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Abstract. To create artificial intelligence, it is necessary to identify the properties of natural and develop a way
to model it. There are many definitions of artificial intelligence in the literature, but there is no exact definition of this
science yet. Different authors model natural intelligence differently. For example, artificial intelligence is defined as the
ability of a digital computer to respond to information coming to its input devices, almost as a certain person reacts in
the same information environment. This approach is based on the principle of self-organization of the model and is
called heuristic. Human intelligence is also seen as an intuitive system.

The creative process is accompanied by various manifestations of emotions, and decision-making in natural in-
telligence is carried out in conditions of uncertainty of various kinds. Studies show that in the problems of this class it is
related to: 1) incomplete input and current information; 2) with fuzzy input information; 3) with vaguely developed
rules for processing and evaluating information.

Significant combinatorial spaces, in particular significant information spaces, were used to model the dynamics
of human thinking. The latter has a combinatorial nature and exists in two states: tranquility (convolute) and dynamics
(deployed), which deployed from convolute. Collapsed is given by an information sign that contains the properties of the
expanded space. Information is primarily related to the functioning of the human brain and is in the subconscious or
consciousness in the form of images, fragments of speech and so on. The transfer of information (thoughts) is carried
out with the help of deployed information space through the speech space, through gestures, movements, through writ-
ing, graphics.

Depending on the type of uncertainty, the classification of natural intelligence is given. We believe that the con-
cept of intelligence is associated with such operations as information processing and evaluation. Based on this, human
intelligence is conditionally divided into three levels: 1) a person follows the rules, which are clearly formulated and
described without analysis of their accuracy (learning rules); 2) the individual analyzes information for accuracy and
develops its own rules of conduct under different conditions (rules of self-study); 3) the ability for independent of exist-
ing rules of analysis, processing and evaluation of information for accuracy (rules of intuition). Partial realization of
artificial intelligence is carried out through the use of self-tuning algorithms and modeling of self-organization process-
es in nature.

Keywords: natural intelligence, artificial intelligence, significant combinatorial spaces, combinatorial configura-
tions, self-adjusting algorithms, self-organization in nature, uncertainty.
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AHoTanis. /Iy CTBOPEHHS IUTYYHOTO iHTEJIEKTY HEOOXiJHO BHSBUTH BIACTHBOCTI IPHPOJHOTO Ta PO3POOHUTH
cnoci0 ioro MozenroBaHHs. Y JiTepaTypi oaHo 6araTo 03HaYeHb MITYYHOTO IHTEJIEKTY, ajle TOYHOTO BU3HAYCHHS L€l
HayKH e Hemae. Pi3HI aBTOpH NpHUPOIHUI IHTENEKT MOJIENIOIOTh MO-pisHOMY. Hanpukiman, ITyyHuA iHTENEeKT BH3HA-
YaeThCS K BIACTUBICTH IM(POBOI 00YMCIIOBATFHOI MAIlIMHU pearyBaTH Ha iH(opMaIllifo, sika mocTymnae Ha ii BXigHi
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NPUCTPOI, Maike Tak, sK pearye y THUX jke iH(pOpMaliiHUX yMOBax INEBHA JIOAWHA. Takuil MiaXiJ I'PyHTYETHCS HA
NPUHLUII caMoopraHizanii Mojesi 1 1oro Ha3uBarOTh EBPUCTUYHUI. |HTENIEKT JIIOMUHN PO3IISIA€ThCS TAaKOXK SIK 1HTYi-
THUBHA CHCTEMA.

[pouec TBOPUOCTI CYNPOBOKYETHCS PI3SHUMH IIPOSIBAMHU €MOLIIH, a IPUHHATTS PillIeHb B IPUPOJHOMY 1HTENEK-
Ti TIPOBOJUTHCS B YMOBAaX HEBU3HAYEHOCTI Pi3HOTO BUAY. SIK MOKa3yrOTh JOCIIDKEHHS, B 3a/ladyax IIbOro Kjacy BOHA
OB ’si3aHa: 1) 3 HETIOBHOIO BXiTHOIO Ta IOTOYHOIO iH(opMarii€ro; 2) 3 HEUITKOIO BXiTHOIO iHpOpMaIiero; 3) 3 HEIITKO
PpO3poOICHUMHE ITpaBHIAMH OOPOOKH Ta OIHKH iH(pOpMAaIIii.

Jis MofienmtoBaHHS TMHAMIKH MHCJICHHS JIFOJUHA BUKOPUCTAHO 3HAKOBI KOMOIHATOPHI IIPOCTOPH, 30KpeMa 3HAKO-
Bi iH(popmariitHi npoctopu. OcTaHHIM Mae KOMOIHATOPHY NMPHUPOAY Ta iCHYe B IBOX CTAHAX: CIIOKOI (3TOPHYTOMY) Ta
IrHaMILl (PO3TOPHYTOMY), SIKAIT pO3TOPTAETHCS i3 3TOPHYTOTO. 3TOPHYTHH 3aMaeThbesl iHPOPMAIifHIM 3HAKOM, SKAH Mic-
TUTH BIIACTHBOCTI PO3TOPHYTOTO IpocTopy. [HpopMamis mepmr 3a Bee MoB’s3aHa 3 (YYHKIIIOHYBaHHSIM JIFOACEKOTO MO3KY
i nepeOyBae B MiACBIIOMOCTI YM CBIZIOMOCTI y BHIJIsiII 00pa3iB, ¢parMeHTiB MoBieHHs ToIo. [lepenaya indopmarii
(tyMKH) IPOBOANTHCS 32 JOTMIOMOTOI0 PO3TOPHYTOr0 iH(OPMaLIIITHOTO MPOCTOPY Yepe3 MOBJIEHHEBUH MPOCTIp, 3aBASIKH
KECTaM, pyxaMm, 3a JIOTIOMOTOI0 TIMChbMa, rpadiuHUX 300paXKeHb.

VY 3a5eXHOCTI BiJl TUIy HEBU3HAUCHOCTI HaBeJeHO KiacuiKalliro IPUPOIHOro iHTeNeKTy. BBaxkaemo, 1o 3 no-
HATTSM IHTEJICKTY IMOB’s3aHi Taki omeparii sk 00poOka Ta oriHka iHopmarii. Buxoasuu 3 1pOro, iHTEIEKT JHOJIUHU
YMOBHO PO3JIGHO Ha TPH PiBHI: 1) JITOZMHA BUKOHYE NPaBUIIa, SIKi YiTKO cOpMyYIIbOBaHO Ta OmMMcaHo Oe3 aHaji3y Ha
iXHIO TOYHICTB (IIpaBWJIa HABYAHHSI); 2) iIHAMBIAYYM aHaJi3ye iHGOpPMAIIiI0 Ha TOYHICTH i po3po0IIsie cBOI MpaBmia MO-
BEIIHKH 3a Pi3HUX YMOB (TIpaBMJIa CAMOHABYAHHA); 3) 3MaTHICTH 10 HE3aJECKHOTO BiJl ICHYIOUHX MPaBIII aHAJIi3y, 00po-

3aBJIAKH BUKOPUCTAHHIO CAMOHAJIAro/’KyBaJIbHUX aJ'IFOpI/ITMiB Ta MOACIFOBAHHA HpOHeCiB caMoopraHi3aui'1' B HpI/IpO,Z[i.

KoaiouoBi cjioBa: npupoHuil iHTEIEKT, IITyYHUH 1HTEJEKT, 3HAKOBUH KOMOIHATOPHHUI MPOCTip, KOMOIHATOPHI
KoH(irypariii, caMoHallaroJKyBajbHi aJlTOPUTMH, CAMOOPIaHi3alisi B IPUPO/Ii, HEBU3HAYEHICTb.

Beryn CHOBKH. OJTHIM 3 MOHAThH IITYYHOTO IHTENIEK-
Y poboTi omucano oauH crocid moje- Ty BBa)XaloTh (opmaiizaiiio mpodieMm Ta 3a-
JIOBAHHS MPHUPOTHOTO IHTEIEKTY JIIOAHHU 3 BJIaHb, AKi MOJIOHI 10 NI, 10 BUKOHYE JIO-
BUKOPUCTAHHSIM KOMOIHATOPHOTO aHalizy. nuHa. Pi3HI aBTOpM NMPUPOTHUIN IHTEIEKT MO-
[TokazaHo, MmO AWHAMiKa MHUCIIEHHS OIHUCY- JeMOI0Th To-pisHOMYy. Hampuxman, y [1]
€ThCSI 3HAKOBUM KOMOIHATOPHUM IMPOCTOPOM, IITYYHUH 1HTEJNEKT BU3HAYAETHCA SIK BJIACTH-
SIKUH ICHY€ B IBOX CTaHAaX: CITOKOI Ta JMHAMI- BicTh 1H(POBOi OOUMCITIOBATHLHOI MAIIUHU
ui. [Togano knacugikarito IpUPOAHOTO 1HTE- pearyBaTH Ha iH(opmallito, SKa MOCTyMae Ha
JIEKTY Ta BUIUIEHO KiJIbKa HOTO PiBHIB. il BXiZHI TPUCTPOi, Maibke Tak, SK pearye B
TUX Jk€ 1H(opMamiiiHMX ymMOBax MNE€BHa JIO-
IocranoBka npodaemu nuHa. Takuil miaxia IpyHTYEThCSI HA PUHIU-
V nitepatypi onucano 6arato crnoco06is i camMooprasi3zaiii Mojeni i Horo Ha3UBaKOTh
MOJICITIOBaHHS IPUPOHOTO IHTENEKTY JTHO/HU- eBpUCTHYHUH. Y poOOTIi [2] iHTENeKT Jr0ANHU
HH Ta IMHaMikn MuciieHHs. Ll migxxonu BHKo- PO3IIISIIAEThes SIK 1HTYiTHBHA cuctema. To0-
PUCTOBYIOTBCA  JJIA  CTBOPCHHA IITYYHOTO TO, MiJ IHTYILI€I0 PO3YMIIOTH MPOIEC ONTHU-
IHTENIEeKTy. AJle, He3BaXKarouM Ha BEJIMKI Ha- MaJbHOTO NPHUIHATTS PillleHb IO BiIHOIICH-
NPaIfOBAaHHs B Wii ramysi, Teopii IITY4HOro HIO JI0 30BHIIITHBOTO CEPEIOBHIIA.

IHTEJIEKTY MIOKH HE CTBOPEHO.
Mera pociigKeHHs

AHAJIi3 OCTAHHIX T0CTIKEHD i 3 BHUKOPHUCTaHHSIM 1H(pOpPMAIIITHOTO
nyG.tiKaniii MPOCTOPY, SKUHM 3aa€ThCs aKcioMaMu, IO
Jl1st CTBOPEHHS IITYYHOTO IHTEJCKTY XapakTepHi 3HAKOBHUM KOMOIHATOPHUM IPOC-
HEOOX1/IHO BUSIBUTH BJIACTUBOCTI TIPUPOIHOTO TOpaM, TOOYIOBAHO MAaTeMAaTH4HY MOJeNb
IHTENEKTY Ta Po3poOuTH Crocid Horo moze- JTUHAMIKHA MUCIICHHS JIIOJAWHH. [HTYIIIsS po3r-
JIIOBaHHA. Y JITEpaTypl MOJaHo Oarato O3Ha- TSA€TbCA K CHOCIO MPUHHATTS pillieHb B
YEHb WITYYHOTO IHTEJEKTY, alleé TOYHOIO BHU- YyMOBax HEBHM3HAYCHOCTI 3a MpaBWJIAMH, SKi
3HAYCHHS 1i€i Hayku e Hemae. [1ix iHTenex- dopMani3yBaTi 10CHTH CKJIaIHO.
TOM PO3yMIIOTh 3JaTHICTh Mi3HABATH HaBKO-
JUIIHIA CBIT Ta BHpPINIYBAaTH pPI3HOMaHITHI KomoinaTophi kongirypauii Ta kom-
npobiemMu. SIK CHHOHIMOM KOPUCTYEMOCS OiIHATOPHI MHOKMHH
MOHATTSAM «PO3yM», SKE€ BHpa)xxae 3aTHICTbH OCKIJIBKM CTaTTSl CTOCYEThCS KOMOiHa-
MUCIIUTH, TOOTO aHali3yBaTH i poOOUTH BH- TOPHHUX IPOCTOPIB, PO3IJISTHEMO JesKi Biac-
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THBOCTI iX TOYOK — KOMOIHATOPHUX KOH)ITY-
pauiii. Boun gopmyroTbes 3 eneMeHTiB 3aa-
HOI MHOXXHMHU XapaKTEePHOIO Ui iIXHBOTO TH-
ny omnepariero. OnHi 3 IUX onepauiid 3MiHIO-
I0Th TTOPSZIOK PO3MIILIEHHS B HUX €JICMEHTIB,
1HIII1 3MIHIOIOTH TXHil ckian. ToOTo, mig KoM-
OiHATOpHOIO  KOH(pIrypami€eo  po3yMieMO
Oy/ib-sIKy CYKYIHICTh €JIEMEHTIB, fIKa YTBO-
PIOETBCS 3 yCiX ab0 3 JNESIKUX €JIeMEHTIB Oa-
30Boi MHOXuHH A={a ,.., a,} [3]. [lo3Ha-

YyuMO 11  YNOPAAKOBAHOK  MHOKHHOIO
k k k : .

w :(Wl,...,Wn), ne{l,...n} — KiIBKICTH

emementip y W, W ={w}} - wmmoxuna

KOMOIHAaTOpHUX KOHirypamiii. BepxHiii iH-
nexc k (k e{l...q}) y W mosnauae mops-
xoBHit HoMep W y W, §— Kimpkicte W* y
W . PekypeHTHUM KOMOIHATOPHHUM OIEPaTO-
POM Ha3BEMO CYKYITHICTh MPaBUII, 33 JOIIOMO-
TOI0 SIKHX 3 €JIEMEHTIB 0a30BOi MHOXHHH A
YTBOPIOETHCS KOMOIHAaTOpHa KOHQIrypalis
W* . Pi3HOMAaHITHI THIIH KOMGIHATOPHUX KOH-
¢irypamiii yTBOPIOIOTBCS 32 JIOTIOMOTOIO
TPhOX PEKYPEHTHUX KOMOIHATOPHHUX OIepa-
topi: Bubupanns o(A’), A’ A; tpaHcro-
3HIIIS
OCI(W'j(' W),

e W = (Wl",...,W,'j) — MepeCcTaHOBKa,
apudmermannit o (WS — X, W +X;),

p p
ne X, X efl,.,n-1}, ij: X, =X,
=1 1

i=
x<n, {wi,w x, X, xpeN,

{t,s, p, p}efl,...,n-1}.

[Ipu MoaentoBaHHI AUHAMIKH MUCICHHS
3 BUKOPUCTAHHSAM KOMOIHAaTOPHUKH MAalOTh
Miciie BUOiIpku. Po3risHemo 111 KoMOIHAaTOpHI1
KoHpirypanii. Hexail 3amaHO MHOXHHY
A={a, ..., a,}. 3 HEl ofepKUMO 1) -BUOIPKY.
Yucno m Ha3uBawTh 00'eMoM BuOipku. B 1-
BUOIpKax B 3aJISKHOCTI Bil YMOB 3aaa4i abo
YPaxoBYETHCS TIOPSIIOK PO3TAITyBaHHS B HUX
eneMeHTiB  (tomi  iX  Ha3WBaKwTh M-
MepecTaHOBKaMH a00 1) -pO3MIIIEHHAMH ), a00
HE YPaxoBYIOThb. Y I[bOMY BMIIAJKy BOHH Ha-
3MBAIOTHCS 1) -CIIONydeHHSIMH. [HKOMM mepec-
TAHOBKOIO Ha3WBAIOTh YHOPSAKOBaHY BUOIPKY
3 N eleMeHTIB MHOXKMHU A 1o N. MHOXUHY
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BCUIAKUX HEYMOPSAKOBAaHUX BHOIPOK (CrOJTy-
YeHb), KA MICTHTh OJHY IMYCTY, Ha3WBAIOTh
e MHOXWUHOIO BCIX HIAMHOXHH. OCKIIBKH
MOTYXHICTh ~MHOXXHHHU  HEYIOPSIKOBAHUX
BUOIpOK 6e3 MOBTOpeHb JopiBHIOE 2", TO il
MOPIBHIOIOTH 3 OIHAPHUMH MOCIIJOBHOCTSIMHU.
CronydeHHSM Ha3BeMO  HEYIOPSIKOBAHY
BHOIpKY 3 N €JIEMEHTIB 10 M, Y SAKil MOKHA

SK JIOITYCKaTH, TakK 1 HE IOIyCKaTH MOBTOPEHb
nefl...,n}. SKmo y MHOXHUHI CHOJydYeHb
0e3 MOBTOpEeHb He icHye W=J, Tomai iXHs
KiJbKicTh nopiBHioe 2" —1.

Muoxuna W cknamaeTrbesa 3 MiAMHO-
KUH 130MOpPHUX KOMOIHATOPHHX KOH(Iry-
pawiii W, (i3oMOpdHI KOMOIHATOPHI KOH(I-
rypatii MiCTSATh OJTHAKOBY KiJIBKICTh €JIeMEH-
TiB). Y MHOXkuHI W , eleMEHTH SKOi YTBOpEHi
KUTbKOMa pEKypEeHTHHMH KOMOIHaTOPHUMHU
orepaTropamH, BUJIIUMO 1 MHOXXUHY
W’ cW , 6yap-Kuii eleMeHT SKOi yTBOpIO-
€TbCS OJIHUM THIIOM DPEKYPEHTHHX KOMOiHa-
TOPHUX  OINEpaTopiB, Ta  MiAMHOXUHU
W™ cW , xom6inaTopHi koH(irypamii skux
yTBOpeHo i3 W e W~ inmmm tunom. Haszsemo

W' cW 6a30BOI0 M IMHOXHHOK MHOXHHH
W . KomOinatopHi KoHOIrypauii MOXYyTb
OyTH BHOPSAIKOBaHI SK BUMAAKOBO (Oe3man-
HO), TaK i 3a cTporuMu npaBwiamMu. OHUM 13
TaKUX MPaBUI € BIACTHBICTH MEPIOJUYHOCTI,
sIKa BUTLIMBAE 3 PEKYPEHTHOTO CIIOCO0Y YTBO-

pEHHS w" eW Tta monsrac B TOMY, IO IXHI1

MHOXKMHM YIOPSAKOBaHI 1HTEpBaJlaMH, B KO-
XKHOMY 3 SKHUX KOMOIHAaTOpHI KOHQIrypauii
YTBOPIOIOTBbCA 32 OJHUMH 1 THUMU CaMHMHU
npaBwiaMu. Jlyis reHepyBaHHS KOMOIHATOp-
HUX MHOXMH BHUKOPUCTAEMO PEKYPEHTHO-
MEePIOJUYHUNA METOJ, Y SIKOMY peaii3oBaHo Iii
nosoxenus [3].

CdopmymnroeMo Tpu npaBuia, 3a SKUMU
YTBOPIOIOTBHCS:

a) IHTEepBaJ HYJIbOBOTO PaHTYy;

6) oOMexyBalbHAa KOMOIHAaTOpHa KOH-
¢iryparis (mepma B 1HTEpBaJll HYJIOBOTO
paHry);

B) IHTEpBAJI G -TO PaHry, e G — KiJb-
KICTh TaKHX PAHTIB.

VY mnporeci BNOpsiIKYBaHHS KOMOIHATO-
pHHUX KOH(]Iirypamiii 3 BUKOPHCTAHHSIM BIlac-
THUBOCTI TIEPIOAMYHOCTI 3a JTOTIOMOTOI0 OTO-
BOPEHHUX MpaBWJI YTBOPIOEThCS KOMOIHATOpHA
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MHOXHWHA, SIKa MICTUTh y CO01 MEHIII, MOA10H1
MMAMHOKHHH, TOOTO BOHA — caMOIIoai0Ha, 1110
XapakTepHO I (PpaKkTaIbHUX CTPYKTYP.
3riZHO 3 BIACTHUBICTIO CaMOIIOXiIOHOCTI,
IHTEpBaJl G-TO PAHTy YIOPSJAKOBAHOI MHO-
*uHU W CKIIQIaeThes 3 IHTEpBaAIIB (6 —1) -0
panry. OCKUIBKM YHCIO N MOXKe HaOyBaTH
JOBUTBHUX 3Ha4eHb, TO W 1 N ¢ikcoBa-

HOI'0 — CKIHYEHHA, a JJI1 N JOBLILHOIO — HE-
CKIHY€HHa, TOOTO BOHA OJHOYACHO — CKIiH-
YyeHHa Ta HecKiHYeHHa, IligMHOXHHA WTl

PO3MIIIeHb 3 TTOBTOPEeHHsMHU (200 CIOTy4YeHb
3 TMOBTOPEHHSMH, PO3OUTTS N -€IeMEHTHOT
MHOXXHHH Ha ITIIMHOXXHHHU 3 TTOBTOPEHHSIMH)
— CKiHYeHHa, a MHOkuHa W 1mux ke KoMOi-

HATOPHUX KOHOIrypamiil uis TOro ) camMoro
N — HECKiHYCHHA. [3 IBOTO BHUILIMBAE, IO
KOMOIHATOpHI MHOXKMHU MaroTh (pakTaibHY

MIPUPOY.

HeBu3HaveHicTh, sika BHMHHUKa€E B
npoueci NPUAHATTS pillleHb JIIOIMHOI0

I3 HaBeeHOro BUIUIMBAE, IO IHTEJIEKT
JIOAWHU PO3TJIAIOTh  SK CHUCTEMY, SKa
CripuiiMae 30BHILIHE CEpEIOBUILE, aHAII3Ye
iH(pOpMAIIifO 1 B 3aJICKHOCTI B/l I[LOTO MPHH-
Mae€ pillleHHs NMPO BUKOHAHHA. AJle mpolec
MUCIICHHSI B JIIOJUHH MOXE IPOXOAUTH 0e3
30BHIIIHBO] Aii Ta 0e3 000B’I3KOBUX BKa31BOK
70 BHUKOHAHHS pIMICHHS TIEBHUM OpraHaM.
IIporiec TBOPUYOCTI CYNPOBOMKYETHCS Pi3HU-
MU MPOSIBAMH €MOIIiH, a IPUIHSATTA pillIeHb B
IPUPOJHOMY 1HTENEKTI MPOBOAUTHCS B YMO-
Bax HEBU3HAYEHOCTI PI3HOTO TUITY.

VY nmitepaTypi, SIK NMpaBWIO, JOCIIIKY-
I0Th CUTYallll0 HEBM3HAUYEHOCTI, MOB’SI3aHy 3
HETMOBHOIO BX1JTHOO, OTOYHOIO Ta HEYITKOIO
iH(popMaliero. Ajle HEBU3HAUYEHICTh B TEOpii
NPUKHHATTS pilIeHb, 30KpeMa B KOMOiHaTop-
HIi omTUMi3alii, Mae 1HII TposBH. Bona
MOB’s13aHa 3 HEOJHO3HAYHICTIO pE3yJNbTaTy,
OJIEPKAHOTO 3a 3MOJICTHOBAHOK IITHOBOIO
¢byHKLi€0 200 BUOPaHOIO MIpOIO MOIIOHOCTI
y pa3i He4iTKOi BX1AHOI 1H(popMalii, SK1il He
3aJIOBOJIbHSIE METI JOCIHIIKEHHs; 3 BUOOpOM
croco0y OI[HKA TOYHOCTI POOOTH MEBHOTO
ITOPUTMY; 3 OCOOJMBOIO CTPYKTYPOIO MHO-
KUHA KOMOIHATOpPHHUX KOHQIryparii, Mo €
apryMEHTOM ILiJIbOBOI (YHKII{; 3 HEYITKO
po3po0IeHNMHU TIpaBUIaMu 0OpPOOKHU Ta OIlIH-
KM iHpOpMaLii; 3 HEOJHO3HAYHICTIO MPHU BU-
00pl ONTHMANIBHOIO PO3B’SI3KY 3a KUIbKOMa
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KpUTEpIIMH B OaraTOKpUTEPIiaJIbHIN ONTHMI-
3amii Ta IHITUMHA.

Bupimenss 1iei cuTyarii mpoBOIUTHCS
pisHEMH crioco0aMu B 3aJI€KHOCTI Bill i1 BU-
IiB.

OCKiNbKH 3a/1a4i IIbOTO KJIACy 3BOASTH-
cs 10 3a/1a4 KOMOIHATOPHOI oNTHMI3aIlii, ap-
TYMEHTOM LUIBOBOI (PYHKIIT B IKUX € KOMOi-
HaTOpHI KoH(irypaiii, To cuTyallis HeBU3Ha-
YEHOCTI MOXe OyTH TOB’si3aHa 3 0COOJIMBOIO
CTPYKTYypoOro iXxHiX MHOXHH. Lleii Buj HeBu-
3HAYEHOCTI BHUHHUKAE€ BHACIIZIOK TOTO, IO
KOMOIHaTOpHAa MHOXHHA CKJIQJAEThCSA 3 TiJI-
MHOXHH 130MOpGHUX KOMOIHATOPHUX KOH(i-
rypamiii 1 Ha MEBHOMY iXHbOMY BIIOPSIKY-
BaHHI 3aKOHOMIPHICTh 3MIHH 3HAYCHb 3MOJE-
JTHOBaHOI 11IbOBOI (YHKIIT OJHAKOBa, He3a-
JeKHO BIJ BXIJHHX JaHUX, a pe3yjibTar
PO3B’sI3Ky 3aj1a4i — HeoHO3HAYHMM. [l BU-
XOJTy 3 M€l CUTYyaril yBOIATHCS KUTbKA I17THO-
BUX (YyHKIN abo onTuMmizailis TpOBOAUTHCS
3a KUIBKOMa KPHUTEPIsSIMHU, SIKi 3BOJSATHCS [0
3BAKEHOTO KPUTEPit0 (JTIIHIHHOT 3rOPTKH).

Jlyis BUpINICHHS CUTYaIlil HeBU3HAYCHO-
CTi TIpHM HETIOBHIM BXIJTHINA Ta IMOTOYHIA 1H)O-
pmamii yBOIATBCS B TPOIECI PO3B’SI3aHHSA
3a/1a4i popMajibHI TapaMeTpH, 3a JOTTOMOTOK0
SKHX TeHEPYEThCS TOTIOMDKHA MMOTOYHA iH(DO-
pMmarlisi, sSIKy HEMOXJIMBO 3aJaTH Yy BXIJHHX
TaHWX.

VY posmi3HaBaHHI, KpiM KUIBKOCTI OIe-
pariii, 3aTpadeHHX Ha 3HAXOJKCHHS TJI00a-
JBHOTO PO3B'SI3KY, YPAaXOBYIOThCS 1 Mipu TO-
TIOHOCTI, AK1 B 3a7a4ax I[bOTO KJacy BiJirpa-
I0Th OCHOBHY POJIb 1 BiJl BUOOPY SIKUX B 3HAU-
HIM MiIpi 3aJ€XHUTh CaM PO3B'A30K. Y LBOMY
pasi nmpu BUpIIIEHH] CUTYallli HEBU3HAYEHOCTI
BUKOPUCTOBYIOThCSI CIIOCOOM 3BEJICHHS He-
PO3B’A3HUX 3a7a4 10 PO3B’S3HUX.

OT1xe, NpUMHSTTA pilIEHb B MPUPOJHO-
My IHTEJEKTI, K MOKa3yITh CIIOCTEPEKEHHS,
MIPOBOJNTHCS B YMOBaxX HEBH3HAYCHOCTI Ta-
KHX THIMIB!

1) HenoBHa BXiJJHa Ta MOTOYHA 1H(OpPMAILIis;

2) HewiTKa BXiJIHA iHpOpMAITis;

3) HediTKO po3poOIIeH] mpaBuiIa 0OpoOKU Ta
OILIHKY 1H(OopMaIii.

3nakoBuil iHQopManiiiHuii MpocTip
Ta TMHAMIKA MU CJIEHHS JIOAUHH

Ha ocHoBI npaBui reHepyBaHHs KOMOi-
HaTOpHUX KOH(irypauid nodyayemo KoMmoOi-
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HATOPHI MPOCTOPHU. Y TPOLIECi MUCIEHHS JIFO-
JIVHY TPOBOJUTHLCS BUOIpKA NIEBHUX 00’ €KTIB
3 mam’sTi, TOOTO crocTepiraeMo nepedip Ba-
pianriB. Tam, ne € mepebip, TaM MarOTh Micle
3aKOHU KOMOIHATOpUKU. TOMY 3MOJAETI0EMO
JTUHAMIKY MUCJICHHS JIFOJMHU 3 BUKOPUCTAH-
HSAM 3HAKOBHUX KOMOIHATOPHUX MPOCTOPIB,
30KpeMa 3HAaKOBUX iH(OpMAIIHUX MPOCTO-
piB. HaBenemo akcioMu OroBOpeHUX MPOCTO-
piB [4].

1. 3HakoBi KOMOIHATOPHI MPOCTOPH iCHY-
I0Th B JIBOX CTaHax: CIIOKOi (3rOpHYTHii) Ta
JTUHaMII (PO3TrOPHYTHH).

2. 3ropHyTuil TpoCTip 3amaeThcs iHMOP-
MaliiHuM 3HakoM R=<A T,P,E>, sakui
MICTUTh BJIACTUBOCTI PO3TOPHYTOTO MPOCTOPY
MeBHOTO TUMy, Ae A — oaHa abo Kijbka 6a3o-
BUX MHOJKHH, 3 €JI€MEHTIB a € A c A saxux

YTBOPIOIOTBCS ~ PO3TOPHYTI  KOMOIHATOPHI
npocropu, je{l,..,n}, lefl...q}, 0 — xi-
JIBKICTh 0a30BUX MHOXHWH, | — TUIO KOMOIHAa-
TOpHOTO TpocTopy, P — mpaBumma ioro pos-
rOpTaHHs, = — IpaBuUjia 3rOPTaHHS 3HAKOBO-
ro KOMOIHATOPHOTO TIPOCTOPY.

3. YTBOpEHHS 13 3rOPHYTOr0 PO3rOPHYTUX
KOMOIHATOPHHUX TPOCTOPIB TPOBOAMTHCS 32
PEKYpPEeHTHUMH IpaBUIaMU. TOYKOIO PO3rop-
HYTOTO TIPOCTOPY € KOMOiHaTopHa KOH]Iry-
pariis neBHOro Tumy. Po3ropranHio kom0OiHa-
TOPHOTO TPOCTOPY XapakTepHa BIIACTHBICTH
NEepIOINYHOCTI, KA BUIUIMBAE 3 PEKYPEHTHO-
ro cnoco0Oy YTBOPEHHS Ta BIIOPSAKYBAaHHS
KOMOIHAaTOPHHUX KOH(DIrypamii.

4. 3ropTaHHsl 3HaKOBOTr0 KOMOIHATOPHOTO
IIPOCTOPY MEBHOTO TUITY NMPOBOAMUTHCSA 3 TO-
YOK K OJIHOTO, TaK 1 KIJIbKOX IIPOCTOPiB. 3r0-
PHYTH NPOCTIp Ma€ BIACTUBOCTI MPOCTOPIB,
3 IKUX BI1H 3TOPHYBCS.

Toukoro  3HAaKOBMX  KOMOIHAaTOPHHUX
IIPOCTOPIB € Pi3HI THUNH KOMOIHATOPHUX KOH-
¢iryparniii, 30kpema BUOIPKH, SKI MOXYTb
OyTH SIK YHNOpSJIKOBaHI, TaKk 1 HEYNOPSAKOBA-
Hi.

OCKIiJbKH IHTEpPBAJ G -TO PaHTy KOMOi-
HAaTOPHOI MHOXXWHH, BIJMOBIIHO 1 KOMOiHa-
TOPHOTO TPOCTOpPY, WO YIOPSAAKOBAaHI 32
CTPOTHMH TIPAaBHJIAMH, CKJIAIAEThCS 3 IHTEp-
BaniB (0 —1)-ro paHnry, a iHTepBan 1-ro panry
— 3 IHTepBaJIB HYJIbOBOI'O PaHTy, HECKJIAIHO,
3HAIOYM TpaBWJIa IXHBOTO BIIOPSIKYBAaHHS,
BHU3HAUaTH KIJIbKICTh KOMOIHATOPHUX KOH(i-
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rypamii y iXHid MHOXHHI. 32 TIEBHUMH TIpa-
BUJIAMH, SK1 Pi3HI IS PI3HUX TUIIB KOMOiHA-
TOpPHHX KOHQIryparid, yrBOPIOEMO CKiHYECH-
HY TIOCIIJIOBHICTh, KOKHE 3HAYCHHSI SIKOi 3a-
Ja€ KUTBKICTh W B IHTEpBajax © -0 PaHTy.

Ili mocaigoBHOCTI MicTATh unciia PiboHayyi,
BIIMOBITHO 1 “30J10Te” ynci0. 30JI0THH TIepe-
THH, ‘“305I0T€” Yuciao, 4ducio PDigis, Yuciao
bora Bigome 3 naBHIX BIKiB 1 MOCTIHHO TPO-
ABIISIETbCA y MPHUPOJI Ta MucTentsi [5]. Hay-
KOBO MIATBEP/UKEHO, IO 1€ YHUCIO BHOCHUTH
TapMOHIIO 1 Kpacy Tam, J¢ BOHO MPUCYTHE. B
IPUPOJI BOHO IPOSBISETHCS YEpe3 uvucia
®ibonayui. Lle TOBOpUTH MpO Te, IO TAKUM
IIPOCTOpaM  BJacTUBa TrapMoHis. OCKUIbKH
TOYKOI0 3HAKOBOTO 1H(GOPMAIIHHOTO TPOCTO-
Py € pO3MiIllEHHS 3 IOBTOPEHHSMH, TO SiC-
HICTh MHCIICHHS TPOSBISETHCS JUIS YHOPSI-
KOBaHOI 1XHbOI MHOXXWHH, JI€ TIPUCYTHE ‘30-
aote” 4yucno. SIKIo mnpaBuiia poO3ropTaHHS
IPYHTYIOTBCSI Ha CTPOTMX 3aKOHaxX, TO 3HAKO-
BUH pPO3TOPHYTUH KOMOIHATOPHUI MPOCTIp €
CTPYKTYpOBaHMH. SIKIIO MpaBuiia pO3ropTaH-
HSl TIPOCTOPY HE MiJNOPSAKOBaHI CTPOTUM
3aKOHaM, TO PO3TOPHYTHH MHpOCTIp yTBOPIO-
€Tbcsl  Oe3nagHo. XaoTWYHO BIOPSAKOBaHI
MHOXKMHM BHOCSTHb O€371al y MHUCIEHHS JIIo-
JIVHU.

CdhopmynroemMo MareMaTHYHY MOJEIb
iHpopMmariiitHoro npocropy [4].

Sk 1 3HaKOBUH KOMOIHATOpHUM, Tak 1
3HAKOBHM 1H(GOpPMALIHHUN MPOCTIP MAE KOM-
01HaTOpHY NPUPOAY Ta iICHYE B JIBOX CTaHaX:
CHOKOi (3ropHyTHI) 1 JuHaMmill (PO3ropHY-
TUil). 3ropHyTuil 3ajgaerbcs iHGOpMaIiitHUM
konoM R=<A, T,P,Z>, axkuii MICTUTHL Biac-
TUBOCTI ~ PO3TOPHYTOrO  MpPOCTOpY, i€
A={A,.,A} — oaHa abo kinbka 0a30BHX

MHOXXHH, T — THUI KOMOIHAaTOpHOI KOH}Iry-
pauii (Touka mpocropy), P — cucrema mpa-
BWJI, 32 SIKOIO BiH PO3TOPTAETHCA (32 CTPOTH-
MU 3aKOHaMHU a00 XaOTH4HO), = — MpaBWia
HOro 3ropTaHHs 3 poO3ropHyTOro (0JHOro abo
KUTBKOX).

[ndopmariis mepmr 3a Bce MOB’s3aHa 3
(GYHKII1I0HYBaHHSM JIIOJICHKOTO MO3KY 1 Iepe-
OyBa€ B MIJCBIJOMOCTI UM CBIJIOMOCTI y BH-
Al 0OpasiB, (parMeHTiB MOBJIEHHS TOLIO.
BBaxkatumemo, 1o 3ropHyTHIl 1HpOpMaIiii-
HUW TPOCTIp — 1€ MiJCBIIOMICTh, €IIEMEHTH
a, 6a3oBux MHOXHMH A < A — obpa3u, ppa-
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IMEHTH MOBJIeHHS Tomo, | =1 Q, q — Kiib-

KicTh 0a30BUX MHOXHMH, |J=1N, N — Kiib-
KICTb €JeMEHTIB y A, . AKTHBI3y€eThCs Ii/ICBI-

JIOMICTh MHCJICHHSIM CHCTEMOIO mpaBui P,
3aBISIKA SKIA 13 eneMeHTiB 0a30BUX MHOKUH
PO3rOpPTAETHCS YACTKOBO PO3TOPHYTHH iH(DO-
pPMaliiHUN TPOCTIP — CBIIOMICTb, IO Xapak-
TEePU3YETHCS TOHSATTSAMHU, TYMKOI, a KOMOi-
HaTOpHA KOH}ITypallis B HhOMY € PO3MIIIICH-
Hs 3 moBTOpeHHsMHU. llepenaua indopmarii
(IyMKH) MPOBOIUTHCS 3a JAOMOMOIOI0 PO3TO-
pHYTOrO iH(pOpPMAIIIfHOTO NPOCTOpPY dYepes
MOBJICHHEBUU MPOCTIp, 3aBASIKU KECTaM, py-
XaM, 3a JIOOMOTOI0 MUChMa, TpadivHUX 30-
OpakeHb. 3ropTaHHs 1H(OpPMAIIHHOTO MPOC-
TOpY 13 PO3TOPHYTHX MOBIJIEHHEBOTO Ta Pi3-
HUX 3BYKOBUX IPOCTOPIB MPOBOJUTHCS CIY-
XOBHM amaparom, a oOpasiB — 30pOBUM aria-
paToM.

Iadopmarniitnuii mpoctip, SKUH iCHYE
103a MeXKaMH JIIOJICbKOTO OpraHi3My Ta CTBO-
PEHUI JTIOMHOI0, Ha3BEMO IITYYHUM 1HQOP-
MaliiHUM mpocTopoM. BiH Takox icHye B
JIBOX CTaHaX: CIMOKOi i juHaMini. Kauru, py-
KOIMCH, E€JIEKTPOHHI O107110TeKH — IITYyYHUI
3ropHyTHil iHMopMamiitauii npoctip. s
HOro po3ropTaHHs HEOOXIAHO 3HATH TIEBHI
npaBuia (MpaBuia YUTAHHS, JOCTYIY JIO eJie-
KTPOHHUX 0i10y1i0TeK TOIIO0). SIKIIO 3HAKOBHIMA
1H(pOpMaLIHHUN TPOCTIp PO3rOPTAETHCA 3a
CTPOTHMH 3aKOHAMH, TO Iie Oynae uiTke (BIO-
PAAKOBaHE) MUCIIEHHA. Y IHIIOMY pa3i MpHii-
HATTS ONTHUMAJBHOTO PIIIEHHS MOXe OyTH
HEYITKUM (HEBHOPSAKOBAHUM) 10 BiJHOIIEH-
HIO JIO 3aKOHIB MPUPOIH.

Kaacudikanisi npupoaHoro iHrejgekTy
VY 3ajexHOCTi BiJl BUYy HEBHU3HAYEHOCTI
HaBeleMo KiIacu(iKalilo MPUPOJHOTO i1HTE-
JeKTy. BBaxkaTmMeMo, 10 3 TOHSATTSM iHTe-
JIEKTY IOB’sI3aHi Taki omepaii sk oOpoOka Ta
ominka iHdopmaii. Toal 1HTENEKT TIOIWHU
YMOBHO PO3JUIMMO Ha TaKi piBHi:
| piBenb. JlrognmHa BUKOHYE TpaBuUIa,
AK1 9ITKO c(hopMyTbOBAHO 1 OMUCAHO B KHH-
rax Ta MAPYYHHKax a0o MepenaroThCsl Bij
yuuTeniB, 6e3 aHani3y Ha iXHIO TouHicTh. Ha-
3BEMO iX npasuiamu HaguauHs. Y 1OMY BU-
NaJKy 3a JIOTIOMOIOI0 TpPaBHJI PO3TOPTaHHS
iHpopMaLiiHOTO  TpocTOpy  (MHCIIEHHS)
OCTaHHIM PO3rOpTAEThCA 13 YITKUX (parMeH-
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TiB 4u 00pa3iB, a CHUTYyallisi HEBHU3HAYEHOCTI
3BeJieHa 710 MiHiMyMy. Ha cboroaHiniHii 1eHp
icHye Oarato mporpam i HMPHUCTPOiB-pOOOTIB,
SIK1 TPAIIOIOTh 33 YIiTKO PO3pPOOJICHUMHU TIpa-
BUJIaMH. SIKIIO HE BpaxoBYBaTH €MOLii, 110
XapaKTepHi JJIs BUIUX KUBUX OPTaHi3MiB, TO
iHTeNeKT | piBHS Ha TaHWI Yac YacTKOBO pea-
J130BaHO.

Il piBeHb. Y mpomeci KUTTETISITLHOCTI
IHAMBITyyM aHamizye iH(OpMalilo Ha TOY-
HICTB 1 pO3p00JIs€ CBOT MpaBuIIa MOBEIIHKHU 3a
PI3HUX YMOB, SIKi I'PYHTYIOTHCSI Ha TONEpEa-
HBbOMY BJlacHOMY pocBimi. Lli mpaBwmma mo-
KyTb OyTH 1 HeTrounnmu. Ha3Bemo ix npasu-
Jamu camonasyantus. Y 1pomy pasi iHpopma-
LIAHUA TPOCTIp PO3rOPTAETbCA HE JUIIE 13
(bparMeHTiB, skl chopmyBalucsi B Mpolieci
HaBYaHHS, a W JIOJATKOBOI MOTOYHOI 1H(OP-
Marlii, sKa TeHepYyeThCs 3 YpaxyBaHHSIM IIPO-
THO3y MalOyTHIX pe3yJbTaTiB. 3aBISKH JIOTi-
YHOMY MUCIJICHHIO 1HAMBiIyyMy HEBH3Haue-
HICTH MOKe OyTH 3Be/eHa 110 MiHIMyMYy. IH-
TEJNEKT 2-TO PIBHA 3aBISKH CaMOHAJaropKy-
BaJIBHUM QJITOPUTMaM YaCTKOBO pealli3oBaHOo.

Il piBeHb. 3AaTHICTH JO HE3AJIEHKHOTO
BiJl ICHYIOUMX MpaBWJI aHaizy, oOpoOKH Ta
oriHkM iH(MopMaIlii Ha TOYHICTh, PO3POOIICH-
HS HOBHX TOYHHUX TPABWJI IMOBEIAIHKHA B yMO-
Bax HEBU3HAYEHOCTI, SIKI MaKCUMAaJbHO ypa-
XOBYIOTh TPOTHO3 MaiOyTHIX pe3yJbTaTiB.
ToOTO, MPUHHATTS pIlIEHHS B YMOBaX HEBU-
3HAUEHOCTI Ha PIBHI IHTYilli 3a IpaBUJIaMH,
AK1 cKJaaHo (opmaiizyBaTu. BBaxkaemo, 110
IHTYIIIS — 11€ YiTKI IpaBUJIa MUCJICHHS, SIK1 Ha
ChOTOJIHI HEe (pOPMai30BAHO 1 SIKI 3aKJIaI€HO
Ha TEHETUYHOMY piBHI. TakuMm 0cOOIMBUM
MHUCJICHHSIM BOJIOJIIE OOMEXEHa KaTeropis
monei. Hassemo i mpaBwina npaguiamu im-
myiyii.

Iurenext Ill-ro piBHs peanizyBatu J0-
CUTh CKJIQJHO, XOYa BBAXarOTh, IO LeEH pi-
BEHb € CIPaBXHIM iHTeNeKToM. Lleit piBeHb
MOJKE€ pealizyBaTH JIIOJMHA 3 HAWBUIIUM PiB-
HEM IHTEJIEKTY.

CamoHaJIaroAKyBaJIbHI AJITOPUTMH,

sIKi BHKOPHCTOBYKOTBLCSI NpPH BHPi-
IIeHHi cuTyaulii HeBM3HAYEHOCTi B IITYY-
HOMY IHTeJIeKTi

Pozrisinemo camoHasaro)KyBajibHi aj-
TOPUTMH, SKi MOKHa BUKOPHUCTATH TPH PO3-
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poOIIi MTYYHOTO I1HTEIEKTY 3 YpaxXyBaHHIM
0COOIMBOCTEH MPUPOJHOTO IHTEIEKTY.

Jlisa pi3HUX NPUKIATHUX 3a]a4 CUTYya-
i HEBU3HAYEHOCTI, KA II0B’s3aHa 3 HEIOB-
HOIO BXIJHOI Ta IOTOYHOIO 1H(OpMAIi€LO,
BUPILIYETHCS MO-Pi3HOMY. Y OJIHUX BHIIAJKaX
MIPOBOAMUTHCS aHaANI3 TMOBEIIHKH CHUCTEMH 3a
NEBHUM MPOMDKOK 4Yacy 3 MOJalbIIM BCTa-
HOBJICHHSIM JI€IKOi 3aKOHOMIPHOCTI, SIKa Bpa-
XOBYETBCSl TPH NPOTHO3YBAaHHI MaHOyTHIX
pe3yibTaTiB Ha TOTOYHOMY BiApi3Ky yacy. Y
IHIINX BUMAJKaX BUKOPUCTOBYIOTH EKCIEPTHI
cucremu. /[t Buxoy i3 cuTyauii HeBU3Haye-
HOCTI BUKOPUCTOBYEMO CaMOHAJIAaroKyBalb-
Hi anmroputmi [6].

Xusa nipupona sBisie co00K0 caMOIpH-
CTOCOBHY (a[anTUBHY) CUCTEMY. AHAJIOTIYHO
3 JKMBOIO TIPUPOAOI0 B TeOpii yIpaBIIiHHS
po3po0JIEHO aHANOTIYHI aJanTHUBHI CHCTEMH
aBTOMATHYHOTO KepyBaHHs [7-8]. ¥V mux cuc-
TeMax AaBTOMATUYHO 3MIHIOETHCS AITOPUTM
KEepYBaHHS 3 METOI0 30€peKeHHS MOKa3HUKIB
SAKOCTI TIPH JOBUIBHOMY 3MIiIlIEHHI XapakTe-
pUCTHK KepoBaHoro o0'exta. Camonamaro-
JDKyBajJbHa CHCTEMa YIIPaBIIHHS MOKE Bpa-
XOBYBaTH HE TUIBKM TMOTOYHY iH(opmarliro,
ase ¥ MHUHYJIMH JTOCBiA. Y IbOMY BHUMAJKY
JOJAEThCSI OJIOK OIEepaTHBHOI MaM'siTi, B KO-
My HaKOIHUYYIOThCSI BIJIOMOCTI MPO KepoBa-
HUW TexHONOriuHUN mporec. Kopekmis mpo-
rpaMu TIPOBOAMTHCS Ha TMiJCTaBi y3arajibHEH-
HS JIOCBiAy poOOTH MalllMHU-aBTOMaTa. 3a
XapakTepoM 3MIH Yy KepyldoMy MpUCTPOT
aJanTHBHI CUCTEMH MOMIISIOTHL Ha IB1 BEJIHMKI
Tpynu:

® CaMOHAJIAroJKyBaJibHI, Y SIKMX 3MIHIO-
I0TbCS TUIBKM 3HAYEHHS MapaMeTpiB perys-
TOpAa,

® CaMOOpPraHi3OBaHi, B SKHUX 3MIHIOETHCS
CTPYKTypa CaMoro peryJsropa.

Jljig BUpIIIEHHS CUTYallll HEBU3HAYEHO-
CTi Pi3HUX BUJIB B KOMOIHATOpHIN onTumi3a-
mii  po3poONSAIOTECS  CaMOHAIAroKyBaJlbHI
aNrOpuTMHU. Y TIpoleci CBO€I poOOTH BOHHU
ABTOMATUYHO 3MIHIOIOTH T1 UM 1HIII TTapameT-
pH 200 TeHepYIOTh J0AaTKOBY IMOTOYHY iH(O-
pMaIlifo 3 METOI 3HaXOKEHHSI ONTHMAIBHO-
r'0 pO3B’sI3KY Y IIEBHUX YMOBaX.

[Ipuknagui 3ama4i KOMOIHATOPHOI OII-
TUMi3alii, SK MpaBWIO, CKJIAJHI 32 CBOEIO
MIPUPOJIOI0 1 PO3AUIIOTHECS HA Mij3aaadi, JJIst
PO3B'sI3aHHS SIKUX PO3pOOJISAIOTh HE3aleXHI
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anroputMu. OCHOBHa 3aJadya PO3B'A3YETHCA
MOCTIIOBHOIO POOOTOIO IHMX aJIrOPUTMIB abo
BOHM IMPAIIOIOTh K BOYIOBaHI NMPOLEAYPU Y
iTepariiiHomy pexumi. Y mporeci iXHpoi po-
00TH TIpH TEPexOoi Bijg PO3B’s3aHHS OJHIET
3agadi 10 IHIIOI mpHu mnepenadi iHdopmarii,
sgKa € Pe3ylbTaTOM pO3B'A3KY MONEPEIHbOT,
Ha BXOJl IHIIOTO QJITOPUTMY 3'SIBISIOTHCS
HOBI, HEBU3HAUYEHI MapaMeTpH, sIKi HEOOXiaHi
JUIL PO3B'S3aHHSI HACTYIHOI 3a1ad4i 1 AKi He-
MOJKJIMBO 33JaTH Yy BXIIHUX JaHUX 33 YMO-
BOol. Bunukae npobiiemMa 3HaXOKEHHS Ta-
paMeTpiB B yMOBaxX HEBU3HAYCHOCTI.

Jlis TOBHOI aBTOMAaTH3aIlii MpoLecy
3HAaXO/PKEHHS ONTHMAJIBHOTO pe3yibTaTy Ta
3BE/ICHHS HEBU3HAYCHOCTI 10 MIHIMyMY pO3-
pOOJIAIOTBCS CaMOHANIArOPKyBaJIbHI alIropH-
TMH T€HEPYBaHHs NapaMeTpiB, Ki HEOOXiTHO
3a/JlaBaTy SK BXIiAHI JaHl Ui PO3B’SI3aHHS
4eproBoi 3a7adi 1 sKi HEMOXKJIMBO 33JaTH Ha
novaTKy oOuuciroBanpHoro mporecy [6]. e
JI03BOJISIE B TIPOIIECi pO3B’SI3aHHS IMEBHOI 3a-
Jadi 3 ypaxyBaHHSM IOIMEPEIHIX pe3ybTaTiB
reHepyBaTH JOAATKOBY IMOTOYHY iH(opMaIito
3 IPOrHO3YBAaHHAM MaillOyTHIX pe3ynbTaTiB. ¥
IbOMY pa3i MPH MiJrOTOBII BXIJHUX JaHUX
yBOIAThCS (opmanbHi mnapamerpu. JliiicHi
napaMeTpH, 3a SKHMH 3HaXOIHUTHCS ONTHMa-
JBbHUHA PO3B’SI30K, TE€HEPYIOThCS aBTOMATHYHO
CaMOHAJIATr 0J)KyBaJILHOIO IpOTpaMoro-
TeHEepaTopoM 3a Po3poOJIEHUMH MpPaBUIAMHU.
ToOTo, ANs TPUMHATTA ONTHUMAJIBHOTO pi-
IIEHHS1 B yMOBaX HEBM3HAYEHOCTI B HUX pea-
J30BaHO €JIEMEHTH MPOTHO3YBaHHS Ta IOBE-
PHEHHS JI0 TEpEOLiHKU MONepeIHbOro pe-
3yJIbTaTy B aBTOMAaTHYHOMY PEXHUMi, IO Xa-
PaKTEepHO ISl INTYYHOTO 1HTEIEKTY.

SIkmo CUTYyarlis HEBU3HAYEHOCTI
MIOB’s13aHa 3 OCOOJMBOIO CTPYKTYpPOIO KOMOI-
HAaTOPHHUX MHOXHH, TO 32 JJOTIOMOTOI0 CaMo-
HaJIaro/KyBaJIbHOIO aJITOPUTMY B IpolLeci
pO3B’sI3aHHSA  3a/adl  YBOASTBCSA JIOJIaTKOBI
KpuTepii (reHepyroTbcs MOTOYHI BX1/IHI JaHi).
3a KOXXHUM KPHTEPiEM PO3TIIIAEMO YacTKO-
BUH PO3B’SA30K, Al SKOTO OOUMCIIOETHCS
4acTKOBa 11JIboBa (QyHKIIS. SIKIIO0 3 BUKOpHUC-
TaHHSIM Y€pProBOr0 KpUTEPil0 BUHUKAE CUTYa-
s HEBU3HAYEHOCTi, YBOJSATHCS JOJIATKOBI
3MiHHI KpuTepii. BOHH BUKOPHUCTOBYIOTBCS SIK
OJIMH pa3, Tak 1 6araro pa3iB B iTepaliiiHOMy
pexuMi.
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3HaxOMHKEHHS ONTUMAJIBLHOTO PO3B'A3KY
MIPOBOJIUTHCS CAMOHAJIArOJKYBAIbHUMHU aJl-
rOpUTMaMH 3 ypaxyBaHHSIM HOCTIHHUX Ta
3MIHHUX KpUTEpIiiB, SKi YBOISATHCA B MPOLEC]
PO3B'SI3aHHS 3a/1a4i, 1110 JT03BOJISE TEHEPYBATH
JI0JAaTKOBY MOTOUYHY iH(popMarlio (kpurepii
SKOCTi), fKa BIUIMBA€E HA IIPOTHO3YBaHHSI
MaiiOyTHIX pe3ynbTaTiB. SIK KpuTepiii BUGOpyY
IpY BU3HAYEHHI Mapu KaHAMJATiB Ha BKIIIO-
YEeHHS B JICSIKY IMIJIMHOXHHY po30uTTst W

3alUIIEMO  3BAXEHY IUIbOBY  (DYHKIIiIO

p
(mimiitay 3roprky) F(W) = Y v,"(W), ne
=1

p

7,20, a Zy,:l — BaroBi KoeilieHTH, p —
1=1

KUIBKICTh ITUTHOBUX () it dY i

YHKIII T (W), sxi

MOJICTTIOIOTHCS HA OCHOBI 3MIHHHX YaCTKOBUX

KpuTepiiB. Bubopom 3HaueHHs Y, MpH 3HAXO-

JDKEHHI ONTUMAIIBHOTO PO3B'SI3KY 3MIHIOETHCS
CTYIIHb BKJIaJy OTOBOPEHUX KPHUTEPIiB.

Camoopranizanis B npupoai ta
KoOMOiHaTopui

[Tin camoopranizaiieo B MPUPOJI poO-
3yMIIOTh HpPOLIEC CIIOHTAHHOIO BUHHMKHEHHS
nany i3 Ge3maay Ta yTBOpPEHHs (ppakTasbHUX
CTPYKTYD.

BuBueHHsIM mporieciB camoopraizanii
B MpHUpOJI 3aliMaeTbcs cuHepretuka. Jlns
MOSICHEHHSI I[bOTO SIBUINA ICHY€ OaraTto Teo-
piil, 30kpema Teopist caMOOpraHi30BaHHUX 3pO-
CTarouMx aBTOMariB. Teopis aBTOMATIB IPyH-
TY€ThCSl Ha 1Tepalisx, B SKMX HACTyIHE 3Ha-
YEeHHSI OTPUMYETHCSI PEKYPCHUBHO 3 YpaxyBaH-
HSIM TONEPEHBOr0 pe3yiabTary. Takox posr-
JSTAI0THCST CTPYKTYPH, SIKI HA3UBAIOTh aJro-
PUTMIYHUMHU.

’Kupa npupona siBisie coO0I0 camMoIpu-
CTOCOBHY (ananTuBHy) cucremy. Ilix camoop-
2aHizayicio PO3yMIIOTh TMPOLEC CIIOHTAHHOTO
BUHUKHEHH Jany i3 6e3many (xaocy). 3a pa-
XYHOK POCTY BHUITaJKOBUX KOJHBAHb IIPH TIOT-
JIMHAHHI €Heprii 13 30BHIIIHBOrO CepeIoBHUINA
CHCTEMa JIOCATAE JESIKOTO KPUTHYHOTO CTaHy
Ta MEPEXOIUTh B HOBUM CTIWKHI CTaH 3 OLIbIII
BHIIIUM PIBHEM CKJIQJHOCTI Ta TOPSIKY B TIO-
PIBHSHHI 3 TONEpeqHiM. AHAJOTIYHO 3 KH-
BOIO MPUPOJIOI0 B TEOPii YIpaBIiHHS PO3POO-
JICHO aJanTUBHI CHCTEMH aBTOMAaTHYHOTO
kepyBanHs [7, 8]. ¥ mmx cucremax aBTroMa-
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TUYHO 3MIHIOETHCS QJITOPUTM KEpPYBaHHS 3
METOI0 30epeXEeHHS MOKa3HUKIB SKOCTI IpHU
JOBIJILHOMY 3MIIIIEHHI XapaKTePUCTUK Kepo-
BaHOT'0 00'eKTa.

Camoopranizariito B MIPUPO/II
MOB’SI3YIOTh 3 TMPOIECaMH, SKi MOPOJIKYIOThH
(pakTanbHi CTPYKTYpH. IX BUBUAIOTH B MaTe-
Matuii ta ¢izuni. lle — 3Bu9aiini nporecu i3
3BOPOTHIM 3B’SI3KOM, B SIKMX OJIHA 1 Ta X
orepallis BUKOHYEThCS 3HOBY 1 3HOBY. Pe-
3yJIbTaT OJIHIET Omeparlii € MoYaTKOM 3HA4YEHb
HACTYIHOI omepariii. Skmo noyaTtu iTeparii-
HUH TIpoliec 3 JeSIKOTO JOBUTBHOTO 3HAYCHHS
X, TO pe3yabTaToM Oyae MOCIiJOBHICTh

X, X5 ..., TIOBEAIHKY SIKOI 3 4aCOM HEOOX1IHO

JIOCJIIIATH.

AHAJIOTIYHO CIIOCTEPIraEMO NpHU TI'eHe-
pyBaHHI KOMOiIHAaTOpHMX KOHQIrypamiid. I3
aHaJi3y KOMOIHATOPHUX MHOXXUH MOKHA IO-
0aunTH, IO OCTaHHI MalOTh PI3HOMAaHITHE
BIIOPAZKYBAaHHS SK XAaOTHYHE, TaK 1 CTpOTE,
BUKOHAHE 3a TIEBHUMHU TNpaBwiaMu. To0To,
MHOXKMHU KOMOIHAaTOpHUX KOH(iryparii of-
HOTO 1 TOTO X THITy YHOPSAKOBYIOTBCS Pi3-
HUMH cnioco0amu. HacThHa 3 HUX T'€HEPYEThb-
Csl BUMAJKOBHUMH JITOPUTMaMH. Y IIbOMY pasi
OTpUMaHa CTPYKTypa — Oe3najgHa (XaoTH4Ha).
SIKII0 BOHU BIIOPSIAKOBYIOTBHCS 32 CTPOTHMH
IIpaBUJIAMHU, B SIKUX BHUKOPUCTaHO PEKYypCilo,
TO OTPUMYEMO (paKTaIbHY CTPYKTYpY. Sk
MOKa3ye aHali3 KOMOIHATOPHUX MHOXMH,
ICHYIOTh TE€BH1 3aKOHOMIPHOCT1 IXHBOT'O BIIO-
psaakyBaHHs. OJHa 3 TaKUX 3aKOHOMIPHOCTEH,
110 XapaKTepHa JJI PI3HUX THUIIIB KOMOIHATO-
pHHUX KOH(QIrypauii, € BIaCTUBICTh Mepioju-
9HOCTi. BOHa BUILTHBAE 3 pEKypEHTHOTO CIIO-
co0y IXHbOI'O YTBOPEHHs Ta MOJSATa€e B TOMY,
110 1[I MHOKHUHU YIOPSAIKOBaHI 1HTEpBaJlaMH,
B KO)KHOMY 3 SIKUX KOMOIHaTOpHi KOH(QIrypa-
1ii YTBOPIOIOTHCS 32 OJJHUMHU 1 THMHU CAMHUMH
npaBUIaMU. SIKIIO MPOBECTH aHaNi3 ACSIKHX
BIIOMUX Yy JIITEpAaTypl aJrOpPUTMIB TE€HEpY-
BaHHS KOMOIHAaTOpPHUX KOH(Irypauii, To Mo-
JKHA TOMITHTH, 1[0 B HUX Ha IHTYITUBHOMY
PiBHI 3aKJ1a/ieH] MpaBUiIa BIOPSAKYBAHHS, 110
IPYHTYIOThCSI Ha L1 BiactuBocTi. OTpumaHi
KOMOIHATOpPHI MHOXUHH CaMONOOiOHi, TOMY
o0 iXHI eJeMEHTH YTBOPIOIOTHCS OJHUM 1
THUM K€ PEeKypEeHTHHM KOMOIHAaTOpHUM oOIle-
paropom, a iXHe BIOPSIKYBAHHS MTPOBOINTH-
Csl 32 OJIHMMHU 1 TUMH X npaBuiamu. OnHOUa-
CHO BOHM € SIK CKIHUYEHHMMH, TaKk 1 HECKIH-



ISSN 2710 — 1673 Artificial Intelligence 2022 Ne 1

YeHHUMH. Taka BIACTHBICTh XapaKTepHa IS
¢pakraniB. BiamosigHo, yTBOpeHi KomOiHa-
TOpHI MHOXXHHHU XapaKTepU3YIOThCs (hpakTa-
JBHOIO CTPYKTYporo. Sk Oyno oOroBopeHo
BUIIIE, PUPOTHUM MTPOCTOPAM BIIACTHBI aKCi-
OMH 3HAaKOBUX KOMOIHATOPHHX IPOCTOPIB.
Tomy 3 BHKOpHCTaHHSIM IPaBWJI YHOPSAKY-
BaHHS KOMOIHATOPHUX MHOXHUH MPOBOTUTHCS
crpo0a MOSICHUTH CaMOOpraHi3aIlito B MpUpo-
.

SIKIIO TOPIBHATH TIPOILIEC CaMOOpraHi-
3amii saxy 13 Oe3nmamy, TO BiH MOAIOHUN 10
MPOIeCY PO3rOpTaHHS 3HAKOBUX IMPHPOTHHX
MIPOCTOPIB 3a CTPOTUMHU 3aKOHaMHU. Y 000X
BUMAJIKaX IMPOIEC € PEKYPCUBHUHU, IPOBO-
IUTHCS TOIIYK ONTUMAIBHOTO CTaHy 3a CTPO-
ruMu npaBwiamu. [[poMy mporiecy xapakrep-
Ha BJIACTHUBICTH MEPIOTUIHOCTI.

BucHoBku

[Ipu MopemtoBaHHI MPUPOTHOTO I1HTE-
JIEKTY JIIOJWHU BaXJIMBO PO3POOHTH HOTO
kiacudikailio, BpaxoByBaTH CHUTYaIlil0 HEBU-
3HA4YEHOCTI, fKa Ma€ MICIe TpU HPUHHATTI
ONTUMAJIbHUX PIIICHb.

VY mporueci MUCIEHHS JIIOAMHU OOHpa-
FOTBCST HEOoOXimHi 00’€KTH 3 maM’sgTi, TOOTO
crocTepiraemMo mepedip BapiaHTiB, IO Biac-
TUBO KoMOiHaTtopuii. ToMy A MOJEIIOBaH-
HSl TMHAMIKA MUCJICHHS JIFOMHU BUKOPHUCTA-
HO 3HaKoBI KoMOiHaTopHi (iH(popmarliiii)
npoctopu. Po3ropHyTtuil mpocTip 3amaaeTbCst
PO3MILLEHHSIM 3 TOBTOpeHHAMH. LIs1 KoHpiry-
pariis OJHOYACHO € CKIHYEHHOIO 1 HECKIHUEH-
HOI0O Ta BHM3HAYa€ HEYITKICTh i1H(opMaii.
Otxe, 3HAKOBI KOMOIHATOpHI MPOCTOPU Ma-
I0Th (paKkTambHy MNPUPOTY, MOXKYTh OYyTH
BIIOPSIIKOBAHI K XaOTHYHO, TaK 1 3a CTPOTH-
MU [IpaBUJIaMU. Y Mpoleci caMooprasisaiii B
MPUPOJII BIATUHAETHCS T€, MO HE BIATOBIAAE
(byHIaMEHTaJIbHUM OPUPOAHUM 3aKOHaM Ta
BCTaHOBJIIOETHCS JIaJI, MOXKIIMBO 1 32 3aKOHa-
MU KOMOIHaTOPUKH.
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