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BBenenne

AkTyanbHoCcTH paboTsi - CornacHo TpeboBanmsam HopM panmanmonnoit 6e3omacrocty
[1] xoHneHTpamus pagona u ero AOYEPHUX IIPOTYKTOB BO BHYTPEHHEM BO3IYXE JKUIBIX U
OOLIECTBEHHBIX 3MaHUHN HE TOHKHA IIPEBBINATE YCTaHOBJIEHHOTO IIpeera.

IIpoHMKHOBeHME B TTOMemeHns PazoHa, 00pasyromerocs B ITPYHTOBOM OCHOBAHHHK
S/i@HHd, KaK IPaBMIIO, SBIAETCS OCHOBHOM NMPHYMHON ero CBEPXHOPMAaTHUBHOH KOHIIEHTPALHH.

Texnwyeckue mepompusTus, HAlIpaBIICHHBIC HA CHIXKCHHE 3TOH KOHIEHTpAIHH,
PeATM3YIOTCA  CTPOMTENBHBIMA CDENCTBAMH M MPEHMYLIECTBEHHO 3aKJIOYAIOTCS B CHHKEHHH
PallOHONIPOHAIIAEMOCTH MOA3EMHBIX OrPaXIAFOIIHX KOHCTpyKuuii [2-3]. Ilpaktudecks Bcerma
Takn€ KOHCTPYKIMH BKIIFOYAIOT B Ce0sI 3JIEMEHTHI U3 MOHOJMTHOTO HIH c6opHOTro *Kene306eToHa.
IocKombKy pamoHONPOHHIAEMOCTD TAKHX 3JIEMEHTOR MOXET OBITh JTOCTATOYHO BEICOKOM, IS
TIOBBINEHUS CONPOTHBIEHHS PaOHONPOHMIAHUIO KOHCTPYKLHH B HX COCTABE HCIIONB3YIOT
MeMOpanbl. Mem6pana npencrasiseT coboif CILIOMHEOM TOHKHH CIIOH MaJIONpOHMIIAEMOro I
PaZioHa pyJIOHHOTO MJIM JTUCTOBOrO MaTepuana. MeM6paHy PaclONATaloT BBIILE MITH HIDKE
HECYIIETO 3IIeMEHTa OTpaKIaroIlell KOHCTPYKIMH, YTO MO3BOJSET 3aIlHTHTH 3laHHe OT
TIPOHNUKHOBEHMS B HErO IPYHTOBOIO PA/l0HA 4EPE3 MOPHI, TPELHUHEI ¥ CTHIKH B HECYIUX
9NIEMEHTaX KOHCTPYKIUH.

OnHMME B3 OCHOBHEIX TpeGOBaHw it K PaIOHO3AIIUTHEIM MEMOpaHaM SIBJISIOTCS:

- HU3KUH Kod(durment nuddysun pamona B Marepuaje MeMOpaHEl,

- BO3MOXHOCTE 00€CIICYEHHS €€ CIUIOMHOCTY B IIPe/IeNax MIOMmaH 3/1aHHS,

- BOSMOXXHOCTE €€ yIpYTO-IIaCTHIeCKo! nedopmanun 6e3 paspymenus IIPY IOJBIDKKAX
HECYIIel KOHCTPYKIIUH M CMEIIEHAH 3JIEMEHTOB KOHCTPYKIMH OTHOCHTEIBHO APYr Apyra B
IIPOLIECCE 3KCILUTyaTallMy 3aHHS.

Ilear paGoTel 3axmouanach B ONPENCICHUH PANOHO3AIMUTHON CIOCOOHOCTH MeMOpPaHEI
«LOGICROOF T-SL » B cocrase OTpaXJaroIIel KOHCTPYKIIMH [TOA3E€MHOM YacTH 31aHHS.
3agagamu paGoThI SABJISIOCE:
1. OkcnepumenTanbHOE OmpeneeHue Koaddrmenta mubdysum panona B Marepuae
MeMOpaHEL

2. Onpernenenne CONPOTHBICHAS PaNOHONIPOHHIIAHMIO MEMOPAHBI U COMPOTHBIICHHS
COYETaHM CJ1051 OETOHA ¢ MEMOpPaHOI.

3. Cocranenue 3aKiIOYeHHs 06 3pPEKTHBHOCTH UCIIOIb30BAHIS HCCIIEyEMOTO

MaTepuaia B LEJIIX TPOTHBOPAJOHOBOM 3aIUTHI 3MaHMIA.



1. OcHOBHbBIE NOHATHS

1.1. Kospdpunuent nuddysnn paxoHa u conpoTus/eHHE PAXOHONPOHHIAHHIO

B Hactosiee Bpems BenmuumMHY Koodduumenta muddysuu pamoHa B MaTepHaie BO
MHOrEX cTpaHax (['epmanmm, Uexuu, Mcnanuu, Upnanmuu, [omianymy 1 1p.) pacCMaTPHBAIOT
KaK Hambojee NpENCTABUTENBHEIA IapaMeTp, XapaKTepHU3yIOMHi paJoHO3aIIUTHYIO
crocoGHOCTh Matepuana [2]. V3BeCTHBI [Ba MOAXOJA K HCHOJNB30BAHHUIO 3TOTO HapaMeTpa B
TEXHWYECKAX M HOPMATUBHBIX JOKYMEHTax:

1. xoadduuenT nuddy3un pagoHa B CII0€ IPOTHBOPATOHOBOM 3aIUTHl TOJDKEH OBITH
HIDKE OIIPENENIEHHOM HOPMHPOBAaHHOMN BETHYMHEL

2. ToNuMHA €0 MPOTHBOPAJOHOBOM 3aIMUTHI IOJDKHA OBITH HE MEHEE 4eM B TPH pasa
Gompmre, yem nuuHA quddy3un pamoHa B MaTepHaie CIOS.

B o6oux ciIydasx NPUHAMAIOTCS BO BHMMaHHE 3alIMTHBIE CBOMCTBA TOJBKO OJHOTO CIIOS
MaTepHana, B TO BpeMs Kak B PEAIbHBIX YyCIOBHAX 3TOT CIOH paboTaeT COBMECTHO C APYTHMH
CJIOSIMH  OTPaKIAoIIe KOHCTpyKIuH. Kpome Toro, u riaBHOE, IJIOTHOCTH ITOTOKA
HOCTynaloﬁlero B IIOMEIICHHUE DPAJIOHA - OCHOBHAS BEJIMYMHA, ONpPENENSIOmas KOHIEHTPAIHIO
pazoHa B IOMEINEHHH, OCTACTCS HE ONpEIe/ICHHOM.

B npunstom B Poccum momxoxme ( 6muskom k mpuHstoMy B [lIBenuu [6] ) mcxomaT u3
TOTO, YTO IUIOTHOCTE ITOTOKA paloHa, IIPOHMKAOIIETO Yepe3 OrpaXJAOIIyI0 KOHCTPYKIIUIO B
3[1aHHe, HE IOJDKHA MIPEBHIIIATE BETHYHHEL, IIPH KOTOPOH KOHIIEHTpAIlKs PaJOHa B IIOMEIIECHUY He
IPEBBINACT 33JaHHOTO IPH IPOEKTUPOBaHKH ypoBHs. IIpu 3TOM, TpeGyemble mapameTphl
IIOI3€MHON OTpaXXJaroIedl KOHCTPYKIMH DPACCYUTHIBAIOTCS C yYETOM OCHOBHBIX, OIPENEIISIOIINX
PaNoOHOBEI pexuM 31anus (pakTopos: Koaddunuenta nuddy3un pagoHa B MaTepHaIax
KOHCTPYKIIMH, KOHIIEHTPAIWH paJlOHa B I'PYHTOBOM OCHOBAHHHM 3/1aHHs, HWHTEHCHBHOCTH
BEHTWISALMH IOMEIIEHUH U MX T€OMETPHYECKUX MapaMeTpoB.

Kos¢ppuuuenm ougpgpysuu ( D, m*/c ) BBEIpaXaeT aKTUBHOCTH pajoHa ( bk),
POXOJAIIEro Yepes 1 M * miomany cnost ToNmmHOK 1 M B CEKyHIy IpH pa3HOCTH
KOHIICHTPALWH pajloHa Ha TPaHUIaX cios paBHo# 1 Bx/m >

Koagppuyuenm padononponuyanua (K, m/c) BrlpaxaeT MIOTHOCTH MOTOKA pangoHa
( Bx/M* ¢), mpoHuKaromero 9epe3 KOHCTPYKIMIO, COCTOSIIYIO M3 OJHOIO HIIM HECKOJIBKHUX
CJI0EB MaTepHaJIOB, NPH Pa3HOCTH OOBEMHBIX AKTHBHOCTEH pajOHa HA BHEIIHHX TPaHHIAX

KOHCTPYKITHM paBHOH 1 Br/m . PasmeprOCTS 3TOTO KO3 HIEEHTA:

bk M3 M

w?c Bk ¢




Conpomuenenue Ppadononponuyanumo (R, ¢/mM) XapakTepusyer PaOHO3aUTHYIO

CIIOCOOHOCTE Orpaskaarorneit koHcTpykuuu ( R=1/K )- Compotupnenue PaIOHOIPOHUI[AHHIO
TIPEACTABIACT Pa3sHOCTh OOBEMHBIX AKTHBHOCTEN] PajioHa Ha rpaHunax KoHCTpykuuy ( Bx/m > ), Ipu
KOTOpO# Yepe3 KOHCTPYKIHIO IIPOHUKAET OTOK paJoHa INIOTHOCTEIO 1 Bx/(m 2 c).

ConporuBnenue panoronponumanmio OZHOCIIOWHOM KOHCTPYKIMH BEIYHCIIIETCS [0 dopmyre [3]

L-sh ﬁ

R=

D (1

rae D - ob6bemusii Koo durment muddysun PajloHa B MaTepHaie cios, M 2/c;

h - TommmEa cros, M;

L= ~D/A - pnuna maddysun pagoHa B MaTepuane cIos ( paccrosHHe, HA KOTOPOM
IIPOXOMAIIHH Yepe3 CIIOH OTOK PafoHa 0CIabIISeTCs B 2,7 paza), m

B IlBenuu npu nposenenun CTaHIApTHBIX UCIBITAHHI MATEPHATIOB HCIIONB3YIOT MOHSTHE
O padononponuyaemocmu cnos mamepuana (k=h/R=h-K , M/c) [6] .

i KOHCTpyKImH, cocTosmeit u3 ABYX 1 Oosiee cnoes, dopmyner Buma (1) craHoBsTCS
BECbMa TPOMO3IKMMH. PafoHo3ammTHEIE cBOiCTBA GOMBIIMHCTBA OGLMMHO HCIIOJIB3yEMBIX
KOHCTPYKIIMH ONPENETIAIOTCS CBOHCTBAMH ONHOLO MU ABYX OCHOBHBIX, HaHMEHee
Ta3OIPOHUIACMBIX CIOEB - GETOHA H THAPO-ra3OM30IHPYIOMIEro CIIOS. ITosToMy npucyTcTBHEM
B KOHCTPYKIMA TaKHX BCIIOMOTATENbHEIX CIOEB Kak [eCYaHas u TpaBHHHAS MOICHIIKA,
BBRIDABHHUBAIOIIAs M 3AIMTHAS CTSKKM H T.IL., B CHUIY HX HEGOJBIIOHN TOJIIHUHEI ¥ BBICOKOM
Ta30TIPOHMIACMOCTH OOBIYHO MperebperaoT. CymMMapHoOe CONIPOTHUBIICHHE PaJOHONPOHULIAHHIO
ABYX-TPEXCIOHHOM KOHCTPYKIMH C DPa3HOPOLHBIMH CIOSME NPUOJIHXEHHO ( C HE3HAYUTENLHBIM
3aHIKCHUEM ONPEAETSAEMOR BEIIMIMHBI ) BEIYUCIIOT O GOpMyIe:

R=R +R,, +..R, (2)

rae R, - comporuBienne PalOHONPOHUI@HAIO i-TO CJIOs, ONpenenseMoe 1o hpopmyie (1)

i=1,2,...n - HOPSAKOBEI# HOMED ClIOs.



2. Metoa onpenenenus

HUcnonb3oannsii B nanmoit pabote MeTox ompenenenus Kodbdunuenta nuddysun

PalloHa B IJIOCKOM CIIO€ MaTepHalla OCHOBAH Ha H3MEPEHNH H3MEHEHHS BO BPEMEHH
KoHuenTpanuu pagona C,(7) B H3MEPUTENIBHOH ( OTHOBPEMEHHO OKCIO3UIIHOHHOM) Kamepe 1,

K KOTOpOH T'epPMETHYHO HPHCOEIMHEHA npoba TecTupyemMoro Mateprana 2 ( puc. 1) [4].

o H -
C,(z) C,(x,7) C,=0
0 h -

Puc. 1. Cxema wu3mepenus. 1- Wsmepurensuas xamepa,
2-mpoba Marepuana, 3- OKpy>KaroIee IpOCTPaHCTBO.

Ipouecc muddysunornoro nepenoca PaZloHa ¥epe3 MCHBITYeMyIO Ipoby MaTepHaia OMUCHBACTCS

CHCTEMOH NU(epeHnHaTbHEIX YpaBHEHHUIA:

9C () __, Co(t)-Sa,[Clt)-Colo)]. ©
ot Vv
2
5C2(x’”=DaC2(f’”—,1 C,(x1), )
ot 0x
C1(0)=C0 > (5
C,(x0)=0, (6)
-D%ff)%[cj(f)_cz(az)], )
_D%=%[CZ(}Z,¢)—C3], (®)
X

rae: 7 - Bpewms, C;
C(t), Cy(x,t)u C 3 - KOHIICHTPallKs palioHa B Kamepe 1, mpobe 2 B oKpyxaromem
BO3IyX€e 3, COOTBETCTBEHHO, BK/M° 2
Cp - xoHmeHnTpanus panona s kamepe 1| B MOMeHT Bpemenu 7T =0, c;
3 2

V - obveM kameps, M° ; & - TONMmMHMHA NMPOOEL, M ; S, - mromans IpoOkIL, M

-1
/1 - IOCTOsIHHAL pacrana panmoHa, Cc



@), &, - KOdPOUIHEHTEI, yunuTHBarOmUeE YCIIOBHS ra3000MeHa B IOTPaHHYHOM ClIOe y
MeBO# (x = () u mpaBoii (x = h) noBepxHOCTSX TIpOObL, COOTBETCTBEHHO, M / C.

Pemenue ypaBHenwuis (3)~(8) orHocuTembHO BemmumEnr C (7) ma 0 <7< oo,
HMEIOIEe BUJ

T
Ci(t)=C, jel( “UFE(t)dt + e | | ©)
0
peau3yeTcs ¢ mOMOIIBIO KOMIIBIOTEPHOM MaTeMaTHYecKOi nporpaMmMmsl « MAPLEy.
Hlo Havana skcnmepumenta KOHLCHTPALNK DPaJioHa B KaMepe H B OKPYKaIoIeM BO3IyXe
paBHEL B Hawane skcnepumenta [opIyst Bo3myxa o6beMoM 2-3 oM ¢ KOHIICHTpanue panoHa
nopsinka 10° Bx/v® B TEYCHUE 2-3 CeKyHJ| BBOIMTCS B Kamepy 1 depes crienuanbHBI Kiamam.

Taxum o6pasom, BHYTpH KaMEphl B HA4albHBIH MOMEHT Bpemenu (7 = () ) cosnaercs
Koruentpamus pagona C;(7=0)= Cp . Bpouecce sxcrepumenta 3ta KOHIIEHT ALK
yOBIBaeT BclencTBHe pacmana pazoHa u ero mupdysum depes npody. 3HaueHHS 0OGBEMHOK
aKTMBHOCTH paioHa B kamepe C| (7) sxcn USMEPSIOTCS C ONPENIENCHHBIM INArOM IO BPEMEHH.
W3smenenne xommenTpanwu paZoHa B KaMepe IpU 3aJaHHOM 3HAYCHHH ko3¢ dunmenrTa
mapodysun  C,(7) pacy PACCUHUTHIBACTCS Ha OCHOBaHHMH (7). VckoMas Beqwumua K03 dunmenTa
mabdysuu panoHa B HCIBITYeMOi IPOGE ONpeNeNIeTCs: ¢ MOMOMIBI0 METONA HAXMEHEIIIX

KBajpatoB, npuMeneHHoro k dyukmun C;(7) sxen TIPH M3BeCTHOM Buze dynkumu C, (7) Py *

Puc. 2.

OO6wmwuit BUA 3KCIEpHMEHTAIBHO] YCTaHOBKH ITOKa3aH Ha puc. 2 [5] .



3. CBenenusi 0 MmaTepuasie

WUccnenoBanuck Tpu mpobbi-6nusnena [MIBX mem6pansr «LOGICROOF T-SL »
npousBoacTBa Kopropamnuu « TexaoHHKOJIb» - OO0 «3aBox Jlomxukpyd» ( Pssaus ,
Bocrounsrit nmpomysen, 21) . http://www.logicroof.ru/

ITo naHHBIM IPOM3BOAUTENS:

LOGICROOF T-SL — HeapMupoBaHHas, MOJHMEpHAs, HAPOU3OJIANHAOHHAS MeMOpaHa HA OCHOBE
wiactuunuposanHoro nomuBuHIIKIOpHaa (TI-[IBX), ¢ CHrHAIBHBIM CII0EM SPKO-XKENTOTO IBETA,
TY 5774-001-56818267-2005.

ITocraBnsercs B pyJoHaX IIMPHHOM 2 M., IHHOM 20 M.

Tonmuua mem6pansr 1,5-2,0 Mm.

Macca Mmarepuana — 2 Kr/m 2 2,

CoenuHeHue MOJIOC — BHAXJIECT, CBAPHOE.

O6mmii Bua npo0 MaTteprana, 3aQUKCHUPOBAHHBIX BO BXOISIIHUX B KOMILIEKT

E)KCI'IepI/IMCHTaJII)HOﬁ YCTaHOBKH ACPXKATCIIX, IIPUBEACH Ha PUC. 3.

Puc. 3. OOmmit Bug npod Mmatepuanra

I[J'ISI TEPpMETHYHOT'O KPEMJICHU Hp06 B OC€PXKATCIIAX HUCIIOJIB30BaH SMOKCHIHBIN KJIeH
MapKu 3HH B Teuenue OKCIIEpUMEHTAa MaKCHUMAaJIbHOEC U3MEHCHHUE TEMIIEPATYPEI BO3OyXa B

IIOMEIIeHHH He npeBbimaio 3 °C, u3MeHeHHe aTMOC(EPHOro JaBieHus He npesbimano 1100 Ia.



4. PesynbTaThl MenbITaHumii

Pesynsrater onpenenenmus ko3 purmenta muddysuu pamoHa B mpoGax Mem6paHEI

IIPUBOAATCS B Tabm. 1.

Tabmuna 1
Koaddunuent Koaddumuent Conpotusnenne
Homep npoGst | muddysun panoxa D, | pamononponunanus PaIOHONIPOHHUIIAHHIO
M~ /c K, m/c R, c¢/™m

1 (49+1,0)+10T - -

2 (58+1,2)+10™ _ -

3 (57+1,1)«10" - .
MaTﬁ;‘:‘ma (55+1,2).10™ 2,68.10 % 3,73*10”

AKT uCTIBITaHEE MaTeprana IIPUBOAMTCS B MIPHJIOKECHUH 1.

I[aHHI:IC AT CPaBHEHUS IOKa3aTreseit PaaOHOIIPOHUIIAEMOCTH CJIOS TsDKEJIOro OeToHa TOJIIII.

100 MM 1 ero coueranms ¢ MeMOpaHO# mpuBOAATCS B Tabm. 2.

Tabmuna 2
Kosdpdunment Koa¢ppunment Conporusnenue
Crion IHGQy3nH panoHa, | pamOHONPOHHIAHHS PalOHONIPOHUIIAHHIO
D M’ /c K, M/c R, c/m
Beton (100 mMm ) 1,1+ 1077 1,1.10°¢ 9,4.10°
Beron (100 mm ) +
Mewmb6pana = -8 7
«LOGICROOF T-SL » 2810 38210

Conpotusnerue panosonpornmarmo 100 M OETOHHOM IUTUTEI B COYETAHHUH C

MeMOpaHo# Gonee, gem B 40 pas TIPEBBIIACT CONPOTUBIICHHUS IUIUTH 63 MeMOPAHEL.

3AKJIFIOYEHUE
Conporusnenne pagononponunannio 100 Mm 0eTOHHOI IIHTHI B coueTanmu ¢
memMOpaHoii GoJiee yem B 40 pa3s NPEBLINAET CONPOTHBIEHUS ILTHTHI 63 MeMOpaHBbI.
Memo6pana «LOGICROOF T-SL » mo moxasateio CONIPOTHBJIEHHUS
Pa/I0CHONPOHANAHHIO PEKOMEHYeTCsI AJisi IPHMEHEeHHUS B IeJIsX NPOTHBOPAIOHOBOMH

3aIMUTHI 3AAHMIA.
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