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OBILIAA XAPAKTEPUCTHUKA PABOTHBI

AKTYyaJIbHOCTH TeMBbI AUCCEPTALMH. CoBpeMeHHbIE METO/IbI
TEIUIOTEXHUYECKOTO pacuera TpeOyIoT ydera OONBIIOT0 KOJUYECTBAa MapameTpoB,
TaKMX KaK KIMMATUYECKUE YCIIOBUSA, CBOMCTBA MaTEpPUAIOB, KOHCTPYKTHUBHBIE
0COOCHHOCTH 3[IaHUI U HOpMaTUBHbBIE TpeOoBaHusA. OHAKO TPAJIUIIMOHHBIE METOIbI
pacdeTa 3a4acTyl0 OKa3bIBAIOTCS TPYJAOEMKUMH U TPEOYIOT BBHICOKOW KBaTH(UKAIINH
CIICLIMAJIMCTOB. B NMaHHOW CBSA3M AaKTyalbHOM 3aJadyed SBJSECTCS ABTOMATH3AlUA
mpolecca TeIIOTEXHUYECKOTO aHalli3a Ha OCHOBE MAIIMHHOTO O0Oy4YeHHs, KOTOpbIE
OTKPBIBAIOT HOBBIE BO3MOXKHOCTH ISl pa3pabO0TKU IKCIEPTHBIX CHCTEM, CIIOCOOHBIX
aHAIM3UPOBaTh W MPOTHO3UPOBATH TEIUIOBBIE XAapPaKTEPUCTUKH OrPaKIArOIINX
KOHCTPYKIIUM C BBICOKOW CTENIEHBIO TOYHOCTH.

Takum oOpa3oM, pa3pabOTKa OHKCHEPTHOW CHUCTEMBI TEIJIOTEXHUYECKOTO
pacyera OrpakJaroMMX KOHCTPYKIMI € NOPUMEHEHWEM METOJIOB MAIIMHHOIO
oOyueHHus SIBIIETCS aKTyaJlbHOM 3ajauei, OTBEYarolle COBPEMEHHBIM TEHACHIUSAM
MOBBIIIEHUS SHEProd(EKTUBHOCTU 3JaHUN M BHEAPEHUS HWHTEJUIEKTYaAJIbHbIX
TEXHOJIOTUU B CTPOUTEIBHYIO cepy.

CBs3b  TemMbl  JAUCCEPTANMH €  NPHOPUTETHBIMM  HAYYHBIMH
HANPABJIEHUSAMH, KPYNHBIMH HAYYHbIMH MNpOrpaMMamMM  (IPOEKTAMH),
OCHOBHBIMH  HAYYHO-HCCJIEAOBATEIbCKMMH  padoTamMH,  NPOBOAHUMBIMU
o0pa3oBaTeJbHBIMU M HAYYHBIMHU Y4YPe:KICHUSIMH.

UccnenoBanusi, mNpeAcTaBiICHHbIE B JUCCEPTALIMM, BBINOJHEHbI B paMKax
HAy4YHO-HCCIIE0BATENbCKUX padoT, mpoBoAauBLIMEecS B KbIprbI3ckOM HHXKEHEPHO-
cTpoutesbHoM nHCTUTYTE M. H. Mcanora (2017-2023rr.).

esabio ncciie10BaHUA SIBISETCS UCMOIB30BaHUE MAIIMHHOTO 00y4eHust (ML)
B DKCIEPTHON CHCTEME TEIIOTEXHHUYECKOTO0 pacyeTa, KOTOPOE HAMpaBJI€HO Ha
MOBBIIIEHUE TOYHOCTU TIpOllecca aHalu3a TEIUIONOTepb W TEIJIOMPOBIHOCTH
TEIJIOM30JIALIMOHHBIX MAaTEepUajoB sl SHEProdp(EKTUBHOCTH 3JaHUM C Y4ETOM
KJIMMaTudeckux yciioBuid Keipreizckoit Pecryonuku

CdopmynupoBaHHasi 1eJIb MHPEAINOJaraeT pPEIIeHHE CIEIYIOIIMX OCHOBHBIX
3aja4:

- pa3paboTaTh MOJAENb 3KCHEPTHOM CHUCTEMbl TEIJIOTEXHUYECKOIO pacyerTa,
npejcKasbpiBaromas  TemioBbie  morepu  (Q), UYTO IMO3BOJUT aBTOMATUYCCKH
aHAIM3UPOBAaTh BXOAHBIC MapaMeTpbl (MaTepualbl, KIMMAT) U BBIIOIHITh PACUETHI
ObICTpee U TOYHEE,;

- noctpouth ML-Mozenb, 00yueHHON Ha peanbHBIX H3MEPEHUSX, YTO MO3BOJIUT
BBISIBUTh CKPBIThIE 3aBUCUMOCTH HA OCHOBE JIAHHBIX TEIJIOTEXHUYECKOTO PacyeTa;

- pa3paboTaTh PEKOMEHAATENbHYI0 CHUCTEMY BbIOOpa  TEMJIOU3OJISILIMOHHBIX
MarepuagoB Ha oOcHOBe ML ¢ 1puMEHEHUEeM pPEerpecCMOHHOM MOJEIU U
IpPaJMEHTHOTO OYCTHHTa,



- MPOBECTH JKCHEPUMEHTAIBHYI0 NPOBEPKY, MOJYYEHHBIX pE3yJbTAaTOB pacyera
[IapaMEeTPOB TEIUIOMU30JALIMOHHON KOHCTPYKIINH.

O0bekT nccaenoBanus — MammHHoe ooydenue (ML) B skcnepTHON cucteme
TEIUIOTEXHUYECKOTO PACUETa OrpaKIAFOIIUX KOHCTPYKINW 30aHUN U COOPYKEHUM.

IIpenmer ucciienoBaHusl — IPUMEHEHUE METOAOB MAITMHHOTO OOY4YEeHUS IS
ONTUMHU3AalM{, AaBTOMAaTH3allMM W IOBBIMIEHHUS TOYHOCTH TEIUIOTEXHUYECKUX
pacyeToB, KOTOPBIE BKIIIOYAIOT: OMNPEIEICHHUE TEIUIOYCTOMYMBOCTA KOHCTPYKIIUM;
aHau3 ITapONPOHHUIIAEMOCTH u BO3/1y XOIIPOHHUIIAEMOCTH MaTepuaoBs,
IPOTHO3UPOBAHKUE TEIUIOBBIX MOTEPh M SHEPromnoTpeOJeHUs 3AaHMIA; BHISIBICHHE
CKPBITHIX 3aKOHOMEPHOCTEH, BIAMSIONINX Ha 3HEPT03(PHEKTUBHOCTD.

MeTtoabl mucciael0BaHMsA - MAIIMHHOE OOYyYEeHHE C HCIOIb30BAaHHEM
PErpPECCUOHHON MOJEIM W TPAJUEHTHOr0 OYCTHHIa, a Takke 0o0padOoTKa JTaHHBIX
TEIUTIOTEXHUYECKOTO pacdeTa Ul BBISABICHUS KOPPEISALMNA W 3aKOHOMEPHOCTEH
CUMYJISILIAN TTOBEACHUS KOHCTPYKIMHM B PA3HBIX KIMMATUYECKUX YCIOBUAX.

Hayynassi HOBHM3HAa JHMCCEPTALMOHHOIO0 HCCJIAEAOBAHMA COCTOMT B
CJIEIYOIIEM:

- pazpaboTaHa »dKcoepTHas cucTeMa MamuHHOoro oOyuenus (ML) s
TEIUIOTEXHUYECKOTO  pacyera Uil aBTOMATU3UPOBAHHOTO  aHajuu3a W
IIPOTHO3UPOBAHUSA TEIUIOBBIX XApPaKTEPUCTHK OTrPAKIAIONIMX KOHCTPYKIHM C
IIPUMEHEHUEM HCKYCCTBEHHOI'O MWHTEIUIEKTA [UJIl OINPENEICHUS ONTUMAIBHBIX
MaTE€pUAJIOB U KOHCTPYKTUBHBIX PEIICHUH;

- YCOBEpIIICHCTBOBAHbI METOABI ManmHHOro 00y4yenus (ML), KOoTOpbie YYHUTHIBAIOT
HEJIMHEWHBIE 3aBHCUMOCTH MEXKIY IMapaMeTpaMu KOHCTPYKIMH, KIMMaTHYECKHUMU
YCIOBUSIMM M OKCIUTyaTallMOHHBIMM  XapaKTEPUCTUKAMH, YTO CIPOTHO3UPYET
ITOBEJICHUE MAaTEPUAJIOB B PA3JIMYHBIX KIMMAaTUYECKUX 30HAX;

- pazpabotaHa Mojedb MOAOOpa HAWIYYIIErOo COCTaBa U KOHQUTypaluu
CTPOUTEIBHBIX MATEPUATIOB C Y4YETOM SHEpProd(PEeKTUBHOCTH U HKOHOMHYECKOU
LEJECO00Pa3HOCTH C MPEJIOKEHUEM HHHOBAIMOHHBIX PEHICHUN M0 CHHYKEHHUIO
TEIJIONOTEPh U MOBBILIEHUIO SHEPT03((HEKTUBHOCTH 3aHUN.

IIpakTnyeckass 3HAYMMOCTb MOJYYEHHBIX pe3yjbTaroB. llomyyeHHbIe
pe3yJIbTaThl, NPUMEHSEMBIE TIPU HCCIENOBAHMU KAdeCTBA TEIJIOTEXHUYECKOIO
pacyeTa, CIOCOOCTBYIOT YJIYUILIEHHUIO 3KCIEPTHOM CHCTEMBbl 32 CUET NMPUMEHEHUs
METO/IOB HCKYCCTBEHHOTO MHTEJJIEKTa, YTO TMOBBIIAIOT 3HEProdp(HeKTUBHOCTD
3IaHUM U CHUYKAET SKCIUTYaTAllMOHHBIE 3aTPATHI.

Pesynprarsl DKCIIEPTHOU CUCTEMBI TETJIOTEXHUYECKOI0 pacyera
OTpaXKJAIOIINX KOHCTPYKIMHA UCIHONB3YyIOTCS B ydeOHOM mporecce KITY wum.
N.Pa33akoBa npu MpoBeACHUHN HAYYHO-UCCIEA0BATEIbCKUX padoT.

JKOHOMHUYECKAS] 3HAYMMOCTb IOJYYEHHBIX Pe3yJIbTAaTOB.  OKCIEpTHas
CUCTEMA TEIUIOTEXHUYECKOTO pacyeTa OrpakJAarollMX KOHCTPYKIMI BHEApPEHA B
KbIprei3ckuii ~ MHXKEHEPHO-CTPOUTENbHBIM ~ HMHCTUTYT uM. H.  HMcanosa.
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[Ipenmonaraemplii MpsIMOl SKOHOMHYECKUN 3PPEKT OT €€ BHEAPEHUS COCTaBISET
oonee 40 % 3a cyeT CHWKEHHUS 3aTpAaT Ha MCIOJIb30BAHUE TEIJIOM3OJIHPYIOLIUX
MaTepHaJIOB MO BBIJAHHOMY 3aKJIOUEHHUIO, YTO CIIOCOOCTBYET YIYUIIEHUIO KauecTBa
OrpaKIAIOIIEH KOHCTPYKLMM, YTO CIIOCOOCTBYET 3KOHOMHHM JHEPrOpECYpCOB Ha
oonee 50% B rox.
OcCHOBHBIE I0JIOKEHUS] JUCCEPTALMH, BBIHOCMMbIE Ha 3alUTY:
1. Pa3paboraHa sKcnepTHasi CUCTEMA TEIUIOTEXHUUYECKOTO PacyeTa C
npuMeHeHueM MamuHHOro oOyuenus (ML), cnocoOHO — aBTOMAaTHYECKH

aHAJIN3UPOBAThH TEIIOYCTOMYHUBOCTb, MMapONPOHUIIAEMOCTh 151
BO3yXOINPOHUIIAEMOCTh OTPAXKAAIOMMNX KOHCTPYKLIHUM C HCIOJAb30BaHueM ML-
aJITOPUTMOB JUISL MIPOTHO3UPOBAHUS TETIOBBIX XapaKTEPUCTUK 151

HEprod(PheKTUBHOCTD 3aHUMN.

2. YCOBEpUICHCTBOBAHBI METOJbl MAIIMHHOTO OOydYeHHUs s MpeacKa3aHus
TEIJIONOTEPh U SHEPronoTpeOSeHUs AJid ONPEAEIICHUS ONTHUMAIbHBIX MapaMeTpoOB
TEIJIOU30JIALIMA U KOHCTPYKTUBHBIX PEUIEHUI C YYETOM KJIMMAaTHYECKUX YCIOBHUH H
AKCILTYyaTallMOHHBIX PEXUMOB.

3. BbIsSBIEHBI CKPBITHIE 3aKOHOMEPHOCTH B TETNIOTEXHUYECKUX XapaKTEPUCTHUKAX
OrpaXIaIIINX KOHCTPYKUUU C HCIOJIB30BAHUEM METOJOB MAIIMHHOTO O0y4YeHHUS
JUIsL aHajdu3a MAacCHMBOB [JAHHBIX O MaTepuaiax, KiIuMaTe, 3KCILTyaTallMOHHBIX
daxTopax.

4. Pa3zpaboTaH MOJelb MAIIMHHOTO OOYYEHHsI TEIUIOTEXHUYECKUX PacyeTOB C
NPUMEHEHUEM PErPECCHOHHON MOJENH U TPaMEHTHOr0 OyCTUHTa JUIsl MOBBIIICHUS
TOYHOCTH NIPOTHO3UPOBAHUS TEIIOBBIX MPOIIECCOB.

JInunbiii BKiIax couckareiasi. OCHOBHBIE pE3yJibTaTbl, W3JIOKEHHBIE B
JUCCEepTAIlM, TOJYy4YeHBI aBTOpoM JuuHO. B paborax [4], [5] pyxoBomutento
n.T.H.Kyryesy M.JI. m KoHCcynpTaHTy K.T.H. MarozumoBy b.C. mnpunaznexar
MOCTAaHOBKA 33/1a4M U HAIIPABJICHUE €€ PELICHUS.

Anpobauus  pe3yabratoB  Aucceprauuud.  OCHOBHBIE  PE3yJIbTATHI
BBINIOJIHEHHON pa0oOThl MPEACTaBICHbl HA CJIEAYIOIIMX HAYYHBIX KOH(PEPEHIHUSIX
MEXIYHAPOJHOTO W PECIyOJUMKAHCKOTO YPOBHS: Ha MeXIyHapOJHON Hay4dHO-
npakTuyeckor koHepenunu «MHPopMalMOHHbIE TEXHOJIOTUU B A3HH: COCTOSIHHE,
npobnemsl u nepcnektuBbl ITPA-2014»; na Ill1-MexnyHapoHoii MeXBY30BCKOM
HAyYHO-TIPAKTUYECKON KOH(EpEeHIMH KOHKYpCa Hay4HbIX JOKIJIAI0B CTYJECHTOB U
MOJIOABIX YUeHbIX «/IHHOBalMOHHBIE TEXHOJOTUU U TepenoBble pemeHus» 2015r.;
Ha MexXIyHapoJHOW Hay4HO-NpakThuyeckod KoHgpepeHuu «CoBepIIEHCTBOBAHUE
NPOTHO3UPOBAHUSI W  YINpaBIECHUA CTUXUUHBIMU  OenctBusmu» 2016r.; Ha
MexayHapoIHON Hay4HO-TIpakTU4YecKoil koHpepeHIu «CoBpeMeHHbIE TPOOIEMBI U
NyTH Pa3BUTHUS 3aLIUThl HACEJIEHUS M TEPPUTOPUN OT YpPE3BBIUAWHBIX CUTYyaIU»
2016r.; nHa MexayHapoIHOM Hay4yHO-TIpakTUUecKoi KoHpepeHiuu «CoBpeMEHHBIE
TPEHJIbI B CTPOUTENILCTBE: MPOOJIEMBI M YyTH UX perieHus» 2023,
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IlonHoTa OTpakeHMsl Ppe3yJbTATOB JAUCCEPTALNMH B MNyOJUKAIUAX.

OcCHOBHBIE pe3yJIbTaThl JUCCEPTALIMOHHON PaOOThI OITyOJIMKOBAHBI B HAYYHBIX
TpyZJax, U3 KOTOpbIX: 9 cTaTeil onmyOIMKoOBaHBI B KypHaiaX, pekoMeH1oBaHHbIXx BAK
KP, nanexcupyembix B cucreme PUHII. Taxxke momydeHo | cBuUAeTensCTBO Ha
nporpammy 11t OBM u 1 cBuzeTenscTBO 00 aBTOpCKOM mpase oT KbIpreznareHra.

Crpykrypa u o0bem auccepramuu. J(ucceprannoHHas padoTa COCTOUT W3

BBEJICHUSA, YEThIpEX IJIaB, 3aKJIIOYECHHS, CIUCKA HCIIOJIb30BAHHBIX HCTOYHUKOB H
npwiokennid. Copepkanne paboThl H3I0KEHO Ha 165 cTpanumax.

OCHOBHOE COJEP XAHUE PABOTbI

Bo  BBegeHMHM  M3JOXKEHBl ~ AKTYaJlbHOCTh  TE€Mbl  HCCJIEIOBaHUA,
chopMynUpoBaHbl LEIW M 3aJaud JUCCEPTALMOHHOW padoOThl, MpPEICTaBICHA €€
CTPYKTypa U MPAKTUYECKAS] 3HAYUMOCTb.

B nepBoii m1aBe BBINOJHEH JUTEPATYPHBIA 0030p CYyIIECTBYIOIIMX
HKCIEPTHBIX CUCTEM TEIUITEXHUYECKOTO pacuera OrpaxaatoluX KOHCPYKIIHA.

OcHoBoli uccienoBanus cramu  TpyAasl MarosumoBa b.C. (2019), rme
MPEIOKEHbl  KIIMMAaTUKO-BEPOSTHOCTHBIE METOJbl KOMIUIEKCHOTO pacueTra Ha
CEHCMOTEIUIOCTOMKOCTD 3aHUM. DKCIIEPTHAs CHCTEMA PEAIN3YET KIIIOUEBBIE 3a7a4H
UCCJIENOBAHMM M TO3BOJSET AaBTOMATHU3UPOBATh TEIUIOTEXHUYECKUH aHaJIM3.
AHanoruyHbele pa3padOTKM TPEJCTaBIECHbl B CTaThsix AMHp XoceuHa, Macyna
Taxeputona (2014), M.A. Aunp-/Ixudbypu u gap. (2012), Myxammana VYwmaiipa
Caneema u coaBTOopoB (2015), a Takke Axmena A. Anb-Cynaitmana u kosuier (2016).
DOTH HCCIIENOBAaHUS MOATBEPXKAAIOT SPQPEKTUBHOCTh JKCIEPTHBIX CHUCTEM B
HEprodPGheKTUBHOM MPOSKTUPOBAHUU 3AaHUMH.

B xone ananu3za CylecTBYIOIUX SKCIEPTHBIX CUCTEM, MPEIHA3HAYCHHBIX JIJIS
TEMJIOTEXHUYECKOTO pacyeTa OrpaxJaroluX KOHCTPYKLHMA, ObLIM PACCMOTPEHBI Kak
3apyOeXHblE, TaK M POCCHUUCKHE MporpaMMHble NpoAyKThl. Kaxngas wu3
IIPE/ICTABIICHHBIX CHUCTEM O00JIaJaeT CBOMMH OCOOEHHOCTAMHM, MPEUMYIIECTBAMU H
HEJOCTaTKaMHU, YTO OMNpeAeNseT HX MNPUMEHHMMOCTh B Pa3IU4HbIX O00JaCTIX
MPOECKTUPOBAHMS U MOJEITUPOBAHMUS.

3apyoexnbie cucrembl WUFI, THERM n HEAT2 nemMoHCTpHUpYIOT BBICOKUI
YPOBEHb TOYHOCTH PACUETOB, IIUPOKHM (YHKIMOHAT M PA3BUTYI0 HAy4yHYIO 0a3y.
Opnako, OoHM TpeOyIOT 3HAYMUTEIBHBIX BBIYMCIUTEIBHBIX PECYpPCOB, CIOXHBI B
OCBOCHMM [IJIl HEMOATOTOBJICHHBIX IOJIb30BAaTENIE M 3a4acTyl0 MMEIOT BBICOKYIO
CTOMMOCTb.

Poccuiickue cucrembl «TEITJIO 3D» n «TepMun» agantupoBaHbl K MECTHBIM
HOPMATUBHBIM TpeOOBaHMSM, 00J1afal0T uHTerpanue ¢ nomyisipHsimu CAD-
miatpopmamu (Autodesk Revit, AutoCAD) u npemnarator y100HbIE HHCTPYMEHTBI
JUI TIPOEKTHpOBaHMWs. TeM HE MeHee, OHM TaKK€ MOryT OBITb CJOXHBI B



WCIIOJIb30BAaHUHU, TPEOOBATh MOITHOTO OOOPYNOBAaHHUS W HMMEIOT OTPAHUYCHHS TIO0
(yHKIHMOHATY BU3yalId3aliu.

Takum 00pa3om, BEIOOp KOHKPETHOTO MPOTPAMMHOTO 0OECIICUCHHS 3aBUCUT OT
TpeOOBaHWI K TOYHOCTH PACUETOB, YIOOCTBY WCIIOJIB30BAHUSA, HWHTETPAIIUU C
JPYTUMHU UHCTPYMEHTaMU, a TaKXe JOCTYIMHOCTA U CTOMMOCTH JUIeH3Ui. Pa3BuTtue
AKCHEPTHBIX CUCTEM TEIJIOTEXHUYECKOTO pacuera IIPOJOJIKAET
COBEPILIEHCTBOBATHCS, MpEJIaras HOBbIE BO3MOMXHOCTH MOJEIMPOBAHUS U aHAIU3a
JUTSL TIOBBIIIEHUS YHEPT03((HEKTUBHOCTH 3AAHUIA.

Bropasi rsaBa mocBsIeHa METOAOJOTHM WCCIIENOBaHUS Oa3upyercs Ha

NPUMEHEHUU METOJI0B MamuHHOTO oO0ydeHuss (MO) mius aBroMaruzauuv U
MOBBIIIEHUS  TOYHOCTHM  TEIUIOTEXHUYECKUX  pacueroB. B wuccienoBanuu
UCIIOJB3YIOTCSA KaK TPaJAUIMOHHBIE METO/bl BBIYUCICHUW, TaK U COBPEMEHHBIC
anroputMbl MO 11 aHanM3a TEIUIONOTEPh 3JaHHUH.
OranaMyd HCCIEOBAaHUS SBISAIOTCS: aHaIU3 MPEIMETHOM 00JIacTH - HU3y4YEHHE
TEIUIOTEXHUYECKUX PACUETOB, TEIIOPU3NUECKUX CBOMCTB MaTEepHaIoB U (PaKTOPOB,
BIIMSIONIMX HA SHEPreTUUYECKHE XapaKTEPUCTUKHU 3AaHUM; dopmupoBaHue Habopa
JNAaHHBIX- cOOp M 00pabOTKa JaHHBIX O TOJIIMHE CTEH, KO3(PuUIrEeHTax
TEIUIOU30JIALINY, KIMMAaTUUYECKUX YCJIOBHSX, TEMIepaTypax BHYTPU U CHapPYKu
3MaHUl, a Takke (AKTUUYECKUX DHEPromnorepsx; mnpenodpadoTka [aHHbIX -
HOPMAaJIM3aIMsl YUCIOBBIX MPU3HAKOB, KOJUPOBAHUE KATErOPUATIBbHBIX MEPEMEHHBIXC
ucnois3oBanueM One-Hot Encoding; Beibop wmoxaeneiik MO - wucCmosib30BaHHE
JMHEWHOU perpeccuu IJis MPOCTHIX 3aBUCUMOCTEH W IpaJMEHTHOTO OyCTHUHIa st
y4eTa CJI0KHBIX HEJIMHEHHBIX B3aUMOJICHCTBUI; OLICHKA KAYeCTBa MOJICJICN — aHan3
TOYHOCTH TpEACKa3aHuld ¢ wucnoiapb3oBanueM MSE, R?> u kpocc-Banupanuy,
pa3paboTKa HKCIEPTHOM CUCTEMBI — MHTErpalisi OOYyYeHHOW MOJEIHN B IPOrPaMMHOE
oOecrieyeHue Juisi aBTOMaTU3aly pacyeToB; BaJuAalls U TECTUPOBAHUE — MPOBEPKA
TOYHOCTH MOJICJIM Ha HOBBIX JAHHBIX M CPAaBHEHHUE C TPATUIIMOHHBIMU PaCUETaMH.

MeToabpl HCCIEIOBAaHUS BKIIIOYAIOT CTATMCTHYECKUM aHaimu3, MeToasl MO,
aJITOPUTMbI ONTUMU3AIMHU, 4 TAK)KE TECTUPOBAHME HA PEaJbHBIX M CUHTETUYECKUX
JTAHHBIX.

[TocTpoeHne Mopenu JTUHEWHOM PETrPECCHUU IPEANOJaraeT, 4ro CyUIECTBYET
JUHEWHas 3aBUCUMOCTh MEXIY HE3aBUCUMBIMU TIEPEMEHHBIMM M 3aBUCHMOM
nepeMeHHOor. Mozernb NpeacTaBIsIeTCs Kak:

Y=o + B1X1+ B2Xz + PsXz + - + BnXn (1)
rae:
- Y- 3T0 dHEpreTHYecKue NoTepH (3aBUCUMAast IEPEMEHHas ),
- X1, Xg, X3 ..., XN - He3aBUCHMBIC TEpeMEHHbIC (TOJIIMHA CTEH, MaTepual,
TeMIlepaTypa),

- Bo, P1, P2,.-.., Pn - KO3DPUIIUEHTHI perpeccuu, KOTOPbIe MOJEL OYI€T UCKATh.



['pagueHTHBIN OYCTUHT CTPOMT MOCJIENOBATENbHOCTh JIEPEBBEB PEIICHUI, TIe

KQKJI0€ CIIEAYIOIIEE IEPEBO UCIPABIISIET OLIMOKY MPEABIAYIUX MOJIETEH:
Fin(X)=Fm-1(X)+y-hm(X) )

rje:

- Fn(X) - Texymas moienp;

- hm(X) - HOBOE AEpeBO pemeHM, 00yUICHHOE Ha OIMUOKAX MPEABIIYIIEH MOICIIH;

- ¥ - kK03 puLreHT 00yUeHusl.

BxomHpIMU TlapameTpamM#l  SIBJISIFOTCS:  TOJIIMHA CTeH (M), TIDIOTHOCTh
CTPOUTEIBHBIX MaTeprasioB (Kr/M*), koaddurment TeruionpopogaocTH (A, BT/(M-K)),
cpenHss HapykHas Temrieparypa (Tout, °C), cpennsist BHyTpeHHsis Temreparypa (Tin,
°C), BIaxxHOCTH Bo3yxa (H, %).

['pagueHTHBIN OYCTUHT MO3BOJISIET BBISIBUThH, KAKWE MapaMeTpbl KOHCTPYKLUU
OoJbIlIE BCEro BIMAIOT Ha KO3PPHUIMEHT Teruonepenaun (TEIIONpPOBOIHOCTD
MaTepHaa, TOJIIIMHA KOHCTPYKIIUH, Hapy>KHAasl TEMIIepaTypa).

Tperbsi  raBa  mocBfAlleHA  pa3pabOTKE  SKCHEPTHOW  CHUCTEMBI
TEIJIOTEXHUYECKOTO pacyeTa OrpakKJalolIUX KOHCTPYKUMHA Ha OCHOBE MOJEIU
MAalIMHHOTO OOY4Y€HUsI C HCIOJb30BAHUEM METOAOB JIMHEHHOM perpeccuu Hu
TPaIUEHTHOrO0  OyCTHHIa, KOTOpPbIE  3aKIIYAlOTCs B IPOTHO3MPOBAHUU
TEIUIOTEXHUYECKUX  XapPaKTEPUCTHK OrPAKIAIOMIMX KOHCPYKUMH Ha OCHOBE
pa3nUYHbIX (PAKTOPOB, TAKUX KaK: MaTepuasbl KOHCTPYKIUH, TOIIIMHA U TUIOTHOCTb
MaTepualioB, TEMIEpaTypHble YCJIOBHS (Hapy>XKHAasi U BHYTPEHHSS TeMIlepaTypa),
sHepreruyeckast 3PpPeKTUBHOCTD.

Mopenb 3KcnepTHON cUCTEMBI COACPKUT (puc .1):

- ba3y 3HaHmii, KOTOpas COJEpPXHUT HHPOPMAIMI0 O Marepuanax (CBOMCTBA,
KO3 PUIIMEHTHl TEIUIONPOBOJIHOCTH M TEIUIOOTAAUM), CTPOUTENBHBIX 3JIEMEHTaX
(TUMOBasi KOHCTPYKIMS), KIMMAaTHUYECKHX YCJIOBHUSX (Temmeparypsl BHYTPU U
cHapyxHu). baza 3HaHull npencrapieHa B BUjie Habopa npaBuil, (PaKTOB U IBPUCTHK.

- MexaHu3M BbIBOJA, KOTOpasi UCIOJIb3YET 3HAHUS, COJAEpKalluecs B 0aze 3HaAHUM,
JUISL TIPUHATUSL PEUIEHW W BBIBOJA PEKOMEHJALMK [0 PacyeTy OrpakJarolIux
KOHCTPYKIMH. MexaHu3M BbIBOJIa PEATM30BAH C MOMOILBIO JOTMYECKOrO BhIBOJA U
MaTEMaTUYeCKOM MOJIeNIM pacyeTa TOJIIMHBI TEeTUIOM30JISIMOHHOTO Marepuasia B
YCJIOBUSIX HEONPEIEIECHHOCTH.

- AJropurMbl  pacyeTra, KOTOpPbI€  HCHOJB3YIOTCS  JJIsI  ONTUMAJIBHOTO
TEIJIOTEXHUYECKOT0 pacyeTa Ha TEIIOYCTOMYMBOCTh, MApONPOHUIIAEMOCTh U
BO3TyXOIMPOHUIIAEMOCTb.

- Mopesnb JTUHeIHOM perpeccuu, Kotopas OyAeT NpeIcKa3bIBaTh TEINIOTEXHUYECKUE
XapaKTEPUCTUKHU OTPAXKAAOIIMNX KOHCTPYKIMH, IIyTEM IMOUCKA HAWIYYILIEU MPAMOH,
KOTOpasi MUHUMU3HUPYET CPEIHEKBAIPATHUHYIO OUIMOKY MEXAY MPEACKA3aHHBIMU U
peaIbHBIMU 3HAYEHUSIMU.
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Pucynok 1 - Moaenp s3kcnepTHOM CUCTEMBI

-  Hurepdeiic  mouab3oBaTess  00EClEUMBACT  B3aUMOJCUCTBHE  MEXKIY
M0JIb30BATEIEM M CHCTEMOM, KOTOPBIM peann30BaH C MNOMOLIbIO TpaduuecKoro
IPEICTABICHUS B BUAE OKOHHBIX (POPM.
- Moayab coBeTOB M OOBSICHEHHWH, COJCPKUT PEKOMEHJALUMU. 1O BHIOOPY
NOAXOMASIINX MaTepUaIoOB M KOHCTPYKUMH st obecnedeHus: 3PQPEeKTUBHOM
TEIJIO3AIIUTHl  3JaHUM C y4eToM (PU3MYECKUX CBOMCTB, IO ONTHMHU3ALUU
KOHCTPYKTHUBHBIX MMapaMeTPOB JIJIsl MOBBIIEHUS dHEProdhPeKTUBHOCTU U KoMpopTa
B IIOMEIIECHUAX, BKIIFOYAsi U3MEHEHNUE TOJIIMHBI TETUIOU30JISILIUOHHBIX CIIOEB.
- Moayab npuoOpeTeHUs] 3HAHMM COJCPKUT 3HAHUS ONTUMAIBHON TOJIIMHBI
TEIJIOM30JIALIMOHHOTO Marepuaja ¢ y4eToM TakuX (PaKTOPOB KaK: KIMMaTHYECKUE
yCJIOBHSI, Tp€OOBaHUS TEIJIONPOBOJHOCTH MaTepHalia, TUIl U COCTAB OTPa)JArolIei
KOHCTPYKIUH.

MexaHuM3M JIOTHYECKHX BbIBOJOB COJECPKUT JIOTUYECKHUE NPABUJIA, YCIOBUI
Y BBIBOJIOB JJIg 0a3bl 3HAHUN HKCIEPTHOM CHUCTEMBI TEIUIOTEXHUYECKOro pacuéra
OTPAXKIAOIINX KOHCTPYKIUN:

1. Ecnu tomuuHa cteHbl Oosbiie, 4yeM 30 cM, W HCHOJIB3YyeTCS MaTepuall C
BBICOKOM  TEIJIONPOBOJHOCTBIO, TO TEIUIONOTEpU Uepe3 CTeHy OyayT
BBICOKHMMHU.

VYcemoBust:  tommmHa  creHsl > 30 cM, MaTepual HMMEET  BBICOKYIO
TEIUIONTPOBOIHOCTb.
BBIBOZ: BBICOKHME TEIJIONOTEPH YEPE3 CTEHY.

2. Ecnu BHewHsis Temmeparypa HUXKe, YeM BHYTPEHHsISI TeMmIepaTrypa, U HeT
yTEIUIEHUs, TO TEIUIONOTepU Yepe3 OrpakJIalolliue KOHCTPYKUUU OyIyT
3HAYUTEIbHBIMHU.



VYcnoBus: BHEIIHSS TeMIlepaTypa < BHYTPEHHSS TEMIIepaTypa, OTCYTCTBUE

YTEIUICHHUS.

BbIBO/: 3HaUUTENBHBIE TEILIONOTEPH YEPE3 OrPAKIAIOIINE KOHCTPYKIUH.

3. Ecnmn xoaduinmenT Termionepenaun OrpakJaionieil KOHCTPYKIMU BBIIIE
JOTyCTUMOTO YPOBHsSI, TO OHa HE COOTBETCTBYET 3SHEProcOeperarommum
CTaHJapTaM.

YcnoBue: kKo3pGUIUEHT TeIIoNnepeiadn > JOMYCTUMBINA YPOBEHb.

BBIBOJ: HECOOTBETCTBHE 3HEPrOCOEPETAIOIINM CTAHIAPTaM.

4. Ecnu BIaXXHOCTh BHYTpH nometieHus Boie 70%, u Temieparypa HapyKHOTO
BO3/lyXa HM)XE, YeM BHYTPH, TO BO3MOXHO OOpa3oBaHHWE KOHJEHcaTa Ha
BHYTPEHHEW MOBEPXHOCTH OIPAKAAIOIIUX KOHCTPYKIIHM.

YcnoBus: BIaXHOCTh BHYTpU nomemenus > 70%, temmnepaTypa HapyKHOIO

BO3/lyXa < BHYTPEHHSS TEMIIEpaTypa.

BbIBOA: BO3MOXHO 00pa3oBaHME KOHJEHCAaTa HAa BHYTPEHHEW MOBEPXHOCTH

OTPAKIAIOIINX KOHCTPYKITUH.

5. Ecnu Teruonzonsuus orpaxaaromeidl KOHCTPYKIMU YCUJIEHHO MPUMEHSIETCS B
MECTax yCTAHOBKM CHUCTEM OTOIUIEHHS] U KOHJIMLMOHUPOBAHUS, TO BO3ZMOMKHO
YMEHBUIEHUE TEIUIONOTEPH B 3TUX 30HAX.

YcnoBue: NpUMEHEHHE YCUIIEHHOM TETJIOM30JISILIMY B 30HAX YCTAHOBKH CUCTEM

OTOIUIEHUS] M KOHJAUIIMOHUPOBAHUSI.

BbIBOJ: yMEHbIIIEHHE TEMJIONOTEPD B ATUX 30HAX.

IIpaBuia 3Kkcnepra MalIMHHOTO O0Y4YeHHMs TEIUIOTEXHHYECKOro pacuyera
OrPAaKIAKIIMX KOHCTPYKUMI HarpaBi€Hbl HA WCIOJb30BAaHWE 3HAHUU M JTaHHBIX
JUTsl aBTOMAaTU3MPOBAHHOTO OIPEAEIICHHS ONTUMAIIbHBIX [TapaMeTPOB TETIOU30ISIIIUN
Y KOHCTPYKTUBHBIX PEIICHUM, C IEJIbIO MOBBIIICHHS SHEPTod(PPEKTUBHOCTHU 3/1aHUM.

1. IlpaBuso: onieHKa TEIJIONOTEPh B 3aBUCUMOCTH OT THIIa MaTepHaa;

VYcaoBue: ecnu THII MaTepHalla OrpaKJAONIEH KOHCTPYKIMH (CT€HA, KpBIIIA,
OKHO) OIpe/eNieH, TO CUCTeMa JOJDKHA BBIOPAaTh COOTBETCTBYIOIINE MapaMeTphl [is
pacdera TeIIonoTepPh, OCHOBBIBASACH HA TEIJIONPOBOAHOCTH MaTepuaa.

JletictBue: ecnmm  Marepual  00JagacT BBICOKOM  TEIJIONMPOBOJIHOCTHIO
(Hanpumep, OETOH, KHUPITUY ), TO TEIJIOMOTEPH OYYT BHIIIE, €CIIM MaTeprai o0aagaeT
HU3KOM TEIJIONPOBOJHOCTBIO (Hampumep, IEHOOETOH, MHUHEpalibHas BaTa), TO
TEIJIONOTEPH OYyAYyT HUXKE.

2. IlpaBuio: peryJupoBKa TOJIIMHBI TEIJIOM3OJALMA B 3aBUCUMOCTH OT
KJIUMaTa

VYcaoBue: eciny KIMMaTUYECKUN PETMOH XapaKTEPU3yETCsl XOJ0IHBIMU 3UMaMu
(temniepatypa Huxe -10°C), cucrema JOJKHA MPEMSIONKUTh YBEIWYEHUE TOJIIUHBI
TEIJION3O0JISILIVH.
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JleiicTBre: B XOJIOAHBIX KIUMaTaX PEKOMEHAYETCSl HCIOJIb30BaTh Oosee
TOJICTBIA CJIOW TEIUIOM3OJIALMU JUId 0OecleyeHUs] MUHUMAJIBHBIX TEIUIONOTEph, B
YMEPEHHBIX KJIMMATaX MOYKHO MCIIOJIb30BaTh CTAHIAPTHBIE CIIOU TEIUIOU30JIALNH.

3. IlpaBuno: yuyeT TMJIOTHOCTM M TEIUIONPOBOJAHOCTH TIPH pacyeTax
TEILIONOTEPH

VYcnoBue: eciy IJIOTHOCTh MaTepuana CTEH M KpBIII BBICOKA, 3TO MOXKET
MPUBECTU K OOJBIINM TEIIOMOTEPSM U3-32 BHICOKOU TETIONPOBOIHOCTH.

JleiicTBue: B ciydae BBICOKMX 3HAYEHHUI IUIOTHOCTM Marepuaia (Hampumep,
KHpIIUY WIA OETOH) CIEIYET MPEIOKUTh JOMOIHUTENIBHBIE MEPHI MO YTEIUICHHUIO,
€CJIM TUIOTHOCTh MaTepuaia HU3Kas (HalmpuMep, MEHOIUIACT), TO HYXKHO YUYUTHIBATh
JOTNOJHUTENbHBIE (PU3UUECKUE CBOMCTBA, TAKME KaK NOPUCTOCTh, KOTOPbIE CHUXKAIOT
TEIUIONOTEPH.

4. IlpaBuio: yd4eT SKCIUIyaTallMOHHBIX (aKTOpoB TMpu  pacyeTax
HEprodPheKTUBHOCTH

VYcnoBue: ecii peKUM IKCIUTyaTalud 31aHUS IPELYCMaTPUBAET HHTEHCUBHOE
MCITOJIb30BAaHUE OTOIUICHUS WJIM KOHIULIMOHUPOBAHUS BO3/1yXa, HEOOXOAUMO Y4ECTh
JOTIOJTHUTENBHBIE TEIUIOTIOTEPH.

JeiicTBue: s 34aHUM € BBICOKMM JHEPronotrpediieHreM (Hampumep,
opuCHBIE 3aHWA WIM TPOU3BOACTBEHHBIE MOMEUICHUS) MPEMIOKUTh 0Ooliee
3¢ ()EeKTUBHBIE CUCTEMBI BEHTWIALIMU U YTEIUICHUS.

5. IIpaBuno: oueHka TermIonoTepb NP MHOTOYPOBHEBBIX 3aHUSX

VYcnoBue: ecid MHOTOYPOBHEBOE 37aHUE (HampuMep, C HECKOJIbKUMU
TaXaMM), CUCTEMA JOJKHA YYUTHIBATh BIMSHUE ITAXKHOCTU Ha TEIUIONOTEPU Yepes
MOTOJIKU U CTEHBI.

JleiicTBue: B MHOTOYPOBHEBBIX 3JaHUSX, TEIJIONOTEPU YEpe3 MEepPEeKpPhITUS
MEXAYy d3TaxaMu OyayT 3HAUUTEIbHBIMH, OCOOEHHO €CIIM MEXKIy JTaKaMH HET
JOTIOJIHUTENBHON TEIJION30JISLNH, PEKOMEHIYETCS UCIIOIb30BATh JONOJIHUTENBHYIO
TEIJIOU3O0JIALIMIO Ha 3TAXKaX U MEXITAKHBIX MEPEKPBITHSIX.

6. IlpaBuio: aBTOMaTMdeckass KOPPEKTUPOBKA pPacYeTOB B 3aBHCHMOCTH OT
OOHOBJIEHHBIX JaHHBIX

VYcnoBue: ecid AaHHBIE O KIMMATE€ WA HOBBIX CTPOMTEIBHBIX MaTepHUaliax
OOHOBJISIFOTCSI, CUCTEMA JIOJKHA ABTOMATUYECKU MEPECUUTHIBATH TEINIOTEXHUYECKHE
XapaKTEPUCTHUKHU.

JleiicTBue: mpu OOHOBICHMM [aHHBIX O KJIMMaTe WIM MOSBICHUM HOBBIX
MaTE€pUAJIOB C YJIYUIIEHHBIMU TEMJIOU30ISUMOHHBIMUA CBOMCTBAMH, CUCTEMA JIOJKHA
MPEVIOKNATh MEPECMOTP PACUETOB [JIsl CHIKEHHUS TEIUIONOTEPD, HCIIOIb30BAHUE
MAaIIMHHOTO OOYyYEHHUs 111 KOPPEKTUPOBKHU MPABUII HA OCHOBE HOBBIX TAHHBIX.

DTy npaBwiia 00ECHEYMBAIOT OCHOBY JUISl CO3JaHUSl SKCIEPTHOM CHUCTEMBI,
KOTOpas Ha OCHOBE MAaIIMHHOTO OOYyYEeHHsS W aHaju3a JaHHbIX O MaTepualax,
KJIIMMaTe€ W DKCIUIyaTallMOHHBIX pEeXUMax 3JaHUi aBTOMAaTUYECKU IIPEJIaracT
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ONTHUMAJIBHBIE  PEIICHHUs Ui  TEIUIOTEXHUYECKOTO  pacuera  OrpaxAaaroliux
KOHCTPYKIUH, MOBBIIIAs SHEPTrod(PPEeKTUBHOCTD U MUHUMH3UPYS TEIIOMOTEPH.
Mopeab AuarpaMmsbl KJIACCOB TEIIOTEXHUYECKOIO pacyeTa Orpa)Kaaroliux
KOHCTPYKUMH C HCHOJIb30BAaHUEM MAIIMHHOTO OOy4YeHHs MeToja JIMHEHHOU
perpeccuu.
OCHOBHBIE KJIaCChl MOJEIIA JTUHEHHOUN pErpeCCHH:
1. LinearRegression: kimacc oOydeHWsI ¥ TPOTHO3HPOBAHUS JTHMHEWHOW PErpeccud,
uMeeT aTpuOyTHI i1l XpaHeHus naHHbIX (features, target).
2. BuildingElement: kitacc orpakmaromieii KOHCTPYKIIUH (CJIOH MaTepuaia), KoTopas
CONACPKUT HWHGOPMALMI0O O €ro XapakTepucTukax (Mmarepuan, TOJIIUHA,
TEIJIONPOBOJHOCTh, TEPMHUYECKOE compoTuBieHue). Kiacc Ttakxke peanusyer
meton calculate_U() misa pacuera ko3 puIEeHTa TEIUIONEPEIaYH.
3. HeatLossCalculator: kmacc TerionoTeps, ucrnonb3yer oobekT BuildingElement,
IUIOLIAbL M Pa3HUIYy TEMIIEPATYyp JUIsl BBIUUCIEHUS TEIIONOTEDPD.
B3auMmopenicTBre MEXTy KIIaCCaMH:
- LinearRegression ucnonp3yercss  uisi  MPOTHO3UPOBAHUS  XapaKTEPHCTUK
CTPOUTEIBHBIX ~MaTepuanoB (KOA(P(UUHUEHT TEIIONPOBOAHOCTH) HAa OCHOBE
UMEIOIINXCS JaHHBIX;
- BuildingElement npecraBisier co00ii 2IIEMEHT OTpayKIaroNIeii KOHCTPYKITHH;
- HeatLossCalculator ucrions3yercss  isi  BBIYMCIICHUS  TEIUIONOTEPh  4Yepes
OrpaXkJ1al0IIyI0 KOHCTPYKLHIO.
JKcnepTHas cucteMa npeacrapjieHa B Buge UML — nmarpamm.
JlnarpaMMa KjaccoB MpeJCTaBlieHa B BHUAE aTpuOyTOB CO CBOWMCTBAMHU U
METOJAMH peau3aliy TeINIOTEXHUYECKOr0 pacyeTa TaKue, Kak:
- KJIACC — OTpak/1aroliasi KOHCTPYKLHMSI (TUIT KOHCTPYKIIUN);
- KJacc — Marepuain (TeIUIOM30SLUOHHBIA MaTepuasg M €ro TOJIIMHA B YCIOBHSX
HEOIPEACICHHOCTH, KO3()(PHUIIMEHT TPOBOTHOCTH);
- KJIacC — mapameTpbl (KIMMaTHYECKUE YCIIOBHUSA);
- KJacCc — TEIUIOTEXHUYECKUH pacueT (pacyeTbl Ha TEIMJIOYyCTONYHUBOCTb,

MapONPOHUIIAEMOCTh U BO3IYXOIMPOHUIIAEMOCTH ), TPOBEPKA MapaMETPOB;
- KJIacc — pe3yJibTaThl pacueTa (IIpeACTaBICHUE BBIXOAHBIX JAHHBIX ).

YeTBepTas rjaBa CoJICPKUT SKCIEPUMEHTAIBLHOE UCCIIEIOBAHUE.

3agaun CcO3MaHUST MUKPOKJIMMAra B IIOMEIICHHUSIX PEHIAOTCs B TECHOM
B3aUMO/ICUCTBUU C BBIOMpPaEMBIMH  XapaKTEPUCTUKAMH  OTPAXKIAIOITUX
KOHCTPYKITUH U crioco0amu co3naHusi MUKpokiimMara. CTemeHb  COMPOTHUBIICHUS
OTPAXKJAIOIINX KOHCTPYKIUU MPOHUKHOBEHHE B MOMEIIEHUE XOJIOAA, COJIHEUHOIO
TEIja, BETpa OMPEIEISeT TEXHUKO-IKOJOTUYECKYI0 A()PEKTUBHOCTH TEIJIOBOTO
Oapbepa, co37aBa€MOT0 KOHCTPYKTUBHBIMU MepaMHu.  XOpOIIIHe B
TEIJTIOTEXHUYECKOM OTHOIICHUHM PEUIEHUS JOCTUTAIOTCA TOJBKO MPU KOMILIEKCHOM
MOAXO0/I€ K TEIUIO3AIUTE W TEIUIOBOMY KOMQOPTY MOMENICHHH, TapaHTUPYIOIIHM
MUHUMAaJbHBIE TOJIOBBIE PACXO/bI HA 0OOTPEB 3UMOM U OXJIAXKICHUE 31aHUMN JIETOM.
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CHmxXeHre pacyeTHhIX MOTEPh TeIia 3AAHUSIMH MOXKET CYIIECTBEHHO YMEHBIIHUTH
HANpsDKEHHOCTh ~ TEIJIOBOrO  OajaHca B CTpaHe, IMIOCKOJBKY Temepb Ha
TEIUIOCHAOKEHNE BO3BEACHHBIX 3JaHUM M COOpYKeHuil pacxoayiorcs no 40%
100BIBAEMOT0 TBEPJIOTO M Ta3000pa3HOTO TOILIMBA.

pkg Juarpamma_knaccos )

Orp aKaalon,al_KoHCT PYKUMA

- Tun_KoHeTpykumm ¢ string

- Marepwan : string

- TonwwHa : float

- ko3t @ UUMEHT_TennonpoeodHocTw © float

0.1

TennotexHu4eckmii_pacder

- Orpakpawan_KoHET pykLMA | string
- BEon_AaHHel : bool
- Buigog_taiina : string 0.1 MNapamerpel_pacyera

+PacueT_tennonepedadn 0 : void [<——] - HapyxHaA_Tewmneparypa float

+ [poB epKa_napameTpoB() : void - BHYTpeHHAAR_Temnepatypa : float

+ Pacuer_TennoycT ol me ocTh() ; void - k03t huuweHT_TennonpoeogHocTh : float
+ PacyeT_naponpoHuuaemocTs() © void

+ PacyeT_gozgyxonpoHuuasmocTe]) :void

1

Peszynklalbl_pacyera

- Tennonepenaua ; float
- TennooTaada : float

Pucynok 2 - JluarpamMmma KJ1accos.

[TosTOMy 1I€/1b HACTOSIIIMX HCCIEN0BATENBLCKUX PabOT — CHOCOOCTBOBATH
YCBOEHUIO M TMPAKTHYECKOMY TNPUMEHEHHUIO CTPOUTENIbHOW TEIJIOTEXHUKH MPHU
MPOEKTUPOBAHUM 3/IaHHUM, BO3BOJMMBIX B Pa3IMYHbIX KIMMAaTHYECKUX pPailOHOB
KbIprei3crana, B 4aCTHOCTHM — MPOBEPKA TEIUIO3AIIMTHBIX KauyeCTB OrPaXKIAroLIUX
KOHCTPYKIMH ¥ BBIOOpP ONTHUMAJIBHOTO PEUIEHUS OTPa)XJACHHUS B 3aBUCUMOCTH OT
KJIIMMAaTUYECKUX YCIIOBUM pailoHa CTPOMTENbCTBA, Ha3HAUYECHMS 37aHUs, CAHUTApHO-
TEXHUYECKUX TPEOOBaHUM.

31aHue JTOJKHO HE TOJIBKO CITY>KHTh YO€XKHIIEeM, HO U cO3[1aBaTb KOMMOPT U
NOJJIEPKUBATH 3/10poBbe. KoMpopT B moMenieHn 3aBUCHT OT:

- TEMIIepaTypbl BHYTPEHHETO Bo3ayxa: ontuMainbHo 20 °C — 22 °C;

- TeMIIepaTypbl BHYTPEHHUX MOBEPXHOCTEN CTEH, OTPaKIAIOIIMX MOMEIIECHUE:
MuHUMYM 16°C-18°C. B nmpoTUBHOM Cily4yae NOSBIIAETCS OLLYLIEHUE CKBO3HSIKA;

-OTHOCUTEJIbHOW BJIQXKHOCTU BO3/yXa B MomeuieHuu: HopmaibHo 50%—60%);
<40% — cyxoCTb CIU3UCTON 0000ukH; >60% — TETUIMYHBINA KIUMAT;

IIpenyiaraercss COBEPIIEHCTBOBAHHBIN aJITOPUTM, KOTOPBIA CBOAUTCS:
- pacyeTy He0OXOAMMOM TOJIIMHBI TEIUIOU30ISIUOHHBIX MAaTEPUAIIOB;
- ompe/eIeHnio TpeGyeMoro CompoTHBIeH!s Terwtonepenaye Ry™* ams 3amaHHBIX
YCJIOBUU DKCIUTyaTAlMi KOHCTPYKIIUM;
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- npupasuuBanne Ro= Ry™ w3 3Toro ycioeus onpesnensiercs TOJIIMHA HCKOMOTO
CJIOSI HAPY>KHOTO OTPAXKICHHUSL.

Oco0eHHOCTH TETTON30JIALINY 3aHHA

[Tpu skcruTyatamum >XKHioro 1oMa uepes creHsl Tepsiercst 10 40% tera, yepes
okHa - 18%, moaBan - 10%, nokpertust - 18%, Bentumsiiumio - 14%. [Toreps Temna u3
3JIaHHSI TPOUCXOIUT 10 ONpeesIEHHON cxeme (puc.3).
[Ipu pemennn npoOIEMBI YMEHBIICHHS TEIUIONOTEPb, HEOOXOAUM KOMILJIEKCHBIH
MOJXO0J K HCIOJb30BAHUIO COBPEMEHHBIX TEIUIOM3OJIALMOHHBIX MarepuanoB. U
MOJICPHHU3UPYSL OTpaKJIAIolNe KOHCTPYKIMH, HE OOOWTHUCH 0€3 MOJepHHU3AINH
WH)XCHEPHBIX CHCTEM - BEHTHISAIIUU U TETJIOCHAOKEHUS.
OCHOBHBIE METO/BI JOCTHKCHUS SHEPTETHUECKON d3(PEKTUBHOCTH 3TaHUM:
- MIOBBIIIEHUE TEIIOBON 3(P(EKTUBHOCTH OrpaKAarolel 000JI0UYKHY 3/1aHUs, BKIIOYAs
CTCHBI, TMOKPBHITUS W OKHA; - TMOBBIIICHUE PEryJIHUPYyEeMOCTH CHCTEM OTOIUICHHS U
TEIUIOCHA0KEHUS 3JaHNI; - TTOBBIIIEHNE () (HEKTUBHOCTH IKCILTyaTUPYEMbIX CHCTEM
TEIUIOCHAOKEHUS, B TOM YHCJIE IMyTEM IMepexofa K MPUMEHEHHUIO albTePHATHBHBIX
CHUCTEM  JICLEHTPATU30BAaHHOTO  TEIUIOCHAOXKEHHs; -  BHEIPEHHE  CHCTEM
OPUHYAUTENFHOW BEHTWISIMM C TPUMEHEHHEM CHCTeM peKylepalud Teruia
BBITSDKHOTO BO3/yXa.

gy 10%

. <

&
N

n. L
30% il [ 300
: J [L& 10%

30%

L o i

Pucynok 3- CxeMa noteps Teria u3 31aHus

B coBpeMEHHOM CTpPOMTENBCTBE CYIIECTBYET JBa HAIPABICHHUS CHUKCHUS
TEIUIONOTEPh B 3[JAHUAX: PEKOHCTPYKIHUS CYIIECTBYIOUIUX CTPOCHUN W MPUBEICHUE
UX B COOTBETCTBHE C HOBBIMM HOpPMaMH TEIUIO3AIIMTHI, a TaKXe pa3padoTka U
BO3BEJICHUE HOBBIX TaK Ha3bIBAEMBIX ASHEProd(PGEeKTUBHBIX JIOMOB, OTBEUYAOIINX
COBPEMEHHBIM CTPOUTEIHHBIM TpeOOBaHUSIM.
CHIXKEeHUE SHEpronoTpeOjeHus 3aBUCUT TaKKe OT PErMoHa CTPOMUTENbCTBA H
00bEMHO-TNIAHUPOBOYHBIX PEIICHUHN 3[aHUi, UTO B CpeHEM cocTaBisieT okoJio 40%
10 CPABHEHUIO CO 3JaHUSIMU, IOCTPOCHHBIMU 1O cTapbiM HopMaM. [loncuurano, 4ro
3aTpaThl Ha NPOBEICHUE TEIUIOBOM MOAEPHU3AUUM 3TOM KAaTETOpUM 3JaHHMI
okynatorcs 3a 10-15 mer.
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PucyHok 4 - YTemnieHue CTeH BBIIOJIHEHO CHAPYKH MOMEIEHUS

CreHbl HE TOABEP)KEHBI IEpernagy TeMIepaTyp, COXPaHSIOT Termno. Touka
pOCHI  BBIBEJCHA BO BHEIIHUW TEIJIOM3OJIUPYIONIUMN CJOM, Onarojgaps uemy
WCKIIFOYEHA BO3MOYKHOCTh OOpa3oBaHMs KOHAEHcCaTa, CT€Ha OCTaéTcsi CyXOoM.
3HAUUTENBHO COKPAILAIOTCS TEIUIONOTEPH.

«Touka poce» - Temneparypa, 10 KOTOPOH JAOJDKEH OXJAJUTHCS BO3AYX IIPU
JAHHOM JIaBJICHUH, JUISl TOTO YTOOBI COAEpKAILUNCS B HEM Map JOCTUT HACBIICHUS U
HayaJl KOHJIEHCUPOBAThCH, T. €. OSIBUJIACH POCa.

AJITOPUTM TEIUIOTEXHHMYECKOI'0 pacyera OrpaskIaoIUX KOHCTPYKLHH B
YCJIOBHSIX HEONPeEAeTCHHOCTH TOJIIUHBI TEIVIOM30JIIIHOHHBIX MATEPHAJIOB.

1. Onpenenenne NCXOIHBIX JAHHBIX

- BriOop KiIMMaTHUECKMX TMapaMeTpoOB palioHa CTPOMUTENbCTBA (TEMIlepaTypa
HapY>KHOTO BO3/lyXa, JUIMTEIbHOCTh OTONUTEIBHOTO NEPUOa, BIaXKHOCTH).

- Omnpenenenue mnapamMeTpoB BHYTPEHHEro MHUKpOKIMMaTa (Temmeparypa,
OTHOCHUTEJIbHAS BJAXKHOCTh BO3/1yXa).

- BriOop MarepuasioB sl OrpaxAarolIMX KOHCTPYKIMH M HUX TEIUIOTEXHHYECKHX
XapaKTEPUCTHK (TETIONPOBOIHOCTbD, MNIOTHOCTb, TEMJIOEMKOCTH).

2. PacyeTr TepMUYECKOTO CONPOTUBIICHHS CIOEB KOHCTPYKIIMU

- Pacuer TepMU4ECKOr0O CONPOTUBIIEHUS KaXKOTO CJIOS MaTepralIa:

N 3)
rne Ri - comporuBnenue cnos, di - TommIMHA CIOS, Al-  KOA((PHUIIMEHT
TETUTONPOBOHOCTH.

- Onpeaenenne 00IIEro TEPMUIECKOTO COPOTHBICHHS KOHCTPYKIIHH:

RDEI.T.I = ZR‘

(4)
3. Onpenenenne kodduimenTa Temionepeadn
- Koadpunment Ternonepenauu onpenensercs o hopmyrie:
= 5
- (5)

rae U - ko unuenT Temnonepeaayn.
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4. Pacder TeryionoTeph 4epe3 Orpaxaaronyro KOHCTPYKIUIO
- OnpeesieHue TEMIOBOro MOTOKA:

Q=U-A-AT (6)
rae A - momanas orpaxjaamooliei KoHcTpykuuu, AT- pazHuna teMmmepatyp MexIy
BHYTPEHHUM U HApYKHBIM BO3TYXOM.

5. Onpenenenue TpeOyeMoi TOMIIMHBI TETTIOU3O0JISAIINH
- Ilpy Heu3BeCTHOW TOJIIMHE TEIJIOU3OJISIIIUOHHOTO CJIOSI pacyeT BEAEeTCS II0
3aJJaHHOMY TpeOyeMOMYy CONPOTHUBIICHUIO TeIuionepeaade Ryp:

dI/ICK: RTp : xyTeHJ‘II/ITeHH (7)
rae duck - Tpedyemast TOJIHA TETTON30JISIINH.
6. AHanmu3 pe3yabTaTOB U KOPPEKTUPOBKA MTapaMeTPOB
- CpaBHEHUE TIOJyYCHHBIX 3HAYCHUI C HOPMAaTHBHBIMU TPEOOBAHMSIMHU.
- KoppektupoBka TONIIUHBI YTEILTUTENS IPU HEOOXOAUMOCTH.
- O11eHKa YHEProcOepeeHUs U YKOHOMUIECKON 3P (HEKTUBHOCTH.

JUist  SKCIEpUMEHTAJbHOM  MPOBEPKH  JOCTOBEPHOCTH  PE3YJIbTAaTOB
TEIJIOTEXHUYECKOTO  pacyeTa  OrpaxJarolIuX  KOHCTPYKIMM  MPUMEHSIICS
CUCTEMATUYHBIN MOJIX0/1 C UCMIOJIB30BAHUEM COOTBETCTBYIOIIETO 000PY/I0BAHMUS.

Bribop o00pa3moB s AKCIEpPUMEHTa  TEIJIOTEXHUYECKOTrO  pacdeTa
OTpaXKIAFOIINX KOHCTPYKIIHHN COAEPIKUT CICTYIONMNE XapaKTEPUCTUKH
- TPEACTaBUTEIBHOCTH: OOpa3Ilbl, COJACpXKAIIUE THUIl MaTepHuala YTeIUICHUS,
IJIOTHOCTH U TOJIITUHY;

- CTaHJapTH3alus: OO0pa3ilbl, COOTBETCTBYIONIHWE CTAHJApTaM M HOpPMaTHBaM B
00J1aCTH TETJIOU3OJISIIUUA U SHEPTOd(PPEKTUBHOCTH,

- pa3Mephl: 00pa3iibl COOTBETCTBYIONINE TPeOyeMbIM pa3MepamM U mapameTpam;

- 0€30MaCHOCTh 00PA3I0B HA HAJIC)KHOCTh OT BOCIIJIAMEHEHUS.

[IpoBeneHne WCTIBITAHWA B KOHTPOJIMPYEMBIX YCIOBHSAX MPOBOAMIACH Ha
UCTIBITATeIbHOW MIaTopme, Tae obOecrneumBajCsd KOHTPOJIb TEeMIEpaTyphl H
BJIQYKHOCTH.

YcoBepiieHCTBOBAHHBIH AJTOPUTM pacueTa 3aBHCHMOCTH TeIJIONOTEPh
oT K03 HUIHEeHTA TENJIONPOBOIHOCTH € YUETOM HeOMpeaeIeHHOCTH TOJIIUHBI
TeNJIOU30JSIIUN C HCIIOJIB30BAHUEM IMOAXO0JA CIyYaWHOW TE€HEpaluy 3HA4YeHU
TOJIIMHBI  TEIJIOM3OJISAIIMA B 33JJaHHOM JIMAmNa30HE JUIsl KaKIO0TO 3HAYCHHSI
ko3 duieHTa TErIONPOBOJHOCTH A TMO3BOJIAET 0o0Jiee TOYHO MOJEIUPOBATH
BJIUSTHUC CITyYalHBIX KOJICOAHWHA TOJIIIMHBI U30JIAIUHA HAa TETUIONOTEPU. DTOT MOAXO.
YYHTBIBACT HEOIPEACICHHOCTH, KOTOPhIE MOTYT BO3HUKATh HM3-3a HETOYHOCTCH B
MIPOCKTUPOBAHUH, TPOU3BOJCTBCHHBIX ITOTPEIIHOCTEH WM KOJIeOAaHWUH BHEITHUX
(hakTopOoB.

1. Maremartuueckas MOJE/Ib 3aBUCUMOCTH TEIUIONOTEPh OT Kod(dduimenta

TEIJIOMPOBOHOCTH Y TOJIITUHBI TETIJIOM3OJISIIHH

TermmonoTepu depes OrpakIarine KOHCTPYKIIMA MOTYT OBITh PACCUMTAHBI C

UCIIOJIb30BaHUEM (POPMYJIBI:
Q=S:(T:-T2)/R (8)
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rae:
Q - rermoniorepu (BT),
S - mronank orpaxaaronieil KOHCTPYKIHH (M?),
Tiu To- TemrnepaTypa BHyTpH U cHapy:xu 31anus (°C),
R- comporuBieHuwe Temiomnepenade, KOTOPOE 3aBUCHT OT Kodddwuimenta
TEIUTONPOBOJHOCTH A M TOJIITUHBI U30JIsImH d:
R=d/\ 9)
rie:
d - ToMmUHA TEIUTOM30JIAIUH (M),
A - K03 PUIHEHT TEIUIONPOBOAHOCTH MaTepHuana Teron3osanuu (Bt/m-°C).
Takum 006pa3om, TEIJIOMOTEPH MOKHO BBIPA3UTh KaK:
Q=S«(T1-T2)-\Md (10)
2. MonenvupoBaHHe HEOTPEACICHHOCTH TOJIITUHBI TETION3OJISIIHH
Jlns Oonee TOYHOTO MOJEIHUPOBAHMUS MOXKHO YUYECTh HEONPEACICHHOCTH B
TOJIIWHE TEIJIOU30JSAIUA, KOTOPbIE MOTYT OBITh BBI3BAHBI: MOTPEIIHOCTSIMU MpHU
MIPOU3BOJICTBE, JOTOJHUTEIBHBIMA TPEOOBAaHMSIMH K  MOHTaXy, BIHSHAECM
KJIIMMaTUYECKUX YCIOBUH.
[Toxxo/ ciry4aiiHOM reHepalyy MpeIoiaraeTt, 4YTo TOIIKWHA Teruton3o0siuu d
B Mpejenax 3aJaHHOro Jauana3oHa OyAeT BapbUpPOBATHCS IS KaXJIOTO 3HAYCHUS
Kod(ppuieHTa TEMIOMPOBOJHOCTH A.
3. AJITOPUTM yCOBEPIIICHCTBOBAHUS
[MIar 1: 3amanne quana3oHa 3HAYESHUN TOJIIUHEI TEIUIOU30ISIINN
3ajgaeTcss JMana3oH BO3MOXKHBIX 3HAUYEHUM TOJIIMHBI  TETUIOU3OJISALINH,
Hanpumep, OT Umin=0.05M 10 Umnax=0.15M, B 3aBHCHMOCTH OT THIIOB MaTEpPHAJIOB W
TpeOOBaHUM K 3/TaHUIO.
[Iar 2: CiyyaliHasi reHepalus 3HaY€HUN TOJIIMHBI TEILIOU30JISIIAN
JIns kaxxaoro koduiMenTa TErIonpOBOIHOCTH A TEHEPUPYIOTCS ClIydaiiHbIe
3HAYCHUS TOJIIUHBI TEIION30JIAIUMH 0 U3 YKa3aHHOTO JUara3oHa.
di=dmin*(dmax—dmin)-rand(0,1) (11)
rae rand(0,1) - ciaygaitHoe uncio B quanasone ot 0 o 1.
[IIar 3: Pacuer TemionoTeps Al KaXA0T0 3HAYEHUS TOJIIIUHBI
JIIs KaX[I0ro CreHEepPHMpPOBAHHOTO 3HAYCHHS TOJIIUMHBI (i pacCUYMTHIBAIOTCS
tertonorepu Qi mo dpopmyie:
Qi=S-(T1—T2)-Mdi (12)
[ar 4: CTaTUCTUYECKUI aHATIU3 PE3YJIbTATOB
[Tocne BBITIONTHEHHS pacyeTa JJisi MHOXKECTBA 3HAYCHUUN TOJIIMHBI U30JISAIUU
MIPOBOJIUTCS CTATUCTUYECKHUM aHAIH3: CPEHUE 3HAYCHHSI TEIUIONOTEPD, TUCTIEPCUS U
CTaHJApTHOE OTKJIOHEHHWE JUIsl OIICHKM JHama3oHa BO3MOXKHBIX TEIUIONOTEDD,
JIOBEPUTEIbHBIC HHTEPBAJIBI JIs IPEICKa3aHUs BEPOSITHBIX 3HAUYCHHUM TEIIONOTEPH C
Y4ETOM HEONPEACIICHHOCTH.
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[ar 5: OuieHka BIUSHUS HEONPEIETIEHHOCTH Ha PE3yIbTaT

[IpoBoasT aHanM3 TOro, Kak W3MEHEHUE TOJIIMUHBI M30JSIUUA BIUSET Ha
TEIJIOMIOTEPH B 3aBUCUMOCTH OT 3HAYEHUS KOd(DPHUITMEHTa TETIOMPOBOIHOCTH A, UTO
MO3BOJIIUT OIEHUTh YYBCTBUTEIBHOCTh CHUCTEMbl K WM3MEHEHUSM TOJIIIUHbI
W30JISALIIH.

4. Tlpumep pacuera

Nmerotes crenyroiiye 1aHHbIE:
- [Iom@aab creH S=50 m2,
- BHYTpeHHs1a Temriepatypa T1=22 °C,
- BHemHss Temneparypa 1,=—10 °C,
-K03((UILIMEHT TEMIONPOBOAHOCTH MaTepuana uzossiuu A=0.1 BT,
- nramna3oH ToiuHb! 3o dmin=0.05 M, Umax=0.15M.

5. [IpeumymiectBa noaxoa
-  PCAIMCTUYHOCTh: MOJICTUPOBAHUE HEOMPEICICHHOCTU TI03BOJIIET YUYUTHIBATH
Bapualli, KOTOPbI€ MOTYT BO3HMKATh B PEAIbHBIX YCIOBUSX CTPOUTEIIbCTBA U
AKCILTyaTaluu.
- THOKOCTB: JIETKO aJIalTUPYETCS JJIsSl pa3HbIX TUIIOB MAaTEPUATIOB U KOHCTPYKIIUH.
- OIICGHKA pHCKA: CTAaTUCTUYECKUM aHallu3 TMO3BOJSET OMNPEACIUTh BEPOSTHOCTD
MIPEBBIIICHUS OMPEACIICHHBIX MOPOTOBBIX 3HAYCHUM TEIJIONOTEPhb, YTO BAXKHO JJIS
AHEprodPheKTUBHOTO MPOCKTUPOBAHUSI.

Tabnuna — 1 - 3HaueHUs TeIIONOTEPh

Tommuna Tenonsoasiuum, d (m) Temionorepu, Q (Br/m2)
0,05 80,00
0,06 66,67
0,07 57,14
0,08 50,00
0,09 44,44
0,10 40,00
0,11 36,36
0,12 33,33
0,13 30,77
0,14 28,57
0,15 26,67

NuTepnperanus

- IPY MUHUMAJIbHOU TOJIIHHE Umin=0.05M OyayT TEIIONMOTEPH MaKCUMAaIbHBIMH, TaK
KaK COMPOTHUBJICHHUE TEILJIONepe1aue HEBEIHKO.

- IPH MakKCUMAaNbHON TOMMKHE Omax=0.15M TemmomoTrepu MHUHHUMAIBHBI, TaK Kak
COTNIPOTUBJICHUE TEILJIOTIEpEIaue BEIUKO.

- CTaHAAPTHOE OTKJIOHEHHE Teruionoreps: 14,22 Bt/m2
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HAunarpamMma 3aBUCHMOCTH TeIVIONOTEPh OT
K03 PUILIHEHTA TeNJIONPOBOIHOCTH

0,00 0,02 0,04 0,06 0,08 0,10 0,12 014 0,16
ToawmHa Tenaousonauuu d ot 0.05m go 0.15 m.

Pucynok 5 - JlmarpamMma 3aBHCHMOCTH TEIUIOMOTEPh OT Kod(duimeHTa
TETUIONPOBOJHOCTH

Tabnuna 2 - CpaBHUTEIBHBINA aHAIN3 TUHEHHON PETPEeCCUU U TPAJUEHTHOTO
OycTuHTa

IHapamerp Jluneitnass | I'pagueHTHBII Ipumeuyanus
perpeccust OyCTHHI
(Pe3yabTar) (Pe3yabTar)

Tonmmua u3onsauu 100 100 B 06oux meTomax

(Mm) TOJILIMHA U30JISIUH
3aJlaHa OJJUHAKOBO

Tun marepuana Crena u3 Crena u3 Ob6a meTona

(xmacc) 0eToHa O0eToHa MPEANOoIararoT
UCIIOJIb30BaHNE
OJIMHAKOBBIX MaTepUajIOB

Temneparypa -10 -10 Temneparypa BHELIHSS B

BHewHsAs (°C) o0oux cirydasx
OJIMHAKOBAs

Termnonorepu 40,0 38,5 JluneliHas perpeccus gaet

(Bt/™?) HEMHOTO 0OJIbIIIee
3HaYeHHe, TOTJa KaK
IpaueHTHbIN OyCTUHT
naet 0oJiee TOYHBIE
peICKa3aHusl

DHepronorpedieHne 10,5 10,2 B pesynbTate

(xBt-u/m?) WCIIOJIb30BaHUsA
IpaJuE€HTHOTO OyCTHUHTa
SHEpromnoTpedIcHue
HEMHOT'O CHUKAETCS
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Temneparypa 22 22 BuyTpeHHss TemiiepaTypa

BHYTpH (°C) OJIMHAKOBAas U1 000UX
METO/IOB

BraxHocTh 60% 60% BnaxxaocTs Bo3ayxa

(BIaXXHOCTh TAKXKE OJIMHAKOBA JJIsI

BO3/yXa) 000MX METOJIOB

HUrorosas 0,45 0,43 ['panueHTHBIN OyCTUHT

TeIuIoneperada npeyaraet 60yee TOuHOe

(Bt/™m?) 3Ha4YCHHUE TEIIoNepeIayu,
9TO CBSI3aHO C €T0
CIIOCOOHOCTBIO
YUHUTBIBATH OOJIiee
CJIOXKHBIC 3aBUCHUMOCTH

Koaddurment 0,92 0,98 ['pagueHTHBII OyCTUHT

nerepmuHanu (R?) MOKa3bIBaeT OoJiee
BBICOKOE 3HaueHue R?,
YTO yKa3bIBaeT Ha OoJiee
BBICOKYIO TOUHOCTb
peIcKa3aHusl

Cpenusis 2,5 1,8 ['pagueHTHBIN OyCTHUHT

abcomtoTHas JIEMOHCTPUPYET

ombka (MAE) MEHBIIYIO OIHUOKY, YTO
TOBOPUT O €r0 BBICOKOU
TOYHOCTH

Bpems o0yuenus 0,5 3,0 Bpemst 00yuenus

(cex) IpPaJuEeHTHOTO OyCTHUHTa
3HAYUTETHHO BBIIIE U3-3a
0oJ1ee CI0KHOW MOJIEIH

Bpewms 0,05 0,1 ['pagueHTHBIN OyCTUHT

npeackazanus (CeK)

TpeOyeT HEMHOTO OOJIBIIIE
BpPEMEHU JJIsI
MpeACKa3aHus, YeM
JIMHEWHAs peErpeccust

NuTepnperanus pe3yJbTaTOB MAIIUHHOTO 00yYeHUS:

1. O1ieHKa TOYHOCTH MOJIENTN

- CpcaHiaa a0OCoJIFOTHAs OIIMOKa IMIOKa3bIBACT, Ha CKOJBKO B CPCAHEM MOJICIIb

omrbaeTCs MpH MpeCKa3aHusX;

- CPCOAHCKBaApaTIHAaA OIIMOKa ITOMOTaeT INIOHATBb, HACKOJIBKO CHUJIBHO IIPCACKAa3aHUA

MOACINU OTKIOHAIOTCSA OT PCAJIbHBIX 3HAUCHUM.

- koo punment aerepmunanyu (R?) usmepser, kakas 10711 U3BMEHEHHUN B 3aBUCHMON

NEePEeMEHHON 00BsicHseTCs Moaenbio. Uem Ommke 3HaueHue R? x 1, Tem myudmie

MOACIIb.
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2. NaTepripeTanus pe3yJibTaToB
- JIAHEMHAs MOJENb II03BOJSIET HWHTEPIPETUPOBATh PE3YJbTAThl, AHAIAUPYS
BaXXHOCTh MpHU3HaKa ((paxTopa) B pacuere TEIIOTEXHUYECKIX XapaKTEPUCTHK.

- K03 (HULIUEHTHI SIS KaKI0TO MPU3HAKa MOKa3bIBaIOT, KaK CUJIbHO U3MEHEHHE ITOTO
IIPU3HAKA BJIMACT HA KOHEYHOE 3HAYEHUE TEIUIONOTEPh WM TEIUIONEpPENayu, €Clu
KOA(PGUIUEHT ISl TONIIUHBI TEIUIOU30JIALUN TOJM0KUTEIbHBINA, 3TO O3HAYAET, YTO
YBEJIMYEHUE TOJIIUHBI U30JISIUN ITPUBENET K CHUKEHHIO TEIJIONOTEPb.

- BQXHOCTh NMPU3HAKOB: TPAJAMCHTHBIA OYCTHHT IOKa3bIBACT BAXXHOCTH Pa3TMUHBIX
(akTOpoB B pacyere, €Cld TEIUIONPOBOJAHOCTh MaTepuala HMEET BBICOKYIO
BaXHOCTb, 3TO MOKET 03HAYATh, YTO BHIOOP MaTepHalia OrpakJAloOINX KOHCTPYKIIUN
UMeeT HauOoJIbIIIee BIUSHUE Ha TEIJIONOTEPH.

- B&XKHOCTb (DAKTOPOB MOKA3bIBAIOT, UTO TOJIIMHA TEIIOU30JISILUU U TEMIIEPATYPHBIN
pEXUM B PETMOHE OKa3bIBAIOT HaWOOJIbIIEE BIMSHUE HA pEe3yJibTaThl, a THUI
MaTeprajia MEHEE 3HAYNM.

3. BeIsBIIEHHE CKPBITBIX 3AKOHOMEPHOCTEN

Mopenn MamMHHOTO OOYYEHHUS BBISBISIIOT CKPBITHIE 3aKOHOMEPHOCTH,
KOTOpPBIE TPYJHO 3aMETUTh C TIOMOIIBIO TPAAUIIMOHHBIX METOJOB pacyera,
UCITOJIb30BAaHUE METO/I0B MAIIMHHOTO O0YYEHHS TTOKA3bIBAIOT, YTO:

- B XOJOJHBIX KJIMMAaTax YBEJIWYECHHE TOJIWHBI YTEIUIUTENA A0 ONPEIEICHHOIO
ypoBHsi (Hampumep, 150 MM) 3HAYUTENBHO CHUXAET TEIJIONOTEPU, HO MPU STOM
YBEJIMYECHHE TOJIIMHBI BBIIIE 3TOTO YPOBHS MOXET HE HMMETh 3HAYUTEIBHOTO
ahdexkra.

- TeMIepaTypHble KOJeOaHUsl U BIAKHOCTh OKA3bIBAIOT BIIMSAHHME HA TEIUIONEpenavy
yepe3 KOHCTPYKIMHU, YTO MPUBOJUT K HEOOXOAMMOCTH 00Jiee TOUYHOIO ydeTa 3THUX
(hakTOpOB.

4. TIporHo3upoBaHue U afganTaius

Mopenn MamMHHOTO OOYYEHHMsSl TMO3BOJIAIOT HE TOJIBKO aHAaJIU3UpPOBaTh
TEeKyllMe JaHHble, HO W NPOTHO3UPOBATH BO3MOXHBIE HM3MEHEHHUS B
TEIUIOTEXHUYECKUX XaPAKTEPUCTUKAX:

- €CIIM KIIMMAaTUYECKHE YCJIOBUS B PETHOHE MEHSIOTCS, SKCIEPTHAs CUCTEMA
aBTOMAaTHUYECKHU KOPPEKTHPYET pacueTsl, mpenjaras 0osiee 3PpGheKTUBHBIC peIIeHUs
JUISL TETITION30JISILIUN.

- €CJIM Ha PBIHKE MOSIBJISIOTCS HOBBIE CTPOUTEIBHBIE MATEpPHUalbl C YIy4YIICHHBIMU
TEIJIOU3O0JIALIMOHHBIMU  XapaKTEPUCTUKAMU, MOJEIb  OBICTPO  aJanTHpyeTcH,
YUYUTBIBAs 3TU U3MEHEHUS U MIPEAOCTABIAA PEKOMEHIALMH 10 UX UCITOIb30BAHUIO.

B 3akiouYeHuMM [HCCEPTAMM  MPEACTABIEHBI  PE3YyJbTAaTbl  HAyYHBIX
UCCIENOBAHUM W  pa3pabOTOK, a TaKXe M3J0KEHbl OCHOBHBIE HAy4YHO-
METO/I0JIOTUYECKUE TTOJIOKEHUS, UCCIIEIOBaHHbBIE B paboTe.

B npuiomxkeHuM COIEPXKUTCS WMCXOJHBIE JaHHbBIC, JUCTUHT MPOTPaAMMBbI
DKCHEPUMEHTAIILHOTO UCCIEA0BAHNUSA, aKT O pealIn3ali pe3yIbTaTOB UCCIIEIOBAHMS,
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a TakKe BblJaHHOE CBHAETENbCTBO (KbIprei3smaTeHTOM) O TOCYyJapCTBEHHOM
peructpanuu nporpammbel  ans  OBM  u aBTOpckoro nmpaBa Ha  OOBEKT
WHTEJUIEKTYJIbHOM COOCTBEHHOCTH.

BbIBO/IbI

1. Pazpabotana Mojelnb HKCIEPTHOH CHUCTEMBI TEIUIOTEXHUYECKOTO pacuera,
npeJIcKa3pIBafomas TerioBble morepu (Q), YTO IMO3BOJIIET aBTOMATHYCCKU
aHAJIM3UPOBaTh BXOJHBIE NapaMmeTpbl (MaTepHalibl, KJIMMAaT) U BBIIOJHATH
pacueTsl ObICTpee U TOYHEE.

2. Iloctpoena ML-monenb, o0ydeHHas Ha peaqbHBIX U3MEPEHHSIX, YTO TTO3BOJISET
BBISIBUTh CKPBITHIE 3aBUCUMOCTH HAa OCHOBE JAHHBIX TEIUIOTEXHUYECKOIO
pacuera;

3. Pazpaborana pexomMeHAaTeNbHAs CHCTEMa BBIOOpA TETUIOM3OJISIIMOHHBIX
MaTrepuaioB Ha OcHOBe ML ¢ mnpuMeHEeHHeM perpecCHOHHOM MOJAEIH H
IPaIUEHTHOTO OyCTHHTa,;

4. TlpoBeneHa »SKCHEpUMEHTAIbHAS MPOBEPKA, IMOJYYEHHBIX  pe3yJbTaTOB
pacyera napaMeTpoB TEIUIOU3OJISILIMOHHON KOHCTPYKIUH.

INPAKTUYECKHUE PEKOMEHJAIIUN
Pa3paboTanHas 3KCnepTHAsi CUCTEMA C MCIOJIb30BAHUEM METOJ0B MAIIMHHOTO
oOyuenust (MO) TEMIOTEXHUYECKOTO pacyeTa Orpa)xAaroluIMX KOHCTPYKIMM 31aHul
BKJIFOYAET CIIEAYIOIINE PEKOMEH IAlUN

1. OnTtumMu3anusi TPOEKTUPOBAHMS OrPAKIAIOIMIMX KOHCTPYKIMH - cucTema
no3BoJIsieT 3PPEeKTUBHO BBHIOMPATh MaTepUaibl M MapaMeTpbl KOHCTPYKIIUH,
o0OecrieunBasgs MaKCUMalbHYIO0 3HEpProdGPeKTUBHOCT U  COOTBETCTBUE
HOpMATHBaM.

2. Yd4er KIMMaTH4eCcKuX (haKTOpOB W MPOTHO3MPOBAHME TEIUIONOTEPH - CHUCTEMa
UHTETPUPYET JAHHBIE O KIMMATHYECKUX YCIOBHUSX, YTO MO3BOJSET TOYHO
pacCUMTHIBATh TEIUIONOTEPU B PpA3JIMYHBIX PErMOHaX W B  YCJIOBHSX
U3MEHSIOLIErocs KiIumMara.

3. IlpuMeHeHne B pPEKOHCTPYKUMHM U MOJEPHHU3ALUUU 3JaHUM - DKCHEpTHas
CUCTEMa TIOMOTraeT TMpu ONTHUMHU3ALMUU CYHIECTBYIONIMX OTpa)kJarolux
KOHCTPYKIIUH, YUUTBIBAs TpeOOBaHUS 3Hepro’pHEeKTUBHOCTU 151
JIOJITOBEYHOCTH.

4. Vcnonp3oBaHuEe B 00pa30BaTEIbHOM IMPOIECCE W HAYYHBIX HCCISTOBAHUSX -
CUCTEMa SIBISIETCSA TOJIE3HBIM HMHCTPYMEHTOM JUIsi OOydYeHHs CTYACHTOB U
CHEIUAINCTOB B 00JIaCTU CTPOUTEIHCTBA W DJHEPreTUKH, a TaKXKe JUId
IPOBEICHMUS]  HAay4YHbIX  HCCIEJOBaHUM B  cdepe  TEMIOPUZUKU U
MPOECKTUPOBAHUSA 3/TAHUN.
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1. Cynub6exoBa A.K. Ananu3 npumenenus Jsp u Asp.net npu pazpaboTke
nporpaMMHOro oOecredeHus wuHpopmanmonHoit cuctembl [Texcr] / AK
CymubekoBa, A.A. TopoeB // bumkek: Becthuk KI'YCTA um. H HMcanoga, Beim. 2
(44)., 2014.- C. 76-82. — To xe: [DnekTpoHHBIH pecypc]. — Pexum mocryma:
https://elibrary.ru/item.asp?id=24325002

2. CynubekoBa A.K. OcHOBHbBIE TPUOPHUTETHI UCTIOIB30BaHUsT Microsoft
Ado.net s oOpameHus K peasSuoHHbIM 0a3aM naHHbIX [Tekcr] / CynmubekoBa A K.,
Topoes A.A. Kambapora H.K. // bumkek: Bectauk KI'YCTA um. H Ucanosa, Beim.
2 (44)., 2014.- C. 86-89. — To xe: [DnekrpoHHBIH pecypc]. — Pexxum moctyrma:
https://elibrary.ru/item.asp?id=24325004

3. CynubexoBa A.K. TerioTeXHUYECKUI pacyeT OrpakIaloluX KOHCTPYKIUN
3nanuid [Tekct] / CynubekoBa A.K., KapumbaeB T.T., bekrypoBa A.K. // bumikek:
Bectnuk KI'YCTA um. H HcanoBa, Beim. 2 (44)., 2014.- C. 171-175. — To xe:
[DnexTpoHHBIHN pecypc]. — Pexxum noctymna: https://elibrary.ru/item.asp?1d=24325025

4. CynubexoBa A.K. MccnegoBaHue TeI03alIuTHRIX KAY€CTB HAPYKHOW CTEHBI
3naHuid B HatypHblx ycnoBusix [Tekct] / CymmbekoBa A.K., Kyryes M./,
Marto3zumoB b.C. // Hayunslii U MHPOPMALMOHHBIN XypHall. MaTepuanoBeieHue,
MexayHapOJHbI YHHBEPCUTET HWHHOBAIIMOHHBIX TexHosoruii, Ne2/2015 (9) - C.
260-262. — To xe: [DnextpoHHbli pecypc]. — Pexmm  moctyma:
https://elibrary.ru/item.asp?id=42981630

5. Cynubexona A.K. KoMIbIOTEpHBII aHATN3 OCHOBHBIX 33/1a4 CTPOUTEILHOMN
termotexHuku [Tekcr] / CynubekoBa A.K., Kytyes M.JI., Matro3umoB b.C.// Hayxka
¥ WHHOBAIIMOHHBIE TEXHOJOTUM MEXAyHapOIHBIH YHUBEPCUTET WHHOBAIIMOHHBIX
texHosoruid, Nel/2016 (1) - C. 261-264. To xe: [DneKTpoHHBIN pecypc]. — Pexum
nocryma: https://elibrary.ru/item.asp?id=27444166

6. Cynu6exoBa A.K. DxcniepTHas cucTeMa TEIUIOTEXHUYECKOTO pacyeTa
orpaxnaromux koHcTpykuui [Texcr] / CynubexkoBa A.K. // Hayunsbiil sxyphHaiu
MexnayHnaponHoro yHusepcutera Ana-Too «Alatoo Academic Studies», 2023, Tom
23, Beimryck 2 - C. 494-504. — To xe: [DnekTpoHHBIN pecypc]. — Pexxum mocryma:
https://elibrary.ru/item.asp?id=54151692

7. CynudexoBa A.K. CpaBHUTENbHBIN aHAIN3 SKCIEPTHBIX CUCTEM

TEMJIOTEXHUYECKOTO pacuera orpaxmaronimx kKoHcTpykiui [Tekcr] / CynubexoBa
AK. // U3Bectus By3oB Kwipreizcrana, Ne2, 2023 - C. 27-30. — To xe:
[DneKkTpoHHBIN pecypc]. — Pexum JOCTyIIA:
https://elibrary.ru/item.asp?id=54762589

8. CynubexoBa A.K. DkcniepTHas cuctema TEIJIOBOM 3allUThI 31aHUI B

KinMaTrueckux ycioBusix Keipreizckoir Pecriyomuku [Teker] / CynubGekoBa A.K.//
N3Bectus By30B Keipreizcrana, Ne2, 2023 - C. 31-34. — To xe: [DaeKTpOHHBIN
pecypc]. — Pexxum ngocryma: https://elibrary.ru/item.asp?id=54762591

23


https://elibrary.ru/item.asp?id=54151692
https://elibrary.ru/item.asp?id=54762589
https://elibrary.ru/item.asp?id=54762591

9. Cynubexona A.K. Vicnonbs3oBaHue IKCIIEPTHON CUCTEMBI TEINIOTEXHUYECKOTO

pacuera orpaxpaaromux koHcTpykiui [Tekcr] / CymmubexoBa A.K., Kyryes M.,
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CynubexoBa AarbiHaii Ka3zak6aeBHanbiH 05.13.16 - uaumuii u3uiineeepae
ICeNTO0 TEXHHUKACHIH, MAaTEeMATHKAJBIK MOJEJI60 KAHA METOAJA0PAY
KOJIOHYY(TapMakTap O0OIOHYAa) aAUCTUIH OOHYA TEeXHUKA WJIMMIAECPUHUH
KAHAUIATHI MJIMMMI JapakacblH M3AEHUIN ajlyy Y4YYyH :Ka3buiran «KbIproiz
Pecny0iMKACHIHBIH KJIUMATTHIK HIAPTTAPBIHAA UMAPATTAPABbIH KbLIYYJYT'YH
KOProo Y4YyH MaajbIMATTBIK CHCTEMAaHbl HINTEN 4YbITYyYy» JdereH TeMaaarbl
AUCCEPTANMSCHIHBIH
PE3IOMECH

Herusru ce3pep: MaajabIMaTTBIK CUCTEMA, MAITWHAIBIK YHPOHYY, CHI3BIKTYY
perpeccus, TpaJMEHTTUK OYCTHUHI, MaajbiMaT Oa3acel, 0aanoo, aHaIW3, Kiaccrap
JTUarpaMMachl, JJOTUKAIIBIK YbITApyy MEXaHU3MHU, SKCIIEPTTHK KOPYTYHIY, KBLITYYIYK
OTKOPYMAYYAYK, KBUTYYIIYK H30JISIUASICH, SKOHOMHKAIBIK HATBIKATYYIYK.

N3ua1e60HyH 00beKTHCH — UMAPATTAPIBIH JKaHa KYPYJIYIITapIbIH OrpakiaMa
KOHCTPYKITUSIAPBIHBIH JKBUTYYIYK-TEXHUKAIBIK 3CEONHE MaITMHAIBIK YHPOHYYHYH
(ML) xonponymymry.

N3uaneenyH mnpeaMeTH — MaIIWHAIBIK YHPOHYY BIKMATApbIH KOJJIOHYY
apKBLTYY KBLUTYYITyK-TEXHUKATIBIK ACENTOOTIOPIY ONTHUMATIAIITHIPYY,
aBTOMATTAIITBIPYy aHa TaKTBITBIH JKOTOpYyJaTyy. bym scenreenep TOMOHKY
OareITTapbl KAMTBIAT: KOHCTPYKIUSUIAPIBIH KBUTYYIYK TYPYKTYYIYTYH aHBIKTOO;
MaTepHaiapAblH Oyy 6TKOPYMIYYJIYTY jkaHa aba eTKepyMAYYIyry OoroHYa aHaIIu3
KYPry3YY; UMapaTrTapIblH KbUTYYJIYK >KOTOTYyJapbl >KaHa JHEPrusi KepeKTOOCYH
OO0JKOJI00; DSHEPTHsl HATBHIMKANYyJIyryHa Taacup OJTYY4Y JKalIBIPYyH MbIH3aM
YEeHEMAYYIYKTOPAY aHBIKTOO.

N3unaneenyH bIKMaiapbl- CHI3BIKTYY pErpeccHs kaHa TPagueHTTHK OyCTHHT
KOJJIOHYY MEHEH MAaIIMHAJIBIK YUPOHYY; KbUTYyYTyK-TEXHUKAIBIK JCENTOOJOPIYH
MaajbIMATTAPhIH HMINTEN YbITYY apKbULyy KOpPpesaIusIapbl >KaHa MbIH3aM

YEHEMTYYJIYKTOPY AHBIKTOO; ap KaHaan KJINMATTBIK miaprrapaa
KOHCTPYKIUSJIAPAbIH )KYPYM-TYPYMYH MOJEII06 KaHa CUMYJISLIUSIIOO.
N3uaneenyn makcarbl — Keiprei3  PecnyOsMKachlHBIH — KIIMMATTBIK

APTTAPBIH 3CKE€ alyy MEHEH UMaparTapAblH JHEPrus HaThIHKAIYYIyTYyH
JKOTOPYJIATYy YUYH KBUIYYJIYK JKOTOTYYJIApbIH KaHa KbUIYYJIYK ©TKOPYMIYYIYTYH
aHAJIN3[106 TMPOLECCMH  aBTOMATTAIUTBHIPYY JKaHAa TaKTBITBIH  JKOTOPYJIATYY
MaKCaThlHJa JKbUIYYJyK-TEXHUKAJIBIK JCENTee OOIHYAa OSKCHEPTTHK CHCTEMA
apKbUTyy MalllMHAIBIK yiipeHyYHY (ML) xonaonyy.
AJIBIHTaH KBIMBIHTBIKTAP KAHA AJIAP/bIH WINMMI )KaHbLIBIKTAPBI:

- Kby yJTyK-TEXHUKAJIBIK 3CENTOOJIOP YUYH MallMHANBIK Yilpenyy (ML) neruzunne
UIITEIUI YbIKKAH JKCHEPTTUK CUCTEMA CANTTyy BbIKMallapjaH ailbipmanansin, ML
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QITOPUTMIECPUH KOJIIOHYI, KOHCTPYKUUSJIAPABIH JKBUIYYIYK MYHO316MOJIOPYH
ABTOMATTAIITHIPBUITAH TYPAO® aHAIM3JCH XKaHa OO0XOMOJJIOUT. AJ OLIOHAON 3
MaTepuaniapabl KaHa KOHCTPYKUMSJIBIK YEYMMAECPAH ONTHMAIJALITBIPYY YUYH
YKacaJIMa MHTEJUICKTTH Nai1aIaHar.

- ML pixkManapsl KbUTyyJdyK TYPYKTYYJIyryH, Oyy OTKepYMIAYYJYI'YH XaHa a0a
OTKOPYMIYYIYTYH 0aanoo Y4yH epKYHAOTYJIAY, Oyl KOHCTPYKIMS MapaMeTpiiepH,
KJIMMATTBIK WIAPTTAp JKaHA JKCIUIYATALUAJIBIK ©3TOUYOIYKTOp OpPTOCYHAArbl TaTaall
OailiaHbIIITap/bl ICKE alTyy MYMKYHUYJYTYH *oropynaraT. Harelibkana, ap kanman
KJIMMATTBIK 30HAJIAP/a MaTepHAIIapIbIH ICKAPHUIIN JKaHA IETPAJALMSICHIH 3CKE alyy
MEHEH aJlapJIbIH KYPYM-TyPyMYH OOJKOI100T0 OOJIOT.

- ML HerusuHzaeru airopuTM HINTENUI YBITBHIN, 3H MBIKTBI Kypamjarbl jkaHa
KOH(Urypauusiiarel Kypyiayll MaTepHajJapblH TaHI00 MEXAaHM3MHUH Ty3ay. byn
BIKMa JHEPI'Hs HATBIKAIYYJIyK )KaHa SKOHOMUKAJIBIK MaKCaTKa bIIAHBIKTYYJIYK 3CKE
alblHTaH  YEYMMJEpPAM  CYHYIITOO  apKbUlyy  HMMaparTapAblH  KbUTYYJYK
YKOTOTYYJIapblH a3alThIN, SHEPTHUs HATHIKATYYIYTYH KOropyJiaTyyra e0eire Ty3er.

AJIBIHTaH KBIHBIHTBIKTAPAbIH NPaKTHKAJIBIK MAaaHMCH:

N3uneeHyH KbIABIHTBIKTAPbI KbLUTYYITyK-TEXHUKAIBIK 3CENTOOJIOPIYH
camaTblH  JKOropyjaryyra  KOMOK  KOpCOTYII,  OJKCIEPTTUK  CHUCTEMAaHBbIH
HATBIKAYYJTyTyH JKakmbIpTaT. JKacaama HHTEIJIEKT bIKMalapbIHbIH KOJJIOHYIYLTY
uMapaTTap/iblH JHEPrus HaThIKATYYJIYTyH >KOTOpPYJAThIN, AKCILTyaTalUsIIbIK
YBITBIMIAP/bl a3alTYyy MEHEH Oupre A0ja000pjo0 kKaHa MOJEPHMU3ALMIIOO0 YUYYH
ONTUMAJlYy YEUUMIEPIU CYHYIITOOIO MyMKYHIYK Oeper.

Byn 3KCHepTTHK CUCTEMaHBIH KbUIYYIyK-TEXHHKAJIBIK 3CenTeesiop OOrOHYA
KbIMBIHTBIKTApbl M. Pa3zzakoB ateiHgarel KI'TYHYH WIMMUN-U3UII06 WINTEPUHIE
YKaHa OKYTYy MPOLECCUH/E KOJJIOHYJIAT.

Kouanonyy ueiipecy:

KypyJsty1 *KputyyJlyK TEXHUKAChl MAIlIMHAJIBIK YHPOHYY KOJITOHYJTaH
KOHCTPYKIUSIAPBIHBIH JKbUTYYJIyK-TEXHUKAJIBIK 3CENTOO OOIOHYA SKCIEPTTUK
CUCTEMACBIH/IA.

PE3IOME

aucceprauuu CynuoOexkoBoi AarbiHal Kazak0aeBHbl Ha Temy «Pa3padorka
HH(GOPMALMOHHOM CUCTEMBbI /ISl TEIVIOBOM 3aIMTHI 3IaHUH B KIMMATHYECKHX
ycaoBusix Kpipreizckoit  Pecny0iMKH» Ha COMCKAaHHMEe YYEHOH CTeleHHM
KAHIUIATA TEXHHYECKHUX Hayk mno cneuuaabHocT 05.13.16 - nmpumeHeHue
BbIYMCJIUTEIBLHOT TeXHUKH, MaTeMaTH4€eCKOro MO/IeJIUPOBAHUSA U
MaTeMAaTH4YeCKUX MeTO/I0B B HAYYHbIX HCCJIeIOBAHUSX

KiroueBbie ciaoBa: HudopmanmonHas cuctema, MalimHHOE OO0ydYeHHe,
JUHENHAs perpeccus, TPaJuCHTHBIA OyCTHHT, Mojenu, Oa3a JaHHBIX, OIICHKA,
aHallu3, JarpaMMma KJIacCOB, MEXaHU3M JIOTUYECKOTO BBIBO/A, JKCIEPTHOE
3aKJIIOUCHHE, TETIONPOBOAHOCTD, TEIJIOU30IAIINS, SKOHOMUYECKast 3 (HEKTUBHOCTD.

O0bekT nccaenoBanus — MammHHoe ooydenue (ML) B skcniepTHOM cucteme
TEIUIOTEXHUYECKOTO pacyeTa OrpakIarolX KOHCTPYKIUHI 31aHUN U COOPYKEHUM.
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IIpenmer ucciienoBaHusi — IPUMEHEHUE METOAOB MAalIMHHOIO OOYy4EHHUs ISl
ONTUMHU3AalMY, AaBTOMATH3allMM W IIOBBIIIEHHWS TOYHOCTH TEIUIOTEXHUYECKUX
pacyeToB, KOTOPBIE BKIIIOYAIOT: OINPENEICHHE TEIUIOYCTOMYMBOCTA KOHCTPYKIIUMU;
aHanu3 ITapONPOHMUIIAEMOCTH u BO3/1yXOIIPOHHUIIAEMOCTH MaTepuaoBs,
IPOTHO3MPOBAHKUE TEIUIOBBIX MOTEPh M SHEPronoTpeOJCHUs 3AaHMIA; BHISIBICHHE
CKPBITHIX 3aKOHOMEPHOCTEH, BIAMSIONIMX Ha 3HEPT03(PHEKTUBHOCTD.

MeTtoabsl mucciael0BaHMsS - MAIIMHHOE OOyYEeHHE C HCIOIb30BAHHEM
PErpecCUOHHOM  MOJENM M TpajUeHTHOro OycTUHra, o0pabOTKa JaHHBIX
TEINIOTEXHUYECKOr0 pacyera Il BBIABICHUA KOPPEIALMNA U 3aKOHOMEPHOCTEH,
TEIUIOTEXHUYECKOE MOJEIUPOBAHUE CHUMYJLILMM IOBEACHUSA KOHCTPYKLUH B
Pa3IMYHBIX KIIMMATUYECKUX YCIOBUSAX.

Leabro uccienoBaHus SBISETCS UCIOIB30BaHUE MAaIMHHOTO 00y4eHus (ML)
B DOKCIIEPTHOM CHCTEME TEIUIOTEXHUYECKOTO pacyeTra, KOTOpPO€ HalpaBiICHO Ha
aBTOMATHU3allMI0, I[IOBBIIEHWE TOYHOCTH TMpPOLECCa aHaau3a TEIUIONOTEPh H
TEIJIONMPOBAHOCTH TEIUIOU30SALMOHHBIX MaTEpUANIOB MJisi 3HEProd(p(HeKTUBHOCTH
3JJaHUN C yYETOM KIIMMaTH4ecKux yciioBuid Keipreizckoit Pecryonuku.

IHonyyeHHbIe pe3yJabTaThl U MX HAYYHAs] HOBU3HA:

- pa3paboTaHa »JKCIEpTHas CHUCTeMa C MammHHBIM oOydennem (ML) mus
TEIUIOTEXHUYECKOTO pacyera B OTIMYME OT TPAAUIMOHHBIX METOJOB, HCIIOJIb3YET
ML-anroputmsl 1Jisi aBTOMaTU3MPOBAHHOTO aHAJIM3a U MPOTHO3UPOBAHUS TEIIIOBBIX
XapaKTEpUCTUK OrpakKAAOIUX KOHCTPYKLUMM C IPUMEHEHUEM HCKYCCTBEHHOIO
UHTEIJIEKTa Ui ONPENCIICHUS OINTUMAIbHBIX MaTepUaIOB U KOHCTPYKTHMBHBIX
pEUICHHU.

- YCOBEpLICHCTBOBAaHbI MeToabl ML s OIEHKM  TEeII0yCTOWMYMBOCTH,
IIApONPOHMUIIAEMOCTH W BO3AYXONPOHHUIIAEMOCTH, IIO3BOJIAIOLIME  YUYHUTHIBATH
HEJIMHEWHBIE 3aBUCUMOCTH MEXKIY IapaMeTpaMu KOHCTPYKIMH, KIMMATUYECKUMU
YCIOBUSIMM M OKCIUTyaTallMOHHBIMU  XapaKTEpPUCTUKAMHM, YTO CIPOTHO3ZHPYET
IIOBEJICHNE MATEPHUAJIOB B PA3JIMYHBIX KIIMMATHYECKUX 30HAX C YUYETOM MX CTapeHUS
U JErpaJalyu.

- pazpabotan anroput™ ML s moabopa Hamidyyiiero cocraBa M KOH(UIypauuu
CTPOUTEIBHBIX MATEPUAIOB C Y4YETOM SHEpProd(PEeKTUBHOCTH U HKOHOMHYECKOU
LEJECO00Pa3HOCTH C MPEJIOKEHUEM HMHHOBALIMOHHBIX PEIICHUA MO CHUXEHHUIO
TEIJIONOTEPh U MOBBILIEHUIO 3HEPTO3()(PEKTUBHOCTHU 3TaHUH.

IIpakTHyeckass 3HAYMMOCTb MOJYYEHHBIX pe3yJabTaroB. IlosyyeHHble
pe3yJbTaThl, NPUMEHSAEMBIE IPU HCCIECIOBAHUM KAdyeCTBA TEIJIOTEXHUYECKOIO
pacuera, CIOCOOCTBYIOT YJIYYIICHHUIO SKCIIEPTHOW CHUCTEMBI 3a CYET MPUMEHEHHS
METOJIOB MCKYCCTBEHHOTO MHTEJUIEKTa, 4YTO TOBBIIIAIOT 3HEPro3(pPeKTUBHOCTD
3MJaHUN M CHIDKAaeT OKCIUTyaTallMOHHBIE 3aTpaThl, CHOCOOHBIE PEKOMEHIOBAThH
ONTUMAJIbHBIE PEIICHUS U1 IPOCKTUPOBAHNS U MOACPHU3ALNY 31aHUMN.

Pesynprarsl DKCIIEPTHOU CHUCTEMBI TEIJIOTEXHUYECKOI0 pacyera
OTpaXXJAIOIINX KOHCTPYKIMHA HCHONB3YyIOTCS B ydeOHOM mporecce KITY wum.
N.Pa33akoBa npu MpoBeACHUHN HAYYHO-UCCIEA0BATEIbCKUX padoT.

O0sacTp TNpPUMEHEHHMsI: CTPOUTENIbHAS TEIUIOTEXHUKA C TNPUMEHECHHEM
MAalIMHHOTO OOYy4YeHUsi B DJKCIEPTHOM CHUCTEME TEIUIOTEXHUYECKOro pacydera
OrpaXkKJAOIIUX KOHCPYKIUH.
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SUMMARY
of the dissertation of Supibekova Altynay Kazakbaevna on the theme: «
Development of an Information System for Thermal Protection of Buildings in
the Climatic Conditions of the Kyrgyz Republic» for the degree of candidate of
physical and mathematical sciences, specialty 05.13.16 — the application of
computer technology, mathematical modeling, and mathematical methods in
scientific research

Key words: Information system, machine learning, linear regression, gradient
boosting, database, evaluation, analysis, class diagram, logical inference mechanism,
expert conclusion, thermal conductivity, thermal insulation, economic efficiency.

Object of research: Machine learning (ML) in an expert system for thermal

engineering calculations of building envelope structures.
Purpose of research: Application of machine learning methods to optimize, automate,
and improve the accuracy of thermal engineering -calculations, including:
determination of the thermal resistance of structures; analysis of vapor permeability
and air permeability of materials; prediction of heat loss and energy consumption of
buildings; identification of hidden patterns affecting energy efficiency.

Research methods: Machine learning using regression models and gradient
boosting; processing thermal engineering calculation data to identify correlations and
patterns; thermal modeling and simulation of structural behavior under different
climatic conditions.

Research Objective: The objective of this research is to utilize machine
learning (ML) in an expert system for thermal engineering calculations, aiming to
automate and enhance the accuracy of heat loss analysis and the thermal conductivity
of insulation materials to improve the energy efficiency of buildings, considering the
climatic conditions of the Kyrgyz Republic.

Results and Scientific Novelty: An expert system with machine learning (ML)
has been developed for thermal engineering calculations. Unlike traditional methods,
it employs ML algorithms for automated analysis and prediction of the thermal
characteristics of building envelopes, utilizing artificial intelligence to determine
optimal materials and structural solutions; ML methods for evaluating thermal
resistance, vapor permeability, and air permeability have been improved, allowing for
the consideration of nonlinear dependencies between structural parameters, climatic
conditions, and operational characteristics. This enables the prediction of material
behavior in different climatic zones, considering their aging and degradation;an ML-
based algorithm has been developed to select the optimal composition and
configuration of construction materials, considering energy efficiency and economic
feasibility. The algorithm proposes innovative solutions for reducing heat loss and
increasing the energy efficiency of buildings.

Practical Significance of the Results: The obtained results, applied in the
study of thermal engineering calculations, contribute to improving the expert system
by incorporating artificial intelligence methods. This enhances the energy efficiency
of buildings, reduces operational costs, and provides optimal recommendations for
building design and modernization.
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The results of the expert system for thermal engineering calculations of
building envelopes are used in the educational process at |. Razzakov Kyrgyz State
Technical University (KSTU) for conducting scientific research.

Field of application: building thermal engineering with the application of
machine learning in an expert system for thermal engineering calculations of building
envelopes.
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