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AnHomauus. B orpaxgarow,ux KOHCMPYKUUAX 3gaHUll U COOPYXKeHUl 4acmo NpucymcmByrom HeOpraHuvecKue rurpo-
CKOnuUYecKue COAU U UX CMeCcu B mBepgoM U JKUGKOM Buge. B koncmpykyuu oHu nonagarom u3 Chlpbsi gASl U3TOMOBAEHUS
cmpoumeAbHbIX MAMEPUAAOB; U3 MEXHOAOTU4ecKux goOaBOK B 0emOHbl U PACMBOPBL, KOMOPHlE YAyHWarom CBOUCMBA
CMecu; U3 NOYBbl NPU OMCYMCMBUU UAU HAPYWEHUU FOPU3OHMAABHOU IUgpou30Aayul, u3 okpyxaroujell npupogHotl uiu
npou3BogcmBeHHOU Bo3gyulHol cpegbl. Haauuue coaell B noOpoBOM NpoCmpaHCMBE Bbl3blBAEM U3MEHEHUEe U3UKO-XUMU-
YecKux CBOUCMB CMPOUMEAbHbIX MAMEPUAAOB, CHUWKAem UX NPOYHOCMb (BCAegCmBUE geCMPYKMUBHbIX USMEHEeHul B Mda-
mepuaie) u scmemuueckue Kauecmsd (U3-3a 00pA30BAHUSA KPUCMAAAOB COAell HA NOBEPXHOCMU CMPOUMEAbHBIX Mame-
puairoB). TloBblwleHHAA BAGKHOCIML cnocobcmByem pa3Bumuilo 6uo3arpAasHenHull U BOZHUKHOBEHUIO OuoKoppo3uu mame-
puairoB. B pabome cmaBumcs UeAb NOBbIWEHUSI JOATOBEYHOCMU U SKCNAYAMAUUOHHBIX KAUECMB HAPYXKHbIX OTPAXKJAO-
wux KoHcmpykyul. Ars 5moro Ha OCHOBe QHAAU3A Nymell NDOHUKAHUA COAell B HAPYKHble Orpakgaroujie KOHCMPYKyUuU
U UCXogs u3 pe3yAbmamoB NPOBEgeHHbIX HAMYPHBIX U AA60PAMOPHbLIX UCCAEgOBAHUU pas3pabomaH aAropumm Npoekmu-
POBQHUA HAPYXHbIX OrpAKgarowjux KOHCMPyKyul npu BosgelcmsBuu corel. Takol Nogxog No3BoAsiem €O3gamb pe3epB
CBOUCMB HAPYXHbIX OTPAKGAOWUX KOHCMPYKYUU U cnocob6cmByem NOBBIWEHUIO JOATOBEYHOCMU U IKCNAYAMAUUOHHbIX
KQuecmB HAPYXXKHBIX CMEH, YBEAUUEHUI0 MEXPEeMOHMHBIX CPOKOB, COXPAHEHUIO BHEWHETO BUGA CMeH U3 KAMEHHbIX CMPO-
umeAbHbIX MAMepPUdAOB Npu coAeBoM BosgelicmBuu. ITokazano, umo gasi popMupoBaHUsl OTPAKGAOWUX KOHCMPYKUUl
nepcnekmuBHbl NOPOWIKOBO-AKMUBUPOBAHHblE OEMOHbl U MPEXCAOUNHble OTPWKgaowue KOHCMPYKYUU HA OCHOBE KAPKAC-
HblXx 6emoHoB. [IpuBegeHbl CPABHUMEAbHblE GAHHbIE NOPUCMOCMU NOPOWKOBO-AKMUBUPOBAHHBIX U MPAGUUUOHHKIX Oe-
MOHOB. B pazpabomarHbix mpexcAOUHbIX KOHCIMPYKGUAX CpegHUll CAOU BBINOAHAEMCS U3 KPyNHONOPUCMOro 0emonda, Ko-
mopklll obecneyuBaem COXPAHAEMOCMb MENAOU30AUPYIOWUX CBOUCMB KOHCMPYKUUU B pe3yAbmame OomBOgd KOHGeHCU-
pyemol BAQru.

KaloueBble cAOBQ: rurpocKonuyeckue COAU, ChlpbeBble KOMNOHEHMbl, CMPOUMEAbHblE MAMEPUAABL, NPOEKMUPOBAHUE,
HApyXHble CMeHbl 3ganull, NOPOWKOBble OEMOHbl, MPEXCAOUHbIE KOHCMPYKYUU.
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Abstract. The enclosing structures of buildings and facilities made of stone materials often contain inorganic hygro-
scopic salts and their mixtures in solid and liquid phases. Salts enter the walls from raw materials for the manufacture of
building materials; from technological additives to concrete and mortars, which improve the properties of the mixture;
from the soil in the absence or violation of horizontal waterproofing; from surrounding natural or industrial air. Salts
increase the sorption moisture content of building materials due to their hygroscopicity and accumulate in the porous
space in the form of solutions and crystals. The presence of salts in the porous space causes a change in the physic-
chemical properties of building materials, reduces their strength (due to destructive changes in the material) and
aesthetic qualities (due to the formation of salt crystals on the surface of building materials). High humidity contributes
to the development of bio-pollution and the occurrence of bio-corrosion of materials. The purpose of the work is to
increase the durability and performance of external building envelopes made of stone building materials. For this
purpose, based on the analysis of the ways of salt penetration into the external enclosing structures and based on the
results of field and laboratory studies, an algorithm for the design of external enclosing structures under the influence of
salts has been developed. This approach makes it possible to create a reserve of properties of the external building
envelopes and helps to increase the durability and performance of the external walls, increase the overhaul time,
preserve the appearance of the walls of stone building materials at salt impact. Powder-activated concrete and three-
layer building envelopes based on frame concrete are indicated as promising for the formation of building envelopes.
Comparative porosity data of powder-activated and traditional concrete are presented. In the developed three-layer
structures, the middle layer is made of large-porous concrete, which ensures the persistence of the heat-insulating

properties of structures due to the removal of condensed moisture.
Key words: hygroscopic salts, raw components, building materials, exterior walls of buildings, powder concrete,

three-layer structures.

BBegeHue

Hapy»kHble cTeHbl 30aHWH U3 Ka-
MEHHbIX CTPOMTE/IbHbIX Martepua-
JIOB MpaKTUYeCKW Bcerja conep-
»KaT B NPOCTPaHCTBE NOp W Karnui-
NISIPOB OTAE/IbHble HEeOpraHUYecK1e
FMrPOCKOMNWYECKUE COMM WU UX
cmecu. Conu NpUCyTCTBYIOT B TBEP-
nou (B BMIOE KPUCTaNNOB) WU XKWA-
KOW (pacTBopbl pPa3HOM KOHLEHT-
pauuu) dazax. B crpoutenbHbii
mMaTtepuan CTeH ConW nonajatoTt
cnepytolwmnm obpasom. Bo-nepsbix,
CoNv cofepykatcs B NPUPOLHOM
cbipbe (rMMHa, Necok W T. A.), BS-
XKyLLLeM W BOJE, NpefHa3HauYeHHbIX
0N U3rOTOBJIEHWS CTPOWTESIbHbIX
matepuanoB. Bo-BTopbix, cneuu-
asibHoe BBELEHUE COMeN NP U3ro-
TOBJIEHWWU CTPOMTEJIbHBIX MaTepHa-
JIOB, KOrfia COJ/IM BXOASAT B COCTaB
NPOTUBOMOPO3HbIX U TEXHOJIOTUYE-
CKMX 10OaBOK B HETOHbI U PacTBO-
pbl. B-TpeTbux, NpoHKKaHWe conen
NPy 3KcniyataumMu 3haHuK U3 nou-
Bbl B BUAE PacTBOPOB; U3 BO3AYyLL-
HOW NMPUPOAHOM U NPOU3BOACTBEH-
HOW cpefpl B BUZE MblIM U a3p030-
nen [1, 2]. MocnepHue pactBops-
lOTCS BO B/lare BHYTPEHHero Bo3ay-
Xa, 0bpasyloT pacTBOpbl pPassivu-
HOM KOHLIEHTPaLUKHU U B pe3ysibTate
IUddy3nuu NPOHUKaloT Braybb or-
pakaloLWwmX KOHCTPYKLIMM.

BHyTpu nop W Kanunnapos cre-

HOBOrO CTPOMWTEJIbHOrO MaTtepuana
BCerga UMeeTcsi HEKOTOPOe KOJW-
YeCTBO BJ/larv, KOTOpasi HAXO4MTCS
B pa3/iMuHbIX hopmMax. B npucytct-
BUWU COJIEM BCNEACTBUE WX TUIpo-
CKOMUYHOCTH U3MEHSIIOTCS CBOMCT-
Ba U KOJIMYECTBO BELLECTBA, HAXO-
IslLerocsi B NOPOBOM MPOCTPaHCT-
BE CTPOMWTENIbHOrO MaTepuana. Ta-
KOMW CTPOMUTE/IbHbIM MaTepuan npu-
obpeTaeT NoBbILLEHHbIE COPOLMOH-
Hble CBOWCTBA, W €ro BJIaXKHOCTb
nosbiwaetca [3—5].

Conu uameHsAOT hrU3UKO-Mexa-
HUYECKHE, (PU3UKO-XUMHUUECKHE M
TennogusnyeckMe CBOWCTBa CTPO-
UTE/IbHbIX MaTepHasioB M3-3a KpH-
CTa/i/lM3aUMh CONlelM B MOPOBOM
npoctpaHctee [6—11]. Kpucrannu-
yeckasi conb C TBEPAOW CTPYKTY-
pOM NpY yBeNUYeHUH obbemMa oKa-
3blBaeT [aBJieHWe Ha CTEHKWU nop,
KanunnsapoB Martepuana U paspy-
waet ux. Korpga kpucraniusaums
conen NPoMUcXoamT BNM3KO K Hapy-
YKHOW M/ BHYTPEHHEM MOoBEepPXHO-
CTH CTeHbl, TO HablopaeTcs weny-
LUEHWE WU OTC/IOEHWE CTPOMUTE/bHO-
ro mMarepuasa oT OCHOBHOrO Mac-
cvBa CTeHbl B BUJe nnactuHok. Ec-
JIN COJIU KPUCTJIIUIYIOTCA Ha MNo-
BEPXHOCTH, TO YXyALlaloTCcs 3CTe-
TUYECKWE KayecTBa CTEH, UTO CBS-
3aHO ¢ obpa3oBaHWEM BbICO/IOB B
Buae Genbix NATEH Ha BHYTPEHHEM
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WK HapY>XHOM MOBEPXHOCTH Ka-
MEHHbIX CTPOWTE/IbHbIX MaTepHa-
nos. Takue BbICO/IbI MOTYT BbITb Ha
NOBEPXHOCTU KMPMHUUa, KamHs, be-
TOHHbIX O/IOKOB KNafKW, B pac-
TBOPHbIX LUBaX, Ha MOBEPXHOCTH
MoHosuTHoro 6etona [10].

lNoBblleHHas BAAXHOCTb 3aco-
JIEHHOTrO CTPOMTE/IBHOMO MaTtepHa-
na — 3rto 6naronpusiTHas cpepna
0N Pa3MHOXKEHUSI Ha MOBEPXHO-
CTM W BHYTPWU KOHCTPYKLMH CTeH
Pas3NIMUHbIX MUWKPOOPraHW3MOB,
BbI3blBAIOLLMX OUONOBPEXKAEHUS U
nosbilleHne 3ab0NEBAEMOCTH JltO-
Oel B Takux 3faHusix. [ponykrbl
mMeTabonusma rpubos (opraHuuec-
KWe KHWC/OTbl, OKWC/IUTE/IbHO-BOC-
CTaHOBMTE/IbHbIE W TMAPOJIUTHYEC-
KWe pepMeHTbl) HaKan/JMBaloTCs B
CTpOMUTENbHbIX  MaTepuanax. B
6O/NbLIOM KONMYECTBE NPOAYLMUPY-
OTCS JIMMOHHas, TJ/IIOKOHOBas M
LaBesieBas KUCNOTbl. ITH mMeTabo-
JIUTbl BO3AENCTBYIOT Ha OTAE/IbHble
COCTaB/ISIIOLLME MaTepUanoB, Bbl-
3bIBAlOT YBE/SIMUEHHWE MOPUCTOCTH U
noTepio CBA3blBaOLLEN CMOCOOHO-
CTW LEeMeHTa, BO3HWKaeT GuopecT-
PYKLMSt CTPOWTENIbHbIX MaTtepua-
JIOB, KOTOpasi CHWXXaeT WX Mpoy-
HocTb [12—14].

[na Hapy>KHbIX OrparkaaroLmx
KOHCTPYKLUMM BaKHbIM cpakTop —
onpefefieHne PacrnosioXKeHHUs nio-
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CKOCTW MaKCUMMaJIbHOrO YBNaXKHe-
HUS, TaK KaK MCXOAsA U3 YpaBHEHWH
GanaHca Blar OTHOCHTENIbHO YKa-
3aHHOW MJIOCKOCTU NpoOBepsieTcs
HEeOBXOAUMOCTb YCTPOWCTBa 4OMO-
JIHATE/IbHOW MapOU30JISILUK B KOH-
ctpykumu [15, 16]. Conu, Haxops-
LMecs B CTPOWTESNIbHbIX MaTepua-
Jlax, U3MEHSIOT UX XapaKTEPUCTUKH
— MJIOTHOCTb, TEMJIONPOBOAHOCTD,
NaponpPOHHULLREMOCTb.

Kpome TOro, otpuuaTtenbHo
LeNCTBYeT Ha Hapy>XHble Oorpak-
Jalolive KOHCTPYKLUMW W HU3Kas
TeMrnepaTtypa OKpyyKatollen cpe-
Obl, ocobeHHO nonepemMeHHoe
3aMopakKMBaHMe W OTTauBaHue
CTEHOBOIO CTPOMWTE/NIbHOrO Mare-
puvana [17—20]. Mpu Hanuuuu
COJIe 3TOT MPOLECC COMPOBOX-
jaetca ha3oBbIMKU MpeBpaLLEeHU-
SIMW He TO/NIbKO Biarv, HO U Co-
el B MOPOBOM MPOCTPAHCTBE
CTEHOBOro Marepuana.

B pabote [21] oTMeuaeTcs, uTo
«MPW  NMPOEKTUPOBAHWU  MOPCKHX
rMOPOTEXHUYECKUX  COOPYXKEHWH
(npuyansl, NMpcel, naaeyude nnar-
chopMbl anis goBblUM HedTH B Ce-
BEPHDbIX MPU/IMBHbIX MOPSIX U apK-
TUYECKOM Luesibdpe, BOJIHOJIOMbI M
[p.) CnegyeT yuuTbiBaTb arpeccuB-
HOe BO3OEWCTBME LMKJIMYHOMO Mo-
NEPEMEHHOro 3aMOPaKMBaHWUA U
OTTauBaHWs MpPU OAHOBPEMEHHOM
NPOHWKHOBEHUHW B CTPYKTYpY HeTo-
Ha U3 MOPCKOM BOAbl HOHOB XJ10pa
u marnusa (CI=, Mg**)». Co ccbin-
KOW Ha pag  UccnepoBaHWM
[19—21] aBTOpbl JaHHOM cTaTbM
BbICKa3blBalOT MHEHWE O BO3MOXK-
HOM  pasBWUTUM  MarHe3WasbHOM
KOppo3un BeToHa U Koppo3uu ap-
Matypbl Nof, LEUCTBUEM XJIOPUAOB.

YuutbiBas BbllLlecKa3aHHOe, a
TaKXXe LUMPOKOe pacnpocTpaHeHHe
COJ/er 1 B Npypoae, U B NPOU3BOa-
CTBEHHOM W XO3AMCTBEHHOW [es-
TENIbHOCTH, WCMOJIb30BaHWE WX B
KauyecTBe 00OABOK NpU U3roToBJIE-
HWM CTPOMTEJIbHbIX MaTepHasios,
aKTya/ilbHbIM CTAHOBMUTCSI MPOEKTH-
poBaHWe AOJITOBEYHbIX HAPYXKHbIX
CTEH 3[aHWK, KoTopble ahpPEKTUB-
HO PaboTaloT B C/IOXKHbIX YC/IOBUAX

6

3KCMayaTauMu TMpu  BO3AEWCTBUM
CONEN U CONeBOM cpeppbl.

Llenb pabotbl — cHukeHue OT-
pyLaTesIbHOro B/IMSIHUS COMel Ha
KauecTBO HapYXXHbIX CTeH. 3afauu
WccnefoBaHWi: pelueHue npobre-
Mbl MPOEKTUPOBAHWUS  HaPYKHbIX
OrPaKAIOLWMX KOHCTPYKLUMK 34a-
HAM C Y4eTOM WX 3IKChjyaTauuu
NPW BO3LEWCTBUM CONen; paspa-
6oTKa coCTaBa CTPOWTESIbHbIX Ma-
TEpUasoB U KOHCTPYKLUMWA Hapy»-
HbIX CTEH 3[aHWM.

Martepuannl 1 MeTOoAHKA
uccnefoBaHUM

JKcrneprUMeHTasbHble  UCCeno-
BaHWsA MPOBOAM/IM KaK Ha cneuu-
anbHO W3roTOBJIEHHbIX NabopaTop-
HbIX obpa3uax, TaKk U Ha KOHCTPYK-
LMAX MNOCTPOEHHbIX 3haHui. [ns
U3roTOB/IEHWUS MOPOLLKOBO-aKTUBH-
pOBaHHbIX OGETOHOB M TPexcow-
HbIX KOHCTPYKLUMHM HWCMNO/Ib30BasM
cnepytoliMe KOMMNOHEHTbI:

o BSXKyllee — MOPTNAHALEMEHT C
NOHWXKeHHbIM cogeprkaHueM CaO u
wenouHbix okcugoe K0, NayO.
[aHHbiM TpeboBaHuaM B GonbLuek
cTeneHu ynoenetsopsieT b6esnoba-
BouHbIM LemeHT OO0 «Y nbsaHoBCK-
uemeHT» no FOCT 10178-85;

o niacTupUuMpyloLylo  f1obaBKy
—  runepnaactudmrKaTop CcepuM
«Melflux»: «Melflux 1641F» w
«Melflux 5581F» Ha ocHose nonu-
KapboKcUnaTHbIX 3UPOoB (pHpMbI
BASF, lepmaHus);

* PEOJIOrMYECKHM aKTWBHbIW [uWC-
NepCHbIM HaMoNHUTENb — KaMeH-
HYIO MYKY, MNPWrOTOB/IEHHYIO MpPU
nomore B nabopaTopHOM LLIAPOBOWH
MesibHULEe MUKpoKBapua Jluneuko-
ro ropHo-oboraTUTeNbHOro KOM-
GuHara, Sy, = 3 400 cm?/T;

e Guoumabl — npenapatbl «Ted-
JIEKC» Ha OCHOBE COeAMHEHWH rya-
HWOMHA MPOMbILIEHHOrO MNpUMe-
HeHusi: «Tedpnekc AHTUNNECEHDY
(TY 23-86-003-23170704-99); «Tedp-
nekc JeasuHdpuumnpytowmiy  (TY
9392-006-23170704-2004);

e MEJIKUM 3anosIHUTENb — KBapLe-
BblM necok dpakumn 0,16—0,63,
0,63—2,5 mm.

[nsa BbinosHeHUs 3KcnepuMeHTa
MO M3YYEHWIO CBOMCTB HapyrKHbIX
OrpayKOAIOLLMX KOHCTPYKLMWH, CcO-
JepXKalux rMrpoCKONUUecKue He-
OpraHWyeckue CoJM, MNPUMEHsIH
HaTypHble U TabopaTopHble MeToAb!
uccnepoBaHus. HatypHblie uccneno-
BaHWS 3aK/IlOYasIMCb B OCMOTPE Ha-
PY>XHbIX CTE€H MPOU3BOLCTBEHHDbIX
30aHWM NPepnpUsATUS XUMUYECKOW
MPOMbILL/IEHHOCTH C COJIEBOM NpO-
M3BOACTBEHHOMN CpPefoM JKCnyaTa-
LMK U OLEHKe WX BHELUHero BWAa.
Ha kaxpgom obbekTe uccreposa-
HUWS, NOA, KOTOPbIM MOHUMANCS LEX
NPeanpuUaTUs C onpefeneHHbIM Ha-
6OPOM (PYHKLMH B NPOU3BOACTBEH-
HOM npoLecce, PUKCUPOBaIK Xapa-
KTEPHble YY4aCTKH MJIOCKOCTHU CTEHbI
C NPUMEPHO OJMHAKOBbIM COCTOS-
HWUEM MOBEPXHOCTH, 3aHWMaloLLUe
He meHee 70 % nnowagu CTeHbl.
BoisensinM  yuacTkd, paspylueHue
KOTOpbIX OblIO CNeacTBUEM Hapy-
LUeHWS] MPOW3BOLCTBEHHOM TEXHO-
NOTWM W NPaBUA 3KCnyataumm 0bo-
PYAOBaHUs M He OTpaxkano obLiero
XapaKTepa BO3OEeMCTBUSA cpelbl Ha
HapY>KHble OrparkaaloLMe KOHCT-
pykuur. OTmeuann xapakTepHble
MecTa PacrosiIoXeHH s Ha CTeHax nsi-
TEH BbICOJIOB W BJlarv, 0COBEHHOCTH
pa3pyLUEHHs] CTEH B MeCTax WMX CO-
MPSXKEHUS| C NEPEKPLITUSIMUA, OKOH-
HbIMWU KOPOOKamMW U OpYruMU npwu-
MbIKIOLMMKU KOHCTPYKUMSIMU. Yua-
CTKW CTeH, HenoCpenCcTBEHHO KOH-
TaKTUPYIOLLIUE C CONAMU B XPaHWJIU-
LLAX, CHATAIUCb NOLBEPratOLLUMMUCS
COJ/IEBOM KOPPO3WM U He paccMmar-
PUBa/IUCb KaK XapaKTepHble.

KonuuectBeHHoe  copeprkaHue
BJlark U COJIEN B MaTepuasie Hapy»K-
HbIX CTEH 34aHWW YCTaHaBIWBa/M
CTaHOAPTHbIMW METOLAMH XUMUYEC-
KOro aHanv3a B nabopaTtopHbIX yc-
noeusx. BnarocopepykaHue cTpou-
Te/IbHbIX MaTepuasioB Onpeaensav
BnaroaHasuzatopom AND MS-70,
copeprKaHWe XJIOPUAOB — METOLOM
MOHOMETPUUECKOTO TUTPOBAHUS C
MOMOLLBIO YHUBEPCAIbBHOTO WOHO-
mepa 3B-74, copepykaHue cCy/b-
¢aToB — HedheNOMETPUUECKUM Me-
TOLOM C MPUMEHEHUEM (POTOI/EK-
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Tpudyeckoro cpotometpa KOK-3-
«30M3».

Mopuctoctb 0bpa3Los M3Meps-
v npubopom «Autopore [V» cup-
Mbl «Micromeretics», BHYTPeHHIOO
NOBEPXHOCTb MOP OMNPEAENain no
metony bploHepa—3mmera—Ten-
nepa (B3T) ¢ nomolbio npubopa
ASAAP-2000 to# >xe donpmbl. Uc-
NoJIb30BaJICA MEeToh, PTYTHOM Mo-
pometpunu. Ob6beM nop Haxoamsu
no npenenbHon agcopbuuu Bele-
CTBQ, MOJIHOCTbIO 3aMoJIHSIOLLErO
BCE MOpbl, B NPEANOJSIOKEHUH, YTO
NJIOTHOCTb BELLECTBA B HUX paBHa
NAOTHOCTM HOPMAJIbHOM  >KWUIKO-
CTW. TennonpoBoLHOCTb TPEXC/IOM-
HbIX KOHCTPYKLMW YyCTaHaB/MBasM
no NOCT 7076—87 «Matepuanbl u
usgenus ctpoutenbHble. Metop
onpeaeneHust TENoNPOBOAHOCTUY
nyTeM  WcnbiTaHus  obpasuos
300x300x50 mm.

HartypHble u nabopatopHbie
MCC/IeOBAaHUA OrpakAaaloLmnx
KOHCTPYKLUH

Ona wnnoctpauMn ogHoro w3
nyTew NPOHWKaHUS COMer B Hapy»K-
Hble Orpa’kAaloliMe KOHCTPYKLMH
NPOBE/M UCCNefoBaHWe MacluTaba
HaKoMJeHWss cofiel B MaTtepuase
HapPY>XHbIX CTEH 34aHWM MPOMbILL-
neHHoro npeanpuatusa MAO «Mur-
MeHT» B Tambose. XumMuueckoe
npeanpusaTve XapaxkTepuayeTcs
NPOW3BOACTBEHHOM CpefoW, Co-
JepXKallel MNpoMbllL/ieHHble rasbl
(SO,, SO3, HCI, NH3), a Takxke
Mbilb U a3P0O30JIb MMIPOCKOMNHUYEC-
kux conen (NaCl u NapySOy). Uc-
CNnefoBaHWe BbINOJHAMK B Hadane
CeHTAbpA, UTO COOTBETCTBOBANO B
JaHHbIX K/IMMaTUYECKUX YC/IOBUSX
KOHLY nepuofa CYLUKW Hapy>KHbIX
CTEH B TemnJioe Bpems roja.

Bbino BbibpaHO BoceMb OObeEK-
TOB, Hapy)KHble CTeHbl KOTOPbIX
npeacTaBnsioT cobor Kak KOHCT-
PYKLUMIO M3 KepaM3UTODETOHHbIX
naHenen (obvekTbl 2, 3, 7 1 8), Tak
W KNadKy U3 CUIMKATHOro KUpnuua
Ha LEeMEeHTHO-NecYaHoM pacTBope
(obbexTbl 1, 4, 5 1 6). B npouecce
BU3yasIbHOrO OCMOTpPa 3atPUKCHPO-

1. Codepicanue Bnazu u coneli B BeprHUX CAOAX HAPYICHOIX CMEH

Homep Bnarocopaepa- ConecopepxxaHue, % no Macce,
o6bekta | Hue, % no macce, M TMN conel B Cnosx
uccneno- B cnosix
BaHHUs
HapyX- | BHYTpeH- Hapy>XHOM BHYTPEHHEM
HOM HeM
NaCl | Na,SO, | = | NaCl | Na,SO, | =
1 0,7 1,85 0,41 3,26 3,67 | 0,51 2,7 3,21
2 0,62 1,53 0,73 1 1,73 | 13,22 1,1 14,32
3 1,74 = 0,45 0,65 1,1 = = =
4 3,98 6,09 1,28 0,7 1,98 1,89 3,6 5,49
5 1,12 2,23 0,72 0,9 1,62 | 0,59 0,5 1,09
6 1,83 1,42 1,17 1,05 2,22 1,16 1,4 2,56
7 3,3 3,04 0,18 2,7 02,88 | 0,47 2,8 3,27
8 1,17 1,97 0,66 0,7 1,36 | 0,68 5.1 5,78

Ba/IM HEY[OB/IETBOPHUTENIbHOE CO-
CTOsIHWE Hapy»KHbIX CTeH. Bbisene-
Hbl  MHOFOUMC/IEHHbIE  TPELLMHbI,
BEPXHHWE C/IOW Marepuasa Ha BHYT-
PEHHEN U HapY>KHOW NOBEPXHOCTAX
CTEH WMENW PbIXNIYIO CTPYKTYpYy
ocbIinauch Npu HEOONbLIOM Mexa-
HWYecKoM Bo3gemncTeuu. Habnopa-
JIOCb OTC/IOEHWE OT CTEH JlaKoKpa-
COYHOIO MOKPbITHUS, HAHECEHHOro
IONS 3alUTbl BHYTPEHHEW MOBEPX-
HOCTW OT arpeccuBHOro BO3QENCT-
BUS NMPOU3BOACTBEHHOW cpefnbl. B
MecTax aKTMBHOMO ABMKEHWUS pac-
TBOPOB COJIEM U3 MacCHBa CTEHbI K
ee MNoBepXHOCTH OTMeYanocb pac-
KPbITHE JIaKOKPACOYHOro MOKpPbI-
TS W BbIXOH COJIEW Ha MNOBEPX-
HOCTb OrpaykaaloLUX KOHCTPYKLMK
B BMAE KPWCTa/IoB.

K KoHuUy nepuvopa CyLIKM CTeH
CO/MM B BWOE PacTBOPOB Mepeme-
LLLAIOTCA K HAPY>KHOMW W BHYTPEHHEN
MOBEPXHOCTSAM HaPY>KHbIX OrpaKk-
JatoLLMX KOHCTPYKLMH, NMO3TOMY B
npouecce WccnefosaHus oTtbupa-
NMCb NPOBblI CTPOUTE/IBHOrO MaTe-
prana c obeux nNoBEpXHOCTEM
creH. TonwuHa cnos marepuana
npu otbope npob coctasnana 30
mMm. Onpenensnu KonMyecTBeHHble
3HaYeHUs BNaro- U cosecomeprka-
HWS, YCTaHaB/IMBA/IM XUMHUYECKWH
cocras Bbicosio (mab. 1).

Ha obbekte 3 copeprkaHue co-

8/2020 [MPOMBILLUNEHHOE N TPAXIOAHCKOE CTPOUTEJIbCTBO

Ner W BNlarv BO BHYTPEHHEM cioe
HE U3MEepPSA/IU B CBA3W C 0COBEHHO-
CTAMWU TEXHOJIOMMYECKOro npoLec-
ca Ha oObekTe, NPU KOTOPOM eM-
KOCTM C pacTBopaMu cosied Ans
NPOBeLEeHWUs BOLOMNOATOTOBKU pac-
noslaraloTCs CHAPY>KKU 34aHuS.
PaccmoTtpum konuuectBo onac-
HOrO COJIECOAEPKaHUS B MaTepHa-
Jle HapY>KHbIX OrPaykAAloLLMX KOH-
ctpykumi. CornacHo uccnegoBaHu-
SIM pasHbiX aBTOPOB OHO MOXET
BapbupoBaTbca. Hanpumep, no
[aHHbIM, MPUBEAEHHbIM B paboTe
D. Young [22], onacHoe copep»a-
HWe co/iei B CTEHOBOM MaTtepuasie
coctasnser 0,5 % no macce. lMo
pe3ynbTataM XWMMWUYECKWUX aHasu-
30B 3TO 3HauyeHWe MpPeBbILLEHO B
CTpOWUTENbHBIX — MaTepuvanax Ha
Bcex obbekTax uccneposaHus. s
C/IOEB MaTepHasioB, rpaHUYaLmUX C
HapY>KHbIM BO34YyXOM, MNpeBbille-
HWe cocTaeuno 2,2—7,3 pasa, pns
C/I0EB MaTepuasioB, rPaHUYaLLUX C
BHYTPEHHUM BO34YXOM MOMeLLe-
HWKM, — 2,2—28,6 pasa. Bonbluee
conecopep>kaHue B TMOBEPXHOCT-
HbIX CNOSIX HAPYXKHbIX Orpaxkaato-
LLMX KOHCTPYKLMH, HaxoAALLMXCS
BHYTPU MOMELLEHWH, 0bbsCHsAETCA
BO3feHCcTBUEM Bosee arpeccuBHOM
BHYTPEHHEM  MPOW3BOLCTBEHHOM
cpefbl, B KOTOPOM KOJIMUECTBO Mur-
POCKOMWYECKHUX COJIEM Bbile Mo
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CPaBHEHWIO C HapPY>KHOW BO3AYLU-
HOW cpefoM.

[na 6etoHos, cornacHo FOCT
26633—2012 «beToHbl TsKenble u
MefIKo3epHUCTble.  TexHWueckue
ycnoeusi», oblee copepyKaHue
X/IOPUIOB B Mepecyete Ha XJo-
pua-voH ClI~ He [oO/IKHO npeBbi-
watb: 1 % no macce B HeapMUpO-
BaHHOM GeToHe, 0,4 % no macce B
BeToHe C HeHanpsraemoW apmary-
poi 1 0,1 % no macce B 6eToHe ¢
Hanpsraemon apmarypoi. Ha o6b-
eKkTax 2, 3, 7 v 8 cTeHbl BbINOJIHEHDI
U3 KEPaM3UTODETOHHbIX NaHeneH ¢
HeHanpsiraeMon apMaTtypol W ob-
wee comepkaHue B Hux Cl™ He
nomkHo npesbiwars 0,4 % no
macce. OpgHako no pesysnbraram
nabopaTopHbIX UCCNEN0BaHWUM CO-
necogepxxaHve (B nepecyere Ha
CI7) Ha paHHbIX obbeKTax ycTaHoB-
NIEHO A/15 HapY»KHbIX C/I0EB COOT-
sBetrcteeHHo 0,44, 0,27, 0,11 v 0,4
% no macce. [lna cnoes U3HyTpH
nomMeleHus comepkanve ClI~— gns
06bekToB 2, 7 1 8 cocTaBnno cooT-
setctBeHHo 8,01, 0,28 1 0,41 % no
macce. Takum obpasom, Ha obbek-
Te 2 cofep)aHue XJOpUA-HOHA
npesbiwerHo Ha 0,04 % no macce
LNs Hapy>KHoro cnos. Ons BHyT-
PEHHUX C/IOEB NMOMeLLeHWI Habnto-
[JaNiocb MpPEBbILIEHUE Ha 3TOM Ke
obbekTe Ha 7,61 % no macce, Ha
obbekte 8 —Ha 0,01 % no macce.

PacuetHoe  BnarocopeprkaHue
marepuanos B Poccuu onpenens-
IOT B COOTBETCTBMM C PEKOMEHAa-
umsamM, npueedeHHbimi B CIl
50.13330-2012 «CHuI1 23-02-2003
Tennosas 3awmMta 3OaHWN» 0SS
KOHKPETHbIX YC/IOBUM 3KCrJlyaTta-
LMK HaPYXKHbIX  OrpakAatoLLux
KOHCTPYKUMK. lpu 3aToM ycnosus
3KCM/lyaTalumMu OrpaXkKaaloLMX KOH-
CTPYKUMH «A» unu «b» npuHuma-
totcs no paHHomy CI1 B 3aBucKMO-
CTH OT BJI2YKHOCTHOrO peXkumMa no-
MELLEHUN (CyXOW, HOpPMasibHbIM,
BJI’KHbIM M MOKPbIM) W 30HbI BIaXK-
HOCTW paroHa cTpouTenbctea. Ha
Tepputopun Poccuu Bblaensitotcs
cyxasl, HopMaJsibHas W BiaXKHas 30-
Hbl. OnpepeneHue YycnoBuk 3KC-
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nayarauMM HeobXoAWMO NpW Bbi-
6Gope TenNOTEXHUYECKUX XapaKTe-
PUCTUK CTPOMTEJIbHBIX MaTepUasioB
LNs TenjoTeXHUYECKOro pacuyeta
HaPY>KHbIX OrpaykAaloLMX KOHCT-
PYKLHH.

[na wTykatypkv M3 LEeMeHTHO-
MecyaHoro pacteopa M KIafKu U3
CHJ/IMKaTHOTO KWpMWYa Ha LeMeHT-
HO-NEecYaHoOM pacTBOpPe HOPMATHB-
HOEe pacyeTHOe BfarocofepykaHue
coctasnset: 2 % no macce ana yc-
nosui «A» n 4 % no macce gns
ycnoeui «Bb»; ans kepamautobe-
TOHa Ha KeapuesoMm necke — 4 %
no macce ans ycnosui «A» u 8 %
no macce ans ycnoeun «b».

lopon Tambos no mecTonosno-
YKEHUIO OTHOCMUTCSI K CYXOW 30He
B/I@XKHOCTU.  YCTaHOBNEHO, 4TO
MaccoBoe B/larocofiep>kaHue Ma-
TEPUaNIOB BEPXHUX CI0EB OObeK-
toB 1, 2, 3, 5, 6 u 8 Haxoamnoch B
npegenax HOPMATMBHOIO pacyert-
HOro nokasatenss A8 YC/IOBWM
aKkcnnyataumm «Ax», obbekta 7 — B
npegenax pacyeTHOro nokasaresns
ans ycnoeui «b». Y obbekTa
4 Bnarocogep)kaHue Hapy>KHOro
cnosi 6GbI10 B Npeaenax pacyeTHo-
ro noKasartensi B YC/IOBUAX IKCITy-
ataumn «b», a Bnarocogep>kaHve
BHYTPEHHEro C/los  MPEBbILANO
BflarocofepykaHue [Ons  YCNOBWM
«b» Ha 52 otH. %, T. e. cTpou-
TeNbHbIA MaTepuan bbin nepeysna-
>KHEH.

MNposepeHHoe  WccnemoBaHue
MO3BOJIM/IO CheflaTb BbIBOAbI O
MacLiTabax coneHaKonaeHnsa U Ha-
PYLUEHUH BIXKHOCTHOTO pPEXXHMa
HaPY>KHbIX OrpaykKAaloLMX KOHCT-
PYKLUIA MPOMbILLNIEHHBIX 30aHUN C
NPOW3BOACTBEHHOM CpenowW, Co-
JepyKallled rMrpoCKOMNUUeckue co-
nu. Takum obpasom, HeobxoauMa
pa3paboTka MEpPONPUATHIM NO NpPo-
E€KTUPOBaHUIO CTEHOBbIX HapPYX-
HbIX OrPa’KAAIOLLIMX KOHCTPYKLMH C
YUETOM CJ/IOXKHbIX YC/IOBUW 3KCMITY-
atauuMu, KOTopble BO3HWKAlOT Mpwu
HaKOM/IEHUU COJIEN BCNIEACTBUE MX
nonagaH1s Pas/iMuHbIMU NYTAMU B
HapY>XHble OrpakparoLiMe KOHCT-
PYKLMH.

MpoekTHpoBaHWEe KOHCTPYKLUM
HapPY>XHbIX CTEH AN CJIOXHbBIX
YyC/IOBUM 3KcnayaTauuu

Ha ocHoBaHWu aHanM3a npoHu-
KaHWsl CONel B Hapy»KHble Orpark-
Jalolpe KOHCTPYKLMK No JuTepa-
TYPHbIM UCTOUHUKAM W UCXOOS W3
pe3ynbTaToB MPOBEAEHHbIX HaTyp-
HbIX M nabopaTopHbIX UCCreaoBa-
HWUW CTPOWTENbHbIX MaTepuasos,
cofepKalux conu, bbian paspa-
BoTaHbl MEPONPUATHSA MO NPOEKTU-
POBaHHWIO KOHCTPYKLMHM Hapy»KHbIX
CTEH 3[aHWM B CJIOXKHbIX YC/TOBUSX
3Kcn/yataumMu Mnpu  BO3LAEWUCTBUH
COMen U Bnaru.

MpoeKkTUpoBaHWe TaKUX KOHCT-
PYKLIMH COCTOMT M3 [BYX COCTaBJIsi-
IOLLMX: MPOEeKTa COCTaBOB CTPOM-
TesIbHbIX MaTepHUaIoB W NPOEKTa MNo
NPOEKTUPOBAHHIO HAPYXKHbIX Orpa-
>KOAIOLMUX KOHCTPYKLIMH.

3apava nogbopa cocrasa CTpo-
UTeNIbHbIX MaTepuanos A/ obbek-
TOB C arpeccuBHbIM BO3OEMCTBUEM
CO/eBoW cpefbl npeanosaraer no-
JlyYEHWE CTPOMUTENbHbIX MaTepHa-
NOB, KOTOpble UMetoT Bonee BbiCO-
KOe COMPOTHB/IEHWE arpecCHBHbLIM
BO3[EWCTBUSAM, UYEM TPaAULMOH-
Hble.

MNpoekTHpoBaHHe cocTaBa Hapy-
>KHbIX OrPakAaloLMX KOHCTPYK-
UMK npedycMaTpusaeT paspaboTky
KOHCTPYKTMBHOIO pELUEHUsI CTEH,
3alUMLLEHHbIX OT BO3[EWCTBMUA ar-
PECCUBHOW cpefpl NyTeM nposefe-
HWUSI COOTBETCTBYIOLLMX 3aLLUTHbIX
MepOonpUSATHI.

OtpenbHoe BHUMaHWe HeobXo-
OUMO ypaenuTb paspaboTtke cocra-
Ba MHoOrocsioMHon cteHbl. Cnegyet
yuuTbIBaTh, YTO [AaHHas CTeHa
npeacTasniseT CoBON CNOXKHYIO CH-
CTeMy, COCTOSALLYIO M3 OTAE/bHbIX
cnoes. Marepuanbl cnoee umetoT
pa3/inuHble CBOMCTBA WU MOTYT B/lW-
ATb KaK Apyr Ha Apyra (CBOMCTBO
3MEPPKEHTHOCTH), TaK M Ha pabo-
Ty cucTeMbl B Lenom. HecbanaHcu-
POBaHHOCTb CBOMCTB MaTepHasios B
TaKoW CUCTeMe MOXKET NMPUBOAWTbL
K NepeHoCy COJien Ha Hapy»KHble W
BHYTPEHHWE MOBEPXHOCTH Orpa-
Jalolled KOHCTPYKLMU ¢ obpaso-

MPOMBbBILUJTIEHHOE W TPAXOAHCKOE CTPOUTE/ILCTBO 8/2020



CTPOUTENBHBIE KOHCTPYKLY

W, SOAHNA 11 COOPYXERUHA

‘ MpoekTUpOBaHWE HAaPYHHBIX OrPAXAAIOLLMX KOHCTPYKLMA ‘
MonBop cocTaea CTPOMTENLHLIX BeiBop Tvna BuiGop BUAE 3aLLMTHI Bei6op cnocoba i
marep1anos orpaxaaroLen HAPYKHBIX OrPAKAAOLIMX alECakNE OMINEKCHAA
KOHCTRYKLWK KUHCTP!’KHW“ ot NPONKTKM U 3awmTa
(nepeuyHan zawmra) BosaencTena
BRark NPy Bo3BeaeHUK 33lUMTHOrO
(BTOpMUHan 3alnTa) NOKPLITUA
Houtpans
BuwiGop BriBop Opvocnoiinan , n Seumrron
na‘:e::a BuAa cocTasa | |orpampacwan | [MHorochoRkan YoTponcTan 4 | [3ausa mamm n Getoa s
x CTeH
(conepwanne BAMYWErD fobasok u ip e g "m:,:imm M:;ﬂ»r‘;n 1| wroprano
coned KOHTpONbL RIS tToN Barini ——
B Chpbe) WX
Kavectea
Baxywee, B | -
i €3 BHYTpaHHAR YTPEHMRR
|_| 3anonwurenm CTOWKOE K TEXHONO- Kontpons | nonepxHocTs NOBEPXHOCTE:
annGetona | L BOINEACTBIID H i weMecw | [Gpomrmmanr] | ||{caaMarmn
coneil u TH4YeCKX MOCTH 1 n“mp:m ngaa
marepuanos
GHOKOpPO3MK Aobasok P FMUMTHOD
NOKPLITHA)
Mnuna Braxywee, TexHonoru- e
ansa HeCcTOWKoe K Yeckue NOBERXHOGTE
WM3roToB- | 4 moanefcTeMi noGaskK L (nponurarsan!
netma meﬁ H B MH H:YBKHE)I'
-1 kMpnu4a GUOKOpPPO3INK YAYHWEHWA
1] CBOWCTE
Kepamu- cMecH
HECKUX
KamHen
MNecok Koutpone LoBaskm
ans KavecTea ans
M3roTos- g il 3awwTel
~  neHus i OET_“
CHnMKaT- conma | [ BOeMeT
HOro BRMYLWEM) coneil
Kupnvya (sop0-
OTTanKM:
Bawowme)
Bopna NoGaexu ana
Aana JAWMTE OT
W3roToB- GUONOMM4EcKoro
|| newus BO3QEACTENA
CTpOKn- T okpysawen
TenbHbIX cpens!
mare- (Broumaes,
puanos thyHraumab)

Cxema no npoekmupoBaHuio HAPYICHBIX 02PANCOAIOUUL KOHCMPYKYUL

BaHWEM OOBLLMPHbIX NATEH BbICOJIOB
[10]. Moatomy BakHO Ha cTagmu
pa3paboTKW MNpoeKTa YuuTbiBaTb
COBMECTHyl0 paboTy OTAeNbHbIX
CTPOWTENbHbIX MaTepHasoB B C/lO-
UCTOM oOrpakjalolled KOHCTPYK-
LIMH.

OencteuM conen W Bnarn. Cxema
COCTOWT U3 NATH BNOKOB (CMm. pu-
CYHOK).

Bnok 1. Mopbop cocTtasa cTpou-
TeNbHbIX MaTepuanos. B 6oke pe-
a/IM3YI0TCA MEPONPHUATHS, Hanpas-
JIEHHbIE Ha MEPBUYHYIO 3aLLMTY

ABTOpaMM [aHHOM CTaTbh pa3-  CTPOWTEJNIbHbIX KOHCTPYKLUMH  OT
paboTaHa yKpynHeHHasi cxema no  Koppo3uu. [lepBuuHas  3awura
NPOEKTUPOBAHUIO KOHCTPYKLMK Ha-  NpefycMaTpuUBaeTCs Ha  CTafuu
PY>KHbBIX CTEH 3[laHWM B CJIOXKHbIX  MPOEKTUPOBaHUS, peanusyetcs

YCNnoBuUAX 3KCnslyatauuu npu BO3-

NPU W3roToBNEeHWU (BO3BELEHHWM)

8/2020 [MPOMBILLUNEHHOE N TPAXIOAHCKOE CTPOUTEJIbCTBO

KOHCTPYKLMHU W 3aK/toyaeTcs cor-
nacHo FOCT 31384—2017 «3auiu-
Ta GETOHHbIX W >KEeNe300ETOHHbIX
KOHCTPYKUWI OT Koppoauu. 0O6-
Me TexHWYeckue TpeboBaHWs»:
«B BbIOOpPE KOHCTPYKTHUBHBIX peLue-
HUK, GeToHa M apmaTypbl KOHCT-
PYKLUWH UM B CO3AAHWU €ro CTPYK-
Typbl, ¢ TemM uTobbl obecneunTb
CTOWKOCTb 3TOW KOHCTPYKLMK Npu
3KCNyaTaluu B COOTBETCTBYIOLLEH
arpeccuBHOM cpefie B TeueHue Bce-
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ro MPOEKTHOro CpoKa CyKObi».
Brok BknloyaeT BbINoONHEHWE TaKKUX
3ajau:

» nepBas 3a0aya — KOHTPOJIb Ka-
uecTBa cbipbs. CocTouT B onpege-
JIEHWU COMEPIKaHWS COJIEN B Cbipbe
NS U3rOTOBJIEHWUS CTPOMTE/bHbIX
maTtepu1asios (3anonHutenu ans be-
TOHOB, IJIMHUCTOE CbIPbe A1 U3rO-
TOBJIEHWSI KMpMHUYa U Kepamuyec-
KMX KPYNHOCOPMaTHbIX KaMHeH,
NecokK A5 NPOW3BOACTBA CHJIMKAT-
HOro Kupnuya W Boga);

e Bmopas 3ad0aya — BbIGOP BUAA
Bshkywiero. [lna  usrotosneHus
CTPOMWTE/IBHOrO MaTtepuana BblOu-
paloT BSXKYLLLEe, CTOMKOE K BO3ewn-
CTBUIO conen U BUOKOPPO3HK (Ha-
NpUMep, CTEK/IOLLENIOYHOE BSIXKY-
Lee), U COOTBETCTBEHHO MaTepua
nonyyatoT ¢ 6onee BbICOKUMU Xa-
pakTepucTHkaMu cTorkoctn [23].
Ecnv npumeHsieTca HecTolKoe BS-
Xyliee, To TpebyeTcs KOHTpPOsb
€ro KayectBa Mo HOPMWPYEMbIM
nokasarenam. CornacHo [OCT
10178—85 «[lopthaHouemMeHT W
L1laKkonopTaaHAUeMeHT. TexHuue-
cKHe ycnosus (C  M3MeEHeHUAMM
Ne 1, 2)» pna nopTtnaHgUemMeHTa u
LLSIaKoONOpPTNAHALEMEHTA  HOPMU-
pyeTcs B nepecyeTe Ha OKCHApl, CO-
nep>xatue cepbl (SOs3), HaTtpus
(Nay,0) u kanusa (K,0);

o mpemeos 3a0a4ya — BbIGOP CO-
CTaBa TEXHOJIOrMYeCKUX [0DaBoK.
Pewator BOnpoc o uenecoobpas-
HOCTU NPUMEHeHUA f06aBOK, KOHT-
pONMpYIOT KadecTso fo6asok. Bbi-
ABNAIOT U MOJIOXKHUTE/IbHOE, U OTPH-
LaTesibHOe B/IUSHWE, KOTOPOE MO-
ryT okasatb [00aBKM Ha CTpoW-
TenbHbIM Matepuan. MNpeanouteHue
cnenyet otpasatb gobaskam 6e3
nobouHoro acpcpeKTa NPUMEHEHHs,
Bblpaykatollleroca B 0Bpa3oBaHWM
BbICOJIOB, B COOTBETCTBUW C PEKO-
meHpaumamu TOCT 24211—2008
«JlobaBkK n/1s BETOHOB W CTPOM-
TeNbHbIX pacTeopoB. Obuime Tex-
HWUYECKUE YCNIOBHUSA (C U3MEHEHWEM
Ne 1, c nonpaekom)». Mpu Heobxo-
JMMOCTH Ha3HaualoTCsi pasfiMuHble
006aBKK ONs yNyylleHWs CBOMCTB
cMecH (nnacTudprumpytoLl e, BO3-
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2. Pe3zynemamer uccaedoBarui paccmampuBaemorx cocmaBo8 mamepuanoB

Homep cocrasa BHyTpeHHAR NOBEPXHOCTb nop, M2/r Nopucrocts, %
1 5,03 16,71
2 11,34 19,18
3 2,91 12,52
4 11,24
5 5,98 8,99
6 3,56 9,79
T9 10,8
T17 5,13 12,28
T18 7,61 20,42
T19 6,89 12,09
3B 32,18 39,57
9B 25,94 40,51
3A 15,82 217,46
9A 18,86 35,25
LYyXOBOB/IEKAIOWME, YCKOpUTENW  BeHHoM Bnaru. Cnefyer Takke yuu-

TBEPAEHHWS, 3aMedSIMTENIU CXBaTbl-
BaHWs, YMJOTHAOLIME CTPYKTYPY
mMaTtepuana, WHIMOUTOPbI KOpPO-
3uM, rasoobpasyiolme, NpPoTUBO-
Mopo3Hble). TakXe BBOAATCS [HO-
GaBKM AN 3aLMTbl OT BO3AEHUCTBUS
conen (ruppodpobursatopbi) U HGHo-
JIOTMYECKOrO BO3[OEWCTBUSA OKpY-
yarolern cpeabl (6roumnapl, PyHru-
uMabl).

Bnok 2. Bbibop Tvna Hapyx-
HOW orpakjatoller KOHCTPYKLWH,
BKJ/IlOYAsi W KOJIMUECTBO CJIOEB B
Hel. B cnyyae npuHsTHa pns npo-
€KTUPOBaHUSI MHOTOC/TOMHOM orpa-
YKOAoLWEN KOHCTPYKLIMKU MPOBOAUT-
CSl KOHTPOJIb COBMECTUMOCTH MaTe-
pHanoB CNOeB.

Bnok 3. Moabop 3alluTbl Hapy»X-
HbIX OrpakZaloLMX KOHCTPYKLMM
OT BO3AEMNCTBHUS BNary Npy Bo3eee-
Huu. Peliatot aBe 3agaum, KoTopble
Harnpas/ieHbl Ha HeaornylleHWe 3a-
MauMBaHWs KOHCTPYKLMH CTeHbI Npu
BO3BefeHWH 1 akcnyataund. Cioga
BXOOWT YCTPOMCTBO TOPHU3OHTasIb-
HOM TMOPOU30NALMK Nepeq, Bo3Be-
LEHWEM HapPY>KHbIX CTEH A/ Heao-
NyLLEHUs NPOHUKaHUSA B Hapy>KHble
orparkaatoLiMe KOHCTPYKLMMU Mou-

TbIBaTb, UTO NPW NONAAAHUU Bary B
PacTBOPHYIO U BETOHHYIO CcMecH W
BO BpEMS MOCNenytoLerd CYLLKH
pacTtBopa M GeToHa c Gonee >ua-
KOM KOHCUCTEHLMEM MNPOUCXOOUT
NepPeHOC PacTBOPEHHbIX COMer W3-
HYTPHU K HapY>KHbIM C/IOSIM KJ1aLKH
unn betoHa M obpa3oBaHUE BbICO-
JIOB Ha NOBEPXHOCTH CTeH. [oatomy
HeobxoOMMO npoBefeHUe Mepo-
NPUATHI MO 3aLUMTE KNafKu U beTto-
Ha OT BO3[OEWCTBUSA aTMoCqEepPHOM
B/larv Npu BO3BELEHWU CTEH, TBEpP-
JeHuM pacteopa U beToHa ois He-
JOMNyLLEeHUs WU3MEHEHWUs TYCTOTbl
pactBopa U BETOHHOW CMeCH.

Bnok 4. Bbibop BTOpHUUHON 3a-
LWMTbl HaPYXKHbIX OrpavkAatoLwmux
KOHCTPYKLMH, peanu3yeMoM, Kak
pekomenayetr TOCT 31384, «noc-
Nle  W3roToBneHus (BO3BeaeHus)
KOHCTPYKLMKU 3a CYET MPUMEHEHMS
Mep, KOTopble OrpaHW4YUBalOT WM
UCKJIIOYalOT BO3LEWUCTBUE Ha Hee
arpeccuBHol cpenbl. BoinonHseTcs
npY HE[OCTAaTOYHOCTU MEPBUUHOM
3awuTbly. Bnok copepxxut cneny-
toLLMe 3a8auu:

e B0-nepBbix, HaHeCceHWe NPonuT-
KM Ha NOBEPXHOCTH cTeH. Bbibupa-
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IOT BapWaHT YCTPOMCTBA 3alUWTbI
Hapy>HOW W BHYTPEHHeH NoBepX-
HOCTEW Orpakparolerd KOHCTPYK-
LUK C NPOMUTKOMN rMapoobusnpy-
IOLWMMK coCTaBaMu Mnu 6e3 npo-
MUTKK;

e B0-Bmopblx, HaHeCeHWe 3aLlLuT-
HOrO MOKPbLITUS Ha BHYTPEHHIO
CTOPOHY cTeHbl. [TpoekTupytoT Ha-
PY>KHYIO OrpakaatoLLLytO KOHCTPYK-
LMo 6e3 NOKPbLITUSA UK C NOKPbITH-
€M 3alLMTHbIM COCTaBOM BHYTPEH-
Hel NOBEPXHOCTU OT BJIUSIHUA ar-
peccHBHbIX (haKTOPOB MNPOU3BOA-
cTBeHHOM cpegpl. Onpenensior Bug,
W TOJILLMHY JIAKOKPAco4YHOro mno-
KPbITHS 4151 BO3MOXKHOIO pe3epBH-
POBaHWs BAro3alMTHbIX KauyecTs
Hapy>XHOW OrpaykaaloLlen KOHCT-
PYKLMU C YUETOM BO3LENUCTBUSA CO-
nen [10].

Bnok 5. [NprMeHeHWe KoMMnekc-
HOM 3alliMTbl, KOTOpas 3aK/ovaer-
CA B OCYLLECTB/IEHUH TEXHUUYECKUX
MEpPONPHUATUI W QOMOSHSET NepBH-
UHYIO Y BTOPHUUHYIO 3aLLMTY COrfia-
cHo FOCT 31384. Ucnonb3ytoT Kak
du3nyeckne U PU3UKO-XUMUYEC-
KWe MeTodbl, TaK U MEPONPUATUS
MO YMEHbLUEHWIO arpeccUMBHOrO
BO3OENCTBUA cpefdpl. B ux uucne
Mepbl, MWCKJloYaloWMe KOHAEHCa-
LMIO BNarM C PacTBOPEHHbIMU Be-
LLeCTBaMH Cpefibl, a TaKXKe MOHH-
>KaloliMe KOHLEHTpauuio arpec-
CHBHbIX BELLECTB. ITO — OpraHusa-
LMsl CTOKOB arpeccuBHbIX BELLECTB,
LPEHaXK, 3/IEKTPOXMMUUECKas 3a-
LLLMTa U BbIHOC NMPOMW3BOLACTB, Xapa-
KTEPUIYIOLLMXCS BblAENeHWeM ar-
PECCUBHbIX BELLECTB, B W30/IMPO-
BaHHblE MOMELLEHUS, YTO BO3MOXK-
HO npu HeBonbwKMX MaclTabax
NPOU3BOACTBEHHOrO npoLecca.

Bbi6op u paspaborka orpaxpga-
IOWKX KOHCTPYKLHH U MaTepuUa-
NoB AN UX U3TOTOBJIEHUS

MNpu BO3BEAEHMM 3OaHWHM U CO-
OPY>KEHUN MEPCMNEKTUBHLIMU Npen-
CTaBNAIOTCS MOPOLLKOBO-aKTUBHUPO-
BaHHble OETOHbI U TPEXC/IOMHbIE Or-
parkaatoLLmMe KOHCTPYKLWK Ha OCHO-
Be KapKacHbix 6etoHos [24—28].

C uenblo NoBbILLEHUS JONrOBEY-

HOCTH BETOHOB MPW NPOEKTUPOBa-
HUM peLenTyp OGETOHHbIX cMmecen
Gonbluoe BHUMaHWE cnepyeT yne-
NATb TPEM MOKas3aTensiM: MWHU-
Ma/IbHOMY COZEp’KaHUIO LieMeHTa,
MWHUMa/IbHOMY BOJOLEMEHTHOMY
oTHouweHuto (B/L) v makcumanb-
HOW MPOYHOCTU MpU CXKaTuu. [lpu
3TOM [JOMMHMUpYIOLLEE BUAHWE
OKa3bIBaeT LEMEHTHOE TECTO, KO-
TOPOE CAY>KWT [NaBHbIM WCTOYHM-
KOM nopuctoctu GetoHa. B atom
CBA3M NpeACTaBNseT UHTEPEC OMbIT
pa3paboTku 6eTOHOB HOBOro no-
KOJIEHWUS C HWU3KUM PacxomoMm Le-
MEHTa Ha €[MHHWLY MPOYHOCTH, K
KOTOPbIM OTHOCSATCSI MOPOLLKOBO-
aKTMBUPOBaHHbIE W pPeaKLMOHHO-
aKTuBHble 6eToHbl. M3yueHHble co-
CTaBbl M Pe3y/ibTaTbl NPOBEAEHHbIX
UcciefoBaHUM NpWUBeLEHbI B
mab6s. 2.

BbinonHWM cpaBHeHWe MNoKasa-
Tenier NMOPUCTOCTU ANSl PA3/IMYHbIX
COCTaBOB LIEMEHTHbIX KOMMO3WTOB.
Coctaebl No 1—3 pasnuuatorcsa Ko-
JIMYECTBEHHbIM COLEpPXKaHWeM BO-
Ibl 3aTBOPEHWUS W Ha/MUMEM [O-
6aBku runepnnactudukaropa. 1o
[lOKa3blBaeT W3BECTHOE MOJIoXKe-
HWE O TOM, YTO yBe/IMYEHHWE BOLO-
COfeprKaHHsl B CMecsiX NPUBOOMT K
MoBbilleHWIO, a pobaBKa niacTv-
drkatopa — K CHMXXEHMWIO NOpPMC-
Toctu. pU 3TOM M3MeHeHUe BHYT-
peHHEN MOBEPXHOCTH MOP MPOMC-
XOAMT Mo NofoBGHOM 3aBUCHMOCTH.
Tak, ysenuuenune B /L Ha 31 % no
CPaBHEHWIO C TECTOM HOPMaJIbHOW
ryCTOTbl MOBbILIAET NOPHUCTOCTb Lie-
MeHTHoro kamHs Ha 15 %, a pose-
[EeHWe LEMEHTHOro Tecta A0 Hop-
MaJsIbHOM FyCTOTbI (C cofep>kaHneM
runepnnacTMgmKaTopa B KoJuuec-
t8e 0,09 %) c B/L, 0,171 nosso-
nseT ee cHU3uTb Ha 25,8 %.

NameHeHHe Ko/MMUeCTBa TOHKO-
OWCMNEPCHOTrO HanoJIHUTENSI B Mec-
YaHbIX CMECSAX TaK)Ke 3aMeTHO CKa-
3bIBaeTCA Ha nopuctocti. CpasHe-
Hue coctaBoB Ne 4 u 5 nokasbiBa-
€T, YTO MOPUCTOCTb BbICOKOHAMO/I-
HEHHOro MaTepuana CHW)KaeTcsl Ha
20,1 %, HO NpU 3TOM BHYTPEHHASA
NOBEPXHOCTb MOP HUXKe Yy COoCTaBa

8/2020 [MPOMBILLUNEHHOE N TPAXIOAHCKOE CTPOUTEJIbCTBO

Ne 4. BeegeHue MUKpoOKBapLa cno-
cobCTBYeT MOBbILLEHUIO MNOPUCTO-
CTW LEMEHTHbIX KOMMO3WTOB, 4TO
BUOHO MPH CPaBHEHUW COCTABOB
Ne 4 v 6. Ecnu y BapuanTa Ne 4 no-
puctoctb paeHa 11,24 %, To y co-
ctaa Ne 6 — 9,79 %. BHyTpeHHss
MOBEPXHOCTb MOP TaK)Ke HECKOJib-
Ko Bbille y obpasua coctasa Ne 4.
CoBmecTHoe BBefieHWEe B COCTaBbl
MWUKPOKBapLa W MHUKPOKpPEMHe3e-
Ma [aeT CHUXKEHWE MOPUCTOCTH.

Kpome Toro, v BeeeH1e nobas-
KU «Tedonekc AHTUNIECEHDb» CHUW-
»kaeT nopuctoctb. U3 cpaBHeHus
coctaBoB Ne 1w T17 cnenyer, uto
MOPWUCTOCTb LIEMEHTHOrO KaMHs C
6roumgHoM fobaBKOM Huke. Yse-
JIMYeHWe Copep’KaHus BOAbl B CO-
cTaBax C OuoungHoW p[obaBKoW
YBE/IMUMU/IO KaK MOPHUCTOCTb, TaK W
BHYTPEHHIO NoBepxHOCTb nop. C
6uounaHon pobaskok «Tednekc
AHTUNNECEHD» 3PEKTUBHO pabo-
TaeT v runepnnactudukartop «Mel-
flux». Wx coBmecTHoe BBepgeHWe
cnocobcTBoBaNo  AasbHenLemy
CHWXKEHWIO MOpUCTOCTU  (cocTaB
T19). BHyTpeHHsis noBepXxHOCTb
nop BO BCEX Cllydasx BonbLue, yem
Yy KOHTPOJIbHOrO BapHaHTa.

K 3HauMTenbHON NOPUCTOCTH Lie-
MEHTHOTO KaMHs MPUBOAMT MNpH-
CYTCTBWME HAMOJIHUTENSS MUKPOMET-
puueckoro pasmepa. Hanpumep,
BK/IlOUEHWE BeNlor U UEepHOW CaXku
B paBHbIx konuyecteax (no 30 mac.
y. Ha 100 mac. u. nopTnaHaUeMeH-
Ta) BbI3BA/IO POCT ITOMO MoKasare-
na cootBetctBeHHo a0 39,57 wu
27,46 %. Mpu 3TOM BOAOLEMEHT-
HO€ OTHOLUEHWE COCTaBOB [OCTHI-
no 1,21 v 1,17. Y KOHTponbHOro
coctaBa B /Ll coctasnsert 0,25.

MepcnekTuBHbIM HanpasieHUeM
Oa/lbHEWLIEro pPasBUTUS  LIEMEHT-
Hbix BETOHOB npeacTaBnserca no-
JlydEHWE W BHEAPEHWE MaTepHasioB
KapKacHoM cTpyKTypbl. Cneuudu-
yeckasi CTPYKTypa KapKacHbIX KOM-
No3uTOB U cBOoeobpa3Has TeXHONO-
M UX W3rOTOBJIEHUS MO3BOJAIOT
co3faBaTb Ha MX OCHOBe MaTepua-
Jibl C 334aHHbIMK CBOWMCTBAMM W U3-
[eNiMsi pas/IMYHOro HasHauyeHusl.
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AdhekTUBHbI  orpaxkgaroipe
KOHCTPYKUMH, obnagatope ynyu-
LIEeHHbIMWU TenJIOTEXHUYECKHUMHU
cBOMCTBaMU Be3 npuUMeHeHus cre-
unanbHbix ytenautenen [29]. Oc-
HOBHOE [OCTOMHCTBO TakWX orpa-
YKOAIOLLMX KOHCTPYKLMM — [ocTa-
TOYHO BbICOKOE TEPMMYECKOE CO-
npotusieHe npu obecneyeHnu
coBMeCTHOW paboTbl  OTAeNbHbIX
C/IOEB NOJ, Harpy3KoM, a Takxke oT-
CYTCTBUE HAKOMJIEHUS KOHIEHCH-
pyeMon WU Opyrow Bnaru B Tene
KOHCTPYKLMH.

TpexcnovHble CTeHOBble NaHe U
Ha OCHOBe KapKkacHoro 6eTtoHa co-
CTOAT M3 [BYX KpaWHWX C/oeB
(NNOTHBIM KEPaM3UTOBETOH) U cpe-
OHero cnos (KpynHOMOPMUCTbIA Ke-
pamM3nTOBeTOH). TONLLMHY KparHHUX
MOTHBIX C/I0EB KOHCTPYKLMK MpH-
HumaloT B cooteeTcteun ¢ [OCT
31310—2015 «[laHenn creHoBbIE
TPEXC/IOMHblE  Kene306eToHHble
C 3PPEKTUBHDBIM  YTEMSIUTENEMY,
TO/ILUMHY CPEOHEro C/I0Si PacCuu-
TbIBAlOT WCXOAS M3 MPUMEHSIEMbIX
COCTaB/IAIOLLMX KOMMNOHEHTOB U Te-
NIOTEXHUYECKUX TpeboBaHWM K
KOHCTPYKLMSIM Pas/fiMuHbIX 34aHWK
U COOpYXeHUW. YCTaHOBNEHO, UTO
MOBbICUTb TENIOTEXHUYECKUE CBOW-
CTBA TPEXCJIOMHbIX KOHCTPYKLMM
BO3MOXXHO MPW MPUMEHEHWUU Ke-
pam3nTOBOro U TePMOJIMTOBOIO 3a-
NOJIHUTENEN MOHWUYKEHHOM MNIOTHO-
CTW, TNOJbIX TPaHyl W  OPYyrux
CPEACTB, a TaKXKe C NMoMoLLbto MNo-
pU3aLuM PacTBOPHOW COCTaB/SIO-
e, ucnosibayemon ans obpaso-
BaHWsA KpanMHWX CIOEB.

TpexcnonHyto cTeHOBYIO NaHeNb
Ha OCHOBe KPYMHOMOPWCTOro Ke-
paM31TOBETOHA U3roTOB/ISIIOT B rO-
PHU30HTaNIbHOM MOJIOXKEHWU B ABa
arana (BapuaHT Ne 1). Ha nepeom
3Tane nocse YCTaHOBKW apMartyp-
HbIX KapKacoB, 3aK/iafHbiX W3ge-
JIMHA U MOHT&XKHbIX NeTesib B (hopMy
yKnagplBaetTcs  LeMeHTobeToHHast
cmecb, ee BUOpHpYIOT 10 0Bpas3o-
BaHWs KpaWHero njoTHOro U cpef-
HEero KpYynHOMOPWCTOro C/0EB; Ha
BTOPOM 3Tane Ha MOBEPXHOCTb
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KPYMHOMOPWCTOro C/lost YKNaaplea-
IOT CTPOMTESIbHbIM PacTBOP NOABH-
YKHOCTblO 1—2 cM, KoTopbIH C no-
MOLLbIO [AaBfiEHWUS] BHELPAIOT B
MeXX3epHOBOE MPOCTPAHCTBO rpa-
Hyn 3anonHutensi. CHU3WTL naoT-
HOCTb W TEMJIONPOBOAHOCTb Kpaw-
HWUX CJIOEB TPEXC/IOWHOW MNaHesM
MOXHO B pe3y/ibTate npUMeHeHUs
MOPWU30BaHHbIX MPOMUTOYHBIX MaT-
PHUUYHBIX COCTaBOB.

MNpu M3roTOoBNEHWUU TpPEXCNOU-
HOM MaHenu ¢ NpUMeHeHWeM raso-
6etoHoB (BapuaHT No 2) B chopmy
nocieaoBaTe/ibHO pasmeLLaoT o0b-
JMLOBKY, CBEXENPUrOTOB/IEHHYIO
NOPU30BaHHYIO  JIErKODETOHHYIO
CMecCb, a 3aTeM B MOMEHT HacTyn-
JIEHUS WHTEHCHUBHOIO BCMyYMBaHMWs
CMecH NPOMU3BOAAT BUOpaLMIO, KO-
Topas obecneunBaeT paccravBa-
HWe cMecH 1 obpa3oBaHHe KpaiHe-
ro NJOTHOrO W BHYTPEHHEro Kpyn-
HonopucTtoro cnoe.. [otom Ha no-
BEPXHOCTb KPYMHOMOPUCTOro C/los
HaHOCAT CTPOMTENbHbIA pPacTBOp.
CocTae MaTepuasios, a TaKxXe Tex-
HOJIOrMYeCcKWe onepauud Ha BTO-
pOM 3Tane TEXHOMOMMU UOEHTHUYHDI
OMNWCaHHbIM paHee.

B cnyudae npumeneHnus neHobe-
ToHOB (BapuaHT Ne 3) nns usrotos-
JIEHUSI TPEXC/IOWHBIX MaHeNen Tex-
HOJIOTMS  BKJIIOYaeT  crefytoluue
onepauuu. lNocne ycrtaHoBKM ap-
MaTypHbIX KapKacoB, 3aKNnagHbIX
U3LeNMA U  MOHT&KHbIX NeTesb
CBEXXENPWUIrOTOB/IEHHOW  CMECbO
3anosiHAIT POPMY U OCYLLECTBAS-
IOT  BMOPUPOBAHWE  YNIOXKEHHOM
cmecH B Tevenne 30 ¢ go obpaso-
BaHWs HWXXHEro MJOTHOro W Kpyn-
HonopucToro cnoes. [locne okoH-
uaHus BWMOPUPOBaHWS  NosydaloT
LBYXCJIOWHYIO KOHCTPYKLMIO C TOJI-
LLMHOM KpaWHero MnJOTHOro cros
80 MM M TonWMHOW KpynHONOpPHMC-
Toro cnos 30—40 mm. 3ateMm Ha
MOBEPXHOCTb  KPYMHOMOPHCTOro
Cnos yKnagblBaloT neHobeToHHYIo
CMecCb, NMOBEPXHOCTb KOTOPOW Moc-
ne Habopa NNacTUYECKOM NPOYHO-
ctv 0,025—0,03 MIla npukatbisaioT
KaTALMMCS BaJioM A0 MOJIyYeHUs

NPUKaTaHHOTO C/OS TOJILLUHOMN He
MeHee 5 cm.

Xectkoe coeguHeHWe no BceM
NOBEPXHOCTH KOHTAKTOB BHELLHUX U
BHYTPEHHWX YacTel COCTaBHOrO ce-
ueHUs U3OeNIMM Ha OCHOBe KapKac-
HbIX GETOHOB MO3BOJISIET paccmar-
pUBaTb MX KaK MOHOJIMTHbIE B OT/W-
uMe OT M3LE/MH C MEHOMOIUCTHU-
POJIbHBIMK BK/IaZpILLIAMH, KOTOpPble
OTHOCSATCS K COCTaBHbIM CHCTEMaM.
MpHHUMN MOHOMMTHOTO OObeauHe-
HUS B OQHOM KOHCTPYKTUBHOM 3J1e-
MeHTEe KpyrnHonopucToro 6etoHa ¢
BHELUHUMMW MJIOTHbIMK CJIOSIMK W3
JIErKOTO WU TSIXKETIOrO KapKaCHOro
6eToHa Aan BO3MOXKHOCTb MCMOJIb-
30BaTb €ro B Ka4ecTBe OCHOBbI A/151
NPOEKTUPOBaHKUS CTEHOBbIX OrpaKk-
JAIOLMX KOHCTPYKUMM — HeHecy-
LWKMX (MesKoLTyYHble 610KH), caMo-
Hecylinx (MesIKoLWTYyuHble OBIOKH,
KpynHopa3MepHble NaHenu) U Hecy-
WKX (KpynHopasMepHble NaHesu).

BboiBopbl

1. PazpaboraHa cxema npoeKTH-
POBaHUsi HapPY>KHbIX Orpaxaato-
WMX KOHCTPYKLUMH, noaseprao-
LMXCSA B MpoLecce 3KCriyaTauuu
B/IMSIHUIO Cpepbl, COAep’Kallen He-
OpraHWYyeckWe rUrpoCKONUUYEcKUe
conu. [MpencraBneHHbIM aNiropuT™
nosgosseT BblOpaTb Ha OCHOBE
CpaBHeHWs BapuaHTOB Haubonee
3PPEKTUBHBIM NPOEKT.

2. [lpoeKTHpoBaHWe KOHCTPYK-
LIMHM HapPY>KHbIX CTEH 3[aHWH B CJIO-
YKHbIX YC/OBUSIX 3KCMiyaTauuu w
BbIMOJ/IHEHWE  MPEdYCMOTPEHHbIX
MEPOMNPUATUM  CnocobCTByOT No-
BbILUEHWIO [OOJIFOBEYHOCTH W IKC-
MayaTauuOHHbIX KauyecTB HapyX-
HbIX CTEH, BbINOJIHEHHbIX U3 KaMeH-
HbIX CTPOMTE/IbHbIX MaTepHasos,
YBEJIMUEHUIO BPEMEHU MeXAY Mpo-
BEOEHWEM PEMOHTOB M COXpaHe-
HWIO BHELLHErO BUAA HaPY>KHbIX Or-
paXKAaloLWMUX KOHCTPYKLWH.

3. lNpepnoxkeHbl ons Bo3Bege-
HWUSA 3[aHWM U COOPY>KEHWUIM MOPOLLI-
KOBO-aKTUBMPOBaHHble OETOHbl U
TPEXC/OWHbIE KOHCTPYKLMU Ha OC-
HOBE KapKacCHbIX 6eTOHOB.
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