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PepakunoHHaa nonutuka

Lenu:
- co3aaHue BOCTpeboBaHHOM crneunanucTamm
nnoLw,aaKm ans obecyxaeHust pesynbTaToB

uccrieaoBaHUiA B 00MacT CTPOMTENbHLIX HayKk W
TEXHONOINIA;
- pacnpocTpaHeHne W pa3BUTME TeopeTUYecKUux wu
NpaKTUYeCcKUX 3HaHWi, cNocoOCTBYIOWUX Mporpeccy B
obnactu cTpouTenbCcTBa " CTpOUTENBHOrO
obpasoBaHus;
- nponaraHja nepejoBbIX Hay4HO-TEXHUYECKNX
JOCTWKEHMIA B 06nacT CTPOWUTENbHLIX Hayk W
TEXHONOMMNA.

Cmpameauydeckue 3alayu.

- UH(popMUpoBaHue Hay4yHoro coobulecTBa 7
npakTn4ecKmnx paGOTHVIKOB O HOBbIX TEOPETUYECKUX nN
npakTn4ecKmnx pa3pa60TKax B 06nacmx, CBA3AHHbLIX C
NPOMbBIWLNEHHBIM N TpaXAaHCKUM CTPOUTENbLCTBOM,
apXUTEKTYpOrh WU rpagoCcTpoOUTENBCTBOM, 3KOHOMUKOM,
NHXXE€HEPHbIM obecneyeHnem CTpouTenbCTBa,
Oe3onacHoOCTbIO CTpOUTENbHbIX KPUTUYHbIX
NHPaCTpyKTyp, CTpoUTENBHBLIMX MaTepuanavu,
KOMMbOTEPHBIM MoAeEenupoBaHNEM N T. M., a TakKe C
MOUCKOM HOBbIX TEXHOMOMMn B NPUNOXeHUn K
CTPOUTENBHON OTpacnn N apxXUTeKType;

—aHannu3 n passuTne nepegoBoro MMpPoOBOro omnbiTa
cTpouTenbCTBa, NPOEeKTNpoBaHUA 00beKkToB
CTpouTtenbCTBa, NX BO3BEAEHNA N IKCnyaTalun,
—noaaepxka MexamncuunnnuHapHoro noaxoaa K
peweHnto 3agay CTpouTenbCTBa,

—B3aI/IMO,£I,eI7ICTBI/Ie YUYEHbIX U WHXXEHEPOB B obnactu
COBepLUEeHCTBOBaHUA CTPOUTENbHOIO NMpon3BoacTea.
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PacueT OrHeCTONKOCTY HECTaHAAP THbIX CEYEHWIA 31EMEHTOB Tom 8, Ne 1
>KeNe306eTOHHbIX KOHCTPYLLMiA ¢ ucnonb3osaHnem MK ANSYS 2022

[NMPOMbIWMNEHHOE U TPAXXOAHCKOE CTPOUTE/IBCTBO U
IKOHOMWKA
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PACUET OFHECTOWNKOCTW HECTAHAAPTHbIX CEYEHWI
SJIEMEHTOB XXEJIE3OBETOHHbIX KOHCTPYKL WA C
NCIMOJZIb3OBAHWEM INMPOIMPAMMHOIO KOMIMJTIEKCA ANSYS

AHHOTaums. B paboTe pacCMOTPeHbl OCHOBHbIE 3/1EMEHTbI MOHOIUTHBIX XKene306eTOHHbIX
KOHCTPYKUMIA: NAUTbI, G6anKM WM KOMNOHHbI, A/ KOTOPbLIX WCCNefoBaHO MOBEAEHNEe MOf
BO3JeVCTBMEM TemrnepaTypbl CTaHZapTHOro Moxapa. B kayecTBe npumepa B3ATHI
KOHCTPYKUMM MexayHapogHoro MeguumHekoro LieHTpa no agpecy r. Mocksa, 3anafHblid
oKpyr, Tepputopus WHHOBaUMOHHOrO LleHTpa «CKOMKOBO». PacyeT KOHCTPYKUMA
npoussBogunca B nporpaMmHOM  Komnsiekce  Ansys Workbench. Tlo pesynbTatam
TEenI0TEXHWYECKOro pacyeta NMOCTPOeHbI rpatiuKy pacnpefenieHns Temneparypbl No BbICOTE
CeYeHUs 3NeMEHTOB B 3aBUCMMOCTW OT BPeMEeHW Harpeea W MNpea/ioXkeHa OLeHKa
OrHECTOMKOCTM Ha OCHOBE KPUTEpWsA MOTEPU TEMION30NNPYHOLLMX CBOMCTB.

KnoueBble cnoBa:  TEMIOTEXHUYECKUIA  pacyeT,  Kene300eTOHHble  KOHCTPYKLMW,
OrHECTOMKOCTb, BO3[ENCTBME CTaHAAPTHOrO MoXkapa, KOHCTPYKuMM MexXayHapogHoro
mMeguumMHCKoro ueHTtpa (MML) Ha TeppuTtopun HHOBaLMOHHOTO LeHTpa «CKOJIKOBO»,
ANSY S Workbench.

Mostovskikh D. S. \ Belyaeva Z. V. 2

1«Effective design», Yekaterinburg, Russia

2Ural Federal University, Yekaterinburg, Russia

e-mail: 1darya.mostovskikh@gmail.com, 2z.v.beliaeva@urfu.ru

CALCULATING FIRE RESISTANCE OF NON-STANDARD CROSS-
SECTIONS OF ELEMENTS OF REINFORCED CONCRETE
STRUCTURES USING THE ANSYS SOFTWARE COMPLEX

Abstract. The article considers main elements of cast-in-place reinforced concrete structures:
slabs, beams and columns. Their behavior under temperature conditions of a standard fire has
been studied. As an example structures of the International Medical Center in Moscow,
Western District, the territory of the Innovation Center "Skolkovo" were considered. The
software ANSYS Workbench was used for calculation of structures. According to the results
of the thermo technical calculation, graphs of temperature distribution over the section height
of the elements as a function of heating time are plotted and an assessment of fire resistance
based on the criterion of loss of heat-insulating properties is proposed.
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Pycckuii >xypHan
CTPONTENbHbIX HAYK M TEXHONOTUIA

MocTosckuxf. C
Bensdesa 3. B.

Keywords: thermo technical calculation, reinforced concrete structures, fire resistance,
exposure of standard fire, constructions of International Medical Center (IMC) on the territory
of Skolkovo Innovation Center, ANSYS Workbench.

1. BeBegeHue
B0O3HMKHOBEHME noxapa  Bcerpga
CBSI3aHO c 60/bLINM yLiep6om,

MPUYMHEHHBIM  XKU3HU U UMYLLIECTBY.
CraTncTuKa noxkapoB B Poccum oTpaxkaet
TekylLee COCTOSIHME npoLeccoB
obecrieyeHns noxkapHoir 6e3onacHoOCTU B
CTpaHe. 3avacTyto MHOrvMe  noan
norn6atoT B pe3ynbTaTe  06pYLUEHWS
HECYLMX  KOHCTPyKuuin  3paHus.  To
faHHbIM MYC [1] Ha noXapbl, BO3HUKLLME
B 3[aHUSAX N COOPYXKEHUSX, MPUXOAUTCS
MaKC/Ma/IbHOE YMC/I0 NOrnBLLINX — OKOJO
95% oT BCex norumblwmx no Poccum.
MoaTomy 6onblas ponb  OTBOAMTCA
KanuTaibHOMY CTPOUTENLCTBY,
YNYYLIEHUO  €ro  KayecTBa, KOTOpOe
XapaKTepu3yeTca TakKKe HaAeXHOCTbO
paboTbl CTPOUTENbHbLIX KOHCTPYKUMA B
YCNOBMAX BO3MOXHOrO MnoXapa, T. € WX
OFHECTOMKOCTbID. [pn  NPOEKTUpPOBaHUM
30aHWA N COOPYXKEHWIn  MPUMEHSIOTCA
Pa3NNYHblE KOHCTPYKUMM W MaTepuansbl,
KOTOpble A0/MKHbI 06/1adaTh 3afaHHbIMM
NPOTMBOMOXAaPHBLIMU  XapaKTepUCTMKaMW.
[aHHoe TpeboBaHMe obecrieyeHus
COXPaHHOCTM  KOHCTPYKUMA  ”n KX
MPOYHOCTHbIX CBOWCTB NPW BO3AENCTBUM
1000

bl Bcero U B ropogax

noxapa sensetcs  00s3aTeNlbHbIM B
COOTBETCTBUY C TexXHNYeCKUM
pernaMmeHToM O TpeboBaHMAX MNOXapHOM
6esonacHocTu [2].

Ha pucyHkax 1-2 npuBeaeHbl obuyme
TEHAEHUMN M OMHAMUKa YMCia MOXapos,
yulep6a, rméenn nrogen B nepuog ¢ 2016
no 2020 rr.

Ha cerogHawHWiA aeHb 6narogaps
CBOMM  MpeuvMyLLecTBaM  >Kesie306eTOoH
ABNAETCA  OCHOBHbIM  CTPOMTE/IbHbIM
maTtepuanom Ans BCeX TUMOB COOPYXKEHWIA.
lMOHMMaHVWe OCHOB MOBEAEHUSA TaKoro
marepuana npwu Harpy>eHuu,
TEPMUYECKOM  BO3LENCTBUN W B/IUSHWK
OKpPY>KatoLLIen cpefpbl NO3BONAET CO3/aBaTh
oonee 3gheKTMBHbIE U 6e3onacHble
(hopMmbl 3/1EMEHTOB, OCYLLeCTBNATb
NPOrHO31poBaHve 3KCnnyaTauMoHHbIX
CBOMCTB W NPOBOAWUTbL  OMTUMM3ALMM
KOHCTPYKUMM  Ha  OCHOBE  3afaHHbIX

KpUTEpPUEB. Bonpocbl pacyeTa
XKene306eTOHHbIX KOHCTPYKUWMI Ha
BO3JECTBME  HarpeBa MNpu  noxape
nccneayoTcs POCCUACKMMMU n

3apy0eXHbIMW  YUYEHbIMU YXKe He OfHO
pecatunetue [3-19].

U B cenbCKoli MeCTHOCTU

Puc. 1. Konnyectso noxapos B nepuof ¢ 2016 no 2020 rr. [1]
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Puc. 2. UncneHHOCTb NormoLumx npu noxapax B nepuog ¢ 2016 no 2020 rr. [1]

PelleHVe 3afaun  HecTauMOHApPHOWA
Ten0MnpoBOAHOCTM cBoAuTCA K
onpefeneHno Temnepatypbl Mo CEYEHUHo
KOHCTPYKLMMW B MpOLLecCe BO3AENCTBUA Ha
Hee  CTaHZapTHOrO  TEMMepaTypHOro
pexxuMa. W3MeHeHue TemnepaTtypbl B
TBEpPAbIX Tefax pacCyuTbIBAOT MNyTeM
peLLeHns AuddepeHLnanbHOro ypaBHeH s

Ten0NpPoOBOAHOCTY dypbe npw
HENMHENHBIX  TPaHUYHbLIX  YCMOBUSX W
CNOXHOM  npouecce  Tenno - W

maccornepeHoca. [ns nauT nepekpbITUi,
KOIOHH 1 610K  MPUHMMAeM, 4TO
TemnepaTtypa B KOHCTPYKLUMU WN3MEHSETCA
TONBKO MO  MOMEPEYHOMY  CEYEHUHD
3NEMEHTOB, TaK Kak OfWH  pasmep
KOHCTPYKUMW 3HAYMTENIbHO 60/bLie MK
MeHbLLE ABYX ApYrux. Torpa
TemnepaTypHoe none y TaKux
KOHCTPYKUMIA ABNSETCA  ABYXMEPHbIM U
BblpaxaeTcs ypaBHeHnem dypbe [20]:
dt 4 dt 4 dt'

CtYtdz = dx Atdx. + gy h ~dr
rge ct - ygenbHas Ten0emKocTb 6eToHa B
3aBMCUMOCTHU oT Temneparypbl,
Ox/(m wC);
Yt ~ yaenbHblIi BeC 6ETOHa, Kr/M3;
t - Temneparypa, °C;
T - BPems, Cek;
Al - KO3(h(DMUMEHT TenaonpoBOAHOCTH
6eToHa B  3aBMCUMOCTM  OT  €ro
Temnepatypbl, >x/(m wC mc)

OfHaKo fAaHHas MnocTaHOBKa 3ajayu
HecTaLMOHapHOIA Tena0npoBOLHOCTYU
CNOXKHa [ANA MOBCEAHEBHOW WHXXEHEPHOM

NPaKTUKK, npob6nemarmka KOTOpOiA
[O0CTaTO4MHO MOSHO OnucaHa B NUTepaType
[21]. C uenbl0 ynNpoWEeHMs peLleHns
pa3paboTaHbl  pas3iMyHble  MeToabl, B
KOTOPbIX He paccMaTpuBaeTca Lenblil psig
NpPakTUYeCKMX 3afad, 4YTO OrpaHU4MBaeT
06/1aCTb UX NPUMEHEHMS.

Mogenn u3 006bEMHbIX 3/1EMEHTOB
MO3BONAIOT MOMYYUTb Hambosnee MoJHbIE
[aHHble 0 HanpsXeHHo-
feopMMpoBaHHOM COCTOSAHUM
XKene3006eTOHHOW KOHCTPYKUuKN. C Lenbto
CHVXXEHUA TPYJOEMKOCTU U MOBbILLEHNS
3()(peKTMBHOCTN  MPOBEAEHUS  aHa/n3a
1cnonb3yeTcs METO/, KOHEYHbIX
anemeHToB (MK?Q), KOTOpbIA MO3BONSAET
aHa/I3MpoBaTb  C/IOXHblE  CUCTEMbl  C
MHOroo6pasvem B3aMMOCBSA3EN  Mexay
aNleMeHTamMy BHYTPU MOZAENN W BHELLUHUM
BO3JENCTBMEM OKpyXatollein cpegpl. B

[laHHON  paboTe  OblM  BbINOHEHDI
TennoTexXHUYecKme pacyeTbl
XKeNe306eTOHHbIX KOHCTPYKLMI B

nporpamMmmHoii cpege Ansys Workbench,
KaK OfIHOM M3 Hambonee COBEPLLEHHON U
Hanbonee M3BECTHOM B 06/1acTU pacyeTa
KOHCTPYKLWIA M3 HENMHENHO paboTaroLmx
maTepuasios.

2. TennoTeXHUYECKME pacyeThl

OrHecTonKoCTb XKene306eTOHHbIX
KOHCTPYKUWMIA YTPaumnBaeTCsi, Kak Npasuso,
B pesynbTare noTepu HecyLLein
cnocobHocT  (06pyLUeHMs) 3a  CYUeT
CHVXeHUS MPOYHOCTH, TennoBoro
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pacLuMpeHmns 7 TemnepaTypHO
MON3y4yecTn apmatypbl M GeToHa npwu
HarpeBaHuu.

B obuiem cnyyae pacyeT COCTOUT U3
[BYX — 4acTeld:  TEMIOTEXHUYECKON 1
CTaTUYECKOIA. Bospgeicteme
«CTaHAPTHOro noXkapa» Ha KOHCTPYKLMIO
33/1aeTCA rpaHNYHbLIM YCIOBMEM 3-T0 Poja,
KOTOpOe XapaKTepusyeTcs M3MeHEHVEM

T,°C

MocTosckuxf. C
Bensdesa 3. B.

Temnepatypbl BO BpPEMeHW  COr/iacHoO
ypasHeHuto (puc. 3) [20]:

t = t0+ 345 1g(0433T + 1),
rge t - temneparypa noxapa, °C;
t0 - TemnepaTypa OKpyXXaroLlein cpefpl
(HayanbHas Temnepartypa noX<apa),
npuHnvaem t0 = 22 °C;
T - NMPOAO/IKUTENBHOCTL MOXKapa, Cek.

Puc. 3. CTaHfapTHasa TemnepaTypHas KprBas ra3oBoii Cpefibl B YCNOBUSAX MOXapa npw
HayanbHOW Temnepatype t = 22°C (aBTOpPCKas cxema)

MoNHbIN  TennoBoOK NoTOK K
060rpeBaemMoi MOBEPXHOCTN CO CTOPOHbI
BHELLHEN TEennoBoM Harpysku
OCYLLIeCTBNAETCA no [BYM
mMexaHusmMam [22]:

U/ ~ Y/ 4 Yi>
roe g°f - TennoBoW NOTOK 3a  CYeT
KOHBEKTMBHOIO Ten1006MeHa,
gnf - Tena0BOM NOTOK 3a CHET U3/TyUYeHNS,

KOHBEKTMBHaA cocTaBnaoLas
MOJIHOro Tenn0Boro noToka K
060rpeBaemoi MOBEPXHOCTM KOHCTPYKLMM
paccuUnTbIBAETCS NO 3aKOHY HbOTOHA:

skt af(jf ~ Tw),

roe off - KoahMUMEHT KOHBEKTUBHOIO
TennoobmeHa MeXxpay rasoBOW cpeaoin u
o6orpeBaemoit NMOBEPXHOCTbHO
KOHCTpyKumun: aj = 29 B1/(M2K);

Tf - TemnepaTypa rasoBoi cpefbl;

Tw -  Temnepatypa  060rpeBaemMol
MOBEPXHOCTW.

Ha cragum pa3BMTOro noxapa B
cflyyae OMTMYECKM M/IOTHOW  ra3oBOWA
cpefbl  MOTHOCTb  Pe3y/IbTUPYHOLLErO
NMOTOKa  U3My4YeHWs K  MOBEPXHOCTM
KOHCTPYKUMM B 3aBUCMMOCTM  OT

NOKaJIbHOM  TemnepaTtypbl  cpefpl B
OKPEeCTHOCTM pacCMaTpuBaeMOoro afieMeHTa
MOBEPXHOCTY paccyMTbIBaEeTCA no
(hopmyne:

gnf = Afo (jf - T%),
rge o - noctosHHas CrehaHa-bonbumaHa,
a = 5,67 m10-8BT1/(M4K);
Af - npvBefeHHas CTeMeHb YepHOTbI
ra3oBou cpefbl U NMOBEPXHOCTY:

Jr -
\Ef 8w )
1
= 0,739;
(A85 + (W5 “ 1)
£f - wvHTerpanbHblil  KO3(hMUUMEHT

n3ny4yeHns rasosom cpeasl, = 0,85;
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ew -  WHTerpasibHbli  KO3(hMUMEHT
N3ly4eHNs MOBEPXHOCTH, [A/19  BeToHa
ew = 0,85;
Tf - nokanbHas  Temnepatypa B
OKPECTHOCTM paccMaTpUBaeMOro 3feMeHTa
MOBEPXHOCTM  (Ha BHELUHel rpaHuue
TEensI0BOro NorpaHNYHoro Cros).
PaccmoTpum 0COBEHHOCTU
TENNOTEXHWYECKOr0 pacyeTa Ha npumMepe
KOHCTpyKumMin  MML, B  «CKONKOBO®:
MOHOJ/IUTHBIX ~ Ke/Ie300€TOHHbIX  M/INT,
6as10K 1 KOMOHH. 3afavy HecTauMoHapHOM
TEnnonpoBOAHOCTA  PelrM B Moayne
Transient Thermal B nakete Ansys
Workbench.

2.1. MoHoNMTHasa xenesobeToHHad
NAMTa NepeKkpbITUS

MepekpbiTa  MML,  npeactaBnset
COO0  MOHOMUTHYHK  KEeNe306eTOHHYH
NAUTY TOMLWMHOW 240 MM C KanutensMn B
30He KOJIOHH U C CETKOW ocei (NponeTom)
7,8x7,8 M. OCHOBHble MapameTpbl MAUTHI
npefcTas/eHbl B Tabnnye 1 Pasvep CeTku
KOHEYHbIX 3/1EMEHTOB A1 MAUTbl MPUHAT
50 mm. O6wwmiA BAA NNTLI NEPEKPLITUA B
BUAE  KOHCTPYKTMBHBIX W  KOHEYHbIX
3/IeMEHTOB MOKa3aH Ha puUCyHKax 4 un 5
COOTBETCTBEHHO.

Tabnnua 1
MNapameTpbl NANTbI NepPeKpbITUSA
Ne n/n MapameTp 3HauyeHune

1 Matepuan namTbl, GETOH B35

2 TonuwHa nmtsl (7), MM 240

3 Mponet (L), Mm 7800

4 PacyeTHasa wmpmHa nantsl (b), Mv 7800
POHOBOE BepxHee, HMXKHee apMUPOBaHIe MnTbI:

5 [AnameTp apmatypbl, MM 12
Luar apmMarypbl, MM 200
Knacc apmMarypbl A500C

6 PacCTOsiHVE OT HDKHE FpaHmM [0 LIEHTPa CeUYeHUs apmaTyphbl (a), MM 30

7 TonuwHa 3aLLMTHOrO C/1os 6eTOHa, MM 24

Puc. 4. O6wwii 3D BMA NANUTbI NEPEKPBITAS B BUE KOHCTPYKTUBHBIX 3/1EMEHTOB



Pycckunit >xypHan
CTPOUTENbHbIX HAYK N TEXHONOT NI

MocTosckux . C
Benaesa 3. B.

Puc. 5. O6wmin 3D BUA NANUTLI NEPEKPLITUASA B BUAE KOHEYHbIX 3/1EMEHTOB

HarpeB  nautbl  OCYLLECTB/AETCH
PaBHOMEPHO MO BCE [AJ/IMHE CO CTOPOHbI
HVDKHEN MOBEPXHOCTK, Temneparypa
KOTOpOiA COOTBETCTBYET TemnepaType
CTaHJapTHOro noxapa. B  MogenbHoM
3afja4ye naUTy Harpesasivm B TeyeHue 200
MUHYT. MWHUMaNbHbIA npegen
OrHECTOMKOCTK NANTBI nepeKpbITUA
[O/MKEH OblTb He MeHee 120 MMHYT
(120REI) cornacHo [2].B pesynbtare
pacyeta A9 N0OOr0 MOMEHTA BPeMeHU
Harpesa Oblny MoMyYeHbl TeMMepaTypHble
Mons B CEYEHUN NuTbI (puc. 6).

I; Transient Thermal
Temperature

Type: Temperature
Unit: 'C

Time: 12121
22.05.2022 23:59

113D Mai
5 1006.9
883,78
760,67
637,55
- 514,44
-Bms
8,22
14511
22 Min

150

Ona  naiTel  TOAWMHON 240 MM
Temnepartypa B TOYKax CEYEHWUs MO BbICOTE
Ha BCEM WHTepBa/le BpPEMeHW Harpesa
npefctaBsneHa Ha puc. 7. 3HadeHue

TemnepaTtypsl Ha o6orpeBaemoi
MOBepXHOCTU  MamTbl  (HUA 0 MMm)
M3MEHSIeTCA  COrNacHO  BO3AEWCTBUIO
CTaHJapTHOro noxapa. JTInHng,

o6o3Havatowasaca 240 MM, Ha rpaduke
COOTBETCTBYET He o6orpesaemoii
MOBEPXHOCTY N/INTbI MEPEKPLITUS.

100 120

180 200

Puc. 6. TemnepaTypHble NMons B cevyeHun NanTbl nepekpbiTna npn 20, 40, 60, 80, 100, 120,

150, 180 n 200 MmMHyTax Harpesa
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Puc. 7. 3aB1CMOCTb TeMMepaTypbl B TOUKaX, PacroioXeHHbIX M0 BbICOTe CEYEHUs OT
BPEMEHW Harpesa

Puc. 8. PacnpesieneHve Temneparypbl Mo BbICOTE CEYEHUS B 3aBUCUMOCTM OT BPEMEHU
Harpesa

[aHHble No TemnepaTypHbIM NOsM B
NAUTe, a MMEHHO rpatK pacnpeaeneHus
TemnepaTypbl MO BbICOTE CeYeHMs B
3aBMCMMOCTM OT BpeEMeHW Harpesa (puc.

8), Nno3BoNSOT [aTb OLIEHKY
OrHeCTOMKOCTM  NAUTbI N0 MoTepe
TENI0n30NMpPYHoLLEen  cnocobHocTn. Tpu
MOBbILLIEHNN TemnepaTypbl Ha

HeoborpeBaeMori noeepxHocTn A0 160°C

1

HacTynaeT npegen OrHECTONKOCTM
KOHCTPYKLMM no norepe
Tennousonupytowen cnocobHoctn  [23].
Mcxopsa u3 rpagmka BMAHO, 4YTO MoTeps
TENI0U30NNPYIOLWMX  CBOMCTB  M/UTHI
npomcxoamt Ha 120 MuHyTe noxkapa, 4To
He MeHblle npeaena OrHECTOMKOCTM
(1201).



Pycckuin >KxypHan
CTPOUTENbHbIX HAYK N TEXHONOT WA

2.2. MoOHONMTHasA >Kee306eTOHHAA
banka

[aHHas Ganka sBMSIETCA OfHUM 13
CaMbIX BaXHbIX HECYLUMX 37EMEHTOB B
MEANLIMHCKOM LIEHTpE, TaK Kak B CepeanHy

MocTosckuxf. C
bengesa 3. B.

CeueHne RENIY 22001000 mwm,
nponetr 156 M, HMXHee apMupoBaHue
npefcTaBneHo 5-10 psagamn. [MapameTpsl
6ankn npefcTasneHbl B Tabnuue 2. 06w
BUA Gankm B BMAE KOHCTPYKTUBHBLIX W
KOHEYHbIX 3/1eMEHTOB MoKa3aH Ha puc. 9 u

ee nponeta nNPUXOAUT  KONIOHHa  OT
2 10 cOOTBETCTBEHHO.
BbILLENEXALLNX ITAKEN.
Tabnuua 2
MapameTpbl 6anku
Ne n/n MapawveTp 3HaueHune

1 Matepuvian 6anku, 6eToH B35
eomMeTpuryecKye napameTpbl 6asku:

7 - BblcoTa (/?), Mm 2200
- wWwvpuHa (b), Mv 1000
- cBec nonku (/i), Mv 1000

3 Mponet (L), Mv 15600
BepxHee apmmpoBaHue 6anku:
- [MameTp apmMatypbl, MM 32

4 - KO/IMYECTBO B OAHOM psidy, LLT. 10
- YMC/O PALOB, LLT. L
- Knacc apmarypbl A500C
[MpoMexXyTOUHOE apMUpPOBaHIie GasTKu:
- [MameTp apmMatypbl, MM 32

5 - KO/MYeCTBO B OZHOM psAAy, LLT. 6
- YMC/O PALOB, LLT. 3
- Knacc apmarypbl A500C
HwxHee apmmnpoBaHue Gasiku:
- [viaMeTp apmarypbl, MM 40

6 - KO/IMYECTBO B OAHOM Psfy, LLIT. 10
- YMC/O PALOB, LLT. 5
- K/acc apmartypbl A500C
lMonepeyHoe apMypoBaHue Gasiku:
- [MameTp XOMyTOB, MM 16

7 - LLar XoMyToB, MM 200
- KO/MYECTBO XOMYTOB B CEYEHWM, LLIT. 3
- Knacc apmarypbl A500C

8 PaccTosiHMe OT HVDKHEN rpaHun 10 LIEHTPa CeveHns apMatypbl (), Mv 70

9 TOo/LLMHA 3aLLMTHOrO C/1ost GETOHA, MM 50

Puc. 9. O6wwmin 3D Bug 6ankn B BUAE KOHCTPYKTMBHbIX 3/1EMEHTOB

12
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TennoTexHW4ecknini ~ pacyeT  ans
MOHO/IMTHOM  YKeNe306eTOHHON  Gasikm
MPOM3BOAN/CA MO TAKOMY >Xe MPUHLMMY,
Kak M 41 NanTbl NepekpbiTvs. OTanune
COCTOMT B TOM, YTO HarpeB Oasku
OCYLLECTBNISIETCA PaBHOMEPHO MO BCeM
[JIMHE CO CTOPOHbI 3-X CTOPOH: HVDKHEN U
[ByX  OOKOBbIX  MoBepxHocTei. B
MOZe/bHON 3afadve OasiKy Harpesasm B
TeyeHne 200 MuHYT. Pa3Mep CeTKu
KOHEYHbIX 3/IEMEHTOB ANA Gankn Takxke
NPUHAT 50 MMm.

PaccMOTpMM TemnepaTypHble Mons B
6asike npu pasHbIX BpeMeHax Harpesa. Ha
puc. 11 nokasaHbl MOMepeyHble CeveHus
6asikun, KOTopble pasfeneHbl BepTUKaIbHOM
OCeBON /MHWEeN nonosaM, TakK YTOObI
MOXHO ObIno COMoOCTaBuTb
TemnepaTypHble MNONA  MPW  PasIinyHbIX
BpemMeHax Harpesa.

Mo puc. 13 MOXKHO NPEAMNONOXUTD,
4TO OFHEeCTOMKOCTb H6anku ByfeT yTpayeHa
BCNeACTBUE noTepu HecyLlel
CMOCOBHOCTN, a He TernIou30NnpyHoLLEi

13
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CMOCOOHOCTN, TaK KakK CeyeHue Oanku
ABNSAETCA MACCUBHbIM.

2.3 MoHONMTHaa Xene3obeToHHas
KOJIOHHA

AHaI0rMYHbIM - 06pa3oM  onpesenvm
TemnepaTtypHble MoNA A1 KOMOHHbI Mpu

ee  YeTbIPEXCTOPOHHEM  HarpeBe  C
MOMOLLbIO  TEMJOBOr0  BO3AelicTBuS
CTaHAapTHOro  noxapa.  eomeTpus
KOMOHHbI MpeACTaBNsieT  M3MeHsoLLeecs

Mo BbICOTe ceyeHue. MapameTpbl KOMOHHbI
npegcTasneHbl B Tabnuue 3. O6wmin Bug,
KOMOHHbl B BWAE KOHCTPYKTUBHBLIX W
KOHeYHbIX 3/leMEHTOB MOKa3aH Ha puc. 14.

Ha puc. 15 nokasaHbl HWKHee,
CpefHee N BepxHee MOMepeyHble CevyeHus
KO/MIOHHbI, pa3fefieHHble O0CEeBOW JIMHWEN

nononaMm. Ha pwuc. 16 aHanOrMYHO
noKasaHbl NPOLO/IbHblE CEYEHNS KOSIOHHBI.
OueBMgHO, 4TO  Hambonee  ONacHbIM

ABNAETCA HMXKHEE CEYEHME KO/TOHHbI, KakK C
TOYKWN 3peHUA Mnporpesa, Tak U C TOYKU
3PEHNA NMPOYHOCTHOI0 aHa/I3a.



Pycckuii >xypHan
CTPONTENbHbIX HAYK M TEXHONOTUIA

MocTosckuxf. C
Bensdesa 3. B.

C: Transient Thermal
Temperature

Type: Temperature
Unit: "C

Time

21.05.2022 22:38

20/40 60/80

120 180/200
Puc. 11. TemnepaTypHble Nons B cedeHnmn 6anku npu 20, 40, 60, 80, 120, 150, 180 n 200

MUHYTax Harpeea

Puc. 12. 3aBUCMOCTb TeMMepaTypbl B TOUKaX, PACMOSIOXKEHHbIX MO LUMPUHE CEYEHMS OT
BPEMeHM Harpesa

14
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Puc. 13. PacnpefeneHne TemnepaTypbl Mo LWMPUHE CeYEeHNA B 3aBUCMMOCTM OT BPEMEHN
Harpesa

Puc. 14. O6wuii 3D B KONOHHBI B BUAE KOHCTPYKTUBHBIX N KOHEUHbIX 3/IEMEHTOB
COOTBETCTBEHHO

15



Pycckuin >xypHan MocToBsckux . C
CTPOUTENbHbIX HAYK M TEXHONOT N Bensesa 3. B.

H: Transient Thermal
Temperature

Type: Temperature
Unit: "C

Time:

22.05.2022 18:13

1130 Max
1006,9
883,78
760,67
637,56
514,44
391,33
268,22
145,11

— 22 Min

20 60 120 180
140 /80 /150 /200

Puc. 15. TemnepaTtypHbIle Moas B NONepevyHoM ceyeHnn KoNoHHbI npu 20, 40, 60, 80, 120,
150, 180 n 200 MuHyTax Harpesa

H: Transient Thermal
Temperature

Type: Temperature
Unit: "C

Time:

22.05.2022 18:13

11 BO Max
1006,9
883,78
760,67
637,56
514,44
391,33
268,22
145,11

22 Min

60/8 120/150 180/200

Puc. 16. TemnepaTypHble Moas B NPOA0/ALHOM CedeHUn KonoHHbI npu 20, 40, 60, 80, 120,
150, 180 n 200 MnHyTax Harpesa
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Tabmuua 3
MapameTpbl KOJIOHHBI
Ne o/ Iapamerp 3HaueHue
| Marepuan niautsl, O6TOH B70
['eomeTputeckue napaMeTphl KOTOHHEL
) — BbicoTa (1), MM 9350
—  HIDKHEE CEUCHHE — OKPYKHOCTh JHaMETPOM (), MM 600
—  BCPXHEE CCUCHUE - OBAJI CCUCHUEM (axh), MM 1280x600
ApPMHPOBaHHE CTBOIBHOU YACTH KOJIOHHEL
3 — JAMaAMETP apMaTypsl, MM 32
—  KOJWUYECTBO, MM 12
—  KJacc apMaTypHl A500C
ApmupoBanue OOKOBBIX YACTCH KOTOHHBIL:
4 — JAMAMETP apMaTypsl, MM 32
—  KOJIWUYECTBO, MM 12
—  KJIacc apMaTypHl A500C
ITonepewanoe apmupoBaHHE KOJIOHHEL
5 — JAMAMETP XOMYTOB, MM 10
—  IIar XOMYyTOB, MM 250
—  KJIacc apMaTypHl A500C
6 Paccrosnue ot rpaHu 10 LEHTpa CEUCHUS NPOAOTBHOU 70
apMatypsl (¢), MM
7 TommpuEa 3aIUTHOTO CII0S OCTOHA, MM 54

3. 3aKir04yeHue

B nmannoii pabore ObuTa pemieHa
3azava HECTaLMOHAPHON
TENJIONPOBOAHOCTH B MPOrPaMMHOM
kommiekce ANSYS Workbench, Obuiu
MOJIlyueHbl TeMIepaTypHble Moy IpU
BO3AEICTBUM  CTaHJAPTHOIO  MOXKapa,
rpadUKu pachpenesieHus TeMIepaTypbl B
3aBUCUMOCTH OT BpEMEHHU HarpeBa IJist
OCHOBHBIX HECYLINX >KeJIe300€TOHHBIX
sneMeHTOB MMII: niuTel nepekpeIThs,
Oanku, kosoHHEL I1o pesynbpraTtam pacuera
NpeyiokKeHa  OLIEHKAa  OrHEeCTOMKOCTH
KOHCTPYKLMI HA OCHOBE KpUTepus MOTepu
TEIUIOU30IUPYOIUX  CBOUCTB. Ilpenen
OTHECTOMKOCTH o oTepe
TETUTOM30JUPYIOLIEH  COCOOHOCTH:  IUIs
IJIMTBl TEPEKPBITUA Hpoucxonut Ha 120
MHUHYTE IOXKapa, Ay Oallku HE HACTyIaeT
npu Harpese B TedeHun 200 MHUHYT, 11
KOJIOHHBI HE HOPMHUPYETCSI.

Cnucok HCNI0JIb3YEMbIX HCTOYHHUKOB

1. Tloxkapel w mokapHad Oc3omacHOCTH B 2020
roay. Crarucrmueckuii coopuuk / I1. B. ITonexwus,
M. A. Uebyxanos, A. A. Koznos, A. I'. ®upcos, B.
H. Cubmpro, B. C. I'onuapenko, T. A. Ueuepuna
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PACYET JABJIEHUA I'PYHTOB HA OI'PAYXKIEHUA

AHHOTauusl. B cTaTbe MNPUBOAUTCS CPaBHUTENbHBI aHAJIM3 CYLIECTBYIOLIUX METO/I0B
pacyera [aBJE€HUS TPYHTOB Ha orpaxkaeHus. OueHuBaercss 3(QQPEKTUBHOCTb TaBHO
CYLIECTBYIOIIUX AHAIUTUYECKUX METOAOB pacyera U pPa3sBUBAIOLIUXCS B JAHHOE BpeMs
YHCJICHHBIX METOOB HA OCHOBE METOJIa KOHEUHBIX 3JIEMEHTOB. I [pUBOAATCS MONOXKUTEIBHBIE
U OTPULATENIbHBIE CTOPOHBI OOOMX METOIOB, HAIOTCS PEKOMEHIALUH 10 MX NMPUMEHEHHIO.
OcCHOBHOE BHUMAaHHE yJEJEHO YMCIEHHBIM METOJaM, NMPUBOAATCA MPAKTUUECKHE MPUMEpPHI
pacuera [JaBJeHHs TPyHTa Ha oOrpaxjarlomue KOHCTpyKuuu. OIlieHUBaeTcs BIUSHUE
pa3NMuYHbIX (PAKTOPOB Ha pE3yNbTaThl YHCIEHHBIX PACdYe€TOB, B TOM WYHCJE BIUSHUS
CLEIJICHUS] TPYHTOB, BJIMSIHUE KECTKOCTU IPYHTA U KECTKOCTH OrPAKAAKOIIEH KOHCTPYKLIMH.
IlpuBoguTcs CpaBHEHHE MPAKTHYECKOIO pacyeTa AKTUBHOIO M MAaCCHUBHOIO [ABJICHUN
AHAMTUYECKUM M YHCICHHBIM CIMOCOOOM M COOTBETCTBYIOINME BbIBOABL HekoTopoe
BHHMAaHHE YJAEJNEHO CKaJbHbIM TIPyHTaM M WX B3aUMOACHCTBUI0O U OrpakAarollen
KOHCTPYKLUEH.

KiroueBble cjoBa: I[aBJ'IeHI/Ie I'PYHTOB, TCOTCXHUYCCKOEC MPOCKTUPOBAHUE, METO KOHCYHbBIX
SJIEMCHTOB, IOATIOPHBIC CTCHBI, CKAJIbHBIC TPYHTHIL.

Borisov N. §.
LLC «Effect design», Ekaterinburg, Russia
e-mail: nkt.borisov@mail.ru

CALCULATION OF SOIL PRESSURE ON SHORING OF
EXCAVATION

Abstract. The article provides a comparative analysis of existing methods for calculating soil
pressure on fences. The effectiveness of long-existing analytical calculation methods and
currently developing numerical methods based on the finite element method is evaluated. The
positive and negative sides of both methods are given, recommendations for their application
are given. The main attention is paid to numerical methods, practical examples of calculating
ground pressure on enclosing structures are given. The influence of various factors on the
results of numerical calculations is estimated, including the influence of soil cohesion, the
influence of soil stiffness and the rigidity of the enclosing structure. A comparison of the
practical calculation of active and passive pressures by analytical and numerical methods and
the corresponding conclusions are presented. Some attention is paid to rocky soils and their
interaction with the enclosing structure.

Keywords: soil pressure, geotechnics, finite element method, retaining walls, rocky soils.

1. BBeaeHue MPENENbHOTO paBHOBECHS (v
MPEIeIbHOTO HAIMPSKEHHOTO COCTOSTHUS).
JlaHHast Teopus Mpearnojaraer IMepexon
BCEH paccMaTpUBaeMON 30HBI TPYHTa

IIpocTeiimne aHaITUTUYECKHE METOIbI
pacuera T ABJICHUS TPYHTOB Ha
OTrpakIAC€HHUsl OCHOBBIBAIOTCSI HA TEOPUU
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(Npu3mbl  06pyLleHns) B npefesibHoe
HanpsXeHHoe COCTOAHME. 3TO NO3BONAET
NPUMEHATb K  3/1eMeHTaM  3TOM  30HbI
ypaBHeHVe  MpefenbHOro  paBHOBECWUS,
N3BECTHOe KaK 3aKOoH KynoHa:

Trpen = o* tan(<) + c.

Takxke, BBOAMTCA rmnotesa o
NPAMOJIMHENHOCTY MOBEPXHOCTEMN
CKO/bXXEeHUS, UTO 3HAYUTE/NIbHO YNpoLLaeT
pacyéTsbl. Ana pacyeta  paBfieHUs
NMPUHMMAETCH, UTO TPYHT HaxoauTcA B
aKTVBHOM npesenbHOM COCTOAHUN
(BepTVKaIbHOE HaMpsKeHWe MpeBbILLaeT
rOpM30OHTa/IbHOE), ons peannsauunn
KOTOpOro Heob6Xx04MMO HekoTopoe
CMeLLEHNe OrpaxkaeHus Nno HanpasneHuto
[aBfleHnsi  rpyHTa, KOTOpPOe  OObIYHO
nponcxoauT BC/eACTBUe KOHEYHOIA
YKECTKOCTU OrpaXKAatoLLMX KOHCTPYKLMIA 1
NoJaT/IMBOCTM  TPyHTA.  AHa/IMTUYECKUiA
pacyet nogpo6Ho onmcaH B paboTax [1-9].

Puc. 1. 'padimk 3aBUCUMOCTM AaBNeHus oT
CMELLEHNA CTEHKN

AKTVBHOE [aBfieHWe - HauMeHbLlee
BO3MOXXHOe  [jaB/fieHue, MaccuBHoe -
HanborsbLLee. AKTVBHOE NaBneHne

peanu3yetcs Mpu ABWKEHUN CTEHKU OT
rpyHTa (TUNUYHbIE NOAMOPHbIE CTeHbI), a
nacCuBHOe - MpU ABUMXXEHUU COOPYXeHUs
Ha rpyHT (ycToM MOCTOB MpU Hanymu
pacriopa). AHaNNTNYECKMNIA noaxop
NPUMEHNM B HEKOTOPbIX Ciy4yasax W
OnpaBAblBaeTCA OMbITOM, HO Ha [aHHOM
aTane pasBUTUS FEOTEXHUKW CYLLECTBYHOT

HOBble 60Mee  KauyecTBEHHble  METOAbI
OLIEHKM [aBNeHus rPYHTOB Ha
OFPXAEHVs,  OLEHKW  YCTONUMBOCTU

COOPY>KEHWIA M BO3HMKAWOLIMX B
3NEMEHTAX COOPYXXEHWUI yCuUnuiA. 3ITK
MEeTOAbl OCHOBbLIBAOTCA Ha MPUMEHEHWM
METO/la KOHEUHbIX 3/1EMEHTOB W CMOCOGHbI
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Y4eCcTb HaMHOro 60sbLlee KOMMYeCTBO
(haKTOpOB,  BAMAKOWMX HA  OCHOBHblE
pe3ynbTatbl pacyetos [10-15]. W B
KOHEYHOM UTOre u36eXaTb aBapUHbIX
cutyauuii [16, 17].

2. PacyeTbl faBneHunsa
aHaIMTUYECKUM U YNCJIEHHbIM
crnocobamu

PaccmoTpym  cxemy
KOT/10BaHa KOHCO/IbHOro TUMa.

orpaxaeHus

Puc. 2. PacyeTHas cxema A1 YNC/NIEHHOro
pacyeta

Onpegenvm [aBneHne Ha OrpaxkaeHve
yncneHHoiM Metogom B MK Midas GTS
NX 1 aHa/IMTUYECKMM METOLOM.

Vcnonb3yem cnepytoLme
XapaKTEPUCTUKN rpyHTa: @ = 20°,

c=10kMa,y = 18"

KoaththmumeHT akTUBHOIO [aBfieHns C
YYETOM TPEHUS TpyHTa O CTeHKy (yron
TPeHWA TpyHTa O CTeHKYy (0= 6,66°)
coctaBun X=0,458. [aHHOe 3Ha4yeHue
1CNOMb30BaA/IOCh B KayecTBe
KoahpuumeHTa 6GOKOBOro [faBieHus Npu
yucneHHom pacyerte: KO = X = 0,458.

Mogenb rpyHTa
ynpyronnactuyeckad  Modified
Coulomb.

TpeHVe Ha KOHTaKTHOW MOBEPXHOCTY
B YMCNEHHOW MOLEe/N YYUTbIBAIOCL C
MOMOLLBI0 BBEAEHUA UHTEP(ECOB MeXay
FPYHTOM W OrpakatoLeil KOHCTPYKLVEN.
CuenneHve UMHTEP(ENCHbIX  3M1EMEHTOB
NMPUHUMANOCH PaBHbIM HY/IHO, YTOObI TPYHT
HE MOrI «NpuUAnnaTb» K OrpaXxaeHunto.

Mohr-
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MpoaHanu3vpyem pesynbTaTbl pacyeTa
(pnc. 3 n 4). Hannume ropusoHTaIbHbIX
CMeLLeHUA 1aéT OCHOBaHWe nosaratb, YTo
pean3yeTcs akTMBHOE [AaBfieHWe TPpyHTa.
KpacHblM  UBETOM  MOKas3aHbl  30Hbl

Puc. 3. N3onons o6Lwmx nepeMeLLeHui

Tom 8, Ne 1
2022

npefenbHOro paBHoBecHst (NNacTUYECKMe
TOUYKM). WX pacnpocTpaHeHue Takxke
FOBOPWUT O MepexoAe rpyHTa B aKTUBHOE
HanpPsHXKEHHOE COCTOSIHME.

Puc. 4. PacnpocTpaHeHue 30H NpeaensHOro
paBHOBeCUS

SMHOPA AABJIEH A HA OTPAXAOEHWE

Puc. 5. Sntopbl faBneHns Ha orpaxieHue

B  wutore nonyyaem  Xopoluee
coBnageHune YMCNEHHOI0 7
aHa/IMTUYECKOro peLUeHuiA: BuA rpadnkoB
NMPUMEPHO OAMHAKOBbIA. PasHuua nullb B
TOM, YTO B YMC/IEHHOM pacueTe AaBneHune
HauMHaeT pPacTM HECKONbKO Hmke. Tak
MPOMCXOANT M3-3a Pa3NMYHON0 Noaxoda K
YUETy  CUENnfeHns, MNpu  YUCNEHHOM
PELLEHNN BbICOTA BEPTUKANbHOIO OTKOCA,
KOTOpbI  yaepXuMBaeTcs — 3a  CYeT
cuenneHns, 6onblle, Yem aHanorMyHas
BbICOTA NPWY aHa/IMTUYECKOM MOAXOE.

Mo Takas cuTyaumsi peanvsyeTtcs He
Bcerga. bonbloe BAusHWME Ha 3Mopy
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[aBieHns OKasblBaeT YeCTKOCTb
OrpaXaeHus U XeCTKOCTb rpyHTa (Mnm
OTHOCUTENIbHas  KeCTKOCTb rpyHTa
OTHOCUTE/NbHO orpaxkaeHuns). Mpu
60nbLUON YKECTKOCTU OrpaxxaeHus
nepemMeLLeHnsi ero CTaHOBATCA MeHbLLE,
cnefoBaTe/lbHO,  aKTUMBHOe  [aB/ieHue
peann3yeTcs B MEHbLUEA CTEMEHN WU
[iaBfieHne Ha orpaxkaeHune Bo3pactaeT (Tak
Kak [aBneHve nokos wunuM TeMm 6oree
naccvBHOe [aBneHve 3HaYMTENbHO
MPeBbILLAOT aKTUBHOE AaB/IEHNE).
PaccmMoTpuM  npumep  rpyHTa ¢
6onbLWLNMK YKEeCTKOCTHbIMM
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XapaKTEPUCTUKAMXU MO  CPABHEHWUID C
NepPBbIM PacyeToOM, a XXECTKOCTb CTOMKM,
HaobopoT, CHWM3MM. B aHanMTUyeckom
nnaHe B 3TOM C/ly4yae HUYEro He
M3MEHMTCS, TaK Kak aehopmalimm rpyHTa B

TEOpUN  NpPefieNIbHOTO  PaBHOBECUS  He
ONpeaenstoTcsl U XKECTKOCTb  He
YUUTbIBAETCA.

Puc. 6. 3ntopa faBneHns Ha orpaxkaeHve
noMK?3

BugHo, 4TO 3niopa MMeeT YyXe He
TPEYrofibHbln  BUA.  TIOMEHANUCH  Takxke

3Ha4YeHMs1  MepeMelleHniAi 1 obnactu
npeaenbHOro paBHoBecus. B cnyuvasx,
Korga orpaxaeHue nmeeT
[ONOMHUTENbHbIE KOHCTPYKLUMM
KpenneHus - aHKepbl, pacropku u T.n.,
PAaCXOXAEHWE MEXAY YMCNEHHbIMU U
aHa/INTUYECKMU nogxofamu
yBenmumeaetcsa. B cnyyae MacCuBHbIX

MOANOPHBIX CTEH CMIOXHbIX OYepPTaHWiA,
HaNpUMep Yro/KoBbIX, 3MHOPbI AABNEHUI
TaKXXe Pas3/IMuyaloTcs [JOCTATOYHO CU/bHO.
Ha pucyHke 7 npefcTaBMieHbl 3Miopsbl
[aBMEHNIA Ha Yro/fKoBYlD  MOAMOPHYHO
CTEHYy TMPU  YNUCNEHHOM  peLleHun 1
TUMUYHBIIA BU[ anHopbI no
aHAITYECKOMY PELLEHNHO.
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B cnyyae  4MCNEHHbLIX  pacyeToB
[aBNEHNIA creflyeT yaenaTb MNpUcTaibHOe
BHMMaHue YYETY CcLenneHns rpyHta. B
KOMMJIEKCHbIX reoTexXHM4YecKmx
nporpammax CLEnJeHne MNOHMMAeTCa Kak
CNeACTBME HEKOTOPOro nepeyrnsioTHEHUS
rpyHTa. [axke HesHauuTeNbHad BeNMYMHA
CUenfeHns 'y T[pyHTa nNpuMBOAUT K
OTCYTCTBMIO [laBneHus y Bepxa
OrpaXkAeHNs Ha 3HAYNTENbHYIO [NTyOUHY.

PaccmoTpum  Tenepb  NPaKTUYECKUIA
CNyyail pacuyeTa [AaBNEHUS rpPyHTa Ha
OrpaxKaeHue, 3akpernsieHHoe B CKa/lbHOM
TPyHTe N MMeloLLee aHKepHOe KpenseHue

(pwic. 8).

B paHHOM cnyvae U3 5 m NS 6
ABNAOTCS CKa/lbHbIMU rpyHTaMu
(opaH>xeBbliA 7 3eNeHbIi LBeT
COOTBETCTBEHHO). Pe3ynbTaTbl CTa4UAHOIO
pacyeta pa3paboTku KOTNoBaHa

npeAcTaBfeHbl Ha PpUCYHKax 9-13.

Mo pucyHkam 12 1 13 BMAHa xopoLuas
CXOAMMOCTb  PYYHOrO W YWUCNEHHOro
pacueToB. BuaHO, 4TO [aBneHuWe rpyHTa
eCTb TO/IbKO B Mpejenax pacnpocTpaHeHus
AMCMEPCHBIX TPYHTOB. CKa/lbHble FPYHTbI
He OKasblBalOT [aB/eHNsA BCNeACTBUe
Hannuus y HUX 3HAYUTENIBHOIO
cuenneHua. OfHAKO CnefyeT Y4uTbIBaTh,
4YTO CTOMKM  Orpaxk[eHus  KOT/IoBaHa
norpyXatTcsd B 3apaHee MNpPo6ypeHHble
CKBXMHbI UM B  [a/bHELWemM  3Tu
CKB&XMHbI 3amnosIHATCA 160 GETOHOM,
6o webHeMm, K3-3a  4Yero Kakoe-TO
[laB/fieHNe BCe paBHO Oy[eT OKa3blBaThbCA.
Takke, B C/yyae 3HaAYMTENbHON HarpysKku
Ha MNOBEPXHOCTW, [AaBfieHNe  CMOXET
nepeaasaTbCAd N Yepe3 CKaslbHbIA TPYHT.
He cTouT Take nonaratb, YTO CKaslbHble
TPYHTbI HUKOr[a He OKasblBalOT [aB/eHus
Ha orpaxkgaeHus. Hanuume mnu oTcyTcTBUe
[lAB/IEHNA  3aBUCUT OT MNPOYHOCTU U
TPeLLMHOBATOCTN CKa/lbHOro MaccvBa. B
npouecce OYypeHWs  CKBXWH  MOXeT
paspyLumTcs CTPYKTYpa maccuBa
CKaJIbHOrO TPyHTa, 4TO COMPSXKEHO C
paspyLUeHnem CTPYKTYPHbIX
LieMEeHTaLMOHHbIX
HEeBOCCTaHaB/IMBAIOLMXCA CBA3E. B aTOM
C/lyyae MOXET MMEeTb MECTO CABWI YacTel
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CKa/lbHOr0  MaccuMBa  OTHOCWUTENbHOIO
APYrMX 4acTel no TpellmHam, Toraa
[laBNeHne  Ha  orpaxmaeHue  6yaet
3HauMTeNbHO. [NA MNPUHATUA  peLleHus
He0bX0AUMbl  UCCNEA0BaHMS  CKaNlbHbIX
FPYHTOB Kak B fabopatopuu, TaKk U B
MONeBbIX  YCNOBUAX AN W3YYeHus
TPELLMHOBATOCTM MacCuBa.

Paboyast 30Ha (30Ha, rae BO3HMKAKOT
HanpsbDKeHUs)  pacnpocTpaHseTcss  Ha
rnyéuny 0,4 m. B peanbHOCTM 3Ta rny6uHa
3aBMCUT OT CBOWMCTB FPyHTa U KayecTsa
3agenkn.  llaccuBHoe — pgaBneHve Mo
YMCMEHHbIM W aHaNMTUYECKMM pacyeTam
OT/IMYalOTCA A0CTATOYHO CUMbHO. B psige
nporpamM,  MNPOM3BOAALLMX  PaCyeThbl
aHaIMTUYeCKMMKN crnocobamK, MNaccuBHOE
[aBMEHNE  CUNbHO  MpeyBenMYMBaeTCs.
Takoe npeyBeNMueHVe NpUBOANT K
60bLUON pasHuLe mexay
PaBHOAEMCTBYIOLWMUMM  aKTUBHOTO U
MaccMBHOrO [aBfieHWin, a 3TO B CBOIO
oyepedb MPUMBOAUT K CKauykKy Ha 3ntope
MOMEPEYHbIX CUMN N YBEIMYEHNIO CEYEHUS
OrpakaeHusi, XOTs B peaslbHOCTU TaKoro
CKayka, KOHEYHo, He Habnogaetcs. [Mpu
PacronioXXeHWn CTOeK OrpaxiaeHuss cC
LLarom, oT/MyaroLmmes oT 1M, 3HauveHue

Tom 8, Ne 1

2022
[aBneHus Ha orpaxaeHue B
aHUTUTUYECKNX MeTogax nony4yaetcs

MPOCTbIM YMHOXEHWEM MOMYYEHHbIX )15
1M 3HayeHuWin Ha wwar cToek. B peanbHOCTU
e HekoTopas 4acCTb [JaBneHuns OygeT
nepefaBaTbCA Ha MacCuMB rpyHTa U
YBENMUMBATL HanpsxeHWsa B HEM. Kakad
MMEHHO 4acTb OyaeT  nepefaBaTbCs
3aBMCUT OT MHOrMX (haKTOpOB, B MEPBYHO
oyepedb - OT COOTHOLLEHWS >KECTKOCTEW
rpyHTa U OrpaxKaeHus. MpocTtoe
YMHOXEHVE MOXeT OblTb MPUMEHEHO B
cnyyae abCOMOTHO XKEeCTKOM  3afeflku,
KOTOpas He MOXeT repemeLlarbca. Ho B
pea/lbHOCTM OrpaxieHue Bcerga Oyaet
nepemMeLlaTbcs M AeopMmpoBatbCs, 4TO
npuseset K riepepacnpeseneHuio
HanpsXKeHNA 1 n3meHeHnto obuero HAC
CUCTEMBI. YYeT AaHHOro (haktopa CubHO
CKa3blBaeTCs Ha anwpax ycunvi B
OrpaXaeHnn u B KOHEYHOM CcueTe Ha
9KOHOMWYHOCTM  MPOEKTHOrO  peLUeHus.
Y4yeCcTb CNOXHOE M3MeHeHWe [aBNeHus B
ClefcTBume repepacnpezeneHus
HanpsHKEHNA MeXAy rPYHTOM M MacCMBOM
rPyHTa  NPeACTaBNAETCA  BO3MOXKHbLIM
TONbKO YMC/IEHHbIMW METOAAMU.

Puc. 7. 2ntopbl AaBneHns rpyHTa Ha YronkoBYH MOAMNOPHYHO CTEHKY: C/ieBa - MOAE/b B
ANSYS; cnpaBa - TeopeTnyeckaa cxema
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Puc. 9. 130M0ns ropusoHTaNbHbIX NePeMELLEHNIA Ha NOCNeAHel CTaaun pa3paboTKu
KOT/IOBaHa
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Puc. 10. Casurosble fehopMauny B CUCTEME

Puc. 11. 9ntopa u3rnbaroLLmx MOMEHTOB B OrpaXkeHNW KOT/I0BaHa
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Pycckuii >kKypHan
CTPONUTENbHbLIX HAYK U TEXHONOTUA

Bopucos H. C

Puc. 12. [laBneHune rpyHTa Ha orpaxaeHue no YMcreHHoOMY pacyeTy

Puc. 13. [laBneHune rpyHTa Ha orpaxieHuve
Mo aHa/IMTUYECKOMY pacyeTy

3. BbiBOAbI

MeTop KOHEYHbIX 371EMEHTOB
Mo3BO/ISET ONpPeaeNnsTb AaBNeHNe rPyHTOB
Ha OrpaxaeHWs, Y4YuTbiBas NpU 3TOM
MHOXeCTBO  (bakTopoB.  [lepexog K
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Puc. 14. laBneHune rpyHTa cnesa oT
CTEHKM Ha orpaxkaeHwue

aKTVBHOMY NGO MACcCUBHOMY COCTOSIHMIO
FPyHTa MNPOVUCXOAWUT aBTOMATMYECKU, B
3aBMCKMOCTY oT HaMPsHYKEHHOTO
COCTOSHUS B [JaHHO/ TOuYKe MaccumBa.
MOMMMO  3TOrO, YWCNEHHblE  METoApbI
VMEIOT eLLE psifi MPEeUMYLLIECTB, TaKUX Kak:



Pacuem dassieHusi epyHmos Ha o2padxcdeHus

Tom 8, Ne 1
2022

BO3MOXHOCTb ydeTa CJIO>KHOM
re0JIOTHYECKON OOCTaHOBKH, PAa3JIMYHBIX
criocoOOB  KpeTUieHUs] CTEH, CJIOJKHBIX
Harpy>kKeHUui, MOCJIEIOBATENIEHOCTH
MPOU3BOACTBA PAdOT U APyrux (HakTopos.
JUts  KauecTBEHHOrO MPEACTaBICHUS O
IaBJIIEHUH W ISl TPOBEPKH YHCIEHHBIX

peLHeHI/Iﬁ BCeraga MOXKHO U HYXHO
HUCIIOJB30BaTh AHAJIUTHYCCKUE METOObI C
NOCJICAYHOIIUM dHAJIN30M u
COIIOCTaBJICHUEM.
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STRENGTHENING OF REINFORCED CONCRETE BEAMS IN A
DAMAGED BUILDING USING CARBON FIBER MATERIALS

Abstract. This article discusses modern methods for calculating various methods for
checking the bearing capacity of a beam after its strengthening in a multi-story commercial
building (on the example of the Al-Salam Commercial complex), located at the address: Iraq,
Ramadi, St. Alcinama. The building was damaged by the war, necessitating a study to
determine the best and most cost-effective way to strengthen concrete beams using carbon
fiber composite materials as the external strengthening. Based on the data obtained as a result
of the strength assessment, recommendations were given on the method of strengthening
reinforced concrete beams.

Keywords: strengthening, beam, reinforced concrete, shear, carbon fiber, strength, bending,
polymer composite, rod
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YCWJIEHHUE KEJIESOBETOHHBIX BAJIOK B IIOBPEKIEHHOM
3JAHUU C UCHOJIb3OBAHUEM YIJVIEPOJHbBIX MATEPUAJIOB

AHHOTauusA. B naHHO!N CcTaTbe pacCMOTPEHbI COBPEMEHHBIE METObl PACUETOB Pa3INMUHbIX
crocoO0OB MPOBEPKU HeCyIned CrmocoOHOCTU Oajiku TOCe €€ YCHJIEHHS B MHOTO3TaKHOM
KOMMEPUECKOM 3[aHNH (Ha MpUMepe TOProBoro komruiekca Anb-Cajam), pacroyioKeHHOM
no axapecy: Mpak, ropon Pamanu, yn. AnbcuHama. 31aHue ObUIO MOBPEKACHO B PE3yJIbTaTe
BOEHHBIX JEHCTBUH, 4YTO mMOTPeOOBANO MPOBEACHHS HCCIEAOBAHUS IO OIpENeIeHHUI0
HAWJIY4IIero M HauOojiee 3KOHOMHYHOIO Croco0a yCHIIEHHs JKeJIe300€TOHHBIX Oallok ¢
HCIOJIb30BAHMEM KOMIIO3UTHBIX MATEpHAIOB Ha OCHOBE YIJIEPOJHOrO BOJIOKHA B Ka4yeCTBE
CUCTCMbl BHCIIHETO apMHUPOBAHUSA. Ha ocHoOBanun MOJIYYCHHBIX JAaHHBIX B PE3YIIbTATC
OLIEHKH Ha MPOYHOCTb ObUIM JaHbl PEKOMEHMALNH MO CIOCO0Y YCHIIEHHS Kesie300€TOHHBIX
OanoK.

Kiouesble caoBa: ycuieHue, Oanka, Kene300€TOH, CIBUT, YIJIEPOJHOE BOJIOKHO,
MPOYHOCTh, H3THO, MOJMMEPHBINA KOMITO3UT, CTEPIKEHb

1. Introduction the building being damaged as a result of
external factors. Correct and timely
strengthening of building structures can
significantly lower costs, increase their
useful lives, or prevent accidents and
collapses [3, 4].

There are several ways to strengthen
the structural elements, including old ones,

Strengthening the structural elements
of buildings is an important issue for
building maintenance and sustainability [1,
2]. Strengthening the structural members
of the building to increase its bearing
capacity in the event of the need to
increase the design loads or in the event of
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such as reinforcement using iron structures
or steel sheets, as well as modern methods
such as using fiber-reinforced polymer
(FRP) and carbon fiber bars [5].

One of the disadvantages of using
epoxy-bonded external steel panels and
building steel jackets is that it increases the
self-weight of the building in addition to an
increase in the dimensions of the structural
elements in addition to distorting the
architectural dimensions [6]. However, it is
effective in terms of strength, hardness,
and ductility [7]. The advantages of
reinforcing  structural elements using
carbon-fiber panels are that they are light
in  weight, have high resistance to
aggressive environments, are not limited in
dimensions, have high strength, ease of
implementation, do not require equipment,
are very good in execution, do not require
a long time to implement. Even though the
reinforcement with carbon fiber panels is
considered expensive if we compare it with
traditional methods, it is sometimes
economically feasible as it is possible to
work in the building without the need to
turn it off, and the work does not need a lot
of workers, and it is possible to increase
the stress by increasing the width of the
carbon fiber panels or increase the number
of layers [8,9].

Through studies, it has been shown
that cracking can occur after strengthening
by separation of the external composite
reinforcement from the concrete's surface
as well as the separation of the protective
layer of concrete from the external
reinforcement running along the steel
bar [10].

Carbon fiber strengthening is the most
flexible and increases the rigidity of the
structure [1, 11]. It has high physical and
mechanical properties that exceed those of
steel [12].

The use of the technology of carbon
fiber rods installed near the surface is a
good technique for strengthening structural

31

elements, especially in areas of negative
torque [13]. This technique is more
effective in areas where the strengthening
is subject to mechanical and environmental
damage. Where a groove is made in the
desired direction and filled with a special
epoxy, carbon fiber rods are installed
inside the groove, and the epoxy is settled
with the outer surface of the concrete.

2. Problem Research

2.1. Characteristics of the place of
practice

An eight-story building of a shopping
center, as shown in Fig. 1, it is called (Al
Salam Commercial Complex), which was
damaged by the war in 2015, was chosen
to study the reinforcement of reinforced
concrete beams. The building is located in
Anbar Governorate, Ramadi city, on Main
Street and Cinema Street. The building was
damaged, as shown in Fig. 2. The company
supervising the restoration of the building
was contacted and through them, the
architectural and construction plans were
obtained, as well as the results of
laboratory tests carried out to assess the
condition of the concrete parts of the
building.

2.2. Material properties and
reinforcement details of the concrete
beams

We conducted a study on the beam
specified in Fig. 3, with a length of 6.95 m
and dimensions of 600 * 400 mm, the
lower reinforcement (2025+3(20), the
upper reinforcement (2025), and stirrups
(¥10/200mm) as in Fig. 4.

The laboratory tests obtained from the
company supervising the strengthening of
the beams in the building, where the
hammer test and ultrasound of the above
beam, where was the compressive strength
of concrete 31,3 MPa.
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Fig. 2 The southeast facade of the commercial complex
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2.3. Materials used to strengthen the
beam

Carbon fiber plates of the type (Sika®
CarboDur® S512) were used, which are
pultruded carbon fiber reinforced polymer
(CFRP) laminates. According to the
properties of material shown in Table 1
[14].

Carbon fiber fabric of the type
(SikaWrap®-530C) was used, is a carbon
fiber fabric made of unidirectional weaving
that is used for wet application. According
to the properties of material shown in
Table 2 [15].

Carbon fiber fabric of the type
(SikaWrap®-301C) was wused, is a
unidirectional woven carbon fiber fabric
for the wet application process. According

to the properties of material shown in
Table 3 [16].

Carbon fiber bars of the type (Sika®
CarboDur® 1/2" rod) were used, and
Pultruded carbon fiber reinforced polymer
(CFRP) rods are used to reinforce concrete.
By placing the rods into grooves carved
out of the beam and bonding them with
epoxy resin, the Near Surface Mounted
(NSM) technique is usually used to attach
the rods. According to the properties of
material shown in Table 4 [17].

Linking material of type (Sikadur®-
330) is a two-part, solvent-free, thixotropic
epoxy-based impregnating resin/adhesive.
According to the properties of material
shown in Table 5 [18].

Table 1
Mechanical and physical Properties of Carbon fiber type Sika® CarboDur® S512
Characteristics name Units of measurement Value
Width mm 50
Thickness mm 1,2
Strength of Tensile MPa 3100
Modulus of Elasticity in Tension MPa 160000
Elongation during Tensile Break % 1,7
Table 2
Mechanical and physical Properties of Carbon fiber type SikaWrap®-530 C
Characteristics name Units of measurement Value
Width mm 400
Thickness mm 0,29
Strength of Tensile MPa 4900
Modulus of Elasticity in Tension MPa 230000
Elongation during Tensile Break % 1,7
Table 3
Mechanical and physical Properties of Carbon fiber type SikaWrap®-301 C
Characteristics name Units of measurement Value
Width mm 500
Thickness mm 0,29
Strength of Tensile MPa 4900
Modulus of Elasticity in Tension MPa 230000
Elongation during Tensile Break % 1,7
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Table 4
Mechanical and physical Properties of Carbon fiber type Sika® CarboDur® 1/2" rod
Characteristics name Units of measurement Value
Diameter of rod mm 12
Strength of Tensile MPa 3100
Modulus of Elasticity in Tension MPa 142000
Elongation during Tensile Break % 08
Table 5
Mechanical and physical Properties of Carbon fiber type Sika® CarboDur® 1/2" rod
Characteristics name Units of measurement Value
Modulus of Elasticity in Flexure MPa 3800
Strength of Tensile MPa 30
Modulus of Elasticity in Tension MPa 4500
Elongation during Tensile Break % 0,9(7 days at +23°C)

Fig. 5 Strain distribution and force equilibrium conditions for strengthened beams

Modulus of Elasticity in Flexure 3800 of the materials used in the strengthening
MPa, Tensile Strength 30 MPa, Modulus can be reduced by equations (1,2).
of Elasticity in Tension 4500 MPa and Therefore, the final tensile strength
Elongation at Break 0,9 % (7 days at and the design rupture strain must be
+23°C). determined in the design using the

environmental reduction factor, according

3. Calculati thod d It .
alcutation methods and resutts to the type of fiber and the exposure

3.1. Bending Strengthening conditions:
ACI 440.2R-02,08 states that strain ffu = CEffU> (1)
compatibility, internal force equilibrium, = CELLp> @)

and governing modes of failure are used to

calculate the bending moment of externally when ffU- design ultimate tensile strength

bonded FRP beams. For externally of FRP, MPa; _

strengthened FRP beams, Fig. 5 depicts the fo*~_uIt|mate tensile strength of the FRP
strain distribution and force equilibrium material as reported by the manufacturer,
conditions [19]. Given that the building is MPa;

exposed to Various environmental CE' enVironmentaI I’eduction faCtOI‘,

conditions for long periods, the properties
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€ry— design rupture strain of FRP
reinforcement, mm/mm,;
Sfu*— ultimate rupture strain of FRP
reinforcement, mm/mm.

The effective strain in  FRP
reinforcement should be restricted to the
strain at which debonding may occur, &,
as indicated in equation 3, to prevent
intermediate  crack-induced debonding
failure mode.

f c
when €74 — debonding strain of externally
bonded FRP reinforcement, mm/mm;
fo'— specified compressive strength of
concrete, MPa;

n —number of plies of FRP reinforcement;
Er — tensile modulus of elasticity of FRP,
MPa;
tr — nominal thickness of one ply of FRP
reinforcement, mm.

Equation 4 can be used to determine

reinforcement at the ultimate limit
condition.

df —C
gfe - gcu - gbl < gfd: (4)
when €f,— effective strain in FRP

reinforcement attained at failure, mm/mm,;
€qu— the ultimate axial compressive strain
of confined concrete corresponding to
0.85fc' ultimate axial compressive strain of
confined concrete corresponding to failure
in a severely confined member, or failure
in a lightly confined member (member
confined to recover its concrete design
compressive strength);
dr — effective depth of FRP flexural
reinforcement, mm;
¢ — distance from extreme compression
fiber to the neutral axis, mm,;
Epi— strain in the concrete substrate at the
time of FRP installation (tension is
positive), mm/mm.

Where the following formulas can be
used to calculate the values of £ and & by

the effective strain in the FRP ;
equations (5, 6):
Mp(h —kd)
Epi = ————, 5
bi ICT-EC ( )
E E E Ef (h E E
k= (psE—i+pr—£)2+2<psE—i+pr—£(;)>—(psE—i+pr—£), (©)

when /4 — overall thickness or height of a

member, mm;

k — ratio of depth of neutral axis to

reinforcement Depth measured from

extreme compression fiber;

I, — moment of inertia of cracked section

transformed to concrete, mm*;

Ec— concrete's elasticity modulus, MPa;

Es — steel's elasticity modulus, MPa;

Lr— elastic tensile modulus of FRP, MPa.
If the FRP behaves exactly elastically,

the material's strain, as determined by

equation 7, can be used to compute this

effective stress.

fre = Er€re, (7)
when fr — Stress in the FRP that is

effective; stress reached during section
failure, MPa.
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Using strain compatibility, equation 8
can be used to determine the strain in the
nonprestressed steel reinforcement based
on the strain in the FRP reinforcement.

d—rc

€ = (&re — ) () (8)

f C
when € — strain in nonprestressed steel
reinforcement, mm/mm.

Using the steel's presumed elastic-
perfectly plastic stress-strain curve, the
stress in the steel is calculated from the
strain in the steel by equation 9.

fs = Es& < fya )

when f; — stress in nonprestressed steel
reinforcement, MPa;

fy  — specified yield strength
nonprestressed steel reinforcement, MPa.

of
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Equation 10 can be used to test internal
force equilibrium once the stress in the
FRP and steel reinforcement has been
established for the presumptive neutral axis
depth.

aJcPibc = Asfs + Afffe, (10)

when ax - multiplier on fc' to determine
intensity of an equivalent rectangular stress
distribution for concrete;

Tom 8, Ne 1
2022

Pi - ratio of depth of equivalent
rectangular stress block to depth of the
neutral axis.

The section with FRP external
reinforcement nominal flexural strength is
calculated using equation 11. The
contribution of the FRP reinforcement to
flexural strength is adjusted by an extra
FRP reduction factor, \if. The suggested
amount for ¥z’is 0,85.

Mn = Asfs (d - + WFAFfffe (df - ) | (11)

3.2. Shear Strengthening

Shear reinforcement for concrete
beams is performed as in Fig. 6 [20].
Where the external strengthening of the
concrete beam in the compression zone. It
can be in the form of laminates or fabrics
extending bonded to epoxy, as in Fig. (6.
a). Or the epoxy-bonded fabrics are
wrapped around the concrete beam as
shown in Fig. (6. b).

When studying the shear strength of
concrete beam strengthened with an FRP
system, the design shear strength must be
greater than the required shear strength.
According to ACI 318-05, the nominal
shear strength should be multiplied by the

(at

strength reduction factor (pto determine the
design shear strength [21].

By adding the FRP's shear resistance
contribution (V) that we can find in
equation 13 to the steel stirrup contribution
(Vs) and the concrete shear resistance (Vo)
it is possible to calculate the nominal shear
strength of a concrete beam reinforced
with FRP by equation 12 [22].

V = \+\k +\[, (12)
where Vc and If can be calculated using
design guidelines like ACI 318-08.

You can determine the shear
contribution  of  the FRP  shear
reinforcement by:

(bf

Fig. 6. Concrete shear reinforcement with FRP: a) laminates or textiles (b) strips or bundled

textiles
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Fig. 7 The dimensions that are taken into account when doing shear-strengthening
calculations for FRP laminate repairs, retrofits, or strengthening

bf
when Af - area of FRP external
reinforcement, mm2by equation 14,
P - is the inclination angle of the FRP;
Sf—is the width of the FRP, mm.

Af = 2ntfM,

when n - the number of FRP sheets;

tf- the thickness of the FRP, mm;

w f- width of FRP reinforcing plies, mm.
For applications that are entirely

covered in FRP, the maximum strain used

in the design should be kept to 0,4% by

equation 15.

gfe = 0.004 < 0,75£/u, (15)

For systems with U-wrapped or
bonded face ply, the FRP does not
completely seal the portion. In order to
evaluate the utilization and achievable
effective strain level, bond stresses should
be examined. The strain reduction
coefficient Kv can be used to calculate the
effective strain for U-wrapped or face plies
by equation 16:

AfEfEfP(sin B + cos B)d
M= TTT ¢ — . (13)

(14)
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£fe = KvEfu < 0,004, (16)

This element is dependent on the
strengthening plan, which in turn is
dependent on the durability of the concrete,
the kind of wrapping technique employed,
and the stiffness of the sheets. The strain
reduction factor is calculated by equation
17

Kv

< 0,75, )]

~ N900£fu
where the FRP sheet's effective length is
given by equation 18:

23300

QnftfEf) 0S8 (18)

Two modification factors, ki and U, by
equation (19, 20) can be used to determine
the remaining factors. These two elements
are reliant on the wrapping strategy and
concrete strength:

k, = (§m)% 0O»)

(d ~ le)

n (20)
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3.3. Analysis of Results

After calculating the loads applied to
the concrete beam to be reinforced,
according to the specifications in (ACI
318M-19) for the live and dead loads,
where the live loads were 60 kN and the
dead loads were 52 KN. After conducting
the analysis of the concrete beam, it was
found that the moment ultimate for this
beam (oMu) was 397 kKN m and the
ultimate shear strength (oVu) at (d) was
463,4 KN. We use strengthening with
carbon-fiber plates, where carbon-fiber
plates type (Sika® CarboDur® S512) were
used to reinforce the concrete beam
concerning moment strain and shear force.
Where moment was obtained after using
three layers of carbon fiber plates for
strengthening moment strain and two
layers for shear forces as in Fig. 8 equal to
ultimate moment 397 kN m which is
greater than 397 kN m. We got the shear
force, we used two layers of carbon fiber

Tom 8, Ne 1
2022

plates (Sika® CarboDur® S512) 492,8 kN
which is greater than 463,4 kN.

Also, when using carbon fiber fabrics
of the type (sika Wrap 301C) as in the Fig.
9 to strengthen the concrete beams in the
direction of the moment, a moment of
442,2 kN m was obtained using a layer.
Shear strength was obtained by using
carbon fiber fabrics type (sika Wrap 530C)
in the form of four layers.

We also studied the strengthening
using carbon-fiber rods of the type (Sika®
CarboDur® BC12) in the direction of the
moment as in Fig. 10, and a moment of
443 kN m was obtained when using two of
the rods. The shear forces were strengthen
using carbon fiber fabrics type (sika Wrap
530C)

Fig 11 shows the comparison between
the prices of using composite materials in
different ways to strengthening the beams
and in Russian rubles.

2025

/  010/2QGmmdc

Sika® CarboDur® S512
2025+3020

Fig. 8. Strengthening by carbon fiber plates

Fig. 9. Strengthening by carbon fiber fabrics
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Fig. 10. Strengthening by carbon-fiber rods

Comparison of the prices of using composite materials in
different ways

700000
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500000
a

3
g 400000

~ 300000
1
[0}

u 200000

100000

carbon-fiber plates

1 Cost 602840

carbon fiber fabrics
481444

carbon-fiber rods
471786

Fig. 11. Comparison of the prices of using composite materials in different ways

4. Conclusions

1 Strengthening of reinforced concrete
beams with carbon fiber plates does not
require much workers, is easy to install,
but at the same time it is the most costly
method and remains vulnerable to external
mechanical factors.

2. Strengthening using carbon-fiber
fabrics and carbon-fiber rods close to the
surface, are similar in terms of cost and
lower than the cost of reinforcement with
carbon fiber plates, but strengthening with
carbon-fiber fabrics, is considered easier to
implement and does not require a lot of
workers, as well as it can be easily formed.
The strengthening with carbon fiber rods

41

requires more worker and more skill, and
one of its advantages is that it is less
susceptible to external mechanical factors.

3 Through the results that have been
studied, it turns out that the strengthening
using carbon fiber fabrics is the best in
terms of price as well as time and effort.
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NMHHOBAIIMOHHBIE IOJIMMEPHBIE MATEPHUAJIBI —
BBIABJIEHUE ITPOBJIEMbBI B COHMOJIOTHYECKOM OITPOCE

AnHoTanus. [IpuMeHEeHNE WHHOBALMOHHBIX CTPOUTENBHBIX MPTepUaNgB — AaKTyaJbHBIN
BOIIPOC B COBPEMEHHOM cTpoutenbcTBe. [IpoBeneH conuonQruickuii ofipoc mo 3aaayam
uccnenoBanusd. Mcnons3oBanne ETFE mnenox (ETFE — cQalafuoroethylene mim
OTDD — stuneHTeTpadTOPITUICH, WIM YACTUIHO (PTO COIOJIMMEp ATUJICHA U
TeTpadTOPITUIIEHA) OCHOBAHO KaK Ha BO3MOXXHOCTH PEajH KTUYECKHU JIIOOBIX HIeH
TU3aiiHEPOB M apXUTEKTOPOB B oopmiieHnu dacas ©BO3MOXKHBIX COOPYKEHHI,
TaK W Ha CHEIU(PHUYECKUX OCOOCHHOCTAX JaH pnonumepa. IIpeacraBieHsl
XapaKTepUCTUKU U OOOCHOBAHBI TMPEUMY,
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1.2 Ural Federal

INNOVATIVE POLYMER MATERIALS — IDENTIFYING THE
PROBLEM IN A SOCIOLOGICAL SURVEY

Abstract. The use of innovative building materials is a topical issue in modern construction.
A sociological survey was conducted on the objectives of the study. The use of ETFE films is
based both on the possibility of implementing almost any ideas of designers and architects in
the design of facades and roofs of various structures, and on the specific features of this
fluoropolymer. The characteristics are presented and the advantages of this polymeric
material are substantiated. Innovation in construction is an innovation that provides a
qualitative increase in the efficiency of the processes of erection or operation of buildings and
structures. The construction membrane technology based on the use of a composite polymer
material-ETFE film (ETFE - ethylene tetrafluoroethylene or ETFE - ethylene
tetrafluoroethylene, or partially fluorinated copolymer of ethylene and tetrafluoroethylene)
has a set of advantages compared to traditional technologies.
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1. BBeaeHue tunma ETFE wawanm wm3roraBnuBaThCs
TUICHKHU METO0M IJIOCKOIIENICBOM
skcTpysud [1, 2, 3].

B Hacrosimee BpeMsi ChIpbeM IS
IIPOM3BOJICTBA OTCYECCTBEHHBIX IUICHOK Y
(bupM-Tipou3BOUTETCH CIIyXaT
crierMaibHble Mapku ¢roporiactoB: -

CTpouTeNnbpCcTBO 3TaHUI u
COOPYXEHHH, KaKk OJHa U3 OCHOBHBIX
OoTpacyieil 3KOHOMHUKH, JIOJDKHA HMETh
MOCTOSTHHOE pa3BUTHE. B 4acTHOCTH, HTOTO
MOXXHO JIOCTHYhL Oaromaps BHEIPECHHIO

WHHOBAIIMOHHOM eSTENIbHOCTH

cT onTeLJIn,me 0 raHmauHﬁH a3paboTke 40AM, ©-40II, ©-40M, O40BOM, -
P P > Pasp 40bM, a Ttaxxke HoBble Mapku OAO

WHHOBAIIMOHHBIX CTPOUTENBHBIX

"T"anmoren" — FLUOROPLAST-40

MATCPHATIOB 1 TEXHOTOTHH. HALEONTM wu ggkoropele apyrue. 3a

B coBpemMeHHOM Mupe TOHATHE
«MHHOBAIUS» OYCHb  PAaCIpPOCTPAHCHO.
OOBIYHO OHO YMOMHUHAETCS B KOHTEKCTE
BBICOKMX TE€XHOJIOTHH.

WNHnoBanmoHHele CTPOUTEIIbHBIC
TEXHOJOTMM W MaTepuaisl B Poccum c
TpyZoM TipoOuBarOT cebe mopory. Ha

unststoffprodukte GmbH

ka Nowoflon ET Film;
3ar11aIHOM prHKe TJIaBHBIM JIOKOMOTHUBOM,
TAHYIIUM 33 COOOH HMHHOBAIlMOHHBIC - Company  FC,  mapka
el™ ETFE film;

IPOJIYKTBI, CTaHOBATCA  CTPOUTEIIbHBI
KOMIAHUM. Y  Hac HHHOBAIMOH
IPOIYKTHI Yallle BCETO BHEAPSIOT (HHYMBI

Polyflon Technology Limited, mapxka
FLONFILM™ 300 ETFE;
- Saint-Gobain  Performance Plastics,

HPOU3BOIUTENN :
P mapka Chemfilm ETFE Film;
MaTepHaoB. .
- Vector Foiltec, mapka Texlon.
Pa3paboTku TEXHOJIOTHIA CH
Memb6panst w3 ETFE - 910
dToprnonumepoB . .
COBPEMEHHBI MOJMMEpHBI MaTepuail,
POBOJIMIINCH

COUYETAIONINKI TOJOKUTEIbHBIE CBONCTBA
HNONUATUIIEHA W TOJUTETPaPTOPITUIICHA,
KOTOPBIN B JIECATKH pa3 Jierye CTeKJa, Mpu
3TOM SBIIIETCS MIPEKPACHBIM

Oxtuackom  HIIQ

['ocynapCTBEHHBIN % yT [IpukmnamHoi

TETUTOM30JISITOPOM,  ICTETUYECKH a4HO
Xumun u BHUUCK um. C.B. JleGenena. POM, yA

CMOTPHUTCS, TIPU JKEITAHUU MOXKET OBITh
[TpomsbInieHHOE TIPOU3BOJICTBO

MOJICPHU3UPOBAH C LEIBI0 AKKYMYJSALUU
dTopcononnmepa ATHUJICHA C .

COJTHEYHOW JHEpruu. M mNpakTHYeCKH IO
TeTpad TOPITUIICHOM -¢dropornacra-40

BCEM OCTaJIbHBIM mnmapamMeTrpamMm 3TOT
O0b110 ocBoeHO B 1961 romy Ha Kuposo- P p

Marepuan HE yCTymaer  JIpyruMm

YenenkoM  XMMHYECKOM  KOMOWHATe.

OrPaKIAIOLIMM KOHCTPYKIUSM [4-7].

Hawano  mpombinuieHHOTO BBIITyCKa
CrpoutenpHas MeMOpaHHas

comnojuMepa ITUIICHA c
TEXHOJIOTHS, OCHOBaHHas Ha

TeTpadTOpaTIIIEHOM 3a pyOekoM Iof
N . UCTIOJIb30BAHUH KOMITO3HIIMOHHOTO

ToproBoii  mapkoii ETFE  nawanocs

nonuMmepHoro marepuana-mieHku ETFE,
o0ajaeT KOMIUIEKCOM MPEUMYIIECTB I10
CPaBHEHUIO c TpaAuLIHOHHBIMU
TEXHOJIOTHSIMM.  OTH  IPEUMYyLIECTBA
CTPOUTENILHOM MeMOpaHHOH TEXHOJIOTUU
OCHOBAHbl HA YHUKQJIbHBIX  (PU3HKO-

koMmnanuern Du Pont tonepko ¢ 1972 rona.
dropcononuMepbl  pa3padaThIBAIKCh B
NEPBYI0 O4Yepelb Ui HYKJI BOCHHOM U
KOCMHYECKOW  MPOMBINUICHHOCTEH U
o0naganu BBLICOKOH CTOMMOCTBIO.
[IpakTryecku cpasy U3 GTOPCONOIMMEPOB
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XUMHYECKHX cBoKcTBax IuieHku ETFE,
KOTOpbIE SIBIISTFOTCS pe3yapTaToM
MHOTOJICTHEIO  IHMKJIAa  HCCIICIOBaHUI,

pa3pabOTOK M HWCHBITAHUH, MPOBEICHHBIX

3apyOeKHBIMU M COBETCKHMH YUCHBIMH.

o0IIMpHOE
OCHOBaHO

Hawuboiee
ETFE 1uieHok

IPUMCHCHUC
Kak Ha

BO3MO)KHOCTH pPEAIM3aIMK MPAKTUICCKU
MrOOBIX UIeH TU3aliHEpOB M apXUTEKTOPOB
B odopwieHun ¢acagoB W KpPBIII
BCEBO3MOXHBIX COOpykeHu# (puc. 1 u 2),
TaK U Ha CHEIU(PUICCKHX OCOOCHHOCTIX
naHHoro ¢propronumepa [8-13].

Puc. 2. AxkBanapk [Iurepmsnp, Poceus, r. Cankr-IletepOypr
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XapakTtepHbiMu ocobennocTsmu ETFE
IUICHOK, OMPEENAIOIMUMU B apXUTEKType
KOHKYPEHTHbIE MPEUMYIIECTBA SBIISIIOTCS
CJIeTyIOIINE CBOMCTBA.

1. Beicokue (U3UKO-MEXaHUYECKUE

XapaKTePUCTUKU

IIpenen mnpodHOCTM IIpU  pas3pbIBE
coctaBiager or 40 po 65,2 Mlla, uyro

CYIIECTBEHHO MIPEBOCXOTUT
nosimosiehuHoBbie TwieHKH (10 40 MIla).
Takue CBOIICTBa IO3BOJISIOT
POTHBOCTOSITh IKCTPEMATbHBIM

Harpy3kaM, B  T.4.  CBSI3aHHBIX C
TEXHOTC€HHBIMU KaTacTpodamu.
2. Maunblii Bec

I[notHOCTF B TIpeaenax 1650-
1760 xr/m°. Takue MIIEHKH Jierde cTeKaa B
100 paz3 m He TpeOyIOT MAaCCHBHBIX
MOIICPIKUBAIONIUX KOHCTPYKIIHUH.
3. BO3MOXHOCTH TEPEKPHITHS OOIBIINX

MPOJICTOB

upyHa NMOJOTEH MOXET COCTaBIATH
oT 2 10 5 METpOB, a JUIMHA TPEBHIIIATH
50 M. BO03MOXHOCTH TEPMOKOHTAaKTHOM
CBapKH TEPMOIUIACTUIHOTO (hTOPITONIN
ETFE  cnocoOcTByOT  M3roTOBINHH
BeChMa KPYTTHBIX aApXUTS
9JIEMEHTOB, YTO OCOOEHHO
BUJHO B HWHHOBAIMOHH
MaBUJIBOHOB CTPaH MHUP
BeicTaBke EXPO 2020

4. be3omnacHOCTb npu
noxkape
ETFE ne rop N EN 13 501-1
MPOJAYKT OTHOCHT aMO3aTyXaroI1M

marepuanam. IInéaxka ETFE otHOcuTcs x

rpynne roprouectu I'l, He pacpocTpaHseT

ropeHue MU He o0pa3yeT Kamenb Mpu

OTLIABJICHUH.

5. T'apaHTHIHBIN CPOK IKCILTyaTAIHH
Cpok »3KcIuTyaTaluu OIICHUBAETCA B

30-50 mer. Jlamee IIeHKa MOJXKET OBITh

nepepadoTaHa.
6. Camo04MIIIaEMOCTb MTOBEPXHOCTH
IUIEHKU
Ha muienke He CKamMBaroTCA MbUIb U
Ipsi3b, Ha €€  IIOBEPXHOCTH  HE
3aKpEIIIAIOTCA MPOCTEUIIINE
MHUKpPOOpPraHu3Mbl U  Bojpopociu. [lng

OYHUCTKH JOCTAaTOYHO JIMBHEBOI'O JOXKIA
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IUI1 CMBIBAaHHS MBUIBLBEI HIM  JIIOOBIX
MIPUPOTHBIX/TEXHOTCHHBIX 3arPsI3HCHUIM.
7. DueprocOepexeHue

Hcnonn3oBanne «TOYILICYHOM»
TEXHOJIOTHH ITO3BOJISICT YMEHBIIIUTh
TerIonepeiadyy 3a CYeT H30JIMPOBAHHBIX
CJI0€B BO3/1yXa B KOHCTpyKuMsX. [ToaTomy
3aTpaTbl  HA  OXJIAKIEHHE/OTOIUICHHUE
MTOKPHIBAEMBIX MTOMEIIIEHUN YMEHBIIAIOTCS.
8. OrtcyTcTBHE BHYTPEHHETO IITyMa
9. TlpurogHOCTh K TEXHOJOTHSM yMHOTO

oMa

[nenka ETFE OTJIMYHO
MHKAIICYJIUPYeT BHYTPU ceOsl COJHEUYHBIE
3JIEMEHTHI, OCBEIICHHOCTH,
TEMIIEPATYPBI, ANEKTPOHUKY,
BKJIIOYAst u LED »skpanos.

[Tytem yria OTpa’keHus
4acTH

MHOT'OCJIOMHBIMH

coyHguHbIe THU [14-16].

OKOJIOTMYHOCTb IJIEHKH

IIpumenenue tuienku ETFE chumxaer
poBeHb BbIOpocoB CO2 B OKpPY’KaloOIILyIO
cpeny. 1 BMecTe ¢ 3TUM peanu3yrOTCs

pas3JInJyHbIe onodepmMHbIC MIPOEKTHI,
HaIIpaBJICHHBIE HA CO3/IaHHE B TOPOJCKOMN
cpene Oonee  KOMQOPTHBIX  YCIOBUH
peObIBaHUS yTeM OUYUCTKHU

OKpPYXKaloOIIEero BO31yXa, PETyJINPOBAHUS

OCBEILEHHOCTH, TeHEpaIl OMOMAaCCHI IS

TOIJIMBA,  NMIIEBBIX  JO0OABOK WU

OMOJIOTMYECKHUX yI00pEHUI.

Jlpyrue yHUKaJIbHbBIE Ka4eCTBA:

- IIMPOKUH CHEKTP AapXUTEKTYPHBIX U
VH)KEHEPHBIX pelIeHni IS
COBPEMEHHBIX 3/IaHUN U COOPYKEHU;

— BBICOKas IPOYHOCTB HA Pa3phIB;

- IIUPOKUH paboumii JIMara3ox
TEMIIepaTyp Hapy>KHOTO BO3/yXa;

— JIOJIFOBEYHOCTb;

- TpO3pavyHOCTh s

yIbTPaduOIECTOBOTO U3TYUCHHUS;
- CTOMKOCTb K XMMHUYECKON KOPPO3UHU;
— YCTOMYMBOCTB K BETPOBBIM Harpy3Kam;
- QJanTUBHOCTh K  CHETOBBIM U
JINBHEBLIM Harpy3KaM;
- BBICOKast 3PPEKTHBHOCTH;



Pycckull sicypHan 3anecosa ll. C,

CMpouUMeAbHbIX HAYK U MeXHoA02Ull Huxkumuan H. I1.
— CBETOIIPOHMUIIAEMOCTh, peryiupyemas - mpeobOiajaHvie Ha pBIHKE (QUPM, HE

CBETOIPO3PAaYHOCTE; HMEIOIIUX PECypCcoB Uil BHEIPEHUSA
- CTEpWIBHOCTH u aBTOHOMHOCTb WHHOBAIIUM.

2.3aaa4m Mcc1eA0BaHUA

HEOOXOAMMO  JOKa3aTh  aKTyaJbHOCTh

3aKPBITOTO ITPOCTPAHCTBA,

3. HOAFOTOBHTEHBHLIB MeponpuAaATHuia
BBICOKAsA J3CTCTHYHOCTHL BOCIIPUATHA

K COHOJIOTUYECCKOMY ONIpocCy

OPMBI;

g)TJfI/I‘{HaSI pEMOHTHas Jlyis cOopa TaHHBIX TIO BOIIPOCAM TEMBbI
TE€XHOJIOTHYHOCTb; UCCJICOBaHUSA OB TMPUMEHEH METOI
OoJnpIMe  pa3Mepsl  MTOKPHIBAEMOTO AHKETUPOBaHUs. B X0/e MOArOTOBKU OBLI
MIPOCTPAHCTBA; COCTaBJICH CIHCOK Mpo0JieM, KOTOpbIS
CXKaTbl CPOKH M MaJbI€ 3aTpaThl Ha AOJKHBI OTPA3UTh B OIIPOCE.

MOHTaX 000JIOUKH; 1. OtcyrcTBHE KENaHHWSI/MOTHUBALUA Yy
KOMITAaKTHOCTh W HEOOJBIION  BeC CIICIIUATTCTOB y3HaBaTh 00
TPAHCIIOPTHBIX MOJTYJICH. WHHOBAIIMOHHBIX

pelICHUsAX/MapePglax B  o0mactu

B rpoiiecce HCCIIEJOBaHHUS 2.
OexxeHni o

IMPUMCHCHUSL HHHOBaLII/IOHHOﬁ WHHOBAIIlMOHHBIM
CTpOHTCJ'IBHOfI TCXHOJIOT'HNH nIn

MarcpuaJjia, KOTOPLIC JOJIZKHBI 3. JOCTAaTOYHOI'O OIIbITa B
COOTBETCTBOBATb OAHOMY HJIM HECKOJIBKHUM WHHOBAIIMOHHBIX

U3 KpUTEPUEB:

TCPUAJIOB, YTO BBI3bIBACT HCAOBECPHUC

VIOPOIIEHHE U YCKOpPEHHE IMpoLecc y MPXUTEKTOPOB U JIPYTUX yUYaCTHUKOB
CTPOUTEINBCTBA; CTPOUTENBCTBA, IPUYACTHBIX K BBIOOpPY
CHIDKEHHE cebecTonMOCT CTPOUTENBHBIX MaTEPUaJIOB.
CTPOUTENBCTBA

4. [IpoBeeHUE COLUOJIOTHYECKOTO
OKCILTYaTAMOHHBIX PACXOIg

ompoca
- TIOBEIIEHUE sHEProddd u
00BeKTa; Ompoc MTPOBOTUIICS c
- yBenuueHue  xufe IMKJIa UCTIOJIb30BAHUEM Google dopm.
3IIaHVSI WITH COOR Pacnipoctpanenue omnpoca TPOBOIMIOCH
Ha ceronns b CTPOUTENIbHAS nocpenactBoMm conuanbHbix ceteit (VK
chepa, mo cp C IIpyrUMHU Telegram).
OTpacisiIMM,  Xap eTca  ciaaldbIM Bpemst mpoxoxaenust ompoca — 3-5
YPOBHEM  pa3BUTUS  WHHOBAIMOHHOW MUHYT. DTO ONTHMAIBHOE BpeMs, T. K.
nearensHocTH  [17, 18],  OcHOBHBIMH LEJIEBBIM  PECIOHACHTaM  BpsiAg  JH
dakTopamMu, CHACP)KUBAIOIIUMH Pa3BHTHE 3aX04eTcsi OTBEYATh Ha OINMPOCHI, KOTOPHIE
MHHOBAIIMOHHOU JeSATeIbHOCTH B 3aiiMyT Oojbllle BpeMEeHH U OyayT
CTPOMTENBHOM chepe, KOTOpBIE TpeOOBaTh  MHOXECTBO  Pa3BEPHYTHIX
HE00XO0IMMO MIPEOJI0JIETh, SABIISIOTCA: OTBETOB.
- HeJOBepHE K MHHOBAIMSIM CO CTOPOHBI VyacTHUKaMH ~ OIpoca  SIBJISUIHCH
KJIEHTOB; JCUCTBYIOIINE apXUTEKTOPHl W JIpyrue
- HexBaTka (DMHAHCOBBIX  PECYPCOB, CTHEIUAINCTHI, TaK WIH HHAYE TPUIACTHBIE
HEOOXOMUMBIX JUI WHHOBAIMOHHBIX K BBIOOPY CTPOUTEIBHBIX MaTepPHAJIOB IPH
HCCICI0BaHUI; MPOEKTUPOBAHUHU 3JaHUN U COOPYKCHUMU.
- HU3KHH YPOBEHb MOJIICPIKKH B ompoce Oblmi BOompockl ¢ BIOOPOM
UHHOBAl[MIOHHON  JEATENbHOCTH  CO OTBETa, TaKkKe ObUla  BO3MOXKHOCTh
CTOPOHBI TOCYJIapCTBA; JONHCATh CBOW OTBET IPH OTCYTCTBUH €T0

B MPCIJIOKCHHBIX BaAPpHUAHTAX, U BOIIPOCHI C
Pa3BCPHYTBIM OTBETOM.

47



HHHOS(JL{UOHHble nosumepHsle MmamepuaJibl -

8blsdB6/1eHUE np06./16’.Mbl 8 coyuosiocuveckomMm onpoce

Tom 8, Ne 1
2022

5. AHa/IM3 pe3yJIbTaTOB

Ilo wroram ananuza IMOJIYUYCHHBIX
PE3YJIbTATOB BCEC OTBCTHI ObLIU CBCICHBI K

obmiemy psiay mpobiem.

1. TloutH  mMOJOBHHA  OMPOUICHHBIX
CHCIMAIMCTOB ~ HE  CICAUT 34
HOSIBJICHUEM WHHOBAIMOHHBIX

pelieHuit B 001aCTU CTPOUTENILCTBA;
2. YYaCTHHKHU OIpOCa CYUTAIOT, YTO JIS

MPUMEHEHUS WHHOBAIIMOHHBIX
MaTepuajgoB  HEOOXOJUMO  TpPaTUTh
BpeMs Ha MOUCK HOBBIX
MHHOBAIIMOHHBIX perieHuit u

MPOBEJICHUE CPABHUTEIHLHOTO aHaIH3a
CYIIECTBYIOIINX W HOBBIX Pa3paboToK;

3. B cBs3u ¢ BhllIecka3aHHBIM, OCHOBHBIM
dbakTopom WTHOPUPOBAHUS
WHHOBAIIMOHHBIX PEIICHUH SIBIISCTCS

1. Ball BO3pacT HaxoAMTCS B Npegenax:
15&nbsp;oTBETOB

OTCYTCTBHE JOCTAaTOYHOTO OIBITA WX

MIPUMEHEHHS Ha PEaIbHBIX O0BEKTaX;
4. Taxxke OTTAIKUBAIOMINM (HaKTOPOM

SIBJIIETCS BBICOKAsh CTOMMOCTb TaKHX

MaTepHaoB.

ITomasnsromee OOJIBILIMHCTBO
OTIPAIIMBACMBIX CIICIIUATHCTOB HAXOMSTCS
B Bo3pacte oT 18 mo 25 ner — 93,3 % (puc.
3. U3 wuwmx 66,7 % sBIAOTCS
BBITYCKHUKaMU Kadeapbl ApPXUTEKTYpbI
(puc. 4). U3 uucna ompammMBaeMbIX 3a
MOSIBJICHUEM  HOBBIX ~ MHHOBAIIMOHHBIX
pemieHnid B OOJIACTM  CTPOMTEILCTBA
ciemat 60 % (puc. 5). bBombmuHCTBO
OTIPAIITMBACMBIX OT O TOSBJICHHUH
WHHOBaIMii B (DOJIACTH WIPOUTEIBCTBA W3
WHTEpHETE U Ha
AbIX (opymax, 4yTh
puc. 6).

® 18-25 net
@ 26-30 ner
@ 31-40 ner
@ 41-50 net
@ 51-70 ner
® 71 v crapwe

¢. 3. JIlnarpaMMa Bo3pacTa pecClioHICHTOB

2. CTyneHTOM/BbINYCKHUKOM Kakoro HanpasneHus Bol senaetecsh?

15&nbsp;oTBETOB

@ TMpombiluneHHoe 1 rpakaaHckoe
CTPOUTENLCTBO

@ ApxutekTypa

CTpOUTENBCTBO YHUKANbLHLIX 34aHWUIA 1
COOPYKEHWIA

Puc. 4. /Iluarpamma HanpaBieHUs: 00pa30BaHUsI PECTIOHICHTOB (CTYIECHTOB, BBIITYCKHUKOB)



Pycckuii scypHan 3anecosa ll. C,,
CMpoUMe/IbHbIX HAYK U MexXHO/102Ull Huxumuan H. I1.

3. CnepuTe nu Bbl 3a NOSIBNEHMEM HOBbIX MaTepuranos/peLlleHnit B 061acTi CTPoUTENbCTBa?
15&nbsp;oTBETOB

® fa
® Her

Puc. 5. /IluarpamMmma oTclie:kMBaHUs TOSIBJICHHUSI HOBBIX MaTEpHaJo eHUl B 00J1acTH

CTPOMTEIBCTBA

4., OTKy,EI,a Bbl Yaule BCero yaHaeTe O NoABITEHNN HOBbIX CTPOMTENND

15&nbsp;oTBeTOB

CTpouTenbHble hopyMbl (Takue
kak Forum 10...

Puc. 6. [ L ICTOMHUKOB MH(OPMAIUH, UCTIOIb3YEMBIX PECIIOH/IEHTaMU

5. OT yero 3aBUCUT BBIOOP MaTEPUanos Ons CTPOUTENbCTBA?

15&nbsp;oTBETOR

Knumarnyeckune ycrioBus
pervoHa

Hanuune mecTHbIx
CTpoUTENbHBIX Marepuarnos
Dur3nKko-MexaHnyeckve cBoicTBa
(nonroBeuyH...

CTtonmocTb
TpynoeMKoCTb MOHTaxa

rapaHTVIFl OT npoussoauTeny

0 5 10 15

Puc. 7. luarpamma (GpakTopoB BbIOOpa MaTepUaIOB JUIsl CTPOUTEILCTBA
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6. ToToBbl N Bol paccMaTpmneaTbh BONPOC NPUMEHEHNA MHHOBAUMOHHbBIX CTROWUTENbHbIX

MaTepuanos?
15&nhsp;oTBETOB

Puc. 8. JluarpaMma roroBHOCTH pPECIIOH/IEHTOB IPUMEHSATH THHOBA
MaTepuaibl IPU CTPOUTENBCTBE 3JaHUN U COOP

8. Kakumx 3aTpar, no BaweMy MHeHuto, TpebyeT nprMeHeHve

15&nbsp;oTBeTOB

[ononuutenbHoe oby4eHne

Mouck HOBbIX peLLeHuit

BpeMH AnA cpaBHUTENbHOIO
aHanusa cyulecT...

Puc.

[To mHEeHuUto JBACMBIX, BBIOOD
MaTepHAJIOB MPH CTPOUTCILCTBE 3aBHCUT
0T (PM3UKO-MEXaHHUYECKHX CBOWCTB CAMOTO
MaTepuaga, a TakkKe ero CTOMMOCTH.
MEeHBIIUMH 110 BaXKHOCTH (aKTOPaMH IS
BbIOOpa  SBISIOTCA  KIMMATHYECKUMH
YCIIOBHSIMA PErHOHa, HAJTMYHWEe MECTHBIX
CTPOUTENBHBIX MaTepuajoB u
TPYAOEMKOCTh MOHTa)Xa  KOHCTPYKIIMA
(puc. 7).

HecmoTpss Ha Hamuyume y MHOTHX
CHEIMAIUCTOB PAa3IMYHbIX COMHEHUH W
npeayOeKICHUH  HacueT  MPUMCHEHUS
WHHOBAIIMOHHBIX CTPOUTENLHBIX
MaTepHaJiOB, MOAABISIONIEE OOJBIINHCTBO
OTpPAIMBAEMBIX  MPU3HATH TOTOBHOCTH
paccMOTpeHHsI WX TNPUMEHEHHsS  IpH

50

® [a
@ Her

bIC CTPOUTCIILHBIC

BblX C TENbHbIX Ma'repmanoa?

12,5

aMMa, 606XOI[I/IMBIX 3aTpart, 110 MHCHHIO PECIIOHACHTOB

MIPOEKTUPOBAHUH HOBBIX 00BEKTOB

(puc. 8).

Te, KTO BBIPA3WIM TaKOe >JKEJIaHHE,
Ha3BaJld CIEAYIONIME CIy4yau, KOrja 3TO
MOXET OBITh BOBMOXKHO H I1€JIeCO00pa3HO:
— BO3BEJICHUE YHUKATbHBIX/YMHBIX

3JTaHWM;

- COOTBETCTBHE IICHA/KAYeCTBO;
- HHU3Kag IeHa;

- XapaKTEepUCTUKU WHHOBAIIMOHHBIX
MaTepHasoB nyuuie, qem y
TPaAUIIMOHHBIX.

VyacTHUKH orpoca IOCYHUTAIHU, UYTO
HaunOoJee 3aTpaTHbBIM  ABJIACTCA IMMOUCK
HOBBIX MHHOBAIITMOHHBIX peHIeHI/Iﬁ " BpEMs
IJid TIPOBCACHUSA CPABHUTCIIBHOTO aHAIU3a



Pycckull sicypHan
cmpoumebHbuIX HAYK U mexHoa02ull

3asaecosa Il. C,,
Huxumuan H. I1.

CYIMIECTBYIOIIMX M HOBBIX pa3paboTOK

(puc. 9).
CambimMu pacupoCTpaHEHHBIMU
npeayOeKICHUIMU/HETOCTATKAMHU B

OTHOIICHNHY WHHOBALIMOHHBIX Pa3pabOTOK
OKa3aJIuCh HUX BBICOKAas CTOMMOCTb U
OTCYTCTBHE JOCTaTOYHOTO ONBITA HX
npuMeHeHHus Ha npakTuke (puc. 10).
COOTBETCTBEHHO YPOBECHb IOBEPHUS K

MHHOBAaIIMOHHBIM CTPOUTCIIbHBIM
MarcpuajiamMm OIPEACIIACTCA HaJIM4YHUEM
MOJIOKHUTCIBbHOI'O OIIbITa ux

HCIIOJIBb30BaHMsA, HAJINYUEM CepTI/I(i)I/IKaTOB

KauecTBa M TapaHTHH OT TPOU3BOAMTEICH
(puc. 11).

bonee 509% ywacTHUKOB ormpoca
3HakomMbl ¢ ETFE-nnenkamu, Taxxke
0OJIbIIIC TTOJIOBHHBI OIPOIICHHBIX 3HAIOT
PO TaKWe€ WHHOBAIMOHHBIE MAaTEepHUAbI,
KaK TOKOIPOBOIAIINN OETOH, 1epEeBOOETOH
U HecbeMHas omnamyOoka (puc. 12).
[IpakTHdeckn BCE YYACTHUKH OMpOca
CUYHUTAIOT, 4TO BOTIPOC BBIOOpaA
MHHOBAIIMOHHBIX CTPOUTEIBLHBIX
MaTepuagoB CTOMT 3a apPXUTEKTOPOM

(puc. 13).

9. Kakue no BaweMy MHEHUIKO CYLWLEeCTBYKOT CTEPEOTUNMbI NO OTHOLWWEHWK A MHbIM

MHHOBAUWMOHHbIM MaTepmanaM?
15&nbsp;oTBETOB

Belcokas cToumocTb

HekayecTBeHHOCTb

CnoXHOCTU C cepTudunkatamm
KavecTBa (Mnu...

HeT goctato4Horo oneiTa B Ux
NpUMeHeHnn

HeaddekTmBHoCcTb

0

Puc. 10. Juarpamma\cy

TBYIOIIHMX MPEeTyOeKICHUI B OTHOIIICHUH MHHOBAITMOHHBIX

pa3paboTok

10. OT vero 3aBu

15&nbsp;oTBeTOB

Hanuyue nonoxutensHoro onsita
MX ncnomneas...

Hanuuue ceptndmkatos
kauyecTBa

n POCTOTa MOHTaXa

[apaHTusA oT Npom3BoaMTENEN

o

BEeHb goBepnra K MUHHOBAUMOHHBIM CTPOUTESbHBIM MaTepmanaM?

10 15

Puc. 11. Z[I/Ial"paMMe (I)aKTOpOB JOBCPpHA K THHOBAIUOHHBIM CTPOUTCIIBHBIM MaTepruajiaM
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TexHonorua JICTK

ETFE-nneHka (nonumepHaa
nneHka}

TokonposoaaLmii GeToH
Shotcrete

ApbonuT (gepesobeToH)

Hecvemnaa onanybka

0,0 25

50

—6 (40 %)

8 (53,3 %)

8 (53,3 %)

8 (53,3 %)

11 (73.3 %)

75 10,0 12,5

Puc. 12. HauGomnee n3BecTHbIC MHHOBAIIMOHHBIC MAaTEPUAJIbl CPEIU YYACTHHKOB OIPOCa

13. KTO yalLe NposiBRSIET MHMLMATUBY B BbI6GOPE MHHOBALMOHHbIX CTPO

9&nbsp;oTBETOB

Puc. 13. [lnarpa
6. BhiBOABI
IIpoBencHHBI nokasajl, 4rto

BBISIBJICHHBIE TTPOWIEMBI T OTHOIIEHUIO K
WHHOBALIMOHHBIM CTPOUTENLHBIM
MaTtepuaam JIeHCTBUTENBHO CYLIECTBYIOT.
1. OrcyrcTBHE IKETaHHS/MOTUBALUU Y

CIEAAINCTOB y3HaBaTh 00
MHHOBAI[MOHHBIX
pemeHusIx/MaTepuaiax B o0iacTe
CTPOUTENHCTBA;

2. Hamnune
CTEPEOTHIIOB/IPe Ay OCKICHU I o
OTHOIIIEHUIO K MHHOBAIMOHHBIM
MaTepuanam;

3. OTCyTCTBHE JOCTATOYHOTO OIBITA B
HCIIOJIb30BaHUH MHHOBAIIMOHHBIX

MaTC€pHraIoB, YTO BBIZBIBACT HECOJOBCPUC
Y apXUTCKTOPOB U APYIrUX YUYaCTHHUKOB

52

aTepuanos?

POB BLI60pa HWHHOBAIIMOHHBIX MAaTCpUAIOB

CTPOUTENHCTBA, MPUUYACTHBIX K BBIOOPY
CTPOUTETBHBIX MATEPUAJIOB.
B mnacrosimiee Bpems 3acTpOMIIUKH

OTIAIOT  TPEANOoYTeHHEe  MaTepuaiam,
KOTOpbIE  JaBHO  HWCHOJB3YIOTCS  Ha
CTPOUTENBHBIX  IJIOMAAKaX  (KHpIUY,
OeTOH, JIEPEBO). CgoiicTBa ITUX

MaTepuasgoB XOpOIIO M3yYEHbI, ONBIT HMX
MPUMEHEHUS TIHUPOKUA U PAa3HOOOpPA3HBIM.

3nanue, BO3BEJICHHOE u3 ITHX
MaTepHalIoB, uMeeT XOPOIIO
pacCUUTBIBACMbIE M MPOTHO3UPYEMBIC

xapakTepucTuku. OJHAKO WMEHHO TaKOW
MOAXOJl CTAHOBUTCSl TPEMSATCTBUEM IS
BHEIPEHHsSI MHHOBAIIMOHHBIX TEXHOJIOTHI
TUIs YIIy4IlIeHUs/yCKOPEHUs
CTPOMTENBCTBA, TTOBBIIICHUS
9HEprodPpPeKTUBHOCTH U yBEIUYCHHS
YKU3HEHHOTO ITUKJIA 3/TaHUSI.



Pycckull sicypHan
CMpoumeabHbuIX HAYK U mexHoa102Ull

3anecosa Il. C,,
Huxumuan H. I1.

NHHOBaMM B CTPOMUTENBCTBE — ITO
BHEPEHHBIE HOBILIECTBA, KOTOpBIE
rapaHTUPYIOT Ka4eCTBEHHBIN poct
3¢ (EeKTUBHOCTH MPOLECCOB BO3BEICHHUS
WM DKCILTyaTaluy 31aHAA U COOPYKEHHM.
Takoe HOBIIECTBO 0053aTEIBHO JOJIKHO
ObITh BOCTPEOOBAaHO Ha PBIHKE U HMETH
IIPAKTUYECKUM OIBIT IPUMEHEHHE.

Ucxons m3 »3TOro MOXKHO CIenarh
BBIBOZ, 4YTO 3()(PEeKTHBHOCTH HMHHOBALUM
HallpsIMyI0 3aBUCUT OT CTENEHU HX
BBITOJTHOCTH M BOCTPEOOBAHHOCTU Cpelu
3aCTPOMIIINKOB.

CTpOI/ITeJ'ILHaH MeM6paHHaﬂ
TCXHOJIOTHA, OCHOBaHHasd Ha
HCII0JIb30BaHHNH KOMIIO3UIITMOHHOI'O

HoJIuMEepHOro Matepuana-mineHku ETFE,
o0yasaeT KOMILJIEKCOM MPEUMYIIECTB IO
CPaBHEHHIO c TPATUITHOHHBIMU
TexHOJIOTUsIMU. OHA MO3BOJISIET YBEIUYUTD
JKU3HEHHBIM LUKJI 3/aHHS 32 CYET CBOCH
JIOJITOBEYHOCTH, 3KOJIOTUYHOCTH u
CTOMKOCTH K XUMHUYECKUM W TPUPOIHBIM
Harpy3kaM. J[aHHasi TEXHOJIOTHS SIBISIETC
aKTyaJbHOM I TIPUMEHEHHUS B Kade
opopmienus  ¢dacagoB  OOIIECTBOWHBI
3JIJaHUM, a TakKKe B TCIUIMYHO-IIAQ
CTPOUTENHCTBE, IPU BO3BEIECH
OpaHXeper W LEHTPOB J10C
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COBPEMEHHbIE UN®POBbLIE TEXHONOTI N N1 BOSMO>XHOCTb
NX MPUMEHEHWSA B MPOLLECCE LIM®POBOW
TPAHC®OPMALNN CTPOUTENBHOW OTPAC/IN

AHHOTauuA. Llenbko ctatbu ABNAETCA MOKas3aTb Hanpas/ieHWe MNpUMEeHeHUs LMgpoBbIX
TEXHOMOIMN B MpoLecce UMGPOBOIA TpaHChopMaLum CTPOUTENbHOM OTpac/iM Ha OCHOBE
TEOPETUYECKOr0 aHaim3a TaKMX CYLLECTBYIOLIMX LM(POBbIX TEXHOMOIMA, Kak 60/blumne
[aHHble, WCKYCCTBEHHbIN WHTENNEKT, MalUMHHOe O06y4YeHue, HEWpPOHHbIE CETW, YeNOBEKO-
MaLLVHHBIA NHTEPeC, BUPTYa/lbHas peaibHOCTb, MHTEPHET BeLLeid, poboTn3aums 1 np., 4to
onpegensieT  NPaKTUYECKYKD  3HAYMMOCTb  MPOBEAEHHOro  McCnefoBaHus.  AHaiu3
MCTOPUYECKOTO W TEXHO/IOMMYECKOro acrekToB CTaHOB/EHMS  LUM(POBOA  3KOHOMMUKU
MO3BO/IAM YTOUYHUTL MOHATUE LM(DPOBM3aLMN 06beKTa WK npouecca. AApom» LUDPOBOK
TpaHcthopMaumsi  CTPOUTE/IbHOM  OTpac/nM  ABNAKOTCA  TEXHOMOMMU  MH(OPMALMOHHOIO
mogenmposaHus, unu BIrM-texHonornn (Building Information Model). AHanu3 Hay4HbIX
ny6nvkaumii no BIrM-TexHonorum, npoBefeHHbIN aBTopaMmn CTaTbi, MO3BOJINA YCTAHOBUTS,
YTO Ha CerogHsIHWA [eHb He C(HOPMMPOBAHO eAMHOe onpefeneHne MOHATUSA «BlMy.
HecMoTps Ha 3TO, B MPOLIECCe HauMHaroLWencs LMpPoBOA TpaHC(hopmaumMm CTPOUTE/IbHOW
OTpacnn B HACTOAWMIA MOMEHT WCMONL3YHTCA Clefytole TeXHONOMMYeCKNe peLLeHus:
BIM, uudgposoe mogenvposaHue ropogos (City Information Model, CIM), 6epexnusoe
cTpoutenscTBo (Lean Construction, LC) n np. bonee MHTEHCMBHaA peann3aums yKazaHHbIX
PELUEHNIn MOXET MOC/YXXWTb COBEPLUEHCTBOBAHMIO Mpouecca LM(poBOi TpaHchopmMaLmm
CTPOUTE/IbHOW OTPac/n, YTO MPUBEAET K CO3[aHWMI0 OTPac/eBor LMGPOBOiA 3KocucTeMbI. B
npouecce ee (YHKUMOHMPOBaHWSA OyfeT OCYLLECTBNATLCS LM(POBOe B3aMMOAENCTBME BCEX
YYaCTHUKOB ~ MHBECTULMOHHO-CTPOUTENIbHBIX ~ MPOEKTOB B YCNOBMAX  06/1a4HOM
NHOPMaLMOHHO-NPOEKTUPOBOYHOW Cpefpl.

KnwoueBble cnoBa: uupoBas TpaHcopMaums CTPOUTENbHOW  OTpac/iu,  UMdpoBble
TexHonornM, obnayHas MHGOPMaLMOHHO-NPOEKTUPOBOYHaA cpeda, BIM-TexHonorus,
LndpoBsast IKocucTema.
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MODERN DIGITAL TECHNOLOGIES AND THE POSSIBILITY OF
THEIR APPLICATION IN THE PROCESS OF CONSTRUCTION
INDUSTRY DIGITAL TRANSFORMATION

Abstract. The purpose of the article: based on a theoretical analysis of existing digital
technologies, such as: big data, artificial intelligence, machine learning, neural networks,
human-machine interface, virtual reality, the Internet of things, robotization, etc., to show the
direction of their application in the digital transformation of the construction industry, which
determines the practical significance of the study. An analysis of the historical and
technological aspects of the formation of the digital economy made it possible to clarify the
concept of digitalization of an object or process. The core of the digital transformation of the
construction industry is information modeling technologies, or BIM technologies (Building
Information Model). The analysis of scientific publications on BIM technology, carried out by
the authors of the article, made it possible to establish that to date a single definition of the
concept of "BIM" has not been formed. Despite this, in the process of the emerging digital
transformation of the construction industry, the following technological solutions are
currently used: BIM, digital city modeling (City Information Model, CIM), lean construction
(Lean Construction, LC), etc. More intensive implementation of these solutions can serve
improving the process of digital transformation of the construction industry, which will lead
to the creation of an industry digital ecosystem. In the process of its functioning, digital
interaction of all participants in investment and construction projects will be carried out in the
conditions of a cloud information and design environment

Keywords: digital transformation of the construction industry, digital technologies, cloud
information and design environment, BIM technology, digital ecosystem.

1. BeegeHue - OCHOBHbIM HENCCSKAEMbIM PECYPCOM
SIBNSETCA MHOPMALWS;

- OHNalH-NPOAAXW OCYLLECTBASAIOTCS B
HEOrpaHMYeHHOM NPOCTPAHCTBE;

AHannM3 3KOHOMUYECKOW CUTyauun B
MUpE B UCTOPUYECKOM acrnekTe Mno3BoanIu

KOHCTaTupoBaTth, 4To B anoxy

VHIYCTPUANbHOI SKOHOMUKM poCT - YCMEeWHO KOHKYpupoBaTb Ha pPbIHKe
MpOoV3BOACTBA Xapakrepu3osa/ics g"o;':ﬂm” :gfoizm;fmgm"gca&”;' eovOC
yBe/IMYEHMEM  (PM3MYECKOro  pasmMepa A PECYp
MpeANpUATIS DOCTOM KONMYECTRA MOXeT UCMonb30BaTbCAd 6GECKOHEUHOe
o6opyp,OBaHm;1 ero MOLLIHOCTbO KONNYECTBO pa3 Ana MpefoCTaB/ieHUs
pacluvMpeHnemM  WTata  COTPYAHUKOB, PasINHHBIX ey,

3HaUYNTENbHLIMU (pMHaHCOBbLIMY - 06beM onepaLuit OTpaHUMEH TOMbKO
3aTpaTamm pasmepom HTepHeTa;

- [N1laBHbIM OpPWEHTMPOM B  OM3Hece
ABNAETCA K/IMEHT.
HauvHas ¢ 1994 r.  uwmdposas
9KOHOMMKa pasBMBa/iaCb TO/IbKO 3a CYeT

B HacTosllee BpeMsa MUp BCTynaeT B
3Mnoxy MOCTUHAYCTPUANIbHOW  LPOBOIA
9KOHOMMWKW, KOTOpas B KOPHe MeHseT

enTyaumo, XAPAKTEPISYEMYIO 9NEKTPOHHOW TOProBAM U YCNYr, HO
CNeflytoMMA  HOBbIMU  OGBEKTUBHbLIMU P P yenmyr,
depTami: Ternepb OHa OXBaTbIBAaeT MPAKTUYECKN BCe

cthepbl  XKM3HW:  PO3HWYHAs  TOProB/S,
TpaHCcnopT, (hHAHCOBbIE YCnyru,
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Pycckuii xcypran
CmpoumebHuIX HAYK U mexHo/102ull

Muponosa JI. U, @omun H. U,
Bunokypos /]. C,, OzopodHukosa C. C.

MIPOM3BOJICTBO, oOpasoBaHue,
3apasooxpanerne, CMU u np.

IIpu 5TOM ypOBEHB IPENOCTABISAEMBIX
YCIyT CTaJ 3HAYUTEIbHO OOJiee CIIOXKHBIM,
B HEM COYETAIOTCS paHee Pa3pO3HEHHbIE

TECXHOJIOI'HUH, CO3aar0TCsA COBCPLICHHO
HOBBIC MoAXOAbI K YHOpaBJICHUIO
NMPOU3BOACTBCHHBIMU nponeccaMmmn u

OKpy>Karoiei cpenoii [1].

AHanu3 pa3auyHbIX MyOJUKaIMid, B
TOM YHCIE€ W  CETEBBIX, IO3BOJINI
KOHKPETHU3UPOBAaTh MOHATHE «UU(ppOBast
SKOHOMHKA», KOTOpas Ha COBPEMEHHOM
JTane TPEACTaBIsieT COOOH  pe3ysbTar

TpaHCOpMAIIKT ~ HOBBIX  TEXHOJOTHH
o0wero Ha3HAYECHUS B obJyactu
UHPOpPMALIMK M  KOMMYHHMKALIUH, YTO

OKa3aja0o CYHWECTBCHHOC BJIMAHUC Ha BCC

CEeKTOpPhl SKOHOMHKH Y  COLMAJIbHON
JeSITETIbHOCTH [2]. 310 UMeeT
MOCJNEACTBUA  JAJIEKO 3a  MpeaenaMmu

UH(POPMALMOHHBIX 1 KOMMYHHKALIMOHHBIX
texHonoruii. Kpome TOro, wuHTepHeT
pacumpsieT mpaBa U BO3MOXKHOCTH JIFOAEH
B HOBBIX HATPaBJICHUSX, naBast
BO3MOXKHOCTh ~ CO371aBaThb W JIEJIUTHCS
CBOMMH  HIESIMH, TIOpPOXKAas  HOBOE
COIepIKaHUE, HOBBIE TPENNPHUATUS U
PBIHKH.

IIpoBeneHHBIN aHAMNU3 UCTOPUYECKOTO
u TEXHOJIOTHYECKOTO aCIIEKTOB
CTAaHOBJNIEHUs]  LUU(QPOBOH  HKOHOMHUKHU
IIO3BOJIAII YTOYHHUTh MIOHSATHE
yughposusayuu odvexma unu npoyeccad,
noJ KOTOpbIM  OyZeM  TNOHHMATh
mpancgopmayuio oannsix 06 ob6vexme uU
npoyecce U3  aHano2060ll  popmvl 8
yughposyro ¢ UCNONBL306AHUEM YUPPOBLIX

mexHoa02Ull c nocneoyIouuUM
ABMOMAMU3UPOBAHHBIM AHANUZ0M
yughposvix  OaHHLIX U NPUHSMUEM

ONMUMAIIBHO2O 6 ONPeOeNIEHHOM CMbICIe
VAPABIeHYeCKO20 peutenus Ol YayuuleHus
npouseoocmea unu OusHeca.

JlpyrumMu cioBaMu, MOKHO CKa3arth,
9T0 B XOAe mpouecca IU(PPOBU3ALUN
NPOUCXOAUT  BHEApPEHHEe  LU(PPOBBIX
TEXHOJIOTUH B pa3iuyHble chepsl JKU3HU U
OEATENIbHOCTH  YeJiOBeKa  C  LEJbIO
MOBBIIIEHHS] KAaueCTBAa JKU3HU U PA3BHUTHUS
SKOHOMHKH. JTO TIOMOTAeT BBINIOJIHSTD
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PYTUHHBIEC 33[]a4l U MPUHUMATH PELICHUS

oe3 BMEIIATENIbCTBA YyeJIOBEKA.
IIpumepamu  1UPPOBU3ALMH  SBISFOTCS
yMHBIE TIOMa, poOOOTBI Ha 3aBOMAX,

OecruIIOTHBIE TPAHCIIOPTHBIE CPENCTBA U
np. Lenp muppoBuzauy 3aKimoyaeTcs B
aBTOMATH3AallMM  TIPOLIECCOB  IMepexona
uHpopmanun 00 0OBEKTE WK MpoLiecce U3
aHanorosoii opmbl B 1udppoByro Gopmy,
KOTOpast MPOLIE aHATU3UPYETCS, U KOTOpast
MO3BOJISIET HA OCHOBE aHAJIN3a MOJYYHUThb
Oomee  TOYHOE  pelIeHHe,  KOTOpOe
HANPABJICHO HAa YJIyYIIEHHE MMPOU3BOJCTBA
i Ou3Heca.

Bce BblmeckazaHHOe OOOCHOBBIBAET
aKmyanbHOCMs  TEMBl  MPEACTABISIEMON
CTaTbu.

2. Pe3yabTaThl U 06CYKIEeHHE

[Ipexxne, ueM nETaNIbHO PACCMOTPETH
OCHOGHblE yugpposvie mexHoN02ul,
UMEIIIe MECTO B COBPEMEHHOM MHpE,
IanuM  ONpeAeNieHHe 53TOMY IIOHSTHIO.
Hugpposas  mexnonoeua (LUT) — 310
TEXHOJIOTHsI, MCIONB3YIOIasl 3JIEKTPOHHO-
BBIUUCIUTENbHYI TEXHHUKY [JIs1 3aliCh
KOZIOBBIX HMITYyJIbCOB B  OIpEHeNeHHON
MOCJIEIOBATEILHOCTH M C OIpenesIeHHON
qacToTou [3].

Paccmorpum Hanbonee
pacrpoCTpaHEHHbIE B HACTOSIIEE BpPEMs
yugpposvie mexnoro2uu.

Hugposas mexnonocusa  «bonvuiue
Ooannvie» (awen. Big Data) — 310
COBPEMEHHAsl TEXHOJIOTHS, CBSI3aHHAs C
00pabOTKON KPYITHBIX MaCCHUBOB HaHHBIX,
o0BeM KOTOPBIX MIOCTOSTHHO
YBEJIUYUBAIOTCS. JTa TEXHOJOTHS HAXOIHUT
IIUPOKOE TPUMEHEHHE B 3JIEKTPOHHOH
KOMMEpPLIMH, a TakKe B padoTe KPYIHBIX
MPOMBIIIIEHHBIX KOMITaHUH u
UHPOPMALMOHHBIX  Kopmopauuid. s
obecnieuenns pabotel Big Data co3narorcst
CHeLHaIN3UPOBAHHBIC ANTOPHUTMB,
NporpaMMHBIE  CpencTBa W Jake
cneunanbHble MamuHbL [lpumepamu Big
Data sBisrores:

— JlaHHbIE CEHCMOJIOTUYECKUX CTaHITUMN,
coOupaemsble 1o Bcel 3emite;

— ©0asza MOJIb30BATENILCKUX
Facebook;

AKKayHTOB



CospemetHble Yugppoasbie MexH0.102UU U 803MOXCHOCMb UX NPUMEHEHUS 8 Tom 8, Ne 1
npoyecce yugposoii mpaHcopmayuu cmpoumensHoli ompacau 2022
— TreoJIoKalMOHHasi wuHpopMamms Bcex OCHOBE  HU3BECTHBIX [AaHHBIX  MOJEIH

dororpadwui, BBUIOKEHHBIX Ha [IPOTHO3UPOBATh HEU3BECTHBIE.

TeKylnuid MOMeHT B Instagram;

— 0asbl JaHHBIX OMEPAaTOPOB MOOMIJIbHOM

CBS3U U T. 1. [4].

Hughposas mexHoN02Us
«Hcxyccmeennviii unmennexmy (MU, anen.
artificial  intelligence, AI) — 5370
TEXHOJIOTHUs,, OCHOBaHHAasl Ha NMPUMEHEHUU
HUCKYCCTBEHHOU UH(POPMALIMOHHON
cucTeMbl  (TMpOrpaMMHAst — peajf3arvs),
KOTOpasi UMHUTHpPYET TMpolecc pelleHus
4eJI0BEKOM CIOXKHBIX  3a4ad ero
npakTu4deckon paesrenpHocTH. Ilpm sToM
HCIOJIB3YIOTCSL  NTPOrpaMMHO-annapaTHble
CPEeACTBa, KOTOPbIE MO3BOJIAIOT Ha OCHOBE

MPUMCHCHUA 3HAHUI OCYHECTBIATD
peleHue He(OpMaTN30BaHHBIX
TBOpPUECKMX  3a7ad, B TOM 4HCIe
MOJZEJIUPOBATh HEKOTOpbIe ACTIeKTHI
YeJIOBEYECKON  JeSITeIbHOCTH, BKJIHOYAs
IpoLuece MBILIJIEHUS. B paMKax
peanuzauuu  TexHojorun HWHM  gumanor
MOJIb30BATENs c KOMIIBIOTEPOM
IIPOUCXOAUT HA  €CTEeCTBEHHOM  AJis

yenoBeka si3pike. Kpome sToro, cucrema
HCKYCCTBEHHOT'O UHTEJUIEKTa
o0ecreyrBaeT aBTOMATH3ALMIO TOBEICHUS
poOOTOB W POOOTOTEXHUYECKUX CHUCTEM.
Hckycemeennvtii  unmennekm —  3TO
HANpaBJICHUE COBPEMEHHBIX  HAy4YHBIX
UCCJIENOBAHNUN,  CONPOBOXAAIOUIMX U
OOYyCJIOBJIMBAIOIINX  CO3JaHME  CaMHX
cucreM WM, paspaboranHbix Ha 0Oasze
3JEKTPOHHO-BBIYUCIUTEbHOH,
MHUKPOIPOLIECCOPHOMI TEXHUKH 151
NpeAHA3HAYEHHbIX  JJIST  BOCIIPHSITHS,
00paboTky, XpaHeHUs: HHPOPMAINH, a
TaKkXke Ui (OPMHPOBAHHUS PEIICHUH 10
1e1ecoo0pasHOMY MOBENICHUIO B
CUTyalMsIX, MOJEIHPYIOLUINX COCTOSIHHE
PA3NUYHBIX CUCTEM (HAMpUMep, MPHUPOIBI,
oOmecTBa). Hckyccmeennviii  unmenneKm
NOHMMAIOT eIle KaKk MOJEIHPOBaHNE
HEKOTOPhIX  (PYHKUMH  4YeJOBEYECKOTO
Mo3ra Ha OCHOBE peann3aniu
BO3MO)KHOCTEH UH(POPMALUOHHBIX
TeXHOJIOTHH [5].

Hugpposas mexnonocus «Mawunnoe
obyyenue» (anen. Machine learning) — 310
TEXHOJIOTHS, KOTOpasi TIO3BOJIIET  Ha
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JlocTaTouHOE pacnpoCTpaHEeHHUE MONyUUIN

TaKHe 331a41 MAITMHHOTO O0yYEeHHSI:

— perpeccMOHHas  3ajada, pelleHue
KOTOPOH MO3BOJIAET HAa OCHOBAaHHUH
U3BECTHBIX JAHHBIX O INpPOAAXKaX B
NPOIIJIOM CIPOTHO3HPOBATh Oynyiiue
00BEMBI MPOJAK;

— 3amaya  KjaccuUKALKMK, — pelleHue
KOTOPOH MO3BOJIAET MNpPEACKa3aThb, K
KaKOMYy us3 HU3BECTHBIX KJIaCCOB
OTHOCHTCS OOBEKT;

— 3aja4ya  KjacTepusaluM,  pelleHue
KOTOpOH MO3BOJISIET pa3naenuTb

00JBIIOE MHOXECTBO OOBEKTOB Ha

KJIACTEPBI, BHYTPHU KOTOPBIX OOBEKTHI

NOXOKH B ONPEACTICHHOM CMBICTIE

MeEXKIY COOOIA;

— 337aya TIOMCKAa AaHOMAJWH, pelleHue
KOTOPOH MO3BOJISIET HAXOOUTh PEOKHE,
HEOOBIYHbIE OOBEKTHI, CYLIECTBEHHO
OTJIMYAIOIINECS] OT OCHOBHOH MacChl
[4].

Hugpposas mexnonoeus «Heilporunvie
cemu» (awen. Neural networks) — s10
TEXHOJIOTHSI, OCHOBAaHHAsl HAa allTOPUTME,
MOJENUPYIOIIEM TPOLECChl  T'OJIOBHOTO
Mo3ra. B maHHOM anroputrMe peann3oBaH
HEJIMHEHHBbII METON TMOUCKA PELICHHH,
KOTOPBII 00JIaaeT BBICOKOH CKOPOCTBIO
BBIUUCJICHUI W CMOCOOeH 0o0padaThiBaTh

CIIOKHbBIE JIaHHBIE c OOJIBIINM

KOJJMYECTBOM OTJIMYAFOIINXCS TIPU3HAKOB.
B 3aBHCHUMOCTH oT obsactu

NIPUMEHEHUS HEHPOCETh MOXKHO

TpPakToBaTh Nno-pasHoMy. C TOUKM 3peHHs
MAIIUHHOTO OOyueHus HEeHpOHHAas CeThb
NPEACTAaBISIET coboii METOx
pacrio3HaBaHMs o0pazos. C
MaTeEMAaTHYECKOM TOYKH 3p€Husa — 9TO
MHOromnapamerpuyeckas 3agada. C TOYKH
3pE€HUA KI/I6epHeTI/IKI/I — MOACIIb
AAalITUBHOI'O YIpaBJICHUA
pobotorexHmkoi. [l HMCKyCCTBEHHOTO
UHTEJJIEKTa HelpoceTh SIBJISIETCS
OCHOBOIIOJIATAIOIINM COCTABJISOLINM JIJIsI
MOZeTHPOBAHHSI €CTECTBEHHOTI'O
HUHTEJUICKTA C IIOMOINBIO BBIMHUCIIUTEIBHBIX
aJIropuTMOB [4].
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Hugposas mexnonocus «Yenosexo-
Mauiunnvle unmepgeiicory, UMH (anen.
Human-machine  interfaces, HMI) -
TEXHOJIOTUS ISt obecrieyeHust
B3aUMOJEHCTBUS MEXAy OIepaTopoM U
obopynoBaHueMm, KOTOpast naer
BO3MOXKHOCTb ~ OIEPaTopy  YIIPaBISAThH
o0opynoBaHHEM M KOHTPOJHUPOBATH
nporecc ero (YHKIIMOHHPOBAHUSI.

Co3maHue CHUCTEM YeJOBEKO-MAIIMHHOTO
uHTepdeiica CBI3aHO C  MOHATUAMHU
SProOHOMHKAa W 103a0MIUTH (Tep. C aHIJL
«TOHSTHO, yIOOHO, KOM(POPTHOY).

OcHOBHas LIeJIb YeJIOBEKO-MAIIHHHOTO
uHTepdeiica 3aKII0YaeTCss B TOM, YTOOBI
nathb BO3MOKHOCTb MIOJIb30BATEISIM
B3aUMOJIEHCTBOBATD c IIPOLIECCOM,
BBIABATh NPEAYNPEKICHUS ONepaTopy,
KOrga 4YTO-TO TMOIJIO He TaKk B
(YHKLMOHMPOBAHUN TEXHOJOTHMYECKOTO U
IPOM3BOJCTBEHHOTO 000pynOBaHUSI.
Kpome Ttoro, HeoOxomumo (GOpMHPOBATH
YBEIOMJICHHSI OIEPaTopy O TOM, HYTO
JOEUCTBUTENIPHO BA)XXHO W KPUTHYHO B
IaHHOM cutyauuu [4].

Hughposas MeXHONO2U
«Bupmyansuas peansnocme», BP (auen.
Virtual Reality, VR) — 3TO TexHOIOTUs
HEKOHTaKTHOTO UH(POPMALTMOHHOTO
B3aUMOJIEHCTBUS, peanu3yromast C
MOMOIIBI0 KOMITJIEKCHBIX MYJIBTUMEAHA-
OTIEePALIMOHHBIX cpen WILTIO3HIO
HETIOCPEACTBEHHOTO BXOXKIIEHUS u
NPUCYTCTBHSI B PEAJbHOM BPEMEHH B
CTEPEOCKOTTMYECKH NPEACTaBICHHOM
«IKPaHHOM MHUpPE» («BUPTYaJIIbHOM MHpPEY)
npu obecrieyeHNU TAKTUJIBHBIX
OLUYLICHUH, npu B3aUMOMEUCTBUU
NOJIB30BATENSI ¢ OOBEKTAMHU BUPTYaJIbHOTO
MHpa. DTa TEXHOJOTHs MOPOAWIIA METON,

MO3BOJISIOLI AN MOJIb30BATENISIM
JKPAHHbBIMH  MOJESIMH  ONEPUPOBATH
HETIOCPEACTBEHHO B PEalbHOM BPEMEHH B
peasbHOM TPEXMEPHOM  MPOCTPAHCTBE,
reHEPUPYEMOM CIIELHUAJIbHO
pa3paboTaHHBIMU IIPOrpaMMHO-
anmapatHbiMu  cpeactBamu.  Cucmemvl
« Bupmyanvhas PeanbHOCHb»,
pean3yroIme 3Ty TEXHOJIOTHIO,
o0ecreunBarT MOJIb30BATES
BO3MOKHOCTBIO CTaTh YYaACTHUKOM
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nefcTBUH B aOCTPaKTHBIX MPOCTPAHCTBAX,

B KOTOPHIX  MOJKHO  33JaTh  Kak

BUPTyaJIbHBIE YCJIOBHUSI MH(POPMALTHOHHOTO

B3aUMOJIEHCTBUS, TaK W BUPTyaJbHbIE

OOBEKTHI, MOUHHSFOLITUECS 3TUM

ycnousiM. IIpu 3ToM MoxeT OBITh CO31aHa

CKOJIb yTOZIHO pa3HooOpa3Hast

UHPOPMALIMOHHO €MKasi MH(ppacTpyKTypa

«BUPTYAJBHOTO MHpPa» U BIIOJIHE PEATBHO

OLIYTUMOE TAKTHIJIbPHOE B3aUMOJEHCTBHUE,

OTrPaHUYEHHOE YpPOBHEM MepudepHitHbIX

YCTPOUCTB caMoil cucTteMsl «BupTryanbHas

peanpHOCTEY. Kpome TOro, TexHoiorus

BUPTYyaJIbHOTO MHpa pemaer mnpodiaemy

yIAJIEHHOTO uHTepdeiica MEXKIY

YeJIOBEKOM M KOMIIBIOTEpPOM. Da3o6vimu

KOMROHEeHMAMU — MUNUYHON — cucmembl

«Bupmyansnas peansHOCns» SIBIAIOTCS:

— TIEPEYHU U CIHCKH C MEPEUNUCICHUEM U
ONMUCaHNEM OOBEKTOB, (HOPMHUPYIOIINX
BUPTyaJbHBIH MHpP, B CyOcHCTEMe
CO3JIaHUs U YIIPABIIEHHSI OO BEKTAMH;

— cyOcucrema, pacno3HaroImas u
OLIEHMBAIOIAsl COCTOSIHNE OOBEKTOB U3
nepevyHell U HEMPEPBIBHO CO3JArOLIAst
KapTHHY «MECTOTIOJIOKEHHS
NI0JTb30BATENIsI OTHOCUTENIBHO OOBEKTOB
BUPTYaJIbHOTO MUPA,;

— TOJIOBHOW YCTAHOBOYHBIA  JUCIUIEH
(OYKH-TEJIEMOHUTOPBI), B  KOTOPOM
HETIPEPhIBHO NPEACTABIAIOTCS

U3MEHSIOIINECS] KapTHUHBI «COOBITHID»
BUPTYaAJIBHOIO MUPA;
— YCTPOWCTBO C PYYHBIM YIIPaBICHHUEM,

peann30BaHHOE B BUIE
«MH(OPMALTMOHHONW  TepYaTKW» WU
«CTIer-00J», OTpenensoee
HarpaBJIeHNE «IepPeMeIeHUSD»

MIOJIB30BATENS] OTHOCUTENBHO OOBEKTOB
BUPTYaJbHOI'O MUPA,
— YCTPOWCTBO CO3JaHUsl U Mepenaydu
3ByKa [5].
Hugpposas mexnonocuss «Humeprem
seweii» (anen. Internet of Things, loT) —

5TO  TEXHOJIOTHs,  OCHOBAaHHAas  Ha
KOHIIETILIUU BBIYUCIUTEIBbHON cetu
busnyecknx ~ mpeaMmeTroB  («Berneiny),

OCHAILEHHBIX BCTPOEHHBIMM JAaTYUKaAMU
17151 B3AaUMOAENCTBYUSA IPYT C APYTrOM HIIH C
BHEIIHEN cpenoil. MHTepHeT Bewen — 5T0
HE TMPOCTO  MHOXKECTBO  Pa3JINYHBIX
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npubOpOB W JIAaTYMKOB, OOBEIUHEHHBIX ¢ pOBU3ALUH CTPOUTENBHOTO

MEXKIY coboit MIPOBOAHBIMU 51 MIPOU3BOACTBA.
OecrpOBOIHBIMH ~ KaHAJAMU  CBSI3U U B Hacrosmmii MOMEHT TIIOKa He
MONKITIOUEHHBIX K ceTu MHTEpHeT, a bonee cOpMHUPOBAHO  E€NWHOE  OMNpenecHHe

TeCHasi  HMHTErpalus  peajbHOro  H
BUPTYQJIbHOTO ~ MHPOB, B  KOTOPOM
O0IIeHNEe TPOM3BOIUTCS MEXKAY JIFOIbMH,
YCTPOWCTBaMH U BHEIIHEHN cpenoil [4].

Hughposas mexXHONo2Usl
«Pobomuzayus» (anen. Robotization) — 310
TEXHOJIOTHS, OCHOBaHHast Ha
UCTIOJIb30BAHUH POTPAMMHOTO
obecrieyeHust c UCKYCCTBEHHBIM

uHteuiekrom (MM) u  BO3MOXXHOCTSMHU
MAIIMHHOTO OO0ydeHust nnst  oOpaboTku
MOBTOPSIFOLIMXCS 337124 OONBIIOro 00beMa,
IUISL pEeLIeHNsI KOTOPBIX paHee TpeOOoBaINCH
amoau.  JlanHbBII  mpouecc  Clemyer
paccMaTpuBaTh B KaueCTBE KOMIIOHEHTA
aBTOMATH3allUd  TPOM3BOACTBA,  KOTJa
YeJIOBEUECKHE MOILIHOCTH  3aMEHSIOTCS
pOOOTH3MPOBAHHBIMH ~ CHUCTEMaMH B
NPOMBIIIIEHHBIX MaciuTabax. Yame Bcero
Ha KPYIHBIX TNPEANPHUITUAK CTaparoTCs
UCTIONb30BaTh YHUBEPCAJIbHBIX POOOTOB,
KOTOpPbIE MOTYT TO3UTHUBHO MOBJIHITH Ha
paboTy BCero KoOMIUIeKca B Lejiom [4].
[IpuMmeHeHne LUPPOBBIX TEXHOJIOTHI

B Pa3NMYHBIX  OTPACIHAX  HKOHOMHUKH
MIO3BOJIUT OCYIIECTBHUTD nporece
yughposoii mpancgopmayuu  IKOHOMUKU,
noJy  KOTOppIM  OyaeM  TNOHHMATh
KA4eCTBEHHbIE HW3MEHEHHs B OH3HEC-

npoLeccax MM crnocodax OCyLIeCTBICHHSI
SKOHOMHYECKOH nesitenbHOCTH  (Ou3HeC-
MOZIENAX) B pe3yibTaTe  BHEIAPEHUs
U(PPOBBIX TEXHOJOTHH, MPUBOMAIINX K

3HAYUTEIbHBIM COLUAJIBHO-
SKOHOMHUYeCKUM 3P dexram [6].
B HacTosiee BpeMs 4acThb

PacCMOTPEHHBIX LHU(PPOBBIX TEXHOJOTHH
HaXOAUT NPHUMEHEHHE B CTPOUTEJIBHON

OTpaciu. «SAnpom» g poBoi
TpaHcopMaIsi  OTPACiHH  SIBJISIFOTCSI
TEXHOJIOTUU UH(POPMALTMOHHOTO
MoaenupoBaHus, win BIM-TtexHomoruu

(Building Information Model), Hauano
BHEJPEHUsI KOTOPBIX mpuxoautcs Ha 2000-
e roabl. K cerogHsiHeMy AHIO 3TO BIIOJIHE
CYLIECTBEHHbIN UHCTPYMEHT
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noHATus «BIM».

Tax cornacHo fAaHHBIM Ha pecypce
otkpeiToii sHOmMKIonenuu Wikipedia.org
o MH(GOPMAIIMOHHBIM MOETHPOBAHUEM
3AaHUs MMOHUMAETCS MOAXO0N K
BO3BE/ICHUIO, OCHAIIEHUIO, O0ECIeYeHUIO
SKCIUTyaTallud M PEMOHTY 3HaHus (K
YIIPaBJIEHUIO JKU3HEHHBIM LUKJIOM
00BeKTa), KOTOPBIH mpenmnonaraer coop u
KOMIUTEKCHYI0 00paboTky B mporiecce
MPOCKTUPOBAHUSI BCEU  apXUTEKTYypPHO-
KOHCTPYKTOPCKOM, TEXHOJIOTHYECKOM,
SKOHOMUYECKOH W MHOW HH(}OpMALuu O
3JaHUM CO BCEMH €€ B3aUMOCBS3SIMH H
3aBUCHUMOCTSIMH, KOT/ia 3JaHUEe U BCE, YTO
UMeeT K HEMY OTHOLIEHUE,
paccMaTpUBAETCs KaK eqUHbINA 00BeKT [7].

B craree pounosa . C., Kumerosoit
H. P., Tkauenkopoii B. II. mana Takas
xapaktepuctuka BIM:  «TexHonorus
BIM» — 53TO COBpeMEHHBI NOAXOA K
MPOECKTUPOBAHUIO-CTPOUTEIILCTBY-
SKCILTyaTalluu. Omna MO3BOJISIET
OOBEAVHNUTL pPa3JIMYHbIE MPOrPAMMHBIC
MPOAYKTHI U MHCTPYMEHTBI, YTO MMO3BOJISIET
MPOBOJIUTh MOJACTUPOBAHUE 3HAYUTEIBHO

JeIIeBIie, yIpoIiaer MIPOLIECCHI
BU3yaJIH3aI[UU Oyayero obbekra.
TexHonorun BIM MO3BOJISIFOT
3HAYUTENLHO YIPOCTUTH BBIOOP
ONTHMAJILHOTO  peleHus  Omaromaps

BO3MOXHOCTH HarJIITHO BH3YaJIN3HPOBATH
CHCTEMBI u BCE 3JIE€MEHTBI
npoekTHpyeMoro 3nanus B ¢opmare 3D,
NPUBOUTE MX B TOYHOE COOTBETCTBHE C
TpeOOBaHUSAMHU ACHCTBYIOLINX CTAHIAPTOB,
NPOM3BONUTH pAacyUeT Pa3HbIX BAPUAHTOB
KOMITOHOBKH M aHAJIU3 SKCILTyaTalMOHHBIX
XapaKTepUCTUK Oyayuiero oowvekra [8].

B cBoeit pabore Tamamos B. B.

ompeneisier  UUPPOBYID  TEXHOJOTHIO
«UH(pOpMaITMOHHOE MOJENUPOBAHUE» KaK
COBOKYITHOCTb BCE HMMEIOLIENCS
qucinoBol  uHpopmarmu o0  0OBeKTe,
OpPraHU30BaHHYIO u yIpaBIsEMYIO

HY>KHBIM 00pa3oM, UCIONb3YEMYI Ha
NPOTAXKECHUN BCEIr0 JKU3HCHHOI'O IHKIJIA
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00BEKTa: Ha CTaOud MPOEKTHPOBAHUS,
CTPOUTENBCTBA, OKCIUTyaTallMd M JaKe
cHoca [9].

B ocHoBe konuenuuun BIM @ onH
BBIJICIISIET CEAYIOIIHE npuUHYyUNLl
UH(POPMALTTOHHOTO noaxonaa K
NPOEKTHPOBAHUIO OOBEKTa: TPEXMEpPHOe
MOZIEINPOBAHHE; aBTOMAaTHYECKOE
co3manue rpadUUEcCKUX U TEKCTOBBIX
pa3ieNioB  MPOEKTHOW  JTOKYMEHTALWW,
Habop aTpuOyTHBHBIX JaHHBIX,
COOTBETCTBYIOLIUH 00BEKTY;
UHTEJUIEKTYyaJIbHAs napameTpu3aLus
OOBEKTOB,  paclpelesieHue  mporecca
CTPOUTENBCTBA IO BPEMEHHBIM 3TaraM M T.
.

IIpakTueckoe NIPUMEHEHUE
UH(POPMALMOHHON MOZENH 3aHUs
cymecTBeHHO  oOierdaer  pabory €
NpOoeKTHpyeMbIM  oObekToM.  Ilpexne
BCEr0, BHUPTyajbHAas MOJENb I03BOJIAET
paccumTaTh, COCTBIKOBATb, cobpatb
BOEIUHO BCE CO3/1aBa€Mble KOMIIOHEHTHI U
CHUCTEMBl 3[aHUS H  COIJIACOBaTb C
COOTBETCTBYIOLUIUMH  CIEIHATINCTAMH U
OpPTraHU3aLMSIMA. JTO JaeT BO3MOXKHOCTH
OTCJIEKMBATh BHYTPEHHUE HECTBHIKOBKHU
(KOJTM3WHN) COCTABHBIX YacTel OO0BEKTa U
CMEKHBIX Pa3/IeyIoB.

B cpaBHeHMM ¢ TpPagULHOHHBIMH
CHUCTEMaMH KOMIIBIOTEPHOTO
MIPOEKTUPOBAHMUS, pa3pabaThIBarOIINX
reoMeTpuyuecKkue 00pasbl, Pe3yNbTaTOM
UH(POPMALIMOHHOTO MOAEIUPOBAHUSA
SIBJISIETCS O00BEKTHO-OPUEHTHPOBAHHAS

g poBasi MOAENb BCErO COOPYIKEHHs, a
TaKK€  Tpolecca  OpPraHM3alliu  ero
cTpouTenbeTBa [9].

Ha cerognsiHMii O€Hb BO MHOTHUX
CTpaHaX MHPa B CTPOUTEIBCTBE AKTHBHO
BHEAPSIOTCS TEXHOJIOTHU
UH(POPMALTTOHHOTO MOJICTTUPOBAHUSI.
Macmitad BHenpenus BIM oOwsicHsiercs,
MPEKAe BCEro, BBITOJAMU OT MPUMEHEHUS
3TOH TEXHOJIOTUH. Ot BBIT'ObI
NpUOOPETAIOTCS HAa PA3JIMYHBIX dTamax
peanu3alid  MPOEKTa W Pa3IUYHBIX
YpOBHAX  (Ha  ypOBHE  OTAENBHOTO
MPEINpPUsITUs, OTPACIH U TOCynapCTBa B
nenoMm). K mpeumymecrsam  BIM-
TEXHOJIOTUH  OTHOCATCS  COKpAIE€HUE
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CPOKOB BBOJa OOBEKTa M (PUHAHCOBBIX
U3IEPKEK Ha  €ro  CTPOUTENbCTBO,
LEHTPAJIN30BAHHOE XpaHeHHe BCEX
TAHHBIX MO0 KOHCTPYKTHUBHBIM 3JIEMEHTaM C
NPUBS3KOM K HHUM JIOKyMEHTallMH B
eIMHOM  WH(OPMAIMOHHOM  pecypce,
aBTOMATHYECKOE HM3MEHEHHE NaHHBIX TNPHU
WU3MEHEHUH MOJIEITH.

B Poccun umdposas TpaHcopmauus

CTPOMTEJIBbHONW OTpacid B  HACTOSLINI
MOMEHT  ONHUPAeTCsi Ha  CIEAYIoLue
TEXHOJIOTUYECKHUE PELICHUS.

1. BIM — 3TO HE MPOCTO
KOMITBIOTEPHAs 3D-Monenn 31aHUs,
MpULIeamas Ha CMEHY JBYMEPHBIM
OyMaKHBIM YEPTEKAM. ITomumo
«TEOMETPUNY, BIM UHTETPUPYET

MHOKECTBO CJIO€B MHPOPMALIUU B pas3pese
JJIEMEHTOB O0BEKTa, B TOM 4YHCIE 00

HCIIOJIB3YEMbIX MaTepHanax,
cnenuuKaLUsIX, CTOMMOCTH,  ILIaHe-
rpaduxe CTPOUTEJbHBIX pador,

(YHKIMOHANBHBIX M SKCIUTyaTaLMOHHBIX
XapakTepUCTUKaX M Jaxe  YCJIOBUAX
okpy:xarotei cpensl [ Autodesk, 2021].

IIpu 5TOM HU3MEHEHHE KaKoro-imdo u3
napamMeTpoB 37aHHUA BiedeT 3a CcoOoi
aBTOMAaTUYECKOE M3MEHEHHE CBA3aHHBIX C
HUM TOKa3aTeneil 1 00BbEeKTOB.

BIM MO3BOJIAET rnepenaBaThb
BUPTYAJIbHYI0 HWH(POPMALMOHHYIO MOJAEIb
oT KOMaH/1bl pa3paboTUHNKOB
reHepaibHOMY MOJPSAUUKY u
cyOmoapsiaumMkaM, a 3aTeM BJajesbliamM
WM OnepaTopaM 37aHusl.

2. lludpposoe MonmeapoBaHUE TOPOAOB
(City Information Modeling, CIM)—
CPaBHUTEJIBHO HOBBIM TpPEHH, KOTOPBIN
nosiBUJICS Onaromapsi oobenuHeHno BIM,
GIS (reomHpOPMALMOHHBIX CHUCTEM) C
muppoBeIMH  ABOWHMKAMM Ha  0Oase
Hnrepuera BELIEH, a TaK¥Ke
COBEPLICHCTBOBAHUIO TEXHOJIOTHI
oun(ppPOBKH MECTHOCTH W  TOPOACKHX
OOBEKTOB  C  TIOMOIIBIO  JIa3epHOTO,
yIBTPa3BYKOBOro ckaHupoBanus [HUY
BIID, AOM.P®, 2021].

CIM (umm umudpoBol  ABOWHUK
roposa) COAEP>KUT TPOCTPAHCTBEHHBIE U
TeMaTU4ecKue JAHHbBIE. IlepBbie
OMUCBHIBAIOT  (U3UYECKYI0  CTPYKTYpPY
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ropona u ¢opmupyroT ero 3D-monens, pacnpeneneHus 51 MOHUTOpPHHIA
BKJIFOYasl LU(POBYI0 MOAETb MECTHOCTH, UCIIOJIHEHUsT 337a4 Ha CTPOMHILIOLIAJKE,
CAD- wum  BIM-mMopmenu  31aHuil, oOMeHa [OKyMEHTauueHd, pa3MeIneHus

UHPPACTPYKTYPBI, HHKEHEPHBIX CHCTEM U
T.A4. TeMaTHueckue AaHHBIE OXBATBHIBAIOT

COLIMAJIbHBIE, SKOHOMHYECKUE u
SKOJIOTUYECKHE napaMeTpbl
TEPPUTOPUU — JIlaHHbBIE Mepenucu
HACEJICHUs, CBEACHHS O TPAHCIOPTHBIX
IIOTOKaAx, CXKCAHCBHBIX NEPEMELCHUAX
JKUTENnen 10 JaHHBbIM COTOBBIX
OMepPaTopOB, peecTpbl 00BEKTOB,

TEXHUYECKYI0 HH()OPMALUIO H TIp.
3. bepexxnmuBoe crpourtensctBo (Lean

Construction, LC) — OITHO u3
HanpaBJIeHUH MOBBILICHHUS
3¢ dexkTuBHOCTH yrpaBieHus
CTPOUTENBHBIMU NPOEKTaMHU, 4TO

AOCTUTACTCA, B TOM YUCIE, NOCPEACTBOM
c6opa U MAaKCUMAJIBHOI'O HUCIIOJIb30BaHUA

nojie3Hoii  wHGOpMAIMK O  MPOEKTax
(ceromust cobupaercs JIUIIb 5%
IIPOEKTHBIX TaHHBIX ), a TaK¥Ke
MPUMCHCHUA TAKHUX METOI0B, KaK

MOCTaBKH «TOYHO B CPOK», IIOCIEIHUIN
anuposiuk» (Last Planner System) u
ap. [Lean Construction Institute, 2021].
PazBurne 1HQpOBBIX  TEXHOJOTHIA
conmeicTByeT peanu3zanuu npuHUunos LC
[BCG, 2018]. Tak, ¢ mOMOLIbIO
KOMIIBIOTEPHOTO  3peHusi,  HTepHeTra
BEUIEH M HOCHMBIX YCTPOWCTB MOXKHO
CIEANTh 32 HAJIUYHNEM  MaTepHasoB,
COCTOSTHHEM O0OpYJOBaHUS U JEHCTBUSMU
paboumnx B pexxume OHJIAlH.
HckyccTBeHHBIN VHTEJJIEKT ZaeT
BO3MOYKHOCTh OLIEHHBATh 3()()EeKTHBHOCTD,
KayecTBO W 0e30macHOCTh  pador,
BBIABJISITH ~ MOTEHLMAJIbHBIE PHUCKH  HA
crpomnowmanke. Ilupokoe npumeHeHue
NOJy4aroT 00sauHble HU(POBBIE PEIICHUS
IUIE  COBMECTHOH paboThl B  peXuMe
peaJpbHOrO  BPEMEHH W yIPaBJICHUS
CTPOUTENBHBIMUA MPOEKTAMH, AOCTYITHBIE
4yepe3 MOOWIbHBbIC MPWIOKEHHS HIH CO
creluagbHbIX MiaHmeroB. OHU co31ar0T
€NUHYI0 Cpeny B3aUMOIEHCTBHS BCEX
YYaCTHUKOB  (BKJIOHWAsl  apXHUTEKTOPOB,
MPOEKTHPOBIIUKOB, UH)KEHEPOB,
npopaboB, MacTepoB, TMOCTABIIHKOB W
NOAPSIYUKOB), BO3MOXHOCTb
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OTYETHOCTH O xoje pador (BKiIOUas
dotorpadun), COBMECTHOT'O
pPEeIaKTUPOBAHHUS TOKYMEHTOB,
dbopMupoBaHHs IUIAHOB-TPApUKOB U Jp.
[KoMruieke rpagocTpONTEIbHON TONUTHKH
U cTpoutesibcTBa ropoaa Mockssl, 2020].
4. ludposuzaums 3aTparuBaeT
HENOCPEICTBEHHO padoThI Ha
CTPOWITIOIIAIKE. ABTOMATU3HPYIOTCS MU

poboTusupyroTCs PYTHHHbBIE WITH
(pusnuecku TSIKEJIbIE OTepaLHH,
HampuMep,  CBapka,  YCTaHOBKa |
CKpeIUIeHHe  apMaTypbl, TMOAbEM |
nepeMelieHne  rpy3oB., OT/EJIOUHbIE
padoThI u ap. TectupyroTcs
poOOTH3UPOBaHHBIE ~ KOMILUIEKCHI  JJIst
VKJIAIKU KUPIUYEH [Construction
Executive, 2021].

Buenpsiercsi  OecnmiioTHast — TspKesast
cTpouTenbHass TexHuka. C  MOMOINBIO
IPOHOB  OCYLIECTBJISIETCS ~ MOHHTOPHHT

XO0Jla CTPOUTENIbHBIX PadoT.
3D-neyaTh Kak MEPCNEKTUBHBIA B

JOITOCPOYHOM nepuone MeTOox

BO3BE/ICHUS 3[JaHUH TaKXKE€ OCHOBBIBAETCS

Ha 1 poBbIX TEXHOJIOTHSX.

TpancopmupyeTcst HHIYCTpHATIBHOE, HITH

MOIyJIbHOE, noMocTpoeHue. Bce Oonee

mHUpoOKO mnpumensiercss npuHuun DIMC

(Designing for Industrialized Methods of

Construction) — IU3aiH TUTST

UHyCTPHAIBHOTO  TPOM3BOJCTBA, B

paMKax KOTOPOro B IPOEKT H3HAYAIBHO

3aKJIabIBAIOTCS BO3MOYKHOCTH

UCTIONB30BAHUST  3JIEMEHTOB  (MOZIyJiei),

U3rOTOBJICHHBIX Ha U(POBbIX (padpukax

HETNOCPENCTBEHHO MO HMH(POPMAIIMOHHOM

MOJIENN 3[aHMUSI.

5. Ilpumepsl HOBBIX OH3HEC-MOAENEH U

U3MEHEHHI B OM3HEC-MPOoIeccax:

— BIM 5D u Beime B coueranuu ¢ DIMC
u  mupposeiMu  (pabpukamum  —
OecIoBHOE poboTu3NpOBaHHOE
MPOM3BOZICTBO 3JIEMEHTOB (MoOayJiei)
3MaHUSl  HEMOCPEACTBEHHO IO  €ro
UH(pOPMALIMOHHOW MOJENH, AaHHBIM O
KOMIIOHEHTaX, MarepHajiax H HX
CTOUMOCTH.
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— bBepeximBoe CTpOUTENBCTBO HA OCHOBE
NN u obpaborku naHHbIXx 000 BCcei

LETIOYKE TTOCTaBOK, JIOTUCTHKE,
MPOU3BOACTBE MaTepHuajoB "
KOMITJIEKTYFOLIIAX u nporeccax

HETMOCPEICTBEHHO HA CTPOUTLIIOIIAIKE.
3. 3aKiro4yeHue

[IpuMmeneHne UQPPOBBIX TEXHOJIOTHI
B CTPOUTEJBHON OTpPaciu, A0 HACTOSIILEro
BPEMEHU SIBJISIFOLIEHCS HauMeHee
«ouu(poBaHHOI»,  MO3BOJUT  HAYaTh
nporecc eé yughposoii mpanchopmayuu,
KOTOpasi Oynmer 3aKJTFOYAThCS B
MEPECTPOIKE yIPABJIEHUs XO3SMCTBEHHOMN
JESITeIbHOCTBIO u pecypcamu B
CTPOUTEINLCTBE, BKJIFOYAIOLIEE
o poBaHHYIO (mepeBeeHHYIO B
U(pPOBOH BUA, MPUTOIHBIH JIJIsI 3aIIMCH HA
3JIEKTPOHHbBIE HOCHUTEJIH) CUCTEMY
MIPOU3BOCTBA u peanu3aLnuo
CTPOUTENbHON MNpOAYKLUH, KOTOpas, B
CBOHO ouepens, npeaycMaTpuBaeT
oun(poBKY  BHEUIHMX  B3aMMOCBs3EH
(KoOTIepaIIMOHHBIX LETIOYEK) u
BHYTPEHHUX OM3HEC-TPOLIECCOB B KAKAOH
CTPOUTEJIBLHON KOMIIAHUU.

3a0roM 3TOrO SIBJIAETCS BHEIPEHUE:
BIM, CIM, tudpoBbIX ABOWHUKOB, CJIOH

JIaHHBbIX, OepekJIMBOE  CTPOUTENLCTBO,
oOjauHble pemeHus sl COBMECTHOM
paboTel,  poOoTH3ainusi,  APOHBI U

OecruiloTHAsE TeXHUKa, npedadpuxkanus u
nudpossle padpuxu (npedabpuxanms —
croco0 OBICTPON MOCTPOHKH WM COOPKH
U3 3apaHee H3TOTOBJICHHBIX MAaTepHAJIOB),
DIMC - 1udposas Tpanchopmarys
OXBATBIBAET BCE STAIbl KU3HEHHOTO ITHKJIA
OOBEKTOB CTPOUTENBCTBA. IUIAHUPOBAHHUE,

NPOEKTHPOBAHUE, BO3BEJIEHUE,
SKCITyaTalHI0 U CHOC.

IIpoBenenHbIi B CTaTbe
TEOpeTUYeCKU aHau3 1 poBbIX

TEXHOJIOTUH TIO3BOJISIET HAAEATHCS, YTO B
XOJle Ppa3BUTUS W COBEPLICHCTBOBAHUS
nporecca LupoBO  TpaHCcHopManuu
CTPOUTENIBHOM OTpaciu B  HEJAJIEKOM
Oyayumiem Oynmer co3maHa ompaciesas
yugpposas  sxocucmema [10], xoropas
TOJIKHA MPECTABIISATh coboit
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MHOTOCTOPOHHIOK (P POBYIO TIATHOPMY,

IUTL KOTOPOH XapaKTEePHO CIEAYIoLIee:

— BCE 3JIEMEHTBI CHCTEMBI TPUCYTCTBYIOT
OJHOBPEMEHHO B BHUAE (PUINIECKUX
OOBEKTOB, MPOAYKTOB U IMPOLIECCOB, a
TAaK’)K€ B BUAE UX LHHU(PPOBBIX KOMHH
(Matematuyeckux mozeneit) [11];

— Bce (Qu3uUecKue OOBEKTHI, MPOAYKTHI,
MPOIIECCHI 3a CYET HAIU4Hs HU(POBOM
KOIHHU u 3JI€MEHTa
KTTOAKITIOYEHHOCTI CTaHOBSITCS
YaCTbIO UHTEIPUPOBAaHHON HT-
CHCTEMBI,

— depe3 Hamuyue UUPPOBBIX KOMHIA
(MaTemMaTHyecKuxX Mopesel) u Oynydu
YacThl0 €AMHOH  HMH(pOPMAIMOHHON
CHUCTEMBI BC€ DJIEMEHTbl CHCTEMBI
HETIPEPHIBHO B3aUMOJEHCTBYIOT MEXIY
coboii B pexkume, ONM3KOM K
peampbHOMY BPEMEHH, MOIENUPYIOT
peanbHbIE MPOLIECCHI u
MPOTHO3UPYEMBbIE COCTOSIHUS u
o0ecreunBarOT MIOCTOSTHHYIO
CAMOONTUMH3ALMIO BCEH  CHUCTEMBI
[10].

B  npomecce  QyHKIMOHHpPOBAHHUS
OTpacieBON 3KOCHUCTEMBI OCYIIECTBISIETCS
yughpoeoe e3aumoodeticmeue kaxk uPpposast
dbopmMa OpraHM3alMK  B3aMMOACHCTBHIA
MEXIY OTPACIEeBBIMH IIOCTABIIUKAMH U
noTPeOUTENSIMI C IIeJTbI0  MUHMMM3ALUU
TPAH3aKLMOHHBIX M3JEpKeK (Hampumep,
IpU TIOUCKE TApPTHEPOB, TOBApPOB, YCIYT,
OpraHu3alf  ITUIATeXeH, 3aKIF0YCHUH
KOHTPAKTOB,  KOHTPOJE  HCHOJHEHUS
JIOTOBOPEHHOCTEH | T. I1., o0ecrieunBaemast
cnienuaIbHON matdopmoii [12].

B paMkax (bYHKIMOHUPOBAHUS
IUPPOBOH  3KOCHUCTEMBbI  CTPOHUTEIBHOMN
oTpaciu  yughposoe  83auMoOeticmeue
YYaCTHHKOB WHBECTULHOHHO-
CTPOMTENBHBIX MTPOEKTOB JOJDKHO MEPEHTH
Ha HOBBIH, g pooit YPOBEHD,
o0ecrieunBaeMblii o0mayHOMH
UH(OPMALIMOHHO-TIPOEKTUPOBOYHOMN
cpenotii [13].
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