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PEUUMENbHO UX He 3Haeme.
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«Kaxmas kaura uzBecTHoro (ppaniry3ckoro ncuxogusnonora Cranucinaca [leana — 310 coObl-
tve. He crana uckimoueHreM u 3ta. B Hell paccMaTpuBaloTCsl BaKHEMIIIME BOIPOCH KOTHUTHBHOW
HEeWPOHAYKM: KaK MPOUCXOIUT HAay4YeHHe, KaK Mbl IIPHOOpeTaeM HOBbIE 3HaHUs, yeM paboTa Mo3ra
BO BpeMs1 00y4YeHHs OTIIMYAeTCsi OT paboThl KomrbioTepa? HecMOTpst Ha CTONB CIIOKHYIO TEMY, KHHTa
HaIMcaHa Ype3BblYaiiHO SIPKUM U JOCTYITHBIM SI3bIKOM, TIPH TOM B HEH MIOJTHOCTBIO COXpaHeHa Hayy-
Hasi TOYHOCTh M aKKYPaTHOCTh MPH U3JI0KEHUU (DaKTOB U Teopuid. BaxxHo oTMeTuTh, uTo CTaHMCHAC
JleaH He MPOCTO MePEeUrCIIsIeT Te WK UHbIE (PaKThl IO TeMe, HO U MpejylaraeT COOCTBEHHYIO OpUTH-
HAJILHYIO TUTIOTE3Y «HEHPOHHOTO PEIMKJIMHTA», TIO3BOJISIONIYI0 COBEPIIIEHHO TIO-HOBOMY B3IJISIHYTh



C. ,H,CHH-I-. «Kak MbI YUnUMCH. HO‘{CMy MO3I' YYUTCA JIydllIe, Y€EM mo0das MaIlHa. .. [IOKa»

Ha MHOTHE, Ka3aJIoch Obl TaBHO U3BECTHBIE HaOmoAeHus. [lymaio, 4To 51 HepeMeHHO Oyay peKOMeH-
J0BaTh 3Ty KHUTY CBOMM CTYJEHTaM».

Cranucias Ko3noBckui,

JOLEHT Kadeapsl Ncuxopu3nosoruu gakyibTeTa

ricuxonoru MI'Y numenu M.B. JlomoHocoBa
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BBenenne

B cenTsiope 2009 roaa st n03HAKOMIJICSI C OJJHUM YANBHUTEJIbLHBIM pebeHKoM. VIMeHHO
OH 3aCTaBWJI MEHSI B KOpHE IMEepecMOTPeTh MOW TPEJ/ICTaBJICHUsI O HayuyeHHU. 51 ObUT B OrpOMHOM
OesioM 31aHuM, BIOXHOBJICHHOM apxutekTypori Ockapa Humeriepa', — HeBponornueckom peadbuiu-
TauoHHOM LieHTpe umenu Capbl Kyouuek B Bpasunuu, ¢ KOTopbIM Mos 1abopaTopusi COTpyIHMYATA
yxke okoso aecatu seT. [upekrop, Jliouna bpara, oTBesa MeHsI K OTHOMY U3 MAIlUEHTOB — CEMU-
JeTHeMy MaibuuKy Desure, KOTOpbIi Mposexkan Ha OOJIbHIUYHON KOMKe OOJbIlie MOJOBUHBI CBOE
KU3HU. B Bo3pacTe ueThipex JIeT ero paHuIM Ha yJule — K COXKaJIeHUI0, 9TO HE TaKOe YK peaKoe
coobiTrie B bpaswmvu. [anbHas myiist moBpeAnia CIMHHON MO3T M YHUUTOXWJIA 3pUTENIbHbIC 1IeH-
TPBI B TOJIOBHOM MO3re. B pe3yibrare Majbilll OJHOCTBIO YTPATHII MOABMKHOCTL U Oclierl. UToOb!
emy ObLJIO Jierye JblaTh, Bpayu MPOJIEIaid B €ro Tpaxee — y CaMoro OCHOBAaHUs IIer — HEOOJTbIIoe
otBepcrure. Bot yxe Tpu roga denurie kul B OOJBHUYHOM TajiaTe, 3alepThiil B TIOpbMe COOCTBEHHOTO
HEITOJBMIKHOTO TeJla.

[TomHI0, Kak, Usi M0 KOPUAOPY, S MBICJIEHHO IIPUTOTOBUJICS YBUIETh HECUACTHOTO, HCKaJe-
YeHHOro peOeHKa. A motom s yBuzen... denure, TaKOro e 04apoBaTEIbBHOTO MAJICHBKOTO MaJlb-
YKMKa, KaK M BCE CEMWIETHHE JICTU: Ppa3rOBOPYMBOIO, KU3HEPAJOCTHOTO U JMoOo3HaTenbHOro. OH
CBOOOJHO TOBOPWJI HA aHIVIMIACKOM SI3bIKE M 33]1aJ]1 MHE HECKOJIbKO KaBeP3HBIX BOITPOCOB O (ppaHIry3-
ckux cioBax. OKka3blBaeTcsl, EMy BCErJa HPaBUJIKCh SI3bIKK, M OH HUKOTJA HE YITyCKaJl BO3MOKHOCTU
TIOTIOJTHUTH CBOM CJIOBAPHBIN 3ariac (MaJIblill BJaJes TpeMsl SI3bIKaMU: MOPTYTIbCKUM, aHIJIMACKUM U
ucnaHckuMm). Xots1 Penurne ObLT ClieN U MPUKOBAH K MOCTENH, OH HAIlIeJ CTIaCeHUe B BOOOPaKeHUU U
COYMHSLIT UyJecHble ucTopuu. [lepcoHan OOMbHUIIBI AKTUBHO MOAJIEPKUBAT €T0 YBJIIEYEHUE U BCsUe-
CKU cTapayicsl eMy 1oMoub. Yepe3 HecKoJbKO MecslieB Penune HayuusIcs AUKTOBAThH CBOM PACCKA3b
MOMOIITHUKY, a TI03Ke CTaJI 3aIKCHIBATH X CAMOCTOSITENIHO — C MOMOIIBIO CTIEIUAIbHON KJIABUATY PbI,
MOIKJTIOUYEHHON K KOMITBIOTEpY M 3BYKOBOW Kapte. [leauaTpbl v JIOrOneabl Mo OYepean AeKypuiiv
y JIETCKOW KPOBaTKH, IIpeBpalias ero COUMHEH!s] B HACTOSIIIIME TAKTUJIbHBIE KHUTH C pesibeHBIMU
WUTIOCTpalvsAMU. §1 BUIIEN, Kak OH FOpO MEPEIUCThIBAET UX NATbUUKAMU, UCTIONb3YSI Te KPOXH OCSI-
3aHUs1, KOTOpPBIE Y HETO OCTaCh. Ero uctopuy moBecTBYIOT O TeposiX U FePOUHSIX, Fopax U 03epax,
KOTOpBIE OH HUKOT/IA HE YBUAMT, HO O KOTOPBIX MEUTaeT, KaK JIOOW MaJIeHbKUI MaJIbUHK.

Bcerpeua ¢ ®enurie riyOOKO TpOHY/Ia MeHS, a Takxke yOequia BHUMATeJbHee MPUCMOTPEThCS
K TOMY, 4TO, BEpOSITHO, CIIe[yeT CUMTaTh BEIUYAWIINM TaJaHTOM HaIero Mo3ra: CrocoOHOCTU
yunthcs. Penune — peGEHOK, caMO CYyIIeCTBOBaHME KOTOPOro OpocaeT BBI3OB HelpoHayke. Kak
KOTHUTHBHBIE CIOCOOHOCTH HAIIIEr0 MO3ra yMYAPSIIOTCS IPOTUBOCTOSITH CTOJb PAJUKATBHOMY HU3Me-
HeHuto cpenbl? [Touemy Mbl ¢ Penvirie MOKeM MBICTUTh CXOKHUM 00pa30M, XOTsI HAIll CEHCOPHBINA OITBIT
B KOpHe paznuueH? Kak pasHble JT0a1 MPUXOAST K OHUM U TE€M Ke MOHSATHSIM, OUYTH He3aBUCUMO
OT TOTO, KaK U KOrJa MPOUCXOIUT UX YCBOeHHUe?

MHorue HelipoOuosoru — yoexJeHHbIe SMITMPUKU: BCIIE 32 aHITIUACKUM (husiocooM 3moxu
[Tpoceemenus Ixxonom Jlokkom (1632—1704) oHM HacTaMBAIOT, UTO MO3T YE€pIHAET BCE CBOU 3HAHUS
u3 BHelHero Mupa. C 9Tol TOUKU 3peHUsI ITIaBHBIM CBOMCTBOM KOPKOBBIX HEHPOHHBIX CeTel? I0JKHA
OBITh [JIACTUYHOCTb, BO3MOKHOCTD a[JalITUPOBATHCS K BXOAHBIM CUTHAIAM. U IeCTBUTENBHO, HEPB-
Hble KJIETKU OONaJaloT MOPa3UTENbHON CIOCOOHOCTBIO PEeryjiupoBaTh CBOM CHHANCHI B OTBET Ha
MOCTYTAIINe UMITYJTbChl. OTHaKO Oy/ib 3TO IJIABHBIM JpaiiBepoOM padOThl MO3ra, MOM MaJICHbKUIA

! Ockap Pubeiipy nu Anmverina tu Humeitep Cyapuc @ubio (1907-2012) — natnHOaMepuKaHCKUHA apxuTeKTop XX BeKa, OquH
13 OCHOBaTesell COBPEMEHHOH IIKOJIBI Opa3HUILCKO apXUTEKTYpI. (IIpum. nepes.)

’B COBPEMEHHOI TIePEeBOJHOM JIMTepaType aHIIMICKUI TEPMUH circuit IEpeBOAUTCA MO-PA3HOMY — «CETb», «LEMb», «CBA3b»,
«aHCaMOJIb», «KOHTYP», «KOMILIEKC», «CUCTEMa», «IyTh» U TP., XOTS IJIs1 BCEX 3TUX CTPYKTYP B aHIVIMHCKOM SI3BIKE CYIIECTBYIOT
CBOM TepMHUHBI. B HacTosiieil kHure Mbl OyeM UCIOIb30BaTh BAPUAHT «HEHPOHHAsSI CETh», IOHMMAsl N0l He COBOKYITHOCTb JKUBBIX
HEWPOHOB, COEMHEHHBIX APYT C IPYrOM Yepe3 CHHAIICHI M BBITOIHSIOMUX 001yt (byHKumo. (IIpum. nepes.)
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denurie, TUIIEHHBIN TTOCTOSTHHOTO IMPUTOKA 3PUTENILHBIX 1 MOTOPHBIX CUTHAJIOB, HEM30EKHO CTas Obl
BECbMa OrpaHMUYEHHON JIMYHOCTHI0. KakuMm ke uyoM eMy yAaajaoch pa3BUTh COBEPIIEHHO HOPMaJlb-
HBIE KOTHUTHBHBIE CTTIOCOOHOCTH?

Cnyuait ®enurne oTHIOAb He yHUKaeH. Bcem u3BectHa rctopust XeneH Kemiep (1880-1968) u
Mapu Dpren (1885-1921): neppas norepsiia 3peHUe U CIyX B MJlaJIeHYeCTBE, BTOpasi pOAWIACH IITy-
Xoi 1 cnernoi. TeM He MeHee CITYCTs TOIbl MyYUTETbHOW COIUATBHOM U30JISALIN 00€ OCBOWIIN SI3BIK

KECTOB M B KOHIE KOHIIOB CTA/IM OJIECTAIIMMY MBICAUTEIAMA U TicatesbHunamu . Ha CTpaHULIaX
9TOW KHUTY Mbl TO3HAKOMHMMCS CO MHOTIMH JIIO[IbMU, KOTOPBIE, 51 HAJEI0Ch, PAUKAJIBHO U3MEHSAT U
BalllX B3IVIAAbI HA HaydyeHre. OIMH U3 HUX — BbIJAIOIINICA MaTeMaTUK DMMaHyJ1b JKUpy, oTepsiB-
MM 3peHue B oguHHanuarh Jer. [lepedpasupys cnosa Jluca n3 «Manenskoro npuHua» AHTyaHa
ne Cent-2x3onepu (1943), Kupy yBepeHHO 3asBisier: «B reomerpun caMoro rjiaBHOTO IJIa3aMu
HE YBHIMIIIb. 30POK OIVH JIMIIb pasym». Ho Kak 3TOT ciernoi 4enoBeK BOOOIIe OpUEHTUPYETCS B
a0CTPaKTHBIX MPOCTPAHCTBAX AJITeOpAMYeCKOl FeOMETPUH U TaK JIETKO MAHUITYJIMPYeT TNIOCKOCTSIMH,
cdepamu 1 0ObeMaMHU, XOTS Jaxke He BUIUT ux? B xoze vcciaeoBaHuil Mbl BBISICHUM, YTO DMMaHy-
3JIb UCIIONB3YET Te JKe CaMble HEMPOHHBIE CETH, UTO U APYTUe MaTeMaTUKHU, HO €ro 3puTesbHast Kopa,
BMECTO TOT'O YTOOBI OCTAaBAThCSl HEAKTUBHOM, MepeKBaIM(pHULIMPOBaIach HA PellieHne 3aJay.

Sl Takxe mo3HakoMJI0 Bac ¢ HUKO — MOJIOIBIM XyJO’KHUKOM, KOTOPBI, OCETUB My3eil Map-
MoTTaH B [Taprxke, co3gan OmIMYHYI0 KONUIO 3HAMEHUTON KapTUHbl MoHe «Brievatienue. Bocxons-
11ee COJHLIE» (CM. LBETHYIO WutiocTpauuio 1). YTo ke B 3TOM TaKOoro UCKJIIOUYUTETBHOIO, CIIPOCUTE
Bbl. Huuero, b ToT (hakt, yrto y Huko Bcero omHo monmymapue, jJeBoe, — MpaBoe ObUIO TOYTH
LIEJIMKOM YyZaJIeHO B Bo3pacTe Tpex Jiet! B urore mo3r Huko BTUCHYI BCe CBOM TaJlaHTBI B OCTABLIY-
10Cs1 TIOJIOBHHY: HE TOJILKO pedb, MMCbMO U YTEHHE, KaK Y OObIUHBIX JIIOJEl, HO U PUCOBAaHUE, KOTOPOE
OOBIYHO cUMTaeTCs (PyHKLIMEH MPaBOro MOTyIapus, a TAK:Ke KOMIBIOTEpPHbIE HAYKH U Jaxke (peXToBa-
HHE Ha MHBAJIMJHBIX KOJISICKaX — BUJ CIIOPTa, B kKoTopoM Huko nosmyuni 3sanue yemnuona Vcnanum.
3alyapTe Bce, YTO BaM T'OBOPHJIM O Pa3ZIeNieHuH 00sI3aHHOCTEN MEX 1y TOMyIapusMu: Xu3Hb Huko
JIOKa3bIBAET, YTO JIIOOOH YesloBeK Oe3 MpaBoro Mojyniapus MOKET CTaTh KPEaTUBHBIM M TAJIAHT/IH-
BBIM XyHOKHUKOM! HellporiacTH4HOCTh BOUCTHHY TBOPHUT Uyjeca.

MBblI oceTM MevaabHO U3BECTHBIE AETCKUE JIoMa byxapecra, riae JeTH ¢ poxaAeHHs He ToJy-
YaJIi PAKTUYECKU HUKAKOrO BHUMAHHUS — OJIHAKO K€ TOJIbI CITYCTS IKOJIbHBIIA OIBIT HEKOTOPBIX U3
HUX (TIPEeMMYILECTBEHHO YCHIHOBJIEHHBIX JIO TO/Ia MM BYX) OKa3aJiCsl OJIM30K K HOPMAJIBHOMY.

Bce 311 npumepbl WWUTIOCTPUPYIOT HEOOBIYaliHYI0 THOKOCTh YeJI0BEYECKOro MO3ra: JJaske Takue
TsIKEJIbIe TPABMBI, KaK CJIETIOTa, MOTepsl MOJyIapys U cOLMaIbHasA U30JISALMUS, HE MOT'YT JIMILIUTD HAC
BO3MOXHOCTH YUUTbCA. Peub, uTeHne, MaTemMaTHKa, Xy10)KeCTBEHHOE TBOPYECTBO — BCE 9TU YHUKAJIb-
HbIE TAJAHTHI YeJIOBeKa, KOTOPBIMU He 00aaeT HU OIMH JPYToi MpUMaT, YCIIeIHO IIPOTUBOCTOST
OOLIMPHBIM MOBPEXISHUSIM, BKJIIOYasl YAAJIeHUE LEJIOTO MOTyIIapus, MOTepIo 3peHHs WK YTpaTy
JBUTaTENIbHBIX HAaBBIKOB. IIOCKOJIBKY HayyeHHe — KHU3HEHHO BaXKHBIN MPOLIECC, YETO0BEYECKUI MO3T
HaJIeJIeH HeBePOSITHOM TVIACTUYHOCTBIO — CIIOCOOHOCTBIO K CAMOM3MEHEHHMIO, TTPUCTIOCOOIeHun 0. Tem
He MeHee B HEKOTOPBIX ClIyyasx MpolLecc HayuyeHUs OyKBaJIbHO OCTAaHABJIMBAECTCS M HE MPUBOAUT K
MO3UTHBHBIM U3MEHEHUsIM. Bo3bMeM UKCTYI0 aJIeKCUI0, HECIOCOOHOCTh IIPOYECTh HU €JMHOI'O CJI0BA.
4 nmmuHO 0OCTe0BaT HECKOMBKMX TAKMX B3POCIBIX: BCE OHM MPEKPACHO YMENM YUTaTh, HO TIOCTE
MHCYJIbTA, 3aTPOHYBILETO KPOIIEYHYIO 00JIACTh MX MO3Ta, YTPATHIA CIOCOOHOCTh paciimpoBbIBaTh
Jaxe TakKe MPOCTHIE CJI0BA, KaK «JI0M» WM «KOT». [IoMHI0, cpe/in HUX OblIla yMHeHIast JKeHI1Ha —
npefaHHast MOKJIOHHMIA (ppaHITy3cKol ra3eTsl Le Monde. OHa roBOpHIIa Ha TpeX sI3bIKax U ObLIA ITy-
OO0Ko oreyasieHa TeM (haKTOM, YTO OTHBIHE TSI Hee JII00ast Ta3eTHasl CTPaHMIIA BBIISIUT KaK KUTaii-
ckas rpamota. HecMoTpst Ha OC/IeACTBU S IEPEHECEHHOTO MHCYJIbTA, KEHILMHA PEeLIna BO 4TO Obl TO
HM CTaJI0 HAYYUThCs YMTaTh 3aHOBO. M Bce ke CIyCTsl ABa rofa yCUJIEHHbIX TPEHUPOBOK €€ HaBbIKU
YTeHU s MO-NIPEXKHEMY OCTAJIMCh Ha YPOBHE JIETCKOTO cajia: el TpeOOBaIOCh HECKOJIBKO CEKYHI, YTOOBI
IIPOYECTh OHO CJI0BO, OyKBa 3a OYKBOM, M OHA CIIOTBIKAJIACh Ha Kask/10M clioBe. [ToueMy oHa He Mora
HayuuTbcsi? Y moueMy HEKOTOpbIE [IE€TH, CTPaJAIoLIe TUCIEKCUEH, TUCKAIbKYIMel WM AUCTIPAK-
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CPIGIZ, HE B COCTOAHUM OBJIAACTb HABBIKAMH YTCHHA, CUYCTA WJIM IMUCbMA, XOTA APYTMM OHHU HAIOTCA
TaK JIerko?

[MnactuaHOCTh MO3ra KanpusHa. MIHOrAa oHa JIeMCTBUTEIHHO MO3BOJISIET MPEOA0JIeTh OIPOM-
HBIC TPYOHOCTH. A HHOrga ACTU W B3POCIbIE — YMHBIC U B BBICIIEN CTENEHU MOTUBUPOBAHHLIC —
COXPAHAIOT MYYUTECJIbHBIC HAPYHICHUA Ha BCIO )KU3Hb. 3aBUCHUT JIK 3TO OT KOHKPETHBIX HeﬁpOHHLIX
cereit? CHUKAETCs JIM TUIACTUYHOCTH ¢ Bo3pacToM? MOKHO Jii ee BOCCTaHOBUTH? Kakue 3aKOHBI €10
yrpaisiior? Yem oOycroBiieHa nmopasutelibHas 3(p(GEeKTUBHOCT MO3ra ¢ POXKASHHS M HA TIPOTSIKe-
HuM Beero JerctBa? Kakue anropuTmbl O3BOJISIIOT HAIIIMM HEUPOHHBIM CETsIM (pOpMUPOBATh Mpe/-
craByieHus1 o Mupe? [ToMoxkeT T MOHUMaHKe IPUHITWITOB UX JCHCTBHS YIUThCS ObICTpee U Jrydriie?
MOFYT JIM OHU BAOXHOBUTH HAC Ha CO3JaHUEC oosee «YMHBIX» MallliH, ICKYCCTBEHHOI'O MHTCJIJICKTA,
KOTOpbIY OyJeT UMUTUPOBATh padOTy UYeIOBEUYECKOro MO3ra WM Aaxe npep3oiner ero? Ha sty u
Apyrue BOIPOCH! s TOMBITAIOCh 1aTh OTBET B IaHHOW KHHTe. B ee OCHOBY MOJIOXEH MEXAUCIIUTLII-
HApHBIN TOJXO/: BO BCEX HAIIUX PACCYXICHHUSX MBI MPEK/Ie BCEro OyaeM ONMMpaThCsi Ha TOCTIeAHUE
HayYHbIe OTKPBITHUS B CAMBIX Pa3HBbIX 0OIACTSX 3HAHWI: B KOTHUTUBUCTHUKE, HEPOOHOJIOTUH, B chepe
HUCKYCCTBEHHOI'O MHTEJIJICKTA U MEAArOruKu.
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3auem yuuThbcsa?

[Mouemy MbI BoOOIIE AOKHBL yuuThCsi? CaM (hakT TOro, YTO MbI HAJIEJIEHBl CIIOCOOHOCTHIO
TMOJTy4YaTh 3HaHWS, BHI3bIBAET BOMPOCHL. Pa3Be He ObLI0 OBl JTyullle, eciiv Obl IETH MOIJIM TOBOPHUTH U
AyMaTh C CAMOTO MEPBOro JHsI, TOn0OHO AduHE, KOTopasi, COIIACHO JIereH e, MOsIBUIach Ha CBET U3
TOJIOBBI 3€Bca yKe B3pOCIIOH, B MOJTHOM BOOPYKEHHHU H, €Ba «POJIbl» 3aKOHYMIIUCh, UCITyCTHIIA Ooe-
Boil kim4? [ToueMy MbI He pOXAaeMcsl yKe MOATOTOBJIEHHBIMY, C TIPEIBAPUTENILHO 3arpyKEeHHBIMU
MOBE/ICHYECKUMU MTPOTrpaMMaMU U 3HAHUSIMU, HEOOXOIMMBIMU 151 BIKMBaHUs ? Pa3Be B 1apBUHOB-
CKOM OOpbOe 3a KU3Hb y )KUBOTHOTO, KOTOPOE POKAAETCs 3pesibiM U 00aaeT Ooliee OOIMPHBIMU
3HAHUSMU, YeM JIpyTue, He OOJIbIIe IIAHCOB MOOSIUTh U PACIIPOCTPAHUTH CBOU T'eHbI? 3a4eM 3BOJIO-
[IUM TTOHAI00MIIOCh N300peTaTh HayueHue?

Sl oTBeuy Tak: MmpeaBapUTeIbHOE MPOrpaMMHUPOBAHKE MO3Ta U HEBO3MOKHO, U HEXeJIaTeIbHO.
HeBosmoxHo? Ho mouemy? XoTs Obl TOTOMY, UTO JJIsI TOAPOOHOTO KOJMPOBAHMS BCEX HAIIMX 3HA-
Huil denoBeueckor JJHK mpocro He xBatmio Obl emKkocTH. Hammm aBaaiath Tpy mapbl XpOMOCOM
cofepskar Tpu Muumapaa nap «oyke» A, C, G, T — Monekysn aieHrHa, IMTO3MHA, TyaHWHA U TAMUHA.
Ckonbko uHpopmarun onu HecyT? MHDopMarus usmepsiercsi B OuTax, KOTOpble MOTYT UMETh JIBa
3HaueHus: 1 wm 0. [TockonpKy Kaxkgast U3 4eTbipex OyKB reHoMa KOAMpYeT ABa OuTa (Mbl MOXEM
3armmcath ux kak 00, 01, 10 u 11), nama JJHK conepxuT B 0011l CIOKHOCTU IECTh MUJITHAPIOB
6utoB. OIHaKO, KaK BBl IOMHHTE, B COBPEMEHHBIX KOMITBIOTEPAX MbI CUMTaeM MH(OpMAITUio OaiTaMu
— TIOCJIeJOBATENILHOCTSMU U3 BOCbMU OUTOB. Clie0BaTeIbHO, YeIOBEYECKUN TEeHOM MOXKHO CBECTH
npumepHo K 750 mMerabaiiTaM. DTO eMKOCTh CTAPOMOJHOTO KOMITAKT-AMCKa Win HeOonbioro USB-
Hakorutessi! M 3To mpy TOM, YTO B CBOMX pacyeTax Mbl HE YUMTHIBAIM MHOTOUMCIIEHHbIE TIOBTOpE-
HUS, KOTOphIMU M300myeT Hama [JTHK.

W3 crons ckpoMHOro odbema MHGOPMAIMK, YHACIEJOBAHHOTO HAMU CITYCTSl MUJUTMOHBI JIET
SBOJIIOLIUY, HAIIl TEHOM, U3HAYaJIbHO OTPaHUYEeHHBIN OIHON-eJUHCTBEHHOM OIJIOIOTBOPEHHON SIHAIe-
KJIETKOM, BHICTPAMBAaET BECh IJIaH OpPraHU3Ma — KaKIyI0 MOJIEKYITy KaX O KJIETKH B [IEYeHH, TIOYKaX,
MBIIIIIAX U, KOHEYHO K€, B MO3Te: BOCEMBbECAT IIECTh MUJIJTMAP/IOB HEWPOHOB, THICSUY TPUJLTMOHOB
cBsi3eit. .. Kak xke emy a0 ynaercs? Ecim npeanonoxuTh, 4To KaxJ0e U3 HallluX HEPBHBIX COEMHE-
HUI KOAUPYET TOJIBKO OIMH OUT (XOTSI 9TO SIBHOE NIPEYMEHBIIIEHHE ), EMKOCTh HAIIEr0 MO3ra J0/KHA

COCTaBJISATh OKOJIO CTa TepadaiT (Wiu 10'° 6uTOB). IHBIMH CIIOBAMH, €r0 EMKOCTb B CTO THICS pa3
OoJIblIIe EMKOCTH Hallero reHoMa. BozHukaeTr napafokc: (paHTacCTUYECKUI ABOPELl, KOTOPbIN Mpea-
CTaBJIsieT COOOM HAIll MO3T, COIEPKHT B CTO THICSY pa3 OOJIbIIe AeTaseld, YeM YepTEeKH apXUTEKTOPa,
KOTOpbIE UCTIOJIB3YIOTCS [U1s1 €70 MOCTPOUKM! S BUKY TOJIBKO OJHO OOBSICHEHUE: CTPYKTYPHBII KapKac
ABOpLA BO3BOAUTCS B COOTBETCTBUM C YKAa3aHUSAMM apXUTEKTOpa (F€éHOMa), a JIeTald HaXOAATCs B
BE/IEHUU PYKOBOAUTEI S IPOEKTA, KOTOPBIM KOPPEKTUPYET IJIaH B 3aBUCKMOCTH OT MECTHOCTH (OKpY-
xKatoreit cpeipl). [TocKobKY ¢ 9TOM TOYKM 3peHus1 PeJBaApUTESIBHO OMUCATh YEI0BEYECKUI MO3T BO
BCE ero MoJHOTE HEBO3MOXKHO, Ha IOMOILb FeHaM ITPUXOAUT HayueHue.

JanHas Metadopa, OTHAKO, HE OOBSACHSET, IOYEMY Hay4YeHHe CTOJIb PACHPOCTPAHEHO B KUBOT-
HOM MHupe. [laxe MpocThie OpraHM3Mbl, BOOOIIE He UMEIOIINE KOPbl TOJIOBHOTO MO3ra (Harmpumep,
JO’K/IEBbIE YEPBHU, 1PO30(UIIBI 1 MOPCKHE OI'YpLIbl), YCBAaUBAIOT MHOTHE U3 PUCYILLMX UM (pOpM HOBe-
JEHWS B pe3ysbTaTe Hay4eHus. PacCMOTprM MajleHbKOTO YepBsAYKa N0/l Ha3BaHWeM Hemarozna, uim C.
elegans. 3a nocnegHue 1BaALATh JIET 3TO MUIJTUMETPOBOE )KUBOTHOE CTAJIO HACTOALIEN JlabdopaTop-
HOI1 3B€3/I0M: JIEJI0 B TOM, YTO €r0 CTPOSHHE B OCHOBHOM OIPEIENSIETCs] TEHETHYECKU U MOXKET OBITh
MIPOAHAIM3UPOBAHO BIUIOTh 10 MEJIBYANIIMX MOAPOOHOCTEH. BONBIIMHCTBO 0cOOEl MMEIOT POBHO
959 knerok, Bkmovass 302 HeMpOHA, BCE CBA3M KOTOPHIX XOpOLIO M3y4yeHbl. M Bce ke Hemaronel

yuarcs®. [IepBOHAYAIbHO MCCIIEI0BATEN PACCMATPUBAIIM 3TO CYLIECTBO KAK CBOETO poaa poGoTa,
KOTOPBII TOJIBKO M YMEET, YTO IUIaBaTh B3a/I-BIEepell, OJHAKO MO3ke ObUIO YCTAHOBJIEHO, UTO €My

JOCTYIHBI 10 KpaitHe! Mepe J1Ba BU/1a HayUeHUsI: TpUBbIKaHUe (rabuTyarusi) U accorparusi. ['abuty-
10
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alyst OTHOCUTCS K CITOCOOHOCTH OpPraHu3Ma aianTHPOBAThCS K MOBTOPSIOIEMYCSI CTUMYJTY (HarpH-
Mep, K MOJIeKyJle B BOJE, B KOTOPOW JKMBET KMBOTHOE) U TMOCTENIEHHO TepecTaBaTh pearupoBaTh
Ha Hero. Accoluanusi, HalpoOTUB, COCTOUT B OOHAPYKEHUM W 3alIOMHUHAHUM ACTIEKTOB OKPYKalo-
el cpefibl, CTyKalMX HaJeKHBIMHU MPEJUKTOPAMU MCTOYHMKA MUIMM WK onacHocTu. Hemarona
— YEMITMOH acCCOIMAIIMKU: OHA, HAIIPUMep, MOXET BCIIOMHUTD, KaKKMe BKYCHI, 3allaxy WM TeMIlepa-
TYpbl paHee ObUTH CBSI3aHbI C MUINeH (OaKTEpUH) WK ¢ MOJIEKYJIaMH perie/uleHTa (3amax YecHOKa), 1
UCTIONB30BaTh 3Ty MH(MOPMAIHUIO TSI BHIOOPa ONTUMAIBHOTO MapIIPyTa ABUKEHUS.

[Tpu TakoM HEOOMNBIIIOM KOJIMYECTBE HEMPOHOB TMOBEIEHUE YEpBsl BIIOJHE MOXHO OBUIO ObI
3anporpammupoBath 3apaHee. Ho 3to He Tak. [TpuurHa B TOM, 4YTO CHOCOOHOCTB MTPUCTIOCAOTUBATHCS
K crieruuueckoii cpesie, B KOTOPOi JKUBOTHOE POIMIIOCH, KpalHe MoJIe3Ha U Jake He0OXOqrMa st
ero BbDKMBaHMs. [laxke Ba reHeTUYeCKU UASHTUYHBIX OpraHi3Ma HeoOs3aTeNIbHO OKaXYTCS B OJJHOU
U TOH ke 9KocHcTeMe. B ciydae HemaTosbl CHOCOOHOCTD OMEPAaTUBHO KOPPEKTUPOBATH CBOE TIOBE-
JeHNe B 3aBUCHMOCTHU OT TUIOTHOCTH, XMMHUYECKOTO COCTaBa M TEMIIEPaTyphl MeCTa, B KOTOPOM OHa
OYyTHJIaCh, TIO3BOJISIET €i BBHIOMpATh ONTUMAJIbHBIA Kypc AefcTBHiA. B Oonee oOimiem cMbicie Bes-
KO€ )KMBOTHOE JJOJDKHO OBICTPO aJaliTHPOBATLCS K HEMPEICKa3yeMbIM YCIOBUSIM TEKYIIIETO OKpYxKe-
Husi. EcrecTBeHHBIN OTOOP — Upe3BbIuaiiHO 3 (PeKTUBHBIA AITOPUTM, OTKPBITHIA [JapBiUHOM, — O€3-
YCJIOBHO, COICUCTBYET aIaNTaIluy KaXJJ0ro OpraHM3Ma K CBOEH KOJIOTMIEeCKOM HUIIE, HO JIeNIaeT 3TO
C y)Kacalolle HU3Koi ckopocTblo. Llenbie mokonenust 6ymyT oOpedeHbl Ha CMepTh, MPek/ie YeM HeKast
TMOJIE3HAsT MyTallMsl YBEJIMYMUT IIAHCH! BU/IA HA BbDKMBaHKE. CIIOCOOHOCTD YUUTHCSI, HATIPOTHB, Pado-
TaeT ropasnao ObICTpee: OHa MOXKET U3MEHHUTh MOBEJICHNE B T€YEHUE HECKOJIBKMX MUHYT, YTO SIBJIS-
eTcsl CaMOM KBUHTICCEHIIMEW Hay4YeHUs — IPUBUTh HABBIK MaKCUMAJIBHO OBICTPO aJaliTHPOBATLCS K
HeTpeCKa3yeMbIM YCTIOBHSIM.

Bot nouemy yuuTthbcs Tak BaxHO. B X071€ 9BOIONNY KUBOTHBIE, KOTOPbIE 00JIalalIu aXe 3a4a-
TOYHOU CMIOCOOHOCTBIO K HAy4YEeHUI0, UMEJTH OOJIbIIIe IIIAHCOB BBIKUTH, YEM Te, Ube TIOBE/ICHHE ObLIO
(buKcHpOBaHO, a MIOTOMY Yallle MOTJIH TIepeiaTh CBOM T'eHOM (yKe BKJIIOYAIOIINN TeHETHUECKU YIIpaB-
JIsieMble aJITOPUTMBbI HAyYeHHsI) CIeyIonieMy MOKoJIeHH0. TakuM 00pa3oM, eCTECTBEHHBIN OTOOp
O1aronpusATCTBOBAJ PA3BUTHIO CIIOCOOHOCTH K HAYYEHHIO. DBOIIOLMOHHBIN &JITOPUTM TMIOMOT CeaTh
Ba)KHOE OTKPHITHE: BOZMOKHOCTh OBICTPO MEHSITh OIPE/IC/ICHHBIE TIApaMeTpPhl TeJla, YTOObI MPHCIIO-
COOUTBCS K U3MEHUMBBIM YCJIOBUSIM OKPYKAIOIIEH Cpejibl, Oy/IeT TONbKO Ha TIOJIB3Y.

EcrecTBeHHO, HEKOTOpPBIE aCTIeKThl (PU3MUECKOrO MUpa HEU3MEHHBI: CHJIA TSKECTH JICHCTBYET
TMIOBCIOY, & CKOPOCTb PAaCIpOCTPAHEHMsI CBETA U 3ByKa He MEHSIeTCs B ofiHOYache. VIMEHHO o3TOMY
HAM HE HYXXHO YYUTbCsl OTPAIMBATh YIIIH, I71a3a WIA BHYTPEHHUE JTAOUPUHTHI, KOTOPHIE B paMKax
BECTUOYJISIPHOIM CHCTEMBI OTCJICKHMBAIOT YCKOPEHHUE HAIIIEro Tejla: BCe TH CBOMCTBA 3AJI0KEHBI B HAC
reHeTruyecku. Jlpyrue mapaMeTpbl — pacCTOsTHIE MEXKIY I71a3aMH, BEC U ITTMHA KOHEUHOCTEH, BHICOTA
roJioca u rmpoyee — BApbUPYIOTCs,  TOTOMY MO3T BRIHY K/IEH MPUCTIOCcaOIMBaThCs K HUM. Kak Mbl yBU-
UM J1ajiee, YeJIOBEYECKUI MO3T eCTh pe3yJsibTaT KoMIipomucca. Harma gomrasi 9BOoIMoHHas UCTO-
puYsi HaJe M1 Hac, C OAHOW CTOPOHBI, MHOKECTBOM BPOXKJIEHHBIX HEUPOHHBIX CBSI3eH (KOTUPYIOIIHUX
BCe OOIIMe MHTYUTUBHbBIE KaTerOpry, Ha KOTOPbIE MbI JEJIMM MUP: 00pa3bl, 3BYKH, JBHKEHHS, 00b-
eKTbl, JKUBOTHBIE, JTIOJIN), & C APYTOM CTOPOHBI — HEKMM CJIOKHBIM QJITOPUTMOM Hay4eHHsI, TO3BOJIsI-
IOIIMM HaM COBEPILICHCTBOBATh ST HABBIKM HA OCHOBE ’KU3HEHHOT'O OITBITA.
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Homo docens

Ecnu Ob1 MeHs1 ONPOCKIIM OITUCATh UCKITIOYUTESIbHBIE TAJIAHTHI HAILIETO BUJIA OTHUM CJIOBOM,
s1 Ob1 oTBeTUT: «Hayuenue». Mul He ipocto Homo sapiens, Mbl Homo docens® — BUji, KOTOPBIN y4UT
ce0s1 cam. Bornbinas yacTh HaIMX 3HAHWIA O MUpPE HE 3a/jaHa TeHAMH; Mbl U3BJIEKAaeM MX U3 BHEIII-
HEro MUpa WM NOoJy4aeM OT TeX, KTO Hac OKpykaeT. Hu oqHO Jipyroe ’KMBOTHOE HE CMOIJIO CTOJb
PaaMKaIbHO MOMEHSITh CBOIO KOJIOTMYECKYI0 HUITY. Mbl niepeOpanvch u3 appuKaHCKOM CaBaHHbI B
MYCTBIHU, TOPBI, HA OCTPOBA M TOJISIPHBIE JIGAHUKHW; MBI XKWJIM B TIEIIEpax, CTPOUJIM rOpoAa M JIaxe
noObIBAIM B KOCMOCE — M BCE 3TO 32 HECKOJIBKO ThICSY JieT. brarogaps yemy? Biaromapst crioco6-
HOCTU y4uThcsl. OT OCBOEHMS OTHSI M M3TOTOBJICHUsI KAMEHHBIX OPYAMH O CEIbCKOTro XO3SIHCTBA,
HAyYHBIX M3BICKAHWI W paclIeIUIeHHs] aTOMa: UCTOPHUsl YeJIOBeYeCTBA — 9TO UCTOPUSI TOCTOSTHHOTO
caMOOOHOBJIEHUsI. B OCHOBE BCeX 3TUX JIOCTHKEHHH JIE)KUT OJUH CEKPET — SKCTPAOpAMHAPHAS CIIO-
COOHOCTB Halero Mosra (hOpMyJMpOBaTh IMIIOTE3bI M BHIOMPATh T€ U3 HUX, KOTOPBIE JTy4Ille BCETO
COMIACYIOTCS C BHEIITHUM OKPYKEHHEM.

VYMeHue yuutbest — TpuyMd Harero Buga. Munirapapl apaMeTpoB HAIlero MO3ra CIIOCOOHBI
aJlanTUPOBATHCS K HaIlIeH cpefie, HallleMy sI3bIKY, Halllel KyJIbType, HAlTMM OObIYasiM 1 HaIlled MUIIe.
T mapameTpbl BHIOpaHbl HE CIyYailHO: B XOJE BOJIOLMH JAPBHHOBCKUIN QJTOPUTM YCTAaHOBHUJ,
Kakue MyTH He0OXOAMMO 3a/1aTh TIPEIBAPUTENBHO, a KAKUe TOMKHBI OKOHUATENTbHO C(POPMUPOBATHCS
T0]1 BJIMSTHUEM BHEUITHEro Mupa. Y Hallero BUa BKJIa HayYeHUs1 OCOOEHHO BEJIMK — XOTs1 Obl TOTOMY,
YTO JIETCTBO Y YeJIOBeKa JJTUTCS ropas3ao JOJbIIe, YeM Y JAPYTrHX MIIEKOMUTAIMUX. [IOCKOMbKY MBI
o0J1ajaeM YHUKAIBHOM CITIOCOOHOCTBIO K PeUr M MaTeMaTHKe, Hallle y4eOHOe YCTPOUCTBO JIETKO OpH-
EHTUPYETCs] B OOIIMPHBIX MPOCTPAHCTBAX T'MIIOTE3 M MX MOTEHLIMAIBHO OSCKOHEUHOM MHOKECTBE
KOMOWHAIIWH, IyCTh AaXe BCE OHU YXOAAT CBOMMH KOPHSIMHU B (DUKCMPOBAHHBIN 1 HEU3MEHHBIH (DyH-
JaMEHT, yHACJIeJIOBAHHbBIA HAMU OT TIPE/IKOB.

He Tak 1aBHO yenoBedecTBO OOHAPYKHUJIO, UTO OHO MOXET elle OOJble pa3BUTh STy 3aMe-
YaTeJbHYI0 CIIOCOOHOCTh C TIOMOIIBIO OIHOTO MHCTUTYTA — IIKOJbL [legarormka — MCKITIOUUTEINb-
Hasl MPUBWJIETHUS HAIIEro BUIA: HU OJHO APYroe KUBOTHOE HE 3aHMMAETCsl AKTUBHBIM OOyUeHHEM
CBOMX JICTEHBIIIIEH, BBIIEISISI ONpeeieHHOE BpeMsl 1Jis1 HaOMIONEeHHS 3a UX yCTieXaMu, TPYAHOCTSIMU
u onmoOkamu®. M3o0peTeHre mKoIbl — MHCTUTYTa, CUCTEMAaTU3UPYIoIero HedhopMaibHOe 00pa3o-
BaHMe, CYIIECTBYIOIIEE BO BCEX YETOBEYECKUX OOIIECTBAX, — 3HAUYMTENILHO YBEINYMUIIO MOTEHINAT
Hariero Mosra. Msl yOeImImch, 9To MOKXEM BOCIIONB30BAThCS BRICOYAHIIIEH TIACTUYHOCTBIO IETCKOTO
MO3ra ¥ BHE/IPUTh B HETO MAaKCUMyM MH(pOpManu 1 yMeHuil. Ha mpoTsbkeHnr BEeKOB HAllla MIKOJIb-
Hasl CUCTeMa COBEPIIEHCTBOBAJIACH, M CETOJHSI OHA OXBATBIBAET MEPUOJ OT MATHAIATH JIET U Ooriee.
HocTymHee cTaiio u BbiciIee 00pa3oBaHNe. YHUBEPCUTETHI — 9TO MOIMHHbIE HelporiepepadaThiBaio-
IIMe 3aBO/bI, B KOTOPBIX HAIl MO3T 0OpETaeT M OTTAYMBAET CBOM IJIABHbIC TAJIAHTHI.

Oo6pa3zoBaHre — OCHOBHOW akcesiepaTop mMosra. HeynmBUTENIbHO, YTO OHO 3aHUMAET IEpBbIC
CTPOYKHM B TepeyHe rOCYJapCTBEHHBIX PacXOHOB: 0€3 HEero CeTr KOPKOBBIX HEMPOHOB OCTAIMCH Obl
ayMa3aMu HeorpaHeHHBIMH. CaMO¥ CJIOKHOCTBIO HAIIIETO OOIIECTBA MbI OOSI3aHbl TOMY MOJIOKHUTENb-
HOMY BJIMSIHUIO, KOTOpOE 00pa30BaHKMe OKa3bIBAET Ha KOPY FOJIOBHOTO MO3Ta: 3TO YTEHHE, MHChMO,
apugmeTHKa, aaredpa, My3blKa, YyBCTBO BpEMEHH M MTPOCTPAHCTBA, yIydllleHue namstH. .. Hampu-
Mep, BbI 3HAJIM, YTO KPATKOBPEMEHHasi IaMsTh Y TPAMOTHOT'O YeJIOBEKa, KOJIMYECTBO CJIOTOB, KOTOPOe
OH MOJET MOBTOPUTb, IOYTH BBOE OOJIBIIE, YEM Y B3POCIIOro, KOTOPHIA HUKOTIa HE XOIUJI B LIKOIY

3 Homo docens (aam.) — 6ykB. YenoBek oOyyatomuii. (/Ipum. nepes.)

* Ha aHHBIiA MOMEHT B HayKe HeT OJIHO3HAYHOH TOYKH 3pEHHs Ha ITOT cyeT. Psiji aBTOpPOB Ipearnonaraer, 4To akTHBHO 00y4aloT
CBOMX JICTEHBIIIEH KaK MHHHUMYM HEKOTOpPBIE BH/B MJICKOIIMTAIONIMX; BO3MOXHO, U Apyrue xuBotHele. CM., Hanpumep: Alem, S.,
Perry, C. J., Zhu, X., Loukola, O. J., Ingraham, T., Sevik, E., & Chittka, L. (2016). Associative mechanisms allow for social learning
and cultural transmission of string pulling in an insect. PLoS Biology, 14(10), e1002564. (IIpum. nayun. peo.)
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U OCTaJICA HCFpaMOTHbIM? A uto IQ TIOBBIIIIACTCA HA HECKOJIBKO €IJUHUIL C KAXKIbIM JOINOJTHUTEIIbHBIM
roaoM oOydeHus?
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Hay4yeHune HaydeHUIO

O0pazoBaHue TPUYMHOKAET U 03 TOro HeMaJible BO3MOKHOCTH HAIIIero MO3ra — HO MOXKET JIH
OH (DYHKIIMOHUPOBATH elrie Jyuine? B mikone v Ha paboTe Mbl IOCTOSTHHO 3aJICUCTBYEM aJrOPUTMBI
HayquI/IH, HO AeJj1iaéM 2TO I/IHTYI/ITI/IBHO, HE 06palua;1 BHUMAHHUA Ha TO, KAK UIMEHHO HpOTeKaeT JOaH-
HBII niporiecc. HUKTO HUMKOrIa He OOBSCHSUI HAM IPaBUJIa, COIJIACHO KOTOPBIM MO3I 3allOMUHAET
Y TIOHUMaeT WM, Ha000poT, 3a0bIBaeT M ommoaercs. ITo NevaibHO, MO0 CEeroHs 4eJOBEYeCTBO
oOJagaeT BechMa OOIIMPHBIMU HAy4YHBIMH 3HAHHSIMU TI0 3TOMY Borpocy. Ha BeO-caiite, co3naHHOM

Opuranckum oHaom British Education Endowment Foundation (EEF)?, nepeymcrieHbl Hauoonee
3(ppeKTUBHBIE NIEAArOrMYecKre BMEIIATENIbCTBA; OIHY U3 MEPBBIX CTPOK B TOM PEUTHHIE 3aHUMAET
oOy4eHre METAKOTHUTUBHBIM TIporieccam (MeTario3HaHNe — 3HaHWEe BO3MOKHOCTEH M OrpaHUYeHUH
COOCTBEHHOTO MO3ra). YMeHUe YUUThCs — NMOKATYil, CaMblil BaKHbIN (PaKTOp akaAeMUUecKoil ycre-
BaeMOCTH.

K cuactblo, Terepp Mbl MHOTOE 3HaeM O TOM, Kak padoTaeT HaydyeHue. Tpuanarh JeT uccie-
JIOBaHWUM Ha CTHIKE KOMIBIOTEPHBIX HAYK, HEHPOOHOIOrMY M KOTHUTHUBHOM TICMXOJIOTMY TTO3BOJIMIIN
HaM OoJjiee UM MeHee MTPOSICHUTh AJITOPUTMBbI, KOTOPBIE UCIIONB3YeT Halll MO3T, BBIIBUTD 3a/1eHCTBO-
BaHHBIE CETU HEWPOHOB, YCTAHOBUTH (PAaKTOPBI, KOTOPbIE MOIYIUPYIOT UX MPOU3BOAUTEIBHOCTD, A
Tak’ke pa3zo0parhcs, MoYeMy y Jofieil OHM 0coOeHHO 3¢ dekTrBHBI. Bce 3T Bompockl Mbl 06cyaum
no ouepeny. Hazmerock, Korga Bl 3aKpoeTe 3Ty KHHTY, BbI OyzeTe ropasjo Jiydile NOHUMAaTh, 4TO
MMEHHO TPOKCXOJMT B Balllell TooBe BO BpeMsl HayueHus1. Ha Mo#l B3IUIsi, KpaiiHe BaXHO, YTOOBI
KaKIbIi peOCHOK M KaKIbIi B3POCIIBI OCO3HABA BECh TIOTEHIMA COOCTBEHHOTO MO3ra M, KOHEUHO
ke, ero orpaHndeHusA. CUCTeMaTu4ecKy Mpenapupys Hallld MEHTaJIbHbIE AJITOPUTMBI U MO3TOBbIE
MEXaHU3MBbI, COBPEMEHHAs] KOTHUTUBUCTUKA MTPUAAET HOBbIA CMBICT 3HAMEHUTOMY COKPAaTOBCKOMY
nspeyenmio «Ilo3Hail camoro ceds». CerogHs peub UAET yKe He O MPOCTOM MHTPOCHEKLMH, HO O
NOHMMAHUU TOHKON HEPOHAJIbHOW MEXaHWKU, TeHEPUPYIOLLEH HalllM MbICIIU, U €€ UCIIONIb30BAHUU
B COOTBETCTBUM C HAIIUMM NOTPEOHOCTSMHU, LIEJISIMU U KeJla- HUSIMU.

HoBas Hayka o HayueHHH, Oe3yCJIOBHO, OCOOEHHO aKTyasIbHa JJIsl BCEX paOOTHHKOB CUCTEMBbI
00pa30BaHUS: MTPEK/IE BCEro yUNUTENIeH U METOAMCTOB. 51 yOeK/IeH: paBUIIbHO MTPEeroaaBarh, He 001a-
nast — 6yJb TO UMIUTALATHO WJIA SKCIUTMIIMTHO — MEHTAJIBHON MOJEJIBIO TOTO, YTO IIPOMCXOIUT B yMax
YUYEHUKOB, HEBO3MO)XHO. KaKMMM MHTYUTHBHBIMH MPEACTABICHUSIMA OHHU HaJleJIeHbl U3HAYAJIbHO?
Kakwe maru HeoOX0IMMO MpeANPUHSTH, YTOOBI IBUraThes Briepe? Kakue (akTopbl MOTYT MOMOYb
UM pa3BUTh CBOU HABBIKU?

XOTS KOTHUTHBHAsl HEHpOOMOJIOrUs He pacnosiaraeT TOYHBIMM OTBETaMM Ha BCE BOIIPOCHI,
CErOJHs Mbl 3HAaeM, YTO BCE JIETU MOABJISIOTCSA HA CBET C OJMHAKOBOW apXUTEKTYPO MO3ra — Mo3ra
Homo sapiens, KapAMHaJIbHO OTIMYAIONIET0CsI OT MO3Tra JIpyruX 4eJoBeKoOOpasHbIX 00e3bsiH. Pazy-
MeeTcs, sl He YTBEpXKJalo, YTO MO3I OJHOTO YeJIOBEKA €CTh TOYHAs KOIMS MO3ra JIpyroro: B CUIy
NpUYY/] HAIllero TeHoMa 1 0COOEHHOCTE! PaHHETO Pa3BUTH HaM MPHCYIIH Pa3Hble «TaJaHThI» U Pas-
Hasi CKOpOCTb Hay4yeHHsi. Ho HecMOTpsi Ha 3TH — BecbMa He3HAYMTENIbHBIE — OTIIMUMS, 6a30Basi cxeMa
O/IMHAKOBA Y BCEX, PABHO KaK M OpraHuW3alus alropuTMoB Hayuenus. [lo 3Toil npuuuHe cyie-
CTBYIOT (pyH[JaMEHTaJIbHbIE TPUHLIMITBI, KOTOPbIM 00sI3aH CJIe10BaTh BCAKUI XOPOIIUH nejaror. Tak,
BCE MJICHbKHE JIeTH 00Ja/al0T OOIMM HaOOpoM aOCTPaKTHBIX MpeCTaBleHuil B cepax s3bIKa,
apr(MeTHKH, JIOTMKM U TEOpPUH BEPOSITHOCTEH, oOecreunBaonmM (yHIaMeHT JUTsl JajbHEHIIero
oOyuenus. Kpome Toro, Bce yyarpecsi U3BJIEKAIOT MOJIb3Y U3 COCPEJOTOYEHHOTO BHUMAHUS, aKTHB-
HOT'O BOBJIEYEHMs], OOPATHOM CBA3M M HOYHOM KOHCOJNUJALMU NaMATH. DTU (PaKTOpbI 5 Ha3bIBAIO
«YETBIPbMS CTOJIIIAMU» HAYyUYEHUs: KaK Mbl yOeAUMCsl, IMEHHO OHM JIEXaT B OCHOBE YHUBEPCAJILHOIO
JITOPUTMAa HayYeHHUsl, KOTOPbIM MOJIb3YIOTCS ¥ B3pOCIIbIE, U JETH.

Bmecte ¢ Tem yesioBeueckoMy MO3ry CBOMCTBEHHBI MHIMBHIyaJIbHblE Bapyaly. B kpaitHux
CJIy4asix OHM MOT'YT HOCUTBb IaTOJIOTMYECK Ui XapakTep. B HacTos1ee Bpems pealbHOCTh TAKMX Hapy-
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IIIEHUI Pa3BUTHS, KaK TUCIEKCHSI, TUCKAJIbKY/IHUsI, IUCTIPAKCUSI U PACCTPOICTBA BHUMAHUs, yKe He
BbI3bIBaeT coMHeHMi. K cuacTpio, Omarogapst jydiieMy MOHUMAHUIO apXUTEKTYPhI, OPOKAAIOIIEH
JaHHbIE OTKJIOHEHHM I, Mbl OOHAPYKMJIU, YTO CYILIECTBYIOT POCTBIE CTPATETUH UX JUATHOCTUKHU M KOM-
nercatu. [ToceMy oiHOM U3 Liesieil JAHHOM KHUTH sl BUKY PaClpOCTPAHEHUE STUX HAyUYHBIX 3HAaHU
C TeM, YTOOBI KQXKIbII YUUTENb U KaKIBIH POAUTENTh MOT BHIOPATh ONTUMAJIBHYIO TAKTUKY OOyUEeHHUS.
XOTs A€TH CUJIbHO OTJMYAIOTCS IPYT OT JIPYyra M0 COOepiCcaHuo CBOMX 3HAHUM, BCE OHU TMOIb3YIOTCS
OIHUMH M TEMH ke aJropuTMamu HaydeHust. ClieoBaTesIbHO, MeIarornyecKue MpUeMsl, YCIeIHO
BHeJIpsieMble B paboTe CO BceMU JIeTbMU, OynyT 3(peKTUBHBI U IS IeTel ¢ HapyIIeHUsIMUA 00yJa-
€MOCTH — TOJIbKO TIPHUMEHSTh UX CJIeAyeT C OOJbIIMM BHUMaHHEM, TePIIEHUEM, CUCTEMATUYHOCTBIO
Y TOJIEPAHTHOCTBIO K OIIMOKAM.

[MoceHee 0cOOEHHO BaKHO: XOTsI OOpaTHasl CBSA3b MO OMMOKaM HeoOXOAUMa, MHOTHE JIETH
CO BpeMEHEM He TOJIbKO TEepSIIOT YBEPEHHOCTh B ceOe, HO M yTPAYMBaIOT BCSAKOE JTIOOONBITCTBO. [1po-
O1emMa B TOM, UTO MX 3a4acTyl0 HaKa3bIBaIOT 3a OIIMOKH, a HE MOMOTaloT UCIPaBUTHC. B mkomax
0 BCEMY MHpY oOpaTHasi CBsI3b CHHOHMMWYHA HAKA3aHHMIO M CTUTMATH3AlUH (B OTHOUN U3 TJIaB MBI
MOIPOOHO MOTOBOPUM O TOM, KaKyl0 pOJIb UTPAIOT B STOW MyTaHUIIE IIKOJbHBIE OTMeTKH). OTpuIia-
TeJIbHbIE SMOIMH CHIKAIOT yueOHbII MOTEHIMAT MO3Ta, B TO BpeMsI Kak Oe30MacHas cpefia, He BbI3bI-
BaloIasi YyBCTBA CTpaxa, HA0OOPOT, CONECUCTBYET BOCCTAHOBJICHHMIO HEWpPOIIaCTUYHOCTH. JII0Ooi
nporpecc B 00pa30BaHUM BO3MOKEH TOJIBKO B TOM Clly4yae, €ClId Mbl OJJHOBPEMEHHO yUUTHIBAEM U
SMOIIMOHAJIbHBIE, ¥ TTO3HABATE/IbHBIE ACTIEKTHI HAIIIETO MO3ra — B COBPEMEHHON KOTHUTUBHOU HEUPO-
HayKe 00a CUMTAIOTCS KJIIOYEBBIMH JIEMEHTAMHU YCTIEIITHOTO Hay4YeHUSI.
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Yesi0BeK 1 MAIIINHA

CeronHs niepeq 4eI0BEYECKMM MHTEJUIEKTOM BCTAaeT HOBasl MpoOieMa: ¢ HeIaBHUX 0P MBI
OobIIIe HEe SIBJISIEMCS €IMHCTBEHHBIMU YEMITMOHAMU TI0 CTIOCOOHOCTH YUUThCsl. Bo Becex obmacTsix
3HAHWI AJTOPUTMBI MAIIMHHOTO OOyuYeHHsI OPOCAIOT BBI30B YHUKAJIBHOMY CTaTyCy HaIllero BH[A.
Bnarogapst M coBpeMeHHbIe CMapT(OHBI YMEIOT PACIIO3HABATH JIMIA M TOJI0Ca, TPAHCKPUOUPOBATh
peyb, EPEeBOIUTD C OTHOTO SI3bIKA HA IPYTOH, YIIPABJISATh PA3IMYHBIMH YCTPOWCTBAMHU U JAKE UTPATh
B IIAXMAaThl UJIM TO HAMHOTO JIydllle, YeM Mbl. MamHHOe 0O0y4YeHue MpeBpaTHIOCh B MHOTOMIJI-
JIMAPAHYI0 MHAYCTPHIO, YEPAIOIIy0 BIOXHOBEHUE U3 OpraHu3aluy U (PyHKIIMOHMPOBAHUS HaIlIeH
COOCTBEHHOI HEepBHOM cucteMbl. Ho Kak padoTaloT 3TH UCKYCCTBEHHBIE anropuTMbl? [TomoryT ju
UX TPUHIMITB TIOHSATH, YTO Takoe HaydeHue? CrocOOHBI I OHU yXke ceilyac MMUTUPOBATh PaboTy
’KMBOTO MO3Ta WJIM UM €111e TIPEACTOUT IPOITHU JOATUH My Th?

XOTs MocyeAHUe TOCTURKEHNUS B 001aCTH MH(POPMAIIMOHHBIX TEXHOJIOTHIA 3aBOPAXUBAIOT, UX
OrpaHMYeHHs1 OYeBUAHBI. Kilaccrueckue anropuT™Mel TIyOOKOro 0OyueHHsI KONUPYIOT JIUIIb MaJTylo
YyacTh (DyHKIIMOHMPOBaHM Hamero mosra. [lo Mmoemy yOexaeHHIo, 3Ta 4acTh COOTBETCTBYET Mep-
BBIM CTQ/IMsIM CEHCOPHOU 0OPaOOTKH, TIEPBBIM JBYMCTaM WJIA TPEMCTaM MIJUIMCEKYH/IaM, B TEUCHHUE
KOTOPBIX HAIIl MO3I paboTaeT 6ecco3HaTebHO. JJaHHbIN THUIT 00paOOTKM HUKOMM 00pa30M He ClIeayeT
CUMTATh TOBEPXHOCTHBIM: 32 JIOJTI0 CEKYH/IbI UEJIOBEUECKUI MO3T MOKET PACIO3HATh JIMILIO UJIU CJIOBO,
MIOMECTHTh €T0 B KOHTEKCT, TIOHSTh 1 JaXke MHTErpUpoBaTh B HEOObIOE TTpeasiokeHue. .. [Ipobnema
B TOM, YTO 3TO CYry0O BOCXOASIIIMIA MPOIIECC, HE MPEATNOIaraoiil KaKiux-I100 Cepbe3HbIX pa3-
MbIIUIeHUA. TONBKO Ha MOCHEQYIONMX CTaausax oOpadoTku MHGpopMalu — Oojiee MeJIeHHBIX U
CO3HATEJIbHBIX — HAIIl MO3T 33/IEHICTBYET BCE CBOM CIIOCOOHOCTH K PacCyKAECHHIO, YMO3AKJIIOUEHHIO U
aHanm3y. Kak ¢ TOYKM 3peHusi JJOTMKH, TaK ¥ C TOUYKU 3peHrs THOKOCTH JKMBOM MO3T 3HAYUTESIHEHO
MIPEBOCXO/IUT BCE COBPEMEHHBIE MAIIMHBL. [laxe camble MPOABUHYThIE KOMITBIOTEPHBIE APXUTEKTYPhI
U Te YCTYMAIOT YeJIOBEUECKOMY MJIAJICHITy B CIIOCOOHOCTH CO3/1aBaTh aOCTPAKTHBIE MOJEN MHpA.

Jlaxxe B mpezienax CBOei OCHOBHOH CHelaIM3alliy — HalpuMep, B 00JIacTH OBICTPOro pacro-
3HaBaHUs (hOPM — CYIIECTBYIOIIME AJITOPUTMBI ropa3io MeHee 3¢ ¢eKTUBHBI, yeM Hail Mo3r. CoBpe-
MEHHBIE KOMITBIOTEPHI TPeOYIT MIJUIMOHOB, €CJM He MUJUTHAPAOB, 0OYJaloIIKX MOMBITOK. B camom
aene, MalllMHHOe 00yYeHHe CTaJIO YyTh JIM He CHHOHUMOM OOJIBIIUX JaHHBIX: B OTCYTCTBUE TUTAHT-
CKMX 00eMOB MH(OPMAIMX aJITOPUTMBI TPAKTHUECKH HE CIIOCOOHBI M3BJIeUb a0CTPaKTHBIE 3HAHUS,
KOTOpbIE MOJKHO MEPEeHECTH Ha HOBBbIE CHTYyalluH. [[pyruMu clioBaMu, OHU He WCIIONb3YIOT JaHHBIE
ONTHUMAJILHBIM 00Pa30M.

B 3TOM cocTsizaHnM MilaIeHuUeCKUid MO3T OJIepKHUBaeT odey 0e3 Tpyaa: YToObl BBIyYUTh HOBOE
CJIOBO, MAJIBIIIIAM JIOCTAaTOYHO OIHOTO WJIM [IBYX MOBTOPEHMM. VMIX MO3r BBIKMMAeT MaKCUMYyM U3
MUHUMYMa JaHHBIX — YMEHHE, KOTOPOE TMO-TIPEeKHEMY YCKOJIb3aeT OT KoMIbloTepoB. HelipoHaibHbie
JITOPUTMBI HAyYEeHUsI yMYAPSIOTCS U3BJIEUb CyTh U3 MaJieiiiero HaomoneHus. Ecim yueHsie xenaot
DOOUTBHCST TAKOW ke TIPOM3BOAUTENIFHOCTY B MallIMHAX, UM CJIeyeT YepraTh BIOXHOBEHHE U3 MeXa-
HU3MOB, KOTOpblE MHTETPUPOBAJIa B HAIIl MO3T CaMa SBOJIOLHSA. ITO MOKET ObITh BHUMAHUE, KOTO-
poe TO3BOJISIET HaM OTOMPaTh MH(POPMAIIMIO W YCHIIMBATh PEJIEBAaHTHBIE CUTHAJIBI, WJIH, HAIIpUMeEp,
COH — aJITOPUTM, MTOCPEICTBOM KOTOPOT'O HAlll MO3T CUHTE3UPYET YCBOSHHOE B TeueHue aHs1. HoBble
MAIIMHBI C TAKUMH CBOMCTBAMH YK€ MOSIBUINCH, U MX TIPOU3BOJUTELHOCTb HEYKJIOHHO pacTeT — B
OmkarieM OymayieM OHH, Oe3yCIIOBHO, COCTABAT CEPhe3HYI0 KOHKYPEHIIMIO HAIlleMy MO3TY.

CorytacHO OJHOI U3 HOBBIX TEOPUH, MPUUMHA, IO KOTOPOW YEJOBEYECKUI MO3T /IO CUX IOp
MIPEBOCXOIUT MAIIIMHBI, 3AKTI0YAETCS B TOM, UTO OH JIEMCTBYET, KaK YYeHBIH-CTaTUCTUK. [TOCTOsTHHO
BBIYUCIISISI BEPOSITHOCTH, OH ONITUMHU3UPYET CBOIO CIIOCOOHOCTD K Hay4eHHio. Cyjisi 1o BceMy, B Mpo-
1Iecce IBOMIOLMK HAIl MO3T MPUOOPEIT CJIOKHbIE aJITOPUTMBI, KOTOPbIE OECIPEPHIBHO OIIEHUBAIOT €10
3HAHUS U COTIPSIKEHHYIO C HUMU HEYBEPEHHOCTH (HEOIPe/IeNIeHHOCTD). Takoe cucteMaTuyeckoe BHU-
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MaHHUE K BEPOATHOCTAM ABJIACTCA B MATEMATHYCCKOM CMBICJIE HAWTY YIIINM CII0COOOM B ITOJIHOIR MEpe

UCTIONB30BATh KAXKAYI0 €IUHMILY HH(DOP- Maumn”.

Henasaue sxcniepuMeHTbI IOATBEPKAAIOT Ty TUNoTe3y. [Jake MilaJeHIIbl TOHUMAIOT BEPOAT-
HOCTH: 10 BCeW BUIUMOCTH, OHU C POXKJEHUsI BCTPOEHBbl B MX HEHpoHHbIE ceTU. et BeayT cebds
KaK MaJIeHbKHE YYeHble: UX MO3I M300UIyeT TMIOTe3aMH, KOTOpble HATOMUHAIOT Hay4YHbIE TEOPUU
¥ TIpoBepsIIoTCs Ha onbite. CIOCOOHOCTh OMEpUpOBaTh BEPOSITHOCTSMH, 1O OONbINEN 4acTh Gecco-
3HATeJIbHO, BIMCAHA B caMy JIOTMKY Halero HaydeHusi. OHa MO3BOJIsIeT JTI0OOMY M3 HaC MOCTENIEHHO
OTBEPraTh JIOKHBIE TUIIOTE3Bl M COXPAHATDH TOJIBKO TE TEOPUH, KOTOPBIE COITIACYIOTCA C JaHHBIMU. B
OTJIMYKE OT APYIMX BUIOB )KUBOTHBIX JIIOIW UCTIOJIB3YIOT 3TO UyBCTBO BEPOSTHOCTEN U151 IOCTPOEHUSA
Hay4HBIX TEOPU O BHEIIHEM Mupe. TosbKo Mbl — nipencraBurenu Homo sapiens — CUCTEMaTUYECKU
reHepupyeM aOCTpaKTHBIE CUMBOJIMYECKUE MBICTH U PETYJISIPHO OLIEHWBAEM MX IMPaBIONOJoOMe Ha
OCHOBE HOBBIX HAOJIOJCHUI.

VHHOBaIIMOHHBIE KOMITBIOTEPHBIE AJTOPUTMBI, YUUTHIBAIOIIME STOT HOBBIM MOIXOM K Hay4de-
HUIO, HA3BIBAIOTCS «0alieCOBCKMMU» — B 4ecThb IperniogooHoro Tomaca Baiteca (1702—1761), koTopslii
chopMyupoBai oTaebHbIE MeMeHTh 3Toi Teopu eie B X VIII Beke. S npenmnonarato, yro Gaite-
COBCKHE aJITOPUTMBbI TPOU3BELYT HACTOSAILYIO PEBOIOLIMIO B MAIIMHHOM OOYYEHHHU: yKe CErofiHsl OHU
CIIOCOOHBI U3BJIEKATh A0CTPAKTHYIO MH(OPMAIIHIO HE XYKe JII0OOro y4eHOro.

Haie nyremectsre B COBpEMEHHYIO HayKy O HAyUYEHUU COCTOUT U3 TPEX YACTEU.

Ilepsas yactp nox Ha3BaHKUEM «YTO Takoe HaydeHHUE?» HAYMHAETCA C ONPEIEIEHUs TOro, 4To
3HAUYUT /7S YeJIOBEKa WM KMBOTHOTO — U JUIs1 JIOOOTO aIrOPUTMA UM MAILIMHBI — YYUTHCS] HOBOMY.
Wpesa npocra: yuuThcsa — 3HAUUT MOCIEJOBATENBHO (POPMHUPOBATh KaK B UCKYCCTBEHHBIX, TaK U B
€CTECTBEHHBIX HEMPOHHBIX CETAX BHYTPEHHIOI MOJE/Ib BHELIHEro mMupa. I'ynsasa 1o He3HaKOMOMY
ropofy, 1 COCTaBJISII0 €r0 MBICJIEHHYIO KapTy — MUHHUATIOPHYIO MOJZIENb YJIUL U NEpeylkoB. TouHO
TaK ke PeOEHOK, KOTOPBII YUUTCS KaTaThCsl Ha BeJlocunese, (popMHUpyeT MOACO3HATEbHYI0 CUMYJIsI-
LMIO TOTO, KaK ABWKEHUS HOT, HAKMMAIOUIMX HA MEAAIH, U PyK, IOBOPAYMBAIOIIUX PYJIb, BIUAIOT
Ha YCTOWYMBOCTD BEJIOCHIIEd. AHAJIOTMYHBIM 00pa30M KOMIBIOTEPHBIHA aJITOPUTM, KOTOPBIH YUUTCS
pacrno3HaBaTh JiMla, COOMpaeT abJI0HHbIE MOJIEIN BO3MOKHBIX (POPM IJ1a3, HOCOB, PTOB U MX KOM-
OMHALIAIA.

Ho kak MBI co3maem NMpaBUJIbHYI0 MEHTAIBbHYIO Mozienb? Kak Mbl yBUIUM Janee, yM y4daie-
rocsi MOJKHO YTIOIOOUTh TUTAHTCKON MaIlIMHE C MAJJTMOHAMU PETYJIMPYeMBIX TapaMeTpOB; HACTPOUKHU
3THX NIApaMETPOB B COBOKYITHOCTH M OINPEJENIAI0T TO, YEMY Mbl HAYYMJIMCh (HAIIPUMED, Ie CKOpee
BCEro Oy/lyT HAXOAWTHCS YJIUIIbI Ha Hallled MEHTAJIbHOM KapTe OKPECTHOCTEN).

B rosloBHOM MO3re napameTpbl — 3TO CHHAIICHI, CBA3U MEK1y HEMPOHAMU, CUJIa KOTOPBIX BapbH-
pyercs; B OOJBIIMHCTBE COBPEMEHHBIX KOMIIBIOTEPOB MapaMeTpbl — 3TO peryjupyeMble Beca WM
BEPOATHOCTH, ONPEAEOIIIE CUITy KaXA0W MpUemMiieMoi runoressl. Takum oOpa3oM, HayueHue —
KaK B MO3re, TaK M B MalllMHaX — TpeOyeT MOMCKa ONTUMAJIbBHOTO COUETaHUs! MapaMeTpoB, KOTOPhIE
BMECTE OIPEAENISIOT MEHTAJIbHYIO MOJIESb BO BCEX ee MOAPOOHOCTAX. B 3TOM cMbIciie HayyeHue —
npo0JiemMa MOoKMCKa; YTOOHI JTyyullle MOHATh, KaK HaydeHHe paboTaeT B YeJI0BEYEeCKOM Mo3re, HeoOXo-
AVMMO U3YUHTh, KaK aJTOPUTMbI 00yUeHHs1 paOOTAIOT B COBPEMEHHBIX KOMITHIOTEPAX.

CpaBHUBAs1 KOMITBIOTEPHBIE AJTTOPUTMBI C AJITOPUTMAaMU MO3ra in silico’ u in vivo®, Mbl IocTe-
MIEHHO NOJyYyuM OoJiee YeTKoe MpeJcTaBlIeHre O TOM, YTO O3HAyaeT HayyeHUWe Ha YpOBHE MO3ra.
KoHeuHo, MaTeMaTHKaM ¥ CrIeIMAIMCTAaM B 0OJIACTH BBIUMCIIUTENIBHBIX CHCTEM HE yIajoch pa3pado-
TaTh AJITOPUTMBI OOyUYEHU S, CTOJIb XKe MOIIHbIE, KaK YeJIOBEYECKMI MO3T, — MoKa. Tem He MeHee OHn
Bce OOJIbllle CKJIOHAIOTCS K TEOPUH ONTHUMAJIBHOIO aJITOpUTMa 00y4€eHHs1, KOTOPbIN J0KHA UCHIOJb-

3 In silico (aam. «B KPEMHUW») — TEPMUH, 0003HAYAIOIINI KOMIBIOTEPHOE MOJICTUPOBAHUE SKCIICPUMEHTA; CO3IaH TI0 aHAJIOTHU
¢ in vivo ¥ in vitro. (Ilpum. nepes.)

® In vivo (1am. «BHYTPH XMBOTO OpPraHU3Ma», «BHYTPH KJICTKH») — JIATHHCKUI TepMUH, 0003HAYAIONIMI TPOBEJICHHE SKCIIePH-
MEHTOB Ha UBOM opranusme. (llpum. nepes.)
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30BaTh JII0OAsI CUCTEMA, €CJIM OHA CTPEMUTCS K MakcuMasibHOH apdektuBHOCTH. COTIaCHO TOU Teo-
pyH, JIy4YIIUid YYEHUK AEUCTBYET, KaK yUeHbIH, PAlMOHAJIBHO UCTIOIB3YIOLINI BEPOSTHOCTU U CTATH-
cTUKY. Bo3HMKaeT HOBasi MOJIEJb: MOJIENIb MO3Tra KaK CTaTUCTHKA, MPH KOTOPOW KOPKOBBIE 00JIaCTU
Mo3ra 00padaThBaIOT JaHHBIE O BEPOSITHOCTSX COObITHI. [laHHast TeOpHs IOTYEPKUBAET YETKOE pa3-
AeJeHre Tpyaa MeX 1y HacleICTBEHHOCTBIO M CPEION: TeHBI CO3AAI0T OOIIMPHbIE TPOCTPAHCTBA allpH-
OPHBIX TMIIOTE3, U3 KOTOPBIX BIIOCIIECTBIU CPE/Ia 8b10Upaent Te, KOTOPbIe HAUTyqIlIMM 00pa3oM OIHU-
CHIBAIOT BHEITHUI MHp. VIHBIMU clloBaMHU, HAOOP TUIOTE3 3a/1aH TeHETHUECKH, HO UX OTOOP 3aBHCHUT
OT OMBITA.

Cornacyetcst I 9Ta TEOpUsI C TeM, Kak Ha caMoM jenie pabotaet mo3r? U kak HayueHue pea-
Ju3yeTcss B OMONOrMUYecKUX HEeWpOHHBIX ceTsx? Kakue n3MeHeHHs MpOHCXOAST B HAllleM MO3re,
KOTJa Mbl ITpUoOpeTaeM HOBYIO KoMmeTeHIwio? Bo BTopoii yactu kHury, «Kak yuurcst Harr Mo3r»,
MBI 0OpaTUMCS K TICUXOJIOTHH U Herpoouonoruu. Ocoboe BHUMaHUE OyAeT yaeaeHO MIaJieHIaM —
TMOJITMHHBIM ¥ HETIPEB30MIEHHBIM caMO00yJalomumMcst MaimHaM. CornacHoO HOBEHIIIMM MCClieJoBa-
HUSIM, OHM JICWCTBUTENILHO BedyT ceOsl Kak IOHbIe CIIEHMAIMCTHI 10 CTaTHCTUKE. VX mopasuTenbHast
UHTYUIMSA B chepax sA3bIKa, FEOMETPHU, YUCEN U CTATUCTUKY TIOATBEPIKIAET: MIIA/ICHIIBI MOTYT OBITh
YeM YrofiHO, HO TOJIbKO HE «YHUCTBIM JIICTOM», tabula rasa’. TIpy poxieHnu AeTCKUN MO3T yXke Opra-
HU30BaH, OH MPOELMpPYeT TUIOTe3bl HA BHEIIHUIA MUpP C caMoro nepsoro aHs. Kpome Toro, netu
00J1aJal0T 3HAYUTENIBHBIM 3aI1aCOM TUIACTUYHOCTH, KOTOpasi OTpakkaeTcsi B OeCpephIBHBIX M3MEHe-
HUSIX CHHAICOB. B mpeziesiax 3ToM CTaTUCTUYECKON MaIlMHBI HACJEACTBEHHOCTh M Cpea He TIPOTH-
BOCTOSIT APYT JIPYTY — HAIPOTHB, OHM JAEHCTBYIOT coo0mIa. Pe3ynbratoM siBsieTcst CTPYKTYpHUpPOBaH-
Hasl, HO TUIACTUYHAS CUCTEMA C YHUKAIBHOM CMIOCOOHOCTBIO K CAMOBOCCTAHOBJICHHUIO TIOCIIE TPABM U
MIEPEOPUEHTAIIUN YK€ CYIIECTBYIOIIMX HEHPOHHBIX CETel Ha OBJIAJICHUE HaBBIKAMM, HE TPEyCMOT-
PEHHBIMHU BOJTIOIMEN, — HAIIPHMED, YTEHUEM MJIU MAaTEMaTHKOM.

B Tpetbeii yactu KHUTH, «YeTbipe CTONNA HayYeHHUsI», 51 TIOAPOOHO PACCKaXy O HEKOTOPBIX
XUTPOCTSX, KOTOPBIE JIETAI0T Halll MO3T caMbiM 3 (PEKTUBHBIM caMOOOYJAIOIIUMCS YCTPONUCTBOM,
M3BECTHBIM Ha CErOfIHANIHUY eHb. B 3HAUMTEIbHOM CTeNeH! Hallly CHOCOOHOCTD K HAyUYEHHUIO MOY-
JIMPYIOT YEThIpe OCHOBHBIX MeXaHu3Ma. [1epBblii — 3TO BHUIMaHUEe, CUCTEMa HEPOHHBIX CETel, KOTO-
pble OTOMPAIOT, YCWIIMBAIOT U MIepeJaloT CUTHAJIbI, CUUTAIOIIMECS HAMH PEJICBAHTHBIMH, TEM CaMbIM
YCUJIMBAsl X BO3/IEHCTBUE B HAIlIEH NaMsATH B CTO pa3. BTopol cTonm — akTUBHOE BOBJIEYEHHE: 11ac-
CHUBHBIM OpPraHU3M IOYTH HUYEMY He HayuuTcsl, OO HayuyeHHe TpeOyeT akTHBHOTO TeHEPUPOBAHUS
TUIIOTE3, MOTUBAIMK | JTIIOOOMBITCTBA. TpeTHii CTOMI — 0OpaTHas CBsA3b: BCIKUN pa3, KOrja peasib-
HOCTb HE COBIMA/AeT C HAIIMMHU OKUIAHUSIMHU, B HAIIIEM MO3Te PacIipOCTPAHSIOTCS CUTHAJIBI OIIMOKH.
OHM KOPPEKTUPYIOT UMEIOLIUECS] MEHTAJIbHBIE MOJE/H, UCKJTIOYAIOT HEMTPUTOIHBIE THITOTE3bI U CTa-
OWM3MpyloT Hanbosee TouHble. HakoHel, 4YeTBepThiil CTOMI — 3TO KOHCONUAAIMS: IEPUOANYECKU
Hall MO3T KOMITWJIMPYeT (COOMpaeT BOEAWHO) TO, YTO OH YCBOWJI, U TIEPEHOCUT 3TO B IOTOBPEMEH-
HYIO MIaMsITh, TEM CAMbIM BBICBOOOK/1as HEPOHHBIE PECYPCHI AJIs TAJIbHEHIIero HayueHus. BaxHyio
POJIb B 3TOM Tpoliecce KOHCONUAIMY UTpaeT MOBTOpeHre. Mo3r akTUBEH Jake BO CHE; BO BpeMs
CHa OH B YCKOPEHHOM TeMIIe BOCITPOM3BOIUT CBOM MPOILIbIE COCTOSHUS U TIEPEKOAUPYET 3HAHUS,
MpUOOpPETEHHBIE B TEUCHUE THS.

ITH YeThIpe CTONIA YHUBEPCATIbHBI: MIIAJCHIIbI, IETH U B3POCIIbIe BCEX BO3PACTOB MCTIOb3YIOT
MX KaX[bIid pa3, KOrjaa 3a/IeliCTBYIOT CBOIO CIOCOOHOCTh K Hay4eHHI0. BOT mouemy Bce Mbl JOJIKHBI
HAyUYHUTHCS BJIAIETh UMH — UIMEHHO TaK MBI CMOKEM HAyUHUThCS YIUThCS. B 3aKII04eHnr Mbl 00CyIIM
MPaKTHUYECKHE TIOCTEICTBHS 3TUX HAYYHBIX OTKPBITUI. VI3MEHHUTH HAIlIM TIOXO/IBI K HAYUEHHUIO U 00Y-
YEHUIO B IIKOJIE, JOMA WM Ha paboTe BOBCE HE TaK CIIOKHO, Kak Kaxercs. [IpocTbie pekoMeHaaium
KacarteJbHO Urp, JI0O03HATEIbHOCTH, COIMATN3AIH, KOHIIEHTPAIMU W CHAa TIOMOTYT elle OoJblie
Pa3BUTh TO, UTO U TAK SIBJISETCS BETMYANIIIMM TaJaHTOM HAIIero MO3ra, — CIIOCOOHOCTh YUUThCS.

7 Cl'lOp o tabula rasa sIBNsieTCSI OHUM U3 CTapeﬁ].HHX CIIOpOB B (pI/IHOCO(i)I/II/I U CBA3AH C MPEACTABJICHUEM O TOM, POKIAIOTCA OO
C YK€ 32JIOKEHHBIMU B HUX MHAUBUAYAJIbHBIMU PA3JINYUAMUA UJIN HET. (anlM. HAayuH. pe@.)
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Yacrs I
Yr10o Takoe HayuyeHHne?

Ilo cymu, uHMEANEKM MOMNCHO PACCMAMPUBAMb KAK NPOUECC
npeodpaz’oéanust  HeCMpPYKMypUPOGAHHOU  UHPOPMAUU 8 NOoAe3HbIE U
aKkmyaJ/ibHole 3HAHUSL.

Hemuc Xaccabuc, uccredosamenv UCKYCCIMEEHHO20 UHMENNEKMA,
ocnosamenv komnanuu DeepMind (2017)

Uro Takoe HayueHue? Bo MHOTMX sI3bIKax 3TO CIOBO UMEET TOT K€ KOpPEeHb, YTO W JIaTHH-
CKUM Ty1aron apprehendere («cXBaTblBaTh»): apprehending B aHITIMIICKOM, apprendre BO (ppaHILy3-
CKOM, aprender B UCIIAHCKOM U TIOPTYTaJIbcKOM. W NEMCTBUTENBLHO, HAYYUTHCSI — 3HAYUT YJIOBUTH
HEKUH (pparMeHT peasbHOCTH U IEPEHECTH ero B MO3T. B KOTHUTUBHBIX HAyKaX MPUHSATO CYUTATH, UTO
Hay4eHHe COCTOUT B (DOPMUPOBAHUM BHYTPEHHEN Mojieiu Mupa. B rporiecce Hay4yeHu sl iepBUYHbIE
JaHHbIE, KOTOPHIE YJIABJIMBAIOT HAIIIM OPraHbl UyBCTB, IPEBPAIAOTCS B O0JIee WM MeHee a0CTpaKT-
HBIE UJIeN, TPUTOIHBIE 115l TOBTOPHOTO UCIIONIb30BAHUSI B HOBOM KOHTEKCTE, — MaJIble MOJIENIU peasib-
HOCTH.

Hwxe MBI y3Haem, 4To 000 BCEM 3TOM TOBOPUT KOTHUTHBUCTUKA W HayKa 00 MCKYCCTBEH-
HOM MHTeJUleKTe. Kak BO3HMKAIOT Takue BHYTPeHHUE Mojeinu B Mo3re u MammHax? Kak mensiercs
pernpeseHTanus (MpeacTaBieHue) nHQOpMaIMK, Koraa Mbl yuuMmcs? YTo mpoucXoauT Ha YpOBHE,
o0meM 1yist JIIoOO0ro opranu3Ma — Oy/Ib TO YeJIOBEK, JKUBOTHOE WM KoMITbioTep? OOCyIB pa3iyHblie
WHKEHEPHbIE XUTPOCTH, MO3BOJISIONIME MAIIMHAM YUUTHLCS, MBI IIOJTyYMM OOJiee YeTKOe Mpe/icTaBie-
HHUE O TOW HEeBEPOATHOW padoTe, KOTOPYIO MPOIEJIbIBaeT MO3T BCAKOTO peOeHKa, KOraa OH YUYUTCS
BUIETh, TOBOPUTD U MUcaTh. Kak HU cTpaHHO, AETCKUIA MO3T COXPaHsIeT MPEUMYIIECTBO: HECMOTPSI Ha
BCE TEXHUUYECKUE U HAYYHbIE JOCTUKEHUSI, COBPEMEHHbIE AJITOPUTMbI MAITMHHOTO OOYYeHHsI KOIH-
PYIOT JIMIIIh MAJTYI0 YacTh CIOCOOHOCTEH YesIoBEYeCKOro Mo3ra. Pa3oOpaBiimchk, rjie 3akaHunBaeTCsI
MaIlHHOE OOyYeHHe W B YeM MO3T peOeHKa MPEBOCXOAMT JakKe CaMblii MOIHBIA KOMITBIOTEP, MbI
TOYHO OMpeIeIUM, YTO 3HAUUT «HAYUYECHHE».
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I'naBa 1
Cemb onpeaeeHUl HayYeHH S

Yro 3HaunT «HaydyeHme»? Moe mepBoe W camMoe oOIiee ompejejieHHe TaKOBO:
HAYYUTHCS — 3HAYUT C(POPMUPOBATH BHYTPEHHIO MOJEJb BHEIIIHETO MHpA.

Bbl MOxeTe 3TOro He OCO3HaBaTh, HO Balll MO3T XPAHUT THICSYM TakMX Mopenend. O6pa3Ho
TOBOPs1, OHU TIOXOKM HA MUHHUATIOPHBIE MYJISIKH, O0JIee T MEHee TOYHO MOBTOPSIONIHE PEATbHOCTb.
Harpumep, y Bcex Hac ecTh MEHTaJIbHAs KapTa paioHa M IOMa, B KOTOPOM MbI )KUBEM, — JJOCTATOYHO
3aKPBITh 171232 U MBICJIEHHO MPEICTaBUTh UX B MEJIbYANIINX NOApOOHOCTsIX. Pasymeercs, HUKTO U3
HAc He POIWJICS C 3TOM KapTor — MbI IPUOOPEIN e TIOCPECTBOM Hay4eHHSI.

BorarctBo 1 pazHOOOpa3ye HAIIMX MEHTAJIbHBIX MOJIENEH, 1Mo OOoNbIlei YacTh Oecco3HaTeb-
HBIX, IOpaxaeT BooOpaxenue. Tak, y JI000ro aHIJIOrOBOPSIILIETO YUTATEIsT MIMEETCs1 OOIIMpPHAsT MEH-
TaJIbHAsI MOJEJIb AHIJIMIACKOTO sI3bIKa; OJ1arofapst € OH MOHMMAET CJIOBA, KOTOphIe ceivac YUTaeT, 1
MOJKET JIOra/laThCsl, UYTO CJIOBO plastovski — He aHTJIMICKOE, CIOBa Swoon u wistful — TOUHO aHTJIUN-
CKHe, a CIoBO dragostan — BO3MOKHO®. [IoMUMO SI3BIKOBOI MOJIENIM, MO3T COAEPKUT U HECKOIBKO
MoyIesiel Tena, KOTOpble OH MOCTOSTHHO MCHIONBb3YET Ui KOPPEKIINH TOJIOKEHUs KOHEUHOCTE! TpH
ABWXKEHUW W 7Sl TIO[IepXKaHUs paBHOBecHsl. [Ipyrve MeHTajbHble MOJETM KOOUPYIOT Halllv 3Ha-
HUS O (pUBMUECKUX OOBEKTaX M B3aMMOJICHCTBUM C HUMU: BBl 3HaeTe, KaK JiepKaTh PydKy, IMUCAThH
WM €3[IUTh Ha BeJiocunieqie. TpeTbr OMUCHIBAIOT OMM3KMX HaM JIIOZIEH: Y KakKJIOTO YeJIoBeKa MMeeTCs
OIPOMHBII MEHTAJIBHBII KaTaJloT ero POACTBEHHUKOB M 3HAKOMBIX, B KOTOPOM 33I0KYMEHTUPOBAHBI
UX BHEITHOCTb, FOJIOCA, BKYChI M TIPHYY/IbL.

ITH MEHTAJIbHBIE MOJIENTN CIIOCOOHBI TEHEPUPOBATH TUIIEPPEATUCTIYHBIE CUMYJISIIAN OKPYKa-
IOlIel Hac BCeJIeHHOM. Bbl 3amMevasnu, 4To MHOT/Ia Balll MO3T YCTParBaeT CaMble HACTOSIIIUE BUPTYallb-
HbIE peaJIMTU-1I0Y, B KOTOPBIX BBl XOJWTE, TAHIyeTe, MOCENIaeTe HOBbIE MECTa, BE/IeTe UHTEPECHBIC
Oecebl WM MCTIBITHIBaETe CUIIbHBIE SMonnu? KoHeuHo, st roBopio o cHax! KakeTcss HeBepOSTHBIM,
HO BCE MBICJIH, KOTOPBIE MPUXOSAT K HaM B CHOBUJICHHUSIX, €CTh HE UYTO MHOE, KaK MPOAYKT HEKOHTPO-
JMpyeMOl padoThl BHYTPEHHUX MOJIeeld MHpa.

Bnpouem, Mbl «r300peTaeM» peanrbHOCTh HE TOJIBKO BO CHE: OOAPCTBYS, HAIIl MO3T MOCTOSTHHO
MPOELMPYET TUIIOTE3bl ¥ MHTEPIPETATUBHBIE CUCTEMbI HA BHEITHUIA MUP. DTO MPOUCXOIUT TIOTOMY,
YTO Kak10€ M300paskeHre, onajaioliee Ha CeTUYaTKy I1a3a, HeoaHo3HauHO. Harpumep, Bcsikuit pas,
KOTJJa Mbl BUJJVIM TapeJiky, ee n300pakeHne mogooHo OECKOHEUHOMY KOJIMUeCTBY /uUIcoB. [Touemy
K€ MbI BUIUM TapesiKy KPYIJIOi, XOTsl OpraHbl 4yBCTB FOBOPSIT HaM, 4TO OHa oBasibHAs1? Bee meno B
JOTIOJTHUATEJbHBIX JAHHBIX, KOTOPbIE TIOCTABJISIET HAIIl MO3T: OH 3HAET, UTO Kpyrias ¢popma — Haubo-
Jiee BEpOSTHASI MHTEPIIpETals. 3a KyJrcaMy CeHCOPHbIE 00JIACTH HEMPEPHIBHO BBIYUCIISIOT BEPO-
SITHOCTH, U B CO3HAHUE TOMaJaeT TOJIbKO Hanbosiee BeposiTHast Mofiesib. VIMEHHO MPOeKIIuKy MO3ra B
KOHEYHOM CUeTe IPUIAI0T CMBICT TIOTOKY JIAHHBIX, TOCTYTIAIONIEMY OT OPraHOB YyBCTB. B oTcyTCTBHE
BHYTPEHHHUX Mojiesiell HeoOpaOOoTaHHbIE CEHCOPHBIE JaHHbBIE OCTAIUCH Obl OECCMBICTIEHHBIMHU.

B nporiecce HayueHus1 Halll MO3T 3aXBaTHIBAET (PparMeHT peabHOCTH, KOTOPbIM OH paHee yIly-
CTWJI, ¥ UCTIOJIb3YET €ro JUIsl MOCTPOEHHST HOBOM Mojen Mupa. Takue MoAenr MOTyT OTpakarh Kak
BHEIITHIOI PEeajibHOCTh, TaK M BHYTPEHHIOI: TepBble (hOPMHUPYIOTCS, KOTZIa Mbl U3y4aeM HUCTOPHIO,
OOTaHWKY WM KapTy TOPOJa; BTOPbIE — KOTJIa Mbl YYMMCsI KOOPIMHUPOBATH IBHKEHHU I BO BPEMSI UTPbl
Ha ckpurike. B o0oux ciyuasx Mo3r uxnmepHaauzupyem (T.e. ecmpausaen Hympb) HEKUA HOBBIN
acreKT pealbHOCTH: (PaKTUYECKH, YTOOB YCBOUTh HEM3BECTHBIN MaTepuall, OH COOTBETCTBYIOIIMM
00pa3oM MepeHacTpanBaeT CBOM HEMPOHHbIE CETH.

8 Plastovski — c110BO ¢ HeTMIIMUHBIM IUIS1 aHIJIMICKOTO sI3bIKa OKOHYaHHMeM; swoon («0OMopok») n wistful («3agyMUnBbIiA») —
TUIMYHbIE aHIJIMHACKKE CJI0Ba; dragostan — cI0BO, OTCYTCTBYIOLLEE B QHIVIMIICKOM sI3bIKe, HO UMelolIee AOMYCTUMBII 7151 aHIIUEICKOro
A3bIKa (poHeTHYeckuil U Mopdosnorndeckuii cocras. (IIpum. nepes.)
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Takue nu3MeHeHus1, 0e3yCcIOBHO, HE COBEpIIAIOTCS Hayraja. HaydeHue — 3To mpesk/ie BCero cro-
COOHOCTB TIPUCTIOCAOMBATLCS K BHEITHEMY MHPY U CIOCOOHOCTh UCTIPaBIATH omuoOku. Ho oTkyma
MO3T «3HaeT», Kak OOHOBUTH BHYTPEHHIOIO MOJIEJIb, €CJTH, CKaXeM, OH 3a0Ty/INIICS U HE MOXKET HAUTH
CBOH [IOM, ymajl C BEJIOCHUIIE/a, POUTpa MapTHIO B MIaXMaThl WM HEMPABHIILHO HAIKCAJ CJIOBO
«39KCTa3»? PaccMOTpUM ceMb KITIOUEBBIX U, KOTOPBIE JIeXKaT B OCHOBE COBPEMEHHBIX aJITOPUTMOB
MAIIMHHOTO OOYYeHUsI M KOTOPbIe IPUMEHUMBI M K YeJIOBEYECKOMY MO3TY, — CEMb Pa3JIMYHBIX OIpe-
JeJIeHUH TOTO, YTO 3HAUUT «HAyUEHHE».

HayueHue — 3T0 peryjupoBKa NapaMeTPOB MEHTAJIbLHOI MO/1eJId

WHoraa KoppeKTUpOBKa MEHTAJILHON MOJIEIH He TIPECTaBIIsIeT CI0kKHOCTel. BooOpaswute, 4To
Bbl BUJUTE HEKUW NTPEIMET U NpoTAruBaere K Hemy pyky. Uro npoucxonut? Eme B XVII Beke Pene
Hexkapt (1596-1650) npenmnonoxui, YTo HaIllAa HEPBHAsI CUCTEMa JOJDKHA CofiepKaTh 0COOble Hell-
POHHBIE CETH, PeoOpasyIolIre 3pUTENIbHBIE CUTHAIIBI B MBIIIIEYHbIE KOMaH/B! (CM. PHCYHOK HHXE).
Bbl MokeTe yOeauThcs B 3TOM CaMU: MONPOOyiTe CXBATUTh NMPEAMET, HAJJeB OUKHU JIPyroro 4eso-
BeKa, keJiaTesbHO Onu3opykoro. Eie syyine, ecimm Bam ynactest pa3fgoObITh MPU3MaTUIECKHe OUKH,

CMEIAIOIE BUAMMOE H300pakeH e Ha MI0KUHY IPaLycoB BIeBO . ECTECTBEHHO, IIepBast MOMbITKA
3aKOHYMTCS MTPOBAJIOM: M3-32 IPU3M BbI IIPOTSHETE PYKY HE B CTOPOHY CaMOTO0 MpeIMeTa, a ropasio
npasee. [TyTem moceoBaTeIbHBIX MPOO U OIMIMOOK Bbl CKOPPEKTUPYETE CBOU JABMKEHUS M BIIPE/Ib
Oymete Opath JieBee. C KaxIpIM pa3oM Ballli JBUXeHUsI OyIyT Bee Ooliee v 6ojiee TOUHBIMH — 9TO Balll
MO3T YYUTCSI KOMIIEHCUPOBaTh cMelnieHre. Ho eciti CHATh OUKM ¥ IOMpoOOBaTh CHOBA, BbI C YIUBIIC-
HHEM OOHapY)KHUTe, YTO Ballla pyKa TSHETCS He Ty/la. Bbl B3sUTH CIIUIIIKOM /1aJIeKO B JIEBYIO CTOPOHY!
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EEon: NONCHaHMS WK
Ha CaT4aTks

Erlpon yKazblgak-
LLLHIA #acT

KoppekTHpoBKa MUNNMOHOE NapaMeTRoB: CBAIM,
oGecneuyreaolle gyHKUHK 3peHa

Beon: M2o8pasaHue, Ko-
TOROS HAOBXOOHMD pac- Brigon: n2cATe Bo-
NEHATE MCHHBE LHE
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OEpaTHOS pacnpocTpaka-
HH2 OLLHEOK

Uro Ttakoe HayuyeHHe? YUUTbCS — 3HAUUT KOPPEKTUPOBATh MapamMeTpbl BHYTPEHHEN MOJEu.
Hanpumep, 4toObp HAyUIUTHCS YKa3blBaTh HAa PEIMET MasblieM, HEOOXOAUMO YCTPaHUTh CMeleHHe
BUJIMIMOTO M300paKeHMsI: Kaxaasl OMMOKa HeceT B cede MOJIe3HyI0 MH(OPMAIHIO, TO3BOJISIONIYI0
COKPATUTh pa3pblB. B MCKYCCTBEHHBIX HEMPOHHBIX CETAX MPUMEHSETCS Ta K€ JIOTUKA, XOTs YHUCIIO
BO3MOKHBIX PEryJMPOBOK 3HAUMTENBHO OoJbile. Pacrio3HaBaHne pyKONMMCHOTO 3HaKa TpedyeT TOH-
KOW HACTPOWKM MMJUTMOHOB CBsi3ed. OmsTh ke, Kakaast olMOKa — B IAHHOM CJTy4yae 3TO HeBEPHbIN
BBIXO/IHOM CUTHAJI «8» — MOKET OBITh MCIOJIb30BaHA /1J151 KOPPEKTUPOBKHU MapaMeTPOB COEAVHEHUIA,
YTO MO3BOJISIET YJIYUIIUTh POU3BOAUTEIBHOCTD B CIIEIYIOLIEM HCIIBITAHUU.

UYro xe npousonuio? Beero 3a HECKOJIbKO MUHYT Balll MO3I CKOPPEKTUPOBAJI BHYTPEHHIOIO
Morenb 3penus. [lapamerp 1ol MOIenM, OTBEYAIONHIA 32 HECOOTBETCTBUE MEK/Ty BUIMMBIM H300-
pa’keHHEeM M TOJIOKEHUEM Balllero Telia, ObUl YyCTAaHOBJIEH Ha HOBOE 3HaueHue. Bo Bpems mporecca
KOPPEKTUPOBKM METOJOM ITPpO0 M OMIMOOK Balll MO3T JIeNIaeT TO, YTO JiesIaeT BCSKUI OXOTHHK, Pery-
JIMPYIOIIMI ONTUYECKUI TIPULIETT CBOETO PYXKbs: OH COBEPIIAECT MPOOHBII BBICTPEN U HA OCHOBAaHUU
PE3yJIbTaTOB CABUIAeT BUJIOMCKATENb B HY)KHOM HallpaBieHUU. [JaHHbIA TUIT HayYeHHUs MPOTEKaeT
OBICTPO: JOCTATOYHO HECKOJIbKMX MOMBITOK, YTOOBI KOMIIEHCHPOBATh CMEILIEHNE BUANMBIX OOBEKTOB.
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OnHako HOBBIE MTapaMeTPbl HECOBMECTUMBI CO CTAPBIMK — OTCIOZIa CUCTEMATUYeCKasi OIMOKa, KOTO-
pasi BO3HMKAET BCAKUI pa3, KOra Mbl CHUIMAeM MPU3Mbl M BO3BpAILlaeMcsl K HOpPMaJIbHOMY 3PEHUIO.

BeccriopHo, TaHHBII BU] HAyUeHHUs SIBJISIETCS] BECbMa CIIeIM(PUIHBIM, TIOCKOJIBKY TpeOyeT Kop-
PEKTUPOBKHU TOJIBKO OIHOTrO Mapamerpa (yriaa o63opa). OObYHO HaydeHHe HOCUT ropasjo Oosnee
CJIOKHBIM XapakTep U NPEATosaraeT perympoBKy AECATKOB, COTEH U JaKe ThICSIY MWIJIMOHOB Mapa-
METPOB (KaXJI0ro CMHAIIca B COOTBETCTBYIOIIEN CETU HEMPOHOB). TeM He MeHee caM TTPUHIIUIT OCTa-
eTCs1 HEM3MEHHBIM: BCE CBOAMTCS K TIOMCKY T€X HACTPOEK BHYTPEHHEN MOJIEJN, KOTOPbIE HAWITYYIIIUM
00pa30M OTBEYAIOT COCTOSIHUIO BHEIIHETO MHpA.

[IpencraBum MiageHua, KOTOpslil HelaBHO poawics: B Tokuo. B TeueHue cinegyonmx IByX-
TpPeX JIET er0 BHYTPEHHsIs1 peueBasi MOJIeNb JOJKHA OyJIeT aianTUPOBAThCsl K 0COOCHHOCTSIM MMEHHO
SIMOHCKOTO 5I3bIKa. MO3I 3TOro Masbliia Mojgo0eH MallvHe ¢ MAUTMOHAMM HACTPOEK Ha KakIOM
ypoBHe. HekoTopele U3 3THX HACTPOEK — HallpUuMep, Ha CIyXOBOM YPOBHE — ONPEAENISIOT, KaKou
HA0Op COITACHBIX M TJIACHBIX MCIIONB3YeTCsl B SIIOHCKOM SI3bIKE M KaKWe MpaBUjIa MO3BOJSIOT X
KOMOMHHMpPOBaTh. PeOeHKy, ponuBIIeMycsl B SITIOHCKOW CeMbe, MPEJCTONT y3HATh, Kakue (DOHEMBI
COCTaBJISIIOT ATIOHCKUE CJIOBA U TJIE CJIEyeT IPOBOJUTD MPAaHMLIbI MEX 1y 3ByKaMu. OJIMH U3 napamer-
POB, B YaCTHOCTH, KacaeTcsl pa3inuuil Mex 1y 3ByKamu [p] u [J1]. Bo MHOTUX sI3bIKax MeX1y HUMU
CYILIECTBYET pa3UTEJIbHBII KOHTPACT, HO TOJIBKO HE B SIIOHCKOM: SIOHIIBI HE BUAST Pa3HULIBI MEXIY
«JIOKeN» U «poxkein». ClieqoBaTesbHO, KaXk bl peOCHOK 00sI3aH OTPEry/IMpOBAaTh LIEJIbII HaOOp mapa-
METPOB, KOTOpbIE B COBOKYITHOCTH OIPEEIISIIOT, KAKUE KATErOPUX PEYEBBIX 3BYKOB PEJIEBAHTHBI /17151
€ro pOIHOIo SI3bIKA.

[Toxoxas nmpouenypa HayueHHs MOBTOPSIETCS HAa KAXKJOM YPOBHE — OT 3BYKOBBIX IIATTEPHOB JIO
JIEKCUKHU, TPaMMAaTUKU U CMBICIIOBOTO CofiepkaHusl. MO3r OpraHu30BaH B BUJE UepapXuu MoJesen
PEabHOCTH, BIOKEHHBIX OfIHA B JIPYTYI0 HAanonoOue MaTpeliKu. YUUThCS — 3HAUYUT UCIIONb30BATh
MOCTYMAIOIUE AaHHbIE JJIs1 KOPPEKTHPOBKM ITApaMETPOB Ha KaXIOM YpOBHE 3ToW uepapxuu. Pac-
CMOTPUM IPUMEP BBICOKOTO YPOBHSI: YCBOEHUE rpaMMaThyeckux npasuil. Eiie onHa kioueBast oco-
OEHHOCTb SMOHCKOTO SI3bIKA 3aKJII0YAETCS B MOPSIKE CIIOB. B KaHOHMYECKOM MpPeAsIoKEeHUH C MO~
JIeKalIM, CKa3yeMbIM U JIONIOJTHEHHEM CHauasla MIET MOAJekallee, 3aTeM CKa3yeMoe U, HaKOHell,
noronHeHne: «JIKOoH + ecT + s10/10k0». B AMOHCKOM s13bIKe, HA00OPOT, CHaYaJIa CTOUT TOJJIeKallee,
3aTeM JOMOJHEHHNE — U TOJIBKO MOTOM IJ1aroft: «[[oH + s16;10K0 + ect»°. [IprMedaTensHo, 9To TOT ke
MOPSA/IOK XapaKTepeH AJisl IPEeAJIoroB (KOTopble (PaKTUUYECKM CTAaHOBATCS MOCJIEI0raMu), PUTSKa-
TEJIbHBIX MECTOMMEHUI U MHOTUX JIPYrUX yacteid peun. Hanpumep, 6e300uanas dpasza «Moii asis
MeuTaeT paboTaTh B BocToHe» MpeBpaIaercs B u3peueHue, JocToitHoe Mombl 13 «3Be3HBIX BOIMH»:
«[lsams Mol BocToHe B paboTath MeuTaeT».

JI1060IBITHO, HO BCE 9TH MHBEPCUM UMEIOT HEeUTO oOree. JIMHrBUCTHI CYUTAIOT, YTO OHH 00Y-
CJIOBJIEHBI OJTHUM-E/IMHCTBEHHBIM IAPAMETPOM — TaK Ha3bIBAEMOH «ITO3ULIMEN BEPLIMHBI» . B aHrmii-
CKOM, PYCCKOM U APYTHUX SI3bIKAX OIMPEAEIISIONIee CIIOBO KOHCTPYKIMHU — €€ BEPIIMHA — OOBIYHO CTOUT
Ha niepBoM mecte (B [lapuke, Mol Asisl, XOUeT KUTh), a B SAAMOHCKOM — Ha rniocienHem (ITapuxe B,
OS71S1 MO, KUTh X04eT). DTOT OMHAPHBIN MapamMeTp OTIMYAeT MHOTUE SI3BIKH, JIaXKe Te, KOTOphIe He
CBSI3aHbl UICTOPUYECKH (SI3bIK HABAXO, HAITPUMED, MOTUUHSETCS TEM K€ ITPaBUJIaM, YTO U SIIOHCKU).
Takum 0Opa3oM, YTOOBI OBJIAJIETh POAHBIM SI3BIKOM — CKaXeM, aHTJIMHCKUM I SITIOHCKUM, — pede-
HOK JIOJDKEH COOTBETCTBYIOIIMM 0OPa30M HACTPOUTD MapaMeTp «IO3HIIMsI BEPIIMHbI» B CBOEH BHYT-
peHHeﬁ SI3BIKOBOUM MOZEITN («IIO» WJIn «HOCHC»).

¥ Pycckuii i3bIK MPMHAUIEKHT K IPYIINE S36IKOB C TAKKM e TIOPSAKOM CJIOB, UTO M AHIJIHIACK T, TaKas rpyIiia s3bIKOB Ha3hiBaeTCs!
SVO (ot anrn. Subject — Verb — Object). OMHaKO B PyCCKOM sI3bIKE — TaK e KakK, HalpuMep, B (PMHCKOM WM BEHI€PCKOM — 3TOT
HOPSJIOK HE TIOMUMHAETCS CTOJIb XK KECTKUM ITPABUIIaM, KaK B aHIIMICKoM. (IIpum. nayun. peo.)
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Hayuyenne — 3T0 ncnoJb30BaHue KOMOMHATOPHOIO B3pPbIBa

HCY)KCIII/I OBJIAZICHUE PEYbIO ILCIL/’ICTBI/ITCJILHo CBOIUTCA K 3aJaHUIO0 KaKUX-TO TaM HapaMCTpOB?
B s10 TPYOAHO NOBEPUTH — HO JIMIIb IIOTOMY, YTO Mbl HE B COCTOSAHUU INPEACTABUTL TO OI'POMHOC
I1oJIe BOSMO)KHOCTCI‘/)I, KOTOPOE OTKPBIBACTCA NEPEHA HAMU C YBEIIMYCHUEM KOJIMYECTBA MMApaAMETPOB,
NOAJAIIINXCA PETYINPOBKE. TO TaK Ha3bIBAEMBIN <<KOM6HHaTOprIﬁ B3PbIB» — SKCHOHCHLII/IaJ'IbHHﬁ
POCT BOSMO)KHOCTCﬁ, BO3HHK3.IOH.IHfI I1pu O6"beIII/IHCHI/II/I Jaxxe HEOOJIBIIIOrO X YHCIIA. HpCHHOIIO)KI/IM,
YTO I'paMMATUKa MUPOBBIX A3bIKOB MOKET OBITH OITKCAHA IMIPpUMEPHO 50 6I/IHaprIMI/I IapameTpamu,

KaK 3TO MOCTYJIUPYIOT HEKOTOpbIE JIMHIBUCTHL. B nTOre MBI Mosyyaem 29 komGuHarmii — Gonee M-
JIMOHA MUJIJTMAP/IOB BO3MOXKHBIX SI3BIKOB, MM | ¢ nATHaAUATHI0 Hy 1siMu ! CHHTaKCHYECKHe TpaBuJa
TPeX THICAY PEaIbHO CYIIECTBYIOIIUX SI3bIKOB JIETKO BIMCHIBAIOTCS B 9TO TMI'AHTCKOE MPOCTPAHCTBO.
OnHaKo HaIll MO3T COIEPKUT He MATHACCAT PEryIMpyeMbIX MapaMeTpoB, a ropasio OOJbIIe — BOCEMb-
AECAT MIeCTh MIJUIMAPJOB HEHPOHOB, KAX/ABIN M3 KOTOPBIX 00pa3yeT OKOJIO AECATU ThICSY CHHAINTH-
YEeCKHX KOHTAKTOB, IPUYEM CHJIa THX CBSI3€H MOXET BapbHPOBAThCs. BHIXOIUT, MPOCTPAHCTBO MEH-
TaJIbHBIX MPEICTABJICHUIA TPAKTHUECKH OECKOHEYHO.

UYenoBevecKkure SI3bIKM aKTUBHO MCTIONB3YIOT 3T KOMOMHAIIMY Ha BCeX YPOBHsIX. PaccMoTpum,
HarpuMep, MEHTAJIbHbIN JIEKCMKOH: HA0Op CJIOB, KOTOPbIE MBI 3HAEM M MOJE/b KOTOPBIX MOCTOSTHHO
HOCUM B cBoel royioBe. Tak, JI0OOW aHTJIOrOBOPSIIIIUE B3pOCTIbIA CBOOOIHO BiIajeeT mpumMepHo S50
THICSTYAMH CJIOB C CAMBIMHU Pa3HOOOPa3HBIMU 3HaYeHUsIMU '°. Ha e pBbIil B3IJIs1/1 9TO TUTAHTCKUIMA CITO-
BapHBII 3a11ac, HO YeJIOBEK yMyApsieTCsl TPUOOPECTH ero MpUMEpPHO 3a JIecsTh JieT. Bee motomy, uto
MBI MOEM Pa3JIOKUTh YUeOHYIO 3aauy Ha COCTAaBJSIONIME. YUUTHIBAS, UTO STU MATHAECIT THICAY
CJIOB B CPETHEM COCTOSIT U3 JBYX CJIOTOB, KX/ U3 KOTOPBIX COCTOUT MPUMEPHO U3 Tpex (hOHEM,
BBIOPAHHBIX U3 COPOKA YeThIpeX (DOHEM, CYIIECTBYIOIINX B aHIJIMACKOM sI3bIKE, JBOMYHOE KOAUPO-
BaHME BCEX ITUX CJIOB AT MEHee JBYX MUJUIOHOB JIEeMEHTAPHbBIX JBOMYHBIX BAPHAHTOB («OUTOB»
co 3HayeHueM 0w 1). [Ipyrumu coBaMu, BECh CIOBapHBIN 3a1lac B3pOC/IOTO YeJIOBEKa YMECTHUJICS
Obl B HEOOMBITION 250-KUI00ANTHBIA KOMITBIOTEPHBIH (paiin (Kakablii OaldT COCTOUT U3 8 OUTOB).

MeHTaJIbHBII JIEKCUKOH MOXHO YKaTh ellle CHJIbHEee, €CJIM MPUHATh BO BHUMaHHUE OOJBIIYIO
M30BITOYHOCTD SA3bIKA. JII0ObIe 1IecTh OYKB, BRIOpaHHBIC HAyTal, HanpuMmep xfdrga, He Bceraa oopa-
3yI0T aHIJIMICKOe coBO. Hacrosiime cioBa coCTOST U3 CIIOroB, OOBEMHEHHBIX COITIACHO CTPOTHM
npaBwiaM. DTO BEPHO HA BCEX YPOBHSIX: MPEIIOKEHHSI — 9TO NMPABUIIbHbIE COUETaHUsI CJIOB, CJIOBA —
9TO MpaBUJIbHBIE COYETAHUS CIIOTOB, a CJIOTH — 3TO MpaBUJIbHbIE codeTanus (poHeM. KomOuHamm stu
MHOTOYHCIICHHBI (YeJIOBEK BHIOMPAET U3 HECKOJIBbKUX JECSATKOB MM COTEH JIEMEHTOB), HO B KOHEU-
HOM CueTe OrpaHUYeHBbI (JIOMYCKAIOTCS TOJIBKO OIpejiesieHHble KoMOuHamm). dakTiuecku oBniajie-
HHE SI3BIKOM — 3TO OOHApYKEHHUE MapaMeTPOB, YIPABJISIONIMX BO3MOKHBIMU KOMOMHAIIMSIMU Ha BCEX
YPOBHSIX.

Bxkparie, yenoBedeckuil MO3r pa3OMBaeT 3a/1a4y HaydyeHusl Ha TO3a/1auu, Co3[aBasi uepap-
XAYECKYI0, MHOTOYPOBHEBYI0 Mofesb. OCOOEHHO 3TO OYEBHUAHO B CIIydae sI3bIKA, BKJIIOYAIOIIETO
HECKOJIbKO YPOBHEM, MJIH SIPYCOB, — OT SJIEMEHTapHbIX 3BYKOB /IO LIEJIBIX MPEIOKEHUN U Jaxke TOI-
HOIIEHHBIX Oeces1. TOT ke MPUHIMIT HepapXUUYEeCKOW JIEKOMIIOZUIIMY PEeaM30BaH BO BCEX CEHCOp-
HBIX crcTeMax. HekoTopble yuacTKM MO3ra YJIaBJIMBaIOT HU3KOYPOBHEBbIE MATTEPHBI: OHU BUIAT MUD
CKBO3b KPOIIEYHOE MMPOCTPAHCTBEHHO-BPEMEHHOE OKHO M AaHATM3UPYIOT MeJIbYaiiiie 3aKOHOMEPHO-
cru. Hanpumep, B mepBUYHOM 3pUTENIBHON KOPE KaKAbIi HEMPOH aHATM3UPYET JIMIIIb OUYeHb HeOOb-
11y1o 0071acTh ceTyark. OH CMOTPUT Ha MUP Yepe3 MaJIeHbKOE OTBEPCTHE U, CJIeI0BATEIbHO, OOHAPY-
JKHBAET TOJIbKO HU3KOYPOBHEBBIE 3aKOHOMEPHOCTH — HAIIPUMEP, HATMYME JIBUKYIIEHCS HAKJIOHHOM
JTMHUA. MUWJUTMOHBI HEMPOHOB BBITIOMHSIOT OIHY M Ty € padOTy B pa3HbIX TOUKAX CETYATKH; UX

10 Brr moskere IIPOBEPUTh CBOW CJIOBApHBII 3amac (a Takke BHECTH BKJIAJ B HayKy) ¢ IOMOLIbI0O MHTEpHET-pecypca — https:/
myvocab.info/
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BBIXOIbI CTAHOBSATCS BXOZIAMHU CJIEAYIOIIETO YPOBHS, KOTOPBI OOHApYKMBaeT «3aKOHOMEPHOCTU B
3aKOHOMEPHOCTSIX» U Tak jasiee. Ha kaxaom ypoBHe 00J1acTh aHalIM3a PacIIUpSETCs: MO3I UILIET
Oostee MacuITaOHble 3aKOHOMEPHOCTH KaK BO BPEMEHH, TaK U B IpocTpaHcTse. MIMeHHo 3Ta nepap-
XU IIO3BOJIAECT HAM O6Hapy)KI/IBaTI> CJIOXKHBIE OOBEKTHI WM ITOHSATHUA: JIMHUIO, NTAJICLl, KUCTb, PYKY,
yesioBeueckoe Telo... Her, mogoxkaute, BooOie-To Tesna Asa! JIBa yenoBeka CTOAT JMLOM APYr K
APYry U MOXUMAIOT pyKH... Jla 310 ke nepBas BcTpeva Tpammna u MakpoHa!

Hay4yeHue — 3T0 MUHMMHI3aNHs OMINOOK

BeruncnurtenbHble  aIrOPUTMbI, KOTOPBIE Mbl Ha3blBA€M «HMCKYCCTBEHHBIMU HEWPOHHBIMU
CETSIMU», IOCTPOEHBI 1O MTPUHLIUITY HEPAPXUUECKON OpraHU3alliK KOPBI TOJIOBHOTO Mo3ra. [TogooHo
KOpe, OHM COAEpXKaT MOC/IeOBaTebHbIE CIIOU, KaXKABIH N3 KOTOPBIX IBITAeTCs OOHApPYKHUTh Oosee
CJIO’KHbIE 3aKOHOMEPHOCTH, YeM IMpeablAyIuii. [TocKoIbKY 3TH €101 OpraHU3YIOT MOCTYHAIOLINE 1aH-
HbIe Ha Bce OoJtee 1 Ooree ITyOOKMX YPOBHSIX, TAKKE CETH YacTO HA3bIBAIOT «[TyOOKUMI» (MU «IJTy-
OuHHBIMU» ). Kask1blii cJ10i1 cam 1o ce0e criocoOeH 0OHAPYKUTh JIMIIb TPOCTEUIIINE JIEMEHTHI BHEIII-
Hell peaIbHOCTH (B TaKUX CIy4asiXx MaTeMaTHUKU FOBOPST O JIMHEMHOM pa3fieIieHUH, TO €CTh KakK bl
HEWPOH MOXKET pa3JeMTh UMEIOIIMECS IaHHbIE TOJIbKO Ha JjBe Kareropuu, A u b, nposess yepe3 HUX
npsiMyio JInHUo). Tem He MeHee, ecii coOpaTh MHOKECTBO TaKUX CJIOEB, MOKHO MOITYYUTh YPE3BHI-
YaiiHO MOIIIHOE 00yJaeMoe YCTPOICTBO, CIOCOOHOE OOHAPYKUBATH CIIOKHBIE CTPYKTYPbI U TTPUCTIO-
cabnMBaThcsl K CaMBbIM Pa3HOOOpas3HbIM 3aadaM. COBpeMeHHbIE MCKYCCTBEHHBIE HEHPOHHBIE CETH,
MCTIOJb3YIOIIHE TTPEUMYIIECTBA HOBEHIITMX KOMIBIOTEPHBIX MUKPOCXEM, OTHOCATCS K TIIYOOKMM B
TOM CMBIC/IE, YTO COZIEPXKAT JECATKH IMOC/IeJOBATeNIbHBIX CJI0eB. YeM Jajiblie OT BXOAAa HaXOAUTCS
CJIOM, TEM BBIIIIE €T0 «IIPOHUIATEILHOCTb>» U CIIOCOOHOCTh MASHTU(HUIIMPOBATH A0CTPAKTHbBIE CBOM-
CTBa.

BosbMmem anroputm LeNet, co3iaHHBIA (PpaHIy3CKMM MMOHEPOM UCKYCCTBEHHBIX HelpoceTein

SIHom JlekyHOM (CM. LIBETHYIO0 WJLTIOCTPALIUIO 2)°. Ve B 1990-X rogax 5Ta ceTb JOGHIACH 3aMe-
YaTeJbHBIX Pe3yJbTATOB B PACIIO3HABAHWM PYKONMCHBIX 3HAKOB. MHOrMe rofpl KaHajcKas MouTa
UCTIONB30BaJa ee /Il aBTOMaTUYeCKOoW OOpaOOTKM MOYTOBBIX MHEKCOB. Kak ona paboraer? Ha
BXOJI€ JITOPUTM TOJTy4aeT n300paskeHUe CUMBOJIA B BUJIE ITUKCEJIEH, a Ha BBIXOJE ITpeJyIaraeT OfHy 13
BO3MOXXHBIX MHTEPIPETAIMiIA AeCATH UMP WM ABALATH 1IecTU OyKB. VICKycCTBEeHHas CETh COCTOUT
U3 MepapXuM MPOCTHIX MPOLIECCOPOB, KOTOPblE HEMHOTO HATIOMUHAIOT HEHPOHBI M 0OPA3yIoT Mocie-
JoBatesbHbIe CJIoM. [lepBbie CIIOM MOAKIIIOYEHB! HEMOCPEACTBEHHO K M300paXeHUIO: B HUX MpUMe-
HSIIOTCSI TIPOCTBIE (PHIIBTPBI, PACMIO3HAIONINE JIUHUM U (pparMeHThl KpuBbIX. [Iporieccopsl BHICOKHX
YPOBHeM coziepkatr 0ojiee MOIIHBIE U CJIOKHbIE (PUIIBTPBI 1 MOTYT HAYUUThCSI PACTIO3HABATH KPYITHBIE
YacTy M300pakeHuit: M3rud mudpsl 2, 3aMKHYTYIO MeTTo OykBbl O, mapasuiesbHble TMHANA OYKBHI Z.
HckyccTBeHHBIE HEPOHBI BBIXOIHOTO CJIOSI PEarupyioT Ha CUMBOJI HE3ABHCHMO OT €rO MOJIOKEHHUS,
mpudTa WK peructpa. Bee 3T cBoiiCTBa He HaBsI3aHbI IPOrPAMMUCTOM: OHU BBHITEKAIOT U3 MUJUTH-
OHOB CB$I3€H, KOTOPBIE COEAMHSIOT TPOLIECCOPbL. DTH CBS3H, OJHAXAbI OTPETYIMPOBAHHBIE aBTOMA-
TU3UPOBAHHBIM AJITOPUTMOM, OINPEAENAIOT (PUIBTP, KOTOPBIM KaXkblil HEMPOH MPUMEHSIET K MOCTY-
MAIOLMM CUTHAJIAM; UMEHHO 3T HACTPOUKH OOBSICHSIOT, TOYEMY OJJIH HEMPOH pearupyer Ha g py
2, a gpyrou — Ha udpy 3.

Ho Kkak ke HacTpaumBaloTCsl 3TU MUJUTHOHBI cBsize? TOUHO Tak ke, Kak Halll MO3T, KOTJa Mbl
HaJeBaeM npu3MaTuiyeckue ouku! Besikuil pas, Korma ceTh AaeT MpeBapuTesbHbI OTBET, el CO00-
IIAI0T, IPABWJIBHBIN OH WM HeT. Eciii OTBET HenpaBWIIbHBIN, CETh KOPPEKTUPYET COOTBETCTBYIOIIUE
napaMeTphl, 1a0bl 130eXkaTh OIMOKY B ClIeAyIonHid pa3. KaxkIplil HenmpaBUIbHBIN OTBET HECeT B ceOe
1eHHyIo nHpopmanmio. Kak u B ciyyae ¢ mpu3MaTn4ecKUME OYKaMH (CITUIIIKOM OOJIBIIIOE CMETICHUE
BIIPABO WJIM BJIEBO), XapaKTep OLUIMOKY TMOJICKA3bIBAET CUCTEME, YTO MMEHHO HYKHO OBbLIO CleaTh,
YTOOBI PELIUTH 3aJa4y MPaBUIbHO. BEpHYBIIMCH K UICTOUHHUKY OIIMOKU, MaIlIMHA OMPEAEeIsIeT ONTH-
MaJIbHBIE TTAPAMETPBI, KOTOPHIE BIPE/Ib MO3BOMAT €€ N30ekKaTh.
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BepHemcs kK 0XOTHUKY, KOTOPOMY HYKHO OTPETYJIMPOBATh ONITUYECKUI ITPULIEN CBOETO PYKbSI.
[pouenypa oOyueHust anemeHTapHa. OXOTHUK CTpeJisieT M OOHAPYKUBAET, UTO B3sLJI HA MATh CAHTH-
MeTpOB TipaBee. Terepb OH pacroiaraet BaxHoW WHMOpMaIend Kak 00 aMruuTyae (msTh CAaHTUMET-
POB), TaK ¥ O XapaKkTepe OMUOKH (CMEeIIeHNe BIIPaBO). DTU CBEICHUS AAI0T eMy BO3MOKHOCTb CKOp-
PEKTUPOBATh CIEAYIOMUI BeICTpen. Eciu OXOTHUK YyMHBIN, OH OBICTPO COOOPA3UT, KaK MCIIPABUTh
CUTYAIIHIO: €CJTH ITyJIsl OTKJIOHWJIACh BIIPABO, HEOOXOAUMO CIBUHYTH ITPHLIEI Uy Th BJIEBO. A €CJIi OH He
HACTOJIbKO MTPOHUIIATESIEH, OH MOXET BHIOPATh IPYTryI0 MUIIIEHb W TIPOBEPUTD, UTO TPOU30MIET, ECIIH
MPULITUTHCA MpaBee. Takum 0Opa3oMm, MmyTem mpod U OMIMOOK OXOTHUK PAHO WJIM TMO3JHO OOHApY-
KUT, KAKMe MMEHHO MaHUMYJIALIMY C IPULEJIOM YMEHBIIAIOT OTKJIOHEHUE ITyJIM OT HAMEUEHHOH 1IEJIH.

MeHss noyokeHue TpuIiesia, Hall XpaOpblii OXOTHUK MPUMEHSIET aJlTOPUTM Hay4YeHUs, XOTs
cam 3Toro He oco3HaeT. OH UMIUTUIIUTHO BBIUMCIISIET TO, YTO MAaTEMATHUKU HA3bIBAIOT «ITPOU3BOAHON»
CHCTEMBI, WU €€ IPAJJUEHTOM, U UCTIONb3YET «METO] TPAIMEHTHOTO CITycKa». IHBIMU CclIOBaMu, OXOT-
HUK YYUTCS CMEIIaTh BUIOMCKATENb PYXbsl B HATIPABJICHUH, YMEHBIIAIOIIEM BEPOSITHOCTD OIIMOKH.

HecmoTpss Ha MUJUTMOHBI BXOJOB, BBIXOJOB M PETYJIMPYEMBIX MapaMeTpoB, OOJBITMHCTBO
WCKYCCTBEHHBIX HEWpOcCeTel, MCIONb3YEMbIX B COBPEMEHHOM HMCKYCCTBEHHOM MHTEJUIEKTE, Jei-
CTBYIOT TOYHO TaK ke, KaK Halll OXOTHUK: OHHM aHAJIM3UPYIOT CBOM OIIMOKM M Ha UX OCHOBE KOPpEeK-
THPYIOT CBO€ BHYTPEHHEE COCTOSIHME B HAIlPaBJIEHUH, KOTOPOE JIOJKHO STH OUIMOKU YMEHBIINTb.
Bo MHOrux cinyvasix rakoe oOydeHue CTporo KOHTposnupyercsi. Mbl cooOIiaemM ceTu, Kakoi IMEHHO
OTBET OHA JIOJKHA ObUIA BHIIATh Ha BhIXOME («T10 1, a He 7»), ¥ TOYHO 3HaeM, B KAKOM HaIlpaBJICHUN
HEOOXOIMMO KOPPEKTHPOBaTh MapaMeTphl, €CII OHH MPUBEIU K OIUOKe (MaTeMaTHUECKe BbIYHC-
JIeHUs1 TIO3BOJISIIOT ONpPENIeNIUTh, KaKUe UMEHHO CBSI3U CJeAyeT MOIU(pUUMPOBAaTh, €CIIM B OTBET Ha
n3o0pakeHre UGpPHl 1 ceTh CAUIIIKOM YacTo JaeT Ha Beixode 7). Ha s3bike MalmmHHOTO 0Oy4eHus
9TO Ha3bIBaeTCs «OOyYEeHUEM C yuuTesieM» (IMTOCKOJIBKY HEKTO 3HAeT MPAaBUJIBHBII OTBET, KOTOPHIN
JOJKHA IaTh CUCTEMA) U «0OpPaTHBIM paclpOCTpaHEHHEM OMIMOKU» (TTOCKOJIBKY CUTHAJIBI 00 OIITHOKe
OTIPABJISIIOTCSI 0OpaTHO B CETh /17151 U3MEHEHHUsI ee mapameTpoB). [Iporieaypa npocra: st mpoOyio OTBe-
THUTb, MHE COOOIIAIOT MPABUJIbHBINA OTBET, 51 OMPEAEISIO CBOKO OIMIMOKY U KOPPEKTHPYIO TapaMeTphl,
YTOOBI BIIPE/Ib 3TOM OIMMOKM He coBepiaTh. Ha KakIoM sTare s Aesaio JTUIbh HeOOIbIIIHe MOMPaBKU
B HY’KHOM HaripaBjieHHH. BOT nouemMy Takoe oOyueHre MOXET MPOTeKaTh KpaiiHe MEJJICHHO: B XO/Ie
OBJIaJIEHMSI CJIOKHBIM BUIOM JIESITEIbHOCTH BpOjie UTphl B Tetris JaHHBINA 1K HEOOXOAUMO TMOBTO-
PUTH THICSYM, MWUIMOHBI, AaXKe MUUIHAPIAB pa3. DTO U HEYIMBUTEIBHO: B MPOCTPAHCTBE C MHO-
JKECTBOM PETYJMPYEMBbIX NMapaMeTPOB MOMCKU ONTHUMATIBbHBIX HACTPOEK IS KAKIOW railku U 0osTa
MOTYT 3aHSTh HEKOTOPOE BpPEMsI.

JIaHHBIIA PUHIIATT TTOCTETICHHOW KOPPEKIIUU OIMUOKY ObLIT peai30BaH ykKe B CAMBIX TIEPBBIX
MCKYCCTBEHHBIX HeHpoceTsX, co3aaHHbX B 1980-x romax. JlocTvkeHUsI B 0OJIACTU BBIYMCITUTEITh-
HOW TEXHUKH MO3BOJIMIM PACIPOCTPAHUTD ITY UAECI0 HA TUTAHTCKUE HEUPOHHBIE CETH, BKITIOYAIOLINE
COTHM MWJUJIMOHOB PETyJIMPYEMbIX COeAMHEHUH. DTU TTyOOKHe HEHPOCETH COCTOST U3 TOCTIeI0Ba-
TEJILHOCTEW ITAIOB, KaXIblil U3 KOTOPBIX aJalTupyercs K TeKyuien 3agade. Hanpumep, Ha 1iBeTHOM
wuTiocTparyu 4 mpezacrapieHa cucteMa GoogLeNet Ha ocHOBe apxuTeKTypsl LeNet. [Tocneansis Obuia
npeiokeHa SJHoM JIekyHOM M BhIMTpajia OAMH U3 CaMbIX IPECTUKHBIX MEKAYHAPOIHBIX KOHKYPCOB
M0 Pacro3HaBaHHMIO 0OPa30B. AHAM3UPYS MUJUTHAPIbI N300pakeHHI, CUCTEMa Hay4uIach pacrpe-
OENSTh UX Ha THICSYM PA3IMYHBIX KATETOPU: JIMIA, TIEH3aXH, JTIOAKH, aBTOMOOUIIM, COOaKH, HACEKO-
MBI€, IIBETHI, TOPOKHBIE 3HAKU U Tak Aajiee. Kax/Iplil ypoBEeHb €€ nepapXxuu HACTPOEH Ha HEKWI BaX-
HBIT aCTIeKT peabHOCTH: HAIpUMep, HePOHBI HU3IIIUX YPOBHEN N30MPATE/IbHO pearupyoT Ha TUHAN
Y TEKCTYpbl. YeM BhIITIe yPOBEHb, TEM OOJIbIIE HEPOHOB YUHUTCS pearupoBaTh Ha CJIOKHbBIE TPU3HAKM:
reoMeTpuyeckrie (PUrypsl (Kpyru, KpuBbie, 3Be3/1bl), YaCTH 0OBEKTOB (KapMaH OPIOK, YUKy aBTOMO-

OWJIBHOM JBepH, TMapy IJ1a3) U Jaxke Lelibie 00bEKTHI (30aHus, JIUIIA, Hay1(0B)7.

Crapasicb MUHUMH3UPOBATh OIMUOKH, aJITOPUTM T'PAMEHTHOTO CITyCKa OOHApPYKWII, YTO 3TH
(bopmbl Jtyuliie Bcero moaxoasT 11 Kiaaccudukanmu oopa3oB. OgHako, eciu Obl Ta ke camasi CeTb
TMoJTy4Yasa Ha BXO/E OTPhIBKY U3 KHUT WJIM HOTHBIE JIUCTHI, OHA Obl HACTPOWJIACH MHAYE U HAYyUYWJIACh
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pacrno3HaBaTh OyKBbI, HOTBI WM JIIOOBIE ApyrUe (PUryphl, paCIpOCTpaHeHHbIe B HOBOM cpeie. Hanpu-
Mep, Ha LIBETHOW MJUTIOCTPALIMK 3 OKA3aHO, KaK CETh TAKOTO TUIIA CAMOOPTaHU3YyeTCs 11 pacllo3Ha-

BaHMS ThICAY PYKOIMCHBIX umbpg. Ha camOM HU3KOM ypOBHE AaHHbIE CMELIaHbl: OHU M300paxe-
HMSI BHEIITHE TTOXO0XH, HO MPEACTABIISAIOT co00i pasHble udphl (CKaxkeM, 3 u 8); apyrue, Ha00opoT,
BBIIJIAAT M0-Pa3HOMY, HO B JEMCTBUTEIBHOCTH 0003HAYalOT OHO M TO ke (1mdpy 8, Hanpumep,
KaX[blil IUIIET MO-CBOEMY — y KOI'O-TO BEPXHMI KOHTYP 3aMKHYT, Y KOTO-TO HE 3aMKHYT U T.1.).
Ha kaxaom stane creneHb abCTpaKkIMM BO3pacTaeT, OKA BCe BAPUAHTHI OIHOTO U TOTO K€ 3HAKA He
OynyT crpynnupoBaHsl BMecTe. [locpecTBoM nmpotiely pbl COKpallieHus1 OIIMOOK UCKYCCTBEHHAsI CETh
OOHapyKMBAeT MEPapXHIO MPH3HAKOB, HaMOOIee BaKHBIX JUISl PAClO3HABAHUS PYKOMHUCHBIX IH(pP.
[TprMeuartenbHO, YTO caMo Mo ceOe UCTTpaBIeHHe OMIMOOK MO3BOJISAET OOHAPYKUTD IIENBIIA Psify MOJI-
CKa30K, O0JIEryaloliX pellieHre MOCTaBIeHHOW 33/1a4u.

Konuenust o6yveHnst myreM oOpaTHOTO pacpOCTpaHEHHsI OUIMOKH JIEKUT B OCHOBE MHOTHX
COBPEMEHHBIX KOMITHIOTEPHBIX MPUJIOKEHUIA. DTO padoyas Jomaaka, orarogaps KOTopoi cMapTgoH
yMeeT pacro3HaBaTh Balll FOJIOC, & YMHbBIA aBTOMOOHJIb — «BUJIETh» TIEIIEXOJ0B U IOPOKHBIE 3HAKH.
Becbma BeposAITHO, UTO Halll MO3I TOE UCTIONb3YyeT Ty UJIM UHYIO ee Bepcuio. BripoueM, metos o6par-
HOT'O PaclpOCTPaHEHUs OUIMOKU MOXET IPUHUMATh pa3Hble (hopMbl. 3a MOCIeHIE TPUALATD JIET
B 00JIACTH MCKYCCTBEHHOTO MHTEJJIEKTA JOCTUTHYT HEBEPOSTHHIN MIPOrPECC; UCCIIeoBaTe I OOHapY-
KWJIM MHOKECTBO TIPHEMOB, OOJerJanmmx ooydenne. Hiske Mbl paccMOTpUM MX Oosiee moipoOHO —
OKa3bIBAaeTCsl, OHM MHOTOE MOTYT paccKa3arbh O HaC CaMUX M O TOM, KaK Mbl YYUMCS.

HayuyeHue — 3T0 nccjeg0oBaHHe MPOCTPAHCTBA BO3MOKHOCTEN

OpHa u3 1ipo6yieM, CBSI3aHHBIX C OMUCAHHON BBIIIIE TTPOIIEAY PO KOPPEKIIMHU OIIMOOK, 3aKJTO-
yaeTcs B TOM, YTO CUCTEMa MOJKET 3alIMKJIMThCS HAa HEONITUMAJIbHBIX Napamerpax. [IpeacraBbre Msu
115 ronbga, KOTOPbI BCerja KaTUTCs MOJ YKJIOH. [JormycTum, npsMo ceituac OH ABUKETCS 1O CKJIOHY
xonma. Ecni B Kakoi-TO MOMEHT OH MONajieT B IMKY W B YIITyOJieHHe, TO YKe HUKOT/Ia He JOCTHT -
HET ero MOAHOXKMUS — HU3IIEH TOUKH JaHamadra, abcomorHoro ontumyma. Heuto rnogo6Hoe Moxer
CJIyYUTBbCSl U C QJITOPUTMOM I'PAAUEHTHOTO CITyCKa, KOTOPBI MHOI/IA 3aCTPEBAET B TOUKE «JIOKAJIb-
HOTO MUHUMYMa» . «JIOKaJIbHBII MUHUMYM>» — CBO€0OPa3HbII KOJIOZIEI] B IPOCTPAHCTBE MapaMeTpOB,
JIOBYILIKA, U3 KOTOPOW Hellb3s1 BHIOpaThesl. Kak TOMBKO 9TO Mpoucxonut, 00ydeHre OCTaHABIMBAETCS,
100 Bce MOCeyIoNre N3MEHEHHU I KaKyTCs KOHTPIPOAYKTUBHBIMHU: JII00O€ M3 HUX JIMIIIb YBEJTMYH-
BaeT 4acToTy ommoOoK. CucteMa 4yBCTBYET, UTO HAYUMJIACh BCEMY, UMY MOIJIa, U CJIETIO UTHOPUPYET
HACTPOMKH BBICILIETO YPOBHS1, XOTSI T€ MOTYT HaXOAUTHCS BCETO B HECKOJIBKUX IIarax B POCTPAHCTBE
napameTpoB. AJITOPUTM IPAAMEHTHOTO CITyCKa HE «BUAMT» UX, NOO OTKA3bIBACTCS MMOJHATHCS HABEPX,
YTOOBI OIYCTUTHCS ellle HYKe. BIM30pyKuii, OH OTBaKMBAETCSI OTOUTH TOJBKO HAa HEOOJBIIIOE pac-
CTOSIHME OT Ha4yaJIbHOM TOUKH, & IOTOMY MOKET HE 3aMETUTb JIyUIlIe, HO YIaJleHHbIe KOH(UTYpaLUH.

ITO KaKeTcs BaM CIUIIKOM a0cTpakTHhIM? [IpeicTaBuM KOHKPETHYIO CHTYalMIO: BbI HETE 32
MOKYINKaMM Ha PbIHOK, IJie XOTUTE KYIUTh MPOAYKTHI MoAelieBe. Bol MuHyete nepBoro npojasia
(LIeHBI y HEro SIBHO 3aBBIIIEHBI), 00XOIUTE BTOPOro (Y HEroO CJIMIIKOM JOPOro) U, HAKOHEII, OCTAHAB-
JIMBAETECh OKOJIO TPETHETO. Y TPETHETO MTPOJABLIA TOBAP TOPa3/io AEIIEBIE, YEM Y ABYX MPEAbIIYIIMX.
Ho k10 mopyumrcs, 4yTo B KOHIE IPOXOJa MM, BO3MOKHO, B COCEJTHEM IOpOJie LIEHbl HE OKaXKYyTCS
ere HUoke? MIHaue roBopsi, MOHATUS «JIydlllasi MecmHas IEHa» U «2100a.1bHblii MUHUMYM>» HE BCeria
O3HAYAIOT OIHO U TO Ke€.

Ha takoii ciyyaii y crieriuaimcToB B 00J1aCTH BBIYUCIUTENTLHON TEXHUKH MPHUIACEH IIEJIbIN apce-
HaJl XUTPOYMHBIX NMPHUEMOB. BOJIBIIMHCTBO COCTOMT B TOM, YTOOBI BBECTH B MOUCK JIYUIIMX Iapa-
METPOB JIEMEHT Cy4aiiHOCcTH. Wziest mpocTa: BMECTO TOrO YTOOBI ABUTATHCS HA PHIHKE 110 OTHOMY-
eIMHCTBEHHOMY ITPOXOMY, pa3yMHee BbIOpaTh 0oJiee XaOTHUHbIA MaplIpyT; BMECTO TOrO YTOOBI O3~
BOJIUTb MSUY ISl TONIb(a CIOKOWHO KaTUThCS BHU3 IO CKJIOHY, CleyeT NPUAATh eMy YCKOPEHHE,
TEM CaMbIM YMEHBIIIUB BEPOSITHOCTb TOTO, YTO OH 3aCTPSIHET B sIMKE. MIHOrIa ajlropuT™Mbl CTOXacTH-
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YEeCKOro MOoMcKa NMpoOyIOT yIaJeHHbIE U YaCTMYHO CITydYailHble HACTPOWKHU: €CITH JIydlliee pellieHue
HaXOJIMTCS B IpeJiesiax JA0CAraéMOCTH, IIAHChl PAaHO WJIM TO3JHO HAWTH €ro J0CTaTOYHO Beauku. Ha
MPAaKTHKE BBECTU HEKOTOPYIO CTENIeHb CIYYaHOCTH MOKHO CAMBIMH Pa3HbIMHU CIIOCOOAMU: 3aaBast
WM OOHOBJISAS TIapaMeTPbl XaOTHYHBIM 00pa30M, BHOCSI Pa3HOOOpasue B MOPSIOK MPUMEPOB, T00aB-
JISis1 IIYM K JIAaHHBIM WJIM KCTIONB3Ysl TOJIBKO CITy4YaillHBIN HaOop cBszell. Bce 9TO MoBbIIaeT Hagex-
HOCTb OOyYeHHUSI.

Hekotopble aaropuT™Mbl MAIIMHHOTO OOYUYEHHMsI YepraloT BJOXHOBEHHE W3 JAPBUHOBCKOTO
JITOPUTMA, KOTOPBIN yIPaBJIsIeT SBOIOIMEN BUIOB: B X0/Ie ONTUMHU3AIMY TAPAMETPOB OHU BBOASIT
MYyTalluK paHee OOHapyKeHHBIX pereHnil. Kak u B OMOI0rum, CKOpoCTb 3THX MYTAIMIA TOMKHA TIIA-
TEJIHO KOHTPOJIMPOBATHCS; TO MO3BOJISIET MAIIMHE UCCIIEA0BATh HOBBIE PEIIEHUs, HE TpaTs CIULI-
KOM MHOTO BPEMEHM Ha Pa3HOTr0 poja «aBaHTIOPbI».

B ocHoBe ipyroro ajyroputma JeXUT OTXKUT — OIMH U3 BUJIOB TEPMUYECKON 00padOTKH, KOTO-
PbIM M3JaBHA MOJIb30BAJIUCH KY3HELIbl M PEMECIEHHUKY J1s1 ONTUMU3AlMM CBOMCTB MeTalia. Meron
OT)KHUTa MO3BOJISIET TOIYYUTh UCKITIOUMTENTHHO IPOYHBIN KJIMHOK M COCTOMT B MHOTOKPATHOM Harpe-
BaHMU CILJIaBa TIPU TIOCTETIEHHO MOHMKAIONIMXCS TeMIlepaTypax. DTO MOBHIIIAET BEPOSITHOCTh TOTO,
YTO aTOMBI 3alIMyT IIpaBIJIbHOE ToJIoKeHue. HemaBHO cyTh 3TOro mpotiecca Oblia yCreHo nepeHe-
ceHa B MH(OPMATHKY: AJITOPUTM MMHUTAIIMHA OTKUTa BHOCUT CIy4YaiiHble M3MEHEHUs B MapamMeTphl
MIPY TTOCTETICHHOM TMOHM)XEHUH BUPTYAJIBHON «TeMIepaTypbl». BeposTHOCTD CITy4altHOrO COOBITHS
BBICOKA B HauaJle, a 3aTeM HAUMHAET CHUKAThCS, ITOKA CHCTeMa He JJOCTUraeT ONTUMAIbHON KOH(U-
rypauum.

VYueHble OOHAPYKUIIM, YTO BCE ITU IPUEMBI UPE3BBIYaiiHO (D (PEKTUBHBI — 2 3HAUUT, HE UCKJTIO-
YEHO, YTO B XOJI€ SBOJIOIMU HEKOTOPBIE U3 HUX OBUIM «BCTPOEHbI» B HAIl MO3T. CllyyaiiHbIi MOUCK,
CTOXACTUYECKOE JIIOOOMBITCTBO U 3alllyMJIEHHbIE HEPOHBI — BCE 3TO UTPAET BAKHYIO POJIb B HAYYEHUU
y Homo sapiens. VI B urpe «kaMeHb, HOXKHUIIbI, OymMara», 1 B JpKa30BOW MMITPOBHU3ALIUN, U B aHAJIM3E
BO3MOJKHBIX PEIIEHUI MaTeMaTUYeCKOM 3aJauu CJIy4aiiHOCTb €CTh OfIMH U3 Ba)KHEUIIMX KOMITOHEH-
TOB perieHusi. Kak Mbl yBUAUM HYKE, BCSAKUH pa3, KOTJa JETH MEPEXOAsiT B PeKUM OOyUYEeHUs — TO
€CTb KOIJla OHM UTPAIOT, — OHU UCCIIEAYIOT JECATKM BO3MOXKHOCTEH, MPUYEM 3a4acTylo AeJaioT 3TO
oecrops10uHO, Ha0OyM. HOublo X MO3I TPOJOJIKAET JKOHIIIUPOBATh WIESMH, ITOKA HE HATHIKAETCS
Ha Ty, KOTOpasi JIyullle BCero OOBSICHSET MEePekUTOe B TeUueHUe AHs. B TpeTbeil 4acTu 3TOi KHUTH
MBI el1le BEpHEMCS K MOJTyCITyYailHOMY aJITOPUTMY, KOTOPBII OTBEYAET 32 HEHACBITHOE JIIDOOMBITCTBO
AeTell — M TeX CYACTIIMBBIX B3POCIIBIX, KOTOPHIM YIaJIOCh COXPAaHUTh YM peOeHKA.

Hayuenue — 310 ontumusanyst (pyHKIIMK BO3HArPAKACHHS

[MomuuTe cucremy LeNet JlekyHa, koTopast pacrio3HaeT (opmbl 1iudp? UTOOBI STOT THTT UCKYC-
CTBEHHOW HEWPOCETH MOT YUUThCS, €r0 HEOOXOOMMO OOECTIeUnTDb MPABMIBHBIME OTBeTaMu. VIHbIMU
CJIOBaMH, CETh JOJIKHA 3HaTh, KAKOM U3 IECATU BO3MOXKHBIX LIM(P COOTBETCTBYET KaXk/J0€ BBEJEHHOE
nzo0paxenue. [l vicnpaBlieHUsl ONIMOOK CHCTEMa JOJIKHA BBIYMCIUTh PA3HUILy MEXKAY CBOUM M
MPaBWJIBHBIM OTBEeTaMU. [laHHast mporieaypa nojyvnia Ha3BaHue «00yUYeHUsI C yIUTeIeM»: HEKTO BHE
CHUCTEMBI 3HAET PEllleHre U TBITAeTCS] HAYyYUTh MaliHy. MeTos JocTaTouHO 3(P(hEeKTUBHBIN, OTHAKO
CJIelyeT OTMETHUTD, YTO CUTYAIlHsl, B KOTOPOU MPaBUJIbHBINA OTBET U3BECTEH 3apaHee, — OoJbIIast pe-
kocTb. Korga ietu yuarcsi XonuTh, HUKTO He TOBOPUT UM, KaKie MMEHHO MBIIIIIBI HY)KHO COKpAIaTh;
UX TPOCTO MOOLIPSIIOT MPOOOBATh CHOBA M CHOBA, NIOKA OHM HE MepecTaloT nagarb. [pyrumu cio-
BaMU, MaJIbIIIM Y4aTCsl UCKJIIOUMTEIBHO Ha OCHOBE OLIEHKHM Pe3y/IbTara: s yajl UM ke MHE y1al0Ch
HaKOHell [lepeceyb KOMHary.

C Toii xe mpoOsieMolt «00yueHHs Oe3 YUUTeNIsl» CTATKUBAETCS M UCKYCCTBEHHBIN MHTEIIICKT.
Harmpumep, korga marmHa yYuTcsl UrpaTh B BUJEOUTDPY, MEpe/l HEll CTaBST OIHY-CAMHCTBEHHYIO
3a7a4y — HaOpaTh MaKCUMAaJIbHOE KOJIMYECTBO OYKOB. HUKTO He rOBOPHT eif, Kakie MMEHHO JIeHCTBUS
HEoOXOIMMO /1151 3TOro MpeanpuHsTh. Kak ke ObiTh? Kak MammmHe caMocTosTenbHO HalTh 3¢ dek-
THBHBIN U OBICTPBIN CIIOCOO JOCTUYB MTOCTABIEHHOM e ?
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«O4YeHb MPOCTO», — CKa3aJM yUeHble W MPUIYMAU TaK Ha3bIBa€MOe «OOyUYeHHe C MOAKper-
JIeHHEeM», B paMKaX KOTOPOTO Mbl HE COOOIIAeM CHUCTEME HUKAKKX MOAPOOHOCTEN O TOM, YTO OHA
JOJIKHA eJ1aTh (3TOr0 HUKTO He 3HaeT!), HO OIpeielisieM «Harpaay» — HallpuMep, B BUJIE KOJIMUECTBA

oukoB’. Uto ellle XyXe, MalllMHa MOKET y3HaBaTh 3TO KOJMYECTBO C 33JEPKKOM, yKe MOCIe COBEP-
IIeHUs] TeX WM UHBIX AedcTBUi. O0ydyeHue Ha OCHOBE OTJIOKEHHOTO MOJKPEIUIeHUs — MPUHIIMII, Ha
6aze kotoporo DeepMind, nouepHsisi komnanusi Google, mocTponia MalllvHy, CIOCOOHYIO UTPATh B
11axMarbl, HIAIIKKA U T0. B KOHIE mapTuu cuctema nojayvyaeT OQUH-€AUHCTBEHHBIN CUTHAJI, CBUJE-
TEeJbCTBYIOIIHIA O BHIUTPHILIIE WM MpoUrphiiie. Bo BpeMst camoii Urpsl 0OpaTHast CBSI3b OTCYTCTBYET —
3aCUMTHIBAETCS JIMIIIb OKOHUYATEIbHAs ode1a Hafl conepHUKoM. Kak ke Torma MarivHe onpeieinTb,
YTO HYKHO Jenarh? W, ecm yx Ha TO MOIUIO, KaK OHa MOKET OLIEHUTh CBOU JIEVICTBU S, €CJIM U3BECTEH
TOJIBKO UCXOJL UIPbl?

VueHsle HanwM XuTpoe peinenre. OHU MPOrpaMMUPYIOT MAIlIMHY TaK, YTOObI OHA Jiesiaia
cpa3sy JiBe BelM: JICHCTBOBAJA ¥ OJHOBPEMEHHO OIlEHWMBala COOCTBEHHbIH mporpecc. OmHa moso-
BHMHA CUCTEMBI, TAK HA3bIBAEMbII «KPUTUK», YUUTCS MPEICKA3bIBaTh KOHEUHBIN pe3ysbTrat. Llens a1oit
CEeTU MCKYCCTBEHHBIX HEMPOHOB 3aK/II0UAETCSI B TOM, YTOOBI KaK MOXKHO TOYHEEe OLIEHUTh COCTOSTHHE
WI'PBl M TPEJCKa3aTh €€ UCXO/: 51 BHIUTPhIBAIO WK ITPOUTphIBaI0? biaronaps «BHYTPEHHEMY KPUTHKY»
cHucTeMa CriocoOHa OLIEHUBATh CBOM JIEMCTBUS B JIIOOON MOMEHT BpeMeHH, a He TOJIbKO B KoHIle. Ha
OCHOBAHUM 3TOU OLIEHKH JIpyrasi OJIOBUHA MAIIIUHBI, «aKTOP» (COOCTBEHHO, «UCIIOJTHUTEIb> ), KOP-
PEKTUPYET CBOE MOBEACHUE: NT0KATYH, MHE HE CTOMT JeJIaTh TO-TO U TO-TO — KKPUTUK» CUUTAET, UYTO
3TO YBEJMYHUT MOM IIAHChl HA MPOUT PHIILL.

HcribiTanue 3a WCIBITAHUEM «aKTOp» U «KPUTHK» pabOTalOT B TaHJEMe: OJMH YYUTCS BBIOU-
parb HanOosee 3(pheKTUBHBIE EUCTBUS, IPYTON — KaK MOKHO TOYHEE OLIEHUBATh UX TOCJICACTBUS.
CrycTst HEKOTOpOE BpeMsi — B OTIMYKE OT TOTO TIApHSI U3 aHEeK/I0Ta, KOTOPHIH MajiaeT ¢ Hebockpeda u
Ha JieTy Bockymnaet: «[loka Bce XopoIo!» — ceTh «aKTop — KPUTUK» 00OpeTaeT HEBEPOSITHYIO MPO-
30PJIMBOCTD: CIIOCOOHOCTD MPE/ICKa3bIBaTh, KaKKUE MAPTUU CKOpee BCero OyAyT BBIUTPAHBI, a KaKue
HEen30eKHO 3aKOHYATCS KaTacTpoOil.

KomOuHaius «aktop — KpUTUK» — OfIHA U3 camMbIX 3((PEKTUBHBIX CTpATEruil COBPEMEHHOTO
MCKYCCTBEHHOTO MHTesUIeKkTa. [Ipu mogyiepixkke nepapxudeckoit HeWPOHHOM ceTH oHa OYKBAJIbHO TBO-
put uyneca. Eme B 1980-x rojax 3ta cucrema BbIMTpasia YEMITMOHAT MHUpA MO HApIAM, a HEIaBHO
no3Bouiia DeepMind co3nats MHOTO(YHKIIMOHAJIbHYIO HEHPOHHYIO CETh, CIIOCOOHYIO UTPaTh B pas-
HOT'O pojia BUAeourpsl Bpofe Super Mario wmm Tetris10. JloctaTouHO 3a1aTh MUKCETU U300paKEeHUS B
KayeCTBe BXOAHBIX JaHHBIX, BO3MOKHBIE IEHCTBUS B KQUECTBE BRIXOOHBIX JaHHBIX U OYKH B KAYECTBE
yHkmm BozHarpaxaeHus. Becemy ocranbHoMy MarivHa Hayuutcsi cama. Urpas B Tetris, oHa 0OHa-
PYKHUT, UTO HA 9KpaHe OTOOpakaloTcs pazHble (GUTyphl, YTO Nafawoiias (purypa BaxkHee OCTaIbHBIX,
YTO T€ WIMA UHbIE JEUCTBUS MOTYT U3MEHUTh €€ OPUEHTALIMIO U TIOJIOKEHHE B IPOCTPAHCTBE U TaK
aajee, — a 3aTeM BhIpa0OTaeT ONTUMAITBHYIO TAKTUKY. B Super Mario naMeHeHvs1 BXOJHBIX TAaHHBIX U
BO3HArpaxJIeHUN y4aT MalllMHy oOpalaTh BHUMaHUE Ha COBEPIIIEHHO UHBIE MapaMeTphbl: KaKHe MUK-
cen 0Opas3yloT Tesio Mapro, Kak OH JBMKETCS, T/ie HAXOAATCS Bparu, Kak BBIMJISAAT CTEHbI, IBEPH,
JIOBYILIKY, OOHYCHI. .. U KaK ceOs1 BECTU PSIOM C HUMH. Peryimpys cBou HaCTPONKHU — TO €CTh MIJI-
JIMOHBI CBSA3€M, COEUHSIOIIMX CJIOU, — CETh MOXKET aJalTUPOBAThCS KO BCEM TUIIAM UI'P U HAYYUThCS
pacniozHaBaTh opmel Tetris, Pac-Man
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KoHen 03HakoMuUTEJIbHOT0 (pparmMeHra.

Texkcr npenocrasieH OO0 «JIutPec».

[IpounTaiiTe 3Ty KHUTY LIEJIMKOM, KYIMB IIOJHYIO JIEraJbHYIO Bepcuio Ha JlutPec.

BesomnacHo onnatuTh KHUTY MOKHO OaHKOBCKOM Kaprtoit Visa, MasterCard, Maestro, co cuera
MOOWIIBHOTO TenepoHa, C TUIaTeKHOro tepMuHana, B catone MTC wm Cesi3Hoii, yepes PayPal,
WebMoney, fAunekc.densru, QIWI Komesnek, 60HyCHbIME KapTaMu WX APYTUM YIOOHBIM Bam crio-
COOOM.
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