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CPABHUTEJIbHBINA AHAJIN3 KOTHUTUBHBIX 3AJIAY B 33I/MPT
HNCCIIEJOBAHUSAX PABBUTUA MO3TA

AHHoTanus. B crarke MpoBOIUTCS CPaBHUTEIBbHBIN aHAIN3 AMOIMOHAIBHO-KOTHUTUBHBIX 3aj]iad IS
WCCIIEIOBaHUSl MHIMBUAYaJIbHOTO PA3BUTHS 3MOLMOHATBHO-KOTHUTUBHON PEryisinuu (QyHKIHMHA MO3Ta ¢
ucnonb3oBanueMm sHuedanorpapun (O317), a Takke CTPYKTypHOH MarHMUTHO-PE30HAHCHOW TOMOrpaduu
(MPT). Takoro pona ncciiefoBaHus TO3BOJIAIOT IOHATH BPEMEHHBIC H CTPYKTYPHBIE MEXaHU3MbI HOPMaJILHOTO
Pa3BUTHUS MO3ra C LENbIO MPOrHO3UPOBAHUS TPACKTOPHUN OHTOI€HETHYECKOIO Pa3BUTHS U CBOEBPEMEHHOIO
HPENYIIPEKICHUS BO3SMOXKHBIX OTKJIIOHEHUM OT HOPMBL. B IaHHOM cTaTbe NPOBEAECHO HAYYHO-TEOPETUIECKOE
000CHOBaHWE MPHMEHEHMS KOTHHUTHBHBIX 3ahad Ui TOCJIEAyIoUero wuccieaoBanus. OmnpeneneHbl
KOTHUTUBHBIE 33724l Ha HW3MEPEHHE SK3EKYTHBHOTO KOHTPOJIS, MPOIECCOB OOYyYEHHsI, PEaKTMBHOCTU M
MHTEHCUBHOCTH AMOIMOHAIBHON peaKkuy, peryasul 3MOLUI, CUTyaTUBHONW pEaKTUBHOCTH, a TaKXKe Ha
U3MepeHHe YMOLMOHATFHOTO KOH(IUKTA, KOTOPBI MOPOKIACTCS KOHKYPUPYIOLIIMMHU BapUaHTaMH OTBETa B
HEKOHTI'PY3HTHOM COCTOSTHUM B Pa3IMYHBIX BO3pacTHBIX rpymnnax. [Ipu nposenenun 21" uccrienoBanuii Ha
BBIOOPKE JIOIIKOJIILHOTO M MJIa/IIETO IKOJIBHOTO BO3PACTOB HEOOXOAMMO pa3padarhiBaTh TAKUE KOTHUTHBHBIC
3aJa4M, B KOTOPBIX BKJIIOYEHBI TOJIBKO IpaUueCcKue CTUMYJIbI, BBULy BO3PACTHBIX OTPaHMYCHUN B HaBBIKAX
YTEHUsI, CHOCOOHOCTSX PACHO3HABaHMS CIIOB C MOCICAYIOUIMM CIMYEHHUEM CMBICIIOBOTO KOHTEKCTa
cTUMyJpHOro Marepuania. llpumenenne B D3I uccienoBaHMM BajdWIW3HPOBAHHBIX B ONpPEAEIEHHBIX
BO3PACTHBIX TPYIMIax 3a7a4 MO3BOJUT aJanTHPOBATh B JalbHEHUIIIEM Ha MECTHOM MOIMYISALUH U pa3padoTarh
METOJIOJIOTHIO HCCIICIOBaHUSl JIsl BBIABICHUS HauOojee YYBCTBUTEIBHBIX MapKepOB 3MOLMOHAIBHO-
KOTHUTHBHOT'O Pa3BUTHSI.

KioueBble ciioBa: HelipoHayka, KOTHUTUBHbBIC (DYHKIIMH, MAarHUTHO-pe3oHaHCcHast Tomorpadus (MPT),
anekrposuiedanorpadpus (O900).

BBeI[eHI/Ie. C TFETCPOXPOHHBIM
I/IsyquHe BO3pPACTHBIX 3aKOHOMCEPHO crei 3aKOHOMCPHOCTBIO

pa3BUTUCM, OCHOBHOH
CHUCTEMOICHE3Aa, CO3pCBAHUC

CO3pEBaHUsl TOJOBHOTO MO3ra SIBISIETCS Ba)KHOU
MpoOJIeMON Kak ISl TEOPETHYECKOTO TOHUMAaHHS
(dhopmupoBanus (QYyHKIIUH MO3ra W ASMOIMOHAIBHO-
KOTHUTHBHBIX TPOIIECCOB B OHTOT€HE3e, TaK H
JUISL TIPAKTHYECKOTO O0ECIIEYeHHsT CBOSBPEMEHHOM
JTMarHOCTHKH pa3IMYHBIX HapyIIeHU’
AOMOIIMOHAILHO-KOTHUTUBHON cepsl y AeTed u
B3pPOCIBIX, YTO OCOOCHHO BAXKHO JUISI TTEPEXOIHBIX
BO3PaCTHBIX TIEPHOJIOB.

W3BecTHO, YTO pa3BUTHE pPUTMOB MO3Ta
B ¢uioreHese TMPOWCXOMUT II0 HAMPABICHUIO
YBEIMUYECHHSI JIOMHHUPYIOIIETO pPHUTMa MO3ra OT
HU3KOYaCTOTHOTO K 0o0Jiee BBICOKOUACTOTHOMY
[1,2]. OHTOr€HeTHYECKOE pa3BUTHE PUTMOB MO3ra
UMeeT Ty XKe TeHiaeHuuto. O3I uccrenoBaHus
JeTel TMOATBEPIKAAIOT, YTO TIO0 MEpe CO3PCBAHHS
CIEKTpajbHas  MOIIHOCTh  MENJICHHBIX  BOJIH
YMEHBIIIAETCS, a OBICTPBIX — YBEIHYUBACTCS
[3,4]. C mno3umuil MHOTHX HCCJIEIOBaTeleH,
yYalieHne Beaymero ambda-purMa  sSBISETCS
BaXHBIM  KpuTepueM  MOpP(OodyHKIIMOHAITEHOTO
co3peBaHusl Mosra nered [5,6,7]. B coorBercTBUM

MO3ra — 3TO JIMHAMUKa TIePEeX0JI0B MPOrPEeCCHOHHBIX
U PETPECCUOHHBIX MPOIECCOB, UYTO MOATBEPIKIACTCS
AHATOMUYECKUMH W HEHUPOPHU3UOIOTHUECKUMU
uccleoBaHusIMU.  Hampumep,  aHaTOMU4YecKHe
WCCIIEZIOBaHUS TIOKA3bIBAIOT, YTO Oenoe W cepoe
BEIIECTBO B IIEPBBIN TOJI )KU3HH IMPOXOTUT HanOoee
WHTCHCHBHYIO IU(QQPEpEHINAINI0 W Tepexoa Ha
MaTTepH «B3POCIOTO MO3Ta» IMPOUCXOIUT TOpPa3Io
nozxe [8]. CormacHO HEKOTOPBIM JIaHHBIM, K
mecTH TofaM o00beM MO3ra MPUOTU3UTEIHHO
Ha 90 % nmocTturaer o0beMa «B3pPOCIOTO MO3Ta
[9,10]. TommuHa M 00bEM KOPBI TOJIOBHOTO MO3Ta
nMeeT HeIMHEHHbIM Xxapakrep ¢ U-oOpa3HbIM
KypcOM CO3pEBaHHs, TO €CTb C YBEIHYEHHEM
npuOmm3uTeabHo K 7-10 rogaM W MOCTETIEHHBIM
YMEHBIIICHHEM, B TIOCIEAYIONIEM MEPEXOISIIIM
k crabwmmsammu [11,12,13]. HameHeiimmii  poct
Pa3IMUYHBIX O0NACTeW OTIHMYaeTcs JPyr OT JApyra:
Oolee TPOCTBIE TPEXCIOWHBIE OTIENbl  KOPBI
MIPETEPIICBAIOT HECIIOKHBIEC TMHEWHbBIC N3MEHEHUS, B
TO BpeMs KaKk 0oJiee CIIOHBIE MIeCTHCIOWHBIC 30HBI
MMEIOT JIOCTaTOYHO CIIOKHBIE TPASKTOPUH PA3BUTHS
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[14]. Co3peBaHue Kopsl MIAET B HANpPAaBICHHU OT
posterior perHoHOB K anterior 4acTsiM, a Takke OT
nepudepun k Hentpy [ 15]. CornacHo nccienoBanusam
Brown et al. (2012) kopkoBbIe 00JIaCTH TIPOIOIHKAIOT
yBenuuuBarbcs a0 12,3 mer, o0beM THIITOKamIa
- no 14,2 ner, ¢ mocienyromeld TeHAECHUUEH K
YMEHBIICHUIO, a 00bEM Tajlamyca YBEIHYHUBACTCS
o 17,8 net u Beixonut Ha 1iato k 20 romam [16].
CunHanThueckasi IUIOTHOCTb — YBEJIMYHBACTCS  C
HanOOJbIICH MHTEHCHBHOCTBIO B 3PUTENBHON KOpe
K 4-M Mecsiam, a B MpepoHTAIBHON Kope — K 4-M
ronaM [17]. Yckopenne DOI" puTMOB MPOUCXOAMT
ObIcTpee B TEMEHHO-3aTBUIOYHBIX, YEM B MEPEIHUX
obmactsax mo3ra [18]. Tpaekropus MakcuMambHOU
IUIACTUYHOCTH  MO3ra  H3MEHSIETCSl Takke OT
3aTBUIOYHON K TIEpETHUM 00NacTsiM Mo3ra [19].

Omnpenenenne BpeMEHHBIX U MPOCTPAHCTBEHHBIX
XapaKTEPUCTHK B CO3PEBAaHMM MO3ra Ba)KHO IS
HOPMaJbHOTO  (DOPMHPOBAHHMS  SMOLHOHAJIBHO-
KOTHUTUBHBIX ~(QyHKOMH Mosra. PaccMmorpenune
mpolecca pa3BUTHsI TOJOBHOTO MO3ra HEOOXOIUMO
W3y4aTrh B HEPEPHIBHOCTH Pa3BUTHS IOBEACHUYECKOTO
koHTUHYyMa [20]. VIMEeHHO H3y4eHHE BO3PACTHBIX
W3MEHEHUH KOTHUTHBHBIX (YHKUMI Hapsay ¢
CO3pEBaHUEM MO3ra ¢ ncrnoiab3zoBanueM D21 u MPT
METOJIOB IO3BOJISCT ONPEACIUTh MX HEPa3phIBHYIO
B3aUMOCBSI3b.

Korautushsle MOZEIH CO3pEBaHUS
MPEATONAraloT, YTO Ui OCBOCHHS HOBBIX TOHSITUH
U uIel HeoOXoOMMbl Kak Ooiee paHHHE, TaK M
MO3HUE CTPYKTYypbl Mosra [21]. Tak, cTpykrypHOe
CO3pEBaHUE KOPBI TOJOBHOTO MO3Ta COOTBETCTBYET
Pa3BUTHIO OCHOBHBIX KOTHUTHBHBIX CIIOCOOHOCTEH.
Pesynbrarel McciaeqoBaHUK TOKA3ald, YTO JETH C
Oosiee BBICOKMM HHTEIJUICKTOM XapaKTEePHU30BAJIUChH
YCKOPEHHBIM DPAa3BUTUEM KOPBI TOJOBHOI'O MO3ra.
bouto  BbISIBIEHO, 4YTO BepOajbHBIM HMHTEIUICKT
KOppeJIupyeT ¢ TOJNMIMHOW KOPBI TOJIOBHOTO MO3Tra
B ZIOPCO(QPOHTAIBEHON U JaTepajbHO-TIapUETaTbHON
obmactsax Jsesoro momymapusi [22]. CornacHo
HCCIIeI0BaHUSIM, BO3PACTHBIC U3MEHEH U HEHpoceTel
BHUMAaHHUSI TaKXe COOTBETCTBYIOT CO3PEBAHHUIO
9K3eKyTHUBHOTO KOHTposss [23]. OTKIOHEHHsS OT
TPAeKTOPHH HOPMAJILHOTO PA3BUTHS CTPYKTYP MO3Ta
MOTYT TPHBECTH K HapyLICHUSM SMOLHOHAJIBHO-
KOTHUTHUBHOH (DYHKIIMH 1 €70 PETYIISLHN, BYACTHOCTH
9K3EKyTUBHOTO KOHTPOJISl. DK3EKyTUBHBIA KOHTPOJb
SBISIETCS. OAHUM M3 LEHTPaJbHBIX 3BEHBEB U €TI0
OTKJIOHEHHE OT HOPMAJIBHOTO Pa3BUTHS CBSI3aHO C
MOSIBJICHUEM TaTOJIOTHYECKUX COCTOSTHUM, TAKUX KaK
CHUHIPOM JeHLnTa BHUMAHHS, ayTH3M, TPEBOKHbIC
paccTpoiicTBa, ienpeccusuapyrue3adoneBanus [24].
BricTpopasBuBaiomiascss HeWpoHayKa C aKTUBHBIM
BHEJIPCHUEM COBPEMEHHBIX TEXHOJIOTHH, BKIIOUYAs
MallMHHOE O00y4eHue, MpUHECcHa CYyIIEeCTBEHHBIC

H3MEHEHHUS B METOI0JIOTHH 00paboTKH
curHajioB mosra. Passutue MPT TexHomoruu
MO3BOJIWJIO  aKTWBHO M3Yy4aTh aHAaTOMHUYECKHE
CTPYKTYpbl 0€3 WHBAa3MBHOIO BHeApeHus. Ha

OCHOBE AaHATOMHUYCCKHMX CHHUMKOB MO3ra CEroJHsa

BO3MOXXHO OTIPEICTUTh WCTOYHHKH B TIIyOOKHX
CTPYKTYpax MoO3Ta JJIEKTPHYECKOW aKTUBHOCTH C
MMOBEPXHOCTH TOJIOBHOTO Mo3ra. KOHHEKTHBUTH
METOJI TTO3BOJISIET OTIPEICTUTh Pa3BUTHE HEHpOCceTe
MO3ra, BBISIBUTH OCOOCHHOCTH Pa3BUTHS HEPBHOM
CUCTEMBI Yy 3IIOPOBBIX MOJIOJBIX JIOAEH M Itojen
c TICHXOHEBPOJIOTHICCKIMH 3a00JIEBaHHUSIMH,
YCTaHOBUTH COOTHOIIICHNE 00HEMOB OEIIOTO M CEPOTO
BEIIECTBA B KOpE TOJIOBHOTO MO3ra C BO3PAcTOM,
HalTH W3MEHEHUS B KOPKOBBIX M ITOJIKOPKOBBIX
TKaHSX TOJIOBHOTO MO3ra U Ap. [laHHBIe pe3ylbTaThl
MMOTYEPKUBAIOT BAXHOCTh H3YyYEHHUS C MOMOIIBIO
MPT wuccnenoBanuii UPOKOTO Kpyra CTPYKTYPHBIX
MIEPEeMEHHBIX B OJTHOM M TOH e BBIOOpKE AJisi Oojiee
IIMPOKOTO MMOHUMAaHUS TIPUHITUTIOB Pa3BUTHSI MO3Ta.

HecmoTpss Ha  MHOXECTBO  WCCIEIOBaHHUN
BO3PDACTHBIX OCOOCHHOCTEH pa3BUTHS MO3Ta B
MHUpPOBOi Hayke, B KazaxcTaHe MpOBOAMIIOCH TOJIBKO
OJTHO WCCIIE/IOBaHKME, TOCBSIIEHHOE BO3PaCcTHOU
JTUHAMHKE DJICKTPUYECKOH AKTUBHOCTH TOJOBHOTO
mosra [25]. Ha cerogsmHuii I€Hb OTCYTCTBYIOT
MOJIOOHOTO pOJla WHTETPATUBHBIE WCCIIEIOBAHUS,
BKJIFOYAIOIIE HA BAIMIHYI METOMOJIOTHIO KakK C
MO3UITUH KOTHUTUBHOM ITCUXOJIOTHH, TaK U C TTO3UITUH
HEUPOHAYKHU.

OdeHb BaXHBIM MOMEHTOM ISl PEIICHHS DTHX
3aJlad SBISIETCS MPABWIBHBIA MOA00p KOTHUTHBHBIX
zamad g DD /MPT  wuccnemoBanust mosra. B
CBSI3M C OTUM, IIENIbI0 JTaHHOW CTaThW SBISAETCS
CPaBHHUTENBHBIN aHAIN3 TPUMEHEHHS pPa3IUIHBIX
MOBEIEHYECKNX 3a/ad JUIsl W3y4YeHHsS pPa3BUTHS
SMOIIMOHAILHO-KOTHUTHBHBIX B HENPEPHIBHOM
Pa3BUTUU  TIOBEIEHYECKOTO  KOHTHHyyMa M|
CTPYKTYPHO-(YHKIIMOHATFHOTO Pa3BUTHS MO3Ta.

Hay4no-Teopetndeckoe 00OCHOBaHHE BBIOOpa
SMOLMOHAJILHO-KOTHUTUBHBIX  3amad DD /MPT
WCCIIEZIOBaHUSI ~ BO3PACTHOTO  pa3BUTHS  MO3Tra
MIPEIoaratT HEOOXOMMOCTh pa3paboTku
JMUArHOCTHYECKUX  OKCIEPUMEHTAIBHBIX 33134
Ha  SMOIMOHAIBHO-KOTHUTHUBHYIO  PETYJISIHIO,
SK3EKYTHUBHBIA KOHTPOIb, OOy4YeHHE ¥ TaMsTh, H
JIpyTue KOTHUTUBHBIE (QyHKIWU. [IpoBeneHHBIH
aHaJIM3 COBPEMEHHBIX HCCIIEJOBAaHUH TO3BOJIMII
BBISIBUTh PsAJT KOTHUTHUBHBIX 3ajlad, KOTOPHIH B
TOW WJIM WHOW CTENEHW OTpakaeT LEeNH W 3a7a4yd
ITAHUPYEMOTO MCCIIETOBAHMS.

C enb10 M3MepeHHs TOBEJCHUECKUX TapaMeTPOB
BO3PaCTHBIX 0COOEHHOCTEH CTaHOBIIEHUS MTPOIECCOB
KOHTPOJIS KOTHHTHUBHBIX (DYHKIMHA HaMu ObLIa
oTpeNielicHa TOBEACHYECKas 3a/laya Ha HEeWpoceTH
BauManus (Attention Network Task, ANT, Fan et al.,
2002), HanpaBleHHas Ha M3MEPEHHE KOTHUTHBHBIX
(byHKIMIA, OCHOBaHHBIX Ha TPEXCUCTEMHON MOJIEIN
BHUMaHUs: 1. DKk3eKyTuBHBIN KOHTponb (Executive
Control), 2. Bo30yxnenue-0aurenpHOCTh (Alerting),
2. OpwuentupoBka (Orienting) [26]. ANT Tect

MO3BOJSIET M3MEPUTHh TaKue TIOKa3aTeldd Kak:
ypoBeHb  BO30ykAeHHA, dS(PdeKT opHeHTaIuH,
ekt KOH(QIIUKTA. OKcIeprUMeHTaIbHAsS

3ada4a IMpCACTaBIISACT co0oii IOCJICa0BaTCJIbHOC
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NPEABSBICHUE  MHCTPYKUMH M CTUMYJIBHOTO
Marepuana, coAep)kamero 4 THma pasiIndHbIX
HaNnpapisIOMUX CTUMYITOB (no cue - (HOHOBBIH,
central cue — nieHTpanbHbIi, double cue — ABOHHOIM,
spatial cue — TPOCTpPaHCTBEHHBI) W TPU THIIA
LEJICBBIX CTUMYJIOB (HEWTpaJbHbIM, KOHIPYIHTHBIN
U HEKOHTPYIHTHBIH). JIBOWHON W IIEHTpasbHBIN
CTUMYNbl CIYXHJIH IS W3MEPEHHS CHUCTEMBI
«BO30YXKICHUS», a MPOCTPAHCTBEHHBIC CTHUMYIIBI
JUIS  WU3MEPEHHsI CHUCTEMbl  «OPHEHTAIMS».
OK3eKyTHBHBIH ~ KOHTPOJb  HU3MepsieTcs  IyTeM
CpaBHEHHSI KOHIPYSHTHOTO M HEKOHI'PYITHOTO THUIIOB
cTUMYyIOB [26]. Pa3spaboTaHHast KOTHUTUBHAS 3a/1a4a
ANT nns ompeneneHusi 3K3€KyTUBHOTO KOHTPOJIS
MO3BOJIMJIA HAaWTH €H MHMpOKOoe NpPHUMEHEHHE B
Hay4HbIX uccnenoBanusx ¢ pMPC u 21" meronamu
[27]. JlanHas 3amaua TOKa3aja CBOI BaJMIHOCTH
W aKKypaTHOCTb B  H3MEPEHHHM  BBI3BAaHHBIX
noTeHuuanoB OO Ha CTUMYJBL, MO3BOJISIOLINE
WHTEPIPETUPOBATh MOBEACHUYECKHE MOKa3aTeNl B
COOTHOUICHHWH C YPOBHEM aKTMBHOCTH MO3ra M HX
BO3PAaCTHbIE OCOOCHHOCTH. ITO O0OCTOSATENBCTBO
MO3BOJIICT HAM OMNpPEIENUTh JaHHYIO 3ajady B

Kady€CTBC JANarHoCTU4Y€CKOIo HHCTPYMCHTA B
HU3MCPCHHUU  KOTHUTHBHBIX (byHKLIPIfI Mo3ra B
OHTOI'CHE3C.

33}13‘13 Ha O6y‘{€HI/IC C MOAKPCIVICHUEM

(The reinforcement learning task, E. Shephard
et al., 2014) mo3BONSIET W3YyYUTh MEXaHU3MBI
o0ydeHHsI B 3aBUCHMOCTH OT HU3MECHEHUS YCIOBHUH
noaxperuieHus. [Iporecc 00yueHust pH BBINOTHEHUH
3aJa4d OCHOBaH Ha MeTozie Npod M OmHOOK C
MPEACTaBICHUEM TOJIOKUTEIBHON U OTPULATEILHON
O0paTHOM CBSI3M O pe3yibTarax YCHEIIHOCTH
BBIMIOJIHEHUS ~ 3afmaun  [28].  YcraHoBiIEHHbBIE
Ui oOydyeHMsl TpaBWja 3adadd OCHOBaHBI Ha
NPUHLOMIIE «CTUMYJ-pEakius» C  00g3aTeNbHON
oOparHOi cBs3plo. Ha mepBom osrame 3amauu
CTHUMYNbl B BHJE YETBIPEX MYJIBTHILIMKALMOHHBIX
MEPCOHAXKEH MPEACTABISIOTCS AByMsS HabOpaMu
KapTuHOK. Ha crienyiomeM Jtane HEOXHIAHHO
JUIL MCIIBITYEMOTO MEHSIETCSl YCJIOBHE 3aladyd B
oOpaTHOM mopsaKe. DTo TpeOyeT OT y4YacTHHUKA
(opMHpOBaHKS MOBTOPHOIO HAaBBIKA NPAaBHILHOIO
OTBeTa ISl KaKAoro Habopa ctumynoB. Hecmorps
Ha IIMPOKOE pacpoCcTpaHeHHEe TPUMEHEHHS JaHHON
3aa4d U €€ PassInUHbIX MOAM(UKAIMN B HAYYHBIX
WCCIICIOBAHUSX, BO3PACTHBIC OTPaHUYCHUS  (C
9 5er) He MO3BONSIOT OTOOpaTh ee AJS HAIero
WCCIIeIOBAaHUs, BKIIOYAIOILETO AeTeil ¢ 6 JeT.

C EIbIO W3YUYEHHUS 0COOeHHOCTENR
OHTOTGHETHYECKOTO  Pa3BUTHA  3MOLMOHAJIBHOM
cdeprl HaMHM OBUIM NMPOAHATU3UPOBAHBI 33Ja4Md Ha
SMOLMOHAJIBHYIO PETYISALUI0 U SMOLUOHAIBHBIN
koH(uukT. Tak, 3agaya Ha PEAKTUBHOCTb U
perymsauuto (The Reactivity and Regulation-Images
Task, REAR-I, Carthy et al., 2010) mo3Bomser
HCCIIeIOBAaTh KaK ASMOLMOHAIBHYIO PEAKTUBHOCTH
U HMHTCHCHBHOCTH 3MOLIMOHAIBHOW DPEaKLUH, TaK
W PEeryjsiMio SMOLMH B HIMPOKOM BO3PACTHOM

nuanaszoHe [29]. B 3agaue mpencraBieHbl 28
n300pakeHu i YTPOXKAFOIIETO COJICpKAHHUS
(HarmpuMep, HaCHITHS, OTIACHBIC YKHBOTHBIE, CEPIUTHIC
JUIla, HECYAaCTHBIE Ciy4ad), BBIODaHHBIE U3
MesxyHapoaHo# cucTeMbl ahEKTUBHBIX KAPTHHOK
(International Affective Picture System (IAPS),
the National Institute of Mental Health Center for
Emotion and Attention, University of Florida, 2005).
3amada COCTOUT W3 JIByX STAlOB — (IIPOCMOTP» H
«repeorieHkay. Kaxnoe 20-ceKyHIHOE HCIIBITAHHUE
BKJIFOYAIIO CIIAYIONINE KOMITOHEHTHI: WHCTPYKIIHS
(«TTpOCMOTp» WM  «TIEPEOLIEHKa», 2 CEKYHJBI),
MpefcTaBIeHue  u3o0paxkeHuss (8  CeKyHD),
orleHka smonuii (8 cekynm) u pacciabmenue (2
cexkyHnbl). J[laHHas 3amaya IO3BOJISIET OIICHHUTH
WHTEHCHUBHOCTh ~ HETaTUBHOW  SMOIIMOHAIBHOM
PEaKTUBHOCTH,  CIOCOOHOCTh K  IEPEOICHKE
smonni 1 3(h(GEeKTUBHOCTH peryisnuu smonui. K
npumepy, Carthy et al., (2010) ObuiO BBISBIICHO,
yto REAR-I, sBusgsice Bu3yanbHOW 3ajauei,
OTIpeNeNsieT CTPaTerui0 M30eraHusi U CTPEMIICHUS
K BHEIIHEH TOMOIIM Yy JeTedl C TPEeBOXKHBIMH
paccrpoiicTBamHu. HeoOxogumpIiM  yciioBHEM
MIPUMEHEHUS TAaHHOH 3a/1auu SBIISIETCS 00s13aTeNIbHOE
HaJIM4YUE y UCCIIEAYeMON BHIOOPKH HABBIKOB UTCHHS
C TIOHUMAaHHUEM CMBICIIOBOTO COJICPIKAHMS.

3amaua  Ha  OMOIMOHAIBHYIO  PETYISIHUI0
(Emotion Regulation task, Lang et al, 2005)
cocrout m3 nByxcoT (100 orpumarensHbix u 100
HEUTpambHBIX) KAPTHHOK C BalleHTHOCTHIO [30].
HaGop m3o0pakeHuil pasnerneH Ha MATh OJOKOB C
PaBHBIM KOJMYECTBOM HETaTUBHBIX M HEHTPaTbHBIX
n3o0pakennii.  KommdectBo — m3o0pakeHWidl B
KaxaoM Omoke coctaiseT 40 (20 HeraruBHBIX, 20
HEHTpaJbHBIX), a 00IIIee KOTUIECTBO M300paKeHUI
cocrasisieT 200 (40 x 5). Cama 3amaua pa3paborana
JUIs BO3pacTHOM kateropuu ¢ 12 JIeT M COCTOUT
n3 AByX HTamoB. Ha mepBom »sTame (mpakTHKa)
HCIBITYEMBIX OOyYalOT CTPATETHUsSM PETYIUPOBAHHS
sMornuil. Bropoit stan 3akimrouaeTcss B MpOCMOTpE
ONOKOB OTOOpakaeMbIX Ha JKpaHE CTUMYJIOB C
MOCJIEAYIONIEH OIEHKOH CBOETO0 3MOIMOHAIBHOTO
COCTOSIHMSA. ~ OMOIMOHaNbHAas 3amada Drnaxkepa
(Emotional Flanker task, Fenske & Eastwood, 2003)
COCTOMT W3 KOMOWHAIMHA TISITH BBIPAXKEHUH JHIIA
(ucryraHHble WM CYACTIIMBBIE), BBICTPOCHHBIX
B TOPH3OHTANBHBIA P, TPU HTOM IEHTPAIBHOE
BBIpaXKEHUE U1 SIBIISIETCS neneBbiM[31].
OMOIMOHANBHBIH  KOH(QIUKT BO3HUKAET TOTJA,
KOTJIa TIEJIEBOE BBIPAKEHHUE JINIIA HECOBMECTHUMO C
OTBJICKAIOIIAM BBIPAKEHHUEM, U IIeITh UCTIBITYEMOTO —
ONPEIECNNUTh 3T0. DMOIMOHaNbHas 3aaa4a CaliMoHa
(Emotional Simon task, Vallesi et al., 2005)
WCTONB3yeT JIMOO CYACTINBOE, OO WCITyTaHHOE
BBIp@XCHHWE JIMIA, TMPEICTABICHHOE CJeBa WIIH
cupaBa OT IEHTpambHOW ToukH Gukcaruu [32].
[Ipu 3TOM ydYacTHUKaM IpeliaraeTcsi ONpeNaeInTh
SMOIIMOHAIILHOE  BBIPAXKCHHE JIMIA, pearupys
JIEBOW WM TpaBOW pyKoW (Hampumep, IJIeBOM
PYKOM HY)KHO pearupoBarh Ha BBIPOKEHHS ITUIA
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cTpaxa, a NpaBOil PYKOH OmpenensiTh CUACTIMBBIC
BBID@KEHHUS  JIML), WIHOPUPYS  PAaCIHOJIOKECHUE
MPEABSBICHHOTO BH3YaJBHOTO CTUMYJa Ha JKpaHe
MOHHUTOPA. IMOLMOHAIbHBIEC KOH(INKTBI BO3HUKAIOT
OT  HECOOTBETCTBUSI ~ MEXKAY  PAaCIOJIOKECHUEM
MPEACTABICHHOIO BBIPAKCHHUE JIMIA W OTBETHOH
pykoii. K mnpumepy, ObUIM BBISBICHBI 3aACPIKKU
BbI3BaHHOro moreHuuana P100 y  S-nmerHux
MQJIBYMKOB Ha CTUMYJbl HCIYTaHHBIX JIHI I10
CPaBHEHHIO ¢ JIeBOUYKaMu. Takxke OblII0 0OHAPYKEHO,
9YTO JEBOYKM B 5 JI€T JIydlle HACHTH()UIUPYIOT
SMOLMOHAJILHBIC CTUMYJIBI, YeM MaJIbUUKH. B pamkax
HAIllero MCCICJOBAaHUS MBI paccMarpuBaeM 00e
3a]a4M B Ka4€CTBE aJIbTEPHATHBHBIX B OIPEACIICHUN
SMOLMOHAIBHON PEryJsiqud WU SMOLMOHAIBHOTO
koH(pumkta B OOI/MPT wuccnenoBaHun pa3BUTHS
(YHKIMH TOIOBHOTO MO3Tra B OHTOT€HE3E.

Takum o0pa3zoM, TPOBENEHHBIH KpaTKUK 0030p
Hay4YHOH JINTEpaTypbl YKa3blBaeT HA HEOOXOIUMOCTh
MIPOBEJICHNUSI KOMIUIEKCHOTO HEHpOOHOIOrn4ecKoro
HCCIIeI0OBaHUs B COLMOKYIBTYpHOM cpene Kazaxcrana
C TMPUMEHEHUEM COBPEMEHHBIX MeTofoB O3 u
MPT c nensto penieHuss mpoodiIeM pa3BUTHS MO3Ta
U ONpEACTCHUS 3aKOHOMEPHOCTEH HOPMaJIbHOTO
pasBUTHSA, YTO BaXHO B JajbHEHIIEM JUIs
CBOEBPEMEHHOTO MPEAYNPEKICHNUS 3a00IeBaHUI.

BbaarogapHocTs. Jannoe HUCCIIEOBaHUE
¢unancupyercst KomureroMm Hayku MuHHCTEpCTBa
obOpazoBanusi u Hayku PecrnyOnuku Kazaxcran
(I'paat Ne AP08856595 «23I'/MPT wuccnenoanus
pasBUTHS  MO3ra, 3MOLMOHAIBHO-KOTHUTHBHBIX
(YHKIMH 1 UX TEHETHYECKUX MAPKEPOB B PA3ITUUHBIX
Bo3pacTHbIX rpynmnax» aias MOH PK, pykoBoaurens
Kycrybaea A.M).

AM. KycrybaeBa, A.T. Kam3anoa, M.K. Kosnacoa
On-Dapabdbu arerHaarsl Kazak yITTRIK YHUBEpCUTETI, AmMaTsl, KasakcraHs.
E-mail: almkusto@kaznu.kz

MUIABIH JAMYbBIH 931" / MPT 3EPTTEYJIEI'l KOTHUTUBTIK TAIICBIPMAJIAP/IbI
CAJIBICTBIPMAUJIBI TAJIJAY

AnHoTaumus. Maxkamaga osHiedamorpadus (O31) koHE KYPBUIBIMIBIK MarHUTTIK-PE30HAHCTHIK
tomorpaduss (MPT) kemeriMeH Mu (QYHKIHUSIAPBIH SMOIFSUIBI-KOTHUTHBTI PETTEYMIH WHIWBUITYAJ BT
TaMyBIH KapacTBIPFaH OJIEMIIK JKOHE OTaHIBIK FRUIBIMH 3€pPTTEYIEp TalJaHambl. 3epTTeyiaepain Oy Typi
OHTOTEHETHKAJIBIK JAMY/BIH TPACKTOPHSICHIH OOJDKayFa jKOHE HOPMaJaH aybITKYbIH YaKTBUIbI aJIJ[bIH-aTy
YIIiH MUJBIH KaJBIITHl JAMybIHBIH YaKbITIIA JKOHE KYPBUIBIMIBIK MEXaHH3MIEpiH TYCIHYre MYMKIHJIK
Oepeni. bynm Makamama kediHTi 3epTTeyaep VIMiH KOTHHUTHBTIK TallChIpMaiapiabl KOJMTAHYIBIH FHUIBIMHU-
TEOPHSUTBIK HETi3IeMeCi KeNTipinreH. Op TYpJli jkKac TONTAPBIHIAFRl KOHTPYIHTTTI eMec Kyiaeri 6ocekenec
peaknusIapiaH TYbIHJIaFaH SMOIMSIBl KAKTBIFBICTAPBl OJIIIeYy, SK3eKYTHBTI OaKbLIay[bl, aCCOIUATHBTI
OKBITY TIPOIIECTEPiH, SMOITUSIBI PEAKIIUSIHBIH PEAKTUBTLTITT MEH KapKBIHIBUIBIFBIH, SMOITUSHBI PETTEYII,
CUTYaIMSIIBIK PEAKTUBTUIIKTI OJIIIIEYTe apHAIFaH KOTHUTHBTIK TalIChIpMaliap aHBIKTAIABI. MEKTeTKe MeHinTi
JKoHe 0acTaybIll MEKTEN >KaChIHBIH YJTici OoWbIHITa D3I 3epTTeynnepin Kyprizy Ke3iHae oKy daFabUIaphbl,
ce3aepai TaHy KabineTTepi, COHAai-aK CTUMYIIIBI MaTEPHAJIIBIH MaFBIHATBIK KOHTEKCTIH CATBICTHIPY CHUSKTHI
JKac IIeKTeyJepine OalIaHBICTHI TeK TpadWKaIBIK CTUMYJIAP CEHTI3IITeH KOTHHUTUBTIK TalChIpMaapibl
asipney KakeT. DOI 3eprreyinae Oenrim Oip ’kac TONTapbIHAA BAJTHATEITECH TAICHIPMalapabl KOJIIaHy
JKEPTLTIKTI XaIbIKKa ONlaH opi OeiiMaeyTe KOHE SMOITUSAILI-KOTHATHUBTI TaMYIBIH €H CE31IMTaJl MapKepiepiH
aHBIKTayFa apHaJIFaH 3epTTEY oJiCHAMACHIH KacayFa MYMKIHIIK Oepei.

Tyiiin ce3mep: HEHPOFBUTHIM, KOTHUTUBTI (DYHKITHSIAP, MaTHUTTIK-PE30HAHCTHIK ToMorpadus (MPT),
anekTposHIedanorpadus (331).
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REVIEW OF COGNITIVE TASKS IN EEG/MRI STUDIES OF BRAIN DEVELOPMENT

Abstract . The article is a review of emotional-cognitive tasks the brain functions development research
by using encephalography (EEG), as well as structural magnetic resonance imaging (MRI). Understanding
the temporal and structural mechanisms of normal brain development will help to predict trajectory of
ontogenetic development and prevent possible deviations from the normal maturation. This review provides
theoretical background of valid cognitive tasks and expected results. Cognitive tasks for measuring executive
control, learning processes, emotional reactivity and intensity, emotion regulation, situational reactivity, as
well as measuring emotional conflict, which is generated by competing answers in an incongruent state in
different age groups, were described in the current article. Cognitive tasks should be reliable for preschool
and primary school ages sample, because of differences in the reading skills, word recognition abilities, as
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well as comparison of the semantic context of the stimuli. This review will help to determine cognitive tasks
for different age groups for the adaptation to local population and to identify the most sensitive markers of
emotional and cognitive development.

Key words: neuroscience, cognitive functions, magnetic resonance imaging (MRI), electroencephalography
(EEG)

Information about the authors:

Kustubaeva Almira Melsovna — candidate of biological sciences, Director of the Center for Cognitive
Neuroscience, of Al-Farabi Kazakh National University, Almaty, Kazakhstan; almkust@gmail.com; http://
orcid.org/0000-0001-6575-6288

Kamzanova Altyngul Tustikbayevna — PostDoc at the Center for Cognitive Neuroscience of Al-Farabi
Kazakh National University, Almaty, Kazakhstan; kamzanova.altyngul@kaznu.kz; http://orcid.org/0000-
0002-7097-3460

Zholdasova Manzura Kenesbekkyzy — Ph.D, researcher at the Center for Cognitive Neuroscience, Al-
Farabi Kazakh National University, Almaty, Kazakhstan; manzura.zholdasova@kaznu.kz; http://orcid.
org/0000-0002-8186-9650

JINTEPATYPA:

[1] MacLean P.D. (1990) The triune brain in evolution: role in paleocerebral functions. NY: Plenum
Press. P. 696.

[2] Kusmes [I. (2004) Ocmwmisamuyd Mo3ra W TOBEACHHS dYelloBEKa: EBpeWcKuii  mMomxXor.
Merozonorudeckrue MpoOiIeMbl COBPEMEHHOW IICHXOJOTHU: WILTIOCTPAIlMM M peallbHOCTh. Marepuasl
Cubupckoro nicuxonorudeckoro popyma. Tomck: Tomckuii rocynapctBennblid yauBepcuret. C. 570-576 (in
Russ.).

[3] Kaminska A., Eisermann M., and Plouin P. (2019) Chapter 8 - Child EEG (and maturation). Handbook
of Clinical Neurology. Vol. 160 (3rd series). P. 125-142. https://doi.org/10.1016/B978-0-444-64032-1.00008-
4 (in Eng.).

[4] Qy6posunckas H.B. (1985) Heiipodusnonorndeckne MexaHn3Mbl BHUMaHUsA. OHTOTEHETHYECKOE
uccnenosanue. JI.: Hayka, 144 c. (in Russ.).

[5] Dap6ep .A. (1969) OdyHKIIMOHAIBHOE CO3pEBaHKE MO3Ta H paHHEeM OHTOTeHe3e. - M.: [IpocsernieHue,
C.279. (in Russ.).

[6] Dapbep H.A., Andeposa B.B. (1972) Duuedanorpamma nereit u moapoctkoB. - M.: Ilemaroruka,
C.216. (in Russ.).

[7] busmesa 3.I"., llIBenoa E.B. (1981) Muadopmarmonnsiii aHaM3 IEKTpOIHIIEDaTorpaMM IeTel B
Bo3pacte 10—11 netT npu pemieHun apudmernyeckux 3aaad. Bo3pacTHbie 0COOCHHOCTH (DU3HOIOIMYECKUX
CUCTEM JIeTel U moapocTKoB. - M., C. 18.

[8] Lenroot R.K., Giedd J. (2007) The structural development of the human brain as measured
longitudinally with magnetic resonance imaging. In D. Coch, K. W. Fischer & G. Dawson (Eds.), Human
behavior, learning, and the developing brain. New York: The Guilford Press, P. 50-73 (in Eng.).

[9] Giedd J.N., Blumenthal J., Jeffries N.O., Castellanos F.X., Liu H., Zijdenbos A., Paus T., Evans A.C.,
& Rapoport J.L. (1999) Brain development during childhood and adolescence: a longitudinal MRI study.
Nature Neuroscience. Vol. 2. P. 861-863. DOI: 10.1196/annals.1308.009 (in Eng.).

[10]Reiss A.L., Abrams M.T., Singer H.S., Ross J.L., & Denckla M.B. (1996) Brain development, gender
and IQ in children. A volumetric imaging study. Brain. Vol. 119. P. 1763-1774. DOI: 10.1093/brain/119.5.1763
(in Eng.).

[11]Gogtay N., Giedd J.N., Lusk L., Hayashi K.M., Greenstein D., Vaituzis A.C., Nugent T.F., Herman
D.H., Clasen L.S., Toga A.W., Rapoport J.L., & Thompson P.M. (2004) Dynamic mapping of human cortical
development during childhood through early adulthood. Proceedings of the National Academy of Sciences
USA. Vol. 101. P. 8174-8179. DOI: 10.1073/pnas.0402680101 (in Eng.).

[12]Shaw P., Kabani N.J., Lerch J.P., Eckstrand K., Lenroot R., Gogtay N., Greenstein D., Clasen L., Evans
A., Rapoport J.L., Giedd J.N., & Wise S.P. (2008) Neurodevelopmental trajectories of the human cerebral
cortex. The Journal of Neuroscience. Vol. 28. P. 3586-3594. DOI: 10.1523/JNEUROSCI.5309-07.2008 (in
Eng.).

[13]Tamnes C.K., Ostby Y., Fjell A.M., Westlye L.T., Due-Teonnessen P., & Walhovd K.B. (2010) Brain
maturation in adolescence and young adulthood: Regional age-related changes in cortical thickness and white
matter volume and microstructure. Cerebral Cortex. Vol. 20. P. 534-548. DOI: 10.1093/cercor/bhp118 (in
Eng.).

[14]Brown T.T., Kuperman J.M., Chung Y., Erhart M., McCabe C., Hagler D.J., Venkatraman V.K.,
Akshoomoff N., Amaral D., Bloss C.S., Casey B.J., Chang L., Ernst T.M., Frazier J.A., Gruen J.R., Kaufmann
W.E., Kenet T., Kennedy D.N., Murray S., Sowell E.R., Jernigan T.L., and Dale A.M. (2012) Neuroanatomical
assessment of biological maturity. Curr Biol. Vol. 22(18). P.1693—-1698. DOI: 10.1016/j.cub.2012.07.002 (in
Eng.).

[15]Lenroot R.K., Giedd J.N. (2006) Brain development in children and adolescents: Insights from
anatomical magnetic resonance imaging. Neuroscience and Behavioral Reviews. Vol. 30. P. 718-729. DOI:
10.1016/j.neubiorev.2006.06.001 (in Eng.).

43




Reports of the National Academy of sciences of the Republic of Kazakhstan

[16]Brown T.T., Kuperman J.M., Yoonho Chung, Erhart M., McCabe C., Hagler D.J., Venkatraman V.K.,
Akshoomoff N., Amaral D., Bloss C.S., Casey B.J., Chang L., Ernst T.M., Frazier J.A., Gruen J.R., Kaufmann
W.E., Kenet T., Kennedy D.N., Murray S., Sowell E.R., Jernigan T.L., & Dale A.M. (2012) Neuroanatomical
assessment of biological maturity / Curr Biol., V. 22(18). P.1693-1698 (in Eng.).

[17]Werkle-Bergner M., MuEller V., Li S.C., & Lindenberger U. (2006) Cortical EEG correlates of
successful memory encoding: Implications for lifespan comparisons. Neurosci. Biobehav. Rev. Vol. 30. P.
839-854. https://doi.org/10.1016/j.neubiorev.2006.06.009 (in Eng.).

[18]Chugani H.T., Phelps M.E., & Mazziotta J.C. (1987) Positron emission tomography study of human
brain functional development. Annals of Neurology. Vol. 22. P. 487-497. DOI: 10.1002/ana.410220408. (in
Eng.).

[19]Roca-Stappung M., Fernandez T., Becerra J., Mendoza-Montoya O., Espino M., & Harmony T.
(2012) Healthy Aging: Relationship Between Quantitative Electroencephalogram and Cognition. Neurosci
Lett. Vol. 510(2). P.115-20. doi: 10.1016/j.neulet.2012.01.015 (in Eng.).

[20]AnekcannpoB  HO.M., Ceprumenxo E.A. (2003) Ilcuxonormueckoe W (U3NOIOTHIECKOE:
KOHTHHYaJIBHOCTH W/WIH TUCKPETHOCTH? [Icuxonmorndeckmii xkypHai. T. 24. Ne 6. C. 12-16 (in Russ.).

[21]Johnson M.H., Shrager J. (1996) Dynamic plasticity influences the emergence of function in a simple
cortical array. Neural Networks. Vol. 9, P. 1119-1129. DOI: 10.1016/0893-6080(96)00033-0 (in Eng.).

[22]Sowell E.R., Thompson P.M., Leonard C.M., Welcome S.E., Kan E., & Toga A.W. (2004) Longitudinal
mapping of cortical thickness and brain growth in normal children. J. Neurosci. Vol. 24. P. 8223-8231. DOLI:
https://doi.org/10.1523/INEUROSCI.1798-04.2004 (in Eng.).

[23]Posner M.I., Rothbart M.K., Sheese B.E., & Voelker P. (2014) Developing Attention: Behavioral and
Brain Mechanisms. Adv Neurosci (Hindawi). ID. 405094. doi: 10.1155/2014/405094 (in Eng.).

[24]Posner J., Cha J., Wang Z., Talati A., Warner V., Gerber A.J., Peterson B.S., & Weissman M.M.
(2016) Increased default mode network connectivity in individuals at high familial risk for depression.
Neuropsychopharmacology. Vol. 41. P. 1759-1767. DOI: 10.1038/npp.2015.342 (in Eng.).

[25]busmeBa 3.I. (1998) BospactHas auHAMHKa CIHENUATW3allid CTPYKTYPhl TOJOBHOTO MO3Ta
NIKOJIbHUKOB TIPU OCYIIECTBICHUH BBICIIMX MCHUXUYECKUX (QYHKIHH: DIEKTPOPU3HOIOTUISCKAN aHaAIN3:
JUccepTanus ... Jokropa ouonorndyeckux Hayk: 03.00.13. Anmvatsl, C.264 (in Russ.).

[26]Fan J., McCandliss B.D., Sommer T., Raz A., & Posner M.I. (2002) Testing the efficiency and
independence of attentional networks. J Cogn Neurosci., Ne 14 (3). P 340 (in Eng.).

[27]Abundis-Gutierrez A., Checa P., Castellanos C., & Rosario Rueda M. (2014) Electrophysiological
correlates of attention networks in childhood and early adulthood. Neuropsychologia, Ne 57 P. 78-92 (in
Eng.).

[28]Shephard E., Jackson G.M., Groom M.J. (2014) Learning and altering behaviours by reinforcement:
Neurocognitive differences between children and adults. Developmental Cognitive Neuroscience, Volume 7,
P. 94-105 (in Eng.).

[29]Carthy T., Benaroya-Milshtein N., Valevski A., & Apter A. (2016) Emotional Reactivity and
Regulation Following Citalopram Therapy in Children and Adolescents with Anxiety Disorders. Journal of
Child and Adolescent Psychopharmacology, 27(1).pp. 1-9. DOI: 10.1089/cap.2015.0067 (in Eng.).

[30]Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2005) International Affective Picture System (IAPS):
Affective ratings of pictures and instruction manual (Technical Report A-6). Gainesville, FL, USA: University
of Florida (in Eng.).

[31]Etkin, A., Egner, T., Peraza, D. M., Kandel, E. R., and Hirsch, J. (2006) Resolving emotional conflict:
a role for the rostral anterior cingulate cortex in modulating activity in the amygdala. Neuron 51, 871-882.
doi: 10.1016/j.neuron.2006.07.029 (in Eng.).

[32] Vallesi A., Mapelli D., Schiff S., Amodio P., & Umilta C. (2005) Horizontal and vertical Simon effect:
different underlying mechanisms? Cognition, vol. 96, no. 1, pp. B33—B43 (in Eng.).

REFERENCES:

[1] MacLean P.D. (1990) The triune brain in evolution: role in paleocerebral functions. NY: Plenum
Press. P. 696.

[2] Knyazev G. G. (2004) Brain oscillations and human behavior: A Jewish approach. Methodological
problems of modern psychology: illustrations and reality. Materials of the Siberian Psychological Forum.
Tomsk: Tomsk State University, pp. 570-576 (in Russ.).

[3] Kaminska A., Eisermann M., and Plouin P. (2019) Chapter 8 - Child EEG (and maturation). Handbook
of Clinical Neurology. Vol. 160 (3rd series). P. 125-142. https://doi.org/10.1016/B978-0-444-64032-1.00008-
4.

[4] Dubrovinskaya N. V. (1985) Neurophysiological mechanisms of attention. Ontogenetic research. L.:
Nauka, 144 p. (in Russ.).

[5] Farber D.A. (1969) Functional maturation of the brain in early ontogenesis. - Moscow: Prosveshchenie,
p. 279. (in Russ.).

[6] Farber D.A., Alferova V.V. (1972) Encephalogram of children and adolescents. - M.: Pedagogika,
p.216. (in Russ.).

[7] Biyasheva Z.G., Shvetsova E.V. (1981) Information analysis of electroencephalograms of children
aged 10-11 years when solving arithmetic problems. Age-related features of the physiological systems of

44




ISSN 2224-5227 3.2021

children and adolescents. - M., p. 18. (in Russ.).

[8] Lenroot R.K., Giedd J. (2007) The structural development of the human brain as measured longitudinally
with magnetic resonance imaging. In D. Coch, K. W. Fischer & G. Dawson (Eds.), Human behavior, learning, and the
developing brain. New York: The Guilford Press, P. 50-73.

[9] GieddJ.N., Blumenthal J., Jeffries N.O., Castellanos F.X., Liu H., Zijdenbos A., Paus T., Evans A.C., & Rapoport
J.L. (1999) Brain development during childhood and adolescence: a longitudinal MRI study. Nature Neuroscience. Vol.
2. P. 861-863. DOI: 10.1196/annals.1308.009.

[10] Reiss A.L., Abrams M.T., Singer H.S., Ross J.L., & Denckla M.B. (1996) Brain development, gender and 1Q in
children. A volumetric imaging study. Brain. Vol. 119. P. 1763-1774. DOI: 10.1093/brain/119.5.1763.

[11] Gogtay N., Giedd J.N., Lusk L., Hayashi K.M., Greenstein D., Vaituzis A.C., Nugent T.F., Herman D.H.,
Clasen L.S., Toga A.W., Rapoport J.L., & Thompson P.M. (2004) Dynamic mapping of human cortical development
during childhood through early adulthood. Proceedings of the National Academy of Sciences USA. Vol. 101. P. 8174-
8179. DOI: 10.1073/pnas.0402680101.

[12] Shaw P., Kabani N.J., Lerch J.P., Eckstrand K., Lenroot R., Gogtay N., Greenstein D., Clasen L., Evans A.,
Rapoport J.L., Giedd J.N., & Wise S.P. (2008) Neurodevelopmental trajectories of the human cerebral cortex. The
Journal of Neuroscience. Vol. 28. P. 3586-3594. DOI: 10.1523/JNEUROSCI.5309-07.2008.

[13] Tamnes C.K., @stby Y., Fjell A.M., Westlye L.T., Due-Tennessen P., & Walhovd K.B. (2010) Brain maturation
in adolescence and young adulthood: Regional age-related changes in cortical thickness and white matter volume and
microstructure. Cerebral Cortex. Vol. 20. P. 534-548. DOI: 10.1093/cercor/bhp118.

[14] Brown T.T., Kuperman J.M., Chung Y., Erhart M., McCabe C., Hagler D.J., Venkatraman V.K., Akshoomoff N.,
Amaral D., Bloss C.S., Casey B.J., Chang L., Ernst T.M., Frazier J.A., Gruen J.R., Kaufmann W.E., Kenet T., Kennedy
D.N., Murray S., Sowell E.R., Jernigan T.L., and Dale A.M. (2012) Neuroanatomical assessment of biological maturity.
Curr Biol. Vol. 22(18). P.1693-1698. DOI: 10.1016/j.cub.2012.07.002.

[15] Lenroot R.K., Giedd J.N. (2006) Brain development in children and adolescents: Insights from anatomical
magnetic resonance imaging. Neuroscience and Behavioral Reviews. Vol. 30. P. 718-729. DOI: 10.1016/.
neubiorev.2006.06.001.

[16] Brown T.T., Kuperman J.M., Yoonho Chung, Erhart M., McCabe C., Hagler D.J., Venkatraman V.K.,
Akshoomoff N., Amaral D., Bloss C.S., Casey B.J., Chang L., Ernst T.M., Frazier J.A., Gruen J.R., Kaufmann W.E.,
Kenet T., Kennedy D.N., Murray S., Sowell E.R., Jernigan T.L., & Dale A.M. (2012) Neuroanatomical assessment of
biological maturity // Curr Biol., V. 22(18). P.1693-1698.

[17] Werkle-Bergner M., MuEller V., Li S.C., & Lindenberger U. (2006) Cortical EEG correlates of successful
memory encoding: Implications for lifespan comparisons. Neurosci. Biobehav. Rev. Vol. 30. P. 839-854. https://doi.
org/10.1016/j.neubiorev.2006.06.009.

[18] Chugani H.T., Phelps M.E., & Mazziotta J.C. (1987) Positron emission tomography study of human brain
functional development. Annals of Neurology. Vol. 22. P. 487-497. DOI: 10.1002/ana.410220408.

[19] Roca-Stappung M., Fernandez T., Becerra J., Mendoza-Montoya O., Espino M., & Harmony T. (2012) Healthy
Aging: Relationship Between Quantitative Electroencephalogram and Cognition. Neurosci Lett. Vol. 510(2). P.115-20.
doi: 10.1016/j.neulet.2012.01.015.

[20] Alexandrov Yu.l., Sergienko E.A. (2003) Psychological and physiological: continuity and / or discreteness?
Psychological Journal [Psikhologicheskii Zhurnal], vol. 24, no. 6, pp. 12-16 (in Russ.).

[21] Johnson M.H., Shrager J. (1996) Dynamic plasticity influences the emergence of function in a simple cortical
array. Neural Networks. Vol. 9, P. 1119-1129. DOI: 10.1016/0893-6080(96)00033-0.

[22] Sowell E.R., Thompson P.M., Leonard C.M., Welcome S.E., Kan E., & Toga A.W. (2004) Longitudinal
mapping of cortical thickness and brain growth in normal children. J. Neurosci. Vol. 24. P. 8223-8231. DOI: https://doi.
org/10.1523/JNEUROSCI.1798-04.2004.

[23] Posner M.I., Rothbart M.K., Sheese B.E., & Voelker P. (2014) Developing Attention: Behavioral and Brain
Mechanisms. Adv Neurosci (Hindawi). ID. 405094. doi: 10.1155/2014/405094.

[24] Posner J., Cha J., Wang Z., Talati A., Warner V., Gerber A.J., Peterson B.S., & Weissman M.M. (2016) Increased
default mode network connectivity in individuals at high familial risk for depression. Neuropsychopharmacology. Vol.
41. P. 1759-1767. DOI: 10.1038/npp.2015.342.

[25] Biyasheva Z.G. (1998) Age dynamics of specialization of the structure of the brain of schoolchildren in the
implementation of higher mental functions: Electrophysiological analysis: dissertation ... doctor of Biological Sciences:
03.00.13. Almaty, C. 264 (in Russ.).

[26] Fan J., McCandliss B.D., Sommer T., Raz A., & Posner M.I. (2002) Testing the efficiency and independence of
attentional networks. J Cogn Neurosci., Ne 14 (3). P 340.

[27] Abundis-Gutierrez A., Checa P., Castellanos C., & Rosario Rueda M. (2014) Electrophysiological correlates of
attention networks in childhood and early adulthood. Neuropsychologia, No 57 P. 78-92.

[28] Shephard E., Jackson G.M., Groom M.J. (2014) Learning and altering behaviours by reinforcement:
Neurocognitive differences between children and adults. Developmental Cognitive Neuroscience, Volume 7, P. 94-105.

[29] Carthy T., Benaroya-Milshtein N., Valevski A., & Apter A. (2016) Emotional Reactivity and Regulation
Following Citalopram Therapy in Children and Adolescents with Anxiety Disorders. Journal of Child and Adolescent
Psychopharmacology 27(1).pp. 1-9. DOI: 10.1089/cap.2015.0067.

[30] Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2005) International Affective Picture System (IAPS): Affective
ratings of pictures and instruction manual (Technical Report A-6). Gainesville, FL, USA: University of Florida.

[31] Etkin, A., Egner, T., Peraza, D. M., Kandel, E. R., and Hirsch, J. (2006) Resolving emotional conflict: a role
for the rostral anterior cingulate cortex in modulating activity in the amygdala. Neuron 51, 871-882. doi: 10.1016/j.
neuron.2006.07.029.

[32] Vallesi A., Mapelli D., Schiff S., Amodio P., & Umilta C. (2005) Horizontal and vertical Simon effect: different

underlying mechanisms? Cognition, vol. 96, no. 1, pp. B33-B43.
45




Reports of the National Academy of sciences of the Republic of Kazakhstan
MA3MYHBI-COIEP/ KAHUE-CONTENTS

Aidarkhanova G.S., Satayeva Zh.1., Jakanova M.T., Seilkhanov T.M.
ASSESSMENT OF QUALITY AND FOOD SAFETY OF VEGETABLE OILS
PRODUCED IN VARIOUS REGIONS OF KAZAKHSTAN.....cootiei oo 5

bopubaii 3.C., Illasxmetosa bl., Yeybanuesa C.Jx., TeinpiOoekos b.M., Hypmaxanosa A.
OKOJIOTMYECKNM MOHUTOPUHI" TEXHOT'EHHOI'O 3AT'PA3SHEHUS
1O AHATOMUNYECKHUM ITOKA3ATEJIAIM JOMWHAHTHBIX PACTEHUMU. ..o 12

Dabyltayeva N., Turarova A.
ECONOMIC BENEFITS OF INTEGRATION PROCESSES.......cccoitiiiiiiiniiiteerteeene e 19

Zhurynov G.M., Kupeshev A.Sh., Berdibekova G.S., Yertaev Ye.Zh., Abdrakhmanova M.B.
WAYS TO INCREASE THE ECONOMIC EFFICIENCY OF FARMS IN RURAL AREAS...........c......... 25

Ko3zpikeesa A.T., Mycragaes XK.C., Tactemuposa b.E.
BIIMSHUE KIIMMATUYECKHX ®AKTOPOB HA .
I'MAPOJIOITMYECKUU PEXXUM BOAOCBOPA BACCEMHA PEKU TOBOJL.......ccccooiiniiniiiiiiccceene 32

KycrybGaea A.M., Kamsanosa A.T., XKonnacosa M.K.
CPABHUTEJIbHbBIM AHAJIM3 KOTHUTHBHBIX 3ATAY
B 33I'/MPT UCCIIEAOBAHUAX PABBUTHUS MO3IA.....ciiiiiiiiiiiieeieeeeteee et 39

Memeshov S.K., Aitbaev T.E., Suraganova A.M., Suraganov M.N.

EFFECT OF THE COMPLEX HIGH MOLECULAR FERTILIZER STRESSTOP

ON THE YIELD AND BIOCHEMICAL COMPOSITION OF POTATO TUBERS.........c.cccoovieiiieiieeiens 46
Seribekkyzy G., Esimov B.K.

LUMBRICIDAE SPECIES COMPOSITION IN THE SOILS

OF THE FOOTHILL BEYOND ILE ALATAU REGION........ocoiiiiiitiiiiiiecie ettt 53
Canraii b.9., Typaues T.T., Permxanosa H.K., )Kymabaesa b.A.

TAHKYPAW COPTTAPBIH IN VITRO XAFJAUJIA KJIOH/IbI

MUKPOKOBEUTY EPEKILEJIIKTEPL.......ooooiiiiiiiie ettt 57
CrinpicoexoBa P.K., MeneyoekoBa b.M., Kapabaesa [.)K., Ypkumbaena I1.1.

MUKPOOPIAHU3IMIEPIIH KPAXMAJI HEI'BIHJEI'T

Typmerosa K., Tolixurutosa b.b., Cmarynosa J1.O., Menauranuesa A. C.

KAYBIH HIBIBBIHBI BUAKECIMEH KYPECY HHAPAJIAPDBL........oooiiiieeeeeeeeee e 71
FAJIBIMJIbI ECKE AJTY — ITAMSTHU YUEHBIX — MEMORY OF SCIENTISTS

PaxuimeB ANIIBIHOAT PAXTIIIIEBIU. .......ooooiiiieiiei e ettt e e e e e e eeeeeeeeeeeeeeeens 76

Mca OMAPOBIY BAMTYIIHH. .....c..coiutiiiiiiiiiiiieniteeiteeiee ettt ettt ettt sa e et e s bt e bt enaeenaeenaeens 78

80




ISSN 2224-5227 3.2021

Publication Ethics and Publication Malpractice in the journals of the
National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://www.
elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the work described has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.com/postingpolicy),
that it is not under consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other language, including electronically
without the written consent of the copyright-holder. In particular, translations into English of papers already
published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://publicationethics.
org/files/u2/New_Code.pdf). To verify originality, your article may be checked by the originality detection
service Cross Check http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works which
are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen in such a
way that there is no conflict of interests with respect to the research, the authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will onh
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote publication
of corrections, clarifications, retractions and apologies when needed. The acceptance of a paper automatically
implies the copyright transfer to the National Academy of sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of sciences of the Republic of Kazakhstan will monitor and
safeguard publishing ethics.

[IpaBuna opopmieHHs CTAaTbU IS MMyOIMKALKHU B )KypHaJle CMOTPETh Ha CaifTe:

www:nauka-nanrk.kz
ISSN 2518-1483 (Online),
ISSN 2224-5227 (Print)
http://reports-science.kz/index.php/en/archive

Penaxropsr: M.C. Axmemosa. /].C. Anenos, PK. Mpsabaesa
Bepcrka Ha komnbiotepe B.C. 3ukupbaesoti
IToanucano B mevats 12.06.2021.
®dopmar 60x881/8. bymara odcernas. [leuars - pusorpad.
8,5 m.a. Tupax 300. 3aka3 3.

Hayuonanvuas axademus nayx PK 050010,
Anmamor.yn. lllesuenxo, 28, m. 272-13-18, 272-13-19

81




	6. 39-45_removed
	журнал доклады редколлегия

	Мазмұны
	1. 5-11_removed (1)

