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YCcKopeHHOe onpegesieHne MOPO3OCTOl-
KOCTKU 6eToHa AMNaTOMETPUYECKUM MEeTO-
nom rno FOCT 10060 3-953a4 5uacoB
HoBbIli MeTOog ncnbiTaHuii (NnaTeHT). Tpn
Moaudmkaumm, 1.8 kKamep, B T.4. C MHOro-
KaHa/IbHbIM aanTepoM U KOMMbIOTEPOM
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M3mepuTenb nNpoHuMUaeMocTn 6eToHa U
MaTepuasioB Ha BepTUKa/IbHbIX U FOPU30H-
Ta/lbHbIX MoBepxHocTAX(NaTeHT) OueHka
rnybuHbl BakyyMa BCTpOeHHble 3neKTpo-
HVIKa 1 anekTpokommnpeccop Macca 1,5 kr
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OHUKC-2.5, OHMKC-2.6 ®

MepBbIi MHOronapameTpuyeckuin yaap-
HO-VMMNY/IbCHBIA  M3MepuTeNlb  NPOYHOCTU
TSXKeNbIX W Nlerknx 6eTOHOB, W Marepu-
anoB(nateHT) Camblii KOMNaKTHbIA 1 Nerkun
AaTunK-CKnepoMeTp. HoBass CXeMOTexHMKa,
Aavcnneid, kopnyc. Busyanmsaums cMrHanos.
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YNnbTpa3ByKoBble MNpUGopbl Ansi 06Ha-
pyxeHune [edeKToB KOHTPOS MPOYHOCTU
6eToHa ¥ MmaTepuasnos, onpegesieHus
NPOTHOCTM W MOAynst ynpyroctv Busya-
nM3auna  CUrHasIoB, W3MepeHue [ly6uHbI
TPEeLLMH, aBToMaTnyeckas agantaums
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MepBbIli aBTOMATU4YEeCKNI A MHOTrOKaHa b-
Hblli KOHTpPaKUunomMeTp (NaTeHT).

OueHka aKTMBHOCTM LeMeHTa 3a 3 uJaca
Pervnctpauus Temnepatypbl 1 NPOBOAMMOC-
TV o6pasua lccnegoBaHne NPoOLLECCOB CTPY-
KTYpOO6pa30BaH 1si LEMEHTOB 1 6EeTOHOB

MUrU

Nerknii namepuTenbHbIA Npecc AN UCnbl-
TaHUsA Ha cxxaTue obpasLoB-Kyb60B 1 KEPHOB
13 6eToHa 1 ApYrnx CTpoUTesIbHbIX MaTepua-
nos(naTeHT). Py4yHOW M 3NeKTpuYeckuin npu-
Bog, [Be moaudmkaumm ¢ ycunmem o 250 m
500 kH. Macca 25133 K.

BETOHA N MATEPUAIOB
© OHVIKC-OC

MeTopA OTpbIBa CO CKasibiIBaHMEM.
McKnoyeHo npockanb3bliBaHNe aHKepa
[ByXUMNMHAPOBasA KOHCTPYKUMS C camoycTa-
HOBKOW OCK BbIpbiBa [aTeHT Ha npubéop u
cnoco6 ucnbiTaHnin MOHOG/104YHOE MUCMOosIHe-
HUWe, yao6CTBO YCTaHOBKN Ha 06 bEKT
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Camblii KOMMNaKTHbI 1 nerknii npuéop ana
KOHTPO/ISA MPOYHOCTN 6eTOHa METOAOM CKosa
pebpa HoBbIi cnoco6 UcnbITaHUA(NATEHT).
MoOHO6/M104HOE WucCNoNHeHne TlpocToe
KpenneHne Ha OGbEeKTe KOHTPO/IS LUypYyrnoMm
no 6eToHy Macca 2,0 kr

AEDPEKTOCKONMbI XX\b N BYPOHABVBHbLIX CBAU

ClMEKTP-2.0

OnarHocTuka /6 n 6ypoHabuBHbIX CBa,
onpegeneHne A/NHbI CBali, 06HapyXeHne
1 nokanm3auus gedektos 3anucb 1M aHaIm3
peakuun cBau Ha yAapHoe Bo3fgeiicTBre BO
BPEMEHHOl U1 cnekTpasbHOl 06nacTax
(naTeHT).
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BETOHbI

.M. BE3rO0OB (MocKoBCKMIA rocyapCcTBEHHbIA CTPOUTENIbHbIN YH-T)

O COOTHOWEHWAX NMPOYHOCTHbIX N AE®OPMATUBHBLIX XAPAKTEPUCTWK
BETOHA PN CXATUN, PACTAXEHUN U PACTAXEHWUN MNP U3TVIBE

KoHTponb kayectBa 6eToHa Ha 3aBogax >XBW npo-
BOAMTCA B OCHOBHOM MyTEM WCMbITaHWUA Ha cxaTne 6e-
TOHHbIX Ky60B. B TO e Bpems 418 TOHKOCTEHHbIX MJocC-
KMX 3/IEMEHTOB BHYTPEHHMX CTEH B Mpouecce M3roTos-
neHns kyga 6osee BaXHbIM SBMISAETCA KOHTPO/b MPOY-
HOCTW Ha OCeBOE pacTAXeHWe WM pacTaXeHue npu us-
rmée, NOCKOMbKY B npouecce nsrotoenexHus (popmosa-
HMA 1 pacnanybkn) pedekTbl BO3HUKAOT WMEHHO OT
pacTarnBalLmx 1 n3rnbalwmx HanpsxkeHuii. Hanuune
Hernapon3oNIMPoOBaHHbIX AEpPEeBSAHHbIX BCTaBOK, ABep-
HbIX NPOEMOB, TPy6ONPOBOAOB CO3A4AIT KOHLEHTpaLuo
Hanps>keHWin npu pacnanybke v nogbeme naHenu u3
hopMbl. Ycunusa nogbema naHenu npu otaeneHud ot
hopMbl HEOH6XOAMMO KOHTPOIMPOBaThL, YTOObLI He fonyc-
TUTb NpU 3TOM AMHAMMWYECKOro OTpbliBa €e OT (POpMbl,
npu KOTOPOM BO3HUKAKT 60NbLUME M3rnbarowme Hanps-
XeHUsA B pesynbTare 3anasfiblBaHWs MOMEHTa OTpbiBa.
MpuunHamn o06pa3oBaHNs TPewWWH B U3LeNUM MOXeT
6bITb UCKPUBMEHME apMaTypHOro kapkaca, KOTopblii noc-
e npurpy3a ero 6eTOHHOI CMeCbio U AasbHenlweM BKO-
pyupoBaHUM CTPEMUTCA NMPUHATL NepBOHaYalbHOe COCTO-
AHVe, obpa3sys B He3aTBepeBLUeM 6eTOHe ocnabieHHyo
30Hy, KOTOpas B fa/ibHeNWeM NpUBOAUT K TPELLMHE.

[ns 6eToHa xopolwo nofobpaHHOro coctaBa COOTHO-
weHne mexay RfIRt (npn3MeHHO MPOYHOCTBLID Ha CxXa-

TUE W OCEeBOE pacTsXeHue) LO/DKHO cocTasiaTb 10-12
Ansa 6eToHa cpegHei npoyHocTu ¢ R = 20-40 MIMa, wnn
cooTHoweHne RfIR,f= 6-7 mexay npuaMeHHol npouy-

HOCTbIO U MPOYHOCTLIO Mpu n3rnbe. Mpu NpoBepke 3TO-
r0 COOTHOLUEHMA Ha oAHOM u3 3aBofoB XXBW 6bi10 no-
Ny4yeHo cooTHoweHne RAR, = 18-20, a 3T0 3HA4UT, 4TO

npu NpM3mMeHHoi npovyHocTn 30 MIMa NPOYHOCTL Ha oce-
BOe pacTsaxeHue coctasnana 1,67-1,50 Mlla BmecTto
3,0-2,5 MMa.

Takum 06pa3oM, NPOYHOCTb Ha PacTAXeHUe CHUXKa-
eTca Ha 80-100 %. lNpu aTom npegenbHas gedopma-
TMBHOCTb MPU pPaBHOM MOAY/1e YNpYrocT! yMmeHbLIaeTcA
Ha Te e 80-100 %, 4YTO CyLLeCTBEHHO MOHMXaeT Tpe-
LLINHOCTOMKOCTb GEeTOHa.

KoppekTHble ucnbiTaHUA 6eToHa Ha 0ceBOe pacTs-
XEHue cBA3aHbl C OnpefefnieHHbIMKU TpygHocTaMu [1],
KOTOpble B OCHOBHOM CBOJATCA K OCYLLECTBJ/IEHUIO YCT-
POWCTB 3axBaTa M LEHTPUPOBaHNS No hrU3nYECKoin ocu
obpasua. B FOCT 10180-90 [2] npuBOAATCA HECKOJSIBKO
BapnaHTOB 3axBaTa obpasua npu UcnbiTaHNUN Ha 0CeBOe
pacTsXeHue, HO OHW He VMEIKT BO3MOXHOCTU U3MEHATb
Jedopmanmm no rpaHam obpasua, YTo 3aTpygHseT BO3-
MOXHOCTb HaiTn hU3NYECKYID OCb W MOMYUYNTb PaBHO-
MEepHOEe MoJie HaNPsXXEeHWn BO BCEM cedeHun. s aTux

uenei MoxeT OblTb MCMOMb30BaHa MeToAuKa NOAroToB-
KA M UCMbITAHUS Ha OCEBOE pacTshKeHue, NpeffioXeH-
Haa B [3].

CNoXHOCTb WUCMNbITAHUSA Ha O0CeBOE pacTsKeHue
npmBena K WCMO/b30BaHWI0 KOCBEHHbIX METOAO0B - Ha
pacTsbkeHne npu usrnbe n nNpu packasbiBaHUN C BO3-
MOXHOCTbIO nepexoda OT NPOYHOCTU NpU OO4HOM BUAE
UcnbITaHWi K APYroMy depes nepexofHble Koadhguum-
eHTbl. B [4] aBTOp cBA3bIBaeT KyO6UKOBYH MPOYHOCTb C
NMPOYHOCTBLIO HA OCEBOE PaCTAXEHWEe, pacTsKeHue npu
nsrnbe n pactsaxeHue npu packanbiBaHuu. B 10 xe Bpe-
M$1, Kak nokasaHo B cTaTbe [5], OCHOBHOW XapakTepucTu-
KO pacyeTa KOHCTPYKLMIA Ha cxaTue SBMSeTcsS npus-
MeHHas npoyHocTb Rb. KoppensiumoHHas cBA3b Mexay

KyGMKOBOI 1 NPU3MEHHOIN NPOYHOCTLIO A5 6eToHa pas-
NINYHBIX MapoK AO0CTATOYHO M3MEHYMBA, M 3TO CBSA3aHO B
OCHOBHOM M3-3a Pas/iMyHbIX DaKTOPOB, KOTOpblEe BAUS-
0T Ha NPOYHOCTb Ky60B. Kak nokasaHo B [5], koadhdu-
LUMEHT MPM3MEHHOI MPOYHOCTU He SABNASEeTCA yCcTohuu-
BOI XapaKTepuUCTUKOIA.

B Lensx OueHKN COOTHOLLEHMWI MeXay NPU3MEeHHO
npoyHocTbio Rh, oceBbIM pacTsXeHUeM R, 1 pacTsxeHu-

em npu n3rnbe Rif, a Takke COOTHOLLIEHUS NpeaenbHbIX

pedopmauymnii 6bin1a M3roToBnieHa cepusi 06pasuoB-
npu3m pasmepoMm 10x10x40 cm B Ko/nyectse 18 wWITyK
(no 6 06pa3uyoB Ha Kaxablli BUA HarpyxeHus). Metogu-
Ka NoAroToBkM 06pasLoB M UcnbiTaTesibHoe obopyaoBa-
HMEe Ha OCeBOE pacCTsAXeHWe W pacTsxeHue npu n3rnbe
onucaHbl B [3].

O6pa3ubl-Npu3mbl  O6bIIN M3rOTOB/IEHBI U3 6GeTOHAa
coctasa 1:3,32:4,48 Ha nopTnaHguemeHTe M 450 B Ko-
nunyectee 248 kr/m3npu B/L, = 0,70. B kayecTBe 3anos-
HUTENS WCNo/sb30Baiv (hpakUMOHUPOBAaHHbIV LWebeHb
dpakumii 5-10 n 10-20 MM M3 TpaHUTHbLIX NOPOA U KBap-
ueBbli nmecok. Ocafka koHyca cocTaBnsna 1 cwm.
Cmecb nepemelinBanu B rpaBMTaLMOHHON GeToOHOMe-
wanke ¢ nocneaywwum ynaoTHeEHMeM Ha BMGponno-
waake. TlMepen wucnbiTaHUAMM 06pa3ubl 06MepsAnuy,
B3BelMBaAn u npossyumBanu. CpepHee 3HauvyeHue
NAOTHOCTM 6eToHa cocTaBmio 2,33 r/cM3 a CKOpOCTb
ynbTpasByka 4285 m/c. VicnbiTaHns 06pa3yoB npoBoau-
N B BO3pacTte ofHoro roga. B mpouecce akcnepumen-
TOB AedopmMauun U3Mepsnn mnHauKaTtopamy 4acoBoro
Tvna c ueHoli genenunsa 0,001 MM 1 TeH30pe3ucTopamu
¢ 6a3oin 50 MM. HarpyeHue npoBOAMAOCH CTYNEHSAMU C
5-MVHYTHOW BbIAEPXKOIA.

CpefHue 3HayeHus OU3NKO-MexaHNyecknx xapak-
TEepUCTMK 6eToHa Mo pesynbTataM WUCNbITaHWii npeac-
TaBfieHbl B Tabn.1.

2 BeToH 1 Xene3ob6eToH. - 2012. - Ne2



Tabnmua 1
£n £rx 10
Rh MMa Rt MMa Ry, Mra = Xf03  £x10»  Ef 103
MMa MMa MMa
26,46 2,65 4,50 29,8 30,7 205 0,22

Mo pesynbTataM 06paboTkM AvarpamMm a-e U rpa-
ukoB usmeHenuns A€, Ayin OQ npu cxatum 6biim onpe-
[LeneHbl OTHOCWUTE/IbHbIe BENYUHbI  HkHel rfcrc u
BepxHeli TJcrc rpaHuy, TpewmnHoobpasoBaHuns, KOTopble

coctaBunin cootsetcTBeHHO 0,46 n 0,84. U3 pesynbra-
TOoB Tabn. 1 BMAHO, 4TO cooTHoweHune RMR, = 9,98;

v % =5,88; RfIRt= 1,70.

[ns nocTpoeHus 3aBUCMMOCTM MeXAay MpU3MeH-
HOW NPOYHOCTLIO M NMPOYHOCTLID HA OCEBOE pacTsHKeHne
R, =J[Rbm a Takke mexay MPU3MEHHON NPOYHOCTbIO U
NPOYHOCTbLIO Ha pacTshkeHue npu nsrnée N1N-=y(J1™) ans
6eToHa pas3NMYHbIX MapoK MOXHO BOCMO/Ib30BaThCSA
ypaBHeHusIMU Ddepe, KOPPEKTHOCTb KOTOPbIX 6blia fo-

KazaHa B [4], 3aMeHAA B 3TUX YpaBHEHUAX KyOUKOBYHO
NpPoYHOCTb R Ha Npu3MeHHyto Rh ¢ 3ameHoi koadhdpmun-

€HTOB Mnepef KOpHeEM.

Mo pesynbratam akcnepumeHta (cm. Tabn.l) 3asu-
CMMOCTb MEXAY OCEBbIM PACTSXEHUEM W MPU3MEHHOW
NMPOYHOCTbLIO MOXHO MpeAcTaBUTb B BUAe

R=0,3". @

a 3aBUCMMOCTb MeXay NPOYHOCTbI0 HAa PacTsXKeHue npu
n3rnée n NPM3MeHHOn NPOYHOCTLIO B BUAE

9r=0,5\1 . @)

PacnpocTpaHssi AaHHble 3aBUCMMOCTU Ha GETOHbI
pasfMUHbIX Mapok, MOXHO MNOMYYUTb 3aBUCUMMOCTH,
npefcTaBfeHHble Ha puc.l.

Punc.1. 3aBUCMMOCTb MeXay MPOYHOCTbIO HA OCeBOe pacTshkeHue
(1) n pacTsxxeHue npu mM3rnée (2) oT NPU3MEHHOW MPOYHOCTU

BeToH n xene3obeToH. - 2012. -

Kak BuaHO M3 puc. 1, ¢ pocToM NPU3MEHHOWN Mpou-
HOCTW HabnfaeTca TEHOEHUUS CHUXEHUS MPOYHOCTU
Ha 0ceBOe pacTsXxeHue 1 pacTsxeHue npu usrnbe. Mpu
3TOM COOTHOLLEHME MeXay pacTsikeHuem npu usrube u
OCeBbIM pacTAXeHMem OCTaeTCA MOCTOAHHbIM U paB-
HbiM 1,7. Tofo6GHYH0 3aKOHOMEpPHOCTb OTMevaeT "
aBTop [6].

B moHorpadusx [6, 7] 661510 Npe/ioeHo UCnosib30-
BaTb COOTHOLWeHVe R/JRt Kak nokasartenb gedpekTHoCTH

CTPYKTYypbl. Ecnn cooTHoweHua Rf/R, 0603Hau4uTb Kak
n,}a cooTHoweHne RyR,t kak N To nonyyum nokasare-

M ge@eKTHOCTM CTPYKTYpbl 6ETOHA NO OCEBOMY pacTsi-
XEHWIO U NO pacTsHKeHUO Npu msrnbe.

Ha pwvc. 2 npeacTtaBneHbl 3aBUCUMOCTU U3MEHEHUS
nokasatesieii Led)eKTHOCTU CTPYKTYpbl N0 OCEBOMY pac-
TsxkeHuto (1) n, = Rfr/R, n Ha pacTshxeHune npu usrmnée (2)

nj- = RyRff B 3aBMCMMOCTU OT BENWMYMHBLI NPU3MEHHOA
NPoYHOCTM 6eToHa Nno ypaBHeHusaAMm (1) u (2).

CTPYKTYpbI 1, (1) 1 /(0-(2) oT npM3MeHHOl nNpoyHocTM Rh

AHanuampys 3HauyeHuss Modyneii ynpyroctu, nosny-
UEHHbIX MpPU pPas/InYHbIX BUAAX HarpyxeHus (cm.
Tabn.1), MOXHO 3amMeTUTb [0BOJSIbHO XOpOLlee WX COB-
nageHve. Moaynb ynpyroctv Npv CXaTtuu HEMI0Xo Kop-
penupyeTca ¢ npeanoxeHHbIM B paboTe [8] ypaBHeHU-
€M, CBSI3bIBalOLLMM €ro C NPM3MEHHON NPOYHOCTLIO. He-
60/blUass KOPPEKTUPOBKA YPaBHEHUS MPUBOAMT K Nyud-
lemy coBMafeHuo ¢ pesynbTaTaMu 3KCNepuMeHTa He
TONbKO ANS1 AA@HHOTO 3HAYEHWUs1 MPU3MEHHOW NPOYHOCTY,
HO W ANs ApPYruX, paHee MOJyYEHHbIX, CPeAHUNX 3Haue-
HWUIA NPU3MEHHOI NPOYHOCTW. MosnyyeHHoe ypaBHeHue (3)
Nno OLEHKEe MOAYNS YNPYyroctu ANs pas/IMuHbIX 3HAYEHWi
NPU3MEHHO NPOYHOCTM MNpeAcTaBneHo Ha puc. 3. Ha
rpadouk gaHHoin 3aBMCMMOCTU (CM. puC. 3) HaHECEHbI
cpefHvne 3HauvyeHWst NMPU3MEHHON MPOYHOCTU, MOJTYYEH-
Hble B HalUMX 3KCMepUMeHTax AN GeTOHa Pas/INYHbIX
MapoK.

Ne2 3
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Kak BUAHO M3 puc. 3, U3MEHEHWEe MOoAyNsa Yrnpyroctu
OT MPU3MEHHOW MPOYHOCTM GETOHA MO ypaBHEHU (3)
npu COMOCTaBAEHUN C OMNbITHbIMW 3HAYEHWAMU, MONY-
YeHHbIMW HamMu paHee ANnS 6eToHa ApYrMxX Mapok, noka-
3blBaET YAOBNETBOPUTENbHOE COBMNajeHMe.

YunutbiBasi, 4to Mogynm ynpyroctn E, n*  coenaga-

K0T, @ NepexogHon Ko3ahpUUMEHT OT pacTsHKeHus npu
n3rnbe K 0CEBOMY PacTsHXKEHWMI0 NMOCTOSIHEH, MOXHO, UC-
nosb3ys pesynbTaTbl UCNbITAHUA Ha pacTsXKeHue npu
nsrnbe, NoOayyYNTb 3HAYEHME MPOYHOCTU U NpenesbHOW
AedopmaTUBHOCTU NPV OCEBOM PaCTSHXKEHUN.

B Tabn. 2 npeacTtaBsieHbl pes3ysibTaTbl WUCMbITAHWIA
npeaenbHbIX aedopmauuii NpyM 0CEBOM CXaTuu, pacTs-
XEHUW 1 pacTsXeHUU npu nsrnbe, a Takke nonepeyHble
Jedopmaunm, COOTBETCTBYIOLLME HIDKHEN TpaHuue Tpe-
LWMHOO6pa3oBaHus.

Tabnuuya 2

Etfurt0 5
26,6 10,4

1<rs5 05
229 98 10,7

M3 Tabn. 2 BugHo, 4to gedopmaLun pacTsxeHus,
NoslyYeHHble NPU pas3/InyHbIX BUAax HarpyxxeHus, cylie-
CTBEHHO OT/IMYalOTCS MexAay coboii. Mpupoga ux npo-
AIBMIEHNS 3aBWUCUT OT BUAA HAMNPSHXKEHHOTO COCTOSHMSA.
HaumeHblune npegensHble aedopmauun pacTsxeHus
noslydeHbl MpY OCEBOM pacTshkeHun. Hago oTmeTutb,
4YTO NOKasbHOEe paspylleHne B TOUKe 3aBUCUT OT YCo-
BUWiA, ee okpyxawLwmx. Ecnm okpyxawwwan gedekT 30Ha
60nee npoyHas, TO OHa OyAeT cAepXxuBaTb npouecc
paspyleHuns, T.e. 6/710kMpoBaTb OCNAaB/IEHHYI0 30HY U
TeM caMbiM MOBbIWAaTh MNPOYHOCTL. HO BO3MOXHOCTU
6/10kMpoBaTh AedEeKTHYO 30HY MNP OCEBOM pacTsxe-

4 BeToH u Xene3obeToH. - 2012. -

HWUW orpaHuyeHsbl. [ipyroe geno, korga obpasel, UcnbiTbl-
BaeT nsrnbaroLme HanpsxeHus.
Ha gnarpamme uj— e”-(puc. 4) BUAHO, 4TO, HECMOT-

psi Ha 3HauuTenbHble pacTArMBalolMe HanpsHKeHUs B
HWKHE hnbpoBOIi 30HE, packpbiTUe TPewmH MPOUCXOo-
AT ropa3fo no3xe, YeM MpyY OCEBOM PaCTsHKEHMU. Bbl-
wenexawue cou, uMmerwlme 6onee HU3KNE Hanpsxe-
HUsl, 6MOKMpYOT paspyleHve. MosiBNeHne TpewmyH B
6EeTOHEe C KpYNHbIM 3aMofIHUTENIeM XapakTepuayeTcs He-
JINHENHOCTLID B Anarpamme cy - n panbHeliwee

paspyleHne cAepXuBaeTca KPYNHbIM 3anosiHuTenem,
KOTOpbIA HEOBX0AMMO 006X0AWUTb TPEeLMHe, 3aTpaymBas
npu 3TOM LOMOJ/IHUTE/IbHYIO 3HEPruio paspyleHuns. Ju-
HENHOCTb AehopMMPOBaHNS Ha pacTsXXeHEe Npu nsrnbe
yBenmumBaeTca npuéamsmtenbHo Ha 30%, MpoOYHOCTL B
1,7 pa3a, a npefenbHasa pacTaXuMMOCTb B 2-3 pasa, Mo
CpaBHEHUI0 C OCEeBbLIM pacTsxeHwem. [nA mMesnkosep-
HUCTOro 6eToHa npegesibHaa AedopMaTMBHOCTb 3HA4YU-
Te/IbHO MeHbLUe, NMOCKO/IbKY BO3HUKAOLWME TPeLUHbl He
BCTpeYaloT Ha CBOEM NyTu B/I0KMpyloLmMe 3N1eMeHTbl B
BUE KPYNHOro 3anosiHuTens.

Puc. 4. narpammbl a - e AN nonepeyHbIxX gedopmaunii oceBoro
oxatmsa (1), pactshkeHnsa npu nsrnbe (2) n oceBoro pactsxeHus (3)

Mpu cxaTum npupoja pacTArMBallLuxX nonepeuy-
HbIX gedopmauuii OT gelicTBUSA NPOAOSbHbLIX CWUA CO-
BEPLIEHHO VHasA, U Aedopmauny pacTsHKeHUs 34ecb
MOTYT AOCTUraTb BeCbMa 60/bLUIMX BENNYUH. Brnokupo-
BaHWe TpelwuH B OCHOBHOM MPOMCXOAMT 3a cueT cun
TPEHUs, BO3HMKAIOLLMX MeXAy dNeMeHTamun CTPYKTypbl
6eToHa. FoBopuUTb O TOM, Kakux npepesbHbIX gedop-
Mauuii U HanpsHKeHUn pacTsAXEHUS MOXHO AO0CTUYb
AN KaXAOoro BuAa HanpshKeHHOro COCTOSIHUS, Moka
3aTpyaHNTENbHO. BEepoAaTHO, 3TOr0 MOXHO AOCTUTHYTb
npu COBMECTHOM CTPEMJ/IEHUU MOBbILEHNUSI KayecTBa
CTPYKTYPHOI MNPOYHOCTU M BGAOKMPYIOLWMX 3/1eMEHTOB
(Hanpumep cTanbHoOl, 6a3anbTOBON WAM  APYTUX
hu6p).

M3 BblleckazaHHOTO MOXHO 3ak/Il4yuTb, UYTO Npu
aHanuMse HanpshKeHHO-4ePOpPMUPOBAHHOIO COCTOSHUS
no pesynbTaTam NOJyYEHHbIX HaNpPsKeHWU pPacTsHKeHus
JenaTb BbIBOA, O BO3HVKHOBEHUW TPELLUH 1 pa3pyLUeHns
Heo6xo4MMO K3 aHanunsa NpuMpoAbl 3TUX HaNPsSHKEHWNA.
OpHa 1 Ta Xe BeNnuYnHa HanpshHKeHUin MOXeT SIBASITbCA
npeaenbHo B OAHMX Cllydasix U UMETb CYLLLECTBEHHbIN
3anac npo4YyHOCTU B ApYrux.
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Ha puc.4 npepnctaBneHbl 3aBUCUMOCTU U3MEHEHUs
Aechopmaumnii pacTaxeHus OT pas/IMyHbIX BUAOB Hanps-
)XEHHOro cocTosiHuA. Ecnu guarpammsl a - € ons oceBo-
r0 PacTsXeHUA W pacTsHKeHWs npu n3rmbe HaknagbiBa-
I0TCA APYr Ha gpyra, To nonepeyHble gedopmayun pac-
TAXKEHUA OT CXXMMAtOLWMX HaNpsHXKEeHUn AocTuratoT Tow
€ BENNUYUHbI NPU HaNpPsHKEHUSIX, PaBHbIX COOTBETCTBY-
loLLel HUXHEeR rpaHuue TpewnHoobpa3oBaHus.

V3BeCTHO, YTO TOYHO ONpenenUTb HWXKHIOK rpaHuLy
TpelwmnHoobpa3oBaHNs He MNpPoCTO, MOCKOJSIbKY OHa He
UMeeT ABHbIX KpuTepmeB. MOXHO NpeanoXntb cneayto-
Lyt0 Mocnef0BaTesibHOCTb ONpefesieHns HWKHeRn rpa-
HVLbI TpelwnHoobpasoBaHus. Mo pesynbTataMm UchbiTa-
HUS 06pas3uoB Ha pacTsXeHue npu usrmbe ¢ 3amMepom
aedopmaymii HUWKHero nbpoBOro BOSIOKHA NOCTPOUTL
Aunarpammy oy - ey. flanee, pasgenvs Ry Ha 1,7 nony-
yuMm BenunuunHy Rt. Ha gnarpamme onpegenvm 3HaveHue
ew, cooTeeTcTBylllee R, U3 rpadwmka mameHeHus no-

nepeyHbix gecopmauunii Npu OCEBOM CXaTun Halgem
3HauyeHune COOTBETCTBYIOLLEE BE/IMUMHE Mpenesb-

HOI medhopmaLun Npu OCEBOM PACTSKEHUN ELL.

HanpsikeHne, cooTBeTCTBYylOWEee 3Toi Aedopma-
uum, 1 6yaeT SIBNATbLCA 3HAYEHUEM HWKHEN rpaHuubl
TpewmHoobpasoBaHns. YunTbiBasl, YTo NoONepeyHble ae-
chopmaLmm [0 HWXKHEN rpaHulbl TpelmnHoo6pasoBaHus
NINHEVHbI, MOXHO BENNYMHY MPOYHOCTM Ha OCEBOE pac-
TAXeHVe pa3feniMTb Ha KoahrUuMeHT nonepeyHon ge-
chopmaLmm 1 NoNyunTb HanpsHXeHne, COOTBETCTBYIOLLEE
HWKHel rpaHuue TpeLwmHoo6pa3oBaHuS.

[Nns Hawux OnbITOB MO M3BECTHbIM METOAMKaM on-
pegenexHns Rxrc 6bl710 NOMYYEHO cpefHee 3HayeHue

HanpsxeHusa, pasHoe 12,2 MMa. Ecnn onpegenntb ero
no NpeasioXeHHON MeToauKe, TO U3 puc. 4 Mbl NOAYYUM
12,0 MMa.

MoXHO onpefennTb NPOYHOCTL Ha OCEBOE pacTH-
XeHne 1 npefesnbHyo AedopmMaTMBHOCTL MO Avarpam-
Me a -e A1s nonepeyHblx gedopmauuii. ns aToro He-
06X0AUMO HanpshkeHne, COOTBETCTBYIOLLEE HWKHEN
rpaHuue TpewmnHoobpa3oBaHns, YMHOXNTb Ha K03t tu-
UMEHT nonepeyHoi gedopmauun. ITo HanpshkeHne By-
[eT paBHO MPOYHOCTU Ha OCeBOEe pacTsXeHue, a nore-

NHdhopmaums

XIV MexagyHapoAHblii KOHFpecc No GeTOHY

20-22 noHA 2012 1 BT BepoHe (UTanusa) coctontca XIV Mex-
AYyHapoaHbIi KOHrpecc no 6eTtoHy. Ero opraHmsyeT EBponeiickas
accoumnaumnsa no rotoBbiIM 6eTOHHbIM cMecsm - ERMCO, Ho no cy-
LWEeCTBY KOHIpPecc HOCUT BCEMUPHbIA XapakTep. YyacTBoBaTb B
HEeM BbIpa3niv XenaHue HauMmoHa/IbHble accoumnaLmm no rotToBbIM
6eTOHHbIM cMecsaM (ToBapHOMy 6eToHy) CLUA, WHaun, ABcTpa-
nvn, Typumn, cTpaH JlaTUHCKO AMepukn, ANoHuK. [naBHOW Te-
MOl KOHrpecca siBnseTcs 'Tekyliee COCTOSIHWE MUPOBOrO pPbIHKA
roToBbIX GETOHHbIX CMECei M KOHKYPEHTOCMNOCOGHOCTL 6eToHa no
OTHOLLEHWIO K APYrMM CTPOUTeSIbHbIM MaTepuanam”.

Cnepyetr o0OTMeTUTb, 4YTO O06bEM MNPOU3BOACTBA TOBAPHOIO
6eToHa B EBpone, HeCMOTPA Ha KPU3WUCHble rofbl, NpesBblwaeT
300 mniH. M3 B 3Toil 0b6niactn paboTtatoT 60siee 6 TbiCAY KoMMa-
HWA. Ha nNpou3BOACTBO TOBapHOro 6eTtoHa wnaeTr nodutnm 65% ue-
MeHTa, BbINYCKAaeMOro B eBPOMENCKNX CTpaHax.

BeToH 1 Xxene3obeToH. - 2012. -

peyHaa pedopmanums, COOTBETCTBYOLLAA 6yger

paBHa npegencHoli gedopmaTMBHOCTU Stu. Kak BMAHO

u3 puc. 4, NoslydyeHHble pesynbTaTbl 3KCNEePVMEHTOB MO-
Ka3blBalOT TECHYIO CBSI3b MEXAY HWXHEW rpaHuuen Tpe-
LWMHoOGpas3oBaHMs 1 ee gechopmaunein ¢ NPOYHOCTLIO 1
[edopMaTUBHOCTBLIO MNPV OCEBOM PACTSHXKEHUN.

M3 BbILIEN3IOXKEHHOTO MOXHO 3aKHUYNTb, YTO YeMm
BblLLIE HWXHAS rpaHuua TpewmHoobpas3oBaHus, TeM Hu-
Xe [edeKTHOCTb CTPYKTYpbl M KayecTBo nogbopa coc-
TaBa 6eToHa Bbille.

TakuMm 06pa3oM, MOXHO cAenaTb BbIBOZA, 4TO A/
MOBbILIEHNSA TPELNHOCTONKOCTN BETOHHbLIX U Xenesobe-
TOHHbIX KOHCTPYKLMIA HEobXoAMMO KOHTPONMpoBaTh
NMPOYHOCTb Ha pacTshHkeHue npu mn3rnbe u CTpemMuTbeA
CHWXKaTb nokasaTenu AedeKTHOCTU CTPYKTypbl N(mn n” a

TEXHUYECKN CMOXHbIE WUCMbITAHUA Ha OCEeBOEe pacTsxe-
HVe 3aMEHUTb UCMbITAHUSIMW Ha PaCTSHKEHUE MNpu U3ru-
6e c nsmepeHnaMu gedopmanunii B HWKHEM (hrnbpoBOM
BOJIOKHE.
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MapannenbHO ¢ KOHrpeccom 6yAeT paboTarb o6WMpHas Bbic-
TaBka, B KOTOPOW NMPUMYT yyacTue BeaylivMe MUPOBble KOMMNaHUW,
npovsBoanTenn GeTOHOCMECUTE/IbHOTO 060pyAoBaHusA, aBTobe-
TOHOBO30B, HacOCOB A1 MoAayn CMecu, MaTepuasioB Ans apMu-
poBaHusa 6eTOHa, XMMUYecknx fo6aBoK B 6eTOH 1 Ap.

KoHrpecc npoligeT B MexayHapoAHOM BbICTaBOYHOM LieHTpe
BepoHbl, pacnofioXXeHHOM B MATM MUHYTax XoAbObl OT MCTopuyec-
KOro ueHTpa ropoga Pomeo n [XynbeTTbl.

Bonee nogpo6HO C yCNOBUSAAMMW y4YacTUsSi B KOHFpecce MOXHO
03HaKOMUTBLCSH Ha caliTax Kak camMoro KoHrpecca:
www.ermcocongress2012.com , Tak 1 ERMCO: www.ermco.eu, a
TakXe Ha caliTax CNOHCOPOB KOHrpecca - WUTa/IbAHCKUX accouuma-
uuii - npovsBoguTeNnen ToBapHOro GeToHa:
www.ance.it,www.atecap.it

B Poccun cnpasku no TenedgoHy HUMXBE um A.A.l'Bo3geBa:
499-174-76-77 Bonkos O.C.
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B NMOMOLUWb MNMPOEKTPOBLUWKY

E.M. TYPOB, rnaeBHblli KOHCTPYKTOP CMN63HUuMNn (NeH3HWNn3M, r. CaHkT-MNeTepbypr)

AHANN3 U NPEANIOXEHUSA MO KOHCTPYKTVBHOW HALEXHOCTU U
BE3OMACHOCTW CBEOPHO-MOHOJIUTHbIX MEPEKPbLITVI B KAPKACE

CEPUU B1.020.1-7 (B CUCTEME “APKOC™)

B cTpoutenbcTBe XW/blX U 0OLECTBEHHbIX 34aHul
M3BECTHbI N NPUMEHSAIOTCA TEXHUYECKME peLleHns cbop-
HO-MOHOJITHOrO kapkaca cepun 51.020.1-7, paspabo-
TaHHOro MHcTUTYyTOM BenHWUC (. MuHck, 2003 r1.) Ha
OCHOBE CeNcMOCTONKoro kapkaca "Coun" (LLHAW3M xu-
nmwa, npu yyactum HUAWMXKB, 1. Mocksa, 1962 r1.). Pek-
NamHoi TpaHcdopmauunen 3aTol cepumn cTanmn Te Xxe pe-
LeHNss Kapkaca, Bowefle B apXUTEKTYPHO-CTPOU-
TenbHyto cuctemy "APKOC".

KOHCTPYKTMBHOI OCHOBOI Kapkaca sSBASAOTCS pelue-
HVSI COOPHO-MOHONTHbBIX MEPEKPLITUA U3 MHOTONYCTOT-
HbIX M/IMT B AYeiikax nepekpbITUiA, 06pa3oBaHHbIX Npeun-
MYLL,ECTBEHHO MO CETKE KOSIOHH MOHOJINTHLIMU HECYLLN-
MW 1 CBA3EBbLIMU purenamn. MNnntel 06beguHeHbl B ean-
HbIA AUCK 3aMOHOMNYEHHBIMU MEXMIUTHLIMW LIBaMK C
YCTaHOBKOI B MPMOMNOPHbIX 30HaX CTEPXHEBbIX CBA3ENA.
B npepenax syeek aBTopamu AeknapupyeTtcsa pacnop-
Has 1 NpocTpaHCTBeHHas paboTa nepekpbiTnii. Onupa-
HUA NAUT Ha Hecylme purenn npefycMoTpeHbl yepes
3aMOHO/IMYEHHble Ha ry6uHy 100... 120 MM TopueBble
ydyacTku nyctor, obpasywowmne 6eToHHble LWNOoHKW. A
nponycka yepes KOMIOHHbI ONOPHOM apMaTypbl HECyLnx
N CBA3EBbIX purenieil B HepaspesHbix (Ha 2...3 aTaxa)
COOPHbIX KOMOHHAxX NpeaycMOTPEHbl MO3TaXHO OTKPbI-
Tble He3abeTOHMpPOBaHHbIE yyacTku (puc. 1).

Ha puc. 1 nokasaHbl NAWTbl CTEHAOBOrO U3roToBfe-
HVS, VMellMe B Topuax NAUT apMaTtypHble BbINyCKu
(nos. 10). B nauTax, U3roTOBMEHHbLIX C UCMO/Ib30BaHMEM
TexHonornn 6esonanyboyHoro ¢hopmoBaHusa (No "pesa-
TeNbHOI" TEXHOMOMMK), BbINYCKW apMaTypbl OTCYTCTBYHOT.

Mo yTBepxaeHuto aBToOpoB, "cuctema "APKOC" -
"eQMHCTBEHHAs1 B OTEYECTBEHHOWN W 3apybexHoli npak-
TWKe KOHCTPYKTMBHasA cUCTeMa HOBOrO NOKosieHus", nos-
BOJIAOLWAA BbIMOJIHATL NEPEKPbITUA U3 MHOTOMYCTOTHbIX
NAUT NAOCKMMKM, 63 HeCcyLMX KOHCTPYKLMIA, BblCTynato-
lWMX B 06beEM MNoMelleHuiA. KOHKypeHTHbIM mpeumylLe-
CTBOM Kapkaca fBNseTcs "BbICOKasA CKOPOCTb MOHTaxa
N MWHMMasIbHblE 3aTpartbl, Npu 3TOM ... 30aHUA UMEeIoT
COBpPEMEHHbIE NOTpebuTenbCkne KavyecTBa, BK/OYalo-
Lme BbICLWIWI YpOBEHb KomcpopTa, CBOOGOAHbLIE M TpaHC-
dopmMupyemble NaHMPOBOYHbIE pelleHns”. TexHudec-
KMe pelleHuns Kapkaca 3aljulieHbl naTeHTamu.

Mpy NPOXOXAEHMUN 3KCNepPTU3bl MPOEKTOB C UCNOJIb-
30BaHMEM [aHHOro Kapkaca rnaBHblli aprymeHT aBTo-
poB - "nosiHoMacwTabHble MHOroKpaTtHble MChblITaHus"
HaTYpPHbIX hparMeHTOB MepekpbITUiA, pesynbTaTbl KOTO-
pbIX NOATBEPXAAIOT NOSIHOE COOTBETCTBME TEXHNYECKUX
peLleHnin cepun TpeboBaHUSIM HOPMATUBHBLIX AOKYMEH-
TOoB P®" ... 1 "MX HafeXHOCTb foKa3aHa B pesynbtare

Puc. 1. KOHCTpYKLMSA Kapkaca 1 BapvaHTbl NMOMNepeYHbIX CeYeHui
Hecywmux pureneii B Nposietax Mexgay KOSoHHammn

a - 06LWKMii BUA Kapkaca; 6 - Hecylime purenv nNpsiMoyrosibHoOro 1 TaB-
POBOroO CeYeHUA C NOMKOV B CXXaTOIN 30He; B - TO Xe, TaBpoBOro ce-
YeHNs1 C BbICTYNAOLWMMN BHU3 pe6GpamMu; 1- KOJIOHHbI CO CKBO3HbIMM
npoemamu 4/1s1 NpPonycka HeCcyLLIero 1 cBA3EBOro pureneil; 2 - c6opHble
MHOrOMyCTOTHbIE NANTbI; 3 - MOHO/IMTHbIE HECYLLIE pUrenu; 4 - Mo-
HO/MIMTHbIE CBAA3EBbIE pUrenn; 5 - MEeX/IMTHbIE LUBbI OMOHOMNYMBA-
HUS; 6 - KOHCONMM ONsi Ga/IKOHOB W 3PKEPOB; 7 - GETOHHbIE LUMNOHKY;
8 - orpaHMuYnNTE/NbL Pa3MepoB LUMOHKK; 9 - paboyasi apmaTypa MHOro-
NyCTOTHbIX NAMT; 10 - BbINyckn paboyeli apMaTypbl MHOFONYCTOT-
HbIX NAAT Mo UX Topuam; 11 - paGoyast apmaTypa HeECYLUMX pUrenei;
12 - NONKM TaBpPOBbIX HECYLLUMX pUrenei; 13 - CTSKKM nona

OBLIMPHBIX TEOPETUYECKUX U ISKCMEPUMEHTa/IbHBLIX WUC-
cnepoBaHmnit".

BmecTe ¢ Tem, no pesynbTaTam 60/see AeTasibHOro
aHanusa, pelweHus nepekpbiTuii cepun bB51.020.1-7
(cuctembl "APKOC"), a Takxe pesynbTatbl WUCMbITAHWUN
hparMeHTOB, K COXaNeHuo, He B MOJIHON Mepe yunThbl-

6 BeToH n xene3ob6eToH. - 2012. - Ne2



BalOT TPebOBaHNS POCCUICKUX HOPM U ApYyrue BaXHble
0CO6EHHOCTH, onpegenswlwmne HagexHocTb 1 besonac-
HOCTb 34aHuil. B cBA3M C 3TMM Martepuasibl AaHHOW
CTaTb¥ UMEIKT LEeNblo BbINOHEHNE 60/iee B3BELLEHHON
OLEHK/ NPUMEHMMOCTU [AaHHOW Cepunm W, B U3BECTHOW
Mepe, OalT BO3MOXHOCTb OnpefennTb NyTb U Mexa-
HU3M ee COBepLUEeHCTBOBAHUA. KOHKpETHO:

1. Mo peweHnaAM ONOPHbLIX LWMNOHOK nNauT. B
LIEeHUsAX NepekpbITUii 06pa3oBaHHbIe 3aMOHOINYNBAHM-
€M MyCTOT ONOpHble LWNOHKM nAuT "ynpyronogatnmMeo”
3allemMsneHbl B Topuax nautax M B MOHOMMTHOM 4acTtu
Hecywmx purenein. OHM NoABEPXKEHbI CPE3y N MECTHOMY
nanomy (puc. 2).

3

Puc. 2. Cxema 3arpyxeHusi 1 u3sioma ornopHbIX y3/10B MNANT

1 - MOHONUTHbIE XeNle306e TOHHbIE pUrenin; 2 - MHOroMyCTOTHbIEe
MMThbl; 3 - TPewyHbl B 6€ TOHHBIX LUMOHKaX Mpy NOBOPOTE OMOPHbIX

CeYeHUt NNNT; 4 - 6eTOHHbIE LUMNOHKM rny6uHoii 100. .. 120 mm

Ans 3paHui, CTPOSAWMXCA B 0ObIYHBIX YCNOBUSIX,
3TOT M3N10M CyMMapHO O6YyC/i0BfIeH MOMEHTHbIMW Har-
py3kamu OT pas3HocTu aedopmauuii NaAnT 1 purenen,
pacyeTHbIM MAEYOM MPUIOXKEHUS OMOPHOW HarpyskM u
MOBOPOTOM OMOPHbIX CeYeHWidi NAUT Npu HepaBHOMEp-
HbIX gedopMaunsax OCHOBaHMWS.

Mo TpeboBaHMSAM HALEXHOCTU MEepPeKpbITUA paspy-
LWeHMe OMNOPHbIX ysnoe MAUT HEAOMNYCTUMO BMJIOTb A0
paspyweHua nauT B nposnete. O4eBULHO, YTO 3TO Tpe-
6oBaHVMe uck4vaeT obpasoBaHme TPeLNH B GETOHHbIX
LUNOHKAaX, Tak Kak X NnosiByieHne NpuBOAUT K CHUXEHUIO
pabouyero ceueHus. Mo pesynbTatam WCMbITaHUA dopar-
MEHTOB NnepekpbITnii cepum 51.020.1-7, gaxe npu oTcy-
TCTBMMN BO3AEWNCTBWIA, CBSA3aHHbIX C HEPABHOMEPHOCTbLIO
ocafok hyHAAMEHTOB, B ONOPHbIX y3nax nanT 3adukcu-
poBaHbl TPeLlWHbl, YTO CBUAETENIbCTBYET O HapyLleHun
LEe/IOCTHOCTM LUMOHOK W, KaK CNefcTBUE, WX HU3KON
3KCnyaTauuoHHON HaaexHocTu. CepuiiHoe pelueHne ¢
YCTAHOBKO B MEXM/UTHbIX LWIBAX apMaTypHbIX CTepX-
Hell MM kapKacoB He MOBbIWAET HaLEeXHOCTb OMOPHbIX
Y3M0B M/UT, TaK Kak:

6) B MHOrOMYCTOTHbIX NAnTax 6e3onasyboyHOro

chopMoBaHMs NMonepeyHble LUMOHKA Ha GOKOBbIX FpaHsiX
NJIUT OTCYTCTBYIOT, YTO MCKIOYAET HAAEXHYH aHKepOoB-
Ky MEXN/IMTHOI apmaTypbl. Mpu 3TOM MPUHSTOE B ce-
pv1 cTaHAApPTHOE WCMOJSIHEHUE PasMEPOB MEXMNIUTHbIX
LUBOB HE COOTBETCTBYET TEXHOJIOTMYECKUM TpebGoBaHM-
AIM 3aMOHO/IMYMBAHWS apPMUPOBAHHBIX LWBOB. Mo nMeto-

petueiics npakTuke, YCTPONCTBO TakMx LUBOB 6e€3 yBennye-

HUA MX pa3mepa NpoBouUMpyeT MOAB/IEHVNE B Mepekpbl-
TMK "KNaBULIHOTO adpdpekTa”, NpuM KOTOpoOM paboTa Kax-
Ol NnWTbl OCylecTBAseTcs pa3fefibHo, 6e3 B3aumo-
[eACTBUSA CO CMEXHbIMY MnTamu.

Kpome TOro, B KOMM/IEKCHOM ceuyeHun purens, obpa-
30BaHHOM €ro MOHO/IMTHOW YacTbld M MPUOMOPHLIMU
yyactkamy COOPHbIX NUT, YKa3aHHbIe LUMOHKN ABNSATCA
KOHTaKTHbIMW CBSA3AMW, BOCNPUHUMAIOLWMMU NPOAOSIb-
Hble casurosble ycunusa (puc. 3). MNpy 3TOM KONMYECTBO
LUMNOHOK, BK/THOYAEMbIX B pacyeT Ha CABUT U onpefensio-
LMX caBuUrosble gedopMann KOHTaKTHbIX CTbIKOB, Orpa-
HU4yeHo (cMm. "CnpaBoyHoe nocobue... kK CHull " no c6op-
HO-MOHO/INTHLIM KOHCTpyKuuam, HWWXXB TloccTpos,
1991 r.). 3710 ewe Gonee yxyawaet paboTy 6eToHa B
LUNOHKax W npespaliaeT OnopHble y3/bl NANT B UCTOY-
HVK NOBbIWEHHOM onacHocTu. [pyrme pesepsbl Haex-
HOCTU 3TWX Y3/10B B PELUEHNAX CEPUN OTCYTCTBYIOT.

Punc.3. Cxema npunoxeHus
CABUIOBbIX YCUNUI Ha onop-
Hble LWMNOHKN NAnT

1 - MOHOIMTHAA YacTb pure-
neii; 2 - MHOronycTOTHbIe
NAUTbl; 4 - ONOpPHbIE LUMOHKMN
T, 7- - casuratowpe ycum-
NS Ha LUNOHKN

B celicmocTolikoM kapkace "Couun", Ha OCHOBE KOTO-
poro paspabotaHa cepus 51.020.1-7, ponb CABUIOBbIX
CBsi3eld, B AOMOJIHEHME K LUNOHKaM, CnpaBeA/MBO BO3-
JNIOXEeHa Ha apMUpOBaHHbIE MEXI/IUTHbIE Baslkn pacyeT-
HOli WNPWHBLI (puc. 4). B pelleHmnax cepum MexnanTHble
LUBbI BbINOJIHEHbI CO CTAHAAPTHON LUMPUHOI, onpeaens-
eMOW N1Wb ckocaMn GOKOBbIX FpaHel MauT, u ycTpoii-
CTBO Takux 6anoK HeonpasfaHHO MPUHECEHO B XepTBY
9KOHOMWYHOCTU U CKOPOCTWU MOHTaXa.

Puc. 4. ®parmMeHT nepekpbITUA B
kapkace "Coun”

1 - MOHO/ITHbIE pUrenu; 2 - MHO-
ronycToTHbIE MNTbI; 3 - KOJOH-
Hbl; 4 - MEXKO/IOHHbIE MOHOMNT-
Hble 6asiku; 5 - apMUpPOBaHHbIE MO-
HOMUTHbIE MEXNINTHbIE 6a/KN

a) He COOTBETCTBYET KOHCTPYKTUBHbIM TpeboBaHu-

AM MO pacnonoxeHuio paboueil apmartypbl B nauTax,
yKaszaHHOMYy B "Tlocobum no npoekTUpoBaHuto " K
Crn 52-101-2003
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Mpn 3arpyXeHnn AeMOHCTPALMOHHbIX )parMeHToB
nepekpbITMiA no cepun 51.020.1-7 BepTMKaNbHOI Har-
py3KOii B MAMTax U purensx BO3HMKAKOT He3HauUTesb-
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Hble Npornbbl. ITO CBUAETENLCTBYET O BbICOKOW U3rnb-
HOIA XXECTKOCTU MNepekpbITuii. MNMoBOPOT OMNOPHLIX Ceuve-
HWA NAWT NPOABNSETCH B BUAE He3HaunTe bHbIX Tpe-
WKWH, N nepekpbiTa "He nagatT'. [Na 3KCnepToB Bce
3TO [aeT OCHOBaHWe A/ MOMOXUTENbHON OLEHKN pe-
3yNbTATOB UCMLITAHWUA U OBLNX TEXHUYECKUX PeLLeHUi
cepun. MPOrHo3 1 BAUAHUE APYIUX HeraTUBHbIX (hakTo-
poB, onpegensawwWwmx 6e30nacHOCTb MepekpbITUi Npu
ONVTenbHOW 3kcnnyaTauuyM 34aHuii, 3KCNepTHbIMU
OLlEeHKaMK, K COXasleHWo, He yuuTbiBaloTcsa. Bmecte C
TeMm, ucnoitaHma B HAVDKB (. Mockea.) 1 B YpasibCKOM
MpomcTpoitHNMNpoekTe, a Takke 3apybexHble uccne-
[OBaHMs paboTbl "3alleM/IEHHbIX" OMOPHbIX CEYEHWUN
MHOMOMYCTOTHbIX MJIAT C 6ETOHHbLIM WUCMNOJSIHEHNEM HecCy-
Wnx pebep, nokasanu, YTO Aaxe C y4eTOM NogaTinuBocC-
TN 3allemneHns "...sefinka BO3MOXHOCTb paspyLueHuns
M cpesa Takux MAUT Ha onope, 0CO6EeHHO Npu ANUTENb-
HOM OEeNCTBUWN Harpysku". B 3TOll CBA3M YMECTHO OTMe-
TUTb, YTO MMelLmecs 3apybexHble aHasiorm cOopHo-
MOHO/IUTHBIX MEPEKPLITUA C MCNO/Ib30BAHNEM MHOro-
NYCTOTHbIX MAWT, Aaxe npu 6onee BbICOKON AUCLMNAN-
He CTpPOUTENbLHOro NPOU3BOACTBA, MO COOGPaXeHuAM
6€30MacHOCTN BbINOSIHEHbI C 6a/TI0YHBIMWU WU NANTHbI-
MU HECYLLMMW pUrensammn, UMetowmmm nog namtamm oTk-
pbiTble (BbiCTynatowiMe 3a MJ0CKOCTb NOTOJ/IKA) onop-
Hble KOHCOJ/IM, rapaHTUpyloLwme oT ONacHOCTU XPYMNKOro
cpesa nauT (onbiT CLWA, ®paHuun, duHNAHAUN).

B nnvTax, skcnayatmpyembiX Ha Hapy>XHOM BO3Ayxe
(kOHCONKM, OTKPbITblE GaSIKOHbLI U Ap.), C YYEeTOM aKTUB-
HOIM Aerpajauny MexaHNM4yeckux CBOMCTB U YCKOPEHHOr0
"cTapeHns" 6eToHa, peLleHnss OGETOHHbIX LUMOHOK B
OMOpPHbIX y3nax nauT, npuHaTble B cepun B1 020.1-7 (B
cucteme "APKOC"), npyHUMNManbHO BbIXOAAT U3 psaa
NPUrOAHbLIX AN NPUMEHEHUS.

2. Mo aHKepoBKe Ha onopax pabouyeli apmaTypbl
nanT. Tlpy MCMNoMb30BaHMM B MEPEKPLITUAX MHOronyc-
TOTHbIX N/IUT, U3rOTOB/IEHHbIX MO TEXHOMOrMK Gesonany-
604YHOro (hopmMoOBaHMA, M HE UMEKLLUX BbINYyCKN pabo-
yeli apmatypsl, B cepum 51.020.1-7 He BbINOMIHEHbI Tpe-
60BaHMA aHKepOBKM apmaTypbl Ha onopax. B cBssu ¢
9TUM MAWTbI “"3aBUCAIOT" NULb Ha GETOHHbIX LUMOHKAX,
UMELWNX TpeLwnHbl. Tpy HanMumm nocnegHux B ypoB-
He HM3a LWNOHOK (CM. puc. 2) pabodas apmatypa nauT
oKasblBaeTCcs BO0OOLLE "6pOoLIEHHOR". TeM He MeHee, aB-
Topamu, CO CCbIJIKO Ha cornacoBaHHble pesynbTaTbl
UCNbITAHWA, YTBEPXKAAETCH, YTO GETOHHbIE LUNOHKM "AB-
NATCA HafeXHbIMKU onopamu”, n HopmaTusHble Tpebo-
BaHWA NO aHKepPOBKe apmaTypbl MAUT B PELLUEHUSX ce-
pUK BbIMOJTHAIOTCS.

3. Mo yyeTy pacnopHbix ycunuii B nautax. Mo 3a-
ABMIEHNI0O aBTOPOB, Yy4yeT B paboTe MHOronycTOTHbIX
NAUT PacnopHbIX YCWUINA, BOCMPUHMMAEMbIX KOJIOHHa-
MW 1 CBA3EBbIMU pureniamu, "nossonset Ha 30...40 (no
Apyrum mnctodHnkam Ha 50) % (!) cokpatutb pacxop ap-
MaTtypbl B NaUTax, U B 3TUX Xe npegesiax CHU3UTbL pac-
X0 CTann Ha apMUpOBaHNE NePeKpbITUA B Lenom”. 3T1o
yTBEPXAEHME OWNOO0YHO, TaK Kak "CIKOHOMIEHHOE" KO-
NN4EeCTBO NPOAOSLHOW apMaTypbl B MaMTax Nno u3BecT-
HbIM 3aKOHam Heob6X0AMMO YCTaHOBUTbL B COCEAHUX CBS-
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3eBbIX purenax, BOCNPUHUMMAKLWMX pacnop, Mo B
MEXM/IUTHBIX LIBax.

MpakTnKOi yCTaHOBMEHO, YTO B CBSA3M C HEYNPYrMMu
pedopmaunamm 6etoHa, NogaT/IMBOCTbIO OMOPHbIX Y3-
NnoB, a TaKke penakcauuein apmaTtypbl, B 0CO6EHHOCTU B
npegHanpsXXeHHbIX KOHCTPYKUMAX, ycuaua pacnopa ,c
rogamv ocnabeBaloT, YTO CHWXaeT aKcnsyaTaunoHHyo
HaJeXHOCTb MepekpbiTUii. B cBA3M C 3Tum, a Takke
BCNeACTBME CYLLECTBEHHOIO YC/IOXKHEHUS pacyeTHOro
MexaHu3ma B MPOEKTHOW npakTuke P® pacnopHbie ycu-
NS B NJIOCKUX NEPEKPBLITUAX He yuuTbiBaloT. Kpome TO-
ro, U3BECTHO, YTO MPM y4yeTe CTEeCHEHHbIX AedopMaLuii
NAUT UX PaCYETHYIO CXeMy cfnegyeT npuHumaTb B BuAe
BHELIEHTPEHHO CXaTbIX 3/1IeMEHTOB, 4TOo TpebyeT ycTa-
HOBKY B BEPXHEl 30HE KOHCTPYKTUBHOI apmartypbl B KO-
nunyecTtBe, ykazaHHOM B "Toco6bun k CIl 52-101-2003".
Takum obpasom, npu cobnwgeHnm Hopm PP 1 no atum
TpeboBaHusaM adbhekT OT yyeTa pacnopa B namrax 6y-
JeT npakTUYeckn HynesBbiM, a 3asB/IeHHas asTopamu
"aKkoHOMMA" apMaTypbl OTCYTCTBYET.

4, Mo NpOYHOCTM ONOPHBLIX KPOMOK NAuT. MNpu npu-

HSATOW B CEpPMM OrPaHWYEHHON rNybuHe BGETOHHbLIX LUMNo-
HOK U WX OFPaHUYEeHHOM MO TPebOBaHWAM HALEXHOCTM
pacyeTHOM KONMYECTBE CyLLEeCTBYeT BbICOKAA BEpOSAT-
HOCTb BblKONa (BblkpalunBaHus) 6eToHa B ONOPHbLIX KPOM-
Kax nauT, YTo co3gaeT ONacHOCTb KX XPYMKOro paspylue-
HUSA, CHUXAIOLLEero HaJeXHOCTb OMOpHOro y3na (puc. 5).

Puc. 5. Cxema Bblkona 6eToHa
B OMOPHbIX KPOMKax nauT

1 - MOHONNTHbIN pUresnb; 2- MHO-
ronycToTHble NNThI; 4 - onop-
Has 6eTOHHasA wWnoHka: 5 - yc-
NIOBHas Npu3ma Bblkosla 6eToHa

B OMOPHbLIX KPOMKax nanmT

5. Mo HageXHOCTN ONOPHbIX Y3/10B COHOPHbLIX
pa3pe3HbiX KOMOHH. OfHa M3 BaXHeWwux npobnem
ana Poccun - kayecTBO cTpouTenbcTBa. Ha kavecTBo
paboT Hambosiee cyw,ecTBEHHO BANAKOT PakKTopbl, CBSA-
3aHHble C cObGNAeHNeM W KOHTPOJSIEM TexXHo/ornyec-
KO AuCLMNAUHbI. B cBA3M € 3TMM pelleHus Havwbonee
OTBETCTBEHHbIX Y3/10B B KOHCTPYKUMAX 34aHUI AODKHbI
yunTbiBaTb MOHMXEHHbIA YpOBEHb O6ecnevyeHHOCTH
3TUX (pakTopoB, 0CO6GEHHO B MAacCOBOM CTPOUTESIbCTBE.
KOHCTpyKUMA "3aKpbITOro" OMOPHOro y3na MHOroatax-
HbIX (Ha 2-3 3T.) C60PHO-MOHO/IUTHBLIX KOJIOHH B Cepuu
51.020.1-7 (B cucteme "APKOC") npuHsiTa B ypOBHE ne-
PEKPLITUIA 1 COBMELLEHA CO CTbIKOM MepecekatoLnxcs
MOHOJINTHbIX HECYLUMX U CBSA3EBbIX purenei. MNpu 3Ha-
UMTENIbHOM HAaCbILLEHNN Yy3/1a BEpPTUKasbHON, NPOAO/b-
HOIi U MONEepevyHoin apmaTtypoii, a Takke C yyeTom pe-
asfibHbIX MPOM3BOACTBEHHbLIX YC/IOBUI "3akpbiToe" Wuc-
NnoJsIHeHVE y3/1a He MOXeT o6ecrneynTb ero KayecTBeH-
HOe 3aMOHO/MYUBAHME U HaA/eXxallnii KOHTPO/b, OCO-
6EHHO B 3MMHUX YC/OBUAX. DTO 0bpekaeT cTpouTenei
Ha MOCTOSIHHYIO 3aBMCMMOCTb KayecTBa CKpbITbIX paborT,
a notpebuTenen - Ha HU3KWUIA PeECYPC MX HAZEXHOCTH.
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6. Mo pacyeTHOli Mogenn CH60PHO-MOHOMUTHBLIX

nepekpbITUii. PacueTHas mogenb NepekpbITUii B cepum
NpUHATa B BUAE MNJIOCKMX "NPOCTPAHCTBEHHbLIX 060/10-
yek" B npefenax fiyeek, obpaszoBaHHbIX NO CETKE KO-
JIOHH HecywWuMn 1 CBA3EBbIMU purensaMu. B onopHbIX
y3nax naAuT npegycMoTPeHbl CBSA3M "HEHY/IEBOI XeCT-
KocTu". T10 NPOLO/bHLIM TPaHAM MNJIAT B CXEME MPUHATDI
LapHUPHbIE CBA3M, BOCMPUHMMAIOLWME CXaTue 1 BepTu-
KanbHbIA cpe3. [daHHble 060104kM € "ynpyro nogatnu-
BbIMW, HEHY/IEBOW XECTKOCTM" CBA3AMU, NO yTBepXAe-
HWIO aBTOPOB, CNOCOOHbLI BOCNPUHUMATL YCWINUA B ABYX
OpPTOroHaNbHbIX HanpasfieHusax. "[ONns 605ee 0CTOPOX-
Horo (?) MPOEKTUPOBaHUSA MepekpbITUA" aBTOpamMn A0-
nycKkaetcs pacyeTHasa MOZesib C LUAPHUPHbIMK COMpsA-
XEHNAMUN 3M1EMEHTOB nNepekpbiTUii. KOHCTPYKTUBHbIE
3anpeTbl HOPM Ha UCMNOJIb30BaHWE B OMOPHbIX COMpsiXe-
HUAX NAUT BETOHHbIX LUMNOHOK C "HEeHyNneBOi W3rMGHONA
XXEeCTKOCTbH" aBTOpbl, Manio coobpasyschb ¢ apheKkTuns-
HOCTbIO (MonepeyHble LWMNOHKM Ha GOKOBbIX rpaHsax nauT
OTCYTCTBYIOT) "KOMMNEHCUpYyoT" TpeboBaHnsAMM NO ycTa-
HOBKE B MEXM/IMTHbIX LUBaX Y KOHUOB M/UT AOMOJHU-
Te/IbHbIX apMaTypHbIX CTEPXHEW, 3aaHKepPeHHbIX B He-
CYLUNX MOHOJIUTHBIX pUrensx.

KoHCcTpykTMBHbIE TpeboBaHus "PykoBoAcTBa
HWW>XXBa, cornacHo KoTopbiM "B cTaTU4Yeckn Heonpese-
NMbIX "060M104YeYHbIX" cucTeMax NepekpbITUA C 3aMkK-
HYTbIM OMOPHbLIM KOHTYpPOM " ...MfioWajb ceyeHusa ap-
MaTypbl B Kax[OM Hanpas/ieHUM [0/IKHa COCTaBMATb
He mMeHee 0,2 % OT NAOWAAN PacyYeTHOro ceyeHus be-
TOHA", B NPUHATbLIX aBTopamMn "nNpocTpaHCTBEHHbIX 060-
noykax" cTpaHHbIM 06pa3oM UrHopupoBaHbl. B cBA3u ¢
3TUM NpPU UCKNIOYEHUN 3TUX TpeboBaHWil roBopuTb O
"NpPocCTpaHCTBEHHOI" paboTe Takux "060s104ek” npesc-
TaBNSAETCA HEKOPPEKTHLIM, U CBA3EBbLIE PUTEIN MpU Npu-
HATOW packnagke nauT (CM. puc. 1) He MoryT paccmart-
pUBaTbLCA Kak pasrpyxarLmii OnopHbIii KOHTYP Npeano-
naraembix "06o0s04ek”. locTaTto4HO cKasaTb, YTO B pOC-
CUACKMX TWUMNOBLIX Cepusix, Hanpumep, B cepuun
1.020.1/87 ...(L4HW3I TOProBO-6LITOBbLIX 34AHWNA... T.
Mocksa, 1990 r.) npu abCONOTHO UAEHTUYHON CXeme
pacnonoXeHusa MuT, C UCNOMb30BAHNEM MEXKO/IOHHbIX
"cBA3eBbIX" NAUT, 06pasyloLWmxX aHanornyHble "aveiikn”
B MNEPEeKpbITUAX, MPeayCMOTPEHbl TO/IbKO MO3/1IEMEHT-
Hble pacuyeTHble OLEHKM Hecyllelhi cnocobHoCTU
KOHCTpYKUMIA. PacyeTHas cxema n/uT B Takux nepekpbl-
TUAX NOTMYHO MpUHATA 6€e3 NpuBAeYeHUs HagyMaHHOro
"MpocCTpaHCTBEHHOrO" NoTeHumana.

PeanbHan paboTa NpUHATLIX aBTopamMy "npocTpaH-
CTBEHHbIX 0060/104€eK" nNoaTBeEpPXAaeTCcA KapTUHON pge-
hopmaunin, Noay4yeHHo no pesynbtaTtamM UCNbITaHUI
(oparMeHTOB MEPEKPbITUIA, rae 3asBfieHHble "060/104-
Kn" paboTalT NnWb B O4HOM HanpasneHun. HesHauu-
TenbHOe oT/Mune gedhopmaunini NAUT U CBA3EBbLIX puU-
renei, coctaenswuwee 0,2 MM, SBASETCS CNeaCcTBUEM
YCTAHOBJ/IEHHOITO B HWX apMWPOBAHUSA U HEKOPPEKTHO
NPUHATOM CXeMbl 3arpyXeHus, B KOTOPOW Harpyska
npunoxeHa TONbKO B npegenax COOPHbIX MAUT U He-
NOCPeACTBEHHO Ha CBA3EBbIX pPuUresiix OTCYTCTBYEeT
(puc. 6).
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Puc. 6. VicnbiTaTenbHblli hparMeHT nepekpbITUsA

TeM He MeHee, KOHCTPYKTVBHbIE PELUEeHUA Mnepek-
PbITWIA, MPUHATBIE HA OCHOBE TakUX Mogesnei, "npoLunu
nosiHoMaclwTabHble MHOIOKPaTHble MUCMbITaHUSA Ha Ha-
TYPHbIX doparMeHTax” M NOMAyYUSIM  MONOXUTESTbHYIO
OL|eHKY 3KCNepToB.

7. Mo pesynbTaTaM UCMbITaHWU PParMeHTOB
peKkpbITUiA. o 3asBfEHNI0 aBTOPOB, "KOHCTPYKTMBHAas
cuctema "APKOC" BCeCTOpOHHe uccnefoBaHa U ucnbita-
Ha no cTaHJapTHOW MeToAMKe [0 pa3pyLueHusi Bcex He-
CYLLMX 3N1EMEHTOB, CTbIKOB U (hparMeHTOB Kapkaca. Kap-
Kacbl 34aHWin B Mpouecce CTPOUTENLCTBA MOABEPrHYTHI
HaTypHbIM UCMbITAHUAM [0 YPOBHA pPacyeTHbIX Harpy3ok
"No cneumanbHO paspaboTaHHOW MeToAVKE, NPUMEHU-
TENbHO K MeToauke ucnbitaHnii no NOCT 8829-94",

Ccbinkn aBTopoB Ha FOCT 8829 HenpaBOMEPHbI,
TakK Kak:

1. JaHHbli TOCT OoTHOCMTCA K MEeToAaM KOHTPOJib-
HbIX WCMbITAHWA HarpyXeHMeM W OLEeHKe MPOYHOCTH,
XECTKOCTU U TPELIUHOCTOWKOCTM OTAENbHO B3ATbIX,
UMEIOLLNX KOHKPETHbIE TeoMeTpuyeckne pasmepsl nsge-
NViA OQHON Mapku, a He HaTypHbIX KOMMIEKCHbIX, reo-
MEeTPUYECKN U CTATUHYECKN HECXOXMX COOPHO-MOHOMUT-
HbIX B TOM YWUC/I€ PACMOPHBLIX CTPOUTESIbHLIX CUCTEM
MOCTPOEYHOr0 WCMNOJSIHEHUSA, C WCMOJIb30BAHNEM B HUX
6ETOHHbIX CBA3eil "HeHyneBoil xecTkocTn". Ocobble
HecTaHgapTHble TpeboBaHusA, cofepxaHve n Heobxoau-
MOCTb KOTOPbIX OY4EBUAHA, NPOrpamMmMmoil UCNbITaHWi He
npeaycMoTpeHbl. o 3Tol MpPUYMHE BbINOSTHEHHbIE UC-
nbliTaHns parMeHToB nepekpbITUii "ge-cakto" npa-
BU/IbHEE KBa/IM(IULUMPOBATL /ML KakK peknamHble fe-
MOHCTpPAaLMOHHbIE MEPONPUATUSA, & HE KaK KOHTPOJIbHbIE
NPUeMOYHbIE NCMbITAHUS.

2. CornacHo CHwuI 52-01-2003, "... KOHCTpyKUUK
[OMKHbI UMETb HavasibHble XapakTepucTuku, 4YToObI C
Haanexaulein cTeneHbld HafEeXHOCTU NpU pPasnUyHbIX
pacyeTHbIX BO3AENCTBMAX B NpoLecce CTpoMTeNbCTBA U
akcnnyaTaumm 3gaHWin COOPYXEHUIA 6bI/IN UCKOYEHDI
paspylweHus b0oro xapaktepa WIM HapylleHus
aKcnnyaTauMoHHOW MPUro4HOCTKM, CBA3a@HHbIE C NpUYK-
HeHVeM Bpefa XW3HW UM 300P0BLI0 TPpaxaaH, nMylle-
CTBY W OKpyXatlLlein cpege”. B KOMNNEKCHOM Mepekpbl-
Tun no cepun 51.020.1-7 kno4YeBbIMU 3/1EMEHTaMU, OT-
BeyalLl MMM 3a 6e30NacHOCTb MepekpbITUA, ABNAKTCA
OMNOpPHbIe LUMOHKN B NycToTax maur. VX oTkasbl B cepuun
HMYeM He nofcTpaxoBaHbl. B 3TOW CBA3N OLEHKa Ha-
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[EXHOCTU LUMOHOK, BEpPOATHO, [AOskHa 6blna BbInos-
HATbCS He MO PacKpPbITUIO TPELLMH, KakK 3TO cAenaHo aB-
Topamu, a no ob6pasoBaHuI0 TPELNH B pacTaHyTom be-
TOHe. 3a HeMMeHMeM TOCTOBCKON MeToAMKW, aBTopamu
npuvHATa CXeMa C UX JIMHEHbIM CTaTUYeCcKUM 3arpyxe-
HVeM BepTUKaIbHOW Harpyskoi, npy 3TOM ropu3oHTas b-
Hble U MOMEHTHbIE Harpy3ku He yyTeHbl. B pesynbtaTe u
cXema MCNbITaHUin, U NPUHATLIA KO3arumeHT 3anaca
C= 1,60 (npun. "B" TOCT 8829), N mMexaHu3M OLIEHKM
NMPOYHOCTW HE OTpaXatoT MOASMHHBIA XapakTep Hanps-
XXEHHOro COCToAHMA 6eToHa B LWNOHKax. Mpu aTom Ans
NMPUHATOrO aBTopamMu 2-ro cnyvyas paspyLlleHus B LUMOH-
Kax OTCYTCTBYET MOHATUE "AOCTWXKEeHUsA npenesna Teky-
yecTu" B OTCYTCTBYHLIEN apmaType, a ykasaHHOoe B
FOCTe "xpynkoe paspyLleHne 6eToHa" OTHOCUTCA K Of4-
HOOCHO CXaToMy OETOHy B CXaToli 30He u3rnbaembix
Xene3obeTOHHbIX 3/1eMEHTOB. Bce 370 Aoka3blBaeT He-
COOTBETCTBME IKCMEPTHON OLEHKM HaLEXHOCTW BGeTOH-
HbIX LUMNOHOK HOPMaTUBHbLIM TPE6OBaHMAM U peasibHbIM
YCNOBUAM WX paboThbl.

nopa TaKxke CHmkaeT obLme gedopmaunm n packpbitme
TPeLmH, BefinyMHa KOTOPbIX OKa3blBAETCA 3HAYUTENLHO
MeHbLLIe HOPMaTUBHbIX. ITO y6exaaeT aKCnepToB U no-
poxaaeT peknamMHyto 3icopuio aBTopoB. K coxaneHuto,
OTCYTCTBME B pELIEHUSAX NepekpbiTuii Tpebyembix
KOHCTPYKTUBHbIX MEpPONpUATWIA, Kak M HenpaBOMepHoe
MCNO/Sb30BaHNe "HENernTUMHbIX" XPYnkux CcBs3el,
e[IMHCTBEHHO OnpeaenArwmnx 6e3onacHoOCTbL Nnepekpbl-
TWiA, aKCNepTHbIE OLLEHKN He yuuTbiBatoT. Pecypc Hagex-
HOCTM Takux CUCTEeM B NpoLecce ANUTEeNbHON akcnnya-
Tauuy 34aHuii HefJoMyCTUMO HU30K, U HadeXAbl Ha uX
6naronosiyune MoryT ObITb CBA3a@Hbl /MWb C TEM, 4TO
HebnaronpusaTHble U Tem 6onee aBapwiiHble BO3A4Ei-
CTBMA aBOCb He peasinsyloTcs.

M3yyeHne BOMPOCOB, CBA3aHHLIX C Mepepacnpeje-
NeHneM YCWAWiA B 3aMOHOIMYEHHbIX 6An0YHbIX HaCTU-
nax u3 cO0pHbIX NAWUT, U NOAO0GHbIE 3KCNepUMeHTasb-
Hble ucCnblTaHnA nposoaunncb B Mockse elle B 1948,
1954 -55 . MNpu 3TOM OTMeyanoch, YTo obuime aedop-
Mauun B TakMx HacTunax 3HaunTeNlbHO MeHblle fedop-

3. CornacHo FOCT 8829 (n. 9.1.4), "Magenus npusamaunii 04MHOYHbBIX MNAWT, OA4HAaKO 6e3 BbINOMHEeHWs "cne-

HalT yA0BEeTBOPALWUMN NpeabsaBnseMbiM TpeboBa-
HMAM NPOYHOCTW, €ec/iM paspyllarolias Harpyska coc-
TaBnseT He MeHee 100% KOHTPOMbHOW ...". B gaHHOM
FOCTe oTcyTCcTBYEeT MexaHu3M onpenesieHnss KOHTPOb-
HbIX Harpy3ok, COOTBETCTBYHOLWMI O6pas3oBaHuio Tpe-
WMH B GETOHHbIX LWINOHKaX. VIMEHHO OHW onpegensoT
HecyLLyto CNOCOBGHOCTb NepekpbITuii. B pacyeTHOl KoMm-
O6UHaLMN, yunTbiBalOLLE COBMECTHOE AeilCTBUE W3/0-
Ma, cpe3a u caBura LUNOHOK, MpY UX OrpaHuyeHHoOM pac-
YeTHOM KO/NIMYeCTBE Be/IMYMHA KOHTPO/IbHOW Harpysku
Ha NAuTbl, onpejeneHHas no TpeboBaHWAM TpeLyuHo-
06pa3oBaHuA B LUMOHKaX, U COOTBETCTBYHOLLAA fONyCKa-
emasi pacyeTHas Harpyska 6yayT 3HauuTesIbHO MeHblue
NPUHATBIX aBTopamn 415 NepekpbITUA B LEOM.

OueHKa NPOYHOCTU BETOHHBIX KPOMOK MHOrOnycToT-
HbIX NAUT NPV OrPaHUYeHHOW ry6uHe ONOPHbIX LUMOHOK
B CEPUMN He BbINOSIHEHA BOOO6LLE.

LManbHbIX KOHCTPYKTUBHBLIX Mep” WX B3aumojeicTBue
MOXET GbITb JIETKO HapyLLEHO.

BbiBOAbI

Mo pesynbTaTtaMm aHasmM3a MPOEKTHbIX peLUeHuii ce-
pun 51.020.1-7 (cuctembl "APKOC") 1 pesynbTatoB uc-
nbiTaHW hparMeHTOB NEePEKPLITUI BbIBOAbI CleaytoLme:

1. PelleHns ONOPHbIX Y3/10B MHOTOMNYCTOTHbIX MUT
C YCTPOMCTBOM B UX MyCTOTax GETOHHbIX LUMNOHOK, Hesa-
BMCUMO OT NOJIOXMUTE/IbHbIX 3KCMEPTHbLIX OLIEHOK, Mosy-
YeHHbIX MO pe3ynbTaTam AEeMOHCTPaLUOHHbIX UCMbITa-
HWIA. NPUHLMNNaNbLHO NpoTUBOpeYaT TpeboBaHUAM Hop-
MaTMBHbIX AOKYMEHTOB P®, Tak Kak X Xpynkoe paspy-
leHne B KpaliHe OTBETCTBEHHbIX OMOPHbIX y3nax n3ru-
6aemMbIX MIMT NEpekpbITUA npeacTaBnseT "HeAonycTu-
MbIi PWUCK, CBSI3@HHbI C BO3MOXHbIM MNPUYUHEHUEM

8. Mo oueHke obLlell HadeXHOCTU NepekpbiTUiiBpeaa”. TakMe peleHuss Ha OCHOBaHWW TpeboBaHWiA

Hecywme c60pHO-MOHOMIUTHLIE PUTENN B PELLEHMNSX ce-
pun o6pasoBaHbl apPMUPOBAHHON MOHOIMTHOI YacTblo U
yepe3 MOHO/IUTHbIE GETOHHbLIE LUMOHKN XECTKO conps-
XEHbl C MNPUONOPHLIMU Yy4yacTKamu MHOTOMYCTOTHbIX
nuT. AHanu3 nokasbiBaeT, 4YTO peasibHas W3rMbHas
XECTKOCTb Takux puresnieil 6yaeTt Bcerfja Bbille pacueT-
HOM, rae NpUCYTCTBYET Lefblii paf pacyeTHbIX gonyle-
HWIA 1 orpaHMyeHuii. [JeMOHCTPaLMOHHbIE WCNbITAHUS
(hparMeHTOB BbINOJIHAKOTCS aBTOPaMU Ha CTPOUTESb-
CTBE peasibHbIX 34aHuiA, NpM 3TOM pasHOCTb OCafoK OC-
HOBaHMA W CBSI3aHHble C 3TUM MOBOPOTbI W U3/IOMbl B
OMOPHBIX y3/1ax MAUT K B MEXM/IUTHBIX LIBaxX OTCYTCTBY-
toT. Mpn 3arpyXeHnun nepekpbITUA UcrblTaTesIbHOW Har-
py3Kkoli MexaHusM nepepacnpegeneHnst YCUsanmin KoHCT-
PYKLMN pErynmpyloT camoCTOATesNbHO, WCMO/b3ys Bce
UMeLLMECS BHYTPEHHME pPe3epBbl, Maso coobpasysicb
C pacyeTHbIMMW YCNOBHOCTAMU. VX cTaTuyeckoe B3anMo-
felictBne B C60PHO-MOHOJIMTHOI cUCTEME NEPEeKpbLITUS
OCyLLeCTB/SIeTCS 3a CYET GETOHHbIX LUMOHOYHbIX CBS-
3eil. MosiBNeHe B KOHCTPYKUMSAX pasrpyxatoLlero pac-

10 BeToH u Xene3obeToH. - 2012. -

depepanscHoro 3akoHa P® ot 30.12.2009 Neo 384-03
"O 6e30nmacHOCTU 34aHuii K coopyxeHuii" n FOCT
P54257-2010 "HafeXHOCTb CTPOUTESIbHbIX KOHCTPYK-
Ui 1 ocCHoBaHWIA", HeAOMyCTUMBI.

2. TIpOEKTHblEe pELLUEHUS MNEPEKPLITUA B CEpun He
npefycMatpuBaloT KOHCTPYKTUBHbIE MeEpOnpuATUA, He-
06xoanmble ANs peanu3auun NPUHATON pacyeTHON Mo-
Aenn "NpocTpaHCTBEHHbIX" 060/104€EK.

3. Mpn wncnonb3oBaHun nAnT 6e3onanyboyHoro
hopmMOBaHus, B CBA3W C OTCYTCTBMEM aHKepoBKU pabo-
yeil apmatypbl, B CEPUU HE BbINOJIHEHbI TpeboBaHUS
"Csogos npasun” P® (CI 52- 101 - 2003, CIM 52- 102 -
2004), 4TO HEHaAEXHO W NOBbILAET PUCK XPYNKOro cpe-
3a OMOPHbIX CEYEHUIA NnT.

4. PeknamHble 3asiB/IeHWS aBTOPOB O CHWMKEHUN
pacxofa ctanu B MHOrOMYCTOTHbIX MAATax W nepekpbl-
Tnax B yenom go 30, 40 (nam 50) % 3a cyeT yyeTa B HUX
pacnopHbIX YCWIWiA MNpu COBMAEHUA CTPOUTESTbHbIX
HOPM He COOTBETCTBYHOT AeicTBUTENbHOCTM. Heobxo-
AUM A0NOSTHUTENbHbLIN 0O6bEKTUBHbIN aHanus.
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5. KOHCTPYKTMBHOE peLleHne "3aKpbIToro" onopHoro
y3na HepaspesHblX COOPHO-MOHO/IUTHBIX KOMTOHH U MO-
HOMUTHBIX pureneli, B CBA3N C €ro HEKOHTPOMPYEMbIM
KauyeCTBOM WCMOJIHEHUA, UMEET MOHWXEHHYI 3Kcnnya-
TauMOHHYI0 HaAEXHOCTb M K NPUMEHEHUI0 He PeKOMeH-
ayeTcs.

6. JkcnnyatayMoHHaa 6e30MacHOCTb NepeKpbITUiA
cepun B51.020.1-7 (cuctembl "APKOC") He umeeT non-
HOro pacyeTHOro 060CHOBaHWS, OTBeYalLllero Hopmawm
P®. C aToil TOUKM 3peHns ee NpUMEHEHVe B AeCTBYIO-
Wen pefakuMm HenpaBOMEPHO Aaxe Npu cTaTuyeckmx
Harpyskax. [leknapvpyemas asTopamu BO3MOXHOCTb
MCNONb30BaHNSA PeELLUeHNn cepum 1 Npu aBapuiiHbIX Har-
py3kax, U B CENCMUYECKMX paiioHaX, HOCUT pPeKNaMHbIi
xapaktep. [na 34aHuii, CTPOALUMXCA HA CAOXHbIX He-
paBHOMEPHO [eOopMUPYEMBIX TPYHTax, WCNonbL30Ba-
HVe 3TUX pelleHuii No coobpaxeHusM 6e30nacHOCTy
TaKke HefomnyCcTUMbI.

7. Wmewwmeca HecooTBeTCTBUSA TpeboBaHUAM
HopM un "CBopoB npasun” P® B pelleHusax cepun

B1.020.1-7 (cuctembl "APKOC") cBUAETENLCTBYIOT O
TOM, YTO:

- M60 HecoBepLIEHHbl N TPebyrT KOPPEKTUPOBKU
(un nepecmoTpa) HaWM HOPMATUBHbIE OOKYMEHTbI, He-
[OCTaTOYHO yunTbiBaloLWme crneunduky 1 pesepsbl pa-
60Tbl NIOCKMX COOPHO-MOHOMUTHBIX CUCTEM, 3KCnya-
TaUMOHHbIN pecypc 1 6e30nacHOCTb KOTOPbIX 06ecneyn-
BaloTCHA, B TOM u4ucrle, C yyacTUeM Xpynkux ceszein. B
3TOM C/lyyae CyLecTBYLWmne peLleHns cepumn He MoryT
"NONIHOCTbLIO COOTBETCTBOBaTh TpeboBaHWAM" OTCYT-
CTBYIOLLNX HOPM;

- MNBO NPOEKTHbIE PEeLUEHUs U OUEHKY HaLeXHoCTU
KOHCTPYKUMIA B cepun cnepyeT MNpUMBOAUTL B COOTBET-
cTBUe ¢ TpeboBaHMAMM cyLecTByoLmUX HopMm PP ¢ non-
HbIM YYETOM peasibHbIX YPOBHEN 1 YCNOBUI MX 3arpyxe-
HMUA B Nnepuoj akcnayaTtauuu.

TexHuyeckme NpeasioxXeHns no peleHussm cb6opHo-
MOHOJ/IMTHOTO Kapkaca, paspaboTaHHble C y4eToM nepe-
YyncneHHbIX HepocTaTkoB cepum B1.020. 1-7, 6yayt
npeacTaB/ieHbl BO BTOPOI YacTu cTaTbMu.

C.C. MOPZIOBCKWN, acn. (Camapckuii rocyaapcTBEHHbI apXyTeKTypPHO-CTPONT e/bHbIi

YH-T)

PACYET BHEUEHTPEHHO CXATbIX XXEJIEBOBETOHHbLIX 3/IEMEHTOB C
NMPUMEHEHVEM OVATPAMM AEPOPMNPOBAHNA

B nocnepHuwe rofbl B pacyeTax Xenes3o06eTOHHbIX
3/1IEMEHTOB aKTVBHO MPVMEHSAITCA pasnuyHble gedop-
MauMoHHble Mogenu. [aHHblA MeTof aHanu3a Hanps-
XEHHO-Ae)OPMMPOBAHHOIO COCTOSAHUA MNOMNEPEYHOro
ceyeHus 3N1eMeHTOB Bk/oYeH B EBpokoAbl, cTpouTe k-
Hble HOPMbI U cBOAbI npasun Poccun, Benapycu n gpy-
rmx cTtpaH. B kauvectBe gmarpamm pedopMupoBaHus
MaTepuanoB nNpeasioxeHbl pasfinyHble (YHKLMOHANb-
Hble 3aBMCUMOCTKN "HaNpPsXXeHuUst - OTHOCUTESIbHbIE Ae-
opmauun”. OAHON M3 TakuX SABASETCA IKCMOHEHLUU-
aslbHas 3aBMCMMOCTb, NpeanoxeHHas B [1] gna onuca-
HUS HanNpPsHXXEHHO-AeOoPMUPOBAHHOIO COCTOAHUA 6eTo-
Ha. ConocTaBsrieHue rpadiukos 3aBYCUMOCTEN, npeano-
XeHHbIX MypalkuHbim .B., KapneHko H.W. n eBponelic-
KM kommuTeToM no 6eToHy EKB-®UB, nokasano npaktu-
Yyeckun NosiHoe coBnajeHne faHHbIX rpadduKoB Ha BOCXO-
JAuem yyactke gmarpaMmm 1 HebosblUMe OTKIIOHEHUS Ha
Hucnagawowem y4vactke. lMpu aTom kpuBasa B [1] umeet
60n1ee NpocToe MaTemMaTmyeckoe onvcaHve n HenpepbIs-
Ha BO BCeil 06n1acTn onpefeneHunsl, YTo ABMSIeTCA OCHO-
BOW ANS YCMELHOro BBEAEHWS ee B pacyeTbl xenesobe-
TOHHbIX KOHCTPYKUWI/A C UCMNOSb30BAHNEM COBPEMEHHbIX
MK.

MpumeHeHne guarpammbl gedopmMupoBaHna B Buie
9KCMOHEHUManbHOW 3aBUCUMOCTW B pacyeTax usrubae-
MbIX X€/1e300€TOHHbIX 3/1IEMEHTOB [2, 3] noka3asno BbICO-
KYt0 CXOAMMOCTb C IKCMEPUMEHTA/IbHBIMW pe3ysibTaTamu.
BosnblWyM [OCTOMHCTBOM MNPUMEHEHWS pAuarpaMmm ge-
hopMMpoOBaHMSA MaTeprasnoB SBNSETCHA BO3MOXHOCTb Bbl-
NOMHATbL aHa/IM3 CeYEHUIA He TONbKO B NpefesibHOM, HO 1

BeToH 1 Xene3obeToH. - 2012. -

B onpefenibHOM 1 3anpefenlbHOM COCTOSHUAX, Yero He-
BO3MOXHO cAenaTb Npu pacyeTax no metomy npegesb-
HbIX YCUNWNA, nNpeAcTaB/eHHbIX kak B CHulM 2.03.01-84%,
Tak 1 B 6onee no3gHnx CHulM 52-01-2003.

[ns oueHKn AOCTOBEPHOCTU pe3ynbTaTos, nosyvae-
MbIX MpPU WUCMOMb30BaHWM B pacyértax BHELEHTPEHHO
CXaTbIX Xene300eTOHHbIX 3/IeMEHTOB 3KCNOHeHLMasb-
HOl 3aBUCMMOCTW "HanpshkeHus - OTHOCUTEsbHble Ae-
opmauymmn" 6GeToHa, O6bIIM NPOBEAEHbl 3KCNEPUMEH-
TasbHble UccnefoBaHus.

[lo npoBefeHns OCHOBHOIO aKcnepumeHTa 6buIn nc-
NbiTaHbl NpeaBapuUTENbHO W3rOTOBJIEHHbIE 06pasLbl.
OnbIT, NOMYYEHHbIV NpY NPOBEAEHWUN NpeaBapuTesbHO-
ro aKCNnepuMeHTa, ykasas Ha Heob6Xo4MMOCTb YCUIeHUs
Or0J/I0BKOB KOJIOHH. 518 npefoTBpalleHns paspyLlleHus
6eToHa B Or0/10BKax 3KCNepuMeHTasIbHbIX KOJIOHH 6bliu
YCTaHOBJ/IEHbl CTasibHble KOHCTPYKUUKU. KOHCTPYKUMS
YyCUNEHMA OrofioBKa KOMOHHbI (puc. 1) npeAcTaBnseT co-
601 "lM"-06pa3Hy KOHCTPYKLMIO, COCTOSLLYHO U3 coeam-
HEHHbIX YIr/I0BbIM LWBOM Tpex CTaslbHbIX NnacTuH. B
OBYX OO0KOBbIX MnacTUHax MpPOCBEpsieHbl OTBEpPCTUs
025 MM, a Mexay HMMK YCTaHOB/IeHbl CTaslbHble BTY/-
Ku, obecneyvBatoLme COXpaHHOCTb OTBEPCTUIl BO Bpe-
Msi 6eTOHMpoBaHUs. W3roToBneHHas TakvuM 06pasom
"T"-06pa3Has KOHCTPYKUMSA, MOMUMO (OYHKLMU ycune-
HWA Or0NI0BKA W KpenjeHnss KOHCOJ/IbHOW KOHCTPYKLUW,
BbINONHAET AN NPOAO/LHON paboyeint apmaTtypbl yHK-
LU0 A0NOMHUTENBHOW aHKepPOBKW, KOTopas AocTuraeT-
CA NpuBapKoli apMaTypHbIX CTEPXKHEN K 3/IEMEHTY YyCU-
NIEHNS1 OrofI0BKa KOJSTIOHHbI.
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KOHCTPYKLMS YCUNEHNUS OFOMOBKA KOJOHHBI
11
64-72-64,

Puc. 1. Kapkac onbITHOro o6pasua BMECTe CO CbeMHOM KOHCO/IbHOW KOHCTPYKL el

Tabnuua 1

Hecyliasi cnocCoO6HOCTb 3KCMepUMEHTaNIbHbIX 06pa3LoB

LWndop

KOJTOHHbI /, cm H, cm Bhem J0, cm asC, cm IQ. OM Rh, kr/lcm2 As,cm2  Asc, cM2 R, Kr/cM2 RsC, KIfCM2 \qax' T
K-1 100 20 20 17 3,0 JV2 + 10 239,1 6,123 2,347 3996,8 5735,1 23,5
K-1(2) 100 20 20 17 3,0 V2 + 10 241 6,123 2,347 3996,8 5735,1 23,7
K-2 100 20,1 20,1 16,8 3,0 N2 + 20 296 7,646 r2,353 5601,3 4463,8 21,2
K-2(2) 100 20,2 20,5 16,9 3,0 N2 + 20 296 7,646 2,353 5601,3 4463,8 21,8
K-3 100 20,5 20,4 16,8 3,0 3,5 333 9,788 2,353 5208,7 4463,8 115
K-3(2) 100 20,5 20,5 16,8 3,0 3,5 333 9,788 2,353 5208,7 4463,8 112,5
K-4 100 20 20 16,0 3,0 N2 393,1 9,788 2,308 5208,7 4462,3 58,5
K-4(2) 100 20,3 20 16,4 3,0 2 393,1 9,788 2,308 5208,7 4462,3 60,5

KoHconbHasa KOHCTpyKuua (cMm. puc. 1) aBnsetcs
HeoTbeM/IEMOI YacTbio 3KCMepMMeHTa U pa3paboTaHa
cneunansHo ans Hero. OHa npepacTaBnsieT coboil npo-
unbHyto Tpyby pasmepom 200x200x12 MM, npukpen-
NEeHHYID K MeTa//IMYecKkoMy JINCTY  pa3mMepom
500x250x20 MM Yr/0BbIM LLUBOM C KatetoMm 13 MM ny-
TEeM CBapku Nno nepumeTpy npoduna. B meTtannimyeckom
nncTe npogenaHsl 6 oTBepcTuin 025 MM, obecneymBato-
LWMX ero coeguHeHne nocpeacTBoM 60/ITOB C KOHCTPYK-
uneli ycuneHns orosioBka KONOHHbI.

KOMOHHbLI UCMbITbIBA/IM Ha rMapaB/iMyeckoM npecce
MP-500. Ona n3mepeHuss OTHOCUTENbHbIX AedhopmMauunii
6eToHa 1 apMaTypbl NPUMEHANN TEH30MEeTpUYeckme aat-
UMK OMWYECKOro conpoTuBieHns ¢ 6aszoin 50 n 20 mm n
conpotusneHnem 400 n 200 Om cooTBETCTBEHHO. B Ka-
yecTBe perncTpupyroLlein annapaTypbl UCNonb3oBanach
cuctema cbopa pgaHHbix UCAM-60B cmpmbl KYOWA.
VHdhopmaumsa o KOSIOHHaX M MakcuMasibHble 3HayeHus
paspywatowux Harpy3ok (Nmax) ykazaHbl B Ta6s. 1.

3a pacueTHyto Mogenb (puc. 2) NpuHAT xenesobe-
TOHHbIA 3N1eMeHT NPSIMOYro/IbHOTO CeYeHUsl WNPUHON b
N BbiCOTOM A C apMupoBaHMEM Mo yraam, NoABepXKeH-
HbIi 0JTHOOCHOMY BHELEHTPEHHOMY CXaTuio.

12

BeToH 1 Xene3o6eToH. -

Mpn pacyeTe HOPMasibHbIX CEYEHWI Ha BHELEHT-
PEeHHOEe CXaTne UnCnosib3yrT ABa YpaBHEHUA CTaTUKWUI
=0 w=0.

YpaBHeHMEe CyMMbl NpOeKLuii Bcex CUA Ha NpoAosib-
HYl0 OCb 6e3 yyeTa paboTbl pacTsAHyTOro 6etoHa umeet
BUA;

N-Dh+Ns-Nsc=0. (1)

Ycunue B cxaToll 30He 6eToHa 1cxoasa 13 3anucu 3a-
KoHa fedopmupoBaHua [1] onpefenseTca UHTEerpasiom:

kK f~ \
D b=\ab\”~-x bchc, ()
o V*

rae b - wmpuHa cevenmns; npegensl MHTErpupoBaHWa 3aAaloTCs UCXO-
051 Y3 pacyeTHol cxembl (CM. puc. 1).

3afaBlINCh KPUBOM AeOPMUPOBAHNA apMarypbl
(anarpammoii MpaHATANA), NOMyYnM YCUAnsl B apmatype
B BUAE NPOrpaMmHbIX G/10KOB, peann3oBaHHbIX B cpefe
MathCad nocpeacTBom ycnoBHbIXx onepaTopoB “if u
"otherwise":

SSESAS
(RsAs) otherwise

if esEs<Rs
3
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Puc. 2. Cxema pacyeTHO MOAenn BHELEHTPEHHO CXaToro xene-
306€TOHHOrO 3/1IEMEHTa B HaYaslbHbll MOMEHT 3arpyXeHus

eb - BenuMuMHa oTHOCUTENbHLIX AedhopmaLmii KpaiHero cxaToro
BosiokHa 6eToHa (fy); ES- BenmMunHa oTHOCUTE/bHbIX AedhopmaLmii
Hanbosee yaanéHHbIX OT JIMHUN JeiCTBUS BHELLHero ycunvs apma-
TYPHbIX CTepxHel (£5); €SC - BeNnyHa 0 THOCU T e bHbIX AedopMa-
Luii MeHee yAaéHHbIX 0T SIMHUW AefCTBUS BHELLHEro yCuns apmMa-
TYPHbIX cTepxHel (E50); D b - paBHogelicTByIOLLAs yCUnuii B cxa-
TOl 30He 6eTOHa; N's - paBHOAENCTBYIOLLAn ycunuii Hanbonee yaa-
NEHHbIX OT IMHUM AeCTBUS BHELLHErO YCUNNS apMaTypPHbIX CTepX-
Heil; N sc - paBHOZEeCTBYIOLLANA yCcunuii MeHee yaaneHHbIX 0T IMHUN
[eliCTBUA BHELUHEro yeunus apmMaTypHbix cTepxHelt; N - npunoxer-
HOE C 3KCLIeH TPUCUTEeTOM BHELLIHEee YCUWE; K - BbICOTa CXaT ol 30-
Hbl 6eTOHa; aS - Be/InyMHa 3alMTHOro 1o 6eToHa A1 Hanbornee

yAaNeHHbIX OT JIMHUWA [eACTBUA BHELUHEro YCUIUS apMaTypHbIX
cTepxHeii (@S); asC - Be/MUMHA 3aLLUTHOMO /1o BeToHa /19 MeHee
VOANEHHbIX OT JWHAN [ECTBUS BHELLHETO YCWIA apMaTypHbX
CTep>K|-|eVI (aSQ, AO- pabouas BbicoTa ceueHus (/20); X - TeKyLlas Ko-
opAvHaTHas OCb A1 COKaTOM 30Hbl 6eTOHa C HaYau1oM OTCUYéTa Ha
HeliTpanbHOW ocy; eO - pacCTOsHME OT OCU CMMMeTpuM obpasua
00 NUHUN [eicTBUS BHELEHTPEHHO MPUIOXeHHOro yeunusa (£q);

Z1 - nneuo BHeueHTPeHHO npunoxeHHol cuibl N oTHocUTeNnbHO
HeTpanbHON ocK; Z2 - nneyo ycunma Db oTHoCUTeNbHO HelT-
panbHoii ocn; Z3 - nnedo yeunua NSC oTHocuTensHO HeliTpanbHol
ocu; Z4 - nnevo yeunusa NS oTHocuTeNbHO HeliTpanbHOR ocu

escEscAsc if sscEsc <Rsc
Nsc = . 4)
(RscAsc) otherwise

rae ES - mogynb ynpyroctu Ham6onee yaaneHHbIx ot MHvm aeiicTeus
BHELLUHEr0 YCUMA apMatypHbIx cTepkHeii; ESC - momynb ynpyroctu
MeHee yAanéHHbIX OT SIMHUM OEeACTBUS BHELUHEro YCWINS apmartyp-
HbIX cTepxHeid; AS 1 ASC - nfowaas Havbonee 1 MeHee YAanEHHbIX
OT /IMHUN OEeNCTBUSI BHELLUHETO YCWINSI apMaTypHbIX CTEPXHEl cooT-
BETCTBEHHO; SS 1 €SC onpefensaroTcs UCXoaa 13 NponopuyioHasibHOC-
™ ¢ BenmunHoii €b cornacHo NHeliHOMY 3aKOHy pacnpefeneHuns ae-

hopMaLmii Mo BbICOTE CEYEHUsT 3/1IeMeHTa

YpaBHEHMEe MOMEHTOB OTHOCUTENIbHO HEeNTpasibHOA
ocu nmeet BUZ;

NZ\ - DbZ2 - NsZA - NscZi =0, (5)

BenuuunHel Z\, Z2, Z3 n Z4 onpefensaioTcs reoMeTpu-
YeckM ucxoAs U3 NPUHATON pacyéTHol mogenu (cm.
puc. 2).

3ameHuB B BblpaxeHuun (5) sHaueHne N Ha BesMuu-
HY, BbIP@)KEHHYI0 U3 ypaBHeHus (1), umeem:

BeToH 1 xene3obeToH. - 2012. -

mJ4f

« |L D mife 4R
|€RS A.) othrrwue
if ex B* SRi

N*-»-1*
a
B(H <
K -me
74%-b0-K
M« Nzl
Mb 3 Z2»Nec Z1+Ni TA

TABo <f.K.a .me .M.NK.Db.N.ZI.Z2.Z).Z4.Mb.M

Puc. 3. Anroputm pacuyeTa HOPMasibHbIX CeYEeHWUli BHELLEHTPEHHO
CoXKaTbIX Xefe306eTOHHbIX 3/1IEMEHTOB, peasiM30BaHHbIli B cpeae
MathCad

(Nsc + Db- Ns)Z\ - DbZI - NsZA- NscZi =0. (6)

Moactasus B (6) BMECTO KaXX0ro yCUINA ero aHasv-
TUYECKOe BbIpaKeHue, MosyyMm ypaBHeHue, copepxa-
LLlee 04HO HEU3BECTHOE K, AB/SIOLLIEECS BbICOTONM CXXaToW
30HbI ceveHusi. Mcxoasa u3 Toro, UTO BbiCOTa MOcCnedHei
BENMYMHA He MOCTOsIHHAsA, a M3MeHsoLLLancsa no onpeje-
NEHHOMY 3aKOHY, B CBA3M C U3MEHEeHUeM B npoLecce fe-
hopMMpoBaHMS Kene3o6eTOHHOro 3/1eMEeHTa YCWUInin B
6eToOHe 1 apmaType, HEOOXOAUMO BbISIBUTb 3TOT 3aKOH.
3afaBlIMCb BEIMYMHON OTHOCUTENbHON Aedhopmauunn
CXaToi 30HbI 6GETOHA B BMAE PaHXMPOBAHHOI nepemeH-
Hoii eb = 0,0.0001...0.005, onpegenum C MNOMOLbIO
BCTpoeHHoi B cpege MachCad doyHkuum "root" BennumnHy
cxaToli 30Hbl 6eToHa K. laHHOe aeiicTBme ByaeT ABNATb-
€Sl MepBbIM OCHOBHbLIM MW pacyeTe.

[na yckopeHus 1 ynpoLleHus npoBeseHns pacyeTa B
nporpammMHoii cpege MachCad ¢ npumeHeHnem mMeToaoB
nporpaMmMmpoBaHns peasim3oBaH aaroputm (puc. 3), nos-
BONAIOLNIA BECTU pacyeT HOpPMasibHbIX CeYeHUn BHele-
HTPEHHO CXaTbIX >Xefie306eTOHHbIX 3nemMeHToB. OH
npeacTasnsieT coboli OTAeNbHYyK nporpaMmy, Mo pe-
3ynbTaTaMm paboTbl KOTOPOU BCe MHTEpecyloLme Hac Be-
NINYMHBI BbIBOAATCA B TabsmyHoli chopme. IMpu aTOM He-
06X0AMMO NOMHUTbL, YTO HymMepaLumsa cToNnbuos B Tabnu-
uax MathCad no ymonuaHuio HaumHaetcs c O.

B gaHHoi nporpamme 0 e (1...10000) - 31O KOMIMYeE-
CTBO CTPOK, 3afiaHHoe Takum o6pa3om, 4YTobObl OTHOCU-
TenbHble gedopmaunn eb npoberann onpegeneHHbli
AnanasoH 3HauyeHuii. ITO obecneynBaeTcs ONepaTopom
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Tabnuua 2

ConocTaB/ieHMe HeCyLnx cnoco6HocCTel Ans aKcnepuMeHTasbHbIX 06pa3uoB K-1 - K-4(2)

Hecywan cnocobHOCTb BHELEHTPEHHO CXAaTOro ene3obeTOHHOro a/ieMeHTa Mo HOPMasibHOMY CEYEHUIO

Mo npepnara- Mo CHwuMM 2.03.01-84* 1 noco6buto Mo 2-x Mo 3-x
Mapk1poBKa  JKCMepUMEH- emoii MEeTOAU-  Geg yueTa chopMy/l OBLLEr0 MO popMyniam obLero cydasi  JIMHEMHOM JMHeHo
o6pasua TanbHas Ke pacyeta cnydas pacueta pacuerta Avarpamme  auarpavme
, . N2, t W3, 1T 1
Yonax' T SMEd T CHAN- T ACHWMIT T ACHUTT T YCHWMiM T ) )
A % n % N, % o % i) A % A %
23,13 24,43 23,49 24,43 23,49 23,58 23,4
K-1 23,5
16 -4 0 -4 0 -0,3 0,4
23,18 24,49 23,55 24,49 23,55 23,63 23,45
K-1(2) 23,7
2,2 -3,3 0,6 -3,3 0,6 0,3 1,1
20,11 20,12 19,67 19,67 19,26 20,24 20,39
K-2 21,2
51 51 7,2 7,2 9,2 4,5 38
20,55 20,53 20,08 20,1 19,69 20,67 20,83
K-2(2) 21,8
57 58 7,9 7,8 9,7 5,2 4,4
K3 15 102,32 103,7 100,7 99,25 96,26 104,79 103,89
11,0 9,8 12,4 13,7 16,3 8,9 9,7
102,75 104,1 101,1 99,68 96,67 105,23 104,32
K-3(2) 1125
8,7 7,5 10.1 11,4 14,1 6,5 7,3
57,93 58,37 55,95 53,41 51,43 59,86 59,66
K-4 58,5
1,0 0,2 4,4 8,7 12,1 -2,3 -2
59,11 59,56 57.18 54,51 52,57 61,08 60,88
K-4(2) 60,5
2,3 1,6 55 9,9 131 -1 -0,6
IA/8 4,7 2,8 6 6,4 9,4 2,7 3
VIA7(8 - 1) 6,2 5,9 7.7 9,5 11,7 5 5.2

I'Ipvlmeanme: 3HaveHus A, cpegHux n cpeaHekBagpaTtnyHbIX OTK/IOHEHWIA 3anucaHbl C OKpyrneHnemMm 0o OecATbixX p'Oﬂeﬁ npoueHTa.

uukna “for", KoTopblii faeT BO3MOXHOCTb OpraHn3oBaTb
UMK N0 3TOlM NepeMeHHOIA.

OTnnyne pacyeta no nNpuBeAEHHOMY anropuTmy
3/1eEMEHTOB CO CXemMaMu 3arpyXeHusi, npu KOTOpbIX BCE
ceyeHue fABNSAETCA CXaTblM, OT OMMWCAHHOr0 COCTOMUT B
TOM, 4YTO Npu BbiBOAe Tabnuubl pe3ynbTaToB 3HAYEHUS
es, Ns 1 Z4 6yayT BbIpaXKeHbl CO 3HAKOM "MUHYC", TaK Kak
Hanbonee ypanéHHble OT NIMHWW OENCTBMA BHELUHEro
ycunua N apmaTypHble CTEPXHU B TakoM criyvyae 6yayT
CXaTbl, a He PacTAHYThI.

MonyyeHHble B pesynbTaTe 3KCNepuMeHTa 3Haue-
HWA HecyLlel CMOCOBHOCTU ONbITHLIX 06Pa3LLOB CpaBHU-
Ba/INCb CO 3HAYEHUAMU, MOJIYYEHHbIMU B pesy/bTaTe
pacyeToB No 7 BapuaHTam (Tabn. 2, ctonbéubl 3...9).

Takum 06pa3oM, pacyeTHble 3Ha4YeHUss Hecyllei
CMOCOBHOCTN 3KCNEPUMEHTA/IbHbIX KOJSIOHH, YKa3aHHble
B Tabn. 2, MelT cnegylouine 0603HaveHums:

1. npy BblUMCAEHMM MO Npegsaraemoin MeToauke -

metod

2. Mpy BbIYMCAEHUAX NO METOAY NpefesibHbIX YCu-
nnii 6e3 yyeta chopmyn 06LLEro cryyas:

a) 6e3 yyeta BAMsAHMA nporuba - A’cHull

6) C yyeToM BAUSIHMA nporméa - AMHUI.r?

3. MpY BbIYUCMEHUSX NO MeTody MpefesibHbIX yCu-
nniA no doopmyniaM 06LLEro cnyyasi pacyeta:
a) 6e3 yyeta BNMAHUA npornba - # CHul,c

6) C y4eTom BnMAHUA npornbda - MCHu J*7
4. Npy BbIYUCMIEHUAX C MPUMEHEHUEM KYCOYHO-MU-
HEeWMHbIX GYHKLWIA:

14
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a) OBYX/IMHEWNHON - A%

6) TpexnuHeliHol - N

[ns Kkaxaoro 3 nepeynciieHHbIX BapuaHToB pacue-
Ta BbIYUCIANNCL 3HAYEHUS CpefHero n cpefHeksajpa-
TUYHOTO OTK/IOHEHWUI, 3HAYEHUS KOTOPbIX 3anucaHbl B
COOTBETCTBYHOLWMI cToN6ewy Tabn. 2.

BenmMumHbl cpegHUX OTKNOHEHWIA O onpefenstTcs
no copmyne:

N -N -
O= max W 100% ,
max
roe Nj - pacyeTHas BenMuMHa Hecyllell CnoCOBGHOCTU, COOTBETCTBYHO-

was cronbLy, B KOTOPOM BbluncnsieTcs [.

CnepyeT 3ameTUTb, 4YTO A1A KaXAON0 U3 BOCbMU
3KCNepuMeHTasIbHbIX 06pa3Lo0B MakCMMasibHble 3Ha4ve-
HMA paspywalwmx Harpy3ok (A”a*) Bblle 3Ha4YeHui,
NONyYeHHbIX NPy pacyéTe no npegnaraeMoin MeToauke
(Nmetod)’ uTo cooTBeTCTBYET 3anacy npoyHocTn. OAHaKo
[aHHOe yTBepxXAeHue Hesb3s NPUMEHUTb KO BCEM pe-
3y/ibTaTaMm BbINOJIHEHHbIX PACYETOB, XOTA MoOKasaTe v
cpefHeKBaApaTUYHOIO M CpefHero 3HayeHus cpefHero
OTK/IOHEHUA No 8 obpasuam B cTtonbuax 4, 8 1 9 HMxe
TakoBbIX B cTOM6LE 3.

BbiBOg,

MpeanoxeHHas MeToAuka pacyeTa BHELEHTPEHHO
CXaTbIX 3/IEMEHTOB MO3BOJISIET AOCTATOYHO TOUYHO Ornpe-
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LEeNNTb He TOMbKO HecyLyl CnoCcOGHOCTb, HO U Hanpsi-
XEHHOE COCTOSIHUE KOHCTPYKLMU Ha CTafusix 3arpyxe-
Husi. Mpu pacyeTe No mMeTody NpefesibHbIX YyCUauwii Ta-
Kasi BO3MOXHOCTb OTCYTCTBYeT, a Mpu pacuyetax ¢ npu-
MEHEHNEM 2-X U 3-IMHENHONW grnarpamm gedopmMunposa-
HUS - OrpaHuYeHa BBUAY HECOOTBETCTBUSI AAHHbLIX AU-
arpamMmm COCTOSIHUSA [eNCTBUTENbHOW paboTe 6eToHa U3-
3a Ype3MepHOro YMnpoLLeHUs UX NpeacTaB/eHMS.
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MnyT™™ NOBbIWEHNA HAOEXHOCTW PE3Y/IbTATOB PACYHETA BHELEEHTPEHHO

CXATbIX 3JIEMEHTOB

MeToauka pacyeTa BHELEHTPEHHO CXaTbIX 3/1leMEH-
TOB, 3a/10)X€HHAasi B OTEYECTBEHHbIX HOPMaXx, OCHOBaHa
Ha TOM, YTO ecnu B NpeAenbHOM WX COCTOSIHUM OTHOCK-
TeNnbHas BbiCOTa CXKaToli 30HbI 6eToHa £ =— <£/? (rge

- OTHOCUTEJIbHaA rpaHn4yHasa BbiCOTa CXATOW 30HbI

6eToHa), B pacyeTHbIX hopmynax HanpsKeHue B npo-
OONbHOW apmaType as npuvHumaeTcs pasBHbIM RS, npwu

9TOM MMeeM MepBblii C/yyail pacyeTa BHELEeHTPEeHHO-
CXaTbIX 3/1eMeHTOB (C/yyail 60MbLINX IKCLEHTpUCUTE-
TOB). EC/u e okaxeTcsi, uTo §> 3HauyeHue as K Mo-

MEHTY paspyLleHusi 3/1eMEHTOB
OENbHO  BESIMYMHbLI,  paBHOWA

He jJocTuraeTt npe-
Rs, To nmeem BTOpOIi

cny4ali pacyeTa (Cryyai MasbiX 3KCLLEHTPUCUTETOB).

Kak B TeopeTnyeckoii yactu, Tak U1 B MHOTOYUC/IEH-
HbIX NPUMepax pacyeToB, U3/I0XEHHbIX B yue6Hol nuTe-
paType 1 pyKOBOACTBaxX MO NPOEKTUPOBaHUIO GETOHHbIX
N XeNe3006eTOHHbIX KOHCTPYKLMIA, BbICOTA CXKATOW 30HbI
6eToHa I B NpeAe/lbHOM COCTOSIHUM MO NMPOYHOCTU HOp-
MaJibHbIX CeYeHuli onpegensieTcs, kak npasuno, u3 yc-
IOBUSI paBHOBECUS! NPOAO/IbHBIX CU U BHYTPEHHUX YCU-
NViA, 1A BNAUSIHWE 3KCLEHTpUCUTETa € NPoAosIbHOI Cu-
nbl N He yunTbIBaeTcs. YKkazaHHOe 3HauyeHue X UCnosib-
3yeTca 6e3 M3MeHeHus Npu onpegesieHny naowagm no-
nepeyHoro cevyeHus apMatypbl WU NpU NPOBEPKE Hecy-
Lieli cnocobHOCTN 3/IEMEHTOB.

Hepoctatkamun cyuiecTBylOWeil MeToauKn pacyeTa
BHELLEHTPEHHO CXaTbIX 3/IEMEHTOB TakKXke ABAAKTCS:

1 Mpv HanuuMum npoAosbHOl apmaTypsl
waapto As n As BbicOTa CxXaToli 30HbI 6eToHa X, onpege-
nsiemMan 13 ycsioBMSI paBHOBECUSI MPOAOSIbHBIX CUT U
BHyTpeHHux ycunuii (N<Nced), yacTto CylwecTBEeHHO OT-
IMYaeTcsa OT BbICOTbI CXaToil 30HbI GETOHA, onpeaesnse-

MOli M3 YCNOBUSI paBHOBECUS M3rmbatLmx MOMEHTOB
(Ne<Mced).

2. PacueTbl 3/1eMeHTOB Mo cyyato 2 (korga §s <Rs)

06bIYHO BbLIMOMHAT, NPUHUMAA 3HayYeHue § = T.e.

BeToH u Xene3obeToH. - 2012. -

nno-

CUMTaeTCs, YTO 3/IEMEHT HaXOAMUTCS Ha rpaHnuLe Mexay
HenepeapMMpoBaHHbIMU 1 NepeapMMPOBaHHbIMU ceve-
HUSIMU faxe Korga apmatypa njowagbio As oKaxeTcs

CXaToli 1 BbINONHAETCA ycnoBue asc <RsC.

Mpepnaraemasi B JaHHOl cTaTbe METoAMKa pacyeta
BHELIEHTPEHHO CXaTbIX 3/IEMEHTOB OCHOBaHa Ha COBMe-
CTHOM pELUEHUN YpaBHEHUS PaBHOBECUS NPOAO/bHbIX
CUNT 1 BHYTPEHHMX YCUNUIA, a Takke ypaBHEHWUSI paBHO-
BECUSI U3rnGaloLMX MOMEHTOB OT BHELUHEl Harpysku u
BHYTPEHHUX YCWUUI OTHOCUTESILHO LEHTPA TSXKECTW
nsowaan nornepeyHoro ceveHnss apmatypsl As. CoBme-

CTHOE peLleHNe yKa3aHHbIX YpaBHEHWI, NpUBELEHHbIX
HIKE, C NCNOMb30BaHUEM AOMNOMHUTENbHbIX YPaBHEHWI
Nno onpefeneHno HanpshkeHuss B apMaType 0S B npe-
[LeNbHOM COCTOSIHUM 3/1IEMEHTOB, YpaBHEHWA no onpe-
OEeNeHnto KPUTUYECKON NPoAobHOI cunbl Ncr, koadhdou-

LMEeHTa yBENMYEHUST NPOrM6oB I/ B TMGKMX BHELLEHTPEH-
HO CXXaTbIX 3N1EMEHTax U T.4. AaeT BO3MOXHOCTb TOUHEE
onpeaennTb BbICOTY CXaToi 30HbI GETOHA, ee BiVsHUE
Ha HecyLlylo cnoco6HOCTb 3/1IEMEHTOB M 06EeCneunTb UxX
60/iee BbICOKYI0 HAAEXHOCTb B 3KCMyaTauuu.

MeToavka pacyeTa npefycMaTpuBaeT gBa BapuvaH-
Ta BO3HWUKHOBEHMWS BO3MOXHbIX HaNPsHXXKEHWUIA B NPOAOSIb-
HOli apmaType naowagnbio AS, pacnosioXeHHO! ¢ NpoTu-

BOMOJIOXHOW CTOPOHbI OT INHUW AelicTBMA Harpy3ku N:

BapuaHT 1- Korga apmaTtypa c niowagnbto As B npe-
OeNIbHOM COCTOSIHUM 3N1eMEeHTa OKaXKeTCs pPacTsaHYTOM;
BapuaHT 2 - Korga apmaTtypa c niaowagbto As B npe-
[eNTbHOM COCTOSIHUM 3/IeEMEeHTa OKaXKeTCs CXaToW.

MepBbIi BapuaHT, B CBOK o4vepedb, npegycmarpu-
BaeT fBa C/iydasd BO3MOXHbIX HanpsKeHwii B Npoaosb-
HOli apmaType nsowagbto As:

Cnyvaii 1- korga Hanpsb>keHue B ykasaHHOW apma-
Type JocTuraeTt npefesibHbIX 3HaveHuin Te. as > Rs\
Cnyvyaid 2 - Korga pacTsaruBarollee HanpshkeHue B
NpofoNbHON apmatype HaxoguTtes B npegenax 0 < s <Rs.
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BTopoii BapuaHT Takke npegycmaTpusaeT ABa Ciy-
Yyas BO3MOXHbIX HaMpshKeHUn B NPOAOSILHON apmartype
naowaabto As:

Cnyuaii 1 - «korga npofosibHass apmaTypa m/o-
waabio AS OKaXXeTCs CKaToll U HanpshKeHUe B Hel He

[focTuraeT npegenbHbiX 3HaueHuin, T.e. O< asc <Rsc\

Cnyuyali 2 - Korga CXumarolme HanpshkeHUs B Npo-
JOnbHOW apmatype ¢ nnaowagabto AS gocTuraloT npe-

AeNbHbIX 3HAYeHWiA, T.e. asC > Rsc.
Bug HanpspkeHus B apmatype niowagbto As onpe-
Jensietca no dopmyrne:

/ 1-£ n
—1q

(1)

Ecnn npu daktnyeckoin (KpMBOMIMHEHON) antope
HanpshKeHuii 3HaueHne

%= 0,5(1 + £/, (2)

TO u3 dpopmysbl (1) 3HaueHne os= 0. MNMpu 3ameHe dak-

TWYECKON KPVBOMUHENHON 3antopbl HanpshkeHwii B 6eTo-
He CXaToii 30Hbl Ha YCNOBHYK (pacuyeTHyl) npsmMoy-
rO/IbHYK 3MKPY BbICOTA CXAaTol 30HbI GETOHA MPSMOY-
roNibHONM 3anopbl onpegensieTca m3 dopmynbl (2) ¢ yye-
TOM paBeHcTBa nfowanein (KpMBOMUHEWHON U NpsMOY-
rofIbHOW 3ntop), KoTopas paBHa:

x = 0,5A0(L +£ /).

(3)
Takum ob6pasom, ecrim §< 0,5(1 + $R) nnn xe ecnm

3HauyeHue §s B apmatype ¢ nsaowanbio As B NpeaesibHoM

COCTOSAHUU 3niemeHTa, onpegensemoe no (1), oka-
XETCS MOSIOKUTENbHBLIM, - MMEEeM BapuaHT 1 pacuyeTta
BHELEHTPEHHO CXaTblX 3/1eMeHTOB. M HaobopoT, ecnu
%> 0,5(1 + £1) wm xe ecnn no (1) okaxertcsa, yto <0

(oTpuuatenbHoe u4ucno), apmartypa c nnowagbto As

oKaxeTcs cxaToid. Mpy aToM UMeeM BapuaHT 2 pacyeTta
BHELEHTPEHHO CXaTblX 3/1EMEHTOB.

B pacueTHbix hopMynax BHELEHTPEHHO CXaTbIX
3M1eMEeHTOB HanpshkeHwe B NPOAOSbHON apmaType nso-
waabio As npMHMMaeTca He 6osiee pacuyeTHOro conpo-

TUBNEHUA PaCTAXEHU, T.e. as < Rs, a Takxe He 6onee
pacyeTHOro conpoTmMB/IEHNA CXaTuto, T.e. asC <Rsc.

COBMECTHOE peLleHVEe YPaBHEHWUI, OTPaXatoLmx
HanpshXeHHO-Ae(OPMUPOBAHHOE COCTOSIHME BO BHele-
HTPEHHO CXaTbIX 3M1eMEHTaX, yKasaHHbIX HibKe, MpuBO-
OUT K peLleHmnio Ky6nueckoro ypaBHeHust OTHOCUTESTbHO
BbICOTbI CXXaTOl 30HbI GETOHA .I, U OTHOCUTE/ILHO MPO-
LONbHOI cunbl M B NpeaenbHOM COCTOSIHUM 3/1IEMEHTOB.

[ns onpefeneHnsl BbICOTbI CXaTol 30HbI 6ETOHA X B
npefesibHOM COCTOSIHUM BHELEHTPEHHO CXaTblX 3fe-
MEHTOB MPSIMOYrO/IbHbIX CeUYeHUii Kak C CUMMETPUYHOIA,
Tak U HECUMMETPUYHOI apmaTypoii, C yYeToM BUAHUA
OCHOBHbIX (paKTOpOB, BHauasie UCMofb3yeM ypaBHeHue
paBHOBECUSI M3rMBAKLWNX MOMEHTOB OT BHELLUHei Har-
PY3KU U BHYTPEHHUX YCUMWIA:
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Ne < Rbbx(h0- 0,5x) + RscA's(h0- a ), 4)

rae € - akcueHTpucuTeT npogonbHoii cnnbl N oTHocKTeNbHO LeHTpa
TSXECTWU nnolwaan apmatypbl J15 ¢ yueTom yBenunyeHus nporvba BB
MMOKNX BHELIEHTPEHHO CXaTbIX 3/1eMeHTax, KOTOpbliA onpenenseTcs
no chopmyne:

e=¢e0ri+/r/2-a , (5)
i 1
3HaueHve Ij = N 6)
1 -
N. cr
Pewwas coBmecTHO ypasHeHus (6), (5) n (4), nonyunm:
.- \
7
N N creo +— a < Rhbx(hQ- 0, 5jc) +
Ncr-N 2
+N1501'5(To-a). (7

YmHoxast Ha (Ncr <N) neByto v npaByto 4acTu pop-
Mynbl (7), OKOHYATEIbHO MOSYUYNM:

(h

h 4
HNcre0+\§‘-—a NNcr- 5 a N -R bbhgNcrx-

+0,5RbbNcrx + RbbhQNx- 0,5RhbNx" -

-RA'sihQ-a ")Ncr + RSCA's(h0- a~N = 0. (8)

1. OnpegneneHue Hecyulelh CNOCOBHOCTU BHELIEHT-
PEHHO CXaTblX 3/IEMEHTOB MO BapuaHTy 1 - cnaydyain 1
(cnyyali 60nbLUNX 3KCLEHTPUCMTETOB), KOrga apMaTtypa
nnowanbio As pacTaHyTa 1 BbINOSIHAETCS ycnosue £<
Mpy 3TOM B AanbHelWnx pacyetax HeobXxoANMO NPUHK-
MaTb as = Rs.

Ycnosue paBHOBECUSA MPOAOJIbHBIX CU/T U BHYTPEH-
HUX YyCUNUA UMeeT BUA:

N =R bbx + RscAs-R sAs 9

Moactasnas 3Havenme N wu3 (9) B (8), 0603HaUNB
RSCA'S- RgAg =P 1 nocne npeob6pa3oBaHuii Nonyynm:
r N -p

N
h+ oo - x2-[Ncr(eo+|-a)-
RhE [Ncr( |-a)

* 3 -
-(h-2a)P-hOo(Ncr-pP) +
2
+/?50 1'5(/1b- a )] X -
R hb

-[N,,P(e,,+1-a)-*-a)P 2-

“RuA",(k)-a'K N, -P)]-~ =0.

Rbb (t0)
YpaBHeHue (10) MOXHO 3anucaTb B BUAE:
X3- b’™™2- bX -6 3= 0. (12)
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Mocne onpefeneHns BbICOTbl CXaTol 30HbI B6eToHa
X HEeCyLLyl0 CNOCOBHOCTb BHELLEHTPEHHO CXaToro ane-
MEHTa MO0 BeNMYMHE UN3rMbalLLero MOMEHTa MOXHO
nposeputb Mo oopmyne (4), rae 4Ns onpefesieHns aKc-
LueHTpucuteta e ucnosibdyem (6) n (5). Hecywyro cno-
COGHOCTb 3/1eMeHTa Mo BENIMYMHE HAarpy3kM MOXHO Tak-
Xe npoBepuTb, ucnonbaysa (4) unm (9).

2. OnpepgeneHne Hecyuleih CNOCOBHOCTN BHELEHT-

PEHHO CXaTblX 3/1IeMEeHTOB Mo BapuaHTy 1- cnyvai 2
(cnyyali Masibix 3KCLLEHTPUCUTETOB), Korga apmarypa
C nnowanbio AS pacTsaHyTa W BbINOSHAETCS yCnoBue

[N<]< 051 + &).

Mpv BbINO/IHEHUM YKA3aHHOIO YC/I0BUS HanpshXeHue
B NPOAONLHOW apMaType, PacnofiOXeHHOW C MpoTUBO-
MOJIOXHOM CTOPOHbI OT JIMHUW AEeACTBUS Harpy3ku, Haxo-
antes B npegenax 0 < 0s <Rs. Mpu 3ToM ycnosue pas-

HOBECMWSI NPOAONLHOW CUSbI N BHYTPEHHUX YCUAWiIA B ce-
UEHUM 3NIEMEHTA UMeEeT BUA;

N < Rhbx + RSAS- asAs. (12)

M3 dhopmynbl (12) onpegenserca BbiCOTa CXaToi
30HbI 6eTOHa X B NMpefesibHOM COCTOSIHAW BHELEHTPEH-
HO CXaTtoro anemMeHTa:

X:N R sch_ S*~~575
Rhb

roe O, onpegensetcsa no dopmyrne (1).

(13)

Mopctasnasa 3HavyeHve as u3 (1) B (13), ¢ yyeTom
Toro, 4to %= x/h0, nonyuunm:
R,,b
2RSAS
(14)
R,b(1-£1) Rhb(\-~)ho
B%f456\0<603HaLIVIMZ _,~ - =K, (15)
W -Z7Zr)
o (hy-lthp g )N 0|
Torpa: X = * (16)
Rbbdb+K) ho + K
B (16)0603Haunm:
R A MA A
( 7)
Rhb (K + K)
N=od (18)
ho +K
Monyunm:
n%
X= -c +d. (19)
Rbbiho+k)

B (19)o0603Haunm:

L7 20
Rbb(ho+K) ’ (20)

Torga BbicOTa CXaToli 30HbI GETOHA X BHELEHTPEH-
HO CXAaTbIX 3/1IEMEHTOB, HO Moka 6e3 yyeTa 3KCLeHTpU-
cuTeTa NPoAosbHbIX cu, u3 (19) paBHa:

x=Nz-c+d. (21)

M3 (21) onpenensieM 3HavyeHne NpPoAosbHON cunbl N:

Xx d—
(22)

[ns onpegeneHus BbICOTbl CXKaToli 30HbI 6eToHa
BHELLEHTPEHHO CXaTbIX 3/IEMEHTOB, C Y4E€TOM 3KCLEHT-
pvucuTeTa e u koadpdmumeHTa Ij, korga apmarypa ¢ npo-
TMBOMOJIOXHOI CTOPOHbI OT AeWCTBUSA Harpysku /Y pac-
TAHyTa, noactaBus 3HaveHne N u3 (22) B (8), nonyyunm:

- Ncrz-2hQ -d+c]x -
Rhbz Q ]
49 _ & d-c

n
Ng e0+ --a
2 2

~Rbbho(Ncrz +d -c) + RCAS(h0- a*)]--x +
Kbb

\

(E[I_\lcc)rj(d-c) e0 + -I{|a }+ h -a +

1 3 .2)
+RCAS(A0 - a')(Ncrz +d-c)]— =o. (23)
Rhb

OkoHuaTenbHO dopmyny (23) MOXHO 3anucaTb B
BUAE:

x* + bi*2- bX +63= 0, (24)

rope by Bem; b j-B cm!; b$ - B cmM3

MoacTtaBnAs nonyyeHHoe 3HayeHue . us (24) B (22),
MOXHO OnpefesiMTb HeCyLllyld CMOCOGHOCTb BHELEHT-
PEHHO CXAaTOro 3/1eMEeHTa N0 BEJ/IMYMHE HAarpysku C yye-
TOM BCEX OCHOBHbIX (PaKTOpOB, BUSAKOLINX HA Hanps-
XEHHO-e(hOPMUPOBAHHOE COCTOSIHWE 3/IEMEHTOB, KOT-
[Ja HanpsbkeHve B apmatype nnaowaabio As HaxoamTcs B

npegenax 0 < as<Rs.

3. OnpegeneHne Hecyllein cnocobHOCTU BHELLEHT-
PEeHHO CXaTblX 3/1IEMEHTOB MO BapuaHTy 2 - cnyvaii 1
(cnyyail manbix 3KCUEHTPUCUTETOB), Korga apmaty-
pa ¢ nnaowaabio AS cxkaTa W BbINOJIHAETCS YC/0BUE

051 +&)<E< 1

Mpy BbINOIHEHMMN YKa3aHHOIO YC/I0BUS HanpshXeHune
B apMaType nnowaabto As, pacnonoXeHHOR ¢ NpoTuBO-
MOSIOXKHOM CTOPOHbI OT SIMHUU AElCTBUS Harpyskm Uus,
n3MeHsieTcs oT Hyns Ao -Rs, T.e. go Rsc.
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Ycnoeue paBHOBECUS MPOAO/LHOW CU/bl U BHYTPEH-
HUX YCU/IWIA B CEYEHUUN 3IEMEHTA UMEET BUZ;

N = Rbbx + RSA'S+ gscAs (25)
M3 dhopmynbl (25) nonyunm:
N Rsc”s °scAs
X = 26
Rbb (26)

rae Gsc onpeensieTca aHalorMyHo ToMy, Kak v 0S no doopmyse (1).

MoactaBnaa asc n3 (1) B (26), nosyvmm:

RscA's+RsAs 2RsAs |

Rhb 0

X_I\~

(27)

MopctaBnsas 3HadveHne K u3 (15) B (27), noayyuum:

x (N -RscAs + RsAs)h0 L,

(28)
Rbb {\-K) h~-K
B chopmyne (28) o603HaunM:
(RscAs-R M H g _ (29)

Rbb (ho-K)

Mpn CcMMMETPUYHOW MPOAOSBLHOW apmaType, korga
As =A%, B chopmyne (29) 3HaueHue ¢ = 0.

(30)
Torga x= - ¢c'-d’ (31)
Rbb(hb-K)
B dhopmyne (31) o603HAYUMM:
(32)

b-K)

Torga BbiCOTa CXaToil 30HbI 6ETOHA X BHELEeHTpeH-
HO CXaTbIX 3/IeMEHTOB, C Y4eTOM HarnpshKeHus B Npo-
LONbHOW apmaType naowagabto As, paBHOro asc, s gop-

Mynbl (31)paBHa:

x=Nz-C -d (33)

U3 dpopmynbl (33) MOXHO onpenennTb HecyLLy Cro-
COBHOCTb BHELEHTPEHHO CXaTbIX 3/1IEMEHTOB N0 BeMYn-

He Harpysku, korga apmatypa nnaouaabto Ax cxara.

| = el _ (34)

18 BeToH U Xene3obeToH. - 2012. -

[na onpepeneHns BbICOTbI CXaTON 30HbI 6GeTOHa
BHELLEHTPEHHO CXaTbIX 3/1IEMEHTOB, C YYeTOM 3KCLLEeHT-
pucuteTa e n KoappuumeHTa /7, nogcTaBuUB 3HayYeHue
N u3 (34) B (8) 1 BbINONHUB Npeobpa3oBaHUs aHano-
TMYHO TOMY, Kak M B MNYHKTE 2, OKOH4YaTesIbHO Mo-

nyyum:
3+ --Ncrz'-2h0+d'+c']x2-
x Rbgz C 0+d'+c’']
h
Ng €0+ --a vEs

-Rbbho(Ncrz d ~c )+ RCAS(Ag-a‘)) Rbb_x_

~[Ncr(d +cp e0+ --a (d'+cf
-RAS(Ao- a')(Nerz'-c'-dHy— -=0. (35)
Kbb

®opmyny (35) MOXHO 3anucatb B BUAE:

X3+ ijX2- b - 63=0, (36)

roe by e Bcm; B%- Bewmr; bj - Bcm3

MoacTtaBnAsa nonyyeHHoe 3HayeHue X u3 (36) B (34),
MOXHO OnpefenuTb Hecyllyl CNOCOBHOCTb BHELEHT-
PEHHO CXAaToro 3/ieMeHTa Nno BeNnyYnHe Harpysku, ¢ yde-
TOM 3KcueHTpucuTeTa € 1 KoadpdurumeHTa 77, a Takke ¢
y4eTOM BEe/IMYMHbI HanNpsHXeHus B NPOAONbLHON apmaTy-
pe ¢ nnouwaasio Ay paBHOro asc B criyyae, Korga ata ap-

MaTtypa B npenesibHoM COCTOAHUN 3N1eMeHTa pa60TaeT
Ha cXaTtune.

4, OnpefeneHne Hecylleil cnoCo6HOCTW BHELEHT-

PEHHO CXaTblX 3/1EMEHTOB MO BapuaHTy 2 - caydain 2
(LeHTpanbHO CXaTble 3NEMEHTbl CO CAyYalHbIMW 3KC-
LeHTpucuTeTammn), Korga apmatypa c niaowanbio As B

npefenbHOM COCTOSIHUM CXaTa W BbINOSIHAETCS YC/0BMe
£> 1, yto no gopmyne (1) COOTBETCTBYET HaNPSHKEHMUIO
B apmaType <5 >-Rs, T.e. §s = RsC.

JanbHeliwnii pacyeT BbINOHAETCA C y4eTOM BUS-
HUA CNy4YaliHbIX 3KCLEHTPUCUTETOB.

Bubnuorpadmnyeckunii cnucok

1 [Mpumepbl pacyeTa >Xene306eTOHHbIX KOHCTPYKUWA / nog peg.
M.C. TopsiHuka. - M : CTpoimnsgar, 1979. - 240 c.

2. Tocobue Mo MPOEeKTUPOBaHMIO GETOHHBIX U Kene306eTOHHbIX
KOHCTPYKUMWI 13 Tsbkenoro 6eToHa 6e3 npeaBapuTesIbHOrO Hanpsbke-
HUA apmatypbl (kK CM 52-101-2003) / UHUWMpom3gaHuii, HUWXKB. -

M : LUHWMpom3aaHmid, 2005. - 214 c.

Ne2



CTAHOAPTbI N HOPMATVBHBIE JOKYMEHTDI

E.N. PbIBHOB, PC. CAH)XXAPOBCKW (C.-MeTepbyprckuit CTPouTENbHbIN YH-T);

AW. 3BE3AOB (HUL, “CTPOUTE/IbCTBO")

O HAUMOHAJIbHbIX CTAHOAPTAX MO XXEJTIESOBETOHY N MYTAX NX

COBEPLUEHCTBOBAHUA

OcHoBoOMonarawume nocTynarbl COBPEMEHHbIX
cTaHgapToB Poccumn no pacyeTty Hecylueil cnoco6HOCTH
XenesobeToHa cchopmynuposaHbl B 1938 1. n ¢ Tex nop
NPUHUMNMANBHBLIX M3MEHEeHWA He npeTepnenn. Te xe
OCHOBHble pacyeTHble MOAE/IN UCNO/b30BaHbl B HOPMax
Apyrnx cTpaH. 3TN MOoAesiM He COOTBETCTBYIOT TpeboBa-
HUAM 3KOHOMWYHOCTU KOHCTPYKLUA, WX Ha[EXHOCTH,
ob6ueii cunnocodun eBponeiickux HOPM, B YACTHOCTM
EBpokoga 2 (2003).

EBponeiickne Hopmbl MO Xes1e306eToHy BoGpann B
ceba MHOrofieTHVEe Hay4yHble pa3paboTkM M OMbIT Bblaa-
IOLLMXCHA YYeHbIX pas3/inyHbIX CTpaH, B TOM 4ucne Poc-
CMU. B HUX HaWNU OTpaxeHue fyyline pasgensl Haumo-
HaNbHbIX CTaH4APTOB 3TUX CTpaH, MOTMBUPOBAaHHbIE
hOPMYIMPOBKN OCHOBHbIX TMNOTE3 1 Npeanockiok. Es-
pokoAbl HecyT Ha cebe Harpysky Tpex ypoBHeli: perna-
MEHTUPYIOLLYIO MpakTUYecKoe MNPUMEeHeHne; rapmMoHU-
3MPYIOLLYI0 HauMoHaNbHble CTaHAapTbl; yKasbliBaloLLyo
nepcnekTVBHbIE HanpaB/eHNs pa3BuTUs 06LL e Teopun
Xenes3obeToHa 1 CyLeCcTBYOLWNX HOPMATUBOB.

B EBpokofax npuHATHl "gecopmaunoHHas Moaesb
ceyeHuns" u conpoBoxgalwlime 3Ty Mogefb rMnoTessbl,
TwaTenbHO 060CHOBaHHble 3KcnepumeHTamu. Aedop-
MaLMOHHasA MofeNb CceyeHus, obuwas Teopus ynpy-
roniacTMyeckux CUCTEM, CYLLECTBYHOLLME SKCMEPUMEH-
Ta/lbHble faHHble, TpeboBaHWs 3KOHOMUYHOCTU U Ha-
OEXHOCTU MO3BONAT yKasaTb AedekTbl HaluoHasb-
HbIX CTaH4apTOB U HEO6XOAMMOCTb WX YCTpaHEeHs.

PaccMmoTpuM cHavana pasfen KpaTKoBPeMEeHHOro
3arpyeHuns Xene3o6eTOHHbIX KOHCTPYKLUA B YC/IOBUAX
ynpyronaactmyeckoro gecopmuposanus, obycrosnivBa-
IOLLEero MosiB/IeHVe M1acTUYecKnx LWapHUpoB, T.e. 6e3
yyeTa onunTenbHblx gecopmaunii. BavsHue nonsyyvectu n
AnvTenbHbIX AediopmaLmini paccmaTprusaeTcs nocne npo-
BE[lEHNs aHanmM3a no KPaTkoBPEMEHHOMY HesIMHEAHOMY
AedopmupoBaHuio xenesobetoHa. CoeanHeHne pedop-
MaLWOHHOW MOAENN CeYEeHUs Xene306eTOHHOTO 3/1eMeH-
Ta Cc obuweli Teopuein pacyeTa COOPYXEHWUA MO3BOSET
NOCTPOUTb MOMHOE Mofne BCeX MnpefesibHbIX COCTOSAHUI
Xene3o6eTOoHHbIX 6a/10K U KOMIOHH, NokasaHHoe Ha puc. 1.

B pernameHTax u HopMax MHOTMX CTpaH, B TOM Yuc-
ne B Poccumn, BMeCTO BCEro nosns npefesbHbIX COCTOoS-
HWA, 3aKYeHHOro mexay nvHuamu OC, C3, 33, 30,
[ONS pacyeToB Xene306eTOHHbIX KOMOHH WCNoJb3yeTcs
ofHa BepTukasbHasa nMHua OC. O6paTuM BHUMaHWe Ha
SIBHble Aed)eKTbl Tako Moaenw.

Npoeanusauma B BuAe nnacTMYeckoro LuapHupa ycT-
paHuna u3 nons 3peHus pacyetoB un gedopmauunnm Ko-
NIOHHbI, 1 Npornbbl. BO3HUK AedeKT HyneBol ANVHbI KO-

BeToH 1 Xene3obeToH. - 2012. -

Puc. 1. Mone npegesibHbIX COCTOSHUIA, COOTBETCTBYIOWMX Aedop-
MaLWOHHOM MOAENY CeuyeHunin xene306eTOHHbIX 6aI0K 1 KOJIOHH

NOHH Ha nmHuM OC, KpMBM3HA OKa3blBAETCS pPaBHOW
6eckoHeyHoCcTN. [edekT 4EMOHCTPUPYIOT AnHun 1 un 2
puc. 1. J/InHns 1 cOOTBETCTBYET BHELIEHTPEHHO CXaToi
KO/IOHHE, /IMHMA 2 COOTBETCTBYET CXKATOWN KOMOHHE C Ha-
YasibHbIM Nporn6om. Kaxkaon Touke 3TUX ANHWIA 0fHO3-
HayHO COOTBETCTBYIOT TPU [NaBHbIX MapameTpa KOJIOH-
Hbl - cuna P, gnuHa L, skcueHTpucuteT NMbo Hadvasb-
Hbli Mporn6. Ha nuHum OC BaxHble napamMeTpbl ANHbI
N 3KCLEHTPUCUTETBLI 1cYe3nn, obpa3oBaB CUTyaLU0 He-
onpegeneHHocTn, Hapywmns TpeboBaHUA HaLEeXHOCTU U
3KOHOMWYHOCTW pe3y/bTaTa.

Mpy 3aaHHbIX 3HAYEHUAX O/IMHBI N 3KCLEHTpUCUTE-
Ta KOMIOHH NAacTU4Yeckuii LWapHUp AaeT CyL,eCTBEHHO
NUCKaXXEHHble pe3ynbTaTbl BBUAY Cleaylolmux o6CTos-
TENbCTB: O/19 BHELEHTPEHHO CXaTblX KOIOHH NPOAO/b-
Has cuna P okasbiBaeTCA CUNbHO 3aBbllEHHOW; A/
aHasIorMYHOM KOMOHHbI C Ha4yaslbHbIM peasibHbIM MNpo-
rméom npopgosnbHas cuna P okasbiBaeTcs CU/IbHO 3aHu-
XEHHON. Takme OT/IM4MA MOXHO 6blf10 6bl UCNPaBUTb
OBYMSI NOJIYYEHHbIMW 3KCNEPUMEHTA/IbHO 3MMMpUYec-
Kumn  dpopmynamu. OgHy dopmysly MOXHO Obifio 6bl
NPUMEHATbL ANA YBE/IMUMBAIOLWLENCA CWMbl, OPYry -
4NA ymeHbllawouleinca cunel. Ho HeobxogumbIX AN
3TOr0 AOCTOBEPHbIX 3KCNEPUMEHTASIbHbIX AAHHbIX HET,
TaK Kak B 3KCMepuMeHTax He y4uuTbiBasiuCb 0COH6EHHOoC-
TV noBefeHuns kpusbix 1 un 2 (cm. puc. 1).

BoneBbiM NMOPSIAKOM NONPaBOYHbIA KO3MPULMEHT,
coaepxawmii gedeKkt NpucyTcTBMA 6ECKOHEUYHO 60/b-
WKX Npornbos, 3aMMCTBYETCS W3 MNPUBVXKEHHOW Yyn-
pyroi Teopumn, OTBEPrHyTOlM NAacTUYECKUM LUapHUPOM.
CoueTaHne OfHOBpPEMEHHO AedyekTa HyneBOW A/UHbI
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n gedrekta 6eckoHeyHbIX NPorMboB He MOrJ/10 He Bbi3bl-
BaTb AMCKYCCUW B HAY4YHOWN nutepatype.

MonsyyecTb B pacyeTax >Xesnie3006eTOHHbIX KOJIOHH
YUnUTbIBAETCA OAHUM (PUKCUPOBAHHLIM 3HAYEHUEeM 3IM-
nuMpuyeckoro koadpuumeHta T4, NpUNUcbIBAEMOro

BCEMY MHOroo6pasmnto Xese3006eTOHHbIX COOPYXEHWIA:
ana cyxux cpepg - 0,33; ona BnaxHbix cpeg - 0,5. Ana
CYyXMX Cpej cuTyaumnss UNacTpupyeTcs puc. 2.

Unuymedr

Puc. 2. YueT nonsyyecTn B pacyeTax XXene3006eTOHHbIX KOJIOHH
(cyxasa cpepga)

OTOT KOIPPUUNEHT yyeTa O/IMTE/IbHOT0 CONPOTUB-
neHua xene3obeToHa He UMEET HU IKCNEepPUMEHTaIbHO-
ro, HW TeopeTnyeckoro o6ocHoBaHus. OH Has3HavyeH BO-
neBbiM NpYemMoM. B ofHuX cryyasx OH faeT cyuwecT-
BEHHble 3aBbllIEHNS, a B APYIUX - CYLLEeCTBEHHblE 3aHU-
XEeHusa Hecylel CnocoOBHOCTU KOHCTPYKLNN.

MeToaMKa nnacTuyeckoro wapHupa 6blna BHeape-
Ha B 30 roAbl NPOLUIOro CTOMETUS BblAalWwMMCs yye-
HbiM A.A. [BO34EBbIM B3aMeH OTBEPrHyTOl METOAMKU
ynpyrux cuctem. B 1938 r. mnacTnyecknin wapHup BO-
wen B Hopmbl - OCT 90003-38. B nocneaytowine rogpl
OH Obls1 3aMMCTBOBaH ApyrMmu cTtpaHamu u crtan o06-
Lenpu3HaHHbIM.

B pesynbTate BHegpeHUs nedopMaunmoHHON mMopae-
Nn cevyeHunsa B eBponelickne Hopmbl (Eurocode 2., 2003)
MOAeNb MNNacTUYecKoro LapH/pa U COOTBETCTBYHOLWAA
eMy Ha puc.l nuHua OC 6blan oTBeprHyThl. MNone npe-
[enbHbIX COCTOAHWIA, COOTBETCTBYHOLNX AedhopMaLu-
OHHOI Mogenu ceyeHus (CMm. puc. 1), 4OMKHO ObITb 3a-
nosiHeHo. ONbIT Takoro 3arnofIHEHUS AEeMOHCTPUpPYIoT
HOpPMbl MO pacyeTy MeTa//IM4YeCcKuX KOHCTPYKLWA, Xa-
pakTepusyemble MHOroobpasvem nNpUMeHAeMbIX Kac-
COB CTa/v, a/IIOMUHNSA, APYTUX MeTas/10B.

fiBNeHne nonsyvyectn 6eToHa Bbi3biBaeT HEOOXO-
OUMOCTb  [JOMOJSIHEHUA [aHHbIX KPaTKOBPEMEHHOro
3arpy)XeHms  KOHCTPYKUWIA, nokKasaHHbIX Ha pwuc.l,

K cBegeHuto aBTopoB

CraTbfl, NpefcTaBNsiemMas B peflakumio XypHana onsa nyénvkaumm,
[0/DKHA COOTBETCTBOBATL C/lefyHoWmM TpeboBaHMAM.
1 O6beM cTaTby He [O/MKEH NpeBbiwarb 10-12 cTpaHuy, KoMMboTep-
Horo Habopa B nporpamme Microsoft Word, MeXCTPOUHbI UHTepBas -
NoNyTOpHbIA 1K ABoHON. LWpudT: Times New Roman, HadepTaHue -
06bluHOe (6e3 nepeHocoB), padMep - 14 ONTUMasibHbIA 06beM CTaTbu
He 60nee 15000 3HaKOB. Heo6Xx0AMMO MPUNOKUTL OUCKETY.

MnniocTpaumm K ctatbe cneayeT NpeacTaBnaTb OTAe/lbHbIMA haii-
namu B dpopmatax: Photoshop TIFF, JPEG, BMP; lllustrator EPS, (Bce
TEKCTbl B KpVBbIX); AOMOSIHUTENIbHO MOXHO mnomewarb mux B Word.
CnoxHble diopMy/ibl HabmpaTb B hopMy/ibHOM pegakTope Word.
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OaHHbIMN COMPOTUBNEHNIO (CM.
puc. 2).

BbIABNEHO, YTO KO3A(PULUMEHT T41- BEMYMHA nepe-

no AanTenbHOMY

MeHHas1, 3aBuCALas OT 3KCLeHTpUcuTeTa u Koadhduum-
€eHTa apMupoBaHuAa Xene3obeToHa. 3HavyeHne T4 = 0,33

NPUHATO NPOU3BOJSILHO N HE UMEET HU AKCMepuMeHTasb-
HOro, HU TeopeTuyeckoro 060CHOBaHUSA.

LANuTenpHOCTb CyLLEeCcTBOBAHUA Xene306eTOHHbIX
COOpYX€eHUin 0bycrioBfieHa npexae BCero npasu/ibHbIM
yyeToM SIBNIeHUs NoNn3yyecTn 6eToHa, [OCTOBEPHOCTLIO
pacyeTHbIX Mogeneld, 3a710XeHHbIX B OCHOBY HOpPM W
CTaH4apToB. AHa/IN3 CYLLECTBYIOLNX HOPMATUBHbIX Me-
TOAO0B pacyeTa BCex CTpaH Mupa, B TOM 4uc/e eBpo-
Nemcknx HOpPM Mo Xese306eToHYy, MOCBALLEHHbIX ANu-
Te/IbHOWN Hecyleil CN0CO6HOCTU KOHCTPYKUWIA, BbISABASA-
€T NoBCeMeCTHOe MCNOo/b30BaHne OA4HOro NMOCTOSIHHOrO,
YC/IOBHOTO MO CMbIC/TY U MO 3HAYEHUIO KOadhdmumneHTa

ONA YMEHbLUEHNST KPaTKOBPEMEHHON He-
1 D>
cyuieii cnocobHocTu. CTaHAapTHasi XapakTepuctuka

nonsyyectn 6GetoHa (X He yuuTbiBAET MHOroo6pasue

Kene306eTOHHbIX KOHCTPYKUWIA, Hanmune TpewmH, MHO-
rouncreHHble oakTopbl PM3NYECKO M FeOMEeTPUYECKOIA
HEeNIMHENHOCTU MU MHOrne apyrue cneuudguyeckne oco-
6eHHOCTN XenesobeToHa.

Ha ocHOBe HOBbIX MCCNEeA0BaHNA NON3y4ecTn npep-
NIOXEHO pa3BuUTME TeopUN A/IMTEIbHOI0 CONPOTUBEHMUS
Xene3obeToHa, KOTOpOEe JINKBUAMPYET pas3pbiB Mexay
pacuyeTamn KpaTKOBPEMEHHOW W A/INTENbHON Hecyllei
CMOCOBHOCTM XeNe3obeTOHHbIX COOpPYXeHunit. Paspabo-
TaHHas HoBasi BETBb TEOpPUM Xesie306eToHa BbisiBUNA
Hannume 60MbLLIOTO MHoroobpasmua KoapuueHToB
ONNTENbHOrO COMPOTMBAIEHUSA COOPYXEHWI, OTnu4valo-
LMXcs B ABa M 6onee pas OT 3Ha4YeHUs, NpefyCcMOTpEeH-
HOro HopmMamw.

BbisiB/IeHHbIE KO3h(PULMEHTBI A/INTENBHOIO COMpo-
TUBNEHNS Xefe306eToHa oOKasa/uCb 3aBUCKUMbIMUA  OT
CTeneHn apMMpOBaHUs, 3KCLEHTpUCMTETa, NMPOYHOCTHbIX
XapakTepucTk 6eToHa 1M apmatypbl, XapakTepucTuk nu-
HEiHOW W HeNVMHEeWHON NON3Y4YecTu, MHbIX MapameTpoB
MaTepuasioB M KOHCTPYKUWNA. 3HauyeHuss koadhdnumneHToB
ONUTENBLHOr0 CONPOTUB/IEHUA Xene306eToHa AN npak-
TUYECKMX HYX[ MOTYT 6bITb NpeacTaB/ieHbl B Buae Habo-
pa Tabnuy. MNpyv HeOBXO0AMMOCTU, YMCEHHbIE 3HAYEHUS
KO3(hPULMEHTOB A/INTENBHOIO COMNPOTUB/EHUSA U3 Tab-
L, MOXHO NpeAcTaBuTb B BUAE TPadMKoB UM B BUe
AMAMpUYECKMX hopmMyn. VX Takke MOXHO OAHOBPEMEH-
HO HOPMMpPOBaTb TPEMS YKa3aHHbIMU cnocobamu.

2. Ecnn Kk craTbe npuniaratoTCs OpUrMHasIbl WAAKOCTPauUWi, TO Ha
obopoTe Kaxgol U3 HMX MArKMM KapaHAalloM Heob6XxoguMO ykasaTb
MX MOPSAKOBBIA HOMEP 1 haMUAnIo aBTopa, B HEOBXOAMMBIX CrlyHasx
nomMeTuTbL "Bepx".

3. KHay4yHo cTaTbe 0653aTeNlbHO NpuiaratoTCs aHHOTaUWsA U peLieH-
3US1 Ha Hee y4YeHbIX WM BedyLumx CneuvaMcToB B JaHHOM obnactu.
4  Crarbs go/kHa 6bITb NoANUCaHa aBTopaMu 1 COAepXaTb cBefe-
HMA 060 Bcex aBTopax: haMuanio, UM 1 OTHECTBO (MOSIHOCTLIO), Mec-
TO paboThbl (MOSIHOE M COKpallleHHOEe Ha3BaHVe YupexaeHust), O0JIK-
HOCTb, YUeHyIO CTereHb, afipec C NMoYTOBbIM MHAEKCOM (CyXebHbIl U
[lOMaLlHWiA), HoMepa TenedoHOB (CNYXXeOHbI 1 AOMaLLHWIA).
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TA MYXAMEAVEB, a-p TexH. Hayk, [.B. KYSEBAHOB, nHx. (HUVXXE nm. A.A.l'BO3a€EBA)

K BOMNMPOCY PACHETA BHELEHTPEHHO CXATbIX XEJIESOBETOHHbLIX 3JIEMEHTOB

MO CHwulM 52-01

MoAroToB/eHHas K U3[aHUI0 pefakuus akTyannsu-
poBaHHOro CHull 52-01 "BeTOHHble W Xene306eToH-
Hble KOHCTPYKUun. OCHOBHble MONOXeHus" (Janee no
TEKCTY - akTyannsupoBaHHbli CHuI1) B oT/vune oOT
felicteytowiero CHulM 52-01-2003 oxBaTbiBaeT KOHCTPYK-
LMn 13 BbICOKOMPOUHbIX 6€TOHOB A0 kniacca B100 skto-
ynTenbHo. Mpu 3TOM B aKTyannsmposaHHom CHuMM 6biin
COXpaHeHbl OCHOBHbIE MOJIOXEHUA U METOAMKN pacyeTa
KOHCTPYKLMIA, NPUHATbIE B AEWCTBYIOLMX HOPMaX.

Tak xe, kaKk n B gelictsytowem CHwull, B kayecTBe
OCHOBHOIO MeTofa pacyeTta Xese300eTOHHbIX 3N1eMeH-
TOB NPUWHAT METOJ pacyeTa Ha OCHOBE HeNvHeilHon ae-
hopmMaLMoHHOW MoAenu, a ANs 3NeMEeHTOB C NPOCTOi
hopMOil MONEpPeyYHOro ceyeHnss pacuyeT AONYLWEHO Mpo-
N3BOAMTL NO NpefesibHbIM yeunuam. Mpu atom gna pac-
yeTa KOHCTPyKUmin n3 6etoHa knaccos B70-B100 BBe-
[eH [0NONHUTENbHbI KO3 ULMEHT yCNoBUiA paboTbl

360-B
6eToHa (koadhhnuneHT HagexHocTn ybbr =~ 300~ ma

B METOAMKe WX pacyeTa Ha OCHOBe Aed)OpMaLMOHHOW
MOJEeNn CKOppeKTUpPOBaHbl Anarpammbl AedopmMupoBa-
HUS 6eToHa. PacueTHble gnarpaMmmbl gedopmmpoBaHns
6eToHa Mpu pacyeTe Ha OCHOBe AechopmalMOHHOI MO-
Aenv ponyckaeTcs NpUHUMaTb KPUBOAUHEWHLIMU C HUC-
nagawoweii BETBbH WA KYCOYHO-/IMHEVHbIMK (ABYX- 1
TpexNuHerHbIMuK, puc.l).
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Puc. 1. PacueTHble gnarpammbl gedopmMnpoBaHmMs 6eTOHOB pas-
NINYHBIX KNaccoB MO MPOYHOCTU

Mpy ny6An4HOM 06CYXAEeHUN pefakuny akTyanmsun-
posaHHOro CHull HekoTopble cneunasincTbl BbiCKa3anu
COMHEHWe B HaJeXHOCTW MeTofa pacyeTta Mo npo4vyHoC-
TV BHELLEHTPEHHO CXaTbIX Xe/1e306eTOHHbIX 3/IEMEHTOB
Ha ocHoBe fehopMaLOHHON Moaenu Npu Mcnosb3osa-
HUW ABYX/IMHENHbIX AnarpaMmm aedopmMmpoBaHmsa 6eTo-
Ha, 0COBEHHO - AN 3N1eMEHTOB 13 6eTOHOB knacca B40
M Bblle. B cBA3M c 3TMM Oblnia BbINOSIHEHA MPOBEpPKa
MeToda pacyeTa MyTeM CONOCTaB/IEHUA pe3y/ibTaToB
pacuyeTa C AaHHbIMW UCNbITAHUIA ONbITHLIX 06pa3LoB Ha
BHELEHTPEHHOEe CxaTue.

BeToH u Xene3obeToH. - 2012. -

Bbln n3y4yeHbl pesynbTaTbl 3KCNEPUMEHTOB OTeue-
CTBEHHbIX M 3apybexHbIX nccnegoBatenieli, BbINOHEH-
HbIX B nepuog ¢ 1934-ro no 2008-i rog. PaccMoTpeHsl
o6pasubl NPSIMOYroNIbHOro ceyeHnss 6e3 npensapu-
TEbHOTO HanpshKeHus apmaTypbl U C NonepeyvHol ap-
MaTypoii B BMAE XOMYTOB, YCTAHOB/IEHHON C LIarom
6onee JI/3.

B ob6ueii cnoxHOCTM 6blM NpoaHa/iM3MpoBaHbl pe-
3ynbTaTbl UCMbITaHWA 662 06pa3L0B pasNYHON rMbKoc-
TH, 13 HUX 260 06pasLOB C KYOUKOBOI MPOYHOCTLIO Ge-
ToHa Bbiwe 70 MIa (knacca Bbiwe B60). Bonblias
yacTb 06pasLoB Obla MCMbITaHa MO MNPOCTOA cxeme
Harpy>eHus - npuv NOCTOSAHHOM MO AJ/IMHE KOJIOHHbI 3Ha-
yeHun marnbatowiero MomeHTa. 55 obpasyoB 6bIIO KC-
nbiTaHO Ha AENCTBME NEPEMEHHOr0 MO AJ/IMHE KOJSIOHHbI
nsrmbarwLiero momeHta. 58 o6pasyoB 6bISI0 MCNbITAHO
[0 paspylleHns nocne npeaBapuTeibHON BbIAEPXKM NOA
Harpyskoii, ns Hux 11 o6pa3LoB MMenn cpegHo Kyounko-
BYI0 NPOYHOCTL OKos10 70 Mla n oguH - 110 MMa. B BbI-
60pky mnonanu o6pasubl ceyeHMem B npegenax ot
100x100 po 250x400 mMm, rmbkocTbto - oT 14 ao 160,
CO CpefiHMM MpejenoM TeKkyyecTu apmartypbl oT 250 go
680 MMa, ¢ koahpuumeHToM apmmposaHusa L ot 0,1 go
7,2 N C OTHOCUTE/IbHbIM 3KCLLEHTPUCUTETOM MpUIoXKe-
Hus npoAosbHoli cunbl elh ot 0 go 1,3.

PacnpegeneHne OCHOBHbIX XapakTepuUcTuK BblGOPKM
UcnbITaHHbIX 06Pa3L,0B-KO/IOHH NPeACTaBNeHO Ha puc. 2.
Cratuctmyeckas B3avMOCBA3b Mexay napameTpamu uc-
NblTaHHbIX 06Pa3L0B MOXET ObITb OXapakTepmnsoBaHa Kak
cnabas (KoadhhmumeHTbl B3aUMHOI KOPPEenaunm Mexay
napametpamn K < 0,3), 4to cBMAeTeNbCTBYET O AOCTa-
TOYHO BbICOKOI penpe3eHTaTUBHOCTM BbIGOPKN.

OnbITHbIE 06pasubl 6bIN paccyUnTaHbl MO NPOYHOC-
T HOPMAasibHbIX CEYEHUA N0 MeToAuKam, MPUHATHIM B
pefakuum aktyanusmposaHHoro CHwull. PacueTbl Bbl-
NOSIHUAM NO MeToAy MpeAenbHbIX ycunuii n no gedop-
MaLUMOHHOW MOAENM C WUCNOMb30BaHWEM ABYX- U Tpex-
NIHENHbIX Anarpamm pedopmMuMpoBaHms 6eToHa (CM.
puc.1l). Bce pacuyeTbl 6blIM NPOBEAEHbLI C Yy4ETOM [M6-
KOCTN NO HeAed)OPMUPOBAHHOI CXeme.

PacueTbl No kaxaol M3 MeToauK Gbl/In BbINOHEHbI C
MCNOMb30BaHWeM CpedHVX XapakTepucTUK matepuasios,
YCT@HOBJ/IEHHbIX B 3KCnepuMmeHTe. NS Kaxaoh u3 meto-
[OVIK pacueTa onpefeneHo 3HayeHne KoadhuumeHTa Tou-
HocTu pacueTta K, =Nonbim INmeop (OTHOLLIEHME ONbITHOrO

M pacyeTHOro 3HauyeHWs Hecylein crnocobHocTun). [MMpu
cTaTUCTNYECKO 06paboTKe pe3ynbTaToB YCTaHOB/EHO,
4yTO pacnpefeneHve TOYHOCTU MEeTOAMK pacyeTa, MPUHSA-
TbIX B pejakuun aktyanusmpoBaHoro CHwull, gns BHe-
LEHTPEHHO CXaTbIX 3/IEMEHTOB 6/IM3KO K HOpMaslbHO-
My pacnpefeneHuid ¢ MaTteMaTUyeckKum OXuaaHvem
K,= 1,01 u cpegHekBagpaTtuyecknm oTknoHeHnem 0,13.
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Puc. 2. PacnpepgeneHvie OCHOBHbIX XapakTepUCTUK BbIGOPKM
OMbITHbIX 06Pa3L0B-KOIOHH

CBOfHble TMCTOTpaMMbl pacrnpegeneHnini koacdu-
LUMEHTOB ToYHOCTM K,, MnosyyeHHble No pesy/nbraram

pacyeToB No MeToAMKaM aktyanusmpoBaHHoro CHull,
npeactas/fieHbl Ha puc. 3. PacuyeTbl nokasann, 4To xa-
pakTepuCcTMKM TOYHOCTU METOAMKM pacyeTa Mo npe-
JenbHbIM yeunuam u MeToaukn pacyeta no gedopma-
LMOHHON MOZEeNn XOpoLLO COorfacytoTcs Mexay coboit
KaK mpy Mcnonb3oBaHUW ABYX/UHEWHON, Tak 1 Tpexsu-
HeliHol gnarpamMmbl fedopmMmpoBaHma 6eToHa.
CornacHo npegcraB/ieHHOMY Ha puc.4 rpaduky, pe-
3yNbTaTbl CONOCTABMNEHWS paCYETHbIX 3HAYEHUIA HecyLlei
Cnoco6HocTM 06pa3LoB 13 6GETOHOB BbICOKMX K/1accoB C
[aHHbIMW 3KCMepUMEHTasIbHbIX UCCNefOoBaHWA nocnea-
H1x 20 neT No cBOeMy pas3bpocy u cpegHUM XapakTepuc-
TMKam NpakTUYecKn He OT/NINYAaKTCA OT COMOCTaBJIEHMSA
pe3ynbTaToB Ans 60nee paHHUX UCCnefoBaHuii.
AHanornyHble pacyeTbl OMbITHbIX 06pasLoB Oblin
BbIMOMHEHbI W MO MeToAMKe paHee [eiCcTBOBaBLUMX
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Puc. 3. TncTtorpaMmbl pacnpegeneHunii KoagUUMeHToB TOYHOC-
™ Kt 4na pasnuuHbiXx MeTOAMK pacyeta u annpokcumupytouie

KpuBble

MY CHuMN (MeTopa npeaenbHbIX yeunuii); AM2 CHull (aecbopmMaumon-
Hasi MoZenb C ABYX/IMHeNHOM gnarpammoii); AM3 CHuM (aedopma-
LIMOHHasA MoAeNb C TPEXINHENHOM AnarpaMmmoin)

T oA npo«*a«mma nocn'fipasma

Puc. 4. PacnpepgeneHue 3HauyeHuli KoadhuumeHTa TOUYHOCTU
Kt = NonbIT 1*1elp B 3aBUCMMOCTM OT roga npoBefeHus ncnbolta-

HWIA AN MEeTOAMKM pacyeTa Mo npefefibHbIM YCUIUAM akTyanu-
3nposBaHHoro CHwull

CHulM 2.03.01-84. CooTHoWeHNe pe3y/bTaToB pacyeta
HecyLleil cnoCO6HOCTM MEeTOAOM npefesibHbIX YCuUunii
no aktyanusuposaHHomy CHull 52-01 u no CHull
2.03.01-84 c akcnepuvMeHTasibHbIMU AaHHLIMU B 3aBUCU-
MOCTK OT Knacca 6eToHa npeacTtaB/ieHO Ha puc. 5. Ha
3TOM PUCYHKe MpeacTaB/ieHbl Takke KpuBble 3aBUCU-
MOCTU CpefHeli OueHKN KoadhpnumneHTa TOYHOCTM METO-
OVK pacyeTa OT kacca 6eToHa, noslydyeHHble MeToAOoM
HanMeHbLUNX KBaapaToB.

M3 npegctaBneHHOro Ha puc. 5 rpadmka cnegyer,
4TO MCNOJIb30BaHNE pPacYeTHON METOAMKM aKkTyanusmpo-
BaHHOro CHwl npuBOAWT K XOpOLUERn CXoAMMOCTU pe-
3y/bTaToB pacyeTa C ONbITHbIMW AaHHbIMW. [na ane-
MEHTOB 13 6eToHa knacca B50 n Hwke pacueTHble dhop-
My/ibl aKkTyanusnposaHHoro CHull umeloT Takue xe na-
pameTpbl TOYHOCTM pacyeTa, kak U Metoguka CHwul
2.03.01-84. Ana 6eToHOB Kknacca B60 u Bbile MCNONb-
30BaHue 3aBucumocTeli Hopm CHuM 2.03.01-84 6e3 go-
NOJSIHUTE/IbHBIX KOPPEKTUPOBOK MPUBOAUT K 3aHUXEHUIO
pacyeTHbIX OLEHOK Hecylleli cnocobHocTn Ha 10-20 %.

BbiBoj,

MpuHATbIE B pefakunn aktyanusnposaHHoro CHul
MeToAMKa pacyeTa Ha ocHoBe Aed)opMaLMOHHON Moaenm
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Puc. 5. PacnpepgeneHue 3HadeHuWn KoadduumeHTa TOYHOCTU
Kt = ~onbIT 1"meop B 3aBUCMMOCTU OT K/lacca 6eToHa ANna MeTo-
Kreoo GeTora B AWK pacyeTa akTyannsanposaHHoro CHull n CHulM 2.03.01-84

C WCMNOMb30BaHWEM KYCOUHO-/IMHENHbIX AuarpaMM f[e-  OUEeHMBaTb MPOYHOCTb HOPMasibHbIX CEYEHWA BHELIEHT-
hopmmpoBaHMa 6eToHa U MeToAuKa pacyeTa Mo MNpe-  PEeHHO CXKaTbIX Xee3006ETOHHbIX 3/IEMEHTOB - B TOM YMUC-
AenbHbIM YCUNANSAM NO3BO/IAIOT C AOCTATOYHOM TOYHOCTBIO  J1e U BbINOJIHEHHBIX M3 GETOHOB Knaccos B40-B100.

MamaTn ToBapuLla

2 cheBpana 2012 r. ywen v3 XuU3HW ObIBLUWIA FeHepasibHbIA AUPEKTop
06beanHeHNA "MOCCTPONKOHCTPYKLUMA"

Nnbs 3anmaHoBUY KpenHuH.
23 AHBaps OH OTMETWU/N CBOE BOCbMWUAECATUNETME...

B ero TpyaoBO#l KHWXKe TO/IbKO OfHAa 3anucb 0 MecTe paboTsl - "Moc-

CTpOliKOHCTPYKUMA". Cioga Wnbs 3asmaHOBMY NPULLEST MEXaHUKOM q
nocne MHCTUTYTa, 34eCb NPOLEN BCe CTYMEHU CNy>Xe6HOW NecTHULbI,

yTOObI, NpK BCceobLLeli NofaepXKe KOMNEKTMBA, BO3r1aBUTb 06beau-

HeHue, KOTOpOe CTasno KPYMnHeMWM NocTaBLMKOM TOBapHOro 6eToHa J

n pacteopa B MockBe. M

OH co3gan nepsblii B MUpe 3aBOf-aBTOMAaT Nno NPou3BOACTBY pacTBO-

poB 1 6eTOHOB, paboTarLlmii NOCEKYHAHO - NOA06HbLIX 3a pybexoMm B Te roAbl He cyliecTBoBasio. Emy
yaanocb co3gaTtb 6ecnepeboitHo AecTByOLWY0 cnucteMy obecneveHus Bceil MOCKBbI 6E€TOHHbIMU CMe-
CAMM Camoro BbICOKOrO kKayecTBa. IDTO OH paspaboTan v BHeAPW 3MEeKTPOHHYK CUCTEMY KOHTPONS
exefHeBHOro cHabxeHmsa Bcex 2000 06beKTOB ropoga. bnarogaps ero MHXeHepHON MbICAW NOABUINCH
CKOpPOCTHbIE CMEeCUTEeNn Kak ANnS 3aBOAO0B, Tak U nNpuobbekTHble. BroyHas cuctema Npou3BOACTBA,
TPaHCNOPTUPOBKM M MOHTaXa 3aBOA0B - 3TO Takke ero 3acnyra. Hu ogHo npegnpustve, Kpome 06be-
ANHeHns "MoccTpOoiKOHCTPYKUMA", He nmeno B CCCP paspelueHus FoccTpos CTPOUTb 3aBOAbl-aBTOMa-
Tbl CAMOCTOATENLHO, MO COGCTBEHHbIM Maesam, naeam W.3 KpeliHnHa.

3a6oTa 0 pabounx B T€ C/IOXKHbIE BPEMEHA CAEeNano 06beAMHEHNE UCKIOUNTENIbHBIM MECTOM, rae MoJi-
HOCTbIO paspeLLuncst KBapTUPHbIK BOMNpoC, B 3aBO/ICKOI CTO/I0BOI Bceraa 6bi/in MscHble 6104a 1 Msc-
Hble nonydabpukaTbl, OT/IMUHMKM U BeTepaHbl TpyAa nosydany B NoAapoK aBTOMallMHbL. Ha Kaxaom
13 13 3aBOA0OB 06beAVHEHWs GbiNM CO3AaHbl NPEKpacHbIE YC/IOBUA A1 OTAbIXa M penakcaumn paéo-
uux. O NOMOXEHUN B CEMbE BCEX PABOTHUKOB OrPOMHOI0 06beAnHeHNna Vba 3a/iMaHoBKUY 3Han 1 ny-
HO MoMoras pewunTb HEeMpocTblie NPO6G/IEMbI.

OH Bclogy ycneBas U HUKoraa He 6bin rpy6 ¢ NOAUMHEHHBIMU. B HEM COBMELLANNCL TEXHUYECKUii re-
HUA C OFPOMHBLIMW OPraHW3aTOPCKMMK CMOCOGHOCTAMMK, O6LUMPHEeNWe 3HaHUS NUTepaTypbl, UCKyC-
CTBa, MOJIMTUKM C BbICOYALLUMMUN YETOBEYECKMMU KadecTBaMu. OH OYeHb NI0GU/T CBOKO CEMbIO, TpENeT-
HO OTHOCWJICS1 K CBOMM BHYKaM...

YWen HaBceraa peakoCTHbIN YesoBeK, Kakux npupoja cosaaéT Maso, WTyyHo. OH 6bisl He TOMbKo [u-

PEeKTOpoM, OH 6bin yuuTesnem U NpuMepom Besfe U BceM. MamaTb 06 Vnbe 3anmaHoBuye KpeiHuHe
HaBCerfa COXpaHuUTCs B Ceplax Tex, KTO ero 3Haa 1 KoMy nocyacT/IMBU/IOCh C HAM paboTaTth.
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TEOPUA

0.B. A3XKEYPOB, acn. (KOro-3anafHblil rocygapCTBEHHbIN YH-T, . Kypck)

METOAVKA PACYHETA PAMHO-CTEPXXHEBbIX XXEJIEBOBETOHHbIX CNCTEM HA
XXVBYUYECTb MPW BHE3AMHbIX 3AMPOEKTHbIX BO3AENCTBUAX

B HacTosiLlee BpeMsi poOCT 3anNpOEKTHbIX W 3KOJI0ro-
arpeccuBHbIX BO3AENCTBUI TEXHOTEHHOIO 1 NPUPOAHOTO
XapakTtepa TpebyeT noncka HOBbIX MOAXOAOB K KOHLLen-
LMK cO3[aHnNs U aKCnyaTauny 34aHuil 1 COOPYXeHUi, B
KOTOpPOI NPUOPUTETHLIMU BbICTYNAaKT TpeboBaHUSA, on-
pefensieMble MNOHATUAMM "KOHCTPYKTMBHas 6es3onac-
HOCTb" M "KuMBy4YecTb”. KOHCTpPyKTMBHass 6e3o0nacHOCTb
3[0aHUIN N COOPYXEHWI SBNSIETCS XapakTePUCTUMKON KX
HepaspyLMMOCT/ B TeYEHME pacyeTHOro kcrnayartauu-
OHHOro nepuoga. llog XMBYYeCTb0 MOHMMAETCH CBOM-
CTBO KOHCTPYKLMU BbINOMHATb 3afaHHble (QYyHKUUU B
NOJIHOM W/IM OFpaHUYEHHOM O6beMe Mpu OTKase OAHOro
WX HECKOJSIbKNX 3N1IEMEHTOB KOHCTPYKTUBHON CUCTEMBI.

Ba3oBble MOM0XEHNA KOHCTPYKTUBHOWM 6e3onacHoc-
TW 34aHUIA 1 COOpPYXeHWIi B MpUHUMNE cofepxatcs B
[JeliCcTBYIOLWMNX HOpMax, B YACTHOCTU B MeToAe npeaenb-
HbIX COCTOSIHWMIA. OfHaKo Npu pacyeTe KOHCTPYKTUBHbIX
CMCTEM C MOMOLbLI AeopMaunOHHBIX MoAenen Mo
npeaenbHbIM COCTOSHUAM A5 aHanm3a XUBYYeCcTu He-
BO3MOXHO OMpefenuTb 30Hy, XapakTep 1 BENNUYUHY 3arn-
POEKTHOro BO3AENCTBUSA, HE BCErga Takme BO34eNcTBuSA
HOCAT oAHONapameTpuyecKknii xapakrep.

Moatomy B KayecTBe KpUTepueB OTKasa pamHOi
CUCTEMbl Mbl CUMTaeM HapylleHue YC/I0BUS paBHOBe-
cvsa B 06pa3oBaBLUMXCA NaCTUYECKUX LWapHMpax, koraa
NPWUIOXEeHNEe OTHOCUTENIbHO Heb6O/bLIONK AONOMHUTEb-
HOIi Harpysku K cucteme NpuBOAUT K HeafekBaTHO 60/1b-
oMy pocTy aedopmaunii B KPUTUUYECKUX CeYEHUsIX
KOHCTPYKUMW. PacyeT paMHbIX KOHCTPYKUWIA npeanoxe-
HO MNPOW3BOAUTbL C WCMO/b30BAHWEM HEOPAUHAPHOro
CMeLlaHHOro meTtoga, paspaboTtaHHoro W.E. Mwuneiiko-
BCKMM, B.W. KonuyHoBbIM [2, 3]. AHanun3 XxuBy4ectu CBO-
ANTCA K OonpefesieHn0 KPpUTUYEeCKOro 3HadeHus napa-
MeTpUYeCcKol Harpysku, npu KOTopol obpasyeTcs ogHa
13 BO3MOXHbIX CXeM paspyLleHnst KOHCTpyKuuu (puc. 1).
Cxemoli paspylleHns HasbiBaeTCs Takol Habop OTKa-
3aBLUMX CeYeHuit, KOTopbIli NpeBpalaeT KOHCTPYKUUIO B
KMHEMAaTUYECKN N3MEHSAEMYIO CUCTEMY.

Puc. 1. Cxembl paspylleHusi pambl

3a KpUTepuit XUBYYECTU pambl NPUHUMaETCsl Benw-
UMHa CM/IOBOTO HarpyXeHusl, Npu KOTOpoW paccmaTpu-
BaemMasl cuctemMa nepexoguT B U3MEHSIEMYIO CUCTEMY
(6e3 nuwHUX cBsizeld). [ns npeBpaleHns wpas craTu-
yecku Heornpegenumoli CUCTEMbl B reoOMeTpuyeckn us-

MEHSeMy0 HeOOXOAUMO WUCKIUNTL U3 Hee He MeHee
(n + 1) ceaseil.

Mpy BHE3ANHOM NPUNOXEHUN 3anpPOEKTHOW Harpys-
KN B KOHCTPYKTUBHOI CUCTEME BO3HUKAT AMHamuyec-
Kne OOTrpYXeHuss u nNpu pacyeTe K Be/IMYMHE cTaTtuyec-
KOl Harpyskm gosxHa Ao06aBnsaTbCa AUuHamuyeckas coc-
TaBnswwas. Ha HavyasibHOM 3Tane yacTb Harpyskum q,
npu OencTBUM KOTOPO He MPOMCXOAUT BbIKNHOYEHUS
cBA3eil (Harpyska OT COOGCTBEHHOrO Beca), cuMTaeTcs
NoCTOSIHHON. OcTasibHasA YacTb - NepemMeHHas Harpyska
P n3ameHseTcsa nponopunoHanbHO napameTpy f, npuyem
N3MEHeHNe NepemMeHHON Harpysku npoucxoauT nNponop-
LMOHaNbLHO 3TOMY napameTpy.

Tpebyetcsa onpefenntb MUHUMAaNbHOE 3HavYeHue
napameTpa % npu kOoTopoMm ByfeT ncuepnaHa HecyLlas
CMOCOBHOCTb CUCTEMBI, T.€. CUCTEMA CTaHeT CTaTU4ecku
N3MeHsIeMo (cuctema npeBpaTUTCA B MexaHusm). Pac-
yeTHas CxemMa W OCHOBHas CcuUCTeMa HeopAUHapHOro
CMeLlaHHOro mMeToda npuBefeHbl Ha puc. 2.

Puc. 2. PacueTHasa cxema (a) n ocHoBHas (6) cuctema HeopAuHap-
HOro CMellaHHOro MeToda A/ aHasn3a X1BY4YecT pambl

OcHoBHasl cucTeMa NpuMHMMAaeTcs B BUAE LUAPHUP-
HOrO MOSIUFOHA C YAasIeHHbIMW B MecTax BO3MOXHOTO
BbIK/IIOYEHUSI CBSI3€i 1 3aMEHOI UX BVSIHUS HEU3BECT-
HbIMKU n3rnbarowmnmn momeHtamun Mj (j= 1, 2,..., K) (cm.

puc. 2, 6). Ecnu npu yganeHun cesizeii obpasyeTcsl reo-

24 BeToH 1 Xene3o6eToH. - 2012. - Ne2



METPUYECKN M3MEHSIeMas CUCTeMa, TO HaknagblBalTcA
[ONONHUTE NbHbIE NMHENHble cBA3M Zm (M =K + 1....M).

MycTb Npu 3HAYEHMU napameTpa Harpysku A= Aar B oc-

HOBHOI CUCTEME BBIKMIOUNTCS j-51 CBSI3b. BbIKNOYEHME
CBA3M Mpou3oigeT B TOM cfiyyae, Korga ycuive B Held
LOCTUTHET NpeAesibHOro 3HauYeHusl, Ha puc. 2, a aTu ce-
yeHnst o6o3HauveHbl ¢0,c\, cy

HaiiT 3HauyeHve napameTpa XT MOXHO, WCMO/b3ys

CUCTEMY KaHOHUNYECKNX ypaBHeHI/II7I CMellaHHOro metoaa:

X 8 M m+ X
=\ m=k+

+SipX =0, (/ = 1,2,..4)

SimZm + Aiq +

K. n
TrijMj+  Z  imzm+Riq +

7=1 T=K+1

+ripXx=0,(i=k+1,2,n) |, @

rge 5y, 8 jm, ;. rim - KoatptMLMEHTLI MPU HEVBBECTHLIX (EAMHNY-
Hble MEepEeMELLIEHVA 11 PeaKLyIv) B KAHOHHECKMX YPaBHEHVSIX CVELLIaH-
HOro METQAR, A5 AaHHOM crctembl rim= O; Aif v Ri(f - rpy3oBble ko-
30hdMLKEHTLI (COOTBETCTBEHHO MEPEMELLIEHVS U PeaKLyM) OT MOCTO-
SHHO Harpy3k/ \ 8ip - NepeVELLIEHVS N0 HarnpaBs/eHno /-0l yaarieH-
HOI CBS13/1 OT BHELLHEN NapamMeTpHECKoin Harpy3iw P mpn A= 1, B gaH-
HOI cucteme 5ip = O; rip - peakuysl B /-0 HaNOEHHOM CBS13V1 OCHOB-
HO CviCTeMbI OT BHELLHEN napamveTprdieckolt Harpy3m P mpn A= 1

B matpuuHoli chopme 3anucu ypasHeHus (1) npuHu-
MarT BUA;

AM +BZ, + I+ SpA =01

CM +DZ. + Rq +vpX —o0J, (2)

roe A, B, ,Sp>C D, Rq, rp - MampuLpl KoatpdmupmeHToB Hems-
BECTHbIX CMELLBHHOMO METOA.

Mcxoas 13 CBOWCTB CUCTEM KaHOHWYECKUX ypaBHe-
HUIi CMellaHHOrO MeToAa, UMEEM:

C=-BT ©)

roe vHaekc T o3HaYaEeT OnepaLyito TPAHCTIOHVPOBAHYAS.

Matpuya D =0 A1 OCHOBHOW CUCTEMbI CMeLlaHHO-
ro meToga.

Takum obpas3om, A1 AaHHOI pacyeTHOW cxeMbl 3a-
nuwem cuctemy (2) B BuAe MaTPUYHOTO YpaBHEHUS:

A B

vl + A=0. 4
-BT o

M
Z Rq
PelueHneM gaHHOro ypaBHeHUst Gyaer:

M M g

#ﬂtp

z Zq Zp

A=0. 5)

3HayYeHNss yCuUnnii B BbIK/IYAKOLWMNXCA CBA3AX OT
CYMMAapHOro BO34eWCTBUSI 3afaHHOlM M mapameTpuyec-
KOl Harpy3ok onpegensatTcs no gopmyne:
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Mj = MJg + mjpK (/'=1, 2,..., K) , 6)

rae \([4'M;ntjp - cOOTBETCTBEHHO j -ble 3/1EMEHTbI MaTpuL, CTON6LOB

Mqvimp.

BbikitoueHne cBs3un np0|/|3017|,qu B TOM C/iy4vyae, Kor-
Aa ycunve B HeW OOCTUTHET nNpeaesnibHoOro 3HavyeHusd, xa-
pPakTepn3yemMoro HactynjieHnem sAB/IeHUA TeKy4yecTn B
3TOI CBA3N Npu n3rnbe (N1acTMYecknii WapHMp € orpaHn-
YEHHOI BETBbIO Ae(OpMMPOBAHMSA) UK XPYNKOro paspy-
LweHms (YCNOBHbIA XPYNKO-NIaCTUYECKNIA WapHup - pas-
pblB CBA3M B OBYXKOMMNOHEHTHOM MaTtepuane). Torga
ana Bcex ycmnvn7| B BbIK/TIOHAKLWNXCA CBA3AX A0J/DKHa
YAOB/ETBOPATLCA CUCTEMA HEPABEHCTB:
M ; <Ml,,p, n =12,...,k), (7)
roe M)\up - npegenbHoe 3HaYeHVe ANHaAMUYecKoro ycunusa B /o
CBA3N Npy BHE3arnHOM BbIK/THOYEHUN U3 pa60TbI.

13 MHOXeCTBa PELUEHUI I CUCTEMbI HEPABEHCTB MU-
HUMasIbHOE 3HaueHve napameTpa A= XT, Npy KOTOPOM

B Hanbosiee HarpyXeHHoW cBA3W AocTuraeTcs npegesnb-
HOoe 3HauyeHue, Te. MPOUCXOAMUT ee BHe3arnHoe BbIK/0-
yeHue. Torga:

(8)

XT - min X0 "=12,..,K)

T,
ip

rae 3Hak (-) B uMcnmtesie NpuHUMAaeTCsl, eC/iv 3HaKu 1 mjp coBna-

AakoT,; a 3Hak (+), €C/In OHM NPOTUBOMOIOXHbI.

CnepoBatenbHO, NpU  W3MEHEHWW  MapameTpa
Ae [0, At;] paboTaeT ncxogHasi cxema Co BCEMU BKIHO-

YeHHbIMU cBsA3AMU. MpeaenbHoe ycuave npu ctatuyec-
KOM W BHe3anHOM AWHAMWYECKOM MPUIOXeHUN napa-
MEeTPUYECKNX Harpy3oK passimyHo [1].

B pesynbtate npeo6pasoBaHuii NOAyUYnM 3HAYEHUS
napameTpoB XT\

Ami "m.j-1+ " m j-1-¢ (9

roe A/IW/ | - npupawenmne napavetpa ATY ]

Kputepnem >XmByyecTun pambl Oyaet obpasoBa-
H/Ee reoMeTpuYeckn WU3MEHSIEMOW CUCTEeMbl nocsie
BbIK/IIOUYEHUS ouepefHON cBA3W. [N BbISIBNEHUS 3TO-
ro kputepusi Adr BbluMCIsieTCA onpegenuTens maTpu-

ubl KO3hhnUMEHTOB NpU Hen3BeCcTHbIX. Ecnu onpepe-
NUTeNb paBeH Hyl, TO MMEeemM reomeTpuyeckn name-
HAeMyl0 cucTemy. B MNpOTMBHOM crnyyae XWBY4YeCTb
CUCTEMbl He ucyeprnaHa, W pelweHne cnepyeTt npo-
[omKaThb.

MonyyeHHble pe3ynbTaTbl TEOPETUYECKUX WCChe-
[OBaHuWIi NO3BOMAKT CKaslaTb, YTO MpU pacyeTe pam-
HbIX X€/1e306€TOHHbIX KOHCTPYKUWUIA B AONOMHEHUE K
pacuyeTy no npegenbHbIM COCTOAHWUAM LenecoobpasHo
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nposegeHne pacyeta Ha Hambosniee BepoATHble Bapu-
aHTbl 3anpoeKTHbIX BO3deincTBuii. na 3Toro Heobxo-
AUMO nocnefoBaTesibHOE pacCMOTpPEeHWEe BHEe3amnHoro
BbIK/TIOYEHWST OMOP, YI/IOBbIX CBA3€E/ B y3/1ax conpsxe-
HUS XeNe306eTOHHbLIX 3/1EMEHTOB KOHCTPYKTUBHOW
CUCTEMbI W APYrMX OMNacHbIX, C MO3ULUN XMUBYYECTH,
BbIK/THOUEHWIA.

Takum o6pas3om, A9 UCKNHYEHUS MPOrpeccupyto-
LWNX pas3pyLlieHnini nNpu 3anpoekTHbIX BO3AENCTBUSAX WU
MOBbILLIEHWS XMNBYYECTUN XKeNe306eTOHHbIX paMm, Lesieco-
obpa3Ha paspeska paMHbIX CUCTEM MO AJINHE LWapHuUp-
HbIMWU CBA3AMM (YCTPONCTBO KOHCTPYKTMBHbIX LUAPHU-

poB).
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MH. MWEHWYHBLIW, kaHg. TexH. Hayk (Ky6aHCKuil rocyjapcTBEHHbIN TEXHOMOrNYECKUiA YH-T)

O HEKOTOPbIX ACMNEKTAX NO3AHEW BUBEPALUM BETOHA

MHorue, BeposaTHO, obpaliann BHUMaHWE Ha CTpaH-
Hble paboTbl, BbINOHAEMbIE MPU MOHO/IMTHOM CTPOWU-
TEeNbCTBE MHOTO3TaXKHbIX KapKacCHbIX 3f4aHuii: o6xatuu
o6oiiMamu 13 CUMIOBOrO MNpoKata pacTpeckuBaroLmxcs
KOJIOHH BHauasie noABasibHblX MOMELLEHW, 3aTeM noc-
negywowmx (N0 Mepe nepemelleHmsa BBepx poHTa
(DOPMOBOUYHbIX PaboT) aTaxeih. BbITb MOXET, 3Ta Mepa
npefycMoTpeHa persiaMmeHToOM MpoBefeHns paboT wunm
Harpy>xeHue KOJSIOHH BHOBb OeTOHMpyeMblM MacCUBOM
He COOTBETCTBYeT Temnam Habopa 6eTOHOM MNPOYHOC-
TM? Bpag nu. YcuneHue KOHCTPYKUMIA - BbIHYXAEHHOE
MeponpuaThe Ana NpefoTBpalleHus HafBurawLlieics
aBapuinHON yrpo3bl. [Ja W KOHTPO/K NepeaaToyHoN
npo4YyHocTn 6eToHa npuv BO3BEAEHWMM MOA0GHbLIX COOpY-
XEHUI yaensieTca npuctasibHOe BHUMaHue. BbisiBneHue
npupoAbl 1N 3aKOHOMEPHOCTEN AecTpyKuMuM WMeeT or-
pPOMHOE 3HauyeHune C NO3MLMUIA MOBbLILEHUS HaLeXHOCTU
Xe/1e306€TOHHbIX KOHCTPYKLMIA.

JT1a npobnema MoxXeT 6bITb pelleHa npu ycrnosuu
YTOUHEHUS CYLHOCTU OTBEpAEBaHWSA LEMEHTHbIX CUC-
TEM W CTPYKTYPHO OCOGEHHOCTW 3aTBEpAEBLUETO KOM-
nosuta. B ocHOBe B3aMMOAeNCTBUS reTEepPOreHHoW Le-
MEHTHOW CUCTEMbI, XapakTepusyLlenca HaimunemM ak-
TUBHbIX LEHTPOB (HEYCTOMUYMBbLIX CBSI3E WMOHOB KaJib-
unsl) TBepAoh hasbl M NOASAPHLIMKU KOOMEepaTUBHLIMU
CBOWCTBaMU XUAKOM cpefbl, Nexar NOBEPXHOCTHbIE SB-
neHns. B MOMEHT CONPUKOCHOBEHUS KOMMOHEHTOB Ha
rpaHuue pasgena gas hopmupyeTcs nepexofHoii aHep-
reTM4yecknii KOMniekc, 06Hapy>X1UBaeMblii MUKPOCKONU-
el B BMAE /TI0Ka/IbHO paccpefoTOUYEHHbIX Ha NOBEPXHOC-
TU K/IMHKEPHOW MOAIOXKN CEPUYECKMX AUMNOSbHBIX 06-
pasosaHuii [1, 2] ¢ gnameTpom o 0,5... 1,0 mkm (puc. 1).
Mpy 3aTOM Ha HeyBNaXHEHHON noBepxHoCTU 3epHa (bB)
3T 06pa3oBaHUA MMEKT SPKO BbIPaXKEHHbIE KOHTYpbI
rpaHuny, U pasMbiTble, HE YETKO npocmartpuBarLmecs -
Ha YB/IQXKHEHHOW, MOA, He3HAUYNTEsIbHbIM BOAHbLIM COeM
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(A). AaHHbIi MOMEHT yKa3biBaeT Ha Hanyve B ANNOSb-
HbIX CryCTKax rpaHuubl pasgena gas "Boga - ras", T. e. ux
nopucTtoe (LaTpoBOE) CTPOEHUE ¥ NOATBEPXAAeT cnpa-
Be/IMBOCTb paHee MpeACcTaB/IEHHON CXeMbl CTPOEHUS
NnoMMOJIEKYNIAPHOro agcopbunoHHoro cnos (puc. 1 [3]).

MeTacTabunbHOCTb NepexofHOro KoMMnJsekca cBsa3a-
Ha C HaMuMeMm B AWMOSbHbLIX CBOAYATbIX (hopMuposa-
HUAX OFPOMHOrO KOJSIMYECTBA JHEpreTuyeckun HeHachbl-
LWEeHHbIX aKTUBHbIX LLEeHTPOB TBEpPAOW hasbl U AUHAMMU3-
MOM (MOCTOSAAHHbIM KonebaTenbHbIM U BpallaTesibHbIM
TENMOBbIM ABWKEHUEM) afCcoOpPOUPOBAaHHbLIX AWMONEN.
Pa3BnTve KoMmMNjekca BK/IWYaeT nocnefoBaTesibHoe
paspylweHne CeTKM BOAOPOAHbLIX CBfA3el, KOHLUeHTpa-
UMK aunonein y agcop6LMOHHbIX LIEHTPOB, BO30YyXAe-
HMe cucTembl (HakomnneHue COBCTBEHHOWN 3Heprumn),
LOCTUXEHME KPUTUYECKOro YPOBHSA, paspyLlaloLlero ero
BOJOPOAHbIE N XUMUYECKMe CBA3N. YacTb MOHOB Kaslb-
UM U3 CTPYKTYPbl MWHEPAasIoB BbITA/IKWBAETCA B XWUA-
Kyt0 cpegy (Hayasio OCHOBHOIO 3K30T€pPMUYECKOro ad-
hekTa), NOSABUBLUMECH BbICOKOPEaKTVBHbIE MNPOAYKTbI
pacnaga Morsnekyn sofbl (TMAPOKCWU/bHbIE TPYMNbl, TNA-
POKCOHWi) B3aMMOAelCcTBYIOT € "TMAPOAN3HBIMU OCTaT-
Kamun" TBepaoi asbl. O6pasoBaBLIMIACSA TUAPOCUIN-
KaTHbI NPOAYKT B BUAE paccpenoTOUYEeHHbIX aMOPdIHbIX
CKOMMIEHWI MOKPbIBAET MOBEPXHOCTb LEMEHTHbIX Yac-
TMy. WHTeHcuBHOe noTpebneHue 3epHamMu O4vepenHoit
nopuuu gunonei NpUBOANT K Pa3BUTUIO B MEX3EPHOBbIX
nyctoTax "ABWXyLLen cunbl" OTBEPAEBAHUS - Bakyyma
[4], opraHu3yloLlero ueMmeHTHy cuctemy. Crepytolle-
My rugpaTalMoHHOMY akTy npealecTByeT OTMeyeHHas
nocnefoBaTtenlbHOCTbL 3HepreTuyeckux npeobpasosa-
HUIA.

MmpgpataunoHHoe TBepAeHue nopTnaHiuemMeHTa
BK/tOYAET, TakMM 06pa3om, yepefoBaHWe WHAYKLWOH-
HbIX (NOAFOTOBUTENbHbLIX) MEPUOAOB U ObICTPOTEUHbLIX
(B3pbIBOOGPaA3HbIX) MOMEHTOB 0O6pa3oBaHusA rugparta,
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Puc. 1. O6wuii BuA 06HaXeHHON NOBEPXHOCTU KIMHKEPHOro 3ep-
Ha C HaHeCeHHOI Karsei BoAbl (MMKpockon Pelixapga; oTpaxXeH-
HbIi MOHOXPOMAaTUYEeCKUii CBeT CO CcpeAHell ANVHONW BOSHbI
535 HMm)

1 - nepudepuiiblii yH4acTOK Karv; 2 - MacCuB Kanu; 3 - HeyB/lax-
HeHHasi NoBEPXHOCTb 3epHa

Puc. 3. O6wuii Bug ycTta-
HOBKW [ANA UWCMbITaHUSA
Harpy>XeHHbIX 06pa3uoB-
nnacTuH

1- pama cTeHga; 2 - BUO-
ponnowjaka; 3 - npyxvHa
pacTsaXeHna; 4 - KOHT-
po/ibHbIE obpasubl;
5 - cTpyb6unHa

4YTO B MOMHO Mepe cornacyetcs € [aBHO W3BECTHONA
"ckauykoobpasHocTblo" (no B.A. KuHay) cTpykTypoobpa-
3yloulero npouecca. B nepsble 4yacbl "HopmanbHoro"
TBEpAEHUS (40 MakCyMyma TensioBblAeNneHns) rngparto-
obpasoBaHue npoTekaeT CTaAUNHO C NOAYTOpaYacoBbIM
(90£10 MuH) nHTepBasioM. o Mepe yMeHbLUEeHUs B CUC-
TemMe aKTUBHbIX AMMNosfel, CHWKEHWUA MNOBEPXHOCTHOW
3HEPrnn KNNHKEPHbIX 3epeH MHTepBas rmaparoobpaso-
BaHUA yBe/iMyMBaeTCs, K CyTKam MCUYUCNAETCHA yacamu,
Mecsauam - cyTkamu, rogam - Mecsiuamu, gecatunetu-
AM - rogamu.

B cTaguitHO nmpoTekakwwmx MO M3NOXEHHOI cxeme
rmgpartaumoHHbIX Mpoueccax MnpoAyKTbl MnocrnefoBa-
Te/IbHO 3ano/IHAT MNOBEPXHOCTb K/AWHKEPHbIX YacTul,.
PasBuBatoLuniics Bakyym obecneumBaeT CTSXEHUe cuc-
TeMbl, NOSBAIEHME BHayane ManonpoyHbIX (Koarynsuu-
OHHbIX) KOHTAKTOB LLleMEHTHbIX 3epeH NnocpeacTBOM rua-
paTHbIX 060/104€eK C NOCAeayWNM YNPOYHEHNEM U Y-
NOTHEHWEM KOHTAaKTHbIX 30H, (DOPMUPOBAHNEM Y YNPOY-
HEHVEM LIeMEHTHOIO KaMHA - MUKpPOOeToHa, maTepuasna
COCTOSAILLEro M3 NOBEPXHOCTHO MMAPATUPOBAHHBIX K/UH-
KEepHbIX 3epeH (Mrpalolmnx OCHOBOMNONararwLly posb
"KpynHoro 3anofiHuTens"), CKNeeHHbIX amopdHbIM rmf-
pocunvkatoM. B3aumopeiicTBne peareHTOB npoTekaeT
B N/IOTHOW 06/1aCTW ABONHOIO C/0sl, B CBA3U C YEM BO-
[OLEeMeHTHbIV hakTop W Hannune 3anonHUTeNsa He oka-
3bIBAIOT BANSHMA Ha KauyeCTBEHHbIW xof npouecca. Mma-
patauus LeMEeHTHbIX 3epeH WUMeeT He [yOouHHbIN, a
UCKIOUUTENTbHO NOBEPXHOCTHbIW xapakTep. Ha 3To o6e-
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Puc. 2. ®parmeHT nose-
PXHOCTU 3aTBepeBLIero
LEeMEHTHOro 3epHa

1 - ypaneHHas rugpaTtwu-
poBaHHasi  MOBEPXHOCTb;
2 - BHYTPEHHWA 06beM
3epHa; 3 - (PpOHTabHas
MexXaHUYecKn He HapyLuleH-
Has rugpaTHas 060/104Ka

TOATENbCTBO YyKa3blBalOT OTCYTCTBUE "rabapuUTHbIX Me-
Tamopdo3” LeMEHTHbIX 3epeH Yepe3 MecsLbl U LecATH-
netna TBepAeHus, MusepHas ToJsiMHa rmapatupoBaH-
HOro npogykrta (cm. puc. 1 [5]), a Takke nocne MoJsiHoW
rmgparaumm LemeHTa B pesysibTate MHOIToKpaTHOro 3ar-
BOpEHus, nponapvBaHus, WCNbITaHUSA 06pasuLoB U U3-
MenbyeHusa kamHaA (puc. 2 [5]).

OCO6EHHOCTLH LEMEHTHOIO KaMHS SBASETCS Hanu-
yve Ha rmgpaTMpoBaHHOM NOBEPXHOCTWU 3epeH JloKasb-
HO paccpefoTOYEeHHbIX OTHOCUTE/IbHO pPaBHOBECHbIX
3HEepreTUYeckKUX CTPYKTyp "oCTaTouHble aKTUBHbIE LEHT-
pbl - ancopbupoBaHHble KaacTepbl'. 3TU CTPYKTYpPbI
(coxpaHsatolwuneca HeonpenesnieHHO MNPOAO/HKUTENBHOE
BpeEMS) OOHapYXMBAKTCS 3/1EKTPOHHOI MUKpOCKoNuei
B BMAe chepuyeckmx nop B MexaHW4Yecku HeHapyLlleH-
HOli rmgpaTHoO o6ono4vke gnameTtpom o 0,1..0,2 mMuk-
poHa (CM. puc. 2), UWINHLPUYECKUX KaHa/I0B C pBaHbl-
MU "yellyiyaTbiMU" KpasiMy, NOAOCTEl B paspyLUeHHOW
rmgpocunukatHoli macce (puc. 3 [5]). He npekpalsato-
leecsa uX pasBuUTUE MPUBOAUT K XMMUYECKUM B3auMo-
[encTBMAM Ha NOo34HUX 3Tanax, B YC/OBUAX CNOXWB-
Lwelica CTPYKTYpbl MUKpPOGETOHa, 4TO COMpoBOXAaeTcs
BO3HWKHOBEHMEM BHYTPEHHUX HanpshkKeHwid, "nnnoob-
pasHbiM" (N0 JLA ManuHuHoi) HabopoM NPOYHOCTU, ee
cbpocammn cnycta Mecsaupl, rogbsl 1M gecAatnneTus (no
C.A. MupoHoBy, E.H. ManuHckomy).

JecTpykums MukpobeToHa B pesyfbTaTe ecTecTBeH-
HOli no3gHel rmgparauuy nopTiaHAueMeHTa He NpuBo-
1T, KaK npasBuio, K MaccoBOMY W MOBCEMECTHOMY 006-
pYyLLUEHMIO Xene3obeToHa U aBapuiiHbIM cuTyaLmam. 910
CBA3aHO C "aCUHXPOHHOCTbLK" rugpaTauyMoHHOro Mpo-
Lecca Ha LieMeHTHbIX 3epHax, BBUAY HEN3OEXHOro TeMm-
nepaTypHoO-BNaXHOCTHOro pasbpoca no ob6bemy TBep-
Jetwouwlero 6eToHa, COOTBETCTBEHHO, (QOPMMPOBAHUSA
yKa3aHHbIX OCTaTOYHbIX CTPYKTYp B 3aTBEpPAEBLUEM KOM-
no3uTe € pasNuMyHbIM "3HepreTuyeckumMm noTeHunanom".
B TO Xe Bpems M3BECTHbl NpUMepbl paspyLUeHns xere-
300€TOHHbIX KOHCTPYKUWIA U COOPYXEHWA npu oTCyT-
CTBUM arpeccuMBHOIO BO3A4ENCTBMA 3KCNayaTalMOHHOM
cpefbl, "6e3 BUAMMbIX HA TO MPUYMH", YTO MOXHO BOCH-
pvHMMAaTb KakK UCKUYUTENbHbIE Clyvyan Mo3gHenl rua-
partauun n ecTpykunmn, BEPOATHOCTLIO KOTOPLIX He crie-
JyeT npeHebperaTb B CTPOUTE/IbHOW MpaKTUKe.

OCHOBHas onacHOCTb noacteperaeTt npu CUHXPOHU-
3auuum npouecca Ha noAasnsAwLWwemM 60/bLMHCTBE KNH-
KEpHbIX 4acTuLl, YTO MOXEeT ObiTb AOCTUTHYTO MHOIMMMU
BHELWHUMN BO3AENCTBMAMU: TemnepaTypHbiMu [6],
3N1EKTPOMArHUTHbIMU [7], XMMWYECKUMU, akyCTUYeCKu-
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MW, B TOM 4MC/ie CUNOBbLIMU U BUOPALMOHHbIMW. 3cTa-
(heTHoe paspylueHne ceTKM BOAOPOAHbLIX CBSA3el, akTu-
BaUusi afCcopOLMOHHO CBA3aHHON B LEMEHTHOM KaMmHe
BOAbl MPVMBOAMT K paHee yKasaHHOlW nocnepoBaTefb-
HOCTW Pa3BUTUSA OCTATOYHbIX IHEPreTUYecKnUX CTPYKTYp,
XUMU3MY ABMEHUA U AeCTPYKLMM MUKPOBETOHA.

BeToH xopowo paboTaeT nNpu CxXaTuu, Yero He cka-
Xellb O HarpyXeHun KOHCTPYKUMKU u3rmbaembiMun (pac-
TATMBAKOLWMMN, KPYTALWMMU) YCUIMAMU, MPU  KOTOPbIX
Jaxe He3HauuTesfbHble CTPYKTYpHble U3MEHEHUA MOryT
6bITb MPUYMHONW cepbe3HbIX NocneacTBuii. B Tabn. 1 npu-
BElEHO Bpems paspyLUeHUs Harpy>XeHHbIX LeHTpasibHOM
cocpefoToYeHHOl u3rmbaemoli Harpyskoin (10 krc) o6-
pasuos-naactuH (160x40x10 mMm) npu BO34eNCTBUU
BMGpauMy NPOMbILLNIEHHOR 4acTOTbl M Pas/INYHON amn-
nntyapl (cm. puc. 3). Kak BMAHO:

1) paspyweHne obpasLoB MMeeT MecTo yepes fo-
BO/IbHO 6M3KNIA BPEMEHHOIN WHTEpBas, COCTaBASA-
wuin okono 7510 mumH (TONbKO ABa nokasatens: 35
(B/L, = 0,28) un 174 muH (0,30) He BNMCbIBAOTCS B AaH-
HYH0 3aKOHOMEpPHOCTb);

2) paspyLleHne nMesio MecTo A/ 06pasuoB C HU3-
KAM 1 BbICOKUM 3HA4YeHWEeM BOAOLEMEHTHOro dpakrtopa
(o6pa3ubl ¢ B/L, = 0,24...0,26 nokasasny MOBbILEHHYIO
BUOPALNOHHYI0 CTOMKOCTb);

3) amnautyga konebaHuii (BO BCAKOM criyyae, B AM-
anasoHe 0,19...0,92 mm) He okasasnia 3aMeTHOro B/UA-
HMS1 HA UHTEHCUBHOCTb AECTPYKTUBHbLIX U pa3pyLlumTesb-
HbIX NPOSIB/IEHUIA.

Tabnuua 1
[eicTBrne amnanTyabl konebaHuii Ha AeCTPYKLUUIO LEMEHTHOIO

KaMHA

AMnnnTypa Bpems (B MMHYTax ¢ MOMeHTa Hadana BUGPUPOBaHWS)

Kone6aHwui, paspyleHus obpasuoB-naactuH ¢ B/l

MM 0,22 0,24 0,26 0,28 0,30 * 0,32
0,28 + 0,09 74 - - - 174 85
0,57 + 0,05 60 - - 35 - 70
0,86 + 0,06 - - - 69 71 86

BAnsknini nHTepBan "CTOMKOCTU" NOAABASIOLLENO YKC-
na Bn6poobpaboTaHHbIX 06pasL0B yKka3blBAET Ha SBHYHO
3aKOHOMEPHOCTbL MpoLecca, CBA3AHHYK C "BHYTPEHHU-
MW" rMApaTtaunoHHbIMM  NpUYMHaAMW. AKTMBUPOBAaHHAasA
BMGpaLmen cuctema NpoxoguT paHee OTMEYEHHYHO CTa-
OVI0 pasBuTUA 1 pacnaga, CoCTaBAAKLLLYIO M0 NPOAOIKN-
TenbHoctTn 75+10 MuH. Mpu 3TOM He cnepyeT nonaratb,
YTO LEeMeHTHble 3epHa - "O4HOBPEMEHHO 3anylleHHble
XpoHoMeTpb!". TMpu TBEpAeHUN Heus3bexeH TemnepaTyp-
HO-BN@XHOCTHbIA rpagMeHT no o6bemy 6eToHa, npuBoas-
Wwnii K hopMnpOBaHN0 B MUKPOBETOHE OCTaTOYHbIX He-
rMapaTMpoBaHHbIX 30H C Pa3/IMYHOW CTeNeHblo "aHepre-
TMyeckol 3penoctu”. 75 HEKOTOpbIX 30H A0CTATOYHO
He3HauuTeNIbHOro "BMOPaLMOHHOIO TonYka" Ansa ocylec-
TBIEHUS TMApaTauMoHHbIX NpeobpasoBaHuii (35-MUHYT-
HbIi WMHTEpBan AN LEMEHTHOro kamHs ¢ B/L, = 0,28);
OEeCcTpyKUMs Opyrux cocTaBOB HabnwgaeTca B ouvepen-
HOM MHULUMPOBAHHOM BMOpauueli rmgpaTauMOHHOM ak-
Te cnycta 90+10-MWUHYTHbIA WMHAYKUMOHHBI nNepuos
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(174-muHyTHbIV uHTepBan ans kamusA ¢ B/L, =0,30).

Kak BMAHO, NOBbILLIEHHass CTOMKOCTb 06pasLoB nMe-
eT MecTo npy oNTUMyMe BOAOLIEMEHTHOro dpaktopa, Ha-
xogsuwierocs B uHTepsase ot 0,24 o 0,26. Mo Bcen Be-
pPOATHOCTU, B [AaHHOM JAuManas3oHe BOAOCOAEepXaHus
npuobpeTaeTca paLuoHasibHOe COOTHOLLEeHNe Takux na-
pameTpoB, Kak cCTeneHb NOBEPXHOCTHOM ruaparaumu Le-
MEHTHbIX 3epeH, KauyecTBO(MMOTHOCTb, NPOYHOCTb) KOH-
TaKTHbIX 30H MUKPOGETOHa M ToNWMHA (3HEeprus BOAO-
POAHbLIX CBA3ei) OCTaTOYHbIX NOSIMMONEKYAPHLIX CMO-
eB ajcopbupoBaHHbIX Aunonei, 4to n obecneyvnsaet
MOBbILLIEHHYI0 CTabU/IbHOCTb KOMMO3MTa.

O6pasLbl Ha ocHoBe nnacTuduumpoBaHHbIx (r/n VC
5600, OOO "3uka", r. MockBa) cOCTaBOB B MOAaBMA-
wem 60MbLUMHCTBE Cry4YaeB Bblaepxanu BubpaLuoH-
HOe YMAOTHEeHUEe npofoXuTenbHocToio Ao 1,5..3,0 y
(paspywuncsa nuwb obpased, ¢ B/LL= 0,28 yepe3 71 MuH
BUbpnpoBaHusa). OpfHako (pakT CTOMb HEOXUOaHHOW
BMOPALMOHHOI CTOMKOCTM NAacTUgULMPOBAHHOIO Le-
MEHTHOIO KaMHSl BPS4 NI MOXHO OTHECTU K 6eccrnopHo
NO3NTUBHOMY, YUMTbIBAs HECOBMECTUMOCTb "ABMXYLLNX
cun® nnactuprkaumm n oTeepaeBaHnsa LEeMEHTHbIX CUC-
TEM U psag paHee oTmeuyaBLumxcs [8] npobriem.

CoBepLUEeHHO uHaa kapTuHa HabnwgaeTca npy BBe-
JEeHUN B LEMEeHTHbIl cocTaB [06aBOK-3/1EKTPOINTOB:
noTawa, X/10pMA0B HATPUS W Kasusl - UHTepBan CTOM-
KOCTM 06pa3LoB Npu BMOPALMOHHbIX BO34ENCTBUSX KO-
nebnetca OT HECKONbKMX efUHUL, 0 HECKO/TbKUX AeCAT-
KOB MUHYT (Tabn. 2). Mcnonb3oBaHve B kayecTBe [O-
6aBkn xnopuga kanbums (CaC”) He npuBeno K paspy-

LINTEIbHbIM NOCNeaAcTBuUAM.

Tabnuua 2
Bpemsi paspyLleHUs LEMEHTHOIO KaMHs C

,CI,OGaBKaM n-aNeKTposimTammn

Bpems (B MUHYTax ¢ MOMeHTa Hadasla BUOPUPOBaHWS)
paspyLueHna o6pa3uos ¢ B/L, n cogepxaHnem nobaskn (%)

Bug
n06aBKu 0,26 0,30
0,5 2,0 5,0 0,5 2,0 5,0
k2co3 20 He vcn.  He wen. - 28 24
NaCl 23 13 6 8 8 7
KC1 - 66 21 - 106 53
CaCl12 - - - - - -

MpumeyaHune: obpasubl ¢ B/L, = 0,26 n pacxogom notawa 2,0 n 5.0 %
He U3roTaBNMBa/IMCb BBUAY ObICTPOro 3arycreBaHUs CMecu W HeBO3-
MOXHOCTM NpoBeAeHNss hOPMOBOUHbLIX paboT

BnuaHve no6aBOK-31EKTPONINTOB HA TBEPAEHME Le-
MEHTHbIX COCTaBOB BPSAL /M NPOAYKTUBHO paccmaTpu-
BaTb B CBETE XUMMWYECKMX MpeBpalleHunii, obpa3oBaHus
[ABOWHBIX, TPOMHBLIX 1 TOMY NOAOGHbLIX KOMMIEKCHbIX CO-
e[IVHEHU, 3KPaHUPYIOLLNX KIUHKEPHbIe YacTuubl (npu
0O6BbACHEHUN MPUYMH 3amensieHus TeMnoB TBepAeHUs
6eTOHOB) unn, HAoB6opPOT, ABMAKLWMXCA NOCTaBLUKaMK
OOMOMHUTENBHbLIX MOpuuiA  "KpUCTannMKoB" B 0OLLWIA
KpUCTa1o0rngpaTHbIl CPOCTOK (MPU yCKOPEHUU npoLec-
ca). [elictBue atnx gob6aBOK CBSI3AHHO C BHECEHWEM B
Knactep 13 MOeKyn BOAbl AOMNOSHUTENbHbLIX 3apsfoB,
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pe3Ko WU3MEHSILWMX MNOMMONEKYAPHYI0 CTPYKTYpY U
cBoiicTBa Xuakoin cpeabl [9]. OgHu pob6aBkM Cnocob-
CTBYIOT (DPOPMMPOBAHMIO MOLLHbLIX CTPYKTYPUPOBAaHHbIX
BOAHbIX CUCTEM, CHVXEHUWIO MOABWXHOCTN W peakLMoH-
HOI aKTMBHOCTM Aunonei (MonoxuTesnbHasa ruaparauuns
noHoB no O.4. CamoliinioBy), Apyrue - paspyLleHuo BO-
[OpOAHbIX CBA3El K1acTepoB, NOBbLILLEHNIO aKTUBHOCTU
W peakuuoHHOl cnocobHoCcTU BoAbl (OTpuUuaTensbHas
rngpataums). NpeacraButensmu nepeoil pasHoOBUAHOC-
TM f06aBOK SBNAIOTCA noTalwl, XJopuAbl HATpus U Ka-
NNsi, BTOPOW - XJTIOPUCTbIV KasibLWiA.

Mpy 3TOM BbI3bIBAET HefOyMeHMe TO o6CTosATesb-
CTBO, YTO OTMEYEHHble [06aBKu, HECMOTPSA Ha MPUHUK-
nManbHO OTNNYHBLIA MexaHW3M [eicTBus W gocturae-
Mblli pe3ynbTaTt, OTHECEHbI K O4HOI rpynne Ao6aBok, "yc-
KOpSALWUX cxBaTblBaHWe GETOHHbIX CMeceil n TBepae-
Hue 6etoHa" (TOCT 24211-91). MNMpuumHa aTOro Hegopa-
3yMEHUS - HEeKOPPEKTHOE MCMo/sb3oBaHne TpeboBaHuit
FOCT 310.3-76 (1992) [10]. Ecnn XNOpPUCTLI KasibUUii -
OEeNCTBUTENBHO O6LENPU3HAHHbIA yckopuTens, npume-
HABLUMIACA elle Ha 3ape pasBUTUS TEXHONOTMN TSXKENbIX
n nerknx 6etoHoB [11, 12], To yckopstoLwme yHKLMM CO-
BEPLUEHHO He nprvemMaeMbl Ana notawa (X10pnaoB Hat-
pus, kanua u gp.). MocnegHuin, "kpuctannusya" sogy,
dopmupysa komnnekcbl Tuna (K'(H20)n, npumeHseTcs

Kak NMpPOTMBOMOPO3HbIA MPOAYKT, MOHMXaKLWMii Temne-
paTtypy /bAo06pa3oBaHNs, MO3BOMSAOWMNA TEM CaMbIM
NPoOu3BOAUTL GETOHHbIE paboThbl B 3MMHUX YC/NOBUSX. B
TO e Bpemsl U3BECTHO CYLLEeCTBEHHOE yXy[LIeHue Ka-
NUNMAPHO-NOPUCTOI CTPYKTYpPbl M BCEX CBOWCTB (MpPOY-
HOCTM, NNOTHOCTN, MOPO30CTOKOCTN) GETOHOB C MPOTU-
BOMOPO3HbIM KOMMOHEHTOM, MpUMYEeM 3TO YXyAlleHue
HanpsiMyto 3aBUCMUT OT KO/IMYEeCTBa BBEAEHHOW A06GaBKM.

MpuunHa CTOMb HEraTMBHOM CUTyauuu o4yeBuaHa -
"yBoA" 3HAUMTENbLHON YacTu BOAbl U3 3NEKTPOXMMUYEC-
KOro ruapaTauroHHOro npolecca B acCOLMUPOBAaHHbIE
KOMMJ/IEKCbl, 06pa3oBaHWe B CTPYKTYpe LEMEHTHOr0
KamHs "0BOAHEHHbIX" MUKPOOOGHLEMOB, COOTBETCTBEHHO,
MOBbLILUEHHOW BN&XHOCTW, MOPUCTOCTU, AO/ITOBEYHOCTM
3aTBepAeBlUero komnosuTa. K gaHHOMY acCOpTUMEHTY
HefoCTaTkoB cnefyeT [06aBUTb He MeHee 3HaUYMMbIiA:
KaTacTpouyeckoe CHMXKeHne HaLeXHOCTU MoanduLn-
pPOBaHHbIX MPOTUBOMOPO3HOI [06aBKO GETOHOB B YC-
NoBUSAX BUOPALMOHHBLIX (TeM 6Gonee,TeMnepaTypHbIX,
3N1EKTPOMarHUTHbIX, CUNOBbLIX U AP.) BO3AENCTBMA. Pas-
pylWeHne OTHOCUTENbHO CcnabbiXx 3M1eKTPoCcTaTU4ecKnx
cBfi3eli CTPYKTYPUPOBAHHbIX AMNOMEeNR, akTuBaLusa Xua-
KO cpefbl NpMBOAMT K rmapaTauny oCTaTOUYHbIX aKTUB-
HbIX LEHTPOB KJUHKEPHbIX 4acTul, BO3HUKHOBEHWIO
COBCTBEHHbIX HanpshKeHWiA, MUKpPOTpeLLMHoobpa3oBa-
HWIO, 0C/labneHn0 MeX3epHOBLIX CBA3ei MUKpobeToHa
N HEeN36eXHOol AeCTpyKunn 6ETOHOB.

[JeicTeue xnopuctoro kanbums (gaxe npu pacxoge,
He npesblwawuem 1,0 % OT Maccbl BSXKYLLEro) aHaso-
TMYHO TBEPAEHMUIO OObIYHBLIX LLEMEHTHbIX CUCTEM Mpu
Temnepatype okono 40...45 °C - poBefeHune ctagnin-
HOCTU rmapaTalnoHHOro 1 CTPyKTypoobpasyoLero npo-
ueccos Ao 50+5 muH [10]. Takum o6pasom, gobaBka
npakTM4yeckn BABOE WHTeHcudmuupyet TBepaeHne 6Ge-
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TOHOB, MO CPaBHEHMWIO C OObIYHLIMU TemnepaTypHbIMM
ycnosusiMn. Bonee nonHasi NOBEPXHOCTHAaA ruapartauus
LEMEHTHbIX 4YacTul, Mpu 3TOM onpefensieT MoBbIlUEeH-
HYl0 3KCMlyaTaLMOHHY0 HafeXHOCTb 6EeTOHOB, 4TO
NnoATBEPXaeTCA OTCYTCTBMEM paspyLleHns 06pasLoB ¢
JaHHol fo6aBKoi (cM. Tabn. 2). B cBA3W € 3TUM Hesb3s
He CornacuTbCs € NOSABAKLWMMCH B NocrefHee Bpems
MHEHMEM 0 Heob6Xo4MMOCTM nepecmoTpa M YTOUYHEHUS
MHOIMX TPagULMOHHO YCTOSABLUMXCH, Masioob60CHOBaH-
HbIX M HE O0TBEYalLUX COBPEMEHHBIM TEHAEHUNAM pas-
BUTUS CTPOUTENbHOIO 6GeTOoHOBeAEeHUs B3rNAL40B U
npeAcTaBfieHnii. 3To, B HACTHOCTU, OTHOCUTCS 1 K Mpak-
TMUYECKOMY WCMOJIb30BaHNI0 HE3aC/NYy)XEeHHO TOHMMOro
xnopuga Kanbumsa kak atppekTMBHOro cpeacrsa UHTEH-
cncuKaLmm Npov3BOACTBA, MOBLILEHMS KayecTBa U Ha-
[EXHOCTN GETOHHOW 1 Xene306eTOHHON NpoayKLun.
CnepyeT 3aMeTWTb, YTO MPOYHOCTHOW MoKasaTesnb
BNOPUPYEMOro 6eToHa - Aasieko He CTabu/ibHbIlA, a aun-
HaMWYHbIA, MeHsloWMiica napameTp, B 3HAYUTENbHOM
Mepe 3aBUCSILLMIA OT BPEMEHU MPOBEAEHNS UCNbITaHW.
Kak BMAHO M3 MOJly4YeHHbIX pe3ynbTaTtoB (puc. 4), Ha-
Yas/IbHOE CHWXEHUEe CMEeHSIeTCsl yBe/IMYEHUEM MPOYHOC-
TW, NPMOBPETEHNEM B UTOTE BEJIMYMH, HE TONIbKO A0CTU-
ralowmx, HO U HepeaKko 3HAYMTENBHO MPEeBbILLAKLLINX
ucxogHole. BnbpupoBaHue aktuBmpyeT afcopbLrOHHO-
CBSI3aHHYH0 BOAYy, NPOBOUMPYS rMapatauuoHHble siBrie-
Husa. lMosenswwWwmecs ¢ ysesiMyeHmMeM obbema HOBOOO-
pasoBaHNs packNuHWBAT paHee cHOpMMpOBaBLUNIACS
NPOAYKT, ABNSAOTCA MCTOYHUKOM BHYTPEHHUX Hanpsxe-
HWIA, NpUYMHOM ocnabneHns CTPYKTYPHbIX CBA3EN MUK-
po6eToHa 1 c6pocoB NPOYHOCTU. B TO e Bpems fonosi-
HUTENbHbIE MOPUMM TMAPOCUINKATHOrO KNes 3asiedvnBa-
0T MUKpoAedekTbl, NOBbILWAT NJIOTHOCTb Y MPOYHOCTb
LeMeHTHOro kamHsa. OTcloga cregyeT, YTo Npy BHELLHUX
(TeMnepaTypHbIX, 3/IEKTPOMArHUTHbIX, CUNOBLIX, BUGpa-
LUMOHHbIX W [Ap.) aKTUBM3MPYKOLWUX ruapaTaunoHHble
npoueccbl BO3AEWCTBUAX CYLLECTByeT CBOe0b6pasHblii
peabunuTaLMoHHbIN (aganTalMOHHBIA) nepuog BoccTa-
HOBMIEHMS CTPYKTYpPbl U CBOICTB LLEMEHTHOr0 KOMMNO3W-
Ta. MNpu 3TOM onpegenswLwas pofib B HaAEXHOCTN b6e-
TOHa (KenesobeToHa) nNpPUHAANEXUT KOHKPETHbLIM
3KCM/lyaTauuoHHbIM  YCNOBUSIM.  HeHarpy>XeHHbIn v
YaCTUYHO HarpyXXeHHblli CXMaemblit 6€TOH BpsA, Nn nUc-
NbiTaeT KakuMe-mbo HeynobCcTBa MpWM yKkasaHHbIX BHeELL-
HVX BO3JeNcTBuAX. 1 BeCcbMa HeonpegeneHHble nocnes-
CTBUA OXMpawT OeTOoHHYI WM Xene3obeTOoHHYI
KOHCTPYKLMIO, paboTaloLlyo noj Harpyskoii.

Takum obpas3om, BUbpaunsa LeMEHTHbIX 6ETOHOB SB-
nsetcsa paneko He 6e306MAHbIM, a 3ac/yXuBaloLlwmMm
NPUCTa/IbHOTO BHUMaHUS AEeCTPYKTUBHLIM (DAKTOpPOM.
Bo3Bpaliascb K ynoMmuHaBlUelica B Hadvasie cTatbu
npo6nemMe MOHO/IMTHOrO NPOM3BOACTBA, MOXHO OTMe-
TUTb, YTO MepejaloLLascs yepe3 apmaTypHble 3/1eMeH-
Tbl Ha 3aTBepeBLlUne KOMOHHbI BUGpauus (C Hensbex-
HbIMW PE30HAHCHLIMU ABMIEHWUAMM) UHULUUPYET rugpa-
TalMOHHbIN npouecc. BHOBb obpasytowumiica rmapart oc-
nabnset KOHTaKTHble 30Hbl MUKPOGETOHa, MPUBOAUT K
HeZonycTUMbIM AechopMalmam NonsyyectTv U TPeLmMHo-
06pa3oBaHN0 KOHCTPYKUMA. A ecnn CBOEBPEMEHHO He
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Puc. 4. Mpo4HOCTb NnacTudunumnpoBaHHbIX (A) n 6e3506aBOYHbIX
(B) o6pa3yoB: aTanoHHbIX (1), yepe3 15 (2), 30 (3), 75 (4) MUHYT
BubGpaumn, cnycTta Tpu 4vaca (5), ogHu (6) n Tpoe (7) cyTok nocne
YNOTHEHUSA

npeAnpuHATL NpeaynpeauTenbHbIX Mep, aBapuiiHon cu-
Tyaumm He usbexartb. OAHAKO YTOYHEHHbIi MeXaHWU3M
paccmaTpvBaemoil AecTpykuuu nossonseT chopmynu-
poBaTb pAf TEXHOMNOTMYECKMX NPUEMOB, MO3BOJIAOLLNX
NOBbLICUTb CTPYKTYPHYHO CTabUbHOCTb MUKPOGETOHA ”
)Xene3o6eToHHOW npoaykuun. HagexHocTb 1 6e3onac-
HOCTb LieMeHTHbIX 6eTOHOB 3aBUCUT OT MNOJIHOTbLI U 3aBep-
LLIEHHOCTWN NOBEPXHOCTHbIX rMapaTaunoHHbIX Npeobpaso-
BaHWA KIMHKEPHOTO 3epHa, A1 Yero peKOMeHAyeTCs:

1) MCKNYMUTbL NPUMEHEeHWe B TEexXHOSOorMU OTBET-
CTBEHHbIX HECYLLNX Xene306eTOHHbIX KOHCTPYKUUA Npo-
TUBOMOPO3HbIX [006aBOK-3/1€KTPO/INTOB, "KpUCTaNNN3Y-
owmx" oy, NPenATCTBYIOWMX NOMHOTE rnapataumnoH-
HbIX SABNEHWIA, yXyAllalwmx [OSTOBEYHOCTb U BCe
cBOWCTBa GETOHOB;

2) oNnTMMU3NPOBAaTL KOIMYECTBO BOAbl 3aTBOPEHUS,
4YTO MO3BOMUT AOCTUYbL PaUUOHANLHOIO COOTHOLUEHUSA
Taknx acnekToB, Kak CTeneHb MOBEPXHOCTHOI rugpara-
UMM LEeMeHTa, KayecTBO KOHTaKTHbIX Yy4aCTKOB MUWKPO-
6eTOHa, 3HepreTMyeckuii MoTeHuuasl OCTaTOYHbIX He-
rmapaTMpoOBaHHbIX 30H;

3) aKTMBMpoOBaTb BOAY 3aTBOPeHUst (TENMOBOIN obpa-
6OTKOW, 31eKTPOPU3NYECKNUM BO3AENCTBMEM, BBEAEHUEM
B 6€TOHHYI0 cMecb yckopuTensa CaCl2 v gp.), 4To NO3BOAUT

WHTeHcuuLmpoBaTb TBEpAEHNE, 0becneunTb NnpesesnbHo
BO3MOXHYI MOSHOTY rMApaTaunoHHbIX NPOLECCOB;

4) nposiBNSAiTb OCTOPOXHOCTb MpY ONEpMpPOBaHUU
COBpPEMEHHbIMU TunepnaactTudrkaTopammn, nNpUHMMas
BO BHMMaHNe UX Masioe COOTBETCTBUE CAMOOPraHM3yo-
Lielica 1 ynpoyHsawoLenca nog OAeicTBMeM pasBuBalo-
LLerocsi B MeX3epHOBbIX NycToTax Bakyyma LieMEeHTHOIA
KoOMNo3uumu;

5) AnA noBbIWEHNA NNACTUYHOCTU U XU3HECNOoCcoo6-
HOCTU GETOHHOIM CMecu MCNonb30BaTb CTPYKTYPHO COB-
MEeCTUMble C LLEMEHTHOl CUCTEMOI MUHepasibHble MO-
andpukatopbl (TNUHAHBIA WNaMm, raweHyl U3BecTb, On-
TUMasIbHY0 FPaHy/IOMEeTPU0 ANCNEPCHBIX KOMMOHEHTOB
nap.);

6) oueHmBaTb AeiicTBMe [06aBOK, COCTABOB, KOH-
CUCTEHUMIA cMeceii, ycrioBuiA TBEpPAEHNUS U APYIUX Tex-

30 BeToH u Xxene3ob6eToH. - 2012. -

HO/TOrMYeCKNX DakTopoB Ha HaAeXHOCTb 6eTOHOB B yC-
NOBUAX BUBPALMOHHbIX (TemnepaTypHblX, anekTpomar-
HUTHbIX 1 Ap.) BO34EWCTBUIA NpeAcTaB/IeHHOM B HACTOS-
e pabote METOAMKON MCNbITaHNS 06Pa3L0B:

7) COBMECTHO C MHTEHCUMULMPYIOWNMU pPeXUMamMu
(n.3) ocywecTBNATL B M1ACTMUECKON CTaauN LUKIMYec-
Kyl0 BMOpOaKTUBALMIO TBEPAEIOWMNX HECYLLUX Xeneso-
GETOHHbIX KOHCTPYKUUA MyTEM MHOTOKpPaTHOrO YM/oTHe-
HVS1 B MOMEHTbI CaMOOpraHmn3aLmnmn BSXYLLEn CUCTEMbI;

8) Kak MOXHO 6onee ganTenbHoe Bpems (BNIOTb 40
OTAEeN0YHbIX paboT) npefoxpaHAaTb OTKPbITble MNOBEPX-
HOCTU MOHOJIMTHBIX HECYLUX KOHCTPYKLMA (KOMOHH,
CTEH, WaxT MATOB 1 4p.) OT NepecyLumBaHusa n o6e3so-
XVBaHUA HAAEXHBIMU 3aLUUTHBIMW NOKPbLITUAMU;

9) obpabaTtbiBaTh KOHCTPYKLUMM Nepep akcniayaTaym-
el akTMBM3NpyLWMMN (TeMnepaTypHbiMU, 3NeKTpomMar-
HUTHbIMW, BMOPALMOHHLIMU 1 Ap.) BO3AEWCTBUSAMU, YTO
Nno3BOIMT afanTmpoBarb CTPYKTYPY MUKpPo6eToHa K BO3-
MOXHbIM (DOPC-MaXOPHbIM CUTYyauUusAM, MOBbLICUTb TEM
CcaMbIM ero HafleXHoCTb;

10) Ha no3gHuX aTanax uesnecoobpasHa "KOHcepBa-
umns" CTPYKTYpbl MUKPOGETOHA MyTeM €ero BbiCyLUMBaHUSA
[0 MOCTOSAHHOM Macchl 1 NpPonuTKu (06MULLOBKK) BRaro-
3alMTHLIMU cOCTaBaMu Y martepuanaMmu, 4To UCKIIYUT
BEPOATHOCTb MO34HMX TMApaTaunoHHbIX NPOLEeccos;

11) B 3KcnayaTauMOHHbIA nNepuos NpefoxpaHaTb
CTPYKTYPHO He afjanTupoBaHHble Hecylime xenesobe-
TOHHbIE KOHCTPYKUMW Jaxe OT KpaTKoBPeMEHHOro BO3-
aenctensa Bmbpauumn c nobbiMu napameTpamu koneba-
HWiA (NpY BEPOSATHOCTWM cUTyauuu nNpefycmoTpeTb M30-
nupylowme mepbl).
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COCTAB CCTEMBbI

SCAD — pacyeTHasi C1CTEMAa KOHEYHO-3/IEMEHTHOrO aHa/m3a KOHCTRYKLIMIA,
OpVEHTVPOBAHHAs! HA PeLLeHMe 334 MPOEKTUPOBAHMS 30AHUIA 11 COOPYKEHUVA
[I0CTATOYHO C/IOKHOW CTPYKTYpbl, T OCHOBHbIE TPYAHOCTU MpPEACTaBseT
onpeggerieHvie HaNpPsHKEHHO-AEOPMVPOBAHHOIO COCTOSHWS KOHCTPYKLIL.

®OPYM — MpENpOLECcCop, CAYKaLWIA s (hOPMUPOBaHNS  YKPYMHEHHbIX
MOZENeA N UMINopTa [iaHHbIX 113 apXUTEKTYPHBIX CUCTEM.

KPUCTA/UT — pacyeT ¥ MpoBepKa 3/IEMEHTOB CTa/lbHbIX KOHCTPYKLMIA MO
CHulM 11-23-81*, C1 53-102-2004, Cr1 16.13330.2011, [ABH B.2.6-163:2010

APBAT — nogbop apmatypbl M 3KCTepTh3a 3/1EMEHTOB YKe/e300ETOHHbIX
KOHCTPYKUMiA no CHUM 52-01-2003, CM 52-101-2003, CHuIM 2.01.07-85.

KAMVH — 3KCMepTr3a 3/1EMEHTOB KaMeHHbIX U apMOKaMEHHbIX KOHCTPYK-
Ui no CHuM 11-22-81, CHulM 2.01.07-85.

MOHO/IAT —  MPOEKTVPOBaHE MOHOMMTHLIX PEOPMCTBIX HKENIE306ETOHHbIX
MNEPEKPLITUNA,

KOMETA — pacyeT 11 KOHCTPYMPOBAHME Y3/10B CTa/IbHbIX KOHCTRYKLVIA,

KPOCC — pacyeT KO3hULMEHTOB MOCTENM (YHAAMEHTHBIX MAMT Ha
yYNpyroM OCHOBaHWN.

BECT— pacyeT Harpy3ok no CHulM n I6H «Harpy3ki 1 BO3aeincTaus».

KOHCTPYKTOP CEYEHAA — (hOpPMMpOBaHWE MPOV3BOSIbHBIX CeYeHUiA 13
CTa/IbHbIX MPOKATHbIX MPOUIEN W IMCTOB.

KOHCY/1— (hOpMVPOBaHUE CEYEHI, UCXOAS 113 TEOPV CI/IOLLHBIX CTEMKHEN.

TOHYC — (hopMMpOBaHMe CeYeHMIA, NCXOAs U3 TEOPUN TOHKOCTEHHbIX
CTEPXKHEN.

CE3AM — TOVCK CEYEHIS TUMA «KOPOBKa, «ByTaBp» W «LLBENIEp», 6/I13-
KOrO 10 XapaKTepy 33aHHOMY.

3AMPOC — pacyeT 3/EMEHTOB OCHOBaHWA W (hyHAAMeHTOB Mo CHull
2.02.01-83*, CIn 50-101-2004, CM 22.13330.2011, AFH B.2.1-10- 2009

[EKOP — pacyeT W NpoBepKa 3/1IEMEHTOB AEPEBSHHbIX KOHCTPYKLMIA MO
CHwuIN 11-25-80, CIN 64.13330.2011

OTKOC — onpegeneHne KoagduumeHTa 3anaca yCTONUYMBOCTA OTKO-
COB U CK/IOHOB.

KOKOH — 3/IEKTPOHHbIA  CMPaBOYHUK /151 OMpeferieHns KO3gmLEHTOB
KOHLEHTPALV HaMPSDKEHWIA,

KYCT — 3M1eKTPOHHbIIA PacYeTHO-TEOPETUUECKMIA CNIPABOYHIK UHXKEHEepa-
MPOEKTVPOBLLVIKA.

Ipynna komnaHuii «SCAD Soft»

AHAJTN3A KOHCTPYKLINI

«<SCAD Office>»

TenedooHbl: +7 (499) 267-40-76, >38 (044) 249-71-91. www.scadsoft.ruwww.scadhelp.com
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BbiWw v B CBeT:

LLnnnmH A A KnpnnyHble U KameHHble KOHCTPYKLNN.
MoBpexaeHns 1 PeMoHT: YyebHoe nocobue oA BY3os. -
M.: n3parenscTeo "lopHaa kHUra'", n3parenscTtso MOCKOBCKO-
r0 rocyfapCTBEHHOro ropHoro yHusepcuteta, 2009. - 214c.:
nn. (Crpoittexusgar)

B KHUre 13oXeHbl BavkHEMLIME MPMHLMMLI U METOAbI Anar-
HOCTUKM W OLEHKN COCTOSIHUSI KaMEHHbIX U KAPMMYHBLIX CTPOM-
TeNbHbIX KOHCTPYKUMIA. [laH cepbesHblli aHanm3 ocobeHHocTel
3KCMyaTaumy KaMEeHHbIX Y KUPMYHBIX 34aHWA 1 COOPYXEHWIA.

PaccmoTpeHbl COBpeMeHHbIe TEXHOMOTMM U Matepuasibl
07191 pEMOHTa, pecTaBpaLmy, a Takke 3alumTbl OT BO3AeCTBUi
OKpYXaloLLEei cpefbl Y HECOBMIOAEHNA NPaBUIBHOTO JKCMya-
TaLMOHHOrO pexuMa.

OnucaHbl 1 cUCTEMATU3MPOBaHbI pPas3/iyHble TuMbl U
BUAbI NOBpexaeHUii 1 AethekToB KOHCTPYKUMiA. MMpoaHamsu-
pOBaHbl NPWYMHBI, VX Bbi3blBAOLLME.

B KkHUre 06006LLUEHbI pe3y/bTaTbl MHOTOMETHErO U3yYeHUs
OTEYECTBEHHOTO W 3apy6eXHOro onbiTa pemMoHTa W pecTaspa-
UMM KMPMUYHBIX M KaMEHHbIX KOHCTPYKUMIA, BKIOYas 6oree
yeM ABaALATUIETHUIA OMbIT aBToOpa, MOSYEHHbIA WM MpK
BbINOMHEHUM NOAO6HBLIX PaboT Ha O6beKTax pPas/IMYHOIO Has-
HaueHus.

B kHvre cobpaH GoraTeiLunin UntCTpaTVBHbIA MaTepuas -
TEXHOMOTMYECKME CXEMbI, PUCYHKW, YepTeXxu, a Taikke 60/b-
LLIOe KO/IMYECTBO choTorpachuii 13 pasHbIX ropodoB M CTpaH.

MeToabl KOHTPO/A KayecTBa MarepuasioB U CTpPOU-
TeNbHbIX KOHCTPYKUWIA. JlabopaTOpHbIA MNpakTukym [/
WnavH AA., KupuneHnko A.M., 3akoplumenHbin AV, v gp. /
Mog pea. npodp., 4.T.H. WnnnHa A.A. - M.: nsgatensctso "Top-
Had kHura", m3garenscTtBo MOCKOBCKOrO rocyaapCTBEHHOro
roOpHOro yHmeepcuteTa, 2009. - 214c.: wi. (CTpontexusaar)

B nabopaTopHOM MpaKkTUKyme OnmcaHbl METOAbl, OCHO-
BaHHble HA MHOrO/IETHEM OfbITE MPAKTUYECKUX W HAYUHO-MC-
CNenoBaTenibCkyX PaboT Mo KOHTPOSIK0 KauyecTBa CTPOUTESb-
HbIX KOHCTPYKUMIA 1 MaTepuasioB C yYETOM CaMbIX COBPEMEH-
HbIX pa3paboToK, UCMOMb3YEMbIX B MUPOBOA 11 OTEUECTBEHHONA
NpaKTyKe.

PaccMoTpeHbl cxembl MPUMEHEHUS METOLOB Hepaspy-
LLAMOLLIETO 1 Pa3pyLLIAOLLIEro KOHTPO/IS 47151 OLIEHKW COCTOSIHUS
CTpOUTESbHbIX KOHCTPYKUWMIA. MprBeaeHsl Npumeps! Havbonee
TUNUYHBLIX BUAOB AE(DEKTOB W MOBPEXAEHUIA KOHCTPYKLUMIA W
COOPY>KEHWIA.

OnucaHbl BUObI W TUMbI CaMbIX COBPEMEHHBIX MPUGOPOB,
UCMosb3yembIX /151 ONPEAENEHUsT 1 OLEHKN CaMbIX Pas/IYHbIX
napamMeTpoB 1 XapaKTEPUCTUK KOHCTPYKUMIA 1 MaTeprasios.

[JaHbl npakTuyecke, a Tawkke Hay4HO-TEOpeTUYECKME
pekoMeHaLmn 415 CeLmasniMcToB, 3aH/MAaLLMXCS BOMpoca-
MU AMArHOCTMKA W OLEHKA COCTOSIHUSI CTPOUTESIbHBIX KOH-
CTPYKLUWIA.

KHura pekomeHfoBaHa Talke kak yuebHoe nocobue as
CTYOEHTOB W acnpaHTOB COOTBETCTBYOLWX BY30B u cne-
LmasnbHOCTEN.

KHura ocHatlleHa 6oratbiM CNpaBO4YHO-NNKOCTPATUBHbIM
Marepuasiom.

WnmH ALA. PEMOHT CTPOUTENbHBLIX KOHCTPYKUWA C
MOMOLLBIO MHBbELMPOBaHWs: YuebHoe nocobue aia BY30B. -
M.: n3patenscTBo "lopHasa kHura', n3garenscTBo MoCKOBCKOro
roCyj@pCTBEHHOr0 ropHoro yHusepcuteta, 2009. - 170c.: w.
(CTpoiitexunsgar)

B KHUre paccMarpuBaloTCH MPaKkTUYECKM BCE acreKTbl
UCMO/Ib30BaHNS COBPEMEHHbBIX WHBEKUMOHHBIX TEXHOMOrui
NPy CTPOUTESILCTBE, PEMOHTE, pPecTaBpaLyn Y YCUIEHUN KOH-
CTPYKUMIA N COOPYXKEHMUIA PasnIMYHOrO HasHauYeHusl, a Takke
npy yKpenaeHnn chyHTOBbIX M NOPOAHbIX MaCcCHBOB.

OnvcaHbl TEXHOMOTM repMeTU3aLMn TPELLMH 1 MOPUCTbIX
YUACTKOB B KMPMWYHBIX, KAMEHHbIX W XEeNe300€TOHHbIX KOH-
CTPYKUMSIX; YNPOUHEHUST KUPMYHBIX, KAMEHHBIX 1 TPELLYHOBA-
ThIX BETOHHbIX KOHCTPYKLMIA GO/bLUIMX pa3sMepoB; 3aro/THEHNS
MyCTOT B KOHCTPYKLMSIX 1 338 HUMM.

MpviBeaeHbl BapuaHTbl TEXHUYECKUX MPUEMOB W NPOEKT-
HbIX pPeLUeHW A, a TawkkKe MNpUMHLMMbI pacyeTa napameTpoB
VHBLELMIPOBAHYS.

OnvicaHo 60/1bLLIOE YMCO MPaKTUYECKUX MPUMEPOB Mpu-
MEHEeHUs1 HOBEWLLMX MaTepuasioB ANs MHbeLMpOoBaHus, npu-
BEAEHbI TEXHNYECKME XapaKTEPUCTUKN.

PaccMoTpeHbl cnocobbl HarHeTaHus, BUAbI UCTONb3yemo-
ro 06opyaoBaHus.

3HaumMTeNbHOE BHUMAHWE YAENEHO TakoMy BaXKHOMY (hak-
TOPY, KaK KOHTPO/b NPOM3BOACTBA UHBEKLMOHHBIX paboT.

KHura HanmcaHa Ha OCHOBE M3y4eHUsl 3apyBexHOro 1 oTe-
YECTBEHHOTO OMbITa, aTakke MHOrOMIETHNX HayYHbIX U NPaKTU-
YECKMX paboT aBTopa B 3TOW 06/1acTy.

KHvra ocHalleHa 6oratbiM CrpaBoUHO-U/IOCTPATUBHBIM
marepuasiom.

Mo Bonpocy npuobpeTeHnsa KHUr obpawaTbca B 3A0 "Tpuaga-Xonguur"

123308 r. Mocksa, np-T Maplwana XXykosa, 4.6, cTp.2
Ten.: (495) 956-15-04; 956-18-52; 234-16-10
E-mail: info@triadaholding.ru

PepakunoHHana kKonnerunsa:

B.B. 'paHeB, A.V. 3Be3a0B (rnaBHbIli pegakrop),

l0.M. BaxeHoB, B.M. BoHgapeHko, tO.C. Bonkos,

tO0.MN. Hazapos,

B.A. PaxmaHoB, A.C. CemueHkoB, A.l. TampassH, B.P. danukmaH,
HO.I. XatoTuH, A.A. LLUNbIkoB (3aM. F1TaBHOro pegakropa)

MognucaHo B nevatb 16.03.12. ®opmat 60x88 18. MeyaTb odceTHasas. bymara odceTtHaa Ne 1
Ycn.neu.n. 4,0. Tupax 960 ak3. 3aka3 Ne

Apnpec ansa

nmncemm:

111672, MockBa, yn. HoBokocuHckas, 4. 14, kopn. 2, k8. 172

E-mail:magbeton@rambler.ru

http://www.cstroy.ru/kindwork/izdat/beton

Ten. (495) 703-9762

OTneyaTaHo B OO0 “Dupma “©UNTOMAT'
109033, Mocksa, Bonouaesckasa yn., g 40
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oaHa 13 Beayuux B Poccum KomnaHuii

B 06/1aC TV MOHUTOPUHIa CTPONUTE/IbHbIX KOHCTPYKL WA

MonHbIA KOMNNEeKec paboT MO MOHUTOPUHIY NTIKOObLIX
06BHEKTOB NPU CTPONTENLCTBE U IKCMTyaTaunn:

[AVarHocTmka v oueHKa COCTOAHWUSI CTPOUTENbHbIX
KOHCTPYKLWIA;

pa3paboTka pelleHunii 1 NPOEKTOB N0 MOHUTOPUHTY;
nocTaBka M yCTaHOBKa CUCTEM 1 NpPUOOPOB;

CHATME MoKa3aHuii n 0bpaboTka pe3y/bTaTos;
npoJaxa COBPEMEHHbIX NMPUGOPOB U CUCTEM
MOHMWTOpPWHra.

MOHWTOPUHI COCTOSIHUS MOCT OBbIX KOHCT PYKLUWA.
Bonbloii MockBopeLknii MocT, Mocksa

BO3MOXHOCTb 06beANHEHUS AaTYMKOB Pas/IMyHbIX
cucTemM B eAuHbI 6ecnpoBOAHON KOMM/IEKC,
nepegaya MHopMaLmmn B HENpPepbIBHOM
aBTOMaTUYEeCKOM pexume,

nosHas uHdopmauus o NI60M yyacTke 06bEKTa,
3alUMLLEHHbIA VIHTEepHEeT-A40CTyN K NoKa3aHWsaM
4aTunKoB B NI060IN Touke Mupa,

noslydeHne CUrHasioB TPeBOrM B COOTBETCTBUU

C 3a/jaHHbIMU KPUTEPUSAMU.

CTpouTenbLCcTBO CTaHuum meTpo "lfopbkoBckas", r. H. Hosropog.
HenpepbiBHbIi BUAEOKOHTPO/Ib 06bEKTA M BCEX HAaXOASALLMXCS
B 30He CTPOUTENbCTBA 3aHNIi 1 COOPYXEeHWN

Ipuana-XONOUHT

MOHUTOPUHI NoA3eMHoli YacTun Bonblworo TeaTpa
B NpoLecce nepeonnpaHuns 3gaHns
C BPeMeHHbIX OMOp Ha OCHOBHOM (hyHAaMeHT

KoHTponupyemble napameTpbl:

HanpshkeHus, gedopmauunn B 060N NAOCKOCTY;
packpbiTVe LIBOB U TPELLMH;

reoTexHU4Yecknii 1 rmaporeosIornyecknii KOHTPOb;
MOHUTOPUHT Pa3BUTUS KOPPO3MOHHbLIX NPOLLECCOB;
MOHUTOPUHT AVHAMUYECKUX Harpy3ok, B TOM ymcrie
BMOPALUNOHHBIX;

KOHTPO/b YCaZkn 1 TBepAeHNs 6eToHa B npolecce
CTPOUTENbCTBA;

KOHTPONb yTeuyek B Tpybonposoaax;

KOHTPO/Ib TeMNepaTypHbIX U3MEHEHWI 1 ap.

MOHVTOPVHI Npouecca CO34aHns 1 COCT OAHNUA N1eor PyH T OBbIX
orpaxgeHuii Npy Npoxoake MeX T OHHesIbHbIX CO0eK.
CepebpaHo60pckuii TOHHEeNb, MockBa

Poccus, 123308, MockBa, np-T Maplwana >XykoBa, fom 6, cTp. 2.
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