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Abstract:

The object of research is lightweight steel concrete trusses (LSCT) consisting of light gauge steal
profiles and foam lightweight cellular concrete filling. This work aims to propose and substantiate a non-
standard design solution — strengthening the light gauge steel truss with foam concrete with the density
of 200 kg/m? and 400 kg/m*. Methods. The technology based on filling the space between the elements
of the truss with foam concrete «Sovbi» is proposed as a method of strengthening. Results. Numerical
modelling of filling the space between the elements of the truss with «Sovbi» foam concrete showed that
the structure is being unloaded. The factor of use of the material decreased to 0.87 when using foam
concrete with the density of 200 kg/m?® and to 0.74 when using foam concrete with the density of 400
kg/m3. When using foam concrete with the density of 200 kg/m3, the deflections in the structure decreased
by 17%, internal longitudinal forces in the elements of the truss decreased by 20%. When using foam
concrete with the density of 400 kg/m?3, displacement in the structure decreased by 27%, and internal
longitudinal forces in the elements of the truss decreased by 29%.

1 Introduction

BypHoe pasBuTME nerkux cTanbHbIX TOHKOCTEHHbIX KoHCTpykumn (JICTK), BonpocoB ux
KOHEYHO3NNEMEHTHOr0 MOAENUPOBaHNA, obLLEen N MECTHOM yCTonuMBOCTM [1], peaykuumn ceyvenunn [2],
OrHeCTOMKoCTK [3], cercmMocTonKoCTH [4], 06LLIMX BONPOCOB NPOEKTUPOBaHUSA [5], [6] MHOrouncneHHble
aKCnepuMeHTarnbHble NCCeoBaHNS Pa3NIMYHOIO TMMNa KOHCTpyKuun depm [7]-[9], kononH [10], [11], B
TOM YuCIe C UCNOfb30BaHNEM KOMOMHMPOBaHHbIX ceveHun [12], [13], a Takke coeauHeHun JICTK [14] n
X aKTMBHOE BHeApEHMEe B MPaKTUKy CTPOUTENbCTBA MPMBENO K MOsABNEHM0 60MblIOro Konuyectsa
NocTpoek AaHHOro Tuna. K coxxaneHuto, oLumbkn npu NnpoekTMpoBaHum pyHaaMEHTOB 1 Kapkaca 34aHus,
OLIMOKM NpU MOHTaXe KOHCTPYKLMI, a Takke TakMe 3anpoeKkTHble BO3AENCTBMS, Takmne, Kak, Hanpumep,
Ype3MepHO ObunbHbIE CHeronagbl B COMETAHUU C 3UMHUMKU OTTENENSMU, NPUBOAAT K HEPaBHOMEPHbIM
ocaZikaM OCHOBaHWS U HEAOMYCTUMbIM NPOrMbéam B KOHCTPYKLMN U €€ aBapUAHOMY COCTOSHUIO.

Tonbko HekoTopble, Hanbonee usBecTHble cnyyan obpyweHus 3gaHun u3 JICTK, onucaHHble
npodgeccopom V.. BeasakoBeiM 1 HEKOTOpPbIMK Apyrumn nccnegosatenamu B [15], [16], npeacraBneHsb!
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Table 1. The most well-known failures of LGSS of the beginning of the XXI century

Mpennonaraemas
OcHoBHble
HasHadeHune npuynHa
MecTtononoxeHue lon pasmepsbl
30aHuA 00pyLUeHus,
KOHCTPYKLMMK
KpaTKo
Poccus,
OMOAEe0BCKUI 60x100Mm, OLLUNOKKM Npu
D‘u Aen . | 2008 Cknapackoe P
panoH MockoBckow BbicOoTa 36M NPOEKTUPOBaHNN
obnactu
Poccuga, bpsHckas 2010 ) Cenbckoxo oLwmnbkm npu
obnacTtb 39NCTBEHHOE NPOEKTMPOBAHUM
KOxHas OceTus, OLLUNOKM Npun
- 2013 - [MpombliwneHHoe P
BarvaTtckuin 3aBof NPOEKTMPOBAHUM

Taknum o6pasom, NosBNAeTCs HeEOOXOAMMOCTb yeuneHnsa asapunHbix JICTK, B Tom uncne depm,
HO He Bce crnocobbl yCUrNeHusi CTanbHbIX (PepM, OMNMCaHHble, Hanpumep, B [17], COBMECTUMbI C
TexHonornen JICTK. Heobxoammo nckatb cnocobbl yeuneHusi, Hambonee nosiHo COBMECTUMbIE C JaHHOM
TEXHonornen.

B [18] nccnepoaHa dpepma m3 JICTK, cxaTbin NOSC KOTOPOW 3aNOSTHEH TshKenbiM 6eToOHOM. JTO
BO3MOXHO, Korga epma coeguHeHa C  MOHOMUTHBIM — nepekpbiTveM. bBbino  nposegeHo
aKcnepuMeHTanbHOe W YUCINEHHOEe uccrefoBaHue Takou pepmbl. VccnegoBaHwe nokasano, 4To
npuMeHeHne BGETOHHOMO 3anOfIHEHNS CXKaTOro Nosica NOBbLILLAET KECTKOCTb KOHCTPYKLMM U MO3BONSET
YBENUYNTb HECYLLYIO CNOCOBHOCTL dhepMbl A0 46%. Kak Buanm, B JaHHON nybnukauumn NnoaATBEpX4aeTcs
dakT nosblweHns HecyLen cnocobHocTn JICTK npu 3anonHeHun 6eToHOM, OAHaKo, BO-NepBbIX, AaHHas
nybGnnkaums nocesLleHa YaCTHOMY criyyato, Korga depma coegmMHeHa C MOHOMUTHbIM NEPEKPbITUEM, U
€€ BEepPXHUI NosIC 3anofHEH TshKenbiM BETOHOM, U, BO-BTOPbIX, B MyGriMKaLMM HET peLleHUns, Kak MOXHO
NPUMEHUTb AAHHbIN BUA KOHCTPYKUUWM NS ycuneHnsa asapunHon depmbl n3 JICTK.

OpHuMm 13 cnocoboB coBeplleHcTBOBaHUs TexHornormn JICTK, HanpaBneHHbIX Ha ycTpaHeHue
TakuX He4OCTATKOB TOHKOCTEHHbIX Npodunen n Hanbonee BepPOATHbIX NPUYMH Bbixoda u3 ctpos JICTK,
Kak noTeps obLien 1 MECTHOW YCTOMYMBOCTM 3NEMEHTOB NPOoduns 1 AennaHaunsa cedeHun, aBnseTca
TEeXHONOrns, OCHOBaHHas Ha 3anofiHEHUW MPOCTPaHCTBa Mexay npodunsamu, Hanpumep, 6eToHOM C
3anonHuTenem Ha necke n3 nyctbliHu (desert sand) [19] nnun nonuctupondeToHom [20].

B nutepaTtype onncaHbl 0CO6EHHOCTU COBMECTHOM paboThl CTanu u nierkoro 6eToHa ans CTeHoBOWM
naHenu [20] naHenu nepekpbiTus [19] , 6ankn [21] .

K OOCTOMHCTBAM KOMMO3UTHBLIX KOHCTPYKUUW M3 cTanum n 6eToHa MOXHO OTHECTU MOBbILLIEHWE
npegena OrHeCTOMKOCTU TakUX KOHCTPYKUMW MO CPaBHEHWMIO CO cTanbHbiMU [22], [23] n HeBbIiCOKOE
3HayeHMe OTHOLWIEeHWs Beca K HecCyleh CrnocobHOCTW, B CBA3M C YEeM €ero MCnosib3oBaHve B
CENICMUYECKMX palioHax ABMseTcs uenecoobpasHbim, 4To oTMmevatoT Lisantono A., Wigroho H., Sari M.
B [24] ana nnoTHocTM neHobeToHa 1550kr/m3,

PaHee Hamun 6binu npeanoxeHbl nerkme cranebeToHHble KOHCTpykummn (JICBK), B KOTOpbIX «B
KayecTBe 3anonHsawowero 6etoHa BbICTyNnaeT MOHOMUTHbIM neHobeToH ... mapku D100...D1000, B
kKayecTtBe npodunbHon ctanu, — kak npasuno, JICTK, a dpyHKUnio HeCcbeMHon onanybkn BbIMNOMHSAOT
dubpouemeHTHble naHenun» [25]. Wcnonb3oBaHue neHobeToHa B JICBEK no3sonsieT noBbICUTH
KO3 bmUMEHT ycrnoBun paboTbl NPOUNBHON CTanbHOWM KOHCTPYKUWUK: B paboTte [26] Hamu nccnegosaH
Ko3apbmumMeHT ycrnosuii paboTel NEHOOETOHHOW NaHenun NepekpbITus, B [27] — KOIMPULMEHT yCNOBUNA
paboTbl cTeHOBOW naHenu, B [28] — M3rmMbHas XecTKOCTb NeHOBETOHHOW NaHenu nepekpbITvs; B [29] n
[30] - orHecTOMKOCTb NEHOBETOHHON NAaHENU NEPEKPbITUS U CTEHOBOW NaHenu, COOTBETCTBEHHO, Mpu
notepe Hecywen cnocobHoctn (R).

®epmbl u3 JICBK B uenom, paHee HM Hamu, HU OPYyrMMU UccriedoBaTensdamMu C TOYKM 3peHns
KoadhdhuumeHTa ycnosuin paboThl elle He u3ydannch, a Takke He Bbin NpeanoXxeH COOTBETCTBYIOLLMIA
cnocob ycuneHunst aBapumnHblx pepm.

Bce BbllweykazaHHOe CBMOETENLCTBYET O HEOOXOOUMOCTM MNpOBEeAEHUs  AanbHENLLMX
nccnegoBaHum K No3BonseT chopMynmMpoBaTh Lienb: NPeanoxnte cnocod ycunexHmst asapuinHblx JICTK,
OCHOBaHHbIN Ha 3anofiHeHuu npocTpaHcTBa mexay npodpunamm JICTK neHoGeTOHOM MOHWKEHHOM
NAOTHOCTU M U3YYNUTb HAMNPsS>)KEHHO-0eOPMUPOBAHHOE COCTOSIHUE MOMYyYEHHOW KOHCTPYKLWUN.
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Jlerkne crtanebeTtoHHble depmbl (JICB®) wnum lightweight steel concrete trusses (LSCT),
Nnofnly4yeHHble B pe3ynbTate 3anofiHeHusa asapuiiHon depmbl 13 JICTK neHobeToHOM, siBRSOTCSA
006BEKTOM A@aHHOro UccneaoBaHnst, X HaNPsPKEHHO-4ePOPMUPOBAHHOE COCTOSTHUE — €ro NPeaMETOM.

2 Materials and Methods

PaccmoTtpum cnocob ycuneHunst aapuiiHon bepmbl 30aHnst, obLwmii Bug KOToporo npeacraBneH
Ha pucyHke 1. doTorpadua asapuiiHon cdepmbl 13 JICTK npepcraBneHa Ha pucyHke 2a. doTtorpadus
npounssoAcTBa paboT no npeanaraeMon TexHonornmn ycunenms cdepmol n3 JICTK — Ha pucyHke 2b.

Fig. 1 — The overall view of the building in disrepair
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b)

Fig. 2 — The light gauge steel truss to be strengthened: a) The construction of the truss in disrepair;
b) The technology of manufacturing the brace-rack prefab-monolithic lightweight steel-concrete
structures

®epmMbl pacnonoXxeHbl C Warom 6M 1M UMeKT Tpu nponeTta: KpanHun nesbin nponet 10Mm, ABa
nponeta no 12 metpos. Lar pepm 6 meTpoB. Cxema hepmbl NpedcTaBneHa Ha PUCYHKe 3.

Bcnegcteme obunbHbIX cHeronagoB B Aekabpe 2023 roga, BKyne € oTTenensMu, CHerosasi
Harpyska npeBbiCMa MNPOEKTHOE 3HadeHuMe, a OWubKM MNpu ydeTe reoriorM4eckux YCroBun npwm
NPOEKTUPOBaHMM OyHOAAMEHTa MNPUBENN K HEpaBHOMEPHbIM OcCafkaM: COrflacHO WCMOMHUTENBHOM
CbEMKe CMeLLeHne onopkl No ocn B coctasuno 7 mm, onopbl no ocu O1- 17mm, onopbl no ocu U - 22

MM.

ABapuinHasg depma nogaepxmBaeTcs BpeMeHHbIMU MOANOpKaMu.

I 11y LTI 71

5000 5000 4800 4800 2400 2400 4300 4800

® ® ® ®© ® ® G ® ®

Fig. 3 — The scheme of the truss

CeueHnsa anemMeHTOB AaHHOW hepMbl npeacTaBneHbl Ha pucyHke 4. CedyeHve BepxHero nosica
COCTOMUT M3 OBYX CTOEeYHbIX npodunen 250-50-16-1.5 n aByx npocdunen 89-50-16-1.5, HMXKHUIA nosic
cocTouT n3 Tpex npocdunen 89-50-16-1,5, ceyeHms cToek N packoCoB COCTOAT U3 ABYX npodunen 89-
50-16-1.5. B mecTax conpsXeHUsa HUXKHEero rnosica co CTonkamu ceveHme ycuneHo npodpunamm 250-50-
16-1.5.

Rybakov V.; Ogurtsov M.; Dentsel I.; Tsvetkova A.; Druzhinina, S.
Lightweight steel concrete trusses;
2024; Construction of Unique Buildings and Structures; 113 Article No 11301. doi: 10.4123/CUBS.113.1


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

This publication is licensed under a CC BY-NC 4.0

| ] [ ]
b) \A
= v
N/
L | L
l | d)
a)

c)

Fig. 4 — The cross-sections of the elements of the truss: a) top chord; b) bottom chord; c) diagonals
d) reinforced bars

3amogenunpyem paHHyto pacyeTHyto cutyaumto B SCAD Office (https://scadoffice.ru/): yutem
9KCTPEMaribHYK CHErOBYH Harpysky C MOMOLLbIO NOBbILWAKLWero koadduumenta 1.3, HepaBHOMEPHbIE
ocagku dyHgameHTa 3agagmMm ¢ nomMowbio yHKUMM «3adaHHble NnepemMeLleHns» 1 nposegem pacdet
C y4eTOM reoMeTpun4eckon HenMHENHoCTU. Pe3ynbTaTt pacdeta cedeHuin B noctnpoueccope «Cranb»
NnpeAcTaBneH Ha PUCYHKe 5.

Critical factor
s [ 0.02 0.99 an
&[]0 1,00 1

Fig. 5 — The section utilization factor before strengthening with foam concrete (without
consideration the loading sequence)

lNMpoBepuM, [OCTAaTOMHO NN MEPONPUATMM MO OYMCTKE MOKPLITUA OT CHera W YyCTpaHeHwus
HepaBHOMEPHbIX 0CafoK byHaAaMeHTa AN BOCCTAaHOBMEHUS paboTocnocobHOCTM dhepMbl, ANA 3TOro
npov3BeaemM UMUTALMIO PEMOHTHbIX paboT.

3agagvm cnegyrolme cTagum MoHTaxa: ucxogHas ctagus, 6e3 cHeroBom Harpysku, Bo3spatleHme
depMbl B NPOEKTHOE NOSIOXKEHNE.

PesynbTaTbl pacyeTa nepemeLleHui, YyCunmn n koadguunueHTa UCnorb3oBaHUa CeYeHU Ha
TpeTben cTagnn MOHTaXa npeacTaBneHbl Ha PUCYHKe 6.

Z

mm | mm

¥ [ -20.78 -18.65 5 [ s ettt g

¥ [ -18.66 1658 57 D . '\ cougy
¥ [ -16.58 -14.48 4C [ - awh ’ ; " . NS “ o8
4 [:]_34‘43 -1238 3§: g'u:- ot % FPDLE A =¥ PP ATTN T, S Lo et
¥ [-1238-102838 | 1+t 4 ||
¥ [O-1028-818 31 [0 +4 4 { [N
¥ [l -s18 609 27| +» +— 4 4
Y lso0 300 2 | <4 ¥4 4 e
vl 139 2 | . JAN, ! 1
¥ l-se 02 «HEE V. X “ ! N

a)

Rybakov V.; Ogurtsov M.; Dentsel |.; Tsvetkova A.; Druzhinina, S.
Lightweight steel concrete trusses;
2024; Construction of Unique Buildings and Structures; 113 Article No 11301. doi: 10.4123/CUBS.113.1


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

This publication is licensed under a CC BY-NC 4.0

N
kN | kN

¥ [ -263.47 -218.24 20 "l

% [ 218.44 -173.42 14 "

¥ [0 -173.42 -128.39 49 "0

¥ []-128.39-8337 656 [

¥ []-8337 |-38.34 79 "[_

¥ [M-ss34 669 104 [
v [llsss 5171 59" §l

v s 9674 535"
b) v o4 14176 42 "

Critical factor
0,03 099 3

o
4 [Jog9 101 0 7N /\ 7N
404 B <Z<7 \/ \/ \\./ \/W

Fig. 6 — The results of the calculation before strengthening with foam concrete ( considering
loading sequence). a) Vertical displacements in the construction; b) Longitudinal forces in the
construction; c) The section utilization factor

HepaboTtocnocobHbiMM ariemeHTamMu B AaHHOW hepme SBMSKTCS pacKkocChl C NAOWaablo ceveHunst
A = 6.347cm?.

Ycnnus B faHHbIX anemeHTax coctaBnstoT N= 263.47 kH, Takum 06pa3omM HanpsikeHust COCTaBAT
415MMMa, yTo NpeBbIWAaeT npeden Tekydectu ctanm C345 B 1.2 pasa.

Paspabotaem cnocob ycuneHuss OaHHOW aBapUMHOWM KOHCTPYKUUKM neHobeToHom «CoBOGu»
(npoussoacteo OO0 «Cosbu», CaHkT-lNeTepbypr, Poccus) ¢ yuetom [25] (pucyHOK 7).

AV A A
AR ANV A B\ AN VAR
N TN ANV A N7 \c{ N/ N [/ N 7
AWAR VAR VARV AV AV .4 AY AV A V4

2 Fragment 1 %{
N
/
N
A) & r [} @A 3 w W

Omega-section profile MW-50-12
Fig. 7 — The layout of omega-section profiles over the surface of the truss

B kayectBe HecbemHou onanybku Oyaem ucnonb3oBaTb PUOPOLEMEHTHbIE NUCTbI TOSLLUHOM
8MM, KoTOpble Byaem KpenuTb caMoHapesaroLw MMy BuHTamum Harpoon (npovn3BoACcTBO rpynnbl KOMAAHWM
«lapnyH», CaHkt-lNeTepbypr, Poccnsa) HD-R 4.8x16 k omera-npodunam B LLIECTN TOYKaxX (PUCYHOK 9).
Owera-npodounu MNLW-50-1.2, B cBOIO ovepenb, pasMecTum no Bcew nnowaan dpepmbl ¢ warom 600mm
no BbicoTe (PucyHok 8) n npukpenum nx K anemeHtam depmbl camopedammn Harpoon HD-R 5.5x25 [31].
B ¢pmbpoueMeHTHbIX nMcTax BbINOMHUM oTBepcTMsa P60MM Yepes Kaxable 2M no anuHe depmbl Ans
nogayn pacteopa neHobetoHa. B 0TAenbHbIX MeCTax packocoB LiennecoobpasHo BbINOMHUTL OTBEPCTUS
A5 BO3MOXXHOCTM 3aTekaHunsi neHobeToHa BHYTPb CeYeHns packoca.

MmeeTcs BO3MOXHOCTb NMPUMEHSATL pasnnyHble mapkm 6etoHa ot D200 go D1000, B 3aBMCMMOCTM
OT CTeneHn MNOBPEXOEHUS KOHCTPYKUMW, C YBENMYEeHMEeM Mapku GeToHa yBenuuMBaeTCsl CTENeHb
pasrpys3kn yCunmBaeMomn KOHCTPYKLMU.

Rybakov V.; Ogurtsov M.; Dentsel I.; Tsvetkova A.; Druzhinina, S.
Lightweight steel concrete trusses;
2024; Construction of Unique Buildings and Structures; 113 Article No 11301. doi: 10.4123/CUBS.113.1


https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/

This publication is licensed under a CC BY-NC 4.0

A top chord

‘M
\ diagonal 4

o

P

N

o

3| > diagonal

o

S

o bottom chord

1000 L, 1000
_ 7
A

— omega-section profile [MW-50-1.2

. self-tapping screw Harpoon HD-R
5.5x25

Fig. 8 — Fragment 1 of fig. 7. The scheme of omega-section profiles layout

___ ] the fiber-cement sheet 1200x600x8
. self-tapping screw Harpoon HD-R
L.8x16

Fig. 8 — Fragment 1 of fig. 7. The fiber-cement sheets layout
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3 Results and Discussion

CpaBHUM pesynbTaTbl YCUNEHNSA KOHCTPYKLMN aBapuMHON chepMbl C 3anofiHeHMEM NeHOBEeTOHOM
no ABym BapuaHTam — nnoTtHocTeio D200 n D400. [Jo6aBMM B pacyeTHYK CXEMY, PpaCcCMOTPEHHYIO B
npegbiayLieM pasgene — elle Of4Hy CTaguio MOHTaXa — 3anofHeHne NPOCTPaHCTBA MeXay CTEPXHAMM
depmbl neHobeToHOM (pucyHok 10). Byoem mogenupoBaTb NEHOOETOH B BUAE NNAaCTMHYATBIX KOHEYHbIX
anemeHToB ¢ warom 0.3m. CornacHo [25] nnoTHocTb neHo6eToHa D200 — 200kr/m3, Moaynb ynpyrocTy
— 290MMa, nnoTHocTb neHobGetoHa D400 — 400kr/m3, mogynb ynpyroctv — 960MMa.TonwwuHa
nnacTnHyaTbIX anemMeHToB — 140MM. PesynbTaThl pacyeTa npeacTaBrieHbl Ha pucyHkax 11,12,

Plate finite elements
modelling foam concrete filling
(circled in red)

PR L

rod finite elemts
modelling the existing
truss

modelling the existing

modelling the bruss

existing fruss

rod finite elemts rod finite elemts

|
/

Fig. 10 — The calculation model after adding finite elements of foam concrete
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Table 2. Comparison of calculation results before and after adding foam concrete to the calculation

model
Makcumanb- Makcumanb- Makcumanb- M
akcumarnb-
Hble Hble Hble -
CocTosiHne BEPTU NpoAonbHble HanpshkeHWs B KOBGHDULIMEHT
KOHCTPYKLMMK KanbHble ycunus B cTolKax,
. MCMOonb30BaHNAa
nepemeLye CTOMKax, packocax ceueHms
HUS, MM packocax, kH MMa
Ho ycunenus 20.78 -263.47 415 1.47
neHobeToHOM
Mocne ycuneHua
neHoBeToroM D200 -17.13 -212.8 335 0.87
Mocne ycuneHus
HEHOGETOHOM DA00 -15.16 -187.77 295 0.74

4 Conclusions

B pesynbTaTte uccnegoBaHus AOCTUrHYThI criefytolme pesynbtaThbl:

1) NpeanoXeH BapuaHT HECTAHOAPTHOIO NMPOEKTHOro peweHus ansa ycunexusa gpepm ms JICTK -
nerkme crtanebetoHHble depmbl (JICBD) , cocTosiwme M3 cTanbHbIX TOHKOCTEHHbLIX OLIMHKOBAHHbIX
npodune 1 MOHOMUTHOIO NeHoGeToHa NoHMXKeHHoW NnoTHocTn oT 200 kr/m® go 400 kr/m®, kak cnoco6
ycuneHunsa aBapuiiHbix goepm Ha ocHoBe JICTK.

2) nokasaHo, 4YTO B pesynbTaTe NpUMeHeHus neHobeToHa mapku no nnotHoctn D200 gns
TpexnponeTtHon JICB® c nponetammn 10 1 12M nepemeLLeHnsa B KOHCTPYKUUU YMeHbWNNncL Ha 17%,
BHYTPEHHWE MNPOAOSbHbIE yCUnuA B CTOMKax M packocax Ha 20%, Ko3(dPUUMEHT MCNONb30OBaHUA
ceyeHunsi — Ha 40%.

3) nokasaHo, 4YTO B pesynbTate npuMeHeHust neHobeToHa Mapku no nnotHoctn D400 ans
TpexnponeTtHon JICB® c nponetammn 10 1 12M nepemeLLeHnsa B KOHCTPYKUUN YMEHbINNUCL Ha 27 %,
BHYTPEHHUE MNPOAOSbHbIE YCUNMA B CTOMKax M packocax Ha 29%, Ko3(PUUMEHT MCNONb30BaHUA
ceyeHunsi — Ha 50%.

5 Fundings

WccnepoBaHne BbIMOMHEHO 3a cyeT rpaHTa Poccuiickoro HaydHoro doHga Ne 23-29-
00564, https://rscf.ru/project/23-29-00564/.
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