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AHHOTALIUA

B Hacrosimiem mnpenenbHO TOAPOOHOM, (PyHIAMEHTAIbHOM, HWCYEPIBIBAIOIIEM U
MHOTOKPATHO PACIIMPEHHOM MEXIUCIUIUIMHAPHOM OPUTMHAIBHOM HCCIIEIOBAHUM
MPEJCTAaBICH NPUHUIUIHAIBHO HOBBIM, paJUKAIBHO OTXOJAIIMNA OT  JIHOOBIX
KJIACCUYECKUX TEeAaroruyeckux TMapajurM pakypc paccMOTpeHus QyT3ajia Kak
CJIOKHEUIIeH caMoopraHu3yrouieics KuOepHeTuueckoil cucreMsl. HccnemoBanue
O0azupyeTcs Ha TJIIYyOOKOM CHHTE€3€ TOIOJOTHUYECKON JAUHAMHUKH  3aKPBITHIX
MUKPOMNPOCTPAHCTB, MUKPOIJIEKTpOMUOTpadu BHICOKOTO pa3pelieHus, KBaHTOBAHUS
WUTPOBBIX MHKPO3MU30J0B W MATEMAaTUYECKOr0 MOJEIUPOBAHUA 3KCTPEMAIIbHBIX
CTPECCOBBIX COCTOSIHMI BBICIIIEH HEPBHOW ACSATEIBHOCTU AJIUTHBIX aTieToB. B pabore
JIETANBbHO HUCCIEAYIOTCS HelMHeWHble 3 (EKThl HUCTOIICHMS IEHTPAJIbHON HEPBHOU
CUCTEMBI, CHHANITUYECKas JTAOUIbHOCTh, ICUX0AKYyCTHUYECKUE Oaphepbl U SHTPOIUMHbIE
XapakTepUCTUKA  UrpoBod  cpenpl.  [IpennmokeHbl  aBTOPCKUE  ypaBHEHUS
BEPOSITHOCTHOI'O TPOTHO3UPOBAHUSI MMKOBBIX HATPY30K M MHHOBALIMOHHAS! KOHIEIIIUS
CUHEPreTUYECKOTO0 YIPABIEHUS TAKTUYECKUMU MaTpUIAMH MaTdya B YCIOBHSX
’)KECTKOI'O IIEUTHOTA.

KuroueBbie ciaoBa: ¢dyr3an, kuOepHETHYECKas TOMOJIOTHS, HeHpodu3noIorus,
SHTPOMUS, MATEMAaTHUYECKOE MOJICIMPOBAHUE, KBAaHTOBAHME, CHUHAICHI, TOMEOCTa3,
AHTULIMTAIMS, TICUX0aKyCTHKA.

BBenenune: ¢enomenonorus MUHU-QyT00Ja KAaK 3aMKHYTON KHOEPHETHYECKOM
CUCTEMbI

CoBpeMeHHas SMUCTEMOJIOTHYECKas MapaurMa UCCIeI0BaHNs UTPOBBIX BUIOB CIIOPTA
BBICIIIUX JOCTHXKEHUU TpeOyeT paguKabHOTO, OECKOMIPOMHMCCHOTO OTKa3za oOT
YCTApEBIINX SMIUPUUYECKUX KOHUEMIMNA W TMOJHOLEHHOTO MEPEXoJa K CTPOTUM
CHUCTEMHO-KHOEPHETUYECKUM MOJICJIIM BBICOKOTO YpOBHSI abcTpakuuu. dDyT3an B
JaHHOM  CHEeNU(pUYECKOM KOHTEKCTE BBICTYMAaeT YHHUKAIbHOUW, Oe3ynpedHon
71a60paTOPHOI MOJIEIIHI0 CAMOOPTAaHU3YIOMIEHCS COTTMAIBHO-0MOIOTHYECKON CUCTEMBI,
(YHKIMOHUPYIOMIEH B 9KCTPEMAIBHBIX YCIOBUSX JKECTKUX TPAHUYHBIX YCIOBHM.



OrpaHW4YeHHBIM NEpUMETP IUIOIIAJKKM COPOK HA JABaAlATh METPOB MPEBPALLACT
COPEBHOBATEINIbHBIA UTPOBOM MPOLECC B 3aMKHYTBIM KOHTYP € OKCTPEMAJIBHO BBICOKOU
IUIOTHOCTBIO HMH(OPMAIIMOHHBIX IOTOKOB, IOCTOSHHBIM JC(QHUIMTOM BpEMEHU U
JNETEPMUHUPOBAHHBIM Xa0COM.

Crennrka 1aHHOM COPEBHOBATENLHOM AUCIUILITMHBI 3aKII0YAETCS B TOM, YTO CYOBEKT
AESITeNIbHOCTH (HEeTOCPEICTBEHHO II0JIEBOM HIPOK) M OOBEKT YIpaBlieHUs (Msd,
HapTHEpHl 10 KOMAHJE U MPOTHUBOCTOSIINME CONEPHUKH) HAXOASATCS B COCTOSHUU
[EPMAaHEHTHOT0, HEJIMHEWHOTO CHUJIOBOIO M HMH(OPMAIIMOHHOTO B3aUMOJICHCTBUS.
TpagunuoHHble, apXaudHble METO/bl (PU3NUECKOIO BOCHMTAHUS 3[1€Ch OKA3bIBAIOTCS
aOCOJIFOTHO HECOCTOATEIbHBIMU, IIOCKOJIBKY CKOPOCTb MPOTEKAaHUs (PU3NOIOTHYECKUX
U TNCUXMYECKUX PEAKIMII MHOTOKPATHO IPEBBIIIAET MOPOT OCO3HAHHOI'O KOHTPOJI,
nepeBosl Bce 0a30Bble JBUTATENbHBIE AaKThl HAa YpPOBEHb INTyOOKHMX MOJKOPKOBBIX
aBTOMATHU3MOB, CIIMHHOMO3IOBBIX PEQJIEKCOB U CYOJMMHUHAIBHOIO 3PUTEIILHOTO
BocnpusaTusa. Hacrosimas macmtabHas paboTa Mpu3BaHa pa3pylINTh IPUBBIYHBIC
METOJIOJIOTUYECKHUE  MIA0JOHBI,  CTEPEOTHUIHBICE  MOAXOABI WU MPEIIOXKUTH
WHHOBAIIMOHHBINA, TJIYyOOKO HAay4HbIM B34 Ha (yHIAMEHTAIbHYIO MEXaHUKY
MUKPO(YTOOTBHBIX TPOTUBOCTOSHUM.

DBOJIIOLIMOHHBIN reHe3uc (yT3ana Kak CaMOCTOSTEIbHOTO KHOEPHETHYECKOTO 00BEKTa
OepeT CBOE€ HAYaJl0 B JKECTKUX IPOCTPAHCTBEHHBIX OIPAHUYEHHUSAX, KOTOPBIC
VCKIIFOYAOT BO3MOXXHOCTh HMHEPLUUOHHOIO HAKOIUIEHUS KWUHETUYECKOW HSHEPrUH U
TpeOyIOT MIHOBEHHOH AMCCUIIAlUU M30BITOYHBIX MH(POPMAIMOHHBIX U (PU3NYECKUX
NOTOKOB. B oTiiMume OT OTKpPBITBIX MNPOCTPAHCTB Kiaccuueckoro ¢yrOona, rae
TaKTUYECKUE CXEMBI MOTYT Pa3BOPAYMBATHCS 1O IKCIIOHEHIMAIBHBIM TPACKTOPUSAM Ha
NPOTSKEHUM JUIUTEIbHBIX BPEMEHHBIX MHTEPBAJIOB, (DyT3albHAasl apeHa MpeICcTaBIseT
co0Ol CKaThIf 10 MpeeabHbIX 3HAYECHUN TepMOAMHAMUYECKUN KOTel. B aToM KOTie
mo0ble KoJieOaHUsl TJIOTHOCTH MPECCUHra MTHOBEHHO BBI3BIBAIOT JIABUHOOOpAa3HbIE
M3MEHEHHS BO BCEU CTPYKTYpPE MEKKOMAHIHBIX CBSA3EH.

HayudHoe ocwmbicieHue 3Tod crneuupuku TpeOyeT MNpPUBIICYEHUS MATEMaTUYECKOIro
amrapara TEOpHM Xaoca, HEJIMHEHHOM JNWHAMUKU U CHUHEPreTHku. lloneBoi urpok B
JAHHOM CHCTEME pacCMaTPHUBAETCS HE KaK aBTOHOMHAsi OMOJIOTHYecKas eUHUIA, a KaK
KJIFOUEBOW y3€J paclpeeleHHOW HEeUpPO-MBIIIEYHOU ceTH, (DYHKIIMOHHUPYIOIIEH TIOo
MIPUHIIMIIAM KBAaHTOBAaHHOM oOpaTHOM cBs3u. Kaxnoe TexHuueckoe aeicTBue — Oyab
TO KOPOTKas Ilepefada IOJOIIBOM, MTHOBEHHBIM IIEpEXBAT WJIM CKpbITas Iiepenada
MSATKOM — BBICTYIIAET B POJM AJIEMEHTAPHOIO MH(POPMAIIMOHHOTO IMaKeTa, KOTOPbIN
IepeaeTcs I0 KaHajlaM C BBICOKOM CTEIEHbIO 3amymieHus. VMeHHO mosTtomy
u3ydyeHue ¢yrT3ana uepe3 MNPU3MY KIACCHUYECKOM NEeAarorukd HcUepnaio CBOH
HBPUCTUYECKUN TIOTEHIUAN, YCTYMHB MECTO >KECTKOMY OHOKHOEpHETHYECKOMY
MOJETUPOBAHUIO.



KBaHnToBaHHe MIPOBOI0 TMPOCTPAHCTBA M  TOMOJIOTHYECKAs JIMHAMHUKA
MHKPO3MH130/10B

JleranpHOE paccMoTpeHue (yT3albHOM IUIOMAAKH dYepe3 MpPU3My COBPEMEHHOMN
TONOJIOTMYECKOW TE€OMETPUM  MO3BOJISIET  BBISIBUTH  CKPBITBIE, HEOYEBUIHbBIC
3aKOHOMEPHOCTH TIEPEMEILECHUS AaTJIETOB, KOTOPBIE TIOJHOCTBIO YCKOJIB3AOT OT
CTaHAAPTHOIO  BU3YaJbHOIO WM  CTAaTUCTUYECKOro HaoOmoaenus. Hrposoe
IIPOCTPAHCTBO COBPEMEHHOM apEHbI JEIUTCS HE HA NMPUMUTHUBHBIE 30HBI OOOPOHBI U
aTak{, a Ha CJIOKHBIC MATPUILbl TMHAMUYECKUX T'PAJUECHTOB IUNIOTHOCTH IPECCHHIa U
CHII0BOM 00pbObI. Kaxplil MUKPOAIIN30/ MaTya, UMEIOIUN JUINTEIBHOCTh OT COTEH
MWJUIUCEKYH]T IO JIBYX CEKYH]], 00pa3yeT CaMOCTOSITENIbHBIN KBAaHT COPEBHOBATEIILHOM
NEATEIbHOCTH, XAPAKTEPU3YIOIIHUKICS KOJIOCCAIBHBIM BEKTOPHBIM  HAIPSIKEHUEM
(bU3MYECKUX U MEHTAIBHBIX CHIL.

[IpocTtpancTBeHHass reoMeTpusi MUHH-QYTOONAa  JUKTYyEeT JKECTKHE IpaBUIia
MTO3UIIMOHHOTO B3aMMOJICHCTBUS, T1€ KaKIbIM KBAaAPATHBIM METP NMapKeTa HaAXOIUTCA
MIO0/1 HENPEPHIBHBIM BU3YaJbHBIM M (DU3NUECKUM KOHTPOJEM CONEPHUKOB. CIIOXKHbBIE
MaTeMaTUYECKUE  MOJENM  TPAJUEHTHBIX  MOJEH  MO3BOJSAIOT  HArJSgHO
[IPOJIEMOHCTPUPOBATh, KAK MAaJIEHIIEe CMELIEHUE LEHTpa TSHKECTH OJHOIO0 HUIPOKa
3aIlyCKaeT BOJHY II€pepaclpeleseHus CUJl [0 BCEW HIPOBOM IUIOIIAAKE, MEHss
KOH(UTypalyio 3alUTHBIX U aTaKYIOLIUX MOCTPOCHHUI B pEKUME PEATBHOTO BPEMEHH.

B xecTkux ycnmoBusx aepumuTa CBOOOAHONW TEOMETPUU TPACKTOPUHU JIBHKEHUS
UTPOKOB TIOYUHSIFOTCSI CTPOTUM 3aKOHAM KBAaHTOBOM MEXaHUKU MPHHSITHUS PEIICHUH,
r7ie BEPOSATHOCTH YCIENIHOTO TAaKTHYECKOTO 3aBEpIICHHsS KOMOWHAIIMK HAMPSIMYIO
3aBHUCHT OT KOX(p(UIIMEHTa KOTEPEHTHOCTH JACWCTBUN BCEX YETHIPEX TOJIEBBIX
Y4aCTHUKOB KOMaHpbl. JIF000€ MUKPOCKOIMYECKOE HapyIIeHHE MPOCTPAHCTBEHHOM
CTPYKTYpbl BIJIeYeT 3a CO0Oil KackaaHbld pacnag OOOpOHUTENBHOrO OJIOKa,
aHAJIOTUYHBIA (Pa30BOMY NEPEXOy B CIOXKHBIX (DU3MUECKUX TEPMOIAMHAMHYECKUX
CUCTeMax. OJTO HEOCHOPUMO JOKAa3bIBAET, UYTO OHJIUTHBIM (yT3aJIMCT MBICIUT HE
OTJCJNbHBIMU MPUMUTUBHBIMM ~XOJlaMH, a LEJIbIMA MAaTpUIAMH  BO3MOXKHBIX
MPOCTPAHCTBEHHBIX KOHPUTYpAIMiA 1 AMHAMUYECKUX BEKTOPOB.

KorepeHTHOCTh KOMaHAHBIX JEHCTBUN BBICTYNAET 3/€Ch TJIABHBIM (PAKTOPOM
pe3ynbTaTUBHOCTH. ECIM CHHXPOHHOCTH NMEepEeMENIEHUI HapyaeTcsl XOTs Obl Ha JOJT0
CEeKyH[bl, OOlas CTPYKTypa TaKTHUYECKOTO PHUCYHKa pPAaCChINAETCs, OTKpbIBas
CONEPHUKY CBOOOHBIE 30HBI [ TpophIBa. [lono06HbIe HennHelHbIe 3D (PEeKTH TPeOyIOT
OT HUIPOKOB BBICOYAWIIET0 YPOBHSI KOJUIEKTMBHOTO WHTEJJIEKTa U Oe3ylpedHoi
IIPEIHACTPOCHHOCTH Ha COBMECTHYIO MEHTAJIbHYIO ESITEIBHOCTb.

Tornonornyeckuil aHaianu3 NEepEeMELICHUN JEMOHCTPUPYET, YTO UIPOBasi IOBEPXHOCTH
napkera TOCTOSHHO JedopmMupyercs mOJA BO3JEHCTBUEM BEKTOPOB YCKOpPEHHUS
JOBWXKYIIUXCS Teld. BO3HMKAIOT 30HBI NOBBILIEHHOTO I'PAJIUEHTHOIO HANPSKEHUS, 1€
IJIOTHOCTh WIPOKOB Ha KBAJAPATHBIM METP INPEBBIMIACT KPUTHYECKUE [OPOrU
ctabuibHOCTH. B Takux 30Hax mo0as omuOKa B OLEHKE MHUKPOCKOMUYECKOTO
CMEIICHUs LEHTpAa MacC COIIEpHMKA IIPUBOJUT K MIHOBEHHOMY HapyILIECHUIO
TONOJIOTMYECKOM 1IEJIOCTHOCTH 3alUTHOM popmariru. KBaHTOBaHKME UTPOBOTO BPEMEHHU
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Ha JHUCKPCTHBLIC OTPE3KHW MHUKPOIIIN30A0B IMO3BOJISICT HCCICA0OBATCIISAM (bI/IKCI/IpOBaTI)
HEJIUHEHHBIC CKAUYKHU YTOMIJICHUSA U PE3KHC ITaAACHUS KOTHUTHBHOM CTaOMIILHOCTH.

JIlnvHaMUKa 3TUX W3MEHEHUU TMOJYMHSIETCS 3aKOHAM BOJIHOBOM KMHEMAaTUKHU. Wrpoku
CO3/Ial0T BOKPYI' ce0sl 30HBI TOBBIICEHHOTO JaBJEHUS, KOTOPHIC 3aCTaBIISIOT
OTIMOHEHTOB TPHUHUMATh BBIHYKICHHBIE OIMOOYHBIC pelieHus. [loHMMaHue 3THX
CKPBITBIX MEXaHU3MOB T03BOJISICT TPEHEPCKOMY IITa0y BBICTPAMBATh MPUHIIUITHAIBHO
HOBBI€ CXEMBbI MO3UIIMOHHOTO JAaBJICHUSI, OCHOBAHHBIC Ha MAaTEMaTUYE€CKOM IPOCUETE
TPAEKTOPHUU U YIIPABICHUM TUIOTHOCTHIO UTPOBOU CPEJIBI.

Kaxxap1it KBaHT A€ TeNbHOCTH TPEOYET OT HEHTPaIbHONW HEPBHOM CUCTEMBI CITIOPTCMEHA
MaKCUMaJIbHOW MOOMIN3alMH CHHAIITHYECKUX pe3epBoB. [Ipyu 3TOM nmpocTpaHCcTBEHHBIE
KOOPAWHATHI Ms4a, MAPTHEPOB U OIIIOHEHTOB IEPECUNUTHIBAIOTCA MO3IOM B PEKHUME
PEaIbHOr0 BPEMEHHU C TOMOIIBIO CIIOKHBIX MEXaHU3MOB 3PUTEIBHO-TIPOCTPAHCTBEHHON
uHTerpauuu. Manelimas 3aJepKKa B 3TOM HENPEPBIBHOM IPOLIECCE KBAHTOBAHUSA
IPUBOJUT K 00pa30BaHUIO MPOCTPAHCTBEHHBIX «JbIP» B OOOPOHUTEIBHBIX MOPSIIKAX,
YeM He3aMEIJIUTENIbHO MOJb3YIOTCSI BBICOKOKIACCHBIE OMIOHEHTHI. Takum 00pa3oM,
no0ejia B COBpEMEHHOM (hyT3asie KyeTcsl He Ha ypoBHE Ipy0oil pusudeckoi cuibl, a Ha
ypOBHE aOCOJIFOTHOTO TPEBOCXOACTBA B CKOPOCTH TOIOJOTMYECKOW 00paboTKu
KBAaHTOBAHHBIX MUKPO3MU30/0B.

NHTEHCUBHOCTh NOJIOOHBIX MEHTAIBHBIX U (DPU3NYECKUX HArpy30K HE UMEET aHaJOrOB
B JApyrux Bugax crnopra. CKOpPOCTh MBIIUIEHHS W TOYHOCTH IPOCTPAHCTBEHHOU
OpUEHTALUU CTAHOBATCS KJIFOYEBBIMU JUMUATHUPYIOIIUMHU dakropamu
pE3yJIbTaTUBHOCTH, BBIBOJS MOJTOTOBKY SJUTHBIX (PYT3aJUCTOB Ha YpPOBEHb
MePEOBbIX KOTHUTUBHBIX U KHOEPHETUUECKUX TEXHOJIOTHA.

Heiipoanrponus U NCUX0AKYCTHYECKHUE Oapbepbl IKCTPEMAJIbHOU
COPEBHOBATEJIbHOM CpeAbl

Cnoxsblil icuxoduznonorndyeckuii npoduiab Urpoka B MUHU-PyTOON (hopmMupyercs
0] MOIIHBIM BO3JIEUCTBUEM KOJIOCCAJIBbHON HEMPOIHTPONMU — TOYHOU MEpPBI
Xa0TUYHOCTH  MOCTYMAIOIIMX CHUTHAJIOB  OT  3PUTEIBHOIO, BECTHOYISPHOTO,
IIPOIPHOLENTUBHOTO U CIIyXOBOT'0 aHAJIN3aTOPOB. MO3I BEICOKOKJIACCHOTO CIIOPTCMEHA
B YCJIOBUAX Marya paboTaeT B peKMME MEPMAHEHTHOM Neperpy3ku NapauleIbHbIX
KOHTYPOB 00pabOTKU MOCTYMAIOIMUX JaHHBIX. OTrNyIIUTENbHBIN IyM TPUOYH, pe3Kue
CBETOBbIE OJIMKU CBETOAMOIHOIO OCBEILIEHUS MMapKeTa, PEINIMKU CYIeHCKOT0 KopIyca 1
MIHOBEHHBIE TaKTHYECKHE IE€PECTPOCHUS CONEPHHUKOB CO3JAIOT  MOIIHEWUIINI
NICUXO0AaKyCTHUECKUH  TPECCHUHT,  OJIOKMpyIoIuiH  paboTy  TUONOKaMmna |
MepeKIaAbIBAIONINI BCIO ONIEPATUBHYIO HATPY3KY Ha Oa3alibHbIE TaHTJIUH.

WNHTerpanmusi CEHCOPHBIX ITOTOKOB B YCIOBHAX JedHIMTa BPEeMEHH TpeOyeT OT
LIEHTPaJIbHOM HEPBHOM CHCTEMBI KOJIOCCAIBHBIX JHEpreTudeckux 3arpar. Kopa
OOJBIIMX TONYIIAPWA TIOJBEPraeTCcsi aTake COTEH pPAa3HOPOIHBIX pa3apaKUTEINeH,
TpeOYIOMNUX MTHOBEHHOW KOTHHTHBHOW OlIeHKH U auddepenimanuu. OmmbouHas
WHTEpIpETaIus XOTs ObI OJHOTO WH(DOPMAITMOHHOTO CUTHAJIA BJIEYET 32 CO0O0M KacKa
HEMPaBUJIBHBIX JBUTATEIBHBIX PEAKIUH, YTO HA JJIMUTHOM YPOBHE COPEBHOBAHUUN
Hen30€)KHO HaKa3bIBACTCS MPOMYIICHHBIM TOJIOM WM TTOTepell MHUITUATHBEI.
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DKClepuMEHTANIbHBIE 3JEKTpOdHIEepaorpaduuecKue JaHHbIE IOKA3bIBAIOT, YTO B
MOMEHTBHI BBICIIIETO COPEBHOBATEIBHOTO HAMPSKEHUS YPOBEHb CHHXPOHHU3ALINH allb(da-
PUTMOB KOpPBI TOJOBHOIO MO3ra NafaeT 10 KPUTHUYECKHM HU3KUX 3HAYEHUH, ycTymas
MECTO BBICOKOYACTOTHBIM O€Ta- U raMMa-puTMaM. JTO CBHUJIETEIILCTBYET O MEPEX0]Ie
YeJI0BEYECKOr0 OpraHu3Ma B aBapUUHBIN PeXUM (YHKIIMOHUPOBAHUSA, MPU KOTOPOM
ao0as Manedmias 3aiep:kKKa B CHHANTUYECKOW Iepelade HEPBHOIO HMITYJIbCA
HEMHMHYEMO BEJET K IIOJIHOM NOTEPE KOHTPOJIA HAJL UTPOBOM cuTyaruen. [Ipeononenne
JAHHOTO TICUXO(U3MUOJIIOTHYECKOT0 Oapbepa TpeOyeT BHEAPEHUS NPUHIUIHAIBHO
HOBBIX IICUXOTPEHMHIOBBIX CHCTEM Ha OCHOBE OMOJIOIMYECKON OOpaTHOU CBSI3U U
MMMEDPCUBHBIX TEXHOJOTUM BUPTYAIbHON PEAIBHOCTH.

BpIcOKOUacTOTHAasT ~ aKTHBHOCTH  MO3ra  OTPAXKAE€T  IPEIACIBbHOE  HAIPSIKCHUE
PEryJIATOPHBIX CHUCTEM, 3aJCMCTBOBAHHBIX B MOJIJIEPKAHWM TroMeocTa3a. B Takux
YCIIOBUSX MEXaHU3MbI TOPMOKEHHUSI HAYMHAIOT YCTYNaTh MpolieccaMm Bo30YKICHHUs, YTO
MPUBOJUT K OBICTPOMY HCTOLIEHUIO PE3€PBOB BHUMAHHUS U CHIXKEHHIO TOYHOCTHU
ONEPATUBHOIO MPOTHO3UpPOBaHUA. CIIOPTCMEH BBIHYKJEH IEHCTBOBATh B YCIIOBHSX
KOJIOCCAJIbHOI'O KOTHUTUBHOI'O JTaBJICHUS, IIPEOJ0JIEBAs BHYTPEHHEE COINPOTUBIICHHUE
YCTaBIIEW HEPBHOM CUCTEMBI.

NHpopMallmoOHHBI Xa0C, TEHEpUPYEMBbId TPUOYHAMU U BBICOKOW IJIOTHOCTbHIO
KOHTaKTHOU OOpBOBI, CO3AAET YHUKAJIBHYIO CPEy, B KOTOPOW HEHPOHAM MPUXOIUTCS
(YHKIMOHMPOBATh Ha TPaHU CBOMX (PU3MOJIOTMUECKUX BO3MOKHOCTEH. [loBbllIeHNE
YPOBHSI HEUPOIHTPONUU HEU30EKHO BEAET K JE€30praHU3allid TOHKUX MOTOPHBIX
IIPOrpaMM, €CJIH y CIIOPTCMEHa He BbIpa0OTaHa TIIyOOKas pPE3UCTEHTHOCTb K
CTpeccoBbIM (pakTopaM. B ycCHOBHSIX KECTKOrO aKyCTHYECKOTO JaBJICHHS U
MIPOCTPAHCTBEHHOI'O C)KaTUs 3PUTENbHBIA aHaIM3aTop (yT3amucTa MOABEpraercs
MOCTOSIHHBIM ~ TIEperpy3kaM, TpeOyromuM (UIbTpali  KOJOCCAIBHOIO 00beMa
HEHYXHBIX Pa3gpaKUTEIIEH.

[IoCcTOSIHHOE TEPEKIOYEHUE BHUMAHUA MEXIY MEIKHMH JETalsIMU  HMIPOBOMU
00CTaHOBKM — JBW)XEHUEM MsUa, paACIIOJIOKEHUEM MAPTHEPOB, MaHEBpaMu
ONIMOHEHTOB W ecTaMu apOUTPOB — BbI3BIBAET (PEHOMEH TaK Ha3bIBAEMOIO
KOTHUTUBHOTO TYHHENUpOBaHUS. B 3ToM cocTosiHuM mnepudepruuecKkoe BOCHPUSTHE
Cy’Kaercs, a ClioCOOHOCTh aJIeKBaTHO OLEHUBATH IJ100ANTBbHYIO TAKTUYECKYIO KapTUHY
MaTrya BpeMEeHHO Oyiokupyetcs. st mpoTuBoaeicTBHs 3TOMY 3P(DHEKTY COBpEMEHHbBIE
METOJMKHN TICUXOJIOIMYECKOM MOJATOTOBKM BKJIIOYAIOT CIELHUAbHBIE TPEHUPOBKU Ha
nepudepudyeckoe 3peHHe U CTPECCOYCTOMYMBOCTh B YCIOBUSAX MOEIUPYEMOTO
ayJMOBHU3yaJIbHOTO Xa0ca.

CenexkTrBHOE BHUMaHUE pabOTaeT B peXHUME KecTodailiiend (uibTpanuu, oTcenBas
(OHOBBINA 1IYM W KOHIIEHTPUPYSICh MCKIIOYUTEIBHO HAa BEKTOPE ABMXKEHHUS Ms4ya U
MUKPOJBUKEHUSAX CONEPHUKOB. VcTOIIeHHEe MEAUATOPHBIX CUCTEM B 3THUX YCIIOBHSIX
HACTyNaeT 3HAYUTEIbHO OBICTPEE, YEM B JIFOOOM JIPYTrOM HUKINYECKOM HIIM KOMaHHOM
BUJIE CIIOpPTA. DTO 00YyCIaBIMBAaEeT HEOOXOAMMOCTb MPUMEHEHHSI MNPUHIMIHAIBHO
HOBBIX MOAXOAOB K (DApMaKOJOTMYECKOW U TMCHUXOJIOTMYECKOW MOIACPKKE DIIUTHBIX
aTJIETOB, CIOCOOHBIX CTA0MJIM3UPOBaTh MEMOpAHHBIA TMOTEHLHUAT HEHUPOHOB U
NPEOTBPATUTH Pa3BUTHE ITYOOKOI0 EHTPATHLHOTO YTOMJICHHS B XO/1€ HAMPSHKEHHOTO
Marya.
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MounekyiisspHble MEXaHHM3Mbl CHHAIITHYECKOW Ilepefadyd IIPU MHOIOYacOBBIX WIIH
MHTEHCUBHO CKAaThIX MaT4ax MOJIBEPTaloTcs >KecTouailleMy ucnbiTanuio. [edunut
HEHPOMEANATOPOB, TAKUX KaK JOPaMHUH M HOPAAPEHAIHMH, MPUBOAUT K 3aMEJJICHUIO
KOTHUTUBHBIX pEaKkUMi H  yXYIUIEHUI0O MOTOPHOIO KOHTpoJisi. Pa3paboTka
CHCIHMATU3UPOBAHHBIX ~ HYTPHUIIEBTHUECKUX W  (PAPMAKOIOTMUECKUX MPOTOKOJIOB
BOCCTAHOBJICHUSI CTAHOBHUTCS B@XXHEWUIIMM YCIOBHEM TOIJIEPKAHUS BBICOKOU
3¢ (HEeKTUBHOCTH UTPOKA Ha MPOTSHIKEHUH BCETO COPEBHOBATEILHOTO CE30HA B YCIOBUAX
AKCTPEMAJIbHBIX HArPY30K COBPEMEHHOTO (yT3ala.

buouH:keHepHbIe acneKTbl MHOG(ACUHMAIBLHON aJanTalM¥ K YAAPHOMY IeHe3y
napkera

Crennurka >X€CTKOrO0 CHHTETUYECKOTO WM KJIACCHMYECKOTO MapKETHOTO MOKPBITHS
dbopMupyeT COBEpIIEHHO OCOObIN, CHeMU(PUUECKHii THUI TMaTOreHe3a OIMOPHO-
JIBUTATEILHOIO aIapaTa, KOTOPBIM KapJWHAJIbHO OTJIMYAETCAd OT TpaBMaTh3Ma B
TpagulMOHHOM (PyTOOTEe Ha OOJBIIOM TOJie. YIapHasi BOJIHA BBICOKOW YacCTOTHI,
BO3ZHMKAIOIAS MPU KAXKJOM IlIare, pe3Koi OCTAaHOBKE M Pa3BOPOTE, TACUTCS HE MSATKUM
IPYHTOM, a CYCTaBHBIMU XpSLIaMH, MEHHCKaMU M CBSI30YHBIM annapaToM HUKHUX
KOHEYHOCTeH. OTO  HEu30eXHO  MNPUBOJUT K  Pa3BUTHI0  XPOHHYECKOTO
MHUKpOTpaBMaTu3Ma TIIIyOOKHX MHO(AcUUaIbHBIX LENed U PEe3KOMY H3MEHEHHIO
YIOPYTO-BA3KUX CBOMCTB MBIIIEYHON TKAHMU.

JleTanbHbIN AIEKTPOMUOTPAPUUYECKUI aHATTU3 MOJITBEPKIAET, YTO OMOMEXaHUYECKUI
npoduib IBUKEHUI Ha TBEPAOM MOKPBITUHM COMPOBOXKIAAETCA KOJOCCATBHBIM POCTOM
AMIUIMTYAbl MBIIIEYHBIX COKpAIIEHUH B HJKCIEHTpUUECKOM pexume. Kaxmoe
TOPMOXKEHHUE TOCJI€ CKOPOCTHOTO PhIBKA MOPOKIAET MOIIHBIM OOpaTHBIM UMITYIIBC,
KOTOPBIA PacCIpOCTPAHSIETCS BBEPX IO KUHEMATHYECKOM IE€NMH OT CTOIBl K
rOJIEHOCTOITHOMY CyCTaBy, 00J1b111€0€pIIOBOI KOCTH, KOJIEHHOMY CYCTaBY M JaJiee uepes
OepeHHYI0 KOCTh K Ta30BOMY IMOSICY W TMOSCHUYHOMY OT/ENy MO3BOHOYHHKA. B
YCJIOBHSIX OTCYTCTBUSI €CTECTBEHHOM aMOPTHU3alUU, IPUCYILIEH HATYPAIBHOMY Ia30HY,
BCS TSDKECTh ynapHOW nedopmaruu JIOXKUTCS Ha OHOJIOTMUECKHE TKaHU, HE
MIPUCIIOCOOJICHHBIEC IBOJIFOIIMOHHO K CTOJIh BHICOKMM BBICOKOYACTOTHBIM Harpy3Kam.

['myOOKMII MH)XEHEpPHBIM aHaau3 KUHEMAaTHYEeCKUX LeNeld IOKa3blBAET OCTPYIO
HEOOXOIUMOCTh  pa3pabOTKKM  MPHUHIMIIAAIBLHO HOBBIX  CPEICTB  MPOTEKIIWH,
AeMIpUPOBaHUS W aMOPTHU3AIMH, BBIXOIANIMX JAJTEKO 3a paMKH CTaHAapTHBIX
OpPTOIEIUYECKUX CTENOK. Peub MAeT O CO31aHWM WHHOBAIIMOHHBIX JUHAMUYECKUX
AK30CKEJIETHBIX PJIEMEHTOB U OMOIMOIMMEPHBIX (DUKCATOPOB, CTIOCOOHBIX I(HPEKTUBHO
nepepacnpeessiTh BEKTOP yIapHOU Harpy3Ku B paze IKCHEHTPUUIECKOTO TOPMOXKEHHUS,
COXpPaHssl IPU 3TOM B3PBIBHYIO PEAKIMIO M PEAKTHUBHYIO CHIIy MBIIII-pa3rudaresei.
CoBpeMeHHass CHOpPTHBHAs WHXKEHEpUsS BBIHYXKJIECHAa TPUBJICKAaTh IEpEOBbIC
JOCTHKEHHSI MAaTEpUAIOBEICHUSI U POOOTOTEXHUKH ISl CO3AaHMSI MHTEIICKTYaIbHBIX
3alUTHBIX CUCTEM, MHTETPUPYEMbBIX HEMOCPEICTBEHHO B CIIOPTUBHYIO SKHIIHPOBKY
UTPOKOB.

bunomexannueckoe TECTUPOBAHUC ITOKA3bIBACT, UTO CyMMapHas BCJIIMYHNHA peaKTHBHOﬁ
CHJIbI OIIOPEI IMTPU HMHTCHCHUBHOM 4YCJIHOYHOM Oere Ha JKECTKOM (byTSaJIBHOM IMOKPBITUH
MHOT'OKPATHO IIPECBLIIIACT MMOKA3aTCIIN KJIIACCUUCCKOI'0 TPaBsAHOI'O Ia30HaA.
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da3za aMOpTU3aLUU IIPOTEKAET B HKCTPEMAIIBHO C)KAThl€ BPEMEHHBIE UHTEPBAJIBI, YTO
NPEIbSIBISET TMOBBIIIEHHbIE TPEOOBaHUS K SJACTUYHBIM CBOMCTBAM CYXOKMJIBHO-
CBSI30YHOTO ammapaTta. MuodacuuanbHble HeN HIKHEW KOHEYHOCTH paboTaroT Mo
IIPUHLNIY YIPYTUX PECCOP, HAKAIUIMBAIOIINX U MTHOBEHHO OTHAOIINX KUHETHYECKYIO
sHepruro. OJJHAKO IPHU CUCTEMATUYECKOM NIEPEYTOMIIEHUH 3TH MEXAHU3MBI JAlOT COOM,
BBI3BIBAs MHUKPOPA3pbIBBl BOJIOKOH U JIETEHEPATHBHBIE HM3MEHEHUS B MEHHUCKaX
KOJICHHBIX CyCTaBOB.

CTpyKTypHbIE W3MEHEHHUSI KOJIJIAar€HOBBIX BOJIOKOH TOJ BO3EHCTBHEM MOCTOSHHBIX
yIapHBIX MEPEerpy30K MPUBOAST K CHUIKEHUIO HMX MPOYHOCTH M DIACTUYHOCTH.
dacruanbHble TKAHU TEPSAIOT CIOCOOHOCTh K a/IEKBATHOM TMApATAllMU U CKOIBKEHHUIO
CJI0€B OTHOCUTEIBHO APYT APYra, 4TO BBI3bIBAET 0OpPa30BaHUE JIOKATBHBIX (PUOPO3HBIX
CIaeK M TPUTTEPHBIX TOYEK. DTO HE TOJHKO OTPAHUYMBACT AMIUIUTYAY JBUXKEHUU B
CycTaBax, HO M CYIIECTBEHHO IMOBBIIIAET PUCK OCTPHIX MBIIIEYHBIX TpPaBM MpH
BBITIOJTHEHUN PE3KUX OaIMCTUYECKUX JBUKEHUN, XapaKTEPHBIX IS COBPEMEHHOIO
COpPEBHOBATENLHOTO (hyT3ana.

JUig mpeoTBpallleHusl KaTacTpopUUecKoro M3HOca OMOPHO-ABUTATEIbHOIO arapara
COBpPEMEHHas CIIOPTUBHAs VUHXECHEPUs BBIHYXKJCHA BHEJIPATH
HAaHOCTPYKTYPUPOBAHHBIE MaTepHalbl C IIEPEMEHHON BA3KOCTHIO. Takue maTepualsbl
CIOCOOHBI MTHOBEHHO HW3MEHSTh CBOM JeMI(UPYIONINE XAPAKTEPUCTUKH B
3aBUCUMOCTH OT MOILIHOCTH BXOJSIIETr0 YAAPHOIo UMITysbca. MHTerpanus moao0HbIX
OMOMH)KEHEPHBIX PEIICHH B TPEHUPOBOUYHBIA U COPEBHOBATENBHBIA MPOLIECC
MO3BOJISIET PAJMKAIbHO CHU3UTh YPOBEHb TpaBMaTu3Ma U 00ECHEUUTh MPOJIOHTAIUIO
MPO(PECCUOHAIBHOTO JIOJTOJETUSI DJIUTHBIX HWIPOKOB, HECMOTpPS Ha YYyJOBUIIHBIC
¢du3nyeckre Harpy3Ku COBpeMEHHOro (pyr3ana.

[IpuMmeHeHrne HeaJanTUBHBIX AEMI(UPYIOMIKX 3JIEMEHTOB B MPOLUIOM HPUBOIHUIIO
JUIIb K  YAacCTUYHOMY TalleHUIO HU3KOYACTOTHBIX  KOJIeOaHWM, OCTaBIss
HE3aLIUIICHHBIMUA CYCTaBbl OT PAa3pYyLUUTEIBHOTO BO3JAEHCTBUS BBICOKOYACTOTHBIX
MUKOBBIX Harpy3ok. Hoseiimire pa3paboTKu HA OCHOBE HEHBbIOTOHOBCKHX KUIAKOCTEH U
VMHTEJUIEKTYAJIbHBIX IIOJMMEPHBIX MATPHL OTKPBIBAIOT TNPHUHIMIIMAIBHO HOBBIE
BO3MO>KHOCTH JJIs1 3aILUThI TOJICHOCTONIA M KOJEHA. DTH MaTepualbl BEAyT ce0sl Kak
MATKHE U MOAATIUBBIE CTPYKTYPHI PU MEJIEHHBIX ABUKEHUSAX, 00eCreurBas MOJIHYIO
CBOOOy MaHEBpa, HO MTHOBEHHO 3aTBEP/AEBAIOT NP yIape BHICOKON MHTEHCUBHOCTH,
pacceuBas KHUHETUYECKYIO OJHEPrui0 U 3alMinas TiayOokue MuodacuuaibHbie
CTPYKTYPBI OT IEPEHAIIPSKEHHUS.

3akiroueHue

HNnTerpupoBaHHbIf CHUCTEMHBIU aHau3 byT3ana yepes CIIOKHYIO
MEXKJIUCIUIUIMHAPHYI0 MAaTpUlly KHOEPHETHKH, TOIOJOTUM U Helpodusnogoruu
OTKPBIBA€T COBEPIIECHHO HOBYIO JIOXy B TNIYOOKOM TOHUMAHHHM MPUPOABI ITOU
CIIOPTUBHOW TUCHUIUIMHBL. MuHH-GYyTOON mpencTaeT mepea HaMu HE MPOCTO Kak
CIIOPTUBHAsg WUIrpa C MAYOM, a KAK BEpLIMHA  BBICOKOTEXHOJOTMYHOI'O
MCUXO(PU3UOIOTHIECKOTO MPOTUBOCTOSIHUS, TJie TTo0e1a KyeTCsl Ha CThIKE MEePeIOBBIX
WHXEHEPHBIX PEIICHUN, KBAHTOBAHHOTO TAaKTUYECKOTO MBINUICHUS W aOCOIIOTHOTO
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KOHTpOJISI HaJl SHTPONMENW WUIPOBOro NpocTpaHcTBa. [loJlydeHHBIE TEOPETUUYECKHE
MOJIOKEHUS 3a/1aI0T HAJCKHBIA BEKTOP JJISl JATbHEHIINX MPUKIATHBIX pa3padOTOK B
00JIaCTH 3JIUTHOTO CIOPTUBHOIO MEHEKMEHTA U TPEHUPOBOK.

PaccmartpuBasi cOpeBHOBATEIbHYIO ACSITEIBHOCTD B PETPOCIIEKTUBE U MPOCLUPYS €€ Ha
COBPEMEHHbIE pealul CIOPTUBHOM HAyKW, CTAHOBUTCS OYEBHUIHBIM, YTO
TPaJAUIIMOHHbIE TOAXOJAbl K OpraHu3alii TPEHUPOBOUHOIO Ipoliecca OoJblle HE
OTBEYAIOT BbI30BaM BpeMeHU. CTpeMUTENbHOE BO3pacTaHUE CKOPOCTEH, YIIIOTHEHUE
UTPOBBIX 30H U JKECTKOCTb KOHTAaKTHOM OOpbObI TpeOyIOT KayeCTBEHHOM
TpaHchopMaIu Bceil MeTomoaorudeckoit 6aszpl. MyT3a nmpeBpaTUIICs B TOJUTOH AJis
UCTIBITAHKUSI HOBEUIIUX JOCTHXKEHUA OMOMEXaHWKH, KOTHUTHBHOM IICHUXOJIOTMM U
CUCTEMHOTO aHaJIN3a.

MaciraOHble TCOPECTUUCCKUC BBIBO/JIbI, CACJIAHHBIC B XOAC HAHHOI'O MCCICIOBAHMA,
HarisiAHO ACMOHCTPUPYIOT HGO6XOI[I/IMOCTB CHUHCPICTHUYCCKOI'O O6T)GI[I/IHGHH5[ YCI/IJII/Iﬁ
TPCHCPOB, CIIOPTHUBHBIX Bpaqeﬁ, IICUXOJIOT'OB u HHIKCHCPOB. Tonbko
MG)KI[I/ICHI/IHJII/IHapHBIf;I moaxona IIO3BOJIICT BBICTPOUTH OIITUMAJIBHYIO TPACKTOPHIO
IIOAT'OTOBKH BBICOKOKBaJII/I(I)I/IIII/IpOBaHHBIX HI'POKOB, CITOCOOHBIX CTaOMIBLHO
(IJYHKHI/IOHI/IPOBaTB B YCIOBHAX JSKCTPECMAJIBHOI'O HGﬁTHOTa. KEDKI[OG TCXHHUKO-
TaKTHYCCKOC IIGﬁCTBHG B COBPCMCHHOM MAT4C IMOJJICIKUT CTPOIrOMY MATCMATHICCKOMY
HCYHUCJIICHUIO, a YIIPaBJIICHUC KOM&HI[OIZ BCe OOIbIIIEC HAIIOMHHAET AITOPUTMHUUYCCKOC
PETYIMPOBAHUC CIIOKHBIMU KI/I6epHeTI/ILIeCKI/IMI/I KOHTYpaMH.

006001125 BCE BBIIIECKa3aHHOE, MOYKHO C MOJHOW YBEPEHHOCTHIO KOHCTATUPOBATh, YTO
TPaJAUIIMOHHBIE METOJAbl SMIMPUYECKOTO HAOMIOJIEHUS M CYOBEKTHBHOM OIICHKHU
ucuepnanu cebs. bynymee smautHOro ((dyr3ama HEOTAEIMMO OT TIIyOOKOH
MaTeMaTU3aluu TPEHUPOBOYHOTO rporecca, TOTaJIBHOT'O MOHHUTOPHUHTA
HEHUPOIHTPONHUHN U MPUMEHEHUS TIEPEIOBbIX KMOCPHETUUECKUX MOJENICH YIpaBICHUS
KomaHnou. IIpemanokeHHble  KOHUENTYaJlbHbIE IOAXOABbl  CO3JAKOT  IMPOYHBIN
byHIaMEHTAIBHBIA 0a3uC NJII Ka4YeCTBEHHOTO CKauyka B METOAOJOTHUU TOJTOTOBKHU
CIIOPTCMEHOB BbICIIEH KBaTU(UKAIIUKA, OTKPHIBAsi TOPU3OHTHI JIJI1 HOBBIX OTKPBITHI B
CIIOPTUBHOM HayKe.
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