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Dopmu  nosepxoHv  PYHOAMEHMi6-000IOHOK HACMINbKU PISHOMAHIMHI, 5K 3a
2e0MemPUYHOI0, MAK I 3a KOHCMPYKMUBHOIO O3HAKAMU, WO 6010010Mb NPUHYUNOSUMU
ocobusocmaAmMU Y 63A€EMO0Ii 3 IPYHMOBOW OCHOB8010. Edexmusnicms 6 nidguweHi
Hecyyoi 30amuocmi 1 3HUdCceHi Oeghopmayill OCHO8U HAUOLTLWL BUPAdICEHT O0/A
KPUBOMIHILHUX O IOHOWEHHIO 00 IDYHIY NOBEPXOHL | NOMPebye NOOANIbUO20 6UEUEHHS.

The use of shells as foundations has attracted significant scientific and practical
interest around the world. Previous studies have proven their higher bearing capacity
and lower draft compared to solid slab foundations. Shell foundations are also more
effective in situations involving the transfer of significant loads to weak foundation soils,
as well as for structures that accept large wind and seismic loads, such as
telecommunication and silos, chimneys, and others.

The need to know modern constructive solutions for foundations-shells, their
behavior under the influence of an increasing load in a complex stress-strain state on
various foundations, makes the task of studying, systematizing and developing their
effective practical application urgent.

The article explores the experimental and theoretical studies of foundations-shells
round in terms of various structural schemes on various soil foundations. Experimental
models are considered that were loaded with a concentrated force at the center of the
conical shell, as well as along the support ring of the spherical shell. For a spherical
foundation-shell, the effect of edge restraint on the stress-strain state has been studied.

The results of tests on wire-reinforced KF-O models under the action of a
concentrated force showed rather high values of the ultimate load. An increased height-
to-radius ratio (f / r2) for the foundation body from 0.25 to 0.75 increases the final load
of the foundation by about 15%. The tapered shell can perfectly withstand the smaller
random load eccentricities (through unpredictable torque) that can occur in practice.

On EM Nel it was found that more than 75% of the total subsidence of a round slab
is localized in the surface layer 0.6 meters deep (0.5D). The boundary of the deformation
zone slightly exceeds 2D. For F-O, more than 60% of the total subsidence is localized in
the surface layer with a depth of 0.4 meters (0.3D), and at a depth equal to D, up to 75%
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of the total subsidence is localized. The boundary of the deformation zone is 1.4D.

The analysis of the results of experimental studies to determine the ultimate loads
on models of reinforced concrete round foundations-shells on different soil foundations
for various structural schemes is carried out. Experimental models modeling the
foundations-shells on which the columns of buildings and structures rest, as well as
models of tower structures, where the load is applied to the outer ring support, are
considered. In each case, a comparison is made with round slabs and shows the
advantage of shell foundations.

Knrouosi cnosa: ¢ynoamenmu-o00n0HKYU, ONOpHe Kinvye, IPYHMOBA OCHO84,
00CniOHT MoOeli, cxemMa mpilyuH.

Keywords: shell foundations, support ring, soil base, research models, scheme of
cracks.

Beryn.  AkTyandbHMM — 3aBJAaHHAM €  TIIBUIICHHS  e(QEKTHBHOCTI
(byH1aMEeHTOOYIyBaHHS IUISIXOM 3aCTOCYBaHHS HOBUX KOHCTPYKTHBHUX (DOPM i
nporpecuBHUX MarepianmiB. /i OyniBedab 3 pEryispHOI KOHCTPYKTHBHOIO
CXEMOIO 1 OCECHUMETPUYHHUX CIIOPYA, TaKUX SK JAUMOBI Ta NMPOMHCIOBI TPyOH,
BEXIi, TPAIUPHI, 116 MOXKE TOCATATUCS 3aCTOCYBAaHHSIM (yHIAMEHTIB-000JI0HOK
(®-0O), mo mpencTaBIAOTH COOOI0 OMOPHHWHA KOHTYp, Ha SKUH CHHPAETHCS
cropyza, i TOHKOCTIHHY KPHBOJIHIHHY OOOJIOHKY, IO CHpHusie poOOTi BCHOTO
MacHBY IPYHTY IIiJi CHOPYIOIO.

AHaJIi3 ocTaHHIX JociiKeHs Ta myoaikanii. Bukopucranus 00010HOK
B SIKOCTI (DyHIAMEHTIB NPHUBEPHYJO 3HAYHUN HAYKOBO-TIPAKTHYHHH IHTEpeC y
BChbOMY cBiTi. [lomepenHiMu JOCHTIHPKEHHSIMH  OBEICHO IX OLIBII BHCOKY
Hecydy 3[aTHICTh 1 MEHII OCiIaHHs y MOPIBHSHHI 3 CYHUUIbHHUMH IUTUTHUMH
¢yanamenTamu. DOyHIaMEHTH-OOOJIOHKMA OuTbII S(pEKTHBHI 1 B BHIAIKaX,
MIOB'I3aHMUX 3 TepeAadelo 3HaYHWX HAaBAaHTAXXEHb Ha cialbKi IPYHTH OCHOBH, a
TAaKOX JUIi CIOpYy[J, IIO CHPUIMAalOTh BEJIMKE BITPOBE Ta CeHCMidHe
HABaHTaXXCHHS, TAKUX SK TEJICKOMYHIKAILIHHI 1 CHIIOCHI OallTH, TUMOBI TpyOH
Ta iHIII.

CyuacHi pyHIaMEHTH SBISAIOTH COOOI0 THYUKI 3a1i1300€TOHHI KOHCTPYKIIIT:
NepeXpecHi CTPIYKH, IUIUTH, 000JNOHKM [1]. ¥V TakmxX KOHCTPYKIIsSX BXKE B
eKCIUTyaTalliiHiil cTafil NONMyCKaeThbCs PO3KPUTTS TPIIIUH Yy PO3TATHYTHX
30HaX, L0 J03BOJISIE BUKOPHCTOBYBATH BJIACTUBOCTI MilHOCTI apmarypu. [Ipu
IbOMY HIMPUHA TPIIIMH 0OMEXYETHCS TaK, 0O BOHM HE OyNIn HEOE3MedHi IS
KOHCTPYKIii. Pe3ynbTraTé excrnepuMeHTiB MOKa3yloTh, IIO Aedopmarii 3ruHy
KOHLIEHTPYIOTBCSl B 30HaX 3 TPILIMHAMH, BHACIIJIOK YOTO B I[MX 30HAX 3HAYHO
3MEHIIYETHCS KOPCTKICTh KOHCTPYKIii, IO BIUIMBA€ Ha PO3MOAUI 3yCWIb Y
¢ynnamenti. Po3pobka Moneneit GpyHIaMEHTHUX KOHCTPYKIIiH, 110 BPaXOBYIOTb
HEJHIHHI BJIACTUBOCTI 3aii300eTOHY, 1 IPYHTy OuIBII MOBHO BiTOOPa3HUTh
IIpoLeC CHiJIBHOT pob0TH B Ipolieci ekcruryaTanii [2].
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Opna 3 akTyaJbHUX MPOoOIeM MPOeKTyBaHHS (YHIAMEHTHUX KOHCTPYKIIIH
y CKJIQJIHUX IPYHTOBHX YMOBaX - BH3HAU€HHS TI'PaHUYHMX JAehopMariifHuX
BIUIMBIB /I TEBHOTO BHAY (YHAaMEHTY TpH 33aJaHUX CHJIOBUX
HaBaHTaxeHHHsX [3]. Taky 3amauy MoOXHa pO3B’s3yBaTH, IMOCTYIOBO
30UIbInyI0uM AedopMaliiiHi BIiIMBH Ha (yHIaMeHT (301NbIICHHS KPUBU3HH,
Haxwiy, OCiJjaHb, pPO3MIpiB ycTymy, Jiamerpa mnposaiiB). DyHIamMeHTHi
KOHCTPYKIIi CIiJi TPOEKTYBaTH 3 TAKUMH pPO3MipaMH, W00 BiIHOUICHHS
YKOPCTKOCTEH IUIMTH W OCHOBH BiNIMOBiNaN0 HAWOULTBINA HECywidl 3maTHOCTI
IUINTH, Y IbOMY BHIIAJKy HAWIOBHIIIE BHKOPHUCTOBYIOTHCS HECYdi 3IaTHOCTI
€JIEMEHTIB CHCTEMH.

B poGoti [4] po3risAmaroThCS THUTAHHS YHCEIHHOTO MOICTIOBAHHS
OocecHMETpHYHUX  (PyHIaMeHTiB-0OOIOHOK HA TPYHTOBIH OCHOBI  mpH
M03aIleHTPOBOMY HaBaHTakeHHI. [IpencraBieHO MOpPIBHAHHS iX 3 poOOTOIO
IUIOCKUX KPYIJOro Ta KinblieBoro (yHAaMeHTIB. MarepialoMiCTKICTh
(GbyHIaMEHTY-000JIOHKH CTaHOBHUTH 36% Bijl IUIOCKOTO KPYTJI0ro GpyHAaMeHTy i
79% Biz KinbLEeBOro GpyHIaMeHTy.

Hini i 3aBanHA. BukoHAaTH aHaNi3 HOBHX JOCHIHKEHb 10 BU3HAYCHHIO
IPaHUYHUX HABAHTAXKECHb JUISl EKCIIEPUMEHTAIBHUX MOJENeH 3ayi3006TOHHUX
KpPYIiux (QyHIAMEHTiB-O0OJIOHOK Ha pI3HMX IPYHTOBHX OCHOBax 1 pi3HUX
KOHCTPYKTUBHHX CXEM.

OcnoBHa yactuHa. KOHCTpYKTHBHI pileHHsA (QyHIZaMEHTiIB-000IOHOK
IOCTIMHO BJOCKOHAIIOIOTECA. BHU3BaHO 1€ HEOOXIAHICTIO 30UIBIIEHHS
radapuTHUX  pO3MIpiB  CIOPYA, a  TakoXX  OTPUMAHHSAM  HOBHUX
eKCIIEPUMEHTAIbHO-TEOPETUIHNX ~ PE3YJbTAaTiB 1  BIPOBAPKCHHAM B
OyIiBHHLITBO HOBHX Ha/IMIIIHUX MaTepialis.

B pobori [5] BuBuUaNM TpaHWYHY HECydy 3AaTHICTH KOHIUHHX
¢dbynnamenTiB-o6on0HoK (K®-O) Ha HeapMOBaHOMY Ta apMOBaHOMY IIiCKy 3a
JIOIIOMOT'010 J1aOOPAaTOPHUX MOJENBHUX BHUIPOOYBaHb. J[isi BUBUEHHS BILTUBY
TOBUIMHU OOOJIOHKM Ha TpaHUYHY HECydy 3/4aTHICTh BHTOTOBIICHO Ta
BUIIPOOYBAaHO TPU THUIM KOHIYHUX MOJENBHHX 000JOHOK (puc. 1, Tabm. 1).
[NopiBHAHHA BUKOHYBAJIOCS 3 KPYIJIO0 (DYHAAMEHTHOIO TIHTOIO.

OtpumaHe rpaHHMYHE HABAHTAXXEHHS JJISI OCECHMETPHYHHMX BUIPOOYBaHb
HaBeJEHO B Ta0IMII 2.

Tabmums 1

Po3mipu onopHux Mojene

H1 H2 S a t b c a,
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | rpan.
KDO-1 80 80 40 42 42 160 0 53
KDO-2 64 96 40 58 42 160 12 53
KDO-3 39 121 40 83 42 160 31 53
IlmuTa — — — — 42 — 160 0

Tun
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Puc. 1. 'eomerpuuHi po3Mipu KOHIUHUX 3aii300eToHHUX Moaenei d-O 3
KIJIBIIEBOIO OAIKOIO Ta 0e3 Hel

Tabnuns 2

I'paHnvHe HABAHTAKCHHS U1 OCECUMETPUYHUX BUIIPOOYBaHb KOHIYHHUX
3aim300eToHHNX Moneneit -0

Tun pyHnamenty
K®O-1 K®O-2 K®O-3 [TmuTa
I'pannune
HaBaHTaxeHHS (N) Ha
HEapMOBaHOMY MICKY 4750 3800 3400 3100
apMOBaHOMY TiCKY 6300 4800 4400 3750

Benuka kinbkicth 3paskie K®-O Oyna posrisiHyra B pobGoti [6], e
BUBYAIM TPaHWUYHY HECydy 34aTHICTb Mojeneil (puc. 2) BHKOHaHUX 3
peakTuBHOTO mOpomKkoBoro Oerony (RPC) 3a momomororo mabGopaTopHHX
MOJIETIbHUX BUTIPOOYBaHb. JlaHe nociipkeHHs OyJo crpsMoBaHEe HA BUBUCHHS
RPC sk wMarepiamy, IO BHKOPHUCTOBYeThCS i moOymoBu D-O.
ExcriepuMeHTanbHi  BUNPOOYBaHHS TNPOBOJMIIMCS JUIS BUBUCHHS BIUTUBY
00'eMHOTO criBBiiHOMIEHHS cTaneBoi ¢piopu (V¢), BMICTY NPOLEHTY KpEMHE3EMY
(Sf), 3MiHH EKCIIEHTPUCHTETY Ta MigioMy OOONOHKM 10 paniyca 6a30BOro
BigHOMEHHS (f/12) Ha MOBENIHKY KOHIYHUX (PYHAAMEHTHHUX 00OJIOHOK.

Pesynpratn BunpoOyBaHp Ha apMoBaHUX ApoToM Mojemax K®-O mix gieto
CKOHIICHTPOBAHOT'O 3YCHJUIS IOKa3ald JOCHTh BHMCOKI 3HA4Y€HHS T'PaHUYIHOTO
HaBaHTaXeHHs (Tadus. 3). 30iIbIICHHS BIIHOIIEHHS BUCOTH 10 paniyca (f/12)
st pyHaamenTHoro kopmycy 3 0,25 no 0,75 306iip0rye KiHIIEBE HABaHTAXKSHHS
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¢yanamenty mnpubamsHo Ha 15%. KonycHa 00070HKa MOXE dyIOBO
MPOTHCTOATH  MCHINIMM  3HAYCHHSAM  BUIAIKOBHUX  CKCIICHTPUCHUTCTIB
HABaHTaXXCHHS (Yepe3 Herepea0auyBaHHii MOMCHT), sIKi MOXYTh MaTé MICIIC Ha
TIPAKTHUII.

d
s1
ApMmyBanHs
Konona PMY
000IOHKH
Ob6ononka 2

) TN NN

12

h

Kinenesa Oanka

D

Puc. 2. 'eometpist Ta apmyBaHHs 3ai1i300eToHHOT Mojeii @-O: D=400mwm;
r1=40mm; 12=200MmMm; d=80mm; h=10mm; f=(50 ta 150)mm; S;= 35MmM;
S,;=201mM; KinbleBe apMyBaHHs 8D2MM; pajianbHe apMyBaHHS 8@2MM;
apMyBaHHS KiJBIIEBHX 0ok 4QD2MM.

Tabmuus 3
I'pannune HaBanTaxeHHs KO-O 3 RPC
I'pannune HaBaHTaxeHHs, KH
3 KiJIBIIEBOIO HAJIKOIO be3 kinbleBoi Oanku
S9 (f/r2=0,25) | S10 (f/r2=0,75) S22 (f/r2=0,25) | S23 (f/r2=0,75)
28 34 25,3 30

3pa3ku K®-O Gynu BurorosieHi 3 3aiizodetony aiamerpom (D = 700mm),
TOBIMHOIO (t = 60MM) i pisHEM KyToM mooBrHE obomonku (45° 1 63,44%) [7].
3arampHa BHCOTa Mojenedl ckmamama 600 mm. B saxocti poGodoi apmaTypu
BHKOPHUCTOBYBAJIUCS CTepXkHI 12MM, a KOHCTPYKTHBHa apMartypa 3 O8MM.
I'pannune HaBanTaxenns: 512,5 kH (kyt 45°); 437,5 kH (kyT 63,44%). Ha puc.3
HaBe/IeHO 3pyiiHOBaHy Mojens KD-O.
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Puc. 3. Cxema TpiuuH 3pyiHOBaHOT 3a11300eTOHHOT Mojeni Kd-O

B pobGortax [8-10] HaBeneHi pe3ynbTaTH eKCIIEPUMEHTAIbHUX JOCITIIKCHb
B3aemoii ocecumerpuuHuX P-O pi3HUX KOHCTPYKTUBHHX CXEM 3 I'PYHTOBOIO
OCHOBOIO MPUPOJTHOTO CKJIAJAHHs B TIOPIBHSHHI 3 KPYTJIOO TUIUTORO.

ExcniepumenTtanbanit  maitmanunk  Nel  (EMNel)  mpencraBneHuid
imkeHepHo-reosioriuaumu  enementamu  (IFCE):  cyrimHOk — HamiBTBepamid
MOTYXHICTIO 1,3 M; CYIJIIMHOK M'SIKOIUIACTUYHHH MOTYXXHICTIO 10 5 M; CYIICOK
mwracTHYHUE. PiBeHb rpyHTOBHX BOX Ha rimOmHi 3 M. EMNe2 mpencraBneHmii
ITE: cyrnuHOK HamiBTBEpAMH TMOTYXHICTIO 1 M; CYITIMHOK TBepAMd
MOTYXHICTIO | M; CYIJIMHOK HAIiBTBEPIUH MOTYXKHICTIO 2 M; CYINIMHOK
Tyromnactuuruil. [pyHTOBI BOaM 10 rMOUEM 6 M GyJIM BiACYTHI.

Jocnimxysani ¢pyngamentd Ha EMNel:

- ®-O giamerpom D=1200 mm i crpinoro miniiomy f =120mm (f/D = 1/8).
KoHTakTHa mOBEpXHA — MPHUPOJHA IPyHTOBa OCHOBa. PoOoua apmaTypu
000JIOHKM — TKaHWHA 3 OJHOCIPSIMOBAHUX BYIJIELEBHX BOJIOKOH SikaWrap®-
530C (VP), uro HaHOCHIACS HA MOBEPXHIO 00OJOHKH MOKPHUM CIIOCOOOM y 1Ba
LIapH 3a J0MOMOTI'0I0 2-X KOMIIOHEHTHOT'O enokcuaHoro kiero Sikadur®-330. B
SIKOCTI CXEeMH apMyBaHHsS Oyia oOpaHa pajiajibHa cXema 3 KyTOM 3MIICHHS
22,5°. 3’emHaHHs OOOJIOHKOBOI YacTHMHU (GYHAAMEHTY 1 ONOPHOIO KiJbLs
HKOPCTKE.

- Kpyrna mononiTHa 3anizo6eronHa mimra giamerpom D=1200 MM i TOBIIMHOIO
h=200 mm.

Hocnimxysani pynnamenTi Ha EMNe2:

- ®-0 (puc. 4) miamerpom D=2400 mm i crpinoro mimidiomy f =240mm
(/D =1/9). KoHTakTHa NOBEpXHsi — MOPHPOAHA IPYHTOBa OCHOBa. Pobouya
apMaTypd OOOJIOHKM — TKaHHHA 3 OJHOCIHPSIMOBAaHMX BYIJIELEBHX BOJOKOH
SikaWrap®-530C (VP), mo po3ramoByBanacs B Tii OETOHHOT OOOJOHKH Y
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BHTJISAI OPTOTOHAIBHOI MEpEXi B OJUH Iap, 3 po3mipoM ocepenky 350x350mm.
3’eHaHHA 000JI0HKOBOT YaCTHHHU (PYHJAMEHTY 1 OIIOPHOTO Kb IIapHipHE.

- Kpyrna mononiTHa 3anizo0eronHa mimTa giaMerpom D=2400 MM i TOBIIMHOIO
h=200 mm.

Jnst @-0O, yBIrHyTHX 1O BiHOLIEHHIO JI0 TPYHTY, CyTTE€BOI TpaHchopmarii
eMIOpH  KOHTaKTHUX THCKIB B TIpoleci 30UIbIICHHS HaBaHTaXEHHS He
BiZ0YBaETHCS, IO CBIAYUTH NPO MIHIMAJIBHUI PO3BUTOK 00NacTell TpaHUYHUX
CTaHiB B OCHOBI, Ha BiAMIHY BiJl €IOPH AJIS KOPCTKOTO IITAMITY 31 3MiIICHHAM
MaKCHMAallbHUX 3HAa4eHb 3 Kpaloo (yHIaMeHTy ONrpK4e M0 HEeHTPY B IpoIreci
301IBIICHHS] HABAaHTA)KEHHS.

VYV rtabmumi 4 HaBeNeHI pPE3yNbTaTH CIPHUHHATTS PEaKTHBHOTO OIOPY
ckianoBux yacThd @-O va EMNel 1 EMNe2.

Ha EMNel BcranoBieHO, 1o moHan 75% 3araibHOTO OCITaHHS KpPYTIOl
IUTUTH JIOKATi3yEThCS B MOBEpXHEBOMY Imapi riambuunoro 0,6 merpa (0,5D).
Mexa 30HM aedopmauiii HesnauHo nepesuinye 2D. [Ins @-O monax 60%
3arajJbHOIO OCIAaHHS JIOKAJI3YEThCS B IOBEPXHEBOMY IIapi TIIMOWHOIO
0,4 metpa (0,3D), a Ha rmubuHi, piBHil D, nokanizyerbes 10 75% 3araibHOrO
ocimanHs. Mexa 30HU nedopmariii ckiagae 1,4D.

Ha EMNe2 BcTaHOBJIECHO, MO0 MaKCHMaJlbHI MEPEMIIEHHS B OCHOBI IIi[
KimpIieBuM pedpom @-O MaroTh JIOKaTBHY 30HY momupeHHs, B Mexax 0,3D abo
3,6b (ne b - mmpunra pebpa). IIpn mpomy Oimpme 70% ocimanns @©-O
BimOyBa€eThCs 3a paxyHOK Aedopmamii ocHOBH B Mexax 0,5D. MaxkcumaibHi
Hanpy)X€HHS MAloTh JIOKAIbHUH XapaKTep, BUHWKAIOYM TUIBKH IIiJ{ ONOPHUM
KiTbIleM. Bennka HEpiBHOMIpHICTh, K HANpyKeHb, TaK 1 aedopmaliii B
MOBEPXHEBOMY Imapi rinuOuHoro, 1o He nepesumye 0,3D, mnos'szana 3
LIAPHIPHUM 3’€IHAHHSIM OIIOPHOTO KUIBISE 3 OOOJIOHKOIO 1 € MEXEI Mepexoay
BiJl BEJIMKUX HAIPYT 1 EpeMillleHb /10 3HAYHO MEHIIHX.

2009/08/29

Puc. 4. 3aranenuii Burnsag mapHipHoro @-0 miametpom 2,4 M
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Tabmuusg 4
YacTka CIpUHAHATTS HABAaHTAXKCHHS elIeMCHTaMH KOHCTpyKii -0

XKopcrke 3akpinnenns (EIINel) [apHipHe 3akpiruieHas (EIINe2)
Peep, Onopue O0omoHKa, Peeps Omnopue O6o0HKa,
klla Kinb1e, % % klla Kinbue, % %

50 70,7 29,3 41,32 74,7 25,3
100 57,4 42,6 106,22 66,7 33,3
150 42,2 57,8 150,46 61,1 38,9
200 39,0 61,0 172,57 57,2 42,8
250 37,6 62, 4 194,69 53,0 47,0
300 32,3 67,7 216,80 48,9 51,1

BucHOBKM i mepcneKkTHBHM HOCTiKeHb. BUKOHaHO aHaii3 pe3yibTartiB
€KCIIEPUMEHTAJILHUX JIOCITI/DKEHb 110 BU3HAUCHHIO TPAaHUYHUX HABAaHTA)KEHb Ha
MOJIETSIX  3aJi300€TOHHHMX KpyrJMX (yHIaMEHTIB-O0OJIOHOK Ha  PI3HUX
IPYHTOBUX OCHOBax /sl PI3HUX KOHCTPYKTUBHHX CXeM. Po3rmisHyTi
eKCIIEPUMEHTANIbHI 3pa3KH L0 MOJENIOITh (DYHIAMEHTH-ODOJIOHKH Ha SIKi
ONMUPAIOTHCS KOJIOHH OyJiBeNb Ta CHOpPY., a TAKOXK MOJENi OAIITOBHX CIIOPYZ,
Jie HAaBaHTAXXCHHS MPUKIIANAETHCS M0 30BHIIMIHIHN KinbleBiit omopi. B koxHOMY
i3 BUIIQJKIB BUKOHAHO MOPIBHSAHHA 3 KPYIJIUMH IUIMTAMH 1 BOHO MOKa3sye
nepeBary (pyHIaMeHTiB-000JIOHOK.

MosxHa 3pOOHTH BHCHOBOK, IO PO3IJIIHYTa JOCHThH CKJIAJHA Mpodiema,
SKa € aKTYaJIbHOIO 1 MOTpeOye MOAAIBIIOTO BUBYCHHS.
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