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BBEJIEHHUE

AKTyaJlbHOCTHL TeMbl auccepranuu. CoBpeMEHHblE TEHICHLIMU B

CTPOUTENHCTBE HAIIPABJICHBI HA MOBBIINIEHUE SHEProdPPEKTUBHOCTH 3MaHHM, UTO
TpeOyeT yIy4IIEHHOW TEeIJIOU30ISMUM M ONTUMHU3ALUUU TEIUIOTEXHUYECKUX
XapaKTEPUCTUK OrPaXKJAOIIMX KOHCTpYKUMi. C BHEIpPEHHWEM NEPEIOBbIX
TEIJION30JIALIMOHHBIX MATEPUAIOB U MHHOBAILIMOHHBIX KOHCTPYKTUBHBIX PEIICHUN
pemiaeTcss 3ajJadya  MUHUMH3ALUM  TEIUIONOTEPb, 4YTO, B CBOK OYEpEnb,
CIIOCOOCTBYET CHMKEHHIO 3aTpaT Ha OTOIUIEHHE U KOHJIMLIMOHUPOBAHHUE.
OnHMM U3 NEPCTIEKTUBHBIX HANpPaBJICHUI B JaHHOW 001acTu ABIseTcs pa3paboTka
DKCIIEPTHBIX CHUCTEM TEIUIOTEXHHUUYECKOIO pPacdeTa, HCHOJIB3YIOIMMX METOJbI
MamuHHOro 00yuenust (ML). Takue cucCTEeMbl MO3BOJISIIOT aBTOMATU3UPOBATH
IIpoLIECC aHAIM3a U ONTHUMM3aLWH TEIUIOW30JILUOHHBIX CBOMCTB KOHCTPYKIIMM,
YUUTBIBasE ~ MHOXXECTBO  (DaKTOpOB, BKJIOYAas  KIMMATHYECKUE  YCIOBHS,
XapaKTEPUCTUKN CTPOUTENBHBIX MAaTE€pPUANIOB, 3KCIUIyaTallUOHHBIE HArpy3Ku U
O0COOEHHOCTH MPOEKTUPOBAHUSI.

OcHOBHBIE BO3MOKHOCTH 3KCIIEPTHON CHCTEMbI € HCHOJb30BaHHEM
ML:

AHaJIM3 TeIUIOTeXHUYECKMX IMapaMeTpoB — cucreMa oOpabaTbiBaeT

JAHHBIE O TEIIONPOBOJHOCTH, MAPONPOHUIIAEMOCTH M TEMJIOEMKOCTH

pa3IMyYHBIX MaTepUasoB.

2. IIporHo3upoBaHMe HEPronoTepb — aJrOPUTMbl MAITUHHOTO O0YYEHUS HA
OCHOBE  HMCTOPMYECKHMX  JAHHBIX M  MOJCIHMPOBAHUSA  IO3BOJIIOT
IPOTHO3UPOBATh YPOBEHb YHEPrONOTPEOICHUs 31aHusl.

3. OnTuMHM3auMs KOHCTPYKTHBHBIX PpelleHMH — CucTeMa Ipeaaraer
HanOoJsee 2(pGEeKTUBHBIC BApUAHTHI COYCTAHHS MATEPUATIOB U KOHCTPYKITHI
JUTSL CHYDKEHMSI TETIONOTEPb.

4. ABTOMATH3HUPOBAHHBIN pacyeT COOTBETCTBUSI HOPMATHBAM — aHAJIU3
COOTBETCTBHS MPOEKTUPYyeMbIX KOHCTpyKuuit TpeboBanusim CHull, TOCT u

APYTUX HOPMATUBHBIX JOKYMCHTOB.
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5. PexoMeHganum mo NOBBIIEHHIO IHEProd(P(PeKTHBHOCTH — HA OCHOBE

MOJIYYEHHBIX PE3yJNbTAaTOB CUCTEMA MPEAJIAracT U3MEHEHHS B KOHCTPYKIIMHU

WJIY IPUMEHSIEMBIX MaTepUaax.

Hcnonb3oBaHne MAaIIMHHOTO OOY4Y€HHS B TEIUIOTEXHUYECKUX pacuerax
IIO3BOJIIET HE TOJIBKO TOBBICUTH TOYHOCTH IIPOTHO30B, HO U 3HAYUTEIIBHO
COKpPaTUTh BpeMsl, 3aTpaunMBacMO€ Ha AaHAJIU3 BAPUAHTOB KOHCTPYKTHMBHBIX
pemieHuil. OTO OCOOEHHO aKTyaJlbHO B COBPEMEHHBIX YCIOBHUSX, KOrja
9HEpProd(HEKTUBHOCTh  3MaHWA  CTAHOBUTCS  NPUOPUTETHOW  3amadeil B
CTPOUTEIILHOU OTPACIIH.

Henabio ucciaeaoBaHusl SIBISICTCS HCIOJIb30BAaHUE MAIIMHHOTO OOYyYEeHUS
(ML) B 3KCHEpTHO# cHCTEME TEIUIOTEXHUYECKOTO pacueTa, KOTOPOe HAIpPaBICHO
Ha aBTOMAaTH3aLMIO, MOBBIIICHUE TOYHOCTHU IIpOLlecCa aHaIu3a TEIUIONOTEPh U
TEIJIONMPOBIHOCTH TEIJIOM3OJISILIUOHHBIX MAaTEpUAJIOB ISl SHEProd3(PPeKTUBHOCTH
3JJaHUN C yYETOM KIIMMaTH4eCcKUX ycioBuid Kelpreizckoit Pecryonuku

CdopmynupoBaHHas 1€7b MPEANoIaraeT pelieHne CIEAYIONMX OCHOBHBIX
3ajay:

- mpoBecTH 0030p U  CpaBHUTENbHBIM  aHANW3 OKCHEPTHBIX  CHCTEM
TEIUIOTEXHUYECKOTO  pacdeTra OrpaXKJarolluX KOHCTPYKUMH  CTPOUTEIBHBIX
COOPY>KECHUH;

- pa3zpaboTaTh MOJiedb D3KCHEPTHOM CHCTEMbI TEIUIOTEXHUYECKOIO pacyera,
npeackasbiBaronieit kodgdumuent temionepenayn (U) u temoBbie nmotepu (Q)
0e3 HeoOXOJUMOCTH PYYHBIX BBIYHCICHHUM, YTO TIO3BOJUT aBTOMATHYECKU
aHaJM3UPOBATh BXOJHbBIC MapaMeTpbl (MaTepUalibl, KIMMAT, T€OMETPHUs 34aHus) U
BBITIOJIHATH PACUEThI OBICTPEE U TOUHEE;

- moctpoutb ML-Mozenb, 00y4eHHOW Ha peaqbHBIX W3MEPEHUSIX, YTO IMO3BOJIUT
MUHUMHU3UPOBATh  PACXOXKICHUS MEXKIYy PpPACUCTHBIMU U (DAKTHUECKUMHU
TEIUIONOTEPSIMUA, KOTOPBIE BBISBAT CKPBITHIE 3aBUCMMOCTM HA OCHOBE JIaHHBIX
TEINIOTEXHUYECKOTO pacuera;

- pa3paboTaThb PEKOMEHJATENbHYI0 CHCTEMY BbIOOpa TEIIOU3OJISIUMOHHBIX

MaTepuaioB Ha OCHOBe ML ¢ mnpuMEHEHHEM pPETPECCHOHHOW MOJECIH H
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IpaME€HTHOTO OYCTHHTa,
- TPOBECTH HKCIIEPUMEHTAIIbHYIO MPOBEPKY, MOJTYUYEHHBIX PE3yJIbTaTOB pacuera
napaMeTpOB TEIIOM30JSIIIHOHHON KOHCTPYKIIHU.

O0bekT wuccieqoBanusi — MamumHHOe oOydenue (ML) B skcnepTHOM
CHUCTEME TEIUIOTEXHUYECKOTO pacuera OrpaKAArolIMX KOHCTPYKIMHM 31aHUN |
COOPYKECHUH.

CoBpeMeHHbIE 37]aHUSI U COOPYKEHUSI MPOCKTUPYIOTCS C YYETOM BBICOKHX

TpeOOBaHUIl K SHEProdPQPEeKTUBHOCTH, YTO JETACT TEIUIOTEXHUYECKUH pacyer
OTrpXKIAIOIIMX  KOHCTPYKIMM  KpUTHYECKHM  BaXHOM  3amauedd.  OpHako
TpaJULMOHHBIE METOJIbl pacueTa TpeOyHOT 3HAYUTENIbHBIX BPEMEHHBIX 3aTpaTr U
MOTYT OBITh TIOJIBEpKEHbI CYOBEKTMBHBIM oOlIMOKaM. BHeapeHune MeTonoB
MamHHOTO 00yueHus (ML) B SKCHEpTHBIE CHUCTEMBI pacyera MO3BOJISIET
aBTOMATHU3HPOBATh MPOIECC aHaIM3a, ONTHMHU3MPOBATH BHIOOP CTPOUTEIBHBIX
MaTepuajoB W KOHCTPYKTHUBHBIX pEIICHHWH, a TaKKe IOBBICUTh TOYHOCTh
IPOrHO3UPOBAHUSI TEILIIONOTEPb.
MammHaHoe oOyueHue, Kak pas3iel HCKYCCTBEHHOTO WHTEIUIEKTa, IO3BOJISIET
o0ydaThb MOJENM Ha OCHOBE OOJIBIIOTO KOJIMYECTBA JAHHBIX O CTPOUTEIBHBIX
MaTepuanax, KITUMaTHYEeCKUX  YCIIOBUSX, TUTIAX KOHCTPYKITUH u
OKCIUTYaTaIlMOHHBIX TapaMeTpax 3faaHuil. B pesynbrare skcmepTHas cuctema Ha
ocHoBe ML crnocoOHa BBISBIATH CIOXKHBIE 3aKOHOMEPHOCTH, KOTOPBIE CIIOKHO
yd4ecTh IIPH TPAJWILIMOHHBIX pacdeTax, U Mmpeajaratb ONTUMaIbHbIC PEIICHUs s
MIPOCKTUPOBAHUSI SHEPTOIDPEKTUBHBIX 3aHUH.

IIpenmer ucciaenoBaHus — MPUMEHEHHE METOAOB MAIIMHHOTO OOy4YeHHs
JUTST ONTHUMH3AIMN, aBTOMATH3aIlMU M TOBBIIICHUS TOYHOCTU TETUIOTEXHUYECKUX
pacueToB, KOTOpPbIE BKJIIOYAIOT: OMpPEAENCHUE TEIUIOYyCTONYMBOCTH KOHCTPYKIIMMA;
aHalM3  TApOMPOHUIIAEMOCTH M BO3IYXONPOHUIIAEMOCTH  MaTEepUAJIOB;
MIPOTHO3UPOBAHKE TEIUJIOBBIX MOTEPh W DHEPTrONOTPEONICHUs 3/aHUM; BBISIBICHUE
CKPBITHIX 3aKOHOMEPHOCTE!, BAMSIONIMX Ha 3HEPT03(PHEKTUBHOCTD.

Metoabl ucciaenoBaHMs - MalIMHHOE OOyYE€HHE C HCIOJIb30BAHUEM

pPErpecCHOHHOM MOJAENIW ¥ TPAJAMEHTHOTO OycTuHra, 00pabOTKa TaHHBIX

6



TEIUIOTEXHUYECKOTO pacyeTa I BbIABICHUS KOPPEJSIUNA M 3aKOHOMEPHOCTEM,
TEIUIOTEXHUYECKOE MOJCINPOBAHUE CHUMYJISIIIUM TOBEACHUS KOHCTPYKIMI B
Pa3HbBIX KIMMATHYECKUX YCIOBUSIX.

Hayynasi HOBH3HA [MCCePTAIIMOHHOIO WCCJEAOBAHHUA COCTOUT B
CJIEYIOLIEM:

- pa3paboTaHa »JKCHEpTHas CHUCTEMa C MamuHHBIM oOydennem (ML) s
TEIUIOTEXHUYECKOTO pAacUeTa B OTJIMYKME OT TPAJAULHOHHBIX METOJOB, UCIIOJIb3YET
ML-anroputmsl 111 aBTOMaTU3WPOBAHHOTO aHajiu3a M [POTHO3UPOBAHUS
TEIUIOBBIX  XapaKTEPUCTHK OrPaXJAlOUMX KOHCTPYKUHUM C MPUMEHEHUEM
HMCKYCCTBEHHOTO HWHTEIJIEKTa [JIsl OINPEIEICHUS ONTUMAIbHBIX MAaTepHalioB U
KOHCTPYKTHUBHBIX PEIICHUH.

- yYCOBEpIICHCTBOBaHBI Meroabl ML 1 OLEHKM  TEemIoyCTOWYMBOCTH,
NapONPOHUIIAEMOCTH U BO3JIYXOINPOHHUIIAEMOCTH, IMO3BOJISIOIINE YYHUTHIBATH
HEJIMHENHbIE 3aBUCUMOCTH MEX]y MapaMeTpaMu KOHCTPYKIMH, KIMMaTHYECKUMU
YCIOBUSIMM M SKCIUTyaTallMOHHBIMU XapaKTEPUCTHKAMHM, YTO CIPOTHO3UPYET
MOBEJACHUE MAaTEpPHAIIOB B pAa3IMYHBIX KIMMATHYECKUMX 30HAX C YYETOM HX
CTapeHus U Jerpajaluu.

- pa3zpabortan anroputM ML myig moaOopa HauTydIero cocraBa U KOHQUIrypauuu
CTPOUTEIBHBIX MAaTEPUATIOB C YYETOM SHEProd(PPeKTUBHOCTH U SKOHOMUYECKON
LEJIeCO00Pa3HOCTU C MPEJIOKEHUEM HWHHOBAIIMOHHBIX PEHICHUN MO CHUYKEHUIO
TEIJIONOTEPh U MOBBILIEHUIO 3HEPTOA()(PEKTUBHOCTHU 3IaHUH.

IIpakTnyeckass 3HAYMMOCTH MOJYYEHHBIX pe3yJbTaroB. [lomydeHHbie
pe3yNbTaThl, MPUMEHSEMbIE IPU HCCIEIOBAHUM KayeCTBa TEIUIOTEXHUYECKOTO
pacyeTa, CHOCOOCTBYIOT YJIYUYIIEHUIO SKCIEPTHOW CHCTEMBI 33 CUET NMPUMEHEHHUS
METOJIOB HCKYCCTBEHHOTO HWHTEIJIEKTa, YTO MOBBIMIAIOT 3HEProdhHEeKTUBHOCTH
3MaHUA M CHUXAET JKCIUTyaTal[MOHHBIE 3aTpaThl, CIIOCOOHBIE PEKOMEH]I0BAThH
ONTUMAJIbHBIE PEIICHU ISl IPOEKTUPOBAHUS U MOJICPHU3AIINH 3TaHUN.

Pe3ynpraTrhl  SKCHEPTHOM  CHCTEMBI  TEIUIOTEXHUYECKOTO  pacdeTa
OTpaXKJAAOIINX KOHCTPYKIMM HCHOJIb3ytoTcsl B ydueOHoM rmporiecce KI'TY wum.

WM.Pa33akoBa npu NpoBEACHUN HAyUYHO-UCCIEI0BATENbCKIX PadOT.
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JKOHOMHUYECKAA 3HAYMMOCTDH IOJYYEHHBIX Pe3yJIbTaTOB. OKCIEPTHas
CUCTEMA TEILNIOTEXHUYECKOIO pacueTa OrpakIAroIMX KOHCTPYKLMH BHEApPEHA B
KBIpreI3ckuil  MHKEHEPHO-CTPOUTENBHBIM ~ MHCTUTYT uM. H. canosa.
[Tpennonaraemblii IpAMON YKOHOMUYECKUI 3PPEKT OT €€ BHEAPEHUS COCTABIISAET
oonee 40 % 3a cueT CHMXKEHHs 3aTpaT Ha HMCIOJIb30BAHHME TEIUIOM30JIUPYIOLINX
MaTepUaloB IO BBIJIAHHOMY 3aKJIIOYEHHIO, YTO CIOCOOCTBYET YJIyUYLIEHUIO
KayecTBa  OrpaXKJarolled  KOHCTPYKIMHM, 4YTO  CIIOCOOCTBYET  SKOHOMHHU
sHepropecypcoB Ha 6oiiee 50% B roj.

OcCHOBHBIE I10JIOKEHUS] JUCCEPTALMH, BBIHOCMMbIE HAa 3alIUTY:

1. Pa3pa0oTaH anropuT™M TEIUIOTEXHUYECKOTO pacyeTa Orpak1atoluX
KOHCTPYKLHUU B YCIOBHSX HEOMPENETEHHOCTH TOIIIHMHBI TEMIOU30ISIIUOHHBIX
MaTepUAJIOB.

2. Pa3paborana 3KcriepTHasi CHCTEMa TEIUIOTEXHUYECKOTO pacuera C
IpUMEHEHUEM MamMHHOro o0yuyeHus (ML), cnocoOHOM aBTOMaTUYeCKd
aHAJIU3UPOBaTh TEIJI0OYCTONYMBOCTb, NapOIPOHUILIAEMOCTD u
BO3yXOMPOHUIIAEMOCTh OTPaXKIAOIINX KOHCTPYKUIHMM C HCMHOJib30BaHMEM ML-
QITOPUTMOB ~ JUIi  IPOTHO3UPOBAHUS  TEIUIOBBIX  XAPAaKTEPUCTHK U
HeprodPheKTUBHOCTD 3aHUM.

3. YcoBepIIeHCTBOBAHBI METOJIbI MAIIMHHOTO OOYyYeHHs IJisi MpeacKa3aHus
TEIUIONOTEPh U SHEPTONOTPEOICHUS ISl ONPEACIICHUsI ONITUMAIBHBIX TapaMeTPOB
TEIJIOU30JIALIMY U KOHCTPYKTHUBHBIX PEIICHUN C YYETOM KIMMAaTHYECKUX YCIOBHMA
Y DKCILTYaTAllMOHHBIX PEXUMOB.

4. BrpisaBieHbI CKPBITBIE 3aKOHOMEPHOCTH B TEIJIOTEXHUYECKHUX
XapaKTEPUCTUKAX OrPAKJAIOIMX KOHCTPYKIMA C HCIOJb30BAHUEM METOJIOB
MAaIIMHHOTO OOYy4YeHMs JUJIsl aHajh3a MAacCHBOB JAHHBIX O MaTepHalax, KiIumare,
HKCILTyaTallMOHHBIX (PaKTOpax.

5. Pazpaboran airoput™M MamIMHHOTO OOY4Y€HHUS JUIsl MOBBIMICHUS TOYHOCTU
TEIJIOTEXHUYECKUX pPacyeTOB C IPUMEHEHHEM PErPECCHOHHOM MOJENH U
I'PAaAUEHTHOTO OYCTHHIA I MOBBIIIEHUS TOYHOCTH MPOTHO3UPOBAHUS TEIUIOBBIX

HPOLIECCOB.



6. Coznana 6a3a 3HaHUU TEIUIOTEXHUYECKOTO pacueTa i Habopa 00ydarommx
naHHbIX 111 ML-Monenu, copepxarieit nHGOpMaIfio 0 CBOMCTBAX CTPOUTEIbHBIX
MaTepUaioB, KIMMAaTUUECKUX JIAHHBIX, PE3yJbTaTaX HATyPHBIX SKCIIEPUMEHTOB Ha
pEeaNbHBIX U CUMYJISIUMOHHBIX JAHHBIX JJIS1 TOBBIIIEHUS TOYHOCTH U HAJIEKHOCTH.

JInunblii BrkIaa couckaressi. OCHOBHBIE PE3yJbTaThl, W3JI0XKEHHBIE B
JTUCCepTaIlK, TOJyYeHbl aBTOpOM Jm4dHO. B paGorax [4], [5] coaBropam
n.T.H.Kyryery M./I. u k.T.H. Maro3umoBy b.C. npuHajexar NoOCTaHOBKA 3a/1a4u U
HafpaBJIeHHUE €€ PEIICHUs, B pa3paboTKe peaan3alii alrOpUTMOB.

CouckareneM NpPOAaHATU3UPOBAHBI TEOPETHUECKHE pPabOThI MO TEeMe
UCCJICIOBAHUSI M COCTOSHMUSI HMH(GOPMAIIMOHHBIX CHCTEM TEIJIOTEXHUYECKOTO
pacyera OrpaxJarmomMX KOHCTpyKUMil. Pa3pabotaHa »skcnepTHas cucTeMa
«TennorexHUYeCKui pacyeT Orpa)kJAarolUX KOHCTPYKIMI», KOTOpas MOJIydusia
aBTOPCKOE CBUIETENbCTBO. Takke Obula pa3zpaboTaHa MOJEIb SKCHEPTHON
CUCTEMBI, KOTOpas JaeT 3aKIIOYEHHE Ha OCHOBE TpeOOBaHUM, W3JI0KEHHBIX B
CHull KP 23-01-2009 «TemmoBas 3ammra 3panuii», CHull KP 23-01-2009
«CtpoutensHas rterorexaukay, CHwull KP 23-02-2000 «CtpoutenbHas
KJIMMaToJIorus». COUCKATENbh JUYHO YYaCTBOBAJA B MPAKTUYECKOM SKCIIEPUMEHTE
OIPEIENEHHS ONTUMAIILHO JO0MYCTUMOTO YPOBHS TEIJIOU30JIALINH, U B TOABEACHUN
€ro UTOTOB.

Anpobauus  pe3yabTaToB jauccepranuu. OCHOBHbIE  pE3yJbTaTh
BBITIOJTHEHHOW pabOThl MPEACTaBICHBI Ha CICIYIONIMX HAyYHbIX KOH(EPEHIIMIX
MEXTYHAPOTHOTO M PECITYOIMKAHCKOTO YPOBHS:

1) Ha MexayHapoaHoi HAYYHO-TIPAKTHUYECKOU KOH(DepeHIIun
«MHpopMaLIMOHHBIE TEXHOJOTMU B A3HMHM: COCTOSHHUE, MpOOJEeMbl U
nepcrekTuBbl [TPA-2014%.

2) Ha [TI-MexxyHapoaHou MEKBY30BCKOH HayYHO-IIPaKTUYECKON
KOH(EpEeHIIMHU KOHKYpPCa HayUYHBIX JOKJIQJI0OB CTYJICHTOB U MOJIOJIBIX YUEHBIX

«/IHHOBAIIMOHHBIE TEXHOJIOTUM U TIepeioBbIe pemeHus» 2015r.



3) Ha MexayHapoaHou HAYYHO-TIPAKTUYECKOHN KoH(pepeHIuu
«COBEpIICHCTBOBAHNE TPOTHO3UPOBAHMS M YINPABICHUS CTUXUHHBIMU
oenctBusiMu» 2016r.

4) Ha MexayHapoIHOW HaydHO-TIpaKkTHUecKol KoHpepeHn «CoBpeMEHHBIC
npoOsieMbl W TYTH pPa3BUTHS 3allIUThl HACEJNCHUA U TEPPUTOPUU OT
Ype3BbIYAHBIX cUTyanui» 2016r.

5) Ha MexnyHapoaHOW Hay4YHO-TIpaKTHYecKoil KoH(pepeHnn «CoBpeMeHHbIE
TPEH/bI B CTPOUTEIBCTBE: MPOOJIEMBI U IyTH UX permeHus» 2023r.

Kpome Toro, pesyabraTsl Bonuti B otdyeTsl HUP mo 6roxeTHON TeMmaTHke
KBIPrbI3cKOro MHXEHEPHO-CTPOUTENBHOr0 MHCTUTYTa UM. H. McanoBa.

CBsi3b TeMbl AUCCEPTALIMM € KPYNHBIMM HAYYHBIMH HpPOrpaMMaMu
(mpoeKkTamMu) 1 OCHOBHBIMH HAYYHO-HCCJIeI0BATEILCKUMH Pa00TaAMMU.

HccnenoBannsi, NpencTaBiIeHHbIE B JIUCCEPTALIMHU, BBIIOJIHEHBI B paMKax
oromxetHeix HUP, npoBonuBmmxcsi B KbIpreI3cKOM HHKEHEPHO-CTPOUTEIHHOM
uHctutyte uM. H. Ucanosa (2017-2023rr.).

HayuHno-uccnenoBarenbckass  pabora  Obula  HM3ydyeHa B paMKax
rocyAapcTBeHHOW nporpammel «CTparerusi pa3sBUTHS CTPOUTEIbHOM OTPAC/IH
Ksipreizckoin PecnyOoimkn nHa 2020-2030 roawsn», KOoTopas B CTPOUTEIBHOU
TEIUIOTEXHUKE MMEET HECKOJBKO HANPABICHUM W ILEJNEH, CBA3AHHBIX C
IpUMEHEHHEM LU(POBBIX TEXHOJOTUH M MHHOBALMOHHBIX MOAXOAOB B 00JacTu
TEIUIOTEXHUYECKOTO  NPOECKTUPOBAHWS M YNPABIECHUS  DHEPreTUYECKOU
3¢ (EeKTUBHOCTBIO B CTpOUTENbCTBE. Hibke mNpuBeIeHBI acCleKThl HayydHO-
HCCJIEI0OBATEILCKOU PaOOTHI:

1. Pazpabotka u apmantanus OporpaMmHoro oOecrneueHusi: HccnegoBanus
HaIpaBJieHbl Ha CO3/JaHHE M ONTHUMHU3ALMIO MPOrPaMMHOTO OOecreyeHHUs,
CHEUUAIM3UPOBAHHOIO  JUIA  TEIJIOTEXHUYECKOTO  IPOEKTUPOBAHUS,
MOJEIMPOBAaHUS M  pacyera »dHepreTuyeckod  sddexTuBHOCTH B
CTPOUTENBCTBE. DTO BKIIOYAECT pa3pabOTKy ajJrOpUTMOB, MaTeMaTHYECKHX
Mozeneil, 0a3 3HaHUN W HMHTEpPPECcOB, KOTOPbIE MO3BOJIAT MHYKEHEpPAM U

IPOEKTUPOBIIMKAM 3()(PEKTUBHO MPOBOAUTH TEIIOTEXHUYECKUN aHAIN3
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Orpa)KJAOIINX KOHCTPYKIIUH.

Hcnonp30BaHWe  BUPTYAJBHOTO  MOJEIHUPOBAHHS U CUMYJISILHHU:
WccnenoBanus HapaBJIeHBl HA Pa3paO0TKy U ONTUMHU3AIMIO BUPTYAITbHBIX
MOJENEN U CUMYJISIIUNA, KOTOPBIE MO3BOJISIT aHAIM3UPOBATH TEIUIONEPEIavy,
PHEepreTHYecKkylo 3ddexTuBHOCT U KoMpopT B 3HaHusAX. Takue
WCCJICIOBAHMS BKJIFOYAIOT Pa3pabOTKy TOYHBIX MOJCIICH OTrpakKIarOIINX
KOHCTPYKIIMH, BKJIIOYas MX F€OMETPUI0, MaTEpUabl U TEIJIOU3OJISILIUIO, a
TaKK€ ydeT  KIMMAaTUYEeCKUX  YCIOBUM, CHCTEM  OTOIUIGHHS U
KOHJIUIIMOHMPOBAHUS BO3/IyXa.

WNuterpauust naHHbIX W a”HanuTuKa: VccnemoBaHusi HampaBJ€Hbl Ha
pa3paboTKy METOJ0B U aJITOPUTMOB JJIsI UHTETPALIUK PA3JIMYHBIX JaHHBIX B
MPOIIECCE TEIUIOTEXHUYECKOTO pacyeTa B CTPOUTEIBCTBE. DTO COHEPKUT
UCIIOJB30BaHUE JAHHBIX O KJIMMATUYECKUX YCIOBUSX, Teorpaduueckom
MOJIOKEHUM 3JIaHUSI, XapaKTEePUCTUKAX MaTepHalioB M MapaMmeTpax CUCTEM
OTOIUICHUS W KOHJAMIIMOHUPOBAHUS BO3IyXa [l Oojee TOYHOTO U
peaTMCTUYHOTO MOJICTUPOBAHUS U pacuerTa.

PazpaboTka mMeromosnoruii u cranmaptoB: MccremoBanusi HampaBiieHbI Ha
pa3pabOTKy METOJIOJIOTHI U CTaHAAPTOB, KOTOPHIE OMPEEISIIOT MPOLIECCHI U
TpeOoBaHUsI K HUGPOBU3AIMU B CTPOUTEIBHON TEIUIOTEXHUKE, KOTOPbIC
OPUBOAST PEKOMEHJAlMKA 10 BBIOOPY U TPUMEHEHHIO ITU(POBBIX
WHCTPYMEHTOB,  OMNpEACICHUE KPUTEPUEB  OICHKU  DHEPreTUYECKOM
3¢h(HEKTUBHOCTH U pa3pabOTKy METOJIOB MTPOBEPKH COOTBETCTBHSI.
UccnegoBanne  npuMmeHeHUsT  HOBbIX  TexHonoruu:  MccnemoBanus
HaIpaBJICHbl HAa WM3YyYCHHE M aJanTalldi0 HOBBIX TEXHOJIOTHM, TaKUX Kak
untepHer Bemei (IoT), uckyccrBenHwii unTeswiekt (M) u ananutuka
Ooonpmmx naHHbix (Big Data), ans mudpoBuzanuu B CTPOUTEILHOMN
TEIUIOTEXHUKE, BKJIIOYAIOIIME BO3MOXKHOCTH MOHUTOPUHTA M YIPABIICHUS
CUCTEMAaMHU OTOIUICHHSI M KOHJIULHMOHUPOBAHHS B PEXKUME PEATbLHOTO
BPEMEHHU, MPOTHO3UPOBAHUE FHEPTONOTPEOSICHUS U ONTUMHU3ALUIO PaOOThI

CHCTCM Ha OCHOBC aHa/In3a JaHHBIX.
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Tema puccepTalMOHHOrO  HCCleqOBaHUs cBA3aHa C  KeIpreizckum
UH)KCHEPHO-CTPOUTEIIbHBIM HHCTHTYTOM uM. H. Mcanosa (2017-2023rr), rme
MPOBOJAMIIUCH UCCIIEIOBAHUS B 001aCTH M3yUeHUs SHEProd(PPEeKTUBHOCTH 3TaHUA,
BKJIIOYAsl Pa3pabOTKy TEXHOJIOTHH TEMIOTEXHUYECKOTO pacyeTa OrpakIarolnx
KOHCTPYKIMHA. B dWacTHOCTHM, wccnegoBaHuss B OOJAcTH  WCIIOJIB30BAHUS
HKOJIOTUYECKH YHUCTBIX MaTepUaoB JJIsl CTPOUTENbCTBA 3JaHU, B TOM YHUCIE
MaTepHaJIOB C BHICOKOU TETIOU30ISIIMOHHON CITOCOOHOCTBIO.

IHosiHOTa OTpaKeHUs Pe3yabTATOB JUCCEPTALUM B MyOIUKAIUSIX.

OcHOBHbBIE pe3yJIbTaThl JUCCEPTALMOHHOW pabOThl OMyOJUKOBaHBI B
HAay4HBIX TpYyJax, W3 KOTOpBIX: 9 craTelt omyOJMKOBaHBI B >KypHaiax,
pekomenaoBanHbix BAK KP, wnnekcupyembix B cucreme PHHI[. Takxke
nojsyuyeHo 1 cBuAeTensCcTBO Ha mporpammy s OBM u 1 cBugerensctBo 00
aBTOPCKOM TpaBe oT KeIpreznaTeHTa.

Crpykrypa u 00beM auccepranuu. Jluccepranys COCTOUT U3 OTJIABIICHUS,
BBEJICHMSI, YETHIPEX TJIaB, KOTOpbIe pPa3OMThI HAa pa3ielibl W 3aKIIOUYCHUN I10
rJlaBaM, 3aKIIOYCHHS, MPAKTUYECKUX PEKOMEHIAIMi, CIHCKa HCIOJIb30BaHHBIX
WMCTOYHUKOB M3 73 HAaWMMEHOBaHWMNA W [ mpuiiokeHuil. OCHOBHOE COJEpKaHUE

JTUCCePTAIK M3J10KeHo Ha 165 cTpanuax.
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I'JTIABA 1. OIMCAHUE U3YYAEMOM IMPOBJEMBI, OB30P
JIMTEPATYPbBI U CYHIECTBYIOLHINX
IKCIHEPTHBIX CUCTEM

1.1. Mecto u poab pa3paboTKH  JKCHEPTHON  CHCTEMBI
TeMJIOTEXHHYECKOT0 pacyera OrpakIaliux KOHCTPYKIHHA B

KJIMMaTH4YecKuX ycjaoBusax Keiproizckoit Pecnydauku

Hayunslii mogxos B pa3pabOTKe IKCHEPTHON CUCTEMBI TEIIOTEXHUYECKOTO
pacdyera OrpaxJaroluMX KOHCTPYKUMH BKIIIOYAET CIEAYIOIIME OCHOBHBIE
IPUHIIUIIBL:

1. M3yuyenue npeameTHou obnactu: HayuHbIil MOAX0 HAUUHAETCSA C U3YUEHUS
U TIOHMMaHusl MOpEeIMETHOW 00JacTH TEMJIOTEXHUYECKOro pacuera
OTpKIAIOMIMX KOHCTPYKUMH. OTO BKIOYAET H3yYeHUE (PUBNUYECKUX
MPUHIIMIIOB, TEIUIONEPENay, TEIUIOU30JSUUN, MAaTepUajIoB U CTaHAApTOB,
peryJsnuil u TpeOoBaHUH.

2. Coop wu ananmm3 mJaHHBIX: J[ms pa3pabOTKM JKCHEPTHOM CHCTEMBI
HE0OX0IMMO cOOpaTh M aHAIM3WPOBATh JAaHHBIC, BKJIOYAas WH(YOpPMAIUIO O
MaTepualax, XapaKTEPUCTHKaX KOHCTPYKLMM, KIMMaTUYECKHUX YCIIOBHUSX,
TpeOOBAHUIX K PHEpreTudeckod 3((EKTUBHOCTH U APYIrHX MapameTrpax,
BJIMSIOIINX HA TEIUIOTEXHUYECKUI pacyer.

3. ®opmanmmzanus 3HaHWi: HaydHbplii moaxoa BKIOYaeT QopMaTH3aIfio
HKCIEPTHBIX 3HAHWI, OCHOBAaHHBIX HA OIBITE M 3KCHEpTH3E B 00JacTu
TEIUIOTEXHUKH. 3HAHUS MOTYT OBbIThb MpeACTaBlIeHbl B BUJE MpaBUl,
AMIIUPUYECKUX POPMYII, MATEMATUYECKUX MOeNIel MiIu 0a3bl JaHHBIX.

4. PazpaboTka mojenedl u anropuT™MoB: Ha ocHOBe COOpaHHBIX NaHHBIX M
(dopMann30BaHHBIX 3HAHUN pa3padaThIBAIOTCS MOJEIU U  aJITOPUTMBI,
KOTOPbIE MO3BOJISIIOT MPOBOAUTH TEINIOTEXHUYECKUI pacyeT OrpaskIarominux

KOHCTPYKUMH. DTO MOKET BKJIIOYATh Pa3pabOTKy MaTeMaTHYECKHX MOJIETIeH
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TEIJIoNepeauu, aJfOPUTMOB pacyeTa, METOJO0B ONTHUMHU3ALMU U JPYTUX
aHATMTUYECKHUX MOAXO0B.

5. Banmupauus u Bepuduxanumsa: Hayusbelii moaxon TpeOyeT BalvJaluyd H
Bepu(dUKauu pa3padOTaHHBIX MOJENEH M aJIrOPUTMOB. DTO BKIIOYAET
CpaBHEHUE pE3yNbTaTOB TEIJIOTEXHUYECKOTO pacuera C
DKCIIEPUMCHTAIBHBIMU  JAaHHBIMH  WJIM  pe3yjbTaTaMH  M3BECTHBIX
aHAIMTUYECKUX pelieHuil. Bepudukamus Takxke BKIIOYAET MPOBEPKY
KOPPEKTHOCTH  TMPOTPAMMHOTO  O0O€CIeueHuss W €ro  COOTBETCTBHS
peIMETHON 00JIacTH.

6. UrepatuBHbiii mnporecc: Hayunblii moaxoa B pa3paboOTKe H3KCIEPTHOU
CHUCTEMBI SIBJIICTCS MTEPATHBHBIM, YTO O3HAYACT, YTO OH BKIIFOYACT ITUKIIBI
pa3pabOTKH, TECTUPOBAHUS, aHAIM3a PE3yJIbTAaTOB U YIYYIICHHUS. ITO
MO3BOJISIET TTOCTETICHHO YJIydIlaTh U COBEPIICHCTBOBATh CUCTEMY, BHEIPSISA
HOBBIC 3HAHUS, YTOYHSIS MOJEIN W aJTOPUTMBI HA OCHOBE IOJYYCHHOTO
OTIBITA.

7. JlokymeHTupoBaHue U OOMeH 3HaHuUsIMU: HayuHbI TOAXOA BKIIIOYAET
JIOKyMEHTUPOBAHUE pa3pabOTaHHBIX MOJIENEH, aarOpUTMOB, METOJOB H
pe3yabTAaTOB. DTO TO3BOJSIET COXpPaHUTh W TepeAaTh 3HAHUS JAPYyTUM
UCCIIEIOBATENsIM M CHEIHATIMCTaM B O0JAacTH TEIUIOTEXHUKH, a TaKxKe
00eCIeyuTh MPO3PaYHOCTh U BOCTIPOM3BOJIUMOCTH HCCIIETIOBAHUS.

8. IlpuMeHeHHEe HAYYHOTO TIOIXO0Ja B pa3pabOTKE 3SKCIEPTHOW CHUCTEMBI
TEMJIOTEXHUYECKOTO pacyeTa OTPa)KIAroIINX KOHCTPYKIHMM oOecreunBaeT
CUCTEMaTH4YeCKoe U  (PyHIaMEHTaIbHOE WCCJICAOBAHWE TMPEIMETHOMN
007acTH, BBICOKYKD TOYHOCTh M JOCTOBEPHOCTHh PE3yJbTaTOB, a TaKke
pa3BUTHE HOBBIX 3HAHUI U HHHOBAIMI B 00acTH TermoTexHuku [11].
AHamu3 TOTEepr B CHCTEMaxX TEIUIOCHAOKCHHMS ITIOKa3bIBaeT, UTO

3HAUMTEIbHAS WX JIOJIA CBs3aHa ¢ HEAP(HEKTUBHBIM pPEKUMaMH OTIYCKa Terlia
notpebutensim. Tak, U3 Kaxmod AOOBITONW B HACTOAIIEEC BpeMs TOHHBI HEPTH U
yris, 6onee 60% nubo Tepsiercs, 1100 HEAKOHOMHO TPATUTCS Y TOTPEOUTENEH.

Cy1iecTByeT /1Ba HaMpaBJIEHUs CHIDKEHUS MOTPEOICHUS TETUIOBOM dHEPTUN
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Ha OTOIUICHHE: ONTUMM3ALMSA CUCTEMBI OTOIJIEHUS 3IaHUS U CHH)KEHUE TETUIOBBIX
MOTEPH YEpEe3 OrpakAarole KOHCTPYKIUHU 3/1aHuil. CHUKEHHUE TEIUIOBBIX MOTEPh
yepe3 Orpaxiarone KOHCTPYKUIHM SABJISECTCS Ba)XHOW 3aJayeld JIKOHOMHUU
TEIUIOBOM JHEPTUM, PACXOIye€MOM Ha OTOIUIEHME 3JaHuil. TeraoBble MOTEpU
3aBUCAT OT KOHCTPYKLIHMHM OrPaXKIEHUS, €ro TOJIIMHBI W IPUMEHEHHBIX
MaTepHaoB.

OcHoBuble notepu Teria (o 80%) MPUXOIATCS HAa HAPYXKHBIE CTEHBI U
octekienne 3aanuil. [lotepu Temna yepe3 HapyXHbIE CTEHbI, B 3aBUCUMOCTH OT
BBICOTHl U KOHCTPYKLMH CTPOEHHs, cOCTaBIsA0T B npeaenax 20-60% ot obmiero
pacxonyemoro terma. llorepu Termna yepe3 OKOHHBIE IPOEMBI, Kak IPaBUIIO,
BbIIIE, YeM 4Yepe3 CTeHbl. CHWXEHHE TEIUIOBBIX IOTEPh YEPE3 OrpakJarollne
KOHCTPYKIMU CBOAMTCS K MEPOIIPUATHAM I10 YTEIUICHHUIO, 3 UMEHHO:

- yJy4lll€HUE TEIUIOBOW M30JSUU CTEH, MOJIOB U YEPIAKOB IyTEM YCTAaHOBKHU

JOTIOJTHUTENBHOTO CJIOS U3 TEIJIOU30JIILIMOHHOTO MaTepHaa;

- 3aMEHa CTapbIX OKOHHBIX paM Ha COBPEMEHHBIE CTEKJIONAKETHI C JBOMHBIM H

TPOMHBIM OCTEKIICHUEM;

- YIUIOTHEHHE OKOHHBIX W [JBOMHBIX IIPOEMOB, 3aJElKa WIEJIeH, 3aMeHa

Pa3OUTBIX CTEKOJI.

Peanmzannss MeponpusTHil MO YTEIUICHWIO W PEKOHCTPYKUMHU 3IaHUU C
LENbI0 MPUBEACHUS OTPaKJAIOUINX KOHCTPYKIMI K COBPEMEHHBIM TpeOOBaHUSAM
no3BoJIsieT obecneynTh 10 45% 5SKOHOMUM TEIJIOBOM 3HEPTrUM Ha OTOIUICHHE
3IaHUH.

Ontumuzamust  pabOTBl  CUCTEMBl  OTOIUICHUS  3/1aHUS  CBOJUTCS
MPEUMYILIECTBEHHO K aBTOMAaTU3aI[MHU TEIIONOTPEOIEHHUs, YTO TO3BOJISIET JOCTUYD
omyTtumoro sddexra sxkonomuu Temna (o0 20-30%). Bwmecte ¢ aTuUM
aBTOMATHU3allMsl MO3BOJISIET CYUIECTBEHHO YJIYUYIIUTh Kauye€CTBO TEIIOCHAOXKEHUS,
TO €CTh MOAaTh MOTPEOUTENIO0 TEIUIOBYID SHEPIHMI0 B COOTBETCTBHM C €rO
NOTPeOHOCTHIO, 00ECTIEYUB HEOOXOAMMBIN KOMQOPT.

HauGonee 3¢ HeKTUBHBIM CPEACTBOM MTOBBILIECHUS KauecTBa

TEIJIOCHAOKEHUSI OTACIbHBIX 3JaHWM OJHOBPEMEHHO C pEIICHHEM 3ajad
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HPHEProcOepeKeHUs SBISIETCS BHEIPEHHE COBPEMEHHBIX aBTOMATHU3UPOBAHHBIX
CUCTEM YIPABJICHHS TEIUIOBHIM PEKUMOM CHUCTEM OTOIUICHHS OOIECTBEHHBIX U
MPOM3BOJICTBEHHBIX 3aHUU.

Bce »10 oOOecneunBaeT AMHAMUYHOE pPa3BUTHE COBPEMEHHOM TEXHUKH
OTOIUICHHUS 3a CYET MPUMEHEHUS] HOBEMIIUX NAaTYMKOB PacXoja TETUIOHOCUTENS U
TEIUIOThI, MCIOJHUTENBHBIX YCTPOMCTB YIpaBICHUS MOTOKAMH TETIOHOCUTENS,
KOMITBIOTEPHBIX ~ MPUOOPOB W CHCTEM aBTOMATHYECKOTO  PEryJupoBaHUs
MapaMeTpPOB TEIUIOCHAOKEHUS .

HaubGonee shdexTuBHBI croco0 pelieHus CHUKEHHUS TEIJIOBBIX IMOTEPh
yepe3 orpakaronie KOHCTPYKLUHUHU SIBISETCA pa3pabdOTKa 3KCIEPTHONW CHCTEMBI
TEIUIOTEXHUYECKOTO pacueTa OTpPaKIAIONIMX KOHCTPYKIUH, KOTOpas HUMeeT
HECKOJIBKO MPEUMYIIECTB:

1. YBenuuenue 3¢g(peKTUBHOCTH: SKCIEPTHASI CUCTEMA MOKET 00pabaThIBaTh
OO0JBIIIOE KOJMMYECTBO JAHHBIX M BBIYUCICHUN B KOPOTKHHA MPOMEXKYTOK
BPEMEHH, UTO YBEJIWYUBACT MPOU3BOAUTEIBHOCTE U 3(()EKTUBHOCTD
npoIecca TEIIOTEXHUIECKOTO pacyeTa OrpaskaatoNINX KOHCTPYKITHA.

2. CoxpalieHue BpeMeHHM Ha pa3padoTKy: pa3padOoTKa SKCHEPTHOW CUCTEMBbI
MOJKET COKpPAaTUTh BpeMs Ha pa3pabOTKy MPOEKTOB, TaK KaK CUCTEMa MOXKET
BBITIOJTHSTH OOJBIIYIO YacTh Pa0OTHI ABTOMATHUECKH, YMEHBIIIAast KOJTHMYECTBO
PYy4YHO# pabOTHI.

3. YayduieHue TOYHOCTH: DKCIIEPTHAs CHUCTEMa MOXKET oOecmeduTh Oolee
TOYHBIA  pacyeT  TEIUIOTEXHUUYECKUX  MapaMeTpoB  OTPaKIaroIINX
KOHCTPYKIIMM, TaKk KaK CHCTEeMa MOXET HCIOIb30BaTh OO0Jiee TOYHbIE
AJITOPUTMBI pacyeTa M YIUTHIBaTh OOJbIIIEe KOJTMYECTBO TApaMEeTPOB.

4. YaydiieHMe KayecTBa IMPOEKTA: JKCIEPTHAs CHUCTEMa MOXET I[OMOYb
YIIy4IIUTh Ka4eCTBO TPOCKTAa, TaK KaK CHCTEMa MOXET MOMOYb BBHISBUTH
OMMOKK W HEHAOYEeTHl B TIPOCKTE, a TaKXKe MPEJIOKHUTH ONTHMAIIbHBIC
pelieHus] Ui TOBBIIMICHUS TEIUIOM30JSIUUMU W dHEprodhdeKTUBHOCTH

OTpaXKAAIOIIUX KOHCTPYKITUH.
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5. CHM:KeHMe 3aTPaT: HCIOJIb30BAHUE SKCIEPTHON CUCTEMbI MOXKET CHU3UTH
3aTpaThl Ha pa3pabOTKy MPOEKTA, TAK KaK CUCTeMa MOXET MOMOYb BBISIBUTD
ONTUMAJIbHbIE  pElIeHHs  JUIsl  [OBBIIIEHHS  TEIUIOM3OJLUA U
HHEProd(PPEKTUBHOCTU OTPAKIAIOIIUX KOHCTPYKIIUH, UTO MO3BOJIUT CHU3UTH
3aTpaThl HA OTOIUIEHHE U KOHAUIIMOHUPOBAHUE MOMELIEHUI B OyAyIIEM.
HecMoTpst Ha MHOKECTBO MPEUMYILIECTB, pa3padOTKa 3KCHEPTHOM CHUCTEMBI

TEIUIOTEXHUYECKOTO  pacyeTa OrpaxJarollMX KOHCTPYKIHUM TakKe HMEET
HEKOTOpbIE HETOCTATKU:

1. CaoxHOCTh pa3padoTKu: pa3padoTKa HKCHEPTHOM CHCTEMBI SIBISETCS
CJIO’KHBIM MPOLIECCOM, TPEOYIOIIMM 3HAYUTENBHBIX 3aTPaT BPEMEHHU, TPyAa U
pecypcoB. HeoO0XoauMocTh B OOJIBIIOM  KOJHMYECTBE TEXHUYECKHUX
CHEUAIINCTOB MOKET YBEIMYUTH CTOUMOCTD IIPOEKTA.

2. OrpaHM4eHHOCTh: JKCIIEPTHASI CUCTEMa MOKET OBITh OIpaHHUYECHA TOJBKO
TEMHU 3HAHUSIMU U OIBITOM, KOTOpbIMU Oblia oOyueHa. I[lpu sToMm, ecim
CHCTEMa CTOJIKHETCS C HECTaHJAPTHOW cuUTyaluel, s KOTOpoil He ObLIo
PEeyCMOTPEHO 00yUYEHHUE, TO MOXKET MOTPeOOBATHCA y4acTUE CHEUAINCTA
TSl IPUHSATUS PELIECHUSI.

3. Heo0xoauMocTh, OOHOBJIEHHSI: DKCIEPTHAS CHUCTEMa JOJDKHA PEryJsipHO
OOHOBJIATHCS, YTOOBI YUUTHIBATH U3MEHECHHS B HOPMATUBHBIX JOKYMEHTaX,
HOBBIC MaTepUajbl U TEXHOJIOTUH, a TAK)KE HOBbIE TPEOOBAHUS M CTaHIAPTHI,
YTO MOKET MOTPEeOOBATh TOMOJHUTEIBHBIX 3aTpaT Ha MOAJIEPKKY CUCTEMBI.

4. OmmOKu: Kak W J100as KOMITBIOTEpPHAs CHUCTEMa, 3KCIEepTHasl CHCTeMa
MOXXET JIONyCKaTh OMHOKKM mpu 00pabOTKE MaHHBIX W  BbIJaue
pexkoMeHaamuii. BaxkHo oOecreyuTh JOCTATOYHYIO MPOBEPKY U KOHTPOJb
KauecTBa PabOThI CUCTEMBI.

Takum oOpa3zoM, pa3paboTKa JKCIEPTHOM CHUCTEMBI TEIUIOTEXHUYECKOIO
pacyeTra OrpakKJaroluX KOHCTPYKUMWA HMMEET HEKOTOphIE HEIOCTaTKH, KOTOpHIE
JOJDKHBI OBITh YYTEHbl TpU €€ CO3JaHuU M HCmnoib3oBaHud. OpHako, mpu
MPaBWIBHOM TOJIXOJIE, MPEUMYIEeCTBA Pa3pabOTKU IKCHEPTHOM CHCTEMbI MOTYT

SHAYUTCJIBHO IMPCBLIIIATL €€ HCAOCTATKH.
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1.2. O630p JuTEpaTyphI 1O TEME UCCJIEI0BAHUS

ABTOp Yy4eOHO-METOIMYECKOTO TIO0COOUS «APXUTEKTYPHO-CTPOUTENIbHAS
buszuka B celicMOCTOMKOM cTpouTenbcTBe» MatosumoB b.C. npuBoaut
UCCIICIOBAHUE HECYIIMX M OTPAXKIAIOMMX KOHCTPYKLIMHM 3JaHHM Ha OCHOBE
BEPOSATHOCTHBIX METOJOB C YYETOM TEIUIOTEXHUYECKHX MW CEUCMUYECKUX
TpeOOBaHUH.

[lenbto uccrnenoBaTeNbCKOl pPadOThl  ABUIOCH pPa3padOTKa KIMMATHUKO-
BEPOSTHOCTHBIX METOJOB KOMIUIEKCHOTO pacuera Ha CEUCMOTEIIOCTOMKOCTD
HECYIIMX W  OlPAKIAMOIIMX  KOHCTPYKUMH  TIPAKIAHCKUX  3JaHUM U
COBEPLICHCTBOBAHME HAa MX OCHOBE KOHKPETHBIX IMPUHIMIIOB KOHCTPYUPOBAHUS
IPaKJAHCKUX 37aHUM, NO3BOJSAIOMUX YIYUIIUTh UX HAJEKHOCTh, 3KOHOMHUYHOCTh
1 KOM(OPTHOCTb.

OCHOBHEIE 33JJaYH UCCJICTOBAHNN:

1. Pa3paboTarh KIIMMaTUKO-BEPOSTHOCTHBIE METO/IbI KOMIUIEKCHOI'O pacuera
Ha  CEUCMOTEIUIOCTOMKOCTh  HECYIIMX M  OTPaXJAKOIIMUX  KOHCTPYKUMUHU
IPaXKIAHCKHUX 37 aHUH.

2. Pa3zpaborate mnaker mnpukiagHeix nporpamm (IIIII) knumaTuko-
BEPOSATHOCTHBIX METOA0B KOMIUIEKCHOTO pacyeTa Ha CEMCMOCTOMKOCTh HECYIIMX U
OTPAXKIAIOIINX KOHCTPYKIMN I'PAXKIAHCKUX 30aHUM.

3. BBIMOIHUTE CEHCMOTEIIIOTEXHUYECKUN KOMITJICKCHBIA pacdeT HEeCyIuX H
OTPAXKIAIOIINX KOHCTPYKIMU IPaKTAHCKUX 3JaHHM.

4. DKCIepUMEHTAJIbHO TPOBEPUTHh Ha cedcMoIiaThopMe TOCTOBEPHOCTH
pa3pabOTaHHBIX KIMMATHUKO-BEPOATHOCTHBIX METOJIOB KOMILJIEKCHOTO pacuera Ha
CEHCMOTEINIOCTOMKOCTh HECYIIMX M OIPAKIAIOIIMX KOHCTPYKLUHW TI'PaKIAHCKHUX
3aHUN.

Ha ocHoBe n3ydeHus BBINIEU3IIOKEHHOTO MaTepuaia 3aJayei quccepTauuu
SBIISIETCS  pa3pabOTKa HSKCHEPTHOM CUCTEMBI TEIUIOTEXHHYECKOIO pacyeTa
OrpaXkJAAroMX KOHCTPYKUHW, PpEeaJu3yOIMii OCHOBHBIE 3aJayd MCCIEAOBaHUMN

KIIMMAaTHUKO-BCPOATHOCTHBIX MCTOA0B KOMIIIICKCHOI'O pacucra Ha
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CEHCMOTEMIOCTOMKOCTh HECYHIMX M OrPAKIAIOIIMX KOHCTPYKUUNA TpaXIaHCKUX
3IaHUN B KIIMMaTH4ecKuX ycioBusax Keipreizckoit PecriyOmuku.

Ha ocHoBe yueOHO-meToaumueckoro mnocobust «Mccienoanue mnpoodiem
CEHUCMOCTOMKOCTH, CEHCMO3aIUThI, TEIUIO3AIIUTH U IIYMO3ALIUThl  3/IaHUI
aBTopa Mato3umoBa b.C. Opmia  pa3paboTaHa  dKcHepTHass  cHCTEMa
TEIJIOTEXHUYECKOTO PacyeTa OrpaXk 1aroIuX KOHCTPYKIIHM.

ABtopsl ctatbu AMup XocenH, Macyn Taxeputon «Pa3zpaboTka sKCriepTHOM
CUCTEMBI I TEIUIOBOTO AaHAIM3a JJIEMEHTOB OrPAXKIAIOIEH KOHCTPYKUUU
3MaHus» - omyOsmkoBaHHOW B okypHaie "Journal of Building Performance
Simulation" B 2014 rogy omuchIBalOT pa3pabOTKy SKCIEPTHOM CHUCTEMbI IS
TEIJIOTEXHUYECKOT0 aHaIM3a KOMIIOHEHTOB OTPaXIaloIIeld KOHCTPYKUUU 3AaHU.
B cratee mnpeacTaBieHO ONUCAaHUE OSKCIEPTHOW CUCTEMBI, KOTOpass Obuia
pa3paboTaHa C MCHOJb30BaHUEM s3blka mporpammupoBanusi CLIPS. DkcneprHas
cUCTeMa NpeIHa3HAu€Ha [JIs1 OLICHKM TEIUIOBBIX IIOTEPh 4YEpe3 pa3jIuyvHbIe
KOMITOHEHTBI OTPaXXJAIIEed KOHCTPYKLMHM 3[aHUM, TAaKUE KaK OKHA, CTEHBI,
KPBIIIN U JIp.

Cucrema OCHOBaHa Ha 3HAHHUAX U OIBITE OKCIEPTOB B 00JACTH
TEIUIOTEXHUYECKOTO0 pacyeTa 3AaHuid. B 3KCHEepTHOW CUCTEME HCHOJIb3YIOTCS
MpaBUJIa, KOTOPHIE ONMPEAEIISIOT BIAUSHUE PAa3IMYHBIX TAPAMETPOB, TAKUX KaK THUIIbI
MaTepHaJIOB, TOJIIMHA CTEH W T.I. Ha TEIUIOBBIE IOTEPH YEPE3 OrpakIarollne
KOHCTPYKLIMH 3aHUMN.

[lo pe3ynbTaTaM TECTUPOBAHUS SKCIEPTHOM CHUCTEMbI OBLIO MOKa3aHO, YTO
OHa CIIOCOOHA TOYHO OLIEHUBATh TEIIOBBIE MOTEPH YEePe3 pPa3InUHbIe KOMIOHEHTHI
OTpaKJAOIIEH KOHCTPYKIMH 3JaHUH W TPENOCTaBIATh PEKOMEHAALMU T10
ONITUMM3AITIH SHEPTOI(H(DEKTUBHOCTH 3TaAHHUS.

Astopsl ctatb M. A. Anb-Jlxubypu, C. H. Anp-3y0aiinu, A. A. Anp-Taun
«JKcrnepTHas cuctema Uisi 3HEeprod((EeKTUBHOTO MNPOEKTUPOBAHUS 3JaHUN B
KAPKUX KIMMAaTHYSCKUX YCJIOBHSIX», OMyOJMKOBaHHAs B xypHaie "Energy and
Buildings" B 2012 roay omnuceiBaroT pa3pabOTKy DKCHEPTHOM CHCTEMBI IS

IPOEKTUPOBAHUS SHEProd(PPEKTUBHBIX 3AaHUNH B TOPAYMX KIMMATUYECKUX
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yCcloBUAX. B cTarbhe npeacTaBieHo onucaHue SKCIEePTHOM CUCTEMbl, KOTOopas ObLia
paspabotana Ha 0a3e mnporpammHoro ob6ecneueHuss MATLAB. DOkcneptHas
cucTeMa TMpeAHa3HaueHa [UIsi ONTUMHU3ALUU SHEProdPPEeKTUBHOCTH 3IAaHUN B
rOpsSYNX KIMMAaTUYECKUX YCIOBHSIX.

CucreMa OCHOBaHa Ha 3HAaHUSAX M ONBITE 3KCHEPTOB B 00JacCTH
9HEprod(PPEeKTUBHOTO MPOCKTUPOBAHMS 37aHU. B JKkcmepTHOM  cucTeMe
UCIOJIB3YIOTCSI TIPABUJIA, KOTOPHIE OMPEEISIIOT BIUSHUE Pa3jIMYHbIX MapaMeTpoB,
TaKMX KaK OpHUEHTAlMs 3[aHus, THUIbBl MaTEpPHAJIOB, TOJIIWHA CTEH, IUIOIIAb
OCTEKJICHMS U T.JI. Ha 3HEProd((HEeKTUBHOCTD 3/1aHUSI.

[To pe3ynbratam TECTHUPOBAHUS IKCHEPTHON CHCTEMBbI OBLIO MOKa3aHO, YTO
OHa CIOCOOHA ONTUMHU3UPOBATH HHEProdPQPEKTUBHOCTh 3JaHUN B TOPSIUYHX
KJIIMMATHYECKUX YCJIOBUSX M MPENOCTaBIATh PEKOMEHAAIMU [0 ONTUMH3ALUU
KOHCTPYKTUBHBIX PEIICHUHN 3/IaHUS.

ABtopsl cratb Myxamman Ymaiip Caneem, Kum Uyn Hr, Cain Xun Jlai,
Moxamman  MoxTtapun — «OKcmepTHas ~ cUCTEMa Ui IPOEKTUPOBAHUS
Ter103((HEKTUBHBIX CTEH C (pa30BBIM M3MEHEHHEM MaTepHhayiay, OmyOJIUKOBAaHHOM
B sxypHaie "Energy and Buildings" 8 2015 roay npuBoasT pa3paboTKy SKCIEPTHO#
CUCTEMBI JIJIsl POCKTUPOBAHUSA TEPMHUUYECKHU IPPEKTUBHBIX CTEH C MATEPUATIOM C
nsmeHenneM (aszel (PCM). B cratbe mnpencTaBieHO ONKMCAHUE DKCIEPTHOM
CUCTeMBI, KOTOpas Oblia pa3paboTaHa Ha 0a3e MNPOrpaMMHOTO OOecTeueHUs
MATLAB. OxkcneptHag cucremMa MpelHA3HA4Y€Ha  JJs  ONTUMHU3ALUU
MIPOCKTUPOBAHUSL CTEH ¢ ucmoyib3oBaHueM PCM nnst oOecrieueHus TEpMHUYECKON
sabdexTruBHOCTH 37MaHUN. CHcTeMa OCHOBaHA Ha 3HAHUSX M OMbBITE DKCIIEPTOB B
obnactu Tepmuueckoi 3pdexkTuBHOCTH 31aHuii 1 PCM. B akcrniepTHO# cucteme
WCIIOJIB3YIOTCSI TIPaBUJIa, KOTOPBIE OMPEAEISIOT BIMSHUE PA3JIMYHBIX MapaMeTpPOB,
Takux kKak Tun PCM, TonmmHa cteH, pacnosnoxenue PCM u T.1. Ha TEpMUYECKYHO
3¢ (PEeKTUBHOCTH CTEH.

[To pesynbprataMm TECTHPOBAHUS DKCIEPTHON CHCTEMBI OBLIO MOKa3aHO, YTO
OHa crocoOHa ONTUMHU3UPOBATh MPOEKTUPOBAHUE CTEH C HcmoJib3oBanuem PCM

uig  o0ecrieueHus: TepMHUecKol dS((EKTUBHOCTH 3JaHUI W NPEAOCTaBIATH
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PEKOMEHJAlIH 110 ONTUMU3ALMY KOHCTPYKTUBHBIX PELIEHUN CTEH.

B crarse aBTOpOoB Axmen A. Anbp-Cynaiiman, @apuc A. Anb-Moxammen,
Moxamman A. Anbe-Cynaitmad, Moxamman C. Anpxaxu «IKCIEpTHAsE CHUCTEMA
JUIA ONTHUMM3AMM TMPOEKTHUPOBaHMUS (acaaoBy, OMyOJIMKOBaHHAs B JKypHaie
"Energy and Buildings" B 2016 roxy, paccMaTtpuBaeTcs SKCIIEPTHAS CHCTEMA IS
ONITUMU3AIUN TPOCKTUPOBaHUA (hacaJoB 37aHMiA, KOTOpoas Obuia paspaboTaHa c
UCMOJb30BAaHUEM METOJOJIOTUM 3HAHUW U ONbITa JKCHOEPTOB B 00JacTu
NPOEKTUPOBaHUS (acanoB 3maHui U SHeprodpdexTuBHOCTH 3naHuil. Cucrema
UCMOJb3yeT 0a3y 3HaHUM, KOTOpas COJACPKUT IpaBWa, CBSI3aHHBIE C BBIOOPOM
MaTepuanoB s (acanos, nu3aiHOM (pacagoB U IpyrMMH IapaMeTpaMu, KOTOphIE
BIUSIOT Ha HHEPro3PQPeKTUBHOCTh 3HaHUM. ODKCHEpTHAs CHCTEMa TO3BOJIAET
NI0JIb30BATEIISIM BBIOMPATh PA3IMYHbIE TapaMeTpsl (pacagoB U ONTUMHU3UPOBATH UX,
yTOOBl 00€CIEeYNTh MAKCUMAIbHYIO »HEpro3gexTuBHOCTh 3maHuil. Cucrema
TaK)X€ MOXKET IPEIOCTaBIATh PEKOMEHJAUU MO ONTHUMH3AIUU KOHCTPYKTUBHBIX
pernienuii pacaaos.

[lo pe3ynbraram TECTUPOBAHHUS IKCHEPTHOM CHCTEMBI OBbLIO MOKa3aHO, YTO
OHa MOXeT 3()(PEKTUBHO ONTUMHU3HPOBATH MPOEKTUpPOBaHUE (acajoB 3IaHUNA U
NPEIOCTaBIATh PEKOMEHJALNUU, KOTOPbIE MOTYT CYIIECTBEHHO YIYYILIUTh

HEProdPEeKTUBHOCTH 3JJaHU.

1.3. O0630p cyliecTBYIOMUX IKCIEPTHBIX CHCTEM

Cy1iecTByeT MHOXECTBO 3KCHEPTHBIX CHUCTEM TEIUIOTEXHUYECKOro pacuera
OTpaKIAIOIINX KOHCTPYKIUH B Mupe. HekoTopelie n3 Hanbosee pacimpoCcTpaHEHHBIX
CHCTEM BKJIIOYAIOT:

1. WUFI (Wirme und Feuchte instationédr, mo-pyccku — «Temno u Biara B
HECTAlIMOHAPHBIX  YCIOBHAX») - O3TO TporpamMmHoe oOecredeHue,
paspaboranHoe Fraunhofer Institute for Building Physics B I'epmanuu. Ono
UCTIONIBb3YETCA U aHalM3a TEIUIONepelaud U BIarooOMeHa 4epe3 CTEHBI,

KPBIIIIH, TTOJIBI U IPYTHE OTPaXKIAIONINE KOHCTPYKIUH [7].
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WUFI - pazpaboran Ha s3bike nporpammupoBanus FORTRAN u umeet
rpaduueckuii uHTEpPEIC MoNb30BaTENsA, KOTOPBIA MO3BOJISIET BBOJUTH JAHHBIE U
MHTEPAKTUBHO MOJEIMPOBATh pasnuuHble cueHapuu. Pasznumunsie Bepcun WUFI
MOTYT KCIIOJIb30BaTh PA3JIUYHBIC SI3bIKH, HO OCHOBHOM KOJ IPOrpaMMbl HaIllMCaH Ha
FORTRAN [7].

HecMotps Ha 10, uTo s13b1K TporpammupoBanust FORTRAN siBisiercss ogauM
M3 CaMbIX CTapbIX U MIMPOKO MCHOJb3YyEMBIX SI3bIKOB B HAYYHBIX BBIYHUCIICHHUSX, OH
TaK)K€ UMEET HEKOTOPBIE HEJOCTATKH:

1) CnoXHOCTh YTCHHS W TIOHUMaHMSA KOJa: Ha TEpPBBIA B3IV KOJX Ha
FORTRAN MoOXeT BBITJIAACT, HEHNOHSATHBIM M CIOKHBIM JUJISI ITOHHMMAaHUS,
OCOOEHHO JIJIsl MPOrPAMMHUCTOB, KOTOPbIE HE MMEIOT OMbITa PadOThI C ATUM
S3BIKOM.

2) OrpaHWuYeHHBIE BO3MOXKHOCTH JUISl CO3/aHUs rpaduiyeckux HHTEp(HEHCOB:
FORTRAN Obin pa3pabotan B 310Xy, Korjma rpaduueckuit uHtepdeiic
MOJIb30BaTeNsl €Ile He ObUI CTOJIb IIMPOKO pacrpocTpaHeH. Illostomy,
co3/1aHue CI0XHbIX rpaduueckux nnrepdeiicoB Ha FORTRAN mosxer ObITh
BBI30BOM JIJIs1 pa3paOOTUYUKOB.

3) OrpanuucHHAs MOJJIEPIKKA ISt 00BEKTHO-OPUEHTUPOBAHHOTO
nporpammupoBanusi: FORTRAN He sBisieTcsi 00bEKTHO-OPUEHTUPOBAHHBIM
A3BIKOM IPOrPAMMMPOBAHUS, MO3TOMY B HEM OTCYTCTBYIOT HEKOTOpPBIE
(GYHKUIMHM M BO3MOXHOCTH, XapaKTE€pHbIE MJiI COBPEMEHHBIX OOBEKTHO-
OpUEHTHUPOBAHHBIX SI3BIKOB.

4) Her BcTpoenHoi noiepkku st MHoronotouHocT: FORTRAN He nmeer
BCTPOCHHBIX MEXaHU3MOB JIJIsi pabOThl C MHOTOMOTOYHOCTBIO, YTO MOXKET
OTPaHUYUTH TPOU3BOJUTEILHOCTh HEKOTOPBIX MPOrPAMM.

5) OrpannueHHas TMOAJCPKKA JJIsI PabOTBI C CETEBBIMH TEXHOJOTHSIMH:
FORTRAN npennazHaueH ajisi pelieHus 3a/1ayd Ha JIOKaJTbHOM KOMIIBIOTEpE
U HE HMEeT BCTPOCHHOM TMOAJNEPKKH i pabdoThl € CETEBBIMU
TEXHOJIOTHUSIMU, 4YTO MOXET ObITh mpoOsieMoir 1mpu  pabore ¢

pactupCaCICHHBIMU BBITUCIICHUAMMU.
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WUFI He wucnonb3yer kakyro-nmubo creuududeckyro CYBJ (cucremy

ynpasieHus Oa3amu AaHHbIX). baza nmanneix matepuanoB WUFI xpanutcs B

CIICUaJIbHOM (bopMaTe N AO0CTYyIIHA JIS ITOJIB30BaTC/IA 4YCPC3 MOJIb30BaTEIILCKUI

uHTEpPEiic mporpaMmsl.

XpaHeHHe JaHHBIX B CIEMUAIBHOM (QopMare MOXKET HUMETh HEKOTOphIe

HCOOCTAaTKH, TAKHNEC KaK:

1)

2)

3)

4)

OrpaHu4eHHOCTh MCNOJL30BAHNS: [[aHHbIE, XpaHAIIUECs B CIICUAILHOM
dbopmare, MOTYT OBITh JOCTYITHBI TOJIEKO Y€pe3 MPOrpaMMHOE OOecTieueHue,
KOTOpPOE€ UX CO3JaJI0, YTO MOYKET OTPaHMYUTh UX HCMOJIb30BAHUE JIPYTUMHU
IporpaMMaMH UM CUCTEMAMHU.

CioxxHOCTh pelakTHpPOBaHMs: PemakTupoBaHME NAaHHBIX, XPAHSIIIUXCS B
crenuagbHOM (opMare, MOXKET OBITh CJIOXHBIM, TaKk Kak TpeOyeTcs
CTIeIMaJIN3UPOBAHHBIA MHCTPYMEHT HWJIM TporpamMma JUis YTCHUS U 3aIlUCH
JAHHBIX B 3TOT (hopMar.

Heyno0ctBo mnpu mepenadye jgaHHbIX: Eciu  jgaHHble XpaHATCS B
cnenuajgbHOM Qopmare, TO Uil Tepelayd dTUX JaHHBIX JPyromy
M0JIb30BATEII0 HEOOXOAUMO TaKXKe MepeiaBaTh MPOrpaMMHOE 00ecIeueHue,
KOTOPOE MOYKET YUTATh U UCTIOJIH30BATh ITH JaHHBIC.

OrpanuveHHocts B o0paldorke: OOpaboTka [aHHBIX, XPAHSIIUXCS B
creraiibHOM (popmaTe, MOXKET OBITh OrpaHuyueHa (PYHKIIMOHATHLHOCTHIO
IPOrpaMMHOIO OOECHedeHus, KOTOpoe HuX co3aano. Eciaum B JaHHBIX
HEOOXOAMMO TPOBOIUTH CIIOXKHBIE aHAIM3bl, TO MOXET MOTPeOOBaTHCS
UCTOJIb30BaHKUE JPYTUX UHCTPYMEHTOB U ()OPMATOB JaHHBIX.

WUFI - 53170 He kJIMeHT-cepBepHasi MporpaMmMa, a aBTOHOMHOE

IMPUIOKCHUC OJI1 KOMIIBIXOTCPA, pa60Tafomee JIOKAJIbHO Ha OJHOM KOMIIBIOTCPC.

WUFI He TtpeOyer MHOAKIIOUEHUS K YAAJICHHOMY CEpPBEpPY U HE HCIOJIb3YEeT

yAaJIeHHbIE BBIYMCICHUS WM oOsiayHble TexHojoruu. IIporpamma pabortaer

HCIIOCPCACTBCHHO Ha KOMIIBIOTCPC II0JIb30BATCIIA, MCIIOJB3YSA MOIIHOCTL Cro

nporieccopa Jyis IPOBEICHHS PAaCYeTOB U 00paOOTKU JaHHBIX [7].
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WUFI - 5T0 MOUIHBI HMHCTPYMEHT JJISi MOJEIMPOBAHUS TEIUIO- H
MacCcOIepeHO0Cca B 3/IaHUSIX, KOTOPbIA UMEET HECKOIBKO JOCTOMHCTB, BKITIOUYAS:

Bricokass TouHocth: WUFI ncnone3yer BBICOKOTOYHBIE MATEMaTHYECKHE
MOJENH, KOTOpBIE MO3BOJISIOT IOJy4YaThb TOYHBIE pe3yJibTaTbl. OH Y4YWTHIBAET
MHOKECTBO (PaKTOPOB, BKJIFOYAs TETUIOU3OJISIINIO, KOHCTPYKIIMIO CTEH, TUITBI OKOH,
CKOpPOCTb BETpa U T.J.

IMupoxkuii ¢pynkuuonan: WUFI umeer mHOXkecTBO (yHKIMIA, KOTOpHIE
MTO3BOJISIFOT MOJICIIMPOBATH PA3JIMYHBIE THUIBI 3JAHUMA W YCIOBHS OKpPYKArOIIEH
cpenbl. OH MOXKET HCIOJIb30BaThCA IJI1 MOJAEIMPOBAHUS PA3IUYHBIX TUIIOB CTEH,
KPBIII, OKOH U JBEPEH, a TaK¥Ke ISl pacueTa TEIUIOBBIX MOTEPh U KOHACHCAIUU.

I'mokoctp ucnoab3oBanusa: WUFI nmo3sossieT nonb30BaTensiM HaCTPauBaTh
paziuYHbIe TapaMeTpbl MOJENIH, YTO JeNlaeT €ro TMOKUM HHCTPYMEHTOM JUIs
MPOEKTUPOBaHUs 3MaHuil. OH TakXK€ MOXKET MCIIOIb30BaThCS JJISI  OLIEHKHU
Pa3JIMYHBIX CLICHAPUEB U ONPEICIICHUS HAWTYYIIEH CTPATETUH MPOCKTUPOBAHUSL.

JlerkocTs aHam3a pesyiabratoB: WUFI no3BosisieT erko aHaiu3upoBaTh
pEe3yJIbTaThl, YTO IIOMOTAaeT IMOJb30BATEIISIM MPUHUMATh PEIICHUS HA OCHOBE
MOJIyYeHHON MH(pOpMAIMU. ITO BAXKHO JUISl OMPESTICHUS HAWIydIlell cTpaTeruu
MPOCKTUPOBAHUS 3/IaHUM, YUUTHIBAs pa3audHbie (DAKTOPHI, TAKUE KAaK CTOUMOCTh U
sHepreTudeckas 3p(HEeKTUBHOCTb.

Moanepxka n nokymentanusi: WUFI umeer oOmupHyo 10KyMEHTaIUIO U
MOJAJICPXKKY, UTO MOMOTaET MOJIb30BATEISAM OBICTPO OCBOUTH IPOrpaMMy U PEIIUTh
BO3MOHBIE TTPOOJIEMBI.

Hecmorps Ha 1O, wro WUFI daBnsercss MOIIHBIM WHCTPYMEHTOM IS
MOJCTTUPOBAHMST TEIJIO- W MACCONEPEHOCAa B 3/IaHUSX, Y HEro TaKXKe €cCTh
HEKOTOPbIE HEJIOCTATKH, BKITIOUAS:

CiaoxkHoctr wucnojn3oBanus: WUF| - »s10 1mocratouHo cioskHast
nmporpaMma, KOTOpas TpeOyeT HEKOTOpOM TMOATOTOBKM M 3HAHUH, YTOOBI
UCITOIb30BaTh €€ 3P GeKTUBHO. JIJIsI HOBHYKOB MOXET IOTPeOOBAaTHCS BpeMs H

06y‘{€HI/IC, YTOOBI OBJIAJIC€Tb HABbIKAMH HCIIOJIb30BAHUSA IIPOrpaMMBlI.
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OrpannyeHHasi TOYHOCTh: Kak U Jrobas mozenb, WUFI umeer cBou
OTPaHUYEHHUSA, U €r0 PEe3yJbTaThl MOTYT OBITh HETOUHBIMU WJIM HEMPABUJIbHBIMU,
€CJIM BXOJHbBIC JAaHHBIC HEMpaBWIbHBIE WM HE TOYHbIE. BaXHO NpaBHIBHO
HAaCTPOUTh MOJENb W WCIIOJIb30BaTh IPABUJIBHBIE MMAPAMETPhl IS MOJIYYEHUS
TOYHBIX PE3YJIbTATOB.

Orpannyennasi ruokoctb: WUFI MoxeT ObITh OrpaHMYeH B HEKOTOPBIX
acCreKTax NpPOEKTUPOBAHUS 3/IaHUM, TAKUX KaK HECIOCOOHOCTh MOJIEIMPOBATH
HEKOTOpbIE THUIIBI MATE€PUAJIOB WM KOHCTPYKIMH, KOTOpPBIE HCIOJIB3YIOTCS B
3naHusX. Taxoke MoKeT ObITh OTpaHHuYEH BBIOOp apaMeTpOB, KOTOPhIE MOTYT OBITh
W3MEHEHBI WIA HaCTPOEHBI B MOJIEIH.

Orpannyennniii gocryn: WUFI sBisercs KoMMep4eCKHUM IPOrPaMMHBIM
o0ecrieueHueM, KOTOPOE MOXKET OBITh JOCTATOYHO JOPOTMM JUIsl MCIIOJIb30BaHUS
HEKOTOPBIMU OPraHM3alMsIMU WM HWHIMBHUIYAIbHBIMU MOJb30BATEISIMU. ITO
MO>KET OIPaHUYUBATH JOCTYITHOCTh MPOrPaMMBI I T€X, KTO HE MOXKET MO3BOJIUTh
ce0e ee UCIOJIb30BaHUE UIT HE UMEET JJOCTYMa K HEel.

2. THERM - »sto mnporpamMmHOoe obecrieueHue, paspadborannoe National

Institute of Standards and Technology (NIST) B CIIIA. OHO ucHOJB3yeTCs

JUISl pacueTa TEIUIONEPENAYN YEPE3 CTEHBI, KPBIIINA, OKHA U JBEPHU.

Jns pacueroB THERM ucnonesyert s3p1k mporpammupoBanus FORTRAN,
KOTOPBIM MCHOJB3YETCS I pealu3aluy alrOpUTMOB pacuera TEIUIoNepeaadn B
3paHusx [7].

THERM ne ucnonp3yetr 6a3pl JaHHBIX IS CBOe paboThl. OmHako, s
coxpaHeHus u ynpasieHus: npoekramu, THERM wucnons3yer cBoit opmat (aiina
IIPOEKTA, KOTOPBIN COACPKUT JAHHBIE O TEOMETPHUH 3[1aHNUs, CBOMCTBAX MaTEPUATIOB
Y TPAHULAX 3/1aHHUS.

THERM He siBnsiercsi kiueHT-cepBepHoii nporpammoii. THERM - sto
OJTHOTIOJNIb30BATENbCKAs MpOorpaMMa, KOTopas padoTaeT JOKAJIbHO HA KOMITbIOTEpPE
noJyip3oBaTenisi. OHa He TpeOyeT MOJKIIOYeHHsS K CETH WM YJAJICHHOMY CEepBepy
JJIs1 CBOEH pabOoTHI.

Hekoropele 3 npenmymects nporpammsl T HERM MoryT Bkirouats:
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1)

2)

3)

4)

5)

1)

2)

Bbicokast Tounoctb: THERM mpenocraBigeT BRICOKYHO TOUHOCTh pacyera
TEIUIONIEPEIAUN YEPE3 OTPAKIAIOIINE KOHCTPYKIUU 3/IaHUI, YTO MO3BOJSET
UH)KEHEepaM H Ju3aiiHepaM cos3faBaTh Oosiee 3((EKTUBHBIE CHCTEMBI
YIIPaBJIEHUS TEMIIEPATYPOU B 3AaHUSX.

I'mokocts: THERM o6mamaer ruOKMMu HAcTpOWKaMH M BO3MOYKHOCTBHIO
MOJEIMPOBAHNS PA3JIMYHBIX TUIIOB OTPAXKIAIOIINX KOHCTPYKIMN, BKIIFOYast
CTEHBbI, KpbIIIKM, OKHAa W JBepu. O10 nemaer THERM mnose3HbiM
MHCTPYMEHTOM IS IIMPOKOTO CIIEKTPA 3a/1a4 U IIPOEKTOB.

Boabmasi 6a3a nanubix MatepuanoB: THERM Bkitodaer Gomblnyio 0asy
JAHHBIX MAaTepUalioB, KOTOpas MOXET OBbITh MCIIOJIb30BAaHA JJIsl pacuera
TEIUIONIEPEIAYN Yepe3 Pa3JINYHbIE TUIIBI OTPAKIAIONINX KOHCTPYKLIHHU. ITO
NO3BOJIIET  MOJB30BaTENIIM  OBICTPO  BBIOpAaTh M HCIOJB30BaTh
COOTBETCTBYIOIIME MAaTEPUAJIbI 11 CBOMX IIPOEKTOB.

IIpocroit B wucnoabzoBanuu: THERM wnmeeT WMHTYWTMBHO NOHSTHBINA
N0JIb30BATENIbCKUN MHTEp(EC U JETKO HAaCTpauBaETCS ISl ONpeAeTIeHHBIX
napamMeTpoB MOJEIUPOBAaHUSA. ITO YNPOINAeT Mpouecc padoThl ¢
nporpaMMoidl M TO3BOJIIET  MOJIb30BaTeNsIM  OBICTPO  co3JaBaThb MU
aHAJIM3UPOBATH MOJEIH.

Homnepxka: THERM wumeer mupokyro 0a3y 3HaHUM M TMOAJIEPKKH,
BKJItOYasi oOyuyarouiye pecypchl, (GopymMbl W JOKYMEHTALUIO. DTO JAENaeT
THERM none3HbIM UHCTPYMEHTOM JIJIi HOBUYKOB M IKCIIEPTOB B 00J1acTU
TETJIOU30JISIIUU ¥ SHEPTod(h(HEKTUBHOCTH 3/TaHUN.

Hekoropeie 3 HegocrarkoB T HERM MoryT BriTtouaTs:

CaoxkHocTs ucnoabzoBanusi: THERM sBiseTcs MOIIHBIM HHCTPYMEHTOM
JUI MOACTTUPOBAHUS TEIIONEepeiaul B 3JaHUIX, HO TPEOYET OIMpeIeICHHOTO
YPOBHS 3HAHUH U onbITa AJ1s1 3PPEKTUBHOTO KCIIONb30BaHUs. JlJ11 HOBUYKOB
MOKET OBITh TPYJIHO Ha4aTh pabOTy C MPOrpPaMMOi.

OrpanuyeHHbie BO3MOKHOCTH MoaeaupoBanus: THERM npegnasnauen
JUIS. MOJIETIMPOBAHUS TEIUIONEPEIauyd 4Yepe3 OrpaKIarolre KOHCTPYKIUU

3panusi. OH HE Y4YUTBIBaeT Jpyrue (HakTopbl, KOTOpbIE MOTYT BJIMATH Ha
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HHEPreTUYEcKyro 3(PPEKTUBHOCTD 37aHUs, TAKHUE KaK CUCTEMbl OTOIUICHUS U

KOHJIMLIMOHUPOBAHUS BO3yXa.

3) OrpannveHHbIe BO3MOKHOCTH rpaguyeckoro uHTeppeiica:
I'paduueckuit maTepderic THERM He Bcernma WHTYUTHBHO TOHSTEH, U
MOKET OBITH CJI0KHO HACTPOUTH ONPEICICHHBIE TAPAMETPHI MOEIIH.

4) TpyaHocTs Bajduaanuu pe3yiabratoB: Kak wu mobas mporpamma
moaemupoBanusi, THERM TpeOyer mnpaBUiIbHOIO BBIOOpAa MaTE€pHAJIOB,
HACTPOEK U JAaHHBIX BBOJA. HEKOpPpEKTHbIE WM HEIOJIHBIE JTaHHBIE MOTYT
MIPUBECTH K HETOYHBIM pe3yJibTaraMm. [IpoBepka m Bamupanus pe3yabTaToOB
THERM Mo3eT ObITh CIIOKHOM 3a7auei.

5) Beicokass croumocts: THERM sBisieTcs KOMMEpYECKHM TMPOTPAMMHBIM
o0ecrieueHUeM, U €ro CTOMMOCTb MOXXET OBbITh BBICOKOW MJIi HEKOTOPBIX
IIOJI30BATEIICH.

3. HEAT2 - »T10 mporpamMMHOe oOecrmedeHue, pa3padoTaHHOE KOMITaHUEH
Sintef, koTopast SBISETCS KPYMHEHIIIMM UCCIIEIOBATEILCKUM WHCTUTYTOM B
HopBerun u chneumanu3upyercss Ha pa3MyHBIX O00JIaCTAX HAYKH U
TEXHOJIOTUH, BKIIOUasi SHEPreTHUKY, MaTepuajoBeneHue, NHHOPMAIIMOHHBIE
TEXHOJIOTUU U Apyrue. OHO MCHOJIB3YETCS Uil aHaIW3a TEIUIONEpeNadn 1
BJAarooOMEeHa uepe3 CTEHbI, KpBIM, MOJIbI W APYrHe OrpakJarolue
KOHCTPYKIIUH [7].

HEAT?2 O0a3upyeTcs Ha YHCICHHOM METOJE KOHEYHBIX OJJIEMEHTOB U
HaIlMCaHa Ha A3bIKe nmporpamMmmupoBanust Fortran, cucrema ne ucnosandyer CYB/I
(cuctema XpaHeHUs! TaHHBIX), a O0a3upyeTcss Ha COOCTBEHHOM (hopmaTe XpaHEHUs
JTAHHBIX.

HEAT2 - »T0 cramuoHapHas TIporpaMma JJisi  MOJCIMPOBAHUS
TEIJIONEpPEHOca M pacuera TeMIepaTypHbIX MOJIeH, U OHAa HE SBIAETCA KIMEHT-
cepBepHoii. HEAT2 He paGoTaeT B pexxuMe yJajJeHHOTO JOCTyIa K JaHHBIM U HE
MOJAKJIIOYAETCA K BHEIIHUM cepBepaM. OHa yCTaHABJIMBAETCA M 3aIlyCKaeTCs Ha
KOMIIBIOTEPE TOJB30BATENSA, U BECh IIPOLIECC pacyeTa MPOUCXOJUT Ha ITOM

KOMIIBIOTEDE.
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Cpenu npeumymiectB HEAT2 M0OXHO BBIIETUTD CIICIYIONIHE:

1) Inpoxkuii nuanmazon npuMeHenus: HEAT2 MoxeT HCIONB30BaThCS IS
MOJETUPOBAaHMS TEIUIONEPEHOCA M pacyuera TeMIEPaTypHbIX TOJIEU B
pa3IMYHBIX MaTEpHallax W CTPYKTypax, BKIIIOYAsl CTEHbI, KPOBJIM, OKHA,
(byHIaMEHTBI, 3¢MJTFO I MHOTHE JIPYTHE OOBEKTHI.

2) Bbicokasi TouHocTh: HEAT2 ucnomnb3yer YrciIeHHbIE METOMBI ISl pacdeTa
TEIJIONIEPEHOCA, YTO MO3BOJSET JOCTHYb BBICOKOM TOYHOCTU PE3YJIbTATOB.
[Iporpamma y4uThIBa€T MHOXKECTBO (haKTOPOB, BIUSIOIMIUX HA TETUIOOOMEH,
TaKMX Kak TEMIIEPATypHbIE TPATUEHTHI, TEILUIONPOBOJHOCTh MAaTEpPHUAJIOB,
TEIJIOEMKOCTb, TEIJIOOTa4ya U IPYTHE.

3) YnoocrBo wucnoan3oBanusi: HEAT2 wumeer yaoOHBIA W HMHTYHTUBHO
MOHATHBIA UHTEPGhENC MOTB30BATENS, KOTOPBINA MO3BOJSET OBICTPO U JIETKO
HAaCTPOUTH U 3alyCTUTh pacdeThl. [IporpamMma Takke MoaaepKUBAET UMIIOPT
Y DKCTIOPT JAAHHBIX U3 JIPYTUX TPUIOKEHUH.

4) Tuoxkoctb: HEAT?2 no3BosisieT HacTpauBaTh W M3MEHSTH ITapaMeTpPhl pacueTa
B COOTBETCTBHUM C KOHKPETHBIMU TPEOOBaHUSAMHU MoJib3oBaTeneil. [I[porpamma
TaK)Ke TMOJICPKUBACT pabOTy C Pa3IUYHBIMH €IUHULIAMU WU3MEPEHHUSI, YTO
YIIPOIIAET €€ UCTIOJIb30BAHUE B PA3HBIX CTPAHAX.

5) Hapexxnocts: HEAT2 Obiia pa3paboTaHa M MPOTECTUPOBAHA BEIyIIUMHU
CHelUaiuCTaMd B OOJACTH  TEIJIOPU3UKM ¥ TEIUIOTEXHHUKH, YTO
o0ecIreunBaeT ee HaJeKHOCTh U TOYHOCTh pe3yJsibTatoB. [Iporpamma Takxke
UMEET BBICOKYIO CTEMEHb CTAOMIBHOCTH W PEIKO BBIAACT OIMIMOKH WITU
IpephIBaeT paboTy B IIPOIIECCE PACUETOB.

HexoTtopeie u3 BO3MOXKHBIX HEAOCTATKOB ITPOTPaAaMMHOI0 OOeCIeueHuUs
HEAT?2 moryT BKITt0YaTh B ce0s1:

1) Caoxnocth ucnogab3oBanusi: HEAT2 npenHasHayeH s CICHAATUCTOB B

o0JlacT TeIIOQU3UKA M TEIJIOTEXHUKH, MOATOMY [IJIi HOBUYKOB MOMKET

OBITH CJIOKHBIM B MCITOJIb30BaHUU.
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2) Orpanuvennass  ¢yHknuoHaabHocTh. HEAT2  Obin paspaboran
CHEIMAIbHO JUIsl pacueTa TEIUIOBBIX MOTOKOB B CTAI[MOHAPHBIX YCJIOBHSIX,
M03TOMY OH HE MOAXOIUT JIJIsl MOJEIUPOBAHUS JUHAMUYECKUX MTPOLIECCOB.

3) OrpannvenHas mnomaep:kka s3bikoB: HEAT2 poctynen Ttonbko Ha
HEKOTOPBIX SI3bIKaX, YTO MOXET OBbITh HEYJOOHO ISl IOJIb30BATENEH,
TOBOPSIIUX HA IPYTUX S3bIKAX.

4) BpIcOKasi  CTOHMOCTD: HEAT2  saBasercas  mpodeccruoHaIbHBIM
IpOrpaMMHBIM 00€CIIEYEHHUEM, YTO MOXKET O3HAuaTh BBICOKYIO CTOMMOCTH
JUTSL OT/ICNIBHBIX MOJIb30BaTeNIel U MaJIbIX MPEATNPUITUH.

5) Heo0X0a1uMOCTh BBICOKONPOU3BOIUTEILHOIO 00OPYIOBAHHUSI: PACUCTHI,
NpoBOAMMBIE C Hcmonb3oBanneM HEAT2, MoryT ObITh pecypCOeMKHMH H
TpeOOBaTh BBICOKONPOU3BOAUTEIBHOIO OOOPYJOBAHUS, YTO MOXKET CTaTh
po0IeMON JJI1 HEKOTOPBIX MOJIb30BATENEH.

B Poccun cymiecTByeT HECKOIBKO 3KCHEPTHBIX CHCTEM TEIJIOTEXHUYECKOTO
pacueTa OrpaKJarOIIMX KOHCTPYKLUHMH, KOTOpbIE MOTYT HCIIOJIb30BAThCS IS
pElIeHUs pa3IMYHbIX 337a4 B 3Toi 0bsacTu. HekoTopbie U3 HUX NpUBEIEHBI HUXKE:

1. «TEIIJIO 3D» - 5T0 »KCHepTHas cucTeMa, pa3paboTaHHas Ha Oasze
nporpaMmMmHoro kommiekca Autodesk Revit, koropas mpeaHazHayeHa st
TEIUIOTEXHUYECKOTO pacyeTa 3JIaHui U COOpyKeHul [7].

OnHa 1o3BOJIIET MPOBOJUTH PacyeThl TEIUIONEpPEeNaud U TEIUIOBBIX MOTEpPb
yepe3  OrpaXiarouide KOHCTPYKUMH, a TaKkKe ONpeleisTh  TEIJIOBbIE
XapaKTEPUCTUKH MATEPUAIOB U KOHCTPYKIIU.

«TEIIVIO 3D» mo3BoJisieT MOJETUPOBATh 3/1aHUs W coopyxkeHus B 3D
dbopmare, 4TO YNpoIlaeT MpOLEcC pacueTa TEIIONepesayl Yyepe3 OrpakIarolime
KOHCTPYKIIMHM U TO3BOJSIET 00Jiee TOYHO ONPEACTUTh TEIUIOBBIE XapaKTEPUCTUKU
MaTepuaioB W  KOHCTpykuuid. CucreMa  aBTOMaTHYECKM  PacCUMUTHIBAET
TEIUIoNepeaauy 4epe3 CTEHbI, KPOBIM, OKHA U ABEPH, a TAKXKE YUUTHIBACT BIMSIHHUE
TEIUIOBBIX MOCTOB M JIpYTHX (haKTOpOB, KOTOPbIE MOTYT MOBIHUSATH HA TEIUIOBBIC

NOTEepH.
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«TEIIVIO 3D» MOXET WCHOJb30BaThCsI B PA3IMYHBIX  OTPACIISIX
WHXEHEPHOTO IIPOEKTUPOBAHUS U CTPOUTENIbCTBA, HANPUMEP, B MPOCKTUPOBAHUU
3JaHUH C LEJIbI0 ONTUMHU3ALMH UX TEIUIOM3OJSIUHN, a TAKKE B MPOECKTUPOBAHUU
CUCTEM  OTOIUIEHHS W  BeHTWwiInuu. CucremMa  NO3BOJSET  YIY4YLIUTh
9HEProd(PPEeKTUBHOCTD 3TAHUN U COOPYKCHHM, UYTO MOXKET MPUBECTU K CHUIKEHUIO
pacxol0B Ha DHEPIrUI0 M COKPAICHHIO BHIOPOCOB BpPEOHBIX BEUIECTB B
OKPY’KAIOIIYIO CPENy.

JlaHHast cuUcTEMa HE HCIOJB3YETCS B KAyeCTBE KIMEHT-CEPBEPHOMU
nporpammel, orcytctByeT CYB/I.

Cpenu npeuMyniecTB JaHHON CUCTEMbI MOKHO OTMETHUTH:

1) Boicokasi TouHOCTh pacueroB. «TEIIJIO 3D» wucCHoiab3yeT CIIOXKHBIC
MaTeMaTHYE€CKUE MOJENH W AJTOPUTMbI, YTO IMO3BOJISIET MOJYy4aTh TOYHBIE
pe3yAbTaThl PACYETOB.

2) YnoOHblii mosab3oBaTelbckuii nHTepdeiic. CucreMa nMeeT MHTYHTUBHO
MOHSTHBIN MOJIb30BATENbCKUM UHTEpdENC, UTO o0erdaeT paboTy ¢ HEH.

3) Pacmupennbie Bo3mMo:kHocTH MoaeaupoBanusa. « TEITJIO 3Dy no3Bossier
MOJIETTUPOBATH CJIOKHBIE CHCTEMbI TEIJIOOOMEHA W OXJIAXKICHUS, YUUTHIBAs
Takhe (HaKTOpbl, KaK KOHCTPYKUMOHHBIE OCOOEHHOCTU 3/IaHWM, MOTOJIHbIE
yCIIOBUSA U T.JI.

4) T'uokme Hactpoiiku. CrucTemMa mpeajaracT MHOKECTBO HACTPOEK, KOTOPHIC
MO3BOJISIFOT aIalITUPOBATh €€ M0/ KOHKPETHbIE TOTPEOHOCTH MOJIB30BATETIS.

5) Bo3moskHOCTH aBTOMaTH3amuu mnpomecca pacuera. «TEITJIO 3Dy
MO3BOJISIET CO3/7aBaTh IMAOJIOHBI PACUETOB M aBTOMATH3UPOBATH IPOIIECC
pacyeToB, 4TO CYILECTBEHHO YKOHOMUT BpeMs.

6) Boicokass mpousBoaMTeabHOCTH. Cricrema pabotaetr ObICTPO U
s dexTuBHO, Haxe npu 00padboTke OOIBITUX 00BEMOB JaHHBIX.

7) Hapexxnocts u 6e3omacHocTb. «TEITJIO 3D» obecrieunBaeT HaACKHYIO
3aIUTY JAHHBIX U pab0TaeT CTAOMIBHO B TEUCHUE JUTUTEILHOTO BPEMEHH.
HecMoTpst Ha MHOrMe mNpeuMyIlecTBa, Y NPOrpaMMHOIO oOecreyeHus

«TEILIO 3D» ecTh 1 HEKOTOPbIE HEIOCTATKHU:
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1)

2)

3)

4)

5)

CJ10:KHOCTL HCHOJbL30BaHuA M HOBHYKOB. «TEIIJIO 3Dy» gaBngercs
MOIIIHBIM U CJIOKHBIM HHCTPYMEHTOM, KOTOPBI MOMET OBbITh CJIOXKEH B
MCIIOJIB30BAHUM JJIsI HAUMHAIOIIMX TOJIb30BaTeniel. Bo3aMoxkHO, moTpedyeTcs
BpeMs 111 OCBOCHHMSI BCeX (DYHKIIMIA U BOZMOKHOCTEH CUCTEMBI.

Beicokas  croumocth. «TEIIJIO 3D»  gBaseTrcs  KOMMEPYECKUM
MPOrPaMMHBIM O0ECIIEYECHUEM, YTO MOXKET CHACNIaTh €ro HEeIOCTYITHBIM JIJIs
MHOTUX T[OJIb30BaTeNIe, OCOOCHHO [IJIi HEOOJbIIUX KOMIIAHUW WU
WHJIMBUIyaJIbHBIX MMOJIb30BATEIICH.

OrpannyeHnblie BO3MO:kHOCTH Bu3yaausanuu. B «TEIUIO 3D» moxHO
MPOCMOTPETh TOJILKO TpadUK U rpaduueckue MpeacTaBlIeHUs Pe3yIbTaTOBR
pacyeToB, HO HE CO3/1aBaTh MOJHOIEHHBIE TPEXMEPHBIC MOICIIH.
3aBHCHMMOCTH OT BXOAHBIX JaHHBIX. KauecTBO M TOYHOCTH pPacyeToB B
«TEIIJIO 3Dy 3aBUCHT OT Ka4eCTBA U TOYHOCTH BXOJHBIX TAHHBIX, KOTOPHIE
M0JIb30BaTEIb BBOJIUT B CUCTEMY.

Heo0xoamMocTh BBICOKONPOM3BOAUTEIbHBIX KOMNbHTEpoB. «TEIUIO
3D» MoxkeT mnoTpeOdoBaTh 3HAYUTEIBHBIX BBIYMCIUTEIBHBIX PECYPCOB,
0coOEHHO TIpH 00paboTKe OONBIIMX OOBEMOB JIaHHBIX. ITO MOXKET OBITH
OTpaHUYEHUEM JIJIsl HEKOTOPBIX MOJIb30BaTENICH.

«Tepmun» - »53T0 »HKchepTHas cucTema, pa3paboTaHHas Ha 0Oasze
nporpaMmMHoro komriekca AutoCAD, koTopast ipejHa3HauYeHa JJIsl pacuera
TEIUTIONepeaaur Yepe3 OrpaxIaroine KOHCTPYKIKH [7].

Ona mo3BoJIsIeT IMPOBOAUTDL PACUYCThI I Pa3JIMYHBIX THIIOB KOHCTPYKHHﬁ,

BKJIO4as CTCHBI, KPOBJIX, I1I0JIbI, OKHA KU ABCPH.

TepmuH - 3TO KJIMEHT-CEpBEpHAs Mporpamma, KoTopasi mpeiHa3HaueHa Jyis

IMPOCKTUPOBAHMA U paCuCTa MHIKCHCPHBIX CUCTCM, TAKHX KaK CHUCTCMbI OTOILJICHHA,
BCHTW LMK, KOHAUIOMOHHUPOBAHWA BO3AYXd H APYTHX. Ona cocTtout u3 ABYX

OCHOBHBIX KOMITOHEHTOB: KIINEHTCKOW U CEPBEPHOM YaCTEM.

Kmuentckas yacts Tepmuna - 910 rpadudeckuii unTepdeiic moap30Baress,

qcpe3 KOTOpBIﬁ HHXXCHCPBI W IPOCKTHUPOBIOIUKHU MOTI'YT BSaHMOﬂCﬁCTBOBaTB C

cucteMoil. OHa IPeoCTaBIISIET MOJIb30BATENIO TOCTYI K BCeM (DYHKIUSIM CHCTEMBI,
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BKJIIOYass BO3MOXHOCTb CO3JaHMSI TMPOEKTOB, JOOABICHUS DJIEMEHTOB CHUCTEM,
W3MEHEHMSI UX TTapaMETPOB U MPOBEACHUS PACUETOB.

CepBepHast yacth TepmuHa TpenHa3HaueHa isi oOpaOOTKH MaHHBIX H
BBITIOJIHEHUSI PACUYETOB, HEOOXOAUMBIX ISl MPOCKTHUPOBAHUS M PAcueTa CHCTEM.
Ona cogepxuT 0a3zy JaHHBIX, KOTOpas XpaHUT HMH(OpPMALKIO O CUCTEMax U
AIIEMEHTAaX, a TAKXKE aJITOPUTMBI, HEOOXOUMBIE JIJISl PACYETOB MTAPAMETPOB CUCTEM.

KnuenTckast u ceppepHas yactu TepMHuHa B3aMMOJACUCTBYIOT MEXIYy COOOM
o npotokoiay TCP/IP, uTo mo3BojsieT moip30BaTesiM paboTaTh C CHCTEMOW W3
JAr000r0 Mecta, nojaKItoueHHoro Kk cetu Murepuer. Takke TepMuH noaaepxuBaet
BO3MOKHOCTb paOOThI B JIOKAJIbHON CETH, UTO MO3BOJISIET MOJIb30BATENAM paboTaTh
c cucteMoit 6e3 gocrymna Kk MIHTepHeTy.

HekoTtopsele 13 NpenMynIecTB, KOTOPBIE IPEIOCTABIISIET IKCIIEPTHASI CUCTEMA
TepmuH, BKITIOYAIOT B ce0sl:

1) Yno6cTBO uCNoOJb30BaHUA. TEpMUH HMEET WHTYUTHBHO TIOHATHBIA |
npocToi MHTEpdelrc, YTO JenaeT ero JEerko JOCTYIMHBIM JIJIsl MHXXEHEPOB U
MPOEKTUPOBUIMKOB PA3TMYHBIX YPOBHEN KBAIU(DHUKAIIUY.

2) Boabmoii HaGop d¢yHknmii. TepMUH PEIOCTABISACT MIMPOKHHA HaOOp
GyHKUMA AJ19 MPOSKTUPOBAHUS U pacyeTa MH)KEHEPHBIX CUCTEM, BKIHOYAs
BO3MOXHOCTb CO3/IaHHUSI TPOEKTOB, JI00ABJIECHHUS DIIEMEHTOB CHCTEM,
WU3MEHEHHMSI UX TapaMETPOB U MPOBEIACHUS PacyETOB.

3) I'ubkocTh HacTpoOiiku. TepMUH MMO3BOJISET HACTPAUBATD MAPAMETPBI CUCTEM
U DJIEMEHTOB B COOTBETCTBUHM C TPEOOBaHHUSIMM IPOEKTA, YTO MO3BOJISET
NOJIy4aTh HanOoJiee TOUHbIE PAaCUEThl.

4) BpicoKasi TOYHOCTH pacdyeToB. TEPMUH HCIIOJB3YET AITOPUTMBI PACUCTOB,
KOTOpbIE TO3BOJISIIOT IOJIyd4aTh HauOojiee TOUYHBIE pPE3yJbTaThl MPH
MPOECKTUPOBAHUU U PACUETE UHKEHEPHBIX CHCTEM.

5) UHTerpamusi ¢ APyruMH NPOTrPaMMHBIMH TPOAYKTAMHU. TepMHH nMMeeT
BO3MOXHOCTb HHTEIPALUU C APYTUMH IPOrPaMMHBIMU IPOIYKTaMH, TAKUMHU
kak AutoCAD, 4TO MO3BOJSET YNPOCTUTHh MPOLECC MPOEKTUPOBAHUS U

pacucTa CUCTCM.
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6)

7)

Bbicokast CKOpPOCTh padoThI. Tepmun obnamaer BBICOKOU
MIPOU3BOJUTEIBHOCTBIO W IIO3BOJIIET BBINIOJHATH PACUETBl B  PEXUME
pPEAIbHOTO BPEMEHHU, YTO 3HAYUTEIBHO YCKOPSET MPOLECC MPOSKTUPOBAHUS
Y pacyeTa CUCTEM.

Bo3Mo:xkHOCTh yaajieHHOW paborbl. bmaromapss Tomy, uro Tepmun
ABJIAETCA KIIMEHT-CEPBEPHOI MPOrpaMMoii, MOJIb30BaTeI MOTYT pabOTaTh C
CUCTEMOW M3 JI000ro MecTa, MOJAKIIOYEHHOro K cetu MuTepHer, 4TO
oOecrieunBaeT O00JbITYI0 THOKOCTh pa0OThI U YA0OCTBO UCIIOIB30BAHMUSL.

HGKOTOpBIG N3 BO3MOJKXHBIX HCIOCTATKOB, KOTOPBIC MOI'YT OBITH CBSI3aHBI C

AKCIIEPTHOU cucteMoit TepMuH, BKITIOYAIOT B CeOsI:

1)

2)

3)

4)

5)

Croumoctb. TepMUH SBIISETCS KOMMEPUYECKUM MPOTPAMMHBIM MTPOTYKTOM,
YTO O3HA4aeT, YTO JUIsl €ro UCIOJIb30BaHUs TpebyeTcs NpuodOpecTu
auneH3uo. CTOMMOCTh MOJKET OBITh JOBOJBHO BBICOKOH, YTO MOXKET
OTPaHUYUBATH JIOCTYM K CUCTEME ISl HEKOTOPBIX MOJIb30BaTENICH.
TpedoBanusi k cucreme. [y pabotel ¢ TepMHUHOM MOXKET OTPEOOBATHCS
JOCTAaTOYHO MOIIHOE armapaTHoe oOecleyeHrue, 4YTO MOXET ObITh
HEJOCTYIHO I HEKOTOPBIX TMoJib3oBaTenel. Takxke MOKeT moTpedoBaThes
CHeMaIU3UPOBAHHOE MPOrpaMMHOE obecrnieueHue, Takoe kak AutoCAD.
CaoxHocTh Mcnoab30Banusa. Hecmorps Ha 1O, uto MHTEepdelic Tepmuna
JIOCTaTOYHO ITPOCTOM U UHTYUTUBHO MOHSATHBIN, UCITOJIBb30BAHNE SKCIIEPTHOU
CUCTEMBbI MOKET MOTpeOOBaTh OMPENEICHHOTO YPOBHSI 3HaHUW B 00JacTH
WHXEHEPHOTO MTPOCKTUPOBAHUS U PACUETOB.

Heo0xogumocts 00yuenus. Jjis 3¢ hekTHBHOTO MCMoNb30BaHUS TepMuHa
MOXET MOTPeOOBATHCS MPOXOKACHUE O0yUEHHUs UM OOy4YaIoIIUX MPOrpaMM,
YTO MOXKET 3aHATh HEKOTOpPOE BpeMs M MOTPeOOBaTh JOMOTHUTEIBHBIX
3arpar.

OrpaHnyeHHOCTh (PYHKIHMOHAIBHOCTH. BO3MOXHO, 4YTO B HEKOTOPBIX
ciaydasx (yHKIIMOHAIBHOCTh TepMHUHA MOXKET OKa3aThCsl HEA0CTATOYHOMN
JUIS  BBIMIOJHEHMSI  OMNpPEAENIEHHBIX 3aJlad, YTO MOXET MoTpedboBaTh

AOIIOJIHUTCIIBHOTO ITPOTPaAMMHOTO o0OecIieueHus uin HaCTpOﬁKH CHUCTCMBI.
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3. «IkemepT» - ITO DIKCIEpTHas cucrema, pa3paboTaHHas Ha 0aze
nporpaMmMHoro  kommuiekca SCAD, kotopas npeaHa3HadeHa IS
TETUIOTEXHUYECKOTO pacueTa 3JJaHui | COOpYKEeHH [7].

OHa 1mo3BOJISIET MPOBOJUTH PACUYETHl TEIUIONEPENAYN U TEIUIOBBIX MOTEPH
yepe3  OrpaXiarouMe KOHCTPYKUMH, a TaKkKe ONpElNeNsTh  TEIUIOBbIE
XapaKTEPUCTUKH MATEPUAIIOB U KOHCTPYKLIHM.

OcCHOBHBIMU (DYHKIIMSIMU CUCTEMBI « IKCIIEPT» SABJISIOTCS:

e Pacuer MpPOYHOCTH, IKECTKOCTH M  YCTOMYMBOCTH  METAJUIMYECKHUX
KOHCTPYKIIH.

e Pacuer oNTHUMAaJIbHBIX Pa3MEPOB U KOHPUTYPALIMH 3JIEMEHTOB KOHCTPYKIUH.

e ABTOMAarhuyecKass  TeHepauus  4YepTeked  METAUIOKOHCTPYKUMH U
cnenudukanuii MaTepuaos.

e (ComnocrapiieHUE MOIYYEHHBIX PE3YJIbTATOB C HOPMATUBHBIMH TPEOOBaHUSIMU
Y OLIEHKA UX COOTBETCTBHSI.

Cuctema «IKcnepT» HCHOJB3YeT 0a3y 3HAHWUM, KOTOpas BKIIOYAET B ceOs
uH(pOpPMAIIMI0O O HOPMATUBHBIX JOKYMEHTaX, CTaHIapTaX, TEXHOJOTHSIX U
MaTepHaax, a TakyKe 3HaHUS U OTBIT IKCIIEPTOB B 00JIACTH METAITIOKOHCTPYKITUH.

OTnMunTENBHOW OCOOEHHOCTBIO CUCTEMBI « DKCIEPT» SABJIAECTCS MUHTETPALIUS
c mporpaMMmHbIM KomruiekcoM SCAD, KkoTopwlii oOecneyuBaeT ymaoOHBIN
uHTepdenc as BBoAa U 00padOTKU JAaHHBIX, a TaKXKe MO3BOJISIET MCIOJIb30BATh
MOIIHBIE HMHCTPYMEHTBl Il MOJCIMPOBAaHUS M aHaIM3a METAUTMYECKUX
KOHCTPYKLIHM.

CVYDB/l, ucnosibzyeMasi B CUCTEME «IKCIEPT», HEM3BECTHA, HO, BEPOSTHO,
CHCTEMa HCIOJIb3YeT COOCTBEHHYIO 0a3zy HaHHBIX [JIs1 XpaHEHUs 3HaHUH U
pE3yJIBTaTOB PACYETOB.

DKcnepTHasg cucreMa «JKemepr», pazpadoTaHHas Ha 0a3e MPOrpaMMHOTrO
koMmiuiekca SCAD, uMmeer cieayromuye NpeuMyecTBa:

1) Aarerpammsa ¢ CAD-cucremMoii:  BO3MOXXHOCTh  HCIIOJIb30BaHHMS
rpaduueckoro uHTepdeiica g co3JaHUS U PEAAKTUPOBAHUSA MOjeen

KOHCTPYKIIMM.
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2) ABTOMATH3aUMsl NpoIecca NMPOEKTHPOBAHUSI: HCIIOJIb30BAHUE 3apaHee
3a/IaHHBIX TIPABUJI U MPOLIEAYP JJIsl YCKOPEHHMS IIPOLECcca MPOEKTUPOBAHMSL.

3) Bbicokasi TOYHOCTb: CHCTEMa CIIOCOOHA AaHAJIU3UPOBATL  OOJIBIIOC
KOJIMYECTBO JAHHBIX U IPUHUMATH TOYHBIE PELICHUS.

4) lllupoxuii GyHKOMOHAJ: CHCTEMa TO3BOJSICT TPOU3BOAWTH AHAIN3
TEIUIOU30JSIUUY, MEXAHUKH, DJEKTPUYECTBA, THUAPABIMKH U  JIPYrUX
apaMeTpoB KOHCTPYKIHUH.

5) 'uOKOCTh: BO3MOKHOCTh H3MEHATH U HACTPAaWBaTh MPABUIIA U TIPOLICAYPHI B
COOTBETCTBUU C U3MEHSIIOIIUMUCS YCIOBUSIMU U TPEOOBAHUSMU.

6) Bo3MOKHOCTH HCIIOJIB30BAHHSI HA Pa3JIMYHBIX IJIAT(OPMAX: dKCIIEPTHAS
CUCTEMa MOXET pabdoTaTh KaKk Ha KOMIIBIOTEpAX C ONEPAallMOHHOW CUCTEMOM
Windows, Tak 1 Ha KOMITBIOTEPAX C ONEPaAIMOHHON cucTemoi Linux.
HekoTtopple  u3  HENOCTAaTKOB  JKCIIEPTHOM  CHUCTEMBI  «ODKCIEPT»,

pa3paboTanHOM Ha 6a3e mporpaMmHOro koMmiiekca SCAD, MOTYT BKITFOYATh:

1) CA0KHOCTh MCHOJIb30BAHMS: M3-32 OOJIBIIOrO KOJW4YecTBAa (DYHKIMA |
BO3MOXHOCTEH, CHUCTEMA MOXKET OBbITh CJOKHA B MCIOJB30BAHUU IS
noJib30BaTtesie 6€3 JOKHOTO OMbITa U 3HAHUH.

2) Bbicokasi CTOMMOCTB: CHUCTEMa MOXET OBITh JOCTATOYHO JOPOTOH B
MCIOJIb30BAaHUM, OCOOEHHO JIJISl MAJIBIX U CPEIHUX MPEITPUSITHIA.

3) OrpannveHusi B MHTErpaluu C JIPYTUMH MPOrPAMMHBIMHM IPOJTYKTaMH:
UHTErpalusi ¢ JAPYTUMHA [POTPAMMHBIMH  MPOJYKTaMHU MOXKET OBITh
OorpaHWYeHa WK TpeOOBaTh JOMOTHUTEILHON HACTPOMKH.

4) HeoOX0QUMOCTH OOHOBJIEHMSI 3HAHHWi: U3-3a OBICTPOrO  pa3BUTHS
TEXHOJIOTUH ¥ U3MEHEHHS TpeOOBaHUM, HEOOXOIUMO MOCTOSTHHO OOHOBJISITh
3HAHUS U IIPaBUJjia B SKCIIEPTHON CUCTEME.

5) OrpaHM4eHHOCTh TIPUMEHEHHMsI: DKCIEPTHAas CHCTEMa MOXET OBITh
OrpaHHY€Ha B UCIMOJIb30BAHUU TOJIBKO JIJISl ONPEACIIEHHBIX BUIOB IPOEKTOB U

HC MMOAXOINTD IJII APYTUX IIPOCKTOB.
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1.4. Ilpumenenue Ttexnosorun ASP.NET mnpwu pa3padoTke 3xcnepTHOi

CHCTEeMbI TEIUIOTEXHHYECKOTr0 pacyeTa OrpaskIalonX KOHCTPYKIMii

ASP.NET — sto yacte texnonmoruu .NET, ucnonb3yemas Jjisi HamMdCaHHS
MOIIHBIX KJIMEHT-CepBEpHbIX HHTEepHET mnpuioxkeHuil. ASP.NET ocHoBana Ha
O00BEKTHO-OPUEHTUPOBAHHON TEXHOJIOTUH, HO COXpaHWJAa MOJETh pa3paboTKu
ASP. B ASP.NET nosiBunocr MHOTO HOBBIX (DYHKIIUH, a cyuiecTBoBaBIire B ASP
3HAYUTENBHO ycoBepiieHCTBOBaHbl. ASP.NET BkitoyaeT aBEe BO3MOKHOCTH IS
pacrpeieJICHHbIX MPUIIOKEHUI: BeO-popMbl U BeO-cimy k061 XML [1].

B ocuoBy ASP.NET mnonoxena pabora B cpene CLR, uro mo3zBomsieT
co3gaBaTh Web-npuioxkeHus Ha J1I0OOM S3BbIKE, MOAIEPKUBAEMOM IIATPOPMON
NET. He3aBucumo OT $3bIKa [POTPAMMHUPOBAHUS, HCIOJIB30BAHHOTO IIPH
CO3JaHUH NPUIIOKEHUA ASP, €ro Ko KOMIUIUPYETCS B KOJ HA IIPOMEKYTOUYHOM
a3pike [L. DTO HEeMalloOBa)XHOE MNPEUMYILIECTBO, TAaK KaK TENEPb BO3MOKHOCTH
OJTHOTO sI3bIKa MOTYT HCIIOJIb30BAaThCs B JIPYTOM sI3bIk€ 0€3 HEeoOXOIMMOCTH
HaIMCaHUs JOTOJHUTENBHOTO KOJIA.

Takum  oOpa3om,  JOCTHraeTrcsi  BBICOKass  CTENEHb  IOBTOPHOIO
UCIOJIb30BaHusl koja. Dailiibl CTpaHWI, CO3/1aBAEMbIX B paMKaxX TEXHOJIOIUU
ASP.NET, moryTt nmets pasnuussle pacmmpenus. Pain crangaptHOUASP.NET-
CTpaHUIbl UMeeT paciiuperue .aspx. daiin BeO6- 80 cirykObl UMEET pacuIMpeHue
.asmx, a (aia MmoJap30BaTEIbCKOTO 3JIEMEHTa YIPABJICHUS — PAaCIIMpPEHHUE .ascCX.
[Tomnepxka pa3nuuHbiXx  (opmaToB  (HAMIIOB  TO3BOJISIET  OJHOBPEMEHHO
ucnons3oBaTh ASP.NET- u ASP-ctpanuuel. B 3aBucumoctr OT pacuimpeHust
¢aiina cepsep IIS Be3biBaeT coorBercTBYOmM [SAPI-punbtp nns ynpasnenus
BbIlIOTHEHHWEM  3ajmauu. Apxutekrypa ASP.NET mno3Bonsier  paszidyathb
yIpaBisieMbli U HeynpasiseMbld koa. Ha kome, ympasisemom cpenoid CLR,
Harmucanbl .NET-npunokeHus, d9TOo TMO3BOJISIET MCIHOJIB30BaTh BO3MOXKHOCTH
NETFramework. Omnum wu3 ocHoBHBIX mpeumyiiectB ASP.NET sBasercs
MHOTOSI3bIKOBAsl MOJAJIEPKKA. DTa TEXHOJOTUS MojiepkuBaeT Oosnee 20 S3bIKOB,

Biurrouast C++, C#, Java, VisualBasic u ap.
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OmuH W3 TVIABHBIX HEJOCTATKOB — OTO TNOAJAEPKKA TOJBKO OJHOU
matgopmel.  XoTs Microsoft u crpemurcs mnepenectn .NET wHa apyrue
OIIEPaIMOHHBIC CHCTEMBI, 3Ta TIaTPopma padoTaer ceiiuac Toybko mox Windows.
OTOT HEIOCTATOK OKAa3ajCs pelaloluuM MpU BbIOOpPE MPOTPaMMHON TEXHOJIOTHH
s peanmzanun [10 pacemarpuaemoir Web-6a3uposannoit C [1].

Huxe npuBeieHbl OCHOBHBIE BO3MOXKHOCTU U IpUHLUIIBI paboTel ASP.NET:
- KOMIIWJIMPOBAHUE KOJa MPU EPBOM OOpallleHUH;

- IIUPOKUH BIOOp OMOTHMOTEK KOMIIOHEHTOB, TocTaBiisieMbIx ¢ .NET;
-ITOIJIEPKKA MOIIIHOTO cpesicTBa pa3padbotku — VisualStudio. NET;
- S3BIKOBAsi HE3aBUCHUMOCTH B Ipejenax ImiaTdopm, i KOTOPHIX pean3oBaHa
oO1ias si3pikoBas cpena ucnoinenus: CLR;
- BO3MOKHOCTH PACIIMPEHUs C MOMOILBIO MYJIBTUIIPOLIECCOPHBIX U KIIACTEPHBIX
pelIeHu;
- HOBBIE€ BO3MOXHOCTH 10 00pabOTKe OIIMOOK;

- 00BEKTHO-OPUEHTUPOBAHHBIC S3BIKH Pa3paOOTKU (HOBBIM sI3bIK CH#);

- pacCUIMPEHHbIE BOBMOXXHOCTH MOBTOPHOT'O MUCMHOJIb30BAHMS KOMIIOHEHT.

[Tnatdpopmbr .NET u ASP.NET mpenoctaBisitoT HOBbIE BO3MOXKHOCTH TIO
pa3zpabotke Web-cucteM. OHHM OTBEYalOT BCEM COBPEMEHHBIM TpPEOOBaHUSIM U
MO3BOJISIOT 3HAYUTEIBHO YCKOPUTh UM  YHPOCTUTH pa3pabOTKy —CIOMXKHBIX
IIPUIIOKEHHM.

Takas cucreMa HMMEET BO3MOXKHOCTH HHTerpauuu ¢ rmiatrgopmonn NET
(ocoberno Web-cepBuchl), TOCKOJIbKY ee Oyiyliee MUPOKOE UCIOIb30BAHUE HE
BBI3bIBAET COMHECHUMU.

AHaJU3 CyHIeCTBYIOIIUX 0230BbIX TEXHOJIOTHIA.

N3 pacCMOTPEHHBIX TEXHOJOTHA MOKHO BBIACIIUTH CJIEAYIOIIME OCHOBHBIE
MOJXO0/Ibl K aPXUTEKTYPE CEPBEPHBIX MPUITIOKECHHIA:

I. OtnenpHOe  BbIMOJIHEHWME  3ampocoB. Ilpm  kaxkaom  3ampoce
JUHAMUYECKOIO  COJAEPKMMOIO  3aIyCKAeTCsl  OTAENbHAas MporpaMma i
o0paboTku 3ampocoB. I[Iporpamma reHepupyer COAEPKUMOE, MepeaBaeMoe

KIIMEHTY. DTOT MOAXOA Hcnojb3yercs B knaccnueckux CGI-ckpunrax.
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2. HakomieHnne wucCnoiHsAeMbIX mporeccoB. Iloaxon — aHamorudeH
NpeAbIAYIEMy, HO IIPH ATOM, €CJIM 3alpoC BBIMOJHICTCS IMOBTOPHO, HOBOTO
3amycKa MporpamMMbl HE MPOUCXOAUT, a 00paboTKa mepeaaeTcsl CyleCTBYIOMIEMY
nporieccy. JlaHHbIH Moaxo1 npuMeHseTcs B TexHosorusax JavaServlets, FastCGI.

3. Illabmonsr crpanun. Ilpm 3anmpoce 1IaONOHBI  3aMOJHSIOTCS
JTUHAMUYECKUM  COJICPKUMBIM, OOBIYHO, HO HE0O0S3aTeNbHO CO3/aBA€MbIM
HHTEPIIPETUPYEMBIM SI3BIKOM clieHapueB. [loaxoa mpuMeHseTcss B TEXHOJOTHIX
ASP, JSP, PHP.

4. Pacmmpenuss Web-ceppepa. Web-cepBep oOpamaercss K 0COObIM
pacuMpeHusiM i1t o0pabOTKM  TUHAMUYECKOTO CcojepxaHus. PacmmpeHus
cnenmduunsl s Web-cepsepa. OroT noaxon ucnoas3yercs B ISAPI, NSAPI,
mod_perl.

Kaxaplif 13 yka3aHHBIX MMOJX0/I0B UMEET CBOM BO3MOKHOCTH, OTPAaHUYCHUSI,
1, COOTBETCTBEHHO, CBOIO 00JIACTh IPUMEHEHUSI.

Pacmmpenuss Web-cepBepa He SBISIOTCA caMbIM yJAOOHBIM CpPEJICTBOM
pa3pabOTKH, JKECTKO MPUBS3BIBAIOT CUCTEMY K ompeaeneHHomy Web-cepBepy, HO
JEMOHCTPUPYIOT MaKCHUMAJIbHYIO TMPOU3BOJUTEIBHOCTh M JIAIOT HAUOOJBIIYIO
r'MOKOCTb B pa3paboTKe.

Haunbonee axkTyalbHOM TEXHOJIOTMEW i1 OOpalleHuss K HCTOYHUKAM
naHHplx B MicrosoftVisualStudio.Net sBmsercs ADO.Net. ADO .Net —
HauMEHOBaHUE Habopa KiaccoB, KoTopele ucnonbdytorcs ¢ C# u NET nns
JIOCTYTIA K JAHHBIM B PEIIIIIMOHHOM, TaOJMYHO-OPUEHTHPOBAHHOM (hopmare.

ADO .Net oOpamaercsi He TOJBKO K PESIMOHHBIM 0a3aM JTaHHBIX, TAaKHUM
kak SQLServer u MicrosoftAccess, HO U J1ake K HEPEIAIHNOHHBIM HCTOUYHHKAM
JAHHBIX. JTa TeXHOJOrus nHTerpupoBana B NetFramework u cipoexktupoBana Jis
HCIIOJIL30BaHus ¢ JI0OBIM A3bIKOM .Net, B ocooennoctn C#. Hazsanne ADO.Net
O3HayaeT, YTO JaHHBIN HA0Op KJIACCOB — ATO JIOTUUECKOE Pa3BUTHE MpEeabIayleH
oOBekTHOM Moxenu aoctyna kK gaHasiM — ADO. ADO.Net npencrasiser coOoit
HOBYIO OOBEKTHYIO MOJIeJIb, KOTOpasik UCIOdb3yeT cranaapt XML s nmepenauu

TaHHBIX [2].
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ADO.Net pa3BuBacT HICK MCIIOIb30BAHUS OTCOECIMHEHHBIX MACCHUBOB
JAHHBIX, MEPEBOMS €€ W3 pa3psiaa TOMOJHUTENBHBIX BO3MOXKHOCTEN B pa3psin
peaTbHO MCIIOJIB3YEeMBIX, 00JICe TOTO — OCHOBHBIX CITIOCOO0B padoTHI [2].

Oo6bektHas mogens ADO .NET npenmnonaraer cymiecTBoBaHue (Ipu
HAIMMCAHWUW TIPUJIOKEHUS JUIsl paOOThl ¢ 0a30M JaHHBIX — HCIIOB30BAaHUE) ABYX
MHOKECTB KJIACCOB, BBITIOJTHSIONIMX YETKO OMPEEICHHBIC 3a/auyu Tpu paboTe ¢
0a30i1 JaHHBIX: — KIJIACCHl TMOJCOCAMHEHHBIX OOBEKTOB 00ECIeurnBaroOT
YCTaHOBJICHHE COCIMHECHHS ¢ 0a30i MaHHBIX W yIMpaBlieHHe 0a30i CO CTOPOHBI
MPWIOKEHUS; — KJIACChl OTCOCAMHEHHBIX OOBEKTOB 00OECHEUMBAIOT COXPAaHEHHE,
WCII0JIb30BAaHUE U NMPeoOpa3oBaHKe MOJYYSHHON OT 0a3bl JaHHBIX MH(OpMAIUK Ha
ctopone mpuioxenus. IlpumepHyro oObekTHyi0o Moaenb ADO.NET wmoxHO
npeAactaBuTh ciuenyrwomeil auarpammoii: ADO.NET mnpenocraBisieT Jerkue B
WCIIOJB30BaHUU KJIACCHI JIJIsl JIOCTYIA K JaHHBIM, OOHOBJICHHBIC U PACIIUPECHHbBIC
nns cpenpl nporpammupoBanus NET. Ilo cpaBaenunto ¢ ADO ADO.NET
MO3BOJISIET  WCIMOJB30BaTh  OoJiee  JIErKOe MPOTpaMMHUPOBAHUE,  JYUIIYIO
MPOU3BOJIUTEIIBHOCTE M MAcCIITAOMPOBAHUE, MEHBIIYI0 3aBUCHUMOCTh  OT
0COOEHHOCTEM HMCTOYHUKOB JAHHBIX U 00JIBIITY IO CIIOCOOHOCTH
B3aUMOJICHCTBOBaTh ¢ JApyrumMu miargopmamMu. (OCHOBHBIE TPUOPUTETHI
ADO.NET ADO.NET co3nman s MCHONB30BaHUS B yHpaBiseMblx (managed)
npoekTax [2].

Macmrabupyemocts. Bo MHOTMX cuCTeMax KOJIMYECTBO MOJAKIIOUEHUN K
0a3aM NaHHBIX SBIISAETCS CaMbIM Y3KHM MECTOM B IUIaHe MaciiTabupyemoctu. U
s atux cucteM ADO.NET sBisieTcss O4YeHb XOpOIIMM PELICHHUEM, PE3KO
MOBBIIAIOIIUM UX MaciTabupyemMocTh. OTKIIIOUCHHBIM HA0Op JaHHBIX MOXKET
UCIIOJb30BaThCAd HECKOJbKUMHU YacCTSIMHU MpOTrpaMMbl (WA TOJb30BATEIISIMH)
OJIHOBPEMEHHO.

Cnocodnoctsb Kk B3aumoaencTeulo. Tak kak ADO.NET uncnonezyer XML

KaK CTaHJApTHBIM QopMarT mepenadyd JaHHBIX, MpPOrpaMMa, KOTOPOH
HEO0OXO0IMMO MoJay4uTh JaHHble U3 kKommoHeHTa ADO.NET, He o0s3ana cama

ob1Th KOMIIoHEHTOM ADO.NET. B o6miem ciydae oHa BOOOIIE MOXKET HE OBITH
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Windows nporpammoii. ExuHcTBeHHOE TpeOoBaHME — 3Ta MporpaMmMa JI0JDKHA
nonnMath XML. U 3to mo3Bonsier ADO.NET-koMIoHeHTam Mpu UCIOIb30BaHUN
JpYyruX  KOMIIOHEHTOB M  CE€pBUCOB, Bxomsdmmx B  VS.Net, nerko
B3aHMMO/ICHCTBOBATH C JII000H ITporpaMMoii Ha JIt000i matdopme.

TunuzupoBannsie moas. B ADO u3-3a TOro, 4to Hy’KHO OBLTO 0OECIIEYUTH
paboTy U B CKPUIITOBBIX SI3bIKAX, pab0OTa CO 3HAUCHUAMHM SUCHKU [UIAa Yepe3 THII
Variant. 11 3T0 BBI3BIBAJIO HEKOTOPOE KOJIMYECTBO MPOOJIEM — KOMIMWISATOP HE
UMEJ BO3MOXHOCTH BBINOJHEHUS IPOBEPKM HA COBMECTUMOCTH THIIOB,
nepeMeHHass Thma Variant 3aHuMana JIMIIHIO TaMaTh W MeEJJICHHEe
obOpabarbiBasiack. ADO.NET cHumaet 310 orpannyeHue. Tenepb TaHHbIE KOJTOHKH
MOXHO 0€3 KOHBEpTallMil CUMTaTh B MEPEMEHHYI0 HeoOxoaumoro tuma. Crajio
BO3MO>HBIM TaKK€ CO3/1aBaTh KJIACCHI, MPOU3BOAHbBIE OT DataSet.

Takue Knaccel peanu3yrOT CBOMCTBA, CXOJHBIE C KOJIOHKamu DataSet n
MO3BOJISIIOT OCYILECTBISATh CTPOrO0 THUIM3UPOBAHHBIA JocTyn K mossim DataSet.
[Ipu 5TOM MOXHO MOJB30BAThCS TaKUMU (QyHKIMSAIMU cpenbl, kak CompleteWord.
['enepanuto ctporo Tunu3npoBaHHbIX DataSet-oB MOkHO BO3710KUTH Ha IDE.

Bbpanamayspsl. Tak kak ADO.NET nepenaer nanabie ¢ momMoluibio XML,
€CTh BO3MOXXHOCThb I€peAaBaTh d3TH JaHHbIE 4YE€pe3 OCHOBHYIO Maccy
OpaHaIMay3pOB.

Ipakrnueckoe npumenenne ADO. NET Managed Providers. ADO.NET
MOAJACP>KUBAET JIBa THUIA UCTOYHUKOB JMaHHbIX — SQL Managed Provider u ADO
Managed Provider. SQL Managed Provider npumensiercst mjist pabotsl ¢ Microsoft
SQL Server 7.0 u Beimie, ADO Managed Provider — nnsi Bcex ocraibHbIX 0a3
nanabix. SQL  ManagedProvider pabGoTaer mno coenudalbHOMY MPOTOKOJY,
Ha3zpiBaeMoMy TabularDataStream (TDS) u He ucnons3yer au ADO, vu ODBC,
HU KakKylo-uOo emie TexHojoruto. OpueHTUpoBaHHbIN criennanbHo HAa MS SQL
Server, mpOTOKOJ TO3BOJISIET YBEJIMYUTH CKOPOCTh MEpPEeNauyd JTaHHBIX U TEM

CaMbIM ITOBBICUTBH O6H_IYIO IMPOU3BOAUTCIIBHOCTD IIPUIIOKCHU .
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3akiouenue mo riaase 1

JIutepatypHbiii 0030p MOKa3ai, 4TO CYHIECTBYET 3HAUUTEILHOE KOJUYECTBO
HAy4YHBIX W MHXXEHEPHBIX HCCIECIOBAHUMN, KACAIOUIUXCSA TEIJIOTEXHUYECKOTO
pacyeTa OTpaKIaIOIIUX KOHCTPYKIUMH. OTO BKIIOYAET CTAaTbH, MOHOTrpaduw,
JYCCepTalvy U MyOIUKaIUU pa3InuHbIX OpraHu3aluii U UHCTUTYTOB.

B 0030pe nmuTepaTypsl OBLITN BBISBJICHBI PA3IMUHBIE METOABI M TOJXOMBI K
TEIUIOTEXHUYECKOMY pacyeTy OrpaxJarollUuX KOHCTPYKIUH. OTO BKIIOYAET
aHAJUTUYECKUE METOJbl, YHCJICHHbIE MOJCIUPOBAHUE, METOJbl KOHEYHBIX
AJIEMEHTOB, a TAaKXK€ SMIUPUUYECKHE MOAXOAbl, OCHOBAHHBIE HA AKCIEPUMEHTAX U
U3MEPEHUSX.

CylecTByolMe 3KCIEPTHBIE CHUCTEMBI B OOJACTH TEIJIOTEXHUYECKOTO
pacyeTa OrpakJIarluX KOHCTPYKIUN 00JIaal0T Pa3HBIMU YPOBHSIMH CJIIOKHOCTH
u  (QyHKIUMOHANBHOCTH. HekoTopble cuUCTeMBbl TPEAOCTABISIOT  0A30BBIC
BO3MOXXHOCTH JIJI1 pacyeTa TEIJIOMPOBOJHOCTA M TEIIONOTEPh, B TO BPEMs Kak
JIPYTHUE CUCTEMBbI MOTYT BKJIIOYATh 00JIE€ CIOKHBIE AJITOPUTMBI M UHCTPYMEHTHI
JJISl ONTUMU3AIMN TETUIOU30JIAIIMY U BEIOOpA MaTepUalioB.

[Ipenmy1iiiecTBOM UCIIOJIB30BAHUS SKCIIEPTHBIX CUCTEM B TEILIOTEXHUYECKOM
pacueTe OrpaXIAIIMX KOHCTPYKIMM SIBISETCS aBTOMaTH3alusl Mpolecca
pacueTa, OBBIIIIEHUE TOYHOCTH Pe3yJIbTaTOB U YCKOPEHUE MIPUHATHS PEIICHUI.

HecmoTps Ha cyiecTByrome JOCTHXKEHUS B 001aCTH SKCIEPTHBIX CUCTEM
TEIJIOTEXHUYECKOTO pacuera, BCE €lle CYILIECTBYET MOTPEOHOCTh B pa3paboTke
Oonee CIOXKHBIX ¥ YHHBEPCAIBHBIX CHCTEM, KOTOpPHIE VYHUTHIBAIUA OBl

pa3H006pa3HI>1e YCJII0BUs, MaTCPpHUAJIbl 1 KIIMMATHUYCCKHUC IMapaMCTPBhI.
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I'/IABA 2. METOA0JI0OI'SA UMETOAbI UCCJIIEJOBAHUA

2.1. Metonojoruss MW MeTOAbI MCCJEAOBAHUS TPOEKTUPOBAHMS

OrpPaXKAAIIMX KOHCTPYKIMA

Merononoruss 1 METOAbl MCCIEAOBAHUA MPOCKTUPOBAHUS OTPAXKIAIOIINX
KOHCTPYKIIMH 3JaHUA U COOPYNKEHUW HUIrparoT KIIOYEBYIO POJib B 00eCrieYeHUU
KauyeCTBEHHOT'O MPOEKTUPOBAHUSA U ONTUMU3ALUU d(HPEKTUBHOCTH KOHCTPYKIIHA.
BoTr HekoTopeie u3 Haubolsiee pacCHpPOCTPAHEHHBIX METOAOJOTMH U METOOB,
UCITIOJIB3YEMBIX B 3TOW 00JIaCTH:

1. CuctremHblil moaxona: DTo OOMMHA MOAXOJ K HPOEKTUPOBAHUIO, KOTOPHIH
IIPEANoIaraeT pacCMOTPEHUE OrPaKAAOIIUX KOHCTPYKUUH B KOHTEKCTE
BCETO 3aHUS WU cOOpyx eHns. CHCTEMHBIN MOAXOJA MOMOTaeT YYUTHIBATh
B3aMMOCBSI3M MEXIY Pa3IuYHBIMM 3JIEMEHTAMU U ACIIEKTAaMHU MPOEKTA, 4TO
MO3BOJISIET C€O37aTh Oo0Jiee MHTErpUpPOBaHHbIE U cOalaHCUPOBAHHbBIE
peLIeHus.

2. KoHuenrtyaipHOoe  NPOEKTUPOBAaHWE:  ODTOT  METOJA  IPEAINOoJaraeT
(GopMHpOBaHHE KOHLEMIHMH OrPAKIAIOIMX KOHCTPYKIHMM Ha paHHUX
CTaAMsX MpoekTa. B 3ToM ciyyae paccCMaTpuBaKOTCS PAa3IUYHbIE
aIbTEPHATUBBI, OIPEACNAIOTCS OCHOBHBIE MMapaMeTpbl W BbIOMPAIOTCS
HanOoJiee NEePCHEKTUBHbBIE TTOIXO/IBI.

3. Texnuueckoe mpoektupoBanue: Ha »ToM 3Tame mpoucxoauT pa3paboTka
TEXHUYECKUX PELICHUM U JIeTaJed Orpa)KAaroIUX KOHCTPYKUUH. BakHOMU
YaCThI0 JTOT0 METOAA SABJISETCA INPUMEHEHUE WHXKEHEPHBIX PacyeToB M
aHaJin3a, YTo0bl 00ECIeUNTh MPABHIBHOCTD U HAJC)KHOCTh KOHCTPYKIIHH.

4. KommbioTepHoe MopenupoBanue U aHaiu3: (CoBpeMEHHbIE METOJIbI
KOMIIBIOTEPHOIO  MOJEIMPOBAHMS TO3BOJISAIOT IPOBOAUTH  Pa3jIMYHbIE
aHanu3bl  TEIUIONEpEeNayu, TEIUION30JSUNUNA, TMPOYHOCTH M APYTUX
XapaKTEPUCTHUK OTpaKJAOIINX KOHCTPYKIIH. MopenupoBanue
CrIOCOOCTBYET OoJiee TTyOOKOMY TOHMMAHHIO MOBEICHUS KOHCTPYKIIMHA |

OINITUMH3AIINHN UX XaPAKTCPUCTHUK.
42



5. UcnbiTanust M dKcnepuMeHThl: JlJIs  OLEHKHM CBOMCTB MAaTepHalioB,
TEIUIONEpeaul M JPYTuX M[apaMeTpPoOB OIPa)KJalolUX KOHCTPYKIIH
UCTIONB3YIOTCS  pa3lMuyHble (PU3UYECKHE M XUMUYECKHE HCIIBITAHHS.
OKCHEpUMEHTHI MOMOTAIOT IOJIyYUTh pEAIbHbIE JAHHBIE U MOJITBEPAUTH
pe3yabTaThl MOAECIUPOBAHUS.

6. Mcnonp3oBaHue CTaHAapTOB W HOPMaTuBOB: [Ipu mpoeKkTHpoBaHUH
OrpaKIAIOIIMX  KOHCTPYKUMH  BaXXHO  YYUTBIBaTb  COOTBETCTBHE
CYIIECTBYIOIIMM CTaHJAapTaM M HOPMaTUBAM B CTPOMUTENBCTBE. ITO
o0ecreunBaeT COOTBETCTBHE KOHCTPYKILUH YCTaHOBJIECHHBIM TPEOOBAHUSIM
1o 6€30MacHOCTH, TEIUIOU30JISILUY U APYTUM ITapaMeTpam.

7. OOpatHas CcBA3b U yJdyulleHue: BaXHO y4HMTHIBATh OIBIT KCIOJIb30BAHUS
paHee CHpPOEKTUPOBAHHBIX KOHCTPYKIMHM M UCIHOJIB30BaTh OOPaTHYIO CBS3b
OT TOJIb30BaTeNIe JJId  YJy4YlIEHUs METOJO0B HPOEKTHPOBAaHUA U
COBEPILIEHCTBOBAHUS KOHCTPYKIIHA.

[IpaBunpHOE COYETAHNE METOAOJIOTUNA U METOJOB HCCIEIOBAHUS MO3BOJISIET
pa3pabaTbiBaTh MHHOBALIMOHHBIE U 3(()EKTUBHBIE Orpa)KAAlOUIMe KOHCTPYKLIHH,
oOecrieunBass KOMPOpPTHOE U HHEPTrodIP(HEKTUBHOE OKPYKEHUE BHYTPU 3JIaHUN U

COOPY>KECHUH.

2.2. MeToaos10risi M METOAbI MCCJEI0OBAHUSI TEIJIOTEXHHUYECKOI0

pacyera OrpasKIalIMX KOHCTPYKIUA

MeTogonoruss ¥ METOJbl HCCJIENOBAaHUS TEIJIOTEXHHUYECKOro pacyera
OTPKIAOMINX KOHCTPYKIMH BKIIOYAIOT B Ce0sl CHCTEMAaTHYECKH TMOIXOA K
aHaJIM3y U OLICHKE TeIIoNepeaun yepe3 dJIEMEHTHI 3/1aHus C LENbI0 ONpeaAeeHus
WX TEIUIOM3OJISIIMOHHBIX CBOMCTB M SHEprodddextuBHOCTH. PaccmoTpum ux
0oJiee moapoOHO:

MeTtononorusi MccneA0BaHus TEIIOTEXHUYECKOIO pacyeTa OrpaskJarolInx
KOHCTPYKLHM:

1) Onpenenenne twenedr wuccinenoBanus: OmpeneneHne OCHOBHBIX —IIeJei
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UCCJIEIOBAHUS TEIJIOTEXHUYECKOTO pacyeTa, TaKUX KakK OmpelesieHue

KO3 (PUIIMEHTOB TETUIONPOBOJHOCTH MaTEpHANIOB, OIIEHKA TEIJIONOTEPh

4yepe3 OrpakIaroNre KOHCTPYKITUU ¥ ONTUMU3AIHS SHEprodhPpekTuBHOCTH

3/1aHMUS.

Ko3¢duuueHnt  TenjonpoBogHOCTHM  MaTepuajoB  (oOo3Hadaercs
cumBosioM A, lambda) - 5To BaxHBII mapaMeTp, KOTOPBIA XapaKTepU3yeT
CIIOCOOHOCTh MaTepuaja NpoBOAUTH Temio. OH ompenenseT CKOpocTb, ¢ KOTOPOH
TEIUIOBasi HHEPrusl MepefaeTcs depe3 Marepuan oT objactu ¢ 0Oosee BBICOKOU
TEMIEpaTypoil k obyacTu ¢ Oojee HU3KOW Temmeparypoil. UeM Bblllle 3HAUCHUE
KO3 puIMEHTa TEIJIONPOBOJIHOCTH, TEM JIydlle MaTepuan MPOBOJUT TEIUIO, U
HaobopoT [12].

KoaddumuenT tennonpoBoanoctu usmepsiercs B eauauiax Br/(m-K) - Batt
Ha METp Ha KEIbBHH. OTO O3HAayaeT, 4YTO 3HayeHue Kod3(pduuueHra
TEIUIOMPOBOAHOCTH MOKA3bIBAET, CKOJIBKO BATT TEIJIa IPOXOAUT Yepe3 €AMHUIHYIO
IUIONIAJIKy MaTepuaja TOJNIIUHOW B OAWH METP MpHU pasHUIE TeMIIepaTyp B OJUH
rpaayc KenpBrHa MEXTy €ro IByMs TIOBEPXHOCTSIMHU.

Br1i6op mMaTepuasioB ¢ ONTUMAIBHBIM KO3(P(GUIIUEHTOM TETUIONPOBOTHOCTH
UTPaeT BaXHYIO pOJb B NPOSKTUPOBAHUU SHEProdPPEKTUBHBIX 3HaHUNA U
coopykeHuid. TerIon30sIMOHHbIE MaTepuaibl C HHU3KAMH 3HAUCHUSMHU A
CHOCOOCTBYIOT CHUKEHHIO TOTEPh TEIUIA, YTO MO3BOJSIET COKOHOMUTh SHEPTHUIO Ha
OTOTUICHUHU M KOHIUITMOHUPOBAHUH MTOMEIIICHUH.

OneHka TemwjonoTrepb 4Yepe3 Orpaxaaliue KOHCTPYKIHUM MO3BOJISET
OTIPEIETUTh, HACKOJIbKO 3¢ (HeKTUBHO orpakaaromye KOHCTPYKLUHU
PEIOTBpAlIAlOT MOTEPIO TEIIa W3 3JIaHUS M MOMOraeT pa3padoTarh Mephl IO
CHIDKEHHUIO SHEPronoTpeOseHHs] U TMOBBIIMIEHUI0O KOM(OpTa BHYTPU MOMEILIECHUH.
J1J1s OTICHKH TETUTOOTEPh UCTIONB3YIOTCS CISAYIONINE METO/IbI:

- PacueTHbIC METO/IBI:
e Crarnueckue pacdyeTsl. OCHOBaHBI Ha MPUMEHEHHUH TETIOBOTO OallaHca st

3nanud. Teruionorepu vepe3 Orpa)aaroliie KOHCTPYKIUHU OLICHUBAIOTCS C

Y4€TOM pa3jIMYHbIX q)aKTOPOB, TaKUX KaK IIJIoIaaur HOBGpXHOCTCﬁ,
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TEIJIONPOBOJAHOCTh MATEPHANIOB, pa3HUIA TEMIEPATYp BHYTPU U CHAPYKHU

3/1aHMsI, TETIJIOBOE COMPOTUBIICHUE FJIEMEHTOB KOHCTPYKIMM U T.1.

e MeToabl KOHEYHBIX DJJIEMEHTOB: OTO YHCICHHBIE METO/bl, KOTOpbIE
MO3BOJIAIOT ~ TPOBECTH  JIETAIBHBIM  pacueT  TeIvlonepenayn  depes
OTpaXJalllhe KOHCTPYKIHUH C  HCIOJb30BAHUEM  KOMIIBIOTEPHOTO
MOJEIUPOBAaHUSA.  OTH  METOABl  MO3BOJIAIOT  Y4YeCTb  CJIOXKHBIC
reoMeTpudeckue GopMbl U HEOAHOPOIHOCTH MAaTEPHUAIIOB.

- DKCHEPUMEHTAIbHbIE METOIBL:

e TemnoBU3MOHHAsA CbheMKa: Vcmonb3yercss mHppakpacHas TEIUIOBU3MS IS
BU3yaJIM3alMM TMOTEPh TEIUIa Yepe3 OrpakKAaroliue KOHCTPYKLIHMHU. OTOT
METOJ TO3BOJSIET OOHAPYXUTh TOYKM YTEUKHM TEIJIa U  BBISIBUTH
pOOJIEMHBIE YUACTKHU.

e TemnoTexHWYecKkWe  HUCHOBITaHusA:  [IpoBomsATcs  Ha  CHEHHUATBHBIX
UCHBITATEIbHBIX ~ YCTAaHOBKAaX, T[J€  HU3MEPSIOTCS  KO3(PPUIMEHTHI
TEIUIONMPOBOAHOCTH MAaTEpPHAIOB M TEIUIONepenaya depe3 OrpakIarolie
KOHCTPYKITUHU B PA3JTMYHBIX YCIOBHSIX.

OueHka TEmIONOTEPh MO3BOJSET BBISIBUTH HEIPPEKTUBHBIE YUYACTKH
OTPKIAIONINX KOHCTPYKIIUH, ONPEIEIUTh OCHOBHBIE HCTOUYHUKH MOTEPh TEIIia U
pa3paboTaTh Mephbl MO YIYYIIEHUIO TEIUIOM3OJSIUM 37aHusl. DTO Ba)KHbIM 3Tan
IpU TPOCKTUPOBAHUM U PEKOHCTPYKIIMH 3JaHUN C IENBI0 TIOBBIIICHHUS WX
3HEeprod(H(PEeKTUBHOCTU U CHUKEHUS HKCIUTYaTal[MOHHBIX 3aTpar.

2) Coop manubix: CoOWpaTh HaHHBIE O XapaKTEPUCTHKAX OrPa)KIarollux
MaTepuajoB, WX TONIIWHE, TEOMETPUHU DIEMEHTOB, KIMMATUYECKUX
YCJIOBUSIX Y BHYTPEHHHX TEIJIOBBIX Harpy3Kax 3/1aHusl.

XapaKTepucCTUKU OTPaKIAIOIITIX MaTepuaioB OTIPEACTISIOT
TEIUIOM30JISILIMOHHBIE, MEXaHHYeCKHe, aKyCTHYecKhe U Jpyrue CBOMCTBA
MaTepHaioB, KOTOPBIC BIUSIOT HA KOM(OPT 1 sHEeprodhdexTuBHOCTD 31aHus. Bot
HEKOTOPBIE OCHOBHBIE XapaKTEPUCTUKU OTPAKIAAOIINX MATEPUAIIOB:

1) Koapdunment TtemmonpoBomnoctr (A): Kak yxke ynoMHHAIOCh paHee,

KO3 (PUIIMEHT TEIIONPOBOIHOCTH XapaKTepU3yeT CIOCOOHOCTh MaTepuana
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MPOBOJUTH TEII0. MaTepualnbl ¢ HU3KUM 3HAYEHUEM A 00NafaroT JIydilen
TEIJIOU30JIAIIMEH, YTO TIOMOTaeT CHHU3UTh IOTEPU TEIla U IOBBICUTH
9HEProdhHEKTUBHOCTH 37aHU.

2) TeroBoe compotuBieHre (R): TerioBoe cOnmpoTHBICHUE - 3TO OOpaTHas
BeIMUMHAa  Kod(p(dUIKMEeHTa  TEIUIONPOBOJAHOCTH U XapaKTepU3yeT
CIOCOOHOCTh MaTepHalia COINPOTUBIATHCS Termonepeaade. Yem BhIIIE
3HaueHue R, Tem mydine maTepuan yaepKuBaeT TEerlo.

3) [MnotHOoCTh: ILMOTHOCTH MaTepuana BIUSET HA €ro MacCy W IMPOYHOCTb.
Bbicokass MIOTHOCTH MOXKET OO€CHEUYUTh JYUIIyl0 3BYKOU3OJSLHUIO U
MEXaHUYECKYI0 IPOYHOCTh, HO TIPHU 3TOM MOXET YBEIUYHUTH BEC
KOHCTPYKIUH.

4) MexaHu4eckas IPOYHOCTh: DTa XapaKTEPUCTHKA OMPENEISET CIIOCOOHOCTh
MaTepuana CONPOTUBIATHCA MEXaHMYECKUM Harpy3skam, TakUM Kak
JABJICHUE, pacTsKeHue, u3rud W T.J4. BaxHo, 4TOOBI Orpaxkgaromue
MaTepuaibl ObUIM JOCTaTOYHO MPOYHBI AJIsi 00ecnedyeHus JOJATOBEYHOCTH U
0€30MacHOCTH 3/1aHHUS.

5) YcToyMBOCTH K  BO3JCHCTBHIO  OKpysKaromied cpeapl: Hekoropsie
MaTepuanbl MOTYT OBbITb MOABEPKEHbl BO3JAEHCTBUIO BIIard, TIPUOKOB,
HACEKOMBIX WJIM XUMHUYECKHX BEIIECTB. YCTOWYMBOCTH K BHEUIHUM
(dakTopaM Ba)kHa JUIsl JIOJITOBEYHOCTH M COXPAHEHUS BHEUIHETO BHUA
Martepuania.

6) 3Bykom30sIUsA: DTa XapaKTePUCTUKA OMPEILIIAeT CIIOCOOHOCTh MaTepuaa
YMEHBIIATh 3BYKOBYHO DJHEPIUI0, MPOXOASAUIYIO YEpe3 OrpaKJarolue
KOHCTpYKIMU. Bpicokas 3BykouzoJisiiug obOecrieunBaeT KoMpopT U
YMEHbILIAET IIIyM H3BHE.

7) IoxapoomnacHocTs: Hekoropeie MaTepuasibl 007a1al0T 0oJiee BBICOKON
OTHECTOMKOCTBIO, YTO MOXET OBbITh BaXHBIM (PAKTOPOM TMpU BHIOOpE
MaTepuaia JUs 3alIUThl OT BO3MOXKHBIX TOYKapOB.

8) DKOJOrMYHOCTh: DTa XapaKTEPUCTHKA OTPEACISCT BO3/CHCTBUE MaTepraa

Ha OKpyXXawllylo cpeny. B Hactosmiee Bpems Bce 0ojiee BaKHBIM
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CTAaHOBUTCSI BBIOOP 3KOJIOTMYECKU OE30MACHBIX U YCTOMYMBBIX MaTepUajoB

JUISL CTPOUTENBCTBA.

YuuTbIBas 9T XapaKTEPUCTHKH, MPOSKTUPOBIIMKH MOTYT BBIOpAThH
ONTUMAaJIbHBIE OIPAXAAIOIINE MaTepUabl, KOTOPbIE COOTBETCTBYIOT TPEOOBaHUAM
1o 3Hepro3pPeKTUBHOCTH, 6€30MaCHOCTH U KOMPOPTY 3/1aHUS.

3) Beibop MeTomoB  MccienoBaHUs:  BpIOpaTh  MOAXOMAIIME  METOIBI
UCCIIEIOBaHMsI, TAaKHME€ KaK CTaHJApTHBIE TECThl Ha TEIUIONPOBOJHOCTD
MaTepuajoB, KOMIBIOTEPHOE  MOJEITUPOBAHHE C  HCIOJIb30BAHHEM
CHELMATU3UPOBAHHOIO  MPOrPAMMHOIO  O0€CIEUEeHMs], AHAJTUTHUYECKHE
pacyeThl U SKCIIEPUMEHTAIbHbIE UCCIIEIOBAHMUSL.

4) MonenupoBanue U pacueTsl: [IpOM3BOMUTH TEIUIOTEXHUYECKUE PACUETHI C
UCIIOJIb30BAaHUEM  MAaTEMaTU4YEeCKUX MojJened u  yderoM (pakTopos,
BIMSIONINX Ha TeIIonepeaady, TaKuX KakK TEIUIOBOE COIMPOTHUBIICHUE,
TEIUIONPOBOHOCTh MaTepHalia, BO3AYIIHbIC IPOCIONKH U T. 1.

5) Ananmu3 pe3ynbraToB: OlEHHBATH MOJTYYCHHBIC PE3YJIbTaThl, CPABHUBATH C
TpeOOBaHUSMHU HOPM U CTAHJAPTOB, BBIABIATH Cllabble MECTa W MpeJiaraTh
ONTUMU3ALIHUIO.

MeToasl  ucceqOBaHUS —TEIJIOTEXHHMUYECKOTO pacdera  OrpakJarolInX
KOHCTPYKIIMI:

1) MatemaTiuecKue MOJCIA W AHAJTUTUYECKUE pacCUeThl: ITO METOJBI,
OCHOBaHHbICE HAa TPUMEHEHWW (PU3UYECKHX 3aKOHOB U YpaBHEHUH is
OIKCaHUs TeIUIoNepeaaur U pacyeToB KOAPPUIIMEHTOB TEIIONPOBOAHOCTH.
MatemaTnueckue MOJENU M aHATUTHUYECKHUE PACUeThl HCIOJIBb3YIOTCS IS

TEIUIOTEXHUYECKOTO pacdeTa OrpaKIAroNINX KOHCTPYKIUH C HENbI0 OMpeIeIeHHs
TEIUIONOTEPH, TEIION30JALUU U 3(P(HEKTUBHOCTH TEIUIONEpEaaun Yepe3 JIEMEHTHI
3maHusl. BOT HEKOTOphle MaTeMaTHYeCKHEe MOJETH M aHaJUTHYECKHE PacueThl,
UCTIONB3YyEMbIC JJIs TETUIOTEXHUYECKOTO pacdeTa OrpaKIaroNIinX KOHCTPYKITUI:

a) Ypasuenune ®dypre: OCHOBHOE ypaBHEHHE, HCIIOJIb3yeMOE ISl OMHMCAHUS
npouecca TeIUlonepenadd, H3BeCTHOe Kak ypaBHeHHe @ypre. OHO

BbIPAXXACT 3dBUCHMMOCTDL TCIJIOBOT'O ITOTOKA 4YCPE3 MATCPHATI OT I'paavCHTA
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b)

d)

2)

TeMIiepaTypbl. YpaBHeHUe Dypbe 3anuchiBacTCs B 1P PepeHInalIbHON Ui
UHTErpalbHON (popMe M HCMONB3yeTCs I aHalv3a TEeIJIONPOBOJIHOCTU
MaTepUaJIoB.

CranvoHapHblii M HECTAllMOHAPHBIM  TEIUIOBOM  pexkuMbl:  Ilpu
CTAallMOHAPHOM TEIUIOBOM DPEXXMME TEMIIEpaTypa MaTepuajia HE 3aBUCUT OT
BpeMeHU M ypaBHeHHe Dyppe ynpomaercsa. B HecTanmoHapHOM pexume
TeMIiepaTypa MEHSAETCS C TEYEHHUEM BpeMEHH, U  Tpelyrorcs
JOTIOJIHUTENbHBIE YPABHEHUS JJIs1 OIIMCAHUS 3TOTO IpoLecca.

TeruoBoe comnporusnenue: [ omucaHus TEIUIONEpPENadYn 4epe3 CIOU
Pa3IMYHBIX MAaTEPUATIOB UCMOJIB3YETCS MTOHATHE TEMIOBOTO CONPOTHUBIICHUSI.
TernoBoe CONPOTHUBICHUE ONPENEIAETCS KaK OTHOWIEHUE TOJIIUHBI CIOS K
ero  Kod(pQGUUUEHTYy  TEemIonpoBOAHOCTH.  CoONpOTHUBIIEHUS  CJIOEB
CKJIAJbIBAIOTCA B CEPUI0 WM TMapauienb s ONpeleseHus OOIIero
TEIUIOBOTO CONMPOTUBIICHUSI OTPaXXAAI0IIE KOHCTPYKIUU.

KonBekTuBHasT W paguanudoHHAas Tervlonepenada: B aHanuTH4YeCcKHX
pacyeTax YYMTBHIBAIOTCA Pa3IM4YHbIE MEXaHU3MBbI TEIUIONEPEAAUn, TAKUE KaK
KOHBEKIMs (TEIIOOOMEH C OKpyXKawIlel cpeaod) u  paauarus
(Terutonepenaua uyepe3 uznydenue). Koadduuuentsl temionepenayu st
ATUX MEXAHU3MOB 3aBUCAT OT XapaKTEPUCTUK OKPY>KAIOIIEH CpeIbl.
['pannunbie yCIIOBHS: AHAIMTHUYECKUE PACUEThl YUYUTHIBAIOT T'PAHUYHBIC
YCIJIOBHSI, KOTOPBIE ONPENEISAIOT TEMIIEPAaTypbl HAa TPAHULIAX OTPakIaroLIUuX
KOHCTPYKIIUH. DTO MOXET OBITh TeMmIepaTrypa BHYTPEHHEro M BHEITHETO
BO3/1yXa WJIU APYTUE YCIOBHS.

HMcnonp30BaHue MaTeMaTUYCCKUX MO)ICJ'IGI‘/JI N AaHAJIUTHYCCKHX PacCucTOB

IIO3BOJIAET NIPOBECTU JETAIBHBIA AHAIN3 TEINIOTEXHUYECKUX XapaKTEPUCTHUK
OTpaXXJIAIIIMX KOHCTPYKIMI M ONTUMHU3HPOBATH UX 3HEProdG@PeKTUBHOCTHL U
koMpopT BHyTpu 37aHus. OJHAKO TPU  CIOXKHBIX KOHCTPYKLMSX WA
HEOJTHOPOJHBIX MaTepHajax MOXET NOTpeOOBaThCS MPUMEHEHHUE YHCIEHHBIX

METOOAO0B, TAKHX KaK MCTOJ KOHCYHBIX 3JICMCHTOB, IJIAd 0oJiee TOYHBIX PacucCTOB.

KommnberotepHoe wmonenupoBanue: [IpuMeHeHHe cnenuanu3upoBaHHOIO
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MPOTPaMMHOT0 OOecCIeueHus Il MOJETUPOBAHUS TEIIONepeaaun depe3
OTPAXKIAIOIINE KOHCTPYKIMHU. ITO MO3BOJISAET IMIPOBECTU CIOKHBIE U TOUHBIC
pacyeThl C Y4ETOM PA3JIUYHBIX TAPAMETPOB U YCIOBHM.

3) DKcrepruMeHTAIbHBIC HUCCIEeIOBAHMS: IIpoBeneHue (bU3nIEeCKUX
AKCIIEPUMEHTOB JUISI M3MEPEHHS TEIUIONEPENAYd 4Yepe3 OTPAXKAAIOIINE
MaTepHUabl U KOHCTPYKIHU B PEAIBHBIX YCIOBUSIX.

4) TectupoBaHre Ha  TEILUIONPOBOAHOCTH:  OmeHka  KO03()PHUIMEHTOB
TEIUIONPOBOJHOCTH MAaTEpHAIOB C MOMOIIBIO CTAaHIAPTHBIX METOJOB H
HWCHBITAaHUM.

KomOuHaIss »TUX METOJIOB IO3BOJIIET IMPOBECTH KOMIUICKCHBIM aHaIu3
TEIJIOTEXHUYECKUX XapaKTEPUCTUK OTPAXKIAIOIINX KOHCTPYKIIUHI u
ONTUMHU3UPOBATh HX dSHEProdpPekTuBHOCTh. Takue ucCCACIOBAHUS HIPAIOT
BAXKHYIO pOJIb B pa3pabOTKe 3JaHUN C MUHHMAJIbHBIMU TEIUIONOTEPSMH U

MOBBIIIIEHHON YHEPTOA(PPEKTUBHOCTHIO.

2.3. MeToibl MALLIMHHOTO 00Y4Y€HHs B TEIJIOTEXHMYECKOM pacyere

TpamuuuoHHBIE METOMBI TETUIOTEXHUYECKOTO pacueTa OCHOBAHBI Ha
aQHATUTHYECKUX (QOopMyJaX H OIMIUPHUYCCKUX 3aBHCHMOCTSX, YYHTHIBAFOIINX
TEIJIONPOBOJHOCTD, TEIUIOEMKOCTh, IJIOTHOCTh W JPYrHe CBOMCTBA MaTEPHAJIOB.
OpHako Takue METOABI TPeOYIOT 3HAYUTEIBHOTO KOJMYECTBA PACUYETOB U
3a4acTyl0 HE VYYHUTHIBAIOT CJIOKHBIE HEIWHEWHBIE 3aBUCHUMOCTH  MEXKIY
rapaMeTpaMH.

MammHaHoe 00yueHue mo3BOJISIET:

o OOpabarpiBaTh  OoNbIIMEe OOBEMBI  JAaHHBIX, BKIIOYas  CBOMCTBA
CTPOUTEIBHBIX  MaTePHUAJIOB, KJIMMATHYECKUE YCJIOBHS, JaHHBIC O
(haKTHYECKUX TEIIONOTEPAX 3AaHUH.

o BBIBIATH CKpBITBIE 3aKOHOMEPHOCTH B JIAHHBIX, KOTOpPBIC CJIOXKHO

06Hap}7)KI/ITB C IIOMOMIBIO TPpAAUTTMOHHBIX MCTOAOB.

49



VYaydmare TOYHOCTh MPOTHO3UPOBAHUS TEIUIOBBIX INOTEPh M TEMJIOBOTO
CONPOTHUBJIEHUSI KOHCTPYKIUH.

ABTOMATH3UPOBATh MPOIECC TOA00pa ONTUMAIBHBIX MaTEPHATIOB U
KOHCTPYKTUBHBIX PEIICHUM.

JInHeiiHasi perpeccusi B TeIJIOTeXHHYeCKOM pacyere [16].

Drarbl NOCTPOECHUS JIMHEMHON PErpecuu:

. COop maHHBIX: JaHHBIC, KOTOPbIE MCMOJIB3YIOTCS ISl OOyYeHUs] MOJEIH,
BKJIIOYAIOIINE B ce0sl CIEAyIOlMe MapaMeTphl: TOJIIMHA CTEH (B METpax),
KOO PUIIMEHT TErIOU30JAMA - HE3aBUCUMbIC IMEPEMEHHbIE; MaTepual
CTEH - KaTeropuajibHas IIEPEMEHHAs, KOTOPYHD MOXXHO KOJMPOBATH
YUCIOBBIMU 3HadYeHussiMu (1 s kupnuya, 2 s OeToHAa W Tak janee);
TEeMIIEpaTypa HApyHOTO BO3AyXa - JUIsl y4€Ta BHEIIHUX KIMMATHYECKUX
YCIIOBH; TeMIepaTypa BHYTPEHHErO BO3AyXa - IJIA y4eTa BHYTPEHHEHN
TEMIIEPATypPhl B 3JaHUH; YHEPTETUUECKUE MTOTEPU - 3aBUCUMAs [IEPEMEHHAs,
KOTOPYIO HEOOXOIMMO MPOTHO3UPOBATb.

. IIpenoOpaboTka naHHBIX: MpeoOpa3oBaHUE KaTEropUalbHBIX MEPEMEHHBIX
(MaTepualn CTeH) B YMCJIOBBIC 3HAYEHUS (C MOMOIIBIO METOJIa KOJUPOBAHUS
One-Hot Encoding), a Taxke HOpManu3alys U CTaHAAPTHU3AIUS YUCIOBBIX
MPU3HAKOB (TOJIIMHA CTEH, TEMIIEpaTypa).

. IlocTtpoeHne MoAenu JIMHEWHOW pErpeccuu: JIMHEWHas perpeccus
MpEaINoaraeT, 4ro CYIIECTBYET JIMHEWHAs 3aBUCHUMOCTb  MEXKIY
HE3aBUCHMBIMU TIEPEMEHHBIMM W 3aBUCUMOW IepeMeHHOW. Moueinb
MPEJICTABIISECTCS KaK:

Y=B0O+B1X1+B2X2+B3X3+-+BnXn (2.1)

rjae: Y- 3To 3HepreTudeckue norepu (3aBucumas nepeMennas), X1, X2,X3,...,Xn -

HE3aBUCHMBIC TEpEeMEHHbIe (TOJIIMHA CTEH, Marepual, TemIepaTrypa),

B0,B1,B2,...,pn - koaddurueHTH perpeccuu, KOTOPhIE MOJIETh OYIET UCKATh.

BaxkHo, 4TO Mg KareropuaiabHbIX NPU3HAKOB (MaTepuand CTEH) MOKET

noTpedoBaThCs MpeoOpa3oBaHWE B HECKOJIbKO OWHApHBIX MPU3HAKOB (OJUH
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MPU3HAK JIJIs KUpIKUYa, Ipyrou Ajig OeToHa M Tak jajee), eciid ucnosib3dyem One-
Hot Encoding.
4. OOydeHre MOJCIH: C TMTOMOIIBIO ATOPUTMA JTMHEHHOUW perpeccun o0ydaem
MOJIeJIb Ha UMEIOIIMUXCS JTAaHHBIX.
5. OueHka MOJENM: HCHOJIb3YySl METPUKH, TaKUE KaK CPEIHEKBaJipaThyecKas
ommbka (MSE) u xoaddunmuent nerepmunaruu (R?).
6. IIpornosupoBanue: oOy4eHHas MOJIeITb UCIIOJIb3Yy eTCS LTSI
MIPOTHO3WPOBAHUS DHEPTreTUYECKUX TOTEPh JIsi HOBBIX JaHHBIX, MPHU
W3MEHHUH TOJIIMHBI CTEH, MaTepuana, KodpUIUeHTa TeTIION30JISAIINH.
HenocrarkaMu TMHEWHOW PErPECCUU SIBIISIFOTCA: JIMHEHHAs pErpeccus II0X0
YUYUTHIBAET CJI0KHBIC HEIMHEHHBIE 3aBUCUMOCTH; MOJIBEP>KEHA MEPEOOYUEHUIO TPU
OOJBIIIOM YHKCIIE TAapaMeTPOB; MOXKET JaBaThb HU3KYIO TOYHOCTh MPU HAIWYUU
IITYMOB B JIaHHBIX.

Jlns mpeodosieHuss 3TUX HEAOCTaTKOB MPUMEHSIOTCA Oo0Jee CIOXKHbIC
METO/Ibl, TAKWE KaK TPAJUEHTHBIN OyCTHHT.

I'pagueHTHBIH OYCTHHI /JISi TPOTrHO3MPOBAHMS TeMJIOTEXHUYECKHUX
napamMeTpoB

I'pagueHTHBII OYyCTHUHI — MOLIHBIM METOJ aHcamMOJIEBOrO MAaIIMHHOTO
oOy4eHHUs, KOTOPBIM CTPOUT TMOCIEIOBATEIIBHOCTh CJIa0bIX Mojenei (0ObIYHO
JIEPEBBEB PEICHUI), KaXKJas M3 KOTOPBIX MCIPABIAET OUIMOKUA MPEIbIIYIIHIX.
AJITOPUTM MHUHUMUBUPYET (YHKIUMIO MOTEPh MyTEM TPAIUEHTHOrO CITyCKa, 4YTO
MO3BOJISICT MOJYYUTh 00JIee TOYHbBIE MPOrHO3bI [17].

AnropuTt™m pabOThI TPAIMEHTHOTO OYCTHUHTA!

1. OOyuyaeTcs HauajbHAasI MOJIENIb (OOBIYHO MPOCTOE JIEPEBO PELICHUN).

2. PaccuutbpiBaroTCs OMMOKY (OCTATKU) MOJIEIH.

3. ObOyuaercst crneayromias MoOJCNIb, KOTOpas MpeacKa3blBaeT OIIHOKHU
MPEABIAYIIEH.

4. Tlpomecc moBTOpsiETCS, TTOKA HE OYIET JOCTUTHYTA BHICOKAS TOYHOCTb.
dopManbHO METO]T OOHOBIISIET MOJIEIIb IO CJIETYIOUIEMY MPUHIIUITY:

Fm(X)=Fm—1(X)+yhm(X) (2.2)
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rae: Fm(X) — urorosas mpeackazannas ¢yHkius Ha 1mare mm, hm(X) — HoBoe
JICPEBO  PCIICHUH, WCIPABJIAIONICe OMIMOKA TMPEAbIAYINEeH MOIENH, 7Y —
K03 GUITUEHT 00yUYEeHHUS .

Meton 3¢pdeKkTHBEH T peIIeHUs 3aa4: MPOTHO3UPOBaHUsS KO3 PUITMCHTA
TCIUIONPOBOJHOCTA ~ MHOTOCJIOWHBIX ~ KOHCTPYKIIMH €  yY4eTOM  CIIOXHBIX
3aBUCHMOCTEH MEXIy CIIOSIMH; ONTHMHU3AIMH SHEProd)(EKTUBHOCTH 3AaHUS
nyTeM TMojdopa MaTepualioB C HAWIYYIIMM COYCTAHHEM I1apaMeTpOB;
Hpe/ICKa3aHusl CE30HHBIX TEIUIOMOTEPh C YUETOM METEOJaHHBIX; aHAJIN3a BIHSHUS
TETUTIOTEXHUYCSCKUX XapaKTePUCTUK Ha 3aTpaThl HA OTOIUICHUE M OXJIAXKJICHHUC
3JIaHMS.

[MpeumyriecTBaMU ~ METOJA  SIBJISIOTCS:  YYMTHIBACT  HEJUHEHHbBIC
3aBUCUMOCTH, YTO KPUTHYHO JUIA PEAIbHBIX TEIUIOTEXHHUYECKUX IPOIECCOB;
BBICOKAsI TOYHOCTh MPEACKA3aHMN Ja)ke MPH CIAOXHBIX BXOTHBIX JaHHBIX; MOCT
paboTaTh ¢ MPOMYIIEHHBIMU 3HAYCHUSIMU M HEKOPPEIMPOBAHHBIMH MPHU3HAKAMHU.
[Ipy »>ToM MeTon TpeOyeT 3HAYMTENBHBIX BBIUMCIHUTEIBHBIX PECYpPCOB,
YyBCTBHUTEJICH K HACTPOWKE THUIEPIApaMETPOB, MOXKET Mepeo0ydaThCs MpU
HEJIOCTATKE JIaHHBIX.

3ak/IloueHue mo riiase 2

B xome wuccrnenoBaHuss ObUIM U3YUYEHBl PA3JIUYHBIE METOJOJIOTHUU
MPOEKTUPOBAHMS OTPaKAAIOMINX KOHCTPYKLHM 34aHUN U coopykeHui. OTHUM U3
KJIFOYEBBIX TMOJAXOAOB SIBJISIETCSI CUCTEMHBIA TOAXOJ, KOTOPBIM TIO3BOJISAET
paccMaTpuBaTh OrpPaXKJAOIIME KOHCTPYKIIMM B KOHTEKCTE BCEr0 3JaHUSl U €ro
OKpyXeHus. Takke OBUTM  PACCMOTPEHBI  METOAbl  (YHKIMOHAIHHOTO
MPOEKTUPOBAHUSA,  KOHUENTYaJbHOTO  MPOCKTHUPOBAHUSI M  TEXHHUYECKOIO
MIPOEKTUPOBAHUS, KOTOpBIE 00ecreunBarOT MOCJIEIOBATEIIHOE 151
CTPYKTYpPHUPOBAHHOE pa3pabOTKy KOHCTPYKIIHMA.

brutn paccMOTpeHBI pa3NMyYHBIE METOAbI HCCIENOBAaHUS MAaTEPHUAJIOB,
WCIIOJIB3YeMBIX B OTPKIAIONIMX KOHCTPYKIMAX. OTO BKIIOYAET (u3nyeckue

HUCIBITaHUS, TAKHUC KaK HMCIHOBITAHUA Ha IMPOYHOCThb, TCINIOMPOBOAHOCTD,

52



BJIArOCTOMKOCTh, KOTOPBIE MO3BOJISIIOT ONPENEINTh XapPAKTEPUCTUKU U CBOMCTBA
MaTepuaoB.

KommprorepHoe MOAETMPOBAHUE CTAO BaXHbIM HHCTPYMEHTOM B
MIPOEKTUPOBAHUY OTPAKIAAIOIINX KOHCTPYKIUN.

Yuyer xiIMMatudecKux ycioBui: lIpu mnpoekTupoBaHMM Orpa)KAarolInX
KOHCTPYKITUH HEOOXOIMMO YUYUTHIBATh KIMMATHYECKUE YCIOBUS MECTOIIOIOKEHUS
3IaHUSI WU COOPYXKEHHUs. DTO BKIKOYAET TEMIIEPATYPHBIE YCIOBUS, BIIAXKHOCTb,
COJIHEUHYIO PaJualuio, CKOPOCTh BETpa U T.A. MeToapl aHanu3a KIMMaTHYECKUX
JAHHBIX IIOMOTAKOT ONPEACIUTh ONTUMAJIbHBIE NAapaMETPbl TEIUIOU3OJSALUU U
MaTepUaoB.

B xonme uccnenoBaHusi ObUIM M3Y4YEHBl HOBBIE MaTepualbl U TEXHOJOTHH,
KOTOpBIE MOTYT HCIIOJIb30BAThCS B IPOEKTUPOBAHUU OIPAXKIAAIOIINX KOHCTPYKLIHM.
HoBbie Marepuanbl, TakMe Kak 3KOJOTMYECKU YHCTBIC YTEIJIUTEIN, KOMIIO3UTHI U
COBPEMEHHBIE  CTEKJIA, MPENOCTABISIIOT  BO3MOXHOCTH ISl YJIyYIICHUS
HEProd(PGHEeKTUBHOCTH M IKOJOTHISCKON CTOMKOCTH KOHCTPYKITHH.

B pabore ObuUM paccMOTpPEHBI BO3MOXHOCTHM HWHTETPAllUM DKCIEPTHBIX
CUCTEM JUIS TEIUIOTEXHUYECKOIO0 pacuera OrpaxJaroluX KOHCTPYKLHM.
Hcnonp30BaHne DKCIEPTHBIX CUCTEM TO3BOJIIET ABTOMATU3MPOBATH IPOLIECC
pacuera, YBEJIMYUTh TOYHOCTh PE3YJbTAaTOB M  ONTUMHU3UPOBATH  BBIOOD
MaTepPHUaIoB U MapaMeTpPOB.

JIuneitHast perpeccusi — NPOCTOM U OBICTPBIM METOA, MOAXOASIIUNA IS
0a30BBIX PAaCUETOB, HO C OTPAHUYEHHON TOYHOCTHIO TIPH CIIOKHBIX 3aBUCHMOCTSIX.

I'paguenTtHbIii OycTUHr — OO0J€e MOIIHBIA METOJl, KOTOPBIM TO3BOJISIET
CTPOUTH TOYHBIE TMpEJACKa3aHusi, HO TpeOyeT BHICOKOW BBIYUCIUTEIHLHON
MOIITHOCTH.

Jlnst 5¢pdHEeKTUBHOrO TEIUIOTEXHUYECKOTO pacueTa HAWIYy4IIUi pe3ysibTaT
JIOCTUTAETCd KOMOHWHAIIMEH METOJIOB: TPEABAPUTEIbHBIA  aHAJIN3  MOXKET
BBINOJIHATHCS. JIMHEWHOM PErpecCHer, a YTOYHEHHBIE IMPOTHO3bI — C MOMOUIBIO

IPaJMEeHTHOTO OYCTHHTA.
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I'JIABA 3. PE3YJBTATHI COGCTBEHHBIX UCCJEJJOBAHUM

3.1 Onucanue 3KCNEPTHON CUCTEMbI MPEAMETHOM 00J1aCTH

DKcnepTHasi CUCTEMA - 3TO KOMIIBIOTEpHAs Tporpamma, KOTopasi UCIIOJIb3yeT
3HAHUS U OMBIT 3KCIEPTa B ONPEICIECHHON 00JIaCTH IJIsl NPUHATUS PEIICHUN WIH
pElIeHHs CIOXKHBIX NpoOseM. OHa OCHOBaHAa Ha MCKYCCTBEHHOM HHTEJUIEKTE U
UCIIOJIB3YET METOJABI JIOTMYECKOTO BBIBOJA I AHAIM3a JAHHBIX M MPUHATHUA
pEUICHHUA.

DKcnepTHasi cucTeMa MO3BOJISIET OBICTPO M 3PPEKTUBHO PEIIATh CIOMKHBIE
3aJjauM, KOTOpble TpeOYyIOT 0oJbIIoro o0beMa 3HAHUM M ONbITa, a TAKKE MOTYT
BKJIFOUATh HEOJJHO3HAYHBIC JTAHHBIC U yclloBus [6].

DKCHEPTHBIE CUCTEMBI MOTYT OBITh MCIIOJIB30BAaHbI B PA3JIMYHBIX 00JACTSX,
BKJItOYasi MEAUIMHY, (PMHAHCHI, HH)KEHEPUIO, HayKy, IPaBo U MHOrHe apyrue. OHu
MO3BOJISIOT MOBBICUTH KauecTBO U 3 (HEKTUBHOCTh IPUHATHUS PELICHUI, COKPATUTD
BpeMsi W 3aTpaTbl Ha peEUIeHHE 3aJa4 M YMEHBLIUTh BEPOSTHOCTHh OIIMOOK,
CBSI3aHHBIX C YEJIOBEUECKUM (DaKTOPOM.

3KCHCpTHaH CUCTCMaA COCTOUT M3 CICAYIOMINX OCHOBHBIX KOMIIOHCHTOB!

. 0a3a 3HaHWM;
. MEXaHHU3M Jorudeckoro BeiBoaa (MJIB);
. KOMITOHEHTA OOBSICHCHHUS.

OKCHEepTHasi CHCTEMAa MOXET HMMETh HECKOJIBKO KOMIIOHEHTOB, BKJIIOUas
0a3y 3HaHMI, cuUcTeMy BbIBoJla M uHTepdelic mnosb3oBaTend. ba3a 3HaHuUi
COJEPKUT 3HAHMSI IKCIEPTa B OMPEICICHHON 00JacTH M MOXET OBITh CO3/1aHa
IIyTEM HMHTEPBBIOMPOBAHUS JKCIIEPTAa M 3amUcCU €ro orBeToB. CHucrema BBIBOJA
UCIIOJIb3YET JIOTUYECKHUE MpaBujia, YTOObl MPOaHAIU3UPOBATh JAHHBIE U CHENATh
BBIBOJABI HAa OCHOBe OTuUX 3HaHWil. WHTepdeiic monb3oBaTenss 0OBIYHO
MPEACTaBIIET COOOM BHU3yaJbHOE MPHUIOKEHUE, TO3BOJIAIONIEE MOJIH30BATENIO
BBOJIMThH JJAHHBIC U MOJIy4YaTh pe3yJIbTaThl [6].

DKCHepTHbIE CHCTEMbI MO3BOJISIIOT MOBBICUTH 3(PPEKTUBHOCTH PAOOTHI B

pPa3IMYHBIX 00JACTSAX, YCKOPUTh MPUHATUE PELICHUN, YMEHBIIUTb BEPOSITHOCTD
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OIIMOOK W CHU3UThH 3arpaThl Ha oOydeHwe mnepcoHana. OmHAKO, JKCIEPTHHIE
CUCTEMBI MOTYT OBITh OTPAaHWYEHBI TEMH 3HAHUSMH, KOTOpbI€ ObUIM BHECEHBI B
0a3y JaHHBIX, U HE BCErJla MOTYT YUYUTHIBATh KOHTEKCT WM U3MEHEHHUS] BHEUTHUX
YCIJIOBUH.

3a4acTyro BCS CIIOKHOCTH CO3JIaHUSI SKCIIEPTHOM CHUCTEMBI 3aKJIIOYAETCs B
dbopmupoBannn 0a3bl 3HAHUNA. DTUM 3aHUMAIOTCS CHEIHATBHO OOyUYEHHBIE JIIOIU
— HHXKEHEPHI MO 3HaHUSAM. COBMECTHO C OJTHUM WJIM HECKOJIBKHUMH JKCIIEPTAMHU
oHH (POPMYIHPYIOT MPaBUIIa, UMEIOIMNECS B IPEIMETHONU 00JIaCTH, U 3aHOCST UX B
OTnpeieiEHHOM BHUje B 0a3zy 3HaHUW. B MpOMBINIIEHHBIX CHCTEMaX KOJUYECTBO
MpaBUJI MOKET UCUUCISTHCS Thicsiuamu. [Ipy 3TOM CBS3U B MpeaAMETHON 00s1acTu
MOTYT OBITb TaKUMHM 3alyTaHHBIMH W JlaK€ TMPOTUBOPECUMBBIMH, YTO
HE3HauuTeNIbHass MoauduKanus O0a3bl 3HAHUM, HANpPUMEpP HU3MEHEHHE MOpsIKa
CJIe/IOBaHUs JIBYX IpaBWJI, MOXET BbI3BaTh KapJAUHAIbHbIE U3MEHEHUS B paboTe
BCEU CUCTEMBI.

OtnenbHast TPYAHOCTh 3aKIIOYAETCS B CaMOM OOIIEHWU C ODKCIEPTAMH.
DKCMEepThl MOTYT PACXOJIUTHCS BO MHEHUAX M YCTpaWBaTh MPUHIUIIHAIIBHbBIC
criopbl. KcTaty, mosroMy MpeanouTUTENBHO UCIOJIB30BATh AKCIEPTHBIE CUCTEMBI
JUIs1 TeX 00JlacTe 3HaHUM, KOTOPhIE yKe YCTOsUMCh. Kpome Toro, 3KCcrnepThl MOTYT
MPUMEHATh KaKWe-TO TpaBUia HEOCO3HAHHO WM JaXK€ HAMEPEHHO YTO-TO
ckpbeiBaTh. OcCTa€TCsi TOJBKO TMOXKETaTh HHXKEHEpaM MO 3HAHUAM, YTOOBI OHU
JIEPKAIIUCH.

JKCIepTHAsi CHCTEMAa pacdera OrpaxJaaliIuX KOHCTPYKHHUH - 3TO
KOMIIBIOTEpHAs] MporpamMma, KOTopasi MCIOJb3yeT 3HAHUS U OMBIT SKCIIEPTOB B
0o0JJaCTU  CTPOUTENbCTBA W KOHCTPYKIIMH JJI1 aBTOMAaTH3allMu  Ipollecca

NPOCKTHUPOBAHHUS U pacyueTa OrpakIaroIinX KOHCTPYKIuit (cm. puc.3.1).
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Pucynoxk 3.1 - DkcniepTHas cucrema

OHa paboTaeT Ha OCHOBE 0a3bl 3HaHHUH, KOTOpas COACPKUT UH(POPMAITHUIO O
Marepuajiax, CBONCTBaX MAaTEpHUAJIOB, HArpy3kaX, CHJIOBBIX BO3JCHCTBHUIX U
METO/JaX pacyeTa OTPAXAAIONIUX KOHCTPYKIUHA. OTH 3HAHUS MOTYT OBITh
MpEACTaBICHbBl B BHJIC IMpaBWi, (PAKTOB, dBPUCTHK, aJTOPUTMOB M SKCIEPTHBIX
CUCTEM.

DKCHepTHasl CUCTeMa MOKET OBITh MCTOJb30BaHA U pacueTa pa3IMdHbIX
TUIIOB OTPAXKJAIOIIMX KOHCTPYKIIMH, BKJIIOYAsl CTCHBI, KPBIIIM, MEPEKPHITUS H
dacagpl. OHa MOXET Tak)Ke YYUTBIBAaTh pa3IMYHbIC (HAKTOpPHI, TaKWe Kak
TEPMUYECKHE CBOWCTBA, 3BYKOM3OJISAIIMSA M MPOYHOCTh MaTepuaos [6].

JUIs  MCIONIb30BaHUS  JKCIEPTHOW  CHCTEMBI  TIOJIb30BATEllb  BBOIMUT
HHOOPMAITUIO O TIPOSKTHPYEMON KOHCTPYKIIMH, TaKyr KaK pa3Mephl, Harpy3KH,
MaTepHaybl U yCJIOBUS AKCIUTyaTalliu. 3aTeM CHCTEMa MCIIOJIb3YyEeT CBOU 3HAHMS U
QITOPUTMBI JUIA pacdeTa ONTUMAJILHOTO JHW3aiiHa W pa3MEpPOB KOHCTPYKIIWH, a
TaKXe ISl IPOBEPKH €T0 MPOYHOCTH U COOTBETCTBHS CTaHIApTaM U HOPMaM.

OKCHEpPTHBIE CHUCTEMBI pacueTa OTPaXJAONINX KOHCTPYKIIMA MOTYT

YCKOPHUTDH IMPOUECC MPOCKTUPOBAHHA U CHU3UTDb BEPOATHOCTD omunOoOK B pacueTax,
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YTO MOJXKET YJIYUIIUTh KAue€CTBO KOHCTPYKUMM M CHU3UTh 3aTparbl Ha
CTPOUTENBCTBO.

MaremaTu4yeckasi MojAeJb SKCIEPTHOW CHUCTEMBI pacyeTa OTrpPakIaroInuX
KOHCTPYKIIUH MOKET OBITh NMPEJCTaBICHA B BUE CJICTYIONMX KOMIIOHEHTOB:

ba3za 3naHmii - 3170 06a3a maHHBIX, KOTOpas COJACPKHUT WH(OpPMAIUIO O
Marepuaiax, CBONCTBaX MAaTEpUANIOB, HArpy3KaX, CHJIOBBIX BO3JCHCTBUSIX U
METO/IaX pacueTa OrpaKIAIIIMX KOHCTpyKuMi. baza 3HaHuil MoXeT ObITh
npecTaBiIeHa B BUe HaOopa mpaBuil, (aKTOB U SBPUCTHK.

MexaHu3M BBIBOJA - 3TO YACTh IKCIIEPTHOU CUCTEMBI, KOTOPAsi UCIIOJIb3YET
3HaHMS, cojliepKaluecss B 0a3e 3HAHWMA, JJISl TPUHATHS PEUICHUH U BBIBOJA
pEKOMEHAAIMN MO pacyeTy OTpaKIaIIMX KOHCTPYKIMI. MexaHu3M BbIBOJIA
MOET OBITh peaTn30BaH C TMOMOIIBIO JIOTHUECKOTO BBIBOJA WIJIM WHIYKTHUBHBIX
METO/IOB.

AJITOPUTMBI pacyeTra - 3TO HA0Op AJITOPUTMOB, KOTOPHIE HUCHOJIb3YIOTCS
JUI. ONTUMAJbHOIO TEIUIOTEXHUYECKOTO pacuera, a TakkKe I MPOBEPKH
COOTBETCTBHS CTaHAApTaM U HOpMaM. AJITOPUTMBI pacuera MOTYT BKJIIOYATh B
ceOs1 MeTOoAbl KOHEYHBIX DJIEMEHTOB, METOJbl TEIUIOTEXHMYECKOrO0 pacueTa Ha
TEIJIOYCTOMYUBOCTH, TAPOIPOHUIIAEMOCTh U BO31YXOMPOHUIIAEMOCTb.

HNurepdeiic moab3oBaresass - 3TO 4acTh JKCHEPTHOM CUCTEMBI, KOTOpas
oOecrieuynBaeT B3aMMOJICHCTBHE MEXAY TOJib3oBaTeseM U cucremon. MuTtepdeiic
MOJIH30BaTENsl MOXKET OBITh peaii30BaH C MOMOIIBIO Tpaduueckoro unrepderica
VI KOMaH/IHOM CTPOKH.

MaremaTnuyeckas Mo/eJb IKCIEPTHOMU CHCTEMBI pacuera
OrpaKAalIIMX KOHCTPYKIMHA MOXET OBbITh MPEJCTaBICHA B BUJE OJIOK-CXEMBI,
/1€ KQXIbI KOMIIOHEHT CUCTEMBI SIBJIICTCA OJIOKOM, KOTOPBIN B3aMMOJICHCTBYET C
JIpYyTUMH OJoKaMH. DTa MOJEIh MOXET ObITh peaju3oBaHa Ha JHOOOM SI3BIKE
MpOTpaMMHUPOBAHUs, KOTOPBIM MOJJAEpPKUBAeT paboTy ¢ 0OazaMu JaHHBIX,

JIOTUYCCKHNM BBIBOAOM M aJITOPUTMAMHU pacdCTa.
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biok-cxeMa  mMareMarM4eckO  MoOJeJM  JIKCHEPTHONM  CHCTEMbI

TCIVIOTEXHUYECKOI'0 pacuera Oorpakaarommx KOHCprKIII/Iﬁ MOJKCT BKJIIOYATb

CJIICAYrOmMeC 3JICMCHTBI:

1.

V3en «BBoa maHHbIX» [6]. DTOT y3en COOTBETCTBYET BBOIY BXOJHBIX
JAHHBIX, TAaKUX KaK MaTepHall W TOJIIMHA OrpakIarolleid KOHCTPYKLHUH,
TEeMIIepaTypa OKPY’KaroIIel Cpeibl, TEMIOBbIE IOTEPHU U T.JI.

Vien «MaremMaTH4ecKkHMe MOJEJH». OTOT  y3€lI  COOTBETCTBYET
MaTE€MaTUYECKUM MOJENIAM, Ha OCHOBE KOTOPBIX CHCTEMa IPOBOJUT
TEIUIOTEXHUYeCKui pacuer. Hampumep, 3T0 MOryT OBITH YypaBHEHHS
TEIUIONPOBOAHOCTH, YPAaBHEHUS TEIUIOOOMEHA U T.1I.

V3en «AJroputMsbl pacuera» [6]. DTOT y3em COOTBETCTBYET alTOPUTMaM
pacdeTa, KOTOpPBIE CUCTEMa MCHOJIB3YET JUJIsl IPUMEHEHUsT MAaTEMATHYECKUX
mozeneid. Hampumep, 3TO MOryT OBITH METOABI KOHEUYHBIX 3JIEMEHTOB,
METO/Ibl YHCIIEHHOT'O MUHTETPUPOBAHUS U T.JI.

V3en «Pe3yJbTaTrhl pacdera». OTOT y3€lI COOTBETCTBYET BBIXOJHBIM
JAHHBIM, KOTOpbIE CHCTEMa BBIJAET HA OCHOBE BXOJHBIX JIAHHBIX,
IPUMEHEHHBIX MaTeMaTHYECKUX Mojesed u anroputMmoB. Hanpumep, 3to
MOTYT OBbITh JAHHBIE O TEIUIONOTEPSX, KOAh(DHUIIMEHTaX TEMIONPOBOIHOCTH
U T.JI.

V3en «OueHka pe3yJbTaToOB». OJTOT Yy3€J COOTBETCTBYET OLIEHKE
pe3yJabTaTOB pacyera U  ONPEACNICHHI0, COOTBETCTBYIOT JIM  OHHU
TpeOoBaHUAM U HOpMaM. Hampumep, cuctema MOXKET OLICHUTD, SBJISETCS JIH
TEIUION30JIALMSL  OTPaXKJAroleldl  KOHCTPYKUHMH  JOCTaTOYHOM  JUIA
YAOBJIETBOPEHUSI HOPM TEIJIONOTEPb.

V3en «BbIBOA pe3yjbTaray. OTOT y3€l COOTBETCTBYET  BBIBOIY
OKOHYATEJIBbHOTO pE3yJbTaTa, KOTOPBIM CHCTEMa BBIAAET Ha OCHOBE
BXOJIHBIX JIaHHBIX U PE3yibTaToB pacyera. Hampumep, cucrema MOXKeT
BbIJIATh PEKOMEHJIALMIO MO YIYYIICHUIO TEIUIOM30JLHMHA OrpaKJaroiei

KOHCTPYKIHUH HUJIN IIOATBEPANTH, UTO OHA COOTBETCTBYCT Tp€6OBaHI/I}IM.
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7.

V3en «KoHem». JT0 KOHEUHBIN Yy3€s, KOTOpPbIA 0003HAYaeT 3aBepIICHHE
paboThI CUCTEMBI.

HpaBI/IJIa 3KCl'lepTHOﬁ CHUCTEMBI TCIINIOTECXHHUYCCKOI'O pac4dcTa

OrpaXkIAOIINX KOHCTPYKIIMI MOTYT BKJIFOUYaTh B ce0s cieayronue maru [6]:

1.

OmnpenesieHne mapaMeTpoB KOHCTPYKUMH: BBOJSATCS NApaMmeTpbl, TaKUeE
KaK TUI KOHCTPYKLIMHM, MAaTepuajbl, TOJIIMHA W pa3MEPbl, a TaKkKe
MECTOIOJI0KEHUE U KIIMMATUYECKHUE YCIIOBUS.

Pacuer ko3(pPuuMEHTOB TeII00TAAYU: HA OCHOBE IapaMeETPOB
KOHCTPYKIMM MW  KIMMATHYECKUX YCIOBHM  NPOU3BOAUTCA  pacyeT
KOA(p(GUIUEHTOB TEIUIOOTIAaYl 4Yepe3 CTEHY, OKHa M JIPYTue 3JIEMEHTHI
KOHCTPYKIUH.

Pacyer Temjonorepb:  UCHOJB3YysS  MOJY4YeHHbIE  KOA(P(UIUEHTHI
TEIJIO0TAAYH, TPOU3BOAUTCS PacyET TEIUIONOTEPH Y€PE3 KOHCTPYKIHUIO.
Omnpenesienne TpedyeMOoro YpPOBHSlI TeEIUIOM3OJSIMM: Ha OCHOBE
TpeOyeMOoro ypoBHSI TEIUIOM3OJIALMU JIi KOHCTPYKLUUU U KIMMAaTHYECKUX
yCIOBUM  ompeAessitorcs  TpeOyeMble  3HadyeHuss  Kod(puimeHToB
TEIJIONPOBOJAHOCTH MaTEPHATIOB.

Ouenka pe3yJbTaTOB: TOJYyYEHHbIE pE3YyJbTaThl OLEHUBAIOTCS Ha
COOTBETCTBHE TPEOOBAHUSIM U HOpPMaM, U €CIU HEOOXOAUMO, TTPOU3BOUTCS
KOPPEKTUPOBKA apAMETPOB KOHCTPYKIUH.

I'eHepauusi pexoMeHJalMii: HAa OCHOBE pE3YyJbTATOB U TpeOOBaHUM,
HKCIIEPTHAs CHUCTeMa IeHEpUpyeT PEKOMEHJAIMH M0 BHIOOPY MaTepHalioB,
TONIIMHE W JAPYrUM [apaMeTpaM KOHCTPYKUUU [JJis JIOCTUXKECHHS
TpeOyeMOro ypOoBHS TEIJIOU3OJISILIUH.

IloBTOpEHNE pacyeToB: B Cilydya€ HM3MEHEHUS NapaMeTPOB KOHCTPYKLIMU
WIM KIMMaTUYECKUX YCJIOBHH, JKCIEpPTHAsh CHCTEMa MOXET MOBTOPUTH
pacyeTsl, YTOObl YOEAUTHCS, UTO KOHCTPYKIIMSI COOTBETCTBYET TpeOyeMoMy
YPOBHIO TEIUIOU30JISLUY.

MexaHnu3sMm BbBIBOJA 3KCHepTHOﬁ CHUCTEMBI TCILNIOTCXHHUYCCKOI'O pacdcTa

OTpXKAAIOIINX KOHCTPYKIIUI MOXET OBITh OMHMCAH CIAEAYIOUIIM 00pa3oM:

59



. BBOA JaHHBIX: [10JH30BaTEIb BBOAUT JIAHHBIE O NTapaMETpax KOHCTPYKINH,
TaKuX Kak THUIl, MaTepuaibl, TOJIIMHA W pa3Mepbl, a TaKxKe
MECTOMNOJIOKEHHE U KIIMMATHYECKHUE YCIOBUSI.

. IlpuMeHeHHe MpaBWJI: CHCTEMA NMPUMEHSET 3apaHee 3a/laHHbIE NPaBUJIA,
KOTOPBIE OMNPEAEISIIOT MOPSAJOK pacueTa M HMCHOJB3YIOTCS ISl TPHHITHS
pEelIeHN Ha Ka)J0M 3Talle pacyera.

. Ucnoab3oBanue 0a3bl 3HAHMI: CHCTEMa WCHOJb3yeT O0a3y 3HaHUH,
colepkallyro  MHpOpMAIMI0O O  MaTepuajax, WX CBOICTBaX W
kodduIeHTax TEeIIo0TAaur, a TakKe HOPMAaTHBHBIE TpeOOBaHMS K
YPOBHIO TETIOWU30JIALINH.

. PacyeT: Ha OCHOBE BBEJCHHBIX JAHHBIX, NMPUMEHEHHBIX MpPaBUI U 0a3bl
3HAaHUN CHUCTEMa NPOU3BOJUT pacyeT KOIPPUIMEHTOB TEIUIOOTAAUYU U
TEIJIONOTEPH Yepe3 KOHCTPYKIUIO.

. BbIBOJ pe3y/IbTATOB: MOJIYUYECHHBIC PE3YJIbTAThl BHIBOJSITCS MOJIH30BATEIIIO
B BUJIe TpauKoB, TAOIUI] W/UIM PEKOMEHAIMKA MO0 BHIOOPY MaTEpHUaJIoB,
TONIIMHE W JAPYrUM [apaMeTpaM KOHCTPYKIUU JJI  JTOCTHXKECHHS
TpeOyeMOro ypoBHS TEIJION30JIALUN.

. O0y4yeHne cucTremMbl: MpU HEOOXOIUMOCTH CHCTEMa MOXKET ObITh OOydeHa
Ha OCHOBE HOBBIX JAaHHBIX M PE3YJbTaTOB PACUETOB IS YJIyUILICHHS
KauecTBa BBIBO/IA.

. OneHka Ka4decTBa: KaueCTBO BBIBOJA CHUCTEMBI MOXET OBbITh OLEHEHO C
MTOMOIIIBIO CPABHEHUS TIOJIYYCHHBIX PE3YJIbTATOB ¢ (PAKTUYECKUMHU TAHHBIMU
VI C TIOMOIIIBIO OIICHKHU AKCIIEPTaMU B JAHHOUM 001acTH.

biaok-cxema MexaHHM3Ma JIOTHYECKHX BbBIBOJ10B 3KCHepTHOﬁ CHUCTEMBI

TCIVIOTEXHUYECCKOI0 pacuera OrpakKiarimux KOHCTPYKHI/Iﬁ MOJET OBITh

npeACTaBJICHA B BUAC ACPEBA IPUHATUA pemeHI/Iﬁ, COCTOAIICTO M3 Y3JIOB U BETBEU

V3mb1 ACpCBa COOTBCTCTBYIOT JIOTHUYCCKUM OIICpalusAM U IIpaBUJIaM, Ha

OCHOBE KOTOPLBIX IIPHUHUMAIOTCA PCIICHUS. B 3aBucummoctu oOT pe3yiabTaTta

JIOTUYECKON Olepaluy, CUCTeMa BHIOMpPAET COOTBETCTBYIONIYIO BETBh JEpeBa H
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NepexXoauT K cleayronemMy y3iay. Takum o0pa3oM, chcTeMa MOCleq0BaTEIbHO
MPUMEHSIET JIOTUYECKUE MpaBUjIa U OMNEPALMHU [JIs NPUHATHS OKOHYATEIBbHOIO
pEILICHMS.

Kaxnas BeTBb JepeBa COOTBETCTBYET BO3MOXKHOMY PEIICHUIO HIIH
pEKOMEHJallui, OCHOBAaHHOW Ha BXOJHBIX JaHHbIX. Hampumep, eciii Ha BXOA
CUCTEMBI TMOCTYNWIA JAHHBIE O MaTepuale W TOJILIUHE CTEHKH Orpa)KJaarouiei
KOHCTPYKIIMU, TO CHUCTEMa MOXET BbIOpAaTh BETBb, COOTBETCTBYIONIYIO JAHHOU
KOHCTPYKIIMH, U BBIJIATh PEKOMEH/IAINIO TI0 €€ TeIUIOTEXHUIEeCKoMY pacuety [6].
biok-cxema MexaHW3Ma JIOTMYECKHX BBIBOJOB MOXET BKIKOYATh CIEAYIOIINE
Y3JIBL:

1. V3en «Hauano». 3T0 HayalbHBIN y3€J], OT KOTOPOTO HAYMHAETCS JEPEBO
IPUHATUS PEILICHUM.

2. Y3en «BBoa JaHHBIX». DTOT y3€J COOTBETCTBYET BBOJY BXOJTHBIX JAaHHBIX,
TaKMX KaK MaTe€pHal U TOJILMHA OTPaKAAI0IIEH KOHCTPYKIIHH.

3. Vzen «IIpaBuiaa». DTOT y3el COOTBETCTBYET IpaBWJIaM, Ha OCHOBE
KOTOpPBIX CHUCTeMa MpuHUMaeT pemieHus. Hampumep, 310 MoryT OBITh
paBuiia, OMpPEAEIAIOUIE 3aBUCUMOCTh KO3()PHUIIMEHTa TEIIONPOBOIHOCTH
MaTepuana OT €ro TOJIIUHBIL.

4. Vzen «Jloruveckue omepauMm». ODTOT Y3€JI COOTBETCTBYET JIOTHUECKUM
ornepauusM, KOTOpbIE NMPUMEHSAIOTCS Uil NpUHATHS pemenuid. Hanpumep,
310 MOryT ObITh omnepauuu "WU" u "WJIN", xoTopble ONpeaensioT, Kakue
IpaBUJia JOJKHBI ObITh IPUMEHEHBI B 3aBUCUMOCTH OT BXOJIHBIX JaHHbBIX.

5. V3en «Pemenue». DTOT y3€l COOTBETCTBYET OKOHYATEIBHOMY PELICHHUIO,
KOTOpOE CHCTEMa BBIJAET HAa OCHOBE BXOJHBIX JAHHBIX U MPUMEHEHHBIX
IPaBUJ U ONIEpaLIUi.

6. ¥Y3en «Konew». 9TO KOHEUHBIN y3€Il.

JJIs1 10ru4ecKoro BBIBOJAA B JKCIEPTHOW CHCTEME TEIUIOTEXHUYECKOTO
pacyera OrpaKJarIMX KOHCTPYKIUI UCIIOJIb3YIOTCS NMPABUJIIA, IPEICTABIICHHBIE B

Bujae "ecnu-to" ("if-then") yTBepxkaeHui. DTH mpaBuUiia ONMUCHIBAIOT 3HAHUA U
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OMBIT JKCIEPTOB B OOJACTH TEIJIOTEXHUYECKOTO pacyeTa OrpakIaroliux
KOHCTPYKLHH.

Korna skcnepTHas cuctema mnoiydaeT HHGOPMALIMIO O KOHKPETHOM CIydae
TEIUIOTEXHUYECKOTO pacuera OrpaKIarolled KOHCTPYKIMH, OHAa MPUMEHSET
JIOTUYECKANA BBIBOJ, YTOOBI OINpPEAENHTh ONTUMaJbHOE peumieHue. /s 3toro
CHCTEMa MCIIONb3yeT 0a3y 3HAHUN, COCTOSIIYI0O M3 MpaBWI U (PaKTOB, KOTOPHIE
OBLIIM MOJTYYEHBI U3 MOJIb30BATEIBCKUX BBOJIOB.

B mponecce JI0ru4eckoro BeIBOJA CHCTEMA IIPOBEPSET KaXkJ0€ NMPABHIIO B
0a3e 3HAHUH Ha COOTBETCTBUE (HaKTaM, IMOIYYEHHBIM U3 IO0JIb30BATEILCKOIO
BBOa. Eciau mpaBuio coOTBETCTBYET (akTam, cUCTEMa JEJIaeT BBIBOJ HAa OCHOBE
3TOrO TIpaBuia [6].

Korna cucrema HaxoquT IPaBUIIO0, KOTOPOE MOXKET ObITh UCIOJIB30BAHO AJIS
OINpEENCHHs] ONTUMAIBHOTO PEIICHUS, OHA BBIMOJHSAET 3TOT BBIBOA M COOOIIAET
PE3YJIbTAT MOJIB30BATENIO.

[Tocne Toro kak 6a3a 3HaHUN coOpMHpOBaHA, MOXHO 3a/1aBaTh BONPOCHI
cucteMe. MexaHu3M JIOTUYECKOTr0 BbIBOJIA 00ECIEeUrnBaeT MOMCK OTBETOB HAa 3THU
BONpockl. Borpoc 3a1aéTt e KOHCYNbTAlUY, B OOIIEM CIIydae 3TO ONpeeieHNe
3HAYEHUA KaKOH-ITH00 MepeMEHHOM.

Ha mnepBoM miare mexaHu3M HaxoJuT B 0a3e 3HAHUU Bce MpaBuiia, B
KOTOPBIX NIEPEMEHHA-1IENb IPUCYTCTBYET B KAYECTBE BBIBOJA, HE BAKHO, C KAKUM
3HaueHueM. Tenepb KaKqoe MpaBUiO, €CIM OHU HAIJIUCh, IO o4Yepennd (MMEHHO
MO3TOMY Ba)KEH MOPSAJOK CIIEJOBAaHUS IPABHII) IPOBEPSIOTCA JO IEPBOIrO
cpabotaBiiero. To ecTh 0 TOro, BCE YCIOBUS KOTOPOIO OKAKYTCSI UCTUHHBIMU.
Jlns mpoBepku mpaBuiia OepyTcsli BCE €ro YCJIOBHUS U, OMATh Ke, MO OYepenu
IPOBEPSIOTCA — OOBSABISAIOTCS LEJNbI0 KOHCYIbTALUK, U aJTOPUTM 3allyCKaeTcs
JUTSl HUX C TIEPBOTO I11ara.

[Ipumep npaBuiia MOKET ObITh TAKUM:

Ecim oOmee compotuBieHue Terionepeaadn Oosbiie  TpedyemMoro
CONPOTHUBJIEHUS, TO OHO HMEET XOPOUIYI TEIUIOM30/sUMI0. B 3TOoM mnpaBuie

"o01Iee COMpOTHUBIIEHHE TEIUIONepeaaun Ooble TPeOyeMoro COmpOTUBICHHS"
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ABJISIETCSL YCIOBHUEM, & "OHO MMEET XOPOIIYI0 TEIUIOU30JsUI0" - BbIBOAOM. Eciu
cucTteMa mojydaeT (axkrt, yTo OOIIee CONMPOTHUBICHHUE TEIUIoNepenaadyn OoJbliie
TpeOyeMOoro COMpPOTUBIICHUS, TO OHA MPUMEHSIET ATO MPABWIO U JENIaeT BHIBOJ,

YTO CTEHA MMEET XOPOIIYO TEIUIOM30IAIHIO [6].

PucyHnok 3.2 - binok-cxema MeXaHu3Ma JIOTHYECKUX BBIBOJIOB IKCIIEPTHOM
CHUCTEMBI TEINIOTEXHUYECKOIO pacyeTa OrpaKJaroluX KOHCTPYKIIMH
AJITOPUTM pacyeTa IKCHEPTHOM CHCTEMBbI TEIUIOTEXHUYECKOTO pacyeTa
OrpaKJAIOLINX KOHCTPYKIMN MOXKET OBbITh IIPEACTABIIEH B CIECAYIOIIEM BUJE:
1. BBoa AaHHBIX: N0JIH30BATENIb BBOJUT JAHHBIE O IMapaMeTpax KOHCTPYKLUH,

TAKNX  KaK TUIl, Marcpualibl, TOJIMHA W  Pa3MCpbl, a TaAKIKC
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MECTOIOJI0KEHUE U KIIMMATUYECKHUE YCIIOBUSI.

2. IllpoBepka BBeJeHHBIX JaHHBIX: CHCTEMa TMPOBEPSET KOPPEKTHOCTH
BBEJICHHBIX JTAHHBIX U YBEIOMIIIECT TMOJB30BATENSI O JIOOBIX OIMIMOKAX WIIH
HECOOTBETCTBUSIX.

3. OmnpenejieHue TPAHMYHBIX YCJOBHIl: cHCTEMa OMpEAENseT TpaHUYHBIC
YCIOBHSI, Takh€ KakK TeMIlepaTypa BHYTPU M CHapyXd IOMEILEHHUS,
BJIQYKHOCTb U Ipyrue GakTopbl, KOTOPbIE MOTYT BIMATH Ha TETNIOOOMEH.

4. BblOOp MaTepuasIoOB: CHUCTEMa BHIOMpAET MaTEpHabl ISl OrPa)KAArOIINX
KOHCTPYKIMH Ha OCHOBE HX TEIUIOM30JSALIUOHHBIX CBOMCTB M JAPYIHX
(akTOpOB, TAKMX KaK CTOUMOCTb U IOCTYITHOCTb.

5. Pacuer ko3¢pduumeHTa TEMJIONMPOBOAHOCTU: CHCTEMa PACCUUTHIBACT
KO3(p(GUIUEHT TEMIONPOBOJIHOCTH JJIsl KaXXJOTO0 MaTepuaja, HCIONb3Ysl
(GopMyJbl, KOTOpBIE 3aBUCAT OT TEMIEPATypbl, IUIOTHOCTH W JIPYTUX
(dhakTopoB.

6. Pacyer ko3dduiueHTa  TEMJIO0TAAYHU: CHCTEMAa  PACCUUTHIBACT
KO3 (PUIIMEHT TEIIOOTAAUM, YUYHUTHIBAsI pa3inyHble (AKTOPhl, TaKUE KaK
KOHCTPYKIIUS, MaT€pUalbl, TEMIEpaTypa.

7. Pacyer TeIIONMOTEePb: CHUCTEMA PACCUMTHIBAECT TEIJIONOTEPU YEpeE3
KOHCTPYKIUIO, HCHONb3YyS KOADPUIMEHT TEIIooTnayd U pa3iudHble
bopMyIIBI 1S KaXKI0W YaCTH KOHCTPYKIIHH.

8. AHaiu3 pe3yJbTAaTOB. CUCTEMa AHATU3UPYET MOJYUYEHHBIE PE3yJbTaThl U
CpaBHUBAET MX C HOPMATUBHBIMU TPEOOBAHUSMU M PEKOMEHIANMSIMU TI0
TEIJION3OJISILIMH.

KonuenryajbHass moaenb 3KCNEPTHON CHCTEMBbI TEMJIOTEXHUYECKOIrO
pacyera OrpaIalIIUX KOHCTPYKUUH TMpeAcTaBiseT coO0oil alOCTpaKTHYIO
MO/IEJb, KOTOPAsi ONTMCHIBAET OCHOBHBIC AJIEMEHTHI ¥ OTHOIIICHUS M1y HUMU [6].

Omna BKJIIOYAET B c€0s1 CIeAYIONINE AIEMEHTHI:

1. ba3a 3HaHMIi: 3TO OCHOBHOW KOMIIOHEHT 3KCIEPTHOW CHCTEMBI, KOTOPBII
CONIEP)KUT HWH(MOPMAIIMI0O O CBOMCTBAX MaTepHayioB, KO3PPULIUEHTAX

TEIUIONPOBOJAHOCTH, TEIUIOEMKOCTH, IUIOTHOCTH W JPYIHUX IapaMmeTpax,
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HEOOXOQUMBIX /Il pacueTa TEIUIONOTEPh  Yepe3  OrpakAaroliue
KOHCTPYKLUHU.

2. Untepdeiic moab3oBaTessi: 3TO KOMIOHEHT, KOTOpBIM oOecrneynBaeT
B3aMMOJICUCTBHE MEXKJy II0JIb30BATEIEM M JKCIEepTHOW cucremon. OH
MO3BOJISIET TOJIB30BATENI0 BBOAUTH MapamMeTpbl KOHCTPYKLMHU, TaKHE Kak
pasMepbl, Qopma, THUN  HCHOJIB3YEeMBIX  MaTEpPHAJOB, IapaMeTPhI
OKpY KaIOILIEH Cpelbl U T. 1.

3. MaremaTnueckasi MoJeJib: 3TO KOMIIOHEHT, KOTOPBIA OCHOBBIBA€TCS Ha
¢u3nyecKux NPUHLHUIAX TEII000MEHa, YTOObI paccUUTaTh TEILIONOTEPU
4yepe3 KOHCTPYKIIHIO.

4. MexaHM3M BbIBOJA: 3TO KOMIIOHEHT, KOTOPbII MCHOJb3YyeT 0a3y 3HAHUU U
MaTEeMaTU4YeCKyr0 MOJAENb A HpuHATUSA  pemieHnid. OH  MOXer
UCITIOJIB30BaTh PAa3JIMYHbIE METOJbl BBIBOJIA, TaKWE KakK IpaBuja, JIEPEBbs
NPUHATHUS PELIeHU, OalleCOBCKUE CETHU U T.[I.

5. Mexanu3m oO0y4eHHsI: 3TO KOMIIOHEHT, KOTOPBIA IO3BOJIIET CHUCTEME
YUHUThCSI HAa OCHOBE ombiTa. OH MOXET HCIOIb30BaTh Pa3IU4HbIE METOJbI
oOy4eHHMsl, TaKue KaK WHIYKTUBHOE 00y4YeHHe, 00yueHUe ¢ MOJAKPEIICHUEM,

oOy4eHre Ha OCHOBE MPUMEPOB U T.]I.

3.3. Jranbl pa3paboTKM IKCIEPTHONH CHCTEMBbI TeIJIOTEXHHUYECKOIo

pacuera orpakIalmux KOHCTPYKIHNH

Ha cerogusAmmHui 1geHp OJHMM W3 [PUOPUTETHBIX  HAIPaBICHUU
sHeprocOepexeHus B chepe CTPOUTEIBCTBA KHUJIBIX M OOIICCTBEHHBIX 3JaHUMN
SBJISIETCA  TEIJIOTEXHUYECKUM pacyeT OrpaxAaroliuX KOHCTPYKIHMM IyTeM
WCITOJIb30BAHUS TIPOTPAMMHOTO 00eCTiedeH s, pa3pado0 TaHHOTO Ha OCHOBE HOPM
Y TIPaBWJI MPOEKTUPOBAHUS OTPAKIAIONTUX KOHCTPYKIIMN Pa3IMyHOTO Ha3HAYCHUSI,
MpeIHa3HAYCHHBIC IS TEIUIOBOM  3alUThl  KWIBIX, 00 IIECTBEHHBIX,
MPOU3BOJICTBEHHBIX, BCIIOMOTaTEIbHBIX, CEIIbCKOXO3IUCTBEHHBIX U CKJIQJCKUX

3JIaHUM.
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Jlns pa3pabOTKU SKCIEPTHOM CHUCTEMBbl TEIJIOBOM 3alllUThl 3JaHUN B
KIIMMaTU4YecKuX ycloBusax Keipreisckoit PecryOnuku — ObUIM  BBINOJTHEHBI
cienyrormue mary [8]:

1. COop nmaHHBIX O KJIMMATUYECKHX YCIOBUAX: MEPBBIM mar — 310 cOop
JAHHBIX O KJIIMMAaTUYECKUX YCIOBUSIX B pPa3IMuHbIX perroHax Keipreizctana. 3t1o
BKJIFOYAET CPEIHEr0JIOBBIE M CE30HHBIE TEMIIEPAaTyphl, BIAKHOCTH, COJHEYHYIO
paguaIuio U Jpyrue napaMmeTpsbl, BIUSIONINE Ha TETUIOBON PEeXUM 3/1aHUM.

2. Omnpenenenue TpeOOBAaHUI U CTAaHAAPTOB: COACPKAHHE MECTHBIX HOPM U
MPaBUJI, @ TAK)KE SHEPIreTUUECKUE CTaHIapThl U PEKOMEHIallUH.

3. Onmnpenenenue 6a3pl 3HaHWN: HWHPOpPMAIMA O pa3IMYHBIX THUIAX
OTpaXJAIOIMNX KOHCTPYKIMM, TEIUIOM3OJAIMOHHBIX MaTepuaiax, MeTo/ax
pacyeTa v mpounx (hakTopax, BIUAIONIMX HA TEIJIOBYIO 3aITUTY 31aHHM.

4. Pa3zpaboTka MpaBWJl U aJIrOPUTMOB: Ha OCHOBE COOpAHHBIX JAHHBIX W
0a3bl 3HAHUN pa3pabdOTaHbl IpaBUJia U AJITOPUTMBI JJI IKCTIEPTHOU CUCTEMBI. JTH
MpaBujia OMUCHIBAIOT CBS3b MEXKAY PAa3IHMUHbIMU (haKTOpaMu, HapUMeEp, MEXKITY
KIIMMaTUYECKUMHU  YCJIOBUSMH, BBIOOPOM MaTepuajoB U  ONTUMaJIbHBIMU
XapaKTEPUCTHKAMHU OTPAKTAOIINX KOHCTPYKITUH.

5. Peanuzaius ¥ TeCTUPOBAaHUE CUCTEMBI: AKCIEPTHAs CHCTEMa MpOILIa
TECTOBBI PEKUM Ha PEAbHBIX WM CUMYJUPOBAHHBIX JAHHBIX, YTO MO3BOJIMJIO
yOenuThCsi B MPABWIBHOCTA (DYHKIIMOHMPOBAHUS CUCTEMBI U €€ CIOCOOHOCTSIX
JlaBaTh PEJICBAHTHBIE PEKOMEHIAIINH.

[Ipu pa3paboTke OKCIEPTHOM CHUCTEMBI HMMEIO0 MECTO COCTABJICHHUS
WH(OJIOTUIECKON MOJIETN SKCIEPTHOW CHUCTEMBI TEIMJIOTEXHUYECKOTO pacyuera
OTpaXkKJA0IINX KOHCTPYKIIMM, KOTOpas MPEICTaBISIET CO00M CTPYKTYpYy JaHHBIX,
OTMMKCHIBAIOIIYIO WH(OpMAIUIO, HEOOXOIUMYIO It (PYHKITMOHUPOBAHMS CHCTEMBI
Takue Kak [8]:

1. OObekThl: 37aHHUE: TMPEACTaBISIET COO00M O0O0BEKT, A KOTOPOTO
MPOBOJIUTCS TEIUIOTEXHUYECKUM PaCUeT OTPAXKAAIIMMX KOHCTPYKUHMM. MoxkeT
coliepkaTh MHGOPMALIMIO O €ro mapameTpax, BKIIOuYas pa3Mepbl, MIAHUPOBKY,

KIIMMATUYCCKUC YCIIOBUS U T. 1.,
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2. ATpuOyThl: pa3Mmepbl 3[aHUs: XpaHUT HUHOOPMAIMI0O O TrabapUTHBIX
pa3Mmepax 37aHusl, TaKUX Kak JJIMHA, [MUPUHA U BBICOTA; MATEpPHANIbl: COJIEPKHUT
uH(OpPMAITMI0O O MaTepHaliaX, HCIOJB3YeMBIX B OTPAXKTAIONINX KOHCTPYKIIHSX,
BKJIIOYAs] UX TEIUIONPOBOJHOCTh, IJIOTHOCTh, YACNIBHYIO TEIIOEMKOCTh U T.I.;
KIIMMAaTUYECKHUE YCJOBHS: XPaHUT WH(POPMAIUIO O KIMMATHUECKHX IapamMeTrpax,
BIUSIONNX HA TEIUIOBOW PEXHUM 37IaHUsS, HAIPUMEDP, CPEIHETO0OBBIC U CE30HHBIS
TEeMIIepaTyphl, BIAKHOCTb, COJIHEUHAs pagualus U T.1.; TEIIONOTEPU: COJAEPKUT
nHOOPMAITUIO O TEIIOMOTEPSAX dYepe3 OrpakIaloline KOHCTPYKIIMU 3TaHUS,
KOTOpasi MOXET OBITh paccuMTaHa Ha OCHOBE MAaTepHaOB, pa3MEepoOB U
KJIIMMaTUYECKUX YCIIOBUK;

3. OTHOmICHHS: pacyeT TEIUIONOTEPh: CBSA3BIBACT 3/IaHHWE, MATECPHAIBI H
KIIMMaTUYeCKHe YCJIOBHUS JUIsl TIPOBEJEHUS pacyeTa TEIUIONOTEPh uepes
OTpakIAfOIINe KOHCTPYKIIUW;, PEKOMEHIAINN 110 YIYUIICHUIO TEIJIOTEXHUYECKON
3aIIATHI: CBSA3BIBACT PE3YJbTAThl pacdyeTa TEIUIONOTEPh ¢ PEKOMEHIAIUSIMH TI0
ONTUMM3AIMK  OTPAXKIAOIIMX KOHCTPYKIIMH, Hampumep, BbIOOpYy Ooliee
3¢ (EKTUBHBIX MaTEPHAJIOB HJIH U3MEHEHUIO UX TOJIIUHBI [8].

4. 3nanusg W TmpaBwia: 0a3a 3HAHUNA: COJCPKUT HKCIEPTHBIC 3HAHUS O
TEIJIOTEXHUYECKOM pacueTe OrpaKIAIOIMUX KOHCTPYK IIWH, BKIIOYAs TpaBuUIa,
CBS3aHHBIC C BBIOOPOM MaTEpHUAJIOB, 3aBUCUMOCTH TEIUIONOTEPHh OT TOJIIWHBI U
TEIJIONPOBOJHOCTY MaTepuaja. OKCIEepTHash CHUCTeMa TNIPEJICTaBlieHa B BHJE
PEISIIIMOHHONW MO JTaHHBIX, B KOTOPOW JaHHBIC TPEJACTaB JICHBI B BHJC
TaOJINI], N3BECTHBIX KaK OTHOIICHHS, COCTOSIINX M3 CTPOK M CTOJOIOB, KOTOpas
OCHOBaHA Ha MAaTEMaTUYECKOW TEOPUU MHOXKECTB W TPEJCTABISCT JaH HbBIE B
BHJI€ HA0Opa OTHOIIICHM.

IIpaBuia 3xkcnepTa MAIIMHHOTO 00y4YeHHUS TEMI0TEXHMYECKOr0 pacyera
OrpPaKIAIIIMX KOHCTPYKIMH HaNPaBJICHB! HAa MCIOIb30BAHUE 3HAHWN U JTAHHBIX
JUISL  aBTOMATH3WPOBAHHOTO  OMNpPEACIICHHUS  ONTHUMAJbHBIX  IApaMETPOB
TEIJION30JIAIIMK W  KOHCTPYKTUBHBIX  PEIICHWH, C TIICJIbI0  TOBBINICHUS

sHeprodPpheKTUBHOCTH 3aHUH.
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1. [IpaBusno: O1nieHKa TEMIONOTEPH B 3aBUCUMOCTH OT THUIA MaTepualia

VYcnosue: Ecnu Tunm wmaTepualia orpaxjaronieil KOHCTPYKIMH (CTEHa,
KpBIIIA, OKHO) ONpEIEIeH, TO CHCTEMa JOJDKHA BBIOpaTh COOTBETCTBYIOILWE
napameTpbl JUIsl pacuera TeIJIoNnoTeph, OCHOBBIBASICh HA TEIJIOMPOBOAHOCTU
Marepuania.

JlencTBue:
- Ecniu Marepuan o6ianaer BBICOKOM TEIUIONPOBOJHOCTHIO (HampuMmep, OETOH,
KUPIHY), TO TEIJIONOTEpU OyAYT BBIIIIE.
- Ecniu matepuan o6nagaeT HU3KOW TEIUIONPOBOAHOCTHIO (HAIpuMep, NEHOOETOH,
MUHEpaibHas BaTa), TO TEIUIONOTEpU Oy IyT HIXKE.
- IlpennoxuTe BapuaHThl YTEIUIEHHS, €CIM TEIUIONOTEPH MPEBBIIIAIOT
JOIY CTUMBIM IIpeedl.

[Ipumep:
- Jna Oerona (temompoBomHocTh 1.5 Brt/mM-K) Temnonorepu OyayT
3HAYUTEIbHBIMHU.
- [nsa mnenoGerona (remnonpoBogHocTs 0.12 Bt/mM-K) Temnonorepu OyayT
CYILIECTBEHHO HUXE.

2. TlpaBunio: PerynupoBKa TOJILIMHBI TEIUIOM3OJISUUU B 3aBUCUMOCTH OT
KJIMMaTa

Ycnosue:
Eciu  kIMMaTWU4YecKWil  PEerMoH  XapakTepu3yercs  XOJOJIHBIMH  3UMaMu
(temniepatypa Huxke -10°C), cuctema 10KHA NPEIJI0KUTh YBEIUUYECHHUE TOJIIIUHbI
TEIJION3OJISILIMH.

JlenicTBue:
- B XomomHpIX KIMMarax PEKOMEHAYETCS HCIOJIb30BaTh OO0JI€e TOJCTBIM CIION
TEIJIOU3O0JIALMU JJ1s1 00eCTIeYeHUsI MUHUMAJIbHBIX TETIONOTEPb.
- B ymepeHHbIx KiIMMaTaXx MOXHO HCHOJB30BaTh CTaHAAPTHBIE CJIOU
TEIJION3OJISILIMH.

[Tpumep:
- B xonmoasbIx knumarax (Hanpumep, temneparypa 3umoid -20°C) pekomeHnayercs
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TOJIIIIMHA TEIUION30/AMN He MeHee 150 mM.
- B yMepeHnHbIX kiMMarax (Harpumep, Temmeparypa 3umon -5°C) nocratouno 100
MM TETUIOU30JIALINH.

3. IlpaBuio: VYdYeT MNJIOTHOCTH U TEIUIONPOBOJHOCTH IMPU pacyeTax
TEIUIONOTEPH

Ycnosue:
Ecnu mimoTHOCTh Marepuana CTEH M KPBIII BBICOKA, 3TO MOXKET NPHUBECTH K
OOJIBIIIMM TETUIONOTEPSIM K3-3a BBICOKOU TETIONPOBOJHOCTH.

JlenicTBHE:
- B cnydae BBICOKMX 3HAUYE€HMI IUIOTHOCTH MaTepuana (Hampumep, KUpIUY WIiIn
OETOH) CIIeyEeT MPEAIOKUTH JOTOJIHUTEIBHBIE MEPHI 110 YTEIJICHUIO.
- Ecnm mnotHocTh MaTtepuania HU3Kas (HampuMep, IEHOIUIAcT), TO HYKHO
YUYUTHIBATh JOTOJIHUTENIbHBIE (PU3MYECKHUE CBOWMCTBA, TaKHE€ KaK MOPHUCTOCT,
KOTOPBIE CHUKAIOT TETIOMOTEPH.

[Tpumep:
- JIJIsl KUPOUYHBIX CTEH C BBICOKOM IJIOTHOCTHIO PEKOMEH]IyeTCsS MCIOJIh30BaHUE
JOTIOTHUTEIBHOTO  CJIOS  TETUIOM3OJISIIIUU, YTOOBI KOMIIEHCHPOBATHh BBICOKYIO
TEIJIONPOBOIHOCTb.
- JIJ1s1 MEHOTUTACTOBBIX MJIM MUHEPAIbHBIX BATHBIX KOHCTPYKIIUN JOMOJHUTEIBHOE
yTeIUieHHne He  TpeOyeTcsi, eciad  maTepual  yxe  oOjagaeT  HU3KOU
TEIJIONPOBOHOCTHIO.

4. [IlpaBumo: VYder »OKCIUTyaTallMOHHBIX (AKTOPOB TMPU  pacuerax
9HEpProd3pheKTUBHOCTH

Yciosue:
Ecniu  pexum  3KclulyaTaudd — 3[aHUSl  MPEITyCMAaTPUBAeT  HMHTEHCUBHOE
WCIIOJB30BaHME OTOIUICHUS WM KOHJUIIMOHMPOBAHUS BO3JyXa, HEOOXOIUMO
Y4ECTh JOTIOJHUTEIIbHBIC TETUIONOTEPH.

JencTBue:
- Jlns 37aHuil ¢ BBICOKMM HEpronoTpedieHneM (Harpumep, oprucHbie 3AaHUs UK

MPOM3BOJCTBEHHBIE TOMEUICHHS) MNPEIIOKUTh Oosiee 3(PPEKTUBHBIE CHUCTEMBI
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BEHTWISILIUY U YTEIUIEHMSL.
- IlpennoxuTh MHTETrpalMi0 CUCTEMBl «YMHOIO JOMa» [UIsl aBTOMATHUYECKOU
PEryJIMPOBKU OTOIUIEHUS B 3aBUCUMOCTH OT NOTOAHBIX YCIOBHUI U UCIIOIb30BAHUS
IOMEIIEHUH.

IIpumep:
- B oducHpix 3maHUAX C KPYIJIOCYTOYHOM DSKCIUTyaTanued mnoTtpedyercs
JIOTIOJIHUTEbHAST TEIUIOM30JISIIMS JJI1 YMEHBUICHUS TEIJIONOTEPh B MEKCE30HbBE,
KOI'/Ia OTOIUIEHWE aKTUBHO, HO TEMIIEpATypa Ha YJIULE YMEPEHHA.
- JIos KANBIX 374aHUM, TJI€ OTOIUIEHHE MCIOJB3YETCs TOJIBKO 3UMOM, TOCTATOYHO
CTaHJAPTHBIX TEIJION3OJISILIMOHHBIX PELICHUN.

5. IIpaBuno: OneHka TemonoTeps Mpu MHOTOYPOBHEBBIX 3IaHUAX

Ycaosue:
Ecnu MHOroypoBHEBOE 37aHHE (HAIpUMEpP, C HECKOJBKMMHU 3Ta)KaMHu), CHCTEMA
JIOJKHA YUUTHIBATh BIUSHUE 3TAXHOCTH HA TEIJIONOTEPH Yepe3 MOTOJKHU U CTEHBI.

JlencTBue:
- B MHOTOypOBHEBBIX 3[IaHUSX, TEIJIONOTEPU YEPE3 NEPEKPHITUS MEKAY ITaKaAMU
OyAyT 3HAUUTEIbHBIMU, OCOOCHHO €CIIM MEXAY 3TaKaMH HET JOMOJHUTEJbHOM
TEIJIOU3OJISILINH.
- PekoMeHyeTcsi UCTONb30BaTh AOMOIHUTENbHYIO TEIJIOU30/SILHUI0 Ha 3TaXKax U
MEXITaXKHBIX EPEKPHITUSAX.

[Ipumep:
- B MHOro3TaXHbIX 3AaHMUSIX HEOOXOIMMO YUUTHIBATh, YTO TEILJIONIOTEPU YEpe3
MEXKATaXXKHbIE MEPEKPBITHSI MOTYT ObITh 3HAUUTEIBHBIMU, €CIIM HE HCIOJb3yeTCs
YTEIUIEHUE NTEPEKPBITUN.

6. [IpaBuno: ABTomMaTndecKkasi KOPpEKTUPOBKA PACUETOB B 3aBUCHMOCTH OT
OOHOBJICHHBIX JaHHBIX

Ycnosue:
Ecnu naHHbple 0 KIMMare WM HOBBIX CTPOMTENBHBIX MaTepuanax OOHOBIIAIOTCS,
CUCTEMa  JOJDKHA  aBTOMAaTUYECKM  IEPECUUTHIBATH  TEIUIOTEXHUYECKUE

XapAKTEPUCTHUKHU.
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JlenicTBue:

- IIpu oOHOBJICHMM MAHHBIX O KIUMAaTe WM TOSBICHUH HOBBIX MaTEPHAJIOB C
yIYyYIIEHHBIMA  TEIJIOM3OJSIIMOHHBIMU ~ CBOMCTBAMH,  CHUCTEMa  JOJDKHA
MPEJIOKUTH IEPECMOTP PACUETOB /IS CHIDKCHUS TEIIONOTEPb.

- Vcnonp3oBaHne MAIIMHHOTO OOYyYEHHUS JJIsi KOPPEKTUPOBKHU MPABHII Ha OCHOBE
HOBBIX JaHHBIX.

[Tpumep:

- Ecnu B permone, rae panee Oblla yCTaHOBJIEHA CTaHAApPTHAsl TETLIOM3OJISIUS,
TeMIlepaTypa 3UMOW Teneph cTabuibHO HIbke -15°C, cucrtemMa mPEeasioKUT
YBEJIUYUTHh TOJIIMHY M30JAIMM WM 3aMEHUTh Marepuaibl Ha Ooliee
3¢ eKTUBHEBIE.

DTy npaBmiIa 00€CIEUUBAIOT OCHOBY JUJISl CO3/IaHUSI SKCIEPTHONW CUCTEMBI,
KOTOpasi Ha OCHOBE MAaIIMHHOTO OOYyYEeHHS W aHaIW3a JaHHBIX O MaTepuaniax,
KIUMaTe M SKCIUTyaTallMOHHBIX PEXHMMAax 3JaHUN aBTOMATHYECKH TMpeaiaract
ONTUMAJIbHBIE PEIIEHUs JJIA TEIJIOTEXHUYECKOTO pacueTa OrpakIaroliux
KOHCTPYKITUH, TIOBBIIIAs YHEPT0dP(HEKTUBHOCTH 1 MUHUMU3HPYS TETUIOMOTEPH.

Mopeas  aumarpaMmbl  KJIACCOB  TEIUIOTEXHHUYECKOTO  pacuera
OTPKIAONINX KOHCTPYKUIMN C MCTHOJIB30BAHUEM MAIIMHHOTO OOydYeHHs MEeTojna
nuHeHHoU perpeccun [17].

OCHOBHBIE KJIaCChl MOJIETIN JIMHEHHON perpeccuu:

1. LinearRegression: kiacc o0yueHus U MPOTHO3UPOBAHUS JIMHEHHOW perpeccuu,

uMeeT aTpuOyTHI [IJ1s XpaHeHus JaHHbIX (features, target).

2. BuildingElement: kmacc orpaknaroiieii KOHCTPYKIMH (CIOH Marepuaia),

KOTOpasi COJCPKUT MHPOPMAIUIO O €r0 XapaKTepUCTHKaX (MaTepuas, TONIIUHA,

TEIUIONPOBOAHOCTh, TepMUYecKoe corpoTuBieHue). Kiacc Takxke peanusyer

meton calculate_U() miis pacuera ko3 duirieHTa TEIIonepeIavH.

3. HeatLossCalculator: kiacc temionoreps, ucnoib3yet oosext BuildingElement,

TJIOMIAh ¥ PA3HUILY TEMIIEpaTyp JUIsl BRBIYUCIICHUS TETUIONOTEPD.
BzanmoperncTeue Mex 1y KiaccaMu:

- LinearRegression ucnons3yercss  [uii  MPOTHO3UPOBAHHS  XapaKTEPHCTHUK
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CTPOUTENBHBIX MaTepuanoB (KOIPQPHUIMEHT TEIUIONPOBOJAHOCTH) Ha OCHOBE
UMEIONTNXCS JTaHHBIX;
- BuildingElement npescraBisier co60i IEMEHT OTPaXKIar0IIeH KOHCTPYKIIHHU;
- HeatLossCalculator ucnionp3yercsi  /is  BBIYMCIICHUS TEIUIONOTEPh  4epes
OTPAKIAIONIYIO0 KOHCTPYKIIHIO.

JKcnepTHas cucreMa npeacrapjieHa B Buge UML — nmarpamm.

Jlmarpamma KJIaccoB TpeJCTaBlIeHa B BUIC aTpHOyTOB CO CBOWCTBAMU U
METOJIaMH pear3allii TeINIOTEXHUYECKOTro pacyeTa Takue, kak [19]:
- KJIacC — OTpakJIaroliasi KOHCTPYKITUS (TUIT KOHCTPYKITHH);
- KJIacC — MaTepuall (TeIIOU30JISIIMOHHBIM MaTeprall U €ro TONIIMHA B YCIOBHSIX
HEOMpeAeICHHOCTH, KOA()PUIIUEHT MPOBOHOCTH);
- KJIacC — MmapaMeTpsl (KITMMaTHIECKHUE YCIIOBHS);
- KJacc — TEIUIOTeXHUYECKHA pacyeT (pacdyeTbl Ha TEIUIOYCTONYHMBOCTD,
apOIPOHUIIAEMOCTh M BO3yXOIPOHUIIAEMOCTD), IIPOBEPKA IMApaMETPOB;
- KJIacC — pe3yJIbTaThl pacueTa (MPeICTaBICHUE BBIXOHBIX TaHHBIX ).
- KJIacC JKCIEPTHOW CHUCTEMBbI MAITUHHOTO OOYYEHHUS I TEIUIOTEXHHYECKOTO
pacuera:
1) aTpuOyTHI: MOAETW MaIlIMHHOTO 00y4yeHHus (models) (cnmcok HCMOIbB3yeMbIX
MoOJIeJIeH MaIlIMHHOTO 00y4eHHs); MeTo bl pacdera (calculation methods): cnimcok
JOCTYITHBIX METOJIOB IS TEIJIOTEXHHUYECKOTO pacuera; oOpaboTaHHBIC TaHHBIC
(processed_data): maHHBIC, KOTOpBIE YK€ OBLIM TIPEIBAPUTEILHO OOpabOTaHBI U
UCIIOJTb30BaHBI TUTSI o0yueHus MOJICTICH; napameTpsl pacdera
(calculation_parameters):  mapameTpbl, HCOOXOAMMBIE [/  BBIIOJHCHHUS
TEIUIOTEXHUYECKUX pacueroB; MeToa oOydeHus (training method): wmeron,
KOTOPBIA UCTIOJB3YETCS JIJIs1 O0yUSHUS MOJICITH.
2) MeTojpl: o0yueHue monenu (train._ model): MeToa, KOTOpeI 00y4aeT MOJEIH
Ha HCTOPUYECKUX JIaHHBIX; MpelckazaHue pesyinbTata (predict): Meron mis
BBITIOJTHCHMSI TIPEACKAa3aHW Ha OCHOBE OOYYCHHON MOJICNIH; BBIMOJIHCHHE
TeroTexunyeckoro  pacuera  (perform_thermal_calculation): Meton s

BBITIOJTHEHHSI TETUIOTEXHUYECKOTO pacueTa; aHaiau3 pe3ynbpraroB (analyze results):
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Meroj s aHaIKM3a U UHTEPIIPETAIIMU PE3yJIbTATOB pacyeTa; OOHOBICHHE MOICITH
(update_model): Mertox it OOHOBJACHHS MOJEIU IOCJIE IOJYyYECHHS HOBBIX

JTAHHBIX.

pkg Ouarpamma_knaccoe )

Orpaxaalil ad_KoHCT PYKLMA

- THM_KOHCTPY KWWK © string

- marepwan ; string

- TonwwMHa : float

- KO3 MUMEHT_TennonpoBogHocTK : float

0.1

TennotexHU4eckn i_pacyer

- Qrpawnamlan_KoHCT Py KLMA ¢ string
- Beogd_naaHHelx © bool

- Buleog_daiina : string 0.1 MapaMerpbl_pacyera

+ PacueT_Tennonepegaun ( : void <=1 - Hapy»HaA_Tewmneparypa : float

+ [Npoe epka_napameTpoe() - void - BHyTpeHHAR_Temnepatypa : float

+ PacueT_TennoycToM e ocTe() @ vaid - ko3 hMUMEHT_TennonpoeoHocTy - float
+ PacyeT_naponpoHuUaemMocTe() @ void

+ PacJyeT_po3ayxonpoHuUaemocTe  void

1

PesynuTarel_pacyera

- Temonzpegada ; float
- Tennooraada : float

Pucynok 3.3 - JlnarpamMmma KiaccoB
OKclepTHasE ~ CHUCTeMa  TEIUIOTEXHWYECKOTO  pacueTa  OrpakIarolux
KOHCTPYKIMM JOJDKHA MMETh PsAJ NPEUMYILECTB MO CPAaBHEHUIO C CHUCTEMAaMH,
OINKMCaHHBIMU B MIEPBOM TJIaBE:
1) CYB/l: Hajnuuue CHUCTeMbl ymnpaBicHus Oas3oi manubix Microsoft SQL
Server.
2) ApXHTeKTypa: KIMEHT-CEpBEpHasl MporpaMmMa, KOTOpas pasjelicHa Ha
KIIMEHTCKYIO U CEPBEPHYIO YaCTH.
3) SI3pIk MpOrpaMMHMPOBAHUSI: DKCIEPTHAs CHCTEMa, pa3paboTaHHas Ha
BBICOKOM OOBEKTHO-OPUEHTUPOBAHHOM si3bike CH#.
4) Y100CTBO WCHOJIL30BAHUSI: WMETh HMHTYUTHBHO IOHSTHBIA M IMPOCTOM
uHTepdeiic, 4ro JOoMKHA ObITh JIErKO JOCTYMHOW [UIi WHXEHEPOB H

POEKTUPOBIIUKOB Pa3IMYHBIX YPOBHEN KBATU(PUKAIIUH.
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5)HopmaTuBHasi 6a3a: TEXHUYECKHE XaPAKTCPUCTHKH  OTPakIarOIINX
KOHCTpYKIuH B 6a3e 3Hanuii cornacHo CHullam Keipreizckoit PecryGmku.

6) Bbicokasi TOYHOCTb: CHCTeMa o00s3aHa aHAJU3UPOBaTh  OOJIBIIOE
KOJIMYECTBO JAHHBIX U IPUHUMATH TOYHBIE PEIICHUS.

7) 'mOKoOCTh: BO3MOKHOCTh U3MEHSTh M HACTPAUBATh MIPABHJIA M MPOIEAYPHI B
COOTBETCTBUU C U3MEHSIOIUMHUCS YCIOBHSIMHU U TPEOOBAHUSMH.

8) B03M0KHOCTH MCIO0JIL30BAHUS HA PA3IHYHBIX IUIaTGopMax: SKCIepTHas
cucreMa HeoOxoauma (PYHKIMOHMPOBATH KaK Ha KOMIBIOTEpax C
ornepauvoHHONH cuctemor Windows, Tak M Ha KOMIBIOTEpax C
OTepallMOHHON cucTeMoi Linux.

9) BoiBoa pe3y/ibTaTa pacyera: Mpe0CTaBICHUE YKCIICPTHOTO 3aKIIIOUCHUS B
TEKCTOBOM (opMmaTe, coAeprKalluii MoApoOHOE ONHCAaHUE PE3YJIbTAaTOB, a
TaKke B BUje rpaduxa.

10) MacmTadupyemMocTh H KPOCCIIATGOPMEHHOCTb: MIPU HEOOXOIUMOCTH
AKCTIEpTHAsI CHUCTEMa JOJDKHA JIETKO MAacIITadupoBaHa W WHTETPUPOBAHA C
ApYrUMU TpuiiokeHussM 1npu  ucnosibzoBanun NET Framework mns
o0ecrnieueHrs yHUBEPCaJIbHOCTU U TIOCTYITHOCTH.

11) JlerkocTh COMPOBOKIAEHUSI: B IOCICAYIONIEM €€ WCIOJIh30BAHUU JIETKO
COMPOBOXKIaeMa U MoAAepKUBaeMa B Oyayliem.

12) HaaexXHOCTh: IMETh BBICOKYIO CTEICHb H)OPMAI[HOHHON 0€30MaCHOCTH.

13) CtoumMocTh: HMETh HEBBICOKYKD CTOMMOCTH IO CPaBHCHHIO C

BbINICYKA3aHHBIMHA SKCIICPTHBIMHU CUCTCMAaMMU.

3.4. AJroputrM JKCHEPTHOH CHCTEMbl TeIJIOTEXHHYECKOr0 pacyera

OrpakKaaroumux KOHCprKHHﬁ

ba3za 3HaHMii JKCHEPTHOM CHCTEMbI TEIUIOTEXHUYECKOTO pacyera
OTPaXJAKIINX KOHCTPYKUMH - 3TO LEHTPAJIbHASA 4YacTb CHUCTEMBI, KOTOpas
COJEPKUT (POPMAIU30BAHHBIE 3HAHUSI U HKCIIEPTHBIE MIPaBUIIA, HEOOXOAUMBIE JJIs

IMPOBCACHUS TCINIOTEXHNUYCCKHUX pacdcToB n OLICHKH 3HepFeTquCKOfI
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sbdexTuBHOCTH. BOT mpuMepsl TUIOBBIX 3HAHUN M MpPaBUJI, KOTOPbIE MOTYT

BKJTIIOYATHCS B TaKyto 0a3y gaHHbIX [9]:

1.

Matepuaibl U UX XapaKTepPUCTUKH:

TemnmonpoBOIHOCTH Pa3IMUHBIX CTPOUTEIBHBIX MAaTEPUATIOB.

TermmoeMKoCTh MaTepHUAIOB.

CornpoTuBiieHHE TeIIONEepeade MaTepUasoB.

Temnmonepenaua yepe3 orpakIarone KOHCTPYKIIHH:

Mogenu nis oneHku ko3¢ dunmenta Temonepenaun (U-dakTop) 1 CTeH,
OKOH, JIBepeH U KPBIIIIH.

Pacuyer tenonepenaud B MHOTOCJIOMHBIX KOHCTPYKIIHSX.

BrusHue TeraoBsIX MOCTOB.

Knumaruueckue yciaoBusi 1 HOpMaTUBBI:

KnumaTndeckne naHHBIE, TaKHE KaK CpeIHUE TeMIEpaTyphl U TEIUIOBBIC
Harpy3KH.

MecTHple ¥ MEXAyHapOAHBIE CTaHAAPTHI W HOPMBI B  00JacTu
sHEepreTudeckoi 3¢ (HEKTUBHOCTH.

TennoBoe obopynoBanue u cucremsl OBK:

Tunel W XapakTEepPUCTHKH  CHUCTEM  OTOIUICHMS, BEHTWISAIUU U
KOHJUITMOHUPOBAHUS BO3AyXa.

Ouepronotpednenue u KITJ] oTaenbHBIX KOMIIOHEHTOB.

MonenupoBaHue U alrOPUTMBI pacyeTa:

ANTOpUTMBI  pacdeTra TeIJionepesaud M pacuera  KodpduimeHTa
TEIUIONEPEIauH.

Mopenu 115t aHanmM3a TMHAMUKY TETUIOMOTEPh BO BPEMEHHU.
Ouepretuydeckas 3p(HEKTUBHOCTh U ONITUMM3ALU:

PekoMenganmn 10  yOydIIEHWIO  SHEPreTUYeCKoW  IPPEKTUBHOCTH,
OCHOBaHHbBIC Ha pacyeTax.

OneHka BAMSHUS pa3TUYHbIX MEPOIIPHUATHI Ha YHEPronoTpedieHue.

I[aHHBIe 110 3JaHUAM U IIPOCKTaAM:
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JlaHHBIE O KOHKPETHBIX 3/IaHUSX, BKJIIOYAs WX TE€OMETPHUIO, MAaTepUabl H
CHUCTEMBI.

Hcropuueckue MaHHBIC 110 DHEPrOMOTPEOJICHUI0 M TEILIOMOTEPSAM IS
aHaIM3a.

WMHCTPYKIIMN U PEKOMCHTAITNH:

WHCTpYKIIMKM IS TIOJIB30BATEIC CHUCTEMBI 10 BBOAY JaHHBIX M
WHTEPIPETAINHA PE3YIHTATOB.

PexomeHmanmmu 1Mo ONTUMHU3AMMKM CHUCTEM M YIYUIICHHIO YHEPTeTHUCCKOU
3 PEKTUBHOCTH.

OTH 3HaHUI WU IIpaBuJIa 00eCIIeYnBaroOT OCHOBY i1 IHPOBCIACHHA

TCIIOTCXHUYCCKHUX PACUCTOB U OICHKH JSHCPI €TUYCCKOM 3(1)(1)6KTI/IBHOCTI/I S,HaHI/Iﬁ

B BKCHepTHOﬁ cucteme. Ilonp3oBaTenu MOI'YT BBOAUTL OAHHBIC O KOHKPCTHOM

IIPOEKTE WM 3IaHUH, & CUCTEMA UCIONb3YeT 0a3y JaHHBIX, YTOObI MPEIOCTABUTh

JIeTajbHbBIC pacueThl M pekoMeHaanuu [9].

AJITOPUTM pacyeTa B IKCHEPTHOM cHcTeMe TEIJIOTEXHUYECKOro aHalln3a

OTPAXKIAIOIINX KOHCTPYKIMKA MOKET BKJIIOUATh CIEAYIOIIUE IATrH:

1.

2.

3.

3anpoc JaHHBIX OT moJb3oBaTens: llonb3oBarenb B3aWMOJIEUCTBYET C
CHUCTEMOM, BBOJS JJaHHBIE O MPOEKTUPYEMOM WM CYIIECTBYIOIIEM 3/IaHUH,
TaKue Kak pa3Mepbl, MECTONOJIOKEHUE, XAPAKTEPUCTUKH MaTEpUaJIOB U
CUCTEMBbI OTOTUICHUS, BEHTWISILIUU U KOHJUIIMOHUPOBAHUS BO3/IyXa.
N3Bneuenue naHHbIX W3 0a3wl 3HaHUN: CucTeMa HU3BIEKAET HEOOXOAUMYIO
nHdopmaruio u3 0a3bl TaHHBIX, BKIIOYAs TETUIOMPOBOIHOCTh MAaTEPHAIIOB,
KJIMMaTUYEeCKHE TaHHbIe, XxapakTepuctuku cucteM OBK u HopMaTuBsI.
TennoTeXHUYECKUd pacyeT OrpakIalIMX KOHCTpykiui: Cucrema
UCIIOJIB3YET JIaHHBbIE O MaTepuaiax M CTPYKTYPHBIX SJEMEHTaX 3JaHus, a
TaKke O KIMMATUYECKUX YCIOBUAX, JUIs pacyeta KoddduireHTa
teronepenaun (U-dakrtopa) /uisi CTEH, OKOH, JIBEpEd, KPHIIIM MU TOJIA.
Pacuer MokeT BKJIIOUaTh B CEOSl OIEHKY TEIJIONOTEPh M TEIUIOU3OJISIINU

OrpaKAaroIuX KOHCTpYKIui [9].
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. Mopenuposanue cucrem OBK: Eciu B cucreme peann3oBaHbl MOJEIH
CUCTEM OTOIUIEHMSI, BEHTWISILIMM U KOHAWLMOHUPOBAHUS BO3/1yXa, TO OHU
MOTYT OBITH BKJIIOUEHBI B pacueT. Cucrema oueHnBaeT 3((EeKTUBHOCTH U
HHEProNOTPEOICHNE 3TUX CUCTEM B KOHTEKCTE KOHKPETHOTO 3/1aHHUS.

. AHanu3 pe3ysnbTaToB U CpaBHEHHE C HOpMaMHu: lloirydeHHBIE pe3ynbTaThl
aHAIM3UPYIOTCS W CPAaBHUBAKOTCS C MECTHBIMH M MEXIYHAapOJIHBIMHU
HOpMaTHUBaMH U CTaHAApTaMH B 00JACTH SHEPIEeTUUYECKON 3PPEKTUBHOCTH
U TEIUIOTEXHUYECKUMH TPEOOBAHUSIMHU.

. IIpenocraBnenue pekomeHnauuii: Ha OCHOBE NpPOBENEHHBIX PacyeTOB U
aHalnM3a, CHCTEMa IMPEAOCTABIIET PEKOMEHJAUUU [0  YIYYLICHUIO
sHEpreTnyeckor 3(hPEeKTUBHOCTU 31aHMs. PEeKOMeHJaluu MOTYT BKJIIOYATh
B ce0s M3MEHEHUS B KOHCTPYKIMH, YJIyUIIEHUE H30JISLHUUA, OOHOBJIECHUE
cucrteM OBK u apyrue mepsi.

. IlpenocraBnenue  pe3ynapTaToB  mosb3oBaTento:  (CucremMa  BBIBOJMT
JETalbHbIE  PE3YJIbTAThl  TEIUIOTEXHUYECKUX  PacyeToB,  BKIIKOYAs
KO3 (PUIIMEHTHl TeruIonepenaun, 3HEepPromnoTpedieHne M peKOMEHIaluu
MI0JIb30BATENIO0 uepe3 rpaduku, TabauIbl Wik oTueThI [9].

. MoHuTOpHHT U aHaJIU3 B peaibHOM BpemeHu (npu Hanuuun): Ecnu cucrema
BKJIIOYAET MOHUTOPUHI B pEaJbHOM BpPEMEHH, OHAa MOXET MOCTOSHHO
MOHHUTOPUTDH FHEPTONOTPEOIECHUE U MPEIOCTABIIATh AHAIU3 JIJIs1 OIIEPAaTOPOB

CHCTCMBHI.
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CHop (nogroToeka ) MCXDgHLIX B aHHBIX

+

PacyeT Tpe GyemMblx (HO PMETHEHLE | TE NN OTEXHWYECKNX W TE MM OSHERT STH Y2 CEHX
nokazarenei

+

AHANWE 0 BEMHO TINAHUPOB0UYHBIX W KOMIOHDBOYHLIX DELEHUA 30aHNA
NEHHLMNHENEHED TEXHUYECKHE PEWEHHA OTPEE AWM X KOHCTRYELMH,
CHCTEM OTONNEHWA, BEHTUNAUMK, TENNOCHA G#EHUA 30aHKA

JE— JE— ep— .*. e— JE— JE—

Onpegen eHUE SKOHD MUUECKH LEN econfpazHOm YPOEHA TENN 03314 MThI HE PYHHLEL
DrpaE Al Wx KOHCTRYKLMIA

- === === [ *’ -

Brifop KOHCTRYKTMBHOID PELIEHHA W ONPELEN EHWE PACHETHLIX FHAUEHUA
NPWEENE HHO D CONPOTHENEHWA TENNONE PEQAYE HAPYHHBIX O DEME HL M
KD HCTRYEL M

+

PacusTTEMNERATYPHOMD PEXMME OrpaEMIatLY X KOHCTRYELWA

..--_--___.
- —

w

F 3

R, =R,
Tty A, = Ay
L™ St

HET

oa

Pacuet Tpedvemoro mo3gy=nod MeHa

+

PacueT Tenn onocTynn eHuil 0T B0306 HOBENAEMBIX HCTOUHHKDE 3HEQMUH,
PEKYTIEPATHBHLIX TENN 00GMEHHUKDE W T.N. 38 OTONWTENLHLIA NEpHOA

+

PacueT yiensHOro packnga TENNOB0H 3HERIMH HA OTONNEHHE W BEHTUAALMD
3[AHUA 33 OTONMTENEHLIR Nepuog - g™

1

MpoBEpEa COOTESTCTEMA pa CHETHOTO SHAYEHHWA YOENLHOMD pacKoga TE NN oEoi
Feg

IHEPTUN Q™ HOPMATHEHAIM SHAYEHUAM ),

mmsiqh.rﬂ Ad

HET

AHANW3 CTPYETYPL TENNONOTEPL, OLEHKA 3¢ th SKTUBHOCTH OTEENEHLEL
SHEPTOCHEPEranwux MEP DNpH ATHI
| |

k. i
CpaBHWTENEHAA DUEHEE 3KOHOMUWYECKDW 30 ) SKTWEHO CTH 3HEprociEpEe rm W Hx
ME [ONE HAT WA
[ |

h 3
OnpedseneHWe KNacca 3HEPreTHYEeckod 30 d EKTUBHOCTH 30aHUA,
3ANCNHEHME TENNOSHEPTETH YECKDT 0 NACNopTa

F3

———fm———

F

Pucynok 3.4 — bnok-cxema anropurma
ITocnenoBaTe/IbHOCTL OMNpeaeJeHUs] CONMPOTUBJIEHUS TeIJionepeaaye
OrpPasKAAIIMX KOHCTPYKIMH.
1. TepMuyeckoe CONPOTUBJIEHUE OTPAKTEHUS
OCHOBHOM XapaKTEPUCTUKOM TEIJIO3AIMUTHBIX KA4YECTB OJIHOPOJHOTO
OTPAXKIICHUSA SIBJISIETCSI €r0 TEPMUUYECKOE COMPOTUBIICHUE, KOTOPOE OINPEICIISIETCA
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1o Gopmyie R = g , M °C/Br. (3.1)

rae [ — ToamMHAa cios, M; A - pacueTHbI KOA((UIMEHT TEeIIONpOBOAHOCTU

MaTepHala clost, IpuHUMaeMsblIii 1o, B1/(mxC )
2. ConpoTuBjeHHe Teljionepeaaye Orpaxiameil KOHCTPYKIMH.

Conporusienue temionepeaade (B M> °C/BT.) 0QHOPOAHOMN Orpaxkaaromeii

KOHCTPYKILUH orpenaenseTcs no popmyie

Ro=—+R+— (3.2)

E H

rae @y — K03 UIMEHT TEeIJIO0TJa4l BHYTPEHHEH MOBEPXHOCTH OTPaKJaroiei

KOHCTPYKIIUH; Xy - KOODPUIUEHT SISl 3MMHHUX YCJIOBUM Hapy>KHOU MOBEPXHOCTHU

OrpakJIarolei KOHCTPYKIMH, R —TepMudeckoe COnpoTUBIICHHE CIIOS 0 (hopmyie
(cm. 3.1).

Conporusienne temionepenaue (B M> °C/BT.) MHOIOCIONHBIX OrpaKaeHUNI

omnpenensieTcs no Gpopmyie

Ry = ——+Ry+— (3.3)

H
rme @y U Oy -10 ke, uro B (opmyine (4); Ry - Cymma Ttepmmueckux

CONPOTUBIICHUI  OTACNBHBIX, TIOCIEAOBATEIbHO  PACIOJOKEHHBIX  CIIOEB
OTPKIACHHMS, K&KI0€ U3 KOTOPBIX onpeaesercs mo Gopmye (cm. 3.1).

3. TpebGyemoe conpoTHBJIeHHE TeIIONepeaaye

Conportusnenue Temionepenade Ko orpakaarommx KOHCTPYKIUH JOJKHO

T
GBITH HE MEHEe TPeGYEeMOro COMPOTHBICHUS Temonepeaade Ry~ 110 CAHUTApHO

-TUTUCHUYECKUM YCIIOBHUSIM, OIpeesieMoro no Gpopmyre

TP _ N (tr—ty) 70
R[] —‘M H oo M= °C/BrT. (34)
rae At - HOpPMATHBHBIM TEMIIEPATYPHBIN IEpenan MeEXAy TEMIIEpaTypou

BHYTPEHHETO  BO3AyXa H  TEMIEpPaTypoll  MOBEPXHOCTH  OTPa)KJaroIei
KOHCTPYKUHUH; O - TO ke, yTo B popmyiie (2); N — koapdunuent; tB - pacuerHas

TeMIlepaTypa BHYTPEHHEr0 BO3/yXa, °C, mnpuHUMaeMas [0 HOpMaMm
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IMPOCKTUPOBAHUA COOTBCTCTBYIOIIUX SHaHHﬁ; tH — paCuCTHad 3UMHIA

TeMIIepaTypa Hapy>KHOTO Bo3ayxa,’°C ¢ y4eTOM TEIUIOBOM HHEPIIUH OIPasKIArOIINX
KOHCTpyKuuii [14].
Terunosast unepius D onpenensiercs mo hopmysie

D =R1 51 +R252+ ....... +Rﬂ Sﬂ, (35)
rae Ry, R;, R, - TepMudeckue COMPOTHBIIEHNS OTAENLHEIX CIOEB OTPaKAaromen
KoHCTpyKuuii, B M> °C/BT, onpenensemsie o popmyne (em. 3.1); 51,5 . S5 -

PaCUCTHEIC KOB(l)(l)I/IHI/IeHTBI TCIUIOYCBOCHHUA MAaTCpHajla OTCIbHBIX CJIOCB

orpaxaaromeit koncrpykuuii, Bt/ ( m* °C).

3.6. AHaJIM3 pacyeTa CONPOTUBJIEHUS TeNJI0ONePeaav OrPaKAAI0LINX
KOHCTPYKIUI HAPY’KHOM CTEHbI
AHanmu3  pacuera  CONPOTHBIICHHS — TEIUIONEPENAYd  OIPAKIAFOLINX
KOHCTPYKIIMM HapyKHOW CTEHbl C MPUMEHEHUEM JIMHEWHOW pErpeccuu u
IpaeHTHOr0 OYyCTHHIra, a Tak)K€ CPaBHEHUE 3THUX METOJAOB C TPaJAULMOHHBIM
MeToI0M (IO pacyeTy CONPOTHBIICHUS TEIUIONEepeNayuu) sIBIseTCS 3aaadedl aiis
OLICHKH 3(P(HEKTUBHOCTH MCHOJIb30BAHMUS COBPEMEHHBIX METOJIOB MAaUIMHHOIO
oOyueHus AJIsl TeIIOTEXHUUYECKUX PACUETOB.
JlaBaiiTe pa3oObeM 3a/1auy Ha TPU YACTH:
1. TpaauuMOHHBIA METOJ pacyeTa CONPOTUBIICHUS TEIUIONEpeaye.
2. Ucnonw3zoBanue JIMHEUHOU perpeccun IS NPOTHO3UPOBAHUSA
CONPOTHUBJIEHUS TEIIONIEPEAAYE.
3. HUcnonp3oBaHue  rpaJiueHTHOr0O  OycTWHTra  JUis  IPOTHO3UPOBAHMUS
CONPOTHUBJIEHUS TEIIONIEPEAAYE.
1. TpaguuMOHHBIN METOJ pacueTa CONPOTUBIICHUS TEIUIONepeaayde
TpamuuuonHsli cmocod pacdera conpotuBieHus Terionepenade (R)
OTpaXXJalolled KOHCTPYKIMU C HCIOJb30BAHUEM TEIIO(PU3NYECKUX CBOMCTB

MaTEepUaJIOB, TAKUX KaK TEIUIONPOBOIHOCTH (A) 1 TommmHa (d), maeTcs GopMyIIoi:
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r=?
A (36)
rae: R - conporuBiienue Temionepenade (mM?-°C/BT), d - Tonmmua Matepuana (M),
A- KO3QGUIMEHT TerIonpoBoAHOCTH MaTtepuana (Bt/m:°C).

[TpenmnonoxumM, 4T0 y HAC €CTh HapykHas cTeHa ¢ tommmHoi 0=0.2 M u
koadurmentom TeronpoBoanoctd A=0.4 Bt/M-°C. Torma conpoTuBiieHHe

Terionepeaave OyaeT BHIYUCISTHCS KaK:

B = % = 0.5
: 3TO TPAAULUMOHHBIM METOJ, KOTOPBIM MPEIOCTABISIET HaM
MPSAMOE 3HAYEHNE COMPOTUBIICHUS TEILIONEpEaayde 1Jisl JAaHHOTO MaTepuania.
2. Ucnonb3oBaHue TMHEHHOM perpeccuu
JluneriHasgs  perpeccus  IO3BOJISIET  MPOTHO3UPOBATH  COMPOTHUBIICHUE
TEIUIONEPEAAYE Ha OCHOBE [JPYyTMX IapaMeTpoB, TAaKUX KaK TOJIIMHA H
TEIIONPOBOAHOCTh. Kak MBI yKe 00Cyk1allid paHee, MOJIelIb JIMHEHHOW perpeccun
MOXET OBITh MPEICTABICHA YPABHEHUEM:
R=B0 +p1-d + B2-A (3.7)
rae: R - conporuBieHue temionepeaade, d - TOMIMHAA, A - TEIIOMPOBOJHOCTb.
VY Hac ecTb HAOOp JAHHBIX C PA3HBIMH TOJIIUHAMU U TETUIONPOBOIHOCTSIMU,
M Mbl XOTUM TMOCTPOUTH MOJICNIb JIMHEHHOW PpErpeccuu i MpeACKa3aHus

CONIPOTHUBIICHUS.

Ta6mumna 3.1 — HaGop naHHbBIX

Toamuna (m) Tenﬂ(ol;[s;]?gél)m"b ConportuBiaenne (M*-°C/BT)
0.1 0.45 0.22
0.2 0.35 0.57
0.15 0.40 0.38
0.3 0.50 0.60
0.25 0.42 0.60

Mbl  MoOxeM OOy4uTh MOACNIb JMHEHHOW perpeccud, 4dTOOBI OHA

npeackasbiBaia R Ha ocHoBe d 1 A.
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3. Ucnonb3oBaHue rpalu€HTHOTO OyCTHUHTa

['pagueHTHBI OyCTHUHT - ATO METOJl, OCHOBaHHBIN Ha aHcamOiie cialdbIxX
Mozeneld (0OBIYHO pemaronmx aepeBbeB). OH 00ydaeT MOJAETH TOOYEPEIHO,
UCITPaBJIsisl OUIMOKY MPEbIAYIINX MoieNiel. DTOT METO/ 4acTO UCIOJb3YyeTCs AJis
pELIeHMs 3a]]a4 PErPECCHUH, T/I€ JAaHHBIE UMEIOT CII0KHBIE 3aBUCHMOCTH.

4. CpaBHEHHE TPAAUIMOHHOIO METOJA, JIMHEHMHOW perpeccuu H
IpaJueHTHOTO OyCTHHTa

YToObl CpaBHUTH PE3yIbTAThI, PACCMOTPUM HECKOJBKO METPUK, KOTOPHIE
IOMOTYT OLIEHUTh, HACKOJBKO TOYHBI METOJbl MAIIMHHOTO OOy4YeHUs IO
CPABHEHUIO C TPAJAUIIMOHHBIM PACUETOM.

Pe3ynbrarhl a8 TpagMLMOHHOTO METOJAA: MJs 3aJaHHbIX TOJILUHBI H
TEIJIONPOBOJAHOCTY TPAAULMOHHBIA METOJ JAeT pPe3yJbTar: TPaJuLUOHHOE
conporusienue: R=0.5 m*°C /BT.

Pe3ynbTaThl JIMHEMHOW pETrpecCHU. JIMHEMHAs PErpeccusi IPEeACKa3bIBacT
conpotuBiienue kak RIr=0.52 m2°C/Br.

Pe3ynbratel  rpaJiu€HTHOTO OycTuHra: IpagyueHTHBIN OycTHHT
npejcka3biBaeT conpoTupienue kak Rgh=0.51 m>*°C/Br.

MeTpuky sl OLIEHKM MOJENHU: 7l OLEHKA TOYHOCTU MpEACKa3aHUM
UCIIOJIb3YIOT CJIEIYIOUINE METPUKHU:

- cpeaHekBaapatuyHas omuoka (MSE):

1
MSE = = : — B )
HE (3 — %)

= (3.8)
rae Yi - ICTUHHBIC 3HaYCHHS, a Y - IPelICKa3aHHbIe 3HAYCHUSI.
- k03 punuent gerepmunanuu (R?):
ne_q_ > by — )
> (i — 7Y
(3.10)

rIie Y - cpeaHee 3HaYCHUE UCTUHHBIX 3HAUCHHH Y.
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CpaBHUB TpaJMLMOHHBIH METOA C METOJAaMU MAaUIMHHOIO O0y4YeHus
(JIuHelHas perpeccusi U rpajueHTHBIM OYCTHHT), MO)KHO OTMETHUTh, YTO METOJIbI
MAIIMHHOTO OOy4YeHHsI MOTYT JaTh OoJjiee TOYHBIE PE3yJIbTaThl, OCOOEHHO €CIIU
JaHHbIE O0JIe€ CIOKHBIE U UMEIOT HEJIMHEIHBIE 3aBUCHMOCTH.

JIuHeitHas perpeccuss MOXKET ObITh IMOJIE3HA JJI MPOCTHIX 3aBUCUMOCTEH, a
IpagueHTHbI OycTHUHT Oonee 3(p(EeKTUBEH ISl CIOXKHBIX W MHOTO3HAYHBIX

JAaHHBIX, T'AC IIPOCTBIC MOACIIN MOT'YT OBITH HCIOCTATOYHBIMHU.

3.7. Onucanue GpopmMbl TEMJIOTEXHUYECKOTO PacUeTa OrPaKIAI0IIAX

KOHCTPYKI UM

dopma  TEMJIOTEXHUYECKOTO  pacyeTa  OrPaxJalolluX  KOHCTPYKIIMM
OPOM3BOAUT  pacyeTbl Ha  TEIUIOYCTOMYMBOCTH,  IMApONPOHUIIAEMOCTh U
BO3IyXOIPOHHIIAEMOCTh (CM. puc. 3.5).

Ha dbopme HeoOxoaumo BeIOpaTh THIM 3AaHUS M OTPaXKIAIoNnel KOHCTPYKIIHH,
yKazatb BbicoTy 3aaHus. [lpu BbeiOOpe o0OmacTH W TOpoAa aBTOMATHYECKH
YKa3bIBAlOTCA JaHHbIE TeMIepaTypbl BO3AyXa M OTONMTEIBHOTO MEpPHOJa.
Cy1iecTBYIOT J1Ba COCTOSIHUSI MaTepHalia cyxoe u dkcruryaTupyemoe. [lo ymomganuto
YKa3bIBAE€TCSI CyXO€ COCTOSHHE MaTepuajga W BIAXHOCTA moMemmeHus S55%.
XapakTepucTuKa OrpaKICHUsT HMEET CEeMb CJOEB, B 3aBUCHMOCTH OT COCTaBa
OTpaKIArOIIeH KOHCTPYKIIMKA BEIOMPAIOTCS CIOM M3 UCIMOJIb3yeMoro Marepuana. [1pu
BHIOOpE  MaTepuania  CJIOS ~ aBTOMATHMYECKHM  yKasbiBaeTcsa  KOd(hPUIMEHT
TEIUIONPOBOAHOCTH. ToONIMHY clos HEoOXOOuMO YyKa3aTh B  OIpeIeJIeHHbBIX
BeJIMUMHAX. BpiOpaB Bce mapamMeTpbl HYXXHO OTMETHTh  pacueThl  Ha
TEIUIOYCTONYUBOCTh, MAPONPOHUIIAEMOCTh M BO3JYXOIMPOHUIIAEMOCTh W HaXaB
KHONIKY «Pacuery», oTkpoercs hopma rpaduka pe3ynbpratoB pacuera [9].

I'padux comep>kUT BENMYMHBI OOIIETO0 COMPOTUBJICHUE TEIUIoNepeaadn
orpaxnenus RO u Tpebyemoro. Ilo ycmoBuro RO>Ro(tp), ecimu ycrnoBue
YAOBIIETBOPSIET YCJIOBHIO, TO Ha Tpaduke oTpazutcs cloBo «JlocTtaTouHo», a B

obparHoM ciydae «Hemocrarouno» [9].
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I'padpuk  Takke  COACPKHUT  pacyeTHbIE  JAaHHBIE  COMPOTUBICHUS
NapoNpoHUIIAHUS W  BO3MyXompoHHWIanus. Ha rpaduke HapucoBaHBI CIIOH,
OTpaXEHHBIC OMNMpPENEICHHBIM IIBETOM. [paduk OTpakaeT JUHUU TOYKH POCHI U
rpaaycoB (cm. puc. 3.6).

HaxaB kHONIKY «OTYeT» BBICBETUTCS OKHO OTUYETa PE3yJIbTaTOB pacyueTa.

[Ipo HEOOXOAUMOCTH MOKHO COXPaHUThH PE3YJIbTAThl PACUETOB, HAKaB HA KHOIIKY
«CoxpaHutb» (cM. puc. 3.7).

OT4eTHBIC JaHHBIE SKCTIOPTUPYIOTCS B TEKCTOBBIN (aiiin B mpuioxkernne MS

Word (cm. puc. 3.8). ITo HE0OXOAMMOCTH MOXKHO COXPaHUTh TCKCTOBBIM (aiii B

dbopmare RTF.

[ ®aiin Crpagourmm  Pacwer - a x|
YCnoBnA IKCNAYATALMN OT PAKKACHIR Tin aganns
TeMnepaTypa B03AyXa OToMMTENsHBIA NEpHOA Hutnsie, nevebHo-PODNEKTUECKUE U AETCRME yupe... []
HapyxHore 23 rpan. Cpennan TernepaTYPE  0.g rpan. T
Hepyras crena =]

sHyTRerero 5 rpaa. MpoomwimenshocTs  |157 areii
CocTosrue HaTepana BricoTa saanms: |3
@ Cyxoe 30Ha BREKHOCTH Pexum oML eHms BRakHOCTS NoMew ey
() 3xcnnyaTupyemoe 55 %
XapaKTepHCTHIN OF paXkKAeHIA Pacnonoenue

7-ro cnoa 0,12 0,56 Knagwa s k... [v] Ofinacte: Uyiickas =]

&0 cnos O

5-ro cnoa O Topoa: LKk =

srocnon 0,27 0,2 VissecTrosas... [

3-r0 cnos 0

2-r0 cros O

1o cnos 0,12 0,56 Knanka s K... [v]

PacueT Ha TENNoyCToHUMBOCTS

Tpebyemoe conpoTHENEHHE 1,5 n2*rpaa. /BT

OTPaHUUEAIHA Tennonepenz M PACUET Ha N3POMPOFMLBEHOCTE

KoaddwuenTsl TennooT aasm 2 B7/(n2"rpan.) PacueT Ha B03RYXOMPOHMLEENOCTE

HaPYHHON MOBEPXHOCTH

Tun pacuera ‘ @ OfrosiTs

() PacunTaTh TPEBYEMYIO TOMLLAHY 40 CNOS MO YCNOSMIO TENNONEpEAaYM

(%) NpoBepHTL OrPANAEHAE Ha CONPOTHENEHME TENNENEpEAa-H ‘ % Packer |

Pucynox 3.5 - ®opma TEMJIOTEXHUYECKOTO pacyeTa OrpakJaroiux

KOHCTPYKIUI
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[ rpagux - - -— - ’ - — - = | Bt
ConpoTHENEHKE TENNONEPEeaaqM orpakaeHua Ro: 1,517 m2*rpan BT Tpefyemoe conpoTueneHie: 1,5 m2*rpan BT
B0
~ Cnoi 1
=0 ——CnoR 2
Cnof 3
40 — Cnok ¢
n — Cnof 5
— Cnoi &
20 —CnoR 7
— Todka pockl
10 — gradus
D T T T T T T T T 1
2 4 0,6 0,8 1 1,2 1,4 1,6 1,5 2
-10
20 [ |
=30
40l 5
Tpefiyeman amnnuTyaa AEb: 2,3 HopM1pyeMoe COMpOTMENEHME NAPOMPOHMLIEHMIO
e e 1,963 HocTraTo4Ho
AMMAMTYAS KONEBEHMA TEMNEPATYPb! BHYTPEHHEN HOpMUpYEMOE COMPOTHENEHME NAPOMPOHMLIEHIIO G
i ONPOTHENEHHE BOSAYXONPOHALEHMIO: 361,485
MOSEPXHOCTH OrPEAMILINY KOHCTRYKLMA Alb: 0,028 33 nepuon © OTPULETENEHEIMA CPEAHE-MECAUHEMA 0,032
TeMnepaTypami Rvp2: Tpefiyemoe conpoTHENEHME: 25,171
ConpaTHENEHWE NapoNPoHHLIEHKMID: 3,182
H

W BT ae—

Pucynok 3.6 - I'padux pe3ynpTaToB pacuera
rng Oruer LI_IHZ =

Pe3yl'|bTaTbl pac4yeTa
‘E CoxpaHuTb

TennoTEXHMYECKWA DACYET OMPEX ASIOLLMX KOHC TRYKLIAR

1.-UcxogHble AaHHBIE:

TN 3aHWA - Kunkle, neuefHo-NPODUNEKTMUECKME W ETCHWE YUDENAEHWA, LWUKONLI, MHTEPHETLI
Tin koHCTRYKLWa - HapyxHan cTeHa
Yenosma sKCnnyaTauam orpakasHna

m

TemnepaTypa HapykHEro BOSOYXE - -23 rpad.
TemnepaTypa BHyTpeHHero 03 oyxa - 18 rpan.

CpenHAA TeMnepaTypa oToNMTENbHOro nepuona - 0.9 rpan.
MpogomxMTensHOCTE OTOMMTENEHOMO Nepuoaa - 157 aHedt
XapaKTepMCTMKE OrpakasHWA

Homep cnoa  TonwwHa, M. HawmeHosaHwe Benwuida EawsmepeHs MaTtepwan cnoa
Tcnoit: 012 Tennonmposoarocts 0,56 Br/im rpag) - Knagka ws kuprivua

2cnoit: 0 TennonposooHocts 1 Brém™rpan) - Hynesoit

Jcnoi: 0 TennonposogHocte 1 BrémTrpaa) - Hynesoi

dcnoit: 027 TennonposopHocte 0,23 Br/mrpan) - WseecTkosan wiykatypka
Benoi: 0 TennonpoeogHocTe 1 Br/iMTrpan) - Hyneeoit

Gcnoit: 0 TennonposogHocte 1 Bréim™rpan) - Hynesoit

Tenoit: 012  Tennonposoprocte 0,56 Bt/ rpan) - Knaoka ws kupnvsa

Ko3tMuweHT TNooTaa4m EHyTpeHHed nosepxHocTy - 8,78B1/(M2 rpan)

KostuLaeHT TNooTaa M HapyxHelR noeepxHocTW - 23BT/ (M2 Tpan)

TpeByemoe conpoTMENEHWE orpaxaeHwA Tennonepenave - 1,5m2 rpan/BrPexum paboTs! orpaxaaioweid KoHCTPYKLIAW:
Cyooid; pexam nomewenni - HopmaneHeni(55%); soHa snaxHoci - HopmansHan

TpebyeTCA NpoMIBECTH:

lpoBepiy orpaxaeHUA Ha CONPOTUBNEHWE TENMNoMNEpeiaye

Pucynok 3.7 - OT4eT pe3ynbTaToOB pacueTa
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- @

¥ [0

W Ul= Pesynirar pacuera [Pesum orpariennoi dymeunonanshoc] - Microsaft Word e [
R o [
= Microsoft Sar ~ 16 * A A Aav }% # Haitra -
E . nsBoBsrr, | Assoesrr, AaBGE AaB6B AaBGE AsbeB=l  AA L .
e 3
Berasute K| & U - oabe x, X a7 - 1 OBtk | TBes wHTe.. 3aronoec.. 3aronoso.. Haseanwe [ogsaron. _ Vsmenwrs
= < wopwmat no oBpaswy 7 e | W Boigenuts v
Eydep o6mera Wipnet Crnn PegaxTupoBatne
i 1 RS CENE S SRS * RS - T TS A . s O
B [Pesynsrat pacuera
2 TennoTexsumMecni PSCHST OPEAGSIYN KORCTPYXUMA
- 1.-McxopHbie gaHHbie:
- KoatMumerT TiROSTESHM EHYTpEHHER nosepxsoCTH - B, 788/ (ME*rpen)
2 KoathHUMERT TRNOOTIZ4M KEDYXHER NOBEDRKOCTH - Z3ETH(ME* mar)
z Tpebyemos CONPOTHENEHNE OTREXDEHNR TERNONSPSIZHE - 1,SHETPa/BTPeXM PaboTel QEXDROLER KOHCTRYELH
3 Cyxoii; e nomewssni - Hopvenssefi(35%); 20ka enzxsocTs - HopMenssen
- Tpebyerca npovasscT:
g MPoEEpKy CTPENDEMMR K3 CONDITHENEKHE TEMNOMEPEAENE
Crparmuai1 32 | Yucio coe: 393 | pycokmii | |[EER = = 8% (- y;

Pucynox 3.8 - Pe3ynbTaThl pacueToB B TEKCTBOM (paiiie
3aki04eHue no riaase 3

Pa3pa60TaHHaﬂ OKCIICPpTHAA CHUCTEMa TCINIOTCXHHUYCCKOro pacducra C

INPUMCHCHUEM MAIIWHHOTO O6y‘l€HI/I$I B KIIMMATHUYCCKUX YCIIOBUAX KBIpFBISCKOfI

PecryOiuku uMeeT psal MperuMyIecTB:

1.

2.

3.

Apnanrtaiusi K MECTHBIM KJIIMMATHYECKUM YCJIOBHUSAM. DKCIIEPTHAsl CUCTEMa
pa3paboraHa ¢ y4eToM cCHenuUUEeCKUX KIMMATHYECKUX  YCIOBHUM
Keiprei3ctana, TakhX Kak OKCTpEMallbHbIE TEMIEpaTyphl, BBICOKas
COJIHEUHAs] aKTUBHOCTh M 3HAYUTEbHBIE TEpenajbl TeMIepaTyp B pa3HbIX
pernoHax crpaHbl. CucrteMa yYUTBIBAeT JTH (DAKTOPHI TIPH pacyeTe
ONTUMAJILHBIX MTaPaMETPOB OTPAKIAIOIINX KOHCTPYKITUH.

WNuTterpanusi ¢ MECTHBIMM CTPOUTEIBHBIMM HOPMaMHM U CTaHJapTaMH.
DKcIiepTHasg CHCTEMA YYHUTBHIBAET MECTHBIE CTPOUTEIbHBIE HOPMBI U
cTaHIapTel, mnpumeHsemble B Ksipreiscrane. Cucrema npemyiaraer
pPEKOMEHIAIMHU, COOTBETCTBYIOIIME MECTHHIM HOPMAaTHBAM W TPEeOOBaHUSM
K TEIJI03alliTe 30aHuMH.

Yyer MECTHBIX MAaTepuagoB M TexHosoruid. Cucrema BKIHOYAET

I/IHCbOpMaHI/IIO O MCCTHBIX Marcpualiax, HCIOJIb3YCMbIX B CTPOUTCIBCTBC
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3nanuii B KbIprei3ctane, 4TO TMO3BOJSIET TNPEAJIOKUTH ONTUMAJIbHBIC
pelieHusl U PEKOMEHJAIH, YYUThIBas JOCTYHMHOCTh M XapaKTEPUCTHKH
MaTepHaoB.

. Yuer sHeprerndeckol 3((PEeKTUBHOCTU. DKCHEpTHAsi CUCTEMA IIOMOTAEeT
ONTUMHU3HUPOBATh  DJHEPreTH4Yeckyr0  d(pQPexkTUBHOCTH  31aHUN B
Kbiprei3crane., 9TO BKJIIOYA€T PEKOMEHAAIMM IO  HCIOJIb30BAHUIO
’HEprocOeperaroyx MaTepruatoB U TEXHOJIOTUH.

. MHTerpanus ¢ TOCYIapCTBEHHBIMH OpraHaMd U TpOo(deCcCHOHATBEHBIMU
coobmectBamMu.  COTpyAHMYECTBO C TOCYJAapCTBEHHBIMU  OpraHami,
CTPOUTEJIbHBIMA KOMIAHUSIMH U TNPOQPECCHOHANIBHBIMU COOOLIECTBAMHU B
KbIprei3cTane  MO3BOJSIET  HMCMONB30BaTh  JKCHEPTHYIO CHUCTEMY B
IPAKTUYECKOM paboTe MO TEIJIoBOW 3aluTe 3JaHUH. OTO MOXKET
CIIOCOOCTBOBAThH 00JIEe IMPOKOMY MPUHATHUIO CUCTEMBI U €€ AaJIbHEUIIEMY

Pa3BUTHIO.

. 3KCHepTHaﬂ CUCTCMAa HMCCT CIIPABOYHBIC AdAHHBIC COIJIACHO HOPMATHBHBIM

JnaHHbIM. BBoa u pepaktupoBaHue MHGOPMALMKU MPOU3BOJUTCS C MOMOIIBIO

9KpaHHBIX (opM B pexkume auainora. OTUeTHbIE JaHHbBIE DKCIOPTUPYIOTCS B

TEKCTOBBIN (baf/'lﬂ H 110 HCO6XOI[I/IMOCTI/I MOKHO COXPAaHHTb B KaTajorc Wik Ha

(U3MYECKOM HOCHUTETIE.
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I'/IABA 4. DKCIIEPUMEHTAJIBHOE UCCJIEJOBAHHUE

4.1. IIpakTHyeckoe NpUMeHeHune IKCIEPTHOM CHCTEMBI

TCIIOTEXHUYECCKOI'0 pacuera

3amaul CO3JaHUs MHUKpPOKJIMMATa B IOMEUICHMSIX pEIIaloTcd B TECHOM
B3aUMOJICUCTBUM €  BBIOMpAaEMbIMM  XapaKTEPUCTUKAMHU  OrPaKJaroIIHX
KOHCTPYKIMH U crioco0amu co3fgaHusi MUKpokiaumara. CTeneHb CONpPOTUBICHUS
OrpakIar0IIMX KOHCTPYKLMI MPOHUKHOBEHHE B IIOMEIIEHHUE X0JIOAA, COJTHEYHOTO
TEeIJIa, BETpa ONPENENSIET TEXHHKO-3KOJOTHYECKYI0 3(P()EKTUBHOCTH TEIMJIOBOIO
Oapbepa, Co34aBa€MOro KOHCTPYKTUBHBIMU MepaMHu.  XOpOILIUE B
TEIJIOTEXHUYECKOM OTHOILIEHUY PELICHUSI TOCTUTAKOTCS TOJIBKO IPU KOMILJIEKCHOM
MOJIXO0/I€ K TEIUIO3aIIMTE U TEIIOBOMY KOM(OPTY MOMEIIECHUN, TapaHTHPYIOLUM
MUHUMAaJIbHBIE TOJIOBBIE PAacxoAbl Ha OOOrpEeB 3UMONH U OXJIAXACHUE 3JIaHUN
aetoM. CHWXEHHE PACUETHBIX MOTEPh TEIUIa 3/IaHUAMH MOXKET CYIIECTBEHHO
YMEHBUIUTh HAPsHKEHHOCTh TEIUIOBOTO OallaHca B CTpaHe, MOCKOJIbKY Ternepb Ha
TEIUIOCHA0KEHWE BO3BEJACHHBIX 3JaHUU M COOpYXKeHMH pacxomyrorcs o 40%
00BIBAEMOI0 TBEPAOTO M ra3000pa3HOro TOIUIMBA.

[ToaToMy 1eNb HACTOSIIMX HCCIIEN0BATENbCKUX pabOT — CHOCOOCTBOBATH
YCBOEHUIO U MPAKTUYECKOMY MPUMEHEHUIO CTPOMUTENIBbHON TEIUIOTEXHUKU MpHU
MPOCKTUPOBAHUM 3/IaHHUM, BO3BOJMMBIX B PAa3JIMYHBIX KIMMATUYECKHX DPAlOHOB
KbIprei3ctana, B 4aCTHOCTH — MPOBEPKA TEIIO3ALIUTHBIX KAUECTB OTpaskJatoInX
KOHCTPYKIMH U BBIOOpP ONTUMAJILHOTO PELIECHUS OTPaXKJACHHUSI B 3aBUCUMOCTH OT
KJIMMATHUYECKHUX YCJIOBHM pailoHa CTPOUTENbCTBA, HA3HAUCHUS 3/1aHUs, CAHUTAPHO-
TEXHUYECKUX TPEOOBaHUH.

3/1aHue JOJKHO HE TOJIBKO CIIYXKUTh YOEKHUIIEM, HO U CO3[1aBaTh KOMPOPT U
HoJIIepKUBaTh 3710poBbe. KoMOpT B momelieHny 3aBUCHT OT:

- TEMIIEpaTypbl BHYTPEHHETO BO3ayxa: onTuMaiibHO 20 °C — 22 °C;

- TeMIEepaTypbl BHYTPEHHUX MOBEPXHOCTEW CTEH, OTpakJIaloIIUX MOMeEIlle-
Hue: MuHUMyM 16°C-18°C. B mnpoTHBHOM cilydae TMOSBIIETCS OLIYIIEHHUE

CKBO3HAKA,
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-OTHOCUTEJIbHOM BIIAXKHOCTHU BO3JyXa B MOMENIEHUU: HOpMaibHO 50%—
60%; <40% — cyxocTb cau3ucToi 000m0uku; >60% — TEIIMYHBINA KIUMAT;
[Ipennaraercss COBEpIIEHCTBOBAHHBIN aJITOPUTM, KOTOPBIN CBOAUTCSA:
- pacueTy He0OXO0IMMOM TOIIMHBI TETUIOU30JIAIIMOHHBIX MaTEPHAJIOB;
- OTIPEIEICHUIO TPEOYEMOT0 COMPOTHURIICHHS TEIJIoNepeade Ry™F nnst 3amanHBIX
YCJIOBUM IKCIUTYaTallMi KOHCTPYKLIN;

T
- IIPUPABHUBAHUC Rﬂ.: R{] P N3 3TOT'0 yCIIOBHA OIPCACIIACTCS TOJIINHA HCKOMOTI'O

CJIOSI HAPY>KHOT'O OTPaXKJICHHUSI.

OcobenHoctu TETUIOU30JIALINT 3JTaHUN

[Ipwu skcrutyaranuu )KWioro aoma yepes creHsl Tepaercs 10 40% rtemna,
yepes okHa - 18%, moasan - 10%, nokpeitus - 18%, Bentmwisinuio - 14%. [loteps
TEeIUIa U3 3[JaHUS IPOUCXOAUT MO ONPENETEHHON CXEME.

[Ipu pemenun 1TpoOJEMbl YMEHBIIECHUS TEIJIONOTEPb, HEOOXOIUM
KOMIUIEKCHBIA MOJXOJ K HCIIOJb30BAHUIO COBPEMEHHBIX TEIUIOM30JIAIIMOHHBIX
MarepuasioB. I MoaepHU3HUpYsT OTpaKJIaoIINe KOHCTPYKIUH, HE OOOUTHCH 0Oe3
MOJICPHU3AIMU UHKEHEPHBIX CUCTEM - BEHTWISIIIUU U TEINIOCHAOKEHUS.

OCHOBHBIE METOJIBI IOCTHXKEHHS DHEPTETHUECKON 2(PHEKTUBHOCTH 3AaHUI:

- TOBBIIICHUE TEIIOBOM H((PEKTUBHOCTH Orpaxaaromeid 00O0JOUYKU 3/1aHMS,
BKJIIOYAsl CTEHbI, MOKPBITUS M OKHA; - MOBBIIIEHUE PETyJIHUPYEMOCTH CHUCTEM
OTOIUICHUS W TEIUIOCHAOXKEHUs 3JaHuil; - moBbllieHHe 3(GHEKTUBHOCTH
AKCIUTYaTUPYEMbIX CHUCTEM TEIUIOCHAOXKEHMS, B TOM 4YHCJIE MyTeM IMepexoaa K
MPUMEHEHUIO AIbTEPHATUBHBIX CHUCTEM JICTICHTPATN30BAHHOTO TEIJIOCHA0XK CHUS; -
BHEJIPCHHE CHUCTEM TMPUHYAUTEIBHON BEHTWISIUU C TPUMECHEHUEM CHUCTEM

peKyneparuu Temsa BhITSKHOTO BO3AyXa.
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Pucynok 4.1 - Cxema noreps Teria U3 31aHus

B cOBpEMEHHOM CTPOMTENBCTBE CYILECTBYET JIBa HAINPABICHUS CHUKCHUS
TEIUIONOTEPh B 3JAHUAX: PEKOHCTPYKLMS CYIIECTBYIOIIMX CTPOCHUM U
NPUBEACHUE UX B COOTBETCTBHUE C HOBBIMM HOPMAaMHU TEIUIO3ALIUTHI, a TAKXKE
pa3paboTKa U BO3BEIECHUE HOBBIX TaK HA3bIBAEMBIX SHEProd((PEeKTUBHBIX JOMOB,
OTBEYAIOLIUX COBPEMEHHBIM CTPOUTETBHBIM TpeOOBaHUSM.
CHmXeHHe HHEpPronoTpedsieHUs] 3aBUCUT TakKXKe OT PETrMOHAa CTPOMUTENbCTBA U
00BEMHO-TIITAHUPOBOYHBIX PELICHUM 3AaHUN, YTO B CPEIHEM COCTaBIISET OKOJIO
40% 1O CpaBHEHHIO CO 3JIaHUSAMH, [OCTPOCHHBIMU MO CTAPbIM HOpPMaM.
[logcuntano, 4YTO 3aTparbl HAa IPOBEACHHUE TEIJIOBOM MOJAECPHU3ALUU 3TON

KAaTerOpuu 31aHui okynarTcs 3a 10-15 ner.

Pucynok 4.2 - YTerseHne CTeH BBIIIOJHEHO CHAPYKU TIOMEIICHHSI
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CreHbl HE NOJBEPKEHBI NEpENaay TEMIEpaTyp, COXPaHAIOT Terio. Touka
pOCHl BBIBEJICHA BO BHEIIHMM TEIUIOM3OJIMPYIOIIMN CJIOH, Onaromapsi uemy
UCKJIIOYCHA BO3MOXHOCTH OOpa3oBaHMs KOHJEHCaTa, CTEHa OCTaéTcsl CyXOH.
3HAYNUTEIBHO COKPAIIEHBI TEILUIONIOTEPH.

«Touka pocel» - Temmeparypa, 10 KOTOPOW JOJDKEH OXJAIUTBCS BO3AYX
IpU JAHHOM JIaBJIEHWH, JJII TOTO YTOOBI COJAEp)KAIIMKCA B HEM Map JOCTUT
HACBILICHUS U Hadall KOHAEHCUPOBAThCs, T. €. IOSIBUIIACh poca.

AJITOPUTM TEIUIOTEXHHYECKOr0 pacyeTra OrpaskAaIUX KOHCTPYKIHIA
B YCJIOBHSIX HEOIPEAeJeHHOCTH TOJIIMHbBI TEIION30JIAMOHHBIX MATEPHAJIOB.
1. Onpenenenrie UICXOIHBIX TaHHBIX
- BpiOop kIMMaTHYECKUX MMapaMeTpPOB paiioHAa CTPOUTEIBCTBA (TeMmIepaTypa
Hapy>KHOT'O BO31yXa, JUIMTEIbHOCTh OTOMUTENIHOTO MEPUO/Ia, BIAKHOCT).

- Omnpenenenye MmapaMeTpoB BHYTPEHHETO MHKPOKIMMAara (TeMmIieparypa,
OTHOCHUTEJIbHAS BIAKHOCTh BO3/1yXa).

- BriOop MarepuasioB AJis Orpa)xaaroiinux KOHCTPYKIUN U UX TEIJIOTEXHUYECKUX
XapaKTEPUCTUK (TETIONPOBOJHOCTD, INIOTHOCTb, TEMIIOEMKOCTb).

2. Pacuer TepMHUYECKOTO CONPOTUBIIEHUS CIIOEB KOHCTPYKLNH

- Pacuer TEPMHUUCCKOI'O COIMPOTUBJIICHUSA KAKJA0I'O CJI0A MaTCpualia:

d;
R, = x
(4.1)
rae Ri - conporuBnenue cnos, di - TommuHAa ciost, Ai- Ko3dduIMEHT

TCINIOIIPOBOAHOCTH.

- OnpeneneHue 001Ero TEPMUYECKOT0 COIPOTUBIEHNUSI KOHCTPYKIIMH:

RDEH.I = Z Fex

(4.2)
3. Onpenenenre KkodhPuIeHTa TeIIoNepeIaun
- Koadumuent rermonepeaayuu onpenensercs no popmyJie:
1
U =
Fom (4.3)

rae U - koadpunmenT Temnonepeaayu.
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4. Pacder TemaonoTeph 4epe3 OrpakJarolly0 KOHCTPYKIUIO
- OnpeneneHue TemIoBOro NoToKa:

Q=U-AAT (4.4)
rae A - miomaab orpaxiaamolnie KoucTpykiuu, AT- pa3Huiia TeMrneparyp MexIy
BHYTPEHHUM U HapY>KHBIM BO3TyXOM.

5. Onpenenenrie TpeOyeMOM TONIIUHBI TETUIOU30JIALINN
- Ilpy Heus3BeCTHOU TOJIIMHE TEIUIOU3OJISIIIUOHHOTO CJIOS pacueT BEAETCS 10
3aJlTaHHOMY TpeOyeMOMYy CONPOTHUBJIEHUIO Teruionepeaade Rp:
Duck = Rrp-Ayrermurens (4.5)
rae Duck - Tpebyemas TonmHa TerION30ISIIUH.
6. AHanM3 Pe3yabTAaTOB U KOPPEKTUPOBKA [TAPAMETPOB
- CpaBHEHUE NIOJyYEHHBIX 3HAUEHUN C HOPMATUBHBIMU TPEOOBAHUSIMH.
- KoppekTupoBka TONIIKHBI YTEIUTUTENS IPU HEOOXOAMMOCTH.
- O11eHKa YHEProcOEepeKeHUsT U FKOHOMUIECKOUN 3(PHEKTUBHOCTH.

Jmg  SKCIepUMEHTAIIBHOW  MPOBEPKU  JOCTOBEPHOCTH  PE3YJIbTATOB
TEIJIOTEXHUYECKOTO  pacuera  OrpaKJalollUX  KOHCTPYKUMN  MPUMEHSJICA
CUCTEMAaTUYHBIN MMOAXO0/1 C UCIIOJIBb30BAHUEM COOTBETCTBYIOILIETO 000PYI0BAaHUSI.

DTarbl H3KCIIEPUMEHTAIIBHOTO Tpoliecca:

- BpiOop o00pa3moB ayig  3KCIEPUMEHTa  TEIUIOTEXHUYECKOTo  pacyeTa
OTPaXJIAOIINX KOHCTPYKIIUH;

- [IpoBeieHne nCTBITaHN B KOHTPOJIUPYEMBIX yCIOBUSX;

- U3mepeHune TemnepatypHbIX Tpaiu€HTOB C MPUMEHEHHUEM TEpMOTap;

- CpaBHEHUE PE3YIBTATOB C TEIVIOTEXHUYECKUM PacueTOM;

- AHaJIU3 ¥ UHTEPHPETALMS PE3yJIbTATOB;

- BoiBOIBI M peKOMEH 1aluu.

Boibop 00pa3noB uisi  OKCIEPUMEHTa TEIJIOTEXHUYECKOro pacueTa
OTPAKIAIOUINX KOHCTPYKIHMM COACPKUT CAEAYIOIINE XapaKTePUCTHKU:

- TPEICTaBUTENBHOCTh: O00paslibl, COAEpXKaIlMe THUII MaTepuajia YTerJeHus,
IJIOTHOCTH U TOJILIUHY;

- CTaHJapTHU3alu:Aa: 06p33].H:I, COOTBCTCTBYIOIIHUC CTaHAApTaM W HOPpMATHBAM B
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00J1aCTH TETIOU3O0JISIIUUA U SHEPTrod(HPEKTUBHOCTH;
- pa3Mepbl: 00pa3ibl COOTBETCTBYIONINE TPEOYEMBIM pa3MepaM U apameTpam;
- 0€30MMacCHOCTh 00PA3LOB HA HAJIEKHOCTh OT BOCIIJIAMEHEHHSI.

[IpoBeneHue HUCHBITAHUM B KOHTPOJUPYEMBIX YCIOBHUSX NPOBOJMIACH HA
UCTIBITaTEIbHON TIaTGopMe, Tae oOecrmedyuBaycs KOHTPOJb TEMIEPaTyphl U
BJIQKHOCTH.

YcoBepuieHCTBOBAHHBIN AJITOPUTM pPacyeTa 3aBUCUMOCTH TEIJIONOTEPh
OoT Ko3(ppuUHEeHTa TEeIJIONPOBOJAHOCTH € Y4YeTOM HeoNpeaeJeHHOCTH
TOJIIUHBI TEMJIOU30JAMN C UCTIOIB30BAHUEM IOJX0Ja CIIy4alHOW TeHepaluu
3HAUYEHUU TOJIIMHBI TEIUIOU3O0JSLMA B 3aJaHHOM JIMAla30HE IS KaXJI0ro
3HaUY€HUA KO3(P(PUUKEHTAa TEIJIONPOBOAHOCTH A TMO3BOJISIET 00Jiee TOYHO
MOJICIUPOBATh BIUSHHUE CIyYalHBIX KOJEOAHUN TOJIIUHBI HW3OJSIIUM  Ha
TEIUIONOTEPH. DTOT TMOAXOJA YUYWUTHIBAET HEOMPEACICHHOCTH, KOTOpPBIE MOTYT
BO3HHMKATh M3-32 HETOYHOCTEH B TIPOCKTHPOBAHWU, IPOU3BOIACTBEHHBIX
MOTPENTHOCTEN WU KosieOaHuii BHEIIHUX (haKTOPOB.

1. Maremaruueckas MOJIeJb 3aBUCHUMOCTH TEIUJIONOTEPh OT Ko3(duiirmeHTa

TETJIOMPOBOHOCTH U TOJIIUHBI TETIJIOU3OJIAIINH

TemmonoTrepu yepe3 orpaxaariire KOHCTPYKIIMU MOTYT OBITh pacCUYMTaHbI
C UCTOJIb30BaHUEM (OPMYJIbI:

Q=S«(T1-T2)/R (4.6)
rae:
Q - remmonorepu (BT),
S - oAk orpaxaaroieil KOHCTPYKIHH (M?),
T1u T2- temnepaTtypa BHyTpH U cHapy:xu 3aanus (°C),
R- compotuBieHne TemIonepenaye, KOTOPOE 3aBUCUT OT KoddhduimeHTa
TETUTONPOBOAHOCTH A Y TOJIIIUHBI H30J1sImu d:

R=d/A (4.7)

re:
d - ToImMHA TEIIOM30JIAIUHU (M),

A - K0O3(pPUIHEHT TEIUIONPOBOAHOCTH MaTepHuaina Terion3osauuu (Bt/m-°C).
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Takum 006pa3om, TEIIONMOTEPH MOKHO BBIPA3UTh KaK:

Q=S«(T1-T2)-Md (4.8)

2. MonenvpoBaHUe HEONPEACICHHOCTH TOJITUHBI TETLTON3OJISIIIHH

Jliist Gosiee TOYHOTO MOJACIUPOBAHUS MOKHO y4€CTh HEONPENEICHHOCTH B
TOJIINHE TETJIOU30JIAIIMU, KOTOPhIE MOTYT OBITh BBI3BaHBI: MOTPEIIHOCTSIMU MPU
MIPOU3BOJICTBE, JOMOJTHUTCIBHBIMA TpPEOOBAaHUSIMH K MOHTaXy, BIUSHUEM
KJIIMMAaTUYECKUX YCIIOBUM.

[Tonxon  ciaydailHOM  TEHepaluyM  NPEANojiaraer, 4YTo  TOJIIMHA
teruton3oisiiuu d B mpenernax 3aJaHHOTO Juana3oHa OyJIeT BapbUPOBATHCS IS
KaKJI0TO 3HaYeHus1 Ko PUIIMEeHTa TeIIONPOBOHOCTH A.

3. AJITOPUTM yCOBEPITICHCTBOBAHHUS

[ar 1: 3aganue quana3oHa 3HaYE€HUUN TOJIIUHBI TEMIOU30JISUN

3agaeTca Juamna3oH BO3MOXKHBIX 3HAUYEHWH TOJIIMHBI TEIJIOU30ISAINH,
Harpumep, OT dmin=0.05M 1m0 dmax=0.15M, B 3aBUCHUMOCTH OT THUIIOB
MaTepHaioB U TPEOOBaHMI K 3JJaHUIO.

[IIar 2: CiyyaliHasi reHepalus 3HaY€HUN TOIIIUHBI TEILIOU30JISIIAN

Jna  xaxmoro Kod(p@dHIIMEHTAa TEIJIONPOBOJHOCTH A TCHEPUPYIOTCS
CJIy4aiHbIC 3HAYCHHUS TOJIIIMHBI TEIJIOM30/IMU d U3 yKa3aHHOTO JHaIa3oHa.

di = dmin+(dmax—dmin)-rand(0,1) (4.9)
rae rand(0,1) - cinyuaiinoe yucio B auanasone ot 0 10 1.

[IIar 3: Pacuet TennonoTepp IJs KaXI0TO 3HAYCHUS TOJIIIMHbI

JInst KakJ0ro CreHepUpPOBAHHOTO 3HAYCHUS TONIIMHBI (I pacCUYMTHIBAIOTCS
tertonorepu Qi mo dpopmyie:

Qi =S(T1-T2)-A/di (4.10)

[ar 4: CtaTuCTUYECKUI aHATU3 PE3yJIbTaTOB

[Tocne BbIMOTHEHUSI pacyeTa JJjisl MHOXKECTBA 3HAUCHUU TOJIIUHBI U30JISIIIUN
MPOBOAUTCS CTATUCTUYECKUN aHAJIN3: CPETHUE 3HAYEHUS TEIUIONOTEPh, JUCTIEPCUS
U CTaHJApPTHOE OTKJIOHEHHWE IJI1 OIEHKHU Hara3oHa BO3MOXHBIX TEIIONOTEPb,
JIOBEpPUTENIbHbIE  WMHTEpPBalbl  JJIg  NpPEICKa3aHWus  BEPOATHBIX  3HAYEHUU

TCINIONOTCPh C YUCTOM HCOIIPCACIICHHOCTH.
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[ar 5: OueHka BAUSHUSA HEONPEIESIEHHOCTH Ha PE3yJIbTaT

[IpoBonAT aHanmu3 TOTO, KaK M3MEHEHHE TOJIIUMHBI M3O0JISIIUU BIMSIET Ha
TEIJIONIOTEPH B 3aBUCUMOCTH OT 3HAYCHUS KOA(P(UIIMEHTA TETUIONPOBOIHOCTH A,
YTO TO3BOJISIUT OIEHUTh UYBCTBUTEIBHOCTh CHUCTEMbl K W3MEHEHMSIM TOJIIUHBI
W30JISALIIH.

4. Tlpumep pacuera

NmeroTcs crenytonue JaHHbIE:
- IIomanab cTeH S=50 M2,
- BHyTpeHHsa Temneparypa T1=22 °C,
- BHewHsAs Temnepatypa T2=—10 °C,
-K03(PUIIMEHT TEeIUIONPOBOAHOCTH MaTepuana uzosauuu A=0.1 B,
- nMamna3oH Toimueb! u3oisnuu dmin=0.05 m, dmax=0.15wm.

5. IlpeumytiecTBa nmoaxo/a
- PEATMCTUYHOCTh: MOJICIIMPOBAHUE HEOMPEACIICHHOCTH TMO3BOJISET YUYUTHIBAThH
BapUAILlMU, KOTOPHIE MOTYT BO3HHUKATh B PEAJbHBIX YCIOBHUSIX CTPOUTEILCTBA U
AKCIUTyaTaluu.
- THOKOCTB: JIETKO aJanTUPYETCS JUIsl pa3HbIX TUIOB MAaTEPUATIOB M KOHCTPYKIIHM.
- OILICHKAa pHUCKA: CTAaTUCTUYECKUM aHaIu3 IMO3BOJISIET OMPEACIIUTh BEPOSITHOCTH
MIPEBBIIIECHUS OMPECICHHBIX MOPOTOBBIX 3HAYEHUHN TEIJIONOTEPh, YTO BAXKHO JIJISI

sHEprod3(pheKTUBHOTO MPOCKTUPOBAHUS.

Ta6muma 4.1 - 3HaueHus TIIONOTEPh

Toamuna Temsonorepu, Q
Teriou3osiinu, d (m) (B1/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
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0,15

| 26,67 |

WNuTtepniperanms

- Ip¥ MUHUMAaJTbHOU Touuae dMin=0.05M OyayT TemIonoTepu MakCUMalbHBIMH,

TaK KaK COIIPOTHUBJICHUC TCILIOIICPCAauC HECBCIINKO.

- Ipu MakcuManbHOU Tonmrae dmax=0.15M TeronoTepy MUHUMAIBHBI, TaK KakK

COIMPOTHUBJICHUC TCILJIOIICPCAAYC BCIINKO.

- CTaHAApTHOE OTKJIOHEHHE TerionoTeps: 14,22 Bt/m2

HAunarpamMma 3aBHCHMOCTH TeIVIONOTEPh OT
K03 PULIHEHTA TENJIONPOBOIHOCTH

0,00 0,02

0,06 0,08 010

012 014 016

ToawmHa Tenaousoaauuu d or 0.05m go 0.15 m.

Pucynok 4.3 - JlmarpamMmma 3aBUCHMOCTH TEIUIOMOTEPHOT KO3 PHUIIHCHTA
TETUIONPOBOJHOCTH

Tabmuma 4.2 - CpaBHUTCIBHBIN aHAIU3
IPaJlueHTHOTO OYCTHUHTA

JIMHEMHOW perpeccun u

ITapamerp JInneiinan I'panuenTHBIN IIpumeyanus
perpeccust OyCTHHT
(Pe3yabTar) (Pe3yabTar)
Tomnmmaa U301A1Mu 100 100 B 00oux MeToaax ToNIMHA

(Mm)

MN30JIA0UM 3aJaHa OJMHAKOBO

Tun marepuana
(xmacce)

Crena n3 0eToHa

Crena u3 0eToHa

O6a meTo/1a IpeArnoaararoT
HCIIOJIL30BAHUE OJUHAKOBBIX
MaTepHaJIoB

Temnepatypa -10 -10 TemnepaTypa BHEIIHSS B
BHeuHss (°C) 000MX ciTyYasiX 0JIMHAKOBAs
Tennonorepu 40,0 38,5 Jluneiinas perpeccus JaetT
(Bt/m?) HEMHOTO OOJIbIIIee 3HAUYCHHE,

TOTI'J1a KaK I'PaJuEHTHBII
OycTHHT faeT 00see TOUHBIC
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MpeICKa3aHus

DHepromnorpedieHne 10,5 10,2 B pesynbrare ncnonbp3oBaHus

(xBt-9/m?) TPaIUEHTHOTO OyCTHHTA
SHEPronoTpedIeHrne HEMHOTO
CHIDKACTCA

Temneparypa 22 22 BuyTtpennss remneparypa

BHYTpH (°C) OJIMHAKOBAas 11 000UX
METOJIOB

BrnaxHocTh 60% 60% BraxHoCTh BO3/TyXa TaKKe

(BI1aXKHOCTH OJIMHAKOBA JJ11 000MX METOJIOB

BO3/1yXa)

Hrorosas 0,45 0,43 ['panuenTHBIN OyCTUHT

TerIonepeaua npeiaraet 6osiee TOUHOE

(Bt/m?) 3HAYCHHE TEIUIONEPE1auu, YTO
CBSI3aHO C €T0 CIIOCOOHOCTHIO
YUUTHIBATh 00Jiee CII0KHbBIE
3aBHCUMOCTH

Koadpdurment 0,92 0,98 I'paguentHelii OycTHHT

nerepmuHaiuu (R?) IOKa3bIBaeT 0o0Jiee BBICOKOE
3HaueHue R?, 4To yka3bpiBaeT
Ha 0oJiee BBICOKYIO TOUHOCTb
pecKa3aHus

Cpennsist 2,5 1,8 I'pangueHTHBIH OyCTHHT

abcomoTHas JEMOHCTPHUPYET MEHBIIYIO

omubka (MAE) OImMOKY, YTO TOBOPHUT O €TO
BBICOKOW TOYHOCTH

Bpewmst 0O0yuenus 0,5 3,0 Bpewmst 00yuenus

(cex) IpaJUeHTHOr0 OyCTUHTa
3HAYUTENBHO BBIIIE U3-32
0oJiee CI0KHONH MOJEIIN

Bpems 0,05 0,1 I'paguentHslii OycTHHT

npescka3aHus (cex) TpeOyeT HeMHOTro OoJIbIIe
BpPEMEHH IS TIpe/IcKa3aHus,
4eM JIMHEHAs perpeccus

NuTepnperanus pe3yJibTaTOB MAIIUHHOTO 00y4Y€HUsI COCTOUT U3!

1. O1ieHKa TOYHOCTH MOJIENTN
- cpenHsisi aOCOJIIOTHAsl OIMMOKAa TMOKAa3bIBa€T, Ha CKOJBKO B CPEIHEM MOJEIb
omrbaeTcst Ipu NMpeAcKa3aHusX;
- CpEIHEKBaJpaTHUyHas OmHOKa T[OMOTaeT TOHATh, HACKOJIbKO CHJIBHO
MPEACKA3aHUs MOJICNIA OTKIIOHSAIOTCSA OT PEaIbHBIX 3HAYEHUH.
- koddduument nerepmunanuu (R?) wusMmepsieT, kakas J0Ji1 HM3MEHCHUN B
3aBHCHMOM MEPEeMEHHON 00BsICHACTCS Moaenblo. Yem Ommke 3HaueHune R? x 1, Tem

Jy4Ile MOJEb.
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2. UnTepnperanus pe3ybTaToB
- JIMHEMHAasg MOJEJNb MO3BOJSET HHTEPIPETHPOBATH PE3YIbTAThl, aHAIU3ZHUPYS
BaXHOCTh MpHU3HaKa ((pakTopa) B pacuere TEIIOTEXHUIECKIX XapaKTEPUCTHUK.
- K03 GUIKUEHTHI 1 KaXI0ro MpU3HAKa MOKa3bIBAlOT, KaK CHJIBHO HW3MEHEHUE
ATOTO MPU3HAKA BIMAECT HA KOHEYHOE 3HAYECHHE TEIUIONOTEPh WIH TEIIONEPEAAUH,
ecid  KOA(G(UUIMEHT Mg TONIIUHBI TEIJIOU3OJSAIUH  TOJOXKHUTEIbHBIN, 3TO
O3HA4YaeT, YTO YBEJIMYCHHUE TOJNIIMHBI M30JSALUM TPUBENET K CHUKEHHUIO
TEIUIONOTEPb.
- B&KHOCTh MPU3HAKOB: TPAJAUCHTHBIA OYCTHUHT MOKA3bIBAET BAKHOCThH PA3JIMYHBIX
(GakTOpoB B pacuere, €CIM TEIUIONPOBOJHOCTh MaTepuajla MMEET BBICOKYIO
BAXXHOCTh, O3TO MOXKET O3Ha4aTb, 4YTO BHIOOp MaTepuaga OrpakIAOIINX
KOHCTPYKLUH UMEET HauOoJblllee BIUSHUE HA TEIUIONOTEPH.
- Ba@XHOCTh (DAKTOPOB TMOKA3bIBAIOT, YTO TOJIIMHA TEIJIOU3OJSILUN U
TEMIIEPAaTypHbI pEXUM B PETHOHE OKAa3bIBAIOT HAMOOJbIIEE BIHSHHE Ha
pe3yJIbTaThl, 4 TUIl MATEPUAIIA MEHEE 3HAUNM.

3. BrisiBnIeHHE CKPBITBIX 3aKOHOMEPHOCTEN

Mognen MammHHOTO OOY4YeHUS BBISBISIIOT CKPBITIE 3aKOHOMEPHOCTH,
KOTOpBIE TPYAHO 3aMETUTh C IOMOLIBIO TPAJWLIHOHHBIX METOAOB pacyera,
UCITIOJIb30BAaHUE METO/I0B MAIIMHHOTO O0Y4YEHHS TTOKA3bIBAIOT, YTO:
- B XOJIOJIHBIX KJIMMATaxX YBEJIWYCHHUE TOJILIMHBI YTEIUIUTEINS 10 OINPEIEICHHOTO
ypoBHs (Hampumep, 150 MM) 3HAUUTENBHO CHIKAET TEIUIONOTEPH, HO MPHU STOM
YBEJIMYECHHUE TOJILMHBI BBIIIE 3TOrO YPOBHSA MOXET HE HMMETh 3HAYUTEIBLHOIO
s dexra.
- TeMmmeparypHble KoJie0aHusT W BIAXHOCTh OKa3bIBAIOT BIMSHUE Ha
TEIUIoNepeaayy uepe3 KOHCTPYKIMHM, YTO TNPUBOAUT K HeoOXoaumocTu Oosee
TOYHOTO y4deTa 3TUX (PaKTOpoB.

4. IIporHo3upoBaHue U aJanTaluus

Mognen MamMHHOTO OOY4YeHHUsS TO3BOJISIIOT HE TOJBKO aHAJIM3UPOBATH
TEKyIIME€ [JaHHble, HO W NPOTHO3MPOBATh BO3MOYKHBIE HW3MEHEHUS B

TCINIOTCXHUYCCKUX XAPAKTCPHUCTUKAX
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- €ClId KJIMMAaTHYeCKUE YCIIOBUS B PETUOHE MEHSIOTCS, SKCIEpPTHas CUCTeMa
aBTOMATHYECKU KOPPEKTUPYET pacueTsl, mpejaras 6osiee 3QpheKTUBHbIC peIIeHUs
JUTSL TETUIOU30JISILU Y.

- €CJIM Ha PBIHKE MOSBISIOTCS HOBBIE CTPOUTENbHBIE MAaTEPHAIIbI C YIIyUIIEHHBIMU
TEIUIOU3OJIAIIMOHHBIMA ~ XapaKTEePUCTUKAMH, MOJIEIb OBICTPO aJanTUpyeTcs,

YYUTBIBAA 3TH UBMCHCHHA U IIPCAOCTABIIAA PCKOMCHAAIWHU 110 UX UCIIOJIb30BAHUIO.

4.2 Onucanue IKCIICPUMEHTAa MAIIMHHOI'O Oﬁyqemm AJIA 3KCl'lepTHOI7l

CHUCTEMBI TCILIOTCXHUYIECCKOI'0 pacueTra

DKCHEepUMEHT MAIIMHHOTO 00YY€HUsI B KOHTEKCTE KCIIEPTHOM CUCTEMBI JJIS
TEIUIOTEXHUYECKOTO pacueTa HaIpaBJIeH Ha CO3JaHUE U OOydYeHHE MOJENu
MalIMHHOTO  OOy4YeHHus, KOTOpas CHocoOHAa aBTOMAaTUYECKH  BBIYUCIATH
TEIJIONOTEPH B 3JaHUU HA OCHOBE IMAPaMETPOB:

- K09 PUIIUEHT TEIUIONPOBOIHOCTH MaTepuara,

- TOJIILIMHA TEMJIOU30JISLIHH,

- TEMIIEPATyPHOE pa3inuKe BHYTPU U CHApPY>KU 3/1aHus,
- IJTOIIA]Ib TOBEPXHOCTHU CTEH U IPYTUe MapameTpsbl.

Mopnens momMoraeT B TPHUHATHH PEIICHUH 1O BBIOOPY ONTHMAJIBHBIX
TEIUIOU30JISIIMOHHBIX MAaTEPHAJIOB U TOJIIMHBI JIJIsl MUHUMU3AIUK TEIUIONOTEPh U
MOBBIILIEHUS SHEPTO3(PEKTUBHOCTHU 3/IaHUN.

JIJisi TOCTpOeHUsT MOJIeIM MAIllMHHOTO OO0ydYeHHs HEOOXOIUMO coOpaTh
JaHHBIE O TEIUIOTEXHUYECKUX pacueTax peasibHble U CUHTETHUECKHUE:

- Koadpunument ternonpoBognocty matepuainon (L), uamepsiemsiii B B1/(m-K).

- Tonumna Termounzonsiuuu (L), uamepsiemas B MeTpax.

- Temneparypnoe paznuuue (AT), KOTOpoe 3aBUCUT OT TeorpaduyecKoro
MOJIOKEHUSI U BPEMEHU TO1a.

- [Tnomrans moBepxHocTH (A), TUIOIIAIL CTEH B 31aHUH.
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CuHTeTHYeCKHE JaHHbIE CTeHEpPUPOBAHHBIE JaHHBIE HKCIIEPUMEHTAa MOTYT
BKJIIOYAIOT:!

- 50-500 BBIOOPOK ¢  pa3NUYHBIMU  3HA4YEHUSIMH  Kod(dduimeHnrta
TEIJIONMPOBOHOCTH, TOJIIMHBI TEIJIOU3O0JIALIMKI U TEMIIEPATYPHOTO Pa3InuyHsl.
- Leneras nepemenHas: Teruronorepu (Q)

JIis MCTIONb30BaHMsI B MOJIETTM MAIIMHHOTO OOYYEeHUS TaHHBIE pa3/IesoTCs
Ha TMpu3HaKd KOA((UIMEHT TEeIJIONPOBOJAHOCTH, TOJIIMHY U  LEJIEBYIO
NEPEMEHHYIO (TEIIONOTEPH ).

JlaHHbIe pa3fensioTcs Ha ABe yacTu: oOydvaromias BeiOOpka (80% maHHBIX)
UCIIONIL3YETCS Ui TPEHUPOBKH MOJENU W TecToBas BbiOOpka (20% maHHBIX)
UCTIONB3YETCS ISl IPOBEPKU MPOU3BOAUTEIFHOCTH MOJIETH HA JAHHBIX, KOTOPBIC
OHa paHee He BUjea.

JIisg  TeMmJOTEeXHWYECKOTO pacuera OBLIM HUCHOJIB30BAaHBI  aITOPUTMBI
MAIIMHHOTO OOy4YeHUs JTUHEWHAs PErpecCHsi: I MPOCTHIX 3aBUCUMOCTEH MEXIY
OpU3HAKaMU U TEIUIONOTEPSIMU U TPAJAUEHTHBIM OyCTHHT, Aisi OoJjiee CII0KHBIX
3aBUCHUMOCTEM.

Monens o0ywaercs Ha OO0y4arOUIMX JAaHHBIX C  HCIIOJIb30BAHUEM
BBIOPAHHOI'O aJIrOpUTMa MalIMHHOTO 00yuyeHus. [Ipoliecc 00yueHus BKIIOYAET:

- Ompenenenne  3aBUCHMOCTEH  MEXIy  BXOJHBIMH  TPU3HAKAMH

(k03 GHUIHMEHT TEIIOMPOBOIHOCTH, TOJIIMHA) U TETUIOMOTEPSMH.

- OI1eHKy TpPOU3BOAMTEIHFHOCTH MOJENUA C TOMOIIBI0 METPUK, TaKUX Kak
cpenHekBaaparndHas ommoka (MSE).

[Tocne oOyueHus: MOAeNU OLEHHUBAETCS €€ CIOCOOHOCTh MpPECKa3bIBAThH
TEIUIONOTEPH HAa TECTOBBIX JaHHBIX. VICIIONB3YIOTCS TaKHe METPHUKH, KaK:

- CpennexBanpatuynas ommbOka (MSE): u3mepsieT cpenHio0 KBaIpaTHUHYIO

PasHUIly MEeXKIY MpeCcKa3aHHBIMU U peaTbHBIMU 3HAYCHHUSIMH TEIIJIONOTEPH;

- Kospduument nerepmunanuu (R?): mokas3biBaeT, HACKOIBKO XOPOUIO

MOJIeIb OOBSICHSIET BapHAaIIUIO B TaHHBIX.

Buzyanuzanuss noMmoraer Jydilie IMOHATh padoTy Mojaenu: Tpaduku

pCalIbHbIX U MPCACKA3aHHbIX 3HAYCHUM TCILJIOIIOTCPhL HaA 06yqafoumx H TCCTOBbLIX
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JAHHBIX; cTos0yaTasi AuarpaMMa Ba)KHOCTM MPHU3HAKOB JJisi OIIEHKM BKJIaza
KOKJIO0TO U3 mapaMeTpoB (Kod(hdUIMEeHTa TEIUIONPOBOJHOCTH M TOJIIMHBI) B
MOJIENb.

OnHoil M3 BaXHBIX IEJIe SIBISETCS TMOHMMAaHHUE TOro, Kakue (aKkTophbl
(IpU3HAKK) OKa3bIBAIOT HAMOOJIbIIIEE BIUSIHUE HA TETUIONOTEPH:

- KoadduumeHnt TenaonpoBoJHOCTH MOXKET ObITh BaXXHBIM JIJIsI MATEPUAJIOB C

BBICOKOU TETIONPOBOAHOCTHIO (OETOH);

- Tonmuua TEMIOM30ISAIMU OKAXXET BIUSHUE Ha TEIUIONOTEpH, Tae Ooree

TOJICTBIN CJION CHI)KAeT MOTEPH TeILa.

[Tocne oOydeHHs U OLEHKM MOJEIH: pa3paboTaHa 3KCIEpTHas CHUCTEMA,
KOTOpasi aBTOMAaTHYECKH IMPEICKAa3bIBaeT TEIUIONOTEPH HA OCHOBE BXOJHBIX
JAHHBIX JJI1 ONTHUMH3allMd BBIOOpA TONIIMHBI TEIUIOM3OMSIUA C  YYETOM
MUHUMH3AIUHU TEIUIONOTEPh U 3aTpaT Ha MaTeprabl.

OKCHIEpUMEHT TMPHUBOJUT K TMOJYYCHHIO MOJENTH, KOTopas TOYHO
IpEJICKa3bIBAET TEIUIONOTEPU Ha OCHOBE OIIEHKHM Ba)XHOCTH MPHU3HAKOB, YTO
MO3BOJIUT BBISIBUTH KIIOUEBBIE (DAKTOPBI, BIHUAIOIIME Ha TEIJIONOTEpH, AaTh
pEKOMEHIAIUH I CTPOUTENLCTBA 3aHUI C MUHUMAIbHBIMU TETLJIOTIOTEPSIMHU.

Pacyer TeruionoTeps uepe3 TMHEHHYIO PETPECCHI0, TN MapaMeTphl - 3TO
KOX(PQUIIMEHT TEIUIONPOBOJAHOCTH W  TONIIMHA TEIUIOM3OJIAINHA, a IleJeBas
nepeMeHHasi - 9TO TEIUIONOTepUu. B Kojie mpencTaBieHbl MIard JUis BU3Yyalu3aluu
pe3yNbTaTOB U OIICHKH TOYHOCTH MOJIEIH.

Nuauomanu3anmus W TeHepanmus  JAHHBIX: np.random.seed(42)
yCTaHaBIMBAeT HAYAJIbHOE 3HAYCHHE JIJISi TeHEpaTopa CIyYalHBIX YHUCEI, YTOOBI
pe3yNbTaThl MOXKHO OBIJIO BOCTIPOM3BECTH. ['€Hepalus ClIy4JailHbIX JaHHBIX:
KOA(D(PHUITMEHT TETIONMPOBOAHOCTH: MACCUB CIyYalHBIX 3HAUCHUN KOA(PUIIUCHTA
TEIUIONPOBOJHOCTH, KOTOPBbIA reHepupyercss B auanazone ot 0.1 go 2.0 gus 50
BBIOOPOK, TEMIIepaTypHOE pas3iuire. KOHCTAHTHOE 3HAYCHHE TEeMIIepaTypHOTO
paznuuus MeXAy BHYTPEHHEH M Hapy»XKHOW NOBEPXHOCTBKO cTeHbl - 32°C,

IJIOLIAJh TOBEPXHOCTU CTEHBbI, MpUHHUMAeTcs paBHOM S50 M2, ciydailtHO
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TeHEPUPYIOTCS 3HAYEHHUS TOJIIUHBI TEIIOM3O0JISIIIUN, KOTOPbIe BapbUPYIOTCS OT
0.05 10 0.15 M (5—15 cm) m1st 50 BEIOOPOK.

PacyeTr TemionoTrepb: TEIUIONOTEPU PACCUUTHIBAIOTCS C HUCIIOJIH30BAHUEM
cienyromein Gopmynel: Q=A-A-AT/L, rae: Q - Temnonorepu, A - KoddHIHEHT
TEIJIOMPOBOAHOCTH, A - TUIOMAAb TOBEPXHOCTH CTeHBI, AT - TemmepaTrypHoe
pasnuyne, L- TommmHa TeTIon30 111 H.

Orta (Qopmylia moMOraer paccuMTarh TEIUIONOTEPH JJIsl KaKIOM U3
CIIy4aiiHBIX BEIOOPOK, KOTOPBIE OB CTCHEPUPOBAHBI.

Co3nanue DataFrame: nannsie 0 K03(p(dUIMEHTE TEIJIONPOBOIHOCTH,
TOJIIIMHE TEIUIOU3O0JSIUA U TEIUIoNoTepsix cobuparoTcs B DataFrame mon
Ha3BaHueM JAaHHble. JTOT DataFrame wucnone3yerca kak 0a3a mjiga 0OyuyeHUs
MO  JIMHEWHOM  perpeccuu. B crombmax  DataFrame  maxomsTcs:
KO3 (PHUIMEHT TETIONMPOBOAHOCTH, TOJIIHNHA, TETUIOMIOTEPH.

IloaroroBka AaHHBIX MJIA MOJEJIU. PA3JCICHHUE JTAHHBIX: HCIOJb3YETCS
bynkus train_test _split, uroObI pa3aenuTs JaHHBIE HA 00YYAIONIYI0 U TECTOBYIO
BbIOOpKH (80% nnst oOyuenus u 20% st TectupoBanHusi), npusHaku (X)
BKJIIOUAIOT JIBa CTOI0MA: KOA(PIUIIMEHT TETUIONPOBOIHOCTH W TOJIIMHA, IeJeBas
nepemeHHas (y) - TeIIONOTEpH.

OO0yuyenue Moae/ M JIMHEHHON perpeccuu: MOJICNb JIMHEWHOW perpeccuu
(LinearRegression()) oOy4aeTcsi ¢ MCHOIb30BaHUEM O0y4YaroIel BRIOOPKH, TOCIE
oOy4eHHs, MOJelbh TPEICKa3BaeT TEIIONMOTEPH KaK Ha OOydaromux, TaKk W Ha
TECTOBBIX JAHHBIX.

Ouenka kauvecTBa MoJeNu:. cpeaHekBampatudHas omuoOka (MSE) s
OIICHKH TOYHOCTH MOJCIH BBIYUCISICT OIMIMOKY IS OOYYaromuX W TECTOBBIX
nanHeiX. MSE moka3piBaeT, HACKOJIBKO XOPOIIO MOJENb MpeJcKa3aia 3HaueHUs
TEIJIONOTEPb.

Busyanusauus ommOoOK mnpeacka3aHusi: rpaduKu OIMMOOK: Ha TMEPBOM
rpaduke oToOpaXkaroTCsl peanbHbIC W MpeACKa3aHHbIE 3HAYEHUS TEIJIONOTEPh Ha

06yqa}01unx HaHHbIX, HA BTOPOM Fpa(I)I/IKe - PCaJIbHBIC U MIPCACKA3aHHbIC 3HAUCHUA
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TEIJIONOTEPh HA TECTOBBIX MaHHBIX. ['paduk momoraer BHU3yalbHO OLICHUTD,
HACKOJIbKO XOPOIIIO MOJIETh IIPEICKa3bIBaeT TEIUIONOTEPH HA PA3HBIX JIaHHBIX.
Cros0uaras quarpaMma BaKHOCTH NMPU3HAKOB. BU3YyaJIU3UPYETCs
BOXHOCTh  MPHU3HAKOB  (KOX(D@PUIIMEHT  TEIJIONPOBOJAHOCTA M TOJIIMHA
TETUIOU30JIALINM) I MOJIEHU C UCIIOJIb30BAHUEM CTOJI0YATON JTUarpaMMBl.
PesyabTarsi:
CpenHekBajipaTiyHas omrOka Ha oOydaromux gaHHbix: 5200.43
CpennekBaipaTiyHas ommOKka Ha TECTOBBIX JaHHbIX: 5800.19
Koaddunuents! muneiHo# perpeccun: [120.5, -1600.8]
CBoOonaHbI# wiieH JuHeitHoM perpeccun: 3200.22
Koa MmamuHHOro 00y4yeHust JIMHEHHOM perpeccuu

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

from sklearn.linear_model import LinearRegression
from sklearn.model_selection import train_test_split
from sklearn.metrics import mean_squared_error

# IlapameTpbl
np.random.seed(42)

# Koaddurment temnonposoaunoctu (Bt/(m-K))
ko3 dunueHt_Tteronpooanoctu = np.random.uniform(0.1, 2.0, 50)
# I'eHepanus cIy4dailHbIX 3HAUEHUIN

# Temnepatypnoe paznuuue (°C)
TemrneparypHoe pasnuuve = 32 # Pa3Huia temneparyp Mexay BHYTpEeHHEH U
HapY>KHOU ITOBEPXHOCTHIO

# Ilnomanb noBepxHoCcTU (M?)
wiomans = 50 # Ilmomans cTeHbl

# TomnuuHa TeIIOu30JIsIUH (M) C HEONPEIeIEHHOCThIO
tonyHa MUHUMYM = 0.05 # MuHuManpHas TOJIIMHA TEMIOU30JIUU (5 CM)

tommuHa MakcumyMm = 0.15 # MakcumanpHast ToJIHA TeTuion30isiun (20 cm)

# I'eHepanis CIyd4ailHbIX 3HAUEHUM TOJIIIUHBI TEIJIOU30JIALUN
ToJmuHa = np.random.uniform(ToyimmHa MHHAMYM, TOJIITUHA MakcumyM, 50)
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# Pacuer Terionoreps s KaKI0M TOJIIMHBI C y4eTOM KO3 hHUIIHCHTA
TEILIONPOBOJHOCTH

TEILTONOTEPH = (KO3 (PUIIMCHT TEIUIONPOBOAHOCTH * IUIOIIAAb *
TEMITepaTypHOE pa3yinyue) / TOIIIHHA

# Coznaem DataFrame nis nuHeiiHOM perpeccuu

nanubie = pd.DataFrame({
'Ko3(PULIMEHT TerIonpoBOAHOCTH' : KOIPPHUIIMEHT TEIIONPOBOIHOCTH,
'"TOJIIIIMHA': TOJIIMHA,
'"TEIIONOTEPH': TEILIONOTEPU

)

# PasnenseM JaHHbIC HAa MIPU3HAKH U ICJIEBYIO IIEPEMEHHY O
X = nanubie[['K03(pGUITUEHT TEIIONPOBOAHOCTH', 'TommuHa'] |
y = JaHHbIe[ 'TeIUIONnOTEpH'|

# PaznensiemM naHHbIE HA OOYYalOIIyI0 U TECTOBYIO BHIOOPKHU
X o0Oyuenne, X Tect, y oOydenue, y TecT = train test_split(X, y, test_size=0.2,
random_state=42)

# OOyvaem MoJIeTb JIMHEMHOU perpeccuu
mozenb = LinearRegression()
mozenb.fit(X oOydenue, y oOyueHue)

# IIpenckazaHusi Ha TECTOBBIX JTAHHBIX
y_npejackazanue oOydenue = mojenb.predict(X oOydenue)
y_npeackazanue tect = mojenb.predict(X _Ttect)

# OlleHKa MOJIeIIM C UCTIOJIb30BAaHUEM CPEIHEN KBAAPATUYHOMN OIINOKH
CpeaHeKBaApaThuuHas omubka oOydyeHue = mean squared error(y oOyueHue,
y_MpeacKa3zaHue oOydeHHE)

CpeaHEeKBaApaTUUHas omulka TecT = mean squared error(y TecT,
y_TpeacKa3aHue TecCT)

print(f"CpennexBaapaTuyHas omkMOKa Ha 00yJarONIUX JaHHBIX:
{cpennexBaapaTrunas_ommnOka oOydeHue}")
print(f"CpennexBaapaTiyHas ONMOKa Ha TECTOBBIX JTaHHBIX:
{cpennexBaapaTryuHas_ommnOka TecT}")

# Buzyanu3zanus ommO0OK Ha 00y4Jaroiel U TeCTOBOU BBIOOPKE
plt.figure(figsize=(10, 6))

# OmmoOKku Ha o0y4aroiel BLIOOpKe

plt.subplot(1, 2, 1)

plt.plot(y oOyuenue, label="Peansubie 3HaucHus", color="blue")
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plt.plot(y npenckasanue oOyuenue, label="TIpencka3anubie 3HaucHH",
color="red", linestyle="--")

plt.title("O0yuaromue nannbie: Peanbubie vs [Tpencka3annbie')
plt.legend()

# OmmOKY Ha TECTOBOM BHIOOPKE

plt.subplot(1, 2, 2)

plt.plot(y tect, label="Pcanbubic 3nauenus", color="blue")

plt.plot(y npencka3zanue tect, label="TIpenckazannsic 3Hauenus", color="red",
linestyle="--")

plt.title("Tecrossie nanusie: Peanbubie vs [Ipeacka3zanubie™)

plt.legend()

plt.tight_layout()
plt.show()

# Busyanuzanus KodpOUIIMEHTOB PErpeccruu
print("KoaddurueHTs! InHEHHOK perpeccun:", Mmoaeib.coef )
print("CBo0OoHbIH YIeH IMHEHHON perpeccuu:”, Mojeb.intercept )

# BakHOCTh MPU3HAKOB
BKHOCTh_TMPU3HAKOB = MOJIeNb.coef

# Cronbuaras quarpaMma JJIsi BaXKHOCTH MTPHU3HAKOB

plt.figure(figsize=(10, 6))

plt.barh(['Koaddurment termonposoanocty', "Tonmuna'], BaAXKHOCTh MPU3HAKOB,
color="skyblue™)

plt.title("BaxunocTts nipru3HakoB")

plt.xlabel("BaxuocTs")

plt.ylabel("TIpu3nak")

plt.show()
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Pucynok 4.5 - Cronbuaras nuarpamma BaXXHOCTH IMPU3HAKOB
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MamnHoe oOydeHHe C HCIOJb30BAHUEM T'PAJUEHTHOrO OYCTHHIra JJist
MpecKa3aHusl CONMPOTHUBIICHUS TEIUIONepeadye Ha OCHOBE TOJIIMHBI Marepuaa,
ko3 puIeHTa TETIONPOBOIHOCTH U TEMITEPATYPHOTO PA3THIHS.

I'eHepanus JaHHBIX: CO37aeTCs CIydaHbIM HaOoOp naHHBIX pazmepoM 100
3anmucedi: ToymuHa creHbl (TommmHa) ot 0.1 mo 0.5 M., TEImIOmpOBOIHOCTH
(rerutommpoBogHOcTh) OoT 0.1 1m0 2.0 Bt/(M'K), TemmeparypHoe pa3imune
(remnepatypHoe pasznuuue) ot 5 10 30°C, 1eneBas IepeMeHHAs — CONPOTUBIICHHE

Terutonepenade R, Beraucisercs no Gopmyie:

PR
A-A
(4.11)
rae: L - TonmmHa creHsl (M), A - TemonpoBogHocTh Matepuana (Bt/(m-K)), A-
1oL CTeHbI (B Koje = 10 m?).

Bce nannbie coxpansitores B DataFrame niis yno6Hoi 06paboTKu.

[ToaroToBka MaHHBIX JJIs OOydYeHHs: BBIOMPAIOTCS MPHU3HAKH (TOJIIHMHA,
TEIJIOMPOBOAHOCTh, TEMIIEpAaTypHOE pa3nuume) B X, TIIeneBas IepEeMEHHAS
(conpoTuBIICHHE) CcOXpaHSACTCS B Y, JNaHHBIC JIesATCS Ha oOydaromnyto (80%) u
tectoByi0 (20%) BRIOOpPKH C train_test_split.

OO0y4eHue MoJeI TPAIUEHTHOTO OYCTUHTA: €O3/1aeTCsl M 00yYaeTCs MOJIEIb
GradientBoostingRegressor ¢ mapamerpamu: n_estimators = 100 — komu4ecTBO
nepesbeB, learning_rate=0.1 — ckopocth 00yuenus, max_depth=3 — riyOuna
JIepEBbEB, MOJICNIH O0y4aeTcss Ha X 00ydeHHE Uy OOy4YCHHE.

OrieHKa MOJETH. BBIYMCISCTCS cpeaHekBaapaTuyHas ommbOka (MSE) Ha
0Oy4JaromMX U TECTOBBIX JAHHBIX, YEM MCHBIIIEC OIITMOKA, TEM JIy4Ille MOCIIb.

Busyanuzanus pe3ynbpTaToB. CpaBHEHHE TPEACKA3aHUW W PEATbHBIX
3HAYEHUH, CTPosATCS 2 rpaduka: oOydaroniue JaHHbIe: CPABHUBAIOTCS PEaJbHbBIE U
MpeICKa3aHHbIe 3HAYEHWs, TECTOBBIC JAHHBIC: aHAJIOTHYHO, HO I TECTOBOMU

BbIOOpKH. CTpPOUTCS THUCTOTpaMMa, TOKA3bIBAIOIIAs, KaKWe MPHU3HAKU CHUIIbHEE

BJIMAIOT Ha IIPEACKa3aHus.
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Mopenb mnpeacka3biBaeT CONPOTHBIICHHE TEIUIONEpenaye Ha OCHOBE
bu3MYecKuX MmapaMeTpoB CTEHbI. ['paJiIueHTHBI OYCTUHT YUUTHIBAET HEJIMHEWHbIE
3aBUCHUMOCTH M J1a€T BBICOKYI0 TOYHOCTh. BaXXHOCTh NMPU3HAKOB IOKAa3bIBACT,
KaKue apaMeTphbl CUIIbHEE BIMSIOT HA TEIIOBOE COMPOTUBIICHUE.

Koa MamuHHOr0 00y4eHusi TPAHAMEHTHOT0 OyCTHHIA

import numpy as np

import pandas as pd

import matplotlib.pyplot as plt

from sklearn.ensemble import GradientBoostingRegressor
from sklearn.model_selection import train_test_split

from sklearn.metrics import mean_squared_error

# FeHepaLII/Iﬂ HNCKYCCTBCHHBIX JAHHBIX (I/IJII/I MOXHO HUCIIOJIB30BaTh CBOI/I)
np.random.seed(42)
n_samples = 100

# Ilpumepnsbie nannbie: TommuHa cteHsl (M), TemmonpoBogHocts (B1/(M-K)),
Temnepatypuoe pazmuane (°C)

tomuHa = np.random.uniform(0.1, 0.5, n_samples) # Tommmua ctenst ot 0.1 10
0.5m

tertonpoBoaHocTs = Np.random.uniform(0.1, 2.0, n_samples) #
TennonpoBOIHOCTH MaTeEpHUana

tTemneparyproe_pazmmane = np.random.uniform(5, 30, n_samples) #
TemneparypHoe paznuuue ot S5 10 30°C

# lleneBas mepemenHas (conmpoTtuiieHue Teronepenade R =L/ (A * A))
# Jlonyctum, mtomaas noBepxHoct = 10 m?

omaas = 10

COMPOTHUBJICHUE = TOJIIMHA / (TETUIONPOBOAHOCTD * TUIOIIA/Ib)

# Co3ngaem DataFrame

nanublie = pd.DataFrame({
'"TOJIIIIMHA': TOJIIMHA,
'"TEIJIONPOBOIHOCTB' . TETIONPOBOAHOCTD,
'TeMIIepaTypHOE pa3iuyue’: TEMIIEpaTypHOE pas3jinyue,
'CONPOTHUBJIEHUE': CONPOTUBIICHUE

)

# Paznensem 1aHHbIE HA TPU3HAKU U LEJIEBYIO IEPEMEHHYIO
X = nanHble[['ToJIMHA', 'TETUIONPOBOIHOCTS', 'TeMItepaTypHoe pasnuyiwne']]
y = naHHbIe['conpoTuBIIeHNE' |
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# PaznenseM JaHHbBIC Ha 00YYAOIIYIO U TECTOBYIO BRIOOPKH
X o0yuenune, X Tect, y oOyueHHe, y TecT = train test split(X, y, test_size=0.2,
random_state=42)

# O0ydaeM MOJIelIb 'PaJUeHTHOIO OyCTHHTA

moaenb = GradientBoostingRegressor(n_estimators=100, learning_rate=0.1,
max_depth=3)

Mozenb.fit(X oOydenue, y oOydeHue)

# IIpencka3aHusi Ha TECTOBBIX JTAHHBIX
y_mpejackazanue obyudeHue = mojeinb.predict(X oOyudeHue)
y_Tpejackazanue Tect = mojenb.predict(X Tect)

# OneHka MOJICNIH C UCTI0JIb30BAHUEM CPEIHEHN KBaAPATUUHOU OITUOKHU
CpeaHeKBaApaTHyHas omubka oOydeHrne = mean squared error(y oOydeHue,
y_NpejacKa3aHue 00y4deHHE)

CpeaHeKBaaApaTHyHas omubKa TecT = mean squared error(y TecT,

y IIpeJcKa3aHue TECT)

print(f"CpennexBagpaTuyHas OMMOKa Ha 00YYarOIIUX JTaHHBIX:
{cpennexBaapaTruHas_ommoOka oOydeHuc}")
print(f"CpennexBaapaTuyHas onMOKa Ha TECTOBBIX JaHHBIX:
{cpennexBaapaTiunas_omuOka TecT}")

# Busyanuzanus ormmoOoK Ha 00yJaroiiel U TECTOBOM BHIOOPKE

plt.figure(figsize=(10, 6))

# Ommbku Ha o0y4aroniel BLIOOpKe

plt.subplot(1, 2, 1)

plt.plot(y oOyuenue, label="Peanbusie 3naueaus", color="blue")
plt.plot(y npenckaszanue oOyuenue, label="TIpencka3annrpie 3HaucHHs",
color="red", linestyle="--")

plt.title("OOyuaromue nannbie: Peanbubie vs [Ipencka3annbie')

plt.legend()

# OmuOKH Ha TECTOBOM BHIOOPKE

plt.subplot(1, 2, 2)

plt.plot(y_tecr, label="Peansusie 3nauenus", color="blue")
plt.plot(y_npenckazanue Ttect, label="TIpeackaszanusie 3nauenus", color="red",
linestyle="--")

plt.title("TecroBsie nanubie: Peansubie vs [Ipenckazanubie')

plt.legend()

plt.tight_layout()
plt.show()
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# Busyanmzanus BaKHOCTH ITPH3HAKOB
BOXXHOCTh IPHU3HAKOB = MOJeib.feature importances
npu3Haku = X.columns

# Cronbvarasi nuarpamMma Jijisi BA)KHOCTH TIPU3HAKOB
plt.figure(figsize=(10, 6))

plt.barh(rpusnaku, BaxxHOCTh Mpu3HaKoB, Color="skyblue")
plt.title("BaxuocTts npu3Hako")

plt.xlabel("BaxxnocTs")

plt.ylabel("TIpu3nak")

plt.show()
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Pucynox 4.6 - CpaBHeHuUe TIpeICKa3aHui U peaTbHBIX 3HAYCHUHN
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% Rgurel - 8 x

BaXHOCTb NPU3HaKOB
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Pucynok 4.7 — I'uctorpamMmma nmpu3HaKkoB
3akiroyenue no riasa 4

DKCIepUMEHTAIBHOE HCCIIEA0BAaHUE MPUMEHEHUS MAIIMHHOTO OO0Yy4YeHHUs
JUI.  TETUIOTEXHUYECKOTO pacuera OrpaxJarollluX KOHCTPYKUHUM  BBISIBUJIO
3HAQUYMUTENbHBIE MPEUMYIIECTBA W NMOTEHLUHAT METOAOB JIMHEWHOW DPETPECCHMU U
I'PaHIMEHTHOTO OYCTHUHTA TI0 CPAaBHEHUIO C TPATUITMOHHBIMA METOaMHU.

B xoxe uccnenoBanus ObUIM MOTYYEHBI CIETYIONIUE KIIOUEBHIE BBIBOIBI:

1. ITpenmy1iecTBa METOAOB MAIIMHHOT'O O0YYEHUS:
- TUOKOCTh B MOJCIMPOBAHUU 3aBUCUMOCTEH: OJHUM W3 BAXKHEWIIHUX BBIBOJOB
ABJIIETCSI CIIOCOOHOCTh METOJIOB MAIIMHHOIO OOYyYeHMs, TaKMX KakK JIMHEeWHas
perpeccusi M TPaJAMEHTHBIM OyCTHHI, MOJEIMPOBATh CIOXKHbBIE, HEJIMHEHHbIE
3aBUCHMOCTH MEXKIY Pa3INYHBIMU napameTpamu (ToNmuIMHOM u
TEIJIONPOBOJAHOCTBIO  MAaTEpPHaIOB), YTO HEBO3MOXXHO WJIM  3HAYUTEIBHO
YCIOXHSAET TpPaJuLUMOHHBIE METOABl pacyera. OTH METOAbl  IO3BOJSIOT
3¢ (exTUBHO paboTaTh € MHOTOCIOWHBIMU KOHCTPYKLMSIMU M yYHUTHIBATH
MHO’KECTBO (PaKTOPOB, KOTOPbIE TPAJAULIMOHHBIN pacyeT HE BCET/1a MOKET YUECTh;
- TOYHOCTH IPEICKA3aHUM. JIMHENHAs PETPECCHsl MOKa3ala XOPOUIUE Pe3yJIbTaThl
IIpU aHAJIN3€ [JAaHHBIX C JIMHEWHBIMM 3aBUCHUMOCTSIMH, OJHAKO METOJBbI,
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OCHOBaHHBIC Ha 0oJiee CIIOKHBIX AITOPUTMAX, TAKUX KaK TPAJUCHTHBIA OyCTHHT,
IPOJACMOHCTPUPOBAIA  BBICOKYIO TOYHOCTh TPEACKA3aHUs  COMPOTHBIICHUS
Temonepegaye, OCOOCHHO Ha JaHHBIX C 0OoJiee CIIOXKHOH, HEIWHEHHOU
3aBHCHMOCTHIO;
- MeHbIe TpeOOBaHWN K (U3MUECKUM JTaHHBIM: TpaguIlMOHHBIC METOIBI YacTO
TPeOYIOT TOYHBIX (PUBUKO-XUMHUYECKUX XapPAKTEPUCTHK MAaTEpUalIOB, 4YTO HE
BCEr/1a BO3MOYKHO Ha CTaJNH MPOSKTUPOBAaHUA. MeTOIbl MAllTMHHOTO O0y4YeHUs, B
CBOIO O4Yepeib, MOTYT HCIOJL30BaTh JIaHHBIE, COOpPAHHBIC C PAa3HBIX OOBEKTOB
(Hanmpumep, U3 CTPOUTENBHBIX ©0a3 JaHHBIX) M Ha OCHOBE OJTUX JaHHBIX
BBICTPAWBaTh MOJIEIH, KOTOpbIE MOTYT TMpeJCcKa3aTh pe3yjibTaThl HAa HOBOM
00BEKTE C BHICOKOW TOYHOCTBIO.

2. PexoMeHpganmuu 1O TNPUMEHEHHIO  MAIMHHOTO  OOyYeHHS B
TEIJIOTEXHUYECKUX pPacueTax:
- oOy4eHHE Ha pCATbHBIX JaHHBIX.: I JOCTHKCHHUS BBICOKOH TOYHOCTH
MalmHHOe OOyYeHHe JOJKHO ONMHUpaThCid Ha OOIIMpHBIE M pPa3HOOOpa3HbIE
HaOOpHI TaHHBIX. PEKOMEHTyEeTCSl HCITOIB30BaTh peajbHbIC CTPOUTEIBHBIC TAHHbBIE
JUTst OOY4EHHs MOoJieTiel, YTOOBI OHU MOTJIM TOYHO MPEACKa3bIBATh PE3yIbTAThI IS
Pa3TUYHBIX THIIOB MaTePHUATIOB U KOHCTPYKIIHA;
- HWHTETpalMs B CHCTEMY IIPOCKTUPOBAHMS. PEKOMEHAYETCS HWHTETPUPOBATH
MOJIENId MAIIMHHOTO OOYyYEHHUS B CYIIECTBYIOIIUE CHUCTEMBI MPOEKTUPOBAHUS,
9TOOBI aBTOMATH3MPOBATH TMPOIECC pacyeTa COMPOTUBIICHUS TEIUIONEpenade u

MOBBICUTH 3(PPEKTUBHOCTHh PAOOTHI MHKEHEPOB U MTPOCKTUPOBIIIHUKOB.
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3AK/IIOYEHUE

B pamkax auccepTallMOHHOTO HCCIEOBaHUS Obla pa3paboTaHa W
IpPOTECTUPOBAHA  OKCIEpTHAas CHUCTEMa  TEIJIOTEXHUYECKOro  pacuera ¢
WCIOJB30BAHUEM  METOJIOB ~ MAaIIMHHOTO  00ydeHusi. (OCHOBHOM  IIEJIBIO
DKCIIEpUMEHTa OBLJIO  CO3/laHME MpeAcKa3aTebHOM  MOJEIH, CIIOCOOHOMU
ABTOMATUYECKU OIpPEACNSATh TEIJIONOTEPH M CONPOTUBIIEHUE TEIUIONeperaye
CTPOUTENHHBIX MAaTEPUAIOB HA OCHOBE MX (PU3NYECKUX XaPAKTEPUCTHUK.

MamuHHoe — OO0yyeHMe  TO3BOJMJIO  aBTOMATU3UPOBATh  CJIOXHBIE
TEIJIOTEXHUYECKUE PACUEThI, KOTOPHIE TPAJUIMOHHO BBINOJHAIOTCS BPYYHYIO C
UCIIOJIb30BaHUEM SMIHUPUYECKUX (HOpMYN. DTO 3HAUUTEIBHO COKPATUIIO BpEMS
BBIUMCJICHUM, MOBBICUJIO TOYHOCTh PACUETOB M MHUHHUMH3UPOBAJIO BEPOSTHOCTH
YEJIOBEUECKUX OIIHOOK.

AHanu3 omuMOOK TOKa3ajd, uYTO MaIMHHOE OO0yYeHHE CIOCOOHO
o0ecreunBaTh BBICOKYIO TOYHOCTh MpelcKa3zaHuid. Mcronb30BaHHbBIE alTrOPUTMBbI
JMHENHON perpeccuu M rpaJIMEHTHOr0 OyCTHHIA MOKa3aju XOPOIIHUE Pe3yJIbTaThl
IpU IPOTrHO3UPOBAHUU TEILJIONOTEP U COMPOTUBIICHUS TEILIONEpeiaye.

[TocTpoeHHass MoAeIb JIETKO aJanTUPYETCs K Pa3jiudyHbIM YCIOBUSAM, TAKUM
KaK HW3MEHEHHE CBOICTB MaTepuajoB, TEMIIEPAaTYpPHBIX PEKUMOB U JIPYIHX
BXOJHBIX MapameTpoB. DTO JIEJIAET CUCTEMY YHHUBEPCAIBHOM M NMPUMEHUMOM IS
HIMPOKOIO CIEKTPa 3a/1a4 TEIUIOTEXHUYECKOTO aHaIU3a.

AHanu3 K03(QPUIMEHTOB PETPECCUH U Ba)KHOCTU MTPU3HAKOB B IPAJUCHTHOM
OyCTUHIE TO3BOJWJI  ONPENETUTh KIIOYeBble (AKTOpbI, BIUAIOIIME Ha
TEIUIONOTEPH: TOJUIMHA TEIUIOM3OJALMKA - CcaMblii 3HAuYMMBIM  mapaMmerp,
OTpeACISIONTUN 3¢ PEeKTUBHOCTD TETUIOU30JISLINH, Kod(ppumeHT
TEIJIONPOBOJAHOCTH — UIPaeT BXHYIO pOJib B IMepefade Tervia yepe3 Marepuan,
TEMIEPATyPHOE pazIuuKe — ONpeesieT BETNYNHY TEIIOBOTO MOTOKA.

Takum 00pa3oM, cucTeMa MOXET ObIThb I[0JIe3HA HE TOJbKO A
MPOTHO3UPOBAHUS, HO W JJI1 ONTUMHU3AIMK KOHCTPYKLUMHA 3JaHHM, Mpejaras

Jy4duue KOM6I/IH3HI/II/I napamMeTpoOB AJIs1 MUHUMHAU3AIUU TCIIJIOIIOTCPb.
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B xome skcnepuMeHTa ObUIM MPOTECTHPOBAHBI JABE MOJAEIM: JIMHEHHAs
perpeccuss W TPAHOUEHTHBIM  OyCTHHI,  KOTOpble  MOKa3ajid,  4TO
cpenHekBaaparnuHas omuoka (MSE) nns  nmHeWHONW perpeccun  Obuia
3HAUUTEJIBHO BBIIE, YE€M Yy TpagUeHTHOro OyCTHUHTA, YTO TOBOPUT O
HEJIOCTATOYHOM TOYHOCTH JIMHEWMHOW MOJIENH, TPaJUCHTHBIM OyCTHUHT TMOKa3al
HAaUMEHBIIYIO OMIMOKY M JIy4Ille CIIPAaBUIICA C yU€TOM HEIMHEHWHBIX 3aBUCUMOCTEN
MEXK]ly TapaMeTpaMHu.

B  pesymbrare rpagueHTHBII  OycTHHr  ObLT  Tpu3HaH  Ooiee
MPEANOYTHTENBHBIM JIJIS PELICHUS 3314 TEIJIOTEXHUYECKOTO pacyera.

Hcnonp30BaHne MAIIMHHOTO OOy4YeHUS B TEIUIOTEXHUYECKOM pacyere
ITO3BOJIMJIO: ABTOMATU3UPOBATh M YCKOPUTH MPOLECC IMPOECKTUPOBAHMS, CHU3UTH
HOTPEIIHOCTh PU  ONPENEICHUHU TEIUIONOTEPb, ONTHUMHU3UPOBATH  BBIOOD
MaTepUaloB Il YJIYyYIIEHHS 3HEProdp(eKTUBHOCTH, BBISIBUTH KIIFOUYEBBIC

napamMcCeTpsbl, BIUAIOIINEC HA TCIIJIOIIOTCPH.
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HPAKTUYECKUE PEKOMEH/JALIUAN

Pa3paboranHass »3KcmepTHass CHCTEMa C  HCIOJb30BAaHHUEM  METOJIOB
MammHHOro 00ydenust (MO) npeaHazHaueHa JJIsi aBTOMAaTU3al[MM U MOBBIILICHUS
TOYHOCTH TEIUIOTEXHUYECKUX PACYETOB OTrPAXAAIOMMX KOHCTPYKUUH 3IaHHM.
Cucrema  MO3BOJSET  AHANM3UPOBATh  MHOTONApPAMETPUYECKHE  JITaHHBIE,
IPOTHO3UPOBATh TEIUIONOTEPH M ONTHUMHU3UPOBATH BBHIOOp MaTepUalIoB U
KOHCTPYKTUBHBIX pPelIeHui 175 23Heprodh(HEeKTUBHOTO CTPOUTEIHCTBA.

1. OnTUMHU3auUs TPOEKTUPOBAHUS OTPAKIAIOIINX KOHCTPYKLUI!

- UCIIOJI30BaTh CUCTEMY JJIs aBTOMAaTHYECKOro moadopa Hauboiee 3pHEeKTUBHBIX
KOHCTPYKTUBHBIX PELLICHUI Ha OCHOBE aHaIN3a OOJIbIINX JaHHbIX;

- TOPUMEHATHh MaIIMHHOE OOydYeHHe JUIsl MpeicKa3aHUs TEeIUIONPOBOAHOCTH
MHOTOCJIOMHBIX KOHCTPYKIIMHA C YYETOM PEAIbHBIX SKCILTYaTallHOHHBIX YCIOBHMA.

- aBTOMAaTUYECKH PAaCCUUTHIBATh TPeOyEeMYyIO TOJIIUHY TEMJIOU30JSLUUHN, CHHUKas
MaTepualibHbIC 3aTpaThl 0e3 yiepoa aJist 3HeprodrhPeKTUBHOCTH;

- CpaBHMBATh pa3IMyHble KOHCTPYKIMUM W MaTepuaigbl C Y4YE€TOM UX
JOJITOBEYHOCTH, CTOMMOCTH U HKOJIOTUYHOCTH.

2. Yyer kmuMaTu4yeckux (pakTopoB U MPOrHO3UPOBAHKUE TEIJIONOTEPD:

- aHAJIM3UPOBATh HCTOPUYECKHE U TEKyIIME KIMMaTHUYeCKUe JaHHbIe s
a/lanTalii CTPOUTEIHHBIX PEIICHU K KOHKPETHBIM PErHOHaM,

- ucnoJb30BaTh MeToabl MO [uisi TPOrHO3UPOBAHMS TEIUIONOTEPh C YYETOM
JUHAMUKHU TEMIIepaTyphbl, BIAKHOCTH, COJIHEYHON pagualiii U CKOPOCTH BETPa;

- pa3palaThIBaTh WHIWBUyaTbHbIE PEKOMEHAUMU ISl 3/IaHUN, PACIIOIOKEHHBIX
B PA3IMYHBIX KJIMMATUYECKUX 30HAX;

- ONTUMM3UPOBATH MApaMETPbl BEHTUISIUU U MApOMPOHUIIAEMOCTH KOHCTPYKIIHI
HAa OCHOBE MOJICIMPOBaHUSl MOBEJCHUS MATEpUAJOB B  H3MEHSIOIIUXCSA
KJIUMATHYECKHUX YCIOBHSIX.

3. ABTOMaru3aiysi HOpPMaTUBHOI'O KOHTPOJI U COOTBETCTBUS CTaHAAPTAM:

- BCTPOUTH B CHUCTEMY AJITOPUTMBI MPOBEPKU COOTBETCTBUS TEIJIOTEXHUYECKHUX
XapaKTePUCTUK KOHCTPYKIUH JACUCTBYIOUIMM CTPOUTEIBHBIM HOpPMaM H

CTaHdapTaM.
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- AaBTOMATUYECKU OIEHUBATh COOTBETCTBUE KOHCTPYKTHMBHBIX PELICHUN
HopMmatuBHbIM TpeboBaHusiM CHull, 'OCT u crangaptam sHeprodpPpexkTuBHOCTH;
- TEHEpUpOBaTh TEXHUYECKHE OTYEThI, CEPTHU(PUKATBI COOTBETCTBUSA U
PEKOMEHIALMHU 110 MOAEPHU3ALNU KOHCTPYKIIHIA.

4. IlpumeHeHue B PpEKOHCTPYKIMHU U MOJECPHU3ALINN 31aHHIA:

- UCnoJib30BaTh aroput™bl MO /i1 aHaIM3a COCTOSIHUS CYIIECTBYIOIINX
3IaHUN W ONpENEJCHUs  ONTHUMAaJbHBIX MEp IO  TMOBBILICHHI  HX
9HEProdhHEeKTUBHOCTH,

- IIPOTHO3UPOBATH CPOKU OKYIIAEMOCTH MEPOIPUATHHI 10 YTEIUICHUIO U
OLIEHUBATh UX SKOHOMHUYECKYIO 3((HEKTUBHOCTb.

5. Wcnonb3oBanue B 00pa30BaTEIbHOM IPOLECCE U HAYYHBIX HUCCIIEOBAHUSAX:

- BHEJAPSATH SKCHEPTHYIO CUCTEMY B YUEOHBIE POrpaMMbl TEXHUYECKUX BY30B
JUISL TIOATOTOBKHM CHELUATUCTOB B 00JIACTU TEIUIOTEXHUKH, CTPOUTENIBCTBA WU
MH(POPMAITMOHHBIX TEXHOJIOTHUI;

- HUCIOJIb30BaTh CUCTEMY B HAYUHBIX UCCIIEIOBAHMIX MO pa3pabOTKe HOBBIX
TEIUTON30JIALIMOHHBIX MAaTEPUAIIOB U KOHCTPYKTHUBHBIX PELICHUH;

- co3JaBaTh 00yyarolue MOJEIH JUIsl CTYIE€HTOB, IO3BOJISIS UM
DKCIEPUMEHTHPOBATh C  [MAPAMETPAMHM  OTPAXKIAIOIMIMX  KOHCTPYKIHMM B
BUPTYaJIbHOM CPEJE.

IIpuMmenenne  3KCIEPTHOM  CUCTEMBI  TEIUIOTEXHUYECKOIO  pacdera
OTrpaXJaIIIMX KOHCTPYKIM C HCHOJIb30BAHMEM MAIIMHHOTO  OOy4YEHUSs
MO3BOJIIET 3HAYUTEIBHO MOBBICUTH TOYHOCTH PAcCyYETOB, COKPATUTh 3aTpaThl Ha
NPOEKTUPOBAHME W DJKCIUTyaTallMl0  3JaHUM, a  TakXke  yJIy4dlluTh
HEpProdPheKTUBHOCTh CTPOUTENIBHBIX 00bEKTOB. E€ nHTErpamus B CTpOUTEILHYIO
oTpaciib, 0Opa3oBaTelIbHbIE MPOLECChl W HAyYHbIE HCCIEIOBAHMUS OTKPHIBAET
HIMPOKHE TEPCIEeKTUBbI s IUGPOBU3ALMN MPOEKTUPOBAHUS M DKCIUTyaTalluu

3J1aHUM.
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NPUJIOKEHHUE 1. TEPMUHBI U OITPEAEJIEHUSA

Tepmun OmnpepesieHue
1 2
Hayka, m3yuaroriasi TeXHUYECKUE CPEICTBA MPEBpAILICHUS
MIPUPOJIHBIX ~ DHEPrOPECYPCOB B HEMOCPEICTBEHHO
Temnorexuuka PHp propecyp pea
UCMOJb3yeMble (DOPMBI DHEPrHU: TEIUIOTY, PaboTy W
AIIEKTPUYECTBO
TernnoBolW HAmoOp MEXAY BHYTPEHHUM U HapPyKHBIM
ConportuBJjieHne p Y BHYIP P .
BO3/TyXOM, IIPY KOTOPOM 4depe3 | M> OrpakIeHHs TONLIMHOK
Terionepenave 7
N I M u ¢ ko3hOUIMEHTOM TEIUIONPOBOAHOCTH A, B
OrPAKIAIOIEH
OH . €IVHUIY BpPEMEHHM TMPOXOJUT OJHA €MHUIIA Terlia.
Py SIBisieTcst MepOM TEIUIO3AIUTHBIX KQYECTB OTPAXKACHHUS
ConpoTtuBieHue TEIUIONEpPENAYe TJIAAN OJHOPOIHOIO
IIpuBenennoe P Pl P
OTpaKACHUS, TEIJIONOTepU 4Yepe3 KOTOpbIE  PaBHBI
COIPOTHUBJICHHE .
TEIJIONOTEPSIM  CJIOKHOTO OTPAXKICHUS, MPU OJUHAKOBOM
Terionepenade
TUIOLIA TN
CBOMCTBO Marepuanga NpPOBOJUTH TEIUIO YEPE3 CBOKO
Maccy, Bblpakaercs kodpduimeHrom A ; rme: A -
TemionpoBoAHOCTH KOJMYECTBO  TEIUIOTHI,  IEPEHOCHMOM  uepes  1m?
W30TEPMHUYECKON TOBEPXHOCTH B EIUHUILY BPEMEHH IPU
TpaJIMEHTE TEMIIEPATYPhL, PABHOM €MHULIE
Pacripoctpanenue Teruia B cpesie Mpy pa3HOCTH TeMIIeparyp
MEXIY OTHENbHbIMU €€ uvacTsamu. IIpm 3TOoM Terio
Tensionepenaya : P
niepeMelaeTcss U3 00JacTy MOBBIIICHHBIX TEMIIEPATyp B
00J1aCTh MOHMKEHHBIX
KomuyecTBo TemoTel, HEOOXOIUMOE HarpeBaHus
TemioeMKoOCTh ’ a U P
€/IMHMLIbI KOJIMYECTBA BEILIECTBA HA OJIMH TPaycC
. CBOICTBO KOHCTPYKLUHU COXPaHATh OTHOCHUTEIIBHOE
TemioycroiiunBoCTH .
MIOCTOSIHCTBO TEMIIEpaTypbl BHYTPEHHEW IMOBEPXHOCTU
OrPaKIA0IIUX
N Ipy NEPUOJUYECKOM U3MEHEHUM MPOXOJAIIETO Yepe3
KOHCTPYKIH
HEe TEMJIOBOr0 MOTOKA
. CBOICTBO MOIEPKUBATH OTHOCUTEIHLHOE IMMOCTOSTHCTBO
TennoycroitunBocTh
N TEMIIEpaTypbl TPU TMEPUOJUYECKA HU3MEHSIOIMIMXCS
NMoMeHIeHn i
TETJIONOCTYTIIICHUSX
bespasmepHas BelnurMHA, yCTaHABJIMBAIOIIASl CTENEHb
XapakrepucTuKa .
o MaCCHUBHOCTH OrpaKJA0IINX KOHCTPYKIIUH.
TENJIOBO MHEPUUH
Xapakrepuszyer KosieOaHUsS TeMIlepaTypbl B TOJIIE
orpaxaeHust

OTPAXKJICHUS

BozayxonponumnaemMmoctb

CBoIICTBO MaTepuaia WId OrpakIaroieil KOHCTPYKIINU
IIPOITYCKAaTh BO3YX

IlaponpoHumaemMocThb CBOIicTBO MaTepuaioB MPONYCKaTh BOASIHbIC MAPhI
KoncTpyxkuun CrtpouTenibHble KOHCTPYKIMHU, MpeIHA3HAYCHHbIE IS
orpakaaome U30JISIIMM ~ BHYTPEHHUX OOBEMOB B  3JaHUSIX U
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COOPYKEHUSIX OT BHEITHEH CPebl WM MEXIy COOOM ¢
y4€TOM HOPMATUBHBIX TPEOOBAHUI MO MPOYHOCTH,
TEIUIOM30JALNY,  TUJIPOU3OJHALMU,  NApOU3OJALINH,

BO31yXOIIPOHUIIAEMOCTH, 3BYKOH3O0JISLINH,

CBETONPO3PAYHOCTH, U T.]I.
Tenousonsiuust [Ipenna3navyaercs TUTSt obecrieueHus
HAPYAKHBIX TEITIOTEXHUYECKHUX KA4eCTB KOHCTPYKIIUI U
OrPAKIA0LINX NoAJEpKaHWsl B IOMEUIEHUSX  TEMIIepaTypHO-
KOHCTPYKIHI BJIAXKHOCTHOT'O PEXKUMA

CrpoutenbHble  MaTepualbl, HMEIOIIUME  Malylo

TEIUIONPOBOHOCTD, TPUMEHSAEMBIE ISl TEIUIOU30JISLIAN
Tennomsonnumomm,Ie OTPAXKIAIOIMINX KOHCTPYKUMWA 3aHUH, COOPYKEHUM
MaTepHuaJIbl ’ '

Knaccupunupyrorcs mo mioTHocTH, (opme, BUAY
OCHOBHOTO CHIPbSl U 00JIACTSIM TPUMEHEHUS

TenJioBas 3auTa
31aHUA

Tenno3anuTHbIE CBOMCTBA COBOKYITHOCTH HapY>KHBIX U
BHYTPEHHUX OTPAXIJAOIMX KOHCTPYKIMKA  3/aHUl,
obecrieynBaIIMe  3aJaHHBIM  ypPOBEHb  pacxojia
TEIJIOBOM D2HEPruu (TEIUIONOCTYIUICHUM) 3JaHHus C
y4eTOM  BO3AyXOOOMEHa TIIOMEIIEHUH HE  BBIIIC
JTOITY CTUMBIX MPENIEIIOB, a TaK¥Xe ux
BO3/IyXOIIPOHUIIAEMOCTb U 3aIUTY OT NEPEYBIAXKHEHUS
P ONTHUMAJIBHBIX MapaMeTpax MHUKPOKIHMATa €ro
IIOMEIICHUH

YneabHbIN pacxo
TEIUIOBOM JHEPIruyd Ha
OTOIJICHHE 3aHMA 32
OTONUTEJIbHBIN MEPUOJ

KosuecTBO TEMIOBOM DSHEPruM 3a OTONMUTEIBHBIN
nepuoa, HeOOXOANUMOE JIJIsl KOMITEHCAITUHN TEIUIONOTEPh
3/IaHUSl C YYE€TOM BO3IyXO0OOMEHa W JTOTIOJHUTEIIbHBIX
TEIUIOBBIICTICHU TIpU HOPMHPYEMBIX MapaMeTpax
MHUKpPOKJIUMaTa IOMEIIEHUH B HEM, OTHECEHHas K
eAMHUIE O0IIel oTarIMBaeMoM TUIOMAAN 3AaHus (HIIn
€ro OTaljIMBaeMoro o0beMa) U TIpagyco-CyTKaM
OTONUTEJILHOTO NMEePUoJIa

Kaacc 3nepreruyeckoit
3¢ PeKTUBHOCTH

OO6o3Ha4yeHNe YpOBHS dHEPreTUIeCKON 3P (HEKTUBHOCTH
3JIaHUSI, XapPAKTEPU3yeMOTO HHTEPBAIIOM 3HAUYCHUN
yAEIBHOTO pacxoja TeIUIOBOM SHEPTHUH Ha OTOILUICHHE
31aHUS 32 OTONUTEIbHBIN NIEPUOT

OraminBaeMbiii 00beM
3AaHUA

O0beM, OrpaHUYEHHBIN BHYTPEHHUMHU MTOBEPXHOCTAMHU
HApPY>XKHBIX OTPAXKICHUN 3[aHUs — CTEH, IOKPBITUN

(4eplauyHbIX MEPEKPBITHIL), IEPEKPBITHI MOJIa IEPBOTO
9TaXKa MJIM 110JIA MT0JIBAJIA IIPY OTAILJIMBAEMOM IIOABAJIE

X0J10/1HBII IEPHOJ ToAa

ITepuon roma, XapakTepu3yrOIMUACS CPEAHEN CYTOYHOM
TEMIIEPATYPON HAPYKHOrO BO3AyXa, paBHOM M HMxke 10
w8 °C B 3aBUCHUMOCTH OT BHJIA 37aHUS (mo T'OCT
30494)
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Temnblil mepuoa roaa

Ilepron roma, XapakTEpU3YIOWIMUNCA CPEIHEN CYTOYHOU
TemIreparypoi Bosmyxa  Beume 8 wmwm 10 °C B
3aBucuMOCTH OT Buja 3aanus (o I'OCT 30494)

IIpoaoxuTeIbHOCTD
OTONMTEJLHOT0 TepPUuoaa

PacueTHplii mepuox  BpeMEHHM  pabOThl  CHCTEMBI
OTOIUIEHUSl 3/1aHHUA, MPEACTaBISIOUMI Cco00i cpeaHee
CTaTUCTUYECKOE YHUCIO CYTOK B TOAY, KOTJa CpPEIHSs
CyTOYHasl TeMIlepaTypa Hapy’>KHOTO BO3/yXa YCTOMYHMBO
paBHa u Hwke 8 mwimm 10 °C B 3aBucuMocTd OT BHjA
3J1aHHUS

Cpeansia  Temmeparypa
HAPY/KHOT'0 BO3/yXa
OTOIUTENbHOIO NEPHOIA

Pacuernas TeMIeparypa Hapy>KHOTO BO3/1yXa,
OCpEIHEHHAasi 3a OTONMUTEIBHBIM MEPUOJI IO CPEIHUM
CYTOYHBIM TEMIIEPATYPAM HAPYKHOTO BO3AYXa
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IMPUJIOKEHUE 2. PACYETHBIE YCJIOBUSA

Tabmuma I1 2.1

Pacuernas
temneparypa ts
3maHus ¥ IOMETIEHUS BO3/yXa B
XOJIOTHBIN TIEPHO/T
ronaa, °C

1 2
Kunpile poMa KBapTUPHOTO THUIMA, OOILEKUTHUA,
TOCTHHHIIBI, CAHATOPHUU: 18 (20)
Kujasi KOMHATa, KyXHs
TO K€, B palioHaX C TeMmIeparypoil Hauboiee
XOJOMHOW MATHIHEBKH (oOecmeyeHHOCThIO (,92)
munyc 31 °C u Huxe 20 (22)
BECTUOIOJIb, oOmmi KOpHUIOp, nepeaHsis,
JIECTHUYHAS KJIETKA B KBAPTHPHOM JIOME 16
TO € B OOILIEKUTHU 18
MalIMHHOE TMOMeNleHue JU(PTOB, MycopocOOpHas 5
Kamepa
AJIMUHUCTPATUBHO - KOHTOPCKUE 3a/IaHHUS:
pabouasi KOMHaTa, KaOWHETa, apXUB. 20
BECTUOIOIB, 371 COOpaHHBIN 25
JleueOHO—TIpOUNTAKTHUECKUE YUPEKICHUE: 18
najaTa Jijisi B3pOCibIX, KAOMHET, yOopHas 18
najgata Juisi €T, MoclieonepaluoHHbIid, OOKC, 16
posioBas 20
BaHHa, TyIIEeBOM 3aJ1, MajaThl AJs HETOHOIIEHHBIX 29
neTen 25
OTepaIioHHbIC 23
Jlerckue siciy u capl: 21-24
UTpaNIbHAS—CTOJIOBAS, TPUEMHAS—SICITU 19-23
TpyNIoBasi, TyajaeTHas 21-23
MEAMIIMHCKOE TOMEIICHUE
VYueOHble 3aBefieHne (IIKOJbI, UHTEpHATHL, [ITY,
BY 361 1 11p):
KJIacc, KaOuHeT, JabopaTopust 17-18
aKTOBBIN 3aJ1, (JIEKIIMOHHAS ayAUTOPHAs) 18
KPY’KKOBBIE 17-18
CHaJibHbIC KOMHATA IITKOJI-UHTEPHATOB 16
KoMmmyHanpHas 6aHM ¥ payeqHbIe:
CTUpaJIbHas 20
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CyHUJIbHO-TJIaAWUJIbHAs

22

paszeBalibHasl, BaHHas, TylIeBas 25
KYTaJIbHBINA OacceiH 26
MBbUIbHAS 30
napuabHast 65
ToproBsie NpeANPUSITHS:

TOPTOBBIN 3a]1 MPOAOBOIBCTBEHHOIO Mara3uHa 12
TOPrOBBIN 3aJ1 HEMPOJIOBOJIBCTBEHHOTO Mara3uHa 15
JIEMOHCTPAIIMOHHBIN 3aJ1 18
[TpenmpusiTust 001IECTBEHHOTO MUTAHUS:

TOPrOBBIN 3a1, Oy(peT, 3aKycouHas 16
MOEYHas 20
Kunoreartpst:

3pUTENBHBIN 3aJ1 BO BpeMsI ceaHca 16
doite, kymyap 14
oyder 16
KiyOsr:

3PUTEIIbHBIN 3aJ1 BO BpeMsI CIIEKTaKJIeH 20
YUTAIBHBIN 3aJ1, PETIETULIMOHHBIN 3211, KPYKKOBas,

dboiie 18
Tearpsr:

3pUTEIBHBIN 3aJ1 BO BpEMS CIIEKTAKIISA 20
doiie, kymyap, Oydet 18
CII€Ha, apbepClieHa, KapMaH 22
apTucThyeckas yOopHasi, TpIOM 20
CnopTuBHBIE COOPYKEHUS:

noMeteHus st GU3KyIbTYPHO-03J0POBUTEIHHBIX

3aHATUN 18
CIIOPTUBHBIHN 3aJ1 6€3 MECT I 3pUTesei 15
TO K€ C MECTaMH JIJIs1 3pUTEIIEeH 18
3aJ1 BAHHBI KPBITOTO TIJIaBaTEILHOTO OacceitHa 27
napwibHasi pyCCKON OaHM 60-65
napwibHasi GUHCKON OaHH 60-120
Box3sansr:

MaCCAKUPCKUN 18
BECTUOIOJb, KOPHUIOP, MEMIEXO0IHbII TOHHEh 10
[Mapaxu:

MOMEIICHHE JIJISl XpaHEeHUs aBTOMOOMIIEH 3)
npoHIaKTOPUH, OTJEN IIaBHOTO MEXaHHUKA 16
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Taomuma I1 2.2

OTtHocuUTeIbHAs
BIIAXKHOCTD
[Tomemenus
BHYTPEHHETO
BO3/IyXa @y, 0.
1 2
[Tomemenuss  KWIBIX  JIOMOB,  OOIICKWUTHH, TOCTHHHII,
CaHaTOPHEB, ne4eOHO-TTPOQUITAKTHIECKIX YUPEKACHUM,
JIOMOB-HHTEPHATOB, O00IIC00pa30BaTEIBHBIX IIKOJ, JETCKHUX
cazoB-scicH, moMenenui 6accerinos, IITY, BY3o0B, Oubimorek
U apXUBOB, KPOME BaHHBIX U JTyIICBBIX 55
[ToMerienust 0OIIECTBEHHBIX 3AaHUMN (KpoMe BBIIIEyKa3aHHbIX ),
B TOM YHCJIC CIOPTHBHBIE 3ajIbl, 3aJIbl KHHOTEATPOB, KIyOOB,
TEaTpOB, BOK3AJIOB, aIMUHUCTPATHBHO-KOHTOPCKUE U OBITOBBIC
MIOMEIIEHUsI, TIOCCOTIEPAIlMOHHBIC IaJlaThl, OIEpPallMOHHbBIC
3a]Ipl, MaJaThl MHTEHCUBHOW TepaluH, pPOJIOBbIE OOKCHI,
HapKO3Has, OapoKaMmephl, TajaThl IS OKOTOBBIX OOIBHBIX,
majgaTel I JeTed, OOKCBI, CMOTPOBBIC, IEPEBI30YHEIE,
poIeAypHbIE, (KpOME AYIIECBBIX) 50
Bannple, aymieBble W pa3neBalbHbIC TPH HHUX, 3ajbl BaHH
KPBITBIX IIaBaTEJIbHBIX 0aCCEHOB 75
CrenManbHbIE  TIOMEIICHWS  TOPTOBBIX  TMPEANPUATHA |
MPEANPUATANA OOIIECTBEHHOTO MUTAHUS:
MOEYHOU MOCY/IbI 70
HEOXJIAKIaeMbI€ MPOOBOJILCTBCHHBIC KJIQJIOBBIC U
CKJIaJIbl, TOPSYMH II€X, TOPTOBBIA 3aJI IPOJOBOJBCTBEHHOIO
MarasuHa 75
OXJIaXKJAa€MbIE MTPOIOBOJICTBEHHBIE KAMEPBI U CKJIa/bl 90
ITomernenust 6aHb:
pazzeBalibHas 65
MBbUIbHAS, BaHHO-AYIIEBas, 3aJl KyMNaJIbHOro OacceiiHa 75
napuibHas 85
ITomenienus npayeyHbIX:
CYIIWIBLHO-TIaIWIbHAS 65
CTUpaJbHas 70
OCTaJIbHBIC IOMEIICHUS MTPAaYCTHBIX 60
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Taomma I12.3

OTHOCHUTENbHAs BIAXKHOCTh BHYTPEHHETO Pexum VYcnoBus
BO3/yxa, %, pU TeMIiepaTrype MOMEIIEHU | JKCILTyaTa-
100501
orpax;e-
1o 12 °C cBbie 12 cBhlie 24 °C Huii
1o 24 °C
1o 60 10 50 10 40 CyXOMu A
cBbiie 60 cBhIme 50 cBbiie 40
10 75 10 60 10 50 HOPMAaJIbHBII A
CBBIIIIE 75 cBoimie 60 cBbite 50
--- 1o 75 1o 60 BJIQYKHBIN b
CBbILIE 75 cBbIie 60 MOKDBII b
Taomma I12.4
OTonuTeNNbHBIN NEPUOJT CO
CpeIHEN CyTOYHOM TeMITepa-
Ha3zBanne mereoctaHumm Bricora, TYpou Bo3ayxa < 8U°C
Cpenssis TeM- I Tponomxu-
nieparypa, °C TEJIHOCTB, CYT.
1 2 3 4
Uyiickas 596 -3,2 160
KoHcTanTuHoOBCKast 645 -1,1 156
Kant 740 -0,5 164
bumkex 756 -0,9 157
benoBoack 726 -1;0 162
Kapa-banra 770 -1,1 166
Uyit-Tokmoxk 816 -0,2 159
Kpachbiit OkT0pb 1945 -2,5 199
FOpneBka 1028 0,0 161
[[Tabnan 1532 -2,8 200
YoH-ApbIk 1110 0,0 170
Hopyc 1631 -0,4 185
Kuposckoe 855 -2,0 174
Baiiteik 1579 -0,6 195
Apacan 1800 -0,2 214
YomnmoH-ATa 1645 0,7 188
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Koiicapa 1600 -1,7 195
Tamac 1217 -1,0 180
Ax-Tarm 2150 -1,4 224
Kapaxon 1770 -1,9 191
Ana-Apua 2945 -2.4 319
JleanHnosns 1187 -1,7 185
Ak-Cyy 2430 -1,2 256
Baneikun 1660 0,0 184
Tros-Anry 3090 -2,9 325
[ToxpoBka 1740 -0,4 190
Ama-benp 3213 -5,2 354
Koukopka 1810 -2,7 203
Koitmo 2800 -5,1 287
Tamra 1690 -1,0 183
bonsmas Ke3put-Cyy 2555 -2,5 285
CyycaMmbip 2061 -9,5 240
Kapa-Kymxyp 2800 -2,8 293
Taap-111anb 3614 -8,0 365
JlomoH, mepeBa 3040 -3,7 317
Ax-Iutipsk 2844 -4,4 271
Taparait 3080 -5,6 313
Hapbix 2039 -6,9 197
Kazapman 1266 -1,7 174
At-bamm 2025 -7,6 207
Ax-Caii 3135 -9,4 335
Apna 3000 -1,7 306
Yareip-Kynb 3540 -5,6 365
Yarkan 1937 -6,0 211
TokToryn 821 -4.8 153
Kermenn-Tro0e 8-2 -6,6 157
ITaya-ATa 1536,8 0,0 176
PaBar 2286 -2,7 216
Axk-Tepek 1748 1,1 172
Ycereep Tepe 1759 2,0 177
Jlxepreran 1198 0,6 159
Jlennn Ko 721 1.2 136
Yaap-Tain 2748 -2,7 258
Kama-AoOan 971 1,6 133
Vi3ren 1012 1,0 148
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Om 1016 0,7 143
I'ynpua 1542 -1,2 174
Ks3pur-Kap 2230 -4.8 208
KapaBan 1044 0,7 146
Ke3pur-Kus 981 1,0 144
Kuunk-Anai 2360 -2,3 212
XaigapkaH 1970 0,9 192
Hcdana 1180 1,1 168
Cap-Tam 3155 -5,4 310
JIKanThIK 3100 -1,9 307
Wpkemram 2819 3,1 240
Hapoot-Koproun 2470 -4,8 209
AnrteiH-Masap 2782 -3,7 210
Tabmuma I1 2.5
Pacuernas Temire- CpenHsst cyTou-
paTypa camoi CpenHsst MUHH- Has aMIUIUTYJa
Hazpanue XOJIOTHOM MaJlbHasl TeMIIC- KoJicOaHH# TeM-
METEOCTaHIINH IISITUTHECBKH parypa 3a nepaTypsl
obecrieueH- STHBapb, °C HapY>KHOTO
HocThiO0 0,92, °C BO3IYXa, °C
1 2 3 4
Uyiickast 001acTh
Bumnikex -23,0 -9,6 10,6
[ITa0man -20,0 -15,4 -
YoH-ApbIk -18,0 -8,4 -
BaiiTe! k -15,0 -9,4 -
Tros-Anry ceBepHas -23,0 -14,6 -
Tamacckas 001acTh
Tanac -21,0 -12,0 12,3
TokToryn -26,0 -8,3 -
Uccoik-Kynbckas obmactb
Yomnmou-Ata -9,0 -6,7 -
Kapaxon -12,0 -11,6 11,0
banbikun -10,0 -9,0 104
Koiimro -30,0 -25,1 -
Tamra -8,0 -5,5 -
Tsauap-11lans -31,0 -29,0 15,0
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Ax-Iutipsk -26,0 -22,0 -
Taparaii -30,0. -25,7 -
Hapriackas o6actpb
Koukopka -21,0 -18,0 -
CyycamsIp -33,0 -28,6 13,1
Kapa-Kymxyp -21,0 -17,6 -
AT-OltHOK - -14,7 -
Hapbia -29,6 -21.8 10,7
Omrckas, Jxanan-AoGaackas o0acTu

Kazapman -31,0 -21.7 -
Yarkan -24.0 -20,3 -
[Taua-ATta -15,0 9,1 -
PaBar -19,0 -11,6 7,8
Ax-Tepek -12,0 -5,7 -
Yaap-Tam -20,0 -13,5 -
Viren -13,0 -6,4 -
Om -13,0 -7,8 9,9
Ke3pin-Kap -25,0 -19,7 -
['ynbua -17,0 -12,2 -
XaitnapkaH -16,0 -11.3 -
Cappi-Tam -24,0 -23.2 13
Hapoot-Kopron -25,0 -18,4 11,5
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MHNPUJIOKEHUE 3. MAKCUMAJIBHOE ITAPIIUAJIBHOE

JABJEHHUE BOJAHOI'O ITAPA

tint, Eint, tint, Eint, tint, Eint, tint, Eint, tint, Eint, tint, Eint,
°C |Ia |°C |Ma |°C | Ha |°C |Ia |°C | IIa |°C | Ila
-25 |63 |-15 | 165 | -5 402 |5 872 |15 |1705|25 |3168
-24 169 |-14 |181 -4 437 |6 935 |16 |1817|26 |3363
-23 |77 |-13 |199 | -3 476 |7 1001} 17 | 1937|27 | 3567
-22 |85 |-12 | 217 |-2 517 |8 1072|118 |2064|28 |3782
21 (93 |-11 | 237 |-1 163 |9 1148|119 | 219729 |4005
-20 (103 |-10 |[260 |0 611 (10 |1228|20 |2338/30 |4243
-19 | 113 | -9 284 |1 657 |11 |1312|21 | 2488
-18 | 125 | -8 310 |2 705 |12 1403| 22 | 2644
-17 | 137 | -7 338 |3 759 |13 |1497| 23 | 2809
-16 151 | -6 369 |4 813 (14 |1599|24 |2984
[Ipumeuanue:
1. MakcumanpHOe mapHuaibHOe JaBieHue BojasHoro mapa Eine , Ila,

MIPUBEICHO IpU AaBiieHnH Bo3ayxa 0,1 Mlla.

2. JIas mpoMeXXyTOUHBIX 3HAYCHHUH TeMIlepaTypbl MAKCUMAIIbHOE MapIHalbHOE
JABJICHUE CJIEYET ONPEACIIATh HHTEPIIOJIALUEH.

135



MPUWJIOKEHMUE 4. CPEJHASA MECSAYHAS U TOJOBASI TEMIIEPATYPA BO3JIYXA, °C

Crannus I I 1 A\ V VI VIl | VIII IX X Xl X1l | T'ox
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Yyiickasi 00J1acTh
1. bumkek -50 | =29 | 40 | 11,7 | 170 | 215 | 244 | 228 | 1/5 | 105 | 25 | -2,7 | 101
2. lllabnan -93 ] -69 | 01 /71 | 114 | 146 | 169 | 159 | 11,7 | 55 | 20 | -71 | 48
3. YoH-ApblH -39 | 24 | 26 98 | 147 | 191 | 218 | 20,3 | 153 | 9,0 1,8 -2,0 | 8,8
4. bailTik -51 | 41 0,5 6,8 | 113 | 154 | 181 | 172 | 123 | 6,7 05 | -33 | 63
5. Tros-Anry ceBepHas -116 | -108 | -6,8 | -15 2,3 6,1 8,6 8,1 45 | -10 | 62 | -90 | -14
Tanacckas 001aCcTh
6. Tanac -6,0 | 40 1,8 92 | 140 | 181 | 20,3 | 186 | 13,7 | /8 0,9 -38 | 75
7. TokToryn -5,1 | -3,7 3,7 | 133 | 176 | 211 | 257 | 242 | 19,7 | 125 | 4,6 -2,8 | 110
Hccbik-Kyabckast 00J1acth

8. YonmoH-ATa -3,2 | 21 1,8 /73 | 115|150 | 173 | 170 | 133 | 8,2 2,3 -1,1 | 7,3
9.Kapakon -6,6 | -5,2 0,4 74 | 118 | 148 | 169 | 163 | 123 | 6,7 | -03 | 43 | 59
10. banbikun -45 | -29 1,3 /74 | 119 | 157 | 182 | 178 | 13,7 | 8,0 11 28 | 11
11. Koitiro -19,0 | -13,7 | -5,0 1,7 5,6 83 | 10,3 | 9,6 57 | 04 | 99 | -172 | -20
12. Tamra 2,71 | 21 1,9 /7,7 | 120 | 153 | 17,7 | 172 | 13,7 | 8,6 24 | -09 | 81
13. Taup-111anb -218 |1 -194 | -135 | -6,7 | -1,2 19 403 | 38 | -03 | -6,2 | -147 | -19,7 | -7,8
14. Ak-IIeriipak -153 1 114 | -46 | 21 6,1 91 | 115 | 10,7 | 64 0,2 | -80 | -134 | -05
15. Taparait -196 | -152 | -7,4 | -0,3 3,7 6,9 9,1 8,7 44 | -20 |-10,7 | -171 | -3,3
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[Iponomxkenue npunoxenus 4

1 | 2 | 3| 4 | 5 | 6 | 7 | 8 ] 9 |10 ] 11 ] 12 | 13 | 14
Happbinckasi 00J1acTh
16. Koukopka -102 | -6,3 | 0,5 6,9 | 111 | 140 | 158 | 150 | 109 | 53 | -2,7 | -85 | 43
17. CycamsbIp -223 | -19,7 1 -112 | 04 83 | 112 | 135 | 130 | 84 18 |-101|-188 | -2,1
18. Kapa-Kyxyp -123-1 106 | -53 | 09 4,9 7,6 | 100 | 98 6,0 05 | -6,8 | -10,7 | -05
19. AT-MoliHok -113 | -103 | -52 | 1,7 5,1 88 | 114 | 117 | 716 1,5 53 | 82 | 06
20. Hapsin -171 | -138 | 41 | 6,7 | 116 | 145 | 172 | 170 | 124 | 54 | -43 | -132 | 28
Omckas u /xanan-Adaackas 00JgacTu
21. Kazapman -169 | -131 | -09 | 112 | 15,7 | 192 | 216 | 216 | 1666 | 91 01 | -94 | 62
22. Yartkan -139 | -116 | -58 | 26 | 10,2 | 13,7 | 170 | 16,6 | 114 | 56 | 47 |-110| 24
23. Haga-ATta 45 | 227 | 25 92 | 131 | 165 | 19,2 | 188 | 144 | 8.3 22 | 21 | 79
24.. Aarpen -86 | -7,3 | -31 | 3,6 92 | 130 | 164 | 162 | 116 | 50 | -25 | -6,5 | 3,9
25. Ak-Tepek 25 | -13 | 30 91 | 135|175 | 25 | 200 | 156 | 96 35 | 0,2 | 91
26. Yaap-Tam -91 | -85 | 46 | 13 52 1101 | 125 | 124 | 8,2 52 | 31 | 62 | 1,7
27. ¥Y3ren -28 | -05 | 58 | 130 | 173 | 214 | 239 | 22,7 | 182 | 11,8 | 4,7 0,0 | 112
28. Om -34 | -09 | 59 | 13,7 | 188 | 235 | 254 | 230 | 183 | 118 | 44 | -04 | 117
29. Ke13pu1-XKap -141 | -109 | -26 | 57 99 | 129 | 157 | 156 | 113 | 4,7 | -35 | -10,8 | 2,8
30. I'ynpua -6.5 | -36 | 3,0 99 | 136 | 166 | 195 | 19,1 | 146 | 8,2 15 | 40 | 7,7
31. Xaigapkan 5,7 | 42 | 04 /4 | 121 | 162 | 19,2 | 182 | 136 | 7,3 08 | -32 | 69
32.Cappi-Tam -171 | -147 | 95 | -22 | 3.3 6,5 9,6 9,6 55 | -11 | 99 | -143 | -29
33. Jlapoot-Koproun -136 | -110 | 43 | 43 93 | 129 | 162 | 160 | 11,7 | 49 | -39 | -10,2 | 2,7

63
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HHPUJIOKEHMUME 5. CPEJHAS U MAKCUMAJIBHAS CYTOUYHASA AMIUVINTY IA
TEMIIEPATYPbBI HAPYXKHOI'O BO3YXA

Pecny6uuika, AMIUIUTY1a TeMIIepaTyphl CpeaHsis/MaKcuMabHas 1o Mecsinam, °C
Kpaii, 00J1acTh, I I 11 v V VI Wl VIl X X Xl Xl
YHKT

Kbiproizckas 10,6/ | 10,7/ | 10,4/ | 11,8/ | 12,4/ | 13,2/ | 14,2/ | 143/ | 145/ | 13,3/ | 10,9/ | 11,1/
Pecny0/inka 26,3 251 22,8 23,9 22,8 23,4 232 | 241 | 2272 26,5 28 | 27,9

bumkex
Hccwik-Kyabekas | 11/18 11,3/ 10,2/ 12,4/ 12,5/ 12,6/ 13,9/ | 14,3/ | 14,7/ 13/ 10,6/ | 10,4/
00.,1acTh 19,8 17,9 20,4 20,5 19,8 21,3 22,6 21,8 20,8 19,8 | 19,2
Kapaxon
Hapbinckas 10,7/ 11,2/ 10,2/ 12,1/ 12,9/ 13,2/ 14,7/ | 15,3/ | 15,4/ 13,6/ | 10,4/ | 9,9/
00/1aCTH 19,1 19,8 21,1 21,9 21,7 21,1 22,6 22,1 22,6 21,3 18,7 | 21
Hapbin

Omickas o6aacts | 9,9/ 9,2/ 9,3/ 10,8/ | 11,8/ | 12,55/ | 13,2/ | 135/ | 13,9/ | 12,6/ | 10,2/ | 9,5/
O 20,4 19,7 19,1 19,4 21,1 18,7 20,8 | 20,7 | 205 205 | 198 | 17,8
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IMMPUJIOKEHME 6. CPEJAHASA MECAYHAS U T'OAOBAS
OTHOCUTEJIBHAA BJIAYKHOCTbDb BO3AYXA, %

Crannus | 1 1 \ \Y VI Vil | VI IX X Xl X1l | Tox
1 2 3 4 S 6 7 8 9 10 11 12 13 14
PaiioHbl pecny0JIMKAHCKOI0 MOJYMHEHHS
1. bumikek 60 72 72 63 59 ol 44 45 47 o7 69 /1 60
2. [1labnan 70 72 70 67 66 66 63 61 59 64 70 /1 67
3. YoH-ApsIH 59 63 69 64 60 53 48 46 47 56 62 61 57
4. balTIk o6 59 66 65 64 59 51 51 52 56 57 56 58
5. Twosi-anry ceBepHas 59 60 63 65 69 68 67 63 59 58 56 57 62
Tanacckas 00/1acTh
6. Tamac 67 70 73 67 62 S57 53 52 53 60 66 67 62
7. Toxroryn 79 82 74 62 60 54 44 43 45 59 62 63 61
Hccpik-Kyabckast 00J1acTh
8. HonnoH-ATta 69 70 70 63 64 63 64 65 64 66 67 67 66
9. Kapakon 70 70 67 59 59 61 61 62 61 63 67 59 64
10. banbikun 60 61 61 56 56 56 56 54 53 55 57 60 57
11. Koo 77 68 60 56 61 64 66 65 65 62 70 80 66
12. Tamra 60 63 65 58 60 60 60 60 58 59 60 59 60
13. Tauap-111aHp 71 70 69 69 70 70 68 67 67 65 67 |71 68
14. Ak-IlIsiiipak ) 50 48 46 ol o4 53 55 55 50 53 o7 52
15. Taparaii 72 79 25 60 62 63 62 61 62 61 68 73 65
HapbiHckasi 001aCTh

16. Koukopka 66 62 58 57 59 61 62 62 59 59 65 68 62
17. Cycambip 81 81 82 75 64 65 62 58 58 66 78 81 /1
18. Kapa-Kyxyp 60 60 60 59 64 65 64 61 57 o7 60 61 60
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19. At-OitHok 59 66 65 60 62 59 56 47 49 52 57 o/ of
20. Happin 78 77 70 54 53 o4 49 45 43 49 64 /5 59
Omckan u /Ixanan-Adaackas o6gacTu
21. Kazapman 81 83 77 62 61 58 53 48 52 60 73 79 66
22. Yarkan 74 73 75 69 57 55 47 41 43 59 68 73 61
23. ITaya-ATta 63 64 66 64 66 62 56 52 52 60 63 63 61
24. Aurpen o7 59 62 59 o4 50 42 39 39 48 54 56 52
25. Ak-Tepek 95 59 62 61 61 53 48 46 46 52 55 95 )
26. Yaap-Tain of 64 67 70 70 62 57 52 53 o7 56 94 60
27. VY3ren 68 70 69 63 60 51 48 49 50 58 67 59 60
28. Om 78 79 76 63 55 44 45 52 54 62 74 79 64
29. Ke13pu1-Kap 77 76 71 62 60 58 54 49 50 57 66 74 63
30. I'ynpua 73 73 70 65 65 60 56 52 53 61 69 73 65
31. Xangapkan 56 60 68 67 60 49 43 40 42 ol 56 56 94
32. Capsi-Tam 73 74 75 73 69 67 61 95 54 60 69 72 67
33. lapoot-Koproun 73 72 69 61 55 51 48 45 45 50 61 70 58
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HPUJIOXKEHMUE 7. JUCTUHI [IPOI'PAMMDbI

using System;

using System.Collections.Generic;

using System.ComponentModel;

using System.Data;

using System.Drawing;

using System.Ling;

using System.Text;

using System.Windows.Forms;

using MainApplication.Classes;

using WebServicePlagiatProject.Service;

namespace MainApplication

{

public partial class TeplotechRashet : Form
{
private string parameter = "Lam";
private string [,] matrix =
new[,]{{"A","A","B"}{"A","B","B"}{"B","B","B"}};
private Dictionary<string, int> dicAreaHumidity = new Dictionary<string,
int>() { { "Cyxas", 0 }, { "Hopmanenas", 1 }, {"Bnaxuas", 2} };
private Dictionary<string, int> dicModePremises = new Dictionary<string,
int>() { { "Cyxoii", 0 }, { "Hopmansusiit”, 1 }, { "Braxusiii win mokpsiii™, 2 } };
private double r1,r2,r3,r4,r5,r6,r7;
private double b4value, tb, tn, Rk, Ro, dtn, n, Rotr,D;
private double gradusDaysCalculate;
private bool flag;
private bool itog;
private Graph graf;

public TeplotechRashet()
{
InitializeComponent();
ReloadRepository();
cbAreaHumidity.SelectedIndex = 1;
cbModePremises.SelectedIndex = 1;
¥
const double ab = 8.78; // no6aBuTh TaGNMMUKY, JIJIs1 pa3HBIX TUIIOB
KOHCTPYKIHWH PA3HBIC 3HAYCHUA
private double an;
private double S1,52,S3,54,S5,56,S7;
private void barButtonltem1_ItemClick(object sender,
DevExpress.XtraBars.ltemClickEventArgs e)
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{

by
private bool ValidateTextBandLam()

{

If (string.ISNullOrEmpty(b7.Text) ||
string.ISNullOrEmpty(b6.Text) ||
string.ISNullOrEmpty(b5.Text) ||
string.ISNullOrEmpty(b4.Text) ||
string.ISNullOrEmpty(b3.Text) ||
string.ISNullOrEmpty(b2.Text) ||
string.ISNullOrEmpty(b1.Text))
return false;

else
return true;

private void ReplaceDot()

{
b7.Text = b7.Text.Replace('.", '");
b6.Text = b6.Text.Replace('.', ',');
b5.Text = b5.Text.Replace('., ',');
b4.Text = b4.Text.Replace('.', ',)
b3.Text = b3.Text.Replace('.", ',)
b2.Text = b2.Text.Replace('.", ',);
bl.Text = bl.Text.Replace('.", ",);

lam7.Text = lam7.Text.Replace('.", ',
lam6.Text = lam6.Text.Replace('.", ',")
lam5.Text = lam5.Text.Replace('.", ',);
)
)
)

lam4.Text = lam4.Text.Replace('.", ')’
lam3.Text = lam3.Text.Replace('.", ',
lam2.Text = lam2.Text.Replace('., '
lam1.Text = lam1.Text.Replace('.",")");

textEdit20.Text = textEdit20.Text.Replace('.", ',);

private void conditionMaterial _SelectedIndexChanged(object sender,
EventArgs e)

{

If (conditionMaterial.SelectedIndex == 0)
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parameter = string.Empty;
cbAreaHumidity.Enabled = false;
cbModePremises.Enabled = false;
parameter = "Lam";
S1 = double.Parse(layerl.GetColumnValue("SA").ToString());
S4 = double.Parse(layer4.GetColumnValue("SA").ToString());
S7 = double.Parse(layer7.GetColumnValue("SA").ToString());
if (chL6.Checked)

S6 = double.Parse(layer6.GetColumnValue("SA").ToString());
if (chL5.Checked)

S5 = double.Parse(layer5.GetColumnValue("SA").ToString());
if (chL3.Checked)

S3 = double.Parse(layer3.GetColumnValue("SA").ToString());
if (chL2.Checked)

S2 = double.Parse(layer2.GetColumnValue("SA").ToString());

SetParameters();

¥

else

{
cbAreaHumidity.Enabled = true;

cbModePremises.Enabled = true;
SetMatrixParameters();

k
}

private void lookUpEditl EditValueChanged(object sender, EventArgs e)
{

}

private void SetMatrixParameters()

{

SetParameters();

parameter = string.Empty;

var index =
matrix[dicModePremises[cbModePremises.EditValue. ToString()],
dicAreaHumidity[cbAreaHumidity.EditValue. ToString()]];

parameter = "Lam" + index;

S7 = double.Parse(layer7.GetColumnValue("S" + index).ToString());

S4 = double.Parse(layer4.GetColumnValue("S" + index).ToString());

S1 = double.Parse(layerl.GetColumnValue("S" + index).ToString());

if (chL6.Checked)

S6 = double.Parse(layer6.GetColumnValue("S" + index).ToString());
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If (chL5.Checked)

S5 = double.Parse(layer5.GetColumnValue("S" + index).ToString());
if (chL3.Checked)

S3 = double.Parse(layer3.GetColumnValue("S" + index).ToString());
if (chL2.Checked)

S2 = double.Parse(layer2.GetColumnValue("S" + index).ToString());

SetParameters();

}

private void SetParameters()

{
lam7.EditValue = layer7.GetColumnValue(parameter);
lam4.EditValue = layer4.GetColumnValue(parameter);
lam1.EditValue = layerl.GetColumnValue(parameter);

if (chL6.Checked)

lam6.EditValue = layer6.GetColumnValue(parameter);
if(chL5.Checked)

lam5.EditValue = layer5.GetColumnValue(parameter);
if(chL3.Checked)

lam3.EditValue = layer3.GetColumnValue(parameter);
if(chL2.Checked)

lam2.EditValue = layer2.GetColumnValue(parameter);

¥

private void Calculate()
{
conditionMaterial_SelectedIndexChanged(null,null);
I/l R=b/lam; b-ronmmHua cimost lam-pacyeTHbIi KOAPPUITIESHT
TCIIOIIPOBOAHOCTHU MaTepHraia ClI0sd
r4 = b4value / Convert. ToDouble(lam4.Text);
Rk=rl+r2+r3+r4+r5+r6+r7;
//O0111ee COMPOTUBIIEHUE TETUIONIEpPeaue PaBHO
Ro = Math.Round(((1 / ab) + Rk + (1 / an)),3);
/ Rotr =n * (tb - tn) / (dtn * ab);

D=r1*S1+r2*S2+r3*S3+r4*S4+r5*S5+r6*S6+7r7*S7;

if (Ro > Rotr)
{
flag = true;
itog = true;

}
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else

{
itog = false;
b4value +=0.01;
}

//OnpeneneHne TOMMUHBI CIO0S

Il Rotr =n * (tb - tn) / (dtn * ab);

// bavalue = Math.Round(Convert.ToDouble(lam4.Text) * (Rotr - (1 / ab) -
r1-r2-r3-r5-r6-r7-(1/an)),3);

¥

private void cbhAreaHumidity EditValueChanged(object sender, EventArgs e)

{
if (cbAreaHumidity.Enabled)

SetMatrixParameters();

¥

private void coModePremises_EditValueChanged(object sender, EventArgs e)

{
if (cbModePremises.Enabled)

SetMatrixParameters();

¥

private void layer4 EditValueChanged(object sender, EventArgs e)
{

SetParameters();

¥

private void layerl EditValueChanged(object sender, EventArgs e)
{

SetParameters();

¥

public void ReloadRepository()
{

NotificationForm.Show();
NormativTemperaturRepository.normativRepo =
RepositoryHelper.GetReloadNormativTemperature(). ToList();
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materialsBindingSource.DataSource =
RepositoryHelper.GetMaterialsData();
vidOgrajKonstrukziiBindingSource.DataSource =
RepositoryHelper.GetTypeBuldRepository();
naznachZdanijaBindingSource.DataSource =
RepositoryHelper.GetNaznachZdanijaRepository();
locationBindingSource.DataSource = RepositoryHelper.GetLocation();
CityRepository.cityRepo = RepositoryHelper.GetCity(). ToList();
ClimatDataRepository.climatRepo =
RepositoryHelper.GetClimatData(). ToL.ist();
RequredResistenceRepository.reqRepo =
RepositoryHelper.GetRequiredResistence(). ToList();
GradusDaysRepository.gradusDaysRepo =
RepositoryHelper.GetGradusDays(). ToList();
ThermostabilityRepository.termoRepo =
RepositoryHelper.GetTermostability(). ToList();
MaxCompressionRepository.compressionRepo =
RepositoryHelper.GetMaxCompression(). ToList();
MiddleTemperaturaRepository.middleTempRepo =
RepositoryHelper.GetMiddleTemperatura(). ToList();
WindSpeedRepository.windRepo =
RepositoryHelper.GetWindSpeed(). ToList();
HeightWindSpeedRepository.hwsRepo =
RepositoryHelper.GetHeightWindSpeed(). ToList();
NotificationForm.Close();
¥

private void barButtonltem2_ItemClick(object sender,
DevExpress.XtraBars.ltemClickEventArgs e)

{
k

private void typeCalculate_SelectedIindexChanged(object sender, EventArgs

{
if (typeCalculate.Selectedindex == 0)
{

}

else

{

}
¥

e)

b4.Enabled = false;

b4.Enabled = true;
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private void lueOblast_EditValueChanged(object sender, EventArgs e)

{
cityBindingSource.DataSource =
CityRepository.cityRepo.FindAll(x=>x.0blast.Id == (int)lueOblast.EditValue);

}
private void leTypeBuild_EditValueChanged(object sender, EventArgs e)

{
teHumidityPremises.Text =
leTypeBuild.GetColumnValue("Humidity"). ToString();
tvnutrenego.Text =
leTypeBuild.GetColumnValue("InternalTemperature™). ToString();

¥

private List<MiddleTemperatura> mtemp = new List<MiddleTemperatura>();
private void lueCity EditValueChanged(object sender, EventArgs e)

{
int gradld = 1;
try
{

mtemp.Clear();

if (lueCity.Text == "") {MessageBox.Show("aaaa"); return;}

var temp = ClimatDataRepository.climatRepo.Find(x => x.City.Ild ==
(int)lueCity.EditValue);

eext = temp.eext;

tex = temp.FiveDaysTemper;

var tempwind = WindSpeedRepository.windRepo.Find(x => x.City.Id
== (int)lueCity.EditValue);

v = tempwind.WindSpeedYan;

ReportEntity.SkorostVetraZalyul =
tempwind.WindSpeedlyul. ToString();

ReportEntity.SkorostVetraZaYanvar = v.ToString();

z0 = temp.subZeroDays;

teDurationDays. Text = temp.durationDays. ToString();

tsrednaja. Text = temp.tSred.ToString();

tnarujnogo.Text = temp.tOuter. ToString();

mtemp=
MiddleTemperaturaRepository.middleTempRepo.FindAll(x=>x.City.ld ==
(int)lueCity.EditValue);

by

catch (Exception)

{

MessageBox.Show(
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" JIn1st BEIOPaHHOTO TOPOJa HEOOXOIMMO 3aIOJTHUTh €T0 JaHHbBIC B
COOTBETCTBYIOIIUX CIpaBOYHUKax!");
return;

¥

try
{
if (leVidOgrajdeniya.EditValue !'= null)
{
gradusDaysCalculate = (double.Parse(tvnutrenego.Text) -
double.Parse(tsrednaja. Text)) *
double.Parse(teDurationDays.Text);
¥

else

{

MessageBox.Show("Crauana BeiOepUTE THIT OrpaXkaatoei
KoHCTpyKIuu!");
return;

¥

for (int1 = 0; i < GradusDaysRepository.gradusDaysRepo.Count - 1; i++)
{
if (gradusDaysCalculate >
GradusDaysRepository.gradusDaysRepo[i].GradusDay && gradusDaysCalculate
< GradusDaysRepository.gradusDaysRepo[i + 1].GradusDay)
{
gradld = GradusDaysRepository.gradusDaysRepo[i].ld;
}
}

if (gradusDaysCalculate >
GradusDaysRepository.gradusDaysRepo.Last().GradusDay)

{
gradld = GradusDaysRepository.gradusDaysRepo.Last().1d;

}
}
catch

{

¥
try

{
textEdit20.Text =

MessageBox.Show("Mmerotcs mycthie 3HaueHus!");
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RequredResistenceRepository.reqRepo.Find(
X =>
x.GradusDays.ld == gradld && x.NaznachZdanija.ld ==
(int)leTypeBuild.EditValue &&
x.VidOgraj.ld ==
(int)leVidOgrajdeniya.EditValue).RequiredResistan. ToString();
by

catch (Exception)

{
ol
private void leVidOgrajdeniya_EditValueChanged(object sender, EventArgs
e)
{

textEdit19.Text =
leVidOgrajdeniya.GetColumnValue("OuterSurface™).ToString();

¥

private double AEDb, antermo, ALDb, ARastn, vz, Y1, Y2, Y3, Y4, Y5, Y6, Y7,

private void CalculateThermostability()
{
/[Tpebyemast aMruTyAa
var tsred = ClimatDataRepository.climatRepo.Find(x => x.City.ld ==
(int)lueCity.EditValue).tSredJuly;
ReportEntity.SredneMesyachTempZalyul = tsred.ToString();
AEb =25-0.1* (tsred - 21);

var termo =
ThermostabilityRepository.termoRepo.Find(
x => X.City.ld == (int)lueCity.EditValue && x.typeBuild.ld ==
(int)leVidOgrajdeniya.EditValue);
antermo = 1.16 * (5 + 10 / termo.WindSpeed);

Y1 =((rl * Math.Pow(S1, 2)) +ab) / (1 +rl * ab);

Y2 =((r2 * Math.Pow(S2, 2)) + Y1) / (L +r2 * Y1);
Y3 =((r3 * Math.Pow(S3, 2)) + Y2) / (L +r3 *Y2);
Y4 = ((r4 * Math.Pow(S4, 2)) + Y3) / (1 + r4 * Y3);
Y5 = ((r5 * Math.Pow(S5, 2)) + Y4) / (1 + 15 * Y4);
Y6 = ((r6 * Math.Pow(S6, 2)) + Y5) / (1 + r6 * Y5);
Y7 = ((r7 * Math.Pow(S7, 2)) + Y6) / (1 + r7 * Y6);

vz=09*(D/2.718) *
((S1+ab)*(S2+Y1)*(S3+Y2)*(S4+Y3)*(S5+Y4)*(S6+
Y5) * (S7 + Y6) * (antermo + Y7)) /
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((S1+Y1)*(S2+Y2)*(S3+Y3)*(S4+Y4)*(S5+Y5)*(S6+

Y6) * (S7 + YT7)));

//AMmuTy 12 KoJieOaHUi TeMIiepaTypbl BHYTPEHHEH MOBEPXHOCTH
OTpaXKJAOIINX KOHCTPYKIUN

var Atn = ClimatDataRepository.climatRepo.Find(x => x.City.ld ==
(int)lueCity.EditValue).Atn;

ReportEntity. AmplitudaSutColebaniiViyule = Atn.ToString();

var p = double.Parse(layer7.GetColumnValue("P").ToString());

ReportEntity.SolnRadiaciyaMax = termo.ImaxWall.ToString();

ReportEntity.SolnRadiaciyaMax = termo.IsredWall.ToString();

ReportEntity.KoefPoglosheniyaSolnRadiacii = p.ToString();

ARastn = 0.5 * Atn + ((p * (termo.ImaxWall - termo.lIsredWall)) /
antermo);

ALb = ARastn / vz;

}

private bool amplitudavisible = false;
private void checkEditl CheckedChanged(object sender, EventArgs e)
{
if (checkEditl.Checked)
{
amplitudavisible = true;
typeCalculate.SelectedIndex = 1;
¥

else

{

amplitudavisible = false;

Pl

private void chL6_CheckedChanged(object sender, EventArgs e)
{
if (chL6.Checked)
{
layer6.Enabled = true;
lam6.Enabled = true;
b6.Enabled = true;
lam6.Text="";

¥

else
{
layer6.Enabled = false;
lam6.Enabled = false;
b6.Enabled = false;
lam6.Text ="1";
b6.Text ="0";
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¥l

private void chL5 CheckedChanged(object sender, EventArgs e)

{

if(chL5.Checked)

{
layer5.Enabled = true;
lam5.Enabled = true;
b5.Enabled = true;
lam5.Text = """
b5.Text ="0";

}

else

{
layer5.Enabled = false;
lam5.Enabled = false;
b5.Enabled = false;
lam5.Text ="1";

Pl

private void chL3_CheckedChanged(object sender, EventArgs e)

{
if (chL3.Checked)

{
layer3.Enabled = true;
lam3.Enabled = true;
b3.Enabled = true;
lam3.Text="";

¥

else

{
layer3.Enabled = false;
lam3.Enabled = false;
b3.Enabled = false;
lam3.Text ="1";
b3.Text ="0";

¥
}

private void chL2_CheckedChanged(object sender, EventArgs e)

{
iIf (chL2.Checked)

{
layer2.Enabled = true;

lam2.Enabled = true;
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b2.Enabled = true;
lam2.Text="";
b2.Text ="0";

}

else

{
layer2.Enabled = false;
lam2.Enabled = false;
b3.Enabled = false;
lam2.Text ="1";

¥
}

private void layer6 EditValueChanged(object sender, EventArgs e)
{

SetParameters();

}

private void layer5 EditValueChanged(object sender, EventArgs e)
{

SetParameters();

}

private void layer3_EditValueChanged(object sender, EventArgs e)
{

SetParameters();

}

private void layer2 EditValueChanged(object sender, EventArgs e)
{

SetParameters();

}

private double Rvpe, Rvpel, Rvpe2 = 0, Rvpe3 = 0, Rvpe4, Rvpe5 =0,
Rvpe6 =0, Rvpe7, E, Rvpltr=0, Rvp2tr=0;
private double eext, z0, EO, pw, sw, dWav, eOext, eoextTemp;

private void WaterPermeability()
{
TemperatureHelper th = new
TemperatureHelper(MiddleTemperaturaRepository.middleTempRepo);
var fint = double.Parse(teHumidityPremises. Text);
var Eint = MaxCompressionRepository.compressionRepo.Find(x => x.Tint
== double.Parse(tvnutrenego.Text)).Eint;
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var eint = (fint / 100) * Eint;
Rvpel = Convert. ToDouble(b1.Text) /
double.Parse(layerl.GetColumnValue("M").ToString());
if (chL2.Checked)
Rvpe2 = Convert.ToDouble(b2.Text) /
double.Parse(layer2.GetColumnValue("M").ToString());
if (chL3.Checked)
Rvpe3 = Convert.ToDouble(b3.Text) /
double.Parse(layer3.GetColumnValue(*M").ToString());

Rvpe4 = Convert.ToDouble(b4.Text) /
double.Parse(layer4.GetColumnValue("M™).ToString());

if (chL5.Checked)

Rvpe5 = Convert.ToDouble(b5.Text) /
double.Parse(layer5.GetColumnValue("M").ToString());

if (chL6.Checked)

Rvpe6 = Convert.ToDouble(b6.Text) /
double.Parse(layer6.GetColumnValue("M").ToString());

Rvpe7 = Convert.ToDouble(b7.Text) /
double.Parse(layer7.GetColumnValue("M").ToString());

Rvpe = Rvpel + Rvpe2 + Rvpe3 + Rvped + RvpeS + Rvpe6 + Rvpe7;

if (mtemp.Count==0)
{
MessageBox.Show("He BeiOpan ropoji uim He 3armoJIHEeHbI
COOTBETCTBYIOIIME CIIPABOYHUKHU!");
return;
}
inti=1;
double etemp = 0;
foreach (MiddleTemperatura vv in mtemp)
{
if (vw.Yan <0) { etemp +=vv.Yan; i++; eoextTemp +=
MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)vv.Yan).Eint; }
if (vw.Fev <0) { etemp += vv.Fev; i++; eocextTemp +=
MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)vv.Fev).Eint; }
if (v.Mar <0) { etemp += vv.Mar; i++; eoextTemp +=
MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)vv.Mar).Eint; }
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if (vw.Apr<0) { etemp += vv.Apr; i++; eocextTemp +=
MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)vv.Apr).Eint; }
if (vv.Mai < 0) { etemp += vv.Mai; i++; eoextTemp +=
MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)vv.Mai).Eint; }
if (vv.lyun < 0) { etemp += vv.lyun; i++; eoextTemp +=
MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)vv.lyun).Eint; }
if (vv.lyul <0) { etemp += vv.lyul; i++; eoextTemp +=
MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)vv.lyul).Eint; }
if (vww.Avg < 0) { etemp += vv.Avg; i++; eoextTemp +=
MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)vv.Avg).Eint; }
if (vv.Okt <0) { etemp += vv.Okt; i++; eoextTemp +=
MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)vv.Sen).Eint; }
if (vw.Noy < 0) { etemp += vv.Noy; i++; eoextTemp +=
MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)vv.Okt).Eint; }
if (vv.Dek < 0) { etemp += vv.Dek; i++; eoextTemp +=
MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)vv.Noy).Eint; }
¥
ReportEntity.HarakteristikaOtricTemp = i.ToString();
ReportEntity.DavlenieParaOtricTemp = eoextTemp.ToString();
EO0 = MaxCompressionRepository.compressionRepo.Find(x => x.Tint ==
(int)(etemp/i)).Eint;
pw = double.Parse(layer4.GetColumnValue("Pw").ToString());
dWav = double.Parse(layer4.GetColumnValue("Dw").ToString());
sw = double.Parse(b4.Text);

doubleE1=0,E2=0,E3=0,2z1=0,2z2 =0, z3 =0, t1=0,t2=0,t3=0,Rb,N;
Rb = 1/ab;

tl =tb - (tb - th.GetTzsred()) / Ro * (Rb + RK);

t2 =tb - (tb - th.GetTosred()) / Ro * (Rb + RK);

t3 = tb - (tb - th.GetTlIsred()) / Ro * (Rb + RK);

z1 = th.GetZ1();

z2 = th.GetZ2();

23 = th.GetZ3();

try

{

E1 = MaxCompressionRepository.compressionRepo.Find(x => x.Tint
== (int)t1).Eint;
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E2 = MaxCompressionRepository.compressionRepo.Find(x => x.Tint
== (int)t2).Eint;
E3 = MaxCompressionRepository.compressionRepo.Find(x => x.Tint
== (int)t3).Eint;
}

catch (Exception)

{

MessageBox.Show("B ykazanHoM auana3zoHe TeMneparyp OCyTCTBYET
HMcKomas TeMrneparypa. JlormojgHure crpaBoyHuk!");

¥

E = (E1*z1 + E2*z2 + E3*Z3)/12;
eOext = eoextTempl/i;
N=0.0024*(EO - eOext)*(z0/Rvpe);

Rvpltr = ((eint-E)*Rvpe)/(E - eext);
Rvp2tr = (0.0024*z0*(eint - EO))/(pw*sw*dWav + N);
by

private bool watervisible = false;
private void checkEdit2_CheckedChanged(object sender, EventArgs e)

{
if (checkEdit2.Checked)

{
typeCalculate.SelectedIndex = 1;

watervisible = true;

¥

else

{
watervisible = false;
}ool
private double H = 0, yint, yext, Dp, v, tex, Gn, RinfReq, Rinf=0;

private void Breathability()

{
try
{
H = double.Parse(teHight. Text);
by
catch (Exception)
{

MessageBox.Show(*"Ykaxute BoicoTy 3aanus!");
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¥

yint = 3463 / (273 + th);
yext = 3463 / (273 + tex);

if (H>60)
{
double er =1,
for (int1 = 0; i < HeightWindSpeedRepository.hwsRepo.Count-1; i++)
{
if (HeightWindSpeedRepository.hwsRepo[i].Height<=H &&
H<HeightWindSpeedRepository.hwsRepo[i+1].Height)
{
er =
HeightWindSpeedRepository.hwsRepo.Find(
X => X.WindSpeed ==
HeightWindSpeedRepository.hwsRepo[i].WindSpeed).S;
¥
¥
V=Vv¥*er,

}

Dp =0.55* H * (yext - yint) + 0.03 * yext * v*v;
Gn =
double.Parse(leVidOgrajdeniya.GetColumnValue("Breathability"). ToString());

var g = double.Parse(layer7.GetColumnValue("Rn").ToString());
var w = double.Parse(layer7.GetColumnValue("Bn").ToString());
If (q!=null && w!=null)

{

¥

if (chL6.Checked)

{
var a = double.Parse(layer6.GetColumnValue("Rn").ToString());

var s = double.Parse(layer6.GetColumnValue('Bn").ToString());
if (a!=null && s = null)

{

}
¥

If (chL5.Checked)

Rinf = Rinf+(g*(double.Parse(b7.Text)/1000)*w);

Rinf = Rinf + (a * (double.Parse(b6.Text) / 1000) * s);
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{
var a = double.Parse(layer5.GetColumnValue("Rn").ToString());

var s = double.Parse(layer5.GetColumnValue("Bn").ToString());
if (@!=null && s !'=null)
{
Rinf = Rinf + (a * (double.Parse(b5.Text) / 1000) * s);
by
}

if (chL3.Checked)
{
var a = double.Parse(layer3.GetColumnValue('Rn").ToString());
var s = double.Parse(layer3.GetColumnValue("Bn").ToString());
if (@!=null && s !'=null)
{
Rinf = Rinf + (a * (double.Parse(b3.Text) / 1000) * s);
by
}
if (chL2.Checked)
{
var a = double.Parse(layer2.GetColumnValue("Rn").ToString());
var s = double.Parse(layer2.GetColumnValue(*'Bn").ToString());
if (a'!=null && s '=null)
{
Rinf = Rinf + (a * (double.Parse(b2.Text) / 1000) * s);
¥

}
var z = double.Parse(layer4.GetColumnValue(Rn").ToString());

var ¢ = double.Parse(layer4.GetColumnValue("Bn").ToString());
iIf (z!=null && c '=null)

{
Rinf = Rinf + (z * (double.Parse(b4.Text) / 1000) * c);

by
var t = double.Parse(layerl.GetColumnValue("Rn").ToString());

var g = double.Parse(layerl.GetColumnValue("Bn").ToString());
if (t!=null && g !'=null)
{

Rinf = Rinf + (t * (double.Parse(b1.Text) / 1000) * g);

¥

RinfReq = Dp/Gn;

}

private bool breathabilityVisible;
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private void checkEdit3_CheckedChanged(object sender, EventArgs e)

{
iIf (checkEdit3.Checked)

{
typeCalculate.Selectedindex = 1;
breathabilityVisible = true;

}

else

{
breathabilityVisible = false;

Pl

private double t1l, t2l, t31, t4l, t5l, t6l, t71, tbl, tnl,rbl;
private LayersTemperature It;
private void CalculateLayerTemp()
{
It = new LayersTemperature();
rbl = 1/ab;
It.tbl = Math.Round(tb - ((tb - tn)*(rbl/R0)),2);
It.tnl = Math.Round(tb - ((tb -tn) * (rbl +rL +r2+r3+r4 +r5+16 +r7) /
Ro),2);
It.t1] = Math.Round(tb - ((tb - tn) * (rbl + r1) / R0),2);
if (chL2.Checked)
It.t2] = Math.Round(tb - ((tb - tn) * (rbl + r1 + r2) / R0),2);
if (chL3.Checked)
It.t31 = Math.Round(tb - ((tb - tn) * (rbl + r1 + r2+r3) / R0),2);
if (chL5.Checked)
It.t5] = Math.Round(tb - ((tb - tn) * (rbl + rl + r2+r3+r4+r5) / R0),2);
if (chL6.Checked)
It.tél = Math.Round(tb - ((tb - tn) * (rbl + r1 +r2 + r2 + r3 + r4 + r5+r6) /
Ro),2);
It.t4] = Math.Round(tb - ((tb - tn) * (rbl + rl1 + r2 + r3 + r4) / R0),2);
It.t7]1 = Math.Round(tb - ((tb -tn) * (rbl +r1l +r2 +r3+r4 +r5+ 16 +r7)/
Ro),2);

}

private void SetReport()

{
ReportEntity.TipZdaniya = leTypeBuild. Text;
ReportEntity. TipConstrukcii = leVidOgrajdeniya. Text;
ReportEntity. TNaruzhnogo = tnarujnogo.Text;
ReportEntity. TVnutrennego = tvnutrenego.Text;
ReportEntity.SredTemOtopPerioda = tsrednaja. Text;

ReportEntity.PeriodOtopPerioda = teDurationDays. Text;
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ReportEntity.Sloyl = string.Format(" 1 cmoii: {0}
TemmonpoBoxnocts {1} Br/(M*rpam) - {2}", b1l.Text, lam1.Text, layerl.Text);

ReportEntity.Sloy2 = string.Format(" 2 cmoii: {0}
TemmonpoBomnocts {1} Br/(M*rpan) - {2}", b2.Text, lam2.Text, chL2.Checked
? layer2.Text : "HyneBoii");

ReportEntity.Sloy3 = string.Format(" 3 cmoii: {0}
Temmonposoaunocts {1} Br/(Mm*rpan) - {2}", b3.Text, lam3.Text, chL3.Checked
? layer3.Text : "Hynepoii");

ReportEntity.Sloy4 = string.Format(" 4 cnoii: {0}
Temnonposonnocts {1} Br/(Mm*rpan) - {2}", b4.Text, lam4.Text, layerd. Text);

ReportEntity.Sloy5 = string.Format(" 5 cmoii: {0}
TemmonpoBomnocts {1} Br/(M*rpan) - {2}", b5.Text, lam5.Text, chL5.Checked
? layer5.Text : "HyneBoii");

ReportEntity.Sloy6 = string.Format(" 6 cmoii: {0}
TemmonpoBoxuocts {1} Br/(M*rpan) - {2}", b6.Text, lam6.Text, chL6.Checked
? layer6.Text : "HyneBoii");

ReportEntity.Sloy7 = string.Format(" 7 cimoiti: {0}
Temnonposonnocts {1} Br/(Mm*rpan) - {2}", b7.Text, lam7.Text, layer7.Text);

ReportEntity.KoefTeplootdachiVVnutPoverh = ab.ToString() +
"Bt/(M2*rpan)";

ReportEntity.KoefTeplootdachiNaruzhPoverh = an. ToString() +
"Bt/(M2*rpan)";

ReportEntity. TrebSoprotTeploPeredche = Rotr. ToString() + "mM2*rpaa/Bt";

ReportEntity.SostoyanieMateriala = conditionMaterial.SelectedIndex ==
? "Cyxoit" : "Dkcrumyararus',

ReportEntity.Rezhim = cbModePremises.Text + "(*" +
teHumidityPremises.Text + "%)";

ReportEntity.ZonaVlazhnosti = cbAreaHumidity. Text;

ReportEntity.RaschetNaTrebSoprotTeploPeredche =
typeCalculate.SelectedIndex == 1;

ReportEntity.RaschetNaTeploustoichivost = checkEditl.Checked:;

ReportEntity.RaschetNaParopronicaemost = checkEdit2.Checked,;

ReportEntity.RaschetNaVozduhoPronicaemost = checkEdit3.Checked;

ReportEntity.VysotaZdaniya = teHight. Text;

ReportEntity.DavlenieParaSredGod = eext. ToString();

ReportEntity.SoprotivlenieOgrazhTeploperedachTreb = textEdit20.Text;

ReportEntity.FacticheskoeSoprotTeploPeredachi = Ro.ToString();

ReportEntity.Raschet4Sloya = typeCalculate.SelectedIndex == 0;

}

private void sbUpdate_Click(object sender, EventArgs e)
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teDurationDays.ResetText();
teHumidityPremises.ResetText();
textEdit19.ResetText();
textEdit20.ResetText();
tnarujnogo.ResetText();
tvnutrenego.ResetText();
tsrednaja.ResetText();

I/ lueOblast.ltemIndex=0;
//leTypeBuild.ResetText();
//1eVidOgrajdeniya.ResetText();
b7.ResetText();
b6.ResetText();
b5.ResetText();
b4.ResetText();
b3.ResetText();
b2.ResetText();
b1.ResetText();
lam7.ResetText();
lam6.ResetText();
lam5.ResetText();
lam4.ResetText();
lam3.ResetText();
lam2.ResetText();
lam1.ResetText();
/llayerl.ResetText();
//layer2.ResetText();
//layer3.ResetText();
//layer4.ResetText();
//layer5.ResetText();
//layer6.ResetText();
/llayer7.ResetText();
/llueCity.Itemindex = 0;
ReloadRepository();

}

private void sbCalculate_Click(object sender, EventArgs e)

{
try

{
ReplaceDot();

if ('ValidateTextBandLam()) MessageBox.Show("BbI BBei HeBEpHbIE
JTAHHBIC WU HE yKa3aJu OJIHO W3 3HaueHui!");
rl = Convert.ToDouble(b7.Text) / Convert.ToDouble(lam7.Text);

r2 = Convert.ToDouble(b6.Text) / Convert.ToDouble(lam6.Text);
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r3 = Convert.ToDouble(b5.Text) / Convert.ToDouble(lam5.Text);
r5 = Convert.ToDouble(b3.Text) / Convert.ToDouble(lam3.Text);
r6 = Convert.ToDouble(b2.Text) / Convert.ToDouble(lam2.Text);
r7 = Convert.ToDouble(b1.Text) / Convert.ToDouble(lam1.Text);
tb = double.Parse(tvnutrenego.Text); // BayTpeHH:IsI TeMTIepaTypa.
tn = double.Parse(tnarujnogo.Text);// Hapy>xHss Temmieparypa.
//TepMuuecKkoe COMPOTUBICHUE OTPAXAAIOIIEH KOHCTPYKIIHM
if (double.IsNaN(r1)) r1 = 0;
if (double.IsNaN(r2)) r2 = 0;
if (double.IsNaN(r3)) r3 =0;
if (double.IsNaN(r4)) r4 = 0;
if (double.IsNaN(r5)) r5 = 0;
if (double.IsNaN(r6)) r6 = 0;
if (double.IsNaN(r7)) r7 = 0;
dtn = 0; // remniepaTypHbIit Iepenay
n=1;
b4value = double.Parse(b4.EditValue. ToString());
an = double.Parse(textEdit19.EditValue. ToString());
Rotr = double.Parse(textEdit20.EditValue. ToString());
flag = false;
dtn = NormativTemperaturRepository.normativRepo.Find(
X =>
x.NaznachenieZdanija.ld ==
int.Parse(leTypeBuild.EditValue. ToString()) &&
x.VidOgrojKonstrukzii.ld ==
int.Parse(leVidOgrajdeniya.EditValue. ToString())).ValueDeltaT;
if (dtn == null)
{ ¥

SetReport();

if (typeCalculate.Selectedindex == 0)
{
b4value = 0;
while (!flag)
{
Calculate();

}
CalculateLayerTemp();

graf = new Graph(Ro, Convert.ToDouble(b1.Text),
Convert.ToDouble(b2.Text), Convert.ToDouble(b3.Text), b4value == 0 ?
Convert.ToDouble(b4.Text) : Math.Round(b4value, 2),
Convert.ToDouble(b5.Text), Convert.ToDouble(b6.Text),

Convert.ToDouble(b7.Text), 15, It);
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graf.Show();
by

else
{
Calculate();
CalculateThermostability();
WaterPermeability();
Breathability();
CalculateLayerTemp();
graf = new Graph(Rotr, Ro, itog, Convert.ToDouble(b1.Text),
Convert.ToDouble(b2.Text), Convert. ToDouble(b3.Text),
Convert.ToDouble(b4.Text), Convert. ToDouble(b5.Text),
Convert.ToDouble(b6.Text), Convert. ToDouble(b7.Text), 15, AEb, ALDb,
amplitudavisible, Rvpltr, Rvp2tr, Rvpe, watervisible, Rinf, RinfReq,
breathabilityVisible, It);
graf.Show();
by b
catch (Exception ex)
{ MessageBox.Show("IIpoun3zornuia ommoOka B padorte. [IpoBepbTe
3aITOJTHEHBI JiK Bee moys!"); } b}
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MNPUJIOKEHMUE 8. AKT BHEJAPEHUSA

YTBEPIKIAIO
Hupexctop. " - Kbipruisckoro

[cakopuY

« 17 73 2024

AKT BHeIPEHHS HAYYHO-HCC/IEI0BATE/ILCKHX, HAYYHO-TEXHHYECKHX padoT,
(WH) pe3syabTATOB HAYYUHO-TEXHHYECKO#H [eATe1bHOCTH

|. ABtop (coaBTopbi) BHeipeHus: CynuGexoBa Anrbivaii KazaxGaesua,
Kyryes Myxamenii TlaaneBuq, Marozumos Bepauxya CyoméaeBuvy.
2. HauMeHOBaHWE HAyYHO-MCCNE/IOBATEIIbCKHX, HAYYHO-TEXHHYECKHX padoT,
(MITH) PE3YNILTATOB HAYYHO-TEXHHYECKOH AeATENLHOCTH:
3!((:]]&]]1‘[{35! CHCTEMA TeMTOTeXHHYECKOrD pacuera orpaxaalnnx
KOHCTPYKIIHIA.
3. Kparkas annorauus: SkcneprHas cHcTeMa 00ecieyeHHe pealn3yer:
= INIPHMCHCHHE HACTOALIMX HOPM MW CTAHOAPTOB Ha NPOEKTHPOBAHKHE
OrpaKIArIIHX KOHCTPYKUMHA HOBBIX M PEKOHCTPYMPYEMBIX 30aHHil M
COOPY/KEHHH pazTM4YHOTO Ha3HAYEHHs M MPEJIHA3HAYEHHBIE IS TENJIOBOI
3AlHTB  EKHIBIX, OﬁﬂlﬁCTEEHHLIX, NPOH3BOACTBEHHEIX M BCINOMOTIaTENBHBIX
NPOMBINUIEHHBIX NPEANPHATHH, CENLCKOXO3MHCTBEHHBIX H CKITAACKHUX 30AHHI;
- (OpMyJbl  pacueToB Ha  TEIUIOYCTOH4HBOCT, MaponpoHHLIAEMOCTL H
BOZOYVXOINPOHHUAEMOCTD,
- HCTIOJTB30BAHHUE KIIHEHT-CePBEpHO# TexHonoruu nocryna k CYBJI MS SQL Server,
- (dopmbl BBOsa cnpaBouHOl MH(popMauun cornmacso CHMIlam Keipreizckoit
PecnyOmuku;
- HaJIM4He THOKOM 6askl NaHHBIX TENTOH30NALMOHHBIX CBOMHCTE CTPOMTEIBHBIX
MATEPHAJIOB,
- AHAJIM3 pacyeTa CONPOTHBIICHHA TEIVIONEPEaaYH OrpaykIatonNX KOHCTPYKIIHIA;
= BBIBOJI PE3YJIbTATA pacueTa B TeKCTOBRIH (aiin ans nansHelinero ucnonb3oBaHns.
4. Dddexr or Brepenna: HHTErpaims ¢ MECTHBIMA CTPOHTEILHBIMH HOPMAMH
H CTanpapramu, npuMeHscmbie B Kbipreisctane. Cucrema mnpeanaraer
PCKOMEHAIKH, COOTBETCTBYIOLIME MECTHBIM HOPMATHBAM M TpeboBaHMAM K
TEIIOBOI 3aMHTE 31aHMii.
5. Mecto u Bpems BHeapenns: KEIPreI3ckuii WMHKeHEPHO-CTPOMTE/TBHEIN

HHCTUTYT UM. H. McaHoBa, r. bunikek, yiMangeiGaesa 346, oktadpe 2023

roja.
6. ®opma BHeapeHHs: pa3paboTaHHas YKCNEPTHAS CHCTEMA TeIUIOBOH 3alHTh

30aHMA B KIMMaTH4YECKMX YCIOBHAX KwIpremckoit PecnyOnuku umeer psn
NPEUMYILIECTE:
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e ajanTauMs K MECTHBIM KIMMAaTHYECKUM YCJIOBMSM. DKCTEpTHas CHCTEMa
pazpaboTaa ¢ y4eTOM CHEHMPUUECKHX KIMMATHYECKHX  YCIOBMi
Kbipreiscrana, TakuX Kak 3KCTPEMalbHBIC TEMIEPATYphl, BBLICOKAA
COJIHEYHAA AKTHBHOCTH M 3HAYMTE/IbHBIC MEPenajbl TEMNEPATYP B Pa3HbIX
peruonax crpanbl. CHCTEMa yYHTBHIBAET O3TH (DAaKTOpPbl NpH pacyere
ONTUMAJIbHBIX TAPAMETPOB OTPAKIAIOIUMX KOHCTPYKIHIA;

® YYET MCCTHBIX MAaTEPHAIOB U TEXHOIOrMH. CucTeMa BKIFO4aeT HHGOpMaIMio
O MECTHBIX MAaTepHaaax, MCIOAB3YEMBIX B CTPOMTENbCTBE 3HaHMH B
Kbiprbi3ctane, 4to MO3BOJISET NPEUIOKHUTE ONTHMAIBHBIC PELICHHS M
PEKOMEH/ALMH, YYHTbIBAS JOCTYITHOCTh H XaPaKTEPUCTHKH MATEPHAIIOB,

® Y4YeT DHEPreTHYeCKoH J((PEKTUBHOCTH. DKCHEPTHAs CHCTEMA IMOMOraer
ONTHMH3UPOBATH JHEPreTHYECKY 10 3P PEKTHBHOCTD 3aaHMH B Kbiprbizcrase,
YTO BKJIIOYMACT PEKOMEHJAlMK 110 HCMONB30BAHHIO YHEprocOeperarommmx
MAaTEPHAIOB M TEXHOJIOTHIA;

® MHTErpauus ¢ TOCY/JapCTBCHHBIMM OpraHaMM M TPO(PECCHOHATBLHBIMU
coobmwecrpamu. COTPYIHHYECTBO € TOCYAAapCTBEHHBIMH  OPraHaMH,
CTPOUTE/ILHBIMH KOMITaHHSIMH H NPO(ECCHOHANBHBIME COOOIIECTBAMU B
KbipreiactaHe  No3BOJAET  HCMONB30BATh  OKCHEPTHYK)  CHCTEMY B
MPaKkTHYeCKOH paboTe NoO TEIUIOBOM 3amMTE 3/1aHMi, 3TO MOKeT
criocobcTBoBaTh GoMee LIMPOKOMY MPHHATHIO CHCTEMBL U € AajibHEHeMy
Pa3BUTHIO,

® OKCNEPTHAi CHCTEMA HMECT CNPABOYHBLIE JAHHBIE COITIACHO HOPMATHBHBLIM
JaHHbIM

® BBOJ M PeAAKTHPOBAHNE HHOOPMALMH IPOM3BOAUTCS C MIOMOLIBIO IKPAHHBIX
(opm B peskume muanora. OTYETHBIE JAHHBIE SKCIIOPTHPYIOTCS B TEKCTOBbIH
(aiin u mo HeOOXOAMMOCTH MOXKHO COXPaHWTb B KaTalore WIH HA
(u3uYeCKOM HOCHTEIIE.

Jlupekrop Kbipraizckoro
HHKXEHEPHO-CTPOUTEILHOTO
uHcrtutyta iM. H. Mcanosa

Cr. npenoa. kadeapsr «MCO»
Briciiel mkonsr 3KOHOMHKH
n Ou3Heca

Cynubexosa A K.
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MNPUJIOKEHMUE 9. KbIPT'BIBITATEHT

ywu NporpaMManapbiHbH

R B R LR BEBRLEBEY

o
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