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Bonpocs! pa3BuTHs ucciaenoBanuii B o0aactu uckycctBeHHoro uHremiekta (M) ¢ momenTa
CO3/IaHUS BBIUMCIUTEIHHBIX MAIIUH BCETJAa 3aHUMAld BHHMAaHHUE YYCHBIX U Pa3padOTIYMKOB
BBIUMCJIUTENIFHOM TEXHUKU C LENbI0 €€ NPUMEHEHUS B pa3IUYHbIX cdepax dYeToBeHeCKOon
JeSITeIbHOCTH M Pa3BUTHH COBPEMEHHOro obmiectBa. Havano uccinenoBaHusiM OBUIO MOJIOKEHO B
pabdorax .M. bBap3gunsa, O. biaoM 10 U3BICUCHHIO TPEACIbHBIX  (QYHKIMHA IO
MOCIIEZIOBATEILHOCTSM HAYaJIbHBIX JTaHHBIX, UMHU OBUIM TOCTPOCHBI TEPBHIC KOHTPIPHUMEPHI, a
Tak)Ke ObLTU Pa3BUTHI ApyTue ociabiaeHHble TpeOOBAaHUS MMOMCKA, KOTOPHIE BBUTMIMCH B MAalTHHHOE
oOyuenue. B mocnennee BpeMsi Ha My TH YCIIEXOB B 337jadaxX pacro3HaBaHUs 00pa3oB U MOCTPOCHUS
cucteM OoOpaOOTKM €CTECTBEHHOTO S3bIKa, CHUCTEM IMEpeBOJa, CUCTEeM OOpabOTKHM CHMBOJIBHOMN
nH(pOpMAallMM BHOBb BO3HHKJIM HJIEM PACIIUPEHHUS BO3MOXKHOCTECH MPUMCHEHHMS MAIIUH B
npo0biieMax HayKH, MHXXCHEPUH U IPYTHX paHee MPUCYIIUX JIMIIb YEI0BEKY BUIAX NESTEIbHOCTH.

Jlornueckue ucciaenoBaHUs JieKaT B OCHOBE COBpeMEHHbIX MT-TexHOIOrMH M pa3BUTHUSA
MetonoB nosepuresnbHoro MU. Bpicokas oneHka W NpU3HAHUE BBIJAOLIEHCS POJU JIOTUKU B
Pa3BUTUH HAY4YHOIO IOAXO0Ja K HCCIIEIOBAaHUIO OKPY’KAIOLIEr0 HAacC MUpa M B Pa3BUTHM HOBBIX
TEXHOJIOTHH ToCHy X ocHoBaHueM oObsBieHnss FOHECKO 14 suBaps JlHem Jorukw.
I'enepanpabivM gupexktopom FOHECKO Opps Asyne 6put0 B 2018 romy ormedeno, uto «B XXI
BEKE JIOTMKA KaK JHUCIMIUIMHA OKa3ajach, KAK HUKOTJA MPEXJe, COBPEMEHHON M aKTyaJbHOMU IS
Hamwx OOIMECTB M HAMIMX JKOHOMHUK. Tak, BBIUMCIHTENbHAs TEXHUKA W IUdpoBas cpena
MPEJICTABISAIOT COOOM TEXHOJOTHH, W3HAYallbHO OCHOBAaHHBIE HAa MPHUHIIMIAX JIOTHYECKOTO H
alropuTMu4eckoro MeinuieHus». Ha 3acemanun Ilpesuamyma PAH mno Bompocy HNU Gbuia
nocrasiieHa npobiema noBepurensbHoro MU B paspaboTke HaydHBIX OCHOB M TexHomoruit MU,
KoTopasi TpeOyeT KOMIUIEKCHBIX MWCCJIEI0BaHUM, HauyuHas C METOJOJIOTMM U 3aKaH4YuBas
npoGiemMaMu 6€30MacHOCTH UCIIOJIB30BAHUS CJIOKHBIX MPOTPAMMHBIX M MAITUHHBIX KOMILJIEKCOB.

B M CO PAH nox pykosoactsoMm akagemukos FO.JI. Epmosa n C.C. I'onHuapoBa Obuin
VHULIMMPOBAHBI UCCIEN0BAHMS [1] O MOCTPOEHUIO HE UMIIEPATUBHOIO, & IECKPUIITUBHOIO SI3bIKA
MIPOrpaMMUPOBAHMSI Ha OCHOBE JIOTUYECKHM OOOCHOBAHHOTO 3a/JlayHOr0 I0AX0/a UM IOCTPOEHUs
BBIUMCIMMOCTH Ha aOCTPaKTHBIX MojemsaX. [locTpoeH Jorudeckuii 3k IpOrpaMMUpPOBAHUS U €T0
MOJIMHOMHAJIbHAST BepcHsi [2] Ha OCHOBE Pa3BUTHS TEOPUU HEMOIBMKHBIX TOYEK MOHOTOHHBIX
JOrMYecKux ornepatopoB bappaiica [3], 4TO MO3BONMIIO YCIEIIHO pPEaIN30BaTh IPOrPaAMMHBIE
CHUCTEMBbI, TMOJYYUTh YCICIIHO pEeaJu30BaHHbIE MPOrpaMMbl JJII COBPEMEHHBIX 3a7ad B
TEJIEKOMMYHUKAIUAX, YIIPABICHUN CUCTEMaMH IUIATEXeH, aHanu3e TeHeTHYecko nHdopManuu u
JIPYTUX, KOTOPbl€ HMMEIOT SICHYIO JIOTMUECKYI) OCHOBY M TMO3BOJSIOT JeJaTh KOPPEKTHBIE HX
MoaubUKaIUi U HOBBIX YCIOBHH H 3aa4.

CamMa MmocTaHOBKA 3a/1auyd HAUMHAETCS C TIOCTPOSHUSI OHTOJIOTHH MPEAMETHON 00IacTu U ee
Tpex JTanoB (opMmaiu3alud B paMKax M CPEACTBAMHU JIOTUYECKOTO S3bIKA, TMPEAJIOKEHHBIX
QITOPUTMOB U UX MPOTPaMMHBIX peajin3aluii, a TaKKe aHalin3a B3aMMOOTHOIICHUM ATHUX TpeX
ypoBHEW ¢dopmaim3aiuii. B OCHOBY MOCTpOCHHS MaTeMaTHYeCKOW TEOPHUH CEMaHTHYECKOTO
nmoaxoja OBLUTM TIOJNIOKEHBI AU sI3bIKa MporpaMMupoBaHusi l[Iposor, Teopust JOMyCTUMBIX
MHOXECTB, KJIaCCHUYECKas TEOpHUs BBIYMCIMMOCTH, BKJIIOYas OTHOCHUTEIBHYIO BBIYHCIUMOCTB C
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OopakyJaMM M JIOTHYECKUMH TEOpUAMU HUX o0OocHoBaHMsA. Ha KoHUenTyanbHO eIUHON
MaTeMaTH4ecKoil Teopuu pa3paboTaH TMOAXOJ B MPAKTUUYECKOM peanu3aluyd STHX HICH B
pPa3IMYHBIX MPEIMETHBIX 00JaCTAX: B TeHETHKE, MeaulinHe, puHaHcoBbix cuctemax (E.E. Butses),
CUCTEMAaX JOKYMEHTHOIO YIpaBJl€HHMs KpynHbIMH npeanpustusmu  (A.  Manuusoga),
TEJIEKOMMYHUKALUAX, CUCTEMAaX MOMICPKKU NPUHATHS PEIICHUH, TUIATEKHBIX CUCTEMAaX U 3a/a4dax
aBTOMaTH3alMu ynpasieHus Takumu cuctemamu (.M. Csupmaenko, B. T'ymupos, JI.E.
[TanpuyHoB, I1. JlemeHKOB).
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Issues of development of research in the field of artificial intelligence (Al) since the creation
of computing machines have always attracted the attention of scientists and developers of computer
technology with the aim of its application in various spheres of human activity and the development
of modern society. The research began with the work of J.M. Barzdin, E. Blum extracting the limit
functions from the sequences of the initial data and they built the first counterexamples, as well as
developed other relaxed search requirements that resulted in machine learning. In recent times, in
the path of success in the tasks of pattern recognition and construction of natural language
processing systems, translation systems, symbolic information processing systems, ideas of
expanding the capabilities of machines have arisen again in the problems of science, in the
Engineering and other previously human activities.

Logical research is at the heart of modern IT technologies and the development of trusted Al
methods. Appreciation and recognition of the outstanding role of logic in the development of a
scientific approach to the study of the world around us and in the development of new technologies
served as the basis for declaring January 14 as the Day of Logic by UNESCO. UNESCO Director-
General Audrey Azoulay noted in 2018 that “In the twenty-first century — indeed, now more than
ever — the discipline of logic is a particularly timely one, utterly vital to our societies and
economies. Computer science and information and communications technology, for example, are
rooted in logical and algorithmic reasoning”. At the meeting of the Presidium of the Russian
Academy of Sciences on the issue of Al, the problem of trusting Al in the development of the
scientific foundations and technologies of Al was raised, which requires comprehensive research,
from methodology to security problems in the use of complex software and machine systems.

At the Sobolev Institute of Mathematics, academicians Y.L. Ershov and S.S. Goncharov
initiated research [1] on the construction of not an imperative, but a descriptive programming
language based on a logically justified task approach and the construction of computability on
abstract models. A logical programming language and its polynomial version [2] were built based
on the development of the theory of fixed points of monotonic logical operators Barwise [3], which
made it possible to successfully implement software systems to obtain successfully implemented
programs for modern tasks in telecommunications, payment systems management, analysis of
genetic information and others, which have a clear logical basis and allow you to make their correct
modifications for new conditions and tasks.
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The statement of the problem begins with the construction of the ontology of the subject area
and its three stages of formalization within the framework of the logical language, the proposed
algorithms and their software implementations, as well as the analysis of the relationship between
these three levels of formalizations. The mathematical theory of the semantic approach was based
on the ideas of the programming language Prolog, the theory of admissible sets, the classical theory
of computability, including relative computability with oracles and logical theories of their
justification. On the basis of a conceptually unified mathematical theory, an approach has been
developed for the practical implementation of these ideas in various subject areas: in genetics,
medicine, financial systems (E.E. Vityaev), document management systems for large enterprises
(A. Mancivoda), telecommunications, decision support systems, payment systems and tasks of
automating the management of such systems (D.I. Sviridenko, V. Gumirov, D.E. Palchunov,
P. Demenkov).

References

1. Ershov Y.L., Goncharov S.S., Sviridenko D.I. Semantic programming. Information processing. Proc. IFIP
10th World Comput. Congress, Dublin. Vol. 10, 1986, 1113-1120.

2. Goncharov S.S., Nechesov A.V. Semantic programming for Al and Robotics. IEEE International Multi-
Conference  on  Engineering, = Computer and  Information  Sciences, 2022, pp.810-815.  Doi
10.1109/SIBIRCONS56155.2022.10017077.

3. Goncharov S.S., Nechesov A.V. Polynomial analogue of Gandy's fixed point theorem. Mathematics.
2021;9(17):2102. Doi 10.3390/math9172102.

N LA ReR @A G5 5 T fEE s
Goncharov S.S.
Sobolev B FLFT, &7 EAF

s.s.goncharov(@math.nsc.ru

HEH AR A AR, N T B SH IS A 71 98 e ) R — B 32 B 5T R B H i B2 5 RN )
HNEWEE, BESHERARNSTEEI &S g . M Rnn TN
Barzdin. E. Blum
PEVTLEEIE T 5 F HR MR R B TR, A MRS R 1238 — M, EBHSE 1 HAd s g s 22
B R REXK.

i, ERAGGIAREEBAESEE RS . FRERS. 95U REH AR ELHNIIZ
% E, RS R W ARAAE R . TR R R A AR LLRT B9 NS ED .

REHET 7R B 1T Hifr A5 N T8 58 7 1L B 3 A% O
S5t i A A AN [ S O ARk R T v ) S R T BART S R A 1 5 R A R R B RN B AT R B
EEBIERCAHSEAR 1 A 14 HABEH R, R casmBEsF R - fHERE
2018 “F4EH: “PES AL —FE b, BRAE R MEAR TR ——

TR SRR A SRy, S ERAM ) A AN AR I A B E

B, R MR ANE S B S BT AR AR A e A SRR R 7

TEAR % Wk 2R 1 B R A N TR e erag b, 18 778 N TR Re I RHER SR RN 4 47 4%
A EAN LGRS, EFREGEEWR, hikmaleelEs

155 FH AR 3 TR B 2% R 58

EREH FRBEM 7T, Bt Y.L. Ershov fl S.S. Goncharov #%EAIWFFE [1]
AR A, T AR A B T VAR AR A i O] S B A A 1 R A P AR R R
Ho FEJAHIEEEF ST Barwise [3]

PIABIEE R SE e, M | — M@ iR RE 5 L 2 AR AR

[2], 1BfE15 R Ih & B RET A nT R, DUES I E R IRAEHE T
BiE. XM ESGEHE. BEEE IS,

, BB TG REILAE, N ORI ST AR R S AT IE R 1B 2

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 741



R RE AT R IR 32 RE A Il A 8 [ A 2 LA/ E s A8 5 HE AR N T A ) =R R B B 4, 42
H SR S R B, DUIE =8 2 [ R R k.
B TIE BRI SR R R RFERE S Prolog
PEAE, AIAFFEE R RR . AM TR SRR, BFEEL oracles
(A 3 AT F AR 1 R 8 B A 2 1 S i L e
TEMES EH— MECR R L, CARB % — A U7 v 2R A5 B S e SH 3 P it 03 L A
e 1EEER, BRER 4Hmh &y (E.E. Vityaev). KREMMBEM SRS RS (A
Man ¢ ivoda) « T&fE. REFF RS AT RGM BB EHIERSIMER OD. 1

Sviridenko. V. Gumirov. D.E. Palchunov. P. Demenkov) .

L

1. Ershov Y.L., Goncharov S.S., Sviridenko D.I. Semantic programming. Information processing. Proc. IFIP
10th World Comput. Congress, Dublin. Vol. 10, 1986, 1113-1120.

2. Goncharov S.S., Nechesov A.V. Semantic programming for Al and Robotics. IEEE International Multi-
Conference  on  Engineering, = Computer and Information  Sciences, 2022, pp.810-815.  Doi
10.1109/SIBIRCONS56155.2022.10017077.

3. Goncharov S.S., Nechesov A.V. Polynomial analogue of Gandy's fixed point theorem. Mathematics.
2021;9(17):2102. Doi 10.3390/math9172102.

DOI 10.18699/sblai2023-03

O0vACHUMDBLIL UCKYCCMEEHHbLIL UHMEIEKM: RPODIeMbl, 60NPOCHL U NPUTLONHCEHUS
Mapuenko M.A.
NHCTUTYT BRIUUCITUTEILHON MaTeMaTUKHA U MaTeMatuueckoit reopusnku CO PAH,
HoBocubupck, Poccus
marchenko@sscc.ru

OOBsicHuMbIll UcKkyccTBeHHBIM HMHTEIIEKT (Explainable Al) — maremaTwdeckas MoOJEib,
KOTOpast CIocoOHa OOBSICHATh MEXaHHM3MBI, JEKAIlMe B OCHOBE AJITOPHUTMOB HCKYCCTBEHHOTO
MHTEJJIEKTa (MoJeNneil MalllMHHOTO 00y4YeHus). MHOXECTBO peleHuH, MPUMEHSIOMINX aTOPUTMBI
WU, npencraBisitor co0oi mogodue «4epHoro smukay». [103ToMy 3a4acTyio HE TOJIBKO KOHEUHBIE
MOJIb30BaTENN, HO U caMU pa3pabOTUYMKH HE MOTYT TOYHO OMNPEIeNUTh, KaK UMEHHO MOJEINb
MAIIMHHOTO OO0YYEHHs MPHUIILIa K TEM WJIM MHBIM BBIBOAAM B X0JIe 00pabOTKH MCXOIHBIX TaHHBIX.
[Tonnmanue pabOTHl aNTOPUTMOB HMCKYCCTBEHHOTO MHTEJUIEKTA MO3BOJHT pa3paboTdyukaM TOYHO
OLICHMBATh BJIMSHUE BXOJHBIX TPU3HAKOB HA BBIXOJHOW pe3yslbTaT MOJENHU, BBISBISATh
HEOOBEKTUBHOCTH W HENOCTATKH, CBA3aHHBbIE ¢ pabOTOW MOJenH, a TakKe MPOBOAUTH TOHKYIO
HACTPOWKY M ONITUMH3AIMIO TAKOTO pojia MeTOI0B. J[ist monb3oBaTeneil 00BsICHUMOCTD pe3yJIbTara
paboThl METOAOB HMCKYCCTBEHHOTO HWHTENJIEKTa Ba)KHA B YAaCTH MOHMMAHUSA MPUYHH BBIBOJIOB,
C/IEJIaHHBIX MOJIENBIO, a JJISi AKCHEepPTOB — il OOBSICHEHUS TeX BBIBOJOB, KOTOPHIE Ha TEPBBIN
B3[JIS1 HE MMEIOT MOJ cOO00W OCHOBaHUI, HallpuUMep MpPU MOMCKE CKPBITHIX 3aKOHOMEPHOCTEH B
JTAHHBIX.

B nokmage nemaercs 0030p airopuTMUYECKHM OOOCHOBAHHBIX MOJXOJOB K pa3paboTke
METOJIOB MCKYCCTBEHHOTO WHTEJUIEKTa, OMHCHIBAIOTCS METOJbl WHTEPIPETAIMH PEe3yJbTaTOB HX
MPUMEHEHHUS ISl PEIIeHUs] KOHKPETHBIX 3a/1a4.
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