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3aKOHYEH 3044UM
MPEBOCXOAHbIN OM . . .
A panbLue 4To?
HauHétca paspyLueHme!
Ho xwuTens goma — YesnoBek,
N B HEM
Bnepep v BbicLLee —
BeYHOe CTpemeHue!
JoKoH [loHHM
MEPCMEKTWMBbI BOCCTAHOBJ/IEHNA N COE,LI,I/IHEHI/IUFI METAJIJTMYECKNX
MNAACTUH U APYTNX SJIEMEHTOB KOHCTPY KU C MPUMEHEHVEM
KOMIMO3NUMNOHHbIX MATEPVA10OB HA OCHOBE CTEKJ/TAHHOIO A
BA3AJIbTOBOIO BOJTOKHA 1 NMOJTMMEPOB

P. A. Becenosckuii, . A. F'mrnHenwsmnnmn

00O «IIPOT'PECH». r. Tomnucu, ['pysus

AHHOTauus: CoBpeMeHHble KOMMO3NLMOHHbIE MaTepuanbl, CO CTeKNAHHbIMK, 6a3aibTOBbIMUA U
APYTVMU BUAAMI BONOKOH Ha OCHOBE MOMMEPHOTO CBA3YHOLLLEro 061aAal0T YAeNbHOI MPOYHOCTbIO, B 4-
5 pa3 NpeBbILALLYI0 MPOYHOCTH CTaM, TakKe W M06ObIX LUBETHbIX MeTanioB W CniasoB. B
pesynbTaTe MPOBEAEHHbIX TEOPEeTUYECKMX W IKCMEPUMEHTaNbHbIX UCCNEAOBAHMIA MONYYeHbl HOBble
AaHHble 78 MPOEKTUPOBAHUA MEeTaINYECKX KOHCTPYKUMM COCTOAWMX M3 NAaCTWUH WU APYrix
CTalbHbIX 3NEMEHTOB MOAMEXKALMX BOCCTAHOBMEHUIO C  MPUMEHeHWeM CTEKNAHHOro  Wn
6a3abTOBOro BOMOKHA 1 CreLanbHbIX NoAnMepoB. OCo60 0TBETCTBEHHbIE HECYLUe KOHCTPYKLMN
Takux 06bEKTOB, Kak TepMuWHanbl HepTW M rasa, CyfOCTPOUTENbHblE, aBMACTPOUTENbHbIE,
aTOMHble 3NeKTPOCTaHUuM, neTaTenbHble annapaThbl, >KenesHble [AOPOrk, MOCTbI, 3[aHNA
COOPY>KEHNS 06LLECTBEHHOTO Ha3HaueHUs W Ap., TAe aNeMeHTbl KOHCTPYKUMA COCTOST U3 cTam,
4acTO MOMy4aloT PasHOro POAa MOBPEXKAEHMS, 4YTO, Kak Mpasuno, co3faéT npobnembl B
aKcnnyaTaunm, Bbi3biBaeT (HHAHCOBbI YLiep6 M CTaHOBMTCA 04aroM OnacHOCTV A1 XKNU3HN NOAEi.
Mo3aToMy aKTyalbHbIM fBNSETCS VX CBOEBPEMEHHOE U HAJEXKHOe NeyeHre. B paboTe npeanox<eHbl
NepcneKTVBHbIE HANpaBeHUsi MPUMEHEHUS KOMMO3MLMOHHBLIX MaTepuanos ANS BOCCTAaHOBAEHWS
NOBPEXK/EHHbIX KOHCTPYKLNIA HA OCHOBE 6a3a/1bTOBOrO BOOKHA M COBPEMEHHDBIX MOMMEPOB C Y4eTOM
BAVAHWA Pa3HbIX BIAOB HArpy30K 1 NX HaMPs>KeHHO-4e(hOPMMPOBAHHOIO COCTOSHUA.

Kntoyesble cnoBa: CTanbHOW MNCT, KOPPO3US, CTEKNAHHble N 6asanbTOBble BOMOKHA, MOMNMEPSI,
KOHCTPYKUMA U WX COEANHEHVSs, KOMMO3ULMOHHbIE MaTepuanbl, BIAbI HarpysoK, AetopMupoBaHHOe
COCTOSHMe, paspyllalolias Harpyska,  aHTWKOPPO3MOHHaA 3alTa, MoAUMepbl  CreLuanbHoro
HasHaYeHus, yBeNMUeHne aare3noHHOW NPOYHOCTU W HeCyllel CMOCOGHOCTH, HOPMabHbIA OTPbIB U
CABWT, KOMMO3UTbI, apMUPYIOLLMIA MaTepuan, COeAUHEHNS, apMUPOBaHHOE MONMMEPHOE MOKPbITHE,
NPOeKTPOBaHNe, NPOYHOCTb 1 YCTOIYMBOCT b, BOOCTAHOBNEHUS pab0TOCNOCOBHOCTH.

1. Mpegncnosue

Oco60 OTBETCTBEHHbIE HECyLUMe KOHCTPYKLMM Takmx O6BLEKTOB, KaK TepMWHaNbl He(hTU U rasa,
Cy[OCTPOEHME, aBMacTPOeHME, aTOMHble 3M1eKTPOCTaHLMKM, neTaTeNbHble anmapatbl, >XenesHble A0poru,
MOCTbI, 3[aHVSi U COOPYXXeHWs OOLLEeCTBEHHOTO Ha3HaYeHWs W [p. OTPacnsX TeXHUKW. The 3NeMEeHTbI
KOHCTPYKLUMIA COCTOAT U3 CTaNM, 4acTo MO/yYaroT PasHOro pofa NoBPeXAEeHNs, YTO, Kak Npasuo, co3aaéTt
npo6nemMbl B 3KCM/yaTaLmu, Bbi3blBAIOT (IMHAHCOBbLINA yLep6 U CTAHOBATCA 04aroM OMacHOCTU [AN1S XKU3HU
nofei. MoaToMy akTyanbHbIM  ABMISETCH 0OHapYXXeHWEe NOBPEXAEHWUS KOHCTPYKUMIA Ha paHHeM 3Tarne, a
MOTOM MX CBOEBPEMEHHOE N Hal&KHOE NeYeHue.

Mo crtatucTuke, Gonee 25 nNPOLEHTOB aBapwii, 0O0YCNOBMEHHbIE CHVXXEHUMEM MPOYHOCTU U
NOSIB/IEHNEM TPELLMH MeTa/IIMYeCKNX KOHCTPYKLMIA, BeYeT 3a CO60IM 3arpsasHeHre OKpYXKatoLlein cpefpl,
BbINaTy CTPaxoBOM NOMOLLM, & CAMOE FN1aBHOE, NIeTa/lbHble UCXOAb.

TpagnUMOHHbIM CMOCOGOM ANS NeYeHWs  MONYUMBLUMX MOBPEXAEHUS  3/IEMEHTOB CTa/lbHUX
KOHCTPYKLi/ (2 Tak >Xe CKpbITbIX Ae(heKTOB, BO3HMKLIMX 32 BPEMS UX 3KCMayaTauun: MosBAeHUE U
pasBMTME NPOOOUH, TPELUWH, KOPPO3WW, UCTUpaHWe 1 Ap.), 418 UX COeAMHEHWS W BOCCTaHOB/IEHUS B
HacTosLLee BPpeMs B OCHOBHOM SiBNSieTCA cBapka. OHaKo 3TOT MEeTOA A1 COeAMHEHNS TOHKux MO TO/LMHE
NINCTOB NpoOKaTa 1 ApYrx 3/1IeEMEHTOB KOHCTPYKLUMIA (TPy6 pasHOro AMameTpa W HasHayeHus u gp.), 4acTo

6
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OblBaeT NPOG/IEMATUYHOI U3 33 X TOHKOCTEHHOCTY YacTO HEBO3MOXHOI. [Mo3ToMy B AaHHOM paboTe Kak
anbTepHaTMBa PacCMOTPEHbI BapuaHTbl BOCTAHOBMEHMS WX PaGOTOCMOCOGHOCTV B 3aMeH CBapkuh —
CK/IEMBAHWEM C NMOMOLLIbIO KOMMO3ULIMOHHBIX MaTEPUanoB Ha OCHOBE CTEK/AHHBIX 1 6a3a/IbTOBbIX BO/IOKOH
[1-2] v CKNEEHHBIX C MPUMEHEHNEM MONIMMEPOB CMeLManibHOro HasHaueHus [3-4].

2. OCHOBHas 4acTb

Bonpocbl pa3paboTKnM U COBEPLUEHCTBOBAHUSA COEAWNHEHUI KOHCTPYKLMOHHBIX 3/1EMEHTOB WMEHT
60/bLUOE 3HAYeHWe B COBPEMEHHOM CTPOWUTENbCTBE, MALUMHOCTPOEHUM W B Apyrux cdepax. HapéxHoe
BOCCTAHOB/IEHWE  MOBPEXAEHHbIX  Y3/10B  4YacTO  OnpefensieT  OCHOBHble  [JOCTOMHCTBA  Kak
BOCCTaHaB/MBAEMbIX, TaK 1 HOBbIX KOHCTPYKLMIA. Takne CoefMHEHNS AO/MKHbI YA0BNETBOPATb TPeOGOBaHUAM
MPOYHOCTU, XECTKOCTU N YCTONUYMBOCTU KaK Ha CTafiuv MX MOHTaXa, WM BO3BEAEHWS, TaK U B rpouecce
aKcnuyataumu.

B cBA3W C 3TUM U Kak OfHO W3 aKTyasibHbIX HarpasneHWii B 061aCTW TEXHUYECKMX HOBLLECTB,
npeAnaraeTca BHeApeHNe TEXHOMOTUM 1 OpraHn3aumio NPOn3BOACTBA A/ BOCCTaHOB/EHUS KOPPO3MOHHOTO,
9PO3MOHHOIO M [pYrMxX  BWAOB  [e)eKTOB M paspyLUeHWid, a TakKe Hecyllel Crnoco6HOCTU
MOBPEXAEHHBIX METaINIMYeCKUX KOHCTPYKLMIA U3 pasHbIX BUAOB CTasiell B TOM YMC/e LBETHbLIX METa/I/10B U
cniaBoB. B 0CHOBe JaHHOV TEXHONOMMMN NEXUT HaHECEHWE Ha UX NOBEPXHOCTeN (C y4eTOM BCeX TpeboBaHNS
AN19 MOMyYeHns afire3un) apMmyupoBaHve MoMMEPHbIe NOKPbITUA [3-7]. BOCCTaHOBNEHWE METaI/IMYECKNX
3/leMEHTOB  KOHCTPYKUWA  ABNAETCA OCOOEHHO 3(PMEKTVMBHbIM W  LieN1ecoobpasHbiM Ha OCHOBE
apMMPOBaHHbLIX NMOMIMMEPOB C NPUMEHEHNEM CTEK/IAHHOIO UM 6a3a/1bTOBOr0 BOIOKHA. Takas KOMOMHaLMA
B TO XX€ BPeMSA ABNAETCH HafleXXHOM aHTUKOPPO3MOHHON 3aLMUTON NPaKTUYeCKnid ANs NobbIX arpecCUBHbIX
(LLenye- M KUCNOTOCTHOM) cpesax.

OfHMM M3  MeTOLOB  HALeXHON aHTUKOPPO3MOHHOM 3aliMTbl M BOCCTAHOB/IEHWUA  HECyLel
Croco6bHoCTH, MOBPEXAEHHBIX METa/IIMYECKMX  KOHCTPYKUMWIA  ABnseTcs  Ayb6nupoBaHue nX
apMUPOBAHHLIMK  MONMMEPHBIMU NOKPbITUAMU [8-9] WK B page cryyaeB C NPYMEHEHVEM MaTepuasoB
COBMECTHO C MonuMepamu. Hecylive anemMeHTbl KOHCTPYKUMIA B MpouLecce  3KCMayatauum  4acto
nofsepratoTcs WHTEHCUBHLIM U3rMbaloWyM, CKMMAOWUM  WUAN  PacTArMBAOLWMM  MEXaHWYECKUM
BO3[elCTBYEM: COCPEAOTOYEHHbIM  JIOK&/IbHBIM ~ WNW  PacrpefesieHHbIM,  3HaKoMepeMeHHbIM 1
AVHaMUYeCKUM BO3[ECTBUAM, KOTOPbIE MOTYT BbI3BaTb WX MOBbLILLEHHYIO Ae(hopMaLmio 1 paspyLLeHue.

B cBA3M C 3TWM MNpeAcTaBseT WHTEPEeC WCCMefoBaHWe BAUAHWUA pPasHbIX BUAOB Harpy3ok Ha
[ethopMUPOBAHHOE COCTOSIHME  KOHCTPYKLMUWM BOCCTAHOB/IEHHBIX C  MPUMEHEHWEM  KOMMO3ULMOHHbIX
MaTepuanoB, a TakXe OnpedeseHVe BeIMUYMH MaKCUMabHbIX JIMHENHBIX Aedopmauuii NOAN0KKN, Mpu
KOTOpPbIX MOKPbITUE COXPAHUT aAre3viOHHYHO CBA3b C MOAJIOXKKOWA NPU UX COBMECTHOM LedOpMUpPOBaHUN.
CoxpaHeHWe 3TOM CBA3M B YC/MOBUAX [e(OPMMUPOBAHHOIO COCTOSIHUA BO3MOXHO TOMIbKO MPY HaMyum
BbICOKOWA afire3noHHON NPOYHOCTK. B TO Xe Bpems 0COGEHHOCTM COBMECTHOr0 ethOPMMPOBAHUSA MOLMOXKKN
Y NOKPbLITWA ABNAKOTCA OAHOMN M3 Hanbosee BaXKHbIX, HELOCTATOYHO U3YUYeHHbIX Y HEOT/IOXKHbIX 3aau.

B CBA3W C BbLILLEN3NOXEHHOM, MPEACTaBNSET OCOObIA UHTEPEC MCCMefoBaHNe U U3NTOXKEHHbIE B
cratbe  BAMAHUA  U3MMOHBLIX UM pacTArMBalOWMX HArpy3oK Ha  [eOopMMpOBaHHOE  COCTOSIHME
KOMMO3MLVMOHHBIX MaTepuasioB, a Takxe OnpefeneHue BefIMYMH MaKCUMa/IbHbIX IMHEVHbIX AethopMaLinii
MOAJIOXKKM, NPV KOTOPbIX MOKPLITVE COXPAHUT aAre3vioHHYHo CBA3b MPY MX COBMECTHOM Ae(hOpMUPOBaHNN.
CoxpaHeHWe B 3TOW CBA3W B YCNOBUAX Ae(OPMMPOBAHHOIO COCTOSIHUS BO3MOXHO TOJSIbKO NPW HanMyuu
BbICOKOWA afjre3noHHON NPOYHOCTU. B TO Xe Bpems 0COOEHHOCTM COBMECTHOr0 ethOPMUPOBAHUA MOLMOXKKN
(cTanb) 1 NOKPbITUA (KOMMNO3UT) ABNAKOTCA OAHOW U3 Hanb01ee BaXKHbIX U HELOCTaTOYHO M3YYEHHbIX 3ajay.

OKCMeprMeHTa/IbHble  UCMbITAHWUA  KOMMO3ULMOHHBIX MaTepuanoB Ha 6ase CTEK/I0nJIacTUKOB
MOKasa/v, YTO OCHOBHOW MPUYMHOW paspyLUeHNs ABNSETCA paccavBaHue BONOKOH CTEKNOTKaHW Nof B
6O0NbLUON CTEneHW AeNCTBMEM CXMMatoLel Harpysku. loTepsi YCTOMYMBOCTM MOXKET HacTynuTb M B
3/1eMeHTapHOM 3BEeHe apMMPOBAaHHOTO MOMNMMEPHOTO MOKPbLITUA. Tlpn CKaTuM ero BAOMb MPOLOSbHBLIX
BOJIOKOH CTEK/IOTKaHW pa3BuTve fehopMaLyil B KNeeBOM KOMMOHEHTE MPUBOAWT K NOTepe YCTOMYMBOCTM
CTEK/IOBO/IOKOH, YTO MHULIMMPYET Hava0 paspyLUeHns BCero marepuana (3neMeHTa).

[ns COBMeCTHOro 3(p(heKTUBHOI0 NMPVYMEHEHUS CTEK/I0BOSIOKHO UMEET OrnpeLe/ieHHbIe OrpaHnyeHuns
Mo CBOMM XapaKTepUCTMKaM, a B YaCTHOCTU: Y/e/bHOM NMPOYHOCTU, TEMMEPATYPHOrO PeXmma NpuMeHeHus,
XVMUYECKOW CTOMKOCTWU, OCOGEHHO B LLENOYHBIX cpedax v ap. Mpy Npov3BOACTBE CTEK/I0BOIOKHA [AO/MKHbI
MCNOMb30BaHbl XUMUYECKUN YNACTbIE KOMMOHEHTbI 1 0CO60 AetMUUTHBIA KOMMNOHEHT — OKM1Ch 6opa (B2 03).
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Mo3ToMy B HacTosLLee BpeMsi BbINOMHEH PS4 paboT Mo pa3paboTKe COBPEMEHHbLIX TEXHOMOMUIA
BbIMyCKa HernpepbiBHbIX 6a3a/bTOBbIX BOMOKOH (HBB) [1,2], Ha OCHOBE KOTOPbIX OPraHv30BaHbl
NPOV3BOACTBA MO BbIMYCKY Pa3HbIX TUMOB TKAHEBbIX N CETHYATbIX MaTepuasios.

HenpepbiBHble Ba3anbToBble BOMOKHA, MOMYyYeHHOE M3 pasHbIX KapbepoB HECKO/IbKO OT/IM4YaroTCA
ApYyr OT Apyra, OAHaKo OHM 06nafas BbICOKOW MCXOAHOW npoyHocTbio 1900-2200 MIMa (19000-22000
Kr./cmM?), B uHTepBane Temnepatyp —260° +650° C, He MeHsOT (Te. COXpPaHSOT) CBOMX (DU3NKO-
MeXaHW4YeCKMX CBOWCTB M NpPW 3TOM YAenbHas NPOYHOCTb, B 4-5pa3 NpeBbILLAtoLLYOT NPOYHOCTL CTa/IN.
Mpw 3aKanmBaHny basanbToBble BONOKHA, BO3MOXHO, X MCMOMb30BaHVe Npy Temnepartype Ao 900-1000°C.
Mogynb ynpyroctn 6a3asibTOBOro BOJIOKHA B cpefHemM Ha 15-20% Bblwe, YeM Y CTEK/IAHHbIX BOJIOKOH.
Koppo3noHHasi CTOMKOCTb 6a3a/ibTOBOrO BOJMIOKHA B cpegHeM B 12-15 pa3 Bbile, YeM Yy CTaibHbIX
KOHCTPYKLWMI, & COBCTBEHHbIV BEC M3LeNNIA NN KOHCTPYKLUMI B 3.5-3,9 pa3 MeHbLUe (Nerye), Y4em 00blYHble
3N1eMeHTbl M3 BbICOKOMPOYHbIX CTa/leil, YTO MOATBEPXKAAETCA  MHOTMOYMCNEHHBIMW TEOPETUYECKAM W
3KCNepuUMeHTaNbHbIM MccnefoBaHuamm [10, 11-13].

ApPMUPOBaHHbIE NOMIMMEPHbIE MOKPbLITUS B BOMBLUMHCTBE C/y4aeB XOPOLLO paboTaloT B YCNOBUAX
PACTHKEHUSA N CKATUSA, HO HECKO/IbKO XY>Ke Mpu U3rnbe. YCTpaHUTbL pas/inune Mexzay XapakrepucTukamu
MPOYHOCTV MPW Pa3/INYHbIX Harpyskax 3TOro marepuana nbiTaloTCH PasINYHbIMU CNOCO6aMU: MECTHbIM
YMNPOYHEHMEM, YBE/IMYEHWEM TOMLWMHbI MaTepuasa, YCTaHOBKOW pebep >ecTkoctu v T.n. OfHako,
NpPVYMEHeHNe apMUPOBAHHOIO MONMMEPHOr0 MaTepuana, nNpefHasHauYeHHOro 41 pas3aenbHo paboTbl ero B
pacTArMBaeMbIX UM M3rnbaembIX 3feMeHTax, HelenecoobpasHo M He BCerfja OCyLLecTBMMO. Heobxoammo
co34aTtb MaTepuasbl, CNOCO6HbIE afeKBaTHO BOCMPUHUMATb Kak pacTArmBatoLLue, Tak U U3rmbHble HarpysKu.
PaccmoTpum 60nee NoApPo6HO HEKOTOpPbIE BUAbI paspyLLUEHNA KOMMNO3WULMOHHOIO MaTepuasa (Tuna MmeTtansia)
— apMMPOBAHHbLIM MOUMEPHBLIM MOKPLITUEM.

Mpwy nccnefoBaHWM B KAYECTBE METa/I/IONO/IMMEPHbIX 3/IEMEHTOB MCMONb30BA/INCL 06pasLbl pasMepom 5
X 60 x 350 MM, M3roToBneHHble U3 ctaim BM CT1.3 cn, TaKk Kak CTa/lb 3TO MapKu SIBASETCH OLHUM W3
OCHOBHbIX KOHCTPYKLMOHHbIX MaTepuasnos, NPUMEHAEMbIX B Pa3/INYHbIX 06/1aCTAX TEXHUKM.

Mpu hopmMmpoBaHUN aPMUPOBAHHOIO MOIMMEPHOrO MOKPbITUS B KAUeCTBe CBA3YHOLLMX MUCMO/b30Ba/IUCh
KoMnosnummn «CrpyT-Al» Ha OCHOBE HEHaCbIWEHHON NOAuapUpHOM cmonbl, «CrpyT-A2» Ha OCHOBE
aKpnnoBoi cmonbl U «CrnpyT-A3» Ha OCHOBE 3MOKCUAHOM CMOJbl. BO BCe CMOJbI BBOAWAUCH CrieLna/ibHble
MOZM(UKATOPbl N PeakLMOHHOCMOCO6HbIE MOBEPXHOCTHO-aKTUBHbIE BellecTBa [6-9], obecneumsatoLye
yBeNMYEHNEe afre3noHHOW MPOYHOCTU M HEM3MEHHOCTbL €e BO BPEMEHU [axe B BOLE, a TakkKe CHUKEeHue
YCaf04HbIX BHYTPEHHWNX HAaNPSHKEHWIA Ha rpaHuLe MeTai — NoAnMep. ApMUPYIOLLMM MaTepuanoM CyXxmuna
CTeKnoTkaHb T-11-MBC-9.

IMPOYHOCTb TaKOro KOMMNO3ULMOHHOIO MaTepuasna npu pacTHKeHUN onpesensny no gopmyne:

s,=S,v,+(@-v,)s,=s,V,+S,.V, (1)

rae s,.,S ,,S, — npeaen NnPoYHOCTU KOMMO3NLIMOHHOIO MaTepuasa, Metania 1 NoKpbITUs COOTBETCTBEHHO,
MMa;
V,,V, - 06beMHas fong MeTasifia U MOKPbITUA COOTBETCTBEHHO, %.

®opmyna (1) crnpaBeanvea NULb A1 MAEaNbHOTO aAre3vioHHOro KOHTaKTa MOKPbITUS C NMOA0XKKON B
npeanonaras, 4to:

a) CBSA3b MEX/Y NMOKPbITVEM 1 NMOAI0XKKOIN SABNSETCS COBEPLUEHHOIA;

6) B3aMOZENCTBINE NOKPBITWS C NOAMOXKKOI HE NPUBOAWT K NOSIBNEHMIO NOMePeYHbIX AedopMaLinii;

B) [0 Harpy>eHus B NOKPbITAN 1 MOANOXKE HET 0CTaTOUHbIX HAMpPSHKEHWIA;

r) Bce (hasbl MPU BCEX YPOBHAX HAMPSHXKEHWI HAXOAATCS B YCOBUSX PaBHOI AedopMaLni;

[1) BONIOKHA CTEKNOTKaHMN PacrofoXeHbl NapaniefibHo OCK Harpy>XeHus.

B nccnepyembix obpasuax S, =400 MMa, s, = 320 MIMa, cooTHoweHwe V,, /v, = 3/1. OTcloga vV, =

375 MIMa. ®dakTyeckas NPOYHOCTb (KOHTPO/bHAsA) KOMMO3WLMOHHBIX — 00pasLoB Onpedensnach Ha
paspbIBHOM MaLLMHe Instron.

B cBA3M C Tem, YTO 3/M1EMEHTbI, U3rOTOB/IEHHbIE M3 KOMMO3MLIMOHHOIO MaTepuana, MoryT HaxoAuTbCs B
YCNIOBUAX PE3KOro M3MEHeHWsi TemMnepaTyp, BO3HWKAET OMaceHwe, YTo B CUMY Pas3/iMuns KoahULMEHTOB
JINHEAHOro pacLIMpeHs U B CBA3M C OTHOCWUTENIbHO GO/bLUOA TONWMHOW MOKPbITUA  BO3MOXHO
YMEHbLLEHWE aAre3MOHHON MPOYHOCTM.
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KoaththULMEHT NHEHOTO pacLUMPeHns apMUPOBAHHONO MOMMMEPHOTO MOKPbLITUS B MHTepBane 297 —

373 K paseH 9-107°, a KO3(DULMEHT NNHEHOTO PACLUMPEHUs MeTanna paseH 12:10°°. B cBS3M C 3TUM
ObINI0 MCCNEAOBAHO BUSHWE LMKINYECKUX W3MEHEHUIA TEMNepaTypbl, a Takxe LJINTENIbHOro BO3LelCTBUA
MOBbLILLEHHOM TeMMNepaTypbl Ha (U3MKO-MeXaHW4Yeckne CBOMCTBA CUCTEMbl METal — apMMPOBaHHOE
MOJIMMEPHOE MOKPbLITHE.

B Hauasie 06pasupl BblAep>K1BaIMCh B TepmocTarte npu Temnepatype 373 K B TeyeHue 30 MUHYT, nocne
4ero rnepeHoCUNNCH B COCYA C XMAKMM a30ToMm (123 K), B KOTOPOM BblaepxumBanuch Takxe 30 MUHYT. Bcero
6bln npoBefieHO 15 Takmx UMKNOB. Ona onpesenieHns 3deKToB TEPMUYECKNX BO3LEVCTBUIA U TEMNIOBOr0
yfapa B OTAeNbHOCTU 4acTb 06pa3sLioB MofBepranacb TOMbKO OAHOMY HarpeBy B TeyeHMe 5 4acoB Mpw
Temnepatype 373 K.

O6pasupbl, NpoLesLline HarpeB W OXNaXAeHWe, OCMaTPUBA/IUCL BU3Ya/lbHO (C MOMOLb0 nynbl 20-
KpaTHOro YBE/IMYeHUs), a 3aTeM WUCMbITbIBA/IMCb Ha pacTsKeHue. Pe3y/bTaTbl WCMbITaHWA 06pa3LoB
npeAcTas/ieHbl B Tabnuue 1.

MpOYHOCTHbIE CBOMCTBA 06Pa3LL0B NOC/e BO3AENCTBINA TEMMNEPaTypbl. Tabnuua 1
CocTosiHMe 06pa3LIoB MonmmepHas S, Mla CHuxeHvre S, %
Komnosunuunsa
Mocne umMKnnyeckoro CnipyT-Al 35,0 55
BO3AeicTBMA TemnepaTypbl  CnpyT-A2 34,0 55
CnpyT-A3 34,7 58
Mocne gnntenbHOro CnpyTt-Al 35,5 4.2
BO3/ENCTBNA MOBbILWEHHbIX  CnpyT-A2 34,5 41
Temneparyp CnipyT-A3 35,1 45
KOHTpO/bHbIE CnpyTt-Al 37,0 -
CnipyT-A2 36,0 -
CnpyT-A3 36,4 -

Kak BMAHO 13 Tabnuupl, NOTEPH MPOYHOCTY KOMMO3ULMOHHBLIX 06pa3sLoB NP PacTsHXKeHUU npu
LIMK/IMYECKOM M3MEHeHUW Temnepatypbl (805,8%) MOXHO CUATaTb HE3HAYUTENBbHOIA.

WccnenoBaHWa Mokasaiv, 4TO apMMPOBAHHOE MONMMEPHOE MOKPbLITME  YBENMYMBAET MPOYHOCTb
aNleMeHTa, rNaBHbIM 06pa3oM, B 3KCTPeMasibHbIX YCMIOBMAX, KOrfa paspyLuarollas Harpys3ka Ha 3neMeHT
MpeBbILLAeT npejen ynpyroct martepuana nogJiIoXKW, TO ecTb MOKPbITUE HauMHaeT NPUHUMATL Ha cebs
Harpysky npu njacTM4eckom AethopMmnpoBaHnn CTasn.

KomMnosuumoHHble 06pasubl Obinv HarpykeHbl [0 HanpskeHus 200 MIa, BblAepXvBanuchb Mog
pacTAr1BatoLLEn Harpy3Koi B TeueHue 5 MUHYT, 3aTeM Harpyska CHMUManacb 1 LK/bl NOBTOPANUCH. [ocne
500 UMKNOB yBENNUMBANN HArpysKy W [OBOAWAM 006pasLbl A0 MeXaHWYeCKOro paspyLueHus MOKpbITUS B
BUfe OTC/lanBaHWsA ero oT MeTanna.

MpoBOAUNNCL TaKXe WCMbITaHWUA Ha PacTsHKeHue 00pasLoB, BbIPe3aHHbIX W3 pPealbHOM CyLOBOM
KOHCTPYKUMM nocne 12 neT akcnayaraumu. ApMYPOBaHHOE MOKPLITUE B 3TOM C/lydae HaHOCW/IOCh Ha
KOPPOAMPOBaHHYIO NMOBEPXHOCTb META/I/IMYECKOTO 06pasLia.

Ha KOppO3VOHHYK CTOWKOCTb B MOPCKOW BOAe M He(TVU KOMMO3MLMOHHbIE 06pasLbl UCMbITbIBAINCH
nyTem MNorpy>keHns Nx B COOTBETCTBYIOLUME cpefbl B TedeHne 50 cyToK. Yepes Kaxkable 5 CYTOK C NOMOLLbIO
nynbl  20-KpaTHOrO  YBE/IMYEHWUA MPOBOAMINCL BU3yasibHble OCMOTPbI, KOTOPble MOKa3an MosiHoe
OTCYTCTBME KaKNX-IMB0 KOPPO3NOHHBIX paspyLUeHWiA.

Mocne 50 cyToK 06pasLbl UCMbITLIBA/INCL HA pacTsXkKeHue. Ha 3TOT e BUA Harpysku UCMbITbIBA/INCH
06pa3Libl Nocne BbIAEPXKKM UX B TeUEHUE rofja Ha OTKPbITOM BO3Ayxe. Bu3yanbHblii OCMOTP 3TUX 06pasLioB
MoKasasl, YTo HapyXHas NoBepxXHOCTb (CO CTOPOHbI MOKPbLITUA) HE MOABEPrIach KakMM-nnbo M3MEHeHUsAM,
T.6. aPMMPOBAHHOE MOJIMMEPHOE MOKPLITVE XOPOLLO BbIMOMHAET (PYHKLMIO KOPPO3VMOHHOW 3alimTbl, & Ha
MOBEPXHOCTW MeTasi/ia 6e3 NOKPbITUS HAbNOAIMCE 04arn KOppo3MOHHOTO M3HOCA MeTalna B BUAE A3BUH U
OCMuH. B Tabnuue 2 npuseseHbl pesynbTaTbl ITUX UCTIbITAHUIA.

He3HauuTeNbHOE CHWXEHWE MPOYHOCTU HEKOTOPbIX 06pasLloB Mocsie MCMbiTaHWin B TedeHue 50 CyTOK B
MOPCKOW BOAe W B TeYeHWe rofa Ha OTKPbITOM BO3LyXe, MO-BUAVMOMY, MOXET OblTb 06BACHEHO
B3aMMOZEVCTBMEM NOMMMEPa C BOLOW M OKpYXatoLwei cpefoii. VccnenosaHus nokasaim, Y4To MAOTHOCTb
maTepuana MoKpbITUS B pe3ynbTate HabyxaHus B TeyeHne 5 cyTok Bospocna Ha 0,6 — 0,7%. Takoe
yBe/IMYeHne TMJ/I0THOCTM CBA3aHO, OYEeBWUAHO, C 3arofiHEHVEM BOZOW MWKPOLE(EKTOB B 06bEME
apMMPOBAHHOI0 MOKPbLITUA. 3aTemM HabMAaN0Ch CHDKEHWE NNOTHOCTU Ha 0,2 — 0,3% npu yBennyeHun

9
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BPEMeHV BblAepXKKy 06pa3LoB o0 20 cyTok. [anbHelillee yBenuyeHne BpEMEHM BbIAEPXKKM [0 50 CYTOK He
MPUBOAMT K W3MEHEHUAM MNNOTHOCTM apMUPOBAHHOTO MOSIMMEPHOTrO MOKPbLITUSA. CHWDKEHUE M/I0OTHOCTU
maTepuana NoKpPbITUA Mbl CBA3bIBAEM C HEKOTOPOW NacTUMKaLvein nonumepa BOAONM.

MpOYHOCTHbIE CBOMCTBA 06Pa3LL0B NOC/E KOPPO3NOHHbBIX UCTbITAHWIA. Tabnuua 2
CocTosHve 06pa3Lios MonvvepHas S, MlMa CHwxkeHveS  , %
Komnosnumsa
Mocne 500 YnKIoB HarpyXeHus CnpyT-Al 36,0 -2,7
CnpyT-A2 35,0 -2,8
CnipyT-A3 354 -3,0
Mocne BbIAEPXKKM B HEPTK CnpyT-Al 37,1 +1,0
B TedeHue 50 cyTokK CnpyTt-A2 36,2 +1,1
CnipyT-A3 36,5 +1,0
Mocne BblAePXXKM B MOPCKO CnpyT-Al 35,5 -1,1
BOZe B TeyeHue 50 cyToK CnpyTt-A2 33,5 +0,3
CnipyT-A3 33,9 -2,1
Nocne BbIAEPXKKN B TeUeHue Cnpyt-Al 35,0 -14
rofia Ha OTKpPbITOM BO3fyXe CnpyTt-A2 34,0 -0,6
CnipyT-A3 34,4 -1,8
O6pasLbl C KOPPOAMPOBAHHOIA Cnpyt-Al 37,2 +1,0
MOBEPXHOCTbIO CnpyT-A2 36,3 +1,1
CnipyT-A3 36,6 +1,1
KOHTpO/IbHbIE CnpyT-Al 37,0 -
CnpyT-A2 36,0 -
CnipyT-A3 36,5 -

MpoYHOCTb 06pPa3sLIOB, BbIAEPXKAHHbLIX B HE(TU M 06Pa3LOB ¢ KOPPOAUPOBAHHON MOBEPXHOCTbIO
NpaKTUYecKn Gbina paBHa KOHTPO/IbHOMN.
Kak npaBusio, NPOYHOCTb K/1EEBOI0 COeAMHEHUSA ONpPeLensieTca He TONbKO aaresveld, HO U Koresmen,
T. €. CUI1ammn B3aMMOAENCTBIS MEXAY MOSIEKYTaMn CaMOro Kies.
ApPMUPOBaHHbIE NOIMMEPHbIE MOKPLITUS, UCNO/Mb3YHOLLMECS A5 BOCCTAHOB/IEHWUSA MPOYHOCTH, XKECTKOCTH
M TePMETUYHOCTM W3HOLLEHHBIX 3/1EMEHTOB METa/IIMYECKUX KOHCTPYKLWMIA, 3KCNAyaTUpYHOTCa, a 4acto v
HaHOCATCA B NPUCYTCTBUM BOAbl M HE(TENPOLYKTOB. B CBA3N C 3TUM GONbLUOW MPaKTUYECKUIA MHTepec
NpeACTaBNSAET OLEHKa afre3vioHHOW MPOYHOCTU NOKPLITUI B 3TUX YCTOBUSX.
PaccMOTpeHbI CefyoLLme BapuaHTbl HAaHECEHUA 1 UCTbITaHUA apMUPOBAaHHBIX NOMIMMEPHBIX MOKPbITUIA:
1. HaHeceHvie NOKPbITUIA HA BO3AYXe, UCMbITaHWe Ha BO3AYXe, BOAE U He(hTeNpOoAyKTax.
2. HaHeceHue MOKpbITUI Ha METITMYECKYIO MOBEPXHOCTb, MOKPLITYHO HepTeNnpoAyKTamu, UCTbITaHWe
Ha BO34yXe WM B NPUCYTCTBUM He(hTENpoAyKToB. B KauyecTBe He(hTENPOLYKTOB MCMOIb30B/INCH
Av3eNnbHOe TONMBO, Chipast HePTb M MasyT, B CBA3W C TeM, YTO pe3y/bTaTbl UCMbITaHUIA C 3TUMK
maTepuanamn 6blinM  NPUOAM3NTENBHO OAMHAKOBLIMKW, B AaNbHEALLEM OMMCAHUM Mbl WX He
pasgensem.
3. HaHeceHue I'IOKprTVIVI B BOAE, UCMbITaHVe Ha BO3AyXe 1 B BOAE.
4. HaHeceHWe NOKPbLITWIA NO BapuaHTam 2 1 3, BbIAEPXKKA U UCMbITaHWE B TOM Xe cpege.
HekoTopble pe3ynbTaTbl MCNbITaHW NpUBEAEHbI B Tabnuue 3.

Pe3ynbTaTbl UCMbITaHU 06pa3L0B Ha HOPMa/IbHbIV OTPbIB 1 CABUT Tabnmua 3
NeNe | Ycnosua HaHeceHus U AJresmoHHas NpoYHoOCTL 06pasLos, MIMa
n/n NCNbITaHUA NOKPbITWI CnpyTt-Al CripyTt-A2 Cnpyt A3
On Tn On Tn On Tn
1 HaHeceHue n ucnbitaHne 30,8 30,1 28,4 27,0 28,2 29,5
Ha BO34yxe
2  HaHeceHue B BOfg, 288 283 28,1 27,6 27,3 28,4
NCMbITaHWE Ha BO34yXe
3 HaHeceHue B He(pTe- 292 278 27,0 26,0 27,6 29,1
NMPoAYyKTax,

MCnblTaHMe Ha BO3AyxXe

10
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4 HaHeceHue, BblAepKKa 286 28,1 25,3 24,2 27,8 28,6
M UCMbITaHWe B He(hTe-
npoayKTax

5  HaHeceHue, Bblgepxkka 28,7 28,2 28,6 27,1 27,2 27,6
N ucnbiTaHe B BOAE

MpumeyaHwe: S, n t - npegenbl NPOYHOCTM NPU  HOPMabHOM OTPbIBE U CABUIEe COOTBETCTBEHHO,
MTIa. VicnbiTaHnsa Ha HopManbHbI 0TpbIB NpoBoaunv no FOCT 14760-69, Ha casur no TOCT 14759-69.

Kak BUAHO ¥3 Tabnuupl, HaHECEHWEe apMUPOBaHHLIX MOKPbLITWA B BOAE W HEPTENpPOAYKTax OKasblBaeT
HE3HaUMTENIbHOE B/IMSIHWE HA 3HAYEHWe aAre3VoHHOM NPOYHOCTU. [pu 3TOM 3aKOHOMEPHOCTU, MOJYYeHHbIe ANs
CBA3YIOLLX NONUAUPHOr0, aKPUIATHOTO UK 3MOKCUAHOI0 TUMa NpUGM3NTENbHO OAMHAKOBbIE. DTO CBA3AHO C
TeM, YTO BCE BWAbl CBA3YIOLLMX COAEpXaT B CBOEM COCTaBe peakLMOHHOCMOCO6HbIe MOBEPXHOCTHO-aKTUBHbIE
BELLECTBA M B3aMMOZENCTBYE MOMMMEP — METaNN OCYLLECTBASETCS Yepe3 MOHOcNoW MAB, npu 3TOM XMMUYecKast
NpYpoJa CBA3YHOLLLEr0 YXXe He UMEET NPUHLMNNANLHOTO 3HaYeHNs [6-8].

MoBEPXHOCTHO-aKTUBHOE BELLECTBO 06eCreunBaeT TepMOAMHAMUYECKME YCMOBUA BbITECHEHWUS BOAbl WK
He(TeNnpoAyKTOB C rpaHMLbl pasfena KOMMo3nLmMa — MeTanl Npy CKIEUBaHWUN B 3TUX XXMUAKOCTAX. OfHAKO, Kak
6bl/10 MOKa3aHO Hamu paHee [7], 4N NOAYYEHWSt MPOYHOrO aAre3MOHHOr0 COeAUHEHMUS B 3TUX YCNOBUAX MpU
HaHeceH!M KOMNO3ULLW dXenaTteneH nojBof MexaHU4eckoin paboTbl Ha rpaHuUy pasgena (as. MpakTuyecku aTto
MOXHO OCYLLECTBUTb, UCMOMb3YS XXECTKME LLETKN 1S HAHECEHNS KOMMO3WLMKM, NMPU CKIEUBAHWUUN B XKUAKOCTU
60MbLIMX MOBEPXHOCTEA HEOOX0AMMO ObecreunBaTh TeUeHWe KOMMO3ULMKM B afre3svuoHHoM croe. MMpu 3tom
CnefyeT NpefycMOoTPeTb YAaneHue BbITECHEHHOM C NOBEPXHOCTU MeTaslNa XUAKOCTM 3a Npejenbl afre3MoHHOro
cnos.

Kak B1aHO 13 Tab.3, BblAepXKKa MOKPbITUIA B BOAE NPAKTUYECKU He CHIDKAET aAre3MOHHYH MPOYHOCTb, faXKe
Mpy MCMbITaHUW MOKPbITUS Ha OCHOBE MOMM3MUPHOI KoMMo3nLMKn «CrpyT-Al». Kak oTMevaeTcs B nnTepaType
[8], kneun 1 NOKPLITMA HA OCHOBE HEHACBILLLEHHbLIX NON3PUPHBIX CMOM UMEIOT 0YeHb HU3KYHO BOAOCTOMKOCTL. B
[JAaHHOM Cflyyae, MCMO/b30BaHME HaMU PeakUMOHHOCMOCO6HbIX MAB MO3BOAMIO YMEHLLINTL — MeXdasHoe
HaTsHKeHWe Keil — MeTain A0 Takoro 3HaueHus, npu KOTOPOM Auddy3vs BoAbl NO MeX(asHON rpaHuue
CTAHOBUTCA TePMOAMHAMMYECKN HEBO3MOXHON [6-9]. Mpu BblgepXKKe MOKPLITWIA B HEPTU Takke OTMeyaeTcs
OYeHb He3HauYNTe/IbHOE M3MEHeHVe aAre3MOHHOM MPOYHOCTM faXe ANS aKpUIOBLIX KOMMO3WLMIA, KOTOpble
XapaKTepusyloTca 3HAUNTEIbHON maacTuukaumein HedTenpogykTaMu. [ns CHDKEHWS NNacTUULMPYHOLLEro
aheKTa B COCTAB MaKPOMOSIEKYN KOMMO3ULMK Oblnv BBEAEHbI 130LMaHaTHbIE TPyMnbl, KOTOpble 06ecrneynsanu
06pa3oBaHMe MEXMOEKYAPHBIX CLUMBOK.

YunTbiBas NOMyYeHHble pe3ynbTaThbl, BCE WCMbITaHHbIE KOMMO3WLMW MOrYT ObiTb PEKOMEHOBaHbI 418
1CMNONb30BaHNS B YCOBUAX BO3AENCTBUS BOAbl MW HehTAHbIX cpef. OfHako, NpUHMMas BO BHUMaHue 6onee
BbICOKYI0 TEXHOMOMMYHOCTb KOMMOo3nUun «CnpyT-Al», NpeanoyTeHne cnegyeT OTAaBaTb 3TOW KOMMO3ULUMW.
[JeicTBrnTeNbHO, 3Ta KOMMO3MLMS MOXET OTBEPXAATbCA MPaKTUYECKW MpW 060/ TeMmnepaType OKpyXKatoLlel
cpegsl, BpeMs  OTBEPXAEHUS  MOXeT perynuposarsCi 0T 1 cekyHAbl (Npv  MCNONb30BaHWUM
(hOTOCEHCUBWNN3ATOPOB) A0 HECKONbKMX CYTOK.

MWKPOHEO4HOPOAHbIE NacTUYeckme fedopMauuy MeTasina UCCNefoBaiviCh C NMOMOLLLIO MeToAa penepHbIX
Touek. CyTb MeTOofa 3aK/IHoYaeTCs B HAHECEHWUWM HAa NONMUPOBaHHYHK MOBEPXHOCTb 06paslia penepHbIX TOueK C
pasNMYHON 6as3oil ¢ nocneayrowmM CPaBHEHMEM PACCTOSHWUS MeXAy penepHbIMW TOYkamum [0 W nocne
neopmaunn. CpeaHsas MyUKpogedopmaulms paboyero yuyacTtka obpasua naMepsiacb TEH30MeTPOM ¢ 6a30ii 50 MMm.
Harpyska permctpvpoBanacb 3MeKTPOHHbIM cunomsmeputeneM. HabnogeHne n gotorpatmpoBaHme paboyero
yyacTka o6pasua npou3BOAWIMCL C NMOMOLLBIO MUKPOCKONa C (POTOHacafKoi. ocne AOCTUXEHWS 3afaHHOro
YPOBHA AehopmauMn pocT Harpysku npekpawancsa v ocyecTsasnocs hotorpampoBaHme paboyero yyacTtka ¢
penepHbIMM  ToukamMn npy 300-KpaTHOM yBennyeHun. [lpu JOCTWHXKEHWM MAaCTUYECKOR aedopmauumn, BO
n36exaHue penakcauuy obpasew, pasrpyxancs u hotorpagmposanics.

Mepes HaHeceHWeM MOKPbLITUA MOBEPXHOCTb 06pa3LJ,OB nonnpoBasiaCb A0 YMNCTOTbI, COOTBETCTBYIOLLEN Ra =

0,20 - 0,30 no MOCT 2789-73. C UMb CHATWS BHYTPEHHUX HaMNPSXKEHWIA N MOBbILUEHNS YNCTOTbI MOBEPXHOCTH,
06pasupbl  3NEeKTPONONNPoBaIUCL.  MpW  3NEKTPONOAMPOBKE  MCMOMb30BANCA  XMOPYKCYCHbIA  3MEKTPONUT,
a/IIOMUHUWEBBIN KaToL U NPUHYAWUTENbHOE OXNaXAEHWe 3NeKTponuTa. KayecTBo 31eKTPONOINPOBKY NPOBEPSIOCH
Ha Mukpockone M-8 npn 300-kpaTHOM yBennMYeHUN. CHSATUE BHYTPEHHMX HanpsKeHWU KOHTPOAMPOBASOChH
Ha MUKpoTeepgomepe MNMMT-3 n3mepeHVeM MUKPOTBEPAOCTU MOC/E KXKAOro LMKIa 3M1eKTPONoAnpoBku. Beero
6b1710 NPOBeAEHO 17 LMKIOB 3N1eKTPONONNPOBKM.
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Mocne OKOHYaHUA 3M1eKTPONONUPOBKM 06pasLpl Tpasunuck B 10% pacteope HF 415 BbISBNEHUS CTPYKTYPbI.
3mepeHne BeNMUMHBI 3epeH MOKasano, YTo CpefHW pasmep 3epHa paBeH 30 MKM. B cBSi3u € 3TUM 6bin Bbi6paH
Wwar penepHbiX Touek 10 MKM. Tak Kak Llar penepHbiX TOUeK Mas, a B MEeCTe MX HaHeCeHMsi MOBEPXHOCTb
nnacTuyeckn AeopMupyeTcs, BO3HWK BOMPOC HauMeHblUell BO3MOXHOW Harpyske Ha WHAEHTOp
MMKpOTBepAoMepa. MpoBefeHHbI 3KCMEPUMEHT MNOKasasl, YTO perepHas TOYKa HALeXHO pasivuvma npu
Harpyske He meHee 3 rpamm. O6paseL, BbICTaBAANCA HA NPeLMETHOM CTO/IMKE MWKPOTBEPLOMEPA TaK, YTOObI
HeCcoOCHOCTb 06pasLa U 0CK NepeMeLLeHNs CTonKa cocTaenana He 6onee 0,005 MM Ha 2 MM pabouero yyacTka.
COOCHOCTb KOHTPO/IMPOBaNiacb MO CUMMETPUYHOCTY OTMevaTKa npy Harpy3ke Ha MHAEHTOP MMKPOTBEpAOMeEpa
10 rpamm.

Ha 06pa3upbl HaHocuiock no 200 penepHbIX Touvek. 18 061eryeHns noncka Uccnesyemoro yqyactka OH
MapKMpoBasica Tylwbto. Cpasy Mocne HaHeceHMst penepHble TOYKW (DOTOrpapoBaiMCb C MOMOLLbIO
MUKpouHTepdepomeTpa MNN-4 npyu 300-KpaTHOM yBENIUUYEHU.

MepBunYHbIE pe3y/bTaTbl  3KCNEpPUMEHTa NPeAcTaBNAT  CcO60M  (JOTOMMEHKM C  M306paKeHVem
nocnefoBaTe/lbHbIX 3TanoB  Aed)opMUpoBaHnsa paboyero yyactka. [eopmaums Kaxgoro MUKpoy4vacTka
paBHa PasHOCTU PacCTOSHWUIA MeXAy ABYMSI COCELHMMMU pernepHbIMM TOYKaMK nocne u Ao gedopmauuu.
3mepeHve paccTOsHWI MeXay penepHbIMU TOUKaMM NPOM3BOAWIIOCH C (DOTOMNJIEHOK HA UHCTPYMEHTaIbHOM
Mukpockone tuna BMW npu  ysennyeHun B 100 pa3 ¢ TouyHocTbio Ao 0,01 mm. Kaxaoe m3mepeHue
NPOBOAMNOCL TpW pasa. Ecniv B fasbHelLeM OKasblBasioCb, YTO OAHO M3 3HAYEHWIN OT/IMYaeTCA OT ABYX
apyrmx 6onee, yem Ha 0,01%, AaHHbLIA NPOMEXYTOK MNepemMeps/ics 3aHOBO. Takum 06pas3om Obina
o6ecneyeHa 0,01% TOYHOCTb M3MEPEHMIA.

HabntogeHve 3a obpasuaMmn B rpoLecce AehOpMUMPOBaHNSA NPU UCMbITAHUAX Ha PacTsXKeHWe Mokasano,
4TO PaspyLLEHNI0 KOMMO3ULIMOHHOTO MaTepuana npeaLecTsyeT KOresuoHHoe paspyLleHne apMMpoBaHHOIo
NONMMEPHOI0 NOKPbITUA C O4HOBPEMEHHBLIM MW 60/1ee PaHHUM HapyLUeHWEM aare3vioHHON CBSi3W, TO eCTb
otcnamsaHvem. C HayasioM PacTPeCcKMBAHWSA KNEeeBoro Cos, paspbiBa BOIOKOH CTEKOTKAHW U OTCManBaHus
MOKPbITUA OT MeTania NPOMCXOAWMA MOTeps 3aLMTHBIX M YNPOYHSAOWMX CBOMCTB MOKPbLITUSA. Bce aTo
MPOVUCXOAWMO0 4O MCYepnaHMs MPOYHOCTU MOAJIOKKM U3-3a Pa3fIMUHbIX MOLY/ER YNpyroctn NOANOKKA U
apMUPOBaHHOI0 NOMMMEPHOTO NOKPLITUA.

VccnefoBaHnsa Mokasaiv, UTO paspyLleHue BCMEeACTBME CABUTa  MeXAY CNOSMU CTEKISAHHON uaun
6a3a/bTOBOM TKaHW MOXET HabngaTbCs TOMbKO NpU  U3rnbe  KOMMO3ULMOHHOINO  Matepuana
COCPEAOTOYEHHON CWU/OW C Ma/ibiM OTHOLLEHWEM [/IMHBbI NPO/EeTa K BbICOTE cedeHus. Bo BCex OCTasibHbIX
BapmaHTax 13rmba, Hanbosee YaCcTo BCTPeYatOLMXCA Ha NPaKTUKe, paspyLueHve MaTepuana NponcXoauT B
CXKaToWA 30HE.

VcnbiTaHns 06pa3Los Ha U3rnb nokasaau, YTo paspyLUeHre B 30He PacTsSHXKeHUs HAaCTYMaeT Mo3Xe, Yem B
30HE CXKaTuA NPU NNHERHbIX Aedopmaunax Mateprana nognoxku 0,25 — 0,35%.

Mpy gencTBuM M3rnbaroLLein HarpysKn cHavana NpPoMCXOAMT paspyLleHne BHELUHEro Cosi, 3aTeM OHO
pacrnpocTpaHAeTCca BHYTPb MaTepuasa nokKpbITUA. 3TO 00BACHAETCA Pas/IMYHBIM XapakTepoM MpeaebHOro
COCTOSIHMA M MEeXaHW3MOM paspyLUeHUs apMUPOBAHHOrO MOMIMMEPHOro MOKPLITUS MPU  PaCTSXXKEHUU ”
oKaTMn. B ©xaToil 30He paspyLleHVe apMMpPOBaHHOIO  MOAMMEPHOrO MOKPLITUS MPOUCXOAWUT B BUAe
BbIMyYMBaHUA HAPY)KHOro CNosi TKaHeid (06pasyroTcs CKNaAKW) C MocnedytowmuM oTcranBaHueM ot
MeTa/I/a, T.e. OKaTble BONOKHA TKaHel yTpauvBatoT yrnpyryto yCTORUMBOCTb. pu AeNCTBUN CXMMAKOLLMX
CWN, KOrfa fOCTUraeTcs npegen yCToMumMBOCTH, KeeBasi KOMMOo3nLmUsa yTpaumBaeT CnoCOOHOCTb YAepXXMBaTh
BOJIOKHa TKaHei 1 NoKpbITUe paspyLuaeTcs. B pacTAHYTOM 30He paspyLUeHmne NOKPbITUS MPOUCXOAMT B BUAE
pa3pblBa BO/IOKOH TKaHe ¢ NociefyowymM HoOpMasibHbIM OTPLIBOM OT MOAJIOXKKM.

[na onpegeneHns paboTocnoCO6HOCTU METa/IIMYECKUX KOHCTPYKLUIA, Ay61MPOBaHHbIX apMUPOBaHHbIM
MOKPbITUEM, NPeACTaBNSET UHTEPEC ONpesesieHne 3aBUCMMOCTM pa3pyLLAtoLLEil Harpy3kn OT COOTHOLLIEHWS
TO/NLLMHBI MOKPBLITUAA U NOAIOXKMN.

Mpy paboTe MeTa/IIONOAMMEPHBLIX 00pa3LoB Ha WM3rMb paspyLUalolWwyro Harpysky Onpegensnm no
creaytoLLemy BbipaXeHuto (2):

_ 60, B, 1+ %+ 2B (2d° + 3d” + 2d )

P /B , 2
“ 12Led*(1+ Ed) @)
a pu paboTe Ha PACTSKEHUE MO BbIPDKEHMIO:
2 2
o o ColEu0+Ed+26(E D, +EG)] (3)

P 2e
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rae €, - inHeiiHas aedpopmaList NOANOXKN, MPY KOTOPOI HACTyNano oTcnanBaHne NoKPbITUS OT MeTa/Ia;

€ — paccTosiHMe OT aAresvioHHOro cnost fio HeiitpansHoro cnosi; E = E /E,; d =d_ /d,; E..E,-
MOZYNb YNPYrocT MaTepuasna MOA/JIoKKM U MOKPbITUS COOTBETCTBEHHO; L — AnuHa meTannononumepHoro
oGpasua mexgy onopamu; d,,,d, - TOMWWMHA MOANOXKKM M MOKPbITWS COOTBETCTBEHHO; B - LWMpUHA

MeTan1nononnmepHoro o6pa3u,a.

B aKcnepumeHTe, No pe3ynbTaTaMm KOTOPOro MPOU3BOAMICA pacyeT, TOJLMHA apMUPOBAHHOIO NOMMMEPHOrO
NOKPLITUA Bblna MOCTOSHHON 1 pPaBHOW drI = 0,15 cm, a NoAIoXKKN dM =0,3;0,5;0,6;0,8;1,0;1,2; 1,4 cwm.

Heo6xoanmo oTMeTUTb [8-9], UTO OTHOCKTENbHAs AehopMaLis apMUPOBAHHOTO (CTEK/SIHOV MM GasanbTOBOM
TKaHW) MOMMMEPHOr0 MOKPbLITUS MPU paspblBe Ha MOPSAOK Bbille, YeM Yy MeTanna. Kpome Toro, npegen
MPOYHOCTM MaTepuana MOKPbITUS TakKKe 3HAUUTEeNbHO Bbllle aAre3voHHON MpoYHOCTU. CreaoBaTesNbHo,
paspyLUeHne KOMMO3WULMM TuMa MeTa//l — apMUMPOBAHHOE MONMMEPHOE MOKPbITUE OYAeT WMeTb TOMbKO
aAresvoHHbI XapakTep. KCNepuMeHTaIbHO 6bI/I0 YCTaHOBEHO, YTO paspyLUeHUe KOMMO3ULMOHHOFO MaTeprana

MPOVCXOANT MPY MOSIBNIEHUM B NOBEPXHOCTHOM C/loe MeTaila /IMHEliHbIX Aedhopmaumii nopsgka €,, = 0,25-

0,35%. B 3TOM Cnyvae MUKPOHEOAHOPOAHbIE MiacTUyeckune Aeopmauun MeTanna U M3MeHeHWe penbeda
MPMBOAAT K PaspyLUeHMIO afre3viOHHOW CBA3W, T.e. Y4aCTKM  MOBEPXHOCTHOrO C/08 MeTaina  SBAAHOTCA
KOHLIEHTpaTopaMy HanpskeHuid, KOTOpble Pe3KO CHWKAKT MPOYHOCTb METaIoNOAMMEPHOTO  3/1EMeHTa.
MPOYHOCTL 3TOrO 3/7IeMeHTa OLEeHMBalaCb MO SIMHENHbIM AedopMaLysaM MOBEPXHOCTHOTO C/os MeTanna.
BennumHa gedhopmaumn 6bina CTabuibHOM NPy Pas3MyHbIX 3HAUYEHUAX HArpyXXeHUS U COOTHOLUEHMAX TOMLLMH
MOKPbITVMA 1 MeTa/a, & BeMUMHA paspyLuatoLleli Harpy3ku COOTBETCTBOBaa PacyeTHOW. ITO NoaTBepXaaeT
NPaBWIbHOCTb MPUHATOM TMNOTE3bl 06 OLEeHKe MPOYHOCTM METNNONONMMEPHOrO MaTepuana Mo BeUYMHE
YAMHEHVS MeTala Ha rpaHuue pasgena (a3,  No3BOAWAO MNOATBEPAWUTb POMb  MUKPOHEOAHOPOAHbIX
nnacTuyecknx aedopmauunii B paspyLUeHUn aare3uoHHON CBS3W U YNPOYHstoLLee AeNCTBME MOKPbITUSA 3a CueT
YMEHbLUEHUS  3HAYeHWs TakuX [Aedopmauuid, T.e. BbIABMEH OAMH U3 MEeXaHW3MOB pa3pyLUeHus
METaNNoMNo/IMMEPHOr0 MaTeprana 1 (akT NoBbILUEHWSA Npesena TEKYUeCTV MOBEPXHOCTHOrO CNos MeTana.

"NaBHbIM 3BEHOM, 00YC/MaBNMBAOLLYM MNPOYHOCTb METaN/IONO/IMMEPHOrO 3N1eMeHTa Npu u3rmbe, SBAseTCs
XapaKTepPUCTMKA CLENeHNs MeXay MOAMNOXKON U MOKPbITMEM. MOMEHT NOTepM YCTOMUYMBOCTY CXKATOrO CNos
MOKPbITWA ONPEAENSETCS XapaKTEPOM CBSA3M C NMOA/I0XKKOM, 1, NPEeX/e BCEro, MPOYHOCTLIO 1 AehOpPMaTUBHOCTHIO
afresavoHHoro cnos. OfHako, NoTeps YCTOWYMBOCTM B CXKATOM C/I0E MOKPLITMA elle He onpeaenser MOMeHTa
Hayasa paspyLUeHNs KOMMO3ULMOHHOIO MaTepuana C NpPUMEHEHUEM CTEKOMbHON 1K 6a3a/bTOBON TKaHW Npu
13rmbe, Tak Kak OTpbIBa apMUPOBAHHOIO MO/IMMEPHOIO MOKPLITUS OT MOAJIOKKM eLle He MPOM30LO0 U 3EMEHT
paboTaeT B MOHO/IMTHOM COCTOSHUW. HOpManbHbIA OTPbIB MOKPLITUA NOC/Ee MOTEPU YCTOMYMBOCTM HAcTynaeT B
MOMEHT [OCTVDKEHUS OTPbIBAIOWMMMW  YCUAMAMK Mpefjena MPOYHOCTW CLENeHns MeXay MOAMN0KKOM |
MOKpbITUEM. CXaTue Yalle BCEro NPUBOAMT HE K HEMOCPEACTBEHHOMY Pa3pyLUEHWIO  METanIo0MnoNMMEPHOro
3NeMeHTa Mo aAre3nuoHHOMY C/Ooto, a K MOTEPU YCTONUMBOCTY CXATOr0 €105 NOKPbLITUS.

He6onbluoe pasnnuve B CBOWCTBAX W XapakTepe paspyLUeHWs MOKPLITUS MPU PacTSHXKEHUU N CKaTUK
06yCNoBNEHO MOTepeld YCTONUMBOCTM CXKATOro Cos.

WcnbiTaHns nokasann, 4TO HaubonblLueMy paspyLleHWI0 apMMPOBAHHOE MOSIMMEPHOE MOKPbITME
noABepraeTcsa Ha feopMypyeMoii nogioxke. 3rnb n pactskeHre 06pasLioB CBUAETENLCTBYIOT O TOM, UTO eLle
[0 JOCTVDKEHWS BENMUMHBI NPefena NPOYHOCTU MaTepuasia NoLJ/IOKKN, MOKPLITUE OTCamMBaeTcs. TO 0AMHAKOBO
XapaKTEPHO 1 ANS 30HbI CKATWA U 151 30HbI PACTSHXKEHMS.

Hannume kacatenbHbIX HaNPSXKEHWIA MeXAy CNOSMW NOAN0KKMA U NOKPLITUS YMEHbLUAET afAresvioHHY0
MPOYHOCTb MPW HOPMaSIbHOM OTPbIBE, MPUBOASA K NMOTEPE YCTOMUYMBOCTM CXKaTbIX C/I0eB MaTepuana NoKpbITUs Npu
MEHbLUMX HanpsyKEHUAX CXKaTus, T.e. UMEeT MEeCTO 3aBMCMMOCTb PaspyLUArOLLEro HanpsyKeHWst B YCOBUSX
MOMNepeyHoro m3rmba cocpesoTOYeHHOW CWIOM OT COOTHOLLUEHMS [/IMHbI U MOMEPEYHOro KOMMO3WLMOHHOMO
anemMeHTa. Takue COeAMHEHUS  Takke paboTalT HaféXHO Tam, [Ae WMET MeCTOo: MynbCupytoLme,
MyNbCaLMOHHbIE UK 0606LLEHHOE AMHAMUYECKOE BO3AEWCTBHE.

3. 3aK/nyeHune
Takum 06pa3oM, paspyLleHne MeTaIoNoAMMEPHOro maTtepuasia npu u3rnbe onpegensercs, B
OCHOBHOM, afire3MOHHOI NPOYHOCTHIO MOKPbLITUS C MOLMOXKKOW NPU HOPMa/lbHOM OTpbiBe. PaspaboTaHHble
HaMun peaKLl,I/IOHHOCI'IOC06HbIe NOBEPXHOCTHO-aKTUBHbLIE BELLECTBa obecrneynBaroT YPOBEHb a,qFESMOHHOVI
MPOYHOCTW BbILE KOre3MOHHOW MPOYHOCTU nonvmepa. Kpome Toro, 60/bLUOe B/USIHWME HAa MPOYHOCTb
MeTannononmmepHoro 3/1eMeHTa OKa3blBaeT Be/IndynHa a,qre3|/|0HH0|7| I'IpOl-IHOCTI/I nonmmepa K BOJIOKHaM KakK
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CTEKONIbHOW Tak M 6a3a/ibTOBOW TKaHW, B CBA3W C Yem MpW MPOW3BOACTBE /1 anmnpeTUpoBaHUs 3TUX
BOJIOKOH >KenaTe/lbHO UCMO/b30BaTh NPAMbIe 3aMac/BaTenu.

CnepyeT TakKe OTMETUTb, YTO B COBPEMEHHbIX fleTaTe/IbHbIX annaparTax MHOXeCTBO [eTaseil MoryT
ObITb COEIMHEHbI APYT C APYTOM MPEUMYLLECTBEHHO C MOMOLLBHO BbILLEOTMEYEHHBIX K/EEB C MPUMEHEHVEM
TKaHei 13 6a3anbToBbIX BO/IOKOH. Bonee T0ro, caenarb COBPEMEHHbIN CaMOsIeT, BEPTONET UM KOCMUYECKMIA
annapat 6e3 MpUMeHeHUs Kfes MOMpPOCTy HEBO3MOXHO, & KOMMO3WLMOHHbIE MaTepuaibl Ha OCHOBE
6a3a/IbTOBOr0 BO/MOKHA WMEIT 60MbLUy0 NepcnekTMBy. Bo MHOrMX cnydasx CK/IenBaHUe WMeeT
CYLLIECTBEHHOE MPeVMYLLECTBO Mepes Apyrvmu crnocobamu coefHeHus fetanein. Mpexae Bcero, notomy,
YTO OHO MO3BONSET TAKXKE HALEXHO CKPENNATb Pa3HOPOLHbIE MaTepuasbl, HaNpUMep MeTasl U [PEBECUHY,
Pe3NHY 1 CTEK/0, TKaHb 1 NnacTmaccy.

BeefeHne  apMMpOBaHHbIX  KOMMO3WLUMOHHBIX ~ MaTepuasioB  C  Lefbl0  BOCCTaHB/EHWS
paboTOCNOCOOHOCTM KOHCTPYKLUMIA TpebyeT pelleHns 3afay ONTUMabHOIO NPOEKTUPOBAHMA YTO B CBOHD
ouepedb CTaBMT 3afjady Tpebytolwmx pa3paboTKM cneuuanbHbIX MeTOAOB MPOEKTMPOBaHUA U pacyeTa, a
TaKKe CO3aHNA HOPMaTBHO-TEXHUYECKON JOKYMEHTaLMUN.

KakvMy  OKaXXyTCi HOBble TEXHWYECKME pEeLUeHWS B HampaBieHWd  LUMPOKOMACLUTAOHOro
MPUMEHEHUA A1 HOBbIX TWUMOB COEAVHEHWI, a TakkKe ANS BOCCTAHOBMIEHUS Pa3HbIX AerpagmpoBaHHbIX
KOHCTPYKLUWMI C MPUMEHEHNEM NPeS/IOKEHHBIX KOMMO3ULMOHHBIX MaTEPUAaIOB 1 MONMMEPOB, K COXa/IEHUIO,
MOKa eLLe HeT YeTKOro oTBeTa. OHAKO XMU3Hb TPebyeT, UTo MX cneayeT u3yyaTb 601ee NOAPOGHO, AN Yero
OTKpbIBaeTCs 6e36peXHbIi NMPOCTOP, Kak /1 TEOPETUYECKOro TPyAa U TBOPUECKOro NOUCKa, Tak 1 Ans ux
LUIMPOKOMACLUTABHOr0 MPaKTUYeCKOro MpPUMEHEHUs, a MpPaBU/IbHOE WX pelleHWe OnpefensieT OCHOBHbIE
[OCTOMHCTBA KaK BOCCTaHaB/IMBAEMbIX, TaK W HOBbIX KOHCTPYKUMA WM WX COEAVHEHWIA Ha OCHOBE
NPeS/I0KEHHbIX PeLLeHWiA.
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dJomgdyer  Lopopgl  mogolo  dgbodane  aoob®gdom  Lodygoemmesb. 3 Lowowol
aobofoangdol 35bmbol oy gbs Tomdmoagbl 3mblE®yJiools boodgom dydsmdol g@Hom-
9JOO 2556 L.

2. I0®0MSR0O 6SVOK0

39B™mbol  AgzoEmdoll  Jmeyaols  sendsmy@o  dobslbosmgdagdols  obsygbow
hogoBo®gom  LEs@ob@ogydo g9Jl3gmodgbdo, ®mdmolmgolsi godmgoygbgom  Lbgswslbbgs
dgbog@ols dogd /2,3/  ho@omgdyao 150 gJb3g@odgb@yeno dmbsizgdo. 0dolomgol, Gmd gl
dmbo39d900  aodmaggygbgdobs  hggbl  9JLb3g@m0dgb@do,  sgopgm 3 Lowowolmgols
domgdo@ogyg®o  dmpgmo, Omdgadoi  pomgomobobgoymos  yggems ol do@omoswo
BoJBHMM0, AmIgaoi aogengbsl sbegbl 53 Lowowgby.

od 150 dmbsigdom  /2,3/ ggeaobgm  aob@Bmangdsms Lol gdgdol  @sdwgbody
aoblbgoggdgao  go®oobBo.  sSby  podmmgmogo  3mgn030gbRgdol  Lbgowslbgs
35005bGH0sb  9dzodgl  jgo@sGms  dgmmwom  dgo@bs  domgdsGogy®o  Jmwganols
‘dglodsdobo  3mgn030gbGgoo. dgBmbol WMgzombdols dnwyaol - Ep —ob domgdo@ogy®
dogeols gl dgdwgao Lobg:

0,324R .
£, = 352 x 10° (0.5220FL P

450 180
oo - dg3mbol bodydol sbisgos ws@godmgolol, wwg-msdy;
450 — 9JL3g®0dgb@Bgoddo godmygbgdyemo d9@mbols dsJlodsgy@o sbs oo,
©EJ-Q;
Rpr - 53 300m30LsL 39@™mbols 6odydol 3GobIgeo Loddzoigs, dg)/bf]z;
180 — 25dmygbgdyen 94L3g®0dgb@gddo dobodsgrydo 3M0bIyeo Lodd o399,
d‘é/bazg
0,5 s 0,324 — 9433009L 3goEAsEms JgmemEon Jomgdygao 309%30309b@gdos;
3,52 x10° - B35 geoobol 39@mbols be®ds@oygao ®gzomdols dmoyaos
(CHuM 2.05.03-84).
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"
9B mbols A g350m00 doyeols domgdo@ogg®o demwgeools boodgommdols

‘dglodm{dgdaow 9Jb39®0896@ yero S domgdo@ogyg®o dopgeom domgdyeo

exp

dbodgbgermdoms QBo@momdol Lowogdls — N = - 39mx0 dgbsdsdol dbodgbganmdoms

mod
E b

0obM0g gdo© s 35390m LASAOLAYM0 aobsfoagdol @oals (3bdogno 1).

3gbGogno 1
H 0,84 0.87 0,90 0,93 0,96 0,99 1,02 1.05 1.08 1,11
0,87 0,90 0,93 0,96 0,99 1,02 1,05 1,08 1,11 1,14

3 7 14 23 28 28 23 14 7 3
0,020 |0,047 |0,093 |0,153 |0,187 0,187 |0,153 |0,093 |0,047 | 0,020

agb®ogo 1-do m Do i-9® Gogdo dolgeo @Gomgbmdbs;
mi*
Pi*
Sebommools  mgm@ools  3bmdo@o  Bm@dYegbols  2odmygbgdom  asdmgmgo go:
domgdo@ogyg®o @meobo:

P’ - dgbodsdolo Lbobdodggdo - Pi=

K
m = > (X;-P) =099
i=1

oo Xi - - i-9@ @oydo Lodygoenem dbodgbgenmds;
dgmdg boFgolbo Imdgb@o:

Kk
a, = Y (X?-P')=0984;
i=1

2

LEAoGOoLA0gyG0 @ogoll oldg®bos D =a , - m? = 0,004 bodgo@m  3go0@sGHE0
aoob@s (bEobpod@o) S = \/B = 0,063, goG0o300L gmgxo3096@0 d :s—= 0,058.
m

od Lodo@olBogy®do @oibgomo dobosbosmgdagdol @sbds@gdom 0pgds mgm@oygeo
aobofoamgdol 3obmbo, Gmdgeroi dmi3gdyeo dgdmbgggobmgol [o@dmowagbls bm@dsaeyy@o
aobofoggdols 3obmbl. dol o3l dgdpgao Lobg:

_0,0299 ( h —0,99)2j
for= ———=—=exp |~
0,063v2p 2-0,063

oo 0,0299 — beo@dogoygdo aobsfomgdols 3obmboli 3Gygwol (bodol) LEsGoLE03 G0
@020l 30LGMAMSIsLmob dosbermgbdol 3mggroE0gbdos. bo®dsmy®o asbsfomgdols IO ywo
> bAoBoLE0ggM0 Moaol 30LFmy@dsds dmgdygmos bobsb 1-by.

bo@dogogdo gobosfoemgdols 3obmbols Imgdyee LEsSEOLGY® Hoymsb
doboopggdols Lods@mngosbmds dm{dwgds 300bmbol s jm@dmym®mgol dglodsdobmdols
390 gMH0ydgdom /1/.

300Lmbols Jobgogomn goblibgeggdammdol bmds - XL asdmgomgm  Jgos®gdomo
GbGogo 2-0l Lodgomgdon ©s Jogowgm, Gmd X2 = 4,25; mogolbggmgsols badolbo 1 = 7.
od dmbo3gdgdom gbGogro 4-0m /1/-sb 2obolobmg@mgds sandommds 0dobs, my Godwgbow
Lods@maosbos dmigdyeo dodmmgbs; P = 0,85 > 0,1, dog doygmomgdl bom@dsgnydo
aobofoamgdol 3obmbols dmi3gdye LEHSEOLEZIO Gogmsb dolo@seygdsls
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el
(re)

- E,

bobobo 1

3gbGogno 2.

H 0,84 0.87 0,90 0,93 0,96 0,99 1,02 1.05 1.08 L11
0,87 0,90 0,93 0,96 0,99 1,02 1,05 1,08 L11 1,14

m, 3 7 14 23 28 28 23 14 7 3

NP, 2,99 7,09 13,45 238 279 27,6 24,2 13,8 6,67 | 2,78

LEo@ob@ogydo  ©s  mgm@oygmo  asbsfoamgdols  doJlodognydmo  goblbgeggdols
doeamo  D=0,035. jomdngmamgol  @ogbgo  A=0,429.  gbGogo 760 /U-psb 53

396J(30900L @sdmbgggol sgpdsmmds P(0,429) =0,987> 0,1.
dglodsdolbmdoll  m@ogg  3@0Rg@oydom  IGgoEgds  bo@dsgrydo  aobsfoggdols
Jmgdge LEsBobE03gO @ogmsb dglodsdolmdols odmmgbe.

3. RL336o
bEAoBoLR0g9Mds  9Jb39®M0896@3 s, Gmdganoi hogo@eodgm domgds@ogydo dmegerols
‘dglodmdgdamo, ag30hg9bs, @m3 ol 37domdl  bm@domy@do: dgBmbol  ©Agzo©EMdOL
doyeols 9Jb39M0396@3 gdom 0 dogerom domgdyeno db0dgbgermdgdo
0535354 B0 gdan s 9dmbgggs 9O®3sbgmls, domo Lodgogom ROOEMS000
dbodgbgermdss 0,99  bo@dogry@o  aobsfoggdom  aodbggolol;  sdobmob  go®osizools
3099803096G0 O = 0,058.
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1. BeHuenb E.C. Teopus BeposiTHocTel. — M. HayKa, 1964. c. 350

2. Kegnu N.H. OkcneprMeHTabHble UCCeL0BaHNA HECYLLEN CNOCOBGHOCTY U TPEeLLUHO-
CTOWMKOCTMN OHONPONETHBIX XKeNe306eTOHHbIX 6an0K-CTeHOK / MUHCK. —Bbliweiiiwas wkona. -1971.
c.200

3. Boes A. Uber des KriChen von Zementstein, Mortel und beton. Aachen, 1973. c. 300
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15530 35603® TIORLOGO3F0 R350GMBOL BIIMRN6330L
153356HMINRIBN560 (3D) LILODBR3H) S3MBS6OL HOGL3NMO
IMRKIRNNAHIdS

- 09Mdgbsdgogmo, b. 0®gdsTgoao
LoJotmggeml Ggdbogn®o 4boggdlodgdo, 3. gol@sgsl J. 77, mdogoolio 0175,
LsJs@mggenm
©@9b03dg: bodssbbemdoangdosbo (3 ) sdmsbol godmygbgds Jobobdgfmboanos gsobogdo

fryoanbodgggdobs @o @s@dmmogan Jagws 3099 do mgo@imuol o6 J9f 990 aao bo ool
d9dmobgdomn  godmfagaao  9lbBG I G0 Bogrmgdol  gomgargdolbsmgol.
@odydoggdaemos  sdezobols  @Gobgomo  (bobdyan-bbgsmdoma) sdmblbol  dgmmwao, s,
@oderomns  dygbsdangdgaros  gomgogmoliffobgdyaro  ofbgl  Rbygmolbs s  B9@ 300
g0 Inbos byarmdo.
bsggo6dm  Lodyggdo: [yoenbocogo,  dgfygmo,  @go@izm0,  gdbB @ s g@o  Gogoms,
@03 bgomo dowyerodyds.
1. AILO3OR0

539 dog9daos 33009 330G Losbo  Gogmgbols mgm@ools Logydggerbyg Jowgdyero
sM5LGo30mbsG gm0 Gomey®o  Lobobwgdm  s3m@Esbgdols  Lodysbbmdogngdosbo  (3D)

domgdoBogyg®o  dnwgegdol @oibgzomo  Bom@dymomgds  Lob@ya-bbgsmdomo  gdgdols
Lodgomgdom s sbogno Bodol s@sibowo, dg@dgyemo, m@o s bsd dosbo 0@ g@asEoyero
sdmboblgbo  Sgagb@ygeo  m3g@sAMOYmo  dgmmpols  aodmygbgdom,  @mamA3
bJgdoBobod@gdygao, sbggg Ggoyg®o Rm@dol [ysbs@ggdo, wgo@Emgobs s dgFggmols
Aol Fomdmgdboeno gJlE®gdomy@o Gom@y®o 30mi3gbgools dgbsbsgasw.
2. d0®0MSR0O 6VOKR0

o goey@o bombol 3m@Fgbzoy®o 3md@smdol Lolobwgdm sdmEobs dgdmbsbmg®gen
>M9bg, dgmag Lobol Lolobmg®m 3o@mdgdom dgo® Lobwgodby, yodmogmo gm@dom
5M5256%mdogngbdosbo Lobom dglodgngdgenos Fomdmgemaobmm dgdpgabodsw:
V93900 yobHmargds

a2 G &

dx? * ady? * 0z2
306935303900 Lobobwgdem 3odmds

)fp(x.y, z,t) =0 N

ad
a(p(x,y, z,t) . = v,(x,y,2,t) 2
053059 Rs@0 bgos3o®ol 30GMds
a 2
~ 3z e(x,y,2,1) o = @fp(l,}’, % i) 3
z=0
LoFygobio 30Mmdgdo
(p(xj}r’ Z, t) |£‘=0 = (pO(xj }-’, Z) (4)

@ ¥9bJaool  Lodgoggdom  Dgbadargdgamos  aobolobogaml  Lobdo@ggdo,  sd3eo@yws
0530l Rs@  bgesdodby, Jo®m@Bgdbogn®o (bgzgoo o domo aobsfoangds @mama
Vgomlo@ggol  bgdoldog® gg@@o0go@y®  aobsiggmdo, obg Lombol  §yomdgymfggee
2009dmd339%0 bgos30@gdls s 30MOMEIIb039® bopggdmdgdby.
©sggdgom  Q+0Q  (o@Imopagbl  dos@mggmbs  odgl, obggg dodmgymbs  Lsbwgmom.
Imgobeobmo 53 s@ol oligMgBobsEos olg@gdobsizool s@a9dgbdgoom i,j,k,n:

. . (x5 2 )s

B TN =10 i SN0 jS N0k < Ny (5)

O=n
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3096300 Ind@smdols Gogey@o bsdysbbmdogngdosbo (3D) sdmEobols s3@mJLodszos
06®gyO>@Y® 0g03gmdoms dgomol 4s3mygbgbom wOmol 3mbiMg@ymmo ggbolsmgols
235993l LEsEombo@ya asb@magdms LolRgdol, do@migmbs msbsds®o ©olg®gdyeo
5>@0l dos s Lobmgdol Lbgowslbgs §gaGomgdols godmmgmolsmgol. sdmizsbols
Lol®yamobasmgol dmEgdyge sdmboblighls 9bs ©ogsds@mm s@SLEHSE0MbsGY@ Y0 30O MdS,
OO0l sbogr 39bsbg aosliganolomgol.

k=0

bob.l Losbgo@odm Ljgds dgdmbsbmgdygan dosdmggmbs @oibgom dowgby Bom@y®o
Lodyobbmdogn gdosbo (3D) sdmzobols IgbTsgerols Jobbom

2obBM@gdoms LolBgdol m3g@s@mageo Loboon oJgl dgdwgao gm@ds:

Ap—1F =0 (6)
sdmbobligbo doowgds g gyneo (m@o ©s bsddMmosbo) 0Ggdscoygeo dgmmeols
aodmygbgdom:

o, . .
~(Ap*st1—f), k=N

@t =g + g‘[ 7 fJ ¥ cn=12,... (7)
El'\A(PL,S-}l _fJ. 0= k, < NR,

boo U <0,d <2 1= 050M0L 0g@sEogmo 3s®sdg@Mgdo, LogdhEomo s AMOL
dobgeg00m ©s 253mYygbgoymos smbodgbgdo

A=—UE+14
f" — Tfn 4+ 19-(—2(‘0”_1 P (Pn—ZJ _ (1 _ z,r)],.n—l — .],.‘n—Z
r=A ; 0=2 1 1 )
r=Ap—f, = b_§+ﬂ_§+ﬂ_§ (8)
U= =, O=9+16
A 07
.',l.',_y,z .',L',J",Z
A= Z Ag f= Z fe
¢
2
2 ) —wvi, m=0
+ﬂ_§(‘u§’ m =10 Ag ¢ ' J
. . 0, me (0,N
Asp = (Pﬁz’ e (0,Ny,]); fr= s N m
——uqz, 1= Np A_fvcf = Np,§ +2
8" (9)
¢ 0 m= Ny, &=z

1 1
P = ﬂ_tf (Pm+1 — Pml; Pz = ﬂ_tf (Pm — Pm-1)

1 -
Yz = A_g (‘pm+1 — 2y + (P'm:—]_J
=74 @m = @)

0, §=xy
Em=otmby fo={ " _ _noing ¢
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00 gM>309@0 30Mm3gLo aMdgeegds go®g o6 dglOmgds JONEOMYESE MA0ZY
3069085
||‘F5+1|| < 5"1':0"; f:s+1 — A“(ps+1 _f“s+1 10
Irs*i)l < ellr®l; 5+l = ApStl— 51 (10)
Lo € 5ol 5dmbobligbols Lobylidg.
@53 dggbgods RLggMols o Gghgdol s3MmMJbodsizosls goygbgdm diodg bmdols
JoOm3gmbs oMo g g303g©gd0m Mgl gGomobsizools 3M0b3o3l s byamgsbo
50 9960m dgogligds dgo@o oGy do@omso Lobrmg®ol go@gm.

a) — b)

bob.2. Losbyo®modm @oigbgomo dowg bymmgsb sMgbg s dol Lobwgadby. a) Js®F0g0 BmMIs;
b) doygmo gm®ds yggers dglodanm Lobol Lobsbmgam §gd@omgdols g@mmdmombomn o3
‘dgdmbgggedo sdmEsbs godes gy ms@ymo s Lobpg®oli Fgd@omgdols dgoizegl
3obLs3gm@gdae F90Romgol, dmdgmoi Foddmewagbl sdgl dogbom Jmmsglgdyemo
Lbggaol bgosdo®b.

bobobbg (bob.2) dmizgdyeos bygrmgobo  o@gl  dspomomgdo, doMG0go s  OMY@O
Bm@dgdol bobom. dodBogo gm@ds dgozegl dobodsgrydo osygomgdgmo  §g®@oggdols
AomEgbmdsls sdmEsbol Mogbgom dowgbyg s3GMJLodsioobomgol. e®dol dopbom s@0ls
bgamgobo Fgd@omo F@mdmobmgolo dodmgogmos Gommos @, = 0. Fgddomobsmngols
B, ©5 dobo obogrmaydo  byermgobo  Lobmgdol  (ga@oamgdobomgols  swyogo 53l
69035600 Lolobmg®m 30@mdsl, @mglsi bobds®ggdo byamgsbos.

3. QSL336D
d30Mgs  I3@o@yosbo  Gom@gdol mgm@ools s ®ogbgomo  sdmblbol  yobbogeyyano
dgomogol  godmygbgds  Fglodgrgdbenmdsls  odanggs  aowsfyggBoero  0dbsl  d@sgsao
L50bg0bA™M  5IM3b5Lodg5bbmBogngdosbo (3D) domgdsBogg®o Jmpgegdols Lodygsegdom,
domdm@olaobog®  Ladmem  [gomboEeggddo @godEmaols oo  dgFgg@ol  dgdmbgarom
Fo®dmImdbogno 9O gds@y@o Gomwgdols 30mabmbodgds 5 3o dbognbyg
20050bgds/aoemg®mols dobolosmgdbangdols  dggoligds.
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1. Camapckuii A., Hukonaes E. MeTofbl peLleHns CeTOUHbIX YpaBHeHun. M. Hayka, 1978;
2. Camapckuin A., I'ynvH A. YCTORYMBOCTb Pa3HOCTHbIX cxem. M.Hayka, 1973.

bos dos TJgbeaemdaemos bobgedfogm goHsbdob wpbmgodo Jdeoepgs g
ms 65 dgds dopeng o dmbs foey mdoom g Gomb o 3 o 338¢39060bsmg0lb

3Gmgd ol #DI1/14/3-109/14 w0 005 b Gsombgddo 3s6e 398
So@hmz356d98 by 033 Ogmxyg80lb 33305 bLAGgmo bgdemgddgogdolb
360z b6mbo Gy B I 36939608 " \Y bssbgs Godem 39 Gompdo

gomgsobfobgdamemo bsdndsmgdolb gsmgenddo Jdemos Ol oms g9 ol
geomz3baeo bs dgpbogdo gmbolb s 065606980 o0:.
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39R0BM®B00L I603IALOBIBOL B3S3MGROKRIdS 3IBME0L 3IJFF35DI
003(MGROL 1>JaI a0
©. 05JA5dg, 0. SFgMEsdg. 3. X0bEsMSdy
(bogotmggaml Bgdbogado 9boggdlodgdo, 3. 3mb@ogsl 77, 0175, mdogoolo,
Lo Jo@mngganem)

@9bondy:  3gBmbobs s  @0bs3gBmbol  mgolbydgdol  dglfogers  bsbgmdarog
A36090 9@ J2ang390m5b S0l s 08 do@gdaaro.  Jonbawsgsm  dHsgoaro  smygmaro
fangdol  gobdsgarmdobo  bsBo@gdaano  bodydsmgdobs  s@bodbaaro  bojombo  jowo 3
bobg@darog  39@om@ols  gobdsgarmdodo  ofbgds  d9i609@930L  dgbfogarol  bogsbo
deads gogo do.
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0Omg@obs dgBmboli 60d9dgdol godmEs MEgIEM0L 3oM5dgRMgdmsb ©s3o3doMgdom
9360dgbge0mgobgli 30OmdSL Fo@Imopaqbls dbmyaom dg360g@Mgdols 3@sJGogsdo.
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BoMgds  3md3sJA@o  Jow@sgody®o  osbsas®om  dgBmbol  Lobgoolbgs  bmdols
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Knagka cTeH 13 Kuprnmya n MenKoLTY4YHbIX 6ETOHHbIX 6/10KOB /151
HeCYLLIero c/108 sHeprocoeperaroLLent MHOrOC/I0MHOWM CTEHBI.

. Jlonaase

(“KNAUF gips Thilisi”, yn. Mampekenn 19, 0175, Téunucu, I'py3suns)
Pestome: [MpegnaraeTcs 3ursaroobpasHas, B nnaHe, CUCTeMa BO3BEAEHWSI HECYLUIero cros Ans
3HeprocbeperaroLLeil MHOrOCNI0MHON CTeHbl. Knagka BbINOAHAETCA B OAMH WM NONTOPa KaMHS Mo
[BYXPSAHON ,LenHOM “ cucTeme. MaTepuaioM Cry>KaT 00blYHbIA CTPOUTENbHBIA KUPNUY Uiu
MEeNKOLWTYYHble 6eTOHHble 610KN.OTAENKY MOBEPXHOCTEN BO3BEAEHHbIX CTEH PEKOMEHAyeTCs
MPOU3BOANTb LieNIbHHbIMK 06/ML0BOYHBLIMMY NaHensaMu, Hanpumep dmpmbl KNAUF. MNpocTpaHCcTBO
— NYCTOTbl ME>XX/AY BHELUH/MW rpaHAMU 3Ur3aroobpasHO BO3BOAWMMBIX CTEH U BEPTUKa/IbHbIMU
Hapy>KHbIMW  MIIOCKOCTAMKM,  00pa30oBaHHbIMKM  O6GAMLOBOYHLIMU  MAHENAMMU,  3aro/HAeTCH
TEnoM30NALMOHHbIM ~ MaTepuanom. Bo3BefeHHble, Takum  cnocobom, orpaxkiawoLiye
MHOFOCNOWHbIE KaMeHHble KOHCTPYKLWW, BMecTe C MNPOCTOTOW W3roOTOBNEHUA OT/MYaeT
focTaTo4yHass TennoasKMBHOCTb U YCTONUMBOCTb.
KntoueBble c/ioBa: MHOTOCNOMHbIE CTEHbI, KAMEHHAsA Knagka, TennoagMeK TUBHOCTb.

1. BBegeHue

Mo ¢opmasibHbIM MpU3HaKaM OLHOC/IOMHLIMW CUMTAOT TO/IbKO CTeHbl 6e3 OTAeSKM,
B/IMAIOLLLEN Ha TennocbepexxeHne 1 aKcnnyaTalMOHHble KayecTBa OCHOBHOIO MaTepuana CaMOHeCyLLel
WNN Hecyleid CTeHbl. TO eCTb OTAeNKa, YBenMyMBaroLlas Tensouanyeckme CBOWCTBa CTEHbI,
(hopMasIbHO CUMTAETCS C/IOEM CTEHBI.

Bce CTeHbl, BbIMO/HEHHbIE M3 OAHOPOAHOIO OCHOBHOIO MaTepuasa, OnpesenstoLwero NPoYHOCTb
CTEHbl W OZHOr0 WM 6onee [LOMONHUTENbHbLIX CMI0EB — MHOFOC/OVHbIe. py 3TOM, KaXKAblil CroW
BHOCUT CBOW BK/1aZ B TEMI0(U3NYECKME XapPaKTEPUCTUKN CTEHDI.

C yyeTOoM MaTepuanoB, 06ecrneymBatoLLMX OCHOBHYK Harpy3Ky Ha CTeHY, KOHCTPYKTMBHbIX
BapuvaHTOB MHOFOC/OMHbLIX CTeH OyAeT HeCKONIbKO [ecATKOB. Yalle BCero B CTPOMTE/ILCTBE
MCNO/b3YHTCS YeTbIPe OCHOBHbIX TUMA MHOTOC/IOMHbLIX KAMEHHbIX CTEH:

e KONOALEeBasA KNaaKa;

e C BHYTPEHHel Tennon3onsaumein (M3HyTpu NOMELLEHNS);
e C BEHTUNMPYEMbIM (hacagom;

e C Hapy>KHOI TennoM30naLUMein «<MOKpPOro Tunax.

B TpexcnoiHbIX KaMeHHbIX COOPYXEHWSX, CNOM Tennou3onauMmn YCcTaHaB/IMBAETCS MeXAay
[BYMS O4MHAKOBOW TO/LLMHBI C/IOAMU MaTepuana, HecyLero Harpy3ky. To ecTb CTEHY [efifT nonosiam
N MeXZAy NOMIOBMHKaMM YCTPaMBaKOT C/ON Tennon3onayun. MofoBUHKN CTEH «MepeBs3bIBAKOT» MEeXay
co60i1 noBTOpAOLLMMUCA Yepe3 5 — 8 pajoB:

e OJHVIM WM ABYMS psiflaMmM CMJTOLLIHON KMPNNYHOW KNafdKuy;
e CT&/IbHbIMY OLMHKOBaHHbIMW apMaTypHbIMI CBA3SAMU UIN CETKaMMK,;
e CMN/OLUHLIMM XeNne306eTOHHbIMU NosicaMy — BEPTUKa/IbHLIMU U FTOPU3OHTANIbHBLIMU.
Ho yallie Hapy>XHbli1 cnoit genatoT B 0,5 Knpnnya 13 cneynanbHOro 06/1MLOBOYHONO KUpnnya.

CTpyKTypa TPEXC/MONHOM KaMeHHOIN CTeHbl HEOAHOPOAHA, 06pa3ytoLLMe ee MaTepuasbl UMeT
pas/iyHble TEMNOTEXHUYECKME U NapoU30MALMOHHbIE CBOWCTBA. ECnM nmpu MpOEKTUMpPOBaHWM 1
BO3BELEHUW TPEXC/IOMHBIX OrpaXAatoLLmMX KOHCTPYKLMIA 3TO 06CTOATENbCTBO HE YUUTLIBAETCH, TO B UX
TO/ILLE MOXET HaKanIMBaTbCA KOHAEHCALMOHHAA BNara, B CBA3W, C YeM CHUKAKOTCA TernoTeXHUYecKne
XapaKTepUCTUKN CTEHBI, JONTOBEYHOCTb M MPOYHOCTb.

2. OCHOBHas 4YacCTb.

Hanbonee S(b(beKTVIBHbIMVI peweHnamMmn  Bo3BedeHNA CTEH C Tel'lﬂ03aLLl,VITOVI, ABNMAKOTCA
TPEXCOWHbIE CUCTEMbI C PACMONOXEHNEM HECYLLEro Cos B CPeAHEN, MO TONLMHE, YaCTU CTEHbI W
yTennedHmne ero no Hapy>XHbiM — BHYTPEHHMM W BHELWIHWUM [MOBEPXHOCTAM, TEMNOU30TALMOHHbLIM
maTepuanom. [locnepyrowlas OTAeNKa CTeHbl NPOM3BOAMTCA MO BHELUHWMM  MOBEPXHOCTAM
TENNOM30NALMOHHLIX MaTepuanoB. OTAeNKy MOBEPXHOCTEN BO3BELEHHbIX CTeH pPeKOMeHAyeTcs
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MPOV3BOANTDL Lie/IbHbIMU OTAEN0YHbIMY NaHensamu, Hanpumep upmbl KNAUF [1, 2]. Takoe pelueHue
MO3BO/MAET HAPYXXHOMY W BHYTPEHHeMy Tenjou3oNAUMOHHBLIM CNoaM  3((eKTUBHO CAEpPXKUBaTb
OXNaXKAEeHMe MOMELLEHNS OT BO3AENCTBMUA BHELUHUX HU3KUX TeMMepaTyp W yhepXxusaTb Tennao B
NMOMELLEHNW B 3UMHUX YCMOBUAX, a B IETHUX YCMIOBUAX CAEPXKMBATL MNeperpes NoMeLLeHUs 0T BbICOKMX
BHELUHMX TeMnepatyp W YAepXusaTb Mpoxnagy BHYTPWU MOMeLleHus. TakuMm 06pasom, co3fatoTces
KPYrnorognyHble KOMOPTHbIe YCMOBUS A1 NPOXMUBAHMA B MOMELLEHUW, NPU  MUHUMAIbHBIX
3HeprosaTparax [3, 4].

[na ocywlecTBNeHUs 3TOr0 peLUeHns, Hamu npegJsiaraeTca cucteMa € 3uUrsaroobpasHbiM B MaHe,
oYyepTaHWEM BHYTPEHHEro, Hecyllero cnos. MaTepuanamy HecyLlero cnios Ana BbINONHEHUS TaKuX
CUCTEM, MOTYT C/YXWTb LUTYYHble CTPOWTE/bHblE KaMHW MNPaBWIbHON (HOPMbl, CTECTBEHHbIE WK
MCKYCCTBEHHblE — KUPMWUYM WU Menkue 6n0ku [5]. Takoe ouyepTaHMe Hecyllero Cnosi rno3BonseT
BO3BOAWTb [OCTATOYHO >KECTKME U YCTONUMBbIE CTEHbl C MWUHMM&/IbHBIM PACXOLOM KaMeHHOro
matepvana. YTenneHve, a TakKe Hapy>KHYH W BHYTPEHHIOW OTAeNKY CTeH, Mpou3BoaAT
1CMNO/b30BaHMEM TEMIOU30/IALMOHHBIX MaTepUasioB 1 OTLENIOUHbIX MaHe el — UNCOKAPTOHHbLIX WK
“akBanaHenei”.

Knagky CTeH, M3 CTPOUTENbHbIX KaMHel — Kupnuueid, GETOHHbIX 6/10KOB, Mpesnaraercs
BO3BOAWTb C COO/IIOAEHVEM BCEX CYLLECTBYHOLMX NPaBW BO3BELEHUA KaMEHHOW Knagku [6], no
[BYM CXeMaMm — B OAMH KaMeHb MUK B MONTOPa KaMHa (cM. puc 1 n puc. 2):

e Knajka B OAWH GIOK WX OLUH KMPNWY, NPOU3BOAMTCS MO ABYXPSAHON “LenHOR“ cucteme, C
NpYMbIKaHWEM KaMHel 60KOBbIMU FpaHAMMW APYr K ApYrY W CABUTY MOCMeAYHOLLEro KaMHs Ha
MOSIOBMHY A/IMHbI MO OTHOLUEHUIO K NpefblayLieMy KamHIO, TO eCTb CABMI Ha “rnonbnoka” —
ONA MEepBOro, HWXHEro psga. AHasorMyHa Knafka, BTOPOro, BepXHEro psga, HO KamHK
yKNaAbIBaKOTCA MO B3aMHO NeprneHANKYNApHbLIM NPOAO/bHBLIM OCAM;

e Knagka B nontopa 6/0ka WM NoATopa KMpnunya Npou3BOAMTCA MO ABYXPSAHON “LernHOn™
cucTeme, C NMPUMbIKaHMEM “NOXKA™ MOCNEAYIOWEro KaMHA K “TbluKy“ npegbiaywiero — Ans
MepBoro, HWKHero psaga. [1n1a BTOPOro, BepXHero psga Knagka npovsBOAUTCA NPUMbIKaHMEM
“TblYKa“ NOCNefyIOLLEro KaMHA K "NOXKY" npefblayLLuero.

Mpy HeobX04MMOCTM, apMMPOBAHWE KNafKW CTeH WM KpennieHWe K HUM OBMUL0BOYHbIX
naHesnemn, nNPOM3BOAUTCH W3BECTHBIMU CYLLUECTBYIOLMMM HOMEHK/IATYPHbIMW - MaTepuanamm 1
cnocobamu, Hanpumep, ¢ UCMoJb30BaHNEM OLMHKOBaHHbIX KpensieHuin rpmMbl KNAUF.

MpvBefeHHble [aHHble MOKa3blBAlOT, 4TO: 06Waf TOMWMHA CTEH MO FOPWU3OHTa/IbHOMY
paspesy, B M/aHe, Npy nepexoge OT TPaAWLMOHHON KNafku K 3ur3aroobpasHoin Kiafke, MeHseTcs
He3HaunTenbHO. OAHAKO B TO XKe BPeMS YMeHbLLUAETCA KOIMYeCTBO KaMHel B pAfiax Ha MOrOHHbIA MeTp
Knagkn. Ona Knagku B OLMH KMpNW4, B3aMeH 8 Kupnuyeld yknagbiBaetcs 5,16 kupnuvua, Ans
MONYTOPHOA Knafkn — B3aMeH 12 Kupnuueid yknafgbiBaetca 6,34 kupnunya. COOTBETCTBEHHO
YMEHbLLUAeTCA W Harpyska Ha (QYyHOaMeHT B OCHOBaHWM CTPOSLLErocs COOPYXEHUA — npu
3ursaroobpasHoli Knafke B OAMH KMPNuUY ymeHblueHne Ha 35,5%, npuknagke nontopa Kupnuya —
47,17%.

Puc. 1 &)
Il panx

Prc. 1. 3ursaroo0pasHas, B ILIAHE, JABYXPAIHAA KHPITHYAAs KTanka B “oauH KHPOHEYT
a) nnan I pana, &) onnad 11 pan; 1 — KEPpOUTHAaS KIS0, 2 — TETIOWIOTSITHE]
3 THNCOKAPTOHHAN MaHcb; 4 — aKsanaHelnn™.
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Puc. 2 a)
I pan

Puc. 2. 3urzaroofpazHasd, B rlaHe, NRYXPAJIHAR KHPIHYHA Kianka B “ToATopa KHpIHYa™:
b) nman I psma , b) nnan I1 pan; 1 — kapnHYHas KIagka; 2 — TENTOH30MAIAA;
3 — runcoxkaprovHas maHens; 4 — VakBanaHenst.

TOYHO TaKoe e YMeHblLUeHWe Harpysku Ha (yHAaMeHT, B MpoLeHTax, HabmofaeTca npu
31raaroobpasHoi Knagke B ognH 6,10K 1 noaTopa 6510Ka.

OcBo60aMBLIEECHA NPOCTPAHCTBO — MYCTOTbl MEXAY BHELUHWMW TpaHAMU 3Mr3aroobpasHo
BO3BOAMMbBIX CTEH W BEPTUKAIbHBLIMU Hapy>KHbIMW MNOCKOCTAMU, 06pa30BaHHbLIMU 06/MLIOBOYHBIMU
naHensMu, 3amnofiHAeTCA  TennouM30NALMOHHBLIM - MaTepuasioM, YTO MOBbILWAET Tennodu3nyeckme
CBOWCTBA CTEH BO3BEAEHHOI0 COOPYXKEHUS.

3. 3akso4eHne
Bo3BefieHMe MHOTOCNOMHbLIX KaMeHHbIX CTeH MO Mpej/iaraemMoidi 3ursaroobpasHorn cucTeme
06nafaeT CcnefyloWMMN  MPerMyLLEecTBamMn  Mepef, MHOTOC/TOMHbIMYA - KaMeHHbIMU  CTeHaMmW,
BO3BOAVMbIMMW TPAAULMOHHBIM CMIOCO60M:

J CTeHbI, C 31Ur3aroo6pasHbIM ouepTaHMeM B MNaaHe HeCyLLEero CpegHero Cos no3sonsaoT

yTennATh 3aaHne 6e3 N3MeHeHWs rabapyTos CTEH U COOPYXXEHWS B LIENOM;

J YMEHbLLUEHME KOMNYeCTBa YK/1afblBaeMOro KaMeHHOro MaTepuana, OfHOBPEMEHHO

YMEHbLLAET CTOMMOCTb 1 CPOKW BO3BELeHNSA COOPY>KEHWA, 3a CHET:

- 3KOHOMWW CPeSCTB Ha NPUOGPETEHNE 1 TPAHCNOPTUPOBKY KNaouyHOro Matepuasa — KaMmHen,
BAXKYLLMX (LLeMeHTa) 1 MeSIKOro 3anosiHuTens (necka) A4ns KnagoyHoro pacTeopa,;

- YMeHbLLIEHUSA PacXof0B 1 BPeMeHW Ha paboTbl N0 BO3BELEHUIO KaMeHHOW KnaaKu;

- YMEHbLUEHNA CTOMMOCTU W BPEMEHW OTAENOYHbIX W TENNOU30NALUMOHHBLIX PaboT, BBUAY
COBMeLLieHVA paboT, OfHOBPEMEHHOI 06/IMLIOBKN CTEH OTAEN0HHBIMY MaHEeNAIMN — TMIMCOKapTOHOM
n “akeanaHenbi* upmbl KNAUF, a Takke yKnagku TennousonauuM B XOAe npouecca
BO3BE/jeHUsA CTEHbI.
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(Jmbogggomol Log@dgl), 3Om3m@Eogemdols 3mgx03096@L, ggmbols Lowowgl, dOFYge0
Q03900L  GoOmmol, [Oxggms  gOm0gOmEsdmogdymgdsl.  smbodbymo  mgolgdgdo
20dm094gbgds  2oM3399ero  dgB@geo  sdm3ebgdol  sdmloblbgesw. dm3gdye  LHs@osdo

aobboanyganos  dOEYg  ggmdgBeoge  Bogy®@gdmeb  sgegdoMgdymo  sdmizsbgdo.
odm30b9dd0 olidygm Logombgdbbyg 3sbygbo doowgds 30033990 3MSB0IYL0 53909d0m

3350053 bg o oMo ganma®adby.

2. d0000)5R0 65VOR0
53,3565 1. ABCD 3go0®s@0l, [BC] oo [CD] 2390©9dbg sgowmmn M s N Fg@@owgdo
obg, @md MNC ULodgygmbgool 39M0dgddo  Fmero ogml  ggo@ds@ols 3900dgB @0l
bobgg@ol. aobolobwg@ml <MAN symboli Loogy.
B M C B M .

K

A D A

by@.1 by®.2

M o N {gddoamgdols  osboggdow aodmgoggbmo {@gfodo, Gmdgmol 39b@d®o osdol A,
aooll B wo D Fg@@omgdby. B D @goemol dbgoo FOxg aowsgggml [BC] ws [CD]
2390090L. aosg3gmado dJoomgds M s N (g@@oangdo. [MN] gbgds B D @goenls K
Vaodoedo  (Ly@.d). MNC Lodgygmbgoo  s@ol  do@mggobs, @mamaig  [Ogfodols
©005d98MbYg  oyMEbmdogo  YOM0gAMIsONMdyYeo  Joewgbon dgoagbogro <MCN=90°
(by®.2). [KM]= [KN]= [KC]. M @s N {gd@oengdbg [MN ] 303m@gbygbols bobgg@ol @meno
asoybom  dgdmobsbgds  (ogfomgoo [KM]=[BM]=[KN]=[ND] (Ly®.3). ABCD sgoecs@ols
3900393 ®@0l bobggodo Gmenos [AB]+[BC]= [CM]+[CN]+[MN].

D
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©05379009bwgmn  dgmeg Ly@sml <MAN ULowpowpg doomgds <MAK+<KAN. AMAK=AKAN,
m®039 ULsdgygmbgoo do@mggmbes, dglsdsdoloe dos@mgymbs Lodggmbgogdos ABM s
AND.  5@bodbygaro bodjgmbgogdo Lodgddoygmspss aobmspqgdygmo [AC] ©ospmbogools
dJodom, @53  domo  Gemmdol  sdosbFy@gdgamos. AMAK s AABM-U  g390©gdb0
9JOm3sbgmol Gemanos [KM]=[BM]. m@ogg Lodgnmbgol ozl Lsg@omm dodm@gbybs [AM],
dodobosdg AABM =AMAK s AKAN=AAND. ABCD jgo@s@ol [AC] @osymbogno 45°%-056
39mbgl  dgoeagbl  ggo@s@0l  g39Mgdmsb, [AM] 3d03m@gbybs <BAC-U dolgd@@oboss.
<MAN bowpowpg @meros 45°-ob.

58m(3565 2. dmgdyemos ABCD jgsds@o. dol  [CD]
33900bg dpgoomgmdl K {g@@omo BAK jygmbols
dolgd@@ols  [BC] g390©lL  gows-3390L L §gd@Goendo
(by@4). gobggbmm, ®md [BL] + [KD] = [AK]. ABCD

-

33o0@>Gol  [BCl 23000l yop@dgargdety B - z
V90 @ogowsb sgopmm obgmo M {g@@oemo, Gmd [BM] \ /
= [KD] (gdmgod@ybom  Lsdjgmbgoo AKD A /
Vg @ogol  odggamog  90%-00bo  gyoboo  Losmol -—ﬁ'" )
olGol bofoboowdmgame) (Ly®.5). £ BAL = £ LAK = ¢, /
d>dob £MAB = £KAD = 90°- 2¢ .« MAL =90°- ¢ //
ZMLA = 90° - @ go. £ MLA = 2 MAL jyobggdols l*)”
AMEMmdosb  25dmdpobo®gmols, Gma A AML

byy®.3

Aomag@ess [AM]=[ML], [ML]=[BL]+[BM], [BM] = [KD], [AM] =[AK]. 8sYsbowsdg [AK] =

[AM] =[ML] = [BL] +[KD].
B C M y B L C
//‘ 7 //,
/ A" /A :
/ ‘
ra ® / ¥
/ k
Al D \ D
boy®.4 bg@.5

58m@35bs 3. ABCD  j3o0@s@0l [AB] o [CD] g3900g6bg sgowmon M s N {9@@oagdo

obyg, ®m3d [AM] = [CN] (Lby®@.6). [MN], [BP] o [CP] 3mbogggmgdo  33o0@s@dl  @oymeals
bodggmbggdos  ©s  mobgymbyogds,  ©ogsd@goimm,  Gmd APEF - ol go@mmdo
Gmaos  AMBE  ©s ACNF  go®@omdéms  xsdols  SAABP + SAPCD = SABPC,

S AABP + S APCD + S ABPC = SO ABCD. S ABPC =% SOABCD. yogotg3g0mm, @md S APEF=S
AMBE+ S ACNF. S APEF+ S BEFC= % S ABCD S AMBE+ S BEFC+ S ACNF,
ROOIY@oMgooesb  godmdobs®gmdl, @md S APEF= S AMBE+ S ACNF. sdm@sbols
sdmoblbols  dgmmeo 0gogg 0dbgds My ggoMs@ol  Yg33Egmom  Is@oen genmy@sdom.
sdm3sbs 4. LHTR 3o@semganma@sdols [LH] o [TR] g396©9d%g sgommo S w©s Q
Vgodoamgdo g.0. gl TgoGomgdo goblobrogmeggb LHTR o@smgama@sdols  [LH], [TR]
23900gb0l 33390 [SG] Bmbsiggml. [SG] dmbogggmo aogergdyeos olig, Gmd [LS] = [TG]
(by@.7). [SG], [HK] o [TK] 8mbsgggogdo 3o@smganma@sdl  gmggbh bod Lodggmbgoem @
bod mobiygmbgps. ©ogsd@dzocmm, Mmd KOQ Lsdgymbyool go@mmdo Gmenos  SHO o
TQG Lodgyobgogdol godmmdms xsdobs.
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B C

A

by ®.6 bey@.7
S ALHK + S AKTR =S AHKT, S ALHK + S A KTR + S A HKT =SLHTR, ojgsb  a0dmdoboty
2- S AHKT = S LHTR.  g.0. % S LHTR =S A HKT. 50bodbygao @Gemermdols (§ AOKQ= S
ASHO+SATQG)  obod@goigdmse  dgbdgmegds  obs  sdmisbols b oglo
Qm@adymomgds S A OKQ + S HOQT=% S LHTR =S A SHO + S HOQT + S A TQG, Usopasbsg
30dm3obs®mgmdl, @md S AOKQ=S ASHO+S ATQG.
ABCD j3g3o0@o@0 ©o LHTR 3s@o@mgama®sdo hsomgangds dbaogl, dmbomglogg d@@Fyge

Q03 YOJooE, oo  YEgmgmos dm30®Es300g 2390©gd0ls 3o@omgmmds ©s 239M©gdby
sOLgoymo  Jmbsiggmgools Goambs. dgbodsdobo gOmo ©s 0039 SIMEebs  m@ogy

‘dgdmbgggedo sdmoblbgds  gOMbso@sw.

3. R3L3365

300390 5dmzsobols sdmblbom goodggs 09 @mam@ S0a9ds 335As5F0L 23900 0Dy
Voo @ogogdo olyg, Omd 33o@5@do hobobyemo Lodjygmbgools 39G0dgBGo  Gmeno oymls
3350@s@ol  39Mm0dgB@ols bobgg@ol. gobolobrgds hobosbymo Lodgymbgool gomg®Omo
390bol  Lowowg (Ogfodol ©0s393®by ©oy@ebmdogmo  Jodwgdl dm@ols s@lgdbyano
390bol dobgogom. dgm@g sdmzsbsdo  gobbogymos  3go@s@ol g390©b  Smgdyao
bgdoldog@o (gaBowols goOmghn (390mbomsb ©sds ogdodgdgero dmbsgzggmols mgoligds.
dglodyg @ dgmmbg s3m@Eebsdo  godmmgeogos  m@o  Jbyogbo  dGFYg@o  Goyydols
33o0@530l s do@omgammpa®sdol  dgggmo  dmbsgggmgdom  dgepygboano b jgmgdols
RoONMdGo0l YO0 gHMESIM 0w gdye gdos.

ROBIOOBI®O
L. s.@.0mgJbobp@mgo, o.00.89069M0, 3.0. @ogobo — 39mdg@@os.
doligmgo 19807 .(aL).
2. 0. M. 39A3030, @.8. 25babylo — agmdgd®ools Lob@gds@oy®o 9@ Lo
ndogoolo 1935§.
3. C.A.ppono Hauepratenvnas ['eomerpus Mocksa ,Mamunoctpoenue” 1983r.
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CKOopOCTb Yr/10Bo MOAbI B MbE30KCPaMNYECKOM KNMHOBWUAHOM BOJTH/IB/E
M. Baszarawsunu, b. Uypyenaypwu, 3. Hypyenaypu
(CPY3VMHCKMIN TEXHNUYECKMIA yHBEpPCUTET, yn. Koctasa 77, 0175, Téunwuck, IMpy3ns)

Pestome: B pa6oTe oCyLLecTBeHa NOCTAHOBKA 3afauun aKyCTO3NeKTPOHNKY CBA3aHbI U3YUEHNIO 1
MOWCKY HOBbIX TWMOB MOBEPXHOCTHbIX aKyCTWYECKUX BONH. OAHWM W3 Hambonee MHTEPECHbIX
(haKTOpPOB, SBNSAETCA PACNPOCTPAHEHNS B YNPYroM KNMHUE BOMM, NOKANM30BaHHbIX BOU3M rep6a.
STV BOMHbI He 06MafalT AuCnepceli 1 UMEKT BbICOKYH CTENeHb NOKaM3aLuuy ABUdKEHNS, YTO
npeonpefensieT BO3MOMKHOCTU WX MPAKTUYECKOro WCMonb30oBaHUs Npu paspaboTKe NNHWI
3a/lep>KKI, YCTPOACTBA CBEPTKM.

KntoueBble cnoBa: AKycTWYecKasi BOMHA, KoneGaHusi, MPOAONbHAas BOMHA, NOMepevHasl BOJHA,
yrnoBas Mofa, KNIMHOBWAHbIV BONHOBOA, YNpyroe Teno.

1. BBepeHue
B HacToAwem paboTe Ha OCHOBE aHasM3a BOMHOrO MOMA B M30TPOHHOM K/UME MPOBOAETCA
COOTHOLLEHWS, MO3BONAOLME OMNpPeAenMTb CKOPOCTb YIMOBAN MOAbl MO ABYM APYrM BaXKHEMLIUM
XapakTepucTMKam maTtepuana — CKOpCoCTSM NOBEPXHOCTHOM 1 CYyBUIOBOM BOJTHU.

2. OCHOBHaA 4YacTb
MycTb U30TPOHOE YNPYroe Teno, XapakTepu3yemoe CKOPOCTAMMU MPOAO0/bHON (Ci) v momepedHoM

(cy) BOMH, 3aHMMaeT o6nactb x=0, y=0, |z|§oos NPAMOYro/bHOW [eKapTOBON CUCTEME KOOPAMHAT
oXyz. ['paHu Knvna cBOBOAHbI OT Harpy3Ku
=t, =t,=0(x=0)

s,=t, =t =0(y=0) @)

Heo6xoayMo yCTaHOBUTb, CYLLUECTBYHOT N B TakoM Tefe GerylivMe BAOMb OCU OZ BOJHBbI,
NIOKa/IN30BaHHble  BOMM3M pebpa, M KakoBbl MX CBOMCTBA. PU3nuecky TpeboBaHWMe NOKaIM3aLmm
ABWKEHMS1 03HAYaET, YTO CKOPOCTb YT/I0BOV MOAbI I0/KHA BblTh MeHbLLIE CKOPOCTU KaK 06beMHbIX  (C;
Cy) TaK 1 NOBEPXHOCTHOIA (CR) BOMM B MaTepuasne. B KnnHe ¢ NpsMbIM YTIOM NPY BePLUMHE CYLLECTBYET
TONbKO OAHA M3rnbHas yrnoeas Mofa. BekTop CMeLleHMIA B Hell aHTUCUMMETPUYEH OTHOCUTESNbHO

MNOCKOCTU X=y W OMUCBLIBAETCA COOTHOLLEHMAMM (rapMoHMueckuii MHoxuTAL explilwt —gz)] 3pec
onyLleH).

0 2 2 _ _ _ 2 2 _ _ _
U, :J X(SZ){S[HS P gny —e‘p‘y]sinx—{—“s P gonx —e“"y}cossy}ds )

o 1+s 2p; 2

o0 2 2 _ _ _ 2 2 _ _ _
Uy :I:i(_l_(:z) {8[14_82 + P e Py _(1+ Szk—l’xy]cosx_s[—l-i_ 82P+ P g PiX —e_p‘y:|9.nsy}ds

0 Pi L

© -~ 2 2 _ _ _ 2 2 —_ —
U, :igj X(s) S[ptepiy—m—er‘—ep‘yjcossx{ptepix—1+s—+pt—e’“}cossy ds
5 2p 2P,
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2 1/2
c w -
rae P, =|1+s°-— | ;(@=Lt)c=—;x=xg;y=ygto
c? v

MepBble CnaraemMble B BbIPaXEHUsIX (2) 0GECMEUMBAIOT BbIMOMHEHME TPAaHUYHBIX YCMOBUIA Ha
rpaHu KknaHa y=0, a BTOpble Ha rpaHu X=0. MpW 3TOM FpaHWuHble YCMOBUS AN KacaTesbHbIX
HanpshKeHWIA Y0BNETBOPEHbI MOYXAECTBEHHO, @ PAaBEHCTBO HY/H0 HOPMa/bHBIX HAMpPsHKeHWIA MPOBOAUT
K MHTErpa/lbHOMY YPaBHEH!IO

0

X (S)A(S)— j 2" in[2-% Jar=o @3)
2p1 nct201+r)(r +p,)r2+pi2 ¢!
3meck AS =P, _%;s_JrTZE) , v - KoedppuLmeHT MyaccoHa.
t

ickomasi CKOpOCTb C=Cg YI/N0BOV MOfbl SIBNSETCA COOCTBEHHbIM 3HAUYEHNEM ypaBHeHMS (3).

c/c
2 /

093 | 7
—vv/

0,91 / 1
)7 ot

0,89

0,87

0 0,1 0,2 0,3 0,4 Y

3aBMcMOCTb 6e3pa3mepHOii (OTHECEHHOM K C;) CKOPOCTWM Ce OT KoadmumeHTa [lMyaccoHa v
npeAcTaBneHa KpvBoi 1 Ha pucyHke. KpuBasi 2 oTpaxaeT MnoBeAeHMe 6Ge3pa3mMepHOil CKOPOCTU
MOBEPXHOCTHOM BOMHbI. OTU AaHHble MNO3BONSAKT BEMYMHY Ce. [Mpy DTOM MOXHO MO/b30BaTLCS
13BECTHOM [3] annpoKCMMaLein CKOPOCTY NMOBEPXHOCTHOW BO/HBI

h_Cx _087+11n @
C, 1+n
a TaKkxke NPUGIKEHHO 3aBUCUMOCTLIO (4)
—“E =0,874+0,054n "' (5)

Ct
MorpewHOCTb 3TOW annpokcumaumein He npesocxogut 0,5%. O6begeHuss (4) wn  (5),
MOXXHOPEKOMEH0BaTb NMPUGNVXEHHYIO hopMy Ty ANs OnpesesieHns CKOPOCTY YI10BO MOAbI B Knune

(6)

Ce _ 0874+ 0,054 28
c, 112-h

B KauecTBe npumepa onpeaenvm no (6) CKOPOCTb YrA0BO MOZbI B KNMME U3 NMbe30KePaMUKM.
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COrNacHo 3KCMEPUMEHTAbHBIA AaHHbIM [1] umeem ¢, = 215-10°m/c; ¢, =2,00-10°m/c;
¢, =1,94-10°m/c.

3.BbiBOAbI

B npakTMYecKUX MNPUMEHEHMSIX UCMOMb3YeTCA  KAMHOBWAHbIA  BOMHOBOL BbICOTbI  H,
PasMELLEHHbIA Ha YKECTKON MOAN0XKKe. AHasM3 BOMHOBOFO MOs B GECKOHEYHOM KuMne No3BoNsieT

CAenaTb BbIBOZ O TOM, uto nmpu  H >~/2 (L - ANMHA BOAHBI) aMnMTYda CMELeHU! OCHOBaHMS
npeBbILLaeT 5% 0T MakcUMasibHO. OTCya cneayeT, yTo npu

c w
f>127+, f=—
H 2p
yrnoBas Mofa B KaHeyHOM Kiune OyaeT, Mno-Cylwiectsy, 6e34McrnepcroHHOn. 3Ty dopmyny
MOXHO MCMOoN30BaThb A4/15 Bbibopa paboyei YacTOTbl TaKUX TOMOrpagnmyecKnx BOTHOBOAOB.

JlutepaTtypa

1. boHgapeHko B. C. Ay6osuukmin B. ®. KpytoB A. IN. «AKyCTUYECKME KPOMOYHbIE BO/IHbI B
N30TPOHHBIX TBEPAHBIX Tenax». Pu3snka Teephoro Tena, 1975, 17, Nel0, c. 3032-3034

2. boHpapeHko B. C. Co6ones b. B. boukos b. I., 3yeB B. E. B036y)xaeHu1e 31eKTP0aKyCTUYECKOro
3Xa Ha NOBEPXHOCTHbIX BO/THAX. n3nKa TBepLOro Tena, 1976, 18, Ne5, c. 1447-1450

3. Buktopos N. A. Tunbl 3ByKOB. MOBEPXHOCTHBLIX BO/H B TBEPAbIX Tenax. AKCT. XypHaib 1979,
25, Nel, c. 1-17

62



10633G60IA)-BIIE03IO0  JIG6OR(O  ,,33I6IBR(MdS”

SCIENTIFIC-TECHNICAL JOURNAL “BUILDING” Ne3(46), 2017

HAYUYHO-TEXHUYECKU XXYPHAJ «CTPOUTE/IbCTBO»
T

RORK3SR0560 ®30658IBMBOL 3MBLB @ IIGNIS0

3. 350byA5dg, . goMEOsTgoo, o. @gdsbody
(LoJommggenml Ggdbogydo 9bogg@lodgdo, 3. 3mbEsegol 77, 0175, mdogrolo,
LoJommgganm)
©@9bondy: bodHmddo  gobboaryaros  odsarosbo @ 065395m60b  yb6LEG 309300

oagoaamo  bsdaglagarm s bodefsgrsge  dgbmdgdo;  Jsmo b lEGafz0ma00
no50b989G93950, 559my96930L 5@y, @odbswydol Byfbmermgos; sSbosaro bmgsomGo
JO6bBGag0aao bobdgdydol 5o30my96935, J40m6030mG0 9939750-
boggsbde Lodgggdo: jb6bBGEa 30930, sbogno bmgscogmo boldgdgdo, bobolbdyg, dsaro,
Iy @sm3ds, ho@mbgs, J,mbd0n@0 999450

1. O30

oEdogosbo  @306569Bmbol  JmbLE®YJ30g00L  aodmygbgds s ogdoMgdgemos
Lobgardfogml  g3mbmdogol  bO@sLmsb.  g3mbmdogol  bO®s  dJmombmgl  Jodbbgdols,
Bo0M03900L, Loddgfggem mdogdBgool LMoy aobgomo®gdsl, @mdgmoi oy3oen gdemsw
9353 doMEgds  3dgbgdermdsl. 1930 (ergdowob  ggmbmdogol  smdsgmmdol o ggosd
2530300 5@ JoOFM BodM035-Jo@Mbbgdol 905 sMsdge bowgdol, gangd®dmbopag®gdols,
59OM3MGJool, 3o dbangdol, dozog@mgdol, Loddgbgdanm  boggmmodsms  ©ododbowgdgao
0609J®gool s Lbgs 39dgbgdenmde.

obggg  oJBoydoe  sofym  Lolmgem-bsdgy@bgm  mdogddgdol  dgbgdenmds
bomgase, OmamaoEss dgg®obggegmdol, dgbsmbargmdol, do@gegyemol  dglobsbo
Logrmbgdol s Lbgoms 3dgbgdanmde.

2. 30®00)0R0 656VOKR0

9406m3030L  aobgomo®gdsl  sbanogl  sbogno  Lsddgbgdenem  dobogngdol o
3MbLEAOYJ30900L gobgomo®gds, Fomo aoobas®odgdol s JmbLG®YoMgdols Igmmegdols
539 doggds,  dgabogdgmo  gLTogans.  Fgoddbs  dogos@o  badgEbog@m-Usgaggo
0bbEA0H YO0, odydogs sbogo gmblE®yJaoygmo bJgdgdo, aoobysmodgdol Jgmmwgdo
s dobo 3Go]Bogodo obgdygols sy gdamds.

1933 (g0l J dmbgmgdo 3gb@dsmoyd  badgisbogdm-zgemggom  o0blEo@yddo  o.o.
330begg0l s go. I@sdmgol Jogd oo @smEgbmdols  gJL3gM0dgbRgdo  ho@Gods,
amdgenoi  gdboby@gomes  gmblE®yd3ogdol aosbys®ndgdgddo s@OLgdyeo  gddoMoyyeno
3098030963900l aodo@Boggdsl,  @mdamgdoi  omgogolifobgdebgb @ 30bsd9BH™bTo
S35 YAl Momgbmdols dgdzoMmgodsb.

obgmogg Lodydomgdo BoMWIdMES JsBog g a@a 3d-do.

9406m3030L  a5bg0moMgdsl mob obgrs FoGg@Mos@my®o  Mgmsmol  oMMggds
@md@ol gbog@nbm s boby@dmogo MmOl gobdsgermdsdo dgbsbobow Logodm oym
boggdmdgdo, do530309d0, Logomlgdo, d9bzgdgdo, abgdo, bowgdo, @jzoboabgdo s Ubgs
dAogogo mdogdpgool 3dgbgdanmds.

9JOM-g0mo  Sbgmo  Loob@g@glm  odsgnosbo  aooby@mggdols dJmbg  boggdmds
aob@esmn 353080900, oo mogobygogo  go@mol  IJmbg, GmIols  s3B™gJEgds
bpgomes YOoageem aosbydggbom, Mm@ sbsfymdo, sbggg oslofymd-dmbmeromy@o
> dmbmeomny®o @3065093mbol 3mblA®YJ30gd0obogsb. LYm@go o3 ©@mL ©ooby@ys
9YAoagem  bodogmmndm@obo s balbggbm  gopobydggdo  Ladoygegdols 0,00
60dbyyao@sb ofg30L  Ggdbmmmaoyg®o dgmmwom. YHoagem  Asesoby®ggoo  dgbwgdmws
39303 g@om s godoRgmols yodgdg [2]

YO0 gem  assby®gols boggdmdgdo g9adsdo  ob  Jgo@@s@ o ob dodmiymbs
dobosbyammdbols ogm, dogrgdols o doxgdol Lowowg 6 -l o6 o50gds@gdmws, goeols
3MbLEAOYoMgds 30 HOoPoEoYmo dgmmEom, dgEgmgdygeo dsom, boamm  gsdo@gmols
3MbLAO0Mgds  3mblAOYJcogo  Jmbob@gdom  bpgdmws.  asdmygbgdbymmo  oym
309803096300l oo  AsmEgbmds, O®IgaoE  Aosbas®odgbol  LobyLRgl  gk3dg99
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SUMMARIES

R. Vesdlovski, D. GigineiShvili PROSPECTS OF RESTORATION AND CONNECTION OF METAL
PLATES AND OTHER CONSTRUCTION ELEMENTS WITH USE OF COMPOSITE MATERIALS
BASED ON GLASS AND BASALT FIBER AND POLYMERS. Scientific-technical journal “BUILDING”
#3(46), 2017

Modern composite materials with glass, basalt and other types of fibers based on polymer binder, have a specific
strength 4-5 times higher than steel, as well as any non-ferrous metals and alloys. As a result of theoretical and
experimental researches the new data have been obtained for the design of metal constructions consisting of plates
and other steel elements to be restored using glass or basalt fibers and special polymers. Particularly responsible
load-bearing structures such as oil and gas terminals, shipbuildings, aircraft buildings, nuclear power plants,
aircraft, railways, bridges, public buildings and facilities, etc., where structural elements are of steel, often receive
various kind of damage, which create problems in exploitation, financial damage and become a source of danger
to people's lives. Therefore, timely and reliable rehabilitation is the most important. Prospective directions of
using composite materials for restoration of the damaged constructions on the basis of basalt fiber and modern
polymers taking into account the influence of different types of loads and their stress-strain state presented in the
paper.

I. Kakutashvili. ON ANALYSIS OF THE THIN DEPRESSED CYLINDRICAL SHELL OUTSIDE THE
ELASTIC RANGE. Scientific-technical journal “BUILDING” #3(46), 2017

Due the application of A.A. Illyshin's theory of small elastic-plastic deformation is considered the depressed
cylindrical sheet that by two opposite sides is rigidly attached, and the second two opposite sides is hinged
supported.

The equilibrium equations of the shell are generated outside of elasticity range. Structural formulas of forces and
moments are presented by sum of a linear and non-linear terms. The main formulas are obtained to solve the
mentioned problem. Finaly, the task will be reduced on the system of mixed type private derivative differential
equations, for solution of that is applied the method of A.A. Illusion elastic solutions.

Kakha Darchiashvili, Vazha Darchiashvili. TECHNICAL MONITORING OF BUILDING AND
ASSESSMENT OF SEISMIC RESISTANCE. Scientific-technical journal “BUILDING” #3(46), 2017

In the article on the example of neighboring republics are considered in the construction sphere several of
currently existing issues that e urgently needed to resolve on the background of EuroCode's implementation in
Georgia:

- the necessity of improving individual items of normative documents operating currently in Georgia;

- large-scale, universal implementation of technical monitoring and passportization of buildings; ss well as
training of specidistsin thisfield and improvement of their qualification;

- the necessity of introduction of active seismic treatments; restoration and use of natural and experimental,
including vibratory tests, in the successful implementation of this case.

M. Chanturia, M. Bujiashvili, N. Nakvetauri. THE MATHEMATICAL MODEL OF THE CONCRETE
ELASTICITY MODULE AND DETERMINATION OF THEIR PROBALISTIC NATURE. Scientific-
technical journal “BUILDING” #3(46), 2017

The task of analysis of building structures on the reliability would be reduced to the determination of probability
of their critical mode of deformation. This is the purpose of determining the possible deviation of the concrete
elastic module and creating its mathematical model.

C. Berdzenashvili, Kh. Iremashvili. NUMERICAL MODELING OF THREE-DIMENSIONAL (3D)
BOUNDARY TASK FOR INFLOW OF MUDFLOW IN THE MOUNTAIN WIDE RESERVOIR.
Scientific-technical journal “BUILDING” #3(46), 2017

The use of athree-dimensional (3D) task is desirable for calculating extreme waves due to the influx of mudflow
or landslide flows in the withers and flooded in tail-water. The methodology of the numerical (finite-variant)
solution of the task has been developed that can be taken into consideration the real outline of the bottom and
slopes.

D. Bakradze, T. Amkoladze. K. Jincharadze. EXPERIENCE OF THE UNIVERSITY OF CALIFORNIA
AT THE CONCRETE COMPRESSION TEST. Scientific-technical journal “BUILDING” #3(46), 2017

The study of concrete and reinforced concrete properties is related to long-term scientific research. Despite the
carried out during dozens of years the works, the above-mentioned issue will further be the topic of science
research.

The process of study of the creeping of concrete during long term was related to certain problems as in some
countries of former Soviet Union aswell as abroad.
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Testing of concrete samples on the creeping is related to problems with the continuously maintaining of pressure.
Testing of concrete samples (prisms) at the Scientific Research Institute of Energy and Hydro Engineering
Facilities was associated with certain difficulties due to maintaining the unchanging value of loads.

In this article is considered the experience of the University of California in connection with test on creeping of
concrete samples. These tests are conducted through the universal system where the regulation of pressure is
carried out in automatic mode and the equipment is designed to test different size cylindrical samples.

V. Tskhvariashvili. M oder nAspects of Quality and Safety Management in Construction. Scientific-technical
journal “BUILDING” #3(46), 2017

The article reviews international practice of quality and safety management systems, quality management,
provisioning and control mechanisms related to the production of construction products. It is understood that the
hardest social-economic outcomes expected for low quality of construction products. Important conclusions have
been made on the issues of legal and normative acts required for the functioning of the quality and safety of the
construction companies.

E. Kantidze. PLANNING OF TBILISI HOUSES (1870-1920). Scientific-technical journal “BUILDING”
#3(46), 2017

In the paper are considered such important issues as the planning features of the Thilisi houses, how they were
evolved and was changed the planning, architectural details and other elements. The importance of the
abovementioned issue is due to the existence of a number of historically important residential buildings in the old
districts of Thilisi and the present situation of these buildings.

G. Loladzee BLOCKWORK FORM BRICKS AND SMALL CONCRETE BLOCKS FOR LOAD
BEARING LAYER OF ENERGY-SAVING MULTI-LAYER WALL. Scientific-technical journal
“BUILDING” #3(46), 2017

A zigzag-like, in plan, system for erecting a load bearing layer for an energy-efficient multi-layer wall is
proposed. The masonry is made in one or one and a half stones according to a two-row "chain" system. The
material is ordinary building bricks or small-piece concrete blocks. It is recommended to make the finishing of the
surfaces of the erected walls with one-piece facing panels, for example KNAUF. The space - voids between the
external faces of zigzag-like walls and vertical outer planes formed by facing panels, is filled with heat-insulating
material. Constructed in this way, multi-layered walling stone structures, together with ease of manufacture, are
characterized by sufficient heat-resistance and stability.

T.Kupatadze, M.Kupatadze, Z.Kupatadze, J. Gasimov. The beginning of the construction of the
metropolitan in Thilisi. Scientific-technical journal “BUILDING” #3(46), 2017

It ispoint out that in Thilisi asin other large cities arapid increase of population actually caused the boost of auto-
transport and passengers’ flow. Due to the timely transfer of passengers, the rapid pace of development of a land
transport has become necessary that caused the over-load of the narrow streets of Thilisi. The traffic is getting
harder during the rush hour. In order to solve the problem it has become utterly important to use the rational and
comfortable means transport that would unload the streets of the city and ensure timely transfer of the flows of
passengers. This was a metropolitan, so, the construction of the underground railway in Thilisi was intensively
discussed in the 30s of the 20th century, which was positively resolved after the war.

I. Kakutashvili, Kh. Gorjoladze. ANALYSIS OF CYLINDRICAL DEPRESSED SHELL BY TAKING
INTO ACCOUNT THE LINEAR STRENGTHENING LAW OF MATERIAL. Scientific-technical journal
“BUILDING” #3(46), 2017

Is considered the depressed cylindrical shell. The material from which the cylindrical shell is made obeys the law
of linear strengthening. By changing the geometric parameters and loads, is required the analysis of mentioned
shell.

An algorithm and required for analysis block scheme are compiled. For the characteristic points of the shell are
calculated the deflections between different values of the load. The diagram of deflections is constructed for
different cases.

Z. Mchedlishvili L. Korganashvili. strength analysis of the virendel type beam frames. Scientific-technical
journal “BUILDING” #3(46), 2017

In the article is considered one of the strength analysis methods of applied in the building structures and in various
aggregates of machines multi-sectional beam frames, that represents the fundamental task of the structural
mechanics of machines and structures.

Matiashvili N. Papava D.THE ROLE OF GEODESY IN GEOINFORMATION SYSTEM. Scientific-

technical journal “BUILDING” #3(46), 2017
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The Contribution of Geodesy Role to Modern Geographic Information System. An increasingly large role of
geodesy contributis to Modern Geographic Information System. This fact is proved by the evidence that the study
of the earth's surface is provided by simultaneous use of satéllite radio navigational system and remote sensing.
Both a digital model and geodesic coordinates are used in geographic information systems. And, Coordinates are
defined from the global positioning system, where the signals received from GPS’s transmitters create a
continuous coordinate space. Therefore, on the crossway of both geoinformatics and navigation is built knowledge
in modern field of Real-time Geoinformatics. Show, that Geodesy is fundamental producer of space-time date.
Geodesy is science and branch of production, having importatante state significance. Level of modern state
presentation geodesy isintolerable.

M. Begiashvili, N. Mumladze T. Shubitidze. PROPERTIES OF PLANAR FIGURES. Scientific-technical
journal “BUILDING” #3(46), 2017

For existing in the construction-engineering practice works are created drawings. The geometry used in it greatly
simplifies the solution of these tasks. Often the determination of dimensions and proportions for construction of
having geometric figures details requires not only to construct graphic images but also mathematical formulation.
In the article is considered the application of properties of the planar geometric figures squares and parallelograms
elements at solving specific tasks.

M. Vazagashvili, B. Churchelauri, Z. Churchelauri. THE ANGULAR MODE VELOCITY IN THE
PIEZO-CERAMIC WEDGE-SHAPED WAVE. Scientific-technical journal “BUILDING” #3(46), 2017

The problem of acoustoelectronics is formulated in the work and is related to the study and search for new types
of surface acoustic waves. One of the most interesting factors is the distribution in the elastic wedge of waves
localized near the hump. These waves do not have dispersions and have a high degree of localization of motion,
that predetermines the possibilities of their practical application in the development of delay lines, convolution
devices.

L. Avalishvili, G. Dolidze. Theoretical Study of Parameters of Marginal Conditions of Reinforced Concrete
Components. Scientific-technical journal “BUILDING” #3(46), 2017

Fundamental issue of reinforced concrete theory — engineering task n selection of section requires rational and
optimal projection aiming simultaneous selection of high trustworthy and economically profitable section. Such
condition is reflected by the method of marginal conditions on the calculation of reinforced concrete structures
recommended in accordance with the active established standards.

Upon calculation majority of reinforced concrete structures is checked condition & = &g In order to have solved
raised urgent engineering task it was considered advisable to in advance calculate &g parameter of
construction’smarginal condition for entire actual practical range in accordance with all categories of concrete and
all categories of principal reinforcement. Despite of scientific interest, the work also has practical values — result
achieved through the tables and diagrams will hasten calculation procedure and make easier work to projector.

G. Berdzenashvili, Kh. Iremashvili. NUMERICAL MODELING OF THE MAMMOGRAM (3D)
BOUNDARY TASK OF MUDFLOW INFILTRATION IN THE BOTTOM OF THE FLOODED TAIL-
WATER OVER THE MAIN BRIDGE. Scientific-technical journal “BUILDING” #3(46), 2017

Using a three-dimensiona (3D) task, calculating the extreme waves caused by the flow of mudflow or landslide
flow in the flooded tail-water . Methods of numerical (finite-variant) solution of the task have been developed,
based on the schematic shape of the hydraulic, construction, road or coastal structures existing on the real-life and
flooded areas of the bottom.

A. Sakvarelidze, N. Gudushauri. Shrinkage of concrete of different ages. Scientific-technical journal
“BUILDING” #3(46), 2017

Studied of Shrikage of corcrete of different age t,=14,28,60 and 180 days. Experiment were conducted over
cylindrical spesimens with diameter 70 mm and length 300 mm.

Specimens were kept in evironment of 100% relative humidity during of different t,=14,28,60 and 180 days after
preparation, and after wards were tested in inviroment of 70,50,20 and 0% relative humidity.

The shrinkage deformations changes of spesimens containing moisture were detemined during the tests Nonlinear
dependence of shrinkade of moisture content were proven.

Created a universal model of concrete shrinkage. It is first time that a universal modell of shrinkage tokes into
account the age and miosture content of material.

Teoretical calculation are in consensus with experimental data.

M. Chanturia, M. Bujiashvili, N. NakvetauriTHE MATHEMATICAL MODEL OF THE CONCRETE
ELASTICITY MODULE AND DETERMINATION OF THEIR PROBALISTIC NATURE. Scientific-
technical journal “BUILDING” #3(46), 2017
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The task of analysis of building structures on the reliability would be reduced to the determination of probability
of their critical mode of deformation. This is the purpose of determining the possible deviation of the concrete
elastic module and creating its mathematical model.

L. Janashia, I. Mikava, V. Kokhia. THE METHOD OF STRUGGLE AGAINST MUDFLOWS

WITH USING THE BARRAGES. Scientific-technical journal “BUILDING” #3(46), 2017

The article considers one of the most catastrophic events in the world, such as mudflow. At present, we can not
find a mountainous country on our planet, which did not have experience of the destructive force from mudflows.
A number of sections of international and local roadsin the world are paralyzed during mudflows annually.

Oh. Khatiashvili. THE LATEST TECHNOLOGY OF PATCHING REPAIR OF ASPHALT CONCRETE
CARPET WITH INFRARED RADIATION. Scientific-technical journal “BUILDING” #3(46), 2017

The use of infrared rays in the world fast-tracked, modern method patching of asphalt concrete carpet has a
negative side that infrared rays can not penetrate into the water pump and mud. Therefore, despite the asphalt
concrete patching works with use of infrared rays would be carried out throughout the year and it is particularly
favorable for negative temperatures during the winter, it is ineffective when the pits on the asphalt concrete carpet
are increased diluted and dirt. To avoiding the above mentioned shortcomings, it is necessary to develop new
technology.

In the article is considered the new technology of patching, resulting in the improvement of the asphalt concrete
patching in the quality will be same as capital repair.

L. Chaduneli. MANUFACTURING OF SEMI-RIGID CARPETS USING BLACK GRAVEL. Scientific-
technical journal “BUILDING” #3(46), 2017

Non-rigid road carpets are characterized by high transport-operationa indicators, but often is insufficient their
resistance on shift, especialy in hot climate and mountainous relief. Therigid carpetsin contrary are characterized
by stability on high resistance to shift, but their transport-operational characteristics are deteriorating.

Semi-rigid carpets combine positive properties of non-rigid and rigid carpets.

In the article is considered a completely new direction for construction of semi-rigid carpets using cold asphalt
concrete and black gravel.

E. Kantidze. THE DECOR ROLE IN THE INTERIOR. Scientific-technical journal “BUILDING” #3(46),
2017

In the article are considered the important issue in the field of spatial planning, such as organizing of interna
space, creating a rational spatial environment and its artistic-aesthetic solution. Also, the issue of proper
application of decorative elements and characteristics for specific styles signs are considered. The
recommendations and proposals for arranging different styles of interior are stated.

G. Maisuradze, D. Vardiashvili, A. Lebanidzee LARGE SPAN REINFORCED CONCRETE
STRUCTURES. Scientific-technical journal “BUILDING” #3(46), 2017

In the paper are considered industrial and civil buildings constructed from large span reinforced concrete
structures; Their constructive peculiarities, application area, manufacturing technology; application of innovative
constructive systems, economical effect.

I. Kakutashvili, I. Korghanashvili. ON SIMPLIFYING OF ANALYSISOF CYLINDRICAL SQUARE
SHELL OUTSIDE THE ELASTICITY RANGE. Scientific-technical journal “BUILDING” #3(46), 2017
Is considered the depressed cylindrical square shell. Two opposite sides are rigidly attached, the other two
sides are based hinged supported. The obtained due A.A. lllyssin'stheory of small elastic-plastic deformation
formulas are written down in the dimensionless values for a specific square shell. The system of constant
determinant equationsis derived.

Thetask is reduced to the point where by changes of geometry and parameters of the shell will be possible to
calculate the functions of deflection and stress, as well as deformations, forces and moments.
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