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Annoramusi. CoBpeMeHHas HaTyphrIocodust JTMHAMUYHO Pa3BUBACTCSI KaK
cdepa HayKH ¥ SBISIETCS OCHOBOH JUIsl KOMIUIEKCHOTO MOJX0/a K PACCMOTPEHHUIO
€CTECTBEHHBIX, ICKYCCTBEHHBIX IPAKTHK M COLMAIbHO-TYMaHUTAPHOTO 3HAHHS.
Kak Teoperndeckue, Tak ¥ IpaKTHYECKHE 3HAHNS IPHOOPETAIOTCS, CHCTEMaTH3H-
PYIOTCSI, HAKAIUTMBAIOTCS B AKTUBHOM U ITACCMBHOM BHJIE B IIpoIiecce 00y4eHHsI.
B nanHoii cTaTbe paccMaTpuBaeTCsl B3aMMOCBSI3b MEK/Ty COBPEMEHHBIMH JIOCTH-
KSHUSIMH B TIOHMMaHHUH Tpoliecca 0Oy4eHUs B pa3IMuHbIX HayYHBIX cepax:
MIPUKJIATHBIX HayKaX 00 NCKyCCTBEHHOM MHTEIUIEKTe (TTyOoKoe o0yueHue,
pOOOTOTEXHHKA), ECTECTBEHHBIX HayKax (HEHpOOHOIOTHs, KOTHUTHBHCTHKA,
6uonorust) n punocodun (BeraucuTenbHA Gritocodus, punocodus co3HaHMS,
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Harypdunocodus). PaccmarpuBaercst BONpocC 0 TOM, YTO KIMEHHO MOYKET TIOMOYb
TEKYIIEMY Pa3BUTUIO MAIIMHHOTO OOYUYEHUSI U HCKYCCTBEHHOTO HHTEILIEKTA Ha
JTAHHOM JTarie, BIOXHOBJICHHOMY €CTECTBCHHBIMHU MPOIIECCAMH, B YACTHOCTH:
BBIYHCIIUTELHBIME MOJIEIISIMHU, HAIIPUMED UH()OPMAIMOHHO-BBIYHCITUTEILHBIMU
MeTOoaMH MOP(OIOTHYEeCKHUX BhruucieHui. [IToMuMo 3TOr0 paccMarpuBaeTcs,
B KaKO# CTENCHH MOJICIIH U IKCIIEPUMEHTHI B 00J1aCTH MAIIMHHOTO O0YYCHUS
U pOOOTOTEXHUKU MOTYT CTUMY/IMPOBATh UCCIIEI0BAHUS B 00JIACTH BBIYUCITH-
TEJIbHOW KOTHUTHBHON HAYKH, HEHPOOUOJIOTMH U MPUPOIHBIX BBIYHCICHHIA.
MBplI ipeAnosaraeM, 4To MIOHUMaHUEe MEXaHH3MOB (hOPMHUPOBAHHS CITIOCOOHOCTH
K OOYYCHHIO MOXKET CTaTh BAXKHBIM IIATOM B PA3BUTHU ITYOOKOTO OOyYEHUS
B KOHTEKCTE BBIYHCIICHU/00pab0TKH HHGOPMALIMU B paMKax MMOIXo/a, 00be-
JUHSIONIET0 KOHHEKIHOHN3M U CUMBOJIBHBIN MOAX0/. Tak Kak Bce €CTECTBEH-
HbIE€ UHTEJUIEKTYaJIbHBIE CUCTEMBI SIBJISTIOTCS KOTHUTHUBHBIMHU, MbI TIPUBOIUM
apryMEHTHI B MOJIh3Y IBOFOIMOHHOTO TIOAXO0/IA K H3YYCHUIO MTO3HABATEIBHBIX
nporeccoB. M3 3Toro cieayer, 4To JOCTUKCHHUE YSIOBEYCCKOTO YPOBHSI HH-
TEJUICKTA JUUIsl HHBIX CUCTEM BO3MOYKHO TOJILKO Yepe3 IBOJIOIUIO M PAa3BUTHE.
Takum 00pa3oMm, TaHHAsI CTAThS MIPEICTABIISET COOOW BKIIA] B TEOPHIO TO3HAHHUS
B paMKax COBPEMEHHOH (priocoduu mpuposs.

Kntouesvie cnosa: o0yuenne; criocoOHOCTB K 00y4eHHI0; TITyOoKoe 00yye-
Hue; 00paboTka HHPOPMAIIMHU; €CTECTBEHHBIC BBIYHUCIICHHS; MOP(OIOrHIecKre
BBIYHCIICHHST, MH()OKOMITBIOTHHT; KOHHEKIIMOHH3M; CHMBOJIM3M; TIO3HAHUE;
PpOOOTOTEXHHUKA; UCKYCCTBEHHBIN MHTEIUICKT.

Natural morphological computation
as foundation of learning to learn in humans,
other living organisms, and intelligent machines

Dodig-Crnkovic Gordana,
professor,

Department of Computer Science and Engineering, Chalmers
University of Technology and the University of Gothenburg,
40482 Gothenburg, Sweden;

School of Innovation, Design and Engineering, Mélardalen University,
721 23 Vésteras, Sweden

gordana.dodig-crnkovic@mdh.se

Abstract. The emerging contemporary natural philosophy provides a
common ground for the integrative view of the natural, the artificial, and the
human-social knowledge and practices. Learning process is central for acquiring,
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maintaining, and managing knowledge, both theoretical and practical. This
paper explores the relationships between the present advances in understanding
of learning in the sciences of the artificial (deep learning, robotics), natural
sciences (neuroscience, cognitive science, biology), and philosophy (philosophy
of computing, philosophy of mind, natural philosophy). The question is, what
at this stage of the development the inspiration from nature, specifically its
computational models such as info-computation through morphological
computing, can contribute to machine learning and artificial intelligence, and
how much on the other hand models and experiments in machine learning and
robotics can motivate, justify, and inform research in computational cognitive
science, neurosciences, and computing nature. We propose that one contribution
can be understanding of the mechanisms of ‘learning to learn’, as a step towards
deep learning with symbolic layer of computation/information processing in
a framework linking connectionism with symbolism. As all natural systems
possessing intelligence are cognitive systems, we describe the evolutionary
arguments for the necessity of learning to learn for a system to reach human-
level intelligence through evolution and development. The paper thus presents
a contribution to the epistemology of the contemporary philosophy of nature.
Keywords: learning; learning to learn; deep learning; information
processing; natural computing; morphological computing; infocomputation;
connectionism; symbolism; cognition; robotics; artificial intelligence.

1. Beenenue

B Hacrosimiee Bpemsi HaOMIOAAETCSl CTPEMUTEIBHOE Pa3BUTHE Ma-
IIMHHOTO 00y4eHus Kak (POPMbI UCKYCCTBEHHOTO MHTEIIEKTa, 0COOCH-
HO OlIyTUMOE B cepe miyookoro oOyuenus (deep learning — DL) [1].
AJNTOPUTMBI, UCITOJIb3yEMBIE B TIPOIECCax TITyOOKOTo 00ydeHHUs, ObLTH
BIIOXHOBJICHBI MOJEISMH aHaJOTHYHBIX MPOIECCOB YEIOBEUYECKOTO
Mo3ra. U XoTs MBI elie He Bce 3HaeM O paboTe Mo3ra, HaIld 3HAHUS
B 3TOH 0O0NacTH MOMONHAIOTCS C KaXKAbIM IHeM. B manHoil pabore
TEpMHUH «00y4eHHe» BBIpakaeT JBYCTOPOHHUI Mpolecc, IIe B KOM-
MBIOTHHT MIPUBHOCATCS 3HAHUS 13 cepbl HEHPOOHOIOTHH, a B HEHpO-
Omosnorny, B CBOIO O4Y€peb, UCIONB3YIOTCS Mojenn o0pabOTKH WH-
(hopmar U3 BEIYUCIUTENHHBIX MPOIECCOB. DTOT MPOIECC SBISAETCS
LMKJIUYHBIM, YTO TIOKa3aHo B [2; 3; 4].

B ocHOBe TexHOIOTHH TITyOOKOTO O0YyUYeHHS JIeKaT HCKYCCTBEHHBIE
HEHUPOHHBIE CETH, TT0 CBOEMY NPUHIUITY HAIIOMHHAIOIINE HEHPOHHBIE CETH
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MO3ra: BRICOKOI((QEKTHBHBIE TpaPuUECKHe MPOIECCOPHI C apalieib-
HOM apXUTEKTYpOr 00padaThIBaIOT OIPOMHBIC 00BEMBI (Pa3MEUCHHBIX )
naHHbIX. [Iponiecc, Ha3BaHHBINM MAIIMHHBIM 00yYeHHEM Ha MpUMepax,
OOBIYHO MTPOXOIUT MO KOHTPOJIeM uenoBeka. OH SBISETCS CTaTHYHBIM
Y CTPOUTCS Ha MPEIONI0KEHUH, YTO MMOBEACHUE OKPYXKAIOIIero MUpa
MpecKa3yeMo, a 00JI1acTh MPUMEHEHHS TTOTyIeHHBIX PE3YIIFTaTOB OM3Ka
K 00JIacTH, OCTY>KUBIIEH UCTOYHUKOM JIaHHBIX. 1 Kakoii Okl Brieuar-
JSIIOIIEH HY Ka3aJlach HaM 3Ta TEXHOJOTHs, Y TIIyOOKOTO 00y4eHHs
€CTh axMJuIecoBa IATa: CyKACHUS MALINHbI HE MOTYT OCHOBBIBAThCS Ha
3apaBoM cMeIcie [5; 6; 7]. Korma kommbroTep pacro3HaeT H300pakeHus,
OH JIENAeT ATO C MOMOILIBIO NHKceel. [loaToMy nake He3HAUNTEIbHBIE
W3MEHEHUS], He BUIUMbIE YeIIOBEUECKUM TIIa30M, MOTYT COUTH C TOJIKY
QITOPUTM IITYOOKOTO OOYYEHUS U MPUBECTU K HEOKHIAHHBIM OITHOKaM.
Kanacknii yuensiit M. Berskuo [5] cunrtaert, 4To MeXaHH3MbI [ITyGOKO-
ro oOy4yeHwus He ClIoCOOHBI K 0000IIEHNI0 BHE 00yUaronieil BHIOOpKU
Y KOMIIO3UIIMOHAIbHOCTH.

[To muenuto /. Kanemana [8], yenmoBeuecknii MHTEIUIEKT MMEET
JIBa YETKO PA3IMIMMBIX MEXaHH3Ma 00y4eHHsI, KOTOpPBIE YKe ObLTH pac-
MMO3HAaHBI U MIPOaHANIN3UPOBAHEI [8; 9; 10]: OBICTPHINA, BOCXOASIINH, OT
YaCTHBIX JIEMEHTOB K 00muM 1radmonam (Cucrema 1) U MEUICHHBIH,
HUCXOJISINUH, OT si3bIKa K 00bekTaM (Cuctema 2). M3HauanbHO CUMBO-
nmueckuii uckyccrBeHHbli nHTEEKT (GOFAI — Good Old-Fashioned
Artificial Intelligence) ucrnonp3oBan Tonsko Cructemy 2 — CHMBOJIBHOE,
SI3BIKOBOE M JIOTHYECKOE MBIIIUICHHUE, TUIAHUPOBAHKE 1 TIPUHSATHE pere-
Hull. Urnopupys npuHuunel CUcTeMsl 1, HCKyCCTBEHHBINH MHTEIEKT
He OB criocoOeH K CUMBOJIEHOMY 000CHOBAHUIO, TaK KaK €T0 BBIBOJBI
BCErJa CTPOMWJINCH U3 OTHOIIEHUI CUMBOJIOB K CUMBOJIaM M HE UMENH
OTHONICHUS K prU3nIecKkoMy MUpY.

B Hacrosmiee BpeMs mporecchl TITyOOKOTO OOyISHHS OCHOBBIBAIOT
CBOM CYXKICHHS Ha HAOIIOMaeMbIX/TIOTyI€HHBIX/U3MEPEHHBIX JaHHBIX,
HO HMCKYCCTBEHHBIH HHTEIUIEKT JIMIIEH BO3MOKHOCTeH CHCTeMbl 2 —
000011IeHHS/TeHEPAallUl CUMBOJIOB, YIPABJICHUs] CUMBOJIAMHU U SI3BIKA.
Hanuuue 3Tux QyHKIUH KPUTHYHO JUIS JOCTHUIKCHUS UYEIOBEUSCKOTO
YPOBHSI MHTEIJIEKTa M €r0 CIIOCOOHOCTH K OOy4YeHHI0 W MeTaolyde-
HHUIO, TO €CTh YMEHHIO 00y4aThcs. B ucrounmnke [5] mpemiaraercs me-
pexox ot Cuctemsl 1, 0CHOBaHHOM Ha JaHHBIX (MM OOJIBIIHNX JTaHHBIX),
K MaHUITYJTHPOBAHUIO HECKOIBKAMHU TIOHATHSMH, KaK B PacCyKICHUU
BBICOKOTO ypoBHs CHcTeMsl 2. B npeniokeHHOM Nepexosie HCIOb3y-
F0TCS KOHILIETILIMU areHTHOCTH, PE30HAHCHOCTH U NMPUYMHHOCTH. OXH-
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JAETCS, YTO «areHTHBIA TIOAXOM» TTOMOXET HAJIOKUTh OTPAHUYCHHS HA
W3y4YCHHBIE TIPEICTABICHUS U TAKUM 00pa3oM BoOpaTh B ceOsl MpUYHH-
HbIe IepEeMEHHBIE U BO3MOXXHOCTH. beHXkuo npeanonaraert, 4To «areHT-
HBIU MTOJIX0/1» K O0yUESHHIO TIPENICTABICHUSM «JIOJDKEH CIIOCOOCTBOBATH
MOBTOPHOMY HUCIIOJIb30BaHUIO M3YYCHHBIX KOMIIOHEHTOB HOBBIMHU CITO-
co0am| ... TEM CaMbIM cO37aBasi pecypchl 1 Oojiee MOMIHBIX (opM
KOMITO3UITHOHAIBHOTO O00O0OIIEH s, B YAaCTHOCTH OOOOIIEHUS BHE
oOyuatorieli BHIOOPKH, OCHOBAaHHOTO Ha THIIOTE3€ JIOKATH30BAHHBIX
(BO BpeMeHH, TPOCTPAHCTBE U KOHLIENTYaIbHOM IPOCTPAHCTBE) U3MeE-
HEHUIl B OKpYy’Kalollel cpesie u3-3a BMelaTeaIbCTBa areHToB» [5].

[lepexon ot Cucremsl 1, HCTIONB3yeMOI B COBPEMEHHOM ITTyOOKOM
o0yuernn, k Cructeme 2 (Mo3HaHUIO O0JIee BBICOKOTO YPOBHS) OTKPOET
HCKYyCCTBEHHOMY WHTEIJIEKTY HOBBIE U ellle 0oiee BIeUaTISIFOIINe BO3-
MOXHOCTH. BOTpeKxy NpennonoKeHusIM, BBIIBUHYTHIM CTOPOHHUKAMHU
GOFALI panee, nepexon ot Cuctemsr 1 k Cucteme 2 He CTaHET IIaroM
B HEH3BECTHOE, YTO MOJTBEPKAAETCS B HOBBIX pa3paboTKax B KOTHHU-
TUBHOW Hayke W HelipoOuomormu. B maHHON cTaTthbe MBI COCPENOTO-
yuMcs Ha mozienupoBanuu CucteMbl 1 u ee oTHomeHud ¢ CucteMoi
2 B paMKax BBIYUCIUTEIEHON MOJIENIN TIO3HAHNUS, OCHOBAaHHOH Ha ecTe-
CTBEHHBIX HH(POPMAIIMOHHBIX BBIYUCICHUX [3; 4].

Cnenyer npu3HATh, YTO MPEICTABICHUE O HEOOXOUMOCTH BBIBE-
JICHUSI OTHOLIICHUH MEXy KOHHEKIIHOHM3MOM M CUMBOJIM3MOM HE SIB-
nsercs HoBo uneeit. B 1990 rogy Mapeun Munckuit copMyIupoBa
3Ty CBs3b B paboTte «Jlormueckoe MpoOTHB aHAJIOTHYECKOTO, CHMBOIIU3M
MIPOTHB KOHHEKITMOHN3MA, aKKypaTHOCTh IPOTHB 3arryTaHHOCTH [11].
C Oonee HOBBIMHU pa3pabdOTKaMH B 3TOM 00JaCTH MOKHO O3HAKOMUTBCS
B icTouHHUKax [12; 13; 14].

JlaHHast cTaThg UMEET CIEAYIOUIYIO CTPYKTYpY. 32 BBEICHHUEM Clie-
IyeT 4acTbh, ONMCHIBAIONIAS U3YUCHHE MHpA depe3 KOHIICTIIIHUIO areHT-
HOoCcTH. Cliemyrommid pas3ien OMHCHIBAeT OOydeHHE B BBIYHCISIONINX
MIPUPOJHBIX O0BEKTax, BKIIOUAs OOydeHHE C DBOJIOIMOHHOW TOUYKU
3peHus. 3aTeM paccMmarpuBaeTcs 00ydeHHE KaK BBIYMCIEHHE B CETSIX
areHToB, a TaKXKe WH(OKOMIBIOTAIIMOHHOE OOYYEHHE IMOCPEICTBOM
Moposornyeckux BeIYUCICHUNA. B mocneanel vactu paccMaTpuBaeT-
sl CHOCOOHOCTH K 00y4YEHHIO Ha OCHOBE HEOOPAOOTAaHHBIX JAaHHBIX 110
MIPUHIINAITY BEPTUKAIBHON areHTHOCTH (up-agency) B mepexoae ot Cu-
cteMsl 1 k CucreMe 2. B 3akitoueHUH IpeCTaBICHbI BRIBOABI U CIIOCO-
OBl MPUMEHEHNS TTOJyUYSHHBIX PE3yIbTaTOB.
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2. Ilo3Hanue MHPpa moCpeacTBoOM arcHToB

B ocHOBY 00cyxneHus sieria nmpo0iieMa BBIYUCIAIONICH TPUPOIBI
B opmax nH(POKOMITbIOTAIIMOHAIM3MA. 1)1 TOTO YTOOBI MH(pOPMALIUS
MOTJIa BHITIOJHATE areHTHbIe QYHKIUH [ 15], He0OX0AUM OKPYKAIOMINH
mup (o6o3Hagaemsrii TepmuHOM Umwelt), amHaMuka KOTOporo paccma-
TpUBaeTcs Kak BeraucieHue [16]. MHbopMaIis U BEIYUCICHUS OTHO-
CUTENBHBI U1 HaOmonarens [17; 18; 19].

PaccmarpuBasi mo3HaHHe Kak BceoOBEeMITIONUK OnonmH(opManu-
OHHBIH MPOLECC, MBI HCIOIb3YeM MOHSTHE areHTa, TO €CTh CUCTEMBI,
CIIOCOOHOM N1eHCTBOBAaTh CAMOCTOSATENBHO, Mpecienysl 0O0beKTHBHYIO
uenb [17; 20]. ATeHTHOCTh B OMOIOTHYECKUX CHCTEMAaX B HHTEPECYIO-
IIeM Hac CMEBICIIEe OblIa MCClieoBaHa B HCTOUHUKax [21; 22], roe mpu-
BOJISATCSL apTYMEHTHI B MTOJIB3Y TOTO, YTO MUP C MIO3UITUHN areHTa 3aBHCUT
OT TUIIA areHTa ¥ THIa B3aUMOJCHCTBUS, Yepe3 KOTOPOE areHT MO3HAET
mup [17]. AreHThI 00IIat0TCs, OOMEHUBAsCh COOOIEHUsIMH (HHDOP-
Malyei ), 9To MoMOoraeT UM KOOPJMHUPOBATH CBOM JICHCTBUS, OCHOBBI-
BasICh Ha MPEACTaBICHHON HH(POPMAIINH, U B MTOCIEAYIONIEM IEITUTHCS
€10 TIOCPEICTBOM COIHAJILHOTO TIO3HAHUSI.

Uto0bI HEYTO paccMaTpUBAIOCH Kak HH(OpMAIHs, TOJKEH CyIIe-
CTBOBATh areHT, I KOTOPOTO 3TO HEYTO BHOCHUT «CYIIECTBEHHOE pa3-
nuauey [23]. Korma mMbl yTBEpKAaeM, 4TO CTPYKTypa OKPYKAIOILIEro
MHUpa COCTOHUT U3 MHPOpMaIyu [24], BOSHUKACT CIIIYIOIIUI BOIIPOC:
KTO WJIM YTO SIBJISIETCSI ar€HTOM B 3TOM KOHTEKCTE. ATEHT MOXET pac-
CMaTpUBAThCA KaK HEKTO (HEUYTO), B3aWMOJEHCTBYIOIIMNA C TOYKAMHU
HEOJHOPOAHOCTH (CYIIECTBEHHBIMU PA3WYHMAMH WU JaHHBIMH Kak
aroMaMH MHGOPMAIMH), YCTaHABINBAIOIIUI CBA3H MEXIYy MpPEACTaB-
JICHHBIMU JaHHBIMU M IaHHBIMH, KOTOPBIE COCTABIISIOT CAMOTO areHTa
(marmpumep, yacTuily uiH cuctemy). CyIiecTBYIOT MUpPHaIbl areHTOB,
IUTS KOTOPBIX HH(DOPMAITHS OKPYKAIOIIETO MUPA SBISIETCS CYIIECTBEH-
HOM, — OT PIIEMEHTAPHBIX YaCTHI[ A0 MOJEKYI, KJIETOK, OpTraHH3MOB
U LeJbIX 00IIecTB... Bce OHM B3aMMOJCHCTBYIOT M OOMEHHBAIOTCS
nH(pOopMaIMel Ha Pa3HbIX YPOBHAX, 3Ta HH(POPMAIMOHHAS JUHAMUKA
W Ha3bIBACTCs €CTECTBEHHBIM BBIUUCICHUEM [25; 26].

Haire noHnMaHne areHTHOCTH M MIO3HAHMUS KaK CBOMCTBA BCEX JKH-
BBIX OPraHW3MOB OCHOBBIBA€TCsI Ha Tpymax Maturana, Varela, Stewart
[27;28; 29]. AkTyanbHBIM JUII ICKYCCTBEHHOTO WHTEIIEKTa IPECTaB-
JISIETCS CIEeMYIOINNN BOMPOC: KaK CO37aTh MCKYCCTBEHHOTO areHTa Ta-
KUM 00pa3oM, 4ToObI OH 00J1aJall MO3HAHUEM H, BIIOCIEACTBUH, aXKe
co3HaHHeM. Bo3MOXKHO 11 3TO BOOOIIIE, YUUTHIBAs, YTO TO3HAHHE B JKHU-
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BBIX OPTaHU3MaX OCHOBBIBAETCS Ha OMONIOTHYECKHX mporieccax? 3k,
HapsIly C pacCykI€HUEM, CYUTAETCS TO3HABATEIbHOMN AEATEIbHOCTHIO
BBICOKOTO YPOBHSI, KOTOPYIO CITOCOOEH OCYIIECTBIATE TOJIBKO YETIOBEK.
B »xuBBIX OpraHn3Max YpOBHH IMO3HAHUS Pa3BUBAJIKCH B MTPOIIECCE IBO-
JIIOLINH, HaYMHAsA ¢ 0a30BBIX aBTOMaTHUECKHX ()OPM TOBEICHHS, KaK,
HanpuMmep, y 6axrepuii [30; 31; 32; 33] wim HaCEeKOMBIX, U 3aKaHIHBAsI
Bce OoJiee CIIOKHBIM TTOBEICHUEM B CIOKHBIX MHOTOKJIETOUHBIX (op-
Max JKU3HH, KaK y MilekonuTaronux [34]. CMOXeT I UCKYyCCTBEHHBIN
WHTEIJIEKT «IEPENpBITHYTh» Yepe3 3BOJIOLMOHHbBIE CTYNEHU MO3Ha-
HUS, YTOOBI JOCTUYh U JaKe MPEB30MTH ypOBEHb YEJIOBEYECKOrO MH-
TeneKTa?

U xots muee 6uomorndecKoit mpupoIbl MO3HAHUS YAEISIIOCh MHO-
ro BHUMaHus [27; 28; 29], 10 cux nop HesICHO, KaK KOTHUTUBHBIE MPO-
Lecchl BO BcexX (hopMax KM3HM CBS3aHBI (B TOW WJIM MHOM CTENCHM)
¢ coznanueM. Co3nanue, no bemwxkwuo [7], apusercsa cBoiictBom Cucre-
MBI 2: «MBI TECHO CBSI3bIBAE€M CO3HATEIbHYIO 00pPa0OTKY ¢ KOTHUTHB-
HBEIMU criocoOHocTsMU Cuctembl 2, mpemiokennoi I, Kanemanomy
[Kahneman, 2011]. bBemkwno Takke NPUHAMAET TEOPHIO CO3HAHHS
mobaneHOTO pabouero nmpoctpancTBa baapca [35]. B mpomecce 00y-
YEeHUS ¥ BBIPAOOTKH CIOCOOHOCTH K O0yUEHHIO CO3HAHUE UTPAET BaXK-
HYIO POJIb IOCPEICTBOM BHUMAaHUS, KOTOpOE BEIOMpaeT Asisi 00paboTKn
KpOLIEYHOE TIOJIMHOKECTBO HH(OPMAIIUH/ TAHHBIX BMECTO TOTO, YTOOBI
0e3 pazbopa oOpabaTeIBaTh OTPOMHBIE MACCHUBHI JJAHHBIX, 9TO TpeOyeT
OOJBIIIUX 3aTPAT SHEPTUH U YBEININBAET BPeMsl peakiuu [7].

Ecnu Ob1 MBI mapasuieIbHO MBITAINCH BBISBUTH HE TOJNBKO «MH-
HUMAaJIbHBIN ypOBEHb MO3HaHUS» [36], HO U «MUHUMAJIBHBIA YPOBEHb
CO3HAaHMA» B )KMBOM OpraHusme, 4To Obl Mbl noxyuunu? To, B kakoi
MMEHHO MOMEHT 3BOJIIOIMM TOSBUIOCH CO3HAHUE, OCTAETCS IUCKYC-
CHOHHBIM BompocoM. HekoTtopeie ydensle, Hampumep JlumbeHCTpem
n OpxeM, TPEeAINoNaramT, 9TO TOJIHKO YEIOBEK HaJeNeH CO3HAHHEM,
B TO BpeMsl Kak Jpyrye TOTOBBI IPU3HATH HAIMYHE CO3HAHMUS Y )KHBOT-
HBIX, TposiBIsitonux smonuu [37; 38]. C uHpOpMAaIMOHHO-BBIYHCITH-
TENbHON TOYKHU 3pEHHs], NEPBHIM IIaroM B 3BOJIOLUHN CO3HAHMS CTa-
JIU KOTHUTHBHBIE areHThl C HEPBHON CHUCTEMOH, BHYTPEHHSS MOJEINb
KOTOPBIX BIIEPBBIE CTaJIa MPOBOAWTH TPaHb MEXIy BHYTPEHHHUM <D
1 «OCTAIIHBIMI», TEM CaMbIM 0003HaUNB «PEATbHOCTHY ISl areHTa Ha
OCHOBE 3TOr0 paznuyus [4; 39].
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3. O0yuenue B BbIYUCASAIONIEH pUpoae

[l CTOpOHHMKOB HaTypaIUCTHYECKOTO MOAX0a MPUPOAA SIBIISET-
Csl €IMHCTBEHHOU cymiecTBytomei peansHOCThIO [40]. Ee omuceiBatot
yepes CTPYKTYPbI, IPOIIECCHl U OTHOIICHHS, UCIIONbB3Ys IIPU 3TOM Hayd-
HbIH oxxon [41; 42]. Hatypanmam n3ydaeT 3BOIONHIO BCETO IPUPOA-
HOTO MHpa, B TOM YHCJI€ KU3Hb U PAa3BUTHE YEJIOBEKA M YEIOBEYECTBA
Kak yacTu npupozpl. ColranbHble U KYJIBTYPHBIE SBICHUS U3y4al0TCs
yepe3 ux Quznyeckue nposBieHus. [IpuMepoM coBpeMEHHOTO Hary-
PAIMCTUYECKOTO MOAXO0AA SIBISIETCS UCCIIeA0BaTeNbCKasi 00IacTb COIH-
aJIBHOTO TTO3HAHUS, BKJIIOYAIOIIAsl CETEBbIe MCCIIeJOBAHNS COLIMAIBHO-
O MOBe/IeHUs. Yxe B paborax ThIOpHHTa MOTIEPKUBAIICS COIHATBHBIN
xapakrep oOydenns [43]. OH Taxxke pa3zpadaTbBaICSd TAaKUMH YUIEHBI-
MH, Kak MuHckuit [44] u Jlenner [45].

BrerancnurensHbIi HaTypanu3M (TTaHKOMITBIOTAIIMOHATIN3M, HaTy-
PaNMCTUYECKHUH MOIX0/] K KOMITbIOTAlMOHATIN3MY, BBIYUCIAIONIAs IPH-
pona) [46; 47; 48, cMm. Takxke 3; 4] — 3TO MOIXOM, MPEAIIOIATAIONTHH,
YTO BCS MPHUPOJIA MIPEICTABISAET COOOH OTPOMHYIO CETh BBIUYHCIIUTEb-
HBIX TPOIIECCOB, KOTOPasi, COIIACHO (PH3MUECKIM 3aKOHAM, BBEIYUCIIET
(nMHAMUYeCKH pa3BHBaeT) COOCTBEHHOE ITOCIEAYIOIIee COCTOSHUE,
ncxofs u3 Tekyuiero. Cpeau BUAHBIX MPEACTaBUTENEN 3TOTO MOAX0/a
MOKHO BhIienuTh Lly3e, ®penkuna, Bonsdppama, Xaiituna u Jlnoiina,
KOTOpBIE TIPEUIOKUIM CBOM BapHAHThI BHIYMCIUTEIHHOTO HATYpaln3-
ma. CormracHO wjee BBIYMCIAIONIEH MPHUPOABI, BPEMEHHOE pPa3BUTHE
(mmHAMPKa) (QU3NYECKHX COCTOSHUHA MOMKET pPacCMaTpPHUBAThCS Kak
0o0paboTka nHpopManuu (ecTecTBeHHOE BhuucieHue). K Takum mpo-
L[leccaM OTHOCSTCSI CaMOYyOpSA0UYMBaHUE, CAMOOPTaHU3alus, IPOLIEC-
CBbl pa3BUTHSA, CUCTEMbI T€HHOH PEryIsiuu, cOOpKa TeHOB, CHCTEMEI
0eIKOBOTO B3aUMOJIEHCTBHSI, ONOIOTHYECKHE TPAHCIIOPTHBIE CHCTEMBI,
COLIMAJIbHBIE BBIUMCIICHHUS, HBOJIONUS W JpyTHe MOJOOHBIE IMpOIec-
cel MopdoreHesa (cozmanus Gopmbl). Mnen BEIYUCIISIONICH MPHPOIBI
Y B3aUMOCBSI3€il MEXTy IByMsI OCHOBHBIMHU MOHSTHSIME WH(GOPMAIUN
Y BBIYUCIICHUH HCCenyroTes B paborax [17; 18; 19; 25].

B BeIUMCIIAIOIIEH IPUPOJE NMO3HAHUE — ITO €CTECTBEHHBIN IIPO-
LIeCC, pacCMaTpUBAIOIIMICA KaK pe3yabTaT MPUPOAHBIX OHMOXHMUYe-
CKHX TIporieccoB. Bce jxnBble OpraHu3Mbl 00J1agar0T HEKOTOPOH cTe-
MeHBI0 MO3HaHUA. {7 MpocTeHmmMX W3 HHUX, TaKUX Kak OaKTepwH,
MMO3HAHKE 3aKII0YaeTCs B OOMEHE BEmIeCTB U ([0 HalleMy MHEHHIO)
B nepeaBmkennd [17]. «Crenenp) Mo3HaHUSI TOHUMAETCS] HE KaK He-
npepbIBHas QyHKIHA, a KaK KadeCTBEHHAs XapaKTepHCTHKa BO3pacTa-
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HUS TIO3HABATENLHOW CIIOCOOHOCTH T10 Mepe MePexo/ia OT MPOCTEUIIIIX
OpraHMU3MOB K HanOomee cIoKHBIM. [Iporiecc B3auMoIeicTBUS C OKPY-
JKAIOMIeH CPEJIOoN BBI3BIBACT U3MEHEHUS B HH(OPMAIIMOHHBIX CTPYKTY-
pax, KOTOPBIE COOTHOCSITCS C OpTaHU3MOM 00BEKTA M €T0 MEXaHU3MaMHt
VIIPABIICHUS, YTO U ONpPEACIIIeT ero OyayIue B3anMOACHCTBUS C MH-
POM U TIPOBOIMMYIO UM 00paboTky mH(popmanuu [49]. Undopmarm-
OHHBIE CTPYKTYPBI 00BEKTa CTAHOBSATCS CEMaHTHIECKOW HHpOpMannei
(TO ecTh MONYYar0T 3KCIUIMIUTHBIA METAKOTHUTHBHBIA CMBICI Yepe3
Cucremy 2, KoTOpas TeHEpUpPYET METarlo3HAHUE ISl areHTa) CHavalia
B CJIydae CIIOCOOHBIX K PACCyKICHHIO BHICOKOMHTEIICKTYaIbHbBIX 00b-
€KTOB, KAKOBBIMH, KaK MbI 3HAE€M, SIBJISIFOTCSI HEKOTOPBIE IITHIIBI.
HenaBame sMmmupuyeckre WCCIEIOBAaHUS BBISBUIN HETPEIBH-
JNEHHOE MHOXXECTBO KOTHUTHBHBIX (DOpM TOBeAeHHS (BOCIPHUATHE,
00paboTka MH(POpMaNNK, MaMsITh, IPHUHATHE PELICHUH) Y TaKUX MPO-
CTBIX OpraHu3MoB, kak Oakrtepuu [30; 31; 32; 33]. OnuHOuHBIC Oak-
TEPHUH SBJISIOTCS MaJICHBKUMH TI0 pa3Mepy, OOBITHO OHH COCTABIISIOT
0,5-5,0 MKM B JUIMHY W B3aUMOJICHCTBYIOT TOJIBKO CO CBOWIM HETIO-
CPEICTBEHHBIM OKpYykeHHeM. Kak OTHelbHBIN MEXaHW3M OHHU JKUBYT
CJIMIIIKOM Mallo, 4TOOBI OBITh B COCTOSIHHH 3allOMHHTH 3HAYUTEIHHOE
KONTU4eCcTBO MH(OpMaIu. buomornvyeck, Ha ypOBHE KOJOHHU Oak-
Tepur OSCCMEPTHBI, TaK Kak JBE JOYEpPHHE OaKTEepHHU, MOSBUBIIHAECS
IyTEM KJIETOYHOTO JEJICHUS POAUTEIbCKON OaKTepuu, paccMaTpHBa-
I0TCS KaK JBa HOBBIX MUKpoopranusma. Takum obpa3zom, GakTepraib-
HbIE KOJIOHHUH, PO U IJICHKH, KOTOPbIe 3aHUMAOT OOJBIIYIO IIOMIab
U MOTYT BBDKHBATH JIONbIIE, UMEIOT 0OJiee JOITOCPOYHYIO TaMATh
U JEMOHCTPUPYIOT HEOXXHIAHHYIO CIOXKHOCTH IOBEICHHUS, KOTOPOE,
HECOMHEHHO, MOXHO OXapaKTepu30BaTh Kak mo3Hanue [50; 51, cm.
takke 45]. bonee BHeyamIAIOMIMMU SBIAIOTCA ClIydau C emie Oonee
MPOCTHIMH OOBEKTAMH, TAKUMH KaK BHPYCHI, KOTOpPbIC, HaXOMSICh Ha
TpaH! BBDKHUBAHUSA, CIENYIOT MPHUHIUITY, YTO COXPAHSIIOTCS U Pa3MHO-
JKaroTcs HanboJee )KU3HeCTI0COOHBIE 0CO0H, B TO BpeMs KaK APYTHE HC-
yezatoT [52; 53]. [lamsaTh 1 00y4YeHHE SBISIOTCS KIIFOYEBBIMHU CIIOCO0-
HOCTSIMHU KUBBIX opranu3moB [50]. U B mpocTeiimem ciydae maMsrTh
OCHOBaHa Ha M3MEHEHUH (HOpPMBI [54], MPOSIBIIONMIEMCS B Pa3IMIHBIX
MacmTabax U ypoBHSAX opranm3arnuu [55]. @unac u Jlesun gobasis-
0T K XapaKTePUCTHUKE MaMSATH SBOIIONHOHHBIN aCTeKT U YTBEPKAAIOT,
YTO «T€HOM — TOJIBKO OJIMH M3 HECKOJIBKHX BHUIOB MHOTOIOKOJIIEHHOW
Oounonornyeckod mamsATH». Kpome TOro, mamsiTh COXpaHSETCS TaKkKe
B IIUTOIJIa3ME M KJICTOYHOUW MEMOpaHe — YacTsIX KIETKU, UMEIOIINX-
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Csl y BCEX KUBBIX OpPraHU3MOB Ha BCEM MPOTSKEHUH 3BOIIOLUU [56].
W3-3a criokHOM CTPYKTYpHI KIETKH OMOIOTHUYECKas MaMATh HE MOXKET
OBITH OMHCaHa OTHOW KOHKPETHOH IIKAJIOW; K TOMY e HH(pOpPMAIHsI
PACIPOCTPAHACTCS U COXPAHICTCS B HETCHOMHBIX KJICTOYHBIX CTPYK-
Typax, 9YTO MEHSIET COBPEMEHHOC TIOHUMAaHNE OMOIOTHYCCKON IMaMsITH
[55; 56]. OnHa Takxke oOpa3yercs B pa3lUYHBIX BPEMEHHBIX MacIITa-
oax [57].

Hauunas ¢ Gakrepuii u apxeit [58], Bce opraHu3Mbl 0e3 HEpBHOMU
CHCTEMBI CTIOCOOHBI [T03HABaTh, TO €CTh BOCIIPUHUMATh OKPY KAIOILYIO
uX cpemy, 00padaTsiBaTh HHGOpPMAINIO, 00ydaThCs, 3aIIOMHHATh 1 B3a-
nMojieiicTBoBaTh. [TOCKONIBKY OHHU SIBJISIFOTCS MPUPOIHBIMUA OpPTaHU3-
MaMH, CIIOCOOHBIMH 00pabdaThIBaTh HHPOPMAITHIO, HEKOTOPHIE U3 HUX,
TaKhe KaK CIU3EBUKH, MHOTOSJICPHBIE WM MHOTOKJIETOYHBIE ame0o-
30, WCIOJBh30BAIUCh B Ka4eCTBE CCTCCTBCHHBIX BBIYMCIUTEIHHBIX/
“H(OPMAIIMOHHBIX TPOIIECCOPOB, HCIIONB3YEMbIX IS BBIYMCICHUS
KpaTyaimux mytei. [laxe pacteHus obIagaroT MO3HAHUEM, HECMOTPS
Ha TO, YTO MX YaCTO CYUTAIOT KUBBIMHU CUCTEMaMH, He 00J1aTaf0IIMMHK
KOTHUTHBHBIMU criocoOHOCTsIMHA [59]. Bputo oOHapykeHo, 9TO pacTe-
HUS 00NaaloT MaMATHI0 (OHA COACPIKHUTCA B MX TEIECHBIX CTPYKTY-
paxX, U3MEHSIOUIUXCS B Pe3yNbTare MPOIUIBIX COOBITHH), CIIOCOOHO-
CTBIO K 00Y4eHHIO (IUTACTHYHOCTBIO, CIOCOOHOCTHIO a/lallTUPOBATHCS
MpU TTOMOIIM MOP(OTUHAMUKHI) |, Oaromapsi 3ToMy, COCOOHOCTBIO
MIpeIBUICTH M KOPPEKTHPOBATH CBOE ToBeZieHrne. COrIacHO HEKOTOPBIM
ncenenoBanusaMm [60, ¢. 121; 61, c. 7; 34, c. 61]), pacterust 061a1ar0T
pyArMeHTapHBIMH (hOpMaMH 3HAHHUS.

Takum 00pa3om, B JaHHOU cTaThe MOJ 0a30BBIM ITO3HAHUEM MBI
MMOHUMaeM COBOKYITHOCThH TPOLECCOB CaMOTeHepamyu/caMoopraHu-
3allid, CaMOPETYIIALUU M CaMOCTOSTEIHHOTO MOJAepKaHUA JKU3He-
NEATETHPHOCTH, MO3BOJIIIONINX OpPraHW3MaM BBDKUBATh, 00padaThIBas
MTOCTYMAIONIYIO U3 OKpYXatomiel cpenbl nHpopMaiuio. OcMbICIeHHE
MTO3HAHWSI, KAKAM OHO TPEJICTABISIETCS B 3aBUCUMOCTH OT YPOBHS Op-
TaHM3AIMH )KUBBIX OPTaHU3MOB B IIPUPOJIC, MOJKET IIOMOYb HaM JTy4Ilie
IOHATH I'PaHb, IPOBOJUMYI0 MEXAY HEKUBOHM U KUBOU Marepuel, Ha-
YHHAsI ¢ MIEPBBIX ABTOKATAIUTUYCCKHUX XUMHUECKUX PEAKIIMNA U 3aKaH-
YHUBas MEPBLIMU ayTOMOI3HBIMH MPOTOKIIeTKaMU. OHO TaK)Ke TO3BOJISI-
€T TMOHSATH SBOIOLIUIO KU3HU U O0YUCHHS.
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Obyuenue ¢ 3601I0YUOHHOU MOUKU 3PEHUS.

[locnenneli TenaeHIINEN B NHKEHEPUH U TU3aliHE ABISIETCA Opa-
XKaHue npupoze, bnomumernka. [irydbokoe o0yueHue — onHa U3 TeXHO-
JIOTH, pa3pabOTaHHBIX B paMKax OMOMHMETHKH. YTO KacaeTcst WHTEJ-
JIEKTa, HaM ellle MHOTOE€ TIPEJCTOUT y3HATh — U3ydast IPHPOITY — O TOM,
KaK (DyHKIIMOHUPYIOT HAIll COOCTBEHHBIN MO3T, HHTEJIEKT 1 00yUYeHHE.
OnHa U3 CTpaTeruii COCTOUT B TOM, YTOOBI HAYaTh 3yUYeHUE C MPOCTEH-
LIMX OPraHU3MOB, YTO ITOMOXET PACKpPHITh 0a30BbIe MEXaHU3MBI YIIO-
MSHYTBIX MTPOLIECCOB. DBOJIIOLHIO MOKHO paccMaTprBaTh Kak Mpolece
pereHust BO3HUKIUX mpodiem [34]. «Hauunas ¢ ameObl 1 3aKaHIHBas
OWHIITEHHOM, TIpoIecC MPUOOPETeHNsT 3HAHUS BCETa OAWH U TOT XKe:
MBI IIBITAEMCS PELLIUTDH HALIK IPOOJIeMBbl M IIOIYy4YUTh, METOAOM HUCKIIIO-
YEeHUs!, HEKoe KauecTBO, Onn3koe 1o 3()(HEeKTUBHOCTH K Mpenrnoiarae-
MOMY perieHuto» [62, ¢. 261]. Bce npuoOpeTeHHOE 3HaHUE — BHE 3a-
BHUCUMOCTH OT TOTO, PHOOPETAETCS JIM OHO B MPOLIECCE TeHETUIECKON
3BOJIIOLMU WM B TMPOLECCE WHAMBHUIYAILHOTO OOydYeHHs, — COCTOUT
(u »T0 meHTpanpHOE yTBepkaeHue llonmepa) B Mogudukanun «HEKO-
TOPOH (OPMBI YK€ CYIIECTBYIOILETO 3HAHUS MIIH NIPEIPACIIOIOKEHHO-
CTU» U «B IEPEYCTAHOBKE BPOXKACHHBIX MPEACTaBICHU» [62, c. 71].

Teopus [lonmepa o paclIMpeHNH 3HAHUS IyTEM OCHOBAaHHBIX Ha
Pa3NUYHBIX THIOTE3aX MOMBITOK peIIeHHs] MpoOlieM METOI0OM Mpod
1 OIMIMOOK pa3zensieT OCHOBHOW MOIXO0JT 3BOIIOLIMOHHOMN 3IHCTEMOIIO-
ruu. Commacao Kammbemny [63], m060# mporiece MmomydeHus] 3HaHUS
MOXHO PacCMaTpPUBATh KaK «IPOLECC U3MEHEHHs U CEJIEKTUBHOTO CO-
XpaHeHUs HHQOPMAIUY TTPH SBOJTIOIMOHHOM afganTarumy [64]. Tarapn
[65] monBepraer kputuke nosuuuio [lommepa, Kammbenna, Tynmuna
U JAPYTUX YYEHBIX, MPEIJIOKHUBIINX JAPBUHOBCKUE MOJAEIH pacllrpe-
HUS (HayvyHOTO) 3HaHMS. DBOJIONMOHHAS SMUCTEMOJIOTHS CTaBUT BO
[JIaBy yIvIa aHAJOTHIO, MPOBOIUMYIO MEXAY pPa3BUTHEM OHMOIIOTHYE-
CKUX BHMJOB M PacIIMpPEHHEM HAy4HOI'O 3HAHMs, OCHOBAaHHBIM Ha IIPO-
Leccax U3MEHEHUs, CEJIEKLUH U repeaadu. Tarapa, co cBoel CTOPOHHI,
CUUTAET, YTO Pa3IMYMs UTPAOT Oojice BaKHYIO pOJb, YEM CXOJCTBA,
a Hay4yHOEe 3HAHHE DPYKOBOACTBYETCS «HaMEpPEHHBIM, a0TyKTHBHBIM
MIOCTPOEHHEM TEOPUH HAyYHOTO OTKPBITHS, OTOOPOM TEOpHUil B COOT-
BETCTBUHU C OOIIMMH KPUTEPHUAMH, JOCTHIKEHHEM Iporpecca MmyTeM
HENPEPHIBHOTO HCIIONIB30BAHUS UMEIOIINXCS KPUTEPUEB U Nepenadeit
BbIOpaHHBIX TEOPHH B PaMKax BBHICOKOOPTaHM30BAaHHBIX HAYYHBIX CO-
obmectB». HecMoTps Ha TO, 4TO Hay4HOE 3HAHHME — CHICIM(DUIECKUH,
(hopMasbHBIM BU 3HAHHS, OHO BCE K€ SBJISIETCS] 3HAHUEM.
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[TogoOHas KpUTHKA SBOITIOLMOHHON AMHUCTEMOJIOTHH KacaeTcs Io-
HUMaHUs 3BOJIOLUH Yepe3 AAPBUHU3M, B3STHIN B y3KOoM cMbicie. On-
HAaKO COBPEMEHHBIN PACIIMPEHHBIN BOJIOLUOHHBIN CUHTE3 NIPEACTAB-
JIIeT MEXaHU3MBI, BEIXOSIIUE 32 PAMKH CIIETIOTO U y3KOTO TOJIKOBAHHUS
JTapBUHN3MA, 1 MOXKET BKIIOYATh B ce0s 00ydeHue, MpOTrHO3UPOBAHNE
W HHTEHIIMOHAIBHOCTE [66; 67; 68; 69]. B paMkax aHaJIOTHIHOTO, Ooee
IIMPOKOTO 3BOJIFOLIMOHHOTO Moxona YoTcoH U CarMapu 3a1aroTcs BO-
rpocom: «CriocoOHa i 3BomtoIus 00ydarbesa?y» [70] ¥ BbICKa3bIBAIOT
MPEATNOI0KEHHUE, YTO «IBOIIOLHS CIIOCOOHA YUUTHCSI B O0OJIee CI0KHOM
CMBICJIE, UEM CUUTAJIOCH paHeey». B aToM ciyuae «cucrema JeMOHCTpHU-
pyeT oOydeHue, eciu ee pe3yabTaTHBHOCTh IPH PEIIeHNH KaKoh-TO 3a-
Ja4yl yITyqIIaeTcs ¢ onbIToM». OHHU NpearaloT HOBbIE TEOPETUUECKHE
MOAXOBI JJIs1 U3Y4YEHUS! SBOJIOLMK CIIOCOOHOCTH Pa3sBUTHUS U, TOMUMO
MIPOYETO, 3BOMIOIMH JKOJOTHUYECKUX opraHu3anuid. OHM cchuIaloTCA
Ha ThlOpHHTa, KOTOPHIM CO3/1a] aJrOPUTMUYECKYIO BBIUHCIUTEIBHYIO
Monens (MamuHy ThIOpHHTA) U YCTAHOBWJ CBSI3b MEXKIAY OOyUICHHEM
Y WHTEJUIEKTOM C ITOMOIIBI0 alTOPUTMHYECcKOro Toaxona [71]. Ces3b
MeXIy OOy4yeHHMEM U 3BOJIOLMEH YCTaHABIMBAETCS 4epe3 IOHITHE
00y4eHHsI C MOJAKPEIUIEHHUEM, ITOCKOJIBKY «ITOBTOPHOE HCIIONIb30BaHUE
MoJIeJIel MTOBEEHUS], KOTOPbIE MPUBOIMIN K YCIEUTHOMY pe3yiabTaTy
B MpouuioM (o0ydyeHne ¢ MOAKPEIUICHUEM ), SIBJISIETCS] HHTYHUTUBHO T0-
XOXKHM Ha TO, KaK OTOOp YBEITHMUYMBACT JIOI0 MOAXOIAIINX (PEHOTHITOB
B momyssium». B padore Yorcona u Carmapy mepeuncIIsiioTcs pa3ind-
HBbIE TUIBI 00Y4EHUs, BKIIIOYAs Pa3INIHbIE TOIXOAbI K MAIIMHHOMY 00-
YYEHHIO, U YTBEP)KIAETCSl, UTO CYLIECTBYET YETKAsl aHAJIOTHUA MEXAY
SBOJIONMEHN U MpoIieccoM OO0yUEHHS M YTO MBI MOXKEM JIyYllle MTOHATh
9BOJIIOLIMIO, €CIIM OyIeM paccMaTpUBaTh ee Kak oOydeHHe.

HecMmotps Ha ymoMuHaHHe HOBaTOPCKOI HA MOMEHT BbIXo/1a pado-
ToI ThIOpHHTA HA TEMY aJITOPUTMUYECKOTO 00y4deHus, Yorcon u Carma-
PH IIpeonaraioT CyleCTBOBaHUE KMHKPEMEHTHOW (IIpHUpacTaroleil)
ajanTauuy (HampuMep, OT MOJIOKHUTEIBHOTO W/HIM OTPULATEIHLHOIO
MOAKPEIUICHHS).

KpuTHku >BOSIONMOHHOTO TOAXOAA BBICKA3BIBAIOTCS B MOJIb3Y
HEBO3MOXHOCTH CO3/IaHHS OYEHb CIIOXKHBIX CTPYKTYp, TAaKUX KakK pas-
YMHBIE )KUBBIE OPTaHU3MBI, B pe3yJIbTaTe TAKOTO HHKPEMEHTHOTO TIPO-
necca. B kauecTBe MiITIOCTpaliy 4acTo MCIOIb3YETCs MPUMED C 00e-
3bsIHOM, HEMpPOM3BOJIBHO Hamewarasliedl mnpowusBeneHue lllekcrupa.
B kadectBe KoHTpaprymeHTa XalTuH [72] yKa3bIBacT, YTO BBIIIECH3-
JIOKEHHBIN apryMEHT He yYMThIBaeT (U3NUECKUE 3aKOHBI BceneHHOi,
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KOTOpBIE PE3KO OTPAHHYUBAIOT TO, YTO MOXKET OBITh HalledaTaHo. bo-
nee Toro, BeceneHHasi — 3T0 He MUINyIIas MalIMHKA, a, CKOpee, KOM-
MBIOTEP, TOITOMY 00€3bsiHa BBOAMUT CIy4aliHbIe IaHHBIE B KOMIIBIOTED.
KommbroTep sxe HHTEpIPETUPYET CTPOKH KakK mporpaMmbl. Ymu, ToBops
cnoBamu lepmeHdenpaa: «B BameMm reHoMe He XpaHUTCS HHPOpMa-
WS, 9TO Y Bac €CTh MATh NallblleB. B HEM XpaHHTCS mporpamMma pas-
BUTHSI, U KOTZIa BBI 3aITyCKAECTE €€, BbI MOJIy4yaeTe MATh NanbLeB» [73].

CnoMaH yTBEp)KIAeT, YTO «MHOTHUE COOBITHS B OHOJIOTHYCCKOMH
3BOJIIOLIMH, KOTOPBIE 10 CHX IOpP HE MOHATHI, @ B HEKOTOPBIX CIIydasx
OCTaJINCh HE3aMEUYEHHBIMH, OBUTH CBS3aHBl C M3MCHEHUSIMH B 00pa-
6otke nHDopManmu. To ke caMOoe OTHOCUTCS M K M3MCHCHUSM B WH-
TUBUIYAIEHOM Pa3BUTHHA M OOyYEHHH: OHHM YacCTO TIOPOXKIIAIOT HOBBIC
thopmbr 00paboTku mHPOpManuuy. OH cChLIaeTCs Ha ATOT (PeHOMEH
Yyepe3 MpPU3MY BBIYHCIUTEIBHBIX HJACH OTHOCHUTEIEHO Mop(oreHes3a
u meramoporenesa [74]. Ero noaxon npejiiaraetT HOBbIM B3NS, CO-
[JJaCHO KOTOPOMY M3MEHYHBOCTD SBJISETCS anropuTMU4HOM. K BhIumC-
nuTenpHOMY roaxoxy CioMaHa MbI ObI TOOABYIIN, UTO CTYTICHH U3MEH-
YUBOCTH — 3TO MOP(OIOTHYECKHE BBIYMCICHUS, APYTUMH CIIOBAMH,
(hm3nyecKkre BRIYUCIICHHS, KOTOPBIE CITIOCOOHBI TPONU3BOIEHO U3MEHSITh
TCHBI ¥ BBIMTOTHATH MOP(OIOTHYECKUE YCTAHOBKH, TPEACTABISIONINE
co00H He TUIaBHBIE HHKPEMEHTHBIE H3MEHEHNS, a 3HaUNTEIIbHbIC CKay-
KH B CBOWCTBax CTPYKTYp M mpolieccoB. Mopdomornueckue BbIYKC-
JICHUSI 3aTParuBalOT Tak)Ke TEHHYIO PETYJISAINIO — eIe OJMH MpoIiecc,
HEW3BECTHHIA Kak J[apBUHY, Tak ¥ CTOPOHHHKaM HJIEH DBOIIIOINN KaK
COBpeMEHHOTO CHHTe3a. [lepBoHavYaIbHO CUHMTATIOCh, YTO TEHBI SIBIIS-
IOTCSI KOZIOM JUJIsl OTIpEJeNICHHBIX OEJKOB, MPH 3TOM BCE TCHBI CUUTA-
JIUCh aKTUBHBIMH. | @HHasi peryssius BKJIIOYAeT B ceOS MEXaHU3MBEI,
KOTOpBIE MOTYT TOAABIATH UIIH IIPOBOIMPOBATH 3KcIpeccHio rera. Co-
acHo KypHaiy «Naturey [75], «k HIM OTHOCSTCS CTPYKTYPHBIC U XH-
MUYECKHE N3MEHEHHs TEHETHUECKOTO MaTeprala, CBI3bIBaHHE OEIKOB
¢ onpeneneHHbpME deMeHTamu JJHK mns perymsimum pactmdposku
WU MEXaHU3MBI, MOAYIHpYomiue Tpancasuio MPHK.

4. O0y4eHne Kak BHIYHCJICHHE B CeTAX areHTOB

Jamee MBI cocpempoTounMcsi Ha WH()OKOMIBIOTAIIMOHHON CTPYK-
Type o0yueHus. MHpopMannoHHbIe CTPYKTYPhI, COCTABISIONINE TKAaHb
(hm3nYeCcKOl MPUPOJIBI, — 3TO CETU CETEH, KOTOPBIC MPEACTABISIFOT CO-
00Ol CEeMaHTUYECKHE OTHOIICHUS MEXIYy JaHHBIMH Juis areHta [18].
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Wudopmarus oprannzoBaHa M0 YPOBHSIM WIIH CIIOSIM — OT KBAHTOBOTO
YPOBHS 10 aTOMHOT'O, MOJICKYJIIPHOTO, KJIETOYHOTO, OpPTraHU3MEHHOTO,
COLMANILHOTO | T.J. Beruncienune/obpadoTka nHGOpMALUN BKIIOYAET
B ce0s1 0OMEH CTPYKTypaMH JIaHHBIX B HH(POPMAITMOHHBIX CETAX, KOTO-
phle JOCTYITHO TIpeCTaBeHbl B Mojienn akTopoB Kapna XeroutTa [76].
B nipupoze pa3Hble THITBI BEIYUCIEHUH BOZHUKAIOT Ha Pa3HBIX YPOBHSIX
OpraHM3aliy Kak 0OMEeHBl WH(GOPMAIIMOHHBIMU CTPYKTYPAMH MEXIY
y371aMu (BBIYUCIUTEILHBIMU areHTaMu) B ceTH [17].

HccnenoBanus B 001aCTH BEIYMCIISIONICH TPUPO/IBI/€CTECTBEHHBIX
BBIYHMCIICHUH XapaKTepHU3yIOTCS JIByHANpPaBICHHBIM OOMEHOM 3HAHUSI-
MU IIOCPEICTBOM B3aUMOICHCTBHUS MKy KOMITBIOTHHTOM (MaIlMHHBIM
peoOpazoBaHUEeM JaHHBIX) W €CTEeCTBEHHBIMH Haykamu [54]. Ecte-
CTBEHHBIE HAayKH MEPEHUMAIOT WHCTPYMEHTHI, METOIOJIOTHUIO U HJIEH
00paboTku HH(OpPMAITUH, & KOMIIBIOTHHT, B CBOIO 0YepPE/lb, PACIITHUPSCT
MOHSITHE BBIUMCIICHUS, OIPeIeisis 00paboTKy MH(GOpMAIIMK B IIPUPO-
nie kKak Beraucienue [2; 77]. Ucxons u3 »1oro, JICHHUHT yTBEpXKIAeT,
YTO KOMIBIOTUHT CETO/IHS ABIISIETCA €CTECTBEHHON HAyKOW, YeTBEPTOM
KpYMHO# 001acThio HaydHOUW AestenbHOcTH [78; 79]. Brramcienne
B MPHUPOJIE — ATO (PU3MUECKUN MPOIECC, B KOTOPOM MPUPOIA OCYIIECT-
BIISICT BBIYHMCIICHUS ¢ (PU3MUSCKUMH TEIaMU KaK ¢ 00BEKTaMH. 3aKOHBI
(bM3UKH YIPABISIFOT BEIYUCIUTEIBHBIMH MPOLIECCAMHU, KOTOPBIC ITPOSB-
JIIFOTCS B TIPUPOJIE HA MHOYKECTBE Pa3IMUHBIX YPOBHEH OpraHu3alliy.

braromapss MHOrOypOBHEBOH BBIYMCIIUTEIBHOM apXUTEKTYypE,
€CTECTBEHHBIE BBIYMCIICHUS CIIOCOOCTBYIOT (POPMHUPOBAHHUIO €TUHOTO
MMOHUMaHUsI (PEHOMEHOB BOILIOMIEHHOTO ITO3HAHUS, WHTEIUIEKTa U 00-
ydeHus (TeHepalliy 3HaHWH), BKItoYass MeTaoOy4yeHue (o0ydeHue o0-
yuenuio) [47; 80]. EcrecTBeHHOE BHIYHCIEHNE MOKHO CMOJICIIMPOBATh
Kak mpoliecc oOMeHa nHpopMaluel B CeTH HHPOPMAIIMOHHBIX areHTOB
[76], TO ecTh CymHOCTEH, CIIOCOOHBIX JEHCTBOBATH OT CBOETO MMEHHU
(dTo sIBIsIETCS IPUMEHEHNEM MOJIETH aKTOPOB XBIOUTTA K €CTECTBEH-
HBIM arcHTaM).

OnuH BUJ BBIYHCICHHUI OOHApYKMBaeTCs Ha KBAHTOBO-MEXaHH-
YECKOM YPOBHE, TIie areHTHI SIBJISIFOTCS JJIEMEHTApPHBIMU YacTHUIAMU,
a oOMeH cooOIeHUsIMH (HOCHTEISIMH MH(OPMAIUK) OCYIICCTBISIET-
s TOCPEACTBOM MEPEHOCYMKOB B3anMozeicTBrua. OJHAKO pa3InIHbIe
TUTIBI BEIYUCIIEHUH MOTYT OBITh HAWJEHBI ¥ HA IPYTHX YPOBHSX IPH-
ponHo# opranuzanuu. B Ononoruu o6paboTka HHPOpPMAITUH TPOUCKO-
T B KJIETKAX, TKAHSIX, OpraHaxX, OpraHu3Max M SKOCHCTEMax C COOT-
BETCTBYIOIIUMH areHTaMH M TUIaMu cooOuieHuil. B Ononormyeckux
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BBIUUCIICHUSX HOCUTEIIIMH COOOIICHUH SBISIFOTCSA parMeHThl HHPOP-
MaIiH, HAIIpUMEpP MOJICKYJBI, B TO BPEMs KaK B COI[MAIbHBIX BBIYHC-
JICHUSIX 3TO TPEUIOKCHUSI;, BBIYUCIUTEIBLHBIMUA Yy31aMU (areHTaMHu)
B OMOJIOrMYECKUX BBIYUCICHHUSIX SBJISIOTCS MOJICKYJIbI, KIIETKU U Opra-
HH3MBI, @ B COIMMANILHBIX BRIYUCIICHUSX — FPyIIbI/o0mmecTsa [19].

5. UuoxoMnbIOTALIIOHHOE 00yYeHue
€ NOMOLIbLI0O MOP(}0JIOrHYEeCKHX BbIYUCICHH I

[TonsiTve BBIUMCIEHUHN B 3TOH CTPYKType OTHOCHUTCA K Hambonee
00Ieli KOHIETINY BHYTPEHHUX BBIYHUCICHUH, TO €CTh CIIOHTAHHBIX
BBIYHCIUTEIHHBIX TPOIIECCOB B Ipupoze [2; 77], KOTOpbIe CIIy:KaT Oc-
HOBOM JIJIS1 BRIYHCIICHHIA, BBITTOITHAEMBIX C IIOMOIIHIO BHIYHCIUTEILHON
TeXHUKH [81]. B uncio BHYTPEHHUX €CTECTBEHHBIX BBIYMCIECHUH BXO-
JIIT KBaHTOBBIC BhIumciieHus [81; 82], mpoliecchl camMmoopraHu3aiuy,
CaMOyTIOpAI0YMBAHNE, TPOIECCH Pa3BUTHSA, CETH PETYJSINHA T'€HOB,
cOOpKH TEHOB, CETH OENIOK-OCITKOBBIX B3aMMOJCHCTBUH, OMOIOTHYE-
CKH€ TPaHCHOPTHBIE CeTH U T.JI. OHU MOTYT OBITh KaK aHAJIOTOBBIMHU
(HarmpuMep, B TMHAMHYECKHX CHCTEMax), TaK W MU(GPOBBIMH. Boib-
IIMHCTBO WH(OKOMITBLIOTAIIHOHHBIX TPOIECCOB SIBISIIOTCS CyOCHMBO-
JIMYECKUMH, & HEKOTOPBIE U3 HUX — CUMBOJIMYECKUMU (HAIIPUMED, CY-
KJICHUS U SI3BIKH).

B pamkax mHGOKOMIBIOTAIIMOHHON CTPYKTYPHI, WM BBIYHUCIISIO-
meit mpupons! [18], BeUuCIIeHne Ha 3aJaHHOM YPOBHE OpTaHHM3aIiN
vH(MOpPMAIINH TIPENICTABIAET COOOW pealn3alnio/aKTyalu3aluio 3aKo-
HOB, YIIPABJISIONINX B3aUMOACUCTBUSIMU MEKIY €€ COCTAaBHBIMU YacTsi-
Mmu. Ha 6a30BOM ypoBHE BEIUHCIICHHE — 3TO MPOSIBICHUE Kay3aIbHOCTH
B (usuueckoM cyocrpare [83]. Ha kaxaoM cienyroiieM ypoBHE Op-
TaHW3aIMA Ha0Op MPaBWII, YIPABJISMIONINX CHCTEMOM, TEPEXOanT B HO-
BBIM 3MEpKEHTHBIN pexuM. Enie He yCTaHOBIEHO, KaK UMEHHO 3TOT
MIPOIIECC MPOTEKAET B IPUPOJIC ¥ KaK BO3HUKAIOT YMEPKEHTHBIE CBOM-
ctBa [84]. OxxmmaeTcs, 4YTO MCCIACHOBAaHUSA B OOJIACTH €CTECTBEHHBIX
BBIYUCIICHUH PacKpOIOT 3T MexaHu3Mmbl. Kak ormewaror PoszenOepr
u Kapu, «Hama 3amada — He 4To MHOE Kak chopMHUpPOBaTH HOBOE, 0O-
Jiee MHUPOKOE MOHATHE BEIYUCICHUHN U MOHATH OKPYKAIOIIMA HAC MUP
C TOYKH 3peHUs 00padboTku nHDopMamum» [2].

B wnccnenoBaHusx B 00MacTH CIOXKHBIX JUHAMHYECKHUX CHUCTEM,
Ouoyioruu, HeHpOHAYKH, KOTHUTUBHOW HAayKH, CETEH, Mmapaiienn3Ma
U T.J1. TIOCTOSIHHO TOSIBJISIIOTCS. MJICU U OTKPBITHUS, BaXKHbIE JUIsl HH(O-
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KOMITBIOTAITMOHHOM MPUPOJIBL. 3/1€Ch CIEeNyeT OTMETUTh, YTO HUJIes BbI-
YUCISAIONMEH TPUPOABI CO «CMENBIMI» (DU3MUYECKUMHU BBIYUCICHUSIMU
[85] siBysieTCst MaKCUMAaNIbHO (PU3MKATIMCTCKUM MOAXOIOM K BBIYHCIIE-
HusAM. CyIIecTBYIOT U MEHEee paJiKalbHbIe MMOJIXO/bl, TaKue Kak, Ha-
npuMmep, moaxon Xopcemana, Cremuau u np. [86; 87; 88], n3BeCTHBII
Kak Teopus abOctpakmum/penpeseHtanun (Teopus AR), B KoTopoi
«(u3udecKrie BEIYMCICHUS — 3TO HCIIONIb30BaHNe (DU3MUECKON CHCTe-
MBI JUTSL TIpEJICKa3aHusl pe3yabraTta aOCTPaKTHOUW SBOIIOIUNY, TNIE BhI-
YHCJICHUS OTIPENEISIOT OTHOLICHUSI MEXIy (PU3NUECKUMH CHCTEMaMHU
1 a0CTPaKTHBIMU TOHATHAMU/TIPENICTABICHUSME. B oTinaune ot Teopun
AR, nH()OKOMITHIOTAITMOHAIN3M TaK)KE BKJIIOYACT B C€OST BHIYMCICHUS
0e3 mpencraBieHus, HarpuMep B padbotax bpykca [89] mm [daiidepa
[90]. HecMoOTpst HA TO, YTO YK€ YCTAHOBICHO, YTO MCXOHASI BEIYUCIIU-
TenbHast MoJens ThlopHHTa crieliuruYHa U IPeACcTaBiIIeT co0oil yeno-
BEKa, BBIMOJHSIONIETO BHIYUCICHUS (Kak ykaspiBaeT Koymmenn [91]),
naxke caM ThIOpUHT HCCIeloBall BEIYMCICHHS 3a TMpeaesiaMid MOJENH
MamuHbl ThropHUHTa.

Crarsto Trropuara 1952 roma [92] mMoXHO paccMaTpuBaTh Kak
MIPEINOCHUIKY TEOPUH E€CTECTBEHHBIX BHIUMCICHHWH. B Hel ommchi-
BaeTca mpolecc MopdoreHesa M mpeajaracTcss XUMHUECKas MOJENb
B KauecTBe OOBSICHEHHS Pa3BUTHS OMONOTMUECKUX MATTEPHOB, TAKHX
KakK TISITHA U TIOJIOCHI HA KOXE JKUBOTHBIX. THIODUHT HE YTBEpXKIAll,
4710 (hr3Myeckas CUCTeMa, MPOM3BONAIIAS MATTEPHBI, IEHCTBUTEIHHO
BBITIONHSIET BhIYHCIeHUA. CEerofHs ¢ TOYKU 3PEHHS BBIYMCIUTEIHHON
MIPUPOJBI MBI MOXKEM yTBEPIKIaTh, 4TO MOp(OreHe3 — 3TO TMpolecc
Mopdonornyeckux BerumciacHui. MHpopMamoHHas cTpykTypa (Kak
MpeAcTaBIeHNE BOIUIOMEHHOH (PU3NUECKON CTPYKTYPhI) IPEACTABISIET
c000it mporpamMmy, YIpaBJIsSIONIYI0 BEIYUCIUTEILHBIM IIpoiieccoM [93],
KOTOPBIA, B CBOIO OYepe/b, N3MEHAET 3Ty MCXOTHYI0 MH(POPMAaINOH-
HYIO CTPYKTYpY, CIIeAys PU3NIECKIM 3aKOHAM U PeaTu3ys UX.

Mopdororust apisieTcs eHTPaTbHON Heel B HallleM TOHUMaHU!
CBSI3M MEXAy BBIYMCICHUsIMU M MH(opmanueii. Mopdomorunueckue/
MOp(OreHEeTHYECKIE BBIYUCICHUSI HA OCHOBE 3TOW MH(OPMALMOHHON
CTPYKTYPBI IPUBOAST K MOSBJICHUIO HOBBIX MH()OPMAIIMOHHBIX CTPYK-
Typ MOCPEACTBOM TPOIIECCOB caMoopraHuzanun uHpopmannu. Cama
9BOJIOIUS — 3TO MPOIECC MOP(OIOTUIECKNX BBIYMCICHUN B IOJTO-
cpouHoM macmitabe. BaxHO Takke yduTBIBaTh Ipoliecc MopdoreHesa
BTOpOTO Topsaaka (Mopdorenesa mopdoreHesa), kak 3to caenan Cuo-
MaH [74].
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TecHO CBSI3aHHBIM C HJIEEH €CTCCTBEHHBIX BBEIYMCIICHUN SBJISICTCS
B3N Banuanrta [94] Ha 5BOMIOLKIO C MOMOIIBIO «3KOPUTMOBY» — ajl-
TOPUTMOB OOYYEHUsI, KOTOPHIC BBIMOJHIIOT «BEPOSATHOCTHBIC AIpPOK-
cuMaruBHO nipaBwibHBIE» (PAC — probably approximately correct) BbI-
yyciieHUs. B omnuue or Knaccudeckoil Moaeny mMamuHbl ThrOpHHra,
«OKOPUTMHUYECKHEY» BHIYUCIICHUS HE JAlOT HJIealIbHBIX PE3yJIbTaToB, HO
OHHU JIOCTATOYHO XOPOINW (I areHTa). DTO OTHOCUTCS K €CTECTBEH-
HBIM BBIYMCIICHHUSM B CTy4ae OMOJIOTHUSCKUX areHTOB, KOTOPBIC BCETNA
JICHCTBYIOT B YCJIOBUSX OTPaHHUUEHHBIX PECYPCOB, OCOOCHHO BPEMEHH,
SHEPTHH U MaTePUATBHEIX PECypPCOB, B OTIMYNE OT MOJICITH BHIYHCIICHHIIA
MarmuHbl ThIOpHHTA, KOTOpAs 0 OMPEeNICHHI0 paboTaeT ¢ HeorpaHu-
YeHHbIMU pecypcamu. boinee crapsiM TepmuHoM Uit PAC, BBeneHHBIM
CaliMOHOM, SIBJISIETCSI «YIOBIETBOPUTENBHBIEY [95, ¢. 129]: «OueBuaHO,
OpraHMU3MBI aJANTUPYIOTCS, TTOKa HE JOCTUTHYT MUHUMAJIBHOTO YIOB-
JIETBOPUTEIHHOTO YPOBHS;, OHU, KaK MPABUJIO, HE «ONTUMHU3UPYIOTCSD.

6. O0yuyeHnne 00y4eHUIO HA OCHOBE UCXOIHBIX JAHHBIX
W MIPUHIIUT BEPTUKAJILHOMH areHTHOCTH (Up-agency)
ot Cucremsl 1 k Cucreme 2

[To3nanue — 3TO pe3yAbTaT MPOLECCOB MOP(OIOTHUECKUX BbI-
YHCICHUH Ha MH(POPMAIIMOHHBIX CTPYKTYpaX KOTHUTUBHOTO areHTa BO
B3aMMOJECHCTBUH ¢ (U3NIECKUM MHPOM, MPUYEM ITH TPOIIECCHI TIPO-
TEKaroT KaK Ha CyOCHMBOJIMYECKOM, TaK M Ha CUMBOJINYECKOM YPOB-
HiX [4]. D10 Mopdonornyeckoe BBHIYHCICHHE YCTAHABIWBACT CBS3U
MEX/y OPraHM3MOM arcHTa, ero HEPBHOM CHUCTEMOH (CHCTEMOW KOH-
Tpoisl) U OKpy»katomei cpenoit [49]. IlocpeacTBoM BOIUIOIIEHHOTO
B3aUMOJICHCTBHSL ¢ WH(QOPMAIIMOHHBIMU CTPYKTYpaMH OKpYKaroIeit
Cpelpl, C TIOMOIIBI0 CEHCOMOTOPHON KOOpAWHAIMH, WH(OPMAIMOH-
HBIE CTPYKTYPbl HHIYLUPYIOTCS (CTUMYJIMPYIOTCS, NPOU3BOISTCS)
Ha OCHOBE CEHCODHBIX IaHHBIX KOTHHTHUBHOTO areHTa, TeM CaMbIM
peanu3ysi BOCHpPHUATHE, KaTeropu3aluio U o0ydeHHe. DTH MpPOLECCH
MPUBOIAT K TMOCTOSIHHOMY OOHOBJICHHIO MaMSITH U JPYTUX CTPYKTYP,
MOJACP KUBAOIINX TTOBEACHNE, OCOOCHHO OKMAaHue. BoruomenHsie
¥ COOTBETCTBYIOIINE HWHIYIHPOBAaHHBIE WH()OPMAIIMOHHBIE CTPYKTY-
pHI (B MIOHMMAaHWW BUPTYaIbHON MamuHbl CiiomManoM) [96] sBisroTces
OCHOBOH BCel IMO3HABATENBHOM NESTEIBHOCTH, BKJIIOYasl ()eHOMEHAIIb-
HOE CO3HAHUE U S3bIK KaK CPEACTBa MOAJCPKaHUS «PEaTbLHOCTHY» WIIN
MIpeJICTaBJIEHUs] MUpa B areHTe.
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OcHoBHbIE WHGOPMAMOHHBIE CTPYKTYPHI (OT MPOCTEHIIHX IIO-
3HAIOIIUX areHTOB, TAKUX KaK OaKTEPHH, O CIOKHBIX OMOJOTHIECKHIX
OpPraHU3MOB C HEPBHOW CHCTEMOW W MO3TOM) MPETEPICBAIOT TPaHC-
(dbopmaru ocpecTBOM MOPQOIOrHUSCKUX BBIYMCICHHUNA B MPOLIEC-
C€ Pa3BUTHS U DBOJIIOIMOHHOTO (hopMOooOpazoBaHus — MOpdoreHesa.
JKuBbie opraHn3MBbI KakK CJIOKHBIE aTr€HTHI HACTIEIYIOT TeNIECHBIE CTPYK-
TYpBI, BO3HUKAIOIINE B PE3YITATe [UTUTEIHHOTO 3BOIIOIMOHHOTO pa3-
BHUTHS BUJIOB. DTU CTPYKTYPHI SBISIFOTCS] BOIUIOIICHHOM MaMSTBIO 9BO-
JIOIMOHHOTO TIponuioro [54]. OHU MPEAOCTaBISIOT areHTaM CpeACcTBa
JUISL B3aUMOJICHCTBUSL C MUPOM, TOJIYYCHHS HOBOW WH(GOpMAIIMH, BbI-
3BIBAIOIICH BOILIOIICHHBIC BOCIIOMHUHAHUS; M3YUCHHS HOBBIX MOJIEICH
MTOBE/IEHUS] W M3Y4YEeHHs/KOHCTPYHPOBaHUS HOBBIX 3HaHMiA. CoriacHO
Teopun 00ydyeHus Xe06a!, B Mo3re (Te HEHPOHBI COSTUHSIIOTCS U aK-
TUBUPYIOTCS] BMECTE, a TPUBBIYKHU YBEIIMYUBAIOT BEPOSITHOCTH UX aKTH-
Baluu) MUp GopMHUPYyeT HHYOPMAITMOHHBIC CTPYKTYPHI YeJIOBeKa (Wn
JKUBOTHOTO). HarisiiHBIM IPUMEpPOM SIBJISIFOTCS HEUPOHHBIC CETH, KO-
TOPBIE «CAMOOPIaHU3YIOT CTAOMIIbHBIN KOJ PaCliO3HABAHUS MTATTEPHOB
B pEaTbHOM BPEMEHHU B OTBET Ha MIPOU3BOIBHBIC MTOCIIEA0BATEIFHOCTH
BXOIHBIX HaTTepHOB» [97].

Ha ¢yHnameHTansHOM YpPOBHE KBaHTOBO-MEXaHHUYECKOTO CYO-
cTpata MH(QOPMAIMOHHBIC MPOIECCHI MPEACTABIISIIOT COO0H aelicTBIE
3aKOHOB (pr3MKH. YUeHbIe yxe padoTaroT Hall mepeopMyITHpOBKOR
MTOCTYNaTOB (PM3HUKHU ¢ TOUkH 3peHus uadopmanuu [98; 99; 100; 101;
102; 103]. OT; W3MEHEHUST MOXKHO CBSI3aTh ¢ Hicei Ymepa «it from
bit» [104] u ur-ansrepHaTuBamu GoH Baiiizexkepa [105].

CoriacHO €CTeCTBEHHO-BBIYHUCIUTEIHLHOMY TTOAXOMY, BBIYHCIISIO-
asi Ipupojia COCTOUT U3 (PU3UUECKUX CTPYKTYp, 00pa3yIOIUX ypPOB-
HU OpPTaHU3AIMU, HA KOTOPHIX BO3HUKAIOT BBIUYMCIIMTEIBHBIC MPOIIEC-
cel. HekoTopble HCCaenoBaTe M yTBEPXKAAIOT, YTO Ha 0OJiee HU3KHX
YPOBHSIX OpraHU3aIMK KOHEYHbIE aBTOMATHI (MJIM MalluHbl ThIOpHUHTA)
MOTYT CITy>KUTh aJIeKBAaTHOW MOJIETbIO BEIYHCIICHHH, & B CITydae 4elo-
BEYECKOTO MO3HAHMS Ha YPOBHE BCErO MO3ra HEOOXOIUMBI CBEPXTHIO-
puHTOBBIE BhIuucieHus: (cM. paborsl OpecmanHa [106], Toma [107]
u 1p.). CuMBoiBI HA O0Jee BRICOKMX ypOBHsX abctpakmuu (Cuctema
2) CBSI3aHBI ¢ HECKOIBLKIMHE BO3MOKHBEIMU CyOCHMBOIHYECCKUMU PEajTH-

! Teopus Xe60a — HEHPOOHOIOTHIECKAsT TEOPHs, YTBEPHKAAMOIIAs, YTO YBe-

JIMYEHUE CHHAMITHIECKOH 3P (HEKTUBHOCTH BO3HUKAET U3-3a MOBTOPSIIOIIEHCS U TOCTO-
SIHHOM CTHMYJUSIIMK [TOCTCUHANTHYECKOW KIETKH MPECHHANTHYECKOW KIETKOU. DTO
MOMBITKA OOBSICHUTh CHHANTHYECKYIO IUIACTUYHOCTh, aJalTalli0 HEHPOHOB MO3ra
B Ipotecce 00y4eHHsI.
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3alHsAMHU, KOTOPbIE OHU 0000IIAIOT, KaK MOKa3bIBAIOT MOJIENIH JpecMa-
Ha. OIIHY U3 HEJABHUX TOIBITOK PEeaTU3allii BRIYUCIUTEILHOTO/aro-
PUTMHYECKOTO MOAX0Aa K IPUUMHHOCTH MpEACTaBIsieT coboi pabora
3eHusIa U Ap. 0 Ka3yaJbHOCTH AJITOPUTMUYECKUX T€HEPATUBHBIX MOJIE-
JIeH B IIEJSIX «IEKOMITO3UITNH HaOMIOIeHNS Ha €T0 HanboJee BEepOsSTHBIC
AJITOPUTMHUYECKHE TeHepaTuBHBIC Moaenm» [108]. AnropurMudeckre
BBIYHCIICHHS SBJISIOTCS OUYEHb BaKHOW YaCTHIO BBEIYHCIHTEIBHBIX MO-
Jenel, onpeaeneHHbIX ThIOpUHTOM, HA OCHOBE MaHMITYJISIMM CUMBO-
namu. CBs3b ¢ CyOCHMBOIMYECKHM OCYIIECTBISIETCS C MOMOIIBIO ajl-
TOPUTMUYECKOH Teopru HHPOPMALIUH.

[Tomumo «PykoBOACTBa 1O €CTECTBEHHBIM BBIYHUCICHUSMY [77],
B KOTOPOM TPEACTaBIEHBHl KOHKPETHBIE MOJENH E€CTECTBEHHBIX BHI-
YUCIIEHUH, MHTEPECHBIE PabOTHI MO BBIYHUCIUTEIHPHOMY MOJCIHPOBA-
HUIO0 OMOXMMHUU W PEAKIIMOHHBIX CeTel ObLTM BHIMONHEHBI Kapmemmu
[109; 110; 111; 112], Briroyas u3ydeHrue MOP(U3MOB pEaKIIMOHHBIX
CEeTeH, CBA3BIBAIOIIUX CTPYKTYpY ¢ (yHKIuei. UTo KacaeTrcs KOrHHU-
TUBHBIX BRIYHCICHNUHN, (PU3MUECKHe BRIYUCICHIS U UX POJIb B TO3HAHUU
omricadsl B padorax dpecko [113].

Buonornyeckue npuHIAIIEI MOP(HOIOTUIECKUX BEIYUCIICHUH U ca-
MOOPTaHU3aIMH JAaHHBIX TAKXe MPUMEHSIOTCI M B POOOTOTEXHHKE.
Mopdonoruueckue BEIYUCICHUS — 9TO HOBas HJiesl B pOOOTOTEXHHUKE,
BO3HUKINAS B mOcienHue rofael (cM. [3; 4] u comepkamuecs B 3THX
paborax cceutku). [lepBoHauanpbHO POOOTOTEXHWKA paccMaTpUBaia
OTAENFHO OPTaHM3M KaK MAIllMHY, & er0 yIpaBIeHNE KaK IpoTrpaMMy.
Mesx Ty TeM CTao O4eBUIHO, YTO BOIUIOIICHUE CaMO IO ceOe SBIIeTCs
(hyHIaMEHTABHBIM JIUISl TIO3HAHUS, TOPOXKICHHS MOBEICHUS, WHTEI-
JieKTa U 00yuyeHus. Borulomenue sSBiseTcs HeHTPaabHBIM, TOTOMY YTO
[M03HaHKE BO3HMKAET U3 B3aMMOJIEHCTBHUS MO3ra, Tejla M OKpYXKaroIien
cpenbl [90]. TloBeneHme areHTOB pa3BHBACTCS UYEPe3 BOILIOIICHHOE
B3aUMOJIEHCTBHUE C OKPYIKAIOIIEH Cpeioi, B YaCTHOCTH Yepe3 CEeHCOop-
HO-MOTOPHYIO KOOPJMHAIINIO, KOTJIa B CEHCOPHBIX JaHHBIX WHAYIUPY-
eTCcs MHPOPMALIMOHHAS CTPYKTYpaA, UTO SIBIIICTCS TPUYUHON BOCIIPHUSI-
THS, 00y4ueHus U Kateropuzanu [48]. Mopdonornueckue BEIYUCICHUS
TaKKe MPUMEHAIOTCA B MATKOH pOOOTOTEXHMKE, CHCTEMax CamOyIlo-
PAIOYMBaHMS, MOJEKYISIPHON M BOIUIOMIEHHON pPOOOTOTEXHUKE U T.7.
HecMmotps Ha To, 9TO HCTIONB30BaHIE MOP(OIOTHIECKUX BRIYHCICHUN
B POOOTOTEXHUKE HECKOJIBKO OTIMYAETCS OT UX MCIIONB30BAaHUS B BhI-
YHUCISIIOIIEH MPUpOe, OHU UMEIOT OOIIYI0 OCHOBY, & TaKKE BO3MOX-
HOCTb YUHUTbhCA JIpYT y Apyra Ha MEXIUCUMITIMHAPHOM ypoBHe. To ke
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CcaMo€ OTHOCHTCS M K UCCIIEIOBAHUAM B 00JIACTH KOTHUTHBHOUN HH(DOP-
MaTHKH U KOTHUTUBHBIX BhruucieHui. C 310 chepoit uccnenoBanuii
TAKXE TECHO CBA3aHbI BHIUUCIIUTENIbHAS MEXAHUKA, aJrOPUTMUYECKas
nH(pOpMaIOHHAS TUHAMUKA (BEPOSATHOCTHAS CTPYKTypa alrOPUTMHU-
4eCcKo nH(POPMAITMOHHON THHAMHKY, HCTIOh3yeMast JUTsI Ka3yajahbHOTO
aHajn3a), a TakKe HEHpPO-CHMBOJIMYECCKHE BBIYMCICHHS, COUCTAIOIINE
CUMBOJIMYECKYIO U HEHpOHHYIO 00paboTKy. VX cBsiz3u Apyr ¢ Apyrom
€LIE MPEACTOUT U3YUHUTh.

7. BeIBOABI M JaJbHEHIIAA NeATEJIHLHOCTh

NH)OKOMIIBIOTAITMOHHBIA BBEIYUCIUTENBHBIA TIOIXOM, pa3pado-
TaHHBIM aBTOPOM Ha OCHOBE €CTECTBEHHBIX MOP(OIOTUUCCKUX BbIYHC-
JICHHI, UCTIONB3YETC B MPUMEHEHUN K OOyUYEHHIO ¥ (POPMUPOBAHUIO
CIOCOOHOCTH K OOYyUYEHHIO JIIOACH, APYTHX KUBBIX OPTaHU3MOB W HH-
TEJUIEKTyalbHBIX MallvH. /laHHAs CTaThs SBISETCS BKIIAJIOM B JIIUCTE-
MOJIOTHIO (GDUITOCODHH TPUPOJIBI, ITPEJIaras HOBbIH B3IIIsT Ha TIPOIIECC
o0y4eHHs KaK B CHCT€MaX HCKYCCTBEHHON 00paboTkKu MHQOpManuwu,
TaKUX Kak pOOOTHI M CHCTEMBl HCKYCCTBEHHOTO WHTEIUICKTA, TaK
U B CUCTeMax 00paboTKu MH(OpMAIMK B TPUPOJIC, TAKUX KAaK KUBBIC
OpTaHU3MEI.

Mopdonoruueckoe BBIYHCICHUE MpPEATaracTcs paccMarphBaTh
KaK MEXaHU3M OOydYeHHUsS M METao0yUCHHS, HCOOXOMUMBIN IS COCIIH-
HEHHs TOCHMBOJIHYECKOH (TIpemco3HaTelbHoi) 00paboTkn nHpOpMa-
UM C CHMBOJIMYECKOH (Co3HaTenbHON). B pamkax MH(OKOMIBIOTAIIH-
OHHO¥ BBIYHCIISIONICH TPUPOIBI MOP(OIIOTHIECKUE BRIYUCICHUS — 3TO
(nepe)cTpyKTypupOBaHUE UHPOPMAIIUU C TIOMOIIBIO BBIYUCIUTEIIBHBIX
MPOIIECCOB, KOTOPBIE MOMYHHSIOTCS PU3HYeCKUM 3aKkoHaM. OHO OCHO-
BBIBACTCSl HAa KOHIICMIIUM areHTHOCTH, MPU 3TOM Kay3aJbHOCTh TPEJ-
cTaBleHa MOP(OIOTHUECKUMY BEIYUCIICHUSMH.

Mopdomnorust sBRseTCs MEHTPATLHOW Heei B MOHUMAHUH CBS-
3u MeXIy (MopQonormueckuM/MOp(OreHETHYSCKIM) BBIYMCIICHH-
eM u uHpopmanmeid. Mopdoiorus orHocuTcs K ¢opme, oOpasiy
U CTpyKType. Marepuaisl IpeCTaBIsSIOT co00 MOPQOIOTHIO HA HU-
KeJeKallleM YpOBHE OpraHM3alui. MartepuaioM Ui OpTaHH3aiud
MOJICKYJISIPHBIX M ATOMHBIX CTPYKTYD SIBJISIFOTCSI TIPOTOHBI, HEHTPOHBI
U 3JICKTPOHBI HA HIDKENIEKAIIEM YPOBHE.

Mopdororuueckne BEIYUCISHUS MOKHO TPEACTaBUTh KaK OOMEH
nHpOpMAaIeld MEeKAy areHTaMH/aKTopaMu MOZIETH XbIOUTTA, pacipe-
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JIEIICHHBIN B IPOCTPAHCTBE, T/I€ BEIYUCIUTENFHBIE YCTPOHCTBA B3aUMO-
JEHCTBYIOT aCHHXPOHHO U BCE BBIYUCIICHUS, KaK MTPABIIIO, HE HAXOAT-
Csl B KAaKOM-TM00 YETKO OmnpeziesiecHHOM cocTossHuu [3]. B ommuume ot
BBIYHMCIICHUH ThIOPHHTA, KOTOPBIE SIBISIOTCS MATEMAaTUKO-JIOTHYECKOM
MOJIETBIO, BEIYHUCIICHUST XBIOUTTA — 3TO U3HIecKast MOelb. J{is Mmop-
(homornvuecKuxX BBIYUCIEHUH Kak (Mepe)CTPyKTypUpOBaHUs HHPOpMa-
LMY C IOMOIIBIO BEIYUCIUTENBHBIX MPOIIECCOB, KOTOPHIE MO TIUHSIOTCS
(u3NUeCcKUM 3aKOHaM, BBIYUCICHHS XBIOUTTa 00ECIIeUHBAIOT MOCIIe-
nyromyro Gopmanuzanuo. Ha 6a30BoM ypoBHE MOPHOJIOTUUECKHUE BhI-
YHCJICHUS] — 3TO €CTECTBEHHBIC BBIUYUCICHHS, B KOTOPBIX (U3UYECKUE
OOBEKTHI BBITIOJHSIOT BBIYUCIHMTENbHBIE omnepanud. CUMBONBHAS 00-
paboTKa JaHHBIX B JAHHOM CIy4ae SIBJSIeTCS MaHHITYJSIed (punde-
CKUM OOBEKTOM B AyXe yTBepKaeHHs bpykca 0 TOM, 4TO «MHp — 3TO
€ro coOCTBEHHAs JIy4lIas MOJEIbY. DTO CTAHOBUTCS aKTyaJbHBIM B PO-
0OOTOTEXHUKE M ITyOOKOM OOyuYeHHH, KOTOPBIC YIPABJISIOT HEMOCPEII-
CTBEHHBIM ITOBEJICHHEM arcHTa B (PU3NYECKOM MHpE.

B Mopdonorndecknx BBIYHCICHUSX MO3HAHUE — 3TO MEPECTPYyK-
TYpUpPOBaHHE areHTa MOCPEACTBOM B3aUMOJIEHCTBHS C MUPOM, MOITO-
MYy BCE JKUBBIE OPTaHU3MBI 00JI/Ial0T HEKOTOPOH CTEIIEHBIO TO3HAHUS.
B pesynbrare 3Bomonun Bce 0oJiee CIOKHBIC KHUBBIE OPTaHU3MBI BO3-
HUKAIOT U3 POCTHIX, CIIOCOOHBIX BEDKUBATH U aJallTHPOBATHCS K OKPY-
JKaromie cpege. JTO O3HA4YaeT, YTO OHHM CIOCOOHBI PErHCTPUPOBATh
BXO/IHBIE JaHHBIE (TTOKA3aTeNN) U3 OKPY>KAIOIIeH CPeabl, CTPYKTYPHPO-
BaTh MX B WH(OpPMAIIHIO, a B 00Jiee pa3BUTHIX OpPraHU3Max — B 3HAHUA.
DBOIIOIIMOHHOE MPEUMYIIIECTBO HCITONB30BAHUS CTPYKTYPHPOBAHHBIX,
OCHOBaHHBIX Ha KOMIIOHEHTaX IOIXOJ0B 3aKIOUAETCS B YAYUIICHUU
BpEMEHH OTKJIMKA M d((GEKTUBHOCTH KOTHUTHBHBIX IMPOLIECCOB Opra-
HU3MA, YTO CIIOCOOCTBYET Pa3BUTHIO OT OPraHU3MOB C 00yueHHEeM Ha
ypoBHe CucteMsbI 1 K TeM, KOTOPBIE CBEPX TOTO PHOOPETAIOT BO3MOXK-
HocTH CucreMsbl 2. Y Oonee CIOKHBIX KOTHUTHBHBIX areHTOB 3HAHHE
CTPOUTCS HE TONBKO Ha JEHCTBUU OOpaTHOW CBSI3M HAa BXOSIILYIO HH-
(dopmario, HO 1 Ha BHyTpeHHEH 00paboTke WHPOpPMAIMK C pEAHa-
MEpPEHHBIM BEIOOPOM, KOTOPBIH 3aBHCUT OT CUCTEM IIEHHOCTEH, XpaHs-
[IUXCSl M OPTaHU30BaHHBIX B TIAMSATH areHTOB.

IeHepartiyst 3HaHU# CTABUT B LIEHTP BHUMaHMsI HHPOPMALIHIO U BbI-
YHUCIeHNs (KOMMYHHUKAIIHIO), TTOCKOJIbKY MH(pOpPManus 1 ee 00padoTka
SIBIISIIOTCS. BAXKHBIMH CTPYKTYPHBIMH U THHAMUYECKUMH SJIEMEHTaMH.
[Ipu 3TOM CTPYKTYpHUpOBaHHME BXOAHBIX NaHHBIX (JaHHBIE — HH(OP-
Malus — 3HaHUS — METa3HaHUsI) XapaKTepU3yeTCsi MHTEPAKTUBHBIM
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BBIYHCIUTEIHHBIM TIPOIIECCOM, MPOUCXOAIIMM B areHTe BO BpeMs
a/IalTHBHOTO B3aMMOJICHCTBHUS C OKpPYXKAIOIIeH Cpenoil.

B mnpupone, B mporiecce 3BONIOUUN U Pa3BUTHS JKUBBIE CHCTEMBI
ydarcs BbDKUBATh W MPOLBETATh B OKpyXkarouleil cpene. B3aumoneit-
CTBUS MIPEACTABIISAIOT cO00H (HOpMBI 00YUIEeHHS C IOAKPETIICHHEM HITH
oOyuerns Xe00a, Omaromapsi KOTOPBIM CYIIECTBYIOIINE YCIICITHBIE
CTpaTeTuu CTAHOBSITCS IpeArnodTuTeNbHee B Oyaymiem [70]. Dto mpo-
HCXOIUT Ha Pa3InUHBIX YPOBHSX opranusanuu. Ha MeraypoBHe merta-
MopdoIoTnYecKre BEIYUCICHHUS (Kak BUpTyanbHas MamrHa CiioMaHa)
[96] ynpaBisioT popMHPOBAHHEM CIIOCOOHOCTH K 00YUCHHIO.

B cnydae yenoBedeckoro oOy4eHHsI MO3T KaK CETh BHIYHCIIUTEIb-
HBIX areHToB oO0pabarbiBaeT HWH()OPMAINIO, TOIYYCHHYIO MOCpEa-
CTBOM BOILJIOIICHHON KOMMYHHKAIIMH C OKPYKAOIIEH CPemoil, a Takke
BHYTPEHHIOIO WH(OpPMAIHMIO OT oprannzMa. OeHoOMeHaNIbHOE CO3Ha-
HHUE — 3TO MPOLECC UHTErpauu HHPOpMaIuu B Mo3r [35]; oHO moiy-
YaeT OrpoOMHOE KOJIUYECTBO JaHHBIX/MH(POPMAIMH, C KOTOPBIMH MO3T
HE MOXKET CIIPABHUTHLCS B PEATBHOM BPEMEHH, IMOITOMY CO3HAHHUE HC-
MIOJTE3yeT MEXaHW3M BHUMAHHSA, YTOOBI COCPEOTOYNTHCS Ha KOHKPET-
HOM TIOIMHOXECTBE HH(OPMAIUH, OOBIYHO OTHOCSIIIEHCS K areHTHBIM
nporeccaM B Mupe. M3mMeHeHust B 00cTaHOBKE SBISIFOTCS CIIEACTBHEM
B3aMMOZICUCTBHIA areHTOB U pa3BepThIBAaHHEM (QU3UUECKUX MPOLECCOB
MOp(OIOTHYEeCKHX BhIYUCIeHNH. [IpuunHHO-CcIIeICTBEHHAsI CBSI3b WIIH,
CKopee, CTaOMIbHBIC KOPPENSAIUN MEXKITy CTPYKTYpaMH U MPOIecCaMu
B Mupe (C TOYKH 3pEHHs areHTa) cIeayloT U3 TOTO, YTO UMEHHO JIFON
M3y4aloT/3allOMHUHAIOT, TIOCKOJIBKY OHU OPTaHU3YIOTCS M3HYTPH C TI0-
MOIIBIO MPUHIHUNOB Xe00a, Korna HeHpOHbI, KOTOphle cpadaThIBaIOT
BMECTE, COSIUHSIOTCSI BMECTE.

A. Cnoman, pa3paOoTaBIINH TEOpPHIO MeTaMOp(OreHesa, HCXO-
JIJT M3 TOTO, YTO U3MEHEHUS! B MHAWBUAYAILHOM Pa3BUTHU M 00yde-
HHHW areHTa MOPOKIAI0T HOBEIE (hopMbI 00paboTku uHpopMariu [74].
Ero noaxox mpennaraet HOBBIH B3MISA, CONIACHO KOTOPOMY M3MEHYH-
BOCTbH SIBIACTCS aJrOPUTMUYHON. B3ammMoneicTBue MEXIy CTPYKTY-
POl 1 mporeccoM UMeeT OONbIIOE 3HAUSHHE [T 00yUSHHS, TOCKOIBKY
MPOILIBIA OBIT, XPAHSAIUNCS B CTPYKTYpax, BIUSET Ha BO3MOKHOCTh
OyIyIInX MPOIIECCOB M CTPATEeTHuii OOyUeHHS W HA CIIOCOOHOCTH K OC-
BoeHmio HoBoro. K Mopdorenerrmueckomy noaxomy CiomaHa Mbl OBI
JO0ABWIIH, YTO CTYNIEHH H3MEHYHUBOCTH — 3TO PE3yIBTAaThl MOP(OIOTH-
YECKHX BBIUYUCICHHH, TO €CTh (PU3NYECKUX BBIYMCICHUH, CIIOCOOHBIX,
HanmpuMep, MOAU(GUIMPOBATh TE€HBI U BBIIOIHATH MOP(OIOTHIECKUE


https://cyberspace.pgu.ru

Ounocodckue npobnembl MHGOPMALMOHHBIX TEXHONOTUI M KNGepnpocTpaHCTBa

MIPOTPaMMBI, KOTOPBIE MPEACTABIAIOT cOO0H HE IIaBHBIC HHKPEMEHT-
Hble U3MEHEHHS, a CKauUK{ B CBOMCTBax CTPYKTyp U mpoueccoB. Mop-
(onornyeckre BHIYUCICHUS 3aTParuBaioT TAKKE TEHHYIO PETYISLUIO0 —
elle OAVH MPOLECC, HEU3BECTHBIN Kak JlapBHHY, TaK U CTOPOHHUKAM
W7V IBOJIOINH KaK COBPEMEHHOTO CHHTE3a.

[TockosbKy COBpEMEHHBIN MCKYCCTBEHHBIM MHTEIJIEKT, OPUECHTH-
pPOBaHHBII Ha ITyOOKoe oOyueHHe (MMEIOLINHA JIeNI0 ¢ MO3HAHUEM Ha
YpOBHE YeNIOBEKAa U BHIIIE), IOCTENIEHHO Pa3BMBAETCSA OT HBIHEIIHEH
Cucrembl 1 (KOHHEKIIMOHHUCTCKOW W cyOcuMBoiMueckoii) k Cucre-
Me 2 (CUMBOJIHMYECKOI), /Ui KOTOPOH XapaKTEpHbI areHTHOCTh, MpH-
YUHHOCTB, ()€HOMEHANbHOE CO3HAHWE M BHUMAaHHE KaK MEXaHU3MBI
oOyuerns u MetaoOydeHus [5; 114], oH wmeT MexaHU3MBI MEpexoa
MEXIy ABYMSI cucTeMaMu. YenoBedeckuid MO3I, SIBISISICH HCTOYHUKOM
uAed AN pa3BUTHS TEXHOJIOTHH, MPEACTaBIsICT WHTEPEC KaK LIEHTP
oOy4eHHUsl y JItofieH, KOTOPBIH SIBISIETCS CaMOOPTaHM30BaHHBIM, yCTOMN-
YHUBBIM, OTKA30yCTOWYMBBIM, IJIACTUYHBIM, BEIYUCIUTEILHO MOIIHBIM
u sHepretudecku 3ddexTuBHBIM. B cBoeM pas3BuTHH, KaKk ¥ B TIPO-
LIJIOM, TITyOoKoe 00ydeHne BIOXHOBIISETCS IPUPOAOI, yCBauBasi UAeH
HeHpoHayKH, KOTHUTUBHOW HAayKH, OMOJIOTMK U MHOTOTO Apyroro. [Tox-
XOJl HICKYCCTBEHHOT'O MHTEIJIEKTa K TOHUMAHHUIO Yepe3 JEKOMITO3UIIUI0
U TIOCTPOCHHUE OTU30K K APYTHM BBIYHCIUTENbHBIM MOJEISM IPHPOIBI
B TOM, YTO OH HIIET NpOBepseMble U MPUMEHNUMBbIE MOJIENH, OCHOBAH-
HbIe Ha 00paboTKe JaHHBIX U nHpopManmu. Uaes bemkno o0 areHTHOM
noxxofe [5], HeooxomumoM i mepexoaa oT Cructemsl 1 kK 00y4eHHI0
nocpenctBoM CHCTEMBI 2, MOXKET OBITh CBS3aHA C MOJEIIbIO 00yUYeHNS,
OCHOBAaHHOW Ha MOP(OJIOTHIECKUX BEIYUCICHHUSX.

B Oynymiem erie mpeacTouT MpojeiaTh OONBIIYE) MEXKOTpacie-
BYIO/MEXIUCIUTUTUHAPHY IO/ TPAHCTUCIUIUIMHAPHYIO paboTy, YTOOBI
Jy4IIe TIOHATH CBSI3W MEXAY KOTHHUTHBHBIMH TIPOIIECCAMH HHU3KOTO
Y BBICOKOTO ypOBHsI, OOy4eHHeM u MeTaoOydeHueM. Taxke OymeT mo-
JIE3HO HAWTH CBSA3h MEXY (YPOBHSIME/CTETICHSIMH) TIO3HAHUS U (DEHO-
MEHaJILHOTO CO3HAHUS KaK MEXaHU3MaMH, TOMOTalOLIIMMH YMEHBIIUTh
YHUCIIO IEPEMEHHBIX, KOTOPBIMU MaHUITYJIUPYET areHT C b0 BOCIIPH-
SITUST, PACCYKICHUS, TPUHATHUS PELICHUH, ITIAaHUPOBAHUS JCHCTBHH/ ie-
ATETBHOCTH U O0YUCHHS.

Iesnn NCKYCCTBEHHOTO MHTEIUIEKTA, KaK U POOOTOTEXHUKHU, OTIIU-
YaloTCs OT LeNel BBIYMCISIONIEH MPUPOAbl U MOP(OIOTHYECKUX BBI-
yrciaeHni. VIcKycCTBEHHBI HHTEIUIEKT CO3AAeT peIeHHs ISl TIPaKTH-
YEeCKHX 3aj1a4, P 3TOM OH OOBIYHO (OKyCHPYETCS Ha MaKCUMAaJIbHO
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BO3MO)KHOM YPOBHE MHTEIIIEKTA, XOTS CPeAr 00acTeil HCKYCCTBEHHO-
TO MHTEJJIEKTA, BIOXHOBIEHHBIX BBIYUCIAIONIEN MPUPOAOH, €CTh pa3-
BHBaloOIasi poOOTOTEXHHUKA, KOTOpasi HMEET Ooiee MCcCIe0BaTeNbCKUi
XapaxkTep.

[IpuopuretoM HMHOOKOMIBIOTAIIMOHHOTO HAaTypajiu3Ma SBISET-
Csl MIOHMMAaHWE U CHCTEMATU3alus 3HAHUN O MIPHUPOJE, B TO BpeMs Kak
MHOTHE COBPEMEHHBIE TEXHOJIIOTUN YEPIAIOT BIOXHOBEHUE B IIPUPOIE
B TMIOMCKaX HOBBIX TEXHOJIOTHYECKUX PEIICHNN. OTH JBa HalpaBICHUS
nepeceKaroTcs, U B3aUMHBIH 00MEH UIESMHU BBITOIEH 00EMM CTOPOHAM.
Crieruanu3upoBaHHBIM 001aCTAM HAyKH U (GUIIocopuu Takxke HeoOXo-
IAMO TECHOE B3amMojielicTBUe u oOMeH uiesmu. OOydeHue u MeTa-
o0ydeHHe B BBIYHMCIIIOICH PUPOE SIBISIETCS HACTOJIBKO BaXKHOW Te-
MOM, 9TO TpeOyeT AOTIOJIHUTEIbHBIX 3HAHUH U3 Pa3IMYHBIX 00IacTel.
B nanHO# cTaThe HE TONBKO MPEICTABICHBI BBIBOJBI O TOM, YTO YK€
M3BECTHO, HO TAKXKE JIENAeTCs MOMBITKA OYEPTUTH KPYT TOTO, UTO €Ille
MIPEJICTOUT CJIENaTh.

DduHaAHCHPOBaHHE

Jannoe mnccnenoBanme (uHaHcupyercs llIBenckum wmccrmemosa-
TEJILCKUM COBETOM, T'PaHTOM BHPTyajbHOH peadsHocth MORCOM@
COG.

BaarogapHocTh

ABrop xoren Obl moOrIaroapuTh AaHOHUMHBIX PEIEH3CHTOB 3a
OYeHb I0JIe3HbIe, KOHCTPYKTUBHBIE U MIOYYUTEIHHBIE KOMMEHTAPHH.

Kondankr untepecon

ABTOD 3asBNIA€T 00 OTCYTCTBUU KOH(]IMKTa MHTepecoB. CHOHCO-
PBI HEe UTpaji HUKAaKOWH pOJH B pa3paboOTKe MCCIeAOBaHMs, B Hamuca-
HUH PYKOIIMCH WU B PELICHUH OMYyOIMKOBATh PE3yJbTaThI.
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