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Annomayun. B paGore paccmarpuBaeTcsl He PEIYKIMOHUCTCKAasi TEOpUsl CO3HAHUs, KOTOpas
HE CBOAMMAs K TEOPHSM PEATbHOCTH UM K (U3UOIOTMYECKUM WM TICUXOJOTHUYECKUM TEOPHSIM.
Crnenys «undopmanmonHomy noxaxony» [1.M.JlyOpoBckoro k npoOieme «co3HaHHe U MO3I», OyneM
paccMaTpuBaTh PeaJbHOCTh Yepe3 MpU3My HMHPOpPMAIUK O HAOIIONAaeMbIX SBICHHAX, KOTOpas, B
CBOIO OYepe/lb BOCIPUHHUMAETCS CYOBEKTHMBHOH pPEalbHOCTBIO 4Yepe3 OILYLICHHs, BOCIPHUATHS,
YyBCTBA M T.J., KOTOpbIe, B CBOIO OYepenb, SBISAIOTCA HH(MOpMANMEl OTHOCHTEIBHO
COOTBETCTBYIOIMX MO3IOBBIX IIPOLECCOB. B pamMkax Takoro noaxona BBIIBUIACTCA CIEAYIOLIUN
npuniun noctpoenuss Mupopmannonnoit Teopuun Cosnanus (UTC): mosze obmapyscusaem ece
B03MOJICHbIE NPUYUHHbIE CE:A3U 60 GHEUHeM MUupe U Oelaem 6ce 803MOJICHbIE 8bl800bL NO HuM. B
pabote mokasbiBaeTcs, 4to nmoctpoeHHas Ha Hem UTC: (1) ocHOBbIBaeTcs Ha MH(DOPMAMOHHBIX
3aKOHaX CTPYKTYpbl BHEIIHEro Mupa; (2) o0OBsCHAET CTpoeHHe U  (PYHKIIMOHHUPOBAHUE
(YHKIMOHAIBHBIX CUCTEM M KIJIETOUHBIX aHcamOneil; (3) obecrneunBaeT MakKCUMAIbHYIO TOYHOCTD
IPOTHO3a U MPEJBOCXUILEHUS pealbHOCTH; (4) paspeliaeT BO3HMKarolue npotuBopedns H (5)
ABJISIETCA UHPOPMAITMOHHOW TEOPHUEH OTPaXKEHUSI MO3TOM PEaIbHOCTH.

Knrwoueswvie cnosa. peabHOCTb, CO3HaHUE, MO3I, HH(OpMALH, OTPAXKEHHUE.

Annotation. The paper considers a non-reductionist theory of consciousness, which is not
reducible to theories of reality and to physiological or psychological theories. Following
D.I.Dubrovsky's "informational approach" to the "Mind-Brain Problem", we consider the reality
through the prism of information about observed phenomena, which, in turn, is perceived by
subjective reality through sensations, perceptions, feelings, etc., which, in turn, are information
about the corresponding brain processes. Within this framework the following principle of the
Information Theory of Consciousness (ITS) development is put forward: the brain discovers all
possible causal relations in the external world and makes all possible inferences by them. The paper
shows that ITS built on this principle: (1) also base on the information laws of the structure of
external world; (2) explains the structure and functioning of the brain functional systems and
cellular ensembles; (3) ensures maximum accuracy of predictions and the anticipation of reality; (4)
resolves emerging contradictions and (5) is an information theory of the brain's reflection of reality.

Keywords. reality, consciousness, mind-brain problem, brain, information.
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1. Beeoenue

He penykuuvoHucTckas Teopusi CO3HaHUS HE CBOJAMMA K KakoM-mOO Teopuu
PEaTbHOCTH U K KaKON-TM00 PU3NOIOrMYeCKON MU IICUXOJIOTUYECKON TEOpUH.

Ha Cenpmoii wMexayHapoqHOWl KOH(MEpEeHIMM 10 KOTHUTHBHOM Hayke
K.B.AHOoXuH B cBoeM jokjaze roBopwi, 4To «lIpobGirema HEe B TOM, dYTO
CYLIECTBYIOILUE HEHPODU3HOIOTHUECKIE TEOPUU HECOBEPILEHHHI ... Vcronb3yemble
B HUX KOPPEJSITUBHBIE MOJIXOAbI MPOCTO HE MOTYT JaTh OTBETAa Ha BOMPOCHI O
IPUPO/IC pa3syMa U CYOBEKTHBHOTO OMbITA ... JlJIT 3TOTO HY)KHA HEpEIyKIMOHHAS
(dyHIaMeHTanbHas Teopus» [3].

Makc Termapk B cBoed kHure [14] Takke mnmcan, 4TOo MEXKAY BHEIIHEU
peanbHOCTBIO «External Reality» u «Internal Reality» nomxHa ObITh MpOMEXYyTOUHAS
peanbHOCTh «Consensus Reality», omnuceiBaromas HaOIIOJAEMyl0 PpPEaTbHOCTh B
bu3HYEeCKUX TEPMUHAX U OTpaKaroIIascsi BO BHYTPEHHEW PeaIbHOCTH.

Cnenys JI.W.JlyopoBckomy [10] Oymem wucnonb3oBaTth «UH()OPMAIIMOHHBIN
noaxon» k onucanuto «Internal Reality» kak cyObexkTuBHOM peanbHOCTU. [Ipu 3TOM
CyObEKTHBHAsI PEATbHOCTh — 3TO PEAJTHLHOCTh OCO3HABAEMBIX COCTOSSHUNA MHAMBUIA -
OILYIIEHUM, BOCIIPUSATHI, YyBCTB, MBICJICH, HAMEPEHHH, KEIIAHUU U T.]I.

B TOXe Bpems dABIEHHS CYObEKTHUBHON pPEalbHOCTH

PeanbHocTb
paccMarpuBarOTCs  Kak ~ uH(GOpPMAIUS,  CBS3aHHAs  C
COOTBETCTBYIOIIMM MO3TOBBIM MPOIECCOM Kak CO CBOMM £
HocuTesaeM. TakuM 00pa3oM, B pamMkax HHGOPMAIHOHHOTO ﬁMH‘b?‘)D'ﬁ"?L’-””#
noaxoga K NpoOJeMe «CO3HaHWS M MO3M» Mbl moaydaeM &

% CybbekTUBHasA
CIIEYONYyI0 cxemy puc. 1. B Hell peaqbHOCTh OMUCHIBACTCS ol
yepe3 HHPOpMALUIO O HAOIIOIAEMbIX SBICHUAX, KOTOpas 3
BOCIPUHUMAIOTCSI  CyOBEKTHBHOM  PEaNbHOCTHIO  uepe3 e

OomymcHus, BOCIPHUATHUA, YYyBCTBA W T.A., KOTOPBIC B CBOIO

odepenp SIBJISTFOTCS nHpopManmei OTHOCHUTEIIbHO Puc. 1.Cosnarue
COOTBETCTBYIOIIUX MO3TOBBIX IPOLIECCOB. u Mose.

KakoBo HazHaueHue 3toii mHpopmaruu? TouHee Bcero  Fig. I.Consciousness
OH ONPEAEJIEH B «IIPUHIHUIIE BOJIFOLINHU KUBOTO MUPAY, and Brain.

B /. Sk MARS
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chopmynupoBanHoro  IL.K.AHoxunbiM:  «Croxuiach OIHa  yHUBEpcalibHas
3aKOHOMEPHOCTbh B MPHUCIIOCOOJIEHUN OPraHU3MOB K BHEUTHUM YCIIOBUSAM, KOTOpasi B
nanbpHeieM OypHO pa3BUBajach Ha MPOTSHXKEHUU BCEH HBOJIIOIMHU KUBOTO MHUpaA: B
BBICIIEH CTEMeHH OBICTPOE OTpPaKEHHE MEJICHHO Pa3BEPTHIBAIOIINXCS COOBITUN
BHEIITHETo Mupay [5].

Packpoem »ToT TpuHIMOD W cHOpPMYIMpPYEM TPUHIMIBI  TOCTPOCHHUS
WH()OPMAIIMOHHON TEOPUHU CO3HAHUS.

I. Bo-mepBbix, cleayss «OPUHIUIY SBOJIONMU >KUBOTO MHpa» dTa
nH(pOpMallMOHHAsT TeOopHUsl JIOJDKHA TMPEIBOCXUIIATh COOBITHS BHEIIHET0 MHUpa.
Opnako, eciau Obl BHEITHUN MHUp ObUI CIIy4aeH, TO HHUKAKO€ €ro MPEeIBOCXUIIECHUE
OBbLIIO OBl HEBO3MOXHO.

Ho nam mup xopomo crpykrypupoBaH. Eciu B uH(OpMAIlUOHHON CTPYKTYype
PEaTIbHOCTH €CTh KaKHE-TO 3aKOHBI, TO €CTECTBEHHO MPEIIONIOKUTh, UTO B MPOLECCE
HBOJIIOIIMM BbIPAOATHIBAIMCH TaKHe HEHPOOMOIIOTMYECKUE MEXAaHU3MbI, KOTOpbIE Obl
WCIIOJIb30BAJIA 3TU CTPYKTYphl i oOecreueHuss Hanbojiee TOYHOTO OTPaKEHUs
peansHOCTH. [l03TOMY HEOOXOAMM CIIEAYIOIINIA IPUHITHII.

II. MuadopmanmonHas Teopus OTpPaKEHHs JOJKHA OCHOBBIBATHCS HA 3aKOHAX
CTPYKTYpbl BHEITHEr0 MHUPa W OIMHUCHIBATh OJHOBPEMEHHO KaK HH(POPMAIMOHHYIO
CTPYKTYpPY pEaJIbHOCTH, TaK WU HEUPO(DU3UOIOTHYECKUE U JAPYTHE MEXAHU3MBI,
KOTOpbIE€ 00€CHEUMBAIOT OTPAXKEHUE ITOM CTPYKTYphl B TEPMUHAX CYObEKTHBHOMU
PEaTbHOCTH.

Hanee OynyT mnOpuUBEACHBI TaKWe 3aKOHbI HMHQPOPMAIIMOHHON CTPYKTYpPHI
peanbHOCcTH. HeipoOuonornyeckue MexXaHU3MbI, COOTBETCTBYIOIIUE UM H
UCIIONB3YIONIUE d3TH CTPYKTYphl, YKa3zal B cBoeM Jokiane «Kormutom —
runepcereBas moxaenb mo3ray K.B. Anoxud. Oto KOI'm (KorautuBHbie [pymimbi
HeiiponoB), o6oOmaromme Teopuu (PYHKIHMOHATBHBIX CHUCTEM M KIETOYHBIX
ancamounei JI. Xe66a [17].

B  pabGore mpemmaraercs crueaymommii  QyHAAMEHTANIbHBIA  MPUHIIMIT
Nudopmarmonnoit Teopuu Coznannst (MTC), koToporo 1ocTatodHo 17151 O0BSICHEHUS
OCHOBHBIX YIIOMSIHYTHIX WH()OPMAIIMOHHBIX MPOIIECCOB:

INPUHIUII HeorpaHnyeHHOro BbIBOAa: Mo3e ooOnapysycueaem eéce
603MOJICHbIE NPUYUHHbBIE C6A3U 60 GHEUIHEM Mmupe U Oenaem 6ce 603MONCHbIE
6b1600bl O HUM.

OkaszbIBaeTcsi, UYTO OTOr0 TMPHUHLUNA JIOCTATOYHO JUIsI  TOCTPOCHUS
Nudopmarmonnoit Teopun Co3zHanusi, KoTopasi:

1. O6bsicHsIET CTpOCHHE U (PYHKITMOHUPOBAHNE KOTOB (DYHKIIMOHATBHBIX CUCTEM
1 KJIETOYHBIX aHcamoOuei J[. Xeb0a.

2. OcHOBBIBaTbCS Ha NPHUBOJUMBIX Jajiee MHGOPMAIMOHHBIX 3aKOHAaX
CTPYKTYpPbI BHELLIHETO MUPA.

3. OGecrneunBacT MAaKCUMAIbHYI0 TOYHOCTH MMPOTHO3a U PEATHHOCTH.

4. Pa3pelnaeT BO3HUKAIOUIME IPOTUBOPEUHS.
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5. SIBnsiercs nHGOPMAITMOHHON TEOPUEH OTpaKEHUS PEATbBHOCTH MO3TOM.
2. Ilpuyunnocmep

PaccmoTpum mepBhIii 3ak0H WH(GOPMAIIMOHHON CTPYKTYPhI BHEIIHETO MHUpPA —
€ero  MNPUYUHHOCTh.  [IpUUMHHOCTH  SBISIETCS  CIEACTBHEM  (PU3UUYECKOTO
JeTepMUHU3MA: «JUIs 1000 M30IUPOBAHHONW (PU3UUECKON CHUCTEMBI HEKOTOPOE €€
COCTOSIHME OIpeNensaeT Bce nocieayromue coctosHus» [12]. Ho paccmorpum
aBTOMOOMJIbHYIO aBapuio [12]. B yem e€ mpuumHa? DTO MOXKET OBbITh COCTOSIHUE
JIOPO’KHOTO MOKPBITHSI, €T0 BIA’KHOCTD, MOJIOXKEHHUE COJTHIIA OTHOCUTEIBHO BOJUTENS,
Oe3paccylHO€ BOXKJEHHUE, TICUXOJOTMYECKOE COCTOSHUE BOAMTENS, HEUCIPABHOCTh
TOPMO30B U T.J. OUEBUJIHO, YTO B 3TOM CIIy4ae HET ONPECICHHON MPUUNHBI.

B ¢unocodun Hayku NpUUMHHOCTH CBOAMTCS K MPEJCKa3aHUIO U OOBSICHEHHUIO.
«IIpyurHHO-CIIEACTBEHHAS! CBS3b O3HAYAET MPEACKA3yEMOCTb... €CIIM MU3BECTHA BCS
OpeablIylias CUTyalus, cOObITHE MOXET ObITh NPEACKa3aHo..., €CIU JaHbl BCE
(baKThl ¥ 3aKOHBI IPUPOIBI, CBSI3aHHBIE ¢ 3TUM coObITHEMY [12]. TloHSITHO, YTO 3HATH
BCe (PaKThl, YUCIIO KOTOPBIX, KaK B Clly4yae aBapuu, MOTEHIUATbHO OECKOHEYHO U BCE
3aKOHBI HEBO3MOXHO. Kpome Toro, 4enoBek M )KUBOTHBIE Y3HAIOT 3aKOHBI BHEIIHETO
mupa myteM oOydeHus. [loaTomMy, NPUYMHHOCTH CBOAMTCA K MPEICKA3aHUIO C
MOMOIIBI0O MHAYKTHBHO-CTaTUCTUYECKOTO BBIBOJA, KOTAA MpPEICKa3aHUE BBIBOASTCS
13 (PaKTOB U CTATUCTUYECKUX 3aKOHOB C HEKOTOPOI BEPOSITHOCTHIO.

Kpome Toro, npuymHHO-CIEACTBEHHBIE CBSI3U B BHJI€ CTATUCTUYECKUX 3aKOHOB,
OOHapy»KEHHBIX Ha peajbHbIX JAHHBIX WM B pe3ylbTaTe 00y4eHUs, CTATIKUBAIOTCS C
npoOeMOl CTaTUCTUYECKOM JIByCMBICIEHHOCTH — M3 HUX MOTYT OBITb BBIBEICHBI
npoTuBopeunBbie Tpenckazanus [18]. UToObl m30exarb 3TOM JIBYCMBICIEHHOCTHU
[emnens BBen TpeboBaHMe MakcuMaiabHOW crnerupuynoctu [18], HedopmanbHO
COCTOSIIIIEE B TOM, UYTO CTATUCTHYECKHUE 3AaKOHBI JIOJDKHBI BKIIFOUAaTh MaKCUMyM
HAJIMYHON WHMOPMAIIHIH.

Hamu Obima pemenHa mnpobiemMa CTaTUCTUYECKOM JBYCMBICIEHHOCTH |
orpeneieHsl MakcuMaiabHO MakcumanbHo Crneunduueckue Ilpuunnanasie Cssizu
(MCIIC), nist KOTOpBIX OBUIO JIOKa3aHO, YTO WHAYKTUBHO-CTAaTUCTHYECKUX BBIBOJ,
WCIIONB3YIOIINA MX, HE IPUBOAUT K MpoTHBOpeuusM [28,32] m TeM caMbIM
MAaKCUMAaJbHO TOYHO PEAMU3YIOT HMPUHLMII dBoonnu xuBoro mupa [I.K.AHoxuHa.
Hamu Obln pa3paboTaH cHeuuangbHbIi CEMAHTHYECKUH BEPOSTHOCTHBIM BBIBOJ
[28,32], xotopeiii oOHapyxuBaer MCIIC. OH, B 4YacTHOCTH, YJIOBJIETBOPSET
onpenenenuto Cartwright [15] BEpOSTHOCTHOM NPUUYMHHOU CBSI3M OTHOCUTEIIBHO
HEKOTOPOTro OdKrpayH/Ja, COCTOSIIEe B TOM, YTO KaXJ0O€ YCIOBHE TMOCBUIKU
MIPUYMHHOM CBSI3U CTPOTO YBEJIMUMBAET YCIOBHYIO BEPOSITHOCTD 3aKIFOUCHUS. TaKxke
HaMu pa3paborana popmanbHas Mojenb HeiipoHa [30], ynoBIeTBOPSIONIas MPABUITY
Xe0ba, KoTOpasi OCYIIECTBIsAET 3TOT BbIBOI M oOHapyxkuBaeT MCIIC npuunHHBIC
cBsi3u [28,32].
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Takum 00pazoM, TOYHO aHAIU3UPYS MMOHATHE MPUUMHHON CBA3M MBI MOITYyYaeM,
4TO 3TOT MH(OPMALMOHHBIA 3aKOH pealbHOCTU MOXKET ObITh mpeactasieH B UTC
OoOHapy>XeHHUEM NPUYMHHBIX CBA3€H Ha ypOBHE HEHWpOHA, O0OECHEYMBAIOLUIUX €ro
IUIACTUYHOCTh W MPOSIBIISIIOLIYIOCS, B YACTHOCTH, B YCJIOBHBIX peakuusax. IIpu stom
OHM MOTYT OBITh MaKCHMaJbHO TOYHBIMH mocpeacTBoM wucmnonb3oBanus MCIIC
YCJIOBHBIX CBSI3EM.

OT0 00eCIIeUnBaCT nePEblil yPO6eHb MAKCUMAILHOU MOYHOCMU NPEOCKA3AHUL
U TOPEIBOCXMIIECHHS PpPEATbHOCTH, pPEANM3YIOIIHE MPUHUUI  ONEPEkKAIoLIEro
OTpaXEHUs IEUCTBUTEIILHOCTH.

3. «Ecmecmeennan» Kaaccupuxayus

[lepeiinem Kk cremyomeMy 3akOHY HH(OPMALMOHHOTO CTPOEHHUS OOBEKTOB
BHEIIIHETO MHpPa - «ECTeCTBEHHOW» kiaccudukauuu. [lepBelii g0CTaTOYHO
NOApOOHBIN aHAIN3 «ECTECTBEHHON» Kinaccupukauuu npuHauiesxxut k. Ct. Muio
[21]. CHauana OTAEIMM «HCKYCCTBEHHBIE» KIACCU(UKALMHU OT «ECTECTBEHHBIX»:
«Bo3pMeM r000W MpHU3HAK, M €CIAM OJHM BeUM O0O0JajaroT UM, a Apyrue He
o0a1al0T, TO Ha HEM MOXKHO OCHOBAaTh JEJICHHE BCeX Belleil Ha JaBa kimacca». «Ho
€CJIM Mbl 0OpaTUMCS K ... KJIACCYy OKMBOTHOE» WM «PACTEHHUE», ... TO Mbl HaWJEM,
YTO B 3TOM OTHOIICHHH OJHU KJIACCHI CHJIBHO OTJIIMYAIOTCS OT APYTHUX. ... 00JagaroT
CTOJIb OOJIBIIIUM KOJIMYECTBOM MPU3HAKOB, UTO UX HEJB3S ... MEPEUUCIUTh» [21].

«EctectBennyro» kinaccudukanuro Jx. Ct. Muiis onpenenser CiaeayroIum
oOpazom: «Bcero 0Oosiee COOTBETCTBYET IENsIM HAy4yHOH (€CTECTBEHHOM)
KJIaCCU(UKAIIMU, KOTAa MPEeIMEThl COCIUHSIOTCS B TaKW€ TPYIIbI, OTHOCHUTEIBHO
KOTOPBIX MOXHO BBICKa3aTh HamOOJbIIEe 4YWCIO 0o0mux mpemioxeHui» [21]. Ha
OCHOBaHUM TOHSTHUS «ECTEeCTBeHHOI» kinaccupukanuu /[x. CT. Muib onpenensier
MOHATHE «00pa3a» Kiacca, KaKk O HEKOTOpoM oOpasue, o0iaajarouieM BCEMU
NPU3HAKAMM JIAaHHOTO KJjlacca.

EcTtecTBOouCHbITaTENM MUCANU, YTO CO3/IaHUE «ECTECTBEHHOW» KiIacCHU(pUKaLUU
3aKJIFOYAETCS B «MHJUKALMIY» — OT OECKOHEUHO OOJBIIOro YKCIia MPU3HAKOB HYKHO
NEePerTH K OrpaHMYEHHOMY HX KOJIMYECTBY, KOTOPOE 3aMEHWJIO Obl BCE OCTaJIbHbIC
npu3Haku [13]. DTo 03Hau4aeT, 4TO B «ECTECTBEHHBIX» KJIACCAX MPHU3HAKU CHIIBHO
KOpPEJMPOBaHbI, HApUMeEp, €CIu ecTh 128 kiaccoB M arpuOyThl JBOUYHBIE, TO
HE3aBUCUMBIMU «MHIUKATOPHBIMUY» aTpUOyTaMH CPEIu HUX MOTYT OBITh TOJBKO 7
arpubyToB, TK. 2’ = 128, a xgpyrue arpuOyThl MOTYT OBITH MpEACKA3aHbI IIO
3HaYEHUSIM ITUX 7 arpulOyToB. MBI MOXKeM BbIOMpaTh paznudHbie 7-10 atpulyToB B
Ka4eCTBE «HWHAWKATOPHBIX» W TOTHA JPYTHe arpuOyThl, KOTOPBIX MOTCHIIMAIHLHO
OECKOHEYHO MHOTO, MOTYT OBIThb MpEJCKa3aHbl MO ATHM BBHIOPAHHBIM aTpUOyTaM.
[ToaTOMY, CylIeCTBYET 3KCIOHEHLIHUAIbHOE (OTHOCUTEIBHO YKCa aTpruOyTOB) YUCIIO
MPUYUHHO-CJIEICTBEHHBIX CBSI3EH, CBSA3BIBAIOLINX arpulyThI 00BEKTOB
«ECTECTBEHHBIX» KJIaccOB. Takasg H30BITOUHOCTh HMH(POpPMALMU TPU BOCHPUATUU
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0OBEKTOB BHEIITHETO MHpPa IMOATBCPIKAACTCA B KOHHTHUBHBIX HAyKaX IIPHU aAHAJIMU3C
«ECTECTBEHHBIX» MOHSITHUH.

4. «EcmecmeeHHble» NOHAMUA 8 KOZHUMUBHBIX HAYKAX

BpIcoko KOppeIrpoBaHHYIO CTPYKTYPY BHEIIIHETO MHUPA BBISBIISET TAK)KE TEOPUS
«ECTECTBEHHBIX» MOHATUN. [IpyM 3TOM, «EeCTECTBEHHAs» KIACCH(PUKAIUS BBISBISCT
CTPYKTYpY OOBEKTOB BHEIIHErO MUPA, & «ECTECTBEHHBIE) MOHATHUS, UCCIECAYEMbIC B
KOTHUTHBHBIX HayKax, ONMPEACIIIIOT BOCTIPUITHE 3TUX «ECTECTBEHHBIX» O0BEKTOB KaK
AIIEMEHTOB CyObEKTHUBHON PEaTbHOCTH.

B paGorax FEleanor Rosch Obu1 chopmynupoBaH creayromuid TPUHLIMI
KaTeropus3aluu «ecrecTBeHHbIX» Kareropuii: «Perceived World Structure ... is not an
unstructured total set of equiprobable co-occurring attributes. Rather, the material
objects of the world are perceived to possess ... high correlational structure
combinations of what we perceive as the attributes of real objects do not occur
uniformly. Some pairs, triples, etc., are quite probable, appearing in combination ...
with one, sometimes another attribute; others are rare; others logically cannot or
empirically do not occur» [25].

Henocpeacrsenno  BocmpunHumaemble  oObexThl  (basic  objects) —
MH()OPMALIMOHHO  Ooratble  CBSI3KM ~ HAOMIOJAEMBIX  CBOMCTB,  CO3JAIOIIKE
Kareropuzanuio (06pa3 B onpenenenuu Jhx. Ct. Muns): «Categories can be viewed
in terms of their clear cases if the perceiver places emphasis on the correlational
structure of perceived attributes ... By prototypes of categories we have generally
meant the clearest cases of category membership» [24].

B nanpHedmux uccienoBaHusAX ObLII0O 0OHAPYKEHO, YTO MOJENeH, OCHOBAHHBIX
Ha TpHU3HAKaX, CXOJACTBE W TMPOTOTUNAX, HEAOCTAaTOYHO JUIS  OIHCAHUS
«ECTECTBEHHBIX» KJIACCOB. YUHUTBIBas 3TH HccienoBanus, Bob Rehder BeiaBuHYyN
TEOpUI0 MPUUYMHHBIX Mozenel (causal-model theory), B cooTBeTCTBUM C KOTOPOIA:
«people’s intuitive theories about categories of objects consist of a model of the
category in which both a category’s features and the causal mechanisms among those
features are explicitly represented» [23]. B Teopun nmpuauHHBIX MOJENIeH OTHOIIICHUE
00bEKTa K KaTerOPUU OCHOBBIBAETCS YK€ HE Ha MHOXKECTBE NMPU3HAKOB U OIU30CTH
10 MPU3HAKaM, a Ha OCHOBAHUH CXOJICTBA MOPOXKIAIOIIETO MPUIYUHHOTO MEXaHU3MA.

Jns  npeacraBnenuss npuuuHHOro 3HaHuss Bob Rehder wucnonb3oBan
baitecoBckue cetn [22]. OIHAKO OHU HE MOANEPKUBAKOT HUKIOB U IO3TOMY HE MOTYT
MOJICIUPOBATh IUKJIMYECKHE TPUYMHHBIE CBsi3u. llpeanmaraemas Hamu janee
dbopmanm3anysi B BHIIE BEPOSTHOCTHBIX (OPMATBHBIX MOHATHH MPSAMO MOICIHUPYET
IUKJINYECKUE TPUUMHHBIE CBA3M [5-8,28-29,32].
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5. Teopus unmezpuposannoit ungpopmayuu G.Tononi

Ha BBICOKO KOppeNnMpOBaHHON CTPYKTYpE BHEIIHETO MHpPAa OCHOBaHA TaKXKe
Teopust nHTerpupoBanHoi nHpopmanuu G.Tononi [20, 26-27]. Eciu «ectecTBeHHAN
KJaccu(UKAIUS OMUCHIBAET OOBEKTHl BHEITHETO MUPA, & KOTHUTHUBHBIE HAyKH —
BOCIIPUSITUE OOBEKTOB BHEITHETO MUPA, TO TEOPUS MHTETPUPOBAHHOW HH(POpMAIIUU
aHanM3upyeT WHGOPMAIMOHHBIE TMPOIECCHl MO3ra IMpPH BOCIPHUSATHH OOBEKTOB
BHEIITHETO MHUpA.

WNurerpupoBannas uHpopmanus y G.Tononi paccmarpuBaercs Kak CBOMCTBO
CUCTEMBbl LMKIMYECKUX NpUUMHHBIX cBszeil: «Indeed, a “snapshot” of the
environment conveys little information unless it is interpreted in the context of a
system whose complex causal structure, over a long history, has captured some of the
causal structure of the world, 1.e. long-range correlations in space and time» [27].

B3auMocBs3p uHTErpupoBaHHOM wHHpopManuu ¢ peanbHocThio G.Tononi
onmuchiBaeT crneayomum odpazom: «Cause-effect matching ... measures how well the
integrated conceptual structure ... fits or ‘matches’ the cause-effect structure of its
environment», «... matching should increase when a system adapts to an
environment having a rich, integrated causal structure. Moreover, an increase in
matching will tend to be associated with an increase in information integration and
thus with an increase in consciousness» [26-27].

G.Tononi ompezenseTr co3HaHWE KAaK MEPBHUYHOE MOHITHE, KOTOpoe obiagaet
cienyromumMu  (EHOMEHOJIOTUYECKMMH  CBOMCTBaMU: composition, information,
integration, exclusion [20, 26-27]. IIpuBeaem GpopMyIupOBKH STUX CBOMCTB BMECTE C
Halleil MHTepIrpeTanuend 3TUX CBOWCTB (NMPUBEIECHHOM B CKOOKAX) C TOYKH 3pEHUS
«ECTECTBEHHOI» KilaccuPuKkanuu 00beKTOB BHELTHETO MUPA.

1. composition — elementary mechanisms (causal interactions) can be combined
into higher-order ones («ecTecTBEeHHBIE» KJIACCHI OOBEKTOB 00PA3YIOT HEPAPXHUIO);

2. information — only mechanisms that specify ‘differences that make a
difference’ within a system count (TOibKO cHUCTEMa «PE3OHUPYIOMINX)» MPUUYUHHBIX
CBsI3e, popmMupyromas Kiace, SBIsSeTCS 3HAUNMOM );

3. integration — only information irreducible to non-interdependent components
counts (3Ha4yMMa TOJBKO CHCTEMA «PE3OHHUPYIOMIMX» MPUYUHHBIX CBS3CH, HE
cBOAMMAs K MH(POPMAIMH OTIEIBHBIX KOMIIOHEHT, CBUIETEILCTBYIONIAs 00 M30BITKE
uHGOPMAIIH ¥ BOCTIPUSTHH BBICOKO KOPPEITUPOBAHHOM CTPYKTYPHI «€CTECTBEHHOTOY
o0BeKTa);

4. exclusion — only maxima of integrated information count (ToJbKO 3HaYCHUS
MPU3HAKOB, KOTOpPbIE MAaKCUMaJIbHO B3aMMOCBSI3aHBl TMPUYUHHBIMH  CBA3SIMU
bopMUPYIOT «00pa3» UK KIIPOTOTHUII).

B otnuunu ot G.Tononi, Mbl paccMaTpyBaeM 3TH CBONCTBA HE KaK BHYTPEHHUE
CBOWMCTBA CHUCTEMBI, a KaK CIIOCOOHOCTb CHUCTEMBI OTPa)KaTb «ECTECTBEHHYIO»
KJIacCU(pUKaIMI0 00bEKTOB BHEIIHET0 Mupa. Torna co3Hanue, B ominuuu ot G.Tononi
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omnpezensercss He (PEeHOMEHOIOTUYECKMMU CBOMCTBAMU HEUPOHHBIX CTPYKTYp, a Kak
CIOCOOHOCTh MO3ra, MCIONB3YySl MHTETPUPOBAHHYIO WH(GOPMAIMIO HEUPOHHBIX
CTPYKTYp, OTpa)karb MHWp, IPEACTABICHHbIM HEPAPXUUYECKOM «ECTECTBEHHOM»
KJ1accu(uKaImeit B CUCTEME «ECTECTBEHHBIX MOHATUI» M UX TPUYUHHBIX MOJICIICH.

6. Dopmanuzayua «ecmecmeeHHOU» Kaaccuukayuu, «ecmecmeeHHvIX»
NOHAMUIL U CO3HAHUA, KAK UHMeZpuposannoil ungpopmayuu no G.Tononi

B coorBerctBun ¢ [IpuHIIMIIOM HEOTPAHUYEHHOTO BBIBOJA, MO3T OCYILECTBISET
BCE BO3MOXKHBIE€ BBIBOJABI MO MPUYUHHBIM CBSI3SIM. JTH MPUYUHHBIE CBSI3H, KOTOPBIX
HKCIIOHEHIIMAIBHOE YHCIIO0, B TMPOIECCE BOCHPUITUS «ECTECTBEHHBIX» OOBEKTOB
3aIMKIIMBAIOTCS caMU Ha cebs, o0pa3ysl OMNpeeseHHBIH «PE30HAHCY», KOTOPBIM
SBJIIETCSI CUCTEMOM C BBICOKO MHTErpUpoBaHHOM nHpopmalueit B cMbicie G.Tononi.
[Ipu 3TOM, «pe30HAHC» BO3HUKAET TOIJA M TOJBKO TOTAA, KOTJA 3TH NPUYWHHBIC
CBSI3M OTPaXAarOT HEKOTOPBIN IIEJIOCTHBIA «ECTECTBEHHBIN» OOBEKT, B KOTOPOM
MOTEHIIMAIbHO OECKOHEYHOE MHOKECTBO MPH3HAKOB B3aWMHO MPEAINOIAralT ApPYyT
apyra. BosHukamomme npu 3TOM [UKIBL BBIBOAOB [0 NPUYMHHBIM CBS3SIM
MaTeMaTu4YeCKU ONMCHIBAIOTCS «HETMOABUKHBIMU TOYKaAMM, KOTOpbIE
XapaKTEPU3YIOTCA TEM, YTO JaJbHENIIEe MTPUMEHEHHUE BBIBOJIOB K PACCMaTPUBACMBIM
CBOWMCTBaM HE MNPEACKA3bIBAET HOBBIX CBOMCTB. [l0oMy4yeHHOE B HEMOABHIKHOM TOUKE
MHOXECTBO B3aMMHO IIpE€J] CKa3bIBAIOIIMXCS CBOWCTB JaeT «o0pa3» Kiacca,
TIPOTOTHUID) MOHITUS U €r0 «IPUYUHHYIO MOAEIbY». [l03TOMy MO3r BOCHpUHUMAET
«ECTECTBEHHBIN» 00BEKT HE HAOOPOM MPHU3HAKOB, & KaK «PE30HUPYIOIIYI0» CUCTEMY
MPUYUHHBIX CBS3€H, 3aMBIKAIOIIUXCS Ha ceOsl 4epe3 OJHOBPEMEHHBIM BBIBOJ BCEH
COBOKYITHOCTU TMPHU3HAKOB «00paza» WM «IIPOTOTHMA» O00pa3yIoIUX «IPUYUHHYIO
MOJIEIIbY.

Moxno mnoka3zarb, uro MCIIC npuunHHBIE CBSI3UM, OPraHU30BAHHBIE B
KJIETOYHBIE aHCaMOJM, MO3BOJISIIOT MaKCUMAaJIbHO JOCTOBEPHO HACHTH(HUIIMPOBATH
OOBEKTHI BHEIIHETO MHUpPAa W 3aTe€M MAaKCUMaJIbHO TOYHO MPEJCKAa3bIBaTh CBONCTBA
ATUX OOBEKTOB, UCIIONB3YS ATy UAeHTU(UKaIMio. Takue mpenckazaHus MoTydaroTCs
0oJiee TOYHBIMU, MOCKOJBKY JUIsl MPECKA3aHUsI UCTIONB3YIOTCSI TOJBKO OTHOCSIIHECS
Kk 3tomy kiaccy MCIIC npuumHHBIE CBSI3U. DTO 00pasyer emopoit, emé Oonee
TOYHBIA, C TOYKU 3PEHUS TNPOTHO3a, JPO6EHb OPZAHUZAUUU UHPOPMAUUOHHBIX
npouyeccos.

Hamu npepnaraercs npuHOMIIAAIBHO HOBBIM MAaT€MATUYECKHUM ammapar IJis
onpe/ieNIeHNs] UHTEIPUPOBAHHOU HHGOPMAIIUU, «ECTECTBEHHOW» KilacCUUKAIUU U
«ECTeCTBEHHBIX» mNoHATHH. Hama Qopmanuzanus ocHOBaHa Ha BEPOSITHOCTHOM
0000meHny aHanu3a ¢GopMalbHBIX MHOHATUH [8, 29-32]. dopManbHBIC TOHATHUS
MOTYT OBITh OIPEIeTICHBI KaK HETIOABM)KHBIC TOUKU JIETEPMUHUPOBAHHBIX MPaBUII (HE
uMeronux uckimouennit) [19]. Ho, kak nucan [x. Munins «EcTecTBEHHBIE TPYIIbI
... OIIPENEISAIOTCS MMPU3HAKAMY, ... IPU STOM IMPUHUMAKOTCS BO BHUMAHUE HE TOJIBKO
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MPU3HAKKU, OE3yCIOBHO OOIIME BCEM BKIIOYAEMBIM B TPYIIY MpeAMETaM, HO BCA
COBOKYITHOCTb T€X MPU3HAKOB, U3 KOTOPBHIX BCE BCTPEYAIOTCSA B OONbULUHCIGE ITUX
NpeIMeToOB, a OonvuuHcmeo — BO Bcex». [lodToMy HYXKHO YWTH OT
JETEPMUHUPOBAHHBIX MPABUII M 3aMEHUTh UX Ha BEPOATHOCTHBIE, YTOOBI ONPEAEIATh
MpU3HAKK HE TOYHO, a st OonbimuHCTBA. [losToMy MBI 0000maeM ¢GopmanbHbIE
MOHSATUSI HAa BEPOSITHOCTHBIM Cclydail, 3aMeHssl JEeTEPMUHUPOBAHHbBIE MpaBUiIa Ha
MCIIC npuyuHHBIC CBSI3U M OMPEACIISsl BEPOATHOCTHBIE (hOpPMAaJIbHBIE TTOHATHUSI KaK
HETOABUKHBIE TOUYKU 3TUX MaKCUMaJlIbHO crneruduueckux npasui [8,29-32]. B cuny
TOTO, YTO BBIBOJl MO MAaKCUMAJIbHO CHEHU(UUECKUM MPUYUHHBIM  CBSI3AM
HEMPOTUBOPEUMB, MOJyUYCHHAs! HETIOABUYKHAS TOUKA TaK)Xe OyJeT HEMPOTUBOPEUUBA U
HEe OyIeT coiep’KaTh OJHOBPEMEHHO IMPU3HAK M €ro OTpHUIlaHue, T.€. TaKoe
onpe/ieNIeHHe BEPOATHOCTHBIX (DOPMaATLHBIX MOHITUH KOPPEKTHO.

MoxHo moka3arb [9], 4TO BepOATHOCTHbIE (OpMabHBIC MOHATHUS aJEKBATHO
bopManu3yIoT «ECTECTBEHHYIO» KiIacCU(PUKAIMIO M, KpPOME TOT0, IMOJIydYeHHas
«ECTeCTBEHHAs» KiacCcU(PUKaAILMA YHOBIETBOPAET BCEM TpEOOBaHUSM, KOTOPbHIC
€CTECTBOUCITBITATEIIN TPEIBIBIUIN K «ECTECTBEHHBIMY KilaccupuKarusaMm [9].

PaccmoTpum  mpumep  KOMITBIOTEPHOTO  MOJCIHUPOBAHUS  OOHApPY>KCHHSI
«ECTECTBEHHBIX» KJIaCCOB, «ECTECTBEHHBIX» TOHITUH U HHTETPUPOBAHHOMU
uHbopmaruu g 3akogupoBaHHBIX IUGp. Ilycte X(a) — MHOXECTBO CBOWCTB
o0beKTa a, 3aJIaHHBIX HEKOTOPBIM MHOKE€CTBOM MPEANKATOB, a

(P,.]/\.../\Pik=>Pl.0) eMS(X) — muoxkectBo MCIIC MpHYMHHBIX CBA3EH

BBIIOJIHCHHBIX 1751 CBOUCTB X, {P; A...AP, =P, tcX
Torma omeparop npenckazanus Pr u HemoaBMKHAS TOYKA MOTYT OBITh 3aITMCaHbBI
cienyromum obpazom [6,9]:
Pr(X)=®, (XU{P, |(P,A..AP, =P, )EMS(X)}U{-P, |(P,A..AP,==P JEMS(X)}) ,

1 2 3 4 5 6 7

SN EZ0N
s
e

Puc. 2. Koouposka yugp
Fig. 2. Number encoding

rie (I)Km(X ) — omeparop, MOAUDUIIMPYIOMINI MHOXXECTBO MPU3HAKOB X IMyTEM

n00aBleHUs WIA YAaJ€HUs HEKOTOpOro NpH3HAKa TakK, YTOObl OMNpPEEeTICHHBIN
kputepuil Krit B3auMHON COIIACOBAaHHOCTU MPUYMHHBIX CBA3EH IO B3aUMHOMY
MpeACKa3aHuIo0 MPU3HAKOB U3 X ObLT MakcuMalibHbIM [6,9]. Kputepuii Krit uzmepser
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MH(OPMALIMOHHYIO MHTETPALMIO MTPU3HAKOB MO CUCTEME NMPUUYMHHBIX cBsized MS(X)
uHaue, yeM 3To aenaerca B Teopuu G.Tononi. HemojBuikHas Touka TOCTUTAETCs
torna, korna Pr'"' (X (a))=Pr"(X(a)) , nna uexoroporo n, tae Pr' — n kpaTHoe
npuMeHeHue oneparopa Pr. I1oCKonbKy Hpu KaXJIOM IPUMEHEHUU oreparopa Pr
3HaYeHHWE KpuTepus Krit yBEIWYMBACTCSI W B HEMOJIBIKHOW TOYKE JOCTUTAET
JOKaNbHBIA MaKCUMYM, TO HEMOJBMXKHAs TOYKA, OTpa)Karolias HEKOTOPBIH
«ECTECTBEHHBII» 00BEKT, 00JIaJaeT MAaKCUMyMOM HUHTETPUPOBAHHON MHGOpMALUU U
cBoiicTBoM «exclusion» o G.Tononi.

3akomupyeM 1u@pbl Kak mokazaHo Ha puc. 2. Cdhopmupyem oOyuaroiiee
MHOXECTBO, cocrosimee u3 360 meperacoBanHbix mudp (12 mudp puc. 2
npoayOnupoBaHHBIX B 30-TH 3K3eMIuIsApax 0e3 ykazaHus, Tae kakas mudpa). Ha atom
MHO>KECTBE CEMAHTHYECKUM BEPOSTHOCTHBIM BBIBOJIOM ObUTO OOHapykeHo 55089
MCIIC npu4HMHHBIX CBs3€H — OOIIKX YTBEPKICHUI 00 00beKTax,

=
Puc. 3. Henoosuoicnas mouxa yugpul 6.
Fig. 3. Fixed point of number 6.

3. 6 FElEEE

0 koTopeix ToBopuia k. CT. Mmib. [1o 3TUM 3aKOHOMEPHOCTAM ObLIO OOHAPYKEHO
POBHO 12 HEMOABUKHBIX TOYEK, TOYHO COOTBETCTBYIOIIMX IIU(ppaM.

[Ipumep HemoaBMXXHOU TOUKHU i Udpel 6 npuBeneH Ha puc. 3. Paccmorpum,
YTO IpEACTaBIIAET cOOO0M 3Ta HEMOIBUKHAS TOUKA. 3aHYMepyeM MpHU3HaKu Hudp, Kak
ykazaHo Ha puc. 2. [lepBas 3akoHoMepHOCTh HUGPHI 6 puc. 3, mpeicTaBiIeHHAs B
IEPBOM MPSIMOYTOJIbHUKE MOce GUTYypHOH CKOOKHM O3HAYAET, YTO, €CJIM B KBaJpare
13 crout npusHak 6 (0003HauMM 3TO Kak 13-6), To B KBagpare 3 JOJKEH CTOSTh
npu3Hak 2 (ob6o3HaumMm kak (3-2)). IlpenckaspiBaeMmbliii mpu3HAK 0003HAYACTCS
TOYEYHON JIMHHEH. 3anuiieM 3Ty NPUYMHHYIO CBA3b Kak (13-6 = 3-2). HerpynHo
IPOBEPUTh, YTO H3Ta NPUYMHHYIO CBA3b BBINOJIHEHa Ha Bcex Ludpax. Bropas
IMPUYMHHAS CBSI3b O3HAYAET, YTO U3 NMpHU3HaKa (9-5) U oTpULlaHUs 3HAYEHHS 5 TIEPBOT0O
npu3Haka —(1-5) (mepBblil IpU3HAK HE JOJKEH OBITh paBeH S) cieayer npusHak (4-
7). Otpuniane 00O3HAYaeTCs Ha PHUCYHKE NMYHKTUPHOW JMHHUEH, KaK MOKa3aHO B
HUKHEH wyactu puc. 3. Ilomyunm npuumHHyio cBsi3b (9-5&—(1-5) = 4-7).
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[Tocnenyromue 3 npUYMHHBIX CBsI3ed B MepBOMl cTpoke 1udpsl 6 OyayT
cOOTBEeTCTBEHHO (13-6 = 4-7), (17-5&—(13-5) = 4-7), (13-6 = 16-7).

Ha puc. 3 BugHO, YTO NpUYMHHBIE CBS3M W HpU3HAKU IUPpPBI 6 00pasyroT
HEMOABI)KHYIO TOYKY — B3aUMHO IMPEICKa3blBAIOT ApYyr Opyra. 3aMeTuM, 4YTO
IPUYUHHBIE CBSI3U, HCIIONb3yeMble B HEMOABM)KHOM TOYKE, BBITIOJHEHBI Ha BCEX
uudpax, a cama HEMOJBMXKHAS TOYKA BBIACISIET TOJIBKO HUGPY 6. DTO WILTIOCTPUPYET
dbenomenonornyeckoe cpoiictBo 2 ‘differences that make a difference’, B kotopom
CUCTeMa TPUYMHHBIX CBSI3€d BOCIPUHUMAET «OCO3HACT» IIENOCTHBIH OOBEKT.
[ToaTomy mH@pbI BBAETSAIOTCS HE MPUUMHHBIMH CBSI3SIMH CaMUMHU 1O cebe, a Hux
CUCTEMHOH B3aUMOCBS3BIO.

Henonsuxuast Touka ¢popmupyet «mpororun» 1o Eleanor Rosch nnu «o6pas»
no Jx. Ct. Muwumo. Ilporpamma He 3HaeT 3apaHee, Kakue COYETaHMsI MPU3HAKOB
MaKCUMAaJIbHO KOPPEIUPYIOT MEXKIY CO00il.

BepoaTHOCTHBIMU ~ (JOPMaJIBHBIMM ~ TOHSITUSIMHM, OIKCBHIBAIOTCSL HE TOJIBKO
«ECTECTBEHHBIE» MOHATH, HO U KOHTEKCThI. KOHTEKCTHI Takke 00s1aJal0T CBOMCTBOM
MaKCUMaJIbHOM TOYHOCTH TpPEACKa3aHUs — NPUYMHHBIE CBS3M, OOHApY>KEHHBIE Ha
HEKOTOPOM KOHTEKCT€ M COCTAaBJISIONIME €ro MPUYMHHYI0 MOJENb OyayT TOuHEe
Ipe/ICKa3bIBaTh CBOMCTBA TAHHOI'O KOHTEKCTA.

PaccmoTpum crnenyromuii nmpumep puc. 4, coiepkaluid Kak Uudpel, Tak U
OyKBBI.

MoxHO OOY4YHTBhCSI TONBKO Ha IMH(Ppax © TMOCTPOUTh BEPOSTHOCTHBIC
dbopManbHble TOHATUS LUPpP, MOXKHO OOy4yuThCS Ha OyKBaX U MOCTPOUTH
BEPOSTHOCTHBIE TIOHATHUS TOJIBKO OYKB, a MOXKHO OOy4YMThCsSl Ha Lu(pax u OykBax U
MOCTPOUTH (popMasIbHBIE TOHATUS TUDP U OYKB.

1 |2 3 |4 |5 |6 |7 |8 |9

A 3 B |[r |a | |E |» |3

m (n K |n M |H |O |[n |P

c | Yy | [X |u (Y94 |w |w
b |bl |[b |3 |10 |9

Puc. 4. Jlea xonmexcma - L{ughpwi u bByxewvi
Fig. 4. Two contexts - Numbers and Letters

[ 4. Wil £ R — BRI

B kaxxnom u3 atux ciayuyaeB OyayT ooHapyskeHbl paznuunbie MCIIC npudnHHbBIC
csi3u, Ho MCIIC nmpuuuHHBIE CBSA3HM, ONUCHIBAIOLINE COBMECTHO IU(PHI U OYKBBI
OyayT cozmeparh JONOJHUTEIbHbIE NPU3HAKU, OTIEISAIOINE UX APYT OT JApyra, 4To
nonyuaercst aBromarnuecku o MCIIC npuunHHbIM cBsi3aM. [lpu paccmorpenuu (B
koHTekcTe) U OykB U tupp MCIIC npuunHHbBIE CBA3U OyAyT UMETH O0JIee BBICOKYIO
BepoaTHOCTh, YeM MCIIC otnenpHO 1 Udp U OyKB, MOATOMY UMEHHO OHHU OyayT
cpabarpiBaTb B 3TOM KOHTekcTte. Hama ¢opmanbHas wMoaenb HeHpoHa,
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OoOHapyKHMBaOIass MaKCHUMaJbHO crienupudeckue mpuuruHHbIe cBsizu [30] cremyet
U3BECTHOMY (PU3HOJIOTUICCKOMY CBOWCTBY HEHpPOHOB — OBICTpEE MO BPEMEHHU
cpabaThIBatOT 00Jiee BEPOSTHBIE YCIOBHBIE CTUMYJIBI.

7. Teopus pynkyuonanvnwvix cucmem

dopmanuzanys KOroB BTOPOr0 THINA — KOTOB (DYHKIIMOHAJBHBIX CHCTEM,
OCHOBAaHA HAa  pAacCCMOTPEHHMM  LEJICHANPABICHHOIO  IIOBEIEHHUs,  KOTOPOE
OCYIIECTBIISIETCS MYyTeM BBIPAOOTKH YCJIOBHBIX (IMPUUMHHBIX) CBSI3E€H MEXIY
JNEUCTBUSAMH W UX pe3yNbTaraMu. OTUX YCIOBHBIX CBSI3€M JOCTATOYHO IS
MOJIETTMPOBAHUS (PYHKIIMOHAJIBHBIX CUCTEM U Pa3pabOTKH aHUMATOB.

Emé I1.K AnoxunbiM niucan, yto «Peub uier o kojmarepaibHbIX OTBETBICHUSIX
MUPaAMUAHOTO TPAKTA, OTBOJASILIKUX KO MHOTUM HeillpoHaM “‘konuun” Tex 3¢ depeHTHBIX
MOCBUIOK, KOTOPBIE BBIXOJAT HA MUPaMHUAHBIA TpakT» [4-5]. Takum oGpazom, Korga
MOTOPHBIA HEVPOH OTIPABJISECT CUTHAJ MBIIILAM O HEKOTOPOM AECHCTBHUH, TO KOIHUH
ATOr0 BO3OYXICHUS OTIPABJISIOTCS B TOM YHUCIE B MPOEKIIMOHHBIE 30HBI, KOTOPHIE
MOTYT (PUKCHUPOBATh PE3yJbTaT BBIMOJHEHHOTO JedcTBUA. [loaTomMy  MO3r
oOHapy>KUBAET BCE MPUUYMHHBIE CBSI3U MEXKY IEUCTBUSAMU U UX PE3YJIbTaTaMHU.

[Tokaxxem Ha cxeme puc 5, YTO 3TOr0 JOCTAaTOYHO JJIsi OOBSCHEHHS OCHOBHBIX
MeXaHu3MOB (opMHUpOBaHUs (DYHKIIMOHATIBHBIX CcHUCTeM paboTel mosra [7,31].
[Ipeanonoxkum, 4YTO y HAc HET emé OnbiTa W BO3HUKIO MOTHBALOHHOE
BO30YXJEHUE, MMOKA3aHHOE YEPHBIM TPEYroJbHUKOM. Torga uisl yIOBIETBOPEHUS
MOTPEOHOCTH METOJIOM MPOO M OMIMOOK MBI MOXKEM cJieJlaTh HEKOTOpoe JEHCTBHUE,
KOTOpoe OyIdeT aKTHUBUPOBAHO HEKOTOPHIM HEHWPOHOM, OO0O3HAUYEHHBIM OelbIM
TPEYTOJIbBHUKOM.

MO3r

A 4

PesynbTar

Puc. 5. Dopmuposanue MCIIC ycrosnvix cesazeti mexcoy oeucmeuimu
u pezynvmamamu
Fig. 5. Formation of conditional connections between actions by MSPS and results

5. 15 MSPS 1TEBYIFLZ B/ IR T i# 1% AT

ODHOBPEMEHHO C aKTUBAIMEW STOTO JCUCTBUSI «KOMHUS» BO30YKICHHUS ITOTO
HelipoHa OyJeT OTIIpaBiieHa B MPOEKIIMOHHBIC 30HBI, I1I€ HAWIETCsl HEMPOH, KOTOPHIH
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cpearupyeTr Ha pe3yapTaT AEHCTBHS, MOCTYNMBIINKM M3 BHEMIHEro Mupa. [lockonpky
ATOT K€ HEHpPOH MpeNBAPUTEIHHO MOJIYUYUT BO30OYKICHUE OT AKTUBAIIMU JECHCTBUS
OenbIM HEMPOHOM, TO OH CHOPMUPYET YCIOBHYIO CBA3b MEXKITY aKTUBAIMEH NEHCTBUS
OenbIM HEHPOHOM W TMOJYYEHHBIM pe3yibTaroM. Eciu Temeps mocie MoixydeHus
ATOTO pe3ysibTaTa, U3MEHHUBIIETO 0OCTAHOBKY, OCYIIECTBUTh HEKOTOPOE CIEAYIOIIEe
JENUCTBUE, TaKKe 0003HAUYEHHOE OENBIM TPEYTOJHbHUKOM, TO TOIYYUM CIEHYIOIIUN
pe3ysbTar, Uil KOTOPOrO TakKe HaWIeTCcsl HEHWpOH, KOTOpPBIM Cpearupyer Ha
pe3ynbTrar 3T1oro AeiictBus. Eciau B pesynbrare noTpeOHOCTh OyAeT yI0BIETBOPEHA U
LEeJIb JIOCTUTHYTA, TO BCS LIENOYKA AKTUBHBIX HEWPOHOB M YCIOBHBIX CBSI3EH,
MpUBE/IIIAs K Pe3ysibTaTy Oy/eT MOoAKpeIieHa U 3aHeCeHa B MaMsTh. TakuM 00pa3om,
BO3HUKHET 8HYMpeHHUU KOHm)Yp MPOTHO3a JOCTHUKEHUS pe3ysbTara Mo MPUYUHHBIM
cBs3siM. Torga, mpu CJAEAYIOIIEM BO3HUKHOBEHHHM MOTHUBAIMOHHOTO BO30YXKICHUS,
9Ta LeNoYKa AeHCTBUM OyneT M3BJIEUEHA U3 MaMSITH U CIPOTHO3UPYET JOCTHUKEHUE
pesyibTara 1O BHYTPEHHEMY KOHTYpYy emé 10 BCsAKuX nedctBuil. Tak Oyaer
c(hOpMHpOBaH TUIAH JEHCTBUN, KOTOPHIA MO BHYTPEHHEMY KOHTYpPY, KaK CKa3aHO B
uurare [1.K.AHoXMHa, aKTUBUpPYET HEUPOHBI, OXKUIAIOIINE PEe3YyIbTaThl JCHCTBUIA,
910 CHOPMHUPYET akyenmop pe3yibmamos Oelcmeuti, TOAPOOHO HCCIICIOBAHHBIA B
Teopun (PyHKIIMOHATBLHBIX CUCTEM.

Onucanue IlorpednocTts - 1Iporaos ﬁt
CHTYAIlHH 3alpoc Ha JOCTH- pe3ynbra- :: PE3VIILTAT
Pyl xenue nenn PG, Ta PG, " R,
APOEPEHTHBIN PEHIEHI:IH JTOCTHIKE- PE3VYJILTATOB
CHHTE3 BuIbop neficT- | pus nemm JIEUCTBHI
Mroxectso . Buit Ay 5e-sdy | PG, OKHIaHNe Pe3yIsTaTa
3aKOHOMEPHOCTEH HUIH TIOeNieii F=======9 PG
B Bra PG e PG PG,,....PG, —
Ay sennd,, PG, *| obecneungao- PG " R
LPOrHO3HPYIOIIHX IITHX MaKCH- e ; 2
nmocTibkenue e PG, B MaJIEHYIO BEPO- OIEHKA PE3YJILTATA
curyarmu P,,...,P,. SITHOCTB JIOCTH- TMEHCTBHI
xeHus e PG,
PG, ~R,
A YTouHEeHHE 3aKOHOMEpPHOCTEH
Moauenu JlejicTHs ONpATA AN HCPCE:
PG... PG " 4 A R,| TauUmi O IOCTIDKCHIH
Jpm n u ket 277w pesymerara R,

Puc. 6. Cxema ¢ynkyuonanvrot cucmemoi
Fig. 6. Functional system diagram

6. DJREF Al
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Takum 06pazom, hopmupoBaHue U padOTy (PYHKIIMOHAILHOW CHUCTEMBI MOYKHO
OOBSACHUTH (POPMHPOBAHHEM TIPUYMHHBIX CBSI3€M MEXKIy JEHUCTBUEM M €ro
pe3yabTaTamu.

B tepmunax MCIIC npuuuHHBIX CBsi3ed, cxema paboThl (PYHKIIMOHAIBHBIX
CHUCTEM BBIIJIIIUT CcleAayrommM obpazom puc 6. [7,31]. IlorpebHOCTh Oymem
paccMarpuBaTh Kak 3ampoc K (YHKIIMOHAIBHOW CHCTEME Ha JOCTIKEHUE IICIH,
o0o3HaueHHOU mpenukatomM PG,. DTtoT 3ampoc moctymaeT B Onok addepeHTHOrO
cuHTe3a W Uil (YHKIMOHAIBHBIX CHUCTEM, HE HUMEIIUX (YHKIMOHAIBHBIX
MOJICUCTEM, M3BJIEKAET U3 MAaMATH NMPUYMHHBIE CBsI3W BUAA Pi,...,Pim,Ax,...,Aq =>
PGy, mpuBomsimue k poctwxkenuto nenu PGy, tae Pi,...,Pim — cBolicTBa 00cTaHOBKH
HEOOXOAUMBIE IJII JOCTIKEHUS e, a Ayi,...,Au — IOCIEI0BaTeIbHOCTh ACHCTBUM,
npuBogsawmas Kk ueau. [Ipu stom cBouctBa Pi,...,Pim HOIKHBI NPUCYTCTBOBATh B
cBoicTBax oOctaHoBku Pi,...,P,, mocrynarommmu B 0ok addepeHTHOro CHHTE3A.
Jns  wepapxXWyecKd OpraHW30BaHHBIX (DYHKIIMOHAIBHBIX CHCTEM JTOT 3ampoc
m3pinekaer u3 namatd MCIIC npuuuHHBIE CBS3uW Oosiee cloXHOro Buaa Py,
e, Pim, PGit, . . . ,PGin, Akt . . LA = PGy, BKITIOUato1ue B ce0s 3ampockl Ha TOCTHKEHUE
noaueneut PGj,...,PGj,.

Jlaniee m3BIIeUCHHBIC TIPABWJIA TTOCTYMAOT B OJIOK MPHUHSTHS PEIICHUH, TIE 0
KOKJIOMY U3 NPaBUJI OCYIIECTBISECTCS MPOTHO3 JAOCTHKEHUS LIEIM M BBIYUCISETCS
OLIEHKa BEPOSITHOCTH JOCTHXKEHUs wLenu. [IporHo3 mo mnpaBwiam, TII€ TOJBKO
JICUCTBUS, OCYUIECTBIISICTCS 110 BEPOATHOCTH caMoro mnpaswia. lIporno3 mno
MpaBuWjaM C 3ampocamMy K TMOJLENISIM OCYIIECTBISIETCS IMYyTEM OTIPABKH ATHUX
3anpocoB B (YHKIHMOHAJIbHBIC TOJCUCTEMbI, MNPUHATHEM B HHUX PEIICHUN U
MOJIyYEeHUEM OT HHMX BEPOSITHOCTEM MPOTHO3a JOCTHXKEHHUSI COOTBETCTBYIOLIHUX
noauenei. Pesynsrupyromnias BEpOSTHOCTh MPOTHO3a BBIYUCISIETCS] MPOU3BEICHUEM
BEPOATHOCTH TMpaBUja Ha BEPOATHOCTU JOCTHKEHUs mnoaueneit. Ilociae »Toro
OCYIIECTBISETCS MPHUHATHE PEIIEHUS O CI0CO0e JOCTHKEHUS ICIM M BHIOMpAeTCs
MPaBUII0, UMEIOIIEEe MAKCUMAIbHYIO BEPOSTHOCTD MPOTHO3a JOCTHKECHUS 1IEJIH.

3arem dopmupyeTcs IUIaH ISHCTBUM, BKIIOYAIONIAN BCE ICHCTBHS, BKIFOUCHHBIC
B MPaBWIO U BCE JCUCTBUS, KOTOPbIE €CTh B (DYHKIIMOHAJIBHBIX IOACHCTEMAX.
OMHOBPEMEHHO C TUTAHOM JIeHCTBUN (POpMUPYETCS ammapar akIienTopa pe3yabTaToB
JICUCTBHUSI, BKJIIOYAIONIMNA OXKUJIAHUE BCEX CIPOTHO3UPOBAHHBIX IOAPE3YJIBTATOB B
(YHKUMOHAIBHBIX MOJCUCTEMAX, a TaKXe B caMOil (DyHKIHMOHAJIBHOW CHUCTEME.
[Tocne »3TOoro miaH OEWCTBUM HAUYMHAET BBIMOJHATHCS, a4 OXKHAAEMBIC PE3yJbTaThl
CPaBHUBATHCS C MOTYYAEMBIMU PE3YJIBTATAMMU.

Ecnu Bce moppesynbrarbl M KOHEUHBIM PE3ysibTar JOCTUTHYTHI UM COBHAIU C
OKHJIAeMBIMH PE3yJIbTaTaMH, TO CaMO IPaBUJIO U BCE MpaBwia (yHKIIMOHAIBHBIX
MOJICUCTEM, KOTOpble OBbUIM BBIOpaHBI B MpollecCe€ MPUHITHS  PELICHUM
MOAKPEIUISIIOTCS. U UX BEPOATHOCTh yBeluWuuBaercs. Eciu B KakoW-TO MOACHUCTEME
pe3ynbTar HE JOCTUTHYT, TO COOTBETCTBYIOIIEE MPABUIO ATOM (DYHKIIMOHAIBHOMN
nojgcucTeMbl mTpadyercsa. Torma BO3HHKAET OPHUEHTHPOBOYHO-HCCIIEAOBATEIIbCKAS
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peakiys, KoTopas NepecMaTpuBaeT MpHUHATOE perieHue. JlaHHas MoJeinb yCHENTHO
MpUMEHSJIACH JJ1s1 MOJieIMpoBaHus anumaros [11,16,31].

8. Co3nanue kax mexanusm paspeuwienus npomueopeuuil

PaccmoTpum  Teneps  mpemuit  ypoeéens  MOYHOCHMU — NPEOCKA3AHUN,
oOecreynBaromuiics HHPOPMALMOHHON Teopued CO3HAHUS — CO3HAHHUIO Kak
MEXaHU3MY pa3pelIeHUsI IPOTUBOPEUNH.

Mup MHOrorpaHeH Kak ajMa3 pHUC. 7 W HE CYyLIECTBYET €ro €AuHOIo
HENPOTHUBOPEUYMBOTO OMUCAHUS U (QYHKIMS CO3HAaHHUA — NPAaBWIBHO BBIOPATH
COOTBETCTBYIOLIMI KOHTEKCT, B PaMKax KOTOPOIO MOYKHO IOJIYYUTh MaKCHUMAJIbHO
TOYHOE IMpeACKa3aHue. B Hayke TakMMM KOHTEKCTAMU SBJISIOTCA IapaJurMel,
(GOpMUPYIOUIMMH  ONPECICHHBIM B3IV, TOYKY 3pPEHHSI M COOTBETCTBYIOILYIO
CUCTEMY NOHATHI TOW WJIM MHOW TEOpUU. OTH NapaJWrMbl, Kak MpPaBUIO, HE
COBMECTUMBI MEXIY COOOil.

Takyto TOUKy 3peHHMs Ha CO3HAHUS TaKkke BbICKasbiBacT B.M.Aiutaxsepnos [2].
B cBoeit pabore [1] o mumer: «Co3HaHUE, CTOJKHYBIIUCH C IMPOTUBOPEUYUBOU
uH(pOopMalel, NbITaeTCs YAaIUTh 3Ty UHPOPMAIIMIO C TTOBEPXHOCTU CO3HAHUS WIIU
TaK €€ BUJOU3MEHUTh, YTOObI IPOTUBOPEUUE MCUE3JI0 WJIU MEPECTANO OCO3HABATHCS
KaK IpoTuBOpeure». B 3Toll pabore OH NpUBOAMT 7 CIydyaeB pa3pelieHUs
OpOTHUBOpEUni co3HaHMEeM. Bce 3T ciayyam OObACHAIOTCS paboTOM  Win
B3aMMOJIEHCTBUEM BEPOSITHOCTHBIX (POPMAJIbHBIX MOHSATUH, KOTOpPbIE OMPEACISIOT
paccMaTrpuBaeMble IMOHATUS UM KOHTEKCTHI. PAacCMOTpHM 1Sl KpaTKOCTH JBa U3 HUX:

1. Cayuaii 1. Camplii IpocTOil cOco0 M30aBUTHCA OT MPOTHUBOPEUHUS WIIH
JIBYCMBICIIGHHOCTH ~—  BBIOpaTh A  OCO3HAHMUA  KAaKylO-TO  OJIHY
MHTEPHPETALNIO, & BCE OCTaJbHbIE (HECOBMECTUMBIE C HEW) HE OCO3HABaTh
(HEeraTuBHO BHIOPATH).

IIpumep. SBneHue OWHOKYJISPHOM KOHKYPEHLHMH, KOTJa HCIBITYEMOMY
OJHOBPEMEHHO MPEABABIAIOTCS Ha pas3Hble Ivla3a pa3Hble CTHUMYNbl. Eciu
MPEeIbABIATH J1Ba N300paKeHUs!, OJTHO U3 KOTOPBIX ABJIAETCS O0jiee BEPOATHBIM
uiK 0oJiee 3HAKOMBIM, HCTIBITYEMbI€ TPEUMYIIIECTBEHHO BUAMUT TOJIBKO €TO0.
Oo0bsicHeHne. BeposTHOCTHOE (JOopMalIbHOE OHATHE B3aUMHO MPEICKA3bIBAET
CBOICTBa, BXOIAIIME B IIOHATHE, & TaKXKE OTPULAHME JAPYTHUX CBOMCTB,
KOTOPBIX B HEM HE JOJDKHO OBITh M TEM CaMblM BBITOPMa)KUBAET

albTEPHATHUBBI.
2. Cuayuaii 2. [lpu oco3HaHUM pa3HBIX CTOPOH MPOTHUBOPEUUS JENAETCSA
MOTBITKA HAWTH CIMOCO0 OOBSICHEHHWS — COEIWHEHHE pPa3HbIX CTOPOH B

HENPOTUBOPEYUBOE LIETIOE.
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Puc. 7. Muozoepannas peanvnocmo
Fig. 7. Multifaceted reality

7. ZE HHI B

IMpumep. B ycnoBusix OMHOKYJISPHOM KOHKYPEHIIMH, €CIU TMPEIbSIBUTH Ha
OJIMH IJIa3 KpPACHBIM KpyI, a Ha JPYrOM — UYEPHBIA TPEYIrOJIbHUK, TO
UCTIBITYEMBIN YBUIUT YEPHBIN TPEYTOJIBHUK HA KpacHOM (pOHE.
Oo0bsicnenne. Eciau BoclpuHHMMaeMble NPU3HAKK HE MPOTUBOpEYaTr Apyr
JIPYTY W HE BEITOPMAXKHUBAIOT JAPYT APYyTa, TO MOTYT 00pa3oBaTh 00BEAMHEHHOE
BEPOSITHOCTHOE (POpManbHOE MOHATHE U COOTBETCTBEHHO BOCTIPUHUMATHCHI.
Bo Bcex cityyasix MOXXHO MPaBUIILHO BBIOpATh HAaMOOJIEe MOAXOIAIIEE BEPOITHOCTHOE
dbopmanbHOE MOHSITHE WM KOHTEKCT JJIS pa3pelieHus] MPOTUBOPEUUS U MOTydeHUs

HanOoJjIee TOYHOI'O npeackazaHusd B COOTBETCTBUU C
MNPUYINHHBIMHA CBA3SIMU BBI6paHHOFO IIOHATUA WIIH
KOHTCKCTA.

1. Introduction

The non-reductionist theory of consciousness is
not reducible to any theory of reality and to any
physiological or psychological theory.

At the Seventh International Conference on
Cognitive Science, K.V.Anokhin said "The problem
is not that the existing neurophysiological theories
are imperfect ... The correlative approaches used in
them simply cannot answer questions about the
nature of mind and subjective experience ... This
requires a non-reductionist fundamental theory" [3].

Max Tegmark in his book [14] also write that

Information

subjective reality

:

Brain

Fig. 1. Consciousness and Brain
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between the external reality "External Reality" and "Internal Reality" there should be
an intermediate "Consensus Reality", describing the external reality in physical terms
and at the same time is reflected in the internal reality.

Following D.I. Dubrovsky [10], we will use an "informational approach" to the
description of "Internal Reality" as a subjective reality. Herewith, the subjective
reality is the reality of an individual's conscious states — sensations, perceptions,
feelings, thoughts, intentions, desires, etc. At the same time, the phenomena of
subjective reality are considered as information related to the corresponding brain
process as its carrier.

Thus, within this framework of the information approach to the "Mind-Brain
Problem", we get the following scheme fig. 1., where reality is described through
information about observed phenomena, which are perceived by subjective reality
through sensations, perceptions, feelings, etc., which in turn are information about the
corresponding brain processes.

What is the purpose of this information? Most precisely, it is defined in the
"principle of the evolution of the living world", formulated by P.K. Anokhin: "There
was one universal pattern in the adaptation of organisms to external conditions, which
later developed rapidly throughout the evolution of the living world: a highly rapid
reflection of the slowly unfolding events of the external world" [5].

Let us reveal this principle and formulate the principles of creating an
information theory of consciousness.

I. First, following the "principle of the evolution of the living world", this

information theory should anticipate the events of the outside world.

However, if the external world were accidental, then anticipation of it would be
impossible. But our world is well structured. If there are any laws in the information
structure of reality, then it is natural to assume that in the process of evolution there
were developed such neurobiological mechanisms that would use these structures to
produce the most accurate reflection of reality. Therefore, the following principle is
necessary.

II. The information theory of reflection should be based on the laws of the
structure of the external world and describe simultaneously both the
information structure of reality and neurophysiological and other mechanisms
that ensure the reflection of this structure in terms of subjective reality.

The following laws of the information structure of reality will be given. The
corresponding neurobiological mechanisms that use these structures were indicated
by K.V. Anokhin in his report "Cognitome — hypernetwork model of the brain". These
are KOGi (Cognitive Groups of Neurons), generalizing the ideas of the functional
systems theory and D. Hebb's cellular ensembles [17].

We propose the following fundamental principle of the Information Theory of
Consciousness (ITS), which is sufficient to explain the basic information processes:

THE PRINCIPLE OF unlimited inference: The brain detects all possible
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causal connections in the external world and makes all possible conclusions on
them.

It turns out that this principle is sufficient to build an ITS, which:

1. Explains the structure and functioning of KOGs of functional systems and D.
Hebb's cellular ensembles.

2. Based on the following information laws of the structure of the external
world.

3. Provides maximum accuracy of predictions and anticipations of reality.

4. Resolves emerging contradictions.

5. It 1s an information theory of reflection of reality by the brain.

2. Causality

Let's consider the first law of the information structure of the external world — its
causality. Causality is a consequence of physical determinism: "for any isolated
physical system, some of its state determines all subsequent states" [12]. But consider
a car accident [12]. What is the reason for it? This may be the condition of the road
surface, its humidity, the position of the sun relative to the driver, reckless driving,
the psychological state of the driver, brake malfunction, etc. Obviously, there is no
definite reason in this case.

In the philosophy of science, causality is reduced to prediction and explanation.
"Causality means predictability ... if the entire previous situation is known, the event
can be predicted ... if all the facts and laws of nature related to this event are given"
[12]. It 1s clear that to know all the facts, the number of which, as in the case of an
accident, is potentially infinite and all the laws are impossible. In addition, humans
and animals learn the laws of the outside world through training. Therefore, causality
is reduced to prediction by inductive statistical inference, when the prediction is
derived from facts and statistical laws with some probability.

In addition, causal relationships in the form of statistical laws found on real data
or as a result of training face to the problem of statistical ambiguity — contradictory
predictions can be derived from them [18]. To avoid this ambiguity, Hempel
introduced the requirement of maximum specificity [18], informally consisting in the
fact that statistical laws should include the maximum available information.

We solved the problem of statistical ambiguity and determined the Maximum
Specific Causal Relationships (MSCR), for which it was proved that inductive
statistical inference using them does not lead to contradictions [28,32] and thereby
most accurately implement the principle of evolution of the living world by
P.K.Anokhin. We have developed a special semantic probabilistic inference [28,32]
that detects MSCR. In particular, it satisfies Cartwright's definition of a probabilistic
causal relationship with respect to some background, which consists in the fact that
each condition of the premise of causal relationship strictly increases the conditional
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probability of the conclusion. In addition, we have developed a formal neuron model
[30] satisfying the Hebb's rule, which implements this inference and detects MSCR
causal relationships [28,32].

Thus, accurately analyzing the concept of causality, we get the informational
law of reality that can be represented in ITS by detecting causal connections at the
level of a neuron, ensuring its plasticity and manifesting itself, in particular, by
conditional reactions. At the same time, they can be as accurate as possible through
the use of MSCR conditional links.

This provides the first level of the maximum accuracy of predictions and
anticipations of reality, implementing the principle of anticipatory reflection of
reality.

3. "Natural” classification

Let's move on to the next law of the informational structure of the external world
objects — the "natural" classification. The first rather detailed analysis of the "natural"
classification belongs to J.S. Mill [21]. First, we will separate the "artificial"
classifications from the "natural" ones: "Let's take any attribute, and if some things
have it and others do not, then we can base the division of all things into two classes
on it.", "But if we turn to ... the class of "animal" or "plant", ... then we will find that
in this respect some classes are very different from others. ... have so many features
that they cannot be ... enumerated" [21].

J.S. Mill defines the "natural" classification as follows: "Most of all, it
corresponds to the goals of scientific (natural) classification when objects are
combined into such groups regarding which the greatest number of general proposals
can be made" [21]. Based on the concept of "natural" classification, J. S. Mill defines
the concept of an "image" of a class as a certain pattern that has all the characteristics
of this class.

Naturalists wrote that the creation of a "natural" classification consists in
"indication" — from an infinitely large number of features it is necessary to move to a
limited number of them, which would replace all other features [13]. This means that
in "natural" classes, the attributes are strongly correlated, for example, if there are
128 classes and the attributes are binary, then only 7 attributes can be independent
"indicator" attributes among them, since 2’ = 128, and other attributes can be
predicted by the values of these 7 attributes. We can choose various 7-10 attributes as
"indicator" and then other attributes, of which there are potentially infinitely many,
can be predicted from these selected attributes. Therefore, there is an exponential
(relative to the number of attributes) number of causal relationships linking the
attributes of objects of "natural" classes.

Such redundancy of information, but already when perceiving objects of the
external world, is confirmed in cognitive sciences when considering "natural"
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concepts.
4. "Natural" concepts in cognitive sciences

The highly correlated structure of the objects of the external world is also
revealed by the theory of "natural" concepts. "Natural" classification reveals the
structure of the objects of the external world, and "natural" concepts, studied in
cognitive sciences, determine the perception of these "natural" objects as elements of
subjective reality.

In the works of Eleanor Rosch, the following principle of categorization of
"natural" categories was formulated: «Perceived World Structure ... is not an
unstructured total set of equiprobable co-occurring attributes. Rather, the material
objects of the world are perceived to possess ... high correlational structure ...
combinations of what we perceive as the attributes of real objects do not occur
uniformly. Some pairs, triples, etc., are quite probable, appearing in combination ...
with one, sometimes another attribute; others are rare; others logically cannot or
empirically do not occur» [25].

Directly perceived objects (basic objects) are information-rich bundles of
observable properties that create categorization (an image in the J.S. Mill definition):
«Categories can be viewed in terms of their clear cases if the perceiver places
emphasis on the correlational structure of perceived attributes ... By prototypes of
categories we have generally meant the clearest cases of category membership» [24].

In further research, it was found that models based on features, similarities and
prototypes are not enough to describe "natural" classes. Considering these studies,
Bob Rehder put forward a theory of causal models, according to which: "people's
intuitive theories about categories of objects consist of a model of the category in
which both a category's features and the causal mechanisms among those features are
explicitly represented" [23]. In the theory of causal models, the relation of an object
to a category is no longer based on a set of signs and proximity by signs, but on the
basis of the similarity of the generative causal mechanism.

Bob Rehder used Bayesian networks to represent causal knowledge [22].
However, they do not support cycles and therefore cannot model cyclic causal
relationships. The formalization we propose further in the form of probabilistic
formal concepts directly models cyclic causal relationships [5-8,28-29,32].

5. The integrated information theory by G.Tononi
The theory of integrated information by G.Tononi is also based on the highly
correlated structure of the external world [20,26-27]. If the "natural" classification

describes objects of the external world, and cognitive sciences describe the
perception of objects of the external world, then the theory of integrated information
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analyzes the information processes of the brain on the perception of objects of the
external world.

Integrated information is considered by G.Tononi as a property of a system of
cyclic causal relationships: «Indeed, a “snapshot™ of the environment conveys little
information unless it is interpreted in the context of a system whose complex causal
structure, over a long history, has captured some of the causal structure of the world,
1.e. long-range correlations in space and time» [27].

The relationship of integrated information with reality G.Tononi describes as
follows: «Cause-effect matching ... measures how well the integrated conceptual
structure ... fits or ‘matches’ the cause-effect structure of its environment», «...
matching should increase when a system adapts to an environment having a rich,
integrated causal structure. Moreover, an increase in matching will tend to be
associated with an increase in information integration and thus with an increase in
consciousness» [26-27].

G.Tone defines consciousness as a primary concept that has the following
phenomenological properties: composition, information, integration, exclusion
[20,26-27]. We present the formulations of these properties together with our
interpretation of these properties (given in parentheses) from the point of view of
"natural" classification of the external world objects.

1. composition — elementary mechanisms (causal interactions) can be combined
into higher-order ones ("natural" classes form a hierarchy);

2. information — only mechanisms that specify 'differences that make a
difference' within a system count (only the system of '"resonating" causal
relationships forming the class is significant);

3. integration — only information irreducible to non-independent components
counts (only the system of "resonating" causal relationships is significant, which not
reducible to the information of individual components, indicating an excess of
information and the perception of a highly correlated structure of a "natural" object);

4. exclusion — only maxima of integrated information count (only values of
features that are maximally interconnected by causal relationships form an "image" or
"prototype").

Unlike G.Tononi, we consider these properties not as internal properties of the
system, but as the ability of the system to reflect the "natural" classification of the
objects of the external world. Then consciousness, unlike G.Tononi, is defined not by
the phenomenological properties of neural structures, but as the ability of the brain,
using the integrated information of neural structures, to reflect the world represented
by a hierarchical "natural" classification and the system of "natural concepts" and
their causal models.
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6. Formalization of '"natural" classification, "natural” concepts and
consciousness as integrated information by G.Tononi

In accordance with the Principle of unlimited inference, the brain carries out all
possible conclusions on causal relationships. These causal relationships, of which
there is an exponential number, in the process of perceiving "natural" objects, loop on
themselves, forming a certain "resonance", which is a system with highly integrated
information in the sense of G.Tononi. At the same time, "resonance" occurs if and
only if these causal relationships reflect some "natural" object in which a potentially
infinite set of features mutually assume each other. The resulting cycles of
conclusions on causal relationships are mathematically described by "fixed points",
which are characterized by the fact that further application of conclusions to the
properties under consideration does not predict new properties. The set of mutually
related properties obtained at a fixed point gives the "image" of the class or
"prototype" of the concept and its "causal model". Therefore, the brain perceives a
"natural" object not as a set of features, but as a "resonating" system of causal
connections that close on themselves through the simultaneous inference of the entire
set of features of the "image" or "prototype" forming a "causal model".

It can be shown that the MSCR causal relationships organized into cellular
ensembles make it possible to identify objects of the external world as reliably as
possible and then predict the properties of these objects as accurately as possible
using this identification, since only MSPS causal relationships related to this class are
used for predictions. This forms a second, even more accurate, from the point of view
of forecasting, level of organization of information processes.

We propose a fundamentally new mathematical apparatus for determining
integrated information, '"natural" classification and "natural" concepts. Our
formalization is based on a probabilistic generalization of the formal concepts
analysis [8, 29-32]. Formal concepts can be defined as fixed points of deterministic
rules (with no exceptions) [19]. But, as J. Mill wrote: "Natural groups ... are
determined by features, ... while taking into account not only the features that are
certainly common to all the objects included in the group, but the whole set of those
features, of which all occur in most of these objects, and the majority in all."
Therefore, it 1s necessary to get away from deterministic rules and replace them with
probabilistic ones in order to determine the features not exactly, but for the majority.
Therefore, we generalize formal concepts to the probabilistic case, replacing
deterministic rules with MSPS causal relationships and defining probabilistic formal
concepts as fixed points of these maximally specific rules [8, 29-32]. Due to the fact
that the conclusions, based on the most specific causal relationships are consistent,
the resulting fixed point will also be consistent and will not contain both a feature and
its negation, 1.e. such a definition of probabilistic formal concepts is correct.

It can be shown [9] that probabilistic formal concepts adequately formalize
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"natural" classification and, in moreover, the resulting "natural" classification
satisfies all the requirements that naturalists imposed on "natural" classifications [9].
Let's consider an example of computer simulation of the "natural" classes,
"natural" concepts and integrated information discovery for the encoded digits. Let
X(a) — be the set of properties of object a given by some set of predicates, and let
(P,.I/\.../\P,./C=>Pi0)eMS(X) — be the set of MSPS of causal relationships

performed for properties X, {P;, A..AP,= P, }c X then the prediction operator

Pr and the fixed point can be written as follows [6, 9]
Pr(X)=®, (XU{P, |(P,A..AP,= P )EMS(X)}U{~P, |(P,A..AP, =~ P, JEMS(X)})

where @, (X) - is an operator that modifies the set of features X by adding or

removing some feature, so that a certain criterion Krit of mutual consistency of causal
relationships by mutual prediction of features from X is maximal [6,9]. The Krit
criterion measures the informational integration of features according to the system of
causal relationships differently than it is done in the G.Tononi’s theory. A fixed point
is reached when Pr""'(X(a))=Pr"(X (a)) , for some n, where P* — n is a
multiple application of the operator Pr. Since with each application of the operator Pr,
the value of the Krif criterion increases and reaches a local maximum at a fixed point,
then a fixed point, which reflect some "natural" object, has a maximum of integrated
information and the "exclusion" property according to G.Tononi.

Let us encode the digits as shown in fig. 2. and form a training set, consisting of
360 shuffled digits (12 digits of fig. 2 duplicated in 30 copies without specifying
where which digit is). On this set, a semantic probabilistic inference revealed 55089
MSCR causal relationships — general statements about objects that J.S. Mill spoke
about. According to these causal relationships, exactly 12 fixed points were found
that correspond to numbers.

An example of a fixed point for the digit 6 is shown in fig. 3. Consider what this
fixed point is. Let's number the signs of the digits as shown in Fig. 2. The first pattern
of figure 6 in fig. 3, represented in the first rectangle after the curly bracket, means
that if there is a sign 6 in square 13 (let's denote it as 13-6), then there should be a
sign 2 in square 3 (let's denote it as (3-2)). The predicted sign is indicated by a dotted
line. Let's write this causal relationship as (13-6 = 3-2). It is not difficult to verify
that this causal relationship is carried out on all figures. The second causal
relationship means that from the sign (9-5) and the negation of the value 5 of the first
sign —(1-5) (the first sign should not be equal to 5), the sign (4-7) follows. Negation
is indicated in the figure by a dotted line, as shown at the bottom of fig. 3. We get a
causal relationship (9-5&—(1-5) = 4-7). The next 3 causal relationships in the first
row of the digits 6 will be respectively (13-6 = 4-7), (17-5&—(13-5) = 4-7), (13-6
= 16-7).

Fig. 3 shows that the causal relationships and the signs of the number 6 form a
fixed point — mutually predict each other. Note that the causal connections used in the
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fixed point are fulfilled on all digits, and the fixed point itself identifies only the digit
6. This illustrates the phenomenological property 2 'differences that make a
difference’, in which the system of causal connections perceives "realizes" an integral
object. Therefore, the figures are distinguished not by causal relationships in
themselves, but by their systemic relationship.

A fixed point forms a "prototype" according to Eleanor Rosch or an "image"
according to J. S. Mill. The program does not know in advance which combinations
of features are maximally correlated with each other.

Probabilistic formal concepts describe not only "natural" concepts, but also
contexts. Contexts also have the property of maximum prediction accuracy — causal
relationships found on a certain context and its causal model will more accurately
predict the properties of this context.

Consider the following example on fig. 4, containing both numbers and letters.
You can learn only on numbers and build probabilistic formal concepts of numbers,
you can learn on letters and build probabilistic concepts of letters only, and you can
learn both on numbers and letters and build formal concepts of numbers and letters.
In each of these cases, various MSCR causal relationships will be found, but MSCR
causal relationships describing numbers and letters together will contain additional
signs separating them from each other, which is obtained automatically by MSCR
causal relationships. When considering (in context) both letters and numbers of
MSCR causal relationships will have a higher probability, then MSCR on numbers or
letters and therefore they will be triggered in the formal model of the neuron. Our
formal neuron model, which detects the most specific causal connections [30],
follows the well-known physiological property of neurons - more probable
conditional stimuli are triggered faster in time.

7. Theory of functional systems

The formalization of the second type KOGs — the KOGs of functional systems,
is based on the consideration of purposeful behavior, which is carried out by
developing conditional (causal) links between the actions and its results. These
conditional connections are sufficient for modeling functional systems and
developing animats.

PK. Anokhin wrote that "We are talking about the collateral branches of the
pyramidal tract, diverting to many neurons "copies" of impulsations that go to the
pyramidal tract" [4-5]. Thus, when a motor neuron sends a signal to the muscles
about some action, copies of this excitation are sent, including to the projection
zones, which can record the result of the action performed. Therefore, the brain
detects all causal connections between actions and their results.

We show in the diagram fig. 5 that this is sufficient to explain the basic
mechanisms of the functional systems of the brain formation [7, 31]. Let's assume
that we have no experience yet and a motivational excitement has arisen, shown by
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the black triangle. Then, to meet the need by trial and error, we can do some action
that will be activated by some neuron, indicated by a white triangle. Simultaneously
with the activation of this action, a "copy" of the excitation of this neuron will be sent
to the projection zones, where there will be a neuron that will react to the result of the
action received from the outside world. Since this neuron will first receive excitation
from the activation of an action by a white neuron, it will form a conditional relation
between the activation of an action by a white neuron and the result obtained. If now,
after receiving this result that has changed the situation, we carry out some next
action, also indicated by a white triangle, then we will get the following result, for
which there will also be a neuron that will react to the result of this action. If, as a
result, the need was satisfied and the goal is achieved, then the entire chain of active
neurons and conditional connections that led to the result will be reinforced and
stored in the memory. Thus, there will be an internal contour of forecasting the results
achievement by the causal relationships. Then, at the next occurrence of motivational
excitement, this chain of actions will be extracted from memory and will predict the
achievement of the result along the inner contour even before any actions. So an
action plan will be formed, which, according to the inner contour, as stated in the
quote by P.K. Anokhin, activates neurons waiting for the results of actions, which will
form an acceptor of the results of actions, studied in detail in the theory of functional
systems. Thus, the formation and operation of the functional system can be explained
by the formation of causal relationships between the action and its results.

In terms of MSCR causal relationships, the scheme of functional systems is as
follows fig. 6. [7, 31]. We consider the need as a request to the functional system to
achieve the goal indicated by the predicate PG,. This request enters the afferent
synthesis block and, for functional systems that do not have functional subsystems,
extracts causal relationships of the form Pi,...,Pin,Axi,...,Au = PGy from memory,
leading to the goal PG, achievement, where Pi,...,Pin are the properties of the
environment necessary to achieve the goal achievement, and Ay,,...,Ax— a sequence
of actions leading to the goal. At the same time, the properties of Py,...,Pi, must be
present in the properties of the environment P,,...,P, entering the afferent synthesis
block. For hierarchically organized functional systems, this query extracts causal
relationships of a more complex type Pii,...,Pim,PGii,...,PGjn,Axi,...,Au = PG, from
the MSCR memory, including requests to achieve the sub-goals PGy, ...,PGj.

Then the extracted rules are sent to the decision-making block, where forecast of
the goal achievement is made for each rule and a probability estimation of the goal
achievement is calculated. Prediction according to the rules, where only actions are
performed, is carried out according to the probability of the rule itself. The forecast
according to the rules which requests sub-goals is carried out by sending these
requests to functional subsystems, decision-making in them and receiving from them
the probability estimations of the corresponding sub-goals achievement. The resulting
probability of the forecast is calculated by the product of the probability of the rule on
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the probability of achieving of its sub-goals. After that, a decision is made by the rule
selecting that has the maximum probability estimation of the goal achievement.

Then an action plan is formed, including all the actions included in the rule and
all the actions that are in the functional subsystems. Simultaneously with the action
plan, the acceptor of the actions result is formed, including the expectation of all
predicted sub-results in functional subsystems, as well as in the functional system
itself. After that, the action plan begins to be implemented, and the expected results
are compared with the results obtained.

If all the sub-results and the final result are achieved and coincide with the
expected results, then the rule itself and all the rules of the functional subsystems that
were selected in the decision-making process are reinforced and their probability
increases. If the result is not achieved in some subsystem, then the corresponding
rule, selected by decision-making block, of this functional subsystem is penalized.
Then there is a tentative research reaction that revises the decision. This model has
been successfully used to model animates [11, 16, 31].

8. Consciousness as the tool for resolving contradictions

Let us consider the third level of prediction accuracy provided by the
information theory of consciousness — consciousness as a mechanism for resolving
contradictions.

The world is multifaceted like a diamond fig. 7 and there is no single consistent
description of it, and the function of consciousness is to choose the appropriate
context correctly, within which you can get the most accurate prediction. In science,
such contexts are paradigms that form a certain view, point of view and the
corresponding system of concepts of a particular theory. These paradigms, as a rule,
are not compatible with each other.

This point of view on consciousness is also expressed by V.M. Allakhverdov [2].
In his work [1] he writes: "Consciousness, faced with contradictory information, tries
to remove this information from the surface of consciousness or modify it so that the
contradiction disappears or ceases to be perceived as a contradiction." In this work,
he cites 7 cases of resolving contradictions by consciousness. All these cases are
explained by the properties or interaction of probabilistic formal concepts that define
the concepts or contexts in question. Let 's consider two of them for brevity:

1. Case 1. The easiest way to get rid of contradiction or ambiguity is to choose
one interpretation for awareness, and not to realize all the others (incompatible with
it) (negatively choose).

Example. The phenomenon of binocular competition, when different stimuli are

simultaneously presented to the different eyes to the subject. If two images are

presented, one of which is more likely or familiar, the subjects mostly see only
it.
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Explanation. A probabilistic formal concept mutually predicts the properties
included in the concept, as well as the negation of other properties that should
not be in it, and thereby inhibits alternatives.

2. Case 2. When realizing the different sides of the contradiction, an attempt is
made to find a way of explanation — the connection of different sides into a
consistent whole.

Example. In the conditions of binocular competition, if you present a red circle

on one eye and a black triangle on the other, the subject will see a black triangle

on a red background.

Explanation. 1f the perceived features do not contradict each other and do not

inhibit each other, then they can form a combined probabilistic formal concept

and be perceived accordingly.
In all cases, it is possible to correctly choose the most appropriate probabilistic
formal concept or context to resolve the contradiction and obtain the most accurate
prediction in accordance with the causal relationships of the chosen concept or
context.
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FEAE @, (X) - FEE M B RO S o — 44 X ET, ff
B9 X HrE B TERR A R SR B R AR B — B i AR ¥ Krit oK [6, 9]
Krit HEAEMIE R R BRRGREERENERESE MSX) B G Tononi
MHRAE. SEIEEIE P (X(a)=Pr'(X(a) , BRFLE n, Hi
Pr - nPr EEFHZXMEH. BHREEET Pr XEH, Krit ¥ERIK
{ELER & 8N AE [ 5 Bz 2 R i R, PRIUEOBRIEE T E AR ] Yo i [ B

Wi G R AR KIEES &AM TR B FE3e.

PER M T AT RS, WE TR, 2. REIERMESL e 360 fEITAEL
MRS EE (& 2 i 12 (E%, ER 30 EEIA, [HARE
fEE S EEcr) .« fEEMES L, BEEEHERE/RT 55089 MSPS (1]
KRB R ——RR ). St. RBIFIE R — KBk, B, WRigigdep, “E
HSETR T 12 {8 B S A S IE ) [ e B

By 6 FIEER I REIwE 1 s, 3. REIRIMARE E— NEEA SR 2
B, SRR SR ST AR SE, WE PR, 2. [E 6 1 —EER 3,
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B RFERBRE —WERY, BrWRITH 35BN (RxA 13-
6) , AUJ5A% 3 AL GBI 2 CGRRA (3-2) ) o THHIMRMSCLUELAR R R .
P A 3 K R B R BT R (13-6—3-2) « R S Bnasis N BB REH R A
v, B REGRERERAE (9-5) ME—AFYE —(1-5) KIME 5 /Y
B CGE—ARFSAEER 5 BHMAFHE (4-7) . HErsEH USSR,
WEEE . 3. AIMEBIFRBIEFR (9-5&—~(1-5) = 4-7)., HF 6 FH—
ITHETRN 3 MEEEEEZE (13-6 = 4-7), (17-56—(13-5) = 4-7),
(13-6 = 16-7). 43il.

75 IE H 3 BE/RET 6 BRI R BR AR AN 5 555 T2 Rl — 1181 [ e B — e M B AH TH
Mo FEERE, [E e B 0 R S R e A 8o LaEAT I, i e B A
EERHBURET 6. Bt T HRREEM 2 “ 2R EfEi” , HpRIRE
ARG “HBH” BEH%. Kt BB TFHNERANSZSEREARGHHE
REMR, MRER MRS 5,

fR4% Eleanor Rosch HJaRE, [EEBhEm “JRiA” , siR$E J. St KJE.
T2 2 0 0 AN S T8 W e e 12 AH &40 I A A B

RS ANERMIR TR S, iR LT, TP CEEAH
K TR YE R P 1) B M —— 7 A BT SO S R IR SR AR AL A s G ] SR AR Y 5t
B E T b FRIAIRZ R SR B

xR NS EE. 4. FRA S BT R,

T UMERR B2 W A B B R T U &, 18] DA A RE R A
SRR S, BICE 8T DAGE Bl N BRI N ST B A S BRI R X
Wi, 7EEFEEN T, #EETAFRE MSPS KRR, (H2 iRy
FABER) MSPS R 5 B AR 6L & 8 & M4 0k 4 B I B hnde s, 1B &t ASMS
FRBREEEST. & (FELTXH) [FRSE ASHI 17 BERECFER,
BRI L B2 e B e A= B ASHI B B =i, Hitb e MK iz
Fl R e s . FRAM A I SR AR SO AR Y AT DR R B KR P R A2 TR SR
R[30], G ARAE T I O 50 A FE A T — B T] B8 A0 A5 12 T i B et 2% PRy il it

14. ThEE R E R

5 AR R el —— DhRE RS e —— AR AU R R R B A AR R A AT
R 8, 8RB AT BN B A R 2 TRl ST AR AE (PR BB A d B
I8 LR IR R A D B AR ST AT E AR B G5 Bl 25

H % PK Anokhin 5378, [T IEAERREREEAS ARSI 05, BEEZ
MEETT [HER ] ARLLE G SR PISERS R | [4-5]. DUk, EIESHMAETrRILIA
TR B ENEME 95y, ZHEE RIS T HINE, SRR RIE R BT I
P I T DL S B AT B A SR . DRI, RS denfl 24T 2 B A4S R 2
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[ei] (1 T A ERLER i 4R

AR T IE 5 R lE R R B, I8 AL DAARRE K G Th BE 1R 258 7 B A Sk S
[7,31]o MRk 3AERA &8, EIFEMEE CEH IR, MBEB=MAFEIr. WHZ,
&y VIR TR, B, BT AT — SR, AR R e A
JLEGE, MAC=AER. ERIEZEERFR, 28 fEr &)
A R R R BB I, PR — R A o B AR B A S ED A A R A
[ . H R Rl R A T S B AL A A T B AR TR A R R B R
BB ERAE B A 0 B BIAE I AL B P I A5 B &5 R Z T TR AR i g . R
£, RN DA /AR, AT — S —EEnE, et =AEk
s, RERABERE N R, BRZGER, ERA — AT a4 R
ROEEEENE.  WORAE R WL 7 F KA EI 7 HAR, I 15 3k 2R A A v
R AP A8 T SRR ¢ PR 2 45 BN o M0 e AF ARG R . BRI, RF H BRARSE R
B A B B A R TR N B m R . MR, T RS E BB BE IRy, i pERCTs
TR RIE — RAATE), AR HUE AT 47 Bh 22 mi TR #0295 SR A0 8 B
Bk, WUERAEATEIET &, W NERE RS, 1E41 PX. Anokhin fir 5| A AR
B, BOEERHATENAT R AL TS, BRI AT IS R IR, SR S D)
RefRAi M am. K, ThReR&H I MO IE AR n] LU 4T A B &8 SR 22 TR R 2R
58] {2 )T Jl 2R i R

St MSPS IR BRI 5, TIRERSMIENE T R T & 60 [7,31]-
PAAHE T KA B DR GIET R, VB EEER] PGO fanHy HAR.  BEEESK
AN EEMHE, HRRADRETRENDIREGRS, KaRETmzR P,
coosPim Aty A => PGy JEW R REAFR, WM BERGAEREE PGy, H Py,
P R E I H AR IR EB I, Aa,....Aq REBHENEEFS. fFiE
SO, Bk Pu,.. Pm WAAGFARIREEIE Py, P, EAENG IR,
B A DR RS, IEEERME MSPS HIGRCISHE h s R AR Py,
o osPimsPGity. .., PGin,Ass...,Au => PGy IR R BR, G EREFH T HAE PGy,
.. +»PGino
PR, SREUHRE R N R SR R, b et AP0 ) o 2R H AR AT TR,
WA AT HARRBERAL . SRR TR, ERFHERER T, 2R
PR A B RS IEAT Y o AR 1 H AR S K AR R AT TR 35 1 S L
AR SEIRBITIRE T R0, AL AN P A TR SR A B M R WA YRR B B JE T H AR
OB AR HEAT 1Y o 5 R O 3 o DL B 31 H SR BB 2 AR A B 15 381 1 TR
PR, 248, VBT E I HAR, iR RO TR H AR B R AR R

INMRIE R — AT BR8], AR R S BT E T8 LA D Re 7 &R %8
PRI AATE) .  EREATEIET R EIR, BT AR EZATENA RS E
HP U IIRE T ARG U LTRSS h G TRl A RIS . 1iig,
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ITENETFIBIAEEE, WA TS B P15 i) 4 IEAT LR,

WL T A 145 R a8 48 R AR 200 B TR AR A4S IR — 20, RIFRAUA B DL Kk
FIBFEHIE IR DI T RS A R RE e 5 2 gaie, HEER b ein, m
REMFRERAEDGE R, AIBZIIR T RGBSR ETES . AR
HIRTE R IR R I E, A TS SO (MO TR« R A ) s 2 R B e Bh 25
[11, 16,317,

15. )\, BEFBLERMEICT BRI

FAE RN 2 o8 Al SV G T e ) TR YR B 1) 2 = {18 g Ik —— TR
VB BRI i R

A GO -2, 7 HAE WA R ——BiE, S
REA D MRS B RO, DEm SR B MR TR R, ISR AR
MR RUR e B A A A . RS ERE S R, N, EuE
A B

V.M. Allakhverdov 3R 1 ig Ml is a0 BIAL (2] . MBI AELL]

dr, METIE: R TP JE AR B, SRR E L E B ERGR I

MErsfiEre, DMET EHREABERAETE. 7 EIEEEmT,

fhah 7 7 E R DT JE SR A E e DU R 0 1t e A B R

S EE R SO R A S A 3R AR B EAE AR R Y . R AP g 23t

75 i e P A

Lo S, ST i o B 38 ) e ] B 7 9 e — M AR AT R, T

AT MBI AR RS GHAGEEE)

By SR AN FIIRAS [F A 2 R AR, B IR F 4 .

IMRZHMRTER, Hh—sREA M REEEAE, ZlEHE LT EAGEE

i8R

ke, BEREAM S LSS PR ERENE, UASRENEZES

FER AR I, R AT %

2+ ZW 2. I E WA E ARy, AlE R ) — R AR T 1A

[ T 3 A e — 18] — S0 B

By, EBRBFHNEET, WRA - SRELILOCEE, HH &

IRfS 2 BR O =M, RIE s aEsL s s EER RO =M.

ke WARBONBIRRF SRS B JE . AN EAHAN], S e Pl Al AR

1258 [ B A AU & 0 AR A R S
AN, MNMMH# AT DRSS i M & s B R SCHIDUR B4R, IEMER R R &
T AR SRS B N SRR T i, M0 A5 f VB R Y T
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