAHUS, FMO MONCE BbIPANCAMBCA, HANPUMED, 8 (POPMUPOBAHUY MeONCHHOBOAHOBOI AKMUGHOCHU HA
90T, chuxcenuu memabosusma no dannwim TIIT, Hapyuienusx KoHHeKmugHocMu 1o OarHbM cmpykmypholl u yrkuuonanshoit MPT, nosenenuu Huskooughgpe-
PEHYUPOBAHHBLY/ 0e3UHMEZPUPOBAHHBIX OMBEMOB HEUPOHOB HA BHEUIHUE CIUMYAbL NPU U3YHeHUL 6bI36AHHBIX NOMEHUUAA08, UHOYUUPOBAHHBIX MPAHCKPAHUAALHO
MaeHumol cmumyasyuer. lemanvhoe uccaedogaiie MexanuzMoe HAPYWeHUs COHAHUS AeHCUM 6 0CHO8e paspadomku nodxodos k duachocmuxe u sevenuio XHC,
a maxce nPUGAUICaem HAC K ROHUMAHUIO NPUPOOLL COSHAHUSL 8 YEAOM.

Kmrouesble ciioBa: xponuyeckue Hapywienus cosnanus, namogusuonoeus, DI, pynkuyuonanvhas MPT, mpanckpanuanvHas MaeHUmHAasA cmi-
MYAAUUS, KOHHEKMUBHOCD.
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Structural and functional basis
of chronic disorders of consciousness

M.A. Piradov, N.A. Suponeva, D.V. Sergeev, [A.V. Chervyakov|, Yu.V. Ryabinkina, D.O. Sinitsyn,
A.G. Poydasheva, E.I. Kremneva, S.N. Morozova, E.G. Iazeva, L.A. Legostaeva

Research Center of Neurology, Moscow, Russia

The problem of chronic disorders of consciousness (DOC) remains challenging due to increasing number of these patients and limited therapeutic options. Novel
diagnostic approaches provided us with valuable insights into the mechanisms of DOC, such as structural and/or functional disconnection of elements of brain
networks that are essential for information processing. Depending on the modality of the study, it may be represented as low-frequency EEG patterns, global or
more localized decrease of cortical metabolism on PET scanning, abnormal connectivity structural or functional MRI, or low-differentiated/disintegrated TMS-
EEG responses. Deeper knowledge of nature of abnormalities underlying chronic DOC may improve accuracy of diagnosis and efficacy of treatment interventions,
as well as bring us somewhat closer to the understanding the phenomenon of consciousness.
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CTDYKTYPHO-DYHKLIMOHANbHbIE OCHOBBI XDOHYECKYX HAPYLLIEHMIA CO3HAHMS!

Beenenne

Co3HaHue YyeoBeKka — OMMH 13 HanboJjiee MHTEPECHBIX (heHO-
MEHOB ITPUPOJIbl, U3yYeHKE KOTOPOTO 00BbEIMHSCT CIIEHUANU -
CTOB Pa3IMYHBbIX cdep: OT Helipodbuonoros no dunocodos.
Bpaun MHTeHCHMBHOI Tepanuy, HEBPOJOTM U HEHpoXupyp-
T UMEIOT JIeJI0 ¢ KIMHUYECKMMHU CIy9asMU M3MEHEHHOTO U
YTHETEHHOTO CO3HAHUSI, U TOHMMaHUE MEXaHW3MOB 3TUX Ha-
PYIIEHUI IEXUT B OCHOBE AMATHOCTHKY U MOMCKA 3((hEKTHB-
HBIX TTOIXOIOB K JIEYSHUIO U peabIUTAIINY TaHHOM KaTeropyuu
MalUEHTOB.

VioMrHaHWS O COCTOSIHMSIX, KOTOpBIE B HACTOSINEE BPEMsI
0003HAYAIOTCSI TEPMUHOM <«XPOHUUECKUE HAPYUIEHUS CO3HAHUS»
(XHC), BcTpewaroTcsl eme B CPeOHEBEKOBHIX MCTOYHHKAX,
a nepBoe TpocecCHOHAIbHOE ONUMCAaHUE BETeTaTUBHOTO COCTO-
SIHMSI IPUHAAIEXUT HeMelikoMy Bpauy B. Pozen6nary (1899 1),
MAlMEHTOM KOTOPOTO ObLT 15-IeTHUMI KaHATOXOEell, YIaBLIMii
C TIPOBOJIOKH U TTOCJIE BBIXOA U3 KOMBI HaXOAWBIIMIACS B BETe-
tatuBHOM coctostHum (BC) B Tewenue 8 mecsmies [1]. B 1940 1.
HeMeLKMi icuxuatp 3. Kpeumep omnucain cXoqHOe COCTOSTHUE 1
Ian eMy Ha3BaHME «allaJUTMYeCKUi CHHIPOM»: TAKIM 00pa3oM
MOMYEPKUBAIOCH, YTO €r0 MPUIMHON SBISIETCS TMOEIb KOPHI
TOJIOBHOTO Mo3ra (f1aT.: pallium) [2]. o Mepe coBeplIeHCTBO-
BaHMSI METOIOB MHTCHCHBHOW Tepamuu (B IIEPBYIO OYepelb,
MCKYCCTBEHHOM BEHTWJISILIMHU JIETKUX, KOHTPOJSI M KOPPEKLIUH
TeMOIMHAMUKY W BHYTPUYCPEITHOTO IABJICHMUS) IMAIMCHTOB,
MEPEXUBLIMX KOMY, HO YTPAaTUBIIMX CIIOCOOHOCTb K OCO3HAH-
HOH JIeITeIbHOCTH, CTaJI0 MOSIBIATLCS Bce Oonbiie. B 1972 .
b. Ixenner u ®. [lnam npemmoXuim TEPMUH «BETETATUBHOE
cocrosiHue» [3], a B 2002 r. BmepBble ObUTM OMyOJIMKOBAHbBI
OOIIETIPUHSATEIE TMATHOCTHICCKIE KPUTEPUU COCTOSTHHS MM-
HUMaJIbHOTO co3HaHus [4]. HeckonbKo JieT Ha3az 11l Bereta-
THBHOTO COCTOSIHUS OBLT IIPETOKEH aJIBTePHATUBHBIIN TEPMUH —
«CHUHIPOM apeakTUBHOIO OOIPCTBOBAHUS», UTO IIO3BOJISIET
OTOWTH OT HEraTUBHBIX KOHHOTALMM, CBSI3AHHBIX CO CIIOBOM
«BereTaTuBHbIN» [5]. Texylas Bepcust AMarHOCTUYECKUX U IIPO-
THOCTUYECKUX KPUTEPHEB, a TAKXKE PEKOMEHIAIINH 110 BEICHUIO
nauuertoB ¢ XHC Obutu ony6aukosansl B 2018 . [6, 7].

CornacHO OOIIETIPUHSTHIM  OTIPENENICHUSIM,  8ecemamugHoe
cocmosnue (BC) xapaxkTepusyeTcsl IMOJTHBIM OTCYTCTBHEM Y
OOIPCTBYIOIIETO IAlleHTa MPU3HAKOB IleIeHANPaBICHHOTO
TOBEIEHNSI, KOTOPBIE CBUIETEIBCTBYIOT 00 OCO3HAHMU ITAIM-
€HTOM COOCTBEHHOI JMYHOCTU WM OKPYXalolled NerCTBU-
TenabHOCTU. B ommuue ot BC, npu cocmosnuu munumanshozo
coznanua (CMC) MMEIOT MECTO OTYETIMBBLIE, XOTI U MHUHHU-
MaJIbHbIE 1 YaCTO HECTOWMKME MPU3HAKY 1ieIeHaTPaBIeHHOTO
MOBEIEHNS, CBUIETEIBCTBYIONINE 00 OCO3HAHUM MALMCHTOM
COOCTBEHHOM JIMYHOCTH WIM OKPYXAIOIIEH IeHCTBUTEIbHO-
ctu. K 3TiM mpm3HaKaM OTHOCATCS JIOKAIM3aIis 00JIeBOTO
pazapaxuTesis, CJeXeHUe IJ1a3aM1 3a OKPYXaloIIUMHU, LieJeHa-
TIpaBJIeHHBIC IBVXCHUS WJIH SMOIIMU B OTBET Ha COOTBETCTBY-
IOIIie BHEITHWE CTHMYJIBI, CJIOBa, a TAKKe, Ha 00J1ee BBICOKOM
VPOBHE OCO3HAHMS, — BBHINOJHEHNE WHCTPYKLUI, HaITIKe
TOCTYITHOM TIOHMMAHHUIO PEYM U BO3MOXHOCTb OTBEYATh «IIa»
WV «HET» C IIOMOIIBIO XECTOB MU ¢JIoB [6, 7]. B 3aBucHMOCTH
OT TOTO, HACKOJIBKO CJIOXHBIC BUABI OCO3HAHHON aKTUBHOCTH
noctynHbl manueHty, CMC noapa3fensiioT Ha IMoaKaTeropuu
CMC- u CMC+ [8, 9]. KpoMe Toro, BBIAEISIOT COCTOSIHME
Beixoma u3 CMC (anru.: emergence from MCS) [4], Korma 1o
Mepe BOCCTAHOBJICHHMS KOTHUTHMBHBIX (DYHKLMU MalUEHT OT-
YeTIMBO IeMOHCTPUpPYeT (HYHKIIMOHAIBPHO 3HAYMMOE TIOBEIe-
HUe, T.e. CIOCOOEH BBIMOIHSTh ISHCTBUS, MO3BOJISIOIINE MY
3(h(heKTUBHO B3aUMOJENCTBOBATL C OKPYXAIOUIMM MUPOM.
ITocne Boixoga n3 CMC y OOJBIIMHCTBA TMALMEHTOB MMEIOT

MECTO JIe30pHEHTALs M BO30OYXIEHNUE, Pa3gpaXuTebHOCTb,
aHTeporpagHas aMHe3us, OeCIIOKOMCTBO, 3MOLIMOHAIbHAS
JIAOMJIEHOCTD, HAPYIICHWS BOCIIPUSATHS M BHUMAHMS, a TAKKe
PacCTPOMCTBO LIMKJIA «COH—OOIPCTBOBaHME». JJaHHOE COCTO-
sIHUE MHOTa 0003HAYAIOT KaK OCTPOE COCTOSIHUE CITYTAaHHOTO
co3HaHMs (aHTIL.: acute confusional state) [10, 11]. OCHOBHBIM
€ro MPU3HAKOM SIBJIsIeTCs (IIYKTyallMsl TIOBENEHUECKUX peak-
LA B pa3IMyYHbIe THU B X0¢ HAOMIOAEHMS 3a MALUeHTOM WU
B T€UEHME OTHOTO U TOTO Xe THS: COOTBETCTBEHHO, PU3HAKOM
pazpenieHust JAHHOTO COCTOSTHUS SIBIISIETCS] CTAOMTM3aIIns OT-
BETOB TallMeHTa Ha BHEIIHUE CTUMYJHI [12, 13].

[Monumanme toro, uto cmHApoMH XHC cBs3aHBI ¢ IpyOBIM
HapylieHueM (GyHKIMI KOpbl TOJOBHOTO Mo3ra Ha (oHe co-
XpaHHOUW JESITeJIbHOCTH CTPYKTYD HEPBHOW CUCTEMBI, 00e-
CMEYMBAIOIIMX XU3HENEATENbHOCTh (IIXAaHUE W PETYISIUIO
reMOJIMHAMUKH), MTPUBENO K (HOPMUPOBAHUIO MPENCTABICHUS
0 CO3HAHUM KaK O COBOKYITHOCTH 2 KOMIIOHEHTOB: 000pcHieo-
éanus (T.e. CTIOCOOHOCTHM CIIOHTAHHO OTKPBIBATH IJ1a3a; aHTI.:
arousal) v codepicanus co3Hanus (aHTIL: awareness, contents of
consciousness); VHBIMU CJIOBaMHU, pe4b MAET O CIOCOOHOCTH
OCO3HAHHO BOCMPUHUMATh WHGMOPMALIUIO, TIOCTYMAOIIYIO U3
BHEIIIHETO0 MMpA, 1IeJICHANpPaBIeHHO PearupoBaTh Ha BHEI-
HUE CTUMYJbI U MPOU3BOJBHO BBIMOJHATh KaKue-1ubo Jeii-
ctBus [14]. CoxepxaHue CO3HaHUS ompemensieTcsl (HYHKIU-
OHUPOBAHMEM KODPBI OOJIBIIUX MOJYIIAPUU, B TO BpeMs Kak
00pCTBOBaHME O0ECTIEUNBACTCS IEATELHOCTBIO BOCXOSIIEH
AKTUBUPYIOIIEH PETUKYISIPHOI CUCTEMbI CTBOJNA TOJIOBHOTO
Mo3ra, KoTtopas obecrieuMBaeT aKTUBALMIO KOpPbI, oOieryas
nepenayy CeHCOpHOi MH(OpPMALIUK B KOPY T'OJIOBHOTO MO3Ta
T0 PETUKYIOTAIAMOKOPTHKAIBHBIM ITPOBOJISIIINM ITyTSIM Yepe3
MHTpaJaMUHAPHBIE U PETUKYISIPHBIE SITpA Taiamyca, a Takke
C TIOMOLIBIO TIPSIMBIX 3KCTpaTalaMUYECKUX CBsI3eil CTBOJMA C
kopoit [15]. CootBercTBeHHO, B 0cHOBe XHC nexut nucconu-
alusi MeXIy 3TMMU KOMIIOHEHTAMU: BOCCTAaHOBJEHUE (QyHK-
IIM CTBOJIOBBIX CTPYKTYP MO3ra MOCJIe KOMBI ITPY YTpadeHHBIX
(YHKUMSIX KOPBI OOJBIIMX TOMYIIAPUHA.

MOoOUIHEIM CTUMYJIOM K W3Y9eHMIO HEIIOCPEICTBEHHBIX MeXa-
HU3MOB OCTPBIX ¥ XPOHUYECKMX HAPYIICHUI CO3HAHUS CTajlo
TMOSIBJIEHKE METOIOB PETUCTPALIUM 3JEKTPUUECKO aKTUBHOCTU
TOJIOBHOTO MO3ra — 3jIeKTpo3HIedatorpadmu (B3I u peru-
CTpallM BbI3BaHHBIX MoTeHLManoB (BIT), a Takxke HeMHBA3UB-
HOI HelpOBM3yaIM3allii — MAarHUTHO-PE30HAHCHON TOMOTpa-
(uu (MPT) 1 no3utpoHHO-3MKUCcCHOHHO# ToMorpaduu (I13T),
KOTOpbIE MO3BOJWIM M3yYUTh HE TOJbKO aHATOMUIO CTPYKTYp
TOJIOBHOTO MO3Ta, HO 1 X METa00JIM3M 1 KPOBOTOK B HUX (OLIEH-
Ka GYHKUMOHATbHOM akTUBHOCTH). baronapst [TOT u pyHkim-
OHAJIPHOI MaTHUTHO-pe30HaHCHOI ToMorpaduu (MPT) cra-
JIO BOBMOXHBIM JIETaIbHOE MCCIENOBaHME HEMPOHHBIX CETeH,
obecreunBaoImX (GYHKIMOHIMPOBAHNE CO3HAHMS.

CrpykTypHble u3mMeHeHus roj0BHoro Mo3ra npu XHC

C mopdonornmyeckoit Touku 3peHus, mpu XHC TpaBMaTnue-
CKOM MpUMPOIBl OTMeYaeTcs, Kak MpaBuiio, muddysHoe akco-
HaJIbHOE TIOBPEXKIECHNE B COUCTAHNH C UIIEMUYECKUM TTOBPEX-
JIEHUEM TaJlaMyca M 30H CMEXHOro KpoBocHabxeHus [16, 17].
[Tpu HeTpaBMaTUYECKMX HApPYIIEHUSX CO3HAHUS 4Yalle BCEro
BBISBIISICTCS TU(QY3HBIA JTAMIHAPHBI HEKPO3 KOPHI, KOTO-
PbIil MPAaKTUUECKH BCETIa coueTaeTcs ¢ TMbesIbio HEHPOHOB Ta-
JlaMyca, THITIOKaMITa, MUHTanuH [18]. Takke MOTYT OTMEJaThb-
Csl MHOT00YaroBble MHGAPKThI KOPbI, YACTO B 30HAX CMEXKHOTO
KPOBOCHA0XEHUSI, KOTOPbIE COUETAIOTCS C PACTIPOCTPAHEHHbI-
MU HIIeMIYeCKUMHU oyaramu B Tanamyce [19]. IIpu 3ToM cTBO-
JIOBBIE CTPYKTYPHI B LIEJIOM OCTalOTCS UHTAKTHBIMU.
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WN3menenus, BoisiBasemble mpu XHC o JaHHBIM CTaHAAPTHOIA
MPT, yame Bcero BKJIOYAIOT B ce0s1 04aroBble MOPAXKEHUS Ta-
Jlamyca, OOIIMpPHbIE M3MEHEHMs KOPbl OOJBIINX TMOJTYIIapUil
1 oyaru B cTBoJie TojjoBHOro Mosra [11, 20]. Ha Bribopke u3
143 mauuenTtoB ¢ XHC ¢ nomouisto MPT B pexume T1 ObL10
MOKA3aHO, YTO 3TH COCTOSTHUS XapaKTepU3YIOTCS BRIpaKeHHOM
aTpodueil Tajamyca, 0a3albHBIX Sep, TUIIIOKaMIIa, 0a3alb-
HBIX OT/IEJIOB JIOOHBIX IOJIeH, TTPUYEeM BbIPaKEHHOCTh U3MEHe-
HUI Tajamyca M IOIKOPKOBBIX SIEp KOPpeIrpoBaa ¢ KIMHM-
YecKoi olleHKOM co3HaHus [21].

OnHOM M3 OCHOBHBIX 3ajauy, Ui PelIeHUs] KOTOPOW MCIONb-
3YIOTCS MHCTPYMEHTAJIbHBIE METOIBI, SBJSETCS BBISIBICHUE
MIPU3HAKOB, HATMYME KOTOPBIX MO3BOJISIET YTBEPXKIATh O TOM,
YTO MALMEHT HaXOAMUTCS B co3HaHMU. [ToMHMO HayyHOIi 3Ha-
YMMOCTH — TI0 CYTH, peYb MIET O TOMCKE MEXaHN3MOB (hOpMHU-
POBaHUS CO3HAHUS, — 3TO BaXKHO €1E U TIOTOMY, YTO KJIIMHUYE-
CKME METO/IbI BbISIBJIEHNUS TPU3HAKOB CO3HAHMSI HE BCEra Aal0T
YIOBJIETBOPUTEIbHBIN PE3YJIBTAT, M YACTOTA JUATHOCTUYECKMX
o1IMOOK (B MOJIb3Y KOHCTATALIMM OTCYTCTBUSI CO3HAHUST) MOXET
nocrurath 40% [22, 23].

B MeTomoornaeckom IiaHe 3Ta 3amavya yacTo CBOTUTCS K IT0-
HCKY pa3nuunit Mexay nanueHtamu B BC (moaHoe oTcyTcTBUE
cosHartesbHOU AesaTensHocT) U CMC (MUHUMATbHBIE TPU-
3HaKM OCO3HaHHOro mnoBeaeHUs). 1o MaHHBIM CTPYKTYpHOI
MPT, B uenom, y nauueHtoB B BC mo cpaBHEHUIO ¢ MaldeH-
tamu B CMC orMmeyaercsa 0osiee HU3KUIA OOBEM BEILECTBA Ta-
namyca [24], a Takxe oTMevaeTcs Oosee BhipaxXeHHas aTpogust
ckopytsl 1 6emHoro mapa [21]. Bo3amoxHo, onpeaeneHHOE
3HAUCHHE MMEET TMOPaXECHUE CTPYKTYP, BXOMAIIMX B COCTaB

cemu naccusHoeo pexcuma pabomo mosea (aHTIN.: default mode
network; DMN; nogpo6Hee 0 DMN cM. HiXe): Y MalMeHTOB B
CMC B MeHbIIIeH cTenen, yeM mmpu BC, cTpamaror BeHTpoMe-
IuanbHas npedpoHTaIbHasI Kopa U Kopa IMOSCHON M3BUIMHbI/
NpeAKIMHb. [Ipy UCTIONB30BaHNM KOMTMYECTBEHHOTO aHAIM3a
nokasaHo, yto y nauueHToB B BC u CMC umerotcst paznnuus
1o 00BbeMyY MapalleHTPaTbHOM, MaparuimoKaMIaabHON, HIXK-
Hell TeMEHHOI, SHTOPUHAIBHOMN, MeIUaNIbHOM OpOUTO(PPOH-
TaJIbHOM KOpHI (T.€. obaacTeit, oTHocsamuxcst K DMN), a Takke
TajlaMyca ¥ XBOCTATOTO SI7pa; pa3nudaercst 1 00beM 0eioro Be-
IIECTBA, YYaCTBYIOLIETO B (DOPMUPOBAHMY CBSA3EH MeXIy aHa-
TOMMYECKUMHU OTAAJICHHBIMU perroHamu [25]. B oTHoleHuu
MIPOTHO3a OTMEUEeHO, 4To 1pu BC, CBA3aHHOM C YeperrHO-MO3-
TOBOIf TPaBMOIA, IIAHCHl HA BOCCTAHOBJIEHME CO3HAHMS HUXE
TIpY TTOPAXEHUU MO30JIMCTOTO Tea, a TAaKXKe J0pcojaTepab-
HBIX OTZHENOB cTBONA [26]. Hamu mpeasioxeH MeTon aHaiu3a
CTPYKTYpHBIX TToBpexxneHuit ipu XHC, BHIABISEMBIX C TIOMO-
mipto ctaHgaptHoit MPT, B Buge mwkansl nuddepeHIaabHOIM
JIMarHOCTUKY XpOHUUYECKUX HapytieHuit cosHanus (1] XHC),
B KOTOPO# YUUTHIBAIOTCSI HANMOOJIee TUIMMIHBIC MATTEPHHI I10-
BpexaeHus (mudadysHast aTpodus KOpbl, pacHIMPEHUE Keay-
JIOYKOB, JIEK0Apeo3, 04aru IereHepaluy B TalaMyce M CTBO-
ne u ap.). Ipu nomomm ROC-ananu3za 6bU10 MOKa3aHO, YTO
OlIEHKa M0 IIKaJie >6 GaloB MO3BOJISET OTHECTH TAllMEHTa K
kateropuu BC, <5 6amioB — CMC (uyBcTBUTENBHOCTD 82,4%,
crennuyHocTh 92,3%) [27].

[ToMuMO OLIEHKM BUIUMBIX OTKJIOHEHMI 0T HOpMbl, MPT mo-
3BOJISIET BBISIBUTH M3MEHEHUS Ha MUKPOCTPYKTYPHOM YpPOB-
He, KOTOpbIE JIEXAaT B OCHOBE Pa3o0uIeHUsT (PYyHKIIMOHATEHO
CBSI3aHHBIX 30H KOPBI W MpUBOIAT K (popmupoBanuto XHC.
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Puc. 1. Pa3mrams mexny nudidyzuonno-Ten3opabivi 1 micdy3noHHO-KypTO3UCHBIME MIOKA3ATESIMI B 3aBUCHMOCTH 0T ypoBHS co3nanus (UWS/MCS).

LIBeToM 3aK0IMPOBAHO MOJIOXKEHKE CPe3a, ISl KOTOPOTO OTPeIeNsuIoch 3HaueHne Tiokasarenst. FA — dpakimonHas anuzotporust, MD — cpennsist mud-
(yszust, AD — akcnanbHas qpuddysust, RD — paquanbhas nuddysust, MK — cpennuii kyprosuc, AK — akcuanbHblii Kypros3uc, RK — panuanbHbiii KypTo-
orosuc. UWS — BeretatuBHoe coctostnue (Unresponsive Wakefulness State), MCS — coctostHue MuHmuManbHoro co3Hanus (Minimal Consiousness State)

Fig. 3. Differences between diffusion-tensor and diffusion-kurtosis indicators depending on the level of consciousness (UWS / MCS).
The position of the slice for which the indicator value was determined is color-coded. FA — fractional anisotropy, MD — medium diffusion, AD — axial
diffusion, RD — radial diffusion, MK — medium kurtosis, AK — axial kurtosis, RK — radial kurtosis
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JI7IsT 3TOTO WMCIIOB3YIOTCS METONBI In((bY3MOHHO-B3BEIICH-
Hoit MPT, takue kak mojydyeHue AU(@PYy3MOHHO-TEH30PHBIX
uzobpaxenuit (JITH), no3BossoInX OUEHUTh HAMpPaBIEHUE
midy3un MOeKya BOAbl M TeM CaMbIM IPEIOCTaBJISIONINAX
KOCBEHHbIE JaHHBIE O HamNpaBIeHUM MUETUHU3UPOBAHHBIX
TIPOBOMSIIMX ITyTel ¥ MX LEJTOCTHOCTH (CTPYKTYpHAsT KOHHEK-
TUBHOCTB) [28]. bblto nmokazano, yro nmpu XHC nmMeroT Mecto
n3MeHeHNMs (DPaKIMOHHON aHU3OTPOIMH, CBHACTEIbCTBYIO-
1IMe O MOPaXEHUU MPOBOASILMX MyTel, KOTOPbIE CBS3bIBAIOT
KOpKoBbIe obnact B coctaBe DMN, a Takxe cBsi3eii 3aaHel
MOSICHOM KODBI/IPEAKINHBS ¢ TajamycoM [29]. IlauueHTH B
BC u CMC paznnyanuch o nokasaresio cpefHeit iuddy3uoH-
HOI CITOCOOHOCTH MTOIKOPKOBOTO 0EJI0TO BEIIECTBA M TaTaMy-
ca, mpu4YeM TOYHOCTh auddepeHauu focturaet 95% [28].
Bonee Toro, moxkasaHa oTYeTIINBAS CBSI3b MEXXIY HapyIIEHUSIMU
LepedpaibHOro MetadoausMa mo gaHHbM [19T (B HUXKHUX OT-
JielaX TEMEHHOM KOpPbI, TPEAKIMHbE U JTIOOHOH KOpe) U Le0CT-
HOCTBIO O€JI0TO BEIlecTBa (CBS3M MEXIY JIOOHOW M HIDKHEH
TEMEHHOW KOpOW, MPEAKIMHbEM M HIDXKHEN TEMEHHOM KOpOii,
TaJlaMyCOM Y HIDXXKHE TeMEHHOM KOpOi ¥ TaJJaMycOM U JIOOHOM
Kopoii). Y nauueHTos, Boiueamux u3 CMC, otmevanach 6onee
CUJTbHAST KOPPEJISIIINS MEXTY IIEIOCTHOCTBIO TalaMO-HIKHETe-
MEHHBIX CBsI3eii U ypOoBHEM MeTabonu3Ma B Tazamyce [30].

B namewm uccnegosanuu y 18 mammenToB ¢ XHC pasnuaHoii
sTuosoruu B nononHenue K JATH ucnonb3oBaics elie onuH
MeTo OLUeHKM M dy3ur MoKy BOABI, YIATHIBAIOIINI He-
raycCoBCKOe MX pacrpenencHue (aucby3MoHHO-KYpPTO3UCHAs
MPT, anrm. — diffusional kurtosis imaging, DKI) 1 To3BoJIsTIOnIIiA
0oJ1ee TOUYHO OLICHUTh MUKPOCTPYKTYPHBIC M3MEHEHMS Kak Oe-
JIOTO0, TaK U Ceporo BellecTBa rofoBHoro Mo3ra [31]. Haubonee
CYIIeCTBEHHBIE pa3mnyus 1o mokasareasMm DKI mexmy marm-
eHTamu ¢ XHC 1 310poBbIMU 100POBOJIbLIAMY OBUTH BbISIBIEHbI
11 Mmozonuctoro tena. Pesynsratel DKI npu XHC nozsosnstor
BBISIBUTH U3MEHEHUS CEPOTo 1 OEJI0r0 BEIecTBa ¥ MOTEHIMATb-
HO MOTYT CITOCOOCTBOBATh Pa3rpaHMICHHIO PAa3TNYHBIX KATETO-
Pt TALMEHTOB ¢ HApYLICHISIMU CO3HaHUS (pHc. 1).

W3menenus MeTabomi3ma ronosuoro Mo3ra npu XHC

OueHka (DYyHKIIMOHATPHONH AaKTMBHOCTH TOJIOBHOTO MO3Ta
OCHOBBIBAETCSl Ha OIpeNeJeHUH MO3TOBOTO KPOBOTOKA WM
Metabomm3Ma. [19T — 3To pagMoM30TOIHBIM METOM MCCIIENo-
BaHMs, TMO3BOJSIONIMI OLIEHUTh MOTPeOJeHUE KUCIopoma U
PErMOHANBHBI MO3TOBOM KPOBOTOK (C MOMOIIbIO M30TOMa 0,
MIepUOJ TIONypaciaza — OKOJIO 2 MUH) ¥ MeTaboNM3M TJTI0KO-
3bl (¢ momonibio u3otona F mepuon momypacrnaga — OKoOJIo
110 MMH, BXOZUT B COCTaB pagrodapMIpernapara ¢pmopdesok-
cuemoxoswol [OIT]). ¥V mammentos 8 BC B cpaBHEHNM €O 3710-
POBBIMH OOIOPCTBYIOIIUMHU JTOOPOBOJIBIAME OBUIO BBISIBICHO
7100a1bHOE BBIpaXKEHHOE CHIDKEHHE MeTa001M3Ma TOJIOBHOTO
Mmo3ra Ha 40—50% [4, 32]. [lombITKa ompenenuTh MOPOTOBHII
YpOBeHb MeTabo/13Ma, HeOOXOAUMBIN ISl obecredeHusl co-
3HaHus, Oblia caenaHa Stender ¥ coaBTopamu y 41 manueHTa
B BC, CMC u B coctosgnuu Beixoga u3 CMC [33]. V manueH-
ToB B CMC ypoBeHb MeTabonu3Ma OblT 3HAYMMO BBILIE, YeM
y nauuentoB B BC (55% B cpaBHeHuH ¢ 42% OT HOPMAJIbHBIX
3HAUCHUI), TIPIYEM Pa3IUyMs YPOBHS MeTa00IM3Ma KOPHI IM0-
3gossiin auddeperimpoBath BC u1 CMC ¢ tounoctbio 82%.
Ha ypoBeHp obmiero mMeradomM3Ma He BIIMSIA STHOJIOTHUS 3a-
0oJieBaHMs1, BpeMs OT €ro Havyajla U OLleHKa 0 KIMHUYECKOi
mKanxe BocctaHoBIeHUs co3HaHMsA (Coma Recovery Scale —
Revised, CRS-R). IToporoBeiM 3HayeHMEeM, MOCIE KOTOPOTO
BeposATHOCTh Nepexona mauuenta u3 BC 8 CMC craHoBuiach
MUHMMAaJbHOH, ObIJIO CHUXXEHUE 00LIero LepedpaabHOro Me-
Tabosm3Ma 10 45% OT HOPMAaJIbHBIX 3HAYEHUI. DTO MOATBEPXK-

JAcT IMPEAITOIOXKEHNUE O TOM, YTO MOAACPXKAHUEC 0011ero nepe-
6pa]'[bHOI‘O MeTabosu3Ma Ha OIMPE€ACICHHOM YPOBHE ABJIACTCA
H€06XOI[I/IM]>IM, HO HE TOCTAaTOYHBIM YCJIOBUEM 151 BOCCTAHOB-
JIEHUS CO3HAHU, U YTO BOCCTAHOBJIEHUE CO3HAHUS HEJIMHEHO
B3aMOCBA3aHO C YPOBHEM 0011ero MeTaboM3Ma.

Tem He MeHee, Bbixon 13 BC He Bcerma conpoBoxaaics Cylie-
CTBEHHBIMHM M3MEHEHUSIMU T100aIbHOTO MeTabonuaMma [34], a
y psiaia 310pOBBIX T0OPOBOJIbLIEB OOIIMI YPOBEHb METa00IM3Ma
DJII0KO3bI He oTnyaiics ot manueHToB B BC [35]. Oto mo3Bou-
JIO TIPEATIOIOXUTD, YTO IS HAIMYMS CO3HAHUS OTHU 00JacTh
Mo3sra UMeloT 0ojiee BaxXHOe 3HaueHue, YyeM apyrue. B yact-
HOCTH, B IIPUBEICHHOM BBIIIE MCCICIOBAHUN OBLIO TIOKA3aHO,
YTO ypoBeHb MeTaboau3Ma y nauueHToB B BC 1 CMC B Hau-
0oJIblIIel CTeneHy pa3InJancs B I00HO-TeMeHHOH Kope [33]. Y
nanueHToB B CMC MeTab0/113M JT0OHO-TeMEHHBIX CeTelt ObLT
JaCTMYHO COXPaHHBIM, B TO BpeMs Kak rpu BC umeno mecto
JIBYCTOPOHHEE BHIPaXKEHHOE CHIDKCHHE METa0o0IM3Ma B 3THX
00J1aCTSIX, aHAIOTUYHOE U3MEHEHHSIM, KOTOPBIe HaOMI0Iat0TCsa
BO BpeMsI TITYDOKOTO CHA MJIM OOILEi aHeCTE3UH.

B manpHeifmeM Tpy IIOMOIIM BOKCENBHOTO aHANN3a yIaIoCh
OoJiee IEeTaIbHO OMHKCATh PA3IMYMSI METAa0O0IM3MA MEXIY Pa3-
JIMYHBIMU 00JTACTSIMM TOJIOBHOTO MO3ra. BBIIO yCTaHOBJIEHO,
YTO B OOILMPHYIO JIOOHO-TEMEHHYIO CETh, YPOBEHb META00IU3-
Ma B KoTopoil npu BC 3HauuMo CHMXXaeTcsl B CPaBHEHUU CO
3I0POBEIMU TOOPOBOIBIIAMM, BXOIAT CPeANHHAS ACCOLUATHB-
Has Kopa (T.e. TepemHss IMosicHas/Me3uohpoHTaIbHas Kopa
M 3aHSS TOsSICHas Kopa/Kopa IPeIKINHBbsS) U JaTepaibHas
accolraTiBHasl Kopa (mpedpoHTaNbHAS U 3aIHE-JaTepaibHast
Kopa) [35—37], T.e. KOMIIOHEHTbl CETH MacCUBHOIO peXuma
pabotsl Mo3ra (DMN). Ilo-BUAMMOMY, KJTIOYEBBIM 3JIEMEH-
TOM 3TOH CETU SBJISETCS KOpa MPEeIKIMHbsI/3aIHss MosicHas
Kopa — 3Ta 00J1acTh IBISETCA HanbojIee aKTUBHOH Y 3IOPOBBIX
JOOPOBOJIbLIEB B COCTOSIHUM TOKOSI U B HAaMOOJbLIEH CTeme-
Hu ctpagaet y nauueHToB ¢ XHC [38]. AKTMBHOCTb CYOKOp-
THKAJTbHBIX 00JaCTei, CpeTHETO MO3ra M CTBOJA Mo3ra (T..
CTPYKTYp, OTBETCTBEHHbIX 3a JIbIXaHUE, KPOBOOOPAIIIEHHE, TEP-
MODETYJISLIUIO U IIUKIIBI «COH—0O0APCTBOBAHIE») Y MAIIMEHTOB C
XHC ocraetcs oTHOCUTEbHO coxpaHHOH [39]. YpoBeHb MeTa-
0oJ3Ma B IIOAKOPKOBEIX CTPYKTYPaX MOXKET OBITh CHIXEH JI0
60—70% OT HOPMBI, YTO MOXET O0BSCHSITh (DIYKTYaLIMU YPOBHS
001pCTBOBaHUS, KOTOPHIE YaCTO HAOMIONAIOTCS Y 3TOM KaTero-
pUH TaleHToB. Takke IPMHINIHANBHBIM Pa3IndIueM MEXIY
CMC u BC siBisieTcst Hannune HeOOMbILIUX KOPKOBBIX «OCTPOB-
KOB» C COXpaHHBIM YPOBHEM MeTa0o0/3Ma (OOBIIHO OHH COOT-
BETCTBYIOT CEHCOPHBIM 30HaM M MOTOPHBIM 30HaM 1 JIOOHO-Te-
MEHHOU KOpe), YTO MOXET CUATATHCS TATOTHOMOHWUYHBIM JIJIS
CMC; HanpotuB, s nauueHToB B BC XapakrepHO 0qHOPOI-
HOE CHIXXEHME MeTaboJM3Ma KOphl, 0e3 YJYacTKOB HOpMasb-
Horo metabonusma. Paznnums nepebpanbHOro Meradosusma
TakXe Mo3BoJsI0T pasrpaHnyute CMC- u CMC+ [40]. ¥V na-
nueHToB B CMC+ oTMmeyasncs 6osee BBICOKUIA YPOBEHb MeTa-
0onM3Ma B 00J1aCTSIX, KOTOPbIe COOTBETCTBOBAIM HEHPOHHBIM
ceTsIM o0ecITeueHnsT peur (IIPEMOTOPHON M CEHCO-MOTOPHOIA
Kope) B cpaBHEeHUH ¢ mmareHTaMu B CMC-,

Taxum ob6pazom, XHC npeacraBisiioT coboit CUHAPOMBI KOp-
THUKO-KOPTUKAJIbHOI0/TallaMO-KOPTUKAIBHOTO Pa300IleHM S,
a HEOOXOIMMBIM YCJIOBUEM CYIIECTBOBAHUS CO3HAHMUS SBJISI-
€TCS COXpAaHHOCTh JIOOHO-TEeMEHHOM HepoHHOI ceTr [34, 41,
42]. IToka3aHo, YTO BOCCTAHOBJIEHUE CO3HAHMSI COMPOBOX/1a-
eTCSl U BOCCTAHOBICHMEM MeTaboIM3Ma B COOTBETCTBYIOIINX
30HaX Kophl [34] u, 6onee TOro, BoCCTaHOBJIEHHEM (PYHKIIMU-
OHAJIBHBIX CBSI3¢i MEXIY JTOOHO-TeMEHHON KOpOil ¥ SIpaMu
tanamyca [43].
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Hccnenoanye HeiipoHATbHBIX K(ip{genmon CO3HAHMS
C IOMOIIBI0 (hYHKIHOHANbHOI M

OyukunonanbHas MPT (pMPT) mosBonser oleHMBaTh M3-
MEHEHME aKTMBHOCTM KOpPbI TOJJIOBHOTO MO3Ta MyTeM HU3Me-
penus xonebannii BOLD-curHana B OTBeT Ha TpeabsBICHUE
KaKoro-iubo ctuMyaa WM B mokoe [44]. B uccnenoBaHusix c
UCIIOJIb30BaHUEM CIIYXOBOI, BU3YaJbHOM WM COMATOCEHCOP-
HOIt MapagurMbl ObLTO TIOKa3aHo, YTo y naiueHToB B BC otMme-
YaeTcs aKTUBAIKS B 00JIACTH MEPBUIHBIX KOPKOBBIX TIPEICTa-
BUTEJIbCTB aHAJIM3aTOPOB, 03 aKTUBALIMY ACCOLMATUBHBIX 30H
0oJsiee BHICOKOTO YPOBHSI, 00pa0baThIBAIOLIMX CUTHAIbI BHEIII-
Hell Cpelbl, YTO YKa3bIBaeT Ha pa3pblB (DYHKIIMOHAIBHBIX CBSI-
3eil Mexx 1y HUMU. [Ipr3HaKK OCTaTOYHON aKTUBHOCTH KOPBI B
OTBET Ha CTUMYIIHI y TareHToB B BC He compoBoXmaroTcs 3a-
MYCKOM HMHTETPaTUBHBIX KOPKOBBIX MTPOLIECCOB, KOTOPhIE, KaK
CUUTAETCS, OTPAXKAT COXPAHHOCTb KOTHUTUBHOW (DYHKLIUU.
[Tpu atom y mammenToB B CMC akTHBaIMs KOpPHl B OTBET Ha
CTUMYJ MMeeT Oojiee pacipoCTpaHeHHbIN Xapakrep [45, 46].
Bonee Toro, mammenTsr B BC, y KoTOophIX oT™Medanach Oonee
BbIpaXeHHAs aKTUBALIMSI KOPbI B OTBET Ha CTUMYJI, XapaKTepu-
30BaJIMCh 00JIEe BEICOKMMU IIAHCAMU Ha BOCCTAHOBIEHUE [47].

ITpu nomotm ¢MPT ObI10 MOKa3aHO, YTO Y OTAEIbHBIX MalU-
€HTOB, KIIMHIYeCcKK Haxomsmxcd B BC, Bo3aMoxXHOe Hamuuue
«CKPBITOTO CO3HAHUSI» B BUIE aKTMBALMX COOTBETCTBYIOLIMX
30H B OTBET Ha MPOCHOY MPEICTaBUTL TO WM WHOE IeHCTBUE
(HampuMep, B aKcnepuMeHTax Monti 1 Owen MCIIOIb30BAUCh
MapagnuTMBl, B KOTOPBIX MAIIMEHTOB IIPOCUIIN BOOOPA3UTh UTPY
B TCHHUC WJIM ITepeMelIeHIe 110 COOCTBEHHOMY oMy) [48, 49].

$GMPT moxost O3BONSIET OLIEHUTH CIIOHTAHHYIO aKTUBHOCTD
HEWpPOHOB, 4TO AA0 BO3MOXHOCTb BBISIBUTH Psifi (DYHKIIMO-
HaJTbHBIX HEMPOHHBIX CeTel, T.e. 00JIACTell MO3ra ¢ CHHXPOH-
HOW aKTUBHOCTBIO, M OLEHWUTb (DYHKIMOHAIbHYIO KOHHEK-
TUBHOCTb (CBSI3HOCTb) Pa3MYHBIX KOMIOHEHTOB cetd [50].
C nomompio GMPT mokost 6ba MOAPOOHO M3yYeHa pOJb
DMN B noaaepxaHuu co3Hanus [51, 52]: ee akTUBHOCTb KOp-
penmupoBaia ¢ ypoBHEM CO3HaHWS (PUC. 2) W TO3BOJISIA HA
IPYIIIOBOM YpoBHe nuddepeHpoBath nmauueHToB B BC u
CMC, xots1 3T0T Moaxof 1 yctynaj no rouHoctu ITOT [53—55].
bnaromaps @MPT, B pamkax DMN ymanoch pasrpaHUIHTbH
30HBI, CBSI3aHHBIC C «BHEUIHUM» OCO3HAHMEM, KacaloIIMMCS
BOCTIPUSITUSI BHELITHUX CTHMYJIOB (J1aTepaibHast T0OHO-TeMeH-
Hasl Kopa), U «<BHYTpEHHHM» OCO3HAHMEM — OCO3HAHMEM CO0-
CTBEHHO JIMYHOCTH, CTIOHTAHHBIMU MBICIISIMU, BHYTPEHHEN
peyblo, MeuTaHueM (CpeanHHast accolMaTiBHas Kopa) [56, 57].
[Tpu sTom y manmenToB B BC okaszanuch moBpexaeHHBIMU 00a
KOMIIOHEHTA CETH, B TO BpeMs Kak y nauueHToB B CMC otme-
Yajoch CHMXKEHME METa0O0IM3Ma TOJIbKO «BHYTPEHHET0» KOM-
moHeHTa [58].

ITomrmo DMN, ObuIM BbISIBJEHBI Pa3IMUMsI MEXAY MallleH-
tamu ¢ XHC 1 310poBBIMH JOOPOBONBLAMHU 11O aKTUBHOCTH
U IPYTUX CeTeil MOoKos (TaKUX Kak CIYXOBasl CeTb, 3pUTe/IbHAs
CeTb, UCIIONHUTENbHAS CeThb) [54, 59, 60]. CrnemyeT OTMETHTD,
YTO KaY€CTBO MCCNIeJOBaHUS 0YEHb YYBCTBUTEIBHO K apTehak-
TaM OT JABVDXKECHUS, a Pe3yIbTaThl aHAN3a B 3HAYNTEIEHOM CTe-
MIEHU 3aBUCAT OT METOJIOB MaTeMaTHIeCKOI 00paboTKH.

Hamu 6b11 ipeijioxeH MeTo aHau3a PyHKIMOHAIbHOK KOH-
HEKTUBHOCTH 10 JaHHBIM GMPT mokosi, KoTopblit 3aKoyai-
CSl B BBIIBJICHMHU Pa3IMIMil MEXIY KOHHEKTOMAMH 3IOPOBBIX
no0poBonibleB U mauueHToB ¢ XHC, mpeacTaBieHHBIX B BUIE
Matpul [61]. JIns mokazatenst MHAEKCA MHTAKTHOCTH KOHHEK-
TOMa, KOTOpPBIii ONMHUCHIBA OJM30CTh KOHHEKTOMA JaHHOTO
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Puc. 2. ®MPT nokos y nanueHToB B BEreTATHBHOM COCTOSIHIM (A — ceTh
NACCHBHOTO PeXuMa &aﬁom MO3ra He BBIABJISIETCS)) H COCTOSIHMM MHHH-

MAaJIbHOT0 CO3HAHUA — CETb MAaCCUBHOIO pexuMa paﬁom MO3ra aKTH-

BUpYeTCH)

Fig. 2. Resting state fMRI patients in vegetative state (A — the default
mode network is not detected) and minimal conscious state (B — the
default mode network is activated)

MalMEeHTa K CPEHEMY KOHHEKTOMY 3I0POBOTO JOOPOBOJIbLIA,
ObL1a MPOICMOHCTPUPOBAHA YMEPEHHAS MONOXUTENbHAS KOP-
pensiuus ¢ KIMHUYECKON oleHKoit. [Ipu olieHKe TONbKO Hau-
0oJiee CIJIBHBIX CBSI3¢ll B KOHHEKTOME YIaJOCh BHISIBUTDH Pa3-
yus 1 Mexy pasHeiMu Kateropusimu XHC (BC u CMC) Ha
TPYIIIOBOM YpPOBHE. B OTHOIICHMM OTHENBHBIX CETeH IOKOS
OBLIIO MOKA3aHO, YTO cUJIbHEe Beero y maiueHToB ¢ XHC ocia-
6ms101cs cBs3v B DMN U BeHTpasibHOM ceTH BHUMAHUS, B TO
K€ BpeMsI CBS3M B IMMOMYECKOI CETH OCTAIOTCSI MHTAKTHBIMM.

Dnekrpodusuoornyeckue necaenopanud npa XHC

MeTob! OLIEHKH 3/IeKTPUYECKOi AKTUBHOCTH TOJIOBHOTO MO3-
ra, Takue Kak TpaauunoHHas DOI B MoKoe U IpH BHIMOTHEHUH
(yHKUMOHANBHBIX Mpo0, a1bo BII, mmpoko ucmosb3yloTcs
npu odcaemnoBanun nauuentos ¢ XHC [62, 63]. BusyanbHas
olleHKa TpamuuuoHHoW D3I, Kak MpaBWIO NEMOHCTpPUpYET
r100aabHOE 3aMeIeH1 e PUTMa M HU3KYIO peakTHBHOCTh. OHa
BaXKHa TaKXe /IS BBIBICHUS SIMICTITU(DOPMHON aKTUBHOCTU
B OTCYTCTBME cyaopor CreneHb BbIPaKEHHOCTU MATONOTHYE-
CKUX M3MeHeHuit Ha DAT KoppenupyeT ¢ KIMHUYECKO OLeH-
Koii [64, 65], omHako He nosBosteT quddepenimposars BC u
CMC. OmpeneneHHyo MHGOOPMAIIMIO MOTYT JaTh IIOJIUCOMHO-
rpaduyecKue UCCIenoBaHus, KOTOPbIE MPOIEMOHCTPUPOBAIH,
4To y manueHToB B BC mpakTuyecku OTCYICTBYIOT MATTEPHBI
CcHa—0OApCTBOBAaHMS (HECMOTPSl Ha BMU30AbI 3aKPbIBAHUSA
[J1a3, BHELIHE HAIIOMUHAIOLIME COH) [66], B OTIMYME OT Ia-
uueHtoB B CMC, y KoTopbIx oTMeydatoTcs cxogHble ¢ NREM-
CHOM TIEPHUOJBI 3aMeJIEHNS] aKTHBHOCTH M aKTUBHOCTb, HAITO-
muHaoias REM-cow [67].

Hau6onee undopmatusHbivu npu XHC siBrsioTes uccnenona-
Hus BII, B mepByto ouepenb — korHutuBHBIX BIT. Bo3amoxHo,
BbIsiBJieHHe Ha DOI npu3HakoB auddepeHIMpOoBaHHOMN peak-
LIMY Ha BHEIIHMI CTUMYJ, KaK U B ciydae ¢ GMPT ¢ mapanur-
MO, MOXET CBUAETEIbCTBOBATh 00 OCO3HAHHOM BOCIIPUSITUH.
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Bri10 MoKa3aHo, 9TO IpH TPYIIIIOBOM aHAIM3E Y YACTH MALlUCH-
ToB ¢ BC u CMC ynaercs Bbiaenutb MMN-KOMIOHEHT KOTHU-
TuBHBIX BIT [68], mpuuem uX HamMure cuuTaeTcst 61aronpusT-
HBIM MTPOTHOCTUYECKUM Tpu3HakoM [7]. [Ipu ucnob3oBaHUU
B Ka4ecTBE CTUMYJIa COOCTBEHHOTO MMEHM TMalleHTa B Yepe/e
IpYruxX WMeH y yactu manueHtoB B CMC orMeuanachk Gonee
BBICOKAsT aMILIUTYAa oTBeTa P3, B To BpeMs Kak y MalMeHTOB B
BC, y KoTopHIX TakXe peructpuponaics P3, ero ammmTyna He
MeHsach [69]. Y ornenbhbix nanueHtoB B CMC u BC ynaBa-
JIOCh BbIIEUTH Mo3aHUiA KoMmmoHeHT BIT P3 (P3b), koTopsiit,
KaK CYMTAeTCsI, 00YCIOBJICH aKTUBALIMEH BHUMAHUS U paboueit
namsitu [70, 71].

MHoroo0eanIumM MeTOAOM SIBJIsieTCs Mcnonb3oBaHue BII,
MHIYLMPOBAHHBIX TPaHCKpAaHWAIbHOM MAarHUTHOM CTUMYJIS-
nueit (TMC-93T; puc. 3), 4To MO3BOIAET HEMHBA3UBHO OlIe-
HUBATh BO30YIMMOCTh Pa3TMYHBIX YIACTKOB KOPHI TOJIOBHOTO
MO3ra U KOHHEKTUBHOCTb M1y HUMU [72, 73]. OTnenbHo cTo-
UT OTMETHUTH, 4TO (POPMHUPOBAHNE KOPKOBBIX OTBETOB Ha MM-
nynschl TMC He BoBJeKaeT CyOKOpTHKaNbHBIE apdepeHTHBIE
1 3(ppepeHTHbIE TPOBOAIILNE MYTU, KOTOPbIE, YaCTO OLIBAIOT
noBpexaeHsl y nauueHToB ¢ XHC, a cama npoueaypa He TpeOy-
€T aKTUBHOTO yyacTus nauenTa. Casali 1 coaBT. IpeaIoOXUIN
rcnonb3oBath MeTo TMC-D3T 111 00beKTUBU3ALIMU OLIEHKH
VPOBHSI CO3HAHMUSI, IUIST 9eTO PACCUMTHIBACTCS UHOCKC CAONCHO-
cmu nepmypbayuil (aHTI.: perturbational complexity index, PCI),
KOTOpBII OTpaxaeT 00beM WHGMOpPMALUHU, comepxKamieiica B
KOMILIEKCHOM OTBETE TaJlaMOKOPTUKAJIbHON CHCTEMbI B OTBET
Ha ee neptypbauuio ¢ momouisio ctumyna TMC [74]. Muaekc
PCI no3BonsieT OLegHUTD CIOXHOCTb ¥ MPOCTPAHCTBEHHO-BpE-
MEHHYIO CTPYKTYpPY MaTTepHa pacrpelelcHus KOPKOBOM aK-
TUBAINM, BbI3BaHHOM TMC-cTUMyIOM, IyTeM HpUMEHEHUS
K Hell anropuTtMa cxatusl JaHHbIX JleMmrnensi—3uBa u onpene-
neHust Koapduuumenta cxatug [75]. YeM HuUxXe CIOXHOCTb
MaTpULIbl, TeM HUXe 3HaueHus KoadduumeHTa. CoraacHo
TEOpHM WHTCTPUPOBAHHON WH(OPMAILINK, pPa3pabOTaHHOK
G. Tononi [76], mpenmnonaraercss, 4to (heHOMEH CO3HAHMS
ofpenessieTcsl COCOOHOCTBIO MO3Ta MOMIEePKUBATh CIOXKHBIE
narTepHbl A epeHINPOBAaHHOM BO BPEMEHU U IIPOCTPAH-
CTBE aKTMBHOCTHU, PACIpeNeIeHHON B pa3IMYHbIX B3aMMOJIEH-
CTBYIOILMX MeXay coboii yyacTkax Kopsl [10]. C yueTom 3Toii
teopuH, 3HaueHue PCI cHuxaeTcs B ABYX ciyvasx: 1) mpu oc-
JIa0JTeHNM B3aMMOIECIHCTBUS MEXIY Pa3TMIHBIMU KOPKOBBEIMU
30HaMH (II0TepsT MHTETPAINM), TaK KaK B 3TOM CJIyJae MaTpH-
11a KOPKOBOI akTHMBalMK B 0TBET Ha ctuMyn TMC Oyaet npo-
CTPaHCTBEHHO OTpaHI4EHa; 2) B CIIy4yae, KOTIa MHOTHE YIaCTKI
KOPBI OYIYT OTBEYATh Ha CTUMYJI CTEPEOTHUITHO (IOTeps mudde-
PEHIINAIINN), 9TO TIPUBENET K (DOPMUPOBAHMIO 3AIIOJTHEHHOM,
HO MH(MOPMAIIMOHHO U30BITOYHOI M XOPOIIO CXXUMaeMOI Ma-
Tpulpl. ¥ nmauueHtoB B BC 3HaueHus PCI cooTBeTcTBOBaU
TaKOBOMY y 310pOBbIX 100poBoibLeB BO Bpemss NREM-cHa u
npu ryookoii cenaiuu. PCI y mammentos B CMC 0ObL10 3Ha-
yuMo Bbille, yeM y mauueHToB B BC. IToporoBoe 3HaueHue
PCI, no3Bonsioniee pa3nensrb CO3HATETbHOE 1 0€CCO3HATENb-
Hoe cocTostHus, cocTaBseT 0,31. YyBCTBUTENbHOCT METOA B
omnpeneaeHny mamreHToB ¢ CMC mpy UCIIOIh30BaHIM JAHHO-
T'0 TIOPOTrOBOro 3HaYeHus coctapiseT 94,7% [77]. Y oTnenabHbIX
MAIMEHTOB ¢ KIMHUYEeCKOM KapTuHoi BC 3HayeHMs MHIEKCa
PCI npesbimatot noporosoe 3HaueHue 0,31, 4To MOXKET CBUJIE-
TEJILCTBOBATh O COXPAHHOCTU 3JIEMEHTOB CO3HAHWS, KOTOPHIE
HEBO3MOXHO BBISIBUTH IIPH KIIMHIYECKOM OCMOTPE.

Hamu 6b110 mpoBeneHO perIMKalMOHHOE MCCIIEN0BaHUE MO
npuMeHeHuto TMC-93T ¢ pacuetom PCI B muddepeHimaib-
Hoii auarHoctke opm XHC TpaBMaTuyeckoro U HeTpaBMa-
THYECKOTO T€HE3a, B KOTOPOM JUISl 30POBBIX JOOPOBOJIBLIEB U
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Puc. 3. TMC-unnynupoannblii otBeT Ha DBI' y 3n0poBoro doapcTByio-
HIEro J00poBObLA H MANMEHTOB B COCTOSHUA MHHMMAJIBHOTO CO3HAHMS
BETeTATHBHOM COCTOSIHUM

Fig. 3. TMS-induced response to EEG in a healthy awake volunteer and
patients in state of minimal consciousness and vegetative state

nanueHToB B CMC 0blmu monyueHs 3HaueHus PCI B mpenenax
0,31-0,57 (T.€. He mepexoasILue MOPOT AJISI «0eCCO3HATETLHOTO
COCTOSTHUSI»), B TO BpeMsI Kak y mauueHToB B BC 3Hauenus PCI
coctapsiu 0,19—0,31. ITonyyeHHbIe JaHHBIE MOATBEPXKAAIOT
BO3MOXHOCTb KOJIMYECTBEHHOTO OOBEKTUBHOTO OIpPEICTCHIS
HaJTMYMsl CO3HATEJbHOM AesITebHOCTH Y naiueHToB B CMC B
OTJIIYKE OT MaleHToB B BC 1 1eMOHCTPUPYIOT BOCIIPOU3BO-
miMocth nHIekca PCI. OmHako MeTonm He maeT BO3MOXHOCTD
ommyaTb CMC ot sicHoro co3HaHus. Takum 06pa3oM, UMelo-
IIMecsT Ha HACTOSIIIIIA MOMEHT JaHHBIC CO3AIOT MPEATIOCHIIKH
11 uctofib3oBaHust MeTona TMC-9D3T y malMeHToB ¢ XpOHU-
JeCKUMHM HApyIICHUSIMU CO3HAHUS B Ka4eCTBE HOBOTO METOZIA
JIMAaTHOCTUKY XPOHUYECKUX HAPYIIEHUI CO3HAHMS, 0COOEHHO
B IMarHOCTUYECKM CJOXHBIX ciydasx [78, 79].

3akmouenue

Hogeiiinye MeToabl MCCIeNOBaHWI MO3BOMSIOT BCECTOPOHHE
M3YYUTh MEXaHM3MBI TOPAXECHMS TOJIOBHOTO MO3Ta Y TallieH-
toB ¢ XHC B cpaBHEHUY ¢ TUIIaMU B CO3HAHUU. [ COCTOSTHUS
OCO3HAHHOTO OOIPCTBOBAaHMS XapaKTepHa CIOXHas, audde-
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PEHIIMPOBAHHAs, TPeOyIoIas BBICOKMX SHEPIeTHYECKUX 3a-
TpaT aKTUBHOCTb HEMPOHHBIX CETEW KOPKOBO-TATAMUYECKOM
CHUCTEMBI, TOAIEPKUBAIOIIASACS AKTUBUAPYIOIIMMU BIVSHUSIMU
CTPYKTYp CTBOJIA, TUTIOTaJIaMyca 1 6a3abHBIX OTAEIOB JTOOHOI
noiu. @opMupyroTcss TMHAMUYeCKUe HeHPOHHBIE aHCaMOIH,
KPYITHOMACIITA0HBIe HEHPOHHBIC CETH, BKITIOYAIOIINE B CEOS
HENpPOHBI MPedPOHTANBHON, TEMEHHONM M TOSCHON KOPHI,
KOTOpbIE XapaKTepU3YIOTCS CUHXPOHU3UPOBAHHOM aKTUBHO-
CTbIO, HE3aBMCUMO OT MX aHATOMUYEeCKOH ymaneHHOcTH. bia-
rofapsi 3TOMy MPOUCXOAUT 00pabOTKa MOCTYMAIOIE U yxe
uMeroneicss HGOpPMALUU, KOTOpask TOCTYITHA BCEM SJIEMEH-
TaM ceTu (IobalbHOE HePOHHOE MPOCTPAHCTBO), U BO3HU-
KaeT ocosHaHHoe Bocnpusatue [80]. B ormmume ot atoro mpu
XHC umeer MecTo CTpyKTypHOE U/WiIH (HYHKIIMOHAIBHOE pa3-
o0LIeHne TPy HeiipoHOB. Pe3koe cHUXXeHUsT ypoBHS adde-
PEHTHBIX aKTUBHPYIOIIUX BO3MCHCTBUI Ha KOPY U TalaMyc HU-
KeNexXalluX CTPYKTYP U APYTUX HEUPOHOB KOPHI BCIEICTBUE MX
THOe WM HAPYIICHMS CBSI3eH MPUBOIUT K HEBO3MOXHOCTH
nepexofa COXpaHHbIX IPYIN HEHPOHOB B AEMONSIPU30BAHHOE
COCTOSTHUE, TEM CaMbIM OJIOKMpYeTCsl 06pab0oTKa MH(pOpMaLMK
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Ha JIOKAJTbHOM YPOBHE U B3aUMOIENCTBUE C APYTUMU KOMIIO-
HEHTaMU ceTeil. DTo BhIpaxaeTcs B (hOPMHUPOBAHUM MEUICH-
HOBOJIHOBOI aKTMBHOCTHM, CHIKEHMU METab0IM3Ma KOpPbI, Ha-
PYIICHUM CTPYKTYPHOI 1 (DYHKLIMOHATbHOM KOHHEKTHBHOCTH
U TIOSBICHUW HM3KOXU(pGhepeHIIMPOBAHHBIX/Ie3MHTETPUPO-
BAHHBIX OTBETOB HEIPOHOB HA BHELIIHUE CTUMYJIbI.

[Nony4yeHHbIe JaHHbIE JIeXAT B OCHOBE Pa3pabOTKU MOAXONO0B K
nuarHoctuke v jedeHuio XHC. B ux uyucre: BbisiBIeHHE 00b-
eKTUBHBIX MTPU3HAKOB CO3HAHUS,; CO30aHNE METOIOB JICUCHHS,
HaIpapJIeHHbIX HA BOCCTAHOBJICHUE HAPYILEHHbIX CBS3Ei MEX-
Iy HEMPOHHBIMU CeTIMU (TaKUX KaK HeMHBA3WBHAS pUTMHYC-
ckasg TMC 1 cTUMYJISILS TOCTOSIHHBIM 3JIEKTPUYECKIM TOKOM
[tDCS], npsamMas anexTpuyeckas CTUMYJSILMS SAep Tajamyca
[aHToL.: deep brain stimulation, DBS]), a Taxke METOIOB KOMMY-
HUKAIMU C MallMeHTaMU ¢ HapyLIIeHUSIMU CO3HAHUS (MHTep-
(eiic «Mo3r—KkommbloTep»). boiee Toro, AeTanbHOE M3yUYeHUE
MEXaHM3MOB HapylleHMsl CO3HAHUS, BO3MOXHO, IPUOIM3UT
Hac K MMOHMMAaHWIO0 OTHOTO M3 TIOOATBHBIX BOIPOCOB — IIPH-
POZIbI CO3HAHMUSL.
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