Kopnopauns TEXHOHUKOJ1b

I Ex H o H M Kon b 129110, Poccus, Mocksa, ynnua I'mnsposckoro, aom 47, ctpoeHune 5
Ten.: +7 495 925 57 75, pakc: +7 495 925 81 55, www.tn.ru, info@tn.ru

Ncx. Ne 169299 - 29.01.2026/
NHpopmaumoHHasa ctaTbsa oT: 15.11.2022

KakK npo4YHOCTb NOJIUMEPHbIX
rMAPoOU3oNALMNOHHbIX MEMOpPaH BAUAEGT Ha UX
OONTOBEeYHOCTb?

MpUMeHeHne B COBPEMEHHOM CTPOUTENLCTBE MOJIMMEPHBIX PYJIOHHLIX MaTepPMaaoB ANs
FMAPON30NALUN CTPOUTENbHBLIX KOHCTPYKUNIA TpebyeT LONONHUTENbHOIrO N3YYeHUs NX MPOYHOCTHBIX
1 pedopMaTUBHLIX CBONCTB.

CraHpapTHble ncnoltadus no FOCT 2678 n TOCT 31899-2 no3BoNAOT OLEHUTL NoBeAeHne
MaTepuasioB TOJIbKO MPM OAHOOCHOM PaCTSXKEHUN N0 OTAE/IbHOCTY B NPOAO/LHOM Y MONepeyHoOM
HanpasneHuy MaTepuana, Ho He MPOrHO3MPYIOT UX NOBELEHME B NOJIEBLIX YC/I0BMAX NPU MHOMOOCHON
Harpyske. B To BpeM$s Kak B YC/I0BUSIX CTPOMTENbCTBA W 3KCNAyaTaumm o6 bekToB Noa3eMHOro
CTPOMTENIbCTBA 3TW MaTepuabl UCMbITLIBAIOT pPa3HOHaMNPaBieHHbIE CUbI PACTSXKEHNUS.

Tak, K npuMepy, 3KcnayaTauma ruapon3onsaUnoHHbIX MaTeEPManoB, Pa3MeLLEHHbIX MeXay
Orpa>kaatoLLnMX KOHCTPYKLNIA KOTIOBaHa M HECYLNX (PYHOAMEHTHbIX CTEH COMpPSXXEHa Co
3HAYMTENIbHBIMY PacTArMBaloWMMM YCUANAMI, 00yCNOBNEHHBIMU (haKTUHECKMMIU 0CaLKM

(byHOaMeHTa COBPEMEHHbIX 34aHWI, KOTopble MOryT gocturaTb 13-15 cm. [1].

TakK )& MHOr00CHO€e PacTsXKEHME FMAPOUN30ALNOHHbIE MaTepuasbl UCMbITbIBAKOT Npu
HepaBHOMEPHbIX 0Cafikax, PYHOAAMEHTHbIX KOHCTPYKLMIA B MECTE PacnosioXXeHns AedopMaLOHHbIX
LUIBOB, 3TO 00YC/IOB/IEHO TEXHOIOMMEN MOHTaXa MMAPOM30SLMNOHHBIX MaTepPUanoB, B COOTBETCTBUN C
KOTOPOW rMapon30/saLNOHHBIA MaTepuras He NpPepbIBAaeTCs B MecTax nepecevyeHunst 4eopMaLMoHHbIX
LUBOB, T.K. TMAPON30NSALMA N0/KHA 06ecneynBaTb 3aMKHYThI KOHTYP MO BCEN N30MPYEMOIA
KOHCTPYKLIMK.

Mo MMUMO 3TOr0 rMAPOU30JISLMOHHbIE MaTeprabl, pa3MeLlaeMble MeXAy OrpaXKaeHneM KoT0BaHa
HecyLwmx yHAAMEHTHbIX CTEH, @ TakXXe Noj NANTON pyHAaMeHTa UM Ha NepBuYHON obrenke
FOPHbIX TOHHENEW, IKCNIYaTUPYIOTCA NP 0TPULATENbHOM AaBIEHUMN BOAbI, MO3TOMY CMOCOBHOCTb
BOCMPVHUMATb MHOFOOCHYIO0 Harpy3Ky OT PacTsXKEHUs BC/IeACTBME 0CAA0K KOHCTPYKLMIA
dyHOAMeHTa, N AaBNieHNs BOAbl BaXKHbI MOKa3aTesb KAYeCTBa 1 HaLEXHOCTU FMAPON30ALNOHHBIX
MaTepuanos.

MpyMep MHOrOOCHOr0 PACTAXEHMWA OT HEeraTUBHOIroO AaBJieHNA BOLbl HA TMAPON30ISALNOHHBIN
MaTepwuas, pa3MeLLleHHbIn B 061acTu 4edopMaLMOHHONO LWBa B KOHCTPYKLUN DyHOAMEHTa NoKa3aH
Ha puc. 1.
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Puc. 1,2 Npnumep MHOrOOCHOIO PacTAXXeHNs OT HEeraTMBHOMO AaBJIeHNs BOAbl Ha
rMAPOV30ALNOHHBIN MaTepuan, pa3MeLLeHHbIn B 061acTu 4ehopMaLMOHHOrO WBa B KOHCTPYKLMK
hyHOaMeHTa.

TpeboBaHUs Mo onpeaeneHnto NPOYHOCTM MPXN MHOFOr0JIOCHOM PaCTSXXeHUW A1 MaTepuasos,
NPUMEHSAEMbIX AN TOHHENen U NoA3eMHbIX COOpYy)XeHnn obsa3aTenbHoe TpeboBaHue
MeXXrocyLapCTBeHHbIX HOPMATMBOB, Kak B Poccuun, Tak v 3a pybexxom B cTpaHax EBponenckoro
coto3a nNpeabasnaoT TpeboBaHma. Tak TOCT 33067-2014 [2], EN 13491 [3], conepxaT TpeboBaHue
Nno onpeaeneHnto NPOYHOCTY NpY pa3pbiBe 4189 FeOCMHTETUYECKMX TMAPON30ASALNOHHBIX
MaTepuasos.




a) nepsunyHasa cbopHas xxeneszobeToHHas 0baenka TOHHENSA C MHOMOYUCIEHHBIMY BOAONPOTOKaMM B
lwBeax 6eToHHbIX 6710K0OB




6)CMOHTMpPOBaHHasa NoAMMepHas PYJIOHHOWN rMAPOU301AaL s

Puc. 2 Mpumep yCTaHOBKM NOJUMEPHOW PYSIOHHON FMAPOU30NALUN NPY OTPULATENbHOM LaBNeHUN
BOAbI.

B pamkax HacTosiwen ctaTbl OyayT npeacTaBieHbl pe3ynbTaTbl UCAbITaHUA NOJIMMEPHOTO
PYJIOHHOr 0 rugpounsonaumoHHoro matepuana LOGICBASE V-SL no onpenesieHno NpoYHOCTY npu
pa3pbiBe, BbiMoJIHEHHbIX 000 «BHUNCTPOM-HB» no 3aka3zy 000 «TexHOHWKOJIb - CTpouTenbHble
Cucrembl».

CBefeHMA 0 UCMbITYEMbIX MaTepuanax

MaTepuanbl pyJIOHHbIE TMAPOU30NALNOHHbIE NosinMepHble TEXHOHUKOJIb (nanee no TekCTy
nonmmepHble nubo rugponsonsaunoHHble membpaHbl LOGICBASE) nsrotasnimealoT nyTeM
3KCTPYANPOBaAHUSA CbIPbEBOW MaCChl, COCTOSALLEN U3 NOJIMMEPOB, MNONYYEHHBIX NP NoAMMepr3aLmnmn
BUHWAIXJIOPWAA, HAanoJIHUTENeNn N TeXHONorn4yecknx obaBok.

NcnbiTaHna No onpeneneHnio NPOYHOCTU NPU pa3pbiBe BbIMOJIHEHbI A1 CnefyoLwero snia MeM6paH:

LOGICBASE V-SL — 3T0 ABYyXC/I0Hasa HeapMnpoBaHHas MeMmbpaHa. [N1pon3BoanTCcs nyTem
(hopMmpoBaHNS B € AMHOE MONOTHO MIaCcTUYECKOM MacChl, NOJIyYeHHOW B pe3ysibTaTe
3KCTPYAUPOBaHNA NonusuHUAxnopuaa (MBX), HanosHWTeNen n TeXHoNormyeckmx Lobasok. Jinuesas
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NOBEPXHOCTb MeM6paHbI XENTOro uBeTa, TblJibHad NOBEPXHOCTb YEPHOTI O,

MembpaHbl LOGICBASE V-SL npumeHseTcsa Oas yCTPONCTBA MMAPOM30ALMN NOA3EMHbIX YacTen
3[0aHUIA 1 COOPY>XXEHWIA, TOHHENEN METPOMNOJSIMTEHOB, NOA3EMHbIX NAPKOBOK U MHBEPCUOHHbIX
KpoBeJib, @ TaKxXe 015 YCTPONCTBA N30NALNOHHOIO CN0s NoAUroHos TBO, WwWnaMoxXpaHUnLL, naryH,
NCKYCCTBEHHbIX BOLOEMOB 1 pe3epByapoB O XPaHEHWS BOAbI

MeToauka onpenesieHUs NPOYHOCTU NpPU pa3pbiBe

cnbiTaHns BbINOJIHEHBI B COOTBETCTBUM C MeTOoAMKOW, npeacTasneHHon B FTOCT 33067-2014
MpunoxeHue OB (oba3aTenbHoe) MpunoXxxeHne COepXUT NepeBos 0CHOBHbLIX MOJSI0XKEHUN
€BPONencKkoro pernoHanbHoro ctaHaapta EN 14151:2010 "TeocnHTeTnKa. OnpeneneHne npo4HoOCTH
npu paspbise", a npenctasieHHas MeToAMKa aHasnornyHa EN 14151:2010.

CyTb UCNbITAHWI 3aK/IO4AETCA B CedyoLEeM:
K ucnbiTyembiM obpasLiam cTyneH4YaTo npukiaabiBaeTCs r’mapaBaMyeckoe faBaeHne 40 pa3pbliBa.
B xozie npoBefeHNs UCMbITaHUS N3MEPSIIOT CAeayoLne NokKasaTenu:

* rMApPaBANYECcKOe [aBeHne nog 06pasLoM AN UCNbITaHNS;
e fedopmauyio obpasua aN19 UCMbITaHUS.

MpuMeHsieMmoe 060pyaoBaHMeE:

Ins ncnbliTaHWn NPUMEHSETCA cneunasbHas yCTaHoBKa. MpuHUMNnanbHas cxeMa n oTOoyCTaHOBKM
npefacTaBieHbl Ha puc. 1-2.
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Puc. 1 MpuHUMNUanbHaa cxema yCTaHOBKW. 1 - nogaya BoAbl C 3af4aHHbIM CTabuan3npoBaHHbIM
pacxonoMm; 2 -MaHOMETP; 3 - 3/IEKTPOHHbIN AaTYMUK OaBEHUS; 4 -KOMNbIOTEP; 5 - AaTYNK
nepemeLleHns; 6 - obpasew a5 UCNbITaHWIA; 7 - 3aXKMMHOE KO/bLO; 8 OCHOBaHMWE NCMblTaTeIbHOM
Kamepbl.

Puc. 2 Obwmin Bug, yCTaHOBKMN.
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WcnblTaTenbHas yCTaHOBKA COAEPXKUT:

* NCMbITaTeNbHas KaMepa, COCTOALWAsA N3 OCHOBAHMA N 3aXKMMHbIX KOJIeL, BHYTPEHHUM ANaMeTpoM
(200+2) mM. [InameTp 3a)KMMHbIX KONEL, COOTBETCTBYET AMaMeTpy 00pa3LoB A5 UCMbITaHUS.
HVXHUA BHYTPEHHUIN Kpal 3aXKMMHbIX KONeL, UMeeT paanyc 3akpyrineHns 3 Mm. 3aXKMMHbIEe KO/bLa
yaepXxunBatoT obpaseu, 414 ncnbiTaHns 6e3 CKOSIbXXeHNS B TeYEHME BCEr0 UCMbITaHns;

e OCHOBaHMe NCMbITaTeIbHOW KaMepbl, PACMON0XXEHHOE FOPU30HTaNbHO, AO/KHO ObITh NAOCKUM UK
C BMYCKHbIM OTBEPCTUEM N5 XXULAKOCTU B LEHTpE;

* YCTPOWNCTBO AN4 n3mepeHnsa npornba ¢ TO4HOCTbIO 0,5 MM,;

e YCTPOWCTBO AJ1 U3MEPEeHNs AaBJIeHUS XXUOKOCTU C TOYHOCTbI0 =1%. TemnepaTypa XULKOCTU
00/HKHa 6bITb (20+2) °C 1 0o/KHa NoAAEPXNBATLCSA B TEYEHME BCEr0 UCMbITaHMS.

MoproTtoBKa K npoeeneHnio UCnbiTaHUA.

3 nonumepHoit membpaHbl Ob1IN Bbipe3aHbl 06pa3Lbl AN UCNBITAHUA KPYrioi hopMbl IMAMETPOM,
aHaNOrMYHbIM JMAMETPY 3aXKMUMHbIX KoJeL,.

JInueBas NOBEPXHOCTb 06Pa3LI0B AN18 UCMbITAaHUS NPEABAPUTENBHO OYULLEHA U HE COOEPXUT
BUAVMbIX Ne(eKTOB.
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Puc. 4 BHewHun Bna obpasLos 415 UCNbITaHUNA.

Mepen ncnbiTaHneM obpasLbl KOHOULMOHMPYIOT A0 NOCTOAHHOW MacChl MNP OTHOCUTENBHOWN
BNIAXKHOCTM BO3ayXa (65x5) % n TemnepaTtype (20+2) °C.

UcnbiTaHusa

MoAaroToB/eHHble 06pa3Lbl YKIaAbIBAANCh HA ONMOPHY MOBEPXHOCTb UCMLITAaTEbHOW KaMepsbl
CUrHasIbHLIM C/I0EM BBEPX, ThIIbHON CTOPOHOWM YEPHOro LiBeTa K 0CHOBaHM0. OCHOBaHWe
NCMbITAaTENbHON KaMepbl He ABASETCS NJOCKMM, NO3TOMY ASA NJOTHO NPUAEraHns K Hemy o6pasLoB
OCHOBAHMe 3anoJIHAN0Ch BOJOW Yepes BNyCKHOe 0TBepCTHe.

O6pa3ub| AN NCnbiTaHNs 6bian 3aKpenneHbl B 3aXKUMHbIX KOJibLLaX NCrnblTaTeNbHOM KaMepbl Tak,
4T0bObI OHM HE CKOJb3WN BO BpeEMA UCMbITaHUA.

B ueHTp obpasua 4519 UCNblTaHUS YCTAHOBJIEHO YCTPONCTBO AN U3MepeHus nporuba.

K 0bpasuy AN8 MCNbITaHUS NPUKNaLbIBalOT rMapaBanyeckoe aasneHne. CKOpoCTb MOTOKA XXUAKOCTM
3 cMm /c. OTCyTCTBME YTEYKN XKMUAKOCTU MO NEPUMETPY 3aXKMMHbIX Kosel, obecneynBanock NAOTHbIM
NpUXXaTWEM 3aXKMMHbIX Konel,.

O6pa3L0B, CMECTMBLUMXCA MPY UCMbITAHUN UK Pa30PBABLUNXCS Y KPOMOK 3a>KMMHbIX KOJeL, He
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Habnofanock.




Puc. 5 BHewHun Bng 06pa3uoB B UCMbITaTeNbHON YCTAHOBKE.
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Puc. 6 BHewHn Bug 0bpasLoB B NpoLecce NCnbliTaHum.

B xone ncnblTaHWa NpU3HaKyM Pe3Koro NageHnsa AaBneHns Uav NosBAEHNS BOMbl Ha MOBEPXHOCTU He
KOHTaKTMpPYIOLWWEN C BOAOW CTOpOoHe 0bpa3uoB He Habnaanocs.

Pe3ynbTaTbl MCNBITAHUMN.

Pe3ynbTaThbl UCMbITaHUA NpefcTaBneHbl B Tabamue 1 v rpadmkax 1-2.

Ob6o3HayeHune
Onpepensembie -
. |[EANHNLE |HOpMaTMBHOW Ycnosus
Ne |moka3aTenu UCnblTbiIBAEMOK . |Pe3ynbTaThl
npoAYKLMN n3mepeHuns ,u0KyMeHT§uvw| Ha MeTOoAbl UCNbITaHUN
NCMbITaHUN
1 NDOYHOCTY MOW DA3DLIBE KMa FOCT 33067-2014 t=22,2°C, |cpelHee:
P i pasp ' npuaoxeHue B W=46,8 % |5591.22
2 MakcumanbHas Npo4YHocThb |Kla roCT 33067-2014 = 22,2 %C, |cpenHee:
P npuaoxeHue B W=46,8 % [6948.22
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Nedopmaunio obpasua npu OCT 33067-2014 t=22,2°C, |cpelHee:
pa3pbiBe npunoxeHuve 1B W=46,8 % |113.89

Tabnuua 1. «Pe3ynbTaTbl UCNbITAHW NO ONPeAeeHNio NPOYHOCTU NPW pa3pbiBe MPU MHOTOOCHOM
PacTs>XeHUN PyJIOHHOr0 rMAPOUN30JIALMOHHOIO NosimMepHoro Mmatepuana LOGICBASE V-SL»

pacduk «mapaBAnNYecKoe OaBneHne N COOTBETCTBYOWan eMy aedopmaumnsa obpasua Nel».
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BoiBOA

BbINO/IHEHHbIE NCMLITAHMA HArNSAHO OEMOHCTPUPYIOT, NPEBOCXOAHYI0 31aCTUYHOCTL MeMbpaH
LOGICBASE 04HOBPEMEHHO C MX BbICOKOW MPOYHOCTbIO.

MaTepvan paBHOMEPHO BOCMPUHMMAET PaCTArMBatOLLY0 MHOIOOCHYIO Harpy3Ky 1 NponopLmMoHanbHO
YOJIMHAETCA C ee pOCTOM [0 pa3pbiBa. TakON HENMHENHbIN XapaKTep pa3pyleHns obpasua
CBUAETENIbCTBYET O BbICOKOW M30TPOMNMM MaTepumana, T. €. ero NPo4YHOCTb Npu BO34ENCTBUAN
MHOFOOCHOW Harpy3Kn COXpPaHAETCA HEM3MEHHOWN BHE 3aBUCUMOCTIN OT HaMnpaBJ/ieHUS.

CnepyeT 0TMeTUTb 3Be34000pa3HbI XapakTep paspyLeHns obpasuos, HabnogaeMbln B BEPXHEN
4acTtn obpasua, 4TO CBMAETENLCTBYET 06 OTCYTCTBMM Pa3BUTUSA B MaTepuase JMHENHOr0
Hanps>KeHNa U OTCYTCTBMM 30HbI MOHMXXEHHOW MPOYHOCTM, KOTOPbIE MOryT BbiThb Bbi3BaHbI B
npoLecce skcnayaTaumm npu pactsxeHnn. OTCYTCTBME B MaTepuasie 30Hbl MOHM)KEHHON MPOYHOCTH
3HAYMTENbHO CHUXXAET PUCK BO3HMKHOBEHMSA pa3pbiBa rMApON30asSLUNOHHOI0 MaTepuana B npowecce
ero akcnayaTauum.

BbICOKME MPOYHOCTHbIE XapaKTEPUCTUKN PYJOHHOMO MMAPON30AALNOHHOIO NOJIMMEPHOI 0
maTepuana LOGICBASE V-SL foka3biBaloT ero 0cobyto HageXHOoCTb, AaXKe B IKCTPEMasbHbIX
YyC/I0BUAX MPUMEHEHMNSA AN TMAPON30AALNN Ha CaMblX OTBETCTBEHHbIX W CIOXHbIX 06BbeKTax
rpaXK4aHCKOro, TPAHCMOPTHOMO M NPOMbILLJIEHHOTO CTPOUTENLCTBA.

MonnmepHble MeMbpaHbl LOGICBASE V-SL ycnewHo npMMeHAAnch 1 3KCNAyaTMpYyTCa Ha
MHOIMO4YUCNEHHbIX 06 beKTaxX CTPOUTENbCTBA TPAHCMOPTHBIX TOHHENEN B CIOXKHbIX Fe0IornYecKmx
ycnosuax (K npumepy XXenesHasa gopora Agnep — Tyance TOHHeNbHbIN KoMieKc Ne6,Ne7,Ne8,
CraHuwns meTpo «MockBa» AnmaThbl, KazaxcTaH, POKCKUA TOHHENb, U TA.) 0 YeM CBUAETEeNIbCTBYIOT
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MHOIrO4YUCNEHHbIe NON0XKUTeSNbHble 0T3bIBbl (OAO «JleHMeTporunpoTpaHc», 3A0 «YnpasneHue -15
MeTpocTpoin», OO0 «NHFreOKOMUHXKCTPON»).

ABTOpbI CTaTbMu:

Nnba beicTpos

TexHWYecknin cneunannct HanpaeneHns NHxXeHepHaa rmapon3onaumns
Nnbsa BeicTpos

TexHWYecknin cneunannct HanpaeneHns NHxeHepHaa rmapon3onsaumns

OTBeT chopMUPOBaH B
6a3e 3HaHUI MO cCbiKe 16
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