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AHHOTAIUA

IIpenmeT uccaexoBanusi. AJTOPUTMBI KBAHTOBBIX BBIYMCICHHI aKTHBHO Pa3BHBAIOTCS U MIPUMEHSIOTCS B 00IacTH
00paboTKU €CTECTBEHHOTO sI3bIKa. B paboTre mpe/yiokeH HOBBII KBAaHTOBO-MO00HBI METO/] KiTacCU(pUKALIUHN KOPOTKUX
TekcToB. MeToa. OCHOBY MeTOa COCTaBIsIeT MPeACTaBIEHNE TEKCTa B BUJE aHCAMOINs 3JI€MEHTAapPHbBIX YacCTHII.
B kauecTBe kpuTepus K1accuHUKauy BBIOPAHO 3HAYEHHE aMIIUTY/AbI BEPOATHOCTH OOHAPY>KEHUsI JaHHOTO aHCaMOIs
B BBIOPAHHBIX TOYKAaX BEKTOPHOTO MPOCTPAHCTBA, ONMMCHIBAEMOTO MPH ITOMOIIU JUCTPHOYTHBHO-CEMaHTHUIECKOM
MOJIeNH s3bIKa. [IpeaoxkeH oJuH U3 BO3MOXKHBEIX CIIOCOOOB MHTEPHPETANU ITapaMeTPOB BOJHOBOH (yHKINU
OIMCAaHMsl MIOBEJICHUSI SIIEMEHTApPHON YaCTHUIIBL, a TAK)KE aJTOPUTM pacdeTa aMIUTHTY/IBI BEPOSITHOCTH C YUETOM THX
napameTpoB. OCHOBHBIE Pe3yJIbTaThl. BEINOIHEHA SKCIIepHMEHTaIBHAS TIPOBEPKA OIIMCAHHOTO METO/Ia C IPUMEHEHUEM
KJaccu(pUKalMd HHTEPHET-COOOMIECTB 10 TeMaTukaM. J{JIsl pacyeToB MCIOJIb30BAHbI HAMMEHOBAHUS U CBEICHUS
pazzenoB «uHdopmars» o 100 rpynmam conumanbHoit cetn « BKoHTakTe» 1o mstH pa3andHbM TeMaM. [IpeioxkeHHast
MOJIeJIb T0Ka3aja JOCTATOYHO BBICOKYIO TOYHOCTH KilacCH(HUKAlLMU, KoTopas coctasmia 91 % B 1ieqoM Ha Habope
JaHHBIX 1 0T 75 % 10 95 % B mpenenax oTaenbHbIX KiaccoB. [IpakTuyeckas 3HauuMoCTb. [IpencraBiennas Moaens
MOXKET OBITh UCIIONIB30BaHA JUTS KITACCH(DUKAIIMN OT3BIBOB MOJIB30BaTeNIel O TOBapax, yCIyrax M COOBITUSX, a TAKOKe TIPH
OIIpe/IeNICHNH HEKOTOPBIX CBOUCTB IICHXOJIOTHUECKHUX MOPTPETOB MOIb30BaTeIe! HHTEPHET-COOOIIECTB.
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KIaccuukanus, 00padoTKa eCTECTBEHHOTO s3bIKa, BOJIHOBAs MOJICIb, HHTECP(EPEHIHs, KBAHTOBO-IIOAO0OHAS MOJIEITb,
ornpeiesIeHne TeMAaTUKU TeKCTa
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Abstract

Quantum computing algorithms are actively developed and applied in the field of natural language processing. The
authors of the paper proposed a new quantum-like method for classifying short texts. The basis of the method is the
representation of the text as an ensemble of elementary particles. The value of the detection probability amplitude of a
given ensemble at the selected points in space is chosen as a classification criterion. In this case, the space is understood
as a vector space described using the distributive-semantic model of the language. The authors suggested one of the
possible ways of interpreting the parameters of the wave function that describes the behavior of an elementary particle, as
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Knaccudunkaums KOPpOTKMX TEKCTOB C UCMONIb30BAHMEM BOJIHOBOV MOOENN

well as an algorithm for calculating the probability amplitude taking into account these parameters. For the experimental
research of the described method, authors performed the classification of Internet communities by topics. For the
analysis, the names and the “information” section of communities were used. In total, 100 groups of the social network
“VKontakte” belonging to five various topics were taken. The proposed model showed rather high classification accuracy
(91 % in general on the data set and from 75 % to 95 % within individual classes). The proposed model is supposed
to be used to classify user comments about goods, services and events, as well as to determine some properties of the
psychological portraits of users of online communities.
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BBenenune

KBaHTOBO-10JJ0OHBIE BHIYMCITUTEIbHBIE METOABI [ 1]
B MOCJIETHUE MECATUICTHS aKTUBHO PA3BUBAIOTCS M JO-
CTUTAIOT 3HAUUTEIBHBIX yCIIEXOB, 0COOCHHO B 001acCTH
MMOKCKa U aHaM3a TeKeToBoi uHpopmanuu [2]. [Ipu stom
KBAHTOBO-MEXaHUYECKHUH nmoaxod HE TOJIbKO IMMPUMEHACTCA
CaMOCTOSITEJILHO, HO M MO3BOJISICT MOJYYUTh XOPOIIHE
pe3yabTaThl BO B3aUMOJCHCTBHU C KJIACCHYECKHMMHU METO-
namu [3, 4]. OnHako naneko He BCe BOBMOXKHOCTH, Mpe-
JIOCTaBJIsIEeMbIe MaTeMaTHIYECKUM ariapaToM KBaHTOBOM
MEXaHWKH, aKTHBHO TIPUMEHSIOTCS B HACTOSIIEE BPeMs B
cdepe 00paboTKN €CTECTBCHHOTO SI3bIKA [ 5], 9TO OCTaBIACT
ITUPOKHE BO3MOKHOCTH TSI pa3pabOTKH HOBBIX MOJIE-
JIel U COBEPUIEHCTBOBAHUS CYIIECTBYIOIUX. B naHHOMI
paboTe mpeIoKeHa HoBasi KBAHTOBO-TTOI00HAsT MOJIEITb,
npeaHa3HadeHHas st 00pabOTKH M aHaJIn3a TEKCTOBOM
nHdpopmanuu. MoJeinb siBIsIeTCs! IOTOJTHEHUEM K KIIACCH-
YeCcKoil AUCTpUOYTUBHO-CEMaHTUYECKOM SI3BIKOBOI Mozie-
. [peuioskeHHbIH 1o1X0/1 6a3upyeTcs Ha MpeICTaBICHIN
TEKCTa B BUJE BOJHOBOro nakera. [Ipu 3Tom Ha pacuer
Ba)XKHOH BOJIHOBOW XapaKTEPHCTHKH KaXKJJOr0 IEMEHTa, a
MMEHHO BOJTHOBOTO YHMCJIa, OKA3bIBAIOT BIIMSIHUE BCE CJIOBA
TekcTa. Takum 00pazoM, BOTHOBAsI MOJIEITh MOYKET paccMa-
TPHUBATHCS KaK OJIFH M3 BAPUAHTOB OITMCAHMUS B3aHMOCBS3H
cJoB B TekcTe. Kpome Toro, BOJTHOBOM 1MOIXO0/ IPEAOCTaB-
JISeT MPUHINIAATIFHYI0 BO3MOKHOCTh HaONMIOAaTh Takoe
SBJICHNE KaK HHTEp(epeHns.

PaspabarbiBaeMyr0 MOZIEIb MPEANONAraeTCsl UCTIONb-
30BaTh B IEPBYIO Ouepellb sl KIIACCU(PHUKALMHE KOPOTKHX
TEKCTOB. B Hacrosiee Bpems Takue 3a7a4du sBISIOTCS
BeCbMa BOCTPEOOBaHHBIMU. BO-TIEpBBIX, TaHHBIH aJrOpPUTM
MOYKET IPUMEHSTHCS ISl CTPYKTYPU3AIMd U MHOTOYPOB-
HEBOW KJ1acCH(UKAIIMK OT3BIBOB IOJIb30BATENICH O TOBA-
pax, yciryrax, SIBICHHUSIX U COOBITHSX, UTO MOXKET CITyXKHTh
pacIupeHreM BO3MOXKHOCTEH M3BECTHBIX METOMIOB CCH-
TUMeHT-aHam3a [6—8]. J[pyroe moTeHImanpHoe IpruMeHe-
HHUE — OIpeeNieHIe TeMaTHK HHTEPHET-COO0IIeCTB, YTO
JIaeT BO3MOKHOCTB 32a09HOTO BBIIBICHHSA C(pepbl HHTEPECOB
TIOJIH30BATENICH M MOXKET OBITh HHTEPECHO CIICIHATNCTaM B
cepe yrpaBlieHUsI KaJJpaMu, a TAKKE COTPYAHUKAM TICUXO-
JIOTHYECKUX CIIYXKO IIKOJI M JIPYTUX y4eOHBIX 3aBEICHHM.
PazpabarbiBaemast MOJIENb CTAHET JOTOIHEHHEM K JAPYTUM
paboram B 00JaCTH METOJUK MOCTPOCHHS TICHXOJIOTHYe-
CKOTO TOpTpeTa aBropa Ha 6ase ananu3za tekcra [9, 10].

BoanoBasi Mmoxein MpeacTaBJICHUS TEKCTa

J1s amanm3a TEKCTOBOM MH(POPMAIHH PACCMOTPHUM
BOJTHOBYIO MOJIETIb, B PAMKaX KOTOPOH TEKCT MPEACTaBIIs-
eTCs B BHJIC aHCAMOJI IEMEHTapHBIX YacTHIl. B Takom
aHcaMOJIe KaXK/10€ CJIOBO TEKCTa, OTHOCAILEECs K CaMOCTO-
ATENBHBIM YaCTAM PEeuH, MPEACTABICHO KaK OT/e/IbHAs Ya-
ctuna. B cooTBeTCTBUM C OCHOBaMM KBAaHTOBOM MEXaHUKHU
[11], a *MEHHO ¢ IPUHIUIIOM KOPITYCKYJSPHO-BOJIHOBOTO
JlyaJli3Ma, TIOBEJICHUE TaKOI YaCTUIIBI MOXKET OBITh OITHCa-
HO TP TOMOIIIN BOJTHOBOHN (PyHKIIHH:

A4
;= L ikt + 9jo), (1)

T

rie A; — aMIUIMTYyJa; rj; — PAacCTOsHUE; k; — BOIHOBOC
9HCIIO; V; — CKOPOCTb PacHpOCTPAHEHHS BOIHBL Qj) —
HaganpHas (asa.

BonnoBas ¢yHKIMS mpencraBiseT coboi chepuue-
CKYIO BOJIHY, HHTEHCHUBHOCTb KOTOPOH OTpakaeT BEPOsIT-
HOCTb 06Hapy>1<eHH${ YacCTUIlbl B pa3IMYHbIX TOYKax IpPoO-
CTpaHCTBa B pa3/IMYHbIC MOMCHTbBI BDEMCHU.

Tekct, paccmarpuBaeMblii Kak aHCaMOIIb JIeMEeHTap-
HBIX YacTHII, B TO XK€ BPEMsI MOKET OBITh IpE/ICTaBICH
KaK BOJTHOBOH ITaKeT, COCTOSMINI M3 KOHEUYHOTO YUCiIa
cepuuecKnx BOJIH, IPUYEM CyMMapHasi HHTCHCUBHOCTD
TAKOTO MaKeTa B TOUYKE IIPOCTPAHCTBA / OTPaXKaeT aMILTUTY-
JIy BEPOSITHOCTH OOHapY>KeHHUsI aHCAMOJIs YaCTHII B TAHHOM
Touke. J{ys pacdeTa MHTEHCHBHOCTH MAKETa UCIIONb3YETCS
ypaBHEHHE, H3BECTHOE M3 Kypca BOJTHOBON MeXaHUKH [ 11]

M 4.
L=Y () +
=Ty
M1 M 4 4, (2)
+2 Z Z _]_Cos(kjr(/ - knrln + (\DjO - (PnO)y

J=ln=+177 Ty
e M — KOJIMYeCTBO BOJIH B MAKETE, YUTO COOTBETCTBYET
YUCITY CJIOB, OTHOCSIIIMXCS K CAMOCTOSITEIbHBIM YaCTsIM
peuH B UCXOJTHOM TEKCTE.

IIpu aTOM BTOpOE CllaraeMoe ypaBHEHUs, IPEACTaBIIs-
foriee co0oi YIBOSHHYIO CYMMY ITOTIAPHBIX ITPOU3BEICHUI
JIIEMEHTOB, OTBEUALT 3a HHTEP(EPEHITNTO0, KOTOPAst MOXKET
HAOIONATHCS TIPU OTIPEICTICHHBIX KOMOMHAITIAX BOJTHOBBIX
YHCeN, HauaJdbHBIX (a3 M PacCTOSHUI OT UCTOYHHUKA JI0
TOYKH HAONIOACHUS PA3TUYHBIX BOJH, TPEACTABIISIONIIX
OTJIeNIbHBIE CIIOBA TEKCTA. YUeT UHTep(EPEHIIMOHHOTO
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YJICHA JIAeT BOBMOXKHOCTh, OJJHUM CJIOBOM, YCHJINBATh WU
0CIAOJISITh BIAMSIHAC APYTHX CJIOB HAa PAcyeT BEPOSTHOCTH
OJM30CTH TEKCTa K BEIOPAaHHOMY KJIACCY.

B kavectBe 6a3uca st pabOTHI BOJTHOBON MOJICIH HC-
MTOJIB3yeTCs MPeo0yIeHHAs TUCTPUOYTHBHO-CEMaHTHYe-
cKkast Moziesh [12], B KoTopoli ClIoBa MPEnCTaBISIOT CO00i
BEKTOPHI B IPOCTPAHCTBE KOHTEKCTOB, & PACCTOSHUS MEXKTY
HUMH OTPAKaIOT CEMaHTHUECKYIO OTM30CTh MEXKTy MTOHS-
TUsIMHA. TakuM 00pa3oM, BBICOKAs! aMIUTUTY/Aa BEPOSTHOCTH
oOHapy KeHHsT aHCaMOJIsl YaCTHIL, TIPEICTABIISIONIETO TEKCT,
B HEKOTOPOI TOYKE TAKOTO MIPOCTPAHCTBA, MOKET FOBOPUTH
0 BBICOKOH CMBICJIOBO# OJIM30CTH TAHHOTO TEKCTA K MOHS-
THUI0, 3aHUMAFOIIIEMY 3Ty TOYKY IpocTpaHcTBa. Eciu ecth
HECKOJIBKO TOYCK MPOCTPAHCTBA, IS KOTOPBIX MOKET OBbITh
BBIYHCIICHA COOTBETCTBYIOIIAS aMIUTHTYa BEPOSITHOCTH
(2), TO MOXHO TIPEATIONOKATE, YTO MCXOMHBIA TEKCT OY-
JeT OIMKE BCETO MO CMBICTY K TOMY ITOHATHIO, B 00JIacTH
KOTOPOTO aMIUTUTY/a BEPOSATHOCTH BhIIIe. VIMEHHO Takoi
TIPUHITATI JISKHUT B OCHOBE KJIACCH(PHUKAIINN TEKCTOB C HC-
TTOJTF30BAHNEM BOJTHOBOI MOJICIH.

PaccMoTpuM MHTEpIpeTaLUIO MapaMETPOB BOJIHOBOM
(byHKIMU TS Cllydasi IPEACTaBICHHS TEKCTOBON HHGOP-
matmn. Pacctosuus 7y u ry, B ypaBuenmsix (1) u (2) orpa-
JKAIOT CEMAHTHUCCKYIO0 OJIM30CTh MEXKIY MOHATUIMUA —
SIBJISIFOTCSI BEIMYMHAMHE, 00PaTHO MPOMOPIIHOHATBHBIMU
omuzoctu. i pacyeTa BOJHOBBIX YUCEI kj, k,, ucrosnp-
3YIOTCS CICIYIOIIUE COOOpaKeHUs. Y aHCaMOIIsl YaCTHIL,
MIPEICTABIISIONIETO TEKCT, MOXKET OBITh HAM/ICH IICHTPOUI,
KOTOPBIF MOKHO paccMaTpHBaTh KaK TOUYKY, B KOTOPOH
BEpPOSITHOCTh OOHApYyKEHUS aHCAMOJSA B IIEJIOM MaKCH-
ManpHa. ClieZloBaTebHO, B yKa3aHHON TOYKE aMILTATY/A
BEPOSTHOCTH, PACCUNTAHHAS ITPH TIOMOIIH YpaBHEHUS (2),
JIOJDKHA OBITh MAKCUMAIIBHOHM, 9YTO MOYKET OBITh JOCTUTHY-
TO, €CJIH Ha ITyTH OT Ka)I0TO 3JIEMEHTa aHCAMOJIS 10 TICH-
Tpouaa OyleT HaXOAUThCS 1EJI0€ KOJUYECTBO JJIUH BOJIH
(B mpocreiineM ciydae — OJHA JUIMHA BONHBI). Takue
MIPEOTIOKCHUS TAFOT BO3MOKHOCTh PACCUUTATh BOTHOBOC
YHUCJIO, KOTOPOE MPEICTABISACT COOOW KOTUYESCTBO JJIUH
BOITH B CJIMHUIIC JIIHMHBL. TakuM 00pa3oM, ISl BEIYUCIICHUS
BOJTHOBBIX YHCEJ UCTIONB3YeTCs ypaBHCHUE

1
k=,

J
I’L.j

IIe rp; — PACCTOSIHUE OT TEPMHUHA j IO LEHTPOKIA aH-
camOus.

Berancnenne HadanbHbIX Qa3 @, @, MPEACTABISCT
€000ii OOJBIIIYIO CIIOKHOCTH. BO3MOXKHBI pa3HbIE MOIXO/IbI
K pacyery JaHHOW Beian4duHbl. C OHOH CTOPOHBIL, B (haze
COOTBETCTBYIOIICH BOJIHBI MOXET ObITh yuTeHa (opma
cioBa B Tekcre. [Ipu mocTpoeHnn MareMaTHuecKkoil BoJ-
HOBOH MOJI€NU 3Havallue cJI0Ba TEKCTa Ipeodpa3yroTcs K
HavyaJIbHON (popMe, NPH 3TOM TepsieTCst UCXOoaHas Gopma
cioBa. BosmoxkHo, manHas nH(OpMaIys Moria Obl HAUTH
oTpaxkeHue B (aze BoiHbL. C Apyroi CTOPOHBI, HA HAYallb-
Hy!0 (pa3y BOJHBI MOXET BIMATH ONMKaliliee OKpy>KeHHUE
CJIOBa, & UMEHHO CITy»KeOHBIE YaCTH PEUN U 3HAKN MPETINHA-
Hust. [Ipoiie Bcero NoHsTh 3Ty UIEI0 Ha IPUMEPE JaCTULIBI
«He». Hanpumep, CpaBHUB BBIPAKEHUS «XJIEO CBEKHI» U
«xJ1ed HEe CBEKHIT», BUINM, YTO HYACTHIA «HE», CTOSIIAs
Hepe;] CJIOBOM «CBEXKHIN», MEHSIET 3HaYE€HHE CJI0Ba Ha IPO-
THBOIIOJIOXKHOE, YTO MOYKHO PacCMaTpHBaTh, KaK M3MEHe-

HHUC HavabHOU (a3el Ha 7. Eciiu Mexy dacTuIei «Hey
U UCCIICAYEMbIM TEPMUHOM IMPHCYTCTBYET JPYroe CIOBO,
KaK, HalpuMep «XJicO He OUYCHb CBEIKHUID, TO YACTHIIA KHE»
TOXKC MCHSCT 3HAYCHHUE UCXOTHOTO CIIOBA, HO YXKE HE Ha
MIPOTHBOIOIOKHOE, @ Ha HEKOTOPOE CPEeIHEe, YTO MOXKET
COOTBETCTBOBATh N3MCHEHHUIO HAYaIIbHOH (Dasbl, TOITycTUM
Ha 1/2. Takue paccyXIeHHUI HE JAfOT BO3MOXXHOCTH BBI-
BECTU JOCTAaTOYHO TOYHBIM aJIFOPUTM pacyeTa HauyajJbHOU
(haswl. Ecm mutst yactrir, 0003HAYArONIMX OTPHUIIAHNE, BO3-
MOXHO ITPUMEHEHHUE XOTA 6BI HHTYUTUBHOTI'O aJropurma,
TO METOJIMKa y4eTa BIUSIHUS Ha HaYaJdbHYIO (asy mpounx
CITy>KeOHBIX YacTeH peur, TAKUX KaK MPEIJIOTU U COIO3bI, a
TaK)Ke 3HAKOB MPETMHAHUS U POPM CIIOB B TEKCTE, TOJIJIC-
JKUT JAJIbHEHIIEMY U3y4YeHHI0. B JaHHBIA MOMEHT pacyer
HAYaJILHOW (pa3bl pEaM30BaH TOJBKO JIJISl YaCTHUI] «HE» U
«HI» B COOTBETCTBUHY C M3JIOKCHHBIMH BBIIIC ITPABHIIAMH.
JI1s BCceX OCTalIbHBIX CIIOB HauallbHas (pa3za cUMTaeTCs
paBHOW HYII0. BO3MOXXHOCTB HCIIOIB30BaHUS UCXOTHON
(hopMBI CITOBA B TEKCTE, a TAKOKE IPYTHUX CIYKEOHBIX CIIOB
JUIS YTOYHECHHS HadaJdbHOHU (as3bl B HACTOsIIEH padore
paccmarpuBaeTcs U uzydaercs. OgHako HadadbHAS (aza
HE ONPECIISACT MOJHOCTHIO (Da3y BOJIHBI, a SIBISICTCS O[1-
HOM U3 €€ COCTaBJIIOLIMX HapsiAy ¢ BOJIHOBBIM YHUCIOM U
PacCTOSIHUEM OT MCTOUHHKA JI0 TOYKH HAOIFOICHHSI, KaK 3TO
BUAHO 13 ypaBHeHus (1). [loroMy oTcyTCTBUE CBEICHUIT O
HaYaJIbHOU (pa3e OCTaBIISCT, TEM HE MEHEE, BOBMOXXHOCTh
WCTIOJIb30BaHMS BOTHOBBIX YPAaBHEHHA C YYETOM TOTO, YTO
HHpOPMAIUS O BOJTHE Oy/IeT HEITOTHOM.

AMILTUTYIbI Aj, A,, B JaHHOW MOJIETIH HE MIPE/ICTABIIIOT
TPYTHOCTEH MIPU MHTEPIIPETAIIIH U PACCMATPUBAIOTCS KaK
KOITMYECTBO BXOXKJICHUN JAHHOTO TEPMHHA B MCXOIHBII
TeKCT. [Ipu 3TOM yUHUTBHIBaeTCS, YTO OJHH U TE JKE CJIOBA C
Pa3HBIMH HadaJIbHBIMHU (ha3aMu SBIISTFOTCS Pa3HBIMHU BOJTHA-
MU U UX aMIUTUTYAbBI HE CKJIIAABIBAIOTCA.

Takum 00pa3om, B paMKax ONHCAHHON MOJEIH TEKCT
MPEACTABICH KaK BOJIHOBOU MAKET, B KOTOPOM KaK0€
CJIOBO, OTHOCSIIIEECS K CAMOCTOSITCIILHBIM YacCTsIM PCUH,
dhopmupyet cheprueckyro BOJHY. AMIUIATYIA BOJIHBI 3a-
BHCHUT OT KOJIMYCCTBA BXOXKIICHHUI TAHHOTO CJIOBA B TCKCT.
3HaueHNUE CI0Ba B KOHTEKCTE TIOBECTBOBAHMS OTPaXKacT
BOITHOBOE YHCJIO, a Ha4aJbHast (a3a OmIpeaessieTCs OKpy-
JKCHHEM CIIOBA.

3KCHCpHMeHTaJ’lLH06 HcCcCJIeJI0BaHue
BOJIHOBO# MoeIn

BrIMOMTHUM SKCIIEpUMEHTAIBHOES HCCIICIOBAHUE TIPU-
MCHCHHS BOTHOBOW MOJICITH C IEThI0 KITACCU(PUKAIINN KO-
POTKHX TEKCTOB. BhiOepeM aHann3 TeMaTHKH OTKPBITHIX
coo01ecTB B couanbHoi cetn «BKonrakre»!. Otbepem
100 rpynm, mpuHAAIEKAIINX CIASAYIOMNUM TeMaTHKaM:
MYTEIIeCTBUS, CIIOPT, KYIMHAPHSI, T'yMaHUTAPHAs, TEXHHU-
YyecKasi, 10 KOTOPBIM MPOBE/ICHA KIIACCU(BHUKAIHSI TEKCTOB.
[Tpu oTOope 0TnaHo MpeanoYTeHNne «CO00IIecTBaM 10 UH-
Tepecam», a He TPyIIaM, MPUHAICKAIIIM KOMMEPYECKIM
opranuzanusam. Takoe yciioBrue 00bSICHSICTCS MPE/IIOJIONKE-
HHUCM, 4TO UHPOPMALIUS, COACPKAMIASICSI B KOMMEPUECKHUX
TpyIIax, MOKET OBbITh IIEPEIIOTHCHA KITFOUSBBIME CIIOBAMH,

I Conmanpuas cetb «BKonTakre» [DnekrpoHnblii pecypc].
URL: https://vk.com (nara obpamenus: 15.01.2022).
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OTHOCSIIIIUMUCS K TAHHOW TEMAaTHKE JIJIsl YAYYIICHUS yC-
JIOBUI MHJEKCAlMK U noucka. CiiejoBarenbHo, Kiaccupu-
KallUsl STUX TPYIIT MOKET JaTh 3aBBINICHHBIC TTOKA3aTCIIN
TOYHOCTH PaCUCTOB.

Jis aHanMM3a MCIOIhb30BaHBI BCE CIIOBA, IPUHA/IIICKA-
M€ CAaMOCTOSATEIBHBIM YacTsAM PEUH U3 Pa3IeliOB «HAH-
MEHOBaHHE» W «HHPOpMAIUD» coodmiecTBa. JTnHABIE
TeKCTHI ObITH 00pe3ans! 10 1500 cHMBOIIOB, YTO TTO3BOIH-
JIO COKPAaTUTh BPEeMs BBIYHCICHUN O3 MMOTepPH TOYHOCTH.
Hcnonb3oBaHue TONBKO HauajJbHOW YacTH 0oJjee AJIMH-
HBIX TEKCTOB MPHUHATO JOIMMYCTUMBIM, TaK KaK B OIIMCa-
HUHU COOOIIECTB MOJIe3Hass HHPOPMALUs, OTHOCSIIASACS K
Temaruke, 0ObIYHO pacrnojiaraeTcst B Hayane. KOHIOBKH
TEKCTOB, KaK IPABUJIO, TIOCBSIICHBI PEIIIAMEHTY MOBEICHHUS
B TPYIIIC, pa3MEIICHUIO PEKIIaMBbI U T. I1. [[peobpa3zoBanue
HCXOJTHOTO TEKCTA B MAacCHB CJIOB C OTIPE/CICHUEM YacTeH
pedYH BBHIIOHEHO C UCIOJIB30BAHUEM BHEIIHEH OnOImo-
Texu «rulemmar!. Pacyer ceMaHTHYECKHMX PACCTOSHUI
BEBITIONTHEH C HMCIIOJIb30BaHHEM Mojenn «HarmmoHanpHbIH
xoprryc pycckoro si3ika (HKPS) n Bukunenws» mpu momo-
um API-metomoB (Application Programming Interface —
MPOrpaMMHBINA HHTEpdEc MPUIOKEHHMs), TPEIOCTABICH-
HBIX MHTEPHET-PECYPCOM «rusvectores»2. Boibop qaHHOM
Mozenu [12] o0yciioBiieH IaBHBIM 00pa3oM TeM, 4TO OHa
HaXOJIUTCSI B OTKPBITOM JOCTYIIE, TPEAOCTABISET CI0BAPh
6onbmoro oosrema (249 333 cioBa B Bepcuu 3a HOODPb
2021 roma), a Takxke cHaOkeHa ynoOHbIMU API-MeTonamu,
KOTOPBIE TIO3BOJISIIOT paboTaTk ¢ MOAENbBIO, HE pa3BOpavH-
Basi €€ MOJTHYIO JIOKATFHYIO KOITHIO.

[NomydeHHbIC 3HAUCHNUS OJIM30CTH COXPAHEHBI B JIOKAITh-
HOH 0asze JaHHBIX ISl COKpAIICHUS BPEMEHHU PACIETOB.
OcHOBHAasl 4acTh PACYETOB C HCIIOIB30BAaHIEM BOJTHOBOM
MOJICNIH, a TaK)K€ XPaHCHHE dKCIEPUMEHTAIbHBIX JaH-
HBIX ocyIiecTBiIcHO Ha miardopme «1C Ipenmnpusrtue 8».
Jlist ipoBe/ieHus1 CCIeIOBaHUIl NCIIOIb30BaH HOYTOYK
Toshiba Satellite Pro 650 18-G (mozxens 2010 rozga) ¢ mpo-
neccopoM Pentium Dual-Core T4500 (2,3 GHz) n o6semom
oneparuBHoit nmamsaTtu 3 I'b. J{ns onpeneneHust BAUSHUS
MPEIIIOKCHHOW METOIMKHU pacdyeTa HadalbHOH (pa3sl Ha
TOYHOCTh KJTacCU(UKAIIUN BBIUMCIICHUS BBITOTHCHBI IS
BapuaHTOB ¢ ydeToM (Ne 1) u 6e3 yuera (Ne 2) HagampHOH
¢azer. [lomydeHHBIC pe3yIbTaThl IPUBEICHEI B TA0M. 1.

Pacripenenenne TEKCTOB TIO TPYIIIaM, ITOJYIEHHOE B
pe3ynbTaTe Kiaccu(PUKaIuy s BApHAHTOB HavyaJIbHOM
(azer Ne 1 u Ne 2 mokazaHo B Tao. 2.

CyMMapHafI JUINTECIIBHOCTD Knaccncbnxaunn, BKJIHO4ast
OTaribl JIEMMAaTU3aluu, pacu€ToB BOJITHOBBIX YUCECII, HAYaJIb-
HBIX (a3 M aMIUTUTYJIbI BEPOSITHOCTH cocTaBmia ot 20 10
4422 ¢ Ha OJIH O0BEKT, B 3aBUCUMOCTH OT JJTUHBI KJIACCH-
¢unmpyemoro tekcra (pucyHok). Ha rpaduke Buano, uro
HauboJiee Harpy)KCHHAs YacTh aJrOPUTMa — PacdeT aM-
IUTATYNBI BEPOSITHOCTH B COOTBETCTBUH C YpaBHEHHEM (2).
OCHOBHYIO 4acTh Harpy3KH 00€CIIEYNBACT PACUCT CYMMEI
TTOTTAPHBIX IPOW3BEICHIA, OPTaHN30BAaHHBIN KaK BIIOYKCH-

1 JleMmaruzarop ist pyCCKOSI3IYHBIX TEKCTOB [ DIMEKTPOHHBIN
pecype]. URL: https://github.com/Koziev/rulemma (nara o6pa-
mwenust: 05.01.2022).

2 RusVectOres: ceMaHTHYECKHE MOJIENH JUIsl PYCCKOTO S3bIKa
[Dnexrponnsrii pecypc]. URL: https://rusvectores.org/ (nata 00-
pamenus: 05.01.2022).

HBIC IUKJIBL. [Ipy 9TOM BHEUTHHIA [IUKIT BBITIOITHSCTCS 12 — 1
pas, T/e n He MPEBBIIAeT KOJIWYCCTBO 3HAYANINX CJIOB B
TEKCTE, 8 BHYTPCHHUN — IPOXOIUT OT 3HAYCHUS CUCTUMKA
BHEIITHETO IMKJIA, YBETHYCHHOTO Ha 1 10 n. Takum oOpa-
30M, TPYAOEMKOCTh aaropurMa cocrasiser O(n2).

Ha ocHOBaHNY MTOTYYEHHBIX PE3YIIETaTOB CACTAEM ClIe-
JTYTOIITIE BEIBOJIBI.

B 1ie;rom BomHOBas MoAEenb 00J1agaeT BBICOKOI TOYHO-
CTBIO KJIACCU(UKAIIIMH KOPOTKHUX TEKCTOB IO TEMATHKaM.
OTMETHM KJIacC «TYMaHUTApHbII», TOYHOCTh Kiaccu(u-
Kalliu 11 KOTOPOrO OKa3ajach 3HAYUTEIIBLHO HUKE, YEM
JUISl OCTaJIBHBIX KJIACCOB. DTOT (DAaKT TOBOPHUT HE CTOJIBKO
0 TMOTPENIHOCTH CaMOM BOJIHOBOM MOJIEJH, CKOJIBKO O BO3-
MOYKHOM HEJTOCTATOYHOIN TOYHOCTHU OMPEICICHUS MO3UIIUU
BEKTOPA, COOTBETCTBYIOIICTO IMTOHITHIO «TYMaHUTAPHBII
B 0a3MCHOW NMUCTPUOYTUBHO-CEMaHTUICCKOW MOJCIH.
JlaHHEI pe3yIbTaT BO3MOXKEH, TaK KaK CYIICCTBYIOT IIPH-
MEpHI TIap CJI0B, MPOTHBOIIOIOKHBIX 110 3HAYCHUIO C TOUKH
3pEHHS YEIIOBEYCCKON JIOTUKU, KOTOPHIC OMPEICISIFOTCS
monenbio «HKPS n Bukuneaus» mouytr kak CHHOHUMBIL.
DT0, HampuUMep, Napa «IePHBIH—OCNbIi», I KOTOPOM
cemMaHTH4ecKas 6:1m30cTh paBHa 0,732 UM «KMHOTO—MAIo»
¢ ceMaHTuyeckor omm3octhio 0,808. O0a 3HaueHus OIU3-
KM K CIMHHUIIC, YTO COOTBETCTBYET CJIOBAM, OJU3KHM I10
3HaucHUI0. CleI0BaTeIbHO, BRIYMCICHUE PACCTOSIHUN B
HCXOITHOM TUCTPUOYTUBHO-CEMAHTUIECKON MOJICTTH MOYKET
OBITh HEJTOCTATOYHO TOYHBIM, YTO OKA3hIBACT HETaTHBHOC
BIUSHHUC HAa TOYHOCTH PabOTHI BOTHOBOM mMomenw. [
MOBBIIIICHUS TOYHOCTH PAcYeTOB IIEIIECO00Pa3HO MPOBO-
JIUTH TIPEIBAPUTEIBHYIO OIICHKY KaueCTBa MPEACTaBICHHUS
TepMUHOB, 0003HAYAIOMNX KJIACCH B AUCTPHOYTHUBHO-
CEMAaHTHYECKOW MOJIENN W, BO3SMOKHO, 3aMEHY MCXOIHBIX
TEPMHHOB CHHOHUMAaMH C 00JIee TOUHBIM MPEICTABICHUCM.
Taxxe HEOOXOAMMO MPOBECTH AHATOTHYHBIE PACUETHI C
HCIIOJIB30BAHUEM JAPYTUX SA3BIKOBBIX KOPITYCOB IJIA BI)I60pa
ONTUMAIBHOM 0a3UCHON MOJIeNN, TAKUX KakK, HalpuMmep,
RDT [13] u DISCO [14, 15].

ITonmyuyeHHBIC pe3yNbTaThl HE JAIOT BOBMOXHOCTH CJie-
JIaTh BBIBOJI O BIMSHUU MPEIJIOKECHHOTO aJrOPUTMa OIpe-
JeJeHusT HavaiabHOU a3k, [Ipu maHHOM moaXome yder
HaYaJbHOW (pa3bl HE BBI3BAJ 3HAYUTEIHLHOTO M3MCHCHUS
TOYHOCTH KJIaCCH(UKAIIUU B [IEJIOM, HEMHOTO yXY/AIIUB
pe3yaBTaT [UIS Kilacca «TYMaHUTAPHBI) U YITyUIIIdB — JUIS
KJIacca «TeXHWYeCKHuiDy. OUeBUIHO, STOT BONPOC TpedyeT
JaTbHeHIel pa3paOOTKH U UCCIIEA0BaHUSI.

Tabnuya 1. TounocTh KIIaCCU(UKAINUHU C UCTIOIH30BAHUEM
BOJIHOBOW MojienH, %

Table 1. Accuracy of classification using the wave model, %

TouHOCTB KITACCHUBUKALIH
Kiace IUIs BAPHAHTOB HAaYaJ IbHOMU (ha3bl
Ne 1 Ne 2
[TyremecTBust 95 95
Kynunapus 95 95
Cropt 95 95
I'ymanurapHsIit 75 80
TexHuueckuit 95 85
Bce xmaccst 91 90
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Tabnuya 2. PactipeiesieHUe TEKCTOB TI0 pealibHBIM KilaccaM, MOTyYeHHbIC U1 BADUAHTOB C YIETOM U 0e3 ydera HauanbHOU (asbl, %

Table 2. Distribution of texts by real classes obtained for variants with and without taking into account the initial phase, %

Knace ITyremecrBus Kynunapus Cnopr I'ymannTapHsli Texnuueckuii
Ne 1 Ne 2 Ne 1 Ne 2 Ne 1 Ne 2 Ne 1 Ne 2 Ne 1 Ne 2

[lyremecTBus 95 95 — — — — — — 5 5
Kynunapus 5 5 95 95 — — — — — —
Cropt 5 5 — — 95 95 — — — —
T'ymanutapHsIit 5 5 15 15 — — 75 80 5 —
Texuuueckuit — — 5 10 — 5 — — 95 85
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KosmmuecTBo ciioeB B TekcTe
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== JInuTeIbHOCTb pacueTa aMIUIUTY/Ibl BEPOATHOCTU

== OO01mas JUTUTEILHOCT KJIaCCU(PUKAIIUT

PMCyHOK. I[JII/ITCJ'II)HOCTL KIIaCCI/I(i)I/IKaIII/II/I B 3aBUCUMOCTH OT JJIMHBI TCKCTa

Figure. Duration of classification depending on the text length

Bpewmsi, 3arpaunBaeMoe Ha BBINOJHEHHUE BHIYUCICHUN
P HUCIIONH30BAaHUU BOJHOBOM MOJETH, 0Ka3aJ0Ch JI0-
cTaTouHo OobImM. [Ipy 9TOM, eCliu JUTUTENBHOCTh dTana
JIEMMaTu3alu NpakTU4C€CKU HC 3aBUCUT OT JJIMHbBI KJIac-
cU(UIMPYEMOro TeKCTa, TO ISl ITAIIOB pacyeTa BOJIHOBBIX
YHCeNl U aMIUIUTYJ BEPOSITHOCTEH HaOIronaeTes pe3Kuit
POCT BPEMEHHBIX 3aTpaT IpHU POCTE KOJIUYECTBA CIOB B
TexcTe. OTMETHM, YTO IPU JaHHOM BapHUaHTE peaau3alun
BBIUUCITUTENBHBIN aITOPUTM PACHONAraeT 3HAUUTENBHBIMU
pecypcaMu sl onTUMHU3anuK. B HacTosmee BpeMs i
PacyYETOB HCIOJIB3YETCS MHTETPALUs] TPEX CUCTEM: OCHOB-
Has pacdetHas 9acth B cpene 1C IIpemnpustue 8, BHemI-
HUH MOZyJIb JIEMMaTH3aL11, 00paIleHne K A3bIKOBOM MOze-
71 Tipu oMo MetonioB API. Peanm3zarus nmoaHoro nukina
pacyeToB B paMKax OAHOM CUCTEMBI, XpaHEHHE MTOJTHOCTHIO
JIOKQJILHOM BEPCUH IMCTPUOYTHBHO-CEMaHTHYECKOH Mojie-
JIU C UCHOJIB30BAaHUEM JUIsl 3TUX LleJied ONTHUMaIbHOHN CH-
CTEMBI yIpaBiieHHs 0a3aMu JJaHHBIX, A TAKKE MPUMEHEHHUE
6oJ1ee BBICOKOIIPOU3BOANTEILHON BEIYMCIUTEIILHON TEXHHU-

KA MOT'YT 3HQUUTEJIbHO CHU3UTh BPEMEHHBIC 3aTPaThl. Tem
HE MCHCC, MIPUHIUIINATIbHAsA BO3MOXHOCTb ITIPUMCHCHUA
BOJIHOBOM MOJACIHU JIJIsSt KJ'IaCCI/I(bI/IKaHI/II/I JJIMHHBIX TCKCTOB
BBI3BLIBAET OOJIBIIME COMHEHHSI.

3akaouenue

Pesynbrarsl 3KCIEpUMEHTAIBHOIO UCCIIE0OBAHUS BOJI-
HOBOUM MOJIENIU MO3BOJISIIOT paccMaTpuBaTh €€ Kak Iep-
CIIEKTUBHBIM MHCTPYMEHT JJIsl KiIacCH(DUKAIIMU KOPOTKUX
TEKCTOB, 3aCJIyKUBAIOIINM TaJbHEUILIErO U3YUEHUS U pa3-
BuTHsA. OJHO U3 BAKHBIX JOCTOMHCTB MPEAIOKEHHON MO-
JIeITH — yHHUBEpCcaibHOCTh. OHA HE TPeOyeT CreHaIbHOTO
00yueHUs 11l pabOThI C ONPEIEICHHBIMU KJIaCCAMH, €€
paboTa OCHOBaHA Ha MCIIOIh30BAHHH YHUBEPCAIBLHOM JTHIC-
TpUOYTHBHO-CEMaHTHUYECKOH S3BIKOBOI Momenn. Bropoe
JIOCTOMHCTBO MOJICIN — JIOCTAaTOYHO BBICOKAS TOYHOCTE.
IIpu 3TOM CyLIECTBYIOT BO3MOXHOCTH JJIsl JajibHEHIIEH
paboTHl HaJ MOBBIMICHHEM TOYHOCTH KJIaCCHU(PUKAIUH.
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Bo03M0xHO HCITOIB30BaHUE HE CAMHUYHBIX HOHHTHﬁ, npen-
CTAaBJAIOIIUX KJIACChbl, @ I'PYyIIlIbl CHHOHMMOB, a TAaK¥X¢
YTOYHCHHUEC aJITOPUTMOB ONIPCACIICHUS BOJIHOBBIX YUCECIT U
HadaJIbHBIX (1)33 BOJIHOBOTI'O ITaKETa. Eme OJITHO Ba’XHOC Ha-
IIpaBJICHUC pa6OTBI — OHNTUMMU3AIUA AJITOPUTMOB U COKpa-
IIEHNUC BPEMCHHBIX 3aTpar pu pa60Te OITMCAaHHOU MOACIIN.

B nanpHelmeM miaHupyeTcs yAeauTbh BHUMaHHUE HC-

CIICIOBAHHUIO BO3MOYXHOCTEH MOBBIMICHUS TOYHOCTH U

14.

15.
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IPOU3BOJUTENILHOCTH MPeIokKeHHOH Monenu. Ilpenmo-
JlaraeTcsi M3y4uTh MEPCIEKTUBBI €€ MPUMEHEHUs sl pe-
IICHUS JIpyTUX 3aj1a4, CBS3aHHBIX C Kiaccudukanuei Ko-
POTKHX TEKCTOB, HAIPUMED, OTPE/IeNICHUE SMOIIMOHATLHON
OKpACKH COOOIICHHIA, a TAK)KE CTPYKTYpH3aIUs U 0000T11Ie-
HHE OT3BIBOB U KOMMEHTapHUEB I0JIb30BaTENICH O TOBapax,
ycIryrax U COOBITHSAX.

References

Nielsen M.A., Chuang L.L. Quantum Computation and Quantum
Information. Cambridge University Press, 2010, 704 p. https://doi.
org/10.1017/CB0O9780511976667

Melucci M. Introduction to Information Retrieval and Quantum
Mechanics. Berlin, Heidelberg, Springer-Verlag, 2015, 247 p. https:/
doi.org/10.1007/978-3-662-48313-8

Blacoe W., Kashefi E., Lapata M. A Quantum-theoretic approach to
distributional semantics. Proc. of the 2013 Conference of the North
American Chapter of the Association for Computational Linguistics:
Human Language Technologies (NAACL HLT), 2013, pp. 847-857.
Jaiswal A.K., Holdack G., Frommholz I., Liu H. Quantum-like
Generalization of complex word embedding: a lightweight approach
for textual classification. CEUR Workshop Proceedings, 2018,
vol. 2191, pp. 159-168.

Surov [.A., Semenenko E., Platonov A.V., Bessmertny [.A.,
Galofaro F., Toffano Z., Khrennikov A.Y., Alodjants A.P. Quantum
semantics of text perception. Scientific Reports, 2021, vol. 11, no. 1,
pp. 4193. https://doi.org/10.1038/s41598-021-83490-9

Pang B., Lee L. A sentimental education: Sentiment analysis using
subjectivity summarization based on minimum cuts. Proc. of the 42nd
Annual Meeting Association for Computational Linguistics (ACL),
2004, pp. 271-278. https://doi.org/10.3115/1218955.1218990
Kotelnikov E., Klekovkina M. The automatic sentiment text
classification method based on emotional vocabulary. Digital
Libraries: Advanced Methods and Technologies. Proc. of the RCDL-
2012,2012, pp. 118-123. (in Russian)

Menshikov L.L. Sentiment analysis of a text in russian using graph
models. Proc. of the Conference AIST’2013 “Analysis of Images,
Social Networks, and Texts”. Ekaterinburg, 2013, pp. 151-155. (in
Russian)

Tatarnikova T.M., Bogdanov P.Yu. Human psyche creation by
application of natural language processing technologies. Scientific and
Technical Journal of Information Technologies, Mechanics and
Optics, 2021, vol. 21, no. 1, pp. 85-91. (in Russian). https://doi.
org/10.17586/2226-1494-2021-21-1-85-91

. Litvinova T.A., Zagorovskaia O.V., Seredin P.V., Lantiukhova N.N.,

Shevchenko I.C. Author profiling of a written text: approaches,
methods, and their optimization. Philology, Art Criticism, and
Cultural Studies: Topical Issues and Development Trends.
Proceedings of the International Research-to-Practice Conference.
May, 13, 2013. Novosibirsk, SibAK, 2013, pp. 69-79. (in Russian)

. Frenkel J. Wave Mechanics: Elementary Theory. The Quantum

Physics. Moscow, URSS, 2019, 392 p. (in Russian)

. Kutuzov A., Kuzmenko E. WebVectors: A toolkit for building web

interfaces for vector semantic models. Communications in Computer
and Information Science, 2017, vol. 661, pp. 155-161. https://doi.
org/10.1007/978-3-319-52920-2_15

. Panchenko A., Ustalov D., Arefyev N., Paperno D., Konstantinova

N., Loukachevitch N., Biemann C. Human and machine judgements
about russian semantic relatedness. Communications in Computer and
Information Science, 2017, vol. 661, pp. 221-235. https://doi.
org/10.1007/978-3-319-52920-2_21

. Kolb P. Experiments on the difference between semantic similarity

and relatedness. Proc. of the 17 Nordic Conference of Computational
Linguistics (NODALIDA ‘09), 2009, pp. 81-88.

. Kolb P. DISCO: A multilingual database of distributionally similar

words. Proc. of the KONVENS-2008, Berlin, 2008, pp. 6—12.

292

Hay4yHOo-TexHn4eckuii BECTHUK MHDOPMALMOHHbLIX TEXHOOMMIA, MEXaHUKN 1 onTukn, 2022, Tom 22, N2 2
Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 2


https://doi.org/10.1017/CBO9780511976667
https://doi.org/10.1017/CBO9780511976667
https://doi.org/10.1007/978-3-662-48313-8
https://doi.org/10.1007/978-3-662-48313-8
https://doi.org/10.1038/s41598-021-83490-9
https://doi.org/10.3115/1218955.1218990
https://doi.org/10.17586/2226-1494-2021-21-1-85-91
https://doi.org/10.1007/978-3-319-52920-2_15
https://doi.org/10.1007/978-3-319-52920-2_15
https://doi.org/10.1007/978-3-319-52920-2_21
https://doi.org/10.1007/978-3-319-52920-2_21
https://doi.org/10.1017/CBO9780511976667
https://doi.org/10.1017/CBO9780511976667
https://doi.org/10.1007/978-3-662-48313-8
https://doi.org/10.1007/978-3-662-48313-8
https://doi.org/10.1038/s41598-021-83490-9
https://doi.org/10.3115/1218955.1218990
http://P.Yu
https://doi.org/10.17586/2226-1494-2021-21-1-85-91
https://doi.org/10.17586/2226-1494-2021-21-1-85-91
https://doi.org/10.1007/978-3-319-52920-2_15
https://doi.org/10.1007/978-3-319-52920-2_15
https://doi.org/10.1007/978-3-319-52920-2_21
https://doi.org/10.1007/978-3-319-52920-2_21

A.C. I'pysgesa, N.A. BeccmepTHbIi

ABTOpBI

I'py3neBa Anacracusi CepreeBHa — acnupant, YHusepcurer UTMO,
Cankr-IletepOypr, 197101, Poccuiickas ®enepanus, https://orcid.
org/0000-0003-4963-0823, prog.anastasia@gmail.com

Beccmeprhblii Urops AsleKcaHAPOBHY — JIOKTOP TEXHUYECKHUX HAyK,
npodeccop, mpodeccop, YuuBepcuter UTMO, Cankr-IletepOypr,
197101, Poccniickas ®enepaunst, §§ 36661767800, https://orcid.org/0000-
0001-6711-6399, bessmertny@itmo.ru

Cmamwsi nocmynuna 6 pedakyuio 25.01.2022
Ooobpena nocne peyenzuposanus 11.02.2022
Ipunama x newamu 17.03.2022

@0l

Authors

Anastasia S. Gruzdeva — PhD student, ITMO University, Saint
Petersburg, 197101, Russian Federation, https://orcid.org/0000-0003-
4963-0823, prog.anastasia@gmail.com

Igor A. Bessmertny — D.Sc., Full Professor, ITMO University, Saint
Petersburg, 197101, Russian Federation, fg 36661767800, https://orcid.
0rg/0000-0001-6711-6399, bessmertny@itmo.ru

Received 25.01.2022
Approved after reviewing 11.02.2022
Accepted 17.03.2022

Pa6oTta gocTynHa no nuueHsnm
Creative Commons
«Attribution-NonCommercial»

Hay4HO-TeXHUYeCKMi BECTHUK MHDOPMALIMOHHbLIX TEXHONOMMIA, MEXaHUKK 1 onTukun, 2022, Tom 22, N2 2

Scientific and Technical Journal of Information Technologies, Mechanics and Optics, 2022, vol. 22, no 2

293


https://orcid.org/0000-0003-4963-0823
https://orcid.org/0000-0003-4963-0823
mailto:prog.anastasia@gmail.com
https://orcid.org/0000-0001-6711-6399
https://orcid.org/0000-0001-6711-6399
mailto:bessmertny@itmo.ru
https://orcid.org/0000-0003-4963-0823
https://orcid.org/0000-0003-4963-0823
mailto:prog.anastasia@gmail.com
http://D.Sc
https://orcid.org/0000-0001-6711-6399
https://orcid.org/0000-0001-6711-6399
mailto:bessmertny@itmo.ru

