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1. BBenenne

CoBpeMeHHas HEHPOIMHAMUKA SIBJISIETCS OOIIMPHBIM MEX-
JUCHUTUIMHAPHBIM Pa3/JeJIOM €CTeCTBO3HAHMS, TECHO CBs-
3aHHBIM C HEWpO(DU3UOIOTHENR, B KOTOPOM ISl TIOJTYUCHUS
(yHIaMEHTAbHBIX 3HAHUM O MPHHOUIAX W MeXaHH3Max
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(byHKIIMOHUPOBAaHMSI HEPBHOW CUCTEMBI TpedyeTcs 0Obeau-
HEHHE YCWJIMH CHEIUAIICTOB B O0JACTH XUMHHU, ONOJIOTHH,
(U3UKK, MaTEeMaTUKW, HEJIMHEHHOW Teopuu KoJieOaHUH u
BoJsiH [1—3]. IIporpecc, TOCTUTHYTHIA K HACTOSILEMY Bpe-
MEHU B MOHUMAaHUH MOJICKYJISIPHBIX M MOHHBIX MEXaHU3MOB,
JIeXKAIIMX B OCHOBE aKTUBHOCTH OTJICJIbHBIX HEHPOHOB [4],
€o3/1aJ1 HeOOXOIUMBIN Oa3uC IS MOCIIEYIOIIEro UCCIIEI0-
BaHUs TAKUX HCKOHHO (PM3UYECKUX TPOOIIEM, KaK, HAIPUMED,
BEISICHEHHE (DYHKITMOHAJILHBIX CBOWCTB M IPUHIIUTIOB TeHepa-
UK HelpOHAMU HHPOPMAIIMOHHOT O KOa, IPEACTABIICHUS U
00paboTku ceHCOpHOU wWH(OpMAaNUU B LEHTPAJIbHOU
HepBHoi cucreme (IIHC) m T.n1. OmHOW U3 OCHOBHBIX
¢ynaxmii [THC sBisiercst motyueHue u o6paboTka BHEITHEH
nHbopManuu. 3pUTeNbHbIe, AKYCTHYECKUE, TAKTHIbHbIE U
BKYCOBBIE CTHUMYJIBI MIPEOOPaA3YIOTCSI COOTBETCTBYIOIIIMMU
pelenTopamMu B MOCJICAOBATEIBHOCTH JJICKTPHYECKUX M-
MyJbCOB. JlaHHBIE HEPBHBIC MMITYJIBCHI OT PEIENTOPHBIX
KJIETOK mepeaarorcs mno addepeHTHBIM HEPBHBIM BOJOKHAM
K "nepBuYHOYYBCTBYIOLIMM" HEMPOHAM, KOTOPHIE OCYLIECT-
BJISIFOT TMEPBUYHYIO 00pabOTKy CeHCOPHOM nHpopmanmu [5—
8]. dasee ceHcopHast HHGOPMAIIHS, IPEK/IE YeM JOCTUTHYTh
KOPBI TOJIOBHOT'O MO3ra, rae hopmupyercs o0pa3 BHEIIHETO
MHpPa, TPOXOAUT Yepe3 HECKOJIbKO MEePeKJIIoYaTesbHbIX
3BEHBEB (CTBOJIOBBIE M TaJIAMUYECKHE SiApa), KOTOpbIE
MOTYT MpeoOpa3oBaTh M YCIOXHUTh WH(DOPMAIMOHHBIN
xox [9, 10]. I xaxIoro IMOCJeAyIOIEero dTamna mnepeaadn
“HPOPMAIMH CIIOKHOCTH H3YUYCHHSI COOTBETCTBYIOIIHUX MPO-
LIECCOB CYLIECTBEHHO yBEJIMYMBaeTCcs. Bonpoc o ToM, Kakum
00pa3oM COBOKYITHOCTb HEPBHBIX UMIYJILCOB (MMOTEHIUATIOB
NeWCTBHS, WU CIAHKOB), TEHEPUPYEMBIX OTACIbHBIMHU
HEHpOHAMHU, OTpPaXaeT BCIO CIOXHOCTb H pa3zHOOOpasme
OKPYXAIOIIero Mupa, Mo Ceil JeHb OCTAEéTCs OJHUM U3
aKTYaJbHEHIINX JIJI €CTECTBO3HAHMS.

3a mocnenHue AECATUICTUS OB JOCTUTHYT CYIIECTBEH-
HBI{ MpOrpecc B Pa3BUTHH IKCIEPHUMEHTAIBHBIX METOJIOB
HCCIIEIOBAHUT, MO3BOJISFOIINAX OCYIIECTBIISITH PETHCTPAIIIO
MPOIIECCOB TeHEpAIMd M PACIPOCTPAHEHHs] CUTHAJIOB Ha
pa3HBIX 3Tamax — OT PEIEHTOPOB 0 KOPBI T'OJIOBHOTO
Mo3ra. He TepsitoT cBoell akTyaJbHOCTU M HEMHBA3UBHbIC
METO/Ibl, OCHOBAHHBIEC HA PETHCTPALMM U aHAJIHN3E CyMMap-
HOHN 3JIEKTPUYECKOW AKTUBHOCTH MO3Td, TaKM€ KaK 3JIEKT-
posutedanorpadus, umm 3T, mocpeICTBOM 3JIEKTPOIOB,
pPa3MeIEHHBIX Ha KOXe TOJIOBBL. DI yacTo mpumeHsieTcst B
ucciaeoBaHUsIX (YHKUUI TOJOBHOIO MO3ra YesloBeKa U
*uBOTHBIX [11, 12]. Takxke CymecTBYIOT MHBA3HBHBIC Me-
TOJBI, WUCIOJB3YIOLINE BXUBIEHHBIE JJIEKTPOABI, KOTOPBIE
JTAaFOT BO3MOXKHOCTD MOJIyYHTh OoJiee MeTaabHyro nHpopma-
U0 00 JJIEKTPUYECKON AKTUBHOCTH MAJIbIX MOIYJISIIAN
HEWPOHOB KOPBI TOJOBHOTO MO3Ta M MOJKOPKOBBIX CTPYK-
Typ. B mocnennee BpemMsi Bc€ uvallle TPUMEHSIETCS METON
marauTosHnedpanorpapun (M), KOTOpBIH XapakTepH-
3yeTcst 60Jiee BRICOKAM Ka4eCTBOM CHUTHAJIA, OTPAKAIOIIETO
aKTUBHOCTB T'OJIOBHOTO Mo3Ta [13].

Hapsity ¢ TEXHHYECKHM MPOTPECCOM B 3KCIIEPUMEHTAITb-
HBIX HCCIICIOBAHUAX OOpainaeT Ha ceOsi BHUMaHHUE OTCYT-
CTBUE COIJIACOBAHHOCTH C MAaTEMAaTHYECKUM AamlapaToM,
MPUMEHSEMBIM B HEHPO(DU3NOIOTHYECKUX HCCIECTOBAHMSIX.
IMonmasusiroree OOJIBIIMHCTBO IKCIIEPUMEHTAIBHBIX paboT B
9TO 00JIaCTH OrpaHHYMBACTCS BeCbMa Y3KMM HaOOpoMm
CTATUCTUYECKUX METOJIOB aHAIM3a MOJIYUYCHHBIX TaHHBIX —
pacuéToMm cpeHel YacTOThI CHailkoB, HOCTPOECHUEM PaA3JINY-
HBIX KOPPEJISIMOHHBIX XapakKTEePUCTUK, HYHKINA pacnpene-
JieHus u T.1. HUCKOJBKO He yMaJtsisi BAXKHOCTU CTATUCTHYE-
CKUX METOJ/IOB, TPUMEHSIEMBIX B OMOJIOTHIECKHUX UCCIIEIOBA-

HUSIX, OTMETHUM, YTO 3a4acCTYI0O OHHU CIOCOOHBI BBISIBUTH
JIMIIb He3HAYUTENbHYIO YacTh UH(GOPMAIMH O CTOJIb CJIOXK-
HBIX OOBEKTax, 3alIU(pPOBAHHON B IKCIEPUMEHTAIBLHBIX
JMAHHBIX. DTO MOXHO HATJISAHO TMPOWLIIOCTPUPOBATH HA
IIpUMepe U3y4YeHUsl OTKJIMKA CEHCOPHOTO HeWpOHa Ha MepHo-
JINYECKYIO CTUMYJIAIIEO. ECITM OBl OTKJIMKY HelfipoHa Ha OJTHO
U TO >KE€ BHEIIHee BO3JeicTBHE (HampuMep, KOPOTKUI
9JIEKTPUYECKUI MMITYJIbC) ObUIM MACHTHYHLIMHU, TO HEPHO-
JIMYeCKasi CTUMYJISIS CepUell HMITYJIbCOB MIPUBOAUIIA OBl K
MIEPHOINIECKON TIOCJIEJOBATEILHOCTU CIANHKOB, TeHEPUpYE-
MBIX HeWpoHOM (Hampumep, 2 wmwin 3 chnaiika/CTUMYN).
O[HAKO B 9KCHEPUMEHTAJIbHBIX UCCJAEIOBAHUSAX MBI 3ayac-
TYIO UMEEM [IEJIO C U3MEHSIIOIIENCS] BO BpEMEHU JUHAMUKOU
OTKJIKA HEWpOHA Ha CTUMYJIALUIO, YTO CBSI3aHO, B YACTHO-
CTH, C aJanTanyeil K BHEIIHNM BO3JICHCTBUSIM, BbI3BAHHOM
KaKk BHYTPEHHUMH XapaKTEePUCTUKAMH WHIUBHUIYaTbHON
KJIETKH, TaK ¥ TJI00aJIbHOW NMHAMUKOW HEHPOHHOU CeTH B
nejioM [14, 15]. M3BecTHO TakXe, YTO HAYMHASI C KAKOTO-TO
MOMEHTa HEHPOH MOXET Jake MepecTaTbh pearupoBaTh Ha
ouepeHON cTUMYJ. PucyHok | wmmmocTpupyer mnpumep
aJTaNITUBHOW peakiuy HeWMpoHa TPOWHUYHOTO KOMILJIEKCA B
OTBET Ha MEPUOAMIECKYIO CTHUMYJISINIO. AKTUBHOCTh HEl-
pOHA SIBJISETCSI MAKCUMAJILHOM B CAMOM HavaJie CTUMYJISIIIAN
(27 cnaiikoB/c), B MepBble HECKOJILKO CEKYHJ CPEIHSIS dac-
TOTa Pe3KO YMeHbIlaeTcsl nmpuMepHo 10 10 cmaiikoB/c, U B
JaJIbHEWIeM HaOIIoAat0TCs KOJIeOAHNSI AKTUBHOCTHU C MeJI-
JICHHBIM OTpHUIATENbHBIM Jpeiipom. C OIHOW CTOPOHHI,
moJo0HasT peakius XUBOW CHUCTEMBbI KpalHE OCJIOXHSET
pellleHre 3aJa4  ONpeAesieHUus] XapaKTepHBIX IIA0JIOHOB
HEHPOHHOW aKTUBHOCTH, KOTOPBIE MOXHO OBbLIO OBbI acco-
OUIPOBATH C KAKIMHU-TO OcoOeHHOoCTsiMU ctuMyia. C apy-
TOW CTOPOHBI, CTAHOBUTCSl OYEBUIHBIM, YTO IS MCCIIENO-
BaHHS MPOIECCOB OOPAOOTKM CEHCOPHOU MHPOpPMAIHHU Iie-
JIecooOpa3HO HE OIPAHUYUBATHCS TOJBKO IPOCTHIMU CTATH-
CTUYECKUMHU XapPaKTEPUCTUKAMU, a TOMOJHUTEIBHO MpUMe-
HATH CIEIHUAJBHBIN anmapaT METOJMOB, JIyUIlle MPHUCIOCO0-
JICHHBIX JJIs paciinpoBKH HHPOPMAIIUHU, CoAepIKaIleiics B
mporeccax ¢ MEHSIOIAMHUCS BO BPEMEHH XapaKTePUCTH-
kamu. OJHEM U3 TaKUX METOJOB SIBJISIETCS BeilBJIeT-aHAIN3
[16—19], u yxe nepBble MOMBITKU €r0 MPUMEHEHUS B HEWPO-
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Puc. 1. IIpumep agantanuu akKTUBHOCTH HEWpPOHA TPOWHUYHOTO KOM-
IJIEKCA KPBIChI, OTBEYAOIIIErO 32 BOCIPUATHE TAKTUIBHON HHPOPMAIK
OT BUOpHCC, B OTBET HA JIUTEIbHYIO MEPUOTUYECKYIO MEXAHUYECKYIO
CTUMYJISIIIMIO OJTHOTO M3 YCOB C MOMOIIBEO HAIPABICHHBIX KOPOTKHX
(50 mc) BO3myHIHBIX MMIYJILCOB. CBEpXy BHHU3 IIOKA3aHbI: MOMEHTBI
Havyajla ¥ OKOHYAHMS CTHUMYJISIUU HEPUOIMYECKON IOCIIeI0BATENb-
HOCTBIO UMIIYJIBCOB; IIOCJIEIOBATEJILHOCTD CIIAMKOB, TEHEPUPYEMBIX He-
WPOHOM; IMHAMMKA CPEJIHEI 4acTOThI CAKOB (YCpeAHEHHUE IO JBUXKY-
eMycst OKHY JUTUTEIbHOCTHIO 500 Mc).
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(usmnonornueckux ucciaenopanusx [20—24] HarjisigHO Tpo-
JIEMOHCTPUPOBAIIH OOJIBIION MOTEHIINA BEMBIIETOB B U3YUe-
HUY TUHAMUKA HEHPOHHBIX CUCTEM.

Tepmunosiorusi BeitBiaeToB (OT aHrj. wavelet, 4To B
JIOCJIOBHOM HEpeBoe o3HauaeT "Masenpkas BosmHa'") chop-
mupoBasiack B 80-x rogax XX Beka [16, 25]. [TepBoHayasibHO
JIAHHBI MaTEMATUYECKUN anmapat ObLI MPE/JIOKEH B Kaye-
CTBE AJbTEPHATUBBI KJIACCHYECKOMY CHEKTPATIHLHOMY aHa-
JIn3y, OCHOBaHHOMY Ha npeobpa3zoBannu Pypre. BozHukHO-
BEHHE TCOPHUM BEIHBJIETOB CUMTACTCS OJHUM U3 BAXKHEHUIIIHX
CcOOBITHII B MaTeMaTUKe 3a TMOCJCIHUC ECITHICTHS, MO-
CKOJIbKY 3TO, MOXaJIyid, €TUHCTBEHHAS] HOBAsl MaTeMaTHye-
CKasi KOHLETIHS, KOTOPasi Cpas3y ke MOCIie CBOETO MOSIBICHUS
cTaJla BOCHPHHAMATHCS B KQUe€CTBE MHCTPYMEHTA MPUKIAI-
HBIX HCCJIC[IOBAHUN TPAKTHYECKH BO BCEX €CTECTBEHHBIX
Haykax (4, Ipexae Bcero, B (pM3MKE) U MHOTUX OOJIACTSIX
TexHuku [26—34]. CregyeT OTMETUTh, YTO U CAMO BO3HH-
KHOBEHHE TEOpUH BEWBJIETOB HE SBJSIJIOCH BHE3AIHBIM
COOBITHEM U OBLIO CBSI3AHO C PeaibHBIMH MOTPEOHOCTSIMU
IKCIIEPUMEHTAJIBHBIX HcciieoBaHmid. CeroHs BelBIIeT-aHa-
JI3 B 3HAYUTEILHOW CTENEeHU MPEACTABISIET COOOM CHHTE3
MHOTHX CYyIIECTBOBABLIMX paHee uaeid u mertonoB. Tax,
OBICTpBIE AJTOPUTMBI BEUBJIET-IPEOOPA3OBAHUS HCIOJIb-
3YIOT U3BECTHYIO B PAJMOTEXHHKE HJICOJIOTHIO CYOIOJIOC-
Horo koaupoBanus [35]. Uacth mieit Oblia 3aMMCTBOBaHA
3 Qu3nKK (KOTepeHTHBIE COCTOSIHMS [36] U 1Ip.) U MaTeMa-
THKH (HanmpuMep, HW3YYCHHWE HHTETrPaJbHBIX ONEepaTopoOB
3urmynna — Kansaepona [37]).

B nacrosiee BpeMsi BEHBIETHI IIIMPOKO HCIOJIL3YIOTCS
IUISL pEelIeHus 3a/1ay aHaJIn3a U CHHTEe3a Pa3JIMYHBIX CHTHA-
JIOB, ISt 00pabOTKU M300pakeHU, IS CKATHS OOJIBIITNX
00bEMOB mHbopMau U UUPPOBON GMIbTpaNMU, IS
pacrno3HaBaHusi 00Pa30B, MPU U3YYCHUM CUILHO Pa3BUTON
TYpOYJICHTHOCTH, TPU PEIICHUU HEKOTOPBIX AU(PepeHIH-
AJIbHBIX ypaBHEHHUU. DTOT CHUCOK, KOHEYHO, MOXHO eIé
JoJro npojoyikath [38—47]. B wactHocTH, TpUMEpHI IPH-
MCHEHHS BEMBJIET-aHAIM3a B COBPEMEHHOW (DM3UKE SIBJISI-
FOTCSl BEChMa MHOTOYHUCJICHHBIMU: aKTHBHAS W TAaCCHBHAS
paauoJiokanus, paguoMeTpus, pagroJOKallMOHHbIE TEXHU-
YeCKHe CPEICTBA OXPAHBI, CHCTEMBI CBSI3M, KOCMOJOTHS,
AKyCTHKAa, TUHAMUKA XHUIKOCTEH, HCCIIEAOBAHUS CTPYKTYPhI
TypOyJICHTHOCTH, (PU3HMKA TBEPAOTO TeJla, H3YUSHHE MPOIIEC-
COB MHOECTBEHHOTO POXKJICHHS YaCTHII, aHAJIN3 W JUArHO-
cTUKa 0Opa3oBaHMs CTPYKTYP, XAaOTUYECKash CHHXPOHHU3A-
s, reopu3nyecKkue 3agaud, ceiicmosorus u T.4. [26, 32—
34, 36, 48 — 60]. UuTepec Kk HOBOMY HaIllpaBJICHUIO ObLI OYCHB
OOJIBIIMM HEMOCPEICTBEHHO C MOMEHTA €ro MOSBJICHUSI.
CorylacHO U3BECTHBIM HcclieoBaHUsIM [28], HaumHas c
1990-X IT. KOJIMYECTBO HAYYHBIX PAOOT MO U3YIECHUFO (PH3UYe-
CKHX SIBJICHUM C MOMOIIBIO BEUBJIETOB MOCTOSIHHO PAaCTET.
Yucno ccblIOK HAa UCTOYHUKYU B ceTU VIHTEpHET, B KOTOPBIX
YIOMMHAETCS TEPMUH "BeliBIIeT", yKE JOCTUIIIO HECKOJILKUX
MIUUTHOHOB. OCHOBHON 00JIACTbIO TPUMEHEHHS TaHHOTO
MaTeMAaTHYECKOrO amnmnapaTta B €CTECTBO3HAHUU SIBJISCTCS
00paboTka HeCTAIIMOHAPHBIX BO BPEMEHH UJIM HEOTHOPO/-
HBIX B TNPOCTPAHCTBE CJIOXHBIX HEJIMHEHHBIX MPOIECCOB.
NmenHo mostomMy BeHBIET-aHAIN3 MPEACTABISET 3HAYH-
TeJIbHBIA HHTEPEC MPH UCCICTOBAHUM CTPYKTYpPbI CHTHATIOB
JKHUBBIX CUCTEM, Bellb OOJLITMHCTBO KJIACCHYECKIX METOJI0B
UPPoBOH 0OPaOOTKU MAHHBIX MPUMEHHUMBI JIMIIb K MPO-
HeccaM C MOCTOSIHHBIMU BO BPEMEHH (WJIM IPOCTPAHCTBE)
xapaktepuctukamu. Ho, HecMoTpsi Ha TO 4TO BeHBIET-
AQHAJM3 JAaBHO CTajl BOCHPUHUMATHCS KakK CTaHAAPTHBIA
WHCTPYMEHT UCCJIEIOBAHMS CJIOKHBIX MPOIECCOB U JOCTUT-

l*

HYTBIC YCIIEXH YX€ JAIOT OCHOBAaHHE JJIsl ONTHUMHU3MA, €ro
AKTUBHOE UCIIOJIb30BaHKE B OMOJIOTHH 1 MEAULIMHE, 110 CYTH,
TOJIbKO HaunmHaeTcs. [103TomMy 0030p mpUMEHEHU BeliBJie-
TOB B HEWpPOJAMHAMUKE TPEACTABIISIETCS YPE3BBIYAIHO BaX-
HbIM M aKTyaJbHbIM [UJIS CHCTEMAaTH3allUU Pa3JIUYHbIX
MEXIUCIUTTIMHAPHBIX MOJIX0/IOB M PE3YJIbTATOB UCCIIEIOBA-
HUI B 3TOM HaIlpaBJICHUH.

He BpmaBasic B AeTajMm MaTeMaTHYEeCKOTO ammapara
BeliBJIeT-aHAN3a, KOTOPBIE OBLIM M3JI0XKEHBI paHee B IBYX
ucuepnbiBaromux pabdorax [32, 33], B maHHOM 0030pe MBI
AKIEHTHPYEM BHUMAHUE HA HOBBIX BOBMOXHOCTSIX, KOTOPBIE
OH IIPeIOCTaBJISIeT NpHU paciuudpoBke HHGoOpManu, coaep-
JKalllelcsl B CUTHaJIaX HEMpOHOB U HEMPOCETEBOIl aKTUBHO-
ctu. O030p MMeeT CIEAYyIOIIYI0 CTPYKTYpy. B pasmerne 3
PaccMOTPEHO MPHUMEHEHUE BEHBIIETOB IS AaHAIH3a MUKPO-
CKOIMYECKO TUHAMUKHU (YPOBEHb OT/EIbHBIX KJIETOK WJIU
BHYTPUKJIETOYHBIX TIporieccoB). B paszmene 4 oOCyX aeHBI
Npo0JIeMbl aHaIM3a UHPOPMAIIMH, COJICPIKAIICHCS B CUTHA-
JIaxX 3JIEKTPUYECKOW aKTUBHOCTH MaJIbIX HEMPOHHBIX aHCAM-
Osteii. B pasmene 5 ommcaHo McnoJib30BaHNE BEUBIETOB ISl
aHaJm3a ek TposHnedanorpamm. Martepuan aToro o63opa
0a3upyeTcst B IEPBYIO OUYepeb HA pe3yIbTaTax UCCIEHOBa-
HUH, TPOBOJMBIIMXCS aBTOPAMH B TEYEHHE HECKOJIbKUX
MOCJIETHUX JIET B TECHOM COTPYAHHYECTBE CO CHELHUAIIH-
cramMu-HelipopusmnosioramMu. B 1ejgoM paccMOTpEeHHbBIE B
CTaThe METO/bI, Oasupyrollyecs Ha BeHBJeT-aHATN3e, U
OCHOBAHHBIE Ha HUX (DU3UOJIOTHUYECKHEe UHTEPIPETAINN SIB-
JISFOTCSl yJIaYHBIMU NPUMEpPaMU PUMEHEHUs B HEHPOAMHA-
MHKE U HEMpOo(pHU3UOIOTUH COBPEMEHHBIX METOIOB aHAIN3A
U IMATHOCTHKH JTAHHBIX, Pa3BUTHIX B (PU3MKE U HEJTMHEHHON
IuHamuke. bojee TOro, pe3yibTarhl, MOJy4YeHHBIE C TO-
MOIIIbIO BEUBJIET-aHAJIN3A, YACTO SIBJISIOTCS MEPBBIMU IIIa-
raMy Ha IyTH IOHUMAaHUS IPUPO/IbI UCCIIETYEMbIX SIBJICHUM.
NurtencuBHas paboTa B 3TOM HAIPaBJIEHUMH MOXET CIIOCO0-
CTBOBATh YCHUJICHUIO MEXAMCLMILIMHAPHBIX B3auUMOIEHCT-
BHH, a TaKXe JaJIbHEHIIeMy B3aUMHOMY Pa3BUTHUIO U B3au-
MOOOOTaIEHUIO (PUBUKH, paTUO(U3UKH, TPUKIIATHONU MaTe-
MAaTHUKHU U HeHPO(DU3NOTIOTUH.

OTMeTHM, YTO MOJXOIbI, pACCMATPHBAEMbIE B pPAMKax
JIAHHOTO 0030pa M pa3paboTaHHBIC /IS aHAJU3a HEUPOH-
HBIX CHUCTEM, NPU UCIOJIb30BAHUU HE OIPAHUYUBAIOTCS UC-
KJIFOYMTEJIbHO HEHPOIMHAMUKON U Helipodusuoorueii. Ha-
pUMep, PACIO3HABAHWE CHTHAJIOB TPU HAJMYMH IMOMEX,
MOJIYJISIUS, NETEKTHPOBAHUE, TUATHOCTHKA BPEMEHHBIX U
MPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYP B HEJIMHEHHBIX CUC-
TeMax SIBJISIFOTCSl BAXKHBIMH Ipo0jIeMaMu COBPEMEHHO! pa-
UOo(U3UKY ¥ HEJIMHEeHHON TuHaMuku. Peraemble B JaHHOM
0030pe 3a/1auu SABJISIFOTCS, 110 CYyTH, OYeHb OJIM3KUMH. Tak,
METO/IbI, IPAMEHSIEMBIE JIJIsI JeTEeKTHPOBAHUS U KJIacCU(pu-
Kali HEHPOHHBIX CHAWKOB, MOTYT HCIIOJIb30BATHCS IpU
PEeLLEeHNH 3a/1a4 Paclo3HaBaHUsI TPYIbl OOBEKTOB U OTCJIe-
KUBAHMS PACCTOSIHAN 10 HUX B paaumoiokarmu. IToaxomsl,
MO3BOJISIIOIINE PEIIaTh 3aJa4Yd PAaCHO3HABAHUSI XapaKTep-
HBIX OCHMJUISITOPHBIX MaTTepHOB DI, ¢ TeM ke ycnexom
MOTYT HCIIOJIb30BAThCS ISl PACMO3HABAHUS TOJIOCOBBIX
COOOIIEHNH, NMPUHUMAEMBbIX B YCJIOBHSX CHJIBHBIX IMOMEX,
JUATHOCTUKY NMPOCTPAHCTBEHHBIX CTPYKTYP B IJIA3MEHHBIX
cHCTeMax M T.JI.

BeiiBrieT-aHanm3 sBISIETCS. BOCTPEOOBAHHBIM HWHCTPY-
MEHTOM HCCJIEIOBAHUS JJI51 CHIEIIUAJIUCTOB, 3aHUMAFOIIIXCS
Kak (yHIAMEHTAJbHBIMHU, TaK W MPUKJIAJTHBIMU TpOOJe-
mami. [To Hamemy rirybokomy yOexaeHHuro, 0ojiee aKTHUB-
HOE NOPHUMEHEHHE [aHHOTO MHCTPYMEHTA CIIOCOOCTBYET
CYIIECTBEHHOMY PACIINPEHUIO BO3MOXXHOCTEH MHOTHX T€O-
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PETHYECKUX U OCOOEHHO 3KCIIEPUMEHTAJILHBIX UCCIIE0OBAHUN
B CAMBIX Pa3JIMYHBIX 00JACTSAX GU3UKU U CMEKHBIX HAYK.

2. OOume cBeaeHus o BelBJeTax

ITo ananoruu c npeoOpa3oBanreM Pypbe BeiiBieT-Ipeodpa-
30BaHHE CHTHAJNA X(Z) COCTOUT B PA3JIOKEHHU CHUTHAIA IO
HeKoTOpoMy Oazucy. OTINYUe 3aKJIIOYAeTCsl B TOM, 4TO B
KavecTBe 0a3uCHOM BwIOMpaeTcs "cosmroHomomobuas",
XOPOIIIO JIOKAJU30BAHHAS BO BPEMEHHOW M 4acCTOTHOM
obnactsax dyHkmust (1), o6agaromas psaaoM XapakTepHbIX
MPU3HAKOB; 0a3uc (popMHUpPYETCs C MOMOIIBIO Mepexoaa K
apyromy macmrabdy ¢byHkuuu (f) u e€ CABHIOB BIOJb
BpeMeHHON ocu. VcnoJib30BaHUE JIOKAIM30BAHHBIX (DYHK-
Ui MO3BOJISIET MPOBOJIUTH aHAM3 IPOIECCOB, XapaKTepH-
CTUKH KOTOPBIX MEHSIFOTCS BO BPEMEHH, W OOECIeuUBaECT
JIBYMEPHYIO Pa3BEPTKY cHUrHasia x(f), mpu KOTOPOH Bpemsi
U 4acTOTa BOCIPUHHUMAIOTCS KaK HE3aBUCHMBIE MEepeMeH-
Hble [32].

B oTimume OT KJIACCHYECKOTO CHEKTPAIBHOTO aHAJIN3A,
BeliBJIeT-aHAIN3 JOMYCKAET 3HAYUTEIbHOE pasHOOOpasue B
BBIOOpE Hazuca, 0 KOTOPOMY IIPOBOIUTCS PA3JIOKEHHUE CUT-
Haja. [apmoHnveckue (GyHKIMM, TPUMEHSIEMbIE B PaMKax
npeobpaszoBanus Pypbe, 3a1aHbl B uanazoue ¢ € (—oo, 00)
7 HE MO3BOJISIOT 3()(HEKTUBHO U3YUATh JOKAIbHBIE N3MEHe-
HUS CTPYKTYphl CHTHaJoB'. PacuéT cmexkTpa MoLIHOCTH
curHaia x(f) obecrevnBaeT BO3MOXHOCTH OIPEICICHUS
JaCTOTHOTO COCTaBa PAacCMaTPUBAEMOI0 Mpolecca U BbI-
SIBJICHUSI XapaKTePHBIX PUTMOB KojieOaHui. Takou pacuér
MO3BOJISIET YCTAHOBUTH caM (hakT HAJUYHS KOJIeOAHMI
onpeAeNnéHHON 4acTOTHl, HO He AT OTBEeTa Ha BOMPOC,
KOT/Ja CYIIECTBOBAJIM 3TU KOJICOAHUS — HA TPOTSHKCHUU
BCErO BPEMEHU PETUCTpAIMU CHTHAJA WM TOJBKO KaKOTO-
TO uHTepBaJia? beckoHeYHO ocuMJUTMpyroIMe (YHKIUU HE
MOTYT HCHOJIb30BATHCS NMPH MPOBEACHIH JIOKAJIN30BAHHOT O
crekTpayibHOro anaimsa [31]. Tak 4TO Xe HpeaCTaBISIOT
coboit 6asucHble (HyHKIUKM — BelBIeTHI? UTOOBI (HYHKINIO
V(1) MOKHO OBLIO PACCMATPHUBATD B KAYECTBE BEHBIIETA, OHA
JIOJDKHA 00J1a/1aTh PSIOM XapaKTePHBIX MPU3HAKOB, BKIIFO-
YAFOIIMM JIOKAJIU3AIMIO (QYHKIMM M TO BpPEeMEHH, U IO
JacTOTe, HYJIEBOE CpeqHee, KOHeUHYIo sHepruto [32, 33].

CylIeCTBYIOT TUCKPETHOE W HENPEPHIBHOE BEWBJIET-TIPeE-
00pa30BaHUsl, KOTOPBIE MOXKHO pacCMaTpUBATh (DAKTHYSCKU
KaK pa3Hble METOb! aHAJIN3a CTPYKTYPbI curHaios. Hempe-
pbiBHOE BeiiBieT-nnpeobpazoanue (HBIT) ucnonb3yer ¢pyHk-
muu ("MaTtepunckue" BEHBIIETHI), HMEIOLIME OOLIMHO aHAIIU-
THYECKYIO (DOPMY 3alKCH U SIBJISIOIIMECS OSCKOHEUHO Ju-
(epenmupyeMbiMu 2. BelecTBHE 3TOTO (ByHKIMHE SKCIIOHEH-
MaJIbHO yOBIBAIOT HAa OSCKOHEYHOCTH W 0a3uc, MOCTPOEH-
HbII Ha OCHOBE TaKMX BEUBJIETOB, HE SBJISIETCS CTPOro
OPTOHOPMUPOBAHHBIM. JlaHHAsT OCOOEHHOCTH O3HAYaeT,
yto HBII siBiisieTcst M30BITOUYHBIM U 3Ha4YeHUs K03 unneH-
TOB BeliBJIeT-TIpeoOpa30oBaHms OKa3bIBAIOTCS CHIIBHO KOppe-
JIMPOBaHHBIMU. OHAKO H30BITOYHOCTH MOXKET OKa3aThCs U
MOJIE3HBIM CBOWMCTBOM, TO3BOJISIIONIUM TIOJIy4aTh OoJiee
HATJSIIHYIO M SICHYIO MHTEPHPETALUIO Pe3yJbTaTOB aHa-

! CrietyeT OTMETHTD, YTO CYIIECTBYET OKOHHOE IpeoOpa3zoBanne Pypbe,
KOTOpOE TaKXKe M03BOJIsIeT 00pabaThIBATh HECTAIIMOHAPHBIE CUTHAJIBL. B
moHorpadpuu [29] maércsi 0630p JOCTOMHCTB M HEJOCTATKOB OKOHHOTO
npeobpazosanus Pypbe, a TAKKE MOKAZBIBACTCS BO3MOXHOCTH NEPEX0aa
OT OKOHHOTO IpeoOpa3zoBanust Pypbe K BeHBICTAM.

2 Ormetum, uto "MaTepuHckue" BEHMBJIETH MOTYT KOHCTPYUPOBATHLCS
Ha 6a3e TaOJIMYHO 3aJaHHBIX OTPE3KOB BPEMEHHEIX PsiioB [61, 62].

JIM3a CTPYKTYPbI CUIHAJIOB B BHIE KapTuH "ckeseToB" mim
"XpeOToB", a TakkKe JMHUI YPOBHS IOBEPXHOCTU KO3 H-
IUEHTOB BelBJleT-TipeoOpazoBanus [31]. Mupopmamnmro,
KOTOPYFO MOXHO U3BJIEYb U3 HEPEPBIBHOTO BEHBIIET-IIPE00-
pa3oBaHMsl, HATPUMED, 00 U3MEHEHNH XapaKTePHBIX YACTOT
PUTMMYECKUX IPOLECCOB M MX B3AaUMOJECHCTBUH, JIeTde
AQHAJIM3UPOBATD (B YACTHOCTH, U3-3a TOTO YTO TAKOE NpeJ-
craBjeHue 0JM3Ko K pagunodusudeckomy [63]). [Tpu ucnosb-
30BaHMU KOMIUIEKCHbIX (ynkuumit (f) HBII mnosBossieT
M3y4aTh JIMHAMHKY TAKAX XapaKTEPUCTHK, KAK MTHOBEHHBIE
AMIUTATYIbI, YAaCTOTHI M (pa3bl PUTMHUYECKUX MPOIECCOB,
AACHTUGUIUPYEMBIX B CTPYKType aHAJIM3UPYEMOI'O CHUI-
Hana. [1pu u3ydyenun ¢as cymiecTByeT BO3MOXXHOCTH BBO-
JIUTh B PACCMOTPEHHE CeMelcTBa (a3 BpeMEHHOTO CUrHAaa,
COOTBETCTBYIOIINX PA3JIMYHBIM HE3aBHCHMBIM CHEKTPaJib-
HBIM KOMITOHEHTaM curHada [48, 64 —66]. Takue BO3MOXHO-
ctu aenaror HBII kxpaline npusiiekaTeJIbHbIM HHCTPYMEH-
TOM HCCJIEIOBAHUSI, TPUMEHUMBIM NPU PEIICHUA MHOTHUX
3aaad.

HuckpetHoe BeitBieT-npeodpazosanme (ABII) umeer
cymectBeHHble oTanuus oT HBII. OHo Moxer ucmosib3o-
BaThb HEOPTOrOHAJIbHBIE Oa3ucHble pyHKIuu (ppeiimsr) [17].
OJ1HaKO valle paccMaTpUBAETCs CIy4ail OpTOHOPMHUPOBAH-
HOT0 (UJIU TIOYTH OPTOHOPMHUPOBAHHOT0) Oa3uca, YTO MO3BO-
JIIET OCYILIECTBIISITH O0JIee TOYHOE MPEACTABIICHUE CUTHATIA U
3HAYUTEJIBHO YIPOIIAET €ro BOCCTAHOBJICHHE MO HaOopy
BeiiBiieT-k03(uimenTos. B otimune ot BeitBiaero HBII,
BEUBJIETHI, HcHoJb3ylomumecss B pamkax [BII, He umeror
AQHAJIUTHYECKOHN (POPMBI 3aNuCH (32 UCKJIFOUeHUuEM (pyHKIUU
Xaapa [18]). Ouu 3amaroTcss B BHJie TAOJMIBI YHACICHHBIX
K09 GUIUEHTOB, MOJIYYCHHBIX MYTEM PEIeHUs] HEKOTOPBIX
ypaBHenunii. Ha mpaktuke B pamkax JIBIl kxonkpernas
dopma dyHkimit () B SBHOM BHjE HE PACCMATPUBACTCS,
3aIMCBIBAIOTCS TOJBKO HAOOPBI YMCEI, C TOMOIILIO KOTOPBIX
3a7aéTcsd TOT WJIM MHOW BEUBJIET. DTO MPUBOJIUT K CEpUU
9JIEMEHTAPHBIX ONepanuii ¢ MaTpHUIaMH, 4YTO JeNlaeT
BO3MOXHBIM PEANU3AIMIO OBICTPBIX AJITOPHUTMOB pacuéTa
JABII. ba3uc cTpouTcss Ha OCHOBE HTEPAIMOHHOTO AaJro-
pUTMa, TPEeIyCMAaTPUBAKOIIETO0 H3MEHEHHWE MaciTada u
CMeEIlIeHUe €IMHCTBEeHHOW (GyHKnuu. JlerajqbHOe OmHCcaHHe
npuHnunuaibHbix pasziamuuid JBIT u HBII npencrasieno,
Hampumep, B MoHorpaduu [28]. B manHOM pasmese kpaTko
MPUBEIEM JIAIIL T€ CBEJICHUS O IBYX YIOMSHYTHIX opmMax
npeoOpa3oBaHus, KOTOpPble HAM MOTPEOYIOTCS B NAJIbHEH-
IIeM.

2.1. HenpepbiBHOE BeliBj1eT-NpeoOpa3oBaHue
CdopMympoBaHHBIE BBIIIE XapaKTepHbIE MPU3HAKH OIIpe-
JIEJISIOT OOJIBINON KJIacC BEIIECTBEHHBIX M KOMILJICKCHBIX
BEHBIICTOB, KOTOPBIE UCIOJIB3YIOTCS MPH PEILICHUU Pa3Idy-
HBIX 3a1a4y. B 4acTHOCTH, HPH MPOBEACHHH JIOKAJIBHOTO
CHEKTPAJIILHOTO aHAJIM3a MPOIECCOB C MEHSIOIIMMUCS BO
BpEMEHH XapaKTEePUCTUKAMH TPUMEHSIOTCS KOMIJIEKCHBIE
(yHkuu, HanboJee MOMYJISIPHON U3 KOTOPBIX SIBJISICTCS
BeiiBieT Mopie [16], Xopolio JIOKaJu30BaHHBIA Kak IO
BpPEMEHH, TaK U [0 4aCTOTe:

W0) = e exp Gi2n o) — exp (— %ﬂ exp <— g) |
(1)

rae fo — mapamMerp, Ha3bIBaeMblil IIEHTPAJbHON 4aCTOTOM,
i=+v—1. Bropoe ciaraemoe B CKOOKax OCYIIECTBJSICT
KOPPEKTHPOBKY TPU MPOBEICHUN BelBIIeT-TIpeoOpa3oBaHuUs
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CUTHAJIOB C HEHYJEBBIM CPEIHUM 3Ha4YeHHeM. B ciyuae
fo > 0 M MOXHO TIpeHeOpeb.

IMocme BoiGopa "maTtepuuckoro" BeiiBiera y(f) Ha ero
ocHoBe (hopmupyetcst 6asuc. OyHKIwMs (1) ABISIETCS JIOKa-
JIN30BAHHOM BO BPEMEHHM, IIOITOMY IS TOTO YTOOBI aHAJIH-
3UPOBATH C €€ MOMOIIBIO PA3JIMYHBIE YIACTKH CUTHATA X(1),
TpebyeTcs MpeIyCMOTPETh ONMEPAIMIO CIBUTA BJIOJb OCH f,
KOTOpasi TO3BOJIAIA OBl CMECTUTHCS B 9TH yaacTku. C Apyroi
CTOpPOHBI, ISl TPOBEACHHUS JIOKAJIN30BAHHOTO aHAJIN3a
CTPYKTYPbl CHUTHAja B IIUPOKOM JMana3oHe MacmraboB
(yacToT) HEOOXOAMMO TaKXKe MPEIyCMOTPETh NPOUEAYPY
nepexoja k aApyromy macmrady. Kak ciencTsue, Ha OCHOBE
¢byskuuu Y (f) CTpOUTCS OByHapameTpUYecKoe CeMeHCTBO
BEIBJIETOB

a0 =0 (50). @

rae nmapametrp a € R, a > 0, Ha3pIBaeMbIi Macmradbom
BEeHBIIET-TIpeoOpa30BaHus, NMPEACTABISIET COOOH MacmTad-
HBIA KO3 (UIMEHT, ONpeNesSIFOIINi cxKaTHe W PacTsiKe-
Hue ¢yHkuuu, b € R — mapameTp cIABUTA, C IOMOLILIO
KOTOPOI'O BEiBJIET HEpEeMeEIAeTCs BIOIb aHAIU3UPYEMOIO
curHajia x(¢), R — mpocTpaHCTBO JEHCTBUTENBHBIX YUCEII.
Muoxutens 1//a ocymecTBIseT HOPMHPOBKY SHEPTUH
kaxaoil Gyukimu ¥, ,(7) Takum ob6pazom, 4ToOBI €& L’-
HOpMa 6bL1a OCTOSHHOM: ||, ,(1)||12 = W (1)]];2 < o0.

Taxum 00pa3zom, HempepbIBHOE BEUBJIET-TIpeoOpa3oBa-
HHUe curHana x (), onpenes€HHOro BO BPEeMEHHON o0jacTu
—00 < t < 00, IMEET CJICIYFOIIUIA BT

wa.t) =2 |~ st (S0 ar= | x0ui,0 (dz),
3

rjie Bepxuuil unjekc "x" 0603HAYAET KOMIUJIEKCHOE COMPSI-

xeHue. B ciyuae, eciu W(a, b) € R, pesynbrart npeobpaso-
BaHUs (3) MOXHO paccMaTpUBaTh Kak MOBEPXHOCTh B
TPEXMEPHOM TIPOCTpaHcTBe . JIJIs HArJIAIHOTO MPEACTaBIIE-
HHUsI OCOOEHHOCTEH HCCIeAyeMOrO CHUTHAala CYIIECTBYIOT
pa3JIMYHBIC BAPUAHTHI BHU3YaJH3ALUH 3TOM IMOBEPXHOCTH.
OmuH W3 HUX COCTOMUT B PACCMOTPEHHH €€ NMPOEKINH Ha
IUIOCKOCTS (4, b) 1 n300pakeHnn 3HaYeHU K03 HIHEHTOB
BEHBJICT-IPE0OPA3OBaHUsT PA3INYHBIMUA OTTCHKAMH I[IBETa
(o anayoruu ¢ reorpaduueckuMu kaptamu). Takoii cnocod
MO3BOJISIET YBUACTh, KAK MPOUCXOAWT HU3MEHCHHE BO Bpe-
MEHH CBOMCTB CHTHAJIA HA PA3HBIX BPEMEHHEIX MacmTabax .

J1s1 uneHTu(UKAIUE MITHOBCHHBIX XapAKTEPUCTHK PUT-
MHYECKUX MPOIIECCOB (AMILTUTYIBI, YaCTOTHI, (ha3bl) 4acTO
MPUMEHSIOT TIOCTPOEHKE TaK Ha3bIBaeMbIX XpeOToB (ridges)
BeliBIeT-nipeoOpazoBanus [28]. XpeOThl cTposiTcs IS TO-
BEPXHOCTH ILIOTHOCTH SHepruu curnana E(a,b) = |W(a,b)|*
U MPEJCTABJISFOT COOOI JIMHUU JIOKAJIBHBIX MaKCHMYMOB
9TO# TOBepXHOCTH (MICHTH(GHUIUpPYEMble TpHU (PUKCHpOBa-
HUM MOMEHTA BPEMEHU b = f, U PACCMOTPEHUH JIOKATbHBIX
9HEPreTUYeCKUX CIeKTpoB). Bmecto mosepxHoctu E(a,b)
3a4acTyro yI0OHO paccMaTpUBATh MOBEpXHOCTh E( f, b), T.c.

3 JIerko mokasaThb, 9TO [UIs IIUPOKOTO Ki1acca X (7) (IpAKTUYECKHU JIHOOBIX
¢usmueckux npoueccoB) W(a,b) € C(R x R), rge C — npocTpaHcTBo
HENpepbIBHBIX QYHKIHIA.

4 Crnenyer OTMETHUTB, YTO JAMAIA30H MCCIEAYEMbIX YaCTOT OTPaHHYCH
CHHU3Y AJIMHOM L BpeMeHHOro psiaa (fmin ~ 1/L) 1 cCBepXy — 4acTOTOMI
TUCKPETH3AWH f5 (fmax = fs/2).

OCYIIECTBIISITh IEPeX0oJ K YaCTOTHOMY IPEACTABIICHUIO
sHepreTuieckoro crekrpa. Ciienyer, OJHAKO, YYUTHIBATH,
4TO COOTHOIICHHE MEXJY BPEMEHHBIM MACIITA0OM a W
YaCTOTOH f 3aBUCHT KaK OT BBIODAHHOTO THUIA BEHBIET-
¢yHkmumn, Tak w oT e€ mapamMeTpoB. B wacTHOCTH, IS
BeiiBnieta (1) COOTHOIIGHHE MEXAYy MacIiTabaMu BeiBIIeT-
npeoOpa3oBaHUs M YACTOTaMH (ypbe-CIEKTPpa UMEET BHT

lf:f_0+iw.

2a 4na

DTO OuYeHb YJOOHBIA W HATJISIIHBIA CIIOCOO aHAM3a HecTa-
IIMOHAPHOW MHOTOYACTOTHOW AMHAMHUKHU, KOTOPBIH oOec-
TIEYNBAET BO3MOKHOCTH OTCJICKHMBATH BPEMEHHYIO 3BOJIIO-
[UIO KaXIOTO PUTMA KOJIEOAHUH, TPECTABIISIONIETO HHTE-
pec st uceienosateis. [TockopKy Kaxaas Touka xpebTa
ACCOLUMPYETCs € JIOKAJIbHBIM 3HEPIETHYECKUM CHEKTPOM,
Hax0X/eHNEe MTHOBEHHBIX YACTOT KOJIEOATEIbHBIX MPOIIEC-
COB OJIHOBPEMEHHO OOECIIEUMBAET U OMPe/CTICHUE MIHOBEH-
HBIX aMILTUTY/]] 9THX IPOIIECCOB, a B CIyYae UCIOJIb30BaAHUS
KOMILIEKCHOT O BeiiBJIeTa — MIHOBEHHOM (ha3bl

@,(b) = arg W(a,b). (4)

DTOT BapuaHT aHaju3a OyAeT MCIOJIb30BATHCS B UCCIIEIO-
BAHMSX TUHAMHUKU HEHPOHHBIX CHCTEM HA MHUKPOCKOIIHMYE-
CKOM ypOBHE, a TaKXe€ MPU M3YYCHUHM HECTAaIl[MOHAPHOU
ouHaMuKHa D07 .

2.2. KpaTtHomacmTa0Hblii BeiiB/1eT-aHam3

Ob6cyxaaemoe B pazzaelie 2.1 HempepbIBHOE BEHBIIET-IPE00-
pa3oBaHMe MPEANOIaraio pa3jiokKeHHe curHaia x() mo
6a3ucy, CKOHCTPYHPOBAHHOMY M3 OJHOH COJIMTOHOIIOJ00-
Hoit dynkuum (1) — "marepunckoro" BeiiBiera. Kpatno-
MaclITaOHBII aHAJIN3, UCITOJIB3YOIIMIA IUCKPETHOE BEUBIICT-
npeoOpa3oBaHre, OCHOBBIBACTCS HA JIPYrod HWaeosoruu. B
paMKax JaHHOTO METOJIa MPUMEHSIOTCS OPTOHOPMHUPOBAH-
Hble 0a3UChl BEWBJIETOB, IJII TOTO YTOOBI OCYIIECTBJISITH
MaTeMaTHYecKoe onucanue "mpupaineHus uHpopmanuu',
HeoOXoauMoe ISl Tepexojia OT Tpydoro MpHOMKEHHS K
6osee Tounomy [18, 19]. DTa KoHIENIMS BIIEpBbIC BOZHUKIIA
MIPH PEIICHAN MPUKJIAIHBIX 3a/1a4 aHAJN3a U300 paKeHH.

B pamkax kpaTHOMAacmTaOHOTO aHANM3a BBOJUTCS B
paccMoTpeHre CKeUuHroBast QyHKIust ¢(f), KOTOPYIO HHO-
rja HasbBaroT MaciuTtabHoW (yHkimeir wim "oTmosckum"
BeiiBiieTOM. [IJIs1 CKEHIMHIOBON (DYHKIIMM BBITOJIHSETCS
PaBEHCTBO

r@ o(i)di =1, (5)

—00

T.e. e€ cpenHee 3HAYCHWE HE PABHO HYJIIO, KaK B Clly4ae
"maTtepurckoro" BeiBieTa Y (1).
ITo ananorum c (2) BBenéM ciieyroniee 0603HaAYCHUE:

0yl0) = 5 01— K). (©

IIpr pa3muYHBIX 3HAYCHUSX MACIITAOHOTO KOdbdHuIueHTa
peoOpa30BaHUs ¥ CMEILEHHU ST, COOTBETCTBYIOIIUX MMApaMeT-
pam j ¥ k, MOXHO BBIYACTIUTH KOAQ(UITUEHTHI AITPOKCUMA-
WH:

s =] xe,0 7)

—00
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J1st BLIOpAaHHOTO YPOBHS pa3pelieHus] MOJIy4YeHHbIe K03(]-
(UIHCHTHI HA3BIBAIOT MUCKPETHON ANMPOKCHMAINUCH CHI-
HaJla Ha MacmTabe j. CyMMHUpOBaHIE CKEUITMHTOBBIX (DyHK-
U ¢ COOTBETCTBYIOIIMMH KO3 (PHUINEHTAMH ITO3BOJISET
HOJIYATHh TaK HA3BIBAEMYIO HEIPEPHIBHYIO alNpOKCHMa-
nuro curHana x(f) Ha JaHHOM MaciiTabe WM YPOBHE
pas3perenus j[18]:

0= 3 skol). ®)

k=—00

Ha manpix macmrabax (mpu O0JIBIIKX j) 3Ta HEMpEepbIBHAS
ANIPOKCAMAIMS TPUOIMKAETCS K aHAIM3MPYEMOMY CHI-
Hany x(7). Waeosorus HENpepbIBHON anmpoOKCUMAIUU
HO3BOJIAET OCYLIECTBIIATHL onucanue "rpenna" anamusupye-
MOTO MpOIIEcCa Ha BHLIOPaHHOM MacmTabe HabJIIOIeHus,
IOCJIE YEro ¢ MOMOIIBIO BEUBIETOB MOXET OBITH MPOBEIEH
IETANBHBIA aHanu3 (GIYKTyalMii OTHOCHTEIBLHO 3TOTO
TpeHa.

JTiobyto dymkmmro x(7) € L*(R) Ha HEKOTOPOM TPOM3-
BOJILHOM YPOBHE Pa3pelIeHHUs j, MOXKHO IPEICTABUTD B BUJIE
paga

X([) = Zs_in.k‘ij/c(t) + Z Zdj:k l//j,k(t)7
R ey 9)
Vyalt) =2y = k),
rae ¥, — MaclTabupOBAHHBIC U CMCLIEHHBIC BEPCHU

"martepunckoro" BeiiBiera. KoadduumenTsl pasioxeHus
d; . OTIpe/IeISIFOTCS CIIEAYIOIUM 00pa3oM:

di= | x0v 0

—00

(10)

Hcnonb3ys annpokcumanuto (8), 1isi BBIOPAHHOTO MacIil-
Taba (YpOBHS pa3pelieHus) j, MOXHO 3aMUCATh BbIPAXKEHHE

x(1) = x,(0)+ D (1), (11)

JZn
rae QyHKIms

OEDIX/AT/N0 (12)
k

XapaKTepHu3yeT NeTaIbHYIO CTPYKTYpy CHTHAJIa HAa YPOBHE
pa3pemienuss j. Ha ocHoBanum ¢opmynsl (11) MoxHO
3aIMCcaTh PEKYPPEHTHOE BBIPAXKECHHUE:

xje1 (1) = x;(0) + (1) , (13)
T.e. €CJIN K amlIpOKCHMAIMX Ha NMPOU3BOJIBHO BLIOpAaHHOM
Macitabe j 106aBUTh JETaNn3aluIo CUTHAA f1(1), OTICHI-
BAOLIYI0 (PJIYKTYallMl OTHOCUTEJIBHO alNPOKCUMHUPYEMOTO
TPEeHIa, TO TMOJYYMM ANMPOKCHUMAIHIO HA CJEIYIOIIEM,
Gosee AeTaJlbHOM YpoBHE paspeuieHus j+ 1. lns Gosee
MOIPOOHOTO OIMCAHHS KPATHOMACIITAOHOTO aHAN3a, WIH
B TEPMUHOJIOTHA HEKOTOPBIX pabOT — MHOTOMAacCIITAaOHOTO
aHalMu3a, MBI PEKOMEHIYEM YHUTATEIsIM OOPAaTUThCS K
0630py [33].

OTMmeTnM, YTO Ha TPAKTUKE BEIMYMHA MACIITaOHOTO
ko3¢ dunuenta npeodbpasoBanus 2/ HMeeT OrpaHMYEHHS HA
MaJIbIX ¥ 00JbIIHX MaciTabax. OYeBUIHO, YTO MbI JIUIIICHBI
BO3MOXHOCTH aHAJIM3UPOBATh CTPYKTYPY CUTHAJIA HAa MacCII-
Tabax, MEHBIIIUX OJTHOTO Iara auckperusanuu At (macirad
pa3peliéHHON CTPYKTYPHhI), a TAKXKE Ha MacliTabax, MpeBbl-
IIAIOMINX JUIMTEIBHOCTD CHTHAJIA NAf, KOTOpas Ha MpakTHKe

SIBJISIETCSI KOHEYHOM (M MOXeET ObITh CPABHUTEJIBHO HEOOJIb-
1I0H). DTO MPUBOJUT K OTPAHUYCHUSIM JHMATA30HA U3MEHE-
HUH j, KOTOpbIE ONPENeNsIFOT CTENEeHb JOCTOBEPHOCTH IIO-
JIYYEHHBIX BBIBOJOB O CTPYKTYPE aHAJIM3UPYEMOT 0 Ipolecca
Ha TeX WJIM UHBIX MaciTabax (1acToTax).

3. UccaenoBanusi THHAMHAKH
OT/eJIbHBIX HEHPOHOB

ITocine kpaTKOTO BBEJEHUS B TEOPUIO BEHBJIET-aHAJIN3A
0o0paTUMCs K pACCMOTPEHHIO 33724, IPH PEIICHUU KOTOPBIX
BEHBJIETHI MOMOTAIOT MOJIyYaTh HOBYIO MH(MOPMAIUIO O
JUHAMUKE HEHPOHHBIX CUCTEM. DTH 3a/aYll MOXXHO pas3fe-
JIUTH HA TPYIIIBI B 3aBUCIMOCTH OT MMPUMEHSIEMOTO MaTeMa-
tryeckoro ammapata (JABIT umm HBII). Ognako 3avactyro
BBIOOD (hOPMBI Pe0Opa3OBaHUS HE SBJISICTCS IPUHIIUITHAIb-
HbIM. Pa3Hble MaTeMaTHYeCKUE TOAXO0AbI MOTYT AOIOJIHSTh
IpYyr Apyra, MO3BOJISISl COCTABUTHL OoJiee MOJIHOE Tpen-
CcTaBJeHHEe O (PYHKIMOHMPOBAHUU H3y4aeMBIX OOBEKTOB.
ITosToMy MBI cuuTaem OoJiee TPEANIOYTUTEIHHBIM IPYroi
BAPUAHT — pa3JIeJICHUE 3a/1a4 B 3aBUCUMOCTH OT OOBEKTa
ucciaenoBaHus (OTAEIbHBIE KJIETKH, OOJIbIINE HEHpOHHBIE
aHcaMOJIM 1 JIp.).

3.1. AHa/ M3 BHYTPHKJIETOYHOI JTHHAMHKH
OOpaTuMcsl BHayalle K MHKPOCKOIIMYECKOMY YPOBHIO, a
AMEHHO K PacCMOTPEHHIO BHYTPHKJIETOYHBIX MPOIECCOB C
HUCTOJIb30BAHMEM ammapaTta BedBieT-aHaau3a. V3BecTHO,
4TO HEHPOHHASI AKTUBHOCTH OOYCJIOBJIEHA MHOXECTBOM
OMOXMMHMYECKUX IMPOIECCOB HA yPOBHE KJIETOYHOH MeM-
OpaHBI M IUTOIJIA3MBI KJIETOK, KOTOpPBIE MPOTEKAIOT HA
pa3HbIX BpeMeHHBIX MacinTtabax. MHpopMamus o B3auMo-
JIEHCTBUU MEXY 3THMH MPOIECCAMH MOXET CIIOCOOCTBO-
BaThb OoJiee TrJiyOOKOMY MOHMMAHHIO MEXaHU3MOB DeryJis-
MY BHYTPEHHEN AMHAMUKY KJIETOK. TpaauiimoHHbIe METOABI
9KCIEPUMEHTAJIBHBIX UCCIENOBAHUN (BHYTPHUKJIETOUHAS
peructpanus MEMOPaHHOTO MOTEeHIUAa, (IyopecleHTHAS
MHKPOCKOTIUS ¥ JIP.) O3BOJISIOT U3YYaTh Pa3HbIE MPOIECCHI
B OTACJIBHOM HEHpOHEe, OJHAKO 3a4YacCTyH 3TH METOMIBI
AMEIOT BBICOKYIO MHBAa3MBHOCTh. Kak cieactsue, psia Tpa-
JUIIMOHHO HCTOJB3YEMBIX MOAXOJOB MOXET MOBIHUSATL HA
BHYTPUKJICTOYHBIE TPOIIECCHI MJIN TaXKe MOBPEIUTH KIETKY.
B paborax [67 — 69] npoBeecHBI UCCIICIOBAHUS JUHAMUKH
BHYTPHKJICTOUYHBIX IIPOLECCOB C HCIOJIb30BAHUEM METOJIa
uHTEepHEPEHIIMOHHON MUKPOCKOIINH, OCHOBAHHOI'O HA U3Me-
PEHMU ONTHYECKOW PA3HOCTH XOJa MEXIy JYyYoM Jiazepa,
MIPOIIEAIINM Yepe3 00BEKT U OTPAKEHHBIM OT PACIOJIOKEH-
HOTO TOJT OOBEKTOM 3epKajia, W Jy4OM, OTPaXEHHBIM OT
omopHoro 3epkana [70]. M3mepeHHas BeIuYWmHA HOPMHU-
pyeTcsl Ha IJIMHY BOJIHBI JUISl TIOJIyYEHHUS! TaK Ha3bIBaeMoM
"(pa3oBoii BLICOTBI" 0OBEKTA B KOHKPETHOMN TOUKE:

d)() - ¢ob' )
o=""""22"_@,. 14
m 2 (14)
3pmecy ¢y — mavanbHas pasa, @, — caBAr (asel mocie

MPOXOXK/IeHUs 00beKTa, A — JIJIMHA BOJIHBI Jasepa, ®y —
MOCTOSIHHOE CMellleHne (Da3bl, KOTOPOE OMPEIEIISIETCS BBIOO-
pPOM HavaJbHOM TOUKH oTcuéTa (asbl. st HEOTHOPOIHBIX
00BEKTOB, KOTOPBIE XapAKTEPUIYIOTCS MEHSIOIIUMCS MTOKA-
3aTeJieM MpeIoMIIeHu s, (ha30Basi BBICOTA paBHA

&(x,y) = Jo (nobj(x,y, z) — ns) dz — @, (15)
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Puc. 2. BpeMeHHéﬁ 3aBUCUMOCTb (ba30130171 BBICOTBI B OJTHOM U3 TOYEK (a) 1 PE3YJIbTAThI et CIIEKTPAJIbHOT'O aHaJIn3a Ha OCHOBE HENIPECPBIBHOT' O BEUBJIET-

npeobpasoBanusi (0, B).

rAe ng — MOCTOSIHHOE 3HAYEHUE MOKa3aTessl IPeJIOMIICHUs
(bHU3M0JIOTHIECKOTO PACTBOPA, Mobi(X,Y,z) — IOKa3aTelb
MPEJIOMIICHHSI B TOYKE KJIETKUM C KOOpAMHATAMH X,), Ha-
XOJISIIeiicss Ha PACCTOSIHUU z OT MOJJIOXKKH. [lpenen wH-
TErpupoOBaHus Z BHIOMPAETCS BBIIIIE BEpXHEH TOUKH OOBEKTA.
Wsmepenns @(x,y) MOTYT HPOBOJUTLCS IIyTEM CKAHHPOBA-
HUs KJIETKH, B pe3ysbTate Gopmupyercs (paszoBoe nzobpa-
XKeHue, Wi penbed GpazoBoit BHICOTHI, Ki1eTkH [70].

PaznuuHble BHYTPUKJIETOYHBIE MPOILECCHl (HAMPHUMED,
JIBIKEHUST OPTaHeJLT) MPUBOJISIT K U3MEHEHHIO (pa30BOM BbI-
cotbl. Ha pucynke 2a m300paxx€éH TUNMUYHBIN MPUMEp CHUT-
Hajla, PEruCTPUPYEMOro B paMKax HOaHHOro meroja. B
CIEKTPE MOIIHOCTU TOJYYEHHOI'0 CHTHAaja MOXHO BBIIE-
JINTh HECKOJIBKO XapaKTepHBIX 4acTOT B OKpecTHOCTH 0,1;
0,3; 1,0 m 3,0 T'm (puc. 26). COOTBETCTBYIOUINE PUTMBI
00YCITOBJICHBI PSIZIOM TPOIECCOB, MPOTEKAIOIINX B KJIETKAX,
TaKUX KaK JIBUXKCHHUS OCJIKOB, W3MCHCHUE KOHICHTPAIUU
HOHOB B OKPECTHOCTU MeMOpaHbl, GJIYKTYallUu TPAHCMEMO-
PaHHOTO MOTEHIMAJIA, TOANOPOTr OBble H3MEHEHUSI MEMOPaH-
HOTO TOTEHNWalla W T.A. Pa3Hble MpoIecchl OKa3bIBAIOT
BJIMSIHUE APYT HA JApYyra M UMEIOT Pa3/IMuHble BPEeMEHHBIE
XapaKTePUCTHUKHU.

J71s1 onpeiesieHust BO3MOXHBIX 3P eKkToB Ux B3auMoieii-
CTBHUSI Ha OCHOBE HENMPEPBLIBHOTO BEHBJIET-IPeOOpa3oOBaAHUS
(3) ¢ 6a3ucHoit ¢pynknueit Mopie (1) npoBoausIach UACHTH-
(pukanus MTHOBEHHBIX YaCTOT U AMIUIATY]T KOJIEOATEIbHBIX
MpoIeccoB. PHCYyHOK 2B WILTIOCTPUPYET THIUYHBIA TpUMEp
MIOBE/ICHUSI MITHOBEHHBIX YacCTOT (BBIAEJIEHHBIX NMYTEM IIO-
CTpOeHHSI XpeOTOB), MPU KOTOPOM PHUTMBI KoJicOaHWIl B
murana3one ot 0,1 7o 0,3 I’ coxpaHsrOT TOYTH MTOCTOSIHHOE
3HAYCHUE B TEUCHNE BCETO BPEMEHHU HAOJIOIEHNsI, TOTIa KaK
MTHOBEHHBIE YaCTOTHI PUTMOB B OKpecTHOCTH | m 3 I’
JIEMOHCTPHUPYIOT MeJIeHHbIe ocruyuisiim [67]. Takum oOpa-
30M, BBICOKOYACTOTHBIE KojeOaHusi (a30BOW BBICOTHI
KJIETKH MOZYJIMPYIOTCS MPOIECCAMU, NMPOTEKAIOMUMHU Ha
Holee UTNTETHHBIX BPEMEHHBIX MacIITabax”.

DddexT MoayISAIIK 03HAYALT, YTO AMIUIATYAA A U/UIH
gacToTa ) OBICTPOTO KOJIeOATEILHOTO MPOLEcca MEHSETCS
BO BpEMEHM C 4YacCTOTOM, 3aJaBaeMoil Oojiee MeIJICHHBIM
nporieccoMm s(¢). B ciydae ammmutyaHoit Mmomyisiiuu (AM)
(ukcupyeTcs cieayrouiee U3MEHEHUE aMIUTUTY IbL:

A(f) = Ao + As(1) (16)

5 OTMeTUM, YTO MOJYJISIKS KOJIeOaHHi XOPOLIO H3BECTHA B ITHAMHUKE
OMOJIOTMYECKHX CUCTeM. B kauecTBe nmpumepa MOXKHO OTMETUTD 3P deKT
MOYJISILIAY CepAleOHeHII PUTMOM JbIXaHHS: YACTOTA IyJIbCa MEHSIETCS
BO BpeMsI BJIOXA ¥ BBIIOXA.

rae AA — peBuanusi aMIUTATYIbl. OTHOTOHAJIBHBIA MOJIY-
JIMPOBAHHBIA CUTHAT

x(1) = A(1) cos (ot + @g) = Ao (1 + mys(1)) cos (wot + ¢@g)
(17)

COJEpXKUT mapameTp m, = AA/Ay, Ha3bBaeMbIil kK03(hu-
IUEHTOM (MHAEKCOM) aMILTUTYAHOM MOy JISIHH.

B cnyvae wvactortHoit mopyisuuu (UM) MraHOBEeHHAs
JacTOTa MEHSETCS 110 3aKOHY

o(t) = wy + Aws(1) , (18)
e napameTp Aw — neBranust (MaKCUMAJIbHOE OTKJIOHEHHUE)
4ACTOTHI Hecyliero kosebanus. UM-CHTHAT MOXHO 3aIld-
CaTh CIIEYIOIMM 00pa3oM:

x(t) = Agcos (1) = Agcos (er(f) dr + </’o> =
0

t
= Ay cos (wotJrAwJ s(2) dz+<p0> . (19)
0
B ciyuae opHoTOHaMBHOTO UM-crrnana s(¢) =cos (Qt+dy),
CIIEZIOBATENIBHO,

x(t) = Ag cos [wot + @y + mysin (Qt + Py)] . (20)
Mapamerp my = Aw/Q HA3BIBACTCS MHAEKCOM YaCTOTHOM
MOAYJISILUU U XapakTepusyeT neBuanuto (aszpr UM-cur-
Hana. IlpuBenéHnble GOPMYJIBI YCIOXHSIOTCS B Cllydyae
MHOTOTOHAJIBHBIX KOJIEOAHWi, a TakXe B YCIOBHUSX HecTa-
[IMOHAPHON AMHAMHKM OOBEKTOB XHBOW HPHUPOJIbI, KOTrAa
BEJIMYMHBI, BXOISIINE B BBIPAXKEHUS sl UHIEKCOB AM u
UM, sBISIOTCS IEPEMEHHBIMH.

st konuyecTBeHHOTO omnucaHus 3pQGEeKTOB HECTAIUO-
HapHOW MHOTOTOHAJIBHOW MOAyJisuuu B pabortax [67, 71]
MIPEITIOKEHO PACCMATPUBATH BBIICJICHHBIE BPEMEHHEIE 3aBH-
CUMOCTH MTHOBEHHBIX 4aCTOT (MJIM aMILIATYA) MOAYJIUpYe-
MBIX PUTMHYECKHUX TPOIECCOB KaK MCXOIHBIE CUTHAJIBI IS
ené oqHOTO (BTOPOro) BEHBJIET-NPEeOOpa3OBaHUs, MO3BO-
JISFOIIETO JeTaJIbHO MPOAHATIM3UPOBATE UX CTPYKTYpY. [1o-
MIPEeKHEMY TPOBOASTCS pacu€T K03(D(OUIIMEHTOB HEMPEPHIB-
HOTO BeiBJeT-peoOpa3oBaHusi, TOCTPOEHUE MOBEPXHOCTHU
IJIOTHOCTH 3HEPrUM M ompenesicHue e€ XpeOToB, a Takxke
pacuéT riao0aNbHOIO SHEPIETUUECKOTO CrieKTpa. [TockonbKy
MIPOLIEAYPE HEMPEPHIBHOTO BEUBIIET-MPEOOPa30OBAHUS MOA-
BEPraroTCsl CUTHAJIBI, M3BJCYEHHBIC MOCTE OJHOKPATHOTO
MIpUMeHeHHsI TpeoOpa3oBanus (3), JaHHBIA METOM MpeJIo-
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Puc. 3. Pactipenenenue 3Ha4eHU WHICKCOB MOIYJISIIMU PUTMOB KoJieOanuii 1 I'n (@) u 2—4 'y (O) A cityyaeB 4acTOTHOM (a) M aMILTUTYAHOI ()

MOIYJISITHIH.

’)KEHO Ha3bIBaTh IBOMHBIM BelBieT-aHanmm3om [67, 71, 72].
IMoxoxast maes MpencTaBlieHa HE3aBUCUMO M TakXke IS
aHam3a OWOJIOTHMYECKUX MpoleccoB B pabdote [73], rme
UCII0JIb30BAJICS TepMKH '"BropmuHoe" BeliBiieT-nipeobpaszo-
BaHue (secondary wavelet-transform). Merton aBoitHOro
BeliBJIeT-aHAIM3a TIO3BOJIAJ MOJIYYUTh BPEMEHHBIE 3aBUCH-
MOCTH JIeBUAIIMH aMILTUTYIbI U YACTOTHI, 3HAUCHUS WHICK-
COB MOJIYJISIIIAY, KOTOPBIE B OOIIEM CITy4ae MOTJIH MEHSThCS
BO BpEMEHH, a TakXe MPOBOJIUTH PACUYETHI JIOKAIBHBIX
CIIEKTPOB MOAyJIsun [74].

Hapsiny ¢ UM, npowumrocTpupoBaHHOM Ha pHC. 2B,
AHAJIN3 TUHAMHKH (pa3oBOH BBICOTHI O3BOJIMII BBISBISThL U
MEIUJICHHYFO MOJYJIAIUIO aMIUTUTYAbl BBICOKOYACTOTHBIX
kosiebaHui. JI71s mosIydeHusl CTATUCTUYeCKONH MH(pOpMAaLU
006 ocobennoctsx apdpexkToB AM u UM B 1uHAMUKE BHYT-
PUKJIETOYHBIX TIPOLIECCOB TpOBeIeHa 00paboTKa OKOJIO
200 skcrepuMeHTANIbHBIX 3amuceit [67]. Ha ocHoBe nBOii-
HOTO BEWBIIET-aHAJIN3a OCYIIECTBIISLIACH OIIEHKA YaCTOTHI H
nHAeKca MOTyJsun. Beuto oOHAPYXKEHO, YTO PUTMHYECKHE
KOMIIOHEHTHI B OkpecTHOCTAX | 't m 3 T'm MoayupyroTces
PA3JIMYHBIMU IPOLECCAMU: OCHOBHON BKJIAJ B MOIYJISILIMIO
putMma 1 I't garot mporeccel c yacroroit 0,1 I'tt, a Moaysiust
putMma okojio 3 ' ocyiecTBiseTcsl mpoieccaMu ¢ 6osiee
BBICOKOM yacToToil. Ha pucynke 3 nokazaHsl pacnpeaesieHus
3HAYCHUN WHIIEKCOB MOYJISIHH TS ciiydaeB AM u UM. B
paborte [67] ¢ MOMOIIIbEO METOA IBOMHOT'O BEUBJIIET-TIPEO0-
pa3oBaHMs BIEPBbIE MPOJEMOHCTPUPOBAHO HAJIMYUE B3au-
MOJEHCTBHS MEXTy MEIJICHHBIMU U OBICTPBIMU IPOLIECCAMU
B JUHAMUKE KJIETKH B (opMe MOIYJSAIUN KOJIEOAHWH U
BBICKa3aHbI MPEIOJIOKEHUSI O BO3MOXHOM (DU3UOJIOTHYE-
CKOM 00BsICHEHUH HaOI01aeMbIX 3 dekToB. OTMETHM, YTO
paccMaTpuBaeMblii MOAXOJ MOXET CIHOCOOCTBOBATH OoJiee
rJ1iyOOKOMY NOHMMAHUIO (PYHKIIUI HEHpOHA U 0COOEHHOCTEH
BHYTPUKJICTOYHOH AWHAMHUKH KaK B OOBIYHOM pEXHME
(YHKIMOHUPOBAHMSI KJIETOK, TaK M IPU PA3JIMYHBIX BHEII-
HUX BO3/IecTBUsAX. OH MO3BOJISIET BBOJAUTH B PACCMOTpPEHHE
KOJINUECTBEHHbIE KPUTEPUHU, XapaKTCPUIYIOIIUE CTENEHb
BJIUSIHUS OJTHUX BHYTPUKJICTOYHBIX NMPOIIECCOB HA JIPYTHE, U
JIMATHOCTUPOBATH U3MEHEHHUSI JTAHHOTO BJIMSIHUS IPH BHEIII-
HUX BO3JEHCTBHSX, UTO MPOJAEMOHCTPUPOBAHO, HATIPUMED, B
paborax [68, 69].

3.2. Ana;m3 npoueccoB KOAMPOBAHUS HH(OPMALIH

3HAYMTEIbHBIA MHTEPEC B COBPEMEHHOI HEHpoauHAMUKE
MpeIcTaBiseT pacimppoBka nHGOpPMAINH, TIepeaaBacMOi
HefipoHamu. Jlaxke Ha MEPBUYHBIX 3Tamax oOpabOTKM CeH-

COpHOI HHPOPMAIIMHU CYLIECTBYET MHOT'O OTKPBITBIX BOIIPO-
COB O IPHHIMIIAX KOTUPOBAHUS PA3JIMYHBIX CTUMYJIOB. U
371eCh BEHBJIETHI Mal0T 3(PQPEKTUBHBIA WHCTPYMEHT LIS
UCCIIeTOBAaHMS MH(POPMAIMOHHON COCTABJISIONICH PerucTpu-
PYEMBIX HEHPOHHBIX CUTHAJIOB.

PaccmoTpuMm Gosiee moapoOHO TaHHBIA BOIPOC HA TPHU-
Mepe o0paboTKM TakTUILHOU mMH(popMaruu y kpsic [75].
OcHOBHYIO HHPOPMAIMIO 00 OKPYXKAIOIMIEM MHUPE KPBICHI
MOJIYYaroT C MOMOIIBIO YCOB, HA3bIBAEMBIX BUOpUCCAMHU (OT
vibrate — apoxxaTb). BuOpuccel sSBJISIFOTCS YaCTbEO BBICO-
KOOPraHM30BAHHON  CHENUAJIM3UPOBAHHONM  CEHCOPHOM
CHUCTEMBI, Tepeaarolieid uHGopMaIuoo depe3 TPOMHUYHBIN
KOMILIEKC K BBICIIMM OT/EJIaM TOJIOBHOTO MO3Ta JKHBOT-
Horo [76]. Kaxmas Bubpucca uMeeT onpeIeeHHOE pacioio-
xkeHne M umHy (puc. 4a). OTHEIbHO BBIACISIFOT YEThIpEe
HanboJiee JUIMHHbIE BUOpHUCCHI, HasbiBaemble "straddlers" u
o0o03HavaemMble OykBamu o, B, Y u 8. OcrajibHble BUOPUCCHI

jD7D6D3D4D3R2D
%

Tanrmmit

Kopa romosxoro

Knerku-
perLenTops
CeHcOpHBIE siipa
TPOMHUYHOTO KOMILTIEKCA

Puc. 4. (a) UmmrocTpanus pacnosioxenus: Buopucc. (6) CxemaTuueckoe
MIPE/ICTaBJICHUE OCHOBHBIX 3TAIIOB IIPOXOXKJIEHHUS CEHCOPHOH MH(pOpMa-
MU OT MEXaHOPELENTOPOB BHOPUCC 4Yepe3 TPONHUYHBIA KOMILIEKC K
BBICIINM OTJIEJIaM IOJIOBHOI'O MO3Ta.
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Puc. 5. JIBa XxapakTepHBbIX OTKJIMKA HEWPOHOB I'JIABHOTO CEHCOPHOTO siJipa TPUreMHMHAJIbLHOTO Komiuiekca (PrS) Ha MexaHHYecKyro CTHMYJISLUIO
BuOprccsl. [IprMep 3amucy BHEKJIETOYHOTO MOTEHINANIA HEHPOHOB, KOTOPBIC B OTBET HA CTUMYJISILHMIO CMHIYHON BHOPHUCCH IEMOHCTPUPYIOT /IBa
PAa3HBIX THIIA peakuyu — (Ga3uueckyro (a) 1 TOHHYECKYIO (0). (B, T) COOTBETCTBYIOLIME HAKONHUTEIbHBIE TOCTCTUMYJIbHBIE TUCTOI PAMMBI, XapaKTepu-
3YIOIINE paCIpe/ieieHie HHTEPBAIOB BPEMEHH MEX Iy MOMEHTOM HAHECEHUSI CTUMYJIA 1 MOMEHTAMH ITIOSIBJICHUS] HEHPOHHBIX UMITYJILCOB B OTBET HA
CTHMYJISIIAIO (Pe3yJIbTAT YCPEJHEHNS MO MOCIEA0BATEIbHOCTH IISITH IPEIbSIBIICHINA OANHAKOBBIX CTHMYJIOB).

pacrnoJiararoTcsl Ha BepXHe# ryde B MATh PSAIOB, KOTOPBIE
ycioBHO ob6o3HavaroTest OykBamu A, B, C, D u E. B kaxaom
psiny BUOpHUCCHI HyMepyroT. VX miMHa yMeHbIaetcs ot 30—
50 MM 1o 4-5 MM y caMoro Hoca, 4TO oOOecreumBaeT
OJHOBPEMEHHBII KOHTAKT UX KOHYMKOB C OCSI3a€MBIM TIPE/I-
METOM IIPH OIIYTIBIBAIOIINX ABIKEHUSIX, & TAKKE MMO3BOJISIET
MOKPBITH INIUPOKHIA TUATIA30H MPOCTPAHCTBEHHO-BPEMEHHBIX
YacTOT, HEOOXOAUMBINA JJIs1 TOYHOTO U 3(P(PEKTUBHOTO BOC-
HOPUSITHS OKPYXKAIOLIETO MUPA TUM OPraHOM YyBCTB.

Cursajisl OT KJIETOK-PEIENTOPOB, PACHOJIOKEHHBIX B
(donnmukynax Bubpucc (puc. 40), cHavajia TMOCTYNarOT B
KOMIUJIEKC sIIep TPOWHWYHOTO HepBa [77], cocTosmmii u3
riaaBHOro ceHcopHoro siapa (Pr5), a Takke opajbHOTO
(Sp50), wmnaTepnossipuoro (SpSi) m xaymaiabHOTO (SpS5c)
aaep. B aToM kommiekce siiep NPOMCXOAUT IMEPBUYHAS
00paboTKa MOCTYMUBIIEH ceHCopHOU nHpopMaruu [76, 78].
BonpmmHcTBO HelipoHoB siaep PrS u SpSi nepenaroT cencop-
HYI0 UHQOPMAIIHIO B TAJIAMYC, & OT HErO CHTHAJIBI MOCTY-
MAIOT B KOPY TOJIOBHOT'O MO3Ta, IJie MPOUCXOAUT (popMuUpO-
BaHMeE OcsI3aTeNIbHBIX 00pa3oB. Sapa SpSo u SpSc He uMeroT
(YyHKIMOHAJIBHO 3HAYMMBIX NMPOEKIMOHHBIX MyTeH B Taja-
Mmyc. Bce dweTbIpe siapa B3aMMOAEHCTBYIOT C TOMOIIBIO
HelpoHHOU MexbsanepHoir cetu [79]. Ilpu compukacanuu
BHOPHCC ¢ KAKHUM-JTIOO MPEIMETOM MX BHOPAIHS TIPUBOUT
K TEHepalmuu KJeTKaMH CIAHKOB, C MOMOIIBIO KOTOPBIX
Koaupyetcst uHpopManus o PU3NUECKUX XapaKTePUCTUKAX
00beKTa (HATIpUMED, IEPOXOBATOCTH).

CorjacHo pe3yJbTaTaM 3JIEKTPOPU3NOJIOTHIECKUX HC-
crreoBaHui [76] HEMPOHBI TPOWHUIHOTO KOMILIEKCA MOYKHO
pa3aeauTh Ha HECKOJIbKO rpymn. Hampumep, B COOTBETCTBUA
CO CIIOHTaHHON AKTUBHOCTBIO (CpeAHEN 4acTOTOM renepanuu
cnaiikoB (CUC) npu OTCYTCTBUU MEXaHUUECKOUN CTUMYJISIIIUU
BUOPHUCC) MOXHO BBLAEIUTHL "Mosuariue" Helipousl (S or
silent neurons), HEHpPOHBI ¢ HHM3KOW AaKTUBHOCTHIO (low

frequency neurons, LF) u HeHpoHBI C BBICOKOW aKTHB-
HocThio (high frequency neurons, HF). [pyroii Bapmant
KJaccu(uKanum — 1o peakiuu HeHpOHOB Ha CTUMYJISIIHIO.
Boienstor dasuueckue (phasic, Ph) orBeThI, T.€. KOpoTKHE
BCHBIIIKH UMITYJIbCOB, KECTKO NMPUBS3AHHbIE K HAYATY WU
KOHITy JeWCTBUSI CTUMYJIA (pHC. 5a), © TOHUYECKAE OTBETHI
(tonic, T), T.e. yCTOWYMBBIE CEPUH CIAWKOB, IJISIIIUECS HA
MPOTSDKEHUH IeUCTBUs cTuMyia (puc. 50).

B mpoBOIMMBIX HCCIIEIOBAHMIX HA aHECTE3MPOBAHHBIX
KpbICax Jejajics aKIeHT Ha HM3YYeHHEe XapakTepa OTBETOB
HEUPOHOB KOMILJIEKCA sIAep TPOWHUYHOTO HEPBA HA CTUMY-
JISIUIO BHOPHUCCHI KPATKOBPEMEHHBIMH HAINPABJICHHBIMA
BO3JIYIIIHBIMU UMITYJIbCaMH. JIaHHBI THI CTUMYJISIIIAA
MO3BOJIAET JOOUTHCS MAKCUMAJbHOW €CTEeCTBEHHOCTH JIBH-
)eHuil BuOpucce. Bo3aymHblil NOTOK mogaBasics HAa OIUH U3
BOJIOCKOB M HEHPOHHBIE OTBETHI PETUCTPUPOBAIIHMCH TIPU
YCJIOBHH, YTO JBUTAJIACh TOJBKO JaHHAsl Bubpucca. [lepBas
cepusl IKCIIEPUMEHTOB MPOBOAMIACH MPH (PUKCUPOBAHHOMN
qactore cTuMyJisiiun (1 T'I) ¥ IUTMTENBHOCTSAX CTUMYJISIIIAN
10 mc, 50 mc u 100 mc. B pabore [80] mpeacTaBiieHbl TaHHbIE
CTATUCTHYECKOTO aHAJM3a O MPOLEHTHOM COOTHOIIEHUU
TOHMYECKUX W (Ha3HIeCKHX OTBETOB HEHPOHOB B KaXXIOM
sIApe, O CPeAHEN YacTOTE CI€JOBAHUS CIAMKOB U T.[I.

Hcnosib30BaHHBIE METO/IBI AHAIM3A HE YU THIBAIOT JMHA-
MUKHA HEHPOHHOTO OTKJIMKA, T.€. U3MEHEHUU HEUPOHHOU
AKTUBHOCTU HAa BCEM NPOTSDKEHUM NEUCTBUS CTUMYJA, U
0a3upyrOTCs Ha TUNOTE3e 00 OJIMHAKOBOM (CTEPEOTUITHOM)
OTKJINKE HEHpOHA Ha OJMHAKOBYIO CTHMYJISIHMIO. Mexmy
TeM, B 9KCIIEpUMEHTAX YaCTO HAOJIOTAFOTCSl OTKJIOHEHHUS OT
CTEpEOTHUNHON (HOPMBI OTKJIMKA, MO3TOMY HCCIICIOBAHNE
9TOrO 3(P(PexTa MOXKET MPOJUTH CBET HA HEKOTOPBIE JMHA-
MHYECKHE W MOBEIEHYECKUE IPOIECChl, JeXallue B ero
OCHOBE.
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Puc. 6. IIpencrasienne HEHPOHHON AaKTUBHOCTHU B BH/JIE TIOCJIEIOBATEIb-
HOCTHU 0-UMITYJICOB (&) U Pe3yJIbTaThl BEUBJIET-aHAIN3a JAHHOT'O CUTHA-
J1a: 9HepreTHveckuii cnekTp (0) U BbIJIeJICHHBIE XPeOThI BEHBIIET-TIPEOO-
paszoBanusi (B).

MpbI IpUMEHNII METOAbI BeHBIIET-aHAIN3A AJIsl UCCIIE0-
BaHUs CTAOMIHLHOCTH HEHPOHHOTO OTKJIMKA HA OMHAKOBBIE
ctuMyJibl [15]. Ananmm3upyemasi 0a3a NaHHBIX cCOJNepikalia
95 JKCIepUMEHTANBHBIX 3amuceil, BKJIrouas 34 daiia ¢
CHUTHAJIAaMHM HEWPOHHON aKTHMBHOCTH TJIABHOTO CEHCOPHOTO
sapa (PrS), 29 — opanbHoro sapa (SpSo) u 32 — uHTEpHo-
JsipHoro siapa (SpSi). Bropas cepusi 3KkClepuMEHTOB TPO-
BOJIIIACH TP (PUKCHPOBAHHON JTUTEIILHOCTH UMITYJIbCOB
10 Mc n m3meHeHNn 9acTOThl cTuMyJisiiud oT 1 1o 30 ' B
TeUeHWE KaXJIOM 3amMCh 4acTOTa BO3JCHCTBHS MEHSIACH
ciIy4aiiHbIM 00pa3oM uepes Kaxable 10 ¢, a oOuias 1IuTeb-
HOCTH CTUMYJISIIIUU C OJHOM U TOM K€ YaCTOTOM COCTaBJIsLIa
50 c. Ananmu3upyemble JaHHbIE BTOPOW CEPUU IKCIIEPUMEH-
TOB cojepxaiu 91 3amuch, BKirovass 33, 17 u 41 daiin
COOTBETCTBEHHO ISl HeWpoHOB sifep Pr5, SpSo u Sp5i.

[1pu U3y4eHnN YaCTOTHO-BPEMEHHO TUHAMUKH HEHPOH-
HBIX OTKJIAKOB, YYUTBIBAas, YTO HOCHTEJSIMH MHPOpPMAIUU
SIBJISFOTCS. BPEMEHA TeHepaluu ChaikoB (a He ux (¢opma),

MOYHO BOCIIOJIb30BaThCS MIPEICTABICHAEM CUTHAJIOB JJICKT-
pPHYECKON AKTHBHOCTH HEHpPOHOB x(f) B BH/E MOCIEIOBa-
TEJIbHOCTU O-UMITYJIbCOB (pUC. 6a), B KOTOPOW KaXIbli
HMITYJIbC COOTBETCTBYET 110 BPEMEHN MOMEHTY /; T€HEPAIU
OYepeTHOTO Claiika:

x(1) = Z‘S(” 1) (21)

IIpencrasnenne (21) mcxomHOTO TMpoIlecca Ta€T BO3MOX-
HOCTh AHAJIMTUYECKU BBIYUCIUTH KOIPPUIUCHTHI BEHBIICT-
IpeoOpa3oBaHus ¢ UCIIOIb30BAHUEM BeliBiieTa Mopiie:

ool 158

(22)

/4

ti —
2
7 Zexp[ 121 fo P

W(a,b) =

Ha pucynkax 60,B moka3aH NpuMep pe3yjbTaTOB pacuéra
9HEPreTUYECKOr0 CHEeKTPa CUTHAJIA HEWPOHA M BBIACTICHUS
XpeOTOB BeWBJIET-NPe0Opa30BaAHUS, KOTOPHIC OMKUCHIBAIOT
MOBe/IcHNEe MTHOBEHHBIX YaCTOT MO AHAJIOTUH C pe3yJibTa-
TaMH¥, TPeJCTaBIeHHbIMA B pa3zfene 3.1. M3 obmmx coob-
PpaXXEeHUI MPeICTaBIISETCSl €CTECTBEHHBIM IPOBOIUTD HUCCJIE-
JIOBaHUS OTKJMKa HefipoHa BOJM3M YaCTOTHI BHEIIHETO
Bo3aeiicTBust (1 'l B mepBo#i cepun 3xkcnepuMeHToB). [1pu
mabJIOHHOM OTKJIMKE (KOTa Ha KaXObId CTUMYJ HEHPOH
TEHEPHUPYET OJHY U Ty XK€ XapaKTEPHYIO MOCJIEAOBATEb-
HOCTh CHAMKOB, WJIM IA0JI0OH) MTHOBEHHASI YaCTOTA pUTMA
B okpecTHOCcTH 4acTtoThl | 'l mocrosinHa (puc. 7a), npu
HENEePUOANYECKOM OTKJIMKE MAHHBIH PUTM (GIYKTYUDPYET,
mprYéM TeM CHJIbHEe, YeM OoJiee BBIPAXKEHBI pa3Inyus B
OTKJIMKaxX HeHpOHOB (puc. 70).

B kauecTBe KOJIMYECTBCHHON XapaKTEPUCTUKU CTAOUIIb-
HOCTH OTKJIMKa OblIa pacCcMOTpeHa BemunHa p = 1 /62, e
6.2 — JUCTIEpCHsl MTHOBEHHOM YaCTOTBI PATMA B OKPECTHO-
CTU YaCTOTBI CTUMYJAIUK. OTMETHM, YTO IMpeajlaraeMblii
MOAXO/T OTJINYAETCS OT IPOCTOTO CTATUCTHYECKOTO aHATIN3A,
HAIMPUMEDP, TTOCTPOEHHSI HAKOMUTEIbHBIX MOCTCTUMYJIHHBIX
rucrTorpaMM. B wactHocTH, Ha pHC. 8 MOKa3aHBI IBE MOCIIE-
JIOBATEJIbHOCTU CNAWKOB: a) mepuoaudeckas (2 cmaiika Ha
ctumyJi) u 0) anepuoanueckas. [10CKOJIbKY cyMMapHBIe pac-
IpeesIeHHs] CIIAKOB B ABYX MOCJIEIOBATEILHOCTSX OJMHA-
KOBBI (B cpeqHeM 2 crmaiika Ha CTHMYJ), HAKONMHUTEJbHBIC
MOCTCTUMYJIbHBIE TUCTOTPAMMBI OyIIyT OYEHb MOXOXUMH,
IpU 3TOM IpeasiaraeMasl XapakTepUCTUKA, YYUTHIBAIOIIAS
U3MEHEHUsI JMHAMUKHI HEHPOHOB BO BPEMEHH, BBISIBUT NIPHH-
IUIHAAJIBHBIC PA3JINYUS ABYX OTKJIAKOB.

1,04

SiTn
1,02 +

1,00 F

0,98 -

0,96 | | | | | |
0 5 10 15 20 25 30 35
t,c

1,00

0,98 -

0,96 | | | | | |
0 5 10 15 20 25 30 35
t,C

Puc. 7. BpeMeHHEIe 3aBUCHMOCTH MTHOBEHHOI YaCTOTHI PUTMA B OKPECTHOCTH 4acTOTHI | I'11 ipy meproandeckoM (a) 1 HeHepuoJm4eckoM (6) OTKIIHKax

HEHpPOHA HA CTUMYJISIUIO (pe3ysIbTaThl 00paOOTKH IKCIIEPUMEHTA).
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Puc. 8. [Tpumeps! pa3IuyHBIX OTKJIMKOB BYX HEHPOHOB HA OJMHAKOBYIO
CTUMYJISILIUIO, ISl KOTOPBIX HAKOIHUTEJIbHbIE MOCTCTUMYJIbHBIE TUCTO-
rpaMMbl OyIyT MPAaKTUYECKH HEPA3JIMYUMBL, B TO BpeMs KaK 3HAYCHHS
XapaKTePUCTHKU CTAOUIBHOCTH p MO3BOJIAT BBISIBUTE pasnuuus. ITpu-
XOBBIMU JIMHUSIMU 0003HaYEeHbI MOMEHTHI BKJIIOUCHHSI CTUMYJIOB.

OCOOEHHOCTBIO pAacCMATPUBAEMOI'O MOAXOJA SIBJISIETCS
TO, YTO MBI aHAJIM3UPYEM OTKJIMK HEHpPOHA B OKPECTHOCTH
YaCTOTBl CTHMYJISIIMM, & 3TO TO3BOJISIET Pa3feiuTh IO
YaCcTOTE AJIEKTPUUECKYIO aKTUBHOCTD KJIETOK B CJIydae MHO-
TOYaCTOTHBIX OTKJIMKOB (HAIPUMED, TIPU FeHEPAIMH ITayey-
HOW aKTHUBHOCTH) U M3y4aTb U3MEHEHUS CIaiKOBON aKTUB-
HOCTH B 3aBHUCHUMOCTH OT 4YacTOThl BHEIIHEI0 CTUMYJA.
PaccMoTpuM, KaKyro IPUHIMIIUAIBEHO HOBYIO HHPOPMAIIIO
0 TMHAMUKE HEHPOHOB MOXKHO TIPH 3TOM IMOJIYYUTh.

IIpexie Bcero Mbl BBIYHCIHIIN 3HAUYCHHE CTAOUILHOCTH
p IUISL BCEX HEWPOHOB M TPEX THUNOB cTUMYyJIsiimu. [asee
JUTSL KaXJI0ro HedpoHa omnpenenuyiud tun crumyssiun (10,
50 nnm 100 Mc), npUBOASIINNA K MAKCUMAJIbHOW CTAOUJIbHO-
CTH OTKJIMKA (MUHHMAJbHBIM OTKJIOHEHUSM OT IIabJIOH-
HOTO OTKJIMKA Ha TPOTSDKEHWM Bceil cTumyJsisimum). s
OTIMCAHMSI KAYeCTBEHHBIX M3MECHEHHUH B CTAOMJIBLHOCTH HEW-
POHHOTO OTKJIMKA TPU YBEJIUYCHUH JUTUTEILHOCTH CTUMYJIa
(10 — 50 — 100 Mc) MBI OnpeIe UM TPOIIEHTHOE OTHOIIIE-
HHUE HEHPOHOB, IJIA KOTOPBIX pPsg > P19 U Psg < Prgo- 110-
JIlydeHHbIE TaHHBbIE CBeleHbl B Ta0l. 1. Bbuto oOHapyxeHo,
YTO CTAOWIBHOCTh OTKJIMKA Uil HEHpoHOB W3 siapa Prd
SIBJISIETCS. MAKCUMAJIbHOM TPH CTUMYJISIIIMA HMMITYJIbCAMU
cpennedt mumurenabHocTH (50 Mc) s 53 % xnerok. s
73 % HEUpPOHOB OTKJUK Ha CEpPUI0 CTUMYJIOB JJIUTEJIb-
HOCTBIO 50 McC siBisieTcst OoJjiee CTAOMIBHBIM MO CPABHEHHIO
C OTKJIMKOM Ha CepHIo JUIMTENbHOCTBIO 10 M (pfF° > pfrd).
AHaJIOTHYHASI JUHAMUKA HAOJfOMaeTcsl Il HeHpOHOB WH-
TEpHOJISIpHOro siipa SpSi: 67 % KIJIETOK [eMOHCTPUPYIOT
HaJmyue HanboJiee cTabUIbHOTO OTKJIMKA MPU BO3IEHCTBUU
50 mc u yumib 8 % KJIETOK JEMOHCTPUPYIOT MAKCUMYM p
s 10 mc. Tlpu yBenM4eHUM [JIMTEIBHOCTH CTUMYJa C
10 mc mo 50 mc BeymumHa p pactéT B 92 % ciydaes.
Takum ob6paszom, Heliponsl simep Pr5 m SpiS5 xapakrtepu-
3YIOTCS JOCTATOYHO MOXOXHUMH TUIIAMM PEAKIUU Ha U3Me-
HEHUE JJIUTEIbHOCTU CTUMYJIA.

Jns HeHpOHOB OPANBHOTO siIpa HAOIIOZAeTCS Ipyras
kapTuHa. Hajmmume MakcuMyMa mokasaTtesisi cTabuiIbHOCTH
MPH BO3/ICUCTBUSX B TeueHUe 50 MC HAOJIOIAETCS TOJIBKO B

Taommna 1. CpaBHUTEJIbHBINA aHAJIN3 CTAOMJIBHOCTH OTKJIMKA HA CEHCOP-
HYIO CTUMYJISIIHEO HEHPOHOB TPEX sAIEP

Maxkcumym p VBenuuenue p | YMeEHbIICHUE p
IIpu nepexoje | IpH Imepexone
10 mc | 50 mc [ 100 mc 10 — 50 mc 50 — 100 Mc
Pr5 20 % 3% | 27% 73 % 73 %
SpSi 8% | 67% | 25% 92% 75%
SpSo 50 % 17% | 33% 33% 67 %

17 % cnyuaes. BosbimHacTBO HelipoHOB (50 %) UMEroT Mak-
cumyM p 1151 10 mc. Tosbko g 33 % KJI€TOK NPOUCXOIUT
POCT BEJIMYMHBI p TIPU YBEJIMUYCHUH JIIUTEILHOCTH CTUMYJIA C
10 mc mo 50 mc. Takum oOpa3om, MmpemyiaraeMblii MeTO/T
TMO3BOJINJI OOHAPYXUTh 3HAYMTENLHBIE Pa3JIMYMs B Xapak-
Tepe peakiuii HelipoHos siaep PrS, SpSi u Sp5o Ha anurens-
HOCTb BO3JICUCTBHSI.

JlaHHBIE PE3YIBTATHI MO3BOJISIOT CACNATH MPEATOIONKe-
HHE O CYIIECTBEHHBIX DA3JIMUUSAX AUHAMHUKH HEHPOHHBIX
OTBETOB B PAa3HBIX SAPaxX TPOWHMYHOIO KOMILIEKCA, YTO
00YCIIOBJICHO WX aHATOMHYECKHMH XapaKTEPUCTHUKAMHU W
(usmosornueckoil cnenuanusanuei. JleicTBUTENIBHO, sSapa
Pr5u Sp5i, B otimmume ot Sp50, 00141210 T SIPKO BBIPAXKEHHOU
COMATOTONMUYECKOH (OT aHTJI. somatotopic) opraHu3anueit u
AMEIOT TpsIMble MTPOEKIIMOHHBIE CBSI3H B Tajamyce. Kpome
toro, siApa Pr5 um Sp5i o6pabaThiBalOT OCHOBHYIO Y4CTh
TakTWIbHON HMH(pOpManuy, B TO BpeMsl Kak Sp50 B OCHOB-
HOM TepefaéT OoJieBble CTUMYJIBI, 100ABIIsI K HUM IIPOCT-
paHCTBEHHO-BpeMeHHY0 MHpopmanuro. [TocneaHee MoxeT
CIIyXUTh 00BsCHEHHEM 'mpenmnourenus’ HEHPOHOB 3TOTO
sapa x Hanbosee xopoTtkomy (10 mMc) Bo3meiicTBUIO, KOTAa
Oosiee BaxkeH caM (DaKT NMPUCYTCTBUSL CTHMYJa, & HE €ro
XapaKTePUCTHKH.

JIOTMYHO MPEanoJOXKHUTh, YTO H3MEHEHHE YaCTOTHI
NIEPUOINIECKOTO BHEIIIHETO BO3JCHCTBUS fi; MOXKET TaKXKe
BJIUSITh HA CTAOMIJILHOCTh OTKJIMKA HEPBHBIX KJIETOK. [1pum
ME/JIEHHOM CTUMYJIAIUU (HanpuMmep, | uMIysibc/c) HepoH
yCIIEBAET OTPEArupoOBaTh HA KAXIbIA OYEPEHONU CTUMYJ U
BOCCTAHOBUTBLCS TEpe] CICAYIOIIMM, AEMOHCTPHUPYS HpPO-
CTEHIIYI0 AMHAMHUKY THUIIA CTUMYJI— peakus. [1pu yBemuue-
HUHU YaCTOTHI fy HEUPOH MOXeT "mpomycTuTs" HEKOTOpBIE
CTHMYJIBI, YTO OYJIET COMPOBOXKIATHLCS Pa3aMnIHbIME "cOOs-
mu" B ero nuHamMuke. C 9TOU TOYKM 3PEHUSA MOXKHO OBLIO ObI
0XUJATb, YTO YBEJIMYEHHE YaCTOTHI fi; OyleT MPUBOAUTH K
YMEHBIICHUIO JAUHAMHUYECKOH CTAOMIBLHOCTH HEHPOHHOTO
otkimka. C Ipyrofl CTOPOHBI, CTUMYJI ONIPENEIEHHON dac-
TOTBI MOXHO PACCMATPHUBATH KaK eIMHOE IeJI0e, CBA3AHHOE C
BUOpammeil BUOPUCCHI TPU ONIYIBIBAHUU IIEPOXOBATOMN
MOBEPXHOCTH C COOTBETCTBYIOLLEH MPOCTPAHCTBEHHOM vac-
TOTOIL. B 9TOM citywae fy = fipv, T€ fip [eM™!] — mpocTpan-
CTBEHHAS 4YACTOTa, v [cM c!] — CKOpOCTh JBUKEHHS
KOHYMKAa BUOPHCCHI IO MOBEPXHOCTH. TakuM oOpazom,
OIIpeIeJIEHHBIA HEHPOH MOXKET OLITh "HacTpoen" Ha HeTek-
TUPOBAHHUE ONPEAEIEHHON 4acTOTHI, T.€. €0 OTKJIHUK OyneT
MAaKCUMaJIbHO CTaOUJIbHBIM Ha JaHHOU 4acToTe. DTO Mpen-
MOJIOXKEHUE Oa3upyeTcsl Ha pe3yJIbTaTaX MHOTOYHCIICHHBIX
pabot (manpumep, [81—83]), KOTOpbIE yKa3bIBAIOT HA BaX-
HOCTh TapaMeTpa 4YacTOThI OINYNbIBAIOIIUX JBYKCHUI
BUOPHCC IS TOCTIDKCHUST (POPMUPOBAHUST TOYHOTO OCSI3a-
TeJbHOro obpasa. ITocienoBaTeIbHOCTh UMIYJILCOB OIpe-
NIeJIEHHON 4YacTOTBHI MOYKET BOCHPHUHUMATBLCS KAaK €OUHBIN
CJIOKHBIA CTHUMYJI, U MBI BIIPaBe OXHUIATH HPHUCYTCTBUS
ONTHUMAJIBHOW 4YacCTOTBI, PAa3HOW [UIS PA3JIMYHBIX HEUpPO-
HOB.

[MpoBenéHHble HAMM WCCIICAOBAHMS BBISBUIM HATMYHAC
KJIETOK KakK MEepBOro, Tak W BTOPOro Tuma. Mbl oOHApy-
JKHJTH, YTO 3aBUCUMOCTH p( fg) MOXKET AEMOHCTPHPOBATH
TPHU OCHOBHBIX BapHaHTa NoBeaeHus (puc. 9): a) cymiecTBo-
BaHMe "ONTHMAaJILHONW" 4acTOTHI BHEIIHETO BO3CHCTBUS,
0) MOHOTOHHOE YMEHBIIEHHE p C POCTOM fg, B) ciiabas
3aBUCUMOCTb p OT 4YacTOThl ctumyJsuuu. [lepBblii Tun
TOBEICHUS SIBJISIETCSl HAanOoJIee TUMMYHLIM: B HAIIIHMX JKCIIe-
puMeHTax oH Habmromancs y 58 % HEHPOHOB TIABHOTO
cerncopnoro siapa (Pr5), 59 % HepBHBIX KJIETOK HHTEPIIOJISIP-
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Puc. 9. Tpr OCHOBHBIX THIA 3aBHCHMOCTH XaPAKTEPUCTHKHU IUHAMHEIC-
CKO# CTAOMILHOCTH HEWPOHHOTO OTKJIMKA OT YACTOTHI BHEIIHETO TIEPHO-
JITYECKOTO BO3JEUCTBUS: MoJiocoBast QMIbTpanus cTHMYJIA (@), mpoIyc-
KaHHWe HU3KHMX 4acToT (0), OTCYTCTBHE SIPKO BBIPAXXKEHHOM YaCTOTHOM
3aBHCUMOCTH (B).

Horo siapa (SpSi) u 53 % HelipoHoB opajibHOTO siApa (Sp50)
[84]. Tun 6) 6611 06Hapyx)eH y 33 %, 31 % u 35 % HelipoHOB
saep Pr5, SpSi u Sp50 cooTBercTBeHHO. BapuaHT B) ObLI
3adukcupoBany 9 %, 10 % u 12 % HepOHOB COOTBETCTBYIO-
mux saep. Takum ob6pa3om, Mbl HabmroaeM HeOOIbIIOE

OTJIMYKE XapaKTEPUCTHK siipa SpS0 OT XapaKTEPUCTHK SIIEP
Pr5 u Sp5i. OtMeTuM, YTO BapUaHT a) MOXHO TPAKTOBATH
KaK MOJIOCOBYIO (PMIIBTpAIUIO CTUMYJIOB, BAPUAHT 0) — Kak
HY-¢unbpTpanuio u BApuaHT B) — KaK OTCYTCTBHE YaCTOT-
HO¥ 3aBUCHMOCTH OTKJIMKA HEWPOHA OT CTHUMYJISIIHH.

CTaTUCTUYECKUIl aHa M3 YaCTOThI BO3ACUCTBUS, MPHU
KOTOPOM HAOJIFOJIAETCS MAKCUMYM 3aBHCHMOCTH p(fy) ¥
MEPBOTO THUIMA HEHPOHOB, MTO3BOJIMII HMOJIYYUTH CIIEAYIOIINE
pe3yJIbTaTHl (CpeHee + CTAaHAAPTHOE OTKJIOHEHHe): 5,1+
+42 Tn (Pr5), 52+3,9 I'm (Sp5i), 4,0+ 3,8 T'm (Sp50).
Takum o0Opa3oM, y HEHPOHOB ABYX MHEPBBIX SACp BHOBL
HaOJIOAaeTCsl MOXOKash OUHAMUKA, TOTJa Kak B cllydae
HEPBHBIX KJIETOK OPAJBHOTO SIApa CpeiHee 3HAYCHUE YaCTO-
THI CTAOMIM3a HEHPOHHOTO OTKJIMKA HEMHOTO MEHBIIIE.

CylecTBOBaHNE MTPEANOUYTHTEbHON (QOpMBI OTBeTa
HEPOHA Ha BHEIIHEE BO3JEUCTBHE, KOTOPOE HMPOSBUIIOCH
noutu y 60 % Heiiponos simep Pr5 m SpSi, BOo3MOXHO,
CBSI3aHO C HAJIMYUEM XapaKTEPHBIX BPEMEHHEBIX MACIITA00B
B (YHKIIMOHMPOBAHUH HEPBHBIX KJIETOK, KOTOPBIE, B YACTHO-
CTH, WCCJIEIOBAJICh HAMU Ha OCHOBE BEHBJIET-aHAJN3a B
paborax [67, 68]. OOHapyKCHHbIC YaCTOTHBIC XapaKTepH-
CTUKM COBIQJAIOT C JUANa30HOM YacTOT KoJiebaHui
BUOPUCC NMPH aKTUBHOM HCCJIEIOBATEIBLCKOM OIIYTbIBAHUT
4-12 T'm [85]. Hamm pe3ynapTaThl MOAKPEIIISFOTCS TaH-
HBIMH, TMOJIYYEHHBIMH Ha OCHOBE M3MEPEHHS] AMIUIATYIbI
YCPEeTHEHHOTO HEHPOHHOT'O OTKJIMKA B COMAaTO-CEHCOPHOU
kxope SI, rae ObUTH 0OHAPYIKEHBI CXOAHBIE (PHIIbTPAIMOHHBIC
cBoiicTBa [83]. Takum 00pa3oM, MOKHO MPEANOJIOKUTh, YTO
4acTb (PUIBTPAMOHHBIX XapaKTePUCTUK, IPOSBIISIFOIIIXCS B
OTKJINKE HEHPOHOB COMATO-CEHCOPHOU KOPBI, SBJISIFOTCS
WHAYIMPOBAHHBIMH AQHAJIOTUYHBIM OTKJIUKOM HEHPOHOB
TpOHHUYHOTO HepBa. OTMETUM, YTO MPUMEHEHHE CTAHIaPT-
HBIX JISi HEWPOIMHAMUKH CTATHCTHYECKUX METOJOB He
MO3BOJIMJIO HAM PAa3JHYUTh JJIEKTPHUYECKYIO AKTHBHOCTH
HEMPOHOB C DPA3HBIMH YAaCTOTHBIMH XapaKTEPUCTHKAMHU.
Tak, Mbl 4YacTo HAOJNIOAATH OTHOTHIIHBIE 3aBUCHMOCTHU
CUYC oT 4acTOThI BO3ACHCTBUS JJIsI BADHAHTOB, MPECTAB-
JICHHBIX Ha puc. 9a, 6.

3.3. MeTto BeiiBJ1eT-KOrepeHTHOCTH IJIsl aHAJIN3a
HeHPOHHBIX OTKJIMKOB HA CEHCOPHYIO CTHMYJISILIMIO

B paznmene 3.2 ormeuasioch, YTO HMCCIIEIOBAHUE YACTOTHOU
CTPYKTYPbI TOYEYHBIX MPOIECCOB, TAKUX KaK IMOCJIeI0Ba-
TEJIbHOCTHU CIIaKOB, MOXET MPOBOJIUTHCS HA OCHOBE (Dyphe-
aHaJiM3a, HO TaKOM MOAXOH MMeEET psJ OTPAaHHYEHUH NpHU
W3YyYECHUN HEMPOHHBIX OTKIUKOB Ha ctumyJisinuto [74]. [lpu-
BJICYCHUE KOHIICTIIINH BEHBJIETOB MPEJCTABISET COOOM allb-
TEPHATUBHBIA BAPUAHT CIEKTPAIHHOTO aHAJIN3a TUHAMUKA
HEHPOHHBIX CUCTEM.

BeiiBner-criektp W(a, b) mocne1oBaTeIbHOCTH CIARKOB
MOHO BBIYHUCIUTH C MOMOIIIBI0 (popmyJibl (22). Y 106HO uc-
MOJIb30BAaTh BAPUAHT HOPMHUPOBKH IHEPTEeTHYECKOTO CIIEKT-
pa, YUUTBIBAIOIIAN CPETHIO0 YaCTOTY F TeHEpalnd CHaii-
KoB [86]:

1

E(a,b) = —=— |W(a,b)|". (23)
Vrfo
TaxuMm 06pazoM obecieunBaeTCsl eMMHIYHASI SHEPTHS "CIty-
qaiHON" MOCIe0BATENLHOCTH CIAWKOB (T.€. MOCIEA0Ba-
TEJILHOCTH CO CIIyYalHBIM pacHpee/ICHUEM MEXCIAHKOBBIX
MHTEPBAJIOB), PABHOMEPHO pacnpeaeS€éHHas 0 BCeM Macl-
tabaM, (E(a)), = 1. ['Mo6anbHBI SHEPreTHUECKHI CIEKTp
MOXeT OBITh MOJNyueH myTéM ycpeaneHus (23) 3a Bpems T
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E(a) = 1 JTE(a, b)db. (24)

0

Ilpu u3yvyeHun DUHAMHUKU ABYX IOCJIEI0BATEIbHOCTEHN
cnaiikoB N 1 M 110 aHAJIOTUU C B3aUMHBIM (ypbe-CIIEKTPOM
MO>KHO BBECTH B PACCMOTPEHHE B3aUMHBII BEHBIIET-CIIEKTP

WNW5
ENM (a, b) = NTM

N (25)

B aToM ciryuae HOpMupOBaHHON MEPOU B3AUMOCBSI3U MEXITY
JIBYMSl TIOCJIEIOBATEILHOCTSIMU CHAWKOB MOJKET CIIYXUTh
BEUBJIET-KOTEPEHTHOCTH [54, 55, 87]

|S[Exn(a.b)/a]|’
S[En(a,b)/a) S|Ev(a,b)/a]’

CNM (a, b) = (26)

rae S mpeAcTaBisieT co0O HEKOTOPBIA CriIakKUBAIOIIHAN
onepatop [87]. Uucnennas oneHka Mepsbl (26) MOXET MPUBO-
JUTh K OIIMOOYHO OOJIBIINM 3HAYEHHUSIM KOI€PEHTHOCTH B
ciIydae Mcye3arollle MaJIbIX 3HAYeHUH SHEpruy OJHOIO MJIU
oboux curraios (t.e. upu E(a.,b,) ~ 0). YtoObl n3bexartsb
9TO0# mpobsiemMbl, BeamunHa Cny MIPUPABHUBAETCS K HYJIIO,
€CJIM TeKylllee 3HAYEHHE JYHEPrUM XOTs Obl OIHOrO U3
CUTHAJIOB CTAHOBHUTCS MEHBIIIMM HEKOTOPOTO YCTaHOBJICH-
HOTO IIOPOTOBOT'O YPOBHSI.

JIBe TUHEWHO He3aBUCHUMBbIE MOCIIEI0BATEILHOCTH Clai-
KOB XapaKTepH3YIOTCS MallbiIM 3HAYeHHEM KOTe€PEHTHOCTHU
Cnm(a, b) ~ 0, Torna xak 3Hayenne Cnm(a, b) = 1 cooTBet-
CTBYET CTPOTOM JIMHENHON B3aNMOCBSI3H MEX Iy MOCJIEI0BA-

TeJbHOCTAMHU CHallkoB Ha MacluTade a B MOMEHT BpPEMEHHU
t~b. Ecim B xavecTBe OAHOH M3 MOCIEIOBATEILHOCTEH
CHAMKOB HCHOJIB30BATH BPEMEHHYIO IOCIEHOBATEIBHOCTH
CTUMYJIOB, TO C IOMOIIBIO Mepbl (260) MOXHO H3y4YaThb
(DYHKIIMOHAJILHYIO 3aBUCHMOCTb MEXIy CTHMYJISIHEH U
HEUPOHHBIM OTKJIMKOM. [lpu mpoBeaeHUN NEpHOAUYECKON
CTUMYJISIIUU C YaCTOTOM f 11es1eco000pa3HO CKOHIEHTPHUPO-
BaTh BHIMAaHME Ha BpEMEHHBIX MacIITa0ax ¢ B OKPECTHOCTH
YACTOTHI CTUMYJISIIIHY.

PaccMoTpuM mpuMep mpuMeHEeHUsT KOHIISTIMH BEHBIICT-
KOTePEHTHOCTH MIPH M3yYCHUH HEHPOHHBIX OTKJIMKOB HA TaK-
TUJIbHYIO CTUMYJISIIMIO B 3KCIEpUMEHTE C Kpbicoil. bblia
BbIOpaHa 9KCIEPUMEHTAIbHAS 3aMUCh OCIEA0BATEILHOCTH
cnaikoB, cofepKamias TP pa3IMYHbIX ydacTka: | — crmoH-
TaHHOW HeHpOHHOU aKTHUBHOCTH; Il — KOHTpOJIBHON Tak-
TWIbHOW cTUMyJIsinuu (32 ¢), ocyuiecTBisieMol B 00JacTu
YyBCTBHUTEJILHOCTH HEPOHOB TOHKOTO sinpa (gracilis nucleus)
C TIOMOILBIO COJIHONIA, 00ECHEUNBAIOIIETO MIEPHOIMYECKYIO
AMITYJIbCHYIO CTUMYJIAIUIO (31 MMIyJIbC ANMUTEIHLHOCTHIO
20 mc ¢ gacroroit 1 I'm); IIl — anHanmoruvHON TakTUILHOU
CTUMYJIALIAY, IPOBOJUMON IOCJIE JOMOJHUTEILHOM 3JIEKT-
pUYECKOUN CTUMYJISIIIUN COMAaTOCEHCOPHO# Kopbl. Ha pucyn-
ke 10a mpeacTaBJIeHbl COOTBETCTBYIOIINE OCIIEI0BATEIbHO-
CTH CTUMYJIOB U HEUPOHHBIX OTKJIMKOB. Pe3ynbTaThl BeilB-
JIeT-aHaJIn3a CUTHAJIOB HEWPOHHOW aKTUBHOCTH (C MCIOJIb-
3oBaHKeM "MaTtepunckoro" Beiisiiera Mopiie) IpuBeIeHb HA
puc. 106. V3 maHHOrO pHCYHKAa BHJIHO, YTO HEHpOHHAs
AKTHUBHOCTb HOCUT HEPEryJIsIpHbIA XapakTep. B pexume
CIIOHTAHHOU TMHAMUKY (0€3 CTUMYJISINY, y4acTok I) oTcyT-
CTBYIOT JOMHUHHPYIOIIAE PUTMHYECKHE Tporecchl. Ha
yuyacTke 11 MOXHO MIEHTH(GHUINPOBATH CIEKTPAIbHBIA MUK
B OKPECTHOCTH YacCTOThI cTUMYyJsinuu (B muamnazoHe 0,83 —
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Puc. 10. [Tpumep BeiiBiieT-aHAIN3a HEUPOHHOTO OTKJIMKA HA CTUMYJISIIMIO. (a) TpH yyacTka CTUMYJISIUHM M HEWPOHHOTO OTKJIMKA: | — crioHTaHHast
aKTUBHOCTb, Il — KOHTpoJsbHASI TakTWiIbHAs cTuMysinus, [l — TakTuiabHas cTUMYJISIIMS, TPOBOAUMAS MOCJE JOMOJHUTEIbHON 3JIEKTPUUECKONR
CTUMYJISIIIAUA COMATOCEHCOPHOI KOpPHI. (0) Pe3ynbTaThl pacu€TOB 3HEPreTUUECKUX BEUBJIET-CIEKTPOB (23) A1 COOTBETCTBYIOIIMX YYaCTKOB. (B) Ypo-
BEHb CTATUCTHYECKOW 3HAYMMOCTH JUJIsl pacy€Ta BEHBJIET-KOT€PEHTHOCTH, MOJIYYCHHBII C MOMOIIBIO aHAJIN3a CypPOraTHBIX JaHHBIX. (I) Pe3ynbraTsl

pacu€ToB MephI BEeHBJIET-KOTePEHTHOCTH (26).
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1,16 T'1y), rpaHUIBI KOTOPOTO OTMEUYEHBI TOPU3OHTAIbHBIMHU
MyHKTHPHBIME JINHUSIMA. DTOT CHEKTPAJIbHBIA MUK yKa3bl-
BaeT HA HAJMYME PUTMHUYECKOTO HEWPOHHOTO OTKJIMKA,
BBI3BAHHOTO CTUMYJIOM. OJIHAKO aMIUIUTyJa COOTBETCT-
BYIOILIETO THMKA M3MEHSETCS CO BPEMEHEM, JAEMOHCTPHUPYS
HHU3KOYaCTOTHBIE KojebaHus ¢ yactoToir Menee 0,3 I'm,
HaJIMYUE KOTOPBIX CBUACTEILCTBYET O TOM, YTO HEHPOHHBIN
OTKJIUK HAa TEPUOAMYECKYIO CTUMYJISIUIO HE SIBIISETCS
UJIEHTUYHBIM BO BpEMEHH, T.e. HeWpoH "oTkimkaercsa" Ha
OJMHAKOBBIE CTUMYJIbI Pa3HbIMU IIOCIEAOBATEIbHOCTSIMU
CIAWKOB C pa3HOM JJIMTEIHLHOCTHIO MEXKCIAWKOBBIX UHTEP-
BaJioB. Ilociie aeKTpuuecKo CTUMYJIISIIIAM COMATOCEHCOP-
HoW kxopbwl (yuactok III) cmekTpanbHbIE NHUK B 00JacTH
YacCTOTBI CJIEIOBAHUSI CTUMYJIOB CTAHOBUTCS OoJjiee BbIpa-
KEHHbIM. MeJIeHHbIe OCIMIJLISIIIAN AMIUIUTY Il 3TOTO MUKA
CTaHOBSITCA cylabee, HO TAKXKe MPHUCYTCTBYIOT B CTPYKTYype
AQHAJIM3UPYEMOTO cHUrHaja. JIOMOJHUTEIbHO NPOUCXOIUT
YBEJIMYCHUE YHEPTUU KOJICOAHNH TapMOHUK YACTOTHI CTUMY-
JISIIUY.

OrnucanHast KapTHHA SBJISIETCS PE3yJIbTaTOM Ka4eCTBEH-
HOTO aHajM3a BEUBJIET-CIIEKTPa HEWPOHHOTO OTKJIMKA Ha
cTumyJianuio. sl KOJMYECTBEHHOI'O aHaju3a CTEHEeHU
MOBTOPSIEMOCTH HEUPOHHOT O OTKJIMKA HA BO3/IEUCTBYIOIINNA
CTUMYJI BBINOJIHSIICS PAcuéT BEUBJIET-KOTePEHTHOCTH (26)
TOCJIEIOBATEILHOCTE UMITYJIHCOB, OCYIIECTBIISIOIUX CTH-
MYJIALUIO, U TIOCJIEI0OBATEIbHOCTE HEHPOHHBIX CIIANKOB.
UToOBI yIOCTOBEPUTHCS B CTATUCTUYECKON 3HAYMMOCTH
HallZICHHOU CTeNeHU KOTePEeHTHOCTH, IPOBOIUIICS CTATUCTH-
YEeCKHUIl TeCT, OCHOBAHHBIM Ha TreHepaluu CyppOTraTHBIX MO-
CIIeIOBATEIIbHOCTEN CHAWKOB MMy TEM CITy4aifHOTO TIepeMeIITu-
BaHUSI MEXCIANKOBBIX HHTEPBAJIOB ((ha30BBIX COOTHOIICHAN
nByx curHaioB). Ha pucynke 10B mpeacraBiieHa Kpuas
CTATUCTUYECKON 3HAYMMOCTH, COOTBETCTBYIOIIAs YPOBHIO
p = 0,05 17151 uccaeyeMoro 4aCTOTHOTO IMana3oHa HelpoH-
HOT'O OTKJIMKA. BenuunmHa Mepbl KOrepeHTHOCTH (26), COOT-
BETCTBYIOIIAsl 3HAYCHUSIM BBIIIE 3TOW KPUBOH, SIBIISETCS
CTaTUCTUYECKH 3HAYUMOIA.

Pucynok 10r wiumroCTpupyeT pe3yIbTaThl pacuéra BenB-
JIET-KOT€PEHTHOCTH TAaKTHJIbHBIX CTUMYJIUPYIOIIUX UMITYJIb-
COB U BBI3BAHHBIX HEWPOHHBIX OTKJIMKOB. M3-3a2 TOro 4yto
TaKTWIbHAS CTUMYJISIIUS SIBJISIETCSI TEPUOAUYECKON (CO-
JIEP)KUT TOJIBKO OJIHY YaCTOTY), aHAJU3HUPYS KOT€PEHTHOCTh
OTKJIMKA, Oy/IeM IPUHUMAThH BO BHUMAHHE TOJIBKO JIANa30H
4acTOT B OKPECTHOCTU 4YAaCTOTHI CTUMYJALUHM (OTME4YeH
MyHKTUPHBIMU JMHUSAMHA Ha puc. 10T). Bo BpeMsi KOHTPOJIb-
HOM CTUMYJISIIIAY HAOIFOAAI0TCS TP YIaCTKA CTATHCTUYECKA
3HAYNMOM KOT€PEeHTHOCTH B JAHHOM JMANa30HE YacTOT
(puc. 10r, cieBa), 4TO OTpaxaeT HAJUYUE B3aMMOCBS3U
MEX/y BO3JECUCTBHEM U OTKJIUKOM. OJIHAKO CJIEIyeT OTMe-
TUTD, YTO 3TA B3AaUMOCBSI3b HE SIBJIsIeTCs TOCTOSsIHHOM. [Toce
3JIEKTPUUECKON CTUMYJISIIIUU COMATOCEHCOPHOM KOPBI Mepa
BEHBJIET-KOTePEHTHOCTH (26) CYIIIECTBEHHO YBEJIMYMBACTCS
(puc. 10r, crpaBa). Boslee metanbHbIe UCCIENOBAHUS KOTe-
PEHTHOCTH HEWPOHHBIX OTKJIMKOB, MPEANPUHATHIE B paboTe
[86], mo3BoIMIIM BIIEpBBIE OOHAPYXKUTH J1BA SIBJICHUS: 1) cTe-
NeHb (QYHKIMOHAJILHON B3aUMOCBS3H MEX/y BO3ACHCTBUEM
¥ OTKJIMKOM YBEJIMYMBAETCS IIOCIIE 3JIEKTPUIECKON CTUMYJISI-
UM COMATOCEHCOPHOW KOPBI, 2) KodapdumueHt ¢GyHKIwo-
HAJIbHOW CBSI3U SIBJISIETCS JMHAMUYECKON XapaKTepUCTUKOM,
MeIJIEHHO OCIMJUIAPYIOIIEH BO BpeMeHu. Ha ornenbHbIX
ydacTKax 3KCIEePUMEHTAJIbHBIX 3aIHMCEH TaHHAs XapaKTepu-
CTHKA CTAHOBUTCSI MEHbIIIE YPOBHS CTATUCTHYECKOW 3HAYM-
MOCTH, YTO O3HAYACT BPEMEHHYIO MOTEPIO CBSI3U CTUMYJI—
peaxust JJIs1 OTIeJIBHOIO CEHCOPHOT'O HEUpOHaA.

B pabore [86] npoanaM3upoBaHbl BEPOSITHOCTH Pa3JIMy-
HBIX TUIOB U3MEHEHUS! KOTE€PEHTHOCTH OTKJIMKOB HEHPOHOB
TOHKOTO $iApa, OOYCIOBJIEHHBIX JJIEKTPUYECKOH CTUMYJIS-
oueil cOMaTOCEHCOpPHOU KOphl. B OoJbIIMHCTBE cilyyaeB
(59 %) nHabiroaJI0Ch MOBBIIIEHHE KOTEPEHTHOCTU HEHpPOH-
HBIX OTKJIMKOB Ha TaKTUJIbHYIO cTUMYJisnuto. B 24 % ciy-
qaeB ObLI0 3a()UKCUPOBAHO OTCYTCTBUE U3MEHEHUM HEHPOH-
HOT'O OTKJIMKA, a B 17 % ciy4aeB — yMeHbILIEHHE KOTE€PEHT-
HOCTH.

4. AHa/Iu3 BHEKJIETOYHBIX JJIEKTPHYECKHX
NOTEHIHAJIOB U mpodJieMa Kiaaccugukanum
HEPOHHBIX CHAHKOB METOJaMH BellBJIeT-aHAM3a

B nacTosiee Bpemst M3yueHUE MPUHIUIOB KOJIUPOBAHMS
uHbOpMAIIMM HEUPOHAMH U UX aHCAMOJISIMU B 3HAYMTEJIb-
HOM CTENeHN CBOJIUTCS K HAKOIUICHUIO SKCIIEPUMEHTAJIBHBIX
(axTOB O peakuy Ha TOT WM WHOM Bua cTUMyja. Tpaau-
IHOHHO MPOBOJIUTCS 3aMHCh BHEKJIETOYHOTO 3JIEKTpHYE-
CKOTO TMOTEHIHAJIa, YTO IMO3BOJISIET U3Yy4YaTh AUHAMHKY
UMITYJIbCUBHON aKTUBHOCTH KJIETOK, PAcCIOJIOKEHHBIX B
HEKOTOPOil JIoKaIbHON 06s1acT BOJM3U MHUKPOIJIEKTPOLA.
B pe3yibTate perucTpupyeMblil MOTEHIMAJ MPEACTABIISET
co00i CyMMapHYIO 3JIEKTPHYECKYIO AKTHBHOCTH HEKOTOPOTO
HelpoHHOT0 aHcaMOJist. [{Jist TOro 4TOOBI IPOBOJIUTH UCCJIC-
JIOBaHUWE AKTUBHOCTU OT/EJIbHBIX HEHPOHOB Ha OCHOBE
9KCIEPUMEHTAJIbHBIX JTaHHBIX, HEOOXOJAMMO BHAaYaje pac-
COPTUPOBATH CIIAWKH C YYETOM UX (POPMBI.

IMpu pelieHnu 3aga4uM UACHTUDUKAIIMHA CIIAWKOB (KJac-
cU(pUKAINY WA COPTUPOBKU) TPAIUIIOHHO CUATAETCS, YTO
KaX[IbIi HEMPOH TeHepUpPYyeT CafK! OTHO 1 TOM e GopMBI
7 aMIUTUTYAbI, MpUuYéM (GopMa CraiflkoB pa3HbIX HEMPOHOB
SIBJISIETCS YHHKAJIbHOH (3TO 00ycioBJIeHO Mopdosioruet
HEMPOHOB, MECTOM PETUCTPALM — BOJIM3M aKCOHA, COMBI U
T.1.), 2 AMIUTATY 14 3aBUCHT OT PACCTOSHUS MEXTy KJIETKOH 1
MUKPO3JIeKTpoaoM. Takoe momylleHre He BCerja CIpaBe-
JIUBO (B YACTHOCTH, ISl CHAHKOB, BXOSIIINX B COCTAB IAYeK
UMIIYJICOB), HO OHO BIIOJIHE JIOTUYHO, TAK KaK €CTECTBEHHAS
Bapuauusi (GopMbl IMOTEHIMAJA ACHCTBUSI KOHKPETHOTO
HEeMpOHA YacTO OKa3bIBAETCS HE3HAUYMTEIBLHOW MO CpaBHe-
HUIO C PA3JIMYUsMH CIHAHKOB COCEIHUX KJEeTok. IToaTomy
TEOPETHYECKH 3a/JaYa HICHTU(PHUKAIIMA COCTOUT B TOM,
YTOOBI U3 SKCIIEPUMEHTAJIBHBIX TAHHBIX BBIIEIUTH HECKOJIb-
KO TOCJIEeJ0BATEJIbHOCTEH COBMamarouux 1no ¢Gopme crai-
KOB, Ka)XJ1asi U3 KOTOPBIX NPEANOJIOKHUTEILHO FEHEPUPYETCS
omHUM HelipoHoM (puc. 11). B mpeanpHOM ciyuae B mpo-

5 Mc
—

Puc. 11. [IpuMep BHEKJICTOYHOTO 3JIEKTPUYECKOTO MOTEHIHAIA, COACP-
JKAIEero HeCKOJIBbKO Pa3HBIX MO aMIUHTyAe H GopMe craiikoB. Craiiku,
OTMEUeHHbIE Pa3HbIMH OykBaMH (A 1 B), mpuHaIex)aT AByM pa3InyHbIM
HepoHaM.
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CTPAHCTBE XapaKTePUCTHK, OMHUChIBAIOIUX (GOPMY CIIAHKOB,
JIOJDKHBI 00pa30BaThCsl KJIACTEPhl, COOTBETCTBYIOIINE CHAT-
KaM OTHeJIbHBIX HelipoHOB. Ecnm ynaércs pa3nmuuTh HEKO-
TOpPOE KOJMYECTBO KJIACTEPOB U M3OJUPOBATH MX JIPYr OT
Jpyra, TO 3ajavya HACHTH(DUKANUN MOXET CYUTATBCS YC-
TIELIHO PEIIEHHOMN.

OnHako Ha MPaKTHKE 9Ta 3a7aya sIBJISETCS TEXHUYECKU
OUeHb CJIOKHOW W3-3a CYIIECTBEHHOTO YPOBHSI (HOHOBOTO
IymMa, KOTOPBIA aJJUTUBHO [OOABISETCS K CUTHAIY W
NMPUBOJUT K PA3JIMYHBIM HCKQXKCHUSIM (POPMBI CIAKHKOB.
[Iym MoxeT uMeThb pa3Hyr mpupoay (Hanpumep, (oH,
KOTOPBIA (hopMHUpYETCS JIEKTPUIECKONH aKTUBHOCTBIO yJia-
JIEHHBIX KJIETOK, VJIM amlmapaTHBIN LIyM U3MEpPUTEIbHOU U
TepeJarolei anmapaTypsbl), U €ro CIeKTpP MePEeKPhIBACTCS CO
CIEKTPOM aHAJM3UPYEMOTO CHUTHAJA, YTO CHJIBHO 3aTpy-
HSIET YaCTOTHYIO GUiIbTpanuo. JlaHHbIi GakTOp HEM30EKHO
IPUBOIUT K oltnOkam naeHTudukanuy. CorjacHo OleHKaM,
MPOBEAEHHBIM JJISI BHEKJIETOYHBIX JJIEKTPUYECKUX CUTHAJIOB
[88], mpu BBICOKOM YpOBHE (POHOBOTO ITyMa IKCHEPUMEHTA-
TOP MOXET JTOIycKaTh 10 50 % ommooK.

3agava uaeHTU(DUKAIMY TOCIICTI0BATEILHOCTEH CIIAKOB
MOXET pelaTbesl MyTEM BU3YaJbHOI'O COIOCTABJICHUS MX
($hopMBI U paszesieHus o TpynnaM BpyuHyro. Takoil moaxon
cienyeT TpU3HATL Hed()HEKTUBHBIM, IMOCKOJBKY 3aIUCH
HEMPOHHOW AKTUBHOCTU MOTYT COJEPKATh HECKOJBKO
COTeH (WJIX THICAY) CHAKWKOB, YTO JIEJACT UX BU3YaJbHYIO
COPTUPOBKY UYpE3BBIMAHHO TPYIOEMKOW mpoueaypoir. 1o
00yCJIOBIMBAET HEOOXOAMMOCTh aBTOMATH3AIMU TIpoIecca
pasaeneHus: perucTPUPYEMbIX CIAKKOB IO TPYyIIaM.

4.1. MeTtoanl kaaccupukannu HeiipOHHbIX cHAliKoB
IIpoGiemMe aBTOMATHYECKONW MACHTH()UKAIMHA HEHPOHHBIX
CIAWKOB IMOCBSIIEHO OYeHb MHOTO paboT (Hampumep, [89—
93] u np.). Haubosnee mpocThiM METOJIOM pEIICHUS 331241
UICHTU(DUKAIUN HEHPOHHBIX CHANKOB SIBIISIETCS pa3/ieieHIe
WX TI0 aMIUTATYIaM — IIOPOTOBasi COPTHPOBKA. AMILTUTY A
(WM BBICOTA) MOTEHIIMAJIA IECTBUS YOBIBAST PH yBEIIIYe-
HUM PACCTOSHUS MEXIY PETUCTPUPYIOIIUM 3JIEKTPOJIOM U
KJIeTKOH. Eciiu 3JIeKTPOJ pacloJIOKeH O4YeHb OJIU3KO K
OJTHOU M3 KJIETOK, TO aMILIUTY/1a TeHEPUPYEMBIX €r0 Craii-
KOB OyZIEeT CyILIECTBEHHO MPEBOCXOIUTh AMILUIUTYAY CHAHKOB
yIAJEHHBIX KJIETOK U IIyMOBOM (oH. B 3TOM ciyuae MOXHO
MPOBECTH HICHTU(UKANUIO O KpaifHel Mepe OJHOTO THIa
CMaiKOB ¢ MOMOLIbIO MOPOTrOBOTO YCTPOUCTBA (TpUITEPA).
VYcraHaBiauBasi cHenuajibHO MOJOOpaHHBIE MOPOTOBBIE
YPOBHH, MOXXHO Pa3AeJIUTh UMITYJIbChI, IMEIOIINE PAZHYIO
amrutyay (cm. puc. 11). TIpeumyIiiecTBo Takoro moaxojaa
COCTOHT B TOM, 4TO OH TpeOyeT MHUHIMAJILHOT'0 000py10Ba-
HUSI ¥ IPOTPAMMHOTO 00eCIeUeHHUsI, MOKET MPOBOJIUTHCS B
peaJbHOM BPEMEHM M B Psle CiIydyaeB HaéT JOCTATOYHO
TOYHYIO MH(POPMAINIO, HEOOXOIUMYIO IKCIEPUMEHTATOPY.
O4eBHIHBIM HEIOCTATKOM MOPOTOBOW COPTUPOBKH SIBIIS-
€TCsl TO, YTO JAJIEKO He BCeraa ynaéTcsl JOCTHYb IpuemIe-
MOTO pa3jejieHus MO TpyIIaM CHTHAJIOB, OJIM3KUX MO
amiuatyne. Hanpumep, i pa3ziesieHus: BOJHOBBIX (HOpM,
n300paXEHHBIX HA pUC. 12, METO/ MOPOTOBOrO JACTEKTUPO-
BaHUs HepuMeHUM. KpoMme Toro, oueHb 4acTo ¢ MOMOIIBIO
TEXHUKH aMIUTUTYIHOTO JETeKTHPOBAHMUS HEBO3MOXHO C
MPUEMJIEMON TOYHOCTBIO OTIEJUTh CUTHAT OT (DOHOBBIX
IIYMOB U MTOMEX.

Cpenu OOLIMPHOTO apceHasa KJIACCUYECKMX METOJO0B
aBTOMATHYECKON COPTUPOBKHU CIIAlKOB Hanbosiee 3 HeKTUB-
HBIM CUUTAaeTCs aHanu3 rjaBHbIX komnoHeHT (AT'K), koto-
PpBIil SIBJISIETCS YaACTHBIM ClydaeM (paKkTOpHOro aHanu3a [88].

Puc. 12. Ilpumep BOJHOBBIX (OPM, T€HEPUPYEMBIX TpeMs pPa3HBIMA
HeMpoHaMU.

OH XOpOIIIO 3apeKOMEHIOBaJ cedsl B 3aJaYax pacro3Ha-
BaHHUS U CKATHUSI 00PA30B, MOJABJICHHS IIIyMa Ha H300pake-
HUSIX, COKPAILEHUSI Pa3MEPHOCTH AMHAMHUYECKUX Mojese
0e3 CyIIeCTBEHHOW MoTepu MHPOPMATUBHOCTU (HANIpUMED,
P OMMCAHUU TYpOYJIeHTHOCTH) U T.1. Mmes aToro merona
COCTOHUT B TOM, YTOOBI HAWITH HAOOP OPTOTOHAJILHBIX (DYHK-
Ui, KOTOPbIE XapaKTEePU3YIOT HanboJiee BaXXHbIE 0COOEHHO-
ctd GopMbl curHasioB. C TOUKU 3PEHUS BBIYUCIUTEILHON
MaTeMaTHKH 3a/a4a CBOJUTCS K MOMCKY COOCTBEHHBIX BEK-
TOpPOB (TaK HAa3bIBAEMBIX TJABHBIX KOMIIOHEHT) KOBapHa-
LIIMOHHOW MATpPHUIIbI, TIOCTPOCHHON HA OCHOBE 3KCIIEPHUMECH-
TAQJIBHBIX JTAHHBIX, T.€. BCEX HUMITYJIbCOB, MHUHUMYMBI A
MAaKCUMYMbI KOTOPBIX PACIOJIATAIOTCS B OJIMH U TOT XKe
MOMeHT BpeMenn. Kax bt caiik x(7) MoxeT ObITh Mpej-
CTaBJICH B BHJE CYMMBI IJIABHBIX KOMIIOHEHT C COOTBET-
CTBYIOIIMMH MM BeCOBBHIMH Kodddunuentamu S;. BecoBbie
KO3 PUIUEHTBHI ONIPENIENISIFOTCS CIIEAYOIITIM 00pa3oM:
Si=Y_ pit)x(1), (27)
t
rje t — IUCKPEeTHOE BpeMsi, p;(1) — riIaBHAsI KOMIIOHEHTA C
HOMepoM i. BecoBble (1t MaciTabHbie) KOIPPHUIMEHTHI S;
WCIOJIL3YIOTCS B KAYECTBE XapaKTEPHUCTUK IJISI COPTUPOBKU
cnaiikoB. Haubosee BaxxHyto HHGOPMAIMIO OOBIYHO COMED-
’KaT HECKOJBbKO IEPBBIX TI'JIABHBIX KOMIIOHEHT, KOTOPbIE
OIHUCBHIBAIOT OCHOBHBIE OCOOEHHOCTU (OpPMBI CHTHAjdA (U
MMEHHO C MX MOMOIIbIO MOXHO IHATHOCTUPOBATH OCHOB-
HbIC pa3IMyusl pa3HbIX TUIOB CaikoB). Mcmoas3ys macii-
TaOHbIe KOADPUIUEHTHI MEPBBIX BYX TJIABHBIX KOMIIOHEHT,
MOJXHO MOJIYYUTh HAMHOTO 0oJjiee YETKOE pa3/IeIeHUE Cliaii-
KOB, 4€M Ha OCHOBE NPOCTHIX MOPOTOBBIX MeTO10B [88]. B
OTJIMYME OT METO/AA IOPOTOBOI COPTHPOBKH, HETOCTATKU
metona AI'K He cToJIb OUeBUIHEL.

OTHOCHUTEILHO HEJABHO JIJIsl PEICHUs 3a/1aYll WJICHTH-
(pukanuu cnaifikoB cTaJl IPUMEHSThCS HOBBII TOJIXO, OCHO-
BaHHBIA Ha aHau3e KO3(p(QUIMEHTOB BEUBJIET-NpeoOpa3o-
BaHUS, U B psye paboT ObUIO MPOJAEMOHCTPUPOBAHO €ro
MPEUMYIIECTBO 110 CPABHEHUIO CO CTAaHAAPTHBIMH METO-
mamu [22-24]. Tak, B Mertole "BelBieT-KiaccupuraTop
cnaiikos" (BKC) [22] B Ka4eCTBe KOJMIECTBEHHON MEPBI JIJIs
COPTUPOBKU HEMPOHHBIX MOTEHLUATIOB NEUCTBUSI paccMmart-
puBaroTCs 3HAUCHUS KOA(POUIIUEHTOB TUCKPETHOTO BEMBIICT-
npeoOpa3oBaHusl, MOJYUYCHHbIE B PAMKAX MUPAMUAIATIBEHOTO
anroputMa [94]. OcHoBHasi mpoOJieMa MJaHHOTO MeToja
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COCTOHT B TOM, 4TOOBI BLIOpATH T€ KOAPPUIIMESHTHI BEHBIICT-
peoOpa3oBaHusl, KOTOPBIE SBJISFOTCS HanboJjIee CyIIeCTBEH-
HBIMHU C TOYKH 3PEHUS BO3MOXXHOCTH Da3JIeNICHHUs Pa3HBIX
THUIIOB UMITYJIbCOB. B kauecTBe kputepust B pabdbote [22]
HCIIOJIB30BAJINCh HAMOOJIBIINE CPEAHUE FUIM HAMOOJIbIINe
CpeIHEKBAApATUYECKUE OTKJIOHEHHUS KOA(PPUIIMEHTOB BEWB-
JIeT-Mpeo0pa3oBaHus, XOTs CJedyeT MpHU3HATh, YTO 3TOT
METOJl He UMeeT CTPOroro 0OOCHOBAHHS M HE CYIIECTBYET
YHUBEPCAJILHOTO moaxoaa K BbIOOPY "HyxHBIX" K03(DH-
nueHToB. Ha mpakTuke Npuxo uTCs AaHAJTU3UPOBATD Pa3JIHy-
HbIe BAPUAHTBI XapaKTEPUCTUK, KOTOPHIE MOXHO HCIOJIb30-
BaThb B 3ajJavyax pacrnoszHaBauus (opm cursaios. Pop-
MAaJIbHO JJIS1 PeIIeHHs TAKOH 321441 MOKHO MIPUMEHSTh KaK
ABII, tax w HBII. TlepBolit u3 aTUX mMOmXomoB OoJee
TIPUBJIEKATEJICH M3-3a BRICOKOW CKOPOCTH MPOBEICHHSI BHIUH-
cneranid. Bropoit nmoaxo B cuily ero u30bITOYHOCTH TTO3BO-
JISET HAAEATbCS, YTO NPU IBMKEHUM C MaJbIM ILIArOM IO
napamMeTpy maciraba MoXHO 0oJiee TOJPOOHO HUCCIIe0-
BaTb, Kak KO3((UIMEHTHI MPeoOpa30oBaHUS 3aBUCAT OT
MacmTaba HaOIIOJeHUsT B JIFO0OW MOMEHT BpeMeHH. B
9TOM ClIy4ae 3a CUET MOTEPH OBICTPOJICHCTBHSI MBI OKUIAEM
MOJIYYUTh OoJiee HATJIsIHbIE PE3YJIbTAThI, U OHU, 10 KpaitHel
Mepe, MOTYT MO3BOJIUTh BBIPAOOTATH MPAKTUYECKUE PEKO-
MEHJAINH [0 BBIOOPY XapaKTEPUCTHK [JISl PELICHUS 320291
pacno3HaBaHusT (HOPM CIANKOB, KOTOPBIE BIIOCIEACTBUH
MOIJIM OBl TPUMEHSTHCS W TNPU HUCIOJIL30BAHHU OoJiee
OBICTPOro ajaropuT™Ma pacno3naBanus Ha ocHose JIBIT.

HecmoTpst Ha TO YTO BEHBJIET-aHAJIU3 SIBJISIETCS OTEH-
UaJIbHO O0Jiee MOIIHBIM CPEICTBOM, YeM METOJ pacuéra
TJIABHBIX KOMIIOHEHT, CYIIECTBYET P/l CIIOKHOCTEW TIPH €Tro
MPAKTUIECKOM MPUMEHEHHHU, CPEIN KOTOPBIX MOXKHO BBIIE-
JIATH J1B€ TPOOJIEMBI.

1. OueBuHO, YTO pe3yJbTaThl aHaju3a, T.e. K03hu-
LUEHTHI BEHBJIET-NpeoOpa3OBaHUs, 3aBUCIAT OT BBIOOpA
GasucHoi ¢yHkumu. He cyiiecTByeT 0OJHO3HAYHOTO OTBETA
Ha BOIIPOC, KaK CJIEAYeT BHIOMPATh BEUBIIET B KAXKIIOM KOH-
KpeTHOM cityyae. Takum obpasom, apdexTuBHOCTH MeTOAA
3aBUCUT OT TOTO, Kakue (POPMBI CUTHAJIOB TOJIyUECHBI B
skcriepuMenTe. C Ipyroi CTOPOHbBI, UCTIOIb30BAHUE PA3IINY-
HBbIX 0a3MCHBIX (YHKIIMHA MOXET MO3BOJIUThH OOJiee TUOKO U
TOYHO HACTPOUTDH AJITOPUTM PACIO3HABAHUS CUTHAJIOB.

2. Pacuér BeliBieT-ipeoOpa3oBaHUsl I JKCIEPUMEH-
TAJIBHBIX TAHHBIX 12T HA0Op KOA(DPUIMEHTOB, XapaKkTepu-
3YIOIMX KaXAbId MOTEHIMAJ JOeWCTBUS (U1 HEHPOHHBIX
CHAWKOB 4YacTO paccMaTpUBarOT 10 64 K03(pPUIMEHTOB B
ciayuae JBII) [22]. B otimume ot Mmetoma AT'K, 3Tu xoad-
(uIMeHTEl He SBJISIOTCS OTCOPTHPOBAHHBIMU. [loaTOoMy
BO3HHKAET BOINPOC: Kakhe KOIPPUIMNEHTH BLIOUpATh B Ka-
YeCTBE XapaKTePUCTHK JJIsl HACHTU(UKAIUN CUTHAIOB?

Bb160p K03 GUIIMEHTOB BIMSET HA Pe3yIbTaThl aHATIN3A
cuiIbHee, 4eM BbIOOp OasucHoit (yHkiuu. B iurepatype
MIPeIJIararoTCs pa3JIMIHbIe MPOIEAYPHI, HAUNHAS OT OIEHOK
MAaKCHMAaJIbHOW JAUCIEePCUU, MAKCUMAJILHOTO CPETHEro 3Ha-
YeHMs1, MHOTOMOJIOBOT'O paclpe/IeJICHNs M 3aKaHIuBast 0oJree
CJIOKHBIMH TOAXO0JIaMH, Oa3UPYIOIIUMUCS HA TEOPUU HH-
dbopmaruu [22—24]. TIpu 3TOM KaxAblid U3 3TUX MOIXOI0B
UMEET ONpeIe/IEHHbIE HeIOCTATKU. MaKkcuMabHbIE CpeHee
3HAYCHHUE U JUCTIEPCHS CBHIETEILCTBYIOT O TOM, UTO JTaHHBIN
KO3 PHUIIUEHT BEWBIIET-TIPe0OPA30BAHUS COJIEPKUT BAXKHYIO
nH(OpMAaIHIO O CHTHAJIE, HO 3TO HE TapaHTUPYET, YTO C €ro
MIOMOIIIbIO MOXXHO HaAEKHO PA3JIMYUTh ABE PA3HbIE BOJHO-
Bole (Gopmbl. Hanmume MHOrOMOAOBOIO pacrpeneIeHus
SIBJISIETCSL HEOOXOIMMBIM YCJIIOBHEM IS YCIEIIHON COPTH-
POBKH CIIaliKOB, HO Cper Habopa 3HaueHu K03 HUIIEHTOB

BeliBJIeT-TIPe0Opa3oBaHusi MHOTHE MOTYT UMETh MHOTOMO-
JI0OBOE pacIpe/iesIeHie U HETOHSTHO, KAKUM 00pa3oM OcCylLle-
CTBUTh CpeI HHUX OINTHMAJIbHBIA BBIOOp. DTa mpobiiema
0COOCHHO aKTyaJIbHA B TOM CIIy4ae, KOT1a 3KCIEePUMEHTAIb-
HBIE JIAHHBIE COZIEPKAT UMITYJILCBI, CPETA KOTOPBIX €CTh KaK
CHJIBHO pa3IMyarolyecs, Tak U JOCTaTOYHO IMOXOXHE IO
dbopme. I1pu npou3BOJILHOM BBIOOPE KOIPPUIIMEHTOB CYIIIE-
CTBYeT OoJbIlIasi BEPOSTHOCTh Pa3AEIUTh 3aMETHO OTJIH-
YAFOIIMECs] UMITYJIbChI, IPH 3TOM OY€Hb TPYIHO MPOBECTHU
pasfesieHne OX0XNX CHTHAJIOB. VIMEHHO M3-3a HEYyJavHOTO
nox6opa K03 PUIIEHTOB M OTCYTCTBHS €IMHOTO MTOAX0Aa K
UX ONTUMAJILHOMY BBIOOPY 3 (PEKTUBHOCTh METOIOB, OCHO-
BAaHHBIX Ha BeiBiIeT-MpeoOpa3oBaHUM, MOXKET OKa3aThCs
Huxe, ueM ¢ pexktuBHOCTh AT'K.

B Hammx pa6otax [95, 96] mpuBOASITCA IPUMEPBI yaay-
HOTO W HEYJAYHOTO NMPUMEHEHUS BEBJIETOB JJIS PEIICHUS
3a/1aYM aBTOMAaTHYECKOT O pa3/elieHus cnaifkos. briio oT™Me-
YeHO, YTO UCIIOJIb30BAHKE BEBJIETOB OCOOEHHO 3P PEKTUBHO
MPU HAJIMYUH MEJIKOMACIITA0OHO! CTPYKTYPbl — PA3JIMYMIA B
BOJIHOBBIX (hopMax CHailkoB COCETHHX HEHPOHOB, KOTOPBIE
MPOSIBJISIFOTCS. HA MaJIBIX MacInTabax (B 3TOM Cllydae MeTO/T
ATK MOXeT 3TH pa3juyusi UTHOPUPOBATH), a TAKXKe MpU
HAJIMYUKM BBICOKOTO YPOBHSI HU3KOYACTOTHBIX (IIyKTyarmit
BO BHEKJICTOYHBIX 3aMHCAX JJICKTPUYECKOTO IMOTEHIHUATA.
Tem He MeHee mpobieMa BbIOOpa ONTUMAJILHOTO ISl COP-
THPOBKH cHaiikoB Habopa Ko3(hPHUINEHTOB BelBIIeT-TIPe0d-
pa3oBaHUS OCTAETCS AKTYaIBHOI, 1 3TO CIUIBHO CKa3bIBACTCS
Ha pe3ysbTaTax Paclo3HaBaHUS Pa3HBIX THUIOB BOJHOBBIX
dbopm.

Jist pertieHust 3TOM MPOOJIeMbl HAMH OBbLIT TPEIJIOKEH
cruegyrommid moaxond. Ilpeamosioxum, 4YTO € MOMOIIBIO
craggapTHOoro Merojga AI'K MOXHO TOJIyYUTh KJIacTephl B
IPOCTPAHCTBE XapaKTEPHCTHK, PACIOJIOXEHHBIE OJIM3KO
JIpYT K APYry, BCJIEACTBHUE YEIO BO3HUKAET OOJIBILIOE YUCIIO
ommOOK UACHTU(PUKAIUN B OOJIACTSX MEPEKPBITHS KJIaCTe-
poB. Ha pucynke 13a mpeacrasiieH mpuMep TaKOU CUTYaIINH,
MOJIyYeHHBIH Tpu 00pabOTKEe 3KCIEPUMEHTABHO 3aperu-
CTPHPOBAHHOTO BHEKJIETOYHOTO 3JIEKTPHUYECKOTO IOTEH-
nuaJia. JIBa kjactepa COOTBETCTBYIOT CllallkaM JIBYX HEHPO-
HOB, OJHAKO U3-332 HAJIMYMS IIyMa NPOBECTU YETKYIO Ipa-
HUILY MEX1y HUMU He MPEICTABIISIETCSI BO3SMOXKHBIM.

YT00Bl YMEHBIIATH OUIMOKU MACHTU(UKAIMH, TPE/IJia-
TaeTcs crenualbHas MEeTOIUKA, OCHOBAHHASI HA COYSTAHUH
BelBJIeT-aHAJIM3A U Kiaccuyeckoro Mmetonia AI'K — BeiiBier-
Kjaccuukatop, yuuteiBaromuii ¢popmy cnaiika (BKDC).
Takoe coueTanue MO3BOJISIET YIYUIIUTh PE3yJbTATHI pa3e-
JICHHSI KJIACTEPOB IO CPAaBHEHHIO C OTUMH METOIAMH,
MPUMEHEHHBIMU 110 OTJIETHHOCTH.

IlepBblii mar npeniaraemoro aiaroputma BK®C co-
CTOUT B HAaXOXICHUHM XapakmepHsix @opm curHaion. C
aT0il nenbto npumensiercst AI'K Bcex cnailkoB, MOJIy4eHHBIX
B OKCIEpUMeEHTe. 3aTeM HPOBOIUTCS YcpeaHeHue Gopm
CMAKOB B MaJIOM OKPECTHOCTH IIEHTPA KAXKIOTO KJIACTEpa;
B pe3yJIbTAaTe MOJIYYAIOTCs IBE YCpeqHEHHBIE (POPMBI CUTHA-
708 (puc. 13a, BctaBku). [lockosbKy 371 (hOPMBI HAXOISITCS B
LEHTPaxX KJIACTEPOB, MOXHO PACCUUTBLIBATDH, YTO OHHU NPEa-
crapisoT "peanbHble”" NpoduiM CHANKOB IBYX pPa3sHBIX
HEWPOHOB, MHUHAMAJILHO MOABEPKEHHBIE BIIMSHUIO IIymMa
(yem OoJbllie BJIMSHUE ITyMa, TeM JajIbIlle PACIIOJIOKEHA
TOYKa OT IIEHTpa KJIacTepa).

Bropoii mar mnpeamnoJsiaraeT IpoBENECHUE BEUBIIET-aHa-
JIu3a HAWACHHBIX YCPEIHEHHBIX (POPM CUTHAJIOB M TOUCK
ko3 dunmeHToB BeiBiIET-Ipe0Opa3OBaHUs, KOTOPhIC HAM-
Jy4IIIM 00pa30oM TOKAa3bIBAIOT DPA3INYUS MEXIy HUMHU.
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Puc. 13. WMimroctpanust npeyioxernoi Meroaukn BKOC st yaydiineHuss MACHTU(PHUKAINE CIIAaKOB Ha OCHOBE (DOPMBI MOTEHIMAJIOB ACHCTBHUS.
(a) Iepsbiii war. Merogom AI'K B mpocTpancTBe MaciTaGHbIX KO3GGUIMEHTOB TIOJIyYeHO ABa IepeKkpbiBatoruxcs "obiaka" ToueK, COOTBETCTBYIO-
IIUX MMIIYJIbCaM pa3HbIX TUHOB. Ha BCTaBKax MokKa3aHbl XapaKTepHble ()OPMBI UMIIYJIbCOB, MOJIYYCHHbIE IMyTEM YCPEIHEHHS CUTHAJIOB, COOTBET-
CTBYIOIIUX TOYKAaM BOJIM3U IEHTPOB KiacTepos. (0) Bropoii mar. PaznocTs Mexny koddduuneHTaMu BeHBIIeT-IpeoOpa3oBaHus BYX XapaKTEPHBIX
HMMITYJICOB B 3aBHCHMOCTH OT Macmraba. Kpyxkamu oTmeueHa mapa koapdumuentos (a =48, b= 18 u a=7,1, b = 32) ¢ MakcUMaJILHBIMUI
oTimuusiMi. (B) HoBoe NpPOCTPAaHCTBO XapaKTEPUCTHK Ui BbIOpaHHBIX KOI(D(PHUIMEHTOB BeiBieT-npeodpa3oBanus. (r) PacnpenieseHust Tovex B
MPOCTPAHCTBE XapakTepucTuk st Metoaa AIK (IuTpuxoBast JMHUS) U TPEAIIOKEHHOTO OAX0/1a (CILIOIIHAS JIMHUS).

JIJ151 3TOTO OCYILLECTBIISIETCS AHAJIU3 B IIMPOKOM IUANIA30HE
MacmTaboB W CMeIleHUi. 3aTeM OIIGHUBAETCS Pa3HOCTh
MEXIY COOTBETCTBYIOIIMMH 3HAYEHUSIMU BEHUBIIET-KOI(DHU-
IIUEHTOB ¥ BEIOMPAIOTCS KOIDPHUIUEHTH ¢ MAKCUMATHHBIMHA
pasymuusMu. MHBIME CJI0BaMHU, MBI HIIEM KO3()QUITUSHTHI
BeliBiIeT-ipeoOpa3oBaHusl HE HPOU3BOJILHO, a C YYETOM
MHIMBUAYAJBHBIX OCOOEHHOCTEH KOHKPETHBIX (OpM HUM-
mynbcoB. Ha pucynke 136 moka3aHbl 3aBUCUMOCTH Pa3HO-
CTH MEX/y BCeBO3MOKHBIMU 3HAYECHISIMU BEUBIIET-KOI(DHH-
muentoB HBIT ot macmtaba (kaxmasi KpuBasi COOTBETCTBYET
onpeeNIEHHOM BeIMYMHE MapaMeTpa CMEIICHNS, B KaUeCTBE
GasucHoii GpyHkuuu BeIOpaH "matepunckuii" WAVE-Beiis-
JIET, CKOHCTPYUPOBAHHBI Ha 0asze mepBOW MPOU3BOJIHOU
¢ynakmuu [aycca [29, 32]). BoigeneHbl ABe TOYKH, CHU3Y U
CBEPXY, COOTBETCTBYIOIIME JKCTPEMYMaM ITHX 3aBHCHMO-
creit. CielyeT OTMETUTD, YTO B HEKOTOPBIX CIIyYasiX MOSIBUT-
€51 HECKOJIBKO 9KCTPEMYMOB IPH Pa3HbIX MacIITa0ax v YUCIIO
XapaKTEePUCTUK, KOTOPbIE MOXHO HCHOJIb30BATh ISl HICH-
TuhUKAINY, YBEIMUUTCS. B pe3ynbraTe Mbl HoJIyuynM HaOOp
"onTuMasbHEIX" KOADOUIMEHTOB, OTPAKAFOIIMX HanboIEee
BaXXHBIE PA3JINUUSI MEXIY YCPETHEHHBIMEI (POPMaMHU CUTHA-
JoB. JlaHHAs mporeaypa Mo3BOJISIET YIIYUIINTh pa3/IeicHIe
KJIACTEPOB 110 cpaBHeHUIO ¢ MeTonoM AT'K, Tak kak mouck
OTJIMYMIA TPOBOTUTCS I KOHKPETHBIX (OPM UMITYJILCOB, &
He U3 00IIUX COOOpaKEHHIA.

2V®H, 1. 182, Ne 9

Ha tperbem mare ajropuTtMma BbIOpaHHblE Ko3bdu-
LUEHTHI BEUBJIET-IPEOOPA30BAHUST BBIYMCIISIIOTCS JJIS1 BCEX
HAMITYJIbCOB U3 DKCIIEPUMEHTAJBbHBIX JAHHBIX U MOJIyYeHHBIE
3HAYEHUS PACCMATPUBAIOTCS B KAUECTBE XapaAKTEPUCTUK JJIs1
naentudukanun (puc. 13B). Ilociie mpuMeHeHHS TaKOTO
AJTOpUTMAa KJlacTepsl Jiydiie "oTaestores” Apyr OT Apyra.

Ha pucynke 13r nokasansl IUIOTHOCTH paclpeiesieHus
TOYEK B MPOCTPAHCTBE XapakTtepucTuk s metona ATK u
MPEIOKEHHOTO TOoAX0oAa. [ JaBHBI MakcuMyM (QYHKIHA
IJIOTHOCTHU BEPOSTHOCTEH ISl BEUBJIET-aHAIN3A CTAJT YKE U
6oJiee BBIpAXKEH IO CPABHEHUIO C PE3yJIbTaTaMH, IOJIyYeH-
HeiMu 11 ATK. Teneps MOXHO 3HAYUTEIIBHO JIyUILE pa3-
JIeNATh J1Ba KJIacTepa M YMEHBIUIUTh OIIMOKU HIeHTH(]UKa-
UK, KOTOPBIE MOSBJISIOTCS TJIABHBIM 00pa3oMm B obJsactu
Mexay kiractepamMu. OTMETHM, YTO B JAHHOM CJIydYae Mpo-
WU3BOJIbHBIN BBIOOP KOA(PHUIMEHTOB BEeWBIIET-IIpeOOpa3oBa-
HHS (B COOTBETCTBHM C PeKOMEHIAIMsIMU PaboThI [22]) He
MO3BOJIICT YJYYIIUTb HMIACHTU(DUKALUIO 1O CPABHEHHUIO C
AHAJIN30M TJIABHBIX KOMITOHEHT.

IIpennoxennsnii moaxoa mpuMeHuM Kak B ciryuae HBII,
IIPH KOTOPOM OH MPHBOJUT K OOJiee HATIISTHBIM Pe3yIbTa-
TaM B BHJIC TJIAJIKUX 3aBUCUMOCTEN pa3HOCTH KO DHUIIMCH-
ToB (puc. 136), Tak m B cimyyae [ABII — cyrs merona
MPUHLIUINAILHO HE MEHSETCS, a OBICTPOICHCTBHE aJro-
putMma JIBII umeeT HECOMHEHHOE TPEUMYIIIECTBO.
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TectupoBaHNe MPEeAIOKEHHOIO MOAX0a MPOBOIUIOCH
Ha CYyppOTaTHBIX AAHHBIX, MOATOTOBJICHHBIX Ha 0aze pas-
JIMYHBIX PEAJIbHbIX JKCIIEPHMEHTAJBHBIX CHTHAJIOB (Oolee
20 3ammceil BHEKJIETOYHOT'O 3JIEKTPUYECKOT'O TMOTEHIUAJIA).
Kax bl cypporaTHblii curaaj ObLI CKOHCTPYHPOBAH CJie-
JIYFOLIUM 00pa3oM: BBIOMPAJINCH JIBE IKCIIEPUMEHTAJIbHBIC
3alMCH, OJHA M3 KOTOPBIX COJAEpXkajna TPyNIy CHaikos,
XOpOIIIO HM30JUPOBAHHBIX OT (JOHOBOTO IMyMa W APYTUX
[OTEHIMAIOB JIEUCTBUSI. DTH CHANKM WCKYCCTBEHHO "BbI-
pe3anucs” U ciyyaiineiM 06pa3zom J106aBIISIIUCH BO BTOPOR
SKCIIEpUMEHTAJIBHBIN curHan. B pesynbrate, ¢ omHoO#
CTOPOHBI, COXPAaHSJINCh BCE XapaKTEPUCTUKU (YPOBEHb U
CTATHCTHKA IIyMa, ICTUHHASI BApHAIMS BOJIHOBBIX (HOPM U
T.JI.), C IPYTOH CTOPOHBI, MBI TOJYYaJId ANMPUOPHYIO WH-
dopManuo 0 UpUHAMIEKHOCTH "100aBlIeHHBIX" CHAKOB
OTACIBHOMY KJIacTepy. DTa amnpuopHasi WHPOpMAIUs TO-
3BOJISIET BBIYMCIISITH OLUMOKM MIEHTH(PUKAIUY 11 JAHHOT O
KJIacTepa W COMOCTABUTh 3PPEKTUBHOCTb PA3HBIX METOI0B
COPTHPOBKHU.

Ha pucynke 13 nokasan npumep pe3yJbTaToOB, MOJyYeH-
HBIX JJIs1 OJHOTO M3 CUTHAJIOB, co/iepxkarero 16568 crmaiikos,
BKirovyast 3069 MCKyccTBEeHHO 100aBiieHHBIX. Mcnosb3oBa-
HUE TPEX MEPBBIX IJIABHBIX KOMIIOHEHT NMpUBEJIo K 290 ormmo-
KaM COPTHPOBKH. B coOTBeTCTBHYU € pEKOMEHIAIMSIMU aBTO-
poB paboThI [22] Aisi pOBeIcHUS UACHTH()UKAIIUTN HA OCHOBE
Metona BKC BeiOupasmch k03 uImeHTsl BeiiBieT-mpeod-
pa3oBaHMsl, IMEIOIIIE MAKCUMAJIbHbIE CTAHTAPTHBIE OTKJIO-
HEHUs, MaKCUMaJIbHbIe 3HaUEeHHUs 1 OMMOIaJIbHbIE pacipese-
JieHusi. B maHHOM ciiyyae ommOKka MACHTU(DUKAIMK T10JTY-
qaeTcs Oosbiie, yeM s Metoaa AT'K: 410 HenpaBuibHO
AICHTH(DUIUPOBAHHBIX CHARKOB. DTO emié pa3 MOTYEPKU-
BaeT, YTO HEOOOCHOBAHHBLIN BBIOOp BelBIIET-KO3(PPUIcH-
TOB HE MO3BOJIACT IPPEKTUBHO PeIIATh 33724y aBTOMATHYE-
CKOTO PACMO3HABAHUSI CUTHAJIOB HEMPOHHON aKTUBHOCTH.
IIpennoxeHHbli aITOPUTM B JAHHOM CJIy4yae IMO3BOJISET
JIOOUTHCSI HAMMEHBIIIel omuoOKy: 185 HeNPaBIIIBLHO UIEHTH-
(pUIIPOBAHHBIX CIIAWKOB.

B tabsmie 2 npencTaBieHbl Pe3yJbTAThI, MOJYYCHHBIC
[IPU AaHAJIU3E YETHIPEX TUIMNYHBIX CUTHAJIOB NP MCIIOJIb30Ba-
Huu npouenypsl HBIT B pamkax mpemioxxeHHoro metoaa. B
nepBoM U TpeTbeM npumepax ATK mpeBocxoauT TexHHKY
BKC, a npennoxennsiii anroputM BK®C obecneunBaet
MHHAMAJIBHYIO OINMOKY aBTOMATHYECKON WMIICHTH(DUKAIIAN
dbopm ummyiabcoB. B ueTBépTOoM ciyuae HabIrogaeTCs
obpartnas cutyanusi: BKC npeBocxoaut anroputm ATK,
HO TpeJIOKEHHBI KOMOMHUpOBaHHBIN moaxonq BKOC
TaKXXe WMeeT OIpeeeHHOEe MPEenMyIIecTBO. Bo BTOpOoM
MpUMEpPE BCE METOJIbI AIOT OOJIbIIKAE ONIMOKU M3-3a BBICO-
KOro ypoBHs (POHOBOTO IyMa, HO OJiarogapsi ONTUMAJIb-
HOMY BBIOOpY KO3(h(UIUMEHTOB BeiBIET-Ipe0Opa3OBaAHUS
KOJIMYECTBO HENPABIIILHO MICHTHU()UIIMPOBAHHBIX CHANKOB
TaKke yaaéTcs CYIIECTBEHHO CHHU3UTb MO CPABHEHUIO C
PYTUMH METOIAMH.

Tadommna 2. OmmbOku uaeHTHOUKANMU CHARKOB HA YETBIPEX 3amuCsX
HEUPOHHOW AKTHBHOCTH, MOJIyYEHHBIC IIPH HCIOJIb30BAHUH METOJOB
ATK, BKC [22] u npeisioskeHHON KoMOMHUpOoBaHHON MeToukn BKOC.
3HaveHHs yKa3aHbl B NPOIEHTAX IO OTHOIICHHIO K OOIIeMy YHCIy
craifkos

Curnad 1 Curnad 2 Curnai 3 Curnan 4
ATK 9,5 53,4 2,7 6,3
BKC 13,3 48,0 9,6 5,9
BK®C 5,9 34,6 2,1 5,6

4.2. Vcnos30Banue BeiiBIeTOB

COBMECTHO ¢ MeTOI0M HCKYCCTBEHHBIX HEHPOHHBIX ceTeil
AJIbTepHATUBHBIN BAPHAHT OCTPOCHUSI KOMOMHUPOBAHHBIX
METOJIOB aBTOMATHUYECKOT'O PACIIO3HABAHUSI (POPMBI CHTHA-
JIOB 6a3UpyeTCsl HA COBMECTHOM HUCIOJIL30BAHUN BEHBIIETOB
U UCKYCCTBEHHBIX HEMpPOHHBIX ceTeil. HelipoceTeBoil MeTon
uneHTuukanuu curaaion [97—100] umeer cBOM 0COOEHHO-
ctu. B HayuHOIT TMTEpaType CYIIECTBYIOT IPIMEPHI TOTOBBIX
APXUTEKTYp HEWPOHHBIX CETe, MpeTHA3HAYECHHBIX JIJIS perle-
HUS TOoJOOHOro pona 3amgady. TeM He MeHee HEOOXOIUMO
VYUTBIBATh, YTO KaKIasi KOHKPETHAs 3ajaya UMeeT CBOU
MHAMBUIYAJIbHbIE OCOOCHHOCTH, TPeOYIOIIHe BHECEHUS KOP-
PEKTUB B MeTOJ pelieHusl. YacTto sl CIOKHBIX MPaKTHye-
CKHUX 3a]1a4 aBTOHOMHAsl HEHPOHHAsl CETh HE MOXET MPeo-
CTaBUTh TOTOBbIe pemieHus. [1o3ToMy B OOJBIIMHCTBE
Cly4aeB HEUPOHHBIE CETH MHTEIPHUPYIOT B MHOTOCTYIICH-
4aThle CUCTEMbl OOpPaOOTKH JAHHBIX, TJ€ CETh BBLIINOJIHSET
ONIpeAeNEHHYIO POJIb B MPOIECCE MOJYYeHHS! OKOHYATEINb-
HOTO pe3yJbTaTa. YUUTHIBAsI TO 0OCTOATEILCTBO, YTO HAIO
pPa3IMYUTh MOXOXHe Mo (HopMe CUTHAJBI B MPUCYTCTBUU
MOMeX, HEOOXOIUM aJrOPUTM, KOTOPBIH, BO-MIEPBBIX, MPO-
BOJUT MICHTU(UKALNIO CUTHAJIOB C HAaUOOJIbIIEH 1yBCTBU-
TeJIbHOCTBIO, BO-BTOPBIX, 3()(HDEKTUBEH PU HAJIMYMY LITyMa ¢
Pa3InYHON CTATUCTUKOW, B-TPETHUX, MOACTPAUBAETCS IMOJ
KOHKPETHBIE IKCIIEpUMEHTAIbHBIC TaHHBIE.

J7s1 perrieHnst 3a1a4u HASHTH(QUKAIINY CIAWKOB HEPBHBIX
KJIETOK MOXET NPUMEHSITHCS AJTOPUTM, OOBEIMHSIFOIIHIA
METOJIMKY BEWBJIET-aHAIN3a U TEXHUKY HEUPOHHBIX CETEH.
BeiiBiieT-npeoOpazoBaHie MOXKET CIIY)XUTh HPEKPACHBIM
WHCTPYMEHTOM [IJIsl TIOMCKA XapaKTePHBIX OCOOEHHOCTEH
dbopM mMITyNIBCOB (T.e. MpenBapUTEIHLHOW 00paboOTKHM) U
nepegavyn 3Toi mHpOpMAIMU I TaJIbHEUIIETO aHanu3a B
HelipoHHyI0 ceTb. Ha cienyromem stane npuUMEHSIETCS
AJITOPUTM, CIOCOOHBIM pelaTh 3aJady paclo3HaBaAHUS
06pazos.

Ecnm npennosiokuTh, 4TO Ha BXOJ HEKOTOPOW MHOTO-
CJIIOWHOW HEUPOHHOM CETH C MPSIMBIM PACIPOCTPAHEHUEM
[100] momaroTcst curHaibl, coaepxkaliie HaboOp XapakTep-
HBIX TNPU3HAKOB HEKOTOPBLIX 00Opa30B, TO NPU HAJIAYUU
obOyuaroiieit nHGOpMAaIMKM HEHPOHHAS CETh OyJIET B COCTOSI-
HUH MIPOBECTU COPTUPOBKY ITHX JAHHBIX. AJITOPUTM 00yUe-
HUSL TaKOW CeTH TMpenanojiaraeT HajIWine oOydJaroIei
BBEIOOPKHU W 3TAJIOHHBIX 3HAYCHUH, KOTOPBIE TOJDKHBI OBITH
MIOJIyYEHBI HA BBIXOJE ISl 3TON BHIOOPKHU (Tak Ha3bIBa€MBbIi
JITOpuUTM 00yueHus ¢ yuutesem). IHBIMU cl10BamMu, mpuMe-
HUTEJILHO K 3a7a4e UACHTUDUKAIINH CIAWKOB ISl YCIEITHON
paboThI ceTH HEOOXOAMMO 3HATH He3alyMJIEHHBIE (POPMBI
UMITYJIbCOB, TPUCYTCTBYIOIIME B  OIKCIEPUMEHTAIBHON
3amuc, a pabora cetw OyIaeT CBOOUTHCS K COPTHUPOBKE
CHAMKOB MO I'PYIIaM.

CTpyKTypa npeajaraeMoro MeTo/ia nokazaHa Ha puc. 14.
MOXHO BBIIETUTH HECKOJIBKO 3TAIOB 00PAOOTKH TAHHBIX.

1. DkcnepuMeHTaIbHBIE JaHHBIE MPOXOIAT 00paboTKy
MOPOTOBBIM METOJIOM C IEJIbIO BBISIBJICHHS CAHKOB, KOTO-
pbIe HEOOXOIMMO PACCOPTUPOBAT.

2. IMonyueHHas mocjae0BaTEIbHOCTD MOABEPTaeTCsl TUC-
KPETHOMY BEUBIIET-IIPEOOPA30BAHUIO C IIOMOILIBIO TUPAMHU-
NAJIbHOTO aJITOPUTMA, B PE3yJIbTaTe Yero s KaXIOTO
cnaifika (B MPOBOJAMMBIX pacuéTax OH coaepkail 64 TOUKM)
nojy4aercsi Habop ko3(ppuIreHTOB BelBIET-IpeoOpa3oBa-
nust. B kayectBe "MaTepuHcKoro" BeiBiieTa Mbl HCIIOJIb3yEM
BeitByier JoGerm (DY).

3. KoapduuueHTsl BeiBiIeT-ipeoOpa3oBaHusi, XapaKkTe-
pHU3YIOIIFEe NTYMOBYIO KOMIIOHEHTY CHTHasa (T.e. COOTBET-
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Puc. 14. (a) CtpykTypa MeTOAa, OCHOBAHHOI'O HA COBMECTHOM IPUMEHE-
HUM BEUBJIET-aHAJIN3a U TEXHUKU HEHpOHHBIX ceTedd. (6) CTpykTypa
MHOTOCJIOWHOM HEWPOHHOM CETH C TIPSIMBIM PACIIPOCTPAHEHHEM CUTHAIIA.

CTBYIOIIME MaJIbIM aMIUIUTYAaM) YyOMpAaroTcs, 3HAYCHUS
OCTABIIMXCS KO3(DPHUIMEHTOB MOJAIOTCS HA BXOJ HEHPOH-
HOW CeTH.

4. HefipoHHasi ceTb TpH TOJIYYCHUM HAa BXOJ JAHHBIX
IPOBOJUT COPTUPOBKY CHAMKOB MO TIPymmaM M CTPOHUT
KJIaccu(UKALUIO B MPOCTPAHCTBE XapaKTepUCTUK. B kaue-
cTBe (DYHKIMM AKTHBAIIMU CETU UCTIOJIBb3YETCs JIOTUCTHIECKAS
(yHKIIHS.

B kayecTBe HEWPOHHOI CeTH MBI BHIOpAJHM CETh C MpPS-
MBIM PacHpOCTPaHEHNEM CHTHAJIA, COEPXKAIIYIO TPH CIIOS
(puc. 140). HanHasi xoHUrypanus SIBJISETCS OOHOW u3
MHOX€ECTBa BO3MOXHBIX. OHAKO HEOOXOIUMO YYHTBIBATH
cienyromue o0cTosATeNbcTBa. CeTh ¢ MPSIMBIM PACIIPOCTPA-
HEHHEM CHTHaJla, WJIM MHOTOCJIOWHBIM mnepuentpoH, [99]
SIBJIsIeTCSl 0a30BOM W Xopomio u3yueHHOU (puc. 146). Uto
KacaeTrcsl BBIOOpa KOJIMYECTBA HEMPOHHBIX CJIOEB U KOJIMYE-
CTBa 2JIEMEHTOB B Ka)XJIOM U3 HHUX, TO OH OCHOBBIBAETCS HA
W3BECTHOM JMJIEMME CTaOMJIBHOCTH — ITACTUYHOCTH [97].
OueBUAHO, YTO 4eM OoJiee CII0KHOM SBISETCS] OpraHU3AIHS
CeTH B IUTaHE OOIIEro KOJMYECTBA 3JIEMEHTOB, TEM BBIIIE
aJalTHBHBIC CIOCOOHOCTH cucTeMbl. Ho ciemyer 3amMeTHTh,
4TO aJaNTUBHOCTb MOXET BeCTH K HeycToitumoctu. ITo-
3TOMY CTPYKTYpHU3aIisi HBUPOHHOM CeTH JT0JIXKHA oOecreyn-
BaTh CTAOUJILHOCTD U TUOKOCTH €€ pabOThI OJTHOBPEMEHHO.

YTtoO6bI poBepUTh IPPEKTUBHOCTL PACCMATPHBAEMOTO
METOJIa, B YACTHOCTH, HCCJIEAOBATH BIIMSHHE CTATHCTUKU
(hoHOBOIO IIyMa HAa KAYeCTBO PELLEHUS 3a1a4l aBTOMAaTHYe-
CKOM MIEHTU(UKALUN CUTHAJIOB C MOMOIIBIO JAHHOTO
aIrOpUTMa, MPOBOAMIIOCH €ro TecTupoBaHue. M3 skcrepu-
MEHTAJIbHBIX JAHHBIX (BHEKJIETOYHBIX 3aIHCe aKTHBHOCTH
MaJIbIX TPYII HEWPOHOB) BHIOUPAIIHCH JABE pa3Hble (HOpMBI
craiikoB, HAMMeEHee 3alyMJIEHHBIC (KaXIash U3 HAX COJNEp-
xana 64 orcuéra). CooTBeTCTBYIOIIUE (HOPMBI UMITYJILCOB
MHOTOKPAaTHO MOBTOPSUIMCH, B DPe3yjbTaTe ObLI MOJydeH
TECTOBBIN CyppOTATHBIM CUTHAJI, cocTosmmii 3 1892 cmaii-
KOB (o 946 mMmmynbcoB pasHoro Ttuma). K moiryueHHOMN
MOCJIE0OBATEIILHOCTH JTOOABIISIICS IIBETHOW IIYM, ITOJIy4YeH-
HBII YyTEM T0JI0COBON (PUIIbTpaluil HOPMAJILHO pacrpee-
JIEHHOT O cy4yaiHOro mporecca. HelipoHHas ceThb BKJIroYasia
B ce0sl TpU CJIOsl, BXOJHOM CJIOW cojepkan 64 sjeMeHTa
(urcno, paBHOE pa3Mepy BXOJHOTO BEKTOPA), BTOPOIl CiIoit
— 32 snmemeHTa W BBIXOAHOW cioit — 2 anemenTta. CeTb
HE0O0X0AUMO ObLIO OOYUHTH TAaKUM 00pa3oM, 4TOOBbI NpHU
MIOJIyYEHUH Ha BXOJHOMW CJION 3HaueHUN KO3(D(PUIMEHTOB X;
PAa3JI0XKEHUsl CUTHAJIA OHA OCYIIECTBJISIA MACHTU(DHUKAIMIO
criailka ¢ HaMMeEHbIleld OImMOKoW u ObLIa C1abdo YYBCTBH-
TEJIHHOW K BJIMSIHUIO CTATUCTHKH Iyma. JlJIsi 3TO# 1enu

2*

UCIIOJIb30BAJICS AJTOPUTM OOPATHOTO PACHPOCTPAHEHUS
omunbxu [97].

B xauectBe oOyuwaroiieid BLIOOpKHM X; CETH IOJAaBAJIUCh
100 o6pa3oB B BuIe 3HAUYeHUI KO3((OUIUEHTOB BEUBJIET-
nmpeodpa3oBaHusi, OTBEYAOIIUX (OPME TIEPBOrO MUMITYJIbCA,
u 100 oOpa3oB, orBevaronx (HopMe BTOPOTO HMITYJIbCA.
CooTBeTCTBeHHO MeToJ1 oOyueHust cojepxan 100 stanos.
3agaua ceTH COCTOsIa B TOM, YTOOBI MOJYyYHTh HamboJee
KauecTBEHHOE pa3/iejieHue TPy CMAWKOB B IPOCTPAHCTBE
XapaKTePUCTHUK, MO3TOMY B KAaueCTBE 3TAJOHHBIX BBIXOJI-
HBIX 3HAYCHUI y; 3a7aBaJIUCh BEKTOPHI ¢ HAOOPOM KOOPIH-
HAT B BHJIE COOTBETCTBYIOIIMX BeHBIEeT-KO3DPULIMEHTOB
JUISL TIEpBOM M BTOpPOH (GOpM HMIyJbCa B JaHHOM IIPO-
cTtpaHcTBe. TakuM 00pa3oMm, IMOJYYMB HA BXOJ BEKTOD,
coaepIKaluil BEeHBIIET-KO3(PPHUIMEHTH 00pa3a MmepBoro uM-
MmyJibca, HEWPOHHAs CETh JOJDKHA ACCOIMUPOBATH €ro, Ha-
npumep, ¢ Bektopom koopauHat [0,1;0,1], a mast obpaza
BTOPOTO UMITyJIbca — ¢ BekTopoM [0,5;0,5]. Tloce 3aBep-
LIEHUs] TAKOW MPOLEAYPbl HEUPOHHYIO CETb MOXXHO CUMTATH
00y4eHHO#. [y mpoBepkH paboTOCHOCOOHOCTH CETH Ha eé
BXOJI TIeJiecOOOpa3HO MOJaTh TMEPBOHAYAILHYIO IOCIEHI0-
BaTEJIbHOCTb, COJAEPXKAIILYIO BEHBJIET-KOIDPUIUEHTHI He3a-
IIYMJIEHHBIX CHAWKOB. BBIMOJHUB BBIYHUCIICHUS, MbI yOeI1-
JICh, YTO TAaKOH METOJ MO3BOJSET KAYECTBEHHO pEIIaTh
3a7a4y WACHTUDHUKAIMHA PAa3HBIX (GOPM MOTEHIUATIOB [eii-
CTBHUS M HE YCTYIAeT MO CBOMM BO3MOXHOCTSIM CTaHAAPT-
HBIM TOIXO0JIaM.

OOpaTM BHUMAHHUE Ha CJIEIYIOIIEE BAXHOE OOCTOSTEIIb-
cTBO. [Ipn mpoBeeHNN TECTOBLIX KCHEPUMEHTOB C HUCKYC-
CTBEHHO CIeHEPHPOBAHHBIMH [AHHBIMH W3BECTHBI He3a-
yMIJIEHHBIE (POPMBI IMIYJILCOB U KOJIMYECTBO TPYIII UICH-
TAGUIMPYEMBIX CUTHAIOB. [loaToMy miis oOydeHHs HeEW-
POHHOI CeTH MOXHO C YCHEXOM MPUMEHSTH aJrOPHUTMBbI
00y4eHus ¢ yuuTeseM — JOCTyIHa oOyuaroiiasi BIOOpKa u
9TaJIOHHBIE TaHHBIE, KOTOPBIE JOJIKHBI OBITH ONPeIeIeHbI Ha
BBIXO/Ie ceTH. Ha OCHOBE 3THX aHHBIX IMOJyYaeTcsl O0yUeH-
Hasi HEPOHHAS CEeTh, CIOCOOHAS penIaTh 3a1auy Kiaccudu-
Kallid HMIYJIbCOB B paMKaxX KOHKPETHOTO YHCJICHHOTO
9KCIIEPUMEHTA. B peanbHbIX HEHPOPU3MOIOTUYECKUX HaH-
HBIX HHGOpManus o popme He3aITyMIIEHHBIX CUTHAJIOB U O
KOJIMYECTBE Pa3HbIX BUAOB CHANKOB OOBIMHO OTCYTCTBYET. B
9TOM CiIydYae TJIABHBIM IMPEISITCTBHEM ISl UCHOJIb30BAHUS
COBMECTHOT'O METO/1a BEUBJIET-aHAIN3Aa U HEHPOHHBIX CETEU
sBJsieTcs oOyyenue HeiipoHHOH cetu. Mexons U3 U3JI0KeH-
HBIX BBIIIE apryMEHTOB, UMEET CMBICI MOAMDUIMPOBATH
JTAaHHBIA AJTOPUTM, PACCMOTPEB CJEAYIOUIYIO IMOCJIEIO0BA-
TEJIBHOCTD JCUCTBUU.

1. Ucnionp30BaHre MOPOTOBOrO METOAA IS BbIJACIICHUS
CMAKOB, KOTOPBIE HEOOXOIMUMO OTCOPTHPOBATD.

2. [poBenenne mpeaBapUTENIbHONW KiIaccupukamum Mme-
tonoM AT'K unm BKC, nostyueHure kapTHHBI KJIACTEPU3ANUN
B IPOCTPAHCTBE XapaKTEPUCTHK.

3. Haxoxmenne o6yacteil ¢ MOBBIIIEHHON IIIOTHOCTHIO
TOYEK B MOJIYYEHHBIX KJIacTepax, moJrydeHue GopM crnaikos,
COOTBETCTBYIOIIUX JIAHHBIM TOYKaM (OHH OymyT OJmKe
BCETO K HEe3aIyMJIEHHBIM (pOpMaM CUTHAJIOB).

4. llpoBenenne BelBIET-MPeOOPA3OBAHUS  NPUMEHHU-
TEJHHO K BBIJIEJICHHBIM HMIIYJIbCaM, IOJyuYeHne Habopa
KO3 PHUIIMEHTOB BeHBIIET-TIpe0Opa30OBaAHUS.

5. Acnonbp3oBaHue MOJIYYEHHBIX BeWBJIET-KOIhPHULIUEH-
TOB B KauecTBe oOyyarolleil BLIOOPKU [1J11 HEHPOHHOM ceTu.

6. I1poBeneHue BeiBIeT-IPeOOpPa30BAHMS IJI1 HCXOIHO-
IO CHTHAJIA, aHAJM3 HKCIIEPUMEHTAIbLHBIX JAaHHBIX OOYyYeH-
HOU CETBIO.
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Puc. 16. KapTI/IHa Kjract€pusanuu nNpu NpUMEHEHUU METOda COBMECTHOI'O HUCIIOJIB3OBaAHUSL BeliBJIeT-aHAIU3A U HeﬁpOHHBIX ceTelt JJI p€aJIbHBIX

SKCIICPUMCEHTAJIbHBIX JaHHBIX.

Taxum o6pa3om, B kauecTBe 00ydarolleil BBIOOPKHU /ISt
HEWPOHHOH CeTH CIyXaT CHAalKH, COOTBETCTBYIOLIME LIEHT-
paJIbHOM YacTH pa3HBIX KJIACTEPOB, MOJIYYEHHBIX APYTUMHU
METOJIaMH aBTOMATHYECKOW MIECHTHU()UKAINU, TAKUMHU KaK
AHAJIN3 TJIABHBIX KOMIIOHEHT WJIM CTaHAAPTHBIN BeilBieT-
aHaym3. B kayecTBe 3TAJIOHHBIX 3HAUCHHUN HA BBIXOJIE CETH
€CTECTBEHHO HCIO0JIb30BATh BEKTOPHI KOOPAMHAT MPOCTPAH-
cTBa XapakTepucTHK. Kak moka3plBaeT NMpakTHKa, 4acTo
MPH HCHOJIb30BAHUM METOAOB aBTOMATHYECKOTO PACIO-
3HaBaHus (opmbl curHaiga (ATK wim BeiiBieT-aHanm3a)
moJIyuaeMasi KapTUHA TOYEK Ha TJIOCKOCTH XapaKTEPHUCTUK
ObIBaeT HeoMHO3HAUYHOM. KitacTepbl Ha MIOCKOCTH XapakTe-
PUCTHK, COOTBETCTBYIOLIME PA3HOPOIHBIM TpyNHaM coaii-
KOB, MOTYT pacrojaraTtbcsi OJU3KO ApYyr K ApYyry, mepe-
KpPBIBATBCS, B PE3yJbTATE U€ro TOUYKH U3 OJHOTO KjacTtepa
OIMOOYHO TOMAAAIOT B APYroil. DTO WLIIOCTPUPYET
puc. 15, Ha KOTOPOM TOKa3aHbl Pe3yJIbTAThl KJacTepu3a-
U METOJIOM BEUBJICT-aHAIN3a W TMPEIJIOKECHHBIM METO-
JIOM BEUBJIET-IPe0Opa30BaAHUSI COBMECTHO C OOy4aroIiencs
HelpoHHOU ceThro. Kak mokaszamm wccreqoBaHUs, METOI
COBMECTHOTO HCIIOJIb30BAHHS BeiiBJIeT-aHAIM3a U HEHPOH-
HBIX CeTed 3a CU€T MHIMBUAYATHHOTO TMOIX0Aa K KOHKPET-
HOHU 3ajJave MO3BOJISIET YMEHBIIUTh OLIMOKY HJIEHTU(UKA-
UM, T.C. YBEJIUYUTb PACCTOSIHUE MEXIY KJIACTepaMu Ha
IUIOCKOCTH XapakTepucTHK (cM. puc. 15). MuauBuayasib-
HOCTb TOJIX0JIa JOCTHraeTcs Oyiaroaapsi ToMy, 4To olOyue-
HUE HEWPOHHOU CeTH MPOMCXOJUT Ha BBIOODKE, COJepKa-

el cHalku HEeMOCPEJICTBEHHO W3 JIKCHEPUMEHTAIbHBIX
JTAHHBIX, TPEJICTABJICHHBIX /ISl AHAJIA3A.

Huist Toro 4yToOB! McciaenoBaTh 3QHEKTUBHOCTH METONA
COBMECTHOI'O MCIIOJIb30BAaHUS BEWBJIET-aHAJIU3a U HEHPOH-
HBIX CETe B peajibHBIX YCIOBHSX, OBLT MPOBEAEH aHAIN3
HEHUPOPU3NOTOTHYESCKUX TAHHBIX (IKCHEPUMEHTATBHBIX 3a-
nuceil AUMHAMHKM HEHPOHOB TPOWHUYHOIO KOMILIEKCA).
ITonyvenHble KapTHUHBI KJIACTEPU3ALUU IPEICTABJIEHb Ha
puc. 16.

Kaxk Bugno u3 puc. 16, ucmoyib30BaHne CTAaHAAPTHOTO
BEHBJIET-aHAJIU3A [JI1 COPTHUPOBKM HAHHBIX HPHUBOJUT K
TIOJIyYEHUIO HEYETKOM KapTUHBI KJIaCTepHU3alUU. JKCIEPH-
MEHTAaJIbHAS M1OCJIEI0BATEILHOCTh COAECPKUT TPHU TPYIIIbI
CHAalKOB, HO KJIACTEPbl HENOCTATOYHO XOPOIIO OTJIEJIEHbI
IpYr OT ApYra M MMEIOTCSl OOIIUe TOYKH, KOTOPBIE MOTYT
OBITH OIIMOOYHO OTHECEHBI HE K TOU TPYIe, K KOTOPOH OHU
Ha camMoM jeJie npuHaiexart. Cieays OonMcaHHOMY BBIIIIE
AJIITOPUTMY, U3 LIEHTPOB TOJIYYUBIIUXCS KJIACTEPOB BHIOUpa-
Juch 1o 50 TOYeK W JaHHAsh BHIOOPKA MCIIOJIL30BAJIaCh B
KavecTBe oOyuaroieit ajis HelipoHHo# cetu. ITocie mpose-
neHrst oOydYeHNs] Ha BXOJX CETH TOMABAJICS PSIT 3HAUYCHHI
KO9(hPUINEHTOB BEUBIET-MIPeOOPA30OBaHUs TEPBOHAYAD-
HOU TOCJIEAOBATEILHOCTH UMITYJIbCOB. llorydeHHbIe Kap-
THHBI KJIACTEPHU3AIMK HATJISHO IMOKA3bIBAIOT YJIYUIICHHE
pe3yJbTaTOB peIIeHUus 3ajlayd aBTOMATHYECKOIO paclo-
3HABAHMS CUTHAJIOB — OoJiee YETKOE pa3fesieHHue KjacTe-
poB.
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HecMoTpst HA TO YTO pPacCCMOTpEHHbBI BapUaHT KOMOU-
HUPOBAHHOTO aJTOPUTMA PACIO3HABAHUS BOJHOBBIX (HOpPM
TO3BOJISIET B PsIJie CIyYaeB CYIIECTBEHHO CHU3UTH ONIMOKH
ABTOMATHYECKOU COPTUPOBKY CUTHAJIOB, OH TAKXKe HE JINIIEH
HemocTaTkoB. C OJHON CTOPOHBI, MAHHBIA MOJXOJ 3HAYU-
TEJILHO JIyYIlle TPAJUIMOHHBIX UCKYCCTBEHHBIX HEHMPOHHBIX
CeTel, TaK KaK MHTErpanus BO3MOXHocTed 3((eKTUBHOTO
YaCTOTHO-BPEMEHHOT'O aHAJIM3a CHTHAJIOB, KOTOPBIM SIBJISI-
eTCSl BEUBJIET-MPeOOpa3OBaHME, B CTPYKTYPY aJrOpUTMa
pacro3HaBaHUsi 00pa30B SIBJISIETCS HECOMHEHHBIM JJOCTOWH-
CTBOM W TMO3BOJISIET WCIOJB30BATh BCE IMOJOXKHUTEIbHBIC
0COOCHHOCTH BeWBJIET-aHAIM3a. B 3TOM KOHTEKCTE BeElB-
JIETBI TMPEACTABIISIIOT COOOW 3Tal MpeIBapUTEIHLHOIO aHa-
JIN3a, TO3BOJISIFOIIETO BBHIOPATh XapaKTepHbIe TPU3HAKH JIJIsI
6oJIee KaUeCTBEHHOT'O pa3/IeJICHNsI CHTHAJIOB Pa3HBIX OOBEeK-
TOB HEUPOHHOI ceTbto. Ho, ¢ npyroit cTopoHsl, ONUCAHHBIN
BApUAHT CXeMbl WACHTU(UKAIIMU CUTHAJIOB HE Mpeaycmart-
pUBAET U3MEHEHHS MapaMeTPOB BEHBIET-MPeoOpa3oBaHUS
(MaciTaba ¥ cMmellieHus1) Ha 3Tarne oOyueHHs HEHpOHHOU
cetn. B cmity 3Toro 3d@GekTHBHOCTL METOAA 3aBUCHT OT
HAYaJIbHOTO BEIOOPA 3TUX MapaMeTPoB, T.€. OT dTara Mpes-
BapHUTeJIbHOW 00paboTku naHHbIX. Ha atane oOy4yeHus cetu
CBSI3b C BBIOOPOM MapameTpoB BEHBIIET-IPeOOpPa3OBaAHUS
TepsieTCcs, W €CJIM 3TU TapaMeTpbl ObLIM BBIOpAHBI He-
yYIaYHO, TO UCTIPABUTH CHUTYAIMIO HA MOCIEAYIOIINX dTamax
aJTOpUTMa yXe He MHOJyunTcs. JlaHHOEe OOCTOSITEIBCTBO
YacTO CTABUT MOJ YTPO3y KOHEUHBII ITAIl MPOIETYPhI pac-
MMO3HABAHMS 00PA30B, TAK KAK HAUMHAIOT UTPATh POJIb TAKKE
(baxTOpbI, KaK OIBIT UCCIIEAOBATENS 110 MOAO0PY "HYKHBIX"
k03 punueHToB BeiiBeT-IpeoOpa3zoBanusi. UToObI CHU3UTH
BIIUSTHAE YEJIOBEUECKOTo (akTOpa TNpH pelieHu: 3aaavu
ABTOMATHYECKOU COPTUPOBKH CIMAWKOB, KJIACCHYESCKUI dTamn
00y4eHHsI, COCTOSIINIT B TOI00PE BECOBBIX KOIPPUIIHEHTOB,
HEOOXOIMMO DPACHIMPUTDL, BKJIIOUYUB B HETO JTOMOJIHUTEINb-
HYIO TOJICTPOMKY MapaMeTpOB BEWBJIET-TIPeOOpa3OBaHUs B
3aBUCHMOCTH OT IPABIIBHOCTH PEIICHUS 3a/1a4H KJIaccupu-
karmu. VIMEeHHO Takoil MOJIX0/] MPUMEHSIETCSI B paMKaX Tak
Ha3bIBaeMbIX BeliBIeTHBIX HelpoHHbIX ceredt (BHC) (ot
anrJ. wavelet neural networks [53, 101 —104]).

BHC mno crpykType M aHAJIMTUYECKOMY OIHUCAHUIO
AHAJIOTUYHBI TPAJUIMOHHBIM HCKYCCTBEHHBIM HEHPOHHBIM
CeTSAM, TIPH 3TOM YaCTh HEMPOHOB 3aMeHsIeTCs Ha ""BelBIIET-
y3sbl". B aToM ciiydae BHC MOXHO TpakToBaTh Kak pac-
LIMPEHHBIN NMEPLENTPOH, CONEPKALIUM JBe YacTU: BEHBIIET-
IpeoOpa3oBaHue 1JIsl BBISIBJICHUS XapaKTePHBIX OCOOEHHOC-
Tell CHTHAJIOB M HCKYCTBEHHYIO HEHPOHHYIO CETh JIJISl PACIIO3-
HaBaHUs 00pa30B C MOMOII[bIO BBISBJIEHHBIX OCOOCHHOCTEH.
IepBas yacTh BKIrOUaeT "BelBIeT-y3Ibl", B KOTOPBIX BMe-
CTO KJIACCHYECKOM JIOTMCTUYECKON (DYHKIIMU UCIIOJIB3YOTCS
BeliBIeT-pyHKIUU (Hanpumep, pyHkuus Mopiie). OTu BelB-
JIeT-(YHKIIUU TIO3BOJISIFOT BBISBJISIT OCOOCHHOCTU (HOPMBI
CHTHAJla Ha pas3HbIX MacmTabax. Beixomom mepBoit yactu
aJITOPUTMA SIBJISIETCSI HA00D K03 DUIIMEHTOB, OTPAKAFOIIIX
XapakTepHble OCOOCHHOCTH cuTHaja. DTH KOA(PPHUIMEHTHI
IPEICTAaBIISIOT COOOM BXOIHOM CUTHAJ AJIsl BTOPOH YacTu
aJTOPUTMAa, T/Ie MPOBOAUTCS OKOHYATENbHOE PACHO3HABA-
Hue o0pa3oB. [IpuHnunuanbHoir ocobeHHocThio BHC
SIBJISIETCS. BOBMOXHOCTD HE TOJIBKO KOPPEKTHPOBATH Beca B
mporiecce 0Oy4YeHUsl, HO M OCYIIECTBIISATh OI00p KOdhhu-
[IMEHTOB BeWBJeT-IpeoOpa3oBanus s OoJiee HaIEKHOU
KJlaccu(UKaUM BXOAHBIX CUTHAJIOB. 3ameyaTesIbHasi OCO-
6ernoctb BHC cocTouT MMEHHO B MOJHOW HMHTErpanuu
MPOLEAYP BBIOOPA XapaKTEPHBIX NMPU3HAKOB U IIOCIEHYIO-
IETO PACIIO3HABAHHS CUTHAJIOB B paMKax €IWHON CTpPYK-

TYPBI. Ilo HalmeMy MHCHUIO, UCIIOJIb30BAHUC BEHBJICTHBIX
HCﬁpOHHbIX CeTel SBJISICTCS B HACTOSIIIEE BpEMsl OOJHUM U3
HauboJee ICPCOEKTUBHBIX IMOAXOOJOB K PEIICHUIO 3aJavu
pacno3HaBaHUA 06p330B.

5. AHa/M3 CTPYKTYPHI 3JIeKTpo3HuedasorpamMm
MeTO/IaMHl HeNpPephIBHOIO BeiiBjieT-aHa/m3a

CresaeMm Tenepsb CIeIyFOIINHT AT B UCCIIETOBAHUT BO3ZMOX-
HOCTE MPUMEHEHUST BEWBJICT-aHAIN3a B HEHPOIMHAMUKE U
HEHPODU3NOIOTHH U TIEPEHIEM K PACCMOTPEHUIO PA3TMIHBIX
ACIEKTOB aHAJIM3a KOJIEOATEIbHBIX PUTMHYECKUX TPOLIECCOB
TOJIOBHOTO MO3Ta. DTO KpaiHe CJIIOXKHBIH 0O0BEKT, COCTOS-
U 13 GOJIBIIIOTO YUCIIA AJIEMEHTOB CO CIIOXKHOM cCOOCTBEH-
HOU KoJebaTebHON AUHAMUKON — HEWpPOHOB, — OOBEIN-
HEHHBIX B CETH CO CJIIOKHOMU TOIIOJIOTHEN U pa3HOOOPA3HBIMU
ces3samu [1, 2, 5, 105—-109]. TpaaumoHHBIM M BecbMa
3(pPeKTUBHBIM METOJOM HCCJICAOBAHMS BJIEKTPHYECKOU
AKTHUBHOCTH T'OJIOBHOT'O MO3Ta SIBJISIETCS] PETHUCTPALHS DJICKT-
posunedaorpamMm (23T), KOTOpbIE MPEACTABISIOT COOOM
YCPETHEHHYIO CYMMY 3JIEKTPHYESCKUX TOJIEH, TeHEPHPYEMBIX
CHHANTUYECKUMH TOKAaMH OOJIbIIONH I'pYNIbl HEHPOHOB B
OKPECTHOCTH PETrUCTPUPYIOIIEro 3jiekTpoaa. Anamm3 D00
MO3BOJISIET BBISIBUTH B3aUMOCBSI3H MEXIY Pa3JIUUHBIMU
00J1acTSIMU TOJIOBHOTO MO3Ta, MEXaHU3MBbI U 3aKOHOMEPHO-
cti GopMUpOBaHUS PA3HBIX TUIOB PUTMUYECKONH aKTUBHO-
CTH ¥ B UTOTE JIYUIIIEe TIOHSTH MPUHIIAIBI QYHKIIMOHUPOBAHUS
TOJIOBHOTO MO3Ta B LIEJIOM.

Ha 23T MoxHO BBIACIHTH 0O0JIBIIIOE pa3zHOOOpa3ue
PUTMOB W TIEPHOIMYECKUX KOJIEOAHUH, YACTOTHI KOTOPBIX
SIBJISIFOTCS BAXKHBIME XapaKTEPUCTUKAME (DYHKIIMOHATIHLHON
AKTUBHOCTH HEPBHBIX CTPYKTYp [105, 110—113]. Pazpabotka
METOJIOB HCCJICTIOBAHUS PA3JIMYHBIX THUIOB PHUTMUYECKON
AKTHBHOCTH TOJIOBHOI'O MO3ra MMeEET BakHOe (yHIaMeH-
TaJIbHOE HAYYHOE 3HAUEHHUE, CBSI3AHHOE C U3yYeHHEM KOTHH-
THBHBIX (DYHKIMH TOJIOBHOTO Mo3ra. [Tommmo 3TOTO, OHA
BaXHA W C TMPUKIATHOW TOYKU 3PEHHS], B YACTHOCTH, IS
pa3paboTKH HOBBIX METOJOB TUATHOCTUKH U aHAIU3a (PYHK-
LIUOHAJIbHBIX COCTOSIHUII T'OJIOBHOTO MO3I'a, CO3JaHUS CUC-
TeM MOHHTOPHHIA MATOJOTHYECKOW aKTHUBHOCTH (HAMpPH-
Mep, CBSI3AHHOM ¢ 3muierncueid i 6osie3Hbro [TapkuHcoHA)
TOJIOBHOTO MO3Ta B MEIUIIMHCKOW NMpAKTHKe, & TakkKe s
co31aHusl crienupuIeckux THTepPeicOB MO3T — KOMIBIOTEP
[114—121].

Kax oOcyxnanock B paspenax 2—4, MaTeMaTHUYECKUN
anmapaT HeMpPEepLIBHOTO BEMBIIET-aHAIN3A XOPOIIO MPHUCIIO-
coOJIeH NIl WCCIEeTOBAHUS HECTANMOHAPHBIX CUTHAJIOB,
CHEKTPAJNBHBIN COCTAB M CTATUCTUYECKHE XapPAKTEPHUCTUKU
KOTOPBIX MEHSIFOTCS C TEUCHHEM BpEMeEHH, W 0O0JiaaeT
CJIEYIOIMMU BaXKHBIMH OCOOCHHOCTSIMU:

1) BBISBJICHHEM YaCTOTHO-BPEMEHHOU CTPYKTYpbI CHI-
HaJIa, YTO MO3BOJISET JIOKAIN30BATh OCOOEHHOCTH CUTHAJIOB
BO BPEMEHHBIX U YACTOTHBIX OOJIACTSIX;

2) BO3BMOXHOCTbIO 3((peKTHBHOTO aHaIM3a KOPOTKHX
BPEMEHHEIX PSIIOB, COACPKAIINX HEOOJBIIOE YHCIIO XapaK-
TEPHBIX NMEPUOIOB KOJIEOAHNUN;

3) rubKOCTBIO BBIOOpA Oa3uca, Mo KOTOPOMY PaCKJIa Ibl-
BAeTCsl CUTHAJI, YTO TMO3BOJISIET dDPEKTUBHO yUeCTh OCOOCH-
HOCTHU aHAJIM3UPYEMbIX JAHHBIX;

4) BoIcOKOW 3 PEKTUBHOCTBIO aHAIM3A 3ALIYyMJIEHHBIX
JaHHBIX (T.€. CUTHAJIOB, KOTOpbIE NPEACTABISIIOT cOOOM
CYMMY TOJIE3HOTO CUTHAJIA ¥ [ITyMa).

Bce mepeunciieHHbIE BBIIIE OCOOEHHOCTH HEOOXOIUMO
YUUTBIBATH NPU U3y4eHuu currajoB D3I, B cuity Toro 4ro
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OOT xapaxkTepu3yercsl CJIEAyIOIUMUA CBOWCTBAMM: HECTa-
[IMOHAPHOCTHIO; HAJMYMEM OCIIUISTOPHBIX MATTEPHOB C
MPUHIUIHAIBHO PA3TUYHBIME (HOpMaMH KOJEOAHUH, 4TO
TpeOyeT aJanTUBHOTO MOIXOAA K HM3YUYCHHIO Pa3JIMIHBIX
apdexToB Ha DDT'; BHICOKMM YpOBHEM IIymMoB. [1pu 3TOM
YACTO MPUXOAUTCS IPOBOIUTH aHAIN3 KOPOTKHUX BPEMEHHBIX
JIAHHBIX, YTO OOYCJIOBJIEHO KaK OCOOCHHOCTSIMU PErHCTpa-
WU JaHHBIX, TaK ¥ CIeNu(UKON MPONECCOB B TOJIOBHOM
mo3re [113, 122—-124].

AmnmapaT BeWBJIET-aHAJIM3a HAIIEN YCHEITHOE MPUMEHe-
HHE B UCCJICIOBAHUSIX HOPMAJIBHON U MaToJornieckoin D91
KUBOTHBIX M uejoBeka (cM., Hampumep, [20, 125-128]).
OcHOBHOE BHUMAHHUE MCCIIeI0OBaTE el ObLIO HANIPABJIEHO HA
aHAJIN3 TporeccoB popMupoBaHus 0COOBIX HOPM pUTMHUUE-
CKOIl aKTHBHOCTH, XapaKTEPHU3YIOMNX Takue (QyHKINOHAIb-
HbIE COCTOSIHUS, KaK, HAIPUMeEp, SMU30/1bl SMUICHTHYECKON
AKTUBHOCTH, COH, OoapcTBOBaHME. VI3BECTHO, YTO MOSIBJIE-
HHUE PUTMUYECKHX KOMIOHEHTOB Ha DI sBJIsieTcs OTpaxe-
HUEM CHHXPOHHOH pabOThl OrPOMHOIrO YHCIA HEPBHBIX
KJIETOK, OOBeTUHEHHBIX B aHcamOim [129—131]), moatomy
UCCIIeIOBAHUE PUTMUYECKON aKTUBHOCTH B AuHAMUKe DI
TOJIOBHOTO MO3Ta TECHO CBSI3aHO C TaKOW Ba)KHOW 3amaueit
paauo@U3NKM U HEJIMHEHHOM IMHAMUKHU, KaK H3ydeHHe
CHHXPOHHOTO TIOBEACHUSI B CETSIX CO CIIOKHOHM TOIOJIOTHEH
cszeit [106— 108, 132].

5.1. ABToMaTH4eCKOe BbIIe/IeHHe

IHK-BOJIHOBBIX Pa3psiioB

Ha MpeaBapuTebHO 3amucaHHbix DT

ITaTonormueckue mpolecchl B IEHTPAJIbHOW HEPBHOU
CHUCTEME MOTYT CONPOBOXIATHCS MOBBIIIEHUEM YPOBHS
CHHXPOHHM3AIUH MeXAy (QYHKIMOHAIBHO CBSI3aHHBIMHU
CTPYKTypaMu. B akcTpeMasibHBIX CIIy4asix 3TO MOXET IIPUBeE-
CTH K TOSIBJICHUIO CYJAOPOXHBIX pa3psaoB Ha OOI. B
YACTHOCTHU, aOCaHC-3MUJIENCUusl, 0 KOTOPOU MOUAET nasee
peub, pa3BuBaeTcsl Ha (OHE THIEPCHHXPOHU3AIMH aKTHBHO-
CTH HEMpPOHOB TajaMoO-KopTukajabHOU cetu [133, 134]. dns
HCCJIENOBAHUSI B3aMMOJECHUCTBUI TaJlaMO-KOPTUKAJIbHOU
CEeTH, XapaKTEepU3YIOIUX MPOIECC MHUIMALUN a0CaHC-31H-
JIeTICUH, YIOOHO HUCIOJIB30BATh CHENUAIbHbIE JTUHUHN KPBIC C
TEHeTUYECKON MPeapacnoI0KEeHHOCThIO K JTaHHOW (Gopme
SMUJIETICUH, B YacTHOCTH, Kpbic JmanH WAG/Rij [135].
ITpuctynsr abcaHC-3MUIIETICUN KaK Y KPBIC 3TOM JIMHUM, TaK
1 y 4eJOBEKa CONPOBOXIAIOTCS BBICOKOAMILIMTYIHON
TUTIEPCUHXPOHHON TNHK-BOJIHOBOW aKTUBHOCThbEO Ha DOI
(TIMK-BOJIHOBBIMH pa3psiiaMu).

PaccmoTpum ¢parmenT smmtentryeckoit 93T kpbICH
smaun WAG/Rij, moka3zanuslii Ha puc. 17a. Peructpanus
3JIEKTPUYECKOIN aKTUBHOCTHU F'OJIOBHOTO MO3Ta MPOBOIUIIACH
NIPU CBOOOJHOM MOBEAECHUU C HCHOJIb30BAHUEM BIXKUBJIEH-
HOTO 9JIEKTPOJIa, pacrnoJjiaraBiierocs Bo ¢ppoHTaJIbHON Kope.
B curnane D31 MOXHO BBIIEIUTH pa3jUYHbIC O00JIACTH,
OTJIMYAIOIINECS XapaKTepHOU GOpMOi 1 aMILTUTYTI0# KoJIe-
Ganmit®. Hanpumep, (oHOBAS AMHAMHKA, COOTBETCTBYIO-
asi JIECCHHXPOHU3UPOBAHHOMY IOBEJICHUIO HEUPOHHBIX aH-
camOJIell KOpbl TOJIOBHOTO MO3Ta, 00JIalaeT Majlol aMILIH-
Tynoit (o61actu F Ha puc. 17a). OcuuiisiTOpHbIe NATTEPHBI
MOTYT OBITH KJIaCCHOUIMPOBAHBI 1O (HOPME U MO YACTOT-
HOMY cocTaBy. [lepBbIii MeTON KJacCHDUKAUN TpaIu-
IIMOHHO HCIOJIb3yeTcsl Helpodusunosioramu [136, 137] nus
BBIICJICHUS] TAKUX OCHUJUISTOPHBIX MATTEPHOB, KAK COHHbIE

¢ B nanbHeiimem OygeM HaswlBaTh pasinudble (parmentsl I oc-
LIS TOPHBIMA NATTEPHAMH.

1,0

0,03
ST
0,18

1,11

6,72

41,39

250,00 ! ! !
0 8,19 16,38 24,58

32,77
tc

Puc. 17. Otpe3ok snuientudeckoit D3I (a) U COOTBETCTBYIOIIMN eMy
BEHBJICT-CIEKTP, TOCTPOCHHBIH C MCIOJIb30BaAHUEM 0a30BOrO BeiiBieTa
Mopuie (6). Beigenennsie oonactu: SWD — nuk-Bos1HOBOI paspsi, SS —
conHoe BepereHo, TR — smu3on Tera-aktuBHocTH, K — K-kxomrexc,
F — HopMasnbHast (oHOBAs aKTUBHOCTH Mo3ra. Ha BCTaBke MOKa3aHBI
MTHOBEHHBIC BEMBIICT-CIIEKTPBI KOJICOAHMIA: MUK-BOJHOBOTO pa3psiaa (7),
COHHOTO BepeTeHa (2), GOHOBOW aKTUBHOCTH (3).

BepeTéHa (obsactu SS Ha puc. 17a), BCIJIECKH TeTa-aKTUB-
Hoctu (TR), K-kommiekcs! (K) ¥ mUK-BOJTHOBBIE pa3psiibl
(SWD). Bropoii meTo npeacTaBisieT coboi 6ojiee TOYHBIN
HHCTPYMEHT [JISl aHAJIN3a BPEMEHHOIO Psifia ¥ MOXET ObITh
WCIIOJIL30BAH IS PEIIeHHs] 3a1add aBTOMATHIECKOTO pac-
MMO3HABAHMS CTPYKTYP BO BpeMeHHOH obacT. Pe3yabTaTsl
HENPEPHIBHOTO BEWBJIET-aHAIA3a C TOMOINBIO BEWBIIETa
Mopie npuBeqeHsl Ha puc. 170, rje BUAHO, YTO PA3HBIM
narrepaaM OO COOTBETCTBYIOT pa3jiMyHbIC pachpejeie-
HUSl SHEPrUM MO 4acToTe. B 4acTHOCTH, Y MUK-BOJHOBOTO
paspsiaa (ammtenTuyeckoe cooprTre Ha D317) MOXKHO OTMe-
THTb JIBE BaXKHbIE OCOOEHHOCTH.

Bo-mepBbIX, aHaIU3 OOJIBIIOTO YUCJIA MUK-BOJHOBBIX
pa3psizioB mokaszain [128], 4To OCHOBHAsI 4acToTa Ciea0Ba-
HUS TIMKOB B TEYEHHE TNHK-BOJHOBOTO pa3psiia IUIABHO
CHIDKAJIACh OT MAaKCUMAJILHOTO 3HAYCHUS B HAYaJIe pa3psiaa
11,1 + 1,5 T'm (3meck u majee cpemnee + CTaHAAPTHOE OTKJIO-
Henue) 10 7,4 + 0,8 I' B KOoHIIE pa3psaa, T.e. B CpeIlHEM Ha
2,8 + 0,8 I't. Bo-BTOPBIX, MOSIBJICHUE MUJICITHYECKHUX (TTHK-
BOJIHOBBIX) pa3psaoB Ha D3I compoBOXAATIOCh PE3KUM
YBEJIMYEHUEM MOIIHOCTH B Juamna3oHe vactoT ot 10 nmo
100 I'u. ITpu 3TOM KaX[bIil OTAEIBHBIN MUK, BXOIUBIIUN B
COCTaB MUK-BOJIHOBOTO KOMILJIEKCA, OTOOpaXajcs Ha BEWB-
JIET-CIIEKTPE B BUJC JIOKAJBLHOTO BCILIECKA MOIITHOCTH (CM.
BCTaBKY Ha puc. 176). DTU BBICOKOYACTOTHBIE CIICKTPAJIbHbIC
KOMIIOHEHTBI, MOPOXIEHHBIE PEryJIsSpHOM MOCIeI0BATENb-
HOCTBIO TMKOB Ha DT, MOCITYKIJIN BaXKHBIM THATHOCTHYE-
CKUM TPHU3HAKOM, KOTOPBIH JIET B OCHOBY pa3pabOTaHHOTO
aJITOPUTMA aBTOMATHYECKOTO PACIO3HABAHUS TMHK-BOJHO-
BBIX pa3psiaoB [62, 138, 139].

ITockonbky THK-BOJHOBOM pa3psii XapaKTepuzyeTcs
YBEJIMYEHUEM SHEPI'HH, PUXOASIIEiics Ha HEKOTOPBIN 1ua-
Ma30H MacIITaboB, yIOOHO paccMaTpUBATh HHTETPAJILHYIO
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Ta6mua 3. Pe3yIbTaThl aBTOMATHIECKOTO BBIICJICHUS IMK-BOJIHOBBIX pa3psiaos (SWD) ¢ ucrosnb3oBaHreM KOMILIEKCHOTO BeiiBieta Mopue (f = 1)

Ne Yuciao SWD ABTOMATHYECKOE BBIAECIICHUE KauecTtBo aBTOMaTHYECKOI pa3MeTKH
KPBICHI (BU3yasbHAS
OLeHKa TP TN FP FN TounocTs VposeHb MomHocTb
KCrepTa) Pswps 7o 3HAYUMOCTH f3, Yo kputepus 9, %

1 105 105 105 0 0 100,0 100,0 100,0

2 81 79 80 2 1 97,5 98,8 97,5

3 249 247 250 1 2 99,2 99,2 99,6

4 120 117 125 1 3 97,5 97,5 99,2

5 66 65 67 2 1 98,5 98,5 97,0

Cpennee 98,5+ 1,1 98,8 +0,9 98,7+ 1,3

BEJIMYMHY MIHOBEHHOII HEPrHMHM B HEKOTOPOM JAHANa3OHE
4acTOT:
2
w0 = | (Wl ar, (29)
Fs

rae Fs = [30,50] 'm — BbIOpaHHBINH AMANa30H 4acToT, B
KOTOPOM OTJIMYHS CTPYKTYpBI IIMK-BOJHOBOI'O pa3psaa OT
JOPYIUX OCHUJUISTOPHBIX HATTEPHOB HauOOJIee 3aMETHBI.
Ecny B HEKOTOPBI MOMEHT BPEMEHHU ! MMEeT MECTO IHK-

BOJIHOBOM paspsa, To cupaBeIJIMBO CJICAYROIIEEC COOTHOIIC-
HHC!:

WFS([) > FEy. (29)

rae Ex — ToporoBoe 3HaUEHWE SHEPTHH, ONpeIessieMoe
9KCIIEpUMEHTAJIbHO. [JIJI1 aBTOMAaTHUYECKONH NMArHOCTUKHU
SMIJIEITHYECKOTO COOBITUSI MBI HCHOJIb30BAJIM OPOTOBYIO
COPTHPOBKY.

MoOMeHTHI BpeMeHH, KOTAa 3HaueHue wp, (29) mpeBbI-
I1aJI0 TIOPOTOBEIA YPOBEHb W HE CHMXKAJIOCH B TeueHHe | C,
(DUKCHPOBAJIMCh KaK HAYAJIO SMIICITHIYCCKON aKTUBHOCTH;
MOMEHTBI, KOTJ]a YPOBEHb SHEPTUH OKa3bIBAJICS HIKE TIOPO-
rOBOr0, — KaK KOHeIl pa3psioB. Pe3yapTaThl aBTOMAaTHYE-
CKOTO BBIJIEJICHHSI TUK-BOJTHOBBIX Pa3psiIoB IPEACTABICHBI B
Tabn. 3, rme BBemeHbl obOo3HaueHus: TP — uumcio BepHO
pacno3HaHHbIX cOObITHH, TN — 4uCiI0 MPaBUIILHO PacHo-
3HAHHBIX CUTYallMil OTCYTCTBUS aHAJIU3UPYEMOIO COOBITHUS
Ha OOT (B gaHHOM cilyyae — MNHUK-BOJHOBOTO pa3psijia),
FP — 4nciio J0XHO pacmo3HaHHBIX COOBITHH (T.e. YMCIIO
COOBITHII, KOTOPBIE aBTOMATHYECKOW CHCTEMOW pa3MeTKH
93T onpenensiich Kak MHK-BOJHOBOM pa3psi, HO 3KCIEp-
TOM ONPEEIISINCh KaK HEKOTOPBIA HHOM TUIl AaKTUBHOCTH),
FN YUCJIO TPOIMYIUEHHBIX IHUK-BOJHOBBIX Pa3psiioB.
Takum o06pa3oM, METOH MO3BOJIJI PACIO3HABATH IIHK-
BOJIHOBbIE pa3psaapl Ha O3 ¢ Tounocthro 98—-100 %.
CreyeT OTMETHTh, YTO IUISl BBIACJICHUS IHK-BOJHOBBIX
pa3psI0B HUCIOJIB30BAINCH OJMHAKOBBIE aHAIM3UpPyEeMBbIe
4acTOTHbIE auana3onsl Fs = Fswp € [30,50] ' (28) u no-
porossie 3HaueHus sHeprun Ey = 0,5 (29) BeiiBieT-criekTpa.

Jns aHanmm3a xavecTBa pabOTHI aIrOpUTMa MPHUMEHS-
JIUCh CTATUCTHYECKHE XAPAKTEPUCTUKU MPUHATHS "GUHAD-
Horo" perieHust (MPUCYTCTBYET/OTCYTCTBYET SIMICITHYE-
CKO€ COOBITHE) Ha OCHOBE HEKOTOPOrOo KPUTEpHsi, KOTOPBIi
C HEKOTOPOI BEPOSTHOCTBIO MOXKET JaBaTh JIOKHBIA pe-
3ynbTaT: ypoBeHb 3Hauumoctu § = (TP/(TP + FN)) 100 %,
MomHuocTh kpurepus 6 = (TN/(TN + FP)) 100 % [140].
3HaveHNs f§ 1 0 TaKKe MPEACTaBIEHBI B Ta0JI. 3 IJIs KaXXI0TO
KuBOTHOTO. IlepBasi xapakrepucrtuka (f) mo3BOJSET Ole-
HUTb YYBCTBHTEJILHOCTb METO/A, T.C. IPOIEHT PACIIO3HAH-
HBIX MUK-BOJIHOBBIX Pa3pPsA0B OT OOIIEro YMCiIa MUK-BOJHO-
BBIX pa3psiA0B, MpucyTcTBytomux Ha DI . Bropas xapakTe-
puctuka (J) MO3BOJISIET OLEHUTh HPOLEHT COOBITHIA, BEPHO

OTpeAeNEHHBIX KAaK MHUK-BOJHOBBIE DPA3psIbl M3 OOIIETO
yrciaa COOBITUH, TMATHOCTHPOBAHHBIX KaK IHK-BOJIHOBBIC
paspsmel [62, 141]. TTosryueHHBIE pe3yJIbTATHI TOKA3aJIH, YTO
METOJI PACTO3HABAHUSI U UACHTU(PHUKAIIMHA OCIHIIISATOPHBIX
natTepHoB Ha DD, OCHOBAHHBII Ha BEUBJIET-TIpeOOpa3oBa-
HUY, 3HAYUTEILHO MPEBOCXOIUT APYTUe U3BECTHBIE METOIbI
KaK MO0 TOYHOCTH, TaK M 110 MPOCTOTE HACTPOUKHU U aJlarTa-
UK K APYTUM 33/1a4aM.

Cpenu HambosIee BaXXHBIX PE3YJIbTATOB UCIOJb30BAHMS
HETPEPHIBHOTO BEWBJICT-aHAIN3a THK-BOJHOBBIX Pa3psIoB
HEOOXOOMMO OTMETUTDL BBISIBJIEHHBIE HAMHU YHUKAJbHBIE
O0COOEHHOCTH YaCTOTHO-BpPeMEHHOU CTpykTypbl D3I 10
HavaJia SMIIEHTHYECKOTO pas3psiia, Mo KOTOPBIM BO3MOXHO
MPeJICKa3aTh MOSBJICHUE JMHIJICNITHIECKOW aKTUBHOCTH. Mc-
CJIeI0OBaHME, BBIIOJHEHHOE HAMHU C IOMOILBIO KOMILIEKC-
HOro BeiiBjieTa Mopiie, MOKa3ajo, YTO IOSBJICHUIO IHK-
BOJIHOBBIX pa3psigoB Ha D3I mpemiecTBoBajia COBOKYII-
HOCTb KOPOTKHX PUTMHUYECKHX KOMIIOHEHT, MaKCHUMaJIbHAS
MOIIHOCTh KOTOPBIX HAXOIWJIach B JUANa30HE JelbTa-
gactotr (3—5 I'm) m tera/ambga-yactor (7—11 T'm) [128].
HuskouacToTHBIE, T.e. AEIbTa-KOMIIOHEHTBI NPEaIecTBO-
Basu 90 % NHUK-BOJHOBBIX Pa3psioB, TeTa/albda-KoMIO-
HeHTbl — 92 %. CpenHsist UIMTEIbHOCTD IpealIeCTBEHHH-
KOB COCTaBJIslIa IPUMEPHO MOJICeKYHAbL. Jlumb y 5 % nuk-
BOJIHOBBIX Pa3psiiOB PUTMHUYECKUE MPEIIICCTBCHHUKN Ha
90T orcyrcrBoBayu. B 89 % ciyuaeB nmepea Ha4ajoM IMHUK-
BOJIHOBBIX pa3ps/ioB OOHApyXuBajau 00e KOMIOHEHTHI
(membra u Tera/anbda). Takas cuTyanusi HETUIIUYHA IS
¢donosoit DIT". Bonee mogpobHOE 0OCYXIeHNE HEHPOHHBIX
MEXaHU3MOB (HOPMUPOBAHUS TIPEIBECTHUKOB SIMICHTHYE-
ckoil aktuBHOCTH Ha DOI mpencrasieHo B Haiell pabote
[128]. Cnenyer moa4epKHYTb, YTO BbIACJICHHE JAHHBIX KOM-
IIJICKCOB-TIPEIILIECTBEHHUKOB TIepej] MUK-BOJHOBBIM paspsi-
JIOM CTaJIO BO3MOHBIM TOJIBKO Oy1arogapsi IeJieHanpaBIIeH-
HOMY HCIOJIb30BAHUIO YACTOTHO-BPEMEHHOT0 aHam3a D3
C HCTOJIb30BaHNEM BEIBIIETOB.

5.2. CtpykTypa H aBTOMaTHYeCKO€ BbIIeJIeHHE

COHHBIX BepeTéH Ha 3nmientudeckoi I3

€ HCNOJIb30BAHHEM KOMILIEKCHBIX

a/IanTHBHBIX BeliBJIeT-0a31COB

B HacTtosimee BpeMsi B HepO(QU3HOIOTUY BEAYTCS AKTUBHBIC
WCCJIeIOBAHUSI, HATIPABJICHHBIC HA BBISIBIICHHE CBSI3U MEXIY
MUK-BOJIHOBBIMH pa3psilaMi U HOPMAaJIbHONW CHHXPOHHOMU
AKTHUBHOCTBIO TOJIOBHOTO MO3ra — COHHBIMH BEepeTEHAMU
[109, 142, 143], koTopsie HabMmoaaroTCsa Ha DI BO BTOpOit
(baze cHa (Me[UJICHHBIN COH) U NMPEACTABIISIFOT CO00i Kosteba-
HUSI XapaKTepHOU BepeTeHO0Opa3Hoii (C yBeIn4uBaronencs
U Jajiee YMEHBIIAOUIEHCS aMIUIMTYION OCHUJLISIIUN)
dopmbl ¢ yactotoit 10—15 T'm ¥ MPOIOJIKUTEITBHOCTHEIO
0,5—1,5 c. Connble BepeTéHa paccMaTpPUBAIOTCS KaK pPe3yJib-
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I'o
1,25
5,50
12,50 A
20,00
t
I'n Anbpa-1uanazon
8
14 -
L
max min

Puc. 18. HenpepbiBHOE BeiiBiieT-mpeoOpa3oBaHue ¢ KOMIUIEKCHBIM BeEi-
BJIeTOM Mopiie COHHBIX BepeTéH (IOKA3aHBI HPSIMOYTOJbHHUKAMHI Ha
O3I). Bau3y pucynka — ¢parMeHTHI BeiBIeT-clIeKTpa B ajbda-auamna-
30He (814 I'm).

TaT CUHXPOHHOU AWHAMUKH HEUPOHHOU CETH B HOpPME.
NuTepec k UX U3YYEHHUIO BO3POC MOCJIE MOSIBJIEHUS 3KCIEPH-

MEHTAJIbHBIX JAaHHBIX O TpaHCc(hOpPMAIlMK COHHBIX BEPETEH B
SMUJIENITUYECKUE HK-BOJTHOBBIE pa3psabl [144, 145].

C MOMOIIIbIO HEMPEPHIBHOTO BEHBIIET-TIPeOOpa30BaHUSI C
KOMILIEKCHBIM BeliBIeTOM MopJie ObLi1a cciieJoBaHa CTPYK-
Typa COHHBIX BepeT€H Ha DI Bo BpemMst MEJJICHHOT O CHA Yy
kpbic M WAG/Rij. Ha pucynke 18 npencrasien xapak-
TepHBIIA BelBIeT-criekTp DT CHA C BBIJICJICHHBIMU BEpETE-
HaMH U COOTBETCTBYIOIIWE CIEKTPHI COHHBIX BEPETEH B
anbda-auanaszone (t.e. oT 8 10 14 I'm). B oTyimume oT nuk-
BOJIHOBBIX Pa3psiJIOB, BEPETEHA UMEJIH PA3JIMYHbIe (POPMBI U
YaCTOTHBIN COCTaB [62], YTO CHIILHO OCJIOKHSIIO MPOIEAYPY
WX WUICHTHU(UKAIUM M aBTOMATHYECKOT'O PACHO3HABAHUS.
IIpu moporoBom nerexktupoBanuu (28) u (29) BeiiBiet-
MOIIHOCTH B auama3oHe 4actoT §—14 I'm (em. pazmen 5.1)
MOJIy4eHbl TOYHOCTH pacrno3HaBaHus Ha D3 coOHHBIX Bepe-
TéH He Bblie 60 %, a Takxe Mallble BEJIMYMHBI YPOBHS
3HAYUMOCTH ¥ MOIITHOCTH KpuTepus. [ToaTomy ObLT paspa-
60TaH HOBBI MOAXOI K HCCIECAOBAHMIO CTPYKTYpPBHI HEeCTa-
[IMOHAPHBIX CUTHAJIOB, Oa3WMpyIOMIMIiCS Ha aJalTUBHOM
BeiiBiieT-aHamm3e [62, 146]. AnanTUBHBIA BeWBIIET-aHAIN3
HCIIOJIL3YET B KauecTBe '"MaTepuHCKOR" (QyHKIUM Ipou3-
BOJILHO BBIOpaHHBIN 0Tpe30k DI, KOTOPBI UMeeT MaKCH-
MaJIbHOE CPOJCTBO K HCKOMOMY MATTEpHY Ha DI U CITy>KUT
MHCTPYMEHTOM ISl pACTIO3HABAHUS U JIoKam3anuu Ha 9T
OCIMJUISIIINNA HECTAHAPTHOU CJIOKHOU (POpMBI. DTOT TOJ-
XOJl, IO CYTH, SIBJIIETCS PA3HOBUTHOCTBIO M3BECTHOTO Me-
tona "coorBercTBust 0Opasny" (template matching) [147] u
MOeET OBbITh HCIOJIb30BaH 151 3((GEKTUBHOI'O BBIIEICHUS
COHHBIX BEPEeTEH, CTAHJAPTU3ALUY CTPYKTYphl DI 1 coznna-
HUSI 3TAJIOHHOM 0a3bl 3HIeaTorpaguueckux MaTTePHOB.

JJs cTaHmapTU3aK CTPYKTYPBI COHHBIX BEPETEH ObLIN
CKOHCTPYHUPOBAHBI CrielMabHble BeiiBieT-6asuch! ("crumn'-
BeliBieThl, spindle wavelets [62, 146]), oCHOBOI TSI KOTOPBIX
MOCITY XMW oTpe3ku DT, comepxaiiue COHHOE BEPETEHO,
T.€. IabJIOHOM IS TocTpoenus "mMatepunckoro" "comumn'-
BeHBJIETA MTOCITYXKIJIA BEpeTEHA, 3aMMCTBOBAHHBIE U3 PeaJIb-
HO#t DI (cM. puc. 19, Ha KOTOPOM HATJISTHO MPOMILIFOCT-
PUPOBAH MPEIOKESHHBIN MTOIXO).

MkB  g(7) MkB
100 1 100
0 0 0
—-100 -1 —100
-200 2 —-200
Tum 1 Tum 2
w(n) === JlelicTBUTE IbHAS w(n)
. 4acTh 1
—— Muumast
4acTh
0 0
-1+ -1
2+ -2
] ] ] ] 1 ] ] 1 ] ]
0 01 02 03 049y o o1 02 03 04 05 067

Puc. 19. Cxema, nosicasiroruasi mocrpoenne "crman"-seiiBiieros. CoHHbIe BepeTéHa, BRIOpaHHbBIE Kak MPOTOTHIBI Ha DI, HCHOJIBb3YIOTCSI B KAYeCTBE
a6JI0OHOB /IS AJaNTUBHBIX BeMBIIeT-60a31CcoB: e 1" -BeiiBIe Tl IEPBOTO (2), BTOPOro (6) TUMIOB.




T. 182, Ne 9]

BEMBJIET-AHAJIU3 B HEMPOJIMHAMMUMKE

929

Tabmma 4. Pe3yabTaThl aBTOMATUYECKOTO BBIZEJICHHUS COHHBIX BEPETEH C UCIOJIb30BaHMeM "criuui"-BeliBieToB. 31ech Ng| — YHCIIO BEPETEH,
MPOMYLIEHHBIX TIPH ABTOMATHYECKOM BBIIEJIEHAH ¢ MOMOIILIO "'crinH 1" -BeliBIIeTa EPBOro THIIA

"Counn"-BeiiBJIeT NepBOro THNA

Ne kpbichl | UHCIIO COHHBIX BEpeTEH ABTOMAaTHYECKOE BbIJICIICHHE KauecTBo aBTOMaTHYECKON pa3MeTKH
(BH3yaJIbHASI OLICHKA
SKC TP FP FN TouHocTb pg, % VpoBeHb MorHoCTh
nepra) N
3HAYUMOCTH f3, %o kputepus 6, %

1 2341 2130 23 281 91,1 88,4 98,9

2 1381 1132 28 110 82,2 91,2 97,6

3 1491 1312 30 149 87,8 89,8 97,8

4 1305 1096 39 104 83,9 91,3 96,6

5 1598 1422 16 144 88,9 90,8 98,9
Cpennee 1623 £ 416 1418 + 419 27+9 157+ 72 86,8 +3,7 90,3+1,2 979+ 1,0

"Cuonun"-BeiiBJieT BTOPOro THOA
Ne kpbIChI Ns; ABTOMATHYECKOE BBIJICICHHE KauecTBO aBTOMATHYECKO pa3MeTKU
TP TN FP FN ps, %o B, % d, %

1 211 140 2154 70 22 66,3 96,9 86,4

2 249 110 1215 69 21 442 94,6 84,0

3 179 164 1327 30 15 91,6 97,8 91,6

4 209 117 1175 26 18 56,0 97,8 86,7

5 176 112 1454 48 14 63,6 96,8 88,9
Cpennee 205 £ 30 129 £ 23 1465 + 400 48,6 £ 20,8 18+6 643+17,5 96,8 £ 1,3 87,5+29

dopmanusyeM Takoi moaxoxa. Ilycte U(f) — oTpe3ok
peructpupyeMoro curdaia 99T, comepxaliuii COHHOE Be-
peteno. [lepeitném k curaany ¢ HCKIFOUEHHBIM CPETHUM:

1
- HLT U(r) dt,

U cPOopMUPYEM KOMIJICKCHYIO (DYHKIIHIO:

g() = U() (30)

) = +ie(n+ 5 ). a1

rae T — XapaKTepHbI BpeMeHHOW MacmTad KoJyiebaHuil B
TeueHue BepeTeHa. 115l MoJIyueHns JJOKaJIbHOTO BO BPEMEHU
BeiiBieT-0a3uca Qynkuus (31) Monyaupyercs QpyHKIueH
Iaycca (cp. c cootrOomenueM (1)):

2
- n
w3 = agtnyesp (1), (32)
rae o — ko3pdunueHT, moAOUpaeMblii 3MIUPUUYECKHU, a
napamMeTp 4 HaXOOUTCS U3 YCIOBHS HOPMUPOBKH:
2 [T ] (20 ? 2
A g(— || exp(=n7)dn=1. (33)
o o

Bcero 6bu10 mportectupoBano okosio 100 BepeTéH Kak
mabsonoB s "cnupan"-BeiiBiieTa U MpOAHAIU3UPOBAHBI
pPe3yJIbTAThI BbIIEJICHUSI COHHBIX BEPETEH C MOMOIIBIO KaXk-
JIOro BepeTeHa. B pe3ybTaTe 3THX TeCTOB ObLI HAlJIeH YHH-
BepcasbHblii "crimamn"-BeliBieT, mokasaHHbIA Ha puc. 19a,
KOTOPBIA MPOAEMOHCTPUPOBAJT HAWJIydIllee KayeCTBO pac-
MO3HABAHMS COHHBIX BEPETEH M, COOTBETCTBEHHO, HMeEI
BBICOKOE CPOJICTBO K MAaKCUMAJIbHOMY YHCJIy COHHBIX BEpe-
TéH Ha D3I y BceX 3KCIEPUMEHTAIbHBIX )KUBOTHBIX. BOJIb-
masi 4acTb COHHBIX BepeTéH (oT 80 mo 90 % B pasHbIX
9KCIEPUMEHTAX) MMeJIa BBICOKYIO CTENeHb CpPOJACTBA K
JTAaHHOMY BelBieT-0a3ucy (OHM OB Ha3BaHBLI BepeTEHAMU

MEepBOrO THIA). DTU BepeTéHa uMen (hopmy, OJIH3KYIO K
CHUHYCOMJIaJIbHOM, 1 yacToTy 8 — 12 I'i. OcTanbHble BepeTéHa
(mopsiaxa 10— 15 % ot oOuiero uuciaa BepeTEH) OTINYAIUCD
CJIOXHOU (HhopMO¥ ¥ UMeTM HHANBUAYATbHBIE 0OCOOEHHOCTH
(BepeTéna BTOpOro THUMHA, CM. puc. 190), MO3TOMY ISl MX
ueHTUGUKAIMKE TOTPeOOBAIOCh IOCTPOUTHL HOBBIE "MaTe-
punckue" BeiBieTel, "mabaonsl D" Mg KOTOPLIX MOJ-
OMpaNCh MHAUBHUIYATBHO JJIs KaXJI0T0 )XUBOTHOTO. BeliB-
J1eT-0a3uchl BEPEeTEH BTOPOrO THIA MMEIU HEOTHOPOIHYIO
(dbopMy ¢ SIpKO BBIPAKEHHBIMH HEPETYJSIPHBIMU CITAMKAMH,
HX YacToTa kKosebanach ot 17 mo 23 ['mua DT .
Pe3ysibTaThl aBTOMATUYECKOTO BBIJICJICHHSI COHHBIX BEpe-
TEH TpeacTaBiieHbl B TabOJ. 4 OTHOENBHO ISl TIEPBOTO U
BTOPOro THUMNOB. Bce 0003HAYCHUSI aHAJIOTUYHBI 00O3HAYe-
HUSIM, BBEJIEHHBIM TIpH onrcaHuu TabJ1. 3. Xopolio BUIHO,
4TO TMOAXOJ, OCHOBAHHBIA Ha IIOCTPOCHHH aJalTHBHBIX
0a3mcoB, MO3BOJIWII CYIIECTBEHHO YJIYUIIUTH Ka4eCTBO pac-
[I03HABAHUS NATTEPHOB HA HECTALIMOHAPHOM curHaje 99T .
HamomHuM, 4YTO HpHM HCHOJB30BAHMM CTAHIAPTHOTO
BeliBjieTa Mopiie B kadecTBe OA3MCHOW (PYHKIIUU TPOLEHT
pacrmo3HaBaHUSI COHHBIX BEPETEH OCTABAJICS BECbMa HU3KAM
(meree 60 %). CoBMecTHOE MCHOJb30BaHUE BEHBIIET-0a3M-
COB BEpEeTEH MEePBOTO M BTOPOTO THUIOB MO3BOJUIO ABTO-
MaTuyecku pacno3saTh Ha 99T 96— 100 % coHHBIX BepeTEH,
YTO HEJOCTHXXHMO C IOMOIIBIO IPYTUX METOIOB.
Hcnonb3oBanue BeHBIIET-METOJOB aBTOMATUYECKOIO
aHaJM3a W TUATHOCTHKH OCIHMJIISITOPHBIX MATTEPHOB (COH-
HBIX BEPETEH W MUK-BOJIHOBBLIX Pa3psaoB) MO3BOJIMIO BBI-
SIBUTh JITHAMMUYECKHE 3aKOHOMEPHOCTH HX MOSIBIICHUS Ty TEM
HCCJICIOBAHUS JIOJITOBPEMEHHBIX (CYyTOYHBIX) 3amuceit 99T
[138, 145, 148]. B wactHocTH, OBLIIO OOHAPYXKEHO, YTO /M-
HAaMHKA MUK-BOJHOBBIX PA3PsI0B U COHHBIX BEPETEH, OIpe-
JIEJISIEMBIX CHHXPOHHON AMHAMUKON HEUPOHHOU CETH KOPBI
TOJIOBHOTO MO3Ta, MOTYMHSIETCS] 3aKOHOMEPHOCTSIM on — off-
nepemexxaemoctu [149, 150], koTopasi, Kak U3BECTHO, HAOJTIO-
JIaeTCsl Ha TPaHUIE CHHXPOHHBIX PEXUMOB KoJeOaHMMH
CBSI3aHHBIX XAO0TUYECKUX OCHUILIATOpOB [151—154]. ObHa-
pyXEHHBIE 3aKOHOMEPHOCTH TO3BOJIIIA CENIATh BAKHBIC
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Puc. 20. UsmenunBoctsb GopMbl cOHHBIX BepeTéH Ha DT kpbic uanu WAG/Rij. BoJbIIMHCTBO COHHBIX BEPETEH BBIIEISAETCS C TOMOIIbEO ""crimni'"'-
BeifBJIeTa MEPBOrO THIA, KOTOPBI YHHUBEpCAJIEH IS PA3JIMYHBIX XUBOTHBIX. [[aHHBI THI OCIMILISTOPHOH AKTUBHOCTH PACCMATPUBACTCS Kak
THUIAYHbIE HOpMaJIibHbIe COHHbIE BepeTéHa. OaHako nopsiaka 10— 15 % COHHBIX BepeTEéH He PAcMO3HAIOTCS JAaHHBIM a/lallTUBHBIM BEMBJIETOM, W IS
HX pacrno3HaBaHHs HEOOXOMMMO KOHCTPYMPOBATH WHIMBUIYaJbHbIE Ui KaXIOW KPBICHI BelBieTHBbIE Oa3uchl. "Crnunmi"-BelBIET BTOPOTO THIA
XapakTepU3yeTCsl CJIOKHON (HOpMOi, KOTOPasi HHANBHIYATIbHA JUISI KAXKIO0TO )KUBOTHOTO. JIaHHBII THIT OCLMJIIITOPHON aKTHBHOCTH aCCOLIUUPYETCSI C
MIPOSMIIENTHIECKON aKTUBHOCTLIO HA DI, B HIKHEN 4acTH pUCYHKA IOKa3aHbl (Gypbe-CcneKTphbl "cuuumi"-BeiBIeTOB NEPBOro (CIeBa) U BTOPOTO

(cnpaBa) TUITOB.

BBIBO/IbI 00 OOIIMX MEXaHU3MAaX TeHePAIY COHHBIX BEPETEH
¥ TIHK-BOJIHOBBIX Pa3psi/iOB B TaJaMO-KOPTHKAJIbHOW CETH
TOJIOBHOTO MO3ra, a TAKKe O BO3MOXHOUN TpaHCHOpMAIAU
COHHBIX BepeTEéH B ammientuueckue coObitumst [121, 145].
ITomoOHbIe ucciiemoBanus ObLIH OBl HEBO3MOXHBI O3 aBTO-
MaTHYECKUX METOJIOB TUATHOCTHKHM OCIMJUISTOPHBIX MAT-
TEpHOB, TaK Kak oOpabaThIBaeMbIll 3KCIIEPUMEHTAJIbHBIN
MaTepuall JJIs BBISBJICHUS W aHAJIU3a COOTBETCTBYROIIUX
CTATHCTUYECKAX 3aKOHOMEPHOCTEW OKa3bIBaeTCs JOCTa-
TOYHO OOIIUPHBIM.

5.3. Knaccupukanusi oclMJUISITOPHBIX NaTTepHOB HA DT
€ HCIOJIb30BAHHEM a/IaNTHBHBIX BeliB/IeT-0a3HCOB

B pazmene 5.2 mokazaHO, 4TO CYIIECTBYET BO3MOXHOCTH
MOCTPOCHUSI PA3JINYHBIX THIIOB /IANITHBHBIX BEWBIIET-0a31-
COB, ONTHUMAJILHO OMKCHIBAIOIINX CTPYKTYPY OCIHJUISITOP-
HbIX naTTepHoB D3I, Ha mpumepe coHHBIX BepeTéH. Ha 90T
kpbic Jiuauu WAG/Rij y1anock BbIICIUTD ABA TUIA COHHBIX
BEPETEH, OTJIMYAIOIIMXCS 1O (opMme, 4acTOoTe W BpeMEHHU
MOSIBJICHUSI.

CoHHbIe BepeTéHA IEPBOTO TUMA (TUMHYHbIC BEPETEHA) U
MTUK-BOJIHOBBIE PA3PSI/IbI COIEPHKATU MOIIHYIO PUTMHUYECKYEO
KOMITOHEHTY B JMala3oHe ajib(}a-4acToT (COOTBETCTBYIO-
Iy vactoraM B auamnazone 9—12 I'm Ha ¢ypbe-criekTpe
motqHocTH [62]). CnexTp MOILIHOCTH ITUK-BOJHOBBIX pa3psi-
JIOB XapaKTepU30BAJICS Y3KUM JIOKATHHBIM MaKCHMYMOM
Ha yactore 9,8 I'l. AMIUIMTY/1a 3TOTO MaKCUMyMa 3HA4H-
TEJIPHO MPEBOCXO/IMIIA OCTAJBHYIO YacTh CIIEKTpa. DTO To-
BOPHT O TOM, YTO Pa3psIbl UMEJIH PEryJISIpHYIO IEPUOIIIe-
CKYIO CTPYKTYpY, MEpUOA OCHMJLISALUA YBEINYUBAJICS OT
Havajla K KOHITy MHUK-BOJIHOBOTO pa3psiga. Yactora COHHO-

BEPETEHHON aKTUBHOCTH 3HAYMTEILHO U3MEHSIACh B aJib(a-
JMana3oHe, 0 4€M CBUAETEJIbCTBOBAJ IIMPOKUI INbeaecTall
HAa CTMEKTPe MOIIIHOCTH B COOTBETCTBYIOIIEH 00JIaCTH YaCTOT.
JaHHble BepeTéHA SIBISIOTCS THIUYHBIMA HOPMAJbHBIMHU
BepeTEHaMM M COCTaBJISIOT OoJiee 85 % Bcex HAOJIOqaeMBbIX
COHHBIX BepeTéH Ha onuientuyeckoir DIT. Maxkcumym
OCHWJUIATOPHOM DJHEPrUU ITUX BEPETEH NPUXOAUTCS Ha
anbda-auanazon. Tunuunas GopmMa BepeTEéH NepBOro TUNa
mokazaHa Ha puc. 20 (cieBa). M3 mpuBenénnoro ¢ypbe-
ciektpa "cnmuan"-BelBieTa MEPBOrO THUIA CIEAYET, YTO
OCHOBHAsl HEPI'Hsl COCPEIOTOYCHA B AMATIA30HE YaCTOT OT §
1o 14 T'm.

Bropoii Tun COHHBIX BepeTEH, PopMa U XapaKTEPUCTUKU
KOTOPOTO YHHKAJBHBI IJISI KQXKIOTO IKCIEPUMEHTAIBHOTO
’KUBOTHOT'O, BBIJIEJISIETCS] C IOMOIIBIO HEMPEPHIBHOT'O BEWB-
JIET-TIPE0OPA30BAHNS C KOMILIEKCHBIM "criun " -BeliBaeTomM
BTOporo tuna (cMm. puc. 20 (cipasa)). JlaHHBII THIT paccMaT-
pUBaeTCs Kak nepexoaHasi GopMa Mexay COHHbIMH BepeTé-
HAMMU ¥ TATOJIOTMYECKUMH MUK-BOJTHOBBIMU paspsiaamu [62].
Yucno Takux coObITHI Ha smmientuieckoir DT He mpe-
BblaeT B cpenaneM 10—15% ot obuiero ymcna HaGIromae-
MBIX COHHBIX BEpeT€H. XapaKTepHOU OCOOEHHOCTBIO ITHX
"nposnunentuyeckux" naTTepHoB Ha DI ABJISIOTCS HHTEH-
CHBHBIE MUKH B CIIEKTPE MOITHOCTH Kak B quana3oHe 4 —8 I'1,
Tak U B iuana3zone 16—25 ', koTopble He HAOIIOIAIOTCS Y
THIUYHBIX HOPMAJIbHBIX BEPETEH.

5.4. /lnarHocTHKA NMOSIBJIEHHSI OCHMJIIAITOPHBIX NATTEPHOB
Ha mientTuieckoii DT B peajib-HOM BpeMeHH

Oco0yr0 BaXHOCTD B HACTOSIIEE BpeMs pUoOpeTaeT pa3pa-
60TKa METOAOB JUATHOCTHKH OCIMJLISATOPHBIX TATTEPHOB B
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pexuMe pearbHOro BpeMeHH. Pelienme gaHHOU 3amadu
MPECTABIIsIeT MHTEPEC ISl MEIUIMHBI, B YACTHOCTH, IS
CO3/IaHUSI CUCTEM MOHUTOPUHTA AKTHBHOCTH TOJIOBHOTO
mo3sra [141, 155], a taxxe mis pa3paboTku IPPEKTUBHBIX
MOJXO0JIOB, KOTOPbIC B MEPCIEKTUBE MOTYT Ji€4b B OCHOBY
uHTepdeiicoB Mo3r —komnbroTep [117—120]. duarHocruka
OCHMJUISITOPHBIX MATTEPHOB B PEXHUME PEAJIbHOTO BPEMEHHU
OCIIOKHSIETCSl TEM, YTO THIIOJOTHYECKH PAa3HOPOJHBIEC MAT-
TepHHI (T.e. CTPYKTYPBI, MPUHAJIKAIINE K Pa3HbIM Kjac-
caM) MOTYT B HEKOTOPBIX CIy4asX UMETh OJM3KUN CIEKT-
pasbHBIA cocTaB. [ToaTOMY MeTOI, IPUMEHSASMBIiA [IJ1s pac-
MO3HABAHUS CTPYKTYP, C OJHOM CTOPOHBI, TOJDKEH XOPOIIO
pa3iauyaTh OJM3KUE MO YACTOTHOMY COCTaBY M MO SHEPIHU
MATTEePHBL, C IPYTOil CTOPOHEI, TOJDKEH OOECIIEUUTh JOCTa-
TOYHO 3P PEKTUBHYIO YHCICHHYIO PEAIU3AIHIO [IJIT BO3MOX-
HOCTH MIOCTPOEHHUSI PeasIbHO JCUCTBYIOIIEH cucTteMbl. Kpome
TOTrO, elIE OIHOM CJI0XKHOCTBIO BBIIEJIECHUS KOJIEOATEIbHBIX
MATTEPHOB B PEXMME PEAJLHOTO BPEMEHH SIBJISIETCSI OTCYT-
CTBHE B TEKYIIUHA MOMEHT BPEMEHM MOJHOW BPEMEHHOU
peasm3anuy, HeOOXOIMMON IS OCYIIECTBIICHHUS Ipeodpa-
30BanHus (3). Takum ob6pa3zom, 3a/1a4a NOCTPOCHUSI YHUBED-
CaJIbHOTO METOJ1a AMATHOCTUKHU OCLMJIISITOPHBIX MATTEPHOB
B PEXUME DPEAJbHOTO0 BPEMEHM NPEACTABJISET OOJBLION
WHTEPEC, HO SIBJISIETCS] YPE3BBIYAHHO CIOXKHOU, MOITOMY
3/1eCh OTPAHUYUMCSI KPATKUM OIMCAHUEM YXe pa3paboTaH-
HOTO M alpOOMPOBAHHOTO METO/IA IMATHOCTUKH MUK-BOJTHO-
BBIX Pa3psiI0B B peasibHOM BpemeHu [141, 155].

IlepBas mpoOsiemMa, 3aTPOHYTAS BBIIIE, MOXKET OBITh pe-
IIIEHa C UCIIOJIb30BAHUEM BEHBIIET-Ipe0Opa30BaHMS C KOM-
IJIEKCHBIM BeliBJieTOM MopJe, KOTOpbId 00J1amaeT cejek-
THBHOCTBIO IO OTHOIIICHHIO K CXOIHBIM MaTTepHaM. Bropas
npoOJieMa CBsI3aHa C OTPAHUYCHHBIM BPEMEHHEIM PsSIIOM: B
PACHOPSDKEHUH UCCIIEIOBATENSI HAXOASATCS TUCKPETHBIC 3HA-
YeHHsI AaMIUIATYIbI CUTHAJIA, TIOJIyYeHHbIE C HavaJa 9KCIIEpH-
MEHTa 1O TEKYIIUH MOMEHT. DTa mpobjieMa MOXET ObITh
pellieHa, eci MPUHSTH BO BAUMaHKE TOT (PaKT, 4TO BEHBIIET-
¢ynkus (2) ObIcTpo yOBIBa€T BO BPEMEHH, T.e. OOJIbIIas
YacTh MOITHOCTH COCPEIOTOUYCHA B HEKOTOPOM BPEMEHHOM
UHTEpBaJIe, U MPAKTUYECKU 0e3 MOTEPH TOYHOCTH BBIpaXKe-
Hue (1) MOXeT ObITh 3aMEHEHO Ha CJIeyIolIee:

W(a,b) =~ JMATx(t) |V <%> dr.

b—AT

(34)

Taxum 06pa3oMm, 1Sl BBIYUCIIEHUS SHEPT UM, IPUXOAsIIecs
Ha omnpenesiéHHbI MacmTad B ompenaesi€HHbIE MOMEHT
BpEMEHHU, HEOOXOAMMO UMETh (parMeHT peasiu3aluu IjIu-
TenbHOCTBIO 2AT. BaXXHO OTMETHUTB, YTO ONPEACTUTh, IMEI
JIW MECTO TMHUK-BOJIHOBO# pa3psii B MOMEHT BPEMEHH f,
MOXHO TOJbKO B MOMEHT BpeMeHU ¢+ AT. Taxum obOpa-
30oM, BesmunHa AT mpeacraBiisier coOOOW NMPUHIUMHATIBLHO
HEYCTPAHUMYIO 3aJIePXKY aBTOMATHYECKOW NUATHOCTHUKU.
DTa BeJIMUKMHA OTpe/IeseTcs TUTIOM ""MaTepuHcKoro' Beii-
JieTa W BPEMEHHBIM MacimTaboM «, Il KOTOPOTO BBINOJ-
usietcst peobpasosanue. s "matepunckoro” BeiliBieTa
Mopne AT = 4a, rae a — paccMaTpUBAEMbIi BPEMEHHOM
macmrad.

PaccMOTpuM  HEKOTOpBIE OCOOCHHOCTH — peau3alliu
aJTOPUTMA JUATHOCTHKH OCHUJUISITOPHBIX MATTEPHOB HA
O0I" B peanbHoMm BpeMenu [141, 155]. MeTtoa ocHOBaH Ha
BBIYHCJICHUU BeiBieT-criekTpa (34) U sHepruu BeWBJIET-TIpe-
oOpazoBaHus (28), MpuxoslLeiics Ha onpeIeEHHbIN Tuara-
30H MaciTaboB Fg B Kaxaplii MOMEHT BpeMeHu. [Ipu pac-
4éTe MTHOBEHHOW SHEpPrUM BeWBJIeT-TipeoOpa3oBanus (28)
JUISL BBIMTOJTHEHHSI YACIIEHHOTO WHTETPHPOBAHUS HCIOJB30-

BAaJICS METOJI MPSIMOYTOJILHUKOB. PaccmaTpuBamuch 15 Bpe-
MEHHBIX MAacIITa0OB, MPOMOPIUOHATILHBIX 15 uacTtoram,
PAaBHOMEPHO PACHPEeIEHHBIM 110 YKA3aHHOMY TUANa30HY.
AHalm3 1mokaszaj, YTO B JaHHOM CJIydae HCIOJIb30BaHHE
15 macmTaboB UPHBOIUT K PasyMHOMY KOMIIPOMICCY
MEX/Iy TOYHOCTBIO pacuéra BEHBJIET-CIIEKTPA U CKOPOCTHIO
BblunciieHnii. Heobxoaumo otmeTuth, uTo Ha D3I MoryT
MOSIBIISITBCSL OTACIbHBIE BCILJIECKU BBICOKOYACTOTHON aKTHB-
HOCTH BO BpeMs HOPMAJIbHOTO (T.€. HEIMHJICITUYECKOIO)
nepuoja, Hanpumep, K-xommekcsr [106]. [Toqo6HbBIE COOBI-
THS MOTYT BBI3BIBATH pE3KOE YBEJIMYEHHE MTHOBEHHOMN
9HEPIuy NMpeoOpa3OBaHUs U BbI3bIBATH JIOKHOE IE€TEKTUPO-
BaHUE SMIJICNTHYECKOro maTTepHa. [1ockoibKy mogoOHbIE
BCIUIECKH SHEPT U TOSIBJISIOTCS JOCTATOYHO YaCTO, OMUCAH-
HBIL B pazfene 5.1 anroputm ObUT MOIUGUIMPOBAH IS
MOBBICHAST TOYHOCTH M HAJAEKHOCTH aHaim3a. Tak, mpu
JIMATHOCTUKE TUMA KojiebaHuit B hopmyite (29) o xputepuro
MOPOTrOBOT0 3HaueHUs Ey MCIOJIb30BAJIOCh HE MTHOBEHHOE
3HaYeHHUE 3HEpruu npeobpazoanus (28), a ycpeaHEHHOE 11O
HEKOTOPOMY BpEMEHHOMY HHTEPBAILY:

(w(n)) = KLOJ.K w(t)dz.

IIpu sTOM YeM Ooublre pa3Mep OokHa Ky, MO KOTOPOMY
MPOBOUJIOCH YCPeAHEHHE, TeM OOJIbIlle TOYHOCTh METOJa
JIMAaTHOCTHUKH, OJTHAKO TeM OOJIbIlle BPEMEHU TPeOOBAIOChH
JUIs IETEKTUPOBaHUs paspsiga. Pa3paboTaHHBIA aaroputm
ABTOMATHUYECKON JUATHOCTUKU KOJIeOATEIbHOM aKTUBHOCTH
onpeeaEHHOro BuIa Ha curaasie 991 ¢ moMoIIbio BelBIIeT-
mpeoOpa3oBaHUs 3aKITIOYAETCS B CIEAYIOIIEM: B KaXKIbIN
MOMEHT AMCKPETHOTO BPEMEHH, OMPEAEIIeMOTO YacTOTON
JMACKPETU3ANNHA CHUCTEeMBbI cOOpa TaHHBIX, BBIMOJHSICTCS
BeiiBiieT-npeoOpa3oBaHme il BCEX MAcCIITa0OB U3 yKa3aH-
HOT'0 IMaNia30Ha, BEIYUCIISICTCSI MTHOBEHHOE (28) U ycpeTHEH-
Hoe (35) 3HavYeHUs BEWBJIET-OHEPTHU B JIMAMA30HE MACIITA-
00B, TIOCTIE YeTO OCYIIECTBJIISIETCSI TpOBepKa ycioBus (29).
Bbicokasi HaI€KHOCTb METOJA JTOCTUTAETCS MpH BBIOOpE
MOPOTOBOI'0 3HAYCHUS dHEPTUU Ey WHIUBUAYATIHHO — IO
¢parmenty 931 AIUTEIBHOCTBIO OIUH 4Yac JJISI KaXAOTo
aHajau3upyemoro o0wekta. OObvHO Ex B 2,5-3 pasa
Ooutbllle, YeM cpelHee 3HAUYCHHE YHEPTUU B 3TOM XKe JMara-
30HE YaCTOT B OTCYTCTBHE MUK-BOJIHOBOTO pa3psia.

Ha ocHOBe mnpemIokeHHOTO MeToAa Oblla co3daHa
CHCTEMA UArHOCTUKY SMUJIENITHYECKUX PA3PsI0B B PEKUME
peajbHOro BpeMeHH Ha 0as3e cuUcTeMbl cOopa JaHHBIX
WinDAQ’ u B Heil peanm30BaHA BO3MOXKHOCTD JBYHATIPA-
ByieHHOTO 0OMeHa manHbiMu ¢ ALITT/LIATI. TTpu oGHapyxe-
HUH TIHK-BOJHOBOTO pa3psijia CHCTeMa JIMAarHOCTUKU MOoJa-
BaJIa Ha oJIuH U3 BHIXOA0B LIATT mpsiMOYTrOJIbHBIN HMITYJIbC,
KOTOPBIN MOT OBITh HCIIOJIL30BAH KaK ISl PETUCT ALY TTHK-
BOJIHOBOT'O paspsiia, Tak M IUIsl yNPaBJICHUS HEKOTOPBIM
BHEIITHUM YCTPOHUCTBOM, HANPUMEDP IJIEKTPOHHBIM TeHepa-
TOPOM, BO3JCUCTBYIOIIMM Ha MO3T HOJONBITHOTO JKHBOT-
HOTro. Taxmm o6pa3om, co3maBasack OOpaTHast CBsI3b, 3Ha-
YATEIHHO PACIIUPHUBINAS IKCIEPUMEHTATIbHBIE BO3MOXKHO-
CTU CHUCTEMBI, B YAaCTHOCTH, IIOSIBUJIACH BO3MOXHOCTb
WCTOJb30BAHMSI BHEIIHUX BO3JEHCTBHIA, HANPABJICHHBIX HA
MpeIoTBpalleHre (KyIUupOBaHNE) PA3BUTHS THIEPCHHXPOH-
HOW aKTUBHOCTH (SMUJIEITUIECKOTO pa3psiaa) B KOpe roJIOB-
HOT'0 MO3ra.

Pe3ynbTaThl SKCIIEpUMEHTAILHOM MPOBEPKHU MeToIa (Ha
naTuyacoBbiXx 3amucsix IDI7) mpeacraBiieHbl B Tabia. 3.

(35)

7 http://www.dataq.com/
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Taﬁmma 5. PeSyJ’IbTaTbI p3.6OTI)I CUCTEMBI JETECKTUPOBAHUS SNUJICTITUICCKUX MATTEPHOB B PEAJILHOM BPEMEHU

Ne KPBICBL Yucao coObITHiA ABTOMAaTHYECKOE BBIJCJICHUC KauecTBo aBTOMaTHYECKOI PasMETKu
(BI/I3yaJ'II)H'dH OICHKAa
JKCrepTa) TP FP FN VposeHb MOIJ_IHOC:I‘I)
3HAYUMOCTH f3, %o kpurepus 9, %

1 101 101 3 0 100 97,1

2 29 29 0 0 100 100

3 43 43 2 0 100 95,6

4 66 66 1 0 100 98,5

5 44 44 2 0 100 95,7

6 66 66 4 0 100 94,3

7 115 115 3 0 100 97,5

8 56 58 2 0 100 96,6

Cpennee 65+£29 65£29 +1,3 0,0£0,0 100 £0 96,9 £ 1,8

CHEKTPaJIbHOTO aHaimu3a) npu uzydennu OII° He Bcerga
30 - 5 r— BO3MOXHO H3-32 HAJMYUsSI apTe(PakTOB B IKCIIEPUMEHTAIb-
— ] 3= HBIX JTAHHBIX. DTU apTe(aKkThl CBS3aHbI C ABIKCHUSMH TJ1a3,
25 - ] — (] MOpraHueM, MBIIIEYHOX AKTUBHOCTBIO U T.A., IPHUUEM HUX
= ] AMIUIUTY/1a MOKET HAMHOTO IIPEBBIIATH AMIUIATYAY 3JIEKT-
£ 20 - m o - PUYECKOI aKTUBHOCTH T'OJIOBHOT'O MO3Ta, IPEICTABIISIONIECH
L’é i ] MHTEpeC JJIsl MCCieloBaHus. B Hacrosiee Bpems UCIOJIb-
° 157 M 3yeTcsi BU3YaJbHBIH (MJIM TOJYyaBTOMATHYECKUN) CIIOCOO
& ] pacno3HaBaHus apTeakToB, a yaajeHue apTehakToB 4acTo
T 10 H | npoBOAAT BpyuHyro. OObIYHO (parMeHT, CoAepKaIIUul
apredaxt, BbIipe3aeTcs u3 IDI'. DTO AOCTATOYHO CyOBEK-
T THBHAsI MPOIIeypa, KoTopas TpedyeT OOJIBIIIOr0 BHUMAHIS
o Lt | iR Ak OKCIEPUMEHTATOPA U BO MHOTUX CJy4asX MNPUBOIHMT K
789 10111213141516171819202122230 1 2 3 4 5 ¢  CYLWIECTBEHHOMY COKPAIUCHHIO OOBEMA OKCICPUMEHTAJIb-

f,a

Puc. 21. Pacnpenenienue no BpeMeHH B TeyeHHE 24-4acOBOTO IKCIEpU-
MEHTA YHCJIa COOBITHIA: / — BEPHO PACIIO3HAHHBIC INK-BOJIHOBBIE Pa3psi-
IIbI, 2 — HEBEPHO PACIIO3HAHHBIE COOBITHUS, OINOOYHO ONpeaeIEHHBIC KaK
MIIK-BOJIHOBOU pa3psizl, 3 — HPOIYIICHHbIE MNK-BOJIHOBBIC PA3PsIIbL.

BuaHO, 4TO YpOBEHb 3HAUAMOCTH 0 METO/AA OBLT MaKCHMa-
JieH u paseH 100 %, cpennee 3HaYeHUE KPUTEPUS MOLHOCTU
p = 96,9 %, cpennss 3anepxka MO BpeMEHU, He0OXoauMast
JJIsl PACIO3HABAHMS MHK-BOJIHOBOTO pas3psia, COCTaBUIIA
1,00 &+ 0,55 c c MoMeHTa Havajia coobrTus. [locneqauii mapa-
METp OIpeNesIsUICS B IEPBYIO OUYepe/lb BEJIMUNHON OKHA, 110
KOTOPOMY MPOBOJIMIIOCH YCPETHEHUE, U MOT OBbITh B 3Ha-
YUTEJIbHON CTENEHU YMEHBIIEH JMOO YBEJINYEH, TOCKOJIbKY
NP UCNOJIb3yeMol yactote auckperusanuu (500 ') Bpemst
BBLITNIOJTHEHUSI TPEOOPa30BAHUS CYIIECTBEHHO MEHBILIE Bpe-
MEHHU MEXAY cOOpOM IBYX MOCIETOBATEIbHBIX OTCUETOB.

Bruta npoBezieHa oneHka 3PQPEKTUBHOCTH UCIOIH30Ba-
HUS METOJa B YCJIOBHSIX JUIMTEIHHOTO JKCIIEPUMEHTa (3a-
nmuck DOT) B TeueHue 24 yacoB. Pe3yabTaThl paboThl CUC-
TeMBbl aBTOMATHYECKOTO PACIIO3HABAHMS B PEAJIbHOM Bpe-
MeHHU TpeacTaBieHsl Ha puc. 21. HerpymHo Bumers, 4TO
YHCJIO HEBEPHO NETEKTHPYEMBIX M HEPACIIO3HAHHBIX COOBI-
THH HECKOJIbKO M3MEHSIETCSl ¢ TEYCHHEM BPEMEHH, U 3TO
CBSI3aHO C HEOOJIBITUMHU U3MEHEHUSMH (HOPMBI MTUK-BOJIHO-
BBIX Pa3psg0B B pa3HbIX (pazax mukia coH/00apCTBOBAHME.
Ho B nenom 310 uucio octaércsi MajbIM Ha NPOTSIKEHUU
BCETO IKCIIEPIMEHTA.

5.5. Ilonas.aenne apredakToB

HAa OCHOBEe COBMECTHOI'0 HCHOJIb30BAHHS BelBJIETOB

W aHAJH3a He3aBHCHMBIX KOMIIOHEHT

HEHOCpeHCTBeHHOE HCIIOJIb30BAHUC CTAHAAPTHBIX METOI0B
a”am3a CTPYKTYpPhl CUTHAJIOB (HATIpUMED, KJIACCUYECKOTO

HBIX NaHHBIX [JIs1 JaJbHeimero ananm3a. Hampumep, u3
10-munyTHBIX 3anuceit 901 3m0poBOro uvesoBeka 4acTo
MOJIyYaroT JUIIL O0KoJIo 1 mMunyTsl "wncroit" 3ammcu. B
MEMIMHCKON npakTuke, HarpuMmep B D31 aereit [156] nim
JIFOJIE ¢ HEKOTOpbIMU maTtoJiorusimu [157], cokxpaiienue
00BbEMa IKCHEPUMEHTAIBHBIX JaHHBIX CTAHOBHUTCS €LIE
00JIbIIIe, YTO 3HAYUTEIBLHO CHIKAET 3((PEKTHUBHOCTH IPO-
BeJICHNS IMarHOCTUIECKHX HcclenoBannii. Hapsmy ¢ cokpa-
IMeHneM 00bEMa BBIOOPKH OCYIIECTBJICHHE CErMEHTAIUU
IKCIEPUMEHTAIbHBIX JTAHHBIX (0ObEIMHEHUE YIACTKOB, CBO-
OOAHBIX OT apTe(akTOB) BBI3BIBACT Psi/i BOIPOCOB, CBSI3aH-
HBIX, HAIlpUMEP, CO CTAlMOHAPHOCTBIO MPOIECCa, COCTAB-
JICHHOTO M3 00beNMHEHHBIX (pparMeHTOB. B cBsizm ¢ 3THM
pazpaboTka mpoleayp OYUCTKA JAaHHBIX OT apTeakToB, HE
CBsI3aHHAsl C BbIpe3aHWEM (PArMEHTOB, MPEACTABIISETCS
BECbMa TPUBJICKATEIIHHOM.

3anuch 93T ¢ MOMOIIBIO OTIAEIBHOTO 3JIEKTPOIA MOXKET
OBITH paccMOTpeHa KaK CMECh CHUTHAJIOB OT Pa3JIMYHBIX
y4acTKOB Mo3ra u apredakToB. B mepBoM mpuOIMKEHHN
CHUTHAJIBI HEWPOHHOW AaKTHBHOCTH W apTedakThl MOTYT
CUMTATbCS HE3aBHUCUMbIMHU mporueccamu [158, 159]. s
noAaBJIeHusl apTehakToOB HEAABHO OBLI IMPEIJIOKEH BechbMa
3¢ (QeKTUBHBIA TOAXOJ HA OCHOBE aHAJIM3a HE3aBUCUMBIX
xommnoHeHT (AHK, B MexayHapoaHoii utepaTtype indepen-
dent component analysis) [160]. I[To3auee ObLIH paszpabdo-
Tanbl ero Moaudukammu [161—-163]. Meron AHK ocyie-
CTBJISICT IOMBITKY pa3/iesIeHus 3anucaHHoro curtaia 99T
Ha CTATUCTHYECKH HE3aBHUCUMBIE COCTABJISIFOLINE (KOMIIO-
HEHTHI), YTOOBI MOHO OBLIO YCTPAHUTH COCTABJISIOIINE,
OTBETCTBEHHBIE 3a apTedakTbl. OCHOBHAS YaCTh MPIIIOXKE-
mmii AHK x anmammsy D30I Obia cBsizdaHa ¢ ycTpaHEHUEM
3puTesbHBIX apTedakToB [161—165], n 3TOT MeTOX TpoOe-
MOHCTPHPOBAJ BBICOKYIO 3(QQPEeKTUBHOCTb. B Hacrtosiee
BpeMsi Meton AHK paccmatpuBaeTcsi B KauecTBe BechbMa
MEPCIEKTUBHOTO MOAXOMA I pelleHus 3amad "oumctku"
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currasioB DOT . TIpu 3ToM ciieyeT OTMETUTh PSiJT BaXXHBIX
00CTOSATETBCTB.

1. Unentudukanust KOMIIOHEHT, OTBETCTBEHHBIX 32 apTe-
(dakThl, TpeOyeT OmbITa JKCIHEPUMEHTATOPA M MpeIBapH-
TEJILHBIX CBEIICHUN O CTPyKType apTedakToB. Kpome Toro,
st 3pPekTUBHOI pabOTHI aJropuT™Ma IeJIeCO00pPa3HO UC-
MOJIb30BaTh KOPOTKHUE (PparMeHThl AaHHBIX (puMepHO 10 ¢)
[166].

2. Hecmotps Ha 1o yto AHK mpencrasisieTcst BecbMma
3pPEeKTUBHBIM METOAOM yaayieHusi apredaktoB B DI,
MU3BECTHO OYEHb MAJI0 KOJIMYECTBEHHBIX pe3yJbTATOB,
JIEMOHCTPUPYIOLIUX €ro NPeUMYIIeCTBA U OTPAHUYCHUS.
Tak, B paborax [156, 165] ormeuanoch, uto AHK moxer
MPUBOJIUTH K MCKAXKEHUSIM CIIEKTPa MOIIIHOCTH COOCTBEHHO
JIEKTPUUECKON aKTUBHOCTH MO3TA.

OTMeTHM, YTO TMPUMEPHI MPUMEHEHUS BEHBJIETOB IS
a"asmza DI SBIIsSIIOTCS BeCbMa MHOTOYUCICHHBIMH [167 —
172]. HemaBHo ObL10 moka3aHo [173], 4To npeaBapuTebHAS
ounctka 3T OT 1IymMa Ha OCHOBE BEHBJIETOB MOXKET IOBbBI-
cuTh 3()(HEKTUBHOCTD TMOCIEAYIONMET0 aHAIH3a METOIOM
AHK. Tem He Menee Goiiee TecHass komOmHamms AHK u
BelBJIeT-IPe0Opa3oBaHus NMPEICTABIISETCS OYeHb HHTEpec-
HOM.

B paboTte ogHOrO M3 aBTOPOB JaHHOTO 0030pa [174] ObLI
NIPEJUIOKEH HOBBIM IOAXOJ — BEUBJIET-AHAJIM3 HE3ABUCH-
MbIX kKoMImoHeHT (BAHK). DToT MeToa OCHOBBIBaeTCsl Ha
AHK u npegycMaTpuBaeT UCIIOIH30BAHUE BEUBIICTOB HE JIJIS
peaBAPUTENbHON (UILTPAIMU IKCIIEPUMEHTAJBHBIX JaH-
HBIX, & B KQ4eCTBE MPOMEXYTOYHOTO 3Tana KOMOMHUPOBAH-
HOTO JITOPUTMA TIOJIABJICHHS apTePaKTOB.

Meton AHK 0Ga3upyercst Ha TpEX OCHOBHBIX IPEIIOI0-
KEHUSX:

1) sKCepUMeHTaIbHbIC JTaHHBbIE MPEACTABISAIOT COOOM
CMeCh HE3aBUCHUMBIX MPOIECCOB HEUPOHHOU AKTUBHOCTH U
apredaxTos;

2) cynepno3unysi MOTEHIMAJIOB OT pPa3HBIX YYaCTKOB
MO3Ta B MECTE PACIIOJIOKEHHSI JIEKTPOAA SIBJISCTCS JTMHEH-
HOMi, a BpeMs pacnpoOCTpaHEHUs CUTHAja OT UCTOYHHKA JI0
3JIEKTPOJa MPEHEOPERUMO MAJIO;

3) o0Iiee YMCIIO MCTOYHUKOB AKTUBHOCTH (Kak HEWpo-
HAJIbHBIX, TaK U apTe(aKTHBIX) HE MPEBBIIIAET YUCIO JJICK-
TPOIOB.

Takum 06pa3zomM, K OTHOBPEMEHHO PETHCTPHPYEMbBIX
curnaznos T X (1) = (x((1), ..., xx())" upencrasusior co-
6oit nuHedHyr0 koMmbuHaimoo N (N < K) u3HAYaIbHO He-
U3BECTHBIX HE3aBUCHMBIX KOMIIOHCHT (HCTOYHUKOB) S(f) =

= (s1(1),...,sy(1))", onmchIBarOMMX MPOIECCH HEHPOHHOI
AKTUBHOCTH M apTe(aKThl:
X(t) = MS(1), (36)

rae M — MaTpula ¢ HeM3BECTHBIMU 2JIEMEHTAMU, OIpe[ie-
JISFOIIMMY BECOBOW BKJIAJ KaXXOT'O MCTOYHHMKA B 3aIUCAH-
sbiit curaan D01 . Lenbro metona AHK sBasieTcs onpene-
nenue S(f) u M HemocpeacTBeHHO u3 X(f). UunciieHHbIH
anroput™m s AHK ObLI, B 4aCTHOCTH, TPEIJIONKEH B
cratbe [160] 1 nmo3mHee mMoauduiMpoBaH B padotax [175,
176]. OH ucnojb3yeT HEHPOHHBIE CETH, MAKCUMU3HPYIOIIIUE
COBMECTHYIO JHTPOIHIO U MHHUMH3UPYIOIINE B3aUMHYIO
“HPOPMAIIMIO TIO BBIXOJHBIM KOMIIOHEHTAM HEWPOHHOTO
nporneccopa. s KOHTPOJS MOXHO TakXe HPUMEHSTh
Jpyrue BapuaHThl peanusanun Metona AHK (cMm., Hampu-
mep, [177]).

[ns TecTupoBaHMsI MeTOJA TOJABICHUS apTeakToB
ObLTa ocyiecTBiieHa peructpainus IO 3M0poBBIX Jroaeh

(¢

Puc. 22. Paznoxkenne He3aBUCHMOI KOMITOHEHTHI HA /IBE COCTABIISIOIINE,
CBSI3aHHBIE C apTe()akTaMU U HEHPOHHOI aKTUBHOCTHIO (cM. (38)): (a) He-
3aBUCHMasi KOMIIOHEHTa s (f), BbiaesneHHass MetonoM AHK u memon-
CTPUPYIOLLAs 1BA 313014 MOpraHusi 1J1a3 (B okpectHocTsx 0,8 cu 5,5 ¢);
(6) cocraBistornasi, cBszaHHasi ¢ apredakramu A(f); (B) HeipoHHas
AKTHBHOCTb 1(1).

MO CTAaHIAPTHON METOJIMKE, KOT/1a UCTILITYEMBbIl HaXOAUJICs
¢ oTKpbIThIMHU TJ1a3amu [178]. [Tpumenenne AHK no3posmiio
[IPOAHAIM3UPOBATh BPEMEHHYIO CTPYKTYpY S(f) 1 Tomorpa-
(uro M cocrasisronmx curaaia D21 . Hanpumep, 3putesib-
Hble apTeakThl, CBSA3aHHBIE C MOpPraHHEM, B OCHOBHOM
OTPaXXaJHuCh Ha CUTHalaX C (PPOHTAJBHBIX IJIEKTPOIOB H
COIMPOBOXIANCh CHJIBHBIM BCIUIECKOM BO BPEMEHH -
TEeIBbHOCTBIO OKoJIO 1 ¢ (puc. 22a). B pabore [160] npen-
JIO)KEHO TPHUPABHUBATH HYJIO KOMIIOHEHTHI, COJIEpIKaIIe
apredakThl, popMuEpyst HOBYIO MaTpuiy S(7). Hampumep,
€CITH TepBasi KOMIIOHEHTA COEPXKHUT apTedakThl, To S(1) =
= (0,55(1), ..., sy(1))". Tlocie ynaseHus: HCTOYHUKOB apTe-
(baxToOB peKOHCTPYHpPOBaAIUCH "ouniennbie" MeTomom AHK
curaaisl D91

X(1) = MS(r). (37)

PaccmMoTpuMm Temepb, Kak TNpUBJICYEHHE BEHUBIJIETOB
MO3BOJISIET MOBBICUTH 3I(PGEKTHBHOCTh PELICHUS 3aJa4d
noaasienus: apredaktos. [Ipu o6paborke DT HezaBucH-
MbI€ KOMIIOHEHTBI, BKJIIOYAIOIINE UCTOYHUKU apTedaKTOB,
4acTO COAEpKaT BKJAJ OT HEMPOHHOM AKTUBHOCTH H3-3a
OTPAaHNYECHUS HA MAKCUMAJILHOE YUCJIO HE3ABUCUMBIX HCTOY-
HUKOB WJIM UHBIX NpU4KH [166]. YV najieHue Takux KOMIIOHEHT
O3HAYaeT MOTEPI0 YACTH HEUPOHHOW AKTHUBHOCTU M, KakK
ciencTBue, uckaxenue npexacrasiaerus 921 [179]. Ha pu-
CyHKe 22 MpOWUIFOCTPUPOBAH NMPUMEP TAKOW CUTYyaIld —
HepBasi He3aBUCHMas KOMITOHEHTA S (1) COEPXKUT [(Ba apTe-
(akTa, BEI3BAHHBIX MOPraHueM. B cooTBeTCTBUM ¢ anpuop-
HbIMHU TIPEANOJIOKEHUSIMH, 3Ta KOMIIOHEHTa HE MOXET
BKJIFOYATH Ipyrue apTedakThl, HE3aBUCUMBIE OT TeX, KOTO-
pble CBSI3aHBI C ABMKEHUEM TrJa3. J[aHHY!O KOMIIOHEHTY
MOJXHO Pa3/IeINTh HA BBICOKOAMILIUTYIHBIN apTedakt A(f)
(puc. 226) ¥ HU3KOAMILTUTY/HbI HEHPOHHBIN CUrHAI 71(1)
(puc. 22B):

s1(t) = A1) +n(2). (38)



934 A.H.TIABJIOB, A.E. XPAMOB, A.A. KOPOHOBCKMUI, E.}O. CUTHUKOBA, B.A. MAKAPOB, A.A. OBUMHHUKOB

[VOH 2012

3amMeTuM, uTO apTeakT ucuezaet BHe (ParMeHTOB, CBSI3aH-
HBIX ¢ Mopranuem (puc. 220), OJHAKO OpUTMHAJIbHAS
KOMITOHEHTA §1(f) CONEPXKUT 3HAYNTEIbHBIN BKJIA HEHPOH-
HOTO CHTHAJIA.

B pamkax CTaHIZApTHOTO METOJa KOMIIOHeHTa si(f)
OPUPABHUABACTCS HYJIIO MEpel PEKOHCTPYKIMEH OYHIICH-
Horo curHayia D3T. TIpu 3TOM TepsieTcs YacTh HEUPOHAJIb-
HOM aKTUBHOCTHU:

(1) = rj(t) = mpin(2) (39)
rae 7;(t) = x;(t) — mj A(t) — cUrHAJN ¢ yCTpaHEHHBIM apTe-
(baxTOM, m;| — COOTBETCTBYIOIIUII BECOBOH K0P UIIEHT
MaTpunst M.

Eciu 6bI MBI MOTJIM BBIJICJIUTh HEHPOHATIBHYIO COCTAB-
Jstrornyro curaana n(t) us sq(z), To 370 1ajgo O6bI BO3MOXK-
HOCTb CKOPPEKTHPOBATb PEKOHCTPYKLIUIO OTPUILTPOBAH-
Hol 3anucu DOT. M3HauallbHO pa3JIOKEHHE HE3aBUCHMOU
KOMITOHEHTHI §| () Ha aBe coctaBisitolue (38) HEeM3BECTHO,
HO, HCIIOJIb3YSI CBOICTBA CUTHAJIOB A () 1 (1), MBI MOXEM UX
onpenenuth. Tak, apredakT A(f) XapakTepu3yeTcs BHICOKOI
MOIIIHOCTBIO U JIOKAJIM30BAH MO BPEMEHU U YacTOTEe, TOrAa
KaK CUrHaJ 71(f) IMeeT HU3KYIO aMILTUTYAy i 6oJiee MpOKHuit
cnekTp (cM. puc. 22). DTU 0COOEHHOCTU CHTHAJIOB MO3BO-
JISIFOT UX Pas3zeuTh B YaCTOTHO-BPEMEHHOM CIIEKTpEe BeiiB-
JIeT-peoOpa3oBaHus.

B cuity Toro uTo nepBasi He3aBUCUMAs KOMIIOHEHTA 1 (1)
MpEJICTaBIISAET COOOM cyMMYy IBYX ciaraeMbix (38), e€ BeliB-
JIeT-TIpe0OPa3oBaHUe TAKXKE BBIPAXKACTCS B BUIE CYMMBI:

Wy(a,b) = Wy(a,b) + Wy,(a,b), (40)
rae Wy(a,b) u W,(a,b) — xo3dduuueHTsl BelBIET-
npeobpa3oBaHusi curHajioB A(f) u n(t) COOTBETCTBEHHO.
Kak oT™Meuanoch Bblllle, AMHAMEKA, OTBeYarommas apredax-
TaM, XapaKTepU3yeTCss CPABHUTEIHHO OONBININMHU 3HAUe-
HUSIMH KO3 QUIIMEeHTOB ¥ JIOKaJW3amued B YaCTOTHO-
BpEMEHHOI 00JiacTH, TOrAa Kak HelpoHa bHAs NUHAMHKA
MIPOSIBJISIETCS B O0Jiee IIMPOKOM AMana3oHe MaciuTaboB U ¢
CYILLIECTBEHHO MEHBIIICH 3HEprueil. DTO HATJISAHO MPOUJI-
JIFIOCTPUPOBAHO HA pHC. 23, T MPEACTABICHBI PE3YIbTATHI
BEUBJIET-TIPeOOpa30BaHUs TPEX CUTHAJIOB, M300PakKEHHBIX
Ha puc. 22. OTY€TNIMBO BHUIHBI (PAarMEHTHI BEWBIIET-
CHEKTPOB, I€ JAOMHHHUPYET BBICOKOAMIUIMTYIHAS AMHA-
MUK, CBSI3aHHAs C apTedakraMu. ITH HparMeHThl HEMPO-
JIOJDKUTENBHBI MO BPEMEHHM M DPACIOJIATAIOTCS B 00JacTh
Oospiix MaciitaboB. HelipoHanbHAs qTUHAMMKA XapaKTe-
pm3yeTcss OoJiee OMHOPOAHBIM pachpezeieHHeM Koaddu-
[UCHTOB, a caMHu KO03(PUIIUEHTH WMEIOT CPaBHUTEIBHO
MaJjble 3HaYeHus. B cBSI3U ¢ 3TUM Ipoueaypa yCTpaHEHUs
apTe(akToB MOXET OBITh TpOBeJAcHA MYyTEM BBEICHUS
MOPOTOBOW (PUJIBTpALUU, TPU KOTOPOU BeHBIIET-KO3PHH-
[UEHTHI, MPEBBIIAIONINE TOPOT M, COOTBETCTBEHHO, OIH-
cpIBarolye aptedakThl, TPUPABHUBAIOTCS K HYJIIO, MOCIE
Yero OCYIIECTBIISCTCS 0OpaTHOE BEWBIET-IPEOOpa3OBAHHE.
OTMeTUM, 4TO Takas NpoleAypa 3HAYUTEIBHO Jierde (U
owicTpee) mpoBoautes s JABII, ogHako HCMOJb30BaHUE
HBII nmaér myumme pesyibtathl. [lpomenypa BblaesieHHS
HEWPOHAIHHOW AaKTUBHOCTH OYeHb MOXOXa Ha (QHIbTpa-
MO IIymMa Ha ocHoBe BeliBieToB [180], omHaKo 31ech MBI
AMEEM IPOTUBOMIOJOXHYIO LEJb: OTACJUTH MOJE3HbIH
C1a0blil IMPOKOIIOJIOCHBIA CUTHAJI OT 00JIaatomux 00Jib-
et aHeprueit apredakTos.
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Puc. 23. Pe3ysibrat BeiiBiieT-1ipeoOpa3oBaHus HE3aBUCHMOWM KOMIIOHEH-
ThI 51(f) (a) U €€ COCTABHBIX YacTeil, CBA3aHHBIX ¢ apredakramu (6) u
HEHPOHHOI akTUBHOCTBIO (B). [IpeacTaBiieHbl pe3yJIbTaThl ISl JAaHHBIX,
1300paxEHHBIX HA puUc. 22.

IMpennaraemsrii 11 nopasyieHUs: aptedakToB B DOT
metona BAHK mpemycMaTpuBaeT CIIEAYFOIIYIO MOCIIEI0BA-
TEJIbHOCTD JIeHCTBUIl.

1. ITpumenenue ctangaptTHoro Bapuanta meroga AHK x
9KCHEPUMEHTAJIbHBIM 3anuciM DI U moJryueHre BecOBOU
MaTpulbl M ¥ BpeMEHHOM TMHAMUKHA HE3aBUCUMBIX KOMITO-
et (s1(1),52(1), ..., sn(1))"

2. IIpoBeneHue mpsIMOTo BEHBJIET-NPEOOPA30BAHUS KOM-
noHeHT {s;(¢)} g nosyyenus xosdpunuentos { W(a,b)},.

3. DMmnupuyeckoe BBEJEHHE MOPOTrOBOro 3HauyeHuss W*
U TpUpaBHUBAHUE HYJIHO KO3()(OUIMEHTOB, MPEBBIIIAIOIIUX
3alaHHbIl TOpOroBblil  ypoBeHb: W(a,b) =0, eciu
|W(a,b)| > W*.

4. IlpoBenenne OOPATHOTO BEWBIIET-NPEOOPA3OBAHHS
JUTSI IOJTYYEeHUSI CKOPPEKTHPOBAHHBIX KOMIIOHEHT, OTPaXKaro-
LIUX TOJbKO HEHPOHHYIO IUHAMUKY {7;(7)}.

5. IlonyyeHne CKOpPPEKTUPOBAHHOrO CcUrHama OOI:
X*(1) = M(ny (1), ..., ny())"

Bei6op moaxopsiniero 3HaveHus mopora W* sBisiercs
BaXXHBIM B paMKaXx JTaHHOTO aJiroputMa. JIMCKycCcHs O TOM,
KaK BBIOMPATh MOJXOJSIINIA TOPOTOBBIN YPOBEHB, MPUBO-
JIUTCS, HATIpUMep, B padote [181], pekomMeHnamm KOTOpOn
MOTYT 3()(HEeKTUBHO NPUMEHSTbCS HA HPAKTUKE IS MOJ-
CTPOWKH aNTOPUTMA B HENSIX 0oJjiee KaYeCTBEHHOTO MOMa-
BIeHus apTedakToB. [1pemioKeHHBIN aITOPUTM TOMYCKAET
MOJTHYHO aBTOMATH3AINIO U He TPeOyeT MPOBEICHHSI HICHTH-
¢dukauu apredpakTos "Bpyunyro".

B paboTe [174] npousurocTpupOBaHbl TPUMEPHI UCIIOJTb-
3oBanuss Metona BAHK pans nmomaBnenus apredakTos,
CBSI3aHHBIX C MOPTraHMeM TJia3 U cepaneouenusiMu. [1epBrrit
TN apredakToB mposiBiseTcs B DI kak Oosblue 1mo
AMIUTATYJIE UMITYJIbCBI, XOPOIIO JIOKAJIM30BaHHbBIE O Bpe-
MeHHU. ApTedakThbl cep/IIIcONCHUST BO3HUKAIOT B TOM CJIyyae,
KOT'Ia 3JIeKTPOJ MOMeIaeTcsl BOIM3H apTepPUU — COOTBET-
CTBYIOIIME TOMEXH NMPEACTABISIIOT COOOH KOPOTKHE U CPaB-
HUTEJIBHO HEOOJIBIIINE IO AMIUIATY 1€ UMITYJIbCHI C YACTOTON
nopsiaka 1 ', Beuto mokasano, yto metoax BAHK mo3Bo-
JISIET Ha TOPSIOK YMEHBIIUTD MUCKAXKCHHUS JICKTPHYECKOTO
noTeHuuanta. OH Takke BHOCHT CYLIECTBEHHO MEHBIIE HC-
Ka)XX€HUN B CHUTHAJIbI HEMPOHHON AaKTUBHOCTH Ha Y4acTKax
BHe oOyactu aptedakToB. B padote [174] oTmeuaeTcs emié
psin mpenMyIecTB moaudumpoBanHoro metona BAHK.
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5.6. AHanm3 ycTaHOBJ/IEHHSI THIIEPCHHXPOHHBIX COCTOSIHMIA
TOJIOBHOI'0 MO3ra M0 MHOTOKAaHAJIBHBIM 3amucsm DI
y 00JIbHBIX abcaHc-dmusencuei
¢ MOMOIIBIO BeiiBjIeT-Npeo0dpa3oBaHus
B 3axsroueHne 00630pa XOTEJIOCh ObI OCTAHOBUTCSI Ha eIlé
OJHOM HOBOM HANpPAaBJICHUU MPUMEHEHUS BEUBJIETOB IS
06paboTku D3T. 3BeCTHO, YTO pa3JIMYHBIE OT/AEJbI KOPbI
TOJIOBHOTO MO3Ta MOTYT JEMOHCTPUPOBATH CHHXPOHHYIO
AKTHBHOCTB KaK B HOpMe (HalpuMep, KOTHUTUBHAS JesSITeIb-
HOCTb), TaK ¥ IPH pa3JIMUHbIX naTtojorusx (0omne3np Ilap-
KMHCOHA, pa3yinyHble Buiabl snwiencuu) [1, 112]. Janusie
CHHXPOHHBIE COCTOSIHUSI MOTYT OBITH M3y4€HBI C TOMOILBIO
BelBJIET-aHAJIN3a MHOTOKAHAJIBHBIX 3amuceit D3I, peru-
CTPUPYEMBIX B PA3HBIX OOJIACTSAX TOJOBHOTO Mo3ra. s
puUMepa pacCMOTPUM 3a/Iady aHaIu3a Pa3BUTHS THIED-
CHHXPOHHOTO 3MUJIENTHYECKOTO paspsiga Ha IO y 60uib-
HBIX abcaHc-anuiienicueit. DTo 3a00JIeBaHue SIBIISIETCS. OJHUM
U3 pacCHPOCTPAHEHHBIX HEBPOJIOTUYECKUX PACCTPOUCTB,
XapaKTePHU3YIOIINXCS MOJTHON MJIM YaCTUIHON TOTEepen co3-
HaHus. [Ipuctyn abcaHC-dNMICNICHHA Y JIIONEH JUIUTCS OT
HECKOJIbKUX CEKYHJ 10 HECKOJIbKUX HECSITKOB CEKYHI U
CONPOBOXIAETCS XapaKTepPHBIMH KOMIIJIEKCAMH ITHK —
BosiHa Ha DT [182]. TIuk-BOJHOBBIE pa3psi/bl, MOSBIISIO-
muecs Ha DD BO BpeMsl SMHUIENTUUYECKUX MPHUCTYIOB,
UMEIOT BBICOKYIO aMIUIUTYAY M 4yacToTy mopsiaka 3,0 I'm.
M3BecTHO, YTO BO BpeMs MPHCTYNOB aOCaHC-IMUJICTICUU
pPE3KO BO3pACTACT CHHXPOHHU3AIUS MEXJY OOIIHPHBIMHU
00J1aCTSIMHU TOJIOBHOT'O MO3T'a, YTO COIPOBOXKIAETCS MOSIBIIE-
HHUEM THUIEPCUHXPOHHBLIX NHUK-BOJHOBLIX pPa3psiaoB.
Bompockl 06 HCTOYHHKE SMIIENTHYECKONH aKTUBHOCTU H O
IMHAMUKE CHHXPOHU3AIINU B TeUSHUE MIK-BOJHOBBIX pa3psi-
JIOB 70 CHX MOp OCTAIOTCS OTKPBITBIMU U MPHUBJIECKAIOT
BHUMAaHUE UCCiIeaoBaTe e n KimHAIMCTOoB [13, 183].
OnauM u3 3(PQEeKTUBHBIX MPUIOXKEHUI BEHBJIETOB B
JTAaHHOM KOHTEKCTE SIBJISIETCS] HCIOJIb30BAHUE UX JJISl UAar-
HOCTHKH CHHXPOHHOU aKTUBHOCTH B CJIOKHBIX MHOT OYACTOT-
HBIX CUTHAJIaX pa3JIMYHOU Mpupoisl. B paboTax [48, 64, 65,
184] pazpaboTan u anpobupoBaH OOIIMI IPUHIKI IAATHO-
CTUKU CHHXPOHM3ALUHM C HCIOJIb30BAHUEM HEMPEPHIBHOTO
BEHBJIET-TIPeOOpPa30BaAHUS C KOMILJICKCHBIM 0a3ucoM (CHHX-
poHU3aIMsT BpEMEHHBIX MaciiTaboB). B ocHOBe KOHIENIUU
CHHXPOHM3AIMU BPEMEHHBIX MAaciiTaboB (CM. MOApoOHOE
omMcaHne MeToma B paborax [48, 64]) nexutr aHanmm3
JIMHAMUKH CeMENCTB pasHocteil Ga3 ¢, (¢) u ¢ (1), moiy-

YEHHBIX C TOMOILBbIO HEMPEPBIBHOTO BEUBIIET-IPe0Opa3oBa-
nus (eM. popmyity (4)) ¢ "Matepunckum" BeiiBierom Mopiie
curHajioB x| (7) u x,(¢). JaHHBIA MOAXOJ MO3BOJISIET TOBO-
PHUTH O HAJIMYMU CHHXPOHU3ANNY BHIOPAHHON CHIEKTPAIbHOMN
KOMIIOHEHTBI CHTHAJIOB OT JBYX UCTOYHHKOB Ha BPEMEHHOM
untepBasie AT B ToM ciydae, eciid Ha HEM pazHocTH (a3
OrpaHUYEeHbI HEKOTOPOU KOHCTAHTOMU:

|9u (1) = @(1)] < const. (41)
IMockosbky cemeiictBa a3z ¢, (1) u ¢,,(7) uccreayeMbix
curdasioB D01 BBOASATCS € MOMOIIBIO BEHBIIET-IPe0Opa3o-
BaHUs1, JTAHHBIA METOJ OKa3bIBACTCS YCTOMUMBBIM K IITyMaM,
CJIOXHOW (popMe M HECTAIMOHAPHOCTH aHAJIU3UPYEeMOTO
cur"ana. braromaps 3Tomy cymecTByeT BO3MOXHOCTB
JIOCTATOYHO IIOJTHO ONMUCATh OCOOCHHOCTH BPEMEHHOW M
IPOCTPAHCTBEHHON CHHXPOHHU3ALUH 3JIEKTPUUYECKON aKTUB-
HOCTH MEXY Pa3JIMYHBIMU 00JIACTSIMU TOJIOBHOTO MO3Ta B
HOPMAaJIbHOM 1 APOKCU3MATILHOM COCTOSIHHUSIX.

PaccMoTpnM B kauecTBe MpuMepa Iporece GopMIpoBa-
HUSl THIIEPCUHXPOHHOTO cocTosiHus Ha DI Bo Bpems
IpUCTYIa a0CAHC-INMJICTICUM y MallMeHTa ¢ TskEIo dop-
Moit 3a0omneBanus. Peructpamuro 931 npoBoauiu B auar-
HOCTHYECKOM KJIMHUKE C UCIIOJIb30BAHUEM CTAHAAPTHOM CHUC-
TEMBI pa3MeIIeHNs IJIEKTPOJOB Ha TOBEPXHOCTH TOJIOBBHI
(cuctema 10—20) [185]. Ha pucynke 24 moka3aHbl pacnoJo-
JKEHUE IJICKTPOJIOB U XapaKTepHBIA (parMeHT MHOTOKa-
HaJIbHOU 3amucu D3I ¢ MUK-BOJTHOBBIM Pa3psaoM.

JJs Tokanu3anydy MCTOYHMKA MHK-BOJIHOBOTO paspsiia
ObLIa MCCIIeIOBAHA CHHXPOHU3AIMS BPEMEHHBIX MACIITA00B
(41) momapHO MeX1y BCEMH YKa3aHHBIMH HA pHC. 24 KaHAJIA-
mu D21, AHAJIM3 TMHAMUKH MPOBOJIMJICS JIJIsl MTHOBEHHBIX
(a3 B y3xoM auana3oHe 4acTtoT 3 —4 I'I, HOCKOJIbKY OCHOB-
Has J10JIS1 DHEPTUM BEUBJIET-CIEKTPa MUK-BOJHOBBIX pa3ps-
OB MPHUXOJWJIACh HA MJAHHBIA YACTOTHBIM nuama3oH. Pe-
3yJbTATHl TMOWCKAa WCTOYHUKA ((oKyca) SMUIENTHYECKON
AKTHUBHOCTH, & TAK)Ke BPEMEHHASI JUHAMUKA (OPMHUPOBAHIS
TUTEPCUHXPOHHOTO COCTOSHHS TPEJICTABJICHBI Ha puc. 25.
JIuHusIMU coeMHEHBI Maphl KAHAJIOB, CHHXPOHU3ALUS MEX-
Iy KOTOPBIMH OOHAPYXXHBAIACh B MOMEHT BpEMEHH, OTMe-
YEeHHBII COOTBETCTBYIOIIEH cTpeikoir Ha DT . Bumno, uto
CHHXPOHHU3AIMS HAOIFOAaeTCsl yXe 3a HECKOJIBKO CeKYH[ 10
mosiByieHnst Ha D1 MHUK-BOJIHOBOTO paspsifa (auarpamMma
YCTAHOBJICHUS! CHHXPOHU3AIMU, COOTBETCTBYIOILIASI MOMEH-
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Puc. 24. (a) PacriosioxkeHue 3JIeKTPOI0B Ha TOJIOBE MALMEHTA 10 CTAHIAPTHOU CUCTEME pa3MellieHus 3JIeKTpo 0B (cuctema 10—20). Kpyramu oOBeieHbI
3JIEKTPO/IbI, CATHAJIBI OT KOTOPBIX OBLIN UCIIOJIb30BAHBI TS aHAIM3a CMHXpoHu3alui. (0) [TpuMep TUIIMYHON MHOTOKaHAIbHON DT ¢ MUK-BOJIHOBBIM

paspsiiom.
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Puc. 25. [luHaMMKa NUK-BOJIHOBOTO pa3psijia C HO3HIUN CHHXPOHU3ALMH
pa3IHYHBIX 00JACTel MO3ra — YHCJIO CHHXPOHH3MPOBAHHBIX 00J1acTei
pacTéT Mo Mepe Pa3BUTHUS pa3psfa U K KOHILY COOBITHSI CHHXPOHHU3HPO-
BAaHHBIMH OKa3bIBAIOTCSl MPAKTHYECKH BCE OOJIACTH KOPBI T'OJIOBHOTO
Mo3ra. CXeMbl COOTBETCTBYIOT Pa3JIMYHBIM MOMEHTAM BPEMEHH, KOTO-
pble mokaszanbl cTpeskamMu A—D Ha OunossipHoit 3amucu D3OI u3
(ponTanpHOU 06actu (3nekTpoast F4—A2, cMm. puc. 24).

Ty BpemMeHu A Ha puc. 25). [To mepe pa3BUTHS HHK-BOJI-
HOBOTO pa3psifia MEePBHYHO CHHXPOHU3MPOBAHHAs OOJIACTH
BO ()POHTATBHHON KOpE B MPABOM TOJIYIIAPUA OXBATHIBAET
MPIUIETAIONIE 00JIACTH, a Takke 00JIACTb B 3aTBLIOYHOU
30He (MOMeEHT BpeMeHH B). Dmnmientmueckuii Gokyc (00-
JIACTh CHHXPOHU3AIUHU [0 Hayajga paspsia) JIOKaJHU30BaH
BO (ppOHTATIBLHOI KOPE, YTO XOPOIIO COTJIACYETCs C U3BECT-
HbiMH gaHHbIME [13, 183]. Pa3BuTHe 3MMIENTHYECKOTO
paspsiia CONPOBOXKIAETCS PACIIUPEHHEM MPOCTPAHCTBEH-
HOIt obnacTn cuHXpoHu3anuu (MoMeHTHI BpeMenn B u C),
TakuM 00pa3oM, SMUIEHTHYECKAs] aKTUBHOCTh PacpocTpa-
HSIETCSI IO BCeil KOpe roJIOBHOTo Mo3ra. HeTpyHo yBUIETD,
4TO 1O Mepe Pa3BUTHUS OSNIJIENTHYECKOTO pa3psaa Bcé
Ooutbliee YMUCIO 00JIaCTEll TOJIOBHOTO MO3Ta OKAa3bIBAIOTCS
BOBJICYEHHBIMY B CHHXPOHHYIO TTHAMUKY, U K CEPE/INHE ITHK-
BOJIHOBOTO pa3psiia NMPaKTHYECKH BECh MO3T TEHEpUPYET
HU3KOYAaCTOTHBIE KOJIE0aHUS! B CUHXPOHHOM peXuMe (MO-
MeHT BpeMeHu D). Jlajee mo mepe OKOHYAHUS MUK-BOJIHO-
BOTO pa3psiga OOJACTH TOJIOBHOTO MO3Ta BBIXOAST W3
CHHXPOHHOT'O COCTOSIHUSI, YTO OTpa)kaeTcs Ha JuarpamMmax
CHHXPOHH3AINHU, COOTBETCTBYIOIIMX MOMEHTaM BpeMeHH E
uF.

Takum 00pa3oM, METOJ CHHXPOHH3AIMU BPEMEHHEBIX
MaciTaboB, OCHOBAHHBIM Ha MCIOJIB30BAHUHM HEMPEPHIB-
HOTO BEWBJIET-aHAIN3a C KOMIUIEKCHBLIM 0a3lcoM, OBbLI
YCHEITHO HWCIOJIb30BaH IS OMMCAHUS MPOCTPAHCTBEHHO-
BPEMEHHON CHHXPOHU3AIMH JJIEKTPUUECKONH aKTHBHOCTH
rOJIOBHOTO Mo3ra. [1pu aHaaM3e MHOTOKAHAJIBHBIX 3aluCcel
O3T ¢ NOMOIIBIO JAHHOTO METOo/Aa YIAJIoCh 3PPEKTUBHO
JIOKaJIM30BaTh 00J1aCTh UCTOYHUKA MIICHTHYECKON aKTHB-
HOCTH ¥ BBISIBUTH IyTH PACIPOCTPAHEHUS 3TON aKTUBHOCTH.
JaHHBIE TOIXOABI MOTYT HANUTH CBOE MPUMEHEHHE U B IPYTHX
3a7a4ax, CBA3aHHBIX C BBIICJICHUEM CBSI3ei MEXIy pa3yind-
HBIMH 00JIaCTSIMU TOJIOBHOI'O MO3ra, MOMCKOM BBICOKOYAC-
TOTHOM aKTUBHOCTH I'OJIOBHOTO MO3ra, OTBEYAIOLIeH KOrHU-
TUBHOU JieATeIbHOCTH, [186, 187] u T.4.

6. 3akrouenue

B coBpemenHoll HelipoamHAMUKE BEUBJIET-aHAIN3 BCE eIIé
SIBJISIETCS] JOCTATOYHO HOBBIM METOJIOM, & JIFOOOMY HOBOMY
MOJIX0y, JTaxe JEMOHCTPHUPYIONIEMY 3HAYUTEIBHO OoJiee
IIUPOKUYN CHEKTP BO3MOXKHOCTEW MO CpPaBHEHHIO C Tpalu-
LIMOHHBIMU METOJaMH, TpedyeTcst BpeMsi, YTOOBI IpeBpa-
THTBCS B YAOOHBI MHCTPYMEHT MOBCETHEBHOTO MpPHUMEHE-
HUS. DTO 0COOEHHO aKTYaJbHO JIS1 MEIUKO-ONOIOT MYECKUX
MPUJIOKEHUH, T/Ie MCIOJIb30BAHUE HOBBIX MHCTPYMEHTOB
JIOJDKHO TPOUTH TIIATEJIbHYIO TPOBEPKY, aNaNTAlUIO U
anpoOupoBaHue, 4ToOBl J10Ka3aTh CBOIO IejecooOpas-
HOCTb. B 3TOM KOHTEKCTe HAM MpPEICTABIISIETCS KpalHe
BAXXHBIM HE TOJIBKO TO, YTO BEUBJIET-aHAJIU3 MO3BOJISIET
BEISIBJISITH HOBBIE OCOOCHHOCTH CTPYKTYPBI CIIOKHBIX HEHPO-
(PU3UOTOTMUECKUX CHTHAJIOB, HO M TO, YTO OH XOPOIIO
UHTETPUPYETCSl B KOMOMHUPOBAHHBIE AJITOPUTMBI UCCIIEH0-
BAaHMS JIKCIICPUMEHTAIbHBIX JAHHBIX, B PAMKaX KOTODPBIX
yJIy4IIaeT BO3MOXHOCTH CYIIECTBYIOIIUX METOMOB, yXKe
JIABHO TPU3HAHHBIX B HEUPO(PHU3UOJIOTHUECKUX HCCIIEIOBA-
HUsAX. MIMEHHO Tako¥ 3BOJIIOIMOHHBIA MyTh HAM TPEACTa-
BJISIETCS] HanboJiee MEPCIEKTUBHBIM IS TOTO, YTOOBI BEWB-
JIeT-aHaJIU3 CTaJl BOCIPUHUMATHCS B KAUeCTBE CTAHIAPTHOTO
MmeToa o0pabOTKM CHUTHAJIOB HE TOJILKO B (PU3HUKE U
MaTeMaTHhKe, HO U B OMOJIOTMH W MeJWIUHE. DTOT MYTh,
COCTOSIIIIA HE CTOJIBKO B 3aMeHe MPEXHUX Heipodusmoo-
THYECKUX METOJIOB Ha HOBBIE, CKOJIBKO B MOBBIIIICHUN YD PeK-
TUBHOCTH CYIIECTBYIOIIMX MOAXOAOB, CHOCOOEH CaeIaTh
BeiiBiIeT-aHAIM3 O0Jiee MOMYJISIPHBIM CPeIX IKCIEPUMEHTA-
TOPOB-HENPOPU3NOTIOTOB.

Hefiponnnamuka u HeHpoDU3NOIOTHS MPEACTABISIOT
co0olf BecbMa OOIMPHYIO 0O0JIACTH €CTECTBO3HAHUS, W B
paMKax JaHHOM padOTHl MBI CMOIJIH PACCMOTPETh JIMIIb
OYeHb HE3HAUYMTEJIbHBIA KpYr npobiem. OgHAKO Aaxe 3TOT
JIOCTATOYHO KPATKHiA 0030p CYIIECTBYIOIIUX 3a1a4 JeMOH-
CTPHUPYET, YTO BO3ZMOXXHOCTH W TEPCHEKTUBBI IIPUMEHEHUS
BeiiBJIeT-aHAM3a B HEHPO(DU3NOTIOTMUECKUX HCCIIEI0BAHMSIX
BecbMa BeJIMKH. VICmoIb30BaHNE MOIIHBIX CPEICTB (PU3HUKO-
MaTEeMaTHYeCKOTO aHaJu3a HEHPOCHUCTEM KaK Ha MUKpPO-,
TaKk U Ha MakpoypoBHsXx ¢yHkuuonupoBanus [[HC B Ha-
crosiiee BpeMsl Ja€T BO3MOXHOCTb YCTAHOBHUTH CIIOKHBIE
3aKOHOMEpPHOCTH PaboThl Mo3ra. OMHAKO CIeyeT OTMe-
THTh, YTO TPAKTOBKA MOJOOHBIX PE3yJBTATOB C MO3UIHI
HEUPODU3UOIOTHH 3a4acTylo OKa3bIBAe€TCsl BecbMa He-
TPUBUAJILHOM, YTO CBSI3aHO KaK C KOJIOCCAJIBHOM CIIOX-
HOCTBIO HCCIIEAYEMOTO OOBEKTa — HEPBHOW CHCTEMBI XKH-
BOTO OPraHu3Ma, — TaK U CO CJIOXHOCTSMH B (DU3UOJIO-
THYECKON MHTEPHPETANUU MOJYYaeMBbIX C MOMOIINBIO TOY-
HBIX METOJIOB pe3ysibTaToB. Kak crnpaBeiMBO 3aMeTHIIN
A.M. Wpanunkuit u A.U. JlebeneB B cTaThe O HAYYHOM
nacyienun M. H. JIusanosa, "Haubobiuii 3¢ QexT oT coeau-
HEHHSI MATEMATHUKH U GU3NOJIOTHH MOJTY4aeTCs TOT1a, KOTaa
B OCHOBE IPUMEHEHHUs TOTO WM MHOTO MAaTeMaTHYECKOTO
NMpeoOpa3oBaHus JISKUT ILIOJAOTBOpHAS (PU3HOJIOTHYECKAS
unes" [188]. IelcTBUTENBHO, 3AJI0TOM yCIeXa TPUMEHEHUS
HOBBIX METOJIOB 00pabOTKM (U3MOJIOTMYECKUX [TAHHBIX B
paMKax MEXIUCHUIUIMHAPHBIX HCCIEAOBAHUNA B COBPEMEH-
HOM HeHPO(YHU3MOIOTUY SIBJISIETCS TOSIBJICHAE HOBBIX HEHPO-
(usmoIornueckux uiei u 3aaad.

MBI HUCKOJIBKO HE COMHEBAEMCSI B TOM, YTO KOJIMIECTBO
paboT, UCIOIb3YIOIIMX BEUBIIETHI B HEHpOIUHAMUKE, OyneT
TOJIBKO PACTH, Belb PELICHHE CTOJb CIOXHBIX 3a7ad, Kak
MOHMMAaHNE NPUHIUIOB KOIUPOBAHMS, NPEACTABJICHUS WU
00paboTku MHPOPMAIIMU B IIEHTPATHLHON HEPBHOM CHCTEME,
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TpeOyeT He TOJBKO pa3BUTHS SKCIIEPUMEHTAILHON 0a3bI (T1e
JIOCTUTHYT 3HAYUTENbHBIA MPOTPecc 3a MOCIEIHUE IECSITH-
JIETHUSI), HO U pa3BUTHSI BO3MOXKHOCTEH a/IekBaTHO# paciimd-
POBKY CUTHAJIOB HEHPOHHBIX cHcTeM. M3-3a sKkCTpeMaIbHOM
CJIO)KHOCTH ¥ MHOTOTPAHHOCTH TIPOIECCOB, TPOTEKAOIINX B
TOJIOBHOM MO3re, pacu(ppoBKa IeHEPUPYEMBIX CUTHAJIOB
HE MOXeT OBITh OCYIIECTBJICHA JIMILIb HAa OCHOBE METOJ0B
CTATHCTUYECKOTO aHAM3a. B Xo4e ajanTanuy >KUBBIX Opra-
HU3MOB (BKJIFOUAsI HEHPOHHBIE CUCTEMBI) IPOUCXOASAT U3Me-
HEHUS UX TUHAMUKH, & CAMHU PETUCTPUPYEMbIe HEUPOPH3HO-
JIOTMYECKWE JIaHHbIE MOXHO pPAacCMAaTpPUBATH CKOpee Kak
peanu3anu HECTAIMOHAPHBIX MPOIECCOB, TEHEPUPYEMBIX
JUHAMHYECKIMH CHCTEMaMHU C OYeHb OOJBUIMM YHCIOM
cTereHelt cBOOOABI. VITHOPUPYSL 3TO OOCTOSITENILCTBO, MBI
TEM CaMbIM TepsieM BO3MOXHOCTb TOJIYYCHUS] BaXKHON
HHPOpMAIIMA O HEUPOHHBIX CHCTEMAaxX, TOrJa Kak Yu€T
IIPOLIECCOB aaNTalllK O3BOJISET NPUHIUMATh BO BHUMAaHUE
¥ MCCIIEIOBATH JISKAIMEe B OCHOBE MTOBEICHYSCKUE TIPUINHBI.
BeiiBier-aHanms, SBISACH METONOM ''MATEMATHYECKOIO
MUKpockomna', Ipu MOIXOIAIIER HACTPOMKE MOXKET MO3BO-
JIUTh PACCMOTPETh T€ OCOOSHHOCTH JIMHAMHKH, KOTOPBIE HE
OOHAPY>KUBAIOTCSI HEBOOPYXKEHHBIM (MJIM HEIOCTATOYHO
BOODPYXEHHBIM) TJIa30M, U B 3TOM COCTOUT MOKa elié BO
MHOTOM CKPBITBIN MOTEHINAJ JaHHOTO HHCTPYMEHTA HCCIIe-
noBanus. Lleap gaHHON pabOTBH MBI BUAMM HE TOJBKO B
ONMCAHUM PsJla TPEIIOKESHHBIX MOJIUPHUKAIMA METOI0B
aHAJIN3a OKCIEPUMCEHTAJIbHBIX JAHHBIX, IMO3BOJIUBIIIX
peLINTh ONMpeAeIEHHBIA KOMILIEKC 3aJa4 W3Y4YeHHs JUHA-
MHKH HEHPOHHBIX CHCTEM, HO M B 3HAYUTEJBHOW CTENCHU B
TOM, YTOOBI JOHECTH A0 YUTATENIsl HAIY YBEPEHHOCTb B
0OJIBIIIOM MOTEHIINATIE HCIOJIb30BAHMS BEWBJIETOB B HEHpO-
JTMHAMUYECKUX TPUJIOKEHUSX. BeliBlieT-aHam3 B OJIMKaii-
IKe TOJbI MOXET M JIOJDKEH CTaTh TE€M HHCTPYMEHTOM
UCCIIEIOBAHUS, TPUMEHEHNE KOTOPOrO MO3BOJIMT HOBBICUTh
Ka4eCTBO HAYYHBIX padOT B 0OO0JlaCTH HeWpoauHAMHKH. B
3aKJIFOYEHUE XOUETCS MOAYEPKHYTh, YTO PA3BUTHIE METOJIBI
aHaJm3a OMOJIOTUYECKHX CHUTHAJIOB MOTYT HAWTH IIUPOKOE
MPUMEHEHHE U JIJTS PEIICHUs 3a/1a4 U3 Pa3JIMIHbIX objacTeit
(bU3KKY U TEXHUKH.

ABTOpBI BBIPQXKAIOT HCKPEHHIOI MPHU3HATEIHHOCTH
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93I, O.B. MBaHOBY 3a KOHCYJIbTAIIUU IO TEOPUU TUCKPET-
HOTO BEHBJIET-TpeoOpa3oBaHMsl W IPEIOCTABJICHHBIE pac-
4ETBI C BBICOKOH TOYHOCTBIO (64 paspsiga) koahdunueHToB
cemeiicTBa BeliBieToB Jlobemn.
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