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AHHOTALIUA

B Hacrosimiem mnpenenbHO NOAPOOHOM, (PYHIAMEHTaIbHOM, HCYEPNBIBAIOIIEM U
MHOTOKPAaTHO PAaCHIMPEHHOM MEXIMCUUIIMHAPHOM OpPUTHMHAIBHOM HCCIIEI0BAHNUN
MPEACTABICH NPUHLMIHAIBHO HOBBIM, pPAaJUKAIbHO OTXOJAIIMHA OT JIHOOBIX
KJIACCUYECKHUX INEJAarOTHYECKUX MapaJurM paKypc pacCMOTPEHUS COPEBHOBATEIBHOTO
(dyT3asla  Kak  CJIOXKHEWIIeH  caMOOpraHu3yrouencs: HEJIMHEHHOM  CHCTEMBI.
UccnenoBanne Oa3zupyercss Ha TIayOOKOM CHHTE3€ TOIMOJIOTMYECKOW JAUHAMUKA
3aKpPBITBIX MMKPOIPOCTPAHCTB, BBICOKOPA3peIIAOIel MHKpOlJIeKTpoMHuorpaduu,
KBAaHTOBAaHUMU JIMHAMHYECKMX MHUKPOAIU30J0B U MATEMATHYECKOTO MOJEIMPOBAHUS
DKCTPEMAJIBHBIX CTPECCOBBIX COCTOSIHUM BBICIIEH HEPBHOM JEATEIBHOCTH SJIMTHBIX
aTiieToB. B paloTe neTanbHO UCCIENYIOTCS HeNuHEHHble 3((EKTHl UCTOLICHUS
LEHTPaJIbHOW HEPBHOM CHCTEMbI, CHHANTHYECKasl JaOUJIbHOCTb, MCUX0AKyCTUYECKUE
Oapbepbl TPUOYH M DHTPONHUIHBIC XapPaKTEPUCTHUKU WUTpOBOM cpenabl. lIpenmoskeHbl
ABTOPCKUE YpPABHEHMSI BEPOSATHOCTHOTO MPOTHO3UMPOBAHUS MHUKOBBIX HArpy30K H
WHHOBALlMOHHAsl ~ KOHILIEMIMS ~ CHMHEPIeTHMYECKOrO0  YNPaBJIEHUS  TAKTUYECKUMU
MaTpUIlaMU MaT4a B YCIOBUSX KECTKOTO JINMUTA BPEMEHHU.

KiawueBbie ciaoBa: ¢yr13an, wuHbOpMaUMOHHAS JHTPONHUS, HEHPOPU3UOIOTHS,
MaTeMaTU4YECKOe MOJICTUPOBaHNE, KBAHTOBAHUE, CUHAIICHI, TOMEOCTAa3, aHTUIUIIALINS,
MICUX0AKYCTHKA, TAKTUYECKUE MaTPHIIbL.

BBenenne: ¢enomenonorus MuHu-QyTd0Ja KAaK 3aMKHYTOIl KHOEpHETHYECKOi
CHCTEMBI

CoBpeMeHHas SNMCTEMOJIOTMYECKas apaurmMa UCCIIeJOBaHUs UTPOBBIX BUJIOB CIIOPTA
BBICIIUX JIOCTH)KEHUH TpeOyeT paauKalbHOTO, OECKOMIPOMHUCCHOTO OTKaza OT
YCTapeBIINX HOMIIMPUYECKUX KOHLENIMN M TMOJHOLUEHHOIO MEPEXofa K CTPOTMM
CUCTEMHO-KMOEPHETUYECKMM MOJEINSIM BBICOKOTO YpOBHsI aOcTpakuuu. dDyr3an B
JAHHOM  cHenu(pUYecKOM KOHTEKCTE BBICTYMAaeT YHHUKaJIbHOM, Oe3ynpeyHou
71a00paTOPHON MOJIEBI0 CAMOOPTaHU3YIOLIEHCS COLIMAIbHO-0MOJIOTMYECKON CUCTEMBI,
(YHKUIHMOHUPYIOIIEH B 3KCTPEMAJIbHBIX YCIOBUSX JKECTKUX IPAHUYHBIX YCIOBHIA.
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OrpaHW4YeHHBI INEpUMETP CTAHJAPTHOM IUIOINAJKM COPOK Ha JABaJLaTh METPOB
IIPEBpAIlaeT COPEBHOBATENIBHBIM MIPOBOM IPOLECC B 3aMKHYTBIM KOHTYp C
HKCTPEMAJIbHO BBICOKOW IUIOTHOCTHIO HWH(OPMALMOHHBIX MOTOKOB, MOCTOSTHHBIM
AeUIIMTOM BpEeMEHH U JACTEPMUHUPOBAHHBIM XaocoM. Cneunduka mgaHHON
COpPEBHOBATEJIbHON JHUCLMIUIMHBI 3aKIII0YAE€TCA B TOM, YTO CyOBEKT JIEATEIbHOCTH U
OOBEKT YIPaBJIEHUS HAXOAATCS B COCTOSIHUM IEPMAHEHTHOTO, HEJIMHEUHOT'O CHIIOBOTO
U HUH)OPMAIIMOHHOTO B3auUMOACHCTBUs. TpaguIMOHHBIE, apXauyHble METOMbI
(U3MYECKOTO BOCIMTAHUS 3/1€Ch OKa3bIBAIOTCA aOCOJIOTHO HECOCTOATEIbHBIMU,
IOCKOJIbKY CKOPOCTh HPOTEKaHUsl (PU3MOJOTHYECKMX U ICUXMYECKHX peaKIuil
MHOTOKPATHO IPEBBIILIAET IMOPOI OCO3HAHHOTO KOHTPOJS, MEPEBOJs Bce 0a30BbIE
JBUTATEIbHbIE aKThl HAa YpPOBEHb IJIYOOKMX IOJKOPKOBBIX aBTOMAaTHU3MOB,
CIIMHHOMO3IOBBIX pEQIEKCOB M CYOJMMHUHAIBHOIO 3pUTEIIBHOTO  BOCHPUSATHS.
Hacrosmas macmtaOHast paboTa pu3BaHa pa3pyLIuTh IPUBBIYHBIE METOI0JIOTMUECKHE
1a0JI0HBl, CTEPEOTUIIHBIE TMOAXOAbl W NPEIIOKUTh HHHOBALMOHHBIN, TIITyOOKO
Hay4YHbId  B3VISLT HAa  (QYHAAMEHTAIBHYIO  MEXAaHMKY  MHUKpPO(QYTOOIBHBIX
ITPOTUBOCTOSTHAM.

DBOJIIOLIMOHHBIN reHe3uc QyT3ana Kak caMOCTOSATEIbHOTO KUOEPHETHUYECKOTO O0BEKTA
OepeT CBOE Hayall0 B JKECTKUX MPOCTPAHCTBEHHBIX OrPAHUYCHUSX, KOTOPHIC
HCKJIIOYAIOT BO3MOKHOCTh HMHEPIIMOHHOTO HAKOIUICHUS! KMHETUYECKOW HJHEPruu U
TpeOyIOT MTHOBEHHOW JIHUCCHIAIMKA H30BITOUYHBIX MH(POPMAIIMOHHBIX M (PU3MUECKUX
MMOTOKOB. B oOTIMuYue OT OTKPBITBIX MNPOCTPAHCTB Kiaccuueckoro ¢yroona, e
TAaKTUYECKHUE CXEMbI MOTYT pa3BOPAYMBATHCA MO AKCIIOHECHIIMAIBHBIM TPACKTOPHUSIM Ha
MPOTSKEHUU JITUTEILHBIX BPEMEHHBIX MHTEPBAJIOB, (DyT3aIbHAsI apeHa IMPeCTaBIsSICT
co0O0M CXKaThIM J0 MPEACIbHBIX 3HAUCHUN TEPMOJMHAMUUCCKUN KOoTell. B aToM KoTIIE
mo0ple KoJieOaHMs TUIOTHOCTH TPECCHHIa MTHOBEHHO BBI3BIBAIOT JIABUHOOOpPA3HBIC
M3MEHEHUSI BO BCEN CTPYKTYPE MEKKOMAH/IHBIX CBS3EH.

HaydHoe ocwmbicieHue 3Tol crnenupuku TpeOyeT NpPUBIICUEHUS MaTEMaTUYECKOIO
arrapara TEOpHM Xaoca, HEJIMHEHHOM JNWHAMUKU U CHUHEPreTuku. lloneBoil urpok B
JAHHOM CHCTEME pacCMaTPHUBAETCS HE KaK aBTOHOMHAsi OMOJIOTHYecKas eAUHUIA, a KaK
KJIFOUEBOW y3€J paclpeleleHHOW HEeWpO-MbIIIEYHOU CeTH, (PYHKIMOHHMPYIOUIEH IO
MpPUHIMIIAM KBAaHTOBAaHHON 00paTHOM cBsi3u. Kaxaoe TexHuueckoe nencTsue — Oyib
TO KOpPOTKas Iepenada MOJOIIBOM, MTHOBEHHBIN NEPEXBAaT WIHM CKpbITas Iepenayda
MATKOM — BBICTYINIAET B POJIM AJIEMEHTAPHOIO MH(POPMALMOHHOTO IMaKeTa, KOTOPbIN
[IepeaeTcs 110 KaHajlaM C BBICOKOM CTEIEHbI 3amymieHusd. VIMEHHO mosTomy
u3ydyeHue ¢yrT3ana uepe3 MNpPU3MYy KIACCUYECKOM NEeAarorukd HcUepnajo CBOH
HBPUCTUYECKUN TOTEHIUAN, YCTYNHB MECTO >XECTKOMY OHOKHOEpHETHYECKOMY
MOJEIUPOBAHUIO.

KBanToBanue HI'POBOTO0 MPOCTPAHCTBA M TOIMOJOTHYECKAasA JTUHAMUKA
MHUKPO3IIHU30/10B

HeranpHOEe paccMoTpeHue (yT3albHOM IUIOLIAAKK 4Yepe3 MpU3My COBPEMEHHOMN

TONOJIOTUYECKOW TE€OMETPUM  TO3BOJISIET  BBISIBUTH  CKPBITBIE, HEOUYEBUIHbBIC

3aKOHOMEPHOCTH IE€PEMEIIEHUSI aTJIETOB, KOTOPHIE IIOJHOCTBIO YCKOJIB3aKOT OT
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CTaHAAPTHOTO  BHU3YaJIbHOTO WJIM  CTaTHUCTHUYecKoro HaOmoaeHus. HWrposoe
MPOCTPAHCTBO COBPEMEHHOHN apeHbl JEIUTCS HE Ha MPUMUTHUBHBIC 30HBI OOOPOHBI U
aTaKW, a Ha CJIOKHBIE MATPHUIIbl JUHAMUYECKUX TPAAUEHTOB IUIOTHOCTH MPECCUHTA U
cuiioBor 00pbOBbI. KakpIii MUKpOATIN30] MaT4a, UMEIONMUN JITTUTEIIBHOCTh OT COTEH
MUWUTMCEKYH]T 10 IBYX CEKYH]I, 00pa3yeT CaMOCTOSITEIbHBIN KBAaHT COPEBHOBATEIIHLHOM
JNEATEIbHOCTH, XaPAKTEPU3YIOIMIMICA KOJOCCAJIbHBIM BEKTOPHBIM HANPSIKEHUEM
(MBUYECKUX U MEHTAITBHBIX CHJI.

[IpoctpancTBeHHass reoMeTpusi MHUHH-GyTOONA  JUKTYET IKECTKUE  IpaBHIIA
NO3ULIMOHHOTO B3aUMOJICHCTBUS, T/I€ KaXKbIi KBaApaTHBIM METp NMapKeTa HaAXOIUTCS
10J1 HEMPEPHIBHBIM BU3YAIbHBIM U (DPU3UUECKUM KOHTPOJEM COINEpHUKOB. CIOKHbBIE
MaTeMaTHYeCKHE  MOJEIM  TPAAUEHTHBIX  IMOJEH  MO3BOJISIOT  HArJsgHO
IPOJIEMOHCTPUPOBATh, KaK MaJlCHIlIee CMENIEHUE LIEHTPA TSHKECTU OJHOTO HUIPOKA
3allyCKaeT BOJHY IE€pepaclpelesieHus CUJl MO0 BCEW HWrpoBOM IUIOMIAAKE, MEHSS
KOH(UTypalyio 3alUTHRIX U aTaKYIOLIUX MOCTPOCHUI B PEKUME PEATBHOTO BPEMEHH.

B xecTkux ycinoBusix aepuuutra CBOOOJHON TEOMETPUM TPACKTOPUM JBUKCHUS
WTPOKOB MOJUUHSIOTCS CTPOTMM 3aKOHAM KBAHTOBOM MEXAHWUKHU MPUHSTHS PEUICHUM,
I7IE BEPOSITHOCTh YCHEIIHOTO TAaKTUYECKOTO 3aBEpIICHUSI KOMOMHAIIMU HaIpPsSMYIO
3aBUCUT OT KO3(UIMEHTa KOTEPEHTHOCTH JCHCTBHI BCEX YETHIPEX IMOJEBBIX
YYaCTHUKOB KOMaH/bl. J[1000€ MHKpPOCKOMMWYECKOE HapYIIEHHWE MPOCTPAHCTBEHHOU
CTPYKTYpbl BJIEUE€T 3a COO0OM KackaJHbld pacnaj OOOpPOHUTEIHLHOTO OJIOKA,
aHAJIOTUYHBIA (a30BOMY TEPEXOAy B CIOXKHBIX (DU3UUECKUX TEPMOIUHAMUYECKUX
CUCTEMax. DJTO HEOCIOPUMO JOKa3bIBAE€T, YTO OJJIUTHBIM (PYT3JIUCT MBICIUT HE
OTACIbHBIMM TNPUMUTUBHBIMM  XOJAaMH, a IEJIbIMA MAaTPUIlAMH  BO3MO>KHBIX
MPOCTPAHCTBEHHBIX KOHPUTYpAIIUK U JTUHAMHUYECKUX BEKTOPOB.

KorepeHTHOCTh KOMaHAHBIX JEHCTBUH BBICTYNAET 3/€Ch TJIABHBIM (PAKTOPOM
pe3ynbTaTUBHOCTH. ECIM CHHXPOHHOCTH NMEpEeMENIEHUI HapyaeTcsl XOTs Obl Ha JOJT0
CEeKyHJbl, oOOmas CTPYKTypa TaKTUYECKOrO0 PHUCYHKA pacChIMaeTcsi, OTKpbIBas
CONEPHUKY CBOOOHBIE 30HBI [ TpophIBa. [lono06HbIe HennHelHbIe 3D (PEeKTH TPeOyIOT
OT WIPOKOB BBICOYAHIIEr0 YpPOBHSA KOJUIEKTMBHOIO MHTEIUIEKTa W Oe3ympedHoin
IIPEIHACTPOCHHOCTH Ha COBMECTHYIO MEHTAJIbHYIO NESTEIBHOCTb.

Tononorndyeckuil aHaanu3 NEPEMEIIEHUN TEMOHCTPUPYET, YTO UIPOBas IMOBEPXHOCTH
nmapkera TOCTOSHHO Jnedopmupyercs TOa BO3JEHCTBUEM BEKTOPOB YCKOpPEHUS
JIBIKYIIUXCSL TeJl. BOZHUKAIOT 30HBI MOBBIIIEHHOTO T'PAJUEHTHOrO HAIPSIKEHHUS, TIE
IJIOTHOCTh UTPOKOB HA KBaJpaTHbII METP NPEBBIIIAET KPUTHUYECKUE TOPOTH
ctabmiapbHOCTH. B Takmx 30Hax mro0as ommOKa B OIEHKE MHKPOCKOIMHUYECKOTO
CMEILEHHUS] I1[EHTpa MacC CONEPHUKA MPUBOAUT K MIHOBEHHOMY HapYIICHUIO
TOIOJIOTUYECKOM IIEJIOCTHOCTH 3allUTHOU (hopmarinu. KBaHTOBaHKME UTPOBOTO BpEMEHHU
Ha JIUCKPETHBIE OTPE3KH MHUKPOAIU30/I0B MO3BOJISIET UCCIENOBATENSIM (DUKCUPOBATH
HEJIMHEWHBIC CKAYKU YTOMJICHUS M PE3KUE MaJCHUsI KOTHUTUBHOM CTAaOMILHOCTH.



JluHaMUKa 3TUX M3MEHEHUH MOJYMHAETCS 3aKOHAM BOJHOBOW KMHeMaTHKU. Mrpokn
CO3/aI0T BOKPYT ce0s 30HBI MOBBIIIEHHOTO JABJCHHS, KOTOpPHIE 3aCTaBISIOT
OINIMOHEHTOB MPUHUMATh BBIHYXJICHHbIE OIIMOOYHBIE pelieHus. [loHnManue 3THUX
CKPBITBIX MEXaHU3MOB IO3BOJISIET TPEHEPCKOMY MITa0y BBICTPaWBaTh MPUHIIUIHAIBHO
HOBBIE CXEMBbI IO3ULIMOHHOIO JABJICHUS, OCHOBAHHBIE HA MAaTEMAaTUYECKOM ITPOCYETE
TPAEKTOPHUU U YIIPABICHUM TUIOTHOCTHIO UTPOBOU CPEJIBI.

Kaxp1ii KBaHT e TEIbHOCTH TPEOYET OT IEHTPATLHOM HEPBHOM CHCTEMBI CIIOPTCMEHA
MaKCHMaJIbHONH MOOMIN3AIlMY CHHATITHYECKHUX pe3epBoB. [Ipu 3TOM MpocTpaHCTBEHHEIE
KOOPAMHATHI Ms4a, MapTHEPOB U OMIIOHEHTOB MEPECUYUTHIBAIOTCS MO3TOM B PEXKHME
PEATLHOTO BPEMEHH C TIOMOIIIBIO CIIOKHBIX MEXaHU3MOB 3pUTEITBHO-TIPOCTPAHCTBEHHOM
UHTEeTpanui. Maneimas 3aepkKa B 3TOM HEMPEPhIBHOM TPOIECCe KBAHTOBAHWSI
NPUBOJUT K 00Pa30BaHUIO MPOCTPAHCTBEHHBIX «IBIP» B OOOPOHUTEIBHBIX MOPSIKAX,
4eM He3aMEIJIUTEILHO TMOJIb3YITCS BBICOKOKIACCHBIE OIMIMOHEHTHI. TakuMm 00paszoM,
no0esia B COBpeMeHHOM (hyT3aie KyeTcsl He Ha ypoBHE Tpy0o0il pU3ndecKkoil CUiIbl, a Ha
ypOBHE a0COJIOTHOTO MPEBOCXOJCTBA B CKOPOCTH TOMOJIOTHYECKOW 00paboTKu
KBAaHTOBAHHBIX MUKPOATIHU30I0B.

NHTEHCUBHOCTh NOJIOOHBIX MEHTAIBHBIX U (DPU3NYECKUX HArpy30K HE UMEET aHaJOrOB
B Apyrux Buaax crnopra. CKOpPOCTh MBIIUICHHS M TOYHOCTh INPOCTPAHCTBEHHOMN
OpUEHTALUU CTAHOBATCS KJIFOYEBBIMU JUMUATHUPYIOIIUMHU dakropamu
pE3yJIbTaTUBHOCTH, BBIBOJS MOJIOTOBKY SJUTHBIX (PYT3aJUCTOB Ha YpPOBEHb
NEPEIOBBIX KOTHUTUBHBIX U KHOEPHETUUECKUX TEXHOJOTUH.

Helipo3HTponus 1 NCUX0AKYyCTHYECKHE 0apbepbl IKCTPEeMAIbHOM
COPEBHOBATEJIbLHOM CPeAbl

Cnoxsblil icuxodu3nonornyeckuii npouiab Urpoka B MUHU-PyTOON (hopmMupyercs
0] MOIIHBIM BO3JIEUCTBUEM KOJIOCCAJIbHON HEMPOIHTPONMU — TOYHOM MEpBI
Xa0TUYHOCTH  MOCTYMAIOIIMX CHUTHAJIOB  OT  3PUTEIBHOIO, BECTHOYISPHOTO,
IPOIPHOLENTUBHOTO U CIIyXOBOT'O aHAIM3aTOPOB. MO3I BBICOKOKJIACCHOTO CIIOPTCMEHA
B YCJIOBHUSIX Mardya pabdOTaeT B peXUME MEPMAHEHTHON Meperpy3ku napaieabHbIX
KOHTYpOB 00paOOTKH MOCTyNaroUMX JaHHBIX. OTIylUTEIbHbIN IIyM TPUOYH, pe3Kue
CBETOBbIE OJIMKM CBETOAMOIHOIO OCBEILEHUS MMapKeTa, PEINIMKU CYIeHCKOT0 KopIyca U
MIHOBEHHBIE TaKTHUECKHE IEPECTPOCHUS CONEPHHUKOB CO3JAI0T MOIIHEUIINN
NICUXO0AKyCTHUECKUA  TPECCHUHI,  OJIOKMpyHoLui  paboTy  TrUONOKaMmmna |
MEePEKIIaIbIBAIOIINIA BCIO ONIEPATUBHYIO HArpy3Ky Ha Oa3zajabHbIC TAHTIIHH.

WuTerpanusi CEHCOPHBIX IMOTOKOB B YCIOBUAX JAeduuuTa BpeMeHH TpedyeT ot
LIEHTPAJIbHOM HEPBHOW CHUCTEMBI KOJIOCCAIBHBIX JHEpreTudeckux 3arpar. Kopa
OOJBIIMX TIOJNYIIAPUN MOJBEPraeTcsi arake COTEH pPa3HOPOIHBIX pa3Ipa)KUTENeH,
TpeOYIOIUX MTHOBEHHOM KOTHUTHBHOW olieHKH U guddepenumanuu. OmumbouHas
MHTEpHpeTanus XoTsi Obl OJJHOTO MH(OPMAIIMOHHOTO CUTHAJIA BJICYET 32 COOOM Kackaj
HEMPaBUJIbHBIX JBUTATEJbHBIX PEAKIUH, YTO HA AJIUTHOM YpPOBHE COPEBHOBAaHUMN
HEn30€KHO HaKa3bIBAETCS MPOMYILIEHHBIM TOJIOM WJIM TOTepEel HHUIIMATUBBI.
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DKClepuMEHTANIbHBIE 3JEKTpOdHIEepaorpaduuecKue JaHHbIE IOKA3bIBAIOT, YTO B
MOMEHTHI BBICIIETO COPEBHOBATEIBHOTO HAMIPSKEHHS YPOBEHb CHHXPOHU3ALMH alb(ha-
PUTMOB KOpPBI TOJOBHOIO MO3ra NafaeT 10 KPUTHUYECKHM HU3KUX 3HAYEHUH, ycTymas
MECTO BBICOKOYACTOTHBIM O€Ta- M raMMa-puTMaM. JTO CBHUJIETEIILCTBYET O MEPEX0]Ie
YeJI0BEYECKOr0 OpraHu3Ma B aBapUMHBIN PeXUM (YHKIIMOHHPOBAHUSA, TPU KOTOPOM
ao0as Manedmias 3aiep:kKKa B CHHANTUYECKOW Iepelade HEPBHOIO HMITYJIbCA
HEMHMHYEMO BEJET K IIOJIHOM NOTEPE KOHTPOJIA HAJL UTPOBOM cuTyaruen. [Ipeononenne
JAHHOTO TCUXO(pU3UOJIOTHYECKOTO Oapbepa TpeOyeT BHEAPEHUS NPUHIUIUAIBHO
HOBBIX TICUXOTPEHMHIOBBIX CHCTEM Ha OCHOBE OHOJIOTMYECKON O0OpaTHOWU CBSA3U U
MMMEPCHUBHBIX TEXHOJIOIMHM BUPTYaJIbHOU PEAIBHOCTH.

BblcOkOYacTOTHasE ~ aKTHMBHOCTb  MO3ra  OTpPaXkaeT IIPENENIbHOE  HAINPSKEHUE
PETYJIATOPHBIX CHCTEM, 3aJCHCTBOBAaHHBIX B IOAJEpKAaHUM TOMeocTaza. B Takux
YCIIOBUSIX MEXAHU3MbI TOPMOKEHUSI HAUMHAIOT YCTYTIATh IIPOLieccaM BO30YKIEHUS, UTO
MPUBOJAUT K OBICTPOMY HCTOLIEHUIO PE3€PBOB BHUMAHUS U CHMXKEHHIO TOYHOCTHU
ONEPATUBHOIO MPOTHO3UPOBaHUA. CIIOPTCMEH BBIHYKIEH JEHCTBOBATH B YCIOBHAX
KOJIOCCAJIbHOI'O KOTHUTHUBHOI'O JIaBJICHUS, IPEOJ0JIEBAs BHYTPEHHEE COINPOTUBIICHHUE
YCTaBIIEW HEPBHOM CUCTEMBI.

NHdopManmoHHblii XaoC, T€HEpUpPYEMbIi TpUOyHAMU M BBICOKOW IUIOTHOCTBIO
KOHTaKTHOW OOpBOBI, CO37aeT YHUKAIBHYIO CPEly, B KOTOPOH HEWpOHaM MPUXOAUTCS
(YHKIIMOHUPOBAaTh Ha TPaHU CBOUX (PU3MOJOTMUYECKUX BO3MOKHOCTEH. [loBbileHHE
YPOBHSI HEWPOIHTPONUU HEU30€KHO BEAET K JI€30pPTaHM3allUd TOHKUX MOTOPHBIX
IporpaMM, €clid y CIOPTCMEHa He BbIpaboOTaHa Tay0OKash pPE3UCTEHTHOCTb K
CTpeccoBbIM (pakTopaM. B ycrmoBusiIX IKECTKOro aKyCTHMYECKOrO JIaBJICHUS U
MIPOCTPAHCTBEHHOTO CXKATHUs 3pUTEIbHBIA aHanu3aTop (QyT3ajlucTa IOJBEpPraeTcs
MOCTOSIHHBIM ~ TIEperpy3KkaM, TpeOyronmuM (GUiIbTpalMi  KOJOCCAIBHOTO 00BheMa
HEHYXXHBIX Pa3ApaKUTEIEH.

[TocTostHHOE TIEpPEKITIOYECHUE BHUMAHUS MEXIYy MEIKUMH JETalsIMH  HWTPOBOU
00CTaHOBKM — JBW)KCHHEM MsUa, pACIIOJIOKEHUEM IapTHEPOB, MaHEBpaMU
ONIMOHEHTOB W JeCTaMU apOUTPOB — BBI3BIBACT (PEHOMEH TaK Ha3BIBAEMOTO
KOTHUTUBHOTO TYHHEITHUPOBaHUSA. B 3TOM cocTosHUM Tiepud)eprUIecKoe BOCIPHUSATHE
Cy’)KaeTcsl, a CIIOCOOHOCTh aJIeKBAaTHO OIIEHHBATh TNIO0ATBHYIO TAKTHUYECKYIO KapTHHY
Mar4da BpeMeHHO Oyiokupyercs. [ mpotuBoaecTBUs 3ToMYy 3P (HEKTy COBpEeMEHHBIC
METOJUKH TICHXOJOTHUYECKON IMOATOTOBKH BKJIIOYAIOT CICIHAIbHbIC TPCHUPOBKH Ha
nepudepruvecKkoe 3pEeHHEe U CTPECCOYCTOMYMBOCTH B YCIOBHUSAX MOJIEITUPYEMOTO
ayJTIMOBU3YyaJLHOTO Xa0ca.

CenexTuBHOE BHMMaHHE pabOTaeT B PEXHUME KecTodaiied (uibTpaiuu, OTCeuBast
(OHOBBIN 1IYM M KOHIIEHTPUPYSCh MCKIIOUUTEIbHO HAa BEKTOPE JIBMXKEHMS Msdya U
MUKPOJBUKEHUSAX CONEPHUKOB. VcTOlIeHHEe MEAUATOPHBIX CHUCTEM B 3THUX YCIIOBHSIX
HACTyNHaeT 3HAYUTEIbHO ObICTPEE, YEM B JIFOOOM JIPYTrOM HUKIMYECKOM HIIM KOMaHIHOM
BUJIE CIIOpPTAa. DTO O0O0YCIaBIMBAET HEOOXOAMMOCTb MPUMEHEHMS] HPUHLMITHAIBHO
HOBBIX MOAXOAOB K (DApMaKOJOTHUYECKOW U MCHUXOJIOTMYECKOW MOIACPKKE DIIUTHBIX
aTJIETOB, CHOCOOHBIX CTAOMJIM3UPOBaTh MEMOpPAHHBIA TOTEHLHAT HEHUPOHOB U
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MMpEeAOTBPATUTDb Pa3BUTHUC FJIY6OKOFO HCHTPAJIBbHOT'O YTOMJICHHS B XOJ€ HAIIPSXKCHHOI'O
mMmar4a.

MonekynspHble MEXaHW3Mbl CHHAIITUYECKOM Nepefadyd NpPU MHOTOYACOBBIX WIIH
MHTEHCUBHO CKAaThIX MaT4ax MOJIBEPTaloTcs >KecTouaillneMy ucnbiTanuio. [edunut
HEHPOMENINATOPOB, TAKUX KaK J0(aMHH U HOPAIPEHAINH, NPUBOAUT K 3aMEIJICHUIO
KOTHUTUBHBIX pEaKkUMi M  yXYIUIEHUI0O MOTOPHOIO KOHTpoJisi. Pa3paboTka
CHELMAIM3UPOBAHHBIX  HYTPHULIEBTHUECKUX U  (PApPMAKOIOTMUECKUX IPOTOKOJIOB
BOCCTAaHOBJICHMSI CTAHOBUTCS BAKHEWIIMM YCIOBHUEM IIOJJEP)KAHMUS  BBICOKOM
3¢ (HEKTUBHOCTH UTPOKA Ha MPOTSKEHUHU BCETO COPEBHOBATEIBHOIO CE30HA B YCIOBHSIX
HKCTPEMAIIBHBIX HArPY30K COBPEMEHHOTO (yT3ala.

buouHKeHepHBbIE aCNeKThI MUO(PACHUATBHON AANITAIMUA K YIAPHOMY T'eHe3y
napkera

Crenmduka >XKECTKOTO CHHTETHYECKOTO WM KJIACCHYECKOTO TMapPKETHOTO IMOKPBITHS
dbopMUpYET COBEpIIEHHO OCOObINA, CHenUu(PUUYECKUil TUMN TMaToreHe3a OIMOPHO-
JIBUTATEIPHOTO arlliapaTa, KOTOPBIA KapAWHAJILHO OTJIMYACTCS OT TpaBMaTh3Ma B
TpagulMOHHOM (PyTOOIEe Ha OOJBIIOM TOJie. YIapHasi BOJIHA BBICOKOW YacCTOTHI,
BO3HHKAIOIIAS MPH KAKIOM IIIare, pe3koi OCTAaHOBKE W Pa3BOPOTE, TACUTCS HE MATKUM
TPYHTOM, a CYCTaBHBIMU XPSIIaMH, MEHHCKAMU M CBSI304YHBIM amnmaparoM HIHKHHUX
KOHEYHOCTeW. OJT0  HEu30eKHO  MPUBOAUT K  PA3BUTUIO  XPOHUYECKOTO
MHUKpOTpaBMaTu3Ma TIyOOKHX MHUO(MACIHUATBHBIX Ienell U Pe3KOMy HW3MEHEHHIO
yIPYTO-BSI3KUX CBOMCTB MBIIICUHON TKAHHU.

JleTabHBIN ANMEKTPOMUOTPAPUIECKUN aHATN3 TOATBEPKIAET, UTO OMOMEXaHUYECKUN
npoiib TBUKEHUN HA TBEPJAOM MOKPBITUH COMPOBOKAACTCS KOJIOCCATHHBIM POCTOM
AMIUIUTYAbl MBIIIEYHBIX COKpAIIEHUH B HJKCIEHTpUUECKOM pexuMme. Kaxmoe
TOPMOXXEHHUE TOCJI€ CKOPOCTHOTO PBhIBKA MOPOXKIAET MOIIHBIM OOpaTHBIA UMITYJIBC,
KOTOPBIA PACIpOCTPAHSETCS BBEPX IO KHUHEMATHYECKOM IE€MU OT CTOIBl K
rOJIECHOCTOITHOMY CYCTaBy, 00J1b111€0€epIIOBOI KOCTH, KOJIEHHOMY CYCTaBY M JaJiee uepes
OCAPEHHYI0 KOCTh K Ta30BOMY MOSICY W TOSICHUYHOMY OTJEIy IO3BOHOUYHMKA. B
YCJIOBHSIX OTCYTCTBHUS €CTECTBEHHOM aMOPTHU3AIMU, IPUCYIIEH HATYpAIbHOMY Ta30HY,
BCS TSDKECTh ylapHOW nedopmaruu JOXHUTCS Ha OHOJIOTMYECKHE TKaHU, He
MPUCTIOCOOJICHHBIE HBOJIFOIIMOHHO K CTOJIb BRICOKMM BBICOKOYACTOTHBIM HArpy3KaM.

['myOokuii WHXXEHEPHBIM aHadu3 KUHEMATHYEeCKUX IIeMel TIOKa3hIBA€T OCTPYIO
HEOOXOUMOCTh  pa3pabOTKM  MPHUHLMIIMAIBLHO HOBBIX  CPEICTB  MPOTEKIIHUH,
AeMI(pUPOBAaHUS U aMOPTHU3AIMH, BBIXOJALIMX JAJICKO 3a paMKU CTaHAapTHBIX
OpTONEANYECKUX CTEJNOK. Peub HMIeT 0 CO3JaHMM WHHOBALMOHHBIX JUHAMUYECKUX
AK30CKEJIETHBIX 3JIEMEHTOB U OMOIMOIMMEPHBIX (PUKCATOPOB, CIOCOOHBIX I(DPEKTUBHO
nepepacnpeessiTh BEKTOP yAApHON Harpy3ku B (ha3e 3KCHEHTPUUECKOTO TOPMOKEHHUS,
COXpaHsisi IPU 3TOM B3PBIBHYIO PEAKLIUIO U PEAKTUBHYIO CHITY MBIIIII-pa3rudaTenei.



CoBpeMeHHass CIOPTHBHAs MH)XXCHEPHUsS BBIHY)KJICHA IIPUBJIEKATh IE€PEAOBbBIC
JOCTUKEHHSI MAaTEPUATIOBEICHUSI U POOOTOTEXHUKH JIJISl CO3TaHMS MHTEIICKTYaTIbHbIX
3AIIUTHBIX CUCTEM, MHTETPUPYEMBIX HEMOCPEACTBEHHO B CIOPTHUBHYIO JKUIIMPOBKY
UTPOKOB.

buomexannueckoe TCCTUPOBAHUC ITOKA3bIBACT, YTO CyMMapHas BCJIIMYMNHA peaKTHBHOfI
CHJIbI OIIOPBI IMTPHU HMHTCHCUBHOM YCJIHOYHOM Oere Ha >KECTKOM (1)YT33J'H:HOM IOKPBITUH
MHOI'OKPATHO IIPCBHIINACT IIOKA34dTCIIM KJIACCHUYCCKOI'O TpaBsAHOI'O TIa30HA. ®daza
aMopTUu3aluu IIPOTCKACT B JKCTPCMAJIbBHO CKATBIC BPCMCHHBLIC HWHTCPBAJIBI, YTO
MPpCABABILICT ITOBLIIIICHHBIC Tpe60BaHI/I$I K DJaCTUYHBIM CBOMCTBaM CYXOXHIIbHO-
CBA304YHOI'0O allrapara. MI/IO(baCHI/IaJILHLIe OCIIN HW)KHEM KOHEYHOCTH pa60TaI-0T 110
IMPUHOUITY YIIPYTUX pECCOP, HAKAIININBAOIINX U MTHOBCHHO OTAAOITUX KUHCTUYICCKYIO
OHCPIHULo. OI[H&KO IIpu CUCTCMATHYCCKOM IICPCYTOMJIICHUHU 3TH MCXaHU3MBbI 1Aal0T C6OI>’I,
BbI3bIBAsd MHKPOPA3PBIBBI BOJIOKOH W ACTCHCPATHBHLIC H3MCHCHHA B MCHHCKAX
KOJICHHBIX CYCTAaBOB.

CTpyKTypHbIE U3MEHEHUSI KOJUIAr€HOBBIX BOJIOKOH TOJI BO3JIEUCTBHEM MOCTOSIHHBIX
yAapHBIX MEPEerpy30K MPUBOIAST K CHIDKCHUIO HMX TMPOYHOCTH U 3JIACTUYHOCTH.
dacruaibHbIe TKAHU TEPSIOT CIIOCOOHOCTH K aJIeKBAaTHOW TUIPATALIUU U CKOJIBKEHUIO
CJI0€B OTHOCHUTEIBHO JAPYT JAPYyra, 4TO BhI3bIBAET 00Opa30BaHUE JOKAIbHBIX (PMOPO3HBIX
CIAa€K W TPUITEPHBIX TOYEK. DTO HE TOJBKO OTPAHUYMBAET AMIUIMTYAY IBUKEHUN B
CyCTaBax, HO M CYLIECTBEHHO IIOBBIIIAET PUCK OCTPHIX MBIIIEYHBIX TPaBM MpPH
BBITIOJIHEHUH PE3KUX OAJUTMCTHUYECKUX JIBIXKCHMM, XapaKTEPHBIX I COBPEMEHHOTO
COpPEBHOBATENBHOTO (hyT3ana.

Jlis mpeoTBpallleHusi KaTacTpo(puueckoro M3Hoca OMOPHO-ABUTATEIbHOIO armapara
COBpPEMEHHas CIIOPTUBHAs VUHKEHEPHUSI BBIHYK/ICHA BHEIPSITH
HAaHOCTPYKTYPUPOBAHHBIE MAaTEpUaJbl C MEPEMEHHON BA3KOCTHIO. Takue maTepualsl
CIOCOOHBI MTHOBEHHO HW3MEHSTh CBOM JeMI(UPYIOLIME XapaKTEPUCTHKUA B
3aBUCUMOCTH OT MOLIHOCTH BXOJSIIETO YAApPHOIro uMIyiibca. MHTerpanus mogo0HbIxX
OMOMH)KEHEPHBIX PEIICHH B TPEHUPOBOUHBIA U COPEBHOBATENbHBIA MPOLIECC
MO3BOJISIET PAJMKAIbHO CHU3UTh YPOBEHb TpaBMaTu3Ma U 00ECINEeUUTh MPOJIOHTALUIO
MPO(PECCUOHAIBHOTO JIOJTOJETUSI JJIUTHBIX HWIPOKOB, HECMOTPS Ha YYyJOBUIIHBIC
(bu3nYecKue Harpy3Ku COBPEMEHHOTO (yT3ana.

[IpumeneHnre HeamanTUBHBIX AEMI(GUPYIOMIMX 3JIEMEHTOB B MPOIUIOM MPUBOIUIO
JUIIF K  YaCTHYHOMY TalIeHWI0O HU3KOYACTOTHBIX  KOJEOaHWH,  OCTaBIsis
HE3aIlUIIECHHBIMA CYCTaBbl OT Pa3pyLIMTEIBHOTO BO3JIEUCTBUS BBICOKOYACTOTHBIX
MMUKOBBIX Harpy3ok. Hogeiimme pa3paboTKi Ha OCHOBE HEHBIOTOHOBCKHX KHIKOCTEH 1
MHTEJUIEKTYAJIbHBIX I[OJMMEPHBIX MATPULl OTKPBIBAIOT MPUHUMUIIMAIBHO HOBBIE
BO3MOYKHOCTH ISl 3alUTHI TOJIEHOCTONA M KOJIEHAa. DTH MaTepHuasbl BeIyT ce0sl Kak
MSITKHE U TTOJATIUBBIE CTPYKTYPHI IIPY MEJIJICHHBIX ABUKEHUSIX, 00ECIIeunBasi TOJIHYIO
CcBO0O/y MaHEBpa, HO MTHOBEHHO 3aTBEPCBAIOT MIPH yAape BHICOKON MHTEHCUBHOCTH,
paccenBas KUHETHYECKYIO OHEPrui0 U 3amuinas Iiy0okue MuodaciuaibHbie
CTPYKTYpPBI OT TIEPECHANPSKEHUS.



3akioueHue

HNuTerpupoBaHHbIii CHUCTEMHBIN aHaIu3 dyTt3ana yepes CJIOKHYIO
MEXIUCITUTUTMHAPHYIO MATPUIly KHOCPHETHKH, TOIOJOTHH W HEUPO(DU3HOJIOTHN
OTKPBIBAET COBEPIICHHO HOBYIO 3I0Xy B TJIIyOOKOM IOHMMAaHHWHM TPHPOABI 3TOM
CIIOPTUBHOW TUCHUILINHBL. MuHH-QyTOON MpeacTaeT mepea HaMu HE MPOCTO Kak
CIIOPTMBHAsg Wrpa C MS4YOM, a KakK BEpPUIMHA BBICOKOTEXHOJIOTHYHOTO
NCUX0(PHU3NOIOTHYECKOTO MPOTUBOCTOSHMUSI, TI€ MO0ea KyeTcsl Ha CTBIKE MepPEeIOBBIX
UHKEHEPHBIX PEIICHUH, KBAHTOBAHHOTO TAaKTUYECKOI'O MBIIUICHUS W aOCOJIIOTHOTO
KOHTpOJISI HAaJl SHTPONMUENW HUIPOBOro NpocTpaHcTBa. [loJlydeHHBIE TEOPETUUYECKHE
MOJIOKEHUS 3a/1al0T HAJACKHBIA BEKTOp IS JadbHEHIIMX MPUKIATHBIX pa3paboTOK B
00JIaCTH 3JIUTHOTO CIOPTUBHOIO MEHEKMEHTA U TPEHUPOBOK.

PaccmarpuBasi cOpeBHOBATEIbHYIO ACSITEIBHOCTD B PETPOCIIEKTUBE U MPOCHUPYS €€ Ha
COBPEMEHHBIC pEaIMh CHOPTUBHOW HAYKH, CTAHOBHUTCS  OYEBUJHBIM, 4YTO
TPaUIIUOHHBIE TOJXOJbI K OpraHu3allid TPEHUPOBOYHOTO IIpoiiecca OOJIbIEe HE
OTBEYAIOT BbI30BaM BpeMeHHU. CTpEeMUTENbHOE BO3pAaCTaHUE CKOPOCTEH, YIIOTHEHUE
WUTPOBBIX 30H M JKECTKOCTh KOHTAaKTHOM OOphOBI TpPeOYIOT KadeCTBEHHOMU
TpaHcpopMaluu Bcel METOAO0JOTHYecKOor 0a3bl. DyT3an npeBpaTUiCs B MOJUTOH JIJIs
WCTIBITAHUSI HOBEHIIMX JOCTHUKEHUU OMOMEXaHWKH, KOTHUTHUBHOM TICUXOJIOTHU H
CHUCTEMHOT0 aHaJu3a.

MacmtabHble TEOPETUUECKHE BBIBOJBI, CACIAHHBIE B XOJE JAHHOTO HMCCIIEIOBAHUSA,
HaIJISIIHO JIGMOHCTPUPYIOT HEOOXOIUMOCTh CUHEPTETUYECKOTO O0OBEIUHEHUS YCUITUN
TPEHEPOB,  CHOPTUBHBIX  Bpadei, TICHUXOJOrOB W  HMHXKEHEPOB.  TOJBKO
MEXIUCITUTUTMHAPHBINA TOAXO0J TO3BOJISIET BBICTPOUTH ONTHUMAIBHYIO TPAEKTOPHUIO
MOJATOTOBKMA  BBICOKOKBAJIM(UIIMPOBAHHBIX  MTPOKOB,  CIIOCOOHBIX  CTAOMJIBHO
(YHKIIMOHUPOBATh B YCIOBHSX JKCTPEMAJbHOTO IEeWTHOTA. Kaxkmoe TEeXHHKO-
TaKTHYECKOE JICHCTBUE B COBPEMEHHOM MaT4e TOJIJIC)KHUT CTPOTOMY MaTEeMaTHIECKOMY
WCYHCIICHUIO, a YIpaBJIeHWE KOMaHAO0N Bce OObIlle HATIOMUHAET aJTOPUTMHUYECKOE
PETYIMPOBAHKE CIIOKHBIMUA KHOCPHETHICCKUMH KOHTYPaMHU.

O0600111as1 BCE BBINIECKA3aHHOE, MOKHO C TIOJIHOM YBEPEHHOCTHIO KOHCTATUPOBATh, YTO
TPaJAUIIMOHHBIE METOJbl SMIMPUYECKOTO HAOIIOIeHUS M CYyOBEKTHBHOW OIICHKHU
ucueprnanu ce0s. bynymee osmautHOro (dyT3ama HEOTAEIMMO OT TIIyOOKOH
MaTteMaTu3aluu TPEHUPOBOYHOTO rporecca, TOTaJILHOT'O MOHHUTOPHUHTA
HEHWPOIHTPONHH U MPUMEHEHHUS TIEPEIOBBIX KMOCPHETUUECKUX MOJENICH YIpaBICHUS
KomaHzou. [IpeanokeHHble  KOHUENTYaJlbHbIE IOAXOAbl  CO3JAIOT  MPOYHBIN
byHIaMEHTAIBHBIA 0a3uC /JII KaUYeCTBEHHOTO CKauykKa B METOIOJOTHUU TOJATOTOBKH
CIIOPTCMEHOB BBICIICH KBaTU(UKAIIMKN, OTKPHIBAsi TOPU3OHTHI JJIsI HOBBIX OTKPBHITHH B
CIIOPTUBHOM HayKe.
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