OT3bIB OOULIMAJILHOT'O OITTOHEHTA
Ha JMCCEPTALMIO HA COUCKAHME YUYEHOH CTeNeHH
kaHauaara GU3NKO-MaTeMaTHYeCKUX HayK
Koznosa Cranucinasa Oneropuya
na Temy: «Kapruposarue (pyHKIMOHAIbHOH aKTUBHOCTH TOJIOBHOIO MO3ra
yenoBeKa ¢ yUETOM yPOBHS CHHXPOHM3ALMK BOKCETIeH M0 TaHHBIM GMPT»
no cneunanbroctu 1.5.2. buodusuka

AKTYaJIbHOCTb HCC/Ie10BAHHSA

Jlncceprauus Cranncnasa Onerosuua Kosnosa nocasiiieHa aKTyajgbHON U
MpaKTHYeCKH 3HAYMMONH Teme pa3padOTKN METOJ0B BbIAGJICHHS PErHOHOB MO
jaHHbIM (YHKLIMOHAILHON MarHUTHO-PE30HAHCHOM tomorpahuu (pMPT) ¢ uenbto
MocTpoeHus Oonee  TOYHBIX  HEHPOCETEBBIX — MOENeH (GyHKUHOHATLHOH
AKTHBHOCTH TOJOBHOIO MO3ra 4yejoBeKa B COCTOSHMM nokos. Pabora 3aTparuBaet
(byHaameHTanbHble  BONPOCHl  COBPEMEHHOM HEeHpOHAyKH, CBsA3aHHbIC C
METO/10JIOTHElN HCCIeIOBAaHUS CTPYKTYPHO-QYHKIMOHAIBHON OpraHH3alnk Mo3ra,
M OJHOBPEMEHHO MMeeT 3HAuMTeJIbHbIM MOTEHUMan I KIMHHYECKHUX
MPUITOKEHHH.

CTpyKTypa M coaep:KaHue IHCCepTalHu

Jluccepralusi CTPYKTYpPUpPOBaHa JTOMHYHBIM M METOAUYECKH 000CHOBAHHBIM
obpazom. OHa COCTOMT M3 BBEEHHs, YETHIPEX OCHOBHBIX [VIaB, 3aKJIIOUCHHMA,
OCHOBHBIX pE€3yJbTaTOB M BBIBOMOB, CIHMCKA JHUTEPATYPbl, COAEPKALIETO 97
nauMmenosanuit. O6umii 00béM paboTsl coctasiser 129 crpanun ¢ 8 Tabanuamu u
75 pHUCYHKamH, 4YTO CBHMJETENbCTBYET O TILATENLHOCTH TOAFOTOBKM M
KOMIIJIEKCHOCTH MPOBEAEHHOr0 UCCIIeIOBAHUSI.

Bo BBeaenuH aBTOop OOOCHOBBIBAET aKTyajbHOCTb TEMbl MCCIIEIOBaHUA,
ONMUCBIBAET CTEeMeHb Pa3paboTaHHOCTH BbIOpaHHOMN 001acTH, YETKO (OpmMyIHpyeT
ejb M 3a7aud  paboThl, OmpejeNnser HAay4YHYKH HOBH3HY M MPAaKTHYCCKYIO
3HAYUMOCTb. JlaHHOE U3JI0KEHHE MTO3BOJIseT NONYHYUTh LEJI0CTHOE Mpe/iCTaBIeHHe
0 3aMmbiciie  HCCIIeJJOBAHMSI M €ro MecTe B COBPEMEHHbIX BOIpoOcax
HEeNpOBU3yaIu3alluH.

[epBasi m1aBa  COAECPXKUT  KOMIJIEKCHBIH — T€OpeTHYeCKHUH 0030p,
OXBATHIBAIOLIMIT OCHOBBI ~MAarHUTHO-PE30HAHCHOW TOMOrpapuu, TMPUHLHUIIBI
pyHkunoHansuoit MPT, Teopuro s1epHOT0 MarHWTHOrO pe30HaHCa, MEXaHHU3Mbl
HeiiposackynapHoi cBsizu U BOLD-curnana. OcBellieHbl pasinyHbIe MOAXObI K
KapTUPOBAHMUIO ~ TOJOBHOIO ~ MO3ra M MOCTPOEHHIO  COOTBETCTBYIOLIMX
HelipoceTeBbIX MojleNieil FONOBHOr0 MO3ra: HCHOjb30BaHHe (YHKUHOHANBHBIX H



CTPYKTYPHBIX aT/IacoB, METOJ He3aBUCHMbIX KOMIOHEHT, & TakKe pasnuyHbIe
METO[bl  KjlacTepu3allid W CTQTUCTHYECKOro  aHajiMs3a. [ToguepKHYThI
NpEeMMyLIECTBA M OTFPAHUYEHHS KaXKO0ro MOAX0Aa, HTO MO3BOIACT 000CHOBaHHO
aprymMeHTHpoBaTh HEOOXOUMOCTh pa3paboTKu HOBOW METOIAUKH.

Bropas riaBa [pEACTaBjseT JIeTalbHOE OMUCAHME pa3paboTaHHOrO
aBTOPOM MeTo/1a BblJICJICHUS MPOCTPaHCTBEHHO-CBSI3aHHBIX
(yHKLMOHATBHO-0THOPOJHBIX PErHOHOB (TIC®OP). ABTOp 4€TKO ONpEENsAeT TPH
KJIIOUEBBIX KpPUTEpHs, Ha KOTOPbIX OCHOBaH METOML: (1) pyHKUMOHANBHAS
OJIHOPOJIHOCThH PErMOHOB HA OCHOBE YPOBHS KOPpENsiLuH, (2) npocTpaHCTBEHHAs
CBSI3HOCTb ~ PErHoHoB,  (3) HemepecekaeMoCTb  BBIAC/ISIEMbIX  PErHOHOB.
[Tposenéunasi (opmanusauus TpeOOBaHWH CBUACTENILCTBYET 00 aKKypaTHOCTH
HayuHoro mnojxoza. OnmcaHbl TpU OCHOBHBIX 3Tara allropuUTMa: BbI/JI€JIEHUE
MHOYKECTBA MOTEHIHAIBLHBIX PETHOHOB, (PUIBTPALIUS IO KPUTEPHSIM MEPEKPLITHS 1
pasmepa, pacrpeie/leHue BOKCEIOB MEK/y PerHoHaMu M0 NPUHIHILY Hauy4Luen
koppensuun. Peanusaius METOA BBINOIHEHA Ha S3bIKE MATLAB wu pa3melieHa B
oTKpbiToM joctyne Ha muargopme GitHub, 4To noBblluaeT AOCTYNHOCTH M
BOCIIPOM3BOIMMOCTD MOJIyYEHHBIX Pe3y/bTaToB.

Tperbs rjiaBa MOCBALIEHA SKCIIEPUMEHTaJIbHOU arnpoOarm1u
paszpaboranHoro merona Ha GMPT-naracere, nomyHeHHOro OT 23 UCHBITYEMBIX B
cocrosiHuu mnokos. [IpoBen&H neTanbHbId aHann3 HYBCTBUTEJIBHOCTH METOAA K
pa3IuYHbIM rnapameTpam: YypOBHIO  (DYHKIMOHAQIBHOH  OJHOPOIHOCTH,
[MPOAOJIKMTENIbHOCTH BPEMEHHOTO WHTepBalla aHanusa, MeToJaM
MpeiBapuTENbHON 00pabOTKH JaHHbIX (yAalleHHe aBTOKOPPEISILUN 1 rnodanbHOro
curhama). ABTOp JEMOHCTpPUPYET BIMSIHHE OSTHX (DPAKTOPOB Ha KOJMYECTBO
BbIJIGJIIEMbIX PEFMOHOB M BOKCeNleH, 4YTO CBUAETENLCTBYET O TLIATEIbHOCTH
NpOBEAEHHOI0 aHaJIu3a.

OcoGoe BHMMaHMe yieleHo ananusy cetd no ymomdannio (Default Mode
Network, DMN) ¢ ucrnonb3oBaniem paspadoranHoro merozna. [lokasano, 4To
meton TTCOOP no3sonsier WHAMBUAYann3upoBath cTpykrypy DMN n BbIABIATH
(yHKLUHOHAIBHO OHOPOJAHBIE MOJAPErHOHBI B COCTABE H3BECTHBIX KOMIIOHEHT 3TOH
CeTH, UTO OTKPLIBAET HOBbIE BO3MOKHOCTH /sl [IEPCOHAIM3MPOBAHHOIO aHAIM3a
HEWpPOCEeTEeBbIX B3AUMONAEHCTBUI.

Yerpéprasi raBa JIEMOHCTPHUPYET MpPaKTHYeCKoe MPUMEHEHHE METO/A
[ICDOP Kk 3amade KIMHHYECKOH JMArHOCTHKH — OMHApHOM KiaccuUKaLKMy
NalMeHToB ¢ JAuarHo3oM wwu3oppenus Ha ocHoe (MPT naHHBIX COCTOAHMA
nokos. IlpoBeaeHo cpaBHeHHE KIACCH(HKALMOHHONH CMOCOOHOCTH MNPU3HAKOB,
nonydyeHHpix ¢ nomousto Metona INICPOP, ¢ npusHakamMu, pacCYMTaHHBIMHM Ha



OCHOBE M3BECTHBIX B JIMTEparype Mojixos0B. Pe3ysibTaTbl NOKa3bIBaOT, 1TO MCTOA
[ICOOP noTeHLHadbHO T03BOJsSEeT CHU3WTh PasMEepHOCTh  [MPOCTPaHCTBaA
[PHU3HAKOB, BblENss Haubonee HH(MOPMATHUBHBIE PErHOHBL JUIA KOHKPETHOI'O

3a00JIeBaH U
Hayunasi HOBH3HA H TeopeTHYECKas 3HAYHMOCTD

PaspaGoranusiii  meron IICPOP npexncrasnser cobolf opurunHanabHoOE
pelieHre mpoOnembl, Ha KOTOPYIO aBTOP oOpallaeT BHUMaHWE B Ha4aie
JMCCepTallMu:  OTCYTCTBHE IPAMOrO  KOHTpOJNSA  YPOBHS — CHHXpOHH3AaLWH
(koppensilii) JMHAMHKM BOKCENOB BHYTPH  BBIACTACMBIX  PETHOHOB  IPH
MOCTPOEHMM HelpoceTeBbIX Mojeleld. B ommuuue OT CyLIECTBYIOMMX METONOB,
KOTOpbIE JIMIIb KOCBEHHO BIMSIOT Ha YyPOBEHb (GyHKLIMOHAIbHOH OAHOPOAHOCTH
(Hanpumep, — 4epe3  M3MEHEHHE  KOJIMYECTBA  BBIIACHACMBIX pEeruoHoB),
MpenoKEHHbI  METOA  MO3BOJAET  sSBHO  3ajaBaThb W KOHTPOJIMpOBATE
MHHMMAaJbHBIH ypOBEHb KOPpE/SIIMM MEXAy BOKCelaMH B IMpeeax OIHOTO
peruoHa.

TpeGoBaHue MPOCTPAHCTBEHHOH CBA3HOCTH BOKCeNei B Npeenax OLHOTo
permoHa siBJisieTcsi BaXKHOH METON0JI0OTHYeCKOM 0COOEHHOCTBIO, KOTOpast ynpouiaer
WHTEpIpeTaLuIo pe3yJbTaToB. Metobl, BBIJEJISIOIINE
MpPOCTPAHCTBEHHO-HECBA3aHHbIC KOMIOHEHTBI, MOrYyT 00be/IMHATH BOKCEJIbI W3
AHATOMMUECKM YIANEHHBIX o0nacTeil Mosra, 4TO 3aTpyAHSCT OHUOIOTrHYECKYIO
MHTEPIpETALMIO  pe3yJbTaToB W 3aTPy/IHAET  aHaJu3 MeXperuoHanbHOH
(pyHKIIMOHAJIbHOM KOHHEKTUBHOCTH.

[IpeuiokeHHbI  MOAXOA A8 MHIMBHM/yalu3alUM CTPYKTYpbl PErnoHOB
FOOBHONO MO3ra OTKPBIBAET HOBbIE BO3MOXKHOCTH Ul MEPCOHANIN3HPOBAHHON
HelipOBH3yaNnu3allih ¥ MOKET CrocoOCcTBOBaTH paspaboTke Oonee TOUHBIX
Moziesielf  (pYHKIIMOHAJBHONW OpraHu3alii Mo3ra, Kak B (yHIaMEHTAJbHBIX
MCCIleIOBAHMSIX FOJIOBHOTO MO3ra B HOpPME, TaK W IPH MaToJIOrkH.

[IpakTHYecKkas 3HAYHUMOCTDb

PaGoTa AeMOHCTPHPYET MPAKTUYEeCKHil MoTeHMan pa3paboTaHHOro MeToza
B KIMHWYeCKuX npunokenusx. I[lpumenenne wmertoma [ICOOP k 3anade
KnaccupUKalMK TMAUMeHTOB C IIM30(QpeHuel CBUACTELCTBYET O TOM, HTO
BblJIE/IIEMble  PErMOHBI ~ MOTYT  COAEpXKaTh  KIMHUYECKH  pEeBaHTHYIO
undopMaumio.  BO3MOKHOCTE  CHMIKEHHMS — PasMEpHOCTH  IPU3HAKOBOIO
NPOCTPAHCTBA MPH  COXPAHEHMH MJIM  YIy4qlleHWH  KiaccH(UKaunOHHOM
CIMOCOOHOCTH UMEeT NMpaKTUYeCKoe 3HaYeHHe Ul pa3pabOTKH CHCTeM MOAIEPKKH
MPUHSATUST KIMHUYECKUX PElIeHHUH.



060CHOBAHHOCTh HAYYHBIX TMOJI0KEHHH, BbIBOAOB H JA0CTOBEPHOCTH

pesyibTaToB

JIOCTOBEPHOCTh [MOJTyYEHHBIX pe3yJbTaToB o0ecrneynBaeTcs
HCIIONB30BAHMEM COBPEMEHHbIX MeTOAOB LudpoBoil  00pabOTKM ~ CHIHAIOB,
KOPPEKTHBIM TPUMEHEHHEM METO0B MaTeMaTH4eCKOH CTATHCTHKU aJIeKBaTHOM
WHTEpnpeTanueil pesynpraroB. DKCrnepuMeHTalbHas 6aza wuccnenoBanus (23
HCTIBITYEMBbIX) TO3BOJISIET MOIYYMTh HAAEKHBIC BHIBObI O HUyBCTBUTEJILHOCTH H
crabunpHOCTH paspaboraHHoro merona. IlonyuenHbie B paboTe pe3y/bTaTbl
COrnacyloTcss ¢ MMEIOLIMMHCS JIMTeparypHbIMU JIaHHBIMU O WH/IMBH/1yallbHOM
(QyHKIHOHATBHOI OpraHu3alini Mo3ra.

OCHOBHbIE ~ HAyuHble pPe3ylbTaThl JAMCCEpTalud  OnyONMKOBaHbI B
pPELIeH3UPYeMbIX HAy4HBIX JKypHanaX, HHIEKCHPYEMbIX B aBTOPHUTCTHBIX Oa3zax
nannbix  (Web of Science, Scopus, RSCI), u B wu3lanusx H3 MNCpetni,
pekomenloBaHHOro Munobpuayku Poccut, no crnenuanbHOCTH 1.5.2 — buo¢uzuka
B COOTBETCTBHH ¢ TpeGopanusamu Jluccepraiuonnoro cosera MI'Y. Pesynbrarhbl
GLUIM  MpeiCTABIeHbl HA TISTH MEKIYHAPOAHBIX M POCCHHCKMX HAydHBIX
KoH(epeHIMsX, BKIIoUas pecTHKHbIe GOpyMbl B 001aCTH HEHPOHAYKH.

3amMeuaHHs Mo AMCCEPTALMOHHOI padoTe

HecMoTpsi Ha BBICOKOE KauyecTBO MMPOBEIEHHOrO HCCJIEN0BaHMUS, HMCIOTCA
HEKOTOpbIE 3aMevaHusi, KOTOpble MOITIM Obl CIOCOOCTBOBATD YTy LICHHIO padoThl.
Jlns KIMHUYECKON HMHTEpIpeTaluy pPe3ylibTaToB KiacCH(puKalky K30 PEHNUH,
ObII0 Obl Mosie3Ho Oosee noapoOHOe 00CyXIeHHE BbIJICJIEHHBIX PErHOHOB,
nokasaBlnX HanbobIyIo Au(depeHIHpPYIOLLYI0 CIOCOOHOCTh, U UX BO3MOKHYIO
KJIMHMYECKYIO WHTEPNPETAlluio B KOHTEKCTE HM3BECTHbIX HEHpOOHONOrHueckux
MexaHu3MoB 1n3opperun. KpoMe Toro, XoTs MCCiieloBaHne BKIIOYAET JaHHBIC 110
BbIICJIEHUIO PErMOHOB Ha JAaHHBIX OJHOrO WCIBITYEMOro B pa3sHble MPOMEXKYTKH
BpeMeHH, OblI0  Obl  WMHTEpPECHO BuMAeTh Oonee  MOAPOOHBIA  aHanu3
BOCIMPOM3BOJAMMOCTH BBIJEISIEMbIX TEX )K€ CaMbIX PErMOHOB IPH MOBTOPHOM
CKaHMPOBAHMK TOTO JKe TMalueHTa (WiM [pH paslelleHHH JaHHBIX OIHOro
MCMBITYEMOro Ha JiBe T10J0BHHBI). Takke, MOXHO OTMETHTh OTACIbHbBIC
He3HAYMTENIbHbIe CTUIIMCTHYECKHME MOrPEIIHOCTH U OIIMOKH, KOTOpbIe He BIHUSAIOT
Ha o0lIee KaueCTBO padboThI.

FaKIIYHTE/IbHbIE 3AaMeYaHH s

Jncceprauns CranucnaBa Omerosuua Kosnosa mpesncrasiaser co0o#
3aBeplIéHHOE HayyHOe HCCIeJOBaHWe BBLICOKOrO KadecTBa, KOTOPOE BHOCHT
3HAUUTEJbHBIA BKJIaJ B METOHOJOTMIO HEeHpOoBMU3yalu3allMM M aHaiM3a NaHHBIX



(ynkunonansroii MPT. PaspaboraHHbiil METOA MOAHMMALT peallbHYO npodnemy,
BCTPEUAIOLILYIOCS [IPH MOCTPOEHNH HEHpPOCETEBbIX MOJENEH MO3ra, U mpejiaraet
MpaKTHYECKOe pellieHne, COYEeTalollee CTPOrne MareMarniecKue 000CHOBaHHUS C
MPUITOKEHUSIMU K KIIMHMYECKH PelIeBaHTHBIM 3a1adam.

PaGora  oTBeyaeT  TpeOOBaHMsAM,  NpelbABIseMbIM  MOCKOBCKHM
rocyapcTBeHHbIM yHnBepeuTeToM umenn M.B. JlomoHnocoBa K uccepTaiiM Ha
couckanue YuéHoW cTenen KaHampata Hayk. CoaepkaHume aMccepTalui
COOTBETCTBYET CrelMalbHOCTH .52 - «buoduzukar (no
(DU3MKO-MATeMAaTHUEeCKUM ~ HAyKam), a TaKKe KPUTEpPHsM, OMNpPEIeEHHBIM
nyakTamu 2.1-2.5 TlonoxeHus: 0 IPUCYXKIeHNH YIEHBIX CTCIICHEH B MockoBCKOM
rocylapcTBeHHoM yHuBepeutete umeHu M.B. JlomoHocosa. JlnccepTalMoHHOS
uccrenoBanne odopmiaeHo cormacHo TpeboBanusM Ilonoxenus o coseTe 10
3allMTe JIMCCepTalMii Ha COMCKaHWe YYEHOH CTeneHW KaHauaara Hayk, Ha
COMCKAaHWE YYeHOH CcTeneHn IoKTopa HayK MOCKOBCKOro rocyaapCcTBeHHOro
yuusepcutera umenn M.B. Jlomonocosa.

Takum o6pasom, couckarens Kosznos Crauucinas OieroBud 3aciy’KWBaeT
MpUCYKAeHHsl Y4YEHOH CTerneHu KaHauaara (U3MKO-MaTeMaTHUECKUX Hayk M0
cnetuanbHocTH 1.5.2 — «buodusukar.

Od¢uumanbHbIA ONMIMOHEHT:

Kanauaar MEAULMHCKUAX HaYK,
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