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IIpuMeHeHMne pa3noXxeHunsa
KapyHneHna-Jlo3Ba anAa aHanusa
IIPOCTPAHCTBEHHO-BPEMEHHbIX
CTPYKTYP 3T 380pOBOTO

1 6071bHOT0 MO3Ta

©Q. 10. Maitopos *?3, B. H. ®eHuenko 34
'XapbKoBCKas MeIUIMHCKAA akajeMusa IOCJeiUIIOMHOT0 06pa3oBanus M3 Vkpaunst
2MIHCTWUTYT OXpaHbl 370pOBbA fieTei u moapocTkoB AMH Vkpauntr, Xapbkos

SMHCTUTYT MeLUIUHCKON MHGOOPMATUKU U TeleMeauLUHbI, XapbKoB
*PU3NKO-TEXHUYECKUN UHCTUTYT HU3KUX TeMmiepaTyp HAH Vkpantbi, XapbkoB

Pesiome

PaccMoTpeHb HEKOTOPHIE ACIEKTH
mpuMeHeHUA pasnoxexus KapyHena-
JlosBa ans aHanusa MpPOCTPaHCTBEHHO-
BpeMeHHbIX curianos I3 B cocTosaHUMU
CITOKOMHOT0 6OLPCTBOBAHUA U BO BpE-
M5 MEHTalbHOW HArpy3ku (06paTHLINA
CYET B YMe) V 30POBbLIX UCILITYEMBIX
Wy 6onbHbix munsodperueit. Ilokasaxa
BO3MOXHOCTb ITpefiBAPUTENbHON Auar-
HOCTUKU TATOIOTUYECKOTO TICUXUYECKO-
IO COCTOAAHUA MAUMEHTOB IO Pe3yilb-
TaTaM pasnoxenus Kapynena-Jlossa
B IIPeJBAPUTENbHO BHIZENEHHbIX Yac-
TOTHBIX AuamasoHax 33T
Kniouesnbie cnosa: merons k33T, He-
AVHEWHBIW aHanu3 3T, pasnoxenune
Kapynexa-JIosBa, KOMIIbIOTEPHHIN
aHanu3 J3T y 300pOBHIX U GOJNbHHIX
unsodpenunen, cucrema k33T
NeuroResearcher 2003,

KnuH. nngpopmart. u Tenemep,.
2005. T.2. Ne1. ¢.26-31

BBepenue

OfHO 13 KJIIOYEBbIX CBONCTB MO3ra —
CNocoBHOCTb K CNIOHTaHHOMY 06pa3oBaHMio
N Pa3BUTUIO CIIOXKHBIX YNOPALOHEHHbIX
HeMpoAMHaMUYeCKnX CTPYKTYp B mpoLec-
ce afjantauumu, T.e. caMOOpraHmn3auns.
ALanT1BHbIe NPOLLeCChl B MO3Y MO3BOSA-
0T OpraHn3My PyHKLMOHUPOBATL 3a4ac-
Tyt0 B @DCOMIOTHO HOBbIX HEM3BECTHBIX EMY
ycnoBusx. 3T0 B CBOIO oyepefb TpebyeT
«pecTtabunmsnpoBaTb» CylecTByoLme
Ha [aHHbI MOMEHT roMeocTaTu4eckmne
N LeTEPMUHUPOBaAHHbIE LiepebpanbHble
cucTeMbl. B niobon HeogHO3Ha4YHON Mnn
HOBOW CUTyaLmm Mo3r Bnarofaps cnocob-
HOCTW K CaMOOpraH13aumnmn reHepupyet
MaTTepHbI HOBOW aKTUBHOCTM (HOBbIe hop-
Mbl noBefeHns ). CyLLecTByeT MexaHn3M,
KOTOPbIV FOTOBUT CEHCOPHbIE 1 MOTOPHbIE
CUCTEMBI K peakLMiM Ha HOBble BO3/eN-
CTBWS OKPY>KaloLLEen Cpefbl 3a CHET XaoTu-
4eCKOro NpepbIBaHNA NAaTTEPHOB «CTapom»
MPWBBIYHOM aKTUBHOCTU 1 AETEPMUHUPO-
BaHHOro 06pa3oBaHWsA HOBOTO «aKLEeNTo-
pa pe3synbTaTos Aenctams» (no M. K. AHo-
XUHY).

HanmeHee n3y4eHHbIM acnekToM Mpo-
Gnembl KOMMYECTBEHHOM OLIEHKW Lieped-
panbHbIX MEXaHW3MOB, KOTOPble HaXOAAT
oTpaxeHue B I3[, ABNAETCA NpUMeHeHne
METOLOB HENMHENHOro aHanusa [1-12].

Mpexae 4em nepenTn K U3NIoXeHUIo pe-
3y/bTaToB HaLLEro NCcrnefoBaHns Heobxo-
VMO JaTb onpefefieHe HEKOTOPbIM MOHS-
TWSIM, KOTOPbIE CMONb3YIoTCs B paboTe.
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CIOXHbIe CUCTeMbl MO3ra COCTOAT U3
MHOIMX KOMMOHEHT, NOACUCTEM, SNIEMEHTOB.

Cunctema MMeeT y31ibl (MO3roBble CTPYK-
Typbl), aKTUBHOCTb KOTOPbIX OMUCHIBAETCS
HabopoM nepemeHHbIx. COCTOSHUE CUCTe-
Mbl BO BPEMEHM OMUCHIBAETCA BEKTOPOM
COCTOSIHUIA. BeKTOp COCTOAHMA MO XakeH I
[12] onpepensaeTca HeCKONbKNMUK hakTopa-
MU: 1) TeKYWMUM COCTOSHMEM CUCTEMBI,
2) CBA3AMM MeX Y KOMMOHeHTamu, 3) yn-
PaBNAOLMMN NapameTpamu, 4) ciyyan-
HbIMW CODBITUAMM.

HekoTopble 13 31X hakTopoB TpebyioT
NoACHeHWs. Ponb yripaB/sioLmx napamert-
OB B MO3re MOIyT Urpathb, HanpuMep, KOH-
LUEeHTPaLMN HEMPOTPAHCMUTTEPOB, KOH-
LeHTPaLMU MPUHVMAEMbIX TEKAPCTBEHHDBIX
npenapaToB, KOHLEHTPALWM FOPMOHOB.
B Brionormndeckrx cuctemax ynpasnsioLie
napameTpbl 4acTo BbipabaTbIBaOTCA CAMOM
cnctemoint (M nx B onpeaeneHHoM CMblcie
MOXHO PacCMaTpMBaTh Kak NepeMeHHble),
a He MNoCTyMatoT U3BHE.

K cr1ydariHbiM cobbITHSIM, KOTOpPbIE NMPo-
MCXOOAT B HALLIEM MO3re MOXHO OTHeCTH,
HanpuMep, CNOHTAHHOE OTKpbIBAaHUE
My3bIpbKOB B HEMPOHaX, Clly4amHoe BO3-
Oy>xaeHue HeMPOHOB.

B cBA3M € TeM, YTO NPW COBPEMEHHOM
YPOBHE 3HAHWUU MUKpPOCKONUYeckume
NpoLecchl B MO3re OCTaloTCs HEACHBIMMU,
OCHOBHas Maes CUHepreT1KI COCTOUT B MO-
NCKe Ka4eCTBEHHbIX M3MEHEHUIA B MaKpO-
ckonuyeckmx aneHnax. CyulecTBytoT fB-
NleHUs, B KOTOpbIX HabnopgaloTcs
Ka4yeCTBEHHblE M3MEHEHMA MaKPOCKOMM-
YeCKMX COCTOSHUN CIIOXKHbBIX CUCTEM.



OcobbIn nHTepec Ans nocneaytoLLero
aHanm3a NpefcTaBnseT aMnanMTyaa Ha-
pacTaloLlen KoOHdUrypaumm, T.K. UMeHHO
OHa onpepfenseT 3BONIOLMOHMpPYOLLME
BO BPEMEHW MaKpPOCKOMMYeckme CTPYKTYpbl
(naTTepHbI MO3roBOM akTMBHOCTM). Koraa
CTPYKTYpPbl TONbKO HaYMHAOT GOPMUPO-
BaTbCsl — aMI/INTygbl O4eHb Manbl. AMM-
NNTY bl HAPACTAIOLWMX KOHDUIYPALMM Ha -
3bIBalOTCS MapameTpamu nopsaka. OHu
ONKMCbIBAIOT MaKPOCKOMMYECKNI NOPSAA0K
1, bonee 0606LLEHHO, MaKPOCKOMUYeCKyto
CTPYKTYpY CUCTEMBI.

13 LeHTpanbHOM TeOpEMbI CUHEPTeTUKN
cnepyeT, 4To NapamMeTpamMu Nopsaka of-
HO3HAYHO OnpefenseTcs NoBeLeHMe Ha-
PaCTAIOLLMX W 3aTyXatoLLMX KOHDUIypaLmin
[12]. Kak cnencTtBme 3toro, obulas npo-
CTPaAHCTBEHHO-BPEMEHHAA 3BOJIOLLMSA CO-
CTOSIHWSA yO0BNETBOPSET NapaMeTpam no-
pagka (Mnn nogYMHaeTCA napamMeTpam
nopsaKa). B 3TOM 1 COCTOWT mpuHLMIT o4 -
YuHeHms. COCTOAHUE CUCTEMbI MOXET ObITh
OMMCaHO KaK Cynepno3nums BCex, T.e. Ha-
PACTAIOLUMX M1 3aTyXAIOLLIMX KOHUIYpaLMU.
Ecnu 4mMcno KOMMNOHEHT CUCTEMbI BENTUKO,
TO, COOTBETCTBEHHO, BEIMKO N MHOXECTBO
OTAeNbHbIX KOHPUIYpaLLMIA. ITO O3HaYaET,
4TO MH(OPMaLMS, HeobxoaMmas 4nis onum-
CaHWA noBeaeHnst CUCTeMbI, He CBOLNTCA
K Pa3noXXeHMIo ee Ha KOHUrypaumm.

MpUHLMN NOAYNHEHWSA NO3BONAET 4OC-
TWYb PE3KOro COKpaLLleHWe Ymcna crene-
Hen cBoOOAbI T.K. YACIIO NapaMeTpoB Mo-
pAaKa 3HAYNTENbHO MeHblle 4Yucna
KOMMOHEHT CUCTeMbI, TakMM 00pa3oM, Npo-
NCXoamnT OKaTue MHpopMaumn.

B pesynbTaTe mccnegoBaHun Hamu
ObINW NOMyYeHbl HEKOTOPbIE MPOCTPaAH-
CTBEHHO-BpPEMEHHbIe CTPYKTYpbl 3T (nat-
TepHbl 337). Heob6X0ANMO BbIACHUTD,
MOCTPOEHbI NN 3TW CTPYKTYypbl 13 Bonee
NPOCTbIX CTPYKTYP, aHANU3NPys KOTopble
MOXHO MOHATb AVHAMMUKY, Nexallyio
B OCHOBE NpeBpaLLeHne OOHNX NPOCTPaH-
CTBEHHO-BPEMEHHbIX CTPYKTYpP B ApYyrue,
1 B KakOW Mepe 3TOT MpoLecc 3aBUCUT
OT NMCUXMYECKOro 340POBb S UCMbITYEMOro
YyenoBeka.

bynem ncxoamte 13 NpeanonoxeHus,
4YTO MO3r YenoBeKa B COCTOSIHMI CMOKOM-
Horo 6O PCTBOBaHUS, NMPY 3l1eMeHTapHOM
MeHTanbHon (0bpaTHbLIN CHET B yMe) U
dusmonormyeckon (rmnepBeHTUNALMS)
Harpy3kax dhyHKLMOHUPYET BONM3N ToYek
noTepm yCTOMYMBOCTW. TOrAa Cliefyet OXum-
0aTb, YTO NPOCTPAHCTBEHHO-BPEMEHHOM
curHan 331 OyLeT ABNATLCH Cyneprosnum-
el HeboNbLLOro Y1CNa PyHOAMEHTATbHbIX
MPOCTPaHCTBEHHBIX CTPYKTYP — MOL C 3aBU-
CAWMMM OT BPEMEHW aMInnTyaaMu. NHa-
Yye roBops, AMHaMVKa MO3ra ynpasnseTcs
HebOMbLLIVM Y1CNIOM NapPaMeTPOB NopsaKa.

OHUM 13 3(PDEKTUBHbIX B LAHHOW CU-
Tyauum MeTof0B aHanu3a ABNaeTcs MeTos
pasnoxeHus KapyHeHa-Jlo3sa (1nnu me-
TO[, aHaNMN3a rNaBHbIX KOMMOHEHT).
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Marepuan
U MeTOoA bl

Bbinn obcnegoBaHbl ABe rpynnbl: -9
rpynna — KOHTPOJIbHas, MpakTNYeckn 340-
poBble nLa My>XcKoro nona, 20—23 ner,
0TOOpaHHbIe 415 IeTHOro COCTaBa BOEHHO-
BO3AYLWHbIX cuA. |- rpynna — naumeHTbl
C AMarHoO30M LWn3odpeHns.

Perncrpaumsa 331 ocyLectBnsanach C no-
MoLLbto 24 KaHanbHOro sHuedanorpada
durpmbl «DX- cnctembl». Micnons3oBanach
YactoTa gmckpetmsaumm 400 'y 1 16 pas-
psgHbiv AL,

HanoxeHune 3n1eKTpoLoB NPOM3BOAM-
NOCb N0 MexayHapoaHom cucteme 10—20
[Nuwer]. 23l obcnefoBaHvie NpoBOAMIOCH
no CTaHAAPTHOMY KIIMHNYeCKOMY NPOTOKO-
ny — ONUTENbHOCTb KaXAoro cobbitus
coctaBnsna 120 c. B kayectBe MHTENNEK-
TyallbHOW (OYHKLIMOHAlIbHOM NMPo0bl 1C-
nonb30Basnca 0bpaTHbIN CHET B yMe B Te-
YeHumn 120 c.

KnnHudecknm, KoppensiumMoHHbIN, Cnek-
TPanbHO-KOrepeHTHbIN, MHOMO-pa3mMep-
HbIV IMHEWHbIM 1 MHOFO-Pa3MepHbIn
HeNMHEMHbIN aHanu3 331 NPoOBOAMIM C NO-
MOLLbIO CUCTEMBI ANA KOMMbIOTEPHOW D3I
(k23T) NeuroResearcher,'2003 [13,14]. ins
npoBefeHNs HENMHENHOrO aHann3a mc-
nonb3oBanuce 6esapredakTHble yHacTku
23T pnutenbHocTbio 30—35¢C.

MeTop pasnoxeHus
KapyHena-JIosBa

CyTb MeToAa pasnoxeHusa KapyHeHa-
Jlo3Ba COCTOUT B pa3noXxeHnM NPOCTPaH-
CTBEHHO-BPEMEHHOro curHana 331 Ha
CyMMY B3aVIMHO OPTOrOHasbHbIX MPOCTPaH-
CTBEHHbIX CTPYKTYpP — Mo KapyHeHa-J103-
Ba, YNOPAA0YEHHbIX MO MPUHLAMY MUHK-
MU3aLMM CPeHEN OLWMOKI Pa3NoXeHUs.

O603Ha4Ynm h=h(t) — BexTOp NpOCT-
PaHCTBEHHO-BPEMEHHOro curHana 231,
KOMMOHEHTbI KOTOPOro NPeACTaBASIOT CO-
OO curHanbl oTAeNbHbLIX KaHanos 33T,
1 NpeACcTaBUM €ro B BUAE CYyMMbI

N
h(t}=;§i( t)v,

roe N — pa3mepHOCTb BekTopa h(t) (B Ha-
wem cnyd4ae N=24), a He 3aBucauine
OT BpemeHu BekTopbl V. — Mol Kapy-
HeHa-JlosBa, OpTOHOlel/IpOBaHbI, T.e.
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(Vi' Vk) - 51‘1<'

roe 5l.k —cumBon KpoHekepa, BbiOpaHbi
nynopago4eHbl No npuHUMNY MMHMMM3a-
LKW CpefHet oLIMBKM pa3noXeHs

=1 0-X & (07 )

T — BpEMEHHOW MHTEPBan U3MEPEHUI.

3anadva onpepeneHna mog KapyHeHa-
JlosBa cBOAMTCA K 3afaye nomcka cob-
CTBEHHbIX 3HAYeHWI 1 COBCTBEHHBIX BEK-
TOPOB MaTpULLbl

T
{ n,(th t)at
R=—t  ij=1..N

iy TN 5
| X, (t)at
0k=1

Oka3sbiBaetca [1, 2], 4To cobCTBEHHbIE

BEKTOPbI 3TON CUMMETPUYHOM MaTpULLb
coBnapaloT ¢ Modamu KapyHeHa-Jloaga,

a CODCTBEHHble 3HaYeHUs ;Lt’ =1,..N
MO3BONSIOT NPEACTaBUTb CPeaHIo OLLNG-
Ky pa3noxeHus B Buae

K
E=1—)YA, K=1,..N
i=1

Takum obpa3omM, Benu4yrHa COOTBET-
CTBYIOLLLErO COBCTBEHHOMO 3Ha4YeHMs On-
penenseT Bknag Moabl KapyHeHa-JlosBa
B pasfioxeHue BekTopa h(t) — NpocTpaH-
CTBEHHO-BPEMEHHOro CUrHana 2331

N N
(o4esnaHo, le.= ZRH;] ).
i=1 =1

OkasblBaeTCs, 4TO NPW aHanm3e npo-
CTPaHCTBEHHO-BPEMEHHOIO C1rHana 23r,
KaK MpaBuio, 4OCTaTOYHO OrPaHNYUTLCS
PaCcCMOTPEHNEM HECKONbKMX MEPBbIX MOL,
KapyHeHa-Jlo3Ba — T.e. LeNCTBUTENBHO,
NPOCTPAHCTBEHHO-BPEMEHHOW CUTHAN
33 MOXHO paccMaTpuvBaTh Kak cynep-
no3uuMio HeBONbLIOro YMCa MPOCTPaH-
CTBEHHbIX CTPYKTYP C 3aBUCALLMMY OT Bpe-
MEHW aMNAUTYAaMU.

PasnoxeHune KapyHeHa-J1o3Ba, Kak
N3BECTHO, XapakTepusyeT KONN4eCTBO
napamMeTpoB NopsaKka — OCHOBHbIX NaT-
TepHOB 33[ 1 MO3BOSIAET BbIACHWTL Yac-
TOTY UX NosienexHus (Ho, Nnpasaa, He An-
HaMKKy NapaMeTpoB NOPAAKaA), Tak Kak B
oblLleM cryyae HeT rapaHTUKM Toro, 4To
aMnAnTyAbl B pasnoxeHun KapyHeHa-
Jlo3Ba TOXAECTBEHHbI NapaMeTpaM Mno-
pPAAKa UAM aMNINTYAAM NOOYMHEHHbIX
MOL.

KnunHudeckas nHpopmatnka n TenemegmumHa 1/2005
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Pe3ynbTaTbl
aHanusa JIrI

PaccmMoTpum HekoTopble acnekTbl Npu-
MeHeHus pasnoxenns KapyHeHa-J1o3Ba
0119 aHanm3a «OHOBOro», T.e. CHATOrO
B COCTOSIHNW CMIOKOWHOr0 OOAPCTBOBaHMS
NPV OTCYTCTBUM BHELLHWNX Pa3fpaxuTenen,
NPOCTPaHCTBEHHO-BPEMEHHOIO CUrHana
231 naHanum3a curHana 23[ oTBevatoLle-
IO BbIMOMHEHMIO SIEMEHTAPHOW MEHTaNb-
HOWM Harpy3kmn — «0DPaTHbIN CHET B yMeY.

EcTb ocHOBaHMA Nonaratb, YTO Xapak-
Tep PasfNoXeHW — KONMYECTBO 3HaYUMbIX
NPOCTPaHCTBEHHbIX Mo KapyHeHa-J1o3Ba
N 4aCTOTbl UX CleAoBaHns, ByayT pa3nny-
HbIMV 47151 30POBOrO 1 NCUXMNYecky 6osib-
Horo (Lum3odpeHws) Yenoseka. [NpoBeeH-
Hbll HaMW CAeKkTpallbHbI aHanus
pacnpefeneHns cpeaHen MoLWHOCTM NPo-
CTPaHCTBEHHO-BPEMEHHOro c1rHana 230
MO YacToTe Y 300POBbIX UCMbITYEMbIX 1 NCU-
XU4eckn 60JbHbIX MaLMEHTOB BbISBUN Cy-
LLleCTBEHHbIe pa3nnyung. No3ToMy Mbl NO-
CYMTanM LenecoobpasHbiM NPUMEHATb
pa3noxeHwue KapyHeHa-J103Ba He KO BCe-
MY 4aCTOTHOMY AMana3oHy curHana 23r,
a K BblAeNeHHbIM C MOMOLLBIO MaTeEMATK -
4YeCckMX PUNbTPOB CTaHAAPTHBIM 4acTOT-
HbIM aunanasoHam (8-, 6-, a-, B,-,
B,-AvanasoHam) nonaras, 4To nepe-
pacnpegeneHme MOLWHOCTU cUrHana 331
MOXeT CMa3aTb HabJofaeMylo KapTuHy.

B Tabnuue 1npvBeaeHbl 3Ha4eHNs BKIa-
[0B nepsbix 5-T1 Mo KapyHeHa-J1o3Ba ons
BCEro 4acTOTHOro AnanasoHa v ans é-, 6-,
o-, B,-, B,- AManasoHoB «OHOBOro» NpPo-
CTPAHCTBEHHO-BPEMEHHOIO c1rHana 330
M cnrHana 230, perucTprupyemoro Bo Bpe-
M1 BbINOMHEHWIO 3a4aHNs «ODpaTHbIN CHeT
B ymMe».

Kak BnaHo 13 Tabnuubl 1, «hOHOBbIN»
NPOCTPaHCTBEHHO-BPEMEHHOM CUrHan 331
30,0POBOrO YeoBeka No CPaBHEHMIO C «(o-
HOBbIM» MPOCTPAHCTBEHHO-BPEMEHHbIM
cnrHanom 33T 6onbHoro (LwmnsodpeHns)
XapaKTepm3yeTcs NpeBanvpyoLLm1M BAKS-
HWem nepBor (OCHOBHOM) MoAbl 1 Gonee
ObICTPbIM yMEHbLUEHMEM BKIAA0OB MO[,
BbICLLMX NOPALKOB. Y 3[,0pPOBOro Yenose-
ka nepsble Tpn Moabl KapyHeHa-J1o3Ba
nokpbiBaloT bonee 83% curHana 33T,
y 6bonbHoro — He bonee 71%. AHanoruy-
Has KapTWHa Habnogaetca v Ans npo-
CTPaHCTBEHHO-BPEMEHHOro cnurHana 230
BO BpeMs «0OpaTHOro c4yeta B yme», HO
Heckofibko bonee cmasaHHas (cm. bosb-
HOM-2 — «CYET B ymMe»).

OTO O3HaYaeT, YTO AMHAMMKA CyMMap-
HOro «(OHOBOrO» MPOCTPAHCTBEHHO-
BPEMEHHOro curHana 33 340poBOro
4yenoseka XxapaKTepmnsyeTca MeHbLLINM KO-
NM4eCTBOM NapaMeTpoB NopsaKa No Cpas-
HEHWIO C ANHAMMKOWN «(HOHOBOrO» NPO-

Ta6n. 1. BenuuuHbl BKIIaJ,0B NepBbIX MO, Al BCEro YaCTOTHOro AnanasoHa
curvana 33l m ansa &, 6-, a-, B-, B,-Anana3oHoB.

KoHTponbHas rpynna

bonbHble wWrsodpeHnen

[unana3oH
Ncnbityembiin-1 Vcnbityembin- 2 BonbHom-1 BonbHon- 2
Amnnutyna

oH cyet oH cyet oH cyer oH cyet
0.68 0.60 0.58 0.58 0.40 0.61 0.47 0.42
0.09 0.11 0.15 0.14 0.16 0.13 0.15 0.16
HatvsHas 331 0.06 0.09 0.10 0.10 0.10 0.05 0.09 0.09
0.04 0.06 0.05 0.06 0.08 0.05 0.06 0.07
0.04 0.05 0.03 0.04 0.07 0.04 0.06 0.06
§-amnnutyna 0.27 0.44 0.33 0.35 0.51 0.75 0.69 0.63
0.51 0.58 0.45 0.39 0.40 0.84 0.59 0.52
0.21 0.18 0.17 0.34 0.30 0.07 0.19 0.25
8 -avanasoH 0.09 0.08 0.13 0.08 0.09 0.05 0.06 0.06
0.07 0.06 0.09 0.07 0.06 0.01 0.04 0.05
0.05 0.04 0.04 0.04 0.04 0.01 0.03 0.04
6-amnnTyaa 0.40 0.31 0.26 0.21 0.42 0.42 0.42 0.41
0.40 0.41 0.45 0.38 0.37 0.51 0.45 0.35
0.19 0.20 0.17 0.19 0.17 0.23 0.14 0.21
6 -AvanasoH 0.16 0.15 0.13 0.15 0.15 0.08 0.13 0.13
0.10 0.10 0.09 0.07 0.08 0.05 0.08 0.08
0.04 0.05 0.04 0.06 0.07 0.04 0.06 0.06

o-aMnanTyaa 0.94 0.75 0.84

0.83 0.60 0.44 0.40 0.42

0.84 0.79 0.76 0.72 0.50 0.37 0.46 0.51
0.07 0.09 0.13 0.15 0.18 0.25 0.13 0.15
0 -AnanasoH 0.04 0.05 | 0.07 0.08 0.11 0.13 0.12 0.10
0.02 0.02 | 0.02 0.02 0.06 0.07 0.08 0.06
0.01 0.02 0.01 0.01 0.04 0.05 0.06 0.04
B, -amnauTysa 0.30 0.28 0.27 0.31 0.35 0.25 0.32 0.33
0.39 042 | 045 0.47 0.37 0.52 0.37 0.39
0.21 0.21 0.17 0.18 0.17 0.14 0.17 0.16
Bl -AnanasoH 0.13 0.1 0.13 0.16 0.12 0.12 0.12 0.13
0.10 0.09 | 0.09 0.09 0.09 0.06 0.09 0.09
0.05 0.04 | 0.04 0.03 0.07 0.05 0.07 0.07
Bz-amnnMTyﬂ.a 0.19 0.22 0.20 0.17 0.25 0.18 0.26 0.27
0.40 0.37 0.39 0.36 0.51 0.36 0.36 0.39
0.17 0.17 0.21 0.20 0.1 0.26 0.17 0.18
B,-Ananasox 0.11 0.11 01 0.12 0.09 0.15 0.14 0.13
0.09 0.07 | 0.09 0.10 0.07 0.06 0.10 0.09
0.05 0.06 | 0.06 0.05 0.05 0.04 0.08 0.08

CTPaHCTBEHHO-BPEMEHHOro c1rHana 330
©onbHoro wrsodpeHuner. Mo-BruaMMomy,
LOMNOJSIHUTENbHbIE NapaMeTpbl NopsaaKa
B curHase 23 wirsodpeHnka BO3HUKaOT
13-3a HaIM4YMA CMOHTAHHbIX BHYTPEHHMX
NaToNOrMHecKX CUHXPOHHbIX BO30YyXae-
HUI TeX NN MHbIX 00NacTe Mo3ra — Moz,
BbiCLLIero nopsiaka. OfHako, Npu BbINOA-
HEHWN 3afaHWA «ODPaTHbIV CHET B yMe»
3TW CMOHTaHHblE BHYTPEHHWE NaTonoru-
Jeckye ovaruv CUHXPOHHbIX BO30YXXAeHW
MOTYT WM YaCTUYHO MOAABAATLCA UMK
MaCKMpPOBaTbCA BO3HMKAIOLWMMUM LONOS-
HUTENBbHBIMW 04araMm CUHXPOHHbIX BO3-
Oy>XaeHWA.

Ha pucyHke 1 nokasaHo pacnpepene-
HWe amMnNnnTyh «OHOBOrO» NPOCTPAH-
CTBEHHO-BPEMEHHOro curHana 230 v cur-
Hana 231 npw BbINOIHEHUW 3afaHUA
«0bpaTHbIN CYeT B yMe» y 3[00POBbIX
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1 6onbHbIX Wrn3odpeHren ans &-, 6-, a-,
B,-. B,- inana3oHosB.

Kak B1aHO 13 pucyHka 1, Hambonee xa-
PaKTepHbIM ABNAETCA a-AMana3oH — OTHO-
cUTENbHasA aMnAUTy4a NPOCTPAHCTBEHHO-
BPEMEHHOro curHana 33 340poBOro
4YefloBeKa B 3TOM [iMana3oHe CyLLeCTBEH-
HO NPEeBbILLAET OTHOCUTENTbHYIO aMMNNTY -
LYy NPOCTPaHCTBEHHO-BPEMEHHOMO CUMHA-
na 23I 6onbHbIX W3ohpeHmeln (Bo BCex
cyyasx OTHOCUTENbHAs aMNANTyaa Npo-
CTPaHCTBEHHO-BPEMEHHOMO CUrHana 330
3[0,0POBOrO NCMbITYEMOrO B (-AMana3oHe
Obina bonblie 80% oOT cpedHEN aMNIUTY -
bl CYMMapHOro NPOCTPaHCTBEHHO-Bpe-
MeHHOro curHana 33, B To BpeMs Kak a4
LWIN30dPeHNKA COOTBETCTBYIOLLASA aMMIN-
TyAa He npeBblwana 60% ot cpegHen am-
NANTYAbI CYMMAPHOMO NPOCTPAHCTBEHHO-
BpeMeHHoro curHana 23r.
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Puc. 1. PacnpepeneHne amnnutyp, curHa-
na 33l no 4acTOTHbIM AMana3oHaM.
CnnowHas NMHNA — KOHTPONbHas rpyn-
na, NyHKTUpHas NNHUSA — NauUueHTbl
LWIN30(pPEHNKN.

Puc. 2. PacnpepeneHne Bknapa nepsbix
MOJ, B CUrHan gns a-guanasoHa. Cnnowu-
Hasi NIMHUSA — KOHTPONbHAasA rpynna, nyH-
KTUPHas IMHUSA — NauueHTbl Wnsodppe-
HUKW.

Puc. 3. PacnpepeneHune Bknaga nepsbix
Mop, B curHan gna 6 - amanasoHa.
CnnowHas NNHUA — KOHTpOJibHaA
rpynna, nyHKTUpHas NMMH1US — nauneH-
Thbl LUM30( PEHUKN.
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Ha prcyHkax 2 1 3 nokasaHo pacnpe-
[eneHve BKaaa nepBbix MOL «(pOHOBO-
ro» NPOCTPaHCTBEHHO-BPEMEHHOIO CUT-
Hana 221 u curHana 331 Bo Bpems
BbIMOJSIHEHWNS 3aiaHUsA «ODOpaTHbIN cyeT
B yMe» N5 300POBbIX M BOMbHbIX LLIN30d-
peHuner COOTBETCTBEHHO ANS o~ 1 8-Ana-
Ma3oHOB.

B o- AranasoHe «poHOBbLINY MPOCTPaH-
CTBEHHO-BPEMEHHOW curHan 331 300po-
BOrO YeflI0BeKa MO CPaBHEHMIO C TaKOBbIM
60nbHOrO WK3othpeHen xapakTepmnsyeT-
Cs NpeBanupyoLWwnM BAUSHUEM NepPBON
(ocHOBHOW) Mokl 1 ABHO Bonee ObICTPbIM
YMeHbLUeHNeM BK1aL0B MOJ BbICLUIMX
nopsaKoB. Tak ABe nepsble Moabl KapyHe-
Ha-J103Ba y 340POBOro UCMbITYEMOrO MO-
KpbiBatoT 0o 90% cymMmapHoro curHana
(npw 3TOoM OCHOBHas Mofa KapyHeHa-Jlo-
3Ba NOKpPbIBAeT He MeHee 76% curHana),
B TO BpeMs Kak y WWn3odpeHnka aBe nep-
Bble MOAbl KapyHeHa-J103Ba NOKpbIBAOT
He bonee 70% curHana (Npw 3TOM OCHOB-
Has Mofa KapyHeHa-J103Ba NokpbiBaeT He
bonee 51% curHana). KaptiHa B Lenom
Takas Xe, Kak 1 Npu NCCnefoBaHnK Npo-
CTPaHCTBEHHO-BPEMEHHOro c1rHana 230
BO BCEM 4aCTOTHOM [iMana3oHe, HO ropas-
o bonee yeTkasi — 4TO rOBOPUT O Hanu-
41N B JAHHOM CUTyaumm y B6ONbHbIX WK-
30 peHren NaTonorn4ecknx o4aros
CUHXPOHHbIX BO3DYXAEHNI TEX U UHbIX
obnacten Mo3ra akTUBHbIX UMEHHO Ha Ya-
CTOTax B o- AAMana3oHe.

Bo Bpemsi «obpaTHOro cyeta B yme»
B - AManNa3oHe NpoCTPaHCTBEHHO-Bpe-
MEHHOW curHan 331 340POBOro YesioBeka
MO CPaBHEHWMIO C TAKOBbIM Y LLIM30MPEHVIKA
TaKXXe XapakTepu3yeTcs NpeBanmpyowm
BAMAHMEM nepBon (OCHOBHOM) MOfbI
1 Bonee ObICTPbIM YMEHbLIEHMEM BKa-
[10B MO, BbICLUVX NMOPSAKOB (3aMETUM, HTO
npw NCCNefoBaHUM CUrHana 231 BO BCeEM
4aCTOTHOM AMana3oHe 3Ta KapTVHa OKasa-
nacb CMasaHHown). Tak, fBe nepBble MOfpbl
KapyHeHa-J103Ba [nd 340pOBOroO HenoBeka
NOKpPbIBaOT A0 87% CyMMapHOro C1rHana
(npv 3ToM ocHoBHas Mofa KapyHeHa-J103-
Ba MOKPbIBAET He MeHee 72% cu1rHana), B To
BpemMs KakK y LWKn30dpeHnka aBe nepsble
Mofbl KapyHeHa-J103Ba nokpbiBatoT He 60-
nee70% curHana (Npv 3ToM OCHOBHas MOfa
KapyHeHa-J103Ba nokpbiBaet He bonee 51%
cWrHana). 1o roBOpUT O HaNUYMK Y NCK-
Xnyecku 60bHbIX NIoAen NaToNormyeckmnx
04aroB CUHXPOHHbIX BO3OY>AeHW obnac-
Ten MO3ra akTUBHbIX Ha 4aCToTax B a-Ama-
na3oHe W Npu BbINOIHEHWN 3aaHNs «00-
PaTHOrO CYeTa B yMe».

B Tabnuue 2 nokasaHbl COCTaBnsioLME
nepso (ocHoBHOM) Mokl KapyHeHa-J1o-
3Ba A4N19 a- AMana3oHa NPOCTPaHCTBEHHO-
BPEeMEHHOro cMrHana 331 BO Bpems peru-
cTpaunm hoHoBOM D3I N BbINOAHEHUS
3a4aHusA «0bPaTHbLIN CHET B yMe» A5 34,0-
POBBIX UCMbBITYEMbIX 1 BOMBHbIX WKN30-
PppeHnen.

Tabn. 2. CoctaBnsiowme Nepeovi Moabl A4S o- Aana3oHa.

KoHTponbHas rpynna BonbHble wrsodpeHven

KaHan Ncnbityembin-1 Wcnbityembin-2 BonbHom-1 bonbHom-2
oH cyet doH cyet oH cyer oH cyet

Fp1 0.19 0.19 0.19 0.19 0.18 0.16 0.26 0.36
Fpz 0.20 0.20 0.21 0.20 0.20 0.18 0.26 0.15
Fp2 0.19 0.20 0.20 0.20 0.20 0.20 0.34 0.44

F7 0.19 0.19 0.16 0.15 0.16 0.12 0.06 omn
F3 0.20 0.19 0.20 0.19 0.25 0.21 0.20 0.21
Fz 0.19 0.19 0.22 0.21 0.21 0.20 0.21 0.19
F4 0.17 0.17 0.17 0.17 0.22 0.20 0.19 0.18

F8 0.16 0.17 0.14 0.13 0.16 0.14 0.13 omn
T3 0.03 0.03 0.00 0.01 0.04 0.05 0.00 0.00
a 0.10 0.09 0.06 0.07 -0.01 -0.00 -0.03 0.04
Cz 0.13 0.12 0.15 0.15 0.04 0.13 0.05 0.18
c4 0.07 0.08 0.09 0.10 -0.02 0.15 0.06 0.07
T4 0.05 0.06 0.04 0.04 0.06 0.09 0.03 0.02
T5 -0m -0.10 -0.19 -0.18 -0.26 -0.16 -0.18 -0.27
P3 -0.26 -0.25 | -0.22 | -0.18 -0.39 -0.42 -0.34 -0.36
Pz -0.16 -0.15 -0.07 -0.06 -0.22 -0.27 -0.25 -0m
P4 -0.34 -0.33 | -0.22 -0.20 -0.32 -0.38 -0.37 -0.20
T6 -0.20 -0.18 -0.22 -0.23 -0.15 -0.20 -0.20 -0.15
O1 -0.31 -0.31 -0.45 -0.47 -0.30 -0.27 -0.26 -0.29
Oz -0.32 -0.33 | -0.27 -0.29 -0.28 -0.27 -0.26 -0.24
02 -0.43 -0.44 | -0.1 -043 | -0.23 -0.22 -0.24 -0.21
ECG 0.00 -0.01 0.00 0.00 0.03 0.01 0.05 0.02

13 Tabnuupl 2 cnepyeT, 4To XxapakTep-
HbIMKW aBnaOTCA KaHanbl C3, P3 n O2.
Ha kaHanax C3 n O2 amnautyga nepsom
MoZbl KapyHeHa-J103Ba Ans 300pOBOro Ye-
noBeKa OLyTMMO Bbille, YeM ans 60osb-
HOro, B TO BpeMs Kak Ha KaHane P3 cutya-
LuMa NpoTMBoONonoxHaa. Ha kanane Cz
amMnaunTyda nepson Moabl KapyHeHa-J103-
Ba (POHOBOTO CMrHaa y 300pOBOro Yeno-
BeKa BbilLe, 4eM POHOBOrO cMrHana y 6orb-
HOro, B TO BpeMs KakK Npu BbINOSIHEHWM
3a4aHUs «0BPATHBIN CHET B yME» 3TV amrl-
NNTYIbl ypaBHMBAOTCA. JTIOOOMBITHO, YTO
SBHbIX PA3NIN4MI B aMNIUTYAaX COCTaBAsA-
lOLLMX BTOpOW (1 Gonee BbICOKMX) MOAbI
KapyHeHa-J103Ba Ansi 30p0OBOro 1 6onb-
HOro 4yenoBeKka HeT — 3TW MOAbI ANA pas3-
HbIX Mo4en MOryT OLLYTUMO OTNMYaTbLCS
opyr ot apyra. BuanMmo, 31o cBA3aHo cTemM
0b6CTOSATENILCTBOM, YTO BbiCIMe Moabl Ka-
pyHeHa-J103Ba AN 300pOBOr0 HYenoseka B
o- IXaNa3oHe He ABSAITCSH 3HAYUMbIMU —
NX BKNag HEBENUK, a y BONbHOro WKn30-
ppeHner 3TM MoAbl CBA3aHbl C HANINYMEM
NaTonorn4yecknx 04aroB CUHXPOHHbIX BO3-
OyxaeHW obnactenm Mo3ra akTUBHbIX
Ha YacToTaxa- AMana3oHa v, NOTOMy pas-
HbIX AN Pa3HbIX JIOAEN U MEHSIOLLMXCS
B 3aBMCMMOCTU OT OOCTOSATENbCTB.

M3 Tabnuubl 1 BUAHO, YTO BTOPbLIMU
XapakTepHbIMU ABNSAIOTCA J- U 6-Anana-
30Hbl — OTHOCUTENIbHAsA aMMANTYAa Npo-
CTPaHCTBEHHO-BPEMEHHOIro curHana 2301
3[10POBOrO YeI0OBEKA B 3TUX AMana3oHax
(B OTNMYME OT -AMana3oHa) okasbiBaeT-
csi MeHblue (0cobeHHo B §-AManasoHe) oT-
HOCUTENIbHOW aMMAUTYAbl NPOCTPAHCTBEH-
HO-BpPEMEeHHOro curHana 33 BoNbHbIX

KnunHuyeckas nHpopmatnka n TenemegmumHa 1/2005

wmnsodpeHnen. IMeHHO 13-3a MoBbILLEH-
HOW aMMAUTY bl B 3TUX AMana3oHax npo-
CTPaHCTBEHHO-BPEMEHHOrO curHana 330y
6onbHbIX Wn30odhpeHmen (cM. BonbHoM-2
— «obpaTHbIA c4eT B yme»)
1 CMa3blBaeTCcsA KapTuHa, noy4aemMas npu
aHanumse NPoOCTPaHCTBEHHO-BPEMEHHOTO
curHana 231 BO BCeM BpeMeHHOM Aurana-
30He.

WHTepecHo, 4To B §-Amana3oHe Habmio-
[aeTcs yBelIM4eHHoe BNNAHME BbICLLINX
mopa (3—5) KapyHeHa-J103Ba y 3[10pOBbIX
Nofen, B TO BpeMs Kak nepsble Moabl Ka-
pyHeHa-J103Ba TakoM 3aKOHOMEPHOCTU He
obHapyxXmBaioT. BuamMMo, 310 CBA3aHO
c Gonee CNOXHbBIM AMHAMUYECKMM XapaK-
TepoM yHKLMOHVMPOBAHMA MO3ra 34,0P0-
BOro YefloBeka B 8-[1ManasoHe, B TO Bpems
KaK y 6onbHbIX AMHAaMUKa MO3ra BS-fmna-
na3oHe onpefenseTcs B OCHOBHOM BO3HVIK-
HOBEHMEeM 04aroB MaToNorM4eckom akTns-
HOCTV MO3ra.

BoiBOopbI

MoaBoas UTOr, MOXHO CAenaTh 3akito-
YyeHue, YTO aHanu3 BeNNYUH OTHOCUTESb -
HbIX aMMNANTYA NPOCTPAHCTBEHHO-BPEMEH-
HOro crrHana 331 B pa3fMyHbIX YaCTOTHbIX
Onana3soHax (Hanbosnee BaXXHbIMU B 5TOM
CMbICTe SBNSAOTCS 8- U 6- U o- Ananaso-
Hbl), @ Tak>Xe aHanM3 OCHOBHbIX Mof, Ka-
pyHeHa-J103Ba NPOCTPaHCTBEHHO-BPEMEH-



Horo curHana 230, NpoBeAEeHHbIN MO 3TUM
4aCTOTHbIM AMana3oHaM (Hanbonee Bax-
HbIM SBJIRETCAO-AMANa30H) MO3BOJAET Mo-
NYYUTb AONOSNHUTENBHYIO, CYLLLECTBEHHYIO
MHbopMaLMio 0 xapaktepe HOpPMUPOBaA-
HUA MPOCTPAHCTBEHHbIX MNaTTepHOB 231
M YacToTax Ux nossnexus. MNo-s1anMomy,
3Ta CPaBHUTENbHO NPOCTas Npoueaypa,
B KOTOPOW 3a[eNCTBOBaHbl BCe KaHasbl
I3[, MOXET C yCrnexoM MCrosb30BaTbCsA 414
npenBapuTeNIbHOM ANArHOCTUKM NaToNOo-
MMYecKMX COCTORHUI Mo3ra. bonee rny6o-
Kas AMarHocTVKa, ecTeCTBEHHO, Mpeano-
naraeT AeTanbHbl aHaNM3 pasnuynm
B CTpoeHun Mo KapyHeHa-J103Ba 1 1x au-
HaMWKM B 300POBOM 1 6ONIbHOM MO3re.
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Application of Karunen-Loev
expansion for the analysis
spatially — temporal EEG
structures of the healthy and
the sick brain
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Abstract

Some aspects of application of Karu-
nen-Loev expansion for the analysis of
existential EEG signals in a condition of
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quiet wakefulness and during mental test
(the inverse account in mind) at healthy
examinees and at patients with schizo-
phrenia are considered. The possibility
of preliminary diagnostics of a patholo-
gical mental condition of patients by
results of Karunen-Loev expansion in
beforehand chosen EEG frequency ranges
are shown.

Key words: qEEG methods, nonlinear
EEG analysis, Karunen-Loev expansion,
computer EEG analysis at healthy and
sick of schizophrenia, qEEG system
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3acTocyBaHHSA po3KnagaHHsA
KapyHeHa-JloeBa

Ans aHanisy
NPOCTOPOBO-TUMYACOBUX
cTpykTyp EET 3p0poBoro

i XBOPOro Mo3Ky
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'XapkiBcbka mMenuyHa akagemis
nicnsaunnomMHoi ocsitn MO3 YkpaiHu
2IHCTUTYT OXOPOHW 310pOB'S AiTev
i mignitkis AMH YkpaiHv, Xapkis
3IHCTUTYT MeauyHoI iHopmMaTKu
i TenemenuUmMHY, Xapkis
4Di3nKO-TEXHIYHNI IHCTUTYT HU3BKUX
Temnepatyp HAH Ykpainu, Xapkis
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Po3rnanyTo peski acmekTu 3aCToCyBaH-
HA po3knagatHa Kapyxena-JloeBa ans
aHanisy mpocTopoBO-TUMYACOBUX CUT-
Hanis EET' y cTaHi cniokiiiHoro munbHyBaH-
HA i mij yac MeHTanbHOTO HaBaHTAXEHHA
(3BOpOTHMIL paxyHOK ¥ po3yMi) y 310po-
BUX BUMPOOYBAHUX i B XBOPUX Ha LIN30-
bpenit. [Tokazano MoxnueicTs morme-
penHboi fiarHOCTUKU maTonorivyHoro
MICUXIYHOTO CTAaHY MalieHTiB 3a pe3ynbra-
TaMu posknapanHa Kapyxena-Jloesa
B ITOTePEAHbO BULIIEHUX YACTOTHUX Aia-
nma3oHax EET.
Knwuosi cnosa: meroaun KEEL, He-
niniinun ananis EET, posknapatua Kapy-
HeHa-JloeBa, koM toTepHuit ananis EET y
370pOBUX 1 XBOPUX Ha mmn3odpeHito, cuc-
TeMa KEET NeuroResearcher,’'2003.
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