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E-mail: Khrustalyov B.M.@tut.by

B cTaThe paccMOTpeHBI MOAEIUPOBAHNE U UCCIEA0BAHHE a3POINHAMUIECKHX MTPOLIECCOB
Ha y4acTKaxX INPOCTPAaHCTBAa (BKIIOYAOIIUX TPYMIY CIPOUTEIBHBIX COOPYXKEHHH CIOXKHOM
KOHGUrypalMu A7 Pa3IUYHbIX PEKUMOB KaMeIbHBIX H BO3AYILIHBIX TIOTOKOB M TEMIEpaTyp-
HBIX YCJIOBHI) U B CTPOUTENIBHBIX COOPYKEHHUAX CIOXKHOI KOHGUrypauuu (i pasIMYHbIX
PEKNUMOB OTOIUICHHS M BEHTWIALMH). Pa3paboTaHbl CHENMaIN3HPOBAHHBIE NIPOrPaMMBI IS
pellIeHUs HHHOBAIIMOHHBIX 33/1a4 B 00JIACTH TEIUIO- U MacCOOOMEHa B TPEXMEPHOM HPOCTpPaH-
CTBE JaBJICHUH — CKOpocCTeil — TemiepaTyp 00ObeKTa.

OO6nacTh MPUMEHEHHUS! ITHEBMOOTIOPHBIX 00BEKTOB — CTPOUTENILCTBO U MOKPHITHE TEHHHC-
HBIX KOPTOB, XOKKEHHBIX IUIOLIAZ0K, OACCEHHOB, a TaKKe BBICTABKH, LIMPKH, Kade, akpamap-
KH, KHHOCTYAUH, MOOUJIbHBIC O0BEKTH MCAUITMHCKOTO Ha3HAYCHUSI, aHTaphl, Fapaskd, CTPOH-
TEJIbHBIC TUIOIIA/IKH, CTAHIIMHK TeXOOCTY)KHBaHHs U T. 1. JJOCTOMHCTBAaMHU TaKUX OOBEKTOB 5IB-
JSIFOTCSL BO3MOXKHOCTh U MPOCTOTa MHOTOKPAaTHOTO MOHTa)ka M JAeMOHTaxa. VX mmpokoe
BHEJIPCHUE OIIPE/ICISIETCS TEMIIEPATyPHO-BIAXXHOCTHBIMH YCIOBHSAMU 10/ 000JI0YKOH.

AHQJIUTHKO-PAcUeTHbIE UCCIICIOBAHUS, HATYPHBIC 00CIICNOBAHUS TEIUIO- U MAaCCOOOMEH-
HBIX TEPMOJMHAMHYECKHX [apaMeTpoOB, MHOTO(AKTOPHBIX IPOLECCOB BO3AYIIHOH Cpenbl B
ITHEBMOOIIOPHBIX 00BEKTaX, NX 000JI09KaX, B ITMPOKOM JHANa30He KINMATHIECKUX ITapaMeT-
poB Bo3myxa (sHBapb — AekaOpp) B PecmyOnuke bemapych, B pa3nudHBIX reorpaduvecKux
MAPOTAaX MHOTHX CTPaH IOKA3alli, YTO Tpefel BO3MOXKHOCTH ONTHMH3AIMH OT BETPOBBIX
Harpy3oK, MOTOKOB TEIIOTHI, aKyCTHIECKHAX BO3/IEHCTBHI OECKOHEUEH (CIIOPTHBHEIE, JKUITBIC,
NPOMBIIIICHHBIE, CKIAACKHE, BOCHHBIC TEXHUYECKHE CIHHHIBI (TaHKH, CAMOJIETHI U T. 1.)).
B mpomomkenne K MOJICTHPOBAHUIO KOHBEKTUBHBIX MOTOKOB B ITHEBMOOIIOPHBIX OOBEKTax
(wactp 1) mpencraBieHs! MPOLECCH ¢ Goiee BHICOKMMH IHHAMHYECKAMHE ITapaMeTpamMi BO3-
JIYIIHBIX MOTOKOB JUISL XapaKTEPHBIX Pa3MEpOB MHEBMOOIIOPHBIX OOBEKTOB, IIPOBECH PacueT
MoJIel CKOPOCTEH, TeMIIepaTyp, JaBICHHN ¢ YBEITHYCHHOM 10 5 M/C CKOPOCTBIO MOCTYIICHUS
BO3/yXa Yepe3 MPUTOYHBIE OTBEPCTHUS B pa3IMdHble MOMEHTH Bpemenu (20, 100, 200, 400 c).
Pacder ocymiecTBISsIICS ¢ WCIONB30BaHUEM DPa3pabOTaHHON MaTeMaTHYECKOM MOJENH IMpo-
L[ECCOB KOHBEKIINH, TEIJIO- H MacCOOOMEHa B HEOTPAaHUIEHHOM IIPOCTPAHCTBE HA OCHOBE 3a-
KOHOB COXPaHEHHs HMITyJIbCa, HEPa3pBIBHOCTH, TEIIONPOBOIHOCTH M TPAHWYHBIX YCIOBHUH
JUTSL THEBMOOTIOPHBIX 00BEKTOB, MO3BOJISIONINX aHAM3UPOBATH M PACCUUTHIBATH TEIIOBBIE H
KOHBEKTHBHBIE IIOTOKH B TPEXMEPHOM IPOCTPAHCTBE (JacTh 1).

KnioueBble cjioBa: MHEBMOONOPHbIE OOBEKTHl, KOHBEKTHBHbIE MOTOKH, TEILIOTa, 000-
JIOYKHU, CKOPOCTh, TEMIIEpaTypa BO31yXa, AaBJICHHE, TEIUIO- U MAaCCOMEPEHOC.

Wn. 6. bubmuorp.: 12 nass.

* Hauaio ctateu (4acTh 1) 3TuX 5xe aBTOpoB cM. B Ne 4/2014 T.


http://nasb.gov.by/rus/members/academicians/khrustalyov.php

MODELING OF CONVECTIVE STREAMS
IN PNEUMOBASIC OBJECTS

Part 2

KHROUSTALEV B. M., AKELYEV V. D,,
MATYUSHINETS T. V., KOSTEVICH M. F.

Belarusian National Technical University

The article presents modeling for investigation of aerodynamic processes on area sections
(including a group of complex constructional works for different regimes of drop and wind
streams and temperature conditions) and in complex constructional works (for different
regimes of heating and ventilation). There were developed different programs for innovation
problems solution in the field of heat and mass exchange in three-dimensional space of pres-
sures-speeds-temperatures of objects.

The field of uses of pneumobasic objects: construction and roof of tennis courts, hockey
pitches, swimming pools , and also exhibitions’ buildings, circus buildings, cafes, aqua parks,
studios, mobile objects of medical purposes, hangars, garages, construction sites, service sta-
tions and etc. Advantages of such objects are the possibility and simplicity of multiple instal-
lation and demolition works. Their large-scale implementation is determined by temperature-
moisture conditions under the shells.

Analytical and calculating researches, real researches of thermodynamic parameters of
heat and mass exchange, multifactorial processes of air in‘pneumobasic objects, their shells in
a wide range of climatic parameters of air (January — December) in the Republic of Belarus,
in many geographical latitudes of many countries have shown that the limit of the possibility
of optimizing wind loads, heat flow, acoustic effects is infinite (sports, residential, industrial,
warehouse, the military-technical units (tanks, airplanes, etc.)). In modeling of convective
flows in pneumobasic objects (part 1) there are processes with higher dynamic parameters
of the air flow for the characteristic pneumobasic object, carried out the calculation of the
velocity field, temperature, pressure at the speed of access of air through the inflow holes up
to 5 m/sec at the moments of times (20, 100, 200, 400 sec). The calculation was performed
using the developed mathematical model of convection processes, heat and mass exchange
in unlimited space based on the laws of momentum conservation, continuity, thermal conduc-
tivity and the boundary conditions for pneumobasic objects which allow analyze, calculate
thermal, convection streams in three-dimensional space (part 1).

Keywords: pneumobasic objects, convective streams, heat, shells, speed, air temperature,
pressure, heat and mass exchange.

Fig. 6. Ref.: 12 titles.

Jlyis MoenpoBaHusi KOHBEKTHBHBIX ITOTOKOB B ITHEBMOOTIOPHBIX O00BEKTaX
paccMoTpeH citydaii ¢ Oosiee BHICOKMMH (DM3WYECKUMH TapaMeTpaMy BO3.IYII-
HBIX TOTOKOB; [IJIi KOTOPBIX BBIMIOJIHEH PacyeT IMOJeH CKOpPOCTeH, TeMIepaTyp
U JABJICHUH C YBEJIMYECHHOU 1O 5 M/C CKOPOCTBIO MOCTYIUICHHUS BO3AyXa 4yepes
IIPUTOYHOE OTBEepCTHE. B oTiimdme oT paboT, OCHOBBHIBAIOIIMXCS HAa IByMEp-
HBIX YHCJCHHBIX JKCIepuMeHTax [l1—0], aBTOpBHI BBINMOMHSIM HCCIEAOBAHUS
C WCTIOJH30BAaHUEM MAaTEMaTHIECKON MOJEN IPOIECCOB KOHBEKIIUH, YPOBHEH
COXpaHEHUs HUMITYJIbCA, HEPa3pPhIBHOCTH, TEIUIONPOBOJHOCTH M TPaHUYHBIX
yciioBuii 3-ro pojia B ITHEBMOOIOPHBIX 00BEKTaX, MMO3BOJIIONICH peain30BaTh
pacyeTsl TEIUIOBBIX U KOHBEKTHUBHBIX IMOTOKOB B TPEXMEPHOM MPOCTPAHCT-
BC. MO}IGHI/IpOBaHI/Ie KOHBEKTHBHBIX IIOTOKOB OBIIO PacCMOTPEHO B YaCTH 1
crateu [7].

[Tons ckopocteld, TeMnepaTyp U JaBICHUN aHATM3UPOBAIHU MPHU CIEAYIOLIUX
Ha4daJIbHbIX TCPMOAMHAMUYCCKUX IMapaMETpax BO3ayxa:
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t(t=0) =18 °C; wy(t = 0) = 0 m/c; Wy(t = 0) = 0 M/c;
W,(t = 0) =3 m/c; p(t = 0) = 1,2 xr/m’.
B xaudecTBe rpaHUYHBIX YCIOBUI MPUHSTHI:
to1 =10 °C; Wy o1 = 0 M/c; Wy o1 = 0 M/C; W, 01 = 3 M/C; po1 = 1,2 Kr/M>;
taz = £ Wy o = Wy Wy 02 = Wy; W, 0 = Wy; pop = 1,2 KT/M;
tos = 30 °C; Wy g3 = 0 M/c; Wy g3 = 0 M/C; W, 03 =5 M/C; pos = 1,2 KT/M;
tos = 30 °C; Wy gs = 0 M/C; Wy g4 = 0 M/C; W, 04 = 5 M/C; poa = 1,2 Kr/M>;
toi = 18 °C; Wy i = 0 M/c; Wy oi = 0 M/c; W, i = 0 M/C; pos = p,

rae Qg Q,, Q3, ) — 0051aCTH NPUTOYHBIX YIACTKOB JUISI BO3AYXOMOTOKOB; () —
BHYTPEHHSIS TIOBEPXHOCTH 000J109KH (pHC. 1).

ﬂ ﬂ

Q, Q,

Puc. 1. Mozesnb THEBMOOIIOPHOTO 00bEKTa

Hcronb3oBaiid  CIIEAYIOIIUE TETUIO(PHU3MICCKHE XapaKTEPUCTHKH BO3YII-
HOM cpembl [3, 8-12]: MaccoByrw, VYACIBHYIO H300apHYI0 TEIIOEMKOCTh
¢ = 1006 Ix/(xr-K); xoaddunuent temmonposogHoctu A = 0,0257 Bt/(m-K);
maoTHOCTS p = 1,2 kr/M’.

MogenupoBaHue MPOIECCOB TEIUNIOOOMEHA B THEBMOOIIOPHBIX OOBEKTAX pe-
aNM30BaHO TPY MOMOIIM CHEIMAIBFHOIO MPOTPAMMHOTO MOJIYJS IS pacdera
MoJjiel CKOpPOCTEH, TeMIepaTyp U JIaBIICHUN BO3/yXa B Pa3jiWyHble UHTEPBAJIbI
BpeMeHH. [lons TepMoAMHAMUYECKHX XapaKTEpUCTHK Bozayxa W, P, t, paccunraH-
HBIE TSl MHTEPBAJIOB BPEMEHH, COOTBETCTBYIOIIHNX 3TallaM B IIEPBOH YacTH MCCIIe-
nmosauus (20, 400 c¢), B XapaKTepHBIX CEYCHHUSIX ITHEBMOOIIOPHBIX OOBEKTOB IPH
CKOPOCTH MPUTOYHOTO BO3IYIIHOTO IOTOKA 5 M/C TIpeicTaBIeHk! Ha puc. 2-5.
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a — CKOpOcCTeif; 0 — TaBICHHI; B — TEMIIEpaTyp
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Puc. 3. PacnipenesneHne pacueTHbIX IapaMeTpoB B MOMeHT BpeMeHHd 100 ¢ mpu CKOPOCTH MOCTYIUICHUs BO3ayXa S M/C B MOJISX:
a — CKOpOCTeif; 6 — TaBJICHHH; B — TEMIIEpaTyp



a 6
Ckopoctsb (z = 21,3) Ckopocrtb (X = 11) Jasnenue (2 = 21,3) |

— . l Ckopocrts (X = 35) | :

CKOpOCTh
(y=1,32)

._ 'ﬂ JlaBnenne
AR - 2

- AT

b il (x=59)

Hasienue (y = 1,32)

Cxopoctb (X = 59) |

[T TR LR B 70 ¢

Temmneparypa (z = 21,3) I/ :

Teurenerypaie 59 CRLAL

| aa——

Puc. 4. PacupenesnieHre pacyeTHbIX TapaMeTpoB B MOMeHT BpeMeHu 200 ¢ B XapaKTepHBIX CEUCHHUSIX MPU CKOPOCTH MOCTYIICHHS BO3AyXa S5 M/C B MOJIAX:
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Puc. 5. Pacnipenienienne pac4eTHBIX TapaMeTpoB B MOMEHT BpeMeHH 400 ¢ B XapaKTepHBIX CCUCHUSIX TP CKOPOCTH MOCTYIIIIEHHS BO3AyXa 5 M/C B MOJIAX:
a — CKOpocCTeif; 0 — TaBICHHI; B — TEMIIEpaTyp



AHanu3 JaHHBIX, MOJNYYEHHBIX MO pe3ylbTaTaM MaTeMaTHYECKOrO MOJEH-
POBaHHA MPOLIECCOB KOHBEKITMH THEBMOOIIOPHOTO 00BEKTa, MOKA3bIBAET, YTO HA
HayYaIbHBIH MOMEHT BPEMEHH TI0JIe TEMIIEPATYp B 00JIACTH UCTOYHUKOB HArpeBa
nMmeeT 3HaueHue nopaaka 30 °C. B To jxe BpeMsi CKOPOCTh BO3AyXa H3MEHIETCA
B uHTepBaie oT 1 ;o 5 M/c. B obOnmactu mocTymieHHss XOJIOTHOTO BO3IyXa
HaO0JII0IaeTCsl TIOTOK €O CKopocThio 1-3 M/c u Temmeparypoit 10 °C. Tlo mepe
MOCTYIUIEHUS] TEIUIOTO0 BO3/AyXa OH HAYMHAET CTENUTHCA MO MOTOJKY, OIHA-
KO MHTEHCHUBHOCThH JAHHOTO IMPOIIEcca HMUKE, YeM B TIEPBOM PACUETHOM CIydae,
CO CKOPOCTBIO BO3AYLIHOTO MOTOKa 3 M/C, OHHOBPEMEHHO C 3TUM HOTOK XOJIO[-
HOTO BO3JlyXa pacTeKaeTcs 1o IJIoCKocTH mona. Ha cienyromiem MoMeHTe Bpe-
MeHu (pacueTHoe BpeMs coctamisger 100 ¢) orMedaercs ClaOOMHTCHCUBHBIN
MPUPOCT 3HAYCHHUS TABJICHUS BHYTPH ITHEBMOOIIOPHON KOHCTPYKIUHU (TIPUMEPHO
Ha 7 kl1a). [Ipu 3TOM pacnpesesieHue TEIIOro BO3yxa B BEpXHEH 4acTu 00heK-
Ta WMEeT HEPaBHOMEPHBIM XapakTep. B IEeHTpalbHOW 4YacTH ITHEBMOOIOPHO-
ro oObekTa oTMe4aeTcs oOpa3oBaHHME 00JaCTH IOBBIINICHHOW TEMIIEPATYPhI
Bo3ayxa (20-21 °C).

Mowment BpemeHun 200 ¢ oTMeEYaeTcs HEKOTOPBIM MPUPOCTOM JIaBICHUS
BHYTpH KOHCTpYKIuH (mpumepHo Ha 2 k[la). Kondurypaims ckopocTHBIX TIOTO-
KOB H3MEHSIETCs! CIOKHBIM 00pa3om. Terublii Bo3ayx Oosiee paBHOMEPHO pac-
npeznenseTcs BIodb noTonka. OO0pazoBaBmIasicst Ha IPebIAYIIEM dTare 00IacTh
TOBBIIICHHON TeMIIepaTyphl MOJ NEHCTBUEM MOCTYMAIOIIETO TEIJIOr0 BO3AyXa
13 [EHTPAIHHON YaCTH CMEIIAeTCs K BEIXOHOMY IIPOEMY.

K pacuetHomMy MomeHTy BpemeHu 400 ¢ HacTymaeT cTa0MIn3anus 3HaAUCHUS
JaBJICHUS BHYTPH ITHEBMOOIIOPHOTO 0OBekTa. [lo cpaBHEHHIO ¢ MpeapIIynuM
MomMeHTOM BpemeHHu 200 ¢, IpOUCXOANT HEe3HAUNTEIbHOE N3MEHEHNE KOH(HUTY-
pamMy CKOPOCTHBIX IIOTOKOB BO3AyXa BHYTPH ITHEBMOOIIOPHOTO OOBEKTA.
Ha nanHoMm sTamne TemmepaTypHOe MoJjie BHYTpU O00BEKTa yXKe MPAaKTUYeCKH He
Mmenstercs. To ectb Ha MoMeHT BpemeHH 400 ¢ cucrtema npullia B COCTOSHHUE
JMTHAMHIYECKOTO PaBHOBECHSI.

I'paduky mM3MeHEHUs TeMrepaTypbl B BBIIEIEHHBIX TOYKaX MPOCTPAHCT-
Ba ITHEBMOOIIOPHON KOHCTPYKIIMH TPUBEACHBI Ha puc. 6. M3 rpadukoB BuI-
HO, YTO TEMIIEpaTypa BO3dyxa BHYTpHM OOBEKTa paclpeesieHa TakkKe J0CTa-
TO4YHO HepaBHOMEpHO (16-21 °C) kak 1O BBICOTE, TAK M B TOPU3OHTAIBHOM
CEYCHHUU.

& 107, °C |-

< B

i==b
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181

Puc. 6. I'paduieckre 3aBUCIMOCTH TEMIIEPATypP B Pa3JIMUHBIX TOYKAX IIPOCTPAHCTBA

ITHEBMOOIIOPHOTO 00BEKTa IPH CKOPOCTH MOCTYIUICHUSI BO3[yXa 5 M/C

1,7 ford :
1,5
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Ha Bxone B MHEBMOOTIOPHBIH OOBEKT CKOPOCTh BO3AyXa MPUHUMAIH 5 M/C,
TeMmIeparypa 1o BepTukaim (oceBast 001acThb, TOUKa 1) B MHTEpBanax BpeMEHHU
ot 120 mo 400 ¢ m3mensack ot 18,3 mo 10,0 °C (puc. 6). Pe3ynbrarel HaTypHO-
9KCIIEPUMEHTAIBHBIX 00CIEOBAHUNA MPH TEX K€ HAYAIbHBIX TPAHUYHBIX YCIIO-
BUSIX aHAJOTHYHBI. MakcumanbHble Temnepatypsl (20; 19; 5 °C) umeroT mecto
yepe3 70 u 400 ¢ y BHYTpeHHEW MOBEPXHOCTH 000I04KH (TOuKa 3). YUncieHHbIC
3HAYEHUS TEMIIEPaTyp, HOITyUYeHHbIE U3 PE3YIbTaTOB UX KOMIIBIOTEPHOTO MOJIe-
JTUPOBAHMS, TOKA3ald, YTO B MTHEBMOOMOPHOM O0BEKTEe OHHM (YyHKIIMOHAIIEHO
CBSI3aHBI C MPOJOJKUTEIBHOCTHIO H CKOPOCTBIO MOCTYIJIEHNST BO3AYXOIMOTOKOB,
UX TEOMETPHYECKUMHU pa3MepaMH.

BBbIB O 1 bl

1. B momenT Bpemenu 20 ¢ mojis TeMIlepaTypsl B 00JIACTH HarpeBaTeliei
paBubl ~#30 °C; CKOpOCTH BO3yXa U3MEHAIOTCSA OT 1 10 5 M/c; B 00aCTH MeHEee
HarpeToro Bo3ayxa ckopocTu paBubl 1-3 m/c. [Ipu Temmeparype 10 °C moro-
KM TEIJIOro BO3[AyXa IHEpeMeLIaloTcs K BHYTPEHHEH IIOBEPXHOCTH 000JI0YEeK
C MEHbIICH MHTEHCHBHOCTBIO 10 CPaBHEHHUIO C pe3yjbTaTaMH HCCIIeIOBaHUH,
HpeICTaBICHHBIMH B IEPBOil YaCTH CTAThU [7], a XOJIOJHOTO — K TOBEPXHOCTH.

2. Jlns maTepBana Bpemeru 100 ¢ xapakTepHO yBeTHYEHHUE AAaBICHUS BO3IY-
Xa B MTHEBMOOIOpHOM 00bekTe mpumMepHo Ha 7 klla. Bomee nHarpersiii BO3oyx
HEPaBHOMEPHO paclpenensieTcsl Y BHYTPEHHUX TMOBEPXHOCTEl 00070Y€eK; B UX
NEHTPATLHON YacTH TeMIiepaTypa yBenuunaetcs 10 20-21 °C. B momeHT Bpe-
menu 200 ¢ gaBnenue B 00bekTe moBsIaercs npumepHo Ha 2 klla. K 400 ¢ ot-
MedaeTcs CTa0WIN3alus AaBICHUS B ITHEBMOOMOPHOM OOBEKTE OTHOCHTEIBHO
MomeHTa BpeMeHu B 200 ¢, KOH(GUTYpauus CKOPOCTHBIX ITOTOKOB M3MEHSIETCS
HE3HAYNTEIhHO, a TeMIepaTypHbIX — cTabmibHa; kK 400 ¢ cuctema cTpeMHUTCS
K COCTOSIHUIO IMHAMUYECKON YCTOMUUBOCTH.

3. IIpodwm OTOKOB CKOPOCTEH 3aBHCAT OT MHOTHX (DaKTOPOB, HAIpUMED
TEIUIBIA BO3MyX 0ojee paBHOMEPHO paclpelesseTcsl y IOBEPXHOCTU 000I0UKHY,
0071acTh ¢ 00Jiee BBICOKUMH TeMIIepaTypaMH U3 LEHTPaIbHBIX 00hEMOB CMeIla-
eTcs K yJacTKaM, I/Ie IPOUCXOIUT yIalIeHUE BO3AyXa.

4. I'padoaHanuTHIECKNE HCCIEIOBAHUS [TOKa3ald, YTO B 00beMax IMHEBMO-
OTIOpHBIX 00BEKTOB TEMIIEpaTypHbIE MOl Bo3ayxa TpexmepHsbl (16-21 °C) kak
B BCPTUKAJIbHBIX, TaK WU B T'OPHU3OHTAJIbHBIX CCUCHHUAX. O6J13CTI/I, B KOTOPBIX
TEMIIepaTyphl U CKOPOCTH U3MEHSIOTCS] HE3HAUUTEIIbHO, BOSHUKAIOT BCIIEICTBUE
Hea(pPeKTUBHOTO (HYHKUIMOHUPOBaHMSA cUCTeM BeHTWIIuuu. llokaszaHo, 4TO
CKOpOCTh IIOTOKa BO3/yXa 5 M/C depe3 MPUTOYHBIC CEUeHHs CIOCOOCTBYET pe-
JIAKCaLlUU TEMIEepaTyp B 0OBEKTE 32 MEHBIINNA HHTEPBAI BPEMEHH.

5. BbINOTHEHB! pacyeTsl NPOCTPAHCTBEHHOIO PACHpENeIeHUs] TeMIeparyp,
CKOpOCTEH M AAaBIECHUI BO31yXa B pa3jM4HbIE MHTEPBAJIbl BPEMEHU ISl JIBYX
BapHaHTOB I10Ia4YH BO3/1yXa C IOMOIILIO HArHETaTeNlNe! 3alaHHON MOIITHOCTH.
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