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AHHOTALUMA

BBegeHune. CekTop rpaxgaHckoro CTpouTenbCcTBa B KPYMHbIX permoHax Poccun B OCHOBHOM MpeacTaBneH MOHOMUTHBIM
nomocTpoeHuem. MprBeaeHa TUNONOrUSt KOHCTPYKTUBHBIX PELUEHWI Y3MOB COMPSHKEHUsI AUCKOB NEPEKPbITUIA CO CTEHON.
BbinonHeH aHanma Takmx KOHCTPYKTUBHBIX PELLEHNIA B NpoLiecce aKcnyataumm.

Matepuanbi n metoabl. PAaccmMoTpeH y4acTok AMcka nepekpbITus ¢ nepdopaumen nog TepMoBKnaabiLmn. YNCNeHHbIN IKC-
nepumeHT B nporpaMMHom komnnekce ANSYS Bkntoyan nocTpoeHne TpexmepHon Modenu oparMmeHTa nnuTbl ¢ nepdopa-
umen B mogyne Design Modeler. lNocpegcteom mogyns Mesh reHepupoBanach ceTka KOHeYHbIX arnemeHToB Tuna Solid 45,
npeacTaBneHHas B BUAe TpeXMepHbIX 8-y3rnoBbix 06beMHbIX arieMeHToB. MNpumeHsincs pelwatens Elemental Difference, no-
3BOMSAOLLMIA MOBLICUTb TOYHOCTb PacyeToB. B KayecTBe rpaHUYHbBIX YCMOBUIA Y4UTBIBANUCH TEMMepaTypHble BO3OEeNCTBUS,
CUNoBble BO3AENCTBISA OT BECa OrpaXKaatoLLMX CTEHOBBIX KOHCTPYKLMIA HA KOHCOMbHYHO YacTb NAUTLI HE YYUTBIBANUCH.
PesynbraThl. B xonogHblii nepunog rona B otannneaembIX 34aHWsX paspyLleHne 3alMTHOro crnosi 6eToHa BO3HUKAET B 30He
3HaKomnepeMeHHbIX TemnepaTypHbIX BO3AENCTBUIA, YTO MPMBOAMT K TOMY, YTO B AIMCKE MEPEKPbITUS C nepdopauymert xapakrep
MHOTOLIMKITOBOrO TeMMNepaTypHOro BNMsSiHWSE popMUpYyeT NosiBfieHne TpeLLmH 1 AeCTpyKLum 6eToHa Ha BOKOBbIX MOBEPXHOCTSIX
LUMOHOK. [pun AecTBUM OTpMLATESbHBIX TEMMEPATYP HAPYXXHOrO BO3dyxa HanbornbLume HanpsKeHNs BO3HMKatOT B MecTax Co-
eA1HeHns nepdopaLmn LLMOHKaMW 1 MPEBOCXOAAT HOPMATUBHbIE 3HAYEHUs1 pacyeTHOro Hanpsbkenus B 1,4 pasa.

BbiBogbl. HanbGonee ysi3aBMMbIM MECTOM AMUCKOB NEPEKPLITUIA C Nepdopaumelt ABASHOTCS LUNOHOYHbIE COEANHEHUSI, KOTO-
pble HaXoAsATCA NoA BNUSHUEM LMKNUYeckux Temnepatyp. Mo pesynsratam MHOrohakTOPHOrO aHanvaa HanpspkeHHo-ae-
hOpMMPOBaAHHOTO COCTOSIHUSI AMCKa NEPeKPbITUS, cCHabXeHHoro nepdopaumert Nof TepMOBKNaAbILLKM, C Y4ETOM reoMeTpu-
Yyeckux napameTpoB nepdopauum 1 TemnepaTypHO-KNMMMaTUYECKUX BO3OENCTBUIN, YCTaHOBMNEHb! NMPUYMHBI YS3BUMOCTEN,
NosiBNIEHNE KOTOPbIX CBSI3aHO C BbLICOKMMU 3HAYEHWSMU HOPMarmbHbIX WM KacaTenbHbIX HamnpspKeHuid, npeBblaoLnMm
npegenbHO AONYCTUMblE NPU OTPULATENbHBIX 3HAYEHUSIX TemnepaTypbl Hapy>XHOro Bo3ayxa, NPUBOASLLME K HaYarbHOM
nokanuaauuy paspyLueHusi. [oBbllLeHVe 3KCMnyaTaLMOHHbIX Ka4eCTB 34aHWI MOHOMUTHOWM KOHCTPYKUuM obecneynBaeTcs
nyTem NpUMeHeHUs1 YCOBEpPLLEHCTBOBAHHbIX KOHCTPYKUMIA. [Npeanaraemble KOHCTPYKTUBHbIE peLleHnsi NO3BONST PeLUnTb
BOMPOChI, CBSA3aHHbIE C JONTOBEYHOCTbLIO M 6€30MacHOCTbIO0 NpY SKCMTyaTaumMm 0O6bEeKTOB rpaXaaHCKOro HazHauYeHusl.

KIMKOYEBBIE CJTIOBA: mMeTOoq KOHEYHbIX 3N1EMEHTOB, HaNpPsPKeHHO-AehOPMUPOBAHHOE COCTOSIHWUE, Kene3obeToOHHbIE MO-
HONWTHbIE NEePEKPbITUS, YACNEHHbIE METOABI pacyeTa, TemnepaTypHO-KNMMaTU4eckne Bo3aencTems
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ABSTRACT
Introduction. The civil engineering sector in large regions of Russia is mainly represented by monolithic housing construc-
tion. A typology of constructive solutions for interfaces between floor slabs and a wall is given. The analysis of such con-
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structive solutions during operation is carried out. Defects and damages formed in the cantilever part of the perforated floor
slab were determined. A numerical study of the stress-strain state of nodal joints was carried out, taking into account natural
and climatic influences. An assessment of the performance of such buildings is given. Improved and new types of junctions
of floor slabs with an outer wall are proposed.

Materials and methods. The section of the floor slab with perforation for thermal liners is considered. The numerical experi-
ment carried out in the ANSYS software package included the construction of a three-dimensional model of a perforated slab
fragment in the Design Modeler module. A finite element mesh of Solid 45 type, represented as three-dimensional 8-node
volume elements, was generated using the Mesh module. The Elemental Difference solver was used to improve the ac-
curacy of calculations. Temperature effects were taken into account as boundary conditions, force effects from the weight
of enclosing wall structures on the cantilever part of the slab were not taken into account.

Results. A numerical study of the interface nodes of the floor slab with the wall was carried out. It was determined that in
the cold period of the year, in heated buildings of the type under consideration, the destruction of the protective layer of con-
crete occurs in the zone of alternating temperature effects, which leads to the fact that in the perforated floor slab, the nature
of the multi-cycle temperature effects forms the appearance of cracks and destruction of concrete on the side surfaces
of the keys. The results of numerical simulation showed that under the action of negative outdoor temperatures, the great-
est stresses occur at the junctions of perforations with keys and exceed the standard values of the calculated stress by
1.4 times. For example, for the ratio a/b equal to 100/100, the values of normal stresses 6, amounted to 1.16 MPa, taking
into account temperature and climatic influences in the cold season. New types of design solutions are proposed for the junc-
tions of the floor slab with the wall, which allow to reduce the values of normal stresses to a level that does not exceed
the standard values of the design compression resistance established by CP 63.13330.2018.

Conclusions. Based on the performed studies, it was found that the most vulnerable point of the floor slabs with perforation are
key connections, which are influenced by cyclic temperatures. Based on the results of multifactor analysis of the stress-strain state
of the floor slab with perforation for thermal inserts, taking into account the geometric parameters of perforation and temperature and
climatic influences, the causes of vulnerabilities were established, the appearance of which is associated with high values of normal
and tangential stresses exceeding the maximum permissible at negative outdoor temperatures, leading to the initial localization
of destruction. The improvement of the operational qualities of monolithic buildings is ensured by the use of improved structures.
The proposed design solutions make it possible to solve issues related to durability and safety during the operation of civil facilities.

KEYWORDS: finite element method, stress-strain state, reinforced concrete monolithic floors, numerical calculation meth-
ods, temperature and climatic effects
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BBEJAEHUE

B ycnoBusAx ropoJckoil araoMepanuH CeKTop
TpakJIaHCKOTO CTPOUTEIbCTBAa Poccuu mpenmyiie-
CTBEHHO NPEACTaBIECH MOHOJIHUTHBIM JOMOCTPOEHHU-
eMm [1-3]. Bbicokue TeMIbl CTPOUTENbCTBA 3AHUM,
CTPOSIIIUXCS 110 MOHOJUTHON KOHCTPYKTUBHON CUCTE-
Me [4], MO3BOJIAIOT PEIIUTh Psifl COLMATBHBIX 3ajad,
JIeXKAILUX B OCHOBE TOCY/IapCTBEHHOM JKUIUIHON 110-
JIUTUKY, CBA3aHHBIX C YBEIMUEHUEM KUJION TIIOMAAH
B psi/ie PETHOHOB CTpaHbl [5]. MaccoBoe Bo3BeAecHUE
TaKUX MHOTOSTAXKHBIX KOMIUIEKCOB XapaKTepHU3yeT-
Csl IEPEKPECTHO-CTEHOBOM KOHCTPYKTUBHOU CXEMOM.
KoHcTpyKTUBHBIE pelleHUsI TIPECTaBISIIOT cO00H varie
BCETO TPEXCIIONHBIE CTEHOBbIE KOHCTPYKIIUH, ONUPA-
IoIMecsd Ha KOHCONBHYIO YaCcTh MOHOJUTHOTO JHCKa
MEPEKPBITUS, B KOTOPOH, KaKk MPaBUIIO, U3 TEIUIOTEX-
HUYECKHX COOOpakeHHH IpeycMOoTpeHa nephopars,
3aIoTHsAEMas TEIUION30JISIIIMOHHBIM MaTepHAIOM.

WccneqoBanus mokasau, 9TO JJIA 34aHUH, BBI-
MOJTHEHHBIX TI0 MOHOJINTHON KOHCTPYKTHBHOW CHCTE-
M€, XapaKTepHbI PA3IMYHbIC BAPUAHTHI YCTPOHUCTB y3-
JIOB COMPSKEHUN AMCKOB MEPEKPHITUN C HAPYKHBIMU
CTEHOBBIMH KOHCTpYKIusAMu (puc. 1) [6-8]. B mpak-
THKE CTPOUTEIHCTBA HAUOOJIBIIEE PACTIPOCTPAHEHHE
MOJTYYHIIN KOHCTPYKTHUBHBIC PELICHNUS, BBIITOJHEHHBIE
o tumy 2 (puc. 1, b).

[Ipu 5TOM psit MHTETPATBHBIX 3HAYCHHH SKCILTY-
aTallMOHHBIX KAaYeCTB MOHOJUTHBIX 3MaHUN B OCHOB-
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HOM Ha CTaJuH pa3paboTKu NMPOEKTHOW U paboueid
JIOKyMEHTalluu B MOJIHOHM Mepe He yuuThiBaeTcs. Ha-
MIpUMep: TETIOBIAKHOCTHBIN PEXIM ITOMENeHHH [9],
BIIMSTHUE TEMITEPATypHO-KIMMATHYECKUX BO3ACHCTBUI
Ha HanpspkeHHO-IehopmupoBanHoe coctosiaue (HJIC)
Y370BBIX COEIMHEHUI MOHOMUTHBIX 31auui [10], 6e3-
OTIACHOCTH U JIONTOBEYHOCTH [11-13].

Henoornenka KIMMaTHYECKOTO BIUSHUS, OIIUOKH
Ha CTaJUM MPOEKTUPOBAHUSA U CTPOUTEIHCTBA MOHO-
JUTHBIX 3AaHUH NMPUBOIAT K PA3INYHBIM JedeKTam
U TIOBpEXKACHUSM [ 14].

Jig paccMaTpuBaeMbIX THUIOB Y3JIOBBIX COCIH-
HEHHUH MPHUCYIIEe YCTPOHCTBO mepdopamnnuy B KOHCOIb-
HOW YacTH IIJTUTHI, 3aII0JIHIEMOE TEPMOBKIIAIBIIIIAMH.
IIpoBoguMBIEC HaTypHBIE HUCCICAOBAHUSA TaKUX KOH-
CTPYKTHUBHBIX PEUICHUN BBISIBUIN HU3KUE DKCILTya-
TAallUOHHBIE KAYECTBA, UTO BBIPAXKAETCSI B TOM UUCIIE
omrOKaMH B MPOEKTHON JOKyMEHTAllM! U Ha CTaJANU
BO3BEJICHUS 3aHNH, TETUIOTEXHHYECKUMH Jie(heKTa-
MH U MTOBPEXKICHUAMHU B BU/IE€ Pa3BUTHS TPEIINH, Jie-
CTPYKIIMU MaTepHalia B MECTAaX COMPSIKEHUS Y3IIOBBIX
COEAMHEHUN IUCKOB IEPEKPBITUN C HAPYKHBIMU CTe-
HOBBIMH KOHCTPYKIMAMH [15, 16]. COBOKYIHOCTH BITH-
SIHUSI 9THX (PAKTOPOB, @ TAKXKE HAPYILICHUE TEXHOJIOTHH
BBITTOJTHEHUSI MOHOJINTHBIX PaOOT 3a4acTyro IPUBOAST
K aBapuiiHbIM cuTyauusam [17-22], a BnocieacTBuu
K 3HaYUTEJIBHBIM TEXHUKO-YKOHOMUYECKHUM 3aTpaTam,
CBSI3aHHBIM C BOCCTAHOBJIEHHUEM TAKNX 3MAHHUMH.
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Puc. 1. Tunonorus y3j10B CONPsHKEHUS AUCKOB MIEPEKPBITHH CO CTEHOM: ¢ — mepekpeitie 6e3 yremurens (tun 1); b — nepe-
KpbITHE C TIepdoparueii (Tui 2); ¢ — IepeKpbITHE ¢ KOHCOIbHBIMH BbITyCKaMH (Tl 3); d — NepeKpbITHE C MOAPE3KOH B BUJIE
«3ybay» (Tun 4); e — MepeKphITHE C BHEIIHUM TETUIOM30JIILIMOHHBIM clloeM (THI 5); / — HapyKHbIH (JIMIeBo) cioi; 2 —
BHYTPEHHHH CJI0i; 3 — JUCK HEePEeKPbITUs; 4 — TEIUION30ISILHs (TEPMOBKIIAIbIIIT)

Fig. 1. Typology of nodes of interface of floor slabs with the wall: @ — slab without insulation (type 1); b — slab with perforation

(type 2); ¢ — slab with cantilevered outlets (type 3); d — slab with “tooth” trimming (type 4); e — slab with external thermal

insulation layer (type 5); I — external (face) layer; 2 — internal layer; 3 — floor slab; 4 — thermal insulation (thermal insert)

MATEPUAJIBI U METO/bI

B coorBerctBum ¢ Ilpunoxenuem I. 3 CII
230.1325800.2015 BapuaTtuBHOCTS I11ara rephoparmu a/b
npuHUMaeTcs B auanasone ot 1/1 mo 1/5 ¢ nocnenyro-
UM YCTPOMCTBOM TE€PMOBKJIAJBIIIEH B KOHCOIbHOM
4acTH JKMCKa MepekpbiTus. Cxema pasMmeleHus Imep-
(hoparuu 1uCKa MEPEKPhITUS PEICTaBIeHa Ha pUC. 2,
Ha KOTOPOM 00O3HAYeHbI OCHOBHBIC T€OMETPUYECKHE
MapameTpsl, BKIFOYAIOIIIE JTMHY TEPMOBKIIA/IbIINIA — d,
JUTMHY IITOHKHA — b, IUPHHY TEPMOBKJIAIBIIIA — df.

B Tabn. 1 mpuBeneHs! BapuaHTHl YCTPOMCTBA ITara
nepGopay B MOHOJIMTHOH IIJIUTE.

[Ipumenenue nepdopanuu npeaycMaTpuBaeTcs
JUISL YKJIAJIKH TEPMOBKJIAIBIIICH M3 dKCTPYAHPOBAH-
HOTO TEHOTIOJIMCTHPOJIA B IEJISAX CHIKEHHS BIUSHUS
«MOCTHKA XO0JI0J]a» Ha MapaMeTpbl MUKPOKINMATA I10-
MeueHuil. [IpuueM U1 HERONyLIEHUST TPOMEP3aHUS
HECYUIMX KOHCTPYKIMH IeOMETPUYECKOE PACIIONIOKE-
HHUE CJI0S TEPMOBKJIAbIIIA B ITepopaIuu xene3ooe-
TOHHOTO JTUCKA TIEPEKPBITUS TOJDKHO OBITH COBMEIIE-
HO CO CJIOEM yTeIuIuTessi B creHe (puc. 3, a). OgHako
Ha MPAKTUKE JaHHbIe TPEOOBAHUSI HE BCETIA BBITIOJIHSI-
FOTCS1, YTO MOKA3aHo Ha puc. 3, b.

3

a b

Puc. 2. Cxema pacnonoxenus GpparMeHTa JUcKa NepeKpbl-
THS: @ — cXeMa pa3MelleHus nepdopanin AUCKa IepeKpbl-
tusi; b — I — TopieBoii 6pyc; 2 — mnoHku; 3 — nepdo-
parms

Fig. 2. Layout of the floor slab fragment: ¢ — layout
of the floor slab perforation; b — / — end bar; 2 — keys;
3 — perforation

Cienyer OTMETHTh, 4TO MU pa3paboTKe MPOEKT-
HBIX PEUICHUI MO ONpPEAETICHNIO SHEProdPPEKTHBHO-
CTH MOHOJIUTHBIX 3/IaHUH HPHHATO PYKOBOACTBOBATHCS
[Tpunoxenuewm I. 3 CIT230.1325800, B koTopoM mpuBe-

JICHBI 3HAYCHUS YIICTBHOM MOTEePH TEIUIOTHI ¥, BT/(M-°C),

Tab.. 1. BapuanTsr ycrpoiicTBa nepdopaniy MOHOIUTHOTO ANCKA MEPEKPHITHS PH cooTHOMeHnu a/b = 1/1;2/1; 3/1; 4/1; 5/1

Table 1. Variants of perforation device of monolithic floor slab at ratio a/b = 1/1; 2/1; 3/1; 4/1; 5/1

alb 1/1 2/1 3/1 41 5/1
Bapuanm 1/ Variant 1

100 200 300 400 500

100 100 100 100 100
Bapuanm 2 / Variant 2

150 300 450 600 750

150 150 150 150 150
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a 7 b

Puc. 3. ®parMeHTHI AMCKA NEPEKPHITUS U OATKOHHOW IUIH-
Thl ¢ nepdopanueii: ¢ — (aKTuuecKoe pazMelleHHe mara
nepdopanny aucKa nepekpoITus; b — ¢parMeHT OalKoHHON
IUIUTHI ¢ nepdopanneii moj TepMOBKIIAIBIIIN U 30HOH JIO-
KaJIbHBIX MTOBPEKJICHUI

Fig. 3. Fragments of the floor slab and balcony slab with
perforations: a — actual placement of the perforation pitch
of the floor slab; » — fragment of the balcony slab with per-
forations for thermal inserts and a zone of localized damage

JUIS Pa3IMYHBIX Y3JIOBBIX COCAMHEHUH ¢ HapyKHOU
HEHecylleil MHOTOCIONHON CTEeHOM pa3nuuHON KOH-
cTpykiuu. Tem He MeHee B JINTePaTypHBIX HCTOUHUKAX
CBeJICHHS O BIUSHUU oTHOIICHUs a/b Ha H/IC muTh
MEPEeKPBITHS B 30HE Nepdopanuy Mpyu TeMIIepaTypHbIX
BO3JEHUCTBHUSAX OTCYTCTBYIOT' [23-25].

B »T0l1 cBsI3M paccMOTpUM 3/1aHUE C IEPEKpecT-
HO-CTE€HOBOH KOHCTPYKTUBHOM cxeMoi. Beinenum tu-
MOBOM (pparMeHT orpak1aroIei KOHCTPYKIUH — JANUCK
nepexpeITst ¢ nepdoparnueii. CoracHo npeajgaraeMon
TUIONOTHH (cM. puc. 1), JTaHHOE KOHCTPYKTHBHOE pe-
IIEHHE OTHOCHUTCS K THITY 2.

' CII 230.1325800.2015. KoHCcTpyKIuM Orpaaalomiue 37a-
HUiA. XapaKTepUCTUKH TEIIOTEXHUUESCKIX HEOMHOPOIHOCTEH
(c Usmenennem Ne 1). M. : Munctpoii Poccun, 2015.

(N &5 3 N 4 &

c

Ounenka u anamu3 HJIC TpexmepHO#l pacuer-
HOW Mojenn 1ep(OpUpPOBAHHOTO JNCKA NEPEKPBITUS
(puc. 4) mpoBoOAUIICS YNUCICHHBIMU METOAAMH B MPO-
rpaMMHOM koMmiiekce ANSYS ¢ yuetom Temmneparyp-
HO-KJIMMaTU4YEeCKUX Bo3aelcTBUI. PaccmarpuBaeMblil
(hparMeHT MCKa MEePEeKPBITHS UMEJT CIIeAyIomune QuK-
CHpPOBaHHBIE MapaMeTpsl: mmpruHa —1,35 M, mepdo-
pauust — 7 WIT.; AJTMHA AMCKA TEPEKPBITHS BapbUpO-
BaJach C Y4eTOM COOTHOIIEHUH a/b, TpecTaBICHHBIX
B Taba. 1 (Bapuant 1). TosmuHa MIMTH B pacyer-
HOW Mojenn npuHsTa paBHoi 200 MM, ki1acc 6eToHa
B20, xnacc apmarypst AS00.

B pacueTrHoit MOzenM NCXOIHBIE TEOMETPUIECKHE
HnapaMeTpbl IPUHATHI B COOTBETCTBUHU C TUIIOBBIMU
MPOEKTHBIMH PEIICHUSIMH, TOKa3aHHBIMU Ha pHUC. 5.
B mozenu npegycMarpuBanoch apMUPOBAaHUE TUINTHI
MIPOJOIBHBIMU apMaTypPHBIMH CTEPKHSIMH BJIOJIb IIITO-
HOK. BapuanTtsl ycrpoiictBa nepdopaiui MOHOIHUT-
HOTO JIMCKA MEPEKPBITUSI paCCMaTPUBAINCH COTNIACHO
pexomenayemsiM mapametpam CIT 230.1325800.2015
npu cootHomenusx a/b = 1/1; 2/1; 3/1; 4/1; 5/1.

[IImoHKY MOHOJMTHO COCTUHSIOT TOPIEBOI Opyc
C OCHOBHOI YacTbIO TUINTHI NEPEKPBITUS, 00pasys,
TEM CaMbIM, CTATHYECKH HEOIPEAEINMYIO ITOACHUCTEMY.
B cootBerctBuu ¢ CIT 20.13330 HOpMaTHBHBIN TeMIIe-
paTypHBIH mepenaj B JJAHHOM Cllydae OIpeJesieTcs
pasHocTamu (1), (2):

(1

At =t —t
w w 0c
B TEIJIOC BPEMS IoJaa;

At =t —1,, 2)

HU3MEHEHUE Cpe/iHel TeMmepaTypsl B XOI0IHOE BpeMs
roua,
raet ,t,— HOPMaTHBHBIC 3HAUYCHUS CPEIHUX TeMIIepa-
TYp MO CEYEHMIO JIMILIEBOTO CJIOS B TEIIJIOE M XOJIOAHOE
BpeMA Iofa; #, , {, — HadaJlbHbIC TEMIICPATyPBbl, COOT-
BETCTBYIOIIME 3aMBIKAHUIO JIUIEBOI0O CJIOS, B TEILIOE
M XOJIOJHOE BpeMs roza.

HopMmaruBHble U pacyeTHbIE 3HAYEHUS] HATPY3-
KU OT TEMIIEpaTYpPHBIX KJIMMaTUYECKUX BO3IEUCTBUH,

B e P e e
e
| RE
AAAAAA

b

Puc. 4. Pacuernas moneins gpparmenta B 30He nepdoparmu npu ¢ = 300 mm, b = 100 MM: @ — oOIIHil BUI MOJEIH C apMaTyp-

HBIMH CTCPIKHAMU B LIITOHKAX; b— BUJ] CBEPXY; ¢ — BUJ CIIEPCAN

Fig. 4. Computational model of the fragment in the perforation zone at a = 300 mm, » = 100 mm: a¢ — general view of the mod-

el with reinforcement bars in keys; b — top view; ¢ — front view
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Puc. 5. Cxema apMupoBaHust )parMeHTa JUCKa NepekphiTHs (OalKoHa) B 30HE ycTpoiicTBa nephopanuu

Fig. 5. Reinforcement scheme of the floor slab fragment (balcony) in the perforation zone

ompeneneHHsle B coorBerctBuu ¢ CII 20.13330
st T. Cankr-IlerepOypra u JIeHUHTpacKoi 00aacTu
(a Take pallOHOB C aHAJOTMYHBIMU KIMMaTHYECKUMHU
napamMeTpamHu), CBEJICHBI B Ta0J. 2.

PE3VYJIBTATHBI U OBCYXIEHUE

TemnepaTypHO-KIUMAaTHUYECKUE BO3AEHCTBUS,
BKJIIOYAIOINUE IUKINYECKHE KoJeOaHUsI HapyKHOU
TeMIepaTypbl BO3/lyXa, COJTHEYHON pajnaliiy, BIIax-
HOCTH BO3/1yXa oka3bIBaroT BiustHre Ha HJIC y31moBbIx
COTIPSDKEHNH MOHOJIMTHBIX 34aHui. CTEHOBBIE OTpax-
JAloIMe KOHCTPYKIMN 3/1aHHH, a TAKKe JUCKH Tepe-
KpBITUH B 30HaX YCTPOMCTBA mepQopariy HCIIBITHIBA-
10T CYIIECTBEHHBIEC YCHIINS, KOTOPBIE B PSAJIC CIydacB
SIBJIIOTCS IPUYMHON BO3HUKHOBEHHS Pa3JINYHOTO PO
noBpexaeHni [26-33].

C nensto onpenenenus xapakrepa HJC nns uc-
CIIeyeMOl pacdeTHON MoIeH (CM. prc. 4) 3a1aBajnch
IPaHUYHBIC YCIIOBHS B BHJIC TEMIIEPATYPHBIX HATPY30K,
MIPHIJIOKCHHBIX K BEPTUKAIBHBIM IpaHsM nepdopupo-
BAaHHOTO JWCKa MEPEKPhITHA. B KadecTBe TeMmepaTyp-
HBIX HArPy30K BHEIITHEH CPeJIbl 3a1aBaJIlCh TEMIICpaTy-
psl B muarazone ot 0 go —40 °C, mpu 3ToM Takxke ObuIa
oTpeqeseHa TeMIIepaTypa 3aMbIKaHUSI KOHCTPYKIIUN
s yenosuii Cankr-ITerepOypra (cm. Tabi. 2).

Jist maHHOTO Cciydasl pe3y/IbTaThl pacdyera TeMIIe-
paTypHBIX TIOJIEi 0TOOpa’keHBI Ha pHC. 6 B BUJIE ITOCIIOH-
HOTO Cpe3a KOHCTPYKIHH 3aJaHHBIMH TEMIICpaTypaMH,
Haxomsmumucs B auanaszone ot 20 no —25 °C. Ha rpa-
HHUIIAX TEeMIIEPaTypHBIX CPE30B B 30HE PACTIOIOKCHHUS
IIMTOHOYHBIX COCTUHCHUHN PacIpe/ie/iCHHE TEMIIePaTyp
JIOCTHTAJIO OTPUIATEIIBHBIX 3HAUCHUH MPH TEMIICPaTy-
pe 3ambIkaans —25,96 °C.
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Taodu. 2. 3HaueHUs Harpy3Ku OT TeMIIEPaTypHBIX KIMMaTH4eCKUX BO3ACHCTBUM

Table 2. Load values from temperature climatic effects

HopmaruBHoe 3HaueHue temmneparyp, °C PacuetHoe 3HaueHue temmneparyp, °C
Normative value of temperatures, °C Calculated value of temperatures, °C
[Tapamerp
Parameter HOJKHAs BOCTOYHAsS U 3allafiHasi | CeBepHas HOJKHAs BOCTOYHAS M 3allaiHasi | CeBepHas
CTOpOHA CTOPOHBI CTOpOHA CTOpOHA CTOPOHBI CTOpOHA
south side east and west sides north side | south side east and west sides north side
At 18,3 14,4 15,9 20,1 15,8 17,5
At -23,9 -25,96
9, =0 6,0 7,15 2,43 7,3 7,87 2,67
9 * 0 0

Ilpumeuanue: * $, — cpenHuil nepenan TeMIepaTypsl 10 CEYEHUIO IEMEHTa B XOJOIHBIN NEPHOJ TO/1a.

Note: *3_is the average temperature difference across the element cross-section in the cold season.

[Ipu >THX ke TeMIepaTypHBIX 3HAYCHUSIX OIpe-
JIeJIeHbI TIePeMELICHUS BIIOJIb TOPLIEBOr0 Opyca, MaK-
CHMaJbHbIC 3HAUYCHHA KOTOPBIX cocTaBmwin 0,75 MM
MIpH ITTUHE TOPIIEBOTO Opyca 2650 MM U COOTHOIIIEHUH
a/b=13/1 (puc. 7, a). [luarpamMma riepeMeicHU# Ipu pas-
JIMYHOM COOTHOIIICHUH a/b TIpU BO3AEUCTBUN TeMIIepa-
Typsl MuHyC —25,96 °C mpencrasiena Ha puc. 7, b. He-
00XOIMMO OTMETHTb, YTO NMPH HU3KUX OTPHULATEIBHBIX
temmeparypax mo —50 °C mMakcuManbHBIC 3HAYCHUS
TIPOJONBHBIX AehopMarwii (1o ITHHE TOPIIEBOTO Opyca)
YBEINYMBAINCH ¥ COCTABIISUIN Oornee 1 MMm.

Ha mrrarpamme mepemernieni (CM. prc. 7, a) paccma-
TPHUBAIOTCS CITy9daH, KOT/Ia IUpHHA MIToHKH b = 100 MM,
mmHa nepopanuu a = 100, 200, 300, 400, 500 MM
(a/b = 1/1,1/2, 1/3, 1/4, 1/5). 3 nuarpaMMbl BUIHO,
YTO 3HAYEHHSI TOPU3OHTAIBHBIX NTEPEMEIICHHUH TPAKTH-

C: Copy of Steady—State Thermal
Temperature

Type: Temperature

Unit: °C

Time: 1

Max: 22

Min: 25,96

-25,96

\
22 b
12,408
2,816
6,776 c
16,368
! d 4
e

YEeCKH JITHEHHO BO3PACTAIOT P yBEIMYCHUH OTHOILIE-
HUS a/b (IIMHEI TOPIIEBOTO Opyca).

Ha puc. 8 nokazan ¢pparMeHT cXeMbl Pacroio-
JKSHUS IUCKa TepekprITus ¢ nepdopanueid. Ceuenus,
JUTSL KOTOPBIX YHCIICHHBIMU UCCIICTOBAHUAMH OTpe/e-
JAIUCH HOPMATIBHBIE 6_ M KACATENBHBIE T  HATPSKEHHUS,
MIPUHSTBI B COOTBETCTBUH C puC. 4, b.

B Tabn. 3 moka3aHbI 3HaYCHHSI MaKCHUMAaJIbHBIX
W MUHUMAJIbHBIX 3HAUEHUI HaNpsODKEHUI B CEUSHHSIX
2-2/8-8, 6—6/8—8 npu coorHomenusx a/b: 100/100;
300/100; 500/100.

[Tony4eHHble 3HAYEHNS CPABHUBAJINCH C PACUETHBIM
conpoTuBiieHneM pacTsokenuio R, = 0,81 MIla ma Ge-
ToHa kiacca B20 B coorserctBuum ¢ CII 63.13330.2018.
OparMeHT y3na CONpsDKEHMsI JUCKa MEePEeKPBITHS
CO CTEHOW HCCIEeNOBAJCS IS MEepHoja C OTpHUIla-
TEJIIbHBIMU TEMIIepaTypaMH Hapy»XHOTO BO3ayXa,

Puc. 6. Pe3ynbrars! pacuera (hparMeHTa Jiucka NepekphaITust B 30He nepdopanun npu AT =-2596 °C:a —t=-25°C; b —t=
=-20°C;c—t=-10°C;d—t=-5°C;e—t=0°C; f—t=5°C; g—1t=10°C; h—t=20°C
Fig. 6. Calculation results of the floor slab fragment in the perforation zone at AT=-25.96 °C: a — ¢t =-25 °C; b—t =-20 °C;

c—t=-10°C;d—1t=-5°C;e—1t=0°C; f—t=5°C; g—
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H: Copy of Static Structural
Total Deformation

Type: Total Deformation s c
Unit: mm = £1,50
. w e
Time: 1 551,00
Max: 0,75325 LE
. 550,50 Ha TOpLEBOro Opyca, MM
Min: 0 ]
: E%_O 00 End beam length, mm
0,75325 - | 5270 1000 2000 3000 4000 5000
oeeosc M __W__W__N W N NN =5
0,58586 = = e 2z =3 - o
0,50217 e ¢ =200 MM / mm, b= 100 mm" / mm"
8’;‘;2;‘; a=400mm / mm, b=100 mm / mm
0225108 =100 MM / mm, b=100 mm / mm
0,16739 e ¢ =300 MM / mm, b =100 MM / mm
0,083695 g =500 MM / mm, b=100 MM / mm
0

Puc. 7. Pesynbrarsl pacyera (pparMeHTa qucka nepekpoitus B 30He nepdoparpu a = 300 mm, b = 100 mm: @ — pacnpezenenue

TEMITEpaTypHBIX mmosel mo miute (22 °C — temmeparypa OTHOCUTEIBHOTO HY/Is); b — auarpaMma nepeMeIneHnii, MM, BIOIb
2

TOpLEBOrO Opyca

Fig. 7. Calculation results of the floor slab fragment in the perforation zone ¢ =300 mm, » = 100 mm: ¢ — distribution of tem-

perature fields in the slab (22 °C — relative zero temperature); b — displacement diagram, mm, along the end beam

[monka / Key

Puc. 8. Cxema pacroioKeHus! TUCKa MEPEKPHITHS ¢ mepo-
pauueit

Fig. 8. Layout of the floor slab with perforations

yto Juist ycnoBuii Cankr-IlerepOypra cooTBeTcTBYeET
TEMIIEPATYPE 3aMbIKaHUSI KOHCTPYKLMH, paBHOK —25,96
n 20,13 °C mpu sKcITyaTaluy B 3UMHEE BpeMsl.

PaccMoTpeHbI HOpMabHBIE M KacaTelbHbIC HApsi-
JKEHUS C yYETOM TEMIIEPaTyPHbIX BO3JCICTBUI Ha KOH-
CTPYKIIMIO B XOJIOJHBIM MEPHOA TOa TPH Pa3INIHBIX
cooTtHotIeHusIX a/b. OTienbHble Pe3ysIbTaThl IPEACTaB-
JICHBI Ha pUC. 9 B BHJE 3IIOP HOPMAIBHBIX HAIPsIKe-
HU# 6_JuiA ceuenui 2-2/8-8, 6-6/8-8, npoxoaamux
IO TOJIIMHE TIEPEKPHITHSI YePE3 IIMOHKH B IIONIEPETHOM
U MIPOJIOJILHOM HarpaBlICHUSX.

s yyacTka, pacnojoK€HHOIO B 30HE CEUECHMM
2-2/ 8-8, xapaKkTep N3MEHEHUH HOPMabHBIX 6_ 1 Kaca-
TENBHBIX T  HANPSKCHHIA ABIISCTCS 3HAKONICPEMCHHBIM
¥ HaxoauTcs B auara3one ot 0,7 mo —2,1 MIla. Muoro-

Ta6a. 3. MakcumanbHble 1 MUHUMAJIbHBIC 3HAYCHUSI HAIPSDKCHUN B ceueHmsX 2—2/8—8, 6—6/8—8 mpu cooTHOmEHMsX a/b:

100/100; 300/100; 500/100

Table 3. Maximum and minimum values of stresses in sections 2-2/8-8, 6—6/8—8 at ratios a/b: 100/100; 300/100; 500/100

TemneparypHoe Ceuctie alb
BO3JIEIICTBUE TTonoxxenue Cross- 100/100 300/100 500/100
Temperature | Position | i 16, MIla | 6, ,MIa | 6,,Ma |6, ,MMa |6, Mla|c,,Mla
lll‘lpaCt Gmm’ MPa GHHI\’ MPa GHHH7 MPa GHHI\’ MPa GHHH7 MPa GIHI\X’ MPa
Boxkosast
rpaHb 0,4915 0,8651 -1,7362 —0,8658 —-1,6264 —0,9332
Side edge
XonoaHbIi Llentp 222
HEPHOLL. IIITOHKA 0,5278 1,1691 —0,4445 0,4706 —-0,3354 0,5794
Temneparypa Key centre
3aMBIKaHUsI 5
Cold period. OKOBaA
Cufcuit TpaHb -0,3786 -0,2302 -3,4313 —-1,4890 -3,3729 -2,9654
temperature Side edge 6-6
Lentp
HITIOHKA -0,0216 0,0529 —0,7460 —-0,0531 —-0,5933 —0,1186
Key centre
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Oxonuanue maon. 3/ End of the Table 3

TemneparypHoe Ceuermte alb
BozaeiictBue | IlomoxkeHue Cross- 100/100 300/100 500/100
Temperature Position section | 6,,MHa | 6 Mlla | 6 MIa | 6 ,Mla |6  Mla |c . Mla
nnpaCt min’ MPa Gmﬂx’ Mpa 6min’ MPa Gmﬂx’ Mpa min’ MPa Gnmx’ MPa
BbokoBas
TpaHb -2,9433 -2,6272 0,7682 1,6010 1,2920 2,3730
Side edge
Tennbrit Lentp 2-2
TCpHOA. IITOHKH -2,9519 -2,1922 -1,0605 0,2539 -1,0333 0,4392
Temneparypa Key centre
3aMbIKaHUS
Warm period. Boxosas
Circuit rpaHb —-0,0680 0,0563 0,8683 1,0759 2,7582 3,2481
temperature Side edge 6-6
Lentp
IITTOHKH 0,0361 0,1258 -0,2912 0,1641 -0,4275 0,1551
Key centre
Bokosas
rpaHb 0,8931 1,4592 -2,3334 -1,3381 -2,4719 -1,4267
Side edge
2-2
Lentp
HITTOHKH 0,91599 1,9163 -0,6786 0,76318 -0,5029 0,8970
t =-50°C Key centre
t=-50°C Boxosas
rpaHb -0,5667 -0,3419 -2,6611 -2,2933 -5,0702 —4,4214
Side edge
6-6
LenTp
HITTOHKH -0,14840 0,08718 -1,1159 -0,07569 -0,9240 -0,1522
Key centre
MIla / MPa MIla / MPa
-2,2 -1,2 -0,2 -1,3 -0,3 0,7
0,0 0,0
= 125 e 125
£ 250 Eﬂ 25,0
5, 375 5 375
2 500 2 500
£ 625 £ 625
§ 75,0 é 75,0
7875 2875
2 100,0 £ 1000
g 1125 g 112,5
g 1250 3 1250
£ 1375 g 1375
[+
g 150,0 5 150,0
2 1625 2 162,5
A 1750 B 1750
187,5 187.,5
200,0 200,0

M Ceuenue 2-2/8-8

Section 2-2/8-8

1 Ceuenue 6-6/8-8

Section 6—6/8—8

W Ceuenue 2-2/8-8
Section 2-2/8-8

1 Ceuenune 6-6/8-8
Section 6—6/8—8

Puc. 9. HopmanbHsie 6, (¢) i kacarenbHeIe T _ (b) HAPSKCHUS JUIs CCUCHMIT B TIONICPEYHOM HAIPABICHUN HPH TEMIIEpaType

3aMBIKaHUsA B XONOMHBIA mieproy rona Az, = 25,96 °C, At = 20,13 °C mns cootnomenus a/b = 500/100

Fig. 9. Normal 6_(a@) and tangential T _(b) stresses for cross-sections in transverse direction at circuit temperature in cold season

At =-25.96 °C, At =20.13 °C for the ratio a/b = 500/100
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JIETHUM PEXUM IKCIUIyaTalllu IIPU TAKUX TeMIIeparyp-
HO-KJIMMaTHYeCKHUX BO3JEHCTBUIX CITy>)KUT OCHOBHBIM
eCTA0MITH3HPYIONUM (aKTOPOM, TTOKA3BIBAIOIINM,
4TO Haubosee YsS3BUMBIC DJIEMEHTHI JIUCKA MEPEKPbI-
THs — LITIOHKU M TopleBod Opyc. B cimyuae MmHOTO-
IIUKJIOBOTO BO3/AECHCTBHS MOHMKEHHBIX TEMIIEpaTyp
Ha OTalJIMBaeMble 3JjaHHsI BO3HUKAET ycaJika OeToHa
B CTE€HaX M nepekpbITHix. Oka3zpiBaeMoe Ha OOKOBbIE
BEPTHUKAJIbHBIE MOBEPXHOCTH INMOHOK M3MEHEHHUE
TEMIICPATYPhl U BJIAXKHOCTH IO CCUCHHUAM DJIEMCHTA
UMEET pe3Ko HepaBHOMEpHBIH xapakrep. C yueToMm
TOTO, YTO TOPIIBI JMCKA NEPEKPHITUS SBISIOTCS YSI3BH-
MBIM MECTOM, B CUTyallUAX UX OTKPBITOT'O pacCIoJIOXKe-
HUSI BEPTUKaJIbHAS TNIOCKOCTh Ha KOHTAKTE C BHEITHEH
Cpenoi 3a4acTyio MOJABEPracTCsl KPUTHIECKOMY BO3-
JIEUCTBHIO aTMOC(HEPHBIX OCAIKOB. ITO MIPUBOAUT K 3a-
MIOJTHEHUIO KaMJUISIPOB M TIOP B Tese OEToHa BIIAroi,
a C y4eToM BO3JCHCTBHS MOHMXEHHBIX TEMIIEpaTyp
Ha TopleBol Opyc, paboTaroniuii o Harpy3Kou, Bo3-
HUKaIOT 00beMHbIe fe(opMariiy, MPUBOISIIIE CO Bpe-
MEHEM K JECTPYKIMH OCTOHHOTO KaMHSI M KOPPO3HHU
apMaTypHBIX CTEPIKHEM.

Ha sTare nccnenoBanunii KOHCEpBaTHBHO B 3arac
NPUHUMATIOCH 3HaYeHne R, 110 1-if rpynmne npeienbHbx
coctosHui. [Ipumenenne nepdopannu B KOHCOTBHON
YaCTH IUTUTHI IO CPABHEHHIO C TPAAUIIHOHHBIM TUCKOM
MIEPEKPBITHS OAHO3HAYHO CHIDKACT 3HAYCHHS HOPMaJIb-
HBIX G_ M KacaTe/IbHbIX T _ HalpspKEHUH B PUOTNIOPHOU
30HE CO CTOPOHBI HAPYXKHOW CTEHBI U MPHOIMIKAET
UX K HOPMaTUBHBIM 3HAYCHUSM, KOTOPBIE MOTYT OBITh
BOCTIPHHSATH OETOHOM KOHCTPYKIMH. B xone mposese-
HUA YUCJICHHOTO MOJACIIMPOBAaHUA IMPEBBINICHUC HAITPA-
JKeHNH HaJl HOPMAJIbHBIMHU 3HaYCHUSIMH HAOJI0a10Ch
HE BO BCEX CEUCHMSX.

B YaCTHOCTH, aHAJIX3 IMMPOBOAUMBIX YHCJICHHBIX
UCCIIEI0BaHUN TIOKa3all, YT0 HAanOOJBIINE HAMPSHKCHUS
BO3HHKAIOT B MECTaX COEMHEHMs Mepdoparyy MmnoHKa-
MU U IPEBOCXOAAT HOPMATHUBHBIC 3HAUYCHUA PACUCTHOI'O
HanpspbkeHus B 1,4 pasa. Hanpumep, Ui cooTHOLIEHHS
a/b, paroro 100/100, 3Ha9EHISI HOPMATBHBIX HAMPsDKE-
Huii 6, cocrasmwm 1,16 MIla ¢ ygeTom TemMneparypHo-
KJIMMaTHYECKUX BO3/ICHCTBHI B XOJIOHBIN NEPHOA TOJ1a.

Tax Kak keIe300eTOHHBIN AUCK MEPEeKPHITHS OT-
HOCHTCS K MaTepHayiaM ¢ BBICOKOIl CTENEHbIO MHEPITH-
OHHOCTH, ITPH BO3/ICHCTBUY OTPHULIATEIBHBIX TEMIIepa-
Typ Ha TOpeIl ITUTHI 30Ha epexona gepe3 0 °C Oyner
MMPOXOAUTH MHOTOKPATHO MO CEYCHUAM HINTOHOK. Ha-
OrrozraeMble TIPU 3TOM TIPOLIECCHI MUKPO- U MaKpPOCKO-
MUYECKOI Cerperanyuu JbAa B CTPYKType OETOHHOTO
KaMHs1 OyZyT YCKOPSITh pa3pylIeHHE U3-3a ACHCTBUS
arperaTHOTO COCTOSIHUS BOJBI. B CBsi3u ¢ 3TUM HE00-
XOIMMO CTaBHUTH BONIPOC 00 OMACHOCTH MPHUMEHEHHS
10100HOTO PO/ia KOHCTPYKTUBHOT'O PEIICHUS! B JKIITHII-
HOM CTPOMTEJIBCTBE U 0 pa3pabOTKe NHHOBAIIMOHHBIX
CHOCOOO0B 3aIUTHI Y3JI0B CONPSIKEHUS TUCKA TEPEKPhI-
THUS CO CTEHON B MOHOJIMTHBIX 3AaHUAX.

HexoTopsle U3 mpeyiaraeMbIxX penieHni moxasa-
HBI Ha puc. 10. Y3en conpsokeHus AIcKa TepeKpPhITHS

Puc. 10. YerpoiicTBo 115l yTelIeHUs Hapy>KHON CTEHBI 311a-
HUS: | — JUCK IEepeKpbITHs; 2 — Hapy)KHas cTeHa; 3 —
KapKac TparneuenaanbHol (opmel; 4 — OTBEPCTHUS TOX
IH00eIb-aHKEePhI; 5 — TEIUIOU30JIAIMOHHBIN MaTepual; 6 —
caMOperyIupyeMble dIeKTpOoHarpeBaTeIbHble Kabenu

Fig. 10. Device for insulation of the outer wall of the build-
ing: / — floor slab; 2 — outer wall; 3 — trapezoidal frame;
4 — holes for dowel anchors; 5 — thermal insulation mate-
rial; 6 — self-regulating electric heating cables

co crenoii [34] (puc. 10) Hamren oTpakeHue B TPAKTH-
K€ CTPOMTENIBCTBA U BKIIOUEH B PETHOHAIBHBIC METO-
nugeckue 1okymenTsl PMJL 51-25-2015 (mepBoe u3-
nmaane), PMJI 51-25-2018 (mepensnanne) 1is yCIOBUHA
r. Cankr-IlerepOypra.

3AKJTIOYEHHUE

MogenupoBaHue TeMIepaTypHO-KINMaTHYECKIX
BozzaeiicTBuil Ha HJIC ¢parmenTa aucka mepeKphITHS
¢ epdoparmeil moaATBEpIUIIO OTTACHOCTh NPUMEHECHNUS
CYIECTBYIOIIMX TUIOB KOHCTPYKTHBHBIX PELICHUN.
OnpeneneHo, yTo Hanbosee ysi3BUMbIM MECTOM B TIep-
(hOpHPOBAHHBIX IUIUTAX SIBISTFOTCS IITIOHKH, TIOCKOJIIBKY
OHM HaXOAATCS B 30HE BIMSHUS IUKINYECKAX TEMIIe-
paryp. YCTaHOBIICHO, YTO HAHOOJbIIIass KOHIICHTPALIHS
HaNnpsDKEHUH B TAKUX IJIMTAX BOSHUKACT TPH IIIare mep-
thoparim a/b = 500/100.

Jl1s TIOBBIIIIEHNUS TEIUIOTEXHUYECKUX IMOKa3aTe-
Jeid, o0ecriedeHus] IPOYHOCTH U YCTOMYMBOCTH Y3JIOB
COIPSIKEHUN JUCKOB INEPEKPBITUN CO CTEHOU pac-
CMaTPUBAETCS CHCTEeMa KOHCTPYKTHBHBIX PELICHHH,
Ha KOTOPBIC MTOTyYEHBI ITATEHTHI Ha MOJIE3HBIC MOJICIIH.
[Ipennaraercsa npUMeHEHHE YCOBEPIICHCTBOBAHHBIX
1 HOBBIX TUIIOB KOHCTPYKTUBHBIX pelieHuil. Hanpu-
Mep, Pa3HUIy B HANPSKEHUAX BO3MOXKHO KOMITCHCH-
POBaTh MPH MOMOIIN KOHCTPYKTUBHBIX MEPOIIPHUSATHIH,
OIlMCaHue KOTOPBIX MPHUBOANUTCS B psiie MyOIuKaiuii
[6, 7, 34].

OTH NPEUIOKEHNS TTO3BOJISAIOT PEIINTh IPUHIIN-
MTUAJIBHBIC BOIPOCHI, CB3aHHBIC C ITOBBIIICHUEM JKC-
IUTyaTal[HOHHBIX KaueCTB IPAXKAAHCKUX 3TaHUMH.
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