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AHHOTAUUA

Beeoenue. CoopHbIe ke1e300eTOHHbIE PEOPUCTHIE TUTUTHI MOJIYYMIN IIUPOKOE NIPUMEHEHNE B KaYeCTBE MEPEKPHITUH 1
MIOKPBITHH 3JaHUH MPOMBIIUICHHOTO, XHJIOTO M OOIIECTBEHHOTO Ha3HA4YEHHA. VX MCIOIb30BaHNE B JAHHOM KadyecTBE
00yCJIOBIICHO BBICOKOM TEXHOJOTHIHOCTBIO M3TOTOBJICHHS, ()(EKTHBHBIM HCIIOIB30BAaHHEM OCTOHA M BO3MOXHOCTHIO
aBTOMAaTH3allMX NIPOU3BOJACTBA Ha 3aBojax. OJHON M3 BayKHBIX 3a4a4 IPU MPOEKTUPOBAHUU TAKUX KOHCTPYKIMH SIBIIS-
eTcs pacyeT Hecylel CloCOOHOCTH HOPMaNIbHBIX CeYeHHUH. TpaauIiMOHHbBIC METOIBI pacuéTa sIBISIOTCS Hale)KHBIMH, HO
MopaibHO yctapenu. Ceifqac B HH)KCHEPHOH MPaKTHKE BCE Yallle MIPUMEHSIOTCS METOIbI MAIIHHHOTO O0YUeHHMS, TIe HC-
CJIeJI0BaTeNN JeNaloT BEIOOP B MOJB3y UCKyCCTBEHHBIX HeHpoHHBIX ceteil (MHC). Mcnons3oBaHne TpaJUIIMOHHBIX Me-
TOJIOB NPH 00pabOTKe CTPYKTYPUPOBAHHBIX JAHHBIX, TAKUX KaK TaOJMIbI U 0a3bl JaHHBIX, UIMEET CBOM OrpaHHUYCHHUSI.
Heiipocetn cmocoOHBI aHAMM3UPOBATh HECTPYKTYPHPOBAHHBIE JaHHBIC, TAKHE KaK TEKCT, M300pakKeHUS U BHJEO, UTO
OTKPBHIBAET HOBBIE BO3MOYKHOCTH JIJIsl aHAJIM3a M MOHUMaHUst MHpopMaluu. B craTbe npeisioxkeH 1moaxon K Heipocere-
BOMY MOJICJTHPOBAHHUIO HECYINEH CITOCOOHOCTH HOPMAJIbHBIX CEUCHHUN COOPHBIX KeJIe300€TOHHBIX PEOPUCTHIX TUIUT.
Mamepuanst u memoowvt. CTpyKTYpUpPOBaHHBIN 1 00paOOTaHHBII MACCHB JaHHBIX (1aTaceT) BKIodaeT 20 o0pasnos, 1t
KOTOPBIX pa3paboTaHa M Bepu(UIMPOBaHA pacuETHAsI MO/ICNIb HA OCHOBE MHOTOCIIOHHOTO ITepcenTpoHa. BxoHpMu napa-
METpPaMH CIIy>KaT FeOMETPHIECKHe U (PU3NKO-MeXaHUUECKNE XapaKTEPUCTHKHY IUTUT U BEJIMYMHBI IPUIIOKEHHBIX HAIPY30K,
BBIXOJTHOM TTapameTp — MpeAeNbHbIH H3rHOAI0IINi MOMEHT, BEIYHUCIICHHBIH 110 METOY MPEIeNIbHBIX COCTOSHHH.
Pezynomamut uccneooganus. O0ydueHne Ha OrpaHMYEHHON BBIOOPKE HE NPUBEIIO K IEPEe0OyUIEeHHI0 Moeny Onaronaps
KOPPEKTHOMY Pa3/IeJICHUIO IaHHBIX Ha TECTOBYIO, OOYYAIONIYI0 U KOHTPOJbHYIO IAPTUH M UCIIOJIb30BAHHIO KBa3HHBIO-
TOHOBCKOTO METOJ[a ONTUMHU3AIMH. MOoeIh NPOJeMOHCTPHPOBAJIa BEICOKYIO TOYHOCTh U HaJI&KHOCTh. MICKyCCTBEHHBIE
HEHPOHHBIE CETH YCIEIIHO BISBIAIOT HEJTMHEHHBIC 3aBHCHMOCTH MEX/y NapaMeTpaMu 0e3 alpHOPHBIX JOMYIIEeHUH.
Obcyscoenue u 3axniouenue. IlpensoxxeHHas MOJIENb HE 3aMEHSIET CYLIECTBYIOLINE PacUEThl, HO CIYXKUT d(PPEKTHBHBIM
IU(GPOBEIM HHCTPYMEHTOM JUIS OBICTPON MPOBEPKH MPOEKTHBIX PEIICHWH, ONTHMU3AIMK APMHUPOBAHUS W TIOBBIIICHUS
Han&KHOCTH KoHCTpyKImid. E€ BHeapenne B cuctembl BIM 1 mm¢poBsie m1aThopMbl CTPOUTEIECTBA COOTBETCTBYET Tpe-
6oBanusM Munyctprn 4.0 1 cozaeT HOBbIE BO3MOXKHOCTH JIISI IPOESKTHPOBAHHSI COOPHBIX JKeJIe300€TOHHBIX KOHCTPYKITHH.

KiaroueBbie cioBa: pe6pI/ICTaH JKeJIe300€TOHHAS [IIUTa MEPEKPLITHUA, n3rubaeMele OJICMCHTBI, HCKYCCTBCHHBLIC HCprOH-
HBIC CE€TH, MAILIMHHOC 06y‘l€HI/IC
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Abstract

Introduction. Precast reinforced concrete ribbed slabs are broadly used as floors and coverings for industrial, residential
and public buildings. Their use in this capacity is due to the high technological efficiency of manufacturing, efficient use
of concrete and the possibility of automating factory production. One of the critical tasks in designing such structures is
to calculate the bearing capacity of normal cross sections. Traditional calculation methods are reliable, but they are out-
dated. Machine learning methods are increasingly being employed in engineering, where researchers are opting for arti-
ficial neural networks (ANNS). The use of traditional methods in processing structured data such as tables and databases
has its limitations. Neural networks are capable of analyzing unstructured data such as text, images, and videos, which
opens up new prospects for analyzing and comprehending information. The article sets forth an approach to neural net-
work modeling of the bearing capacity of normal sections of prefabricated reinforced concrete ribbed slabs.

Materials and Methods. A structured and processed data array (dataset) includes 20 samples for which a computational
model based on a multilayer perceptron has been developed and verified. The input parameters are the geometric as well
as physical and mechanical characteristics of the slabs and the applied load, the output parameter is the limiting bending
moment calculated using the limit state method.

Research Results. Training on a limited sample did not lead to retraining of the model due to the correct division of data
into test, training and control batches and the use of the quasi-Newton optimization method. The model has displayed a
high level accuracy and reliability. Artificial neural networks are capable of identifying nonlinear dependencies between
the parameters with no a priori assumptions.

Discussion and Conclusion. The suggested model is not a substitute for the existing calculations, but it serves as an
efficient digital tool for quick verification of design solutions, optimization of reinforcement and improvement of struc-
tural reliability. Its implementation into BIM systems and digital construction platforms is in compliance with the require-
ments of Industry 4.0 and creates new opportunities for designing prefabricated reinforced concrete structures.

Keywords: ribbed reinforced concrete floor slab, bendable elements, artificial neural networks, machine learning

For citation. Rimshin VI, Usanov SV, Vydrin AN, Kern AE, Makarova ES. Neural Network Modeling of the Strength
of Normal Sections of Prefabricated Reinforced Concrete Ribbed Slabs. Modern Trends in Construction, Urban and
Territorial Planning. 2025;4(4):53-60. https://doi.org/10.23947/2949-1835-2025-4-4-53-60

Brenenne. B coBpeMeHHOM ITPOMBIIIJICHHOM M TPa’KJJaHCKOM CTPOHTENBCTBE COOPHBIE JKeIe300€TOHHBIE peOPHUCThIE
IUTUTBI OCTAlOTCA OJHUM M3 BOCTPEOOBAaHHBIX PEUICHUH JUISI yCTPOHCTBA MEPEKPHITHNA M MOKPHITUH 31aHUI Oaromaps
COUYETAHUIO SKOHOMUYHOCTH, HaJEXKHOCTU M TEXHOJIOTMYHOCTH. VX npuMeHeHne onpaBaaHo BEICOKOH CTENEHBIO 3aBOJI-
CKOW TOTOBHOCTH, HaJTaX)KEHHOCTHIO MacCOBOT'O CEPUIHOTO MPOM3BOACTRA, ONITUMAIBEHOH (POPMOIL TOTIEPEUHOTO CeUeHNS,
MHUHAMH3HPYIOIIEH pacxo/ 6eToHa py 00ecrieYeHnH He0OX0JMMON HecyIiel criocoOHOCTH U 1e()OPMATHBHOCTH.

Pacuér npoyHOCTH HOPMAJILHBIX CEYEHUH PEOPUCTHIX IUINT SBISETCS HEOTHEMIIEMOH YacThIO pacueToB 1o | rpymme
IpeieNbHBIX coCTOSTHUH. TpanuimonHsie MeToabl pacuéra, mpuseneHnsle B CI1 63.13330.2018 «betonHbIe 1 Kene300e-
TOHHBIE KOHCTPYKIIH. OCHOBHBIE TIOJIOKEHUSY, BISIOTCS HAASKHBIMU U XOPOIIO 3apEKOMEH/I0BaN ce0s, HO B ITOCIIE-
HHUE J[Ba IECSATWIETHS B MH)KEHEPHOW MpaKTHKE BCE Yalle MPUMEHSIOTCS METOABI MAalIMHHOTO 00y4yeHus. Yamie Bcero
HCCIIeIOBATEIN IeTA0T BHIOODP B MOJIB3Y UCKyccTBeHHBIX HelHpoHHBIX ceTell (MHC). [TpenmymectBo MHC 3akimovaercs
B CIIOCOOHOCTH BBISBIISITH CKPBITHIC HEIWHEIHBIE 3aBUCUMOCTH MEKIy MHO)KECTBOM BXOJHBIX MapaMETPOB U IIEJIEBOI
nepeMeHHoi. B oTmiame ot ananutuaeckux moneneit, MTHC He TpeOyroT anpropHOro 3aganns (GyHKIHOHAIBHBIX 3aBU-
CHUMOCTEH, YTO JeNaeT NX 0COOCHHO IIEHHBIMHU, B YaCTHOCTH, JUIS ONpPEJICNICHNs] HECYIIeH CIIOCOOHOCTH CTPOUTEIBHBIX
KOHCTpYyKuuii. Bonpocs! nHGpOpMannoHHOTO MOICINPOBAHUS B pacueTe CTPOUTEIbHBIX KOHCTPYKIIUH 1 TPUMEHEHHS HC-
KyCCTBEHHOT'O MHTEJUICKTA B JAHHOH 00acTH OBUIM paccMOTpEeHbI B poccuiickoii [ 18] u 3apybexnoii [9—16] TexHuye-
CKOI1 nuTeparype.
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[enbto HACTOSIIEH CTAThU SBJSIETCS Pa3pabOTKa M BepUPHKAIHS HEHPOCETEBOW MOJICNU IJIsl IPOTHO3UPOBAHUS HE-
cyIei CioCOOHOCTH HOPMAITbHBIX CEUSHUH COOPHBIX KeIe300€TOHHBIX PEOPUCTHIX TIIHT.

Marepuaibl u MeToabl. O0beKTaMu HccieaoBanus ciyxuan 20 peOpUCTHIX IUTUT MIUPUHON IPHUBEJCHHOTO CEYCHUS
ot 1460 mo 1150 MM, paboueii BeicoToit oT 370 1o 240 MM 1 iposieToM ot 4550 mo 8100 mMm. bonee moapoOHBIE CBECHUS
0 JaTaceTe MpHUBEICHEI B Tabmmie 1.

Tabmuma 1
XapakTepUCTUKH PEOPUCTHIX HKENE300€TOHHBIX TIHT
o /i[ bf', MM ho, MM b, MM lo, MM q,kH/M | Ry, MIla | Rs, MIla | Asp, cM? Mui, kKHM
1 1460 370 150 6250 16,95 17 695 4,40 124,15
2 1160 370 185 7080 19,60 17 870 6,08 147,39
3 1160 344 185 7900 11,93 22 1215 2,49 111,70
4 1150 270 150 5675 18,15 17 520 5,88 87,70
5 1360 344 185 8100 18,66 22 1300 4,51 214,25
6 1360 344 185 8100 17,40 17 1300 2,27 94,54
7 1450 240 150 5400 16,90 17 1250 2,88 92,40
8 1450 270 150 7050 16,89 17 1390 3,23 157,42
9 1450 270 150 4700 11,31 17 1390 1,15 46,84
10 1360 260 185 4690 17,54 22 1130 2,12 67,52
11 1460 370 150 6200 17,05 17 690 4,50 128,20
12 1160 370 185 7050 19,30 17 880 5,98 145,10
13 1160 344 185 7850 11,53 22 1190 2,53 115,10
14 1150 270 150 5700 18,25 17 530 6,05 90,30
15 1360 344 185 8000 18,82 22 1300 4,61 220,10
16 1360 350 185 8050 17,00 17 1250 2,05 93,38
17 1450 240 150 5350 16,50 17 1250 2,72 90,50
18 1450 270 150 7000 16,68 17 1390 3,18 156,10
19 1450 270 150 4750 11,33 17 1390 1,19 49,92
20 1360 260 185 4550 17,24 22 1130 1,95 65,23

JUist KaxkI0i TUTMTHI TIPUBEIEHBI CIEAYIONIME TIAPAMETPHI: IPUBEIEHHAs NIMPUHA TIOJKK Dt (X1), pabodas BeICOTa
ho (x2), mpuBeaeHHast mmpuHa pebpa b (X3), pacuerHsrit mposeT lo (X4), BeIuunHa MPUITOKEHHONW PABHOMEPHO pacrmpeie-
JIEHHOM Harpy3kH ( (Xs), MpU3MeHHas MPOYHOCTh 6eToHa Ry (X6), Ipeien TeKyuecTH CTanbHO# apMatypsl Rs (X7), iomams
CeUCHHs MPEAHANPKEHHON apMaTypsl Agp (Xg) U 3HaUYeHHE mpeaenbHoro narubdaromiero momenta My (Y). Tlocnenssis
BEJIMYMHA B AajbHeieM OyleT sBJISAThCS Pe3ysbTaToM IPOTHO3a HeipoceTeBol mozenu. [IpeaesnbHble u3rubaromme
MOMEHTHI BBIYHCIICHBI [0 METOTY TPEAETIbHBIX COCTOSHUII.

Jns noctpoeHus HeilpoceTeBol Mozenu ucnodibzoBaics nporpamMmuslii kommieke STATISTICA 14.0 ¢ mogynem
Neural Networks, o0ecrneunBarIIIM peaan3alnio apXUTEKTYPhl B BUIE MHOTOCIOHHOTO IIepcenTpoHa ¢ 00paTHBIM pac-
npocrpaHenueM ommoku. Co3aHne HEHPOHHOW CETH B BHJE MHOTOCIIOHHOTO MEPCENTPOHA 00YCIOBIEHO CIEU(PHUKOH
MIOCTABJIEHHOH 3a/1aun. VIcKyccTBeHHas HEHpOHHAs CeTh BKIIIOYAET B ceOst TpH ciiosd. BxomHoH cioit cocrosur u3 8 npu-
BEJICHHBIX BBIIIE HE3aBUCUMBIX IEPEMEHHBIX. UUCIIO HEHPOHOB B CKPBITOM ciioe u3MeHsanock oT 1 o 20. ITocne npo-
XOXKJIEHHSI CKPBITOTO CIIOSI CUTHAJI, ITPe00pa30BBIBAsICh HA KAXKIOM 3Tarle C IIOMOIIBI0 COOTBETCTBYIOMNX (DYHKIUH aK-
TUBALIUH, [TOCTYIIA] B BBIXOJHOM CIIOM, COJEPIKAIINI €TUHCTBEHHYIO 3aBUCUMYIO TepeMeHnyo — My (V). Kakaprii u3
HEHPOHOB CKPBITOTO U BBIXOAHOTO CJI0S1 COAMHEH CO BCEMHU HEHPOHAMH HPEABIAYIIETO CIIOS.

Pa3smep naracera mo3BOIHII ITOTYYUTH ONTUMAIFHOE COOTHOIIIEHNE 00Y4YalomIel, TeCTOBOI 1 KOHTPOIBGHON BRIOOPKH
B MporeHTHOM BbipaxxeHun 70, 15 u 15 coorBercrBerHo. KonnuecTBo 3mox (mmkinoB o6yuenus) papuo 1000 (puc. 1).
Jliist 06paboOTKH MOCTYIMAIOIIIX CHTHAIOB Ha Ka)IOM dTale ObUTH HCTIpoOOBaHb! Bee PYHKIMU akTHBAIUH (pHC. 2).
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:=E SANN - Automated Network Search (ANS): Spreadsheet_RS ? * ::E SANN - Data selection: Spreadsheet_RS ? *
Active neural networks Quick  Sampling {CNM and ANS) | Subsampling
Met. 1D MNet. name Training perf.  Test perf.  Validation perf.  Algorthm Ermor funct oK
Sampling method =
1 MLP 8-7-1 0.554085 0.996251  0.958809 BFG515 505 §
2 MLP 8101 099979 0999998 0998253 BFG5 79 505 ShrE e Cangel
3 MLP 891 0983134 (0995300 0999878 BFGS 15 50§ © Random sample sizes: P —
4 MLF 8171 0896213 0398305 (0996374 BFGS 11 505 Train (%): 70 E]
E MID 0444 nooER noo7nio ncococoT7 DCze 11 [=lal=s T
. Set the test and./or
Test (%): 15—@ validation sample fields
Validation (%): 15 E to Dto exclude these
Guick l MLP activation functions ] Weight decay ] Inttialization _— Samﬂe_s from the
: analysis.
= Seedf ling:
Metwork types Train/Retain networks il eed for samping K@
aue Metworks to train: 20 El Gotoresits Subset variable
Min. hidden units: 1 ~ i T
— El Networks to retain: 10 El Save networks~ (_) Sampling variable:
. . — MD handling (inputs)
Max. hidden units: 20 EI "
" [ Data statistics O Casewise
— Error function — L
[_JRBF: (_) Mean substitution
5 Sum of squares Summary
g Cross entropy Cancel f;%éfg Case selection
B optons  ~ &  Case weights
a) 6)

Puc. 1. XapaktepucTuky HeHpoCceTeBOH MOJIENH: @ — IS CIIy4aifHON BEIOOPKH; 6 — IuIs CKphITOTO citos 1 o0ydernus IHC

Quick  MLP activation functions lWeight decay] Initializalion]

= Train
Activation functions: =
Hidden neurons Output neurons i Gotoresults
Identi ] Identit
= ) Ity i Save networksv
Logistic Logistic
Tanh Tanh il  Data statistics
Exponential Exponential ; Summary
Sine Sine
Cancel
E] Options ¥

Puc. 2. BeiOpaHHbIe (yHKIINH aKTUBALMH CKPBITOTO M BBIXOJHOTO CJIOSI HEHPOHOB

Anroputm bpotinena-®nerdyepa-T'onpagpapoa-lllanno (BFGS) npencrasmser coboit onuH u3 Hambonee 3PeKTHB-
HBIX METOJOB KBa3WHBIOTOHOBCKOW ONTHUMHU3ALMUH, IPUMEHSAEMBIH JUIsi 00YYeHHUs] HCKYCCTBEHHBIX HEHPOHHBIX CETEH.
OyHKIMS TOTEPh C BECOBBIMU KO PHUIIMEHTAMI MUHUMU3UPYETCSI HTEPaTHBHO. B paMkax HaCTOSIIEro UCCIIeIOBAaHUS
JIAaHHBIN aJlTOPUTM HMCIOJIB30BAJICS JUIsl aJAalITUBHOTO OOHOBJICHHS MApaMETPOB CETH Ha OCHOBE alllpoOKCHMAIIMU 00part-
HOM Marpuipl ['ecce, 4TO MO3BOJISIET YYUTHIBATH BTOPBIE IPOU3BOIHbIE (QYHKIMU OUIMOKK O€3 SIBHOTO MX BBIYMCIICHUSI.
B xauectBe neneBoil GpyHKIMU ObUTa MPUHATA CYMMa KBaapaToB oTkiaoHeHui (Sum of Squares, SOS), onpenensemas o

¢dopmye (1):
E(w;) = Z(Yi -2 1)

rJie Yi — BBIXOJIHOE 3HAUCHHUE i-r0 HEHPOHA BBIXOIHOTO CII0sT; Vi — TpebdyeMoe 3HaYeHue i-ro HelpoHa BHIXOIHOTO CIIOS.

OOyueHne MPOBOIMIOCH HTEPATHBHO, TO €CTh Ha KaXKJIOM dTaIle (MO0Xe) Ha BXO/I ITOCIIE0BATEIFHO OJaBaIiCh BCE
HaOJIOICHUS, a pe3yAbTUPYIOIIHE 3HAYCHHUS COMOCTABIIUIUCH C LIEIEBBIMHU M PACCUUTHIBAJIACh COOTBETCTBYIOIIAs BEJIH-
yuHa ournbOku. B nporpamme STATISTICA utoru pacuera npefcTaBisiioTcs B TadanuHON popme. TOYHOCTD pe3ysbTa-
TOB HEHPOCETEBOI0 MPOTHO3WPOBAHHS OLIEHUBAJIACH COTTOCTABICHUEM PE3yIbTaTOB CO3JaHHOM MOJIENN C ONBITHBIMH Be-
JIUYMHAMH U BBIYUCIIIACKH TI0 hopmyte (2):

S5 = Yiunc=Yi | 100%, (2)
Vi

I2IE Yinne — 3HAUYEHHE Pa3pylIafoNiero U3rudaromero MOMeHTa, I0Jly4eHHOe ITPpH IPOrHo3upoBaHuy ¢ nmomoursio MHC B
i-OM HCTIBITAHUH; i — (AaKTHYECKOE 3HAUCHHUE Pa3pyIIAIONIero H3rHOArOMIEr0 MOMEHTA B i-OM HCITBITAHWH.

Brum mpotectuposans! 10 apxutextyp MLP ¢ konmdgecTBOM CKpHITBIX ¢l0€B OT 2 10 19 (puc. 3 u 4). Hanmyumme
Pe3yJIbTaThI IPOJAEMOHCTPUPOBAIA HEMPOHHAS CeTh ¢ apxuTekTypoir MLP 8-9-1, BhimeneHHast 3eJIeHOH paMKO.
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| Net. name | Trainin, i Test perf Validation perf Training error Test error Validation error Training algonithm Error function | Hidden activation Output activation
[ MLP 871 0,994085  0,996291 0,998809 10,62153 16,48046 9,93623 BFGS 15 S0s Logistic . Identity

-10-1 0999609 0 9y9uus Q995253 069092 000526 1530408 BEGS (4 508 lanh 1
[Cmpesa 0983134 0,995300 0,999878 3172447 1267781 5840971 BFGS 15 S0S Identity Tgﬂh
MLP 8-17-1 0,996219  0,998305 0,996374 6,83131  18,37588 20,66575 BFGS 11 S0S Tanh 1dentity
MLP 8-14-1 0.992155  0,997018 0,998773 13.76911 2146851 20,28928 BFGS 11 S0S Identity Identity
MLP 8-13-1 0,984357  0,998660 0,999682 28,9871 6,83088 53,70908 BFGS 21 S0s Tanh Tant
MLP 8-11-1 0.992339  0.997115 0.999887 13.50086 16.44569 11,82677 BFGS 11 S0S Tanh Identity
MLP 8-19-1 0,995462  0,996490 0,998304 810334  15,24956 9,80945 BFGS 11 S0S Logistic Identity
MLP 8-9-1 0998522 0,997551 0,998666 2.71952 7.02600 9,66670 BFGS 34 S0s Tanh Exponentia
MLP 8-2-1 0.999066  0.998745 0.998871 176863 4.50505 440192 BFGS 58 S0s Loaistic Exponentia

Puc. 3. Xapaxrepuctuku noxyueHasx MTHC

[ Met name | Training pef_ | Test perf | Validation perf | Training error | Testemor | Validation eror | Training algorithm | Error function | Hidden activation | Output activation
[GEEE] 0.983134 0.995300 0,999876 3172447 1267781 5840971 BFGS 15 508 Identity Tanh

Puc. 4. Xapaxrepuctuku Hanmyumed THC

3HaueHUs apeacIbHOTO I/I31"I/16310Hlel"0 MOMCHTA IO JaHHBIM pacde€Ta U IMpOTrHO3a BI:I6paHHOﬁ HHC HUITIOCTPUPYET
Ta6nnua 2. Taxxke B Ta6J'II/II_Ie MOXHO BUACTDH NPUHAJICIKHOCTD KAXKA0T'0 Cliydast K o6yqa}on1e171 1100 TECTOBOM napTusaM.

Tabmuma 2
PesynbraTe! mporHozupoBanust 1yt BeIoOpanHoi MTHC

Case Muft Mult - Output

name Target 3. MLP 8-3-1

1 [ 1241500 127,8000
2 1473900 149,7304
3 111.7000 118,3796
4 87.7000 81,9504
] 94,5400 100,3477
7 92,4000 101,5405
9 46,8400 41,1607
10 67,5200 71,4283
12 14561000 147,2489
13 1151000 114,5124
14 90,3000 90,6634
15 220.,1000 196,96045
16 93.3800 84,6343
20 65,2300 62,0702

Benmuuna paccunranHoit mo gopmyne (2) ycpenHeHHON oTHOcHTenbHOH morpemHocT MLP 8-10-1 paBHa 5,6 %.
ITo rpaduxy (puc. 6) BUIHO, YTO TOYHOCTH PAOOTHI MMOJTYYSHHOI MO BBICOKAs!, MOJIEIIb YCIEIIHO CIPABIISETCS C T10-
CTaBJICHHOH 3ajadeil. JIerko 3aMeTHTh, YTO TOJIBKO OJHUH CIIy4ail HECKOJNBKO YHAJIeH OT JHaroHallH, MpeICTaBISOLIeH
co00ii HaeanbHOE MECTO PACIIONOXKEHHUS TOUeK NporHo3a. OcTaibHble 3HAYCHHMS, NPeCKa3aHHbIe MOJEIIbIO, JIUIIb He-
3HAYUTEJIBHO OTKJIOHSIOTCS OT JAUArOHAIIH.

Mult (Target) vs. Mult (Output)
Samples: Train
220
210
200 5
190
180
170
160
150
140
130 °
120 o
110
100 %
90
80 @
70 ©
60 B
50
40 o
30
20
20 40 80 80 100 120 140 160 180 200 220 240

Mult (Target)

Mult (Output)

Puc. 6. 3aBucuMocTb MeXTy paKTHIECKUM H IPOTHO3HBIMH 3HaYeHUAME Mult

Bri6pannas MHC «Hayuniach» yYUTHIBaTh IMEIOLIHECS HEIBHBIC 3aBUCHMOCTH MEX Ty BceMH mapamerpamu. OHa He
MPOCTO «3alIOMHMHAET» JaHHbIE, a OOHApYKMUBaeT (pusnuecku 000CHOBaHHBIE 3aKOHOMepHOCTU. HelipoceTeBass MoJienb
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HE UCIOJIb3YeT HUKAKUX MPEAIOI0KEHHH U aonymeHuii (o ¢popMe >MIopsl HANPSDKEHUH U 1p.), TOJIBKO 00ydaeTcsi Ha
peanbHBIX JaHHBIX. [Ipy 3TOM ¢ yBeNnMYeHHEM pa3MepoOB JaTaceTa CICAyeT 0KHUAATh CYIIECTBEHHOTO HOBBIIEHHS TOY-
HOCTH pabOoTHI MpeATaraéMoi MOJIEITH.

OTaenbHO OTMETHM, YTO HE TOJIBKO TOYHOCTh MOJIENH SBILSIETCS €€ MPEUMYIIECTBOM, HO M BPEMs pacueTa BCEMHU
N3BECTHBIMH METOAAMH, BKITFOUAs YUCICHHOE MOJICTTMPOBAHNE, YCTYNAeT HEHPOHHBIM CETSIM. DTO JaeT AOIOTHUTEIbHbIC
apryMeHTHI B IOIB3Y nanbHeimero BHeapeHus MTHC B cocTaB mpoekTHBIX padoT.

PesyabTarsl uccienoBanus. IlonyueHHble pe3yabTaThl MOATBEPAKAAIOT, YTO UCKYCCTBEHHbIE HEHPOHHBIE CETU SB-
JISIFOTCSL HOBBIM OOOCHOBAHHBIM MOAXO/OM K OIPEAEICHHIO HECYIEH CTOCOOHOCTH M3ru0aeMbIX AJIEMEHTOB, SBIISIFOTCS
3G PEKTUBHBIM METOJIOM pPEIICHNUS 3a/aui. Y CcpeJHEHHbIC 3HaUeHNsI OTHOIICHNH (pPaKTHYEKCKHX U PacCUeTHBIX pa3pylua-
IOMIMX M3rHOAFONIMX MOMEHTOB M KOA(QQUIMEHTOB UX BapHaluy noiay4mnock paBHbM 0,993 u 0,069 cooTBeTCTBEHHO.
HecmoTps Ha BBICOKYIO TOUHOCTB, Ha ceronHsmHuil 1eHs MHC He 3aMmeHseT apyrue MeTosl pacueTa KOHCTPYKIMM, HO
MOXeET OBITh PEKOMEHIOBAaHA KaK JOTIOJHUTEIBHBIHN I(POBOH HHCTPYMEHT [UISl IPOBEPKHU NMPOEKTHBIX PEIICHHUH, ONTH-
MU3aIUHI APMUPOBAHUSA KEIEe300€TOHHBIX JIEMEHTOB M TOBBIICHHUS HaJEKHOCTH KOHCTPYKIIHH.

OO0cy:knenne u 3axkjao4enue. Pazpaborannas Momens MOXeT OBITh HHTETpHpOBaHa B cucteMbl BIM, uTo cooTBeT-
ctByeT ctparernu Manyctpuu 4.0. Ycnemuoe npumenenue THC B cTpouTeNnbHOM OTpacin — 3TO €CTECTBEHHBIHN 3Tall
SBOIIIOINH WHXCHEPHOH HayKu. JlanpHEHIINM maroM MoxeT OBITh pa3paboTka oTKpeiToro API mis moctyma k Mogenn
B paMKax Hu(poBoii miaropmsl.
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