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AHHoTauus. IHHOBAaIIMOHHO-IIPOMBIIIUIEHHBIN KJIACTEP — 3TO 00BETMHEHHE CYOBEKTOB X03IHCTBOBAHHS C LIENBIO
X 2QPEKTUBHOTO B3aMMOJICHCTBHS M COBMECTHOTO YCTOHYMBOTO pa3BUTHs. BakHeifmei kommoHeHTOH mH(Dpa-
CTPYKTYpBI KJIACTEPHOTO Pa3BUTHS SBIsIeTCs dpoBast uiardopma MpoMBIIUIEHHOTO KilacTepa — MH(POPMaIMOH-
Hasl CHCTeMa, IPefHa3HAueHHAs! Ul MTOIJIEPKKH B3aMMOIEHCTBUS YyUYAaCTHHKOB KJIacTepa Ha MPOTSKEHUH BCETO
€ro XM3HEHHOTO IMKJIa. B pamkax nndpoBoi miatdopmbl pemaroTes MpUKIaaHble, crieluduieckue Ui yJacT-
HUKOB KiacTepa, 3afaud. CTaThsl MOCBSIIEHA PEIICHUI0 3a/]aul MHOTOCTOPOHHETO KJIMPUHIA B3aUMOPACUYETOB
MEXy yJaCTHHKaMHM KiacTepa. Pemennem 3a1a4um ABIAeTCs IJIaH B3aUMOPAcUETOB MEKAY YIaCTHUKAMHU Kiac-
Tepa, MUHUMH3HPYIONIMHA 1IeJeBY0 (YHKINIO, 3aJal0IyI0 BEINYNHY M3JepKEeK KOHTPAreHTOB IPH B3aHMMopac-
yeraX. [IpuBeieHb! aaropuT™Mbl GOPMUPOBAHUS ONTUMAIBHOTO IUTaHa. PaccMOTpeHb! IPUMEphI PELICHHs 3a1auu
KITMPHHTA.

KuoueBble ci10Ba: MHHOBAIIMOHHO-TTPOMBIIIICHHBIHN Ki1acTep, 1udpoBas rar(opma, MHOTOCTOPOHHHN KIIMPHHT,
ONITUMAJIBHBIH TUIAH B3aMMOPACUETOB, B3BEIICHHBIH OPUEHTHPOBAHHBIN Tpad), ONTUMHU3ALIHS.

KoHpukT HHTepecoB. ABTOPHI 3asBIIAIOT 00 OTCYTCTBHM KOH(IUKTA HHTEPECOB.

Juast uutupoBanusi. Hoeukosa, M. B. Kiupunrosas cucrema B3auMOpacueToB MEXIy y4aCTHMKaMU MHHOBA-
LMOHHO-TIpOMBINIIeHHOTO Kitactepa / 1. B. HoBukoBa, B. B. Cmernosa, 1. B. Cazonosa // L{ludposas Tpancdopma-
mus. 2023. T. 29, Ne 3. C. 5-14. http://dx.doi.org/10.35596/1729-7648-2023-29-3-5-14.

THE CLEARING SYSTEM OF MUTUAL SETTLEMENTS
BETWEEN PARTICIPANTS OF THE INNOVATION-INDUSTRIAL CLUSTER
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Abstract. An innovation-industrial cluster is an association of business entities for the purpose of their effective
interaction and joint sustainable development. The most important component of the cluster development infra-
structure is the digital platform of the industrial cluster — an information system designed to support the interaction
of cluster members throughout its entire life cycle. Within the framework of the digital platform, applied and spe-
cific tasks for the cluster members are solved. The article is devoted to solving the problem of multilateral clearing
of settlements between cluster members. The solution to the problem is the plan of mutual settlements between the
cluster members, which minimizes the objective function that sets the value of the costs of counterparties in mutual
settlements. Algorithms for the formation of the optimal plan are given. The examples of solving the multilateral
clearing problems are considered.

Keywords: innovative industrial cluster, digital platform, multilateral clearing, optimal plan mutual settlements,
weighted directed graph, optimization.
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BBenenune

WunoBaunonHo-npoMbinuieHHble kinactepbl (1K) — 3akoHOMEpHBIH 3Tam 3BOMIOLUM MPOMBIII-
JICHHOCTH, 00YyCJIOBJICHHBII HEOOXOIMMOCTBIO KOOPIUHALIMH JIESITEIBHOCTH COBMECTHO PabOTAIOLINX
npeanpustuii. [Ipouecc kinactepusanyuy B 3HAYUTEILHON CTENEHU OOYCIOBUI 3KOHOMUYECKHU POCT
B cTpaHax EBpocorosa, FOro-Boctounoit Azmm u CIIIA. TIK akTHBHO €O37aI0TCs, CTPYKTYpPUPYIOTCS
Y pa3BUBArOTCs Ha Tepputopuu Pecyonmku bemapycs u Poccuiickoit @eneparmn [1].

[IpoBeneHHbI CUCTEMHO-(QYHKIMOHAIBHBIA aHAJIW3 CTAHOBJIECHWS M Pa3BUTHs KIACTEPHBIX CHUCTEM
MO3BOJIMJI Pa3padoTaTh W MPEUIOKUTh KOHUENUINI0 IU(POoBOH iaTGopmMbl MHHOBALMOHHO-TIPOMBIIII-
nenHoro knacrepa (LIIIIIK), sBasromieiics KOMIOHEHTOH CIENUATM3MPOBAHHON HH(PACTPYKTYpPbI
knactepHoro pasputus. LIIIIIK npencrasiser co6oii HHPOPMALMOHHYIO CHCTEMY, TPEAHA3HAYCHHYO
JUTS TIOJIEPKKH JIEATEIbHOCTH KJIacTepa Ha MPOTSHKEHUH BCETO €ro KM3HEHHOTo IuKia [2]. B konuen-
uuu paccmarpuBaercs crpykrypa LIIIK, Bkmrodatomas nubpacTpykTypy, ppeiMBOpK TUIaTGOPMEI,
CEPBHCHI U COCTaB Moib30Barenel. [lomp30Bareny NCNONB3YIOT CEPBUCH] AJIS PELICHUS 3a4ad, TIpeay-
cMoTpeHHbIX (yHKIoHansHOCTHI0 LITITIK. ITpu 3TOM cepBUCH IO CBOEMY Ha3HAYEHUIO Pa30MBAIOTCS
Ha TPH TPYMIIBL: CUCTEMHBIE, 0a30Bbie U npukiaaaneie. OcHoBHOM Henbio cozganus LIIITIK sBusercs
noBbleHHe d(PPEKTUBHOCTH pabOThl B3aUMOJCHCTBYIONIMX CYOBEKTOB XO3SHCTBOBaHUS — YYaCTHH-
koB [IK — Ha ocHOBe MMITJIEMEHTAllMU MPUHIUITHAIBLHO HOBBIX 3aJ1a4, KOTOPhIE MOTYT OBITh PEIIEHBI
B paMKax o011el H"HPOPMAIMOHHON CHCTEMBI.

[Ipennoxxennsic B padorax JI. B. Tamenosa, A. B. badkuna u 0. B. Beprakosoii [3, 4] mpUHIATIEI
noctpoenust LITIIK B 0CHOBHOM OIUparOTCsl Ha apXUTEKTypy M (YHKIMOHAIBHOCTH TPaIULIMOHHBIX
ERP-cuctem, kak npaBuiio, NpUMEHIEMbIX [T aBTOMAaTU3allMN OTAEIbHBIX Npeanpustuii. He moasep-
rasi COMHEHHIO MOJIE3HOCTh TAKOTO MOAXO0/IA, CICAYEeT 3aMETUTh, YTO BaYKHO COCPEIOTOUUTHCS Ha Qop-
MYJIMPOBKE M pEIIeHNH 3aJ]a4, XapaKTepPHBIX JUIsI HOBOM OpPraHU3allMOHHON CTPYKTYphl — WHHOBAIU-
OHHO-TIPOMBINIUIEHHOTO KiacTepa. OXHON M3 TaKWX MPHUKIAIHBIX 33734 SBISETCS KIUPHHT PAacuyeToB
Mexay yaactaukamu [1K. [1pu 5ToM 1o HUM IMOHUMAaeTCs 3a4eT B3aMMHBIX TPEOOBAaHUH 1 00S13aTEIIbCTB,
BO3HMKAIOIMX MeXTy ydacTHHKamu IIK B pesynbrare mx cCOBMECTHON XO3SHCTBEHHOH AEATEIBHOCTH
B pamKax knacrepa. B pabote 0. B. Hemueoii u A. B. bekkep [5] nzyuaercs cxoxas 3aja4ya — puMeHe-
HUE KIIMPUHTA [T BHYTPUXOJIMHIOBBIX PACYETOB, PACCMATPUBAIOTCS BHJIbI KIIMPHHTA.

B crarbe npuBeneHbl OMMCaHNe CHCTEMbI KIMPHHTOBBIX MHOTOCTOPOHHUX B3aMMOPAcueToB, (op-
MYJIMPOBKA U peIIeHHe 3aa49H ITOMCKa ONITHMAIBHOTO TUIaHa MOTAIIeHUs B3aNMHBIX 0043aTeTbCTB MEXK-
ny yaactHukamu I1K. 3agaua noncka onTuManabHOIO 1i1aHa c(hopMyIUpoOBaHa Kak 3aada Ha SKCTPEMYM
LeJsieBol (DYHKIMH NPH 3alaHHBIX OTPaHHYCHUSX.

Cucrembl KIMPUHIOBbIX MHOTOCTOPOHHUX B3aUMOpPaC4€TOB

B pesymsrate cOBMECTHOH NESTETBHOCTH MEXKIY CYOBEKTaMH XO3SICTBOBAHHMS — YYaCTHHKaMHU
[1K — Bo3HUKAIOT TpeOOBaHUS U 0053aTENBCTBA, KOTOPHIC BHIPAXKAIOTCS B YUCIOBOH (pOpME U U3MEHSIOT-
cs Bo BpemeHH. Paccmorpum cuctemy S =(V,M(¢),E,D,P(t)), tne V ={v,,v,,...,v,} — MHOXECTBO 1
ydactaukos HIK; M(7) = (m; ;(?)),,, — KBaApaTHas MaTPHLa Pa3sMEPHOCTH 71, 3HAYCHHE Ka)KIOTO dJICMCH-
Ta /M KOTOPOW PAaBHO BEINYUHE 00A3ATENBCTB YYACTHUKA V; TIEPE]] YYACTHUKOM V; HA MOMEHT BPEMEHH /;
E=(e;;),x, — KBaJparHas MaTpuua 7, 3Ha4YCHHE KaXKJOT0 MIeMEHTa ¢, >0 KOTOpOH PaBHO BEIMYMHE
U3JIepKeK (HarpuMep, CTOMMOCTh OaHKOBCKOTO TEPEBO/a) YYACTHUKA V; TIPU TOTAIIEHUH 00s3aTeIILCTB
nepes y4aCTHHKOM Vj; D= {dl, d,,...,d} — xodpdHULUEHT, ompenesIomuil BEINUNHY H3JIEpPiKeK
qutst yaacTHUKOB [1K, BOZHHMKAIOIIUX TPH MPUBICYCHUH JICHEKHBIX CPENICTB (HAPUMEp, THEBHAS MPO-
[IEHTHAs CTaBKa M0 OAHKOBCKOMY KPEIUTY ); P(t) = { )2 (t), D, (t), e D, (t)} — MOTEHLIMAJl YYaCTHUKOB,
rae KakJaoe 3HadeHHe pif) paBHO MaKCUMaJbHOW BEMUUHE, KOTOPYIO YYaCTHUK V; MOXKET IOTPATHTh
Ha IoranieHle CBOMX CYMMapHBIX 00513aTebCTBa Mepel APYTUMH YUaCTHUKAMHU B MOMEHT BPEMEHH .

CocrosiHue cUcTeMbl S Ha MOMEHT BpeMeHH ¢ omnuchbiBaeTca marpuneid M(¢) . Bynem mpeamona-
rath BpeMsl TMCKPETHBIM U TOBOPUTH O HadabHOM cocTosiHur M(0) cucteMsl S ¥ MOIIaroBoM ero u3-
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mereann M(0),M(1),M(2),... Ilpu 3TOM M3MEHEHHE COCTOSHHUS CHCTEMBI MEXIY Imaramu ¢ u f + 1
ocymiectBisiercs B aBe Gazpr: M(2) > M'(t+1) > M(¢+1).

B pesynerare BoinonHeHus mepBoit Gazsl M(¢) — M'(f +1) BbIUHCISIETCS IPOMEKYTOUHOE COCTOSIHHE
M'(t+1) > M(1) - A(7) , e A(t) = (6 y (t))w — KBaJIPaTHAs MATPUIIA PA3MEPHOCTH /1, 3HAYEHHE KAXKI0-
ro onementa 0<3, (t)<m, ; (t) KOTOPO# paBHO BEITMYHMHE MOTAIICHUS 00513aTeTIbCTB YUACTHUKOM V; TIEpe]T
Y4aCTHUKOM v; Ha 1mare ¢ + 1. [Ipu 5ToM cymmapHOe noranieHue Jio0bIM Y4aCTHUKOM V; CBOMX 00S3aTENBCTB
HE JIOJDKHO TPEBBIIIIATh ero moTenmmana: 2.3, (1)< p, (7).

Ha Bropoii paze M'(¢+1) > M(¢ +1) u3MeHEHHs COCTOSHUSI CHCTEMbI S BBIYUCIISICTCS HAYaIbHOE
cocrosiHue caenytomero mara M(f+1)=M'(¢+1)+ A(¢) , tne A(t) =(3:,(?)),,, — KBagpaTHas MaTpuua
Pa3sMEpHOCTH 71, 3HAYCHHUE KaXKI0T0 ieMeHTa O;,;(f) > 0 KOTOpO paBHO BEIMUUHE YBEIUUYCHHS 005132~
TENLCTB yYaCTHHUKA V; IEPE yIaCTHUKOM V; Ha mare ¢+ 1 (puc. 1).

S =(V,M(1),E,A)

M(0) M(1) M(2) M(k) Mk +1)
| | | I | | >
[ I I I >
0 M'(1)=M(0)-A(0) 1 M'Q)=M0)-A1D 2 k M'(k+1)=M(k)-Ak) k+1
M(1) =M'(1) + A(0) M(2) =M'(2) +A(l) M(k +1)=M"(k + 1)+ A(k)

Puc. 1. Cxema U3MEHEHUSI COCTOSTHUSI CHCTEMBI S
Fig. 1. Scheme of state change of the system S

m, ... m

5

[MycTb snementst Matpust M=| @ "-. | —obssarensctsa m, ; =m; (1) yuacthukos [TK
m

m n,l e n,n
B (PMKCHPOBaHHBII MOMEHT BpeMeHH ¢ = ¢;. Marpuiry M MOXHO paccMaTpHBaTh Kak MaTpUILy CMEKHO-
CTH B3BEIIEHHOTO OPHEHTHPOBAHHOTO Ipada, 0TOOPAKAIOIIETO COCTOSHUE CHCTEMBI B (DUKCUPOBAaHHBIN
MOMEHT BpemeHH. Ha puc. 2 nmpuBeIeH npuMep MaTpHIlbl CMEKHOCTH M COOTBETCTBYOLIEro rpada,
0TOOpaXkarolero 00s3aTeIbCTBA MEXK Y MAAThIO yaacTHUKamu [1K.

NG

1 0 250 50 200 150

2 |500 0 350 250 300

3 300 300 O 20 200

4 | 150 100 200 O 400

Puc. 2. I'pad, orobpakaromuii COCTOSIHIE CUCTEMBI S
Fig. 2. Graph showing the state of the system S
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Bepmmnast rpada Ha puc. 2 cooTBeTcTBYIOT yuacTHHKaM 1K, myru — o0s3aTenscTBaM MeX Ty HUMH,
a Beca Jyr — BeJIMYMHAM 3TUX 00s13aTeNbecTB. HanpuMmep, y4acTHUK V3 UMEET 00s3aTeIbCTBa Mepes Vo
Ha BenmunHy 20 1 niepen vs Ha BenmuuHy 200. B To ke BpeMs niepesi v; UMEIOT 00s13aTebcTBa YYacTHU-
KU Vy, V4 U Vs Ha cymMMapHyto Beauunny 300 + 100 + 50 = 450, wiu uHadye — v uMeeT TpeOOBaHUE K V,
na BenmunHy 300, Kk v, —Ha 100 1 K v5s — Ha 50 equHUI.

Ha puc. 3 oto6paskensl npumeps! Matpul M, A =A(t,) u M'=M — A, a takxe rpad, COOTBETCTBY-
FOIIUNA TPOMEXYTOUHOMY COCTOsSIHUIO M .

M A M'=M-A

1 2 3 4 5 1 2 & 4 5 1 2 3 4 5

1 0 250 50 200 150 1 0 250 50 200 50 1 0 0 0 0 100
2 |50 0 350 250 300 2 (250 O 300 100 200 2 (250 0 50 150 100
3 |30 300 0 20 200 3 |100 300 0 20 50 3 [200 0O 0 0 150

4 150 100 200 O 400 4 [150 100 70 0 30 4 0 0 130 0 370

S 50 200 5 30 0 5 |50 200 50 30 0 5|10 o o o0 o0

200

Puc. 3. I'pa¢, oroOpakaromuii COCTOSIHNE CUCTEMBI S TTOCIIE MOTANISHHsI 00513aTeIbCTB
Fig. 3. Graph showing the state of the system S after the repayment of obligations

Cdopmynupyem 3aiady knupunra pacuetos B [1K kak Bbrauciienne seMeHtoB Marpuibl R = (7; ; ) ns
MUHHMH3UPYIOIIUX (YHKIHIO:

F:Zizj'xi,fei,j_’_dir},j’ i,j=Ln, (1)
IIPH CIEAYIOIIHUX OrpaHNYECHUAX:
0, rp =Y
Xij = Lr =0 2)
201, s
iy 20 )

Vit zmin(l’wmax(o’zjmw _Zj’"f”'))' @

OnemenTsl MaTpuisl R =(7; ), BBIYHCISIOTCS Hepe] MepBoil (a30il KaKIO0ro mara H3MCHEHHUsI
COCTOSIHHSI CHCTEMBI S, a caMa MaTpHIla MOKET MHTEePIPETUPOBATHCSA KaK ONTHUMAIBHBIN TUTaH IOTa-
IIeHHs 0053aTENIbCTB C YIETOM BO3MOKHOCTEH (ITOTEHINANa) Y9aCTHUKOB. [Ipn 3TOM Ka)IbIil S1eMeHT
1,;20 — 5TO BelMUMHA 00S3aTENBCTB YIACTHUKA V; NIEPE]] YUACTHUKOM Vj, KOTOpask B COOTBETCTBUH
C OTHM IUIAHOM J0JDKHA ObITh noramena. Cymma y; e, ; +d;r; ;, BXomsmas B (1), oTpaxaer U3epKKu

5J
yuacthuka 1K v; ipu noraienun 00s13aTesbCTB EPET YIaCTHUKOM V;, & BCe BhIpaxkeHue (1) orpaxaer
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CyMMapHbIe W3AEPKKU NIPH BHINOJHEHNH TJ1aHa, 3aJaHHoro Marpuneil R (zanee — man R). Orpannye-
HUe (4) oTpaxkaeT ciieayIolee: CyMMa 0053aTeIbCTB, KOTOPYIO B COOTBETCTBHUH C INIaHOM R moikeH mo-
racuTh JI000H YyUYaCTHHUK V;, JOIDKHA OBITH paBHA Pa3HOCTU MEXKAY €r0 CYMMapHBIMU 00sI3aTeIbCTBAMHU
¥ CYMMapHBIMH 0053aTeNIbCTBaMU APYTHX YUYACTHUKOB MEPE/l HUM, HO HE MPEBHIIIATh €0 BO3MOKHOCTH
(norennuana p;). Hynesoe snauenue snemenra r; ; = 0 o3naqaer, 4to miuanom R He nmpenycmarpusaercs
ToranieHue 00A3aTeNIbCTB YYaCTHUKA V; IEPEN YHACTHUKOM V.

[Tpennonoxum, uto ydactHuku IIK o6nagaroT HeorpaHMYEHHBIMM MOTEHLHUATAMHU ( p; —> +00),

a M3JICPKKU Ha MOTALICHUsI 00S3aTeIbCTB JUIsl BCEX yYaCTHHKOB PaBHbI HyIIO, T. €. ¢ ; =0, i,/ =1,n.
Torna nenesast pynkuus (1) u orpanuueHue (4) IpUMyT B

F=2,2dn ij=Ln (1)
Vizjm =maX(0»Z,»mi,j _ijj,i)' )

2 < v
IIycts B = .| —Marpuia, KaxIbId dIeMEeHT b, = iji, I zjmjj KOTOPOU paBEH pa3HULIE CyM-

b

n

MapHBIX 0053aTeNIbCTB yYAaCTHUKA V; U CYMMAapHBIX 0053aTe€IbCTB BCEX APYTMX yYACTHHKOB TEpen V;.
V4acTHUKOB V;, I KOTOPbIX b, >0, OyaeM Ha3Barh 1e6UTOpaMu W 0003HAYaTh Vv, , a yYaCTHUKOB,
y KoTopbIX b, <0, — kpeauTopamu 1 0003Hauars v, . O4eBHUIHO, YTO B cHCTEME S cOOMoaeTcs 6anaHc:
Zv,- +b, +Zv,~ —b, =0.

Paccmotpum anroputm pure _glade noctpoenus matpunsl R. IlceBnokosn anroputma mpeacTas-
neH Ha puc. 4. Ha mare 1 anropurma ocymiecTBiseTcsl HHUIMAIN3AIUs HauaJbHOM HyJNeBOH Mart-
pust R® u marpuusr B, BHauane paBHoit Matpune B. B pamkax Kamoif HTepalyy BBITONHSIOT-
cst 1Ba mara (puc. 4, maru 2, 3). B pesynsrare kaxoii urepamuu Gopmupyiorcs marpunsl R* u B
Ha xaxxaom miare urepaiyy M3MEHSIOTCS OJUH JIEMEHT rfj Tekymieit Marpunsl R* u 1Ba snementa
(YMeHBIIaloTCs aOCOMIOTHEIE 3HAYEHHs 003aTeNbCTB M TpeboBanuit) Texymeii Marpumer BY. TToctpoe-
Hue Matpullbl R 3aBepiiiaercs, eciii Bce 2JIeMEHTbl MaTPUILIbl B* paBHbI HY/110. Marpuua R, TIOJTy4YCH-
Has Ha MOCJeAHeN uTepauuny, siBisiercs nckombiM miaHoM R. IToctpoenune mnana R ocymectsnsercs
3a ae[max(‘{vf} {vi_} ), {v;’}

1 IeOUTOPOB.

, , {vl._ }‘ — KOJIMYECTBO KPEIUTOPOB

] e e

LY(G, j)=r =0,Vi= b =b,k=0.
2.4, j)|bf >0 bt <0=>stop.

k=k+1
o= min(b",[b)),
k k-1
bt =b"~a,
k _ 7.k=1
bj = bj + 0.
3.go to 2.

Puc. 4. [IceBnokon anropurma pure glade noctpoenust Mmarpuipsl R
Fig. 4. Pseudocode of the pure_glade algorithm for constructing a matrix R
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Ha puc. 5 nemoHcTpupyercs npumep NpUMEHEHHs! aaropurma pure glade ans OCTPOEHUS Iia-
Ha R B cucreme § ¢ HeorpaHuueHHbIMU OTeHIMAIaMu ydacTHUKOB I1IK p, — +00,i =1,n 1 HyneBbiMu

M31EPKKAMH Ha TOTallenne 00s3atensets ¢; ; =0, i, j =1,n. Tekylee cocTosHue CUCTEMBI S 3a/1aHO
Matputeit M (puc. 2).

RO BO

1 2 3 4 5 1

1 0 0 0 0 0 1 |-350

3 /0 o o0 0 o0 3 | 170

5/0 0o o0 0 o0 5 |-720

R! B1 R2 B2
1 2 3 4 5 1 1 2 3 4 5 1
1 /0 o 0o 0 o0 1 |-180 110 o 0o 0 o0 110
2 0 0 0 0 0 2 | 550 2 0 0 0 0 0 2 | 550
311970 0 0o 0 0 3|0 31770 0 o 0 0 3 |o
410 o0 o0 0 o0 4 | 350 4 (180 0 o0 0 0 4 | 170
50 o o 0 o0 5 720 5/0 o o 0 o 5 _720
R3 B3 R4 B4
1 2 3 4 5 1 1 2 3 4 5 1

3 /1970 0 o0 0 0 3 | o 3 170 0 0 0 0 3 1o

5/0 0 o 0 o0 5 -550 5 0 0 o0 0 o0 510

Puc. 5. [Tpumep nocrpoenus miana R
Fig. 5. Example of building a plan R

ITnan R =R* moctpoen 3a yeTsipe uTepamuu anroputma pure_glade. ClieyeT OTMETHTB, UTO B 06-
IIeM ciIy4ae pe3ynbTar padoThl alrTOpUTMa 3aBUCHT OT BbIOOpa mapsl (7, j) Ha mare 2.

Ha puc. 6 npencrasieHsl JBa BapuaHTa IJIaHa IOTALIEHUs] 0043aTeNbCTB, COOTBETCTBYOLIUX JABYM
BapuanTaM Matpuibl R. BapuanT a coBnanaer ¢ perieHneM, NpoJeMOHCTPUPOBAHHBIM Ha PUC. 5, BapH-
aHT b MOXKeT OBITh MOJyUYeH IIPH WHOM MOpsiaKe BbiOOpa nap (i, j) B anroputme. [Ipu sTom 00a perre-
HUS YIOBJIETBOPSIOT YCIOBHSIM (3), (4’) 1 MUHUMHU3UPYIOT LeseByto GyHKIuIo (1°), a CyMMBI 2JIeMEHTOB
10 CTPOKaM M CTOJNOIaM B IByX BapHaHTax MaTpuilbpl R coBmamaor.

Crenyer OTMETHTh, YTO KOJIMYECTBO JYT, @ TAK)KE CyMMa BECOB BBIXOJHBIX AYT IpadoB, TOCTPOCH-
HBIX Ha Marpunax R s o6oux BapuaHToB, coBnaaaroT. CienoBaTeiabHO, 7S TOTO, YTOOBI BHITTOIHUTH
B3aUMOpacdeThl MeX Ay 1ecTbio yuacTHukamu 11K, o0s3aTenbcTBa Mex Iy KOTOPBIMU ONMCAHbI C ITIOMO-
b0 MaTpuisl M 1 cooTBeTCTBYIOMIErO € rpada (puc. 2), 10CTaTOUHO MOracuTh 0053aTeIbCTBA OAHUM
13 BapUaHTOB IUIaHA, MPEACTaBICHHbBIX Ha pHUC. 6.

st Bcex pemieHuid (BapuaHTOB IuiaHa R), moiydeHHBIX ¢ TIOMOIIBIO anroputMa pure_glade, 3Ha-
yenust pynkuun (1) copnanarot. [Ipu 9TOM MOCTpOCHUE ITUX MATPHIl HE 3aBUCHUT OT KOI(D(HUIIMEHTOB

d;, i =1,n. CiaenoBarenbHo, eneByto QyHKIHO (1°) MOXKHO yIpOCTUTD

F=Y3 1 (")

10
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R R
1 2 3 4 5 1 2 3 4 5
110 o o0 0 o0 110 o o 0 o0
2|0 o0 o0 0 55 2 (350 0 0 0 200
3 /170 o0 o0 0 0 3|0 o o0 0 170
4 /180 0 o0 0 170 4 0 o0 o0 0 35
510 o o 0 o 510 o 0 o0 o
18 350/YG>
170 @
é) 170 170

200

a b
Puc. 6. BapraHTsI Tu1aHa rmorameHus 00s3aTeNbCTB: @ — COBIA/IaeT C PEIICHHEM Ha PHC. 5;
b — nmomyueH npu WHOM TOpsiJIKe BEIOOpa ap (7, j) B alropuTMe

Fig. 6. Variants of the plan of repayment of obligations: a — coincides with the solution in Fig. 5;
b — obtained with a different order of choosing pairs (i, j) in the algorithm

Ecnu cunrars, 4T0 H31EPKKU AOMTOPOB HE SBIAIOTCS HYIeBbIMA ¢, ; 2 0, i, j =1,n, T0 pyHKums (1)
c yaeroM (1”) u (1”’) mpuHUMAET CAETYIOUIMNA BUI:

F:Zizj‘xi,jei,j-'—r},jv l,]:l’_n (l’n)

299

Munnmmsupyromuii Gyaknuro (1°°°) ruran R npu orpanmdgenusix (3), (4°) u no-npexxHeMy Ipu He-

OTPaHUYEHHOM MOTEHIUANE AeOUTOPOB V'V, = p. —> +00 MOXKET ObITh MOIYYEH C IIOMOILBIO AITOPHT-
Ma pure_expense_glade (puc. 7), KOTOpbIi siBisieTcss Mmoaudukanueii anroputma pure_glade (puc. 4).

LY(i, )= =0,Yi=b] =b,k=0.
238G, j)|bf >0 b} <0=>stop.
select (i, j) [ min(e; ;)
k=k+1
o= min(bik‘1,|bf’1|),
k k-1

hj=Thy T

-1
bf =b" ~a,

1

Puc. 7. [Icernokon anroputma pure_expense_glade moctpoeHust MaTpuiibl R
Fig. 7. Pseudocode of the pure_expense_glade algorithm for constructing a matrix R

Ommuue anroputma pure_expense_glade ot pure glade 3axmodaercs B oneparope select (puc. 7, sxup-
HBIH WPUQT), KOTOPBII BEIOUpaeT napy (7, j), ONpenessIONlyI0 Ha KayKIOM I1Iare alnropurMa 1e0uTopa 1 Kpe-
JWTOPA, [Tl KOTOPOH BENMYMHA M3/IEPIKEK ¢€; ; MUHAMAIbHA.

11
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Ha puc. 8 nemoHcTpupyercs npumep NpUMEHEHHs alropuTMa pure_expense_glade juis nocrpoe-
Hus I1aHa R B cucreme S ¢ HeorpaHudeHHbIMY TOTeHIManaMu y4acTHUKOB [IK p,,— +00,i =1,n 1 n3-
JICp’KKaMU Ha TIoTallleHue 00s3aTeNbCTB, 3aJaHHbIMI MaTpulieii E.

RO

1 2 3

BO
4 5 1
0 0 1 [-350
0 0 2 | 550
0 0 3 | 170
0 0 4 | 350
0 0 5 |-720
B!
4 5 1
0 0 1 |-350
550 2 |0

0 : 170

0 o 4 | 350
0 0 5 |70
B3
4 5 1
0 o 1 [-180
550 2 |0

0 170 4 180

E

3

170

180

0

0

550

170

0

F = (2 +550) + (5 + 170) + (6 + 170) + (6 + 180) = 19 + 1070 = 1089

E 170/'Q>‘\180 E

@/

5

Puc. 8. [Ipumep BHINONHCHHS ANTOpUTMA pure _expense_glade
Fig. 8. Pure expense glade algorithm execution example

B2

-350

170

180

B4

Kak u B OpeAbLAYIINX MMPUMEpPAX, TCKYLICC COCTOAHUEC CUCTCMbI S 3aJaHO ManI/II_Ieﬁ M, npen-

CTaBJICHHOW Ha puc. 2. 3HaueHue 1eneBoil ¢pyHkuun (1

299

) JJId MIOJIYYCHHOI'O B 3TOM NPpUMEPE IIa-

Ha R — F=761. Jlng nnanoB, npeacTaBICHHBIX Ha pUc. 6, QyHKIMS F B BapHaHTax a ¥ b MpHUHUMAET
3HaueHus 764 u 762 cOOTBETCTBEHHO.

3ak/ouenue

1. Bueapenue B pamkax nudpoBoi miarGopMbl HHHOBAIIMOHHO-TIPOMBIIIIJICHHOTO KJIACTEpa CEPBU-
ca, PEeIIaloIIero 3aaauy KIMPUHTa B3aUMOPACUETOB, MO3BOJISIET YaCTHUKAM WHHOBAIIMOHHO-ITPOMBIIII-
JICHHOTO KJIaCTepa YMEHBIIUTh 00BeM TPeOyeMBIX OOOPOTHBIX CPEACTB M, KaK CJICICTBHUE, — CHU3UTH
M3JEP)KKNA Ha WX TOTIOJTHEHHE C TIOMOIIhI0 OAaHKOBCKOTO KpeAHWTa. DTO IMO3BOJSET YMEHBIIHUTH Olle-

12
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palMOHHBIE M3IEPKKH HAa OAHKOBCKHE KOMHCCHH 32 JICHEKHBIE IIEPEBObI, @ B TIOCIEACTBUH NepeiTn
K pacueraM B HU(PPOBBIX BAIIOTAX.

2. Henecoobpa3HocTh 1 3¢ GEKTUBHOCTD MPUMEHEHUS KIMPHHTA B3aMMOPAcYEeTOB 3aBHCHUT OT CTe-
MICHW B3aWMOCBSI3aHHOCTH YYaCTHHUKOB KJlacTepa, KOTopasi ONpeNeNsIeTcs] KOTHUYECTBOM H pa3MepaMu
WX BCTPEUHBIX 00sI3aTEIIbCTB.

3. Opranu3anusi KJIMPUHIOBBIX CECCUN MEXKY yUYaCTHUKaMU MHHOBAIL[HOHHO-IIPOMBIIIIJIEHHOTO KJa-
cTepa B paMKax HU(poBoil maardopMbl Ki1acTepa sIBIseTCs HETPUBHAIbHON OpraHU3alluOHHON 3a1a4ei,
TpeOyroleil 1eTalbHON IOPUIMYECKON MPOPaOOTKH, a TaKKe aBTOMATH3alUU HpoLecca 3aKII0YeHUs
KOHTPAKTOB MEXAY YYaCTHHKAMH WHHOBALMOHHO-IPOMBINUIEHHOTO KiacTepa. B PecmyOnuke Bena-
PYCBh ompe/iesieH NOPSIIOK COBEPIICHHUS U (M) UCTIONTHEHHUSI CJICTTOK WIIM UHBIX I0PUIMYECKH 3HAYUMBIX
JICHCTBUI MPH OCYIIECTBICHUN OaHKOBCKHUX, a TaKKe JAPYTHX (PMHAHCOBBIX OIEPAIHi IOCPEJICTBOM
CMapT-KOHTPakToB. COOTBETCTBYIOLIEE PElIeHHE NPUHSTO nocraHosieHueM [Ipasnenns Hanmonasns-
Horo Oanka ot 24 gexabpst 2020 1. Ne 428. Ho GaHKoBcKasi cepa UMEeT CBOIO CIIen(HUKY.

4. TlpemioxeHHbIE B CTaThe AJTOPUTMbI KIMPHHIA B3aMMOPACUETOB MEXAY YYaCTHHUKAMU HHHO-
BaI[IOHHO-TIPOMBIIIJICHHOTO KJacTepa MO3BOJISIOT MONYyYUTh ONTHMAJIbHBIN TUIAH TMOTalIeHUs] 00s3a-
TEJILCTB B paMKax OJHOW KIMPUHTOBOM CECCHH MPU CYIIECTBEHHOM JOMYIICHUU — HEOTPAaHUICHHOCTH
pecypcoB y nedutopoB. [Toxoxkas cucrema co3naHa B OAHKOBCKOH cdepe B COOTBETCTBHE C YKa30M
IIpesunenrta Pecrryomukn bemapyceb ot 18 ampenst 2019 1. Ne 148 «O nudpoBeIXx OaHKOBCKHUX TEXHO-
jorusax». TakuMm mpaBoM Ha COBEPILCHHWE WJIM HCIIOJHEHUE CHEJNOK M MHBIX IOPUIMYECKH 3HAYMMBIX
JeMCTBUI MOCPEACTBOM CMapT-KOHTPaKTa ObUIM TakXke HajeleHbl HannoHnanbHbl 0aHK M yYaCTHUKH
MeXOaHKOBCKOH CHUCTEeMBbl HACHTHPHKaUK. DOpMyIHpPOBKa MPUHIUIIOB U pa3paboTKa METOIOB B3aH-
MOpPAac4eTOB B YCIOBHSX HEJOCTATKA PECYPCOB Y JeOUTOPOB, a TAKIKE COOTBETCTBYIOMIUX aJTOPUTMOB
MOCTPOCHHUSI TIaHa B3aMMOPACYETOB TPEOYIOT JOTOJIHUTEIHFHOTO MCCICOBAHUS H MOTYT OIHPAThCS
Ha METOJIOJIOTUYECKYIO 0a3y, NEHCTBYIONIYIO B 0AHKOBCKOW CHCTEME.
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© benopycckuii TOCYJapCTBCHHBII YHUBEPCUTET HHPOPMATHKU M PATHOIICKTPOHUKH, 2023
Belarusian State University of Informatics and Radioelectronics, 2023

AnHoTanus. VHTENNeKTyann3amusi COBPEMEHHON SKOHOMHKH IPEICTAaBISET COOOW OOBEKTHUBHBIN IIpoIecC,
3aKOHOMEPHO NpeAonpeensieMblii HOBBIM KaueCTBOM POJIM M MECTa YeJIOBEKa B CUCTEME XO3SIMCTBEHHBIX OT-
HomeHuil. [IpeBpamnienne yenoBeka OAHOBPEMEHHO B II€JIb, CPEJCTBO U YCIOBUE XO3IWCTBECHHOMN ACATEIBHOCTH
00sI3BIBACT IT0-HOBOMY XapaKTEePHU30BaTh MPOLECCHl HHANBUIYaTbHOTO U OOIIECTBEHHOTO BOCIIPOU3BOICTBA. TeH-
JICHIIUU COBPEMEHHOI'0 YKOHOMHUYECKOTO PA3BUTHUS HAXOAAT OTPAXKEHNUE B TAKUX MOHATHUSIX, KAK UHTEIUIEKTYalIb-
HBIC PECYPCHI, HHTEIUICKTYa IbHbIN KanmuTan KoMnanuyd. Ha maHHBI MOMEHT, HeCMOTpPS Ha 00WIHNe JTUTEPaTypHl,
HE CYIIECTBYET €ANHOT0 OOLIETIPUHSATOTO MOIX0/1a K ONPENCIICHNIO U OLICHKE STHX YKOHOMHUYECKHUX KaTerOpHi.
B crarbe npencTaBieHbl MOAXOb! Pa3IMYHBIX aBTOPOB K MHTEPIpPETAllUU TEPMHUHA «UHTEJUICKTYyalbHbIM Kamu-
Tal», B pe3y/bTaTe UCCIEJOBAaHUS KOTOPBIX IpeIaraeTcs aBTOpCKoe 0003HaUCHUE NHTEIUIEKTYallbHbIX PECYPCOB
KOMITAaHUY — MHTEIUICKTYaJIbHBIX aByapoB, UX CTPYKTYPHI 1 METOJMKH OLICHKH.

KioueBble c10Ba: MHTEIIEKTyalbHBIC PECYPChI, HHTEIUICKTYAIbHbIH KalnTall, YeJIOBEYECKUE aByaphl, MapKe-
TUHT'OBBIE aByaphl, HEOCS3a€MbI€ HHTEIIJIEKTYaIbHbIE aBYyaphl.

Kondankr nnrepecoB. ABTOp 3asBisieT 00 OTCYTCTBUHM KOH(JIMKTa HHTEPECOB.

Jis uutupoBanus. Ananacesnu, M. B. VHremekTyanbHble aByapbl KOMIAHHHA U HHMKATOPHI MX OICHKU /
M. B. Ananacesuu // llupposas tpanchopmanus. 2023. T. 29, Ne 3. C. 15-24. http://dx.doi.org/10.35596/1729-
7648-2023-29-3-15-24.

THE ESSENCE OF THE COMPANY’S INTELLECTUAL HOLDINGS
AND THEIR EVALUATION INDICATORS

MARYIA V. APANASEVICH

Belarus State Economic University (Minsk, Republic of Belarus)
Submitted 19.01.2023

Abstract. Intellectualization of the modern economy is an objective process, which is naturally predetermined
by the new quality of the role and place of a man in the system of economic relations. The transformation of a hu-
man being into simultaneously an objective, a mean, and a condition of economic activity obliges us to characterize
the processes of individual and social reproduction in a new way. The trends of modern economic development
are reflected in such concepts as intellectual resources, intellectual capital of a company. At the moment, despite
the abundance of literature, there is no single generally accepted approach to the definition and evaluation of these
economic categories. The article presents the approaches of various authors to the interpretation of the term “in-
tellectual capital”. As a result of this research, the author’s designation of the company’s intellectual resources —
intellectual holdings, their structure and evaluation methods are proposed.

15



L{H®POBAS TPAHCOOPMALTHS DKOHOMHYECKHE HAYKH,
T 29, Ne 3 (2023) OBPA30BAHHE

Keywords: intellectual resources, intellectual capital, human holdings, marketing holdings, intangible intellectual
holdings.

Conflict of interests. The author declares no conflict of interests.

For citation. Apanasevich M. V. (2023) The Essence of the Company’s Intellectual Holdings and their Eva-
luation Indicators. Digital Transformation. 29 (3), 15-24. http://dx.doi.org/10.35596/1729-7648-2023-29-3-15-24
(in Russian).

BBengenne

B nacrosiee BpeMsi OCHOBHBIMU MCTOYHHKAMH Pa3BUTUSI SKOHOMHMKH BO BCce OOJIbIIEH Mepe cTa-
HOBSITCS JIFOAW U 3HAHUS, KOTOPBIMU OHM 00J1a/1al0T. B coBpeMeHHOM 001ecTBE HCIONIb30BaHUE 3HA-
HUI YMHOXKAaeT Pe3yJIbTaThl MPOU3BOICTBEHHON JESTEIBHOCTH Topasao Oomnee 3pPEeKTHBHO, YeM MPH-
MEHEHHUE JTI00ro APYroro MPOU3BOACTBEHHOTO (DAaKTOpa, & WHTEIUICKTYalIbHbIA KAIUTANl CTAHOBHTCS
CTpaTeTUYeCKUM aKTHBOM KOMITAaHUH, HETIOCPEICTBEHHO BIUSIONINM Ha ee pa3BuTrHe. CTOUT OTMETHUTH,
YTO JAJIEKO HE BCE PECypPChbl, OTHOCUMBIE K MHTEJIJIEKTYaJbHOMY KallUTaly, COOTBETCTBYIOT KPUTEPH-
SIM MEXIYHapOJIHBIX cTaHxapToB (uHaHcoBol ortdeTHOCTH (IAS 38) ans mpusHaHMs UX B KauecTBe
HEMAaTepUAIbHBIX AKTUBOB KaK MJICHTU(HUIMPYEMbIX HEMOHETAPHBIX aKTUBOB, OTPAXKAIOLIUXCS B (QH-
HAHCOBOHM OTYETHOCTH KoMIaHUHM. COOTBETCTBEHHO, 3HAYUTEIbHAs YacTh aKTUBOB, MPECTABIIAIONIA
c000i1 Ba)KHBIE 3JIEMEHTHI HHTEIUIEKTYaIbHOTO KamnuTaia (Takue, Kak 3HaHUs, BHYTPEHHSS OpraHu3a-
L1, JIOSUIBHOCTh KJIIMEHTOB), OCTAeTCsl HEYyYTeHHOH. TeM He MeHee OT NPaBUIIbHOM OLIEHKH CTOMMOCTH
MHTEJUIEKTYaIbHBIX PECYPCOB OPraHU3aLUN BO MHOT'OM 3aBUCST 3P PEKTUBHOCTH €€ JeSITeIbHOCTH, UH-
BECTHLIMOHHASI IPUBJIEKATEIBHOCTh U KOHKYPEHTOCIIOCOOHOCTD Ha PHIHKE.

OcHOBHBIE TPUUUHBI Pa3pabOTKK Pa3IMYHBIX TOAXOJO0B K OLEHKE MHTEJUIEKTYaJbHBIX PECYypCOB
KOMIIaHHH:

— CTpeMJICHHUE K yCTPAHEHHIO BHYTPEHHUX HCTOYHUKOB HEAP(EKTHBHOCTH PaOOTHI MPEIPUSITHS;

— U3MEpPEHHE HHTEIUICKTYaJIbHBIX PECYpCOB HE0O0X0IuUMO s (OPMYJIHMPOBAHUSA U PEaTN3aLUU
a/IeKBaTHOM OPraHW3allMOHHON CTPATETUH.

Lenp nccnenoBaHuii aBTOpa CTaThU — OIpPEJEIEHUE COACPKAHUSA HMHTEIUIEKTYalIbHBIX PECYpCOB
IIPOMBIIIIEHHOH OpraHu3alliy, BBISIBICHUE 3JIEMEHTOB MX CTPYKTYPBI U MOKa3aTesen A NX U3MEPEHHUS.

CyulHOCTL HUHTCJUICKTYAJbHOI'0 KalluTaJa KOMIIaHUHA

CoBpeMeHHbIC TIPOIleCcChl HH(pOpMATH3AIMK O0IIECTBA M MHTEIUICKTYaJIU3alUU MPOIYKIUK chop-
MHUPOBAJIM TaKyl0 KaTETOPHIO, KaK MHTEIUICKTYaJbHBIH KaluTall, YTO ObLIO 00YCIOBICHO KOPEHHBIM
HM3MEHEHHUEM POJIM M 3HAYEHHUS YEJIOBEUECKOro (hakTopa B DKOHOMEKE M 00recTBe. UemoBeK CTaHo-
BUTCSI HE TOJIBKO IIEJIBIO Pa3BUTHS SKOHOMHKH, HO M TJIABHBIM CPEICTBOM IIPOHM3BOJICTBA, IPeodpasy-
OIINM 3HaHHs. B HaydHO# IUTEpaType BCTPEUAIOTCS PA3IMIHbIC TOJKOBAHHS TEPMHHA «HHTCIUICKTY-
AIBHBIN KamuTamy. O030p HEKOTOPHIX HCTOYHUKOB, TJIC TACTCS OMPEICICHUE 3TOTO MOHSITHS, IPUBEICH
B Ta0m. 1.

Tabauuna 1. BapuanTtsl onpeneneHus TEpMUHA «MHTEIIIEKTYIbHBIN KauTam)
Table 1. Variants of the definition of the term “intellectual capital”

Omnpenenenne / Definition Astop / Author

«VIHTeNNeKTyaTbHBIN KaluTal — 3TO CyMMa 3HaHUN Bcex paboTHuKoB | CtroapT T. A. (Stewart Thomas A.) [1]
KOMITaHUH, 0OecIIeunBaronias ee KOHKYPEHTOCIIOCOOHOCThY

«MHTEeNNeKTyaNbHBIN KalluTal — 3TO TEPMUH JUIsi 0003HAYEHHS Bpyxunr . (Brooking Annie) [2]
HEMaTepranbHbIX aKTUBOB, 0€3 KOTOPHIX KOMITAHUS HE MOXKET
CYIIIECTBOBATh, YCHIUBAsI KOHKYPEHTHBIE TPEUMYTIIECTBAY»

«HTenneKTyanbHbli KaluTall — 3TO BCE HEACHEKHBIE Pyyc W., Taiik C., ®eprcrpem J1.

1 HeMaTepHaJbHBIE PECYPCHI, TOTHOCTHIO MM YACTUIHO (Roos Goran, Pike Stephen, Fernstrom
KOHTPOJINPYEMBIE OpraHU3aluel U y4acTBYIOLINE B CO3JaHUN Liza) [3]

LEHHOCTEW»
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Oxonuarnue maon. 1
Ending of Tab. 1

Omnpenenenne / Definition Astop / Author
«VIHTENNIeKTyaTbHBIM KalUTaI MPEJICTaBIsIeT COOOH TE aKTUBBI Yomnman C. (Wallman Steven),
KOMIIAaHUH, CTOUMOCTH KOTOPBIX COIIACHO 0aJTaHCOBOMY OTHYETY cornacHo [3]

HyJIEeBasH

«VIHTeNIeKTyambHBIN KalluTall — 3TO CHCTeMa KanutaimsupoBanHelx | Camuxos b. B. [4]
MHTEIJIEKTYJIbHBIX 3HAHUH, CO3UIATEIbHOE HCIOIB30BaHNE KOTOPBIX
06eCHe‘II/IBaeT IMPpONU3BOACTBO HOBBIX MHTCJJICKTYAJIbHBIX onar

U [IOJTyYEeHHE COOTBETCTBYIOIIUX JOXOIO0BY

«MHTennexryanbHblil Kanutan — 0o()OPMIICHHbBIC B KAYE€CTBE Hosocenpres O. B. [5]
HUMYIIECTBA TPEIPHUSITHS, UCTIOIb3YEMbIE B ICITEIILHOCTH
MPEANPUITHS U PUHOCSIINE TPESAMPUITHIO TOX0l OOBEKTHI U MIPpaBa
Ha WHTEJUICKTYaIbHYI0 COOCTBEHHOCTHY

«VHTennexTyanbHblil KaluTal NpeacTaBiseT coboil 4To-To Wnozemues B. JI. [6]
HAaroxo0He «KOJUIEKTHBHOTO MO3Tay, KOTOPBIH aKKyMYIHPYeT
Hay4HbIC ¥ OOBIZICHHBIC 3HAHHSI COTPYJHUKOB, HHTEIUICKTYaIbHYIO
COOCTBEHHOCTb 1 HAKOTUICHHBIH OIIBIT, OOLIEHHE U OPraHU3alMOHHYO
CTPYKTYPY, HHOPMAIIHOHHBIE CETH ¥ UMUK KOMIIAHUI

«HTennexTyanbHbli KauTall — 3TO KalIUTaIU3UPOBaHHAs Kummnuckas H. H., bynanen H. B. [7]
COBOKYITHOCTb HOBBIX 3HAHH, HABBIKOB, YMEHUI YEIOBEKa,
€ro KpeaTHBHOCTh, MOOMJIBHOCTB, CIIOCOOHOCTD K BOCHPHSITHIO
1 TIPOU3BOICTBY HOBOW MH(OPMAITUH, TPUHATHIO PEIICHUN

B YCIIOBUSIX HEONIPEAECICHHOCTH

CTOUT OTMETHUTh, YTO, HECMOTPSI HA HAJIMYKME B OOJNBIIMHCTBE OMPEJICIICHINH HHTEIEKTYIbHOTO
KaIuTaja Takoro KOMIIOHEHTA, KaK 3HaHUs, MHOTHE U3 HUX TOSBIISUIMNCH UCXOJIS U3 Pa3IMYHBIX acleK-
TOB IPOOJIEMBI HACHTH(HUKANH HHTEIUIEKTYAIBHBIX PECYPCOB, MX IIPUMEHEHHS ISl CO3/IaHUs [IEHHO-
CTH, a TaK)Ke OIEHKH U M3MEPEHUS JAHHOTO BUA KanuTana. B skoHoMHYecKOM ciioBape npearaercs
CIIeAyIOIIEe OTpe/ieieHUe MOHATHS «KanuTai»: «Kanurana — onuH u3 nepBUYHBIX (PaKTOPOB MPOU3BOI-
CTBa, N3MEPSEMBII Yepe3 CTOMMOCTh UMYIIIECTBA M HEMAaTepHAIBbHBIX aKTHBOBY. VI3 onpenenenus cie-
JyeT, UTO 3a JaHHOH JiepUHUIMEH 3aKpeTIeHbI ONTpe/Ie/IeHHbIC 9KOHOMUYECKUE U TIPABOBEIC aTPHOYTHI,
KaKMMH He 00J1a1aeT JOMUHHUPYIOIIHNI pecypc HHTEIJIEKTYaIbHOTO KanuTaua — 3HaHusl.

HHTemnekTyalbHble pecypchl PEANPHATHS 3HAYNTEIBHO OTIMYAIOTCS OT €ro (PM3MYECKOro KaIH-
TaJsla KaK 1o crocobam (GpyHKIIMOHUPOBAHHS, TAK U IO (PaKTOpaM, KOTOPbIE BIMUSIOT Ha d3PEKTUBHOCTh
€ro MCIIOJIb30BaHUs, M 00JI/IAI0T CIIETYIOIIMMH CBOHCTBAMH:

— HEeMaTepUaIbHOCTD (3HAHHS U TBOPUECKHUE CITOCOOHOCTH JIFO/IeH, MMUIK KOMITAHWH, MOPaJIbHbIC
LEHHOCTU HE MOTYT OBITh IOCTOBEPHO 3a(MKCHPOBAHBI H BOCIIPOU3BE/ICHBI);

— HEJMKBUIHOCTH (MHBECTHIIMH B MHTEIUICKTyalbHBIE PECypChl HEOOS3aTeNbHO MPUBOIAT K CO3-
JIAHUIO0 CTOMMOCTH JUISl IPENPHSITHSI, COOTBETCTBYIOIIEH 00beMYy UHBECTHIINH, YTO B COBOKYITHOCTH
C aCCUMETPUYHOCTHIO MH(OpMAIMHU SIBJISIETCS MPUIUHON CIIOKHOCTH (POPMHUPOBAHUS PHIHOYHBIX LIEH
Ha HUX);

— HEa/UIMTUBHOCTH (MHTEJUICKTYAIbHBIE PECYpChl HEBO3MOXKHO PacCYMTaTh CYMMHPOBaHUEM CO-
CTaBJISIIOIIMX, OHM CO3JIAI0TCSI B PE3YJIbTATE UX B3aUMOJCHCTBHSA).

B mayuHoif nmTeparype mpu 0003HAYEHUHM HHTEIUICKTYaJbHBIX PECYpPCOB HPEIIPHUITHS YaCTO
BCTPEUAIOTCS TAKHE TEPMHHBI, KaK «aKTHBBI» H «aByapb». s TOro 4ro0bl o0ecrneynTs ceMaHTH4e-
CKYIO TOXJIECCTBEHHOCTb UCCIIETyEMBIX 00BEKTOB, CIIEAYET PACCMOTPETh ONPEACICHUS JaHHBIX MOHS-
tid. CornmacHo UHAHCOBOMY CIIOBAPIO, AKTUBBI — COBOKYIHOCTh UMYIIIECTBA U JICHE)KHBIX CPEICTB,
NpUHAUIeKALNX TPEATNPHITHIO; COOCTBEHHOCTh, UMEIOIAs ACHEKHYIO OIEHKY, OTPaXXCHHYIO0 B Oa-
JaHCe TPEANPUSATHSI», «aByapbl — MaTepUaibHble U HEeMaTepHabHBIE PECYPChI TPOU3BOJICTBA, HE 00s-
3aTEeNbHO 00JaJafoNIie JTUKBUAHOCTBIO M SIBISFOIIMECS OOBEKTaMH COOCTBEHHOCTH, BKJIIOYAIOIINE
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B ce0s1, B TOM YHCJIe, aKTUBBI, OTPa)KEHHbIE B OyXraJTepcKoM OajlaHCce, KaK IPUHAUICKALINE KOMIAHUU
MaTepHajbHbIC U HEMaTepHaIbHbIE IEHHOCTH B JICHE)KHOM BhIpaKeHUN» [8].

Hcxons U3 conocTaBieHns, MOXKHO CAEIaTh BBIBOJ, YTO NEUHULMS «aByapbh MPEICTABISET CO-
0011 Oosiee eMKOe MOHATHE — BCE aKTHUBBI SIBJISIOTCS aByapaMy, TOTAa KaK He BCE aByapbl — aKTHBAMHU.
CToUT OTMETUTD, UTO JaHHAsl Ae()UHHULNS O3BOJISET BBIACIATH HE TOJIBKO HEMaTepHajibHble, HO U He-
JIMKBHIHBIC aBYapbl; IOKA3aTeJIb «aByapbl» HE 3a()MKCUPOBAH B OyXrajaTepckoM OajaHce, 4To 1aeT BO3-
MO>KHOCTb BBIJICJICHHS HE 00J1aIal0INX a1 JUTHBHOCTBIO aByapoB, T. €. yUeCTh BCE OCHOBHBIC CBOMCTBA
HMHTEJUIEKTYaIbHBIX pecypcoB. Takum o0pa3om, aBTOp HOJIAraeT, 4YT0 KMEHHO TEPMHH «aByapbl» MOA-
XOAMT 17151 0003HAYECHUSI HHTEIUIEKTYaJIbHBIX PECYPCOB MPEIIPHUSTHS.

C yueToM BBIIIECKA3aHHOTO ONPEICINM HHTEIUIEKTyalbHbIe aByapbl NPOMBIIUICHHONH KOMIIAaHUN
KaK 3HaHMS, HABBIKH U OIIBIT KOHKPETHBIX JII0/IeH, 3a1eiCTBOBAaHHBIX HA BCEX OPTaHU3allMOHHBIX U TEX-
HOJIOTMYECKHX CTaJusX HMPOU3BOACTBA MPOAYKLHH, a TAKKE MHTEIUICKTYaJIbHbBIM KalUTal KOMIIAHHUH,
KOMILJICKCHOE HCIIOJIb30BAHNE KOTOPBIX HANPABJICHO HAa YBEIMYCHUE NPUOBUTH U JOCTHKECHUE APYTHX
9KOHOMMYECKHX U TEXHUYECKUX Pe3ysbTaToB [9]. HTeIeKTyanbHbIe aByapbl KOMIIAHUH TTOAPa3AEs-
I0TCSI Ha Ocsi3aeMble U HeocsizaeMble. Heocsi3aeMble MHTEIIIEKTyallbHBIC aByapbl HE UMEIOT MaTepHalb-
HO-BEIIECTBEHHON (DOPMBI IPOSIBIICHUS M 00BEIMHSIOT HEBEIIECTBEHHBIE [IEHHOCTH HHTEIIICKTYaJIbHOM
MIPUPOABI, KOTOPbIE BOIUIOIICHBI B COTPYIHUKAX KOMIIAHUH (B MX 3HAHUSX, HABBIKAaX, IPOU3BO/ICTBECH-
HOM oTbITe). B TO e Bpemsl ocsizaeMble MHTEJJICKTyallbHbIE aByaphl MPEICTABISIIOT COO0M MHTEIIEK-
TyaJbHBIH KaluTal KOMIIAHUU. B CBSA3M ¢ MpHUBEICHHBIM OINpeesieHHEM HEOOXOAMMO pasrpaHuunuTh
HECKOJIBKO HOHSITHH.

1. Hematepuanbubie aktubl (HMA) — gacTh MHTEIUIEKTYa IbHBIX aByapoB, KOTOpas MOXKET ObITh
MIPUHATA K OyXTaJaTepcKOMy y4eTy B COOTBETCTBUM ¢ MHcTpyKimei no OyXraarepckoMy ydeTy Hema-
TepUAJIbHBIX AKTUBOB, YTBEP)KICHHOW MocTaHOBIeHHeM Munuctepcrsa prunancos PecriyOnuku bena-
pych ot 30.11.2018 Ne 73. Takum ob6pazom, noustue HMA oTpaxaer OyxraiaTepcKuii OJIXo/1 K orpe-
JEJICHUIO CYLIHOCTH OT/AEIBbHBIX HEOCA3aEMbIX aByapOB.

2. NnrennexryanbHas codctBeHHOCTh (MC) — cobuparenpHOe MOHATHE, KOTOPbIM 0003HaYaeTcs
COBOKYITHOCTb MCKJIFOUMTEIIbHBIX IPaB HA PE3yJbTaThl HHTEIUICKTYIBHON, B TOM YHCIIE TBOPUYECKOM
JESITENbHOCTH, @ TaKXKe IPUPABHEHHBIC K HUM CPEICTBA MHANBUAYAIN3ALMH IOPUINYECKUX JIMLL, TIPO-
OYKLUH, pabOT U yCIIyT.

3. Nnrennexryansubiii kanutan (MK) — ato naentuduuupyemas yacTh MHTEIUICKTYaIbHBIX aBya-
POB, TpeACTaBIIAIOMIAs COOOH COBOKYMHOCTh MIEH, METOAOB, HHCTPYMEHTOB, TEXHOJIOTHH M pa3jiny-
HBIX ()OPM CYIIECTBOBAHMS 3HAHNI U HHYOPMALMH, YACTHYHO UM IMTOJIHOCTBHIO OTUYKICHHBIX OT CBOMX
coznareseil. JlaHHbie 00BEKTHI ITOYyUYEHbI B PE3YIbTaTe HHTENICKTYJIIBHOTO TPYy1a COTPYAHUKOB KOM-
MIAaHUX ¥ MOTYT OBITh UCIIOJIb30BAHBI KaK B IPOM3BOICTBEHHON JIESTEIBHOCTH, TAK M BO BHELIHEH Cpeae,
oOycnaBiuBasi pOpMHpPOBaHKE €€ KOHKYPEHTHBIX mpeumytects [10].

B o0miem, MHTEIIEKTyadbHbBIM KalUTaJl XapaKTepU3yeT He TOJIbKO COBOKYITHOCTh HEMaTepHaIbHbBIX
aKkTHBOB 1 00beKTOB MC, HO M cHCcTeMy OpraHM3aluy 3HaHUH, oOecneunBaromux ux 3¢ dexrusHoE Hc-
oJib30BaHue. Mozenb HHTEIUIEKTYalbHBIX aByapoB KOMIIAHUH IIPEACTaBiIeHa Ha puc. 1.

Heocsizaemble aByapbl

MHTEJ'IJ'IeKTyaJ'IbeIﬁ Kanutan

HMA nc

Puc. 1. Mozenb HHTEIUIEKTYaIbHBIX aByapoB KOMIAHHH
Fig. 1. Model of the company’s intellectual holdings
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CTpyKTypHBI€e COCTABJ/ISIOLHE HHTEJUIEKTYaIbHbIX ABYapOB

HOCKOHI)Ky HHTGHHCKTyaHBHBIfI KanmuTall nmpeacTaBIsa€T coboit OCHOBY MHTCJUICKTYAJIbHBIX aBya-
POB B BUJE HUX OCA3a€MOM COCTABIISIIOLICH, B pe3yJibTaTe U3y4YeHUs OAX0A0B K cTpykType MK aBTo-
poM chopMUpPOBaH MOAXO K CTPYKTYPE HHTEILIEKTYaIbHBIX aByapOB KOMITAHWH, KOTOPBIA N300pakeH
Ha puc. 2.

WHTennekTyarnbHble
aByapbl
| Uenoseyeckue MapKeTWHroBbIe
aBsyapbl aByapbl
WHavenayanbHbie MpousBoACTBEHHbIE PenyTauyoHHble
t»| venosedeckne aByapbl aByapb!
aBsyapsl
OpraHusaumnoHHble
> aByapsl
[ - Heocs3aeMble aByapbl 11— ocsizaemble aByapsbl (VK)

Puc. 2. CTpykTypa HHTENIEKTYIbHBIX aByapOB KOMIIAaHUH
Fig. 2. Structure of the company’s intellectual holdings

Haubonee panmoHanbHBIM SIBISCTCS ISJICHUE HHTEIICKTYaIbHBIX aByapOB KOMITAHUH Ha YeJI0BeUe-
CKHE ¥ MapKeTHHTOBbIC [9]. OCHOBaHUEM I TAKOTO BBIICIICHUS SBISCTCA UX PA3IUYKUE B CYIIHOCTH:
OHU HANPSMYIO BIMSIOT JPYT Ha JPyra, HO IPU 3TOM HE CBOJATCS OJUH K JAPYromy — OOJIbIlasi YacTh
MapKETHHTOBBIX aByapoB 0TOOpa)keHa Ha OajaHCe MPEANPUATHS B BUAC OTACITBHBIX 2JIEMEHTOB €T0 WH-
TEJUIEKTYaJIbHOTO KalKTala, B TO BpeMsl KaK 3HaYUTEIbHAs YaCTh YEIOBEYECKUX aByapoOB MOXKET OBITh
oTpeJieNieHa TOJIBKO 110 KOCBEHHBIM ITPU3HAKAM.

WuauBuyansHbIe YeII0BEUSCKUE aByaphl — 3TO COBOKYITHOCTh 3HAHUH, HABBIKOB, OIIBITA U CIIOCO0-
HOCTEH Ka)XIOro OTACIBbHOTO COTpyAHHKA. COBOKYMHOCTh MHAWBUAYATHHBIX YEIIOBCUCCKUX aBYyapOB
COTPYJIHUKOB KOMIIAHUHU COCTABIISieT ee nepcoHast. OpraHn3allioHHbIC aByaphl BKIIOYAIOT B ce0s Bee-
BO3MOYKHBIC OPTaHU3AITMOHHBIE TTPOIIETYPHI M CTPYKTYPHI, KOTOPBIE COACHCTBYIOT BEITIONHEHUIO pado-
YUX 33/1a4, ONITUMU3NPYS HHTEIUIEKTYabHYIO AEATEIHbHOCTh U TEM CaMbIM TOBHIIIAs 3(PpPEeKTHBHOCTH
MIPEITPUHUMATENILCKON AEITEIHHOCTH B IEJIOM. 3a7ady «yIaKOBKI» YEIIOBEYECKUX aByapoB, odecrie-
YEHUS MPOCTOTHI AOCTyNa K HUM, BOZMOKHOCTA MHOTOKPATHOT'O X BOCIIPOU3BEICHUS U paclpeerie-
HUS C IIENIbI0 CO3/IaHUs IIEHHOCTEH PEIIaloT MapKETUHIOBBIC aByaphl, MOAPA3ACISIONIUECS HA TPOU3-
BOJICTBEHHBIC U PEIYTAllMOHHBIC.

[Ipow3BoACTBEHHBIC aByaphl MPEACTABISIOT COOOW YacTh MHTEIICKTYyaJIBHBIX aByapoB, KOTOpas
MMeEeT OTHOIIEHHE K JCATEIHbHOCTH KOMIITAHUH B IIEJIOM M COOTBETCTBEHHO WHTEIUIEKTYAIbHYIO COO-
CTBEHHOCTbH, KACAIOIIYIOCS TEXHOJIOTHYECKOTO MPOIlecca CO3/IaHus TOBApOB U yCIIyT. PemyranmonHbie
aByapbl OTPaKalOT BHEIIHUE MPOSBICHUS ACITEIbHOCTH KOoMMaHuu. OHU CKIAIBIBAIOTCA U3 CBA3CH
Y YCTOWYHMBBIX OTHOIICHUH ¢ KOHKYPSHTAMH, TOCTABIIUKAMU, TOTPEOUTEIISIMU U JPYTUMHU CYyObEKTaMU
pPBIHKA ¥ BKJIFOYAIOT B Ce0sl Te 00BEKThI MHTEIUICKTYaIbHONU COOCTBEHHOCTH, KOTOPBIC 3a/CHCTBOBAHbI
BHE NMPOW3BOACTBEHHON NEATEIHPHOCTH KOMIIAHUHU. JIaHHBIN MOIX0J K CTPYKTYPE WHTEIUICKTYaTbHBIX
aByapoB T0JIE3€H TEM, YTO TIO3BOJISIET BIIOJHE OIIPEIEIICHHO yKa3aTh TAKHUE PECYPCHI CHCTEMBI, KOTOPhIE
BBIXOJIST 32 PAaMKH MPEJICTABICHNAN O MaTepHaIbHBIX U JIEHEKHBIX PECYPCax U, CIeI0BaTeNILHO, HY K/ 1a-
FOTCS B OT/ICJIBHBIX TEPMUHAX JIJIsT 0003HAYCHUS U TTOKA3aTEISAX JIIsl U3MEPECHUSL.
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OneHka HHTEJUIEKTYaIbHBIX aBYapOB

HpI/I OIIpeACJICHUU MCTOJa OLICHKU MHTCIUJICKTYaJIbHBIX aByapOB CJICAYCT paCCMOTPEThL CYHICCTBY-
HOIUC MoAXO0Abl I OUCHKHU MHTCIUICKTYAJIbHOI'O KaluTalla. B HacCcToANICC BPEMA HAa OCHOBC JaHHBIX
IoaxXoa0B, UX KOM6I/IHaHI/II/I " aganTaiuu € y4€TOM UHTCIUICKTYaJIbHBIX PECYpPCOB pa3pa60TaH0 MHOXEC-
CTBO PAa3/IMYHLIX MCTOAOB OLUCHKU HCIIOCPECACTBCHHO MHTC/UICKTYAJIbHOI'O KalurTajaa. XapaKTepI/ICTI/IKa

OCHOBHBIX METOJIOB €T0 OIIEHKH MPECTABICHA B Ta0I. 2.

TaﬁJmua 2. MeTtoabl OLIeHKH HWHTCJUICKTYAJIbHOI'O KaltuTalia

Table 2. Methods for assessing intellectual capital

Merton / Method

XapaxrepucTuka /
Characteristic

IIpenmymecto / Advantage

Henocrarok / Flaw

[Ipsimast ouenka
UK (DICm)

OlieHKa BKIIIOUaeT B ceOs
JIBa dTara;: u3HavyaJlbHO
MIPOU3BOAMUTCSI CTOMMOCTHAS
OIICHKA OTIEIIbHBIX
KOMITOHEHTOB, U3 KOTOPOii
BIIOCJICJICTBUM BBIBOJUTCS
KoMILIeKcHas orienka MK
OpraHu3anuu

Ilo3BomseT OLICHUTH
OTJACJIbHBIC KOMIIOHCHTBI
HUHTCJUICKTYaJIbHOT'O
KalruyTalia

Bcenencrsue oTcyTeTBUS
OOIICIPUHATON CTPYKTYPBI
HHTEIJIEKTYaIbHOTO
KaluTasa pe3yabTaThl
OILIGHKU 3aBUCST OT
KOJIN4ECTBA KOMIIOHEHTOB,
YTO 3aTPYJHSET CPABHEHNE
MEXJly OpraHn3alUsIMU

IToacuer GamioB
(SCm)

Mertomsl, OTHOCSIUECS
K JIaHHOM rpynie,
MIPEJICTABIISIOT COOOU
KaueCTBEHHYIO OIICHKY
OTJIETTbHBIX KOMITOHEHTOB
MyTEeM ONpPEeIICHUs

Y TIPUCBOEHUS UM
Pa3IUYHbIX HHIUKATOPOB
¥ UHJIEKCOB

[TpumeHnMOCTb Ha J1I000M
YpOBHE OpTaHHU3ALNH;
BO3MOYKHOCTb OIICHKH
KOMITIOHCHTOB, HC UMCHOILIIUX
CTOMMOCTHBIX TTOKa3aTenei

OtcyTtcTBUE

JICHSKHOM OIEHKHU

Y UHAUBUAYAIbHOCTh
UHJUKATOPOB OLICHKHA
3aTPyOHSAIOT CPAaBHEHHE
MoKazaresen Mexay
Opra"Husanusamu

pasHHLEN MeXy PEIHOUHOMN
1 0aJIaHCOBOM CTOMMOCTBIO
(cOOCTBEHHBIM KaITUTATIOM
AKIMOHEPOB) KOMITAHUU

y100CTBO B CPaBHEHUH
MeXTy o001 KOMIIaHUH,
MIPUHAJUISKAIIUX K OTHON
oTpaciu

Otnaua OrneHka HHTEIIEKTYyaIbHOTO | Bo3MokHOCTE onpernieniennst | B HEKOTOpBIX MeToax
Ha aKTHUBBI KarnuTalia IpOUu3BOAUTCA 3(1)(1)GKTI/IBHOCTI/I MIPOU3BOJAUTCHA OILICHKA JINIIb
(ROAm) C Y4eTOM peHTa0eIbHOCTH (YHKINOHUPOBAHUS HHTETPAJIBHOTO pPe3yiibTara
MaTepralibHBIX aKTHBOB UK u oT/ienbHBIX ero 0e3 BO3MOXHOCTH
KOMIIaHHUH DJICMCHTOB, yl]O6CTBO BBISIBJIICHUS BIIMSIHUSA
B CPaBHEHUH MEXIY CO0OH | Ha HEro OTAEIbHBIX
KOMITaHUH, MPUHAJICIKAIINX | COCTABIISIONINX, B IPYTHX
K OZIHOI1 OTpaciu; yIo0CTBO | UMEETCs CIIOKHOCTb
(bUHAHCOBOTO yueTa nepeBojia rmokasaresnen
B CTOMMOCTHYIO OIIEHKY
Pernounas CroumocTb JlerkocTh B HHTEpPIIPETAMU | 3aBUCUMOCTH CTOMMOCTH
KalUTalIn3alusl | MHTEJUIEKTYalbHOTO NoKa3aTessd ¥ JalbHeHIero | akuuii OT n3MEeHeHHH
(MCm) KaluTaia onpenessieTcs €r0 MCIIOIb30BaHUS; PBIHOYHON KOHBIOHKTYBI,

OTCYTCTBHUEC BO3MOKHOCTHU
BBIICJIICHUA OTACIIBHBIX
COCTaBJIAIOIIUX

Ipumeuanue — CobcTBeHHast pa3paboTka aBTopa Ha ocHose [10-12].

B HacTosiiee BpeMsi HET €MHBIX OOLICTIPUHSTHIX MMOAX0/I0B U MeTo10B m3mepenus MK, kaxmas
KOMITAHHSI PeIIacT CaMOCTOSITeIbHO, KAKOW METOJ] UCIIOJIb30BaTh B CBOCH JEATEIbHOCTH. TeM He Me-
HEe CTOUT OTMETUTh, uT0 MeToabl DIC n SC mo3BosaioT Hanboiee MUPOKO OTPA3UTh COCTOSHUE HH-
TEJUIEKTYaJbHOTO KaluTalla OpraHu3alliuy, MOKa3aTh CTENEHb Y9acTUsl OTACIBHBIX €0 KOMIIOHEHTOB.
JlaHHBIE METOJIBI MOTYT OBITH MOJIC3HBI HEKOMMEPYECKHM OPTaHU3AIUSAM U OpraHH3aIHsIM 00IIeCTBEH-
HOTO cektopa. B To ke Bpemst meTosibl ROA 1 MC, ¢ IOMOIIIBbI0 KOTOPBIX MOYXHO ONPEACIUTH OOIIYHO
ctoumocth MK, y100HO HCITI0JIb30BaTh IPH CPABHEHUN KOMITAHUH OJHOHN OTPACIIH, IPUHATHH PELICHHS
00 WX CIIMSHUH, a TAKKE B Cllydae KyIUIH-TIpoaaxu OusHeca. HauOobIuii HHTEpPEC M0 CBOMM HCXO/I-
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HBIM IPEATIOCHUIKAaM M pe3yibTaTaM npeacrasisieT oueHka MK komnannu Ha ocHOBE peHTabenbHOCTH
€e aKTHUBOB.

IIpennaraemelii aBTOPOM METOJ OLICHKU MHTEJIEKTYalbHbIX aByapOB BKIIKOYAET ISATh HTAIOB
pacuera.

1. Onpenensiercsi 00bEM BBIPYYKH, JOOABICHHBIH WHTEIICKTYILHBIMH PECypcaMu KOMITAHHH.
Ha ocnoBe (priHaHCOBOI OTUETHOCTH MCXOAS U3 CTOMMOCTH MaTepHaIbHbIX aKTUBOB U CPEAHEH CTaBKU
pedprHAHCUPOBAHUSI PACCUUTHIBAETCS «KHOPMAJIBHBII» J0X01 KoMIaHuu. [1ox « HOpManbHBIMY» 10X00M
MOJIPa3yMEBACTCS CyMMa JICHEXKHBIX CPEJCTB, KOTOpasi MOryia Obl OBITH MOJyueHa KOMIIAHUEH 3a cueT
HCTIONB30BaHMsl OAaHKOBCKUX MEXaHW3MOB MPH TOJIHOM MCKJIIOUEHHH BIUSHUS HA €€ CO3JaHne UHTEN-
JIEKTyaJIbHBIX PECYPCOB. Pa3HMIy MEX/y BBIPYUKOH U «HOPMAJIBHBIMY JIOXOJOM MOKHO OLEHUTh KaK
YacTh BBIPYUKH, TIOJTYYEHHOH 32 cyeT 3 PeKTa MPUCYTCTBHS HHTEIUIEKTYAIBHBIX PECYPCOB B JIESITEIb-
HOCTH KOMIIaHWH:

B,,=B-Ar, (1)

rae By, — 00beM BbIpy4KH, 100aBICHHBIA HHTEIUIEKTYATbHBIME PECYpCamMu; B — BeIpyuka KoMmanuu
3a BeiueToM HJIC; A — cTOMMOCTh aKTUBOB KOMITAHWU; 7' — CPEIAHHIN TIOKa3aTelb CTAaBKH PePUHAHCHUPO-
BaHMS 32 TOJ.

2. Ha sToM sTame paccuuTHIBACTCS HOpMa HMHTEIUIEKTYyaJbHOIO KamuTaja KommnaHuu. Mcxonas
U3 IPEANON0KEHUS, YTO BIIOKEHUE UHBECTULIMI B MHTEIUICKTyalbHbIE aByaphl IO3BOJISIET Yepe3 He-
KOTOpOE BpeMsi IPUOOPECTH ONPE/CIICHHBIN H0X0, Yepe3 (popMyly CIIOKHOTO MPOLEHTa BhIpaXKa-
€TCsl COOTBETCTBYIOIIAs MPOLEHTHAs cTaBka. @opMyJia CI0KHOTO MPOLEHTA MO3BOJISAET BHIUUCIUTD
CYMMY JI0OX0J1a, KOTopasi o0pa3yercsi B pe3yIbTaTe HHBECTHPOBAHUS JICHET Yepe3 ONpeICIICHHBIN I1e-
pHOJ BPEMEHH:

FV=_S8(1+r)y, (2)

rae FV— cymma 1oxoaa; S — nepBoHaYanbHbIN BKIA; 7 — HOPMa JI0XOJHOCTH (MIPUOBLIBHOCTH) OT BIIO-
JKEHHST; 71 — YUCII0 TIEPUOJI0B BPEMEHH.

[IpussB Texyliee 3HaUYE€HUE BBIPYUKH, 100ABICHHON MHTEIUIEKTYaIbHBIMH PECYPCAMHU, 32 CYyMMY
JI0X071a, TIOJIy4YE€HHOTO B PE3YJIbTaTe UCIIOJIb30BaHUS HHTEIJIEKTYaJIbHOTO KalluTalla, a PaHEee OCYILEeCT-
BJICHHBIC MHBECTULIMM — 3a IIepBOHaudanbHbli Bkiaa B MK, u3 Gpopmyisl cinoxxnoro npouenra (2) MOKHO
BBIBECTH IIPEIT0JIAraeMOe 3HaU€HHE HOPMbI HHTEIJIEKTYaIbHOTIO KalluTaaa KOMIIaHUH.

[Ipu pacuete npesiaraercs HCIOJIb30BaTh BPEMEHHOM MEPHOJ MATH JIET, YTO HEMOCPEICTBEHHO I10-
3BOJISIET Y4eCTh HaKOMUTEIbHbIE CBOIICTBA MHTEIIEKTYaJIbHOTO KaluTajla, HUBEJIUPOBATh MPOSIBICHUE
BHEITHHUX d(()EKTOB M BHYTPEHHETO IucOamaHca OpraHu3allii: BIUSHIE YPOBHS UHQIIALNNHN, N3MEHe-
HUs PUCKATBbHOM MOJIUTUKY, KOJIEOaHUs CIIpoca Ha MPOIYKLHUIO, pa3jInius BO BpEMEHH U 00beMax UH-
BECTHLIMOHHBIX BJIOKCHHH, CPOKH OCBOSHHSI MHHOBAaLUK U mp. [IaTmiieTHHI CpOK OXBaThIBAET MEPUOL
CMEHBI (a3 UKIJIA XO3IHCTBEHHOTO BOCIIPOU3BO/ICTBA, OTpaXkask CpeJHECPOUHbIE KOleOaHusi KOHbIOH-
KTYpbI, U TOTOMY SIBJISIETCSI COPa3MEPHBIM CPOKY COCTABJIEHHUS! CTPATETHYECKUX IJIAHOB U MPOrpamMm
pa3BUTHS KaKk HA MAKPOYPOBHE, TaK M HA YPOBHE NpeAnpusiTus [9]:

rpm = \5[ Bnpn/ I/Imc(n—S) - 1’ (3)

TJIE 7'y — HOPMA MHTEJIEKTYAILHOTO KanuTana KOMIanuu; B, — 00beM BBIPYUYKH, 100ABIEHHbIA UH-
TEJUIEKTYaIbHBIMU PECYPCAMU TEKyIIEro nepuoaa; Uy, sy — BayTpennne unsectunun B UK 3a nsare
JIeT 710 TEeKYILEro nepuosia.

3. ITo ¢opMmyiie mpuBeIEHUS TEKYIEH CTOUMOCTH OMPECIIACTCS BEIMYUHA 0CA3aeMbIX MHTEIIICK-
TyaJIbHBIX aByapOB — HHTEIDIEKTYaIbHOTO KaluTala KOMITAaHUU

UK = B,/(1 + ryy), “4)

rae MK — crouMoCTh HHTEIJIEKTYa IbHOTO KaluTala KOMITAHUH.

4. ]l OLICHKU HEOCSA3a€MbIX HUHTEIUICKTYaJbHBIX aByapOB MOXHO UCIIOJIB30BATh CIEAYIOLIUE IO0-
Kas3aTesu:

— MHINKATOP YEJIOBEYECKOTO KAIMUTANA iy

— MHIUKATOP MapKETHHTOBOTO KAITUTANA .
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DTUMOJIOTHS HHTEJUIEKTYyalTbHOTO KaIlliTalla HeTIOCPEICTBEHHO BIIHSACT Ha €r0 CYITHOCTh. | TaBHBIH
(axTop yBenMueHUs JHOOOTO KamuTaia — MHBECTHLUH. 1101 MHBECTHLHMSMH B 4YEJIOBEYECKHH Karlu-
TaJl MIOHUMAETCs J1I000e JeiicTBUE, HANpaBICHHOE Ha MOBBILIICHUE 3HAHWH, HABBIKOB M CITIOCOOHOCTEHH,
MHa4e roBOPs, HHIANBHUIYAIbHOTO YEJIOBEYECKOI0 KalnuTaia COTPYAHUKOB opranu3anuu. Kak 3aTpatsl
Ha 0oJiee BRICOKOTEXHOJIOTHYHOE 000PY/I0BaHKE, TaK U 3aTPaThl HA 00y4eHHe MepcoHalia B OJMHAKOBOM
Mepe SIBIIIOTCS WHBECTHIMAMH, TTOCKOIBKY TEKYIIHE PacXoisl OYIyT KOMIEHCHPOBAHBI BO3POCIITUM
ITIOTOKOM JIOXOJIOB B OyaymieM. Yem Oombllie KOMITaHWSI HHBECTUPYET B Pa3BUTHE YE€IIOBEUECKOTO KaIlu-
TaJsa, TeM OOJIbIIE MOKET OBITh OTJaua, Ha KOTOPYIO OHA MOKET PacCUUTHIBATH [9].

WnaukaTop yenoBe4eckoro KanuTana i,, BbIpakaeTcsl Kak J0Jsl MHBECTUINM B BBIpyUKe

Ly = My B, (%)

rae U, — pa3Mep BHYTPEHHUX UHBECTULIMI Ha pa3BUTHUE IIEPCOHAIA.

BrnoxeHnst B MapKeTHHIOBBII KalnuTal BKIIOYAIOT B ce0sl KaK NpsAMble MHBECTHLUHM B IIPOU3BOJ-
CTBEHHBIH KalMTal, HalpaBJIcHHbIE HA Pa3paOOTKy MHHOBALMM, TaK U KOCBEHHbIE, MIPEICTABICHHBIC
B BUJIE PACXOJ0B HA KOMMYHUKALIUX U, B KOHEYHOM CUYETE, HAIPABJICHHBIC HA NOBBIILIEHUE PEIYTaLlU-
OHHOI'O KaIluTaJla KOMIIaHWH. I/ICXOILH M3 BbIINICCKA3aHHOT'O, pacXodbl HA pa3BUTUC MAPKETHUHIOBOI'O
KanuTaxa KOMIIAHMH MOYHO 3aIrucarh B BUIe GOpMyJIbl

I/IMK = Hmc + I/IpKa (6)

rae U, — pa3Mep BHYTPCHHUX HHBECTULIMI HA PA3BUTHE MAPKETHHIOBOTO Kanurana; U, U, — pasmep
WHBECTHUIIHMHA B TIPOU3BOICTBEHHBIN U PEMYTAIMOHHBIN KaIUTaJI COOTBETCTBEHHO.

Crnenyer OTMETHTB, YTO BKIIAJ MapKETHHTOBOrO KamuTajla B JCSATEIbHOCTh KOMIIAHHH HanOoJjee
JIOCTOBEPHO OTPA3UT MOKA3aTENIb COOTHOIIECHUS CYMMBI PACXOJI0B Ha MAPKETUHTOBBIN KAaIUTaI U BBI-
PYYKH KOMIIAaHUH 33 COOTBETCTBYIOMUN niepuo [9]. Takum oOpazoM, HHANKATOP MAPKETUHTOBOTO Ka-
MMTAaNa i, KOMIIAHUH PACCYUTHIBAETCS KaK JOJISI MHBECTUINI B MApPKETHHTOBBIIM KalMTal B BEIPYYKE

i =W, /B. (7

NHnukatopsl 4eI0BEYECKOTO M MAPKETHHIOBOTO KAIlUTAJIOB MO3BOJISIIOT YUUTHIBATH YPOBEHb UH-
Bectunmii B UK xommnanuu. CornacHo BBIIECKA3aHHOMY, JJIA pacyeTa MHAUKATOPOB UCIONb3YIOTCS
CpeJHUE 3HAUCHUS MT0OKa3aTeNel 3a MATh JIET.

5. BnusHue MHBECTUIIMI B YEJIOBEUECKUI U MapKETUHIOBbIM KaluTajbl HA UHTEJUIEKTyaJbHbIE pe-
CypChl KOMITAaHUH TIPOSIBIISIETCS B BUJIE HEOCA3AEMbIX MHTEJJIEKTYaJIbHBIX aBYapOB, KOTOPhIE YBEIUYH-
BafOT WHTEIUIEKTYaIbHBIE aByaphl B 11eJoM. Takum 00pa3oM, HHTEIUIEKTYaIbHbIE aByaphl BRIPAYKAIOTCS
Ha MATOM JTaIle Kak:

UA =HUK(1 + ry) (1 + 7y, ®)

rae MA — o0beM HHTENJIeKTYa IbHBIX aByapOB KOMITaHUH.

[IpenmytiecTBOM pa3paOOTaHHON METOIUKH SBIISIOTCS €€ MMPOCTOTa M OOBEKTUBHOCTH ITOKa3aTeNeit
Onarofapsi MCIIOJIb30BAaHUIO KOHKPETHBIX (PMHAHCOBBIX JTaHHBIX, BO3MOKHOCTh WX OILIEHKH IS TIPO-
MBIIIEHHBIX KOMIIAHWI 3aKpPBITOTO TUIA, HE UMEIOIINX PIHOYHOM KalUTaIH3alHN.

3akiouyenne

1. I3MeHeHune poiy ¥ 3Ha4eHUS YeI0BEUECKOro (JakTopa B SKOHOMHKE U OOIIECTBE CBA3AHO C I0-
SIBJIGHUEM B 9KOHOMHMYECKOW HayKe KaTerOpHH «HMHTEJIeKTYalbHbIN KanuTam». B To ke BpeMs 3a Ka-
Teropuen «KaruTall» 3aKpeIuIeHbl Olpe/ieJIeHHbIe SJKOHOMHYECKHE U TIPAaBOBBIE aTPHOYTHI, KOTOPHIMHU
He 00J1a/1aeT JOMUHUPYIOMIMIA pecypc MHTEIUIEKTYaIbHOTO KanuTana — 3HaHus. J{insg obecniedenus ce-
MaHTHYECKOH TOXIECTBEHHOCTH HCCIEAYEMBIX OOBEKTOB, /Ul 0003HAYCHHS MHTEIUIEKTYalbHBIX pe-
CypCOB OpraHu3alyy MPeaaaracTcs UCIoNb30BaTh TEPMUH «UHTEIICKTYalIbHbIC aByaphbl».

2. VlHTennekTyanpHble aByapbl MPOMBIIIIEHHON KOMIAHUM MOXHO ONpEAETUTh KaK 3HaHMA, Ha-
BBIKH M OIBIT KOHKPETHBIX JIFOJIeH, 3a/1eiCTBOBAHHBIX Ha BCEX OPraHM3AllMOHHBIX M TEXHOJIOTMYECKUX
CTanAX TPOM3BOJICTBA MPOAYKINH, a TaK)Ke MHTEIUIEKTYyaJTbHBIA KaluTal KOMITAHWH, KOMIUIEKCHOE
HCTIONIb30BaHME KOTOPHIX HAIMIPABIEHO Ha YBEIWYCHHUE TPUOBUIH U TOCTIKEHHE YKOHOMHUYECKHX U TeX-
HUYECKUX pPe3yJbTaToB. VHTEIIEKTyalbHbIE aByapbl CO3LAIOTCS B PE3yJbTaTe B3aUMOACHCTBUSL OT-
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JIENIBHBIX 4acTel, SBISIOTCSA PEe3yIbTaTOM MHTEIUIEKTYalIbHOW JESTEIbHOCTH KOJIIEKTHBA. DIIEMEHTHI
HMHTEJUICKTYaIbHBIX aByapoB KpaliHe HEOJAHOPOIHBI M 00J1a1al0T CBOEH crieln(pUKON: HanpuMep, HeOo-
csi3aeMble aByaphbl, CKOHLIEHTPUPOBAHHBIE B 3HAHHUAX U YMEHHAX TIEpCOHANA, TPYAHOM3MEPUMBI ¥ 0ObIY-
HO TIPUPACTAIOT CO BpeMEHEM, a OOBEKThl MHTEIUIEKTYaIbHOM COOCTBEHHOCTH MMEIOT ONpPEACIICHHYIO
CTOMMOCTD, KOTOpasi y OOJIBIIMHCTBA CO BPEMEHEM CHIKaETCs [9].

3. MHTemiekTyalbHble aByaphl KOMIIAHUHU TO/IPa3ZesiAloTCs Ha ocs3aeMble W Heocszaemble. He-
ocsi3aeMble MHTEIUICKTYaJIbHBIC aByapbl HE UMEIOT MaTepHaIbHO-BEIIECTBEHHOW (POPMBI MPOSIBICHUS
u O6BCI{I/IH$IIOT HEBCHICCTBCHHBIC ICHHOCTHU HHTGHHGKTyaHBHOﬁ IIpUPpOabI, BOIUIOIIECHHBLIC B COTPYAHU-
Kax, OCsi3aeMbI€ MPEICTABIISAIOT COOOM MHTEIUIEKTYAIbHbIN KamuTaa KOMIaHHUH.

4. IlpennaraeMplii METOJ] OLIEHKH HMHTEJUIEKTYaIbHBIX aByapOB BKJIIOYAET IISTh ITAIIOB pacyeTa.
Ha nepBom onpexessiercst 00beM BbIPYUKH, 100aBIECHHBIN HHTEIIICKTYaJIbHBIMHU PECYpPCaMU KOMIIAHHUH,
Ha BTOPOM PAacCUMTHIBAETCS HOpMa MHTEJUICKTYAJIHOIO KanuTana komnanuu. [lo ¢opmyine npusene-
HUS TEKyIIeW CTOMMOCTH Ha TPETBEM 3Tale ONPENeIsIeTCs] BEINYHHA OCA3a€MBIX MHTEIEKTYalIbHBIX
aByapoOB — MHTEIUIEKTYaJIbHOTO KaluTajla KOMIAHWU. {71 OLIEHKH HeOCA3aeMbIX MHTEJIEKTYalbHbBIX
aByapoB Ha YETBEPTOM ATAIE PACCUUTHIBAIOTCS MHIUKATOPBI YETOBEUYECKOTO M MAPKETUHIOBOTIO KaIlu-
tanoB. C y4eToM AaHHBIX ITOKa3aTelel Ha MATOM 3Talle HaXOAAT NHTETpaJIbHBIA NTOKa3aTelb HHTEIIEK-
TyaJIbHBIX aBYyapoB.

5. B coBpeMEHHBIX yCIOBHSIX Pa3BUTHSI SKOHOMUUYECKUX OTHOIIEHUH POJIb MHTEIIEKTYaJIbHBIX pe-
CypcoB ‘-IpC3BbI‘I3]71HO BaXHa U 3aKJIIOYACTCA B UX BJIMAHUN HAa SKOHOMHUYCCKHUEC PC3YJILTATHI U (I)OpMI/I-
POBaHUEC PA3JIMYHBIX 3KOHOMHUYHBIX HCHHOCTeﬁ KOMITaHUH. HOC-)TOMy BBISABJICHUEC MHTCJUICKTYAJIbHBIX
aByapoOB U UX YUYCT UMCIOT NPUHIUIINAJIBHOC 3HAYCHUC C TOYKU 3PCHU IMOMCKAa HCTOYHUKOB UX YBCJIHM-
YCHU U OLICHKN 3(1)(1)6KTI/IBHOCTI/I X UCIIOJIB30BAaHUA.
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AnHoTanusi. OTMEUeHB! BAXKHOCTh TECTHPOBAHUS 3HAHUI B 00pa30BaTEIbHOM IPOLIECCE U €T0 POJIb B OINpese-
JICHUH MPOOEIOB B 3HAHMAX YUAIIUXCS W MOAEPHU3AINU 00pa3oBaHUs. PaccMOTPEHBI KOHTEKCTYaJIbHBIE CBSI3H
MEXXy KOHIICTIIIIEH KauecTBa 1 00pa3oBaTeIbHBIM TECTHPOBAHNUEM, IIPECTABICHUE 3HAHUN O ITPEAMETHON 00Ia-
CTH C UCIIOJIb30BAHUEM TpHUAJIbI MapTBIHOBa. OcHOBHOMU AKICHT CACJIaH Ha CEMaHTHUYECKOM CCTH, I'IC KOHLCIITHI
TIPE/ICTABISIIOT TECTUPYEMBIE IEMEHTHI 3HaHNH. KoHIenTs! KiraccuuIMpyroTcst Ha pa3indHbIC TUIIBI B 3aBUCH-
MOCTH OT cojiepKalieiicss B HUX HHQOpPMaIuy, TaKie Kak TeKCTOBBIH KOHIIENT OOIIEro XapakTepa, CIMCOK/Kiac-
cuukanms/uepapxusi, MporpaMMHbIN KoJl, GOpMyIbHBINA KOHIIENT, IPUYNHHO-CIIC/ICTBEHHBII KOHIET U JpyTHe.
PaccmoTpeHna reHeparys TeCTOBEIX BOTIPOCOB, onrcana cucreMa QueTabAl, aBToMaTHueckn TeHeprupyIomas Bo-
MIPOCHI HA OCHOBE MPE/ICTABICHHBIX 3HAaHUH O NpenMeTHOH obnacTu. [IpuBeseHb METOBI TeHepalui BOIPOCOB
C MX COCTaBJICHHEM Ha OCHOBE TpaMMaTHYECKOro pa3dopa Tekcta. [lepedncnensl mpu3Haky WIN KPUTEPUH, KOTO-
pBIE BBISBIISIOTCS C TIOMOIIBIO TECTHPOBAHMS. VI3ydeHbI pa3ndHbIe acleKThl 1 METOAB! ()OPMHUPOBAHUS IPU3HA-
KOB, MO3BOJISIONIME MPUHUMATh PELICHUE O HEOOXOANMOCTH 3aIlOIHEHHS TPOOENIOB B 3HAHUSX U MOJICPHU3AINT
00pa30BaTeIbHOTO Mpouecca.

KawueBble ciioBa: ceMaHTHYeCKas CETh, TECTUPOBaHWC 3HAaHUU, Tpuaga MapreiHoBa, cuctema QueTabAl,
KOHIICTIIHS KaueCTBa, KOHIETITH HH(POPMAITUH.

Kongaukt uHTEpecoB. ABTOPHI 3asBISAIOT 00 OTCYTCTBHHU KOH(INKTa HHTEPECOB.

Jasa nutupoBanusi. Muranesnd, C. A. ABTOMAaTH3MpPOBAHHAS CHCTEMa TEHEpPAIlMM W OIICHKH TECTOB /
C. A. Muranesuu, O. B. I'epman // Hudposas tpanchopmanums. 2023. T. 29, Ne 3. C. 25-33. http://dx.doi.
0rg/10.35596/1729-7648-2023-29-3-25-33.

AUTOMATED SYSTEM FOR GENERATING AND EVALUATING TESTS

SERGEY A. MIGALEVICH, OLEG V. GERMAN

Belarusian State University of Informatics and Radioelectronics (Minsk, Republic of Belarus)
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Abstract. The importance of knowledge testing in the educational process and its role in identifying gaps in stu-
dents’ knowledge and modernizing education are noted. The contextual links between the concept of quality and edu-
cational testing, the representation of knowledge about the subject area using the Martynov triad are considered.
The main focus is on the semantic web, where concepts represent testable knowledge elements. Concepts are
classified into different types depending on the information they contain, such as general textual concept, list/clas-
sification/hierarchy, program code, formulaic concept, causal concept, and others. The generation of test questions
is considered, the QueTabAl system is described, which automatically generates questions based on the presented
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knowledge about the subject area. Methods for generating questions with their compilation on the basis of gram-
matical analysis of the text are given. The signs or criteria that are identified through testing are listed. Various
aspects and methods of feature formation are studied, allowing to make a decision on the need to fill in the know-
ledge gaps and modernize the educational process.

Keywords: semantic web, knowledge testing, Martynov triad, QueTabAlI system, quality concept, information
concepts.
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BBenenue

TecTupoBanue 3HAHUHN — BAKHEHIIAS COCTABIIAIONIAS B YIIPABICHUH 00pa30BaTEIHHBIM IIPOIIECCOM.
B pesynprare BeImoaHEHUS TecTa GopMHUpyeTCs HA00p MPU3HAKOB (KPUTEPHER), TI0O KOTOPHIM IIPUHUMA-
€TCsl peIlIeHue He TOJIBKO 00 YCTpaHEeHUH MPOOEIIOB B 3HAHUSAX KOHKPETHOTO ydarerocs (1100 KOHTHH-
TeHTa JINII), HO ¥ He0OXOAMMOHN MOJIepHH3AIK 00pa30BaTeIbHOTO MpoIlecca.

Konrmemnus kadyecTBa cBsi3aHa ¢ 00pa30BaTeIbHBIM TECTHPOBAHUEM B JIByX KOHTeKcTax. C OmHOMN
CTOPOHBI, JUIS TOJIyYEHUS] HAJCKHOU aKaJeMHUYSCKOU OIICHKM Ba)KHO OOECIICYMTh Ka4eCTBO CaMHUX
onJiaitH-TecToB. OOECreUueHHE KaueCcTBa OHJIAHH-TECTOB M TECTOBBIX 3aJ[@HMU BIIMSAET HA BCE ATaIlbl
WX )KU3HEHHOTO IMKJIa — OT TPOEKTHPOBAHUS M Pa3pabOTKH 70 MPOBEACHHS TECTUPOBAHUS U BHICTAB-
JICHHsI OIIEHOK. B 3TOM cMBICIie 9TO 3aTparmBaeT COOTBETCTBYIOIINE TPYIIITbI 3aHHTEPECOBAaHHBIX CTO-
POH B cucTeMe 00pa30BaHUs — aBTOPOB TECTOB, TIPEIOIaBATENICH/OI[CHIITUKOB, METOIUCTOB U DKCIIEPTOB
B NPEJAMETHOM O0JIACTH TECTHPOBAHUS WM, KOHEYHO JKe, UCHbITyeMbIX. C JIpyroil CTOpPOHbBI, KaueCTBO
OHJIAITH-TECTOB SIBJISICTCS BAXKHBIM KOMIIOHCHTOM BHYTPEHHHUX CHUCTEM YIIPABJICHHs U 00CCIICUEeHHUs Ka-
YyecTBa 00pa30BaHUA B IEJIOM, TO €CTh MPEJCTABIAET CYIIECTBEHHBIH WHTEPEC IS MHOM TPYIIHI 3a-
MHTEPECOBAHHBIX CTOPOH — OTZeNIa MEHEHKMEHTA 0 Ka4yecTBY OOYUeHHS W aIMUHICTPAINH YIEOHBIX
3aBEIECHUN.

OO01ue 1 4acTHBIC aCIEeKThI MPOOJIEMbI aBTOMATU3aIlUU TECTUPOBaHUs oTMe4eHEI B [ 1-3]. OHu Tem
WM MHBIM 00pa30M CBSI3aHBI C TPHAJIOW «3HAHUS O MPEIMETe — 'eHepalls TeCTOB/aHaIu3 TECTOB —
KOPPEKTUPOBKA poiiecca 00yueHus». Llens rccaenoBanuii aBTOPOB CTaThH — PACCMOTPETh 3Ty TPHALY
C TIO3WIH COBPEMEHHBIX MOAXOA0B M 000CHOBATh HamboIee MePCIeKTUBHbBIE PEUICHHs B paMKax 00-
el napagurMel.

IIpencraBiaenne 3HaHUI 0 MpeIMeTHON 001acTH

3HaHUs O IPEIMETHOM 00JacTH SIBJISIIOTCS OCHOBOW Ul aBTOMAaTHYECKON reHepanuu Tectos. s
MPEACTABICHUS 3HAaHUW MPUMEHSIIOTCS OHTOJOrM4Yeckue s3blku U QpeiimBopku: RDF, OWL2, XML
u ap. [4-6]. IIpenreueit RDF MoxxHO cunTaTh yHUBEpCalIbHBIN ceMaHTHUeckuid kox B. B. Mapteino-
Ba [7], B KoTOpOM 3HaHus onuckiBaroTcs Tpuagamu <Cyobekt — Jlerictue (IIpeaukar) — OObekT>.
Cy0mnekT — nuro (mpeaMer), peanu3yromee neicrsue. OOBEKT — CYITHOCTH, HAa KOTOPYIO JEHCTBUE Ha-
mpaBiieHo (ITOCpeACcTBOM 4ero oHo peanmsyercs). B RDF sra obmas Momens 1omoNHEHA CChUTKAMHU
Ha URI (Uniform Resource Identifier), To ecTb anemenTs! Tpuaa uaeHTHGuupyorcs nocpeactsom URI,
YTO MO3BOJISICT UICHTU(UIIMPOBATh UX YHUKAJIBHBIM 00pa3oM B uHtepHete. Tpuana <CyObekt — JleicT-
Bue (IIpeaukar) — OObeKkT> N300pakeHa Ha puc. | U MpeacTaBiIeHa TeraMu:

<rdf:Description rdf:about="http://example.org/SemanticWeb# >
<ex:publishedBy>
<rdf:Description rdf:about=http://springer.com/Publisher/>.

ex:publishedBy - 2
ex:SemanticWeb sprmger:P@

Puc. 1. Tpuaga Mapteinosa (RDF)
Fig. 1. The Martynov triad (RDF)
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CyObexToM siBisieTcs ToKyMeHT SemanticWeb, onyonmukoBanubiid m3natenem Publisher. [leficTBue
nepeaaeTcs maroibHbIM npuiararensbHeiM publishedBy. Ipedukest ex u springer uaeHTHGUIUPYIOT
MIPOCTPaHCTBA UMEH.

OWL2 6a3upyercst Ha RDF u Mmoxet ObITh KOHBepTHPOBaH B Hero. OWL2 dopmainbHo onepupyer
C KJIaccaM¥ 00BEKTOB, MPUYEM OOBEKTHI HaJleIeHbI CBOWCTBAMHU (aTpuOyTaMu), a HaJl KIIacCaMU MO>KHO
BBINOJIHATD Pa3JIMYHbIE ONEPALUH, HAIPUMEP, HAXOAUTh 00BbEIUHEHUE UM IIepeceueHHe KiaccoB. Ta-
KUM 00pa3om, ¢pyHkmoHaisHo OWL2 npeacrasisiercs 6oiee pa3BUTHIM BAPHAHTOM OHTOJIOTMYECKOTO
SI3BIKA.

XML B cpaBuenun ¢ RDF u OWL2 — 6a30Bblii sI3bIK HUKHETO YpoBHS. HO HMEHHO B crity 3TOro
XML naer pazpaboTauky Oolibliiee npocTpaHcTBo aeiictBuil. Ctpokn XML-0KyMeHTa peacTaBIsioT
co00if Tern n ux 3Ha4eHus1. FIMeHa TeroB cBs3aHbl ¢ 00bekTaMu (object), cutyanusamu (situation) u ot-
HomeHusMHU (relation).

Paccmorpum npumep. Hano npemnoxxerne « Cmydenm Maxcumog coan sxzamen no xumuuy. B atoit
CUTyalluH BbIJEINsieM OObeKThl: MakcuMoB M dk3aMeH. OTHOLICHUS MEXIY OOBEKTaMHU IMEPEAaloTCs
C MOMOIIBIO IMAaroioB. B paccMarpruBaeMoM Ciydae OTHOIIEHHEM SBISIETCS Taroi coai. CBOWCTBOM
MaxkcumoBa sBieTCS <CTYHAEHT>. CBOHICTBOM dK3aMeHa — <mo Xxumui>. CBOHCTBAMM OTHOIIEHUS
<cHaTb> SIBJIAIOTCS] BpEMs U XapakTep ACHCTBUA (B JaHHOM Cllydae — 3TO mpolenmee BpeMs). Takum
00pa3oM, OIMCHIBAEMYIO CUTYALMI0 MOJKHO IPEICTABUTh C IIOMOIIBIO CICAYIOUICH Crienu(pUKALUN:

Situation: Ceccust
Objects: MakcuMoB (CTYZIEHT), K3aMeH (TT0 XIUMHH)
Relation: Cmats [MakcumoB, 5k3ameH| (past time).

CrieruukaImo MOXKHO 0XapaKTepHU30BaTh KaK OMUCAHHUE MPEAMETHOM cUTyaluu Ha (opMan3o-
BaHHOM s13bIke. Crienn(pUKaINI0 MOXKHO YCIOKHUTb, €CITH BKITFOUUTH B HEE 603MOICHbLE I HEODXOOUMbLE
JICHCTBYSI, TEM CaMbIM 33/1aB BO3MOXXHOCTh Pa3BepPThIBaHUS cuTyanuu. CUTyalnu MOTyT 00pa3oBbIBAThH
1esible clieHapuu. Hanpumep, B CUTYalnio MOXKHO BKITFOUHTH BTOPOU QparMeHt: «K3amer no Xumuu
npunuman npogeccop ZZZy. Tak, paclipeHHasl CUTyalusl «yKJIaJbIBACTCS» B CTPYKTYPY JTOKYMEH-
ta XML, mokazaHHOTO Ha puc. 2.

' german’, BookDATABASES' PART1.55P \my2.xml -+

File Edit ‘iew Favorites Tools Help |

dmEBack - = - B} it | Qhsearch [EFavorites 4 Media @| e
Address @ Ditgerman|BookDATABASES|PART L, 55Pmy2. =ml | @
CCBmiEH @bnum=54489685 @Windnws @_‘]Eecnnamaﬂ nodTa Hotmail 2
|
=?uml version="1.0" 7=
- <roots:
- «scripts

<situation=Session</situations
zobject prop="student"=Maximowv=</object>
<object prop="chemistry":Exam=</object>
zrelationz=Pass</relation:
</script>
- «scripts
zsituation=8ession</situation:
<object prop="professor'=Z¥7</object:>
<object prop="chemistry"=Exam=</object>
<relation=Accept</relation>
=/ script=
=/roots

i
€l [ 2wy computer 4

Puc. 2. [Ipencrasienune curyarmii B XML
Fig. 2. Representation of situations in XML
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Wnes ucnionszoanusi XML-10KyMeHTa MOXXKET cOCTOATh B 00paboTke 3armpocos tuna «Kro npu-
HUMaJI 9K3aMeH 1o XUMuK y Makcumosa?y [l peanuzanuu 3To HIeH caM 3alpoc MOXKHO IIEPEBECTH
B XML-cTpykTypy:

<object> Maximov </object>

<object prop="chemistry”> Exam</object>
<object> ??? </object>

<relation> Accept </relation>.

Bompoc npexncrasnser ¢hparmenT 3HaHU. 3Ha4eHUE 777 TOMJIEKUT ONpeesieHuto. 13 KoHTekcTa
BOIIPOCA SICHO, YTO TO 3HAYCHHE yYacTBYET B OTHOIIECHUH Accept (IpUHATH). BTOpbIM 00BEKTOM JaH-
HOTO OTHOILICHHMS sBIsieTcst ZZZ. IMEHHO 3TO 3Hau€HHe M JJOJKHO OBITh BBIAAHO, MOCKOJIBKY APYTHX
O0OBEKTOB y OTHOILICHHSI Accept HET. SICHO, YTO CChUIKA Ha O00BEKT Maximov SBIsSETCS HaBOISIICH.
[Ipu oOpaboTke 3ampoca CHUCTeMa MOXKET BBIWTH Ha CBSI3aHHYIO CHTYAIHIO, OINPEIENIIeMyI0 Iiaro-
noM Pass (Cnats), B KoTopoit Maximov — neicTByroliee Tuio. Takum 00pa3oM, 3a7ada CUCTEMBI — BbI-
SICHUTb, B KAKOH Mepe 00€ CUTYallH CBSI3aHbl, 4TOOBI cunTaTh Maximov CylecTBEHHOH XapaKTeprUCTH-
KOi1 3ampoca.

CeMaHTHYECKAA CETh

OHTOJIOTHYECKUE MOJISIIA 3HAHUN MOYKHO «YyITaKOBAaTh» B y3JIbl ceMaHTHUYeCKoU ceTu. CeMaHTHUe-
CKasi CeTh MPEJICTABIISACT CTPYKTYPUPOBAHHBIC 3HAHUSI O MPEIMETHON 00JIACTH TECTUPOBAHMUSI, BKIIFOUAS
I/IH(l)OpMaHI/IOHHBIe 3aBUCUMOCTHU (KaKI/Ie 3HaHMUM 3aBUCAT OT APYI'UX U B KAKUX OTHOIICHUAX OHU COCTO-
a1). CeMaHTH9IeCKast CETh — 3TO HE TOJIBKO MOJEITh 3HAHUM, HO U ACUCTBUH (110 NEHCTBUSIMH MOXKHO
MMOHUMAaTh, YTO CIPAIINBATh Y CTYAEHTa/00y4aeMoro). Y3IIbl CEeMaHTHUECKON CeTH (faliee — KOHIETHI)
MIPEJICTABIISIIOT TECTUPYEMBIE AIIeMEeHTHI 3HaHuH. [lo Tty comepikaiieiicst B KOHIIETITaX HHPOPMAIIUH,
OHH JICIISATCS Ha CIICTYOIIHUE:

1) TeKCTOBBIN KOHIENT OOIIETO XapakTepa;

2) crincok/knaccuuKanys/uepapxusi;

3) mporpaMMHBINA KOIT;

4) hopMyITHHBII KOHIIETIT;

5) IPUYHHHO-CIICICTBEHHBIN KOHIICTIT;

6) AITOPUTMUYECCKUH KOHIICIIT;

7) cxema/uepapxusi/poro;

8) Bompoc/3araka/MHHOBALIMS,

9) spymutus;

10) BpeMeHHOH KOHIIETT.

K xaxioMy THITY KOHIIENITa OTHOCHTCS OJIMH WJIM HECKOJIKO aCCOI[MMPOBAHHBIX BOTIPOCOB, HA OC-
HOBaHHUU KOTOPBIX CTPOUTCS TeCT. Tak, K KoHyenmy-cnucky MOXKHO 3aJaTh BOIPOC THIA «BepHo nu,
umo binary sagnaemca npocmolm cmanoapmusim munom 6 Java?y (ykazaB 3aBeJJOMO JJIEMEHT, HE CO-
Jepkanuiicss B kiaccuuramui). MOXKHO TaKKe TMOMPOCUTH yKa3aTh OOIee CBONCTBO DIIEMEHTOB
paccMmarpuBaeMoro Tuma (-oB), WM OTIIMYUTEIFHOE CBOMCTBO OT JIPYTHX CIHCKOB. B mporpamMmmMHOM
KOJIe MOKHO 3aBEIOMO BKITFOUUTH OIIMOOYHOE MECTO M MOMPOCUTH yKa3aThb €ro. JTO K€ OTHOCUTCS
U K (popMyIbHOMY THITY. B npuyunno-ciedcmeentom KOHIETITE MOXHO TIOMEHSITh MECTaMU TPUYHHY
U CJIEAICTBHE, JIN0O yKa3aTh HEMPABUIBHOE CIICACTBUC U3 IPUYHHBI, TUOO MONPOCUTH YKa3aTh KAKOE-TO
HEHA3BaHHOE CJICACTBHE U Ip. B sonpoce-3acadke MOXKHO MONPOCUTh HAWNTH 3aKOHOMEPHOCTH (HApY-
IIEHUE 3aKOHOMEPHOCTH), HAIpUMED, B paay list, array, arraylist, bool, set. IHTepecHO 0OCTOUT JeJI0
¢ mekcmom obueco xapaxmepa. 110CKOIBKY TpeAIoNaraeTcs, 4To TECTOBBIE BOIPOCHl CHUHTE3UPYET
MaIllMHa, BO3MOXKHASI TEXHOJIOTHS aBTOMAaTHYECKOTO MOCTPOCHHUS BOIPOCOB COCTOWT B CIIEIYIOIIEM.
Onpeensercss MHOXKECTBO KITFOUEBBIX CIIOB B Tekcre. [Ipearnonaraercs, 4ro uMeercs: 6a3a BOIpOCOB
10 KaXKJIOMY KJTFOYEBOMY CJIOBY (JIOITYCKACTCs, YTO PA3HBIM KIIFOYEBBIM CJIOBAM MOT'YT COOTBETCTBOBATh
o01iue Bonpockl). Jist kakaoro Borpoca u3 0asbl BOIPOCOB, aCCOLMUPOBAHHOTO C KJIFOUEBBIM CIIOBOM
(KITFOYEBBIMU CIIOBAMH), OIICHUBAETCSI CEMaHTHUYECKasi OTM30CTh €ro W TeKCTa B KoHenTe. Ecim Takas
ONMM30CTh METPHUYECKH OIIEHEHA C BBICOKOM OIIEHKOM, TO BOTPOC aBTOMAaTHYECKH BKIIIOYAETCS B TECT,
a caM TeKCT M3 KOHIIeTITa CTAHOBUTCSI OTBETOM Ha TOT BOIIPOC.
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Feﬂepaunﬂ TECTOBBLIX BOIIPOCOB

B macrosmee BpeMs W3BECTHBI NPAKTUYECKH pPEaTM30BaHHBIE CHCTEMBI T'€HEPAIlMd BOIPOCOB
mo Tekcty. B kauectBe miumoctpanun paccMoTpuM cuctemy QueTabAl [8]. Ilpumep BBeneHHOTO B
cucremy tekcra — Newton has invented integral calculus and some interesting optimization methods.
These inventions are of great importance even in our time. Bomnpochl, CreHepUpOBaHHBbIC CUCTEMOMN
QueTabAl, npencraBneHs! B a0, 1:

Taéauna 1. Borpocsl, crenepupoBannbie cucremoii QueTabAl
Table 1. Questions generated by the QueTabAl system

Hauaneasie nanasre / Starting data CrenepupoBanHbIit Boripoc / Generated question
Newton has invented integral calculus and some » What is the significance of Newton's inventions?
interesting optimization methods. These inventions content _copy
are of great importance even in our time » What is the calcuclus? content copy
* Who invented integral calcuclus and some interesting
optimization methods?

Tperuit Bompoc B Tabi. 1 cieayer paccMarpuBaTh Kak HEyJa4HbI, YTO TOAYCPKUBACT HE CTOJIBKO
«c1ab0CTh CHCTEMBI», CKOJIBKO CJIOKHOCTh NPoOIIeMbl. MeTO/IbI TeHepaIiy BOIIPOCOB K TEKCTY MOYKHO
MIPEACTaBUTH 00MIeH Tadm. 2 [9].

Tadsmuma 2. MeToibl TeHepanuy BOIIPOCOB K TEKCTY
Table 2. Methods of generating questions to the text

Merton / Method Kparkas xapakrepuctrka / Short characteristic
Hcnonp3oBanne 00pa3nos (mabionoB) | Bompockr cTposiTcst o 3apaHee 3aroToBJICHHBIM 00pasiam
3arOTOBJICHHBIX BOIIPOCOB JUTS TEKCTOB € 3aJJaHHOW TeMOi (CEeMaHTHKOM)

OO0y4enue HelipoceTn OOyyarommasi ceTh COICPKUT KITIOUEBBIE CIIOBA
U [IPUMEPBI BOIIPOCOB JUIs OTUX KIIIOYEBBIX CIIOB
I'pammarnaeckwmii pa3dop TekcTa 3anpocel GOPMHUPYIOTCS K YACTIM TPUAIBI
<O06mbekT — [leiictBue — CyobekT>
Hcnonb3oBanne 0a3bl 3HAHUH 3apaHee 3aroTaBINBAIOTCS Mapbl BUa <BOIPOC — OTBET>
TIO/T TEKCT OTIpEIeICHHOI HalpaBIeHHOCTH. Bonpockr
3aJal0TCsl K aHAJM3UPYEMOMY TEKCTY U OTBEThl CDABHUBAIOTCSI
¢ cozeprkammuMucs B 6a3e 3HaHUil. BriOnupaercs Bompoc ¢ 0TBETOM,
JUIsl KOTOPOT'O HalieH HanOoJee IMOTHbIA aHaJIoT (OTKIIHK)

B kadecTBe wiumOCTpaLuy NpUBEIEM NPUMEP C TpaMMaTH4ecKUM pa3dopom npeanoxeHus [10].
CrpykTypa NpenoKeHus onpenenseTcs rpaMMaTidecKUMU MpaBUJIaMu CJIEAYIOLIETO BUA:

[MPEJIJIOJKEHUE: - <BJIOK CYILIECTBUTEJIbHOI'O>
<BJIOK I'JTAT'OJIA>
<BJIOK CYIIECTBUTEJIbHOI'O>
BJIOK CYHIECTBUTEJIBHOI'O: - <[IPUJIATATEJIBHOE>
<CYIIECTBUTEJIbHOE>
BJIOK CYHIECTBUTEJIBHOI'O: - <CYIHECTBUTEJIbHOE>
<CYIIECTBUTEJIbHOE>
BJIOK CYHIECTBUTEJIBHOI'O: - <CYINECTBUTEJIbHOE>
BJIOK I'TTAT'OJIA: - <HAPEYUE> <IJIAT'OJI>
BJIOK I'JTAT'OJIA: - <IJIAT'OJI>

CYIIECTBUTEJIBHOE: - <mo6oe cnoBo Z — aprymeHT hyHkTopa noun(Z)>
I[MTPUJIATATEJIBHOE: - <mo6oe cmoBo Z — apryMeHT dhyakTopa adj(Z)>

[JIATOJI: - <mro6oe citoBo Z — apryMeHT QyHKTOpa verb(Z)>

HAPEYMUE: - <mro6oe cioBo Z — aprymenT (pynkropa adverb mode(Z) wnu adverb time(Z)>

B kadectBe mosicHeHus paccMoTpuM nipeanioxkenne « 3/[C xapakmepu3syemcs memnepantypHbiM Ko-
ahpuyuenmom», KOTOPOe COOTBETCTBYET NMPHUBEIACHHON TPAMMATHKE, UTO TIOSICHIETCS CXeMOH Ha puc. 3.
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bnok cymecrBuTenbHOrO Brok rmarona bnok cymecTBuTENIBHOIO

DJ1C > XapaKTepu3yeTcs

A 4

TeMIIepaTypHBIM K03 GHIHEHTOM

Puc. 3. Cocraienue Bompoca Ha OCHOBE TpaMMaTHIECKOTO pa3dopa TeKcTa
Fig. 3. Compilation a question based on the grammatical analysis of the text

[lepBrIii OJIOK CYIIECTBUTEIHLHOTO MOXKHO OTPEACTUTh KaK cyOvexmublil (010K cyObheKTa TOTo, KTO
WIN YTO MIPOU3BOAMT JeiicTBHUE). BTOpOi 610K CyIEeCTBUTENEHOTO MOYKHO ONPENESIIUTD KaK 00beKmHblll
0JI0K, TO €CTh TOTO, HA KOTO WJIM HA YTO HANpPaBICHO ACHCTBHE MM MOCPEICTBOM KOTO HIIM YEro OHO
peanusyetcs. B nanpHeiiniem OyjieM UMETh B BUJLy 3TO OIpeJelieHne OlloKa cyllecTBUTeNbHOr0. OHO
COOTBETCTBYET CTaHAApTHOH cxeme <CyOnekT — JleticTBue — O0BhekT>. O4eBUIHBIM 00pa30M K paccMa-
TPUBAEMOMY NPEIUIOKEHNUIO MOXKHO 33JaTh HECKOJIBKO BOIIPOCOB!

* Yem xapaxmepuszyemca IC?

* Ymo xapaxmepuszyemcs memnepamypHuim Kodgguyuenmom?

* Kakum xos¢gpgpuyuenmom xapaxmepusyemcest IC?

B cBsI3u ¢ OTMEUCHHBIMU BBIIIIE TUTIAMH KOHIICTITOB BOIIPOCHI CTPOSITCS PA3IUYHBIM 00pa3oM, U 3TO
TpeOyer uccienopanus. ['paMmmaruueckuii pa30op BIIOJIHE YIOBJIETBOPUTEIBHO IPUMEHUM K TEKCTO-
BbIM KOHIICTITaM.

®opMupoBaHue NPU3HAKOB (KPUTEPHEB), BHIABJIAEMbIX TECTOM

OTOT MOMEHT — OJIMH W3 KJIIOUEBBIX, HO €MY YJECJIIEHO HEIOCTaTOYHOE BHHMAaHWE. XOTS NMEHHO
10 3HAYEHUSIM NPU3HAKOB (KPUTEPHEB) MOXKHO J1ajee OLIEHUTb, KAKOE yIpaBJICHUE HYKHO TPUMEHUTh
K yueObHoMy mipornieccy. OTMETHM ClieTyIOIIUe BaYKHbIE MOMEHTHI.

1. [IpusHaku, onpeenseMble B Ipoliecce TECTUPOBAHUS 3HAHUN, UMEIOT HEUeTKUN (HeorpeesieH-
HBII) XapakTep. MOXHO AOMyCTUTH 1aXe OTCYTCTBHE CBEACHNUN MO TOMY WJIM MHOMY TIPU3HAKY. Takum
00pa3oM, IPUHATHE PEeLICHUH OYIET CTPOUTHCS B YCIOBUSAX HEONPEAEICHHOCTH JaHHBIX.

2. CaMu ynpaBJsIOILUE PEIEeHHs TaKKe HOCIT HEUETKUH XapakTep (Hanpumep, «yrIyouTb o0yue-
HUE B 4aCTH 0a30BBIX MOHATHI», yBEIMYUTH IPAKTUYECKYIO COCTABISIONIYIO Kypcay U T. 11.).

3. Pe3ynbTarsl TECTUPOBAHUS OTPAXKAIOT CKPBITHIE CBSI3U MEKIY «yCPEAHEHHBIMW» 3HAHUSAMU U Ha-
BBIKAMH YYaIIAXCS U Ka4eCTBOM 0oOy4deHUsl (YpOBHEM Moadn MaTeprana, 3p(ekTHBHOCTHIO TpaKTHYe-
CKUX W J1a0OpPATOPHBIX 3aHATHH U T. [I.).

Heo06xonumo npuHATH BO BHUMAHUE CIIEAYIOIINE IPU3HAKK (KPUTEPHUH), OLIEHUBAEMBIE B IIpOLIecce
TECTUPOBAHUS:

K1. Bnanenue 0a3ucHbIMU HOHSTHSMU;

K2. CnocobHOCTh TPUMEHSITH Oa3UCHBIC IOHATHS B IPAKTHYECKUX MPHIIOKESHUSX;

K3. Branenue MaTepuaaoM B IIETIOM;

K4. Ymenue BblIessiTh MHOXKECTBO (DAaKTOPOB, BIMSAIOLUINX HA UTOTOBBIN Pe3ybTar;

KS5. OnepaTuBHOCTb MBILLICHHUS;

K6. IIporieHT OMMOOYHBIX CYKICHHIH/3aKITFOUSHIH/BBIBOJIOB;

K7. IlponieHT ycneniHo BEITOJHEHHBIX PAKTUUECKUX YIPAKHEHUH C YUETOM HUX CIIOKHOCTH;

K8. OpucHTarus B CI0KHBIX BOTIPOCAX Kypca;

K9. Konnearpanusi BHUMaHUS;

K10. AropuT™UYHOCTH MBIIIUICHUSI.
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Janee BBeieM NepedeHb YIPABISIOUINX BO3ACHCTBHMI:

R1. Yonyouts 0oOyueHue B yacT 0a30BBIX MTOHSITH;

R2. YBenmuuTh (pacmmpuTh) MPaKTHYECKYIO COCTABIISIONIYIO Kypca;

R3. YBenuuuTh MyabTUMEIUHHYIO COCTABIISIIONIYIO;

R4. ITpuritacute Ha ekiuio mpodeccruonana(o)/s3xcmepra(oB);

RS. YcnoxxHuTh Marepuan npakTHYeCKUX/1a00paTOPHBIX 3aHATH;

R6. YmpocTuTh MaTepuai mpakTHIeCKUX/Tab0paTOPHBIX 3aHSITHIA,

R7. Ilpeanoxute cTyneHTaM BBICTYIHTH C pedeparoM (JOKIa0M) Ha JIeKIHH;

R8. Opranmzosars BeIcTyIUICHHE cTyAeHTOB HAa CHTK;

R9. INoaroToBka coBMECTHOM(-BIX) CO CTyACHTaMH MyOIHKaUH(Hi1);

R10. Monepuu3npoBarh JeKIIMOHHBIA KypC;

R11. IIpoBOANTH/YCUIUTD PETYISPHBIN (TEKYLIHIA) ONPOC;

R12. U3nare/mepensnarh yaeOHO-METOAMIECKOE TTOCOOUE TI0 KYPCY;

R13. Bectu B 00yueHHE 37I€MEHTHI UTPBI/COCTI3aHMS;

R14. PaccmoTpeTs HOBEHIIIME TEXHOJIOTHUECKUE pa3pabOTKH IO TEME;

R15. M3yunTs/yrimyOUTh OMBIT BEIYLINX YHUBEPCUTETOB;

R16. Bxurounts crynentoB B pamku HUP/X;

R17. OpranuszoBarb KOHTAaKT CO CTyACHTaMHU/C MPEToaaBaTesiMi JPYTHX By30B;

R18. PactmpuTh peHTUHTOBYIO CHCTEMY OLIEHKH M PEHTHHIOBBIN KOHTPOJIb;

R19. MopudunupoBars caMu MaTepuabl TECTOB;

R20. BpIMoAHUTH aHKETHPOBAaHUE CTYACHTOB JJIsi aHajiu3a claOblX MO3HMIMH B OpraHHU3aluu
oOydeHns;

R21. PacimpuTh paMKH HCTIONb30BaHMS MaTepUAIOB IATEHTOB U H300pETEeHH.

Jeranu3auys NpUBEACHHbIX BbILIE KPUTEPUEB U YIPABISIIOLINX BO3ACHCTBII COCTOUT B CIEIYIOLIEM.

K1. Bnanenne 0a3uCHBIMA IOHITUSIMUA

JaHHbIN KpuTepuit GopMHUpyeTCs IO CIASIYIONMM MPU3HAKaM:

— HeMoOHUMaHue GopMyI, Tae GUTypUpYIOT TIepeMeHHbIe (TOHATHSI), BBEJCHHbBIC B PaHee N3JI0KEH-
HOM Marepuale;

— HeBEpHbIE OTBETHI Ha BOIIPOCHI, 3aTparuBaroliie paHee NU3y4eHHbII MaTepua;

— OIIMOKY B UHTEPIIPETALMH SINHUL U3MEPEHUH;

— cMelnuBaHue (ToAMEeHa) MOHSATHI;

— IJIOXO€ 3HAHWE AHIIMHCKUX TEXHUYECKUX TEPMUHOB.

K2. CnocoOHOCTh TPUMEHSITH Oa3UCHBIC TOHATHS B MPAKTHYECKUX MPHIOKEHUSIX

JlaHHBI KpUTEpHUit POPMUPYETCS IO CIACAYIOIIAM MTPHU3HAKAM:

— BEpHbIE/HEBEPHBIC OTBETHI HA TEXHUYECKUE/TIPOTPAMMHCTCKUE BOTIPOCHI;

— JIONYILICHUE HEPEATbHBIX TEXHUIECKUX/TIPOIrPAaMMHUCTCKUX TUIIOTE3;

— IJIOXUE OTBETHI Ha MPEAJIOKEHHS 10 BEIOOPY TEXHUYECKUX/TIPOrPAMMHUCTCKUX PEIICHHIA;

— HeBepHas OIEHKa 3aTpaT Ha peaTn3almio;

— HE3HaHHUE COCTOSHUS Jien B chepe;

— He3HaHue (HaMIITHIA U3BECTHBIX CIICIIUAICTOB;

— HE3HaHHUE CYTH IIPUMEHIEMBIX TEXHOJIOTHH.

K3. Brangenne MaTepuaaoM B IIEIIOM

1. OTBeT MeHee YeM Ha MOJIOBUHY BOIIPOCOB.

2. OtBet Ha 6070 % BOTPOCOB.

3. OtBet Ha 80—-100 % BompoCOB.

K4. Ymenue BbIIeNAT, MHOKECTBO (DAaKTOPOB, BIMSIOUIMX HA HTOTOBBINA Pe3yibTar

1. IlpowieHT OTBETOB HE IO CYIECTBY BOIPOCA.

2. AKUEHTUPOBaHNE BHUMAHUS Ha BTOPOCTEIICHHBIX/BTOPUYHBIX MTPU3HAKAX.

KS5. OnepaTuBHOCTbH MBILUIECHHS

1. Bpems oTBeTa 3HaYUTEIHHO OTKJIOHSETCS OT CPETHErO 10 TPYIIE TECTUPYEMBIX.

2. BpeMmst oTBeTa B IpejiesiaXx HOPMBI.

K6. IIporieHT OMMOOUHBIX CYK/ICHHI/3aKTFOUSHHI/BHIBOJIOB

1. Hapymrenue TOTHYHOCTH (QTOTHYHOCTD) PacCyKICHUSI.

2. ITnoxoe mpeacraBieHue CyTH 3a1a4u (OTCYTCTBHE 0Opa3HOCTH, HEyMEHHE a0CTParupoBaThes).

3. HemoHnmaHue NMEIOLIUXCS 3aKOHOMEPHOCTEH.
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K7. [IpouieHT yCnenHo BBIIOTHEHHBIX TPAKTUUECKUX YIPAKHEHUN ¢ YUETOM UX CIIOKHOCTHU

Bonpocer nmeror Beca. Bec npsiMo onpenensieT cioxHoCTh Bonpoca. Beca HazHauaroTCs SKCIEPTOM
(axcnepramn).

K8. OpucnTanus B CI0KHBIX BOIIPOCAX Kypca

1. ITpouieHT nMpaBUIBLHBIX OTBETOB HA BOMPOCHI MOBBIIIEHHOMN CI0XKHOCTH HU3KUIA.

2. IIpoueHT NpaBUIIBLHBIX OTBETOB HA BOIPOCHI MOBBILIEHHOW CIOXKHOCTH B MPEEIIax HOPMBIL.

3. [IpoueHT npaBUIBLHBIX OTBETOB HA BONPOCHI MOBBIIICHHON CIOKHOCTH BBICOKHUI.

K9. Konnenrpauus BHUMaHUS

1. Yucno HallIeHHBIX 3aKOHOMEPHOCTEH MaJIo.

2. [IpomyiieHs! 351IeMEHTHI GOpMYJI.

3. Onmckw.

4. PelieHue He 1OBEAEHO 0 KOHLA.

K10. AnropuTMUYHOCTb MBIIICHUS

1. CnocoOHOCT MPaBUIIBLHO COCTABISATH AITOPUTM/IIIAH PELICHUS 3a/1a4H.

2. PazpaboTanHble TporpaMMHBIE KOABI JOITYCKAIOT 3aBHCaHNE/HENPAaBUIILHBIC BXOIHBIC TaHHEIE.

3. Penrenue He nMeeT 000CHOBaHUS WM 000CHOBAHO HEBEPHO.

JeTanuzanus MyHKTOB IO KaXXJIOMY KPHUTEPHIO BBITIOTHIETCS C YIETOM HUCTIONB3YeMOT0 (KOHCTPYH-
pyemoro) Tecta. 37ech Kak WnTrocTparuto paccmorpum K1.

Bompoc: «Bepna iu hopmyia HlopTiuda 1uist olleHKH BEPOSITHOCTH JUIBIOHKITHH ABYX 3aBUCHMBIX
Jgorudeckux Gopmyn A u B?»:

P(AUB)=P(4)+P(B)-P(4)xP(B), (1)

1) na; 2) Her.

OTBeT «1a» HEBEPEH U YKa3bIBAET, YTO CTYACHT HE BIIaJCeT IOHITHEM HE3aBUCUMOCTH (popmyiI (co-
ObITHil) B Teopuu BeposiTHOCTEH. DopmupoBanue Kpurepus «Biiagenue 6a3uCcHBIME TOHATHIMEIY 311€Ch
CTPOMUTCSI TOJIBKO YACTUYHO HA OCHOBAHUU ITyHKTOB:

— HeMOHUMaHue GopMyI, Tae GUTypUpYIOT TIepeMeHHbIe (TOHATHSI), BBEJCHHBIC B PaHee N3TI0KEH-
HOM MaTepuale;

— HeBEpHBIEC OTBETHI HA BOIIPOCHI, 3aTParuBalOIINe paHee N3yUCHHbII MaTepral.

3akjoueHue

PaccmoTrpena mapamgurma TECTHPOBAHHSI 3HAHWHA B CHCTEME YIIPABJICHHS YUYCOHBIM IPOIIECCOM,
BKITIOUAIOINAs JIBE 0A30BBIC COCTABIISIONIHE:

1) Mozenb 3HaHUM (HA OCHOBAaHMU KOTOPOH CTPOSITCS TeCThl). B paccMaTpuBacMoM citydae MOJIENb
CTPOUTCSI HA OCHOBE CEMaHTHYECKOM CETH C y3JIaMH, IPEACTABISIONIMMU KOHIICTITHI (OHTOJIOTUYECKIE
MOI[CHI/I), 1 COOTBETCTBYIOIUIMX UM THUIIOB BOIIPOCOB. CYIIICCTBCHHI)IM DJICMCHTOM MO/JICJIM 3TOI'0 YPOBHSA
ABJACTCA MCXaHU3M I'€HEpallui BOIIPOCOB;

2) ompeeNeHne 3HaYCHUH TTPU3HAKOB U3 OTBETOB HAa TECTOBBIC BOMPOCHI. DTOT BOIIPOC HE HAIIIET
OTBETAa B HACTOSAIICH CTAThE U SBJSIETCS MPEIMETOM TIOCIEAYIONINX UCCIISTIOBAHUI aBTOPOB.
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AHHOTanMsl. BaxXHBII HHCTPYMEHT JU1sl peIIeHUs TPOOIIEeM, CBSI3aHHBIX C MUTpAlMell paJMOHYKIIHIOB, — KOMIIBIO-
TEpHbIE TEXHOJIOTUH, O3BOJISIOLINE POTHO3UPOBATh PACIIPOCTPAHEHUE PAHMOAKTHBHBIX 3arps3HEHUI B 110Y-
BaX, KOTOPBIE SBIAIOTCA Ba)KHBIM KOMIIOHEHTOM Ounocdepsl. IIpu 3TOM OOJIBIIMHCTBO COBPEMEHHBIX MPOT-
PaMMHBIX CPEACTB, HCIIOJIB3YEMBIX JUIS IPOTHO3HPOBAHUS PACHPOCTPAHEHUS PAIMOAKTUBHBIX 3arpsi3HCHUIH,
OCHOBAHO Ha MJeallM3alysiX, YIPOIIAIOMINX TOHUMaHHE 3TOr0 IpoIecca, TOTa Kak pelieHue 3aJaql KOMII-
JIEKCHOH OLICHKH COCTOSIHUA Onocdepbl TpedyeT IPUMEHEHHUS ITOJHOLEHHOI POCTPaHCTBEHHON MOJIEIIH MHUT-
pauuy pagHoHyKINIoB B mouBe. Takast mozens Obita pazpadorana I1. K. IllanpkeBHueM B paMKax Mporpam-
MHoro komiutekca SPS (Simulation of Processes in Soil). B kauecTBe HCXOAHBIX JAHHBIX JUIsl IPOTHO3UPOBA-
Hust SPS ycnonb3yer HadadbHbBIE 3HAUYSHUS KOHIEHTPALUU PAgHOHYKINIOB, THIPOJIOrHYeCKUe U TeIIopH3HU-
YeCKHE CBOWMCTBA II0YB, HHPOPMALIUIO O METEOPOJIOTHYECKHUX YCIOBUX. [Ipn 9TOM MCXOHBIE TaHHBIE JTOJDKHBI
OBITH ITpPEBAPUTEILHO COOpaHbl, 00paboTaHbl M IPeoOPa3oBaHbl B BHJI, C KOTOPBIM MOXKET paboTaTh Mporpam-
MHOE o0ecreueHne, 4To TpeOyeT CYIIeCTBEHHBIX MHTEIUICKTYaJbHBIX M BPEMEHHBIX 3aTpaT. Takue 3arparsl
HETaTUBHO BIHSIOT Ha BOSMOXXKHOCTh (DOPMHPOBAHUS OTNEPATHBHBIX MPOTHO30B PAIHOAKTUBHOH 0OCTaHOBKH,
HO MOTYT OBITh 3HAYUTEJILHO COKPAIIEHBI yTEM NMPUMEHEHHs CUCTEM aBTOMAaTH3MPOBAHHOTO PaJHaIllOHHO-
ro MOHHUTOPHHIA [OYB M aBTOMATH3aLUH MIPOLECCOB BBOAA U 00pabOTKM MCXOAHBIX TAHHBIX IPHU IPOTHO3H-
POBaHMHU MPOCTPAHCTBEHHOH MHIpALUU PAaZMOHYKIHIOB B COOTBETCTBYIOIEM IPOrPAMMHOM OOCCHECYCHUH,
YTO M PacCMaTpUBAETCs B NIPECTABICHHON CTaThe.

KuroueBble cj10Ba: paguallMOHHBI MOHHTOPHHI, KOMIBIOTEPHOE MPOTHO3MPOBAHUE, BBIUUCIUTEIbHBIC alro-
PHUTMBbI, MUTPAIHs PAJAXOHYKIHJIOB, OIICHKA COCTOsIHUS Onocdepbl, reonH(popMaIlMoHHas CHCTEMA.

KonpuukT HHTEpecoB. ABTOPHI 3asBJISIOT 00 OTCYTCTBHUH KOH(IMKTA HHTEPECOB.
Baaromapuoctb. Craths nocesimaercs namsitu npogeccopa Cemena IlerpoBrua Kynnaca.

Joas mutupoBanus. [lanskesuy, [1. K. Anroputm aBromMarnsaiyy NpoLeccoB BBOA M 00paOOTKH HMCXOTHBIX
JAaHHBIX JUIS KOMITBIOTEPHOTO IMPOTHO3MPOBAHMS IPOCTPAHCTBEHHONW MHIPAlUM PaJHOHYKIMIOB B IMOYBax /
I1. K. [lTanbkeBuy, A. O. Hommarosa // Lndposas tpanchopmanns. 2023. T. 29, Ne 3. C. 34-42. http://dx.doi.
0rg/10.35596/1729-7648-2023-29-3-34-42.
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Abstract. An important tool for solving problems associated with the migration of radionuclides is computer tech-
nology that makes it possible to predict the spread of radioactive contamination in soils, which are an important
component of the biosphere. At the same time, most modern software for the prediction of the spread of radioactive
contamination is based on idealizations that simplify the understanding of this process, while solving the problem
of a comprehensive assessment of the biosphere requires the use of a full-fledged spatial model of radionuclide
migration in soils. Such a model was developed by P. K. Shalkevich within SPS (Simulation of Processes in Soil)
software. SPS uses the initial values of radionuclide concentrations, hydrological and thermal properties of soils
and information about meteorological conditions as input data for forecasting. At the same time, the listed initial
data must be previously collected, processed and converted into a form that the software able to work with. Such
processes require significant intellectual and time costs. These costs negatively affect the possibility of generating
operational forecasts of the radioactive situation, but can be significantly reduced by using systems for automated
radiation monitoring of soils and automating input and processing of initial data when predicting the spatial migra-
tion of radionuclides in the appropriate software, what is considered in the present article.

Keywords: radiation monitoring, computer forecasting, computational algorithms, migration of radionuclides,
assessment of the biosphere, geoinformation system.
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BBenenune

BakHbIli HHCTPYMEHT ISl PELIeHHs MPOOJIieM, CBSI3aHHBIX C MUTpAIMel PaJlMOHYKIUI0B, — KOM-
NBIOTEPHBIC TCXHOJIOTUH, MO3BOJIAIONIUE TPOTHO3UPOBATL PACIIPOCTPAHCHUE PAMOAKTUBHLBIX 3arps3-
HEHUH B TOYBEHHO-TPYHTOBBIX cHUcTeMax. Pa3paboTka W BHEJpEHHE TaKMX TEXHOJOTMHA — TepCreK-
TUBHOE HAlpaBIICHUE IS PEIICHHUs 3a/ad B OOJIACTH PAaN0- W arpO’KOJIOTHH, MOCTYEPHOOBUTBCKAX
W JIPYTHX JKOJOTHYECKHUX Mpodnem [1-4]. DTo oOycIOBIEHO TeM, YTO TPATUIIMOHHO TMPUMEHIEMbIE
AKCIIEPUMEHTAIBHBIE METO/IBI (M3MEPEHUE Y/ICIbHON aKTUBHOCTH PaJMOHYKIIHIOB B ITOYBE) MTO3BOJIS-
FOT OIIPEJISJIUTh TOJILKO TEKYIIEE 3arpsi3HEHHE UCCIIEAYeMOro 0ObeKTa (PETHOHa, JIEMEHTAPHOTO JIaH/I-
madra u Ap.), HO HEe JAal0T BO3MOXXHOCTH TPOTHO3UPOBAHUS PA3BUTHS PAAMAIIOHHON OOCTaHOBKH
B OyaymieM. A OOJIBIIMHCTBO COBPEMEHHBIX IMPOIPAMMHBIX CPEACTB, UCIIONB3YEMBIX JIJIsl IPOTHO3HU-
pPOBaHUS PacIpPOCTPAHEHUS PAAHOAKTHBHBIX 3arPA3HEHNH, OCHOBAHO HA OJHOMEPHBIX HICaTH3aIsIX,
YTO YIIPOIIaeT MOHUMaHUE 3TOTO TPoIlecca, TOT/Ia KaK PemieHe 3a/1aui KOMIUIEKCHOM OTIEHKH COCTOSI-
HUs Onocdepbl TpeOyeT MpUMEHEHHS MOTHOIEHHON MPOCTPAHCTBEHHON MOJIENI MHUTPAIllUU PaIuOHY-
knua0B B ouBe [5]. Takas monens Obuta pazpadorana [1. K. [llanpkeBruemM B paMKax IpOTrpaMMHOIO
komiuiekca SPS (Simulation of Processes in Soil) v2.0 [6]. Pa3paboraHHbiii Ha OCHOBE ATOW Mojie-
JIU TIpOrpaMMHBINA MOIyJh [5] B coctaBe SPS [7] mo3BossieT momy4ars MPOrHO3bI MPOCTPAHCTBEHHOTO
pacnpocTpaHeHHs] PaJHOHYKIUI0B B TPUPOAHBIX JUCIIEPCHBIX Cpelax, KOTOPHIMH SBIISIOTCS MOYBHI,
C IPUMEHEHHEM TEXHOJIOTHH MapauIeTbHbIX BRIYHCICHHN.

JlJis OTIeHKM BO3MOXKHOCTH TPUMEHEHHUs Pa3pabOTaHHOTO MPOrpaMMHOTO OOECIieueH s Ha Mpak-
TUKe ObLIa MPOBeJicHa Bepu(UKalus Pe3ybTaTOB MPOrHO3UPOBAHUS C IKCIICPUMEHTAIILHBIMU JITAHHbI-
MU [8] HpI/I 9TOM B Ka4€CTBC MCXOAHBLIX NAHHBIX IJId NPOTHO3MPOBAHHA UCIIOJIb30BaJIMCh HAYaJIbHBIC
SHAYCHUSA KOHLCHTpALUWU PAAUOHYKIINIO0B, T'MAPOJIOTUYCCKUC U TeHJ’IO(l)I/I?:I/I‘IeCKI/IC CBOMCTBA I104YB,
nH(pOpMAIHS 0 METEOPOIOTHIECKUX YCIOBHSIX (OTHOCHUTENbHAs BIAXKHOCTH, TEMIIEparypa BO3IyXa,
WHTEHCUBHOCTH BBITIAJCHUS JOXKJIEBBIX OCAJIKOB, COJTHEYHAsI aKTUBHOCTH). Ba)KHO OTMETHTH, UTO Tie-
pEeUYNCIICeHHbIC UCXOAHBIE JTAHHBIE JIOJKHBI OBITh MPEIBAPUTEIHHO COOpaHbl, 00padOTaHBI U Mpeodpa-
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30BaHbl B BU/J], C KOTOPBIM MOXCT pa6OTaTL HpOl’”paMMHBIfI MOAYJIb. HpI/I 9TOM BBIIIOJTHCHUEC onepaum‘/'l
10 C60py " 06pa6OTK€ HNCXOJHBIX JaHHBIX Tpe6yeT CYHICCTBCHHBIX MHTCIUICKTYAJIbHBIX U BPEMCHHBIX
3aTpat, YTO HETaTUBHO BJIUACT HAa BO3SMOXHOCTb (I)OpMI/IPOBaHI/IH OIICPATUBHBIX NTPOTHO30B PATNOAKTHB-
HOU 0OCTaHOBKH. O,I[HaKO TAaKHUC 3aTpaTbl MOT'YT OBbITh 3HAYUTEILHO COKpallCHbI IyTCM NPUMCHCHUS
ABTOMATHU3HNPOBAHHBIX CUCTECM PAAUALIMOHHOTO MOHUTOPHUHI'A ITOYB.

Takum 06pa30M, JUISL KOMILIEKCHOM OLCHKHU COCTOAHUA 6I/IOC(1)CpLI AKTyaJIbHbI 3aa4u IIPUMCHE-
HUS aBTOMATU3HWPOBAHHBIX CUCTECM paJMallUOHHOIO MOHUTOPHHTA IMOYB U pa3pa60TI<H IpOrpaMMHBbIX
CpPCACTB HAa X OCHOBC C LCJIbIO CO3MaHUs OINICPATUBHBIX ITPOTHO30B HpOCTpaHCTBeHHOﬁ MUIrpanuvu pa-
AUOHYKJIIMAOB. Pemenne >tux 3aaa4 U3JI0KCHO B HaCTOHH.Ieﬁ CTaTbe.

OHPEJICJIEHHC CoaepKkaHus PaJUOHYKJIIMAOB B II04YBax

Omnpenenenne copepkaHus PaJHOHYKIHIOB B TIOYBaX MPEACTABISET COOOH MHOTOCTYNEHYAThIN
niporiecc [9], BKIIroYarImui oToop nmpoo, MpeIBapuTeIbHOE KOHIICHTPUPOBAHUE, OTACICHUE ONPeIeIs-
€MOT0 KOMIIOHEHTa OT MpHUMecel, COOCTBEHHO KOJIMYECTBEHHOE OIpesiesieHne (Hanpumep, U3MepeHue
PaaoaKTUBHOCTH ) U 00pabOTKY MOJTy4EHHBIX Pe3ybTaToB. MeToauka! 0oTOOpa MOYBBI MOAPa3yMEBAET,
YTO € KaKAOH MCClienyeMol TUIOLIa K ¢ HeHAPYIICHHBIM CJIOEM IOYBBI OTOMpAETCs MO IMATh TOYEU-
HBIX IIPO0 1O METOAy KOHBepTa (1Mo yriam U B uneHtpe). [Ipu 3Tom MecTo oTOopa mpoObl He JOIKHO
HAXOAWUTHCSI Ha CKIIOHE, B HU3WHE WJIM Ha 3aTalyliBaceMOM ydacTke. BOMu3m mccnemyemMoi Iioman-
KH HE JIOJDKHO OBITh CTPOUTENILHBIX WM HPUPOIHBIX OOBEKTOB, KOTOPBIE MOIIU ObI 3alHIIATh MECTO
npobooTdopa oT Joxkasa. Hannune Takux 0OBEKTOB BBI3bIBAET 3HAUNTEIHHBIE HEPABHOMEPHOCTH B pac-
MpeeTICHNH BBITIaJICHUH 110 TIOBEPXHOCTHU TIOUBBIL, YTO 3aTPYIHSICT OLEHKY COCTOSHHS OHOC(EpHI.

[Tocne or6opa MpoO MOYBBI MPOUCXOAUT WX MOATOTOBKA K FaMMa-CIIEKTPOMETPUIECKUM H3MEPEHH-
siM. J{yst onipeienieHnst akTHBHOCTH B 00pa3liaX OTOOPaHHBIX MPOO UCTIONB3YIOTCS CUUHTUIUISIIIMOHHEIE,
TIOJIYPOBOTHUKOBBIE U KHJIKOCTHO-CUMHTHIUISILIMOHHBIE JieTekTophl [ 10]. Takum obpasom, onpenere-
HUE COAepKaHUs PAJANOHYKINAOB B TIOUYBAX — KOMIUIEKC CIIOMKHBIX MEPOIIPUSATHH, TPEOYIOINX PadOTHI
KOJUIEKTHBA KBaTH(DUIIMPOBAHHBIX CHENUATUCTOB. OUeBUIHBIM HEJOCTATKOM ITOTO MOAXOJA SIBISET-
Csl CJIOKHOCTh €r0 OPTaHU3allMU U JUTUTEIBHOCTh MOJYUYSHHSI UCKOMBIX 3HAUCHUH Y/IeIbHBIX aKTHBHO-
cTedl paaAHOHYKIHIOB. [T0CKOIBKY 9TH 3HAUCHHS UCTONB3YIOTCS MpH (HOPMHUPOBAHUM UCXOTHBIX JaH-
HBIX JUISI KOMIIBIOTEPHOTO MPOTHO3UPOBAHMS MPOCTPAHCTBEHHOTO PACIPOCTPAHEHUS PAJANOHYKINIOB
1 TIOCIIEYIONIEH OLIEHKHU COCTOSHUS OKPY>Katolleil cpeibl, OYEBUIHO, YTO BO3MOKHOCTH BBITTOJIHEHUS
OTIepaTHUBHBIX MPOTHO30B CTaBUTCS O] COMHEHNE B TakMX ycinoBusx. CienoBarenbHo, U pelIeHns
3aJ]a4M ONepaTUBHOTO POTHO3UPOBAHHUS COCTOSTHUS OKPYKAFOIIEH cpeJibl HEOOXOIUMBI aBTOMATH3aLUs
1 M POBU3AIHS TPOLIECCOB ONpPe/IeNICHHS COACPKAHMS PAJHOHYKIIH/IOB B TIOUBaX.

Jnst perieHus 3a7a4 aBTOMAaTH3alUuy U HU(POBU3AIMU MPOLIECCOB OIMPEACITICHUS CONICPKAaHUs pa-
JIMOHYKJIMJIOB B MOYBaX MPUMEHSIOTCS CUCTEMbI aBTOMATU3UPOBAHHOIO PAIMAIIMOHHOTO MOHUTOPUH-
ra moyB [11, 12]. B »aTux cucremMax OCYIICCTBISETCS aBTOMAaTUYECKOEC MU3MEPEHHUE YPOBHS paaualliu
B [I0YBE C MCIOJIb30BAaHUEM JICTEKTOPOB, YCTPOMCTB cOOpa M Mepeaadn JaHHBIX, a TAKKe cepBepa s
XpaHeHUs! 1 00padOTKH JaHHBIX. Takol TOIX0/] MO3BOJISIET HE TOJILKO ONIEPAaTHBHO MOTYYaTh MOKa3aTe-
JIM aKTUBHOCTH PAJUOHYKJIMJIOB B TIOYBE, HO M PemIacT mpodseMy mu(poBH3aIMi UCXOIHBIX JTaHHBIX
JUIS TaTbHEWIIero nporao3uposanus. CHCTEMBl aBTOMaTU3UPOBAHHOTO PaJallMOHHOTO MOHUTOPHH-
ra royB MPUMEHSOTCS JUIsl KOHTPOJIS PaJIMOAKTUBHOIO 3arps3HEHUS [MOYBbI B 30HaX MPOMBIIIIJICHHON
JeSITENIbHOCTH, PACTIOJNIOKCHHUS PaJUallHOHHBIX OOBEKTOB, YPAHOBBIX MECTOPOXKACHUH U T. 1I., @ TAKKE
JUTISI MOHUTOPHHTA PUCKOB PaJIMOAKTUBHOTO 3arpsi3HCHHS TIOUBbBI B PaliOHAX C MOBBIIIEHHBIM €CTECTBEH-
HBIM PaJIn0aKTUBHBIM (poHOM [11]. Takum 00Opa3oM, aBTOMATU3MPOBAHHBIC CUCTEMBI PAHAIIMOHHOIO
MOHHUTOPHUHTA MTOYB MO3BOJISIOT ONEPATUBHO MONYYaTh JAHHBIE C IETEKTOPOB 3a CUET MPUMEHEHHS CO-
BPEMEHHBIX MH()OPMAIMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTHM, a, CJICOBATEIbHO, MOTYT OBITh HC-
MOJIb30BAHBI JIJIS1 PELICHMS 33/1a41 OIIEPAaTUBHOTO MPOTHO3MPOBAHUS NTPOCTPAHCTBEHHOTO PaclpocCTpa-
HEHUSI PaJIMOHYKJIUIOB B TIOYBE.

ABTOMATH3a1Ms IPOLIECCOB BBOAA H 00PAa00TKM MCXOAHBIX JAHHBIX

Kaxk 65110 0T™MedeHo, pazpaborannsiii 1. K. IllanpkeBudemM mporpaMMHBIH MOIYIE IS TTPOTHO3U-
POBaHUS TPOCTPAHCTBCHHON MUTPAITUH PATAOHYKIHIOB B paMKax MporpaMMHOTO Komruiekca SPS v2.0
B Ka4eCTBE UCXOIHBIX JAHHBIX UCTIONB3YyeT Haua bHbIE 3HAYCHHS KOHIIEHTPANN PaIHOHYKIAO0B, TH/I-
pOJIOTHYECKHEe U TEIUIO(U3NIECKHE CBOWCTBA TOYB, HH()OPMAITUIO O METEOPOJIOTHIECKUX yCIOBHSIX.
WcxonHbple maHHBIC B TPOTPAMMHBIA MOAYITb BBOIATCS Uepe3 rpadudecKUid MOIh30BaTeILCKIN HHTEP-

I Oxpana npupozsl. ITouBsl. MeTomsl 0T60pa M MOATOTOBKH MPOO Uil XHUMHYECKOTO, GAaKTEPHOIOTHYECKOTrO, Teilb-
muHTONormdeckoro anamuza: [OCT 17.4.4.02-84. Been. 01.01.2019. M.: Cranpapruadopm, 2018. 12 c.
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(etic [13] mocne nmpenBapuTenbHONH 00pabOTKH, KOTOpas BKIIFOYAET B ceOs Mpeodpa3oBaHe 3HAUYCHHH
KOHIIEHTPALMH PAJAHOHYKINI0B U3 3HAYEHUH UX aKTUBHOCTEH, OINIpEeIeSICHUE paclpeie/ieHUs] KOHLIEHT-
pamuu paguoHyKJIHIOB TI0 pacueTHOH 001acTH, MoCTpoeHne (PYHKIUH TemIeparyphl M BIarocoaep-
JKaHWsI, TEHEPALNI0 KOHEYHO-JIEMEHTHON CETKH B T€OMEeTpHH pacueTHoi oOmactu. [Ipm stom cOop
WCXOJHBIX JaHHBIX W MX IpeJBapUTEIbHAs 00padOTKa MOTYT 3aHUMAaTh HEMO3BOJIUTEILHO JTUTEIb-
HBII B YCIIOBUSIX HEOOXOIMMOCTH BBITIOJHEHHS OIIEPATUBHBIX MTPOTHO30B IIEPHOJ BPEMEHH, 4TO 00ycC-
JIOBJICHO CIIeIU(UKON OpraHU3aIii HATypHBIX YKCIIEPUMEHTOB, HHTEPIIPETALIMEH MTOTyUYeHHBIX B HUX
PE3yJIbTaTOB U OIPaHUYEHUSIMU B IOCTYIIE K JaHHBIM MeTeocTaHuui. [locae BBOIa HCXONHBIX TaHHBIX
BBIIOJIHAETCS IPOTHO3 C MPUMEHEHUEM TEXHOJIOTUH MapalyieibHbIX BEIUUCICHUH, KOTOPBIM IpH mpor-
HO3UPOBAaHUH MUTPAITUH PAIHOHYKIAIOB Ha TOJl MOXET JUIUThCS Oosee 40 4 — B 3aBUCUMOCTH OT KITH-
MaTHYECKUX YCIOBUH U IUIONIAAU NTopaxkeHus. [IpuMeHenue xe cucteM aBTOMaTU3UPOBAHHOIO pajina-
[IMOHHOTO MOHUTOPHHTA ITO3BOJIUT aBTOMaTH3UPOBATh MPOIECC BBOJA U 00PaOOTKH TaHHBIX JIJIS TIPOT-
HO3UPOBAHUS MPOCTPAHCTBEHHON MUTpAIMH PAJAMOHYKIUAOB B TOYBAX, YTO COKPATUT OOIIee BpeMs
IIPOTHO3UPOBAHUS, OTHAKO IS ATOTO IMOTPEOyeTCs COOTBETCTBYIOIIAS IIPOTPAMMHAs Peasiu3alius.

CrenoBarenbHO, 7151 aBTOMaTH3alMH IIpoliecca BBOAA M 00paOOTKH JaHHBIX [Tl HPOTHO3UPOBAHHUS
MUTPallud PaJAHOHYKINUIOB B MOYBax TpeOyeTcs pa3padoTKa HOBBIX AJITOPUTMOB, KOTOPBIE MO3BOJIST
aBTOMATH3MPOBATh 3TH Mpouecchl U 3PPEKTUBHO NPUMEHATH pa3pabdOoTaHHbIE paHee MOJIEIH, ONUCHI-
BaIOIIME MPOIECCH PACIPOCTPAHEHHS PATUOHYKIMJIOB B MPUPOIHBIX JUCIEPCHBIX CPEAax, a TaKKe
CO3JJaHKe MPOrPaMMHOTO 00eCIeYeHUsI Ha OCHOBE 3TUX alropuTMOB. lpeanararorcs BEIYUCIUTENBHBIE
aJTOPUTMBI, TIO3BOJISIFOIIME MTOJTy4aTh MPOTHO3bI MPOCTPAHCTBEHHOM MUTpallMy paAuoOHYKIUAOB C I1O-
MOILBIO MOJIETIH, aJIEKBaTHON peaJIbHbIM MpoIieccaM, B paMKax 5%-HOM MOrpeHoCTH [8] ¢ MakCUMallb-
HO BO3MOXHOU 3(pEeKTUBHOCTHIO PUMEHEHHUs MHOTOMporieccopHoii DBM [14] u aBTOMaTn3upoBaH-
HBIM BBOAOM U 00pabOTKON MCXOJHBIX JaHHBIX.

Jnst pa3paOOTKU BBIYUCIUTEIBHBIX AJITOPUTMOB NPOTHO3UPOBAHUS MHIPALMH PATHOHYKIHIOB
B MOYBAaX C NPUMEHEHUEM CHUCTEM aBTOMAaTH3MPOBAHHOTO PaJMAllMOHHOTO MOHHUTOPHMHIA pa3padoTa-
Ha quarpamma nmotokoB naHHbIX (JII1/1), moka3zannas Ha puc. 1. JII1/] npeacrapnsieT coOol uepapxuro
(YHKIMOHAJIBHBIX MPOLIECCOB, CBSI3aHHBIX MOTOKAMH JaHHBIX, KOTOpas JIEMOHCTPUPYET IOoCcien0Ba-
TEJILHOCTB MTPe00pa30BaHusl THX NOTOKOB, @ TAKXKE OTHOILICHHS MEXK/Iy PacCMaTpUBaeMbIMHU MpOLecca-
mu. Ha puc. 1 Buano, uto B JII1/] ncnons3yrorest Kak MpoCTpaHCTBEHHBIE JaHHBIE, TaK U aTpHOYy THBHBIE,
YTO XapakTepHO s reouHpopmannonubix cucteM (I'MC). Takum o6pazom, nporpaMmHoe odecrieue-
HHe, pa3paboTaHHOE B COOTBETCTBUH ¢ npemaraemoit I/, moxxao otHectH K kimaccy I'MC.

v

Cucrtema y
LAMCTaHLUMOHHBIX pacpmuueckumn y
PaaMaLMOHHBIX Nonb30BaTeNbCKUN (€
OEeTeKTopoB MHTepdenc

T

I'IpOCTpa HCTBEHHbI€ AaHHble

DopmupoBaHue
MCXOAHBIX
OaHHbIX

MeTeocTaHUuA

O6paboTtka
McxoaHble AaHHble VCXOAHBIX
_— OaHHbIX

MporHosu-
poBaHue

O6pabotka

pesynsTaToB

ATpnbyTUBHbIE AaHHbIE

Puc. 1. [lmarpamma MOTOKOB TaHHBIX IIPOTPAMMHOTO 00eCIIeueHIs
JUTSL TIPOTHO3MPOBAHUS] MUTPALIMK PAJANOHYKIUIOB B TIOYBAX
Fig. 1. Data flow diagram for software for operational forecasting of radionuclide spatial migration in soils

37



HI/I(DPOBA}I TPAHCO®OPMALIHA TEXHUYECKHE HAYKH
.29, Ne 3 (2023)

C yuerom HIIJI mpemiaraercst IONMOJHUTH pa3paOOTaHHBIE paHEE BBIYMCIUTEIBHBIC AlTOpPHUT-
MBI [6, 15], ucnonb3yemble s NPOTHO3MPOBAHUSI MPOCTPAHCTBEHHOW MUTpPALUU PATUOHYKIHIIOB
B MOYBaXx [5], BBIUUCIUTEIBHBIM aJITOPUTMOM, IIPUBEACHHBIM Ha PUC. 2. ANTOPUTM 00ecIednBaeT OIe-
PaTUBHOCTH IPOTHO3MPOBAHUS MUIPALIMH PAJANOHYKIINAOB B TIOUBAX 3a CUCT IPUMEHEHHSI CHCTEM aBTO-
MaTHU3UPOBAHHOTO PaJUAIMOHHOTO MOHUTOPUHTA U aBTOMATH3alM1 IIPOLECCOB BBOZA U 00PabOTKH HC-
XOIHBIX JaHHBIX, YTO IO3BOJISIET ONEPATUBHO (POPMHUPOBATH NCXOAHBIC IAHHBIE JUIsl IPOTHO3UPOBAHUSL.

)’

MonyyeHne UCXOAHbIX AaHHbIX
|  ¥3 BHELWHMX ncToyHMKoB Buayanusaumsi ucxogHbIX
| (pagnaumMoHHbIX AETEKTOPOB, AaHHbIX
MeTeocTaHUuiA)

v

CuctemaTnsaums nNonyyYeHHbIX
[aHHbIX

Tpebyetcs nu
KOppeKTUpoBKa
MNCXOAHbIX AAHHBIX
onb3oBaTenem?

Hert

A
dopMuUpoBaHme MaccuBoB
aTpuUBYTUBHBIX U
NPOCTPAHCTBEHHBIX AaHHbIX

BBoa MCXoAHbIX AaHHbIX Yepes

[locTatouHo nn rpacbmyeckui
OaHHbIX ANA nonb3oBaTeNbCKUin
POrHO3MpoBaHNS?, nHTepdeinc

Y

‘DOPMVIpOBaHMe WUCXOAHbIX
AaHHbIX OnA NPOorHo3npoBaHna

Tpebyetcs nu
BU3yanusauusi
CXOZHBIX [aHHbIX?,

Oa
KoHev,

Puc. 2. BoluUCINTEIBHBIA aNrOPUTM VI aBTOMATH3AIMH MPOLECCOB BBOJA M 00PaOOTKU MCXOHBIX JAHHBIX
JUISl KOMITBIOTEPHOTO [TPOTHO3UPOBAHMSI IPOCTPAHCTBEHHOM MHUTPAIIMU PAJMOHYKIH/IOB B ITOYBaX
Fig. 2. Computational algorithm for automating input and processing of initial data
for computer forecasting of spatial migration of radionuclides in soils

Pa3paboTaHHbIi BEIYUCIUTEIHHBIN aNTOPUTM IIOJIPa3yMEBAET, YTO MCXOAHbIE JTaHHbBIE OyayT IO-
JTy4eHbl MOIYJEM ISl MPOTHO3UPOBAHUS MTPOCTPAHCTBEHHON MUTPAIMH PAAUOHYKIUIO0B U3 BHEIITHUX
HCTOYHHUKOB, KOTOPBHIMHU SBIISIOTCSl PaJIMAllMOHHBIE JIETEKTOPHI M METEOCTaHINH. Jlajee mpoucxonuT
cucreMarusanys MoJIyUYCHHBIX JAaHHBIX U @OpMHpOBaHI/Ie MAaCCHUBOB JAaHHBIX JJId UX XPAHCHUS B Oaze
naHHbIX. [[pruMedarensHo, 4TO ANTOPUTM COIEPIKUT HECKOJIBKO YCIOBUN. YCIOBHE TOCTATOUHOCTH IaH-
HBIX JIJIS1 IPOTHO3MPOBAHUSA TTO3BOJISET HAKAIUTNBATh MACCUBHI JAHHBIX, JIOCTATOYHBIE JIJIST COOIOIEHUS
YCJIOBHI MPUMEHEHUST YUCIICHHBIX MOJICNIeH, Ha KOTOPBIX OCHOBAHO MpOorpaMMHOE obecrieueHue. Ecmu
ATO YCJIOBUE HE OYJET BBIMOJIIHEHO, TO CHCTEMa MPOAOIDKUT cOop uHpopmanuu. CTOUT OTMETUTh, YTO
YCIIOBHE AOCTATOYHOCTH JaHHBIX IS TIPOTHO3UPOBAHUS Ja€T BOBMOKHOCTh NIPUMEHEHHs U Helpoce-
TEBBIX Moaeneﬁ JJId IPOTHO3UPOBAHWA MUT'PALIUN PAOAVOHYKIMAOB, YTO IMO3BOJIMT UCIIOJIB30BaTh AdaH-
HBII aJITOPUTM ISl pa3paboTku nmporpaMmHoro obecneuenust [ UC Gonee mupokoi GpyHKIIMOHATIBHO-
CTH, YeM pa3pabOTaHHBIN paHee MPOTPaMMHBIN MOIY/h. BakHO# 0COOCHHOCTBIO aTOPUTMA SIBISICTCS
COXpaHEHHE BO3MOXKHOCTH BBOJA MCXOAHBIX JIAHHBIX depe3 rpaduueckuii MoiIb30BaTeIbCKUN HHTEP-
(hbetic, 9TO MOXKET OBITH HEOOXOIMMO MPU OTCYTCTBUMU CBSI3M MEKIY BHEITHHUMU UCTOYHUKAMU JTAHHBIX

38



DIGITAL TRANSFORMATION TECHNICAL SCIENCES
V.29, No 3 (2023)

U IpOrpaMMHbIM obecrieyeHuEM JJIs IPOTHO3UPOBAHUS HpOCTpaHCTBeHHOﬁ MHUI'palliv paJuOHYKIINJI0B
B mmouBax. Takum 06pa30M, C YUCTOM BBIYUCIIHUTCIIBHOTIO aJIrOpHUTMa, I/I306pa>1(6HHOFO Ha puc. 2, BbI-
YUCITUTEIbHBIA AJITOPpUTM HpOCTpaHCTBeHHOﬁ MUI'pallii PAAUOHYKIIMIOB B IMOYBAaxX C INPHUMCHCHUEM
CHUCTCM aBTOMATHU3HWPOBAHHOI'O PAAWALIMOHHOTO MOHUTOPHUHI'A IPUMET BU/, KaK Ha pHUC. 3.

@ CozspaHue pacnpegeneHHoro Maccmea
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NPOCTPAHCTBEHHbIX AAHHBIX |

y
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onpeaeneHnAa CKOPOCTU NepeHoca
PafMCHYKMIA0B G NOTOKOM XUAKOCTU

LocTaTouHo nu
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MacwitabupoBaHue 1 pacnpeneneHne
YyacTel MaccuBa AN BblUUCNEHUI
Ha n npoueccopax

v 3

¥

OcyLiecTBneHve OcylecTBneHve OcylecTeneHve
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Y
CosnaHve pacnpeneneHHoro maccusa
[aHHbIX ANS pelleHns ypaBHeHus
KOHBEKTUBHOW Anddpyaun ¢
ypaBHEHWEM KUHETUKKU copbLum

Busyanusayus nexopHbix Macwra6bupoeaHue u pacnpeneneHue
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¢ A 4 'l' ¢
OcyuecTeneHue OcyulecTBneHue o OcyujecTenexuve
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AaHHbIX AN NPorHo3npoBaHna MoAenupoBaHusa

Puc. 3. BoruucnurensHblil arOpUTM KOMITBIOTEPHOTO ITPOTHO3WPOBAHUS ITPOCTPAHCTBEHHOI MUTPAIN
PaaroOHYKIINIO0B B ITOYBaX
Fig. 3. Computational algorithm for computer prediction of spatial migration of radionuclides in soils
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[MpenBapurenbHbli ananu3 pazpadoraHabix JT1/] ¥ BEIYHCIMTEIBHOTO AITOPHUTMA ISl ABTOMATH-
3aIlUH MPOIECCOB BBO/IA M 00PAOOTKH MCXOAHBIX TAHHBIX JIJIsI KOMIIBIOTEPHOTO MPOTHO3UPOBAHHUS TIPO-
CTPAHCTBEHHOI MUTPAINU PAJHOHYKIIHIOB B TOYBAX MMOKA3BIBAET, YTO OHU MOTYT OBITH HCIIOIH30BaAHbBI
JUTs pa3paboTku mporpammuoro obecredenust [ UC, kotopas MOKET OBITH IPUMEHEHA TIPH KOMILICKC-
HO¥ OIICHKE COCTOSIHHSI OHOC(EpBI.

3ak/ouenue

1. Pa3paborana nuarpamMma MOTOKOB JIaHHBIX, B KOTOPOH MOKa3aHO MCIOJIb30BAHHE MPOCTPAHCT-
BEHHBIX W aTpUOYTHUBHBIX JAHHBIX JJIS MPOTHO3HPOBAHHUA MHUTPANU PAIHOHYKIHIOB B MPHUPOTHBIX
JUCHEPCHBIX Cpelax ¢ NPUMEHEHHEM CHUCTEM AaBTOMATU3MPOBAHHOTO PaJMALlMOHHOTO MOHUTOPHUHIA.
Ora quarpamMma mpeicTaBisieT co00i nepapxuio (PyHKIIMOHAIBHBIX IPOIECCOB, CBA3aHHBIX MTOTOKAMH
JAHHBIX, KOTOPasi AEMOHCTPUPYET MOCIEA0BATEIFHOCTh MPeoOpa3oBaHysl MOTOKOB B MPOLIECCE BBOJA
1 00pabOTKM JaHHBIX AJISl aBTOMATH3aLUH KOMITBIOTEPHOTO IPOTHO3UPOBAHHS IPOCTPAHCTBEHHOW MUT-
pamyy paloHyKIUI0B B TIOYBAX.

2. Ha ocHOBe uarpamMmpl ITOTOKOB TAHHBIX OBLT pa3pab0oTaH BEIYUCIUTENBHBIN alTOPUTM IS aBTO-
MaTH3aIlH MIPOIECCOB BBOAA W 00PabOTKHM MCXOMHBIX TaHHBIX JIJIST KOMIIBIOTEPHOTO ITPOTHO3WPOBAHUS
MPOCTPAHCTBEHHONW MUIPALUU PAIUOHYKIUIOB B MOYBAX C MPUMEHEHUEM CUCTEM aBTOMAaTH3UPOBAH-
HOTO PaJUAallMOHHOIO MOHUTOPHMHIA. AJITOPUTM MO3BOJISIET MOIYyYaTh MPOTHO3bI MPOCTPAHCTBEHHOMN
MUTpALUIH PAIMOHYKIIMIOB C TIOMOIIBIO MOJIENH, a/IeKBaTHON peabHBIM IIpolieccaM, B paMKax 5%-Hoi
MOTPEITHOCTH ¢ MAKCUMAIIbHO BO3MOXKHOM 3P PEKTUBHOCTHIO PUMEHEHHS MHOTOTpoIieccopHoit 9BM
Y C aBTOMaTH3MUPOBAHHBIM BBOZOM M 00pabOTKOI NCXOMHBIX TaHHBIX.

3. Pa3paboraHHble AMarpaMMBbl TIOTOKOB JTAHHBIX M BBIYHCIUTENBHBIC aJTOPUTMBI MPOTHO3UPO-
BAaHMSI MUTPALUU PAJUOHYKIUIOB B MPUPOJHBIX TUCHEPCHBIX CPelax MOAPa3yMEBAIOT JabHEHUIIYIO
MIPOTPaMMHYIO PeaH3anuio, KOTOPYI0 MOKHO OTHECTH K KJIacCy reOMH(OPMAIIMOHHBIX cHCTeM. Takas
crcTeMa MOXKeT ObITh TIPUMEHEHA ISl KOMITJIEKCHOW OLIEHKH COCTOSIHUSI Onocdepsl, B 4aCTHOCTH, OTie-
PATUBHOIO MPOTHO3MPOBAHMUS PauallMOHHON 00cTaHOBKH B PecnyOnuke benapych, uTo aenaer paspa-
00TKy TeonH(hOPMAITMOHHOW CHCTEMBI BEChbMa aKTyaJIbHOH 3aadeii.
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Abstract. An assessment of the intellectual potential of scientific personnel on the platform of electronic demo-
graphy was carried out. The current situation in the field of forming population registers, conducting demogra-
phic studies, as well as a number of works related to the use of new sources of information and big data have
been studied. Analyzed studies cover the assessment of human resources, the intellectual potential of the country
and issues of scientific migration. To determine the factors influencing the intellectual potential of countries,
an analysis of trends in demography and economic activity of the population, the level of education, the system
of training and its financing was made. In order to monitor and predict scientific activity in accordance with the exis-
ting potential, to conduct analytical and statistical analysis, a Unified Electronic Information System on Scientific
Personnel has been created. The article analyzes the intellectual potential of scientific personnel based on registry
data on scientific personnel, which are clustered using the k~-means method, which is a machine learning algorithm.
Based on the results obtained, data on age groups, academic degrees, universities and the number of scientific pub-
lications were studied. Subsequent studies will take into account the issues of scientific productivity and scientific
migration, which are of great importance in terms of assessing the country’s intellectual potential.
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PEECTPOBBIN MOJIXO/I 1J151 AHAJIU3A
HUHTEJVIEKTYAJIBHOT'O IIOTEHIIUAJIA HAYYHOI'O YYPEXJIEHUSA

O. ©. IOCUDPOB

HUnemumym ungopmayuonnvix mexnonoeutl (e. baxy, Aszepbatioscanckas Pecnyonuka)
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AHHOTanusl. BeinonHeHa OlleHKa MHTEIUIEKTYaIbHOTO ITOTEHIINAAa HAyYHBIX KaJpOB Ha IuaT(hopMe 3JIeKTPOH-
HOW gemorpaduu. M3yuena coBpeMeHHas cuTyanusi B cepe GpopMHUpPOBaHUS PErHCTPOB HACEIEHHs, MpOBee-
HUS JIeMOTpaMuecKuX MCCIeJOBAaHNH, a TaKXKe psjia padoT, CBI3aHHBIX C UCIIOJIb30BAHUEM HOBBIX HCTOUHHKOB
nHpOpManUK 1 OOIBIINX JaHHBIX. [IpoaHaTM3MPOBAHBI NCCIIENOBAHNMS, OXBATHIBAIOLINE OLEHKY YEIIOBEUECKUX
pecypcoB, HHTEIUIEKTYaIbHOTO MTOTEHIMAlIa CTPaHbl, BONPOCH! HayYHOW Murpanuu. st onpeneneHus (hakTopos,
BJIMSIIOIIUX Ha MHTEJUIEKTYaIbHBIN IOTEHIIMA CTPaH, BBIIOJIHEH aHAIN3 TeHACHIINH IeMorpaduu 1 SKOHOMUYe-
CKOM aKTHBHOCTH HACEJICHHS, yPOBHsI 00pa30BaHMUs, CHCTEMBI TIOJI'OTOBKHU KaJIpOB ¥ e¢ (PMHAHCHPOBaHUs. B memsx
MOHHUTOPHHTA ¥ POTHO3MPOBAHNS HAYYHOH JEATENBHOCTH B COOTBETCTBHU C MMEIOIIUMCS ITOTCHIINAIIOM, TIPO-
BEJICHHS] aHAIMTHMYECKOTO U CTAaTUCTUYECKOIo aHaju3a co3iana Enunas snektponHast ”HGOpMalMoHHas cucTeMa
0 HayuyHBIX Kajpax. B craree mpoBe/eH aHAIN3 MHTEIUIEKTYaJIbHOTO MOTEHIMAda HAyYHBIX KaJpOB Ha OCHOBE
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JIAHHBIX peecTpa O HAyYHBIX KaJpax, KOTOPbIE KJIACTEPU30BAHBI C HCIIOJIb30BAHUEM METO/a k-CpeIHUX, TIPEICTaB-
JISIFOILETO COOOH anropuT™M ManmHHOTO oOyueHus. Ha ocHOBaHMY TOTyYEHHBIX PE3YJIBTaTOB NCCIIEOBAHbI JIaH-
HBIE 110 BO3PACTHBIM IPyIIIaM, YUE€HBIM CTEIICHSM, By3aM M KOJIMYECTBY HayuHbIX IyOnukanuii. B nocnenyrommx
HCCIeJOBaHMAX OyIyT yYTEeHBI BOIIPOCHI HayYHOH MPOAYKTHBHOCTH M HayYHON MUTrpaluy, UMeronue 0ojbiioe
3HA4YEHHUE C TOUKU 3PEHHUS OLEHKU MHTEIJIEKTYyaJIbHOIO MOTEHIINAJIa CTPAHBL.

KaroueBrnlie ciioBa: OJICKTPOHHAas L[eMOFpa(i)I/IH, PErucTp HacejcHus, Focy[[apCTBeHHI)Iﬁ peeCTp, MHTCIICKTYallb-
HBIN NOTCHIIWAJ, HAYYHBIC KaAPbI, KJIaCTCpU3alusl.

KondaunkTt uHTEpecoB. ABTOp 3asBIs€T 00 OTCYTCTBUN KOH(IUKTA HHTEPECOB.

Joas uutupoBanusi. [Ocudo, ®. ®. PeecrpoBblii moaxon misi aHain3a HHTEIUIEKTYaJbHOTO MOTEHIMAA
HayqHoro yupexaenus / ©. @. FOcudos // LHudposas tparchopmarmst. 2023. T. 29, Ne 3. C. 43-53. http://dx.doi.
0rg/10.35596/1729-7648-2023-29-3-43-53.

Introduction

Development of modern society in knowledge economy stage determines its direct dependence
on the effective use of intellectual potential, which is one of the most important factors of the country’s
innovative development [1]. It is clear that it is difficult to estimate and evaluate the impact of human
intelligence on the development of the economy. From this standpoint, it is very important to analyse
the level of the intellectual potential of the region and to study the potential of scientific personnel and
conduct demographic studies to determine the directions of development. Currently, the analysis of in-
tellectual potential and the study of its impact on the socio-economic development of countries is one
of the most topical issues. Formation of intellectual potential is considered today as a factor affecting
competitiveness at different economic levels [2].

Digitization, e-infrastructures and the development of e-government warrant the creation of a sin-
gle public register [3—6]. Essentially, the population register is not considered the first register created
for collecting information about the population in the country [7]. Government or local agencies, as well
as other legal entities, collect personal data of existing or potential users of public services, thus creating
institutional registers. Government agencies authorized to issue identity documents also collect infor-
mation about individuals. Likewise, one or more institutions (for example, hospitals, municipalities,
etc.) may participate in the registration and collection of information about events in a person’s life.
In the absence of a state system for collecting and storing personal information about the population,
public or private institutions that need personal information of citizens, begin to collect information
themselves and ultimately create personal databases. In this case, the government will be able partially
control the acquisition and use of personal data or to ensure the protection of privacy. In cases where
a large number of different public or private entities operate separate registries, the government must
ultimately determine the authority responsible for verifying and validating personal data. Note that
by implementing a single population register system that includes the most relevant information about
citizens, using this information together with government or private institutions eliminates the need
to maintain multiple databases. Contrastingly, it will result in storage of the same information in diffe-
rent formats in different registers, which will lead to confusion and hinder the further development of the
system. Implementation of individual development programs by separate organizations significantly
limits the ability to integrate different IT architectures.

Several studies review the analysis of intellectual potential [8—15]. The purpose of the research work
is to evaluate the country’s intellectual potential on the e-demography platform. For this purpose, in the
second section of the article examines the issue of the analysis of the intellectual potential of scienti-
fic personnel. The existing models proposed for building a population register and studies on creation
of the central register system are analysed. In third section, an overview of the research works conducted
in the field of e-demography system formation is taken into account. In fourth section provided an expe-
rimental approach for evaluation of scientific personnel intellectual potential of institution. Existing
approaches for evaluating the potential of scientific staff are studied on the e-demography platform.

Related works

Conducted studies show that several important researches have been performed in relation to popu-
lation studies, demographic behaviour, determination of characteristics, use of new information sources
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and big data [4-6, 16, 17]. Data collected in public registers, search queries, information on e-services,
citizen satisfaction indicators, etc. indicated as the main sources of data for demographic studies. De-
mographic changes can be analysed and migration processes can be forecasted using the personal data
collected on e-demography platform, as well as research of the demographic behaviour of citizens and
intellectual potential of the country can be conducted.

Study conducted in recent years mentions that electronic demography tools such as Google Trends
can be used to determine, evaluate and forecast migration of health workers from Croatia and Western
Balkan countries to Germany and Austria. The objective of the study is to test the usefulness of Google
Trends indices for predicting the migration of healthcare workers from Croatia and the Western Bal-
kans to Germany and Austria. Recent trends in mobility of health professionals in Europe are analysed
and special attention is paid to patterns of mobility among doctors and nurses using e-demography.
The main methodological concept of this approach is to monitor the digital footprint of language sear-
ches (for example, “recruitment + doctor”) using Google Trends analytical tool [5]. To standardize
the data, the study used data from January 2010 to December 2020 and divided it by keyword fre-
quency for each migration-related query. In order to prove the significance of the results and correla-
tions and to test the predictive potential of the model, the search frequency index was compared with
official statistics. The advantage of this method includes reliable estimates that allow better responses
to the shortage of health workers and maintain the functionality of the health system.

In the research [17], the importance of demographic methods and perspectives of detailed analysis
of population data in improving the systems of civil registration and vital statistics are studied and de-
velopment of approaches to population dynamics throughout life are reviewed. In that study, emerging
problems and future research directions related to population studies and registration of civil status
acts for the scientific community, as well as natural population movement statistics systems are dis-
cussed [17]. In their study, [18] mentioned the challenges of incomplete and late reporting in South
Africa’s national population register (NPR) and death registration register, and demonstrate the ways
it is possible to actually monitor the weekly death cases when the population register is systematically
renewed through civil register system. The study article uses the last 10 years of available data on recor-
ded deaths, conducts comparative analysis of distribution of death cases in the country, and applies eva-
luation methods in order to determine underreporting of both adult and child death cases and implement
relevant corrections. However, the researchers note a lack of correlation between real-time excess mor-
tality estimates by national and regional authorities. In particular, incorrect birth registration in the early
stages of the COVID-19 pandemic ultimately suggests that there are problems with recording child
deaths and that they do not reflect reality. Also, in future studies, it may affect the results of specifying
the base mortality rate in the regions and monitoring the mortality rate in the local area [18].

In [19] there are analysed the results of inconsistencies observed in the emigration data to foreign
countries of official institutions of Croatia compared to the data of statistical offices of the European
Union (Eurostat) and Germany (DESTATIS). In this study, the author presents a descriptive analysis
of alternative data sources (big data) that may be useful for identifying, estimating and forecasting mi-
gration flows from Croatia to Austria and Germany. To evaluate the model, linear regression was used
to determine the correlation between the number of searches confirmed by official statistics and the
number of movements (displacement). According to research results, a clear correlation is observed
between Google searches related to migration and migration flows from Croatia [19]. As there is a signi-
ficant increase in internet access in comparison with the establishment of reliable migration monitoring
registration systems, the development of statistical tools that combine traditional and new data sources
is likely to become an accepted approach for monitoring all types of demographic trends [20].

Currently, use of non-traditional or alternative data (big data such as mobile phone records, social
media data, internet-based platforms, etc.) has started in demographic studies, especially to understand
migration and displacement processes [4, 21]. [16] explored how big data can help understand the phe-
nomenon of migration. The research work compares the analysis of different stages of migration, tradi-
tional and new sources of information and models at each stage in order to study displacement proces-
ses. Various datasets and models that can be used to quantify and understand migrant integration were
examined [16]. One of the interesting scientific research directions covers the assessment of human
resources, intellectual potential of the country, and issues of scientific migration. Given its importance
for scientific productivity and education, the study of scientific migration has attracted increasing inte-
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rest in recent years. Publications in various scientific fields and the availability of big data describing
the careers of scientists create new opportunities for research in this field [16, 22-25].

Understanding the mechanisms that stipulate the decision of scientists to move (migrate) can help
institutions and governments manage scientific mobility, make policy decisions to attract or prevent
the best scientists from leaving, and thus improve the quality of research [15]. Study of the migration
of researchers covers more than a few directions. These include studies on mobility within a country
or between universities, the impact of a researcher’s mobility on their academic performance, and how
a researcher’s academic profile influences their decision to relocate.

Centralized population register

Population register systems can have different forms from a structural point of view, but effective
models of such systems have the ability to constantly update and ensure security of the data in the re-
gister, prevent duplication of data, prevent unauthorized dissemination of personal data and other illegal
activities. Different countries have proposed different population register models in accordance with
administrative government structures. These models differ from each other depending on how they ap-
proach the solution of the following issues [26]:

e division of authorities between central and local government agencies;

e centralization degree of data;

e methods of data transferring from one governance level to another;

e data storage format.

Continuous population migration and changes in civil status acts necessitate the creation of a po-
pulation register system. This system allows for the effective joint use of data in order to collect new
statistical data and update existing data in the register. For example, when a citizen changes his place
of residence, the registration authority in both places of residence must make appropriate changes
in the register data, and eventually, the current information must be kept. Advantages of keeping regis-
ter-based population statistics are following:

e significantly reducing respondent load;

e reducing direct costs associated with collection and processing of statistics;

e collecting more detailed statistics due to lack of limitations;

o frequent and timely data transfer;

e higher quality of statistical analysis in many cases;

e including indicators existing in registers, but otherwise impossible to record in traditional census
(for example, income);

e availability of potential opportunities for analysis in a certain period by connecting various events
in a person’s life.

The population register presents the result of an intermittent process, and the initial information
about the events in a person’s life and place of residence, possibly recorded in different administrative
systems, is automatically linked to each other on a permanent basis. It is clear that the management
of such a complex system requires the creation of effective mechanisms for the joint use of information,
as well as the precise coordination of the activities of competent authorities. One of the most important
issues in centralized systems such as population registers is to regularly update data and ensure the ac-
curacy and completeness of registration data [26].

Creation of the population register system is carried out by each country in accordance with the na-
tional administrative management principles, procedures, legislation and technical capabilities, as well
as human and financial resources allocated to the solution of this issue. Therefore, different mechanisms
can be created for the joint use of data by relevant authorities. For example, updating the population
register by directly entering data in online mode into the database by registration authorities. Clearly,
it is a political decision whether the population register should be under the authority of the central go-
vernment agency or whether it should be partially or fully delegated to local authorities. In both cases,
the legal principles of population registration apply and the duties of all bodies responsible for the re-
gister must be clearly defined.

An effective population register relies on the provision of accurate data, dependent on public con-
fidence in the system. To gain public trust, data must be used only for the purpose for which it was
originally collected. This basic principle should also apply when personal data is transferred or jointly
used by public authorities. During the transfer of data from the population register to another area
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(for example, health, education or tax), the purpose of the transfer must be regulated in terms of catego-
ries of received and transferred data.

Transferred data within the population status acts system can include name and surname or address
and transfer is performed without any special limitations. Other special category data, including per-
sonal identification number, place of employment etc., can be only be transferred when purpose of use
of transferred information is known and transferred is provided by law.

Population registers are often confused with registers created by the authorities responsible for civil
status acts. However, civil registration differs from population registration in the fact that registration
of information about citizens is usually limited to important demographic events, such as births, deaths,
marriages, and divorces. Although this is considered an important component in the establishment and
updating of the population register, it is not sufficient for the establishment of the population register.
Creating and maintaining a population register requires at least three additional components [7, 27]:

o first of all, primarily, certificates containing a separate event (birth, marriage, etc.) for a person
must be collected in a general form, i. e. under the name of the person concerned;

e second, since the population register concerns each person residing on a certain territory or a coun-
try, it must include information about change of address;

e third, initial registration of the population living in the area must be generally performed through
a census [27].

Population registers are by no means universal in terms of monitoring a person’s identity, citizenship
status, place of residence, as well as life events. For this purpose, it is very important to develop an in-
tegrated register i. e. e-demography system. Currently, population registers can be created in different
structures depending on the purpose and can be used completely differently in practice. Experts demon-
strate 5 main approaches or models of population registers in conducted studies [28]. Studies show that
similar models for population registers are used in certain geographic regions, although not always.
It is partly due to the fact that countries in the same geographical areas have similar development trends
in their administrative and institutional systems.

Below is a brief description of 5 different conceptual approaches or traditions to population registers
based on international practice. However, it must be noted that this classification serves to describe some
basic conceptual approaches to collecting and registering data on larger population and is by no means
fully comprehensive [28].

Integrated system based on social foot printing — this system is based on citizen identification using
several organizational sources, i. e. social security registers, taxes, credit cards and banks can be used
to collect personal information about an individual. By integrating data from many organizations, a so-
cial footprint is created for a citizen (resident). Their personal data is collected and their identity is con-
firmed due to the actual existence of the resident and their use of different government, as well as com-
mercial services. Such systems can be available in many countries including the USA, Canada, United
Kingdom, Ireland, Australia and New Zealand.

A community based model — this model to be dominant in Russia and many Asian countries. This
model does not constitute a centralized population register. Personal information is collected and stored
locally or regionally, depending on the country in question.

Central population register — this model is more prevailing in Europe, some countries of Central
and South America. Personal data is stored on a central level, however, details can be collected on local,
regional or centralized level. However, currently, many countries are implementing purposeful works
in order to transfer to centralized population register.

Biometric model — this practice is available in India; biometric data of population is stored in go-
vernment agencies. Stored biometric data, i. e. biometric photo or finger print can be used as personal
identification and confirmation of identity of the resident.

Limited public registration model — this model can be significantly different. Countries with limited
government registration is characterized by systematic collection of a little or structured data. Histori-
cally, national registers were non-existent for residents in many African countries. Incomplete coverage
of citizens in some countries, for example, lack of data about children and child death is a serious prob-
lem. Besides, African countries such as Kenya and Nairobi have succeeded in developing a population
register systems using digital technologies.

There are different forms of population registers and there can be significant differences in data
entered into different registers. Obviously, population registers do not operation as a single system.

47



HHd)POBA}I TPAHCO®OPMAILIHA TEXHUYECKHE HAYKH
.29, Ne 3 (2023)

In many cases, other registers and databases in the country are integrated and this makes the population
registers a part of a wider population data system. It is important to mention the relation of population
registers with other systems. For example, national population register of the Netherlands is one of the
10 other national data bases and forms a more broadly coordinated information system [28].

Certainly, development and updating of the population register and the detailing of available sta-
tistics require the integration of various data sources. In this context, development of e-demography
system creates new opportunities towards conducting population studies. Principal functional objec-
tives of e-demography system include collection of administrative data, primarily personal identification
and collection of population data. Functional capabilities of e-demography system include following:

e uninterrupted updating of the system, population relocation, tracking migration processes;

e collecting more detailed information related to personal characteristics;

e development of a register-based system and conducting population statistics;

e conducting more detailed statistical analyses with large-scale selective or thematic selective que-
ries;

e obtaining comprehensive statistics about separate individuals or households based on information
collected in different registers;

e monitoring of population data on different levels and sections;

e online census and conducting different social-demographic studies on macro, regional and indi-
vidual levels.

Data integration (gathering data from different available sources in one place) creates opportunities
to obtain more data and statistical information, conducting higher frequency and more detailed proces-
sing of data and statistical analyses. Before integrating different data sources for population registra-
tion, initially, all discrepancies must be solved and mechanisms must be developed for their elimina-
tion. This process can be difficult and time-consuming, besides, participation of interested parties must
be provided. At the same time, personal identification number must be assigned at birth for effective
use of population registers. Approximately 70 countries assign a PIN number at a certain stage of life
of a citizen or a resident [29]. Difficulties arising during integration of government registers into a single
platform are following:

o use of different platforms and software while creating separate government registers;

e non-use of personal identification number in all registers;

o risks related to provision of security of personal data;

e concerns regarding inviolability of personal life;

e violation of privacy and confidentiality in the process of data integration from various sources;

e inconsistencies in register data, presence of errors, various errors;

e problems related to updating data, as well as provision of accuracy and completeness of registra-
tion data.

Recently, countries in some cases refuse to use a single number in all systems. Current best practice
is to use other tools to link data, such as an encrypted number [30]. The use of PIN in the future is likely
to focus on the implementation of electronic unique keys, which are different for each individual and ap-
plication, facilitate the separation of more complex data, and are considered more secure in terms of se-
curity [29, 31]. It must be noted that, despite its application in most systems, international standards
for PIN have not yet been developed.

Provisions for protecting confidentiality and guaranteeing privacy should be taken into account
when creating, updating and using population registers. A more flexible and reliable infrastructure must
be built, and controls for the elimination of errors and inconsistencies must be implemented and sup-
ported. In the process of data integration from different sources, proactive measures should be taken
and flexible measures should be taken in cases of privacy and confidentiality violations [32, 33]. Ove-
rall, in order to present any integrated system to the government, as well as render effective e-services
it is required to continuously clear, update and monitor data.

Evaluation of scientific personnel intellectual potential

The impact of investments aimed at the development of intellectual potential on obtained economic
results and future development must be positively correlated. At the same time, conducting complex re-
search on the impact of human capital on social and economic development requires a multidisciplinary
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approach. Studies show that intellectual potential is viewed and analysed from the standpoint of the fol-
lowing components: demographic (social, human) potential, human capital, and a set of organizational
and economic resources aimed at the development of human capital [12].

Demographic (human) potential is a set of quantity and quality of human resources. Human capital
is a set of knowledge and skills used to meet the various needs of a person and society as a whole [9, 13].
Thus, the innovative economy is interpreted as an economy based on new knowledge and intellectual
potential [34].

In order to determine the factors affecting the low intellectual potential of a number of countries,
including developing countries, it is important to analyse trends in demography and economic acti-
vity of the population, education level, personnel training system and its financing. Methodological
approaches for evaluating the efficiency of using the university’s intellectual potential have been in-
vestigated in conducted studies [8, 10]. The authors identified the specific features of the development
of the intellectual potential of the university and proposed conceptual approaches. Study proposes in-
structions regarding organization of monitoring for evaluation of usage efficiency of university’s intel-
lectual potential, as well as system of indicators and methods. Proposed evaluation methodology can
be applied globally as it is universal [10].

National Information System “Scientific Personnel” was created by Institute of Information Tech-
nology in 2018 [35]. Purpose of project implementation is to create a single electronic information
system for scientific personnel that monitors and forecasts scientific activities in the ANAS according
to the current potential, conducts analytical and statistical analyses, prepares electronic report forms
and ensures the availability of scientific information. Main functions of “Scientific Personnel” National
Information System include following:

e improvement of management and regulation in the field of evaluation and monitoring of scientific
activity;

e creation of a database about scientific researches and provision of accessibility of scientific infor-
mation;

e also, creation of an integrated electronic database in order to improve the quality of analytical,
statistical analyses and reports.

Structural model of scientific personnel management system is provided in Fig. 1. As shown in Fig. 1,
future expansion of the system and coverage of universities, scientific-research institutes and other
scientific institutions country-wide is planned.

Structure of "Scientific Personnel" Management System
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Fig. 1. Structural model of scientific personnel management system
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Institute of Information Technology prepared the concept of the system and developed the software.
Responsible individual was appointed at scientific institutions and organizations in order to provide
control over accuracy of information entered into the system. As a pilot project, developed informa-
tion system was initially successfully implemented at Institute of Information Technology. Registration
of scientific personnel in the system is performed based on scientific structures and institutes, online
through the website [36]. Currently the system contains profiles of over 4.000 scientific personnel.
Information on more than 110 indicators, including 10 sections overall, was included in the scientific
personnel profile. Scientific personnel profile includes information such as personal information; scien-
tific works (articles, conference materials), books, monographs, textbooks and teaching aids; scientific
expertise activity; patents and inventions; participation in grant projects; staff training; representation
in the scientific institutions of the republic, international and foreign countries and contact information.

In the study, the issue of demographic indicators of scientific personnel is analysed based on the data
of the National Information System “Scientific Personnel”. Profile data of 50 scientific personnel were
anonymized and used for research purposes for experimental evaluation. Tab. 1 shows a fragment of data
on the scientific personnel profile.

Table 1. Scientific personnel data (as an example)

PIN Age | Gender |Academ.deg Specialty Publication in V?o rébcgszpus University
4579951 35 Male PhD Chemistry 20 5 BSU
4579952 | 24 | Female None Geography 7 1 BSU
4579953 | 78 Male Dr.Sc. Computer science 61 23 ASOIU
4579954 | 65 | Female Dr.Sc. Philology 78 25 BSU
4579955 | 43 | Female None Geology 8 0 AzTU
4579956 | 36 Male PhD Applied mathematics 26 6 BHOS
4579957 | 32 | Female PhD Sociology 30 8 BSU

Collected dataset was analysed and Fig. 2 demonstrates a distribution diagram of personnel based
on gender and academic degree.

NN none
2 | == Ph.D
BN Dr.Sc.
20
15 4

10 1

54

0
Male Female Male Female
GENDER

Fig. 2. Distribution of scientific personnel based on gender and academic degree

Dataset on scientific personnel was clustered and analysed according to age groups, academic degree
and scientific publications using the k-means clustering method, which is a popular machine learning
algorithm. Analyses were performed on Jupiter Notebook 6.1.4. platform using Python programming
language. Elbow and Silhouette methods were used in order to find the optimal number of clusters
in k-means clustering. As shown on Fig. 3, selection of 4 clusters is considered optimal based on Elbow
and Silhouette index values.

As shown on Fig. 4, scientific personnel were clustered based on age groups and number of publi-
cations.

On Fig. 5 scientific personnel are clustered based on age groups and number of articles in WoS/Sco-
pus database.
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Fig. 5. Clustering of scientific personnel based on number of articles in WoS/Scopus

Based on obtained results, it is possible to conduct analyses and make conclusions on age groups,
scientific productivity, fields of science, and universities. Currently, the availability of publications in va-
rious scientific fields and big data describing the careers of scientists create new opportunities for research
in this field. Investigating the factors affecting the productivity of scientists, analysing factors that deter-
mine the migration of researchers, can help evaluate the intellectual potential at university and national
level, manage scientific mobility, prevent migration of young, promising researchers, and take stimulating
measures to increase the quality of conducted research. Note that monitoring and forecasting the scientific
activity of institution in accordance with its potential, conducting analytical and statistical analyzes, pre-
paring electronic reporting forms, ensuring the availability of scientific information and other issues made
it necessary to create a unified electronic information system for scientific personnel.

Conclusion

1. Currently, the analysis of intellectual potential and the study of its impact on the socio-economic
development of countries is one of the most topical issues. This article studies the analysis of the coun-
try’s intellectual potential on the e-demography platform. The article studies the creation of a centralized
population register, integration problems of various public registries, formation of e-demography sys-
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tem, and scientific research conducted in this field. We must note that building and updating the popu-
lation register and detailing of accessible statistics require integration of various information sources.
In this context, formation of an e-demography system creates new opportunities for population research.
Difficulties encountered when integrating public registers into a single platform include non-use of per-
sonal identification number in all registers; risks related to ensuring the security of personal data; privacy
and confidentiality violations; inconsistencies in register data, errors, various inaccuracies, etc. This article
reviews analysis of demographic indicators of scientific personnel on e-demography platform. In this study
proposed conceptual model of scientific personnel management system. Main scientific result is study con-
ceptual bases of register-based approach to develop unified state system. An integrated information system
on scientific personnel has been developed for monitoring and forecasting of scientific activity in ANAS
in accordance with existing potential, and performing analytical and statistical analyses.

2. Data on 50 scientific personnel members were analysed and clustered using A-means clustering
algorithm and analysed based on age groups, academic degrees and publications. Distribution of scientific
personnel based on age groups, division of highly qualified personnel, clustering of scientific personnel
according to gender composition and publications in reputable scientific bases are presented. According
to obtained results, the proposed system can be used to study the intellectual potential of the country and re-
search the demographic profile of scientific personnel. The main advantage of the register-based approach
is collection of more detailed statistics, improvement of management and regulation in field of evaluation
and monitoring of scientific activity, assessment of intellectual potential and investigation of scientific
migration processes, as well as improvement of the quality of analytical, statistical analyses and reports.
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CYIIECTBYOILIMX OHTOJIOTHH B BUJIE €IMHOM CEMaHTHYECKON MOIEIH. AKTYaJIbHOCTh HCCIIEI0BaHusI 00yCIIOBIEHA
HEOOXOIMMOCTBIO TTOBHIIEHUS 3(()EKTHBHOCTH W yI0OCTBAa MPUMEHEHUS TTOJIF30BATENbCKAX HHTEp(EHCcoB MH-
TEJUIEKTYalIbHbIX CHUCTEM. PaccMOTpeHBI PYKOBOACTBA IO MCIIOJIb30BAHUIO MHIUBHIyaJIM3alUN MPOTrPaMMHOTO
O6eCHC‘IeHI/I${ JJI0 TOCTHIKEHHA MaKCUMAaJIbHO BO3MOXXHOI'O YPOBHA MPUTIOAHOCTU MPUMEHECHHA HAa OCHOBE CTaH-
mapta ISO 9241-129:2010 u cymecTByIOIIHEe OHTOJOTHH IS pealu3aldy WHIUBUAyaTu3anuu. Pa3zpaborana
CeMaHTH4ecKasi MOJEb ISl oOecreueHHs MHANBUAYaIH3alluK MOJIb30BaTEIbCKUX UHTEP(EHCOB MHTEIICKTY-
IBHBIX cucTeM. Mojiellb NPUMEHEeHa B paMKaX MHTEJUIEKTYalIbHOTO JuanoroBoro accucrenta Nika u sBisercs
MHOT'OKPATHO HCIIOJIb3YyEeMbIM KOMIIOHEHTOM, IPUMEHEHHE KOTOPOTO MO3BOJISET CHU3UTH 3aTpaThl Ha Pa3paboTKy
HMHTEJUICKTYAIbHBIX CHCTEM, TPEOYIONIMX BO3MOKHOCTH MHIMBHIyaIH3allH [10JIb30BaTeIILCKOr0 HHTEpdeiica.
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Abstract. The paper proposes an approach to the individualization of user interfaces based on the integration
of existing ontologies in the form of a single semantic model. The relevance of the work is due to the need to imp-
rove the efficiency and usability of user interfaces of intelligent systems. Guidelines for applying software indivi-
dualization to achieve the highest possible level of usability based on ISO 9241-129:2010 and existing ontologies
for implementing individualization are reviewed. A semantic model is developed to provide individualization
of user interfaces of ostis-systems. The model is implemented within the framework of the Nika intelligent dialog
assistant and is a reusable component, the use of which allows to reduce the cost of development of intelligent
systems that require user interface individualization possibility.
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BBenenue

CoBpeMeHHas U(PPOBU3AIUS YETOBEUECKOH JIeATEILHOCTH TPEOyeT CO3/IaHus KOJNICKTHBOB UHTEI-
JIEKTYaJIbHBIX CHCTEM, B3aMOICHCTBYIONINX KaK MKy COOOM, TaK 1 C JoabMU. OTHUM U3 KITFOUYEBBIX
TpeOOBaHMA, MPEIBSIBIAEMBbIX K WHTEIJICKTYaIbHBIM CHCTEMaM CETOMHs, SBIISETCS 00ECIeUYeHHE BbI-
coKkoro ypoBHsi uHTeponepabensHoctu [1]. be3 addexkruBHOrO B3anMoneiicTBUsl HEBOZMOXHO CO3/ATh
TaKue MPOCKThI, KAaK yMHas IIKOJa, YMHAas OOJbHUIIA, YMHBIH Topon u ap. [2]. [loBbliieHue ypoBHS
UHTEpoTepadeIbHOCTH TTOOOHBIX CUCTEM 3aBUCHT, B TOM YHCIE, OT UX CIIOCOOHOCTH K M3MEHEHUIO
B COOTBETCTBUH C HHJIMBUIyaTbHBIMH BOBMOXKHOCTSIMH U ITOTPEOHOCTSIMHU MOJTb30BaTeNeH (MHANBU YA~
nu3anyn). MHIMBruayan3anus MoKeT ObITh HHUIIMMPOBAHHON KaK TOJIh30BaTENIEM (aallTHPYEMOCTB),
TaK M CHCTEMOH (aIaliTHBHOCTB ).

Joxymentsl [OCT P UCO 9241-129-2014! u ISO 9241-129:20102 comeprkat pyKOBOJCTBA 10 TIPH-
MEHEHHUIO MHAMBUIYAIN3aH TPOTPAMMHOTO 00eCTIeUeH sl Al JOCTHKEHHS MaKCUMAallbHO BO3MOXK-
HOTO YPOBHSI ITPUTOJTHOCTH KCIONB30BaHUs. HekoTopble W3 3TUX MPHUHIUIIOB aKTUBHO MPUMEHSIOTCS
MIPU MPOCKTHPOBAHUU U Pa3pa0bOTKe Pa3IMYHBIX CHCTEM, HAIPUMEpP OTEPAIMOHHBIX, OJHAKO 3aTPy/-
HEHO IIMPOKOE MPUMEHEHHE BCEeX MPUHITUIIOB BMECTE B CHIIy OTCYTCTBHUS €IWHOW TEXHOJIOTHYECKOH
OCHOBEI. B MHTEIIeKTyabHOM cHCTEMe MHINBUYATH3AIHMIO TPEAIOYTUTENFHO OCYIIECTBISTh Ha OC-
HOBE MTOHUMaHUS 3HAHWH W HaBBIKOB CAMOW CHCTEMBI, IPYTHX CUCTEM U IMOJb30BATENICH, C KOTOPHIMU
oHa B3aumozeiicTByeT. [loHnmanue npennonaraet He TOJIBKO MEPEBOA MOCTYMAIOMINX B CUCTEMY CO00-
IIICHUI HA BHYTPEHHUH SA3bIK, HO M MOTPY>KCHUE HOBBIX 3HAHHMI B CEMAaHTUYCCKYHO MOJIC]Ib MHTEIIICK-
TyaJbHON CUCTEMBI.

Ilesb ucciienoBaHuii aBTOpa — MOCTPOSHUE CEMaHTUYECKON MOJIEIH, TTO3BOJISIOINIEH rapaHTUPOBATh
COBMECTUMOCTh HHTEJIEKTYAJIbHBIX CUCTEM B aCTIEKTE MHIMBUIYAIN3alNN TTOJIh30BATEIBCKIX HHTEP-
(heticos.

YPOBHH HHIAUBUAYAJTU3ALUHA

B pamkax yka3aHHBIX BBIIIIE CTAHJIAPTOB BBIACISIOT CISAYIONINE YPOBHH WHAMBH Y TU3AIUH:

1) mpocrasi — Ha 5TOM YPOBHE BBINONHIETCS (PUKCHPOBAHHOE M3MEHEHHE B BBIBOJE, OCHOBAHHOE
U MHUIIMMPOBAHHOE MTOCPEJCTBOM BBOJIA W/WIIM JIFOOBIX U3MCHEHHI B ITApaMETpax CUCTEMBbI, 00yCIIOB-
JICHHBIX BBOZIOM. PesynbTHpyroliee M3MEHEeHUe Bcerna mpenckadyemo. [lpocras WHANBUAYaTU3aIHs,
MHUIIMHPOBAHHAS CUCTEMOH, BO3MOXHA 0e3 XpaHEeHHsT CUCTEMOH 10001 HHPOpMAanuu 00 YCIOBHUSX;

2) caMOperyupyOIIascs — Ha 5TOM YPOBHE BBITIOIHSACTCSI HK3MEHEHHE B BBIBOJIC, 3aBHCSIICE OT aHa-
JM3a XpaHUMOU UH(OpMAITK 00 YCIOBHSIX U/WUJIH HCTOPUU B3aUMOJICHCTBYSL, IIOCIIC €€ MHUIIMUPOBAHUS
IyTeM BBOJIa W/WJIU JTFOOBIX M3MEHEHUH B TapaMeTpax CUCTEMbI UM KOHTEKCTE, BEI3BAHHBIX BBOJIOM.
Camoperynupylomascs WHIUBUAyaln3alis 03HAa4aeT, YTO CHCTEMa CO BPEMEHEM «y3HaeT», Kakue
M3MEHEHWUSI, BEPOsITHEE BCEro, OyayT Hanboee ycnemnbiMu. CaMOperyupyoniasicst HHINBUY TH-
3amus OOBIYHO HCIONB3YeT XPaHUMYIO 3a/1a4y, CUCTEMY, JaHHbIC W JTUHAMHUYCCKYI HH()OpMAIUIO
00 yCIIOBHSX;

3) camorocpeaHUYaroiasi — Ha 3TOM YPOBHE HCIIOJIB3YIOTCS MOJEIb TOIb30BATEIISI U/UIIH CPEIIbI
JUTS OLICHKU QJIbTEPHATUBHBIX BO3MOXKHBIX M3MEHEHUH JI0 WM MOCJIEe OCYIIECTBICHHS 3allyCKa IyTeM
BBOJIa W/WJIH JTIFOOBIX M3MEHECHUH B MapaMeTpax HACTPONKH CUCTEMbI MJIH YCJIOBHSIX, BBI3BAHHBIX BBO-
oM. CamoriocpeTHHYaroImas HHIANBUyIN3alysi 00bIMHO HMCIOJNB3YeT COXPAHEHHYIO HH(pOPMAIUIO
0 TIOJIb30BaTele, OKPYKaKoIIeH cpefe, 3a7a4e, CUCTeME, TAHHBIX U JUHAMHYHBIX YCIOBHSIX;

4) caMOMOIM(DUIUPYFOLIASCS — STOT YPOBEHB BKIIIOUACT B ce0s1 pacCyICHUE CUCTEMBI 00 YCIIOBHUSIX
€€ UCIIOJIb30BAHUS U TIPOAKTUBHOE M3MEHEHHUE CBOMX BHYTPEHHUX MPABUIJI COOTBETCTBYIOIIMM 00pa3oM.

I DproHomuka B3auMoJeHCTBUS uenoBek-cucTema. Yacte 129. PyKkoBOJACTBO MO WHAMBHAYAIH3alMH MTPOrPAMMHOIO
obecnieuennsi: OCT P CO 9241-129-2014. M.: Crannapruadopm, 2015. 40 c.

2Ergonomics of Human-System Interaction — Part 129: Guidance on Software Individualization: ISO 9241-129:2010. 51 p.
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Takum oOpa3zom, Ul TOAJEPKKHM BCEX YPOBHEH MHIMBUAYaJIH3alllH MHTEIUIEKTYalbHasl CHCTEMa
JOJDKHA XPaHUTh:

— MOJIEJIb TT0JIb30BATEIIS;

— MOJIEJIb 3a/1a4 110JIb30BATEIIs;

— MOJIEJIb OKPY’KaIOIIEH CpeJibl;

— MOJIEJIb CUCTEMBI;

— MOJIEJIb IMHAMUYECKHUX XapaKTEPUCTUK HCIIOIb30BAHMS.

Mogzens monb3oBaresis AOKHA BKIIOYATh 3HAHUS, HABBIKM, CTHWJIM OOy4YeHHMS M CIIOCOOHOCTH
I0JIb30BATEJIST; €T0 MHTEPECHI, MPEANOUYTCHNS, MOTUBALMHI; THOKOCTh M CIIOCOOHOCTDH aJanTHPOBATh-
csl M u3y4arb. B Monenp 3amau mosnb30Baresis JOJDKHBI BXOAUTH MPEIYCIOBHS U MOCTYCJIOBHS 3a1ad;
B3aMMOOTHOILICHHUS MEXIY 33a4aMH M [0Ib30BATEISIMU; 3a1a4a JOJKHA BBITOIHITHCS MHINBHULYallb-
HO WJIM KOJUIEKTUBHO. MoJenb OKpYKaloLleld cpebl AOJDKHA COACP)KaTh 3HAHUS O (PU3MUYECKOH, co-
LUAJIbHOH M TEeXHUYECKOH cpenax, B3aMMOOTHOLICHUS! MEXIY CpPedaMu W MOJb30BarensiMu. Mojaenb
CHCTEMBI JOJDKHA COCTOATH M3 CTPYKTYPhl CUCTEMBI, (DYHKLHUI CHCTEMbl, KOMIIOHEHTOB MHTepdeiica
[0JIb30BATEN, apaMeTpoB KoHpurypamuu. Mozenb JTUHaAMHUYECKUX XapaKTEPUCTUK HCIIOIb30BAHUS
JOJKHA BKITIOUYATh!

— TEKyI[ee MECTOIIOJIOKECHUE B CUCTEME H/WIIN B MH(OPMALIMOHHOM ITPOCTPAHCTBE;

— MCTOPHUIO NIEPEMELICHHUI 110 CUCTEME U ICHCTBUI B CUCTEME;

— 4acTOTY, BpPEMEHHBIE XapaKTEPUCTUKU M (YOPMBI B3aUMOJCHCTBHUS ¢ KOMIIOHEHTAMH CUCTEMBI;

— YacTOTY, BPEMEHHBIE XapaKTEepPUCTUKU U (POPMBI HCIIOIB30BaHUS OLIMOOK;

— B3aMMOOTHOILEHHS MEKAY HCIIOIb30BAaHUEM M MOJIb30BATEISIMU.

OHTOJIOrHYeCKHH MOIX0/X

s obecriedeHrs HHIUBUIyalIn3alliy TPUBEICHHBIE BBIIIE MOJIENN JIOJDKHBI XPAaHUTHCS B WHTEI-
JICKTYaJIbHOM CUCTEME B €IIMHOM YHU(PUIIMPOBaHHOM BUjie. CerofHst OAHUM 13 Hanbouiee 3 (heKTUBHBIX
IIOJIXOJIOB K CO3/IaHUIO TAKOU OOIIel MOJIENH SIBJIICTCSI OHTOJIOTHYESCKUI TIOAXO0/, KOTOPBIH Mperoia-
raeT pa3paboTKy Momenu B Buae oHTonoruu [3]. [lpuMeHeHrne OHTOIOTHIEeCKOTO TTOIX0/1a TTO3BOJISCT:

— co31aTh MOAPOOHOE U MTOTHOE OMMCAHNE BCEX aCTIEKTOB MHIUBUAYAIN3AIINN;

— YIIPOCTHUTH MPOIIECC PACHIMPEHUS M YTOUHEHHS MOJIEIH B MTOCIIEAYIOIIEM;

— YIPOCTUTH BO3MOKHOCTB IIOBTOPHOTO MUCIIOIH30BaHUS MOJICIH B JIFOOBIX HHTEIUIEKTYaIbHBIX CHC-
TeMax.

Cpenn yxe CYHIECTBYIOIIMX OHTOJIOTHM MOJENN IOJb30BATENs] MOXHO BBIICIUTH OHTOJO-
rur GUMO [4], LUMO?3 u OHTOJOTHIO, TMPEUIOKEHHYIO B [5]. DTH OHTOJOTHH COAEPIKAT MOHITHS
¥ OTHOITICHUS, TIO3BOJISIONINE OTFCHIBATHE HHTEPECHI, IPEAMOYTEHUS, HABBIKK TTOJTH30BATEIIS, 8 TAKXKe
ero (hPM3NOIOTHIECKOE, ICUXUIECKOE, IMOITMOHATIFHOE COCTOSHUE U IMIHOCTHBIE KauecTBa. OHTOIOTHA
10JIB30BATEIbCKUX 33124 U EUCTBUN IpeacTaBicHa B [0], OHTONOIUS MOJEIN OKPY KAIOLIEH cpeabl —
B [7], 1 OHA MO3BOJSIET MPEACTABIATh YCTPOUCTBA MONb30BaTessl. OHTOJIOTUS KOMIOHEHTOB IMOJIb30-
Baresibckoro uHTepdeiica paccmorpena B [8—-10]. TOCT P MCO 9241-161-2016* takxke omuchiBacT
AJIEMEHTBI YIIPABJICHHUSI MTOJIb30BATEICKUX HHTEP(EiicoB. OHTOIOTHSI MOJICIIN TUHAMUYCCKHUX XapaKTe-
PHUCTHK HCTIONB30BaHMs npuBeneHa B [11, 12].

OnTonorny PU3NIECKON U COITMATBHON CPEeIbl, CTPYKTYPHI U (DYHKITHH CHCTEMBI HAUTH B OTKPBITHIX
HayYHBIX UCTOYHHUKAX He yfaanock. OHAKO BCE MEPEUYHCICHHBIE OHTOJIOTHN MPEIaraeTcsl UCIOIb30-
BaTh B KaUe€CTBE OCHOBBI IJIsl MOCTPOCHUS €AMHOM CEMAHTHYECKOH MOIETH Ui MHAUBUAYATU3aLUU
I10JIb30BATEIBCKUX UHTEPEHCOB.

IIpennaraemsblii MoxXox

st obecrieueHuss CEMaHTUUYECKOH COBMECTHMOCTH MHTEIICKTYalbHBIX CHCTEM B acIeKTe WHIU-
BUJIyallU3alliy TI0JIb30BATENLCKUX MHTEP(EHCOB BCe pacCMOTPEHHBIE OHTOJIOTUH Tpejyiaraercst Gop-
MaJHM30BaTh B MHTEJUIEKTYAJIbHBIX CHCTEMAax C IMOMOMIbIO YHU(PHUIIMPOBAHHOTO S3BIKA MPEICTABICHUS
3HAHUH B BUJC CEMAHTHYCCKON ceTH. Takoi sI3bIKk oOecredrBacT eIUHBIN BapHaHT KOTUPOBAHUS HH-
(hopmariim 1F000T0 posa ¢ 6a30BOI TEOPETUKO-MHOKECTBEHHON MHTEpTpeTaluei [ 13] u nmpeanonaraet

3 The Linked User Model Ontology (LUMO). Available: https://github.com/linkedusermodelontology/lumo (Accessed
11 July 2023).

4DproHOMHKa B3aUMOICHCTBHS YesioBek-cuctema. Yacts 161. DneMeHTs! rpaduueckoro mojip30BaTenbCKOro nHTepdeiica:
T'OCT P UCO 9241-161-2016. M.: Cranmaptuadopm, 2016.
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OTCYTCTBHE OMOHUMHYECKHX 3HAKOB, KOTOPBIE B PA3HBIX KOHTEKCTaX 0003HAYAIOT Pa3IUUHbIC CYIHOC-
TH, & TaK)Ke OTCYTCTBHE CHHOHMMUHU, T. €. Tap CHHOHUMUYHBIX 3HAKOB, 0003HAYAIOIINX OHY M TY K€
CYILIHOCTS [6].

WuTeponepabenbHas MHTEIUICKTyalbHAsI CUCTEMa JOJDKHA COCTOSITh M3 TPEX KIFOYEBBIX KOMIIO-
HEHTOB: 0a3bl 3HAHWH, pemareis 3a1ad U narepdeiica. CemanTUyecKass MOETh KaKIOTO M3 HUX OC-
HOBaHa Ha OHTOJIOTMYECKOM Ioaxoze. [IpuHIMIIEl MOCTPOCHUS CeMaHTHYECKUX Mozenel 0a3 3HaHUI,
permrareneit 3aa4d ¥ MoJIb30BaTEIbCKIX NHTEP(EWCOB TaKUX CHCTEM MOJPOOHO paccMOTpeHs! B [3, 11,
14]. ITonp3oBarenbckuii HHTEpdEHC MpeacTapisieT co00i BCTpauBaeMyl0 HHTEIUIEKTYaIbHYIO0 CHCTEMY,
OPHEHTHPOBAaHHYIO Ha pelieHrne HHTep(EHCHBIX 3a/1a4 OIb30BaTelsl, KOTOpasi COCTOMT U3 0a3bl 3HAHUHT
U peluaresns 3aiad.

B mpoBeneHHOM mHcCIeOBaHMM CEMaHTHUYECKas MOJEIh IOJIh30BATEILCKOTO MHTepdeiica Oblia
pacumpena i 00ecredeHns: BCeX ypOBHEH MHIMBHIYyaIH3aLUN B COOTBETCTBUU C PACCMOTPEHHBIMU
OHTOJIOTHSIMH TTPH ITOMOIIH CpencTB penaktiupoBanns Knowledge Base source Editor> u onnmaifiH-penak-
Topa 0a3el 3HaHUI®. Tarxke HCIOJIB30BAIN CPEICTBO HOMACPIKKH MPOCKTUPOBAHNS MHTEIUICKTYaIbHBIX
cuctem — metacuctemy OSTIS.

IIpuMeHeHHe MPEATI0KEHHOTO MOIX0Aa

[IpumMeHeHue noay4eHHON MO PACCMOTPUM B paMKax MEPCOHATBLHOTO TUAJIOTOBOIO ACCUCTCH-
ta Nika3. Bo3MOKHOCTb MHAMBHIyaTN3aI[HH TI0JIE30BATEILCKOTO HHTEp(dEiica IBIIETCS BAKHBIM CBOM-
CTBOM TSI JAHHOW CUCTEMBI 1 MOXKET OBITh MHUIIMUPOBAHA KaK CAMHM ITOJTb30BaTENIeM, TaK M CHCTEMOM
Ha OCHOBE TIOJTy9E€HHBIX B XOJI€ JMAJIOTa C MOJIb30BaTeIeM 3HaHUH.

Pazbepem mpuMep MHIMBHUAyaIM3alliy, HMHAIMUPOBAHHON monb3oBaTeneM. [lomb3oBarens Oynmer
W3MEHSTh CBOMCTBO «I[BET» KOMIIOHEHTa «OCHOBHOH OJIOK» TyTeM OTIpaBKU cooOrieHus «M3meHu
[IBET KOMIIOHEHTA OCHOBHAS 4acTh Ha CBETIIO-(DHMOJIETOBBIIN» cucTeme. J{s mpruMeHeHUs! TakoW WH]IU-
BUTyaJIM3aIH CEMAaHTHUECKasi MOJCIIb CUCTEMBI JIOJDKHA COACPKATh:

— Kiaccu(MKAIMI0 KOMIIOHEHTOB I0JIb30BaTEIbCKOT0 HHTep(derica;

— 9K3eMIUISPBI KOMITOHEHTOB TTOJTb30BaTEIHCKOTO MHTEp(eiica ¢ ux cBoicTBaMH. J[i1st JaHHOTO TTpH-
Mepa HeoOXoArM KOMITOHEHT « OCHOBHOM OJIOK» CO CBOMCTBOM «IIBET» U KOMIIOHEHT «KHoTKa oTmpas-
KU COOOILIEHHS;

— KJTacCU(UKaIMI0 HHTep(EHCHBIX ACHCTBUH IMOJIb30BaTesl. B paccMarpuBaeMoM MpUMEPE MOJIb-
30BaTeNb OyACT BBINOJHSITH ICHCTBUE «OJUHOYHOE HAXKaTHE) NJIsl KOMIIOHEHTa «KHOTIKa OTIIPaBKH CO-
OOIICHHS

— KImaccu(UKamio cooomeHnit momb3oBarens («CoobuieHne 00 N3MEHEHNH 1TBeTa KOMITOHCHTa ),

— xiaccu(ukanuioo WHPOPMAIMOHHBIX JIEHCTBHIA CHUCTEMBI («IEWCTBHE OTBETa HA COOOIIECHUEY,
«JIEHCTBHUE KIIACCU(PUKAIIMHA COOOIIEHUS TI0 TEME)).

Paccmorpum (hparmMeHT ceMaHTUYECKON MOJICIH C KIIACCHU(HUKAIMEH KOMIIOHEHTOB T0JIb30BaTElb-
ckoro uHTep(erica, BU3yaabHOE MPEICTABICHNUE KOTOPOrO MpHUBEAeHO Ha puc. 1. Monenb umeer Te-
OpPETUKO-MHOKECTBEHHYIO WHTEPIPETAIINI0, BCE y3JIbI MPEACTABISIIOT MHOKECTBA, MEKIY KOTOPHIMHU
B paMKax (parMeHTa 3a/[aH0 OTHOIIEHHE BKIIIOYeHHA. Tak, MHOKECTBO KHOTIOK BKITFOYAETCS BO MHO-
JKECTBO KOMIIOHEHTOB TOJIb30BATEIBCKOTO HHTep(elica. B pamkax Mozeny 11 IMEHOBaHHUS MHOXECTB
MPUHATO UCIOJB30BaTh €IUHCTBEHHOE YHUCIO, a TAKK€ HAYMHATH HAa3BAHHE MHOXKECTB CO CTPOUYHOMU
OyxkBbl. [IpuBeneHHas Kilaccu(UKAINS UCTIONB3YETCS CUCTEMOM JIJIsl CONIOCTABIICHHUSI CYIITHOCTH, 3a/1aH-
HO M0JIb30BATEJIEM B JMAJIOTe, C KOMIIOHEHTOM I10JIb30BaTeILCKOr0 HHTEpdeiica.

J1a monb30oBarenbcKoro HHTEpdeiica Kax 101 KOHKPETHON HHTENIEKTyaIbHON CHCTEMBI yKa3aHHbBIE
MHOYKECTBA B MOJIEJIH PACIIUPSIOTCA KOHKPETHBIMH dK3eMIusipamMu (3mementamu). Ha puc. 2 u3o-
OpaxeHO BH3yaJIbHOE MPEACTABICHHE CEMaHTUYECKOW MOJIENT OCHOBHBIX KOMIIOHEHTOB MHTep(deiica
cuctemsbl Nika. [Tonb3oBarenbckuii mHTEpdEiic cocTOUT 3 KOMIOHEHTOB «IlaHens HaBuramum» (pac-
TOJIOXKEHA B BEpXHEH yacTu crpanuilsl), «[lanens oToOpakeHus nHGopMaIuu 00 aBTOPCKUX TIPaBax»»
(pacmonokeHa B HIDKHEH 9acTH CTpaHuIlbl) U « OCHOBHOMU OJIOK» (PacmoyioKeH B IICHTPATbLHON YacTH
CTpaHHUIIBI).

5 Knowledge Base source Editor. Available: https://github.com/ostis-ai/kbe (Accessed 20 June 2023).
6 SC-Web user interface. Available: https://github.com/ostis-ai/sc-web (Accessed 20 June 2023).

7 Intelligent MetaSystem. Available: https://ims.ostis.net (Accessed 20 June 2023).

8 Nika. Available: https://github.com/ostis-apps/nika (Accessed 11 July 2023).
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Puc. 1. BmsyansHoe nipecTaBieHue pparMeHTa CeMaHTHIECKONW MOJICITH
C KJIaccu(puKanueii KOMIIOHEHTOB TI0JIb30BaTEIbCKOTO HHTEpdeiica
Fig. 1. Visual representation of a fragment of semantic model with classification of user interface components
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Puc. 2. BusyanpHoe npeacTaBIeHNe CEMAaHTHYECKON MOIeN
OCHOBHBIX KOMIIOHEHTOB OJIb30BATEIbCKOr0 nHTepdelica cucrembl Nika
Fig. 2. Visual representation of the semantic model of the main components of the Nika system user interface

«OcHOBHOM OIOK», B CBOIO OU€pe/b, COCTOUT U3 KOMITIOHEHTA «JlramoroBoe okHO» (cieBa) n «OKHO
rpadUIeCcKOTO MPEACTABICHIS OTBETa» (CIpaBa). IK3EMIUTIPHI KOMIIOHEHTOB TOJIH30BaTEIHCKOTO WH-
Tepdelica B CeMaHTUYECKOH MOJIETTM IMEHYIOTCS C 3arIaBHON OyKBBI. JIJIs1 KayKI0T0 9K3EeMIUIIPa KOMIIO-
HEHTa I0JIb30BaTENLCKOT0 MHTepdeiica yka3bIBaeTCs ero NPUHAIIC)KHOCTh MHOXKECTBY M3 KIacCU(H-
Kalli¥ KOMIIOHEHTOB, KOTOpas Obla npeacTaBieHa Ha puc. 1. Tak, «[lanens HaBuranumy NpuHAIICKUT
MHOXECTBY «xeziep», «[lanenb otoOpaskeHus nHPOpManyu 00 aBTOPCKUX MPaBax» — MHOXKECTBY «(dy-
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Tep», «OCHOBHOM OJIOK» — MHOXKECTBY «OCHOBHAS 4acTh, «/luanorosoe okHO» 1 «OKHO rpaduyecko-
IO IPEICTaBICHUSI OTBETa» — MHOXKECTBY «OKHO». BUHApHOE OTHOILLIEHUE «LIBET KOMIIOHEHTA» 3a/1aeT
3HAaYEeHHE CBOMCTBA «IBET» M KoMIoHeHTa «OcHOBHOM OoKk». Ha ocHOBe JaHHOM MOIENH B COO0-
IIICHUU TMOJIb30BaTelisi «3MeHH 1[BET KOMIIOHEHTa OCHOBHAS YacTh Ha CBETIIO-(DMOJICTOBBIIN» CUCTEMA
OIPENIENIUT «OCHOBHAA YaCTh» B KQUE€CTBE KJIacCa KOMIIOHEHTA, LIBET KOTOPOIr0 HYKHO U3BMEHUTh, a KOM-
mmoHeHT «OCHOBHOM OJI0K» — KaK €IWHCTBEHHBIN 3K3EMITISIP MHOXKECTBA, CBOMCTBO «IIBET» KOTOPOTO
HEOOXOUMO U3MEHUT.

Knaccudukarust naTephelcHBIX IeHCTBHIA T0IH30BATEINS TTO3BOJSAET (DUKCUPOBATH UCTOPHIO ITOJTh-
30BaTENbLCKUX JICHCTBUI B MHTEIUICKTyalIbHOU cucTeMme. Bu3syanbHOe mpecTaBlieHHe (parMeHTa ce-
MaHTHYECKON MOJICIIH KJIAaCCOB UHTEPEHCHBIX IEHCTBUI N300paskeHO Ha puc. 3. MHOXeCTBa JICHCTBUIA
CBSI3aHBI OTHOIICHUEM BKIIIOUCHUS. DK3EMIULIPHI MHOXKECTB YKA3aHHBIX JCHCTBHUM CO3MAIOTCS CHUCTE-
MOM B MpOIECCE B3aUMOJIEUCTBHUA C IMOJIb30BATEIIEM, JJISI HUX TAKXKE MOXKET YKa3bIBaThCs KOMIIOHEHT
TTOJTE30BATEIHCKOTO HHTEp(derica, sl KOTOPOTO JeiicTBHE OBLIO IPUMEHEHO.

—
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Puc. 3. BusyansHoe nipescTaBieHne parMeHTa CeMaHTHUECKONH MOJICITH
¢ kiaccudukanyeid HHTepEeHCHbBIX 1SHCTBHIA TOJIB30BATES
Fig. 3. Visual representation of a fragment of the semantic model with classification of user interface actions

Knaccuduxkanus cooOmeHnit moabp30Baressi 00ecneunBacT BO3MOXHOCTh XPaHEHHsI HCTOPHH JTHa-
JIora ¢ MoJib30BareaeM. DK3EMILIAP COOOIICHUS COJEPKUT TEKCT COOOIIeHHS, HHPOPMAIHIO 00 aBTOpe
Y O BBIJICJICHHBIX M3 COOOIICHHS CYIHOCTAX. Bu3yanpHOe npescTaBieHue pparMeHTa CeMaHTUYESCKON
MOJICIH JTsl COOOMIeHMsI «VI3MEeHHU IIBET KOMIIOHEHTa OCHOBHAS YaCTh Ha CBETIIO-(DUOJICTOBBIN» H300pa-
JKEHO Ha puc. 4.
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Puc. 4. BuzyansHoe nipesicTaBieHue parMeHTa CeMaHTHUECKONH MOJICITH
Jutsi coobieHust «3MeHH 1IBET KOMIIOHEHTa OCHOBHAS YacTh HA CBETIO0-(DUOIETOBBIN
Fig. 4. Visual representation of a fragment of the semantic model
for the message “Change the color of the component main part to light purple”
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DK3eMIUISAp COOOIICHUS TPHHAUICKUT MHOKECTBY COOOIIIEHUH 00 M3MEHEHNH 11BETa KOMIIOHEHTA.
B kadyecTBe KOMITOHEHTa W IIBETA JUISI COOOINEHUS BBIJICICHBI KOMIIOHEHT TOJIh30BATEIBCKOTO WHTEP-
(betica «OCHOBHAsS 4aCTh» U I[BET «CBETIO-(DHUOJIETOBBII» COOTBETCTBESHHO.

Pematens 3amau HHTEIUIEKTYaIbHON CHCTEMBI UCTIONB3YET areHTHO-OPUEHTUPOBAHHYIO MOJIETH 00-
paboTKH MH(POPMALIMH, areHTHI OCYIECTBIISIFOT 00Pa00TKy CEMaHTHUECKOW MOJICIIA CUCTEMbI M YIIPaB-
JIAIOTCS €€ TEeKYIIUM COCTOsHHEM. MHUIMMpPOBaHUE areHTOB MPOUCXOAUT, B YACTHOCTH, MIPHU TOsIBIIE-
HUU B MOJENHN JK3eMIUISIPOB WH()OPMAIMOHHBIX ISHCTBUI CHUCTEMBI. Bu3yanmbHOE Tpe/cTaBIeHUE
(hparMeHTa CeMaHTHYECKON MOJENH KJIacCOB MH(OPMAIIMOHHBIX JIEHCTBUI M300pakeHO Ha pHC. 5,
a MpuMep BU3YaJIbHOTO PEICTABICHUS IK3eMIUIIpa HH(POPMAIMOHHOTO JICUCTBYS ITOKa3aH Ha puc. 6.
DK3eMIULSIp JSHCTBUS MPUHAMICKUT MHOKECTBY JCHCTBHUHM, HHUITMUPOBAHHBIX JACHCTBUM, JEHCTBUI
OTBETA Ha COOOIIEHNE, YCIICIIHO BHIMOTHEHHBIX W BRIMTOJTHCHHBIX JCUCTBHM, 71T HETO YKa3aHBI TEKCT
COOOTIICHWSI K aBTOP.

@ eknroyeHue*

e —— e e uHthopmatuoHHoe deiicmaue
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e,aaat‘im’el-t'ue"’
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Puc. 5. BuzyanpHoe npeacTaBieHrue parMeHTa CEeMaHTHYECKOM MOJIEIH KJIACCOB MH(POPMAIIMOHHBIX JISHCTBUN
Fig. 5. Visual representation of a fragment of the semantic model of information action classes
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Puc. 6. BuzyansHoe npecTaBieHre SK3eMIUTIpa HHPOPMALIMOHHOTO ICHCTBHS
Fig. 6. Visual representation of the information action instance

KoMmmoHeHTBI 10Ib30BaTesIbCKOr0 MHTEpdeiica, nHTepQercHble IeicTBUS U UH(DOPMALMOHHBIC
JEWCTBUSI CHUCTEMBI CBS3BIBAIOTCS OTHOLICHWEM «HMHHUIMUPYEMOE IOJIb30BATEILCKUM HHTEpdericom
neiictue» (puc. 7). Tak, KOMIIOHEHT MOJIb30BaTENbCKOro HHTEpdetica « KHomka oTnpaBKu cOOOICHUS»
MIPUHAIIEKUT MHOKECTBY KHOIIOK, a ITPH BBITIOJTHEHUN JEHCTBHUA OJIMHOYHOTO HAXKaTHs Ha Hero OyneT
WHULMUPOBAHO BBINOJHEHNE ICHCTBUS OTBETA HAa COOOIIECHHE.
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.
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Puc. 7. BuzyansHoe nipeicTaBieHue pparMeHTa CEMaHTHUCCKON MOJICIH, OMTUCHIBAIOIICTO B3aHMOCBSI3b
HHTEPPEHCHOTO AEUCTBH, MHPOPMAITMOHHOTO IeHCTBHA M KOMIIOHEHTA ITOJIF30BATEIbCKOTO HHTEpdeiica
Fig. 7. Visual representation of a fragment of the semantic model describing the relationship
between an interface action, an information action and a user interface component

Bcto nocienoBarenbHOCTh 00pa0OTKH WHAWBUAYATU3AHMN M 3aJaHHOTO IpUMepa MOXKHO OITHU-
caThb CJIEIYIOIUM 00pa3oMm:

— TIOJTH30BATENIb BBOIUT TEKCT co0OmeHNs «/3MeHU IIBET KOMITOHEHTa OCHOBHAsI 4acTh Ha CBET-
710-(hMOJIETOBBIN» W BBHIMTOTHAET OJUHOYHOE Ha)KaTHe MBI JIJIsl KoMITOHeHTa «KHomka oTmpaBku co-
OOILIEHUSY;

— B CEMaHTHYECKOW MOJICITU CUCTEMBI CO3a€TCS IK3EMIUISP JICHCTBYS OMUHOYHOTO HAXKATHUS MBIIIN
JJIs1 KOMIIOHEHTAa «Knomnka OTIIpaBKH COOGHICHI/ISI» " NpOUCXOAUT MHUITUUPOBAHUEC I/IH(i)OpMaHI/IOHHOFO
JICHCTBUS «JICHCTBHE. OTBETUTh Ha COOOIICHUEY (CO3/IAaeTCs DKIEMITISIP YKa3aHHOTO JICHCTBUS);

— B pe3yibTaTte MHUIUUPOBAHUS JEHCTBHUS «IEWCTBHE. OTBETHTh Ha COOOIIEHWE» areHT OTBETa
Ha COOOIIeHNe HHUIIMHUPYET JISHCTBIE KIACCH(UKAIIMHA COOOIIEHHS IT0 TeME B Ka4eCTBE ITePBOT0 Tara
00paboTkw;

— areHT Ki1accu(UKauu COOOIICHHUS IO TEME CO3/aeT IK3EMIUISP COOOIICHUs 00 U3MEHEHUH 1[BETa
KOMITOHEHTA C YKa3aHUEM KOMIIOHCHTA U 1[BETA;

— areHT OTBETa Ha COOOIICHNE HHUIIMUPYET JCHCTBUE U3MCHEHUST KOMITOHEHTa nHTep(derica ¢ yka-
3aHHBIM IIBETOM B Ka4€CTBE BTOPOTO 3Tarta 00paboTKH;

— areHT U3MEHEHHUsT KOMITIOHeHTa nHTep(elica MogupUIIIPyeT CeMaHTHIECKYIO MOJIENTb KOMITOHEH-
Ta B 0a3e 3HAHWH CHCTEMBI,

— TOJIb30BATEIbCKUI MHTEp(delic mepecTpanBaeT oroOpakeHHe WHTepdeiica Ui MOIb30BaTels
Ha OCHOBE MOJU(PHUIIUPOBAHHON MOJIEIH.

B PE3YIBTATC MPUMCHCHUA MHAWBUAYAIN3alli IBET KOMIIOHCHTA U3MECHSCTCA Ha y1(a3aHHBII71 I10JIb-
30BareseM, B 0a3e 3HAHUN CHCTEMBI (PUKCUPYIOTCS BCE BBHITIOTHEHHBIC AeHcTBUS. [IpuBeacHHBIN TpH-
Mep JAEMOHCTPUpPYET YHUDHUIIMPOBAHHOE TIPECTABICHHE MOIEIH MOJIB30BATENs, €T0 IEHCTBUI U KOM-
ITIOHEHTOB I0JIb30BATEIILCKOT0 HHTEp(deiica B 0a3e 3HAHUN UHTEIUICKTyallbHOW CUCTEMBI.

[IpencrariieHHBIN TOAXO/ MO3BOJISIET JISTKO MHTETPUPOBATH PA3JIMYHBIC MOJICIIU JIJIsl HHIUBU Ty alld-
3alliy T0JIb30BATEILCKOTO MHTEpdeiica, o0ecreunBaeT pacuupsieMocTb U MOAUDUIPYEeMOCTh. Pa3-
pa60TaHHa51 CEMAHTUYCCKasA MOJCIIb ABJIACTCA MHOTOKPATHO MCIIOJIB3YEMbBIM KOMIIOHCHTOM M MOXKET
OBITH NIPUMEHEHA B JIIO00W Npyroil cucteme, e OymeT HeoOXomuMa MomIep:KKa WHIWBHITYTH3AITIH
TTOJTL30BATEIIHLCKOTO HHTEp(detica.

3aKiIoueHue

1. PaccMOTpeHBI CylIeCTBYIOIIME OHTOJIOTHH, B KOTOPBIX OMMCHIBAIOTCSI OCHOBHBIE MOHATHUS U OT-
HOLIEHUs Uil MHAMBHAyann3anuu. Ha ux ocHoBe pa3paboTaHa ceMaHTHUeCKas MOJEIb, 00eceunBa-
Iol1as CMBICIIOBOE MPE/CTaBlIeHHE HHPOPMAIMK B MAMSITH UHTEIJICKTYaJIbHBIX CUCTEM B BHJIE YHU(H-
[POBaHHBIX CEMAHTUYECKUX ceTeil. [IpuMeHenne momyueHHOH MoJielTd ObIII0 PACCMOTPEHO B paMKax
UHTEJUIEKTYaJlbHOTO TUaJIOTOBOI0 aCCUCTEHTA, MHIMBUIyaau3alus I0JIb30BaTE/ICKOIO HMHTepdeiica
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KOTOPOTO 00eCIeunBaIach 3a CY€T CMBICIIOBOTO TIPEJCTABICHUS MOJEIH WHTEp(EHCHBIX AEHCTBUI
10JIb30BaTENs, UH(POPMALIMOHHBIX IEHCTBUI CHCTEMBI M KOMIIOHEHTOB I10JIb30BaTEIbCKOTO HHTEpdeiica
B 0a3e 3HAHWI CHCTEMBI.

2. Ha coBpemeHHOM 3Tarie pa3BHTHSI TEXHOJIOTHI OpraHu3anusi 3QEeKTHBHOTO B3aUMOACHCTBHUS
MEXTy MOJIb30BATEISIMU U MHTEIJICKTYaIbHBIMA KOMITBEOTEPHBIMU CHCTEMaMHU SIBJISIETCS OJTHUM W3 KITIO-
YEBBIX aCMEKTOB IPH MPOEKTHPOBAHNH IPOrpaMMHOTO obecriedeHus. [1oBbImIeHne YpOBHS HHTEpPOIIE-
pabeTbHOCTH MHTEIUICKTYaIbHBIX CHCTEM 3aBUCHT, B TOM YHCIIE, OT UX CIIOCOOHOCTH K MHIMBU/TyaJIH-
32U — K U3MEHEHHIO B COOTBETCTBHHM C MHIMBUIYaJIbHBIMH BOSMOXXHOCTSIMU U IOTPEOHOCTSAMH MOJIb-
30BaTelnei.

3. UnauBuayanu3anmio HeoOXOAUMO OCYIIECTBIATH HA OCHOBE MOJIENH, BKITFOUAOIIEH BCIO HEOO-
XOJUMYIO JUTSL MHAWBUAyau3auy HHGopMaInio, 00ecreuyuB MpH STOM BO3MOKHOCTh TIOCTOSTHHOM aK-
TyaJIM3alliy TaKOH MOJIETH B pe3yJIbTaTe B3aUMOJICHCTBHS C TIOJIB30BATEIIEM.
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AHHOTanusl. B cTathe onucaH 1mMojaxox K peaqu3aliy ClIoOCOOHOCTH MHTEIUIEKTYAIBHBIX CHCTEM K caMooOyye-
HUIO 32 CYET MHTEJUIEKTyaJIbHOTO ()peiMBOpKa MO pa3paboTKe HCKYyCCTBEHHBIX HEHPOHHBIX ceTel. [Ipenmaraercs
METO/T B3aUMOJICHCTBUSI MEXIYy MHTEIUICKTYaJIbHBIMUA CHCTEMaMH M (PEHMBOPKOM Ha OCHOBAaHWM OMOIMOTEKH
MHOTOKPATHO HCIIOJIb3yEMBIX KOMIIOHCHTOB, ITO3BOJISIIOIINN aBTOMAaTHYECKH NPOEKTHPOBATh M 00ydaTh HCKYC-
CTBEHHbIE HEHPOHHBIE CETH C OMOIIIBIO 33JAaHHON crienuduKaIiy 3a1a4i. Ha ocHOBaHMM aHATM3a e TeIbHOCTH
pa3paboTYMKOB CKYCCTBEHHBIX HEHPOHHBIX CETEH OMMcaHa MOZEb pelaTes 3a/1a4 Takoro GppeliMBopKa B BujIe
Hepapxuu JeHCTBUH 110 pa3paboTKe HCKYCCTBEHHBIX HEHPOHHBIX CETEH.

KiroueBble ¢j10Ba: MCKyCCTBEHHAsI HEHPOHHAs CETh, aBTOMATH3aIMs, 0a3a 3HAHUMH, pelaTens 3a/1a4, HHTEeIUIeK-
TyaJbHBIN (PperiMBOpK.

Kondankr nnrepecoB. ABTOp 3asBIsieT 00 OTCYTCTBUHM KOH(IMKTa HHTEPECOB.

Jas nurupoBanusi. Kopanée, M. B. Mognens pematesist 3a1a4 HHTSIUICKTyalIbHOTO (hpeliMBOpKa 0 pa3padboTKe
HCKYCCTBEHHBIX HelpoHHBIX ceTei / M. B. Kosanés // lludposas tpancpopmanus. 2023. T. 29, Ne 3. C. 64—74.
http://dx.doi.org/10.35596/1729-7648-2023-29-3-64-74.

PROBLEM SOLVER MODEL OF INTELLIGENT FRAMEWORK
FOR THE DEVELOPMENT OF ARTIFICIAL NEURAL NETWORKS

MIKHAIL V. KOVALEV

Belarusian State University of Informatics and Radioelectronics (Minsk, Republic of Belarus)
Submitted 24.07.2023

Abstract. The article describes an approach to implementing the ability of intelligent systems to self-learn through
an intelligent framework for the development of artificial neural networks. A method of interaction between in-
telligent systems and a framework based on a library of reusable components is proposed, which allows to auto-
matically design and train artificial neural networks based on a given problem specification. Based on the analysis
of the activity of developers of artificial neural networks, a model of the problem solver of such a framework
is described in the form of a hierarchy of actions for the development of artificial neural networks.
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BBenenne

CoBpeMeHHOE pa3BUTHE BCEX HANPABICHUN MCKYCCTBEHHOTO WHTEIIEKTa HAIPaBJICHO Ha TOCTPO-
CHHE MHTEJUICKTYAIbHBIX CHUCTEM, aBTOMATU3UPYIOLIMX Bce Oosiee CIOKHBIC BUJIbI UEIOBEUECKOH JIesi-
TenpbHOCTH. KiTlo4eBOl OCOOCHHOCTBIO TaKMX CHCTEM SIBIISIETCSI CIIOCOOHOCTh K CaMOOOYYeHHI0, UTo,
B CBOIO OUepe/ib, MO/IpasyMeBacT TaKHe CIIOCOOHOCTH, KaK:

— TIOCTOSTHHOE TIOBBIIIICHHE KauecTBa PEIIeHHs 3a/1a4;

— MpHOOpeTEeHNE HABBIKOB PEILICHNSI TPUHINITHATBLHO HOBBIX 3a]1ay;

— 000CHOBaHHWE CBOMX PEIICHUI;

— MOKCK U YCTPaHEHHUE OIMOOK B CBOMX peIIeHHs (CITIOCOOHOCTh K MHTPOCIICKIIH).

Pemenne Takmx 3amay, Kak ympaBJIeHHWE BO BpPEMs HEIITATHBIX CHUTYallWd, ajamnTalus CHCTEM
101 YHUKAJIbHYIO CUTYaIIUI0 KOHKPETHBIX MOJIb30BaTENIEH, MPUHATHE PELLICHUH B YCIOBHUSIX TTOCTOSHHO
MEHSIOIEeNCS OKpY’Karolel 00CTaHOBKH, TPEOyeT OT MHTEIEKTYyalbHBIX CHCTEM HAaJW4Hs CIIOCO0-
HOCTH K camooOyueHnto. Pa3paboTunku MHTEIUIEKTYadbHBIX CUCTEM HE MOTYT 3apaHee HpeayCMOT-
pPeTh B CHCTEME METO/IbI, PEIIafoIIne 331a4H, O KOTOPBIX OHU HE J0TaIbIBAIOTCS BO BPEeMs Pa3padOTKH.
[TosTOMY OJJHOH M3 OCHOBHBIX MPOOJIEM, CTOSIIIUX TEepe]] pa3padOTINKAMHU HHTEIICKTYIbHBIX CUCTEM
HOBOTO TIOKOJICHHS, SIBJISIETCS aBTOMAaTH3aIMs Mpoliecca pa3padOTKH METOJI0B PelIeHus 3a/1a4 Ha Oc-
HOBaHUM CTEeUUHUKALNN 33Ja4uH, T. €. CHOCOOHOCTh CHCTEMbI caMoil pa3padaTbiBaTh HEOOXOAUMBIE
€l KOMIIOHEHTHI.

CaMbIil MOMyJISIPHBIA METOJ| PEIICHUs] B HACTOsIIEe BPeMsS — MCKYCCTBEHHBIE HEHPOHHBIE CETH
(MHC), uTo moaATBep)AacTCs MMOCICTHUMHU TOCTIDKCHISIMU B 00JIACTH MCITOJIB30BAHUS OOJIBIINX SI3BI-
KOBBIX MoJieneil [1, 2], cucteM KOMIOBIOTEPHOIro 3peHus [3], paco3HaBaHUs U CUHTE3a peuu [4] U T. 1.
ABToMaTH3anus nporuecca pazpadorkn umeHHo MHC npencrapnsiercs Hanbolee akTyaabHOM 3amadeit
JUTSL peaTu3aIiiil CIIOCOOHOCTH K CaMOOOYUYEHHIO Y COBPEMEHHBIX HHTEIUIEKTYAIBHBIX CUCTEM.

Lenp uccnenoBanuii aBTopa — ONMKUCAHHUE NMPHHIUIIOB pabOThl MHTEIEKTYILHOTO (QpeiiMBOpKa
o pazpaborke MHC, cnocoOHOro aBromMarnyecku npoektupoBath M odoydare MHC Ha ocHOBaHuUM
creruQuKaIy 3a1auu.

CoBpeMeHHbIe HHCTPYMEHTBI pa3padoTKu

Ceronnst pa3paboTaHo OOJIBIIOE KOJUYECTBO PA3IMIHBIX OHOJIMOTEK, TO3BOJISIONINX YCIIEIIHO BHE-
JPSITH PEIICHUS HA OCHOBE WHTEIUIEKTYaIbHBIX aITOpUTMOB. OTHAKO JIJIsl TOT0 HEOOXOIMMO HMETh Ha-
00p 3HaHUI1 1 HABBIKOB, TAIOIINX BO3MOXHOCTh MOTU(UITMPOBATH U yIIyUIIaTh CTAHAAPTHBIE PEIICHUS.
Hwxe npuBeneH KpaTkuii 0030p OCHOBHBIX UCTIOJIB3yEeMbIX B HacTosIIee BpeMs (ppeiiMBOPKOB.

TensorFlow! — oaHa W3 caMBIX TMOMYIAPHBIX OMOMHOTEK. Beima paspaborana mojapasieieHueM
Google (2015). ITo3BomseT 3amyckath Moaenu Ha Heckonbkux CPU- u GPU-ycTpoiicTBax (Xopoiro
Macmrabupyercs). JlocTymHa uist pa3HbIX TUIaTGOpM, MOIIEPKUBACT Pa3IMIHbIC S3BIKH MPOTPaMMHU-
posanus (C++, R, Python). OcnoBuble dynkunn TensorFlow Bxitogaror:

— MOAJEPIKKY HECKOJBKUX BUACOKAPT JUIsl BBITOJHEHUS BHIYMCIICHHIA;

— o0y4eHne ¢ MpUMEHEHUEM pacIipeIeNIeHHBIX PECYPCOB (HAIIpuUMEp, B 00J1aKe);

— Bm3yanmm3anuio rpada TensorFlow ¢ momomipio TensorBoard — crienmanbHOM YTHIIMTEI, KOTOpas
oiIepKUBaeT (yHKIINU BU3yaJIH3allii Iporiecca 00y4IeHHUs U BU3yaIn3alii TPEHUPOBOYHON BEIOOPKH;

— COXpaHEeHHEe COCTOSIHHMSI MOJeNH — moyib3oBatenn TensorFlow moryTt ocranaBmmBaTh mporiiecc
00y4eHHUs ¥ IPOIOJIKATE €T0 C ONPEIEICHHON TOUKH COXPaHEHUS.

Caffe/Caffe2? — onna u3 niepBbix OubIMOTEK rirydokoro o0y4enus. Hanmcana na C++, umeer UHTEp-
(etic Ha Python. B ocHOBHOM OopHeHTHpOBaHA Ha 00yYEHHE U UCIIOJIL30BAaHHE MOJICIICH, TOCTPOSHHBIX
Ha CBEPXTOYHBIX M MHOTOCTIOWHBIX ceTsiX. Co3aH0 OOIBIIOE KOTMUYECTBO NPeT00yUCHHBIX apXUTEKTYP
s Caffe. Facebook B 2017 roay npemmoxut HoByro Bepcuto Caffe2, koTopast gaet 00bIIyio rHOKOCTh
B IIOCTPOCHUHU BBICOKOIIPOU3BOIUTENHHBIX TITyOOKHX Mojenell. MoxeT ObITh MPUMEHEHa TpU pa3pa-
OOTKE apXUTEKTYp ISl UCTIONB30BaHMs HA MOOMIIBHBIX yCTpoiicTBaX. X0OpOIIo JOKYMEHTHPOBaHa.

Theano3 — oiHa U3 TIEPBBIX OUOIMOTEK, PEATM3YIOIINX aJITOPUTMBI TITy00KOT0 00yueHus. B onpee-
JICHHOU CTETICHU SIBIISICTCS HU3KOYPOBHEBOH, UMEET OTIpe/ieIeHHbIE TPOOIEMbI C MAaCIITaA0MPYEMOCThIO

I TensorFlow. Available: https://tensorflow.org (Accessed 20 June 2023).

2 Caffe2 | A New Lightweight, Modular, and Scalable Deep Learning Framework. Available: https://caffe2.ai/ (Accessed
20 June 2023).

3 Theano. Available: https://github.com/Theano/Theano (Accessed 20 June 2023).
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Y BBIYMCIICHHUSIMU Ha KJTacTepe BHICOKapT. B 11eJI0M MMoIIb3yeTcsl yCTOMINBOM OIS PHOCTHIO Y CTIeTIHa-
JUCTOB B 00JIaCTH ITyOOKOT0 00yueHus. YacTo MpUMEHSIeTCsl KaK HUKeleKanuil (hpeiiMBOPK [T MHO-
T'MX BBICOKOYPOBHEBBIX OMOIHOTEK, KOTOpKIE MpenoctaBistoT API-o0eptku (k mpumepy, Keras).

Keras* — ipefocTaBisieT ynpouieHHsi uaTepdeiic as padotsl ¢ Theano, TensorFlow wmn CNTK.
OueHb JIeTKOBECHBIN U IPOCTOU B M3YUCHUH U UCIIOJIB30BAHIH. XOPOIIO JOKyMeHTHpoBaH. [1o3BosseT
ommcath coznanne u ooydenne MHC B HeckobKUX cTpoukax kona. Hammcan Ha Python.

PyTorch> — ouenpb nipoctasi OHOIMOTEKA, MPOIECC TTOCTPOCHHS MOJIENICH MaKCUMATBHO YIPOIIICH.
BosmoxkHo ucnionb3oBanue oudnmorek Python u CUDA.

KonuuecTBo peliMBOPKOB MOCTEIIEHHO PACTET, OHAKO (PAKTHUECKU KaK/bIA U3 HUX IMOJHOCTHEO
MOBTOPSIET JIPYTHE, U OCOOBbIC pa3iuyMs BKJIIOYAIOT JIMIIb JOMOJHHUTENIBLHBIE MOJEIN M TMOJJICPKKY
HOBBIX amlmapaTHBIX BO3MOKHOCTeH. OCHOBHOM HEIOCTATOK BCEX pa3padaThIBAEMBIX CETOAHS (ppenm-
BOPKOB — OTCYTCTBHE BO3MOYXHOCTH aBTOMaTwWdeckoil paspabotkun MHC Ha ocHOBaHWMM crienm(puKa-
mu 3aga4du. [lepednciennsie ppeiiMBOPKY SBISIOTCS HHCTPYMEHTOM pa3padboTunkoB. Korma cucrema
CTAJIKMBAETCSl C CUTYyallMell OTCYTCTBHUS METOJla PEIICHUs TTOCTABJICHHON Mepe Hell 3a1a4n, OHa MO-
KET TOJIBKO COOOLIUTH 00 3TOM IMoJib30Bareiio. [lonbp30BaTens MOKET 00paTUTBCS K pa3zpadoTInKam
¢ mpock00ii pazpaboTaTh HEOOXOUMBIH METOJ, M TOJIBKO TOTAA paccMaTpuBaeMbie (ppeiiMBOPKH HC-
noJp3ytores. B mydmem cirydae pazpadorannsie oqHax sl MHC cmoryT aBTroMaTHYecku 1000y4aThest
Ha HOBBIX IaHHBIX U TIOBBIIIATH CBOIO TOYHOCTH, OJTHAKO ATOTO HEJIOCTATOYHO IS pean3ainn Tpedye-
MO# CITOCOOHOCTH K caM0O00y4aeMOCTH HHTEIIEKTYaTbHBIX CHCTEM.

Ha puc. 1 npeacraBiena nuarpamma mociae10BaTelIbHOCTH, OIIMCHIBAIOIIAS TIPOIIECC PEIICHUS 3a/1a-
YH B ClTy4ae OTCYTCTBHSI HEOOXOIUMOTO METOAA.

MNpuknagHasa_cuctema dpenmeopk_NHC
Monbsosatens PaspaGoTuuk PEAHECPE
|
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>
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|
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Lref );
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z |

HOBOW BEPCUUN CUCTEMBbI.

Metoppobasned | ________________.
| pewwn(szagaya X)

! eweHne 3agaiun X !
<PRene A |

Puc. 1. Jluarpamma mociue1oBaTeIbHOCTH PEIISHUS 3a/1a41
B YCIIOBHSAX OTCYTCTBHUSI HEOOXOJMMOIO METO/A €€ PELICHHS
Fig. 1. Problem sequence diagram in the absence of the necessary method for solving it

Crnenyer OTMETUTh, UTO CEPhE3HBIM HEJIOCTATKOM SIBJISIETCSI TPEOOBAaHUE BBICOKOTO YPOBHS 3HAHUM
0 CTPYKTypax MOJEJEH, KOTOPbIE JOJIKHBI UCIIOIB30BAThHCS [l KayK/I0M KOHKPETHOM 3a/1auu.

4 Keras: Deep Learning for Humans. Available: https://keras.io/ (Accessed 20 June 2023).
5 PyTorch. Available: https://pytorch.org/ (Accessed 20 June 2023).
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IIpenmaraemplii moaxon

ObecnieueHre CIOCOOHOCTH K CaMOOOYUYECHHUIO Y MHTEIUIEKTYaIbHbBIX CUCTEM NPUHLUINAIBHO BO3-
MOXXHO B KOHLIENIIMH, NpeaioxkenHol npoekrom OSTIS [5]. B nepByro odepens 3a cueT yHUPHUKALUU
MIPEICTABICHHUS U OHTOJIOTMYECKOI0 CTPYKTYPUPOBAHMSI 3HAHUH, ONMCHIBAIOIINX 33aa4uH, IPEIMETHBIC
00J1acTH, B paMKaxX KOTOPBIX PEHIAIOTCS 3a7a4yl, ¥ METOJIbl pellleHHs 3a1a4. MHTemIeKkTyaabHbIe CHC-
TEeMBI, pa3paboTaHHble ¢ mpuMeHeHneM TexHojorun OSTIS, HaseBaroTcs ostis-cucremamu. JlroOas
ostis-cucteMa coctout u3 0a3el 3HaHui (b3), pemrarens 3aaa4 U MOJIL30BATEIBCKOTO HHTEpdeEiica.

[IpencraBienne pa3TUYHBIX METOJOB PEIIeHU 3a/1a4 B euHoN b3 obecrieunBaeT ceMaHTHYECKYTO
COBMECTHMOCTb 3TUX METO/IOB. Pemias 3agauy ¢ HOMOLIBbIO TAKUX METOAOB, CUCTEMa HE B3aMMOJIEHCT-
BYeT C HUMH [0 IPUHIMITY «BXOJOB-BBIXOA0BY». HampoTus, enquHas naMarh MO3BOJSIET OTCIIEKUBAThH
npeoOpa3oBaHHe BXOAHBIX 3HAHUH B PEaTbHOM BPEMEHH C IMOMOIIBIO JIIOOBIX UMEIOIIUXCSI METOI0B,
YTO 00ECTIEYNBAET CIIOCOOHOCTh K HHTPOCHEKITUU B CITOCOOHOCTH OOBSACHATH PEIICHNUS CHCTEMBI.

Hanuune B enuHON naMATH HE TOJBKO SK3EMIUIIPOB METOOB, HO U MOHITUH, UX ONMHCBHIBAIOLINX,
CO371aCT OCHOBY JIJIsI aBTOMATH3aINH Tporecca pa3padotkn MHC. B mamsTu ostis-CHCTEMBI XpaHITCS
3HaHUSI O TOM, METOJIbI KAKOTO KJIacca MOTYT PELIMTh 3a/lady 3aJaHHOIO KJIacca, HO HK3EMIISIPOB Kilac-
ca JJAHHOTO METOJIa MOYKET He OBITh MPEJICTAaBICHO B cucTeMe. Ha 3ToT ciyvaii crucrema JI0JKHA IMETh
BO3MOXHOCTB CAMOCTOSITENIbHO pa3paboTaTh HEOOXOIUMBIH MeToA. Tak Kak cucTeMa XpaHUT B €IMHON
NaMsITH 337124y ¥ TpeOOBaHUs K METOJIy €€ PEIICHHUs, TTOSBIISIETCS BO3MOXHOCTD Pa3paboTaTh HYKHBIN
MeToa. st 3Toro HeoOXoaAMMO Haymune (GpedMBOPKOB IO pa3padOTKE METOIOB COOTBETCTBYIOLIMX
KJIACCOB.

B ciyuae MHC peub uaer o0 unTeIUIeKTyanbsHOM (peiimBopke no paspadorke MHC. s storo
(peliMBOpKa BBIIBUHYTHI Clie/ytolue (QyHKIIMOHATIbHbIC TPEOOBAHMS:

— HaJIM4Me CeMaHTHYECKOH COBMECTUMOCTH C Ostis-cucTeMamu;

— renepanus MHC Ha ocHOBaHMU crienn(UKaUU 3a1a4u;

— aBTOMAaTH3aIMs dtanoB pa3padorku MHC;

— aBTOMATH3aIIMs TIPOLIECCOB CpaBHEHUS () (HEKTUBHOCTH HEUPOCETEBBIX MOJICIICH;

— nH(pOopMaLMOHHas [TOJIEPKKa T0Ib30BaTeNsl Ha Beex dTanax paspadorku MHC;

— MCTIOJIb30BaHNe OMOIMOTEKH 00y4YeHHBIX U npenooydennbix MHC.

CemaHTHYECKasi COBMECTHMOCTh JOCTHIaeTCsl 3a CUET HCIIOJIb30BaHUS OstiS-CHCTEMaMu OJHHUX
U TeX K€ MHOTOKPATHO UCIIONIB3yEeMBbIX KOMIOHEHTOB [6]. CyTh JAHHOTO MOAX0/1a 3aKII0YACTCS B TOM,
YTO OstiS-CHCTEMa, CTOJKHYBIIAsICA C OTCYTCTBUEM METOAA PELICHUs 3a[ad, IeJIaeT 3alpoc B UHTEIN-
JICKTyalbHBIH QpeiiMBOPK Ha pa3pabOTKy HEOOXOAMMOTO METOAA U NepeiacT crielu(UKaIUio 3a1a4H.
BwmecTe co cienmdukanyeil mepeaaroTcs aapeca u BEpCHH KOMIIOHEHTOB b3, Haanane KOTOPBIX HE00-
XOAMMO JUISI TOTO, YTOOBI (PPEHMBOpPK MOT MOHATH 33724y (MMETh OHTOJIOTHIO BCEX MOHATHH, HCIOIb-
3yloIuXcs B crnienudukanny 3anaun). Ecim kKakux-To KOMIOHEHTOB y (ppeliMBOpKa HET, OH CKaYMBAET
uX 10 mepeganHomy anpecy. I[TonsB 3agauy, ¢ppeiimBopk pazpabateiBaet HyxHyt0 MHC (mmpu HeoOxo-
JUMOCTHU 00paIlasich 3a JONOJHUTENbHON HHPOPMaLMeH K cCUcTeMe, IOCTaBUBIICH 3a1ady, WK K pa3-
paboTuyrKy) ¥ MyOJUKYeT ee KaKk KOMIOHEHT B Ombnumoreke. Temepb oOpaTuBLiascs K GpeHMBOPKY
cucTeMa MOXKET ckauaTh pa3paboranHyro MHC B Buie KOMIIOHEHTa, CKayaTh €€ HHTEPIPETATOP, €CIIU
HEOO0XOIMMO, U PELINTh UCXOIHYIO 3a7auy.

Ha puc. 2 npencraBnena quarpaMmma Mocjie[0BaTeIbHOCTH, ONMUCHIBAIONIAS TPOIIECC B3aMMOJICH-
CTBHUS 0StiS-CHCTEMBI M HHTEIUICKTyaJIbHOTO (hpeiiMBOpKa Tipu 3ampoce pazpadorku MHC.

Mogesb pemarteJisi 32124 HHTEJUIEKTYAJIbHOIO (ppeliMBOpKa
10 pa3padoTKe HCKYCCTBEHHbIX HEHPOHHBIX ceTell

Monenb uHTEIUIEKTyapHOTO (hpeiiMBopka mo paspadorke MHC, xak m mMomens i1r000# npyroit
ostis-crucTemsl, 3a1aeTcst Mosielbio b3, pemarens 3amxa4 u uaTepderica. Monens b3 yxe onucana B [7].
Monenb nHTEepdEiica HHTEIUIEKTYyalTbHOTO (peliMBOpKa 3a7aeTCs I3bIKOM OOIICHUST MEXy Ostis-cuc-
temamu [5]. Takum 00pazom, Jijist TOTo, YTOOBI 3a/1aTh MOJIENIb MHTEIUICKTYaIBHOTO (hpeiMBOpKA 110 pas-
paborke MHC, ocraercst onmcaTh MOJETb penraTens 3a1ad.

Pematens 3amau 3aammaetcst 06padbotkoi pparmentoB b3. Ha omepanmonHoMm ypoBHE 00paboTKa
CBOJIUTCS K TOOABJICHHUIO, TIOWCKY, PEIAKTUPOBAHUIO W ynaneHnto KoHcTpykuuii b3. Ha cemanTuue-
CKOM JK€ YPOBHE TaKas Orepainus SBISETCS JAEWCTBUEM, BBIITOIHSIEMBIM B ITAMATH CyOBEKTa JIEHCTBUS,
r7ie B o0mieM ciry4ae cyObeKT — 3TO ostis-cuctema, a b3 — ee mamsTh.
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Fig. 2. Problem sequence diagram
in the absence of the necessary method for solving it with the help of an intelligent framework

JleficTBHE OMIpeemnsIeTCs Kak MPoIecC BO3ACHCTBHUS OJHON CYIITHOCTH (FIJIH HEKOTOPOTO MHOKECTBA
CYIITHOCTEH) Ha APYTYIO (MM Ha HEKOTOPOE MHOKECTBO JPYTUX CYITHOCTEH ) B COOTBETCTBUH C HEKOTO-
poii nenpro. Mozens pemartens 3aaa4d Jr00H 0stis-CHCTeMBI 3a/1aeTcsl uepapxuei 1 cnenuuKanusMu
JeHCTBUM, KOTOPBIC OH BBITIOJHSET.

Ha ocHoBanuu neiicTBuii, B 0011IeM cllyyae BHIIOIHAEMBIX BceMu paspadorunkamu MHC, Beigenena
CIIeIyIOIIasl nepapXusi IeHCTBUH peraTens 3a/1a4 HHTEIICKTYallbHOTO peiiMBOpKa.

1. Jeticmeue cneyughuxayuu 3adauu. Bximoyaetr B ceOs MOydeHHE OMUCAHUS BXOMHBIX TaHHBIX
(1300pakeHMs/BUIE0, BPDEMEHHBIE PSIIIbI, TEKCT), BBIXOAHBIX JaHHBIX U TPEOOBAHUH K METOy PEUICHHS
(cxopocCTh, 3aTpaThl 1O MAMSATH | T. 1.). Taxke onuchIBaeTCs TOTOTHUTEIbHAS HH(DOpMAIIUs, KOTOpas
MOJKET IMIOMOYb B IIOCTPOSHHH METOa pelIeHHs 3a1auu (K mpumepy, cnenrnukanus o0ydaronei Bbl-
0opkw, eciin TakoBasi uMeetcs). Ha manHoM 3Tane onpexaessieTcs Kiacce 3aaauu, GopMupyercs: Tpedo-
BaHUE K oOyuaromiel BHIOOpKe, ecli OHa He MpeJlocTaBiieHa. BrimonHenne 3toro srana GpeiiMBOpKOM
MOJIpa3yMEeBaET OCYIECTBICHUE CIEAYIONINX JICUCTBUM:

— TPAHCIAINIO YCIIOBHS 3a/1a4H;

— KIaccu(hMKAINIO 33]1a9H;

— gopmupoBanue TpeboBaHus K 00yuaromei BEHIOOpKE;

— (hopmupoBaHe 00yUarOIIEH BHIOOPKH.

dopmupoBaHre 00ydarolieil BHIOOPKH MOXKET OCYIISCTBIATHCSA B 0a3e HMCTOYHHUKOB BHIOOPOK,
WHTETPUPOBAHHOW B PpEeHMBOpPK, WM B b3 3ampammmBaromiei ostis-CHCTEMEL.
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2. Jleticmeue ouucmku evibopku. OOHAPYKUBAET MPU3HAKH, KOTOPBIE UMEIOT B O0IIEM CiTydae He-
KOppEKTHbIE 3HaueHus. Hampumep, A kakux-To 00pa3oB 3HaUCHHE MIPU3HAKA MOYKET UMETh HEOIpe-
JIeTICHHOE 3HaueHHe, TM00 3HaUeHHe, He COBMAJIAIOIIEe [0 THITY, JIN0O aHOMAJIBHO OOJIBIIOE WK OYEeHb
MaJIeHbKOE 3HaUeHHEe, KOTOPOE BCTPEUAETCs B PEAKOM UHCIIE cilydaeB. /leificTBHe BBINOIHACTCS MIPH 00-
paboTke BEIOOPKH, paHee He IPECTABIEHHON B MaMATH CUCTEMBI (K IPUMEPY, IMOTyIeHHON OT O30~
Barenst). Peann3anus naTepriperaTopa (areHTa) JaHHOTO JCUCTBUS TpeOyeT OnrcaHus B TaMATH Kitac-
CU(UKAIUHN CTPATETHi OYNCTKH JIAHHBIX U peali3alliid METOI0B IPUMEHEHHS ITHX CTpATeTHH.

3. Heticmeue gvisgnenus cooepicamenbHulx npusnaxog. OCyecTBISeTCS TaK Ha3bIBAEMbIH HHKH-
HUPUHT TPU3HAKOB, COCTOSIINN B 0TOOpE MPU3HAKOB, BIUSIOMINX Ha pe3ynbTat padoTel MHC, a Heco-
JiepKaTenbHble PU3HAKH, KOTOPhIe HUKAK He KoppenupytoT ¢ BeixogoM MHC, ynanstores. Llens aToro
NEHCTBUS — YMEHBIIIEHHE Pa3MEPHOCTH MPOCTPAHCTBA MPHU3HAKOB JJISI CHIDKEHWS BIUSHUS dddeKTa
niepeoOyuenns Ha UHC. Peanusanus naTEppeTaTopa (are’ra) JaHHOTO JIEHCTBHS TpeOyeT ONruCcaHus
B MaMSTH KJIACCU(PUKAIMHI CTPATETUH CHIDKEHUS Pa3MEPHOCTH MPU3HAKOBOTO MPOCTPAHCTBA U peallu-
3alMl METOAOB MPUMEHEHHS ATUX CTPATETHH.

4. Jleticmeue mpancgopmayuu npuznaxos. TpaHncOpMUPYIOTCS KaTeropraibHbIe TIPU3HAKH, Yallle
BCETO 3aJ]aHHBbIC CTPOKOBBIMH THIIAMH. DTH MPU3HAKH MOTYT OBITh HOMHHAJIBHBIMU U TIOPSIKOBBIMH.
Jis KomMpoBaHUS TOPSAKOBBIX MPHU3HAKOB Hallle BCETO MPUMEHSAIOT MOCIEeI0BATENbHBIA YHCIOBOM
xox (1, 2, 3, ...). [y kogupoBaHus HOMHHAIBHBIX TaKOE PEIIeHHe HEBEPHO, IIOCKOIIBKY ATH MTPU3HAKU
paBHONPABHBI U HE MOT'YT CPaBHUBATHCS MO YHCIOBOMY Kony (Harmpumep, noi — 0/1). Jlns HoMUHAIb-
HBIX IPU3HAKOB MIPUMEHSETCS CIIOCO0 MPSAMOTO KOTUPOBAHUS, 3aKITFOUAIOMINIACS B CO3aHUU U HCIIOJb-
30BaHHMU (PUKTUBHBIX PU3HAKOB 10 KOJIMYECTBY 3HAUCHUH HCXOAHOT0. Hanpumep, npusHak moi (Myx-
CKOH, JKEHCKUI) mpeobpa3yeTcsl B ABa HOBBIX MPU3HAKA MY>KCKOU M KCHCKHH C COOTBETCTBYIOIIIMH
3HAYEHHSIMHE JUTA UMEIOIHXCs 00pa3oB. Peanu3arust nHTEpIIpeTaTopa (arelra) TaHHOTO ACHCTBUS Tpe-
OyeT omucaHus B MaMATH KIACCU(HUKAIIMHA METOI0B MaCIITA0MPOBAHMS TIPU3HAKOB U pealIM3allii Me-
TOJOB IPUMEHEHUSI 9THX CTPaTETHH.

5. Jleticmeue pazouenust evibopku. IlpousBoauTcst pa3doueHue Beel BBIOOPKHU JJAHHBIX Ha 00ydaro-
IIyI0, TECTOBYIO U B HEKOTOPBIX CIy4asX BalMIAllMOHHYI0. BamunannonHas BbIOOpKa HCMONIB3YETCS
JUTSL OTIEHKH BIIMSTHUAS N3MEHEHHUS TUTIEpIIapaMeTPOB Ha pe3ynbTaT 00ydeHus. OObIYHO pa3ObueHne mpo-
BOIUTCS B cooTHomeHnH 3:1:1 — B mpomenTtax (60/20/20), eciin BamumannoHHas BEIOOPKA HE UCIIOIb-
3yercs, To 70/30.

6. /eticmesue 6vibopa xnacca MHC. Ha ocHOBaHMHM cTieNU(UKALNY 3aa4yl peraTelib 3a1ad ppeim-
BOpKa ocyuiecTBisieT BIOOp apxutekTypbl MHC, xotopas OyaeT nmpuMeHsThes pu oOyueHnn. Kiac-
cudukaius MHC onucana B [7]. Hy’HO OTMETHTb, 4TO 3TOT BHIOOP OTHOCHUTEIILHO YCIOBHBIH, T. €. pe-
marens 3a1a4 (pperiMBOpKa HE OTPaHWYEH MCTIOIh30BAHNEM TONBKO oHoro Kiacca MHC mst pemmenus
3a/1aun (KaK, HalpuMep, CBEPTOYHOM CeTH JUTI H300paKeHHIA, TOCKOIBKY M300paskeHUsI MOYKHO 00pa-
0aTpIBaTh X OOBIYHBIM MHOTOCJIOHHBIM IIepcenTpoHoM). Peub, ckopee, naeT o npeanoiaokeHusx, KoTo-
pBI€ BIOCIIEACTBUH MPOBEPSIOTCS. [IpuMepamMu TakKuX MPeaoN0KEeHUH SBISIFOTCS:

— M300pakeHHsI/BHJICO — CBEPXTOYHBIC HEHPOHHBIE CETH;

— rpadbl — rpadoBbIe HEMPOHHBIE CETH;

— BPEMEHHBIE PSIJIbI — MHOTOCIIOMHBIE TIEPCETITPOHBI WIIH PEKYPPEHTHBIC CETH;

— TeKCTOBasi MHPOPMAIIHUS — MHOTOCIIOMHBIE TTEPCETITPOHBI MIIH PEKYPPEHTHBIE CETH;

— Ha0OPbI XapaKTEPUCTHK HEKOTOPBIX 00BEKTOB (HapUMep, CieHUpHUKauny aBTOMOOMIIEH ) — MHO-
TOCJIOMHBIN EPCENTPOH.

7. Heticmeue gpopmuposanusi cneyugpuxayuu 6x0006 u 6vix0006 MHC. BhINOIHAIOTCS TOMOJIHHU-
TeJIbHBIE TIPEOOPa30BaHUsl JAHHBIX, CBA3aHHBIE C U3MEHEHUEM CTPYKTYp XpaHeHHs (HarpuMep, mpeoo-
pa3zoBaHHEe MHOTOMEPHOTI'O MacCHBA B OJTHOMEPHBINA, KOHBEPTAIIHSI TUIIOB).

8. Jeticmsue svibopa memoda onmumuzayuu. IlogOupaercsa merox ontumuszaunn MHC kak GpyHk-
uun. B [7] onucansl cieayionme METoIbl ONTHMHU3ALUH:

— CTOXaCTUYECKHUH IpaAueHTHbIN cyck (SGD);

—MetoJ Hecrepoga;

— aganTtuBHBIA rpagueHT (AdaGrad);

— aJanTHBHAs OIleHKa MOMeHTa (Adam);

— cpeaHekBapaTHueckoe pacrnpocrpanenue (RMSProp).
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9. Heticmsue 6vibopa munumuzupyemou ynkyuu owubku. 3amaercs GyHKINS OMHUOOK, KOTOpas
Oyzner MunuMmmsupoBaTbes. K npumepy, MSE nyuiie moaxoaut Uit 3afad perpeccuy M Kiacrtepusa-
uun, CE — g knaccudukannonnsix 3anad. B [7] onucana knaccuukanust Takux GyHKIUH.

10. /[eticmeue navanvrou unuyuaruzayuy. VHANUATU3UPYIOTCS HaUYaIbHbIC 3HAUYCHUST BECOBBIX KO-
s punmentoB u noporu MHC. B [7] yxe onucana knaccuukanus METOI0B Ha9allbHON HHUIHATH3a-
muu MHC.

11. Jleticmeue evibopa eunepnapamempos HHC. OcyimiecTBisieTcss TOa00p THIEpHIapaMeTpoB,
K KOTOPBIM OTHOCSITCSI:

— mapameTpsl o0y4yenust MHC (ckopocTb 00y4eHusi, MOMEHTHBIH apamMeTp, pa3Mep MUHH-0aT4a);

— apxurtektypHbele napamerpbl MHC, onupatommecst Ha paHee copMyarpoBaHHbIE crienUpUKa-
LMW BXOJHBIX U BBIXOJHBIX JIAHHBIX (HAIpHUMeEp, KOJINYECTBO HEMPOHOB B OIIPEJIETICHHOM CJI0€ (CIOSIX)
WU KOH(PUTYPAITUH TICITBIX CIIOCB).

Haiitn ontumaneHble ruIieprnapamMeTpsl MOKHO, HAIPUMEpP, C TOMOLIbIO METOJa CETOYHOTO IO0-
HCKa, KOTOPBI MO3BOJISIET MPOBEPUTH 3HAYECHUS THIIEPIAPAMETPOB, B3SATHIC C ONPEACICHHBIM [IaroM
WK U3 OTIpe/IeIeHHOTo nHTepBaia (kopTexka). [locpencTBoM 3TOro MeToia BEIOMpaeTCsi ONTUMaNIbHBIN
Ha0Op THIlEpIapaMeTpPOB, KOTOPBIHA JTaeT JYYIIUe Pe3yJbTaThl, OH HCIIONB3YeTCs sl OCIeayIoLIe-
ro n1oo0y4enus. Ecim jxe momydeHHbIe pe3yibTaThl SBISIOTCS MPHUEMIIEMBIMH, IIPOIECC TabHEHIIIETo
00yJeHws BOOOIIIE HE TTPOBOIUTCS.

12. Jleticmeue o6yuenus MHC. TlpousBomutcst ooyuenne MHC no mocTkeHus: BRIOpaHHOW TOY-
HOCTH (OLICHMBAETCS Ha TECTOBOH BBIOOPKE) WIIM IO APYTMM 3aJaHHBIM KPUTEPHSAM (IOCTHKEHUE 3a-
JAHHOTO KOJIMYECTBA ATIO0X 00y4eHHsI, HEU3MEHHOCTh TOYHOCTH Ha MPOTSHKEHUHU 3aJaHHOTO KOJIMYEeCTBA
310X, MaJICHUE TOYHOCTH Ha BaJIUJIAIMOHHOM BEIOOPKE U T. 1.). AJITOPUTMBI O0YUYCHHUS OTIMCAHBI B [5].

13. Heticmeue oyenxu sgppexmusnocmu MHC. Tlocne BBIMOTHEHUsT 00YYEHUS] OCYIIECTBISETCS
OLIEHKA IOJYyYEHHOH MOJENHN C IOMOLIBI0O METPUK OLIEHKH KadecTBa. B ciydae HeynoBIETBOPSIOIINX
pe3yabpTaToB (PEHMBOPK MEHSET THIIEpIIapaMeTpbl U IPOBOAMUT O0yUEHHE eIIe pas.

WuTepnperaiysi ONMCaHHBIX JEHCTBUM MOXET OCYIIECTBIISTHCS HA OCHOBAHUH JIIOOOTO MOMYJISp-
Horo ¢peiimBopka s paspadorkun MHC, HO TOJIBKO Kak BBIYHCIHTENbHAS OCHOBA. OTINYNTENHLHON
e 0COOCHHOCTBIO TAaKOT'0 MHTEPIIPETaTOpa SBJISICTCS HATMYME B eANMHON b3 0 KOHTeKcTe 3a/1a4u UCTo-
puu pa3pabOTKK METOJIOB PELIeHHs MOAOOHBIX 3a/a4, ONMMCAHUE 3HAHWNA O MPOEKTUPOBAHUH M 00Y-
yenuu MHC u 1. 1. Cnenyer oTMeTUTh, YTO Ul aBTOMATU3ALUK Pa3pab0TKU METONOB PELICHUS He-
TPUBUAIBHBIX 3a/1a4 WHTEJUICKTYalbHBIM (HPEHMBOPKOM MOTpeOyeTCs MOJACUCTEMA, HAKAIUTMBAIOILAs
SMIIMPUYECKHUNA OIBIT ¥ MPUHUMAIOLIAsl peleHrne 06 oTkaTe 1O MPEeAbIYIINX 3TaloB, BIUIOTh O Ie-
pedopmupoBanus BeIOOpKH. OTHAKO MOAETH TaKOW MOACUCTEMBI TPEACTABIISETCS TEMOH OTACIBHBIX
uccienoBanuid. Peanm3aius WHTEpIpeTaTopa OMUCAHHBIX NEUCTBHM M omucaHus B B3 aKcmepTHBIX
3HaHu# pazpaboTunkoB MHC mo3BomaT aBTOMaTHYECKH, HCXO/S M3 ONMUCAHUA 3aj]aui, TeHEpUPOBATh
WHC, pemarorue meneBbIe 3aa9H.

Paccmotpum paboTy (peiiMBOpKa ¢ peabHON MPHUKIaTHON cucTeMoil. B [8] ommcan mpuHImn pa-
OOTBI TUANTOBOM CUCTEMBI, HCIIOJB3YIOLICH HHTETPaLnio 0a3bl 3HAHUN U OOJIBIINX S3BIKOBBIX MOJIEJICH
JUIsl TIOBBIIICHMSI KaueCcTBa yAEp)KaHUs KOHTEKCTa Jualiora Ha CBOOOJHYIO TeMy. Takoe MOBBILICHHE
Ka4yecTBa MPOUCXOJIUT 3a CUYET CIOCOOHOCTH CHUCTEMBI TPAHCIMPHPOBATH €CTECTBEHHOS3BIKOBBIE CO-
oOmienns moip3oBaTens B 6a3y 3HaHui Ha SC-KO/€ M M3BJIEKATh WX, KOTJA 3TOr0 TpeOyeT KOHTEKCT
auasnora. BeICTpbIi NONCK 3HAHUH, PeIeBAaHTHBIX KOHTEKCTY OUaJora, cTajl BO3MOXKEH 0J1arofopst uc-
10JIb30BAHUIO OHTOJIOTHYECKOTO MOAXO0Ja K CTPYKTYPHUPOBAHMIO 3HAHWM, B paMKax KOTOPOTo JII00oe
3HaHue HOpMaIU3yeTCcs HA0OPOM MOHSATHH, TOJIPOOHO OMMCAHHBIX B HEKOTOPBIX OHTONOTHsIX. OHTOIIO0-
THH UepapXUUIECKH CTPYKTYPUPOBAHBI M COOTBETCTBYIOT IPEAMETHBIM 00IaCTsIM.

OCHOBHBIM TPEeOOBaHHUEM K JHAJIOTOBON CUCTEME SBISIETCS HEOOXOAUMOCTH MOJICPKUBATD THAIIOT
B paMKax JIF000H MpeIMeTHOH 00J1acTH, a HEe TOJIBKO B TeX, KOTOPBIC MPEABAPUTEIIbHO (hOpMaIn30Ba-
HBI pazpaborunkamu. K npumepy, Korza mojb30BaTellb COOOIMI cucteMe: «f ymero pa3pabareiBaTh
cuctembl Ha C++», TO OHa JOJDKHA MIPOTPAHCIUPOBATH 3TH 3HAHUSA, HECMOTPS Ha TO, YTO M3HAYAIIEHO
B ee 0asze 3HAHMU HE COIEP)KaJIOCh MPEAMETHBIX 00JIACTe U OHTOJIOTHI O MpOorpaMMHpOBaHUH. Ta-
KHUM 00pa30oM, OSBUIIACh HEOOXOJUMOCTD PEILICHHS 3a/1a41 aBTOMAaTHYECKOTO TOCTPOCHHUST OHTOJIOTHA.
BrIsicHUIIOCH, 4TO OOJBIIHE SI3IKOBBIC MOJCIH MTPH NPABUIILHON HACTPOMKE MOTYT HETUIOXO BBIJICNISAThH
CMBICJ COOOIIEHMI B BHJE TPOEK: <MOJb30BaTelh, pa3pabaThiBaTh, cUCTEMa™, <IIOJb30BaTellb, pa3-
pabateiBath Ha, C++>, <C++, ecTb, S3BIK IPOTPAMMHUPOBAHUS>, <pa3padaThIBaTh, €CTh, HABBIK> H T. JI.
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OpHako [Uist TOro, YTOObI IPOTPAHCIUPOBATH Takue TPOHKU B SC-KOA, HYKHO BBIACIUTH U3 HUX MOHS-
TUS U 3K3eMIUIsIpbl. Eciiu monaTuil B 0asze 3HaHUH emie HeT, Ha/ll0 UX KIacCU(PHULIUPOBATh, YTOOBI MO-
HSITh, K KAKOH OHTOJIOTMU UX OTHECTH U KAKMM 00pa3oM HCIOIb30BaTh AJsl (hopMalu3auy cOOOIeHuI
nojb3oBatens B OynymieM. K nmpumepy, NOHSTHE «SI3bIK TPOTPaMMHUPOBAHUS SBISIETCS a0COIIOTHBIM
1 0003HaYaeT MHOXKECTBO, COJIEprKalllee M3BECTHBIE CHCTEME SI3BIKH MPOTPAMMUPOBAHNS, a TIOHATHE
«pa3pabaTeIBaThy — 3TO HEPOJIEBOE OTHOILLIEHNE, CBA3bIBAOLIEE pa3paboTunKa U cucteMy. B paccmar-
pUBaeMoOi AMAJIOTOBOM CHCTEME 3Ta 3ajjada perraeTcs ¢ moMoIipo ¢pperiMmBopka mo pazpadorke MHC.

Janee npuBeaeHO BBINOJHEHNE NeHCTBUM QpeiiMBopka Ha npuMepe paszpadorku UHC mis peme-
HUS pacCMaTpUBAaeMOM 3aa4ll KJacCu(UKaIHU.

1. Jleticmsue cneyugpuxayuu 3adayu. IloctaHoBKa 3a1auu cPOPMYIIHPOBAHA CIICAYIONUM 00pa3oM:
KJIACCU(HUIMPOBATD TIOHATHS OHTOJIOTHI Ha OCHOBAHWH NX CEMAaHTUYECKON OKPECTHOCTH, T. €. Ha OCHO-
BaHUM UX CBSI3€Hl ¢ APYTMMH CYIIHOCTSIMU B 0a3e 3HaHUH. Bbliensorcs ciaenyomnye 1eneBble KIacChl:

— abCOMIOTHOE TIOHSTHE;

— pOJIeBOE OTHOILCHHE;

— HEpOJIEBOE OTHOIIIEHHUE.

Ha puc. 3 mpeacraBieHa ¢GopMyJIMpoBKa CHeUUPHUKAINK pPaccMaTpUBaeMON 3alaydl Ha S3bI-
ke SCg [5]. B kauectBe b3 nucnonbs3oBanach Meta-cucrema OSTISC. O0yuarorieit BIOOPKOit SBISIOCH
MHOECTBO BCEX MOHATHN b3 ¢ MX ceMaHTHIECKUMHU OKPECTHOCTSIMU. PazMep BEIOOpKH — 93 seMeHTa.

ldeﬁcmaue cneyugukayuu 3adauu
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Puc. 3. ®opmynupoBka 3a1auu KiacCU(PUKALMN TTOHATHS Ha s13bIke SCg
Fig. 3. Formulation of the concept classification problem in the SCg language

2. Jleticmeue ouucmku 6v100pku. 1Ipu pelieHnn paccMaTpuBaeMoi 3a/1adu 3TO JEHCTBUE HE BBINIOJI-
HSUTOCH.

3. Jelicmsue sviaenenus cooepicamenbHulX npusHakos. B ToM ciaydae, Korjaa 3j1eMeHThl 00yyaro-
el BBIOOPKH TIPE/ICTABIICHBI B BUJIE CEMaHTHYECKOW OKPECTHOCTH, PpEiMBOp pelraeT 3ajavqy BeiOopa
TON YacCTH CEMaHTHUYECKOM OKPECTHOCTH ITOHATH, KOTOpasi Hanbosiee XapakTepHa AJIs Kjlacca JaHHOTO
MOHATHS. B KadecTBe Takol 4acTH paccMaTpUBAIINCh:

— MHOXECTBA, B KOTOPBIX COCTOMT HOHSATHE C YKa3aHUEM €r0 POJIH;

— 2JIEMEHTBI, KOTOpPbIe IPUHAIEKAT MOHATHIO C YKa3aHUEM €T0 POJIH;

— UCXOZSIIINE HEPOJIEBbIE OTHOLIEHUS C JPYTUMHU SC-JIEMEHTaMU;

— BXOJISIIIII€ HEPOJIEBBIE OTHOIIEHUS C JPYTUMH SC-3JIEMEHTAMU;

— pa3NUYHbIE COUYETaHUS BBILICIIEPEUNCICHHOTO.

[IpousBenu HECKOIBKO UTEpaurii OOyYeHHMS, U HAWIy4IIUe Pe3yabTaTbl ObUIM HOJIyYEHBI PH UC-
M0JIb30BAaHUH TOH YaCTH CEMaHTUYECKONH OKPECTHOCTH IOHATHS, KOTOPAst OMMCHIBAET BXOASALINE HEPO-
JIEBBIE OTHOLLECHHUS C JPYTUMH SC-IIEMEHTaMHU.

4. Jleticmsue mpancopmayuu npusnarxos. B Hacrosiee Bpemst B ppelimBopke He onucansl MHC,
crocoOHbIe moaydarh SC-KOI Ha BXOJ, OJJHAKO €CTh BO3MOYKHOCTh 00pabaThiBaTh KIIACCUIECKUE TPa-

6 Intellegent Meta System. Available: https://ims.ostis.net (Accessed 22 July 2023).
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¢bbI ¢ momoIkko rpadgoBbIX HEHPOHHBIX ceTeil. [IoaToMy ObLT pa3paboTaH aNroOpUTM MPeoOpPa30OBaAHNUS
SC-kona B kilaccu4eckuid rpad, CyTh KOTOPOTO COCTOUT B 3aMEHE MHIMICHTHOCTH MEXKIY AyraMu
Ha BepunHy rpada. Ha puc. 4 mokasan npumep npeodpasoBanus ¢pparmenra SC-koga B Kiaccuue-
cKuit Tpad.

&
@47 o 1 ¢hatin 2
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‘I; T

mpaHcAAyus sc-mekcma* »
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Puc. 4. [IpeobpazoBanue pparmenra SC-koza B KIIacCHUeCKuil rpad
Fig. 4. Converting a fragment of SC-code into a classical graph

5. Heticmsue pazouenus svioopku. Ha naHHblii MOMEHT (ppeiiMBOP HE UMEET CICIHATU3UPOBAHHBIX
TIpaBUJI 711 pa30ueHMs BBRIOOPOK, TTOITOMY Beerna ucmoib3yeTcs: pazouenue 70/30 (pasmep oOydaro-
e BEIOOPKH K pa3Mepy TeCTOBOI BBIOOPKH).

6. /leticmeue svibopa xnacca MHC. B paccmarpuBaeMoil 3ajade THIT BXOJHBIX JaHHBIX 3a]laBal
knacc MHC — rpadosas neiiponHast cetb (graph neural network, GNN). GNN — 310 cemeiicTBO Heii-
POHHBIX ceTei, KOTOpbIe MOTYT €CTECTBEHHBIM 00pa3oM padoTarh ¢ JaHHBIMHU, CTPYKTYPHPOBAaHHBIMU
Ha ocHOBe Trpada. Kaxxaomy anemenTy rpacda (BepiirHe Wik pedpy) CTaBUTCSA B COOTBETCTBUE HEKOTO-
PRI YMOCITUHT — BEKTOP (PUKCHPOBAHHOHN pa3MEepHOCTH, XapaKTEpHU3YIOMUN d1eMeHT rpada. Kaxaprit
ciioit GNN mpeobpazyer 3TH IMOEITUHTH 110 HEKOTOPBIM MTPaBHIIaM, KOTOPhIE YUUTHIBAIOT SMOSIINH-
I'M COCeTHUX JIeMEHTOB Irpada. M3 smOeauHIroB 3:1eMeHTOB rpad)a BEICUUTHIBACTCS SMOSIIMHT BCErO
rpada. B ¢peiiMBopke yxe HHTErpUpOBaHa peanu3aius’ npenooyuyeHHoN rpadoBoil HEHPOHHOH ceTH
CapsGNN [9], koTopasi UCTIOJIB3YETCs B ClTydae HEOOXOAUMOCTH Ipa)OBbIX HEMPOHHBIX CETEH MO YMOJI-
YaHMIO.

7. lleticmeue ¢hopmuposanus cneyuguxayuu 6x0008 u gvixoooe MHC. Jlins SC-xoma B Xoje Uccie-
JIOBaHUS B Ka4eCTBE HAYAIILbHOTO SMOEIMHTa BEPIIUH MOIYyYUBIIETOCS Tpada paccMaTpruBaIHCh Clie-
JYIOIIIUE XapaKTEPUCTUKU:

— KOJIMYECTBO UCXOASIHUX JYT;

— KOJINYECTBO BXOJISAIINX YT

— paccTosiHUe 10 MaKCUMaJIbHOTO Kiacca B pamkax lIpO sc-onemenra;

— paccTosTHUE 10 TTOHATHH OHTOJIOTHH BEPXHETO YPOBHS;

— HOMEp THIIa SC-AIIEMEHTa;

— Pa3MYHbIE COUETAHUSI BHILICIEPEUUCICHHOTO.

B pesynprare mnepebopa HAWIydlIMM KJIACCUDUIMPYIOIIUM NPU3HAKOM OBbLT BBIOPAaH HOMEp
THUIIA SC-3JIEMEHTA, KOTOPBIM B TEKYIIEH peann3aiuy UCTIONb3yeTcs PPEHMBOPKOM TI0 YMOITYAHHIO.

7 A PyTorch Implementation of Capsule Graph Neural Network. Available: https://github.com/benedekrozemberczki/
CapsGNN (Accessed 22 July 2023).
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8. Heticmsue evioopa memooa onmumusayuu. Meton ontTuMuzanuu GpeiiMBOPKOM He BBIOMpACs,
TaK KaK UCIOJIb30BaJIaCh MHTErpUpoBaHHas peanu3anus o0yueHust CapsGNN.

9. /leiicmsue b1b0opa munumuzupyemou yukyuu owubku. Muaumusupyemas QyHKIUs ONIHOKY HE
BbIOMpaJIach, TaK KaK MCIIOJb30BAJIaACh HHTErpUpOBaHHas peanu3aius o0yueHuss CapsGNN.

10. Heticmsue nauanvrou unuyuanuzayuu. [lockompky B3sita npemodydennass MHC, naganbHas
WHUIMAIIN3AINS BECOB HE TpeOyeTcs.

11. Heticmsue svibopa eunepnapamempos MHC. Ilomumo napaMeTpoB 00y4eHHUsI, KOTOPBIE 3a/1aHbI
WHTETPUPOBAHHON pealu3anueil ¥ Ha KOTOpbIe HE BIUSCT (ppedMBOPK, ObLTH 3aJaHbl TPH 3HAUCHUS
konu4ectsa 3mox (100, 200, 300), Mo TOCTHKEHHH KOTOPBIX OlEHUBAIACH 3(PPEKTHBHOCTL OOYUCHUSI.

12. Jeticmsue obyuenus MHC. VInTepnperanus AeCTBUs CBOAMIACH K BHI30BY MHTETPUPOBAHHOM
peanmuzanuu ooydenmst CapsGNN.

13. Heticmsue oyenxu sgpgpexmusnocmu MHC. Jing oneHkn d(HPEKTUBHOCTH BBICUUTHIBAIHA TPO-
LIEHT NMPaBWIBHBIX KJIaccu()UKanni.

B Tabn. 1 npeacraenensl pesynbrarbl 00yueHUss GNN, KOTOpbIe MOXKHO Ha3BaTh MPUEMIIEMBIMU JIJIS
pelIeHHs TOCTaBICHHOH 3aJauH.

Tabauna 1. Pesynsrarer o0yuerns GNN
Table 1. Graph Neural Network training results

Pazmep Bb1OOpKH / Cpennee KOIMYECTBO /
KonnuectBo smox / Sample size Average quantity Tounocts /
Number of epochs | o6yuaromeit / TECTOBOI / BepIuuH / IyT ayr/ Accuracy
teaching test of peaks of arcs
100 65 28 19 11 0,89
200 65 28 19 11 0,92
300 65 28 19 11 0,92

3aKJIIoueHue

1. IlpennokeHHbId MOAX0A K B3aUMOJCHCTBUIO MHTEIUIEKTYAJIbHBIX CUCTEM C MHTEJUIEKTYyalbHbIM
(hpeiiMBOpKOM 110 pa3padoTKe UCKYCCTBEHHBIX HEHPOHHBIX CETeH Onaromapst MpUMEHEHU0 MHOTOKpaT-
HO HCIIOJIb3YEMbIX KOMIIOHEHTOB TI03BOJISIET TPOCKTUPOBATh HHTEJUICKTYaIbHBIE CHCTEMBI, CITIOCOOHBIS
K CaMOOOYYCHHIO.

2. Peanmu3zanust onucaHHBIX JEUCTBUI periares 3a/ad WHTEIUICKTyaIbHOTO (ppefiMBOpKa 10 pas-
paboTKe MCKYyCCTBEHHBIX HEMPOHHBIX CETEH TMO3BOJMT aBTOMATHYECKH MTPOEKTUPOBATh U 00y4aTh HC-
KYCCTBEHHbIE HEMPOHHBIE CETH MCXOs W3 crenndukanuu 3amadu. OIHAKO BBITIOJHEHNE HEKOTOPBIX
JefcTBHiA TpeOyeT OONBIIET0 KOJTHMYECTBA SKCIEPTHBIX 3HAHUN M AMITMPUYECKOTO OIBITa Pa3padOTKH.
[ToaToMy Ha HauaJIBPHOM ATare AKCILUTyaTaIllUH MPEIJIOKEHHOTO (pPeiMBOpKAa YMECTHO paccMaTpUBaTh
BBIITOJIHEHUEC OTACIBbHBIX Z[eﬁCTBHﬁ paSpa6OT‘II/IKaMI/I C IICJIbIO HAKOIIJICHUA H€O6XOI[I/IMI)IX 3HAHUH.

3. Hampasnenuem nanpHEHIINX WCCICIOBAHUEH MPECTABISETCS U3YUCHHE MPOIIecca IKCIUTyaTa-
MU TIPEUIOKEHHOTO (hpeMBOpKa pa3paboTUMKaMU C HENbI0 Pa3pabOTKH METOIOB aKKyMYIISIIIUN JKC-
MEPTHBIX 3HAHUN U SMIUPUYECKOTO OIBITA.
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AHHOTanus. B crarbe mpejacraBiieHa TpeXMEpHasi MOJENb TKaHEH CIMHBI YEJIOBEKA B MPOTrpaMMHBIX IaKeTax
ZBrush u SolidWorks. BrIinosHeHO MOAETHPOBAHHE TO3BOHOYHOIO CTOI0A ¢ U3rMOOM, MBIIIIL, KUPOBOH TKAHH
U KOXHBIX MOKpoBOB. C ucrons3oBanueM cpeabl COMSOL Multiphysics cmomenupoBaHbl BO3ACHCTBHS 3JICK-
TPOCTUMYJISAIINH Ha OHOJIOTHYECKUE OOBEKTHI, ONIPEeNICHBl XapaKTePUCTHKU. [Ipyn MOJeTMpOBaHNN B CBOICTBAX
KaXXJI0W OMOIOTHYECKON TKaHM 3a7aBajICh 3HAUCHHS YACIBHON 3JIEKTPHUECKON MPOBOIUMOCTH M OTHOCHTEINb-
HOW JMAIEKTPHUYCCKON MPOHUIIAEMOCTH, OBLTH HACTPOCHBI JIEKTPOJBI, CO3aHa CETKa JUIl pa3OUCHUS MOICICH
Ha MEHBIIME YaCTH W JIEMEHTHI, HacTpanBaliach HeoOXomumas gactora. s BepupHUKauy pe3yIbTaToB MOJIe-
JIUPOBAHMUS TIPOBOAMIN HUCCIIEIOBAHUE Ha TTALMEHTE, pacyeT U aHaJIM3 MTOJyYCHHBIX pe3ynbTaroB. PazpaboTaHHbie
MOJIEJI MOTYT MPUMEHSTHCS B KIMHUYECKOW MEIUIIMHE JIJIs1 ONPEACNICHUS] CHUIIbI CTUMYIIHMPYIOIIETO TOKa U 3aja-
HUS [1apaMeTPOB IEKTPOCTUMYJALUU. [Ipyu moCTpoeHuu MOJEIN MOKHO M3MEHSTh TOJILUHY KUPOBOM TKaHH,
KOKH, pa3Mephl MBIIII ¥ KOCTEH, MEHATH Pa3Mephl NEKTPOIOB U TEM CaMbIM MOAOHPaTh HanboIee ONTUMANIBHBIC
MapaMeTPhI JIJISl IPOBEICHHS TCKTPOCTUMYIIAIIUH. MOIETH MOTYT IPUMEHSITBCS TIPH pa3paboTke dPPEKTUBHOM
METOJUKH AJIEKTPOCTUMYJISILMU U CXEMbl HAJIOKEHUS SJIEKTPOAOB ISl ONPEACIIEHHOIO BUIa CKOJIMO03a.

KuroueBble €10Ba: 3IEKTPOCTUMYIIALUS, MOJEIUPOBAHHE, IPOrPAMMHOE BBIYMCICHNUE, MOJEIIb CIIMHEL.
KondumkT nHTEpecoB. ABTOPHI 3asBISIIOT 00 OTCYTCTBHU KOH(IIMKTa HHTEPECOB.

Jas uutupoBanusi. Boponmnosa, T. C. Monens 37eKTpOCTUMYIISIIMA MBI CIIMHBI IPY JICYCHUH CKOJHO3a /
T. C. Boposnmosa, M. B. JlaBeinos // Iludposas tpanchopmanus. 2023. T. 29, Ne 3. C. 75-81. http://dx.doi.
org/10.35596/1729-7648-2023-29-3-75-81.

MODEL OF ELECTRICAL STIMULATION OF BACK MUSCLES
IN THE TREATMENT OF SCOLIOSIS
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2Belarusian State University of Informatics and Radioelectronics (Minsk, Republic of Belarus)

Submitted 21.05.2023

Abstract. The article presents a three-dimensional model of the tissues of the human back in the ZBrush and So-
lidWorks software packages. Modeling of the spinal column with a bend, muscles, adipose tissue and skin was
performed. Using the COMSOL Multiphysics environment, the effects of electrical stimulation on biological ob-
jects are modeled, and characteristics are determined. When modeling, in the properties of each biological tissue,
the values of electrical conductivity and relative permittivity were set, the electrodes were adjusted, a grid was
created to divide the models into smaller parts and elements, and the required frequency was adjusted. To verify
the simulation results, a study was carried out on the patient, the calculation and analysis of the results obtained.
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The developed models can be used in clinical medicine to determine the strength of the stimulating current and set
the parameters of electrical stimulation. When building a model, one can change the thickness of adipose tissue,
skin, muscle and bone sizes, change the size of the electrodes, and thereby select the most optimal parameters for
electrical stimulation. Models can be used in the development of the most effective method of electrical stimula-
tion and the scheme for applying electrodes for a certain type of scoliosis.

Keywords: clectrical stimulation, modeling, software calculation, back model.
Conflict of interests. The authors declare no conflict of interests.
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BBenenue

CoBpeMeHHOE Pa3BUTHE AIapaTHOTO U MIPOTPAMMHOTO 00€CTIeYeHH S JIeTaeT BOZMOKHBIM ITHPOKOE
BHEJIpeHUE HUPPOBBIX TEXHOJIOIHH B IPAKTUUECKYIO0 MeauuuHy. LlnppoBuzanns MeauIUHBI T03BOJISIET
CYIIECTBEHHO YITYy4YLIUTh KaueCTBO M 3()()EKTUBHOCTH 3APABOOXPAHEHUS, COKPATUTh PACXOMbl M yIIyd-
HIUTH JOCTYITHOCTh MEAWIMHCKON noMoImy. OHUM U3 BO3MOXKHBIX ITyTei HH(POPMATH3ALUH Je4eOHOTO
poriecca, Hapsiy ¢ TEJIEMEANIIHON, aHAIN30M OOJIBIIUX JAHHBIX, CO3/IaHHEM TPHIOKEHUH C UCTIONb-
30BaHHEM BHPTYaJIbHOM M JOMOJHEHHON PEeaJbHOCTH, SBISETCS pa3paboTka HMU(POBBIX JBOWHHKOB
JUIS JIGYCHHS YEJIOBeKa — CO3JaHue BUPTYaJIbHOW MOJENN OpraHM3Ma MalMeHTa Ha OCHOBE €ro Meu-
LMHCKHX JaHHBIX. LlndpoBoii nBoiHMK npeacTasisieT coboit udpoByro Morenb GU3MYECKOTO Tema Ma-
LUEHTA, BKJIIOYasi er0 aHaTOMUYECKYIO CTPYKTYpY, pu3nueckue u (GU3noIorndecKre XapakTepHUCTUKI
U TaToJIOTHH. B cTarhe mpecraBieHo MoAeTMpOBaHIE Mpoliecca IEKTPOCTUMYIISIIUN ISl HHIMBHTY-
AIM3MPOBAHHOTO BHIOOPA TTApaMETPOB (PU3HOTEPANIEBTUICCKHX MPOIEYP MPH JICUSHUH CKOJINO03a.

CKOITMO3 — CIIOXKHAS TPEXIUIOCKOCTHAS 1e(hopManus II03BOHOYHHKA, XapaKTEePU3YIOIIAsics B IEPBYIO
oYepe/ib NCKPUBIICHUEM €T0 BO (DPOHTAIBHOM IIOCKOCTH € MOCIEIYIOIEeH TopcHeil 1 NCKPUBICHUEM
B CarMTTaJIbHON IUIOCKOCTH, @ IMEHHO — YBEJIMUEHUEM (PU3NOJIOTMYECKUX U3rH00B (TpyaHoro kudosza
U merHoro jopao3a). [Ipu ckonmose pa3BUBaeTCs MBIIICUHBIN JUcOaIaHC, YTO MPUBOJUT K HAPYIICHUIO
(YHKIIMOHUPOBAHUS BHYTPEHHUX OPTaHOB U cUCcTeM. J{JIsl KOPPEKIMK MBIIIEYHOTOo AucOananca y qetei
C HapyIIeHHeM OCaHKHU U mpu ckonmose | u Il creneneit mpumensercs snexkTpocTuMyrsimst. OHa 1Mo3-
BOJISIET YCTPAHUTD pedIeKTOPHO-CerMeHTapHbIe H3MEHEHHS, C(POPMHUPOBATH MPABMIILHBIA MBIICUHBIH
KOPCET, YTO CIIOCOOCTBYET YCTPAHEHHIO HAPYIICHHS OCAHKHU y JIAHHOW KaTeropuHu JeTeH, peIoTBpalia-
€T Pa3BUTHE CKOJIMO3a MM YMEHBIIACT €0 CTEIICHb.

Lenp uccnenoBannii aBTOPOB CTAaTbU — PACCMOTPETh BHJIBI CKOJIMO32, MBIIIIIbI, 33/ICHCTBOBAHHBIC
B 00pa30BaHUM WCKPUBJICHUS TTO3BOHOYHHKA, XapPAKTEPUCTHKH CTUMYJIHPYIONIMX CHIHAJIOB, a TaKKe
pa3paboTarh TPEXMEpHYI0 MOAENb CIUHBI C MPOBEICHUEM CHMYJIIIUHN SIEKTPOCTUMYISINN B IPO-
rpaMMHBIX Taketax ZBrush, SolidWorks 1 COMSOL Multiphysics. Pa3paborans! ontumanbHas MeTO-
JMKa 3JIEKTPOCTUMYJISILMU M CXeMa HAJIOKEHUS IIEKTPOJOB MPH OIIPEICIICHHOM BHIE CKOJIN03a, CMOJIE-
JMPOBAHO BO3/ICHCTBUE DIEKTPOCTUMYIISIMK HA OHoornueckue o0beKThl. [IpoBeaeHs! nccnenoBanus
Ha MaIUeHTEe C MPOrPAMMHBIM BBIYUCIICHUEM XapaKTEPHUCTHK.

l'[poueccu MOJ€C/IMPOBaAHUSA

HccnenoBanue npoBOAUIOCH B TpH 3Tarna. [1epBbiii — M3yueHue BUI0B, METOIOB KOPPEKTHUPOBKHU CKO-
JIM03a, CITIOCOOO0B HAJIOKEHHS AIIEKTPOIOB MPH BHITIOIIHEHUH MTPOIIEyPhI STIEKTPOCTUMYIIALINH. B crathe
PaccMOTpPEH CKOJIMO3 € BEAYIIEH yTroi B TPYAHOM OT/eNe. DTOT THIT CKOJINO03a — OJTMH U3 HanboJiee Jac-
TBIX U 3JI0KQUYECTBEHHBIX U3-3a OBICTPOTO MPOTPECCUPOBAHUS U TPYOBIX Aedopmanuii rpyAHON KICTKH,
COIIPOBOXK/IAFOIINXCS 3HAYUTEIIBHBIMU HAPYIICHUSMU (DYHKIIUN JABIXaTSILHOU U CEPACYHO-COCYAUCTOM
cucreM. [Ipu nporpeccupoBaHuy poLecca yBEIUUUBACTCS yIOJI HCKPUBIIEHUS B IPYJHOM OT/EIIE, YCU-
JMBAIOTCSI OONEBON CHHJPOM W BHEIIHHI KOCMETHUYECKUH JeeKT, HapylaeTcs padoTa BHYTPEHHHX
opraHoB. Kimmanko-peHTreHonorndeckas knaccudurarus C-o0pa3HOTO CKOIHO3a TaKOBa!

I crenens — c1ab0 BBIpaXKEHHOE MCKPUBJICHUE MO3BOHOYHUKA BO (POHTAJBHON TIIOCKOCTHU, WC-
ye3aroliee B TOPU3OHTAILHOM IOJIOKeHNH. HaOmonaercss acuMMeTpusi HAAIUICUYUH U JIONATOK. YTOJ
ckonuoTHueckon ayru 175°—170° (5°-10°);

76



DIGITAL TRANSFORMATION TECHNICAL SCIENCES
V.29, No 3 (2023)

I crenens — Oojee 3aMETHO WCKPUBIEHHE MMO3BOHOYHWKA BO (PPOHTAIHHOM TUIOCKOCTH, Hame-
yaeTcsi péoepHbIit rop6. [edopmanmst yacTHIHO PUKCHPOBAaHA W TIOJHOCTHIO HE MCYE3aeT MpPH pas-
rpy3Ke N03BOHOUHMKA. HameuaroTces npu3Haku KOMIECHCATOPHOU AYTU. YTOJI UCKPUBICHUS COCTABIIS-
et 170°-155° (10°-25°);

III cTrenens — 3HAUMTENBHAS CKOJIMOTHYECKAs Te(opmaliusl MO3BOHOYHUKA C BRIPAKEHHON 1edop-
MaIuel TPYITHOH KIETKH U O0ibImuM péOepHBIM ropOooM. TyrmoBHIe OTKJIOHEHO B CTOPOHY OCHOBHOM
oyru ckonnosa. Koppekiys MO3BOHOYHMKA MPU pasrpy3Ke HE3HAUUTEIbHAS. YTOJI CKOJIMOTHYECKOM
myru 155°-135° (25°-45°);

IV crenens — yron ckonuorrueckon ayru 135°—105° (45°-75°).

OcHoBHBIM MeTONIOM JieueHus ckonuo3a Il u IV creneneii cuuraercs onepanust. DIEKTPOCTUMYIISI-
[HsI, KaK OJTMH U3 METOMOB (hM3MOTEPAIEeBTHUECKIUX MPOIIeyp, HanOosee mpuemiema i [ u Il creme-
Hel ckonmo3a. Llenb 31IeKTpOCTUMYIISIUN:

— pacTSHyTBIE U CITa0bIe MBIIIIIBI, PACTIONIOKEHHBIE Ha CTOPOHE BEPIIUHBI NCKPUBICHHUS, HEOOXOIH-
MO TOHH3UPOBATh U YKPEILIATh, CIIOCOOCTBYS HX YKOPOUCHHUIO;

— YKOPOUEHHBIE MBIIIIBI B TUIIEPTOHYCE HA CTOPOHE BOTHYTOCTH CIEIYET paccialdisiTh U pacTs-
TUBaTh.

DIEKTPOCTUMYIISIIIUIO TIPHU TPYTHOM CKOJIN03€ HY>KHO TIPOBOJIUTE HA CPETHEH M HIDKHEU Tparerue-
BHIHBIX MBIIIIAX, TAKK€ MOXKHO 3aJefiCTBOBATh OONBIIYI0 POMOOBHAHYIO MBIIIITY, HAXOISIIYIOCS
0o TpaneuueBUIAHON. JIJ1sl 3NeKTPpOCTUMYIISILNY NIPU FPYIHOM HPAaBOCTOPOHHEM CKOJINO3€ 3IEKTPOAbI
clelyeT pa3Mellarh B 1Ba dTama:

I — nns TOHM3UPOBAHMS U YKPEIUICHUS! PACTSHYTBIX MBIIII] — CJIEBa, BJIOJb TO3BOHOYHOTO CTOJIOA
Ha HWKHEW TparnenueBUIHON MBIIIIIE;

I — st paccaabiaeHnsT YKOPOUEHHBIX MBIIII — CIIPaBa, Ha CTOPOHE BOTHYTOCTH BIOJIb ITO3BOHOYHO-
TO CTOJ0a Ha HIDKHEH TparenueBuIHON Meimie [1-4].

Ha ocHoBe aHanmm3a MEIUIIMHCKAX METOUK JJIS JISYCHHS CKOJIM03a pa3padaThIBaid T€TEPOTeHHYIO
MOJIE€JIb TKAHEH CIIMHBI C BOBMOXKHOCTBIO MOACIIUPOBAHUS POTEKAHUSI CTUMYJIHPYIOIIUX TOKOB.

Co3nanue 3D-Moae/ 1M TKaHel CIHHDI

MO,I[GJ'II/IpOBaHI/II/Ie CIIMHBI YCJIOBCKA HAYUHAJIN C KOHCTPYUPOBAHHWA [TO3BOHOYHOI'O cronba ¢ u3ru-
6OM, MBIIIIII, )KHpOBOﬁ TKaHHU U KOXKH. SJ'IGKTpO,[[I)I paciojarajnchb o Cxeme, HpHBCﬂCHHOﬁ Ha puc. 1.

FETHR

00°
T
Q

-~

et

Puc. 1. Dransl pa3menieHust IeKTpoI0B
Fig. 1. Stages of electrodes placement

Jlanee MpOBOIMIN MOJICIMPOBAHUE W CHMYIISIIMIO 3JIEKTPOCTUMYIIALNH B MIPOTPAMMHBIX MaKeTax
ZBrush, SolidWorks, COMSOL Multiphysics. MonenupoBanne — onuH u3 3pGEKTUBHBIX METOIOB H3Y-
YEeHUS Pa3MYHBIX BO3ACHCTBHUI Ha TeJo yenoBeka. CHMHy ¢ NEKTPOoJaMU MOAEIUPOBAIN B IPOrpam-
max ZBrush u SolidWorks (puc. 2).
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AnekTpoabl KOXHbIin nokpoB

MbIWLbl CNWHbI M03BOHOYHUK MoakoxHas XXUpOBas KneT4yaTka

Puc. 2. O6uwmii Bux mozenu B nporpamme SolidWorks Tkaneit ciMHbI ¢ pa3MeIeHneM 3JIeKTPOIOB
Fig. 2. General view of the model in the SolidWorks program of back tissues with placement of electrodes

Jist MofeTMpOBaHUsI BO3ACHCTBHSI JICKTPOCTUMYJIISILIMY HAa OMOIOTHUECKUE OOBEKTHI M TPOBEACHHUS
MIPOTPaMMHOI'0 BBIYHMCIICHUS XapakTepucTUK ucnonb3oBain COMSOL Multiphysics. [lpu atom pema-
JIMCh TaKue 3aJla4d, Kak 3ajanue (U3NUYECKUX CBOMCTB CpeJl, TPaHUYHBIX M JIPYTUX YCIOBUH MOJICIH.
Pe3ynpraTsl aHaTU3UPOBAIIN C TIOMOIIIBIO CPEICTB IIBETHOM Tpaduku (puc. 3).

2.5

0.5

a b

Puc. 3. Monenuposanre B COMSOL Multiphysics:
@ — MEKTPOCTUMYJISAIHS; b — pacTlpeieNieHne TUIOTHOCTH TOKA IO/l SJIEKTPOIaMHU B pa3pese
Fig. 3. Simulation in COMSOL Multiphysics:
a — electrical stimulation; b — current density distribution under the electrodes in the section

[Tpu MOJIETMPOBAHMY B CBOMCTBAX Ka)JIOTO MarepHaia 3a/IaBaIiCh 3HAUYCHHUS YICIbHON DIICKTPU-
YECKOUW MPOBOJIMMOCTH U OTHOCHTEIILHOW JIMANIEKTPUICCKON MPOHUIIAEMOCTH, ObIITH HACTPOCHBI JJICK-
TPOJIBI, CO3/IaHA CETKA JIJIsS Pa3OMeH s MOfIeNeii Ha MEHBIIIUE YaCTH WITH 3IEMEHTHI (10 KOTOPBIM MOYKHO
3aIucaTh CHCTEMY YPaBHEHUIA, OMUCHIBAIOIIYIO PEIICHUE IIIABHOTO YPaBHEHMs), B HACTPOMKAX YCTaHAB-
JIMBAJIM HEOOXOAMMYFO YacToTy. MozenupoBanue npoBo ik Ha yactorax ot 500 no 5000 Iy (tadm. 1).

Tabauua 1. CoiictBa Matepuanos Ha yactore 500 I'rg
Table 1. Properties of materials at a frequency of 500 Hz

YnenbHas anekTpuyecKas OTHOCHUTENbHAS AUIIEKTpUYECKast
Marepwuan / Material MPOBOAMMOCTH, CM/M / MIPOHHUIIAEMOCTB /
Electrical conductivity, S/m Relative permittivity
Koxxa 2,01e-4 1,14e+3
Koctb 8,13e-2 2,23e+2
Kup 4,11e-2 3,31et4
MpImme 3,10e-1 1,09¢+6
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CJ'ICI[yIOHII/Iﬁ oTall pa6OTI>I — IMPOBCACHUC UCCIICAOBAHU HA MTAIIMUCHTC. BI/I,Z[ YCTaHOBKHU AJId BBIIOJI-
HCHU 3TOT'O SKCIICPUMCHTA I/1306pa)K€H Ha puc. 4.

OHKopep
ANA BbICTaBNEHUA
HanpsaXeHna

SHKoaep
ANA HacTPOWKU
napameTpos

MopTel Ana
3/1eKTPOA0B

Oucnnen

a b
Puc. 4. YcraHoBka A1 TPOBEICHMS HCCIIEIOBAHUS:
a — IpHOOP MEKTPOCTUMYIISLIMH; b — IEKTPOIbI pasmepamu 2,5x1,0 cm
Fig. 4. Installation for conducting research:
a — electrical stimulation device; b — electrodes measuring 2.5x1.0 cm

MeTtonrka IpoBeICHUS IEKTPOCTUMYIISIIUU MBIIIII CITUHBI BKJTFOUAJa CIICTYFOIINE 3TAITb:

1) mOATrOTOBKY K MPOBEACHUIO UCCIICIOBAHUS;

2) HaHECEHUE Ha JICKTPOJIbI WK MPOKJIAJIKH COCTaBa, TOBBIIIAIOIIETO 3JICKTPOIPOBOAMMOCTH;
3) pasMereHre Ha TeJe MaueHTa IEKTPOAOB ¢ (PUKCHPYIONTIME JIeHTaMH (puc. 5);

b

P

.,
7%

Puc. 5. Pazmelienue 31exkTpoaoB
Fig. 5. Placement of electrodes

4) npoBeaeHne MEKTPOCTUMY/ISIIMY MBI (1Tpy HanpsbkeHuu 15 B u wactore ot 500 mo 5000 ')
IyTEeM TUIABHOTO PETrYJINPOBAHUS M10JJaBAEMOT0 HANPSKEHUsI C OTHOBPEMEHHBIM KOHTPOJIEM MapaMeT-
POB CTUMYJIHPYIOILIET0 CUTHAJIA Ha ocIyuIorpade 1 OLIyIeHNH MalueHTa;

5) MO WCTeYeHUH BPEMEHU BO3JCHCTBHS — CHITHE 3JIEKTPOJOB, MPOBEPKAa COCTOSHUS IMAIllMEHTA;
IIpU HEOOXOANMOCTH YUACTOK KOXKH, HAXOIUBILHUIICS IO/ BO3AEHCTBUEM 3JIEKTPUUECKOTO TOKa, 00pada-
TBIBAJICS YBIAKHSIOIUMH CPEACTBAMH.

B xone skciepuMeEHTOB 3a7aBaiv T€ JKE MapaMeTphl HAPSKEHHUS U 9acTOThI, YTO MPU MPOBEIEHUU
mozenuposanus B cpere COMSOL Multiphysics.

Pe3ynbTaThl HeciIe10BaHUIl U X 00CY:KIeHUe

XapaKTepUCTUKH CUTHAJIOB MPU AIEKTPOCTUMYIIALNN MBI (PUKCHPOBAINCH HA ocHuiuiorpade
1 B JaJTbHEHIIIEM YIUTHIBATUCH TIPH pacueTe U aHAIM3e TapaMeTpoB (Tadm. 2).

CpaBHeHHE TOKa3areiei AIeKTpocTUMYIsind Tipu MozenupoBannu B COMSOL Multiphysics
1 DKCIIEPUMEHTAIbHOM HCCIIeIOBaHUM MIpecTaBiIeHo Ha puc. 6. Ha rpadukax B mporeHTax OTMEUCHbI
OTKJIOHEHUS 3HAUEHU.
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Taonnuna 2. Pacnipenenenue Toka nNpy JEKTPOCTUMYJIISIUU
Table 2. Current distribution during electrical stimulation

Cua Toka, A / Current strength, A
Yacrora, 't/ Onexrpoctumyriius mpu / Electrical stimulation at Orknonere, % /
Frequency, Hz|  moxenmnposanun 8 COMSOL | skcriepumenTanshom | [ a3HALA TOKOB /| Deviation, %
Multiphysics / modeling ccnenopamn /  |Current difference
in COMSOL Multiphysics experimental study
500 0,0210 0,0199 0,00110 5,23
1000 0,0240 0,0235 0,00050 2,08
1024 0,0260 0,0253 0,00060 2,69
2000 0,0270 0,0268 0,00020 0,74
2500 0,0300 0,0300 0 0
5000 0,0375 0,0373 0,00016 0,53
0,040 0,53 %
0,035
0,030 2,60 % 074% B //}{% 7
2,08 % e

Cuna Toka /, A
o
o
N
o

0,015
0,010 ‘
0,005 I
0 | - SN | | S
500 1000 1024 2000 2500 5000
Yacrora F, Iy
mogenuposaHue 8 COMSOL Multiphysics - 3KCNeprMeHTaNbHOe UccaeJoBaHue

Puc. 6. CpaBHeHue nokasareneii anekrpoctTumyisinuu npu mozaenuposanun B COMSOL Multiphysics
M 9KCTICPUMEHTAIBHOM HCCIICI0BAaHUH
Fig. 6. Comparison of electrical stimulation performance in COMSOL Multiphysics simulation
and experimental study

CormacHo Ta6:1. 2 1 puc. 6, pe3ylIbTaThl, HOIYYSHHbIE TP MPOBEACHNH MPOLIEAYPHI JIEKTPOCTHMY-
nsin U nipu cumyisinnn B COMSOL Multiphysics, IMErOT He3HAYUTENBHYIO Pa3HUILY: U TOKa — OT 0
o 1,1 MA, mist otkinonenns — oT 0 1o 5,23 %.

3aKkiIoueHue

1. Pa3paboTana TpexmepHast MOZIEIIb CITUHBI CO CKOIMO30M, CMOAEIMPOBAHO BO3JACHCTBHE EKTPO-
CTUMYJIALIMU HA OMOJIOTHYeCKHe OOBEKTHI, BHIMOJHEH aHAIN3 ITOyYSHHBIX PE3YJIbTaTOB.

2. PazpaboTaHHbIe MOJICIIM MOTYT HAWTH IPUMEHEHHUE B KIIMHUYECKOH MEIUIIHE JUTSL OTIPECTICHHUS
CWJIBI CTUMYJIMPYIOIIETO TOKA W 3aJaHUs MapaMeTPOB YaCTOTHl M HAMPSHKEHUS TMPHU JIEKTPOCTHUMYJIS-
LIMH, a TaKXKe IS HATJISTHOTO TIPE/ICTABICHNA, KaK TOK PACIIPOCTPAHIETCS MO0 CTUMYIINPYEMBIM 30HAM.
IIpu mocTpoeHNN MOJENN MOKHO H3MEHATH TOJIINHY )KAPOBOM TKaHH, KOYKH, pa3Mephbl MBIIII U KOCTEH,
MEHSTb pa3Mepbl IEKTPOAOB U TEM CaMbIM MOAOUpaTh HanboJee ONTUMaJIbHBIE TapaMEeTPhI AJIS IPO-
BEACHUS JICKTPOCTUMY/ISIIMU. MOJETH MOTYT IPUMEHSTHCS IpU pa3paboTke Hanbonee 3pPekTUBHON
METOAMKH IEKTPOCTUMYJISILIUH U CXEMBbl HAJIOKEHHSI AIEKTPOJIOB Ul ONPEIETIEHHOTO BH/JIA CKOJINO03a.
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AnHoTanus. [Ipy )KecTKNX CpOKax MPOSKTHPOBAHUS U OCBOCHHUS IPOU3BOACTBA CTPYKTYPHO CIIOKHBIX M3/ICIINH
0c000€ MECTO 3aHMMAaeT U3TOTOBJICHHE ONBITHBIX 00pa31oB. C OZHOH CTOPOHBI, 3TOT MPOLECC 3aBEPIIACT KOH-
CTPYKTOPCKYIO pa3paboTKy, ¢ APYroil — mpexBapsieT TeXHOJIOTHYECKYIO MOATOTOBKY OCHOBHOTO IPOHM3BOACTBA.
Hecmotpst Ha Ba)XHOCTH BOIPOCOB pa3pabOTKN HayYHO OOOCHOBAHHON MOJICNH TEXHOJOTHYECKOH ITOArOTOBKH
IMPON3BOACTBA OIBITHBIX O6p33HOB, OHHU 110 CUX MOPp HE HAIIJIU ﬂOCTOIZHOFO OTpaXCHHA B HAYUYHBIX UCCJICAOBaHU-
ax. OT4acTH 3TO OOBACHACTCS STHUECKUMHU COOOPAKESHUSIMH, TOCKOJIBKY B 001aCTH HH()OPMAIIMOHHBIX TEXHOJIO-
Ui pa3paboTUnK B psijie CIydacB HE MOXKET JIO OIPE/ICIICHHOTO BPEMEHH pa3IialiaTh Pe3ylbTaThl CBOMX HCCIIE0-
BaHUi. Llenpb ucenenoBaHus 3aKirodanach B pazpaboTke HHTEpdelica aBTOMaTU3UPOBAHHON CUCTEMBbI TEXHOJIOTHYE-
CKO¥ ITOATOTOBKH IIPOU3BO/CTBA ONBITHEIX 00Pa3LOB CTPYKTYPHO CIIOXKHBIX U3IEIIUH, IPOBOAUMOTO ISl YIIPOLICHUS
B3aMOZICHCTBHS TEXHOJIOTA-TIPOCKTUPOBIINKA ¢ ccTeMol. Pazpaboran nurepdeiic aBToMaTH3npoOBaHHON CHCTEMBI
CTPYKTYPHOT'O aHAJIN3a ONBITHBIX 00Pa3L0B CTPYKTYPHO CIOKHBIX U3/IEIIUHA M CUCTEMbI aBTOMaTU3HMPOBAHHOTO MPO-
eKTHPOBAHMUS TEXHOJIOTMYECKHX ITPOLIECCOB M3TOTOBJICHHMS OIBITHBIX 00PA3L0B TAKUX U3ICITUH.

KoroueBbie cioBa: uHTEpdeic, ONBITHBIA 00pasel, CTPYKTYPHO CIIOKHOE H3JeNHe, aBTOMAaTH3MPOBAHHAS
CHCTEMa CTPYKTYpPHOTO aHAIIN3a, CHCTEMa aBTOMAaTH3UPOBAHHOTO MPOCKTHPOBAHHS TEXHOJIOTHYESCKUX MPOLECCOB.
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Abstract. With tight deadlines for designing and mastering the production of structurally complex products,
the production of prototypes occupies a special place in their life cycle. On the one hand, this process crowns the
design development, and on the other hand, it precedes the technological preparation of the main production. Des-
pite the importance of the issues of developing a scientifically based model of technological preparation for the
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production of prototypes, they have not yet been adequately reflected in scientific research. This is partly due
to ethical considerations, since in the field of information technology a developer, in some cases, cannot disclose
the results of his research until a certain time. The purpose of the study was to develop an interface for an automated
system for the technological preparation of the production of prototypes of structurally complex products, carried out
to simplify the interaction of the technologist-designer with the system. During the research, an interface for an auto-
mated system for structural analysis of prototypes of structurally complex products and a system for automated design
of technological processes for manufacturing prototypes of structurally complex products were developed.

Keywords: interface, prototype, structurally complex product, automated system for structural analysis, system
for automated design of technological processes.
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BBenenue

B crarbe paccmoTrpena akTyanbHas npodiaemMa HupoBoi TpaHC(HOPMALMK MTPOLECCOB TEXHOJIOTH-
YEeCKOM MOIATOTOBKH POMU3BOJICTBA ONBITHBIX 00pa31oB [ 1] cTpyKTypHO CIOXHBIX n3aenuid. aTepdeiic
CHCTEMBI ONMCaH Ha MPUMEpe pa3pabdOTKH, TOBEACHHON 70 MPAaKTHYECKONH MPOrpaMMHON pean3anun
U [IPOBEPEHHON JJTUTEIBHBIM CPOKOM DKCILIyaTalli. DTO 00CTOSATENLCTBO BBITOJHO OTIMYAET MPOBE-
JIEHHOE HCCIIEJIOBAaHUE U TOJMyYeHHBIE PEe3yNbTaThl OT pa3padOTOK, HE MPOIIEAIINX HCIIBITAaHUE Bpe-
MeHeM. Paspaboran mHTEp(delic aBTOMAaTH3UPOBAHHON CHCTEMBI TEXHOJIOTHICCKOW TIOATOTOBKH IPO-
n3BozicTBa onbITHRIX 00pa3ioB (AC TIIIT OO) cTpyKTypHO CIIOKHBIX WU3ENUH IS YIIPOIICHHS B3au-
MOJICHCTBHSI TEXHOJIOra-IIPOEKTUPOBIINKA ¢ cucTeMol. [Ipu mpoBeneHNN UccienoBaHUs BBINOJIHEHA
paspabotka untepderica:

— aBTOMaTH3UPOBAHHOMN cHcTeMBbI CTPpYyKTypHOro aHaiu3a (ACCA) onbITHBIX 00pa3IoB CTPYKTYPHO
CIIOXKHBIX U3JICIIHI;

— CHUCTEMBI aBTOMATH3MPOBAHHOTO IMPOEKTHPOBAaHMS TexHojorndeckux mporeccoB (CAIIP TII) u3-
TOTOBJICHUS OIIBITHBIX 00PA3L0B CTPYKTYPHO CIIOKHBIX M3/EINH.

[Ipu pazpabotke nntepdeiica ACCA pemanuch Cieayromue 3a1a4qm:

1) BBOA MH(OpMAIMU O CTPYKTYPE U3ACIHI 10 YPOBHS BXOAMMOCTH JCTaIIH;

2) yckopeHue Tpoliecca BBoja HHPOPMAITUH 33 CUET UCIIOIB30BAHUS CIICTIUATBHBIX OTIITHH;

3) ucnonsizoBanue 60a3 maHHBIX (B/l), TOMKITIOYCHABIX K aBTOMAaTH3UPOBAHHOW CUCTEME CTPYKTYP-
HOTO aHAJIN3a;

4) mepeHoc CTPyKTypbl COOPOYHBIX €IMHHIL U3 OIHOTO M3IEIHUs B JPYTO¢;

5) orbop neTanelt COOCTBEHHOTO W3TOTOBJICHHS,

6) obecrnieyeHre BBOJA MH(GOPMAIUH, MTO3BOJSIOMICH (HOPMHUPOBATH KOMILIEKT TEXHOJIOTHUYECKUX
JIOKYMEHTOB, BKJIIOYAIOIIMI: BEJOMOCTh MPUMEHSEMOCTH, JTUMUTHO-3a00pOUHYIO KapTy, Marepualb-
HYIO KapTy Ul MEXaHW4YeCKOH 00pabOoTKH JeTalel, BeIOMOCTh Pacxoa MaTepyuasoB U IpyTrue Ha JIro-
ooit cramuu TIIII.

[Ipu pazpadotke nntepdeiica CAIIP TII pemanuce cnenyromnye 3agaqu:

1) mpoBepka 1Mo 0003HAYEHHIO JETadl HAIWYHS TOTOBOTO TEXHOJIOTHYECKOTO MpOoIecca B apXHBE
paHee pa3pabOTaHHBIX TEXHOJIOTHYECKUX MPOLIECCOB;

2) MOMCK TEXHOJIOTMYECKOTO MpoIlecca-aHaiora o HauMEeHOBAHUIO JIETAIM B apXHBe paHee pas3pa-
OOTaHHBIX TEXHOJIOTNYECKUX IIPOLIECCOB;

3) BBOA PEKBH3MTOB 3ar0JIOBOYHOM YacTU NPH padoTe B peKUME HPSMOTO IPOSKTUPOBAHMUS;

4) aBTOMaTHYECKUH MEPEeXo/1 B PEKUM BBIOOPaA MapaMeTpOB METAJUIONPOKATa U3 MOAKII0UeHHOH BJ]
Y IIpY BBOJIE TapaMETPOB 3ar0TOBKH, pacueT HOPMbI pacxojia Marepuaa;

5) bopMupoBaHue ONMKUCaHUs TEXHOIOTHIECKOTO MPOoIlecca ¢ UCIoIb30BaHueM b/ TexHOoIornyecKko-
IO IPOEKTUPOBAHUSL.

[pu 3amrycke AC TIIIT OO mpoeKTHPOBIINK BRIOMPAET CUCTEMY, C KOTOPOI OH OyzeT padboTars. 10
MOXeET OBITh aBTOMAaTU3UPOBAHHAS CUCTEMA CTPYKTYPHOTO aHaJIM3a WIN CUCTEMa aBTOMaTU3UPOBAHHO-
IO IPOEKTUPOBAHNS TEXHOJIOTUYECKHUX MPOIIECCOB.
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HuTepdeiic aBTOMATH3MPOBAHHOI CHCTEMBI CTPYKTYPHOI0 aHAJIN3A

Ha nayansHo# craauu padotsl AC TIIIT OO untepdeiic ACCA mo3BossieT BBOAUTH HOBOE U3/ICITHE
WM BBIOMPATh €r0 U3 CIUCKA paHee BBeACHHBIX. Kaxas 3anmuch Ha IEpBOM ypOBHE JCTaIH3UPYETCH.
TakuMm o6paszom, B 0a3y MaHHBIX 3aHOCHTCS CTPYKTypa OMBITHOTO oOpasiia. CTpYKTypH3aIus MMpoBo-
JIUTCS 10 YPOBHS BXOAUMOCTH JeTainu. CrelanbHbIe OMIINKA Ha YKPaHE TIO3BOJISIOT YCKOPUTH MPOIIECC
BBOna MH(popmaunu. KoHTekcTHOE MEHIO, OTKpbIBaolieecs Ha 3akianke «PemaktupoBaHue», Mo3BO-
JISIeT YCKOPHTH MPOIece BBO/IA MHPOPMAIINH 3a CUET AyOIUPOBAHMS MPEIBITYIIEH CTPOKH (C JanbHEH-
[IMM peIaKTHPOBAaHUEM 3alCH) U TIEPEKITIOUCHHUS Ha BBIOODP MapaMeTpoB U3 APYrux 0a3 (MarepHaios,
CEPUIHO BBITYCKAEMbIX COOPOYHBIX €IWHUI] U TIOKYIHBIX u3zenuii). KOHTeKCTHOE MEHI0, OTKPHIBAIO-
meecsl Ha 3akiyake «ba3bny, MO3BONIAET MPOSKTHPOBIIMKY PENaKTUPOBATh WH(pOpMAIHIO B 0a3ax Ma-
TEpUAJIOB, MAPUIPYTOB U TEXHOJIOTHUYECKUX MPOIECCOB 00pabOTKU AeTaneld, CepHUHO BBITYCKAEMbIX
COOPOYHBIX EIWHUI] ¥ TTOKYITHBIX U3/ICTHH.

B cucteme mpemycMOTpeH psii ONMIINN, YIPOIIAOMINX PaOd0Ty TEXHOJIOTa-TIPOSKTHPOBIIHKA. Taxk,
Ha 3aKsaake «CepBUC» Y MPOESKTUPOBIIUKA €CTh BOZMOKHOCTB TPH ITOMOIIY KOHTEKCTHOTO MEHIO 0CY-
HIECTBIISATh TIEPEHOC CTPYKTYpPbI COOPOUYHBIX €IWHUI] KaK BHYTPU OJHOTO W3JENHs, TaK U MEPEHECTH
CTPYKTYpY COOPOUHOM €AMHHUIIBI U3 OHOTO M3aenus B Apyroe. [locie BBoga CTpYKTyphl OIBITHOTO 00-
pasua u otdopa jaetaneil COOCTBEHHOTO U3TOTOBJICHHUS TEXHOIOT-ITPOSKTHPOBIIHUK MEPEXOIHUT B PEKUM
MIPOEKTUPOBAHUS TEXHOJIOTHUIECKUX MTPOIECCOB.

OreHka MOBBIIIEHUS TPOU3BOAUTEIHHOCTH TPY/Ia MPOEKTUPOBIUKOB, TOCTUTHYTOTO TPH BHEApE-
nun narepdeiica ACCA, onpenensiack myTeM COIOCTaBICHUS] HOPMAaTUBHOW U (DaKTHUECKOH TPyHIoeM-
KOCTH BBHITIOTHEHHUS (YHKIIUW CTPYKTYPHOTO aHanm3a. Ha crammm mpearnpoeKTHOTo NCCIIe0BaHus, BbI-
MTOJTHSIEMOTO C MCIIOJIb30BaHMEM METO/la TUAarHOCTHYECKOTO aHaju3a [2], HopMaTuBHAs TPYI0EMKOCTh
MPOLIECCOB NPOECKTUPOBAHMUS B CUCTEME yCTaHABIUBAIACH HCXO/S U3 CIOKHOCTH, YACIBbHON TPyI0eM-
KOCTH U 00BEMOB MPOSKTUPOBOYHBIX 3a/1ad, pEIIaeMbIX 3a ONpeesIeHHbIN KaleHAapHbId niepuo [3].
[Ipu 3TOM TIpUMEHSUICS TTONIXO0JI, OCHOBAHHBIN Ha 3aMEHE BCETO MHOKECTBA PEIIaeMBbIX 3aJ]lad 3ajaqya-
Mu-nipeacraButensivMu [4]. CymHOCTh MOAXOa 3aKII0YaeTcs B clenyoomeM. B coorBeTcTBuM ¢ HOP-
MatuBaMu ENMHON cHCTEMBI TEXHOJOTMYECKOU MOArOTOBKU Mpou3BoacTBa B cucteme TIIII onbITHBRIX
00pasloB CTPYKTYPHO CIOKHBIX U3ZCIIHIA, B YaCTHOCTH 3€pHOYOOPOYHOI 1 KOPMOYOOPOUHOW TEXHUKH,
CO3JAI0TCs pa3nuyHble (OPMbI JOKYMEHTOB. JIOKYMEHT SIBIISICTCS OCHOBHBIM HOCHTENIEeM HH(pOpManuu.
COBOKYITHOCTE paboT IT0 CO3aHMI0 TOKYMEHTOB pa30ouBacTCs 1Mo (PyHKIHUAM, 3a7adaM | TPYTIIaM JOKY-
MeHToB, oopmirsiembiM nipu TIIIT onbITHEIX 00pa3OB 3epHOYOOPOUHOI U KOPMOYOOPOUHOH TEXHUKH.
W3 kaxaoi rpynimsl BeLAETSIETCS OAHA paboTa, KOTopas SIBISETCS TUIMYHBIM MPEACTaBUTeNneM pado-
THI B CBOEH Tpymme. OTa paboTa Ha3bBaeTCs paboToOH-TIpeicTaBUTEIeM. Pe3ynpTar BRITTOTHEHUS pado-
THI-TIPEACTABUTEINSI — JTOKaIbHas 1esb B cucteme TIIII. TpymoeMkocTs pa3paboTKu OMHOTO JOKYMEHTA
MIPUHUMAETCS] HA OCHOBAaHUM THIIOBBIX HOPM BPEMEHH Ha pa3pabOTKy JTOKYMEHTAIMH COTIAcHO [5, 6].
KonmdecTBo JOKyMEHTOB, KOTOpbIe HEOOXOMMMO pa3paboTars B TE€UEHHE TO/1a, yCTaHABIMBAETCS B pe-
3yJbTaTe aHajin3a JCeSTEIbHOCTH OMBITHOTO MMPOU3BOCTBA 32 IO/l MPOBEACHHUS PEANPOSKTHOTO UCCIIe-
noBaHus. CornacHo [4], HOpMaTHBHAS TPYIOEMKOCTh BBHITIONHEHUST (DYHKIIMHM CTPYKTYPHOTO aHan3a
coctaBiseT 5781 HopMo-uac, a pakTHUeckas TpymoeMKocTh npu ucnonb3oBanuu AC TIIIT OO oxka-
3anmach 2293 HopMo-uaca. Takum 0Opa3om, yaanoch YCKOPUTH BBIONHEHHE (DYHKUIUH CTPYKTYPHOTO
aHanusa B 2,5 pasa.

HuTepdeiic cucTteMbl aBTOMATH3HPOBAHHOIO NMPOEKTHPOBAHUSI TEXHOJIOTHYECKHUX MPOLECCOB

Ha HauanpHOU cTajuy MPOEKTUPOBAHUS TEXHOJOTHYECKOTO Ipoliecca nHTepdeiic odecreunBaeT
ABTOMATHYECKYIO MPOBEPKY HAIMYHS TOTOBOTO TEXHOJIOTHUECKOTO MIpoliecca 0 0003HAYCHHUIO ICTaIIH.
[Ipu MONOKUTETBHOM MCXOJE MOUCKA HHTep(eiic TO3BOJSET BbI3BATH HANIECHHBIM Mpolecc Ha IKpaH
JUIS €T0 OlLIeHKU. B ToM ciyuae, ecii MoucK 1o 0003HAYSHHIO JI€TaIN He /1aJl TTOJIOKUTENIbHBIX Pe3yib-
TaTOB, MMPOEKTUPOBIIUK TPH ITOMOIIHA HHTEpdeiica CHCTEMBI IMIEPEXOINUT B PEKUM TTOUCKA TEXHOJIOTH-
YEeCKOTOo TpoIiecca-aHanora 1o HauMeHoBaHuo netand. [Ipu aTom uHTEpdeiic cructeMsl obecreunBaeT
BBIBOJ] K2XKJIOTO M3 YHHKAILHBIX MapIIpyTOB 00pabOTKH JeTalli yKa3aHHOTO HauMeHoBaHU. [Ipu He-
BO3MOYKHOCTH 3aMMCTBOBAHMSI U3 apXMBa TEXHOJIOIMUYECKOTO Mpoliecca-aHalora NpoeKTHPOBIIUK MPU
oMoIIH nHTep(derica MOXKET MeperTH B PEKUM IMPSIMOTO TPOEKTHUPOBaHKUA. B aTOM ciiydyae BHavane
OH TIpH TTOMOIIU HHTepdeiica BBOAUT PEKBU3UTHI 3ar0JIOBOYHON YaCTH TEXHOIOTHYECKHX TOKYMEHTOB,
4acTh M3 KOTOPBIX (POPMHUPYETCS] aBTOMATHUECKU (Hanpumep, (paMuiinsi IpOeKTUPOBILUKA ONpPEACIs-
eTCs 10 ero WACHTU(UKAIMOHHOW 3amucH). Jpyras nHdopmanms BEIOUpaeTCcss U3 CHOPMUPOBAHHBIX
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npu aganrauuu bJl. Hanpumep, eciu npu BeIOOpe BUA 3aroTOBKU yKa3aH MPOKAT, TO CHCTEMa aBTO-
MaTHYECKH MEPEXONUT B PEXKHUM BhIOOpa mapaMeTpoB Metautonpokara u3 bJI. Beidop Bemercs mo tex
op, Toka He Oy/eT onpeaeneHa MapKHUpPOBKa MaTepHralia COracHO HOPMAaTHBHOMY JAOKYMEHTY. 3areM
BBOZATCA MTAPAMETPBI 3aTOTOBKH, M CICTEMa aBTOMaTHYECKH ITOICYUTHIBAET HOPMY PAacXo/ia MaTepuaia.
[Tocne BBO/IA 3HAYEHUSI Beca JIETAIM CHCTEMa OnpeaeisieT Ko uImeHT uenoap30BaHus MaTepraa.

WnTtepdeiic cucreMbl npeaycMaTpuBaeT BBOJ TaKMX MapaMeTpoB, kak « OCHOBHAsI HIEPOXOBATOCTh
neranu» U «Hucio pa3MepoB Ha 1ojie 4yeprexay. B nanpHelemM oHM UCIIONb3YIOTCS U1 ASHTU(DHKA-
IIUH TIPH TTOMICKE aHAJIOTa, a MOCIEAHUN — U JUTS OIIEHKH TPYI0EMKOCTH TeXHOJIOTHYECKOTO MTPOEKTUPO-
BaHus. [lapamerp «Heyka3aHHble peesbHbIE OTKIIOHEHUS» UCIIONB3YETCs Il aBTOMAaTU3UPOBaHHOTO
OIIpEENICHUSI IOIyCKOB Ha CBOOOIHBIC pa3MepBhl.

Ha stoM ¢dopmupoBaHne 3aroJoBOYHBIX M OOIIUX JISi TEXHOJIOTHUECKOTO Mpolecca MapaMeTpoB
3aBepIIacTCs, M MPOSKTHPOBLIMK IPU MOMOIIHM UHTepdeiica cHCTEMBbI IEPEXOANUT B PexkUM (GopMHUpo-
BaHMsI MaplIpyTa 00pabOTKH AETaIH, IPU ATOM HCIIOIb3YI0TCs b/l BUI0B SKCTIEPUMEHTAIbHOTO IIPOU3-
BojicTBA. MapuipyT dopmupyercst ¢ ucronab3oBanreM b/l omepanuii sKcriepuMeHTaIbLHOTO POU3BOI-
CTBa, MOzEIb 00opynoBanus BeiOupaercs u3 bl obopynosanus. Ilpu popmupoBanun MapipyTHOrO
OINHMCAHUS TEXHOJIOT HMEET BO3MOKHOCTh JUPEKTUBHO 3a/1aTh HEKOTOPBIE MapaMeTpsl, HAITPUMeEp, MO~
TOTOBUTEJIbHO-3aKIIOYUTENHHOE U IITYYHOE BPEMs.

B ocHoBy nporiecca ¢popMupoBaHHs ONEPALIMOHHOTO OMMCAHUSI TEXHOJIOTHUECKOTO IpoLiecca Moo-
JKeHa yHUBepcaabHas cxema. s ee mpaktrdaeckoit peanuzanuu B CAIIP TII Oputi cO3MaHbl U B3anMO-
yBsI3aHBI cieayromue 0a3bl TaHHBIX:

«YCTaHOBOYHBIE TIEPEXOABLY;

«CBS13p orepanuii 1 KIFOYEBBIX CIIOBY;

«KiroueBble clioBay;

«IIpenMeTsl IPON3BOACTBAY;

«XapaKkTepuCTHKH MPEIMETa IPOU3BOJCTBAY;

«XapaKTepUCTHKH BBITTOJTHEHHS MIEPEXOIOBY;

«Jlomyckuy;

«Turnosele nepexonp;

«Apxus nepexonos» (ARCPER) [7].

OneHka MOBBIIEHNS TPOU3BOAUTEIBHOCTH TPyl MPOEKTHPOBIIUKOB, TOCTUTHYTOTO IPU BHEApE-
auu uHTepdeiica CAIIP TII, npousBogunack myTeM COMOCTABICHUS HOPMATHBHOW M (DakTHUECKON
TPYAOEMKOCTH BBIIOIHEHHS (YHKIHH MPOCKTUPOBAHUS TEXHOJIOTHUECKUX TpoueccoB. Heobxomumo
OTMETHUTh, YTO, COIACHO [4], HOpMaTUBHAsI TPYNLOEMKOCTb BBIIOJHEHHS (YHKLIMH NPOECKTUPOBAHUS
TEXHOJIOTUYECKUX MpOoIeccoB cocTapiseT 240 458 Hopmo-4yacoB, a (pakTuyeckas Mpu HCIOJIb30Ba-
nun AC TIIT OO okazanace 12 318 Hopmo-uacoB. Takum 00pa3oM, yAaaoCh YCKOPUTH BBIMOTHEHUE
(hyHKIINY TPOCKTHPOBAHUS TEXHOJIIOTHUECKHUX ITpoiieccoB B 19,5 pa3za.

@dopMuUpOBaHHE TEXHOJOTHYECKOIo Mpouecca, MHTerpanus nurepgeiicon

dopMHpoBaHUE OINEPANMOHHOTO OMHCAHHS TEXHOJOTHYECKOTO Ipollecca HaYMHAETCS C YCTaHO-
BOYHOTO Tiepexofia. Beibop HavabHOTO ycTaHOBOYHOTO Tiepexona u3 bl «YcTaHOBOUHBIE TIEpEXOIbh»
OCYILIECTBIISIETCS 110 YHUKaIbHOMY Koay 3anucu B bl «Bux npoussonctsay. [lpu nomomu nnrepdeiica
ABTOMaTU3HPOBAHHO OIPEEIIAETCs Psiji MMapaMeTpoB €ro OnucaHus. B 4acTHOCTH, KIIIOYEBOE CIIOBO,
npeaMeT (nemMeHT) 00paboTku u T. 1. [Ipu popmMupoBaHu 0CHOBHOTO Mepexo/ia Ha 0aze YHUBepcallb-
HOM cxeMBbI (HOPMHUPOBAHUS TEXHOJOTHICCKHUX TIEPEXOIOB [ 8] OCYIIECTBIIICTCS MTOCICIOBATCILHEIN BBI-
0op psaa mapamerpoB. Ha mepBom miare BrIOMpaeTcst KIIOUEBOE CIOBO TIepexoia, Ha BTOPOM BBOJHUTCS
KOJIM4eCTBO 00padaThIBaeMbIX TP BHITIOIHEHUH Tiepexo/ia 3eMeHTOB. Ha TpeTheM 1rare BeIOMpaeTcs
00pabaTeIBaeMblil IPY BBIOTHEHUH MIEPEX0/ia 3JIEMEHT, Ha YETBEPTOM — XapaKTeprcTHKa oOpadarhiBa-
€MOT0 ITPH BBIIIOJTHEHUH Ilepexoaa »ieMeHTa. Ha msaTom mare BBOIUTCS XapaKTepHBIN mapaMeTp oopa-
00TKH, yKa3aHHBIN Ha YepTeKe JeTajH, Ha IECTOM BBOJSATCS MCIOJHUTEIBHBIE Pa3MEpHI C JIOTYCKOM,
3aHECEHHBIM B TEXHWYECKHE YCIIOBHUS Ha JAHHYIO JI€Talb W BBEACHHBIM IMpH (HOPMUPOBAHUH 3arojo-
BOYHOM 9aCTH TEXHOJIOTHIECKOTO Tiporiecca. [Ipn BBoge yka3aHHBIX TapaMeTPOB K HUIM aBTOMAaTHYECKH
JO0ABIIAIOTCS BEpXHHE U HIDKHUE OTKJIOHEHUs. Ha celbMOM 111are BIOMpaeTCs XapaKkTepUCTHKA BBITION-
HEHMS nepexoia (OKOHYaTeNbHO, TIPEIBAPUTEIBHO H T. 11.).

Takum 0Opa3zom, TeKCT mepexoaa chopMUPOBAH OKOHYATENIBEHO, M IIPU MTOMOILY HHTEepdeiica cucte-
MBI ITPOEKTUPOBIIHK MEPEXOANT K BEIOOPY CPENICTB TEXHOJIOTHMUECKONW OCHACTKU. BHauase BeIOUpaeTcs
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pexynmii nHCTpyMeHT. it aToro ucnons3yercs b/l pexxymmx nacrpymenTtos. Ecnu Be16op nHCTpY-
MEHTa OJTHO3HAUCH M OUEBUJICH, HAIIPUMEp, BBIOODP CBEpia MpH 3alaHHOM TUaMeTpe OTBEPCTHUS U TITy-
OWHE CBEpIICHUS, TO CHCTEMa aBTOMAaTHIECKU 3aHOCHT 0003HaUCHHE BEIOPAHHOTO CBEpIIa, M Oaromaps
uHTEpQENCy CUCTEeMbl IPOEKTUPOBILHUK €ro BUANUT. B ToM ciydae, korga cucteMa HaXOAUT HECKOJIBKO
HWHCTPYMEHTOB, YAOBJIETBOPSIIOIINX [TOMCKOBOMY OIMUCAHUIO, COPMUPOBAHHOMY TI0 MapaMeTpaM TeX-
HOJIOTHYECKOTO Tiepexo/ia (Mareprai HCXOJHOW 3aTO0TOBKY, HAMMEHOBAHUE OTIepaIlii, CTPYKTypa mepe-
X0Ja ¥ mapameTpbl 000pyI0BaHus), HHTEp(EHC CUCTEMBbI BHIBOAUT Ha 3KpaH BCE AOMYCTHMBIE TEXHO-
JIOTMYeCKHe peleHus. B 3ToM ciryyae okoHUaTenbHBINA BEIOOP OcTaeTcs 3a MpoeKTupoBIIrkoM. [locne
BbIOOpA PEXKYIIET0 HHCTPYMEHTA CUCTEMA aBTOMATHUECKH IIEPEXOAUT B PEKHUM BbIOOPA BCIIOMOTaTENb-
HOTO, a 3aT€M U3MEPUTEIBHOTO HHCTPYMEHTOB. ABTOMaTHYECKHI X BHIOOp 0a3upyeTcsi Ha MOUCKOBBIX
OIMCaHMSX, CPOPMUPOBAHHBIX ITPH BBIOOPE PEXKYILIEr0 HHCTPYMEHTA, MOZETH 000pYI0BaHUSI U aHAJIU-
3€ TEeKCTa Mepexosia ¢ y4eToM Buaa o0pabarsiBaeMOil MOBEPXHOCTH, a TAKKE HOMUHAJIBHOTO 3HAYCHUS
1 TOYHOCTH BBIJIEpPKHMBaeMoro pasmepa. [IpucnocoOneHust BRIOMPAIOTCS TOJIBKO JUIS YCTAaHOBOYHBIX
WIN TIepeyCTaHOBOYHBIX MEPEXOA0B. 3a KaKI0W MOJEIbI0 000pY/IOBaHMS 3aKpeIrieH OIpeIeIeHHBIH
KOMIUIEKT YHMBEPCAJbHbBIX MPHUCIIOCOOJICHUI, KPOME 3TOr0, NMPOEKTUPOBLIMK HMMEET BO3MOXKHOCTh
BHECTH IIPU HEOOXOANMOCTH 0003HAYCHUS CIICIHATIBHOTO MPUCTIOCOOICHHUSI.

CrnenyromuM 3TaroM MPOEKTUPOBAHMS SBIIAETCS pacyeT pexXuMoB pe3anus. [Ipu atom untepdeiic
CHUCTEMBI OTpaKaeT X0l pacuyeTa 3HaUCHUH apaMeTpoB pexxuMa. [Ipn omHOIIpoxoqHOM 00paboTKe BBO-
JUTCS BEJIMUMHA IITyOMHBI pe3aHusl Ha JaHHOM nepexozne. [Ipu MHoronpoxoaHoii o0paboTke B 001acTh
BBOJIa MOYKHO BBECTH (POPMYITY: KOJIMYECTBO MPOXOI0B, YMHOKEHHOE HA TITyOHHY Pe3aHust JJisl Kax10To
npoxoza. [locne 3Toro cucrema aBToMaTH4eCKy pacCYMTHIBACT ApaMeTPhl peKUMa Ha 0a3e yKpyIHEeH-
HBIX HOPMaTHBHBIX JaHHBIX. JTOT pacyeT MPOEKTHPOBLIMK MPU HEOOXOIUMOCTH MOXKET OTKOPPEKTHPO-
BaTh, BBEJIS HY)KHBIC MONPABKH. Tak, OH MOXKET U3MEHUTh Bennuuny nofgadn ¢ 0,4 Ha 0,2 MM/00 — ipu
9TOM CHCTEMa aBTOMATHUYECKH [IEPECUNTAET U OTKOPPEKTUPYET BCe apaMeTpsl peskuma. Y oH MoxeT
HM3MEHHTH YacTOTy BpalieHus mmuHaens ¢ 2745 na 800 00/MUH — IIpU STOM CHCTEMa TaKKe aBTOMa-
TUYECKH TEepecynTaeT mapamerpsl. Ha 3aBepmarornieM sTare MpOeKTHPOBIINKY HEOOXOIUMO BBECTH
MO3HULINIO HHCTPYMEHTA, TIOCJIE 3TOTO pacyeT pexumMa OyJIeT 3aKOHYEH.

B mponecce npoekTHpoBaHUs BCE MPOMEKYTOUHBIE M OKOHYATENIbHBIE PELIeHHs], TIPUHUMAaeMbIe
IIPOCKTUPOBLINKOM, 3aHOCSATCS] B apXUB I'OTOBBIX perieHnil. PakTHUeCKn B HEM XPaHSTCS Pe3yJIbTaThl
MPUHATBIX PaHee TEXHOJOTMYECKHX pelieHui. Takum o0pa3oM, Ipu M3MEHEHUH HOPMATUBHOW 0a3bl
(Harmpumep, MapKUPOBKHM HHCTPYMEHTOB) aBTOMAaTHU3MPOBAHHO IPOUCXOANUT U3MEHEHNE TEXHOIOrHyec-
KHX IPOLIECCOB, XPAHSIIIUXCS B APXHUBE, IOCKOJIbKY M3MEHSETCSl TOJIBKO 0003HAUCHHUE MIPUHATOTO TEX-
HOJIOTOM-TIPOEKTHPOBILUKOM pELIeHHs. AHAJIOTMYHAs CUTyalllsl BO3HUKAET U NPU M3MEHEHUM IapKa
obopynoBanus. BejeHne HOBOro 000pyIOBaHUS POCTO PACIIUPSET BO3MOKHOCTH TPOCKTUPOBAHUSI.
3aMeHa ycTapeBlIeld MOAEIM Ha aHAJIOTHYHYIO, HO 00Jiee COBPEMEHHYIO, PEIaeTCss KOPPEKTUPOBKOM
cripaBoYHHMKA. B ciydae BeIBoga Kakoro-nmmdo o00pyaoBaHus U3 UCIIOIB3YEMOT0 B apXUBE C TOMOIIBIO
uHTepdelica CHCTEMBI MOYKHO TIOJIyYUTh CIIPABKY O TEXHOJOTHYECKHUX IMPOIeccax, B KOTOPBIX OHO HC-
M0JIb3YETCS U, aKTUBU3UPOBAB MX, IPOBECTU HE0OX0onuMble u3MeHeHus1. [locie BBoa TeXHOIOTHIECKO-
T0 Ipoliecca B apXyB TEXHOJIOT MOXKET C(OPMUPOBATH HEOOXOIUMBIN KOMILIEKT T0OKyMeHTOB. [Ipu 3ToM
TEXHOJIOT-TIPOCKTUPOBIIUK MOKET CAMOCTOSITEIIEHO C(OPMUPOBATH HEOOXOIUMBII KOMILIIEKT JIOKYMEH-
TalWH, Uil TOTO0 eMy IpU oMol uHTepgeiica cucTeMbl HEOOXOANMO BBIOpATh ONEpalny, Ha KOTO-
pBIe cleyeT COCTaBUTh ONEpAIMOHHBIE KapThl. 3aBEpIIAIONIMMH dTallaMu SIBISIIOTCS (POPMHUPOBAHHE
Y pacrieyaTka TEXHOJIOTHIECKOH TOKYMEHTAIIHH.

WnTtepdeiic nopcucteM novcka MHGOpMaLuy B apXUBE MPEABLIYIINX Pa3pabOTOK MO3BOJISIET ObIC-
TPO OTBICKATh paHee pa3paboTaHHBIN TEXHOJOTHYECKHH Mpoliece Mo 0003HaYEHUIO cOOPOYHON eIMHH-
Bl (JeTaNn) WK OBICTPO TIOXOOpaTh aHAJIOT, 3aITOJIHUB HEOOIBINON MTepedeHb XapaKTePUCTHK ETaIH.
[Ipu 3TOM ObOecneunBaeTcsl 3HAUNTEIBHOE COKPALICHUE TPYIOEMKOCTH PEIICHHS 33134 IPOEKTUPOBa-
HUS TexHoJoruueckux mpoueccon (tadm. 1) [1]. MaTerpauus ACCA u CAIIP TIIIT OO crpykrypHO
CJIOKHBIX U3AEIHUH, 00eclIeueHHas 3a CUeT HHTepQerca 3TUX CUCTEM, ITOBBIIIACT KaYe€CTBO IPOEKTHBIX
peLICHUI M CHUKAET PUCK IOTEpH HH(OPMALINK [TPH TIepeade U3 OQHON CUCTEeMBI B Apyrylo. KauecTBo
NPOCKTHBIX PEIICHU TOBBIIIAETCS 32 CYET UCTIONB30BaHUS MMPUHIIUIIA PA30BOCTH BBOA HH(POPMAIINH,
IIPUMEHIEMON KaK AJIsl CTPYKTYPHOTO aHaJIM3a KOHCTPYKTHBHOI'O COCTaBa OIBITHOIO 00pasla CTPyK-
TYPHO CIIOKHOTO W3AETHS, TaK U JJIsl IPOSKTUPOBAHUS TEXHOJIOTMYECKUX MPOLIECCOB COOPOUHBIX €M~
HUII U JieTasel, MoIeKalluX U3rOTOBJIEHUIO B 3KCIIEPUMEHTAIbHOM ITPOU3BOCTRE.
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Taoauna 1. Pactipenencare HOPMATHBHOW U (PaKTHUECKOHN TPYIOEMKOCTH
IIPY MCHOJIB30BAaHMH aBTOMATH3UPOBAHHOW CHCTEMBbI TEXHOJIOTUYECKOH MOATOTOBKH IIPON3BOJCTBA
OTIBITHBIX 00PA3I0B
Table 1. Distribution of normative and actual labor intensity
when using an automated system of technological preparation prototype production

TpynoemMKocTb, HOpMO-4Yachl /
Haumenosanue 3anaun / Task name Labor input, standard hours

HOpMaTHBHas / normative | haktryeckas / actual

Pa3paboTka TeXHOJIOTMYECKNX MPOIIECCOB H3TOTOBICHHUS OIBITHBIX 00Pa3IoB 215233 9803

PazpaboTka ynpapnsromux nporpaMM U TeXHOIOTHYECKOH 15 896 2090
JIOKYMEHTAIMH Ha OTIePaliy, BHIIOIHIEMbIe Ha 000pyI0BaHUN
C YHCIIOBBIM IIPOrPaMMHBIM YIIPaBICHUEM

Pa3paboTka TeXHUYECKOTo 3a/laHusl Ha TPOSKTUPOBAHUE CPEACTB 8920 406
TEXHOJIOTHIECKOTO OCHAIICHUS

PazpaboTka pekoMeHganuii Ui BKIIOYEHHS B IUIaH MOAEPHU3ALNU 25 1
IKCHEPUMEHTAIBHOTO IIeXa

Pa3paboTka HOPM MOETATBLHOTO PACX0/ia MATEPUATIOB JUIs AeTasei 384 18
COOCTBEHHOTO M3TOTOBJICHUS

Hroro 240 458 12318

[Ipu >TOM MpaKkTUYECKHU UCKITIOYEHA BO3MOXKHOCTh OIMMHUOOK TIpH miepenade napopmarmu n3 ACCA
B CAIIP TII. Omeit skemmyaranun AC TIIIT OO noxka3zan, 4yTo moyrydaemasi B pesysbraTe MpoBeIeHuUs
CTPYKTYPHOTO aHaJH3a BEIOMOCTh IPUMEHSAEMOCTH Oaromapsi cBoel 3HaYUTEIbHONH HH(DOPMATHBHO-
CTH TIMPOKO HUCIIOIH30BAIACH TEXHOJIOTAMH, COTPYIHUKAMHU MTPOU3BOICTBEHHO-TUCIIETIEPCKOTO OO0,
MacTepaMu, HOPMHUPOBIIUKAMHU ¥ SKOHOMUCTAMHU JUISI OPraHU3aluU pabOThl IKCIIEPUMEHTAIBHOTO MPO-
n3BozicTBa. OHAKO TpymoeMKocTh ee moydeHus: 6e3 npumenenuss AC TIIIT OO Owuia qoctaTtodHO
BBICOKOM.

3ak/oueHue

1. MaTepdeiic aBTOMaTH3UPOBAHHOW CHCTEMBI CTPYKTYPHOTO aHaIn3a MAaeT BO3MOXKHOCTEL CO3/a-
BaTh AJIEKTPOHHYIO BEPCHIO CTPYKTYPBI U3/ICIIHS MapaJUIeIbHO C pPa3padOoTKON ero KOHCTPYKITUH 32 CUET
yA0OHOTO MEXaHH3Ma MePeHOCca COCTaBOB COOPOYHBIX €IMHUI] U JIETAIeH M3 OIHOTO MECTa B JIpYroe,
BILJIOTH JIO MCIIOJB30BAHUS 3TOW MH(POPMALIMU B IPYTUX M3AenusaX. [Ipu 3TOM 3HAYUTENHLHO YCKOPUTH
poIecc BBoJa HH(GOPMAIIMK IOMOTal0T CIICLUAIbHbBIC OIIIMH, TO3BOJISIOIINE 1yOINPOBaTh HPEAbIY-
Y10 CTPOKY BBOJIA, 3aMMCTBOBATh WH(GOPMAIIHIO 13 0a3 TaHHBIX MaTepUAIIOB, CEPUIHO BBITYCKAEMBIX
COOpPOYHBIX EAMHMII, JETATCH U MOKYITHBIX U3ACIUN.

2. UnTepetic cucTeMbl aBTOMaTH3UPOBAHHOTO TIPOSKTUPOBAHHS TEXHOJIOTHIECKHX TIPOIIECCOB U3-
TOTOBJICHUSA OIIBITHBIX o6pa3u013 CTPYKTYPHO CJIOKHBIX I/I3I[GJIHI7[ JacT MPOCKTUPOBIINKY BO3MOXHOCTD
CcaMOMy peularh BONPOC O CTENEHU JETaNU3aluy ONUCAHUSI TEXHOJIOTHYECKUX MPOLIECCOB — OT Maplli-
PYTHOTO A0 omnepanroHHOro. [Ipu 3TOM 3HAUYNTEIHHO YCKOPUTH MPOCKTUPOBAHKE ITO3BOJISICT MEXAHU3M
OTIMCaHUsI TEXHOJIOTHH 0e3 CO3MaHus KapT 3CKH30B C OPUEHTHPOBKOM TOJBKO HA YEPTEK JCTATH WITH
COOPOYHON CTUHHUIIBI.

3. UnTepdeiic moacucTeM MONCKa CPEACTB TEXHOJIOTHYECKOW OCHACTKH B aIallTHPOBAHHOM IO yC-
JIOBUS SKCHIEPUMECHTAJIbHOT'O IPOMU3BOACTBA CUCTEME IMO3BOJIACT aBTOMATUYCCKU BI)I6I/IpaTI) O60pyILOBa-
HUE, IPUCTIOCOOIEHNS M HHCTPYMEHTHI.
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