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Annoranusi. CTarbst MOCBAIIEHA WCCIIEOBAHUIO CIIEHU(PUIECKUX YepT
OTOOpaKEHUSI COLMANBHBIX CETeH M KOMITBIOTEPHBIX TEXHOJOTHH B IEPHOL
roHna 70-x rr. XX B. — Hagana 20-x rr. XXI B. B (haHTacTHYECKOI BCEICHHOU
«3BE3IHBIX BOWHY», CO3/IaHHOM aMepHKaHCKUM KuHemarorpaductom J1. Jlyka-
coM. B nanHol Hay4HOH paboTe apryMEeHTHPOBAaHbI aKTYalbHOCTD U Hay4YHAs
HOBH3HA pPAaccMaTpHBaeMOH IpOOJIEMBI; OXapaKTepPH30BaHbl OCOOCHHOCTH
BIIMSTHUSI COLMAIIBHBIX CETEH N KOMITBIOTEPHBIX TEXHOJIOTHIA B YCIIOBHSX COBpE-
MEHHOCTH; IIPUBOANUTCS 00OOCHOBAaHHE HEOOXOAMMOCTH aHAJIM3a OTPAKCHHS
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JJTAaHHOH MpoOIeMaTHKy B ()aHTACTUUECKOM UCKYCCTBE, KaK BCIIOMOT'aTeJIbHOM
(axTope pa3BUTHS IPOTHOCTUYECKON (DYHKIIMU HAYKU. ABTOPBI apI'yMEHTHPO-
BaHHO OOBSICHSIOT BBIOOP BCEJICHHOM «3BE3/HBIX BOMH» B KaueCTBE 00BEKTA
HCCIIEJOBaHMUS, C YUETOM €€ 3HaYMMOCTH B (DaHTACTHYECKOM JKaHpe, a TaKkxkKe
C LIEJIBIO OIPOBEPIKEHUS CTEPEOTHUIIOB, COITIACHO KOTOPHIM «3BE3/IHbIE BOMHBI
MIPE/ICTABISIIOT COOO0M COBOKYITHOCTh Pa3BJIEKaTEIbHBIX MaTepHalioB, B KOTO-
PBIX IOJHOCTBIO OTCYTCTBYET CMBICIIOBAs Harpy3ka. B uccnenoBanuu gaH aHa-
JIM3 TPUHLIUIHAAIBGHBIX Pa3JIMuUi OCBEICHUS N3y4aeMOol MpoOJieMbl B TaKMX
JKaHpax UCKYCCTBa, KaK JINTeparypa u KnHeMarorpad, B KOHTEKCTE «3BE3JHBIX
BOIH». B cTaThe packphIThl 0COOEHHOCTH IBOJIIOLMH OTOOPAKEHUsI KHOEpHe-
TUYECKHUX TEXHOJOIMH U KOMMYHHKAIIUOHHBIX CETEBBIX IIOIAA0K BO BCEJICH-
HOM «3Be3HBIX BOMHY» B cepeaune 1970-x —navane 2020-X IT., Kak OTpaXKeHUs
pEeaIbHOTO Pa3BUTUS HAyUYHO-TEXHHUECKOTIO MpOrpecca, a TAKKe B KauecTBE
puMepa BO3JEHCTBUS MOJIUTHYECKUX, COLUATIbHO-IKOHOMHUYECKUX U HPaB-
CTBEHHBIX (JAKTOPOB Ha NMPHUMEHEHUE OHJIAWH-IUIONAJ0K U KOMIBIOTEPHON
TEXHUKHU B TEUEHHE UCCIEAYEMOTr0o MepPHO/ia; Ha IpUMepe BCEJIEHHOHN «3Be3a-
HBIX BOWH» pacCMOTPEHBI 0COOEHHOCTH TPaHC(HOPMALIUK POJIU CHIELUATICTOB
B 00J1aCTH BBICOKMX TEXHOJIOTHH Yepe3 MpHU3My OTHOLICHUS K HUM JesiTelel
HCKYCCTBa — KOHKpETHee, nucareiei 1 KuHemarorpagucroB. ABTOpbI 00paTH-
JIUCh TAK)Ke K HPaBCTBEHHO-3TUYECKOMY aCIEKTy NMPUMEHEHUs] KOMIbIOTEp-
HBIX TEXHOJIOTUI U COLIMANBHBIX CETel, KOTOPBIN BBISBICH JEATEIIMHU UCKYC-
CTBa, BHECIIMMH 3HAYUTEJIBbHBIH BKJIAJ B Pa3BUTHE (PaHTACTUUECKOH AII0Ien
«3BE3HBIX BOUHY.

KuaroueBble cjioBa: BceneHHas «3BE3/HBIX BOHH»; aBaHTIOPHO-
¢unocodckue mpousBeneHUs; Aponabl (aHAPOUAbI); UCKYCCTBEHHBIH MHTEIN-
JIEKT; KHOSPHETUYECKHH OpraHn3M; KOMJIMHK; YUITUPOBAHUE; KOMITBIOTEPHBIN
JKCHEPT.
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Abstract. This article is devoted to the study of the specific features of
the display of social networks and computer technologies in the late 70s of the
XX — early 20s of the XXI century in the fantastic Star Wars universe created
by American filmmaker D. Lucas. In this scientific work, the authors argue for
the relevance and scientific novelty of the problem under consideration. The
study examines the peculiarities of the influence of social networks and com-
puter technologies in modern conditions. The article provides a justification
for the need to analyze the reflection of this issue in fantasy art as an auxiliary
factor in the development of the prognostic function of science. This paper
provides a reasoned explanation of the choice of the Star Wars universe as an
object of research, taking into account its importance in the fantasy genre, as
well as in order to refute stereotypes according to which Star Wars is a collec-
tion of entertainment materials in which there is completely no semantic load.
The authors analyze the fundamental differences in the coverage of the studied
problem in such genres of art as literature and cinema in the context of Star
Wars. The article examines the features of the evolution of the display of cy-
bernetic technologies and communication network platforms in the Star Wars
universe in the mid-1970s — early 2020s, as a reflection of the real development
of scientific and technological progress, as well as an example of the impact
of political, socio-economic and moral factors on the use of online platforms
and computer technology during the period under study. In this article, using
the example of the Star Wars universe, the features of the transformation of
the role of specialists in the field of high technology through the prism of the
attitude of artists to them — more specifically, writers and cinematographers —
are also considered. The article also examines the moral and ethical aspect of
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the use of computer technology and social networks, considered by artists who
have made a significant contribution to the development of the fantastic epic
of Star Wars.

Keywords: Star Wars universe; adventure and philosophical works;
droids (androids); artificial intelligence; cybernetic organism; comlink;
chipping; computer expert.

BBenenue

Kax npencrasmisieTcsi, HEOOXOAMMO TPUHATH BO BHUMAaHHUE TO 00-
CTOSITENTECTBO, YTO B YCIIOBHUSIX COBPEMEHHOCTH, T.€. B PEaJIHsIX TOCTHH-
JyCTPUAIILHOTO OOIIeCTBa, 3HAYMMOCTh COIUANBHBIX CETeH W KOM-
MBIOTEPHBIX TEXHOJIOTHI CTAaHOBUTCS Bce Ooliee Becomoi. Hampumep,
JUISL BCETO KOMIUIEKCA HayK: TOYHBIX, €CTECTBEHHBIX, OOIIECTBEHHO-
TYMaHUTAPHBIX — KHOCPHETUYECKUE TEXHOJOTUU WIPAIOT OIpese-
JISTOITYIO POJIb MPH pa3pabOTKe W COBEPIICHCTBOBAHWUW 0a3 JTaHHBIX
Y TIONCKOBBIX CHCTEM, XpaHeHHH W 00paboTke mHpopManuu. B cBoro
odepesib, paszIMYHbIe WHTEPHET-TUIOIMIAIKU TAaf0T MEKIYHAPOITHOMY
Hay4YHOMY COOOIIECTBY BO3MOXHOCTh yUaCTHS B KOH(PEpEHIUIX U (o-
pyMax B 1000 TOYKE TJIAaHETHI B PEXKUME OHJIAMH.

MMeHHO BBICOKHE TEXHOJIOTUU M COITMAIBHBIC CETH OOCCIICUIIN
CTAHOBJICHHE W Pa3BUTHE TAKOTO BCEMHPHOTO YKOHOMHYECKOTO IIPO-
1ecca, Kak ro0ann3alns; IeperoBOpsl MEX Ty apTHEPAMHU U3 Pa3HBIX
CTpaH ¥ mepeBo ((MHAHCOBBIX CPEJCTB CTAIHN ropas3io Ooee ObICTPHI-
MU ¥ YIOOHBIMHU TIPOIIECCaMHu OIarojaps uMm.

Boneinoe 31Hauenne s odecreyeHuss HallMOHAJIbLHONW Oe30I1acHo-
CTU rocynapctB B Hayane XXI crosieTus ”MeeT aKTUBHOE BHEAPEHUE
B OOOpPOHUTENBHBIE CHUCTEMBI KHOCPHETHUCCKUX YCTPOMCTB, OTBEUA-
IOIUX, B TOM YHCJIE, U 32 CTPATErHYecKoe TUIAaHUPOBAHKE, U 32 WHBIC
KOMITOHEHThI BOSGHHOW JOKTPHHBI.

CoranbHbIe CETH NPEAOCTABIISIIOT K TOMY K€ BO3MOXKHOCTbD JIHC-
TAHIIMOHHOTO 00YYEHUS Ha Pa3HBIX YPOBHSX 00pa3oBaHusl, B cepe Ko-
TOPOTO OCYIIICCTBIISICTCSI MHTCHCUBHBIN MPOIECC KOMITBIOTSPU3AIIHH,
1 TOTYYEHUS CTa0MIHHOTO TOXO0Aa TIPpH padoTe B YIAICHHOM PEKHME.
B eme GonpIreii cTerneHn OHIAHH-CETH UTPAIOT POJIb B TTOBCEAHEBHOM
KOMMYHHKAIIMH, C Y9€TOM TOTO (haKkTa, 9TO COTHH MUJUTMOHOB ITFOJIeH
10 BCEMY MHPY OTAAI0T NPEANIOYTEHIE OOMICHUIO Ha BUPTYaIbHBIX Pe-
cypcax.
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Crnemyer puHATH BO BHUMaHHUE U TO OOCTOSITEITLCTBO, YTO BECh-
Ma OO0JBIIOE KOJTMYECTBO JIOACH, OT AETEH M MOJPOCTKOB JI0 MPEACTa-
BUTEJICH MOXKHUIOTO BO3pacTa, MPOSBISIIOT BCe OONbIIee MPUCTPACTHE
K CETEBBIM UTpaM Pa3HOM HampaBIeHHOCTH. Bo3pacTanue ponu couu-
AJTBHBIX CeTEH M KOMIBIOTEPHBIX WUTP BIIEUET 3a cOO0U opMupoBaHme
Y YKOpEHEHHE TaKoro MaccoBOTO (peHOMEHa, KaK WHTEPHET-KYJIbTypa,
C ee 0COOBIM CJICHTOM, IIPaBUJIAMH OOIIEHUS U MTPOYUMHU OTIHYUTEINb-
HBIMU YepTaMHu.

[Tpu 3TOM BaXKHO y4ecTh TOT (haKT, YTO MPOLECC CO3AAHMsI KHOep-
HETHUYECKHUX TEXHOJIOTHH M CETEBbIX KOMMYHHUKAI[MOHHBIX IIaT(HOpPM
OBLT 3aMyIeH ele B MOCIeAHNe AecITHIeTHS XX B. M1 O3HaMEHOBaJ
paavKaTbHBIC U3MEHEHHS B TEXHUYECKOH 1 MH(OPMAIIMOHHOH cdepe.

BbesycnoBHO, knOepHETHYECKIE TEXHOJIOTUN U OHJIANH-TUIONIA KA
SIPKO OTPaKaroT U MPOTUBOPEUUBOCTH HAYUHO-TEXHUYECKOTO MPOTpec-
ca, ABJSSICH MPUYMHON HEBPOJOTMYECKHX 3a00JICBaHUH, COKpAIICHHSI
3aHATOCTH, 3aMKHYTOCTH MPEICTaBUTENIEH MOJIOZIOTO MTOKOJIEHUS, yTpa-
YUBAIOMIUX CIOCOOHOCTH OOMIAThCs B peadbHOM (OdUIaiiH) pekmMe,
OCIIabNeHus] TaMsITH ¥ aHAJIMTHYIECKOTO MBIIUICHUS B MOJIOJICKHON
cpeze, pa3MbIBaHHSI HPAaBCTBEHHBIX OPUEHTHPOB Y HAUMEHEE MOpallb-
HO YCTOMYHMBBIX TPYII MOAPOCTKOB U IOHOIIECTBA, MCIOJb30BAHUS
BHUPTYaJIbHOTO MPOCTPAHCTBA JJISI PACIPOCTPAHEHUS SKCTPEMHUCTCKHUX
MOJUTUICCKUX HICH U MOIICHHUYCCKUX MAHHUITYIISAINA B YKOHOMHUYE-
CKOM cepe.

[IpencraBisercss JTOTMYHBIM, YTO CTOJh 3HAYMMBINA CETMEHT 00-
IIECTBEHHBIX OTHOIICHWH HE MOT OBITH NMPOUTHOPHPOBAH JIEATEISIMU
HCKYCCTBa, KOTOPHIE, KaK MPaBUJI0, OBICTPO pearupyroT Ha OOIIECTBCH-
HBIC U3MEHEHHS U HX XapaKTepPHbIE 0COOCHHOCTH.

B niepByto ouepens, 1o BriojHE 00BEKTUBHBIM MPUYUHAM, HHTEPEC
K OTOOpa’KeHUIO COIMATBHBIX CETEH M BBICOKMX TEXHOJIOTHH B CBOCH
TBOPYECKOH JesITeTbHOCTH MPOSBISIOT T€ MacTepa, KOTOPhIe padoTaloT
B (paHTACTUYECKOM >KaHpPE, IIOCKOJIbKY OH BO MHOTOM CBSI3aH C TEXHH-
YECKUMHU acleKTaMM pa3BUTHs colnyma. Kpome Toro, 4to cienyer oco-
OCHHO MOTYEPKHYTh, IUCATENN-(PAHTACTHI U PEKUCCEPDI, padOTaIOIIUE
B JTaHHOM HAalpaBJI€HUH, 3a4acTyIO BBIMIOJHSIIOT MPOTHOCTHYECKYIO
(hyHKIMIO, TIpeICKa3bIBasi CO3/IaHNE KaKOTO-JIHOO TEXHOIOTHYECKOTO
YCTPOMCTBA, B TOM YHCJIE — KOMMYHHKAIIMOHHOTO, JIN0O €ro OypHBIN
mporpecc B OymyIieM.

CnoXHO OTpUIIATh TOT (PAKT, 9YTO MHOTHE MPEIIOIOKEHHUS O pa3-
BUTHM TEXHUKH, KOTOpBIC BBICKA3BIBAJM B CBOMX MPOU3BEIACHUSIX
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K. Bepn, P. bpanoepu, @. Kapcaxk, A. H. Crpyrarnxkuii u b. H. Crpyrar-
kuii, A.P. benseB u npyrue nuteparopbl-paHTacTel, B TOH MM WHON
MEpEe CTalld pPeajbHOCTHIO YEJIOBEUECKON JKU3HU. B TOU ke creneHu
9TO OTHOCHUTCS M K BBIJAIOIINMCS KHHEMaTorpaducTam, padoTaromum
B manHoM >xanpe: /1. Pomnen6eppu, /1. Kamepony, P. Cxorty, I1. Bepxo-
BeHy. Taxke ciemyeT MpHU3HATH, 9TO (PAHTACTHI B LEJIOM HMOAHUMAIOT
B CBOMX IPOM3BEICHUSIX MOPAIBHO-ITHYECKHE U (PuiIocodckue mpo-
OJIEMBI ¥ 3a4aCTYIO MIPEAJIaraloT OpUrHHAIBHbBIE CIIOCOOBI HX PELICHUSI.

B HeMmasioli cTerneHu 3TO OTHOCHUTCS M K PEXHUCCEPY U IPOAIIOCe-
py M. Jlykacy — aBTOpy (haHTacTUYECKON BCEICHHOMN «3BE3MHBIX BOM-
H». Ba)kHO OTMETHTB, YTO JaHHAS SIIOTIEes] paCCMaTPUBAECTCS MHOTHMU
HECBEAYIIMMHU JIOIbMH B Kau€CTBE KOMILJIEKCA POU3BEICHUMN, UMEIO-
UX JUIIb Pa3BJICKATEIbHYIO HAMPABICHHOCTb U OPUEHTUPOBAHHBIX
cyry0o Ha u3BJIeUeHHE MaKcuMalbHOH mpuObun. besycnoBno, «3Be3n-
HbIC BOWHBI», KaK U JIF000I MHOW 00pa3el] MacCOBOM KyJIbTYpPbI, HOCST
U KOMMEPYECKHM XapaKTep, OJHAKO, TI0 CBOEH M3HAYAIBHON CyTH, KO-
TOPYIO NOAPA3yMEBAJl UX CO3/aTENb, OHU NPEJHA3HAYECHBI U HA Pa3bsiC-
Henue Touku 3perus /. Jlykaca o monumanum Bonpocos J{o6pa u 3ma
B TOM MHTEpHpEeTalny, B KOTOPO OHU NPEACTABICHBI B CTOJIb 3HAYU-
MOM 00ILIECTBEHHOW HayKe, Kak ATHKA. [laHHBIN (aKT, B CBOIO ouepeb,
SIBUJICSL OTHUM M3 CTEPKHEBBIX (PaKTOPOB, 00ECIEYNBIINX «3BE3IHBIM
BOMHAaM» HCKITIOUUTENbHYIO MOMYJISIPHOCTh M COTHH MMJUIMOHOB TIO-
KJIOHHHUKOB.

Kpome Toro, BceneHHas «3BEe3MHBIX BOWH» BKIIIOUAET B ceOs He
TOJIBKO XyH0K€CTBEHHBIC (DUIIBMBI, HO W OOJBIIIOE KOJTMYECTBO JIUTE-
paTypHBIX IPOM3BEACHUN pa3anyHoro gopmara, rpahuueckux HOBEILI
1 KOMITBIOTEPHBIX U, CO3/JaHhe KOTOPHIX Hayajoch eme B 1970-x rr.
U TIPOJIOJIKAETCS B YCIIOBUSIX COBPEMEHHOCTH. [IpakTHuecku Bce OHU
B TOW WJIM WHOHM CTENICHU OTOOPa)KAIOT Pa3BUTHE COIMAIBHBIX CETEH
U KOMIIBIOTEPHBIX TEXHOJIOTUH. B onpeneneHHON Mepe Mpou3BeaeHUSs
Mo «3BE3/HBIM BOWHaM», B OCOOCHHOCTH KHHUTH, XyH0)KECTBEHHBIC
1 aHUMAaLMOHHBIC (PHIBMBI H CETEBBIE UTPBI, SBISIOTCSI CBOCOOPa3HBIM
HMCTOPUYECKUM HCTOYHUKOM, OTPaXKaroIMM Kak caM TEeXHHUYeCKHUU
Iporpecc B u3yyaeMoi cdepe, Tak ¥ €ro HHTEPIPETAIUIO B Pa3InIHbIC
BpPEMEHHBIE TEePHO/IbI, OTHOCAIINECS K dmoxe kKoHma 1970-x — nagana
2020-x rr.

Takum o0pa3om, Kak MPEACTABISECTCS aBTOpPaM JIAHHOW CTaThH,
H3y4YeHHE TPOoLIecca OTPaKEHUs OHJIAHH-TUIaT(GOPM M BBICOKUX TEXHO-
JIOTHI BO BCeJIEHHON «3BE3/IHBIX BOMH» MMEET He MEHBIIYIO aKTyallb-
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HOCTb, YeM MIPOBEACHHBIN B MIPEIBbIYIIEH padoTe aHaIU3 JaHHOH! Tpo-
Onembl B haHTacTrdeckoit BceneHHo « Tepmunaropa» J1. Kamepona.

Hean padoThl: AeTanbHOE U3YYEHHE MPOIECCa OCBEIICHUS Ce-
TEBBIX IUIOMAZOK W KHOCPHETUYECKHX TEXHOJOTUHA BO BCEJICHHOM
«3BE3MHBIX BOWH» B HCTOPHYCCKONH PETPOCICKTHBE — C CEPEIMHBI
70-x rr. XX Beka no Hayana 20-x rr. XXI Beka.

MarepuaJjibl 1 MeTOIbI UCCJIEJOBAHUSI: MPEXKAEC BCErO, CIEIy-
€T y4ecTh TO OOCTOSITENICTBO, YTO XapaKTepHbIE OCOOEHHOCTH OC-
BEILIEHUSI COLUANBHBIX CETEBBIX IUIOIMIATOK M BBHICOKHUX TEXHOJIOTHIA
B (paHTACTHUYECKOH BCEIIEHHOH «3BE3IHBIX BOWH» HEMOCPEICTBCHHO
n3ydeHsl TakuMmu skcrepramu, kak HO.JI. Bapmasckas, E.lommio,
b.Tommuno, K. C. Hexep, T. 1. UBakun, /. P. Myprasuna, B. B. Poauo-
HOBa, O. M. Cenpix, C. A. Cnecosa, C. bupkpodr, 3. [loycerr, /1. 3ep,
I1. Unansro, 3. Paituey, X. bmskman, K.P.K. [Isrenn, E.B. Xaeukas,
K. XopTom.

Takne uccnenosarenu, kak JI. B. baesa, M. I'macen, b. I'panT, V. Up-
BuH, E. 10. Kozpmuna, A. I1. Komkun, C. A. MenbkoB, A. A. MaHaxoB,
JI.b. OkaBka, K. 3. Paznoros, JI. A. XprokuH, aHaJIU3UPYIOT B CBOMX
Hay4YHbIX paboTax oOIme MpoOIeMbl HHTEPIPETAIMUA DIIEKTPOHHO-
BBIYUCIUTEILHON TEXHUKU U CETEBBIX KOMMYHHUKAIIMOHHBIX CUCTEM.

Bospiryio 3HAYMMOCTH MPU U3YYEHUU paccMaTpUBaeMOW B JaH-
HOW paloTe TeMaTHKW TpeAcTaBisaioT u Tpyasl A.H. Adanacbesa,
b. H. bapanosa, H. C. OBunnuaukoBoi, /1. P. [1ans, B KoTOpEIX MaH aHa-
JIU3 Pa3BUTHSI KOMIIBIOTEPHBIX TEXHOJOTMH M COLMANbHBIX CETEH Kak
COCTaBHOH YaCTH yXOBHOU c(hephl 00IIeCTBEHHON KU3HU.

Pe3yabTarhl ucciie10BaHUs U UX 00CYKIEeHUE.

Msbl cunTaeM HEOOXOIWMBIM OTMETHTh, MPEXJE BCEro, YTO
CIELMAJINCThl PACLEHUBAIOT «3BE3/HbIE BOMHB» HE KaK HCKIIOUYH-
TEJNBbHO Pa3BlICKaTeIbHOE MPOU3BEICHUE, a B KadeCTBE SIPKOro 00-
pasia aBaHTIOPHO-(QUIOCOPCKOTO KaHPa, KOTOPOE XapaKTepu3yercs
COYETaHHEM OCMBICIICHHSI Ba)KHBIX MPOOIeM OOLIECTBEHHOTO pa3BH-
THS C acHeKTaMH{, HaNpaBiIeHHBIMH Ha JOCTHKEHUE 3PETUIIHOCTU
[7, c. 149].

CrenoBarenbHo, yKe ¢ y4eToM JaHHOro (akra, (panmmsa, co3-
nannas /1. JIykacom, mpeacrasisier coOoi HeuTo Oombllee, YeM KOM-
MEpYECKHU MPOEKT aTTPAKIHOHHOTO TUIA, U MOJpa3yMeBaeT HAININE
OTIpeNIeJIeHHON KOHILIETILNH, KOTOpasi MOXKET SBJIATHCS MPEIMETOM Ha-
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YYHOTO aHaJIn3a, YTO MPU3HABAJIM, HAPUMEpP, MCCIECIOBATEIN MHBIX
¢panmms [25, p. 312].

Crnenyer y4ecTh TOT (haKT, YTO BCEJICHHAs! «3BE3/IHBIX BOWH» Ha-
yana cBoe O(UIMaIbHOE CYIIECTBOBAHME €Ile /IO BBIXOAA HA aMepH-
KaHCKHE KWHOPKpaHbl (uiibMa «3Be3aHbIe BOWHBL. HoBas Hanexa»
(To3HEeE TONMYYHBIIETO MPUCTABKY «dmm3ox YerBeptoriin) B 1977 1.
B 1976 r. mo 3akazy /I. JIykaca mucarens-danract A. [l. @octep BbI-
MyCTHJI HOBEJUTU3AIMIO — «3BE3AHBIC BOMHBI», B3sB ce0e B KauecTBE
MICEBIOHNMA UM 1 paMHIIHIO aBTopa Guibma [18, c. 84].

JlurepaTypHoe Mpou3BeNEHHUE, NP ATOM, OTIUYACTCS OT KHHE-
Marorpadudeckoro TeM (akToMm, 4TO B HEM HMMEETCS BO3MOKHOCTH
OAPOOHO ONHUCATh MBICJIIM U MOTHBALMIO TE€POEB, OKPYKAIOIIYIO 00-
CTaHOBKY, a TaK)Xe TEXHHYECKUE ycTpoiicTBa. B cBoeil HOBemM3anuu
A.Jl. doctep packpbul, HaOpuUMep, TEXHUYECKHE XapaKTCPHUCTHUKU
ANEKTPOOUMHOKIISI — YCTPOMCTBA, B KOTOPOE IVIaBHBIN repoid, JIrok Ckaii-
yOKep, BeJl HaOmofieHue 32 60eM JIByX KOCMHUYECKUX Kopabiei Ha op-
oute ero poAHOH mIaHeTsl — TarynHa.

Jannplii npubop ObUI OCHAIIEH CTEPEOCKONMMYECKHMHU JIMH3aMH
n 0a3upoBalics Ha KHOSPHETUYECKOH 0OpabOTKe MaHHBIX, KOTOPBIC
(PUKCHPOBAINCH B €T0 AMSTH; TIOJIb30BaTEIb MTOTyYall TOUHYI0 HH(OP-
Matuio 06 00beMe, Macce M MHBIX MapaMeTpax HaOlonaeMoro o0beKTa,
a Tak)Ke TOYHOM PACCTOSIHUU J10 Hero. [1o cymiecTBy, B JaHHOM cCirydae
HaOIoaeTcsl MPEANONIOKEHNE co3/arenei JaHHON (haHTacTHYeCKOU
(hpaHIH3EI O COo3MaHNM (B WX TIOHHMMAHWH) B OTHOCHTEILHO JTaJICKOM
OynymieM HuQpoBOH ONTHYECKON TEXHUKH U MHOTO()YHKLIMOHAIBHBIX
YCTPOMCTB, KOTOpbIE OyAyT SIBISTHCS CPEACTBAMH HAONIOACHUS U CO-
XpaHeHus BaxxHoH napopmarmu [21, p. 202].

Poman A.Jl. ®ocrtepa mOMOT 3pUTENISIM MOHITH OCOOCHHOCTHU
yCTpOMCTBAa NPOWIOB (aHAPOUAOB) — POOOTHU3NPOBAHHBIX MOOMIIH-
HBIX OPraHU3MOB, HAJICJICHHBIX UCKYCCTBEHHBIM UHTEIIIEKTOM. DHilbM
«HoBas Hazex1a» M ero HOBEJTM3AaMs MPEACTABIIIN BHUMAHHIO 3pH-
TeJIel M unTareNnel pa3uuHble MOACTH IpOouIoB. B mepByio ouepens,
cienyer oopaTuth BHUMaHue Ha C-3-PO, 4yenoBekooOpa3Hy0 MOJIEb,
BBITTOJHSIONTYI0 (DYHKIIMU TIEPEBOMYHMKA U MPOTOKOJIBHOTO CEeKpeTapst
[26, p. 76].

C ygerom Toro ¢akTa, 9TO JaHHBIHA IPOU OBLT CTIOCOOEH K KOMMY-
HUKallM{ Ha NIECTH MIJUTMOHAX SI3BIKOB, CJICyeT KOHCTaTUPOBATh, YTO
OH OBLI OCHAILleH BechbMa 0OmMpHOH 6a30i mamsiTi. CIOKHO HE BBIS-
BUTH aHajoruto Mexay C-3-PO u coBpeMeHHBIMH POOOTH3UPOBAHHBI-
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MU «YMHBIMH HNOMOIIHUKAMU», HUCIOJB3YIOIIUMHUCS B YEJIOBEUECKOM
obuxone [24, p. 31].

B cBoto ouepenp, MexaHHUSCKUH aHApOoU-TeXHUK R2-D2, crioco6-
HBI PEMOHTHPOBATh KHOEPHETHYECKYIO OCHOBY YIIPaBJICHUS KOCMUYe-
CKUMU KOpaOIIIMU W TTPOU3BOJUTDH B3JIIOM BHYTPEHHUX KOMITHIOTEPHBIX
CeTel, XpaHUTh BaKHBIC IaHHBIE W TPAHCIUPOBATH BUIEON300paKEeHNE,
3aMMCAHHOE B €0 MaMATH, BbI3BIBAET ACCOLIMALINU KaK C UCIIOJIb30BaHU-
€M KHOEpHETHYECKUX YCTPOUCTB B 0OOPOHHOM OTpaciu, Tak U ¢ HOBEH-
LIMMH DIIEKTPOHHBIME OBITOBBIMH TiprOopamu [ 15, c. 84].

Baxxno otmeTuTh, uTo R2-D2 65T HACTpOEH Ha (PUKCAIMIO B PEXKH-
Me BHJIEO C MOCIEAYIONNM XpaHeHHeM 3alTMCaHHbIX JaHHBIX. biaroma-
psl OTOMY CTaphlii apXUBUPOBAHHBIN (Daiiil, ciry4aiiHO OOHApY KEHHBIN
Jlrokom CxkailyokepoM yxke B 3pEelOM BO3pacTe, MPOIEMOHCTPUPOBA
IJIaBHBIM IEPOsIM CLIEHY, B KoTopoii otell JIroka n Jleitn DHakuH nbITal-
sl 33JlyIIUTh cBOO keHy [Tanme.

B pesynsrate Jliok Ckaifyokep Hauajd NepeOCMBICINBATH CBOE
KU3HEHHOE Kpemo, a ero ruieMsHHuk J[xedicen Como momyyms Jo-
[OJIHUTEJIbHYK0 MOTUBALUIO JIJISi CMEHBI MOJIUTUYECKOM U MOPAJIbHO-
(hmnocodckolt MO3UIUHU, YTO B UTOTE CIOCOOCTBOBAIO COBEPIICHHUIO
VM TOCYJIapCTBEHHOTO MIEPEBOPOTA U 3aXBaTy BJIACTH, CIIPOBOLIMPOBAB-
LIMM HOBYIO I'pakJIaHCKyI0 BoMHY [10, c. 73].

JlanHast cuTyanus, onucaHHas B IUKJIE XyJJ0’KECTBEHHBIX POMaHOB
«Hacnemuey, Boimmymenasx B iepuoa ¢ 2006 mo 2010 1., Bo MHOTOM
ObLTa CBsI3aHa C KHOEPHETUIECKIMH aTakaMHt XaKepoB, KOTOPBIE COBEP-
aJIMCh Ha O(UITHANBHBIE CAlThl KaK ()MHAHCOBBIX OpraHU3aIuil, TaK
1 BOCHHO-00OPOHUTENBHBIX yupexaeHuid. Ciydaii ¢ apXuBUPOBaHHBIM
(aiinom SBISIICS OTPAKCHUEM BBICKAa3bIBABIIUXCS B CPEICTBAX MACCO-
BOM MH(}OpMAaIIK TPU3BIBOB CO3/1aBaTh 00Jiee KaYeCTBEHHBIE CUCTEMBI
3aIUTHI, CIIOCOOHBIE cOepedb KPUTHUECKH BAKHYIO MH()OPMAIHIO OT
HE3aKOHHOTO cKauuBaHus [3, c. 13].

@DaKTUYECKU UIMEHHO B «3BE3/IHBIX BOMHAX» OCYIIECTBISLIACH JIe-
MOHCTpaIMsi MaccoBoro u AuddepeHIMpoBaHHOIO MPUMEHEHUSI Me-
XaHUYECKUX OPraHW3MOB, HAJEICHHBIX KHOCPHETUYECKUM DPa3yMOM.
Ha npotshkeHun HECKOMBKIUX JECATUIICTHI B JTaHHON (haHTaCTUYECKOM
BCEJICHHOH MPOCIIEKUBAETCS UCTIONB30BaHUE IPOUIOB, HCTIOIHSIIONTIX
0oeBbIe U pa3BenbIBaTeNbHbIe (YHKIINN, 00S3aHHOCTH KYJIHHAPA, BOIN-
TEJsl, MUIOTa, CTPOUTENS, MEIMKa, HAEMHUKA U T. 1. [5, ¢. 105].

Kpome Toro, ananu3 ApouaoB, NpeACTaBICHHBIX B JaHHOW (aH-
TAaCTUYECKOM BCEJIEHHOM, M03BOJIIET KOHCTATUPOBATh, YTO 3HAYUTEIb-
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Hasl UX 4acTh HaJleJIeHa HE TOJIBKO YMCTBEHHBIMH CIIOCOOHOCTAMH, HO
1 TMYHOCTHBIMH Ka4eCTBAMH: OOIIUTEIBHOCTHIO, TIOOOMBITCTBOM, CTA-
KaTeJIbCTBOM, YIPSIMCTBOM, CMEJIOCTBIO WM ManonymueM. Kak npen-
CTaBJIAETCS, B JAHHOM CITy4dae MOXKHO IMPOCIIEANTh TOKIECTBO C COBpE-
MEHHOW TOJMTHKON KOMIAHWH, 3aHATHIX Pa3BUTHEM POOOTOTEXHUKH,
B IIEPBYIO OYepeNb — ANOHCKUX, HAIPaBICHHOW Ha CO3JaHHE YellOBe-
K00Opa3HbIX pOOOTOB, KOTOPBIE B ONPEICIICHHON CTETIEH! OTIINYaI0TCS
WHIWBHUIYaIbHOCTBIO U CIIOCOOHOCTBIO K colmanu3anuu [2, c. 58].

B Onuzone Yerseprom «Hoast Hanexna» u ero aureparypHoM
BOCIIPOU3BE/ICHNH Obllla TIOHATA 3HAYMTENbHAS Ul JTAHHOW (aHTa-
CTHUYECKOW BCENICHHON HpaBCTBEHHas mpobieMa. B ciieHe, onmucsiBaio-
et 3HakoMcTBO Jltoka Ckaityokepa n O6u-Bana Kenobu ¢ kannranoM
rpy3oBoro kopabist Xanom Coio U ero moMonHiuKoM UyOaKkkoi B KaH-
tuHe Yanmyna Ha rmanere TaryuH, 6apmen Byxep Tpebyer, 4ToObI co-
MIPOBOXKAAIOIINE IOHOITY U ero HacTaBHuKa apounsl C-3-PO u R-2-D-2
MOKUHYJHU 3aBe/IeHUE, B KOTOPOM MOT'YT HaXOJUTHCS TOJIBKO OpraHuye-
ckue ¢opmsl xm3am [21, p. 194].

Ha nepBsIii B3I, JaHHBINA SIU30[ ABISAETCS FOMOPUCTHYECKHM.
OnHako Takoe BOCHPUSTHE CHTyaluu omunOouHo. Ha mpumepe Hera-
TUBHOTO oTHoweHus K Apoujam [I.JIykac, B yacTHOCTH, cTpemMumiics
BBI3BaTh y 3pUTENEH accOlMalMM C CYIIECTBOBAaBIIEH B TOT MEPHON
B CIIA mpobmeMoii TUCKPUMHUHAIIMK HAIIMOHATHHBIX MEHBIIUHCTB,
B 0COOEGHHOCTH — MPEACTABUTEIICH YCPHOKOXKETO HAceTIeHUs. [aHHbIi
BOIIPOC IOCTENEHHO YTpayMBall CBOIO OCTPOTY, OJHAKO OCTaBaJICsA
MIPEAMETOM OOCYKICHHUS B IIMPOKHUX KPyTrax aMepUKaHCKOTo 0011ecTBa
[16, c. 343].

[Tomumo 3TOTO, CIIENYET YYeCTh U TOT (DAKT, UTO B MEKABTOPCKOM
[IUKJIE JINTEpaTypHbIX npousBeneHuil «Hoseiii Opaen mxenaesy, omy-
omukoBanHOM B 1999-2003 1T M comeprkarieM IBajIarh ABa pOMaHa
1 HECKOJBKO PaccKa3oB, TéMa HETaTMBHOIO OTHOIIEHWS K JpOHAaM
(«aponmododusy, «rexHo]oOus») ObUIa HCITONB30BaHA B elle Oolee
CJIIO)KHOM M 3HAaYUMOM KOHTEKCTe. B JaHHOM LMKIE reposiM MpHXo-
JIUTCsE OOPOTHCS C yyKaHb-BOHTaMHU, ITPULIETbIIAMU U3 cocenneit [a-
JIAKTUKH, PEIUTHO3HAs TOKTPUHA KOTOPBIX OCHOBAaHA Ha PE3KOM OTpH-
LaHUW TIPUMEHEHHUSI MEXaHWYECKUX YCTPONCTB M, TIIAaBHBIM 00pa3oM,
KaKOH-JTMOO0 2JIEKTPOHUKH.

COOTBETCTBEHHO, APOU/bI, B OCOOCHHOCTH MMEIOIINE YEIOBEKO-
00pa3Hplli OOJHMK, BOCIIPHHUMAIOTCSI TaNaKTHUYECKUMH arpeccopamu
KakK MpOsiBIIEHHE HanOoJiee TPEXOBHOM epecH M TOAJIekKaT TOTaIbHO-
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My YHUYTOKeHHIo. Kak mpencraBisercs, B JaHHOM Ciy4ae aBTOPBI
«3Be3IHBIX BOMH» aKLEHTUPYIOT BHUMaHUE HE TOJIBKO Ha KCeHO(HoOUH
Kak TakoBOH, HaOupasmiel cuiny B 1990-x I'T., HO ¥ HA MHOTOYHCIICH-
HBIX TOTAQJIUTAPHBIX PEJINTHO3HBIX CEKTaX, CTaBIIUX B KOHIlE XX B. —
XXI B. orHOM M3 BaXKHBIX YIPO3 CTAOMIHLHOCTH YeJIOBEYECKOTro 00IIIe-
ctBa [14, c. 14].

Taxoke BaKHO TPUHATH BO BHUMAaHHE W TO OOCTOSITENECTBO, UTO
JOpouasl ObIIM, B JTAaHHOM KOHTEKCTE, MCIIOJIB30BAaHBI JUIS HETOCPE-
CTBEHHOI'O AaKIIEHTHPOBAaHMsS BHUMaHUS Ha (HOOMSIX aMEPHUKAHCKOTO
U, B IIEJIOM, BCETO 3aaIHOTO COI[MYMa, CBA3aHHBIX C MCKYCCTBEHHBIM
HWHTEJUIEKTOM [4, c. 15].

[Ipu 5TOM, B OTIIMYHE OT CBOWMX KOJUIET, CO3ZareNib (ppaHIIH3bI
«3BE3THBIX BOWHY» CTPEMUJICS JI0KA3aTh 3PUTEIISIM, YTO MCKYCCTBEHHBIT
pa3yM MOXKET OBITh UCIIONIB30BaH B OJIarux IeJsX; HalpaBJIEHHOCTH €T0
JesITeNbHOCTH OyJIeT 3aBUCETh BO MHOTOM OT TOTO, Kakasi Mporpamma
BHE/IpEHa B €r0 CO3HaHWE, MHBIMH CIIOBAMH, OTpPHUIIATEIIbHBIE MPOSB-
JICHUS IEATEIHHOCTH NCKYCCTBEHHOTO MHTEJIEKTa MOTYT MTPOSBIATHCS
JIUIIG TIPU €T0 HEKOMIIETEHTHOM HCIONIb30BaHuU JronbMu [20, p. 133].

OOparuM BHUMaHWE U Ha TOT (pakT, 4YTO TEMa JPOUJIOB TOTYUHIIA
pa3BUTHE B KOHTEKCTE OMHUCAHUSI KHOEPHETUYECKUX OPraHU3MOB (KH-
0OOproB), UMEIOIINX BHEIIHUH BUJA, WACHTHYHBIH pa3yMHBIM OHOJIO-
rHYecKuM (hopMaM JKU3HU, TIPEXKIIE BCETO MPEICTAaBUTENISIM Hanboee
MHOTOYHUCIIEHHOMN pachl — yesoBedeckoil. [IepBbIM uTepaTypHbIM IIPO-
W3BeJIeHNEM, B KOTOPOM HCIIOJB30BaH MOAOOHBIN MEPCOHAXK, SBIISIICS
poman C.Ileppu «Tenn Mmmepun», omyOnukoBanHblid B 1996 1. Ku-
Oopr mo umenu [ypu, UMEIOIMIT BHEIIHOCTh MPHUBICKATEILHON Jie-
BYILIKH, ObUI cO3/1aH AJsl paboThl B Ka4eCTBE TEJIOXPAHUTENS MPUHLA
Kcunzopa, nunepa ranakrudeckoro KpUMHHAIBHOTO Kaprtens «YepHoe
Comame» [13, c. 114].

XapaktepHo, 4uto ['ypu, oco3HaBas, 4YTO SIBJSETCS CYIIECTBOM
HCKYyCCTBEHHOTO TPOMCXOXKICHUS, WICHTU(UIMpoBaia cels Kak
JMYHOCTH KEHCKOTO I0j1a M MCHBITHIBAJIA TITyOOKHE POMAHTHYECKUE
YyBCTBa 10 OTHOILEHHIO K CBOEMY PabOTOAATENI0, KOTOPBIH, B CBOIO
odepeqb, BOCIIPUHUMAJ €¢ JIMIIb B KadecTBe 3(dekTuBHOrO M J0-
POTOCTOSIIETO OPYXKHS, a TaKXKE MOOWIBHON 0a3bl JAHHBIX, TaK KaK
AIEKTPOHHBIM MO3T KHOOpTa cofepskal O0NbIIOe KOMHUECTBO (haiiioB
C JI0Che Ha MapTHEPOB W MOTEHIIMAIBHBIX KOHKYPEHTOB TJIABbI KPHMH-
HAJIBHOW CTPYKTYPbI M HA BCEX KPYIHBIX TOCYIapPCTBEHHBIX U BOCHHBIX
nesiteneit [Nanakruueckoit Umnepun [6, c. 21].
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Kubopr I'ypu Obuta crocoOHa MOAKIIOYUTHCS K JIFOOOMY KH-
OepHETHYECKOMY YCTPOUCTBY B ['alakTHKe W CKOMUPOBATH OOIBIION
MacCHB HEOOXOJMMBIX JUIsl €€ Biajeiblia cBejaeHui. llenecoodpas-
HO TIPW DTOM OTMETHUTH, 4To ['ypu oTmaBama cebe OTUeT, 4YTO BIajie-
JIeIl HE MOKET M HE JKeJaeT BOCIPHHUMATh €¢ KaK HedTO OOoJIbIIee,
4eM TpHCIyTa, OJHAKO, NMPU HAIWYWK HE3aBUCHUMOTO MBIIICHUS,
coxpaHnsiia abcoNoTHYIO npefaanHocth Kcuzopy. B manHOM ciyuae,
KaK YTBEPIKIAIOT IKCIEPTHI, HAOIIOACTCS SIPKOE MPOSIBICHHE (HUITO-
co(ckoii cocTaBistoIel BCEICHHOM «3BE3HBIX BOWH» — MOpAIbHO-
ATUYECKAs CTOPOHA HCIIONH30BAHMS KHOCPHETHUECKUX OPTaHU3MOB,
HaJIeJICHHBIX Pa3yMOM W BOJICH, JUIIhL B Ka4e€CTBE HHCTPYMEHTOB.
BaxHo yka3aTh, 4TO, HECMOTpPS Ha COBEPILIECHHBbIN [ 'ypy Ha cTpaHuax
pOMaHa ST )KECTOKUX YOUIICTB, OHA BBI3bIBAJIA YATATEIIHCKUE CHMITA-
TUU CBOGH HCKIIFOYUTEIBHON MPEIaHHOCTHI0 OOBEKTY CBOCH JHOOBU
[17, c. 50].

B DOmmzoge I[stom «Mrepust HAHOCUT OTBETHBIA yap», BBIIICI-
IeM Ha aMepruKaHCcKue dKpaHbl B 1981 1., 1eiicTBOBal BTOPOCTEIICHHBIIA
nepcoHaxk JleHrap — HaeMHUK («OXOTHHUK 3a TOJIOBAMI» ), TOTEPSIBIIAN
PSAI BaXKHBIX OPraHOB B XO7le OOEBBIX CTOJKHOBEHUH W 3aMEHUBIIHN
UX KOMIBIOTEPU3UPOBAHHBIMU UMIUIaHTaMu. B pomane K. VY. Jxete-
pa «Manganopckuii nocrex» (1998 r.) mpencrasnen LlyGapan — ry-
MaHOHJI, KOTOPOMY, B pE3yJIbTaTe ps/ia CIOXKHBIX OIEpaIlnid, TOJI0Ba
3aMEHEHa Ha KOMITBIOTEPHOE YCTPOUCTBO, MaJIOKATHOEPHOE Ja3epHOe
opyaue. Takum o0pa3oM, B JaHHOU (paHTACTHUECKOH (PpaHIIN3e BBI-
CKa3bIBaeTCs MPEATOIOKEHHE, KOTOPOE YaCTHYHO TOATBEPK/ICHO K Ha-
yainy 2020-X IT.: HAIU4YME JICKTPOHHO-MEXaHUYECKUX SKBUBAJICHTOB
YTPAYeHHBIX YETOBEUECKUX KOHEUHOCTEU, THOKUX U MOJIBUKHBIX, B OT-
JTUYHe OT OOBIYHBIX IPOTE30B [22, p. 68].

Heo6xonnmo y4ecTs TO 00CTOATEILCTBO, UTO YK€ B AMOXY CO3/1a-
HUS KJIACCUYECKON TPUIIOTHH «3BE3THBIX BOWH» (Dmm301 YeTBEPTHIi.
Hosas Hanexna; Onuzon ILateiit. IMnepus HAHOCUT OTBETHBIN yaap;
Omuzon llecroii. Bo3Bpatenue mxenas), HHBIME CJIOBaMU — B cepe-
muae 1970-x — nHavyane 1980-x rr, B QMIbMax M KHHTax BCEIEHHON
OBLIT MPEACTABIICH THICPIABUTATEH (MU TUIIEPAPAB) — IIEKTPOHHOE
YCTPOMCTBO, IMO3BOJISIONIEE KOCMHYECKUM KOpaOiIsiM pa3BHUBaTh CKO-
pPOCTBH, MHOTOKPATHO MPEBOCXOIAIIYIO0 CKOPOCTH cBeTa [9, ¢. 1281].

JlaHHBIN Buj ABUraTensi, COIIAaCHO CIIOKUBLICHCS B «3BE3IIHBIX
BOMHaX» KOHIENIHH, (PYHKIIMOHUPOBAI HA OCHOBE UMITYIIECOB, HC-
XOMASIIUX OT TaMMa-Tyuell — Pa3HOBUIHOCTH DJIEKTPOMArHETHYECKO-
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ro PagHoOM3IIyuYeHUs M BO3JCHCTBYIOIIMX HA IJIOMIAAb MPOBOJHHKA.
l'unepapaiiB, npu 3ToM, SBISETCS KOMIBIOTEPU3UPOBAHHBIM YCTPOIi-
CTBOM, IpaKTH4YecKas JeATENbHOCTh KOTOPOTO 3aBUCUT OT CTENEHU
npoQecCHOHANBHOCTH MPOTPAMMHUPOBAHUS TIOJNIETA; TPU OTOM, 4YTO
BaXHO MPUHATH BO BHUMaHHE, BCE MapIIPYTHI, BEAYIINE B pa3IHIHbIC
3BE3JIHBIC CHCTEMBbI, BBEICHbBI B IaMsITh OOPTOBOTO KMOEPHETHUYECKOTO
ycTporictsa [19, p. 96].

3aciay)XuBaeT BHUMAHHS TO OOCTOSITENILCTBO, YTO, MO OLCHKaM
npodeccroHaIbHbBIX acCTPO(PHU3UKOB, KOHLIETIINS TUIIEPIBUTATENS U TH-
NepIpPOCTPAHCTBA, OMMUCAHHOTO B IAHHOH (haHTacTHUECKOH (paHIIn3e,
Mpe/icTaBlIeHa B HaykooOpa3HoM Buje. JlanHas cutyanus oObsICHIETCS
TeM, YTO Ha paHHMX 3Tanax TBopuectBa [l. Jlykac koHCynpTHpOBaICS
¢ W3BeCTHOW mmcarenbHHIEH-panTacToM JI. BpakeTT u ee cympyrom
u xoyieroi 3. [aMUIBTOHOM, MMEBLIMM HE3aKOHUEHHOE BBICIIEE 00-
pa3oBaHKe MO CHEUUATLHOCTH «(PHU3UK» U 001aJaBIIUM OOIIMPHBIMH
(ms mepuoga 1970-X TT.) MO3HAHUSMH B OOJIACTH BBIYUCIUTEIHHON
TexHuKH [23, p. 143].

OTrMeTM M TOT (AaKT, YTO HAIMYME T'MIIEPIPOCTPAHCTBEHHBIX
YCTPOMCTB Ha KOCMHUYECKHX JICTAJbHBIX ammaparax ObUIO ONUCaHO
B aMEpPUKaHCKUX JIMTEPATypHBIX NpousBeaeHusIX emie B 1960-1970-x
I'T., OJJHAKO UMEHHO B co3nanHou []. Jlykacom danTacTuyeckol BceneH-
HOM JTaHHBI MEXaHU3M ObLT CBsi3aH ¢ ) (EKTHBHBIM (QYHKIIHOHHPOBA-
HHEM HaBUTAIMOHHOTO KOMITHIOTEPA, MMapaMeTphl U 00BbEM MaMsITH KO-
TOPOTI'0 3aBUCEJIN OT radapuUTOB U MHBIX XaPAKTEPUCTUK MEX3BE3IHOTO
TPAaHCIOPTHOT'O CPEICTBA.

VYnpaBneHre HaBUTallMOHHBIM BBIYMCIUTEIBHBIM MEXaHU3MOM,
COMIACHO JIOTMYHOHM KOHIENIMH «3BE3JHBIX BOIH», TpeOyeTr oT Oop-
TOBOTO WH)KeHepa (M, TI0 COBMECTHTEIBLCTBY, NMPOTPAMMHUCTA), OTBE-
Yaromiero 3a JaHHBIN BUA paboTHl, ATUTEIHLHOTO Mpoliecca 00yIeHus
JUIsl OBJIAJCHUSI BCEM KOMIUIEKCOM HEOOXOIMMBIX YMEHHUH U HABBIKOB
[11, c. 95]. [IpereOpekuTENFHOE OTHOIICHUE K MOJTYYSHHIO mpodec-
CHOHAJIbHBIX 3HAHWH CIIOCOOHO MPUBECTU K KaTacTpode, 4To HarIsiI-
HO OIMHUCAaHO B OJHOM M3 IEPBBIX POMAaHOB AaHHOW (haHTacTHUECKOH
BceseHHoM — «Xan Comno B 3Be3nHoM Tymnukey, HanmrcaHHOM B 1978 1.
b. deitnmu. CoOTBETCTBEHHO, JTOMKHOCTh OOPTHHXKEHEpa Ha KOCMUYe-
CKOM JICTAaTEeJIbHOM alIapaTe KaXkA0ro KaauOpa KaluTaH MOXET JOBe-
PHUTD TOJIBKO OIIBITHOMY M KBaJU(HULINPOBAHHOMY KOCMOHABTY, Ubsl pa-
00Ta, B CBOIO ouepe/ib, OIUIaYMBACTCsl IO HanOoJIee BEICOKOMY Tapu]y
M3 BCEX WICHOB 3KHUIaxa [8, c. 89].
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Crnemyer NMpUHSTH BO BHUMaHUE TO 00CTOSTEIHCTBO, YTO MOAPOO-
HOE Pa3bsICHEHUE NaHHOTO Mpolecca B «3BE3IHBIX BOMHAX» BBI3BAJIO
pe3koe Hemnpusitue psiaa kputukoB B CIIA u 3a ux mpeneisamMu B Haua-
ae 1980-x — 1990-x romax. MIx 3aMeuaHust ObUIM OCHOBAHBI HA TOM, YTO
1. JIykac u ero mocie1oBaTeNy MBITAI0TCS ICHCTBOBATE B PaMKaX KaHpa
Hay4YHOH (paHTACTHKH, OPUEHTHPOBAHHON HA IMOMYISPHU3AINIO acTpO-
HOMHHU U acTpO(PHM3UKHU, KOTOPHIE HE UMEIOT OTHOIICHUS K (hHIbMaM
pasBiekareiabHoro xapakrepa [1, c. 46]. Kpome Toro, B oTpuLIaTeIbHBIX
PEICH3USIX TOAYEPKUBAIIOCH, YTO OMKMCAHUE PAaOOThl OOPTOBBIX MHIKE-
HEPOB Ha KOCMHUYECKUX KOPAOISIX W aKIEHT Ha HEOOXOAUMOCTH JIOJ-
TOTO ¥ Ka9eCTBEHHOTO OOYUCHMSI SIBIISIFOTCST KOHCTATAIIUeH TTPOITMCHBIX
WCTHH, HANPABIIEHHBIX Ha TOMBITKY MAKCHUMAaJbHO YBEIHYUTH 00bEM
KHHXKHOTO TekcTta [15, ¢. 85].

OnHako, KaK MpeCTaBIISACTCS, MOJJOOHBIC KPUTHIECKHIE 3aMeUaHusl
HE MMEJIU CYIECTBEHHBIX OCHOBaHUH. Bo-1iepBhIX, M0100HBIE 00BsIC-
HEHUs1 00eCIIeUNBAIM TPOU3BEACHISIM H, B I1E€JIOM, BCEi (haHTACTHUIC-
CKOM (ppaHITu3e OOJBINYI0 PeaTMCTUIHOCTD, YTO TTOATBEPIKIACTCS KaK
MMO3UTUBHON peakiueld YUTaTeNbCKONW U 3PUTEILCKON ayTUTOPUH, TaK
Y MHEHHEM JIPYTOH TPpYMIIbl SKCIIEPTOB, HACTPOCHHBIX MEHEE CKEITH-
YECKH IO OTHOIICHMIO K «3BE3IHBIM BOHHAMY. JIaHHBIC CTICIIMATUCTHI
AKLEHTUPOBAJIM BHUMAHUE Ha TOM HEMPEIIOKHOM OOCTOSITEIILCTBE, YTO
B JTIOOOM XaHpPE JOMYCTUMBI MPEATIOIOKECHUS O BEKTOpaxX JaIbHEH-
IIET0 TEXHUYECKOTO Tporpecca. Bo-BTOPBIX, B MEPHUOI CTAHOBJICHUS
maHHOW (anTacTudyeckor (panmusbl B CIIIA Hagancs mporecc mac-
COBOTO PacCIpOCTPaHEHUs MEPCOHAIBHBIX KOMIBIOTEPOB CPEIH PSAI0-
BBIX aMEPUKAHCKUX rpakiaad. OnucaHne KOMITBIOTEPHBIX TEXHOJIOTHIA,
TakuM 00pa30oM, SBJISUIOCH, B TOM YHCJIC, U peaKlluell ee co3aresneii Ha
001I1e CTBEHHO-DKOHOMHUECKHUE TIPOIIECCHI, IIPOUCXOUBIITNE B CTPAHE.
IIpu >TOM MHOTHE YHTATENH, B CBOIO OYEPElb, HAUMHAIN TPOSIBIIATH
TyOOKYIO 3aMHTEPECOBAHHOCTh B OCBOEHUM KOMITHIOTEPHON TEXHUKH
MOCJIe 03HAKOMJICHUS C TIPOM3BEICHUSMHU O JIAHHOW (haHTaCTHUYECKOU
BceneHHoi [21, p. 182].

BaxxHO OTMETHTB, YTO, COTJIACHO CHOXKETY KMHEMAaTOrpaduiecKux
U IUTEPaTyPHBIX MPOU3BEACHUN 110 «3BE3AHBIM BOMHAMY, CO3IaHHBIX
B TMOCJIEIHENH 4eTBepTH XX CTOJNETHs, MMEHHO Omaromaps s(pdexTus-
HOM paboTe HaBUTAIMOHHBIX KOMITBIOTEPHBIX YCTPOWCTB BO BpeMs
MIOJIETOB B PA3JIMYHBIE PETHOHBI | alaKTUKH, B KOTOPOH MPOHMCXOISAT
COOBITUSL JTaHHOW (ppaHIIN3bI, OBUTH OOECIIEYCHBI MOCTOSHHBIC KOH-
TaKThl MEX/y MHOI'OYMCIICHHBIMH PacaMd M TOCYIapCTBEHHBIMU 00-
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pa3oBaHUSIMHU, YTO, B UTOTE, CIIOCOOCTBOBAJIO (POPMUPOBAHHUIO CTOJNb
CJIOKHOTO M MaciITaOHOTO MOJMTHYECKOro cooduiecTBa, kak [ amak-
tuueckas Pecryonuka. [Ipu aTom co3ganue GezomacHbIX W Hanbonee
3 PEKTUBHBIX, C TOUKH 3PEHHS JIOTHCTUKH, TUTIEPIPOCTPAHCTBEHHBIX
MapuIpyToB SIBUJIOCH 3aCIyrOd PecHyONUKaHCKUX MPOTPaMMHUCTOB-
HaBUraTOPOB, Ubsl AEATEILHOCTb, KAaK CIELYET U3 CIOKETa BCEIEHHON
«3Be3IHBIX BOIHY», B 3HAUYMTEIBHOM CTEIIEHH YNIPOCTHIIA OCBOCHHUE Ha-
BBIKOB MTPO(ECCHOHATIBHOTO KOCMUYECKOT0 MuiioTaxa [26, p. 93].

Kpome Toro, Ha TeXHOIOTMYECKH DPA3BUTHIX IUIAHETaX, IJe HC-
MOJIb30BAJIUCH Pa3IMYHbIE BUJABI CPEJCTB IMEPEMEIIeHUS — BO3IYII-
Hele ((raiiepsl), KOIECHO-TyCEeHUYHBIE (Kpayliephl, WM KPOJIePhl) WIH
TPAHCIOPTHBIC AUHULBI, PYHKIMOHUPYIOILNE HA BO3LYLIHOM MOMyII-
Ke (Cruiepbl), OHM HEM3MEHHO OCHAIIAINCH OOPTOBBIMHU KOMIIBIOTEPA-
MU, TIPEICTABISIIOIIMMHA COOOH yMEHBIICHHBIE KOMUHM KHOepHeTHde-
CKHX YCTPOWCTB, YCTAHOBJIEHHBIX Ha MEXITJIAHETHBIX U MEX3BE3/IHBIX
Kopabimsx [19, p. 39].

OcBoeHre TOMOOHBIX TPAHCIOPTHBIX CPEJCTB, COOTBETCTBEH-
HO, TpeOoBaJI0 HanMuMsl npodeccuoHanbHbX yMeHui. Ilo cymectsy,
«3Be3AHbIC BOMHBD) yke B Hayaje 1980-X IT. SABUINCH OJHOM U3 ILJIO-
410K, KOTOPBIE Mpenyrajaln MOSBIEHHE CPEICTB IEPEBUKEHHUS,
OCHAIICHHBIX CIOKHBIMHU JIEKTPOHHBIMU MPHUOOpaMH, B TOM YHCIIE Ha-
BUTATOpPaMH, peaIbHOCTh KOHCTPYUPOBAHHS KOTOPBIX, IPH ATOM, TIOJI-
Beprajach COMHEHHIO B HAy9HBIX Kpyrax /o cepeannsl 90-x . XX B.
[15, c. 88].

B nauane 1990-x rT. OBUT OTMEUEH HOBBIH MMOBEM TOMYISPHOCTH
BCEJIEHHOM «3BE3HBIX BOMH», HECKOJIBKO YMEHBIIMUBILEHCS 32 EPUOT,
MPOLIEIINHA TOCIe BBIXOA MOCHeqHero (GuibMa KIacCHYecKOoH TpH-
norun «Ommsox [llectoit. Bo3Bpamienue mKenas, KOTOPHIA MOSBUICS
Ha kpaHax B 1983 r. Bo3pparmienne uHTEpeca MOKIOHHUKOB K JTaHHOM
(banTacTHueckoil (paHmm3e ObUTO BBI3BAHO 3aITyCKOM MAacIITaOHOMH
KHIDKHOHM CEpHUH, MTOCBSIIEHHON COOBITHSM, KOTOPBIE IIPOUCXOIAT HOCIIE
OKOHYAHMS YKa3aHHOH BbIlIIe KHHEMAaTorpaduuecKoi IeHTs! [22, p. 9].

Hauano cepuu Obuto mosoxeno kuuramu T.3aHa: «HacnenHuk
WNmnepun», «Bospoxnenune Toemb» n «llocnepnnit mpukaz» (1991-
1993 t1.). Cpenu OOIBIIOTO YMCIIa HOBBIX SIPKUX MEPCOHAKEH, CO3/1aH-
HBIX aBTOPOM IS KCCIenyeMoi (paHTacTHUECKOH BCEJICHHOM, CIeIyeT
BbIIEJINTH porpammucTa ['enra, paboratomero y Tanona Kapae — ox-
HOTO U3 aBTOPUTETHBIX MPEACTABUTENEN TraJaKTHUECKOTO MPECTYITHOTO
coobmiecTBa [24, p. 198].
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I'enT HageneHn ys3koil cnenuanu3anued, IMEHyEeMOM Ha MECTHOM
XKaproue «ienopyo». B ero ¢yHKIuu BXOAUT HE3aKOHHOE TPOHUKHO-
BEHHE Ha CepBEpbl BOCHHBIX, KOMMEPUECKHUX M MPOUYNX OpraHU3alHi.
Taxum o6pa3zom, B mpousBereHnsx 1. 3aHa Obuia MoaApOOHO OCBEIIEeHA
mpobremMa XakepcTBa, yke yrnoMsnytas Boime [20, p. 71].

OpnHako ropasno Oosbliiee 3HaYEHNE UMEJIO BBEICHUE MHCaTeNIeM
B ctoxkeT [onorpaduyeckoit Cern (I'omoCern, I'omoHera). CormacHo
JaHHBIM, KoTopble mpuBen T. 3aH, JaHHAas BcerajJakTUYecKas KOMMYHH-
KallMOHHas cucTeMa Oblta co3naHa 1o pemennto Cenara PecryOnuku
3a HECKOJIBKO CTOJIETUH 0 COOBITUI KITAaCCHYECKON TPUIIOTHH U ATIOXU
npukBenoB [23, p. 11].

DddexruBHoe pynknmonupoanue lomoCern ObUTO oOecIede-
HO Oecriepe0oitHON paboTON HECKONBKMX MHJUIMOHOB TEPENaTOUYHBIX
anmnaparoB, PACMOJOKEHHBIX HA TUIEPIPOCTPAHCTBEHHBIX MaplIpy-
taX. JlIunuu I'omoHeTa OblIn, B 1I€JI0M, HAJIEKHO 3aliulleHbl. [1o aToi
MIPUYMHE CBEJCHUS, OTIIpaBIEHHBIE IO JAHHON BUPTYaJIbHON CHCTEME,
OBLIO BEChMa CIIOXKHO TIEPEXBATHTD. YcTiexa B MOI00HOH AeITeTbHOCTH
JOOUBANIHCH JIUIITH TIPO(ECCHOHAIBI YPOBHS BBIIICYTIOMSIHYTOTO | eHTa
umu apouaa RD-D2, ocHalIeHHOTO0 KOMILIEKCOM YCTPOMCTB, MpeaHa-
3HAYEHHBIX JJIS IPEOJIOIEHNS PA3INYHBIX YPOBHEH 3amuThl [0, c. 35].

TonoCerp ucnone3oBanack ['anaktnueckum CeHAaToM M JPYTrHUMHU
BJIACTHBIMU CTPYKTYPAaMH JUIsI OCBEIIEHHS CBOEH JeSTEIbHOCTH IMOCPE/-
CTBOM TOJOTpapUUECKNX TPAHCIAIMNA; B TIEPHON TPaXTAHCKUX BOWH
TonmoHeT sBysUICS TIaBHBIM HHCTPYMEHTOM BeICHUS MH()OPMAITMOHHOM
BOMHBI 00EMMHU TMPOTHBOOOPCTBYIONIMMHU CTOpOHaMHU: | amakrndeckoin
Pecnyonuxoii u Kondeneparmeii HezaBucumeix cucrem, ['anakrndeckoit
Wmnepueii n AnpsiHcom noBctanueB (mo3anee — Hooit PecryOmnmkoit),
B co3nanHoM JlucHei-kanone — [lepseiM OpaeHom [24, p. 205].

Kutenu [MaiakTHKM MCTIONB30BAIM JIAHHBIA KOMMYHUKAIIMOHHBIN
KOMITJIEKC MJIsS TPOBEIESHHS AENOBBIX MEPEroBOpPOB, HehOopMallbHO-
ro OOIICHUS, Y4acThsI B CETEBBIX MIPax, MPOCMOTpPA HOBOCTEH, TOJIO-
rpaduecKuX XyZOKECTBEHHBIX M JOKyMEHTalbHBIX (prinbMoB. B ce-
pun pomanoB M. Craknona «Pa30oiinas sckaapuibsi» u A. OancTona
«Ackanpunbg-Ilpuspaky», Beimenmumx B nepuona 1996-1999 rr., B cio-
JKET OBLTH BBEICHHI ITepcoHaku — Cuan Autwmiec-Den u [Napuk Jlopan
(«Mopmarikay ), KOTOpbIe SIBISLTACEH 3Be3aamu [ omoHerta [19, p. 67].

Crnenyer nmpusHath TOT (DakT, uTo oTpakeHune [ omoHera kxak moi-
HOLIEHHOH COLMAaJIbHOM CeTH NMPOAOJDKHUIIOCH U TIocie nepexoaa ¢pan-
mu3bl BO BiageHue komnaHuu JucHei. IIpu sTom B ouepenHoi pa3
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WHCTPYMEHTOM pealln3allii JaHHOTO IPOIecca CTaN JUTepaTypHbIC
npousBeaeHuss. HoBOW OTIMYMTENBHOM YEPTON CETEBBIX KOMMYHHUKA-
LIMOHHBIX TUIOIIAJ0K B 310Xy JMCHEH SBUIOCH OTpakeHUE TaK Ha3bl-
BAaEMBIX «IIOBECTOYHBIX» BOMPOCOB. B "acTHOCTH, B poMaHax HOBOTO
KHIDKHOTO TIUKIIA «3Be3IHBIC BOWHBI. PactBeT PecmyOmukmy», COOBITHS
B KOTOPOM TIPOUCXOJIAT 32 JABECTH-TPUCTA JIeT 10 «Dnm3ona llepsoro.
[Ipuspavnas yrposa» u Hauajao KOTopomy ObiIo monoxerno B 2020 r.,
OIHCHIBAIOTCS MHOTOUHCIIEHHBIE pecypebl [onoCern, apnstonyecs Ka-
HaJaM¥u OOLIeHUsT OOPIIOB C PACH3MOM, IKOJOTHUECKUX OpTaHH3alni
U TIPOYMX COLMAJIBHBIX TPYII, KOTOpbIE B peajbHOM COBPEMEHHOM
MHpE OTCTanBaIOT Pa3IUYHbIE ACMIEKTHI YKa3aHHOH BBIIIE «TIOBECTKID.

XapakTepHO, UTO HOBBIC aBTOPHI «3BE3MHBIX BOWH» OTOOPaKAOT
JMAHHYIO CUTYAIMIO B CYTy0O MOJIOKHUTEIFHOM KITFoue. DTOT (aKT MoA-
TBEPKJIAeTCs, IOMUMO BCETO MPOYETO, U TEM, YTO MPEACTABUTENHN yKa-
3aHHBIX BBIIIE COOOIIECTB B KHUTaX HOBOTO KAHOHA MO3HLIUOHUPYIOTCS
UCKITIOYUTENIEHO B KAQUE€CTBE TMO3UTHBHBIX MEepcoHakel. B ocobeHHO-
ctu 310 otHOcuTes K Y. Benaury, aBropy tpunorun «Ilocnencreusp
(2015-2017 1), 9bst yABTpaTuOEpaIbHAs MO3HIIHS, arPECCHBHO H3JI0-
JKeHHas B TBHUTTEpe, CIOCOOCTBOBANIA €r0 YBOJBLHEHHUIO M3 KOMITAHUU
Mapsen [16, c. 344]. Oqun u3 repoes Y. Bennura, Cunmxup Pat-
Benyc, ObBIIMil oduuep uMnepckol ciykO0bl 0€30MacHOCTH, SPKUN
oOpaszerl BBIXO/LA U3 OHOHN M3 YKa3aHHBIX BbIIIE COIMAIBHBIX TPYIIH,
3asBinger, yto [omoHer Ha NPOTSIKEHUH MHOTHX JIECATUIIETUN SIBIISA-
€TCSl CHMBOJIOM OOpPBOBI 32 TOJIIEPAHTHOCTh M OCHOBOH JISi TIPOTHBO-
NEHCTBHS yCTapeBIINM TPAAUIIMOHHBIM IIeHHOCTsIM. Kak 1 cam aBTOD,
Par-Benyc HetepmuM K JuIlaM, BBIPAXKAIOIIUM «HEMPOTPECCUBHBIC
B3IJISLABD) [26, p. 236].

CrnenoBarenbHO, MOKHO KOHCTaTHpOBaTh, YTO paccMaTpuBaeMast
B JJaHHOH paboTe mpobiemMa B yCIOBHAX COBPEMEHHOCTH SIBISIETCS OT-
paKEHUEM COIHATbHO-TTOMUTHYECKUX TEHICHIINN, 3aHUMAOIINX JIH-
JTUPYFOIIYE TIO3UIINN B aMEPUKAHCKOM OOIIIECTBE.

B ¢unbpmax knmaccuueckoi TPUIIOTHH ¥ UX HOBEJUTU3ALUSAX YIIOMH-
HaJMCh KOMJIMHKH — IOPTaTUBHBIE MEPETOBOPHBIE ycTpoiicTBa. B me-
puoa 1990-2000-x rr. B 1aHHOW (DpaHINK3e MPOU30IILIO YTOUHEHUE UX
¢bysxkmmii 1 qu3aitHa. Kommmbkn, cormacHo oOHOBIEHHOW MHQOpMa-
AW, UMETH 00TeKaeMyto (hopMy, ObUTH CHAOKEHBI TOJIOTpaduIeCKOM
KaMepoi, OONBITUM 00bEMOM ITaMATH U 00ECIIeUnBaIIH MPSMYFO CBSI3b
¢ mo0bIM MUpOM B Tipezenax ["anakTiku. DakTHYeCKH KOMIMHKH Clie-
JyeT CPaBHHUTH CO cMapT(HOHAMH, ITPU OJHOM BAKHOM OTIMYHU — OHU
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HE MOIITH 00eCTIeduTh MpsiIMOro Bbxoa B ['omoCers. MOXKHO mpoBecTH
AHAJIOTHIO C COBPEMEHHBIMH, YCOBEPIIICHCTBOBAHHBIMY HHIUBUTyallb-
HBIMH TIEPErOBOPHBIMHU YCTPOMCTBaMHU, MCHOIB3YIOIIUMUCS B BOOPY-
JKEHHBIX CHJIaX OOJBIIMHCTBA COBPEMEHHBIX TOCYIapcTB [24, p. 209].

B03MOXHOCTh NPUMEHEHHUSI PECYPCOB TaJAKTUYECKOM CETEBOM
IJIOIIAJKH IpakaaHaM ['aJakTUKU BO BCEJIEHHOM «3BE3HBIX BOHH
o0ecrneunBano apyroe yCTpOHCTBO, MMEHYEMOe JaTaraoM (Ha xap-
rone — Jexoi). Jlannelii aHamor mHGOPMALMOHHOTO IJIaHIIETa OBbLI
MpeJHa3HaueH i1 NOMCKOBOM aesrenbHOCcTH B l'onoHere, xpaneHus
(oto- m BUAEOMaTEpUaoOB, paboTk B chepe rpaduyeckoro nuzaiina,
WCTIOJIb30BaHMA B KOMITBIOTEPHBIX UTpax [12].

Takum oOpa3oM, TBOPYECTBO MHCATENICH, HAYaBIINX pabOTy BO
BCEJICHHOH «3Be3IHbIX BOWH» B 1990-X IT., 0Tpakajao HOBBII AJIs TOTO
nepuoaa (heHOMeH OOIIECTBEHHOW XHM3HU — VIHTEpHET, MOCTENEHHO
oOpeTaBIuii Bce Ooiee MPOYHBIE MO3UIMK B BOMPOCAX MEKCYObEKT-
HOM KOMMYHUKAIIUH.

CnoxHO oTpHuIath TOT ¢akt, 4To eme B ¢humbme . Jlanra «Me-
Tpomonucy (1927 1.) BepBbIe MMOKA3aHO MCIOIL30BAHNE BHUICOCBSI3H.
JlaHHOE SIBJIGHUE HAIILUIO MECTO U B TIOJIB3YIOMIEHCS OOJBIIIAM YCIIEXOM
HayYHO-TIONYJISIpHON (paHIm3e «3Be3aHbli myThy» («Crap-Tpek»), co-
snanHoi J[. PognenOeppu eie B cepenune 1960-x rr. OqHako HEBO3-
MOYXHO HTHOPHPOBATH U TO 00CTOATEIHCTBO, YTO UMEHHO BO BCEJICHHOM
«3Be3MHBIX BOWH» NMPUMEHEHHUE AUCTAHIIMOHHOTO KOMMYHHUKAaTHBHOTO
YCTPOMCTBA, OCHAIIEHHOTO BO3MOYKHOCTBIO BH3YalbHOTO KOHTAaKTa,
OBLIO MPOJEMOHCTPUPOBAHO B HAMOOJIEE ICTETUIECKH IMPUBIICKATEIb-
HoM ctuiie [24, p. 213].

B xonme 1970-x — 1980-x IT. BHIEOCBSI3b B «3BE3AHLIX BOMHAX)
W3HA4YaJIbHO ObLIa MOoKa3aHa B (hopMe M300pakeHHsI Ha KOMITbIOTEPHOM
JKpaHe, 00Ja1aroIIeM OONBIIOHN TNTOCKOCTHIO M 00€CTIeUHBAIOIIEM KPYTI-
HyI0 KapTHHKY. CiieioBaressHo, Obliia mpeyraiaHa CHCTeMa CBS3H, CO3-
narHas Ha pyoexe 2000-2010-x rr., koTopast 0a3upoBajiach Ha UCTIONB30-
BaHMH CTallMOHAPHBIX KOMITBIOTEPOB U HOyTOYKOB [19, p. 15].

B cBoto ouepens, ppanmmza Jl. Jlykaca nociyxuia rmiatdhopmMoit
JUTS TIOMYJISIpU3aliiy roorpadudeckoil cBa3u. Yxke B Onuzone Yersep-
ToM «HoBas Hanmexma» 3putensm ObIT MPOAEMOHCTPUPOBAH TOJIOTpa-
(hraeckuii mpoekTop (TOIOTPOEKTOP), 0OSCITCUNBAIOITNI CBSI3b ITOJIb-
30BaTeNs MPAKTUYECKH C JIF000# Toukor ["amakTHku (3a UCKITFOYCHHEM
TEPPUTOPHIA, OXBaUCHHBIX KOJICOAHUSIMH 3BE3J1, IPOBOLHUPYIOMIUX Ce-
pre3Hble momexu) [23, p. 74].
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Taxum oOpazom, clieyeT KOHCTaTHPOBATh, UYTO, B OMPEICIICHHON
CTETEHN, B «3BE3/IHBIX BOMHAX» paccMaTpuBaiach BO3MOXKHOCTb CO3-
JIaHVsI KAYeCTBEHHOU JIUCTAHIIMOHHOM CBsI3U B BUIeOpopMaTe, TO eCTh
KaK M B MHBIX (paHTACTHUYECKHUX (hpaHIIM3ax, HO B Ooyiee MaclITaOHOI
(hopme OBIT BBICKA3aH TEXHOJIOTHYECKUN MPOTHO3, KOTOPHIHA, IO MHO-
UM TlapaMeTpaM, OKa3ajics BEpPHBIM, C YIETOM TeX MPUHITUIIOB U BO3-
MOXKHOCTEH, KOTOPBIMH 00J1aJIal0T COBPEMEHHBIE KOMIBIOTEPHI, aifma-
I6l ¥ alihOoHBI, © KOMMYHHUKAIMOHHBIE T1atdhopmel — Skype, Zoom,
Yandex Telemost u nip.

T'ononpoekTopsl, Mo MOHATHBIM IPUYKNHAM, TIPOU3BOMIINCE B TIPO-
MBIIUICHHBIX MacIITabax ¥ MPUMEHSITUCH HE TOIBKO /IS OCYIIECTBIIe-
HUS ABYCTOPOHHEH CBS3H, HO W B 00pa30BaTeNbHBIX M Pa3BJIeKaTeIb-
HBIX IIEJISX, TaK Kak 00beM HX IaMSTH IO3BOJSUI XPaHHUTH OOJBIIOE
KOJIMYECTBO (paiiiioB.

Kak cnenyer w3 pomana /. BonBeprona «BwiOop mpuHIIECCHI
Jleitny, nanmucanHoro B 1996 1., ronorpadudeckue 3arnucyu MOTIIA OCTa-
BaThCS B COXPAHHOCTH Ha MPOTSHKEHUH HECKOIBKUX CTOJICTHH, IPUYEM
HE TOJIBKO B IMaMSATH YCTPONCTBA, HO W Ha KOMITaKT-AuCKax. OTHOCH-
TEJBHO JIMUCKOB CIIEYeT OTMETUTh, YTO UX YITIOMUHAHUE OBLIO CBSI3aHO
C aKTHBHBIM BHEJ[PCHUEM JIaHHBIX HAKOMHUTENICH HHPOPMAIIUU B O0IIIe-
CTBEHHYIO KM3Hb B IE€PHOJ CO3/IaHUS pacCMaTpPUBAEMOTIo JIUTeparyp-
HOTO Tpou3BeneHus [21, p. 287].

Tonorpadudeckue mpoeKTops! OBLTH 000PYI0BAHBI TAKUM 00pa3oM,
g10 obecreunBaiy (GOPMHUPOBAHHE OOBEMHBIX KOMHUH COOCCEITHUKOB
B (popmare 3D. BonbIas yacTh JaHHBIX YCTPONCTB OBLITa OCHAIIEHA Ka-
YECTBEHHBIMH JTUHAMUKAMH, YTO TIO3BOJISUIO CyObEKTaM KOMMYHUKAIHX
OTYETJIMBO CJIBIIATH ApYr Apyra. Kpome toro, rojgorpaduueckue m30-
OpaXeHUsT MO 00peTaTh BeChMa MacITabHbIe pa3Mepsl [26, p. 150].

JI1s JOCTIDKEHUs CTOJIb BIICUATIIAIONIETO BU3YaJbHOTO 3 (dek-
Ta yYaCTHHKaM KOMMYHHUKAIIMOHHBIX JEHCTBHUI ClleOBaNO BCTaTh Ha
CrenragbHbIe IaT(OPMBI M 3aHSATH MECTO TOYHO B UX IIeHTpe. [laHHbIC
1aTGOpMbl 00ECIIEUMBAIN U PE3KOE YBEJINYECHUE YPOBHSI 3BYyKa, YTO
TaKXke J00aBIsIO ONPEeSICHHYI0 COMAHOCTh. Kak mpaBuiio, aTa BO3-
MOYXHOCTb HCITOJIb30BAJIaCh OJTHUM U3 YYaCTHUKOB Oecesbl Ui OKaza-
HUS TICHXOJIOTHYECKOTO 3 eKTa Ha BTOPOTO U3 HUX, B OCHOBHOM — JIJISI
ero ycrpamenus. [Tomoonsrit mpueM npumersut Mimmieparop Iaamarus,
a B TaK Ha3bIBa€MOM HOBOM KaHOHE, CO3IaHHOM I10CJIe IPHOOPETEHUS
npaB Ha QpaHmKM3y «3Be31HbIC BOWHBD Kopropanuei JucHeli B Hava-
ne 2010-x rr., — co3ganabii uM BepxoBusriil nuaep CHoyk [7, c. 151].
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lonorpagudeckue mpoeKTOPHI MaIO MOITHOCTH 00T 1A 3HAYH-
TEJILHO MEHBIIUM 00bEMOM NaMATH B CPABHEHHH CO CTALlMOHAPHBIMHU
ycTpoiicTBaMu. [l yBeIMYEeHHs JaHHOTO MapaMeTpa K HUM HOAKIIIO-
Yanuch rojorpaguyecKue pekopaepsl (MHOE Ha3BaHKe — roiorpaduye-
CKHE perucTparopsl). Pekopaepsl ObUtH OCHAIICHB! (PYHKIIMEH 3aricu
TpeXMEpHBIX (OoTOM300pakeHuit u BHUIeodainos. IlogkmoueHue pe-
KOpZiepa TO3BOJISUIO COXPAHATh OOJBINNE BHIICOJOKYMEHTHI, OOIINM
o0beMOM B JBecTH dacoB. OHAKO JaHHOE AOMOJHUTEIBHOE YCTPOM-
CTBO I10 CBOEH Macce MPEeBOCXOIMIO KUIOrpaMM; €ro CTOMMOCTh CO-
cTaBisAya Oojee THICSYN KPEIUTOB — CyMMa, KOTOPYIO OOJIBITMHCTBO
rpaxaan Pecry6nuky / Umniepuu ObTH HE B COCTOSHUM TTOTPATUTh HA
momo0HbBIe HYXKIBI [21, p. 269].

B nmanHOM cmydae mpociiexuBaeTcs OTOOpakeHHE OdepeTHON
3n00oaHeBHON TpoOsiemsbl. [loxpobHoe ommcanue rojorpaguyecKux
YCTPOMCTB B «3BE3IHBIX BOHHAX» HAYAJIOCh B TaK HAa3bIBAEMYIO JIOXY
MIPUKBEIIOB, T.€. BpeMsl CO3/IaHusI HOBOH Tpuioruu: «nu3ona [lepsoro.
[Ipuspaunas yrposa»; «29mnm3ona Broporo. Araka KIIOHOB» 1 «mn3o/a
Tpetsero. Mectb cutxoB», B 1999-2005 rT. (CO3MaHHBIX MPH TOMOIIN
HOBEWIINX HAa TOT MOMEHT KOMITBIOTEPHO-TPAPHUECKUX TEXHOJIOTHI)
[19, p. 196].

B naHHBII XpOHOJOrMYECKUN OTPE30K elle He ObLTU BBEICHBI
B 3KCIUTyaTalyio KpynHoMaciTabHble HakomuTenu nHpopmarmu. Ha-
npumep, B 2004 1. KypHaNbl, OCBEMIAIONINE Pa3BUTHE KUOEpHETHYE-
CKHX TEXHOJIOTHH, OTMETHIIH, KaK BeCbMa 3HaMeHaTeJIhbHOe COOBITHE,
CO3JIaHUE SAMTOHCKIMH WH)KEHEPaMH JKECTKOTO JTUCKA, 001 aBIIero ma-
MSITBIO B BOCEMb TMTa0alT U pa3MepoM HE YCTyMaBLIEro cpeaHedop-
MaTHOMY KHIKHOMY Tomy [24, p. 219].

CrenosarenbHo, MpUBJICUCHUE BHUMAHHS YUTATENel K TeMe ¢ Ma-
JIOTa0apuUTHBIMU TOJIOTPaUUECKUMH MPOEKTOPaMHU M PETUCTPaTOpaMu
B YKa3aHHBIH [TEPHOJ] IMEJIO OTHOIIEHHUE K CEphe3HOH IpodIiemMe, CBsI3aH-
HOW ¢ OTpaHMYCHHBIMH BO3MO)KHOCTSIMH TI0 XPaHEHHUIO TAHHBIX, a TAKKe
MIPOCTPAHCTBEHHOU U TPAHCIIOPTUPOBOYHOMN MTpoOieMaM, KOTOPhIEe ObUIH
BBI3BaHbI OOJIBIIMMU pa3MepaMH JaHHBIX yCTPOUCTB [23, p. 201].

[To MOHATHBIM pPUYMHAM, TIHCATENN U KHHEMaTorpaducTel, pado-
TaBIINE CO BCEJICHHOHN «3BE3THBIX BOWHY», HE MOIIM HE HCIBITHIBATH
po0JieM B MOM00HOM CHUTYAIMH, YTO HAILIO OTPAKEHHE B WX MPOU3-
BeneHnsx. Kpome Toro, HeomHOKpaTHas (pUKcanys BHUMaHUS 3PUTEITb-
CKOM M YMTaTeNbCKOM ayTUTOPUM Ha LIEHOBOM CTOMMOCTH TOJIOPEKOp-
JIEpOB TaKkKe MMeja MO COOOH BIIOJHE MPAaKTUYECKUE 000CHOBAHHMS.
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Kak u B paccmarpuBaemoii paHTacTHYECKON (hpaHIIn3e, CpeIHECTaTH-
CTHYECKHI IpaXJaHNH 3a4acTyl0 HEe UMeJl (UHAHCOBON BO3MOXKHOCTH
i ux npuodperenus [20, p. 93].

Haubonee opurnnanbHas KOHUEHIMS, TPEJIOKEHHAs BO BCEJICH-
HOHM «3BE3IHBIX BOWH» B paMKaX pacCMaTpPHBACMOW TEMBI, — OHOJIO-
IMYECKUe TEXHOJIOTMH. BriepBrle naHHas uiest Obula OCBEILEHa elle
B 1993 r.,, B pomane K. Taiiepc «Ilepemupue Ha bakype». B 310l kHU-
re MIaBHBbIE TEPOM CTAIKHUBAIOTCS C arpeccopamM M3 OTJAJIEHHOW Ty-
MaHHOCTH — Pa3yMHOHN PENTUIOWAHON pacoil ccu-pyyk (LIMIH-PYYK).
VY4eHble CCH-pYyK Hay4HJIHCh 10OBIBaTh SHEPTHUIO U3 JKHUBBIX CYIIECTB
(B IepBy10O oOuepes — PasyMHBIX ) M HICTIONIB30BaTh €€ B Ka9YeCTBE TOILIN-
Ba JIJISl DQHEPIETHYECKHUX TEHEPATOPOB, BEIYACIUTEIBHBIX MAIINH BBICO-
KOM MOIIHOCTH, a TaKXe JUCTAaHIIMOHHBIX MEPErOBOPHBIX YCTPOWUCTB
[24, p. 78].

Bonee macmTaOHble Hen OTpa)keHbI B TUTEpaTypHO cepuu «Ho-
BbIf OpzieH JKeqaeBy, B KOTOPOM YIIOMHMHABIIHECS BhIIIE Hyy)KaHb-
BOHTH HAyYMJINCh BBIPAIMBATh JKUBBIE AaHAJIOTH OOEBBIX M TpaHC-
MOPTHBIX KopaOiiell, KOMIIBIOTEPOB U aIIaparoB, 00eCIECUUBAIOLINX
KOMMYHHKAIIMIO Ha aCTPOHOMHMUYECKHX paccTosHMsIX. Crenyer oTMme-
TUTb, YTO B 000OMX CiIydasx IIaBHOW 3a/jaucii aBTOPOB SIBISLIACH KpH-
THUYECKasl OLIEHKA JKECTOKHMX OIBITOB HaJ JIIObMH U JIUILIEHUS pa3yMa
JIOBEPUMBBIX WHAMBHIYYMOB B PEIUTHO3HBIX cekTax. OJHaKko B JaH-
HOM ClTydae HeoOXOMMO MPU3HATH M CTPEMIICHHE OCBETUTH MTPOOIEMBI
OTPAaHNYEHHOCTH NIPUPOJHBIX PECYPCOB U AIITEPHATUBHBIX BAPHAHTOB
TEXHOJIOTMYECKOro pa3Butus [23, p. 204].

3aKkjoueHue

AHanu3 TpencTaBIeHHBIX B JAHHONW padoTe MaTepHaioB TO3BO-
JSIeT KOHCTaTUPOBATh, YTO BCEJICHHAS «3BE3/IHBIX BOMH» MOXKET TPe-
CTaBIJIATh HAYYHBIH WHTEPEC IS SKCIIEPTOB, UCCIEAYIONINX XapaKTep-
HbIE YEepPThl OTOOPAKEHUS BHICOKOTEXHOJOTHYHOW BBIYMCIUTEIHLHOU
TEXHUKHN U COIHMAJIbHBIX ceTel B HCKYCCTBC.

B nepByro ouepens, JaHHBIN BBIBOA Oa3upyeTcs Ha TOM (pakrte, 4To
OCMBICIIeHNE (PpaHIIN3bl «3BE3THBIX BOWHY» MO3BOJSET OMPOBEPTHYTH
OITMOOYHBIA TE3WC O €€ MCKIIOUMTENIFHO pa3BleKaTeIhbHONW Hampas-
JICHHOCTH. B peambHOCTH, C MOMEHTa CBOETO CO3JIaHHS, JaHHAs (aH-
TaCTUYECKas BCEJICHHAs! SBJISCTCS aBaHTIOPHO-(PHIOCO(CKOH MO CBO-
€My XapakTepy, COOTBETCTBEHHO, B €€ IPOM3BEACHUAX IOJHUMAIOTCS
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pa3NnYHbIe BONPOCH MOPAJIbHO-3THYECKOTO XapakTepa W MpOoOIeMBl,
aKTyaJbHBIE JUIsl TOTO WJIM MHOTO TIEpUOJia BPEMEHH.

Crnenyer npusHath TOT (akT, 4To (hpaHmIM3a «3BE3IHBIC BOHHBI
OKasajla COJEHCTBHE B IPOLECCE MOBBILIEHUS MOMYJISIPHOCTH KOM-
MBIOTEPHBIX TEXHOJOTMH U COLUMAIBHBIX CETEH — B IEPBYIO OYEPEb,
[IOCPEIICTBOM OTPAXKEHUSI UX 0COOEHHOCTEH B KMHEMAaTOIrpapuIecKux
W JTUTEPATYPHBIX MMPOU3BEACHUSX, & TAKKE C MOMOLIBIO (paKTHUECKON
peKIaMbl BBICOKHMX TEXHOJOTHM, MCIHONB30BAaBIIUXCS MPHU CO3aHUU
MOJTHOMETPAXKHBIX (PUIBMOB.

B nannoii (hanTacTUUECKOM BCEICHHOM CIIEAYET OTMETUTD HE TOJIb-
KO CBOEBPEMEHHYIO PEaKIUI0 HA U3MEHEHHUS B Pa3BUTUH JBYX JIAHHBIX
cdep, HO U MHOT'OYHMCIICHHbIE POTHO3bI OTHOCUTEIBHO MX AaJbHEH-
LIEro Mporpecca, 4acTh U3 KOTOPBIX OKa3alach TOYHOM, B 4YaCTHOCTH
OTHOCUTEIILHO Bce OoJiee BO3PACTAIOIICH POJIM COIMAIbHBIX CeTei
B OOIIECTBEHHOMN JKU3HU, OYpPHOTO Pa3BUTHsI KOMMYHHUKAIIMOHHBIX BH-
JIEOYyCTPONCTB, MOJIHOMACIITAOHOTO Pa3BUTHS POOOTOTEXHUKH U HC-
KYCCTBEHHOI'O MHTEJIIEKTA.
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AnHoTanusi. B 1aHHO# MccnenoBaTebckol paboTe TPOBEACH aHAIH3
KOJUTOKAIIUH, CBSI3aHHBIX C MOHATHSIMH «3aI1aX», «apoMar), KBOHb» U «CMPa»
B PYCCKOM H QHIJIMHCKOM S3bIKaX, C HCIOJIb30BAHHUEM KOJHNYECTBCHHBIX
METOJIOB M aBTOMAaTHYeCKol 00paboTku s3bika Ha Oase HarpoHaabHOTO
kopmyca pycckoro s3eika (HKPSI), kopmyca aHTIMHCKOTO — sI3bIKa
(COCA) m ManreitmMmckoro Kopmyca i HEMEIKOro s3bika. [lomydeHHbIe
CTaTUCTHYCCKHUE ITOKA3ATEIIN [TO3BOJISIOT BBISIBUTH OCOOCHHOCTH yITOTPEOICHMUS
MpHUJIAraTeIbHbIX, T1aroj0B U CYIICCTBUTCIIBHBIX, OTPAYKAIOIINX OTHOLICHHE
K 0JIb()aKTOPHOMY OIBITY B AHTJIMHCKOM, PYCCKOM M HEMELKOM SI3BIKaX.
PesynbraThl Jaf0T BO3MOXKHOCTH CPAaBHHUTH OINKCAHMs 3allaxOB B Pa3sHbBIX
KyJIbTypax W BBIABUTH TCHACHIMH B OIICHKE OJb(AKTOPHBIX BIICUYATICHHUI.
3aKOHOMEPHOCTH B COUYETAEMOCTH OJIb(DAKTOPHOM JICKCHKHU TAKIKE YKA3bIBAIOT
HA TEHACHIIMIO KJIOYCBBIX CJIOB K MPHOOPETCHHIO IOJOXKHUTEIBHOW WIIH
OTPHULIATENILHON YMOIMOHATIBHON OKPACKH 32 CUET KOJUIOKATOB.

KiroueBble ¢JIOBa: KOJWYCCTBCHHBIC METOBI; aBTOMATHYCCKAs
00paboTKa sA3bIKa; KOPITyCHAs JIMHIBUCTHKA; CEMAaHTHKA 3aIaxoB.
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Abstract. In this research work, an analysis of collocations associated
with the concepts of “smell”, “aroma”, “stench” and “stench” in the Russian
and English languages was carried out using quantitative methods and auto-
matic language processing on the basis of the National Corpus of the Russian
Language (NCRL), corpus English (COCA) and the Mannheim Corpus for
German. The obtained statistical indicators make it possible to identify the
peculiarities of the use of adjectives, verbs and nouns that reflect the attitude
to olfactory experience in English, Russian and German. The results allow us
to compare descriptions of odors in different cultures and identify trends in the
assessment of olfactory impressions. Patterns in the compatibility of olfactory
vocabulary also indicate the tendency of keywords to acquire a positive or
negative emotional connotation due to collocates.

Keywords: quantitative methods; automatic language processing; corpus
linguistics; semantics of smells.

BBenenue

Pa3Butne TexHoMOrui, MO3BOJIAIOIIMX MPOBOAWUTH aBTOMAaTHYe-
CKyI0 00palOTKy f3bIKa, B COYETAHNUHU C KOPITYCHOM JIMHTBUCTUKON Ce-
TOIHS 3HAYUTEIHHO 00JIeTdaeT MPOBEACHNE UCCIICTIOBAHUH C TIPUMEHE-
HUEM KOJIMYECTBEHHOTO (KBaHTUTATHBHOTO) METO/IA.

KonmuecTBeHHOMY METO/Ty B JJMHTBUCTHKE MPOTUBOTIOCTABIISIETCS
KaueCTBCHHBIN, KOTOPBII CUUTACTCS MEHEE TOYHBIM U Oosiee CyObek-
TUBHBIM. [IpoBOAsSI CpaBHUTENBHBIM aHAJIN3 ABYX JAHHBIX METOIOB,

29
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A.B. KameeBa yka3plBa€T Ha TO, YTO KOJMUYECTBEHHBIM BKIHOYACT
B ce0sl «JIMCTICPCUOHHBIA aHaIW3 W HOPMAJIBHOE paclpe/ielicHue,
KJIACTEPHBIA M (aKTOPHBIA aHAIN3, PErPEeCCHOHHO-KOPPETSALMOHHBIN
aHaJIN3», B TO BpeMs KaK KaueCTBEHHBIM METOI COCPEIOTAauMBACTCS
Ha «HCCIENOBAaHUN M300paKCHUM, MMCHhbMEHHBIX TEKCTOB MJIH 3aIHCEH
YCTHBIX TEKCTOB, B XOZI€ KOTOPBIX MCCIIEIOBATENb MBITAETCS BBHISBHUTH
€MHBIA OOmUi CMBICI. B JHHTBUCTHKE TpUMEpaMu KadyeCTBEHHBIX
METOJIOB MOTYT CJIYXXHTh KOHBEPCAIIMOHHBIH W ATHOTpapUIeCKUil
anamms3» [1, c. 155].

Bonpirast BapuaTuBHOCTh HHCTPYMEHTOB KOJTMYECTBEHHOTO METO-
Jla ¥ €0 PacIpPOCTPAHCHHOCTh B PA3TUYHBIX TCOPETHUSCKUX HAIPaB-
JIEHUSIX PUBOJIAT K TOMY, 4uTO, kak otMevaeT C. C. Bepxo3uH, JaHHbIN
METOJ CJIOKHO COOTHECTH C KOHKPETHBIMU OTPACIISIMHU SI3BIKO3HAHUS.
ABTOp yKa3bIBaeT Ha TO, YTO NMPUMEHEHUE KOJUYECTBEHHBIX METOAOB
U B MaTeMaTUYEeCKOW, U B CTATUCTUYECKOM JIMHTBUCTUKE TMOPOKIAIOT
BOIIPOCHI K TOJIOKEHUIO TAKOTO HAIPABJICHHS KaK KOJWYCCTBEHHAS
JMHTBUCTHKA [2, ¢. 147]. B pamkax MareMaTHn4ecKoi JIMHTBUCTUKH KO-
JMYECTBEHHBIE METOJbI IIPUMEHSIOTCA TP pa3padoTke GopMaTbHOTO
amrmapara i ONMUCAHMs CTPOSHUS S3BIKOB (MCKYCCTBEHHBIX U €CTe-
CTBEHHBIX), B CTATUCTUYCCKON JTMHTBUCTHKE TIPUMEHSIOTCSI BEPOSITHO-
CTAaTUCTHYECKUE METOJBI, MO3BOJISIONINE BBIICTATh KOJTHMUYECTBCHHBIC
3aKOHOMEPHOCTH B TEKCTE.

[Ipu mpoBenaeHUN HCCICAOBAHUNA C WCTOIL30BAHUEM CTATHCTH-
YECKUX METOJIOB BBIJEIIAIOT HECKOIBKO THIOB TepeMeHHBIX. Koim-
YECTBCHHBIE IEPEMEHHBIC B JIAHHOM CIIy4ae SIBISIFOTCS JIMHTBUCTH-
YECKUMU equHHUIaMu (POHEMBI, MOP(PEMBI, CIIOBa, CIOBOCOUYCTAHHS)
[3, c. 772]. IlockonbKy COBpEMEHHBIE TEXHOJIOTHH ITO3BOJISIOT aBTOMA-
THU3UPOBATH MPOLIECC BHIMOTHEHHUS KOIUYCCTBEHHOTO aHAIN3a, TO CTa-
TUCTUYECKYIO JIMHTBUCTHUKY YacCTO OMPEHETSIOT KaK pasfei KOMITbO-
TEPHOI TMHTBUCTUKHU.

BosMoxkHOCTE OBICTpOi M 3PPEeKTHBHONH 00pabOTKH OONBITUX
MAaCCHBOB JAHHBIX 32 OTHOCUTEIBHO KOPOTKUN MPOMEXKYTOK BPEMECHU
JIOCTUTACTCS 3a CYET PA3BHUTHUS MPOTPAMM, MPEIHAZHAUYCHHBIX IS 00-
paboTKM €CTeCTBEHHOTO si3bIKa. C IICNIbI0 BBIMOJHEHHUSI SI3BIKOBOM 00-
pabOTKHM TIPUMEHSICTCSI aBTOMAaTHICCKUAN aHau3, B KOTOPOM TIPHHSATO
pasnuuarh cienyromue dTansl: 1) rpademarnyeckuit; 2) MoOpQoIorH-
YeCKHi; 3) cHHTakcH4yeckuid, 4) cemantuueckuid [4, c¢. 301], nHOTHA
HUMEET CMBICI BBIICIATH €ILE OJUH dTall — 5) mparMaruueckuii [5, p. 8].
Kaxxapril U3 3TarnoB MOXKET CTAIKUBATHCS C OMpPENeICHHBIMU HEOIHO-
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3HAYHOCTSIMH, BO3HUKAIOIIVMMU 10 IPUUUHE CIOKHOCTH KOAUPOBAHUS
BCEX SI3BIKOBBIX OCOOCHHOCTEH.

Takum 06pa3om, IpUMEHEHHE BO3MOXHOCTEH COBPEMEHHBIX TEX-
HOJIOTHI COBMECTHO C OTPOMHBIMH OOBEMaMH KOPITyCOB OTKPBIBAET
OopIoe mose A JTWHTBUCTUYECKUX HccienoBaHuii. Ceromus s3bi-
KOBBIE KOPITYCHI ITO3BOJISIIOT ITPOBOINTH JIEKCUUECKHI aHAIU3 MPH I10-
MOIIM OUCKA KOJUTOKAIWH, O] KOTOPBIMH B KOPITYCHOM JINHIBUCTHKE
MMOHMMAIOTCSl CTAaTUCTUYECKN YCTONYMBBIE CIOBOCOYeTaHus [6, c. 57].
[lox «ycTOMYMBOCTBIO» B IaHHOM CiIydae HE TOApa3yMeBaroTcs (pa-
3€0JI0TMYECKAE MM MUOMATUYECKUE BBIPAXKECHHUS, KOTOPBIE, OJIHAKO,
TaKke MOT'YT BCTpedarbcs. BaXKHOCTh M3yUEHUs KOJJIOKATOB C IIpUMeE-
HEHHMEM KOJIMYECTBEHHBIX METOOB 00YyCIaBIMBAETCS TEM, YTO YUCIIO-
BbIC TIOKA3aTEJIM CIIOCOOHBI OKA3aTh 3aKOHOMEPHOCTH MCIIOJIb30BAHUS
JIEKCUKH, YaCTOTHOCTb T€X MJIM MHBIX JIEKCHYECKH €IMHUI] B OIpEe-
JICHHBIX COYETAHUSX U KOHTEKCTaX. [[aHHbIE pe3ynbTaThl MOTYT IIPUMeE-
HATH JIJIS1 COMOCTABIICHUS SI3BIKOB M BBISIBJICHUS KYJIBTYPHBIX OCOOEH-
HOCTEH.

Lean, MaTepuaabl 1 METOABI PA0OTHI

B pamkax maHHOW pabOTBHl MpeAroiaraeTcs MPOBECTH aHaIM3
BBIOOPKM KOJJIOKAIIMK K CIIEAYIOIUM JIeMMaM: «3arax», «apomary,
«BOHBY, «CMPaJ» ¥ UX CIIOBAPHBIM SKBUBAJIEHTAM B aHIJIMHCKOM SI3BIKE
«smell», «aromay, «stink», «stenchy.

[lomyueHHble gaHHBIE OBUTM COPMHPOBAHBI ABTOMATHUYECKU
C TIOMOIIBI0 MMEKIIUXCS HHCTPYMEHTOB HarmoHanmpHOTO KOpiyca
pyccxkoro s3bika (HKPS) n Kopnyca anrmuiickoro sseika (Corpus of
Contemporary American English — COCA).

B HanmoHaibHOM KOPITyCE€ PYCCKOTO SI3bIKA /111 COCTABJICHHUS BbI-
OOpKHU TIPUMEHSIICS HHCTPYMEHT IIOPTPET CI0Bay», U3 KOTOPOTO OTON-
panuck 15 Hanbosee 4acTOTHBIX TpuMepoB. Komtokanuu moaoupanuch
[0 TPEM NPU3HAKAM: UM CYIIECTBUTEIHLHOE C PACCTOSIHUEM, PaBHBIM
4; Tiaron U npuiiararesibHoe ¢ paccrosinueM —4 u 4. BeiOopka copTupo-
BajIach IO MapameTpy t-score, TaHHBIN MapaMeTp «BBIYHCISAET YACTOTY
COBMECTHOH BCTPEYaeMOCTH KITIOUEBOTO CJIOBA M €r0 KOJIJIOKAaTOBY [7].

B xoprryce COCA wmcmonb3oBaiach (DyHKITHS TOWCKA KOJIIOKa-
uui. J{ns npunaraTenbHBIX U TIIAaroJioB OBLIO BEICTABIEHO PACCTOSIHHE
or —4 no 4. Ilpu moucke CYIIECTBUTEIBHOIO I MPEIOTBPAICHUS
HEMPaBUIBHOIO aBTOMAaTHYECKOTO0 CEMaHTHYECKOTro aHaju3a (KOopIyc
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BbIJIaBaJl IPUMEPHI, TZI¢ UCXOJHOE CJIOBO BBICTYNAJO B KAUECTBE IVIa-
rojia, a He CyIIECTBUTEIBLHOIO) OBIJIO MPHUHATO PELICHUE PACHIMPHUTH
MOUCKOBBIN 3ampoc npemsiorom «of» («smell of», «aroma of» u T.1.).
3TO 00BSACHSIETCS TEM, UTO JiaHHAass KOHCTPYKIIMS B aQHIJIMHCKOM SI3bI-
ke (N-+of+N) BEIOMHAET PYHKIIMIO POTUTEIHHOTO MMA/IekKa B PYCCKOM
s3bIKe. PaccTosHue U1 ITOKUCKA CYIIECTBUTEIBHOIO PaBHAIOCH 4. BbI-
0OpKa COPTUPOBAIIACH IO KOJIMYECTBY YACTOTHBIX BXOXKICHUH.

Pe3yabTarhl Hcc/ie10BaHUS U UX 00CYKIeHUE

[ockonbky ripu popmupoBannu Be1oopku B HKPSI crimcox opopm-
JISUICS C TIOMOLLBIO t-Score, a He 110 KOJIMUYECTBY BXOXKICHUH, TO JIEKCe-
MBI B PYCCKOSI3BIYHOM BBIOOpKE HE BCEr[a YepeiyroTCs OT OONBLIEro
KOJIMYECTBA BXOXKJICHUI K MeHbLIeMy. TeM He MeHee, HHTEPECHBIM Ka-
xetcst ToT (hakT, uto kopryc COCA, obnanaronuii 6a3oii JaHHBIX, PaB-
HOU 1 MupH, WMeeT MPUOTU3UTEIHFHO OAMHAKOBOE (MHOTJAa MECHBIIIEE)
YHUCIIO BXOXKICHUH KOJIJIOKATOB B CPaBHEHHWH C OCHOBHBIM KOPITYCOM
HKPA (374 moa Ha 2024 TON).

[Ipn aHanu3e pyccKo- M AHIIOSA3BIYHBIX HPWIIATaTeNIbHBIX BHI-
HO, YTO KOJIMYECTBEHHBIM MOKa3aTelb BXOKACHUI B PYCCKOM SI3BIKE
YMEHBILAETCS B 3aBHCHMOCTH OT KJIFOUEBOT'O CJIOBA «3allax» — «apo-
MaT» — «BOHBY» — «CMpPa», 4YTO MOXKET 00yCIIaBINBaThCS HECKOJIBKUMHU
npuduHaMu: 1) ynorpeOMMOCTh KITFOYEBOTO cJioBa («3amax», Oymydn
OoJiee HEUTPaIbHBIM U O0IIEYIOTPEOUTEIBHBIM CJIOBOM, UCIIOJIB3YET-
Csl 3HAYUTENFHO Yallle «apoMaTa», KOTOPBII MOJOKUTEIFHO OKpalleH
U HCIOJB3YeTCsS CHUTYaTHBHO, OTPULATEIILHO OKPAIICHHBIE «BOHDBY
U «CMpPa UCIOJIB3YIOTCS peXe); 2) B pyCCKOM sI3bIKE BU/IHA TE€HJICH-
I[IUS Yalle XapaKTepru30BaTh C MOMOIIBIO MPUJIaraTelbHbIX HEUTpallb-
HbIE WJIA TIOJIOKUTEIHHO OKpAIIEHHBIE JIEKCEMBI («3arax», «apomar)
1 HE OIIUCHIBATh OTPULATENILHO OKPAIlICHHBIE.

HKPA COCA HKPA COCA

4acCToT-
HOCTb
qacToT-
HOCTb
qacToT-
HOCTb
4acCToT-
HOCTb

3anax / smell — mpunararenpbHble | apomar / aroma — IpuiiaraTebHble
1. |cBexuii 632 | sweet 621 | TOHKMIT 241 | sweet 140
2. | cunbHbIIL 570 | bad 361 | HexHbIH 158 | fresh 74
3. |menpusartHsiii | 504 |strong | 360 |mpusTHeni | 145 |rich 73
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4. | npusATHBIN 479 | fresh 275 | cBe)uit 137 | pungent 72
5. |ocrpsrit 438 |burning | 249 | npsHbIit 116 | wonderful | 61
6. | crmamkuit 405 | faint 207 | cmagkuit 103 | strong 54
7. | Txensii 404 |musty | 173 | cunbHbIi 90 |delicious 52
8. | peskuit 394 | hot 172 | reruiplit 80 | faint 49
9. |rycroit 340 | familiar | 158 | monHbIf 83 |heady 48
10. | rerubrit 339 | warm 156 | nerkwmii 77 |pleasant 45
11. | 3HAKOMBI 331 | sour 150 | pymumcteiii | 72 | spicy 41
12. | xpenkuii 315 | thick 148 |rycroif 70 |floral 31
13. | ToHKUi 283 | sharp 147 | HOBBIH 82 |warm 30
14. | nerkuii 276 | wet 144 | ocoOprit 68 |baked 28
15. | kuciublii 249 | pungent | 138 |Becennnii | 52 |earthly 25

KBaHTUTATHBHOCTh AHTJIMACKUX JIEKCEM TaKXKe I[OKa3bIBaeT
TEHJIEHLIMIO K CHIKEHUIO «smell» — «aromay — «stink» — «stenchy. O-
HAKO JIaHHBIC TaOJUIIBI JIAI0T HHTEPECHBIC PE3YJIbTAThI: PA3PhIB MEKITY
MEPBON U TMOCJCAYIOIIMMHU JICKCEMaMH ¢ TOYKH 3PSHUS YaCTOTHOCTH
MIPaKTHYECKd KpaTeH IBYM IPH KIIOYEBBIX cioBax «smelly, «aro-
may W ToYTH mecTu st «stink». T.e. «stink» BcTpedaercs dare, 4em
«stenchy, TOJIBKO B COYETAHUM C IpHUIIaraTebHbIM «bigy. 13 aToro cie-
JIET, €CITH PE3YJIbTaThl aBTOMATUYEeCKOM BEIOOPKH aHTIIMHCKOTO KOPITY-
ca He JIOKHBI, YTO JIekceMa «stink» MMeeT MPOYHYI0 YaCTOTHYIO CBSI3b
JIMIIb ¢ OJHUM TMPUIAraTeSIbHbIM M TPAKTUYCCKH HE HCIOJIb3yeTCs
B JPYrux Bapualusx. Takoe TMOBeACHUE JeKceMbl «stink» mpu
COTIOCTaBIICHUH C €€ PyCCKHUM SKBHBAJIIEHTOM «BOHB)» MOYKET TOBOPUTH
B TOJIB3y TOTO, YTO HE BCETNIa KOPPEKTEH IEePEBOJ] TOIBKO C Y4EeTOM
o100pa SKBUBAJICHTA.

HecMmotpst Ha TO, 4TO mpuiarareibHbIe K CIOBY «stench» u3Ha-
YaJIbHO MUMEIOT HEBBICOKHE TOKA3aTeNIM, UX YMECHBIICHHE IPOUCXOIUT
HE TaK CTPEMHUTEIBHO, KaK y «aroma» WM «stink», 94To MOXET CBH-
JETeITLCTBOBATh O OOINBIIEN OmMcaTelbHONH W KOHHOTaTUBHOW BapHa-
TUBHOCTH JIGKCEMBI «stench» W, HanmpoTHB, HEBBICOKON BapHaTUBHOU
BO3MOYKHOCTH JUIS «Stinky.

B cpaBHEHUM C pyCCKOS3bIUHOM BBIOOPKOH BUJTHO, YTO aHTIIMACKUE
JICKCEMbI UMEIOT TCH/ICHIIMIO 00Jiee CHIIBHOTO COCJIMHEHUS C KOHKPET-
HBbIM TIpUJIaraTejibHbIM, O Ye€M CBHUJCTEILCTBYET pa3pbiB MEKIY IEp-
BBIM U MOCJIEIYIOINMH CJIOBaMH, YeTO He HaOIIOaeTCs B PyCCKOS3bIU-
HO¥ BBIOOpPKE. Pa3phiB B yroTpediaeHnn MexX Ty HEUTpaIbHBIM «smell»
U TIOJIOKUTENFHO («aromay) mium oTpunarenbHo («stenchy, «stink»)
OKpAIIICHHBIMH CJIOBAMH CBOMCTBEHEH KaK PYCCKOMY, TaK M aHTJIUHCKO-
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My SI3BIKY, T.€. Jekcema «smell» Taxoke Oonee oOmieynorpeduma u3-3a
CBOCH M3HAYaNbHON HEeWTpa’dbHOCTH. OJHAKO KOIWYECTBO NpHIIara-
TENBHBIX JUISL OTPULATENIFHBIX CJIOB B aHIIMHCKOM SI3bIKE OOJIBIIIE, T.€.
HETPHUATHBIC 3allaXd aHIJIOrOBOPAIICE HACEICHHE OMHMCBHIBACT TaK JKe
9acTo.

cMpan / stench — npunararebHbIE BOHB / stink — mpuiaraTebpHbIC
1. |Hecrepnumbiii | 23 |rotting 55 |mecrepnumbrii | 44 |big 120
2. | yoyuumiBbIi 20 | foul 41 | yxacHbII 34 | brown 21
3. |ueBbiHOCHMSBIH | 20 |burning 40 |mesbiHOCHMBIH | 31 |sweet 15
4 TSKENbIA 20 ;)I:/grwhelm— 33 | kucibli 30 |dead 13
5. |rycroit 19 |strong 31 | crpamnbIi 28 |terrible | 13
6. |TpynHbii 17 | dead 29 | GeH3MHOBBII 19 | huge 10
7. | cTpamnHbIit 14 | awful 26 | emkuit 18 | sharp 9
8. OTBpATHTEIh- 12 | acrid 94 |OTBpaTHTEND- 18 | foul 9
HBIH HBII

9. | Tsoxkuit 12 | horrible 19 | rycroit 18 |rotting 9
10. | yepHbIit 12 |sweet 18 | TspKenbIit 17 |heavy 8
11. |genmoBeueckuit | 11 |thick 18 | ymynumuBsIit 16 |rotten 8
12. | s 10 ?I:/gerpower— 18 | TpynubIii 15 [sweaty | 8
13. | BoHrOUHI 9 |terrible 17 |genoBeyeckuii | 14 |familiar | 7
14 YIKACHBIH 9 | unbearable 17 | rawusoit 12 zzfml— 7
15. | Benmkmit 9 |heavy 15 | xyTkuit 12 | sour 7

Bri6opka rmiarosioB nokasasa, 4To, Kak U B CJIydae C CyIIeCTBUTE b~
HBIMH, YACTOTHBIC XaPAKTEPUCTHKHU B PYCCKOM SI3bIKE YMEHBIIIAKOTCS OT
OOJIBIIETO K MCHBIIIEMY: «3amax» — «apoMar» — «BOHBY» — «CMpPay.

B aHTI0sA3b6I9HON BBIOOPKE MPOUCXOIAT CIEAYIOMNE H3MCHCHHUS:
KOJUTOKAITUH K CIIOBY «smell» sBisroTcs Hambosnee 9acTOTHRIMU U pa3-
PBIB MKy CIIOBaMHU (HAYWHAsI OT MIEPBOTO U 3aKaHYMBAsI YETBEPTHIM)
JOCTAaTOYHO 3HauuTeneH. [lokaszarenu Il «aromay IaJaroT He3Ha-
YUTENBHO B OTIMYHE OT «stink» u «stenchy, ogHaKo MBI BUIHMM, YTO
10 KOJIMYECTBEHHOMY YIIOTPEONCHHUIO Tyiaroiia «stink» mpeBOCXOmuT
«aromay, 4TO B JAaHHOM CJIydae CBHUACTEIHLCTBYET O TOM, UTO BO3JICH-
CTBUE OTPHUIATETHFHOTO OJb(AKTOPHOTO OMBITA B AHITIMICKOM SI3BIKE
BCTPEUACTCs TaK JK€ YacTO, KaK M IMOJIOKUTEILHOTO, YeTO HET B PyC-
CKOM SI3BIKE.
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[IpuMmeuarenbHO, YTO JTUAUPYIOIIUM B PYCCKOM SI3BIKE SIBJISCTCS
KOJIJTOKAT «OBITb», B TO BPEMSI KaK B aHIIMHCKOI BHIOOpPKE €T0 SKBHBA-
JeHT «to be» He BcTpedaeTcs. MOXKHO MPEIONIOKHUTh, YTO 3TO OMATH
K€ CBSI3aHO C aBTOMAaTHYECKUM aHAJIN3aTOPOM, KOTOPHIN MO TeM WU
WHBIM TIpuduHaM: 1) 100 pacro3HaeT JaHHBIN I1arojl B aHTIHICKOM
SI3BIKE KK BCIIOMOI'aTENIbHBIN (YTO BO3MOYKHO M3-3a IPaMMaTHYECKOIO
CTPOsl aHIIMHCKOTO $I3bIKa) U BKIIIOYAET €r0 B CIIMCOK «CTOI-CJIOBY, T. €.
HE YYUTBIBAIOIIUXCS MIPU TOZCUETE; 2) MO0 KOHCTPYKIMHU TUa «N+to
be+ N» penko UCTIONIB3YIOTCS IPU OMUCAHUH 3al1axa, 4To Ka)KeTcsl Ma-

JIOBEPOSITHBIM.
3amax / smell — rmarox apomar / aroma — I7arosn
1. |ObITH 1778 |love 400 | BOpIXath 242 | smell 129
2. | BOBIXaThb 567 |fill 299 | ObITE 269 | fill 103
3. |maxHyTh 456 |waft 202 | ucrtouarhb 102 | waft 81
4. |crosaTh 486 |breathe |145 |nmaxHyTh 102 | inhale 59
5. |4yBcTBOBaTH 451 |notice | 135 | mpimiaTh 98 |release 37
6. |mouyBctBOBath |427 |mix 117 | HanouTh 87 |flavor 36
7. |umers 444 | hang 116 | pacupocTpansTs | 78 | carry 30
8. |uatu 445 |rise 111 | HamoONHATH 76 |mingle 26
9. |mpomnwuTarh 379 |hate 107 | nportutath 68 |produce |25
10. | caprmars 320 |remind |91 |OGnaroyxarb 64 | cook 25
11. | ucxomuth 302 |inhale 91 | HAIIOIHUTE 61 |mix 23
12. | m3naBats 300 |cook 90 |mBectH 60 |bake 23
13. | pactipocTpansTs | 268 | burn 82 |BesATh 57 |enjoy 22
14. | HanoMHUHAaTh 270 |linger |76 |BIOXHYTBH 56 |rise 22
15. | omymars 233 | detect 71 |obnamars 57 | breathe 22
cmpap / stench — rmarosn BOHB / stink — riaromn
1. | GBITH 77 smell 99 | ObITH 124 | make 215
2. |crosarsb 41 fill 49 | crosTh 54 |raise 85
3. | gpImare 29 rise 35 |HectHn 25 |smell 48
4. |unmu 25 waft 25 | ucxoauth 21 |cause 20
5. |maxHyTh 20 emanate |22 |3aabIxaThCs 19 |rise 16
6. |ucxonuThb 19 hang 20 |naxHyTb 18 [fill 15
7. |3ampIxarbes 18 ignore |20 |crarh 22 | blow 13
8. | HamonHsATH 15 carry 16 |unTu 20 |wash 12
9. |Hectn 15 burn 16 |npomurarh 15 | throw 11
10. | ropethb 14 notice |14 |pacnpoctpansaTs|12 |hang 11
11. | rHuTH 12 over- 14 |uyBcTBOBATH 13 |notice 8
power
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12. | HanoJIHUTH 12 blow 13 | TaHYTH 12 |complain |8

13. | pactipocTpasATs | 9 mix 13 | mprmars 12 | burn 7

14. | nogHUMAThCS 9 perme- |12 |moiitu 14 |ignore 6
ate

15. | yaymarp 8 emit 11 |oOGnare 11 |mask 6

PaccmarpuBasi BEIOOPKY CYLIECTBHTENIBHBIX, Ul OOJiee TOUHBIX
pesynsratoB HKPS nmosBuiack HeoOXOIMMOCTh MOMHUMO METKH «Cy-
MECTBUTCIIBHOC» ILO63BJ’IHTL METKY «pPOAUTECJIIBHOTO IMaJacxKa», T.K. 0e3
JAHHOTO MapaMeTpa TMOSBISeTCs OONIBIIOE KOIWYECTBO «3alIyMile-
HI/II>'I>>, T.€. HCIIPABUJIbHO PACIIO3HAHHOI'O KOJUUIOKaTa aBTOMAaTH4YC€CKUM
aHAJIN3aTOPOM B PYyCCKOM fA3bIKE. Tak, B CIIMCKH MOMAJaINd TaKHE CII0-
Ba: «3aMax», «JIyX», «BKYC», «I[BET», «apoMaT» M JIp., 4YTO B IPUHIIMIIE
HEBO3MOXHO, T.K. TIOPOXKAAET MO0 TaBTOJIOTHIO, JINOO JIMIICHHOE Ce-
MaHTHKH CJIOBOCOYETAHHE.

Brr6opka ¢ MeTKOH pOAMTENHHOTO Tajexa Jaja KOJHMYeCTBEHHO
Oosee HU3KHE pe3yasTarhl. [Ipu 3TOM Ha/mO 0OpaTUTHL BHUMAHUE Ha HE-
KOTOpBIE TOTPEIIHOCTH aHAIIN3aTOPA:

1) cnoBoO «Jtyx», MPEACTAaBICHHOE B HaYaJIbHOU (opMe, IpU pac-
CMOTpPEHHH PUMEPOB HA CaMOM JieJie B OOJBIIMHCTBE CBOEM pedepu-
poBaio K «xyxW», T.e. mapdroMepHOMy HU3IEIHIO;

2) CIIOBO «IIBET» TaK)Xe B OOJIITMHCTBE CBOEM OTHOCHIIOCH K CIIO-
BY «IIBETOKY;

3) cI0BO «MOYb» — Ha CAaMOM JI€JI€ HEeIIPaBUIbHO 000OpaHHas Ha-
yanbHast (JopMa K CIIOBY «MOUay.

s «cmpana» He Habpanoch 15 kosmokatoB. KommokaT «uepBby
oKa3zaJcs TaKKe «3alIyMJIEHHEM», T.K. 3TO CJIOBO YaCTO BCTPEYaIOCh
PAIOM, HO KaK OJHOPOJHBINA YJIEH MPEIIOKEHUS.

T'oBOpst 0 BEIOOPKE, TIPEICTABICHHON K CIIOBY «BOHBY, CTOUT OTME-
TUTb, YTO HEOXKUJAHHO HOSBIISIONIEECs «OIaroyxaHue» AeHCTBUTENb-
HO BCTpEYaeTcs B TEKCTax 6 pa3, OMHAKO B OJHOM M TOM ke 3a(hUKCHPO-
BaHHOM BHJIC «B BOHIO OaroyxaHusi [yXOBHOTO», YTO Ha CAMOM JIeJie
TOBOPHUT O BBICOKOM CUTYaTMBHOCTH (PEIUTHO3HBIN TUCKYpC) U, Cle-
JIOBATEJIbHO, HEPACTIPOCTPAHEHHOCTH B MOBCETHEBHON peyH JTaHHOTO
CIIOBOCOYETAHUSI.

B anmuiickoM si3blke «aromay» U «stink» mokasanu HU3KYyIO code-
TAeMOCTb C CyIIECCTBUTEJIBLHBIMHU, B OTIIMUKE OT «stench», y xoroporo
OoJibIIast 4YacTh KOJUIOKATOB OTHOCHUTCS] K CEMaHTHUYECKOMY ITOJIIO Telia
U CMEPTHU.
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[TomuMmo mpsimoii pedepeHITIH K NCTOYHUKY 3araxa B aHTITHICKOM
SI3BIKE TAKXKE TMOSBIISIOTCS TaKUE METa(OPHUUSCKHE BBIPAXKCHUS, KaK
«smell of success», «stench of failure», «stink of exhausty», «stink of
feary.

Co cITOBOM «apomMary B PYCCKOM SI3BIKE COUCTAIOTCSI Pa3TMIHBIC
nekcembl. bomblias 4acTh U3 HUX OTHOCUTCS K MPUPOJIE U PACTCHUSIM
B 0000IIIEHHOM CMBICIIE — (IIBETOKY, «TPaBa», «JIECH, KCa», KIEPEBO»
U T.[., peKEe BCTPEUYAIOTCS OTCHUIKM K KOHKPETHBIM LIBETaM — «P03a»,
«puankay. B aHmMiACKOM «aroma» uMeeT OOJIbIIe KOJUIOKAIMA C Ha-
MUTKaMU U e10i. J[aHHBIN Mmoka3aTesab NOATBEPKIAET OTCYTCTBUE MOJI-
HBIX CHHOHMMOB B SI3BIKaX, T.K. aHIJIMMCKOE «aromay TeMaTu4eCKU He
COOTBETCTBYET B IPUMEHEHUU PYCCKOM JIEKCEME «apomar.

3amnax / smell of — cymecTBuTensHOe | apomar / aroma of — cyniecTBUTEIbHOE

1. | ayx (myxu) 589 |smoke |258 |mBerox 253 | coffee 68
2. | TpaBa 439 | blood 192 | myx (nyxwu) 174 | bread 24
3. |mor 410 |coffee | 155 |tpaBa 121 | smoke 18
4. | meim 405 |death 146 | po3a 82 |food 16
5. | uBetok 376 |grass 126 | kode 53 | flowers 15
6. |3emis 354 | sweat 121 | mec 48 |[tobacco |15
7. |raps 327 |oil 109 | can 45 | spices 14
8. |kpoBb 287 |food 107 | 3emus 42 |oil 13
9. |macmo 234 |fish 104 | uBer (1Betnr) |40 |beans 12
10. | Teno 216 |earth 92 | nepeBo 36 |beef 12
11. | rabak 208 |flesh 91 | puanxa 34 | bacon 12
12. | msco 198 | meat 91 |3eneHn 30 |meat 12
13. | x1e6 198 | hair 87 |BecHa 29 |garlic 10
14. | pp1ba 191 |success |84 |xBos 28 | turkey 10
15. | Boma 197 |urine 84 |ceno 28 |wood 10

cmpan / stench of — cymectButensHoe | BOHB / stink of — cymiecTBuTenpHOE
1. |Tpyn 14 death 80 |rps3p 13 | sweat 15
2. |Teno 13 flesh 50 |Teno 13 |smoke 14
3. |msco 9 blood 33 | msco 9 |fish 12
4. |4epBb 8 decay |31 |Tpynm 8 |cigarettes |11
5. | pasnoxenue 8 urine 26 |macino 7 | fear 9
6. |opmmM 7 bodies |21 |6uaroyxanme |6 |oil 8
7. |ucnapenue 6 smoke |19 |HeuncrtoTa 6 | death 7
8. |rpex 6 fish 15 |yGopHast 6 |flesh 7
9. |cMmepTh 6 sweat 15 |mMousb (Moua) 6 | shit 7
10. | 3emus 6 garbage |14 |por 6 |urine 7
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11. | rHuenue 5 failure |12 |xoxa 6 exhaust |6
12. manure |12 |ra3 6 failure 6
13. rot 10 |meperap 5 | fuel 6
14. sewage |10 |comsipka 5 | breath 5
15. corpses |9  |kpacka 5 |body 5

s cpaBHeHUs Takke Oblila MPOM3BEICHA IONBITKA MOTYYCHHS
YaCTOTHOTO CITUCKA CJIOB Ha HEMENKOM si3bIke. [lockonbKy aBTopam Ha
MOMEHT HCCIIEIOBaHUSI HEe OBLIM M3BECTHBI HEMELKOS3bIYHBIE KOPITY-
ca, MPEeJI0CTABIISIONINE BO3MOXKHOCTb ITOJICUETa YACTOTHOCTH B HHTEP-
(hetice camoro xopmyca, ObUTIO IPUHSATO PEIICHUE TTPOBECTH CTATHCTH-
YecKui mojcuer Ha 0a3ze MaHTEHMCKOTO KOpITyca HEMEIIKOTO SI3BIKa
(COSMAS) npu nomo1uu si3blka nporpammupoBanus Python u 6ubnu-
oteku spaCy.

Kon a1t 00paboTKH KOHTEKCTA TOIyYall Ha BXOJ SI3bIKOBOW MaTe-
puan B Buze 10 Teicsd mpumMepoB co ciaoBoM «Geruchy («3amax»). Uto-
OBl OCYIIECTBUTh HEOOXOJMMYIO CHHTAKCHYECKYIO pa3MeTKy TEeKCTa,
ObUI0 HEOOXOAMMO ISl Havaja TOKEHU3UPOBaTh TEKCT, TO €CTh pasze-
JMTH €ro Ha OoJiee MEJKUE eAVHUIBI, B ITaHHOM cilydae Ha ciosa. MH-
CcTpyMeHThI OnbnuoTeku spaCy mpenocTaBisioT NPoCcTol 1 A3PPEeKTUB-
HBIA croco0 caenars 3TO MpPU MOMOIIHM MPeIBapUTEIHLHO 00y4eHHOH
HEMEIKOH s13b1koBOM Moyienu (de_core_news_sm). [Ipu ynorpedneHun
CHUHTAKCHUYECKOM pPa3sMETKH TPOUCXOJUT HW3BJICUEHUE HEOOXOIUMBIX
JIEKCEM, COCTaBIISIIOLINX KOHTEKCTHOE OKpyKeHue cioBa «Geruchy.

52 52 52

IpunararensHoe | 5 3 Inaron 5 8| CymecrsurensHoe | 5 3

5 = 5 = 5 =
Beiflend 194 | Liegen 255 | Tod 24
Unangenehm 191 | Steigen 156 | Mensch 19
Ubler 180 | Verbreiten 121 |Buch 15
Stechend 117 | Wahrnehmen 111 | Frau 14
Streng 111 | Kommen 103 | Meer 14
Siiflich 97 Hingen 98 Tier 13
Stark 96 Nehmen 98 Fleisch 11
Muffig 95 Verstromen 90 Mann 10
Typisch 89 Ziehen 78 Wasser 10
Penetrant 82 Bemerken 72 Pflanze 10
Intensiv 69 Haben 67 Leiche 10
Modrig 61 Schlagen 58 Verwesung 10
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Angenehm 58 Machen 51 Grauen 9
Wiirzig 53 Dringen 51 Geld 9
Scharf 47 Bleiben 46 Feuer 8

B Tabnmuie npencrapieHa 4acToTa MCHONB30BaHUS MPUIArarellb-
HBIX, IJIar0JIOB M CYIIECTBUTENBHBIX B cCOUeTaHUH co cioBoM «Geruchy
(3amax) B HemenkoM si3bike. CaMbIMH YaCTOTHBIMH SIBJISIFOTCS TIPH-
nararenpHble «beillend» (enkuii, pe3kuii, 0Opa3oBaHHOE OT TJIarolia
«beiBen» (kycarp)), «unangenehmy» (HempusaTHBIN), «libel» (mypHO)
u «stechend» (ocTpbIit), HCTIONB3YIOMIUECS TSI OMTUCAHUS OTPUIIATEITb-
HBIX BIIEUATIICHUH OT 3amaxa.

CaMmpIii 9aCTOTHBIN TJIAToJ, YIOTPeOIsseMbIit co ciioBoM «Geruchy
(3amax) B HemenkoM si3bIke, — «liegen» (Jiexkars). 3amax, pacupocTpa-
HSIIOIIMICS B BO3/LyX€E, OMMCHIBAIOT CJICAYIOIIUE TI0 YACTOTHOCTH TJIaro-
JBL: «steigeny (moxHUMAThCs) U «verbreiten» (pacipocTpaHsIThHCs).

Cpenu CymIeCTBUTENBHBIX YaCTOTHBIMH OKAa3allUCh TMPHPOJHBIC
HCTOYHWKH 3amaxoB: «Meer» (mope), «Tier» (xuBotHOE), «Fleischy
(ms1c0), TenecHsle 3amaxu «Mensch» (denoBek), «Frau» (keHIUHA).
CrnoBo «Tod» (cMepTh), BEpOSITHO, YIIOTPEOIsieTcs B KOHTEKCTaX, CBS-
3aHHBIX C 3aI1aXOM Pa3JIOKEeHHUs, KOTOPOE TOXKE MPUCYTCTBYET B CIIMCKE
4acTOTHBIX («Verwesungy (pas3iiokeHue)) Hapsay co cioBoM «Leiche»
(Tpym). Tak, cymiecTBUTENbHBIE B KOHTEKCTaX OOHApYXKMBAIOT OOJb-
moe pazHooOpa3ue UCTOYHHUKOB 3aIax0B, OT MPUPOJHBIX SBICHUH 10
YeIIOBeUeCKON JIeATENBHOCTH. B BBIOOPKY HEMENKHX CYIIECTBHTEIh-
HBIX, KaK ¥ B PYCCKOM S3bIKE, ITOMAJI0 HEKOTOPOE KOJIUYECTBO HEIpa-
BWJIBHO PAcrO3HaHHBIX KOJIOKaToB. Hampumep, B crimMcok momagain
Takue cyuiecTBuTenbHble, Kak «Geschmack» (Bkyc), «Farbe» (mBer)
u «Larmy (tmym).

TakuM 00pa3zoM, MpeNCTaBICHHBIE YaCTOTHBIC CIHCKH KOJIJIOKa-
TOB MOTYT IIPEJICTAaBUTh HaM, KAKUMH CITIOCOOAMH B HEMEIIKOM SI3bIKE
OTHCHIBAIOTCS 3allaXH, BKIIOUAsi MX HHTEHCUBHOCTb, KA4ECTBO M IPO-
HCXOXKICHUE.

BoiBoabI

HpI/IMCHHH KOJINYECTBEHHBIN METO B MCCJICIAOBAHUN NICPLUECIITHUB-
HOM JICKCUKHU, MOKHO TOBOPUTH KaK O €ro HOCTOMHCTBAX, TaK M HC-
JOoCTaTKax. C OIHOMU CTOPOHBI, YaCTOTHBIC ITOKAa3aTCin IMO3BOJIAIOT
CpaBHUTH 0oJIbIIe 0OBEMBI Marepuaia, BbIABIATHE TCHACHUIWU U 3a-


https://cyberspace.pgu.ru

Ounocodckue npobnembl MHGOPMALMOHHBIX TEXHONOTUI M KNGepnpocTpaHCTBa

BUCHMOCTH B Pa3HbIX SI3bIKaX. Uepe3 COMOCTABICHUE CTAHOBATCS €IIIE
OTYETIIMBEE JICTAIH, KOTOPHIC B IPOYUX YCIOBUSIX MOIJIH OBl OCTAThCS
He3ameueHHbIMU. C Ipyroi jke CTOPOHBI, BO3HUKAET CIOKHOCTH TOJI-
0opa 1 COMOCTaBICHUS MaTepuraa.

Bo-nepBbIx, TOT (paxT, 9TO AJIS PYCCKOW M aHTIIOSA3BIYHON BBHIOOD-
KM UCIOJIB3YIOTCS pa3Hble KOPILyca, YK€ HAKJIAAbIBAET OTIIEYATOK Ha
Ka4eCTBO COMOCTABIICHHUS, IOCKOJIBbKY HEM3BECTHBI HU BPEMEHHbBIC, HU
KOJIMYECTBEHHBIE, HUA JKaHPOBBIE COOTHOLLIEHHUS Marepraa.

Bo-BTOpBIX, aBTOMaTUUECKUI MAITMHHBIN MIOJICYET, OYEBUIHO, J0-
Ty CKaJ OIMIMOKH, COMOCTABJISS C KITFOUEBBIM CJIOBOM JIEKCEMBI, HE MME-
FOIIME C HUM CBSI3H, COIVIACHO 3allpallliBaeéMbIM CUHTAKCUYECKUM U Ce-
MaHTHYECKHM TpeOoBaHUAM. Takum 00pa3oM, TIOTyUYEeHHbIE CITUCKA U3
MIATHA/IIATH CJIOB SBJISIOTCS MPUOIH3UTEIFHBIMU.

B cnyyae ¢ aHDIIOSI3BIYHBIM KOPITYCOM BO3HHUKAET e1Ile OOJIBIIe CO-
MHEHHUH. B NpHUBEJEHHOM IIEPEYHE HE TOIBKO HESICHO, HA KAKOM KO-
JTUYECTBE MaTepuana ObUTa TOATOTOBJICHA BHIOOPKA, HO M BBI3BIBAIOT
HeJIOBEpHE KOJMYECTBEHHBIE MTOKA3aTeNIH, TTOCKOJIbKY OHU YacTO yCTYy-
TafOT PYCCKOS3BITHOMY Kopirycy. [Ipu Tom, uto oobem HKPS mensbie,
yem COCA.

HecMoTps Ha Hanuyue MOrpemHOCTEN, MOXKHO TOBOPUTH O TOM,
4TO OJyarojapsi 4aCTOTHOMY aHajM3y BO3MOXKHO COIOCTABJICHHE OJib-
(hakTOpHBIX KapTUH MHUpa, OTPAKEHHBIX B Pa3HBIX s3bIKax. Kommde-
CTBEHHBIM METOJ MO3BOJISIET YTBEPKJATh, YTO B TPEX MPUBEICHHBIX
SI3BIKAX OJBb(AKTOPHBIA OMBIT UMEeT TEHACHIINIO MPEUMYIIEeCTBEHHO
ONMCBIBATHCS C MOJOXKHUTEIBHON WM OTPULIATENIBHONW KOHHOTALUEH,
T.€. IPU OMTUCAHUH OJIb(DAKTOPHBIX BIICUATICHHUN PEIIMITUCHT CTPEMUT-
4 1aTh 3aI1axy OLIEHKY, KOTOpas I0CTUraeTcs 3a CUET IIpujlararelibHbIX,
SKCHPECCUBHBIX IVIAroJIOB WUJIM, YTO MEHEE AMOIMOHATIBLHO BBIPAKEHO,
CYIIIECTBUTEJIbHBIX.

Bornee Toro, mpu conocTaBiIeHnN aHITIO- U PyCCKOS3BIYHON BHIOOD-
KM BUJIHO, YTO JIJIsl CYLIECTBUTEIBHBIX C H3HAYAJIbHO HEUTPATbHOU WK
TIOJIOKUTEILHOW OKpackol («3amax», «apomary, «smell», «aromay)
Ha0Op HanOOJIee YaCTOTHBIX NPUJIAraTelibHbIX B OOJIBIIMHCTBE CBOEM
cx0ox. Jlekcuka, mpuMeHsieMas ¢ OTpULATEIbHON KOHHOTAIlMEN, Yalie
BCEro B KaU€CTBE UCTOYHUKA YKA3bIBAET HA YEJIOBEKA, JKUBOTHBIX, PE3-
KO MaXHYIIHE PACTEHMsI WM HEYUCTOTY, YTO CBOMCTBEHHO IJISI BCEX
paccMaTpHUBaEMbIX B CTAThe S3bIKOB. I[09TOMY MOYXXHO FOBOPUTH O TOM,
YTO OJIb(DAKTOPHOS KapTHHA MUPAa B PYCCKOM M aHTJIIMACKOM SI3bIKaX
C TOUKHU 3PEHHUS OTHOLLIEHHMS K MPUATHBIM U HENIPUATHBIM 3amaxam OT-
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JMYAETCsl HE CIMIIKOM CHIIBHO, XOTSI M OUEBUIHBI PA3IUUUS B YIIOTpE-
OJICHUU CIIOB, CUMTAIOLIMXCS MEPEBOJUECKUMH SKBHBAJICHTAMH («apo-
MaT» — «aromay).

[lepBuunble mokazatenu 0OpabOTKH HEMEIKO BBIOOPKH TaKxke
MTOKa3bIBAIOT CXOXKECTh C aHIVIO- U PYCCKOSA3BIYHON BHIOOPKOH, OTHAKO
€CTb CMBICJ IPOBEICHUS 1aIbHEHIIIET0 COMOCTABIICHNUS 10 OCTAIbHOM
0J1b()aKTOPHOH JIEKCHKE.
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AnHoTanusi. Cerogas OOJNbIINE S3BIKOBBIC MOJCITH SABISIOTCS OYCHD
MOIIHBIM HH(POPMALHNOHHO-aHATUTHYECKIM HWHCTPYMEHTOM, 3HAYUTEIb-
HO YCKOPSIIOIIAM OOJBIIMHCTBO CYIIECTBYIOIIUX METOIOB M METOMOJOTHH
00paboTkn WH(GOPMAIMOHHBIX MporeccoB. OcoOyr0 3HAYMMOCTH B 3TOM
KadecTBe TONydaeT HaydHas WH(opMamnus, B KOTOPYIO MOCTEIIEHHO BOBJIC-
KalOTCS MOIIHOCTH OONBINMX S3BIKOBBIX Mojeneil. Takoe B3amMoneicTBue
HAyKH M Ka4eCTBEHHO HOBBIX BO3MOXXHOCTEH paboTsl ¢ wuHbOpMarmen
MIPUBOANT HAC K HOBBIM, YHUKAJIHHBIM HAYYHBIM OTKPBITHAM, HX OOJBIIOMY
KOJIMYECTBEHHOMY MHOT000pa3nio. [I[poncxoIuT yckopeHne HayqHOTo TIOMCKa,
COKpaIlleHHe BPEMEHHBIX 3aTpaT Ha €ro OCYIIECTBICHHE — BEICBOOOANBIIICECS
BpeMs MOYXKHO TIOTPAaTHTh KaK Ha pelIeHHe HOBBIX HAYYHBIX MPOOJIEM, Tak
Y Ha HAyYHOE TBOPYECTBO, KOTOPOE XOTSI MOXKET W HEOOS3aTENbHO PUBECTH
K KOHKPETHOMY PEIICHHIO TOTO WM HMHOTO HAy4YyHOTO BOIPOCA, HO CIIO-
COOHO TIPOJIEMOHCTPHPOBATH KPACOTy HAYKH B PA3TUYHBIX TUCIHILIHHAP-
HBIX HampaBJIeHUSX. B pesynbprare B3amMoAeHcTBHE OONBIIMX S3BIKOBBIX
Mozenel 1 HaygyHOH WH(POPMAIUU — 3TO OJHOBPEMEHHO W TOHMCK-PEIICHHE
HAy4YHBIX MPOOJIeM, W Hay9HOE TBOpYECTBO. PemreHne 3amad Hayku Tpedyer
BO3MOXHOCTH 3(dekTnBHON 00pabOTKM OONBIINX ITAHHBIX, YTO HEIb3S
oCymIecTBUTh 0e3 3¢ dexkTuBHOTO MeToAa. ONHMM W3 3HAYUMBIX METOOB
craita apxutektypa Transformer, npencrasiennas B 2017 romy u KOMITIEKC-
HO MHTEeTrpHpoBaHHas B Moaens GPT-3, kotopas, MO COCTOSHHUIO HA CEHTAOPH
2020 roma, sBIATACH CaMOW KPYIHOM W TPOABHHYTOH SI3BIKOBOM MOIEIBIO
B mupe. [Tostomy GPT-3 MoxHO Ha3BaTh 6a3ucoM OOIBIIMHCTBA HAYYHBIX
pa3paboTOK, OCYIIECTBIAEMBIX B KOHTEKCTE UCTIOIB30BaHUS OONBIITHX S3BIKO-
BBIX MOjieIel. B3anmonelcTBIe HayKH B OOJIBIINX S3BIKOBBIX MOJIENICH CTajIo
(hakTOPOM BO3HHKHOBEHHS OOJIBIIIOTO KOJMYECTBA BOMIPOCOB, CPEIN KOTOPHIX
MOYKHO BBIJICIUTH TaKWe: SBISIETCS JIM PE3yNbTaT aHAIN3a JAHHBIX HOBBIM
3HaHHUEM, KaKOBBI IEPCIIEKTHBBI HAYYHOTO TBOPYECTBA B 3MOXY OOIBIINX
BbIUHCIIEHUN. B HacTos111€€ BpeMs 9TH BOIIPOCHI KpaiiHE 3HaYUMBI, [TOCKOJIbKY
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HMMEHHO OHH TI03BOJISIIOT BBIPA0OTATh OCHOBBI A ()EKTHBHOTO B3aUMO/ICHCTBHS
4eJioBeKa M Komrblotepa. [1o0aToMy B JaHHOM HCCIIEIOBAaHUH TPOU3BOIUTCS
aHaJIM3 NPE/ICTABICHHBIX BOIIPOCOB.
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JIAHHBIX; HAy4YHOE TBOPYECTBO; OOJBbIIME BBIYMCICHHS; HCKYCCTBEHHBIN
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Abstract. Today, large language models are very powerful, informational
and analytical tools that significantly accelerate most of the existing methods
and methodologies for processing informational processes. Scientific informa-
tion is of particular importance in this capacity, which gradually involves the
power of large language models. This interaction of science and qualitative
new opportunities for working with information lead us to new, unique scien-
tific discoveries, their great quantitative diversity. There is an acceleration of
scientific research, a reduction in the time spent on its implementation — the
freed up time can be spent both on solving new scientific problems and on
scientific creativity, which, although it may not necessarily lead to a specific
solution to a particular scientific problem, but is able to demonstrate the beauty
of science in various disciplinary areas. As a result, the interaction of large
language models and scientific information is at the same time a research for
solutions to scientific problems, scientific problems, and scientific creativity.
Solving scientific problems requires the ability to efficiently process big data,
which cannot be done without an effective method — one of the significant
methods was the Transformer architecture, introduced in 2017 and comprehen-
sively integrated into the GPT-3 model, which, as of September 2020, was the
largest and most advanced language model in the world. Therefore, GPT-3 can
be called the basis of most scientific developments carried out in the context
of using large language models. The interaction of science and large language
models has become a factor in the emergence of a large number of questions,
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among which are: «Is the result of data analysis new knowledge?», «What are
the prospects for scientific creativity in the era of big computing?». Currently,
these issues are extremely important, because they allow us to develop the
foundations for effective human-computer interaction. Therefore, this study
analyzes the issues presented.

Keywords: large language models; LLM; scientific discovery; computer
algorithm; data analysis result; scientific creativity; Big Data; artificial
intelligence.

1. O0630p HAYYHBIX OTKPBITH, CI€TAHHBIX
npu nomouu LLM, 3a nepuon ¢ 2019 mo 2024 r.

HayuHnble OTKpbITHS, clellaHHble pu nomowmu LLM, HaunHaroT
MIOCTENIEHHO BUJIOU3MEHATh TPAAULIMOHHOE IIPEACTABICHUE O HAyYHOI
JeSATENbHOCTH, KaK O JIEATEIbHOCTH, CBSI3aHHON C MCKJIFOUHUTEIbHOU
POJIBIO YENIOBEKA MM YEJIOBEYECKOTO KOJUIEKTUBA B HAYYHBIX M3BICKA-
HUsIX. Posb yenoBeka conpsraeTcst B 3TOM KOHTEKCTE C KOMIIBIOTEPHBIM
aJIrOpUTMOM, MOIIHOCTh KOTOPOTO Ha COBPEMEHHOM 3Talle Pa3BUTHUS
TEXHUKH U TEXHOJIOTUH MO3BOJISIET B3ATh «4aCTh HAYYHOU pabOTHI, Ha-
YYHOTO TTOUCKa» Ha cels, COKpalasi, TakuM o0pa3oM, TPYJOBbIE U Bpe-
MEHHBIE 3aTPaThl HA OCYIIECTBICHUE HAYYHO-UCCIIEN0BATENbCKOM Aes-
TEJIBHOCTH.

Obnactu «HayyHOTO TIpopbiBay LL.M HaunHaIOT MOCTENEeHHO pac-
LIUPSTHCS. DTO TOCTUTACTCS] HE TOJIBKO KOJIMYECTBEHHBIM 00pa3oM —
paspaboTkoit LLM-anropuTMoB moj KaxIylo KOHKPETHYIO 3a1ady, HO
U KayeCTBEHHBIM 0o0pazoMm — mepeHocoM LLM-anroputma u3 omgHOM
Hay4YHOH OTpaciu B APYTYIO (WIH JPYyTHE).

[TockonbKy MpaxkTUYecKH J1to0ast HayyHasi OTPacib CBSI3aHa ¢ MO-
JIEJINPOBAHUEM TIPOLIECCA BEIUMCIEHUI — YHCIOBBIX U IIPOCTPAHCTBEH-
HBIX, TO NEPBOOYEPENHON 3HAYMMOCTBIO Xapakrepusyrorcs LLM-ai-
TOPUTMBI, CBSI3aHHBIE C OOJIACTHIO MaTeMaTHYeCKUX 3HaHUM. OpHuM
U3 TaKWX ajJroOpuTMOB siBisieTcst cuctema FunSearch [1], Beipaken-
Has B WHTETPAIUN TpeaBapUTEIbHO o0ydeHHOW LLM ¢ cucTteMHBIM
oueHIuKoM, rae LLM paer 6a3y airopuTMoB B BHJIE€ KOMIIbIOTEPHBIX
MIPOTrpaMM, a OLEHIIHUK BbIICJISICT U3 3TUX Iporpamm Haubosee 3ddek-
TUBHEIE; 3aTeM 3(PPEKTUBHBIC TPOTPAMMBI OISITH epenarorcs B LLM —
TaK COBEpLICHCTByeTcsi paboTa anroputMma «FunSearchy. bmaromaps
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LLM «FunSearch» Obutn pemieHsl ABe 3aja4d — Kiaccudeckas 3aja-
Ya U3 YUCTOH MaTeMaTHKH «IpoliieMa MHOKECTBA KPBILIEK», a TaKKe
3aa4a 00 ONTUMaJILHON yNakoBKe KOHTelHepoB. [locienHio 3aaady
MOYXHO MHTEPIPETUPOBATH KaK MEXTUCIIUITHHAPHYTO, TOCKOJIbKY OHA
orpenensieTcs He TOIBKO MPEIMETHOW MaTeMaTHIeCcKoi 3HAYMMOCTBIO,
HO TaK)Xe COCPEAOTAYNBAET B ce0e LEHHOCTb AJIs IPUKJIAAHON HHPOP-
Matuku. Bmecre ¢ Tem, cam (hakTop BO3MOKHOCTH 00yUYEeHHUsI KOMITbIO-
TEPHOI TpPOTrpaMMbl «BHEIIHUM areHTOM» CONpSraeTcs C YCIOBHOU
00JIaCTBIO0 «AJITOPUTMUYECKONW KOMIBIOTEPHOH NUAAKTUKU», KOTOpasi,
B CBOIO OYepe/ib, MOXKET HECTH B cebe alTOPUTMUYECKYIO IIeHHOCTh
TUTS. TPAJUIIMOHHON TUAAKTHKH, 00pa3ysl BOZMOXXHOCTH KOHTEKCTHOTO
BUIOU3MEHEHUsI 00pa30BaTEIbHON CUCTEMBI B COOTBETCTBHU C TEMH
WM UHBIMHU 3aadamMu. Takum oOpa3oM, alnropuTM HampsiMylO TpaHc-
(opMupyeTcsl B CPECTBO PEILICHHS COLUABHBIX POOJIEM.
CoBpemenHble «Maremaruueckue LLM» He orpaHuumBaroTcs
JUIIB pelIeHreM NpoOiIeM, CBSI3aHHBIX C YUCIOBBIMH KOMOMHAIIUAMU
WJIM YUCJIOBBIM MOJICITMPOBAHUEM, — OONBIITYIO BAXKHOCTH TPEICTABIIS-
€T TaKKe M pelIeHHE NPOoOJeM MPOCTPAHCTBEHHO-TEOMETPHUUECKOIO
Xapakrepa, pa3paboTKa KOTOPBIX, B HACTOSIIMH MOMEHT, SIBJISIETCS
nocronHctBoM LLM-cucremsr AlfaGeometry ot DeepMind [2]. On-
HUM M3 KJIIOYEBBIX HampasiieHull stoii LLM-cucremsl siBisieTcs pe-
IIEHHE CJIOKHBIX TE€OMETPHUECKHMX 3a/1ad OJMMIIMAIHOTO YpPOBHS.
AlfaGeometry crmocoOHa cOCTA3aTHCS € 30JI0THIM METAINCTOM MexXTy-
HapomgHOW MareMaTudeckor onmmmrransl (IMO). Jlanuerit LLM-anro-
PUTM crpasisieTcs ¢ 25 oMMMINAIHBIMU 33/1a4aMU 3a YCTaHOBJIEHHOE
BpeMs C ONEpPEeKEeHUEM Mpenbiayiieil cucreMsl Ha 15 no3unuii. Eciu,
[0 HETaTUBHON OIIEHKE, 3TOT aJTOPUTM MOXKET MPHUBECTH K OTCYyT-
CTBHUIO HEOOXOIMMOCTH OpraHU3aIMi MaTeMaTHUYEeCKUX COPEBHOBAHUI
WJIH, KaK KOHEYHBIH pe3yibTaT, K MOJTHOMY MCYe3HOBEHHIO npodeccun
MaTeMaTHKa, TO B ITOJIOKUTEIBHON OLIEHKE MaTeMaTHYECKNE COPEBHO-
BaHMsI, KaKk U cama podeccusi, MOTyT OBITh MOIBEPTHYTHl HEKOTOPBIM
BuAou3MeHeHMsIM. O0ydaronecs Moay4aioT BO3MOXHOCTb ITOCOPEB-
HOBAThCSl ¢ KOMITBIOTEPHBIM AJITOPUTMOM B PEIIEHUH OIpeJIeNeHHbIX
3a/la4, MPUYEM OLIEHUBATHCS MOXKET CaMOCTOATEIBHOCTh PEIICHHUs
KaKkoi-1r00 orpeneneHHo reomerpuyeckor 3amadn LLM B ee uc-
XOJHOM HCIIOJIHEHUHU B CPAaBHEHUU C HCIOJIb30BaHHEM OOYy4arOLIMMCS
Kakoi-TM00 ee BepcuH B PELICHMH aHAJIOTHUHBIX 3ana4. Kpome Toro,
LLM MoxeT ynpoCTUTb IIPOLECC NPOBEPKU PELICHUNM OMMMIIHAJIHbIX
3aja4, 0cBOOOJMB BpeMs Ha NMpopabOTKy KOHTEKCTa BOIPOCA OJHMM-
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nuagHou 3a1aun. TakuM 00pa3oM, HECKOJIBKO M3MEHHUTCS mpodeccust
MaTeMaTHKa KaK YYUTeNsl WM MPeroiaBaTess, 3aHATOro B METOI0JI0-
UM peleHs] OJIMMIMNAIHBIX 3a/1a4, WK K€ B PasjIMYHbIX pasjenax
WA YPOBHSX MaTeMaTUKU — OT IIKOJIBHOTO JI0 BhIcIIero ypoBHs. Co-
OTBETCTBEHHO, YIIPOIIACTCS padoTa U MpodheCCHOHANBHBIX MaTeMaTH-
KOB, TJI€¢ KOHTEKCT PEIICHUs TPOCTPAHCTBEHHO-TEOMETPUIECKOM 3a1a-
un siBisgeTcst coopHukoM LLM-aaroputMoB, yCHEUIHO CIIPAaBUBIINXCS
¢ pemieHUAMHU OoJiee MPOCTHIX KOMITO3UIMK MM KOHCTPYKIMH 3ajad,
CBS3aHHBIX C HCXOIHOM.

[ponomkennem pabotel komnanuu DeepMind Haj coBepiieH-
CTBOBaHMEM «MaremMarndeckux LLM» sBuitack pazpadoTka mporpaMm-
Horo mpoxaykra AlphaTensor [5], HaleneHHOTO Ha aNTOPUTMHUYECKYIO
ONTHUMU3ALUIO ONIEpAllii MaTPUYHOrO YMHOXeHUs. JlaHHas onepanus
Ha BONPOCHO-TIPOOIEMHOM YpPOBHE 3a/ICHCTBYETCSI B BBIYMCIIHTENb-
HOW TeXHUKE, IJie IOCTOSHHO TPpeOyeTcsl MOBbIeHHEe dPPEKTUBHOCTH
pacdetHbIX onepanuii. AlphaTensor MOXKHO TIpE/ICTABUTh KaK UTPOBOM
MIPOTPaMMHBINA aJTOPUTM, HAIPaBIEHHBIA Ha MOWCK PEUICHHS C Hau-
Kparyaiiien 11enodykoi xojoB. [Ipu 3TOM OH He SABIISIETCS MpeBapu-
TEJILHO 00yYEHHBIM — H3HAYAJIBHO, IIEPE BXOXKICHUEM B TPy, €My HH-
YEero HE U3BECTHO O XapaKTepe aJroOpuTMH3AINH 33 JaHHONH MaTpUYHON
onepaun. AlphaTensor, Kak anrOpUTMHUYECKUH MOMCKOBHK, CTaJl Ha-
CTOSIIIIMM KOHKYPEHTOM YEeJIOBEYECKOH JIOTMKM M HAayYHON MHTYWIIWH,
JlaXKe CBOCOOpa3HOU «HAyIHONH HACMOTPEHHOCTHY.

Maremaruka orpeesnsieTrcs IOCTaHOBKOH He TOJIBKO IMpoOIeMHO-
AITOPUTMHYECKOTO KOHTEKCTA IMOWCKA PEHIEHMs 3aladd, HO TaKke
U TEOPETHKO-I0Ka3aTeIbHOr0 KOHTEKCTA, I7ie MpobieMa mpeacTaBicHa
OIPEJECIICHHON TeOPEMOH, HyKIAOLIENcs B JJoka3aTesbeTse. [1o mepe
YCIIOKHEHHSI MaTeMaTHKH, YCIOKHSIOTCS U TE€OPEeMBI (B YIPOIIEHHOM
BH/JIE KaK Ha0Op KaKUX-TM0O0 KOHEYHBIX AJITOPUTMOB) 1, COOTBETCTBEH-
HO, J10Ka3aTelIbCTBA 3TUX TEOPEM — OHU CTAHOBATCS Oosee 0OBbEMHBI-
MU. DTa npolsieMa He MOKET He MIPUBJIEKATh K ce0e MPOrpaMMHBIE BO3-
MOYKHOCTH €€ pelieHus. B nepByro ouepens, B 3TOM KOHTEKCTE CTOUT
OTMETHUTH HCIOJIb30BaHNUE MporpaMMHoro npoaykra Coq ans aokaza-
TenbcTBa TeopeMbl Deiita-ToMCOHA, U3BECTHON TaKKe KaK «Teopema
0 HedeTHOM mopsanake» [3]. ObmacTpio (HYHKIIMOHUPOBAHHUS TEOPEMBI
siBsieTCsl MareMarndeckuit pasnen «Teopust rpynmy. Criemyer orMe-
THUTb, YTO IPOTPaMMHasi pa3paboTKa 3TOH TEOpeMbl IPOU3BOAUIACH 10
pa3paboTKu apxuTeKTypbl « Tpancopmepy, a cieaoBaTesIbHO, TUILICHA
JIOCTOMHCTB ONTHMHU3ALMU B JIEHCTBYIOIIEM BBIUHUCIUTEIHHOM KOH-
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TEKCTE OOJIBIIMX SI3BIKOBBIX JAaHHBIX, IOITOMY 0COOOH 3HaUMMOCTBIO
olnpenensieTcs ONTUMHU3ALUS JEHCTBYIOLIETO0 aJlropuT™Ma J0Ka3aTellb-
CTBa B KOHTeKcTe aMymsauun pabotel Coq Ha mnardopme LLM ¢ apxu-
TekTypoir «Tpancdopmep» unm B pamkax mHTerpanuud B LLM-mexa-
Hu3M anroputMa «FunSearchy.

Pemenne Hay4HBIX 3a7a4 B 00JIACTH MaTEMAaTHKU TECHBIM 00pa3oM
B3aMMOCBS3aHO C PEIICHUEM aHAJOTMYHBIX 3a1ad B paMKax (uznde-
CKOH Hayku. XapaKTepHbIM IPUMEPOM TOMY siBIIsieTcst ciuctemMa SciNet
[4], koTOpast Ha MaTeMaTUYeCKO# Oa3e crocoOHA aHATM3UPOBATH JKC-
neprMeHTalIbHbIe (hr3nyeckre pa3paboTku. B yacTHOCTH, ¢ TOMOIIBIO
9TOW CHCTEMBI MCCIIEI0BaHa CIeU(pUKa MEPHOANIECKOr0 00paTHOTO
opOuTaNbHOTO ABMKEHUsT Mapca, 4To paHee SIB/ISUIOCH HPEIsITCTBUEM
JUIS TEIMOLICHTPUYECKOW HHTeprperanuu Muposnanus. IIpeamerHo
ACTPOHOMHUYECKUH acCIeKT peleHHoN 3anadu SciNet mo3BoisieT co3-
naBaTh (OPMYIbHO-aJITOPUTMUUECKYIO 0a3y pa3pab0oTKK CXOKHUX aJro-
PUTMHUYECKHX 33/1a4 U3 JPYTUX €CTeCTBEHHOHAYYHBIX JUCLUTUINH.

Bwmecte ¢ tem, coBMecTHbIe (pU3MKO-MaTeMaTHUecKue HapaboT-
KM MOTYT IIOMOYb B PELICHNH 337a4 B TAKOH N1E€PEIOBOM OTpaciu, KaK
KBAaHTOBasi MEXaHUKa, U B CONPSDKEHHOM C HEH aHajM3e KBaHTOBBIX
cucteM. «Puzuku n3 MOTU, ®TUAH n Yuusepcurera U'TMO co-
3/1aJ1 HEWPOHHYIO CeTh, KOTOpasi MPeACKa3bIBaeT, «IIIAJI1» Ha CXeMY
y3JI0B U CBsI3€l, OyJeT i Ta 0671a/1aTh KBAHTOBBIM IIPEHMYIIIECTBOM.
[Ipo1ie roBOps, MOAXOAUT I €€ KoHUTypanws (rpad) 1 co3manus
Ha €€ OCHOBE KBAaHTOBBIX cucTeM. Ecim uyTh clioxHee, JanyT Jid KBaH-
TOBbIE OJIy>KAaHUSI BHYTPH 3TOH CXEMbI BBIUTPBILI B CKOPOCTH BBIYHC-
neHui» [6].

Taxoke B yactu pusnueckux LLM crout oTMeTHTh, 4TO paspado-
TaH, peaJu30BaH M MPOTECTUPOBAH aJTOPUTM TPEXMEpPHON celicMuye-
CKOW MHBEPCHHU HA OCHOBE MAIIMHHOTO OOYYEHHS C MCTIOIH30BAHUEM
TPEXMEPHOIO CBEPTOUYHOI'0 MOJEIMPOBAHUs B NTyOMHHOM o0nacTu Ass
co3nanus o0ydJaroriero Habopa JaHHBIX U HeilipoHHO# cetn U-Net mms
PEKOHCTPYKUKU MOJIETH TpeuuH [17].

ComnpsbkeHHe HayYHBIX TIOCTHKEHUH U3 MaTeMaTHKH U (PU3UKH MO-
JKET CTaTh 3HAYMMBIM TOJIYKOM JUIS PA3BUTHS TAKOM BayKHOM Hay4yHOU
oTpaci, Kak OMOJIOTHs. DTO MOYKHO BBIPAa3UTh B COBPEMEHHOM JIOCTH-
keHnU Kommanuu DeepMind B HefipoceTeBoi pa3paboTke anropuTMa
AlphaFold, ctoco6HoTO MporHo3upoBars 3D GopMy npakTHUECKH JIFO-
0011 6eKoBOI CTPYKTYpHI [15], € y4eTOM KOJIM4eCTBEHHOTO MHOKECTBA
TaKHUX CTPYKTYp, npeBbimatomiero 200 MUITHOHOB MOJIEKYII.
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«BpIcokne ryMaHuTapHbIe TEXHOJIOTUH OCHOBAHBI HA IPUMEHEHUH
BBICOKMX TEXHOJOTUH YHpaBICHUS TEXHUYECKUMH OOBEKTaMHU
B YCJOBHAX JMHAMUKM M HEOINpPEISJIEHHOCTH K pELIeHUIO 3ajad
WHHOBAIIMOHHOTO Pa3BUTHSA B YCIOBUAX OBICTPHIX M3MeHeHui» [13]. Ha
OCHOBE 3TOTO CBOWCTBA ITPOMCTEKAET TO 0OCTOSTETBCTBO, YTO, HECMOTPS
Ha 3HAYMMOCTh uccienoBaHuii LLM B TOYHBIX M €CTECTBEHHBIX
Hay4HBIX 00JacTsX, cIelyeT OTMETUTh TOT (aKT, YTO BCE OHHU, B TOH
WIK WHOH Mepe, 0a3upyloTcsi Ha KOAW(MHUKAIMN S3BIKOBBIX €IUHHIL,
rzie SI3bIK TMpencTaBisieT co0ol He MEHBIIYIO [IEHHOCTh B CPaBHEHUH
C CcoNOpsraeMoll JUCHMIUIMHAPHOM JIOTMKOW W3J0KEHUS HAy4HOro
MaTtepuaia.

B 370l cBsI3M 0Opa3syeTrcs akTyalbHOCTb PA3BUTHS «IIPSIMBIX
s3pik0BbIX  LLM». Tak, nHanmpumep, Poccuiickoe wucropuyeckoe
obmectBo u «COep» mpu ywyactun Cankt-IleTepOyprckoro Hay4yHo-
nccnenoparenabckoro uHetutyra PAH B 2020 romy MHHUIMMpoOBaIU
KOHKYpC TIO pacmu@poBke pykomnucHoro Hacienus Ilerpa I
C TIOMOIIBI0 HMCKYCCTBEHHOTO HWHTeIIeKTa. ETro HWTOTrOM sBHIACh
paspaboTka mporpamMmmHoro mpoaykra «Digital Tlerpy», oOydeHHOTO
Ha paracere u3 10000 cTpoK U MO3BOJISIIOIIETO pPacro3HaBaTh PYKO-
nucu Ilerpa 1 ¢ momompto kommbroTepHOro 3peHus [14]. TouHocTh
pacro3HaBaHus SBJISETCS BHeUaTisomeid u cocrasuser 97,6%, dro
3HAYUTEIHHO MPEBBIIIAET TOYHOCTh M3BECTHOTO aHajiora JaHHOM CH-
crembl «Transkribusy» B pasmepe 68,1%. Pacmo3naBanue mpoOU3BOANT-
sl B 5 3TAIoOB: OMCK CTPOKH, aHAJIN3 CTPOKH, U3BJICUEHHUE [IPHU3HAKOB,
aHaJIM3 MOCJIE0BATENILHOCTH U (pMHATIbHOE (POPMUPOBAHUE TEKCTOBOM
CTPOKH C TpaHCKpHOalnei pyKOIMMCHOTO TEKCTa.

2. sIBsisieTcst 1M Pe3yabTaT AHAJIU3A JAHHBIX HOBBIM
3HaHueM?

Ecnn aHanu3 naHHBIX CONpPSATaeTcs ¢ TaKUMHU KaTerOpUsIMH, Kak
«HpOPMALHS», «IAaHHBIE» U «3HAHUs», TO KpaliHe BaYKHO MpPEACTaB-
JSITh KOHTEKCT Ae(UHULNHN 3TUX MOHATHH. «/laHHbIe cOCTOAT U3 6a30-
BO, HEOUHIIICHHOW U, KaK MPaBUIIO, HE(PUIBTPOBAHHON UH(OPMALINH.
Wndopmarms — 310 ropa3go Gosee TOUHBIE JaHHBIE, KOTOPBIE IBO-
JIOLUOHUPOBAIN 10 TaKOM CTETEHH, YTO CTAJIM IOJIE3HBIMH IS TOU
WM UHOW (GOpMBI aHann3a. 3HaHUE HaXOIUTCS B MOJIb30BATEINE. .. ITO
MIPOUCXOAUT TOJIBKO TOT/1A, KOT/Ia YETIOBEUECKUI OMBIT ¥ TPOHUIIATENb-
HOCTb IIPUMEHSIIOTCS K JAHHBIM ¥ WHpOpMam» [7].
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AHanM3 TaHHBIX MOXKHO ITPEJICTABUTh KaK €CTECTBEHHBIN TPOIIECC
00pabOTKH KOMIBIOTEPHBIM aJTOPUTMOM KaKOTO-TO OMPEIEICHHOTO
Habopa uHpOpMaLuy, Tae, 0 UTOTY, TOIydaeTcs ONpeaeliCHHbIH pe-
3yJAbTaT — JAaHHBIE, HO HECKOJIBKO BHAOM3MEHEHHON (Gopmbl. [pynmu-
pOBKa 3THUX MAHHBIX CIOCOOHA, Yepe3 HEKOTOPYIO IeMb Mpeodpaszo-
BaHWH, CBECTH MX K 3HAHWIO, Tl 3HAHHE MPEICTABUMO KaK «TO, YTO
BBIpaKaeTcsi 00OCHOBaHHBIM, OOMNIE3HAYMMBIM, UHTEPCYOBEKTUBHBIM
MpeIOKEHUEM WM CUCTEMOM Takux npeanoxeHuid» [10]. B cBoro
o4epesib, BaKHO IMPEJICTaBUTh Takke CBOMCTBa HOBOro 3HaHus. «Ho-
BO€ 3HAHHE — COBOKYITHOCTb CBEJICHHUI O CYIIECTBOBAHUHU KaKUX-THOO
00BEKTOB MJIM UX CBOWCTB, O MpOIeccax U SBICHHSX JIEHCTBUTEIHHO-
CTH, paHee He U3BECTHHIX HayKe W HE BXOJAIINX B CYIIECTBYIONIYIO Ha
KaKoOW-1100 JaHHBI MOMEHT CHUCTEMY UYEIOBEYECKHX IPEICTaBICHUN
o mupe» [11, c. 605].

AHanu3 JaHHBIX, KaK (pyHKIMOHANBHAS CHCTEMa, CONpsDKEHHAs
C TIONCKOM 3HaHUS, MPUBOANT K CJIEYIOIIEMY BOIPOCY: SBISETCS JIU
pe3yibTaT aHajJu3a JaHHBIX HOBBIM 3HaHUEM? 31eCh MBI JOJDKHBI ITPH-
WTH K ABYM MOJIEIISIM:

1. ToxktecTBEHHOCTh aHaM3a TAaHHBIX U HOBOTO 3HaHus. Ha ocHO-
BaHUM YCJIOBHUS TOXKIECTBEHHOCTH BO3HUKAET BOMPOC: TIPH BBEICHUHU
KaKAX-TH0O0 yCIOBUH MOXKHO JIM AOCTHTHYTh PAaBEHCTBA MEKAY aHa-
JIM30M JIAaHHBIX U HOBBIM 3HAHUEM WM Helb3si? DyHKIIMOHAIBHO POJIb
aHaJIM3a TaHHBIX U HOBOTO 3HAHMSA MOTYT COBIA/IaTh, YTO MOKHO BBIpa-
3UTh B IPEIMETHOM IPUBSI3KE K HAYUHOH JIUTEpaType: «AHAIN3 JAHHBIX
MOJKHO OTIPENIEIHTh KaK MPOIeCC TOUCKa CKPBITHIX 3aKOHOMEPHOCTE!
W TeHepaluy HOBBIX 3HAHWH. AHAIN3 JaHHBIX — MEKANCIUIITMHAPHAS
00y1acTh 3HAaHWH, HAXOMAIIASACS HAa CTHIKE MaTeMaTHKH, TEOPHU aJro-
PUTMOB 1 UH(POPMAIIMOHHBIX TEXHOJIOTHI [8, . 5]. «AHamU3 JaHHBIX
WCTIONIB3YETCS TS TTONTyYeHHs] HOBBIX 3HAHUN 00 M3ydaeMOM OOBEKTe
(mportecce, sBiaeHUN)» [9, c. 6]. TOXKIECTBEHHOCTh aHANIHM3a TAaHHBIX
¥ HOBOTO 3HAHHUS MOXET JOCTUTAThCS MOCPEICTBOM HCIOJIH30BAHUS
(YHKIMOHABHBIX BO3MOXKHOCTEH Takoro cybareHra, Kak aaThduka-
uus. HoBbIil TepMUH «IaTU(UKAIMS ONPeNessieT mpolecc npeodpa-
30BaHUs MIPHUBBIYHBIX JUIsI HAC (DOPM BOCHIPHUATHUS ACHCTBHTEIBHOCTH
B mppoByto popmy, uTO 0OecTednBaeT BOZMOXKHOCTD TOTy9YEHHUS HO-
BBIX 3HAHWM JJIS pEIICHHS CaMbIX pa3HBIX 3a1a4 9, ¢. 5]. Jlatudukanus
MO3BOJISIET OOCPHYTh aHAIM3 JaHHBIX B TpoIlecC — B NU(POBOI mpo-
Hecc, Onarogapsi KOTOpOMY MOKHO JOCTHUTHYTBH €T0 TOXJIECTBEHHOTO
MpEJICTaBIEHUs] C HOBBIM 3HaHHEM. DTOT INpoliecc, B TaKOM Ciydae,
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SIBIISIETCS] KaK OB 0aJTaHCHPOBITUKOM MEXKIy aHAIM30M JaHHBIX U HO-
BBIM 3HaHHEM — B HYXXHBI MOMEHT OH COTpsTaeT MpoOIeMbl U 3aja-
YH KaKIO0H U3 CUCTEM, 00pasysi MeXIy HUMH MEKCHCTEMHYIO TOXKIE-
CTBEHHYIO CBA3b. B pe3ynbTare aHanu3 JaHHBIX U HOBOE 3HAHHUE — ATO
HeoO0s3aTeNbHO MpsAMas TOXKIECTBEHHAs! CBSA3b; €€ IOCTIKEHHE MOXKET
OBITH PE3yIBTATOM B3aMMOJIEHCTBHS HEKOTOPOTO KOJIMYECTBA CyOareH-
TOB, CBS3BIBAIOIINX BHYTPEHHUE OOBEKTHI W MPOIECCHl aHaln3a JaH-
HBIX ¥ HOBOTO 3HAHHUS HA YPOBHE MEKCUCTEMHOTO B3aMMOJICHCTBHSL.

2. HetoxxaecTBeHHOCTh aHalU3a JaHHBIX U HOBOTO 3HaHus. Eciu
aHaJIN3 IAHHBIX MOXKET MPUBOJUTH K HOBOMY 3HAHHIO, TO B KAKHX CIy-
gasx ATOTO MOXKET He TpoucxonnTh? Kak ObUTO yCTaHOBIEHO paHee,
3HaHWE TpeOyeT IPUMEHEHH YeIOBEUECKOTO OITbITa K JAHHBIM U K MH-
(hopmarm, 1 TIOIy4aeTcs, YTO OTCYTCTBHE 3HAHUSI COIIPATAETCS C He-
HCTIOJIb30BaHUEM 3TOTO CaMoOro OmbITa. B ciydae e HOBOTO 3HaHUS
aHaJ3 JaHHBIX, B TAKOM clly4ae, JOJDKEH COCPE0TauuBaThCsl BOKPYT
BXOJISIIUX B CYIICCTBYIOIIYIO Ha KaKOH-THMOO JaHHBI MOMEHT CH-
CTeMy YeJIOBEYECKHX TpeCTaBIeHni 0 Mupe. Takum oOpazom, eciu
aHAIIN3 TaHHBIX, €TO PE3YJIBTAT, IIOMPOCTY MOBTOPSAET KaKyI0-IN00 CH-
CTeMy TIPEJICTaBIICHH YeloBeka 00 OKpYyKarollel IeHCTBUTEThHOCTH,
TO OTCYTCTBYET TOKIECTBEHHOCTh 3TOTO aHaJHM3a C HOBBIM 3HAHUEM.
OHaKo MOKET JIi OBITh TAaKOE, UTO aHAJIM3 JaHHBIX B CBOEH OCHOBE HE
3aJIeHCTBYeT 4YelloBeueCKuil onbIT? B TakoM citydae OH JOMKEH JINOO
OTCYTCTBOBATh, TNOO UMETh AJBTEPHATHBY — HAIIPUMEDP, BBIPAKATHCSI
B «MAIIMHHOM OTIBITE». ECIHM MalImHHBIA ONIBIT ¥ Y€I0BEYECKHUH OTIBIT
MOXKHO TIPEJICTaBUTh KaK TOXJICCTBEHHBIC, TOT/A PE3yJbTaT aHalu3a
JAHHBIX JIOJDKCH MPUBOAWTH K HOBOMY 3HAHUWIO WM C IPUMEHEHHEM
YeJI0BEYECKOT0 OIBITA, MM C TPUMEHEHHEM MaIlMHHOTO OmbITa. Bo3z-
HHUKAeT BONPOC: «A MOXKET JIM MAIIMHHBIHA OTBIT HE OBITH TOXK/ECTBEH-
HBIM YEJIOBEYECKOMY OTIBITY B TEUECHHE KAaKOTO-THO0 IPOMEXKYTKA Bpe-
MeHHu?». Takast cuTyalusi BO3MOXKHA, €CJIM MAIllMHHBIN OIBIT IOPOJUII
KaKoe-TO OTpeAelIieHHOe KOJIMYeCTBO MeTaop, KOTOphlE B YCTAaHOB-
JICHHBIH MPOMEXYTOK BPEMEHHU He ObLTH KakuM Obl TO HH ObLIO 00-
pa3oM MHTEPIPETUPOBAHBI YEJIIOBEKOM, He 00pa30BajH ero omsIT. To
€CTh CaMOCTOsTENIbHast paboTa MaIIMHbBI C JAaHHBIMH, KOTOpPbIE Yeso-
BEKy HY)XHO OyJIeT B JajbHEHIIIEM HHTEPIPETUPOBATh, BO BPEMEHHBIC
MIPOMEXKYTKH OTCYTCTBHSI CAMOW MHTEPIIPETAIINA WITH €€ MTPOBEIACHHUS,
HE SIBJISIETCS HOBBIM 3HAHHEM KaK TaKOBBIM.

Ecnu nngopmanust mpencrasiseT coboi TOUHBIE JaHHBIE C TIO-
TEHIMAITBHOW TOJIE3HOCTHIO ISl UX HEMOCPEICTBEHHOIO aHalln3a, TO,
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B Clly4ae IpeJCTaBICHUS pe3ybTara aHaIln3a JaHHBIX B Kau€CTBE UH-
(hopmaru — Habopa KaKUX-TO TOUHBIX JAHHBIX IS TOCICITYFOIIETO
aHaJIn3a, SIBJISETCS M Takas nHpopmaius HOBbIM 3HaHueM? C BBejie-
HUEM B BOBMOKHYIO TOXKJIECTBEHHYIO CBSI3b aHAJIM3a JIAHHBIX U HOBOTO
3HaHUS cyOareHTa B BUAC «MHPOPMAITUI) JCHCTBUTEIBHO JIH 3Ta CBSI3b
BO3HHKaeT? Pe3ynpraroMm aHam3a JaHHBIX MOXKET ObITh HE HOBOE 3Ha-
HHUE, a IPOCTO YK€ UMEIOLIEEeCs U ACUCTBYIOLIEE 3HAHUE, KOTOPOE KOH-
TEKCTYaJIbHO MOXET OBITh CONPSDKEHO ¢ MH(OpMaIueil B ee 3alaHHON
XapaKTEepUCTUKE — HAa ATOM 3Talle MEePEXo] OT aHaJIn3a JaHHBIX K HOBO-
MY 3HAHHUIO HE IIPEJICTABISIETCA BOSMOKHBIM. B TO 5ke BpeMsl, eciiu npo-
TOJKUTH ITY TIeTh, TIe WHhopMaIus OyIeT MepexoauTh B IPyTyI0 HH-
(hopmaruro 1 MoCTynareIbHO YKPYIMHATHCS KaK CHCTEMa, TO B KAKOKH-TO
MOMEHT BPEMEHH pe3yJIbTaT aHalln3a JaHHBIX TaKOH MHPOPMAIUH TT0-
TpeOyeT X MallTMHHON WHTEPIIPETALINH, KOTOPasi, B CBOIO 0YepPE/lb, YK
OyZeT HYXJIaThCsl B «YCIIOBEUSCKOW MHTEPIPETAIMI, TPOUCXOISIIEH
HE cpa3y, — [H03TOMY, Ha 3TOM 3Tare, BOZHUKAIOT MPEANOCHUIKUA JUIs
TOXKIECTBEHHOCTH aHaIN3a JAaHHBIX 1 HOBOT'O 3HAHHUS.

B paccmarpuBaeMoM KOHTEKCTE YBSI3KH TOXKJIECTBEHHOCTH W He-
TOXKJIECTBEHHOCTH aHAIM3a JAHHBIX H HOBOT'O 3HAHUS TaKKE BOSHHKACT
Bonpoc: «MOKET JIM aHAIHM3 JJAaHHBIX U HOBOE 3HAHUE OBITH OHOBPE-
MEHHO TOXJCCTBEHHBIMH U HETOXK/IECTBEHHBIMU (IIPHU Pa3HBIX BHEII-
HUX YCIIOBUSX JIJISl TOK/IECTBEHHOCTH M HETOXKICCTBEHHOCTH ) ?». HBI-
MM CIIOBaMH, MPHU PA3JIUYHBIX YCIOBUSAX MEPEXOJ U3 aHallM3a JTaHHBIX
B HOBO€ 3HAaHHE MOKET OBITh KaK BO3MOXKHBLIM, TaK MU HEBO3MOKHBIM.
Bce Oynmer 3aBuceTh OT TOTO, KaKue JaHHBIE HCIIONB3YIOTCS N3HAYAb-
HO, HYXHO JIM UX MHTEPHPETUPOBATH U KOMY M3HAYaJIbHO MX MPOLLIE
HWHTEPIIPETUPOBATh — YEJIOBEKY WIM ke MaiuHe. [loatoMy nomycka-
€TCsl CUTYyallks, YTO aHaJIU3 OJHUX JIAaHHBIX MOYKET CONPSTaThCs C IMO-
JTy4eHUEM HOBOTO 3HaHMs, B TO BpeMs KaK aHAJW3 JIPYTUX JAHHBIX,
B CBOEM a0COITfOTe, — HE TPEICTaBIATh CO00I Kakoe-To HOBOE 3HAHHUE,
a OBITh HOBBIM JIMIIIL B JIOKaJLHOM cMbIciie. Ho ecnu 3HaHME SBIISIETCS
HOBBIM B JIOKaJIbHOM IIPEACTABIEHUHN, TO OHO JIOJKHO COXPaHATh CBOU
HMHTEPCYObEKTUBHBIC KaueCTBa — UHAYE OHO MEPecTaeT ObITh 3HAHUEM
KaK TaKOBBIM — TO €CTh OOIIE3HAYUMBIA M JIOKAJILHBIH IIEHHOCTHBIN
KOMIIOHCHTHI HOBOTO 3HAHUS, B KOHCUHOM CUETE, MOJIKHBI OBITH YpaB-
HEHbI — Yepe3 TOT UM MHOM MEePHOJl BPEMEHHU.
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3. IlepcneKTUBbI HAYYHOI'O TBOpPYECTBA B 3MO0XY 00JbILIMX
BbIYMCJICHH I

Bonpine BeIYHCIEHHS TO3BONIAIOT KaY€CTBEHHBIM 00pa3oM ympo-
aTh MOJIETH PadOTHI C HAYKOM, C HAyYHBIM TBOPYECTBOM M CO BCEMU
MIPOU3BOIHBIMH OT HUX KaTETOPHUSIMH.

1. HayuHas «HacMOTpeHHOCTBb». HayuHOe TBOpUECTBO SIBISETCS
pE3yJIbTaTOM aHair3a OOJBIIOr0 KOJMYECTBAa HAyYHBIX JaHHBIX, KO-
TOpbIE B WHAMBHUIYAJbHOM IO3HAHUU JESATENs HayKHM MOXHO CBECTU
K NMpoeCCHOHANBHON «HACMOTpeHHOCTWY. braromaps OoibIIMM BbI-
YUCIIEHUSM OT/IeITbHBIE KOMITOHEHTHI TAKOH «HACMOTPEHHOCTH» MOTYT
OBITH IOJBEP)KEHBI MHOI00OpasHbIM TI'PYNIIUPOBKAM, IPHUBOISIIUM
K HEKUM «YHUKAJIBHBIM TPYHIHPOBKAM», CIIOCOOHBIM OBITH OGOpM-
JICHHBIMHU B Ka4e€CTBE HOBOTO HAYYHOTO OIBITA WM OBITH €r0 OCHOBA-
nueM. [lnarpopmamu pa3BuTHS HAYYHOH «HACMOTPEHHOCTH» MOTYT
OBITh MPAKTUYECKH BCE JIETAIBHO JCHCTBYIONINE WHTEPHET-PECYPCHI,
KOTOpBIE CIOCOOHBI BBITONHATH (PYHKIIUM HMCXOMHOW (YHKIMHA WIN
HCXOJHOTO KOHIIEHTpPaTa HAy4YHOIO MCCIENOBAHWSA; WHIUBUAYaJIbHAsS
IpyNIHAPOBKA HHTEPHET-PECYPCOB TAK)KE HOCUT LIEHHOCTHBIM HayYHBIN
XapakTep, MO3BOJAS BBICTPAUBATh AJNTOPUTMBI JIOTHYECKUX LIEMOYEK
MIPO/ABMKEHHS] HAYYHOTO 3HaHMS B HAyYHBIX OTpacisiX U Ha UX CThIKaX.

2. CopeBHoBarenbHble Hay4yHble HM3bICKAaHUSA. OIHUM U3 CIIOCO-
00B BBIpaKEHHUS] HAyYHOTO TBOPYECTBA SIBJSETCS COpPEBHOBATENbHAS
JESTENBHOCTD, IJI€ Ka4eCTBO HAy4YHOTO TBOPYECTBA COINOCTABIIAETCS
C HEKOTOPOI CHCTEMOI KPUTEPHUEB U OLIEHOK, 00YCIIOBICHHBIX CAMUMHU
YCIIOBUSIMHU COPEBHOBaHUS. B TaHHOM ciyyae XapakTepHBIM IPUMEPOM
MOJKET SBJIATHCS OJMMIIMAHAs AESITeIbHOCTh 10 ONpeAesieHHOMY Ha-
YYHOMY IIpEIMETY, TJe YCIENIHOCTh MPOXOXKACHUS ONUMITHAABI OIle-
HUBAETCS] CUCTEMHOCTBIO TTOIXO/IOB K PEUICHUIO TOW MU WHOM OJMM-
nuagHou 3amaun. OnuMnuanHas IesTENbHOCTh MOXKET 3HAYUTEIbHBIM
00pa3oM YCKOPUTH Hay4HBIHA MOWCK, B OCOOCHHOCTH €CII OH CBSI3aH
C BO3MOJKHOCTBIO NMPUMEHEHUSI KAKUX-THOO OONBIINX BBIYUCIUTEIb-
HBIX TEXHOJIOTUH Ha 0a3e HayyHOro 0a3uca TOW WIM MHOU JUCIIUILIH-
Hbl. Ha ypoBHE OpraHu3aiiyl LIKOJIBHOTO OJMMIIHAIHOTO IBMKEHUS
OONBIIUMH TIEPCIIEKTUBAMH YCKOPEHHS HAayYHOTO TMOWCKa 00JamaroT
©KEroJHO MPOBOAUMBIC Ha 0a3e MEXIyHapOIHOIO MareMaTHYeCKOro
typaupa «Typuup T'oponos» nerHue konpepenuuu. Kak ormeuaercs
Ha TopTalie TypHHpa, «OIHA M3 Lesiel KOH(EepEeHIUH — MPHOOIIUTH
CTIIOCOOHBIX LIKOJBHHUKOB K PEIICHHIO 3a/1au MCCIIe0BaTEIbCKOTO Xa-
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pakrepay [16]. YuacTHUKM, YCHEIIHO CHPaBHUBIIMECS C 3aAaHUSIMHU
OJIMMIIMA/IB], PEIIal0T MAaTEMAaTHYECKUE 3aJadll HCCIIEA0BATEIBCKOTO
XapakTepa, HEKOTOpble M3 KOTOPBIX CBSI3aHBI C OTKPHITBIMH MaTema-
THYeckuMu mpobiaemamu. OreHUBAETCS HAMOONbIIee MPOABUKCHHC
0 KaKJ0W M3 MpeIOKEHHBIX 3a7a4 B paMKax npoekra. Pabora Han
MIPOCKTOM MOXKET OBITh KaK WHAMBHUAYaTLHOM, TaK M KOMaHIHOW. 3a-
Jlaud MOTYT HOCUTb MEXAUCLUIUIMHAPHBIA XapaKTep U MPEACTABIATH
LIEHHOCTH HE TOJILKO JIJISl MATEMAaTHKH, HO TAK)Ke U JUTS QPU3UKU, XUMHH,
Ouonoruu, MHPOPMATUKU U T.T. TO €CThb JIOMyCKaeTCsl BO3MOXKHOCTD
pa3paboTKu B paMKax KOHGEPCHIMH 3a7ad, CIIOCOOHBIX TPOABUTATh-
CSl B PEIICHUH TEX WJIM MHBIX aJTOPUTMHUYECKHUX MPOOIEeM B KOHTEKCTE
OOJBIIMX BRIYUCIICHUHA. B ciTydae BO3MOXKHOI MHTETpaIlii KOHPEPEH-
MU C CECCHOHHBIMH MEPOIPHUITHAMU Ha 0a3e KPYIHBIX POCCHICKHX
IT-opranmzanuii, takux kak «Iamekc», «VK», «CbOep» u np., cra-
HOBHTCSI BO3MOXKHOH pa3zpa0oTKa 3a/1ad, pelarolinX OJHOBPEMEHHO
U KOpPIOpaTHBHbIE TIPOOIEMbI TOW MM WHOW KOMITAHWH, C TEPCIIEKTH-
BOH JTabHEUIIIETO TPYAOYCTPONCTBA HANOOJIEE YCITCIITHBIX YIaCTHIUKOB
KOH(EPEHINH WA YYACTHUKOB, CITPABUBIIINXCS C TPOEKTOM HIIH OITpe-
JICJICHHOM TPOEKTHOM 3ajayeil, KoTopasi MpenoCcTaBIeHa KOHKPETHOM
IT-opranusanuei.

3. mMmepcuBHbIE Hay4yHbIE W3bICKaHMA. BupTyanuzanus u rei-
MHU(UKAIUS TTOBBIIIAIOT BO3MOXXHOCTH YIAJEHHOTO MOJEINPOBAHUS
«OTpaHUYHNTENCH» HAYYHOTO NCCIIEIOBAHMS MITH )K€ CO3JaHHs BCEX He-
00XOAMMBIX YCIIOBHIA ISl €T0 TIPOBEICHUS TN OCYIIECTBICHHUS DKCIIe-
PUMEHTAILHOW Hay4YHOU paboThl. L[eHHOCTh MMMEPCHBHBIX HAyYHBIX
M3BICKaHUM 3aKJII0YaeTCsl B BO3SMOKHOCTH HEOTPAHMUEHHOTO BHJIOU3-
MEHEHUS yCIIOBUH IKCIIEpUMEHTa Oe3 HAaHECEHHSI OITACHOTO Bpe/ia BCEM
3a/ICCTBOBAHHEIM B TIPOIIECCE UCCIENOBAHUS 00BEKTaM MJTH BHEITHEH
cpele B IIeJIOM (3a HCKITFOUCHUEM BhIpabaThIBaeMO B TIpoIiecce pado-
ThI TEIJIOBOW SHEPIrUU OT KOMIIBIOTEPHBIX AJIEMEHTOB, HYKIAIOIIECUCS
B KOHTPOJIE, WM BEPOSATHBIX MHBIX MAryOHBIX MEPONPHUATHH, CBSI3aH-
HBIX ¢ pabOTOM KOMIBIOTEPHOM TEXHUKH MO HArpy3Ko).

4. «MaumHHOe 00y4eHUe MAIIMHHOTO 00y4YeHUs». O0yUYeHHE KOM-
MBIOTEPHBIX MPOTPAMM BBITIOJIHEHUIO PA3IMYHBIX OIEpalUil pa3iud-
HBIMH BHEUTHHMH aJTOPUTMUYECKHUMH areHTaMu (hOpMHUpYET BOIPOC,
CBSI3aHHBI C BO3MO)KHOCTBIO KOJIMYECTBEHHOW OLIEHKH pEaIM3alun
TaKWX BIIOKCHHBIX IUKJIOB OOYYEHHS, — TOTO, KaKO 0OBEM KOMITBO-
TEPHBIX MPOTPaMM HEOOXOAMMO OOYYUTh UCXOIHBIX AJITOPUTMOM JUIs
pemenust 3anaun. Takum oOpa3oM, Hay4HOE TBOPYECTBO B PELICHHH
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HCCIEeIOBATEIbCKUX 3a7a4 MOXKET CBOAUTHCS KaK pa3 K OLICHKE OITH-
MaJIbHOCTH TaKMX «KOMIBIOTEPHBIX BJIOKEHHOCTEN», aHAJIN3Y TOT0, KaK
Bupon3MeHseTcst 2Q(HEKTUBHOCTD pellleHHs 3a1a49i B MOHOJIUTHOW WITN
MHUKPOCEPBHCHOM apXUTEKType OpraHM3alru padOThl KOMITbIOTEPHBIX
MporpaMM B pellIeHUH Hay4yHOU 3amauu. [ToMMMO HemocpeacTBEeHHOM
OLICHKHU POJIM KOMIIBIOTEPHBIX POrpamMM B 3TOM IIPOLIECCE, TAKKE BO3-
HUKAET BONPOC, CBSI3aHHBINA ¢ MECTOM YEJIOBEYECKOTO OIICHILMKA B aHAa-
JIM3€ CUCTEMBI MAIMHHOTO O0YyUYCHHSI, — TOTO, Ha KaKHX ATalax Heo0Xo-
JIIMO BBOAMTH Y€JIOBEKa B aHAIN3 pabOThl KOMITBIOTEPHOTO aJlTOPUTMA.
Hay4Hoe TBOpueCTBO 1MO3BOJISAET MPEACTABUTH ITO KaUECTBO B BUJIE IKC-
MIepUMEHTAIFHONW Pa0OThI B AMYIUPYEMBIX TPOTPAMMHBIX Ccpeniax Juis
ONpEACIEHHBIX 331a4, [J€ OTHOCHUTEIbHASI OLEHKA HAyYHOIO TBOpYE-
CTBa CONOCTaBUMAa C U3MEHUYMBOCTBIO POJIM YEIOBEKA-OLICHIIUKA B Ta-
KOM IIPOTPaMMHOM MOJIETUpoBaHIH. KOHCTPYKT «MalImHHOE 00yUeHHE
MAaIIUHHOTO 00Y4YeHUs» HEMOCPEACTBEHHO COMPSTacTCsi ¢ KOHCTPYKTOM
JETEPMUHUPOBAHHOM Kay3aJIbHOCTH, TJI€ «BCSIKOE BHIYUCIMMOE COCTOSI-
HUE OTIPENEIISICT MOCISIYIOIIee BRIYUCIUMOE cocTosTHue [12].

5. Po6oT xak HOcHTETh OONBIIMX BhIMHCICHUHN. [IpopsiB B 00ma-
CTU TEXHUKU U TEXHOJOruMHU C ucrnonb3oBanueM LLM-cuctem Takxke
COCTOUT B BO3MOJKHOCTH UX ITPAKTUUECKN OE3rPAaHNIHOTO TEXHIUYECKO-
T'O MCTIOJIb30BaHMsI, YTO MO3BOJISIET HAMIPSIMYIO 33J1eiCTBOBATh UX IPaK-
TUYECKH B JIIOOOM POOOTH3UPOBAHHOM MEXaHH3Me. Takum oOpazom,
LLM-cuctemsl criocOOHBI MOTy4YaTh 00JIee BEIPAKECHHYIO MaTepHailhb-
HyI0 000JIOYKY, 9TO pacHIMpsieT BO3MOXKHOCTH HAayYHOTO TBOPYECTBA
ITyTeM He TOJBKO paboThI ¢ MporpaMMHOi mardopmoiit LLM-cuctemsr,
HO TaKXe C €€ MPSIMBIMU KOMIIOHEHTHBIMH YBSI3KaMH C TEMH UJIM WHBI-
MU POOOTOTEXHUYECKUMHU MeXaHU3MaMH. YeJT0OBEK MOKET ONPEACIsTh,
B Kakoi Mepe poOOT MOXKET caM MaHHUITyJIMPOBaTh JAHHBIMH, ITOJIyda-
eMbiMH 13 LLM-crucreMaMu; Kakue IMEHHO MEXaHH3MBI MOTYT OBITh
yBsI3aHBI ¢ BHEITHUM KoHTposieM LLM, a kakue HeoOXOIMMO OCTaBHTh
B IPSIMOM JOCTYIIE «K YEJIOBEYECKOMY KOHTpoIto» U T.1. Kpome Toro,
POOOT Kak BO3MOXKHBIM HOCHTENb HEKOTOPBIX YEJIOBEKO-COLUATBHBIX
MPU3HAKOB CIIOCOOEH YHNPOCTUTH OMpENesIEHHBIE MPOIECChl MOACIH-
pOBaHHUS COLMATBHBIX B3aMMOJICHCTBHH, KOTOpBIE, KaK M3BECTHO, Ha
€CTECTBEHHO-IKCIIEPIMEHTAIHLHOM yPOBHE KpaiHe CIIOXKHBI — KaK JIJIs
MPOU3BEACHUS, TAK U JUISl IOCIEAYIOIUX BOCIIPOU3BEICHUS U UHTEP-
npetauuu. To eCTb CTAHOBUTCSL BO3MOXHBIM MOJICIUPOBAHUE paA3INY-
HBIX COLMAJIbHO-YIPaBICHUYECKUX MOJIeNIei Ha UX pOOOTU3UPOBAHHOM
MPUOIIKEHNH, TA€ MOKHO 3aMKHYTh aJITOPUTMHYECKYIO LIEMb — CO-
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LUAJIBHBIN aJITOPUTM, B BUAE MCXOAHBIX JAHHBIX, MAHUIYJIUPYIOLINX
nestenbHocThio LLM, momydaeT poOOTH3MPOBAHHYIO Marepuab-
HyI0 00OJIOUKY M MaTepuajibHO BOCIPOU3BOAUTCS, OTOXKIECTBISACH
B YIIpaBJIEHYECKON MOJeNn, KOTopasi, MPH HEOOXOAUMOCTH, €r0 BUIO-
W3MEHSET M OCTABIAET B MPEXKHEM, HO YK€ OLIEHEHHOM, BHJIE, BHIpa-
KEHHOM KaK «IOTCHLHAJbHOE MCXOIHOE NaHHOE» Ui JalbHEeHIIEero
NPUMEHEHUSI B aHAJIOTUYHBIX WK cTopoHHUX LLM-cucremax. Takum
00pazoM, MOXKEM CHOBA MEPEHTH K MOAETH «MallMHHOE 00y4YeHHe Ma-
LIIMHHOTO 00YYEeHUS.

6. borbIie BEIYMCIEHNS KaK IPSMBbIE areHThl HayYHOTO TBOPUECTBA.
Hecwmotps Ha Bce ykazaHHbBIE TEHICHIHS, 3T10Xa OOJBINX BBHIYMCICHUN
caMa JIaeT IOJCKa3Ky, YTO CJIEAyeT paccMaTpuBaTh B Kau€CTBE OCHOB-
HOTO areHTa Hay4HOrO TBOPYECTBAa — 3TO Oosbline BhluncieHus. Mc-
CJIEZIOBAHUS PECYPCOB, KOTOPBIE MOTYT MOAKPEIUIATh ATH BBIYUCICHUS:
MPUPOAHBIX, (PUHAHCOBBIX U T.II.; ATOPUTMOB, JIOKAILHO U CHCTEMHO
ONITUMM3HPYIOIINX 3TU BEIUUCICHNS; CaMUX JIFOJIEH, KOTOpbIE OyIyT TeX-
HUYECKU M KYJIBTYPOJIOTHYECKH OOCITY)KHUBATh ATH BBIYUCICHUS, — KOH-
LEHTPUPYIOT BHUMaHHE Ha OOJbIIMX BBIYMCICHHUAX KaK HA €CTECTBEH-
HOM 3arpoce 0011ecTBa, ero 00bEKTUBHOM MOTPEOHOCTH B CTPEMIICHUN
K Ooree coBepILIeHHBIM (hopMaM OOIIECTBEHHOTO Mporpecca.

Takum 00pa3zoM, OOJbIINE S3BIKOBBIE MOJECIN — 3TO dPPEKTHB-
HBI HHCTPYMEHT HAayYHOT'O TIOMCKA W HAyYHOTO TBOpuecTBa. M B ToM,
Y B IPYTOM Cllydae OOJbIINe S36IKOBBIE MOAEITH KaK Obl «CTATKUBAIOT-
cs» ¢ IpoOIeMoii TOro, HACKOJIBKO UX MOXKHO BOCIIPMHUMATH B Kaue-
CTBE CAMOCTOSATEJILHOIO areHTa — HACKOJIBKO OHM MOTYT OBITh He3a-
BHCHMBI OT YeJIOBEUECKOH JiesTeNbHOCTH. K 3TOMY cBOAMTCS mponece
IOKMCKa OTBETA Ha BOIIPOC: «SIBiIeTCs M pe3yibTaT aHaJIn3a JaHHBIX
HOBBIM 3HaHUEeM?». To ecTh To, YTO HalllJla MallliHa, — ’TO HOBOE 3Ha-
uue? Kax 0b11o 0ToOpaskeHo B MCCIIEOBAaHHH, TIPOIIECC MOUCKA OTBETA
Ha 3TOT BOIPOC CBOAUTCS K TOMY, KOIIa B3aMMOICHCTBYIOT 4EJIOBEK
n MamuHa. Kpome Toro, BakHO, K KakoMy 00beMy HH(OpMaIUU €CTh
JIOCTYT — KaK y 4eJIOBEKa, TaK U y MalnHbI. [103ToMy OTBET Ha BoIpoc
«SBnsiercs nu pe3yabTaT aHajdM3a JAHHBIX HOBBIM 3HAHUEM?» SIBIIS-
eTCsl CKopee KOHTEeKCTyalnbHbIM. W na, u HeT. Ilpu 3ToM coxpansiercs
aKTyaJIbHOCTH ITOMCKA HaWOOIBIIETO KOJTMYECTBA «KOHTEKCTOB» — KaK
JUIsl IEPBOTO OTBETA, Tak M JUIst Broporo. Eciu nepBblii BOIIpoc uccie-
JOBAaHHS — 3TO CKOpee BOMPOC 00JaCTH HAYyYHOrO IOMCKA, TO BTOPOH
Bornpoc — «KaKkoBbl epCreKTHBBI HAYYHOTO TBOPYECTBA B 310Xy OOJIb-
LIMX BBIYMCICHUI?» — 3TO BOIIPOC 00JACTH HAyYHOT'O TBOPYECTBA, OT-
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BET HA HETO MOXKET OBITh CBO60,I[CH " OI'paHUYCH TOJIBKO (I)aHTaSI/Iefz'I €ro
HCCICa0BaTCIIsA.

B pesynbrare 006a pacCMOTPEHHBIX B UCCIIEIOBAaHUM BOMPOCA CO-

XPaHAIOT CBOIO aKTyaJIbHOCTh C TOYKHU 3pEHHsI 00Jjiee KOHTEKCTyallbHO-
TO PacCMOTPEHHUS: 3aTparmBaHUe 0OOUX BOIPOCOB KaK MEPCIICKTHBEI
Hay4YHOTO MCCIIEIOBaHU TIO3BOJISIET COXPAHITH OajJaHC MEXIY CTPEM-
JICHWEeM K CTaHJapTHU3alliid HaydYHOTO TIOWCKa M CcyOCTaHmapTH3alud
OCHOBAaHHOTO Ha HEM HAayYHOTO TBOPUYECTBA.
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KoHuenuus pPeKypcun B KOrHUTUBHbIX UccriegoBaHusXx.
YacTb |: oT MaTeMaTuKM K NO3HAHUIO
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AHHOTauHﬂ. B crarpe O6Cy)l(lla}OTC$[ Pas3iIn4YHbIC MMOAXOABI K ITOHATHUIO
PEKypCHH U €T0 3BOJIOIHUA OT MATCMATHKH K KOTHUTHBHBIM HUCCICIOBAHH-
aM. PaccMaTpurBaroTcs Takue IMOAXOIbI KaK: CAaMOBCTPAUBAEMbIE CTPYKTYDBI,
MHOTOYPOBHEBBIE MEPAPXHUH C WCIOIH30BAHHEM OIHOTO M TOTO K€ MpaBMIiIa
U BCTPAaMBaHUE CTPYKTYp B CTPYKTyphl. Ilpemiaraercst koHuenuus Mera-pe-
Kypcuu. MccrnemoBanme MeTa-peKypcHH MOXKET OOBSICHHTH BO3MOXKHOCTH
NPUMEHEHUS PEKYPCHUBHBIX IIPOLECCOB K MHOTOYPOBHEBBIM HEPAPXUAM, IIPU
9TOM pPEeKypCHBHBIC MPOLEAYPHI IEHCTBYIOT KaK T€HEepPaTopbl. DTH TUIIBI pe-
KYPCHUBHBIX IIPOIIECCOB MOTYT OBITH (PyHIaMEHTATBHBIMHU 3JIEMEHTAMH 00X
KOTHUTHUBHBIX CIIOCOOHOCTEH. ABTOP TakKe KpaTKO 0OCYKIIaeT POJIb BEPOST-
HOCTHBIX ITOAXOAOB B COBPEMCHHBLIX PEKYPCHUBHBIX KOTHUTHBHBIX TCOPHAX.
IIpennonaraercs, 4To MepapXUUECKUNA MEXAHU3M IO3HAHUS IEMOHCTPUPYET
CBOETO POZia METAa-PEKyPCHIO B TOM CMBICTE, YTO PEKypCHUBHBIC HEHPOHHBIC
METIIA MOT'YT IOAAEPKUBATH HEKOTOPBIE MPUMUTHUBHBIE PEKYPCUBHBIE KOIHU-
THUBHBIE TPOIIECCHI, KOTOPHIE, B CBOIO OUepe.lb, OOBSICHIIOT PEKYPCUBHOCTH
A3BIKOBBIX I'PaMMAaTHUK, HpOCTpaHCTBeHHOﬁ Opu€HTauH, COONUAJIBHOT'O ITO3HA-
HHUA U T. 1. I/ICCJ’[GJ]OB&HI/IC IIOKA3bIBACT, YTO HMCIIOJIB30BAHHUEC HCCKOJBKHUX ITOO-
XOIIOB K TOHNMAaHHIO ()eHOMEHA PEKyPCHH MOKET 00ECIIeUnTh 00Jee MOIHOe
TIOHUMAaHHUEC CIIOKHOCTHU PEKYPCHH, ITOCKOJIBKY OHA UI'PA€T BaXXHYIO POJIb B Ta-
KHUX O6.ITaCT$[X7 KaK s3bIK, MAaTECMAaTHKa U KOTHUTUBHAs HAyKa.

KiroueBsbie ciioBa: PEKypCH; KOTHUTUBHBIC UCCIICIOBAHUA, CAMOBCTpPA-
WBAEMbIE€ CTPYKTYPbI; HEPAPXUUECKUE CTPYKTYPBI; META-PEKYPCHSL.
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The Concept of Recursion in Cognitive Studies.
Part I: From Mathematics to Cognition
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Abstract. The paper discusses different approaches to the concept of
recursion and its evolution from mathematics to cognitive studies. Such ap-
proaches are observed as: self-embedded structures, multiple hierarchical
levels using the same rule, and embedding structures within structures. The
paper also discusses the concept of meta-recursion. Examining meta-recursion
may enable understanding of the ability to apply recursive processes to multi-
layered hierarchies, with recursive procedures acting as generators. These types
of recursive processes could be the fundamental elements of general cognition.
The paper also briefly discusses the role of probability in current recursive
approaches to cognition. It is conjenctured that the hierarchical mechanism
of cognition demonstrates a kind of meta-recursion in the sense that recursive
neural loops may support some primitive recursive cognitive processes, which
in turn account for recursiveness of language grammars, space orientation,
social cognition, etc. The study indicates that using multiple approaches to
understand the phenomenon of recursion can provide a more complete under-
standing of the complexity of recursion, as it plays a significant role in fields
like language, mathematics, and cognitive science.

Keywords: recursion; cognitive studies; self-embedded structures;
hierarchical structures; meta-recursion.

If one has no sense of humor, then, at least,
one should have a sense of having no sense of humor.
(attributed to) Stanistaw Jerzy Lec

What is known as Cognitive Science (CS) started from the conjec-
ture that cognition is essentially computation conceived as algorithmic
manipulation with whatever may be assessed as symbols. In turn, the-
ories of computation and computability, as evolved since the edge of
XIX-XX centuries, started from attempts to solve Gilbert’s decidability
problem initially basing on the earlier theory of recursive functions.
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The Church’s Thesis is often interpreted as the statement of equality
of the class of computable functions to the class of partially recursive
ones. These circumstances could induce a belief that recursion is some-
what crucial to understanding the realm of the cognitive as well. And,
indeed, recursion has been seen by Noam Chomsky as a substantial
mechanism fundamental for human linguistic capacities, while today
we see a certain number of publications envisaging recursive nature
of mind and consciousness. A reservation should be made, however,
that recursive mechanisms that facilitate our mental lives are seen as
more complex now. In the first part of the review, I outline the history
of discussions in brief and give some advances to the importance of the
subject for cognitive studies.

Discussions in mathematics

According to Soare [1], the concept of recursive functions evolved
in mathematics through the works of various mathematicians such
as Dedekind, Hilbert, Skolem, Ackermann and R. Peter from 1888 to
1951. The current meanings of ‘recursive’ derive from the verb ‘recur’
that means ‘to return to a place or status’, or the concept of ‘definition
by recursion’, which is defined as ‘definition by induction.” The term
‘recursive’ is presently used in the field of mathematics in at least four
different ways, which are summarized in the following disambiguation:

<...>The current meanings of recursive and recursion are these:
(i) recursion is used with meanings derived from the verb ‘re-
cur,” <...>;

(i) recursion is used in the sense of ‘definition by recursion’
(i.e., definition by induction) <...>;

(iii) following Kleene 1936 and Church 1936 the term ‘recur-
sive’ denotes ‘general recursive’ and any of its mathematical-
ly equivalent formal variants, such as ‘Turing computable,’
‘A-definable,” ‘specified by a Post 1944 normal system,” or
Kleene’s ‘u-recursive’.

(iv) ‘recursive’ is used to mean any of the informal variants of
Definition 1.1 such as ‘(intuitively) computable,” ‘effectively
calculable,” ‘defined by a mechanical process,’ or ‘specified by
an algorithm.’ [1, p. 310]

The p-recursive functions, partially recursive functions and gen-
eral recursive functions are different classes of computable functions.
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A function is said to be p-recursive if it can be obtained through prim-
itive recursion schema and unbounded minimization schema. Partially
recursive functions are a class of functions that contain the computable
partial functions, which are obtained from the total recursive functions
by blocking the output values of the function at some points. General
recursive functions have a different definition. Here, ‘general recursive’
refers to any algorithmically computable function, and recursive im-
plies being defined by means of finite compositions of the following
three fundamental operations: initial functions, composition operators,
and primitive recursion schema.

The class of partially recursive functions is equal to the class of
computable functions. This is known as the Church-Turing thesis. It
states that if an algorithm exists to compute a mathematical function,
then a Turing machine can be constructed to compute that function as
well, and vice versa. The definition of partially recursive functions by
primitive recursion and unbounded minimization schema is equivalent
to the definition of computable functions, which can be computed by
a Turing machine. Hence, the class of partially recursive functions is
equivalent to the class of computable functions, and any function that
can be computed by any recognizable system of computation, such as
register machines, counter machines, or Markov algorithms, can be
computed by any other recognizable system of computation with at
most a polynomial increase in running time.

The Church-Turing thesis states that a function is computable by
an effective method if and only if it is computable by a Turing machine.
As is shown in [2] the notion of ‘effectively computable’ was formal-
ized first by Church using functions expressed in the lambda calculus,
and later by Turing using machines. Church and Turing showed that
their models for computation were equivalent in the sense that they
capture the same class of functions, which are now known as the recur-
sive or computable functions. The authors also mention that there are
other formalizations of the notion of ‘effective computability’, such as
the partial recursive functions, which are equivalent to Turing machines
and the lambda calculus.

The Self-reference lemma, also called the Fixed-point lemma or the
Diagonalization lemma, establishes that for any formula Q(x) that de-
scribes a property of a numeral, there exists a sentence ¥ that is logically
equivalent to the sentence Q(TW#1)!. Gdédel’s incompleteness theorems

! rWistands for a numeral of a Godel number of W.
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rely heavily on self-referential constructions like this. Additionally, the

halting problem for Turing machines is undecidable, in part, because of

the possibility of recursive loops in their operations [2, p. 135].
An important reservation was given by Kleene in [3, p. 187-188]:
The idea, and imagery, of an ‘oracle’ was introduced by Turing
1939 pp. 172-173 in defining the computability of one fixed
number-theoretic predicate from another. (He could just as well
have talked about their representing functions, taking as values
0 for truth and 1 for falsity.) Kleene 1952 (at the 1950 Interna-
tional Congress) adapted this idea to define the recursiveness
(or computability) of a function ...

According to Soare, this novation started continuous discussion on
‘relative computability’, or ‘relative reducibility’, which eventually al-
lowed for stating that, using Turing reducibility ‘(denoted 4 <, B), we
say that two sets 4 and B have the same information content or have the
same Turing degree if A < B and B < A.’[1, p. 302]. This remark, in
my view, opens an interesting perspective on cognitive representations,
as [ will try to show in a forthcoming part of this article.

A more general view

An interesting attempt to provide a comprehensive account of the
concept of recursion, its relation to inductive definitions and mathe-
matical induction, and its use in cognitive science is made by Sergio
Mota in [4], where he presents an in-depth exploration of the concept of
recursion and its relevance to cognitive science research.

In his view, recursion, inductive definitions, and mathematical in-
duction are related concepts that are often conflated. Recursion refers to
a function defined by induction, which involves defining a function for
an argument by using its previously defined values and simpler func-
tions. Inductive definition, on the other hand, involves defining a set
in terms of its elements, similar to how natural numbers are defined.
Mathematical induction is a proof technique that allows one to establish
the truth of an infinitely many statements. While these concepts share
similarities, the author warns that they should not be conflated.

Recursion and self-involvement are conceptually related in that re-
cursion often involves self-embedding or self-reference. For example,
a function defined by recursion may call itself as part of its definition.
This kind of self-reference or self-embedding is often a hallmark of
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systems that exhibit recursive behaviour. However, it is important to
distinguish between recursion and self-reference, as they are not neces-
sarily the same thing.

Mota reviews the Chomskian approach to recursion, which ‘em-
phasizes the origin of recursion in the formal sciences, and applies
it to characterize the mechanical procedure which underlies the lan-
guage faculty’ [4, p. 89]. But he also mentions three non-Chomskian
approches:

1. Self-embedded structures: This approach sees recursion as the
ability to embed structures within structures of the same kind,
creating a sort of self-reference. For example, a sentence like
‘the cat that chased the mouse that ate the cheese’ is recursive
because it contains nested clauses of the same form. This ap-
proach also includes self-embedded structures like fractals,
in which the same pattern is repeated at different scales. The
self-embedded structures approach to recursion emphasizes
how the ability to embed structures within structures of the
same kind creates a sort of self-reference, and views recursion
as a property of such structures. This approach recognizes that
recursive structures can take many different forms, including
linguistic structures, as well as structures found in mathemat-
ics and computer science. It also acknowledges that recursive
structures are found in nature in the form of fractals, which are
self-similar patterns at different scales. Overall, this approach
highlights the importance of self-embedding as a key character-
istic of recursive behaviour.

2. Multiple hierarchical levels using the same rule: This view
emphasizes the ability to represent multiple levels of structure
using the same set of rules. For example, a tree structure in
which each node can have many children can be represented
using the same ‘recursive’ rule to create new nodes at each lev-
el. This approach is commonly used to understand hierarchical
structure in general and is not limited to language. The multiple
hierarchical levels using the same rule approach to recursion
emphasizes the ability to represent multiple levels of structure
using the same set of rules, often leading to complex hierar-
chical structures. This approach is not limited to language but
is also commonly used to understand hierarchical structure in
many other domains, such as mathematics, computer science,
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and biology. For example, a fractal pattern can be created using
a simple recursive rule that generates the same pattern at differ-
ent scales. In general, this approach highlights the importance
of using the same set of rules at multiple levels to create com-
plex hierarchical structures.

3. Embedding structures within structures of the same kind: This
approach is similar to the self-embedded structures approach
but focuses on the use of embedding to create hierarchical
structure. For example, in a sentence like ‘the cat that chased
the mouse that ate the cheese,” the embedded clauses help to
create a hierarchical structure by nesting ideas within each oth-
er. This approach is sometimes called ‘nesting,” and it is closely
related to the self-embedded structures approach, as it involves
the use of embedding to create hierarchical structure. Howev-
er, it focuses more specifically on how embedding can be used
to create hierarchical ‘nested’ structures. This approach can be
applied not only to language, but also to other domains where
hierarchy and nesting are common, such as mathematics and
computer science. Overall, this approach highlights the impor-
tance of the hierarchical relationships that are created when
structures are embedded within each other.

All of these approaches focus on different aspects of recursion, but
they share the idea that recursion involves creating new structures that
are similar to the existing structures in some way. Each approach has its
own advantages and limitations for understanding recursion. While the
self-embedded structures, multiple hierarchical levels using the same
rule, and embedding structures within structures approaches each pro-
vide valuable insights into recursion, it is likely that multiple approach-
es will be needed to fully understand the phenomenon. This is because
recursion is a complex phenomenon that plays a role in many different
areas, including language, mathematics, and computer science, among
others. Therefore, each approach has its own advantages and limita-
tions, and using multiple approaches can help to provide a more com-
plete understanding of recursion.

Each of the approaches to recursion is significant for cognitive sci-
ence because they all help to shed light on different aspects of the phe-
nomenon and can lead to a better overall understanding of how humans
process information.

The self-embedded structures approach is significant because it
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emphasizes the importance of self-referentiality. This approach is es-
pecially relevant to understanding how language and thought are con-
nected, and how our ability to use recursive structures may be related to
more general cognitive processes.

The multiple hierarchical levels using the same rule approach is
significant because it highlights the power of using a limited set of rules
to generate complex hierarchical structures. This approach is relevant
not only to language, but also to many other domains, such as math-
ematics, computer science, and biology, where complex hierarchical
structures are common.

The embedding structures within structures approach is significant
because it focuses on how embedding can be used to create hierarchical
relationships. This approach is directly relevant to understanding how
we use language, and how we are able to understand complex sentenc-
es with embedded clauses. Not to forget Predictive Processing/Active
Inference paradigm in CS completely based on the ‘hierarchical Bayes’
formalism [5], which will be touched on in Part II.

Mota’s review helps conceiving that the concept of recursion has
two important applications in CS: one, originated from Chomsky, refers
to the ability of building self-embedding structures in thought and lan-
guage, and the other, characteristic to present-day cognitive approaches,
identifies recursive loops and hierarchies in underlying computation-
al neural mechanisms. In a sense, this allows for a concept of meta-
recursion that should grasp this nested view of cognition. The question
of whether we can speak about a kind of meta-recursion in the case of
cognition is an interesting one and might be developed against the ideas
behind the relative mathematical concept [6].

One way to approach this question is to consider the idea that cog-
nition is itself a recursive process. This view suggests that the process-
es underlying cognitive functions are recursive, and that this recursive
process is what enables us to perform complex cognitive tasks. For
example, in language processing, we are able to understand complex
sentences that contain embedded clauses by recursively applying a set
of rules to generate a hierarchical structure. This recursive process of
applying rules to generate hierarchical structures is thought to be a fun-
damental aspect of language processing and may be seen as a kind of
meta-recursion. Similarly, in mathematics, we are able to break down
complex problems into simpler, more manageable components by re-
cursively applying a set of rules to generate a solution. This recursive
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process is also thought to be a fundamental aspect of mathematical rea-
soning and may be seen as another kind of meta-recursion.

Overall, the idea of meta-recursion in the case of cognition is in-
triguing and has some support in the literature. While it is still a topic of
debate and further research is needed, it is clear that the ability to per-
form recursive processes is a fundamental aspect of human cognition
and is involved in many different cognitive tasks.

Recursion in cognitive linguistics

If by ‘cognition’ we mean processing that underlies, in particular,
linguistic capabilities, then one example of the said meta-recursion
may be the linguistic recursion famously studied by Chomsky. In [7]
he presents a series of theoretical arguments and observations about
the nature of human language. Some of the key themes he touches
include the idea that language is a computational system that can be
studied by analogy with other computational domains; the assertion
that the range of possible linguistic expressions is constrained by
a set of innate, domain-specific principles of ‘Universal Grammar’;
the suggestion that language is optimized for the conceptual/inten-
tional interface rather than the sensory-motor interface, with ‘exter-
nalization’ a secondary phenomenon; and the hypothesis that the min-
imal recursion approach to language offers a more streamlined and
explanatorily powerful framework for studying language than earlier
approaches. In the chapter cited, he emphasizes the importance of
formulating precise, well-motivated theoretical hypotheses about lan-
guage structure and function, and using these hypotheses to generate
testable predictions and explanations for phenomena at all levels of
linguistic analysis.

According to Chomsky, minimal recursion is the pursuit of the
simplest possible solution to the central problem of determining the na-
ture of the recursive procedures in language that provide an unbound-
ed array of hierarchically structured expressions at the sensory-motor
and conceptual-intentional interfaces. This involves the enumeration of
a set of discrete objects by a computable finitary procedure that can be
programmed for an ordinary digital computer that has access to unlim-
ited memory and time. He argues that this approach deepens explana-
tory power and expedites the study of language acquisition and offers
insights into the evolution of the language capacity [7, p. 1].



N2 1(25) 2024

URL: https://cyberspace.pgu.ru

Chomsky links his approach to the Recursive Function Theory
developed by Godel, Church, Kleene, and others. He notes that their
work established a framework for studying mathematical operations in
a way that could be executed by a finite computational procedure, and
he argues that language can be studied in a similar way. He also sug-
gests that the human language capacity may involve a kind of abstract
computational procedure that outstrips the Turing machine model in its
complexity!, which could account for the remarkable range of linguis-
tic expressions generated by the system.

According to Chomsky, the program of minimal recursion elim-
inates many unwanted stipulations that burden earlier work on lan-
guage. He argues that by reducing the number of elementary operations
posited in the computation and avoiding revision of complex phrase
structure rules, we can arrive at a system that is more straightforward,
predictive, and explanatory than earlier approaches. For example, he
suggests that the ‘externalization’ of the language system, that is, the
mapping of abstract linguistic structures to sensory-motor forms, need
not be modelled by a separate set of rules but can rather be understood
as a process of translation. By constraining the operations in this way,
we can arrive at a ‘minimalist’ approach that emphasizes conceptual
and computational simplicity [7, p. 3].

As ‘evidence for an asymmetry of the interfaces, with externaliza-
tion an ancillary procedure’ he refers to the hypothesis (which Chomsky
calls ‘thesis T”) that language is optimized relative to the conceptual/in-
tentional interface alone, and that ‘externalization’ is a secondary phe-
nomenon. In other words, the primary driver of the language capacity
is the system that generates meaningful expressions (the conceptual/
intentional interface), while the mapping of those expressions to exter-
nal forms (sensory-motor forms) is a secondary, less important process.
Evidence for this hypothesis comes from observations about the limited
range of variation in the sensory-motor properties of language, suggest-
ing that these properties do not play a fundamental role in shaping the
system as a whole. The idea is that a minimalist approach should aim to
capture the essence of the conceptual/intentional interface while leav-
ing externalization to be modelled as a kind of translation procedure
[7,p. 7]

Tomalin [8], in his turn, suggests that certain research fields, in-

! Sufficiency of TM as a universal model for any computation has been dis-

cussed in the literature on philosophy of CS; see, for instance, [16, 17].
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cluding linguistics, were plagued by misconceptions because research-
ers had not realized that certain phenomena in those fields could be
most easily analysed recursively. He also mentions that some linguists
in the 1950s were aware of developments in recursive function theory
from the first decades of the 20th century, and it is possible to trace the
routes along which recursive techniques entered the domain of linguis-
tic inquiry. Particularly Bar-Hillel and Chomsky are mentioned in this
regard.

The role of recursive definitions within the Minimalist Program
is discussed at length, and the main focus falls upon comparatively
recent claims concerning the centrality of recursion in the context of
biolinguistics. Specifically, the hypothesis that recursion constitutes
a species-specific property of the human language faculty that is par-
ticularly associated with natural language was reassessed, and the
problematic term ‘recursion’, in the author’s opinion, should be aban-
doned and replaced by less ambiguous terminology such as ‘inductive
definition’. The Minimalist Program, as said above, is a framework in
linguistics developed by Noam Chomsky in the 1990s, which aims to
provide a basis for explaining the fundamental principles of Universal
Grammar with the minimum of theoretical luggage. It seeks to derive
the properties of the human language faculty from considerations of
simplicity, economy, and optimal design. The program focuses on de-
riving grammatical specifications from general principles that are fixed
and universal, within a deductive framework that considers only those
operations necessary for this derivation.

Tomalin advises the term ‘recursion’ to be replaced by more accu-
rate terminology such as ‘inductive definition’ in the specific context of
linguistic theory because there are inherent ambiguities in the former
term as it is standardly used within the formal sciences. If ‘recursion’
is interpreted as ‘inductive definition,” the ‘recursive’ components of
generative grammar are able to accomplish all that is required of them,
and the correspondence between the human linguistic and arithmeti-
cal cognitive functions is not undermined. Any other interpretation of
the term ‘recursion’ makes stronger (and possibly undesirable) claims
about the nature of the faculty of language, which should be avoided if
possible. The term ‘inductive definition’ is a more accurate and less am-
biguous alternative to ‘recursion’ within the context of linguistic theory.
The term ‘recursion’ has a number of ambiguous meanings within the
formal sciences, which can lead to confusion, imprecise thinking, and
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poor communication within the field of linguistics, and this highlights
the need for more precise terminology. In this particular case, the term
‘inductive definition’ more accurately captures the linguistic phenome-
non at hand and helps to avoid any misunderstandings or overgeneral-
izations about the nature of language.

Corballis [9] challenges the notion that recursion is unique to hu-
man language and argues that it is instead a property of human thought
that likely preceded language. Recursion, in his definition, is the process
whereby a computational routine calls itself or a similar routine and is
distinguished as the essence of human language. The author offers ex-
amples, including The House that Jack Built, to illustrate this concept.
In contrast, Corballis believes that this property is not universally pres-
ent in present-day languages and likely evolved before language itself.

Although not attacking Chomsky directly, he does reference some
of Chomsky’s ideas on recursion as they relate to language and thought.
Instead, he offers a more nuanced perspective on the evolutionary or-
igins and cognitive processing of recursion, distinct from Chomsky’s
view that language and thought essentially depend on the same underly-
ing structure. He supports his main thesis that recursion is not unique to
human language but is instead a property of human thought that likely
preceded language by pointing out the recursive abilities of animals
in various cognitive domains, including birdsong and the nest-building
behaviour of birds and the design of spider webs, among others. He
believes that recursive abilities may have developed in humans through
evolution of the brain, potentially as a means of dealing with the in-
creasing complexity of the environment. In terms of cognitive process-
ing, Corballis suggests that recursion is likely processed by the same
neural mechanisms used for other complex computations, rather than
being governed by a specific grammatical module, as Chomsky and
others have proposed.

Particularly, recursive processing is likely done by the dorsal
route neural system, which is associated with analytical and sequen-
tial processing for mental rotation tasks, spatial navigation, complex
sequence learning, and social cognition'. This is based on various lines
of evidence, including neuroimaging studies, patient studies, and stud-
ies of non-human animals, which have demonstrated overlap in neu-
ral regions involved in these different cognitive domains. For exam-
ple, studies have shown that the same neural mechanisms involved in

' Which may be another view on what I’d like to call ‘meta-recursion’.
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mental rotation tasks are involved in processing recursive structures in
language and non-linguistic domains, such as music. Similarly, stud-
ies have shown that the same regions of the brain that are involved
in processing spatial navigation and complex sequences, such as the
premotor cortex, are also involved in processing recursive structures in
language. Overall, Corballis suggests that these findings offer support
for a more general-purpose neural system that serves both language and
non-linguistic domains, rather than a specialized grammatical module
dedicated to recursion.

Baryshnikov [10] discusses the problem of recursion as one of the
central topics of language, brain, thinking, and civilization. He explains
that recursion can be defined as a structural self-similarity or nesting of
ideas. Recursion is reduced to an abstract procedure calling itself or to
a component containing a component of the same class. The problem
of self-similar formal structures in linguistic studies has been known
since the works of Panini, W. von Humboldt and the early works of
N. Chomsky, in which the latter had taken grammar to hierarchical re-
cursive structures.

The structural self-similarity or nesting of ideas is a way to
overcome the ontological or metric linearity in the theory of knowl-
edge, mathematics, programming, music, geometry and art. It can
take many forms such as textually (as in ‘I think, therefore I ex-
ist.”), graphically (like the fractal shapes), logically (e.g., in the liar
paradox), and mathematically (such as the Fibonacci numbers or
the formula 0 = I n!/ = n*(@m — 1)! [where n > 0]). However, the es-
sence of recursion is reduced to an abstract procedure calling itself or to
a component containing a component of the same class.

Cognitive recursion as probabilistic

Emergence of connectionism since late 1980ies put an addition-
al challenge to understanding recursion in CS. Thus, Christiansen and
Chater [11] have focused on presenting a connectionist model of human
performance in processing recursive language structures, analysing its
behaviour to match human behaviour, and providing a novel explana-
tion of people’s limited recursive performance without assuming the
existence of a mentally represented competence grammar allowing un-
bounded recursion.

The connectionist model presented in the article is trained on sim-
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ple artificial languages and its qualitative performance profile matches
human behaviour, both on the relative difficulty of center-embedding
and cross-dependency, and between the processing of these complex
recursive structures and right-branching recursive constructions. The
article presents empirical evidence that people are only able to deal
easily with relatively simple recursive structures in natural language,
and document difficulties that people experience when processing more
complex recursive structures. They use the example of a doubly center-
embedded sentence like ‘The mouse that the cat that the dog chased bit
ran away,” which is extremely difficult to understand.

The authors propose a connectionist model which receives a word
as input at time ¢ and predicts the next word at time #+/, based on
the previous context. The model is trained on simple artificial languag-
es that include both right-branching recursive constructions and more
complex recursive structures. The model is assumed to have the abil-
ity to distinguish nouns from verbs, which is crucial to predict subse-
quent verbs. The success of this model in matching human behaviour in
the processing of recursive structures provides evidence that recursive
language processing by humans can be explained through parallel dis-
tributed processing mechanisms, rather than a compositional linguistic
structure in the form of a mentally represented competence grammar.

Superficial reading of the paper may give the impression that the
model proposed here may be seen as a primitive predecessor of mod-
ern GPTs. But, while there are similarities in the sense that both are
machine learning models used for natural language processing, there
are also significant differences between the connectionist model pre-
sented in the article and modern-day Generative Pre-Trained Trans-
former (GPT) models. The connectionist model presented in the article
is trained for a specific task, whereas GPT models are pre-trained on
vast amounts of text data and fine-tuned for various tasks. Additionally,
the connectionist model in the article uses a simple architecture based
on feedforward and recurrent neural networks, while GPT models use
a complex architecture based on transformer neural networks.

Therefore, while the connectionist model presented in the article
may be seen as a predecessor to modern-day GPT models in the sense
that it is a machine learning model for natural language processing, the
differences between the two are significant enough that it would be in-
accurate to classify the connectionist model as a primitive predecessor
of modern-day GPT models.
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At the same time, while the emergence of GPTs has certainly had
a significant impact on the field of natural language processing, it would
be inaccurate to say that feedforward and recurrent neural networks
are now wholly in the previous epoch. In fact, feedforward and recur-
rent neural networks are still being used extensively in various fields,
including natural language processing. While GPTs have achieved re-
markable performance in recent years, they are not without limitations
such as their large computational requirements, high energy consump-
tion, and sensitivity to bias in the training data. Hence, there is still
ongoing research that seeks to improve both feedforward and recurrent
neural networks as well as GPTs and other language models.

Connectionism appeared to be one of the approaches referred now-
adays as ‘bio-inspired’. Their maybe most substantial treat is usage of
probabilistic computations, unlike the so-called cognitive classicism
[12]. In particular, Kolodny, Lotem and Edelman [13] propose a model
for learning a generative probabilistic grammar of experience, which is
supposed to be a process-level model of language acquisition. This is
a model for unsupervised learning of natural language corpora based on
computational and biological principles. It incrementally learns a gram-
mar that captures statistical patterns, which can then be used to gen-
erate new data. The grammar constructed takes the form of a directed
weighted graph, whose nodes are recursively defined patterns over the
elements of the input stream. The model was evaluated in seventeen ex-
periments grouped into five studies, examining the model’s generative
ability, the characteristics of the learned representation, sequence seg-
mentation and chunking, artificial grammar learning, and certain types
of structure dependence. The results showed that the model’s perfor-
mance largely vindicates the design choices, suggesting that progress in
modelling language acquisition can be made on a broad front.

The model described in the paper uses recursive search routine, in
which the algorithm finds all the possible single-node covers of the be-
ginning of the sentence, then for each of these calls itself on the remain-
der of the sentence, until it finds a complete cover or determines that
such a cover does not exist. The recursion is thus hierarchical in nature.

As a probabilistic model, it assigns probabilities to the occurrence
of different tokens based on the statistical frequency of those tokens in
the input stream. Furthermore, this grammar model considers choosing
between different grammar structures to generate the next token, and it
does so by assigning probabilities to different grammar structures that
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might generate the same next token. This probabilistic approach allows
the model to produce a variety of grammatical structures, while still
conforming to the statistical distribution of the input data.

As for any genetic links to GPT, briefly touched on above, both
the GPT and the model described in the paper are generative proba-
bilistic models of language processing, so it is possible to draw some
conceptual parallel between them. It is worth noting, however, that the
specific techniques, algorithms, and architectures used in the GPT, and
the model described in the paper are likely different.

Zhang and Amin [14] discuss how probabilistic programming can
be used to model reasoning about the beliefs, desires, and intentions of
other agents, also referred to as theory of mind. The paper describes
how conditioning can be explicitly represented in probabilistic pro-
grams, allowing for nested conditioning and recursive probabilistic
programs. The authors illustrate how the representation language can
be used to explore new directions in game theory, artificial intelligence,
and linguistics, but also discuss the algorithmic challenges posed by
these kinds of models and describe how dynamic programming tech-
niques can help address these challenges.

Probabilistic programming allows for nested conditioning by mod-
elling each agent’s reasoning as conditional sampling, which can be-
come the subject of other agents’ reasoning. Conditioning is an opera-
tion that can be defined within such models and represented as nested
conditions, which allows for reasoning about reasoning. This approach
goes beyond existing formalisms, such as graphical models, where con-
ditioning is more naturally seen as an operation that is applied to a mod-
el but not itself represented.

The paper describes a few examples of conditioning and its prob-
abilistic representation. For instance, one example is a classic riddle:
“Two doors guarded by two guards — one door leads to freedom, the oth-
er to certain death. One guard always tells the truth, the other always
lies. You do not know who is who. You may ask one of the guards only
one question to find the right door.” This riddle can be represented as
a probabilistic program with two binary random variables, one for each
guard’s truthfulness, and a conditional statement for each guard’s re-
sponse. The answer to the question then corresponds to the output of the
program conditioned on the evidence provided by the guard’s response.

Recursion refers to an agent reasoning about another agent’s rea-
soning about yet another agent and so on, where reasoning is modelled
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as conditional sampling. The model allows for recursion by representing
inference as a general-purpose probabilistic programming language with
constructs for defining and calling subroutines. Each subroutine corre-
sponds to a probabilistic program that represents a single agent’s reason-
ing about a simpler subproblem. When one agent reasons about another,
the resulting program contains a call to the corresponding subroutine,
which itself contains calls to even simpler subroutines, and so on.

As a conclusion

The general concept of recursion is essential for cognitive science
because it is a fundamental aspect of human cognition and is involved
in a wide range of cognitive processes, including language, problem-
solving, and decision-making. Recursion allows us to generate complex
structures and relationships by iteratively applying a certain set of rules
or procedures. This ability to create complex structures from simple
rules is essential to many cognitive processes, including language ac-
quisition, where recursive structures are common. Recursive structures
are also an important aspect of mathematical reasoning and problem-
solving, where they are used to break down complex problems into
simpler, more manageable components.

The study of recursion is also relevant to artificial intelligence and
computer science, as it has led to the development of algorithms and
programs that are capable of processing recursive structures. Under-
standing recursion is thus essential for developing and improving ar-
tificial intelligence systems that can perform tasks traditionally asso-
ciated with human cognition, such as natural language processing and
decision-making.

Overall, the concept of recursion is a fundamental aspect of human
cognition and has important implications for many different areas of
cognitive science, as well as artificial intelligence and computer sci-
ence.

The role of recursion in the present-day trends in CS will be re-
viewed in the forthcoming part of this study. But it may be time to
share some intermediate considerations. In Tractatus, Wittgenstein once
remarked that logical and mathematical tautologies say nothing of the
world, but show something important about it, namely:

The fact that the propositions of logic are tautologies shows the
formal — logical — properties of language and the world. <...> If
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propositions are to yield a tautology when they are connected in

a certain way, they must have certain structural properties. So

their yielding a tautology when combined in this way shows that

they possess these structural properties [15, para. 6.12, p. 214].

The similar thing may be said about recursion. The fact that some

functions, or procedures, are y-, general, partial, or whatever recursive,

while others are not, is not informative for natural (or cognitive, which is

part of natural) science. But it shows an important thing about our implied

ontologies, about which ‘nothing can be said’. Particularly, that those on-

tologies are adjustable relative to the overall class of recursive functions,

making the set of their possible applications grow or collapse in number.

As applied to cognitive science, this metaphysical observation sup-

ports the still cautious presumption that the hierarchical mechanism of

cognition demonstrates what may be labelled as ‘meta-recursion’ in the

sense that recursive neural loops may support some primitive recursive

cognitive processes, which in turn account for recursiveness of lan-
guage grammars, space orientation, social cognition, etc.
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AHHOTAaNUs. B cTarbe mpeacTaBieH HOBBIN CIIOCO0 IMOTYICHHS aHAJIOTOB
CJIOB, OTIMYAIOIINICS MMPOCTOTON U OTCYTCTBHEM HEOOXOAMMOCTH IMPEIBaPH-
TEJIHHOTO OOYyYEeHHs Ha OOJBIINX JAaHHBIX, KaK B CYIIECTBYIONIUX METO/IAX.
B mpemnokeHHOM METO/ie aHAJIOTH ONPEIENISAIOTCS 10 MX CHHTAKCHYIESCKUM
MpeanKaTaM ¢ IpUMEHEHHEM METOIOB TUCTPUOYTUBHOM CeMaHTHKH. B uccie-
JIOBAaHUH OBUTH TIOJYYEHBI M MPOAHAIN3UPOBAHBI aHAJIOTH MPUIIAraTelIbHBIX,
CYIIECTBUTENBHBIX U IJIarojoB. DTO TO3BOIMIO MPUHTH K PE3yJIbTary, KOTO-
pBIN HEe yCTymaeT pe3ysbTaraM, MOJyYeHHBIM C MOMOIIBbI0 Hanbojee MoIy-
JSIPHOTO HelpoceTeBoro moaxoaa word2vec, Mpu KayeCTBEHHOM CpaBHEHUHU
aHaIoTOB. JIeMOHCTPHUPYEMBI METOJ] MTOKA3hIBAET, YTO TIOJYyUEHUE aHAJIOTOB
BO3MOJKHO Ha METO/ax JUCTPUOYTHBHONW CEMaHTHKH C MPUMEHEHHEM Oojiee
HHTEPIPETUPYEMOTO METO/d, YTO OTKPHIBAET BO3MOXKHOCTH HCCIIEIOBAHHS
CEeMaHTHYECKOW aHaJoruu. JlaHHBII METON IO3BOJIAET TaKKe OIpPEeNeisiTh
aHAJIOTH IO OTIpeeNieHHON TeMaTuke. Ha OCHOBE MOJTyYeHHBIX dKCIIEPUMEH-
TaIbHBIX PE3yAbTaTOB (POPMYIHPYETCS OpPUTHHAIBHOE OIpENeICHHe aHaI0-
TOB M KOTHHUTHUBHBIX cXeM. Tarke B CTaThe aHATU3UPYETCS U 00O0CHOBBIBA-
€TCS BOBMOJKHOCTh HOBOTO TTOJIXO/A JIJISi CO3MaHMS CHCTEM HCKYCCTBEHHOTO
HWHTEJIEKTa Ha OCHOBE HCCJIEIOBAaHHOTO MeToja. 1o MHEHHWIO aBTOPOB, 3TO
JIAeT 3HAYUTENbHBIC TPEUMYIIIECTBA U CO3/IaHUs TaKUX CUCTeM. B 4acTHO-
CTH, TIpeJIaraeMblii METOJT TTO3BOJISIET CO3/IaBaTh OoJiee MUPOKUE 000OIICHUS
Ha MOPSJIKA MEHBIINX JTaHHBIX, a TaKXKe OOyUSHHE BO BpEMs HCIIOJIb30BaHUS,
YTO HEJIOCTYITHO JIJIsl HepoceTei.
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KiloueBble  cjioBa:  JUCTpUOYTHBHAS ~ CEMAHTHKA; HEUPOCETH,
KOMITBIOTCPHAA TUMHTBUCTHUKA, wordZvec; AHaJIOTH, CHHOHUMBI; CCMaHTHYCCKasA
OIM30CTh; ICKYCCTBEHHBIN HHTEIJICKT.
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Abstract. The article presents a new method for obtaining analogues of
words, characterized by simplicity and the absence of the need for preliminary
training on large data as in existing methods. In the method under study, ana-
logues are determined by their syntactic predicates using methods of distrib-
utive semantics. In the study, analogues of adjectives, nouns and verbs were
obtained and analyzed. This made it possible to obtain a result that is not infe-
rior to the results obtained using the most popular neural network approach as
word2vec when qualitatively comparing analogues. The demonstrated method
shows that obtaining analogues is possible using methods of distributive se-
mantics using a more interpretable method, which opens up the possibility of
studying semantic analogy. This method also allows you to identify analogues
on a specific topic. Based on the experimental results obtained, an original
definition of analogues and cognitive schemes is formulated. The article also
analyzes and substantiates the possibility of a new approach for creating arti-
ficial intelligence systems based on the researched method. According to the
authors, this provides significant advantages for the creation of such systems.
In particular, the proposed method allows for broader generalizations over or-
ders of magnitude smaller data, as well as learning during use, which is not
possible for neural networks.

Keywords: distributional semantics; neural networks; computational lin-
guistics; word2vec; analogues; semantic proximity; Al.
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Hean padoTbl

CrniocoObl momyvenusi anajioros cymectsyor ¢ 2013 roma, co
BpeMeHu rosiBiieHust word2vec| 1], KOTOpbIi OTHOCHUTCS K HEHPOCETEBBIM
nmoaxonaM. HemocTaTkamMu Takoro IOAXOAa SIBISIIOTCS HETOJHOTA,
HEKOHTPOJIMPYEMOCTh ~ TIOJOOPOK  aHAJOTOB W HEOOXOAMMOCTH
OONBIIUX AAHHBIX JJIs1 00y4deHUs, HEBO3MOKHOCTh CHATHS OMOHHUMHUHU
B aHamorax. UYroObl yCTpaHUTh O3TH HEJOCTATKA B TIOIYYCHHU
AHAJIOTOB, MbI ITPUMEHUJIM KJIACCUYECKOE OTPECIICHIE aHAIOTOB KaK
CXOXHX I10 TpPU3HAKAM, ONPEACIUB IMPHU3HAK KaK CHUHTAKCUYCCKUH
npenukar. Kpacusas (adj) siononst (noun), siononst (subj) pacuperaer
(verb), pacuBetaet (verb) B camy (obj) — 3TO TIpeauKaTel. AHAJIOT MBI
orpeneisieM KaK CIIOBO ¢ HAaMOOJBIIMM YHCIOM CXOXKHX IMPETUKATOB.
Lenpto sBIsach IpOBEpPKa BO3MOXKHOCTH IONYyYEHHUS aHAJOrOB
[0 TpHU3HAKaM, B KaueCTBE KOTOPHIX OBUIM B3ATHI CHHTAKCHUYECKHE
MIPEIUKAThI, YTO TIO3BOJISIET IPUMEHSTH K HUM METOJIbI IUCTPUOY TUBHOM
JUHTBUCTUKU. DJTO JaeT BO3MOXKHOCTH HCCJICIOBATh aHAJOIHIO Ha
HHTEPIIPETUPYEMBIX Pe3yiIbTaTax — M0 OOIIUM MPEeIUKaTaM.

Ha ceromns cymectByeT npobieMa B ONpeieIeHnH aHaloTOB, IS
KOTOPBIX TTOKa UMEETCS JIUIITh Ka4eCTBEHHAS OIIEHKA TOTO, YTO CUUTATh
AHAJIOTOM WJIM CHHOHUMOM cJ10Ba. CHHOHHMMEI OTIPEJIEIISFOTCS TOIBKO
CJIOBapsSIMU CHHOHMMOB, COCTaBJICHHBIMU JIMHTBHCTaMu. [IpoBepsiemoit
U U3MepsieMOi Mephl aHAJIOTHH HET, XOTs ObITM HCCIIEIOBaHMUs crioco0a
TTOJTY9ICHHS aHATTOTOB B word2vec [3-5], KoTopbIe CBOIATCS K TOMY, UTO
CJIOBA YTIOTPEOISAIOTCS B IOX0XKEM KOHTEKCTE. Y UNThIBasI, YTO AaHATIOTHUS
SIBIIIETCS. OJIHAM W3 BAKHEHIINX JIIEMEHTOB B MOJCITHPOBAHHUU
MbluieHus [11], aBropaM BUIUTCSA Ba>KHOCTh OTKPBITUSI MEXaHU3MOB
ee popMHUPOBAHUSI.

MarepuaJjibl 4 MeTOAbI UCCJIETOBAHUS

Jns uccnenoBanus ObUTH BHIOPAHBI TEKCTHI KHUT (ITOJ00PKA KHUT
XYJIO’)KECTBEHHON JIUTEpaTypbl Ha pycckoM si3bike, 200 kuwmr). [anee
OBUIH BBIJICJICHBI M3 TEKCTOB IApCEPOM TI'paMMaTUKHU 3aBUCHUMOCTEH
LinkParser mpemukaTsl B BHAE Map MOIJISKAIIETO W CKa3yeMOTo,
CKa3yeMOTO W IOTIOJMHCHHS, a Takke MMEHHBIC TpymIbl. Bce cioa
JEMMaTH3UPOBAICh. TakuM 0Opa3oM ObLIH TTOSTydeHH! 1 442 924 maper
«moanexaniee-ckazyemoe», 136500 map «ckazyemoe-q0MOTHEHHUE)
u 821000 mapa «mpuiaraTeiabHOE-CYIIECTBUTEIBHOECY, IS KaXKIOM
mapsl yKa3blBallaCh YacTOTa BCTPEUAEMOCTH IpPH MAPCHUHTE TEKCTA.
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W3 sTux map OpuM co3maHbl BEKTOpa MpeauKkaroB (subject; predicate)
Kaaoro ciosa Buzaa subjl{verb 1, verb 2, ... verb n}, subj2{verb 1,
verb 3, ... verbn}, subj3{verb 2, verb 5, ... verb n} Ha equHOM CcllOBape
JEMMaTH3UPOBAHHBIX CIIOB. B METOAWKE WCCIEIOBAHUS BBIICICHHC
aHAJIOTOB OMPENEISIOCH TI0 HANOOBITIEMY YUCITY OOIINX TPETUKATOB.
st onpenesieHus ObUTH B3SITHI HE BCE, @ TOIBKO TepBhIe 50 9acTOTHBIX
npeaukaroB. Takum MerofoM Obwio BbimeneHo mo 5000 mekcem
C aHAJIOTaMH JUTSI ITPIJIATATEeNIbHBIX, CYIIECTBUTEIBHBIX U IJIar0JIOB.

B pesynbrare uccnenoBanus ObLUIO 3aMEYEHO, YTO CYIIECTBUTEb-
HBbIC OTIIMYAIOTCS UMEHHO TEMH IMpeIuKaTaMu, KOTOpbIe HIyT IO Ha-
CTOTE BCTPEYAEMOCTH B TEKCTaX IMOCJIC HanOoJee pacpoCTpaHESHHBIX
(HarmpuMep, pacpOCTpaHEHHBIE TJIATONBl «CTaTh», «HUMEThY, «OBITHY,
«SIBIATHCS»). IMEHHO MeHee pacipoCTpaHeHHbBIE TTPEIUKAThI SBIISIOT-
cst muddepeHIUPYIOIIMMH ISl TIOMCKA aHAJIOTHYHBIX JiekceM. [1o3To-
My JUIsl OTIPEJICICHUS aHAJIOTOB IO TaKUM AU(PQPEPEHIUPYIOIMUM HX
npenrkaraM HanboJiee MOAXOSAIINM U3 BCEX ONMPOOOBAHHBIX METOIOB
okazancst m3BectHblii Meton TF-IDF (ot ammr. TF — term frequency,
IDF — inverse document frequency). B Hem paccmarpuBaercs oOpar-
Hasl BJIMYMHA OT BCTPEYAEMOCTH CJIOB B JJOKYMEHTaX, yMHO)KEHHASI Ha
4acTOTy CIIOBA B JIOKyMeHTe. TakuM o0pa3oM, 4eM YaIle CIIOBO BCTPE-
YaeTCsl BO BCEX JNOKYMEHTaX, TEM HIKE BAKHOCTH CJIOBA JIJISl TAHHOTO
JIOKyMEHTA, TO €CTh OHAa MEHBIIIE €r0 XapaKTePU3yeT, YeM PEKe BCTpe-
qaromieecs B APYyTUX MOKyMeHTaX. JJOKyMEHTOM B HAIlIeM HCCIIEI0Ba-
HUU BBICTYyTaeT BeKTOp mpeamkara subjl{verb 1, verb 2, ... verb n},
a CJIOBaMH — CIIOBa M3 BEKTOPOB. Tak Kak y Hac BCE CIIOBAa B BEKTO-
pax MpeauKaToB BCTPEUYAIOTCS TOJNBKO pa3, IPUMEHSIIACh TOIBKO OHA
yacts MeTona — IDF 6e3 TF kak Mepbl 4acTOTHI CIIOBa B OJHOM JOKY-
menTe. [Toaromy Mbl Ha3Banu cBoit MetTon PredicatIDF, To ecth MeTon
IDF, noctpoeHHblil Ha BEKTOpaxX MPEUKaToB.

Pe3y.]'leaT])I HCCJIEeA0BaAHUA

Pesynbrarsl ncciienoBaHus MOKa3ail, YTO TAKUM CIIOCOOOM JiaxKe
Ha OTPAaHWYEHHBIX JAaHHBIX MOXKHO TIOJIYYHUTh JOCTATOYHO TOYHBIC
aHayiord. B xauecTBe METPUKHU OBLIO B3SATO KaueCTBEHHOE CpaBHEHHE
C CHHOHHUMAaMH, NOJIy4eHHBIMU MeToioM word2vec B mpoekTe Rusvec-
tores.org Ha cioBape HKPS (HammoHanbHBIH KOPITYC pyCCKOTO S3bIKA).
[Ipu xayecTBeHHOM cpaBHEHMHM aHaioroB wmeroxoMm PredicatIDF
KpUTepHeM ObIJIO HAJTMYUE TAaKUX JKe JIEKceM cpenu nepBbix 10 gekcem
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o word2vec B Rusvectores.org. Yarie Bcero anasoru mo metoay Pred-
icatIDF Obimu pa3zHooOpasHee, Kak IMOKa3aHO HWXe. BoT mpumepsl
CpaBHCHUSI:

PredicatIDF

Bpemsa: vac: 3.26, munyta: 2.77, neun: 2.45, 3uma: 2.34, neto:
2.20, cytku: 2.02, Houn: 2.00, cexynna: 1.97, Beuep: 1.96, Bek: 1.95,
mrHoBeHue: 1.89, mepuon: 1.88, ocenn: 1.88, nenmens: 1.87, mecsu:
1.84, mopa: 1.82, rox: 1.81, cpok: 1.74, xoneu: 1.74, snoxa: 1.74, mur:
1.68, yTpo: 1.64, Becna: 1.62, ouepenn: 1.58, mait: 1.57, momenT: 1.55,
TpamBaii: 1.53, npazauuk: 1.48, monoca: 1.45, nensra: 1.45

Rusvectores.org/ru/associates/#

Bpems: Bpemenu 0.56, opa 0.55, nepuon 0.54, necsatunerue 0.47,
momeHT 0.47, amoxa 0.45, mpomexyTok 0.39, cpok 0.37, 06CTOATETLCTBO
0.35, onenenenue 0.35

PredicatIDF

Ilpobnema: Bompoc: 3.18, mnporuBopeune: 2.91, KOH(IUKT:
2.76, cutyanus: 2.32, 3arajka: 2.22, TpynHocTh: 2.21, 3agada: 2.16,
npobnemaruka: 1.96, pasaornacue: 1.94, Bo3MokHOCTE: 1.89

Rusvectores.org/ru/associates/#

Ilpobrema: Bompoc 0.71, 3amaua 0.68, mpobnemartuka 0.65,
acnekt 0.61, tema 0.56, curyanus 0.55, konduiukr 0.55, noaxox 0.52,
TpyaHocTh 0.51, gactHOCTH 0.50

B pesynprare kauecTBEHHOW OIICHKH OBUTH TTOTyYEHBI CIICAYIOIINE

pe3yIbTaTH:
AHaIoru cyuecTBUTENbHbIX Tounocts 87%
AHanoru rjiarojoB Tounocts 84%
AHaJsoru npuiaraTesbHbIX Tounocts 95%

Hawnmyudrmmme pe3ynbpraThl MOTyYeHBI 10 aHAJIOoTaM MpHiararelIbHbIX
(mo mpemwkaTamM C BepIIMHAMH HWMEHHBIX Tpymi). BoT mpumep
MTOJTy9aeMBIX aHaJIoroB MeTogoM PredicatIDEF:

Tonyboii: cuamit: 3.51, xenterit: 2.91, amerit: 2.81, ¢uoneroBslii:
2.59, 3enensbiii: 2.58, Oenbiii: 2.48, KpoBaBO-KpacHbIi: 2.43, YepHBIN:
2.38, mHOrO1BeTHBIN: 2.35, mypnypHblit: 2.34, ocnenuTenbHsblii: 2.30,
rony6oBarsiif: 2.30, kpacHblil: 2.29, opamxeBslii: 2.24, cepeOpUCTHIii:
2.16, 3zenenoBarbiii: 2.15, kpacHoBarbiii: 2.15, pozoBarbiii 2.10,
cBepkatomuii: 2.08, 6arpossiii: 2.04, pazHonBeTHBIN: 2.03, CIICTISIINN:
2.02, cmonsHOM: 1.99, TemHO-cuHuii: 1.99, Garpsusbnii: 1.97, spkuii:
1.95, po3ossiit: 1.92, TemHo-kpacubiit: 1.92, 3onotuctsiit: 1.90, cepbli:
1.84, sutapusriit: 1.81, cusprit: 1.81, xenrosarsrit: 1.80.
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Kenesuwiti: Metannuyeckuii: 3.22, yyryHHblid: 2.78, cTalbHOM:
2.76, koBaHblii: 2.64, pepeBsaHHbIA: 2.26, wMaccuBHBIA: 1.98,
JKeJ1e300eTOHHbIN: 1,95.

CpaBHEHHE aHAIIOTOB TMPWJIATaTeNIbHBIX TI0KAa3ajo pa3ndue
pesynbratoB  PredicatIDF m  word2vec Tak kak Obutm  Oojee
pazHooOpasHble. Tak ke HHTepeCHBIC U a0COIOTHO TOYHBIC PE3YIbTAThI
OBLTH TTOTyUYeHBI Ha YUCITUTEIbHBIX.

Ilepswiii: BTopoii: 3.78, Tpetuit: 3.63, ueTBepThiil: 3.12, mociaegHuUi:
3.04, cnemyromuii: 2.88, mectoii: 2.75, ceapmoii: 2.60, BocbMoii: 2.46,
ouepenuoii: 2.44, mareiit: 2.43, nepsteiit: 2.42, nBeHaauateii: 2.27,
ogmHHAINaThEIN: 2.20, ceMHanmareiit: 2.50, cauransnii: 02.40, necsaTHIN:
1.98, kaxnpiid: 1.96, neBarHanuareiii: 1.96, npennocnennuii: 1.89,
nocaenyrouuii: 1.86.

[lepBuuHbIe [aHHBIE W KO TIPOCKTA HAXOAATCA IO aAPECy
https://github.com/smer44/metaphors.

O0cy:xnenue

Hano otMeTuTsb, 9TO aHANIOTH HE SIBISIOTCA B ITOJTHOM CMBICTIE CHU-
HOHMMaMH. TakMM METOAOM HaMH IOJTyYeHbl UMEHHO aHaJIOTH 1O BO3-
MOYKHOCTH NPUMEHEHHS B T€X K€ KOHTEKCTaxX, YTO U HCXOJHOE CIIOBO
¢ mudepeHupyOIUMA aHaJIOTH MIpeuKaTraMyd. B HUX mosTomy mo-
MajaroT ¥ aHTOHUMBI.

JlexceMbl CyIIeCTBUTENBHBIX IIPH OIIPEAETICHUH aHAJIOTOB 110 CHH-
TAKCUYECKUM IpEIUKaTaM OBbLIM B3SIThI B POJIM KaK MOAJIEIKAILETO, TaK
1 1onoNHeHus riarona. CpaBHEHUE Pe3yNbTaToB MM0Ka3ajo, YTO aHaJIo-
'Yl CYIIECTBUTEBHBIX JIyUIIle ONpeIeNIIIoTCs B apax «cKa3yemoe U J10-
MOJTHEHHUE», TO €CTh KaK BO3MOXKHBIE JEHCTBUS HajJ 0OBbEKTOM (CyIie-
CTBUTENBHBIM). Pa3Hnna momyunnack 3HAYUTENbHON: 87% TOYHOCTH
aHAJIOTOB B ITapax «CKa3yeMoe M JOIOJIHEHHe» MpoTuB 67% B mapax
«TIOJJIEKAIIEE M CKa3yeMOoe» — UTO SIBJISETCS IPEIMETOM ISl aHaJIN3a.
Takxe ObUTM ONPOOOBAHBI CMEIIAHHBIE CIIOCOOBI, KOTZIa B MPEANKATHI
JNO0aBISAIOTCS MPEAUKATHl C ONpeneseHUsIMUA (TIpuiiaraTesibHbIe) WIIN
IPEIUKAThI C IOJIEKALUM U IONIOJHEHUEM BMecTe. DTO He I03BOJISUIO
JTOOUTHCS KAKUX-JTHOO0 YTy dIIeHHH.

[IpeacraBisemblii METOI AA€T BO3MOXKHOCTh UCKATh aHAJIOTH IIPH
MIOMOIIM [TPOrpaMM IOKMCKa 1o TekcTaM, kKak ElasticSearch, nHanpumep,
JUIsl TIONCKA aHaJIOTOB IO ONpPEeNICHHON TeMaTHKe, OTOMpasi aHaJIoTH
10 KOHKPETHBIM NpeInKaTaM, NCKITIouas PeuKaThl Ipyroro 3Ha4eHHU .
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Hanpuwmep, ciioBo «mpeaMeTy UMeeT aHAIOTH Kak (PU3NYeCKUi 00bEKT
(3HaueHwue 1, aHaIOTH — OOBEKT, BEIIlh), & TAKXKE KaK MPEIMET 3HAHUH
(3HaueHue 2, aHAJIOTH — Hay4Has Tema, O0JIacTh 3HaHUM). W B 3THX
Pa3HBIX 3HAYEHUSAX OHM MMEIOT pa3Hble OOIIKe IIarojbl ¢ aHaJOTaMH.
B 3navenunu 1 370 OyayT II1Ar0JIBI KITOJIOKUTH, TEPEMECTUTH, CABUHYThY,
a B 3HAYCHHH 2 — «IIPETIo/IaBaTh, M3y4arh, JOKIIAIbIBATEY.

Merton TpeOyeT mambHEWITUX UCCIIeOBaHUN U YTOYHEHUS IOITY-
YaeMbIX aHAJIOTOB 3a CYET 0OJIee TOYHBIX MApCEpPOB, TaK KaK 3aBHCUT
OT UX KaueCTBa, a TAKKE OT YCTOHYMBBIX BBIPAKCHUI, KOTOPHIC CO3-
JTAl0T HEOJIMHAKOBOE paclpe/ie]IeHne YaCTOTHOCTH B BHIOOPKE MEPBBIX
50 npeaukaroB Jyis aHanu3a. JJist 5Toro MOXHO MCIOJIb30BaTh IS T10-
Jy4eHHs aHAJIOTOB MPEIOKEHHBIM CIIOCOOOM B HECKOIIBKO pa3 00Ib-
mue TekcThl (2000-3000 KHUT), YTOOBI MONYYHUTH O0Jiee BBIPAKEHHOE
pacnpeieneHre 4acTOTHOCTH. Takxke eCTh BO3MOKHOCTh YTOUHSHHS 32
CUET UCKIJIFOUCHHSI «MYCOPHBIX» MPEIUKATOB — ¢ UIMEHAMHU COOCTBEH-
HBIMH, (Ppa3eoqorudecKkux o00poToB, uauoM. Ho B 1eiom mpencras-
JICHHOE WCCIIEOBAaHNE TMOKA3bIBAET, UYTO AHAJIOTH MOXKHO MOJy4arhb
WHBIM, 0OJIee MPOCTHIM CITIOCOOOM C TIPUEMIIEMBIM KadyeCTBOM, C BO3-
MOYKHOCTBIO YIIPaBJICHHS ITOJOOPOM aHAJIOTOB IO TEME HITH TeKYIeMY
TEKCTY TIPH OBICTPOM M3BJICUCHHUU C TIOMOIIIBIO MTapcepa JOTOTHUTEb-
HBIX TPEAUKATOB.

3HaueHue PE3yJAbTATOB AJIAA UCCJICIOBAHUSA A3bIKA
U MBIIJICHUSA

[pemnokeHHBI METO MOYKHO HCIOJB30BATh ISl OINPEIEICHUS
CEMaHTHYECKON ONM30CTH Tak K€, Kak B word2vec, — B BHIE
ko3¢ dunmenTa O6i1mu3ocTy JTr060T0 ClloBa K 3amaHHOMY. Ho mpu atom
CJIOBA JOJIKHBI UMETh XOTsI ObI OMH OOIIHIA TpeanKar. TakuM 0OBITHO
SIBIITIOTCSL  PacIpOCTPaHEHHBIC TJIATOJBI «CTAHOBUTHCS», «OBITHY,
«SIBIIATHCS», «HAXOAUTHCS» W T.I. CXOICTBO TOJNBKO TO HHUM Oyner
caMbIM MaJleHbKUM, Tak Kak o IDF 3Tu rmaronsl ecTh B OOJBIINHCTBE
«JIOKyMEHTOB» (BEKTOpax MpeIuKaToB), TO €CTh HEOOJIBIIOE CXOACTBO
€CTh y BCEX CJIOB IO JAaHHOW METOUKE.

HaxoxmeHrne ceMaHTHUeCKOH ONM30CcTH C 00s3aTeIbHBIM TIPH-
CYTCTBHEM WJIU OTCYTCTBHEM 3aJIaHHBIX MPETUKATOB SBISETCS HOBBIM
WCCIIENIOBATENILCKAM TPUEMOM JUTS IIUPOKKUX HCCIIEOBAaHNHN, KOTOPBIC
0oJiee MHTEPIIPETHPYEMBI, YeM CyIIeCTBYyIoHe. Hampumep, MbI uccie-
JIOBAJIM BCE MPEAUKATHI C OHUM PACIPOCTPAHCHHBIM IJIATOJIOM «Ha-
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XOIOUTHCS» B OTHOM TEMAaTH4YE€CKOM JOMEHE — JOM M BCE, YTO B HEM.
B pesynbrare Mbl OIyYHIIN KapTy BCETO, YTO HAXOAMTCS B IOME: KOM-
HaTbl, KyXHs, CIIaJIbHA, CTOJI, JUBAH, XOJOAWUJIbHUK U T.II. KapTa JoMa
CKJIaJIbIBACTCS 110 OOIIEMYy paclpoCTPaHEHHOMY MPEAUKATy H CeMaH-
TUYECKON ONMM30CTH (CEMaHTHUYECKOH TPYIITUPOBKE) CJIOB. bosee Toro,
C ITIOMOLIBIO [TOCIIEI0BATEIBLHOTO I0A00Pa aKTAHTOB IPEINKaTa «HaXo0-
JUTHCS» MOXHO ITIOCTPOUTH IIEPEXOBI U3 JIIOOOT0 MECTa B IOME B JIIO-
0oe apyroe. OTo 0OYeHb HHTEPECHBIN APPEKT, KOTOPBII MOXKET MO3BO-
JIUTHh CO3aaBaTh Ha JIMHTBUCTUYECKOM CTaTUCTHUKE KOTHUTHUBHBIC KapTbl
Kak IMpeanoigaraeMbiii criocod padoThl MBIIIIICHHUS.

HutepecHo, 4To J10 HACTOSIIIETO MOMEHTA HET ONpeIeICHUs JTUHT -
BUCTHYECKHUX aHaJoroB. OOuiee omnpeneneHne Kak «CXOXKHMX IO IpH-
3HaKaM» He BcerJa MPUMEHUMO, TaK KaK Mbl UMEEM JIEJIO CO CIIOBAaMHU,
a He ¢ 0003HaYaeMBbIMU MU CYIHOCTSIMH. B TipeicTaBneHHOM MeTo/e
CXOJICTBO HaWJEHO HE IO NpU3HAKaM CaMHX 0003Ha4aeMbIX CIIOBOM
MpeaAMETOB, a IO CXOKECTU NPCAUKATOB, C KOTOPbIMHU OHU CUHTAKCHUYC-
CKH CBsI3aHBI. CYH_IGCTBI/ITCHBHBIG — IIO TJ1arojiaM, KOTOPBIC HeﬁCTBy}OT
HaJl HUMH, [IpUjIararesibHble — 110 CYIIECTBUTEIbHBIM, K KOTOPBIM OHHU
oTHOcsATCs. Y 3T mpeauKaThl BCeraa MHOKECTBEHHBI. MBI TOJIBKO MH-
TYUTHBHO OLIYIAeM, UTO JIBa CJIOBA SIBJISIOTCS aHAJIOTaMH, TaK Kak HE
MOXEM IPeJCTaBUTh OJHOBPEMEHHO cpa3y BCE€ MPEAUKATHI, KOTOPbIE
CO3J1al0T aHAJIOTHIO.

JlaHHOE WCCIIeIOBaHNE OTKPBIBAET JIUCKYCCUIO O TOM, YTO TaKoe
CeMaHTH4ecKasl OJIM30CTb, aHaNorusi u cuHoHuUMus. Ilo pesynpraram
HCCIIEIOBAHUS BUJIHO, YTO CHHOHMUMHUSI YMEHBILACTCS C YMEHBILICHUEM
ko3¢ $UIMEeHTa aHAJIOTHH, KaK MTOKa3aHo Ha MpUMepax Bhimie. [lepBrie
3-5 CJIOB SIBJSIOTCS CAHOHUMAaMHM, HO Jaliee CXOACTBO C BBHIOpaHHBIM
CJIOBOM Y>K€ HE HAaCTOJIbKO sIBHOE, a rociie 10-12-ro coBa BcTpeyaroTcst
TOJIEKO JAJICKUE aHAJIOTH TI0 yTaJbIBaeMbIM MpeauKaTaM (ITo OOIIero
MOXHO CJeJIaThb ¢ MCXOAHBIM U IaHHBIM CJI0BOM). MBI 1€71aeM BBIBOJIbI
0 TOM, YTO aHAJIOT — 3TO MHTYUTHUBHO OLIyIIAaeMasi HAMH OJIM30CTh CJIOB
M0 OOIIMM CHHTAKCHYECKUM MpPEANKaTaM, a CHHOHUM — 3TO CHIIbHBIN
aHaJIOT Mo GoJbIIeMy YHCIy npenukaToB. M aTo ompenenenue, KoTo-
POE€ MbI MOXKXEM NaTh CEMaHTHYECKOM aHaJIOTUHM Ha OCHOBAHHWU HAIIETO
HCCIIeIOBAHUSI.

[IpoBeneHHOE MCCIEIOBAaHIE MOXKHO MHTEPIPETUPOBATH KaK JKC-
MIEPUMEHTAIBHOE JJOKA3aTeIbCTBO TOTO, YTO YEJIOBEK HA HHTYUTUBHOM
YPOBHE «4yBCTBA aHAJIOTa» OILYIIAeT CXOACTBO IO MHOXECTBY IIpe-
JMKATOB, HO, TaK KaK MX MHOTO, YEJIOBEK HE MOXKET MX Ha3BaTh (BCe
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cpasy), Jalle BCero BMECTO 3TOr0 Ha3bIBasi CaMbIi PacpOCTPaHEHHBIH
n3 HuX. Hampumep, Ajst pa3nuuHbIX pacTeHUH Kak aHaJIOTOB Pacmpo-
CTpaHEHHBIMU MPEAUKATAMHU OYAYT «PacTyT», KIBETYT», HO 3TO AAJIEKO
He Bce o0IIHe MpeInKaThl pa3HbIX PaCTeHUH. DTO MPUOTKpPHIBAET Ta-
HY Hallleil THTYUIIMU: MBI HE MOYKEM BBIPA3UTh OJTHUM CIIOBOM MHOYE-
CTBEHHbIE (PAaKTOPbI CEMaHTHUYECKOM OJIN30CTH, @ EANHUYHBIC HE BCEraa
o0aaroT HeOOXOMUMOW OOITHOCTHIO ISl BBIOOPKU TEX IPEIUKATOB,
YTO SIBJISIOTCS OOIIUMH JUTs aHanoroB. bosiee Toro, TaHHbINA METOJ ITpH-
MEHHM C TEMaTH4YE€CKUM OTpaHUYEHHEM CEMaHTHYECKOW OTM30CTH, KaK
MIOKa3aHO BBIIIIE, YTO YCTPAHSIET OMOHUMHUIO 1 MOJKET IIPUMEHSITHCS KaK
CHoco0 TOYYEHHs aHAIOTOB B KOHKPETHOM KOHTEKCTEe. DTOT (hakTop
CUHTYHULHN CXOJCTBA» OTYACTH OOBSICHACT, IOYEMY BCE IOIXOABI K Ce-
MaHTUYECKOMY OITMCAHMIO MHpPa C TOMOIbIO YCTAHOBKH OJHO3HAYHBIX
1 €IMHUYHBIX CBSI3€H, KaK OHTOJIOTUHU U CEMaHTUYECKUE rpadbl, HE MO-
I'YT OBITb BEPHBIMH, UTO SIBISICTCS Ba)KHBIM CJICACTBHEM H3YYCHHOTO
METO/1a IOUCKa CXOZACTBA MO aHAJIOTHH.

OnHo u3 pa3BUTHN METOa — 3TO pa3OMBKa CIIOB Ha KOPHH U ad-
(hUKCBI, ITOOBI CO3MIaTh OOJIBINICE YHCIO BEKTOPOB MPEIUKATOB, KakK
MEXIy 4YacTsIMH CIIOB (TIpUCTaBKa, KOpPeHb, Cy(h(dUKC, OKOHUAHHE),
TaK ¥ MEKAY CIIOBaMH KaK YiICHAMH MPEJIOKEHHUS, KaK B MPEJIOKEH-
HOM MeTozie (IPEANKAaThl CYIIeCTBUTEIbHOE-IJIarol, MpHuiiarareiabHoe-
CYIIECTBUTENBHOE U T.11.). X coueTraHue co3maer emie OombInee mpo-
CTPAHCTBO JIJIsl BO3MOXKHBIX IEPECEUCHUI CEMaHTHYECKUX CBOWCTB.
Hanpumep, mo6oe npudaBieHne OKOHYaHUS -UK K CIIOBY, KaK H3BECT-
HO, cpa3y CO3/1aeT HOBYIO CEMAaHTHKY CJIOBAa KaK yMEHBIIUTEIHHOTO.
W TyT, mo HameMy MHEHHIO, JEHCTBYET POBHO TAaKOH K€ MPUHIIMIT
CXOJICTBA C TAKMMH K€ CIIOBAMH Ha -HK, KaK B IPEAJIOKEHHOM METOJIE,
KOTOpBIE Bce 0003HAYAIOT MaJIeHbKHE MPeIMeThI (HEe caMO OKOHYaHUE
-MK CO3/IaeT yMEHBIIIEHHE, & CXOJHbIC CIIOBA HA -HK) H 110 3TOMY TpH-
3HAKY SIBJISIIOTCS aHAIOTaMH. JTOT IPUHLMII AEHCTBYET C OTPAaHUUYCHU-
SIMU, IPUOAaBKa -MK K YeMY-TO allpuopH OOJIbIIOMY HE BOCIIPUHUMAETCS
KaK IpaBUJIbHOE, HAIPHUMEP, B CIOBE IOp-HK (MCKIIOUECHHE — MAaTEPHK ).
Ho B nenoM 3ToT u3BeCTHBINA d(QPEKT CXOK M0 MPUHLIUMY JeHCTBUS
C MCCTIeIOBAHHBIM HaMU METOJIOM aHAJIOTHH.

3HaueHue uccjieaoBaHus AJist HCKYCCTBEHHOTO HHTEJ/IJICKTA

UccnenoBaHHblld METOA OTKPBIBAET JHUCKYCCHUIO O TOM, 4YTO
pE3yJIbTaTOB, KOTOpPbIC OBLIM JOCTHXKHUMBI TOJIBKO HEHPOCETEBBIMU


https://cyberspace.pgu.ru

Ounocodckue npobnembl MHGOPMALMOHHBIX TEXHONOTUI M KNGepnpocTpaHCTBa

MTOJTXO/ITAMH, MO’KHO JOOUTHCS METOJITAMH AUCTPUOYTHBHOM CEMaHTHKH.
W He TONBKO B aHANOrax — MBI MPOAOIDKAcM pabOoThI MO TeHEpaluu
TEKCTa Ha OCHOBE TAKOT'0 MOX0/Ia. ITO MOXET OTKPBITh HOBBIW MOIXO0]T
B METOJlaX UCKyccTBeHHOro nHreswiekta (M), B yacTHOCTH MOMOXKET
co3marh MeToAbl ¢ oOydennem MM BO BpeMs MCTOIB30BaHUS, TaK KaK
PredicatIDF mo3BomsieT B HHTEPAKTUBHOM pPEXUME J00ABIATH HOBBIC
MpeIMKaThl B JaHHBIE, Ha KOTOPBIX CTpOsTCS aHanoru. llosBurcs
BO3MOXKHOCTh Cpa3y CO3[aBaTb HOBBIC aHAOTH C BBIOPAHHBIMU
npeauKaTamMu. BhIIen3noxeHHOe TOKa HeJIOCTHKUMO B HEHPOCETEBOM
No/IX0JIe, IJe 0O0ydeHrne W HCIob30BaHue pasjesieHbl. Ho He Toibko
B 9TOM IPEMMYIIECTBO IPEJIaraeMoro MeToja s HCIOJIb30BaHHUs
B .

Menanu Mutuep yTBEpKIaeT, 4TO aHAJIOTHS SBISIETCS KITFOUEBOU
CIOCOOHOCTBIO MHTEIICKTA [2, ¢. 145], moATOMY TaHHOE UCCIIeIOBaHNE
HaM BUJUTCS BaXHBIM. OXapaKTepU30BAHHBIN METOJ OIPEIEICHUS
AQHAJIOTOB MOXXET OBITh HCIOJB30BaH KaK aJlbTePHATUBHBIA CIIOCOO
CO3JIaHUSI CHUCTEM HMCKYCCTBEHHOTO HWHTEIIICKTa, ¢ OOOOIICHHEM I10
T000MY YHCITy TpemIuKaToB W3 KoHTekcTa. LLM — 3T0 Oombmioif
Ha0Op SI3BIKOBBIX IMAOJOHOB C HEOOJBIION aHAJOTHed 10 HHM.
[IpeacraBnsemMblii METOJ TO3BOJISIET JIesIaTh OoJiee Tiry0okoe 00001eHe
mabMoHOB O aHayoruu. IlpakTnuecku 000 (akT, BBIPaKEHHBIN
B BHJIC KJIAy3bl, MOJKET CTATh I1A0JIOHOM Yepe3 aHaJIOTHI0 €r0 aKTaHTOB.
A Tak Kak | JyIsl aHaJIOTUH TI0 TIpeiuKaTaM TpebyeTcss COBCEM HEMHOTO
JMaHHBIX, TO MPH CO3JaHWH CHCTEM HMCKYCCTBEHHOTO MHTEJUIEKTa Ha
OCHOBE TIPEJIOKEHHOTO METOfla MOTpedyeTcss Ha IMOPSIKA MEHbIIee
YHCIIO JAHHBIX B OTIIMYUE OT HEMpOCceTeBhIX cucteM. [Ipu aTom aHaorus
MOXET OBITh KOHTEKCTHO-3aBUCHUMON M WHTEPIPETUPYEMOH — METOJ
MO3BOJISICT OBICTPO OMPEACIATh, 10 KAKUM IPEeIUKaTaM aHaJIOTHIHBI
BBIOpaHHBIC CJIOBA, YTO HEBO3MOXKHO CKa3aTh IO CYIIECTBYHOIIUM
criocodaM aHaj0THH, TakuM Kak word2vec u LLM.

MpI ipejtaraeM Ha3bIBaTh Takue (PaKThI ¢ CHIIHBIM 0000IIIeHIEM
110 aHAJIOTMH KOTHUTUBHBIMH cXeMaMH. KOTHUTHUBHBIE CXEMBI TIPOYHO
3aHSUTU CBOE MECTO B IICHXOJIOTMH WHTEIUICKTa, HO Majio 4TO U3BECT-
HO O TOM, KaK OHHU CO3Jar0TCs U (QYHKIIMOHUPYIOT. MI3BeCTHO TOJIBKO,
YTO CXeMa — JTO HeKass OOIIHOCTh Pa3HbIX CJIy4acB, aHAJOTHYHBIX
npyr npyry. Kak, HampuMep, «Bce >KHBOTHBIE pa3MHOXKatoTcs». Kor-
HUTHBHAs cxeMa (OPMHPYETCS KaK YCTOHYMBAs CTPYKTypa IO Mepe
MIOTIOJIHEHUST aHAJIOTaMU TIEPBUYHOTO (pakTa KaK MpUMepa, CIIyKale-
ro ee mpoTtoTunoM. M Te mpuMepsl, KOTOpble NPUOOpETaroT OOoJbIle
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AHAJIOTOB ¢ OOJIBIIEH YacTOTOW BCTPEYAEMOCTH, CTAHOBATCS TPUBBIY-
HBIMH TIa0JIOHAMU MBIIUIEHUS 32 CYET YaCTOTHOCTH WX TMPUMCHCHUSI.
W B HuUX QOpMHUPYIOTCS TMPOTOTUIIMYHBIC MPUMEPHI KaK HAMIYJIlIne
BBIPKEHUSI KOTHUTUBHBIX CXEM. DTO IPUMEPHI C Han0O0JIee YaCTOTHBI-
MH TIPeIUKAaTaMHU, SCIIH JUISI HUX HEeT 0000MIAIONNX CIIOB, YTO MOXHO
nccienoBatsh! B mpuMepe ¢ «Bce JKUBOTHBIE Pa3MHOMKAIOTCS TTPOTOTH-
oM Oy/yT 3aiIlbl WJIM CBUHBH KaK JOMAIIHUE KUBOTHBIC, PAa3MHOMKE-
HUE KOTOPBIX MPOUCXOIUIIO B JIEPEBHE, TIC KUBYT JIFOAH. BhiiencHue
KOTHUTHUBHBIX CXEM OTKPBIBAET MEPCIEKTUBBI PA3BUTHUS METOIOB KOM-
OMHHUPOBAHUS CXEM MO0 O0IeMy KOHTEKCTY, Hampumep metadopsl. Ho
JAaHHOE YTBEP KICHHUE TPeOyeT OTICIHLHOTO NCCIICIOBAHUS.

3akjoueHue

HccnenoBaHHbIl METON OTKPHIBAET HWHTEPECHBIE BO3MOXKHOCTHU
U CO37acT albTEePHATUBHOEC HAIPABICHUE PA3BUTHSI MCKYCCTBEHHOTO
nHTeuIekTa. OCHOBHBIE MPEHMYIIECTBA JAHHOTO TOAXOa 3aKIroda-
FOTCSI B CIICAYIOIIIEM:

1. OrcyTcTBHE HEOOXOMUMOCTH O0yUYEHHS HA OTPOMHOM KOJTUYe-
CTBE JAaHHBIX.

2. OOy4eHue BO BpeMsl HCIIOJIb30BAaHUS, KOT/Ia HOBBIC MPEIUKATHI
U CXEMBI KJIay3 Cpa3y BXOMST B 0a3y 3HAHUN CHCTEMBI.

3. HHATepnpeTHpyeMOCTh U YIPABIIEMOCTh TAKHX CUCTEM C TOU-
KM 3pCHHUS UCTOJIB3YEMBIX CXeM W aHAJIOTHH MPH BBHIBOIE CIICTYOIICH
KJIay3bl.

K TpymHOCTSM OTHOCHUTCS TO, YTO MOMOOHBIE CUCTEMBI pabOTarOT
TOJIBKO HA YPOBHE MPEAUKATHBHOM CTPYKTYpbI, KOTOPYIO HaJIo
MIEPEBOUTH B PA3TOBOPHYIO C YIETOM TEKYIIIETO JUAIora UiTd 3ampoca,
YTO BO3MOXKHO CJEJIaTh C IOMOINBIO SI3BLIKOBBIX MOJENIEH Ha OCHOBE
Tpanchopmepa, 00ydEeHHOTO TOJHEKO Ha YPOBHE PEUEBHIX IIA0JIOHOB, 03
HEOOXOAMMOCTH 3HaHUS, iis 4ero noctaroyro LLM ¢ 1B mapamerpom.

Bripaxkaem Haziex 1y, 4TO Hallla CTaThs TOATOIKHET K HCCIIEeI0Ba-
HUSM TaHHOTO METOJa UCCIIe0BAaTEIe 1 COBMECTHO YIACTCS Pa3BUTh
€ro 0 HOBBLIX ocHOB M.
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Yem aiBnsieTcA Hay4yHoe 3HaHue, NnponsBeaeHHoe
MeTtoaamu Bonblwux A3bIKOBbLIX moaenen'?
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AHHoOTanus. B 1aHHOI1 cTaTke uccienyercs NpupoJa HayqHOIo 3HaHus,
CO3JIaHHOTO C TIOMOIIBIO OONBIHX S3BIKOBBIX Mozenei (LLM), u oueHuBa-
eTCsl UX BIMSHUE HA HAy4YHbIC OTKPBITHS U puiocoduro Hayku. LLM, Takue
kak GPT-4 u mpoume BepcHM TeHEPaTUBHBIX MPET0OyUEHHBIX TpaHChopMe-
POB, TIPEICTABISIIOT COOON MPOJBUHYTHIE aNTOPUTMBI TITyOOKOTO OOydeHUs,
CTHIOCOOHBIC BHITTOTHATH PA3IMYHbIC 3aa4l 00pabOTKH €CTECTBEHHOTO S3bIKa,
BKJIIOYAsi FEHEPALIMIO TEKCTA, IEPEBOJ M aHAIN3 AaHHbIX. Llesb uccnenoBanus
3aKJIF0YAETCSl B U3YUYEHUH TOT0, KaK 3TU TEXHOJIOIMH BIMSIOT Ha IPOLECC Ha-
YYHBIX HCCIEOBAHHUH, CTaBs IO BOMPOC KBATH(PHUKALUIO U JTOCTOBEPHOCTH
Hay4yHBIX OTKPBITUH, co3qaHHbIX ¢ ydactueM MU. Metoponorust BKiarouaeT
BCECTOPOHHHUN 0030p CYIIECTBYIOIICH JTUTEpaTypsl Mo mpumenenuito LLM
B Pa3MUYHBIX HAYYHBIX OONACTIX, a TAKXKE aHAIN3 WX STHUYECKHUX ITOCIEA-
cTBU. OCHOBHBIC BBIBOJIBI MOTYCPKUBAIOT NpenmMyInecTBa LLM, Takne kak
YCKOPEHHE HayYHBIX NIPOLIECCOB, IOBBIILIEHUE TOYHOCTH U BO3MOXKHOCTb UHTE-
Tpay MEXIUCIUIUTMHAPHBIX 3HaHUHA. OTHAKO 00CYKTAI0TCS M MPOOIEMEI,
Takhe Kak BOIPOCHI HAJEKHOCTH, STUUECKAsi OTBETCTBEHHOCTb 32 KOHTEHT,
co3nanHblil U, 1 sxonoruueckue acnekTsl. B crarbe nenaercs BbIBOI O TOM,
410, X0TsI LLM 3Ha4UTENBHO CTIOCOOCTBYIOT HAYYHBIM JTOCTHKECHUSAM, HX HC-
MOJIb30BaHUE TpeOyeT mepecMoTpa TPaIWIMOHHBIX MOHATHH B (uinocodun
HAyKH{ 1 YCTAHOBIJICHHUS HOBBIX THYECKUX HOPM IS 00€CTICUeHUS IPO3PATHO-
CTH, TIOZIOTYETHOCTH U T0OPOCOBECTHOCTH B HCCIEIOBAHIX C yaacTueM 1.

KiroueBble ci10Ba: OONBIINE S3BIKOBBIC MOJICIH; HAYYHOE 3HAHHE; HAyY-
HOE OTKPBITHE; CTpaTerusi Hay4HOI'O IOUCKA; STUKA UCKYCCTBEHHOI'O MHTEN-
JIEKTA.
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Abstract. This article examines the nature of scientific knowledge gener-
ated by Large Language Models (LLMs) and assesses their impact on scientific
discoveries and the philosophy of science. LLMs, such as GPT-4, are advanced
deep learning algorithms capable of performing various natural language pro-
cessing tasks, including text generation, translation, and data analysis. The
study aims to explore how these technologies influence the scientific research
process, questioning the classification and validity of Al-assisted scientific
discoveries. The methodology involves a comprehensive review of existing
literature on the application of LLMs in various scientific fields, coupled with
an analysis of their ethical implications. Key findings highlight the benefits
of LLMs, including accelerated research processes, enhanced accuracy, and
the ability to integrate interdisciplinary knowledge. However, challenges such
as issues of reliability, the ethical responsibility of Al-generated content, and
environmental concerns are also discussed. The paper concludes that while
LLMs significantly contribute to scientific advancements, their use necessi-
tates a reevaluation of traditional concepts in the philosophy of science and the
establishment of new ethical guidelines to ensure transparency, accountability,
and integrity in Al-assisted research. This balanced approach aims to harness
the potential of LLMs while addressing the ethical and practical challenges
they present.

Keywords: large language models; scientific knowledge; scientific dis-
covery; scientific research strategy; ethics of artificial intelligence.

0. IlposicHeHHMe MOHATHIA

LLM (Large Language Model), bospmas s3p1k0Bast MOZIENb — 3TO
ITOPUTM DIIyOOKOro OOy4YeHHUs, KOTOPbI MOXKET BBIIIOJIHATH pa3-
TUYHBIEe 3a1aun 00paboTku ectectBeHHOro s3bika (Natural Language
Processing). bonbime s3bIKOBBIE MOAEIM HCIOJIB3YIOT MOJAECIH-
TpaHchopMepsl U 00ydJaloTCs C WCIONBb30BaHUEM OTPOMHBIX Ha0OPOB
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JAHHBIX, YTO TMO3BOJISIET UM PacIO3HABATh, IEPEBOANUTH, IPOTHO3HPO-
BaTh WJIM T€HEPHUPOBATh TEKCT WIIN APYTON KOHTEHT. bonblIne sI3pIK0BbIE
MO/JIEJIN TaKXKe Ha3bIBAIOTCSl HEHPOHHBIMU CETSIMH, KOTOpbIE IIPECTaB-
JISI0T cO0O0W BBIYMCIUTENFHBIE CUCTEMBI, CIIPOSKTHPOBAHHbIE T0100-
HO CTPYKTypaM 4YeloBEedecKoro Mo3ra. HeiipoHneie cetm paboTaioT
C UCTIOJIb30BaHUEM MHOTOYPOBHEBOW CETH Y3II0B, MTO00HO HEWPOHaAM.
[Tomumo oOyueHwust paboTe C €CTECTBEHHBIM SI3BIKOM OOJBIINE SI3BIKO-
BbIC MOZIEH TaKKe€ MOKHO OOYyYHTH BBIMOJHEHUIO Pa3IMYHBIX 3a/ad,
TaKUX KaK pacmuppoBKa OCIKOBBIX CTPYKTYD, HAIIMCAHHE MPOrpaMM-
HOTO KO/1a, IPOEKTUPOBAHNE HOBBIX XMMHUYECKHX JIEMEHTOB U MHOTOE
npyroe. LLM mODKHEI OBITH TIPEIBAPUTEIIHLHO OOYUEHBI, a 3aTeM TOY-
HO HACTPOCHBI, YTOOBI OHU MOIJIH PelIaTh MPOOIEeMbI KIIacCU(UKAITHH
TEKCTa, OTBETOB Ha BOIPOCHI, 0000IIEHUS JOKYMEHTOB U T€HEpaIuu
tekcta [What is a large language model (LLM)?].

1. BBenenme

B nexabpe 2023 1. B xypHane «Nature» BbIIIIa cTaThs JlaBmma
Kacrenernun «DeepMind Al mpeBocxoauT mMaTreMaTHKOB-TIONEH TpH
peuienun HepenreHHou 3amau» [Castelvecchi, 2024]. Ha ocHoBanuu
9TOr0 3aroJIoBKa B CETH PacHpOCTPAHMINCH TEKCTHI C YTBEPKACHUAMU
0 TOM, YTO C ITOMOIIBIO BONBIINX S3BIKOBBIX MoOjeNel (manee B TEK-
cTe ucronb3yercs TepMud LLM — ot anmn. Large Language Model)
BO3MOYKHBI HACTOSIIIIAE TTPOPBIBBI B 00JACTH TPYAHBIX MPOOIEM MaTe-
matuku [Romera-Paredes et al., 2023]. OObeMHBIE U MHOTOYHCJICH-
HbIe MyONHMKAIUY TIO0 YKa3aHHOW TEeMe 3aKpenuiid B IOJie HayYHOTO
JHUCKypca MPEACTaBICHUE O HACTYIUICHHH 3M0XH 3(P(EeKTUBHOrO Ko-
JIUHTA 1 «OBICTPBIX» HAyYHBIX OTKPBITHA, creHepupoBaHHbIX LLM-1o-
TOOHBIM HMCKycCTBeHHBIM HMHTeIIekToM [Schick et al., 2023; Park et
al., 2023; Al4Science. Microsoft Research, Quantum, Microsoft Azure,
2023]. OcHoBanwus ¢putocopuu HayKH TO3BOJISIOT YBUICTh B 3THX TEH-
JCHIIHSIX Tpo0IeMy, KoTopas TpeOyeT TIIaTeIbHOTO MPOSCHEHHUS TOHSI-
tuii. HeoOXoauMo oTBETUTh Ha BOMPOCHI: «YTO Takoe HOBOE 3HAHUE?Y,
«Bcskoe mu HOBOE 3HAHUE SIBIISICTCSI HAYYHBIM OTKpBITHEM?», «Kakue
CYIIECTBYIOT 9BPUCTHYECKNE OTPAaHUYEHHUS /111 HOBOTO 3HAHUS, CTeHe-
pUpOBaHHOTO MpH oMoty LLM?».

[Touemy 310 BaxkHO? ECThb HECKONIBKO OCHOBAHMM, MO3BOJISIFOIINX
OTHECTH TPEJCTABICHHYIO MPOOJIeMy K KJIacCy akTyaJdbHbBIX (HII0-
cockux mpobsiem. Bo-mepBbix, HOBBIE TEXHOJIOTHUECKHE MPOPHIBBI
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MOTYT MOTPeOOBaTh YTOYHEHUS W PACHIMPEHUS MOHATHI (uocodun
Haykd. Bo-BTOpBIX, B paMKax SIUCTEMOJIOTHH HEOOXOIUMO JIOTIOTHHUTh
YTOUHHUTH COJECpP>KAHUE TOHSATUS «HAYYHOE OTKPBITHE)», BBUAY TOTO,
YTO B COBPEMEHHBIX TEXHOJOTHMUYECKUX YCIOBHUSX HOBOC 3HAHHE MO-
JKET co3maBarbes B coTpynaudectse ¢ MM-arearamu [Al for Scientific
Discovery: Proceedings of a Workshop, 2024]. B-TpeTbux, ¢ ydeTom
TOTO, 4TO BoINbIINe S3pIKOBBIE MOJIEIH — 3TO KOMITBIOTEPHBIE MOJIEIH
[TyOOKOTO OOy4eHHUs ¢ OONbIIMM HaOOpOM TMapaMeTpoB, OOyYCHHBIC
Ha 00bEMHBIX MACCHBAX JIAHHBIX, BO3BHUKACT BOIPOC B paMKax (HiIo-
copuu MaTeMaTHK{ O BBIUMCIMMOCTH Hay4dHBIX OTKphITHH [Hinsen,
2014]. Y, HakoHeI, B-4E€TBEPTHIX, HOBBIC MUCCIICIOBATEIIECKIEC METOIBI
OCTpO CTaBAT BOMPOC 00 ATHUECKHX acriekrax paborsl MM -nccnenosa-
Tenst (Yy4eHOT0, HCIOB3YoIero B padote HoBbie M-meTompl).

OdeBH/THBIC TUTFOCHI HCIIOJIE30BAHMS TEXHOJIOTUH UCKYCCTBEHHOTO
WHTEJUIEKTA B HAYYHBIX HCCIEAOBAHMUIX MOYKHO CBECTH K CIEAYIOLIEMY
MIEPEYHIO:

o Vckopenue npoyecca ucciredoganuti. I mo3Bomser aHaiu-
3UpOBaTh OONBIINE OOBEMBI JAHHBIX W MPOBOIUTH CIIOXKHBIE
BBIYMCIICHUS TOpasao ObICTpee, 4eM 3TO ObLIo OB ClernaHo
C TIOMOINIBIO TPAJIUIIMOHHBIX METOAOB. Takue BO3MOXHOCTH
CIOCOOCTBYIOT OoJiee ObICTPOMY OOHAPYKEHHIO 3aKOHOMEPHO-
CTEH, TCHJCHIIMA W HOBBIX KOPPEIAINHA B JAaHHBIX, YTO B 00-
IIIeM U TeJIOM YCKOPSET MPOIeCC HAYYHBIX UCCIIETOBAHMH.

o Asmomamuzayusn u onmumuzayusa. N cnocobcTByeT aBTOMA-
TH3allM MHOTUX PyTHHHBIX ITPOIECCOB B XOJ1€ HAYYHBIX HCCIIe-
JIOBaHWH, TaKMX Kak 0Opa0bOTKa MaHHBIX, CO3J[AHWE MOJCINeH
U TIPOTHO3UPOBAHUE PE3yAbTaToB. OTHAB YaCTh WHTEIUICKTY-
anpHbIX 33124 LLM, uccnenoBaTenu MOTYT COCPEIOTOYUTHCA
Ha OoJiee TBOPUYECKUX U CTPATETUIECKUX 3aadax.

o [louck Hosbix peutenuti u n00x0008. brarogaps BO3SMOXKHOCTSIM
MalmmHHOTO 00y4yeHus W aHanu3a gaHHbIX MU crocoben pas-
pabaThiBaTh HOBBIC TOAXOMBI K PEHICHHUIO MPOOJIEM, KOTOPBIC
MOTYT OBITh HEJIOCTYITHBI JIJISl YEJIOBEKA.

o [losviwenue mounocmu u naoesxcrHocmu. Vicnonb3oBanue MU
B HAYyYHBIX MCCIIECAOBAHUSAX TMOBBIMIAET TOYHOCTH PE3YIIETATOB
Y YMEHBINIAET BEPOATHOCTH OIMIHOOK. AJNTOPUTMBI MAITHHHOTO
o0y4eHHs MOTYT OOHapyXUBaTh CKPBITHIE 3aKOHOMEPHOCTH
Y TIPEJICKa3bIBaTh PE3YJIbTAThl C BRICOKOH TOUHOCTBIO, YTO CIIO-
coOcTByeT Ooiee HaJIe)KHBIM HayYHBIM OTKPBITHSIM.
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Humeepayua pasnuynvix oucyunaun. I nos3sosser o0beIUHATD
3HAHUsI 1 METOABI U3 Pa3IMYHBIX 00JacTedl HAyKH, YTO CHOCOOCTBYET
MEXIMCIUIUIMHAPHBIM UCCIIEIOBAHUAM U CO3/IaHUIO HOBBIX KOHIICTITY-
aJIbHBIX B3aUMOCBSI3€ MeX/1y pa3iInuHbIMU obnactamu 3HaHus [Al for
Scientific Discovery: Proceedings of a Workshop, 2024].

[anee paccMOTpuM, Kak MEHSETCS IPEACTABICHNUE O IIPUPOJIE Ha-
YYHOTO OTKPBITHS B CIy4yae MPUMEHEHHsI BBIYMCIUTEIBHBIX METOAOB
BooOIIe U ¢ mpuMeHeHneM LLM B wacTHOCTH.

2. Ilpupona Hay4YHOr0 OTKPBITHS U CTPATErud HAYYHOIO
MONCcKa

TpynHO TepEONeHUTH BIUSHUE POCTA U YCIOKHEHUST KOMITBIOTEP-
HBIX TEXHOJIOTHI Ha METOBl HAYYHOT'O IMMOUCKA W MPUHIUIIBI OOHApY-
JKCHHSI HOBBIX (DaKTOB M MPUPOJHBIX siBJeHUN. HecmoTps Ha TO, 4TO
B TPaJAWIMOHHON (uiocohun HAyKW MOHATHE HAYYHOTO OTKPBITHS
CBSI3BIBAJIOCH HE C HOPMAaTHUBHBIM CJICTOBAaHUEM IPABUIY M HE C BBI-
YUCIIEHUSIMH, 4, CKOpee, C TBOPYECKUM ITOTSHIINAJIOM HCCIEI0BATEINS,
€ro UppaIroHaIBHON CIMOCOOHOCTBIO MEPEeKUBaTh 03apEHUS, TEM HE
MEHEE CETOJIHS CYIIECTBYIOT Hay4HbIC 00JIACTH, B KOTOPBIX OTKPBITHS
HOBBIX CBOWMCTB OOBEKTOB IIEJIUKOM 3aBHUCAT OT CBOWCTB aJIrOPUTMOB
[Muntean, 2014].

Hayxka — 310 criennduueckast popma 3HaHUN, B KOTOPOH JaHHBIC
Y DKCTIEPUMEHTHI UTPAlOT (PyHIAaMEHTAIBHYIO POJib B (POPMHUPOBAHHUU
TUIOTEe3 OTHOCHTEIHHO ycTpoWcTBa mupa. [laamm ompeneneHue mo-
HSATHIO «HAYYHOE OTKpBITHEY». HayduHOE OTKpBITHE — 3TO MPOIECC WA
pe3ylIbTaT yCHEMIHOTO HAay4yHOTo uccienoBaHus. OObEKTaMU TaKOTO
mporecca (pe3ynpraTta) MOTYT OBITH SIBJICHHSI, COOBITHS, MPOIIECCHI,
MIPUYHMHBI, KAYeCTBa, a TAKKE€ TCOPUH, TUITOTE3bI M MX XapaKTePUCTH-
ku [Schickore, 2020]. TpamguIIMOHHO TPHHITO OTIWYATh OTKPBITHE-
o3apeHue (MppalMoHAIBLHBIA PHIBOK) OT OTKPBHITUSA-TIPOIIECCa, a TAKKE
CO3JIaHUE HOBOTO 3HAHUS OT €TO0 MOJITBEPIKACHUS U JJOKa3aTeIbCTBA He-
MIPOTUBOPEUNBOCTH.

W3 »TOTO pasnuyeHus BHITEKAIOT JABA MOIXO0/1A, 3aAF0IINX KPUTE-
pYH OTICHKH HAyYHOTO METOA:

1. T'eHepaTuBHBIN MOAXOM — CYKICHHS TEOPHUU CIENyIOT U3 Ha-
OIONIEHUH U PKCTIEPUMEHTOB.

KoHCeKkBeHIIMAaTUCTCKUI TOIX0T — HAONFOACHUS U SKCIICPUMEHTBI
3aJIAI0TCs COJIepIKaHuEeM TeopeTudeckux cyxuenuit [Nickles, 1988].
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OCHOBHOI NPUHIMIT TOPOXKICHUS 1 OOOCHOBAHUS HAYYHOTO 3Ha-
HUS COCTOUT B TOM, YTO MCCJIE0BATENb MMOCTOSIHHO CBS3BIBACT MEKIY
co00H MOMEHT 03apeHus, IOTHUECKUH mporecc 00001eHus (KOTOpbIit
BKJIIOYAET B cebsl KOHIENTyalIbHYI0 TPOpaboTKy (PaKkToB, HIMEH U TO-
HSTHIA ¥ TIOCTPOCHHUE TEOPETUUECKHUX BHICKA3bIBAHUI) M 3KCIIEPUMEH-
TanpHyI0 Beprudukaruio. CoOCTBEHHO, OCHOBHBIE CITOPHI B (hrtocodum
HayKH UAYT BOKPYT 3THX TPEX KOMIIOHEHTOB: OTKpPBITHE, 00OOILCHHE,
npoBepka. B teuenne Bcero XX B. MOMEHT OTKPBITHSI BBIBOIMIICS 32
rpaHulbl 00beMa TMOHSATHH, CBA3aHHBIX C YEM-THOO HMITYJIbCUBHO-
UppaloHanbHbIM. JIorHKa HayYHOTO OTKPBITHSA MPeITUChIBajia CyIe-
CTBOBaHWE YHUBEPCAJIbHBIX CXEMAaTHUYECKUX CTPATETHil pacCyXICHUH,
MIPUBOISIIUX K TIOPOXKAECHUIO HOBOI'O 3HAHMSL.

BaxHO MoAuepKHYTh, YTO BBIYUCICHUS M aJTOPUTMUYECKOE pe-
LICHUE HCCIIENOBATEIBCKUX 3a/1ad M KOMIIBIOTEPHOE MOJIEINPOBAHNE
TPaJMIIMOHHO PACCMaTPUBAINCh KaK 4acTh IMPOBEPOUHBIX IMPOLEAYD,
JIeKAIINX 32 00JIACTHIO IBPUCTHUECKHX MPOoIeccoB. Tak Kak BHIYHUCITH-
TeNbHOE TIPe/ICTaBICHNE 3HAHNN HEe MMeeT Jiefa ¢ (pakramu, HO JIUIIb
CO CTPYKTYPaMH JIaHHBIX U PErYJISIPHBIMU KOPPESILUAMHI BHYTPH 3THX
CTPYKTYpP, TO MOXHO OBIJIO OBl yTBEp:KJaTh, YTO MOMEHT HCCJIEI0Ba-
TEJILCKOTO «IIPO3PEHUS HE UMEET 1MoJ] c000i OCHOBAHUH, BBIBOJUMBIX
13 GOpMaNbHBIX WK HOPMAaTUBHBIX mponeayp. CiexoBaresbHO, ¢ 9TOR
TOYKHU 3PEHUs, PaBUJI, CJIeI0BaHNE KOTOPHIM MPHUBOIMIO ObI K Hayd-
HBIM OTKPBITHSIM WJIM PEIICHUIO JIOOBIX HCCIIET0BATEeIbCKUX 3a/1ad,
He cymecTByeT. OgHaKko OypHBIH POCT MTPOU3BOAUTENBHON MOITHOCTH
KOMIIBIOTEPHOM TEXHUKH B XX B. IPUBOIUT ITOCTENICHHO K YOCKICHU-
SIM, COTIACHO KOTOPBIM HAay4YHOE OTKPHITHE MOHUMAETCS KaK HOPMATHB-
Hasl MpoLeaypa, peayuupyemMasl K OTHOIIECHHSIM MEXIY «TBEPIBIMIDY
JAHHBIMHU W TIPaBUJIaMU UHTEpIIpeTanyu. JIoruka HayqYHOTO OTKPBITHS
TpeOyeT Hamuuus (HOpMaNbHBIX OOIIENPUMEHUMBIX TPABUJI, C TIOMO-
LIbI0 KOTOPBIX HOBBIE MJEH MOTYT ObITh MEXaHUCTHYECKH BBIBEIEHBI
13 HUMEIOIUXCsl JaHHbIX. [IOBCeMECTHO HayuHBIE OTKPBITHS CTallld
MIPOM3BOANTECS 32 CUET MEXaHUCTUYECKUX MHIYKTUBHBIX 0000IICHNI
[Boden, 2004, 209].

Hctopust pa3BUTHS TEOPETUYECKOM W IpakTHYECKOW obiacTel
HCKYyCCTBEHHOTO WHTEIJIEKTa 3HAeT MHOXKECTBO MPHUMEPOB, KOTJa Ha-
YUHOE OTKPBITHE COBEPIIATIOCH C IOMOLIbIO BBIYHUCINTEIbHBIX 3BPU-
CTHK 32 CYET MEXaHUCTHUYECKOH padOThl ONepaTopoB, MPeodpa3yoIINX
M3HA4YaJIbHOE COCTOSHUE CUCTEMBI B IIEJIEBOE COCTOSIHHE CHCTEMBI
[Thagard, 2004]. B sToM cityuae HaydyHOE OTKPBITHE TOHUMAETCS KaK
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3¢ (eKTUBHBIN CIIOCOO pelIeHus 3a7a4 B paMKaxX MpOoOJIeMHOTO ITOJIA,
o0naaroniero KOHeYHsIM HabopoM KoHpurypauuil. [Ipupamenue Ho-
BOTO HAYYHOTO 3HAHUSI TPOMCXOJUT 3a CUET BBISABICHUS OTIMYUN MEXK-
Ny VICXOJHBIM U IIeTIeBBIM cocTossHueM. CTparerny MOCTpOCHHUsI Ha-
YUHBIX HCCIICIOBAHUI CTAHOBSTCSI OTPAHUYCHHBIMH BBIYHUCIUMOCTBIO
(YHKIMY M QJITOPUTMHUYIECKON pa3pelinMOoCTbio. PaHHs KpUTHKA IpU-
MeHeHus: MM-MeToioB B HayuHBIX OTKPBITUSX YKa3blBaja Ha HECIO-
COOHOCTb BBIYHCIHUTEIBHBIX CUCTEM H300peTaTh HOBBIC MOHSITHUS HIIH
BBISIBIISITH HOBBIE OOBEKTHI.

Tem He MeHee, cO BpeMEHEM HEBO3MOYKHO CTaJI0 OTPHIATH POJIb
KOMIIBIOTEPHBIX METOJIOB MCKYCCTBEHHOTO WHTEJICKTa B WHTEpIIpE-
TalU{ JaHHBIX U B NMPOM3BOACTBE HOBOro. Ho crour ykaszare Ha ToO,
YTO BIMSIHUE KOMITBIOTEPHBIX MOAXOMOB, KaK MPaBHJIO, TOHHUMAJIOCh
B KOHTEKCTE YBEIMUYCHHS MPOM3BOAMTEIBHOCTH TpPyAa YUYCHOTO. AB-
TOMAaTHU3alMs HAay4YHOTO HCCIIEIOBAHUS C POCTOM BBIYHCIHUTEIHLHON
MOIIHOCTH M CJIO)KHOCTH aJTOPHTMOB TI03BOJIUIIA TPHIUIMOHBI PYyTHH-
HBIX JICCKPHIITHBHBIX U TUTIOJIOTUYECKHUX OMepaIiid OT/IaTh MallnHAM.
[Ipu 3TOM cTaI0 BO3MOXKHBIM NIPUMEHEHNE NIPOrpaMM JaXke IPH aHa-
JM3e KauecTBa CaMUX HayudHbIX Teopuil. Hampumep, «renermueckoe
MIPOrPaMMHUPOBAHUE CIIOCOOCTBYET MPOIIECCY HAYUHBIX OTKPBITHH, MO-
3BOJISISE ABTOMATHYECKH CO3/1aBaTh M COBEPLICHCTBOBATh Hay4yHbBIE Te-
OpHH TIOCPEJICTBOM 3BPUCTHYECKOTO Iporiecca moucka» [Addis et al.,
2016, p. 83].

Hexotopeie aBTOpbl cMOTPAT euie 0ojee ONTUMHCTHYHO HA BO3-
MOXHOCTb MCIIOJIb30BaHUSI HBOIIOLIMOHHOTO BEIYMCICHHS AJIs1 OITUMHU-
3alUH IapaMeTpOB MOJIETIeH, TeHEpali HOBBIX UACH M HCCIICTOBAHUS
CIIOXKHBIX cucteM. B pabore [Muntean, 2014] nmoguepkuBaeTcs, 4To
IBOJIOIMOHHOE BBIYHCIICHUE MOXKET TIOMOYb YUYEHBIM OBICTpee cocpe-
JOTaYMBaThCS HA UHTEPECYIONINX SBICHUSIX U WHTEPIPETUPOBATH MX
3HaueHHe. ABTOPBI YBEPEHBI, YTO IBOJIOLMOHHOE BBIUHCICHHE HpE-
CTaBJIsIeT cOOOM MEePCIEKTUBHBIM MHCTPYMEHT ATl OyIyIINX HAay4HBIX
MPOCKTOB M MOXKET W3MEHHUTh NPHUPOJY HAYYHOTO OTKPBITHS, CTaB
KITIOUEBBIM DJIEMEHTOM Ha MyTH K WHPOPMAIIMOHHOM CHHTYIISPHOCTH,
I7ic ICKYCCTBEHHBIM MHTEIIIEKT Oy/IeT KOHKYPHPOBATh ¢ JitoabMu. OT-
METHM, 4TO YKa3aHHbIC JiBe pabOThl HANMCaHBl JIO TaK HAa3bIBAEMOTO
LLM-noBopoTa B HaykKe.

Bo3Hukaet BOmpoc: H3MEHHIIOCH JIM YTO-TO PaJuKaJIbHO C MOMEH-
Ta PEBOJIIOIIMOHHOTO cKauka B co3ganuu LLM? Moxer a1 nmoBnuaTh
npeacKazaTeNbHas ClIOCOOHOCTh MOJIENTN Ha SMUCTEMOIOTHIECKHE Xa-
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PaKTEPUCTUKN HAYYHOTO OTKPBITUSA?

[Ipexxne Bcero, CTOMT yka3zaTh Ha KJIFOUEBBIE MOJIOKEHHS MECCH-
MHCTHYECKOIO B3MIsJa Ha BiausHue LLM, HekoHTpospyeMoe Ipu-
MEHEHHE KOTOPBIX OKa3bIBaeT IMPsIMOE BO3/AECHCTBUE HA OOIIYI0 METO-
JOJIOTHIO HAyYHOTO HWCCIIEOBAHUS M Ha HAyKy KaK Ha COIHMabHBIN
nHCTUTYT. OCHOBOM KPUTHKH CO CTOPOHEI psiga aBTopoB [Birhane et al.,
2023] otHocutenbHO npuMeHeHuss LLM B HayuyHBIX UCCIEIOBAaHUSIX
sIBIIsIeTCS TO, 4T0 «LLM reHepupyroT MpOrHo3bl «CTaTUCTUYECKH Be-
POATHBIX MPOAOIKEHHUH MOCIeI0BaTeIbHOCTEN CI0B» HAa OCHOBE Ipy-
00ro UTepaTUBHOTO OOYUEHNsI Ha OTPOMHBIX MAaCCHBAX IU(PPOBBIX TEK-
CTOBBIX HaHHBIX» [Tam xe, p. 277]. BO3MOKHOCTh TaKHX IMPOTHO30B
BBITEKACT U3 TOTO, YTO MOAEIH HCIIOIb3YIOT 0a30BOE CTAaTHCTHUECKOE
pacnpezneneHre paHee CreHepHUpPOBAHHOIO TEKCTa M J1ajlee MPOUCXOAUT
CBOCOOPa3HOE «CIIMBAHME» BEKTOPWU30BAHHBIX CTPOK CHMBOJIOB Ha
OCHOBE BEpOSITHOCTEH UX COBMECTHOTO MOSBIEHUS B Psjie MOCIE0Ba-
tenbHOCTeH. [lo MmHeHnio A. bupxane ¢ coaBropamu, LLM He xBaraer
KOMMYHHKATHBHO BOTUIONIEHHBIX M PENIAIMOHHBIX (PYHKINH, KOTOpPBIE
ABISIIOTCSL TIPENNOCBHIIKON HAay49HOTO MBINUIEHHS B NPSMOM CMBICIIE
ciioBa. B cBsi3u ¢ "ueM 75t COBpPEMEHHOM HAayKH BO3HUKAIOT MPOOIEMBI
1 PUCKH, TPEOYIOIIUE HOBBIX IPaBUJI M MIPUHIUIIOB YPETyIUPOBAHUS:

e [Ipobnema mounocmu u Haoexcrhocmu. LLM MoryT «rammonu-
HUPOBATh» WU T€HEpUPOBATh HETOUHBIM KOHTEHT. Bo3HuKaer
BOTIPOC, KaK y4eHBIE MOTYT OTPEAEIIATh M BBISBISATh HEHATCHK-
HBIE NI HENIPOBEPEHHBIE PE3YIIBTATHI.

* 3ameonennasn peaxyus na usmenenus 6 nayke. LLM He MoryT
3 PEKTUBHO aIalTHPOBATHCS K OBICTPO Pa3BHBAIOIIMMCS MHU-
POBBIM 3HAHUAM WUJIM paclpeieIeHUIO JaHHbIX.

e  Manousyuennvie ob6vexkmol. LLM MOTYT C TPyJOM Te€HEpUPO-
BaTh TOYHBIN KOHTEHT ISl PEIKUX WJIM MAJOM3yYeHHBIX SIBIIE-
HUH, 9TO cO31aeT NpoOaeMbl Ul HHPOPMUPOBAHUSA 00 aHOMa-
JIUSIX WIH HOBBIX OTKPBITHSIX.

e Jlobpocosecmuocms uccreooganui. llmaruar M HMCKaKeHUs
(aKToOB aBTOpaMH B HAay4HBIX MYOJIMKALUSAX, CO3JAHHBIX MPH
nomomt LLM, momHMMaroT BOMPOCH 00 aBTOPCKOM OTBET-
CTBEHHOCTH M ayTEHTHYHOCTH Hay4YHOTO KOHTEHTA.

e Omeemcmeennocms. ONpeneneHne TOro, KT0 HECET OTBET-
CTBEHHOCTh 3a JOOPOCOBECTHOCTb Hay4YHBIX HCCIECJOBAHHUN
U cOoZiepKaHue cTarei, nogaepxxuBaeMbix LLM, sBnsercsa kpu-
TUYECKH Ba’KHBIM BOIIPOCOM.
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e Obvacuumocms u npedgzsimocms. Hermpo3padHOCTh TPUHITU-
MOB TEHEPUPOBAHUS TOCICIOBATEIILHOCTEH TOKEHOB TIOJHU-
MaeT psiJi BOIIPOCOB: 00 MHTErpalMy HOBBIX 3HAHUH B oOlIee
MIPEIMETHOE TI0JIE TOTO WM WHOTO HAyYHOTO HAMpaBICHUS,
O BEISIBJICHUH TTEPBOMCTOYHHUKOB M O TTOTCHIIMAIBHBIX UCKaXKe-
HUSX B MTOJyYE€HHBIX PE3yIbTaTax.

o Dxonoeuueckue npobnemvi. LLM UMEIOT 3HAYUTEIBHBIN yIuIe-
POIHBIN cJel, WX HIMPOKOE HWCIOIB30BAHUE MOXKET OTpHIlA-
TEJIBHO CKa3aThCs Ha TI00aTbHON 3KOJIOTHYECKON 00CTaHOBKE.

*  DOmuueckue npobaemsl. ITOT BUJ POOIEM CBSI3aH C MEPOH OT-
BETCTBCHHOCTH 33 HAYYHBINA TOJJIOT, CTCHEPHUPOBAHHBIN MOJIe-
neto [Birhane et al., 2023].

Wuaue roBopsi, aBTOPBI MPU3BIBAIOT K YCTPAHEHHUIO STHX PUCKOB
MTOCPEJCTBOM MEKTUCIUILTUHAPHBIX JTUCKYCCUH, aJanTaliy ITyOiu-
KallMOHHON TIOJMTUKH M 3TUYCCKUX IPABWII JUIS TOBBIMICHUSI CTPO-
TOCTH ¥ BOCIPOU3BOJUMOCTH HAYYHBIX HCCICIOBAHUN. YKE CErOmHS
CTAHOBUTCS OYCBUIHBIM, YTO HEOOXOMNM COATAaHCHPOBAHHBIA TTOIXO
K ucrions3oBannio LLM B Hayke. HeoOxonnMo mpoaBMKEHHE B HCCIIe-
JIOBAaTEIIbCKOE COOOIIECTBO HICH, CBS3aHHBIX C OTBETCTBEHHBIM HC-
IOJIb30BaHUEM, TIPO3PAYHOCTHIO, OTBETCTBEHHOCTHIO, a TAKIKE MOCTO-
SIHHOM OLEHKOW BIMSHUA BONBIIMX SA3BIKOBBIX MOJEIEH HA HAYUYHYIO
MIPAKTUKY W PE3YIbTATHI.

3. Ilpumepb! «OTKPBITHII» MeTOnaAMU BoJILIINX SI3BIKOBBIX
Mojaesaei

Jlanee mpuBemeM  HECKOJIBKO MPUMEPOB  DIBPUCTUUYECKHUX
MIPOPBIBOB, OCYIIECTBICHHBIX MeTolaMi LLM 1 oxapakTepru30BaHHbBIX
HEKOTOPBIMU  TIPEICTABUTENAMH OTpAacid 3HAHWSA Kak Hay4dHOe
oTKpeITHe. HeoOXomnMo paccMOTpeTh YepThl IMONyYEeHHOTO HOBOTO
3HAHUS, TO3BOJISIONINE JIeNaTh MOJOO0HBIE O00OOIIEHUS, W BBISBHTH
Takke (yHIaMCHTaJIbHBIC CBOMCTBa HAyYHOTO OTKPBITHS, KOTOPBIC
HeoCTHXKUMBI 111 LLM.

Hpumep 1.

B xauecTBe mprMepa paccCMOTPHUM pe3yibTaThl MTPUMEHEHUS MO-
nemn GPT-4 B coBpeMEHHBIX HCCICIOBAHUAX IO OMOMH(OpPMATHKE.
Tam, 1716 TPUPOCT HOBOTO 3HAHHS HANPSAMYIO CBSI3aH C 0OpaOOTKOM
u a"anu3oM JaHHbIX, GPT-4 memoHCTpupyeT BBICOKYIO IPOU3BOIU-
TENLHOCTh. MoOzenb MOXKET NPHUMEHSTHCS Kak crocod o0paboTku
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CJIOKHOTO CIEIMATBbHOTO CHMBOJBHOTO OMOJIOTHYECKOTO SI3bIKA, KaK
croco0 pemieHus (HOpMaIbHBIX MM BBIYUCIUTEIBHBIX 3a/a4 10 OHO-
nHPOpPMATHKE M KaK acCUCTEHT I 00paboTKU el mo Ouonornye-
ckomy nu3aiiny [Al4Science. Microsoft Research, Quantum, Microsoft
Azure, 2023]. O6mmpHas 6a3a 3HaHUN 1O BEIYUCITATEIHLHON ONOIOTHH
no3BoiisieT GPT-4 ctpouTh HeTpUBUAIBHBIE PACCYKICHHS B paMKaxX U3-
BecTHbIX Teopuil. GPT-4 cnocoOHa MHTEpIpEeTHPOBaTh MH(OpPMALHIO,
W3BJICYCHHYIO U3 CTICHAIM3UPOBAHHBIX (ailyIoB B OMOIOTHIECKHX J10-
MeHax, Takux kak popmar MEME, ¢opmar FASTQ u dopmar VCF
[Tam xe, p. 42]. Kpome Toro, Moaenb OTIIMYHO CIPABISETCS ¢ OMOWH-
(hopMaIMOHHBIM aHAIKM30M C 3aJIaHHBIMK NapameTrpamu. Hampuwmep,
[IPOTHO3UPOBAHUE CUTHAIBHBIX MENTHUAOB IJIS 33JaHHOW IOCIIeN0Ba-
tenbHOCTH [Tam ke, p. 46]. [locne onmcanus pomu (MOAENA TPEAIIO-
YKHJTM UCTIOJIHUTD POJIb SKCIEpPTa B 00JaCTH MOJIEKYISIPHOW TEHETHKU
1 OMOMH(OPMATUKH ) ¥ TIOCTAHOBKH MPOOIIeMbI (OTIpeeIeHne HaTuIus
CUTHAJIBHBIX MENTH0B B aMUHOKHCIOTHOM TTOCIIEIOBATEILHOCTH) HC-
CJIeZIOBATENN TOTYYHIIH IIETIOUKy paccyxaenuil. [IpoBenem annoTHpo-
BaHUE ITUX PACCYKICHUMN:

CTU aMHHOKHCJIOT, KOTOPBIC HAIIPaBJIAIOT
TPAHCIIOPT OCIIKOB B OIIPEACICHHBIC MC-
CTa B KIIETKE

GPT-4: AHHOTHpPOBaHUE
CurHanpHBIC TIETITUIBI TPEACTABIIS- OmpenencHue
0T COOOH KOPOTKHE IOCIIEAOBATEIbHO- | KIIIOYEBOTO  TOHATHUS

U BBIABICHHE OCHOB-
HBIX (PYHKIINH.

DTH TOCIENOBATENLHOCTH OOBIYHO
HaxoaaTcs Ha N-KoHile OeaKa U OTIIeIUIs-
FOTCSI, KaK TOIBKO OEJIOK JOCTHUTAET MeCTa
HA3HAYECHUS

Onucanue
JIAPHBIX CBOMCTB.

pery-

YroObl HACHTH()UIUPOBATH CUTHAIIb-
HBIH TENTHJ B JAaHHOM IOCJIEI0BATENb-
HOCTH, MBI MO>KEM HCKaTh OIpeie/IeHHbIE
XapaKTePUCTUKU:

VYcraHoBiieHHE JIO-
THYECKON CBS3H: €CIIH
€CTb  NPEICTAaBUTEIH
KJIacca XapaKTEPUCTUK,
TO 3TO TpPHU3HAKH, TIO-
JIe3HBIC IS UASHTHDU-
Kalliu NCKOMOW CYIITHO-
CTH
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1. IlonoxkurenbHO 3apsikeHHas N-00-
JacTh, OOBIYHO JJIMHOH 1-5 aMMHOKHCIIOT,
cojiepxailiasi B OCHOBHOM OCTAaTKH JIM3H-
Ha (K) unum aprunnna (R).

2. I'mapodobuoe sapo u3z 7-15 amm-
HOKHCJIOT, COCTOSIILIEE B OCHOBHOM U3
anu(aTHIecKUX OCTATKOB, TaKUX Kak
neiimH (L), w3oneiinun (1) u BamuH (V).

3. C-o6nacTs, copepxKaliasi CaT pac-
HICTICHHsI, OOBIYHO C aMHUHOKHCIIOTaMHU
ajaanHoM (A), mmunuHOM (G), cepuHOM
(S) mmu TpeonnHoM (T)

ITepeuncne-
HUE  XapaKTEPHCTHK-
UACHTH(PHUKATOPOB,
HaJINYME KOTOPBIX SIBIISI-
eTcst He0OXOTUMBIM yC-
JoBHEeM OOHapy>KEeHUS
CUTHAJIBHBIX NENTUAOB.

IIpu paccMoTpeHur HaHHOM moche-
JOBaTeIbHOCTH  N-KOHIIEBas  00IacTh
(MKALRLSASALFCLLLINGLGA),

T'unoresza u >Mnu-
pUYeCKOoe  TOATBEPK-
JIEHHEe THIIOTE3hI, OC-

MO-BUUMOMY, HMeEeT TOJOKUTEIbHO | HOBAHHOE Ha YCIIOBHSIX
3apsokennyo N-obmacte (MKALR), tu- | maentudukanmm.
npododroe  sapo  (LSASALFCLLL)

u C-00m1acTh, COACPIKAIIYIO BO3MOMHBIH
caiit pacmeruienus (INGLGA). Oto yka-
3bIBACT HA MPUCYTCTBUE TOTCHIIMAIHLHOIO
CUTHAJILHOI'O MeNTHAa B 3TOM Mocaea0Ba-
TENEHOCTH

C oaHOM cTOPOHBI, ANMTOPUTM (HOPMYIUPOBAHUS U PELICHUS HAYY-
HOM 3a/1a4¥ BBIIISIUT KIIACCUYECKUM JUTsl OMOMH(OPMATHKH, T. K. KIIIO-
YEeBBIM UCCIIEIOBATEILCKIM O0BEKTOM 37IECh SIBIISIIOTCS] HYKIICHHOBBIC
KHUCJIOTHl U O€JKH, CTPYKTYpa KOTOPHIX MPUHIUIMAIBHO OIMpeesiseT
CBOICTBA JKUBBIX OPTaHU3MOB M WX YaCTEH, a MPEeIMETOM — aJTOPHT-
MBI 00pabOTKH TaHHBIX O CTPYKTYype OMOIOTHYECKUX MaKPOMOJIEKYIL.
CaM METOJOJOTMYECKUM MHCTPYMEHTapUil 3TOM HAyKu — pe3yabTar
pocTa BBIYHCIUTENBHOW MOLTHOCTH U CIOKHOCTH aJTOPUTMOB 0Opa-
00TkH JaHHbIX. C Ipyroil CTOPOHBI, BO3HUKAET BOMPOC, SIBISETCS JIH
reHepUpoBaHKNe MOAOOHOTO 3HAHMSA MPOM3BOJCTBOM MPUHIUIIHAIBHO
HOBOTO 3HaHWA. Ecin HaydHOE OTKpBITHE MOHUMATh KaK pPe3yJbTar
IIPUMEHEHUS] HOPMAaTUBHBIX INPOLENYyp, TO, pasymeercs, Aa. OmHako
B (OpPMYIHPOBAaHUU TNPEICTABICHHON HCCIIEIOBATENBCKON 3a1aun He
XBaTaeT KIIOYEBOr0 KOMIOHEHTa — (POPMYJIMPOBKH HAYYHOU Mpodie-
MbI. B TipuBeIeHHOM MpHUMeEpe CII0KHOCTh COCTOMT JIMIIb B 00beMax
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BBIYMCIICHUN; TO, YTO HYXHO HAWTH, SIBISIETCSI TEM, YTO HYKHO BBI-
YUCIUTh. BakHO Takke U TO, UTO JaHHAs 3aj]auya JIETKO MpelcTaBuMa
B BH/IE KOMIIBIOTEPHOM MporpaMMbl. Kaxkplil mar onucanus yciaoBHi,
TUTIOTE3BI ¥ ATAIIOB MPOBEPKH JIETKO (PopMann3yeTcs. Mbl MOMBITAINCH
MIPEICTABUTH HCCIICAOBATEIBCKAE PE3YIBTATHI, MONYICHHBIC TIPH TI0-
mor GPT-4 [Al4Science. Microsoft Research, Quantum, Microsoft
Azure, 2023], B Buae texuuueckoro 3aganus 1ist GPT-4o0!. Yousuren-
HO, uTo LLM onnHakoBo 3(()eKTUBHO CO3/1aBasia KoJl, KOTOPBI KaK 00-
Hapy>KUBaJl CUTHAJIBHBIN MENTH, TaKk U He 0O0HapykuBai. [Ipunuioch
CTPOUTH TUAJIOT ¢ CHCTEMOM, YTOOBI OOHAPYKUTH OMHUOKY B KOJIE WU
B YCIIOBHSX 3aa4ur . Bo3HUKAET TPYIHBIN, HA HAIII B3I, BOIIPOC, SIB-
JISIeTCSI T HAyYHOU POOIIeMOi Ta 00JIaCTh HEU3BECTHOTO, TIOMCK KOTO-
pPOT0 MOXKHO HPEACTABUTh B BUAEC KOMIIBIOTEPHOM nporpaMMel. Bmecte
¢ TeM, 4To crenuduka padorsl LLM Hag xoHuenTtyanusanuei u ¢op-
MaJlM3alel UCCiIeoBaTeIbcKor MpoOiIeMbl TpeOyeT TIIaTeIbHOM aT-
TECTAINK U BepU(DUKAIINH CO CTOPOHBI DKCTICPTOB.

Hpumep 2.

Pazpaborunkn w3 DeepMind mpencTaBuiId METOABI HCITONIB30-
Banuss LLM, B yactHocTu Moaenud FunSearch, mossosstroniue Oosee
3¢ (eKTUBHO HCCIENOBaTh MaTeMaTH4eckue CTpykTypbl [FunSearch:
Making new discoveries in mathematical sciences using Large
Language Models, 2023]. FunSearch paGoraet, reHepupys THIIOTE3bI
u ucnonb3yss LLM 11t uX NpoBEpKH HA OCHOBE M3BECTHBIX MaTrema-
TUYECKUX NPUHIMIOB U JaHHBIX. [Iponecc BKIIIOYAET Kak CO3AAHHE
HOBBIX HJIEH, TaKk W MPOBEPKY MX OOOCHOBAHHOCTH C IOMOIIBIO 00-
LIUPHBIX BBIUUCIUTEIBHBIX METONOB. OAHUM U3 3aMETHBIX JOCTHXKE-
HUH ATOTO IMOJAXOJA SIBJSETCS €ro CIOCOOHOCTh peliarh MPOOJIEMBI,
KOTOPBIE TPAAUIIMOHHO OBLTH CIOKHBIMU Jutsi cuctem MW, Hampumep,
FunSearch nobunacs 3HaunTENEHOTO TIPOTpecca B TAKUX 001aCTAX, KaK
TEOpUS y3JI0B M TEOpHUs IPEICTABICHNH, 0OHAPYKUB HOBBIE 3aKOHO-
MEPHOCTH U CBSI3U, KOTOpbIe paHee ObuIM Hen3BeCTHBI. CTOPOHHUKH
ATOrO MOAXOAA C PHTY3HMa3MOM CMOTPSIT Ha HOBBIE BO3MOKHOCTHU pe-
LICHUSI UCCIIEIOBATEILCKUX 3aJau, TAKUX KaK: aBTOMAaTH3allUsi JOKa-
3aTeNbCTB, MPOBEPKA M TCHEPUPOBAHHUE THUIIOTE3, BBISIBICHUEC CTATH-
CTHYCCKUX ¥ BEPOSTHOCTHBIX 3aKOHOMepHOcTel. lloguepkaem, 4TO

! https://colab.research.google.com/drive/FH7Ba-Zltcbd6 A611gGOxU3vLIQp69-
F#scrollTo=6¢cB8lJHjlzxR &line=5&uniqifier=1.

2 Pesynprarsl 3TOr0 JMaiora MOXHO YBHIETH 37ech: https://chatgpt.com/
share/52ffb917-21dd-45a4-b036-2680a62ceb78.
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pe3yibTaThl, MoMy4deHHbIe pHu oMoy LLM, MoryT ObITh Kak 9nCTO
MPUKIIAIHBIMU, TPUBOISIIIMMH K TPHBHAIHLHOMY PACIIUPEHHIO 32 CUET
00BEMOB U CIOKHOCTEH BBHIYMCIICHHM, TaK U 9BPUCTUUYECKUMU, OTKPbI-
BAIOIIMMH HEBHJMMBIE paHee 3aKOHOMEPHOCTH, MOJATAIKHBAIOIIUMHU
rccienoBaTeneil K 00HapyKEHHUI0 HOBBIX CBA3EH M K HECTaHAAPTHBIM
WHTEPIIPETANNIM UMEIOIINXCS JaHHBIX.

[IpumepoM Toro, Kak MpUKIAAHbIC BEIUUCAEHUS ITpU oMoliu LLM
CO3JIal0T OCHOBAHUS JUIsSl PEATM3alUN UCCIIEAO0BATEIbCKUX 3BPUCTHK,
MOJKET CITYy:KUTh Ciy4aid ucroiibzoBanus AlphaTensor — cucremsr MU,
CIIOCOOHOMH K MOUCKY HOBBIX, 3)()EKTUBHBIX AITOPUTMOB ISl YMHOXKeE-
Hus marpuil. AlphaTensor, ocHoBanHas Ha AlphaZero, ToaXomuT K OT-
KPBITAIO aJITOPUTMOB KakK K OJHOIOJB30BaTeNbCcko urpe. Mccnemys
OTPOMHOE KOJIM4YecTBO Bo3MoxkHOcTeH, AlphaTensor Haxomut Oornee
3¢ PEeKTUBHBIC METOIBI YMHOKECHHUSI MaTPHII, KOTOPBIE MOTYT OBITh ITPH-
MEHEHBI B Pa3IMYHBIX 00JACTIX, BKIIOYash KOMIBIOTEPHYIO IpaguKy,
HEWpOHHbBIE CETH U Hay4HbIe BhrunciieHus [Fawzi et al., 2022]. Taxoi
TTOIXOJT TTO3BOJISIET aBTOMATHU3MPOBATh MPoIiecc oOHapykeHus dhdek-
THUBHBIX BEIYHACIUTEIBHBIX PEIICHNUH IS PEIICHNS HCCIIeIOBATENbCKIX
3anad. [IpocTpaHCTBO BOSMOKHBIX aITOPUTMOB BEJTHKO, M B ATOM CITy-
yae HeoOXoauMo «pas3BepThiBanue» M-arenTa, cmocoOHOTO Orpom-
HO€ KOJIMYECTBO pa3 ChIrpaTh B OAHOMNOJIB30BATENBCKYIO UTPY, LIEIBI0
KOTOPOH SIBJISIETCSI HAXOXKJCHHE TEH30PHBIX PA3IOKEHUH B KOHEYHOM
(bakTopHOM TIpOCTpaHCcTBE. BakKHO OTMETHTH, YTO NIPUBEJCHHE 3a/1a-
YW K MaTPUYHOMY BUY CUMTAETCS PAaBHO3HAYHBIM PEIICHUIO 3a/1a49H.
CunTars 1 Takve HaXOXKICHUS pelIeHnH (KakK, HarpuMep, yaydlieHne
JIBYXypoBHeBoro anropurMa lllTpaccena) HaydHBIM OTKpPBITHEM — BO-
Ipoc, He UMEIOLIHI 0IHO3HAYHOIO OTBETA.

BriBoaBI

3a mocJeaHue JECATWICTHS BBIYMCIUTEIBHBIA MMOBOPOT B HayKe
MPUBEN K TOMY, 4TO TpaHC()OpMAaLMOHHBIE MPOIECCHl 3aTPOHYIH 0a-
30BbIC SIHUCTEMOJIOTUYCCKNUEC NPUHIHUIIBI HAYYHOT'O IMO3HAHUS. CCFOI[-
HS BBIYUCIIUTENIbHBIE METOBI TIPEACTABISAIOT COO0I He MPOCTO CIIOCO0
YCJIO)KHEHUS M YCKOPEHHUs pacyeToB. Tak Ha3bIBAEMBIN J1aTa-1lIeHTPU3M
JIeKUT B OCHOBAaHMHM METOJOJIOTHYECKOTO JAW3aifHa HaydHBIX HCCIe-
JIOBaHWi, B CBA3M C YeM Pe3yJIbTaThl BHIYUCICHUH M aHAIN3a JaHHBIX
MMOHUMAIOTCSl KaK HOBBIE PE3yJbTaThbl HAy4yHOTrO Mo3HaHus. bombiime
SA3BIKOBBIC MOJCJIM HM3BJICKAIOT W3 OrPOMHBIX MACCHUBOB HECTPYKTY-
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pUpOBaHHON WH(GOpPMAIMA HOBBIC KOHIICTITYaJbHBIE CBSI3U, KOTOPBIC
B KOpHE MCHSIOT MEXaHU3Mbl OPTaHM3AIMU HAyYHOUW JESATEIHLHOCTH.
DopMyIUpPOBAHUE UCCIEAOBATENBCKUX 33/1a4 B BHJIE MaTEMaTHIECKOU
JIECKPUIIIIUYA BOCXOAUT K ["auiero u B MPUHITUIIE TPOXOANUT Yepe3 BCe
ATamnbl CTAHOBJICHHSI COBPEMEHHBIX €CTECTBEHHBIX UCIUIUINH. AHa-
JM3 AaHHBIX B HACTOSINEE BPEMs BCE Yallle 3aKJIAIbIBAETCS B JNU3AiH
AKCIIEPUMEHTA U B KPUTEPUH NMPUMEHUMOCTH Hay4YHOH rumotesbl. Ha
Halll B3IJISI, 9TO BaXKHBIH BBIBOJA: ONTHUMH3AIMS BBIYUCIUTEIBHBIX
3a/1a4 JISKUT B OCHOBAHUU COBPEMEHHBIX OTKPBHITUNA. O4YEBUIHO, UTO
LLM noBbIatoT NpoU3BOAUTEIBLHOCTD TPY/A UCCIEN0BATENS, IPEBPa-
masi B pyTUHY pa3paboTKy METOA0JIOTHYecKoro kKapkaca. C IOMOIIBI0
MoJIeNIeld MOYKHO OBICTPO TiepedupaTh KOMOWHAIIMH CTPYKTYPHBIX KOM-
ITIOHEHTOB METOJIOJIOTMH U PelIaTh YUCTO MPHUKIIAIHBIC BEIUHNCITUTETh-
Heie 3ama4un [Hope et al., 2023]. Bmecre ¢ TeM, HEOUEBUICH OTBET Ha
BOIPOC, HACKOJIBKO MIPAaBOMEPHO CUUTATh CIIOKHBIC U OBICTPhIC KOMOU-
HATOPHBIC BBIUMCICHUS, CO3JaHUe KoMa Ml (popMaH3aIliu TMOUCKO-
BOH 33/1a4M WIJIM HKCTPAKIIUIO MOCIEA0BATENFHOCTEH TOKEHOB M3 TEK-
CTOB DIIEMEHTaMH HAay9HOTO OTKPHITHS. Hermpo3padHOCTh MPUHIIMIIOB
TeHEPUPOBAHUS PE3YNBTUPYIOIINX TEKCTOB, OTCYTCTBHE CYOBEKTHOCTH
U, CIIeIOBATEIbHO, OTBETCTBEHHOCTH JIUIIL 00OCTPSIOT 3TOT BOIPOC.
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Lienu ceTeBoro xypHana «Punocodckue npobnembl UHHOPMALMUOHHBIX TeXHONOT YA
1 KNbepnpoCTpaHCTBay:

« [loBbICUTb CTATyC COLMO-TYMAHUTAPHOMO 3HAHUA B GYHAAMEHTabHbIX Npobnemax
Pa3BUTIA NHYOPMALIMOHHOTO 0DLLIeCTBa.

« 0cBETUTb HOBbIE TEOPETYECKIE MEXANCLMMNMHAPHDBIE HANPABNEHNA B COBPEMEH-
HbIX 06N1aCTAX GUNOCOPUM TEXHIKM, COLMANBHON IMUCTEMONOMIM, KOTHUTUBHBIX HayKaX, Te-
OPUY UCKYCCTBEHHOTO UHTENTIEKTA.

« Pacuumpurtb chepy npodeccuonanbHoro Ananora B 061acT MHYOPMALIMOHHDIX Tex-
HOMOTIA, TEOPUYN KNOEPNPOCTPAHCTBA, BUPTYANMCTUKM, UCKYCCTBEHHOTO MHTENNEKTA, KOTHMU-
TUBHBIX HayK.

« [lpuBneub nepcnekTUBHBIX CNELMANNCTOB K COBMECTHOI paboTe Hajl MPoeKTami B
FyMaHUTapHO-TEXHONOrMUeCKoit chepe.

« OcywecTBUTL MHGOPMALMOHHYH NOAAEPKKY ANA POCCUCKIX UCCEA0BATENE, pa-
60TatLLIX B YKa3aHHbIX 061aCTAX.

« (034aTb KOMMYHUKALMOHHY0 NAATGOPMY ANA PaClLMPeHUa COTPYAHMYECTBA PoC-
CUIACKIX 11 3apyBeXHbIX NPoPeccoHanbHbIX coobLLecTs.

3apaum ceteBoro xypHana «Qunocodckine npobnembl HYOPMALMOHHDIX TEXHONO-
TWii 1 KnbepnpoCTPaHCTBay:

« BbIMYCK XXYpHana, 0CyLLECTBAEHUE MUHPOPMALIMOHHOI AEATENBHOCTH,

« TPeAoCTaBNEeHNe NONHOTEKCTOBOTO AOCTYMA K HayUHbIM CTaTbAM,

« MPOABWKEHME HAYYHOrO KOHTEHTA B OTEUECTBEHHBIX I MUAPOBbIX 6a3ax AHHbIX,

« MEHeXXMEHT 1l aHANINTUKA NYONMKALMOHHOIA aKTUBHOCTH.

KypHan ny6nukyet HayuHble CTaTb, KpaTkue o06LeHnA, 0630pbl HayUHbIX Mepo-
NPUATHIA, peLieH3Mu, aHHoTawuK. Bce matepuansl, nybankyemble B XypHane, NpoxoaAT aHo-
HUMHOE PELLeH3MPOBaHME C PACCbIIKOI MOTUBUPOBAHHDIX 3aKNHOUEHNIA.

MpuHUMNManbHas NOAMTIKA pefakLym XXypHana - oTKpbITbIi goctyn (Open Access)
K HayuHoil MH$opmaLmu, becnnaTHble NybanKaLmMu, NOCTOAHHAA paboTa Haj NOBbILLIEHNEM
KauecTBa HayuHOro KOHTEHTA.
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B xypHane nybnukytotca cTatbi No Clesytowym 06nacTam HayKi, rpynnam Hay4HbIX
CnewyanbHoCTel 1 HayuHbIM CNeLuanbHOCTAM (cornacHo HomeHknaType HayuHbIX cnewu-
anbHOCTelA, yTBepXAeHHOI MiHUCTepCTBOM Hayku 11 Bbicluero 06pa3osaHua PO):

1. ECTECTBEHHDBIE HAYKK
1.2. KomnbloTepHble HayKu 1 MHpOpMATUKa

1.2.1. VckyccTBeHHbII MHTENNEKT U MalLMHHOe 06yyeHue
1.2.2.  MatemaTuyeckoe MOJENMPOBaHUE, YACTEHHbIE METOIbI 1 KOMMJIEKCbI
nporpamm

5. COUMANDbHDLIE U TYMAHNTAPHBIE HAYKK
5.6. Wctopuueckne HayKu
5.6.6. lcTopusa HayKu 1 TEXHUKM
5.7. Ounocogua

5.7.1. OHTOnoruA 1 Teopus NO3HaHusA

5.7.2. WUctopua ¢punocopun

5.7.6.  Ounocopua HayKu 1 TeXHUKM

5.7.7.  CoumanbHas n nonutueckas dunocodus

5.7.8.  Ounocodckas aHTpononorus, dunocodus KyasTypbl

5.9. Ounonoruna

5.9.8. TeopeTuueckas, npuknagHaa u CpaBHUTENbHO-CONOCTABUTENIbHAA
NIMHTBUCTUKA
5.9.9.  MeanakoMmyHUKaLMI 1 XKYPHANUCTUKA

PYBPUKU XKYPHAJNA:

« Ounocoua A3blka u KOMNbIOTEPHAA NUHTBUCTIKA

+ Uctopus n dunocodua MHPOPMaLMOHHDIX TEXHONOTUIA

« Ounocodua KOrHUTUBHDBIX HayK (BbIYNCIUTENBHBIE NOAXOAbI)

« Bupryanuctuka

« Ounocodua co3HaHUA 1 METOAONOTMA UCKYCCTBEHHOTO MHTENNEKTa
« [ymaHuTapHoe n3mepenme poboTOTEXHMKIA

+ NHdopmaumoHHoe 06LecTBO

+ OyTyponorus
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