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NHOOPMAIIMOHHBIE CUCTEMBbBI U TEXHOJIOT U
INFORMATION SYSTEM AND TECHNOLOGIES
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AHAJIA3 ITIPOI'PAMMHBIX U ITPOT'PAMMHO-AIIITIAPATHBIX
CPEACTB JIsA 3BAIUTHI UH®OPMAIINHN
B UTH®OOPMALIMOHHBIX CUCTEMAX OPI'AHOB

Kanabuenko JI.M.
SaauBun A.H.

®enopos A.B. FOCYJIAPCTBEHHOM BJIACTH
BeHFOpOZ[CKI/Iﬁ YHUBCPCUTCT KOOIICpallu, DKOHOMUKH U 1IpaBa,
yin. CapmoBas, 1. 116a, . Benropox, 308023, Poccust
e-mail: zalivin@bsu.edu.ru
AHHOTAUA

B crathe paccMOTpeHBl pa3NMYHBIE CPENCTBA 3aILUTHI, KOTOpPBHIE CIHOCOOHBI 00eCHeyuTh
6e3onacHocts nHpopMannoHHbix cucteM (MC) rocynmapcTBeHHbIX opranoB. [Ipu paccMoTpennn
CPEACTB 3aLIUTHI U1 oOecreueHns 0e30MacHOCTH HH(OPMALMOHHBIX CUCTEM, BaKHO YUUTHIBATh
BO3MOXXHOCTH YCIICIIHOTO BHEAPEHUS MCKAKEHHOW HMH(pOpManuu. JTO MO3BOJSIET ONpPEIeTUTh
HanOoJiee 3HAYMMBIC YIpO3Bl M PUCKH JJISl OPTaHOB BJAacTH, 4TOOBI pa3paboraTh Hambojee
s ¢exTrBHbIE Mepbl 3amUThl. Cpean paccMaTphBaeMBIX CPEICTB 3allUThl OYyAyT CHUCTEMBI
YIpaBJIEHUs JOCTYIIOM, MEKCETEBbIE SKPaHbl, AaHTUBUPYCHI, CUCTEMbI 0OHAPYKEHHS BTOPKEHUHN U
mudpoBanue gaHHBIX. Kaxapld M3 3THX HMHCTPYMEHTOB HMEET CBOM OCOOEHHOCTH U
(yHKIIMOHANBHBIE BO3MOXXHOCTH, KOTOPble HEOOXOAMMO HM3YYWTh M MpOaHAIN3UpoBarh. [lyTem
aHaJM3a 3TUX CPEACTB 3aLIUTHI MBI CMOXKEM ONPEAEINTh, KAaKUe M3 HUX MOTYT OBITh HanOoiee
3¢ exTUBHBIMU Ul oOecriedeHus 0e30MacHOCTH WH(POPMALMOHHBIX CHCTEM B Pa3IMYHbBIX
ClieHapusX. TakoW TOJX0J] TMO3BOJIUT TOCYIApCTBEHHBIM OpraHaM pa3padaTbiBaTh U BHEIAPATH
KOMIUICKCHBIE M aJalTHPOBaHHBIE K CBOMM HYXKJaM CTpaTeruu Oe30MacHOCTH, MUHUMH3HPYS
YSI3BUMOCTH U PUCKHU. Tak e paccCMOTPEHBI OCHOBHBIE IIPUHIMIIBI BBIOOpA M BHEAPEHUH CPEACTB
3alIUTHl W TIPEJJIOKEHBI OCHOBHBIE OTEYECTBEHHBIC CHCTEMBI YIpaBICHUS HH(POPMAIMOHHON
0€30I1acHOCTHIO, a TAK)KE HEOOXOTUMBIE OPraHU3alMOHHBIE MEPHI TIOCIIE BHEJPECHUS OTHX CPE/ICTB.
Taxum 00pa3zom, aHAIU3 CPEACTB 3alUTHI AJs obecnieueHus 6e3onacHocti UC, paccMOTpeHHBIH
B CTarbe, NpeajiaracT UCCIeI0BaHNe Pa3IMYHBIX WHCTPYMEHTOB M ITOMOTAET roCyIapCTBEHHBIM
opraHam MpUHSATh 000CHOBAaHHbBIE PEIICHHS B 00JaCTH 0€30IMaCHOCTH.

KiroueBble ci1oBa: mpo01eMbl HHPOPMAIMOHHON 0€30MaCHOCTH; aHAIN3 U BBIOOP MPOTrpaMMHBIX
W anmapaTHBIX CPEACTB; allapaTHble CPEACTBA 3allUThl, MPOTrpaMMHBIC CPEICTBA 3aIIWTHI;
3aMelleHUe UMIIOPTHOTO IPOrPaMMHOTO 00ecTIeYeHHUs

Jas uutupoBanus: Kanpuenko /.M., 3amusuna A.H., ®enopoB A.B. AHann3 nporpaMMHBIX U
MPOTpaMMHO-aNMNapaTHBIX CPEACTB IS 3aIIMTHl MHPOpManuu B MH()OPMAIMOHHBIX CHCTEMax
OpTaHoOB TocyaapcTBeHHO BinacTH // Hayunslit pesynbrar. MHQopManmonnsie Texaonoruu. — T.8,
Ned, 2023. — C. 3-11. DOI: 10.18413/2518-1092-2023-8-4-0-1
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Kalchenko D.M. ANALYSIS OF SOFTWARE AND HARDWARE-SOFTWARE
Zalivin AN. TOOLS FOR INFORMATION PROTECTION IN INFORMATION
Fedorov A.V. SYSTEMS OF PUBLIC AUTHORITIES

Belgorod University of Cooperation, Economics and Law, 116a Sadovaya str., Belgorod, 308023, Russia
e-mail: zalivin@bsu.edu.ru

Abstract

The article discusses various means of protection that can ensure the security of information
systems (IS) of government agencies. When considering security measures to ensure the security
of information systems, it is important to consider the possibility of successful implementation of
distorted information. This makes it possible to identify the most significant threats and risks for
the authorities in order to develop the most effective protection measures. Among the security tools
under consideration will be access control systems, firewalls, antiviruses, intrusion detection
systems and data encryption. Each of these tools has its own features and functionality that need to
be studied and analyzed. By analyzing these security measures, we will be able to determine which
of them may be most effective for ensuring the security of information systems in various scenarios.
This approach will allow government agencies to develop and implement comprehensive and
tailored security strategies, minimizing vulnerabilities and risks. The basic principles of the choice
and implementation of security tools are also considered and the main domestic information
security management systems are proposed, as well as the necessary organizational measures after
the introduction of these tools. Thus, our analysis of IP security protections offers a study of various
tools and helps government agencies make informed security decisions.

Keywords: information security problems; analysis and selection of software and hardware;
hardware protection; software protection tools; replacement of imported software

For citation: Kalchenko D.M., Zalivin A.N., Fedorov A.V. Analysis of software and hardware-
software tools for information protection in information systems of public authorities // Research
result. Information technologies. — T.8, Ne4, 2023. — P. 3-11. DOI: 10.18413/2518-1092-2023-8-4-
0-1

BBE/IEHUE

Hns  unpopmanmonnbix cucreM (MC) opraHoB TocyIapcTBEHHOM BJIacTHM  IpoOsieMa
UH(POPMALIMOHHOM 06€30IacHOCTH JOJDKHA CTOATh HA MEPBOM IUIaHe. ITO 00YCIOBIEHO TeM (aKTOM, 4TO
TaKhe CUCTEMbl 00paldaThIBalOT KOHPHUIECHIUAIbHYIO HH(OPMALIHIO, TAKyI0 KaK I€PCOHAIbHbIE JIaHHBIE,
rOCYJJapCTBEHHYIO TaiiHy W apyrue Buiasl HHpopMmaruu. [losromy 3amurta MHGOpPMALUM B JaHHBIX
CHUCTEMax CTaHOBUTCS IPUOPUTETHOM 3a7a4e JIJIs TOCyAapCTBa.

AHanu3 ¥ BbIOOp MPOrpaMMHBIX M allapaTHBIX CPEICTB SIBIAIOTCS BaKHBIM 3TAlloM B Ipoliecce
oOecnieueHus nHpopmannonHon 6e3zonacHocTy B IC opranoB rocynapcTBeHHOM BiacTH. ['naBHas nenb
9TOrO 3Tama - ONpeneNuTh YPPEKTUBHOCTh BHIOPAHHBIX MHCTPYMEHTOB JUIS 3allUThl MH(MOpPMAIUU OT
pa3IMYHBIX YIPO3 U HAUTH ONTUMAIIbHBIC PEIICHUS, COOTBETCTBYIONINE TPEOOBAHMSIM 3aKOHOIATEIhCTBA
Poccuiickoit @enepanuu.

K anmapaTHbIM cpencTBaM OTHOCATCS pa3iM4YHbIE 3JEKTPOHHBIE, 3JEKTPOHHO-MEXaHUYECKHUE U
3JIEKTPOHHO-ONTHYECKHE YCTpoiicTBa. CeroHs Ha phIHKE MPEACTAaBIEHO OTPOMHOE MX KOJIMUYECTBO, U OHU
UMEIOT pa3Hoe npenHazHayeHue. K npumepy, CynecTByOT ClielIUaIbHbIE PEECTPHI, IPeAHa3HAUEHHBIE IS
XpaHeHHs TMapojed M WASHTUQHUIMUPYIOUIMX KOAOB, YCTPOMCTBA AN H3MEPEHUs OHOMETPUYECKHUX
MoKa3aTresel 4eloBeKa, TAKUX KaK TOJIOC WM OTIEYaTKH MaJblEB, TAKXKE CYIIECTBYIOT YCTPONCTBA s
mudpoBanus HHGOPMAIMK, KOTOPbIE OCHOBAaHBI HA KPUITOTPaPHUECKUX METO/IaX.

Hcnonp30Banue ammapaTHBIX cpeAcTB 3amuThl nHpopMmarmu B MC rocymapcTBEHHBIX OpPraHOB
MO3BOJIMT TPOBECTH CIELUAIbHBIE HMCCIEOBAHUS, KOTOPBIE BBIBAT MOTEHIUAIbHBIE KaHAJIbl YTEUKH
uH(bOpMallMl U TMOMOTYT YCTPaHHMTb HUX, a TaKkke oOecreuyaT 3alluTy OT HE3aKOHHOIO JOCTyna K
KOH(HICHIIMATbHBIM JJAHHBIM.
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CPEJ/ICTBA 3AIIITUTBI HHD®OPMAI[HH

ATmaparHble CpeICTBa 3allUThl HHPOPMAIIMK ITOAPA3ISISIFOTCS Ha HECKOJIBKO KaTErOPHIA: CPeICTBA
oOHapy»XeHHs, CPEJICTBA IMOUCKA, CPEJICTBA JICTATHHBIX U3MEPEHUI U CPEACTBA aKTUBHOTO U TTACCHUBHOTO
npoTuBoaekcTBrs. Cpeu CpelICTB MOMCKAa MOYHO BBIJICIUTH annaparypy Ui UCCISA0BaHUs KaHAIOB, B
KOTOPBIX MOXKET MPOU30UTH yTeuka WH(OPMALIUHU U ariapaTypy MOUCKa CPEACTB CheMa HHPOPMAIUH.

OaHMM W3 ammapaTHbIX CPEACTB 3amMThl MHMopManuu sBisgercs «eToken». DTo ycTpolcTBO
obecnieunBaeT ABYX(aKTOPHYI0 ayTeHTU(HKAIMIO ¥ 0e30macHoe XpaHeHue kirouel mudposanus. OH
MOJKET MCIOJIb30BaThCS JIJIS JOCTYIA K 3alIUIICHHBIM pecypcaM, TaKMM Kak BeO-CalThl, MPUIOKCHHS H
DJIEKTPOHHBIE JOKYMEHTHI, a TAK)Ke JJIs1 XpaHEHUS CEPTUPUKATOB U KITFOUEH IIEKTPOHHOMN TOIHCH.

CymectBytoT pazinunbie Mojenu «eToken». OIHU MMEIOT IeHEpaTOp OJHOPA30BBIX HapoJieh, B
JIPYTHX coueTaeTcs (PyHKIIMOHAI CMapT-KapThl U XPAHST CYIIECTBEHHBIE 00BEMBI JAHHBIX BO BCTPOSCHHOM
GIBII-TaMITH WA COACPXKaT TOJBKO IEHEpaTop OAHOPA30BBIX Mapojiei. EcTh Mojenn, KOTopble MaroT
BO3MOXKHOCTh TCHEPHPOBATh KIIOYH 3JICKTPOHHOM TOJIIUCH WM MOTYT HCIIOJI30BAThCS ISl IOCTYIIA B
MTOMEIIIEHHUS.

«eToken» ucnonp3yercst 1 ayTeHTU(PUKALUN COTPYIHUKOB U XPAHCHHSI KIIFOYCBOM MHPOpMAITUU
uxX MOXHO npumeHaATh B MC rocyaapcTBEHHBIX OPraHOB, B KOTOPBIX XPAaHUTCA KOH(MUICHIMATbHAS
uH(pOpMaIKs, TaK KaK OHU PEKOMEHIYIOTCS K HCIOJIb30BAHUIO JUIS CEPTU(DHUIIMPOBAHHBIX CPEICTB
KpunTorpadguueckoi 3amThl HHPOPMAaIIHH.

[ToMuMO amnmapaTHBIX YCTPOKCTB 3aIIUThI, CYIIECTBYIOT IIPOrpaMMHEIE cpeacTBa. OHU paboTaOT B
COCTaBe MPOrPAMMHOI'0 00ECIICUCHUSI.

PaccMoTpuM pa3sHOBHIHOCTH MPOTPAMMHBIX CPEJICTB 3alllUThI, KOTOphie NpuMeHUMBI B HC
rOCYTapCTBEHHBIX OPTaHOB IS 3alUThI HH()OPMAIIHH.

AHTUBHPYCHOE TIPOrPpaMMHOE 00ECIICUCHUE MPUMEHSTCS IS BBISIBIICHUS M YHHYTOXKEHUSI BUPYCOB
U JIPyTUX BPEAOHOCHBIX mporpamMM. OHO TpeOoTBpalIaeT pacHpoCTPAaHCHHE BUPYCOB HA pa3HBIC
yCTpoiicTBa U obecreunBaeT 6€30MacHOCTh ONEPAIIMOHHBIX CHCTEM U JIaHHBIX.

KommbroTepHbIe BUPYCHI — 3TO MPOTPAMMBI, TJIABHOM IEJIbI0 KOTOPHIX SBJSICTCS HAPYIIEHUE PabOTHI
BBIUMCIUTENFHON CHUCTEMBI, TIOJyYeHHe AOCTYNa K JaHHBIM MIU WX YHUUYTOXeHHe. HexoTopble M3 HUX
OCTalOTCS TIOCTOSTHHO B ONEePaTUBHOMN maMsaTh. OTHAKO 0COOEHHOCTh HEKOTOPHIX KOMITLIOTEPHBIX BUPYCOB
B TOM, UYTO OHH KaXKyTCsl BIIOJIHE 0€300MIHBIMU, HO Ha CaMOM Jielie HapyIalT paboTy cucTteMbl. Takue
BHUPYChl Ha3bIBAIOTCSA "TPOSHCKMMM KOHSMHU'. Bupycel 001anaroT CnocoOHOCTBIO pPacHpOCTPaHSATHCA
BHYTPHY KOMIIbIOTEPA U 110 ceTH. OHON U3 BakHEeHIINX obnacteil B chepe OezonmacHOCTH siBisieTcss 6opboa
C BUpyCaMH U JJIs OTOH 3a/1a4ul pa3pab0TaHO MHOXKECTBO MHCTPpYMEHTOB. HekoTophie n3 HUX paboTaroT B
pEeKHUMe CKaHUPOBAHUS, TIPOBEPSIS COACPKUMOE KECTKUX AUCKOB U OTIEPATUBHON MaMATH KOMIIBIOTEPA Ha
HAJIMYUE BPEIOHOCHBIX OOBEKTOB. Jlpyrue, MODKHBI OBITH BCE BpEeMsl AKTUBHBI W HAXOIHUTHCS B
OTIEpaTUBHOM MaMsATH, TJI€ OHU CIIEAT 32 TEKYIIUMH 3aJauaMHu.

CyIiecTByeT MHOXECTBO Pa3HOBHIHOCTEH aHTUBHPYCHOTO IMPOTPAMMHOTO 00ECTICUCHHS, TAKUX KaK
«Acronis AntiVirusy, «Avasty, «Avira AntiVir», «A-square anti-malware», «Dr.Weby», «AHTHBHPYC
Kacnepckoro», «eScan Antivirusy, «F-Secure», «G-DATA Antivirusy», «Graugon Antivirusy, «McAfeey,
«Microsoft Security Essentials», «NOD 32y, «Norman Virus Control», «Norton AntiVirus u 1pyrue.

B kadecTBe pEKOMEHIAIMH MOXHO TPUBECTH HECKOJIBKO METOJO0B, KOTOPBIC IMOMOTAIOT
MPOTUBOICHCTBOBATh KOMITBIOTEPHBIM BHPYCaM M yYMEHBIIATh BO3MOXKHBIN yIIepd OT HUX 3apakKeHHUS.
[IepBsIii, 3T0 NpoduIIaKTHKa U YMEHbIIEHHE yiepOa, KOTOPbIi BKIIOUAET B ce0sl peryssipHoe 0OHOBIIEHHE
OTIEPAIIMOHHON CHUCTEMBI M TPOTPAMMHOTO OOECIeUYeHHs, yCTaHOBKY HAJEKHOTO AaHTHUBHPYCHOTO
IPOTPaMMHOTO 00ECIIEUCHHSI C BO3MOXXHOCTBIO OOHAPYKEHUS W YIAICHUS U3BECTHBIX BHPYCOB, a TaK¥Ke
OTpaHHYEHUE JOCTyNa K HEHAJEeKHBIM BeO-caiiTaM M MOJ03pUTEIbHBIM (paiiaM. A BTOPOH, 3TO METOJ
OOHapYXEHUS W yJaJICHHUS HEW3BECTHBIX BUPYCOB, KOTOPHIH BKIIFOYACT aHAIM3 TIOBEJICHUS MPOrpaMM U
MPOIECCOB HA KOMIIbIOTepe [UIsi OOHapy>KEHUs TMOJO3PUTENBHON aKTHUBHOCTH, WCIIOJIb30BaHUE
AHTHUBUPYCHBIX ITPOTPaMM, CITIOCOOHBIX OOHAPYXHBaTh W yJAJIATh HOBBIC, €Ilc HEU3BECTHHIC BUPYCHI, a
TaKk)Ke OCYIIECTBIEHHE pPE3EPBHOTO KOMUPOBAaHUS JaHHBIX, YTOOBI O00ECIEeYUTh BO3MOXKHOCTH
BOCCTAHOBJICHHSI 0OBEKTOB, KOTOPBIE MOTYT OBITH ITOPAXKCHBI BUPYCAMHU.
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Takum 00pa3oM, HPEANPUHUMAIOTCS MEpbl MPOMMIAKTUKHA 3apa)KCHUsT KOMITBIOTEpA, a TaKKe
pa3pabaThIBalOTCd M NPUMEHSIOTCS aHTUBUPYCHBIE MPOrpaMMbl Ui ONpPEAENCHHMS M yNAJEeHUs Kak
U3BECTHBIX, TAK ¥ HEU3BECTHBIX BUPYCOB. B ciiyuae nHQUIMPOBAaHUS Ba)KHO MOMHUTH O BOCCTAHOBIICHUH
HOPaKEHHBIX OOBEKTOB € IIOMOLIBIO PE3EPBHBIX KOIHH.

BupryansHoe npoctpancTBo MHTepHETa sBIISETCS IVIaBHBIM HMCTOYHUKOM 3apa’k€HUs BUPYCAMH,
0Cc00EHHO IIpU OOMEHE AIEKTPOHHBIMH ITHCbMaMHU.

WHorna nonabp30BaTesb 3apaXeHHBIH BUPYCOM (paiiil HEOCO3HAaHHO HANPAaBIISIET afpecaraM, KOTOpbIe
IIEpEHANpaBIIAl0T HOBBIE 3apPAKCHHbBIC 3JIEKTPOHHBIE NMHCbMA U 3TO BBI3BIBAET MACCOBOE 3apa)keHUeE
KOMITBIOTEPHON TeXHUKHU. M3 3TOrO Cciemyer, 4To HEOOXOIMMO HMCKIIOYATh KOHTAKTHI ¢ HEU3BECTHBHIMU
UCTOYHUKAaMU MH()OPMAIMK U UCII0JIb30BaTh TOJIBKO JUIIEH3MOHHOE IPOrpaMMHOE 00ecIieueHue.

Hns obecneuenust mHpopmanmonHnoit OezomacHoctd B MC TOCYZapCTBEHHBIX OPraHOB MOXKHO
IPUMEHATh MEXaHM3Mbl IK(poBaHUs AaHHBIX. Kpunrorpaguueckue mertoabl 3amuThl MH(OpManuu
UCTIONB3YIOTCS sl 00pabOTKH, XpaHEHHsI W nepenadn nHpopMaluu Mo ceTsiM cBs3u. Kpunrorpadus
npezcTaBisieT co0ol HayKy O MeTo/ax rpeodpa3zoBaHus HHGOPMALIUU /TS €€ 3aIlUThl U BKII0YAeT B ce0s
QITOPUTMBI MU(GPOBAHKS, KIIOYH IMU(GPOBAHUS M METOJbI ayTeHTUHUKAuu. OHA HCIONb3YeTCS JUIS
o0ecneyeHnss KOH(PHUIECHIIMATBLHOCTH, EJIOCTHOCTH U ayTEHTHU(PHUKALIUN JaHHBIX.

HIudpoBanre — 3TO mpolecc Mpeodpa3oBaHMs JAHHBIX B HEMOHATHYIO (opMy ajsl YenoBeka U
IPOTrPaMMHBIX KOMILUIEKCOB, KOTOpasi HEJOCTYIHA AJIs YTeHUs 0e3 Kioya Iu(ppoBaHUSI-pacIiu(POBKH.
Kpunrorpadguueckue MeToAbl 3amuThl WHPOPMALWU SIBISIOTCS BaXXHOW COCTaBIISIOIIEH KOHICTIIIUU
UH(POPMALIMOHHOM O6e30macHOCTH, o0ecrieunBasi KOHPHIEHIIMAIbHOCTD IaHHBIX U 3aIlIMIIast UX B IIpoLiecce
nepesavy Mo CeTu.

Kntou — 310 mocnenoBaTeNbHOCTh CUMBOJIOB, KOTOpasi OINpelesseT alropuTMbl MudpoBaHus u
nemudpoBaHus ans  oOecriedeHrss HH(DOPMANMOHHOW Oe3omacHOCTH. JIOKanbHBIE CETH JIOJIKHBI
o0ecrieynBaTh HE TOJIBKO KOH(HUACHIMAIBFHOCTh, HO M LEJIOCTHOCTh JAAHHBIX, TO €CTh IPEIOTBpAIIATh
U3MEHEHHE U TIOBPEKICHUE TaHHBIX BO BpeMs UX Mepeadn U XxpaHeHus. [ obecneueHus 1eI0CTHOCTH
JTAaHHBIX HEOOXOIMMBI MHCTPYMEHTHI, CHOCOOHBIE 0OHAPYKUBATH JIFOObIE U3MEHEHUS B UCXOAHBIX JaHHbBIX.

ITpu nposenennu ayanta UC rocynapcTBeHHBIX OPraHOB, 0OJIbIIOE BHUMAaHKUE HEOOXOMMO yIEIATh
BO3MOKHOCTH YCIEIIHOTO BHEIPEHUs HCKaxeHHOW wuHdopmaruu. OnHako kpunrtorpadus crocoOHa
COKPATUTh ATY BEPOATHOCTDH O HE3HAUUTEIIBHOTO YPOBHSI.

Bor Hekoropeie cpeactBa kpuntozamuThl: «Signal-COM Cloud DSS Client», «Secret Disky,
«JIMPCCJI-CSPy», kpuntonpoBaiinep «Kpunrtollpo CSP», «Kpunrollpo JCP», «ViPNet Client», « ViPNet
CSP», «ViPNet CryptoFile», «ViPNet SafeDisk», «KpuntoAPM», «KonTHHEHT.

Wnentndukanuss W ayTeHTUQHUKAIMS  SBISAIOTCS  HE3aMEHUMBIMH  COCTaBJISIOIIUMU
uHpopmarmonHoit 6e3omacuoctu st MUC rocymapcTBeHHbIX yupexnaenuid. [lepen mpemoctaBieHueM
noctyna k C monb3oBaTenu JOMKHBI OPONTH psia mpolenyp, oOecneynBarouX 3aliuTy U KOHTPOJIb
JocTymna:

- HICHTU(UKALIUIO — 3TO MPOLECC ONPEAETICHUs TMUYHOCTH YeIOBEKa, KOTOPBINA MBITACTCS MOTYyYUTh
noctyt Kk UC. OOGbIdHO 17151 3TOTO HEOOXOAMMO BBECTH MMSI TTOJIB30BATEINS HIIH IPYTON HACHTU(PUKATOD;

- ayTeHTU(HUKAIHMIO — 3TO MpoIeaypa MOATBEPKIEHHUS TOT0, YTO IOJIb30BATeNb MM CHUCTEMA
ABIIAIOTCS JCHCTBUTENBHO TEMH, 3a KOro ce0si BBIJAIOT. OTOT MPOLECC MOXKET OCYILIECTBIATHCA
Pa3IMYHBIMH CIIOCO0aMM, TAKUMHU KaK MapoJiu, 0e30MacHble TOKEHBI, MCIOIb30BaHUE OMOMETPUUYECKUX
JAHHBIX U IpyTHE.

CymectBytoT aBe (OpMBI MpPEACTaBICHHUS OOBEKTOB, BBIMOJHSAIOUIMX AayTEeHTU(UKAILIUIO
M10JIb30BATENEH, TO BHEIIHSS U BHYTPEHHSS.

OObexT ayTeHTH(UKALMU, HAXOIAIMNCI BHE CHUCTEMbI, MOXET OBITh CaMOCTOSTENbHBIM
YCTPOUCTBOM (HampuMep, KIIOY-KapThl), WIH 3TO MOXET OBITh BHEIIHEE MPOTPAaMMHOE OOECTICUCHHE,
B3aumoeiictBytoiee ¢ MC mo nporokony ayrentudukanuu (Hanpumep, OAuth, SAML).

BuyTpeHHuit 00beKT ayTeHTUuKanuu, spismomuiics yactsio C, nmpencrasiser co0oit MOLyIb WK
KOMITOHEHT CHCTEMBI, KOTOPBIi MpUHUMAaeT HH()OPMAIIHIO OT BHEIIHETO 00BEKTA U BBIMOIHSAET MIPOLELypY
ayTeHTH(UKALUU TOJIb30BaTENs. JTOT BHYTPEHHUH OOBEKT MOXKET NMPOBEPSTH JaHHBIE I10JIb30BATE,
CBEPATH UX ¢ HHPOopManuei, kotopas xpanurcsi B IC uim ¢ uCHoiabp30BaHUEM JPYTHUX METOJI0B IPOBEPKH.
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B mo0oMm ciryyae, cMBICT 3THX 0OBEKTOB COCTOUT B MOATBEP)KICHUN MICHTUYHOCTH TOJIb30BATEIs
nepena npenocrapienreM jgocryna Kk UC. Onnako BHemHUN o0beKT He umeeT noctymna k MC u tpedyer
BHYTPEHHET0 00BEKTa ISl IPOBEPKHU M ayTEHTH(HUKAIIUN T0JIH30BATEICH.

MesxcereBble HKpaHbl, Tak)Ke€ H3BECTHbIE KakK OpaHIMaysphl, MIMPOKO MPUMEHSIOTCA s
oOecrieyeHnss 0€30MACHOCTH KOMIBIOTEPHBIX CeTed OT BHEMHHX yrpo3. OHU paboTalOT Ha OCHOBE
OTIpe/IeNICHHBIX MPAaBWI U MOJUTUK OE30MaCHOCTH, KOTOPBIE OMpPENENsoT, Kakue TUIbl Tpaduka OyayT
paspeuieHsl, a kakue 3anpemieHsl. OHu Takke MoryT BeIONHATH GyHKuuu «NAT» (Network Address
Translation) u «VPN» (Virtual Private Network), obecnieunBas 3amuTy ¥ KOHGUISHIIUATLHOCTh JaHHBIX.

OCHOBHBIE IPEUMYIIECTBA MPU HCIIOJIB30BAHIH MEKCETEBBIX IKPAHOB!

- 3amuTa OT BHENIHMX YIpo3: I[OMOraloT oOO0ecHeunuTh Oe30MacHOCTh CeTH, OJOKUpYS
HECAHKIMOHUPOBAHHBIN TOCTYN M aTaku u3BHE. OHU MPOCMATPUBAIOT BeCh TpaduK, IPOXOIAIINNA Yepe3
CETbh, U OJIOKUPYIOT BPEAOHOCHBIE MMAKETHI JAHHBIX;

- hunbTpanus Tpaduka: MOTyT QHIBTPOBATH TPA(HUK HA OCHOBE PA3IMIHBIX [TAPAMETPOB, HAITPHMEP
IP-anpec, mopt, mpoTOKOJ. DTO MO3BOJSET OTPAHUYHUTH JTOCTYN K OMPEICIICHHBIM MPUIOKEHHUSIM HIIN
cepBucaMm, a Takke OJOKHPOBATh HEOE30MaCHBIC WM HEXKEJIaTeNIbHBIC 3aIIPOCHI;

- yIpaBJIeHHWE MOJUTUKAMU O€30MacHOCTH: IO3BOJISIIOT CO3/1aBaThb M YIPABISATh MOJUTHUKAMU
0€30IaCHOCTH, ONPEACTIAIONINMY, KaKHie EHCTBUS U MOAKIIIOYSHHS pa3pEIeHb] B CETH. DTO 00ecreunBaeT
TUOKOCTh U KOHTPOJIIb HaJ/l CETEBBIM TPAPUKOM;

- OTCIIC)KMBAHKE U PETHCTPAIIHS COOBITHII: MOTYT BECTH JKypHAJ COOBITHI, 3aITUChIBasi HH()OPMAIIHIO
0 BXOJAILEM U UCXOs1IeM Tpaduke. ITO MOMOTAeT B aHAJIN3€ U OTCIICKMBAHUU BO3MOXKHBIX yTPO3.

Bot HexoTophie BUIbI MeKCETEBBIX 3KpaHOB: «Solar Next Generation Firewall», «InfoWatch ARMA
Industrial Firewall», «Positive Technologies Application Firewall» (PT AF), koMMyHHKaIITMOHHBII LIEHTP
«MIBK KOJIBYYT A-K», «Ashampoo FireWall Pro», «AVG Internet Security», «Kaspersky», «Microsoft
ISA Server», «Norton, Outposty, «Windows Firewall», «Sunbelt»), anmaparueie («Fortinet, Cisco»,
«Check Pointy), «Linux» («Netfilter», «Firestarter», «NuFW», «Uncomplicated Firewall»).

YrpasieHrne TpapuKkoM MKy JIOKATLHBIMHA M TTI00ATBHBIMU CETSIMH MOXKET OCYIIECTBIISTHCS TPH
nomoIu Proxy-cepBepoB, KOTOpBIE BHIIOIHAIOT POJib OcpeIHuKa. [Ipu sToM, Bce 1aHHbIE, TepeaBacMbie
MEX]Ty STUMH CETSIMHU Ha CETEBOM U TPAHCTIOPTHOM YPOBHSIX, TIOJTHOCTBIO 3aMPEIICHBI U HE HATIPABJISTIOTCS
no Mapupyty. Bmecto sroro, oOpamieHus U3 JOKAaTbHOW CETH B TJIOOANBHYIO BBIMOJIHSAIOTCS C
NPUMEHEHHEM CIIEIHUANBHBIX CEPBEPOB-TIOCPEAHUKOB. OJHAKO 3TOT METOJ HE SBISETCS JOCTATOYHO
0e30MmacHbIM Ha 0oJiee BBICOKUX YPOBHSIX, TAKUX KaK YPOBEHb MPUIOKECHHIA.

BaxxHo yunTsiBath, uTo K UC MOKeT OBITh MOTy4YeH HECAHKITMOHUPOBAHHBIN JOCTYT K HH(POPMAITHH.
UToObl MPeIoTBPATUTh ATO, MPUMEHSIOTCS CPENICTBA 3alIUThl HHPOPMAIIMH OT HECAaHKIIMOHUPOBAHHOTO
JIOCTYTIA.

DTO MPOrpaMMHBIE KOMITJIEKCHI, KOTOPBIE MO3BOJISIOT MOIKIIOYATh allllapaTHbIe UICHTU(HUKATOPHI U
rapaHTUPOBATH 3AIIUTY OT MOMBITOK HECAHKITMOHUPOBAHHOTO JIOCTYTA KaK JUISI OTJCIIBHBIX YCTPOHCTB, TaK
U B COCTaBe JIOKaJIbHOW CeTH.

Wcronp30Banue CpeAcTB 3alUThl HMH(DOpMAIMK OT HECAHKIMOHUpOBaHHOTO aoctyma it MC
TOCY/IapCTBEHHBIX OpPTraHOB IO3BOJHUT MPHACPKUBATHCA TpPeOOBAaHHMI 3aKOHOAATENThCTBA, a TaKXKe
COOTBETCTBOBATH CTAHAAPTAM M PYKOBOJISAIINM JIOKYMECHTAM.

PaccMoTpuM mpuMepsl pa3IuYHBIX CPEJICTB, KOTOPbIE MOKHO MpuMeHUTh B MIC rocyaapcTBEHHBIX
OpTaHOB JIJIsi 0OecrieueHus: 0€30MMaCHOCTH U MIPEIOTBPAIICHHS HECAHKITMOHNPOBaHHOTO noctyma: «Dallas
Lock», «Secret Net Studio», «AIIKII KonTtuneHT», AnmaparHo-nporpaMMHbI Moayib «Co0oiby,
«Crpax NT».

Takxe A NpeAOTBpAllleHUs HECAHKIIMOHUPOBaHHOTO Aoctyma B MC MOXHO HCHOIB30BaTh
CUCTEMBI OOHAPYXCHHsI BTOPXKEHHUU. DTO MPOrpaMMHBIC MPOJIYKTHI, KOTOPHIC AHATM3UPYIOT CETCBOM
TpaUK ¥ CHUCTEMHBIE JKypHAIbl C IIeNbl0 OOHApyXeHHs JI00W aHOMAaNIbHOW AaKTHBHOCTU H
NPEIYyNpPEkTAl0T O HECAaHKIMOHWPOBAHHOM JIOCTYyIlE WJIM B3JoMe cucTeMbl. OHH HHGOPMUPYIOT
aIMHHHCTPATOPOB O BO3MOXKHBIX TIOJJO3PUTEIHHBIX IEHCTBUSX U TOMOTAIOT YCTPAHITH YTPO3BI.

[TpoBeneHHBIN aHAIN3 PaA3HOBUAHOCTEH MPOTrPAMMHOTO U aIlllapaTHOrO O0ecTeueHus s 3aIUThI
unpopmanuu B MC TOCyIapCTBEHHBIX OpPraHOB IIOKa3all, YTO Ha CETOAHSIIHUN JIeHb CYIIECTBYET
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MHOXECTBO Pa3IMYHBIX CpPEACTB, IMpeIHA3HAUCHHBIX JUIsI oOecriedeHus: Oe30MacHOCTH AaHHBIX. [lpu
BbIOOpE ONTHUMAIBHOTO METOJa 3aluThl MHGOpMAMU HEOOXOIMMO YUUTHIBATh HECKOJBKO (DaKTOPOB,
TaKUX KaK THUI JIaHHBIX, KOTOPbIE HEOOXOIUMO 3allUTUTh, CYIIECTBYIOIINE yTrPO3bl OC30MACHOCTH B
OopraHuM3alu U TpeboBaHUs 3aKoHoJaTeslbcTBa. Kpome Toro, HeoOXoquMoO OLEHUTh 3((dEeKTUBHOCTD,
3aTpaThl 1 COBMECTHUMOCTD PAa3JIMYHBIX CPEACTB 3aIIUTHI C YXKE CYIIECTBYIOUIMMU CUCTEMaMH.

OpaHako TOJIBKO JIMIIL KOMIUIEKCHAs 3aiuTa nHpopmanuu crnocobHa 3¢ (HeKTUBHO MPeIoTBPaTUTh
XMILIEHUE JaHHBIX, TaK Kak YIpaBlieHHE €0 TpeOyeT OoJjblle, 4eM IMPOCTOe YAAJICHHOE YIpaBICHUE
AHTUBUPYCAMU WU APYTUMU CPEIACTBAMHU 3aILUTHI.

B cBs3u ¢ obHoBneHueMm JlokTpuHBI WHGOpMAIMOHHON Oe3omacHocTH Poccuiickoit denepamnmm,
rOCy/1apCTBO paccMaTpUBaeT HOBBIC IMEPCHEKTUBHI B Pa3BUTHM HWHHOBAIIMOHHBIX WH(GOPMAIMOHHBIX
TEXHOJIOTHI C HCIOJB30BAHUEM OTEUYECTBEHHOTO MPOTPaMMHOI0 OOECIIEUCHHs, a TAK)KE HAlleJeHO Ha
YCOBEPIICHCTBOBAHUE CHCTEMBI 3aIUTHI OT YIpo3 HH(OOPMALUMOHHONW 0E€30MacHOCTH ¢ MOMOIIbIO HOBBIX
MOJXOJIOB U PELICHHIA.

C 1 auBaps 2016 r. ngeiictByet IlocranoBnenue IlpasutenscrBa Poccuiickoit denepanuu, KOTOpoe
HAIPABJICHO HA 3aMEIICHUE UMIIOPTHOTO IPOrPaMMHOTO OOECIICUEHHUsSI Ha OTEUYEeCTBEHHOE 10 KOoHIa 2024
roga. JTO KacaeTcs BCEX OPraHoOB BIIACTH, a TakKe OIOJDKETHBIX OpraHM3allfil, OCYIIECTBISIOLINX
rOCyJTapCTBEHHBIEC 3aKYTIKH.

Hns osroit menu Obin co3gan «EQuHBIA peecTp POCCHUCKHMX MPOrpaMM JUIsl 3JIEKTPOHHBIX
BBIUMCIIMTEIFHBIX MalUH U 0a3 maHHbIX». OH MO3BOJSET PACHIMPATH MCIOIH30BAHUE OTEYECTBEHHBIX
nporpaMM, TMOATBEpKIaTh HX MpoucxoxaeHue u3 Poccuiickoit denepanuu U OpeaOCTaBIATh
PaBO00JIAAATENSIM AIIEKTPOHHO-BBIYUCIUTENBHBIX TPOrPAMM MEpPbI TOCY1apCTBEHHON TOICPIKKH.

VYuuteiBasg, 4YTO 3aKOHOIATENbCTBO Poccuiickoii @Depepanuu OrpaHUYMBAET MpUOOpPETeHUE
WHOCTPAaHHBIX CPEACTB 3aIIUTHl MH(OpMAIMKM C MENbI0 Tepexojla Ha OTEYECTBEHHBIC, HEOOXOANMO
MOHMMATh, YTO HAYAIBHBIN 3TAIl BHEJPCHUS OTPEOYET 3HAUUTEIHHBIX (PUHAHCOBBIX U TPYAOBBIX 3aTpar.

Kak nmpumepom KOMITIEKCHOM cucTeMbl 3amuThl nHpopmanuu ans MC rocyaapcTBeHHBIX OpraHOB
MOYKHO TPEUIOKUTH CIEIYIOIINE pEIIeHUs,, KOTOPhIE B COBOKYITHOCTH COBMECTHUMBI C OTEUECTBEHHOM
orepalnoHHOM cuctemoil «Astra Linux Special Edition» ¢ 6a30BbIM ypOBHEM 3aIIUIIIEHHOCTH:

- s OOHAPYXKEHUS U YAAJICHUS BHPYCOB IMPUMEHSITH aHTUBHPYCHOE TPOTPAMMHOE 00ECIIeUeHHE
«DrWeb» unu «AntuBupyc Kacnepckoroy;

- mpu Tepenade WHPOPMANMK TI0 KaHAJaM CBS3M M OOECHEUeHHUs ee 3alluThl, BO3MOXKHO
UCIONIF30BaTh MPOTrpaMMHO-aNmapaTHelii koMiieke VipNet KoopAUHATOP U IMporpaMMHoe oOecrieyeHne
«VipNet» knuenT. st pa3BepThIBaHUs U aMUHUCTpUpPOBaHus ceTn «VipNet» ucrnonb3oBath « VipNet»
aIMHUHHICTPATOP;

- s o0ecriedeHrsl 3alIMThl WHGOPMAIUK OT HECAaHKIIMOHUPOBAHHOTO JIOCTYIIA, HCIIOJIB30BATh
nporpamMmmHoe obecrieueHue «SecretNet Studioy;

- JUIS TIPOBEJCHHUS OIEHKH COCTOSHUS 3amuiieHHocTH [T-uHppacTpyKkTypbl NpUMEHSTH
nporpaMMHoe obecriedeHune «XSpider.

B cinydae HE0OXOAMMOCTH B3aMMOJICHCTBUS U TIepeadd JAaHHBIX MO0 OTKPBITHIM KaHAJIaM CBSI3U C
YUPEXKIECHUSIMHU, Y KOTOPBIX OTCYTCTBYET BO3MOXKHOCTh MCIOJB30BaTh MPOTPaMMHBIC WM MIPOTPAMMHO-
anmnapaTtHble KOMIUIeKChl « VipNet», Kak allbTepHATUBY, MOKHO HCIIOJIb30BAaTh IPOrpaMMHOE 00ecrieueHre
«KpunroAPM».

[Mpenymaraemasi KOMIUIEKCHAsE CHCTEMa 3allUThl WH(GOpPMAIMA HMMEET HECKOJBKO KIFOUEBBIX
0CcOOEHHOCTEH, KOTOphIE MO3BOJISAIOT €l COOTBETCTBOBATh TPeOOBaHMUAM 3aKOHOJATENbCTBa Poccuiickoit
®denepanuu:

- 3alIUTa MEPCOHANBHBIX JAaHHBIX: CHCTeMa OOECIeYMBaeT HAISKHYIO 3allUTy MEePCOHATBHBIX
JMaHHBIX, coOmomasi Bce TpeboBanust DenepanbHOro 3akoHa ot 27 wmrons 2006 1. Nel52-d3 «O
MEePCOHANBHBIX JaHHBIX». OHAa MPEIOCTaBIsIeT HEOOXOAUMBIE MEXaHU3MBI JUIsl 00paOOTKU U XpaHEHUS
NEPCOHAIBHBIX JaHHBIX COTJIACHO 3aKOHOAATEILCTBY;

- 3aIIMTa KOH(PUIEHITUAILHOCTH: CHCTeMa 00ecrieynBaeT KOHPUACHIIMATLHOCTh HH(POPMAIIUY Ty TEM
muppoBaHusl JaHHBIX M KOHTpousis noctyna. OHa NpenocTaBisSeT MEXaHU3Mbl U WHCTPYMEHTHI IUIf
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yIOpaBJleHUs TMpaBaMHd JOCTynma K HHGOpMAlMM W TOPUHATHS MEp MO  MPeIOTBpAICHUIO
HECAaHKI[MOHHUPOBAHHOI'O JOCTYIIA.

- 3amMTa OT BHEIIHMX aTak: CHUCTeMa BKIIOYaeT B ceOsi MOIIHbIE MEXaHU3Mbl (DUIBTpAUU H
oOHapy»eHHsI BTOp>KeHUl, BUpycoB U BpenoHocHoro [10. Ona crioco6Ha 00HApYKUTh U MPEAOTBPATUTD
aTaku, NOJAEPKUBATh LIEJIOCTHOCTh JAHHBIX U NIPEAYIPEXKAATh O BO3SMOKHBIX YIpO3ax.

3AK/TIOYEHUE

Takum oOpa3om, mpeyaraemasl KOMIUIEKCHAs CHUCTeMa 3alluThl HH(pOpMAMH O00eCcreYnBaeT
COOTBETCTBUE TpeOOBaHUAM 3aKOoHoAarenbcTBa Poccuiickoit denepanyun M MoXeT ObITh BHEIpEHA C
MUHHMAaJIbHBIMH (DUHAHCOBBIMU 3aTPaTaMH.

Ha 3aBepmiaromiem stame HEOOXOAMMO IOMHUTb, YTO IPOBEIEHHUE PETYJSPHBIX OOy4YeHHH U
TPEHUHTOB IO WH(POPMALMOHHON OE30MaCHOCTH TOMOXKET COTPYAHHMKAM OPraHOB BIIACTH OCO3HATh
Ba)XHOCTb COOJIIOICHUS TPABUJI U MIPOLIEYP, CBA3AHHBIX C 3aLUTOMN AaHHBIX. FIX HE00X0AMMO O3HAKOMUTD
C OCHOBHBIMM MPUHLUIIAMHU O€30MACHOCTH, TAKUMH KaK HCIIOJIb30BAaHUE CIIOKHBIX MapoJiell, yCTaHOBKa
OOHOBJICHMH Ha KOMIIBIOTEpPAX M MPOTrPaMMHOM OOEeCHeueHHM, MpaBUIaM OOpallleHHsl C 3JIEKTPOHHOMH
NOYTOM U BeO-caliTaMu.

Kpome Toro, cozganue KynbTypbl 0€301aCHOCTH Ha pabOYUX MECTax SBISAETCS KIF0UEBbIM (PaKTOPOM
ycriexa. KomiekTnBHOE CO3HaHNE 0 BAXKHOCTH 0€301aCHOCTH JTOJHDKHO OBITh B KQKIOM COTPYIHUKE, YTOOBI
OHHU caMHU ObUIM 3aMHTEPECOBaHbI B COOIIOACHUY NPABUII U MPOLEAYDP O€30MaCHOCTH.
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Abstract

The structure of light atomic nuclei, such as hydrogen, helium and lithium nuclides, was studied
based on the cluster approach. Atomic nuclei are formed as systems consisting of free and bound
lovetons, as well as neutron electrons and electron-positron pairs. The work focuses on the mass of
the atomic nucleus and its binding energy as the main basic characteristics. There were determined
the mechanisms considered binding nucleons into clusters, as well as the main patterns of changes
in binding energy depending on the structure of the nucleus.

As part of this study, atomic nuclei were visualized and the dependence of the nuclear binding
energy on the number of lovetons, electron-positron pairs and neutron electrons was revealed. The
possibility of forming a shell structure of an atomic nucleus consisting of cluster associations of a-
particles has been shown. An algorithm for constructing the structure of the atomic nucleus is
presented. The conditions for choosing the number of nuclear elements included in the atomic
nucleus are determined. As additional results, an estimate of the binding energies of hypothetical
hydrogen nuclides 8H and 9H was obtained, and their mass formulas were constructed. The charge
radii of a number of hydrogen, helium and lithium nuclides have been calculated. The possibility
of using the spiral structure of nuclei instead of the shell representation has been revealed. The
nature of the occurrence of the binding energy of the atomic nucleus is explained. Comparison of
the obtained values of binding energies and charge radii with experimental data allows us to assert
an adequate approach to the formation of the structure of the atomic nucleus.

Keywords: atomic nucleus; cluster model; binding energy; visualization; structure; loveton;
nucleon; nuclide; neutron electron; electron-positron pair; nucleon pairing; charge radius
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KOMIIBIOTEPHOE MOJIEJIMPOBAHUE CTPYKTYPbI
MATEPHUAJIBHBIX OBBEKTOB.
YACTS III. KITACTEPU3ALIMA HYKJIOHHBIX CUCTEM

bonnapes B.I'.
Muraas JI.B.

Bbenropockuii rocy1apcTBeHHbIN HAllMOHAJIBLHBIHN HCCIIEI0BATEILCKUI YHUBEPCUTET,
yi. [To6enpt, 85, r. benropom, 308015, Poccus

e-mail: Bondarev@bsu.edu.ru

AHHOTAIUSA

Ha ocHoBe ki1acTepHOTO MOIX0/1a TIPOBEICHO MCCIEI0OBAHNE CTPYKTYPHI JIETKUX aTOMHBIX SIIEp,
TaKMX KaK HYKIHIbl BOJOPOJA, I'eliis U JIUTUA. ATOMHBIE siipa (GOPMHUPYIOTCS KaK CHCTEMBI,
COCTOSIIME U3 CBOOOIHBIX M CBA3aHHBIX JJABTOHOB, & TAK)KE HEUTPOHHBIX DIIEKTPOHOB U 3JIEKTPOH-
MMO3UTPOHHBIX Map. B paboTe 0CHOBHOE BHUMAHKE YACICHO MAacCe aTOMHOIO Sipa U €ro SHEPTUH
CBSA3M KaK OCHOBHBIM 0a30BBbIM XapaKTEPUCTHKAM. PacCMOTPEHbI MEXaHHM3MbI CBSI3bIBAHHS
HYKJIOHOB B KJIACTEpHI, ONpPE/IETICHbl OCHOBHBIE 3aKOHOMEPHOCTH HW3MEHEHUSI SHEPrUU CBS3U B
3aBUCUMOCTH OT CTPYKTYPHI sApa.

B paMkax [aHHOTO HCCIIEIOBAaHUS IIPOBEICHA BH3yalW3alHsl AaTOMHBIX SIZIEP, BBISIBICHA
3aBUCUMOCTH DHEPTUU CBSI3U sA7Ipa OT YKCIIa JABTOHOB, AJIEKTPOH-TIO3UTPOHHBIX Map U HEUTPOHHBIX
3eKTpoHOB. [loka3aHa BO3MOKHOCTh (hOPMHUPOBAHUS 000IOYCUHOU CTPYKTYPBI aTOMHOTO S7pa,
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COCTOSIIIMX U3 KJIACTEPHBIX 00beJUHEHUH a-yacTHil. [IpuBeeH anropuT™ MOCTPOSHUS CTPYKTYPBI
aTOMHOT0 siipa. OrpeaeneHsl ycaoBUs BEIOOpa YnCIia SACPHBIX 3JIEMEHTOB, BKIIOUCHHBIX B COCTAB
aTOMHOTO s7pa. B KadecTBe NOMOMHUTENBHBIX PE3YIbTAaTOB IMOJyYeHAa OLEHKA DHEPTHUN CBS3H
THUINOTETUYECKUX HYKINI0B Bojoposa 8H u 9H, a Takxke mpoBeneHO MOCTPOEHHE UX MACCOBBIX
¢opmyn. BeimonHeH pacder 3apsOOBBIX PaAMycOB psla HYKIWAOB BOIOPOAA, IesUs U JIUTHSA.
BrisiBieHa BO3MOKHOCTH NPUMEHEHHS BMECTO OOOJIOUEHHOrO IMPENCTABICHUS CHUPaCBUIAHON
CTpYKTYypHI sifep. OObsicHeHa TPUPO/Ia BOSHUKHOBEHHS JHEPTUH CBSI3H aTOMHOTO siipa. CpaBHEHHE
MIOJIyYE€HHBIX 3HAUEHUH IHEPT U CBA3U U 3apsA0BBIX PAJANYCOB C IKCIIEPUMEHTAIbHBIMU JaHHBIMHU
MO3BOJISIET YTBEPXKAATh O aA€KBATHOM IOAX0J€E K (POPMHUPOBAHUIO CTPYKTYPBI aTOMHOTO SiApa.
KiroueBble cji0Ba: aToMHOE $ApO; KiIacTepHas MOJAENb; HDHEPIHsl CBI3W; BHU3yalH3alus;
CTPYKTypa; JIaBTOH; HYKJIOH; HYKJIHJ; HEUTPOHHBIH 3JIEKTPOH; 3JIEKTPOH-TIO3UTPOHHASA Mapa;
CIIapHMBaHUE HYKJIOHOB; 3apAI0OBBIN paguyc

Juast uutuposanus: bounapes B.I'., Murans JI.B. KomnerorepHoe MOIEIHPOBAHUE CTPYKTYPbI
MaTepHuanbHbix 006ekToB. YacTs III. Knacrepusanus HykinoHHBIX cucteM // HaydHbil pe3ynbrart.
Nudopmanuonusie Texnosorun. — T.8, Ned, 2023. — C. 12-33. DOI: 10.18413/2518-1092-2023-8-
4-0-2

INTRODUCTION

The atomic nucleus is a multiparticle self-consistent system consisting of nucleons interconnected by
nuclear interaction forces. Description of the properties of the nucleus based on the laws of interaction
between nucleons is one of the most important problems of nuclear physics [1-3]. There are various models
of atomic nuclei [4, 5] that describe the parameters of nuclei, including the interaction energies of nucleons.
The development of nuclear models was carried out in two different directions. The first direction is
characterized by the creation of “independent particle models”, in which it is assumed that each nucleon
moves in the average field of all other nucleons in the nucleus almost independently of each other. This
group includes: the Fermi gas model, the potential well model, the nuclear shell model, and the generalized
and optical models. The second direction is characterized by the creation of “models with strong
interaction” [6]. In these models, the nucleus is considered as an ensemble of strongly interacting particles.
This group of models includes: the liquid drop model, the cluster model, and the compound nucleus model.

The nuclear shell model [7] is widely used, in order to study the processes occurring in atomic nuclei.
The theory of nuclear shells was developed by M. Goeppert-Mayer and 1. Jensen for a single-particle model
with a potential of three terms, including the spin-orbit interaction.

Most of the proposed nuclear models are based on a fundamental approach, which serves as the main
guideline for constructing phenomenological models. However, its application is severely limited, and
therefore approximate methods have become widespread. The main approximate microscopic method is
the mean field method [8]. The mean field method, or Hartree-Fock method, makes it possible to describe
the self-consistent nuclear field through studies of 2-particle interactions. Based on this concept, it was
possible to explain why the properties of nuclei with similar numbers of protons and neutrons are very
different from each other. Calculations in mean-field models make it possible to estimate binding energies
for individual nuclei, and the accuracy of predictions ranges from 0.3 to 1 MeV for the total binding energy
[9, 10].

Using the Hartree-Fock method, it is possible to calculate the masses, radii and distributions of
nucleons, as well as other nuclear properties. So, at work [11] the calculation of the masses of nuclei
between the proton and neutron boundaries of existence is given; when updating the array of empirical data
on masses, refined calculations are made using the Skyrme potential [12]. In this case, the standard
deviation in calculations for binding energies does not exceed 0.55 MeV. However, we note that the
disadvantages of most of these models are their phenomenology, the lack of structural representations, and
the nature of intranuclear interactions is not considered.

In a number of models, the atomic nucleus is considered as a system consisting of individual nucleons
that form compact structures of two or more particles inside the nucleus [13]. Depending on the ratio of the
number of protons and electrons, various constructions are possible, called clusters. To date, many
theoretical techniques have been developed to study the phenomenon of nuclear clustering [14]. In a simple
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cluster model, it is believed that the atomic nucleus consists of two structureless fragments, the properties
of which coincide or are close to the properties of the corresponding nuclei in a free state [15]. The cluster
structure is especially clearly manifested in light nuclei.

The stability of an atomic nucleus is characterised by its binding energy. Here, the binding energy is
understood as the minimum amount of energy that must be expended to completely separate the atomic
nucleus into individual nucleons. Another interpretation of the binding energy is possible, based on the
reverse process, i.e., it represents the energy released during the fusion of free nucleons into the atomic
nucleus [16].

The experimentally established distribution of binding energies over mass numbers in the nucleus has
the following characteristic features [17, 18]:

1. For kernels with small values mass number the specific binding energy tends to increase.

2. For heavy nuclei, the specific binding energy is lower than for medium nuclei, and with increasing
mass number there is a decrease in its value.

3. For nuclei with the same numbers of protons Z and neutrons N, the specific energy is higher than
for atomic nuclei with the same value mass number A, but with numbers of nucleons different from equality.

4. Even-even nuclei have, on average, higher specific binding energies than odd-even or even-odd
ones, and odd-odd ones have even lower specific binding energies.

Theoretical explanation for this behavior specific binding energy gives the liquid drop model [19].
Taking into account all the listed properties leads to the semi-empirical Weizsédcker formula

Ep = a1A — a,A%3 — a372AY3 —a, (A2 — Z)? /A + asA™3/*, 1)

where ai-as are empirical coefficients; Ep is the binding energy; A is the mass number; Z is the charge
number.

The coefficients in formula (1) are selected from the conditions of the best agreement between the
model distribution curve and the experimental data on binding energies. Equation (1) can approximately
describe the binding energy of nucleons as a function of mass number A for all nuclides except the lightest
nuclei, with A < 20 [20]. The greatest discrepancy between the experimentally measured values of nuclear
binding energy and calculations using the Weizsdcker formula is observed in the region of magic numbers
[22]. This is explained by the fact that the droplet model does not take into account the inhomogeneities in
the distribution of nuclear matter caused by the shell structure of atomic nuclei [21].

The first attempt to correct the Weizsidcker mass formula by taking into account microscopic effects
was made back by Myers and Swiatecki [23]. The effects of the shell structure were manifested in the fact
that the position of the levels of the single-particle spectrum deviated from the levels in the uniform
spectrum. The shell correction was calculated as the difference between the energy levels of the shell model
and the liquid-droplet (statistical) Fermi gas model. To improve the quality of predictions, in addition to
the shell correction, the Wigner term was additionally introduced, which is associated with the special
stability of nuclei with the same numbers of protons and neutrons [24].

Weizsédcker's formula was the first step towards a complete description of nuclear matter. Currently,
a large number of model calculations of binding energy have been proposed. Models for analytical
calculation of binding energies can be divided into microscopic, macro-microscopic, and phenomenological
estimates based on local mass ratios [25]. Local mass ratios are arithmetic expressions that combine the
binding energies of several nuclei close to each other on the nuclide map [26]. Based on the above
considerations, the FRDM (Finite Range Droplet Model) model was created [27]. The total nuclear energy
in this model depends not only on the charge of the nucleus and the number of neutrons, but also on the
shape of the nuclear system. In total, the FRDM model has 10 independent parameters, which must be
determined using an array of experimental data on nuclide masses. In the modern FRDM model [28] the
error is 0.56 MeV for 2194 nuclei from 160 to 264Hs, and for the region N > 64 — 0.35 MeV, which makes
the model comparable in accuracy to microscopic methods.

The structural approach is also important, which, on the one hand, uses visual visualization, and on
the other, is based on values determined by experimental methods [29]. Usually, the nucleus of an atom is
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usually depicted as an ellipsoidal dense packing of nucleons [30]. However, recently studies have appeared
in which the core structure is a fragment of some lattice [31, 32].

In the process of studying the atomic nucleus, it became clear that the structure of a neutron or proton
can change when the particle is bound in the atomic nucleus. Thus, it was discovered that the internal
structure of nucleons depends on their environment [33]. That is, the structure of a nucleon in empty space
is different from its structure when it is located in an atomic nucleus. However, despite theoretical and
experimental work, the reason for this modification remains unclear.

Starting with the works of J. Wheeler, K. Wildermuth and Y. Tang [34], which laid the foundations
for studying the cluster properties of nuclear systems, it turned out that using the microscopic method it is
possible to describe a wide range of physical phenomena, for example, static clustering and cluster decays,
from a unified point of view, and also make significant progress in the study of processes in which such
systems are involved.

Consideration of the structure of the atomic nucleus shows that independent groups of clusters with
characteristics close to the properties of individual free nuclei can be realized in the nucleus. Previously
existing ideas about clusters stably existing in the nucleus were replaced by the understanding that in the
process of almost independent movement of nucleons in the nucleus, virtual subsystems in the form of
clusters are formed and destroyed [35]. Therefore, we can only talk about the probability of the existence
of one or another cluster channel. However, if this probability is relatively high, you can use a single-
channel cluster model, which in many cases turns out to be a good approximation to the situation actually
existing in the kernel. Such a model makes it relatively easy to perform any calculations of nuclear
characteristics, even in those systems where methods for solving the many-body problem are either very
cumbersome in numerical execution or do not lead to specific quantitative results at all.

Problems associated with the study of the cluster properties of the atomic nucleus have recently
attracted special attention. The properties of clusters and the specifics of their interaction are reflected in
the observable characteristics of the system as a whole and its reactions to various external influences. The
experimental results for determining the binding energy of the nucleus also contain “pulsations™ at a level
of 1-2 MeV. Thus, the neutron separation energy for some nuclides periodically increases when the number
of neutrons becomes even, and decreases when their values are odd. The difference in binding energies
between even and odd nuclei indicates the presence of pairing forces in atomic nuclei [36]. Based on this
consideration, as the goal of the presented work, one can choose to construct the nucleon structure of the
nucleus based on the cluster approach and estimate the binding energies based on the available experimental
data. At the same time, the problems of analyzing the structure of a number of nuclides are solved, with the
possibility of subsequent formation of the spatial structure of the atomic nucleus.

1 RESEARCH OBJECTIVE
Let us consider the problem of constructing the structure of the atomic nucleus by studying the
relative arrangement of nuclear elements: lovetons, electron-positron pairs and neutron electrons for light
nuclei, and also show the possibility of layer-by-layer placement of a-particles in accordance with the shell
model of the nucleus. All calculated values of the parameters of nuclear elements are presented in Table 1
[37].

Table 1
Calculated data on nuclear elements and their binding energies
Tabnuya 1
PacueTHble aHHBIE MO SAEPHBIM AIEMEHTAM U UX SHEPTUSAM CBS3H
Particle Mass (meV) Type connect Energy connect (meV)
Loveton, L 882.158477726 LL 6.18094291005
Electron, e 0.51099895 Le 0.78127053419
Neutrino, v 0.00106285981 ee 0.95644605733

Note. For neutrino, the value of the reduced mass is given. Designations: LL —loveton-loveton; Le — loveton electron; ee —
electron-electron (positron).
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To carry out the calculations, we use the original array of experimental data, which represents the
binding energies of the Atomic Mass Evaluation AME 2022 nucleus [38], as well as data on charge radii
[39], necessary for the targeted formation of structure and visualization of atomic nuclei.

When constructing structures of atomic nuclei, it is necessary to adhere to a number of conditions and
restrictions:

1. In the vast majority of cases, modeling will not consider the Coulomb repulsion forces acting
between protons in the nucleus.

2. The structure of the nucleus will be modeled by a system of nucleons consisting of combinations
of lovetons, neutron electrons and electron-positron pairs.

3. Due to the closeness of the binding energies of neutron electrons and electron-positron pairs, an
exchange of bonds between these nuclear elements is possible.

4. The proposed method for forming the structure of a nucleus will be based on clustering analysis,
that is, on the representation of a nucleus consisting of a collection of light nuclei and individual nucleons,
considered as clusters forming a compound nucleus.

5. The main geometric objects of the model of atomic nuclei will be free lovetons, which, together
with bound lovetons, electrons and electron-positron pairs, model individual light nuclei. In this case, bound
lovetons perform the function of creating cells of the nuclear framework into which free lovetons are
embedded.

6. To visualize the structure of the nucleus, you should build its diagram by filling the nuclear frame
with the appropriate number of nuclear elements, choosing the number of frame cells and correctly placing
each free loveton in its cell. Next, you should write down a mass formula that determines the type of nucleus
in all areas of the nuclear diagram.

7. The effect of nucleon pairing can only occur in combined nuclei.

8. The combination of nucleons to form an atomic nucleus can be caused by dipole attraction induced
by electron-positron pairs that make up the nucleons [37].

9. The proposed model of the atomic nucleus does not require the introduction of a hypothesis about
the presence of quark objects. The mass of a neutrino is a fairly small value, so we will also exclude this
particle from consideration when carrying out the process of formation of an atomic nucleus.

According to the rules defined above, using computer modeling, spatial models can be built for all
atomic nuclei. When conducting research taking into account this approach, formulas for determining the
mass of the i-th atomic nucleus Mi;, as well as binding energy Ey can be represented in the following form

Mi = NLmL + Neme + NLLELL + NLeELe + NeeEee (2)

where EL, ELe, Eee are the energies of LL-, ee- and Le-bonds in the nucleus; N, Nii, Nie, Nee are respectively,
the number of lovetons, LL-, ee- and Le-bonds in the nucleus; m¢, me are loveton and electron masses.

Ep = Nymy + Nymy, — M; (3)
where Np, N is number of protons and neutrons in the nucleus; mp, mn are experimental values of proton
and neutron mass.

As a basis for constructing composite atomic nuclei, we will take the structural schemes of the proton
and neutron (Fig. 1), as well as their mass formulas

Mp =mL+2me+8ELL+Eee+6ELe. (4)

Mn == mL + 3me + 8ELL + Eee + 7EL€ . (5)
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a) b)
Fig. 1. Schemes of the structure of the nucleons: a) proton; b) neutron
© — bound lawton; © — bound antiloveton; @ — free loveton; © — electron; ® — electron-positron pair
Puc. 1. CxeMbl CTPYKTYpBI HYKJIIOHOB: @) IIPOTOH; D) HEHTpOH
O — cesszannbiii naBToH; © — cBsA3aHHLIM aHTUIABTOH; © — CBOGOAHEIM 1aBTOH; O — DJIEKTPOH;

©® - 51eKTPOH-TIO3UTPOHHAS TTapa

When determining the structural composition of atomic nuclei, we will consider the binding energy
of the nucleus as the main criterion. Analysis of the change in binding energy when adding nuclear elements
will allow us to estimate the magnitude of the change in the number of LL bonds, and an approximate
assessment of the data on the number of ee-and Le-bonds can be carried out by calculating possible
combinations of elements in the nucleus. Auxiliary analysis based on these relationships of linear
dependences on the mass number will confirm the correctness of determining the structural composition of
the selected nucleus.

The mass estimates in the proposed method can be obtained using a step-by-step algorithm. We select
an array of experimental data on the binding energies of nuclei, and use formula (2) to calculate the binding
energy at the first step. If the calculation is performed by variations of the parameters in formula (2), the
obtained estimates are averaged. Thus, for each new nuclide it is possible at one step to obtain from 1 to 4
estimates of the possible number of nuclear elements. The procedure is repeated until one set of nuclear
elements is selected. Thus, more accurate results can be achieved if one takes into account possible changes
in the binding energies of electron-positron pairs and neutron electrons with lovetons.

2 MODEL FORMATION

2.1 HYDROGEN NUCLIDES

Hydrogen-2 (°H). For a deeper understanding of the structure of the nucleus, we will first understand
the structure of the simplest compound nucleus of hydrogen — 2H (deuteron), which is a deuterium nucleus.
The results obtained, in terms of explaining the composition and structure of the deuteron, will in the future
allow us to determine the general principles for constructing the structure of atomic nuclei.

According to modern concepts, a deuteron is formed by the union of two nucleons: a proton and a
neutron. In the deuteron, the proton and neutron can be united through the removal of two bound lovetons
from their common composition. The loss of the two lovetons results in a reduction in the number of LL-
bonds by three bonds. However, combining a proton with a neutron adds two new bonds to the structure of
the resulting deuteron, which reduces the total number of LL-bonds by only one unit. In this case, two
different structural states are formed (Fig. 2).
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Fig. 2. Schemes of the structure of the deuterium (deuteron) nucleus:
a) linear placement of lovetons; b) diagonal placement of lovetons
Puc. 2. CxeMbl CTpYKTYpHI pa aeiiTepust (1eUTpoHa):
a) JINHEUHOE pasMENICHUE JIAaBTOHOB;, b) AaroHaJbHOC Pa3sMCIICHUEC JIABTOHOB

The structural patterns that can be formed from a neutron and a proton are obtained when the free
lovetons of the proton and neutron are combined linearly (Fig. 2a), and also when they are placed diagonally
relative to the position of the bound lovetons (Fig. 2b),

Regardless of the type of structural diagram chosen, this representation of the deuteron allows us to
write the only mass formula for the deuteron

M(ZH) == ZmL + Sme + 15ELL + 7Eee + 12ELB' (6)

In formula (6), the number of LL-bonds is the sum of the number of bonds between bound lovetons,
determined by the value: N = 7, as well as the value of these bonds between free and bound lovetons:
Nie = 8.

The total number of electrons and positrons included in the deuteron is numerically equal to: Ne = 5.
The number of ee-bonds in this case is calculated through the total number of possible bonds between
particles in electron-positron pairs, determined through the number of combinations, with the addition of
one neutron electron bond: Nee = 7.

The number of Le-bonds in a deuteron is determined by the number of these bonds between particles
in electron-positron pairs and the lovetons in contact with them. For each such particle there are three bonds,
therefore, the total number of Le-bonds will be equal to: Nie = 12.

The presence of a bond between a neutron electron and an electron-positron pair does not allow the
occurrence of g-decay, and the loss of an LL bond does not allow for nucleon decay. For these reasons, the
deuteron can be classified as a stable nucleus.

Hydrogen-3 (3H). When a second neutron is added to the deuteron, the nuclide H (triton) is formed —

a tritium nucleus (Fig. 3).

Fig. 3. Scheme of the structure of the tritium (triton) nucleus
Puc. 3. Cxema CTpyKTypHI sijpa TPUTHUS (TPUTOHA)
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This diagram represents a structure consisting of a deuterium nucleus, which is combined with a
neutron added to it. In this case, the added neutron completely loses the bound lovetons included in its
composition. In this case, the number of LL-bonds increases to the following value: N = 20, including
seven LL-bonds between bound lovetons, 12 bonds between free and bound lovetons, as well as the
appearance of one additional LL-bond due to the effect of neutron pairing. The number of ee-bonds, taking
into account the number of combinations between particles of electron-positron pairs, as well as the possible
inclusion of one of the neutron electrons in their composition, gives us 21 ee-bonds. Note that the number
of Le-bonds is equal to 19. However, if we assume that one of the ee-bonds of a neutron electron is also
converted into Le-bond, then their number is equal to: Ne = 20. The same value will be represented by
counting ee-bonds: Nee = 20. This scheme is energetically more favorable than the simple addition of a
neutron to a deuteron; therefore it is the one that most closely matches the triton binding energy.
Accordingly, the mass formula will have the form

M(H) = 3m, + 8m, + 20E,;, + 20E,, + 20E,,. (7)

Thus, the triton is unstable because one of the neutron electrons has only one Le-bond, which can
lead to S decay.

Hydrogen-4,5,6,7 (+>¢7H). All subsequent hydrogen nuclides decay directly into *H (triton) and a
series of neutrons. The instability of these nuclides indicates the absence of common LL bonds between
triton and neutrons. Consequently, these particles form hydrogen nuclides only due to the presence of
nuclear forces, as well as some change in the number of ee- and Le-bonds. Based on the above assumptions
for *H, the number of all bonds can be estimated by simply summing the bond data for the triton and the
neutron attached to it. As a result, we will get the following values: Nii = 28; Nee = 21; NLe = 26, with the
total number of electrons and positrons equal to Ne = 11.

To clarify the summed values for “H, we will use the known value of the binding energy obtained
experimentally [37]. Correcting this formula taking into account the binding energy shows only an increase
in Le-bonds to the value: Ne = 29. Consequently, neutron electrons, in the process of attaching a neutron
to a triton, began to interact not only with their own free lovetons, but also with neighboring free lovetons,
which leads to the appearance of three additional Le-bonds. This fact allows us to write the following final
formula for *H

M(*H) = 4m, + 11m, + 28E,, + 21E,, + 29E,, (8)

The corresponding values for all subsequent hydrogen nuclides are calculated in a similar way. We
only note the appearance of possible transitions in the number of ee- and Le-bonds, as well as the absence
of pairing of hydrogen nucleons during the addition of neutrons. So, for hydrogen-5 this is an additional
increase in the number of ee-bonds by one to the value Nee = 23. For hydrogen-6 there is an increase in not
only ee-, but also Le-bonds by one as well. Hydrogen-7 has no additional bonds. The analysis carried out
allows us to write mass formulas for all hydrogen nuclides considered above

M(°H) = 5m, + 14m, + 36E,;, + 23E,, + 35E,,. (9)
M(6H) = 6m; + 17m, + 44E;; + 25E,, + 42E,,. (10)
M(7H) == 7mL + ZOme + SZELL + 26Eee + 48EL3. (11)

Table 2 shows the obtained parameters of the listed hydrogen nuclides.
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Table 2
Composition of hydrogen nuclides
Tabauya 2
CocTaB HyKJIHI0B BOAOpOAa
Experiment Calculation
Nuclide — Decay Daug_hter LL ee e Le
Mass, Mexp Binding energy, Eexp mode nuclide Binding energy, |Ecalc -
(meV) (meV) Ecalc (meV) Eexp|
H 938.272 0 Stable 8 1 2 6 0 0
’H 1877.838 2.225 n p 15 7 5 12 2.181 0.044
°H 2817.403 8.482 n °H 20 | 20 8 20 8.466 0.016
“H 3756.968 6.880 n °H 28 | 21 | 11 | 29 6.905 0.025
°H 4696.534 6.680 2n °H 36 | 23| 14 | 35 6.731 0.051
5H 5636.099 5.760 3n °H 44 | 25 | 17 | 42 5.775 0.015
H 6575.665 5.580 4n °H 52 | 26 | 20 | 48 6.558 0.022

Note: Stable nuclides are shown in bold. Source of data on masses and binding energies [38]

2.2 HELIUM NUCLIDES

Helium-3 (®He). The helium nucleus 2He (helion) arises from the S-decay of the heavy hydrogen
nuclide, triton. In this case, one of the neutron electrons is emitted. This process leads to a change only in
the number of electrons, leaving the number of bonds unchanged, due to the transition of one Le-bond to a
second neutron electron. Helion, unlike triton, is stable and consists of two paired protons and one neutron

(Fig. 4).

Fig. 4. Scheme of the structure of the helion
Puc. 4. Cxema ctpykTypsl “He (reuon)

If we assume that one of ee-bonds of a neutron electron are also converted into a Le-bond, then their
number is equal to: Nre = 20. Accordingly, the mass formula practically coincides with the formula for
triton, with the exception of the number of electrons in the nucleus

M(3He) = 3m; + 7m, + 20E,;, + 20E,, + 20E,,. (12)

Helium-4 (“He). The “He structure (a-particle) is formed on the basis of the *He nuclide by adding
another neutron to it (Fig. 5). When performing this operation, a number of structural changes occur. Firstly,
the added neutron enters into the composition of He without bound lovetons, including only a free loveton
and an electron-positron pair, which leads to an increase in the number of LL-bonds to the value: Ny = 23.
In addition, we take into account the presence of pairing of protons and neutrons between themselves. This
gives us 2 additional LL-bonds. Therefore, the total number of LL-bonds will be: N = 25.
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Fig. 5. Scheme of the structure of “He (a-particle)
Puc. 5. Cxema ctpyktypsl “He (a-uactuia)

Secondly, the first neutron electron is displaced by the electron-positron pair of the added neutron,
which contacts only one of the helium-3 electron-positron pairs, adding only three ee-bonds to the total
number of combinations for electrons, resulting in the value: Nee = 18. The total number of Le-bonds is
determined by the number of 24 given bonds between all electron-positron pairs and free lovetons, as well
as bonds of neutron electrons with free lovetons, the number of which can be estimated equal to four Le-
bonds. In this case, the total number of Le-bonds is: NLe = 28. Based on the above, we can obtain a diagram
of the *He nucleus, described by the mass formula

M(*He) = 4m; + 10m, + 25E,;, + 18E,, + 28E,,. (13)

Thus, the increased stability of an even-even system, such as a particle, can be explained both by the
presence of double pairing of nucleons and by the loss of two bound lovetons.

Helium-5 (°*He). The *He nuclide can be obtained by adding an additional neutron to the “He nucleus.
®He, being an unstable nucleus by its nature, has an additive number of LL-bonds equal to: Ny =33. The
number of ee-bonds is obtained by summing the existing bonds in “He with one bond of the neutron itself
and two bonds that arise during the interaction of a neutron electron with one of the electron-positron pairs
of the “He nuclide: Nee =21. The number of Le-bonds can also be obtained by summing up the bond data
between the °He nuclide and the neutron: Nie=34.

Helium-6 (°He). In the case of the unstable nuclide ®He, a particle combines with two neutrons. In
this case, the core can be considered as a combined core with the loss of two LL connections. Summing up
the number of LL-bonds of a-particle and neutrons, excluding two bonds, and adding one bond that arises
during neutron pairing, we finally obtain: N =40. Electron-positron pairs of neutrons and neutron electrons
receive three ee-bonds, in the presence of the already existing 18 bonds of the a-particle, which gives us
the value: Nee =27. The number of Le-bonds is determined by summing the bonds of the a-particle and
neutrons: NLe=40.

Helium-8 (8He). The ®He nuclide is also an unstable nuclide, as is the case with ®He, due to its
participation in S-decay processes. At the same time, this nuclide is stable with respect to LL bonds, which
indicates its association with added neutrons. By combining ®He with two neutrons we also lose two LL
bonds, but with the addition of one LL-bond due to neutron pairing. The calculation of the number of ee-
and Le-bonds is carried out similarly to what we performed for the ®He nuclide.

Helium-7,9,10 (“*1°He). All helium nuclides presented here can be subject to neutron decay and,
therefore, instead of combining, neutrons are added under the influence of nuclear forces. This fact allows,
as in previous cases for hydrogen nuclides, to calculate the masses of nuclei by simply summing the binding
energies of lovetons, electron-positron pairs, and neutron electrons. The results of all calculations
performed for helium nuclides are summarized in Table 3. For all helium nuclides with a mass number of
more than four, the recording of mass formulas is carried out similarly to those performed earlier. In this
work, we will not present mass formulas for unstable atomic nuclei separately due to their similarity.
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Table 3
Composition of helium nuclides
Tabauya 3
CocTtaB HYKJIMIOB TeJust
Experiment Calculation
Nuclide — Decay Daughter LL ee e Le —

Mass, Mexp Binding energy, Eexp mode nuclide Binding energy, | Ecalc -
(meV) (meV) Ecalc (meV) Eexp |
SHe 2816.110 7.718 B °H 20 | 20 7 20 7.684 0.034
‘He 3755.675 28.296 n *He 25 | 18 | 10 | 28 28.316 0.020
SHe 4695.240 27.560 n “He 33 | 19 | 13 | 36 27.536 0.024
®He 5634.806 29.271 B 5Li 40 | 27 | 16 | 40 29.366 0.095
"He 6574.371 28.862 n ®He 48 | 31 | 19 | 44 28.842 0.020
8He 7513.937 31.396 B 8Li 55 | 35 | 22 | 52 31.373 0.023
*He 8453.502 30.141 n 8He 63 | 39 | 25 | 57 30.243 0.073
OHe 9393.068 29.950 2n 8He 71 | 41 | 28 | 63 29.894 0.056

Note: Stable nuclides are shown in bold. Source of data on masses and binding energies [38].

2.3 LITHIUM NUCLIDES

Lithium-4 (*Li). The nucleus of the “Li nuclide is formed by the addition of a proton to the helion.
In this case, both data nuclides remain practically independent. The total number of LL links is simply
summed up to give the value: N. =28. Accordingly, the number of ee-bonds also increases by one.
However, here the number of Le-bonds changes structurally. Six bonds from the proton structure are added
to the existing 20 Le-bonds of the helion, and additional three ee-bonds of the electron-positron pair of the
proton with one of the electron-positron pairs of the helion appear. A neutron electron included in the
composition of a helion can also receive Le-bond with the proton loveton. In this case, the total number of
Le-bonds will be: Nie = 30.

Lithium-5 (°Li). The next nuclide °Li additionally includes a second neutron. This makes it possible
to form inside the nucleus, as one of the elements, a-particle with a proton attached to it by nuclear forces.
Being, like “Li, an unstable nucleus, this nuclide has an additive number of LL-bonds equal to: N.. =33. In
the same way as in “Li, let’s sum up the number of their constituent ee-bonds. To the 19 existing ee-bonds,
2 more bonds of the electron-positron pair of the proton with a similar pair from the “He composition will
be added, which will change their number to the value: Nee = 21. The number of Le-bonds can also be
obtained by summing up the data of the *He and proton bond: Nie=34.

Lithium-6 (SLi). In the case of a stable nuclide °Li, a deuteron is added to o particle (Fig. 6). In this
case, the core can be considered as a combined core with the loss of one LL connection, which gives us:
N =39. The number of ee-bonds of ®Li is determined by the number of added combinations with electron-
positron pairs of the a-particle on the deuteron side, which gives 5 additional ee-bonds. In addition, the
neutron electron retains one more bond with the electron-positron pair of the neutron, which in total leads
to the value: Nee = 29. The number of Le-bonds is determined by the sum of such bonds of all elements
included in the °Li composition, with an additional bond of the neutron electron with one of lovetons.
Consequently, the number of possible Le-bonds will be: Ni.=41.
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Fig. 6. Scheme of the structure of °Li nuclide
Puc. 6. CxeMa CTpyKTypbl HyKimua OLi

To calculate the mass of a stable nuclide °Li based on the proposed structure diagram, the following
mass formula can be represented
M(®Li) = 6m, + 15m, + 39E;; + 29E,, + 41E,. (14)
Lithium-7 ("Li). The addition of the seventh nucleon in the “Li nuclide does not change the stability
of the nucleus, but at the same time leads to some change in its composition. The ’Li nuclide is a-particle
combined with both a deuteron and a separate neutron (Fig. 7). In total, the number of LL-bonds for the "Li
nuclide increases by seven bonds and amounts to: N.. = 46. The number of ee-bonds remains the same,
since taking into account the bond in the electron-positron pair is compensated by the transition of the
neutron electron to bonding with the loveton. Accordingly, we get: Nee = 29; The number of Le-bonds is
determined by the sum of such bonds of all nuclear elements, calculated similarly to the calculation for the
previous nuclide: Nie = 48.

Fig. 7. Scheme of the structure of ’Li nuclide
Puc. 7. Cxema CTpyKTypbl Hykimuza ' Li

Here, to calculate the mass of a stable nuclide’Li, we can write the following mass formula
M(Li) = 7m;, + 18m, + 46E;; + 29E,, + 48E_,. (15)

Lithium-8,9,11 (3%Li). Nuclides 3%Li are considered to be unstable due to their participation in
[-decay processes. At the same time, these nuclides are stable with respect to LL-bonds, which indicate
their association with added neutrons. Carrying out a similar examination of the structure of these nuclei
makes it possible to determine the quantitative composition of these nuclides with a sufficient degree of
accuracy.
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Lithium-10,12,13 (1°1213j). Regarding the nuclides ®!2BLj, it can be argued that instead of
combining, neutrons are added under the influence of nuclear forces, which allows, as in previous cases for
hydrogen and helium nuclides, to calculate the masses of nuclei by simply summing the binding energies
of lovetons and electron-positron pairs, as well as neutron electrons. The results of all calculations
performed are summarized in Table 4.

Table 4
Composition of lithium nuclides
Tabnuya 4
CocraB HYKJIUIOB JIUTHS
Experiment Calculation
Nuclide — Decay Daug_hter LL | ee e Le

Mass, mexp | Binding energy, mode nuclide Binding energy, | Ecalc -
(meV) Eexp (MeV) Ecaic (MeV) Eexp|
ALi 2816.110 4.600 p SHe 28 | 21 9 30 4,559 0.041
SLi 3755.675 26.330 p ‘He 33|21 |12 | 34 26.403 0.073
BLi 4695.240 31.994 d “He 39 | 29 | 15 | 41 32.071 0.077
Li 5634.806 39.245 n OLi 46 | 29 | 18 | 48 39.209 0.036
8Li 6574.371 41.278 B ®Be 53 | 36 | 21 | 53 41.215 0.062
oLi 7513.937 45.340 B Be 60 | 40 | 24 | 59 45.309 0.031
0L 9391.774 45.314 n Li 68 | 41 | 27 | 66 45.310 0.004
ML 8453.502 45.709 . n 1Be 75 | 48 | 30 | 73 45.754 0.044
21 9393.068 45.499 n WL 83 | 50 | 33 | 79 45.579 0.080
BLj 9393.068 45.604 2n 1L 91 | 51 | 36 | 86 45.580 0.017

Note: Stable nuclides are shown in bold. Bold italic denotes g-decay nuclides. Source of data on masses and binding energies
[38].

2.4 CLUSTER FORMATION OF a-PARTICLES

The study of the static properties of compound atomic nuclei allows us to study the structural features
of nuclei and the processes of their formation [39]. In carrying out this study, we will consider the problem
of the formation of shells in an atomic nucleus using the example of even-even atomic nuclei. Let's take as
basis even-even nuclei with the same number of protons and neutrons in the nuclei. Let us assume that
collections of helium nuclei will be considered as such composite nuclei.

Before moving on to a detailed consideration of the shell model of even-even atomic nuclei, we will
try to obtain quantitative estimates of the elements that make up the atomic nucleus. We will determine the
number of bonds between lovetons, electron-positron pairs, as well as between electrons and lovetons by
sequentially increasing them by values known for the a-particle: N = 25, Nee = 18, Nie = 28. Comparison
of the obtained calculated values with known energy values connections, in order to estimate the real
number of these connections, we will carry out by varying the number of connections between the
individual elements that make up the core. Since the binding energy of the compound nucleus is known,
changes in the composition of added «a particle can be found by the number of LL-bonds of a particle, as
well as ee-and Le-bonds. Consistent execution of this procedure, with the addition of new a-particles,
allows one to perform calculations to determine the compositions of even-even nuclei from *He to 1%°Sn.
The results of calculations of the binding energies of such atomic nuclei are presented in Table 5.
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Cluster formation of a-particles
Tabauya 5
Knacrepuzanus o-gactui
Experiment Calculation
Index |Nuclide LL AL | ee |Aee| Le |Ace
M?;fé\r;;exp Binding energy, Eexp (MeV) Binding energy, Ecac (MeV) || Ecaic - Eexp |
1s2 “He | 3755.675 28.296 25 | - 118 | - | 28 | — 28.316 0.020
1p? 8Be | 7511.350 56.499 50 |1 0|37 |15 |-1 56.457 0.043
1p* 2C 111267.025 92.163 74 |-1|53|-2|84 |1 92.085 0.078
1p® 160 |15022.700 127.621 98 | -1|70|-1(112| 0 127.539 0.082
1d? | ®Ne |18778.375 160.647 122 (-1 |87 |-1|143| 3 160.648 0.001
1d* | #Mg |22534.050 198.257 146 | -1 [{105| O | 167 | -4 198.270 0.013
1d8 285j |26289.725 236.541 170 -1 {119| -4 |195| O 236.593 0.052
2s? %25 |30045.400 271.784 194 | -1 (137 0 | 222 | -1 271.871 0.087
1d® | %Ar |33801.075 306.717 218 | -1 | 158 | 3 | 246 | -4 306.623 0.093
1d® | 40Ca |37556.750 342.052 2421 -1 |175| -1 |274| O 342.077 0.025
1f2 “Ti |41312.425 375.475 266 | -1 |195| 2 | 301 -1 375.442 0.033
1f 48Cr |45068.100 411.472 290 | -1 | 213 | 0 | 327 -2 411.501 0.029
1 S2Fe |48823.775 447.700 314 | -1 230 | -1 354 -1 447.736 0.036
1 Ni | 52579.450 483.998 338 | -1 (247 |-1|381| -1 483.971 0.027
2p? | %9Zn |56335.125 515.004 362 | -1 267 | 2 |411| 2 514.992 0.012
2p* | %Ge |60090.800 545.887 386 |-1(288| 3 |440| 1 545.838 0.049
110 | 88Se | 63846.475 576.468 411 0 |306| O |465| -3 576.498 0.030
1f2 | 2Kr |67602.150 606.921 436 | 0 |321| -3 (494 1 606.902 0.019
114 Sr | 71357.825 637.941 461| 0 |337| -2 |521| -1 637.912 0.029
2p® 80Zr |75113.500 669.922 486 | 0 |352| -3 |548 | -1 669.879 0.043
1g? | %Mo |78869.175 700.943 511| 0 |368| -2 | 575 -1 700.889 0.054
1g* | %®Ru |82624.850 731.464 536 | 0 | 386| 0 |600| -3 731.549 0.085
1g% | %%Pd |86380.525 762.085 561 | 0 |405| 1 |624| -4 762.033 0.052
1g® | °Cd |90136.200 793.406 586 | 0 |423| 0 | 648 | -4 793.474 0.068
1gl0 | 0Sn |93891.875 825.160 611| 0 |440| -1 | 673 -3 825.090 0.070

Note: Stable nuclides are shown in bold. Bold italic denotes not subject to nucleon decay nuclides. Changes in the number of
bonds relative to the addition of an a-particle are reflected in the graphs A, Aee u ALe. Source of data on masses and binding
energies [38].

3 RESULTS AND DISCUSSION

3.1 HYDROGEN NUCLIDES 8,9H
In a previously presented article [29], it was suggested that there is a probability of population of the

last two cells belonging to the 1p subshell. In this case, it is theoretically possible to indicate the presence
of hydrogen nuclides with mass numbers A equal to 8 and 9. When considering such hypothetical nuclides
as ®H and °H, drawing analogies with the previously considered hydrogen nuclides, it is possible to estimate
not only the number of bonds formed, but also determine values of their binding energies. Here we apply
two approaches simultaneously. First, let's compare the composition of the odd-even nuclides “H and ®H
with the possible hydrogen nuclide 8H, as well as the odd-even nuclides °H and "H with °H. Also, to control
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the correctness of the assessment of data on the composition of the corresponding hypothetical nuclides,
you can use linear regression equations between the quantities of LL-, ee- and Le-bonds and the mass
number A of the hydrogen nuclides being determined.

LL-bond. When going from nuclide *H to ®H, which have numbers of LL-bonds with values equal to
28 and 44, it is possible to estimate the range of data difference for the transition from nuclide ®H to ®H,
which will be equal to: AN = 16. In this case, the number of LL bonds for nuclide 8H will take the value
equal to: Ni. (8H) = 60. In the same way, we determine the number of LL-bonds during the transition from
nuclide "H to °H: N.. (°H) = 68.

To check the correctness of the above estimates, we will construct a regression equation for the
dependence of the number of LL bonds on the mass number A, which can vary in the range from 4 to 7.
This equation will have the form: N = 8A — 4. Based on this equation, we can obtain integer values of the
number LL -bonds are equal: N (8H) = 60 and Ny, (°H) = 68, which completely coincides with the previous
calculation of the considered parameters. In this case, both proposed methods are adequate, which is
confirmed by the results obtained.

ee-bond. We will carry out calculations to calculate the number of ee-connections using the same
algorithm as for LL-bonds. First, having estimated the data difference ranges for transitions between °H and
8H, as well as between “H and °H nuclides, we calculate the numbers of ee-bonds for selected hypothetical
nuclides: Nee (BH) = 28; Nee (°H) = 29. Using the linear regression equation for the dependence of the number
of ee-bonds on the mass number, which has the form: Nee = 1.6A + 15, we obtain the values of the number
of ee-bonds: Nee (BH) = 27.8; Nee (°H) = 29.4. Rounding these values to whole numbers allows you to
confirm earlier calculations.

Le-bond. Repeating the previous arguments for Le-bonds, we obtain the following values: Nie (6H)
=56; Nie (°H) = 62. When checking, taking into account the linear regression equation: Nie = 6.9A + 0.3,
we obtain the values of the number of Le-bonds: Nie (H) = 55.5; Nie (°H) = 62.4. Rounding these values
to integer values confirms the correctness of the calculations.

Knowing all the numerical values of the quantity LL-, ee- and Le-bonds, we can write mass formulas
for the nuclides we considered

M(8H) = 8my, + 23m, + 60E,, + 28E,, + 56E,,. (16)

M(°H) = 9m, + 26m, + 68E,; + 29E,, + 62E,,. (17)

At the end of our consideration of the parameters of hypothetical hydrogen nuclides, we will evaluate
their binding energies. To do this, taking the error in calculating these binding energies close to zero, for
the nuclides under consideration we obtain the following values: Ex(®H) = 4.82 Mev; Ep(°H) = 5.60 Mev.

3.2 CHARGE RADIUS OF LIGHT NUCLIDES

The charge radius of an atomic nucleus is one of the main parameters that determine its size and
provide information about its internal structure. Let us estimate the charge radii for light nuclei of hydrogen,
helium and lithium.

Proton. The numerical value of the proton charge radius is: rp = 0.8414 fm [40]. However, with
previously used standard measurement methods, this indicator had a slightly different value, equal to 0.8783
fm [41]. Currently, it is customary to consider both of these values as acceptable when conducting research.
Here, we will assume that the loveton included in the proton, in a free state or close to it, has a larger charge
radius. In a state of strong connection with other nucleons, a slight decrease in the charge radius occurs.
For this reason, in a number of calculations of nuclide radii, an increased value of the proton charge radius
(deuteron, triton and helion) will be used; in other cases, a refined value of this parameter will be used.

Deuteron. The known value of the deuteron charge radius is equal to 2.1424 fm [42]. The charge
radius of the deuteron can be calculated using a scheme with diagonal placement of lovetons (Fig. 2b). In
this case, we will assume that the axis of charge symmetry OO’ is located strictly between these particles,
perpendicular to the line connecting the centers of free lovetons (Fig. 8).
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In this case, the charge radius of the deuteron can be calculated using the formula: r; = rp(\/i +1).
Calculation using this formula gives the deuteron radius a value of 2.1185 fm.

d) 9
Fig. 8. Charge radii of light nuclides:
a) deuteron; b) triton; c) helion; d) helium-4; e) lithium-6. OO" — axis of charge symmetry
Puc. 8. 3apsinoBbie panyChl JIETKUX HYKIHJIOB:
a) neitrpow; b) Tputow; C) reauown; d) renuii-4; ) qutnii-6. OO — och 3apsIOBOIT CHUMMETPUH

Triton. Now let's move on to the triton. Here we will place the axis of charge symmetry in the vertical
direction (Fig. 8). The experimental value of the triton radius is: rt = 1.7591 fm [42]. The absence of
electrostatic interaction allows, as in the case of the deuteron, to calculate the charge radius of the triton,
taking into account the occurrence of nuclear rotation along the axis of charge symmetry passing along the
OO’ line. In this case, the triton radius can be taken equal to double the proton radius: r; = 2rp = 1.7550 fm,
which practically coincides with the value obtained experimentally.

Helion. Let us determine the charge radius of the helion (Fig. 8). To determine the charge radius, we
first estimate the distance between the proton centers. Considering that the equality of nuclear and Coulomb

forces will occur at Ar = [/6 (Ar — is the distance between the centers of protons; | is the arm of the dipole
represented by the electron-positron pair) [37]. If we consider the dipole arm to be numerically equal to the
proton radius: | = rp, then the value of Ar will be a distance of the order of 2.1494 fm. In this case, the
helion's charge radius will take a value equal to 1.9522 fm, which is quite close to the experimental value
of 1.9661 fm [42].
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Helium-4. During the transition from helion to helium-4, the charge symmetry axis retains its position
(Fig. 8). Here it should be assumed that the charge radius of this nucleus should be equal to twice the radius
of the proton. At the same time, the protons themselves included in the nucleus must be considered
significantly more strongly bound, which leads to the absence of changes in their positions and the need to
take into account the current value of their charge radius, equal to 0.84184 fm. In this case, the charge radius
of helium-4 has a value of 1.67824 fm. This value practically coincides with the double charge radius of
the proton.

Lithium-6. The root mean square charge radius of °Li is usually estimated as follows: r.i = 2.589 fm
[33]. Just as for helium-4, we take the charge radius of the proton to be equal to: rp = 0.84184 fm [32].

We will calculate the charge radius of lithium-6 taking into account the displacement of the charge
symmetry axis by the value of the proton radius (Fig. 8). In Figure 8 the axis of charge symmetry already
passes through the lovetons centers. The right-handed loveton included in the neutron does not affect the
value of the charge radius. In this case, the charge radius of this nucleus must be equal to triple the radius
of the proton. Calculation of the charge radius of lithium-6 shows a value equal to: »(°Li) = 2.5525 fm,
The absolute error, when comparing the calculated value of the charge radius with the experimental
one, does not exceed a value equal to 0.07 fm.

The charge radius of lithium-7 can be estimated similarly. However, due to the influence of strong
interaction, the radius may have a slightly smaller value. At this stage of the study, this calculation was not
carried out. All data on the charge radii of light nuclides are presented in Table 6.

Table 6
Charge radii of light nuclides
Tabnuya 6
3ap}I,Z[0BLIe paanycChl JICTKUX HYKIIMAOB
Nuclide Experimental value, | Calculated value, | Texp — Fealc |

Deuteron, 2H 2.1280 2.1185 0.0095
Triton, H 1.7591 1.7550 0.0041
Helion, *He 1.9661 1.9522 0.0139
Helium-4, “He 1.6755 1.6837 0.0082
Lithium-6, °Li 2.5890 2.5255 0.0635

As can be seen from Table 6, the calculated values the charge radii of the nuclides practically coincide
with the experimental values of the considered light nuclei, which indicate the validity of the proposed
visual model of the atomic nucleus.

3.3 CLUSTER AND SHELL MODELS FOR a-PARTICLES

From the data shown in Table 5, it is clear that the 8Be nucleus, in which the forces of electrostatic
interaction prevail over nuclear forces, can be stated to be independent of each other, the two alpha particles
included in its composition. Here one o particle occupies the 1s level, while the next one occupies the higher
1p state. Subsequently, in accordance with the selected layers of the core shell, at each step of the proposed
procedure, all nuclei from *2C to %Ge sequentially lose one LL connection. It can also be noted that the
spatial distributions of « particles in nuclei do not have an LL relationship between individual orbitals.
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Fig. 9. Spiral form of representation of the shell structure of the core
Puc. 9. CiupaneBunnas popma mpeacTaBIeHUs 000JI0YECHHONU CTPYKTYPHI siapa

In this case, neighboring clusters, in the form of a-particles, can have a number of ee- and Le-bonds
with each other. This fact indicates the possibility of considering the visual arrangement of a-particles not
as a set of shells, but as a set of spirals when considering each of the orbitals of the nucleus (Fig. 9).
Subsequent nuclei, starting with the %8Se nuclide, are already attached without changing the number of LL-
bonds and, therefore, with a predominance of nuclear forces, during their formation, over the bonds between
nuclear elements.

To summarize, we note that from the point of view of the proposed approach, even-even atomic nuclei
can be considered as a system of helium nuclei strongly bound to each other within individual orbitals of a
compound nucleus. Thus, in space, the configuration of a-particles should not look like a set of shells, but
can be considered as a group of spirals.

4 CONCLUSION

In contrast to previously proposed approaches to calculating the binding energy of a nucleus, the
representation of clusters in the form of a collection of light nuclei and individual nucleons made it possible
to construct visual structural objects that explain not only the reason for the occurrence of binding energy,
but also the patterns of hydrogen, helium and lithium nuclides. In the proposed cluster model, it is possible
to well reproduce such static characteristics of nuclei as nuclear masses, their binding energies, as well as
quantitative values of such quantities as the number of nuclear elements that make up the selected nuclide.
Thus, we have shown that the previously expressed assumption about the existence of nuclear elements
allows you to simulate the dependence of binding energy on the number of nucleons. The disadvantage of
the developed model compared to the semi-empirical droplet model is that the model parameters are
determined not for the entire set of nuclides at once, but for the nuclides of each element separately. The
advantage here is a clearer physical meaning of the parameters included in the mass equations. The main
result of this work is that a model has been obtained that describes the relative arrangement of lovetons,
neutron electrons and electron-positron pairs in the nucleus. In accordance with the proposed model, the
structure of atomic nuclei is mainly formed due to LL-bonds formed as a result of the interaction of both
bound and free lovetons.

Using the presented approach, the following results were obtained:

1. All nuclei are constructed by taking into account the interaction of both free and bound lovetons,
forming a quasicrystalline spatial structure.

2. The nature of the appearance of nuclear binding energy, which arises due to the breaking of some
of the bonds between nuclear elements, has been revealed.

3. The reason for the change in the properties of nuclei during transitions from even to odd nuclei has
been clarified.

4. The main contribution to the mass comes from the binding energy of Lovetons. An additional
contribution to the mass of the nucleus is the binding energy between electron-positron pairs, neutron
electrons and their interaction with lovetons.

5. Nuclear diagrams were constructed and the masses and binding energies of light nuclei were
calculated.
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6. The binding energies for hypothetical nuclides 8H and °H were determined.

7. The charge radii of a number of light nuclides were calculated.

8. Clustering of nucleon systems for light and medium nuclei, represented by collections of a-
particles, has been carried out. Obtained estimates of binding energies for even-even nuclides with Z=N for
mass numbers in the range 4 > 4 < 100 using an analysis of the behavior of the relationships between the
number of nuclear elements and mass numbers.

9. The possibility of a spiral form of representation of the shell structure of the nucleus is shown, i.e.
in the form of a set of spirals.

The application of the proposed method for describing the masses of atomic nuclei has shown that
estimates of the parameters under study obtained with its help are sufficiently accurate, and the method
itself is simple both in calculations and in the clarity of the results obtained. The presented model of the
atomic nucleus can also be useful in calculating the binding energies of nuclides when also considering

heavy nuclei.
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AHHOTAUA

B nmanHO#W cratbe moaHuMaeTrcs mpobieMa oOydeHHsl AMCKPETHOW MaTeMaThke B y4eOHOM
3aBEJICHNM U B HMHTEpPHETE, a TaKKe MCCIEAYIOTCS HpoOieMbl M pELIeHUs] B 00JacTu
JTMCTAaHIIMOHHOTO MHTEPaKTHBHOTO oOpa3oBaHus. Jlaneko marHyBIIME TEXHOJOTHH yCTAaHOBWIIN
BBICOKYIO IUIAHKY JUISI HOBOTO IIOKOJICHMS WH)KEHEepoB. ISl TEXHWYECKHUX CHEIHANIHNCTOB
OTPOMHYIO POJIb UTpaeT MOATOTOBKA MO pasjienaM mareMaTuke. VIMEHHO OHHM 3aK/IajbIBaloOT Te
METOAbI, KOTOpble B OyayIieM MoTpeOyIOTCs MOJIOABIM JIOASM NpH padoTe MO CHELUATbHOCTH.
Bwmecre ¢ Tem omryIiaercss HexBaTKa y4eOHOW M METOJIMYECKON JIMTEPaTyphl B TaHHOW 00JIacTH.
Jlureparypa mo IMCKpEeTHON MaTeMaTuKe, IpeagaracMble B Pa3IMuHbIX IOCOOUAX, TM00 onHucaHa
Ha HEIOCTATOYHO MOJPOOHOM YpPOBHE, JTHOO CIHIIKOM TEOPETH3UPOBAHA, YTO BBHI3BIBACT JIMIIb
Oonplve 3aTpynHEHHs Yy OOJBLIIMHCTBA CTYOEHTOB. B cTarbe paccCMOTpEHBI MOHSATHS
WHTEPaKTUBHOCTH B MHTEPAKTUBHOCTH U €€ BA)KHOCTH B UHTEPHET-TIPOCTPaHCTBE. MIHTEpakTUBHOE
o0ydyeHne — HOBBIHA, OoOJiee TBOPYECKMH W WHTEPECHBIH METOJN OpraHM3aluu y4eOHOH
JIeSITENIPHOCTH B OHJIAMH, YMTaTeNb Kypca, BeOWHapa, TPEHWHTa aKTUBHO B3aMMOJICHCTBYET ¢
3JIEMEHTaMH 00Yy4€EHUsI ¥ TOJTHOCTHIO BOBJIeUeH B npouecc. CTyIeHT YyBCTBYET CBOIO YCIICIIHOCTb,
CBOI0 MHTEJUICKTYAJIBHYIO COCTOSITEIBHOCTh M TPHUYACTHOCTH K (DOPMHPOBAHUIO KOHTEHTa. B
CTaTh€ PACCMOTPEHBI CHOCOOBI HCIIOIB30BAHUS HWHTEPAKTHBHBIX 3JEMEHTOB NpH OOy4YeHHMH,
orpe/ieNieHbl PoOIeMbl OHJIAH-00pa30BaHUs B 1IEJIOM U OOYYEHUS JUCKPETHOH MaTeMaTHKe B
YaCTHOCTH.

B 3akmiounTensHONW 4YacTW CTaThM MPUBEACHBI MOJENTH (DYHKIMOHAJIBHBIX TpeOOBaHWE IS
peanu3anyy MHTEPAaKTUBHOM BeO-CUCTEMBI 1151 O0YUYEHUs JUCKPETHON MaTeMaTHKE U Pe3yJIbTaThl
HCCIIEIOBAHNA MTOTEHIIUAIBHBIX TOJIH30BaTENeH TaKOH CHCTEMBI.

KaroueBble cj10Ba: WHTEPAKTUBHBIM CalT, an3aliH BeO-caiiTa; AHWCKPETHAs MaTEeMAaTHKa,
HWHTEPaKTHB; 00yueHue

Js murupoBanmsi: Opumenko T.C., UrymHoB A.IO. HccnenoBanue u aHanus mnpodiem
o0y4yeHHs1 JMCKPETHOW MaTeMaTHKe B ydeOHOM 3aBelieHMM W uepe3 Murtepner // HayuHbiid
pesynbrar. MHpopmannonnsie TexHomoruu. — T.8, Ned, 2023. C. 34-39. DOI: 10.18413/2518-
1092-2023-8-4-0-3
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Abstract

This article raises the problem of teaching discrete mathematics in an educational institution and
on the Internet, and also explores problems and solutions in the field of distance interactive
education. Advanced technology has set a high bar for a new generation of engineers. Mathematics
training plays a huge role for technical professionals. It is they who lay down the methods that
young people will need in the future when working in their specialty. At the same time, there is a
shortage of educational and methodological literature in this area. The literature on discrete
mathematics offered in various manuals is either described at an insufficiently detailed level or too
theorized, which causes only great difficulties for most students. The article discusses the concepts
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of interactivity in interactivity and its importance in the Internet space. Interactive learning is a
new, more creative and interesting method of organizing learning activities online, the reader of a
course, webinar, training actively interacts with learning elements and is fully involved in the
process. The student feels his success, his intellectual viability and involvement in the formation of
content. The article discusses the ways of using interactive elements in teaching, identifies the
problems of online education in general and teaching discrete mathematics in particular.

The final part of the article presents models of functional requirements for the implementation of
an interactive web-based system for teaching discrete mathematics and the results of a study of
potential users of such a system.

Keywords: interactive site; website design; discrete mathematics; interactive; learning

For citation: Orischenko T.S., Igumnov A.Y. Research and analysis of problems of teaching
discrete mathematics in an educational institution and via the Internet // Research result.
Information technologies. — T.8, Ne4, 2023. — P. 34-39. DOI: 10.18413/2518-1092-2023-8-4-0-3

BBE/IEHUE

B ycnoBusiX COBpPEMEHHOIO MHPOYCTPOMCTBA OCTPO CTOMT BOIPOC HEXBAaTKU HarisAHBIX U
UH(POPMATUBHBIX TOCOOMI B 0ONACTH JUCKPETHOW MareMaTukd. [IpakTW4ecku B KaKIOM CpEeIHEM H
BbICIIEM Y4YeOHOM 3aBEICHHUE CTPaHbl CTYJEHThI, OOydYarolluecss Ha TEXHUYECKHUX CHEIHMaIbHOCTSIX,
W3Yy4aroT JHUCKPETHYIO MaTEMaTUKY M HCIHBITBIBAIOT PsJ TPYAHOCTEH, B IPOLIECCE M3YYEHUS ITaHHOIO
IpeMeTa, CBSI3aHHBIX C HEJOCTATOYHOM BU3yalu3aliel 1o JaHHoW Teme. bosbioe koauuecTBo nudp u
IIpaBUJI HEMOJACPKUBAEMBIX NMPOCTBIMA M HAIVISJHBIMU BHU3yaJIbHBIMH IPUMEPAMM 3a4acTyl0 BBOJUT
HEMOATOTOBJIEHHBIX JIO/IEH B CTYNOp, 2 HEBO3MOXKHOCTh OOJIBIIMHCTBA CAMUM Ha MPOCTHIX MPHUMEPax
IPUKOCHYTbCSI K PELIEHUIO 3a/Jad - HE I[03BOJSET CAeNaTh Ipolecc OO0ydeHHs! AEHCTBUTEIBHO
IIPOJYKTUBHBIM, YTO B KYII€ CHJIBHO YCIIOXKHSET BECH IIPOLIECC IIOHUMAHHUS IIPEAMETA.

OCHOBHAA YACTh

[{enbro pabOTHI ABISETCS CHIDKEHUE TPYJIOEMKOCTH M TIOBBIIIICHHE Ka4eCTBAa O0YYCHUS TUCKPETHOU
MaTeMaTHKE 3a CYeT HHTEPAKTUBHOTO PEXXHMa U3YUYEHHUs TeEM B Kypce yueOHOM AuCIUIIINHBL " JlucKkpeTHas
MaTemaruka'.

Martepuanbl 1 METOABI UCCTIEAOBAHUS: aHATIU3 JINTEPATYPHI 10 TEME MHTEPAKTUBU3ALINU TUCKPETHON
MaTeMaTHKe, UCCIICIOBAHNE W aHAJU3 MPOTPAMMHBIX aHAJIOTOB B 00JIACTH HMHTEPAKTUBHOTO OOYYCHUS,
(GyHKIIMOHATBHBIE METO/ABl HCCIIEeNOBaHUS OW3HEC-TIPOIECCOB, OOBEKTHO-OPUEHTUPOBAHHBIE METOIbI
MOJICTTUPOBAHUS U MPOCKTUPOBAHUS TIPOTPAMMHBIX CHCTEM.

PE3YJIBTATBI HCCJIE/JOBAHHA H HX OBCYK/I[EHHE

Jlaneko marHyBIINE B CBOEM Pa3BUTHH TEXHOJOTH, BO MHOTO JUKTYIOT TEHJICHIIMIO HAa BBICOKHE
TpeOOBaHMS U K CHEIUATUCTaM B Pa3IMYHBIX cepax, 3a CUET Yero pacTeT U X YPOBEHb MOATOTOBKH.
dyHIaMeHTalbHas MOATOTOBKA HHKEHEPOB B TEXHUYECKHUX BY3aX M CTAPIIUX KIIACCaX MIKOJIbl HEBOJIHHO
HAYMHAET HW3MEHATHCS, TOITOMY BaXHO, YTOOBI OOydeHHe OBbLIO 00EeCleueHO BBICOKHMM KadyeCTBOM
dbyHIaMEHTAIbHBIX 3HAaHUH U B TOXKE Bpemsl Opalo Kypc Ha MOATOTOBKY K MpodeccHOHAIbHOMN
JeITeIbHOCTH.[3 ]

JIJisi TEXHUYECKUX CIENUATNCTOB OTPOMHYIO POJIb MTPaeT MOATOTOBKA MO pas/ieliaM MaTeMaTHKe.
HMMeHHO OHUM 3aKIaIBIBAIOT T€ METOIbI, KOTOPBIE B OyayIIeM MOTPEOYIOTCSI MOJIOABIM JIFOJISIM TPU padboTe
Mo CHerualbHOCTH. Marematudeckoe oOpa3oBaHUE CJEAyeT BOCHPUHUMATh KakK BaKHEHUIIYIO
COCTABJISIFONTY IO TTOATOTOBKU Oy IYIITUX WHKEHEPOB.

Ho mpu Takoii BBICOKOW 3HAYUMOCTH TOJA 32 TOJAOM OTYETIMBO YHTAETCS CHIDKEHUE YPOBHSA
MaTreMatudeckoro oOpaszoBanusi. KpaitHe ciabass Maremarwueckas IMOJATOTOBKAa IMOCTYMAONIUX Ha
TEXHUUYECKUE CIECIHUATbHOCTH, HE TO3BOJSET CTYJCHTaM OBJa/eBaTh KypCOM BBICIICH MaTeMAaTHKU B
HY>XHOM o0Bbeme.[3]

Bwmecte ¢ TeMm omrymiaercss HexBaTka y4eOHOM U METOAMYECKOHN JUTEepaTyphl B JIaHHON 0OIAcTH.
Jlutepatypa 1Mo QUCKPETHOW MaTeMaTHKe, MpejylaraéMble B Pa3jU4HBIX MOCOOMsIX, TUOO omucaHa Ha
HEJOCTAaTOYHO MOAPOOHOM YpPOBHE, THUOO CIHIIKOM TEOPETHU3WPOBAHA, YTO BHI3BIBACT JIMIIL OOJBINNE
3aTpyAHEHHS y OOJIBIIMHCTBA CTYACHTOB.[4]
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CoBpeMeHHOE HHTEPAaKTUBHOE OOY4YEHHE B OCHOBHOM HAIIPAaBICHHO Ha mokoyieHHe «3er». C
POXKJIEHNSI OHU OKPYKEHbI aJpKeTaMH, YTO Pa3BWIIO y HUX TEHICHUUIO K ONpPEAEIEHHOM COLMAIbHOU
U30JISIUH, HE BBIPAOOTaHHBIC HA MPAKTHKE HABBIKM KOMAHJHOTO B3aUMOICWUCTBUS U NOTPEOHOCTH B
BOZHArpaX/JCHWU 3a BBINOJHEHHYIO paboTy, NPHOOPETEHHYI0 HMMHU B KOMIBIOTEPHBIX HIrpax.
CrnenoBarenbHO, B METOJIMKE MHTEPAKTUBHOTO OOyUeHHs] HEOOXOJMMO yYUTHIBATh JaHHBIC CIeUU(UKH,
ONUPASICh HA YMEHHUs, KOTOPBIMUA OHH BJIAJICIOT, U OJTHOBPEMEHHO CO3JaBaTh YCIIOBUS JUISl PEOIOJIEHUS
TEHJCHIIMU K COLIMAJIbHOM M30JIMPOBAHHOCTH, COCPEIOTOYEHHOCTH Ha IMYHOM IPOCTPAHCTBE U T.II. [2]

HuTepakTUBHBIE METOJbI OOYYEHHS MO3BOJIAIOT MHTEHCU(UIUPOBATH MPOLECC MOHUMAHUSA,
YCBOGHHSI W TBOPYECKOT'O NMPUMEHEHHUS 3HAHMUN IMPH PELICHUHM NPAKTUYECKUX 3anaad, 3((HEeKTHBHOCTH
oOecrnieunBaeTcs 3a cueT 0oJjiee aKTUBHOTO BKJIFOUEHUSI 00YYarOMIMXCS B MPOLIECC HE TOIBKO MOJIyYEHUs,
HO U HENOCPEICTBEHHOTO (3eCh M TeNepb) HCHOJb30BaHUs 3HaHUU. Ecim Qopmbl u MeTonsI
MHTEPAKTUBHOI'O OOYYEHUS MCIOJB3YIOTCS PEryJsipHO, TO y ydamuxcsi (GOpMHUPYIOTCS MPOJYKTUBHBIC
MIOJIXOJTBI K OBJIAJICHUIO HH(OPMAIIHEH, NCYE3aeT CTPaX OMTMOUTHCS (ITOCKOJILKY OIIMOKA HE HECET 32 COO0U
HEraTUBHOMN OLIEHKH)

WNuTepakTuBHOE OOyuY€HHUE TMOBBIIAET MOTUBALMI0O U BOBJIEYEHHOCTh YYALUXCS B pELICHUE
o0cyk1aeMbIX MpoOIeM, YTO AaeT AMOLMOHAIBHBIN TONYOK K MOCIEIyIOIed MOMCKOBOW aKTUBHOCTH,
1no0y>XJ1aeT K KOHKPETHBIM JIEHCTBUSIM.

B wuHTepakTUBHOM OOy4YeHMHM KaXK[Iblii yCIENIeH — TMpolecc OOyueHUsi CTaHOBUTCS Ooiee
OCMBICIICHHBIM U YBJIEKATEIBHBIM. [ 7]

HuTepHeT-00yueHue, IIOTHO BOIIEAIIEE B COBPEMEHHYIO COLUATIBHYIO JKHU3Hb, TAKXKE pacroiaraet
OOJBIIMM KOJMYECTBOM IMpoOJeM B o0nacTh OOyYeHHs TUCKPETHOH Mmaremaruke. [IoMHMO OCHOBHBIX
MHUHYCOB, TAKHX KaK: OTCYTCTBHE MOJIXOASIIEr0 000y I0BaHUS, OTBIIEKAIOIINE (PaKTOPHI, pa3pO3HEHHOCTD
U TIPOTUBOPEYMBOCTh HHPOPMALMU ¥ HU3KUK YPOBEHb YCBOCHHS MarepHaia. MOXHO BBIICIUTH TAKKE:
IUTATHBIM XapakTep MHOTUX PECYpCOB, Majblii MPOLEHT OOpaTHON CBA3M, OTCYTCTBHE JOCTATOYHOU
MaTepuagbHOH  0a3bl, MHOMXECTBO CJOXHBIX TEOPETHUECKHUX AacCleKTOB, HE IMOAKPEIUIEHHBIX
MaJIOMaJIbCKUMU MPUMEPAMU U TPAKTUKAMHU.

[Tpu Bcex HemocraTkax OOy4YeHHME 4Yepe3 MHTEPHET pecypchl BCe €Ie OCTaeTcsl OBICTPhIM U
3¢ (PeKTUBHBIM CPECTBaM IOBBIIIEHUS YPOBHS MOJATOTOBKM M 3allOJHEHUs NpoOesioB B 3HaHUAX. [lpu
CBOEH CIOCOOHOCTH OBICTPO M MMOKO aJlalTUPOBATHCS IO 3alpoChl MOJb30BaTeNel mpolecc 00yyeHHs
MOJKHO cJIenaTh 0oJiee MPOCTHIM U «IIPUSATHBIMY. Peann3oBaB rpaMOTHBIH Npoliece NOMy4eHUsl HaBBIKOB U
YCTaHOBMB KOHTPOJIb 32 O0Y4YEHHEM, MOXKHO IMOJyYUTh JOCTOWHOE U 3(PPEKTUBHBIX CPEACTBO Pa3BUTHUS
MPAKTUYECKUX HaBBIKOB y 00y4arouuxcs B UHTEpHETE [2].

BHeznpenue cucreMbl MHTEPAKTUBHOTO 0OyueHMs MO «JIMCKpETHOH MaTeMaTHKe» MOXKET pPelInTh
HECKOJIbKO Mpo0JIeM B JaHHOM cdepe:

1. Co3nath ycnoBus A MOTHBalMU K oOyuenuto. [lo cpencTBam BBeleHUs B Mpoliecc 00ydeHus
CUCTEMBI MTOOUIPEHUH yYaliecsl CTAHOBATCS 0oJjiee 3aMOTUBUPOBAHBI, BUSI KOHEUHYIO LIEIb UM JIET4e €€
JOCTUTHYTh.[ 1]

2. Cpenate mporecc oOydeHuss Oojiee MOCTYMHBIM. [lOCKOJIBKY OHJIAiH OOy4YeHHE MOXKHO
OCYILIECTBIISATh MPAKTHUYECKH U3 JIIOOOW TOYKM MHpa y CTYICHTOB MOSIBIISIOTCS Oojiee pacIIMpEeHHbIE
BO3MO>XHOCTH B 3TOM BOIIPOCE.

3. YBenuunuTh ypoBEHb IOHUMaHMsI MaTepuana. IHTepakTUBBI Ha CaliTe TIOMOTAalOT YEJIOBEKY CAMOMY
JIOWTHU J10 OCO3HAHUS U3y4yaeMOl TeMBbI. A €CJIM BBIPAa3UTCs TOUHEE, TO OHU IIOMOTAIOT HE MPOCTO 3a3yOpHUThH
MaTepual, a Ho3HaTh €ro, MOJHOCTHIO PA3JIOKUB IO MOJIOYKaM.

4. VBenuueHue AOCTYNMHOCTH OOpa3oBaHMs MJs JIOJAEH C OrpaHMYEHHBIMH BO3MOKHOCTSIMH.
OmnnaitH-00y4eHue MoXKeT ObITh O0Jiee TOCTYIHBIM /IS JTI0/IeH ¢ OrpaHMYEHHBIMH BO3MOXHOCTSIMH, TAKUX
KaK JIFOJI C MHBAJTUIHOCTHIO UCTIBITBIBAIOT TPYHOCTH C TIepeMerieHreM. [2]

B pesynbrare wHccnenoBaHus HHCTPYMEHTOB M METOAOB HMHTEPAKTUBU3ALMU JTUCKPETHOU
MaTeMaTUKe, a TakKe CYyIIECTBYIOUIMX MPOTPaMMHBIX aHAJOroB ObUI OMNpeAeNieH IepeueHb
(GYHKIMOHATIBHBIX U HEQYHKIIMOHAIBHBIX TPEOOBaHUHN K CHCTEME.
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Pa3pabatpiBaemasi cucremMa OyJeT MMETh CIIPOC, TaK Kak B HEW MPETyCMOTPEHBI MHTEPAKTUBHBIC
9JIEMEHThI, HamlpaBlieHHbIE Ha YMPOIIEHUWE MOHUMAHUE IpelIMeTa, Yero HeT B CHUCTeMax aHalorax,
IPECTaBICHHBIX B IJaHHBI MOMEHT Ha phIHKE. bl onpeaenenbl Ou3Hec-TpeOOBaHUs K IPOCKTY:

1) B cucrtemMe JODKHA OBITh BO3MOXKHOCTH ITOCTEIIEHHOTO M IOCIIEI0BATEILHOIO MPOXOKICHHUS
pa3aenoB JUCKPETHOM MaTEMATUKU;

2) B cUCTeME JIOJDKHA ObITh BO3MOYKHOCThH HE TOJBKO MUCATh TEKCT, HO MPUKIAIABIBATE KAPTUHKU
opmara jpeg, png;

3) cucrema J0KHA 00J1a1aTh CHCTEMO# MOOIIPEHHIA B BU/IC HArpaj 3a MPOX0XKICHUE TEMBI;

A TaxoKe orpeeseHbl Ou3Hec-1enu pa3paboTKu:

4)  yBEJIMYMTH YUCIIO 3aNHTEPECOBAHHBIX JIMI[ B U3YYCHUH JUCKPETHONW MaTEMATHKH,

5) yay4mwmTh TpolEecC BOCHPUATHS HWHPOPMAIMM M BOBICYEHHOCTh B IIpolecc OOYYCHUS
Y4aCTHUKOB;

6) oOecreuuTh yaepIKaHUE MMOJIb30BATENCH 10 KOHIIA 00yUYCHHS,

brutn BhIIETIEHBI TOTEHLIMATBHBIE TIOJIB30BaTeNU cucTemsl: [IpenoaaBarens u OOyvaromuics.

Ha ocHOBaHMM MpOBECHHOTO aHaNM3a ObUTH pa3paboTaHbl MOAETH (YHKIIMOHATBHBIX TPEOOBaHUNA
B HoTauuu UML u BbIZIeNeHBI 3KTOPBI, JUarpaMma BapUaHTOB MCIOJIb30BAaHUSI CUCTEMBI (USE Case) Juis
KOTOpOTO NpejcTaBieHa Ha pUcyHke 1.

AgeTopuzaLmMA CozaaHue Tem YpaneHue Temel

Mpenogasatens

Monyuexue
Harpagel

Peructpauua

OByuatowmitca

T

MpoxoxaeHue
TeMbI

Monezcsatens

Puc. 1. 061113.}1 AuarpaMmmMa OCHOBHBIX BAPHUAHTOB UCIIOJIL30BAHUA CUCTCMbI
Fig. 1. General diagram of the main use cases of the system

PacmeeHHasf MOJZCJIb BAaPHAHTOB HCIIOJIB30BaHUA CHCTCMbBI JJII OJKTOpa HpeHOJIaBaTeJ'H)
npejcTaBieHa Ha PUCYHKE 2.

Kax BUJHO W3 MOICIH, Y HpenonaBaTeJm €CTh BO3MOXXHOCTHU HO6aBHeHI/I${ U yAaJICHUA HOBBIX
pa3leNoB Mo Kypcy.

Pacmmpennas Mozienb BapHaHTOB HCIIOIB30BaHUA Ui 3KkTopa OOywaromuiicss MpencTaBieHa Ha
pPHUCYHKe 3.
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<include>
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<include=
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<include> | .
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ANEMEHTOB blf}op INEMEHTOE

W3 CNHUCKEa

Puc. 2. [lnarpamma (yHKIIMOHAIBHBIX TpeOOBaHUH K cucteme i skTopa [IpemomaBarens
Fig. 2. Extended diagram of functional system requirements for actor Teacher

[MpodTeHne
TEOPHH

<include=

BrinonxeHwe
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3afgaHui

Brigava
pesynerara

Obyyawwmica

Puc. 3. [lnarpamma ¢yHKIIMOHAIBHBIX TpeOOBaHUH K cucTeMe i SkTopa O0ydaronuiics
Fig. 3. Extended diagram of the functional requirements for the system for the Student actor

BxonHble naHHbBIE TOMKHBI BBOJUTHCS B CUCTEMY IOCPEICTBOM Pa3pabOTaHHBIX OKOHHBIX (popMm, B
KOTOPBIX JIOJDKHBI OBITh MPEACTaBIEHBI MO ISl BBOJA JAHHBIX C BO3MOYKHOCTBIO BaJMAaIMH. Takxke
JOJIKHA OBITH peaan30BaHa BOZMOXKHOCTH J100aBJIEHUS B CUCTEMY TaKUX (ailyioB kak: Buaeodaiin (ccbuika
Ha BUJICO JUISI SKOHOMHH MecTa B ()ailIoBOM XpaHWIIUILE CepBepa), TEKCTOBBIN (aiin popmara txt, docx.
BoixogHble NaHHBIE MPEACTABIAIOT CO00M MHGPOpPMAIUIO O MOJb30BATENAX, MHPOPMAIUIO O TeMax.
Cucrema f0mKHa GOPMHUPOBATH BHIXOJHbBIE TAHHBIE B BUJIE MH(OPMAIIUHN O H3yYEHHBIX TeMax B Ipoduiie
MI0JIb30BATENSI, PE3YJIbTAThl IPOXOXKIACHHS TECTUPOBaHUS, HAOpaHHBIX OayiaX U JOCTUTHYTHIX YPOBHSIX.

3AK/TOYEHHE
Brenpenne WHTEpaKTHUBHOW OHJIAMH-CUCTEMBI MO JUCKPETHONH MaTeMaTHKEe MOXET pPElIUTh
HECKOJIbKO MpobieM B chepe oOpazoBaHmUs:
1) cuctema mo3BOJIIET OOydYarcs W3 JHOOOH TOYKM MHUpa, Te eCTh aocTyn B HHTepHeT. D10
AKTYaJIbHO JJIA HOHBSOBaTeHeﬁ, KUBYHIUX B OTHAJCHHBIX PETHOHAX, I'IC HET BO3MOKHOCTU ITIOJIYUUTH
KauyeCTBEHHOE 00Pa30BaHME;
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2) yBeIUYEHHE JIOCTYITHOCTH 00pa30BaHMs ISl JIIOJICH C OrPAaHUYCHHBIMH BO3MOXKHOCTSIMH, TaKUX
KAK JIFOJU C MHBAJIMIHOCTBIO;

3) 3KOHOMUSI BpEMEHH M JICHET: OHJIAiH-00pa30BaHKe MO3BOJISET YUUTHCS B JIFOO0OE BPEMsi U MECTE,
YTO SKOHOMHUT BpEMs U JICHbI'M Ha MOE3/KU B IIKOJIY WU YHUBEPCUTET.

4) ycioBus Ui MOTHBAIUK K 00ydeHuto. [1o cpeicTBaM BBelIEHHS B MPOLIECC O0YUYSHHS CUCTEMBI
MOOUIPEHUH y4Yalluecsi CTAaHOBATCS 0ojiee 3aMOTHUBUPOBAHBI, BUIS KOHEUYHYIO I€Jlb UM Jierdye ee
JOCTUTHYTh

5) yBennueHne ypoBeHb MOHMMAHUS MaTepuaia. VHTEpakTHBBI Ha CalTe MOMOTAIOT YEIOBEKY
caMOMy JOWTH JI0 OCO3HAHMsI U3y4aeMOU TeMbI. A €ciiu BbIpa3UTCs TOYHEE, TO OHU IIOMOTAIOT HE IIPOCTO
3a3yOpuUTh MaTepual, a MO3HATh €ro, MOJHOCTHIO PA3JI0KUB 10 MOJOYKAM.
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AHHOTAIINA

B crarbe onuceiBaeTcs mponecc GopMUPOBaHKS TPEOOBAHHUH K CUCTEME YIPaBICHHUS U KOHTPOJIS
YCTaHOBKOW st MuKpoxyroBoro oxcumupoBanusi (MIO). PaccmarpuBaercs He0oOX0IUMOCTh
obOecriedeHusT MHOTOYPOBHEBOI 3amIUTBHl OOOPYAOBaHUS W TEpPCOHana, OOYCIOBICHHAS
0COOEHHOCTAMH TIpOliecca CHHTE3a alrOPUTMOB (PYHKIIMOHHPOBAHHS PACIPEICICHHON CUCTEMBI
yIpaBleHUs, 00eCIeUnBaAOIMNX HEOOXOANUMBIE W Oe30macHble pekuMbl paboTel. [IpuBomsTcs
OCHOBHBIE 3Tanbl (OPMUPOBaHMS TPEOOBaHUM IUIs oOecreueHHs B3auMOJICHCTBUS OTAEIBHBIX
(YHKIMOHANBHBIX JJIEMEHTOB CHCTEMBbl ympasieHus. [lpuBomutcs Trpajganms COOBITHI,
BO3HUKAIOIIUX B CUJIOBOM 4acTu ycTaHoBkH MJIO M CcOOBITHI, O0YCIOBICHHBIX JCHCTBUSIMHU
MEpCOHANA 0 PeaKK Ha HUX CUCTEMbI YIPaBJICHUS.

KaroueBbie cioBa: obopynoanue mist MJIO; KOHTPOIb ¥ yHpaBiIeHUE;, CUCTEMa YIPABICHHUS;
CHHTE3 aJITOPUTMOB YIIPABICHUS
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Abstract

The article describes the process of forming requirements for a control and monitoring system for
a micro-arc oxidation (MAO) installation. The need to ensure multi-level protection of equipment
and personnel is considered, due to the peculiarities of the process of synthesis of algorithms for
the functioning of a distributed control system that provides the necessary and safe operating
modes. The main stages of forming requirements to ensure the interaction of individual functional
elements of the control system are presented. A gradation of events occurring in the power section
of the MDO installation and events caused by the actions of personnel in response to the control
system are given.

Keywords: equipment for MDO; control and management; control system; synthesis of control
algorithms
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BBEJ/IEHHE

[Tpy MOCTPOCHHUM CHCTEM YIIPABJICHUS CIIOKHBIMH TEXHOJOTHYECKMMH ycTaHOBKamu it MJIO
BO3HUKAET HEOOXOAMMOCTh DPANMOHAIBHOTO pAaclpeAciieHUs] pellaeMbIX 3aJad MEXAy JJIeMEHTaMU
cuctembl. K permaeMbpIM B paMKax NMPOSKTHPOBAHHUS OOOPYIOBaHHS 3ajadaM CIICAyeT OTHECTH 3ajaduu
YIPaBJICHUS JIEKTPUUECKHUMHU PEKUMAMU TEXHOJOTUYECKOTr0 UCTOYHUKA ToKa [2, 3, 5, 6, 9, 10], 3agaun
oOecrieueHHss 0OE30MACHOCTH PadOThl 3JIEMEHTOB OOOpPYJOBaHWSA M IEPCOHANA, 3aJadd H3MEPEHUs
TEXHOJOTHYECKHX MapaMeTpoB. OOMMMH MOAXOJaMHU K PACHPESICHUIO 3a/1a4 0 3JIEMEHTaM CHCTEMBI
SIBJIAIOTCS TIPUHIIMITBI Pa3JICIICHUs 110 HEOOXOJAMMON CKOPOCTH PEaklMU Ha BO3HHKAIONIME COOBITHS,
OyOnMpoOBaHUS KPUTHYECKH BAXKHBIX (YHKIUH, a TakkKe Haaudus OOMEHa COOBITHSIMH MEKIY
ITOJICUCTEMAMHU.

IOJIXObl K PEAJTH3AI[MH CHCTEMBI YIIPABJIEHHS YCTAHOBKOH MO

[Tpu KJIacCHYECKOM TOCTPOCHUM CHUCTEMBI YIIpaBICHHs Ha 0a3e MPOMBIINIJICHHOTO KOHTPOJUIEpa
ylpaBiIeHus1, 00eCIIeUnBaOLIET0 FAPaHTUPOBAHHYIO CKOPOCTh PEAKIIMU CUCTEMBI, CJIO’KHBIM OKa3bIBAETCsI
peanu3anusi jo0aBieHUs (QYHKIMOHANAa M pa3BUTUS WH(OpMANMOHHBIX moiacuctem [2, 3, 5-7, 10].
[IpuMeHeHne MEpPCOHATBHOIO KOMIBbIOTEpA MM CcepBepa JJs  YNPABICHUS TEXHOJOTHYECKUM
000py/IOBaHUEM CONPSDKEHO C PUCKAaMU B BHJY OCOOCHHOCTEH (DYHKIMOHUPOBAHUS W OOHOBIICHUS
OIEPALMOHHBIX CHUCTEM, ONACHOCTH COOEB M HErapaHTUPOBAaHHOIO BPEMEHHU pEaKLUM Ha COOBITHSL.
Hanwume omnacHOro HampspDKEHHWS Ha  AJIGKTPOJIMTHYECKOW BaHHe B mpomecce MJIO  Tpebyer
JIONIOJTHUTEIIBHOTO KOHTYpa 0€30MacHOCTH paboTa KOTOPOro JOJKHA 0OecrednBaThCs Jaxke Ipu cboe
CHCTEMBI yrpaBiieHus. Takum 00pa3oM IMOCTPOCHUE pacipesieieHHON crucTeMbl yrpasnenus [1, 4, 8, 9],
CHIDKAIOIIEH pHUCKM BO3HMKHOBEHHMsS W Pa3BUTUS BHEIITATHBIX CUTyallMd, a Takxke oOnajgaromeit
BO3MOXHOCTSIMH TI€PCIIEKTUBHOTO COBEPIICHCTBOBAHHUS WH(POPMAIMOHHOTO 00ECIEUYEeHUS] MOXKET OBITH
MIOCTPOCHA TI0 TPEXYPOBHEBOM cxeme. Brimenum ocHOBHBIE (PYHKIIMM KOHTPOJIS U YIPABJICHUS, KOTOPHIE
HE00X0/IMMO pean30BaTh MPHU MPOEKTUPOBaHUH 000pynoBaHus MJIO npuMeHHUTENBHO K TPEXypPOBHEBOM
CXEeMe MOCTPOCHUS CUCTEMEI (puc. 1):

3awwmTta nepcoHana ot
nopaxXeHnAa TOKoM

CMMNP pexumos
06paboTkun

3awuTa o6 opysoBaHUA
KoHTponb goctyna

YpoBeHb
annapaTHbIX peLieHni

YnpasneHune
ANEeKTpU4ecCkum
pexnmom o6paboTkm

nepcoHana

YpoBeHb KOHTpoONNEpa

ObecneyeHne obpaboTkun
U XpaHeHUA OaHHbIX

(I'IOI'M Ka peanbHOro

YnpasneHue 0rvkoi
paboTbl 06opyA0BaAHUA

BpemeHu)

KoHTposb o6uieit normku
paboTbl cucTembl

KoHTposb 1 aHanus
napameTpos
TexHoNnorm4yeckoro
npouecca MAO

YposeHb HMI

(normka He Tpebyowas

peanbHoro BpemeHm)

Pernctpauma meaneHHo
MeHA WUXCA

napamerpos

M3mepeHue 6bicTpo
MeHA Wwmuxea
napameTpos

Joctyn K AaHHbIM |

Puc. 1. TpexypoBHEBas cxema NOCTPOCHHS CUCTEMBI YIIPABJICHUS U KOHTPOJIsA ycTaHoBkord MJ1O
Fig. 1. Three-level scheme for constructing a control and monitoring system for an MAO plant

- anmapatHeld ypoBeHb (Y1), HA KOTOPOM CKOpPOCTh PEAKIIMM MaKCHMallbHAasl, JIOTWKa paboThl Ha
JTAHHOM YPOBHE OIpeEeseTCs TOJIBKO AIEKTPUUECKOM CXeMO BKIIIOUEHUS! 000pY10BaHUS;

- YpOBEHb KOHTpoiiepa ynpanieHus (Y2), peaau3yoollero JOTHKY YIpaBlIeHHs B MacliTade
pEaIbHOTO BpPEMEHH, TIJleé CKOpPOCTh peaklMd Ha BO3ACHCTBHUS 00ECHeuMBaeTCs MPUHIUIIOM pPabOThI
cHCTeMBbI Ha 0a3e MpepbIBaHUN U MPSMBIM KOHTPOJIEM HCIIOJIHUTENILHBIX YCTPOUCTB;

- YpOBEeHb OOIIEH JIOTMKHU YIpaBJIEHUS CHUCTEMON M peanu3anuu cepBUCHbIX ¢yHKuui (Y3), rae
OCHOBHBIM IPHOPUTETOM SIBJISICTCS y100CTBO pabOTHI oreparopa U HaJuuue WH(POPMAIIMOHHBIX CHCTEM,
obecnieunBaromnux padoty CIIIIP, 00paboTKy TaHHBIX 1 OOMEH UMH C OKPYKEHHEM.
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[Ipu HanMuuM TPEXypOBHEBOM CXEMBI MOCTPOCHHSI CHUCTEMBI YIPABIECHUS BO3MOXHO (PPEKTUBHO
pacrpeaenuTh 3a/1a4i [0 YPOBHSAM C LIEbIO TOCTH)KEHUSI HEOOX0AUMOI 6e30MacHOCTH PabOThl CUCTEMBI
U KadecTBa peanusyembix (yHKOuA. s pemieHus yka3zaHHBIX (DYHKIMOHAJIBHBIX 3a/1a4 HEO0OXOAMMO
nepenTr ot TpedyeMbIx PyHKIMHA K aJropuT™MaM padoThl Ha KaKJIOM YPOBHE U UX B3aUMOJICHCTBHIO.

Ha ctpyxTypHO#i cxeme (puc. 2) npuBeieHbl OCHOBHBIEC (DYHKIIMOHAIBHBIE 010KK ycTaHoBKH MJIO
[11] m cTpyKTypHBIE CBSI3U MEXAy HUMH. L[eHTpanmbHBIM 3JIEMEHTOM YCTAHOBKH SIBJISETCS OJIOK
ynpaBieHusi Ha 0aze MukpokoHTpoiuiepa. OH oOecneuyumBaeT yHpaBlIeHHE BCEMH KOMIIOHEHTaMHU
TEXHOJOTMYECKOI0 MCTOYHHMKA TOKa (CHIJIOBBIM IpeoOpa3zoBaTesieM, OJOKOM YIpaBlIEHUS TUPUCTOPAMH,
OJI0OKaMM M3MEPEHHUs AIEKTPHUECKUX MapaMeTpoB, OJIOKAaMH CHUJIOBBIX KOHJIEHCATOPOB) U 00ECIIEYHBACT
(GyHKIIMOHUPOBAHUE CHUCTEMBbI aBapuiHbIX 3amuT (Y2). brmok ympasienus ceszan ¢ [IK, Ha koTopom
ucnonHsercs nporpamma APM omnepatopa, peanusyromas TpeTHl ypoBeHb ympasieHus (Y3) u
oOecrnieunBaroIias U3MEPEHUEe U KOHTPOJIb HEINEKTPUUECKUX MapaMeTpoB Ipoliecca, JOTUKY 3alycKa U
OCTaHOBKH ITpoliecca 00paboTKH.
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b0k |
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yri
A 417
—
15 Uenu — anz []
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2208, SZ;—
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Rw — moxousmepumensHut wynm, A8 — gamuuk nomoxa Bosgwxa r

(Bomaxmas Benmuriauus) awumnoe ozpaxgeHue BaHHb

Puc. 2. CtpykrypHas cxema ycraHoBku MO
Fig. 2. Structural diagram of the MDO plant

Ha anmapatHom ypoBHe (Y1) momxHa obecrieunBaThCsi 0€30MacHOCTh pPabOTHI oreparopa ¢
o0opyZiOBaHHEM NpU TaKWX (akTopax KakK BBICOKOE HAINpPSIKEHHE Ha 3JIEKTPOMEXaHHMYECKOM Y3le U
JNEKTPOJIUTUYECKON BaHHE. [Ipm mNpoeKTHpOBaHMHM OBLIM PACCMOTPEHBI OCHOBHBIE OCOOCHHOCTH
yctanoBkd MJIO ¢ TOYKH 3peHHUsI BOZMOKHOCTEH anmaparHO 3allUuThl U MPEIJIOKEHBI CICIYIOIINE €€
3JIEMEHTHI:

1. BrokupoBKM BKIIIOYEHHS] CHJIOBOM YacTH TexHojornyeckoro ucrounuka Ttoka (THUT) npum
CIEIYIOIINX COOBITUSAX:

- HEILITaTHOM IIE€pe3aIlyCKe KOHTpoJuIepa YpOBHA Y2;

- HOKaThIX KHOMKAX aBapUUHON 3alUTHI (IEHCTBHUIX OIEpaTopa);
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- JocTynma K CHJOBOM YacTH MCTOYHMKAa TOKa (OTKPBITHE JBEpei) U  OrpakICHHIO
INEKTPOMEXAHUYECKOTO y371a (OTKPBITUE ABEpEit).

2. ABapwuiiHble 3alIUTHI C OTKIIOUeHHeM cuioBoit yactu TUT npu:

- OTCYTCTBUH CUTHAJIA IITATHON pabOThI ypOBHS Y2;

- TOSIBJIGHUH HAIPSDKEHHMSI Ha AIICKTPOJIMTUYECKOH BaHHE 0€3 CHUTHAja pa3peuieHus C YpPOBHSA
yrpaBiieHUs ¥Y2;

- BBIXOZIC 32 JOMyCTUMBIC YPOBHH TOKOB B CHJIOBBIX IIETISAX (aBTOMATHUYECKHE BBIKIIIOYATEIH C
KOHTPOJIEM COCTOSIHUSA).

Ha ypoBHe Y2 mocTynHBI ClieAyIOIIMe JTOTHYECKUE OJIOKUPOBKHU: MPOBEPKa MOCIEI0BATEIBHOCTH
BKJIFOUEHUS CUJIOBBIX AJIEMEHTOB C KOHTPOJIEM MX COCTOSIHUSA, OTCIC)KUBAHUE MOSBICHUS HAMIPSKEHUM Ha
CHJIOBBIX 3JIEMEHTAX CXEMbI 0€3 MX KOMMYTAIlH, OTCYTCTBHE HEOOXOJMMBIX HAMPSKEHUH B KOHTPOJIBHBIX
TOYKaX, MPEBbIIICHNE JOIYCTUMbIX YPOBHEH HAMpsHKEHUI U TOKOB.

Bepxuum ypoBHeM sBisieTcst ypoBeHb Y3, peanusyemsblii [I0 APM ycranosku MJ1O ¢ pemienuem
CIEIYIOIIMX 3a/1ay: 3allUTy OT BKIIOUEHHUS YCTAaHOBKH 0e3 HEOOXOIMMBIX MpaB JOCTyIa ONeparopa,
3alIUTy OT M3MEHEHUS PElenToB OOpabOTKH, 3alIUTy TPU BBIXOAE MapaMETPOB CHIIOBBIX IETed 3a
JOTYCTUMbIE TPAHUIIb, 3AIIUTY MPU BBIXOJIE 32 IOMYCTUMBII TUana3oH HAMPsHKEHUS MTUTaHUS, 3aIUTy 10
BBIXOy napameTpoB mporecca MJIO 00paboTKu 3a yCTaHOBJIEHHBIE TPAHUIIBL.

Jloruka paboThl Ka)KAOTO U3 YPOBHEU CUCTEMBI JOJKHA BKIIOYaTh KOHTPOJb CO CTOPOHBI CMEKHBIX
ypoBHEH TakuM o0Opa3om, 4TOOBI 00pabOTaTh BO3HUKIIYIO CHTYAIHIO, TICPEHTH B HOBOE COCTOSIHHC H
COOOILUTH OCTAIbHBIM YPOBHSIM O BO3HUKIIEH CHUTyalldd U CBOEM HOBOM COCTOSIHMH. J[1s1 peanmuzauuu
TaKOM JIOTUKU pabOoThl MKy YpoBHIMHU Y2 1 Y3 Oblia opranu3oBaHa cBsi3b Ha 6a3e Ethernet unrepdeiica
B BHJI€ HECKOJIbKMX JIOTHUECKMX KaHaJOB: KaHala mepenauu ciayxkeoHo wuHbopmauuun (MCU
Mode/Status) ot kouTposutepa (master) k APM (slave), kanana nepenauun ciayxeoHoi uadopmaruu (PC
Status/Event/Flag) u 3anpocoB Ha niepenady usmepenuii or APM (master) k koutposuiepy (slave), kanana
nepenavyd U3MepeHHOU MHpopMalu oT KoHTposuiepa (master) k APM (slave). Ha cxeme (pucynok 3)
MIOKa3aHO B3aUMOJICHCTBUE MEXK/Ty ITOICHCTEMaMH M HalpaBJiIeHNEe HHPOPMAIMOHHBIX TOTOKOB.

TleHcTRHE OnepaTtop

CocrosiHHe 000pyI0BaHH

Hudopmanasa

CocTosiHHe 000PYI0BAHHS Ethernet

CoGBITHS KOHTpOILIEpa
(MCU Mode/Status)

VipasieHHe

V1
06opy I0BaHHEM

T13MepeHHI B HaIPy3K

3anpoc H3MepeHHH

T
T13MepeHH B HaIPy3K | CoGrITHA 0T APM |
(PC Status/Event/Flag) |

T13MepeHHA IIapaMeTpPOB IIPOLECCa:
Puc. 3. Cxema B3auMOAEMCTBYS MOACUCTEM YIPABJICHMSI U OIlEpaTopa
Fig. 3. Scheme of interaction between control subsystems and operator

PEATU3AIIHA IIPE/UVIOKEHHOI'O I1OAXOAA JUIA AJITOPHTMOB PABOTbI
KOHTPOJUIEPA TUHT U IIPOI'PAMMHOI' O OBECIIEYEHUA ITK

Anroput™m paboTsl KoHTposiepa U APM ynoOHO peann3oBaTh B BHUJE€ KOHEUHBIX aBTOMATOB CO
CIICAYIOUIMMU COCTOSIHUSMU: JUIsI KOHTpOJJIepa — Hayalo paboOThl, OXMAAHWE 3aIlycKa, IMOATOTOBKA
pexuma, paboTta pexxmma, mayza pexxkuma, aBapus; 1t APM — Hagano paboTel, paboTa ¢ apXHWBaMH,
pellaKTUpOBaHME PELETITOB, HACTPOHKU 000py10BaHMSI, PELIETIT 3aIlyIlIeH, PeXUM IPEepBaH, May3a pexuma.
Ha pucynkax 4 u 5 mnpuBeneHbl alropuTMbl paboOThl cOOTBETCTBEHHO KoHTpoyiepa u I10 IIK,
o0ecreynBaroIue COBMECTHOE (DYHKIIMOHHUPOBAHNWE M MEPEKPECTHBIH KOHTPOJb COCTOSIHUS 3JIEMEHTOB
pacrnpeielIeHHONW CUCTEMBI yIIpaBJICHUS.
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PaboTa ycTaHOBKM MPOUCXOIUT CIEAYIOMIMM 00pa3oM, KOHTPOJUIEP HEMPEPHIBHO MPOBOANUT aHATU3
COCTOSIHUSL OOOpYJOBaHUS M IapaMeTpoB Ipolecca, OoOeclieurBaeT aBTOMAaTHYECKHH Iepexoj] u3
cocrosinus «Paboray B pexum «llayzay, «Aapus» nmn «Oxxunanue» B 3aBUCKMOCTH OT JIOTHKH paboTHI.
Jloruka pa0oOThl KOHTpoOJUIepa BKJIIOYaeT OOHapyK€HHE aBapuUHHBIX (AEHCTBUE - OTKIIOYECHUE
000pyI0BaHUs) U MPEAYNPEIUTEIbHBIX (IEUCTBUE - TMepexo]l 00OpPYJOBaHUS B COCTOSHUE OXXKHUIAHUE)
COCTOSIHUHM, a Takxke nepexoa U3 cocrosHus «Pabora» B cocrosHMe «OXHIaHHE» 110 HCTEUCHMIO
3aJJaHHOTO BPEMEHH pekuMa 00paboTKH.

APM onepaTtopa o0ecrieunBaeT CieIyole OCHOBHbIE BO3MOXHOCTH:

- MHOT'OYPOBHEBBII MapOJIbHBIN JTOCTYI OIIEPATOPOB YCTAHOBKHU C Pa3jIMYHBIMM IIpaBaMH JOCTyNa:
3aIllyCK peXUMOB 00paOOTKH, CO3/1aHUE U PEJAKTUPOBAHHUE PEXHUMOB 00pabOTKH, MPOCMOTP ApXUBOB,
JOCTYI K ITapaMeTpaM HaCTPONKU yCTaHOBKY;

- BBIBOJ| yIOOHOHM rpaduueckoil M HEOOXOOUMOM TEKCTOBOM HMH(OpManUu O MNPOUCXOASLINX
nporeccax: rpadukax HanpsHKeHUH, TOKOB, TEMIEpaTyp, rpaduKoB B BHUJIE AMIOP TOKA/HANPSDKEHUS Ha
Harpyske, TeKyIllel cxeme CUIOBOro 0Ji0Ka, mapamMeTpax pekuma o0pabOTKH, COCTOSTHUM 000pY0BaHUS
THUT u 3J1eKTpOMEXaHUYECKOTO y3J1a;

- CO3[laHUE, COXPAHEHHUE, PENAKTUPOBAaHUE, KONMUPOBAHUE, 3allyCK Ha BBIIIOJHEHUE DELENTOB
o0pabotku. OOecrieunBaeTcss BO3MOXHOCTH OCTAHOBKHM Ipolecca 0O0paOOTKH ¢ TOCIEIYIOUINM
npoaoipkeHueM (pexxuM «Ilays3a») 1 BO3MOXKHOCTh aBTOMAaTHYECKOI0 MPephIBaHUs IIpoLiecca IpU BbIXOE
[apaMeTPOB 3a KOHTPOJIbHBIE APAMETPHL;

- coxpaHeHue MH(pOpMaLus O MOJIb30BaTEINIAX, pelentax o0paboTKU U MapaMmeTpax MpPOBEIEHHBIX
00paboTOK peSIIMOHHON 0a3e JaHHBIX;

- COXpaHEHHME M NOCJIEAYIOIUI MPOCMOTp MH(POpPMALUU B IpapMuecKoM M TEKCTOBOM BHJIE O
BBIMIOJIHEHHBIX 00pabOTKax M NPUMEHSAEMBIX PELENTaX ¢ BO3MOXKHOCTSIMH MaclITaOMpOBaHUsI, BbIOOpa
HEOoOX0AMMOW MH(pOPMAIMK Ui OTOOpaXKeHUs M coxpaHeHus uHpopmanuu B Gpopmare MS Excel mns
MOCIIEAYIOLETO aHAJIN3a U CUHTE3a MOJENIEH, OTUCHIBAOIIMX IIPOLECC.

[IepeueHs perucTpupyeMbIx aBapuiHbIX cocTosiHU (110 yciaosuto MJIN) (puc. 6):

- IPEBBILLIEHUE HANIPSDKEHMSI HA KOHACHCATOPax, THPUCTOPAX WU LIEMH HAarpy3KH,

- TPEBBIIIEHHE TOKOB B Harpyske, OJOKax KOHJEHCATOpPOB, CYMMapHOIO TOKa (Harpyska +
KOHJIEHCATOPBI);

- OTCYTCTBHUE CUTHAJIa OT OJIOKa amnmapaTHOM 3auThl ocie BriatoueHus TUT;

- HaJIM4Me BKJIIOUEHHOTO COCTOSIHUS CUJIOBOTO ITYCKATENs MPU BKIIFOUEHUH YCTaHOBKH;

- cpabaTeiBaHue 1-ro unu 2-ro 6J10Ka 3alUT KOHJIEHCATOPOB;

- HaJIM4ue CUTHajia OT OJIoKa ammapaTHOl 3ammThl B pabouem pexume («Pabota», «BxmoueHue
pexumMay, « OKOHUaHHUE PEKIMAY);

- HEIITaTHOE BBIKJIIOUEHUE aBapUIMHOTO0 Mmyckartess (cpaboTaia aBapHuiiHas 3alura);

- IOSIBJICHHME CUTHAaJIa OT OJIOKa anmnapaTHOM 3allluThl IPH BBIKJIIOUEHHOM ITyCKaTele;

- HECOOTBETCTBUE COCTOSIHUSI aBAPUIHOTO ITyCKaTEs;

- HECOOTBETCTBUE CUTHAJa COCTOSHUS MTyCKaTelll KOMMYTalluid OOMOTOK ITyCKaTeei;

- HECOOTBETCTBHE CUTHAJIOB COCTOSIHUS ITycKaTeNeil KOH(UTypaluy CUiIoBoro 0JIoka;

- OTCYTCTBHUE CUTHala OT 0J0Ka 3alllUThl IPH BKIOYEHUHU ITyCKaTeJIs Harpy3KH;

- OTKpBITHE JBepell orpaxiaeHus B pexxumax «Pabota», «llpepbiBanue pexumay, «OKOHUaHUE
pexUMar;

- OTKpBITHE NepeHen uiny 3agHe asepu TUT npu BKIIOYEHHOM aBapUitHOM ITyCKaTele.

B cinydae mosiBieHust 1t000r0 M3 aBapUNHBIX COOBITHI MPOMCXOAUT HEMEUIEHHOE OTKIIIOUEHHE
NUTAHUS BCEH CHMIIOBOM YaCTH YCTaHOBKH M OJIOKMPOBKA MIOBTOPHOT'O BKITFOUEHHUS.

[IpeppiBanme mporiecca ¢ TpeKpanieHueM JanbHEeHIer o0padOTKH W TEPEXOAOM B PEXKUM
«Oxuanue» IpOUCXOUT IPU BO3SHUKHOBEHUH JIFOO0OTO U3 CIEIYIOIUX COOBITHI:

- otkpbITiy asepeit TUT;

- IPEBBIILICHUH aBaPUUHBIX MPeenoB (a3HbIX UM JMHEHHBIX HANPSDKEHUH MUTAIOLIEH ceTH;

- NpU MNPONATAHUU CBSI3U CO CYETYMKOM DJIEKTPOIHEPIUH, OJIOKOM BBOJA HEDIEKTPUUYECKHUX
IapaMeTpOB UM MAHEIBIO OllepaTopa.
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CyMMapHbIi TOK (Harpy3ka +
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( aHaroroeoro Beoga )

ABepu orpaxaeHuns
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Ha ctone MK, Ha TUT unu Ha
orpaxaeHum

AYAYA

( OTKpbITVe NepeaHen
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MponapaHve
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NI N7 7

I'Iporla,anme CBA3M C
KOHTpOonnepamMmu 4YaCtoTHOro

npuBsoaa

Puc. 6. Ycnosus popMupoBanusi coObITHI KOHTpOJLIEPA
Fig. 6. Conditions for generating controller events

[Ipenynpexnenue omnepatopa, OTKIYEHHE CWIOBBIX Leneil u mnepexon B pexuM «llayza»
MPOUCXOIUT IPH BO3SHUKHOBEHHUH JIFOOOTO U3 CIEAYIOUINX COOBITHA:

- IPU OTKPBITUH NIEPETHEH BEpU OrpaKICHHUS;

- IIpY MPEBBILLIEHUE TPEIYNPEAUTENbHBIX MPEAETIOB (Ga3HbIX WU IMHEWHBIX HAMPSKEHUH CUIIOBBIX
as;

- ipu HakaTuu 000 kHonku STOP (Ha ctone APM IIK, TUT, orpaxnenun);

- mponafanuu cBs3u ¢ [1K umm KoHTposuiepaMu 4acTOTHOTO MIPUBO/A.

B nporecce o6pabotku aetanu merogoM MJIO HEOOXOIUMO OTCIIEKUBATH PA3INUHBIC CHUTYAIIUH,
IpU KOTOPBIX HEOOXOAMMO BBIIOJHUTH KOPPEKTUPOBKY peLenTa WM IMpepBaTh Hpoliecc oOpaboTKH.
KoHTpob BO3HUKHOBEHHUS! TaKUX CUTYyalUd IierecooOpa3Hed BO3JIOKUTh Ha YpoBeHb Y3, rae OyayT
BBITOJIHATHCS aJITOPUTMBI C pETUCTpalMell HACTYTIIICHUS CIEIYIOLINX COOBITHIA:

- IPEBBIIIEHHE MAKCUMAJIbHOIO 3HAYEHUS aHOJHOTO WJIM KaTOJHOTO HAIpsDKEHUs, MU TOKa JUIsS
o0pabaTbIBaeMOT0 MaTepuania,

- IPEBBILIEHNE MAKCUMAJIbHOTO 3HAUEHUS TEMIIEPATyPhl SJIEKTPOIHUTA;

- KOHTPOJIb MPEBBILICHUS TEMIIEPATYPBl KOHTYPa OXJIAXKICHHS;

- KOHTPOJIb HEJOCTATOYHOT'O JaBJICHUS KOHTYpa OXJIaKICHHUS;
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- KOHTPOJIb HEJJOCTATOYHOTO JTABJICHUS B cUCTeMe OapOoTaka;

- KOHTPOJIb CKOPOCTH ITOTOKA BO3yXa B CUCTEME BEHTHJIALINH;

- KOHTPOJIb KOJIMYECTBA AIEKTPHUUECTBA; MPOIIEIIET0 Yepe3 MEKTPOIHT (BBIpadOTKA);
- nerexktupoBanus yracanuss MJ1O0-pa3psna;

- IeTEeKTUpOBaHus oTcyTcTBUs 3axxuranus MJIO paspsina;

- KOHTPOJIb HAJINYUS JETAIIH;

- IETEKTUPOBaHUs IIpoLEcca pacTPaBIMBaHUs AETAIN U JIp.

Bo3HuKHOBEHHE OJHOTO WM HECKOJIBKUX COOBITHA MOXET OBITh HCHOJB30BAHO IS
ABTOMATUYECKOM MPUOCTAHOBKH Mpoliecca 00pabOTKU MpPHU YCIOBUU OTCYTCTBUS MACKHUPOBAHUSI TAaKOTO
coObITHs HA ypOBHE Y 3.

[TporpammHuoe obecriedenre KouTposuiepa 1 APM Takke npou3BoAST KOHTPOJIb HHPOPMAITHOHHOTO
oOMmeHa, kpome Toro [10 APM koHTponupyeT nojiy4eHue U UCIIOJIHEHUE KOMaH I KOHTPOJIEPOM 3a CUeT
aHaJIM3a ero BHYTpeHHero coctosiHus. llpu pa3pbiBe coenrHEHUs MEXAY YCTAaHOBKOW M KOHTPOJIEPOM
MIPOUCXOUT ycTaHOBKa cocTosiHus «Ilay3a» B konTposuiepe. [Ipu o6padotke u korTposuiep u [10 na 1K
MOTYT NPU HACTYIUJICHHM YCJIOBUH i ocTaHOBKH «[lay3a» wnu mpekpamiennn pabotsl «IIpepriBanue»
OCTAaHOBUTH WJIM TIpepBaTh Mpolecc oOpaboTku 6e3 ywactusi omeparopa. [Ipu stom mocie mepexona
npouecca B coctosiaue «llay3a» - mmeercs BO3MOMXHOCTH MPOJOJIKHTH IMPOLECC MOCHE YCTPaHEHUS
IPUYMHBI OCTAHOBKH.

Ha ypoBue Y3, B o01ieii 6a3e naHHBIX YCTAaHOBKU TaKXkKe XPaHATCA U HACTPOUKH (KOHPUTYpaluu)
NpeayNpeIUuTEeIbHBIX U aBapUUHBIX COOBITHH, peaqn30BaHHbIE B (opMe MIA0JIOHOB, Kak oOmme st
000pyI0BaHUs, TaK U CBSI3aHHBIE C TEM UM UHBIM 00pa0aThIBA€MbIM MATEPUAIOM HIIM TEXHOJIOTHYECKUM
PEXKUMOM.

BBIBO/IbI

[IpennoxeHHble MOAXOABI K TMPOEKTUPOBAHUIO CHUCTEMBl YIPABIEHUS YCTAHOBKU IS
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AHHOTAUA

B cratbe mpencraBneH pesyibTaT pa3paboTku U oOyueHHS 4 apXUTEKTYpP PEeKyppEeHTHBIX
HEHpOHHBIX CeTed s pelmieHds 3aJadd  KiacCU(HUKAUW BO3PACTHBIX pa3Muuii B
(YHKIMOHUPOBAaHUU CHUCTEMbl CHMBOJHMYECKOM OLIGHKM KosindecTBa. [Ipu mpoekTupoBaHMU
HEUPOHHBIX CETEH HCHOJB30BAJIUCh TAKHE COBPEMEHHBIC IMPAKTUKU, KaK SYEHKH C IIIMHHOU
KpaTKOCPOYHON NMaMAThI0, MOAU(UKAINS, TIO3BOJISIONIAS TOJaBaTh CUTHANl HA HEHPOHHYIO CETh B
MpsIMOM U 0OpaTHOM TMoOpsAKe, NpeaBaputenbHblie 1D cBepTkM curHana mepea mopadedl Ha
peKyppeHTHBIE ciou. JIydmmii pe3yabTar Ha Bcex Habopax JaHHBIX IEMOHCTPHPYET PEKyPpPEHTHAS
HEHpOHHAs CeTh CO CJIOSIMU TPEABAPUTENIHOM CBEPTKHM CHUrHaja. TOYHOCTH BapbUpyeTcs B
npenenax 86-88% B 3aBUCMMOCTH OT Habopa JaHHBIX. YKa3aHHAsi TOYHOCTH ITOJIyYeHA Ha JIAHHBIX,
K KOTOPBIM ObUI IPUMEHEH aJIrOpUTM KOPPEKLUUH 0a30BOH JIMHUH.

KuaroueBble ciioBa: peKyppeHTHasI HEUPOHHASI CETh; HEHPOHHAS CETh C JJIMHHON KPaTKOCPOYHOM
NamsITbl0; MallMHHOe oOydYeHHe; aHajdhu3 MHOTOMEPHBIX JaHHBIX; TIy0okoe oOyueHwHe;
(yHKUIMOHANBHAS CIIEKTPOCKONHS B OJMPKHEM MH(PPaKpacHOM JHara3oH

Juast nmurupoBanmsa: Mansix C.b., Acagymraes P.I., CutHukoBa M.A. IlpoextupoBanue
PEKYPPEHTHBIX  HEHPOHHBIX CeTel IS  KJIACCU(HUKAIMKM  BO3PACTHBIX  pa3jvuuil B
(YHKIIMOHUPOBAaHUM CHUCTEMBbI CHMBOIIMYECKOW OIEHKH KonuuecTBa // HaydwHblid pesynbrar.
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Abstract
The article presents the result of the development and training of 4 recurrent neural network
architectures to solve the problem of classifying age-related differences in the functioning of the
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symbolic system of quantity assessment. When designing neural networks, some effective
algorithms were used: cells with long short-term memory, a modification that allows a signal to be
fed to the neural network in forward and reverse order, and preliminary 1D convolutions of the
signal before feeding it to recurrent layers. The best result on all data sets was demonstrated by a
recurrent neural network with signal pre-convolution layers. Accuracy varies between 86-88%
depending on the dataset. The specified accuracy was obtained on data to which the baseline
correction algorithm was applied.

Keywords: recurrent neural networks; long short-term memory; machine learning; analysis of
multidimensional data; deep learning; functional near-infrared spectroscopy
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BBE/IEHUE

MaremaTtnueckas rpaMOTHOCTD JIFOJIEH Ha YpOBHE OOILECTBAa B 3HAUUTEIbHOW CTENEHU BIMSIET Ha
HayKy M TEXHHUYECKUI MpOrpecc, 4To B KOHEYHOM HUTOI€ MMEET pellarollee 3HAYCHHE Ul pa3BUTHS
HAIMOHAIBHON SKOHOMUKH. D(P(PEKTUBHOCTH BIAJICHHSI pa3HOOOPAa3HBIMUA MATEMAaTHIECKUMH OTIEPALIASIMHU
U OCYIIECTBICHUS TOYHBIX BBIYMCIEHUH BIUSAIOT HA KauyecTBO JKU3HHU, OINpeleiseT YycHex B
po(heCCHOHANLHOM JIeATENBHOCTH. CYMTaeTCs, YTO JIOAU O0IaNaloT 0a30BBIMH MaTEMATHUYCCKUMU
CHOCOOHOCTSIMH, KOTOPBIE OIUPAIOTCS HA JIBE CUCTEMBI: CUCTEMY IPUOIU3UTEIbHONW OLICHKH KOJIMYECTBa,
KOTOpasi MO3BOJSIET Pa3NU4aTh M MPUOJIM3UTEIHFHO OIICHHWBATh KOJIMYECTBO OOBEKTOB 0O€3 TOYHOTO
HOJICUEeTa, U CUCTEMY CUMBOJIMUYECKOTO CUMCICHUSI MJTU IIPECTaBICHUs KoluyecTBa (exact number system)
[1], xoTopas omnpenensercss CIOCOOHOCTbIO TOYHO OLIGHHMBATh KOJIMYECTBO, COMNOCTAaBIsSl €ro C
COOTBETCTBYMOLIEH Iudpoil. B nanbHeiileM Ha 3TOW OCHOBE MOSBISAETCS CIIOCOOHOCTh K TOYHBIM
BBIUMCIICHUSIM.

[Tonxon x sTol mpobGiiemMe ¢ MO3ULIMKA HEHPOHAYKH C MCIOJIb30BAaHMEM COBPEMEHHBIX METOJIOB
HEHpOoBU3yalIM3ali, B YaCTHOCTU CIEKTPOCKONMHH B OnmkHeM HHpakpacHoMm auana3zoHe (pbUK-
CHEeKTpocKkonuM) [2], TMO3BONSET BBIABUTH HEHPOKOTHUTUBHBIE MEXAaHU3MBI,  OINpPEENIoNue
CUMBOJINYECKUE YMCIIOBbIE HaBbIKW. (DYHKIMOHANbHas CHEKTPOCKONUS B ONMKHEM HH(QpaKpacHOM
JMana3oHe HUCMOoNb3yeT MH(pPaKpacHOe W3Iy4YeHHE Ul U3MEPEHHUs ONTUYECKOTro CHeKTpa abcopOuuu
reMOorJIoOMHAa B 3aBUCUMOCTH OT HACBIIIEHUSI MO3Ta KUCJIOPOJIOM B OT/IEIbHBIX yUYaCTKaxX rOJIOBHOTO MO3Ta
[3]. [ManHblif MeTon HeHpOBU3yalW3alMM SBJISETCS HEMHBA3MBHBIM, OOJIAZJAIOIMM  BBICOKOM
9KOJIOTMYECKON BaJUJAHOCTBIO, MOPTATUBHBIM, YTO IO3BOJSET PETUCTPUPOBATH TE€MOJMHAMUYECKYIO
aKTUBAIIMIO B OTBET HA KOTHUTUBHBIE 3a/1a41 B €CTECTBEHHBIX YCIOBUSX, B KOM(DOPTHOM MOI0KEHUU CUJIA,
0e3 CyILIEeCTBEHHbIX JBUTATEIbHBIX OTpaHUYEHUH [4].

Hannbie pBUK-cniekTpockonuu MOryT ObITh MPEACTABICHbI KAK MHOTOMEPHBIE BPEMEHHBIE PSiJIbI
JUHAMHUKH OKCHIeMOrjoOMHa W JAe30KcureMoriodOuHa. Jlng pemeHus 3agaud  KiaccuuKanuu
FeMOJUHAMHYECKHUX MAaTTEPHOB MO3TOBOM aKTHUBALlMU, ONPEACIAIOINX HEHPOKOTHUTUBHBIE MEXaHU3MBI
CUCTEMBI CUMBOJMYECKON OLIEHKH KOJMYECTBA, HA COBPEMEHHOM JTale C yCIeXOM MPUMEHSTCS METO b
UCKYCCTBEHHOT'O MHTEJUIEKTa, B YaCTHOCTH HEWPOHHBIE ceTH Trirybokoro obyuenus [5-7]. Bo mHorux
WCCJICIOBAHMIX IPUMEHSIOTCS peKyppEeHTHBIE HelipoHHbIe ceTH (recurrent neural network, RNN), kotopsie
CHeLHMAIN3UPYIOTCd Ha 00paboTKe cepuu COOBITHH BO BPEMEHH, T.€. BPEMEHHBIX DSJIOB C Y4YETOM
xpoHosiioruu [8]. B03MOXHOCTh HWCIOJIB30BaHUS TPEAIIeCTBYOeH wHdopmaiuu, mo3poiser RNN
BBITNOJIHAT OJHY U Ty XK€ 3a/1ady I KaKJ0r0 3JI€MEHTA MOCIEA0BATENbHOCTH, IIPU ATOM BBIXOJ1 3aBUCHUT
OT IPEIBIIYIINX BBIYUCICHUM. DTO AOCTUraeTcs 3a CYET HAIMYUS LIMKIIOB, MO3BOJISIIOIIMX IE€pelaBaTh
UHPOPMALIMIO € TMOCTENYIOIIEro mara Ha mpexapiaymue. TakuM oOpa3oM, opranusyercs oOpalOoTka
TEKYIIMX JJaHHBIX COBMECTHO C YK€ 00pabOoTaHHBIMU Ha MPEAbIYIIUX I1arax. Takxke /Ui aHallu3a JaHHbBIX
¢BbUK-ciekTpockonuu npuMeHstoTcs HelpoHHble cetd LSTM (umHHas KpaTKocpouHas HaMAaTh),
NO3BOJIAIOIIME B OTAMYMH OT Kkiaccudeckux RNN  a3ddexTtuBHO aHanu3uMpoBaTh IUTEIbHBIE
MIOCJIEIOBATEILHOCTH C COXPAHEHUEM CBSI3U MEXKIY BpeMeHHBbIMHU coObITusiMu [9-10]. Tak, npumenenue
JIBYHAIIPaBJICHHON apXHUTEKTYphl TIIyOOoKoro oOyueHus Ha ocHoBe LSTM [11] mns kmaccudukanmm
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naHHbIX (BUK-crieKTpocKonyu COCTOSIHHSI TIOKOSI U ITPU BBITIOJTHEHHUH 33/1a4 HA MEHTATBHYIO apU(METHKY,
aHAJIN3 JIBUTATEIILHBIX 00Pa30B MO3BOJIMJIO YMEHBIIUTH KOJIMYECTBO ITAIOB IIPEIBAPUTEIBLHON 00paboTKH
CUTHAJIOB, IIPH 3TOM TOYHOCTH Kiaccudukaruu coctasmia 81,48% [12].

OCHOBHAA 9YACTh

Hannbie (GBUK-criekTpockonmuu MPEACTaBISIIOT CcO00OM MHOTOKAHAJIBHBIC BPEMEHHBIC —PSIJIbI,
OTpaKalollyue JTUHAMUKY U3MEHEHHs BO BPEMEHU OKCHI'€MOTJIOOMHA M JIE30KCHTEeMOTIO0NHA B KaXIOM
kaHase. [lyig oOpaboTKM CHUrHAOB MOJOOHOrO pojJa B HCCIENOBAHUU OBLIM CHPOEKTHPOBAHBI U
anpoOupoBaHbl apxXuTeKTypbl Ha ocHOBEe RNN, KoTOpBIe OpreHTHPOBAaHBI HA IOUCK JIOTUKH BO BPEMEHHBIX
psnax.

Ha nepBom sTare ocyuiecTBisiach MoAroToBka HabOpoB JaHHBIX I 00yUYSHHS HHTEIIEKTYalbHbBIX
Mojenel ¢ ucnosibzoBanueM metonoB 6momuorek MNE [13] 1 MNE-NIRS [14]. na dopmupoBanus
HaOOpOB JTAaHHBIX MPUMEHSUICS JAU3aWH-TIPOTOKOJ, pa3padOTaHHBIN IS OLIEHKH HEHpPO(PHU3HOIOTHIECKUX
MEXAHU3MOB CHUMBOJINYECKUX YHMCIIOBBIX HABBIKOB BO BpEMS PEUICHUS MaTeMaTHYECKUX IPUMEPOB C
IBY3HaYHBIMHU 4nciaMmu (exact calculation) Ha crmoxeHne. MaTeMaTH4ecKue 3aJaHHs MPEIbSIBISUTUCH B
IByX (opmarax: uncioBoM (55 + 12) u TekcToBOM (IATHIECAT IAThH IUIIOC JIBEHAALATh). B kauecTBe
KOHTPOJILHOTO YCIIOBHSI HCIIOJIB30BANIOCH YTEHHUE MaTeMaTHYeCKOW 3aaadn 0e3 HeoOXOIUMOCTH
IPOM3BOIUTh MaTeMaTuueckue BbluucieHus (“B camy pocno nBaauath yetbipe sIOJOHM M TpUHAILATbH
rpym. CkoIbKO SI0JOHB pociio B camy?”’). DKCIEpUMEHT HMMeN OJIOYHBIA JU3aiiH, KaXablid OJIOK,
COOTBETCTBYIOIIUN ONPEIECIEHHOMY SKCIIEPHUMEHTAJIbHOMY YCIOBHIO, MIOBTOPSUICA 5 pa3 M BKIIOYad 5
IIPUMEPOB WJIM 33/1a4 B paMKax ojiHoro Ojoka. Ha perienue npuMepa pecioHI€HTY AaBajioch 4,5 CEKyH/Ibl
U 2 CeKyHJbl Ha OTBET.

B kawectBe merona HelpoBusyanmsanuu npumensuiack pBUK-cnekrpockonus. JlaHHBIA MeTOX
OCHOBaH Ha MO3rOBOM reMoAMHAMMKe. {1 aHain3a MCIONb30BAIMCh MOKA3aTeNU HACBILIECHUS KPOBU
KHCJIOPO/IOM MJIM OTTOK KPOBH B TOJIOBHOM MO3T€ (OKCUI'€HALUs/ 1€30KCUTEeHAIHs ), KOTOPbIE BHICTYAIOT
Ha/Ie)KHBIMM [10Ka3aTeIsIMU (PYHKIIMOHAIbHON aKTUBAILlMU MO3Ta B OTBET Ha KOTHUTUBHYIO 3aj1a4y.

B npoekre nmpumensiiace nopratuBHas cuctema GpbUK-cnekrpockonu NIRSport Model 88, NIRx
Medical Technologies ¢ 16 onronamu (8 uznyyareneil u 8 AETEKTOPOB, PACIIONIOKEHHBIE B COOTBETCTBHUE C
cucremoit «10-20» Ha paccrosHuM 3 cM ApPYr OT Jpyra), C IOMOIIBIO KOTOPBIX PETUCTPUPOBATIACH
reMOJIMHAaMHUYeCcKasi aKTUBHOCTh B 14 kananax. YacTora perucrpamnuu JaHHBIX cocTaBisiia 7,81250.
Jlokanu3anuyu ONTOJAOB OIPENEIUIaCh C y4E€TOM 30H TOJIOBHOTO MO3ra, KOTOPBIE 3a[€HCTBOBAHbI IIPU
TOYHBIX BBIYMCIIEHUSX, YTEHUU U TOHUMAHUH TEKCTa, BOCIPUATUN U CEMAaHTUYECKOU 00pabOTKe YMCIOBOM
UHpOpMaLUK: IOOHO-BUCOYHO-TEMEHHBIE 00JIACTH.

C nomolIp0 AU3aiH-NPOTOKONA OBLIIM COOpaHbl M CUCTEMATHU3MPOBaHbl HEHPO(PU3NOIOrHUECKHE
nansble: 105 3anuceit ceipbix qaHHbIX (GBUK-criekTpockonuu B3pocibix pecroH1eHToB (cTyaeHToB), 100
3amnMcell ChIPbIX JAHHBIX IIKOJIBHUKOB. BbUI MpoBeneH NpeaBapUTENbHBIM aHAIN3 CUTHAJIOB Ka)KJOTO
pecrionieHTa. [locne npenBapuTenbHOi 00pabOTKH, BU3yalbHOTO aHAJIHM3a ChIPBIX JaHHBIX CTYIEHTOB U
HIKOJIbHUKOB M aHalli3a MX MOBEJECHYECKHX JIaHHBIX (YCIEIIHOCTH BBIIOJIHEHUS 33JaHWi) B UTOTOBBIN
aHanu3 ObLTH BKITIOYEHBI 3aTUCcH 86 CTYZIeHTOB (B Bo3pacte 18-26 jer) u 63 mKkonbpHUKa (B Bo3pacTe oT 11-
17 ner).

[Tpenporieccunr HaOOpOB JaHHBIX BKIIIOYAJd IMPeoOpa3oBaHME HCXOIHBIX 3HAYEHUH CBETa B
ONTUYECKYIO MJIOTHOCTh, HHTEPIOJISALUIO IJIOXUX KaHAJIOB, Mpeo0pa30oBaHe B OTHOCUTEIbHBIE H3MEHEHUS
koHuentpauun O2Hb u HHb ¢ momousio MomuduuupoanHoro 3akoHa bepa-JlamGepTa, pa3nuuHble
BapuaHThl GrutbTpanun (rieTp TDDR u CBSI, monocoBoit GpuibTp), pasaeiieHne TaHHbIX Ha KOPOTKHE U
JUIMHHBIC KaHaJbl, pa3JelieHHue €IMHOHM 3amucu Ha 3MoxH (YCJIOBHUS) C JIMTENBHOCTBIO 6,5 CEKyH[,
yIaJeHne MIOXHUX 30X Mo mopory pasopoca amrmuuty sl (hbo=180e-6), netpenaunr [15].

B HEHpOKOTHUTHBHBIX MCCIENOBAHUAX MO3TOBOM AKTUBHOCTH, PETHMCTPUPYEMON amnmapaTHbIMU
METOJaMH HEWpOBU3YyaIU3alluu, AJITOPUTM KOPPEKIUH 0a30BOW JIMHUU SBISETCS TPaJAUIIMOHHBIM
NOAXOJOM JJIsl yNAJ€HHMs W3 LEJNEBOr0 CHUTHaJla, ONPEACISAIOIIEr0 IeMOAMHAMHYECKYIO PEaKLUI0 Ha
KOTHUTHBHYIO 33Ja4y, CUCTEMHOE COCTOSIHME€ MO3TOBOM aKTHBHOCTH, KOTOPOE OBLIO y PECIOHAEHTA J10
MOMEHTa TpPEIbsIBICHUS CTUMYJIBHOrO MaTepuana. HelipoHHBIE ceTH MO3BOJSAIOT 0000INAThH JIOTHKY B
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JIAHHBIX, B TOM YHKCJIE 33 CUET BBISBIICHUS HEJIMHEHMHBIX 3aKOHOMEPHOCTEHN B JaHHBIX. MBI IIpeanoaaraem,
YTO aJITOPUTM KOPpPEKIHU 6a30BOM JIMHUU U3JIMIICH B Cllydyae MPUMEHEHHS B Ka4ecTBe Kilaccupukaropa
HEHpOHHOI ceTu. i MPOBEPKH NaHHOW THUIIOTE3bI, KK HA0Op JaHHBIX OBUI MOATOTOBIEH B JABYX
BapHaHTax: C NPUMEHEHHEM aJropuTMa KOppeKUHUH 0a30BOM JTUHUU M 0O€3 NpUMEHEHHUs IJaHHOTO
aJIropuUTMa.

TakuM 00pa3oM, B HCCIEAOBAaHUU MPUMEHSIIOCh TPU IKCHEPUMEHTATbHBIX YCJIOBHS, HA OCHOBE
KOTOPBIX OBUIM CPOpPMUPOBaHBI 3 HAaOOpa MaHHBIX B JIBYX BapuaHTax (C MPUMEHEHHEM aJlrOpUTMa
KOPPEKIIUK 0a30BOM JIMHUH U 0€3 MPUMECHECHHUS ):

- «num_addy» BkIItOYaeT MpUMEpPhI Ha CIIOKEHUE B YUCIIOBOM (pOpMATe C IIEPEXOI0M Yepe3 JACCATOK
u 0e3 nmepexoja yepes JecATOK;

- «text_add» BkiItouaeT MpUMEpPHI HA CIIOKEHUE B TEKCTOBOM (popMaTe ¢ mepexoioM u 0e3 mepexo/ia
yepes JeCITOK;

- «nocalc_nocalcy BKITIOYaeT YTEHHE MAaTEeMAaTHYECKUX 3a/1a4 0€3 BHIYHCIICHUH.

Pasmep kaxaoro Habopa JaHHBIX ObUT MPEACTABICH CICAYIOIMMH pa3MepHOCTsAMH: N_sample
(koimuecTBO 310X), N_channels - 28 (komuuectBo kananoB), N_frame — 52 (konnM4ecTBO 3HAYCHUM,
3a()MKCUPOBAHHBIX BO BpeMeHH), rae N_frame = 52, tak kak [UIMHA 3MOXH COCTaBIAET 6,5CEKyH[ IPH
4yacToTe perucrpanuu odopynosanus 7,811,

B nacrosmieii pabore nms kiiaccupuKauy reMoIMHaMUYeCKUX MaTTePHOB B3POCIBIX U IKOJILHUKOB
W ONpEeNeNieHUs BO3PACTHBIX pa3Uyuil B (PYHKIMOHUPOBAHUH CHUCTEMbI CHUMBOJIMYECKON OIICHKHU
KOJIMUECTBa ObUIH pa3padOTaHbI CIEAYIONINE apXUTEKTYPhl HEHPOHHBIX CETEH:

1. PexyppeHTHas HEWpOHHas CeTh C JIMHHOW Kparkocpounoir mamsteio (NN-1_LSTM) [11].
ApXUTEKTypa BKJIIOYAET: BXOJHOM CIIOM pa3MepoM 28 KaHaJIOB Ha 52 3HAUYEHHUS B KaXIOM KaHale,
COOTBETCTBYIOIIUX 3HAYCHUSM OKCH M JCOKCH TeMOoriioOWHa; aBa CKpHITHIX cinos LSTM; BwIXxogHOU
TIOJTHOCBSI3HBIN CIIOH ¢ ABYMS HeipoHamH (J1Ba Kiacca) v (pyHKIMEH akTuBanuu softmax (pucyHok 1).

put: | [(None, 28, 52)]
InputLayer
output: | [(None, 28, 52)]
Y
input: one, 28, 52
LSTM | tanh i G )
output: | (None, 28, 8)
mput: one, 18, §
LSTM | tanh ! @ )
output: (None, 8)
mput: | (None, §)
Dense | softmax
output: | (None, 2)

Puc. 1. Apxurektypa HeliponHoit cetu NN-1_LSTM
Fig. 1. Neural network architecture of NN-1_LSTM

2. PexyppeHTHas HeWpoHHasi ceTb ¢ JUIMHHON kpatkocpoyHod mamsaTteio (NN-2 LSTM-+MLP), B
KOTOPOH JUIsl YCHJICHHsSI MOIIHOCTH CETH J100aBJEHBI IOJHOCBS3HBIE CIOU. APXMTEKTypa BKIIOYACT:
BXOJHOM CJIOW pa3zMepoM 28 KaHAJIOB Ha 52 3HAYEHHUS B KaXJOM KaHaJle, COOTBETCTBYIOIINX 3HAYCHUSIM
OKCH U JICOKCH TeMorioOuHa; aBa CKpbITHIX cios LSTM; nBa CKpBITBIX MOJTHOCBSI3HBIX ciog mo 128
HEHpPOHOW KaX/blii; BHIXOJAHOW IOJHOCBSI3HBIM CJIOM ¢ JIByMs HeWpoHaMu (IBa Kiacca) U (pyHKUMEH
aKTUBaNuMU softmax (pUCyHOK 2).

3. JIByHampaBlieHHas] pEKypPpEeHTHAsi HEUPOHHAs CEeTh C JIWHHON KpaTkocpouyHou mamaThio (NN-
3 BidirectionalLSTM). B nByHanpaBieHHbIX peKYPPEHTHBIX CETSAX CHUTHAJl CHavaja MOoJaeTcsi B IPSIMOM
NopsJIKE, 3aTeM B 00paTHOM MOPSAJKE U Pe3yJbTaThl 00beqUHSIOTCA. TakuM 00pa3oM, CETh «CMOTPUT» HA
CUTHAJ C JBYX CTOPOH M B HEKOTOPBIX 3aJaydax 3TO IO3BOJISIET HAWTH JOINOJHUTENIBHBIE NPU3HAKH,
YIIy4IIaOIINEe UTOTOBYIO KJIacCH(PUKAINIO. APXUTEKTypa BKIIOYAET: BXOIHOH CIIOH pazMepoM 28 KaHAJIOB
Ha 52 3HaYeHUs B KaKIOM KaHalle, COOTBETCTBYIOIIMX 3HAUCHHSIM OKCH W JIGOKCH I'e€MOTJIOO0MHA; JBa
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CKPBITBIX JByHanpaBieHHbIX ciosi LSTM; BbIXOAHOHN IOJIHOCBSI3HBIN CIIOM C ABYMs HelpoHamu (IBa
Kjacca) M GyHKIHEH akTuBanuu softmax (pucyHok 3).

mput: | [(None, 28, 52)]
InputLayer
oufput: | [(None, 28, 52)]
input: one, 28, 52
LSTM | tanh i ® )
output: | (None, 28, 8)
mput: one, 28, 8
LSTM | tanh ! & )
output: (None, 8)
input: (MNone, 8)
Dengze | relu
output: | (None, 128)
Y
mput: | (None, 128)
Denze | relu
output: | (None, 128)

mput: | (None, 128)
output: | (None, 2)
Puc. 2. Apxurekrypa neriponnoit cetu NN-2_LSTM+MLP
Fig. 2. Neural network architecture of NN-2_ LSTM+MLP

Dense | softmax

input: | [(None, 28, 52)]
output: | [(None, 28, 52)]

InputLayer

mput: | (None, 28, 52)

Bidirectional(LSTM)
output: | (None, 28, 16)

o mput: | (None, 28, 16)
Bidirectional(LSTM) -
output: (None, 16)
input: | (None, 16)
Dense | softmax
output: | (None, 2)

Puc. 3. Apxurektypa neriponnoii cetu NN_3_BidirectionalLSTM
Fig. 3. Neural network architecture of NN_3_BidirectionalLSTM

4. CBeprouHas peKyppeHTHas HEHpOHHAas CETh C JUIMHHON KPAaTKOCPOYHON NaMSAThIO M CBEPTKAMU
1D (NN-4_ConvliD+LSTM). 3a cueT ClI0€B CBEPTKH OCYIIECTBIISIECTCS TMPEABAPUTEIBHOE OTCEUCHHE
HEeMH()OPMATUBHOTO CHUTHajla U YKPYNHEHHE MPU3HAKOB BPEMEHHOTO psfa. ApXHMTEKTypa BKIIOYAET:
BXOJIHOM CJIOW pa3MepoM 28 KaHAJIOB Ha 52 3HAYEHUs B KaXJOM KaHalle, COOTBETCTBYIOIIMUX 3HAUYCHUAM
OKCH M JEOKCH TreMorioOuHa; JBa cKpbIThIX ciosi LSTM; nBa cBeptonbix ciost 1D (pasmep 1x3) c
byukueit aktuauuu relu; 1uid perynspusanuu rnpoiecca 00y4eHHsi CBEpTOUHBIX CI0EB 100aBIIEHBI CII0U
Dropout; BBIXOJHOM MOTHOCBA3HBIN CIOW ¢ AByMsl HelpoHamM (ABa Kjacca) M (yHKIMEH aKkTHBAlUU
softmax (pucyHoK 4).

B npomnecce oOyuenust kaxaoil Mmojenu nepedupaiuch Bce KOMOMHAIIMN CIEIYIOIUX MapaMeTpOB:
KOJIMYECTBO HEMPOHOB B CKPBITHIX €0AX (2, 4, 8, 16, 32, 64), pa3Mmep nakeTa JaHHbIX Ha KaXJ10H UTepaluu
oOyuenus (8, 16, 32, 64).

[Ipu mnoxaroroBke oOyyaromUX JaHHBIX OBLIM OMNpENENICHbl CJENyIONIMe MapaMeTpbl: s
o0ecrieyeHnss BO3MOXKHOCTH CPAaBHUTEIBHOI'O aHAIM3a pPE3yJlbTaTOB O0OydeHHUs ObUIO 3a(HKCHPOBAHO
3epHO TeHepaTopa ciydaiiHbix ymcen (random_state=12345); 20% oObeMa TECTOBOTO MHOKECTBA OT
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o0miero MHOKecTBa JaHHBIX; 20% BaJUAAMOHHOTO MHOXKECTBA OT pa3Mepa OO0ydaromied BBIOOPKH
JIaHHBIX.

B mpomecce oOyueHust mMonenell HMCIONb30BAIHMCH CIEAYIONIME HapaMeTpbl: (yHKIUS OIIMOKH
KaTeropuaibHas Kpocc OSHTpomus; onTummuzatop Adam; merpuka kauectBa Accuracy; KpHTEpHi
OCTaHOBKH 06yquI/151: CCJIM Ha MPOTAKCHUU 6 smnox O6y‘-I€HI/ISI TOYHOCTh Ha BBI60pK€ BaJInganuu HE
yBennuuBaeTcs oonee yeM Ha 3%, TO 00ydeHHe OCTaHABINBACTCS U COXPAHACTCS MOJIETb.

mput: | [(None, 52, 28)]
output: | [(None, 52, 28)]

InputLayer

mput: | (None, 52, 28)
output: | (None, 52, 28)

Dropout

mput: | (None, 52, 28)
output: | (None, 50, 8)

ConvlD | relu

mput: | (None, 50, §)
output: | (None, 50, §)

LSTM | tanh

put: | (None, 50, §)
output: | {None, 50, 8)

Dropout

put: | (None, 50, 8)
output: | (None, 48, 8§)

ConvlD | relu

mput: | (None, 48, 8)
output: (None, 8)

LSTM | tanh

y

input: | (None, §)
output: | (None, 2)
Puc. 4. Apxurektypa HeliponHoit cetu NN-4_ConvlD+LSTM
Fig. 4. Neural network architecture of NN-4_Conv1D+LSTM

Dense | zoftmax

PE3YJIBTATBI HCCIIE/IOBAHHUA H HX ObCYK/IEHHE

Jlydimue pe3yabTaTel 00y4eHHs MOJENel Ha JaHHBIX 110 BCEM YCJIOBHUAM C IPUMEHEHUEM AIrOPUTMA
KOppeKIHy 6a30BOM JIMHUU U 6€3 MPUMEHEHHS aJlrOPUTMA MIPE/ICTaBICHbl HA PUCYHKE .

W3 pe3ynbraroB, NpeACcTaBIEHHBIX HA PUCYHKE 5 BBITEKAIOT CIEAYIOLINE BHIBOADIL:

1. JIyumuii pe3ynbpTaT Ha BceX HaOOpax JIaHHBIX JIEMOHCTPUPYET PEKYPPEHTHAsI HEHPOHHAS CETh CO
CJIOSIMM TIPEJBApUTENHHON CBEPTKH CUTHANA. BeposTHO, Takoi pe3ynbTaT 00ycClIOBiIEH TeM (PaKToMm, 4To
CBEpPTOYHbBIE CJIOM H3BJIEKAIOT M3 CHUTHala 0ojee KOMIAKTHbIE MPH3HAKU, KOTOPbIE B IOCIEIYIOIIEM
AQHAIN3UPYIOTCS] PEKYPPEHTHBIMHU CIIOSIMHU.

2. BTopoii o pe3yabTaTUBHOCTH B MIOKa3aTesie TOYHOCTH SIBJISI€TCS IBYHAINPaBICHHAs peKYpPpPEHTHAs
HEHpOHHAas ceTh, KOTOopas Ha BceX Habopax AaHHbIX mpeBocxoauT 1o TouHocTy cetd NN-1_ LSTM u NN-
2 LSTM-+MLP. Takum oOpa3om, aHaiu3 CUTHaja ¢ 00OMX HAIpaBJICHUN C OJAHON CTOPOHBI MO3BOJISET
BBISIBUTH JIOIIOJIHUTENIBHBIE NTATTEPHBI, C APYTOM YABOUTH MPU3HAKOBOE MPOCTPAHCTBO. J{aHHBIN MOAXO0.
OPUMEHUM Ui pelIeHMs] 3ajad, aHAJOTUYHBIX 3a/ladye HaCTOSAIIEro peHIeHHs, TaK KakKk aHalu3
OCYILIECTBIISICTCS HE B pEXKHMME OHJIAlH, a MOCT (aKTy.

3. IlpumeHeHHe K JaHHBIM aJIropUTMa KOPPEKUUH O0a30BOM JMHUM NPAKTUYECKU ISl BCEX
ApPXUTEKTYp HEHpPOHHBIX CeTel MO3BOJSET YJIYUYLIMTh TOYHOCTh KiaccUpUKanuu. Tak A Jydinero
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knaccugpukaropa NN-4_ConvlD+LSTM B 3aBucumocTu OoT HaboOpa MAaHHBIX NPHUMEHEHHE alropuTMa
YIIYUIIHIO TOYHOCTH Kiaccudukanuu Ha 4-6%.

ToyHoCTbL MO,EI,EJ'IEH Ha TeCTOBbIX AdHHbIX

o0 00
50,00

24,76

85,00 82,27

7833 80,33 model_type -
75,61 76,22 76,92 . 7500 w NN-2_BidirectionalLSTM
. 7201 T458 i 74,00 =

BD,00

76,22
75,00

Accuracy (%)

m NN-4_Conv1D+L5TM

o on
70,00

MN-1_LSTM

65,00 MN-2_LSTh=MLP
nocalc_nocalc num_add text_add

Event

a

TouyHOCTb MO,EI,E'J'IEF‘I Ha TeCTOBbIX AaHHbIX
an o 88,41

FU U 26,29 80,00
85,00
model_type -

76,83 77,26 77,67 .
76,22 /0 m NM_3_BidirectionalLSTM

75,00
7458 74,25 7400
B NN-4_ConviD+LSTM
NN-1_LSTM

MNMN-2_LSTM+MLP

80,00 78,05

75,00

Accuracy|3)

70,00

65,00
nocalc_nocalk num_add text_add

Event

)
Puc. 5. TouHOCTD MOJIENIEH ICKYCCTBEHHOTO MHTEIUIEKTA Ha TAHHBIX: a) 0€3 MPUMEHEHUS allropuTMa
KOppeKIH 6a30Boil TMHUHM, 0) C MPUMEHEHHEM aJITOPUTMA KOPPEKLIUU 06a30BOH JTMHUU
Fig. 5. The accuracy of artificial intelligence models on fNIRS data: a) without a baseline correction
algorithm, b) with a baseline correction algorithm

3AK/ITIOYEHHUE

[IpoBenennoe uccnemoBanue mnokazano, uTo RNN B umctoM Buae He 00€CleuynBaIOT BBICOKHI
YpOBEHb TOYHOCTH MPH BBINIOJIHEHUH 3a7a4 kKiaccudukanuu nanaeix bUK-cnekTpockonuu mpu aHanuze
BO3PDACTHBIX pa3Muuii B (PYHKIIMOHUPOBAHWU CHCTEMbl CHMBOJIMYECKON OIEHKH KOJMYECTBA.
Monuduxaruu apxutektyp RNN 3a cuer BBeneHHS CIOEB CBEPTKHM WM JBYHAIIPaBICHHOIO aHalIN3a
CUTHajJa TIO3BOJISIOT 3HAUMTENHHO MOBBICUTH KAauyeCTBO pabOThI ceTH (TOYHOCTH KiIaccu(UKAIMH), B
YaCTHOCTH 3a CUET PaCUIMPEHUs MPU3HAKOBOTO MTpocTpaHcTBa. [1pu 3TOM nydiuii pe3ynbTat 1o TOYHOCTH
MPOJEMOHCTPUPOBAIA CBEPTOYHO pEeKyppeHTHas HelponHas cetb ConvlD+LSTM, 3a cuer BBOma B
APXUTEKTYPYy CJIOEB MPEIBAPUTEITHLHON CBEPKH CHUTHAJIA. DTO CBHJETEIHCTBYET O TOM, YTO NMPUMEHEHUE
QITOPUTMA CBEPTKH TyUYIIUM 00pa3oM MOKET YUYHTHIBATh HECTAIMOHAPHYIO U MHOTOMEPHYIO MPUPOIY
AHATM3UPYEMOT0 CHTHAIA TeMOIMHAMUYICCKOW MO3TOBOM aKTHBAIMH. [IpakTHKa IPUMEHEHHUS aJrOpUTMAa
KOppeKnuu 0a30BOM ITUHUM TMO3BOJWIIA MOBBICUTH TOYHOCTH kiaccupukanuu RNN, takum oOGpazom
yAQJICHHE CHCTEMHOTO 0a30BOTO COCTOSIHHS CUTHAJIA TIO3BOJIMIIO yOpaTh WH(OpPMAIHIO, HE OTHOCSIITYIOCS
K 1eneBoi. OgHAKo, Takoe pelieHHe HEeM30€KHO BeleT K YAAJNEHUIO YacTH MOJIe3HOW uHpopmanuu,
CBS3aHHOM C peakiieil Ha lereBoe coObiTHe. B manpHeMIMX uccieoBaHMUSIX OyAyT CIPOEKTHPOBAHbBI
HOBBIE APXUTEKTYPhI HEHPOHHBIX CETEH, KOTOPBIE JOKHBI Oy TyT 00ECIIEUNUTh BHICOKUI YPOBEHH TOUHOCTH
kinaccuukanuu 06€3 TPUMEHEHUs] aIropuTMa KOPPEeKIMHU 0a30BOM JIMHUM W HEKOTOPBIX JTaloB
MpeBapUTEeNbHON O00paOOTKM CHUTHAja, KOTOPHIE TaKXKe YaCTUYHO YAANSIOT W3 CHTHAla IENeBYIO
uH(pOpMaIHIO.

BIIATO/JAPHOCTH
HccnenoBanue BBIIOIHEHO MpH nojjaepkke rpanta PH® Ne 22-28-02030 «HelpokorHUTHBHBIE
MEXaHN3MbI CHMBOJIMYECKUX YMCIIOBBIX HABBIKOBY.
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AHHOTAUA

WzyueHrne WHINBUAYaTBHO-TICUXOJIOTHIECKUX 0COOEHHOCTEH JII0JIel WMeeT BaKHOE 3HAUYCHHUCE B
00J1acTax: o0pa3oBaHUM, MCHEIDKMEHTE M YIPaBICHUH, 00CCIICYCHUN 0€30MaCHOCTH YeJIOBEKa H
coobmecTB. B pemennu 3aauu onpeieneHus 1 aHaIu3a IMIHOCTHBIX 0COOCHHOCTEH CYIIECTBYIOT
pa3nuYHbIe HHCTPYMEHTBI, OJTHAKO OHU MMEIOT Psiji OrpaHruYeHHid. MBI TpeICcTaBisieM pelicHue,
KOTOpOE M3BJIEKAET U C UCIOJIB30BAHNEM MAIIMHHOTO OOYUYEHHsI aHAIM3UPYET NPU3HAKH JIHLA U
peyn dYenmoBeKa W3 BHUAEOPAa, IPUMEHHMOE JUIi HCCICJOBAaHMS BOCBMH  Pa3IMYHBIX
MHIVBHIYabHO-TICHXOJIOTHYECKUX XapaKTePHCTHK B 33/1a4e IH(POBOTO OHIAWH-TIpodaiiiuara.
[Nonw3oBarento mpeAsaraeTcst UCMOBL30BaTh pa3paboTaHHylo 6ubimoreky Expert miist monmydyeHus
HOBBIX XapaKTEPHCTHK ITyTeM NPHUMEHEHHs M KOMOHMHAIWU CymiecTByronmx ML-momyned s
peLIeHust MUPOKOTo Kiacca 3a/1a4.

KiroueBblie c10Ba: MalimHHOE 00YYEHUE; Open source; MyJIbTHMOJIAILHBIN aHaIn3; BepOaibHbIe
1 HeBepOabHbIC TIPU3HAKH

Juast nutupoBanmsa: CmupHoB WM.3., Mensenes A. A., Camurymun T.P., Komaposa A.A,
Tumomyk-bonmaps A.W., Cuasko M.B., Jlaymkuna A.A., l'opman O.0., Bacos O.0. Pazpaborka
METOZIOB MAIIMHHOTO OOy4eHUs: ¥ OWOJMOTEKH WHTEPHPETHPYEMOro MpeAcKa3aTelbHOro
MOJICTIMPOBAHUS TIOBEJCHUS YEIIOBEKa B IIpollecce ero OHiMaiH-npodainuara // Hayunsrid
pesynbrar. Mapopmannonnsie TexHomoruu. — T.8, Ned, 2023. — C. 59-69. DOI: 10.18413/2518-
1092-2023-8-4-0-6
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MODELING OF HUMAN BEHAVIOR DURING HIS

Timoshchuk-Bondar A.l. ONLINE PROEILING

Sinko M.V., Laushkina A.A.
Goffman O.0O., Basov O.O.

ITMO University, 49 Kronverkskiy prospekt, St. Petersburg, 197101, Russia

e-mail: oobasov@mail.ru

Abstract

The study of individual psychological characteristics of people is important in the areas of
education, management and administration, ensuring the safety of individuals and communities.
There are various tools for solving the problem of determining and analyzing personal
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characteristics, but they have a number of limitations. We present a solution that extracts and uses
machine learning to analyze human facial and speech features from video footage, applicable to the
study of eight different individual psychological characteristics in an online digital profiling task.
The user is invited to use the developed Expert library to obtain new characteristics by applying
and combining existing ML modules to solve a wide class of problems.

Keywords: machine learning; open source; multimodal analysis; verbal and non-verbal signs

For citation: Smirnov 1.Z., Medvedev A.A., Samigulin T.R., Komarova A.A., Timoshchuk-
Bondar A.l., Sinko M.V., Laushkina A.A., Goffman O.0., Basov O.0. Development of machine
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BBE/IEHUE

BoinyxJeHHBIA Tepexosa OOJIbIIMHCTBA KOMMYHMKAIMM B OHJIAMH, CBSI3aHHBIM C HaHAeMuen
KOpPOHOBUpPYCAa, W YCTOWYMBOE NPOAOJDKEHHE (M3-3a OLIyTHMOIO YJ00CTBa) KOMMYHHMKATHBHOTO
B3aUMO/ICHCTBHE TIOCPEICTBOM TEXHHUECKUX CPEJCTB ONPEACITIIN Iepexo/1 B U(PPOBOE MPOCTPAHCTBO U
KaZpoBoro npodaitnuura. Mexay Tem, He cMOTpsl Ha HaOIOAaeMblii pocT 00bEMa U MHTEHCHUBHOCTH
UCIIOJIB30BAaHNs TEXHUYECKHUX CPEICTB MEKINYHOCTHOM KOMMYHMKAIMM, BO3MOXHOCTH AaHaJIA3a
HEBepOAJIbHBIX CUTHAJIOB OKAa3bIBAIOTCS OTPAHWYEHHBIMHU, YTO CYIIECTBEHHO CHUXAET 3(PPEKTUBHOCTD
OHJIaliH-TIpodailiiuHra. OTO MPOUCXOJUT KaK B CHIIy OOBEKTUBHBIX IMPHUUYMH, CHIDKAIOIIUX KaueCTBO
nepeaaBaeMoil nHGopManuu (OTeps U UCKAKEHUE JAHHBIX MU Meperade Mo HH(POKOMMYHHUKALMOHHBIM
KaHajaM), TaK U IO IMPUYMHE BBICOKOM CTENEHH HEONPEJEIIEHHOCTH OTHOCUTENbHO €€ HEBepOalbHOIO
KOMIIOHEHTa (He4YeTKas KapTHHKA, OrpaHHYEHHbIN CeKTop 0030pa KaMmepbl, MOCTOPOHHHE IIyMbI B
aKyCTHMYECKOM KaHaje, WCKa)KEHUS B YCIOBUSX HM3KOCKOPOCTHBIX KaHalloB cBsizu). Kak ciexnctsue,
npeojojieHre 3Tod  mpoOieMbl TpeOyeT pa3BUTHS HHTEIUIEKTYyaJbHBIX METOJOB BOCIIOJIHEHUS
HeBepOaIbHOW COCTaBIISIIOIICH TIOBEJEHUS 4YeJOBEKa B XOJ€ OHJIAWH-TIpodaiiaMHra, HCXOAs U3
OOBEKTHBHBIX MAaTEpUAIOB (JIaHHBIX, IOJy4aeMbIM IO HEBEpPOAIbHBIM KaHaJaM KOMMYHUKAIUH U
XapaKTepU3YIOUINX TEKYIIHE COCTOSHMSI COOECEIHHUKOB M (MJIM) pe3yibTaTrax MOJEIUPOBAHMS CaMOro
TAKOTO B3aUMOJAEWUCTBUS), W CO3JaHHs MHTEPIPETUPYEMBIX IPEJICKA3aTeIbHBIX MOJeNeil Takoro
MTOBEJCHUSI.

OTO NO3BOJUT, B CBOK OYEpElb, CO3JaBaTb HHCTPYMEHTHI OIEPATUBHOW IICHXOJUArHOCTHKHU
(ompeneneHye MCUXOTHUIIA YEJIOBEKA) U OIpEeNeIeHHs] €r0 UCKPEHHOCTH (HEMHBA3UBHAS IETEKIMS JIXKH),
SBJISIIOIIMECS BAXKHBIMH B TakMX cepax Kak ICHUXOJIOTHS, MEIMIMHA, MEHEDKMEHT, 00pa3oBaHUE U
koMmyHukanuu [1, 2]. Hampumep, 118 MOHUTOPUHIA U OLEHKH IICMXO3MOLMOHAJIBLHOIO CTaTyca
00yyaromuxcs U COTPYAHUKOB U MX KOMIETEHIMH, MperynpexKIeHUs pa3BUTUS MOCTTPABMATHYECKOTO
CTPECCOBOT'0 PACCTPOMCTBA, OMPEACIICHHS TICUXOJIOTHYECKOTO U COIHATIBHOTO Onaromnonyuus e [3-
6]. IlpeameroM wuccienoBaHUS B TMOAOOHBIX 00JAacTAX 4Yalle BCErO BBICTYNAKOT JIMYHOCTHBIE U
npodeccuoHanbHble XapaKTepUCTUKH yenoBeka [7]. Hampumep, arpeccuss MOXeT BIMATH Ha CTUIIb
YIIPaBJICHUS, YTO, B KOHEUHOM CUETE, CKAa3bIBACTCS HA YPOBHE 370POBbs COTPYAHUKOB U TEKYUYECTH KaJpOB
[8]. KoMMyHUKallMOHHBIE XapaKTEPUCTUKHU IO3BOJISIOT pellaTh COIHAIbHO 3HAYKMMbIE U JMYHOCTHO-
opueHTHUpoBaHHble 3amaun [9]. Takas xapakTepucTHKa Kak KOHTPYIHTHOCTb IOJpa3yMeBaeT
COIJIACOBAHHOCTh BHYTPEHHET'O COCTOSHUS CAaMOT'0 YeJIOBEeKa U OTCYTCTBUE AUCKOM(OPTA y ONIMOHEHTA, B
TO BpeMsl KaKk KOMMYHHMKAaTHUBHAsI YKIIOHYMBOCTB, IIPOSIBIISIEMas B TOM YHUCIIE Y€pe3 UPOHUIO, CApKa3M U
J0Xb, UMeeT 00paTHbIN 3¢ ekt [10]. B kpuTHYeCKUX CUTYyalUsIX YBEPEHHOCTh UTpaeT OOJBIIYIO POJIb B
nporiecce MpuHATHA pemeHnit [11]. YBepeHHOCTh MpeACTaBIsSeTCs KaK OleHKa JTUYHOCTHOTO ONBITa U
3HAHWW, HAIIPaBJIIEHHBIX Ha JOCTHKEHHUE BBICOKOTO pe3yJibTaTa B AEATENBbHOCTH [12]. BaxkHo mpu sTom
YUUTBHIBaTh HAJIMYKME Y UHJIMBU]IA KOTHUTUBHBIX HCKaXEHHH, OKa3bIBAIOIUX BIMSHUE HA €T0 MOBEJCHHE B
cuTyanusx BbiOopa. KOrHUTHBHBIE HCKaXXEHUS OTHOCITCSA K CUCTEMAaTUYeCKUM OIIMOKaM B MBILIUICHUH U
BOCIIPUATUN YENOBEKOM peaibHOCTH. OHM MOTYT BIMATH Ha MPHUHITHE pelleHud, (opMUpOBaHHE
yOexIeHN W BO3HUKATh H3-3a MpeayOeKICHHUH, SMOIMOHAIBHBIX NEpeKUBAaHUN M HeIoCTaTKa
uHpopmauuu. Ilcuxonornueckre 3¢p(eKThl, OrpaHUUYMBAIONIME PALMOHAIBHOE IOBEIEHHE HWHIMBHJA,
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CYIIECTBEHHO BJIMSIIOT Ha IMCHUXOJIOTMYECKUI KJIMMAT B KOJJIEKTUBE M 3KOHOMHYECKHE mokazatenu [13].
Takum 00pa3oM, yKazaHHBIC XapAaKTEPUCTHKHU SIBISIOTCS KAa4eCTBEHHBIMH KPUTEPUSIMH JOCTIDKCHHSI
pe3yabTaToB B MPO(eCCHOHANBHON 1 JIMYHOCTHOM JIeTeNbHOCTH yenoBeka. Crie1oBaTeIbHO, CYIIeCTBYET
noTpeOHOCTh B A((HEKTUBHBIX M KOMILICKCHBIX PEIICHHSIX, TO3BOJISIOIMINX M3BJICKATh U aHAIM3UPOBAThH
MPU3HAKY JJIS OIICHKU YKa3aHHBIX XapaKTCPUCTHK.

Mpbl mpencTaBiisieM METOIbl M COOCTBEHHYIO OHOJIHOTEKY, KOTOpBIC MO3BOJISIOT aHAJIH3UPOBATh
YKa3aHHBIE XapaKTEPUCTUKH Ka)XJOTO YelOBEKa, MPHUCYTCTBYIOMIET0O HAa BHAEO. OTIMYUTENHHOU
OCOOCHHOCTBIO ~ OMOJMOTEKHM  SBJISIOTCS YK€  BCTPOGHHBIE  MEXaHM3Mbl — IpenoOpaboTku U
UHTEPIPETHPYEMOCTh TPHU3HAKOB, HW3BIEKAEMbIX M3 MHOTOMOJANBHBIX JaHHBIX. OJTO 00ecredYnBacT
HU3KHAH TIOPOT BXOAa Tt paboThI ¢ JaHHOM OubmmoTekoit. Kpome 3Toro, OMGimoreka coaepKuT MOTYIIH
JUTSL aHAJTM3a BOCBMHU PA3JIMYHBIX HHIMBUTYATHHO-TICHXOJOTHYECKIX XapaKTePUCTHUK YEIOBEKA B 3aaue
OILIGHKH COCTOSITEIIBHOCTH AKCIEPTHOrO0 MHEHHs. COCTOSTENLHOCTh IKCIIEPTHOTO MHEHUS MPEJCTABIISCT
cO0OH KeNaTeJIbHYI0 OLIEHKY CY)XKICHHH Ha OCHOBE MHEHHS YelOBEeKa, 00Jalaloniero CHelHaIbHBIMU
3HAHUSIMH, C YYETOM €r0 HHIUBUAYAbHO-TICUXOJOTHYECKUX OCOOEHHOCTEeH. B maHHON cTatbe MbI
OIMCBIBaEM CTPYKTYpYy paspaboranHoii Oubmmorexkn um e€ moxmyned. B pasmenme 1 maercs 0630p
UHCTPYMEHTOB W OHMOJIMOTEK, HaNpaBJICHHBIX HAa W3YYCHHUE WHIWBUIYAIBHO-TICUXOJIOTHYCCKUX
ocobeHHOCTeH UenoBeka. B paznene 2 nmpencraBineHa nmoapoOHas HHGOpMAIHS O pEaTu30BAHHBIX MOIYJISAX
npejyiaraeMoii OMOJIMOTEKH M KCIIOJIb3YEMbIX B HHX METOJIaX MAIIMHHOTO OOy4eHus. Mbl 3aBepliaem
CTaThIO M3JI0KEHUEM OOCYKICHUS U OCHOBHBIX BBIBOJIOB.

1 COCTOAHHUE ITPOBJIEMBI

TpaauInOHHO AITOPUTMBI MAIITMHHOTO 00Y4YeHHS paboTaIH TOIBKO C OHON MOJATbHOCTBIO, OJTHAKO
npu paboTe ¢ JaHHBIMM, KOTOPbIE COJEpKAaT MH(POPMALMIO Pa3HBIX MOJAIBHOCTEH, 3TOr0 MOXET ObITH
HejocTaTo4yHO. [IpruMepoM Takux JaHHBIX SBISIOTCS BUAECO3ANNUCH, KOTJa BO3MOXKEH aHaJIU3 BUJEO, ayIHO
KaHaJIOB U TekcTa. Tak, Hanpumep, B paboTe UCI0JIb30BaHNe BepOAIbHBIX PU3HAKOB [TO3BOJIMIIO CHU3UTh
KOJIMUECTBO JIOKHBIX KiIaccH(UKAIM B pelIeHUH 3a/lauM JETEKIIMU arpecCUBHON peud B CPaBHEHUU C
pelLlIeHHEM, YUYUTHIBAIOIIUM TOJBKO TeKCT [14]. IlpumeHeHue MyJIbTHMMOJAIBHOTO MOAX0Ja TpedyeT
UCIIOJIb30BAaHUsl Pa3MYHbIX TEXHUK W Mojelned. B mpeamaraeMoM HaMM MOJAXOJE€ HCIOJIB3YIOTCS
CBEpTOYHbIE HEHpPOHHBIE CETH, CETU-TpaHCHOPMEpHl, HUMEIOIIHME psA TMPEUMYIIECTB B 3ajaye
MyJIbTUMOJIaJIbHOTO aHanu3a. K nmpeumyiiecTBaM OTHOCSATCS MHBAPUAHTHOCTD K CBUTAM M UCKaKEHUSM,
MEXAaHW3M BHUMAaHUs, YUUTHIBAIOIIMM B3aUMOCBS3H MEXK]y PA3IMUHBIMU 3JIEMEHTAMU BXOJHBIX JAHHBIX,
ruokasi CTpyKTypa U BO3MOXKHOCTh MapajjielbHOM OOpaOOTKM JaHHBIX, a TaKXe YHUBEPCAJIbHOCTb
IIPUMEHEHHUS B pa3IM4HBIX 3a7a4dax [15].

Jns ananu3a BepOanbHBIX U HEBEPOATbHBIX XapaKTEPUCTUK OBLIN CO3/JaHbl Pa3IMYHble OMOINOTEKH
u  ¢peiimBopkd. OnHUM M3 TakMX HMHCTPYMEHTOB sBisercs EmoPy, koropas pemaer 3amgauy
KJIaCCU(pUKALIMU YEJIOBEUECKUX dMOIMI 1o n3olOpakeHuto ux auil [16]. Takxke cymecTByeT GppeiiMBOpK
MediaPipe, KOTOpBIi TO3BOJISET IETEKTUPOBATH JIMIIA, U3BJIEKATh JINLIEBbIE OPUEHTHUPHI U KIIFOUEBbIE TOUKU
Tela U MajibleB PyK, YTO MO3BOJISET ONMUCHIBATH MUMHUYECKHE M3MEHEHHUs U KecThl uenoseka [17]. s
npeaoOpaboTKU TEKCTOBBIX JaHHBIX pa3paboraHa Oubmmuoreka TextBlob, mozBosstomias mpoBOIUTH
aHaJIW3 TOHAJIBHOCTH, Kiaccudukanuioo u pazdop Mmopdem [18]. H-MMER sBnsercs npumepom
MYJIbTUMOAJIBHOTO (hpeiMBOpKa Il paclio3HaBaHUs SMOLUHN M0 HECKOJIbKUX XapaKTepUCTUKaM: ayaHo,
BHJICO, TEKCT, s3bIK Tena [19]. BonbmMHCTBO pemieHnii CrenuaaTu3upoBaHbl HAa BBIICICHUH YacCTHBIX
XapaKTepUCTHK, Tak, Hanpumep, Detoxify mo3Bosnsier kinaccupuumupoBaTs TOKCHUYHbIE BhICKa3bIBaHU [20)].
Jlnst aHanm3a ayimoKaHaaa MOKHO BBIIENTUTh Ha0op MHCTpYMEHTOB Praat [21]. Praat mo3BossieT momyuuTh
IMIMPOKUNA HaOOp pPEeUYEeBBIX XapaKTEPHUCTHUK, a TAaKXKe pelaTtb 0ojiee BEBICOKOYPOBHEBBIE 3a/1aul, TAKUE KaK
pacro3HaBaHHe dMOIIHH, OMMCaHNe KOMMYHHKATUBHBIX CIIOCOOHOCTEH, peueBble 3a00IeBaHMs.

IlepeuncieHHbIE UHCTPYMEHTHI UMEIOT psJ IPEUMYILECTB B PELICHUM Y3KOHANpPaBICHHBIX 3ajad,
OJTHAKO HEJIO0CTAaTOYHAasi 00001Ia0IIasi ClIOCOOHOCTh, MPOOJIEMBI COBMECTUMOCTH M BBICOKHH TTOPOT BXO/1a
3aTpyHAT padoty. [lo 3Toi mpuunHe, HaOOp MHCTPYMEHTOB, MpeaocTaBIsieMblii Oubnuorekoil Expert,
II03BOJIIET UCIIOJIB30BATh XapaKTEPUCTUKH, [T0JIydaeMble NIPU aHAJIN3€ BUJICO3AINCH, B IIUPOKOM CIIEKTpE
3ajau.
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2METONOJIOTHA

bubmmoreka Expert mnpennHazHaueHa Uit KOMIUIEKCHOTO aHajdM3a BHJCO3AIHMCH IO BOCHMH
XapaKTepUCTHKaM, ITO3BOJIIONIMM OIICHUTH MpOoeCcCHOHATbHBIE KadyecTBa 4deloBeKa. bubnmorexa
BKJIIOYaeT B Ce0S MHCTPYMEHTapuil Il MpenoOpabOTKM BXOMHBIX JaHHBIX W HM3BJICUYEHHS YaCTHBIX
XapaKTEepUCTHK, IPEJICTaBICHHbIE HA pUcyHKe 1. Moayinu U3BIeUYeHNs XapaKTEpPUCTUK HE3aBUCUMBI APYT
OT JIpyTa, YTO MO3BOJISIET MPUMEHSTh MX Kak B 00IIeM MairaiHe, Tak U H30JIMPOBAaHHO APYT OT APYTa.

Monaynun mnpenoOpaboTKU TO3BOJIIOT pa3fefuTh BUACO3AINCh Ha HE3aBUCHMBIC (ParMeHTHI,
CoZIeprKallle YHUKAJIBHBIX CIIUKEPOB. DTO MPOUCXONT 3a CUET Mpolecca AUAPU3ALMH U COTIOCTABICHH S
CErMEHTOB ayJHOKaHajla C KaJpaMu, IOJIyYCHHbIMU Ha 3Talle aHaJnu3a BUACOKAHANa, 4TO I1O3BOJISET
aQHAJIM3MPOBATh BBICTYIUICHHE KaXIOTO YYAaCTHHKA IO OTIEIbHOCTH. Jlanee MpencTaBieHO ONHMCaHHE
KaXJ10ro U3 Moyneii oubnamorexu Expert.

BUBMUOTEKA EXPERT vl
~
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| |
| |
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| |

| |

e |
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Puc. 1. Cxema cTpykTypbl Oubanorexu Expert
Fig. 1. Expert library structure diagram

2.1 MO/JYJIb OIIPEJIEJIEHHA YBEPEHHOCTH

Moxynb onpeneneHns yBepeHHOCTH IIPEeHa3HAa4YEH JUUIsl OLIEHKH YPOBHSI YBEPEHHOCTH T'OBOPSIILIETO.
Monynb M03BOJISIET U3BJIEKATh U3 BUAEO MOCIEI0BATENILHOCTH KaAPOB U ayAH0 (PerMOB IIUTEIbHOCTHIO
10 cexyna. Pabota MOysIst COCTOUT U3 CIEIYIOLIMX 3TANOB:

1) Ananu3upyercsi MyJIbTUMOJAIBHBIN MMOTOK BUACO C MOMOINBI0 HEMPOHHOU ceThu-Tpanchopmep
[22].

2) W3BnekaroTcs BEKTOPHI MEMHUKH JIUIIA C TIOMOIIBI0 cBepTouHO# ceTtn BlazeFace ¢ momynem Face
Mesh [23].

3) ITytem 06paboTKH ayanokaHaaa GOpMUPYETCS BEKTOP ayJHOIMPHU3HAKOB.

4) Aynuo M BUAEO NPU3HAKU OOBEAMHSIOTCS MO Pa3MEPHOCTU IMPHU3HAKOB, (HOpPMHUPYS MOTOK
MYJIbTUMO/IaJIbHBIX IPU3HAKOB.

5) K atomy notoky nobasisiercsi 00ydaeMblii BEKTOp, IepeiaBaeMblii B ceThb-TpaHchopmep.

Ha Bbixome cetu Qopmupyercss BeKTOp, coaepxkamuii HHopmanuio 000 BcCeX >BIEeMEHTax
NOCJIEA0BATENBHOCTH. MOIyJIb HCTIONB3YET MOIYYEHHBIH BEKTOP [UIsl HOPMAJIN30BAHHOMN OLICHKH YPOBHS
YBEPEHHOCTH CIHMKEPa B KaXKJIbIiI MOMEHT BBICTYIUIEHHUS, 0000111asi ONBIT BepOaIbHBIX U HEBEpOAIbHbBIX
XapaKTEPUCTHK.
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2.2 MOJYJIb OIIPE/IEJIEHUA ATPECCHH

Mopnynpe omnpeneneHus arpecCuu IpeJHAa3HAuYeH i1 OLEHKU YPOBHS arpecCHd TOBOPSILErO.
Arpeccusi onpelenseTcs Ha OCHOBE JIBYX YacTHBIX IOKa3aTesiel: BHYTPEHHEM M BHEUIHEH arpeccui.
BHyTpeHHss arpeccus — pa3HOBUAHOCTh arpPECCUBHOTO MOBEAEHUS, IIPU KOTOPOM BpaKJeOHbIE 1eHCTBUS
M0 KaKUM-IMOO TpPUYMHAM HE MOTYT OBITh OOpaIleHBl Ha pa3Ipakaloluii OOBEKT W HANPABISIOTCS
YeJIOBEKOM Ha caMOoro ce0s, B TO BpeMs KaKk BHEIIHSISI arpecCHsl HalpaBjeHa Ha OKPY KarOIIHX.

Jlerekuusi arpeccuu OCYILECTBISETCS HMCKIOYUTEIBHO HAa OCHOBE TEKCTOBBIX JAHHBIX, TO €CTh
BepOaIbHBIX MpHU3HAKOB. COrjacHO MPOBEACHHBIM HCCIEIOBaHUSIM, HeBepOalbHbIE MPU3HAKU MOTYT
yKa3blBaTh Ha HAJIWYHME arpecCUd y 4YelIOBEKa, JaKe €ClIM BepOallbHbIE MPHU3HAKU OTCYTCTBYIOT [24].
Monynp HampaBi€H Ha BBIJCJICHHE IPHU3HAKOB, HA OCHOBE KOTOPBIX BO3MOXKHO CYAUTh O HAJIUYUU
B3aMIMOCBSI3M MEXKy HeBepOaIbHBIMU MTPU3HAKAMHU M YPOBHEM arpeccuu (puc. 2).

MOAYNb ArPECCHS

W3BNEKAEMbIE W3BMNEKAEMBIE MPU3HAKU

MOOANBHOCTH

BEPBAJIbHBIE HEBEPBANbHbBIE
3' MoBenuTeNsHOE HakNOHEHKE TPOMKOCTL ronoca :
| oecusnmmane T ————)
B BUOEO — 3 3
| Temn peun '
— Arpeccusn SR TOKCMMHBIE BbICKa3bIBaHWA :
' MoABKUMKHOCTE HMKHER :
R A CTH I 1L —
— B ! Vrpossi (MpricyTcTBMe yrpo3 MoBOPOTE FONOBk!
n pELIb |, Bryrpenss X Po3bI (MPMCYTCTBIE YTPo3) P
arpeccusa | 3akpbiBaHie nula
MNokyceiBaHWe ry6
1 TEKCT -~ = peane maorn )
BHewHan . :

SUBSCCHe OBecueHnaaHue

Puc. 2. Hepequb H3BJICKACMbIX ITPU3HAKOB MOAYJIA arp€CCuun
Fig. 2. List of extracted features of the aggression module

s onpenenenuss ockopOieHUN U yrpo3 Obuld OOyuyeHBl JBE MOJEIM Ha OCHOBE apXHUTEKTYphl
HeliponHoi cetn BERT [25]. Mogenu nooOyyanuch aas J€TEKTUPOBaHUS yIpo3 U ockopOieHuil. Utoosl
BBIABIIATH OOECLEHMBAHHUSA, K CJIOBaM IPHUMEHSJICS CTEeMMEp Ui BBIJECNEHHS UX OCHOBBI, a 3aTeM
IPOBEPSIIOCH HAJIMYKE JIACKATEIbHO-YHUUMKUTEIbHBIX CY()(PHUKCOB.

Monyib arpeccuut CriocoOeH OINpeesIATh arPECCUI0 Y YelIOBEKa M0 TEKCTY, KOTOPBIN OH MPOU3HOCHT,
a TaKXXe BBIICNATh JONOJHUTEIbHbIE HEBEpOalbHbIE XapaKTEPUCTHUKH, KOTOPbIE MOTYT TOBOPUTH 00
arpeccuu 4eloBeKa.

2.3 MO/JYJIb OIIPEJIEJIEHHA KOHI'PYSHTHOCTH

Monyne omnpeneneHuss KOHIPYIHTHOCTH MpEAHA3HAYEH JUI1 OLEHKH YPOBHS COINIACOBAHHOCTH
SMoLUH (3710CTh, HEUTPATBHOE COCTOSHUE, PAJOCTh) CIIMKEpa MO ayAHo-, BUIEO- U TEKCTOBOMY KaHallaM
uH(popMaiuu. Moynb onpeenenrs KOHrpySHTHOCTH TPUHUMAET Ha BXOJ1 BUJI€0 BBICTYIUICHHUS YEJIOBEKa,
U3 KOTOPOT'O U3BJIEKAKOTCS:

1) INocnenoBaTebHOCTH KaAPOB ISl JETEKTUPOBAHUS KOOPIWHAT JIMIIA YEIOBEKAa C MOMOIIBIO
cBepTouHON HelipoHHOI cetn BlazeFace u nanpHeliiel BekTopusanueil 1 kiaccupuKkanued cBepTouHOM
HeriporHol ceThio DAN [26].

2) Aymuo ¢parmentsl, npeodpazoBannsie B MFCC, mist mpeickazaHus SMOLIMH ayJHo KaHalla ¢
MOMOIIbIO CBEPTOUYHOMN HEMPOHHOM ceTu [27].

3) TpaHCKpHOMPOBAHHBIA TEKCT peyH, Ui AaTbHEHIIEH KiacCH(UKAIMU IMOLUUN TPU TTOMOIIN
moaenu-Tpanchopmepa BERT [25].
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HOJIy‘IGHHBIG 3HAYCHHUS SMOILMOHAIBHBIX COCTOSHUI TPEX KaHAJIOB MPCACTABIAIOTCA B BHIC
MaTpulbl pasMEpoOM 3><3, BHYTPH KOTOpOﬁ PACCUUTBIBACTCA CTAHAAPTHOC OTKIOHCHHUEC IJIA OTACIBbHBIX
SMOIIMH U OTACIbHBIX KaHAJIOB.

MuHuManbHast pasHuna MEXAy CpPEAHHM 3HAUYCHUCM SMOLMH U TEKYIIUM CBHIACTCIIBCTBYET O
COTJIaCOBAaHHOCTH 3MOILIMH 110 KaHaJlaM, a BBICOKOC - O PacCOrjIaCOBAHHOCTHU MCKAY S5MOUHWOHAJIbHBIMU
COCTOSIHHUAMMU YCJIOBCKA.

2.4 MOZYJTIb OIIPEJEJTEHHUA HECOTJIACOBAHHOCTH BbICKA3BIBAHHH

Monynb orpenesneHus] HeCOTJIacOBAaHHOCTH BBICKA3bIBAHUN MO3BOJISET OICHUTH PEIEBAHTHOCTH
TEKCTa PEYr YeJI0BEeKa STAIOHHOMY BBICKa3bIBaHHIO. B ocHOBe Moyis nexxut mojenb BERT, o0y4ennas
Ha pemenue 3amadn Natural Language Inference (omeHkm ormueckux B3ammocBszeil) [28]. Mopens
NOJTy4aeT Ha BXOJI ITapy BhICKAa3bIBAHUH U BO3BPAIIACT OJMH U3 TPEX KJIACCOB:

1) Cnencrue.

2) HeiitpansHo.

3) IIporuBopeune.

[Tpu aHanmu3e BUIEO3AIKMCH BBICTYIUICHUS HAa BXOJ[ MOCTYIACT HAO0OP CJIOB, MOJIyUYCHHBIX HA JTaIre
TpaHCKpuOanuu (MOAYJIM MpenoOpadOTKh), M3 KOTOPBIX (OPMHPYIOTCS BBICKA3bIBAHUS M TEKCT,
HEOOXOJUMBIN JUISI OLEHKH MPOTHBOPEUYMBOCTH. JlaHHBIA MOMYJIb MOXET paboTaTh HE3aBUCUMO OT
peno0paboTKH, B TAKOM CiTydae TpeOyeTcs onpenenuTs Habop BhICKAa3bIBAaHHM 11l CPAaBHEHHS.

2.5 MOZYJIb BHIABJIEHHUA KOTHUTHBHBIX HCKAJKEHHH

AJNTrOpUTMBI BBISIBIEHUS! KOTHUTUBHBIX MCKa)KEHUH OCHOBBIBAIOTCS KaK Ha KJIACCUYECKUX METOoAax
MaIIMHHOTO OOYyYeHMsI, TaK M Ha IITyOOKUX JIMHIBUCTHUYECKUX MOJENSAX, MO3BOJSIOUIMX MPOU3BOJIUTH
JUXOTOMUYECKOE U MYJIbTUKIIACCOBOE Pa3JIe]IeHUE MCXOJHBIX BBIPAXKEHUN Ha KaTEropHM, COJEprKalline
WJIM HET IPU3HAKU UppallMOHaNIbHOrO MblnuieHus [29, 30, 31].

bubnuorexka Expert mo3Bonser pa3zpaboTymMkaM JETEKTUPOBATH 6 KaTEropuil KOTHUTHBHBIX
MCKa)XEHHI B TEKCTE peun yenoBeka [32]:

1) mepconanu3aIus;

2) SMOIMOHAIIBHOE MBIILICHHUE;

3) upe3mepHoe 0000IIICHHE;

4) HaBeUIMBaHUE SIPIIBIKOB;

5) MOJKEHCTBOBAHMUE,

6) katacTpodusanus.

Jna xnaccudukanmy KOTHUTUBHBIX MCKaXKeHUH ucnonb3yercs apxurekrypa BERT [25]. Mogenb
Obuta 00yueHa Ha TEKCTOBOM Kopityce U3 40 ThICSU MpeIoKEHUI Ha PyCCKOM SI3bIKE, COAEPIKAIUX U He
COJIepKalINX KOTHUTUBHBIE UCKaXEHUS. MOIyJIb MTO3BOJISIET U3BJIEKaTh (Ppa3bl U3 TEKCTA peyH YelloBeKa
U TIOJIy4aTh BEPOSTHOCTHYIO OLEHKY HAJIMYUS WM OTCYTCTBHS IPU3HAKOB HMCKAKEHUH U KaXI0TO
aHAIM3UPYEMOT0 HHTEPBaJIa.

@YHKIMOHAT MOJYJs IO3BOJISIET OLEHUTh BEPOATHOCTh BO3HMKHOBEHMSI M CKJIOHHOCTH K
MPOSIBIIEHUIO OTJENbHBIX KATETOPUN KOTHUTUBHBIX UCKAXKEHHH.

2.6 MOQYJIb YKIIOHYUBOCTH

Mopyne yKIOHYMBOCTH IIpEJHA3HAYEH JUI OINPEIEICHUS KOJIMYECTBA YKJIOHYUBBIX OTBETOB
BbIOpaHHOTrO yyacTHHKA quanora. OH padotaer B 3 3Tama: B IEpBYIO OYEPEb U3 KOHTEKCTA BBIAEISAETCS
OTBET Ha Bonpoc. KOHTEKCTHO-OpUEHTHPOBAHHBIE BOIPOCHO-OTBETHBIE MOJEIH, TIOMUMO IMO3ULIMH Havana
Y KOHIIa OTBETA, BO3BPAILIAIOT BEPOSITHOCTH TOT'0, YTO 3aKJIFOUEHHBIN MEXK1y HUMH TEKCT SIBISIETCS OTBETOM
Ha Bompoc. Ha BTOopoMm sTamne ompenensercs METKa OTBETa 110 TOKEHU3UMPOBAHHBIM TEKCTaM BOIIpOCca U
orBeTa. Jlajiee mO 3HAYEHHIO BEPOSTHOCTH W IIOJYYEHHOM METKE OTBETaM INPHUCBAaMBAETCS KJIACC —
YKJIOHYMBBIH/HE YKIIOHYHUBBIH.
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Jns1 BBIZICNIEHHS] BOIIPOCA M3 KOHTEKCTA U OMPECICHUS] METOK OTBETOB HCIOJIb30BAIKCH SI3bIKOBBIC
mozaenu BERT, nooOydueHHbIe 7151 pelieHus OCTaBICHHBIX 3a/1a4 [25]. B kauecTBe Moienu npeacKa3aHus
KJIACCOB YKJIOHYMBOCTH/HE YKIIOHUYMBOCTH Obli1a BeIOpana mojens Random Forest [33].

B paboTe ucnob30BaIoch HECKOIBKO J1IaTACETOB, COCTOSIIMX U3 IPUMEPOB Tap BOIIPOCOB U OTBETOB
C COOTBETCTBYIOIIMMHU MeTkamu. IlepBwiii natacer ObUT COOpaH BPYYHYIO, BTOPOH MONydYeH U3 paboThI
[34].

Mopynb monyyaeT Ha BXOJ TPAHCKpHOALMIO AUAJIOTa, NI KaKJIOrO CIIUKEPA BBIJIEISETCS CIIHCOK
aJPECOBAHHBIX €MY BOIIPOCOB M COOTBETCTBYIOIIMX OTBETOB. 3aTEM JIaHHBIC NIEPEIAOTCS B MOJICIH, T
OTIPE/ICTISIOTCS YKJIOHYHMBBIC OTBETHL. /[ KaXJOro CIHKEpa BO3BPAIACTCS KOJIUYECTBO IPSMBIX,
HEUTPaIbHBIX M YKIOHYHMBBIX OTBETOB, I'IC METKAa HEHUTPAJIBLHOIO KJjlacca MPHUCBAUBACTCS OTBETaM, JJIs
KOTOPBIX HEBO3MOKHO OMPENEIUTh KIIacce.

[IpenyaraeMbiii METOJM, OCHOBAaHHBIH Ha HCIIOJIb30BAHMH CETEH-TpaHCPOPMEPOB, IOKA3bIBACT
XOpOIIUE PEe3yibTaThl B OMNPEICICHUH YKJIOHYMBOCTH OTBETOB OJlarojaps CHOCOOHOCTH MOJIEIeH
YUUTHIBATh KOHTEKCT.

2.7MOAYJ/Ib BBIVIEJIEHHUHA CIIELTH®HUYECKHUX TEPMHHOB

Monynb npenHa3zHaueH AJIs BBIACTICHUS CTICIU(PUIECKUX TPOPEeCcCHOHATBHBIX TEPMUHOB U3 TEKCTa
Y pealln30BaH C IOMOIIBIO CIIOBAPHOIrO Noaxoza. [l cocTaBiieHUs cloBapel U3 OTKPBITBIX HCTOUHUKOB
ObLIM COOpaHbl U MPUBEACHBI K HOPMAJIbHOH ci10BOdopMe MpodeccroHaIbHbIE TEPMUHBI B Pa3IMYHbIX
obnactsax. Takxke ¢ MOMOIIBIO YaCTOTHBIX CIOBaped ObLIM OT(UIBTPOBaHBI 00LICYNOTpeOUMBIE CIIOBA,
KOTOpBIE HE SBISIIOTCA crennpuyeckuMu TepMuHaMu. B utore ObutM cOOpaHbI CIIOBapy /ISl aHTITHICKOTO
A3bIKa, cocTosme u3 660 ThICSY TEPMUHOB, U JJI PYCCKOTO si3bIKa U3 420 ThICAY TEPMHUHOB.

Moynb TPUBOIUT UCXOAHBIN TEKCT K HOPMAIILHOHU ClIOBO(OpMe U reHepupyeT n-rpaMMel. Jlasee ¢
MIOMOIIBI0 TIEPEeCceUeHHs] MHOXKECTBA TOKEHOB M N-TPaMM CO CIJIOBAPSIMH BBIACTISIOTCS CIIEIU(PHYECKUE
TEPMHHBI B TEKCTE.

2.8 MOIYJIb OIIPEJAEJIEHHA OCKOPBJIEHUH H CAPKA3MA

Moynb orpeienieHus] OCKOPOJICHUH 1 capKa3Ma MpeAHa3HAuCH [T S TCKTHPOBAHUS TIPS IOKCHHH,
COJIep>KalINX OCKOPOIEHUS WIIH CapKa3M.

Ha Bxox Moayib IpuHUMAET TEKCT WIIM TPAaHCKPUOUPOBAHHYIO pedb BbicTynatoiero. [lponszsoaurcs
npenoOpaboTka TekcTa, TOCIAE Yero TEKCT TOKEHE3WpyeTcs Ha n-rpaMMax AnuHel oT 1 jgo 13
BKJIFOUUTEJIBHO, YTO TO3BOJIIET COXPaHATh KOHTEKCT. B KauecTBe mpelcka3aTelIbHON Mojenu Obuia
BbIOpaHa TOTUCTHYECKAsl perpeccusi.

Jnst nanHo# 3a1aun Obu1 coOpaH nataceT u3 30 ThICSY MpeIoKEHNM, BKITIOUAOIINUX B ce0s1 15 ThicsS Y
MpeJIoKEHUI Kiacca “OTCYTCTBHE capka3Ma M OCKOPOJICHUU”, 8 THICSY MPEIJIOKEHUN, COJIepKallnx
OCKOpPOJIeHUs, U 7 THICSY MPEJI0KEHUM, COACPKAIINX CapKa3M.

[TpennaraemMslii moaxoa coyeTaeT B cebe TMOKOCTh, UHTEPIPETUPYEMOCTD U CIIOCOOHOCTh YYUTHIBATh
KOHTEKCT, YTO JIeJaeT ero 3(pPpeKTUBHBIM HHCTPYMEHTOM JUIS PEeIlleHUs JaHHOH! 3aauu.

BBIBO/IbI

B pamkax manHOW paboThl ObUIM pa3paboTaHbl METOJbl MAIIMHHOIO OOy4YeHHs U OmbImoTeKa
UHTEPIPETHPYEMOTO TPEICKA3ATEIHHOTO MOJICIIMPOBAHSI TIOBEACHHUS YeJIOBEKA B TIPOIIECCE €r0 OHJIAH-
npodaitnunra.

B kxadectBe manbHelmen paboThl MPEaoIaraeTcs:

1) mpoBecTH psA OKCIEPUMEHTOB ISl BBISBICHHS arpecCHM Ha OCHOBAaHMHM HEBEpOATbHBIX
NPU3HAKOB, a TAK)KE BHEIPHUTH ONPEICIICHNE arpecCHy M0 HeBepOAIbHBIM MTPU3HAKAM B OMOJINOTEKY;

2) pacUIMpHUTh YHCIIO aHATM3MPYEMBIX SMOIMU B 3aJaye ONpe/AeIeHHs] KOHIPYIHTHOCTH, a TaKKe
YBEIMYHATH TOYHOCTD JCTEKTUPOBAHHS PACXOXKICHUS SMOIMI TI0 PA3TUIHBIM KaHAJIaM.
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HccnenoBanue BBIMOIHCHO Tpu (UHAHCOBOM momuepkke Poccuiickoro HaydHoro (oHja,

cornarrenne Ne 22-21-00604.
3AK/ITIOYEHHE

PazpaboTanHbIii HHCTpYMEHTapUl MTO3BOJISIET MOJIyYaTh BOCEMb BBICOKOYPOBHEBBIX HE3aBHUCUMBIX
XapaKTePUCTHK M TPOBOJUTH NpeaoOpadOTKy BHJICO3alMCH BBICTYIUICHHUH, YTO MPEAOCTaBIISICT
BO3MOXHOCTH nonyanL JOAHHBIC JIA I/ICCJ'IGI[OBaHI/If/'I, CBJA3AHHBIX C H3y‘-1€HPIeM B€p6aJIBHBIX nu
HeBepOaIbHBIX XapaKTEPUCTUK, aHAIM30M KOHTCHTA B PaMKaX OJHON OMOIMOTEKH.

y‘H/ITbIBaH JAaHHBIC OCO6€HHOCTI/I, I10CJIC BbIHYCKa C OTKpBITbIM HUCXOOHBIM KOAOM, HAIIIUM OCHOBHBIM
HamnpaBJicHUEeM OyJeT TMOojJIepKKa COOOIIECTBa, BKJIKOYAas CTOPOHHIOK pa3paboTKy B 00JacTH
JIUHAMHWYCCKOI'0O aHAJIn3a BUACOKOHTCHTA U YBCJII/I‘-IGHI/IC KOJIMYECTBA HOI[I[ep)KI/IBaCMLIX SI3BIKOB, a TaK¥XKC
peanu3anus B BUE MOJIb30BATEILCKOr0 HHTEPQEiica, KOTOPBI 00SCIeUnT HU3KUH mopor Bxoaa. Kpome
TOT0, MbI IIPOJOJIKUM COBEPIICHCTBOBATh MHCTPYMEHTApUM, YTOOBI YIPOCTUTDH I0JIH30BATENSAM OLIEHKY
IIPOM3BOIUTCIIEHOCTH U Ka4eCTBa.
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AHHOTAIINA

B pabore paccMmarpuBaercsi KpaTKuii 0030p MEPCHEKTHUBHBIX HAIPaBICHUH HWCIOIB30BAHU
TexHojoruu uateprera Bemei (IoT). ABTopoM MpHUBOAUTCS KpaTKWN aHAIW3 TUHAMMKH phIHKA
TEXHOJIOTHH, ONMKCHIBaeTca ooumii npouecc padotsl [oT, mpuBoauTcs mepeueHb NepCreKTUBHBIX
HaHpaBHCHI/Iﬁ pa3BUTUA TCXHOJOTHMU C YYETOM TEXHHUUYCCKHUX AOOCTOMHCTB M HCIOCTATKOB. B
3aKJIFOUYEHUH aBTOP yKa3bIBaeT, yTo TexHoiorus [oT sBiseTcs BocTpeOOBaHHOH 1 ITEPCIIEKTHBHOM,
OHAKO TpeOyeT TpaMOTHOrO MOIXoAa B chepe HHTEIPUPOBAHUS CHUCTEMBI 0E30MAaCHOCTH,
COXPaHHOCTH NEPCOHATBHBIX JaHHBIX 1 MOHUTOPHHIA 3aUTHI OT COOEB.
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Abstract

The work provides a brief overview of promising areas for using Internet of Things (loT)
technology. The author provides a brief analysis of the dynamics of the technology market,
describes the general process of 10T operation, and provides a list of promising areas for technology
development, taking into account the advantages and disadvantages. In conclusion, the author
points out that 10T technology is promising, but requires a competent approach in the field of
integrating a security system, protecting personal data and monitoring protection against failures.
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BBEJ/[EHHE

Internet of Things (I0T) — 3TO KOHLEMIMs, KOTOpas OMKMCHIBAET CETh (PU3UUECKUX YCTPOMCTB,
COCIMHEHHBIX MEXIy co00i u ¢ uaTepHeToM. Texnonoruto [oT (uHTEepHET Beleit) onucan 1 IpeIIoKuI
Keun Omton B 1999 roay, koraa paboran B kommanuu Procter & Gamble. B cBoeit paboTe oH ommcan
UJICI0 O MOJKIIOYEHUH (PU3NYECKUX 0O0BEKTOB K MHTEPHETY s cOOpa 1 0OMeHa JaHHBIMU MEXI1y HUMH
[1]. C »Toro MOMEHTa TNONUIO Pa3BUTUE JAHHOW KOHUEMIMU U JajJbHEWIlIee pa3sBUTHE U
coBepuieHcTBoBaHMe TexHojoruu loT. IlogkiaroueHHbIe yCTpOiicTBa MOTYT OBITH Pa3HOOOpPA3HBIMHU: OT
OBITOBBIX NPEAMETOB, TAKMX KaK XOJOAWJIBHUKU M YMHBIE JIOMa, O MPOMBIIIJICHHOTO 000pyAOBaHUS,
TPAHCHOPTHBIX CPEACTB U MeAuIMHCKUX ycTpoilcTB. Llens [oT 3akitouaercss B TOM, YTOOBI MO3BOJIUTH
yCTpOMCTBaM B3aMMO/JICHCTBOBATH JAPYT C APYTrOM U C JIIOJbMHU, COOMpaTh U OOMEHHMBATHCS JaHHBIMU Ha
OCHOBE MMEIOIIUXCS TaTYNKOB U 00pa3oB, U JeNaTh Hally >KU3Hb OoJiee y100HONH M POU3BOIUTEIHHOM.
[Iporuo3upyercs, uto k 2023 roxy Oynmet 6osnee 30 MULTHAPIOB MOJKIIOYCHHBIX YMHBIX YCTPONCTB Ha
ypoBHe wMupoBoro poiHka. Kommanusi J’son & Partners Consulting omy6nukoBana pe3ysbTaThl
UCCIICJIOBAHMSI POCCHUHCKOTO W MHUPOBOTO phiHKOB uHTepHeTa Bemed (Internet of Thing, IoT) m
MEXMAIIUHHBIX KoMMyHuKauuid (M2M). Ilo mnpenBapuTenbHBIM OIICHKAM aHaJUTHKOB 00beM
poccuiickoro peiaka [oT B 2021 roxy cocraBui 93,5 mipa py0., KOIHYECTBO MOJKIIOYEHHBIX YCTPOMCTB
yBenuuuiock Ha 16% u gocturio 29,6 mun B 2025 roay, no npornozam J’son & Partners Consulting,
YHCJIO NOJKIIIOUEHHBIX YCTPONUCTB MPEBBICUT 62 MIIH, @ 00BEM PBIHKA B ICHEKHOM BBIPA)KEHUU COCTABUT
183,5 mupa py6. D10 03HAYaeT, uTO exkerogHo 060poT peiHka [oT Oyner pactu B cpeqHem Ha 21%.

[Tponecc padotst loT mpencraBiseT co00i aITOPUTM M COCTOUT U3 HECKOJILKUX ITAIOB:

1. Hactpoiika yCTpONCTB, Takux KaK CEHCOpPbl, MHUKPOKOHTPOJUIEPhl M aKTyaTOpPbl, KOTOpbIE
UCIOJIB3YIOTCS U1 cOOpa JaHHBIX WM YIIPaBJIEHUS IPYTUMH ycTporcTBaMu. OHU MOTYT ObITh BCTPOEHBI
B pa3MyYHbIe 00BEKTHI U OBITh KaK YaCTh HOCHUMBIX YCTPOMCTB.

2. CoelMHEeHHE: YCTPOUCTBA JIOJKHBI OBITh COSTMHEHBI C CEThIO, YTOOBI OOMEHUBATHCS TAHHBIMU.
D10 MOXeT OBITh MPOBOJHOE WM OeCnpoBOIHOE coemuHenue, Bkimouas Wi-Fi, Bluetooth, NFC
ClielIMaIbHbIE TPOTOKOJBI, JaHHbIe 1 [0T.

3. COop u mepenava JaHHBIX: YCTPOHCTBa COOMPAIOT AAHHBIE C MOMOIIbIO CBOMX CEHCOPOB WM
MOJTy4aroT JaHHbIE OT JIPYIMX YCTPOWCTB. 3aT€M OHU MOTYT IepelaBaTh JJAHHBIE MO CETH, MCIOJb3YS
IIPOTOKOJIBI ITepeiaun JaHHBIX, Takue kak MQTT nmu HTTP.

4. O6pabotka manHbix: CoOpaHHbIE AaHHbIE MOTYT OBITh OOpaOOTaHBI M aHATU3UPOBAHBI HA
YCTPOMCTBE UJIM Ha yJaJleHHOM cepBepe. Baxknas yactb [oT — 3T0 crnocoOHOCTh aHATM3UPOBaTh OOJIbIINE
00BEMBI TaHHBIX U U3BJIEKATh MOJIE3HYIO0 HHPOPMAIUIO UIIH IPUHUMATh PELICHHS HA OCHOBE 3THUX JaHHbIX.

5. Ynopasnenue u aeuictsusa: B 3aBucumocTH OT 1enell U Bo3MoxHocTel, loT-ycTpolictBa Moryr
YOPaBIATh APYTUMHU YCTPOMCTBAMM WJIM BBIOJIHATH KOHKPETHbIE nelicTBus. Hanpumep, cucremMa yMHOTo
JIOMa MOXET YINpaBlIATh OCBELICHHWEM, TeMIepaTypod WM Oe30MacHOCThIO B JIOME U IIepel1aBaTh
uH(pOopMaLnio Ha cMapT(HOH XO35MHA.

Bba3oBeIii nporecc anropuTMa HaCTPOHKU U MPOBEPKU Havaja pabOThl YMHBIX BELIEH MpeacTaBlIeH
Ha pUCYHKeE 1.
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Puc. 1. Anroputm paboThl CUCTEMBI YMHBIX Bellei
Fig. 1. Algorithm for the operation of the smart things system

[IpencraBieHHble ATanbl SBISIOTCS OCHOBOM paboThl loT, M kaxmas KOHKpEeTHas peaau3anus
TEXHOJIOTUM MOKET UMETh CBOM OCOOCHHOCTHU U MPOTOKOJIBI U HITI03bl. Ha prucyHke 2 npeacraBieHo, Kak
YCTpOMCTBa NEPEatOT JaHHBIE K IIIJII03aM, OTTY/Ia OHU MOTYT OTIPAaBUTHCS B JaTa-LIEHTP WM 00JavyHOe
XPaHWIHLLE.

ST =
>H<—».

=

Data Center

Puc. 2. Tlepenaya naHHBIX K IUTFO3aM
Fig. 2. Data transmission to gateways
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B cucreme Wutepnera Bemield ([oT) wucmonb3yroTcsl pasIuYHBIE TPOTOKONBI i OOMEHa
uH(popMaliel MeXly YCTpOUCTBaMU U ceTsiMU. HekoTopbie U3 OCHOBHBIX MPOTOKOJIOB, UCIOJIb3YEMBIX B
IoT, BxiIro4aroT B ceOs:

1. MQTT (Message Queuing Telemetry Transport). 1o mpocToii MPOTOKOJI, KOTOPBIH IPeIHa3HAYCH
JUISE TIepefadd COOOIICHWN B HHU3KOCKOPOCTHBIX M HeTpeboBarenbHBIX ceTsax. OH obecneumBaer
3¢ (HeKTUBHYIO TOCTaBKYy JaHHBIX U MOAJEP>KUBAET MACIITAOUPYyEMOCTh CETEeH yCTPOMCTB.

2. CoAP (Constrained Application Protocol). [IpeqnasznaueH 1yt orpaHU4eHHBIX YCTPOUCTB U ceTel
C OrpaHHYEHHBIMH peCcypcaMu, TaKMMU KaK JaTYMKH W MUKpOKOHTpoiuiepbl. CoAP mpenocrasiser
BO3MOYKHOCTb II€PEIauy JaHHBIX U yIpaBiIeHUs ycrporicTBamu B cetu [oT.

3. HTTP (Hypertext Transfer Protocol). Xotss HTTP mmpoxo ucnosb3yercst B BeO-MPpUI0KEHHIX, OH
TaKXKe MOXXeT ObIThb Hcmonb3oBaH B loT-cucremax st B3ammopeiictBusi ¢ ycrpoiictBamu. HTTP
oOecrieunBaeT rnepeaavy JaHHbIX [0 CETU U MOJAJIEPKUBAET TMOKOCTh MPH pabdoTe ¢ pa3IMYHBIMU TUIIAMU
JTAHHBIX.

4. LoRaWAN (Long Range Wide Area - mpoTokoi o0ecrieunBacT OOJbIIY0 AaTbHOCTh MepeIaun
naHHbIX B ceTsix [oT W onTMMM3HMpOBaH Ui MCHOJIB30BAHUS C HU3KOMOTPEONSIONMMH JTaTYNKaMU U
ycTpoiictBamu. OH HCIOIB3YET HEOOBIIYIO TPOMYCKHYIO CIIOCOOHOCTh, HO 00€CIeYNBAET MPOTIKEHHYIO
CBSI3b.

BaxHo OTMETHTH, UTO BBIOOpP MPOTOKOJIA 3aBUCUT OT TpeOOBaHHM KOHKpeTHOH cucteMbl [oT u
YCTPOMCTB, MCIONB3yeMbIX B Heill. KoMOHMHAamusi pa3HBIX IPOTOKOJIOB MOXKET OBITh NMPUMEHEHA ISt
obecrieueHuss He0OX0UMOM AP hekTUBHOCTH B ceTH loT.

Janee B naHHOU 0030pHOM cTaThe OyAyT pacCMOTPEHBI 5 MEPCHEKTUBHBIX HAIPABICHUN pa3BUTHUS
texroiorun IOT, a umMeHHO B 0OOpa3oBaHMM, B MEIUIIMHE, CEIBLCKOM XO3SICTBE, apXHUTEKType,
HCKYCCTBEHHOM HHTEJIIEKTE.

HHTEPHET BEIIH (10T) B ObPA3OBAHHUH

OaHuM U3 NMPUMEPOB MPUMEHEHMs] MHTEpHEeTa Belleld B oOpa3oBaHUM SIBJSETCS UCIOJIb30BaHUE
"YMHBIX KJIacCOB" WM "yMHBIX IIKOJ". DTa KOHLENLHS IpPEanoaraeT UCIoiab30BaTh pasiandnbie [oT-
yCTpOMCTBa ISl ONTUMHU3ALMU Tpoliecca 00y4YeHUs U CO3/1aHUsI KOM(DOPTHON YMHOI cpenbl.

HexoTtopslie kKoHKpeTHBIE TpuMepsl TpuMeHeHHs [0T B 00pa3oBaTenbHbIX YUPEKICHHUIX:

1. YMHBIE nOocku. BMecTo OOBIUHBIX MarHUTHBIX JOCOK B KJIACCE MCIOJB3YIOTCS YMHBIE JTOCKH,
KOTOpBIE TO3BOJISIOT YUYUTENIO M YYEHUKAaM B3aUMOJIECHCTBOBATh C Pa3IMYHBIMU HHTEPAKTUBHBIMU
MaTepuaiaMH, HallpuMep, pUcoBaTh, IEPETACKUBATh 3JIEMEHTHI Ha dKpaHe U MepeaaBaTh HH(OpMalnio Ha
yueOHbI€ IUTaHIIEThl 00yYarOMIUXCS.

2. YMHBIE yCTpOICTBaA JIIs1 U3MEPEHHSI U MOHUTOPHUHTA. B Kitacce MOTyT OBITh pa3MEIIeHbl TaTYUKU
JUIsL U3MEPEHHUS 11apaMeTPOB, HAIIPUMED, TEMIIEPATypPbl, YPOBHS IIyMa. JTO IIOMOTaeT ONTUMU3HPOBATh
KOM(OPTHBIE YCIIOBUS B KJIACCE U YNPABIATh UMH.

3. YMHBIE pIOK3aKM M YCTpOMCTBa OTciexuBaHus pacnucanus. C ucnons3oBaHueM RFID wnmm
Bluetooth-texHoMOTHIT MOKHO OTCIICKUBATh MEPEMEIICHHS YUYSHHKOB 10 IIKOJE, KOHTPOJIUPOBATH UX
II0CEAEMOCTh 3aHATUH.

4. YMmHbBIE cucTeMBbl 6€30MacHOCTH. B IK0JIbHOM 3/1aHUU MOTYT OBITh ycTaHOBJEeHBI loT-ycTpoiicTBa,
Takue Kak BHJICOKaMepbl, CECHCOPBI IBUKEHUS U JaTYUKHU AbIMA U Mperpaj, s 0e30MacCHOCTH YYalIuXcs
U TepcoHaNa, JOCTyN K KaMmepe MOTyT MOJIY4YUTb POJUTENN Ul OTCIIEKHBAHUS CBOEro pebeHKa
HEMOCPEACTBEHHO BO BpeMsl yueOHOro mpoliecca.

Bce T ycTpolicTBa U cHCTeMBI pabOTarOT B CETH, OOMEHUBAIOTCS IAHHBIMU M YIIPABJISIS C TIOMOIITBIO
CHELMATBHOTO MPOrPaMMHOrO OO0eCleYeHus, 4TO TMO3BOJSET CO3[aBaTh "MHTEIJIEKTyalbHble" U
s¢dexTrBHBIE yueOHbIE cpeabl [2].

HHTEPHET BEILH (10T) B ME/IUIITHUHE
Konnenmus MuTepHeTa Beleil nMeeT OrpoOMHBIN MOTSHIINAN I MPUMEHEHHs B MeUIMHe. Bpauu
U OpraHu3alliy 3ApPaBOOXPAHEHHsS MOTYT Bocmoib3oBaTbest [0T [ist ynydiieHus M ONTHMHU3ALUU
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IPOIIECCOB 3/PAaBOOXPAHEHUS M MpenocTaBieHUus Oosnee APPEKTUBHOTO MEIUIIMHCKOIO yXoJa 3a
HalUeHTaMH.

[Ipencrapisercsa HECKOIBKO BO3MOKHBIX KOHIIENUU ucnoyib3oBanus [oT B Mmenuumne:

1. Monutopunr nauueHToB. [oT-ycTpoiicTBa, TakMe Kak JaTYUKU U HOCHUMBIE YCTPOWCTBA, MOTYT
HEIPEPHIBHO OTCIIEKUBATH 37J0POBhE MAIMEHTOB U MEPEIaBaTh JAHHBIE O UX CEPJCYHOM PUTME, YPOBHE
[IIOKO3bI B KPOBH, JABJICHUU U IPYTUX MOKA3aTeNsAX. ITO MO3BOJISET BpauaM IMarHOCTUPOBATH U3MEHEHHUSI
COCTOSIHMSI TAIUEHTOB U MPEIOCTABIATH IEPCOHATU3UPOBAHHOE JICUCHHUE.

2. YMHbIE MEMUIMHCKHE YCTporcTBa. [0T-yCTpoiicTBa MOTYT MCIIOJIb30BAaThCA JJIsl CO3/IAHUST YMHBIX
MEIUIIMHCKUX MUHCTPYMEHTOB, HAapUMEpP, UHCYJIUHOBBIX MOMII, KOTOPbIE€ aBTOMAaTUYECKH PETYJIUPYIOT
HOPMAJIM3AIMI0 Yepe3 UHBEKIUH YPOBEHb WHCYJIWHA B OpPTraHU3Me, WIM WHTEIUIEKTyallbHbIX TaljeT-
anTeyeK, KOTOPhIE BBIAIOT MO PACIIMCAHUIO OTCICKUBAIOT IMPUEM MIPENapaToB MALIUEHTOM.

3. Ynanennslii MOHUTOpHUHI. [0T 1MO3BOJIsIET HACTPOUTH CHUCTEMBI YAAICHHOIO MOHUTOPHHIA,
Oylarojapss KOTOPBHIM TMAlMEHTBl MOTYT TOJy4aTh MEIUIMHCKOE OOCITY)KMBAHHE M KOHCYJIbTAIlUU B
pealbHOM BpeMEHHU. DTO OCOOEHHO MOJE3HO Ui MAI[MEHTOB, JKUBYIIMX B yJaJCHHBIX palioHAX WIH
CTPAIAIOIINX XPOHUYECKUMH 3200JIEBAHUSIMU

HHTEPHET BELH (I0T) B CEJIbCKOM XO3AHCTBE

Koneuno, unrepuer Bemei (IoT) urpaer BakHyr posib B CEIBCKOM XO34icTBE, obOecredyuBas
aBTOMATH3alMI0, MOHMTOPUHI M ONTHMHU3ALMIO IPOLECCOB. BOT HECKOJBKO OCHOBHBIX IPUMEPOB
npumeHeHus [oT B cenbckom X03s1iiCTBE:

1. YMHOe 3eminenenue:

- JlaTunku 1151 KOHTPOJIS BJAAXKHOCTHU MTOYBBI, TEMIIEPATYPbl U OCBEILICHHUS.

-ABTOMAaTHYECKOE YBJIAXXHEHUE U CHUCTEMBI I10JIMBA, KOTOPBIE PETYINUPYIOTCS HA OCHOBE JIaHHBIX C
JATYHKOB.

- ABTOMAaTHuecKas CHCTeMa YIpaBiCHUS NapHUKaMU W TEIUIMIIAMH, OCHOBaHHAas HAa JAaHHBIX O
TEMIEPATYPE U BIAKHOCTH.

2. YMHO€ ®UBOTHOBOJICTBO:

- YcTaHOBKA AaTYMUKOB /11 MOHUTOPUHTA 3/I0POBbS M TIOBEICHHS )KUBOTHBIX.

- CuctemMbl aBTOMaTHUECKON KOPMEKKH U TIOCHHU S, KOTOPBIE PEryIHPYIOTCS HA OCHOBE MOTpeOHOCTEH
JKUBOTHBIX.

- OTcnexMBaHue )XMUBOTHBIX Ha mactouiie ¢ momoibio GPS u naTunkoB-MeToK.

3. MOHUTOPUHT U aHAIUTHKA U3MEHEHUN OKPY KaroIIe cpeibl:

- Ucnonb3oBanue loT-cencopoB uist cOopa TaHHBIX O MOYBE, OTO/Ie U PACTEHUSX.

- WHrterpamusi maHHBIX C JATYMK TOMOIIBI0 OOJIAYHBIX TIATGOPM JUIsl aHalW3a U TPUHSATHUS
MH(OPMUPOBAHHBIX PEIICHUH.

- [IpuMeHeHne MamMHHOTO OOYYEHHUS M MPOTHO3UPOBAHMS JIJIi ONTUMH3ALUU YPOXKAWHOCTH U
CHUYKEHUS 3aTpar.

4. ABTOMaTH3aIHs TIPOIIECCOB:

- Hcnonb3oBaHre aBTOHOMHBIX POOOTOB IS BBITIOMHEHUS cOOpa ypoxkasi, 00pe3KH pacTeHH WU
HaHeCeHUs y00peHuH.

- ABTOMaTHYECKOE ONpEJEICHUE W YHUUYTOKEHUE BpEIUTENEH C TMOMOIIbI JIPOHOB WIIU
CIeIUATbHBIX CTAIIMOHAPHBIX YCTPOMCTB [3].

HHTEPHET BEIIH (10T) B APXHTEKTYPE

Wntepner Bemeil (IoT) umeer 3HauMTeNnbHOE BIMSHUE HA pa3IMYHbIE OTPACIM, BKIIOYAs
apxuTekTypy. [IpencraBisercs HECKOJIBKO KIIFOYEBBIX aCIIEKTOB MCNOIb30BaHus 10T B apxurekType:

1. Ymubiii gom. IoT mo3Boisier co3gaBaTh yMHBIE JOMa, B KOTOPBIX YCTPOMCTBA M CHUCTEMBI
B3aMMOJICHCTBYIOT MeX1y coOoi ais obecnieueHuss koMpopTta, 6€30MacHOCTH U 3HEPTO3PHEKTUBHOCTH.
Hanpumep, ycTpoiicTBa OCcBeIeHUs, CUCTEMbI KOHTUIIMOHUPOBAHUS U 0€30ITaCHOCTH MOTYT OBITh CBSI3aHbI
¥ KOHTPOJIMPOBATHCS Yepe3 IEHTPAIBHYIO TIAaT()OpPMY M 3aKPBITYIO CETh, KaK YKa3aHO Ha PUCYHKE 3.
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Fig. 3. UML diagram of a smart home

2. YMusble 30anus. 10T Taxke MOryT NIPUMEHATHCS B YMHBIX 3[JaHUSAX, 1€ MHOXKECTBO YCTPOMCTB U
CHCTEM COOpaHBI [T YIPABJICHUS U ONITUMH3AIMN PA3IMYHBIX aCTIEKTOB 3/IaHHsI, B OCBEIIEHUE, CHCTEMBI
BEHTWISLIMM U KJIMMAT-KOHTPOJISA, 0€30IaCHOCTU M YIPABJICHUS SHEProNnoTPeOICHUEM.

3. Monutopunr u koHTpoJib. [oT mo3BojseT apXuTeKropaM M HHXKEHEpaM OTCJIEXKHUBATh U
KOHTPOJIMPOBATh PAa3JIMYHbIC NapaMeTphl 3IaHMsl, TAKUE KaK TEMIIEpaTypa, BIaKHOCTb, OCBELIECHUE U
MOTOK JIFOJIH. DTO MOMOTAeT ONTHUMHU3UPOBATH YIIPABICHUE PECYpCaMU U cO3aBaTh 0osee Y PeKTHBHBIE
U KOM(OpTHBIE Cpeibl ISl THOACH.

4. YMmuble ropona. 1oT Takke HaXOAUT MPUMEHEHHUE B Pa3BUTUU YMHBIX TOPOJOB, /i€ pa3InyHbIE
aCIIeKThI TOPOACKON HH(PACTPYKTYPHI, TAKHE KaK CUCTEMbI OCBELICHHS, YIIpaBlIeHHE TpadhuKoM, yOOpKa U
cOOp OTXOOB.

HHTEPHET BEIIIH (10T) B UCKYCCTBEHHOM HHTEJIVIEKTE

Bzaumocss3s MnatepHeta Bemieit (IoT) u uckyccrBennoro unremnekra (M) sasercs onHuM u3
KJIIOUEBBIX acClEKTOB Pa3BUTHA Oy IylIMX UH()OPMALIMOHHBIX M aHATUTUYECKUX TEXHOJIOTUH.

HckycCTBEHHBI MHTEJUIEKT BHOCUT 3HAUMTENbHBIA BKJIaX B pa3BuUTHE W npumeHeHue [oT-
TEXHOJIOTHI:

1. U1 no3BossieT aHaJIM3UpOBaTh OOJblIME 00BEMBI JaHHBIX, coOpaHHble ycTpoiicTBamu lIoT. OH
MOKeT o0palaThIBaTh, KJIacCU(ULMPOBATh U U3BJIEKAaTh MH(OPMALIMIO U3 3TUX JAHHBIX JJI MOJyYEHUs
LIEHHBIX MHCAWTOB U NPUHATHUS pEeLICHUM. [4]

2. Apromaruzauus u ontummzauus. UM moxer ynydmuTh (QyHKIMOHANBHOCTH ycTpoucTB [oT
nyTeM ONTHUMM3anuu ux padorsl. Hampumep, UM MoxkeT ynpaBiasTh MHTEIUIEKTYaJbHBIMU JOMAIIHUMHU
YCTPOMCTBAMM U ONTUMU3UPOBATH UX IHEPrONOTPedIeHNE B COOTBETCTBUH C HArpy3KOH ceTei.

3. Ynyumenue ananutuku. Vcnons3ys MU, MoxxHO pa3pabaTeiBaTh 0oJiee TOYHbIE aHATUTHYECKHUE
MoOJieIM, OCHOBaHHbIe Ha AaHHbIX [0T. DTo mo3BossieT caenaTh O60jIee TOUHbIE MPOTHO3bI, PACIIO3HABAThH
NATTEPHBI U ONPEAEIATh AHOMAJIMU B aBTOHOMHBIX CHCTeMax: MICKyCCTBEHHBIN MHTEUIEKT MOKET TIOMOYb
B pa3paboTke aBTOHOMHBbIX cucteM loT, KOoTOopble MOTYT CaMOCTOSATEIbHO NPUHHUMATh PEUICHHS U
JIeicTBOBAaTh Ha OCHOBE COOpaHHBIX JaHHBIX. HanmpuMmep, aBTOHOMHbBIE aBTOMOOMIIN, OCHOBaHHbIe Ha TN
u loT, moryr camocrosiTensHO 00pabaTbiBaTh MH(OpPMALMIO O JTOPOKHON 0OCTaHOBKE M MPUHUMATH
peleHus o BbIOope 6€301acHOro MapIuIpyTa.

B3anmopeiicteue IHTepHeTa Bemieil W HMCKYCCTBEHHOIO MHTEJIEKTa OTKPBIBAET HOBBIE
BO3MOXHOCTH JJIsl Pa3BUTUSI MH(POPMALIMOHHBIX U aHATUTUYECKUX TEXHOJOruil Oymymero. OHO MOXeT
MIPUBECTHU K MOSBICHUIO HHTEJUIEKTYaIbHBIX, aBTOHOMHBIX U 3(P(EKTUBHBIX CUCTEM.
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HEJJOCTATKH TEXHOJIOTHH HHTEPHET BEII[EH

besycnoBHo, Internet of Things umeer cBoii HaOOP HEIOCTATKOB U YSI3BUMOCTEH, CBA3AHHBIX C €TI0
IPUMEHEHUEM:!

1. KouduaennmambHocts u  Oe3omacHocTh gaHHBIX. C  IoT  Bo3HHKaOT  TPOOIEMBI
KOH(HICHIIMATBHOCTH U Oe3omacHocT AaHHBIX. COOp, XpaHeHHe W 00pabOTKa JMYHON HH(OpMaIH
H0JIb30BaTeNel B pa3nuuHbIX ycTpoiicTBax [oT TpeGyeT cOOTBETCTBYIOIUX POTOKOIOB O€30MaCHOCTH U
3allUThl JaHHBIX.

2. OmacuHoctb notepu nanHbiX. C [oT cBsi3aHbI ¢ MOTEpeit TaHHBIX U3-3a COOEB B 000OPYAOBAaHUH WIIH
ommnOoK B mporpaMMHoM oOecriedyennd. Ecnu cuctemsl [oT He UMEIOT HAAEKHOW CUCTEMBI PE3EPBHOTO
KOIMPOBAHUS JIaHHBIX, 3TO MOXKET IPUBECTH K ITOTEPE BaXKHBIX HHPOPMALIMOHHBIX PECYPCOB.

3. PecypcoeMkocTh M CIOXHOCTH BHenpeHus. IIpoexTupoBanue, BHenpeHue u nojaepkka loT-
CHCTEM MOTYT OBITh PECYPCOEMKHMHU U CIOXKHBIMH 3a7adyaMyd. Heo0XoauMOCTh MOAKIIIOUEHHS 0OJIBIIOTO
KOJIMYECTBA YCTPOWCTB, HACTpOWKa ceTeil M obOecrneyeHue KOMMYHHUKAMM MEXIy HHMH TpeOyroT
Ka4eCTBEHHON TEXHUUECKOM HKCIEPTH3bl U (PUHAHCOBBIX PECYPCOB.

4. OOyuenne u moarotoBka mepcoHana. IIpumenenwe loT Tpebyer oOydeHHMS W TOATOTOBKU
nepcoHana, 4To0bl OH MOT 3(GEKTUBHO UCNONb30BaTh loT-uHCTpYyMeHTH! B cBoelt pabote. [lonroroska
nepcoHajla U 00eCleYeHHe €ro TEXHUYECKOM I'PaMOTHOCTH MOXET ObITh CIIOKHBIMH M 3aTPaTHBIMU
IIPOLIECCAMH.

5. Puck 3aBucumoctu oT TexHuueckux cucreM. Buenpenue loT, Hanpumep, B 0Opa3oBaHHe MOXKET
co3JaBaTb PHUCK 3aBUCUMOCTH OT TexHudyeckux cucrem [5]. Ecmm yctpoiictBa [oT mnepecraror
(YHKIMOHUPOBATH, MPOU30MIET MOTCHIUAIBHBIA PUCK K NpobiemMaM B OOYYEHHH WM OpraHU3aIlUH
yuebHoro npouecca. [Ipu BHenpennu loT B nporecchbl okazaHus MEIULIMHCKON TOMOIIHU CYIECTBYET PUCK
HOTEPU CBA3U C YCTPOICTBaMM, HalpuMep, MO aBTOMAaTUYECKOMY BBOJAY MHCYJIMHA WJIH KUCIOPOAHOIO
JbIXaHus. [6]

3AK/TIO9EHHUE

Ha ocHOBaHMM BBIIIEH3II0)KEHHOIO MOXHO cJellaTh BbIBOJ, 4TO TexHonorusa loT mmeer Gonbiie
JOCTOUHCTB, YEM HEIOCTATKOB, IIPH YCIOBUM I'PaMOTHOIO MOAXO0Ja K PEIIEHUI0 BOIpoca 0€30MacHOCTH
JAHHBIX, XpaHeHHs u o0paboTku uHpopMmaiuu. K cymecTBeHHbIM JTocTOMHCTBaM TexHosnoruu loT
BO3MOXKHO OTHECTH TaKHe CBOMCTBa Kak aBToMaru3zauus U ontuMusauus: [oT mo3Bosser
aBTOMATH3UPOBATh Pa3JIMYHbIE 3aJlaud U MPOLECCHI, YTO MPUBOAUT K MOBBIMIEHHIO 3()()EKTUBHOCTH U
ontuMuzanuu pecypcon. [oT no3Bosser noayyaTsh peajibHO-BPEMEHHBIE JJaHHBIE O PA3JIMYHBIX CUCTEMAX U
nporeccax. ITo Mo3BoJIsIeT 3P(HEKTUBHO MOHMTOPUTH M YIPABIATH paboTol ycTpoicTB U cucteM. loT
CIOCOOCTBYET CO3/JaHUIO YMHBIX TOPOJOB, YMHBIX JOMOB U YMHBIX TPAHCIIOPTHBIX CUCTEM, UYTO MTO3BOJISIET
YIYUIIUTh KaueCTBO HU3HU JIIOJIEH, MOBBICUTh 0€30MacHOCTh U KOMGOPTHOCTh. [0T OTKpbIBaeT HOBBIE
BO3MOXKHOCTH Juis OusHeca. Kommanuu Moryt coOuparh JaHHbIE W aHAJIW3UPOBATh 3alpoChl, YTOOBI
HOJYYHUTh IIEHHYI0 MH(POPMALMIO O MOTPEOUTENSIX U ONTUMHM3UpOBaTh cBou yciyru. Kpome toro, IoT
MO3BOJISIET CO3/1aBaTh HOBBIE MMPOYKTHI M YCIIYTH, CBI3aHHbIE C YMHBIMH yCTpoiicTBamu U cucteMamu. [oT
MOYKET UHTETPUPOBATHCS C APYTUMH TEXHOJIOTHSIMHU, TAKUMH KaK UCKYCCTBEHHBIM MHTEIIEKT, OOIayHbIe
BBIUMCJICHHUS] M AHAIWTHKA JaHHBIX. DTO IO3BOJISIET CO3/1aBaTh OoJjiee CIOYKHBIE M MHHOBALIMOHHbBIE
pelLeHusl.
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Kuxapes Ajexcanap I'eHHaabeBHY, TOKTOP TEXHUYECKNX HAYK, JIOLEHT, JOLEHT KadeIphbl MPOrpaMMHOT0o oOecleueHus n
BBIUUCIIUTENbHON TEXHUKU
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AHHOTANUA

B cratee paccmarpuBaeTcsl  aKkTyaldbHas ~ 3ajadya  COBEPLICHCTBOBAHHMS  NPOLEAYPHI
Kiaccu(UIMPOBaHUsI B CBS3M C €€ MHOTOYMCICHHBIMH HejocTaTkamu. Jlis pemieHus
[IOCTaBJICHHOM 3afauydl NPUMEHEH CUCTEMHBIN (CHCTEMHO-OOBEKTHBIA) MOAXOH K HpOLEAype
MOJITOTOBKMA HCXOJHOI'O MaTepuana i TOCTPOSHMS KIIACCH(DUKAIMH JII0OOH MpeaMeTHON
obmactu (IIpO). JlanHas mpoueAypa TO3BOJSET TMPEACTABIATh HCXOIHYIO WHGOpPMAINIO B
CHCTEMAaTH3UPOBAaHHOM BHUZE, YTO obecrieunBacT e€¢ JPQPEKTUBHOE HCIOIb30BAHUE MPHU
MTOCTPOCHNUN KOHIENTYaNbHbIX Kiaccupukannonabix mozenedt (KKM) u, B wactHOCTH, TIpH
MMOCTPOCHUHU TPEXMEPHOM CUCTEMHO OOBEKTHOU Kilaccu(uKaiu. B crarhe moapoOHO OMKMCaHBI
dTambl  CHCTEMHO-00BeKTHOrO KiaccupukammonHoro amamm3a (COKA) mro6oit  [IpO:
TEPMUHOJIOTMYECKUH, KOHIENITYyalbHBIi W COOCTBEHHO KJIaCCH(PUKAIMOHHBIN, a TaKke
npencrasieH anroputM COKA. Pesymnprater npumenenuss COKA mpy mOCTpOEHUH TPEeXMEPHOI
KJIacCU(UKAINH ITOKa3aHbl Ha IPUMEpE CHCTEMHO-00BEKTHON TpexMepHoi kinaccudurarmm [IpO
«[Ipubops! PyHKIMOHATBLHON TUATHOCTHKM.

KiroueBble cj10Ba: CHCTEMHO-OOBEKTHBIN IOAXOA; KOHLENTyalbHas Kilaccu(UKAMOHHAS
MOJIEJb; CHCTEMHO-00BEKTHBIN KI1aCCU(PHUKAIIMOHHBIN aHAIN3; TPEXMepHas KilacCU(DUKAIHS
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Abstract

The article discusses the urgent task of improving the classification procedure in connection with
its numerous shortcomings. To solve the problem, a systemic (system-object) approach to the
procedure for preparing the initial material for constructing a classification of any subject area
(SbA) was used. This procedure allows you to present the initial information in a systematized
form, which ensures its effective use in the construction of conceptual classification models (CCM),
and in particular in the construction of a three-dimensional system-object classification. The article
describes in detail the stages of system-object classification analysis (SOCA) of any SbA:
terminological, conceptual and classification itself; and also presents the SOKA algorithm. The
results of using SOKA in constructing a three-dimensional classification are shown using the
example of a system-object three-dimensional classification of the SbA “Functional Diagnostic
Devices”.

Keywords: system-object approach; conceptual classification model; system-object classification
analysis; three-dimensional classification
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BBE/[EHUHE

OOwmenpu3HaHHO, YTO KJIACCU(UKAIUS SBISCTCS HEOOXOAWMBIM YCJIOBHEM CYIIECTBOBAHUS U
1EeIecO00pa3HOro pa3BUTHSA 3HAHUA, a TaKXKE TO, YTO KIacCU(QHUIMPOBAHHE SBIAETCS OIHUM U3
(yHIaMEHTAJIbHBIX MPOLIECCOB B HAyKe W B JIOOOW MPaKTHUECKOW IESATEIbHOCTH, TaK KakK «(akTbl H
SBJICHUSL JIOJDKHBI OBITH YIOPSAIOYEHBI, TPEXKIAE YeM Mbl CMOXKEM HUX IMOHATh U pa3paboTarh oOmIHe
MPHUHIIAIEI, OOBSCHSIONIME WX TOSBICHWE W BUAMMBIN mopsmok» [1, ¢.9]. Onnako, anamus pabor,
MOCBSIIEHHBIX TEOPUH U MPAKTUKE KiacCUPUIUPOBaHUs (B TOM 4YHcIe, Harlpumep, [2-14]), pe3ynbraTsl
KOTOPOTO TPEJCTABJICHBI aBTOopaMu B paborax [13 u 16], mokaspiBaeT, 4ro HU (PyHIAMEHTaJIbHBIC
npo0JieMbl TeOpUU KJIaCCU(PUKALUU, HU MPAKTHUECKUE 33]]a4ul KJIACCU(PUIIUPOBAHUS HE PEIICHBI 10 CUX
nop.

[Ipu 5TOM aBTOpHI JaHHOW PabOTHI COJMMAAPHBI ¢ aBTOpamu pador [5, 6 m 17], B KOTOpBIX
00OCHOBBIBAETCS HEOOXOJIUMOCTh NMPUMEHEHHs] CUCTEMHOTO TOAX0/a B KJIacCH(UKAMOHHOM aHAJIH3E,
OTCYTCTBHE MPHUMEHEHHUS KOTOPOTrO U SIBISIETCS, 10 MHEHHUIO aBTOPOB, MPUYHHOW CYIIECTBOBAHUS HE
pemeHHbIX npobaem kiaccupunupoBanus. Jleno B TOM, 4TO B HAcTosIee BpeMs, K COXKAJICHUIO, B
JUTEepaType He yJaeTcs HAaWTH HUKAKUX PEKOMEHJAIIN, OMUCHIBAIOIINX METOAUKY TaKOTO MPUMEHEHHUS,
YTO JIeNIaeT aKTYaJIbHBIM CO3/IJaHIE METOIMKH KJIACCH(PUKAIIMOHHOTO aHAIIN3a, UCTIONIB3YIOMIEH CHCTEMHBII
(cHCTEeMHO-00BEKTHBIH ) ITOIXOT.

B cBsi3u ¢ 3TUM aBTOpaMu IpeasiaraeTcsi METOMKa IPUMEHEHUsI CUCTEMHO-00BEKTHOTO TTOAX0/1a,
MoJIpOOHO MPEACTaBIEHHOT0, HaNpuMep, B padote [18], 115 HOArOTOBKM UCXOJHOTO MaTepHalia ¢ LEeJbIo
MOCTPOCHUS TPEXMEPHON CHCTEMHO-00BEKTHON KIacCH(PUKAIUH.

ITPOLE/]YPA CHCTEMHO-OFBEKTHOI'O KIIACCH®HKAIIHOHHOI' O AHAJIH3A
IIPEJIMETHOH OBJIACTH

Jns mpuMeHeHUs CHCTEeMHOro MOAXOoAa HpH pa3paboTKe KiacCHU(UKAIIMU WM KOHLENTYalbHOU
knaccudukanmonnon wmonenu (KKM) wekotopoir mpenmerHoit obmactu ([IpO) mpenmnaraercs
UCIIOJIB30BaTh MPOIEAYPHl cucmemuo-oovekmuozo kaaccugurayuonnozo auvanuza (COKA) TIpO, a
UMEHHO: MePMUHON0UYECKO20, KOHYEenMyaibH020 W COOCTBEHHO Kiaccuguxayuonnozo [15, 19, 20],
KOTOpBIE aJIalITUPOBAHBI aBTOPAMH JJIsS PEIICHUS 33/1a4l MMOCTPOCHUS TPEXMEPHOU CUCTEMHO-00BEKTHOM
knaccudukanuu. B xome peanuszanuy STUX MPOLEAYp Ha MEPBOM dTare MOATOTABIUBACTCS MCXOTHBIN
MaTepHuall IJisi MOCTPOCHHS KJIacCU(PUKAIUK B BUJIE COBOKYITHOCTH TEPMHUHOB, MPEACTABIISIONIEH OO0 B
MaKCHMaJbHO BO3MOXKHOW CTENEHU CHUCTEMY TEpMHUHOB (TepMuHOcHcTeMy). Ha BTOpoM »dTame Ha
BBEIOpAaHHOM MCXOJHOM MaTepHuasie 00eCIIeUNBACTCS CBA3HOCTD MIOHSATHH, COOTBETCTBYIOIINX BBISBIICHHBIM
TEPMHHAM, B paMKax HEpPapXUUYECKHX POJOBHUIOBBIX OTHOIIEHHWH, a TakKe OINpeAemnseTcsl MpeaelnbHO
mupokoe mnoHsTHe/kiace mua gaHHou [IpO. Ha tperbeM sTame oOecmeywBaeTcss MapamMeTPUUHOCTh
KJacCU(pUKalKKU, T.. U30MOP(DU3M HepapXUUecKOr KiIacCH(PHUKAIUU cucTeM-kiaccoB aanHoi [IpO wu
KJIACCU(UKAIMA WX CBOWCTB, YTO BMECT€ C YYETOM CHCTEMHBIX XapaKTePUCTHK B OCHOBAHHSX
KJIaCCU(UITUPOBAHUS, COOIIOIEHUEM OTHOIICHUS TOAEpKaHUS (PYHKIIMOHAIBHOM CITOCOOHOCTH 1IETIOTO B
paMKax poJIOBUIOBOM MEPAPXUU U 00ECIIeYNBAET CUCTEMHOCTh KJIacCU(DUKAIIUHU.

Bonee netanbHO yrOMSHYTBIE POLIEAYPHI BHITIISAIAT CISAYIOMIUM 00pa3oM:

1. Tepmunosoruyeckuii anaaus [pO.

— BrIsiBIeHHE COBOKYIMHOCTH TEPMHUHOB, 0003HAYAIOIINX OOBEKTHI U Tporecchl BeiOpaHHOU [1pO,
T.€. TEPMHUHOB ISl TOHSATHI, 0003HAYAIOIINX CHCTeMBbI-Kinacchl nanuoit [IpO.

— AHanu3 BBISABIEHHOW HCXOJHON COBOKYITHOCTH TEPMHHOB C IENBIO OMPEJCIICHUs CTENEHU ee
PHUOJIVKEHUS K TEPMHHOCUCTEME:

—aHaJIN3 HaJWYUsl POJIOBUIOBBIX OMPENEICHUN JUIsi BCEX MOHITHI/KIIACCOB, COOTBETCTBYIOIINX
BBIJICTICHHOW COBOKYITHOCTU TEPMHUHOB (BUJAOBBIX, POJAOBBIX MOHATHI U IOHIATUN BUJOBBIX OTIMYUH);

—BBISIBJICHHE B HCXOJHOM COBOKYIMHOCTH TEPMHHOB TaKWX TEPMHHOB, KOTOPHIE COOTBETCTBYIOT
MOHATHSIM/KJIaccaM,  OTPAKAIONIUM  CTPYKTYpHBIE,  (YHKIMOHAIBHBIE H  CYOCTaHIIMAJIbHBIC
XapaKkTepucTHKu cucteM ganHou [1pO.

— YcTpaHeHHe mepeceueHuil, MPOTHBOPEYUil M MpOOETOoB B paccMaTpUBAEMON COBOKYITHOCTH
TEPMHHOB, TO €CTh €€ MAaKCUMAaJIbHO BO3MOXHOE IPUOIMKEHNE K TEPMUHOCHCTEME.
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2. Konnentyaabnsiii ananaus [pO.

— Omnpenenenue mecra (ponu) nanHoi [IpO B 6onee mmpokoii [IpO, To ecTh HaACHCTEMbI JaHHOU
[IpO (pomoBoro kmacca mis aanHou [IpO) m coorBercTByromero nanHoi IIpO moHsATHs/KIacca, Kak
€IMHCTBEHHOH KaTeropuu (MpenenbHo IIMPOKOro MOHATHs/Kiacca st nanaoi [1pO).

— OmpeneneHue CTPYKTYPHBIX, (YHKIMOHAIBHBIX W CYOCTaHIIMAJIbHBIX CBOWMCTB TMpPEAEIHHO
HIMPOKOTO MOHATHsI/KIacca (kateropun) naHHou IIpO, CylecTBEHHBIX C TOYKM 3PEHUS BbIIEICHHOU
HaJICUCTEMBI.

— O0ecrieyeHne OTPaXXCHHUS B OIPENEICHUSX BCEX MOHATUI/KIACCOB WM CTPYKTYPHBIX, WIH
(GYHKIIMOHATIBHBIX, UM CyOCTaHLIMATIBHBIX CBOMCTB CUCTEM-KJIaccoB naHHoi [IpO

— OOecnieueHre CBA3HOCTU MOHATUN/KIIACCOB IyTEM YCTAaHOBJICHUSI MEPAPXUUYECKUX POJIOBUIAOBBIX
OTHOWICHUHA MEXIy HOHATHsAMH/Kiaccamu aaHHou IIpO, oTpakaromux OTHOLICHUS MOAEpKaHHS
GyHKIIMOHAIBHON CIOCOOHOCTH 1eNIoro Mexkay cucreMamu nannoit [IpO. T.e. obecnieuenue oToOpaskeHus
B POJOBOM IOHSTUM — HAJCUCTEMbI-KJacca JAHHOM CHCTEMBI-KJIacCa, B BHUJOBOM OTIMYHUU — WIH
CTPYKTYPHOTO, WK (PyHKIIMOHATIBHOTO, UJTH CyOCTaHIIMAIBHOTO CBOMCTBA CUCTEMBI-KIIacca B HaJICUCTEME-
KJIacCe, B BUJIOBBIX IMOHATHUAX — NOJEPKUBAIOIIUX CBOMCTB TaHHOM CHCTEMBI-KJIacca).

3. Knaccuduxanunonnsiii ananus IpO.

— BeiOop ocHOBaHuii mOCTpoeHHs KiaccuukanuoHHOW Mozgenu (cxembl) ganHoi I[IpO
(COOTBETCTBYIOIIMX OMNPEACICHHBIM Ha TMPEABIIYIIEM JTarne CTPYKTYPHBIM, (YHKIHOHAJIBHBIM H
CyOCTaHIIMAIbHBIM CBOWMCTBaM KaTeropuaibHOro mnoHsATHs/Kiaacca naHHoi I[IpO (¢ Touku 3peHus
HajcucteMbl nannou [1pO).

— O0ecrie4eHrne COOTBETCTBHS POJOBUAOBBIX OTHOIICHUH MEXIy MOHSATHSIMH/KIACCAMU JTaHHOU
[IpO pomOBUAOBEIM OTHOWICHHSAM MEXAY WX BHIOBBIMH OTIUYHUAMH B BBIOPAHHOH IUIOCKOCTH
KJacCU(pUIUPOBaHus (CTPYKTYpHOU, HYHKIIMOHATILHON U CyOCTaHIIMATBHOM).

— Iloctpoenne wuepapxuueckor kiaccudukanuu cucreM-kiaaccoB aaHHod [IpO wuzomopdHoi
KJIacCU(PUKAIUK MX CBOMCTB B KOHKPETHOM MJI0CKOCTH KiaccudunrpoBanus. ([JJanHblii mpoiiecc moapooHO
omucau B pabore [15]).

Takum 006pa3om, B IEPBYIO OUEPEIb, HEOOXOAMMO OTIPEIETUTH CaMO€ a0CTPAKTHOE MOHSATHE (CaMblIid
IMIMPOKUH, KaTeropuaibHblil kiacc) naHHod [IpO. Ilpm 3TOM 3TO ompeneneHue IOKHO ObITh
onpeaenenueM IIpO kak cucreMbl, T.e. yUUThIBaThb CHCT€MHble Xapakrepuctuku IIpO
(cTpyKTYypHBIE/y3710BbIe, (DYHKIIMOHAIBHBIE U CyOCTaHIIMaIbHbIe/00BEKTHBIE). B pe3ynbrare mocTtpoeHus
UepapXUu KiIaccoB (KOHLENTYaJbHBIX CHUCTEM) IOJy4YeHHbIE KiIacCH(UKAIMKM JOHKHBI 3aKaHUYMBATHCS
«KOHKPETHBIMM» KJIaCCaMM, KOTOpBIE Jajlee B HACTOAIIMNA MOMEHT HE IeNATCsS Ha noaknacchl. [l
obecnieuenus 3¢ pextuBHOTO NcToyib3oBaHusa KKM nanHbIe Ki1acChl TOJDKHBI MMETh MUHUMAJIBHBIA 00BEM
U MakCHUMaJlbHOe cojepkaHue. [Ipm 5ToM MeXIy BHIOBBIMH M POJOBBIMH CBOMCTBAMH B KaXAOU
MJIOCKOCTH HEOOXOIUMO COOTIOZaTh OTHOIICHUS MOJIEPKaHus (PYHKIIMOHATBHOM CIIOCOOHOCTH TIEJIOTO0,
T.€. BHJIOBBIE CBOMCTBa JIOJKHBI oOecreunBaTh cyliecTBoBaHHE pojoBbiX. Hmxe mpouenypst COKA
NPE/ICTABICHBI B BUJIC allrOpUT™Ma (CM. puc. 1).

IIPUMEP PE3YJ/IbTATA HCIIOJIb30BAHHUA CUCTEMHO-OFbEKTHOI'O
KITACCH®HKAI[HOHHOT O AHAJIU3A ITIPEIMETHOH OBJTACTH

B paborax [13 u 16] paccmMoTpeH nmpuMep TPEeXMEPHOH CUCTEMHO-O00BEKTHOM KIIACCU(PUKAIIMH TSI
npeaMeTHoi obnactu «YUpesBbruaitHas cutyanus» (UC), nonydyennsiii ¢ npumeHenrnem COKA. Jlanubiit
OpUMep ToKa3all MOJE3HOCTh TaKOro KIacCHU(UIMPOBaHMS, TaK KaK OHO YIPOIIAET MPOCIEKHUBAHUE
IMPUYMHHO-CJIEICTBEHHBIX CBSA3€M M IMO3BOJISIET aBTOMAaTH3UPOBATH IOJyYEHHE MPOTHO3a BO3MOXKHBIX
MOCJEICTBUI BO3HMKHOBEHHSI HEKOTOPBIX SBJICHUH M ONpeIeNeHHEe BO3MOMKHBIX albTepHATUB IPH
INPUHATHH PELICHUH.
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B npanHoM ciywae npowmmoctpupyeM ucnois3oBaHue COKA st 1OCTpOEHHUsT CHCTEMHO-
o0bekTHOM TpexMepHoil kiaccupukanuu [IpO «I[Ipubopsr dynkmuoHambHON muarHocTuku» (I1D/I).
AHanu3 (TEPMUHOJIOTHYECKUH U KOHUENTYaJbHBIA) OOJBIIOTO YHCIA PA3JIMYHBIX IOJXOJO0B K
OINPEIEIICHUIO TIOHATHS NpUbOpbl (QYHKYUOHAILHOU OudeHOCMuUKY, Hampumep, B pabdortax [21-23],
nokaspiBaeT, 4yro [IDJ[ MoxkHO paccmaTpuBaTh Kak npubopvl meouyunckoeo Hasznavenus ([IM3),
npeoHasHaueHHvle Ol OYeHKU (PYHKYUOHUPOBAHUS OP2AHO8 U CUCEM OP2AHUSMA NYymeM USMepeHUs Ux
MeXaHUYecKux, 368YK08bIX U daekmpuyeckux nposseienuti. CHCTEMHBIE XapaKTEPUCTHKH MPEIMETHOM
obnactu [1®J] MoryT OBITH OIpeIeleHbl KaK MOKAa3aHO B TAOIHIIE HUXKE.

Tabnuya
Omnpenenenue nousitus [1D/] kak cucremsl
Table
Definition of the concept of FDD as a system
IIpubGopsbl PYHKIMOHATBHONH JTUATHOCTUKHU
IlinockocTh K1accnpuuupoBaHus (YDO,.)
¥Y3en A | Brewmnss Hasznauenue IIM3 npenHa3HavYeHHBIE AJIS1 OIICHKU
(cTpykTypHas Odemepmu- (hyHKITMOHMPOBaHUS OPraHOB M CHCTEM
Xap-Ka) HaHmMa opraunusma (R.¥o,).
DyHKuuUs B | Buympenuss DyuxyuoHupo- [IM3 st u3MepeHust MeXaHU4eCKUX, 3BYKOBBIX 1
(pyHKIIHOHATB- demepmu- 6anue JJIeKTPHYECKHX MPOSIBJIEHUH OPraHOB U CHCTEM
Has Xap-Ka) Hanma opranmusma (R.@q1).
O0BeKT C | Pesyromam Cybocmanyusa IIM3, o6nagaroiiue CTOMMOCTHBIMH,
(cybcranumans- MaccoradapuTHBIMH, MOIIHOCTHBIMH
Has Xap-Ka) xapakrepuctukamu (R.0q1).

Takum oOpazom, ajii JaHHOW mNpeAMETHON oOjacTu caMmblii abcTpakTHbIM kiace «IIpuGopbr
(GYHKIIMOHATBLHON TUATHOCTHKWY COOTBETCTBYeT KoHIenTy [1JI Y@Oo 1. Knaccudukaius B miockoctu A
MIPU TTOCTPOEHUU CUCTEMHO-00BEKTHON TPEXMEPHOU KilacCu(HUKAIMUA CTPOUTCS ITyTEM BBISIBIICHUS BUIOB
O0p2aHoé u cucmem Op2AHU3MA CO CBOWCTBAMM, COOTBETCTBYIOLUIMMM KOHIENTY CBoOWCTB R.Yo1.
Knaccupukauus B mockoctd B crpoutcs myTeM BBISBIEHHSI BHUJIOB MEXAHUYECKUX, 38YKOBbIX U
INEKMPUYECKUX NPOAGIAEHUN STUX OPraHOB CO CBOMCTBAMHM, COOTBETCTBYIOIIMMH KOHILIETITY CBOWCTB
R.@o1. Knaccudpukaumss B miockoctd € CTpOUTCS TyTEM BBISIBICHUS BUIOB CHIOUMOCHIHBIX,
Maccoz2aoapumnplx, MOWHOCHIHBIX XaPAKTEPUCTUK U JIP. CO CBOMCTBAMHU, COOTBETCTBYIOIIIMMH KOHIIEITY
cBoiictB R.0o,1.

Huxe Ha pucyHkax 2-4 npuBeAeH MPUMEp BO3MOXKHOTO MTOCTPOCHUS TPEXMEPHOH Ki1accuuKaIiy B
npeametHoit obnactu [1D]]. TloquepkueM, uto knaccudukanus [1D]] B emom u 0co0eHHO M0 00BEKTHBIM
XapaKTePUCTHKAM SIBJISIETCS UJUTFOCTPATUBHOM. Jleno B TOM, YTO MEAUIIMHCKUE MPUOOPHI UMEIOT OONbIIIOE
KOJIMYECTBO OOBEKTHBIX XapaKTEPUCTUK, BKIIOUAIOMIUX B ce€0s M CTaHJApPTHBIE IS BCEX MPUOOPOB
(crommocThb, Bec, rabapuThl, MOTpeOisieMass MOIMHOCTb), U MHOXECTBO cCIelnu(uyecKux (Hampumep,
uHTep(elicHbIe XapaKTEePUCTUKU, XapaKTEPUCTUKHN 0€30MacHOCTHU U T.J.). B 1anHO# paboTe onuchiBaeTcs
NPUHIIMIIAATBHAS BO3MOXXHOCTh y4e€Ta B TPEXMEPHOW CHCTEMHO-OOBEKTHOM  Kiaccuukammu
XapaKTEPUCTUK CYOCTaHITUU, KOTOPBIE TSI KaXK0TO MPAKTUYECKOTO MPUMEHEHHUSI KIaCCU(UKAITUU MOTYT
OBITH OTIPEIETCHBI MOJIE30BATEIIEM.

[IpuBeneHHbI TpUMEp HAIJBITHO TMOKAa3bIBACT MPUHIMITHAIBHYIO BO3MOXKHOCTH HCITOJIB30BaHUS
COKA st OArOTOBKM MCXOJHOTO MaTepuania Jiisl Kiaccu(uKauy 3HaHUui 0 mpudopax MEIUIIMHCKOTO
Ha3HadeHwus. Ecnu B Tako# kiaccuukanuy yq9ecTb TOCTaTOYHOE KOJIMYECTBO KOHKPETHBIX MPHOOPOB, TO,
C OJTHOW CTOPOHBI, HA OCHOBE 3HAaHWUH O HEOOXOIMMOCTH OIEHKH (YHKIIMOHUPOBAHHS KOHKPETHBIX
OpPTaHOB M CUCTEM OpPTaHM3Ma MOKHO CIIPOTHO3HPOBATH TPEOYyIONTHECs, HanmpuMep, (UHAHCOBBIE PECYPCHI,
TUTOMIA/IA M TIapaMeTpsl dNeKTpudeckoi cetu. C apyroil CTOpOHBI, HA OCHOBE 3HAHUI 00 MMEIOIINXCS
pecypcax MOXKHO TMPHUHATH PEMICHHE O TOM, HUCCIEAOBAaHUSMU (YHKIIMOHUPOBAHUS KAKUX OPTraHOB U
CUCTEM OpraHU3Ma MOKHO Oy/eT 3aHUMAaThCA.
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Fig. 3. Classification of FDD by type of internal determinant (Functioning)
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Fig. 4. Classification of FDD by types of object characteristics (Substance)

3AK/TIOYEHUE

[IpencraBieHHblii cioco® MOATOTOBKM HCXOJHOTO MaTepHaiia Al MOCTPOCHHUS TPEeXMEPHOM
KJaccu(uKauyl B BHIE MPOLEAYP CHCTEMHO-OOBEKTHOTO KJIaCCH(UKAIMOHHOTO aHalM3a IOKa3all
BO3MOXHOCTh U I1eJIecO00pa3HOCTh UX Hcnoib3oBaHud. [IpuBeneHusiit npumep ucnoab3zoBanuss COKA
s kinaccuduiupoBanust [IpO «IIpubopsl GyHKIIMOHATHFHOW AMATHOCTUKWY TOKA3bIBAET COOTBETCTBUE
HOJy4aeMoM 13 HCXOAHOr0 MaTepHasa TpeXMepHoi Kiaccuukaluy TpeOOBaHUSM CUCTEMHO-00BEKTHOTO
MOJIX0/1a U MpaBuiIaM KJIacCU(UIIMPOBAHUS, IPECTABIEHHBIM, HalIpUMep, B padote [24].

[Tpennoxxennsiit cnocod COKA mpejaraercs paccMaTpuBaTh Kak HEOThEMJIEMYIO COCTaBHYIO YacTh
nporecca pa3paboTKu TpeXMepHOU Kilaccu(uKaluy, Ha OCHOBE KOTOPOM MOTYT CO37aBaThCsl CUCTEMHO-
00BEKTHBIE TPeXMepHBbIE 0a3bl 3HAHUH.
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