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B crarbe mnoka3aHo, 4YTO YCIOKHEHHWE PUTMHUYECKON CTPYKTYypbl pe4yH
MIPOUCXOJUT KaK IOJ BIIMSHHUEM PELUUNPOKHBIX MPOLECCOB THUIIA «TOPMOKEHHUE-
BO30Y:KJI€HHE», TPOTEKAIOIINX Ha Pa3HbIX YPOBHIX HEPAPXUH CTBOJIOBO-KOPKOBBIX
CTPYKTYp, TaK W MOJ BIUSHUEM PELUUNPOKHBIX IPOLECCOB, MPOTEKAIOIIMX Ha
OJIHOM YpPOBHE HEpapXWu. B mepBoM cilydae yCIIO)KHEHHWE PUTMOB BO3PaCTHOU
(GOHETUKM HWAET 1O Mepe CO3PEBaHUS  COOTBETCTBYIOIIMX  HEHPOHHBIX
oOpa3zoBanuii. Bo BTOpoM cityyae 3TO ycClIO)KHEHHE MPOSBISIETCS MO0 Ha YpPOBHE
MOJIKOPKOBBIX 00pa3oBaHWil B cdepe dMOIMOHAIBHBIX COCTOSHHNA TOBOPSIIETO,
A100 HA YPOBHE MEKIOIYIIAPHBIX B3aUMOAECHCTBUNA IIPpU (POPMUPOBAHUU CHILITA00-
TOHUYECKOTO PUTMa, XapaKTEPHOTO JIJIsl HOPMAIBHO C(hOPMUPOBABIICHCS PEYUH.

BBEJEHUE

B npenmectByromux paborax aBropa [1-5] ObulO MOKa3aHO, YTO PUTMBI BOKaJIU3AIMil B
peun udenoBeka (V-puTMbl) 00pa3yloT Ha CTaguM Pa3BUTUS (DOHETHKHU LENbId HaOoOp, WU
CLEHApUll Mepexo/a TaKMX PUTMOB K XaoCy B 3aBUCHUMOCTH OT HEKOTOPOI'O YIPAaBIISIOLIETO
napaMmerpa. V-pUTMOM Mbl Ha3blBaeM (PETyJIIpHOE WIH HPPETYISPHOE) YepeIoBaHUE
JUINTEIbHOCTEN BOKAIM30BAHHBIX CEIMEHTOB B peur. OU3HMOJOTHYECKUM KOPPEISATOM TaKHX
CErMEHTOB SIBJIIOTCSI AIOXH, KOIJa TOJIOCOBBIE CKIIAJKU HAXOAATCA B OCLILIUPYIOLIEM
COCTOSSHUM.  AKYCTUYECKHMM  KOpPPEIATOM  TaKMX CETMEHTOB  SIBISIFOTCS  Y4YacTKHU
HENPEPHIBHOCTH MHTOHAIIMOHHOIO KOHTYpA, TO €CTh 3aBUCUMOCTH 4acCTOThl OCHOBHOT'O TOHA
OT BpEMEHH.

MHoOrouncieHHble 3KCIEpUMEHTAIbHBIE U TEOpPETHYECKHEe OOOCHOBAaHHWS MO3BOJIMIM B
KayeCcTBE MOJENU TAaKOIr'o CLIEHApUS MPUHATH CLIEHAPUM PUTMOB TOYEUHOTO KBaJApPATHUYHOIO

OTO6pa)K€HI/Ifl JIOTUCTUYCCKOTO TUIIA B 3aBUCUMOCTHU OT YIIPABJIAIOIICTO ITapaME€Tpa B 3TOM

OTOOpaKECHUH:
T =rTy(1-Ty), n=1,2,... (1)
rne T, — TpHUBEICHHbIE K CIUHHUYHOMY OTPE3KYy JJIMTEIBHOCTH CETMEHTOB V-pUTMa C

HOMEPOM 71, ¥ — YIPABISAIONINN TTapaMeTp.

B kadecTBe clieHapus, OMUCHIBAIOIIETO MIEPEX0]l Kackaaa oudypkanuii neproaa 2 K xaocy,
burypupyer creHapuii OeilireH6ayma nepexoaa K Xxaocy. 30Ha Xaoca B ’TOM CIIEHAPUH HAMH
COOTHOCHJIaCh C PUTMOM HOPMAJIbHOW peuM, a JIEBYIO TpaHHIy MEXIy OudypranusMu
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YABOEHUS MEPUOJA M Xa0COM MbI pacCMaTpUBajId OTBETCTBEHHOM 3a 3aMKAHHME Pa3BUTHUS B
JIETCKOM BO3pacTe.

Kak oxazanoch, ecnu paccMoTpeTh B cieHapun DelireHOayma HE TOJIBKO OKPECTHOCTh
KPUTUYECKOM TOYKH, HO BCIO DJBOJIOLMIO PUTMOB, OT MPOCTEHIIMX JO CIIOXKHBIX,
NepeXoIIMX B XaoC, TO MOJIy4aeTCcsl KapTHHA, BECbMa CXO0XKash C KapTHMHOW OHTOreHe3a
donetuku [6]. DTOT (HaKT MO3BOIUIT BCKPHITH HEHPODU3HUOIOTHIECKYIO HEPAPXUIO CTBOJIOBO-
MOJIKOPKOBO-KOPKOBBIX CTPYKTYp, W CBSI3aTh WX B3aUMHOE BIHWSHUE IPYr Ha JIpyra co
CMBICTIOM YTIPaBIISIONIEro MapaMeTpa B cuieHapuu Delirendayma.

Oka3anoch, 4TO YCIOKHEHHE PUTMA 10 MEPE POCTa YIIPABJISAIOLIErO NapaMeTpa BO3MOXKHO
CBSI3aTh C TOPMOKEHHEM, KOTOPOE UMEET MECTO B PA3JIMUHBIX 3BEHbSIX UEPAPXUU HEHPOHHBIX
CTPYKTYp, 3aJ€HICTBOBAHHBIX B Ipoliecce oHTOreHe3a Qouetuku (cm. puc. 1). Tak, mepBoe
YCIOKHEHHE pPHUTMa BO3HHKAET BCJECACTBHE TOPMOMKEHHs, OKa3bIBAEMOTO CO CTOPOHBI
CTpUaTyMa Ha MaJUIMJapHbIe MOAKOPKOBLIE sIpa, KOTOPbIE OOECHEeUMBAIOT CYIIECTBOBAHUE
nepBUYHOTO puT™Ma (hoHeTHKH pedeHka [6]. JlanpHelimee, Bce BO3pacTaroIiee BIUSHUE KOPbI
Ha CTBOJIOBBIE M MOAKOPKOBBIE CTPYKTYPBI, BEJET KO BCE OOJBIIEMY YCIOKHEHHIO PUTMA,
MPUBOISIIETO, B KOHIIE KOHIIOB, AMHAMUKY PUTMa B UPPETYISAPHYIO 001aCTh, OMHUCHIBAIOITY IO
(OHETHUKY 3pEJbIX PEUEBHIX MPOIECCOB.

W3BecTHa MOJenb A TOPMOKEHHSI B HEUPOHHBIX 00pa30BaHUAX THUIA KOPBI TOJIOBHOTO
Mo3ra, IpeaoxkeHHas B nukie pador B. M. Coutnea u B. I'. fIxno [7, 8]. B atux paborax
UCCIIEyeTCs pachpoCTpaHeHUe o0JacTel MOBBIMICHHOW HMITYJIhCHONW aKTUBHOCTH B TaKUX
HEHpOHHBIX 00pa3oBaHMAX. B 3TOi Mojenu B KauecTBE OJAHON JMHAMHYECKON MEPEeMEHHOM
UCIIOJIB3YETCSl CPEAHEE YUCIO Py AKTUBHBIX BOJIOKOH, HAXOSIINXCS B «aKCOHHBIX» JAEPEBBAX
TOPMO3HBIX HEUPOHOB, MPUXOASIIEECS Ha €AUHUILY 00beMa U BPEMEHH, a B KaUeCTBE JAPYTOn
JTUHAMUYECKOW TIEPEMEHHOM UCIOJIb3YyeTCsl CpeAHEe 4YHCIO P AKTUBHBIX BOJIOKOH,
HAXOMSIIUXCS B «aKCOHHBIX» JEPEBbAX BO30YXAAIOIIMX HEUPOHOB, MPUXOsAIIeecs Ha
equHAIy 00beMa W BpeMeHH. OKaszanoch, 4TO TUHAMUKA ITUX JUHAMUYCCKUX TEPEMEHHBIX
TaKOBa, YTO JOIMYCKAET CYLIECTBOBAHUE PA3JIMYHBIX JUHAMUYECKHX PEXKUMOB, KOTOPHIE
ONKUCBHIBAIOT PACIPOCTPAHEHHE B HEHUPOHHOW CTPYKTYpPE 30H MOBBIIMIEHHONW AaKTUBHOCTH B
TPUTTEPHOM, KIYIIeM U aBTOKOJIe0aTeNsHOM pekuMe. B aBTokonebaTensHOM pekumMe SIXHO
YCTAaHOBUJI HalW4We BOJH Kak TOPMO3HOM, Tak M BO30YXIAIOUlel aKTUBHOCTHU C
XapaKkTepHbIM BpeMEHHbIM pa3MepoM B 160-140 mcex [8]. DOTa BenuMuMHA XOPOIIO
COIJIACYETCS CO CPEAHUMHU 3HAYECHUSMH JUIMTEIBHOCTEH 3JIEMEHTOB V-pUTMa HOPMalIbHOM
peyH, YCTaHOBJEHHBIMH aBTOPOM JaHHOW paboOTHl 3KcrepuMeHTanbHO [1-5]. JImHamuka
TOPMO3HOM M BO30YKJAIoOMmed aKTHBHOCTEH, ompeaenseMblx 1o Qopmymnam 7= p,/P; u
7s = Pg/Ps, THOE TUIOTHOCTM TOPMO3HBIX P; W BO30YXIAMOMMX HEHPOHOB P, paBHBI
cooTtBeTcTBeHHo Pr= 107 Mxm™ u P, = 10° mim™ [7], ObTa omMcaHa ¢ TTOMOIIBIO XOPOIIIO
ceOst 3apeKOMEHIOBABIIIEH TaKk Ha3bIBAEMOW aNMpPOKCUMAIUU «CPEAHEro moyist» [9] mis
ypaBHeHUM HelpoHa XoxkkuHa-Xakcau [10], wim s MX yOpOUIEHHOW MOAEIH —
ypaBHeHUH OuiXspio [11]. 3aBUCUMOCTSD 77 OT 7 Ui ypaBHEHUNH OUIXbIO B IPUOIMKEHUU
«CpEIHEro MoJs» MpeACTaBUMa B BHJIE€ MPEACNIBHOIO LHMKIA, MOKAa3aHHOTO MJisl Pa3iudHbIX
cuTyaruii Ha puc. 1. Mbl yCIOBWINCH Ha3bIBaTh BEIWYUHY 7; YPOBHEM «TOPMOXECHUS» B
HEUPOHHOU CHUCTEME, COOTBETCTBYIOILIEH OMpPENEICHHOMY YYacTKy B CLIEHAPUU PUTMOB, a Fy
— YPOBHEM «BO30YKJICHUS» B TAKOW HEUPOHHOM CUCTEME.

0. M. Cknsapos
CueHapuii aKyCTUYECKMX PUTMOB peun Kak MHCTPYMEHT nccnenosaHns paboTel Mo3ra



DNeKTPOHHbIN XypHan «TexHunyeckas akyctuka» 2005, 34 3 (8)

Puc. 1.

BBepxy: creHapuil BO3HUKHOBEHHUS pPEYEBOIO HPPETYJSIPHOIO pUTMA B  pE3ysbTare
YCIIO)KHEHUS PETyJISPHBIX PUTMOB NIpU pocTe TopMoxkeHus B cucteme. [lo ocu abcumce
OTJIOKEH YNPABJISAIOUIMI MapaMeTp 7y (aKTUBHOCTb «TOPMOXEHHS» B HEHPOHHOH CHCTEME,
MOPOKIAIONIe PUTM — MMOApPOOHEEe CM. TEKCT), [0 OCH OPAMHAT OTJIOXKEHBI BO3MOXKHBIE B
TEOPUU HOPMUPOBAHHBIE HA | JJINTENBHOCTH JIEMEHTOB V-pUTMa. YIPaBISAIOMUI TapamMeTp
R = 3,57 cooTBeTcTBYET rpanuile nepexoa oudypkammii, OTBETCTBEHHBIX 32 BOSHUKHOBEHHE
PETYJISIpHBIX PUTMOB, B UPPETYJSIpHBIA pUTM peud. CripaBa B 30HE UPPETYJISPHBIX PUTMOB
BU/IHA JIOBOJIbHO OOIIMpHAs JaKyHa, B KOTOPOHl OIATh BO3HUKAIOT Oudypkamuu, HO APyroit
IPUPOJIBI.

Buu3y: B KoopauHaTax r; (AKTUBHOCTb «TOPMOYEHUS») U 7 (AKTUBHOCTH «BO30YKICHUS)
NpeJICTaBJICHbI MPEIEIbHbIC IIUKIIBI, K KOTOPBIM CTPEMHTCS JMHAMUKA B IOPOXKIAIOLICH PUTM
HEeHpOHHOU cucTeme. M3o0pakaromias Touka {7y 7} JIBIXKETCS IMPOTHUB YaCOBOW CTPEJIKU C
Te4eHUEeM BpeMeHH. JKUpHON JMHUEH OTMEUYeH NPENENbHBIM LUKI A8 pedd B HOPME;
MYHKTUPHBIMH JIMHUSIMU OTMEUEHBI NPeAeNbHbIC [IUKIIBI JJIs MPEXOASIIEro 3auKaHus y ereit
(cimeBa) W JUIE HEBPOTHUYECKOW KOMIIOHEHTHI CTOMKOTO 3aMKaHMs y B3pocibIX (cmpasa). /[Ba
UKJa BMECTE CHMBOJM3UPYIOT CTOMKYy0 a3y 3aumkaHusi, MpeAcTaBisAIouIero coboit
CMEIIaHHYI0 (opMy AM3PUTMHIA TOHO-KIOHHYECKOTO THIA U TU3PUTMUN HEBPOTHUYECKOTO
TUIA 3aUKaHUS B IEPEXOTHOM U B3POCIOM MEPUOJE.

OpHako (U3MOIOTHUECKUI CMBICI YPOBHSI «BO30YKIEHHS», B OTJIMYUE OT CMbIC/IA YPOBHS
«TOPMOKEHHS» B HEPapXuUu HEHPOHHBIX CTPYKTYp, OTBETCTBEHHBIX 3a BO3PACTHYIO
(OHETHKY, OCTaBaJICs HESICEH.

3nech cienyer oOpaTUTh BHUMaHME Ha TO, YTO BXOXJIEHHE B XaoC B CLEHAPHH,
n300paKEHHOM Ha pUC. 1, UIET MO ABYM MOJIOCTSM, WIH KPBUIbSIM:

1) mo BepxHEMY KpbUIYy, «BBIPOCIIEMY» M3 TaK Ha3blBaeMOHl (a3bl «TyJeHUsA», U
OPUBOAALIEMY K $3bIKAM C CHHTAPMOHMYECKHMM pPHUTMOM (KUTAaWCKUHM, SMOHCKUN
UT.].); B HEHPOPHU3UOIOIMH 3TO TOHMYECKOE KpPbUIO IMPHHATO ACCOLUMHUPOBATH C
IPaBbIM IOJTyLIAPUEM;

2) Mo HWXHEMY KpbUIy, «BbIpOCcIIEMY» H3 (ha3bl KPUKOB, COOTBETCTBYET SI3bIKAaM C
CIIIITA0MYECKUM PUTMOM (TIPAKTUUECKU BCE EBPOINEHCKUE S3bIKH); TaKHE€ pPUTMbI
HPUHATO COOTHOCHUTH C JIOMUHAHTHBIM, OOBIYHO JIEBBIM MOJTyILIAPUEM.

0. M. Cknsapos
CueHapuii akyCTUYECKMX PUTMOB peun Kak MHCTPYMEHT nccnenosaHns paboTel Mo3ra
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OueBugHO (CM. puC.2a), YTO PUTM TIOJTHOLIGHHOW pEYd B IIEHTPE 30HBI Xaoca
(COOTBETCTBYIOIMIA TIPEACTbHBI NHUKJI ToMe4YeH Iudpoit 1) cooTBeTCTBYeT cHiLIabo-
TOHHUYECKUM pHUTMaM, KOTOpble 00eCreuMBarOTCsl B3aUMOACHCTBHEM OOOUX MOTYyIIAPHA.
Puc. 2a MOXHO TpeacTaBUTH ceOe Kak pe3yJbTaT IMOBOPOTAa HIKHEW dYacTu puc. 1, Ha
KOTOpPOM M300pa)Ke€Hbl MpeeNibHbIE IHKIbl «TOPMOXKEHHE-BO30YKJIEHHE» BOKPYT OCH
abcIuce 0 Tex IMop, MOKa OHM HE «JIATYT» Ha ciieHapuil delirenOayma, n300paXeHHBIN Ha
BEpXHEM yactu puc. 1.

Q
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]
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Puc. 2.

a) OKpecTHOCTh I'paHUIlbl IEpeEXoa PUTMa K UPPETYJISIPHBIM PUTMaM B CILIEHApUHU V-PUTMOB,
COOTBETCTBYIOIIAsA JU3PUTMUSIM TOHO-KJIOHUYECKOTO THUIA U M300pakeHHas B KOOpAMHATAX:
YIPaBJIAIONUN apaMeTp («TOPMOXKEHHE») MO OCH alCIcC; HOPMHUPOBAHHBIE HA CIMHHUILY
JUIMTEIBHOCTA 3JIEMEHTOB V-pUTMa 10 OCH OpJAMHAT. 3JeCh K€ B KOOpPJMHATAX:
«TOPMOXKEHHE» IO OCH abCIucCC — «BO30YXKIEHHE» IO OCH OpAHMHAT IPEICTABICHBI
pa3inuHble MpeJeNbHbIE LUKIBI «TOPMOXKEHUSA-BO30YX AeHUA». Benblil mpeaenbHbIN UK,
noMe4eHHBI 1mHdpor 1, oTBeyaer puTMy HOPMAaJbHOM peun. TeMHO-cepblil MpeaesbHbIN
UK (4) OTBEYAET 3alMMHOYHOMN PeUH C 3alTMHKAMH TOHO-KJIIOHUYECKOTO Thra. CBETII0-Cephlit
BEePXHUU TpeAeNbHbI TUKI (2), mepexonsmmii B Oenblid mukin «I1», oTBe4aeT TOHUYECKUM
(CHHrapMOHUYECKHMM) HPPETYJISIPHBIM PUTMaM; HUKHUN TUKI (3), IEpeXOoAsIuil B OembIid
UK «JI», OTBeUaeT UpperyIapHbIM CHILIA0MYECKUM PUTMAaM.

b) DkcnepuMeHTaNbHbBIE Pe3yJIbTaThl V-cerMeHTanuu. 3HadeHusi 1, U Std, COOTBETCTBYIOT
HopManbHOM peun. Touku {7, std}, monydeHHbIE TPU YTEHUHU y B3POCIBIX C HOPMaJIbHOU
peublo, OTMEUYEHBbl «IIyCTHIMU» KPYKKaMH BHYTPUM KOMIIAKTHOTO Kpyra B BeEpUIMHE
JUarpamMMbl TIPY HOPMAJILHOM TEMIIe, 1 OTMEUEHBI «ITyCTBIMUY KPY)KKaMU Ha KOHIIE TpeThei
BETBU — IIPU 3aMEIJICHHOM «pacneBHOM» Temre. CepbIMU KBaJgpaTaMy MOMEYEHbl TOYKH,
MOJy4YeHHBIE TMPU UYTEHHWH Y 3aWK B IMpolecce OOBIYHOTO Kypca KOPPEKIUU
(nceBnoOudypkanronHas aguarpamMma) u B mporecce koppekuuu no meroay E. C. Jlomotko
(TpeThsi BeTBb nuarpamMmbl). Ha pHCyHKe mHpuBeneHBI PEe3yNbTaThl 3a OJUH U3 MECHIICB,
B3ATBIA B MEPUOJ HUCCIEAOBaHWM, IIUBIIMXCS Ha mpoTsikeHun 1993-2003 romos. bosee
NOJIpOOHBIC TOSICHEHHS JaHBl B TEKCTE; PAa3IMYHBIC pa3Mephl CEPhIX KBAJAPATOB OTPaXKAIOT
pa3IUYHbIE KCIIEPUMEHTANIbHbIE OTPEUTHOCTH IPU SKCIIEPUMEHTAILHOM BBIYUCIEHUU TOYEK
JUTSL PEYH PA3THYHBIX TAIIEHTOB.

0. M. Cknsapos
CueHapuii aKyCTUYECKMX PUTMOB peun Kak MHCTPYMEHT nccnenosaHns paboTel Mo3ra



DNeKTPOHHbIN XypHan «TexHunyeckas akyctuka» 2005, 34 5 (8)

JlonmycTUMOCTh Takoil TPaKTOBKM V-pUTMOB 3acCTaBHJIa HAaC MPOBECTU OMOJHUTEIbHbBIE
WCCIIeIOBaHUS (POHETHUECKUX TPOSIBICHUN MEXKITONYIApHBIX B3auMojeicTBuid. [IpuHsATO
CUMTaTh, YTO BO BpEMs IMEHUS «3aJeHCTBOBAHO» TOJBKO JIUIIb IPAaBOE, CHHIAPMOHHYECKOE
nonymapue. B HUM JIOP (r. Cankr-IlerepOypr) MmMUpPOKO MCHOJIB3YETCS METOIUKA
Koppekiuu 3aukanuda, npemnoxeHHas E. C.Jlonotko [12]. DTa MeroauMka OCHOBaHa Ha
UCIIOJIb30BAaHUU HABBHIKOB TaK HA3bIBAEMOM «pACHEBHOW» peuyr NpHU TeMIle, HECKOJIbKO
3aMEJUICHHBIM II0 CpaBHEHUIO ¢ HOpMOM. Takue HaBBIKM, KaK H3BECTHO, MPAKTUYECKU
HEIUKOM pEeAyLUpPYIOT 3alMHKH B peud 3aukarouierocs. Hamuume Takoro KIMHHYECKOTO
OTbITa B UHCTUTYTE TMO3BOJIMJIO HAM MPOBECTH CPABHUTEILHOE MCCIICIOBAHUE «PACIIEBHOMN
peuun C 3aMCIJICHHBIM TCMIIOM U PCYHU B OOBIYHOM TEMIIE KaK B mponecce KOPPECKUUN pCUn y

3aWKAONINXCS, TAaK U B KOHTPOJIGHOM TpyTIIe JInIl 0e3 MPU3HAKOB IBHOW peYeBOM MaTOJIOTHH.

METO/IMKA

OKCIEpUMEHTAIbHYIO TPYIIY COCTaBMJa MOATrpyMa M3 22 B3POCHBIX 3aMKaroIIUXcs,
YCIEUIHO NPOIIEAINX OOBIUHBIA Kypc KOppeKIuH, W mnoiarpynma u3 11 B3pocibix
3aMKAIOLIUXCS, TaKXKe YCMEHIHO MpOMIEAIINX KypC KOPPEKLUH, HO IO METOJAUKE
E. C. JlonoTtko. Bee nmanueHTs IpoXoauwiin Kypc KOPPEKIHUN 3aUKaHUs Ha PeYeBON KIMHUKE
HHNM JIOP. KonTpospHas rpynmna cocTosya U3 8 4eloBEK, TOBOPUBLIMX KAK B HOPMaJIbHOM
TeMIe, TaKk ¥ B TEMIIE, HCIIOJb3yEeMOM 3auKaromumucs. [lalmeHTsl uutanu cTaHAapTHBIN
TeKCcT o0bemMoM 120 cioroB. Peructparnust peuu MpoBOAMIACH TPHOXKIBI 32 MECSYHBIM Kypc
KOPPEKIIMU: B Hayaje, B CepeiuHe U B KOHIIE Kypca.

Peur  ucnobITyeMblX — (QUKCHpoOBajJach Ha  MAarHUTHYK  JIGHTY C  I[IOMOIIbIO
3JIEKTpOJMHaMu4eckoro Mukpodona. Ilpouemypa mnepeBoja 3JIEKTPUUECKOrO0 CHUTHAla C
BbIX0Ja MUKpo(doHa B inppoBoe MpecTaBiIeHHue onucana B pabdore [15].

C nomorusto ceprudpunpoBanHoil Munzapasom P® nporpammsl cermenTanuu [16], Mbl
OTIpeAeIISIN ATUTENbHOCTH ToJ0coBbIX (Voice- mimu V-) u HeronocoBbix (Unvoice- nian U-)
CETMEHTOB B PpEYM MCHBITYEMbIX 3aUKAIOMIMXCS W BBIUUCISUIM CpeAHee 3HayeHHe
qatensHocTell T 6e3pa3mMepHblidl K03 pULMeHT Bapraluuu sfd yKa3aHHbBIX JJTUTEIbHOCTEH
(OTHOIIEHUE CpPEAHEKBAJIPATUYHOIO OTKJIOHEHHsI K cpeaHeMy). Touka ¢ KOOpAHWHATaMu
{T, std} HaHOocWJIachb Ha IUIAHIIET C COOTBETCTBYIOIIMMHU KOOPAMHATHBIMH OCAMH (CM.
puc. 2b). Ha sToM muaHmeTe mnpeaBapUTeNbHO HAHOCHJIACh KOMITAKTHAas 00JacTh TOYEK
{T, std}, cooTBeTcTByIOIlas peuyu JuI Oe3 SBHOW pEYeBOW NATOJIOTUH, YUTABIIUX
CTaHJApTHBIA TEKCT B HOPMaJbHOM TeMIle. 3aMETUM 3/eCh B CKOOKax, 4TO IMpHUBEICHHE
TeopeTndyeckoro cueHapus Peirenbayma, HM300paXEHHOIO Ha pUC.2a, K BEIUYUHAM,
(GUKCUpYEeMbIM HaMH SKCIEPUMEHTANbHO (3HaueHue JuiMrTenbHocTed 7' u Oe3pa3MepHbIN
ko3(pduuueHt BapuanuM std yKazaHHBIX JUIMTENBHOCTEH), MPHUBOAUT K KapTHUHE,
n300paxeHHOM Ha puc. 2b (cM., Hanpumep, [13, 14]).

0. M. Cknsapos
CueHapuii aKyCTUYECKMX PUTMOB peun Kak MHCTPYMEHT nccnenosaHns paboTel Mo3ra
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OBCYXXJIEHUE PE3VIJIbTATOB

W3 puc. 2b BugHO, uTo Touku {7, std}, moiryueHHbIE TP OOpPaOOTKE pevH MAIHEHTOB,
KOTOpBIE€ YCHEIIHO MPOILIN OOBIYHBIA Kypc KOPPEKIUH, 00pa3yloT HEKOTOPOE MHOXKECTBO
Touek. CpenHEKBagpaTH4yHas AaIllpOKCHMalUs O3TOT0 MHOYKECTBA IPEICTaBUMa KpUBOM
JMHUEH, TOX0XeH Ha OM]ypKalMOHHYIO JIMHUIO (TaKk Ha3zblBaeMas «Iyiis» Mapkosuna). 1o
Mepe 3aBepIIeHUS Kypca KOPPEKLIUH TOYKH MPUOIMKAIOTCS K 0071acTH HOPMBI, OUEPUEHHOMN
OKpY’KHOCTBI0. Kak BUAMM, TOUKH ISl 3J0POBBIX JIML TPYNIUPYIOTCS B BEPIIMHE YKAa3aHHOMN
KpuBoil. ToYKkHM, COOTBETCTBYIOIIME pEYM NAIMEHTOB, I'OBOPSILUX B HOPMAJIbHOM TEMIIE
(cepple KBagpaThl — 22 4elOBEKa) pa3leNsitoTcsl Ha JBe BETBU. [IyHKTUPHBIMU JTUHUSIMHU
OoTMeYeHbl obnactTu 95% JOBEpUTENBHOW BEpPOATHOCTH (MPU  YCIOBUUM HOPMAJIBHOTO
pacnpeneneHns dKCIEpUMEHTANBHBIX JaHHbIX). OJHA BETBb OTBEYAET PEYM IALUEHTOB CO
CPEeIHMMHU JUTUTEIBHOCTSAMH V-CETMEHTOB 7, HECKOJBKO OOJBIIUMHU JIUTEIHHOCTEH
CEerMEHTOB [UIsl HOpMajbHOW peuH. Jlpyras BeTBb, HA00OPOT, COOTBETCTBYET CpPEIHUM
JUINTENIHOCTSIM, MEHbIIMM HOpMbI. Ciydyan Ooibpmux Ko3((UIIMEHTOB Bapuanuu std
COOTBETCTBOBAJIM, KaK MPABUIIO, OONBIICH «TSHKECTH» 3aWKaHUs, ONPEISIICHHON AKCIIEPTaMH.
Takum 00pa3zom, Mpu MOAETUPOBAHUU IpOIECCa pUTMa HEOOXOIUMO Y4eCTb, YTO 3aMKaHUE
JIOJDKHO XapaKTepU30BaThCs HAJMYUEM JBYX THUIOB V-pHUTMa ¢ OOJBIIMMU M MEHBIIUMH
CPEIHMMH JUIMTENBHOCTAMM [ JUIsi V-CErMEHTOB II0 CPAaBHEHHUIO C HOPMAJIbHOM pPEYBIO.
[lepBblii TUI COOTBETCTBYET pEUM 3aMKAIOLIUXCS, W300MIYIONIeH 3amMHKaMU TOHHYECKOTO
THUIIA, HAIIPUMEP, «CO...0...0...0...0...HI[€»; BTOPOU TUIl COOTBETCTBYET PEUM 3aUKAIOLIUXCH,
M300MITyIOIIEH 3alMHKaMU KJIOHMYECKOTO THUIA, HAMpUMeEp, «KY...KYy...KYy...KYy...CTbD».
HazoBeM 53Tu 1Ba THMAa CHHTAPMOHMYECKUM WM TOHUYECKHMM U CHJUTAOMYECKUM WIIU
KJIOHUYECKUM THUIIOM COOTBETCTBEHHO. Kak Mbl OTMETWIM BbIIE, HPHUHITO COOTHOCHUTH
CUHTapMOHMYECKUN TUIl BOKAJIM3ALMKA C MPaBOM MOJYyIIApUEM, a CHIIIaOMYECKUN TUIl — C
JIEBBIM, KaK MPaBWJIO, JOMUHAHTHBIM ITOJIYLIAPUEM.

Kpome Toro, Ha puc 2b, Mbl BUIUM TPETHIO BETBB, MIOJIYYCHHYIO B IPYIINE, MPOXOINUBIIECH
Kypc Koppekuuu 1no Mmerony JlomoTko (MeTon «pacneBHOI» peuM), NpUYEM IO Mepe
3aBEPILICHHS] Kypca COOTBETCTBYIOUIME TOYKH IMPOABUTAINACH K MPAaBOW OKOHEYHOCTH 3TOM
BETBU. BUIuM, 4TO 3TH TOYKM XapaKTEPU3YIOTCS CPEIHUMH IIUTEIBHOCTSIMH V-CErMEHTOB,
3HAYUTEIHHO OOJIBIIMMU, YEM B HOPME, M CTPEMSTCS, [0 MEpe ycIrexa KOPPEKIUH, K CPeTHIUM
3HAUEHUsAM JUIMTenbHOCTed 1 Ui V-CerMEHTOB, HECKOJBKO OOJIbIIMX CPEAHMX 3HAUYECHUM
JTenabHocTel 7, IUIsi HOPMBI, @ COOTBETCTBYIOIIHE KOX(POUIMEHTHl Bapuanuu std K
3HAYeHUsIM Std,, COOTBETCTBYIOIIMM Hopme. [lpu B3rmsae Ha puc. 2a BHIHO, YTO TaKas
CUTyallUss BO3MOXHa, Koraa W3 creHapuss @eiireHOaymMa BBIKIIOYAETCS  HUKHSASA,
cumabuueckas BETBb CIIEHApHWs, 3a KOTOPYIO OTBETCTBEHHO JieBoe Momiymapue. B sTom
ciydyae peud Oe3 3alMHOK COOTBETCTBYET O€JbId TpEeAeibHbIM LUKI «TOPMOXKEHHUE-
BO30YXKICHHE», TOMEUCHHBIN OykBoH «I1» — mpaBoe nmomyimapue.

BeposiTHO, B yCIIOBHAX, KOTI/Ia U3 CLUEHAPHUsS «BBIKIKOYEHA» BEPXHAS CUHIAPMOHUYECKas
BETBb, 3a KOTOPYIO OTBETCTBEHHO IpaBO€ TNOJyLIapue, peud O0e3 3amuHOK OyJer
COOTBETCTBOBATh OEINbIi MpeneiabHbI LMK «TOPMOXKEHHE-BO30YKIECHUE», MOMEUEHHbII
OykBoi «JI» — neBoe momymapue. «BbIKITI0OUeHNEe» BEPXHEH BETBU CIICHAPHS COOTBETCTBYET,
CKOpEe BCEro, pedH, MPOU3HOCUMON 1menoToM. Takoil peun, 1eMCTBUTENBHO, COOTBETCTBYIOT
KpOLLIEYHbIE «OCTPOBKM» (OoHAIMM B «Mope» Iyma. M3 Takol peunm MOXKET pa3BUTHCS
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CKaHJIUpOBaHHas, cuiulabudeckas peub. Kak H3BECTHO, MPUBUTHE HABBLIKOB TaKOW peyu
TaKXKE PE3KO peAyLUpPYET 3aIIUHKH.

U, HakoHel, pUTMy HOPMaJbHOW pEYM COOTBETCTBYET B3aWMOJEWUCTBHE OOEMX BETBEH:
«CHUHTapMOHUYECKOW» BETBU U «CHJIAOWYECKO» BETBU C CHHTETHYECKHM «CHIIA00-
TOHUYECKHM» PUTMOM HOpMaJIbHOM peun. B 3TOM cilydae, mpu mapuTeTHOM B3aUMOJCUCTBUU
0o0oux Tmoiymapuii, HOpMaJIbHOW peun 0e3 3amuHOK OyJeT COOTBETCTBOBATH Ha PHC. 2a
OeJbIi TTPeIeTbHBIN ITUKIT «TOPMOKEHHE-BO30YKICHUE, TOMEUEHHBIN ¢ poi 1.

CooTBeTcTBYIOIIAasi MOJETH ISl OMKMCAHUS TPEThEH BETBH Ha pUC. 2b ObLIa TpeIokKeHa
aBTOPOM emie B paHHUX paborax [2, 3, 13, 14]. Dra monenp omuchiBaia V-pUTM Kak
pe3ynbTaT KOHKYPEHLMH JBYX PUTMHUYECKHX IPOIECCOB, OMUCHIBAEMBIX  JABYMS
B3aMMOCBS3aHHBIMU JIOTUCTUYECKUMH OToOpaskeHusiMu Tuma (1), HO ¢ pa3HBIMH, BOOOIIE
rOBOpSI, YNPaBJSIOIIMMH TapaMeTpaMH, OTBETCTBEHHBIMU 3a IPOLECC «BO3OYXKACHUS» U
«TopMokeHUs» GdoHaruu. KoMmmproTepHslid pacueT mokaszan [2, 3, 13], 4to acummeTpus
yKa3aHHBIX MPOIIECCOB BEAECT K BO3HUKHOBEHUIO TPEThEW BETBU, COTJIACYIOLIEHCS C TpeThei
BETBHIO Ha JKCIepuUMeHTanbHOM rpaduke 2b. Kak ™Mbl yke yKas3blBaiu, 3Ta TPEThsl BETBb,
MOJTyYeHHasi SKCIIEPUMEHTANIbHO, OMUCHIBACT MOBEAEHHE V-pUTMa B Ipolecce KOPPEKIUU
METOJIOM «PACIIEBHOI peUu.

TakuM 00pa3oM, MBI TONYYHJIM KaK OSKCIEPUMEHTABHOE, TaK M TEOPETHUYECKOE
CBUJCTENLCTBO B IOJIb3Y HaJIW4YMsl AaCHUMMETPUM B3aMMOJCHCTBHS, CKOpee BCero,
MEXIOTYIIAPHOTO B3aWMOJACUCTBUA, B Tpolecce (OpMUPOBaHUS V-pUTMA «PaCIEBHOW»
peuu.

3AKJIIOYEHUE

Takum 06pazom, MBI BUAMM, YTO pa3BopaunBaHue ciieHapus Deirenbayma st V-puTMOB
peuu (cM. puc. 1a) kak mo ocu abCIUCC, TO €CTh MO JUHUH BO3PACTHOM (POHETUKH, CBA3AHHON
C YCJIOXXHEHHEM DPUTMHUYECKON CTPYKTYpbl, TAK U MO OCH OpJAMHAT, TO €CTh IO JIMHUHU
CHJIJIA00-TOHUYECKOTO B3aUMOJICHCTBUS, OOYCIIOBIEHO B3aWMOCBSI3aHHBIMH PELUIPOKHBIMU
npoleccaMy TUIA «TOPMOXKEHHE-BO30ykaeHue». Pasnuune nuib B TOM, YTO B BO3PACTHOM
acnekte (Mo ocu abcuucc) ATO TOPMOXKEHHE OOYCIOBICHO BCEH Hepapxueil HEeHpOHHBIX
CTPYKTYp, M peamusyeTcss Uil KaXIOro Yy4yacTKa CIeHapusi Haubojiee BBICOKHUM
IIPEACTABUTENIEM HWEPAPXUM HA JAHHOM CTaJuy pa3BUTUS [0 OTHOLIEHHUIO KO BCEM
IPEJICTaBUTENIIM UEPAPXUHU, PACIIONIOKEHHBIM HIke. Hampumep, nepBoe yciiokHEHHE puTMa
BO3HHMKAET B PE3YyJIbTAT€ TOPMOXKEHUS, OKA3bIBAEMOr0 CTPUATYMOM Ha MaJUIMJIApHBIC sJpa.
JanpHelmuil nepexon OT PEryJIipHbIX PUTMOB K HUPPETYJSIPHBIM PUTMaM, CBONCTBEHHBIM,
KaK Mbl TIOKa3ajii paHee B paborax [1-5], HOpManbHOUM pedYd, MPOUCXOIUT B PE3yjIbTaTe
TOPMO>KEHHUS CO CTOPOHBI KOPBHI Ha MOAKOPKOBBIE CTPYKTYPBI U CTBOJIOBBIE 00Opa30BaHMSL.

B3aumHoe ke BIMSHUE HEHUPOHHBIX CTPYKTYp MpH Ppa3BOpAauMBaHUM  CLIEHAPHS
OeiirenbaymMa BIOIb OCH OpPAMHAT OOECNEYMBACTCSA, MO BCEH BUIAMMOCTH, MEXaHU3MOM
B3aUMOJICUCTBUSL  MEXIY CTPYKTypamMHd OJHOTO  YPOBHS  HMEpapXuu. YKa3aHHbIC
B3aMMOJICHCTBUSI IPOSIBIISIIOTCS B cpepe IMOLMOHATBHBIX COCTOSIHUI TOBOPSIIIETO, HAIIPUMED,
Ha paHHUX CTaJAMUSIX BO3PACTHON (OHETUKU B BUE IMOSBICHHUS Ma)KOPHBIX WJIM MUHOPHBIX
TEMOPOB C BOSHHKHOBCHHEM TpHabl Ik0OCOHA OCHOBHBIX IIACHBIX 3BYKOB peun [a], [u], [Y]
[6]. B ciywae upperyispHbIX V-pUTMOB CHIUIA00-TOHHUYECKOTO THIIA, XAPAKTEPHBIX IS
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pa3BPITOﬁ peun, TaKUM MECXAHU3MOM B3aUMOJICUCTBUS ABJIACTCA, IIO Bceit BUIUMOCTH,

MEXaHHU3M MEXKIIONyIIapHbIX B3aUMOJIEHCTBUN. PaccMOTpeHHbIE HaMU 3KCIEPUMEHTAIbHbBIE

JaHHBIC W TMPCAJIOKCHHASA TPAKTOBKA O3THUX OAHHBIX OCTAaBJISIIOT HAC B Y6€)KI[€HI/H/I, qTOo

UCCIICIOBaHUE V-PUTMOB pEUYd SIBIISICTCS JOCTYNMHBIM M 3(PQPEKTHBHBIM HHCTPYMEHTOM

HCCIICOOBaHUA HCprO(I)I/ISI/IOJIOFH“ICCKI/IX MCXaHU3MOB pa6OTBI MO3ra Iipu HOpMaHBHOﬁ n

HapyIIEHHOH peyH.
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