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1] Introduction

It is generally accepted that activities of the higher nervous
system in vertebrates can be approached analytically from the
following aspects; cognitive, emotional, volitional and motor.
Even amphibians and reptiles possess their primitive stages of
the functions (Bruce and Neary, 1995; Cabance, 1999), and
mammals can exert higher levels of these expressions. Humans
understand language, art and music, because the development of
the brain has reached a level to recognize symbolic signals to
communicate in the society. In all vertebrates, sensory
1mpulses reach the central nervous system and are analyzed and
recognized in the cerebral cortex. Expression of emotion in
human is closely related to the Pavlovian second signal system,
which is qualitatively different from the first signal system, and
can be developed to express techné of creating music, art and

literature.

1] Beeneume

OO0IIenIpUHATO, YTO AKTUBHOCTDh EHTPAJIbHON HEPBHOM
CHCTEMBI y IIO3BOHOYHBIX MOJKET OBITh HCCJIeJOBAHA
AHAJUTAYECKY B CJIEAYIOIIAX ACIEKTAaX: II03HABATEJILHOM,
OMOITMOHAJIBHOM, BOJIEBOM U AsuraresbHoM. Jaske amdubrm
M PENTWInKA O00JIaJAl0T IPUMUTHBHBIMH CTAOUSAMH TAKHAX
dbysRImIH (CCBIIKN), a MJIEKOMUTAIOIIAE MOTYT IPUBOIUTH B
mericrBue 0ojiee BBICOKHE YPOBHH TaKHX IporeccoB. JIomgm
TOHUMAIOT S3bIK, UCKYCCTBO U MY3BIKY IIOTOMY, YTO PA3BUTHE
MO3ra JOCTUIJIO YPOBHS PACIO3HABAHUS CHUMBOJIHYECKUX
CUTHAJIOB JJIsT OOIIeHusT B oOIrecTBe. Y BCEX IMTO3BOHOYHBIX
CEHCOPHBIE WMILYJIbCHI JIOCTUTAIOT IIEHTPAJIBHOM HEPBHOM
CHCTEeMBI ¥ aHAJM3UPYIOTCA U PACIIO3HAIOTCSA B IlepedpaIbHOM
Kope. BrIpaskeHuwe SMOIHE y YeJOBEKA TECHO CBSI3AHO C
ITaBmoBCKOIT  BTOPOM CHUTHAJIBHOM  CHCTEMOM, KOTOpas
KaYeCTBeHHO OTJIMYAETCS OT MePBOM CUTHAJIBHOM CHCTEMBI U
MOJKeT OBITh pa3BUTA HACTOJIBKO, UTO CIIOCOOHA BBIPA3UTH

techne co3maHMsT My3bIKHM, UCKYCCTBA U JINTEPATYPEL.



Areas 39 and 40 (of Brodmann) in the human parietal lobe
are involved in the high order recognition including language.
Disturbance of these areas causes sensory aphasia, aplaxia and
agnosia. The parietal cortex is also involved in the spatial
recognition of concepts and harmony in art and music.
Formation of concept and harmony in the sensory recognition
leads people to the idea of putting elements together as a whole;

the “Gestalt’ formation.

ITosst 39 u 40 (mo Bpommamy) B BHCOUHOM foJIe  UeJI0BeKa
BOBJICKAKOTCA B PaCIIO3HABAHHE BBICOI'O YPOBHS{A, BEKJIIOYAA
si3pik. Hapyimenme 9Tmx 00JacTeil BBISBIBAET CEHCOPHYIO
adasmo, aplaxia? m arsosumo. Bucounasa kopa BoBIeraeTrcs
TAaKXKe B IIPOCTPAaHCTBEHHOE pPAaCIIO3HaBaHHE KOHH;el'IH,I/Iﬁ n
TapMOHUH B UCKycCTBe 1 My3bike. O0pasoBanme KOHIIEIIIUN 1
TrapMOHHM B CEHCOPHOM pPAaCIIOBHABAHWH IIPHUBOJUT JIIOIIeI;'I K
Hiee CJIOMKEHMS JJIEMEHTOB BMecTe Kak Ieimoe - Gestalt

dopmupoBaHUIO.



2 1] Listening to music and auditory

assoclation area

As the monkey visual cortex is subdivided into V1, V2, V3, V4,
TEO, TE, MT and MST, the auditory cortex is classified as the core
(further subdivided to AI, R and RT), the belt (CL, ML and AL)
and the parabelt (STGc, CPB, RPB STGr) regions (Romanski et
al.1999; Kaas and Hackett, 1999). Recent researches have shown
that there are various functional areas distributed in the visual
system, such as recognition of shapes, colors or movement of
objects(Fig.1, left). In the auditory system, it is also possible to
consider the system as composed of such functional subdivisions as
pure tones or harmony, high or low tones, forte or piano, as well as

pitch and melody(Fig. 1, right).

Auditory impulses are transmitted to the first auditory area (AI),
and further to the auditory association area, in part reaching
Wernicke’s area. The area that participates in music is closely

related to the cortical language area. Brain functions in

2. Bocnpustme My3BIKHM U CIIyXoBad

accomuaTuBHAA 30HA

Tak e Kak 3puTeJbHas Kopa y  00€3bsHBI
oapaszesisieTcs Ha

V1,V2,V3,V4TEO,TEMT wu  MST,
kaccudunmpyercs Ha aapo (mogpasmensiomeeca Ha ALR u
RT), mosic (CL,ML u AL) u napamnosc (STGe,CPB,RPB, STGr)

oomactu (ccpiikn). HemaBHO mcciemoBaTe I MOKA3AJIH, UTO

cJIyxoBasi ~ Kopa

MIMEIOTCS Pa3JIMYHBIC (DYHKIIMOHAIbHEIE 00JIACTH B IIpefeIax
3PUTEJLHOM CHCTEMBI, TAKHME KAaK PACIO3HABAHWE (POPMEL,
IIBeTa WM JBUKeHUS oobekToB (pmc.l, Jleroe).B ciyxoBoi
cucTeMe  TaKde  BO3MOMKHO BBIIEIATh  CHCTEMY
00pa30BaHHYI M3 TAKHX (PYHKIMOHAJIBHBIX IIOPA3HesIeHMIi
KAaK YMCTHIC TOHA WJIM TapMOHHAS, BBICOKUX WJIA HU3KHX TOHOB,
I'POMKHX HMJIM THXUX 3BYKOB, TAK:Ke KaK BEICOTA ToHA (3ByKa)

u menoaud. (puc.1, mpasoe).



responding to music may differ according to the development of the
brain, including emotional activities displayed in the limbic system
that contains the cingulate cortex , hippocampus, orbital cortex,

amygdala and nucleus accumbens.
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CiIyX0oBBIE MIMITYJIBCHI II€PEIAIOTCS K TIEPBOM CJIYXOBOM 30HE
(A1) wu nasee K CJIyXOBOM acCOIMATHBHOI 00JIACTH, YACTUIHO
JocThTamIMe 30HBI BepHuke. 30HA, KOTOpas TPUHHUMAET
ydacTue B My3bIKe TECHO CBSI3aHA C KOPKOBOM PeYeBOM 30HOMU.
Mogsrosbie (QyHKIIMM CBsI3aHHBIE C MY3BIKOM MOTYT
OTJIMYATHCA B COOTBETCTBUM C PA3BUTHEM MO3ra BKJIOYAS
9MOITMOHAIBHYIO aKTUBHOCTH ITPOSBJISIIOIILY FOCST B
JIUMOMYECKOM CHCTeMe, KOTOpas BKJIIOYAET B Ce0s IOSICHYIO
KOpy, THUINOKAMII, OpOMTAJIBHYI KOpPY, MHUHIAJIUHY WU

OpuiIesKaliee sapo.



38 ] Comparisons between auditory and

visual systems

Music is not simply composed of a disordered series of sounds.
In music, sounds are integrated and systematized, creating
melodies, tempo, tonality and rhythm. The core portion of the
auditory cortex receives simple sounds corresponding to the
frequency. Impulses are then transmitted from the core to the
belt, and further to the parabelt regons (Romanski et al., 1999).
The discriminative quality of the auditory cognition becomes higher
as they proceed. In the visual system, perception of dots and lines
develops to recognize things in nature and animals’ faces, as well

as colors and movement of objects.

In contrast to detailed studies in the visual system since
mid-1960s (Hubel and Wiesel, 1965, 1968), it was the beginning of
1970s when the first recording of multi-unit field potentials was
performed in the auditory cortex by Merzenich and Brugge (1973).
It was a further 10 years before the studies of the somatosensory
cortex performed by Mountcastle and coworkers (1952, 1957).

Polysensory neurons are located in areas surrounded by auditory,

3.CpaBHeHNe CIIyXOBOH M 3pPHUTEIHLHOM

CHUCTEeM

Mysbika He IIPOCTO COCTOUT M3 OECIIOPSAIOUHBIX CEPHIt

3BYKOB. B MY3BbIKEe 3BYKH HMHTEeTPHUPOBaHBI u
CHUCTEMAaTHU3UPOBAHEIL AJId CO3JaHuda MeJIoguu, TeMIia,
TOHAJILHOCTH U PUTMA. {gepHAas dYacTb CJIYXOBOHM  KOPBI
IOoJy4YaeT IIPOCThIE 3BYKHU COOTBETCTBYIOIEN  YUaCTOTHI.
WMmmysibebl 3aTeM IepemarTcsa M3 dapa K IIosAcy U Jajiee K
1999).

CJIyXOBOTO PAacCIO3HABAHUS

MapamosiCHBIM ~ 00JIacTIM (Romanski et.al.,
JluckpuMUHAHTHOE KAvecTBO
CTaHOBUTCdA BBIIIIE IIO Mepe 9TOH nmepegavyu HMITYJIBCOB. B
3pUTEJTHHOMN JITHUN

CHucreMe BOCIIpUATHEC TOYEK n

COBEPIIEHCTBYEeTCA JJIA PacIo3HABaHUSA 00BEKTOB B
mpupoae U (PU3UOHOMHIM  JKUBOTHBIX, TAKKE KaK I[BeTa U

IBU¥KEHNA 00BEKTOB.

B  mOpoTuBOmOSIOMKHOCTE — JETANBHBIM  HCCJICIOBAHUAM
3pUTEJILHOM CHCTEMBI HauyWHasdg Cc cepequHbl 1960-x TOmMOB

(Hubel and Wiesel, 1965, 1968), Toapko B Hauame 1970-x



visual and somatosensory association areas. The evolutionary
development of the primitive language area (Wernicke) in this

region has not been fully explored (see Kawamura, 1973, 1977).

The visual and auditory systems overlap or adjoin in various
areas of the midbrain and hindbrain. For example, Snider and
Stowell (1944) obtained responses in the mid-vermal part of the
cerebellum after electric stimulation of the cerebral visual and
auditory areas of cats and monkeys. Axons of Purkinje cells in the
mid-vermal part of the cerebellum terminate in the caudal part of
the fastigial nucleus ( Kawamura et al., 1990), and further travel to
the tectum( Hirai et al., 1982). Thus, visuomotor and audiomotor
signals are transmitted to the tectal region. It is therefore possible
that the two sensory systems act in cooperation at brainstem levels
(Kawamura, 1984).

In the cerebral cortex also, visual and auditory impulses are
known to converge upon the cortical areas surrounding the middle
suprasylvian sulcus (MSS) in the cat (Kawamura, 1973) and the
superior temporal sulcus (STS) in the monkey (Jones and Powell,
1970). In these cortical areas neurons were reactive to multiple
sensations (Bruce et al, 1981). Furthermore, the monkey
prefrontal cortex receives topographically organized, broad

projections from the posterior association area including the STS

TOJIOB MOSBUJINCH IEPBHIE 3aIIMCH MYyJbTHUKJIECTOUYHEIX field
IOTEHIINAJIOB B CIYXOBOM KOpe, BBINOJIHEeHHBIe MepleHuxom
u Bproxrxke B 1973 romy (Merzenich and Brugge). 3a 10 et 1o
9TOro OBLIM BBEIIIOJHEHBI MCCJIEHOBAHUS COMATOCEHCOPHOM
ropel MaymTkaciaom c¢ corp. (1952,1957). IlommceHCOpHEIE
HEMpPOHBI  PACIOJIOMKEHBI B  ACCOLMATHBHEIX  00JIACTAX
OKPYIKAOIIMX CJIYXOBYIO, 3PUTEJIBLHYI M COMATOCEHCOPHYIO
KOpYy. OBOJIOIIMOHHOE pAa3BUTHE IIPHUMHUTHBHON  PeYEBOH
obnactn (BepHmKe) B aTOil 00JIaCTH He OBLIO TINATEJHHO

ncciremosano (em. Kawamura, 1973,1977).

3puTeaLbHEIE W CIYXOBEIE CHCTEMBEI IIePeKpBIBAIOTCS WK
COCEJICTBYIOT B PA3JIMYHBLIX 00JIACTAX CPETHEr0 U 3aHero
mosra. Cumgep u Crosen (1944), mHampuMmep, IOy

OTBETHI B mid-vermal dYacTm  MO3KeEUKa  IIOCJIe
QJIEKTPUYECKON CTUMYJIAIIUU 3PUTEJBHOM U  CJIYXOBOU
KOPKOBBIX 00JIacTeil y KOLIKM M 00e3bAHBbI. AKCOHBI KJIETOK
IIyprunabe B mid-vermal yactu Mo3:keuKa 3aKaHIUBAIOTCSA B
RayJaIbHOM uacth fastigial agpa (Kawamura, 1990) u nasee
cienyer k TekranbHoil oosactu (Hirai et al., 1982). Taxkum
00pa3oM, 3pHUTEJIHHO-MOTOPHEIE M CIIyXOMOTOPHBIE CHIHAJIBI

ImepeganTcd K TEeKTAJILHOM 00JIACTH. HOSTOMy BO3MOM¥HO, YTO



region (Kawamura and Naito, 1984; Fig. 2). Neurons in areas IBE CEHCOPHBIE CHCTEMBI OJeWCTBYIOT KOOIEPATUBHO HA
surrounding the posterior part of the principal sulcus respond to crBoJtoBEIX yporHaAX (Kawamura, 1984).

spatiovisual attentive signals, which are surrounded by areas

responsive to the auditory attention signals (Azuma and Suzuki, B mepeGpanpHO# Kope Takske, KaK HM3BECTHO, 3PHUTEJLHBIE U
1984; Suzuki, 1985). CJIyXOBBIE HMITYJIBCHI KOHBEPTHPYIOT B KOPKOBBIX 00JIaCTSX
OKPYsKAIOIINX CPEeIHIO CyIpacHIbBHeBylo ooposxy (MSS) vy
romrkn (Kawamura, 1973) ¥ BepXHIOI BHCOYHYIO OODO3IY
(STS) y obesparsr  (Jones and Powell, 1970). HeitpoHEl B oTHX
KOPKOBBIX 00JIAaCTAX OTBEYAIOT Ha MHOrme (IIOJHMOIAJIBHEIE)
pasIpasKuTe N (Bruce et.al., 1981). Bouiee TOrO,
npedpPOHTAILHAA KOpa y 00e3bAHBI IMOJIyYAEeT TOIIOrpadrIecKn
OpPraHN30BAHHEIE OOIIIMPHEIE IPOEKITUN oT 3aTHen
accormaTHUBHOI obsact, BrIouas STS o6maacts (Kawamura
and Naito, 1984; puc.2). B o61acTax okpy:RaloIIX 3aHIO0 YacTh
IIPUHITATIAIEHON OOpPO3IBI  COMEPsKATCA HEHMPOHBI OTBEUAIOIIIE
Ha IIPOCTPAHCTBEHHO-3pUTEJIbHLIE attentive cUrHasBI, a BOKPYT
pacmoJiaramTcsa KOPKOBBIE 30HEl ¢ HEMPOHAMHU OTBEUAIOIIMMHU HA
ciyxoBbIe attention curaamsr (Azuma and Suzuki, 1984; Suzuki,
1985).

Kawamuwa & Naito, 1984

Fig.2



The anterior part (TE region) of the inferior temporal gyrus is
reciprocally connected with the amygdala and the ventral
striatum ; nucleus accumbens and olfactory tubercle (Saleem et al.,
2000). Visual stimuli advance from area 37 -TEO—TE. TG
field (the most rostral part of area 22) belongs to the auditory
association area, and also connected with the amygdala, likely
therefore to be relevant to the emotional expression. TG and TE,
both belonging to the temporal association area, are strongly
connected with the orbitofrontal cortex (OF) by means of reciprocal
association fibers called the uncinate fasciculus. These regions
(TG, TE, OF) have again reciprocal connections with the
amygdaloid nuclei (Kawamura and Norita, 1980; Fig. 3). It may
be mentioned here that recognition can form the inputs for

emotional behavior.

Some aspects of the auditory and visual mechanisms on the
cortical level should be discussed here. By what mechanism in the
auditory cortex are separate phonemes united to make the
sequence of sounds create melody and harmony and compose a
musical piece? By what mechanism in the visual system do
spatially disrupted lines make continuous lines and disparate

visual objects create a wunified piece of art? Only the

[lepenasaa uacts (TE — o0sacts) HEKHEHI BHCOYHOL

H3BUJITHBI PELTUIIPOKHO CBA3aHa C MHH,E[&JIHHOﬁ n

BEHTPAJIbHBIM CTpHuAaTyMOM, IIpHUJIEKATITIIM AITPOM n
oboHATeTbHEIM OyropkoM (Saleem et al, 2000). 3puTeapHEIE
crumysel caenyior ot mosss 37 ¥ TEO mw x TE. TG moste
(mambostee pocTpaspHAs YacTh IO 22) IPHHAIJIENKUT
CJIIyXOBOI ACCOIIMATHBHON 00JIACTM M TaKKe CBSI3aHO
MUHIQJIMHOM,  BEPOATHO  II0dTOMY  OTHOCAIIEHCI K
amormonabHOM akcpeccun. TG u TE o6e mpunammexarme K
BHCOYHOM aCCOIMATUBHON 00JIACTH WMEIOT BBIPAKEHHEIE
cBsa3u ¢ opburodponTtampHoii kopoit  (OF) mocpemcrBom

PELIMIPOKHEIX  ACCOIMATHUBHBIX  CBsI3€l,  HA3LIBAEMBIX
kpouroBUAHEIM nydkoMm. Otm obaactu (TG,TE,OF) mmeror
peLMIIpoKHEIe cBA3KM ¢ anpamu MuHgaaueel (Kawamura,
Norita,1980; pmc.3). 3mech MOKHO OTMETHTH, UTO IIPH
dopmupoBaThCs

pacitodHaBaHUU MOTyT BXOJbI JJIA

OMOIIMMOHAJILHOTI'O ITIOBEJICHIA.

HexroTopsie aciekThl CIIYXOBBIX M 3PUTEJILHBIX MEXaHH3MOB
HA KOPKOBOM YPOBHE cJjeayer obcyauTh 3aech. Karum
MEeXaHM3MOM B CJIYXOBOH Kope pasmesdiTca (oHeMBI
obpasymwIie  II0C/Ieq0BATEIHHOCTD

3BYKOB, CO3JAI0IILYIO

MEJIOOUK W TapMOHHIO MW KOMIIOHYIOIIYIO MY3bIKAaJIbHOE



combination/union of tones (phonemes) or dots is insufficient to
produce music or painting. It is absolutely necessary to integrate
these tones or lines up to the level of pieces of music and art. It is
thought that neuronal activities in the auditory association cortex
modify, reconstruct and reorganize such qualities (tempo, tone,

pitch, chord, consonance, etc.).

Afferents to Amygdala
(Kawamura & Norita, 1980)

Fig.3
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npousBenenre? Kaxum MexaHM3MOM B 3PUTEILHOM CHCTEME
M3 TIPOCTPAHCTBEHHO PA3IeJIeHHBIX JIMHAH 00pasymTcsa
HeIpepbIBHBIE JIMHUY, U JUCIIapaTHBIE 3PUTEJIbHbIE 00bEKTH
IPEeBPAIAIOTCSI B IIeJIbHEIE XyI0MKeCTBeHHEBIe IPON3BEICHMS !
Tonbko koMOMHAIIMN/ 00BenrHeHns ToOHOB (oHeM) MK ToueK
HEIOCTATOYHO JJIA CO3TaHWSA MY3BIKM WJIM KHBOIIMCH.
AGCOTIOTHO HeOOXOAMMO 00BeIUHNATH (MHTETpHUpOBaTh) ITH
TOHA WJIX TOYKHA JO YPOBHSA  MY3BIKAJBHBIX  HJINA
XyOOsKEeCTBeHHBIX mpomaBemenwmii. IlpemcraBisercss, uTo
HelpoHAJbHAA aKTUBHOCTh B CJIyXOBOM aCCOIIMATHUBHON KOpe
MOIUUIIMPYET, PEKOHCTPYHUPYET U PeopraHu3yeT TaKue
KadJecTBa Kak (Tem, TOH, BBICOTA, AKKOPII,

CO3ByUMe KOHCOHAHC) U T.II.



4] Activity of the frontal lobe in musical

performance

The functions of the frontal lobe are the active expression of
bodily and mental movements as well as planning and
performing the order of actions. Cognitive information
conveyed from the posterior association cortex reaches the
prefrontal cortex from the parietal and temporal Ilobes.
Creative expression in musical performance and in drawing

pictures is connected with nervous activities in the prefrontal

11

4] Pomr GpPOHTANBHOH KOPEL B

MY3BIKQJIBHOM TBOpP4YECTBE

OyHKIUU (QPOHTAIBLHOM KOPHI IIPOSBJAIOTCI B AKTUBHOM
yIOpaBJIeHUU COMATUYECKHIMH W MEHTAJIBHBIMH IIpoIleccaMu,
TAaKUMHU KaK IIJIAaHUPOBAHUE U IIOCTPOEHME IIPOTpPaMMBbl JeHCTBUH.
B mpedponTanmpHyo Kopy uepes 3aJHIOI0 ACCOITMATUBHYIO 30HY
mepegaeTcs KOTHUTUBHAST WHQOPMAITUS OT BUCOYHOM M TeMEHHOM

kopbel. HefipoHHas akTHBHOCTH IpedpPOHTATIBLHON 30HBI SBIISETCS

OCHOBOHM Kak AJId MY3BIKQJIBHOI'O, TaK MW JJId XYyJOKECTBEHHOI'O



cortex. How man can recognize the harmonious order of sound
and vision in the active movement? It is to be noted, however,
that there are no direct projections from the posterior association

area to the primary motor cortex (area 4).

As has been demonstrated for the visual system (Goodale and
Milner, 1992), the auditory system also has the dorsal and ventral
pathways from the posterior association area to the prefrontal
cortex (Romanski et al.1999). As for the visual system, impulses
from area 17 divide into two routes; the dorsal one to the parietal
lobe (areas 5 and 7), and the ventral one to the temporal lobe (TEO,
TE, and to TG). Goodale and Milner (1992) advocated that the
dorsal route concerns the visual space cognition, and the ventral

route the object recognition, such as circles, triangles and facial

expressions which has closely related to the emotional function.

There are also projections from the posterior association area to
the prefrontal cortex ; O from area 5 to dorsal premotor area
adjoining dorsally to the, @ from PG (7a proper) to the dorsal
prefrontal area (area 46), and @ from TE (the inferotemporal area,
IT) to the ventral prefrontal area (area 12). Moreover, from AIP in
the intraparietal sulcus fibers go to the ventral premotor area.

Each projection system has its functional feature, showing that the

12

TBOPYECTBA. y,ZLI/IBI/ITeJIBHO, KaK 4YeJIOBEKY YyJaeTcCd IIpeBpaIiaTb

TapMOHHIO 3BYKOB N XYIOXECTBEHHBIX 06pa303 B TaApMOHHIO

nerakeHnii? Ocobo caeayeT OTMETHTD, UYTO IIPSMBIX CBI3€M MEKIy

mpedPOHTATBLHOH B MOTOPHOI Kopoil  (30Ha 4)He cymeCT-
Rewrite ?

Kax 651710 Iokasano, B 3putesnbHoit (Goodale and Milner, 1992) u
CJIYXOBOM CHCTEMeE CYIIECTBYIOT JBa IIyTH Irepeaadyn WHQPOPMAIIUU
OT 3aJHed AacCOIMATUBHON 30HBI B IIPeQPPOHTAJIBHYI KOpPY:
mop3anbHEIT u BeHTpanbHENH (Romanski et al.1999). Taxk, B
SPHTGHBHOﬁ cucremMe HWMIIYJbCHasA AaKTHUBHOCTH K3 30HEBI 17
mpegaerca B ABYX HAIPABJICHUIX: JOP3aILHOM — K TeMEHHOM Kope
(oA 5 1 7) u BenTpaabHOM — K Brcounoil kope (TEO, TE, and to
TG). Goodale

OyTh CBA3aH

and Milner (1992) yTBep:xmaioT, 4TO JOp3aJILHEIH
C BOCIPHUSTHEM 3PUTEJFHOTO IIPOCTPAHCTBA, a
BEHTPAJBHBIA IIyTh C pPAaclo3HABAHHMEM CaMHUX OOBEKTOB:
OKPYIKHOCTEH, TPEeyroJbHUKOB M, Ja’ke, BBIPAKEHUM JIUIA, UTO

OY€eHb TeCHO CBA3aHO C SMOITMOHAJIbHBIMU PEeaKIIUAMM.

CyIecTByeT ele HeCKOJILKO IIyTel OT 3aHell acCOI[MaTHBHON
30HBI K IIped)pOHTAILHON KOpe!

(D u3 obmactu 5 mo arcuate sulcus B 10p3asIbHOH IPEeMOTOPHOI
obJs1acTu;

@ or PG ((7a proper) k cnmHHOH IpedpPOHTATHHON 00JIACTH



dorsal pathway goes to the premotor region, while the ventral to the

non-motor region.

Impulses through the two routes need to be

integrated before they proceed to a behavioral response (Fig. 4).

Fig.4

medial

Anterior
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(soma 46), u

@ or IT r BeHTpaIBHOI IpedpPOHTAIBLHOM 061acTy (30Ha 12).

Kpome Toro, Bosokua mayrt or AIP in the intraparietal sulcus &
BEHTPAJIBHOM IIpeMOoTOpHOM obsactu. Kammasa mpoeximmroHHas
crcTeMA WMeEeT CBOM (PYyHKIIMOHAJBHBIE OCOOEHHOCTH, KOTOPBIE
MHPOSIBJISIIOTCS IIPEYKJIe BCEro B TOM, YTO JOP3aJIbHbIe IIyTH CBSI3aHBI
¢ IPEeMOTOPHOM 00JIacThI0, a BeHTpasbHble HeT. COOTBETCTBEHHO,
mepen  (poOpMHUpPOBAHHEM IIOBEIEHUYECKOM pPEeaKIMIM, CHUTHAJIBI
BEHTPAJIBHOIO M JOP3AJIHLHOIO IIyTH JOJKHBI OBITH MHTETPUPOBAHEI

B enmHEI curHas (puc. 4).



In the “dorsal pathway”, neurons in the parietal and frontal areas
respond with similar characteristics (Bushara et al., 1999).
Therefore, spatial information can be used for the programming of
action. Conversion of spatial images from the visuo-auditory map

to the movement map may be encoded by using this route.

The “vental pathway” includes the uncinate fasciculus that
conveys visuo-auditory information to the prefrontal cortex (area
There that the

information conveyed through this route is less concerned with

10) from the temporal lobe. is evidence
motion than with the emotion arising from a comparison with the
spatial information of "Gestalt'. The primate brain has developed
this pathway to activate neurons in area 10, before audio-visual

information is transformed to motor system.

Thus, it 1s known that the visual information proceeds to the
prefrontal cortex via the parietal and temporal lobes (Ungerleider
and Mushkin, 1982). In the parietal lobe, it is concerned with the
information of the optic and acoustic positioning in the space;
“where” . In the temporal lobe, on the other hand, it is concerned

with “what” of the visual and auditory objects. In the visual
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Heiiponsr TemeHHOM ™ JIOOHONM 30H MO3ra, OTHOCAIIMECT K
IOP3aJIbHOMY IIYyTH, IIPOSIBJIAIOT OYEHb CXOJHYI AKTHBHOCTH
(Bushara 1999),

HHQOPMAIIMSI OT TEMEHHOM 30HBI MOYKET OBITH HMCIIOJIB30BAHA IIJIs

et al, CJIeOBATEJIFHO IIPOCTPAHCTBEHHAS
HPOTPaMMHUPOBAHHSA IeHCTBUI B JIOOHOM 30HE. B03MOHO, UTO
WMEHHO 3TOT IIyTh O0ecIeYmBaeT IMepeaady MPOCTPAHCTBEHHOTO
obpasa u3 ayauo-BU3yaJIbHOM KAPTHL B KapTy JIBUKEHUM.
"BeurpasibHbIN TyTh" BKJIKYAET KPIOYKOBUIHBINA ITIYYOK, IIO
KOTOPOMY OT BHCOYHOH KOpPEI B mIpedpoHTanbHyl (30HaA 10)
mepegaercss ayauo-BU3yasibHas mHpopManusd. KcTb JaHHBIE, YTO
oTa wHQOPMAIIU CBS3aHA HE CTOJBKO C IBUKEHUSIMHU, CKOJIBKO C
SOMOITMSIMY, BO3HUKAIOIIUMU TPU CPABHEHUU C IPOCTPAHCTBEHHOH
uHdopMaIme remraabTa. B Mo03re mpWMAaToOB MOYyTh Mepemayu
CUTHAJIA, aKTUBHUPYIOIEero 30y 10, cdopMupoBaH TakuM 00pas3oMm,
4TOOBI mpeobpasoBaHue

oIepeskaThb ayauo-BU3yaJIbHON

uH(OPMAIIUY B MOTOPHOI CHCTEME.

Taxum o0pasoM, H3BECTHO, YTO 3pUTEIbHAS WHQPOPMAIIUI
TOCTYTIAeT B MPePOHTATIBHYI0 KOPY Yepe3 TeMEeHHYIO U BUCOUYHYIO
obmactu (Ungerleider m Mushkin, 1982). TemenHasa Kopa CBA3aHAa ¢
uHopMaIel 0  IPOCTBEHHBIX

KOOparmHAaTax HNCTOYHHEKAQ

3PUTEJIPHBIX WJIM 3BYKOBHIX CHUTHaJIOB: Tme? Bwucoumass kopa



system, complicated forms are recognized as a combination of
simple forms (point, lines, triangles etc.) in addition to colors and
movements with emotional reactions. Similarly in the auditory
system, compound sounds can be recognized as a union of pure
(simple) sounds that further develops into melody, harmony and
discordant/dissonant. Rhythm and pitch of sounds are also

concerned with the brainstem and cerebellum (see below in 7]).

In order to be processed for the purposive behavior, whether optic
(e.g., sculpture) or acoustic (e.g., music), it is necessary for the
information produced in the posterior association cortex to be
remolded in the prefrontal cortex. The prefrontal cortex in this
context plays a role of “converter” and add the coming information

its connotational meaning before activating the motor system.

According to Sakagami and coworkers (1999, 2001), about half of
the neurons examined in the ventrolateral part of the prefrontal
cortex show short latency changes (about 100 msec) in firing
activities to visual stimuli. However, they do not respond to the
primary physical stimuli, such as color or form, but do respond to

the visual stimuli reflecting to what action they should indicate.
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CBSI3aHA C UAEHTUMUKAINEH 3PUTEJIFHOT0 NI 3BYKOBOTO 00BEKTA:
uto? B 3puTesbHOM crcTeMe CII0MKHBIE 00BEKTHI PACIIO3HAOTCA KAK
KOMILJIEKC IIPOCTHIX O0BeKTOB (TouKa, JIMHMA, a3UMyT U T.IL.) C
I[BETOM, IBUIKEHUEM, OMOITMOHAIBHBIMU PEAKIIUAMU. AHAJIOTHYHO,
B CJIYXOBOM CHCTEME CJIOKHBIN 3BYK MOIKET OBITH PACIIO3HAH Kak
KOMILJIEKC IIPOCTBIX 3BYKOB, KOTOPBIE BIIOCJIEACTBUU CJIMBAIOTCA B
MeJIOAW0, TAPMOHUIO WMJIM JUCCOHAHC. B pacrosHaBaHuu TaKUX
CBOMCTB, KaK PUTM U I'POMKOCTD, IIPUHUMAIOT yIaCTHe MO3KEUOK U
CTBOJIOBEIE CTPYKTYpHI Moara (cMm. Huske B 7]).

CO3JaHUA HOBOTO

(crysmbITYpa) WM

Jns

3ByKoBOro (My3bIka) 0OBEKTa HeOOXOAMMO, UTOOBI HH(OPMAITHSI,

3PUTEIJIEHOTO

BO3HUKIIIAd B  3aJHeld  acCoIlMaTHUBHOMN Kope  ObLIa
«BOCCTAHOBJIEHA» B IIPepPOHTAJIBHOM Kope. B aroM KoOHTeKcTe
mpedpoHTATBHAS KOpPa BBIIOJIHSIET He TOJBKO POJIb KOHBEPTOpa, HO
¥ JTOTIOJTHSIET TTOCTYIIAMIILY0 WHGPOPMAIIUIO OIIEHKOM 3HAYNMOCTH U

TOJIBKO IIOCJI€ 3TOTI0 I1epeaaeT B MOTOPHYIO CHCTEMY.

ITo mammemm Sakagami c coasTopamm (1999, 2001) mosoBMHA
3aperecTpUPOBAHHBEIX UM HEHMPOHOB BEHTPAJIATEPAJILHON 00J1acTHi
HpedPOHTAIILHON KOpPBI B OTBET HA IIPEeIbABJIEHHE 3PHTEILHOIO
CTHMyJIa TIPOABJIAIOT KOPOTKoJaTeHTHyI0 (100 MC) MMITyJIBCHYIO

AKTHBHOCTbD. OJIHaKO, ITHU HeﬁpOHBI He OTBeYaloT Ha IIPUMUTHUBHEIC



Such

(connotational meaning in behavior), based on the inputs of the

visual information possesses behavioral significance
ventral pathway (Sakagami and Tsutsui, 1999). Unlike spatial
information, there is no necessity that the visual information, such
as color and form, should be specifically connected with muscle

movement.

Neuronal activities were recorded in the prefrontal cortex in
monkeys trained to judge how to behave ; to perform (i.e., go) or not
to perform (i.e.,no-go), after having been shown a combined set of
different colors (red or green) and shapes (round: O or cross: + ),
which signify particular actions to perform in certain conditions
(Sakagami and Niki, 1994; Sakagami et al., 1999). When the task
requires that monkeys focus on color, form is disregarded, and
perform go when the color is shown green and no-go when it is red.
In another situation, in contrast, when animals are concentrating
on the form, they perform go reaction by being shown O, and
perform no-go reaction by +. Neurons in the ventrolateral part of
the prefrontal cortex, coding “behavioral connotational meaning”,
respond when monkeys look at red O. Responses to the same
stimuli thus vary according to the changes of their focusing

attention. This signifies an important view that neurons in this
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dusnueckne crumysel, Takme kKak ¢opma wmau 1Ber. OHu
pearupyoT TOJIBKO HA T€ 3PUTEJIbHBIE CTUMYJIBI KOTOPBIE SIBJIAIOTCS
4acTeio pediekca M CBSA3AHBI ¢ KOHKPETHBIM melicTBueM. Taxas
3puTesbHAsA wuHpoOpPMAIWd, 00JamAoIIasd 3HAYMMOCTBIO  IJIS
HOBEJIEHMNsI, IIOCTYIAeT Ha BXOI B IIPEQPOHTAIBHYI 30HY IO
BernTpasbHOMY ImyTu(Sakagami and Tsutsui, 1999). B ormmuame ot
IPOCTPAHCTBEHHOM wWHQpOpMAIMK, HHQOPMAIUA O IIBeTe WJIN
dopme He mMeeT GOJILIIOrO 3HAYEHU [IJISI OPTAHU3AIINN IBUKEHNN
M, COOTBETCTBEHHO, CHELHAJN3UPOBAHHBIE IIyTH JIA IIepemgadun
TaKkoM HH@OPMAIIUN B MOTOPHYIO CHCTEMY OTCYTCTBYIOT.

O 3suaveHum obstacTu

HEWPOHOB  BeHTpaJaTepaIbHOU

mpedpOHTATBHON KOPHI O pedJIeKTOPHBIX peaknuii Ha
3PUTEJIbHBIM CUTHAJI KPACHOPEYWBO CBUAETEJIbCTBYIOT IaHHEIE,
OpU perucTpanuu HeWpPOHHOU

IIOJIyY€eHHBbIe AKTHUBHOCTH B

KOHTEKCTe  Ju(PdepeHITupOBOYHOr0  YCJOBHOTO  peduierca.
HcnonbsoBasack Kaacuueckas IapagurMa go-no go mo OTHOIIEHUTO
K 3PHUTEJILHBIM CTHMYJIAaM PAa3HOro ItBeTa (KpacHEIH, 3eJIeHBIH) H
pasHoii Qopmer (kpysxor, kpect) (Sakagami and Niki, 1994;
Sakagami et al., 1999).B onmHo#l cumTyamum o00e3bdH 00ydam
IBUATATHLCS HA 3€JICHBIN IIBET M 0CTABATHLCA HA MeCTe Ha KpacHLIi. B
OPYro# CUTyallMy, BHUMAaHHe O00e3bdH IIPUBJICKAIN K dopMe

CTUMYyJia U O6y‘{aJII/I ABUTATBCA, €CJIN IIPEeABbABIIAJICA KPYXKOK, U



part of the prefrontal cortex form such a network as to establish the

rule by which the relationship of the stimuli-reaction is controlled.

Baddeley (1986) proposed a theory of working memory as a
cognitive function related to the frontal lobe. Working memory in
the musical performance is worthy of attention. It is the system
which enables the information from the posterior association area
to be maintained and carried out in parallel ways. In the
beginning, keyboard players use fingers intentionally one by one as
they look at musical notes, and after the training (learning
mechanism by the cerebellum), their fingers move in patterns.
How does the brain work when the player produces melodious tones
in the musical performance? While playing music, information is
constantly accessed from the storehouse of the memory. This is
maintained in the brain for a short time and converted into active
movement. Simultaneously, harmonious series of tones are looked
for from the pool of the long-term memory in a parallel fashion.
The activities of the prefrontal cortex are deeply concerned with
working memory (Goldman-Rakic, 1992). Examined using PET
MEG

Encephalography) in man, however, extensive cortical areas other

(Positron ~ Emission  Tomography) and (Magnetic

than the prefrontal cortex are identified as being activated during
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ocTaBaThCA HA MeCTe, eCJH IIPembsiyaiici Kpecr. HeipoHsr

BeHTpaJIaTepaJIbHOMN obJractu pedPOHTAIEHOMN KOpHI,
KOIUPYIOIHe 3HAYMMBIE JJIS TOBENEeHUS IPU3HAKH, OTBEYAJIU
MAaKCHUMAaJIbHOM AaKTUBHOCTBIO HA MOPEeIbSIBIEHHE KPACHOTO
Kpy:kourka. Taxmm 00pa3oM OTKJIMK HA TOT Ke Pa3apasKuTesb
MEHSIeTCA B 3aBHCHMOCTH OT HATIPABJIEHWS BHUMAHUA. OTOT (PAKT
TMOATBEPIKIAET BAYKHOCTH ITPEAIIOJIOKEHUST O TOM, YTO YacCTh
HEHPOHOB HPedpPOHTAIHLHON KOPHI POPMHUPYET HEHPOHHYI CEeTh,
3aKPEIUISIONIYI0 IIPABHUJIA, COTJIACHO KOTOPBIM KOHTPOJUPYETCS
CBSI3h MEKIy MPHU3HAKAMU 3PUTEJBHOTO0 CTHUMYyJia W MOTOPHOM
peaxiuei.

Baddeley (1986) mpemosxmi Teopmio pabodeii maMaTH, Kak
KOTHUTHUBHON (PYHKITMH, CBA3AHHOM C JIOOHOM moseit kopbl. Posb
pabodeii TaMATA B MY3bIKAJIBHOM TBOPUYECTBE 3ACIY;KHUBAET 0coboe
BHUMAaHWe. JTO CHCTeMa, OJiaromapsi KOTOPOH COXpaHSeTCs U
peanusyercs MO MapasIebbIM MyTAM  HHQOpMAIUsa U3 3aHeH
accormaTuBHOMN obJsiactu Kopbl. CHaYasIa, THAHUCT KOHTPOJIUPYET
TIOJIOKEHME KAaKI0TO IaJblla HA KJIABMATYpPE II0 HOTaM, HO II0CJIe
TpeHHpOBKH (MeXaHM3M OOyJeHHS CBS3aH C MO3KEUKOM) €ro
MAJBITBI BOCIIPOM3BOIAT IIEJIBIM maTTepH IapmkeHuii. Kak ke
paboTaeT M0O3r MY3BIKAHTA B IIPOIIECCE WCIIOJIHEHUS CJIOKHOTO

MY3BIKQJILHOTO MPOM3BeaeHusA? Bo BpeMsa HIphl HEIPephIBHO



the process of working memory. The human brain, having the
capability to conceptualize in the language system, can treat a
variety of information in systematic ways which is very different
from other animals. Classically, three cortical language-related
areas are known in the cerebral cortex; they are in the sensory area
(Wernicke), the motor area (Broca), and also in the supplementary
motor area. Recently, by using rCBF (regional cerebral blood flow)
and fMRI (functional magnetic resonance imaging) techniques, it is
shown that neurons in many parts of the neocortex are activating.
In human, it is possible to obtain a high degree of emotional
response as a result of the development of language areas in the
brain.

Sensory information integrated and modified in the frontal
cortex can be used in active behaviors, ranging from muscle
movements to mental activities. A flow chart formulates as:
sensory area — posterior association area — prefrontal cortex —
(see Figs. 4 and 5). The
include the supplementary motor,

Area 4

high-order motor area — area 4
higher-order motor areas
pre-supplementary, premotor and cingulate motor areas.
that receives final stages of motor inputs at the cortical level

Initiates voluntary movement by activating the pyramidal system.
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CUMTHIBAETCS MHQPOPMAIIAA W3 IIaMATH. 34 KOPOTKOE BpeMsl OHa
mpeoOpasyercss MO3roM B akTuBHOoe aBmkenme. OOHOBpeMeHHO
3aIMCh CJIEOYIOIIEeN II0CTeI0BATEILHOCTA TapMOHWYHBIX 3BYKOB
AKTUBUPYETCA B JOJCOBPEMEHHOM MAMATH ¥ [IAPaJIJIEHO
mepegaercss B pabouyio maMaTh. Pabouast maMaTh TECHO CBS3aHa C
(Goldman-Rakic, 1992).

OxHako, B HCCIeNOBAHUAX pabodvell MaMATH C HCIOJIb30BAHMEM

HefpoHaMu IpPedpPOHTATIBHON KOPBI

IIOT (mosuTporHO-aMuccroEHad ToMorpadusa) u MOI' (MarEuTHEIH

sHIIedasrorpadmm) BBISIBJIEHA AKTHUBHOCTD He TOJIBKO

mpedpPOHTATBHON KOPBI, HO W APYTUX OOITUPHBIX 00JIacTeil Moara.
Mosr desmoBeKa B OTJIMYME OT MO3Ta JKUBOTHBIX CITOCOOEH
peobpas3oBEIBATH HHPOPMAIIUIO B PA3JIUYHEIE SI3BIKOBBIE CHCTEMBI.
OOBIYHO BBIIEJIAIOT TPU CBA3AHHBIE C SI3BIKOM 30HBI: CEHCOpPHAS
sona (Bepmmke), wmoropuas 3oma (Bpoka), a Takme
IOTIoTHUTeIbHAasA MoTopHas 3oHa. CoBcem HemaBHO, Osaromaps
ncnonb3oBarmio MeTonoB rCBF (regional cerebral blood flow) m
fMRI

YCTaHOBJIECHO,

(functional magnetic resonance imaging), OBLIO
YTO MOTYyT AaKTHUBHPOBATBCA W MHOT'HEe JpyTrue
YVJIACTKH HEOKOpTeKca. Bojlee TOro, y delloOBeKa B pPe3yJIbTATE
0COOEHHOTO PA3BUTHA A3BIKOBHIX obJacTeill Moara, Habiomaerca

BBICOKU YPOBE€HDb OMOITNOHAJIBHBIX peaKL[PIﬁ, CBA3aHHBIX C PEYbIO.

CencopHasti mH(pOpMAIUS WHTETPUPYETCS B JIOOHOM KOpe H



Connections involving motor areas (Tanjl, 1599)

Fig.5

Marked progress is made in the primate frontal lobe, given
impetus from environment in the working and playing community.
The cingulate motor cortex on the medial surface of the hemisphere
has been shown recently in monkeys to be related to will or
"volition" (Shima and Tanji, 1998). Neurons in the cingulate area
showed specific responses when the subjects devised a resolution

after changes of situation, and rewards are given. The anterior

cingulate area is reciprocally connected with the prefrontal cortex.
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mocyie  mpeo0pas3oBaHWUSA  HCIOJL3yeTcsa  JJIA  OpPraHu3aIldn
pasaIudHBIX (POPM IIOBEIEHHS: OT ITPOCTHIX MBIIIEYHBIX IBUKEHIN
0 WHTE/JIEKTYaJIbHOM [1eATEeJbHOCTA. JTOT IIPOIIECC MOYKHO
mpeacraBuTh B (popMe OJIOK-CXEMBI: CEHCOPHBIE 30HBI — 3aTHIS
aCCOI[MaTHBHASA 30HA — IPe(PPOHTIbHASA 30HA — BBICIIIIE MOTOPHBIE
30HEI — 30HA 4 (pmc.4 m 5). Bricime MOTOPHEIE 30HBI BKJIIOYUAIOT
CYILJIEMEHTAPHYI0 MOTOPHYIO, IIPECYIJIEMEHTAPHYI0, ITPEMOTOPHYIO
W IUHTYJIAPHYI0 MOTOPHYI0 30HBIL. 30HA 4, KOTOpas SBJISIETCS
prHATBHBEIM MOTOPHBIM MOJIYJIEM, AKTHUBHPYET HHPAMHIAILHYIO

CHuCTeMy, KOTOopad obecrieunBaeTr IIPOM3BOJIbBHEIC IBUIKCHIA.

3HAYUTESLHBIM IIPOTPECC B PAa3BUTHUU JIOOHOM KOPHI AT
IpUMaTaM UMILYJIBC JJIs 00pa30BAHUS COOOIIECTB U KOJJIEKTUBHOMN
AKTHUBHOCTH, OCBOOOKIAIOIIEN OT JABJIEHHUS OKPY’KAIIIEH CpeJIbl.
Huurysisprass MoTopHAas Kopa, Kak OBLIO IOKA3aHO HEeIaBHO Ha
00e3bsiHAX, TECHO CBS3aHA CO CIIOCOOHOCTBIO K IIPOSIBJIEHHIO «
BOJIN» y W TIPOM3BOJLHEIM moBemenueM (Shima and Tanji, 1998).
HefipoHBI ITUHTYJIAPHON KOpPHI AKTUBHBI, KOIVIA CYOBEKT
IIPUHUMAET pellleHre B M3MEHUBIIEHCS CUTYAI[UY WJIN II0JIyJaeT
marpany. l[lepenHsisi IMHTYJISpHAs KOpa HMeeT PeIUIIPOKTHHIE

CBSI3U C IIpedppoHTAIbHOM Kopoii. Kpome Toro, xak muuHryaspHas



In addition, A10 dopaminergic fibers terminate densely both in the

cingulate gyrus and prefrontal cortex.

In cats, the origin of the corticostriate projection is confined to
the motor areas (areas 4 and 6 ) in the frontal lobe. In monkeys,
however, the origin of the projection extends areas in the frontal
lobe, and also to areas in the parietal, temporal and occipital lobes,
and the anterior part of the cingulate gyrus (already demonstrated
in 1970-'80s). Summing up the findings of the corticostriate
projection in monkeys obtained by several researchers,

1) fibers from areas in and around the principal sulcus
terminate in the caudate nucleus,

2) fibers from areas dorsal to the principal sulcus (area 6 and
prefrontal cortex) and the orbitofrontal cortex end in both the
caudate and putamen, and

3) fibers from the primary motor and somatosensory areas end
almost exclusively in the putamen. In addition, fibers from the
parietal lobe (to the caudate and putamen) and temporal lobe
(mostly to the caudate) contribute to the corticostriate projection.
Thus, the cerebral cortical areas other than the motor area also give
off fibers to the striatum, the organization of which becomes
extensive and complex as animals ascend the phylogenic tree. In

humans, it is considered that the entire neocortex participates in
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M3BMJIMHA, TakK U NOpedpoHTAIIbHASA Kopa 00oraro CHAOMEHE

TEePMUHAJIAMH J0PaMUHIPTHIECCKUX BOJIOKOH.

Y KOIIeK MCXOOHBIM HAYAJIO0 KOPTHKOCTPUATHEBIX IIPOEKITHI
HAXOOUTCA B JIOOHOHM M MOTOpHOH Kope (3omHa 4,6). V o0e3ban
WCXOOHAS 30HA JJIS IIPOEKIINIH 3HAYNTEJIHLHO IMUpe: K MOTOPHOM 1
JIOOHOM H00AaBJIAIOTCS TEMEHHAs, BHCOYHAdA, 3aThLIOYHASI HU
HmepefqHAA IUHTYJIApHas Kopa (IIpomeMOHCTPHpPOBAHO B paboTax
1970-80-x romoB). OTHOCHTETHFHO KOPTUKOCTPHATHBIX IPOEKIINH y
00e3bIH MHOTOYMCJICHHEBIE MCCIEHOBATENIM CXOOATCSI BO MHEHWH,
4To-

1. BosokHa u3 principal sulcus sakaHUYMBAIOTCSI B XBOCTATOM
anpes

2. BosiokHA u3 area 6, prefrontal cortex and the orbitofrontal
cortex 3aKaHYMBAIOTCA KAaK B XBOCTATOM fAApe, TAK U B putamen;

3. BOJIOKHA U3 IIEPBUYHBIX MOTOPHBIX M CE€HCOMOTOPHBIX 30H
3aKHUMBAIOTCA MCKJIIOUYUTE]FHO B putamen (ckopiayma mim
orpasa).

Kpome Toro, o0HapyKeHbI IPOEKITHN:

- OT TEMEHHOM KOPEI B XBOCTATOE AAPO U OT'PALY;

- OT BUCOYHOM KOPEI B OCHOBHOM B XBOCTATOE SIIPO;

Taxum 06pa30M, IIPOEKIINM H3 HEOKOPTEeKCa B CTpHaTyM

PacCIIimpAnTCA N YCIOKHAKTCA II0 Mepe IIPOABHUKEHHUA II0



the striatal projection, that plays important roles in the active and

cooperative movements.

Alexander et al. (1986) proposed the circuitry system composed of
the basal ganglia — thalamus — cerebral cortex in implying
significant meaning of the brain functions. The circuitry of this
organization is closed and can be arranged to form three parallel
channels morphologically and functionally (Hikosaka et al., 1999).
Namely, 1) the motor system, 2) the association system and 3) the
limbic system. Immunohistochemically, the striatum is organized

into core and shell. The former is connected mainly with the

motor system, and the latter with the limbic system.

Movement is not supported only by the pyramidal system.
The mechanism by which the movement is harmonized,
controlled and integrated is present throughout the animal
kingdoms. With the assistance of the extrapyramidal system,
animals can perform purposive actions. The cerebellum, basal
ganglia or striatum, and brainstem reticular formation are known

to belong this phylogenetically old system.
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dmtoremermueckomy apeBy. Cuwmraercs, YTO y YeEJIOBEKA BECh

HEOKOpPTEKC nMeeT TIIPOEKITUN Ha CTpHUATYM. Ot
KOPTHUKOCTPHMATHBIE IIPOCKIIMK HI'PAIOT BamHeﬁmon POJIL B
OpPraHMN3aAIINH CJIOJKHBIX COI'JIACOBAHHBIX ,ELBI/IQRBHI/Ifl.

Anercammep c coaBropamm (1986) TIpeIIONOXMIN, UTO
cucreMa 0OasayibHBIE TAHIVIMM - TajJaMyC — KOpa OOJIBIITHX
MOJIyITapuii WTPaloT KJIOYEBYI0 POJIb B paboTe Mmosra. Jra
crcTEeMa SIBJIAETCSA 3aKPBITOM W MOKET OBIThH OpraHM30BaHAa W3
TpexX COTrJIaCOBAHHBIX MOPQOQYHKIIMOHAIBHBIX IoAcucTeM: 1.
MOTOpPHAs CHCTEMA; 2. accolmaTUBHAsI CcHUCTeMa, 3.
mumbndeckas cucrema (Hikosaka et al, 1999). Meromamu
VMMYHOTHCTOXUMUH IOKA3aHO, YTO CTPUATYM COCTOUT U3 SAapa U
obosouru. fdapo cBsI3aHO, B OCHOBHOM, C MOTOPHOM CHCTEMOM, a

000JI0YKa — C JIMMOMYECKOM.

Oprauusanus. IOQIePKUBAIOTCA He TOJBKO IITHPaMUIAIBHON
crucreMori MexaHM3MBI KOOPIAUHAIIMM, KOHTPOJIA W COTJIACOBAHMS
IOBUIKEHUIN CyIIeCTBYIOT BO BCEeM JKHMBOTHOM Mmupe. biaromaps
SKCTpanmpamMugaIbHOMN cucTeMme SKUBOTHBIE TIOJIy4aioT
BO3MOKHOCTh K peaju3anuy IleJieHAIIPpaBJIEHHBIX JTeHCTBUM.
Moaskeuor, 0asajbHBIE TAHTJIMN KA CTPHATYM, PETHUKYJISPHAS

(bOpMaLH/IH , KAK H3BE€CTHO, BO3HUKJIIM 3HAYUTEJILHO pPAaHbIIE B



Cerebral
cortex

Premotor

Suppl. Mot. Ass. Cx

Motor

Neostriatum Limbic

| Cerebellum

Fig.6

The prefrontal cortex that contains Broca’s area and the
posterior association area that contains Wernicke’s area are
interconnected with association fibers. The ventral parts of the
frontal lobe and the temporal pole are also interconnected, both of
Thus,

integration of recognition (Jogos) and emotion (pathos) occurs in the

which have reciprocal connections with the amygdala.

prefrontal cortex, before being transmitted to the motor system in
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IIpoiecce (bI/IJIOI‘eHGSa n ABJIAIOTCA CTapbIMH MO3T'OBBIMHX

CTPYKTYpPaMH.

IIpedponranbHas Kopa, BRIOYAKIIAS 30HY Dpoka m 3amHss
accoIMaTUBHAS KOpa, BRJIIOUAIOIIasa 30Hy BepHuke, B3aMOCBI3aHbI
Osraromaps AacCOIMATHBHBIM BOJIOKHAM. BeHTpaspHas o00J1acTh
(bpoHTANBHOIA KOPHL M BHCOYHASA KOpPa TaKMKe B3AMMOCBI3AHBI
MeKIy CO00M M KaskIasi U3 HUX 00/1a7aeT PEeUIPOKHBIMHE CBI3IMU
¢ amwurgason.Takum o0pasoM, mmepen axKTHBAIMEH MOTOPHOMI
CHCTEMEI, IIPOMCXOMUT MHTETPALls Pe3yJIbTATOB PACIIO3HABAHISI
(logos) n amormit (pathos)s mpedpoHTATBHOM KOPE, B TOIBKO IIOTOM
IepesaeTcss B MOTOPHYI Kopy (supplementary motor area —
premotor area — primary motor area). KormmTmBHas cmcTeMa
TECHO B3aMOCBS3aHA C OMOIIMOHAJLHON cucTeMoi. Ilpoasienus
OMOIIAI 00YCJIOBIMBAIOTCSI CUTHAJAMH OT aMHUITAJLI M nucleus
accumbens, a IPOSBICHNWSA BOJH CBA3AHBI, IJIABHLIM 00pasoM, C
LUHTYIApHON Kopoi. CremyeT HOMHHTEL, YUTO BasKHEHIIee I
WCIIOJHECHNSA  MYy3BIKM  UyBCTBO  OajlaHca  00ECIICUHMBAETCS
mapajIeIbHON paboToOM BCEro MO3ra, BKJIIOUASA KOPY OOJIBIIMX
OOJIyIIapuii, CTpHUATyM, TajaMyc,

MO3KE€YOK MW CTBOJIOBEIE

cTpyKTypHI (prc.6).



the cortex (supplementary motor area— premotor area — primary
motor area). The cognition system is inter-related with the
emotional system. Emotional expression is maintained by inputs
mostly from the amygdala and the nucleus accumbens, and the
volitional expression chiefly from the cingulate gyrus. It must be
remembered that feelings of balance are important in the
expression of musical performance supported by the “parallel”
functions of the entire brain including the cerebral cortex, striatum,
thalamus, cerebellum and brainstem ( Fig. 6).

Activities occurring in the brain while playing musical

instruments (Figs.7 and 8).

I play violin and enjoy music &%

Fig.7

23

AxruBHoCTL MO3Ta B IIpoecce HUrpbel Ha MY3BIKAJBHBIX

nHCcTpyMeHTax (pme.7 u 8).

Musical performance

higher motor area —> M1 _’ brains(em,spmalcord—’ Muscle

streaming sequence

Musical cognition

premotor cortical area «=—Jp parietal association cortex €=

transform/ mapping

dorsal path
Pitch
Space imaging

of information Tone frequency
PFC (DL) > A
T ventral path
connotational sense Melody
7 Harmony
h
phrase image thalamus (MGB)

brainstem, spinal cord

PFC (VL) Htempora\ as50Ciation Cortex «m—

sensory organ

fusion of logos

and pathos limbic system

Fig.8



How can a series of sounds be recognized without hearing
sounds from outside? = When a musician perceives tones, looking
at a score without hearing real sounds, the auditory association
area and Wernicke’s area are known to be active, even though the
primary auditory area is silent. It may be that one does not
regard sounds as having frequencies in the nature, but recognize
them as visualized signals of ciphers, notes or letters, just like
reading sentences in the novel. The musical score is a collection of
sophisticated signals whose integration leads to a musical concept.
Musicians (composers or players) look at scores, and recognize
sounds in the "mind", depending upon their knowledge and
experience of musical recognition. Top-class players are able to
create a high quality of sounds in their brains, and they have such
an art as to skillfully adjust their mind in the musical performance
to produce correct sounds. In this case, they recognize the signals
of sounds as those of meaningful words. In such conditions, there
1s always the action of abstract recognition, i.e., conceptualization in

1ts basis.
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Kax

BHEIITHUX HWCTOYHUKOB 3BYKOBBIX CHATHAJIOB? Koraa MY3BIKQHT

paciio3dHaeTcda IIOCJIEJ0BATEJIBHOCTD 3BYKOB bes
BOCIIPHHMAET 3BYKOBEBIE O6pa3BI TOJIBKO YHUTadA HOThI B OTCYTCTBUI

peaJIbHBbIX 3BYKOB, Ha6JIIO,Z[aeTCH AKTHUBHOCTH B CJIyXOBOﬁ
aCCOI[MATHUBHOM 30HEe W B 30He BepHmEKe, IIpM 9TOM AKTHBHOCTH B
HEePBUYHBLIX CJIIyXOBBIX 30HAX HE 3aperucTpupoBaHa. BrosHe
BO3MOJKHO, YTO 3BYKOBOM 00pa3 He CBSI3aH C YACTOTHBIM CIIEKTPOM
dbusmgeckoro curaasa, a POpMUPYeETCs Ha OCHOBE PACIIO3HABAHUS
KOJA, COMEpIKaIerocsi B HOTAX, IOJOOHO TOMY, KAK BO3HHKAIOT
pas3HoobpasHbie 00pas3bl U3 CJIOB IIPU YTeHuu pomMaHoB. [laprurypa
IIpeJICTaBysIeT €000 HAOOP CJIOKHBIX CHIHAJIOB, COEPIKAIIIX
Heo0X0IMMYI0 HWH(OPMAIIAI0 IS AKTYaJU3allid MY3BIKAJIBLHOTO
KoHIenTa. My3elkaHT (MCIIOTHUTENb WJIM KOMIIO3UTOD), TS Ha
HApPTUTYPY, PEKOHCTPYHPYET 3BYKOBBIE 00pas3bl M3 IIAMATH Ha

OCHOBE CBOWX 3HAHWM ¥ ONBITA pPACIO3HABAHUSA MY3BIKMU.
WcmomauTein BBICIITETO KJIacca He TOJBKO CIIOCOOHBI CO3aBaTh B
yMe O4eHb TOYHBIE 3BYKOBBIE 00pas3bl, HO M 00J1aJaI0T UCKYCCTBOM
TOYHOrO0 IMpPEeBPAIlleHHsI ITHX BHYTPEHHMNX 00pa3oB B peasibHBIE
3BYKH, JIOCTYITHBIE BOCHPHUATHIO ciymiateseii. B arom ciydae oHu
pAacIio3HAIOT 3BYKOBHIE CHUTHAJIBI KAk 3HAYEHUSA CJIOB. Takum
obpas3oM peasm3yercss IPOIecC aOCTPAKTHOIO pPaCIiO3HaBAHUS, B

OCHOBE KOTOPOTI'O JIEKUT KOHIIEIITyaJar3alisd.



The morphological basis of the “backward propagation” from
the prefrontal cortex to the posterior association areas is important
in considering the relationship of musical performance and memory
association (Fig. 8). A large number of association fibers from the
prefrontal cortex end in the temporal pole (case A in Fig. 9), where
reciprocal connections are present with the amygdala and
hippocampus, and further from there to the posterior STS region
(case B in Fig. 9 upon which polysensory inputs converge and
which could be considered as a primitive or premature region for the
sensory linguistic area as viewed from an evolutionary stand-point
( Kawamura, 1973, 1977). The results indicate the background
that supports the function of recognition in the posterior association
area working at higher levels in collaboration with thought and
emotion. It is noteworthy that brain imaging data indicate
atrophy of the superior temporal gyrus, the anterior cingulate gyrus

and the prefrontal cortex in some schizophrenic patients (Shenton
et al., 2001).
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3HaHne MOPQOTIOTHUECKOM 0aasnr IIJIST «obpaTHOro
pacipocTpadeHus» HWHAPOPMAIMKA OT IPe@pPOHTAILHOM KOPHI B
3aIHIOI0 ACCOIMATUBHYIO KOPY OUeHb BAYKHO JIJISI IOHUMAHUA CBI3H
MEXKIy MYy3BIKAJILHBIM TBOPYECTBOM M ACCOIIMATHBHON IAMSITHIO
(puc.8).

TpedPOHTATHLHOH KOPHl OKAHYMBAIOTCA B BHCOYHOH mapmimHe (A,

Bosbimoe KommuecTBO  ACCOLMATHBHBIX  BOJIOKOH — OT
puc.9), KoTopasd o0JIagaeT PeITUIPOKHEIMI CBA3AMHU C aMHTIAJIOH,
runmokamriom u 3amauM  STS (B, pme.9). 3oma STS wnmeer
IOJIMCEHCOPHEIE BXOOBI M MOMKET pPacCMATPHUBATBCI, KaK
MEePBUYHBIN MOIYJIb IIPeI00pPAO0OTKM CHUTHAJIOB J[JIsT S3BIKOBOM
CEHCOPHOM 30HBI, YTO BIIOJIHE 00OCHOBAHO C dBOJIIOIIMOHHON TOYKH
sperna ( Kawamura, 1973, 1977). Hammu namHEIe yKA3EIBAIOT HA
TO, UTO IPOIECC PACIO3HABAHHUS B 3aJHEH ACCOLMATHUBHON 30HE
IPOHUCXOTAT C  YYETOM 3HAHUHA U

WHTETpaIuu 9MOITUH,

IIPOUSOIIIEIIIEeH HA BBICIINX YyPOBHAX o0paborku. Cremyer
HOTYEPKHYTh, UTO II0 JAHHBIM HEMPOMMUIKUHIA, TAKHE OTIEJILI
MO03Td, KaK BEPXHEBUCOUYHAA W3BUJIMHA, MEPEIHAS ITUHTYJISPHAS
M3BUJIMHA W IpedpoHTAILHAS KOpa aTPOQUPOBAHEL ¥ HEKOTOPEIX

0OJIBHBIX T30 PEHUEH.



5] Recognition by Gestalt

Psychologically, Gestalt is the ensemble of inputs recognized by
sensations, and the whole is conceptually bigger than the
summation of its parts. The brain science has clarified the
mechanism of recognition to a certain extent in the visual and

auditory systems, particularly in the former.

5] ®opmupoBaHue obpasa

C TOYkM 3peHust mcuxornoruu, obpas MOSABMSETCS Ha OCHOBE
pacno3HaBaHWsi MHOXECTBA CEHCOPHbIX CUrHamnoB, (POPMUPYHOLLMX
owyweHuns. KoHuenTyanbHo, o6pa3 He cBoAWUTCS K CymMMme
COCTaBNALLMX ero YacTeir. B Hayke o mo3re Gornblue BCEro U3y4eHbl

MexaHN3Mbl pacno3HaBaHUA B 3pVITeﬂbHOl7I n CﬂyXOBOI7I cuctemax. o
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The system of memory association has recently been studied by
Hasegawa et al. (1999) in a task based on remembering several
figures in pairs. They found that activities of neurons in the
monkey temporal lobe were increased when a counterpart of the
pairs was presented. It is the reflection of the brain function in the
visual cortex that is, under the influence of the prefrontal inputs to
in. the Gestalt

the temporal lobe. This may participate

composition of the figure recognition.

The same idea applies to the auditory system, where the Gestalt
mechanism of the tones/sound is concerned in music. Just as in
vision where discontinuous elements of figures perceived in the
cortex become united according to the degree of spatial proximity,
thus building up the outline of the phrasing also in hearing sounds,
which are closely related to each other in the course of time or tonal
rhythm. They are put together and flow continuously to form a
melody. A musical piece has a certain form of structure, so as to be
composed of several musical notes. Thus, a musical piece is

produced by constructing a pattern with. continuous reliance of

OObEMY M TOYHOCTWU 3HAHUM MNPUOPUTET NPUHAANEXKUT 3PUTENBLHON

cucrteme.

CeoricTBa cUCTEMbI accoUMaTUBHON NaMATK n3yyanmcb Hasegawa
(1999)

npeabsBneHHbIX undp. MNMpyn otaensHOM npegbsiBneHnn undgp Obino

et al. B 3ajadyax Ha 3anoMuMHaHMe OogHOM M3 napbl
0BHapyXeHO yBENUYeHNEe HEWPOHHOM aKTUBHOCTU B BMCOYHOW 30HE
Kopbl. QTOT (haKT CBUOETENbCTBYET O TOM, YTO (DYHKLMM 3pUTENBHOMN
KOpbl Haxo4ATCs Mo BAWSHUEM HUCXOOALWMX CBA3EW Mexay
npegpoHTanbHON U BUCOYHOM 30HaMu Kopbl. BnonHe BO3MOXHO, YTO
OBHapy>XeHHble  3aBMCUMOCTU  3HAYUMbI

ANt KOHCTPYMpOBaHUS

CcyOBLEKTMBHOIO obpasa npy pacno3HaBaHMM N300paXKEHUIA.

[MoXoXnin NpUMHUMN peann3oBaH M B CIyXOBOW CUCTEME, KOTopas
obecneunBaeT opmMMpoBaHMe My3blKanbHOro obpas3a Ha OCHOBe
YaCTOTHOrO aHanusa 3BYKOBbIX curHanoB. [Ond 3peHuss u cnyxa
HabniogaeTcs CxoOCTBO B MpoLecce CMHTEe3a uernocTHoro obpasa m3
oTaenbHbIX anemeHToB. [pyn opMMpoBaHMM €OUHOTO 3pPUTENLHOIO
obpasa OCHOBOW CMHTE3a SABMSIETCH NPOCTPAHCTBEHHAS U BpeMEeHHas
Onsa

(bOpMVIpOBaHVIH €AMHOro 3BYKOBOIO 06pa3a Tak Xe 3Ha4nMmo

6nm3ocTb  BO3OYXKAEHHbIX  Y4aCTKOB  3pUTENbHOW  KOpbl.

NPOCTpaHCTBEHHOE  pacnpeneneHnd Hel7IpOHHOl7I aKTUBHOCTW,

CBAI3aHHOE C BPEMEHHOM W PUTMUYECKON CTPYKTYpOW 3BYKOBbIX
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complex notes which are associated with natural sense of emotional
spirits. In the auditory cortex, neurons of similar characters are
likely to be found in groups. Based on the morphological basis,
(melody, tempo) and synthesis (chord, consonance) can be formed
from discontinuous elements of sounds as a consequence of
activities of correlated neurons that compose neural networks. A
collection of musical pieces are thus formed from the associative
imagination of notes, and a musical performance is conducted using

working memory (cf. Figs. 1, 4, 7).

Composition and performance of the music are not simply putting
sounds together, but require the sensory inputs to be recombined
and converted by means of certain rules or orders of the human
thought. The “conversion” means the transfer of the existence in
nature from the sound itself to the advanced quality. This is the
new existence signifying “the whole” that is more than summation
of its separated parts. As elements of sensory timuli ascend in the

hierarchic scale, “pathos’ as products of the limbic system and

curHanoB. PasHble HOTbI, 3ByYalle BMecTe B HenpepbiBHOM MOTOKe,
dopmupytoT Menoaumo. dPopma  My3blKanbHOW MbeCbl 3aBUCUT OT
COYeTaHWs My3blkanbHbIX HOT. Takum o6pa3oM, My3blkanbHoe
npou3BedeHne KOHCTPYMPYETCs M3 HEMpepbiBHOMO naTTepHa HOT,
KOTOpbIAi  acCoOLMUPYETCA C eCTEeCTBEHHbIMWU  3MOLUOHAMNbHBbIMU
owyieHuamu. MoxHO npegnonoXuTb, YTO B CNyXOBOW Kope MOryT
ObITb BblAeneHbl rpynnbl HEMPOHOB, CBA3aHHbIE C OMpeAeneHHbIMU
3MOLMOHanNbHbIMK OLyLlleHneMn. BpemeHHasi nocnegoBaTenbHOCTb
(menogusa, Temn) 3BYKOBbIX COYMETaHMM (akkopgd, KOHCOHAaHC) MOXET
ObITb NpeobpasoBaHa B KOPPENMPOBaHHYK akKTUBHOCTb MHOXECTBa
HEMpPOHOB, KOTOpble 0OpPa3yldT HEWPOHHYID CETb. Takmm obpasom,
KONMMeKumMs  My3blKamnbHbIX — Mbec

dopmumpyeTtca M3  HOT,

BOOOpakaeMblX Ha OCHOBE accouuauuii, W UCMOMHEHMS My3blku. B
3TOM npouecce yvacTByeT pabouast namaTtb. (cf. Figs. 1, 4, 7).

Cos3gaHne UM WCNOMHEHWEe My3blKM He CBOOUTCA K MPOCTOMY
00beanHEHNIO 3BYKOB. BakHO, 4TOObI 3BYKM ObiNIM CKOMMaHOBaHbLI U
KOHBEPTMPOBaHbl C Y4Y4ETOM MpaBuIiT U anropuTMOB MOCTPOEHUS
CyObeKTMBHbIX 00pasoB, MNPUCYLLMX YENOBEYECKOMY MbILLEHMIO.
"KoHBepTaumsa" o3Ha4vaeT nepeBo BCEro CyLLECTBYIOLErO B npupoae
13 cobCTBEHHO 3BYKOB B HOBOe 6Goree coBepLueHHOe KadyecTBO. OTO
HOBOE CyLLeCcTBOBaHMe Oonee MonHOLIEHHO U HEe CBOAUTCS K NMPOCTOM

CyMMaunn otaesribHbIX yacten. Mo mepe npeo6paaoBaH|/|;| 3f1IeMeHTOB
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“logos” as results of activities of the recognition system work

together and cooperatively deepen the contents.

6] Expression of emotion and the limbic

system

The amygdala participate in the evaluation of biological values
of pleasant or unpleasant feelings in the consolidation of episodic
memory (from short-term to long-term) by means of emotional
conditioning. Furthermore, it is well known that there are
Yakovlev’'s and Papez’s circuits which are concerned with emotion
and memory, respectively (Fig. 10), involving the amygdala,
temporal frontal lobes, cingulate gyrus and hippocampus. In the
cingulate gyrus, the amount of local blood flow increases in the
volitional action of monkeys in the experiment where they found a

new maneuver in order to obtain rewards (Shima and Tanji,

CEHCOPHbIX CUrHaroB B MHOFOypOBHEBOM cucteme, “pathos”, kak

NpoaykT  numbuyeckomn ‘logos”, kak

OeATenbHOCTU

CUCTEMbI, W” pesynberart

cUCTEeMbl  pacrnosHaBaHus, paboTalT  BMecCTe.

Koonepauua “pathos” n “logos”, unu, nHadve roBopsi, «4yBCTBa» U
«pasyma» CYLUECTBEHHO yrnyonsdeT coaepxaHue CyObeKTUBHbIX

00pasosB.

6] cDOpMHpOBaHPIe SMOU;I/Iﬂ nu
JII/IMGI/I‘IGCRaﬂ cucreMma
OMOITMOHAJIPHBIE  COCTOSTHUSI ~ OPMUPYIOTCA  OJraromaps

ydaCTuro aMurgaJioBl B OIeHEKe OMOJIOTHYECKON 3HAYMMOCTH
IIPUATHBIX W HEIIPUATHBIX OHIyuIeHI/IfI Ipx KOHCOJIMIAITWUN

SHTPAMM B JIM301MYecKoid maMaTH (0T KpaTKOBpeMeHHOH 0

JT0JITOBPEMeHHOTH). Bomee Toro, =XopoIiio wu3BeCTHO, YTO B
dopMupoBaHme OMOIMI M NAMATH BOBJIEUYEHHI CTPYKTYPHI,
obpagsytomme 1uKiIE xoBieBa u Ilefmmma(pme.10): ammrmana,

BHUCOYHO-(DPOHTAJBbHAS KOpa, I[UHTYJSpHAS HW3BWJIMHA U

TUIIOKAMII. B IMHTYJIAPHON M3BUIMHE 00€3bAH, KOTOPHIE IIJIS

IIOJIyYeHHud Harpaabl HaAXOOAT HOBBIE pPEIIeHUA WU peaiu3ylT
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1998).

€— Papezcircuit

‘0 4 \
< Yakovlev circuit v //
Temporal lobe / e
\ e
Fig.10

All sensory inputs, including the visceral, are involved in the
autonomic nervous system, the highest center of which is the
hypothalamus. As for autonomic regulation, there are neural
projections from the paraventricular nucleus (PVN) to the dorsal
nucleus of the vagus and solitary nucleus in the brainstem, as
well as humoral influence controlled by the endocrine system.
Autonomic nervous activities comprise breathing, circulation,
These have

close correlation with emotion, activated by the limbic system.

perspiration, digestion, appetite and sexual desires.
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HOBBIE IIPOrPAMMEBI IIPOM3BOJIBHBIX JIEHMCTBHIM, HaOJII0OgaeTcs

HIOBBIIIIEHNE JIOKAIBHOT0 KpoBoToka (Shima and Tanji, 1998).

Bce cencopHbIe BXOIBI, BKJIIOUAS BHCIIEPAJIbHBIE, CBSI3AHEI C
BereTaTUBHOM HEPBHOM CUCTEMOM, BBICHIMM IIEHTPOM KOTOPOM
SIBJIIETCSI ~ TUIoTaJiamMyc. B rumorasamyce  OOHAPY:KEHBI
HeWpOoHAJbHBIE IIPOEKIIMN OT NapaBEeHTPUKYJIAPHBIX Aep K

simpaM OJIysKIOAIOIIero HepBa ¥ OTJAEJBHBIM SIpaM CTBOJIA MO3TA.

Kpome Toro, Oisarogapss THUIOTAJIAMHYECKHM  IIPOEKIIHAM,
peasimayercs BJIUSHHE CEHCOPHBIX BXOJOB HA OHIOKPUHHYIO
CHCTeMy. BereratuBHass HepBHas cucTeMa 00€CIIEUHBAET
PeTyJAINI0  JBIXAHWSA, KPOBOOOpPAIEHWs,  IIOTOOT/IEJIeHMUSI,

MMUIIIeBAPEHUs, AIIIIeTUTA U CeKCyaJIbHbBIE JKeJIaHuA. DT PYyHKITAN
TECHO CBS3AaHBI C OMOIUSAMHU, (POPMHUPYEMBIMU B JIMMOWYECKOM
cucreme. lleHTpBI TI'ymMOpasIbHOM PEryJISAIMKA B THUIOTAJIaMyce,
ruropru3 M OHOOKPUHHBIE JKeJIe3bl HAXOIATCSA II0J BJINAHHEM
TUIIIIOKAMIIA W AMHUTIAJIBI. XOPOIIO M3BECTHO, YTO CEHCOPHEIE
CUTHAJIBI BKYCOBOTO U OOOHSITEJIBHOTO AHAJM3ATOPOB MOCTYIAIOT
HeIIOCPeICTBeHHO B HamboJee MpeBHUE (PUJIOTEHETUYECKH YaCTU
MO3ra — KOPKOBBIE © MeIuaJIbHBIe sSApa aMHuraajgbl |,
COOTBETCTBEHHO, OKA3BIBAIOT CYIIeCTBEHHOE BJIMSIHHUE HA IMOIIIU

1980).

BO3BpalraeTcdad B THUIIOTAJIaMyC 4Yepe3 TepMHHaJIn CTpuaTrtyMa Hu

(Norita & Kawamura, Nudopmarms or aMurmans



Hormonal regulation system covering the hypothalamus, BeHTpaJIbHEBIH IIyTh.
hypophysis and endocrine organs is under the influence of the
hippocampus and amygdala. Impulses of smell and taste are
known to pass into the cortical and medial nuclei (phylogenetcally
old parts) of the amygdala (Norita & Kawamura, 1980), which are
also associated with emotion. Information from the amygdala

can be transmitted to the hypothalamus via the stria terminalis

and ventral pathways.

“EOMAM MAL IA,l,

MAMM4
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o BIC Syste,)y 77

N
Z QEPTILI4y,

Diagrammatic representation of neuropathways from
the neocortex to the allocortex in monkey and cat
(Kawamura, 1977)

Fig.12

Fig.11

As a classic theory of emotional concept viewed from the BriepBeie 9BOIOIIMOHHBIE OCHOBBI SMOLIMN IIPEICTABJIEHBI
phylogenetic points, “a triune brain theory” has been proposed by MaxrJIuaom (1973) B «TpéxKoMIOHEHTHOH Teopu:m MoaTa». OH

MacLean (1973). He considered the hierarchy of the animal yTBep:&mas, dUTo MO3T KHBOTHEIX IIOCTPOEH KaK TpeXcoiHad
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brain as constructed by a three-layered system, consisting of the
primitive reptilian brain, the paleo-mammalian brain and the
neo-mammalian brain (Fig.11). The animal with the primitive
reptilian brain expresses the stereotypical behavior based on
primitive learning and memory. In reptiles and birds, the main
structure of the motor system is the basal ganglia, and the
cerebral cortex is underdeveloped. The behavioral reaction of
these animals is largely determined at the level of the limbic
system. The animal with the paleo-mammalian brain, first
developed in the primitive mammals, has the seat of emotion, by
which the stereotypic reactive actions are regulated and

controlled somewhat with flexibility.

Under these conditions, the limbic system plays important
roles in the expression of behavior directly related to the
"emotional process" (Bruce and Neary, 1995). In higher mammals,
the neocortex is involved in analyzing external environment.
The cerebral cortex, cerebellum and basal ganglia develop
markedly in the primates, and " cognitive process" are concerned
A high degree

of mutual connections between the neocortex and limbic

to a large extent with the expression of behaviors.

structures develops in higher animals (Fig.12), particularly in the

fiber-connections among the temporal association area, prefrontal
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cucreMa, CoCTodmad U3 IIPMMHUTHUBHOI'O MO3Tra peHTI/IJII/IfI, JApPEeBHETO

MO3ra MJIEKOIIMTAIOIIMMX M HOBOI'O MO3ra MJIEKOIIMTAIOIIIMNX

(pmc.11). HwmBoTHEIe, 0067a7aOIIEe MOSTOM IIPUMHTHBHBIX
PEeNTHINA CIOCOOHBI JIMIIL K CTEPEOTHUIIHOMY IIOBEEHMUIO,
OCHOBAHHOMY HA MIPHMHATHBHOM OOYyUYEHMH M IIAMSTH. hY

PENTHINN M ITUIL YIIPABJIAIOIIENH CTPYKTYPOH MOTOPHOMN CHUCTEMEI

SABJIAIOTCA 0Oas3ajIbHBIC Ta”Hrjiny, a Kopa TOJIOBHOI'0O MOJ3ra

Hemopa3BuTa.  Bemytyio dopmupoBaHME  Bcex

poibp B
II0OBEJEHYEeCKUX peaKL[I/Iﬁ 9THUX KHWBOTHBIX HI'paeT JII/IM6I/I‘IeCRaH
cucreMa. ¥ JKMBOTHBIX C JIpeBHEM KOpOH, Ipe:kae BCero y
IIPMUTHUBHBIX MJIEKOIIUTAIOIIIX,

IIPOABJIAECTCA HEKoTopasd

TMOKOCTEL B peryjdinnumn 1 KOHTpPOJIe HaJ CTEePEOTHUIIHOM

OTBETHBIMH PEaAKIIUAMM.

B orux yYCIOBHUAX JUMOMYecKass CHUCTeMa HMeeT BasKHeHIIee

3HaYeHHne [mJid opraHm3alu IIOBeIeHHnd, HEeIIOCPEeACTBEHHO

CBSI3AHHOTO C «3MOIMOHATIBHEIM mporieccom» (Bruce and Neary,
1995). V BBICIIMX KUBOTHBIX B AHAJIM3 BHENTHeH Cpes
BKJIIOUYAaeTCs HeokopTekc. Hopa rosoBHOTO M03ra, MO3MKEUOK U
0asayibHBIE TAHIVIMM Yy IIPUMAaTOB  XOPOIIO PA3BUTHI, U
«KOTHHUTUBHBIN IIPOIlecc», B 3HAUUTEJBbHOU CTelleHU, HaIpaBJeH
HA OpraHMW3aIuio II0BeJeHUA. TecHoe B3aMMOJEWUCTBHE MEXIY

HEOKOPTEKCOM M CTPYKTYPAMM JIMMOMYECKOM CHCTEMBI Y BBICIIIHX



area and amygdaloid nuclei. Emotional behaviors become much

more refined and complex qualitatively. Abstract ways of
thinking and emotional self-reflection can be achieved in the
human brain. Morphological basis of the dynamic functions is
illustrated in Fig. 13 (Kawamura, 2007b). The regulation of the
prefrontal area over the limbic system and the participation of the
"thinking process" to the "emotional state" becomes refined and
characteristic, as seen in music and art. Anatomically, direct
and indirect connections between the prefrontal cortex and the

hypothalamus and amygdala become stronger.
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SKMBOTHBIX 00ecIleurBaercss OOJIBIIMM KOJHUYECTBOM HEPBHBIX

BOJIOKOH, CBA3BIBAIOIIIIIX BHCOYHYIO aCCOTaTUBHYIO 30HY,

mpedpOHTAIEHYTO KOPY u anpa avurmamns(puc.12).
OMOIIMOHAJIPHOE IIOBEIEHHEe CTAHOBUTCA 00Jiee CIIOMKHBIM ¢
pasHooOpasueiM. Moar uesoBexa CIIOCOOEH O00eCIIeUMTh TaKue
BBICOKOOPTaHHU30BaHHBIE (byHRH;I/II/I, KaK a6CTpaRTH08 MBIIIIJICHIIE
u camooco3Hanme. Mopdosoruuyeckrne OCHOBBI JUHAMUYECKUX
IIPOIIECCOB B MO3T€ BEICIINX KHMBOTHHIX IIPEOCTAaBJICHBI HA pI/1013
(Kawamura, 2007b). Perymmpyiomas posb IIpedpoHTATLHOM
KOPBI II0 OTHOIICHHUI0 K JNMOMYECKOM CHCTeMe U OTPOMHOE
3HAUEHMEe MBIIUICHNA O3 (QOPMUPOBAHNASA SMOLOHAILHOIO
COCTOSIHHSI fAPKO IIPOABJIAIOTCA B Mya3bike u mnckycerBe. C
AHATOMHUYECKON TOUKH 3PEHNS 3aMETHO YCUJICHHE CBA3CH MEMIy

IpedPOHTATHHON KOPOH, TUIIOTAIAMYCOM U aMUTIAJIOH.

Heoxroprexc uesioBexa 60JIbIIe TI0 IIONIAIH 10 TOJIIIIUHE KOPHI
W TI0 KOJWYEeCTBY HEPBHBIX CBs3el, dyeM y o00e3bsH. (Ocoboro
BHUMAHUS 3aCJIYKABAIOT JAHHbIE MUKPOCKOIIMU O PA3HO0Opa3um
CTPYKTYp IHMpPaMHUOAJIBHBIX KJIETOK B HEOKOPTEKCe UesIOBeKa.

BJIaI‘OJ_'[apH Pa3BUTHUIO HEOKOpTEeKCca YyeJI0BeUeCKUM MO3T

obecrieurBaeT TaKHe CJIOMKHBIE d)YHRH,I/II/I, KaK CcOo3gaHue Hu

HUCIIOJIb30BaHUE opyIami Tpynaa, KOJLJIEKTUBHBIN TPYX,

KOMMYHUEKAITUIO C IIOMOIIIBIO peYX B pa3BUTHE A3BIKOB O6HleHI/IH.



Fig.13

The structure of the human neocortex is further advanced
than in the monkey in terms of its areal expansion, cortical width
and fiber connections. Microscopically, differentiation of
pyramidal neurons, development of neuronal -circuitry are
noteworthy. Use of tools in labors, co-working in the society,
communication with language, all these have enabled the human

brain to reach the highest levels of cortical development.

Comparisons of the corticocortical connections between cats
and the monkeys have been illustrated and discussed elsewhere
(Kawamura, 1977). A greater degree of differences certainly e e
exists between humans and monkeys than between cats and Cat, atferente
monkeys (Figs. 14, 15, 16). Regionalization and lamination in the
human cerebral cortex are also important factors for the basis of Fig.14

analytical mechanism of the higher order brain functions.
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Fig.15

Monkey, efferents
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B pa6ore K. Kapamypsr (1977) mpoBemeHO cpaBHeHHe
KOPTHKOKOPTUKAJILHBEIX CBS3EH y KOIIKM, 00€3bSHBI M YeJIOBEKA.
[Tokaszamo, 4YTO OTAMYME MO3ra dYeJOBEKa OT MO3Ta 00e3baH
3HAUUTEJBLHO OOJIBIIle, YeM OTJIMYKME MO3Tra O00e3bSHBI OT MO3Tra
rkomku (pme. 14, 15, 16). Bammeiime#f 0co6eHHOCTBIO
MOpPdOJIOTMYECKOM OPraHU3alliy HEOKOPTEKCA YeJIOBEKA SIBJISETCS
Goutee CJIOKHOE IIPOCTPAHCTBEHHOE CTPYKTYPHUPOBAHHKE!

pasgesieHre Ha 30HBI 1 CJIOH.

Fig.16
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7 ] Rhythm, tempo and harmony

Natural as well as bodily phenomena, the wind in the forest, the
sound of the river and the beating of the heart, all of these are
constantly changing and moving with fluctuation in frequencies
and strengths. Both awake and asleep, organisms are surrounded
by a variety of sounds and objects which are perceived and
recognized in the brain. The perception of sensory inputs and the
recognition of sensory information are always accompanied by
errors and fluctuations. Sensory analysers (Pavlovian term used
for the functions of the sensory cortex) in the brain adjust,
modulate or correct these fluctuating errors. These activities in
the sensory system are a reflection of the cognitive mechanism
inherent in the brain. Correcting errors in the course of forming
Gestalt between natural phenomena and "theoretical perfection”
occurs in the human auditory system (numerical ratio scale theory)
as well as in the visual system (ratio theory of distance) which can
be accomplished in the pursuit of harmony. A growing body of
evidence 1s accumulating that the cerebellum, midbrain and
brainstem are related with motions of the body (somatomotor
sensation), movement of sounds (audiomotor) and objects
(visuomotor), formation of rhythm and walking (Kawamura, 1984).

The initiation mechanism (generator) of the spontaneous walking

7] PurM, Temm u co3Byune (rapMoHH:)

KaK B IIpHpoOae, TAK WM B TeJie CYIIEeCTBYIOT pa3JIMYHBIE II0 YacToTe 1
MHTEeHCUBHOCTHN ROJIeGaHI/Iﬂ. BeTep B JIeCy, IIJIECKM BOJIH Ha PEKe UJIN
Ouenme cepiia — BCEé aT0 KoyebaTesbHBIe IIporiecckl. HesaBumcumo ot
TOr0, CIIMM MBI HJI 60,I[pCTByeM, MO3T' IIOCTOAHHO BOCIIPHMHHMAaeET N
PACIO3HAeT MHOMKECTBO K0Je0aTeIbHBIX CUTHAJIOB M3 OKPYIKAIOIei
cpeqsl M or camoro oprammama. CeHCOpHBIE aHAJHU3ATOPHI
(IaBJIOBCKOM TepMUH, HCIOJb3yeMbIH A 0003HAUeHUd (PyHKIIMH
CEHCOPHOM KOpBI) 00ecIedrBAlOT KOMIICHCAITHIO, MOJIYJIAIHIO KK
KOPPEKIINI OIIMMOOK, CBA3AHHBIX € (IYKTYAIIUSIMK CHUTHAJIA. JTO
CBOMCTBO CEHCOPHBIX aHAJU3ATOPOB ABJISETCS OJHUM U3 IIPOSIBJICHUN

Hua

cornacopanua (rapMoHMM) CyOBEeKTHBHEIX 00pasoB (Gestalt) moar

KOTHUTUBHOTO MEXaHH3Ma, IIPUCYIIEro BCeMYy  MO3TY.

criocobex HCIIPABJIATH OIINOKH y CBA3aHHLBIE C OTKJIOHEHHEM

€CTEeCTBEHHOI'0 CUTHAaJIA OT «TE€OPETHUYECKOI'0 ugeasjia». o CJIYXOBOT'O

aHaJmm3aTopa YeJIOBEKa XapaxKTepHO MaCHITa6I/IpOBaHI/Ie II0

HWHTEHCUBHOCTH, a JJdd 3PpHUTEeJIbHOIo - MaCHITa6I/IpOBaHI/Ie II0

paccrossamio. IlosiyueHBl MHOrOYMCIEHHBIE [JAHHBIE O TOM, YTO
dopMupoBaHME UyBCTBA PHUTMA H IOXOOKK 00ECIIEUYMBAETCS
MO33KEYKOM, CPeJTHUM MO3TOM, CTBOJIOM MO3ra, TO €CTh CTPYKTypaMu,
CBSIBAHHBIMU C BOCIIPUATHUEM IBWIKEHUS TeJa W CeHCOMOTOPHBIMU

peaxmuamu (Kawamura, 1984). Mexannam mauImanuy (reaeparop)
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has been studied by cutting at various levels of the brainstem in the
cat (Matsukawa et al., 1982). It has become clear that impulses
from the subthalamic nucleus (subthalamic locomotor region, SLR)
go to the cuneiform nucleus (locomotor inducing area) in the
midbrain, which can further activate the pattern generator in the

spinal cord to determine the tempo ; arsis and thesis.

Almost all sensory inputs impinge upon the cerebellum. Rhythm
may well be the concept of lapse of intervals; passage of time from
the start to end (including pause) in the movement of general

Hikosaka’s

group investigated mechanism of perception on the continuity

feeling as seen in steps of dance or flashes of light.

versus discontinuity of successive events, using fMRI occurring in
the human brain. The results of Sakai et al. (1999, 2000) suggest
that the posterior lobe of the cerebellar hemisphere is concerned
with the formation of rhythm in response to the randomly disrupted
sounds. Subjects listened to seven successive sounds with variable
intervals in between, and they are asked after 12 seconds to
reproduce the rhythm by tapping a button. Two types of rhythmic
patterns were found in the cerebellum while they concentrate on
remembering the sounds, maintaining them for a short time,
depending upon the difference of the rhythmic intervals. In the

case of metrical sounds (1:2:3 or 1:2:4), activity is located in the

CITOHTAHHOM XOALOBI M3yJyaJsiCs C TMOMOINBI0 Tepepe3Kr BOJIOKOH HAa
Pa3IMYHEIX yPOBHAX cTBosia Moara komkn (Matsukawa et al., 1982).
Craso sCHO, YTO TEeMII ABWIKEHUM M IIOJIOMKEHWE Tejia IPHU XOoIbbe
CBA3AHBI C CUTHAJIAMH OT cyOTaJaMudeckux spaep (cybramammdeckas
JIOKOMOTOpPHAA 00y1acTh, SLR) K KIMHOBUIHBIM SIPOM CpPeIHEro MO3ra
(7T0KOMOTOpHAS 00JIACTH CPEIHEr0 MO3ra), KOTOphIe, B CBOIO OdYepe/b,
3aIyCKAIOT MATTePH aKTUBAIIUY HA YPOBHE CIIMHHOIO MO3TA.

[Toutn Bce ceHcOpHBIE BXOABI BJMWAKT HA AKTUBHOCTH MO3MKEUKA.
Bmosie moskeT OBITH, YTO PUTM SIBJISIETCSI OCHOBOM JJIsT OTCUETa
BPEeMEHHBIX WHTEPBAJIOB: IIPOMEKYTKOB BPEeMEHHN MEKJY HAYAJIOM U
KOHIIOM (BKJIIoUad Iay3bl) JTIOOBIX CEHCOPHBIX M MOTOPHBIX COOBITHIH,
TaKWX KAk Iaru B TaHIe win wuranume ceera. | 'pymnna Hikosaka’s
ucciegopaia OMPU-koppessaTel  HENpPEepPBHOCTA W JUCKPETHOCTH

BOCIIPpUAATHUA II0CJIeJ0BaTEJIbHOCTH COGBITI/IfI. HORa3aHO, qgTo
AKTHUBHOCTh B SaﬂHef/'I JoJIe IIoJIymapud MO3KedKa CBd3aHa C
dopmupoBaHEeM pUTMA B OTBET HAa CIYyYaMHYIO I10CJIeJ0BATEIHHOCTh
1999, 2000).

3BYKOBBIX

3BykoB (Sakai et al, Kaxmomy wucobrryemomy

IIpeabpABJIdAJIaCb Cepud CUT'HAJIOB C

12

HN3MEeHAIOIIIEeMCA

MEKCTUMYJIbHBIM nHTEepBaJIOM. UIepes CeKyHII IIocJie

IIPOCJIYITMBAaHUA HCIIBITYyeMOMY Impeajarajii BOCIIPOM3BECTH
yCJIBIH.[aHHBIfI PUTM HaXaATHUAMHN Ha KHOIIKY. yCTaHOBJIeHO, quTo
AKTHUBHOCTBE MO3JKEYKaA IIPH BOCIIPOM3BEICHHNM pHUTMa 3aBHUCHUT OT

Pa3HUIIBI B COOTHOIIIEHHNHN MEKCTHMYJIBHBIX HMHTEPBAJIOB. BI)IJ:[eJIeHO
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anterior lobe of the cerebellum, while in non-metrical sounds (1: gBa THIA IATTEPHOB AKTHBAIIUU: IIPH IeJIOYMCIEHHBIX IIPOIOPIIHAX

2.5 1 3.5), activity is located in the hemisphere of the posterior lobe B MesmcTumynpHEIX wmHTepBasax (1:2:3 mmm 1:2:4) aKTHBHOCTB

(Figs. 17 and 18). The interpretation of this finding is not easy, Jokaim3oBaHa B IepeIHUX JOJIAX MO3KEUKA; TP HEIleJIOUNCIeHHBIX

but it is of interest that the cerebellum is primarily concerned with mpomopmmax (1: 2,5: 3,5) — B 3aguux (pumc. 17 u 18). Xora He mpocTo

the discrimination of variety of rhythms of sounds, the results of mare mHTemperaimio oToro ¢gaxra, BasKHO, UYTO MO3MKEUOK B IIEPBYIO

which are transferred to the cerebral cortex.

Cerebrum

Cerebellum
Thalamus Tectum — Ant.
.. Post.

A\/}rm| emisph
Striatum ’

\§pinal cord

Pons Olive

Fig.17

ouyepeap CBA3aH C aHAJIHM30M paaﬂoo6pa31/m PHUTMOB ¥ MOMKET

IIepenaBaTh 9Ty MHQPOPMAIIMIO B KOPY TOJIOBHOTO MO3TA.
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Tempo and rhythm can be regarded as being formed in performing
music in particular when several kinds of cognitive impulses
activate the motor system, which generates walking that can be
elaborated into the movement of dancing based on the flow of

neural activities from the cortical motor system to muscle.

”Visual memory” neurons in the caudate nucleus are strongly
modified by the reward schedule in the motor system (Kawagoe et
al., 1998). The pattern of activity of striatal neurons was recorded
in monkeys when they are moving the eyes to the moving point to
get rewards. This experiment examines how striatal neurons are

involved in the recognition of visual space linked with motivation.

The fibers

are related with the highly-motivated actions and evaluation of

Dopaminergic fibers terminate in the basal ganglia.
novel objects. The investigation indicated that the basal ganglia
are involved in the recognition of objects as meaningful in space,
and that the neurons are activated when animals behave with
intention to get rewards. A large number of dopaminergic neurons

in the midbrain have been shown to respond to both visual and

TeMn u pPUTM MOMKHO PACCMOTPETh, KAK pPe3yJabTAT IIPOIIECCOB,
BO3HHUKAIOIINX B MO3re IIPU HCIOJHEHWU MY3BIKH, KOTJa pas3HBIe
BUABl KOTHUTHUBHBIX UMIIYJIBCOB AKTUBUPYIOT MOTOPHYIO CHCTEMY,
KOTOpasi yYIpaBJIsieT MOXOAKoi. VMeHHO II0OXOmMKa MOMKET OBITh
mmpeobpa3oBaHa B TAHIEBAJIbHBIE JBUKEHNs, OCHOBAHHBIE HA TOTOKE
HENPOHHOM aKTUBHOCTHU OT MOTOPHOM KOPHI K MBIIIITAM.

VYcmenrsmocTh  MOTOPHBIX — PEAKITAIT  CYINECTBEHHO  BJIMWSET HA
AKTUBHOCTH «HEWPOHOB 3PUTEJBHON NaMATH» B XBOCTATOM fAOpe
(Kawagoe m gp.., 1998). B askcmepmMeHTax Ha 006e3bIHAX OBLIO
U3y4eHO, Kak A7pa CTpuaTyMa yJIacTBYIOT B 3pUTeJIBHOM BOCIPUATHH,
CBSI3AHHOM C MOTHBAIIMEN: BBIABJIEHA JJIEKTPUYECKAs aKTUBHOCTH B
cTpuaryMme 00e3bsHBI, KOTOpasi CJIeauJia TJa3aMh 3a JBUIKYIIeics
TOYKOU IJI IIOJIyIeHUI Harpaabl.

Jlobamurepruyeckoit  BOJIOKHA OKAHUYMBAIOTCI B  0a3aJIbHBIX
raumusax. [lo aTUM BOJIOKHAM TMepeaaeTcs CHUTHAJ O BBICOKOM
3HAYMMOCTH UM O HOBHU3He 00Bekra. VccioemoBaHusT MOKA3AU, YTO
0asaJyibHBIE TAHTJIMK YYACTBYIOT B BBIIEJIEHWH Hau0oIee 3HAUMMBIX
00BEKTOB B CEHCOPHOH CIleHe, a TaK K€ B PACIO3HABAHUU O0HEKTOB,
OTHOCUTEJILHO KOTOPHIX TpeJicKadaHa Harpana. Ha 3purenbHble U
3BYKOBBIE CTHMYJIBI, CBA3aHHBIE C OXUIAHUEM BO3HATPasKIeHUdd,

aKTUBUPYIOTCA OoJtpImIIE TIOITYJIAITHAS 0 aMHUHIPIUUECKIX

40



auditory reward-expecting stimuli. The reward process of emotion
is closely correlated with the learning of approaching behavior, and
avtivities responding to reward-expecting stimuli have also been
shown in the mesencephalic dopaminergic neurons (Schultz et al.,
1997; Schultz, 1998). Therefore, “auditory memory” neurons are
also very likely to exist in the nigrostriatal system, and it is
considered that rhythmical movement in the music is strongly
influenced by the emotional process. As the cerebral cortex
develops in higher mammals, the presentation of rhythm and
tempo gradually develops in various manners of movement, for
example dynamic and static, fast and slow, long and short, pure

and mixed, harmony and discordance in the expression of music.

HEHPOHOB cpegHero u mpome:ryTounoro moara (Schultz et al., 1997;
Schultz, 1998).

HEUPOHHBIX KOPPEJISITOB

BTy AKTHBHOCTh MOJKHO pacCMaTpHBAaTh B Ka4eCTBE

TECHOH CBSI3W MEKIY OMOIUSAMHU U

o0ydeHreM, BBISIBJIEHHOM B IIOBEJIEHYECKUX JKcrepmMenTax. Kpome
TOT'0, €CTh OCHOBAHUSA IIPEAIIoJIaraTh, YTo0 B HUTPOCTPUATHOH cucTeMe
CYIIECTBYIOT HEMPOHHI "CIyX0BOM TaMATH" U 9TO 00YCIOBIIUBAET CBSA3b
MEXKJIYy AIMOIIMSAMH M PUTMUYECKUMHU IBUKEHUAMHU II0JT MY3BIKY.

Biaromapsa pasBuTMiO KOPHI TOJIOBHOTO MO3ra y  BBICIIHX

MJIEKOIIUTAIONINX  YBEJITINBAETCS pasHoobpaaue MOTOPHBIX

0TOOpasKeHuWl pUTMA W TEMIIa MY3BIKH, ITOSIBJISAIOTCSA Pas3Hble POpMBI
IBUKEHUM, HANpPUMep, TUHAMUYECKHE U CTAaTHYECKUe, OBICTPhIe M
MeJJIeHHble, JJUHHBIE ¥ KOPOTKHUe,

IIPOCTHIE n CJIOJKHBIE,

rapMOHHUYHBIE 1 OECIIOPSIIOYHEIE.
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