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AHHOTANUA

PaspaboTka Gojiee TOUYHBIX U HaJEXKHBIX METOHOB Ul OHpejese-
HUS PETUOHOB KOPBI I'OJIOBHOI'O MO3ra SABJIIETCS KIOYEBBIM LIArOM
B yI/TyOJIeHMH MOHMMAHW 1 OpraHu3alyy Mo3ra. PesynbraTsl mpume-
HEHHs TAKUX METOJ0B aHAIN3a, KaK UCTIOIb30BaHNE TEOpHH rpacoB
U BBINOJIHEHNE A1(p(Dy3UOHHO-TEH30PHOM BU3YAIN3AL[|N, M MAIIH-
HOro 00y4eHHsI O3BOJISIET JOCTHYb BHICOKOTO KavecTBa Kiaccupu-
Kallu¥ COCTOSIHUA ALIUEHTOB.

BBenenne

IToBepXHOCTB MO3ra COCTOUT B OCHOBHOM M3 CEPOT0 BEILECTBA (KOPTEKC). be-
JI0e BEILECTBO, 00ecIeunBalolee B3aUMOAeHCTBIE YacTeil MO3ra, B OCHOBHOM Ha-
XOIUTCSI Ha NIyOMHHBIX cJ10s1X. Ha ocHOBe Oesioro BelecTBa CTPOUTCS KapTa CBsI-
3eif, a caM Tporiecc HasbiBaeTcs TpakTorpacwmeii [|1]. Koprekc MoxHO pa3ouTh Ha
PETHOHBI M TIOJIYYUTh aTyiac Mo3ra [2], mpu 3TOM MO3r pa3duBaeTcs Ha apLey,
a caM mporiecc pazOreHnsl Ha3blBAOT napresusanueil. Ecim moctpouts TpakTo-
rpaMMy U HAJIOKHTb aTJaC MO3Ta, TO MOXKHO BBISICHUTb, KAKUM 00pPa3oM OTIEJIbl
MO3ra B3auMOJIEiCTBYIOT Mex 1y co0oii [3]. [Ipumepbl pe3yabTaToB BITIOIHEHUSI
TPOLIECCOB MPeICTABIICHb! Ha prCyHKe [l.

TpasuuyoHHBIE METOIBI TMapleUISUK 00J1aJaloT OrpaHUYEHUSIMU, CYIIe-
CTBEHHO CHMXXAIINVMU HAJEKHOCTh U MHTEPIPETUPYEMOCTh JaHHbIX. Ha Teky-
MMl MOMEHT CYIIECTBYeT HECKONbKO 3¢ (peKTuBHBIX peiienuil. B padote [4] oru-
CaH CJIeIyIOUIMI alrOpUTM, UCTIONB3YIOMHi 11(h(y3MOHHO-TEH30PHYI0 BU3yaIl-
3aumio (ITB): npumeHnTh MeToBl TpakTOrpacuu K Mo3ry O0JBHOTO, Jlasee, Ipu
MOMOIIY AJITOPUTMOB MallIMHHOTO 00YYEeHUs1, ONPE/IEUTh, K KAKMM PeroHaM OT-
HOCSITCS HauaJIbHbIe M KOHEYHBIE y3JIbl Oesioro BemecTBa. CyIecTByeT ajlbTepHa-
TUBHBII MOAX0J, ONMCaHHBIA B cTarhe [5] 1 ocHOBaHHBIA Ha TeopuM rpagos. Ha
MOCTPOEHHOM MPH MOMOIIIM MaTpPHUIIbl CMEXXHOCTH rpade B3aUMOJECHCTBHUS PETHO-
HOB uepe3 MOHATHE LIEHTPATbHOCTH BhIIC/IAITCS BakHbIe yuacTku. Ha pucyrkax P
u Q TIOKa3aHbl AJITOpuTMbl padot [A] u [S] cooTBeTCTBEHHO.
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Mapuennauuma TpakTorpamma

Puc. 1: TIpumep otoOpaskeHus BellecTBa B TOJIOBHOM MO3TE U BBIIOJIHEHHUS Ha €r0 OCHOBE
napuesuILUd U TpakTorpagpuu

ITpennaraemplii JOKJIa MOCBSLIEH IPUMEHEHHIO PE3YIbTAaTOB AU Py3UOHHOI
MarHuTHO-pe3oHaHcHo#i Tomorpadun (MPT) B MeTonax Tpaktorpaduu Jis onpe-
JIeJICHUsI PETHOHOB KOPBI, K KOTOPBIM OTHOCSITCS Y3JIbI TPAKTOB OEJIOro BEIeCTBa,
¥ KJITacCU(pUKAIMK COCTOSHUS TMAIMeHTOB Ha ocHoBe maHHHIX MPT romoBHOro
Mo3ra. VcciietoBaHue O3BOJIUT IPOBEPUTH IPUMEHSIEMOCTD CYIIECTBYIOIIHX Me-
TOJIOB [UIsl Pa3pabOTKy 6oJiee TOYHBIX M MHAUBUIYaJIbHBIX MApIEIUIAIHA, yIUThI-
BaIOIIMX KaK CTPYKTYPHYIO, TaK U (DYHKITMOHAIHLHYIO OPTraHU3aIMI0 MO3Ta.

Hcnosib3yemMble JaHHbIE

JLiis IpOBe e HHst SKCTIepUMEHTA G 3a1eiiCTBOBAH HaGOp HaHHHIX [6], B KOTO-
POM IpeACTaBIEHbI JaHHbIE 25 ManueHToB: 16 370pOBBIX MAMEHTOB U 9 MalueH-
TOB C HapyIIEHUAMH HEHPOIIACTUIHOCTU. BblM NpoBeieHbl 1B CECCUU OLIEHKU
KavyecTBa paboThl MO3ra: repe]i Ha4ajoM TPEHUPOBKH U TIOCJIE ONpeJeIEHHOTO Te-
puona oOyuenusi. Ha ocHoBaHMM pe3ynbTaToB 00y4YeHHsI ObLIO IPHHSTO peleHue
O NPUYNCIICHNH K KOHKPETHOM! IpyIIie ManyueHToB.

HaGop naHHBIX XpaHUT B ceOe (pail ¢ OCHOBHBIMU JaHHBIMH B Buje 4D-
MacCHuBa, ONMCHIBAIOLLETO 3HAYEHUs 110 KoopauHataM X, Y, Z B pas3/IMyHble Iie-
puroabl MO3Tr0OBOI1 AKTHUBHOCTHU, qaaﬁn CO 3HAYCHUAMU MHTECHCUBHOCTU I'padUCHTA
(bvals) ns kaxgoro HanpasieHus auddysuu; daiin ¢ HanpaBreHuamMu audgy-
3um (bvecs) A7 Kak/I0ro M3MepeHHsT; (paiis c MacKoi Mo3ra, KOTOpBIi orpeaesieT
005acTh MHTepeca 1J1s aHanu3a; (a1 ¢ MeTaJaHHBIMU )11 MACKU MO3Ta.
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Puc. 2: Anropurm Ha ocHose [ITB

Peanuzyembie moaxoabl

AHnaau3 npu nomowiu oughgpy3uoHHO-meH30pHOI 8U3YaIU3AUUL

ITpu momormu bvals u bvecs onmcrBaeTcs cxeMa rpaiueHTOB MATHUTHOTO T10-
JIsl, KOTOPBIE NPUMEHSIMCh BO BPEMs CKaHUPOBaHUA. [1JIsl IOCTPOEHUS TPaKTOrpa-
(pum Mo3ra HEOOXOANMO CO3aTh MAacKy OJIOro BelecTBa, KoTopas OyaeT oToopa-
KaTb B3aUMOJIeficTBHE 00JacTeil nHTepeca Mexay codoil. Ha ocHoBe nonyyeHHOI
(pyHKIIMU pacIipefesieHrs OPUEHTAUY MOKHO BBISIBUTh OCHOBHBIE HATIPaBJICHUS
pacrpoCTpaHEeHHs BOAbI X MOCTPOUTH IIOTOKH MEpEeMeEIeHns BOAbL. [ BbIABIIE-
HUSI TOYEK, B KOTOPBIX OyIeT NpOBepsThCs HaIM4ue OesIoro BellecTBa U ero Ha-
MpaBJieHe, MPOU3BOAUTCS HACTpOiiKa anroputMa audQy3roHHO-TEH30PHON BU-
3yasIM3aliiy MpH MOMOIM cXeMbl rpagueHToB. Ha ocHoBe mMacku U adprHHOrO
npeobpa3oBanus, noxyueHHoro u3 ganueix MPT, nporcxogut otdop Touek. [lo-
CJIe 9TOrO aJTOPUTM BBISIBJISIET IOTOKH OEJIOro BEIleCTRa.

Jlis BBISBIEHUSA CTPYKTYPHOW B3aMMOCBS3M PETMOHOB UCIIOJB3YETCH aHATO-
MUYECKUI aTiiac, NMpeABapUTeSIbHO alalTUPOBaHHbIA noj aanHble. [Ipoucxoaut
HaHeceHHe TIOTOKOB OeJIoro BelecTBa Ha MPUMEHsIEMblil aHATOMUYECKHI aTJiac.
[TocTpouB MaTpuIly CBS3HOCTH, JIETKO BU3yalM3UpOBaTh B3auMoyeiicTBAE 001a-
CTei MeXIy COOOIA.

O6yuenne Kaaccu(puKaIy IIPOMCXOJUT Ha OCHOBE MPU3HAKOB MaTPULIbI CBSI3-
HOCTH.

Cxemaruueckoe oTtoOpaxkeHue Mporecca aHanusa nposeaeHus ITB mpen-
CTaBJIeHO Ha pUCyHKe f.
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Puc. 3: Anroput™ Ha ocHOBe Teopu rpacoB

AHaau3 npu nomouwiu meopuu zpaghos

JL71s1 onpeiesieHus CBIBHOCTH PETMOHOB BOCIIONb3YeMC s IIOHSATHEM LICHTPaIb-
HOCTH IO NIOCPEJHUYECTBY, MEPOii, KOTOpasi OLIEHUBAET, HACKOJBKO YacTo y3ell
JISKUT Ha KpaTYaHIIUX MyTsX MEXIy BCEMHU IapaMHu JIpyruX Y3JI0B B rpacde. Y3en
C BBICOKOI#1 CTENEHbI0 IEHTPAIBHOCTH MO MOCPEJAHUYECTBY UMEET BaKHOE 3Haue-
HUe ISl CBSBHOCTH Beeil ceTu. B ciiyyae MPT ronoBHOro mMo3ra pervoH 0ynert
AKTHMBHO BKJIIOYEH B NIepeABHKEHUE OEJIOro BeIlecTRa.

Ha ocHOBe mocTpOeHHOI MaTPHILIBI CBAZHOCTH OIPeIeIAeTCs] HeHTPAIbHOCTD
PErHOHOB M MX CBSI3aHHOCTb Mexk 1y coboil. O0ydeHue KiaccuuKaimm IMporucxo-
IUT Ha OCHOBE OIpeJessieMblIX IIapaMeTpoB TEOpHUH IpachoB.

Boinosnenue kiaaccucpukamumn

B kauecTBe paccMaTpHBAEMbIX METOJOB KJIACCU(HUKALIUK ObLIINA BHIOPAHBI Ta-
KY€ aJITOPUTMBI, KaK CITy4aiiHblii BHIOOP, HauBHbIA Baiiec, citydaiiHblil 1ec 1 METOJ
OTIOPHBIX BEKTOPOB.

HaGop naHHBIX ObUT pa3/iesiéH Ha 00y YaIOIIYI0 ¥ TECTOBYIO BHIOOPKY B COOTHO-
nrennu 7:3. O0yuyeHue K1acCU(UK AN IPOUCXOIUT Ha OCHOBE I'PYIITHI TAIIMCHTA.

Jnst ynydiiieHust KadyecTBa ObUT IPOBEIEH MOAOODP rUIIepIapaMeTpoOB MOJEIIH
METOJ0M Kpocc-Bauaaruu. JlanHsie pazduBanuch Ha Gosijpl, cofiepkaiiue B cede
pas3iuuHble MOAHA00PHI HCXOHOTO JIaTaceTa.
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Puc. 4: Peanmuzanus nogxona JITB

Takxe cTout OTMETHUTD, YTO IIPOBOAUTCA HOI[6OP IMOPOroBOro 3Ha4eHUs BEPO-
ATHOCTH IJIA ONPEACITICHUA NPUHALJIE)KHOCTH K KJIacCy «bonen».

PesyabTaThl

I onleHMBaHUsT pabOTH Mojeielt ucnonb3oBanack Fl-mepa. Beicokas F1-
Mepa 03HAyYaeT, YTO MOJIeJIb Yallle BCEro MPaBUIbHO YKa3bIBaeT Ha OOJIBHOrO, PH-
4y&M OYEHb PEIKO MPOIyCKAET TeX, KOMY HyKHa OMOIIb. MaTeMaTuyeckoe Oxu-
JlaHKe TOBOPUT 00 00IIell BO3MOKHOCTH MOJIEJIN PelllaTh MOCTABICHHYIO 3a]a4y,
a ucnepcust — 0 CTaOWIBHOCTU PabOTHI.

Pesy/bTathl 06ydeHus Mojeieil npeacTasiens: B Tabmue [I. M(F1) — mare-
Matuueckoe oxuaanue no F1, D(F1) — aucniepcust o F1.

Hazpanue moaenmn Bupa naHHBIX M(F1) | D(F1)
CiyvaiiHblii BHIOOp - 0.7671 | 0.0162
Hausnblii baiiec I'pac ¢ HOpMUPOBKOIA 0.7378 | 0.0249
Ciy4daiiHblii Jiec I'pad 6e3 HOpMHUPOBKH 0.8059 | 0.0206
MerTon onopHBIX BeKTOpoB | Matpura ¢ Hopmuposkoit | 0.9008 | 0.0112

Ta6muua 1: ITokazarenn Mopenei

Jlyummim pesyasraToMm crano 3HaueHue MeTpuku F1 B 0.90 n1s metozna omnop-
HBIX BEKTOPOB, 00YUYEHHOr0 Ha IPU3HAKaX HOPMUPOBAHHON MaTpPUIIBI CBA3HOCTH.
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MacmraéupoBaHue

Tekymas peanu3aiys IMeeT OrpOMHBI pocTop A yayumenuid. [Ipuseném
HEKOTOPBIE BO3MOXKHbIC YTy UIICHHUS:

1. Kunaccudukanus

Tekymas peanu3amnus paccMaTpUBaeT BO3MOKHOCTH CUCTEMBI BBISIBUTH OJI-
Hy KOHKpeTHyI0 0ose3Hb. Clie[lyeT pacCMOTPETh BO3MOXHOCTb BBIABIIATH
HECKOJIbKO O0JIe3HEi.

2. O6paboTKa IaHHBIX

K ncxonHpM JaHHBIM MOKHO IIPUMEHHUTH OTIEPALIUI0 PErUCTpaIy, IPU KO-
TOpPO# aHHbIE U3 OJAHOTO MPOCTPAHCTBA U3MEPEHUIl MEPEHOCATCS B JIPY-
roe MPOCTPAHCTBO. DTO MOKET MOACTPOUTH MPOIECC aHAIN3a TI0]T He0OXO0-
IVIMBI BApUAHT UHTEpPIIpeTany. Takke 9TO MOXET MOBJIHMSTh Ha Ka4eCTBO
paboThl AITOPUTMOB OIpee/IeHIs [PYIIIbl HAIUEHTOB.

3. Ontumu3zauus pecypcos

TeKyH_[aﬂ peam3alnusd UCIOJIb3YET MOCJIEJ0BATCJIBHOC UCCIIEJOBAHUE aH-
HBIX HaleHTOoB. Bo3MoxHO HAaCTPOUTH NMapaJlJICJIbHYIO 06pa60TKy U TEM Ca-
MbIM YCKOPUTDb IMTPOLECC aHaIN3a JaHHbIX.

3akJirouyeHne

B noknazne npuBeneHsl OCHOBHBIE OAXOAB! K aHanu3y MPT ronosHoro mo3s-
ra. PaccMoTpeHHBIe METO/IBI [TOKa3aJM CBOIO (h(PeKTUBHOCTh B CO3JaHUHM TOYHBIX
Y HaJIKHBIX MapUesUISIUN, YUUTHBAIOIIMX (PYHKIIMOHAIBHYIO 3HAUMMOCTh MO3-
rOBBIX 0OJacTeil. PaspaboTanHas cricTemMa IEMOHCTPHPYET BOBMOKHOCTh aBTOMA-
TU3UPOBATH TPOIIECC OMpeIeIeHUs] PETMOHOB KOPHI TOJIOBHOTO MO3Ta, OMHIPAsiCh
Ha JJaHHbIE O CTPYKType OeJsIoro BEIIECTBa U CBSI3HOCTU MEXY Pa3IMYHBIMU 00-
JIACTSIMHU.
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