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Task approach: on the way to trusting
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Annomayuna. B nanHoil paGore aBTOpPbHI MPEACTABIAIOT CBOI OPUTMHAIBHYIO KOHIIETILIUIO
00BSCHUMOTO U JJOBEPUTEILHOTO UCKyCCTBeHHOTO nHTEeuiekTa (JJMN), ocHoBy KoTOpO#i cocTaBiseT
3aJ]a4HbIil TOXOJ] K HMCKYCCTBEHHOMY HHTe/uIeKTy. Llenb Hacrosmiel paboThl — MoOKa3aTh, 4TO
3amauHbii nmoaxo k MM, o6o0mmaet u pa3BuBaeT TakKMue U3BECTHBIC TOXO/IbI, KAK ar€HTHBIN TOIXO0/
Kk UM n obmmit uckyccreennslii untemiekt (AGI). Kpome toro, B ommuun ot AGI, oH sBisercs
AHTPOTIOMOP(HBIM, TIOCKOJIBKY, B TOM 4Hucie, (opmamusyer Qu3HoIoTudecKyo Teopuro
OynkuuonanbHbix Cucrem (TOC) paborel mMo3ra [15-20], onuchIBarollyro LeJI€HANPaBICHHYIO
JeSITEIbBHOCTh YEJI0BEKA.

C nuenplo >(QQEKTUBHON MNpaKTUYECKOH peanu3aluy 3aJadHoro moaxona B pabote
NPEACTaBICHbI BapPHAHTHl S3bIKOB HMCIIOJHUMBIX CIEUU(UKAIMA 3a7ad, KOTOPBIE IO3BOJSIOT IO
OOBSCHUTENPHON U MHTEPIPETUPYMON clielUpHUKALNN 33a]a4 TeHEpUPOBaTh UX MCIIOIHUMBIN KO,
NpUBOIAIIMKA K pemeHusM. Crienudukandy 3a1ad, OTHOCSAIIMECS K HEKOTOPOW IPeIMETHOM
00JIacTH, MO KOTOPbIM (OPMHUPYETCS COOTBETCTBYIOLIUM 3ampoc K MpeAMETHON 00JIacTH, MOMCK
OTBETa Ha 3alpoCc W MOJy4YeHHE pelleHHs (OTBETa Ha 3alpoc) OCYILECTBISETCS B paMKax
pa3paboTaHHOTO U MPEACTABIEHHOTO B pab0Te CEMaHTUYECKOTO MOJIETUPOBAHHUS.

Vcnonb3yst pa3nudHbIe SI3BIKH CTICUUKAINN, pa3pad0TaHO W IPEICTABICHO HECKOIBKO
wiaTpopM pelIeHusl MPUKJIAIHBIX 337a4, KOTOpble, BMECTE C MpHUMEpPaMM PELICHHBIX 3ajay
IIPEJCTABJICHbI B 3aKJIIOUEHUU PaOOTHI.

Knroueswie cnosa: NCKyCCTBEHHBI MHTEIIEKT, 3a/1auHbIi MOAXO/, MPOOIeMa JOBEpHs,

Abstract. In this paper, the authors present their original concept of explainable and
trustworthy artificial intelligence (Al), which is based on a task approach to artificial intelligence.
The purpose of this work is to show that the task approach to Al generalizes and develops such
well-known approaches as the agent-based approach to Al and artificial general intelligence (AGI).
In addition, unlike AGI, it is anthropomorphic, since, it formalizes the physiological Theory of
Functional Systems (FTS) of brain function [15-20], which describes purposeful human activity.

For the purpose of effective practical implementation of the task approach, the work presents
variants of executable task specification languages that allow, based on the explanatory and
interpretable specification of tasks, to generate their executable code leading to solutions.
Specifications of tasks related to a certain subject area, for which a corresponding query to the
subject area is generated, the search for an answer to the query and obtaining a solution (answer to
the query) is carried out within the framework of the semantic modeling developed and presented in
the work.

Using various specification languages, several platforms for solving applied problems have
been developed and presented, which, together with examples of solved problems, are presented in
the conclusion of the work.

Keywords: artificial intelligence, task approach, problem of trust.
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1. Beeoenue

[Tocne coObITHii, cBA3aHHBIX ¢ «peBomtonueld ChatGPT» 1 OTKpBIBIINX MUPY HE
TOJIbKO HOBbIE OJECTSIIME TMEepPCHEKTUBbl M  BO3MOXHOCTH HCKYCCTBEHHOTO
unteiekra (UMW), HO U HOBBIE PUCKM M OMACHOCTH €ro MPUMEHEHUS, MOTYIIHX
IIPUBECTH K HEKOHTPOJIMPYEMBIM IociencTsusaMm, tema MM crana 4dpe3BblYaiiHO
MOJHOW M MOMYJISIPHOM, aKTUBHO 00CYKJ1a€MOM HE TOJIbKO CpEelU CHELMATUCTOB U
npo¢ecCHOHaJIOB, HO U B IPYrHX Kpyrax, B TOM YHUCJI€ U B IPaBUTENIbCTBEHHBIX. 1
OMHOM W3 IEHTPAIBHBIX TPOOJIEeM, OOCYXKIaeMBIX B CBA3M C TakuM OypHBIM
pa3BUTHEM COOBITHH, cTana mpobiema dogepus ¥ cuctemam WU, daxrtuyuecku
O3Hayaromie mnpusHaHue OOMECTBOM TOro (pakTa, YTO COBPEMEHHBIE CHCTEMBbI
MCKYCCTBEHHOI'O MHTEJJIEKTa HE MOTYT TapaHTUPOBATh NMPABUIIBHOCTD MPEIAaraéMbIX
UMHU peuieHu# 3anad. T.e. MpU3HAETCS, YTO 3TU PELICHHS MOTYT OBITh JIOXKHBIMH,
OLIMOOYHBIMH, HEKOPPEKTHBIMH, HETOYHBIMM, CHELUAIbHO  BBOASIIUMH B
3a0JTy>KJICHUE U T.II.

[IpobGnema nosepus k UM — 310 KOMIUIEKCHas mpoOiema, MpeacTaBIstomas
co0oil menbli  «kiayOOK» mpoOieM, MPEnsTCTBYIOUUMX JOBEPHUIO  YeJOBEKa
anroputMaMm M. B HacTosmiel pabore OyayT 3aTpOHYTHI TOJIBKO HEKOTOPBIE U3 3TUX
npobseM, a MMEHHO MpoliieMa «4EpHOro SIMKa», MpolieMa IEeHTpaau3aluu U
npobiema aynuTa, IOCKOJIbKY II0 MHEHHIO aBTOPOB pEIICHHWE 3TUX MpodiieM
CIIOCOOHO CYIIECTBEHHO MOBBICUTH JI0oBepHe toaeit k U -cucremam.

Hanomuuwm, uto npodnema «uepnozo awyuxka» 03Ha4aeT TO 0OCTOATEILCTBO, UTO
HekoTopsie UM -cuctembl, Bel1aBasi pe3ysbTaT peIeHUs 3a/1a4i, HUKAK He O0BSICHSIOT
ero. boinee Toro, yame Bcero npeabsaBiasieMoil Takoil MM-cuctemoii pesynbrar audo
HE MOXET OBbITh NPOBEPEH KOHEUHBIM MOJb30BaTEIEM BOOOIIE HHU MPU KaKHX
YCIOBHSIX, JTMOO CIOXHOCTh MPOBEPKU pE3yJbTara TpeOyeT OrPOMHBIX PECYpPCOB U
YMCTBEHHBIX 3arpar. M elle oqHO 3amMeuyaHue, CBSI3aHHOW C MpOOIEeMOU «UepHBIH
amuK». Jleno B TOM, 4YTO i TOJIHOTO pelieHus o0cyXaaeMon MpoOneMbl
HEJ0CTATOYHO MPUJATh MPO3PAUHOCTh MEXaHU3MY (opMuUpoBaHUs pe3ynbraTtoB M-
cucrtemamu. CiieryeT OMHOBPEMEHHO MOCTAPATHCS MOAHATh U YPOBEHb KOMIIETEHIUI
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rosb30Baresied 3Tux cucreM. Benp Beicokuil cnpoc Ha yeanyru HWMU-cucrem
MOJIZIEP>KUBAETCSI UMEHHO TOJIb30BATEISIMU, KOTOPBIE 3a4acTyl0 He 0C000 00paiaroT
BHUMAaHHE Ha MPOOJIEMY «UEpHOTO siuka». boiee Toro, maxe eciivu aaropuTMbl TOU
K€ HEUpPOHHOU ceTH OymyT Mpo3padyHbIMH U (QopMUpOBaHHE pe3yibrara Oyaer
«OOBSICHEHO» HEKOTOPOH CIEIUaIbHOM JIOMOJHUTEIHFHON TPOrpaMMOM, TO JTaJIeKO He
dakT, 4TO MpEeaBABICHHOE 000CHOBAaHUE OyJEeT YOSAUTEIbHO U MOHSITHO OOBIYHOMY,
HE MCKYUIEHHOMY TO0jab30Barent0. OCOOEHHO 3TO OTHOCUTCS K MCKYCCTBEHHBIM
HEUPOHHBIM CETSIM C MWUIMApJaMU MapaMeTpPoOB, C UX OFPOMHBIM UHCIIOM BECOBBIX
k03hduimeHToB U QyHKUUNA akTuBanuu. [lpeacraBusercs, 4To 31€Ch HEOOXOIUMO
3a/ICCTBOBATh JIOTUKY U JIOTUYECKHUE MpaBuUiia, KOTOPbIE Obl BBHIMVISIACIN HE TOJIHKO
yOeIUTEeIbHO W TPaBAUBO, HO M MOIIM Obl OOBSCHUTH YEJIOBEKYy -- U3 KaKHX
cooOpakeHui ObUT CHOPMHUPOBAH PE3YIIBTAT.

Hpyroii octpoit mpobnemoit coBpeMenHoro MU sBisercss Tak Has3biBacMas
npoonema yenwmpanuzayuu, O3HAYAOUIAsl TMOSBICHUE TEHACHUHUH COCPEIOTOYEHUS
BJacTy M KoHTponsa Hax MU B pykax HEOOJBIIOrO YMCHIA FOPUAMYECKUX JIUII, YTO
MOXKET HETaTHMBHO CKa3aThCsl HA PAa3BUTHUM W MHHOBAIUSX B 3ToW oOmactu. bomee
TOTO, IIEHTPAJTN30BaHHBIN KOHTPOJb 3a cuctemamu Buaa ChatGPT moxkeT npuBecTu
TaKUM HEKOPPEKTHBIM HACTPOMKAM CHCTEMBI, KOTOpPhIE MOTYT TOBJIEYh 3a COOOM
OYEHb CEPbE3HBIC MOCIEICTBUS U MPUUYUHHUTH BpEJ KaK KOHEUHOMY I0JIb30BaTEIIO
CUCTEMBbI, TaK U YEJIOBEUECTBY B 1IeJ0M. JJ1g peleHus 3Toi mpoosieMbl npejiaracTcs
BOCITIOJIB30BAaThCsI OIBITOM NPUMEHEHUS deyeHmpanu3o8antsix pewenuil. Ilpumepom
MOXET CIIY>KUTh TPUMEHEHHE OJIokueiiHa B cepe kpunToBatoT. CaMoi cTabMIIbHOM
KOMIIBIOTEPHOU CEThI0O B MHUpE SBIISIETCS HAa CEroiHs ceThb OsiokdeiiHa butkouHa,
KoTopasi crabuibHO (QyHKUMOHUpyeT ¢ 3 sHBaps 2009 roma. B mnpunHunune,
OnoKuYelHbI, Kak 0a3bl JAHHBIX JJIS XpaHEeHUs UH(POPMAIIMH, BIIOJIHE MOTYT OKa3aThCs
npurogasiMu U st U -pemenuii. [Ipu aToM, 4T00BI H30€KaTh N3BECTHOMN O10KUEliH-
mpuniemsl [1], MOXKHO UCHONIB30BATh MyibmubioKyelinsl. HarloMHUM, 4TO TIEpBBIC
MyJIbTHOIOKYEHHBI Obut aHoHcupoBaHbl emie B 2017 romy OpatbsiMmu Hukomaem u
[TaBnom ypoBeimu B ux «bemoit Oymare» mmsa mpoekra TON [2]. Okazanoch, 4To
MMEHHO Ha pa3MYHBIX YPOBHAX  MYJIBTHOIOKYECHHOB MOXHO  JIOCTUTATh
HEOOXOAMMBIE  TOKa3aTenu s MacluTabupyeMocTH,  O€30MacHOCTH U
neuentpanuzanuu. Camu xe MU-anropuTMbl MOTYT paccMaTpuUBaThCsl KakK yMHble
KOHMPAaxKmal, KOTOpbIE UCIIOJIHSIIOTCS Ha OJIOKYEIH-TIOICTPYKTYpax
MyJIBTHONIOKYEHA, 4YTO  OOECMEeYMBACT  3aAlIUIIEHHOCTb, KOPPEKTHOCTH W
MPO3PAYHOCTh BCEX ONEpAINil, 00ydarouX BHIOOPOK U MPUHATHUS PEILICHUM.

Kpome npobsieM «depHOro suKa» 1 eHTpaau3anuu s coBpeMenHoi MU Bce
Oosiee akTyalnbHOU CTaHOBUTCS npoodnema HHU-ayouma, 3akimodaronascs B TOM, YTO
Jaxe umes AocTyn K anroputMam WM, Mbl HE Bcerga MOMXKEM IPOBEPUTH, Kak
npuHuMaeT pemenus cuctema WU, Oasupyromasics Ha oOydyeHHH Ha OOJBIIMX
MaccHuBax JaHHbIX. [IOHATHO, 4TO JUIsi KOMIIETEHTHOTO aHallM3a TaKUX MPOrPaMMHBIX
pElICHU TOHAMO0ATCS BBICOKO MPO(ECCHOHANBHBIE CHEIUATNCTBI, KOTOPHIX, Kak
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MIPaBUJIO, HE XBATAET U KOTOPHIX HAJIO CHEIUATBHO 00yYaTh.

B cBsi3u ¢ yka3zaHHBIMH BbIII€ TPOOJIEMaMH BO3HUKAET OMACHOCTh, YTO CHCTEMA
NN moxeT nmpuHUMAaTh PEILICHHS, KOTOPbIE WM HEMOHSTHBI IOJIb30BATENI0, WIIU
poCcTO He 00OCHOBaHBl. MIMEHHO MO 3TOM MPUYMHE M BO3HUK 00BACHUMETbHbLI
uckyccmeennuwlit unmeniekm (XAI), tpedyromuii or MM-cucteM mpo3padyHOCTH U
OOBSICHUMOCTH BCEX BBIJABAEMBIX MMHU peE3yJIbTaToB. Takoe TpeOoBaHWE MHOTHE
CTpaHbBI B HACTOSIIIEE BPEMS IBITAIOTCS 00JIeUh B MpaBoByto hopmy. Tak, Hampumep, B
cenTs0pe 2021 roga HamumoHanbHBI MHCTUTYT cTaHAapToB M TexHomorui CIIIA
yTBepAn 4 npuHUUIa 00bICHUTEIBHOTO HCKYCCTBEHHOTO MHTEJUIEKTA [3]:

o Oobvacnenue: VI pomkeH NpenoCTaBIsATh OOBIACHEHHE, KOTOpPOE IIpH
HEOOXOJUMOCTH MOXKHO JCTaTU3UPOBATh.

® Ocmouicnennocms: o0Obsicienue MM nomkHO ObITh MOHATHO MOJIB30BATENIO.

® Tounocms: oObsicHeHne MM 10IKHO COITIaCOBBIBATHCS C AJITOPUTMAMHU
CUCTEMBI

® [ panuywvi: IV He 1OMKEH BBIXOJUTH 32 PAMKHU CBOMX OI'PAHUYECHHUM.

OTH NPUHIMUIIBI OBITM YYTEHBI U KUTAHCKUM TIPABUTEIHCTBOM M YXKE B armpere
2023 roma Ilekun B3sm kypc Ha XAI [4]. Kurail aBTOMaTM4eCKH HAJIOXKUI
orpannuenusi Ha MU-pa3paborku Bcex cBomx MU-xommanwmii. Temeps kommaHuu
pa3paboTynku Oy/leT HECTH OTBETCTBEHHOCTH 3a cBou MU-pemenus (B ToM 4ucie u
3a IeUCTBUA 4aT-00TOB) €CIIU:

® [ICPBOHAYAIbHBIC UICTOYHUKH JAHHBIX HE JIECTUTUMHBI.

® 3a pe3yabTarhl BbIAAYM, KOTOPbIE MOTYT MPUHECTH BpeHd MOJIb30BaTEIIO
CHUCTEMBbI WJTU BBOJISIT €r0 B 3a0TyXKCHUE.

® 33 KOHTEHT, KOTOPbIA HapyIiag Obl OCHOBHBIE MIPUHIIUIIBI COIUATCTUYECKOM
MapTUH.

® 33 NPU3BIBBI K CBEPKEHUIO PEKUMA WUJIU JEHCTBHS, IOPOYAILHNE NapTHIO.

B Poccuu eme B 2021 romy Obul IPUHAT HAIIMOHATIBHBIN CTaHIAPT POCCUICKON
denepanuu no aoBepuTeabHOMY HcKyccTBeHHOMY uHTeiekTy (TOCT P 59276-
2020) [5]: «CucremMbl HMCKYCCTBEHHOTO MHTEIUICKTa: CIIOCOOBI OOeCIeueHuUs
JIOBEpHsI», B KOTOPOM TpUBeeHa Kiaccupukamnus GakTopoB, BIUSIONUX HA KAaYeCTBO
u cnocobHocTs MU-cucteMm BbI3BIBaTH JIOBEpUE HA CTAAUSAX >KMU3HEHHOro Iukia. U
OJJHUM M3 OCHOBHBIX IIYHKTOB 3TOr0 JIOKYMEHTa BBICTYHAaeT OOBICHUMOCTD
MCKYCCTBEHHOI'O MHTEJIEKTA. J[aHHBIM CTaHAapT pacupocTtpaHsercs Toiabko Ha M-
CUCTEMBbI, 00€CTICUNBAIOIINI PEIIEHHE TOJIbKO KOHKPETHBIX MPAKTUYECKUX 3a1a4 U HE
MOXXET OBITh UCIIOIB30BaH JIJIsI CUCTEM «CHIJIBHOTO» Uin «oO1ero» NH.

Y4uuThiBasgs CTOJIb OrPOMHBIM HMHTEpPEC K MpoOjeMe JTOBEPUTEILHOCTH U
oObsicnutenbHocT MM,  aBTOopel  HacTosiiell  pabOThl  MPEACTaBISIOT
OOIIECTBEHHOCTH CBOIO OPUTHHAIBHYIO KOHIIEHIUIO MOCTPOCHUS 008EepUmEnIbHO20
uckyccmeennoz2o unmeniekma (/JHH), oCHOBY KOTOPOH COCTAaBISIET 3A0A4UHbLI
nOX00 K WCKYCCTBEHHOMY HHTEIUICKTy [7-12], oOoOmaronuii B ONpeaesIeHHO
CTEIEHU TAaKHE U3BECTHBIC U MOMYJISPHBIE MOAXO/bI, KAK d2eHmHbll N0OX00 N 00wl
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uckyccmeennwiil unmeniexkm (AGI).

3amMeTuM, YTO YCIIEXU U TOMYJISIPHOCTb G@2EHMHO20 NOO0X00d, U3J0KEHHOTO B
MoHorpaduu [13], Bo-MHOTOM 00s3aHBI YyHAa4YHO BBIOPAHHON CHCTEME MOHATHIA,
BKJIFOYAIOIIEH Pa3IMYHbIC BUJIBI «ar€HTOB» U «BHEIIHEW cpelbl». Paznnunbie 3anaumn
HMCKYCCTBEHHOTO MHTEJUIEKTa pAcCMAaTpPUBAIOTCA B O3TOM IMOAXOJE Kak 3aJadu
B3aUMOJICIICTBHS «ar€HTa» CO «CPENOW», YTO MO3BOJIMIIO €r0 aBTOpaM OCYIIECTBUTH
JETATbHYI0 KIaCCU(UKAIMIO areHTOB, Cpel U, YTO NPHHIMIHAIHHO BaXHO,
pemaeMblx UMM 3aday. TeM cambIM, areHTHbIM MOAXOJ (AKTUUECKU CIEIyeT
3aIa4HOMY MOJXO/1Y, HO TOJBLKO 0O€3 SIBHOTO OINpPEACIICHUS PEIIaeMbIX areHTaMu 3aja4
U yKa3aHUs BCEX MPUCYIIUX MOHITHUIO «3a7a4a» KOMIIOHEHT.

Oowguii uckyccmeennwtii unmennexkm (Artificial General Intelligence, AGI),
0030p KOoTOporo mpuBeleH B [14], mokaszan, 4TO MOJEIUPOBAHUE KOTHUTHUBHBIX
MPOLIECCOB  YEJOBEKAa HE  SBISETCA  O0s3aTENbHBIM  YCJIOBHEM  pEILIEHUs
UHTEIUIeKTyanbHbIX 3ada4. [TosTtomy AGI oTpaxkaer TOT (akT, 4TO UCKYCCTBEHHBIM
WHTEJVIEKTOM B TOW WJIM WHOM CTEMEHU MOXKET 00Jajarh, KaK 4YeJIOBEK WIIM YKUBOU
OpraHu3M C BBICOKOPA3BUTOM IIEHTPAJIbHOW HEPBHOW CUCTEMOM, TaK M aOCTpaKTHas
poboToTexHnueckasi cuctema. Bemgymme paspaborunku AGI (ben I'épmen, Illeitn
Jlerre, Ileit Banr) marot cnenyromiee onpeneneane AGI: «310 cnocoOHOCTH pemiarb
KOCHUMUGHble 3a0a4u B 1EIOM, JCHCTBYs UEJIEHANPABICHHO, aJalTUPYsICh K
YCJOBUSIM CpeJibl uepe3 00ydeHue, MUHUMHU3HUPYS PUCKU U ONTUMHU3HUPYS MOTEpU HA
JIOCTHKEHUE CBOUX 1Heei» [14].

[enb Hacrosimiedt paboOThl — MOKa3aTh, YTO 3aAauHbIi noaxon Kk MM, o6obmas u
pa3BUBasl YIOMSHYTBHIE BBINI€ TOAXOJbI, U TPU OTOM SBISACH IO CBOEH CYTH
AHmMPOnOMophusvImM, MOCKONIbKY, onupasicb Ha Teopuro Dyukyuonanvuvix Cucmem
(T®C) paboter Mosra [15-20], mo3BoMISIET aAeKBATHO MOJEIUPOBATh KOTHUTHBHYIO
[eJICHANPaBIEHHYIO JIeATeNIbHOCTh YEJOBEKa, CIOCOOEH CTaTh KOHIIENTyaJbHOU
OCHOBOM 10BepuTeNbHOro MM 1 cOOTBETCTBYIOLIETO €My MHCTPYMEHTAPUS.

2. 3a0aunslii nOOX00 U €20 MamemMamuiecKas meopus

2.1. 3aoaunsiit nooxoo

[lepBble TOMBITKM MPUJATh TOHATHUIO «3a7ada» TOYHBIM CMBICI ObUIH
npeanpuHaTel  akagemMukoM A.H.KommoroposeiM emie B 30-€ roapl Nponuioro
CTOJIETHSI, KOTOPHIA MCHOJB30BaJI MOHATUE 3aJayd JIJIs ONMUCAHUS MaTeMaTU4eCKOu
CEMaHTUKN UHTYUIIMOHUCTCKOTO MCYUCIICHUS BhICKa3biBaHUM [21]. bosbioil Bkiaj B
CTAHOBJICHHE 3aJIaYHOTO IMOAXO0J/Ia MPUMEHUTENIHO K PEIICHUIO 3aJ]1a4, CBSI3aHHBIX C
CO3JaHUEM U DPA3BUTHUEM TEXHUYECKUX CHCTEM, BHECIA TaKXE WU SMIIUpUYECKas
Teopust Pemenuss M3oOperarensckux 3amgau (TPU3) [22]. Opnako HauOoinee
000CHOBaHHOE, CHCTEMAaTHYECKOE U JCTAIbHOE OMHCAHUE KOHLEIMIIUU 33JIa9HOTO
noaxoma  Obuto  ocymiectBieHo  akagemMukoMm  FOJLEpmoBeiM  u  a.¢.H.
K.®.CamoxBanoBbIM MPUMEHUTEIHHO K TIPOOJIEMaM OCHOBAaHUM MaTeMaTuku [7-8].
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2.1.1. 3aoaunwiii nooxo0 Kk ocnosanuam mamemamuxu u HH. Anamms
MOHATHS 33Ja4d TNPUMEHUTEIBHO K OCHOBAaHMSIM MAaTEMaTUKU HAYMHAETCS CO
CJIEIYIONINX MPOCTHIX paccykaeHud, copmynupoBannbix K.®. CamoxBanoBbiM: « 51
X0Uy MUTH» — YTO 3TO 3HAYUT? HeT, KoHeuHO, HUKaKoW OUTMOKY Iojararh, 4To CJIOBa
« X04y MHUTH» O3HAYAIT MPOCTO BOT 3TO, TAE ATO — OIMPEACICHHOE COCTOSIHUE
CO3HaHUsI, KOTOPOE 51 MEPEKUBAKD CEMYaC M KOTOPOE s UMEHYIO kaxaou. Ho Torma
BO3HMKAE€T HOBBIM BOMPOC: KaK OUIYIICHUE KaXAbl (XOTEHHUS) CBSI3aHO C
(dakTnueckuM TUTheM (ymoBieTBOpeHHeM xoTeHus)? OTkyga s 3HaKw, 4YTO
YIIOBIETBOPUThH KakAy MOXKHO NUTheM? COIEpXKUTCS JIM B CaMOM NEPEKUBAHUU
YKaXKbl CO3HAHUE TOTO, YEM ATy KaXIy MOXHO YAOBIETBOPUTH? ... 3HATH JKEJIAHUE
HE O3HauaeT 3HATh >KEJaeMoe, a O3HauyaeT CIOCOOHOCTh Y3HATh KEJIaeMoe», T.C.
UMETh KPUTEPUH yJOBICTBOPECHUS KETaHUS.

Taxum oOpazom, 3aada onpeseneHa (OCMBICIIEHA) TOTJa U TOJIBKO TOTNa, KOrja
y Hac €CTb Kpumeputi peuleHHoCmu 3a0auu — KPUTEPUM TPOBEPKH TOrO, YTO
JNEUCTBUTEIBHO JIM TPEIBSBICHHOE pEUICHUE SABIISIETCA pEUIeHWeM 3ajadd. B
MaTeMaTUYeCKUX TEOPUSIX TaKUM KPUTEPUEM CUHTACTCS HAIUYUE O00KaA3ameibCmed
pemrenus 3agaun. Ho 3TOT kpurepuii IpUMEHUM TOJIBKO TOTZA, KOTAA B paMKaX caMOu
dbopManbHON CHCTEMBI MBI MMEEM KakK JI0Ka3aTelbCTBO PEIICHHS 33134, TaK U
BO3MOXHOCTh  YOEIUTBhCS CpPEACTBAMH CaMOM K€ CHCTEMbI, 4YTO JIaHHOE
JIOKa3aTelIbCTBO JICUCTBUTENBHO SBISIETCS pelleHueM 3agadd. B [7-8] ObL1O
JIOKa3aHO, YTO TOJBKO B «CIA0bIX» (OpMajbHBIX cUCTEMaxX ([Ji1 KOTOPBIX HE
npoxonut Teopema ['€nenst) Mbl MOXKEM CpeACTBaMHU caMOil (pOpMajbHON CHCTEMBI
OTIPENICTUTD, SBJISIETCS JTU HEKOTOPBIA TEKCT J10KAa3aTeIhLCTBOM PEIICHUsS 3a7aud Win
HET.

B pesynbrare nporpamma ['unb0epra 000CHOBaHUS MareMaTUKH JOHKHA OBITh
nepedopMyIMpoBaHa CIEAYIOIMM 00pa3oM: HE HYXHO JUIsi BCEed MareMaTHKu
JTOKa3bIBaTh €€ HEMPOTUBOPEUMBOCTh, KaK 3TO OBLUIO MPOBO3IVIAIIEHO B HCXOJHOM
nporpamme ['minbbepra — 3TO HEBO3MOXHO M HEHyxHO. Hamo dopmynupoBars u
pemiath 3a7a4yu B paMKax M CPEICTBAMH COOTBETCTBYIONIUX CIIa0bIX (hopMajbHBIX
CUCTEM.

2.1.2. Ilonamue «3adaua» 6 uckKyccmeennom unmeiiekme. Onpenenum
TENepb TMOHSITHE «3aJadya», CTaBsl CBOEH LEIbI0 PACCMOTPEHUE MAKCHUMAaIbHO
IIMPOKOTO Kpyra 3ajay, 4YTO XapakTepHO [Jisi TaKOro HamnpaBJICHUs, Kak
ucKyccmeennwlii unmeiniekm. llpusenem cHavyana HepopmManbHOE ONpeIeTIeHUE.

3agaua omnpejereHa B TOM U TOJIBKO B TOM Cilyyae, Korja B ee (hOopMYIUPOBKE
MIPUCYTCTBYIOT:

- yKazaHWe TMpeAMETHOW o0jacTv, 3apUKCUpPOBaHHBIE B BUJIE HEKOU
dbopManpHON MOJAENW, BKJIOYAs OMHCAaHWUE CUTHATYpbl M CTPYKTYpPHl SI3bIKa
(OHTONOTHH), a TaK)Ke 3HAHUS O MPEAMETHON 00JIaCTH, BKJIIOYAsT MCXOAHBIC JIaHHbBIC,
(baKThl ¥ TUIIOTE3HI;

- Ha Kako¥l 3ampoc (Bompoc), chOpMyIHpPOBaHHBIA B 3ajade K MPEIMETHOMN
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00J1acTH, MBI IOJKHBI TIOTYYUTh OTBET (pELICHUE 3a]1a4uK );

- KPUTEPHIl YIOBIETBOPEHHUS 3alIpoca — B KAKOM CIy4ae MOXHO CUUTATh, YTO
OTBET (pelleHne) Ha 3arpoc (BOIPOC) MOTYUEH;

- B KAKOM KOHTEKCTE CJEAYyeT MCKAaTh OTBET (PEIIECHHE) Ha 3ampoc (BOMpoc) —
KaKyl0 1IeJIb MBI IIPECIeAyeM, pelas 3ajady, T.e. YTO Mbl 0KHJIA€M OT IMOJTYYEHHOIO
pe3ysibTara MW KakoOBbl €ro MOCJEACTBUS U 4YTO Jeiarb, €CJIH OTBET OKa)KeTCs
OTPHUILIATEIIbHBIM.

[Ipennaraemsplil 3aAa4Hblid MOAXOJ MPEANONAracT, YTO HUCTUHHOE HA3HAYECHHE
HMCKYCCTBEHHOIO HHTEJJIEKTa COCTOMT B aBTOMAarW3allMM PEIICHUS  3aj1ad,
npeAmnojaras, 4Yro 3ajadyd  (QOPMYJIHUPYIOTCS B TEPMHUHAX  HCIOIHUMBIX
(mexnapaTuBHBIX) crenuduUKauii, pacCMOTpPEeHHBIX nanee. Kpome Toro, BBeIeHHOE
HaMM TOHATHE 3aja4da, B ominuuu oT AGI, kak MBI TOKakeM Jajee, aJeKBaTHO
MOJCIIUPYET  LICJICHANPABICHHYK JAECATEIbHOCTh YEJIOBEKA W IKUBOTHBIX B
coorBercTBUH ¢ TOC.

2.1.3. Ilonamue «3adaua» 6 KocHumueHvlx Haykax. OO0OIICHHEM MOHATHUS
3a7aya B KOTHUTUBHBIX Haykax siBisieTcs nousatue Ieau [15-16,20]. Llenp Henb3s
JIOCTUYb, HE UMESI KpUTEPHS €€ JOCTUKEHUS, NHAUE BCEra MOXKHO CUMTAaTh, YTO OHA
yxe pocrurayTta. Ilostomy QopmynupoBka Ilenm Bcerma mgomkHA BKITIOYATH
Kputepuil noctrxenus nenu. Jlocrmwkenue Llenu naer onpenenennsii Pesynomam.

EnuHCcTBEHHON (PU3MoIOrndyeckoi Teopuel, B KOTOpod noctwxkeHue llenn u
nojiyueHue Pesynprara paccMarpuBaeTcsl Kak pEHIeHMEe MO3IOoM  3aJayd 110
VIIOBJIETBOPEHUIO HEKOTOpPOH moTpeOHOCTH, siBisieTcs: Teopus @YyHKUUOHATbHBIX
Cucmem 11K Anoxuna [15-20]. DTta Teopus Takxke BBIABIAET (HU3UOJOTUYECKUE
MEXaHU3Mbl JOCTHIXKEHUS 1LIeJIM W pemeHus 3Tod 3amaun Mo3rom. [L.K. Anoxun
nucait: «[loxanyil, OTHUM U3 CaMbIX APAMATHYECKHMX MOMEHTOB B UCTOPUH U3yUEHUS
MO3ra Kak MHTETpaTUBHOTO 0Opa3oBaHMs ABIAETCS (PUKcalus BHUMaHUA HA CaMOM
JEUCTBUU, a4 HE HA €ro pe3yiapTarax ... Mbl MOXEM CUYUTaTh, YTO PE3YJIbTaTOM
«XBaTaTeIbHOTO pediiekcay OyldeT He caM0 XBaTaHUE Kak JCWcTBUE, a Ta
COBOKYMHOCTh a((PepeHTHhIX pa3ApakeHu, KOTOpas COOTBETCTBYET IPU3HAKAM
«CXBauCHHOTO» TpenMeTay. «COBOKYMHOCTh apdepeHTHBIX pa3apakeHUN» U €CTh
kputepuil poctwxkenusa ueau B TOC. Llensro B TOC sBnsercs ynoBIETBOPEHUE
HeKkoTopolt moTtpeOHocTH: «Kaxmgas moTpeOHOCTh, AaXKe MPU HE3HAYUTEIHHOM
OTKJIOHCHUHU J>KM3HEHHO BaXXHOW (YHKIMU OT ONTUMAJBHOIO MJii MeTadoin3Ma
ypoBHS (B 4€M U TMPOSBISETCS MNOTPEOHOCTb), HEMEIJEHHO BOCIPUHUMAETCS
CIeIUAJIbHBIMU PEIICNITOPHBIMU armaparamMmmuy (KpUTEpUeM JOCTUKEHUS LIEIIN).

CornacHo I1.K.AHOXHHY, IECHTpaJIbHBIE MEXaHU3MbI (DYHKIITMOHATBHBIX CUCTEM,
o0ecCreynBarolnX IeJICHANPABICHHbIE MOBEICHYECKUE aKThl, UMEIOT OJHOTUITHYIO
aApXUTEKTYPY.

2.1.2.1. Apppepenmnwiit cunmes. HayanbHyto CTaaui0 MOBEACHYECKOTO aKTa
000 CTETNeHH CIIOKHOCTH COCTaBIIsSIeT aQepeHTHBIN CUHTE3, BKIIIOUAIONIUN B ce0s
CUHTE3 MOTHBAIMOHHOTO BO30OYXJEHUSA, MaMATH, OOCTAHOBOYHOW W IyCKOBOU
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addepenTanuu.

Momueayuonnoe  6030yrycoenue. IlocTaHOBKA 1€IM  OCYIIECTBIISIETCS
BO3HUKIIEH MOTPEOHOCTHIO, KOTOpass TpaHCPOpPMUPYETCS B MOTHBAI[MOHHOE
BO30YXKJICHUE.

IHamams. MoTUBalIMOHHOE BO30YXKICHHUE «HM3BIEKAeT U3 TMaMATH» BCE
BO3MOXXHBIE CITOCOOBI JOCTIDKEHHUS IIeJIM, a TaKKe BCIO TOCIIENOBATEILHOCTh U
UEPAPXUI0 PE3yIbTATOB, KOTOPHIC MOJKHBI OBITh MONYYEHBI TSI JTOCTHKCHHS IIEIN
HEKOTOPBIM KOHKPETHBIM CIIOCOOOM.

Oocmanoeounasn appepenmayusn. [lpyu nocTvKeHUn 1eiu, GUKCUPyeTCs U Ta
00CTaHOBKa, B KOTOPOM yAaJIOCh MOJIYUYUTh pe3ysbTaT. DTa 00CTaHOBKa (DUKCUPYETCs
KaK HEOOXOIMUMBbIC YCIIOBUSI Hapsly C MOTHUBaIMed TpeOyemblie ISl JOCTHUIKEHUS
pesynbrara. [losToMy MOTHMBallMOHHOE BO30YXKJIeHHE B JaHHOW OOCTaHOBKE
«U3BJIEKAET U3 MAMSITH» TOJIBKO T€ CIOCOOBI JOCTHKEHUSI LI€TTU, KOTOPbIE BO3ZMOXKHbI
B JaHHOW oOctaHoBke. Takum oOpa3oM, oOcrtaHoBouHas addepeHTanus, Ipu
B3aUMOJICIICTBUM C U3BJICUECHHBIM U3 MAMSTH OIBITOM, ONPEIEISIET, YTO U KaK MOKHO
c/enaTh B JaHHOM 0OCTaHOBKE JJIS TOCTUKCHHUS IICIIH.

Ilyckosasn aghpepenmanyun. IlyckoBas addepeHTauss TakKe SBISICTCS
oOcraHoBouHOK addepeHTanme, TONIBKO CBSI3aHHOM CO BpPEMEHEM W MECTOM
ToCTIKeHHs pesyibrara. [lyckoBas adeperTarus oTBedaeT Ha BOIPOC, IJIe U KOTa
MOXXHO JIOCTUYb PE3YJIbTAT.

2.1.2.2. Ipunamue pewenuni. Ha craguun addepeHTHOro CHUHTE3a
MOTHUBAIIMOHHBIM BO30Y>KJI€HHEM MOXET OBbITh HM3BJIEYEHO U3 MaMsATH (B JaHHOU
00CTaHOBKE) HECKOJIBKO CITOCOO0B JOCTHKEHHUSI 1ienn. Ha cTaauu npuHaTHs penieHus
BBIOMPAETCS TOJIBKO OJMH M3 JITHUX CIOCOOOB — KOHKPETHBIM TIUIaH JICUCTBUM.
«BpITArMBasH) W3 MaMATH BECh HAKOIUICHHBIA OMBIT, MOTHBAIMOHHOE BO30YKICHUE
npeoOpa3yercsi B KOHKPETHYIO 11eJib, OMPEACIISIONIYI0 CIOCO0 CBOEro JOCTHKEHUS.
KonkpetHas 1ienp Ha3biBaeTca B TOC «BbICHIEH MOTUBALIUE».

2.1.2.3. Akuenmop pes3ynomamog Oeiicmeus. MOTUBAIIMOHHOE BO30YKJICHUE
«H3BJIEKAET U3 MaMITU» TakKyKe BCIO MOCJEI0BATEIbHOCTh U UEPAPXUIO0 PE3YJIBTATOB,
KOTOpBIE€ JOJKHBI OBITh TIOJIYYCHBI [IJI1 BBITIOJHEHUS TIUIaHA JEWCTBHA. JTa
MOCJIEIOBAaTENIbHOCTh HasbiBaeTcss B TAMC akuentopom pes3ysbTaToOB JEHCTBUA.
AKIENTOp  pe3ylbTraroB  JACHCTBHUS  MPEJCTABISIET COOOM  JOMUHHUPYIOIIYIO
notpedbHocTh (Llenp) opranusma, TpanchOpMHUPOBAHHYIO B (OpME ONEPeKaroiIero
BO30Y)KJICHUSI MO3Ta, Kak Obl B CBOEOOpPA3HbINM KOMILIEKCHBIM perenTop OyayIiero
MOJKPETUICHUS, SBJISIONTUNACS KPUTEPUEM JOCTUKEHUS KOHKPETHOM 1ICJIH.

2.1.2.4. Ilookpennenue. Canxkyuonupywuias cmaousa. Ecnu B pesynbrare
BBITIOJTHEHUSI KOHKPETHOTO IJIaHa JAEUCTBUH 1elib Oy/eT AOCTUrHyTa (MOTPeOHOCTH
YIOBJIETBOPEHA) M BCE PE3YJIbTAThl aKIIENTOPa Pe3yJIbTaTOB JACUCTBUS MOIYyYEHbI, TO
BO3HUKAET IMOCIEIHASI CAHKIMOHUPYIOIIAsl CTajgusi, B KOTOPOM OCYIIECTBISETCS
YJIOBJIETBOPEHUE TOTPEOHOCTH M 3aHECEHHE BBIMOJIHEHHOTO KOHKPETHOTO TUIaHa
JICUCTBUU B IIaMATh.
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2.1.2.5. @opmanvnaa moodenv @ynukuyuonanvhvix cucmem. OCHOBBIBASICH HA
paborax [16-17,20,23] mo ¢dopmanuzanuu (QyHKIIMOHAIBHBIX CHCTEM, Oblia
pazpaborana  (GopmanibHas ~ MOAENb, CYMMHUpPYIOIIass OCHOBHBIE  CBOWCTBA
(GYHKITMOHAIBHBIX CUCTEM:

1. ucnionp3yet HopMabHYIO MOJEIb HEHpPOHa, OOHAPYKUBAIOIYIO0 TPUYUMHHbBIC
CBSI3M U OCHOBAaHHYIO Ha CEMAaHTUYECKOM BEPOSITHOCTHOM BBIBOJIE;

2. OCYIIECTBIISIET IIOCTAaHOBKY LEIM B IIEJICHAIIPABICHHOM IOBEACHUH,
dbopMUpyeT PYHKIIMOHAIBHYIO CUCTEMY M aKLENTOP Pe3yJIbTaTOB JAEHCTBUS, KOTOPbIE
HEIMPEPBIBHO CBEPSIOT JOCTUTHYTHIE pPE3yJbTaTbl C OXUIAAEMBIMH B aKLENTOPE
pE3yIbTaTOB JCUCTBUS;

3. aBTOMarnuecku GopMUpPYET MOALETU U MOAKPEIUISIET JOCTHKEHUE MOALICIIEH,
€CJIM UX JOCTH)KEHHUE YBEIUYMBACT BEPOSTHOCTh JOCTHIKEHUS KOHEUHOM 11€JIH;

4. MOIETUPYET CEHCOPHbIE KOPPEKIINU;

5. BbIOMpaeT JCHCTBHME B pEalbHOM pPEXKHME BPEMEHH C YYETOM TEKYyIIeH
CUTyalluu U noiydaemon addepenranmu;

6. IUIAaHUPYET IOCTMIKEHUE LI B COOTBETCTBHM C IOCJIENO0BATEIBHOCTBIO U
uepapxueil  QyHKIMOHAIBHBIX CHCTEM II0 JIOCTHKEHHUIO BCEX pe3yJIbTaToB,
TpeOyEeMBIX JJIS TOCTHUKCHHSI KOHCYHOU 11ETIH;

7. IPUHUMAET pelIeHrEe 00 ONPENEIEHHOM CII0CO0E TOCTUKEHUS LENH.

[IpoBeneHHbIE HKCIEPUMEHTBI MOKa3bIBAIOT «ECTECTBEHHOCTbY u
3¢ (HEKTUBHOCTH NOBEICHHUS TOJTYYEHHBIX aHUMATOB.

JlaHHas MOZAENb YCIEIHO IPUMEHSIIACh Il MOIEIMpOBaHus anumaros [20,23-
25].

2.2. Mamemamuueckasn meopus 3a0a4H020 NOOX00a - CEMAHMUYECKOE
Mooenuposanue

[lepeitnem Ttemepp Kk (QopmanbHbiM  ompeneneHusiM.  Onpenenum  S3bIK
cnenuuUKanii 3a1a4, ONMUPasiCh Ha JOTHKO-MAaTEMaTHYECKYI0 TEOPHUIO 3aJIa9HOTO
MOJIX0/1a - CEMAaHTUYECKOE MoJierpoBanre. B kadecTBe KoHIENMK 0a30BOM MOAEIH
BBIYHCIICHUN TPEJIaraeTCsl B3ATh KOHIEMIIUIO Y -onpederumocmu sviyucienuti [26],
JIOTIOJIHUB €€ HNpoyedypol NposepKu UCHMUHHOCMU Y -)OpMY HA MHO20COPMHOU
KOHCMPYKMUGHOU Mooenu M, paccMaTpuBaeMOll COBMECTHO C €€ CIHCOYHOU
HajcTpoiikoit  HW(M), wu  Konyenyueii  OMHOCUMENbHOU  BbIYUCIUMOCHIU,
donyckarowell Ucnonb3osearue opaxynon [27-32].

IIycte M HekoTopoe MHOXecCTBO. OmpenenuM MO0 HWHIYKIIMH MHOXECTBO
HW(M) nacreocmeenno koneunwvix cnuckos Haji M:

HW,M) = {J};

HW,. (M) = HW,(M) ULisp(HW,(M) U M));

HWM) = n =00HW,(M),
rae Lispo(X) ecTb MHOXKECTBO BCEX KOHEUYHBIX CIHUCKOB, COCTOSIIUX W3 3JIEMEHTOB
MHOkecTBa X. [lycTh 4 MHOTOCOpPTHAsI KOHCTPYKTHUBHAS MOJI€NIb CUTHATYPhI G, T/e
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M - 6asucHoe MHOXecTBO 310l Momenu u myctb (HW(M)UM) ecth 0GasucHoe
MHOXeCTBO pactiupeHHod moaenu HW(.#) curnatypsl 6* = ¢ U {nil, head, tail,
cons, conc, =, €, <, U}, rne HOBbIe (yHKIIMOHAIbHBIE CUMBOJIBI UMEIOT €CTECTBEHHYIO
UHTEpIIpEeTallui0  Omepaluii  cO  CIOUCKaMH, a  MpEeAUKAaTHblE  CHUMBOJIbI
UHTEPIPETUPYIOTCS KaK OTHOIICHHUS, T7I€ = €CTh OTHOIIEHHE PaBEHCTBA CIMCKOB, € -
OTHOILIEHUE «OBITh AIIEMEHTOM CIHUCKa», < - OTHOLICHHE «OBITh HAYAJIOM CIIHCKa» U
rie UMHW(M)) = M. bynem nazbiBats moaens HW(.4) paciuupeHHON CUTHATYPBI G*
HAOCMPOUKOU HACIEOCMBEHHO KOHEUHbIX CHUCKO8 Ol MoOenu A Wi TPOCTO
CRUCOUYHOU HAOCmpoUKol Hao M. Jlanee Mbl OyneM paccMaTpuBaTb MHOTOCOPTHYIO
KOHCTPYKTUBHYIO MOJIEJIb 4/ BMECTE CO CBOEH cnrcouHOor HaacTporkod HW(.#) kak
HEKUW WCXOMHBIN 0a308blil GbIYUCIUMENb, Y KOTOPOTO BCE CUTHATYPHBIE CYIIHOCTH
NPEACTABISIOT COOON BBIUMCIMMBIE KOHCTPYKIHMHU. KpoMe TOro, MbI JOIyCKaeMm
TaK)ke BO3MOXKHOCTh O0OTAIIEHUsI CUTHATYPhI G* JOMOIHUTEIbHBIMU MPEIUKATHBIMU
U (YHKIMOHAIBHBIMU CHMBOJIAMH, YacTh KOTOPBIX OyIET HCIOJB30BaThCA Kak
MpeIUKaTHbIE U (PYHKIIMOHAJIbHBIEC TEPEMEHHBIC, 4 y OCTaJIbHBIX B KaueCTBE HX
WHTEPHIpPETAlMA  BBICTYNAIOT HEKHE  6HeWHUe BBIYUCIMMBIC  KOHCTPYKIIUH,
Ha3bIBaeMbl€ HAMU B JlajbHEHILIEM opaKyiamu.

EctecTBeHHBIM 00pa3oM B HaIlIEM S3bIKE OTPEACIISIOTCS TEPMbI U aTOMapHbIe
dbopmynbl curnatypsl 6*. Knacec AO—popmyi curaatypsl 6* onpenensercs Kak
HaMMEHBIINHI Kiacc (OpMyJl, COAEPKALIUN BCE aTOMHbIE (POPMYJIbI U 3aMKHYThIi
OTHOCHUTENIBHO —, [ ],[ ], —, [1xe€a, dxea, Vx<a, dx<a, rae a — 3To TepMm. Hamomuum,
YTO 3/IECh «©) 03HAUACT «OBITh AIEMEHTOM CIIHCKa», a «<» — «ObITh HaYaJIbHBIM
nojacnuckom». BeipaxkeHust Buja Vxea, dxea, Vx<a, dx<a najnee Mbl OyJieM Ha3bIBaTh
OTpaHUYEHHBIMU KBAHTOPaAMHU.

Nwmes kmacc AO—dopmyn ompeaenum Tenepb kiacce ) —opMysa CUTHATypel G*
KaK HauMEHbIIUMU Kiacc ¢opmyn, comepxkamuid Bce AO—(popmynbl U 3aMKHYTHIN
OTHOCUTENBHO A, V, Vxea, dxea, Vx<a, dx<a W HEOrpaHWYEHHOIO KBaHTOpPA
CYLIECTBOBaHMUS IX. 3aMETUM, YTO B HAllleM SI3bIKE€ Mbl BIIOJHE KOPPEKTHO MOXKEM
MUcaTh Takke (QopMysbl, y KOTOPHIX J00aBICHBI OrpaHUYEHHBIE KBAHTOPHI BHJIA
«Vx=t» u «Ix=t», rme t — Tepm. Herpynno y6em/m>c;1 B TOM, YTO TaKW€ BBIPAKCHUS
JIOTHYECKH SKBUBAJCHTHHI IO CBOEMY CMBICIY OIEparopy MPUCBAMBAHUS «X:=t» B
TPaJAULIMOHHOM MPOTPAMMHUPOBAHHH.

Hexoe ortHomienne B HW(.4) Oynem Ha3blBaTh ) —OmMHOUEHUEM, €CIH OHO
ABIIAECTCS ) —ONpPEACNIUMBIM, U AjomHouienuem, €cid OHO A¢—OINpeaerIuMo.
YactuuHo onpeneneHHas GyHkuus spusercs ) —pyukyuei (Aq—gynxyuen) B HW( )
ecnu ee rpaduk Y —onpeaenum (A—ompenenum).

BBenem Temeph OYe€Hb BaXKHOE JJIs JAbHEWINEro W3JIO0KEHHUS TOHATHE
dbopmynbHOM ompenenumocT. Ilycth 3amana Hekoropas wmomenb R = (R;

n, n o

P, ..., P, ). Bynem roBoputh, 4TO MOIeNb ‘R SABISETCS X—ONPECTHMON Ha

HW(.4#), ecnm cymectBytor X—ompeaenumoe mnoaMHoxectBo S € HW(4) un
n n,

oToOpaxkeHue 1 : S — R Takue, yTo p-—mpoodpassl npegukaros £, ..., P, m = a
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TaKXke U-TPpooOpas3bl UX JOMOTHEHUN SIBISIOTCS X—oTHOIeHUussMH B HW(.#) (kak
paBuiio, ¢ mapameTpamu). JlaHHoe onpeneneHue MOXXHO KOPPEKTHO 000OIIUTh U Ha
ciliy4ail Mojeniell, B CHTHaTypy KOTOPBIX TIOMUMO TMPEAUKATHBIX BXOJAT U
(byHKIIMOHABHBIE CUMBOJIBL. BaKHOCTH JAHHOTO OIpEAeNieHUs 3aKII0YaeTCsl B TOM,
YTO OHO TMO3BOJSIET HaM (OpMaIBHO 3aJaBaTh MOJIEIh HEKOM MPEeAMETHON o0siacTu
KaKk Ha0op ) -OmpeaeNieHni HaIlero s3bIKa, T.€. Kak Habop ) -GpopMyn U ) -TEPMOB.
[Ipn 3TOM HAOIMYCKAIOTCS PEKYPCUBHBIE CXEMBI Y -ONPEACNCHUH C HEKOTOPHIMU
OTPAaHUYCHUSIMU Ha BXOXKJIEHUS B HUX OMPEACNIIEMbIX MPEIUKATOB U TEPMOB. 3ampoc
K MOJEJIM MPEAMETHOW O0OJACTH MBI ONpPENETUM TaKXKe Kak Y -GopMyiy, B 3alUCH
KOTOPOMl MOTYT UCIIOJIb30BaThCS KaK CHUTHAaTypHbIE KOHCTPYKIIMU  0a30BOM
KOHCTPYKTUBHOM MOJIENIM, TaK U ONpEAeisieMble MPEIUKaThl, 1 T€PMbI MPEIMETHOM
o0nacTH.

[IpuBegem  HekoTopbie  (DaKThl,  XapaKTEPUIYIOIIUE  UCKIIOYUTEIbHYIO
BBIPA3UTEIBHYI0 M  BBIYUCIUTENBHYIO CHJIy BBEIEHHBIX HAMU TOHIATHH U
KOHCTpYyKuui [28-31,33-41]:

e Ecium wucxomnas wmojenb # SBASETCS BBIYUCIUMON (TIOJTHHOMHUAIBHO
BBIYUCIIMMOM), TO €€ CIUco4Hasi HaacTpoilka HW(.4) Takxe SBISETCS BBIYMCIUMOI
(MOTMHOMUATILHO BBIYUCIUMOM ).

e Ecmu wMopenb 4 TOIWMHOMUAIBHO BBIUKCIMMA, TO B €€ CIUCOYHOU
HaacTpoiike HW(. ) dyskunn, onpenensieMble TEpPMaMH, SBISIFOTCS —TaKXKe
MOJIMHOMHAJIBHO BBIUUCIUMBIMH.

e Ecimu wucxomHas MOJCHL 4 SIBISICTCS BBIUMCIMMOM, TO B €€ CITMCOYHOM
HajcTpoitke HW(.A) ) -OTHOIIEHUS SBISIIOTCS PEKYPCUBHO NepeyUcIuMbiMU, a ) -
byHKIMM - gbruuciumvimu. JIaHHBIM  (QaKkT OOBSCHSET COAEpKAHUE TEPMUHA
«popMmysbHas ONPEIETUMOCTh BEIUUCTUMOCTHY.

e Ecimu w™mopenb 4 TNOMMHOMHAIBHO BBIYHCIMMA, TO B €€ CIHCOYHOU
HajgcTporike HW(A4) wuctuHHOCTH Kaxaoh Aj—dopmynsl  o(Xi, ..., Xpn)
MOJIMHOMHUAIHHO BBIYUCIIMMA.

e Jlna paspemimMor MOAENU 4/ W €€ BBIUMCIMMON CIIMCOYHOW HAIACTPOMKHU
HW( M) nx Teopuu, K COXKAICHUIO, HEpa3peuumbl.

e B wmomemm HW( ) nns n-MeCTHBIX ) —OTHOIICHHWH  CYIIECTBYET
yHuBepcanbHoe (n+1)-mectHoe Y —ornHomenue P™'(X; Xi,..., X,) Takoe, 4ro s
KaxJi0oro Y —otHomenust Q"(xy,...,X,) HalIeTCs JIEMEHT a Takou, 4yTo Q(Xi,...,Xn) <>
P(a; xi,...,X,). B Toxxe Bpemsi yHUBEpPCAJIbHBIX BBIYMCIUMBIX (DYHKIIMH B MOJACIH
HW( M) ne cymecTByerT.

o Ilyctb @(Xi , ..., Xn; QF) ectb ) -popmyna ¢ MO3UTUBHBIM BXOXKJICHHUEM
npenukara Q(X,...,X,) U MyCTh mpenukar Q SBISETCS N-MECTHBIM OTHOUICHUEM B
cniucouHot Hajcrpoiike HW(.4). Onpenenum oneparop G na HW( 4):

G(Q) = {(ay, ..., an)| HW (M) Eo(ay, ...,a.; QH)}.

torga omneparop G sABASETCSS MOHOTOHHBIM W HMEET HAUMEHBIIYIO
HEMOJIBIDKHYIO TOYKYy, KOTOpas ) -ompeaenuma. OTMETHM, YTO HWMEHHO JTa,
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Ype3BBIYAHO BaxkHas, TeopeMa ['aHau MO3BONSIET MPH (POPMATEHOM OMpPEICIICHUN
IPEIMETHBIX 00JIaCTe HCIIONB30BaTh PEKYypCHUBHBIC KOHCTpyKiuu. [Ipu 3ToM, Ha
MO3UTUBHO BXOAMMBIA B ) -hopmyny O(X; , ..., X, Q+) mpenukarHeiii cumBon Q+
4acTo 11eJIecCO00pa3HO CMOTPETh JIMO0 KaK Ha OMpeeIsieMblil pEKypCUBHO MPEIUKAT,
amb0 Kak Ha BBI30OB OpaKyna, JOMyCKas TEeM caMblM B HaIlle KOHIEMIIUU
CEMaHTUYECKOM BBIYMCIMMOCTH TaK Ha3bIBAEMYIO OMHOCUMENbHYIO GbIUUCIUMOCHb —
WCKITIOYUTEIIPHO CHJIbHBI WHCTPYMEHT MOJCIUPOBAHMS, B YAaCTHOCTH  CIOXHBIX
UEPAPXUICCKUX CTPYKTYD.

Ha mpakTtuke mpejraraeTcst OrpaHUIUTHCS KITaccoM Ag-popMysl. 3aMEeTHM, UTO C
MTOMOIITBI0 Ag —OTIPEICIICHI MOYKHO 3HAYUTEIHHO TIOBBICUTH BBIPA3UTEIBHYIO CHITY

HaIlleTO0 HMCXOJHOTO S3bIKa ITYTEM BBEACHUS B PACCMOTPEHHE TaK Ha3bIBAEMBIX
VCIOBHBIX W peKkypcusuvlx Ny — mepmos [34-35]. Tak, nHampumep, eciu ¢ - Ap-

dbopmyna, a t; u t, — TepMmbl, TO Tpoka (@,t;t,) €cTb YCIOBHBIM A, —mepm,

MHTEPIIPETALNEl KOTOPOTO CIY>KUT CIIEAYyIOllas BBIYMCIHUTENbHAS CXEMa: €CIU ¢
MCTHHA, TO UCIIOJHSETCS TEPM t;, B IPOTUBHOM ciiydae — TepM t,. C UCIONIb30BaHUEM
Pa3TUYHBIX UTEPANMOHHBIX M PEKYPCUBHBIX CXEM BBIYHCICHUN IMOXOKHUM 00pa3oM
OMpENENsAOTCs  peKypcuBHbie  TepMmbl  [35].  OOoraimieHHbId  MOJOOHBIM
KOHCTPYKIUSAMH SI3bIK A—OIpeesieHHil MpeACcTaeT KaKk BEChbMa BbIPA3UTEIIbHBIM
JLOCUKO-(DYVHKYUOHATbHBIU _A3bIK _Modenuposanus. VI 4TO OYeHb BaXXHO — TakKoe
oOoraimieHue COXpaHseT MCXOJHYI0 MOJWHOMHUAIBLHYIO BBIUUCIUMOCTh. bonee Toro,
OBLJIO TMOKAa3aHO, YTO MPHU ONPEJCIECHHBIX YCIOBUAX BEPHO M OOpaTHOE — Kaxkaas
MOJIMHOMHAJIBHO BhIuKcuMast pyHkius sisisiercs AQ —onpeaenumoit [39]. s aToro
OyZIeM HCTIONb30BaTh 0oJiee MPUEMIIEMbIN Ha MPAKTUKE A3BIK CrielUPUKAIMN 3a7a4 B
kiacce Ao-dpopmyn. bynem roBoputh, uto 3amada P ghopmynsno npeocmasuma B
HW( M), ecnn:

- npeomemHas o0obaacmvs_MOXET ObITh 3a/J1aHa B BUIE Aj-mojenu P curHatypsl
cnucouHo Hanctpouiku HW( ), T.e. xak HaOoOp Aj-omperaeneHuii (eme pas
HAIIOMHUM, YTO JIOITyCKAIOTCA PEKYPCUBHBIE Aj—OIpEIEICHUA);

- yKa3aH 3anpoc K Aj-monenu P nu6o B Buge Ap-popMyiibl @, 1100 B BUaE Ay-
TepMa t.

- B Ka4eCTBE omeema Ha 3anpoc (T.e. pewenus 3adayu P):

- eciau 3anpoc K Ap-momenu P umeeT Buix Ap-popMynbl @, TO HILYTCS
KOHKpPETU3AIlMU CBOOOJHBIX MEPEMEHHBIX (P, MPU KOTOPHIX (opmysa ¢ SBISETCS
UCMUHOU,

- €CJIM 3anpoc UMeET BUJ Aj-Tepma t, TO sbiyucisemcs 3HadeHue Ay-repMma t.

3nech  BaXXHO TMOAYEPKHYTb, YTO HUCTUHHOCTh A¢-hopmynbl  3ampoca,
MOJIy4a€MOM MOJCTAHOBKOW KOHCTAHT BMECTO IIEPEMEHHBIX, U €CTb KPUTEPUU
pemieHHOCTH 3a7auu P. 3ametnM, uTo HAOOPOB KOHCTAHT, Jenarorux Ao¢-hopMmyry
3anpoca MCTUHHOM, MOXET OKa3aTbCsli HECKOJIBKO M IMOTOMY €CTh BO3MOXHOCTH
BBHIOOpA B KAKOM-TO CMBICJIE «HAWITYYIIIET0» PEUICHUS C YYETOM KOHTEKCTa PElICHUS
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3amauu. B 3TOM ciydae KpuTepuil pElIEHHOCTH 3adaud P JOIKEH COAEpKarh U
KpUTEpHUil BHIOOpAa HAWJy4IlEro OTBETa Ha 3ampoc. Tak MOHUMAeMbI MOIXOA K
bopMyIMpOBKE W PEIICHWIO 3aJlad W HOCUT HAa3BaHUE CeMAHMUUECKO20
Moodenuposanusn. BaxxHO 3aMETUTh, YTO OINMMCAHHBIN BhIINIE (OpMaNTH3M JOIyCKaeT
CBO€ €CTECTBEHHO pACIIMPEHUE IIyTEM BBEIAEHUS BEPOSITHOCTHBIX M HEYETKHUX
KOHCTPYKLHU.

2.3. Hnoykmuenbwlit 661600 3HAHUIL HA MOOEIU RPEOMEMHOIL 001acmu

Kak ormeuanocs B [41-46], mpeamerHas o0jacTh MOXET OBbITh 3ajaHa
aMmIupuyeckor cuctemont I = (A, ), rne A — oowektsl [Ipenmernoii Obnactu (I110),
a QQ — MHOXKECTBO OTHOUIIECHUH U onepaluid, HHTEPIPETUPYEMBIX B CHCTEME MOHSATUHN
[1O. MHokecTBO Q MpEACTABISIET COO0M OHMON02UI0 NPEOMEMHOU 001ACMU.

«3HaHUS — ATO BOCIPHUHATAs, OCO3HAHHAS M CTaBIlas JIMYHOCTHO 3HAYUMOU
undopmanus» [47]. Tloaromy ais WHAYKTUBHOTO BBIBOJA 3HAHHM HEOOXOIUMO
HOHUMAHue U uHmepnpemayusi 4eJI0BEKOM MPeIMETHOM 0071acTH U €€ OHTOJIOTHH.

NHaykTUBHBI ~ BBIBOA ~ 3HAHWW HA  MOJIENTW  MPEAMETHOW  o0macTw,
OCYIIECTBISIEMbI  JTIOOBIM METOJIOM MAIIMHHOTO OOy4YeHHUs, JOJDKEH YMETh
paBUIbHO 0OpadaThiBaTh CBOMCTBA M aTpuOyThl 00bekTOB 1O, 4TOOBI MOTYYUTH
3HaHMS B TEPMUHAX OHTOJNIOTMM Q. Cieayer 3aMeTUTh, YTO CaMHU IO ce0e YUCIIOBbIE
3HAYEHUs] BEIMYMH 3HaHUS W MHQPOPMALIMIO HE COAEpPX AT, T.K. CMBICI BEJIMYUH
YKa3bIBACTCA B UX UHTEPIIPETALMU, HAIIPUMEDP, S METPOB, 5 JIUTPOB, 5 KUJIOTPAMM U
T.7. UHTepnperanusi, B 4aCTHOCTH, OMNPEIEISCT KAKUE MaTeMaTU4YecKHe IeHCTBUA
MOXXHO C HHUMH OCMBICIEHHO MpoBOAUTH. CTOUT 3aMEeTUTh, YTO (U3HUECKUE
BEJIMYMHBI, U3MEPEHHBIE B IPEIMETHOM 00JIaCTU, OTIMYHON OT (PU3UKH, TEPSIOT CBOIO
UCXONHYI0  (u3myeckylo uHTepnperaluio. PaccMoTpum, Hampumep, TakKylo
¢usnyeckyro BeIMUMHY Kak Temneparypa. lllkanel Temmeparyp B HepU3NYECKUX
o0JyiacTsX, HapUMep, NMPU U3MEPEHUH TeMIepaTypbl Teiaa OOJIbHOIO B MEAULMHE,
TEMIIEpaTypbl IOYBBI B CEJILCKOM XO3SIMICTBE MJIM TEMIEPATYPHI BO3/lyXa B JTYXOBKE B
KyJUHApUU U T.1., TOJKHBI OBITh pa3HbIC, XOTS U3MEPATHCS MOTYT OJHHUM U TEM JKe
npudbopoM — tepmomeTpoM. lllkana HEKOTOPON BEIMYMHBI, C TOYKH 3PEHUSI TEOPUU
U3MEpPEHU, — O3TO HAa0Op OTHOLIEHWW U ONepaluid, KOTOPbIE HMEET CMBICI
MPOU3BOJUTH C YUCIOBBIMU 3HAUEHHUSIMU BEJIMYMH B JAHHOW IpeIMETHOM 00JacTw,
T.€. 3TO T€ OTHOILIECHUS U ONEpaluu, KOTOpble UHTEepIpeTupyeMbl B ontonoruu 110.
MoXxHO BO3pa3uTh, YTO TEPMOMETP HE MOKET U3MEPSATH HUYETO KPOME TEMIIePaTyphl.
OH JAeicTBUTENBHO BO BCEX Clydasx u3MepseT (usumyeckyro Ttemmeparypy. Ho
TeMmreparypa, Kak M JHO0OW Jpyrol mpuOOp, HYXKHBI ISl HOIYUeHUs Bbl8000S
(3HaHutl) 8 cucmeme noHamuti (OHTOJIOTUHU) TOM MPEAMETHON 00JIACTH, K KOTOPOl OH
otHOocUTCs. Dusnueckass Temmeparypa OOJBHOIO — €CTh KOCBEHHOE M3MEpEHHUe
MEIMIIMHCKOM BEIMYMHBI — YypOBHS oOOMeHa BemiecTB. JlJis TOYB TeMIieparypa
UHTEPIIPETUPYETCS B CHCTEME MOHATUN (PU3UOJOTUU PACTEHHM U JIEATEIbHOCTH
MUKpPOOpPraHu3MoB. Pu3nueckas TeMIeparypbl B JPYrUX MPEIMETHBIX OOJIacTIX
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ABNAEMCA KOCBEHHbIM U3MeEpeHUueM HEKOTOPOW BEJIMYMHBI, MHTEPIPETUPYEMON B
CUCTEME TMOHATUN JAaHHOW MPEeIMETHOM 00JIaCTH, KOTOPYIO Mbl U XOTUM H3MEPUTh.
Kakue oTHOIIEHUSI W onepanyy HaJl YACIOBBIMH 3HAYCHHUSIMU TEMIIEPATypPhl UMEIOT
CMBICJ JIJISl 3TUX BEJIWYUH, ONPEIEIAETCS YKE OHTOJIOrUsIMH cooTBeTcTBYIOomHKX [10.
TakuMm oOpazom, aiis u3BiIeueHus HHGopMamu U3 arpuOyToB U BenuuuH [10 HY)HO
OTIPEICIUTh MHOXECTBO HHTEPIPETHPYEMBIX B OHTOJIOTHH () MareMaTU4eCKuX
OTHOIICHUN W Omepanuidi HaJ dTUMHU BEIMYMHAMH W BKIIOYUTH UX B OHTOJOTHUIO Q
npeaMeTHOM obnactu I = (A, ().

Paccmotpum 3anauy ooHapyxenus teopun Th(3F) [10, T.e. Teoputo
AMIIUpUYECKOr cuctembl J. Bynem npenmnonarars, yto Teopust Th(J) mpeacTapiser
co00¥ COBOKYITHOCTh YHUBEPCAJIbHBIX hopmyi (0osiee 001Ul ciaydail pacCMOTPEH B
[47]). U3BeCTHO, YTO COBOKYIMHOCTh YHUBEPCATIBHBIX (DOPMYIT TOTUYECKH
HKBHBAJICHTHA COBOKYITHOCTH MPaBHJI BUJIA:

vxl,...,x2(Al&...&Ak = A0), k>0, (1)

rae AO,A1,...,Ak — nutepansl. [ToaTomy MOXHO cumTarh, 4To Teopusi Th(J)
MpeACTaBIsieT cO00M COBOKYMHOCTH MpaBuii Bujaa (1).

Herpynno Bugets, uro npaswio C = (Al&...&Ak = A0) noruyecku cineayer u3
mo0oro noanpasuia Buaa: (Ail&...&Ain > A0), rne {Ail,...,Ain} € {Al,...,Ak}, 0 <
h <k, to ectb: (A1l &...&Ain = A0) + (Al&...&Ak = A0). Torna teoputo Th(3J)
MOKHO YIIPOCTUTh. 3aKOHOM 3MITUPUYECKON cucTeMbl I = (A, Q) Oyaem Ha3bIBaTh
uctuHHoe Ha I mipaBwiio C Buza (1), AJ1st KOTOPOToO KaK10€ €ro MOAIPABUIIO YXKE He
MCTUHHO Ha J. Torma BepHO, 4TO:

L+Th(M) [16,48].

Torna Teopuro Th(J) MoxkHO paccMaTpuBaTh Kak COBOKYITHOCTh 3aKOHOB
OMIIUPUYECKOU CUCTEMBIL.

Omnpenenum BEpOATHOCTD 1| HA SMIUPHUECKON cucteMe I = (A, Q) Kak Ha MoJie-
mu [49]. BeposiTHOCTHBIM 3akOHOM Ha I OyzmeM HazbiBarh npaBmwio (Al&..&Ak =
AO0) ycnoBHast BeposaTHOCTh N(AO&A1&...&Ak)/M(Al&...&Ak) koToporo ompenerne-
Ha (MN(Al&...&Ak) > 0) u cTporo GosbIlie yCIOBHBIX BEPOSTHOCTEH KaXKIOTO U3 €ro
noanpaswi. CunpHenmnm BepositHocmubviv 3akonom (CB3) Oynem Ha3biBaTh BEPO-
ATHOCTHBIN 3aKoH C, KOTOPBINA HE ABJISIETCS MOJMPABUIOM HUKAKOIO JIPYTrOro BEpOsIT-
HOCTHOTO 3aKOHA.

WNHyKTUBHBIN BBIBOJ BEPOSITHOCTHOTO 3HAHMS Ha NpeIMeTHOM oOnactu J = (A,
(2) OCYIIECTBISACTCS CIACAYIONIMM CEMAHTUYECKUM BEPOSITHOCTHBIM BBIBOIOM.

CemantuueckuM BepositHocTHRIM BeiBogoM (CBB) HekoTOporo cuibHenIero
BEpPOSTHOCTHOTO 3aKkoHa Cn, peIcKa3bIBaroIero HeKOTopbid hakT G, Oynem
Ha3bIBaTh nocnenoBareabHocTh C1 CC2 E... ECn, Ci = (Ail&...&Aiki = G)
BEPOSATHOCTHBIX 3aKOHOB, JUIsl KOTOpoi npaBuiio Ci ABIsS€TCS MOANPABUIOM MpaBHIia
Ci+1 un(Ci) <n(Ci+1),1=1,2,..n-1.

3HaHMS HYXHBI TPEXAEe Bcero Ui mnpeackazanus. Omnpenenum Tenepb
CWJIbHEHININE BEPOSTHOCTHBIE 3aKOHBI, peIIaolIie TPoOJieMy CTaTUCTUYECKON

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 193



nBycMbIcieHHOCTH [48,50] u nmpeacka3bIBaroIe 6€3 MPOTHBOPEUHH.

PaccmMoTpyuM MHOXKECTBO BCEX CHJIBHEWIINX BEPOSTHOCTHBIX 3aKOHOB,
MPE/ICKa3bIBAIONUX HEKOTOPhId (akT G. DTO MHOXKECTBO MOXHO IMPEACTABUTH
CEMaHTHUYECKUM BEPOSITHOCTHBIM JIEPEBOM BbIBOzA (pakTa G.

Makcumanbao Crnennduueckum BepositHoctHbiM 3akoHoM MCB3(G) BeiBOAA
HekoToporo (akrta G Oynem Ha3bIBaTh CHIILHEUINTNN BEPOSATHOCTHBIN 3aKOH,
MpUHAJJICKAIINH HEKOTOPOMY CEMAaHTUUYECKOMY BEPOSITHOCTHOMY JIEPEBY BBIBO/IA
dakra G, uMerNIMi MaKCUMaIbHOE 3HAYEHUE BEPOSATHOCTH CPEJIA BCEX MPABUI
nepeBa. MHOXKECTBO BCeX MakCUMalbHO criennduyeckux 3akoHoB MC3(G) ans Bcex
autepanoB G € Q) 06o3HauuM yepe3z MC3.

MoxkHo nokasarb, 4to L €MC3 [41,47-48] 1 1O3TOMY MHOXECTBO 3aKOHOB
MC3 o606maet Teoputo Th(J). Kpome Toro, MC3 norudecku HEmpOTUBOPEUUBO
[47-48,50] 1 TOATOMY B TOYHOM CMBICJIE SIBJISIETCSI BEPOATHOCTHOW TEOpUEH
npeaMeTHol obnactu I = (A, Q). MoxxHo noka3ath [47-48,50], uTro npenckazanus,
MOJIy4Ya€MbI€ MHTyKTUBHO-CTaTUCTUYECKUM BBIBOAOM 110 3akoHam u3 MC3,
HEMPOTUBOPEUUBBI.

JlanHast Teopusi OOHapyXeHUS HMHAYKTUBHBIX 3HAHUW Ha SMIUPUIECKOU
cucteme 3 = (A, Q) I10 peanusoBana B Bue MIar@oOpMbl U MPOrPAMMHON CUCTEMBI
«Discovery», npuBeneHHON pnanee. C ee MOMOIIBIO OBUIO PEIIEHO MHOXECTBO
npaktuueckux 3aaad (http://old.math.nsc.ru/AP/ScientificDiscovery/index rus.html).

3. IInamgopmennvie pewrenus 3a0a4Ho20 no0xooa

B Hacrosiiee BpeMsi CEMaHTHUUECKOE MOJIETIMPOBAHUE, KaK OAHA W3 KOHIIENIUN
aBTOMAaTHYECKOI0 PEILICHHS] WHTEUIEKTYyaJIbHBIX 3a/ay, OMHUPAETCS HE TOJIbKO Ha
METOJOJIOTHIO U TEOPHUIO 3aJa4HOr0 IOAXO0Ia, HO U MMEET B CBOEM PACIOPSIKEHUE
Pa3BUTBIM MHCTPYMEHTAPHUM, OPUECHTUPOBAHHBIM HA TMOMAJIEPKKY U CONPOBOXKICHUE
CJIEYIOIIEN TEXHOJIOTUYECKON CXEMBbI PEIICHHS] MHTEIUIEKTYJIBHBIX 3a/1a4:

o [IIAI" I. YTouHsieTCA BO3HHUKILAS NOMPeOHOCMb, BBISIBIACTCA M H3y4aeTCs
CBSI3aHHOE C HUM npomusopeyue, CBI3aHHOE C OTCYTCTBUEM «ILIA0JIOHHOT0» criocoda
YIIOBJIETBOPEHUSI JaHHOW NMOTpeOHOCTH. OTMETUM, YTO 3TO MPOTUBOpPEUHUE, IO CBOECH
CYTH, U SIBISIETCSI HCTUHHOM ITPUYMHOM U COJIEPKAHMUEM pelaeMon 3a1aun. [anee, Ha
€CTECTBEHHOM $I3bIKE (POPMYIUPYETCS Kpumepuii YCHewHOoCmu TPEeoJoJIeHUs
BBISIBJIEHHOTO MPOTUBOpeurs (MPOTOTUIl Kpumepusi peuleHusi 3aoadyu), TpH
HEOOXOIMMOCTA  OCYIIECTBIISIETCS  JACKOMIIO3ULIMS  MPOTHUBOpPEUMS/3aaud |
onpezensiercss Kowmekcm 3adayu  (1oueMy, 3adeM, Onrpkaiiias —Haj3ajada,
MOJ3a/1a4H, 11€Tb U TIOCJIE/ICTBUS PEIICHUS/HEPEIICHHS 3a]a4 U T.]1.).

e ///AI" 2. Ha ecTeCTBEHHOM SI3bIKE ONMMCHIBAIOTCS PEJICBAHTHBIC 3a7aue oOwjue
3HAHUSL, CTPOUTCS OHMOI02UYecKas Mooelb TIPoOIeMHOM 00acTu (MOHATHA, (HaKTHI,
npaBuiia, OTHONICHHUS, ...), HOPMYIHpPYETCs] B OOIMIMX W OHTOJIOTHYECKUX TEPMHHAX
KJIaCC 3apOCoOB K MPoOIeMHON 001acTH.
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e [IIAI’ 3. B IIOTMKO-BEPOATHOCTHBIX TEPMHUHAX CEMaHTUYECKOTO
MOJICIUPOBAHUSI CTPOUTCSA hopmanbHas Modelb TPOOIEeMHOM 00JacTy 3ajaud U B
ATUX *Ke (HOPMATILHBIX TEPMUHAX POPMYTUPYETCS 3anNpoc U KpUmepuil peuleHusl.

e [IIA" 4. B paMKax U CpEACTBAMHU COOTBETCTBYIOIIEH WHCTPYMEHTAIbHOU
w1aTGOpMbl CEMAHTUYECKOTO MOJIECIUPOBAHUS CTPOUTCS KOMNbIOMEPHAS MOOENb
3a/1a4M.

o [IIAI" 5. C mnoMOLIbIO KOMIIBIOTEPHOM MOJEIN HAXOHATCA omeemvl Ha
3anpocsl. [IpoBepsercst BHINOIHUMOCTh KPUTEPUS PELICHUS, 000CHOBAHHOCTb U/UNU
00bACHUMOCMb OTBETOB U UX UHMEPNPEemupyemocms.

Uro ke KacaeTcs TEXHOJOTMYECKOTO HWHCTPYMEHTApUsl CEMaHTUYECKOTO
MOJIETTUPOBAaHHUSI, TO CO3[aHbl U AKTUBHO Pa3BUBAIOTCS HECKOJBKO IMJIATPOPMEHHBIX
PELICHUN.

3.1. ITnamegpopma DOSL

[IpuMepomM yCHEmHOro MPUMEHEHUS 3aJadyHOro IMOAXOJa U €ro JIOTHKO-
MaTE€MaTUYeCKOW TEOPUU — CEMAHTHYECKOTO MOJEIUPOBAHUSA MOXKET CIYKUTh
cemanTudeckas rmiardopma DOSL, npeacrasmstomnias co0oil clieayroriee MoKOJICHNUE
tak Ha3biBaeMbIX Business Rules Engines (BRE) [ www.dOsl.org]. DOSL, Tak *xe, kak
u o6bryHas targpopma BRE, mosBomsier peanu3zoBarh OM3HEC-JIOTUKY CHCTEMBI C
MOMOIIBIO SI3bIKa JEKIApATUBHBIX JIOrMYecKuX crnenudukanuii. IIpoekr coznanus
mardopmbl DOSL ocymecteisiics nof pykoBojactsoM B.II.I'ymuposa.

[Tnardopma dOsl mo3BossieT ynpaBisITh JOTUKOW TMOBEJACHUS CIOXKHBIX CUCTEM C
nomotpio s3pika dOsl, MOHATHOTO crienuanIucTy mpeaMeTHou obmactu. [lnardopma
UMEET HIMPOKYI0 00JIaCTh MPUMEHEHUsT — OT OM3HEC-MPOLIECCOB MPEIIPUITHS 10
YIPAaBIICHUS TPOCKTAMU WJIU MTOBEJACHUEM aBTOHOMHBIX CHUCTEM, B TOM YHUCJIE CUCTEM
MCKYCCTBEHHOI'O MHTEJUIEKTa MU MHTEepHETa Bemled. 3ameTum, uto si3bik dOsl serko
pacumpsiercss QYHKIUMSAMH HW  OOBbEKTaMH, XapaKTePHBIMU JJII  KOHKPETHOM
npeameTHoit oOmactu. bomee Toro, dOsl cam mo cebe sBaseTcs TpPeAMETHO-
opueHTUpOoBaHHBIM si3bikoM (DSL). CyiiectBoBaHMe MexaHU3Ma pacUIMpEHUs Ha
ypoBHe s3bika dOsl mo3Bossier mocTpouth uepapxuio s3bikoB DSL, koTtopeie Moryt
ObITh peoOpa3zoBanbl B dOsl 1, cregoBaTennbHO, MOTYT BBIONHATHCA siApoM dOsl.

Urto kacaercs npuioxkeHu, 1o si3bik dOsl akTUBHO Hcmonab3yeTcss B 00paboTke
TpPaH3aKUUH W COOBITUM CHUCTEM B TEJIEKOMMYHHMKALUAX, (PUHTEXE U OAHKOBCKOM
Jiesie, YTO MO3BOJISET JIETKO M3MEHSTh M HAaCTpauBaTh OWM3HEC-JIOTHKY CO3aBa€MBbIX
npunoxenuid. McnonwszoBanue miardopmel d0sl okazanock ocod0eHHO 3G (HEKTUBHBIM
npu UUPpoBOM TpaHchopMallMKd MPEANPUATUN, MO3BOJIAS OBICTPO M Kau€CTBEHHO
pa3pabarbiBaTh aBTOHOMHBIE CHUCTEMBI MOIJEPKKU MPUHATUS PEUICHUH, CUCTEMBI
MPEIUKTUBHON aHAJIMTHUKH, MOJEIUPOBAHUS M IHU(PPOBBIX JIBOMHHKOB Pa3IMYHBIX
O0OBEKTOB, B TOM YHCJIE CAMUX OpraHU3aIlU.

Cnenyer ormetuth, uto s3blk dOsl sBasieTcss OOHUM M3 OCHOBHBIX
TEXHOJOTUYECKNX WHCTPYMEHTOB OTKphITOoM tuiatdhopmbl Eyeline Mobilizer,
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npelHa3HauYeHHON JUIsi pa3paboTKU M OKCIUTyaTalldd CEPBHUCOB C TOAJIEPKKON
MOOWJIBHBIX YCTPOMCTB Ha Bcex tumax miaargopMm, Bkmouas USSD/SMS/SS7,
cmaptdonbl  (Android, 10S), w™oOwnbHbIE WuTepHer [www.eyeline.ru]. C
ucrnonb3oBanuem 1nargopmel  Eyeline  Mobilizer pa3pabotanbl pemieHus u
peann30BaHbl MPOEKTHI B cdepe TeIeKOMMYHUKAIUi, MOOWIBHOTO MapKETHHTA H
peknambl, (UHAHCOB, OAHKOBCKUX YCIYT, MYHUIIMTIAIBLHOTO YIPABICHUS U
MOOWJIBHBIX TUIaTeXkei. B HacTosimee BpeMs pelieHWuss W CEpBHCH Ha 0ase
miaropmel Eyeline Mobilizer oOcinykuBaroT IeCSITKM MUJUTMOHOB IOJb30BaTeNeh
MOOWJIBHBIX yCTpoicTB. [lnaTrdopma mo3BosseT 3HAYUTENFHO COKPATUTh PACXO/bI Ha
pa3pabOTKy M OKCIUTyaTalluil0 MOOWIBHBIX pEIIeHuN Juisi  Bamiero OwusHeca.
[Ipumepamu ycnemnbsix BHeApenuid siBisitorcsa: USSD-cepBuchl st MTC (*100#,
*111# u np.) u USSD-nopran Aunbda-Knuk *142# Anbda-banka (Poccus),
InnomaNet/T-mobile (Poccusi), WATAGO Africa (Bce kpymnHeiine MOOWJIbHBIC
rarexueie cuctembl Hurepun), npoekt «llapkoBka» IIpaBurensctBa MOCKBBI
(Poccust), cuctema onoBenieHus: 0 MPOMyIIeHHbIX 3BOHKax, Yellow Pages/SMART na
Oununnurax, obJauyHas ycTaHoBKa s oociyxuBanus kieHtoB GlobalUSSD.com,
bunaita Poccus (mpsiMble fieHbr1). TpaHchepbl) 1 MHOTOE JPYToe.

3.2. IInameopma bSystem

bSystem sBnsercs marGopMor I TOCTPOCHUS] IUGPOBBIX JIBOMHUKOB
opraHuzauuid u mporeccoB. OHa pa3BUBAETCS UCCIEAOBATEIBCKOW TPYIIION
A.B.ManmuBoasl B TeueHue psga jger. [lmardopma opueHTHpOBaHA HAa CO3/IaHUE
WHTEJUICKTYaIbHBIX ~CHUCTEM  YMpaBICHUS KPYMHBIMU  OU3HEC-IKOCHCTEMaMH,
udpoBoil TpaHchopMaruu TPEANPHUATANR W HMHBIX HWHTETPAIBHBIX PEIICHUI.
bnaromaps enuHOI cpeae CEMaHTUYECKOTO MOJAETUpPOBaHUS, bSystem aKTUBHO
MHTETpUpyeT 0a30BbII YPOBEHb OHTOJIOTUN C JIOTUKO-BEPOSITHOCTHBIM MHIYKTUBHBIM
BBIBOJIOM 3HAHUM M CEMAHTUYECKUM BEPOSTHOCTHBIM BBIBOJIOM IPOTHO3HBIX MPABUIT
u pemennii E.E. BuTtseBa u kiaccuueckum nporpaMMHUpPOBAHUEM.

ApxutekTtypa bSystem nocrpoeHa Ha UHTErpalliy TPEX YPOBHEM:

JIOTHUKO-BEPOSATHOCTHOTO,

aAHAJIMTUKO-OHTOJIOTUYECKOTO,

ONEPAMOHHO-TPAH3AKIIUOHHOTO.

[leHTpanbHbBI — AaHATTUTUKO-OHTOJIOTUYECKUN YpOBEHD [S51-52] — KOHTpOIHUpYET
OCHOBHBIE€ MapaMeTphbl YMPaBISEMOIro OOBEKTa, OTPAKAET TEKYIIEe COCTOSHUE €ro
KOMIIOHEHT M CBSI3€M MEXIAYy HHUMH, NOPEAOCTABISECT HWHCTPYMEHTHI s
AHATMTHYECKOW paldOThl, B YACTHOCTH, JUJISl MPUHATUS PEIICHUH ONEPAIOHHOTO
YPOBHSI (K HUM, HalpuMeEp, OTHOCSTCS 3aJa4d OW3HEC-aHAMTUKH). DTOT ypOBEHb
dbopmupyet snpo miaThopMbl, HA HEM HET YIPABICHUE OHTOJOTHUSIMH — 0a30BBIMHU
CUCTEMaMU 3HaHHUH O IPEIMETHON 00IACTH, BOKPYT KOTOPBIX CTPOUTCS BCs padoTa.

Han neHTpanbHbBIM ypOBHEM HAJCTPAUBAETCS YPOBEHb JIOTMKO-BEPOSTHOCTHOTO
BeiBosia (JIBB). On peanusyer ¢QyHKOUMOHAI OOBSICHSIOIIETO HMCKYCCTBEHHOTO

196 Teopus cuctem, anrebpanyeckast GUONOMUS, NCKYCCTBEHHBIN HTENNEKT: MAaTEMATUYECKUE OCHOBbI 1 MPUIOKEHMUS



uHTeiekra. B pamkax muiargopmsl JIBB oTBeuaeT 3a crparernueckue BOIPOCHI
MIPOTHO3UPOBAHMS, MPUHATUS perieHui u apyrue 3agauu M. Ero neHHocTs 11st
bSystem cocTOUT B TOM, 4TO B OTJIMYME OT HEUPOHHBIX CETEH, KOTOPBIE B MPOIECCE
oOyueHus ‘‘HaKaruIMBarOT B HEUpPOHAX UYUCIOBBIE KOI(DPHUIIMEHTHI, HE HMEIONTUE
cemaHTudyecko wuHTepnperanuu, JIBB B mpomecce oOydenuss ¢opmupyer
BEPOSATHOCTHO-JIOTHYECKUE Teopuu (HAOOpPHI 3aKOHOMEPHOCTEH), CEMaHTHYECKU
OTMCHIBAIOIINE MPEAMETHYIO 001acTh. OTciona u cmiocooHOoCTh JIBB 00BsSICHATH cCBOM
pelieHus. ITO TaK)Ke B MOTEHIMAIEe 00ECIEUNBAET “‘CAaMOKOHTPOJb~ — CIIOCOOHOCTH
OIICHHUTH C TIOMOIIBIO JIOTUYECKUX METa-CPEACTB JOCTOMHCTBA M HEIOCTATKH 3HAHUH,
chopMHpOBaHHBIX B TMporecce oOydeHus. Takue BO3MOXKHOCTH aOCOJFOTHO
HEIOCTHKUMBI IS HEUPOHHBIX CETEH.

Hakoner, oneparimoHHO-TPaH3aKIIMOHHBIH YPOBEHb — 3TO YPOBEHb MPOIICAYP U
METOJIOB, U3MEHSIOIIUX CHUCTeMY BO BpeMeHH. Ha aToM ypoBHe B bSystem paboraer
00BEKTHO-OPUEHTUPOBAaHHBIN s3bIK Libretto. C Touku 3peHus 3a4aqyHOrO MOJXOJa,
OTIEpPAllMOHHO-TPAH3AKIIMOHHBIM  YpOBeHb  (HOpMHUpPYET  Cpely  ympaBleHUs
YKU3HEHHBIM IUKJIOM 3ajad. JIto0oil OGu3Hec-mpoiecc, KOTOpblii KOHTPOIUPYETCS Ha
TOM YypOBHE, €CTh HE 4YTO HMHOE, KaK TMPOIECC PEIICHHs HEKOTOpOH 3a7adu B
peaTbHOM BpeMEHHU (Ha MPAKTHKE — IK3EMIUIApa HEKOTOPOH 00O0OIIEeHHOH 3ama4n).
OYHKITMOHUPOBAaHNE MU(PPOBOTO ABOWHHMKA, Pa3BOPAYMBAIOINIEECS] BO BPEMEHH, €CTh
YIPaBJICHHE KOHTIIOMEPATOM B3aMMOJICHCTBYIOIINX JIPYT C APYTrOM aKTHBHBIX 3a/1ad,
TeHepaleld HOBBIX DK3EMIUBIPOB 3a/lad M 3aKPBHITUEM 3a/la4 C BBITIOJHEHHBIM
YCIIOBHEM PEIICHHOCTH. W eciu JekapaTuBHBIC TOCTAHOBKA 3a/1a4M U KPUTEPHH e
pEIICHHS YIIPABJIAIOTCS Ha 00JIee BEICOKOM OHTOJIOTHYECKOM YPOBHE, TO CaM MPOIECC
pelICHUsT Yepe3 CHCTEMY IIaroB-TPaH3aKIUH OCYIIEeCTBISICTCS Ha  YPOBHE
onepanoHHoM. [Ipu 3ToM camu OW3HEC-IPOLECCHl TaKXe MPEACTaBICHbl B BUJIE
OOBEKTOB OHTOJIOTHH, YTO IO3BOJSIET HA JIEKJIAPATUBHOM YpPOBHE KOHTPOJIUPOBATH
mpoiiecc  pemieHus. Takum  oOpasoM, bSystem depe3  B3aumojeHCTBUE
OHTOJIOTHYECKOTO M OINEPAIMOHHOTO YPOBHEH JaeT TMOJHOIEHHYIO peau3alifio
3aJIa9HOTO TIOIXO0/1A.

KitoueBoit  ocoOeHHOCTHIO bSystem sBisieTcss TO, YTO BCE€ TPU YPOBHSA
MOTPY)KEHBI B €IMHOEC CEMAHTHYECKOE MPOCTPAHCTBO, B3aWMOACUCTBYIOT ApPYT C
JIPYroM W OOECIEYMBAIOT BEPTUKAIBLHOE MacmiTaOupoBaHue. JlaHHas WHTETparus
HECET MONIHBIA CHHEPIeTHYECKUN 3apsj, HE TOJBKO TIOMOras YiydIliarh
KOJIMYCCTBEHHBIC TIOKa3aTemu (3a cyeT OECIIOBHOTO B3aMMOJCHCTBUS TaM, T/
OOBIYHO HCIOJIB3YETCS 300TMapK Pa3TMYHBIX HHPOPMAIMOHHBIX TEXHOJIOTHI), HO U
MO3BOJISISI KAYECTBEHHO M3MEHATH CUTyaruio. Hampumep, Takas wHTErpanus aeiiact
BO3MOXKHOM  pealM3alyio IMPUHIUIIKMAILHO HOBOM low-code TtexHomorun —
o0bekTHOTO low-code, OCHOBaHHOTO Ha aBTOMATUYECKOM CHHTE3€ KoJa [0
00BEKTHOM OHTONOTHHU [53]. DTO MPUHIUIHAIBHO OTIMYACT €ro OT TPATUIIMOHHOTO
low-code, ocHOBaHHOTO Ha AMarpaMmax — Bapuanusax cuernudukanun BPMN [54].

[leHTpanbHBIM HHCTPYMEHTOM, OOECIIEYMBAIOIIUM II€IOCTHOCTh IU(GPOBOIA
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cpensl bSystem siBisitorcss oHTonoruu. Kak mpaBuio, nudpoBoil ABOMHHMK — 3TO
OHTOJIOTHSI WJIM CETh OHTOJIOTMM, KOTOPBIE HUIPAKOT POJb SApa CEMAHTUYECKOIrO
MOJICTTUPOBAaHUS, Ompenensis 0a30Bble OOBEKTHI W CBSI3M MEXKIY OObEKTaMu
OTMMKCHIBAEMOM TIPEIMETHOM 00IaCTH U pelIaeMbIX 3a]1ad.

OHTONOTHIO MOXKHO paccMarpuBaTh Kak Xa0, KOTOpBIM oOOecreunBaeT
B3aMMOJICHCTBHE PA3HOOOPA3HBIX KOMIIOHEHT IM(poBOro ABoiHWKa. Ha mormko-
BEPOSITHOCTHOM yPOBHE OHTOJOTUM WIPAIOT pOJiIb SIMIUPUYECKUX CHUCTEM, U3
KOTOpBIX Oepercs uHpopmanus st oOyueHus. Ha 1neHTpanbHOM — aHAJIUTHKO-
OHTOJIOTUYECKOM YPOBHE — OHTOJIOTHSl SBJISICTCS CEMAHTHUYECKOM OCHOBOM ISt
nuppoBoro  JBOWHHMKA, HUCTOYHUKOM  HHPOpMAIMU IS  AHAJIUTHYECKHUX
MaHunyssinuid. HakoHen, Ha mnpolenypHO-TPaH3aKIIMOHHOM YPOBHE OHTOJIOTHS
CIIY)KUT CHCTEMON THWIIOB JAHHBIX HJis sI3bIKa MPOrpaMMUPOBaHUS TIATHOPMBI —
Libretto.

[Touck mnomxoasmiell apXUTEKTypbl JUIsi OHTOJOTHM OKa3ajics OTHIOAb HE
nmpocToi 3amaveit. JlocratouHo ckazark, yTo bSystem crana mectoil (¥ JIMIb nepBoi
JOCTAaTOYHO A(PPEKTUBHON) TOMBITKOW TOCTPOUTH IUIATGOPMY  yHpaBlIeHUS
OHTOJIOTHSIMU Takoro poja. YToObl MOHATH, KAKUE OHTOJIOTHH HYXHBI, HAMU ObLia
BbIpaboTaHa cuctemMa TpeOOBaHWU, KOTOPHIM JOJHKHA YIAOBIETBOPSTH OHTOJOTHAL.
[IpuBeneM HEKOTOPHIEC U3 HUX.

Bo-niepBbix, Kak OTMEYanoCh BBIIIE, OHTOJIOIMU OTBETCTBEHHBI 3a 00ECIeUeHne
BEPTUKAIBHON CBSI3HOCTH U E€JUHOTO CEMAHTUYECKOTO MPOCTPAHCTBA IIAT(HOPMBI.
3HaHUA W3 OHTOJOTUM JOKHBI MMETh 3()(PEKTUBHYIO HHTEPIPETAIMI0 Ha BCEX
ypoBHSIX bSystem — W B TOHKHX METOAaX JIOTHKO-BEPOSATHOCTHOTO BBIBOAA, U B
AQHAJTUTUYECKUX MOJYJsAX (Hampumep, B paMKax OHW3HEC-aHAJUTHUKH), U B
MIPOTrPaMMHBIX MPOLEAYPAX, PEIIAIONIUX TPAAUIIMOHHBIE AIITOPUTMUYECKHUE 3a]1a4H.

Bo-BTOphIX, ¢ oOHTONOrUSIMU OyIayT padoTarh JOAU, IPUYEM, B OCHOBHOM, MaJjio
MOHUMAIONME B MaTEMaTHYEeCKOW JIOTUKE (MMEHHO TPYIHOCTH C TOHUMaHUEM
dbopManu3MOB CTalM OJHUM M3 KJIIOYEBBIX OaphepoOB, OTBETCTBEHHBIX 3a HEyHda4yu
XopoIiro u3BecTHOW koHIenuuu Semantic Web [55]). IlockonbKy OHTONOTHS 3aaeT
0a30BbIC 3HAHHUA O MPEIAMETHOM OO0NacTH B CpElie B3aMMOJCHCTBHUS JIIOACH U
WH(OPMAIIMOHHBIX CUCTEM, TO €CITU JIFOAW OHTOJIOTHIO HE MTOHUMAIOT, BCE OCTAIBLHOE
CTAHOBUTCSL OecCMBICIIEHHbIM. [lo3TOMYy Takoe CTpPOE€HHE OHTOJOTMH, KOTOpPOE
o0ecrieurBaeT  MHTYUTUBHOE  IMOHMMAaHUE  OHTOJIOTMYECKOW  uH(opManuu,
COITIACOBAHHOE C KAXJOJHEBHBIM OIBITOM IIOJB30BATENS, TAKKE SBISETCS
HEOOXOJMMBIM YCIIOBUEM.

Jlanee, OHTONOTHSA JOJDKHA OOECIEYUTh CTaHJIAPTU3UPOBAHHBIN MEXaHU3M
B3aUMOJICHCTBUS C BHEIIHUMH OpakyjlaMud (MH(OPMALIMOHHBIMU CHUCTEMaMHU,
HEHPOHHBIMU CETSIMH, WHTEpHeTOM Bemei). Hampumep, cOGop wundopmanuu B
CUCTEME KOHTPOJIJIEPOB KOMIIAHWM, YIPABISIOMIEH >KUIIBIM KOMIUIEKCOM, SIBIISIETCS
OJTHOM M3 OCHOB ()yHKIIMOHHPOBAHHUH € 1Tu(poBoro aABoiHUKA. JJIT B3anMoIeiCTBUS
JIBOMHUKA C BHEUTHUM MHUPOM OHTOJIOTHSI JOJDKHA OBITh CHaOXeHa JIOTHYEeCKUMU
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aHaJIoraMu XOpOIIIO U3BECTHBIX MporpaMMHbIX uHTEepdericoB (API).

Hakonern, ecinu Mbl XOTUM, 4TOOBI HAIllM OHTOJIOTMHU ObUIM BOCTPEOOBaHBI, OHU
JOJKHBI OBITh A(P(HEKTUBHBIMU. DTO O3HAYAET, YTO BHICOKOYPOBHEBBIE OHTOJOTHU
JOJKHBl MMETh PEAIM3alUI0, CPABHUMYIO O MPOAYKTUBHOCTH C PEISLIMOHHBIMU
O0azamu gaHHBIX. OHTOJIOTHS JIOJDKHA 00JIaJlaTh CIIOCOOHOCTBIO  COACPIKATh
MUJUTMOHBI CYLIHOCTEW, W BBIIABaThb OTBEThl Ha 3alpPOCHl MPAKTUYECKOTO YPOBHS
CJIIO)KHOCTH B pE€aJIbHOM BPEMEHH.

CoBMeleHrEe NEPEYUCIICHHBIX TPeOOBAaHUN B €IMHOM (OpMajiM3Me OKa3aloCh
JIOBOJILHO HEMPOCTON 3ajauedl (Hampumep, OHTOJIOIMH, Oa3HpyIOUIEecs Ha XOPOLIO
u3BecTHOM si3bike OWL [56], HE COOTBETCTBYIOT HECKOJIbKUM M3 HUX). B mporiecce
HKCIIEPUMEHTOB OKa3aJIOCh, YTO B HAMOOJBIIEH CTENEHUW K JaHHBIM TpeOOBaHUSM
MOJXO/ST OHTOJIOTUH, KOTOPbIE OCHOBAHBI HA UAESIX 0OBEKTHOTO MOJIECTUPOBAHMSL.

Oco0eHHOCTh OOBEKTHBIX MOZIENIE COCTOUT B TOM, YTO B HUX YETKO BBIPAKEHbI
JIBa CJIOS — JIEKJIApaTUBHBIMN W TNpouenypHbld. IIepBbIil COCTOMT H3 KIIACCOB,
00BEKTOB, MOJIeH UM CBOMCTB OOBEKTOB. BTOpOIl — M3 METOZ0B, ONPEICICHHBIX Ha
YPOBHE KJIACCOB M JACUCTBYIOIUX Ha OOBbekTax. I[lOCKONbKY OHTOJIIOTHMH — 3TO
dbopMarnbHbIe OnMKUcaHus 6a30BBIX KOHIIETITOB, (DAKTOB M CBSI3€H MPEAMETHOM 00JIaCTH,
a OOBEeKTHbIC MONETM 3aHMMAIOTCS AHAJOTMYHBIMU 3aJjadaMyd  Ha YpPOBHE
IPOrpaMMUPOBAHUS, TO JEKIAPATUBHBIN CIOW OOBEKTHBIX MOZEJIEH OKa3bIBAETCS
BIIOJIHE AJI€KBATHBIM KaHIUAATOM, YTOOBI MPEBPATUTHCS B OHTOJOTHI0. Tem Ooiee,
YTO CYThb OOBEKTHBIX MOJIEJIE BeCbMa WHTYUTHMBHA, €CTECTBEHHA W MPUBBIYHA
JTOASIM. DTO JTOKa3blBaeTcs (DeHOMEHAIbHO MIMPOKUM PacipoCTpaHEHUEM OObEKTHO-
OPUEHTUPOBAHHBIX S3BIKOB. [l03TOMY BIIOJIHE MOXKHO BBIJEIUTH JCKJIapaTUBHBIN
CIOM OOBEKTHBIX MOJENeN M, NpHUJIaB €My CTPOTYyI0 JIOTMUECKYI0 CEMaHTHKY,
MIPEBPATUTH €r0 B BAPUAHT OHTOJIOTHH.

UYro kacaeTcst mpoueaypHOTro ciosi, 00bEKTHO-OPUEHTUPOBAHHBIE SI3bIKA OOBIYHO
MOJIHBI IO THIOPUHTY M 3TO JENaeT CUTyalUi0 Mallo KoHTpoiupyemon. C apyroit
CTOPOHBI, HaJlMyue€ MNPOLETYPHOrO CJOSI IMO3BOJSAET PEaIn30BaTh HUACI0 Pa3BUTHUS
OHTOJIOTUH, YTIPABJICHHS €€ )KM3HEHHBIM IUKIOM. C 3TOM TOYKH 3pEHHs IPUMEHEHUE
KQXKJIOTO METO/a WJIM TPYINIbl METOAOB MOXKHO pPacCMAaTpUBaTh KakK TPAH3AKIUIO,
NEPEBOASAIIYI0 OHTOJIOTHIO U3 OJHOTO cOCTOsiHUS B Apyroe [57]. OcobeHHo mone3Ha
3Ta BO3MOXKHOCTb IIpU PEIICHUH YNPABICHUYECKUX 3aJa4, IIOCKOJIbKY Takas
MHTEPHPETALNS] €CTECTBEHHBIM 00pa30M OIpenessieT OM3HEC-MPOUECChHl KaK HENOYKU
TPaH3aKLIHI B )KU3HEHHOM LIUKJIE OHTOJIOTHM [58].

Htak, 4T00bl MpeBpaTUTh OOBEKTHBIE MOAEIIA B OHTOJIOTUU HAM HY>KHO CIenaTh
CJIEIYIOILME IIIATU:

1. Onwucarp norudeckuid Qopmanu3M, COOTBETCTBYIOIIUN [EKJIAPaTUBHOMY
CJIOI0 00BEKTHOU Monenu. st 3Toro ucnoiibdyeM Mmexanusmbl AQ-orpenenuMocTu
CEMaHTHYECKOT0 MOJICTTUPOBAHUSL.

2. TpaauioHHble OOBEKTHBIC MOJEIH KOPOTKOXKHMBYIIUE, OHH COJEp KaTCs
TOJILKO B OIEpaTuBHOW mamsaTH. Ham HeoOXoaumo cienarth WX JIOJNTOXKUBYIIUMH,

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 199



MIOCKOJIbKY OHTOJIOTMHA — JOJTOBPEMEHHBIE XPAaHWJIWINA JAHHBIX M 3HAHHUU. OTO
obecrnieunBaeT UM (PyHKITMOHAT OOBEKTHON 0a3bl TaHHBIX.

3. Jlma pabGoThl C OHTOJOTHEW HEOOXOAMM S3BIK 3aIPOCOB, COUYCTAOITUIN
JIOTUYECKYIO BBIPA3UTEIBHOCTH ¢ A((HEKTUBHOCTHIO, CPABHUMOM € A((HEKTHBHOCTHIO
SQL B pemsmuoHHbIX 0a3ax maHHbBIX. B bSystem B kadecTBe Takoro s3bika
UCIIONIb3YeTCs JIeKiIapaTuBHOE siapo Libretto, mmeromee CTpOTyr JIOTHYECKYIO
CEMaHTHKY.

4. JInst TOro 4To0bl 00ECEeYUTh MEXaHU3Mbl UBMEHEHHUS U PA3BUTHUSI OHTOJIOTUHU
BO BpeMeHH, nepedopmarvupyeM MpOIEAYPHbIH ypOBEHb OOBEKTHOM MOJEIu B
TPaH3aKIIMOHHYIO CUCTEMY YIIPaBIEHUS COAEPKUMBIM OHTOJIOTUH.

5. TlpakTuka mokasajia, YTO MHCTPYMEHTHI YMPABICHHUS >KU3HEHHBIM IMKIOM
O00BEKTOB CEPbE3HO YCWIMBAIOT (YHKIIMOHA IO CPaBHEHUIO C TPaIUIMOHHBIMU
OOBEKTHBIMU MOJIEJISIMH, YTO OCOOEHHO TIOJE€3HO TpHU YIpaBICHUH Ou3HEC-
nponeccamu. Vcronb3ys TpaH3aKIMOHHBIE MEXaHU3Mbl, OPraHM3yeM KOHTPOJIb 3a
K11 0OBekTOoB.

6. @uHanpHBIA M[Iar — 3TO AaBTOHOMU3AIUs OHTONOTUNA. OHTOJIOTHS
CBOPAUMBACTCS B KOKOH, 3aKpbhIBAE€TCS OT BHEIIHEr0 MHpA, C KOTOPbIM TEIEphb
oOIaeTcss TOJMBKO Yepe3 CTPOTO perIaMEHTHPOBaHHBIM wuHTEpdelic (aHajor
nporpammuctckoro API).

C ToukM 3peHus 3aJa4YHOrO TMOAXOJa MYHKT S5 pealu3yeT IBYXypOBHEBOE
yIpaBi€HUE >KU3HEHHBIM IHMKJIOM 3aJ]lady, KOTOpbIE UCIIOJHSIOTCS Ha HUXKHEM
OMEpPAIMOHHOM YPOBHE M  CEMAaHTHYECKH KOHTPOJIUPYIOTCS Ha  YpPOBHE
OHTOJIOTUYECKOM.

[Tocnennuit 1mwar peanuszyeT KOHUEMNIMIO JIOKAJIbHOW TMPOCTOTHI [52] —
MIOCTPOEHUE CKOJIb YTOJHO CJIOYKHBIX CHUCTEM KaK CET€l OTHOCUTEIBHO IPOCTHIX
OHTOJIOTUWA C JIOTMYECKH PEIIaMEHTHUPOBAHHBIMM MEXaHU3MaMU B3aUMOJICUCTBUAL.
OT10 obecneunBaeT cBOOOIHOE TOPU3OHTAIIBHOE MAaCIITAOUPOBAHUE MPU MMOCTPOCHUU
I (PPOBBIX JBOMHUKOB.

C unOpMaIMOHHONW TOYKH 3pEHUS BTOPON M TOCIETHUN Iaru mpeBpamiaroT
OOBEKTHYIO OHTOJIOTHIO B MHKpOCEpBHC [59], mOCKOIbKYy oOecrednBaroT JBa
OCHOBHBIX CBOMCTBa MUKPOCEPBUCA — ABTOHOMHOCThH XpaHWJIUIIA JJAHHBIX (3TO Y HAC
OHTOJIOTHSI) M CTPOTMI KOHTPOJb 33 B3aUMOJEWCTBUEM C BHEUIHUM MHPOM. OTO
3a/1aeT U OOIIYI0 apXUTEKTYpy HU(PPOBBIX TBOMHUKOB, KOTOPHIE CTPOATCS HA OCHOBE
bSystem.

bSystem T103BOJISIET WCHOJB30BaTh MPUHIMIUATILHO HOBYIO METOJ0JIOTHIO
pazpabotku [60]. 3a cyeT OTKPBITOCTH MOJCIUPOBAHWE MPUHIMIHAIBLHO HU3MEHSET
MEXaHU3Mbl B3aUMOJECHCTBUS

YYaCTHUKOB pa3pabOTKU U KCITyaTanuu cucteM. OHTONOTHS HETOCPEACTBEHHO
JOCTYyIHA JJIsI BCEX YYaCTBYIOLIMX KOMMeTeHUuW. Harmpumep, 3aka3uuk IMOIydaeT
MOJIHBIN KOHTPOJIb HaJ TIPOIIECCOM Pa3pabOTKH U CIIOCOOEH 1aTh PaHHIOK 0OpaTHYIO
CBSI3b C MTHOBEHHOW JeTeKiuel mpoOneM. BricokoypoBHEBas Mojenb, Onaromaps
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CBOEH CTpOFOﬁ JIOTUYECKOH CCMAHTHUKE, OJHOBPCMCHHO  BBIIIOJIIHACT  POJIb
CHGHI/I(i)I/IKaHI/II/I, HCIIOJIHSIEMOM JOKYMCHTAIIUU IIPOCKTA. 210 IMIPUHIOUIINAIBHO
OTIIMYACTCA OT YCPHOTI'O AIMKa IIPOrpaMMHOI'O KOAaA.

3.3. Ilnamepopma DISCOVERY - onmonozuueckuit no0xXo0 K UHOYKMUBHOMY
661600y 3HAHULL

Kax Obuto ckazano, Butgesim E.E. pazpabortan onTomoruueckuii [6,42,50-51]
MOJIXOJ] K METOJIaM M3BJICUEHHUSI 3HAHUU U, pean3yrolias ero, cucteMa «Discovery».
Januplii moaxon paspaboraH Uil OOHApyXeHUsT 3HaHUW Ha UHOOpMALUH,
M3BJICYEHHOW U3 JAHHBIX U MPEACTaBIECHHON amnupuueckor cucremoit [10. Cucrema
«Discovery», o0namaeT CiaeayoIMMy NPEUMYIIECTBAMU IO CPAaBHEHUIO C JAPYTrUMU
METO/IaMHU MAITUHHOTO O0yYEHUS:

1) cHHMMaeT OrpaHMY€HUsS C HCHOJIb3YEeMbIX THUIOB JaHHBIX 3a CYeT
WCIIOJIb30BaHUS JIF000H MH(GOPMAIINH, U3BICUEHHON U3 JaHHBIX B TepMHUHAX (2;

2) CHUMaeT OrpaHWYEHUsS C HCIOIb3YEMOIO alpUOPHOTO 3HAHUSL IyTEM
MPEACTABIEHUS €r0 B ();

3) CHUMaeT OrpaHMYEHHUs C KJIACCOB IMPOBEPSEMBIX TUIIOTE3 3a CYET 3aJaHus
KJ1acca oOHapyskuBaembix 3HaHui Rule Type, onpeneneHHbIx B (2;

4) cucrema Discovery oOHapy>XKHBaET CICAYIOIINE BUIbI 3aKOHOMEPHOCTEH:

e MHOXeCTBO 3akOHOB L 1 Teoputo Th(J) smnupuueckoit cUCTEMBI J;

® MHOXECTBO BEPOATHOCTHBIX U CUIIbHEUIIINX BEPOSTHOCTHBIX 3aKOHOB;

® MHOXECTBO MAaKCUMAaJbHO CHEHU(PUUECKUX 3aKOHOB, MPEACKA3bIBAIOIINX
0e3 npotuBopeunii [48,52];

B oHTOMOTrMUECKOM O/1X0/1€ OOHAPYKMBAEMbIC 3HAHUS MOJIHBI B IBYX CMBICIIAX:
(1) B cMbIcTe TTOTHOTHI U3BJICUEHUS MHPOPMAIIMU U3 JAHHBIX 33 CUET HCIIOJIb30BAHUS
OHTOJIOTHH U TEOPUU M3MEpPEHUii; (2) B CMBICIIC TIOJHOTHl OOHAPYKUBAEMbBIX 3HAHUHN
B BUJIE MHOXKECTB IMIPABUII a)-C);

CymiecTByIOmue METOIBI MATUHHOTO OOYUYEHHUS HE B COCTOSIHUU TIOICPKUBATH
PEXKUM HCCIIEIOBAHUS JTaHHBIX, KOTJa OOHapyKMBaeMasi 3aKOHOMEPHOCThH 3apaHee
HeusBecTHa. Kakaplii METO[ MalIMHHOTO OOy4YeHUs: OOHAapy>KMBAE€T CBOM BIIOJIHE
cnenu@uYeckuil Kjlacc THUIOTE3, COOTBETCTBYIOIIUMU ero oHrosoruu. Cucrema
«Discovery» MOXeT OOHapyX HUThb MPOU3BOJILHBINA KJIACC TUIOTE3, KOTOPHIA MOXKET
3a/1aTh DKCIIEPT, U, TEM CaMbIM, CIIOCOOHA TMOJJEPKUBATh PEKUM HCCICTOBAHUS
JAHHBIX, KOTJIa KJIACC TUIOTE3 MOXKET MEHATHCS B IIPOLIECCE UCCIICTOBAHUS.

Cucrema «Discovery» oOHapyXuBaeT 3HaHuUA B TepmuHax oHtojoruu [1O.
HNuTepnpeTupyeMocTh 3aKOHOMEPHOCTENH MOXET OBITh OY€Hb BakKHA IMPHU MPUHATUU
OTBETCTBEHHBIX PEIICHUH B TAKUX OOJACTSAX, KaK MEAUIMHA, (P)MHAHCHI UM BOCHHBIE
MPUIIOKEHUS.

Cucrema «Discovery» mnpuUMEHsUIach I pEHICHUS MHOXECTBA 3aJad B
(dbuHAHCOBOM TIpoTHO3WMpOBaHUHU [6,42], OmomHpopmaruke [64], mMemuruHe [65],
aHaJIN3€ KyJIbHUYECTBA [66] 1 MHOTUX JPYTHX.
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3.4. Delta-nnamegopma

Kak ynomunanocs Bo BBenenuu onHo# U3 ocTphix npobiem coBpemenHoro MU,
MIOMHMO XOPOIIO U3BECTHOM MPOOIEMBI «YEPHBIN SIIUK», SBISETCS TaK Ha3bIBacMasi
npooniema yewmpanuzayuy, O3HAYAIOIIAs IOSBICHUE TEHACHUMU COCPEAOTOYEHUS
BJIacTH W KOHTpois Hax MU B pykax HEOONBIIOTO YMCHIA IOPUANYCCKUX JUIl. [[s
pemeHust 3Tol mpoOieMbl BO BBeneHun OBUIO MNPEIOKEHO BOCIHOJIB30BATHCSA
OIBITOM MPUMEHEHUS 0eYeHmpanu308anusix peuwienuti n3 cheprl KpunroBaitoT. [lpu
3ToM camu MU-anropuTMmel npeasiaraioch paccMarpuBarh Kak yMHble KOHMPAKMbL,
KOTOpbIE HCHOJHAIOTCS Ha OJNIOKYEHH-MIOACTPYKTYpax MyIbmubLoOKYelHd, 4YTO
oOecrieunBaio Obl MPO3PAaYHOCTh BCEX OMNEpPALM, MNPO3PAYHOCTh OOyyarouen
BBIOOPKHM H TIPO3PAuYHOCTh TMPUHATHS pemieHuit. Y, HakoHel, BBIJBUTaIOCh
TpeOOBaHUE noauHomMuanrbHou  gviyuciumocmu  NHW-anroputMoB, dYTO HMeEET
OYEBHJIHOE€ MPHUKIATHOE 3HauyeHuWe. B 1enom, cTaBWwiach 3ajada CoO3JaHUs
MOJIMHOMHAJIBHO BBIYMCIUMON (BO BCEX CMBICIAX) CHUCTEMbI JOBEPHUTEIHHOIO
CEMaHTHUYECKOTr0 MojenupoBanusa. Ho 4ToObl NpHUCTYyNUTh K €€ MPaKTUYECKOMY
pEeIIEeHUI0 MOTPEOOBATOCHh HECKOJIBKO JIET CEPhE3HBIX UCCIIETOBAHUA.

Beenénnbie B 2017 rogy C.C.I'oHuapoBbIM yCIOBHBIE TepMbI [34] 1O3BOIUIN
MOHSATh, YTO TEPMaMH MOTYT OBITh HE TOJBKO CTaHJAPTHBIE TEPMBI JIOTUKU
IPEIUKATOB MEPBOTO MOPAJKA, HO U JPYrHe, KOPPEKTHO 3aJaHHbIE CHHTAKCUYECKUE
koHCTpyKumu. 1o mnos3somwiio C.C.lonuwapoBy u /I.MN.Ceupumenko B 2019 romy
BBECTU TaKHE TEPMaJIbHbIC PACIIMPEHUS, KAK OTPAaHUUYCHHO-PEKYPCUBHBIE TEPMBI, B-
while Tepmbl, uTepanuMoHHble TepMbl W T. A. [33] W mMoOKa3aTh, YTO BCE 3THU
TepMaJIbHbIE PACIIUPEHUSI HE BBIBOJAT 32 PaMKU MoJiMHOMUanbHOoCTH. Ho mpobiema
P-TIOJIHOTHI ATUX PACIIMPEHUN TaKk UMM U He Obula pemieHa. OaHako yxe B 2022 romay
C.C.T'onuapoBeiMm u A.B.HeuecoBbiM Obuia HaiijieHa (QuHaNbHAs CHHTaKCHYECKas
KOHCTPYKIHS, KOTOpasi 3aBEpIIMIA OCTPOEHUE P-IIOJIHOTO SI3bIKA CEMaHTHYECKOrO
monenupoBanus L [39]. Uyrte panee, B 2021 romy, umMu ke ObUT JOKa3aH
MOJIMHOMUAJIBHBIN aHaIoT TeopeMbl ['aHAM 0 HaMMEeHbIIeH HEMOABMKHOU Touke [36],
KOTOpPBIA TOBOPWJ O TOM, YTO B PaMKax OMNPENCICHHOW Aj-CUCTEMbI MOXXHO HAWTH
Takue YCJIOBHS Ha (POpPMyNbl, UYTO KJIACCHUECKHH pe3ynbTar Teopembl [aHau
CTAHOBUTCSl CIPABEMJIMBBIM M JJIsl 3TOW cucTeMbl. IIpyu 3TOM, 4TO O4YEHb Ba)KHO, B
ATOM CUCTEME HAaMMEHbIAsl HEMOJBH)KHASI TOUKA IMOCTPOEHHOIO oneparopa OyleT p-
BBIYMCIMMOM. DTO Jano emle OONIbIIMK TONYOK K JalbHEHIIeMy pa3BUTHIO SI3bIKa
CEMaHTUYECKOr0 MpOrpaMMHpoBaHus L W K pa3BuTHIO camoil ¢opManmbHON A,.
CUCTEMBI.

OTMeTHM, 4TO MOJIMHOMHAJIBHBIN aHAJIOT TE€OPEMBI ['aHIN MMO3BOJISIET OTPYKAThH
ao0ble  MHIYKTUBHO  3aJlaBaeMbleé  CHUHTAKCUYECKHE  KOHCTPYKIIMM  BHYTPb
dbopManbHON CHUCTEMBI, TMpeajiarasi, Kak KOIUPOBKY, TaK M CPEICTBA OIICHKHU
CJIOXHOCTU Takoro xpaHeHus. It1o no3poiauiio C.C.I'onuaposy, I.1.CBupuaeHko u
A.B.HeuecoBy omucatb  00BEKTHO-OPUEHTHUPOBAHHYIO  BEPCHIO  P-IIOJHOTO
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CEMaHTUYECKOro si3bika mporpammupoBanus L* [40] u npuctynuTh kK pa3paboTke
cnienpanbHoro (peiimBopka — Delta-niiargopme, BoOpasiieit B cedsi, B TOM YHCIIE,
U BECh HEOOXOMUMBIM (yHKIIMOHAT ISl PEIICHHsS BBIIIE YHOMSHYTBIX UJICH:
MYyJIbTHOIOKYEHHBI, CMAapT-KOHTPAKTHI U sI3bIK L* Ha 0aze p-mojHOTO JIOTMYECKOTrO
s3pika L. TIpu 3TOM, Ha pa3HBIX YPOBHSX MYIBTUOIOKYEHHOB, MPU HEOOXOAMMOCTH,
MOXHO 33/1aBaTh pPa3JIMYHbIE YPOBHU JOCTYyIA IOJb30BaTEICH, 3aaBaThb YPOBHHU
MPO3pPAUHOCTH KaK CcaMoro OJIOKYEHHA, TaK M CMapT-KOHTPAKTOB, UCIIOIHSIEMBIX Ha
HUX. B Ccuily TOro, 4ro cMapT-KOHTPAKThl SIBJISIFOTCS NPOrpaMMaMH CIIEUAIBHOTO
BHJIa B P-TIOJIHOM sI3bIKE L*, TO 3TO 3aMETHO CHUKAET YPOBEHb TPY/I03aTpaT MpH UX
aynute. B caMom ke s3pike L* MOXXHO ONMCBIBaTh pabOTy Kak HEUPOHHBIX CETeH
[61], Tak u OmoxkueHHOB [62], YTO HECOMHEHHO SBISETCA IUIIOCOM, TaK KakK HeE
TpeOyeT HUKAKMX BHEITHUX MPOTPAMMHBIX CPEJICTB JIJIs UX peau3aliliu.

C ToukM 3peHHs 3aJaYHOTO MOAXOJa B P-TIOJHOM si3blke L* MBI MOokem He
TOJIBKO OMMCaTh caMy 3aJady, HO B paMKax U CPEACTBAMHU ITOTO KE SI3bIKA U PEIIUTH
ee. B cuiy Toro, uto 6aza y Hac OJIOKYEHHBI, TO JCIECHTPAIU30BAHHBIC PEIICHUS
CTPOSITCA JJOCTAaTOYHO MpOCTO. B kauecTBe BepxHEYpPOBHETO ONOKYEHHA MOXKET OBITh
BBHIOpaH camblii 0Oe30macHBId H JACICHTPAIM30BAHHBINA, HampuMep, OJOKYeHH
butkonna wim Ddupuyma. brokdeitHsl Ooiee HU3KMX YPOBHEW MOTYT HE WMETh
JEIEHTPAIM3AIIUN U UCIIONIb30BaThCA KaKk OObIYHAs 0a3a JaHHBIX, B TOM YHCIIC U Ha
JIOMAIIIHEM KOMITBIOTEPE OJHOTO W3 IMOJIb30BaTeiei. A MOCKOJIbKY HE HYKHO Oyaer
JIOCTUTaTh HHUKAKOTO KOHCEHCyca C JIpPYrMMHU OJIOKYeHaMH, TO 3TO MOBJICYET 3a
c000i1 BBICOKYIO CKOPOCTb 3aITUCH..

Xorenoch Obl 3aMeTUTh, 4TO co3aanue Delta-miargopMbl B MHTErpanuu ¢
npejicKa3aresib-HbIMM CUCTeMaMu Tura Discovery cmocoOHO J1aTh MOIIHBINA TOTYOK K
noctpoennto MH-anroputMoB, KOTOpble IO CBOEH MpupoAe OMM3KH K ajlropurMam
obmiero uckycctBeHHoro wuHrteiiekra (AGI), uro oOecreynBaeT Kak BBICOKYIO
camoooyuaemocms TaKUX CHCTEM, TaK M BBICOKOE Oogepue K HHUM OOBIYHBIX
IoJIb30Barese. B 2TOM KOMOWHAIIMA OTMEUEHHBIX BBIIIE BO3MOKHOCTEH M BUIUTCS
peann3anus OCHOBHBIX IMOJOKEHUN 3aa4HOro noaxoxaa, korma MH-cucremsr moryt
pemarb, Kak IIOCTaBJIICHHbIE TI€pell HUMH 3aJa4d, TaK MW CaMOCTOSITEJIbHO
dbopMynupoBaTh HOBBIE 3aJla4uM, KOTOPhIE HE OBbUIA SIBHO MPOMHCAHBI B allTOPUTMAX
NH. Bce 310 103BOJISIET HAM TOBOPUTH O BO3MOKHOCTH IIOCTPOEHUS TOBEPUTEIIBHOTO
«obmero» MM B pamkax u cpecTBaMU 3aJIa4HOTO MOJXO0/1A.

4. 3axnrouenue

JlaHHyl0 CTaThl0 MOXHO paccMarpuBaTh Kak CBOCOOpa3HBIM OTYET O
pe3ynbrarax HCCIIeJAOBaHUN B 00JIaCTH 3aJ]adHOTO TOAXOJa M €ro MPaKTUYECKUX
MIPUMEHEHUSX, OCYIIECTBISIEMBIX KOJIJIEKTHBOM aBTOPOB CTaThbH, MX YYCHUKAMH U
KOJIJIEraMH, KOTopble ObUIM HauaThl erie B 70-80-X Togax mponuioro CToiaeTus. 3a 3Tu
ronbl Obula TpozenaHa Oonblas paboTa 1O Pa3BUTHIO W MPAKTUUYECKOMY
IMPUMCHECHHUIO TIOJIOKCHUH 3aJlaq4HOro I10AXO0Ja TNPHMEHUTEIbHO HE TONBKO K
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pa3IMYHBIM MpolsieMaM OocHOBaHUM marematuku U MM, HO 1 K TakuM 00JacTsIM Kak
KOTHUTWBHbIE HayKd, Helpodu3noiorus, MeauinHa, udpoBas TpaHchopMmaius
NPENNpUATANA, aBTOMATH3alldsg MPOCKTUPOBAHMS CIOXKHBIX CHUCTEM, IU(GPOBBIC
JBOMHUKYU U T.J. Kak BUJIHO W3 BBIIIECKA3aHHOIO, YAJOCh HE TOJBKO CYHIECTBEHHO
pPa3BUTh METOJOJOTMYECKHE U MAaTEMATUYECKHE MOJOKEHUS 33Ia4HOr0 MOJX0Aa, HO
u  co3marh ero  A(QPEeKTUBHYIO  MHCTPYMEHTAJIbHO-TEXHOJOTUYECKYI0  0as3y,
MO3BOJIMBIIYIO YCIICIIHO pEIlaTh MIUPOKUN CHEKTP 3a/ad U3 Pa3IMYHbIX OOJacTei:
TEIEKOMMYHUKAIUM,  Ou3Hec,  purtein,  (UHTEX, TEHETHKa,  IeOoJIOTHs,
k10ep0Oe30MmacHOCTb, POOOTOTEXHUKA, MEAUIIMHA U TIp. Ha moBecTke nHS — co3naHue
noBepuTeabHOro «oomero» MN. M kak moka3pIBaeT OMBIT NPEALIAYIIUX JET €CTh BCE
OCHOBaHHUsI, 4yTO B Ommwkaifiiee Bpems Tako MM Oynmer cozman. B Tom uwucie B
paMKax U CpeJICTBAMHU 3a1a4HOTO MOIXO0/A.

1. Introduction

After the events associated with the “ChatGPT revolution” and which opened up
to the world not only new brilliant prospects and possibilities of artificial intelligence,
but also new risks and dangers of its use that could lead to uncontrollable
consequences, the topic of Al has become extremely fashionable and popular,
actively discussed not only among specialists and professionals, but also in other
circles, including government ones. And one of the central problems discussed in
connection with such a rapid development of events was the problem of trust in Al
systems, which actually means society’s recognition of the fact that modern artificial
intelligence systems cannot guarantee the correctness of the solutions they offer to
problems. Those it is recognized that these decisions may be false, erroneous,
incorrect, inaccurate, deliberately misleading, etc.

The problem of trust in Al is a complex problem, representing a whole “tangle”
of problems that prevent people from trusting Al algorithms. In this paper, only some
of these problems will be touched upon, namely the “black box™ problem, the
centralization problem and the audit problem, since according to the authors, solving
these problems can significantly increase people’s trust in Al systems.

Let us recall that the “black box™ problem means the fact that some Al systems,
when producing the result of solving a problem, do not explain it in any way.
Moreover, most often the result presented by such an Al system either cannot be
verified by the end user at all under any conditions, or the complexity of checking the
result requires enormous resources and mental costs. And one more note related to
the “black box” problem. The fact is that to completely solve the problem under
discussion, it is not enough to make the mechanism for generating results by Al
systems transparent. At the same time, we should try to raise the level of
competencies of the users of these systems. After all, the high demand for the
services of Al systems is supported precisely by users, who often do not pay much
attention to the “black box™ problem. Moreover, even if the algorithms of the same
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neural network are transparent and the formation of the result is “explained” by some
special additional program, it is far from a fact that the presented justification will be
convincing and understandable to an ordinary, not sophisticated user. This especially
applies to artificial neural networks with billions of parameters, with their huge
number of weighting coefficients and activation functions. It seems that here it is
necessary to use logic and logical rules that would not only look convincing and
truthful, but could also explain to a person the considerations from which the result
was formed.

Another acute problem of modern Al is the so-called problem of centralization,
which means the emergence of a tendency to concentrate power and control over Al
in the hands of a small number of legal entities, which can negatively affect
development and innovation in this area. Moreover, centralized control over systems
like ChatGPT can lead to such incorrect system settings that can lead to very serious
consequences and cause harm to both the end user of the system and humanity as a
whole. To solve this problem, it is proposed to take advantage of the experience of
using decentralized solutions. An example is the use of blockchain in the field of
cryptocurrencies. The most stable computer network in the world today is the Bitcoin
blockchain network, which has been operating stably since January 3, 2009. In
principle, blockchains, as databases for storing information, may well be suitable for
Al solutions. At the same time, to avoid the well-known blockchain trilemma [1],
multi-blockchains can be used. Let us recall that the first multi-blockchains were
announced back in 2017 by the brothers Nikolai and Pavel Durov in their “White
Paper” for the TON project [2]. It turned out that it is at various levels of multi-
blockchains that the necessary indicators for scalability, security and decentralization
can be achieved. Al algorithms themselves can be considered as smart contracts that
are executed on the blockchain substructures of a multi-blockchain, which ensures
the security, correctness and transparency of all operations, training samples and
decision making.

In addition to the problems of the “black box™ and centralization for modern Al,
the problem of Al auditing is becoming increasingly relevant, which is that even with
access to Al algorithms, we cannot always check how an Al system based on training
on large arrays makes decisions data. It 1s clear that competent analysis of such
software solutions will require highly professional specialists, who, as a rule, are in
short supply and who must be specially trained.

Due to the above problems, there is a danger that the Al system may make
decisions that are either incomprehensible to the user or simply not justified. It is for
this reason that eXplanable artificial intelligence (XAI) arose, requiring Al systems to
be transparent and explainable in all the results they produce. Many countries are
currently trying to put this requirement into legal form. For example, in September
2021, the US National Institute of Standards and Technology approved 4 principles of
explanatory artificial intelligence [3]:
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e Explanation: Al systems should provide explanations that are backed by
evidence.

e Meaningful: Explanations should be meaningful in a way that can be
understood by users of the Al system

e Accuracy: Explanations should be accurate in describing the Al system’s
process

e Boundaries: Al systems should operate within the limits that they were
designed for

These principles were taken into account by the Chinese government, and
already in April 2023, Beijing set a course for XAI [4]. China has automatically
imposed restrictions on the Al development of all its Al companies. Now developer
companies will be responsible for their Al solutions (including the actions of
chatbots) if:

e original data source are illegitimate

e for all the results of issuing chatbots

e for content that would violate the basic principles of the Socialist Party

e for calls to overthrow the regime or actions that discredit the party.

In Russia, back in 2021, the national standard of the Russian Federation for
trustworthy artificial intelligence was adopted (GOST R 59276-2020) [5]: “Artificial
intelligence systems: ways to ensure trust,” which provides a classification of factors
affecting the quality and ability of Al systems to inspire trust at life cycle stages. And
one of the main points of this document is the explainability of artificial intelligence.
This standard applies only to Al systems that provide solutions only to specific
practical problems and cannot be used for “strong” or “general” Al systems.

Considering such a huge interest in the problem of trust and explainability of Al,
the authors of this work present to the public their original concept of constructing
Trustworthy Artificial Intelligence (TwAI), which is based on a task approach to
artificial intelligence [7-12], which to a certain extent generalizes such well-known
and popular approaches, like agent-based approach and artificial general intelligence
(AGI).

Note that the success and popularity of the agent approach, set out in the
monograph [13], owes much to a well-chosen system of concepts, including various
types of “agents” and ‘“external environment”. Various problems of artificial
intelligence are considered in this approach as tasks of interaction between the
“agent” and the “environment”, which allowed its authors to carry out a detailed
classification of agents, environments and, what is fundamentally important, the fasks
they solve. Thus, the agent approach actually follows the task approach, but without
explicitly defining the tasks solved by agents and indicating all the components
inherent in the concept of “task”.

Artificial General Intelligence (AGI), reviewed in [14], showed that modeling
human cognitive processes is not a prerequisite for solving intellectual tasks.
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Therefore, AGI reflects the fact that artificial intelligence, to one degree or another,
can be possessed by both a person or a living organism with a highly developed
central nervous system, and an abstract robotic system. Leading developers of AGI
(Ben Goertzel, Shane Legge, Pei Wang) give the following definition of AGI: “it is
the ability to solve cognitive problems in general, acting purposefully, adapting to
environmental conditions through learning, minimizing risks and optimizing losses to
achieve one’s goals” [14] .

The purpose of this work is to show that the task approach to Al, generalizing
and developing the approaches mentioned above, and at the same time being
anthropomorphic in nature, since, based on the Theory of Functional Systems (TST)
of brain function [15-20], allows adequate modeling of cognitive purposeful human
activity, can become the conceptual basis of Trusted Al and the corresponding tools.

2. Task approach and its mathematical theory

2.1. Task approach

The first attempts to give the concept of “task™ a precise meaning were made by
academician A.N. Kolmogorov back in the 30s of the last century, who used the
concept of task to describe the mathematical semantics of intuitionistic propositional
calculus [21]. The empirical Theory of Inventive Task Solving (TRIZ) also made a
great contribution to the development of the task approach in relation to solving tasks
related to the creation and development of technical systems [22]. However, the most
substantiated, systematic and detailed description of the concept of the task approach
was carried out by Academician Yu.L. Ershov and Doctor of Philology. K.F.
Samokhvalov in relation to the problems of the foundations of mathematics [7-8].

2.1.1. A task approach to the foundations of mathematics and AI

The analysis of the concept of a task in relation to the foundations of
mathematics begins with the following simple arguments formulated by K.F.
Samokhvalov: “I’m thirsty” - what does that mean? There is, of course, no mistake in
believing that the words “I’m thirsty” simply mean this, where this is a certain state
of consciousness that I am experiencing now and which I call thirst. But then a new
question arises: how is the feeling of thirst (wanting) related to the actual drinking
(satisfaction of wanting)? How do I know that drinking can satisfy my thirst? Does
the very experience of thirst contain the consciousness of how this thirst can be
satisfied? ... To know desire does not mean to know what is desired, but to be able to
know what is desired,” i.e. have a criterion for satisfying a desire.

Thus, the task is defined if and only if we have a criterion for solving the task -

a criterion for checking whether the presented solution is really a solution to the task.
In mathematical theories, such a criterion i1s considered to be the presence of a proof
of the solution to the task. But this criterion is applicable only when, within the
framework of the formal system itself, we have both a proof of the solution to the
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task and the opportunity to verify by means of the system itself that this proof is
indeed a solution to the task. In [7-8] it was proven that only in “weak” formal
systems (for which Godel’s theorem does not apply) can we use the formal system
itself to determine whether some text is a proof of the solution to the task or not.

As a result, Hilbert's program for the justification of mathematics should be
reformulated as follows: it is not necessary for all mathematics to prove its
consistency, as was proclaimed in Hilbert's original program - this is impossible and
unnecessary. It is necessary to formulate and solve tasks within the framework and
means of appropriate weak formal systems.

2.1.2. The concept of “task” in artificial intelligence

Let us now define the concept of “task™, aiming to consider the widest possible
range of tasks, which is typical for such a direction as artificial intelligence. Let us
first give an informal definition.

A task is defined if and only if its formulation contains:

- indication of the subject area, recorded in the form of a certain formal model,
including a description of the signature and structure of the language (ontology), as
well as knowledge about the subject area, including source data, facts and
hypotheses;

- what request (question) formulated in the task for the subject area should we
receive an answer to (solution to the task);

- criterion for satisfying a request - in which case it can be considered that an
answer (solution) to a request (question) has been received;

- in what context should we look for an answer (solution) to a request
(question) - what goal do we pursue when solving a task, i.e. what do we expect from
the result obtained and what are its consequences and what to do if the answer turns
out to be negative.

The proposed task approach assumes that the true purpose of artificial
intelligence is to automate problem solving, assuming that tasks are formulated in
terms of executable (declarative) specifications, discussed below. In addition, the
concept of task we introduced, in contrast to AGI, as we will show below, adequately
models the purposeful activity of humans and animals in accordance with TFS.

2.1.3. The concept of "task" in cognitive sciences. A generalization of the task
concept in cognitive sciences is the concept of a Goal [15-16,20]. The goal cannot be
achieved without having a criterion for its achievement, otherwise it can always be
assumed that it has already been achieved. Therefore, the formulation of the Goal
should always include a criterion for the goal achievement. Achieving a Goal gives a
certain Result.

The only physiological theory in which the Goal achievement and obtaining a
Result is considered as the brain's solution to the problem of satisfying a certain need
is the Theory of Functional Systems by P.K. Anokhin [15-20]. This theory also
reveals the physiological mechanisms of achieving the goal and solving this problem
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by the brain. Anokhin wrote: "Perhaps one of the most dramatic moments in the
history of studying the brain as an integrative education is the fixation of attention on
the action itself, and not on its results ... we can assume that the result of the
"grasping reflex" will not be grasping itself as an action, but that set of afferent
stimuli that corresponds to the signs of the "grasped" object." The "totality of afferent
stimuli" is the criterion for achieving the goal in the TFS. The goal in TFS is to
satisty some need: "Every need, even with a slight deviation of vital function from
the optimal level for metabolism (which i1s what the need is), is immediately
perceived by special receptor devices" (the criterion for achieving the goal).

According to P.K. Anokhin, the central mechanisms of functional systems
providing purposeful behavioral acts have the same architecture.

2.1.3.1. Afferent synthesis. The initial stage of a behavioral act of any degree of
complexity is afferent synthesis, which includes the synthesis of motivational
excitation, memory, situational and trigger afferentation.

Motivational excitement. Goal setting is carried out by the need that has arisen,
which is transformed into motivational excitement.

Memory. Motivational excitement "extracts from memory" all possible ways to
achieve the goal, as well as the entire sequence and hierarchy of results that must be
obtained in order to achieve the goal in some specific way.

Situational afferentation. When the goal is achieved, the situation in which the
result was obtained is also recorded. This situation i1s fixed as the necessary
conditions along with the motivation required to achieve the result. Therefore,
motivational excitation in this situation "extracts from memory" only those ways to
achieve the goal that are possible in this situation. Thus, situational afferentation,
when interacting with the experience extracted from memory, determines what and
how can be done in this situation to achieve the goal.

Trigger afferentation. Trigger afferentation is also a situational afferentation,
only related to the time and place of achieving the result. Trigger afferentation
answers the question of where and when the result can be achieved.

2.1.3.2. Decision-making. At the stage of afferent synthesis, by the motivational
excitation can be extracted from memory (in a given setting) several ways to achieve
the goal. At the decision—making stage, only one of these methods is selected - a
specific action plan. By "pulling" all the accumulated experience from memory,
motivational excitement is transformed into a specific goal that determines the way to
achieve itself. A specific goal is called a "higher motivation" in the TFS.

2.1.3.3. The acceptor of the actions results. Motivational excitement also
"extracts from memory" the entire sequence and hierarchy of results that must be
obtained for the implementation of the action plan. This sequence is called in the TFS
the acceptor of the actions results. It is the dominant need (Goal) of the organism,
transformed in the form of the anticipatory excitation of the brain, into a complex
receptor of future reinforcement, which is the criterion for achieving a specific goal.
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2.1.3.4. Reinforcement. The sanctioning stage. If, as a result of the
implementation of a specific action plan, the goal is achieved (the need is satisfied)
and all the results of the action results acceptor are obtained, then the last sanctioned
stage occurs in which the need is satisfied and the completed specific action plan is
stored in memory.

2.1.3.5. Formal model of functional system. Based on the works [16-17,20,23]
on the formalization of functional systems, a formal model was developed
summarizing the basic properties of functional systems that:

1. uses a formal neuron model that detects causal relationships and is based on
semantic probabilistic inference;

2. sets goals in purposeful behavior, forms a functional system and an acceptor
of the results of an action, which continuously compare the results achieved with the
results expected in the acceptor of the actions;

3. automatically generates sub-goals and reinforces the achievement of sub-
goals if their achievement increases the likelihood of achieving the final goal;

4. selects an action in real time, taking into account the current situation and the
afferentation received;

6. plans the achievement of the goal in accordance with the sequence and
hierarchy of functional systems to achieve the final goal;

7. decides by decision-making on a certain way to achieve the goal.

The experiments conducted show the "naturalness" and effectiveness of the
behavior of the received animates.

This model has been successfully used to model animates [20,23-25].

2.2. Mathematical theory of task approach - semantic modeling

Let us now move on to formal definitions. Let's define a language for task
specifications based on the logical-mathematical theory of the task approach -
semantic modeling. As the concept of the basic model of calculations, it is proposed
to take the concept of ) -definability of calculations [26], supplementing it with a
procedure for checking the truth of ) -formulas on a multi-sorted constructive model
M, considered together with its list superstructure HW(M), and the concept of
relative computability, allowing the use of oracles [27-32].

Let M be some set. Let us define by induction the set HW(M) of hereditarily
finite lists over M:

HWO(M) = {D};

HWn+1(M) = HWn(M) ULisp(HWn(M) U M));

HW(M) = Uon=0 HWn(M),

where Lispw(X) is the set of all finite lists consisting of elements of the set X.

Let .4 be a multi-sorted constructive model of signature 6, where M is the basis
set of this model and let (HW(M)UM) be the basis set of the extended model HW(.#)
of signature ¢* = o U {nil, head, tail, cons, conc , =, €, <, U}, where the new
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functional symbols have a natural interpretation of the list-operations, and the
predicate symbols are interpreted as list-relations, where = is the equality relation of
lists, € is the relation “to be an element of a list,” < is the relation “to be the beginning
list" and where UHW(M)) = M. We will call the model HW(.#) of extended
signature o* a superstructure of hereditarily finite lists for the model . or simply a
list superstructure over .#. Next, we will consider the multi-sorted constructive
model -# together with its list superstructure HW(.#) as a certain initial basic
calculator, in which all signature entities are computable constructions. In addition,
we also allow the possibility of enriching the signature ¢* with additional predicate
and functional symbols, some of which will be used as predicate and functional
variables, and for the rest, certain external computable constructions, which we will
further call oracles, act as their interpretations.

Terms and atomic formulas of signature ¢* are defined in a natural way in our
language. The class of AO-formulas of signature o* is defined as the smallest class of
formulas containing all atomic formulas and closed under —, AV, —, Vxea, dxea,
Vx<a, dx<a, where a is a term. Recall that here “€” means “to be an element of the
list”, and “<” means “to be the initial sublist”. We will further call expressions of the
form Vxea, dxea, Vx<a, dx<a restricted quantifiers.

Having the class of AO-formulas, we now define the class of ) -formulas of
signature o* as the smallest class of formulas containing all AO-formulas and closed
under AV, Vxea, dxea, Vx<a, dx <a and the unbounded existence quantifier dx. Note
that in our language we can quite correctly write formulas that have added limited
quantifiers of the form “Vx=t” and “Jx=t”, where t is a term. It is easy to see that such
expressions are logically equivalent in meaning to the assignment operator “x:=t” in
traditional programming.

We will call a certain relation in HW(.#) a ) -relation if it is ) -definable, and a
Ao-relation if it is Ac-definable. A partially defined function is a ) -function (Ao-
function) in HW(.#) if its graph is ) -definable (A(-definable).

Let us now introduce the concept of formula definability, which is very

important for further presentation. Let some model R = (R; P, ..., P, ) be given.

We will say that a model R is X-definable over HW(.#) if there exists a X-definable
subset S € HW () and a map u : S — R such that p-prototypes of the images of the

predicates P, ,...P, and =, as well as p-prototypes of the images their

complements are X-relations in HW () (usually with parameters). This definition
can be correctly generalized to the case of models whose signature, in addition to
predicate symbols, also includes functional symbols. The importance of this
definition lies in the fact that it allows us to formally define a model of a certain
subject area as a set of ) -definitions of our language, i.e. as a set of ) -formulas and
> -terms. In this case, recursive schemes of ) -definitions are allowed with some
restrictions on the occurrence of defined predicates and terms in them. We will also
define a query to a domain model as a ) -formula, the recording of which can use
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both signature constructions of the basic constructive model, as well as defined
predicates and domain terms.

Let us present some facts that characterize the exceptional expressive and
computational power of the concepts and constructions we introduced [28-31,33-41]:

e [f the original model -4 is computable (polynomial computable), then its list
superstructure HW(.#) is also computable (polynomial computable).

e If the model .# is polynomial computable, then in its list superstructure
HW(.#) the functions defined by the terms are also polynomial computable.

e If the original model .# is computable, then in its list superstructure HW(.#)
> -relations are recursively enumerable, and ) -functions are computable. This fact
explains the content of the term “formula definability of computability™.

e [f model .# is polynomial computable, then in its list superstructure HW(.#)
the truth of each A,-formula @(x, ..., X,) is polynomial computable.

e For a decidable model . and its computable list superstructure HW(.#), their
theories are unfortunately undecidable.

e In the HW(#) model, for n-ary ) —relations there is a universal (n+1)-ary ) —
relation P™(x; xi,..., X,) such that for each Y-relation Q™(xy,...,x,) there is an
element a such that Q(xi,...,x,) <> P(a; xi,...,x,). At the same time, there are no
universal computable functions in the HW(.#) model.

o et X, ..., Xp; QF) be a Y -formula with a positive occurrence of the
predicate Q(xi,...,X,) and let the predicate Q be an n-ary relation in the list suspension
HW(4). Let us define the operator G on HW(.4):

G(Q) = {(a1, -, a)| HW(A) Fo(as, ... Q+)}.

then the operator G is monotone and has a smallest fixed point that is -
definable. Let us note that it is this extremely important, the Gandy fixed point
theorem that allows the use of recursive constructions in the formal definition of
subject areas. At the same time, it is often advisable to look at the predicate symbol
Q+, which is positively included in the ) -formula ¢(x; , ..., X,; Q+), either as a
recursively defined predicate, or as a call to an oracle, thereby allowing in our
concept of semantic computability the so-called relative computability is an
exceptionally powerful tool for modeling, particularly complex hierarchical
structures.

In practice, it is proposed to limit ourselves to the class of A,-formulas. Note that
with the help of Aj-definitions, we can significantly increase the expressive power of
our source language by introducing the so-called conditional and recursive Ao-terms
[34-35]. So, for example, if ¢ is a Ap-formula, and t, and t, are terms, then the triple
(p,t,t) 1s a conditional Ao-term, the interpretation of which is the following
computational scheme: if ¢ is true, then the term t, is executed , otherwise — term t..
Using various iterative and recursive computation schemes, recursive terms are
defined in a similar way [35]. The language of A,-definitions, enriched with such
constructions, appears as a very expressive logical-functional modeling language.
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And what is very important is that such enrichment preserves the original polynomial
computability. Moreover, it has been shown that under certain conditions the
converse 1s also true - every polynomial computable function is A,-definable [39]. To
do this, we will use a more practically acceptable language for specifying problems in
the class of Ap-formulas. We will say that problem P can be represented formulaically
in HW(.#) if:

- the subject area can be specified in the form of a A-model P of the signature of
the list superstructure HW(.#4), i.e. as a set of A,-definitions (recall once again that
recursive Ao-definitions are allowed);

- a request to the Ap-model P is specified either in the form of a A,-formula ¢, or
in the form of a A-term t.

- as a response to a request (i.e. a solution to problem P):

- if the query to the A,-model P has the form of a A,-formula ¢, then
specifications of free variables ¢ are sought for which the formula ¢ is true,

- if the request has the form Aj-term t, then the value of A,-term t is calculated.

Here it is important to emphasize that the truth of the Ao-query formula obtained
by substituting constants instead of variables is the criterion for solving Problem R.
Note that there may be several sets of constants that make the Ap-query formula true
and therefore it is possible to choose one that is, in the sense of the “best” solution,
taking into account the context of solving the problem. In this case, the criterion for
solving problem P must also contain a criterion for choosing the best answer to the
query. This approach to formulating and solving problems is called semantic
modeling. It is important to note that the formalism described above can be naturally
extended by introducing probabilistic and fuzzy constructions.

2.3. Inductive knowledge inference on the domain model

It was defined in [41-46] that the subject domain is empirical system 3 = (A, Q),
where A is the objects of the Subject Domain (SD), and Q is ontology, represented by
the set of relations and operations interpretable in the notion system of SD.

In [47] it noted that "Knowledge is perceived, realized and personally significant
information". Therefore, for the inductive inference of knowledge, it is necessary for
a human to understand and interpret the SD ontology.

Inductive inference of knowledge on SD that carried out by any machine
learning method, must correctly to process objects properties and attributes in order
to obtain knowledge in terms of ontology. It should be noted that the numerical
values of the quantities themselves do not contain knowledge and information,
because the meaning of the quantities is indicated in their interpretation, for example,
5 meters, 5 liters, 5 kilograms, etc. Interpretation, in particular, determines which
mathematical operations can be meaningfully carried out with them. It is worth
noting that physical quantities measured in a subject domain, other than physics, lose
their original physical interpretation. Consider, for example, such a physical quantity
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as temperature. Temperature scales in non—physical areas, for example, when
measuring the patient's body temperature in medicine, soil temperature in agriculture
or air temperature in the oven in cooking, etc., should be different, although they can
be measured with the same device — a thermometer. A scale of some magnitude, from
the point of view of measurement theory, is a set of relations and operations that it
makes sense to perform with numerical values of quantities in a given subject
domain, i.e. these are relations and operations that are interpreted in SD ontology.

It may be objected that a thermometer can measure nothing but temperature. He
really measures physical temperature in all cases. But temperature, like any other
device, is needed to obtain conclusions (knowledge) in the SD ontology to which it
belongs. The patient's physical temperature is an indirect measurement of a medical
quantity — the level of metabolism. For soils, temperature is interpreted in terms of
plant physiology and microbial activity. Physical temperature in other SD is an
indirect measurement of some not physical quantity interpreted in the SD ontology.
What relations and operations on numerical temperature values that make sense for
these quantities are already determined by the ontologies of the SD. Thus, in order to
extract information from attributes and quantities of SD, it is necessary to define a set
of mathematical relations and operations interpreted in the ontology €2 and include
them in the ontology Q of the subject domain J = (A, Q).

Let us consider the problem of the theory Th(J) discovery. We will assume that
the theory Th(3J) is a set of universal formulas (a more general case is considered in
[47]). It is known that a set of universal formulas is logically equivalent to a set of
rules of the form:

vx1,x2,...(Al&..&Ak = A0), k>0, (1)

where A0,A1l,...,Ak are literals. Therefore, we can assume that the theory of
Th(3) is a set of rules of the form (1).

It 1s not difficult to see that the rule C = (Al1&...&Ak = AO0) logically follows
from any sub-rule of the form: (Ail&...&Ain = AO0), where {Ail,...,Ain} []
{Al,..,Ak}, 0 < h <k, that is: (Ail&...&Ain > A0Q) + (Al&...&Ak = A0). Then the
theory Th(3J) can be simplified. By the /aw of the empirical system I = (A, Q) we
will call a true rule C of the form (1), for which each of its sub-rules is no longer true
on 3. Then it is true that L + Th(M) [16,48]. Then the theory of Th(J) can be
considered as a set of laws of an empirical system.

Let's define the probability n on the empirical system 3 = (A, Q) as on the
model [49]. The probabilistic law on I will be called the rule (Al&...&Ak = A0) the
conditional probability N(A&A &...&A)M(A1&...&Ax) of which is defined
(M(A1&...&Ax) > 0) and strictly greater than the conditional probabilities of each of its
sub-rules. The Strongest Probabilistic Law (SPL) will be called the probabilistic law
C, which is not a sub-rule of any other probabilistic law.

Inductive inference of probabilistic knowledge on the SD I = (A, ), is carried
out by the following semantic probabilistic inference.
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The Semantic Probabilistic Inference (SPI) of some strongest probabilistic law
Cn predicting some fact G, we will call the sequence C1 = C2 E.. £ Cn, Ci =
(Ail&...&Aiki = G) of probabilistic laws, for which the Ci is a sub-rule of Ci+1 and
n(Ci) <n(Ci+l),1=1,2,..n-1.

We need knowledge for predictions. Let us define SPL that solves the problem
of statistical ambiguity [48,50] and predict without contradictions.

Let us consider the set of all SPLs that predict some fact G. This set can be
viewed as semantic probabilistic inference tree of G.

By the Most Specific Probabilistic Law (MSWZ(G)) of the infeernce of some
fact G we will call the SPL, belonging to some semantic probabilistic inference tree
of G, having the maximum conditional probability value among all the rules of that
tree. The set of all MSWZ(G) for all literals G € 2 we denote as MSZ.

It was proved that L € MSZ [41,47-48] and therefore the set MSZ of laws
generalizes the theory Th(3J). In addition MSZ is logically consistent [47-48,50] and
therefore it is in exact sense a probabilistic theory of the domain I = (A, Q). It can be
proved [47-48,50] that predictions obtained by the inductive statistical inference
according to the laws from the MSZ are consistent.

This theory of the inductive inference of knowledge on the SD J = (A, Q) is
implemented as a platform and software system "Discovery", described below. By
this  platform a lot of  practical tasks were  solved  (see
http://old.math.nsc.ru/AP/ScientificDiscovery/index_rus.html).

3. Platform solutions for task approach

Currently, semantic modeling, as one of the concepts for automatically solving
intellectual problems, is based not only on the methodology and theory of the task
approach, but also has at its disposal a developed toolkit aimed at supporting and
maintaining the following technological scheme for solving intellectual problems:

e STEP 1. The emerging need is clarified, the associated contradiction
associated with the lack of a “template” way to satisfy this need is identified and
studied. Let us note that this contradiction, in its essence, is the true cause and content
of the problem being solved. Next, a criterion for successfully overcoming the
identified contradiction is formulated in natural language (a prototype criterion for
solving a problem), if necessary, a decomposition of the contradiction/task is carried
out and the context of the problem is determined (why, why, the nearest supertask,
subtasks, purpose and consequences of solving/not solving the problem, etc. .).

e STEP 2. The general knowledge relevant to the problem is described in natural
language, an ontological model of the problem domain is constructed (concepts,
facts, rules, relationships, ...), and a class of queries to the problem domain is
formulated in general and ontological terms.

e STEP 3. In logical-probabilistic terms of semantic modeling, a formal model
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of the problem domain of the problem is constructed and the query and solution
criterion are formulated in the same formal terms.

e STEP 4. Within the framework and means of the corresponding semantic
modeling tool platform, a computer model of the problem is built.

e STEP 5. Using a computer model, answers to queries are found. The
feasibility of the decision criterion, the validity and/or explainability of the answers
and their interpretability are checked.

As for the technological tools for semantic modeling, several platform solutions
have been created and are actively being developed.

3.1. Platform DOSL

An example of the successful application of the task approach and its logical-
mathematical theory — semantic modeling is the semantic platform DOSL, which
represents the next generation of the so-called Business Rules Engines (BRE)
[ www.dOsl.org ]. DOSL, just like the usual BRE platform, allows you to implement
the business logic of the system using the language of declarative logical
specifications. The project of creating the DOSL platform was carried out under the
leadership of V.S.Gumirov.

The dOsl platform allows you to control the logic of the behavior of complex
systems using the dOsl language, understandable to a specialist in the subject area.
The platform has a wide range of applications — from enterprise business processes to
project management or the behavior of autonomous systems, including artificial
intelligence systems and the Internet of Things. Note that the dOsl language is easily
extended by functions and objects specific to a particular subject area. Moreover, dOsl
itself is a domain-specific language (DSL). The existence of an extension mechanism
at the dOsl language level allows you to build a hierarchy of DSL languages that can
be converted to dOsl and, therefore, can be executed by the dOsl kernel.

As for applications, the dOsl language is actively used in processing transactions
and system events in telecommunications, fintech and banking, which makes it easy
to change and configure the business logic of the applications being created. The use
of the dOsl platform has proved particularly effective in the digital transformation of
enterprises, allowing for the rapid and high-quality development of autonomous
decision support systems, predictive analytics systems, modeling and digital
counterparts of various objects, including the organizations themselves.

It should be noted that the dOsl language is one of the main technological tools
of the Eyeline Mobilizer open platform, designed for the development and operation
of services with support for mobile devices on all types of platforms, including
USSD/SMS/SS7, smartphones (Android, 10S), mobile Internet [www.eyeline.ru ].
Using the Eyeline Mobilizer platform, solutions have been developed and projects
have been implemented in the field of telecommunications, mobile marketing and
advertising, finance, banking services, municipal management and mobile payments.
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Currently, solutions and services based on the Eyeline Mobilizer platform serve tens
of millions of mobile device users. The platform allows you to significantly reduce
the cost of developing and operating mobile solutions for your business. Examples of
successful implementations are: USSD services for MTS (*100#, *111#, etc.) and the
USSD portal Alfa-Click *142# Alfa-Bank (Russia), InnomaNet/T-mobile (Russia),
WATAGO Africa (all the largest mobile payment systems in Nigeria), the project
"Parking" of the Government of Moscow (Russia), missed call notification system,
Yellow Pages/SMART in the Philippines, cloud installation for customer service
GlobalUSSD.com , Beeline Russia (direct money). transfers) and much more.

3.2. The bSystem Platform

bSystem is a platform for building digital twins of organizations and processes.
It has been developed by the research group of A.V. Mantsivoda for several years.
The platform is focused on creating intelligent management systems for large
business ecosystems, digital transformation of enterprises and other integrated
solutions. Thanks to a unified semantic modeling environment, bSystem integrates
the basic level of ontologies with the inductive logical-probabilistic knowledge
inference and the semantic probabilistic inference of predictive rules/decisions
suggested by E.E. Vityaev, on the one hand, and with classical programming, on the
other.

So, the architecture of bSystem is based on the integration of three levels

logical-probabilistic

analytical/ontological

operational/transactional.

The ontological level [51-52] controls the main parameters of the simulated
organization, reflects the current state of its components and connections between
them, provides analytical tools for making decisions at the operational level (e.g.,
business intelligence tasks). This level forms the core of the platform; here ontologies
are managed — the basic domain knowledge systems around which all activities are
built.

The level of logical-probabilistic inference (LPI) is built over this core level. It
implements the functionality of explainable artificial intelligence. Within the
platform, LPI is responsible for strategic issues of forecasting, decision-making and
other Al tasks. Its value for bSystem lies in the fact that, unlike neural networks,
which (within the learning process) “accumulate” numerical coefficients in neurons
that do not have a semantic interpretation, LPI — while learning — generates
probabilistic logical theories (sets of patterns) that semantically describe the domain
of discourse. These theories secure the ability of the LPI to explain its decisions.
Potentially, this also provides ‘“self-control”, that is, the ability to evaluate the
advantages and disadvantages of generated knowledge with logical meta-tools. Such
capabilities are unattainable for neural networks.
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The lower operational-transactional level is the level of procedures and methods
that change the logical environment over time. At this level, bSystem runs Libretto,
an object-oriented language. From the task-approach viewpoint, the operational-
transactional level forms the environment for the task-life-cycle management. Any
business process controlled at this level is nothing but the process of solving a task in
real time (in practice, an instance of some generalized task). Usually, a digital twin
unfolds over time through a bunch of actively interacting tasks, the generation of new
instances of tasks and the completion of tasks that satisfy the solution condition. And
while the declarative description of a task and the criterion for its solution are
controlled at a higher ontological level, the solution process itself is carried out at the
operational level as a chain of transactions. At the same time, the business processes
themselves are also represented as ontology objects, and this allows the platform to
control the solution process at a declarative level. Thus, bSystem, through the
interaction of the ontological and operational levels, provides a full implementation
of the task approach.

The key feature of bSystem is that all its three levels are embedded in a single
semantic space, they interact with each other and provide vertical scaling. This
integration brings a powerful synergistic effect, not only helping to improve
quantitative indicators (due to seamless interaction where a zoo of various
information technologies is usually used), but also allowing for a qualitative change.
For example, such integration makes it possible to implement a fundamentally new
low-code technology, so-called object low-code, based on automatic code synthesis
from ontology data [53]. This fundamentally distinguishes it from traditional
procedural low-code, based on diagrams - variations of the BPMN specification [54].

Ontologies are the core tool that ensures the integrity of the bSystem digital
environment. Actually, a digital twin is an ontology or a network of ontologies that
plays the role of the semantic modeling basis, which defines the described domain, as
well as the tasks to be solved.

An ontology also can be considered as a hub that ensures the interaction of
various components of the digital twin. At the logical-probabilistic level, ontologies
play the role of empirical systems, which contain a priori knowledge, and from
which information for learning is taken. At the core — analytical-ontological level —
ontology is the semantic basis for the digital twin, a source of information for
analytical manipulations. Finally, at the procedural level, the ontology serves as a
data type system for the platform programming language - Libretto.

Finding a suitable architecture for ontologies appeared to be a hard problem.
Suffice it to say that bSystem was the sixth (and only the first quite efficient) attempt
to build an ontology management platform of this kind. To understand better what
kind of ontologies we really need, we had to develop a system of requirements that an
ontology must satisfy. Below we list some of them.

First, as noted above, ontologies are responsible for ensuring vertical
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connectivity and a unified semantic space of the platform. Knowledge from the
ontology must have an efficient interpretation at all levels of bSystem: in
sophisticated logical/probabilistic inference, in analytical modules (e.g., in business
intelligence), as well as in software that solves traditional algorithmic problems.

Secondly, users should be able to work with ontologies even if they lack an
understanding of mathematical logic (difficulties in understanding were one of the
key barriers responsible for the failures of the well-known Semantic Web concept
[55]). Since an ontology provides the basic knowledge about a domain during the
interaction between people and the platform, if people do not understand the
ontology, everything else becomes meaningless. Therefore, constructing an ontology
that provides an intuitive understanding, which is consistent with the user's everyday
experience, 1s also a must.

Further, the ontology must provide a standardized mechanism for interaction
with external ‘oracles’ (information systems, neural networks, the Internet of things).
For example, collecting data from controllers installed in a residential complex is
inevitable for the proper functioning of its digital twin. For interacting with the outer
world, an ontology must be equipped with logical analogues of well-known program
interfaces (APIs).

Finally, if we want our ontologies to be practically useful, they must be efficient.
This means that high-level ontologies must have implementations comparable in
productivity to relational databases. An ontology must be able to manage millions of
entities and provide answers to queries of practical complexity in real time.

Combining all these requirements within a single formalism turned out to be
quite a difficult task (for example, ontologies based on the well-known OWL
language [56] do not comply with several of them). While experimenting, we found
that ontologies that are based on the ideas of object modeling are most suitable for
these requirements.

The basic feature of object models is that they clearly have two layers -
declarative and procedural. The first one consists of classes, objects and fields
(properties) of objects. The second provides methods that are defined at the class
level and acting on objects. Since ontologies are formal descriptions of the basic
concepts, facts and relationships of a domain, and object models deal with similar
tasks in programming, the declarative layer of object models can serve as an adequate
background for an ontology. Moreover, the essence of object models is very intuitive,
natural and familiar to people. This is proven by the widespread use of object-
oriented languages like Java. Therefore, it is quite possible to take the declarative
layer of object models and, by giving it strict logical semantics, turn it into a variant
of ontology.

As for the procedural layer, object-oriented languages are usually Turing-
complete and this makes the situation far less controllable. On the other hand, the
presence of a procedural layer makes it possible to implement the idea of developing
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an ontology over time and managing its life cycle. From this point of view, the
application of each method or group of methods can be considered as a transaction
that transfers the ontology from one state to another [57]. This capability is especially
useful when solving management problems, since such an interpretation naturally
defines business processes as transaction chains in the life cycle of ontologies [58].

So, to turn object models into ontologies we need to perform the following
steps:

1. Define a logical formalism corresponding to the declarative layer of the object
model. To do this, we use the mechanisms of AO-definability of semantic modeling.

2. Traditional object models are short-lived; they are usually stored in RAM. We
need to make them persistent because ontologies are long-term repositories of data
and knowledge. This provides them with object database functionality.

3. To work with an ontology, we need a query language that combines logical
expressiveness with efficiency comparable to that of SQL in relational databases. In
bSystem, the declarative core of Libretto, which has strict logical semantics, is used
as such a query language.

4. To provide mechanisms for changing and developing the ontology over time,
we reformat the procedural level of the object model into a transactional model.

5. Practice has shown that object-life-cycle management tools significantly
enhance functionality compared to traditional object models, which is especially
useful for business process management. By using transactional mechanisms, we get
more control over the life cycle of objects.

6. The final step is to achieve ontology autonomy. An ontology is folded into a
‘cocoon’, isolated from the outside world, with which it now communicates only
through a strictly regulated interface (analogous to a programmer’s API).

From the viewpoint of the task approach, step 5 implements two-level
management of the task's life cycle, which is executed at the lower operational level
and semantically controlled at the ontological level.

The final step implements the concept of local simplicity [52] as the
construction of arbitrarily complex systems as networks of relatively simple
ontologies with logically based interaction mechanisms. This allows for free
horizontal scaling when building digital twins.

From an IT point of view, the second and last steps transform an object ontology
into a microservice [59], since they provide two main properties of a microservice -
the data storage autonomy (this is our ontology) and strict control over interaction
channels with the outside world. This also determines the general architecture of
digital twins, which are built on the top of bSystem.

bSystem provides us with a brand-new development methodology [60]. Due to
its openness, modeling fundamentally changes the mechanisms of interaction
between participants at the development and operation stages. The ontology is
directly available for all participating competencies. For example, the customer
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receives full control over the development process and can provide early feedback
with immediate detection of problems. The high-level model, due to its strict logical
semantics, simultaneously serves as a specification and executable documentation.
This fundamentally differs from the black box of software code.

3.3. DISCOVERY Platform - an ontological approach to inductive knowledge
inference

As 1t was mentioned, E.E. Vityaev developed an ontological [6,42,50-51]
approach to knowledge discovery methods and the corresponding program system
"Discovery". This approach is designed to discover knowledge from the information
extracted from data and presented as an empirical system SD I = (A, Q). The
Discovery system has the following advantages over other machine learning
methods:

1) removes restrictions from the data types by using information extracted from
the data in terms of ontology Q;

2) removes restrictions from a priori knowledge by representing it in Q;

3) removes restrictions on the tested hypotheses classes by specifying them by
the knowledge classes (Rule Type) defined in Q;

4) the Discovery system detects the following types of patterns:

* the set of laws L and the theory Th(3J) of the empirical system J;

* the set of probabilistic and strongest probabilistic laws;

» the set of maximally specific laws predicting without contradictions [48,52];

In the ontological approach, discovered knowledge is complete in two senses:
(1) in the sense of completeness of extracted information from data by the use of
ontology and measurement theory; (2) in the sense of completeness of discovered
knowledge in the form of sets of rules a)-c);

Existing machine learning methods are not able to support data exploration
mode when the detected pattern is unknown in advance. Each machine learning
method reveals its own quite specific class of hypotheses corresponding to its
ontology. The "Discovery" system can discover an arbitrary class of hypotheses that
an expert can set, and thus is able to support the data research mode when the
hypothesis class may change during the research process.

The Discovery system discovers knowledge in terms of SD ontology.
Interpretability of patterns can be very important when making responsible decisions
in areas such as medicine, finance or military applications.

The Discovery system was used to solve many problems in financial forecasting
[6,42], bioinformatics [64], medicine [65], fraud analysis [66] and many others.

3.4. Delta-platform

As mentioned in the Introduction, one of the pressing problems of modern Al, in
addition to the well-known “black box” problem, is the so-called centralization
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problem, which means the emergence of a tendency to concentrate power and control
over Al in the hands of a small number of legal entities. To solve this problem, in the
Introduction it was proposed to use the experience of using decentralized solutions
from the field of cryptocurrencies. At the same time, it was proposed to consider the
Al algorithms themselves as smart contracts that are executed on the blockchain
substructures of a multi-blockchain, which would ensure transparency of all
operations, transparency of the training sample and transparency of decision-making.
And finally, the requirement was put forward for polynomial computability of Al
algorithms, which has obviously practical significance. In general, the task was to
create a polynomial computable (in all senses) system of trust semantic modeling.
But it took several years of serious research to begin to solve it practically.
Conditional terms introduced in 2017 by S.S. Goncharov [34] made it possible
to understand that terms can be not only standard terms of first-order predicate logic,
but also other, correctly defined syntactic constructions. This allowed S.S. Goncharov
and D.I. Sviridenko in 2019 to introduce such termal extensions as bounded recursive
terms, B-while terms, iterative terms, etc. [33] and show that all these termal
extensions do not go beyond polynomiality. But the problem of p-completeness of
these extensions was never solved by them. However, already in 2022, S.S.
Goncharov and A.V. Nechesov found the final syntactic construction, which
completed the construction of the p-complete semantic modeling language L [39]. A
little earlier, in 2021, they also proved a polynomial analogue of Gandy fixed point
theorem [36], which said that within the framework of a certain A,-system it is
possible to find such conditions on formulas that the classical result of Gandy fixed
point theorem becomes valid and for this system. Moreover, which is very important,
in this system the smallest fixed point of the constructed operator will be p-
computable. This gave an even greater impetus to the further development of the
semantic programming language L and to the development of the formal A,-system.
Note that the polynomial analogue of Gandy fixed point theorem allows us to
immerse any inductively specified syntactic constructions inside a formal system,
offering both encoding and means of assessing the complexity of such storage. This
allowed S.S. Goncharov, D.I. Sviridenko and A.V. Nechesov to describe an object-
oriented version of the p-complete semantic programming language L* [40] and
begin to develop a special framework - the Delta platform, which incorporated,
including all the necessary functionality for solving the above mentioned ideas:
multi-blockchains, smart contracts and the language L* based on the p-complete
logical language L. At the same time, at different levels of multi-blockchains, if
necessary, you can set different levels of user access, set the levels of transparency of
both the blockchain itself and the smart contracts executed on them. Due to the fact
that smart contracts are programs of a special type in the p-complete language L*,
this significantly reduces the level of labor costs when auditing them. In the language
L* itself, it is possible to describe the operation of both neural networks [61] and
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blockchains [62], which is undoubtedly an advantage, since it does not require any
external software for their implementation.

From the point of view of the problem approach in the p-complete language L*,
we can not only describe the problem itself, but also solve it within the framework
and means of the same language. Due to the fact that our base is blockchain,
decentralized solutions are built quite simply. The most secure and decentralized one,
for example, the Bitcoin or Ethereum blockchain, can be chosen as the top-level
blockchain. Blockchains at lower levels may not have decentralization and can be
used as a regular database, including on the home computer of one of the users. And
since there will be no need to reach any consensus with other blockchains, this will
entail a high write speed.

We would like to note that the creation of the Delta platform in integration with
predictive systems such as Discovery can give a powerful impetus to the construction
of Al algorithms, which by their nature are close to artificial general intelligence
(AGI) algorithms, which ensures both high self-learning of such systems, and the
high level of trust that ordinary users have in them. In this combination of the above-
mentioned possibilities, we see the implementation of the main provisions of the task
approach, when Al systems can solve both the tasks assigned to them and
independently formulate new tasks that were not explicitly stated in the Al
algorithms. All this allows us to talk about the possibility of building a trusted
“general” Al within the framework of a task approach.

4. Conclution

This article can be considered as a kind of report on the results of research in the
field of the task approach and its practical applications carried out by the team of
authors of the article, their students and colleagues, which were started back in the
70-80-ies of the last century. Over the years, a lot of work has been done on the
development and practical application of the provisions of the task approach in
relation not only to various problems of the foundations of mathematics and Al, but
also to such areas as cognitive sciences, neurophysiology, medicine, digital
transformation of enterprises, automation of the design of complex systems, digital
twins, etc. As can be seen from the above, it was possible not only to significantly
develop the methodological and mathematical provisions of the task approach, but
also to create its effective instrumental and technological base, which made it
possible to successfully solve a wide range of tasks from various fields:
telecommunications, business, retail, fintech, genetics, geology, cybersecurity,
robotics, medicine, etc. On the agenda is the creation of a trust-based "common" Al.
And as the experience of previous years shows, there is every reason that such an Al
will be created in the near future. Including within the framework and by means of
the task approach.
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KHTTHATH (FRBYERD) R XES R, BARRMIA . Rtz 4k
APMES S L RUE A N TR G, EWBATEA LR, WIEIIRERS
B, AESSMES NI H mYETE s 2t A,

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 227



2. 1. 3. WEIRFEEF AR S S

INFIRLE AT 5 WL S W4 A B b S A BIhHEN], HFR AN RESZIL
. A, BA MR B LsZB T . Frbl, BHisrE b e EaFR H sk
DORIHEN] . sEI—A B AR ELZG H— N e 45 R

ME— B A PRS0 02 P. K. Anokhin FITIRE R G H R, X—F RN, H
BRSNS 21 45 5L RO 2 B pp 75 a0 1 @R g [15-20] . X —BR IR [F]HY
P~ b R S B E AR AR G 1) R 2R FR2EAHLEE . Anokhin Bi&:  “/EA—1&1k
B T N DT S s s o1 WANSE S = N R =0 7 P N p = A A ek s K (D)
A, AR R BAT] AR IUE R SHE 5 B 45 RABIUE XA IEAR &,
T 2 — ZEL M) 57 40 TR R R AR NI o AR NI 430 2 Th e R e BE 1S
H S B ARYEN . ThRE RFHE R H I H AR 2 R R “BNFEK,
RIS A B PR AR S K AR ML RE U N4, RPN E RS Rk R]”
CSETL EARHEND

P.K. Anokhin#gHi, #MtA B AT NEMEMIIEE RS AL B A R 45
o

2.1.3. 1. fFEANEBHK

AR 2 EEAT NEME IR G BURE NG AL, BFESINLMN G 1212, 1H
s Al AR AR

YL rr . WP HI TR € Bir, A5 HMRREIHLM

1842 BIHLMéE M2 FEE AT A nT RESEEL B A 7 5, DL F b B
J7 S H A AR AT 45 T B EEA T A AN JE IR ZEH

IERZfEA . HEREIR, RIS RMERBIER TR X—EFREET
K, Sl BN ERFEERDLELSE. ik, X—FRH sy
R 2RI EIX — 5 s s H AR mT ge 7 =K. BTbL, 25 M id iz H Y
MAIAZ B, 155 A AN PE IR — 1 5o S2I B PR eI sV E R BRI

FERAEN o il AR N ME— 5 SEELH b B S A S I =B N il R AE AN
[ 225 ] Fsf AR R B SR A5 25 TR iy i)

2.1.3.2. ik

EENE R, SIHL AT RE N2 (FEL B E A IRIEZ R
LI H bR fERENE, REgikHFE—Fr—— BT s, @
2R BT ALR, SIMSE AR EAR B R, P sSCI HARAR S 1)
He —ANEARHREDIRE RS H S P RREE sl

2.1.3.3. IWEL Rl

SN AT M2 R R B S HEAT Bl 1R 06 20 R AT 1) 45 R I3 7 51 R Z Ik
iR, EIRERGFRICH, X—FAIRRIEaEs: Riglss, RAEVENE TS
TR CHAR) 5 WORIR TR Y e 4 pe 2 R gt — D omb i alie 2%, BN
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SEILEAAR H AR AEN

2.1.3. 4. SEILBYER

sRAET B RIEVERY B o AR A BT SEti s R, R BARsEIl (75
Kiwad) , HIRMBAES RIS R G, &EMNETIEBITG. f£iX
—BrEr, FmKWE T, TEENEAART S EIL .

2.1.3.5. Dhfg KRG Al

FT 3wk [16-17, 20, 23] hRe R A B A TAE, R T — s,
I 2E T RS R G AR -

1. R LA TR PR SO0 27, BRI 118 SRR B

2. KRHB BT HRE BIR, JEE— IR RFE MRS RiEdds, A
[) DB b B3R A9 () 25 AN BV E R U A () B 45

3. HBEFAETHE, WRTFHEWNSRES 7SS Hirmnl getE,
Gy A = 7 (A

4. SERRIEEEIME, BRI SRR RfE N

5. FRAESCILAR 2 H AR DIRE R GL 7 FI A JZ IR S5 /K H A () SE3I0 0 B

6. 18I PSR E SLIL E AR R AT =0

LA R RN, AT BEAARRAT N E IR A R X — R D H 15
HAREAR [20, 23-25] .

d. RS T7 1R U 2 2 iR

AT HEAAE Lo TATTAT AT TAE 55 775 1018 B 40 7 PR ——18 U,
E N MRS RIAET . fE VMRS, 8 CEBERA -7 & X
PETHEMER (26], FEAh A T 2 HEAF G AR M b X - KA E A S
J¥, DA SABE R )88 45 40 HW (M)A AR X A] 11 S e, e v (f FH — S SR A e A
[27-32],

WM EENMES. M ERESES HWM)H 4k A8 R F BR51EE A IH
A E LU

1. HW,M) = {J};

2. HW,u(M)=HW,(M) ULisp(HW,(M) U M));

3. HW(M) = U® HW,(M)-
XH, Lispu(X)RHES X TR AR B ARIIRAES .

W AT Z EHTHER R M 254 o, MBI, (HWM)UM)E
F R HW( )25, HW( )25 44 o* = 6 U {nil, head, tail, cons, conc , =,
6, <, Ule XH, FRERT T 3R NIIREAE, EIRMAFSHERENIIRKR,
fig “=7 BRVIRNEN KR, € BRFIRTRMNERR, < RREIGY
*, UHWM)) =M. §'EZEY oxfHE HW()FRVERLT b kK 8 R I
BIRFIR RGN, FRAMEPNRBEER . 8, B2 EF GRS
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M5 ERFIREEER—EIE, AR R, Hh, %
A SEARGE R I A RRE o BRIGZAE,  Fo VBRI N 1A AT MR B S
FEA oo —MIFTINAT S M T RN IE R A B AU R, IR AR > R A
SNERRTTH SRR, PRI RAE R, TR .

CLE R T EHE S € XA o* IR T 8. 240 o* [MA0-pR KR E
SCAB/NREEE, BRETETREL £ (- AV, —, Vxea, Ixea, Vx<a, Ix<a)
BAE NE M. i, a0, BER, €7 Fox “YIRERINTIER
A7, ‘<7 fEIR CBIBTIIERY o ATLAEE— PR Vxea, Ixea, Vx<a, Ix<a K
1875 SO PRl

AT A-RBE, WIS o T -8R E SO B & A0 B, JF
fENA, V, Vxea, Ixea, Vx<a, Ix <a #AF N3 AR/, 71 TC BRI 20 5K R 2
Ixo VER, ERANIAESH BLIEMS AT “vx=t"f “ Ix=t" IR
i, X, tRRBl. W UURE S HF WX RRIEEHE LS THESHE
HE T HE R “xi=t” o

IR AWM EDN KA L -FEL, HIEE KRR, WRZA-ATE X,
PRI AR ZR o IR — B0 5 SCHTBR A R X 7T € L (AP SO 5 FRAE
HW ()T X - (A-BRED o

BEN AR EEM S, X MSEESNRRPRERE. REA ST
BHR = R; Poor P ), SR TR, FREEIRAE HW() L = -715E
e WHRAFE—A 2 -08 L4 S SHW( M — B p: S —> R, TSt

frigia Do P R0 = pofs no A, DL 3RS bR RME, & HW(A)
P Y %R GEMEAZED o X5 U DL LR s A, 2411
S BB S, SRS, X8 U EE A T vl
F AR BT Ak UAE S I Y A, B T TR Y -
EIEL . ORI, ¥ % LAVERASEINMENE, WU Y & Lt E X
[ TR ] RN 3. BT Lo — N2 i 58 SO — A - BRI R B
R P30 S7 T LA FF T M e AR M AR (2 4 g e, DA 5 SIS 3] AT S8R ) AR
BT

T UL T AR SR AT 28 B ABE 20 ) 2 F) B2 2 T  4 fi Fy [28-
31, 33-41]:

R BARA THE (ZRTHED B RSI R B HW ()
AT (ZHRATHE .
B AR g TR AT T, 2 (0 31 R B S5 40 HIW () B T 5 S B
Frth 2 2 T AT 4
RGBT L, R RS R HW () P Y~ R )b
Fe2g, ¥ -MRBAT . X — SRR T ORE AT 0 AT S S
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PREL” IR
W R e T8, B RIP3RE S5 HW (o) T8 Ao- R 3L
o (xi, ..., xo) M EAETHEZ 2 I nT vh 5
X T A A 5 BT RN B ) AT H SRR B 3R 45 A HW (D), IR AE,
AT AT E .
FEHW( AR F, XFTnxmE - RKR, FWA—1 ©O+tD)-7TE - K
2 P™I(X; Xy,..., Xn)o EIXPDREZEF, BPNHE - KR QUK. X)) B A
—/NICE a, W Q(Xi,....Xn) < P(a; Xy,....X0) o [FIF, 7E HW( )t
A I T BT R
WX, ..., Xo; QO — BB EH Q(xy,....xo) I X —BREL, WiH1E Q&
HIRABLEH HW (M) F I —A n TLR R, EXGEHW(%)LE@ MR
fE: G(Q) = {(ar, ..., an)| HW(M) F @(ar, -..,05 Q+)} <
MHEEAE G B, F77E X -n @ U E/ NI E . R, X—mdEs EE,
Gandy [#] %€ 5 B A VFAE 3 AU I = SR B H MM E . RIS, @
WHERINEBFEMAS Qr, BE— AL KR ok, ..., X QHF, BEIEAN—AH
JH5E SCIE ], &%mﬁﬁﬁ A EFEEAE .JH: FOVFAETE SCAT TSN
IO E AR T oh S, XA T B — MR R TR, kR Rz
IRGEH IR
AT SEBr B EPBE?EIJEAO R, BT A X, i 5t Bl 2 AR
A AT, A DL 35 3 EORE B 3R IA 77 [34-35] WJZID, i o Z—1N
N-BREL 6 F0 6 RPN, =ZJud (et )& — N AT, R T AR AR
FPfERe: W o NE, AT 6 T B, AT 0. 8 S Fas AR A v &
s BRI SRR 775 e X [35], A-—7E X IIE S E i X s 4y 7,
N — MG AR LRIE D R EBEREE S . FEEN — SRRy R T
JRE R Z AR B, A, BRUEHTE B &H T, RAEEWIES, Bl
HAZ WA H R BUEA- AT X [39]. HENX— s, 0T D 2k ip o ml 4%
ZHIE R IR A- R B 1A SR T R A A2, BRATTUE Rl PR DU AR
ﬁﬁ%iﬁkHW(M
ﬁﬂﬁblﬁﬁﬂi%t SR HW( A S48 N PSR E L. L2
ué FA-7E CEERE S (BRIREIE—T, #EBIHA-E SRRV S
- KA *%?APEI’J@KTU%AO PR @, BN ATt RRIA
- AEAXHERESE (AR ERR -
- RS AT P R AR @, N EH B R o FIHHE T ZEEREL ¢
HNEH
- WRVERMIEARA-Tt, W5 A- IﬁtE’ﬂE
XH, FRAVESRIE, SKRARRE R PN 2 8B R B IR A- B R
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WEE. EE, HA-SHREVENEEREGA 2. Bk, Mgkt
R ATRER) . X TE 00T, SRR R P f v DU a0 200 328 3 A VD e P02 SR A T DU
T SACRNSR AR ) S 2 — THARRARE SO . F 205 R LR A R 4
A DUIE I 5| #ERE 2R AR 1 B SR Y 78
e. RJUSAR Y (1) RHR I gl FE
SCHER [41-46] WP E L EBAURE — M AR ARSI = (A, Q). K, ARRE

AV, (SD) IR R, QRINAMR . ARE ISR SD LS R ST Al iR RE AN 5¢ 2 I
BIERG

SCHR47T4E AR DUSA. IAIRFIAMEAEEEE . Bk, AT
FVR B TGN HEFE, A SD AR i 3 R AN i AR DA L

FANLES 5 31 7715060 SD AR R g HERE, DA 2000 X G () 4 14 AR J A E
WRALEE, DUEIRTS AR RIER IR, MER, RREEA S A IRA
SR, BEREEHEREEAAFUIEFE, B, 5K, 5F. 5 AT, B
A7 B 6B 8 1T BN IR AL B U Is /. HREEN R, B TR
oy s & s ke 2 7 A g, CURE Y EE N, R
FELEIEE a AR A . ilan, BRI AR Aokl & IR . ik
el &SRS, R TR A ENRE T, (HIEX S B R A B A
F. RN EHR, WERDNZIELERAMBENES, RAMHAERRENE
AT P E A BUEA BB, Wi, X RMEIETR M SD i A4
o

TP T BRI B B UV R AN, SR R B A T DU R A R
nE. SHEEEFE—MF, RETFTEAFENENSD AMEMLIL (R o W
MK AR — PR E RN E, Bl—FAaiRie. 1 1%, \REHEYE
A AE I TG SR . e 3 A Y BEIR S 2 FH AR AR fRORE (1 S
A B ) TR 00 o K A o A3 P AR A7 R s e I e R SR R T O
AR G, A7 HRRERSISRNEENENER, FEE L —AHaEARRE
QIR 0 RANERAE, R BN S 7 FBAIES = (A, QW AEQH

2 RIS TIP3, & FRS Th(3) 2 4B M (CCmk[47]1%
T —MEEANEL  CH—HEHARENEESN T —HMN, RN
x (D

vvx1,x2,...(Al&...&Ak = A0), k>0, (1)

Hr, A0AL. Ak & &E. Fril, AT DUE 8 Th(3) 2 —H X
(1) TERH .

AHEFE W, BN C=(Al&..&Ak = A0)FEZ 4 FEEE X N(AIL&...&Ain
= AO)VAFRE T#N, Hrdr, {Ail,..,Ain} € {Al,.,Ak},0<h<k, W52,
(Ail&...&Ain 2 A0) - (Al&...&Ak = A0). K, Fi Th(I)rI LML . RIELLK
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ARET = (A, QRIEE, BAFRIN (1D AREMM C. KA, RN
EI EAHNE. 2R, L + Th(M) AR[16,48]. Bk, ATLLANIEIR Th(3I)
N RGN — A EE.

EFRATE X AL RAT = (A, QMR FRUSCHR[49])F R IR .
I KR R E R E N (Al&...&Ak > A0), BRI & RE R E LN
N(AO&A1&..&Ak)M(Al&...&Ak). HH, (n(Al&...&Ak) > 0)FF /™ HK T84
TR ) S AR . SR ML S B (SPL)FR N IR R B 4 C, A Jd TATRAT H e % 8
e

TGRS = (A, Q)FINEAR KN A G HE BB AE T 2155 SR HERE

S A B A Cn AAE SRR HEFE (SPD A T FIN AN H4E G, FRATTHR
%) ClEC2E..CCn, Ci=(Ail&...&Aiki > G) NHEFRERE, XH, Ci & Citl

7 H, n(Ci) <n(Ci+1),i=1,2,..n-1.
AT BB A FH . € X SPL Rk ge it — UMY A) @1 (48, 501, #] LA
5T SCHA T

% [T AN F4: G T SPL NEES, XANMEATTLMEN G 15 X
NEZRHELER

M T HEEERE G 1 & BRI 2 2 MSWZ(G) N SPL, J&§T G
RSP ORE R AR, B 1) R AP s KA R . TR G e
Q FTE MSWZ(G) & #E & 5 i MSZ,

CAUE ] L € MSZ [41,47-48], Kt, @E@H4ES MSZ ik B2 i Th(J).
FAhL, MSZ B4R —5[47-48,50]. FrLL, BAUIHLUL, '© RIS = (A, QIR
Hig . w]PLIERA[47-48,50], #RHE MSZ o5 I8 i VI 90 Gt - HE FEAS 21 ) T 45
FoE—Em,

F RS = (A, QI FIHR AN HEFE FE L4 R 3 1HE I "Discovery " B F
ARGV e Lstil, ¥ 2 SBr A m 8 e DLUIE X AN SR CIL

http://old. math. nsc. ru/AP/ScientificDiscovery/index rus.html) o

6. FEF TR BB RTT R

AT, T SCEBAE YR B SRR RE IR RS, AMBME S TR
WA vk, Rkt TRAEAT LMER, SCHEM4Ey T im i
B BE )RR R ) PR B G -

AR BB K, FURIATE ST E R A2 T R SR BB ik e A
RIZPJE o X P JE A AR o & B o i) L R R AN . 25, B
18 5 B A A 38 25w i Bl IR0 A2 i AR TR U] g e i it ) S R AR D D o
TR, R/ AESS o, RE R B R SC Ot A IS . T
55 SRR/ ANKAR R R B AR R, 55855
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R 2. HERIES MRS W AR — RN, K 22 n) G403 ) A A
BOOMES . s, B, SRAR. ), FIH B AREARE 240 A B B ) &
WK,

IR 3. HIE SCER P AR R AR E A ) S R A AT, B AR R A A
ARAB 7 AW AR AN

IR 4. FA SR IE SR T 27 G A ) i 1 T AR T

IR S, HTFERTR A SR A S . A RN AT, B F
A R AN /B a] BRI, DL R .

BFESGEBENEAR TR, C&FR T MIEERRITRITFZ FE T E.,

3.1. DOSL V&

1128 T7 1L AE 18 A S B - SO — AN B B A 491 2 DOSL 15
XAEE L www. dOsl. org 1, BB T —A0L &N 5] 2 (BRE) 1I4LER . i@
W B BRE 5] 2 —F£, DOSL o4 F Rid M2 i Ve 15 = i & L %52 5 . DOSL
ST RIEBV. S. Gunirov A5,

DOSL “F 4 % i T B4, % 5% 5 1 1 DOSL 18 5 ¥ #1122 R4 4T NIB 1.
FERINAVER)Z, W SRfE RS, FImEEHE, s A H 1M
RS, AIENTHEERSFYELM . DOSL iE = 1R 25 5 88 i 38 hn ks iE S J Ay I 1)
BRER Z AT . AN, DOSL A & & —Fh &g A <155 (DSL) . DOSL 2
BHES ZH MY B, RUFEIE DSLIES JZIREEN, 84 DOSL — 34557,
Rk, ] LLZE DOSL WAZ AT

TEN FJZT, DOSL B 5 # AR M FHA7E Fi A . SRR AERAT R g AL BT
G Z G A, BAH DOSL i F vl MR A G e B M B H R L 5512 4
C&UER, A§ ] DOSL ¥ & @347 ol B AL F AU A 2, Fe VPRI K = i =
P E SRR R G Tl b 280, DA TV S B AT, B3l
HEKRY,

N iZ3E HU )2, DOSL i & /& Eyeline Mobilizer JFECF & EREEIHEAR T
A2z —, XFEMFE L& IRS Kz T, £ USSD/SMS/SS7.
Bt F Ml (Android, 1i0S) A1 #% 35 H. BX M [www. eyeline.ru ] o 7E Eyeline
Mobilizer V& LI KRR ZAISLH I H A HE. BaEH. &, R
ITHRS . TEE L) fT. HAJ, Eyeline Mobilizer “F& ANJLT 3]
WA P RA T ZAIRS . FEEH 7 BEHREAL Tk Mz ER sl 5%
FRUL T RN B . I SEHE ) B . MIS (x100#, *111#, etc.)[¥JUSSD i
% M 17 /P M uk USSD  portal Alfa—Click  *142#  Alfa-Bank
(Russia) « InnomaNet/T-mobile (Russia). WATAGO Africa (J& HF| & KK
B RS . BB TBRIELERGTH. REEIFEMNAS. FHE
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Yellow Pages/SMART. =% AR%% &4t GlobalUSSD. com. Beeline Russia (H
PSRRI, H5E

3.2 bSystem ‘P&

bSystem j& M ML H R M FHMER FZEERERIF S, H AV,
Mantsivoda A T ZEREH K. FEREERURIASEN R RERE RS
Tk B A R A e R R T 2. MRPE E.E. Vityaev UK T
g — 118 MRS, — 71, bSystem $53EAKJE R AR 5 VA 9438 d M 2 H0
VR FE RTINS R SO R AR TR, B, R T LR
Pt

RlE, bSystem FIZEHHE T = NEIRBIER: BHEMFE. S / AR ER
BAE/NLESE

AR Z G BN EESH[51-52], KN & HRER o F el 2 18] &
BRIUEPIRS, MR ot THE (i, B eetEs) - X—=2
P AN, EETA AR, MRS ARMSMIRAIR RS, HIZEREA N
HRARGH KETEMNH RS

MR E (LPD #VAENZEZ L, SN TR IR .
P& b, LPT Sss o Wil . PRSRFI L E AT AL 55 (PR 7). & /E bSystem
HIOME A2 : LPT fE52 S I AR s R 1 48 10 (U6, BUIE SO U
N AHEIE S . X — a5 WK AE, MEMSRRMETNEESH, X
Lo ZBOATRAE R . LPT AR AR 1 RS IEIBE /1. IX I E
"t T B 1, BV FHE SR o L EA KB IR e S . XFPRE 14
X 25 X LK 2

i R E H S B2 HEMET R, AN MR ENE, FX—2,
bSystem I&1T I M) ¥ H1E T Libretto. VLS TIEM A, #AEFEZEM LS
A R E BEIAEE . 7R IX — E AT ML S AR AN IS A2 S 58 AT 55 1
(s, EANENRMES D o WY, A TFEERERG A ET —H T
B AT FAT 55 BE A I TR R0, R BE A T 2 AR 1) 2% A4 10 38 R0 A0 25 S 451 1 A Rl Al
S5 AT 55 00Ul BA HE IR R A 9 U b A s AR B ], SR R A B VRN
WEEEBAE EHAT . AR, M EREAR SRR AEN SR, T-FEEuHE
IR ERIE. K, bSystem i AR E A 2152 IR IS 715K 58
S,

bSystem [ CHE J& 1 2 =AY E IRERIRAE B —18 A2 A], B B A2 B 42
HEEEY RIIGE. XA B 245w A IR MERCR, A BT sm = AR &
(FEH P SMERERTEE N LEZH) , mHRESERAL. Fla, XFh4E
R AE IS MAS 5T b SEI— FRACAS R, iX P () A R R AR F5 AR 3 T Ak %5
P H SRS A R (53] . X—HAREAESGMIEFRABE ARG AR X A, BT
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AL L T B- BPMN ¥t (4844 [54] .

FRARMGETAIR bSystem FF AT BMERNZ O T R, L b, —2E4E
ARG — IAARECARAR N 2%, P78 SCEBLHE N A, T R s 14
W, VAAEfRRIATS

— AR AT AN R — R 2R AR R G550 40 AH L AZ B L
EZEMER, SERMEMEELR KRG A, LR AR, RIELR RN
WEFATEIMEE . ET AR Z, SRR R NE R
fENTIEH MG B, &5, EEFE, AMMEAFEHREIES Libretto B2
KRS

RI—AE & B AARZE A 2 — NMEMER) ) @, 27 LT, bSystem &4 %
XEARE TN G FI N IRER (ME— IS AR R o 8T A E g
BATEIEFEA AR ALK, TFELFRK—DEREDLIEMFERRS. T
A — 5 FF 3K .

HG, IEWRTHEE Y, AMRER LR 6 RGN E EE R A e B AE LA ]
AARBIFIPAZIAE bSystem FT A ZIRFREA T B ERIZHE /M2
Ml rprissl (Ban, w458 EE) AR ML Ge Sy n) A B

HR, APERAARE, BTS2 E g (AR N 2
=8 IR & M B s RS 2 — [651) o B TFAEIRMEN 57 & HahHAHE
PRSI P A AR, WER ANAER AR, MUTT AR e L. Frbl, #
AR SR, 5P H S50 —EH AR A A TAE

AN, AR DTSR 5 M8 R G AL HIFRENLH] (R RS, & ML
MBI o i, MZEEEA SN SR ERESIE R (E B AT
R REA R EE R IR IR . N T S5ANFRAZH, AARGIE A AT E AR
JFF¥e O (APT) PB4 L E .

B, RAEARARTTDLSERRR A, BT IE . BB, &EIRAK
FR) STt DA 201 5 o B B R ) 2B 72 J1 A AT e . AR RS S & B T R SE A,
SERT R R BRI B R .

BRTE X TR E — MR RG4E G R e— NS I ERMESS (Fn
ST O FN) OWL 18 5 FIAMR 5 Rl g — S FE R A A AT [56]) o FESZERG
FEA, FATR BT G AR AR L AR 5 X S8 35 SR AT

X GALR ) AR IE 2 IX B A I ANE R ZE R, RHEMNEFE. 3
— AN, WNREMEZITRB AR . A EIRAE AR e T, Xy
FEAEXN R LR, T ARSI B S FLM R RPEAE R, Xt
SRR TT LA B AL 7 R AT 55, 0 G B ) 1 BH = AT AR AR 1 78 2 1Y
Hat. MAh, XEBEBAAFRAER R 2 B, NAFKIAE. KL Java K
X GBS ) 2 IR T iX— . FrBL, A 2 m] BEA R 25 X G Y i i BH
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JZ5E SCA IR 3G, R e AR 122 1R

ETREFZ, HEXNRIESEYZERCE, X5 R 8500 2k
EZ/Z. HJrH, BRI, RS N R AR RS AR 1 A A
SR REE O AT AT o ARIEIX — i, BRI B VR B B AT LA — Al
55 KA IR F B 5y — FRA [67] o IX—HEJJE M LR B In) IS 5
AR, RO AR n] DURR M 55 IR e SOREAS A2 i J 9Pl 554 (581

FITEL, REA AR ol A A 7 2T 1 2 B

L€ XX GAER U Z AR I L A R Gt VR U AO-7] 3

PEALA 7E BIX —25
2. MEGHIN RALREAFIRIE, I HAFAE RAM Ao DY A A2 Bedla AN TR )

KIFAE, TEEAREEE AL X — D AR G 2 D fE,
3. MHAAMRTFEE - INEMIES, XMESEREERARNSVEMEE,
e 5o 2B ER) SQL A r tb . 1E bSystem 248, Libretto FIRIAR
0B A I EE L, HRIE VB RES
4. N T SRR RS SO AR AL, 0 RAR R AR J2 RS 2
R — M E A,
5. SEEEFR AL, A An A BE T R B E R T EL AL G AR T B S 11
DIRE, XSS E BRI F o A A S5 AL, FRATTN X G A i o
R4 1) B i o
6. BJa—PRLIMAEME EME. — PMNAREEEE— MR ES, 540
HIRE S, Hegld e mE O A g5 R ZEE CMUTREFR
API) .
MAES TR, BRI TAES A B EEE, B JKEEREN
PAT AR Z 15 X .

e — LI T RA TR NS, B ERER RS E A T # R L
Hil AR B AR N 4%, TT DAFE R B 2R AR R G 3 VSR8 R

MIT I RE, BB MERE— 2R — DX R AR 3 il — AR 55
[59], AL PR 1 U S5 B A Z R — 2 208 iR (RILFEA
) A5 ARG AT HAETE ) PR . IX SR E T AE bSystem IR HIEL
AR RIS BE

bSystem NIATIRME T 2F I RGEH K 7ER [60] o At B H TR @5 7 V2
MERA B8 T S 535 2 [ATEH R FAIZATI BRI A B . AR B A A [F £
S H5EEETH. flu, & ameBEr Rl g, nr U K A R IR R 8
NMFIRAE RS T RS RS X, m R LR 24 2R S R A B
1T30H, H5HAAARE R BFE T AR A

3.3. Discovery V& — G RITRHEFE R AR T7 1%
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B 4423, E.E. Vityaev Bk T R0 K LB A AR T7 35 R 5
Discovery [6,42,50-51]. X—7EHTMNEIRFRIUNGE B KA, Fik
K— AU R4 SD I = (A, Q). Discovery KRG L EHL 285~ ) AR W ML

1. RAMNAEQE ARG R, HER 7 3R R PR

2. HARMERQE LR ml, JHER 7R RiE R B PR 5

3. HAMERQE XHHIRIE GRNJERD) RIEMHFMER RIS, HE 17X

R ARSI ) R ] 5
4. Discovery REGEeM IR A FIHE A
a) AL RAINEFREMIIL Th(I),
b) MEZ g AR A G o R e AR,
c)  FHT e SR iy e B AR 1 e 52 (48, 52] .

RIS, RIWBFIRPOZEEEEW DR (1) AR ERE &
PG NEHE P IR IEE B se&rE: (2) HN a) —c) RIAKRILH FIRE 5244
P

PRI R TS A FIIER, A NS = I T EA SRR IR R . B
Wlas & 2 71k R et 5 HARMAM O, MY BEEPR IS, Discovery R4t
RS I L X T 45 € PME R R R, St 7e i R R R B e AR i, e
XHRHIR IR R A

Discovery RAKILAIEIRA SD AMEFR R, Hib KPR2E. StelE =N H
1B RE S i W = W T BT £ ST e (R R

Discovery ZRAMH TR VF2 MR, RLFEE SR (6, 421 . AEW1E B
[64]. EE&[65]. HRVESr#r [66 ] A& 4 .

3.4. Delta V&

59 F PRI FTE RO R, I AN TR e U/ S e — A
R, g — A 1Al AT R RN SR AR R, R — M, B N TR REN
Ae J1 Az g S TP AR D EGE A SR AN T . R — i, 5] F R UCK
HE G R Lo b a5, [, #U0K AT S55EAR 5 Y1E 2 FE X e+
it BT R RE B 20, RS ORPT A BRAE IR . ISRFEA 1% B A L3 %
B, fiade 7 AT FE 2 man i S E RS ER, B SEEE . S0
Kif, ARSI KA E X L2 G B RS

2017 4F, S.S. Goncharov[34]42H T 2% AT LLBR R il 2%k A /2 55—
B PR AEDT, R e R RVE S E . RIEX —45 5%,
S.S. Goncharov and D.I. Sviridenko 7F 2019 32 H B X ey B I NAE F
BB, B-while Ti. EAWIEE[33], fAI1Hs HH FrA XLy BITE B A T 2
WAPITFREERE . (HiE, MATRA Xy BT P-5E 4 i, SR, 7E
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2022 4, S.S. Goncharov and A.V. Nechesov &I T &P -HIa)iketify, 8T
P-58 415 UEBUE S LN [39] . fEIX 2 HIfY 2021 4F, AT UER] T Gandy
[ 7 £ B 2 TR S5 B (361, AT LA, 7EHFE A RAHMELE N REAEHE 211X
FERI R BS6 A, 18 Gandy [ € e BRI gl RAIX — REH . o, HE
P — i, X—RGE R A E i s e s 2 Il vh 8. IX—25 Bxt
20 R R E UmFEE T L HE A REAR SR T FRABN 7,

FER, Gandy [l € 5E BEE 2 IS5 R ] DAL TR BT X R ST
B E LRk gi e, 3R VR X R A AiE B 22 BRI gD A B . iR PR IX —
&, S.S. Goncharov, D.I. Sviridenko and A.V. Nechesov ¥iA | P-5¢45iE
NYRFETE T LI X ZARAR[40], FFHHHF R ER LT HES Delta P&, X
MG &, gk FR$E B 2 X BesE FE BE A 2 0] 8T 75 104 2L
igg. LG F T P-ERBEIES LK. FN, WA 0E, nJLAfEZHX
PEERARBERKEAFRMH P UIRE, XA ST X gt FistT 8
RS AREANFRFIEHES . HTHEEAEMP-E2IET LR E RMUIET,
BEWRE T EAF TN LA . H LS A G 0] DL L4 [61] 11X
PegEl62] #E, R —MAHBER A, FOVSLIIX L E A &R 2 HE Ak
EBEAT

KH P-5E 418 T Lo v i) /i) vk, FRATAN SR in) @) AR &, A [F]
— 5 S MAEZEA T Bk ) @, | T IRATI CAIX B R, mT DUIR ] St 4%
EEA ORI T . B, ERFMEL Ethereum X EREE & fx %2 A L0k
XHegE, ATDMEAZ XEERNRTNZE. TERNXEEA W R0, 7T RISE
IEEREIEE, BAESNH PR L. B3 B S H X P ik AT ] 3
W, AT DU R I e

TG EEEIER, DeltaFEMH K [F Discovery “‘FH—H4ERK T HE
T RSt AR AT BEAIRME 7o Kah ). IXEE VAR AR F @A A LT
Bae (AGD) Bk, WifR T BRSNS EEH IR I EH XN RAEN &
EE. A7 LdAG0mTRer:, "TUUEE, 4RSS 7E&7E BT S A&
ST ERL A AT RAEREB MR T EATAR S FFLIE XM LSS, i
VT 55 AREAE Al VAP ERRR . F 1 X5 R A TR IS AT 5 7 1E /)
FEZE PN R 3 TS R A AT B P e .

7. G

IRSCTT DU N4 7 U By FR s o 25 735 M 3B B P A A
P8 AT 22 I 52 . M TR0 T 2D 70-80 4R A%, B
SIEMRIE, 115 7RI R AR E T 22 . I8 TR 5 A
AT R R0 B 55, R R, R AR, T B
2 TR 2 RGO B BOR AR, S, MTTE

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 239



WHBLE R, AT UUIF AR S Tk ik e TR, ] DU S A 20m
B PORME, IXEEBOR i % T DU T R S AU [ 2 4RSS, e H
W k. B, SRR, B, MRS M4, PR, R¥E
FETAEEMANTERMPIR AR, IERERERER, 8D
WO, ZAERN TR BEEAZ AR R HBL, T N T REAE 28 ARE B 6
55715

Jumepamypa References 2EFH

1. Blockchain trilemma https://coinmarketcap.com/alexandria/glossary/blockchain-trilemma

2. Durov, N., Durov, P. White Paper Ton-Blockchain, 2017

https://www.docdroid.net/NFTQHzl/ton-pdf

3. Phillips, P. , Hahn, C. , Fontana, P. , Yates, A. , Greene, K. , Broniatowski, D. and
Przybocki, M. (2021), Four Principles of Explainable Artificial Intelligence, NIST
Interagency/Internal Report (NISTIR), National Institute of Standards and Technology,
Gaithersburg, MD, [online], https://doi.org/10.6028/NIST.IR.8312,

4. Notice of the Cyberspace Administration of China on Public Comments on the
"Administrative Measures for Generative Artificial Intelligence Services (Draft for Comment)"
http://www.cac.gov.cn/2023-04/11/c_1682854275475410.htm

5. National standard of the Russian Federation, Artificial intelligence systems, ways to ensure
trust, GOST R 59276-2020 https://docs.cntd.ru/document/ 1200177291

6. Notice of the Cyberspace Administration of China on Public Comments on the
"Administrative Measures for Generative Artificial Intelligence Services (Draft for Comment)"
http://www.cac.gov.cn/2023-04/11/c_1682854275475410.htm

7. Ershov Yu. L., Samokhvalov K. F. On a new approach to the philosophy of mathematics //
Structural analysis of symbolic sequences. Novosibirsk, 1984. Issue 101. pp. 141-148. (in Russian)

8. Ershov Yu. L., Samokhvalov K. F. Modern philosophy of mathematics: ailments and
treatment. Novosibirsk: Parallel, 2007. 142 p. (in Russian)

9. Sergei S. Goncharov, Dmitrii I. Sviridenko, Evgenii E. Vityaev. Task Approach to Artificial
Intelligence // Proceedings of the Workshop on Applied Mathematics and Fundamental Computer
Science 2020, Omsk, Russia, April 23-30, 2020. CEUR Workshop Proceeding. Vol. 2642.

10. S.S.Goncharov, E.E. Vityaev, D.I. Sviridenko. Problem-solving approach in artificial
intelligence // Applied Mathematics and Fundamental Informatics. - 2020. - T. 7. - No. 2. - P. 4-9

I1. Sviridenko D.I. Semantic Smart Wallets // 2019 International Multi-Conference on
Engineering, Computer and Information Sciences (SIBIRCON), Novosibirsk, Russia, 2019, pp.
991-994.

12. D.I.Sviridenko, E.E.Vityaev. A task-based approach to artificial intelligence and its
theoretical and technological base // 18 National conference on artificial intelligence with
international participation (CII-2020), (October 10-16, 2020, Moscow, Russia). Conference
proceedings / Ed. V.V. Borisova, O. P. Kuznetsova. - M: MFTI, 2020. (326 p.). S. 36-44.

13. S.Russell, P.Norwig. Artificial Intelligence: A Modern Approach. Kiev: Williams, 2006.

14. STRONG ARTIFICIAL INTELLIGENCE. On the approaches to the supermind //
Alexander Vedyakhin [et al.]. — M.: Intellectual Literature, 2021. — 232 p. (in Russian)

15. Anokhin P. K. Fundamental questions of the theory of functional systems // Philosophical
aspects of the theory of functional systems. Moscow: Nauka, 1978. pp. 49-106. (in Russian)

240 Teopus cuctem, anrebpanyeckas GUONOMS, UCKYCCTBEHHBIN MHTENNEKT: MaTEMaTUYECKUE OCHOBbI 1 MPUOKEHUS



16. Vityaev E.E. The logic of the brain // Approaches to modeling thinking. ed. by V.G.
Redko. URSS Editorial, Moscow, 2014, pp. 120-153. (in Russian)

17. Vityaev E.E. Mathematical probabilistic model of cognitome and functional systems //
Artificial intelligence, algebraic biology and theory of systems in mathematical research of Russian
scientists. Volume 1. Proceedings of the Meeting "Interdisciplinary interaction of algebraic biology,
systems theory and artificial intelligence". Special Issue of the journal Biomash Systems, Volume 5,
No. 1, January-March, 2021, pp. 238-292. (in Russian)

18. Anokhin, P.K.: Biology and neurophysiology of the conditioned reflex and its role in
adaptive behaviour, Oxford etc.: Pergamon press, pp. 574. (1974).

19. Sudakov K.V.: The general theory of functional systems. Moscow: Medicine, p.222.
(1984) (in Russian)

20. Evgenii E. Vityaev Purposefulness as a Principle of Brain Activity // Anticipation:
Learning from the Past, (ed.) M. Nadin. Cognitive Systems Monographs, V.25, Ch. 13. Springer,
2015, pp. 231-254.

21. Kolmogorov A. N. Grundbegriffe der Wahrscheinlichkeitrechnung, in Ergebnisse der
Mathematik. — Berlin, 1933.

22. Altshuller G. S. Finding an idea: An Introduction to the TRIZ — Theory of solving
inventive problems, 3rd ed. — Moscow: Alpina Publisher, 2010. p. 392. (in Russian)

23. Mukhortov V.V., Khlebnikov S.V., Vityaev E.E. Improved algorithm of semantic
probabilistic inference in the problem of 2-dimensional animate, Neuroinformatics. 2012. Vol.6, No.
1, pp. 50-62. (in Russian)

24. Demin A.V., Vityaev E.E. Learning in a virtual model of the C. elegans nematode for
locomotion and chemotaxis, Biologically Inspired Cognitive Architectures. 2014, v.7, pp.9—14.

25. Vityaev, E.E., Demin, A.V., Kolonin, Y.A. (2020). Logical Probabilistic Biologically
Inspired Cognitive Architecture // Goertzel, B., Panov, A., Potapov, A., Yampolskiy, R. (eds)
Artificial General Intelligence. AGI 2020. LNCS, v. 12177. Springer, Cham.

26. Ershov Yu. L. Definability and computability. Novosibirsk, 2000. (in Russian)

27. Goncharov S. S., Sviridenko D. I. Semantic modeling and artificial intelligence // Siberian
Philosophical Journal. 2018. vol. 16, No. 4. pp. 5-25. (in Russian)

28. Goncharov S. S., Sviridenko D. 1. Theoretical aspects of X-programming. Lecture Notes in
Computer Science, 1986, vol. 215, p. 169—179.

29. Goncharov S.S., Ershov Yu.L., Sviridenko D.I. Semantic programming. In: Proc.IFIP 10-
th World Comput. Congress. Dublin. Vol. 10. 1986. pp 1093—1100.

30. Goncharov S.S., Ershov Yu.L., Sviridenko D.I. Semantic foundations of programming, //
LNCS. Vol. 278. 1987. pp. 116-122.2.

31. Goncharov S.S., Sviridenko D.I. Z-programming // Transl., II.Ser., Am. Math. Soc., 1989,
vol. 142, p. 101-121.

32. Goncharov S., Sviridenko D. Semantic Modeling and Hybrid Models // 2019 International
Multi-Conference on Engineering, Computer and Information Sciences (SIBIRCON), Novosibirsk,
Russia, 2019, pp. 987-990.

33. Goncharov S. S., Sviridenko D. I. Logical language for describing polynomial
computability / Reports of the RASciences, 2018. Vol. 485, No. 1. pp. 11-14. (in Russian)

34. Goncharov S.S. Conditional terms in semantic programming // Siberian Mathematical
Journal. 2017. T. 58. Ne 5. C. 794-800.

35. Goncharov, S.S. Sviridenko, D.I. Recursive Terms in Semantic Programming (Article) //
Siberian Mathematical Journal. - Volume 59, Issue 6, 1 November 2018, Pages 1014-1023.

36. Goncharov, S., Nechesov, A. Polynomial analogue of Gandy’s fixed point theorem.
Mathematics, 2021, 9(17), 2102.

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 241



37. Goncharov S., Ospichev S., Ponomaryov D., Sviridenko D. The expressiveness of looping
terms in the Semantic Programming. Siberian Electronic Mathematical News. 2020, 380-394.

38. Nechesov, A. Semantic Programming and Polynomially Computable Representations.
Siberian Advances in Mathematics. 2023. V.33. N1. P.66-85.

39. Goncharov, S., Nechesov, A. Solution of the Problem P = L. Mathematics, 2022, 10(1),
113.

40. Goncharov, S.S.; Nechesov, A.V. Semantic programming for Al and Robotics. IEEE
International Multi-Conference on Engineering, Computer and Information Sciences
(SIBIRCON)}, Yekaterinburg, Russian Federation, 2022, pp. 810-815.

41. Vityaev E. E. Extracting knowledge from data. Computer cognition. Models of cognitive
processes. Novosibirsk, 2006. 293 p. (in Russian)

42. Pfanzagl 1. Theory of measurements. M.: Mir, 1976. 248 p.

43. B. Kovalerchuk and E. Vityaev. Data Mining in Finance: Advances in Relational and
Hybrid Methods, Kluwer Acad. Pub., 2000.

44, Krantz D.H., Luce R.D., Suppes P., Tversky A. Foundations of Measurement. Acad. Press,
N.Y.; L. 1971; 1989; 1990. Vol. 1-3.

45. E. Vityaev, B.Y. Kovalerchuk, Relational Methodology for Data Mining and Knowledge
Discovery. Intelligent Data Analysis. Special issue on “Philosophies and Methodologies for
Knowledge Discovery and Intelligent Data Analysis” eds. Keith Rennolls, Evgenii Vityaev. v.12(2),
IOS Press, 2008, pp. 189-210.

46. Evgenii Vityaev, Boris Kovalerchuk. Ontological Data Mining. Uncertainty Modeling:
Dedicated to Professor Boris Kovalerchuk on his Anniversary. Studies in Computational
Intelligence 683, V. Kreinovich (ed.), Springer, 2017, pp. 277-292.

47. Vityaev E.E. Semantic probabilistic inference of predictions // Izvestia of Irkutsk State
University, Series "Mathematics". 2017. Volume 21. pp. 33-50. (in Russian)

48. Evgenii Vityaev The logic of prediction. In: Proceedings of the 9th Asian Logic
Conference (August 16-19, Novosibirsk, Russia), World Scientific Publishers, 2006 pp.263-276.

49. Halpern, J.Y. An analysis of first-order logic of probability. Artificial Intelligence. v. 46,
1990. — P. 311-350.

50. Vityaev, E., Odintsov, S. How to predict consistently? Trends in Mathematics and
Computational Intelligence In: Studies in Computational Intelligence, 796, Mar?a Eugenia Cornejo
(ed), 2019, 35-41.

51. Malykh A.A., Mantsivoda A.V. Object theories over list superstructures // Izvestiya
Irkutsk State University. Mathematics series. 2012. Vol. 4. pp. 27-44. (in Russian)

52. Malykh A.A., Mantsivoda A.V. Documentary modeling // Izvestiya Irkutsk State
University. Mathematics series. 2017. Vol. 21. pp. 89-107. (in Russian)

53. Gavrilina D. E., Mantsivoda A.V. Low-code and object spreadsheets // Izvestiya Irkutsk
State University. Mathematics series. 2022. Vol. 40. C. 93-103. (in Russian)

54. Business Process Model and Notation (BPMN). Version 2.0. URL:
https://www.omg.org/spec/BPMN/2.0/PDF (accessed 1 April 2022).

55. T.Berners-Lee, J.Hendler, O.Lassila. The Semantic Web. Scientific American 284 (5), 34-
43,2001.

56. OWL2 Web Ontology Language. Structural Specification and Functional-Style Syntax
(Second Edition). W3C Recommendation 11 December 2012. URL: https://www.w3.org/TR/owl2-
syntax/ (accessed 1 April 2022).

57. Mantsivoda A.V., Ponomaryov D.K. Towards Semantic Document Modelling of Business
Processes // News of Irkutsk State University. Mathematics series. 2019. Vol. 29. pp. 52-67.

58. Mantsivoda A.V., Ponomaryov D.K. On Termination of Transactions over Semantic

242  Teopus cuctem, anrebpanueckas GUONOMMs, CKYCCTBEHHbINA MHTENEKT: MaTEMaTNYECKNE OCHOBbI 1 NPUIOKEHNS



Document Models // News of Irkutsk State University. Math. series. 2020. Vol. 31. pp. 111-131.
59. Gavrilin D. N., Kustova 1. A., Mantsivoda A.V. Object models as microservices: query
language // Izvestiya Irkutsk State University. Math. series. 2022. Vol. 42. C. 121-137. (in Russian)
60. Kazakov I.A., Kustova [.A., Mantsivoda A.V. Documentary modeling: methodology and
applications // News of Irkutsk State University. Math. series. 2020. Vol. 32. pp. 79-93. (in Russian)
61. Goncharov, S.; Nechesov, A. Polynomial-Computable Representation of Neural Networks
in Semantic Programming. J 2023, 6, 48-57.
62. Goncharov, S.; Nechesov, A. Axiomatization of Blockchain Theory. Mathematics 2023,
11, 2966.

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 243



