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AHHOTALMA

BeepeHue. prMeHeHne COBPEMEHHbBIX KOMMBIOTEPHbIX TEXHOAOTHI MO3BOAMAO AOCTUUb BbICOKMX MPAKTUYECKUX
1 3KOHOMMWYECKMX PE3YALTATOB B CTPOUTEABCTBE COBPEMEHHbIX 3AaHUIM U COOPYXEHWUN. ITO CBA3AHO C TEM, YTO
COBpPEMEHHbIE NPOrpaMMHbIE KOMMAEKCHI MO3BOASIHOT C AOCTATOYHOM TOUYHOCTBIO MPOrHO3WPOBaTb MOBEAEHUE
CTPOUTEABHBIX KOHCTPYKLMIA B YCAOBUSIX BO3AEWCTBUSA Pa3AMYHbIX GaKTOPOB, B TOM UYUCAE U B YCAOBUSIX BbICOKO-
TemMnepaTypHOro Bo3AencTBUSA. Mpu 3TOM CAEAYET OTMETUTb, UTO B MOA@BASIIOLLEM OOABLIMHCTBE COBPEMEHHbIX
NPOrpaMMHbIX KOMMAEKCOB HanboAbluee PacrnpoCcTpaHeHWe MOAYYMAKM CETOUHblE METOAbI pelleHns AudodepeH-
LMAAbHOTO YpaBHEHMA TENAOMPOBOAHOCTH Dypbe, @ UMEHHO METOA KOHEUHbIX AAEMEHTOB. Pe3yabTaT pacueta,
NMOAYUYEHHbIV NPU MOMOLLM METOAA KOHEUHbIX 3AEMEHTOB, 3aBUCUT OT Pa3AMUHbIX GaKTOPOB, KOTOPbIE MOTYT BbITb
He BCcerpa OYEBUAHBI NPU PELLEHWU KOHKPETHOM 3aAauu, HO AAS MOAYYEHUSI HEOOXOAMMOWM TOYHOCTU PEeLLEHUS UX
HEOBXOAMMO YUMTbIBaTb B NPOLECCE MOAEAMPOBAHUS.

Llean n 3apauu. Lleabto paboTbl ABASETCA OLEHKA CXOAMMOCTU YMCAEHHOTO peLleHun AuddepeHLManbHOro ypas-
HEHUS TENAONPOBOAHOCTU Dypbe METOAOM KOHEYHbIX 3AEMEHTOB MPU BbIMOAHEHUM TEMAOTEXHUYECKOIO pacyeTa
nporpeBa He3alUMLLEHHbIX CTAAbHbIX CTPOUTEAbHbIX KOHCTPYKUMI B pamkax pas3paboTkv MPOEKTHOW AOKYMEH-
TaluMKM MO WX OrHe3alluTe, a Takxe BaAMAALMA MOAYYEHHbIX PE3YALTaTOB MaTteMaTUYEeCKOro MOAEAMPOBAHUSA
C U3BECTHbIMU pe3yAbTaTaMK pacYETHO-aHAAUTUUECKUX PELLEHUA.

MeToabl. B kauectBe obbekTa MOAEAMPOBAHUS MPUHATA CTaAbHas KOAOHHa ABYTaBPOBOMO CeYeHUs NpoduUAs
Ne 20 no NOCT 8239. MoaeAnpoBaHMe NporpeBa MCCAEAYEMOW KOHCTPYKLMM METOAOM KOHEUHbIX SAEMEHTOB
NPOU3BOAMAOCH 6E3 UCMOAL30BaHUS OTHE3aLLMTbI MPU YNPOLLEHWU Pa3MEPHOCTU 3aAaUn C TPEXMEPHOW AO ABYX-
MepHON. Beprdukauma NOAyYEHHBIX PE3yALTAaTOB MOAEAMPOBAHWUSA MPOU3BOAMAACH MO KPUTEPUIO CXOAMMOCTHU
UMCAEHHOrO pPeLLEHUA 3aAauu Ha MOAEAMPYEMOM MHTEpPBaAe BpeMeEHU (60 MWH) NpW NOCAEAOBATEABHOCTU CETOK
(Tpex ceTok ¢ umcnrom cteneHen csoboabl (DOFs): 200, 2084, 7102) 1 Wwaros No BpeMeHK (AECATU LIAros no Bpe-
menu: 0,05, 0,1, 0,5, 1, 2, 3, 5, 10, 15, 30 c). Baanpauma noOAy4YEHHbIX pe3yAbLTaToOB NPOM3BOAMAACH COMOCTaBAE-
HUEM C pesyAbTaTaMy TEMAOTEXHUYECKUX PACHETOB METAAAOKOHCTPYKLMI, U3NOXKEHHBIMU B KHUre A.U. AkoBneBa
«Pacyet OrHeCTOMKOCTH CTPOUTEABHBIX KOHCTPYKLMI».

Pesynbtathl M 0b6cy)xaeHUe. B pesyastate NPOBEAEHWA CEpUM TEMAOTEXHUUYECKUX PaCUETOB MPOrpeBa UCCAEAY-
€MOW CTaAbHOW CTPOUTEABHON KOHCTPYKLMK C Pa3AMYHBIMU LLaraMu CETOK W Laramu no BpeMeHU yCTaHOBAEHO,
YTO LIar MOAEAMPOBaHUS MO BPEMEHU OKa3an boAbLLee BAUSIHWE Ha CXOAMMOCTb MOAYYEHHbBIX PE3YALTATOB, YEM
Liar ceTku. Mpu 3aToM U3MEHEHWE CXOAMMOCTU MOAYHYEHHBIX PE3YALTATOB B UCCAEAYEMOM UHTEPBAAE BPEMEHU AAA
BCEX BapMaHTOB MOAEAMPOBAHUS MPOUCXOAMAO HEPABHOMEPHO, @ UMEHHO: B HAYaAe MOAEAMPYEMOrO UHTepBaAa
BPEMEHU pa3HuLa NOAyHaeMbIX TEMMNEPATYP B CEYEHUN KOHCTPYKLIMM CHaYana yBEAMUMBAAACh, @ 3aTEM YMEHbLUA-
Aacb. CpaBHEHME NOAYUYEHHBIX PE3YALTATOB C Pe3yAbTaTaMu TENMAOTEXHUUYECKUX PACUETOB, U3NOXKEHHBIMU B KHUTE
A.U. fikoBAeBa, NOKa3ano, YTO MOAYYEHHAsA CPEAHNAS TeMnepaTypa B CEUYEHUU KOHCTPYKLMM OKa3anacb HUXE TeM-
nepartypbl, ykadaHHOM B kHure A.U. flkoBAeBa, NpY 3TOM pasHULLA MeXAY MOAYYEHHBIMWU BPEMEHAMU AOCTUXEHUS
Kputnueckorn Temnepatypbl (450-750 °C) yBeAMuMBaETCA KaK NPU YBEAMYEHUU 3HAUYEHUS KPUTUUECKON TeMne-
paTypbl, Tak U NPY YBEAUYEHUW NMPUBEAEHHOM TOALLMHBI METAAAA.

3akntoueHue. OueHka CXOAMMOCTU MOAYYEHHbIX PE3YALTAaTOB MOAEAMPOBAHUS NPOrPeBa CTaAbHOM CTPOUTEABHOM
KOHCTPYKLMU METOAOM KOHEUHbIX 3AEMEHTOB W MX BaAMAALIMA C U3BECTHLIMW PacYETHO-aHAaAUTUUECKUMU peLle-
HUAMU NMOKa3aAM, YTO MPUMEHEHUE METOAA KOHEUHbIX AAEMEHTOB NPU BbIMOAHEHUW TEMAOTEXHUYECKMX PacYETOB
B pamMKax pa3paboTku NMPOEKTHON AOKYMEHTaLMW MO OrHe3alluTe CTaAbHbIX CTPOMTEAbHbLIX KOHCTPYKUMIA MMeeT
CcBOW 0COBEHHOCTH, KOTOPblE HEOOXOAMMO YUMUTLIBATL AASI TOAYYEHUS TPEBYEMOM TOUHOCTH PELLEHWS.

KntoueBble cAOBa: OrHECTOMKOCTb; CTanbHas CTPOUTEAbHAA KOHCTPYKUUA; YACAEHHOE MOAEAUPOBaHNE; CXOAUMOCTb
YUCAEHHOrO peLLeHns; BepuduKauns YNCAEHHbIX peLueHMﬁ; NPOEKT OrHe3allnTbl
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ABSTRACT

Introduction. The application of modern computer technologies made it possible to achieve high practical and eco-
nomic results in the construction of modern buildings and structures. This is due to the fact that modern software
complexes allow to predict with sufficient accuracy the behaviour of building structures under the influence of var-
ious factors, including high-temperature influence. It should be noted that in the overwhelming majority of mod-
ern software systems, the most widespread are grid methods for solving the Fourier differential equation of heat
conduction, namely the finite element method. The calculation result obtained using the finite element method
depends on various factors that may not always be obvious when solving a particular problem, but in order to obtain
the necessary accuracy of the solution, they must be taken into account in the modelling process.

Aims and Objectives. The aim of the work is to assess the convergence of the numerical solution of the Fourier
differential heat conduction equation by the finite element method when performing the thermal calculation
of heating of unprotected steel building structures within the framework of the development of design docu-
mentation for their fire protection, as well as validation of the obtained results of mathematical modelling with
the known results of calculation and analytical solutions.

Methods. A steel column of I-beam section of profile No. 20 according to GOST 8239 was taken as a modelling object.
Modelling of heating of the investigated structure by the finite element method was carried out without the use of fire
protection when simplifying the dimensionality of the problem from three-dimensional to two-dimensional. Verification
of the obtained modelling results was performed by the criterion of convergence of the numerical solution of the prob-
lem at the modelled time interval (60 min) at the sequence of meshes (three meshes with the number of degrees
of freedom (DOFs): 200, 2,084, 7,102) and time steps (ten time steps: 0.05, 0.1, 0.5, 1, 2, 3, 5, 10, 15, 30 s). Valida-
tion of the obtained results was performed by comparison with the results of thermal calculations of steel structures,
set out in the book “Calculation of fire resistance of building structures” by A.l. Yakovlev.

Results and Discussion. As a result of carrying out a series of thermal calculations of heating of the studied
steel building structure with different grid steps and time steps, it was found that the modelling time step had
a greater influence on the convergence of the obtained results than the grid step. At the same time, the change
in the convergence of the obtained results in the studied time interval for all modelling variants occurred une-
venly, namely: at the beginning of the modelled time interval, the difference of the obtained temperatures
in the cross-section of the structure first increased and then decreased. Comparison of the obtained results
with the results of thermotechnical calculations stated in the book by A.l. Yakovlev showed that the obtained
average temperature in the cross-section of the structure was lower than the temperature stated in the book by
A.l. Yakovlev, while the difference between the obtained times of reaching the critical temperature (450-750 °C)
increases both with increasing the value of the critical temperature and with increasing the reduced thickness
of the metal.

Conclusion. The assessment of convergence of the obtained results of modelling the heating of steel building struc-
ture by the finite element method and their validation with the known design and analytical solutions have shown
that the application of the finite element method in the performance of thermal calculations within the develop-
ment of design documentation for fire protection of steel building structures has its own features, which must be
taken into account to obtain the required accuracy of the solution.

Keywords: fire resistance; steel building structure; numerical modelling; convergence of numerical solution;
verification of numerical solutions; fire protection project
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BBeaeHue

B Hacrosmee BpeMs pa3BUTHE CTPOUTEIBHON OTpaCiH
HEPa3pBIBHO CBSI3aHO C MPUMEHEHUEM MaTeMaThudec-
KOTO MOJICITUPOBAHUS, TaK KaK TaKOH IOIXO/ TIO3BOJISIET
HE TOJIHKO TTOBBICHTH Ka4eCTBO IMPOEKTHOH TOKYMEHTa-
LUK, HO ¥ COKPAaTUTh CPOKHU ee moAroToBku [1, 2]. Ilpu
3TOM ClIelyeT OTMETUTh, YTO CyIiecTByomias B Poccun
HOPMAaTHBHO-TIPaBOBast 6a3a 1o MPOCKTUPOBAHHIO CTAIb-
HBIX CTPOUTENHHBIX KOHCTPYKIMN UMEET Psii HeMoCTaT-
KOB, CBA3aHHBIX C €€ HECOBEPLICHCTBOM, a IPUMEHAEMOE
nporpaMMHoOe obecriedeHre TpeOyeT akTyanu3aiuu [3, 4].

CeromHs OTHIM U3 TIEPCIIEKTUBHBIX HAlpaBJICHUN
U1 JOCTUXKEHUS LeJIM MHHOBALMOHHOTO Pa3BUTHUSA
(DyHKLIIMOHAJIBHBIX OJIOKOB CTPOUTEIBHOM OTPACIIH SIBIIS-
eTCsl BHEIPECHHE MAaTEMaTHYECKOTO MOACIHUPOBAHUS,
BKIJTIOYAsT ONTHMHU3AIHIO TPOIECCOB MPOSKTHPOBAHMUS,
CTPOMUTENLCTBA, SKCIUTyaTallul U yTUIH3AIHMU 00beKTa
CTPOUTEIIBCTBA.

Ceromus 1y1sl pemIeHus pa3IHYHBIX 3a/1a4d B CTPOH-
TeNbCTBE cymecTByeT 6onee 100 mMporpaMMHBIX KOMII-
nexcoB (puc. 1) [1], koTopble 3a4acTylo Ha 3Tanax npo-
EKTUPOBAHUS MPUMEHSIOTCSI COBMECTHO U JOTOJIHSIOT

Apyr apyra.

3a4acTyr0 TpUMEHEHHE JI00T0 MPOTPaMMHOTO
KOMIUIEKCa TpeOyeT B COOTBETCTBUH C pelaeMoi 3a1a-
4yel OIpeeIeHHON HACTPOMKH €ro MOYJIEH, TO3BOJISIO-
IeH ¢ J0CTaTOUHOM TOUHOCTHIO OMHCATh paccMaTpuBae-
MBI Tipouiecc. [y 3TOro Hy>)KHO He TOJNBKO IOHUMATh
IIPOTEKaHUEe MOJICITUPYEMOTO TIPOIIecca, HO U KaK IIPOHC-
XOIUT CaM TPOLIECC MOAETUPOBaHHUS (pHC. 2).

OxHMM M3 Ba)XKHBIX BOIIPOCOB, PaccMaTpPUBAEMbIX
IIPY TIPOSKTHPOBAHUH CTAFHOTO KapKaca 3IaHui U Co-
OpY’KEHUH, SIBIIAETCA BOMPOC 0OecleyeHns ero orue-
CTOUKOCTH, pellaeMbIii B paMKax pa3paboTKU MPOESKTHON
JOKYMEHTAIIWH TT0 OTHE3AIHUTE CTAJIBHBIX CTPONTEIBHBIX
KOHCTPYKIMI pa3sNTuYHBIMU CPEJCTBAMH OTHE3alIUThI
[3-18]. Cam mporecc pa3paboTKH IPOEKTHOU OKY-
MEHTAINH 110 OTHE3aIINTE CTATBHBIX CTPOUTEIBHBIX
KOHCTPYKLUH MOXKHO YCIIOBHO Pa3/eNIuTh Ha CIEAYIO-
mipe 3tarbl (puc. 3), pe3ynbTaToM KOTOPBIX CTAHOBUTCS
BBIOOD CpECTBA OTHE3AIHUTHI M €TO TONIINHEIL.

[Ipu onpeaeneHny npeaenoB OrHECTOMKOCTH CTallb-
HBIX CTPOUTENBHBIX KOHCTPYKIUH B paMKax pas3pa-
OOTKH MPOEKTHOW JIOKYMEHTAIIUU 110 UX OTHE3AlllUTe,
KaK TpaBUJIO, TPUMEHSETCS PacUeTHO-aHATUTHYECKHIA
mertox [3, 4, 19], coBMECTHO C KOTOPBIM, HIIA BMECTO
HETo, TaK)Ke MOTYT MCIIOJIb30BaThCsl METOJIbI MaTeMa-

IIporpaMMHBIE KOMILJIEKChI
Software packages

CucTeMbl aBTOMaTH3UPOBAHHOTO
TIPOEKTHPOBAHHS
Computer-aided design systems

Hasnauenwne: aBromarn3anmst
mpoliecca MPOCKTUPOBAHHUS
Purpose: automation
of the design process

CucTeMbl pelieHus Pa3IUYHbIX
HMHKXEHEPHBIX 3aa4d
Systems for solving various
engineering problems

Haznauenwne: monenupoBanne
Pa3IUYHBIX QU3NKO-XMMHUYECKHUX MPOLECCOB
Purpose: modelling of various physical
and chemical processes

Bupg munensun
Type of license

Becmnarnas, cBobonnas
Free of costs

Puc. 1. CoBpeMeHHbIE IPOTPaMMHbIE KOMITJIEKCHI
Fig. 1. Modern software systems

ITnarHas, yCIOBHO-IIIATHAS
Paid, conditionally paid
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4 N\
KonnenTtyanbHasi HOCTaHOBKa DopMyIHPOBKa OCHOBHBIX XapaKTEPUCTUK O0BEKTa MOAETUPOBAHHS,
3aJa4u . KOTOpBI€ HEOOXOAUMO ONpPENEIUTh
Conceptualization of the problem Formulation of the main characteristics of the modelling object to be determined
AN ‘ J
e N
DopMyaHpoBKa HU3UKO-XUMUIECKUX, GUIMUESCKHUX U (MITH) XUMAYECKUX
Maremarudeckast I0OCTaHOBKA 3a1a4l
: ; 3aKOHOB, PACCMAaTPHBAEMBIX B paMKaX MOJIEIUPOBAHHUS
Mathematical formulation . - : . . o : ] .
| Formulation of physico-chemical, physical and (or) chemical laws considered
of the problem o X
within the modelling framework
N 3 J
4 N
CxeMaTH4YHOE NPECTaBICHUE PACCMATPHBAEMOIO B PAMKax
Co3naHue OIOK-CXeMBI PEIICHHS
: MOZEIHNPOBaHUS TIpoIecca
Creating a flowchart : . ) ) o .
; = Schematic representation of the process considered within the modelling
of the solution
framework
N l J
4 Br160p MeTona TUCKpeTU3aLUI
Y KOHEYHO-Pa3HOCTHAS IIpeobpa3oBanue anreOpanvecKux BHIPAKEHUH K BUILY, KOTOPBIA
anMpPOKCUMAIIHS MOJENN - Mo3BoJIseT UX 3G GEKTHBHO pemuTh Ha OBM
Selection of discretization method Ransforming algebraic expressions to a form that allows them to be solved
and finite-difference approximation efficiently on a computer
\_ of the model Y,
Co31aHue UCTIOIHAEMOTO ITpumeHeHue sA3bIKa IPOrPaMMUPOBAHUS I CO3AaHUS
KOJIa IIPOTPaMMBbI - MOJIENN HCCIEeNyeMOro 00beKTa
Creating the executable code Application of a programming language to create a model of the object
of a programme under study
IIpoBepka anexBaTHOCTH — [IpoBepka COOTBETCTBUS CO31aHHON MaTeMaTH4eCcKOW MOJIEIH
MaTeMaTH4eCKOH MOZIEITH MOZEIUPYEMOMY MIPOLIECCy
Checking the adequacy Verification of compliance of the created mathematical model with
of the mathematical model the modelled process
a y
MonenupoBaHue IIpoBeneHue cepuu pacueToB IIPU Pa3INYHbIX YCIOBUIX BO3ICHCTBUS
paccMaTpuBaeMoro mnpoiecca n Ha paccMaTpUBacMblii IpoLiece
Modelling of the process Carrying out a series of calculations under different conditions
under consideration of influence on the process under consideration
YTounenue
MaTeMaTHIeCKON MOIEITN CpaBHEHHE C OKCTIEPUMEHTAIBHBIMU JaHHBIMU
Refinement | Comparison with experimental data
of the mathematical model
MopenupoBaHue
paccMaTpuBaeMoro Iporecca
C Y4ETOM KOPPEKTUPOBKH
MaTeMaTH4eCKOH MOIEITH I'eHepamus HOBBIX 3HAHUH 00 00OBEKTE
Modelling of the considered Generation of new knowledge about the object
process taking into
account the adjustment
K of the mathematical model /

Puc. 2. ITocnenoBaTensHOCTh MPOBEACHUS KOMIBIOTEPHOTO MOJETUPOBaHUS [2]
Fig. 2. Sequence of computer modeling [2]
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Orarbl NPOSKTUPOBAHHSI OTHE3AIIUThI
Stages of fire protection design

|

CocrapieHHe BEIOMOCTH CTaIbHBIX CTPOUTEIBHBIX KOHCTPYKIUH
Drawing up a list of steel building structures

CocrapieHHe CIIUCKA CTAIbHBIX CTPOUTENIBHBIX KOHCTPYKIUH, TPEOYIOIINX OrHE3aIIUTH
Drawing up a list of steel building structures requiring fire protection

OnperneneHye NpeaeioB OTHECTONKOCTH PACCMaTPUBAEMbIX CTAIBHBIX CTPOUTEIBHBIX KOHCTPYKIHN
Determination of fire resistance limits of steel building structures under consideration

|

Br100p cpecTBa OrHE3aHUTHI
Selection of flame retardant

Onpenenenre TpeOyeMOH TONIIMHEI CPECTBA OTHE3AIIUTHI
Determination of the required thickness of the fire protection agent

Puc. 3. Anroput™ npoeKTHPOBAHUS OTHE3AIUTH CTPOUTETBHBIX KOHCTPYKIHI
Fig. 3. Algorithm for designing fire protection of building structures

THYEeCKOro MozenupoBanus’>3 [17, 18, 20-43]. Cpenu
MPUMEHSEMBIX METOJIOB MaTeMaTHYECKOTO MOJIEITUPO-
BaHMsI HanOoJIee IMUPOKOE PACIIPOCTPAHCHHE IOy YHITH
CETOYHBIE METOJBI, CPEN KOTOPBIX MOXKHO BBIJIETUTH
METOJI KOHEUHBIX DIIEMEHTOB, PEaIM30BaHHBINA B O0Ib-
IIUHCTBE COBPEMEHHBIX ITPOTPAMMHBIX KOMILIEKCAX.

B crmydae nmpuMeHeHHsT METO[a KOHEYHBIX JIEMEH-
TOB TIPY PENICHUH TETUTOTEXHUYECKOH 3a7jadul POorpeBa
CTaJIbHOM CTPOUTENHHON KOHCTPYKIMH HEOOXOIMMO TPO-

U Johnston R.PD., Lim J.B.P, Sonebi M., Wrzesien A.M., Arm-
strong C. The Structural Behaviour in Fire of a Cold-Formed
Steel Portal Frame Having Semi-Rigid Joints. URL: https://
www.semanticscholar.org/paper/The-structural-behaviour-in-
fire-of-a-cold-formed-Johnston-Lim/39855¢2970a9929f79c{35-
afd48e0e5959808510 (accessed: 15 October 2021).

2 Circolare DCPREV 9962 del 24/07/2020 — Implementazione di
Soluzioni Alternative di Resistenza al Fuoco; Chiarimenti e Indiriz-
ziApplicativi; Ministero dell’interno — Dipartimento dei Vigili del Fuo-
co, del Soccorso Pubblico e Della Difesa Civile. DirezioneCentrale per
la Prevenzione e la Sicurezza Tecnica. Area Protezione Passiva : Rome,
Italy, 2020.

3 An Overview of Intumescent Coatings. American Coating Association.
URL: https://www.paint.org/coatingstech-magazine/articles/overview-
intumescent-coatings/ (accessed: 18 April 2022).

BECTH BepH(DUKALINIO MTOTYYEHHBIX PE3YJABTATOB MOJIEIIH-
pOBaHus, a TaKke UX UHTepnpeTauuio [23, 25, 31]. [lpu
ATOM CIIEIYeT OTMETHUTH, YTO JJISI BEITOTHEHHS YHCIICH-
HBIX PaCUeTOB JIOJHKHO MMPUMEHSTHCS BEpUDUIIUPOBAHHOE
Y BaJIMAMPOBAHHOE MPOrpaMMHOE 0OECIIeUeHHUE, a TaKkKe
IPUBJIEKATHCS KBATH()UIIMPOBAHHBIE CIICIIHAIIICTEL, 00M1a-
JIAFOIIHE CTICIUATIbHBIMU 3HAHUSMHU B 00JIACTH OTHECTOM-
KOCTH CTaJIbHBIX CTPOUTEIBHBIX KOHCTPYKIMIA U B 00Ja-
CTH BBIYMCIIUTEIFHON MaTeMAaTHKIL

Llenb

OLEHUTh CXOJUMOCTh YUCIICHHOTO pPeleHus aud-
(hepeHIMaTbHOTO ypaBHEHHUS TEILIONPOBOJHOCTHU
Oypbe METOOM KOHEYHBIX 3JIEMEHTOB IIPH BBITIOIN-
HEHUH TEINIOTEXHUYECKOTO pacyeTa MporpeBa Hesa-
IIMIIEHHBIX CTAIbHBIX CTPOUTENbHBIX KOHCTPYKIUN
B paMKax pa3pabOTKH MPOEKTHOH JOKYMEHTAIHH
[0 X OTHE3aIHTEe, a TaKXKe BATUIAIUIO IOITy4YeH-
HBIX Pe3yJbTaTOB MaTeMaTH4YE€CKOTO MOJIEIUPOBAHUS
C M3BECTHBIMH PE3yJIbTaTaMH PaCUYCTHO-aHATHTHYC-
CKHUX pelIeHuM.
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e : Iu 1. TemneparypHoe Bo3eii-
i c—----.h 3 | CTBHE Ha KOHCTPYKIHIO $
1947 Craitb yriepoucTas { HM3MeHeHHe TeMIiepaTypbl - ¢ 4-x cTOpoH 1
Carbon steel BO BPEMEHH: Temperature influence
Lo TInotHOCTH 7800 KI/M? Temperature change over :I' on the structure from 4 sides
e Density 7,800 kg/m?* time: 3
Kos(hduiment TerionpoBoHo- 1= 3451g(0,133t + 1) + £, K 1 3
W ctn—48-0,0365 - T Br/m-°C Crenenp uepHotel — 0,74 |
v TI1crnm||rcomluc11\ ity Degree of b]}‘)ckncg) A ML !. e 2 e
coefficient — |
wr 48 - 0.0365 - T W/m-°C Koo(muuent remnoornaun, L
TemoemMkocTh — Br(m*K): | w\ "::l
- 0,44 +0,00048 - T Ji/kr-°C Heat transfer coefficient, ¥
e Heat capacity — W(m?*K): i
0.44 4 0.00048 - T J/kg-°C gprase==ial0! 100)* = (r,/100)" |
1 \__u__ FEE] o Aesis i e, 3
¥ m— ‘D
T o W % ™ AT BRT ea — i
a b c

Puc. 4. CranpHas konoHHa AByTaBpoBoro ceueHus npoduast Ne 20 no F'OCT 8239-89* ¢ — BHewHuit Bun, b — 2D-Mozerb;
€ — MeCTa KOHTPOJISA TeMIIepaTyp

Fig. 4. Steel column of I-beam section of profile No. 20 according to GOST 8239-89* a — external view; b — 2D-model;
¢ — temperature control points
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DOFs =200 DOFs = 2084 DOFs =7102

Puc. 5. IIpumensemble Ipy pacyeTax CETKU ¢ YUCIOM crereHeit ceoooasr DOFs
Fig. 5. Meshes used in calculations with the number of degrees of freedom DOFs

J1s nocTHXKEHMs NOCTABICHHOMN LIENIM PeIlajJuch IPOrpeBa UCCIENyEMON KOHCTPYKIMY METOAOM KOHEY-
ClelyIoIIME 3a1a4u: HBIX 2JICMEHTOB IPOU3BOIMIOCE 0€3 HCIOIB30BaAHUS
® [POBECTH CEPHUI0O YHCIECHHBIX pacyeToB METO- OTHC3AIUTHI NIPY YyIPOLICHUHA PasMCPHOCTH 3ala4du

JIOM KOHEYHEIX JIEMEHTOB IIPOTpeBa CTalbHON C TPEXMEPHOI 10 ABYXMEPHOI, TaK KaK ISl CTEpIKHE-

KOJIOHHBI JIByTaBPOBOTO ceueHus nmpoduias Ne 20  BBIX KOHCTPYKIUH MOXHO NPHHATH H3MCHCHHE TEM-

oo TOCT 82394 B YCIOBHSAX BOSHCﬁCTBHﬂ cTaH- Meparyphbl TOJIBKO MO NONEPEYHOMY CCUCHHIO B IBYX
HaIlpaBJICHUAX.

Bepudukauus momy4eHHBIX Pe3yIbTaTOB MOJeE-
JUPOBAHUS MPOU3BOJUIACH IT0 KPUTEPUIO CXOTUMO-
CTH YUCJIEHHOTO pelleHus 3a7a4yi Ha MOAEIUPYEMOM
WHTEpBalie BpeMeHH (60 MUH) MPpHU MOCIIeI0BATEIHHO-
CTH CETOK (TPEeX CETOK C YHCIIOM CTEIeHeH CBOOOIBI
(DOFs): 200, 2084, 7102) (puc. 5) u maroB no Bpe-
MeHH (mecsitu maros o Bpemenu: 0,05, 0,1, 0,5, 1, 2,
3,5,10,15,30c¢).

MeToabl HauanbHble ¥ TpaHUYHBIC YCIOBHS MOJIEIUPOBa-

JAapTHOTO TEMIIEPaTypHOTO PeXHUMa NP pas3yivd-
HOM IIare CEeTKU W 1Iare Mo BPEMEHHU;

® OIICHUTH CXOJUMOCTH IOJIYYEHHBIX PE3yJIbTaTOB
MOJICITHPOBAHMUS;

® [IPOBECTH BaJUIALUIO NOJYUYEHHBIX pe3y/lbTaToOB
MOJEJIMPOBAHUS ¢ U3BECTHBIMHM pacueTHO-aHaJIu-
TUYECKUMHU PEILECHUSIMU.

B kauecTBe 00beKTa MOACIUPOBaHUs mMpuHsTa HUA IPUBEICHDI B Tabm. 1.

cTanbHas KOJIOHHA JABYTaBPOBOIO CEYeHMs NPOpuIIs Banunauus nosyueHHbIX Pe3ylbTaToB MOAEIHPO-

No 20 mo TOCT 8239-89+4 (pI/IC. 4) MOI[eJ'II/IPOBaHI/IC BaHUA NIPU PA3JIMIHBIX YCIOBUAX o6orpeBa CTallbHOU
CTPOUTENBHON KOHCTPYKIUH (Tabi. 2) MPOU3BOAMIACH

4TOCT 8239-89. IBytaBphl cTanbHble ropsuekaransie. Coprament.  COIMOCTABJIICHUEM IOJIYYCHHBIX TEMIIEPATYyP B MECTaX
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Taomuua 1. HauanpHble ¥ TpaHUYHBIE YCIIOBHS MOJCIUPOBAHUS
Table 1. Initial and boundary conditions for modelling

HavanbHbIe YCIIOBHSI MOJCITHPOBAHHUS
Initial modelling conditions

Temneparypa 1o ce4eHHI0 KOHCTPYKIIMU OINHAKOBA U paBHA TEMIIEPAType OKPYKAIOLICH Cpebl:

T,=20°C (293,15 K)

The temperature across the cross-section of the structure is the same and equal to the ambient temperature:

T =20°C (293.15K)

I'paHnYHBIE YCIOBUS MOACITHPOBAHHS
Modelling boundary conditions

Vi3sMeHeHne TeMIeparypsl cpensl ¢, K, Bo BpeMeHH T, ¢, 3a/1aeTcs CIeAyIOIIIM ypaBHEHHEM:
The change of the medium temperature ¢;,, K, in time 1, s, is given by the following equation:

T,=T, + 345-lg(£r + lj.
60

Tin = Tr)ur + 345]g[8-[ + ]]
60

Koadhdunment temnooraaun o, Br/m? K, oT cpensl K HOBEPXHOCTHA KOHCTPYKIMH B CBSI3H C OTCYTCTBHEM IKCIEPUMEHTAIb-

HBIX JaHHBIX BEIYHCISACTCSA 1O hopMyre:

The heat transfer coefficient a, W/m?-K, from the medium to the surface of the structure due to the lack of experimental

data is calculated by the formula:

(£,/100)* = (1,/100)"

a=29+5,77 sy,

a=29+5.77-s

L, — 1

(£,,100)" = (1,/100)*

sp

lin— Ty

TJIE Sy, — MPHUBENEHHAs CTENEHb YEPHOTHI; ) — TEMIIEPATypa CTajlbHOH CTPOUTENbHOM KOHCTpyKIuH, K.
where sy, is the reduced degree of blackness; 1, is the temperature of steel building structure, K.

rae s = 0,85; sy — cTeneHb YepHOTHI IOBEPXHOCTH CTAJILHOIN CTPOUTENBHOM KOHCTPYKIIUU
where s = 0.85; s — degree of blackness of the surface of steel building structure

KOHTpOJis (puc. 4), a TakkKe MaKCUMaJlbHOW, MUHU-
MaJbHON U CpeHel TeMnepaTyp B CE4eHUN KOHCTPYK-
LHUHU C pe3yibTaTaMHU TEIJIOTEXHUYECKUX PacyeToB
METaJUIOKOHCTPYKIIUH, U3JI0)KEHHBIMU B KHUTE [19].

Pe3yAbTaTthbl U UX 06Cy)XKaAeHUe

Pe3ynbraTsl UNCIIEHHOTO MOJIETMPOBAHUS IPOrpeBa
Ha MOJIeIMPYyeMOM HHTepBaje BpeMenu (60 MuH) npu
MOCJIEA0BATEIBLHOCTH CETOK (TPEX CETOK C YUCIIOM CTe-
neHeit ceo6onsr (DOFs): 200, 2084, 7102) u maros
1o BpeMmenu (necstu maros o Bpemenu: 0,05, 0,1, 0,5,
1,2,3,5,10, 15, 30 c) npencraBnens! Ha puc. 6.

B xauecTBe mapamerpa KOHTPOJISI CXOAUMOCTH pe-
OICHHS 3aJa4il IPOTpeBa CTaJbHOTO IBYTaBpa OBLIO
BEIOpaHO 3HAYEHHE PA3HUIIBI MKy CPEIHEH TeMIiepa-

TYpO# ceueHus, OIy4YeHHO! TPU MUHUMAIbHOM TIPUHS-
TOM LIIare CETKM U BPEMEHHOM IlIare peuiaress, 1 TeMIle-
parypami, MOJTy4YeHHBIMH IPH TOCIENYIONINX BapUuaHTaxX
IIIarOB CETOK ¥ BPEMEHHBIX IIIaroB pemiaTessi. 3a KpuTe-
pHil CXOIUMOCTH MIPUHSTO 3HAUEHUE MTOIy4aeMoil pas-
noctu He Oonee 0,1 K.

CpaBHUTENBHBIN aHAJIN3 IIOJTY4YEHHBIX PE3yJIbTaTOB
MOJISIUPOBAHUS TIOKA3aJl, YTO BEIOPAHHOMY KPUTEPHIO
CXOAUMOCTHU YAOBJICTBOPACT HIall BDEMCHHU pEeIIaTCIIA
He Oosiee 1 ¢ W ceTKa ¢ YMCIOM cTemneHel CBOOOABI
He menee DOFs = 2084 (puc. 7, 8).

Pe3ynbrarhl cpaBHEHUS MOITYUYEHHBIX TEMIIEpaTyp
B CEUEHUH PACCMATPUBAEMOU KOHCTPYKIIUU TPH Pa3-
JUYHBIX BapuaHTax 000TpeBa ¢ pe3yabTaTaMH, MOJy-
YEHHBIMHU PacuETHO-aHATUTHIECKIUMH MeToaamu [19],
npeacTaBiIeHbl Ha puc. 9—16.
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Tadauua 2. BapuanTtsl 060TpeBa CTalbHONW CTPOUTETHHON KOHCTPYKIIUH

Table 2. Heating options for a steel building structure

CraspHast KOJIOHHA JABYTaBpoBoro cedenus npoduist Ne 20 mo TOCT 8239-894
Steel column of I-beam section of profile No. 20 according to GOST 8239-89*

= 100 |

5,2 —=]
200 \

Z R9,5

T

leomeTpuueckue pazmMepbl CEUCHUsI KOHCTPYKIIUH
Geometric dimensions of the cross-section of the structure

Yucio crenereit ceodoasl DOFs = 7102
Number of degrees of freedom DOFs = 7,102

Bapuant uncieHHoro Moaenpos

anus / Numerical modelling option

Ne 1 Ne 2 Ne 3 Ne 4 Ne 5 Ne 6 Ne 7 Ne 8
BpemenHoii mar mozenuposanust, ¢ / Modelling time step, s
1 1 1 1 1 1 1 1
Konuuectso cropon oborpesa / Number of heating sides
¥ ¥ ¥
- - » | @ » | @ -« » -
L) L) L) L) L)
1 1 2 2 2 3 3 4
Oo6orpeBaeMslii iepumerp, MM / Heated perimeter, mm
100,00 283,21 383,21 200,00 566,42 666,42 483,21 766,42
IIpuBenennas tonmmua Metamna, MM / Presented thickness of metal, mm
26,96 9,52 7,04 13,48 4,76 4,05 5,58 3,52

W3 rpadukos Ha puc. 9-16 BuaHO, 4TO Haubonee
OJIN3KOW K 3HAYEHHSM TEMIIEpaTypbl, MOJTYUYCHHON
pacueTHO-aHATTUTHYECKOM METOOM, 0Ka3aJach Cpea-
HSS TEMIIepaTypa Mo CEYeHHUI0 KOHCTpyKnuu. [lpm
OTOM C YBCIIMYCHUEM HpI/IBe}lCHHOI‘/‘I TOJIIHUHBI ME€TaJlJ1a

HaOJTIOaeTCsl YBEIMYCHUE Pa3HUIBI MEXKAY CpaB-
HUBAeMbIMH TeMIIEpaTypaMu, a Takke HaOIrogaeTcs
VBEJIMYCHHUE PA3HUIIBI BO BPEMEHHU JOCTIIKCHUS KPH-
THYECKOU Temmeparypsl KOHCTpyKiuH (450—750 °C)
(puc. 17).
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Bpewmst mopenmupoBanus, ¢ / Modelling time, s

— DOFs=200,7=0,05¢/s DOFs=7102,t=2c¢/s DOFs=2084,1=10c/s — DOFs=2084,t=0,05¢c/s — DOFs=200,t=10c¢/s
— DOFs=200,t=2c/s DOFs=7102,t=15c¢c/s — DOFs=7102,t=0,1c/s — DOFs=2084,t=2c/s DOFs=2084,t=0,1¢c/s
— DOFs=200,t=15¢/s DOFs=200,t=0,1c/s — DOFs=7102,t=3¢/s — DOFs=2084,t=15c¢/s — DOFs =2084,t=3c/s
DOFs=2084,t=0,5¢/s — DOFs=200,t=3c¢/s DOFs=7102,t=30c/s DOFs=7102,t=0,5¢/s — DOFs=2084,1=30c/s
— DOFs=2084,t=5c¢c/s — DOFs=200,t=30c/s — DOFs=200,t=0,5¢c/s — DOFs=7102,t=5c¢/s DOFs=7102,t=1c/s
— DOFs=7102,t=0,05¢c/s DOFs=2084,t=1c/s — DOFs=200,t=5c¢/s DOFs=200,t=1c/s — DOFs=7102,t=10c¢/s

Puc. 6. Cpennsist TemMneparypa B CEICHUH JBYTaBPa B 3aBUCHMOCTH OT KolnndecTBa creneHeit cBooons! (DOFs) u mara pemarens
10 BpEMEHU

Fig. 6. Average temperature in the I-beam cross section as a function of the number of degrees of freedom (DOFs) and the solver’s
time step
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Bpewms mopenuposanusi, ¢ / Modelling time, s
— DOFs =200,t=0,05c/s DOFs=7102,t=2c¢/s DOFs=2084,=10c/s — DOFs=2084,7=0,05c/s — DOFs=200,7=10c/s
— DOFs=200,t=2c/s DOFs=7102,t=15¢c/s — DOFs=7102,t=0,1c/s — DOFs=2084,t=2c/s DOFs =2084,t=0,1c/s
— DOFs=200,t=15c¢c/s DOFs =200,t=0,1c/s — DOFs=7102,t=3c¢c/s — DOFs=2084,t=15c¢/s — DOFs =2084,t=3c/s
DOFs=2084,1=0,5¢/s — DOFs=200,t=3c/s DOFs=7102,t=30c/s DOFs=7102,t=0,5¢c/s — DOFs =2084,t=30c/s
— DOFs=2084,t=5¢c/s — DOFs=200,t=30c¢/s — DOFs=200,7=0,5¢c/s — DOFs=7102,t=5c¢/s DOFs=7102,t=1c/s
— DOFs=7102,t=0,05c/s DOFs=2084,t=1c¢c/s — DOFs=200,t=5c/s DOFs=200,t=1c/s — DOFs=7102,t=10c¢c /s

Puc. 7. Pa3Hnna cpeHux TeMIieparyp B CE4€HHH ABYTaBPA, IOMYYCHHBIX IIPU PA3JIMYHBIX IIarax CETKH ¥ BPEMEHHOM IIare perares
Fig. 7. Difference of average temperatures in the cross-section of the I-beam obtained with different grid steps and time step
of the solver
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Puc. 8. [TonyyeHHble MaKcHMasbHbIE 1 MUHUMAJBHBIC 3HAYEHUS Pa3HOCTEH TeMIeparyp
Fig. 8. Obtained maximum and minimum values of temperature differences
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Puc. 9. I'paduku mporpesa KOHCTPYKIIMH 1O 1-My BapHaHTy YMCIEHHOTO MOJSIUPOBAHHUS: @ — rpaduKu nporpeBa KOHCTPYKIUH;
b — pasHuIa TEMIepaTyp; ¢ — TEMIIepaTypa B CEIEHHN KOHCTPYKIUH (2.0 = 26,96 MM)

Fig. 9. Graphs of structure heating according to the 1st variant of numerical modelling: ¢ — graphs of structure heating; b — tem-
perature difference; ¢ — temperature in the structure section (,,¢ = 26.96 mm)
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Puc. 10. I'padukn nporpeBa KOHCTPYKIMH 110 2-My BapHaHTY YMCIEHHOTO MOACIUPOBAHNUS: d — IpaMKU NPOrpeBa KOHCTPYKIHH;
b — pasHuna teMmeparyp; ¢ — TEMIIepaTypa B CCIEHHH KOHCTPYKINH (£, = 9,52 MM)

Fig. 10. Graphs of structure heating according to the 2nd variant of numerical modelling: @ — graphs of structure heating; b — tem-
perature difference; ¢ — temperature in the cross-section of the structure (¢,.;, = 9.52 mm)
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Puc. 11. I'paduku nporpeBa KOHCTPYKIMH 1O 3-My BapHaHTy YHCICHHOTO MOJICIUPOBAHUS: ¢ — TpadUKu MporpeBa KOHCTPYKIHH;
b — pazHuna TeMmeparyp; ¢ — TeMIIepaTrypa B CeYeHNH KOHCTPYKINH (f,.q = 7,04 MM)

Fig. 11. Graphs of structure heating according to the 3rd variant of numerical modelling: @ — graphs of structure heating; b — tem-
perature difference; ¢ — temperature in the cross-section of the structure (¢, = 7.04 mm)
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Puc. 12. Tpaduku nporpeBa KOHCTPYKIHH 110 4-My BapHaHTY YMCICHHOTO MOJEIUPOBAHUS: ¢ — Tpa(UKH NPOTrpeBa KOHCTPYKIIUH;
b — pasHuIa TeMIepaTyp; ¢ — TeMIleparypa B CEYeHUN KOHCTPYKIUH (2.4 = 13,48 Mm)

Fig. 12. Graphs of structure heating according to the 4th variant of numerical modelling: @ — graphs of structure heating; b/ — tem-
perature difference; ¢ — temperature in the cross-section of the structure (7., = 13.48 mm)
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Puc. 13. I'paduku nporpeBa KOHCTPYKIMH 1O 5-My BapHaHTY YHCIEHHOTO MOJICIUPOBAHUS: ¢ — IpaduKy MporpeBa KOHCTPYKIIHY;
b — pazHuIa TeMIeparyp; ¢ — TeMIIeparypa B CEYeHUN KOHCTPYKIUH (t,.q = 4,76 MM)

Fig. 13. Graphs of structure heating according to the 5th variant of numerical modelling: @ — graphs of structure heating; » — tem-
perature difference; ¢ — temperature in the cross-section of the structure (¢, = 4.76 mm)
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Puc. 14. I'padukn nporpesa KOHCTPYKIMH 110 6-My BapHaHTY YMCIEHHOTO MOACIUPOBAHNUS: d — TPaQUKU NPOrpeBa KOHCTPYKIHH;
b — pasHuna teMmeparyp; ¢ — TEMIIepaTypa B CCIEHNH KOHCTPYKINH (f,.4 = 4,05 MM)
Fig. 14. Graphs of structure heating according to the 6th variant of numerical modelling: @ — graphs of structure heating; b — tem-

perature difference; ¢ — temperature in the cross-section of the structure (z,., = 4.05 mm)
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Puc. 15. I'paduku nporpesa KOHCTPYKIMH 110 7-My BapHaHTY YMCIEHHOTO MOJACIUPOBAHNUS: @ — IpadMKu MporpeBa KOHCTPYKIHH;
b — pazHuna TeMmeparyp; ¢ — TeMIIeparypa B CEYEHNH KOHCTPYKINH (f,.g = 5,58 MM)
Fig. 15. Graphs of structure heating according to the 7th variant of numerical modelling: @ — graphs of structure heating; b — tem-

perature difference; ¢ — temperature in the cross-section of the structure (7., = 5.58 mm)
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Puc. 16. I'paduxn nporpesa KOHCTPYKIMH 110 8-My BapHaHTY YMCIEHHOTO MOAEINPOBAHMUS: d — TPpaUKU IPOrpeBa KOHCTPYKIHH;
b — pazHuna TeMmeparyp; ¢ — TeMIIepaTypa B CEUCHNH KOHCTPYKIHH (f,.q = 3,52 MM)

Fig. 16. Graphs of structure heating according to the 8th variant of numerical modelling: a — graphs of structure heating; b — tem-
perature difference; ¢ — temperature in the cross-section of the structure (¢,.; = 3.52 mm)
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BbiBoAbI HUE NPOTpeBa CTAIBHBIX CTPOUTENbHBIX KOHCTPYKLUN

B HacToslIee BpeMs TPH MPOEKTHPOBAHHMH 3a- B YCIOBHAX BHICOKOTEMNEPATYPHOTO BO3ACHCTBUS.

HUI M COOPY)KEHHIl ISl PeIICHHs PAa3IMYHbIX 3319 OOOCHOBAaHHOCTh YBEJIUYCHHUS JOJU YUCICHHOTO
IIPUMEHAIOT YUCIEHHOE MOJCIUpPOBaHue Guzndyeckux MOAEIUPOBAHUS IPU PEUICHUH TEILIOTEXHUYECKUX
MPOLECCOB, B TOM YHCIIE M YUCIEHHOE MOJAEIUPOBA- 3aJa4 MPOrpeBa CTAIbHBIX CTPOUTENBHBIX KOHCTPYK-
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Ui 00BsACHICTCSA pAOAOM MPEUMYIIECCTB IO CpaBHE-
HHIO C (1)I/I3I/I'-ICCKI/IM OKCIICPUMECHTOM.
OI_ICHKa CXOAUMOCTHU IOJYUYCHHBIX PEC3YJIbTATOB

pUMEHEHHE BepH(UIIMPOBAHHOTO U BaTHIHPOBAH-
HOTO IIPOTPaMMHOTO 00ECTICUCHHST;

® OLEHKAa BO3MOXKHOCTH JOCTHXKEHHS CXOIUMOCTH
MOIEIUPOBAHKUS MPOrPEBA CTaIbHOW CTPOMTENb- PEIIEHHS 33724 H C YHETOM AOMyCTHMOM TOrPEITHO-
HOH KOHCTPYKIIMH JBYTABPOBOTO CCHCHHUA METOAOM CTH U CYIIECTBYIONMMHU B HAJIMYUH BHIYHMCIMTE -
KOHEYHBIX 3JIEMEHTOB M WX BAJIUAALKS C U3BECTHBIMH

HBIMHU PECYPCaMH;

PacUETHO-aHAUTHIECKUMH PEIICHUAME TTOKa3alu,

e 00s3aTENBHAS OLIEHKA CXOMMMOCTH PELIEHHS T IIAram
4TO NPUMEHEHHUE METO/A KOHEUHBIX JJIEMEHTOB MPH
BBINOJIHEHHH TEIUIOTEXHUYECKUX PACYETOB B PAMKAX CCTKH M BpEMCHH C yHCTOM KPHTCPHA CXOMMMOCTH
Pa3pabOTKK NPOEKTHOI JOKYMEHTALUH [0 OTHE3ALIUTE PCLICHA 3a/129H,
CTaNBbHBIX CTPOMTEIbHBIX KOHCTPYKIHil MMeeT cBou © HHTCPIPETALHs MONYyYCHHBIX PE3y/IbTaToB MOJCIIH-
OCO6CHHOCTI/I, KOTOpBIE H606XO,E[I/IMO YUYUTHIBaTh JJISA PpOBaHHs KOMIICTCHTHBIM IOJIB30BAaTCJICM IPUMEHA-
ToJTy4eHus TpeOyeMOii TOUHOCTH PENIEHHS], @ KIMEHHO: €MOTO TIPOrPaMMHOTO MPOAYKTA.
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