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OBIITAS XAPAKTEPUCTUKA PABOTEI

AxryansHOCTh TeMbl. C KCITOIB30BaHHEM IIEMEHTHOTO GeTOHAa W H3TOTOBIEHHOTO Ha
€ro OCHOBE JKeJ1e300eTOHa, SBISIONIMICA OJHIM 13 OCHOBHBIX CTPOUTENBHBIX MATEPUAIOB
Halero BPeMeHI/I, BO3Be€HbI MHOI'OYMCJIEHHBIE COOpy)KeHI/ISI paanquro Ha3Ha4YeHUu4d 110
BceMy MHpY. B HacTos1Iee BpeMa HabIrogaeTcss OypHOe pasBUTHE STOH TeHAEHIUH.

Pacmnpenuio QyHKIMOHAMBHBIX TPeOOBAHWI, INPENBABIAEMBIX K CTPOUTEIBHBIM
COOPYXEHUSIM, X YCOBEPIIEHCTBOBAHHMIO METOAOB KX pacuéra BO MHOIOM MOXeT
CIIOCOOCTBOBATh pellleHue 33aJauX IPOTHO3UPOBAHUI MEXaHIIECKOTO ITOBE/IeHUs B HOBBIX
yCJIOBI/ISIX yHOM}IHyTI)IX BBIIIIE MaTepI/IaJIOB, a TaKXXe HOBBIX CTPOI/ITe]IBHI)IX KOMIIO3UTOB Ha
OCHOBE LIEMEHTHOT'O CBSI3YIOIIEro, B TOM YHCJIE U IIEMEHTOIPYHTOB (TPYHTOOETOHOB).

Crenenp LOCTOBEPHOCTH IIPOTHO3UPOBAHMS MEXaHUYeCKOTO IOBEeIeHUS
CTPOI/ITeJIBHBIX KOMIIO3UTOB KaK B HPOI_LECCE BO3BeI€eHUA COOPy)KeHI/II‘;I "3 HUX, TaK U Ha
JTale OKCIUIyaTalli¥ MOXKHO CYINECTBEHHBIM OOpasoM IIOBBICUTH, BIafes YETKUM
IpeZCcTaBIeHueM O (GHM3MYIeCKOl NpUpOZe 3aKOHOMEPHOCTeH M3MEHEHUS IPOYHOCTH U
PEOJIOTUYECKUX CBOMCTB (IIOAPa3syMeBAIOTCA YCAaJKa W IIOJ3ydeCTb) STUX MATEPHAJIOB,
OOYC/IOBJIEHHBIX Pa3HOXapaKTEDHBIMU (aKTOpaMH. OTOMy B OOJBIIEHl Mepe MOXeT
CIIOCOOCTBOBaTh HajaWdre 0asbl SKCIEPUMEHTAIBHO YCTaHOBJIEHHBIX [aHHBIX O
MexXaHUu3MaX BJIUAHUA BOS,IEyIHHO—BJIa)KHOCTHBIX yCJIOBI/IfI BBIBPeBaHI/H[, BOSpaCTa (BPEMFI,
OTCYMTHIBaEMOE IIOCJIe W3TOTOBJIEHHI), MAacuTaGHOrO (aKTopa, OpPHUEHTALMK CJIOEB
VKIaZKY Ha dTarne GOPMOBKU H3ZIENUIl U Ip. HA PEOJIOTHYecKre CBOMCTBA M IPOYHOCTD
KOMIIO3UTOB. Yd4eT IOZOOHBIX [AaHHBIX, a TAKXXe ODKCIEPHMEHTAJIbHO YCTAHOBIEHHBIX
3aKOHOMEPHOCTEH WX 3aBUCHMOCTH OT Pas3JMYHBIX (AaKTOPOB, B TOM 4HCIe (AKTOPOB,
VYWUTHIBAIOMMX YCJIOBHMS OSKCIUIYaTal[dy, SIBSETCS HAJEKHOM TrapaHTHell  Kak
ONITHIMAJIBHOIO IPOEKTHPOBAHUSA CTPOMTENBHBIX KOHCTPYKUHOHHBIX 9JIEMEHTOB U
COOpYXeHHUH, TaKk U OOeCIeYeHWs WX HAJEKXHOCTH B TEYEHWU IIPeLyCMOTPEHHOTIO
IIPOEKTOM BpPEMEHIL.

OCHOBHO# LieJIBI0 AUCCEPTALOHHOM PAaGOTEI ABIIETCA:
®  YCTAaHOBJIEHVE 3aKOHOMEPHOCTEH M3MEHEHHU COIIPOTUBIIIEMOCTH e(hOPMUPOBAHUIO U

PaspyIIEHMIO DJIEMEHTOB M3 I[eMEHTOIPyHTa Ha OCHOBe 0eI03eMOB KapGOHATHOTO

COCTaBa ¥ IIEMEHTHBIX OETOHOB, BBI3BAHHOTO, B OCHOBHOM, [€COPOLMOHHBIMU

IIpoLeccaMy, ¢ yueToM GaKTOpOB, He yIOCTOSHHBIX PaHee JO/DKHOTO BHUMAHUS;

e (QopMupoBaHKE IPAKTUIECKIX IPEIJIOKEHUI, YIeT KOTOPBIX MOXKET GbITH ITOJIe3HBIM
mpu pa3pabOTKe HOBBIX, a TaKXKe YCOBEPLICHCTBOBAHUE JAEHCTBYIOIIMX METOZOB
pacyera ¥ IPOEKTHPOBAHHE 3JIEMEHTOB COOPY)KEHUII M3 YIIOMSIHYTHIX MAaTepHAJIOB,
[IpeAHA3HAYEHHBIX U SKCILIYaTallUM B KIMMATHYECKUX YCJIOBUAX C HEBBICOKOM
BIaXXHOCTBIO (W<75%).

Haywnas HOBM3HA paGOTSHI 3aK/NOYAETCA B CIEIYIOMEM:
¢  DOKCIIEPUMEHTAJIBHO IOATBEPXKIEHA CYLIECTBEHHAs 3aBHCHMOCTH COIIPOTHBILIEMOCTH

ycaziKe W IIOA3yd4eCTH SIEMEHTOB U3 JIETKUX IEMEHTHBIX OETOHOB OT OpPHMEHTAINH

OTHOCHTEIBHO CJI0eB GeTOHUPOBAHUS Ha dTare GOPMOBKY U OT MacIITaGHOro GakTopa,

BBI3BAHHBIMHU JecopOuMeidl XMMUYeCKW HECBSI3aHHOM BJIATH, COXPAHUBIIEHCSI B KX

[opax ¥ KalWULIPax B TedeHny GoJiee 4eM ABYX JECATKOB JIET;



¢ paspaboTaHa TEXHOJIOTHA IMOTyYEHHS I[eMEHTOTPYHTHBIX KOMIIO3HTOB IIOBBILIEHHOMN
mpouyroct (10 MIla u Gonee) Ha OCHOBe CTPYKTyPHO-HEJOYILIOTHEHHBIX U
cybdo3roHHO-HeyCTOMINBBIX IPYHTOB — 6e103eMoB KapoonarHoro cocrasa (BKC), Ge3
IIpUMeHeHUA KaKUX-T160 IIacTU(pUKaTOPOB;

® YCTaHOBJIEHA 3aBUCHMOCTH IIPOYHOCTH M CONPOTHBIAEMOCTH Je(OPMHPOBAHUIO IIPU
KPaTKOBPEMEHHOM HAarpy>XeHHH 3JIeMeHTOB U3 IleMeHTOrpyHra Ha ocHoBe BKC or
BO3pACTa, BIAKHOCTH CpeZbl BBI3PEBAHMA M OT IIOT€PHM XMMHYECKHM HeCBA3AHHOMH
BJIATH, COXPAHUBIIEHCS B UX IIOPAX M KAMUIAPAX B TeYEHUU JUINTETBHOTO BpeMeHU
(6osree uem Tpex JeT);

e 000CHOBaHA IPHEMJIEMOCTH OIIMCAHHUS IIPOIECCa MOJI3yYeCTH IPH PA3INIHBIX YPOBHAX
CKUMAIOIET0  HAIPSDKEHWs  I[[eMEHTOTPYHTHBIX  OJIEMEHTOB  aHAMHTUYECKUME
3aBUCHMOCTSIMH, [IPUMEHIeMBIMI OOBIYHO IIPY ONMCAHUU II0JI3yYeCTH 3JIEMEHTOB U3
ILeMEHTHBIX OETOHOB;

ITpakrirdeckas 3HauMMOCTh. Ha ocHOBe pe3ysIbTaToOB HMCCIeTOBAHUA CHOPMYIUPOBAHEI
IpaKTUYecKue peKOMeH/JAlliH, HallpaBIeHHbIe Ha:
¢ ONTUMaJBHOE IIPOEKTHPOBAHME 3JIE€MEHTOB COOPYXXEHHH U3 JIeTKMX II€MEHTHBIX

6eTOHOB, M3TOTOBJIAEMBIX METOJAMH IIPeJBAPHUTEIBHOrO HATKEHUA apMATyPHI KaK Ha

YIIOpHI, TaK ¥ Ha GETOH;
®  paIlMOHAIBHBIN BBIGOP Pa3MepPOB M KOJIUIECTBO GETOHHBIX U KeIe300eTOHHBIX KOJIOHH

COOpYXeHUH U3 KOHCTPYKI[MOHHBIX JIETKHUX IIeMEHTHBIX OETOHOB, ITpeJHA3HAYE€HHBIX

JULSL SKCILTYaTal[uy B PETHOHAX C HEBBICOKOH BIAYKHOCTBIO CPeZibl;
® COXpaHeHVe HEM3MEHHOCTHM HeCylle#l CIIOCOOHOCTM U COIPOTHBJIAEMOCTH

nedbopmupoBanuio (yHmaMeHTOB U3 IeMeHTOrpyHTa Ha ocHoBe BKC B Teyenun

IIpeZlyCMOTPEHHOTO IIPOEKTOM BCEro CPOKA SKCILTYaTallUH COOPY>KeHMI B PETMOHAX C

HEBBICOKO BJIQXKHOCTBIO CPeZBI.

OGOCHOBaHHOCTh M /[JOCTOBEDHOCTB, Bce pesysbrarsl, IIpefCTaBleHHble B paGore,
TIOJTyYeHbI Ha OCHOBE IIPAMBIX SKCIEPUMEHTOB, KOTOPBle MHOTOKPATHO OBLIM IIOBTOPEHBI
Y TIOJBEPTHYTHI CTATHCTUIECKOH 06paboTKe, a TaKXKe TEOPeTUIeCKU — C HUCIIOIb30BaHHEM
HacnencrBeHHOII TeOpHM IOJN3Y4eCTH YIPYro-IIOJN3y4ero Tejla, pa3pabOTaHHEIMH
axkagemukoM H.X. ApyTioHsSHOM.

OCHOBHEI€ TIOJIOXKeHN, BETHOCHMbIE HA 3aITHTY:

® pe3yJbTaThl HCCIEeOBAaHU, BBI3BAHHBIX ZeCOpOIMeNl XMMHUYeCKM HeCBI3aHHOM
BJIATH CONIPOTHUBJIAEMOCTH yCaZKe U IIOJI3y4eCTH JIETKMX I[eMEHTHBIX OETOHOB C y4eToM
OpHEHTAIlK OTHOCHUTEIBHO CJI0eB GETOHUPOBAHUSA Ha Talle (GOPMOBKHU U OT MacCIITaGHOTO
akropa;

¢ TeXHOJIOTUA IOJyYeHU: IIeMEHTOTPYHTHBIX KOMIIO3UTOB ITOBBIIIEHHO TPOYHOCTH
(10 MITa u Gomee) Ha OCHOBe CTPYKTYPHO-HEJOYILIOTHEHHBIX U Cy(})GdO3HOHHO-
HeycroituuBbIx rpyHToB — BKC, 6e3 mpuMeHeHIsS KaKuX-IH60 IIIacTH(GHUKATOPOB;

¢ 3aKOHOMEPHOCTU M3MEHEHUs IIPOYHOCTU U COIPOTUBIAEMOCTH AeGOpMUPOBAHUIO
3JIEMEHTOB U3 IleMeHTOrpyHTa Ha ocHoBe BKC B 3aBHCHMOCTH OT BO3pacTa, BIQXKHOCTH
Cpensl BBIBPEBAHUA U OT IIOTEPH XMMHYECKM HEeCBSI3aHHOI BJIard, COXPAaHUBLIEHCI B MX
IIOpax U KallWIPaX B TeUEHUH TPEX JIeT;



e o6ocHOBaHUE I1e71ec006pa3HOCTH OIMCAHUSA Imporecca TIOJI3yIeCcTH
LLeMeHTOI‘PyHTHLIX JJIEMEHTOB IIpM Pa3INYHBIX ypOBHHX CXXYMAIOLEro HaIIPAXKeHUA
AHATUTUYIECKUMHU 3aBUCHUMOCTAMHU, IIPUMEHAEMBIMI O6BI‘IHO IIpy OIIMCaHUU HOJIKY‘IeCTI/I
5JIEMEHTOB M3 LIeMEHTHBIX OETOHOB;

o IIpeajIOXeHUA, HallpaBJI€HHBIE Ha:

- ONTUMAJBHBIA BRIOOp Pa3MepOB M KOJIMYECTBA GETOHHBIX U JKeIe300eTOHHBIX
KOJIOHH, a TaKke IIPOeKTHUPOBaHUe IIPeBAPUTEIBHO HANPSIKEHHBIX DJIEMEHTOB
COOpPY)KEHUIl U3 JIETKMX OETOHOB, IIpeJHa3HAYeHHBIX MJII OSKCIUIyaTallud B
PErroHax C HEBBICOKOH BIAXKHOCTBIO CPeibl;

- COXpaHeHUe HeCymleil CIIOCOOHOCTHM M COIPOTHBIAEMOCTH JAe(GOpMUDPOBAHUIO
dynmameHTOB U3 HeMeHTOrpyHTa Ha ocHOBe bKC B TeueHue npemycMOTpeHHOrO
ITPOEKTOM CPOKA SKCILTYaTAI[UH COOPY KeHIH.

AmpoGauys  paGorel.  OCHOBHbIE  pe3yJbTaThl  OUCCEPTALIOHHOM  PabOoTHI
JOKJIaZIBIBAJIMCE U OOCYKIAINCh Ha:

e cemuHapax JlaGopaTopHuu sKCIIlepMMEHTAIbHBIX HCCIefOBAaHMH MHCTUTyTa MEXaHUKH

HAH PA (Epesan, 2011-2021 rr.);

e VIII MexzayHnaposuoii koHbpepeHuuu «[IpoGieMbl AWHAMUKM B3aUMOAEHCTBUA

nedopmupyemsix cpezn» (Fopuc-Cremanakept, 2011 r.);

e Pecmy6nukaHCcKoil KoHbepeHIM MOIOABX yueHsx Apmenun (Llaxkazzop, Apmenus,

2012 r.);

e V MexayHaponHO# KoH(pepeHINM «AKTyanbHble IPOOJEMBI MEXaHUKM CILIOLIHOM

cpensi» (Ilaxxkanzop, Apmenus, 2017 r.);

e VII MexzayHaponHoit KoHbepeHINH «AKTyaJabHbIEe IIPOGIEMbI MEXaHUKH CILIOMIHOM

cpensl» (Jummwkan, Apmenns, 2019 r.).

JuccepranuonHas paGora B ILeloM O0OCy)XZeHa Ha 3acegaHuu JlaGopatopuu
9KCIIepUMEeHTaIbHbIX uccnenoBanuii ucruryra Mexanuku HAH PA u o6uem cemunape
Wucrturyra mexanuku HAH PA (Epesay, 2023 1.).

Ily6muxanyms. OCHOBHbIE pe3yJIbTaThl QHCCEPTAIOHHOM paGoTsl OmyOImKoBaHer B 11
HAYYHBIX CTaThIX, CIIHCOK KOTOPHIX IIPUBOJUTCA B KOHIle aBTOpedepaTa.

Crpyxrypa u o6bem paborer. /[lyiccepranuoHHas paboTa COCTOMT U3 BBEIEHHS, TPEX
IJIaB, OCHOBHBIX BBIBOJOB U Pe3yJIbTATOB, TAK)XKe CIIMCKA JIMTEPATYpsl, cogepxauero 133
HauMmeHoBaHu. O6uMit 065eM paboTs cocrasiseT 165 cTpanul, BKiIodas 35 PUCYHKOB U
17 tabui.

COIEPXKAHWE PABOTBI

Bo BBemienmu mpoBefieH KpaTKuil 0630p paboT, CBA3AHHBIM C paccCMaTpUBaeMON B
JUCCEePTAlluy TeMAaTUKOH, OGOCHOBaHA aKTYaJbHOCTb TE€MBI AUCCEPTAI[MOHHOM paGoTHI,
chOpMyIHMpPOBAHEI IjeJb M OCHOBHBIE 33Ja4M HCCJIEJOBAHUA, IPeZACTaBleHa HayJYHasd
HOBM3HA, IPAaKTHYeCKasd 3HAYMMOCTH ITPOBEJEHHBIX MCCIeOBAHUMH, a TAKXKe JAHO KPaTKoe
cofiep>kaHue paGoTEI.

B mepzoii rimaBe o6CY>KAAIOTCS Pe3YIbTATHl UCCIEZOBAHUIM, MOCBALIEHHBIX BOIIPOCAM
pasBUTHA BO BpeMeHH JedopManuii ycaZKM M IIOJN3YyYeCTH JJIEeMEHTOB M3
KOHCTPYKIIMOHHBIX JIETKUX 1I€MEHTHBIX OeTOHOB, BRI3BAHHBIX, B OCHOBHOM, JecopOuueit
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XMMUYeCKH HeCBI3aHHOU (CBOOOZHOII) Baru. YUTeHbl OPHUEHTALUU CJIOEB YKJIALKU
GeToHa Ha sTare GOPMOBKHU DIEMEHTOB U MACIITAGHBIH (PaKTOp.

B pazgene 1.1 npuBozAaTca cBefleHUA O MeTO/ie IIPOBeIeHNA HCCIIeJOBAHUM.

B xagecTBe 00BEKTa MCCIENOBAHMSA IIPUMEHSINCh OETOHHBIE DJIEMEHThI — OIBITHBIE
o0pasIbl CTaporo BO3pacTa, COXPAaHUBIIME B IIOpax X KANIULIPaX CBOOOAHYIO BAry.
DTOr0 MOXHO JOCTUTHYTh M IIyTeM THJPOM30JHUPOBAaHHA OOpasLoB Cpasdy IoCie
pacOpMOBKH U MX XpaHEHMs B YKa3aHHOM COCTOSHUY B T€YEHUE JIUTEIHHOIO BpEMeHN.

OKCIIepUMeHTalbHasg 4YacTh PAacCMAaTpPHUBAEMBIX 3/IeCh 3a/lad ObLIa OCYILIECTBIEHA C
IIpUMeHeHNeM LUIVHIPHIECKUX OOpaslioB Pa3jIWYHbIX AUAMETPOB, IOTyYEHHBIX IIyTEM
BBIPE3KH M3 HCXOLHBIX OETOHHBIX 3JIEMEHTOB, THAPOM30IMPOBAHHBIX Cpa3y IIOCIE
PacOpMOBKH U OCTAaBJIEHHBIX B TAKOM COCTOSHUM B jlaboparopuu B Teuenue 23...28 yerT.

Wcnbitanus o6pasijoB Ha IIOA3YYeCTh IIPU CKATHM U OCEBOM PaCTKEHUU
OCYINECTBJISIINCH C HCIONB30BAaHHEM IIPY)KHHHBIX CIJIOBBIX paM M IIAPHUPHO-
L[EHTPUPOBAHHBIX IIPUCIOCOGIEHNH, Pa3spabOTaHHBIX U HU3TOTOBIEHHBIX B IHcTHTyTe
mexanuku HAH PA.

IIpezcraBneHsl HeOOXOAWMMbIE CBEJEHWS O KOMIIOHEHTaX, HCIIONB30BAHHBIX I
IPUrOTOB/IEHNsT OETOHHBIX CMeCeH, O COCTaBax OeTOHOB M HEKOTOPHIX HX
XapaKTePUCTUKAX.

B pasgene 1.2 mpepcraBieHBl pe3yJIbTaTHL HCCIENOBAHUS 3aBUCHMOCTH yCAJKU
9JIEMEHTOB M3 JIETKUX GETOHOB, OOYCJOBIEHHBIX, B OCHOBHOM, JecopOliuell Baru, OT
OpDHEHTAllMM CJOeB YKJaJKKU OeTOHHOM cMecu Ha odrame (GOPMOBKM JJIEMEHTOB U
MacmTabHoro akTopa.

B wmccremoBaHMAX 3aBUCHMOCTH YCaZKH OT OpPHMEHTAllMM CJIOeB YKJIaJKU OeToHa
(n/p1.2.1) GbuIM WCHONB30OBAHBI IFUIMHAPUYECKHME OIBITHbIE OOpasubl C JUAMETPOM
5,5 cM, momydyeHHBIE CIOCOGOM BBIOYpHMBAaHMA 13 TyGHOOETOHHBIX U JIUTOHAIIEM3O-
6GeTOHHBIX (IIePIUTOOETOHHBIX) UCXOAHBIX DJIEMEHTOB, THIPOU30IUPOBAHHBIX Cpa3y IOCIe
pachOpPMOBKY U XPaHUBLIUXCSA B TAKOM COCTOSHUU B jlabopaTopuu B TedeHue 23 u 27 yer
cooTBeTcTBeHHO. OMBITHBIE O00pasubl OBLIM BBIGYPEHBI M3 HCXOJHBIX 3JIEMEHTOB B
nepueHaukyaspHoM (o6pasupl ITEC) u mapamiensaom (o6pasusr ITAC) nHampasieHun
OTHOCHTEJIFHO OPHEHTAIINH CJI0eB YKJIaJKU 6eToHa IIpy (GOPMOBKe dJIeMEHTOB.

IIpoBenennsie B Teuenue Gonee 240 cyT. HaGIIOAEHUS ITOKA3aIH, YTO C IIEPBBIX JK€
ITHeH HaxXOXIEHUs B YCIOBUAX CBOOOZHOTO BJIATOOOMEHAa CO Cpefoil C HeBBICOKOM
BJIKHOCTBIO HMEIOT MeCTO IIOsABJIEHNE U Pa3BUTHE BO BPEMEHU C HAadaJbHOM BBICOKOMH U
IajbHelInelf yObIBalOmeldl CKOpOCTBIO JedopManuu ycaZku TyPOOGETOHHBIX U
IIepIUTOGETOHHBIX OIBITHBIX 00pasioB. [Ipu 5TOM BIMAHUE OPUEHTAIIUHU CJIOEB YKIAIKH
6eTOHA HauMHAeT IPOABIATECA Hocste 40 AHelt HabmOneHU, a GypHOe pPasBUTHeE PAa3HUIIBI
B mmoBesieHuu 06pasioB ITEC u [TAC na6momaercs B nepuog ot 40 o 100 gueit. K sTomy
BpeMeHM JedopManuy ycaAKY (BTaKHOCTHAs ycafKa) IPUHHMAIOT CBOM MaKCHMaJbHBIE
3HaueHHWA. OTa  BeJMYMHA y TY(POOETOHHBIX U IepIUTO0EeTOHHBIX o00pasuor IIEC
COCTaBJIET, COOTBETCTBeHHO, 6osee yem 60+ 107> u 35-107°, a y obpasuos ITAC —
mpumepro 50 - 107° u 27 - 107> cooTBeTcTBeHHO.

YcTaHOBIeHHOe sABJIEHME OOBACHAETCA TeM, YTO JedOpMaTHBHAA CONPOTUBIIEMOCTD
CKUMAIOIUM HAIPSKEHIAM, BOSHUKAIOMUI B pe3y IbTaTe IPOXOKAEHIS JeCOPOIIIOHHbIX



IIPOLIECCOB, B HANPABIEHUH, IapajUIeJbHBIM CIOAM YKIAZKM KAIWIIPHO-IIOPUCTOTO
Gerona (o6pasupr ITAC), Gosee cyliecTBeHHA, YeM B HAIPaBIEHUH, IePIEHANKYILIPHOM
atuMm cnosm (06pasusl [TEC). Dra pasHuIla BO3HUKAET BCIEACTBHE TOTO, YTO (pakTHdIecKas
pabouas miaomazp (6e3 ydera CyMMapHOH ILIOMIAAKX MaKpo- M MUKPOIOP B CEUeHHH,
00pa30BaBUINXCS BCIEACTBHE [eCOPOIME XMMUYeCKM HEeCBI3aHHOH Bjaru) y oGpasioB
ITAC oxassrBaercs Gosblreit, 4em y o6pasuos ITEC.

PaccMoTpuM pesysbTaThl MCCIIeL0BAHIS 3aBUCHMOCTH BIKHOCTHOM YCAaAKK OIBITHBIX
006pasIioB 13 ImepauTo0eToHa oT MacmrabHoro dakropa (w/p 1.2.2).

OHBITHBIe HI/I]II/IH,I[PI/I‘IQCKI/IE 06p33HBI C paBJII/I‘IHBIMI/I ﬂHaMeTpaMI/I 6I)I]II/I HOJIY‘IeHI)I
METOZOM BBIpE3aHMsS M3 WCXOLHBIX OETOHHBIX JJIEMEHTOB, KOTOpble Cpasy IIocye
paC(bOpMOBKI/I I‘I/I,ZLPOHBO]II/IPOBHJII/ICB " B T€UEHHUEe 28 JIeT B TAKOM COCTOAHUHN XPaHI/UII/ICI) B
J1abopaTopuy, TAe U B JaTbHEHIIEeM IIPOBOJUINCH OKCIIEPUMEHTSL.

HOJIY‘IEHHLIE pesyanaTbI, a TaKXXe JJaHHBbIe HPOBe,ILeHHB[X HSMePeHI/Iﬁ BJIAJ)KHOCTHU B
J1a60paTOpuy B BUZle KPUBBIX ITPUBE/IEHEI Ha puC. 1.

Habmonenusa 1moKasanu, 4dYTO C HAYaJoOM Iporecca JecopOnuy BIard Yy
I_H/IJII/IH,ZLPI/I‘{GCKI/IX 06pa3u013 C BI)I6paHHBIMI/I ,HI/IaMeTPaMI/I Ha6JIIO,I[aIOTCH 3HAYHUTEJIbHbIE
ycazounsle pedopManny, CKOPOCTH PasBUTHSA KOTOPHIX C TeYeHWEeM BpPEMEHH W
IpefebHOE UX 3HAYEHME CYIeCTBEHHBIM OOpa3oM 3aBUCUT OT MacurTabHoro dakxropa
(puc. 1a).

Peskve komebaHMA BO BpeMEHM YCafOYHBIX AedOpMauuil OIBITHBIX OOpasloB,
umeBurre Mecto mocae 170 cyT. HaGIIOeHNs, CBA3AHBI, B OCHOBHOM, C CYII,eCTBEHHBIMU
KOleOaHUAMM BIOKHOCTH JaboparopHoro momemeHus (cm. puc. la u 16). Oto
CBUZIETENIBCTBYE€T O TOM, 4YTO K YIOMSHYTOMy BpEMEHH YCTAHABIHMBAETCS HEKOTOpOe
BJIAXKHOCTHOE PaBHOBECHE MEXAY 00beKTaMU UCCIeOBAHUA 1 OKPY KAIOWeH Cpe/ibl.
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JAJIUTEJIBHOCTh HABJTIOJAEHHSA, CYT.
Puc. 1. Kprpsie, OIHCEIBAIOMHE HAMEHEHHA BO BPEMEHH JeqhopMaI[Hii yCcaiKH IepIHTOOETOHHEIX
QHIHHAPAYECKHX 06pa3s[oB pasHEIX ZHAMETPOB (3) H BIAKHOCTH Ja60paTropHoro noMemerns (6)



Ha6mronaeMyio pasHUIly B 3HAUEHHAX YCAZOYHBIX AeOpMAIfuil IUIMHAPUIECKUX
06pasioB pacCMaTpUBAEMBIX [HaMETPOB OOBICHAETCH, B OCHOBHOM, PpasJU4MeM B
KOJINYeCTBEHHOM OTHOLIEHUWHN IIOTE€PpHU XUMHWYIECKH HECBSI3aHHON BJIATU M3 HUX IIop u
KaIlMJUIAPOB. OTO pa3jIHyue, COIJIACHO JAHHBIM M3BECTHBIX PaboOT, CBA3AHO C TeM, 4TO C
yMeHBH.[eHI/IeM Pa3MEpOB IIOIIEPEYHOTI0 CEYEHUA DJIEMEHTOB yBeJII/I‘II/IBaeTCﬂ MO,ZI;y)IB nux
OTKPBITOH ITOBEPXHOCTH (OTHOIIEHNE BeJIMIUH ILIONALY GOKOBOM IIOBEPXHOCTH U 0OBeMa
obpasia), YTo NPUBOAUT K HHTeHCHGUKAIMH IIpolecca Biaroorienenus. CkazaHHOe
HO,ILTBep)K,I[aeTCH nu PeByJIBTaTaMI/I HpOBe,HeHHI)IX HaMHn HSMepeHHﬁ, COTJIaCHO KOTOPI)IM
BeJIMYMHA IIOTEPH BJIaTH IepJIUTOOeTOHHBIMU 0OpasiaMu ¢ Auamerpamu 5,5; 9,5 n 13,5 cm
IocjIe MX HaxOXxzAeHusd B jaboparopuu B redeHue 220 cyr. cocrasiser 1,23; 0,85 u 0,72%
COOTBETCTBEHHO.

B pasgene 1.3 o6cyxmaroTcsa pesysIbTaThl UCCIENOBAHUA BIUAHUA OpUEHTALIUU CJIOEB
YKJIagKy GeTOHHOU cMecH Ha srare (JOpMOBKH M MacuITaGHOTO (akTopa Ha AedopMaluu
IoJ3y4ecTd OOpasloB M3 ILIEMEHTHBIX JIETKUX OETOHOB, BBI3BAaHHBIE, B OCHOBHOM,
ZIeCOpOLIMOHHBIMY IIPOLieCCaMH (BIYKHOCTHAS II0JI3YIeCTb).

HWccnemoBanus 3aBUCHMOCTH JehOpMAIIMi TOI3Y4eCTH U 06paTUMBIX AedopMaLuii oT
OpHeHTAaMK CJI0eB yKmagku Oerona (m/p1.3.1) mnpoBozwince ¢ yderoM 3HaKa
HanpsDKeHus (IoppasyMmeBaercs cCxatue (-) mam oceBoe pacrsxenue (+)). OmbITHbIE
TydoberonHsie u nepauroberonnsie obpasmsl [IEC u ITAC ¢ guamerpom 5,5 cm 65utH
TIOZBEPTHYTHI UCIIBITAHUIO Ha JJIUTEIBHOE CXKATHE M OCEBOe PACTSKEHUE COOTBETCTBEHHO.
OG6pasupl, ugeHTHYHbIe 00pasliaM, HCIIONB30BAaHHBI IIPU M3yUYEeHUU YCAAKH JIETKUX
GeronoB (cM. m/p 1.2.1). TycdobGeronHble 00pasubl HAXOAWINCH IIOJ BO3ZEHCTBHEM
TIOCTOSIHHOTO CXKMMAIOLIETO HampsDKeHusA BenudyuHoi 0 = 5 MIla B Tewenun 150 cyT, a
IepaIuTOGeTOHHBIe OOpasIbl — II0f BO3JAEHCTBHEM paCTATHBAIONIETO HANPDKEHUI
enuyuHoi 0,6 MIla B Teuenuu 174 cyt. Ilocie sroro onu Gpuiu pasrpyxeHsl. [lamee
HabIIoeHNs TIPOBOSMINCH 32 obpaTuMbIMM JedopMarusamu: B TedeHuu 91 cyr. — B
crydae TydoberoHHsIX 00pasuoB u 70 cyT. — B ciy4yae NepIMTOGETOHHBIX OOpPasIiOB.
IMapannenpHO, QHAJOTMYHBIM METOZOM H3YYaJuCh U AepOpMallUM IOJN3Y4eCTH IIpH
CKaTUM KM OCEeBOM PACTSDKeHMM, a TakkKe obOparumele Aedopmanuu TyhOOETOHHBIX U
nepuTo6eToHHbIX 00pasuoB [TEC, xpaHuBIIIecs 10 MOMeHTa IIPOBeJeHU HCCIIeJOBa M
B 1aOOpaTOPHOM IIOMEUIeHUHN B HEU30JIHMPOBAHHOM COCTOSHHUM B TedeHuHu 23 u 27 jer
COOTBETCTBEHHO.

VYcranosneHo, uto y ombiTHBIX 00pasuoB ITEC u ITAC, comepxamux B mopax u
KalWUIApaX CBOOOZHYIO Biary, HaOIi0ZaeTcs pasBUTHE C TeYeHHEM BpeMeHH
CylecTBeHHBIX JedopManuii IOJ3ydYeCcTH, HE3aBHCHMO OT 3HAaKa IIPHIOKEHHOTO
HanpspkeHUA. K KOHIIy 5KCIIEpHMEHTOB BeJIHYMHA JedbOpMaliy MOI3yYeCTH IIPU CKATHH
Ty(HobeTOHHBIX 006pa31oB ITIEC u ITAC COCTaBIIAET COOTBETCTBEHHO
~94-107% u ~ 67-1075. 3HaueHme 3TO >Ke XapPaKTEPUCTHKH, OIpeeNeHHOe IIi
nepiauroberonHsix o6pasioB IIEC u ITAC, wucHbITaHHBIX HAa OCEBOE paCTSDKEHUE,
cocraemser 131075 1 10,5 105 cooTBeTCcTBEHHO.

Jedbopmariuu  sxe momsydectn o6pasuoB I[IEC, He HM30IMpOBaHHBIX —IIOCTIE
pachOpMOBKH, C TedeHHeM BpeMeHH pasBUBAIOTCA C CYLIECTBEHHBIM 3aTyXaHHUeEM,
ZIOCTHTAs K KOHILy TPOBEJIEHHS 3KCTiepuMeHToB ~ 4,7 - 107° y Tydo6eToHHBX 06pasIos,



WCIIBITAHHBIX HA CKathe, u ~ 2,1-1075 — y I1epIuTOGETOHHBIX 0OpasIOB, UCIBITAHHbIX Ha
0CeBOe pacTsDKeHUe.

YcTaHOBIEHO TaKXKe, ITO oOparuMocTs gedopmanuii moisydectu y obpasuos ITAC
OKa3bIBAaeTCs HECKOJbKO Ooibure, dem y o6OpasuoB IIEC, HesaBucumMo or 3Haxa
NIPHJIOKEHHOTO HampsokeHUdA. B ciaydasx sxe o6pasuos IIEC, He ruspousosrpoBaHHBIX
mocie pachopMOBKM, HedOopMaluy IIOJN3yIecTH IPAKTUYeCKM BOCCTAHABIMBAIOTCS
IIOJTHOCTBIO.

OKCIlepuMeHTaNbHBle JaHHbIe mossydecTn £(t,7) OBUIM  aIIIPOKCHMMPOBAHEI
M3BECTHOM  3aBHUCHMOCTHIO, ¢urypupyiomeit B HaciencrBeHHOM Teopuu IIOI3y4ecTH
YIPYTo-TION3ydero Tena, paspaboranHoii akagemukom H.X. ApyTionaHoM.

Ha6mromaemsre medopmaiiuy mosasydecTd 0OpaslioB U3 CTapbIX OETOHOB, M3HAYAIBHO
CO,ILEP}KHH_H/[X B HOPHX XUMHUYECKHU HeCBSISaHHyIO B]IaI‘y, MOXHO OG’L}ICHI/ITL:

e B CJIydae CXXaTHA — KaK caMoi JecopOiueil Bjlaru M3 IOp M KallWUIAPOB, TaK U
OGYCJIOBIEHHBIM €I0 CHIDKEHHEM C TeYeHHeM BpPeMEHH I[POYHOCTH U MOZYJIL
YIPYTOCTH MaTepHaa;

® B CiIy4ae OCEBOTO PaCTsDKEHMs — HAKOIUIEHWeM yIpyrux gebopmanuii us-3a
MOHOTOHHOT'O CHIDKEHUs BO BpeMeHHU MOZY IS YIIPyTOCTH MaTepuaJa.

PaccMoTpuM pesy IbTaThl MCCIEOBAaHUS 3aBUCHMOCTH BIQKHOCTHOM IIOJI3YY9eCTH IIPH
CKaTHH 3JIEMEHTOB U3 IIepJINTO0eTOHa 0T Macurrabuoro ¢daxropa (mw/p 1.3.2).

OKCIIepUMEHTH], KaK U B CJIyYae M3ydYeHMs BIUKHOCTHOM YCaZKW IEpIUTOGETOHA C
yderom MacmrabHoro ¢axropa (cm. m/p 1.2.2), mpoBogmnnch € IpHMeHEHHEM
UWINHAPHYECKUX o0pasuoB ¢ guamerpamu 5,5; 9,5 u 13,5 cm. Bennuuna cxumaromiero
HanpsDKeHUs 11 Beex 00pas1oB cocTabisiia =4 MIla.

YcTaHOBIEHO, YTO C MOMEHTAa IIPOTeKaHMA IIpoliecca HecopOIMM BJIaTM U3 IIOp U
KaIlILIAPOB MMEeT MeCTO Pa3BUTHe BO BpeMeHH 3HAYUTENIBHbIX JedOpMalUii IT0I3yYeCcTH
06pasioB paccMaTpuBaeMsix guaMeTpoB. Ilpu sTOoM GypHOe pasBuTve OedopMaiuu
IIOJI3ydYecT! C IepeMeHHOM CKOpPOCTBIO, HabiiogaeMoe B TeueHue mepBbix 40 nHeit, a
TaKXKe KOHeUHbIe 3HAUeHUd STHX JedopMaluil OKashIBAIOTCA TeM CyLIeCTBEHHeH, ueM
MeHBbIlle JUaMeTp OIBITHOro obpasia (puc. 2).
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AJIHTEJIBHOCTDb HABJIOAEHHA, CYT.
Puc. 2. Kprpsie, omAcsIBaromHae Je@oOpManHH N0I3yIeCTH NEPIHTOOETOHHEIX IHIHEAPHIECKHX
3/IEMEHTOB Da3HEIX JHAMETPOB



IlosaBneHnne u pasBUTHe BO BpeMeHM 3HAYMTENBHBIX JedOpMaluii IOJI3y4ecTH Y
IepAUTOGETOHHBIX O0PasIloB PAaCCMATPUBAEMbIX [JHAMETPOB OOBICHIIOTCA, B OCHOBHOM,
HaKOIUIEHWEeM CO BpeMeHeM nedopMariuif, o0yCIOBIEHHbIX CHIDKEHHEM IIPOYHOCTU U
Mozys AedopManuy MaTepuasa BCIEACTBUU IPOXOXIEHUS AeCOPOLMOHHBIX IPOLeCCOB.
Biamsaue »xe MacmraGHoro daxropa Ha IedOpMalui ION3YIeCTH MOXHO OOBICHUTH
CPaBHUTEJBHBIM  OC/IA0leHNeM  HMHTEHCHBHOCTH  IIpOLlecca  JecopOuuM  BjIary,
0GYCIOBIEHHBIM yBeIUYEHHEM Pa3MepOB IIONEPEYHOrO CeYeHUs HCCIeLyeMoro oobeKTa
(BermunHa ImOTEpH BIATH IIEPIMTOGETOHHBIMK OOpasuamMu ¢ guamerpamu 5,5; 9,5 u
13,5cm x KOHIly IIpoBefleHMA OKCIepuMeHTOB cocrapmama 1,42; 0,99 u 0,84%
COOTBETCTBEHHO).

’ZLJIH AHAJITUTUYECKOI'0O OIIMCaHHUA SKCHePI/IMeHTaJII)HBIX AaHHBIX HOJIBy‘IeCTI/I 6])1]121
KCIIOJIB30BaHA cenyomas popmya, npeanoxernHas npodeccopom K.C. Kapanersanom:

A
e(t,t,d) = (E + B) [1-05(et D +e7t=D)].5-1075, (1)

Ifie T — BO3pacT o0pasua; (t — T) — BpeMsa HaxOXJeHHsI oOpasiia IIoj Harpyskoii; d —
nuamerp obpasua; A, B, ¥y, Y, — IapaMeTphl alIpPOKCHMAI[UY; 0 — IPWIOXKEHHOe Ha
o6pasel, HaIpsDKEHUe.
IIpuBemenHsle Ha puc.2 KpHUBbIe, aIlIIPOKCHUMHUPYIOU[UE [aHHbIE IIOJ3yYeCcTH
epauTOGETOHHBIX O0pa3sIoB PAsHbIX AMAMETPOB, OBLIM IIOCTPOEHBI C HCIIOIb30BAHUEM
3aBucuMoctH (1) mpu ciremyromux sHAYeHUAX ITapaMeTpoB annpokcumanuu: A=18 cm, B=2,
y1=0,006 1/ cyr., vy, =0,08 1/ cyT.
Bo Bropoii riaBe Auccepranuy pacCMaTPUBAIOTCA Pe3YJIbTAThI UCCIESOBAHUA:
® BO3MOXXHOCTH IIOJTyY€HUSI IIEMEHTOTPYHTHBIX KOMIIO3UTOB  ITOBBIIIEHHOM
npounoctu (10 MIla u Gonee) Ha ocHoBe BKC 6e3 mpumeHeHUA KaKuX-Iu6O
IacTU(GUKaTOpPOB;

® U3MEHEHHSI BO BpEMEHM IIPOYHOCTH, JAedOpPMAaTHBHBIX CBOMCTB C Y4YETOM
BJIQ)XHOCTH OKPY’Kalolleil CpeZbl U COIPOTHUBIIEMOCTH YCafKe U MIOI3Y4eCTH IIPU
Pa3IMYHBIX YPOBHAX CXKMMAIOIIETO HAIPsDKEHUs 0OpasioB U3 IeMEeHTOTPyHTa Ha
ocuose BKC.

B pasgesre 2.1 mpuBOgUTCS KpaTKoe OIIMCAHUE METOOB IIPOBEIEHHUS HCC/IEAOBAHIA.

ITpexncraBiensl cBefieHUs 00 UCIBITATEIBHBIX MALUIMHAX, CTEH/AX U BCIIOMOTIaTeIbHOM
060pyZOBaHUY, C UCIOJB30BAHMEM KOTOPHIX OBUIM OCYIECTBIE€HBI HCIBITAHUA
L[eMEHTOTPYHTHBIX 00pa3IioB.

BenuunHy TPOYHOCTH ILIEMEHTOTPYHTa OIpPEeNesIM CTAaHAAPTHBIM METOJOM C
KCIIOI30BAHMEM OIBITHBIX 00pasuoB auamerpoM (d) 5,0 cm u Beicoroit (h) 5,0 cm.

KpaTxkoBpemeHHOe HCIBITaHNE CTAHAAPTHBIX IMIMHAPHIECKUX 06pasuos ¢ d=5,0 cm u
h=20cm u 06pabGoOTKy IIOTyUeHHBIX [IAHHBIX OCYIECTBISIM M3BECTHBIM METOZOM,
paspaborauusM npodeccopom K.C. KapaneTsaHoM, KOTOpBIi MIMPOKO HUCIIOIB3YETC IIPU
U3y4YeHUU COOTBETCTBYIONIMX MeXaHUIECKHIX CBOMCTB IleMEHTHBIX GETOHOB.

HccnemoBakiue medbopManuy ycagku U IIOJN3yYeCTH I[eMEHTOTPYHTHBIX SJI€MEHTOB
IPOBOZMIM HA IPYXMHHBIX CHJIOBBIX paMaX C WCIIOJB30BaHHEM CTaHZAPTHBIX
UUIHHAPHYecKuX 00pasios ¢ d=5,0 cm u h=20,0 cm.
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B pasgene 2.2 mpuBOZUTCI OOOCHOBAHKE  11€€COOOPA3HOCTH  IIPOBEAEHUS
HCCIIeIOBAHMH C 1[eJIbIO IIOTyYeHUA 1[eMeHTOTrPyHTHBIX KoMio3uToB Ha ocHose BKC.

Kax wu3BecTHO, HeJOYIJIOTHEHHBIE, MAaKpOIIOPHCTHIE, IIPOCAJOYHBIE TPYHTBI, Ha
TEPPUTOPHM PACIPOCTPAHEHUA KOTOPBIX IUIAHUPYETCA OCYUIeCTBIATH CTPOUTEIbHBIE
paboTsI, TpeOYIOT HCKYCCTBEHHOTO 3aKpeIUIeHHs (OCYLIECTBIIEMOTO OOBIYHO C
IIpUMeHeHNeM IOPTIAHIeMeHTa U IUIACTU(UKATOPOB), T.€. IIOBBIUIEHUS UX (QU3MIECKOH,
B TOM 4MCIe U Cy(hGhO3NOHHON yCTOMYMBOCTH U MeXaHMYeCcKOH mpouHocTH. CKasaHHOe
PaBHEIM 00pa3soM OTHOCHTCA M K CTPYKTYPHO-HeJOYILUIOTHEHHEIM, Cyddo3noHHO-
IIPOCaZIOYHBIM I'PYHTaM — 6ejIo3eMaM.

IIpurogHOCTs I'IMHUCTBIX TPYHTOB C I€JIBIO IIOJTydYeHHd I[eMEHTOIPYHTOB Ha HX
OCHOBE, B OCHOBHOM, 3aBHUCHUT OT IIPOLIEHTHOTO COOTHOIIEHHUS BXOZAIIMX B HMX COCTaB
xpemuesema (Si0,), riuuosema (Al,03), a TaxKe KapGOHATHBIX OOPA30BAHUM, KOTOPHIE
CTUMYJIMPYIOT IpOLleCC THUApaTanuu leMeHTa. COrJIACHO M3BECTHBIM U3 JINTEPATYPBI
JAHHBIM, a TAKXKe Pe3ysIbTaTaM IIPOBeJeHHBIX HaMM aHAIM30B, KommdecTBo Si0, u Al,03
B XMMHYECKOM COCTaBe 0eI03eMa COCTaBIfeT COOTBeTCTBeHHO 29,6...31,8% 1 5,3...5,9%, a
Kap6OHATHBIX 06pa3oBaHuil — mpumepHo 20...25%.

CkasaHHOe BbIlle IPUHUMAJIOCh 32 OCHOBY I[€J€COOOPasHOCTH IIPOBEJEHUS
KCC/IeIOBAHMH 110 pa3paboTKe TEXHOJOTHUU IIOJyYeHHUS IIeMEHTOIPYHTHBIX KOMIIO3UTOB
IIOBBINIEHHOH  mpouyHocTr Ha ocHoBe bBKC 0e3 mnpuMeHeHHS — KaKuX-THOO
IIacTU(GUKATOPOB.

B pasgeme 2.3 mpuBOAATCA pe3yJbTaTHl MCCIAEZOBAHMA IO Pa3paboOTKe COCTaBOB M
TEXHOJIOTHH IIOIy4eHUs IeMeHTOrpyHTOB Ha ocHoBe BKC 1 3aBUCHMOCTH MX IIPOYHOCTH
IIPY CKaTUM OT KOJIMYECTBA YIOTPe6IAEeMOro B COCTaBe MATE€PHAJIOB II€MEHTAa C yYeTOM
BO3pacTa.

Jna ToNydeHMSA ILI€eMEHTOTPYHTOB B KadeCTBe MCXOZHBIX HMHIPEJUEHTOB OBLIH
WCIIOIB30BAHBL GemozeM KapOOHATHOro cocrasa, moprianzanement mapku CEM II/B-P
42,5 N) u obsrynas TpyGompoBogHas Boga. CraHpgapTHble OOpaslsl, IIOTyYeHHBIE U3
TOTOBBIX CMeCeif MeTOZOM IIPAMOTO IIPEeCCOBAaHMA IIPM HOPMAJIBHOM /JaBJIE€HHM
4,8...5,9 MIla, ocBoboxzamuch or ¢opm uepe3 14 cyT. mocje H3rOTOBIEHHS, a B
JanpHeiIIeM, IO MOMEHTa IIPOBeZEHUs WCIbITaHus B Bospacte (T) 14 cyt., 28 cyr. u
60 cyT., HaXOMJINCE B CPefie C HEBBICOKON BaXKHOCTHIO.

YcraHOBIEHO, UTO yBeIMYeHMe KOJIMYECTBa IIOPTIAHAIlEMEeHTa B Ipejenax 5...6%,
6...8% u 8...10% mpuBOZUT K POCTy IPOYHOCTH IIeMEHTOIPYHTa COOTBeTCTBeHHO Ha 30,
17 u 4% — mput = 28 cyr. u Ha 25, 18 u 5% — mpu 7 = 60 cyT., IO CpaBHEHHIO C
IIPOYHOCTHIO, ONpezieneHHoN mpu T =14 cyt. IIpoynocTts nemenrorpynTa Ha ocHoBe BKC,
cozepkamero B cyxom cocraBe 10% mopriaaHguemenTta, Ipu T =28 CyT. coCTaBisieT
mpumepro 8,5 MIla, a mpu 7 = 60 cyr. — Gonee wem 10 MIla. BeruunHa ke cpenneit
IIJIOTHOCTH IIeMEHTOIPYHTA, COZEPXKallleTo B COCTaBe OAHOTO M TOTO XK€ KOJMIeCTBa
TOpTJIaHIIeMEeHTa, MaJIO 3aBHUCUT OT BO3pacTa U Kosebrercs B mpegenax 1,57...1,59 r/cm.

HccmemoBaHusa BOZOYCTOMIMBOCTH KYCKOB, OGPa3soBaBIINXCSA B Pe3yJIbTAaTe MCIIBITAHMIH
OIIBITHBIX OGPA3IOB, IIOKA3a/IH, ITO B TEUEHUH TPeX HeZelb HaXOXAEHU B BOZHOM cpele
Y I[eMEHTOTPYHTHBIX KOMIIO3UTOB C PasIMYHbIM COZep KaHUeM MOPTIAaH/IIeMeHTa KaKuX -
7160 IPU3HAKOB Pa3MOKAHUS He HaOII0ZaeTCs.
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KHK HM3BECTHO, HeMeHTOI’pyHT, HPI/II'O,I[HBIIL/'I AJIA SKCHJIyaTaLU/II/I B CPpaBHUTEJIIBHO MaJIO
HATPy>eHHbBIX JaCTSIX CTPOUTEIBHBIX COOpPY)KeHUil (HarmpuMmep, GyHAAMEHTHI Pas3INIHbIX
BHU/IOB), TOJDKEH 00JafaTh MPOYHOCTHIO Ipu Cxxatuu He MeHee 10 MIla. [lns momyveHus
MaTepHajga C TAKOH IPOYHOCTHIO U PACXOAOM IieMeHTa He Gosmee 12% oT maccsr cyxoit
CMeCH B €T0 COCTaB OOBIYHO BBOAAT ILIACTUGUKATOPEHL. VI3 pe3yIbTaToB e IIPOBeLeHHBIX
HAMU WCCIeNOBAHWN CJemyeT, UTO IIOMy4eHHe LeMeHTOrpyHTta Ha ocHoBe BKC,
cozepxkaumero 10% memeHTa OT MaccChl CyXOil cMecH M 00JIaJaIoOIero IPOYHOCTHIO Gostee
uyem 10 MIIa, Ge3 mo6aBIeHNU B COCTaB KaKUX-JIHUOO IIACTU(DHUKATOPOB, BIIOJIHE PEAIBHO.

B pasgmenme 2.4 oGcyxmaloTcs pe3yibTaThl HMCCIENOBAaHUA H3MEHEHHS BO BpeMEHH
IIPOYHOCTH IIPY CKATHUH U COMPOTUBIIIEMOCTH fe()OPMHUPOBAHUIO IIPU KPATKOBPEMEHHOM
HAarpy>XeHUHU CTaHJAPTHBIX 00pasloB u3 LeMeHTOrpyHra Ha ocHoBe BKC ¢ yuerom
BJIA)KHOCTH Cpe,I[I)I BLISpeBaHI/ISI.

[l M3TOTOBIEHUS ONBITHBIX OOPa3I[OB IPUMEHSIICS IeMEHTOTPYHT COCTaBa II0 Macce
1,00:9,00:1,79 (uemenrt: Genosem: Boza), B/11=1,787.

OGpasupr OblTM M3BAE€YeHH! M3 (GOPM dYepe3 7 CyT. IIOCJIe M3TOTOBJIEHHS M B
JalbHeHIIeM XpaHWINCh BO BIOXHBIX OIMJIKaX B TeueHuu eme 7 cyT. Ilocme sroro, mo
MOMEHTA IIPOBEJEHUSI WCIIBITAHUMN, OOpasIfsl OCTABIAIM B JIAGOPAaTOPHOM IIOMELIEHUM
(cpema ¢ HeBpICOKON BnaxHOCTHIO). OIpefeeHMe IIPOYHOCTH I[@MEHTOTPYHTA
ocyuiecTBIAMN B BospacTe 14 cyt., 28 cyr. m 90 cyT., a ompezmeneHue KacaTelbHOTO
Mozyns nedopmanyu — B Bospacte 28 cyt. u 90 cyT.

YcTaHOBNEHO, YTO C yBeIWYeHHeM BO3pAacTa MMeeT MeCTO MOHOTOHHBIH poCT
TIPOYHOCTH R  IIeMEHTOTpyHTa C HAYaJbHOW BBICOKOW M JasjbHeHIIell 3aTyxXaromeit
cxopocteio (puc.3, xpusas 1). Benuunna pocra mpounoctu mpu T=28 cyT. u 7=90 cyT.
COCTaBJIIET COOTBETCTBEeHHO Gostee yeM 31% u npumepro 40% 1m0 cpaBHEHHIO C UCXOAHBIM
ee 3HaveHwueM R, = 8,0 MIla mpu 7 =14 cyr.

12 Ha puc. 3 mpusezeHa 1 Kpusag,
© / - kN ONMKCHIBAIONIAS  H3MEHEHHe  BO
s d BpPEMEHU IIPOYHOCTH  I[€MEHTO-
) TPYHTa Ha OCHOBE TIJIMHMCTBIX
8 2 T TPYHTOB, IIOCTPOEHHas HaMH Ha
I
é 4 OCHOBE Pe3YJIBTATOB, ITOJYYEHHbIX
C paHee JpyTUM aBTOpOM (Kpusasd 2).

V3 xapaxkrepa  IIOBefeHHSI
0 20 40 60 80 100 IIPEJICTABIEHHBIX HA PUC. 3 KPUBBIX
Boapacr, cyT. 1 ¥ 2 MOXHO 3aKJIIOYHUTh, YTO B
Prc.3. KprBsie 3aBHCHMOCTH 3HaY€HHA IPOTHOCTH

c.3. Kprpsie sanrcrmocts sHaverma npoHoCT. paccMaTpuBaeMsbIX CIIydasx

peMerTorpysra Ha ocHose FKC (kpupas 1) u
“3MeHeHue BO BpeMeH!U

ITHHHCTEIX TPYHTOB (KpHBAA 2) OT BO3PACTa MATEPHAIA

IIPOYHOCTH I[eMEeHTOTPYHTOB

IIpaKTUYeCKHU He 3aBUCUT OT BHUJA TPYHTA, a XapaKTePU3yeTCs, B OCHOBHOM, HaKOILIEHHEM
BO BpEMEHHU IIPOYHOCTU CBS3yION[UM KOMIIOHEHTOM (AJIf IIPUTOTOBJIEHUSA YIOMSHYTBIX
BBIIIIE IIeMEeHTOIPYHTOB GbLI UCIIOIb30BaH mopraanguement Mapku CEM II/B-P 42,5 N).

B pe3sysbTaTe KpaTKOBpEeMEHHBIX UCIIBITAHUI GBLIO YCTAHOBJIEHO, YTO C YBeIMIeHUEM
TIPUJIOXKEHHOTO Ha obpasell CXXMMalollero HampsokeHus ¢ or 0 mo 4,5 MIla BenruduHa
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KacaTelmsHOTO MOfysa gedopmanmit E  MoHoToHHO yMewsmaercs or 4110 mo
2830 MITa mpu 7 =28 cyT., u ot 5800 mo 2860 MIla mpu 7 =90 cyT.
WccnemoBanus BIMAHNA BIQXKHOCTH OKPYXKalollell Cpeibl Ha HAKOIUIEHUE BO BpeMeHH
IIPOYHOCTH IIPX CXKAaTUH LIEMEeHTOTPYHTHBIM KoMio3uroM Ha ocHoBe BKC mokasanu, uTo
IIPOYHOCTH MaTepHaJa, BbI3peBaBiIero B TedeHue 180 cyT. BO BIKHBIX yCIOBUAX (CTEIEeHb
BraxHoctu mpepsimaer 90%), cocraBaser mpumepro 13,9 MIla, a xpamuBmerocs B
TeyeHVe TepPBHIX 35 CyT. BO BIAXKHBIX YCJOBHAX u eme 145 cyT. B cpesle ¢ HeBBICOKOM
BJIQXXHOCTBIO — oKos1o 11,8 MITa.
3HayeHUe CpefHeH IUIOTHOCTH IIeMEHTOTPYHTHOIO KOMIIO3UTA, BBI3pEBaBLIETO B
YIOMAHYTBIX BBILIE BO3JYIIHO-BJIQKHOCTHBIX peXuMax, cocrasnger 1,927 u 1,675 r/cm®
COOTBETCTBEHHO.
B pasgeme 2.5 o6cy>xgaoTcs pe3yIbTaThl UCCIIeJOBAHUA IPOYHOCTH U Ae(OPMaTHBHBIX
CBOMCTB NpU KPaTKOBPEMEHHOM M [JIMTEJBbHO JEeHCTBYIOIIeM CHJIOBBIX BO3JEHCTBHAMM
06pasIioB OJHOTO U TOTO JKe COCTaBa IleMeHTOrpyHTa Ha ocHoBe BKC.
CranpaprHble 00pasIpl, U3TOTOBJIEHHBIE M3 IIEMEHTOTPYHTa COCTaBa IIO Macce
1,00:9,00:1,79 cornacHO YIIOMSAHYTOH BBILIE TEXHOJIOTHH, OCBOGOXZAIUCH OT (popM B
Bo3pacre 14 cyT., a B JajbHeHIIeM, 0 MOMEHTA IIPOBEAEHUS WUCCIENOBAHUN, XPaHUIUCH
BO BJIQYKHBIX OIIMJIKAX B TeueHue ele 28 cyT.
B pesysnbraTe IpOBeleHHBIX KPAaTKOBPEMEHHBIX HCIIBITAHUI KU COOTBETCTBYIOMIMX
HU3MepeHuit ObLIO YCTAHOBJIEHO, YTO:
¢ TIIPOYHOCTh IEeMEeHTOrpyHTa R mpu mpu T =42 CyT. cocTaBifer Ooyee dYeM
10,5 MIIa, a ero IJIOTHOCTh IIPM MAaKCHMAaJabHO YIJIOTHEHHOM COCTOSHUU —
1,946 /M3,

®  3aBUCHMOCTH BETMYWHBI KACATETHHOTO MOy AedopMaruii E OT TOBHIIEHHA O
“MeeT MOHOTOHHO YOBIBAIOLIMIi XapaKTep — Ipu yBeaudeHuu ypoBH: o/R or 0 1o
0,75 suauenue F ymensiiaercs ot 4200 zo 1800 MITa;

e mpu mnossimeHnu ypoBHi o or 0,75 mo 2,0 MIla sHayenue xoaddunnenra
nonepevHsIx gedopmariuit V yBenuuusaercs ot 0,15 go 0,20.

CorlacHO JaHHBIM JIUTEIBHBIX MCIBITAHUH, IPU CBOGOZHOM BJIarOOOMeHe CO CpeZoii
C HEeBBICOKOM BJIAXKHOCTBIO B TeueHMHU 158 CyT. leMeHTOrpyHTHBIe 06Pa3Ibl UCIIBITHIBAIOT
CyllecTBeHHBIe JepopMalliy yCafKA M IIOJN3yYeCcTH KaK B IPOJOJIBHOM, TaK U B
IIoIIepeYHOM (JZUaMeTpaJbHOM) HallpaBIeHHH.

Jedopmaruu ycagxy OIBITHBIX OOpaslloB OKAa3aJHCh OoJiee CYIECTBEHHBIMH B
IIOIIepeYHOM HAIIPaBlIeHUM II0 CPABHEHUIO C 3aPeTHCTPHPOBAHHBIMU B IIPOJOJIBHOM
HaIpaBJeHWU. 1aK, OTHOLIeHHe BeIMYHH YCAaJOUHBIX JepopMalUii B IIOIEPEYHOM U
IIPOZOPHOM HAINlpaBJIeHUU I[eMEHTOTPYHTHBIX OOpaslloB Ha dTalle, TaK HA3BIBAE€MOTO
ycranosusirerocs cocrosuus (ot 40 cyt. o 100 cyr. Habmomenus) coctasidter ~1,2, a B
KOHIle TIpoBefieHUA wucciaenoBanmii — ~1,38. K osromy Bpemenu pmedopmanum ycagxu
I[eMEHTOTPYHTHBIX OGpasloB B TPOJIONEHOM HATIpaBIeHWH pocturaior 175-107°, a B
momepeyHoM Hampasaerun — 240 - 1075,

VismMepeHus mOKasaju, YTO C HAYaJOM IIPOBeJeHUA HAGIIONEHUA KMeeT MeCTO
pasButue JebopMaluy MOJI3yYeCTH OOpasloB, HArpy>KeHHbIX HampsokeHueM 0,40/R, B
YIIOMAHYTHIX BBIIIE HAaNpaBJIeHWAX C Ha4YaJbHON BBICOKOH M JajbHeHIIeN IIafarolei
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cxopoctsio. IIpu aTom B Teuerue mepssix 60...70 cyt. o6pasisl HaGupaior okoxo 80% ot
BeJIHYUHSI Je)OPMAIUH IO0I3yIeCTH, IIPHOGpeTaeMoil MMU B IIPOJOJIPHOM HAIIpaBIeHUU
K KOHI[y 3aBeplIeHus SKCTePHMEHTOB (3Ta BeIMYMHA COCTaBiser mpumepHo 670 - 107°). B
IIOIIEpeTHOM XK€ HAIlpaBIeHUU 00pasusl B TedeHre epBbix 10 cyT. HAGHPAIOT IIOYTH BCIO
BeIUYMHY JedOpMaluy IION3y4ecTH, 3adHKCHPOBAHHYIO B KOHIIE OKCIIEDHMEHTOB
(=80-1075).

,ZLJIH OLIEHKHN HOJIy‘IeHHI)IX HaMH MeXaHHNYeCKHX Xapa.KTepI/ICTI/IK HeMeHTOFPyHTa Ha
OCHOBE BKC OHHN 6LIJII/I CpaBHeHI)I C M3BECTHBIMH U3 JII/ITepaTypBI OOHOMMEHHBIMU
XapaKTePUCTUKAMH, yCTaHOBJIEHHBIMH /IS IIEMEHTHOTO IIePIUTOOeTOHa.

CpaBHUTeNPHBIA aHAlIM3 IIOKAa3aJ, 4YTO I[eMEHTOTPyHT 00JafaeT CyliecTBEHHO
3aHIDKEHHOH IIPOYHOCTBIO M, OCOGEHHO, COIPOTHUBIAEMOCTHIO JeOPMUPOBAHUIO IIO
CpaBHeHI/HO C OJHOMMEHHBIMHU XHPaKTepI/ICTI/IKaMI/I, yCTaHOBJIeHHBIMI/I AJId IIEeMEeHTHOTIO
epauTO6eTOHA.

B pasgmene2.6 paccMaTpuBAIOTCA ~Ppe3yJbTAaThl  HCCIEAOBAHUA IION3YyYECTH B
IIPOZOIBHOM HaIlpaBIeHHH 06paslioB U3 IeMeHTOrpyHTa Ha ocHoBe BKC mpu pasmudambIx
YPOBHSX CXKMMAIONIETO HAIPSIKEHNU.

3a pasBurHeM BO BpeMeHH nedbopmanuy monsydectd £, 0OpasoB, HATPY>KEHHbIX
TIOCTOSHHOM CXUMamoleil Harpyskoi, coorsercrsytomei 0,2; 0,4; 0,6; 0,7 u 0,8 o/R,
Habmogamy B redvenun 158 cyr. (puc. 4).

-5
o x10

960
800
640
480
320

160

0,8 06 04 02 O 20 40 60 80 100 120 140 160

OTtaOCHTENBEHOE AnaTensHOCTs HabMmoAEe A, CYyT.
HanpaxeHHe, 6i/R

Puc. 4. IKxcrrepuMeHTATBHEIE JAHHEIE H TEOPETHIECKH MOCTPOEHHEIE KDHBBIE O3y IeCTH
IEMEHTOIPYHTHBIX JTEMEHTOB

V3 skcmepuMeHTaNbHBIX [JAHHBIX, IPUBEAEHHBIX HA MIPAaBOM IIoye pHC. 4 (TOKa3aHbI
MeTKaMH), BUJHO, YTO Y IleMeHTOTPYHTHBIX 00pasIioB Ha6Ii0aeTcs pasBUTHE BO BpEMeHU
CYLIeCTBeHHBIX JedopMaruii IION3ydecTH C Ha4daJbHOH BBICOKOM M JasibHede
3aTyxalollell CKOpocThio. [Ipu 3TOM CyIlecTByeT HEKOTOpOe MoZo6ue B AehOpMallMOHHOM
TIOBeZileHUU O0paslloB, HATPY>KeHHBIX HArpyskoii, coorBercTsytomeit 0,2; 0,4; 0,6 u
0,7 0/R. O6pasust xe, HarpyxeHHsle HampspkeHueM 0,80/R, c TedeHuneM BpeMeHU
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TebopMHUPYIOTCS C CYIIeCTBEHHO BO3pAcTaiolieil ¥ IIPAaKTUYeCKW He3aTyXalomei
CKOPOCTBIO, ¥ IprMepHO uepe3 60 cyT. uKcupyeTcsa UX pa3pylIeHue.

Ha neBom moJie puc. 4 mpuBeeHsI SKCIIEpUMeHTaIbHbIE JaHHBIE (IIOKa3aHbl METKAMMU)
3aBUCUMOCTH £, — 0 /R B cpaBHEHMU C KPHBBIME, IIOCTPOEHHBIMH COIJIACHO H3BECTHOM

3aBHCHUMOCTHU:
n

o o
5n=a§+ﬁ(§) , 2
rie , ff ¥ N —ImapaMeTpsl allIPOKCHMAIIHH.

W3 cpaBHeHMA 3THX JaHHBIX CJelyeT, YTO 3HaYeHHe O/R, [0 ypOBHA KOTOPOTO
COXpaHAETCA ITPAKTUIECKH JIMHEHHAsA CBA3b MeXZAy HalpsSXXeHUAMH M ,I[e(l)OPMaL[I/IHMI/I
IIOJI3y4yecTy IeMeHTorpyHTa Ha ocHoBe BKC, MoxHO nmpunaTs pasusM 0,4.

Ha IIpaBOM IIOJI€ PHC. 4 CIUIOMIHBIMM JWHUSIMU ITOKa3aHbI KpHBBI€, ONIMCBIBAIOIIME
pa3Burue BO BpeéMeHU ,ILe(bOpMHLH/II/I IIONI3YyYeCT I€MEHTOIPYHTHBIX O6P33HOB,
IIOCTPOEHHbIE COTJACHO HIDKENPUBENEeHHON 3aBUCUMOCTH Hpu T = 42 CyT., 4TO Jaer
YZOBJIETBOPUTEIFHOE COBIIAZIeHHUEe C SKCIIEPUMEHTAIBHO YCTAHOBIEHHBIMY JAHHBIMU:

£, = [a% ny (%)n] 1= 0,5[eED 4 e 1D} 3)

J1s mapamMeTpoB anmpoxcuManyy B (2) u (3) OBLIM IPUHATH ClIeLyIOlue 3HAYeHA:
a=132,0; f=140,0; n=5,0; y,=0,025 1/cyt.; ¥,=0,04 1/cyr.

Cremyer oTMeruTh, YTO 3aBHCHMOCTH Tuna (2) u (3) OOBIYHO HCIOJIB3YIOTCA B
HCCIeIOBAHIAX JeopMalluil 0I3y4ecTy 2JIeMEHTOB U3 LIeMEeHTHBIX 6eTOHOB. IIpu sTom
CylecTByeT OOOCHOBaHHOe MHEHHe O IIeJleCOOOPasHOCTH TAaKOTO IIPHMMEHEHHS IIpH
OlleHKe HAIPDKeHHO-Ie(OPMUPOBaHHOIO COCTOSHUSA 3JIEMEHTOB U3 IIeMEHTHBIX 6eTOHOB
C y4eTOM IIOJI3yYeCTH MaTepHaja, ITO, IO HAlleMy MHEHMIO, BIIOJHe IpHeMJIEMO U IIpH
YCTaHOBJIEHUY AaHAJOTMYHON OLEHKH B CIydae I[eMEHTOTPYHTHBIX KOHCTPYKI[MOHHBIX
9JIeMEHTOB COOPY>KeHMUIA.

Tperpa riaBa guccepTaliuy IOCBAIIEHA MCCIEJOBAaHHIO 3aBHCHMOCTH IPOYHOCTH U
TebOpDMAaTHBHBIX CBOMCTB DJIEMEHTOB M3 IleMeHTorpyHra Ha ocHoBe BKC or
IIPOJOJDKUTEIFHOCTH IIPOIiecca JeCOpOIIY BIary U3 UX 0P U KallUJLIAPOB.

B pazzesne 3.1 npuBogATCS CBeleHUA O MeTOZaX IPOBeJeHNUs NCCIeJOBaHuUA.

ODKCIlepIMeHTaIbHOe H3yYeHHMe pPacCMaTpHUBAaeMBIX 37leCh BOIIPOCOB U 00paboTka
TOTyYeHHBIX  JAHHBIX  OBUIM  OCYIECTBIEHB  TOXAECTBEHHBIMH  MeTOZaMU,
HICIIOJIB30BAHHBIMU IIPU IIPOBEJEHUN HMCCIeNOBaHUI, Pe3yIbTaThl KOTOPBIX 00CYKIaIHCh
BO BTOPOH I'JIaBe JAUCCEPTAIUH.

Vcmonp3oBaHHbIe B 9KCIIEPUMEHTaX 1[eMEHTOTPyHTHbIe CTaHJapTHBIe 00paslibl cpasy
e TI0cjIe 0CBOGOXKIeHNUs oT GopM B BozpacTe 14 CyT. GBLIM THAPOU30IUPOBAHEI U B TAKOM
COCTOSHHM XPaHIIHCh B IIOMELIeHHH Ja0OpaTOpHH B TeueHHe Gojiee 4eM TpeX JeT
(1130 cyt.). K MOMeHTy mpoBeZeHHUs 5KCIEPUMEHTOB THUAPOM3OIALUA OT ITOBEPXHOCTU
006pasIioB ObLIa yZajIeHa, IOCIe Yero GbLIN OCYILeCTBIEHbI COOTBETCTBYIONIIIE U3MEPEHN.
B oTzempHBIX CTy4adX MCIBITAHUIO IOABEPTAaINCH TAKOKe OOpaslbl, XpPaHUBIINECS B
THPOU30JINPOBAHHOM COCTOSHMU (KOHTPOJIBHBIe OOpasIfsl) B TeYEHMM BCETO IIMKJIA
HCCIeIOBaHUA.
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,ZI;)IH H3TOTOBJIEHHUA OIIBITHBIX 06P33HOB 6BI]I HCIIOJIB30BaH HeMeHTOFPyHT Ha OCHOBE
BKC cocraBa mo macce 1,00:9,00; B/LI=1,85. B xadecrBe CBf3yIOLIEr0 KOMIIOHEHTA
ucnoss3oBaics nopriaananement mapku CEM II/B-P 42,5 N.

B pasgeme 3.2 0O6CYX[AIOTCA pPe3yJNbTaThl OSKCIEPUMEHTAJIBHOTO HCC/IefOBAHIS
U3MEHEHHA IIPOYHOCTH IIpU CXAaTHW KW COIPOTUBJIAEMOCTH ,Z[e(i)OpMI/IpOBaHI/IIO pu
KpPaTKOBpEMEHHOM HAarpy)>XeHHM B 3aBHCHMOCTH OT IIPOJOJDKUTEIBHOCTH IIpOLecca
ZLleCOpOLIMH BJIAryl U3 IIOP ¥ KalM/ULIPOB I[eMEeHTOrPYHTHBIX 00PasIiOB.

BKCHEPI/IMGHTLI 1o I/ISY‘IeHI/IIO 3aBHCHMOCTH HPO‘IHOCTI/I Ha CXKaTue HeMeHTOprHTa oT
IIPOJOJDKUTENPHOCTH /IeCOPOIIMOHHBIX IIPOLIECCOB OCYLIECTBIIANNCH Cpasy e IIOoCie
yAaJIeHUs OT IIOBEPXHOCTH 06pasIioB TUAPOU30IALUY (KOHTPOIbHbEIE OOPA3Iibl), a 3aTeM —
mepuopudecky, depes 16 cyr., 48 cyr. m 120 cyr. HaxoxJeHMS HX B JIAGOPaTOPHOM
[IOMeleHNH IpY TeMieparype cpezst 22+5°C 1 oTHOCUTENBHOI BIaXHOCTH 55...68%.

YcTaHOBIEHO, YTO B TeUeHME IPOXOKAEHUS IIPOoIecca AeCOPOLMY BIark UMeeT MeCTO
MOHOTOHHOE yMeHBIIeHVe C HAJYaJbHON BBICOKOM (B TedeHHe IepBbIx 48 cyT.) u
JanpHeIel 3aTyxamomei (B mpoMexyTke BpemeHu oT 48 cyt. mo 120 cyT.) cKopocTsio
HPO‘IHOCTI/I Ha CXaTue HeMeHTOrPyHTHOFO Komimo3uTa. B mrore HPO‘-IHOCTL KOMIIO3HMTa,
Haxogsuerocs B yaboparopuu B TeueHue 120 cyT., okaseiBaercs mpumepHo Ha 40%
MeHbIlle II0 CPaBHEHWIO C KOHTPOJBHBIM ee 3HaueHueM (R, =11,0 MIla). ITpu sTom
BeJIMYMHA OOlLIell IIOTepH BJIAarM IeMEHTOTPyHTa, HAXOAMBIIMMCA B JAGOPaTOpHH B
teuerue 120 cyT. mocyie yzaieHus TUIpOU3OJIAIIY, COCTaBIsAeT 6oiee ueM 4,7%.

B uccrenoBaHWSX ~— BAMSHMS ~ JleCOpOUMM  BIATM  HA  CONPOTHBIIAEMOCTD
IeOpMUPOBAHUIO IIPU KPaTKOBPEMEHHOM HATPY)XEHHH W Ha MOZAYIb zAedopmauuu
9JIEMEHTOB U3 LeMeHTOrpyHTa Ha ocHOBe BKC wacTh 06pasiioB (KOHTPOJIBHBIE OGpA3IibI)
GbLIa ITOJBEPTHyTa UCIIBITAHUIO CPa3y IOCIE YAANEHNUs TMIPOU30JLALHUY OT IOBEPXHOCTH,
a ipyras 4acTb — [TOC/Ie HaXOXXJeHUs B IToMellleHnHu Tabopatopuu B Tedenue 210 cyr.
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OTHOCUTENbHbIE ,u,ecbopmauwn

Puc. 5. Kprpsre zgegopmrpopanma 06pasnoB H3 femMeHTOrpyHTa Ha ocHose BKC npu kpaTkoBpeMeHHOM
CKATHH

Brrmo YCTaHOBJIEHO, {YTO IIpXM OJHOM ¥ TOM XK€ YpOBHE HaNpDKEeHUI O
COIIPOTUBJIAEMOCTD ,ZLEQ)OPMI/IPOBHHI/IIO B IIPOAOJIPHOM M IIOII€EPEYHOM HaIIpaBJIE€HHH Y
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KOHTPOJNBHBIX 00pasnoB (puc.5, xpusble 1 u 1' COOTBETCTBEHHO) OKa3bIBAETCH
CylecTBeHHO 0Ojblle, YeM y OOpasioB, IOABEPTHYTHIX BIATOOTHENIEHHIO B TEUEHHUU
210 cyr. (pmc.5, xpusste 2 u 2' coorBercTBeHHO). [Ipy 5TOM ¢ yBeIMYeHHEM YPOBHI
HATpPsDKEHUSA G UMeeT MeCTO HEKOTOpOe yMeHblIeH e Pa3HUIIbI B BeINUYUHAX IPOJOIBHBIX
U TIOIepeyHbIX fedopMauii yKasaHHbIX 06pasIoB.

CBeZeHUA O BIMAHHUH JeCOpOIMH BJIATM Ha KacaTeJIbHBIH MOZyb AedopMaluu E
LIeMEeHTOTPYHTHBIX 00pa3I[0B MOXHO ITOJIYYHUTh U3 JaHHBIX Ta0JI. 1.
Ta6urna 1
3HaveHHT KacaTebHBIX MOZYJIEH fe@opMaLHH E IIpH pas/THIHBIX Y POBHAX
COKHMAIOL[Ero HAMPAKEHHA O

Bup ucisITaHHBIX 06pa3IoB Mogyns nedopmanyu mo xacareasHoi B MIla- 1072
npu Hanpsokeruu o (MIla)
0 1,0 3,0 5,0 7,0
06pasibl, cofepikalye B IOPax 1 68.1 622 51.1 411 322
KaIMUIAPax CBOOOTHYIO BIary
006pas1ibl, ITOLBEPrHYTHIE fecopOIy 244 243 241 238 B

Byaru B Tevenue 210 cyT.

HabmofaemMoe CyuiecTBEHHOE MOHOTOHHOE YMEHBIIEHWE IIPOYHOCTH U, OCOOEHHO,
COIIPOTHBIAEMOCT  JeOpPMHPOBAHMIO  IIPY  KPAaTKOBPEMEHHOM  HArpy>KeHHH
I[eMeHTOTPYHTHBIX O00OpasloB, HAXOZAIIUXCA B THIPOM3OIMPOBAHHOM COCTOSHHM B
TedyeHre OoOjlee UeM TpeX JIET, a 3aTeM IIOABEPTHYTHIX JeCOPOLMU BJIATH, MOXXHO
OOGBACHUTH, B OCHOBHOM, YMEHBIIEHHeM IIJIOWAAXM KX pabouero cedeHMs H3-3a
o6pasoBaHuA IyCTOT (ZedeKTOB) B IOpax M KalWJUIApaX, H3HAYAJIbHO HAIIOJHEHHBIX
XHMHYECKY HeCBA3aHHOH BIaroi.

B pasgene 3.3 oOcCyxmaloTcs pe3yJsbTaThl HCCIEJOBAHMA DPa3BUTHA BO BpPeMeHH
JebopManuy ycaZKM U IOJ3YydYeCTH I[eMEHTOTPYHTHBIX OOpasllOB, BBI3BAHHOH, B
OCHOBHOM, ZeCOPOIIMOHHBIMHU IIPOIIECCAMHU.

B oTOoM cCiayuae [UIMTeNIPHOMY MWCIBITAHUIO IIOJBEPIJIUCH  OOpaslpl  Kak
TMPOU30JIMPOBAHHEIE Cpa3y mociae pacHOPMOBKH, TaK M OCBOOOXKIEHHBIE OT
THPOU3OIALMY K MOMEHTY IIPOBeZieHUs HaGIoleHuii (B JaIbHeHIIeM U3/I0KeHUH TeKCTa
OHM OyAyT YyINOMIHYTHL KaK HEM30JIMPOBAHHBIE U TUAPOM3OJIMPOBAHHBIE OOpPasLbI
COOTBETCTBEHHO).

B skcrepuMeHTax Ha IIOJIBY4eCTh BEIMYMHA TOCTOAHHOTO CKUMAIOIIETO HAIPAXKEeHNUS
JJIs YIIOMSHYTBIX BbIlile 0G€HMX pPasHOBHAHOCTEH 06pasioB cocrasisaa 1,2 MIla. Cpexuas
TeMIIepaTypa JaGOpaTOPHOro IIOMEIeH s, TA€e MTPOBOAMIIICH SKCIIEPHMEHTHI, COCTAaBIAIA
24+45°C, a oTHOCUTeIbHAA BIAXHOCTH — 55110%.

Jedopmanmm ycamxu (u/p3.3.1). CormacHo 3KCIIepUMEHTaIBHO YCTaHOBIEHHBIM
DaHHBIM, C HA4ajoOM IIPOBeJeHHs HAOTIOZeHHI MMeeT MeCTO pa3BUTHE BO BpeMeHU
TebopMaluy ycagKky LeMeHTOOEeTOHHBIX 00pasLioB ¢ Ha4yaIbHOI BBICOKOM U JajbHeHIel
mafiaone CKopocTsio (puc. 6), KOTopas B CIydae HEM30JIMPOBAHHBIX 06pa31oB (Kpusaid 1)
OKa3bIBAaeTCA TOpasfo CylIeCTBeHHee, 4eM B CIydae THAPOU30JUPOBAHHBIX OOPa3liOB
(xpuBas 2). BeruuuHa oTHOIIEHUS 3HAaUYeHUN IedopMaunuii yCafky HEM30IHMPOBAHHBIX U

17



TMIPOU30JINPOBAHHBIX O0Opasi[OB B TedeHHe OTama TaK HA3bIBAEMOrO IIPAKTHIECKU
YCTaHOBHBIIETOCS COCTOSHUA (B IIPOMEXYTOK BpeMeH:u OT 60 CyT. ¥ [0 3aBeplIeHHT
9KCIIEPUMEHTOB) HOCUT MOHOTOHHO YOBIBAIOIINY XapaKTep 1 u3MeHseTcs or 28 nol8.

280x10

Nedopmauma ycagxu

20 40 60 80 100 120 140 160 180 200 220
OnutenbHocTb HabnwaeHus (cyT.)

Puc. 6. Kpussie gegopmanusi ycafKH OIBITHEIX 00PA3LOB B IPOJOIbHOM HAIPABICHHH:
HEH30/IHPOBAHHEIE 06pa3nsl (KpuBad 1), ruzponsonHpoBaHHbIe 06pasysl (kprBag 2)

Ormeru™m, uTO B TeyeHuwe mepBbix 15...20 cyTox HaGIIOZEeHWN BeIWYMHA IOTEPU
XUMHUYECKN HECBI3aHHOM BJIaru HeMeHTOI‘pyHTHLIMI/I HeI/IBOJII/IpOBaHHI)IMI/I o6pa3uaM1/I
pocruraer 50...55% or 3HaueHUA STOH Xe XapaKTEPUCTHKY, OIpPeAeIeHHOW K KOHILY
TIPOBeZIeHNs HCCIeJOBaHMi. B ciydae THAPOM30IMPOBAHHEIX OGpPasl[OB IIOTeps BJIArd
IIpaKTUYecKH He ObIIa 3aperuCcTpHPOBaHa.

Jedopmanpmm momsysecrun (u/p 3.3.2). Paccmorpum pesysibraThl  MCCIIEOBAHUA
TOJIBYy4eCTH IPU CKATHM OIBITHBIX O00pasoB H3 IleMeHTOrpyHTa Ha ocHOBe BKC,
SBJIAIONINXCA UAEHTHYHBIMKU 00pasuaM, MPUMEeHeHHBIM B HCCIeJOBaHUAX AedopMaruu
ycazgku marepuana (cm. 1/p 3.3.1).

V3 paHHBIX pHC.7 ClefyeT, 4TO C MOMEHTa HAXOXIEHHS IIOf BO3JeHCTBHEM
CKUMAIOIell Harpy3KH MMeeT MeCTO yBelIndeHue JedopMaluy IOI3ydeCcTH ¢ HaYaIbHOMH
BBICOKOM M JaibHellIell mazaiomeii CKOPOCTBIO, KOTOpOe B CIy4ae HeH30JIHPOBaHHBIX
obpasuoB  (kpuBas 1) oOkaspIBaeTcs Topasfo  CyLIeCTBEHHee, dYeM B  CiIydae
THIPOU3OJIUPOBAHHBIX 00pasuoB (xpusat 2). Ilpm 5TOM BeIMYMHA OTHOIIEHUA
TebopMaluy IMoJ3y4eCcTH HeM30IMPOBaHHBIX U TUAPOM30IHMPOBAHHBIX 1[eMEHTOTPYHTHBIX
06pasIoB Ha STalle TaK HA3bIBA€MOTO IIPAKTHYECKU YCTAHOBUBIIETOCS COCTOAHUA (B
mpoMexyTKe BpemeHu OT 60...70 cyT. ¥ [0 KOHIIA 3aBepLIEHHs SKCIEPUMEHTOB) HOCUT
MOHOTOHHO y0bIBaroIuii xapakrep u or 10,7 nocruraer 8,5.
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[Jedopmauua non3yyectu

200 x10

20 40 60 80 100 120 140 160 180 200 220
OdnuteneHocTe HaGnwaeHwa (cyT.)

Prc. 7. KprBsle ge@opManasi Mox3yYeCTH OMBITHEIX 00PasIjoB:
HeH30/IHPORaHHEIe 00pasrsl (KpHBas 1), THAPOHSOIHPOBaHHEIe 06pasysI (KpHpast 2)

PasBurme BO BpeMeHM CylIeCTBeHHBIX nedopMaunuii ycagxkud ¥ IIOJN3Yy4eCTH IIPH

CKaTWu, HAOIIOfaeMoe y HEM30IMPOBAHHBIX OOpasljOB M3 IIEMEHTOTPyHTa Ha OCHOBE

BKC, M0XHO 06BICHUTD, B OCHOBHOM, COOTBETCTBEHHO:

CJIEICTBUIEM BO3ZIEMCTBUSI HA DJIE€MEHT OOBEMHBIX CKMMAIOUWX HANPSKEHMH,
BOBHMKAIOIIMX B pe3yJbraTe W3MEHEHUsA OOBEMa COZeprKaleiics B MaTepuaje
CBSI3aHHOM CHUJIAMU aACOPOLUY BOZBL;

KaK caMHM JeCOpOIIMOHHBIM IIPOLeCCOM (KalIULLIPHBIE SBIEHWST), TaK U
HaKoIUIeHneM fedopManuil y Harpy>KeHHBIX 00paslioB, BO3HUKAEMbIX BCIEACTBHUE
0GYCIOBIEHHOTO JecopOuyeil Blark MOHOTOHHOTO CHIDKEHWsS BO BpeMEHHU
TIPOYHOCTH ¥ MOZYJI ZedOopMaIuy MaTepuasa (CM. paszen 3.2).

PasBuTre Bo BpeMeHU JedopManuii yCaaKH U ITOJI3YyYeCTH IPU CKATUH, HabIomaeMoe
Yy LeMeHTOTPYHTHBIX THAPOM30JIMPOBAaHHBIX OOPAa3IOB, OOYCJIOBIEHO, B OCHOBHOM,
COOTBETCTBEHHO:

1.

CXBaTHIBAHWEM MaTepHajia B pe3yJsbTaTe IIPOXOXKAEHUSI XUMUYECKHX PpeaKIuit
TUApaTaluy IeMeHTa;

Ilepepacipefie/leHNeM BHYTPEeHHUX HAIpPsSKEHUH, BO3HUKAIOIUX B LIeMEHTHOM
KaMHe U HallOJIHUTeJIe MaTepraJja BCIeACTBYEe BO3AEeHCTBYA BHENUTHEH COKUMAOIeit
HarpysKu.

OCHOBHBIE BBIBOJHI ¥ PE3YJIBTATHI IMCCEPTAIIMOHHOM PABOTBI

,ZLJIH OIITUMAJIBHOT'O IIPOEKTUPOBAHUA IIpeaBapuUTEIbHO HaNIpAXXEHHBIX

JKeme300eTOHHBIX 0aloK M3 IIEeMEHTHBIX JIETKHX 6eTOHOB, HU3TOTOBJIAEMBIX METOOOM
HATSKEHHUSI apMaTypbl Ha YIIOpBI H 6ETOHI/IPYEMI)IX OOBIYHO B TOPHU30HTAJIBHO

PacCIIOIOXKEHHBIX (bopMax, da TaKXe C6OPHLIX KOJIOHH, MOHTHDYEMBIX IIyTE€M HATIKEHUA
apMaTypbl Ha 6eToH U3 (i)paI‘MeHTOB, 6eTOHI/Ipy€MLIX B BEPTHUKAJIBHO PACIIOJIOKEHHBIX
(bopMax, LLeJIEC006P33HO y4eCcThb HEOJHMHAKOBOCTH COIIPOTHUBJIAEMOCTH YCaAKHM U
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IIOJI3y4eCcTH B 3aBUCHMOCTH OT OpHEHTallMM CJIOeB YKIaZKM OeToHa Ha oTame (OpPMOBKU
9JIEMEHTOB, O YeM He YIIOMMHAETCS B CTPOUTEIBHBIX HOPMAX.

2. DeroHHble U >Kele300€TOHHBIE KOJOHHBI COOPYXEHHH, IpeAHa3HAYEHHBIX MJII
9KCILIyaTal[il B PeruoHaX C HEBBICOKOM BJIAXKHOCTHIO, 11€JeCOO0pPa3sHO YMEHBIIUTH B
pasMepax, COOTBETCTBEHHO YBEIMYHB MX UHCIO: HA KOJIEOAHWA BJIAKHOCTH CpPeZbl
KOJIOHHBI C OTHOCHTEJIBHO MaJIbIM HOHepe‘IHBIM CeuYeHueM peaeryIOT JINIIb HyTeM
IUKIMIECKOTO y/IVHEHUsA-COKPAIEHNs, B TO BpeMs KaK B KOJOHHAX C OOJBIINM
HOHepe‘IHLIM ceyeHruem HPOI/ICXO,HI/IT THUK/INYeCKOoe H3MEHEHNEe BHyTpeHHeI‘O
HAIPsDKEHHOTO COCTOSHIUS, IIPUBO/AIIee K COKPALIEHIIO CPOKA HAZEXKHOM SKCILTyaTaluy
COOPY>K€HHUM, BKIIOYAIONUX TAKKe KOJOHHEI.

3. PaspaboTama  TexHOMOrMA  MOJY4YeHHS  IIEMEHTOTPYHTHOTO  KOMIIO3MTA
nossineHHo# mpousocty (10 MITa u Gosee) Ha ocHOBe Ges03eMOB KapGOHATHOTO COCTaBa
(BKC), comepsxamero 10% uemernra mapku CEM II/A — P42,5N or maccsr cyxoit cmecu Ge3
IIPUMeHEeHNs KaKUX-T100 IIacTU(HUKATOPOB.

4. BmaXHOCTHBIE  YCJIOBHA  BBI3PEBAHMA,  CIIOCOOCTBYIONIME  HOPMAJIBHOMY
MPOXOX/IEHWIO IIpOIlecca TUAPATANMK LIEMEHTHBIX 3€peH, a TaKXKe COXPAaHEHHIO
XUMHWYECKH HECBSI3aHHOM BJaru B HOan nu KaHI/I)I)IﬂPaX, BeCbMa 6JIaI‘OHPI/IHTHO
CKa3bIBAIOTCA HA HAKOILJIEHHE BO BpeMeHI/I HPO‘IHOCTI/I HPI/I CXKaTHuu HeMeHTOI‘PyHTHBIMH
xommnosuramu Ha ocHoBe BKC. OpHoBpeMeHHO, mecopOuus cBOGOLHOM BJIard M3 IOp U
KaHH]IJIS[pOB HPI/IBO,I[I/IT K CymeCTBeHHOMy yMeHLH_IeHI/HO HPO‘IHOCTI/I HPI/I CXKaTHuu
(mpumepHo 40%) 1IeMEHTOIPYHTA, BRI3PEBABILIETO B TeUEHHE IJIUTEIBHOTO BpeMeHH (6oee
TPeX JIeT) BO BJIQYKHBIX YCIOBHSAX.

5. [lecopbrysa XUMIYeCK: HeCBA3aHHOM BJIATM, COXPaHUBIIEHCA JJIHTENIBHOE BPeMs
(6oee Tpex yeT) B Opax U KAaIMJULIPAX, IPUBOAUT K ITOABJIEHUIO U PAa3BUTHIO BO BpEMEHU
CYIeCTBeHHBIX JedOopMaluil ycaZKyM M IOJ3ydYeCTH 3JIeMEHTOB M3 LIeMeHTOIPyHTa Ha
ocuoBe BKC. Takume pedopmanuyi y IeMEHTOTPYHTHBIX OJIEMEHTOB, WIEHTHYHBIX
yKa3aHHBIM BBIIIe, HAJEXKHO 3AI[UIIEHHBIX OT BO3JEHCTBUA [eCOPOIMOHHBIX IPOIeCCOB,
BO BPeMEeHH Pa3BUBAIOTCA C CyIeCTBEHHBIM 3aTyXaHUEM.

6. Jlna aHAJIUTHYECKOTO OIMCAHMA IIPOIlecca PasBUTHUA BO BpeMeHHU JedbopMalyu
TIOJI3ydYeCT ¥ CBA3M MEXZIY HANPDKEHUAMU U AePOpMALMIMU IIOJ3YyYeCTH SJIeMEHTOB
COOpyXeHuil u3 IeMeHTOrpyHTa Ha ocHoBe BKC MOXHO monb30BaThCs (GopMyIaMu,
IIPUMeHAeMBIMH OGBIYHO LA aHAJTUTUIECKOTO ONMMCAHUI TaKUX ABIEHUH, HaGII0faeMbIX
y 9JIeMeHTOB U3 I[eMEeHTHbIX OE€TOHOB.

7. Ilpum ocyliecTBIeHHH CTPOMTENIBHBIX pabOT HAa Y4acTKaX, HeIOCPeICTBEHHO
COCEZCTBYIOIIUX C LIEMEHTOTPYHTHBIMU (yHJaMEHTaMU COOPY>KeHUH, DKCILTyaTHPyeMbIX
B PETHOHAX C HEBBICOKOM BJIQYKHOCTHIO CPeZBI, CJIeflyeT COBIIOAATh MEPHI, HallpaBIeHHEIe
Ha TIpefOTBpallleHNe BBICBIXaHUA (PYyHIAMEHTOB, TaK KaK BEPOATHOCTH CyILIECTBEHHOTO
CHIDKEHUS HeCyllleil CIIOCOGHOCTH U COIPOTUBIIAEMOCTH Je)OPMUPOBaHUIO QyHIAMEHTOB
BCJIEZICTBYE IIOT€PU MU BJIATH BeCbMa BeJIMKA.
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Bnhot Uudykh Uwintjjub

8BUTLSUSPL AGSNLE BY 8BUTLSUANPLSE SUTECP HEdNTUSYELNR
B4, LUSLUSIELAR LVUUSUTUR HYhUTUALNRRSUL TUMLL MUSUTLUMN IUD
IEUNCASPNOL 1MNSEULENNY,

Udithnthnud

Usolmwwnutipmd  putiwplgnid ki ghdbuinwugpnibnt b ghdktnnwghtt phuntb
wnwppbph, hhdtwlwinwd, nhunppghntt  gopépupwgubpny  wWuydwbwdnpywsd
nEdnpUugdut b pupwydwlt phiwnpmppub hnthnjnipjul hwpgkpp’ hwoyh
wnubny wjuwhuh gnpénutbp, npnup wdbh Jun wuwwmowd npwnpniput sk
wpdwbwugh:

Uwnwg]ty b hknlyw) hhutwljwh wprynibplitpp

1. Vwpwybu  upduws ghdbubnughtt phpl  phuinuk  hbdwlubph, npnup
wuwnpwunynid ki hkbwpwutbph Jpu wdpwh dquwt dkpngnd b phunbwgynud
Et, unynpwpwp, hophgniwluwbh nbnuuws junuuwpiubponud, ptywbu bwb
piunth Jpuw wdpwih dqwl Equbwlnyg $puqutunitphg hwupndh uniubpp
oyunhuwy twhiugsdwt hwdwp ywwnwlwhwpdwp b hwodh wntbkp hshdwt b
unnph nEdnpuwghwibph wwppkp (hukp Yuwhdws wwppkph Juqugwpdwh
thnynud  phkunth  wbqunpdwb ghkpnbph Ynpudunpnonidhg, hish  dwupt
shttmpupulut tnpdkpnid sh hhownwyynid:

2. Gpypwqunh ny pwpdp hnbwynipyudp wwpwdwopowbtbpnid  (W<75%)
swhwgnpéliwtt huwdwp bwhpwnbugws Jupnygubph phnntt b Epluppbunub
unilibpp byunuwhwpdwp b goppughly swhtpn] hwdwyunwuewbiupap
wykjugubng npubg phyp. hwdbdwwnwpwp thnpp juytwlubt hwndusp nitkgnn
unibbpp dhpwduyph nbwdnipyut nwnwbnidubpht wpdwqupnid Eu dhuyh
ghlyihy  Epyupugdudp-jupdugdwdp, dvhtyntn dES  juyuwfut  hwnduspny
uniubkpnud nknh £ niikinwd ukppht jupqubswghtt yhdwh ghlyihy thothnpunipm,
htyp  YJwpnny b hwigkgul] wnuyhuh wnmbbp tbpwenn Jupnygubph hntuwih
swhwgnpéuwt dudljinh bujut Ypdundubp:

3.Upwljyt E Juppntwwnwghtt juquny uyhunwluwhnntph (@4U) hhupny snp
hiuntinipnh quiiqyush 10% CEM II/A P42,5 dwljuhoh gkt wyupnitwlnng, pupép
wdpnipjudp (10 UNw b wgkih) odnws ghukinmwgpniinuyghtt Yndunghwn iyniph
unnwguwb nktninghw, wnwbg npbk yjuwunhdhjunnph Yhpundwb:

4. Zwuntbwgdwl nbwduyhtt wuydwbbkpp, npnip btywunnmd Bu gedbunp
hwnplutph hhppuwnwugdut gnpépipwgh tnpdw) ppwlwbwugdwip, hiyyhku twbh
Swynunhubtpmd b dwquinpubpnd phthugbu sjuydus juntwynipjut
wuwhywidwip, pwjuluiht pupbiyguun th wgnpmd  99U-ubkph  hhdpny
ghdbtnnwgpniinught - Yndwynqhwnutph  dwdwbwyh  pipugpmd ubnddwt
wlpnipjutt dbnp phpdwit Jpu Uhwdwdwbwl, sSwynnhutphg b dwquinpubphg
wquun  junbwynipjut  ghunppghwtt  hwbghgind £ juntwy]  wuydwbibpnid
Epupuwnl (wyth pwt 3 wmwph) wwhyws ghdbbnwgpnitinh pun ubknddwb
wdpnipjut bujut ijuquuinp (Uhtigh wytjh put 43%):
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5. Owlnunhubpnud b dwquinpltpnud tpup dudwbwl (wykih pwt 3 wwph)
wwhywiyws phthuwbtu sjuwyus ntwynipju nkunppghwt phpnud L Y4U-
utph hhupny ghuktinwgpniinuyghtt mwupptph §sYdw b unnph gdnplughwtph h
huwjn qunit b dudwiwlh pipwugpnid ppuig tuljut qupqugdwip: Yhunppghnt
qnpépupwgubph  wqpbkgnipniithg  hnuwhnpbt yuonyuwidws  hwdwidw
wmwppbph  Unnn phuynn  hhojuy  pEdnplwghwitpp dudwtwyh  pupwugpnid
qupquinud ki buwb dwupdwdp:

6. U4U-utph  hhdpny ghdbuwnwgpnitinnughtt  Yndwnghnhg Yunnygubph
wwppbiph unnph qEdnpuwghugh’ dwlwbwyh plpwgpnid qupgqugiul gnpsplipwigh
b jupnuwlutiph mu unnph  pEbnpdwghwubph  dhol Enws Juwh wbwhwnhy
wjuwpugpdwt hwdwp Jupbh b ooquudky pwbwdlitiphg, npnup, unynpupup,
Yhpwndnud Eu ghdbnwght phuntb wwppliph dnn ghngnn tdwb Eplnypubph
wbwhinhl tjupugpdub iyuwnwyny:

7. Uhewduyph ny pupdp ntwdnipjudp nwwpuswppowtitbpnid pwhwqgnpéyny
Junnygubph ghdbknwgpniint hhuptph widhpwybu hwphwinipjudp quugnn
shttwpwpuwlut wohwwnwbpbp hpwliwbwgubihu wuhpwdbon t wuwhuwblk
hhuptph snpugdwt Juwbpwpgbjdwbt ninnjuws  dhgngupnidubp, pwh np
hintwynipjut Ynpunh hEnbwbpny wynuwhuh hhdpiph Yponnibwmput b
nhdnpdugybni nhdwnpbnt qquh tuquut hwjutuwinipmpiup swn Uks E:

Eghishe Samveli Manukyan
THE BEHAVIOR OF RESISTANCE TO DEFORMATION AND DECAY OF CEMENT
CONCRETE AND CEMENT GROUT ELEMENTS DUE TO DESORPTION PROCESSES

Summary

The work addresses the issues of the change in resistance to deformation and decay of
cement grout and cement concrete elements, mainly due to desorption processes, taking
into consideration such factors that have not been paid due attention before.

The following main results have been obtained:

1. For the optimal design of prestressed lightweight cement concrete bicycles, which
are made using the method of tensioning the reinforcement on the supports and are
concreted, usually in horizontally located molds, as well as the prefabricated columns
from the fragments by the method of tensioning the reinforcement on the concrete, it is
recommended to take into account the difference in shrinkage and creep deformations
depending on the orientation of the layers of concrete installation at the molding stage,
which is not specified in the construction norms.

2. It is recommended to reduce the size of the concrete and reinforced concrete
columns of structures considered for operations in regions with low humidity (w<75%) by
increasing their number accordingly. Columns with a relatively small cross-section
respond to environmental humidity fluctuations only by cyclic lengthening-shortening,
while in columns with a large cross-section, a cyclic change of the internal stress state
occurs, which can lead to a significant reduction in the reliable operation of the structures
including such columns.
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3. A technology was developed for obtaining a high-strength (10 MPa and more)
cement-soil composite material containing 10% CEM II/A P42.5 cement of the dry
mixture mass based on carbonate-based white soil, without the use of any plasticizer.

4. Moist ripening conditions, which contribute to the normal implementation of the
hydration process of cement grains, as well as the maintenance of chemically unbound
moisture in the pores and capillaries, have a rather favorable effect on the acquisition of
compressive strength over time of the cement-soil composites based on carbonate-based
white soil. At the same time, the desorption of free moisture from the pores and capillaries
leads to a significant decrease (up to 47%) in the compressive strength of the cement grout
stored in humid conditions for a long period of time (more than 3 years).

5. Desorption of chemically unbound moisture stored in the pores and capillaries for a
long time (more than 3.5 years) leads to the appearance of shrinkage and creep
deformations of the cement-soil elements composites based on carbonate-based white soil
and their essential development over time. The aforementioned deformations observed in
the similar elements, reliably protected from the effects of desorption processes, develop
with a significant extinction over time.

6. For the analytical description of the creep deformation of the elements of structures
made of cement-soil composite composites based on carbonate-based white soil, the
development process over time and the relationship between stresses and creep
deformations, formulas that are usually used for the purpose of analytical description of
such phenomena observed in cement concrete elements can be applied.

7. When carrying out construction work in the immediate vicinity of cement grout
foundations of structures operated in regions with low environmental humidity, it is
necessary to keep up with the measures aimed at preventing drying of the foundations,
because the possibility of a significant decrease in the carrying capacity and resistance to
deformation of such foundations due to the loss of moisture is very high.
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