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Annomayus. B Hacrosliee BpeMs BCe Hallle UCIOJIB3YIOT TakUe MOHATHS KakK «ciIalOblid» u
«CHUIBHBIN I/ICKyCCTBeHHHﬁ HHTCJIJICKT, OJHAKO OO0 CHX IIOP OTCYTCTBYIOT HX 06III€HpI/IH$[TI)Ie
omnpeneneHus. B crarbe nmpoaHaan3upoBaHbl GopMaibHble U He(OpPMaIbHbBIE MPEICTABICHHUS O CYTH
HCKYCCTBEHHOI'O HHTEJUIEKTa. [IpennokeH Ioaxoa KOIMYECTBEHHOMY HM3MEPEHMIO «MOIIHOCTH»
UCKYCCTBEHHOI'O MHTEJUIEKTa, YTO JEJaeT BO3MOXHBIM IIPOBOAWTH CPAaBHEHHE pPa3IUYHBIX
WHTEJUIEKTYAIIbHBIX KOMIIBIOTEPHBIX CUCTEM JPYT C APYTOM.

Knwouesvie cnoea: MCKYCCTBEHHBIM MHTEIUIEKT, «CNIaOblil» M «CHIIBHBIN» HCKYCCTBEHHBIN
HHTCJIJICKT, MHTCIUICKTYyaJIbHasA pa60Ta, HHTCIIJICKTYaJIbHasA MOIIHOCTD KOMHI)IOTepHOfI CHCTEMBI.
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Annotation. Currently, such concepts as “weak” and “strong” artificial intelligence are
increasingly used, but there are still no generally accepted definitions. The article analyzes formal
and informal ideas about the essence of artificial intelligence. An approach has been proposed to
quantitatively measure the “power” of artificial intelligence, which makes it possible to compare
various intelligent computer systems with each other.

Keywords: artificial intelligence, “weak” and “strong” artificial intelligence, intellectual work,
intellectual power of a computer system.
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1. Bgeoenue

[Ipobnema co3nanus uckyccrBeHHoro nateiiekta (M) B mociennee BpeMst Bce
cliibHEe OyIopakMT yMBbI 4YeloBedecTBa. B Mupe BeayTcsi MHOTOYHCICHHbBIE
WCCJICIOBAaHUS W pa3paboTKu B dToi obOmactu. Kakmoe pasBuToe TOCyIapcTBO
CUATAaEeT CBOMM [IOJIOM CO3[aTh HAIMOHAJIBHYIO CTPATeruil0 WIA Mporpammy
pa3zButusa M. Takas crparerus npunsara B 2019 rony u B Hamel crpane [1].

CymiectBytoT pasHooOpaszHbie (OPMYIUPOBKH, YTO TaKO€ HMCKYCCTBEHHBIN
WHTEJJIEKT, OAHAKO OOJIBIIMHCTBO M3 HUX MMEET HEAOCTATOYHO YETKUH U 3a4acTyrO
cnopHblid xapakrep [2, 3]. Tak, B HanmoHanbHOM cTpareruu pa3sutus MU B Poccun
yka3aHo: «1 — KOMIIJIEKC TEXHOJIIOTHYECKUX PELICHU, TO3BOISIOMINX UMUTUPOBATh
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KOTHUTUBHBIE (DYHKIIMU YeJIOBeKa (BKJIOYAs caMOOOydYeHHE W TOMCK pelIeHHs 0e3
3apaHee 3aJIaHHOTO aJTOPUTMA) M IOJIy4YaTh NMPU BBHIIOJHEHUH KOHKPETHBIX 3ajad
pe3yabTaThl, COMOCTaBUMBIEC, KaK MHUHHMYM, C pe3yJbTaTaMu HHTEJUICKTyaJIbHOU
JIeSITEILHOCTH YesoBeka» [1].

CrpaBeJIMBOCTh JAHHOTO OIPEACIICHHS BBI3BIBACT OOJbIIHME COMHEHHs. Bo-
MEPBBIX, TOJ HETO, HAImpHUMEp, MOANAAAeT OOBIYHBIA KaJbKYJIATOpP, MOCKOJIBKY OH
BHITIOJTHSCT  KOTHUTHUBHBIC  (yHKIMM  4enoBeka (a  apudmeTrwdeckue U
TPUTOHOMETPUUYECKUE BBIUMCICHHUS, O€3yCIOBHO, OTHOCSATCS K KOTHUTHUBHBIM
bynkuusam). [Ipu 3ToM pe3ynabTarhl, NOMy4aeMble KAJIbKYJISITOPOM, MO CKOPOCTH U
TOYHOCTH BBIUMUCICHUM BO MHOTO pa3 MPEBBINIAIOT PE3yabTaThl aHAIOTUYHOM
MHTEJUICKTYalbHON JIESITEIbHOCTU 4eoBeka. (ClenoBaTelbHO, MCXOId U3 JTAHHOTO
onpeieNIeHUs, KATbKYJIATOP 001aaeT UCKYCCTBEHHBIM MHTEICKTOM.

Bo-BTophix, 0oJbllIoe HETOYMEHUE BBI3BIBACT (Ppaza «perieHus, MO3BOJISIIOIINE
HMUTHPOBATh KOTHUTHBHBIE (YHKIMH 4YeloBeKa». Ilomyrail Toxke MOXET
MMUTHPOBATh KOTHUTHUBHBIC ()YHKIIMH YejloBeKa (2 MMEHHO YeJIOBEUECKYIO Peub), HO
o0nagaeT M OH MPU ATOM MHTEIIEKTOM — 3TO OONBINON U CIIOPHBIA Borpoc. Kpome
TOTO, COBPEMEHHBIC YaT-O00ThI TaK XOPOIIO HMHUTHPYIOT PasyMHOE YEIOBEUECKOE
OOIIIeHUe, YTO 3a4acTyl) OUYeHb TPYJHO TOHATh C KEM Thl Pa3rOBapHUBACIIb — C
poOOTOM WK 4YenoBeKOM. Ho MMEHHO UMUTHPYIOT, a HE BEAYT Pa3yMHBIA Pa3roBOp.
[losToMy yTBepkaarb, 4YTO 4ar-00T 0OJIAJAE€T MCKYCCTBEHHBIM HWHTEIICKTOM,
KOHEYHO K€, HOHCEHC.

Hecmotpst Ha TO, 4TO 10 CUX MOpP MBI CIa00 MPEACTABISEM, YTO K€ BOOOIE
TaKO€ MCKYCCTBEHHBIM MHTEJUICKT, B MOCJIEAHEE BpeMs BCE 4allle CTajdud FOBOPUTH O
«cunbHOM» U «cnmabom» WU [2, 4]. Ilpu »TOM NOACHYIHO IMOHUMAETCS, YTO
«cwibHBI» WU nomkeH OBITH COM3MEPHUM C  UYEJTOBEYECKUM HWHTEUICKTOM, a
«cnabpiity MM BeIMONHSET (MM UMHUTUPYET) OTACIbHbIE KOTHUTHBHBIE (DYHKIIUU
YeJIOBEeKa, TaKMe KaK paclio3HaBaHUE 00pa3oB, pedb, CIyX U T.J. OJHAKO KaKOro-T1u00
geTkoro cmocoba ngenenuss MW Ha «cnalwliy M «CHIBHBIM» 10 CHX TOp HE
MIPEIIIOAKEHO.

Jlns  Toro, 49ToOBI MOHATH, YTO JKE TaKOE€ «CIAOBI» W «CHILHBIN
MCKYCCTBEHHBI HMHTEJUIEKT M MPOBECTH TpaHb MEXAYy HUMH HEOOXOJUMO, BO-
MEepBbIX, JaTh Ooyiee-MeHee dYeTkoe ompenenenue camoro MU, a Bo-BTOpBHIX,
NPEAJIOKUTh KOJUYECTBEHHYIO MEPY M3MEPEHUsI MCKYCCTBEHHOI'O WHTEJUICKTA IS
CpPaBHEHMSI Pa3JIMYHBIX KOMIBIOTEPHBIX CHCTEM TI0 UX «HMHTEJUICKTYaJIbHOU
MOIITHOCTH». VIMEHHO OTBETaM Ha 3TH BOMPOCHI U MOCBSIIEHA HACTOsAIIas padoTa.

2. Onpedenenus noHamusa «UCKyCCmeEeHHblil UHMENTEeKN))

UccnenoBanust B 007aCTM MCKYCCTBEHHOIO HWHTEIUIEKTAa 3apoauiuch B 50-x
rojiax MpoILIOro BEKa, U ¢ TEX MOP A0 CHUX MOP OCTAETCS HEPa3pELICHHBIM BOIIPOC —
yto cienyet nonumars noa M. Koneuno, naean MM — 310 koMnbroTepHAst cucrema,
oOnayaroias UHTEIEKTOM, CPAaBHUMBIM C 4YejoBeuecKuM. M B HauanbHBIN MEpUOT
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APbl UICKYCCTBEHHOTO MHTEILIEKTA CYyIIECTBOBAJIA YBEPEHHOCTD, UTO CO3IAHUE TAKOTO
NN ue 3a ropamu. OnHako nponuio yxe 6onee 70 JeT, a 3Ta 1eNb BCe TaK Ke JajeKa,
KaKk M B Hayaje myTd. M XOTs Mbl HAyYWJIUCh CO3[aBaTh CHUCTEMBbI, KOTOpbIC
JIOCTAaTOYHO XOPOIIO UMUTHUPYIOT (MMEHHO MMUTHUPYIOT!) pa3iuyHbIE YEIOBEUYECKHE
GYHKIIMK, OHU TO-TIPSKHEMY HWMEIOT JKECTKHE OTpaHUYeHHs 10 o00JacTu
MpUMEHEHUs, TPeOOBaTEIbHBI K HMCXOAHBIM JIAHHBIM, HECIIOCOOHBI pa3o0parbcs B
CUTYaIlUsIX, KOTOpPble HEMHOIO OTKJIOHSIOTCA OT TE€X, Ha KOTOPbIE OHH OOYYEHBI,
HECIIOCOOHBI  Mepenpo@uiInpoBarb ce0sl i1 pelieHus HOBBIX 3adad  0e3
3HAYUTEJLHOIO YyYacTHus YeI0BeKa U T.1I.

C camoro Havaja y4yeHble 3aJyMbBIBUINCH HAJ TE€M, KakuM OOpa3oM MO>KHO
ommmuuth cucremy ¢ MU, or cucremsl, kotopas MW ne obnamaer. IlepBbiii Takoi
croco6 ObuT TIpeiokeH AIeHOM ThIOPUHTOM B CTaThe «BBIYUCIUTENbHBIC MAIIMHBI
U pa3zym», oImyOJMKoBaHHOUW B jajekoM 1950 romy [5]. OH npemioxun npoueaypy,
KOTOpasi, 0 €r0 MHEHHUIO, TTO3BOJIUT OINPEAEIUTh, KOTa BBIYUCINUTENIbHAS MalluHa
CTaHET CPABHUMOM MO UHTEJUIEKTY € 4yea0BeKOM. CyTh 3TOW MPOUEAYPHI 3aKITHOYAETCS
B cienywoomeM. YenoBek B3aUMOACHCTBYET C OJHHUM KOMIIBIOTEPOM U OJHUM
yesnoBekoM. Ha oCHOBaHMU OTBETOB HA BOIPOCHI OH JIOJKEH OMPENEIUTh — C KEM OH
pa3roBapuBaeT: C YEJIOBEKOM WJIM C KOMIIBIOTEPOM. 3ajiadya KOMIIbIOTEPHOM
MIPOrpaMMbl — BBECTH YEJIOBEKA B 3a0TyK/ICHUE, 3aCTaBUB CJENIaTh HEBEPHBIN BHIOOD.

Onmnako TOpPUMEHEHHE JIAaHHOTO TeCTa II0Ka3ajlo €ero  MpaKkTUYECKYHO
0€CIoJIe3HOCTh, MTOCKOJIBKY COBPEMEHHBIE YaT-00ThI JIETKO «BBOJAT B 3a0JTyKJICHHUEH
JoAeH, UMUTUPYS «pa3yMHBIN» NHAJIOT C HUMU U He o0jagasi mpu 3TOM HUKAKUM
NUN. ExerogHo mNpoBOASTCS COPEBHOBAaHHS 4Yar-00TOB Ha TecT ThlOpuHTa W,
Haripumep, B 2015 roxy nporpamma «Cons I'yceBay, coznannas Banom ['omy0OeBbiM
u3 Cankr-IlerepOypra, cmorna oOManyTh cyne B 47% ciydaes [6].

C MoMmeHTa BO3HUKHOBEHHSI TOHATHUS MCKYCCTBEHHOIO WHTEIIEKTa OBbLIO
MPEJIOKEHO MHOTO ero (opMalibHbIX M HepopManbHbIX omnpeneneHuil [3]. Ecnu
000OIINUTh BCE ATH OMpPENETICHUs, TO UX MOXKHO Pa30UTh Ha JIBa MPUHIIUITHAILHO
pa3HbIX PrI0CcO(CKUX MOAX0AA.

CornacHO TEpBOMY TMOAXOJY HWCKYCCTBEHHBIM HMHTEJUIEKT — 3TO HaykKa o
CO3JJaHUM MAIlINH, CIOCOOHBIX BBIMIOJHATh 33Ja4d, KOTOpble NOTpeOOBald Obl
UHTEJUIEKTa, €clii Obl MX BBIIONHSAIM Jroau. VIMEHHO Takoe omnpeneneHue
MCKYCCTBEHHOMY MHTEJUIEKTY Jai enie B 1968 romy m3BecTHbll yueHbli MapBuH
Munckuii [7]. 3aech O4eHb BaXXHO OOpaTUTh BHUMAHUE HA TO, YTO UCXOMAS U3 ITOTO
onpeJieNIeHrs] BOBCE HE 00s3aTesIbHO, 4TOOBI caMa MmarinHa obnanana MU, a masHoe,
yTOOBI OHAa MOIVIAa BBIMOJHATH T€ 3a/Ja4d, KOTOpbIe Obl MOTPEOOBAIIM HUHTEIJIEKTA,
eciu Obl MX pelIa YeJIOBeK.

Opnaxo 3Ta Quiocodus nmpusesia K nmopasureabHOMYy pe3yibrary. Kak otmerun
B cBoeM 0030pe OpHannec Opamwio [8], cOBpeMEHHbIE KOMITBIOTEPHBIE CHUCTEMBI,
pelIaoIIe HEKOTOPbIE YACTHBIE 3aJayd 3a4acTyH JIy4lle YeJIOBEKa, HUKAKUM
WHTEJVIEKTOM, KaK MPaBWJIO, BOBCE He 001amaroT. J[eMCTBUTENBHO, MOCKOJIBKY BCE
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HaBbIKU (T.€. AJTOPUTMbl WU TPOTPAMMBI BBINIOJHEHUS TE€X WJIM HWHBIX 3a/1ad),
KOTOPBIMU 00J1a/1aI0T MOAOOHBIE CHCTEMBI, «3aKJIAJBIBAIOTCS» B HUX CO3JaTelIeM-
MH)XEHEPOM U IPOCTO-HAIPOCTO (POPMATU3YIOT pe3yabTaT €ro YMCTBEHHOW padoThl,
TO OHM He O0oJee HHTEIJIEKTyalbHbl, YeM JII00OW KOMIIBIOTEP, BBIMOIHSIOMINN
IPOrpaMmy, 3aJI0KEHHYIO B HETO YEJIIOBEKOM-IIPOIPaMMHKCTOM.

31ech MOXKHO NPHUBECTH MPUMEpP WIpbl B MIaxmarbl. ECiM 4emoBeK Urpaer B
maxMarbl Ha TPOCCMEHCTEPCKOM YpPOBHE, TO MBI MOXEM C YBEPEHHOCTHIO
MPEANOIIOKHUTh, YTO ATOT YEJIOBEK 00JaJaeT BBICOKMM HHTeJiekToM. Ho Toro ke
HeNb3d CKazaTh Jaxe O IMporpammax, KOTOpbIE CErofHs CIOCOOHBI OOBITpaTh
YeMIIMOHA MHpa MO MIaXxMaram, MOCKOJIbKY OHM JIeJal0T 3TO HE 3a CUET KaKOIro-TO
CBOEro COOCTBEHHOI'O BBICOKOTO HMHTEJIJIEKTA, & 3a CUET 3alpOrpaMMHUPOBAHHOTO B
HUX MHTEJUIEKTa MX co3jaareneil. A Takke 3a CYeT OTrPOMHOI0 OBICTPOAEHUCTBUS
CYTNIEPKOMITBIOTEPOB, Ha KOTOPBIX 3TH MPOTrpaMMbl pPeasii30BaHbl, YTO MO3BOJISET UM
aHAJIM3UPOBATh BApUAHTHI PA3BUTHS CUTYallMM Ha JOCKE HAMHOIO IIAroB JajbllIe U
BBIOpATh CPEIM HUX HAWITYYIINA HAMHOTO ObICTpEe JIF0O0T0 YeIOBeKa-11aXxMaTHuCTa.

Crnenyer mnoguepkHyTb, 4TO IOA JAaHHOe omnpeneneHue MM noxamamaror u
IIMPOKO HUCIOJb3yeMble B HACTOsSIIEEe BpeMs IIyOOKHE HEHMpPOHHBIE CETH, KOTOPbIE
YCHELIHO (3a4acTylo Jy4Yllle YelIOBEKa) PellaloT YacTHhIE 33aJauu KJIACCU(PUKALUU U
pacmo3HaBaHus 00pa3oB. OpHako, MPU HSTOM HABBIKM pEHICHUS OJTHUX 3ajad
(GOpMHUPYIOTCS B HUX IIyTEM BHEIIHETO0 OOy4YeHUS HAa OCHOBAaHUU IPEABAPUTEIBHO
pa3MEUYEeHHBIX JAaHHBIX, a TAKXE C IOMOIIbIO aJIrOPUTMOB, NPHUAYMAHHBIX U
3aMporpaMMUPOBAHHBIX UX CO3JATEIISIMHU.

CornacHO BTOPOMY TMOAXOAY MCKYCCTBEHHBIM HWHTEIJIEKT 3aKJIIOYaeTCs B
CIIOCOOHOCTH CHCTEMbI MPUOOpPETaTh M CO37aBaTh HOBBIE HABBIKK ISl PEHICHUS
3aJlad, K KOTOPhIM OHa He ObLIa MOJTOTOBJIEHA 3apaHee. Takoe ompenenenue MU B
YacTHOCTH ObLIO TpeyioxkeHo Makkaptu [9]. UHbIMU cl10BaMu, TaHHOE OTpEeIICHHUE
NOJPa3yMeBaET YMEHHUE CHCTEMBI CIPABIATHCS C PELICHUEM LIMPOKOM KaTeropuu
3apaHee HEeM3BECTHBIX 3aj]au (T.€. 3a/1a4, KOTOpbIe HE MOIJIM ObITh IPEYCMOTPEHBI €€
co3zareneM) Oe3 MOMOIIM 4YeJoBeKa (XOTS Ha Ha4YaJbHOM CTaJUU CHCTEMa MOXKET
OBITh M 00yU€Ha YETIOBEKOM).

Crnenyer 3amMeTUTh, 4TO JaXX€ CamMbleé COBPEMEHHBIE KOMIIBIOTEPHBIE CHCTEMBbI
BpSJ M MOTYT OBITb OTHECEHbI K ATOW Kareropuu, XoTs Ha 3ape 3pbl MW takue
NOMNBITKY TPEINPUHUMAIUCH. 3€Ch MOXHO BCIOMHHUTH cucteMy OOmmii Pemarens
3amau (General Problem Solver — GPS), coszgannyio B 1959 romy I'epOeprom
Caiimonom, Knuddopaom Illoy m Asnenom Herosmiom, koTtopas, nmo ujaee
co3jareneil, mnpeAHa3Hayalach Uil peleHUs  LIMPOKOTo  Kjacca  3ajad,
c(hOpMYyTUPOBAHHBIX Ha SI3bIKE XOPHOBCKUX IU3bIOHKTOB [10]. Omnako, xotss GPS
Obl1a crlocoOHAa CaMOCTOSITENILHO peliarh MPOCThIE 3a/lauM, TaKue Kak, Hampumep,
TOJIOBOJIOMKA O XaHOMCKHX OalrHsIX, OHA HE ObljIa CIOCOOHA CIIPABUTHCS C PEHICHUEM
OOJIBIIMHCTBA pPEANBHBIX 3a/la4, IMOCKOJbKY IMOUCK ILEIU pEeIIeHUs MPUBOAMI K
KOMOWHATOPHOMY «B3PBIBY».
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3. «Cnadolity u «cuIbHBLILY UCKYCCHBEHHBLI UHMEN1eKM

Brlie ormMeueHo, 4TO CyIIECTBYET JABa Pa3iUYHbIX (UIOCO(PCKUX MOAX0Aa K
onpenenenuto UU:

1. UcKycCcTBeHHBIH WHTEUIEKT — 3TO CIHOCOOHOCTHh KOMIIBIOTEPHOM CHUCTEMBI
BBITIOJIHATH HEKOTOPYIO YACTHYIO «MHTEIIEKTYaJbHYI0» 3a/1auy (T.€. 3a7a4y, pelIeHue
KOTOpOW TpeOyeT YelOBEYECKOTO HHTEIICKTa) HE XyKe, 4eM Obl €€ BBIMOTHIII
YEJIO0BEK;

2. UcKycCcTBEHHBIM HMHTEIUIEKT — 3TO CIIOCOOHOCTh KOMIIBIOTEPHOM CHCTEMBI
BBINIOJIHATh PA3JIMYHbIE «MHTEJUIEKTYaJbHbIE» 3a/Ja4l 0€3 MOMOIIM YEJIOBEKa, B TOM
quclie T€, K KOTOPbIM OHa He ObliIa MOJITOTOBJIEHA 3apaHee.

Kak mpaBuimo, anpuopu NTPUHUMAETCS, YTO KOMIIBIOTEPHBIE CHCTEMBI,
OTBEYAIOIIME TMEPBOMY ONpeleiIeHuto, obnanaT «cnadsim» MU, a orBewaromue
BTOPOMY OMPEIETEHUIO - «CUIIbHBIM» NU.

OueBHU/IHO, YTO KOMIIBIOTEPHBIE CHUCTEMbI, OTHOCSIIHMECS M K IEPBOM, M KO
BTOPOH KaTeropuu, JOJDKHBI 00JaaTh HEKOTOPHIMH HaBBIKAMH U1l  PELICHUS
CTOSAIIMX TEepe] HUMHU 3a]ady, T.€. aJIrOpUTMaMU WM IpOorpaMMaMH HX PEIICHUS.
OTnrume 3aKITiOYaeTCsl JIMIIb B TOM, YTO B CHUCTEMax co «ciaabbiMm» MU HaBbIKM
(anmroput™mbl) GOPMHUPYIOTCS €€ CO3TareieM — YeIOBEKOM, a CUCTEMBI C «CHUIIbHBIM»
NN nomxuel o0nagarh CHOCOOHOCTHIO CaMOCTOATENBHO (POPMHUPOBATH HOBBIC
HaBBIKU (AJITOPUTMBI) PELICHUS 3apaHee HEU3BECTHBIX 3a/au.

Hcxons u3 31uX cooOpakeHui, B OOIIEM cilydyae, KOMIbIOTEPHAs CHCTEMa CO
«cnabpim» MW moxer o0nagarh HaBbIKAMM JBYX THIOB: 0a30BBIMH HaBBIKaM,
3aJIO)KEHHBIMU B CHCTEMY €€ WHXEHepaMH-CO3JaTeNIIMH, a TaKKe HaBbIKaMH,
MOJTyYEHHBIMU B PE3yJibTare BHEIIHEro 00yuenus (puc.l).

[ Bremnss cpema ]

ba3oBble HaBBIKH

HaBbiky, noayueHHbIe B
pe3ynbTaTe BHEIIHETO 00yUeHHT

Puc. 1. Cmpyxmypa cucmemwi co «carabvimy UU
Fig. 1. Structure of a system with “weak” Al

[ 1. [55] N LHEZRGHI 45

ba3oBbie HABBIKM — 3TO aHAJIOT «BPOXIACHHBIX>» HABBIKOB 4YCJIOBCKA, HAIIPUMCD,
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HAaBBIKOB JIBIXaHUS, IJIOTAHUS, MOPTAHUS U T.II., KOTOPBIE MPOSBIIAIOTCA Cpas3y IMOCIe
€ro poXKJACHUSI U He TPeOYIOT KaKOTro-IMOO0 JOMOJHUTEIbHOT0 o0yueHus. Eciau peub
UJET O TEXHUYECKON CHUCTeMe, HamnpuMep, MOOMIBLHOM po0OoTe, TO 0a30BBIM
HaBbIKAMU MOTYT SBIISITbCS TaKW€ HABBIKM KaK: JBWKEHUE BIEpe] WIM Hazal,
MOBOPOT BIPaBO WJIM BIIEBO, OCTAHOB M T.J., KOTOPbIE€ 3aKJIaIbIBAIOTCA MHKEHEPOM-
MpPOrpaMMUCTOM Ha 3Tale CO3JaHus CHCTEMbl U HE W3MEHSIOTCS B MpOliecce €e
(YHKIMOHUPOBAHUS.

HaBpiku BTOpOro Tumna, KOTOpbIMU MOXKET 00J1aJ1aTh cucTeMa co «cinadbbim» U,
MOJIy4aloTCsl B pe3yjbTare BHEIIHEro oOyueHusi uyenoBekoMm. [lpu sTom 0a3oBbie
HaBBIKM MOTYT UCIIOJIb30BaThCS B MPOIECCE TAaKOro OOyuYeHMs KaK HEKOTOpbIe
TOTOBBIE MOJMPOTPAMMBbI, C MOMOIIBIO KOTOPBIX (POPMUPYIOTCSI MPOrpaMMbl HOBBIX
HaBBIKOB. Bo3Bpaiasch K MNpUMEpPy HWHTEIVIEKTyalbHOTO MOOWIBHOTO po0oTa,
00y4aeMbIM HaBBIKOM (IIPOTpamMMOil) MOXKET ObITh, HAIPUMEDP, HaBBIK PACTIO3HABAHUS
NPEeNsSTCTBUA Ha MyTH ABWXKEHUS U UX 00X0[a, KOTOPBIM (opMupyeTcs IyTeM
BHEIITHEro 00yueHus HEMPOHHOM ceTn poboTa. ba3oBbie HaBbIKH poOOTa (TIPOTrPaMMBbI
JBI)KEHUS BIIEpE-HA3a/l U MMOBOPOTA BIPABO-BJIEBO U T.JI.) MOTYT UCIIOJIb30BaThCS B
Ka4eCTBE TOTOBBIX MOAMPOrPAMM, BCTPAUBAEMBIX B MPOTPaAMMy TaKOTO OOyYEHHOTO
HaBbIKA.

OueBHIHO, 4YTO, XOTS TaKHE€ CHUCTEMbl W MPHUHATO HA3bIBaTh CHUCTEMaMU CO
«cnadbim» MU, HUKaKuM COOCTBEHHBIM HMHTEIUIEKTOM OHU HE 00JaJaroT, a MpOoCTO
WCTIOJBb3YOT UHTEIJIEKT CBOMX CO3JATENICd M YUYUTEIICH, 3AJI0KEHHBIM B HUX B BUIE
0a30BbIX W OO0yudaeMbIX HaBBIKOB. ClielyeT OTMETUTb, YTO HMMEHHO [0 TaKOMY
MPUHIIAIY CTPOUTCS TOJABIISIONIEe OOJIBIIMHCTBO COBPEMEHHBIX CHUCTEM, KOTOPBIC
MIPUHATO HA3bIBaTh «HUHTEJJIEKTYaJIbHBIMUY», XOTS MO YPOBHIO CBOETO «HUHTEIIJIEKTA
OHM HUYEM HE OTJIMYAIOTCA OT OOBIYHBIX KOMIIBIOTEPOB, PEAM3YIOIIUX MPOrPAMMBI,
3QJI0KEHHBIE B HUX YEJIOBEKOM-ITPOTPAMMUCTOM.

O06o00mIeHHast CTPYKTYpHasi CXeMa KOMITBIOTEPHOM CUCTEMBI C «cuiibHbIM» WU,
OTBEYAIONIEH BTOPOMY ONPENEIICHHIO, ITI0Ka3aHa Ha Puc. 2. B ominune OT CUCTEMBI CO
«cnabeim» MW nanHas cucreMa JobKHA 007aiaTh JOMOJHUTEIFHO HaBBIKAMH €I
JIByX THUIIOB — HAaBBIKAMH, TOJYYCHHBIMH B pE3yJIbTaTe CaMOOOyYCHHsS, a TaKKe
HaBbIKAMU, MOJYYCHHBIMU CUCTEMON CaMOCTOSITENbHO (0€3 yyacTus 4eloBeKa) AJis
pelIieHrs HOBBIX 3ajiad, JUIsl KOTOPbIX OHA HE ObLIa 3apaHee mojAroroBieHa. HaBbiku,
MoJiy4yaeMble B peE3yJibTaTe CcaMOoOOydeHus, MOTryT (OpPMUPOBATHCS CHUCTEMOU C
«cwibHbIM» MW Ha oOCHOBE 3HAHUM W JAaHHBIX, MOJYYAa€MBIX U3 Pa3IUYHBIX
JIOCTYIHBIX €1 HCTOUHUKOB, TaKMX Kak VIHTepHeT, KHUTH, PUIbMBI U T.J., @ TAKXKE Ha
OCHOBE OTbITa €€ ()yHKIIMOHUPOBAHUS BO BHEIIIHEH CpeJie.
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HcTouHMKY 3HaHUHI
Bremmuss cpelta (MHTEepHET, KHUTH, (PUIBMBI U T.1T.)

KOMIIBIOTEPHA I CUCTEMA

C «CUJIbHBIM» UCKYCCTBEHHBIM MHTEJUIEKTOM

bazoBEIe HABBIKA HapbIky, osryueHssle  HaBBIKH, MONTyUYeHHBIC Happixy, nouyuemuore
B pe3yibTaTe B pe3ylbTate CaMOCTOATCIHO
¢ momotso M
BHEIIHETO 00yUEHHSA caMooOydeHHs

Puc. 2. Cmpykmypa cucmemvi ¢ «cunvhuvimy MU
Fig. 2. Structure of a system with “strong” Al

2. [ ] N TEHEZRGHIF

HeoOxomumocTh pelieHrss HOBBIX, 3apaHee HEU3BECTHBIX 3a/lad KaK pa3 U
TpeOyeT OT CHCTEMbl HaJIU4YUsi HCKYCCTBEHHOTO HWHTEIJIEKTa, CIHOCOOHOTO
CaMOCTOSITENFHO (POPMUPOBATH HOBBIE HABBIKH JI MX perieHus. [Ipu 3ToM HaBBIKH,
paHee HAaKOIUIEHHBIE CHCTEMOW, MOTYT HCIOIb30BaThCA B KAyeCTBE TOTOBBIX
«KyOuKoBy (mommporpamm) it (OpMUPOBAHUS 3THX HOBBIX HaBBIKOB. B mpumepe
MHTEJIEKTYaJIbHOTO MOOMJIBHOTO PO0OOTa MOKHO MPEANONIOKHUThb, YTO OH OONaaer
0a30BBIMU HABBIKAMU, T.€. HaBBIKAMH JBIDKEHHS M TOBOPOTA, a TAK)KE HABBIKAMU
pacro3HaBaHWE NPENATCTBUN, IMOJYYEHHBIMH B DPE3YJIbTAaTe BHEIIHETO OOYyYEeHMS.
Teneps sxe poOOTY HaJl0 caMoMy c(hOPMHUPOBATH HABBIK (AJITOPUTM) NEPEMELLICHUS U3
OHON TOYKHU Cpelibl B JPYTyl0, HE CTAJKUBAsCh MPHU 3TOM C HpensrcTBusMu. Eciu
pobor Oyner o0iamaTh CIIOCOOHOCTBHIO CaMOCTOSITEIBHO, 0€3 y4JacThs deJIOBEeKa
chopMupOBaTh TaKOM HaBBIK JJIs BBHINOJHEHUS JaHHOM 3aJa4yM, HCIOJIb3Yys YiKe
UMEIOIINECs] Y Hero 0a30Bble U 00yUYEHHBIE HABBHIKA B KAaYECTBE OCHOBBI, TO MOXHO
OyZeT yTBepKaaTh, YTO OH 00JamaeT «CuiabHbIMY .

3nece cnmemyeT 3aMeTUTh, YTO MHOTHE COBPEMEHHBIE POOOTHI  JIETKO
CTPABJISIOTCS € 3aaueii IepeMeIeHUsS U3 OTHON TOUKH CPE/Ibl B IPYTYIO, MUHYS MPU
9ToM TpenarcTBusa. OJHAKO HABBIK (AJITOPUTM) TAKOTO MEPEMEIICHHUs MOTyuYeH UMHU
HE CaMOCTOATEIHHO, a 3aJI0KEH WHKEHEPOM-CO3/1aTeNieM JTH00 B KauecTBe 0a30BOrO,
an60 myTeM BHelHero ooydyeHus. [loatomy Takue podOThl HE MOTYT OBITh OTHECEHBI
K cuctemaMm ¢ «cwibHbIM» WUW. Crporo roBops, CUCTEM, OTBEYAIOUIMX HpPHU3HAKAM
«cunbHOro» MU, B Hacrosiee BpeMsi NMPAKTUYECKHM HE CYIIECTBYIOT, JHOO OHHU
HaXOJATCS B 3a4aTOYHOM CTaIuu.
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Takum 00pa3oM, MOXHO CHENaTh BBIBOA, 4YTO pEaJbHBIM HHTEIUIEKTOM,
CIIOCOOHBIM peniaTh MIMPOKHUM KIIacC 3apaHee HEeU3BECTHBIX 3ajiad, OyayT oOnanarh
TOJIBKO KOMITBIOTEPHBIE CUCTEMBI C «CHJIbHBIM» M, B TO BpeMs Kak CHUCTEMBI CO
«cmabeim» WU ucmonw3yroT miis cBoel paboThl MHTEIIEKT WX co3jareiedt u
yuHUTeNeH, 3aJI0)KEHHBI B HUX B BUJE 0a30BBIX U OOy4YEHHBIX HaBBIKOB. [losTomy
cienyer cornacutbest ¢ @pancya [lomne [11], KOTOpBIM HpenoXuil Cleayrolee
onpenenenue WMU: UCKyCCTBEHHBIM MHTEIUIEKT — 3TO CIHOCOOHOCTh CHUCTEMBI
CaMOCTOSITEILHOTO (POPMHUPOBAHMSI HABBIKOB (QJITOPUTMOB) BBIMOTHEHHUS 3a]a4, K
KOTOPbIM OHa He ObuLIa MOATOTOBJICHA 3apaHee, HA OCHOBE MMEIOIIMXCS y HEE paHee
c(hopMUPOBAHHBIX HABBIKOB, AalIPUOPHBIX 3HAHUI U HAKOTJICHHOTO OIIBITA.

4. Konuuecmeéennan mepa ucKyCcCmeeHHO20 UHmMe1eKma

Beiiie ObUIM paccMOTpEHB! IPUHLIMIUAIBHBIE OTJIMYMSI KOMIIBIOTEPHBIX CHCTEM
c «cnabbim» U «cuibHbIM» MW, Ho eciii Mbl XOTUM UMETH BO3MOXKHOCTh CpPaBHUBATh
MeXJly cOO0M MHTEIJIEKT pa3iIMYHBbIX KOMIBIOTEPHBIX CHCTEM, TO HaM HEOOXOAMMO
UMETh €ro KOJIWYECTBEHHBIH Mokazarenb. [locnenHee Bpemst mpoOineme M3MeEpeHUs
HCKYCCTBEHHOTO HWHTEIIJIEKTa IOCBALIAeTCS Bce OOJblIee YHCIO HCCIEIOBaHUM.
3mech MOXKHO yHOMSHYTH pabotsl [8, 11, 12]. OgHako mpemioKeHHBIE B JaHHBIX
paboTax Mmoaxosl UMEIOT Ooblie GuIocoPCKUil XapakTep U TPyIHO MPUMEHUMBI Ha
npaktuke. Ui NpakTHYECKOro HCIHOJb30BaHUS HeoOxonuM Oojiee  MpOCTOU
KOJIMYECTBEHHBIN IOKa3aTellb, C I[OMOIIBIO KOTOPOTO MOXKHO OTHOCHUTEIBHO
HECJIO)KHO M3MEPSATh MHTEUIEKT Pa3IMYHBIX KOMIBIOTEPHBIX CHUCTEM, B TOM YHCIE
OTIMYAIOIIUXCS HA0OPOM HMMEIOIUXCS y HUX HaBBIKOB M 3HaHuM. [Ipexzae yem
MPEJIOKUTH TAKOW KOJIMYECTBEHHBIN MMOKA3aTelb, IPUBEIEM DSl PaCcCyKICHUM.

O4eBUHO, YTO YPOBEHb MHTEIJIEKTA CUCTEMBI JOJDKEH 3aBUCETH OT BEIIMYHHBI
«UHTEJJIEKTYyaJbHOU paboThD», KOTOPYH0 CHUCTEMa CHOCOOHAa BBINOJHATH 32
HEKOTOPBIA NPOMEXYTOK BpeMeHU. B (u3uke cyuiecTByeT MOHSATHE MOLIHOCTH,
KOTOpasi OTNpeAessieTcsl KOJIMUYECTBOM BBIIIOJHEHHOW paboThl 32 €AMHUIY BPEMEHHU.
[Io anamorum c (QU3NYECKOH MOIIHOCTBIO I€JIeCO00pa3HO BBECTH IOHATHE
«MHTEJUIEKTYaJbHOM MOIIHOCTH» KOMIIBIOTEPHOM CHCTEMBI, KakK KOJMYECTBa
«UHTEJIEKTYaJIbHOU paboThI», BBHIOIHIEMON CUCTEMOH 32 €IUHUILY BPEMEHHU.

[Ipu 3TOM BO3HHKAE€T BONPOC — KaKUM OOpa3oM BO3MOXHO OLEHUTh O00BEM
«UHTEJUIEKTYaJbHON paboThl», BBINOJHEHHONM KOMIbIOTepHON cucremoi? IlycTh
uMeeTca cucteMa c  «cwibHbiM» MU, ob6nagaromass HeKoTOpbIM  HabOpoM
(MHO>XE€CTBOM) HaBBIKOB

N= {n,n,,..,n,} ,
BKJIIOYAIOIIMM B CBOM COCTaB 0a30Bbl€ HABBIKH, HABBIKH, IOJIYYCHHBIC B

PE3YJIbTATC BHCIIHCTO O6y‘ICHI/IH, HaBBIKH, ITIOJIYYCHHBIC B PC3YJIBTATC CaMOO6y‘{€HI/I}I,
a4 TaK)KC HaBbIKH, HpI/IO6p€T€HHBIG CaMOCTOATCIIBHO. Hpe,Z[HOJIO}KI/IM, YTO BO3HHKIJIA
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HEOOXO/IMMOCTb BBITIOJTHEHUSI HOBOMW, 3apaHee HEM3BECTHOM 3aJaud M JaHHas
cUCTeMa KaKUM-TO 00pa3oM cyMmesa c(popMUPOBATh HOBBIM HaBBIK (IIPOTPAMMY) )
JUIs €€ pEeUIeHMs, MpUYeM JJIs 3TOro ObUIM MCIOJIb30BAHBI HEKOTOPHIE paHee
MMEIOIINECS Y CUCTEMBI HaBBIKM U3 MHOXECTBA [V, KOTOPHIE BOILJIM B HOBBIA HABBIK
M+ B KAUECTBE COCTABHBIX YAacTEW (ITOANPOTrpaMM) alrOPUTMa €ro BBIIOJHEHUS.

Kak Mbl OpuHSUIM BbILIE, HABBIK M,:; — O3TO AJITOPUTM WIH NpOrpaMma
BBINIOJIHEHUS (pelieHus1) 3aJadyd W [O3TOMY BO3MOXKHO ONpPENEIUTh  €ro
AITOPUTMUYECKYIO0  CIOXKHOCTh  S,+; (TakKKe M3BECTHYIO KakK CJIOXHOCTb
KonmoropoBa), kotopas OOBIYHO OIICHMBAETCS  KOJIMYECTBOM  BBIUHUCIICHHM,
HEOOXOMUMBIX st ero peanusanuu [13-16]. O4eBUIHO, YTO «UHTEJJIEKTyalbHas
paboTa», BBIMOJIHEHHAs CUCTEMON NHpH (POPMUPOBAHMM HOBOTO HABBIKA Myi;
JOJKHA OBITH TEM BBIIIE, YEM BBILIEC AITOPUTMHUYECKAS CIOXKHOCTb S,:; 3TOTO
HaBbIKa M,+; . Ho, ¢ Apyroi CTOpOHBI, eciu Ipu (POPMUPOBAHUN HABBIKA 7,,+; OBUIN
HCIIOJIb30BAaHbl YK€ MMEIOLIUECS Y CHCTeMbl HaBBIKM U3 MHOXeCTBa IV, TO 00beM
«UHTEJUICKTYaJbHON pabOoThI», BBHIIIOJIHEHHONW CUCTEMOW Mpu (HOPMHUPOBAHUU ITOTO
HaBbIKA, JOJDKEH CHMKATbCA. VIHBIMM CIIOBaMM, BEJIMYMHA «HHTEJJIEKTYaJIbHON
paboTh» A+, BBITOTHAEMON CUCTEMON TIpH (POPMUPOBAHUN HOBOTO HABBIKA i,
JOJKHA 3aBUCETh OT MPUPALICHUS aITOPUTMHYECKON CIOKHOCTH JAHHOTO HOBOIO
HAaBbIKa OTHOCHTEJIEHO CYMMAapHOU aJITOPUTMUYECKON CIIO0KHOCTH YK€ UMEIOLIUXCS Y
CUCTEMBI HaBBIKOB, UCIIOJIb3YEMBIX MIPH €r0 (POPMUPOBAHUH.

Kpome TOro, mockoiabKy HOBBIM HaBBIK 7,+; — 3TO AJITOPUTM (WM TIporpaMma)
BBINIOJIHEHUSL (pEIIeHMs]) HEKOTOpOl 3amadd, TO 3(PQPEKTUBHOCTh €€ pEIICHUs B
oOuiemM ciydae OyIeT 3aBUCETh OT JAHHOTO ajnroputrMa (HaBbika). [loaTomy, ecnu
CYLIECTBYET HEKOTOpbI KpuUTepuil 3(P(GEKTUBHOCTH pEIICHUS NaHHOW 3aJadyd, TO
HOBOMY HAaBBIKY 7,,+; HEOOXOAMMO IOCTABUTh B COOTBETCTBHE KOAIPQPULUEHT V1,
npuHUMaromui 3HadeHnit or 0 10 1 u oneHuBaromuii 3GGHEKTUBHOCTh pPEIIECHUS
33layd C €ro IOMOLIBI0 MO 3agaHHOMy Kpurepuro. Ilpuuem V,.; =1, ecnu
MOJTy4yaeMoO€e pelIeHHe OJHOCThIO OTBEYAaeT Kpureputo adpdexruBHoctd, U V,o; =0,
€CIM TOJHOCThI0 He oTBedaeT. Ilpu 3TOM, eciu HaBBIK n,:; OOecreunBaeT
€IMHCTBEHHO BO3MOYKHOE PELIEHUE COOTBETCTBYIOILEH 3a7a4u, TO IPUIUCAHHOE EMY
3HaueHue kodpdunrenta 3pPeKTuBHOCTH V,,+; OyAET OMHO3HAYHO PABHO €IUHUIIC.

Tak, 3amada nepemenieHre MOOMIBHOTO poOOTa U3 OAHOW TOYKHM MPOCTPAHCTBA
B JIPYTYIO B Cpelle C NMPEMSTCTBUAMH MOXKET BBIIOJIHATHCS C IMOMOIIBIO PA3IUUYHBIX
(naBbIKOB) anroputmoB. Ho eciu kpurepueM 3(hPEeKTUBHOCTU SBIAETCS, HAPUMED,
BpeMsi JABMKEHHUS poOOTa MO MapuHIpyTy, TO KaXJAOMY HMX 3THX HABBIKOB CIEAyeT
MOCTAaBUTh B  COOTBETCTBHE KOAPGULIHUEHT 3P(PEKTUBHOCTH, OLECHUBAIOIIUN
BO3MOXKHOCTb JOCTHXKEHHMSI MUHMMYMa BPEMEHHU [BIKEHHUSI poOOTa K LIENU C €ro
MTOMOIIBIO.

CootBeTcTBeHHO, KOd(DPuIueHT 3hHEKTUBHOCTH HABBIKA 7,,4; JOJKEH TaKXKE
YUUTBIBAThCS MPHU OLEHKE BEIMYMHBI «MHTEUIEKTYyaJbHOM pabOThl», BBITOJHEHHON
cuctemoit mipu ero popmupoBanuu. [Ipudem yem Oonbine 3HaYeHUE KodDPuImeHTa
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Vwes, TEM, OYEBHJHO, BBINIC JODKHA  OBITh  BEJIMYMHA  BBIOJHCHHOU
«HHTEJUICKTYaJbHOM PadOThD.

YuuThiBasi TMPUBEIACHHBIC COOOpPaXCHMS, BEIWYUHY «HUHTCIUICKTyaIbHOU
paboThI» A,+;, BHIIOJIHEHHON CUCTEMOH IpH (OPMHUPOBAHHH HOBOTO HABBIKA -+,
MO>XHO OILICHHTh CJICTYIOIIHM 00pa3oM:

!
Am+1:(Sm+l__Zl SZH—I).Verl’ (D
i=

e Sn+; — QITOPUTMUYECKAs] CIOKHOCTH C(HOPMHUPOBAHHOTO HABBIKA M+ /)
!
+1
Z S ;" - CyMMapHasi aJITOPUTMUYECKAS CIOKHOCTh PAHEE HAKOTUICHHBIX HABBIKOB
j=1

U3 MHOXXeCTBa [V, WCHOJb30BAaHHBIX TpPH (DOPMHUPOBAHUU HABBIKA My+s; Vit
k03¢ durueHT 3hPEKTUBHOCTH HABBIKA #1,+ .

Torna «uHTEIIEKTyaIbHYIO MOIIHOCTH» P,:; KOMIIBIOTEPHOW CHUCTEMBI MpU
(OpMUPOBAaHUN HOBOTO HABBIKA M,+; MOXXHO OLEHUTh KAaK OTHOIICHHWE KOJIWYECTBA
«UHTEJUICKTYalbHON PaboThy A,:; (1) K TpoMexyTKy BpemMeHH 7,:;, B TEUCHUE
KOTOPOTO HOBBIM HABBIK 71,,+; ObLT CPOPMUPOBAH:

1
A (Sm+1_ZST+1).Vm+1
P — m—H: j=1 (2)
" Tm+1 Tm+1 -

[TocnenHee BBIpAKEHUE OLEHUBAET «UHTEIUIEKTYAIbHYK) MOIIHOCTBY» CHUCTEMBI
npu GOPMUPOBAHUHU OJHOTO €IMHCTBEHHOI'O HAaBBIKA, HAMPABICHHOTO Ha pElICHUE
KOHKpeTHOM 3amaun. Eciaum ke HaM HEOOXOAMMO OLCHUTh HHTEJUIEKTYyaJIbHYIO
MOIIHOCTh KOMIIBFOTEPHOM CUCTEMBI B LIEJIOM, & HE HA OJHOM KOHKPETHOM 3a7ade, TO
JUIS 3TOTO OYEBHUJHO HEOOXOOUMO TPOBECTH €€ TECTHPOBAHHE HA HEKOTOPOM
MHOKecTBe (Habope) pa3audHbiX 3aad. Habop Takux TECTOBBIX 3a7ad MOXKET OBITH
chopMUpPOBaH Ha OCHOBAaHUH METOJHK, UCIIONb3YEeMBIX B icuxomeTpuu [17, 18].

Panee yxe mnpeAnpUHUMAINCH MONBITKM HCIHOJb30BATh ICUXOMETPUUYECKUE
TECTbl MHTEJUIEKTAa, M3HAYAJIbHO pa3paOOTaHHBIX IS JIIOAEH, B KayecTBe crocoda
OLICHKM HWHTEUIEKTa B KOMIBIOTEPHBIX CHCTEMax. OJTa wujes Oblia BIIEpPBbIE
npemioxkena B 1964 romy I'punom [19] u passuta B 1973 romy Hrerosmiom B
OCHOBOIIOJIArarIieil cratbe «Bbl HE MOXKETe ChIrparh ¢ NpupoAo B 20 BONPOCOB U
nobeauthy» [20]. OCHOBHAs JIOTUKA ATUX MPEAJIOKEHUM 3aKJII0YaeTcsl B M3MEPEHUU
4yero-to Oosiee oOIIEro, 4eM YMEHHE CUCTEMBI BBINOIHITH OJIHY KOHKPETHYIO 3a/laqy
nyTeM pacuiMpeHusi HaOopa 1eneBbiX 3afad. OJHaKo, KpPUTHUYECKUH HEJOCTATOK
3TOr0 MOJXOJAa 3aKJIIOYaeTcsi B TOM, 4YTO HAOOp 3agady MOXKET OBbITh H3BECTEH
pa3paboTyuKaM U BIOJHE OKUAAEMO, YTO OHU MOTYT 3apaHee «HACTPOUTH)» CUCTEMY
Ha ux pemienue [21, 22]. T.e. mo cyTu, B 3TOM ciyuyae TECTOBbIE 3ajaud OymyT
pemaThesi pa3paboTUNKaMH CUCTEMBI, @ HE CaMOI CHCTEMOII.

Tem He MeHee, MHOro3aJadyHble TECTbl OBUIM W OCTAalOTCA Haubonee
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pacrpoCTpaHeHHBIM CPEACTBOM wu3MepeHus B obmactu MM, moromy dYTO OHHM
BOCIIPOM3BOIUMBI (HA0Op TeCcTOB (UKCHPOBAH), CIpaBeIMBbI (HaOOp TECTOB
OJIMHAKOB I BCEX), MAacCIITaOMpyeMbl M JOCTATOYHO THUOKH, YTOOBI OBITH
MIPUMEHHUMBIM K IIUPOKOMY KPYTy BO3MOKHBIX 3aj1ad.

[TycTh UMeeTCst HEKOTOPBI MHOTO3aIa9HbINA TECT, C(OOPMHUPOBAHHBIN HA OCHOBE
METOAUK ICUXOMETPHUH. TOrna «MHTEIUIEKTYaJIbHYI0 MOIIHOCTBY» P KOMIBIOTEPHON

CHUCTCMBI B ICJIOM MOKHO OLCHHUTH KaK
K

> (5% 517

P= i=1
= , ©

rae S; — anropuTMUYecKas CJI0KHOCTh HaBbIKa, COOPMUPOBAHHOTO IS PELICHUS i-Oi
3amauu Tecta; V; — koapduiueHT 3¢p(HEeKTUBHOCTH HaBbIKA, CPOPMHUPOBAHHOTO IS
/

peuieHus i-oM 3aJa4uu TEeCTa; Z S, — cyMMapHas alTOPHTMHYECKas CJIOKHOCTD
.:1 “

paHee HAKOTUICHHBIX HaBBIKOB M3 MHOXKECTBA [V, UCIIOJIb30BAHHBIX TIPU PEIICHUU I-Of
3amaun Tecta; 1 — oOliee Bpemsi BBINOJHEHHsS TecTa;, K — YuCIIO 3a7ad TecTa,
pEIIEHHBIX 32 nepuoy 7.

OCHOBHOE  TPEUMYIIECTBO  NPEIJIOKEHHOTO  TOAX0/Ma K  HM3MEPEHHIO
«UHTEIICKTYaIbHON MOIIHOCTH» KOMIBIOTEPHBIX CHCTEMBI 3aKIII0YAETCS B TOM, YTO
OH JIaeT €€ OJTHO3HAYHYI0 KOJMYECTBEHHYIO OIEHKY, KOTOpasi B TOM YHCJIC YUNUTHIBACT
UMEIOIUNCS y CHCTeMBl «0arak» paHee HAKOTUICHHBIX HAaBBIKOB, a TaKXkKe ee
cocOOHOCTh  (popMupoBaTh A(P(GEKTHUBHBIE HABBIKM NPU PEIICHUH 3apaHee
HEW3BECTHBIX 3a7ad. Bce 53T0 TMO3BOJSET HWCIONB30BaTh JAHHYIO OICHKY IS
CpaBHEHUSI MCKYCCTBEHHOTO MHTEJUICKTAa PA3IMYHBIX KOMITBIOTEPHBIX CHCTEM, B TOM
YKCJIC OTIUYAIOIIMXCSA KOJWYSCTBOM M HAaOOpOM paHEE HAKOIUICHHBIX HABBIKOB U
3HaHMM, a TaKXKe CIIOCOOHOCTIAMU K MoTyuyeHuto 3pPexkTuBHbIX pemeHuid. Hanpumep,
€CJIM JIB€ CpaBHUBAEMbIE MEXKIY COOO CHUCTEMBI PEIIWIM OIMHAKOBBIE 3aJaud W3
TECTOBOTO Habopa 3a OTBEACHHOE Bpems, TO comiacHo (3) Oosnbiien
«UHTEIUICKTYaJIbHON MOIIIHOCTBIO» OyJeT 001aaTh Ta CUCTEMa, Y KOTOPOU MCXOHAs
COBOKYITHOCTh HAaBBIKOB Oblla MeEHbINE, a 3(PGEKTUBHOCTh HOBBIX HABBIKOB,
MOJTyYCHHBIX MPU PEIICHUH 33/1a4 TECTOBOTO HAOOpa, BHIIIIE.

5. 3aknwuenue

O060011asi MpUBEICHHBIE BBIIIE COOOPAXKEHUSI MOXKHO CJieNlaTh CJIEAYIOIINE
OCHOBHBIE BBIBOJIBI:

HcKycCTBEHHBI MHTEUIEKT — 3TO CIOCOOHOCTh CHUCTEMBI CaMOCTOSITEIILHO
dbopMupoBaTh HaBBIKM (QJITOPUTMBI) BBIMIOJHEHHS 3a/1ad, K KOTOPHIM OHAa HE ObLia
MOATOTOBJIEHA 3apaHEE, HA OCHOBE UMEIOIIMXCS Y HEEC PaHEe HAKOIUICHHBIX HABBIKOB,
3HAHUM U ONBbITA.

«Cnabeim» MM obnagaroT  CHCTEMBI, KOTOpPBIE HCIIOJIB3YIOT  HaBBIKH,
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3aJIO)KEHHbIE B HUX JIIOAbMHU, JMOO B TMpPOIECCE CO3JaHUsl CUCTEMBbI, JIMOO B
pesynbTare BHeurHero oOydenus. [loaToMy B peanbHOCTH CHUCTEMBI JAHHOIO THUIIA
HUKAaKUM COOCTBEHHBIM MHTEJUIEKTOM He O00JlafjaloT, a Mpu pElIeHUuU 3ajay
UCIIOJIB3YIOT 3aJIOKEHHBII B HHUX HHTEUIEKT CBOUX CO3JaTellel-UHKEHEPOB.
BONBIIMHCTBO COBPEMEHHBIX CUCTEM, KOTOPBIE CUUTAIOTCS «MHTEIUIEKTyIbHBIMIY, B
JENUCTBUTEIBHOCTH OTHOCATCA K IAaHHOMY KJIaccy.

«CunbabiM» W OGynyT oOnajgarh cUCTEMBI, CIOCOOHBIE CaMOCTOSITENIbHO, 0e3
Y4acTHsl CBOUX CO3JaTelei-MHKEHEPOB (OPMUPOBATh HOBBIE HABBIKM IS
BBINIOJIHEHHUS 33714, K KOTOPbIM OHU HE ObLIM 3apaHee MOAroToBieHbl. [Ipu 3TOM
Mepa HWHTEIEKTa TaKUX CHCTEM JOJDKHA OLICHUBAThCSl MX CHOCOOHOCTAMH K
dbopMUPOBaHUIO TaKUX HOBBIX HaBBIKOB. B Hacrtosimiee Bpemsi cucremblr WU
OJI0OHOTO TUIIA HAXOJATCS TOJIBKO B CTAINU 3aPOXKIACHHUS.

B kadecTBe KOIMYECTBEHHOW MEPBI IJIsI OLEHKH YPOBHS HCKYCCTBEHHOIO
WHTEJJIEKTa  KOMIIBIOTEPHOM  CUCTEMBI  NpEAjiara€Tcs  HMCHOJb30Barhb €€
«UHTEJUIEKTYaJIbHYIO MOIIHOCTBY, KOTOpast u3Mepsercs BEJIMYMHON
«UHTEJUICKTYalbHOM pabOThI», BBHIMOTHAEMON CHCTEMOW B €IWHUIY BPEMEHH IpHU
(GbopMUPOBaHUN HOBBIX HABBIKOB (JITOPUTMOB) PEIICHHUS 3apaHee HE M3BECTHBIX €if
3ajga4d. B cBOIO ovepesb BeIMUMHA «MHTEIIEKTYaIbHOU paboTh pu GOPMUPOBAHUHU
HOBBIX HAaBBIKOB OIPEAEAETCS IMPOU3BEICHUEM IPUPALIECHUS aJrOPUTMHYECKON
CIIO)KHOCTH 3THUX HOBBIX HABBIKOB OTHOCHUTEIIBHO PAHEE HAKOIUICHHBIX HAaBBIKOB,
MCIIOJIb30BAHHBIX MPU UX POPMUPOBAHUH, HA KOAPHULHMEHT UX 3PPEKTUBHOCTH.

1. Introduction

The problem of creating artificial intelligence (AI) has recently increasingly
agitated the minds of humanity. There is a lot of research and development going on
in this area around the world. Every developed state considers it its duty to create a
national strategy or program for the development of Al. This strategy was adopted in
2019 in our country [1].

There are various formulations of what artificial intelligence is, but most of
them are not clear enough and often controversial [2, 3]. Thus, the national strategy
for the development of Al in Russia states: “Al is a set of technological solutions that
make it possible to imitate human cognitive functions (including self-learning and
searching for solutions without a predetermined algorithm) and obtain results when
performing specific tasks that are comparable, at a minimum, to the results of
intellectual human activity" [1].

The wvalidity of this definition is highly questionable. Firstly, an ordinary
calculator, for example, falls under it, since it performs human cognitive functions
(and arithmetic and trigonometric calculations, of course, belong to cognitive
functions). Moreover, the results obtained by the calculator, in terms of speed and
accuracy of calculations, are many times higher than the results of similar human
intellectual activity. Therefore, based on this definition, the calculator has artificial
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intelligence.

Secondly, the phrase “solutions that allow simulating human cognitive
functions” causes great confusion. A parrot can also imitate human cognitive
functions (namely human speech), but whether it has intelligence is a big and
controversial question. In addition, modern chatbots imitate intelligent human
communication so well that it is often very difficult to understand whether you are
talking to a robot or a person. But they are imitating, not having a reasonable
conversation. Therefore, to claim that a chatbot has artificial intelligence is, of course,
nonsense.

Despite the fact that we still have little idea of what artificial intelligence
actually is, recently people have increasingly begun to talk about “strong” and
“weak” Al [2, 4]. At the same time, it i1s implicitly understood that “strong” Al should
be commensurate with human intelligence, and “weak” Al performs (or imitates)
individual human cognitive functions, such as pattern recognition, speech, hearing,
etc. However, there is no clear way to divide Al into “weak” and “strong” uptoday.

In order to understand what “weak” and “strong” artificial intelligence is and to
draw the line between them, it is necessary, firstly, to give a more or less clear
definition of Al itself, and secondly, to propose a quantitative measure of artificial
intelligence for comparison of various computer systems by their “intellectual
power”. The present work is devoted to answering these questions.

2. Definitions of the concept of “artificial intelligence”

Research in the field of artificial intelligence originated in the 50s of the last
century, and since then the question remains unresolved - what should be understood
by Al. Of course, the ideal of Al is a computer system with intelligence comparable
to that of a human. And in the initial period of the era of artificial intelligence, there
was confidence that the creation of such Al was not far off. However, more than 70
years have passed, and this goal is still as far away as at the beginning of the journey.
And although we have learned to create systems that quite well imitate (precisely
imitate!) various human functions, they still have severe limitations in their scope, are
demanding on initial data, and are unable to understand situations that deviate slightly
from those for which they trained, unable to repurpose themselves to solve new
problems without significant human participation, etc.

From the very beginning, scientists have wondered how to distinguish a system
with Al from a system that does not have Al. The first such method was proposed by
Alain Turing in the article “Computing Machines and Intelligence,” published back in
1950 [5]. He proposed a procedure that, in his opinion, would determine when a
computing machine would become comparable in intelligence to a person. The
essence of this procedure is as follows. A person interacts with one computer and one
person. Based on the answers to the questions, he must determine who he is talking
to: a person or a computer. The purpose of a computer program is to mislead a person

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 615



into making the wrong choice.

However, the use of this test showed its practical uselessness, since modern
chatbots easily “mislead” people, imitating a “reasonable” dialogue with them and
without possessing any Al. Chatbot competitions for the Turing test are held annually
and, for example, in 2015, the “Sonya Guseva” program, created by Ivan Golubev
from St. Petersburg, was able to deceive judges in 47% of cases [6].

Since the emergence of the concept of artificial intelligence, many formal and
informal definitions have been proposed [3]. If we generalize all these definitions,
they can be divided into two fundamentally different philosophical approaches.

According to the first approach, artificial intelligence is the science of creating
machines capable of performing tasks that would require intelligence if performed by
humans. This is exactly the definition of artificial intelligence given back in 1968 by
the famous scientist Marvin Minsky [7]. It is very important here to pay attention to
the fact that based on this definition, it is not at all necessary that the machine itself
has Al, but most importantly, that it can perform those tasks that would require
intelligence if they were solved by a person.

However, this philosophy led to amazing results. As Hernandez Orallo noted in
his review [8], modern computer systems, which often solve some particular
problems better than humans, usually do not possess any intelligence at all. Indeed,
since all the skills (i.e., algorithms and programs for performing certain tasks) that
such systems possess are “embedded” in them by the creator-engineer and simply
formalize the result of his mental work, then they are no more intelligent than any
computer that runs a program put into it by a human programmer.

Here is an example of playing chess. If a person plays chess at a grandmaster
level, then we can confidently assume that this person has high intelligence. But the
same cannot be said even about programs that today are able to beat the world chess
champion, since they do this not due to some kind of high intelligence of their own,
but due to the intelligence of their creators programmed into them. And also due to
the enormous speed of supercomputers on which these programs are implemented,
which allows them to analyze the options for developing the situation on the board
much further and choose the best one among them much faster than any human chess
player.

It should be emphasized that this definition of Al also includes the currently
widely used deep neural networks, which successfully (often better than humans)
solve particular problems of classification and pattern recognition. However, the
skills to solve these problems are formed in them through external training based on
pre-labeled data, as well as with the help of algorithms invented and programmed by
their creators.

According to the second approach, artificial intelligence is the ability of a
system to acquire and create new skills to solve problems for which it was not
prepared in advance. This definition of Al in particular was proposed by McCarthy
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[9]. In other words, this definition implies the ability of a system to cope with solving
a wide category of previously unknown tasks (that is, tasks that could not have been
foreseen by its creator) without human help (although at the initial stage the system
can be trained by a person).

It should be noted that even the most modern computer systems can hardly be
classified in this category, although such attempts were made at the dawn of the Al
era. Here we can recall the General Problem Solver (GPS) system, created in 1959 by
Herbert Simon, Clifford Shaw and Allen Newell, which, according to the creators,
was intended to solve a wide class of problems formulated in the language of Horn
clauses [10]. However, while GPS was capable of solving simple problems on its
own, such as the Towers of Hanoi puzzle, it was not capable of solving most real-
world problems because searching for the target of the solution resulted in a
combinatorial explosion.

3. “Weak” and “strong” artificial intelligence

It is noted above that there are two different philosophical approaches to the
definition of Al:

1. Artificial intelligence is the ability of a computer system to perform some
particular “intelligent” task (i.e., a task the solution of which requires human
intelligence) no worse than it would be performed by a human;

2. Artificial intelligence is the ability of a computer system to perform various
“intelligent” tasks without human assistance, including those for which it was not
prepared in advance.

As a rule, it is accepted a priori that computer systems that meet the first
definition have “weak” Al, and those that meet the second definition have “strong”
Al

It is obvious that computer systems belonging to both the first and second
categories must have some skills to solve the problems they face, i.e. algorithms or
programs for solving them. The only difference is that in systems with “weak” Al,
skills (algorithms) are formed by its creator — a person, and systems with “strong” Al
must be able to independently form new skills (algorithms) for solving previously
unknown problems.

Based on these considerations, in general, a computer system with “weak” Al
can have two types of skills: basic skills built into the system by its creator engineers,
as well as skills obtained as a result of external training (Fig. 1). Basic skills are an
analogue of a person’s “innate” skills, for example, breathing skills, swallowing,
blinking, etc., which appear immediately after birth and do not require any additional
training. If we are talking about a technical system, for example, a mobile robot, then
the basic skills can be skills such as: moving forward or backward, turning right or
left, stopping, etc., which are laid down by the software engineer at the stage of
creating the system and do not change during its operation.
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The second type of skills that a system with “weak™ Al can possess are obtained
as a result of external human training. At the same time, basic skills can be used in
the process of such training as some ready-made subprograms, with the help of which
programs of new skills are formed. Returning to the example of an intelligent mobile
robot, a trained skill (program) can be, for example, the skill of recognizing obstacles
in the path of movement and avoiding them, which is formed by external training of
the robot’s neural network. Basic robot skills (programs for moving forward-
backward and turning left-right, etc.) can be used as ready-made subroutines built
into the program of such a trained skill.

It is obvious that, although such systems are usually called systems with “weak”
Al they do not possess any intelligence of their own, but simply use the intelligence
of their creators and teachers, embedded in them in the form of basic and teachable
skills. It should be noted that it is on this principle that the vast majority of modern
systems are built, which are usually called “intelligent”, although in terms of their
level of “intelligence” they are no different from ordinary computers that implement
programs embedded in them by a human programmer.

A generalized block diagram of a computer system with “strong” Al that meets
the second definition is shown in Fig. 2. Unlike a system with “weak” Al, this system
must additionally have two more types of skills - skills obtained as a result of self-
learning, as well as skills acquired by the system independently (without human
participation) to solve new problems for which it was not designed prepared in
advance. The skills obtained as a result of self-learning can be formed by a system
with “strong” Al based on knowledge and data obtained from various sources
available to it, such as the Internet, books, films, etc., as well as on the basis of the
experience of its functioning in the external environment.

The need to solve new, previously unknown problems requires the system to
have artificial intelligence capable of independently developing new skills to solve
them. In this case, the skills previously accumulated by the system can be used as
ready-made ‘“cubes” (subroutines) for the formation of these new skills. In the
example of an intelligent mobile robot, we can assume that it has basic skills, i.e.
movement and turning skills, as well as obstacle recognition skills obtained through
external training. Now the robot itself needs to develop the skill (algorithm) of
moving from one point in the environment to another, without encountering
obstacles. If a robot has the ability to independently, without human intervention,
form such a skill to perform a given task, using the basic and trained skills it already
has as a basis, then it can be argued that it has “strong” Al.

It should be noted here that many modern robots easily cope with the task of
moving from one point in the environment to another, while avoiding obstacles.
However, the skill (algorithm) for such movement was not acquired by them
independently, but was laid down by the creator engineer either as a base one or
through external training. Therefore, such robots cannot be classified as systems with
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“strong” Al. Strictly speaking, systems that meet the characteristics of “strong” Al
practically do not exist at present, or they are in their infancy.

Thus, we can conclude that only computer systems with “strong” Al will have
real intelligence, capable of solving a wide class of previously unknown problems,
while systems with “weak™ Al use the intelligence of their creators and teachers for
their work, embedded in them in the form of basic and trained skills. Therefore, we
should agree with Francois Chollet [11], who proposed the following definition of Al:
artificial intelligence is the ability of a system to independently develop skills
(algorithms) to perform tasks for which it was not prepared in advance, based on its
previously formed skills and a priori knowledge and accumulated experience.

4. Quantitative measure of artificial intelligence

The fundamental differences between computer systems with “weak” and
“strong” Al were discussed above. But if we want to be able to compare the
intelligence of different computer systems, then we need to have a quantitative
indicator of it. Recently, an increasing number of studies have been devoted to the
problem of measuring artificial intelligence. Here we can mention the works [8, 11,
12]. However, the approaches proposed in these works are more philosophical in
nature and are difficult to apply in practice. For practical use, a simpler quantitative
indicator is needed that can be used to relatively easily measure the intelligence of
various computer systems, including those that differ in the set of skills and
knowledge they have. Before proposing such a quantitative indicator, we present a
series of considerations.

Obviously, the level of intelligence of the system should depend on the amount
of “intellectual work™ that the system is capable of performing over a certain period
of time. In physics, there is the concept of power, which is determined by the amount
of work performed per unit of time. By analogy with physical power, it is advisable
to introduce the concept of “intellectual power” of a computer system, as the amount
of “intellectual work” performed by the system per unit of time.

This raises the question: how is it possible to estimate the amount of
“intellectual work” performed by a computer system? Let there be a system with
“strong” Al, possessing a certain set (set) of skills

N= {n,,n,,..,n, } ,

including basic skills, skills acquired through external training, skills acquired
through self-study, and skills acquired independently. Suppose that there was a need
to perform a new, previously unknown task, and this system somehow managed to
generate a new skill (program) n,,., to solve it, and for this purpose some previously
existing system skills from the set N were used, which were included in new skill
nn+ as components (subroutines) of the algorithm for its implementation.

As we assumed above, skill n,.; is an algorithm or program for executing
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(solving) a problem and therefore it is possible to determine its algorithmic
complexity S,+; (also known as Kolmogorov complexity), which is usually estimated
by the number of calculations required to implement it [13- 16]. Obviously, the
“intellectual work™ performed by the system when forming a new skill n,.; should
be higher, the higher the algorithmic complexity S,.; skill n,:;. But, on the other
hand, if, when forming skill #,., , the system’s existing skills from set N were used,
then the amount of “intellectual work™ performed by the system when forming this
skill should decrease. In other words, the amount of “intellectual work™ A4,.:;
performed by the system when forming a new skill n,.; should depend on the
increment in the algorithmic complexity of this new skill relative to the total
algorithmic complexity of the skills the system already has and used in its formation.

In addition, since the new skill #,,; is an algorithm (or program) for performing
(solving) a certain problem, the effectiveness of solving it in the general case will
depend on this algorithm (skill). Therefore, if there is some criterion for the
effectiveness of solving a given problem, then the new skill #,, must be associated
with the coefficient V,.;, which takes values from 0 to 1 and evaluates the
effectiveness of solving the problem with its help according to a given criterion.
Moreover, V,.; = 1 if the resulting solution fully meets the efficiency criterion, and
Vauer = 0 if it does not completely meet. Moreover, if skill 7,.; provides the only
possible solution to the corresponding problem, then the value of the efficiency
coefficient V., assigned to it will be uniquely equal to one.

Thus, the task of moving a mobile robot from one point in space to another in an
environment with obstacles can be performed using various (skills) algorithms. But if
the efficiency criterion is, for example, the time the robot moves along the route, then
each of these skills should be associated with an efficiency coefficient that evaluates
the possibility of achieving a minimum time for the robot to move to the goal with its
help.

Accordingly, the skill efficiency coefficient nm+1 should also be taken into
account when assessing the amount of “intellectual work™ performed by the system
during its formation. Moreover, the greater the value of the coefficient V,.;, the
higher, obviously, should be the amount of “intellectual work” performed.

Taking into account the above considerations, the amount of “intellectual work”
A+ performed by the system when forming a new skill #n,., can be estimated as
follows:

Am+l:(Sm+l_

J

/
> ST (M

/
Sn+1 — algorithmic complexity of the formed skill #,,.;; Z S;m — is the total
j=1
algorithmic complexity of previously accumulated skills from set N, used in the
formation of skill 7,,.;; V,.+;— efficiency coefficient of skill 7,,+;.
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Then the “intellectual power” P,., of the computer system when forming a new
skill n,,+, can be estimated as the ratio of the amount of “intellectual work™ 4,,+; (1) to
the time period 7., during which the new skill #,,; was formed:

A (Serl_ZS;H_I)'V
m+1

P,,=t= = . 2
el Tm+l Tm+1 ( )

The last expression evaluates the “intellectual power” of the system in the
formation of one single skill aimed at solving a specific problem. If we need to
evaluate the intellectual power of a computer system as a whole, and not on one
specific task, then for this it is obviously necessary to test it on a certain set (set) of
different tasks. A set of such test tasks can be formed on the basis of methods used in
psychometry [17, 18].

There have been previous attempts to use psychometric intelligence tests,
originally developed for humans, as a way to assess intelligence in computer systems.
This idea was first proposed in 1964 by Green [19] and developed in 1973 by Newell
in the seminal paper “You Can't Play 20 Questions with Nature and Win” [20]. The
basic logic of these proposals is to measure something more general than the ability
of a system to perform one specific task by expanding the set of target tasks.
However, a critical drawback of this approach is that the set of problems may be
known to the developers and it is quite expected that they can “tune” the system to
solve them in advance [21, 22]. Those. in fact, in this case, test problems will be
solved by the system developers, and not by the system itself.

However, multi-task tests have been and remain the most common measurement
tool in the field of Al because they are reproducible (the test set is fixed), fair (the test
set is the same for everyone), scalable, and flexible enough to be applicable to a wide
range of possible tasks.

Let there be some multi-task test, formed on the basis of psychometric methods.
Then the “intellectual power” P of the computer system as a whole can be estimated

asS
K /
2 (52 8)7)

p—izl j=1 3
. , ®)

S; — algorithmic complexity of the skill formed to solve the i-th test problem; V;
is the efficiency coefficient of the skill formed to solve the i-th task of the test;
I

Z S’j — total algorithmic complexity of previously accumulated skills from set N,

used in solving the i-th test problem; 7" — total test execution time; K — number of test
problems solved during period 7.
The main advantage of the proposed approach to measuring the “intellectual
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power” of a computer system is that it gives its unambiguous quantitative assessment,
which also takes into account the system’s “baggage” of previously accumulated
skills, as well as its ability to develop effective skills in solving previously unknown
problems. tasks. All this allows us to use this assessment to compare the artificial
intelligence of various computer systems, including those that differ in the number
and range of previously accumulated skills and knowledge, as well as the ability to
obtain effective solutions. For example, if two systems being compared solved
identical problems from the test set in the allotted time, then according to (3) the
system whose initial set of skills was smaller will have greater “intellectual power”,
and the effectiveness of the new skills acquired in solving problems test set, above.

5. Conclusion

Summarizing the above considerations, the following main conclusions can be
drawn:

Artificial intelligence is the ability of a system to independently develop skills
(algorithms) for performing tasks for which it was not prepared in advance, based on
its previously accumulated skills, knowledge and experience.

“Weak™ Al refers to systems that use skills instilled in them by humans, either
during the process of creating the system or as a result of external training. Therefore,
in reality, systems of this type do not possess any intelligence of their own, and when
solving problems they use the intellect of their creators-engineers embedded in them.
Most modern systems that are considered “intelligent” actually belong to this class.

“Strong” Al will be possessed by systems that are capable of independently,
without the participation of their creator-engineers, developing new skills to perform
tasks for which they were not previously prepared. At the same time, the measure of
intelligence of such systems should be assessed by their ability to form such new
skills. Currently, Al systems of this type are only in their infancy.

As a quantitative measure for assessing the level of artificial intelligence of a
computer system, it is proposed to use its “intellectual power”, which is measured by
the amount of “intellectual work” performed by the system per unit of time when
forming new skills (algorithms) for solving problems unknown to it in advance. In
turn, the amount of “intellectual work™ in the formation of new skills is determined
by the product of the increment in the algorithmic complexity of these new skills
relative to the previously accumulated skills used in their formation by the coefficient
of their effectiveness.

1. @A

AlENTREE (AD IR E RIS RN BT RS HEE
—REIRETEIEAT K E I B 9% . 0 OB S B AR A E J AR 2 A T
RMES MBS EGTE.  REJA 2019 4FERH T IETHRI[1].

622 Teopus cuctem, anrebpanueckas GUONOMMSA, CKYCCTBEHHbINA MHTENEKT: MaTEMaTNYECKNE OCHOBbI 1 NPUIOXKEHNS



R AN LE SN ERA ZRIE, ERZUERIEAZIYINE, W H ¥
Fik [2,3]. DL, BN TR SRRBEGORIKIE L. [ ALTEIRE B
IR 5%, REFIRLO N SRR RN RE (U4 B S B AL IR A THE B A1
DUN ST 5 WAESATEFRERER . 2B NHE I gh s LA
A ] LEPE R BAHETS ” [1].

EMEERMNARVEAREEAE. B, flinaEstEamEnRe, W
AEPAT NIRIRRRITIRE R = MIESE R B R eR A Thae) - mH, &
FAMIRIMISE R, MRS AT RO B U R, A AR R R B AR
HMar2 . Bk, RgEes, S EAALEE.

Hik, T fear e NIRRR RIS RERI AR JT %8 | — R SIS 1 KA TRREL -
SIS L r] RO NJERGRE RN RE (RO ANEERED , HERGARAFE XK
A7 F .  tesh, BUCIIRAES MR AT T NI E 2, B
R H AR SR SR A B AR NI NSTRR . (EARAP e, A2
EATEEIRSES . DI, BAREIRAE S AT N RS E RS RS K

RERATE N TR SRR R R BRI Z D, BRI N M8 2 1B 45
akam [9R] A T55) NTEE [2,4]. R, APWEEEHEM 8] ATH
SUERZ LR SRR, T35 ] AN TR SRIRAT (Bl AJRE SRR R )
e, Bl GRS BESESE. AR, H AT SR B VR N
THEER [55] A1 T58] .

& VBB ESE 99 NILETA 58] NLEZAETE MR AR,
HoRALEMNTEIAS G ek s bR ez, Hdgl —EEN
ENTEEMN L. NLEEER T8 ] RS EERK RS HATW
TARSU A 58 2 ]

2. [NITHEE| e Es

N T8 E AR T 7 AR YR A 4D 50 4E4R, A% i P RE AT R i ih—— A
TR E IR . &R, NLEERRA R BAHE AN FHEENEERE
RF . MENTEERRIYIH, AMISAEGEERN N T ERNZEAE DK
ANET . R, 70 2@ LT, BEBERMEREM G —EEE. %
P O 458 2 G ) 3 B AR IF AR CORSRERBARLA | D B FE NBRDhBEM R4, 1H
AN #E R IR AL R EE I R BR A, BIWIGR BRI ER AR R, 0 Ly P i B
AN AT S SR A IR 2= L. SZIEFIak, MyRIER A KE AN FESE1
DU EBFE  Cn B AR R, A

e—FAtG, FPFHEZBRABFIE G 5 BA N TR ERNRFGANRA N THE
MRS . H—HIBEEM T VE 2 BRI -[E % (Alain Turing) 7£ 1950 4953811
(FEMSELREEY — R RI[5]. AhiRE T — R T, fhaB Azt 7kt
BT AER J7 BT DLEE A ARIESE . IBFEEE NN, — A — &5 H %

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 623



M—EANEE . WEMENER, A e mIEAERMERLR: —HNER
—aEi. BT B PR EE NP S5 AR

SR, BERREARfE R  TE R ERRHE, AR AR R s NMRA )
[RRIE | AN, BFERM) (&2 %55, WHABRME AN TR E,
FRER I R A2 N B E ST — IR, i, 2015 4F, 2REZEIEAER
Ivan Golubev % /] [Sonya Guseva| at & REHIIE 47% R HIKEREE
[6]-

HEN TR EM S BELR, MRS 17 &2 BN EE I A e #[3].
MR FE T EELE R, EMAT UL AR AA R 82775,

WRB T, NTRHEL—MAGHEASENRIE, RS HIT I SH
NPT R SR ENTE. 1BIERELREZIE A (Marvin
Minsky) A 1968 S HEI AN TR EER (7], EBHEZEERENE, RIEEME
T, WRAGTEERAVEAEGNTHE, HgEZRE, B LT
TR BN, RIEE TR EIE N TR E R MR EE

SRTM, IEFRETEAE A T ANRI4EH .  IEW0 Hernandez Orallo ZEAR A G
R PR [8], B TEMS R &Ta 5 L N EH S af ik — St o R, (HOE S
WAABEHEEMEE., HEL, HRMEASHATI AR (R ARSUT
AT B R EEARE T ) A thANE S TAEAT TN ] Hr, W HREE
A TN 155 B AS R, BRI e M A AR RETEHREH . 84T N HHFE
At Al A )RR ) 5 K

BAE TP T RN PR S| 1 RCORETI K,
MBEBRAM AT LA AR AiE M AN R E R &SR ). (HEMEEA S R aes %
R 5 GO e B AR P AN BEER AR BUES, IR EMERMA R A EME T
HAFEM SR, Ml &eMrglEF il M maae. mH BRs
ITiE LR A B A MR P bl 38 A5 B M Be 4 LU AT AR NS B BR R AT 5
Pttt — 20 o M A S5 RGO TH, WA S IR T

JERZDRT S, N TR ERIE e 28 0 H H Bz Al H PR B A A 4%
BRI GBS R 1 e G0 iR e 8. 2R, @
VRIS L [ R ) 57 fE A A 2 AL s TH AR RC I B R AR B4 LA S 78 L A 48 o 9%
AR )78 B R & B R T BT

MR M, N TR B REUEBUR G 8 7 BE 2R AR R 50 M
FTERIRE 1. N TR WS e e il 2 ARSI 9],  BRAJEE,
B E BERE REUA RE IR RA NI BRI DT MR — REH LR AR 50 4 E
¥ (R, A My LR  (REEVIGREE, R L2 AT .

JERZFR B, BB E S RS IR s NG R, e EM
ERATEN TR ERARW M. fEE#, A AT LA E— T A K

624  Teopus cuctem, anrebpanueckas GUONOMMSA, UCKYCCTBEHHbINA MHTENEKT: MaTEMaTNYECKNE OCHOBbI 1 NPUIOXKEHNS



R 2%(GPS) &%%, %% %iH Herbert Simon. Clifford Shaw # Allen Newell 7
1959 SFAIGE, WIFLAIEEMERTE, ZAS B ML, Hom 7A)5E S R %
FREE.  10]. 2R, HESR GPS GE40 E AT vk (B B A R, 51 anym] N S5 5k,
{HE Sy R 2 SO gt R, A S Ao Z00 B iR e B8l 5%
JE

3. /55 B8 %] ATEE

bR, N RS E A AR F 325k

L NTESREBM ARSI ISR E [HE] 5 (IHZENEE R
IREERS) BIREST, HA L NIBAT AR 7%

2. NEETOE R ASERA NEmB R HEI T AT &8 [ 6] B
BEJT, BIE AR LL R SEIA el o AR

wE, MAEhEE A, el MERNERASAET (39 ALEE,
1 A2 25 e RN EMASAA 98] NLEE.

BAOK, JBRER—FRRIEE AN TR A R 2R B SR AR g e M P
R, B s LR R A B . MEHIER I, fE 98] AT
BEM RS T, e QAN 2 AEE — BRI, 1 58] AT
= R UL ZHRE S ST OB B e (RIS AR R LART A K0 A P

HRIELEHE, R, 8 [95) N R ERSEAE R 0T AT WA
B LA TREAT N B RGP ARG, DLE BN SO 1S
Behe (1D o FEAFREALL AR TR Hhe, BIamlime. &
e, HZRSE, IZESiReE AR LB, ATREAEMRRIMIIG. W Rk
FRkGR AE ST REL, BIAnREEhEas N, AEFRATRE Al A2 sE . Al
BARIR . A, (IR SERRE, T8 L e RS A AT E ) R R
BEBL fERGIEATIERE P A E SE A

(551 NTRE RG] LA 15 M 157 6 2 1738 A N SR R A5 1)
[FIRE,  CERI SRR n] URF AT RENE & S B AR AR, s BhiE
NS0 % Ik s A=A 0F S SR CIE S E 2= W54 ) = S PN 17 ISR [ Y e 53
CREF AT LA 51 bl 38 Bl 456 F 1) Bt 70 1038 Bl ' IPT AR 1c, TE 2 T I K
T N MRS N . BEAROBRES N Iche (R8N, 8. 4
AR AT PR R B 7R U AR I A e A R S

BAOR, BEORUCARBUEE PR 957 NLEEARE, HEMAS AR M
FEMERE, 1 AR L ANE E T e, DL Al E R SRE T
AR . o ERZIRHIE, RSB R G MREE 16 IR HE AR,
B ARSUEE YA CREE , BRERE YRR 4TS, gfEBITiRA
REF BB T AR A AT AR . i NSRS T Bl 52 o

& 1S e R RN A [9R] N LR S R AR e AR E .

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 625



2.8 [55) NTHREEBENRGAR, ZRFUIBVIABEINEA MR E—F1E
HEEEEANERE, AR RGEST (IR NS EL) ff R R 1S 5 5
EARTHACER T EMD) . EE BN IR ER (98] AN TR N
RHTEIL, ZAFEAESFEATHRIE (Flan B4, H5E. TS BEN
AN EE, LA AR AR ER B H A R A8 B A e

FETUHTIN . DART AR B RE R 75 222K R 41 oA Be 40 8 L B 355 B e ok i
PUBLJEMAN TR, FEMENT, RECH REMEEER] DIE R TR
1) T2 78] (FRERD RIEIELEHiFiRE. DI ZHREEhikas N A, A
UMERsSR e A REARR R, RN EEFEE R e, DL IEE AN S 15 )
MR R . TAAE, MRS AR SR ESRRE P — AR a2 5 —(H
EEmANE S R B RE EEYE) o WR S AFRE AR E N LR
THFMHW T, Ve O A MEATHISE R Re 220, s P g ek
IF RE 2R BT 45 € AR5, PR s E#EE (98] N TR fE.

B EZIEH I, 772 TACHEES AT DURE SR B S BRI b i — {l BE #2 &)
B R —RERMEYS, FIRpREGA ). A, BREBEMEMERE (AR A
MM E B ES Y, A HAIEE LREATAE A SRR Bl 18 4155 5 4K 25 1) o
Rlt, DLtk as AARE BRI A BA Tl ] NTREMRS. BIEEKHR, #F
& (98] NTREEREN RS HATgiE LE AL, siFEERES .

Rk, MU SR, RARA T3] NTHEWNEKARSS gHE
HIERRRE, ReffEi— RAICARTARMBRE, mEA (95 AN TEER RS
RI 7RI A e A1) 2 RN A ) &Y Be 2R SE Rl A, R N ARG AR A 2= B Re T2
AR H A Kk, FRAMMERZIE & Francois Chollet [11]H#IEY, i H T LA
TALREEZENEE: NLHEERE—ARSENEBELE TG, B EMERRE (8
5D RPAT R EM I AT B RE 7. ST R B4 e AN e B ek DL e 2R
FE ) &8 B

4. NTEZR EENE

ErEEm T NITEEA [58] N LB HEM ARG R ARAR R 1 o
(BN R I B2 REF LU A [ FE A R AR e, S R AP 7R 25 — e Bk Fia AR
A, kA 2 BRT TE SO I E N TSR . g AM AT LR 24
Ah[8,11,12].  JRIMT, IELEFEAFE P TIR AUNEAE L RS, IR A T
FIER. & T EERMEN, TEEEEERE R, A AR A 5
e AR ARSI E R, WA R A F SRR R,  EiRIE
B EA TR AR AT, FAPRH T — R RE A

B, RENE TR ERZ ORI RGHE—E R N e S BAT I [ ) T
Bl &, WHESERE I pME, a2 th BALK H N P i D £ b
RAEM . BLEGTUEIEL, HESINEARS [877] PlE, ARG ARy

626 Teopus cuctem, anrebpanueckas GUONOMMSA, CKYCCTBEHHbINA MHTENEKT: MaTEMaTNYECKNE OCHOBbI 1 NPUIOKEHNS



HNSERET T8 TAE] &

ERPEH T R B R ST TR TRl &7 ER

A 98] Al BEH —EMHEE
N= {n,n,,...,n,} ,

BFEEAE R, MM PTEENR . HEMEAENEGR. BIIEEN
FeRE.  BER AT BT —IEBT R AT AR AL, I Hi% R 40 LA 7 2UE%
FAEBGHERE FRF)  ne 2RIEVRE, W HALER, H THEE4 N HR—
LEORRIAAE I R A, BN ERHRE n TR AL BLE B R
7 CFEIFE

IEAnFRAM _E B BT, FiEE ma 2BUT RTYD FREREEEERET,
T DURE & Hs BE RS S, (R AR R S EHS RAERES) , @ iEinE
BB F{WETE[13-16]. B, FZHEE n. WEEIEEMIE S, #E, &5
FEEBORTTCRE n REFTHAT I TR 55 80 ) wlERZR s . (B2, »—J70m,
R EF G n.o B, T 280 NP IRE RS, BE RS NGE
FRERF AT I [/ 958 ] BEZ SR . AR, REAEBH— I
BE o REFTHATHY [ 15580 ]) Ay BIERZIRIA RZH F52 68 B FVE M
FHT A 2R i T R AR BIRAR A S ()3 & O A AR R U R R A

T4, HIRFTELRE n R FIREAT OV R B RS (BFRED
DRl HEAE — MRS U0 T R TR % TR I R B iR s i B ()« BRI,
WR g4 R RE A RO AR, TR BT RE n W ZHEUREL V. HH
BAHE, SARBUDENRE 0 2 1, SPANAEDFERA SR B 4 € AR e L EH B
o AL, WUERPTARAR T A R RBCEARE, R V=1, WRATEENE, R
Ve =00 1 H, WRELRE e, FEAE T AHERTE B ME— R R TT =, Rl%
L 45 e B RCRAREL Ve WAE IS ME— 2514 1,

PRI, AT DAAS FH & A8 (R A8 D T8 R0 2R AT R 7% BB 2% 00 2 ] v 1) — {18
R R RE R S —ERMER . B, WRBEEEREES A
T PR ARRL BN IRE ], IS PR3 R e v (10— ] 40 M i Bl — {1 A5 A A o
A ACRAR BT AR N UL B B e /12 Bh 21 H AR ) S R i i T gk . & D,

FHIERL, RS RETEHGEFEH PT e r [ & 15580 ] 8y, tEHEH
e R R nyy o MH, REV, WBUEBCOR, SRS 558 ]
=B

R FIRKER, REATEIHEE n,o RETHATH [R5 8)] 4,4
B AGEUTR ,

Am+1:(Sm+1_z S7+])'Vm+1’ (D

J

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 627



/

Sy 1— TE 52 BE T EAEAE R T nyers ST - REES N LR R
j=1

RIS RE AR VR, MR IRERE ners Vi BLRERCRARE 0
TSR TS R L — TR B2 e ms B TR 15580 ] Povy ATUME T 5
[R5 ] A (1) BRI HRERIRE I B T BIECAE . HTEERE naes TR

[
A (Sm+1_ZS7H)'Vm+1
P,= T . T . (2)

AR — ARG T RGAE T S 7E M DR e B RE 0 B — R J7 T
[ J1] o G R IRAM FR AL B B R Ty, A 2 B IR R e AT
5, MBENELEAEFFEN—# (—&#) AFMER EETREL. AT PR
O BEYAI B 22 v B sl I 7 V5T i — IS AR PRI B AT 5[ 17, 18]

ST E B ) 2 NJEBE S5 1O B8 1R BV E A e S R I
. BRI E A Green A 1964 FEHEHI[19], A 1973 £ Newell
7E B A4 ER L “ You Can't Play 20 Questions with Nature and Win”[20] 7145 21| 9% f& .
18 LL 3 R I S A R F R T R H AT S ARk A B L R ETHT — TR AT
IR R R . SRTT, BT VAR —E B S R, B SEN BRI RE AN
EIEHME, I HAEF W EMMEEsy 5% ] Rt USErifdiiE L& 21,
221, Ree, HE L, EEMEEIT, AER R B R A RN B AR AR, 1
ANt HRGA S R IFE

NI, ZAEFFRE — B AW B AR 2 N TR S & T RKHlE T A,
MEMBEAETTEEN GUEELEER) « A GRS EE AR A8
)« AT PR L S B e . 3 A AR AT RE AT

AERAMIEAT — RN O E AN 25 B . IR S R A
[ 73] P AT DAL & 2%

Z ((Si_z S?j).Vi)
pP="= ’T:‘ : 3)

S; — R i(?,HJJEﬁF'nﬁ%ﬁﬁﬁéﬁiE‘JT;"Z%‘EZE‘J?EE%?%%E%’EE; Ve Ry B
RIS 1 A A5 1T R RS 52 E R SR AR ZSJ - FRSRIRES i A R

[ N AR A B R SRR R s T— SRS K- T 3
e g TR ) 950 B ] REL L

628 Teopus cuctem, anrebpanueckas 6G1UONOMMSA, CKYCCTBEHHbINA MHTENEKT: MaTEMaTNYECKNE OCHOBbI 1 NPUIOKEHNS



Pt it E A R B 07 BRI R EERE, e T IR E
B, ZAHEIE S E T RSUGHTRE RBAER BT, DL BE 95 ROk
RIRE 7. MRIRCATT R AN RE RS RE . AEF . P is Se (e B AP /e 29 R 8 AT
i A& B o5 ol T A AR AT IO N DR A, AR I A ST i A ) 5 RE AN R sk S
ML E B RER RS, DS RIRRIT RGeS, Fl, R
2 L 1) D 1] A% 250 7 A RE ) By Fe] A 1 9B m A ) B e, S R AR 4
(3) , PHAHRERB/N RGO LA ERK “® 717, A0 HHERe R Ak
FE iR i) Rl e R A S R JE A5 1

5. A5a

MEEUL EEE, LS RIDLUN B

N TR ZR—RASRBEIC A ERE R FagAay, BIrpEHEe
GHEIE) RPUT KRB EMH T AT EE T -

[55 NI E IR A N RIE RGTIEFE - 52 18 7 E5E 5 )
FRERI RE. B, HEE L, BEBEHENRGAGALGIEMERE, MR
RNy, e RN PR A H TR RE. KRB R A [
fe | MR RSTEE EAERE .

[ ] N TR EN HIRLRe 40 7E I A Al & TREAT 2 BRI V0 T MBS B 9%
B RE R AT < IR A M PR RS TR . AR, RS E
FE T BRSO UG B Re e Ju ket At BT, BHEBEHEPIATHER
HUIR AT A P B

EREHh IS RSN TR B = aiE, REHE “/17 , HES
TETE RO Ei RetRe, BLALIRRfH] NSBB8 7155807 maRkfrm GHEYE) FRE
eSS RIS, RAENR, TERCHHRER T8 )1 T4 | mERRNIE L8
5 B8 0¥ SR A VA B A S B SRR I TR OB RE I B2 R 1 3G B A AR
BUPIFRAE

i

Jumepamypa References SEER

1. HaumonanbHas cTparerust pa3BUTHs HCKYCCTBEHHOTO MHTEJJIEKTa Ha nepuon 1o 2030 r. /
DNEeKTPOHHBIN pecypc. URL.: http.//static.kremlin.ru/media/events/files/ru/AH4x6
HgKWANwVtMOfPDhcbRpvd 1 HCCsv.pdf

2. KanseB M.A. McKkycCTBEHHBI MHTEUIEKT - KaMO rpsaemn? DKOHOMHYECKHE CTPATETHH.
2019. Ne 5. C. 6-15.

3. Legg S., Hutter M. A collection of definitions of intelligence. 2007.

4. Russel S.J., Norvig P. Artificial Intelligence. A Modern Approach (2nd ed.) Prentice Hall,
2003.

5. Turing A. Computing Machinery and Intelligence, Mind. Oxford University Press. 1950. Ne

Systems theory, algebraic biology, artificial intelligence: mathematical foundations and applications 629



59. P. 433-460.

6. UYem 3aBepumwics Tpetuid Tect TelopuHra, OnekTpoHHbl pecypc. URL:
https://ve.ru/flood/59052-chem-zavershilsya-tretiy-test-tyuringa.

7. Minsky M. Society of mind, Simon and Schuster, 1988.

8. Hernandez-Orallo J. Evaluation in artificial intelligence: from task-oriented to ability-
oriented measurement, Artificial Intelligence Review, 2017. P. 397-447.

9. McCarthy J. Generality in artificial intelligence, Communications of the ACM. 1987.
30(12). P. 1030-1035.

10. Newell A., Shaw J.C., Simon H. A. Report on a General Problem Solver Program, Proc.
Of the Conf. on Information Processing. 1959.

11. Chollet F. On the Measure of the Intelligence, Electronic resource. URL:
https://arxiv.org/pdf/1911.01547 pdf

12. Hernandez-Orallo J. The Measure of All Minds: Evaluating Natural and Artificial
Intelligence, Cambridge University Press, 2017.

13. Chaitin G.J. Algorithmic Information Theory, Cambridge University Press, 1987.

14. Chaitin G.J. A theory of program size formally identical to information theory, Journal of
the ACM (JACM), 1975. (3). P. 329-340.

15. Bepemarun H.K., Illens B.A. KosMoroposckas CIOXHOCTb W aJTOPUTMUYECKAs
cay4daitnocts, M., MITHMO, 2013.

16. Grunwald P.D., Vilanyi P.M.. Algorithmic information theory. 2008.

17. Crocker L., Algina J. Introduction to classical and modern test theory. ERIC, 1986.

18. Hambleton R., Swaminathan H., Rogers H. Fundamentals of Item Response Theory, Sage
Publications, Inc., 1991.

19. Bert F, Green Jr. Intelligence and computer simulation, Transactions of the New York
Academy of Sciences, 1964.

20. Newell A. You can’t play 20 questions with nature and win, Electronic resource. URL:
https://'www.coli.uni-saarland.de/~crocker/documents/Newell-1973.pdf

21. Detterman D.K. A challenge to Watson, Intelligence, 2011. P. 7778.

22. Dowe D.L., Hernndez-Orallo J. Iq tests are not for machines, yet, Intelligence, 2012. P.
7781.

630 Teopvm cuctem, anre6pav|‘-|eCKa;| 6uonorus, VICKyCCTBeHHbIVI NHTENNEKT: MateMaTn4yeCckne OCHOBbI 1 NPUNOXeHUA



