
.3ABEH A .AUArOpI(ffH

AOETOp TeXHHqecEHx HayE, npoweccop "
HHCTHTy! EBMHH m CHnHRaTOB, EpeBBHt CCCP

BOSMOIHOCTb llOB~illEHMB /~~OBEqHOCTH KAMHH

IIY'1EM MBMEHEHltlH llOPMCTO&t CTPYKTYPI:l

I. Ha MeJItP.YHapOl.l;HO14 KOHrpeCCe no :BH:BeTpH:BaHHIO P1 KoHcep-
:Ba~H RaMHH (Jo3aHHa,I985 r.) HaMH 6~n npel.l;CTeBneH aHaHH3 :BnHH-
HHH napaMeTpO:B nOpHCTOH CTpyKTypH RaMHH Ha ero CTOUROCTD npH
:BO3.JJ;6~CT:BMH pa3nMqHwx weHTOpO:B ~H3HqeCl{Oro :BI:dBeTpHBaBHH.

Iof'PaccMoTpeBH TpH OCHO:BH~e nonepeMeHH~e :BO3l.1;eUCTB)lH:BO-
.ZI.OHaCbllli.eHHe ~ :BblcylliaBeHHe, 3aMOpe)ItH:BeHMe M OTTal1:BaHHe, npOHHK-
HO:BeHHe COJIe:BHX peCTBOpO:B H Odpa30:BaHHe RptiC'1'annOrMl.i;paToB.

TeopeTHqecRoe ocMblcneHMe pe3ynDTaToE MHoroHeTHHx 3Rcne-
paMeHTaHDHblx paôoT nOl{a3anO H:BHyIO 3aB)lC~MOC'1'D CTO~ROCTH RaMHH
OT Tex Rn)l .ZI.pyr)lx napaMeTpoE ero nOpHCTOH cTpyRTyp~. llpH aTOM
no~~epRHEaeTcff Ba~HocTD )lMeHHO CTpyRTyp~ nop, nOH)lMeH noA He~
pacnpe~e1le'HHe lIOp no pa3MepaM. y H8C MHoro lIpHMepOE, ROr.11;a Ha-
MeHD 6OnDmot;t nOpHCTOCTH, HO C ônaronpKHTHoU CTpyRTypoH pOPtOK8-
3~E8eTcH ôonee ÀO1lrOEe~H~M, qeM nJIOTHNU RaMeHD aHanOr)lqHoH nopo-
.JJ;~ C Heno~xo~H~e~ C'1'pyRTypoU nop.

WHTepecHo oTMeTmTD,~To napaMeTp~ CTpyRTyp~ nop no pa3Ho-
My EnHHroT Ha AOnrO:BeqHocTD RaMHH E 3aEmcHMocTH OT xapaRTepa
EHewHHx Eo3~e~cTEH~. TaR, HanpMMep, HaJIHq~e 3Haq~TenDHoro ROnH-
~ecTBa y1lDTpaM~Rponop c pal.l;HycoM ce~eHzH MeHee 0,1 MRM HBnHeTcH
OnaCHNM l.i;nH COJIeCTOUKoCTM RaMHfl, a c TOqRM 3peHHH ero MOpO30-
CTO~ROCTM:B cpe~HHx RnMMaTH~ecRMx yCJIO:BHHX TaR~e nop~, Heo6opo~,
6e3OnaCHN~ 8OcRon~Ry Bo~a B H~X He 3aMep3aeT npM TeMnepaType
MHHyC 15-~O C, T.e. npp1 TeMnepaType 3aMopa~HBaHMH, oWH~ManDHo
npHHHTot;t E 6OnDmHHCT:Be cTpaH l.i;nH MCnNTaHM~ Ha MOpO3OCTOMROCTD.

CHe~O:B~TenEHO, npM EenaHHP1 ycTaHoBBTD OnTP1MaHDHHe napa-
MeTpN nopHcTo~ CTpyRTyp~, cooTEeTCT:Byro~He ~oHroEe~HoMy ReMHm,
Heo~xo~~MO pacCMaTpH:BaTD ~x pa3AenDHO ~HH RaE~o~ H3 OCHOBH~X
EH~OB :BHemHHX Bo3~e~CT:BH~, a 3aTeM o6o6maTD nonyqeHHHe pe3yJID-
Ta TH .

1.1. M H O r O K p a T H O e B O.1l; O H a C ~ lIt e H m e
H B bI C y m H B a H m e KaMHfl fl:B1lfleTCfl Ha Haill. B3r1lfl~ O;n;H~U: H3
BaJltH~X !lJaKTopoB B~BeTpHBaHHfl, OCO6eHHO B yC1lOBHflX ROH'l'mHeHTanb-
HOrO RnLl114aTa. IlpH STOM npoqHOC'l'J:I K8U:HH HeM~HyeM'O CHHJItae'l'CH,qTO
06~flCHfleTCfl paCK1lHHH:Baro~zM AeHc'l'BHeM a~COp6M~OB8HH~X nneHOR BO-
~H E TOHK~X KanHnnflEax H 3HaROnepeMeHH@MH ~ewOpMa~HMm, T.e.
HB6yxaHHeM R yca~RoH KaMHfl, HaÔ1l~~aeMHMH B 8KCnepHHeHTâX. ~'l'O W
paCma'l'blBaeT CTpyK'l'ypy, n:LJ~BO;n;HT K pa3pyIUeHHK) R8MHfl.

qeM MeHJ:lIUe CpeAHm~ AMaMe'l'p RanMnHflpOB, Te}I CHHJ:lHee BO3-,..
ÀeHCTBHe nOnepeMeHHOrO BO~OHaC~1IteHHfl H Bb1cyIUHBaHHfl BCHe.zr.CTBme
6o1lee Bb1COKOrO Hanl11lHflpHOrO ~aBHeHHfl. BTO .n;ORâ3aHO HaMm 3KCI1e-
pHMeHTa1lDHO: nOCEe 100 n;HRROB HCnb1TaHHH ~HHaMl1qecRHti MO;zJ;ynJ:l yn-
pyrocTM Ty!lJOB CO CpeAHl1M Al1aMeTpOM RanIi1nHflpOE L.l~p= 13 MRM
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CHmEa~TCfi Ha 10 %, npH Jcr = 8 MHM CHmJKeHI.'1E~ 38%, npl1 ~cp = ~

-54 /o I 2 / .

Cpe;ZI.HP1t1 ;ZI.I.'1aMeTp I-~8nI.'11I1IfipO:B Onpe;Zl;e1Ifi1ICfi no tl1opMy1Ie:

~c.p = 2f- J (I)

r;Zl;e p- 06'beM llOp RaMHfi, S

5 -y.l(eJIDHafi nO:BepXHOCTD eAJ.iHP1DJ1 OÔ'I:leMa HaMHR.

~~pO:BO~ Ho3W~H~meHf 5 yqHTHBaeT ~OpMy HanHJI1IfipOD

(npJ.iHfiTe Cpe.l(HRR nm(l)pa H3 Be1lmqHH, COOfBeT()TDyIOJIUiIX IJ;M1IMH;ZI;Py M

m8py).
K COEeHeHHD, AO HaCTOfl~erO BpeMeHH E HOpMa~HBaX no

~OBOqHOMy RaMHm BO3~eMcTBHe BO~ O~eHHBae~Cfl nHWD
O~HORpaTHOrO HaC~~eHHfl RaYHfl, qTO ~aneRO He O~pa~eT ~eIC~BH-
TenDHYro RapTHHy cny~ô@ RaMHfl B coopyEeHHflX. Ha Hem B3rnfl~
~yeT BRnroqHTD B HOpM8TH~ HCn@~8HHe H8 nOnepeMeHHOe
HBe H B~cynnfBaHHe C RonHqec.!BOM D;HRnOB H C ~onycRaeMb1M CHH1te-
HHeM npoqHocTH He MeHee, qeM ycTaHoBneHH@e ~1Ifl HCll@~aHMi;f Ha

pO3OCTOMHOC~D.
1.2. II O n e p e M e H H O e 38 M O p a JK H B 8 H JI

H O ~ T a H B a H H e ReMHfl flBnfleTCfl OÔ~enpHHH~@M MeTO~OM
TaHOBneHHfl ~onroBeqHoC~m. M@ C~H~aeM ero nHmD OAHHU H3
~H3JI~eCROrO B~BeTpHBaH~H. MOpO30CTO~HOCTD RaMHH TaREe TeCHO
CBH3aHa CO CTpyRTypO~ nop, nOcRonDRy OT nOCne~He~ 3aBHCH!
neHD BO~OHaC~~eHHfl RaMHfl B eTMOcillepH@X ycnoBRflX. G TOqRH
MOpO3OCTOtlROCTH nOphJ MO1ftHO nO:n;pa3:n;eJIHTD Ha TpH B~;n;a: O n e C -

H ~ e n O p S, ROTOp~e 38nOJIHflroTcfl BO;n;O~ H BO;n;a B Hl1X
3ae!, 6 e 3 O n a C H ~ e n O p ~ , ROTOpHe, RaR yRa3aHo
BJlme, XOTD M 3anOJIHHro~CH BOl.J;OM, HO BOJl;a B HHX He 3aMep3ae~ H,
HaROHe~t p e 3 e p B H H e n O p H, He 313nOnHHeMbIe BOl.J;OM H

cnyE8~He ~ywep~M npOC~paHCTBOM l.J;nfl pa3Me~eHHfl
OÔ~eMa OÔpa3OBaHHOrO B RaMHe nDl.J;a.

EcnH 06O3Ha~HTD ~ -061>eM pe3epBH~X nOpt V~ -06~eM ohac-
H~X nop, U- O6~eM 6e30naCH~X nop (T.e. OÔ~eM ynD~paMHRpOnOp),

~ -R08illwH~HeHT paCm~peHHfl BO;n;~ npH ee npeBpa~eHHH B ne~ (~ =

0,09), !O 3a RpHTepH~ MOpO30CTO~ROC~JI R8MllH (K1) no nap8MeTpaM
nopRc~oM cTpyKTypJl MO)le T OblTD npHHflTa BenHt{JIH8 :

'Vi
1K" = -~ .(2)

o<..V1

3H8qeHMe K = l COOTBeTcTEyeT ycnoBHro p8BeHCTBe O6~eMe pe-

3ep:BHh1X nop y:BeJIMqeHHI) o6~eMe nb.11;e no Cp8BHeHHIO C Bo;n;oiii.
3H8qeHHe pe3epBHh1X M OneCHh1X nop MOI'lyT 6h1Tb BbJqMcneHhI no

EhIpeEeHHflM:

V1 : We. -Wc ) (3)

VR,,=W(.-U, (4)
W,- BO~OnOrnO~eRHe HeMRH npH BeHyyMe, B % no o6~eMy,
W~- cTeH~epTHoe Bo~onorno~eHHe HeMHH1 B % no o6~eMy.

nO.lf.cTeBHoM STHX BbJpe/lteJtmM :B q)-J1y \2) nOJ1yt!liM:

r]:{e
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Wr. -w~
\<-1 -

~(Wc.-UI)

Onpe~eneHHe BO~OnOrnOmeBHH npM BaKyyMe (We ) H no cTaH-
~apTy (Wc.) (nOrpyJKeHNleM B Bo;n;y,1ia 48 ~acoB no cTaH;napTy CCCP)
He npe;Zl;cTaBJlfle'l',3aTPY~HeHH~. q'l'O KacaeTcH cO~epJlaHHH y1lDTpa-
MHKponop ( u ), 'l'O OHO Mo'!teT 6b1'l'D H3MepeHo KaK pTyTHOH napo-
MeTpMe~ MnH Tpa.Zl.MD;HOHHb1M Ka1lOpMMeTpM~e,CKM)( MeTO.Zl.OM, TaR H
npe.Zl.11O1teHH~M HaMH clJH3M~ecKHM MeTO;nOM npHMoro onpe;ne1leHHfl RO11M-
qecTEa He3aMep3meM EO;nM E KaMHe npH 3a~aHHo~ TeMnepaType /3,

4/0
KaR BM~HO H3 cI>-11b1 (5), npH Ha11MqMH yn:&i'paMHRpOnOp (u)

RpHTepMM MOpO30CTOMKOCTH yEenmq11EaeTcH, T.e. cTaHoEMTcH 6o1lee
6narOnpHHTHblM. 0;nH8RO B yC11OEBHX CeBepe, Ror~e 3HMHHfl TeMnepa-
'l'yp8 cHH~aeTcfl .ZI.O 1mHyC 50-60 C, BO;na 3aMep38eT EO Ecex no-
pax, BR11!Ot!aH TOHq8Ml1lMe, c1Ie.Zl.O:BaTeJl:&Ho B 8THX :yC11OBHHX Ha11HqHe
ynDTpeMHRponop y~e He11D3H p8ccMaTpMBaT:& RaR nonoEMTe11DHU~ ~aK-

TOp c TOqKH 3peHHH MOpO30CTOMHOCTH.
1.3. ~3yt!eHMe BnHHHHH nopHcTo~ CTpyRTypN RaMHfl Ha ero

CToMKOCT:& npH n O n e p e M e H H o. n p O H a K B o E e -

HHZ c o 1l e E H X p e c T:B O p O B ( :B .ZI.aHHOM c1ly~ae Ha-
cNm.eHHoro pacTEopa CepHOR111CnOrO HaTpi1H) H o 6 p a 3 o :B 8 -

HVJa H p H c T 8 n 1l o l' H ;n p 8 ! o B noRa3ano,t!To npB
8~OM pemaro~MM ~8HTOpOM HEnHeTcff CO.Zl.epEaHHe ynDTpaMHHponop E
KaMHe~ C y:BenHqeHHeM OTHocHTen~Horo oô~eMa y11bTpeMHRpOnOp
(+) pe3Ro CHI-1')Kae'rcfl coneC'l'O~KOC'l'b ReMHH. OO'pe6O'l'Ra pe3y1IbTa-
TOB 8RcnepHMeH!['oB, :Bh1nO11HeHRblX Ha rOpHbJX nopo~ax C pa3nHqH~M
co~epX8HMe)( ynDTpeMHRponop no3Eo11Hne ycTaHoEHTD cne;nyro~H~ KpH-
TepHli conecToMKOC'l'H (K9..) E 3aBHcHIIoCTH O'l'~ :

p

~1~ (6)

~:

1k -
2. -16 ( t )~ + 0,4 *

M3 iJ!-HB (6) Bb1TeReeT, q'J.'O C 'J.'oqRH3peHHH ;n;onycTHMoM Co-
neCTO~ROCTH COAepEaHBe yn~TpaMHRpOnOp E RaMHe He ~OHEHO 6~'J.'D

6onee 113 o6III.e~ nOpHCTOCTm.
2. 1t1CXO;n;H H3 H3nO1teHHb1X '.3HCnepmMeHTanDHO-TeopeTHqecRHx

nOnOEeHm~, MOEHO 3aHn~qH'J.'D, q'J.'O MMeeTCH BO3MOEHOCTD cy~ecTBeH-
HO nOB~CMTD AonroEeqHocTD RaMHH nyTeM H3MeHeHZH ero nOpMCTOa
CTpyHTypN, a HMeHBO 3enOnHeHmeM ynD'l'p8MHHpOnOp R8RZM-nM6o He~-

TpanDHb1M BenteC'J.'EOM .~1lfl npeRp8II1.eBHH ;n;OC'l'yl18 R '.3THM nOpaM EO;ZJ;b1

m BO;n;H~X peCTBOpOE CO1Ie~.
TaHOe MepOnpHHTHe np~Ee~eT O~HOEpeMeHHO R yEenHqeH~~

Cpe;n;HerO ~MaMeTp8 OTRPb1'l'b1X nop, qTO HeO~XO~~MO ~nH EO;n;OCTO~-
ROC'J.'m RaMHfl no ClJ-1Ie (I), R nO]blIIIeHH~ Rpj!ITepMH MOpO3OCTO~HOCTM
no ~-ne (5) npM OCOÔO H~3HHX 3HMHHX TeMnepaTypax H R nOEb1meHHro

RpHTepl1H coneC'J.'OHROCTH no 1lI-1Ie (6)'.
Cne;n;yeT OTY:e'J.'MTD, qTO 3anOnHeBHe yHDTpeMMRpOnOp CYlII.eCT-

BeHHO yMeHDIn1'1T BHyTpeHH~IO nOBepXHOC1'D ReAmH, qTO ~e3yC1lOBHO
nOBb}CMT ero C'J.'OMKOCTD 'J.'eRJKe npO'l'mE arpeCCMBHb1X ~e~cTEHj,î 8'J.'MOC-
llIep~ (RMCnOTH~e AOE~H M AP.), T.e. RMCnOTOCTO~ROCTD j!Inn BOO6-
U{e xIl1MMqecHyIO cTotlROCTD. C ~pyro~ CTOpOHb}, BCne;n;CTB1'1e ManOrO
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06~eMa ynBTpeYHHpOnOp, qacTMqHoe H ~a~e nOHHOe 3anOnHeHHe 3TMX
nop HeHTpenDH~U Ee~eCTEOM MenO H3MeHHT o6mHH OÔ~eM nop KaMHH,
Cne~OBaTenbHO COxpaHHTCH AocTaToqH8H BO3~yXO- H napOnpOHHnae-
~dOCTb CTeH, qTO :Ba1KHO C TOqRH 3peHHH HOpMenbHOrO llIyHKl:i;I10HHpOEa-
HHH KaMeHH~X ROHCTpyHnH~.

2.1. npH pa3pa6oTRe TeXHO]10rHM 3anO:JIHeHHH y]1bTpaMHRpOnOp
MO}IHO BOCnO:JID30:Ba'l'DCH RanHHnHpHNMH CBotiC1':BaMH RaMHH. Be]1;D ~3-
:BeCTHO -qeM 1'OHbme nOpN, 1'eMÔO:JIDme RanHnnHpHOe ÀaBHeHHe,nOS-
TOMY npH RanH1IHHpHOJl no~coce orpaHHqeHHoro oOrbeMa MenOBfl3KOrO
iK~~KOrO Be~eCTEa E nep:ByK) oqepe~D 6y~y1' 3anOHHeHb1 YJ1I>'l'peMHKpO-
nOpH, CnOCO6HNe OTCOC8TD EH]1;KOCTD H3 KpynH~x KanH:JIJ1Hp°:B, no KO-
TOpHM O~HaRO ZH~KOCTD nepe~BHreeTCH 6HCTpee tcOrJ1aCHO WOpMynH
nye3enH).

EC1lH npH STOM l{aK8H-TO He6onDmeH q8C'l'D R8nHJ11lflpoE C p8-
~HYCOM ceqeHHfl 6oJ1ee 0,1 MRM 6y~eT 3anOnHeHa, TO STO :BOECe He
6y;ZJ.eT Epe~Hb1M, e C TOqRH 3peHHH MOpO30CTOHKOCTH ôy~eT O.qeHD no-
ne3HHM, nOCROJ1DRy npH 3TOM 3aHpOe'l'Cfl qacTD OnaCHbJX nop.

CJ1e~OEa'l'enbHO, cKpynyHë3Hoe 3anO:JIHeHme TO:JIDKO Y1IDTpaMHR-
ponop He O6H3a'!'eJ1bHO. Cne~ye1' KOHTpO:JIapO:B8'!'!) :JIamb ;n;OcTaToqHyl)
BO3;n;yxo- H napOnpOHHnaeMOC'i'D KaMHfl.

2.2. B Ha6op8'!'OpHB npHpO;ZJ.HOrO KaMHH MHCTHTyT8 RaMHH H CH-
J1HB8TOE (EpeBeH, ApMffHCK8H CCP) 6NnH npOBe~eHH nepENe Orn@TN no
3anOnHeBHJ) ynD1'paURPOnOp RaIlHH. .1{:JIff STOti ne:JIH 6~nm :B~6p8H~
:BynKaHHqeCH*e TyWN ODpaH8HCHOrO H ~enD3HTO:BOrO THnO:B, CO~epEa-
~X 3B8qaTen:&HfiÎiÎ O6i>eM ynDTpalfmHpOnOp. B Ha~.eCTBe npOnH'!'NE8IOIIteH
EH~KOCTH HCnOnD30B8HH 3 ROMnO3mII;HH: S'!'H1lCHn}]R8'l' C ;n;O68:BROH OT-
Bep.11;H!enH ~1); 3'!'HnCH1IIIR8! C p8C'!':BOpIlTeneM i1 O1'Bep~aTeneJl \2);
llOnmEHHHnO:BHH CnHpf C ~OÔ8ER8MH KHCnOT t3).

npOnl~Ra llpOH3BO~HnacD Hellm1lnflpHNM nO~COCOM 06p83~OE -/
Ky6o~ ~o npHKepHO 1/3 HX ENCO~H, nocne qero OBB CBHM8nHCD C
nOAnm~R.. B nOCJ1e~yD~eM ~OHKHe R8nHnHHpH E~THrM:BanH B@me npOnH-
fBBHym E HaMeBD ~H]1;ROCfb, .1I;O:BO~fi ee ypoBeHD noq,!,M ~O llOnHO~ BH-
CO~ 06p83nOE. nOCHe O~Eep~eHBH EH;n;ROC~eH :B ~eqeHBe 2 He~enb
npB ROMHafHOI ~eMnepaType npOnHT8BHNe O6pB3~, B TaREe S'!'anOB-
HHe O6pe3~ 6e3 npOnH!KH, HC~TaBN H8 H8llHnnffpHOe BO]1;OnOr1l0~e-
HHe H H8 coneC~OKKoCTD.

Pe3ynb!a~ onpe~eneHBM RBnBHRffpHOrO EO~OnOrnO~eHHff 38 l
qect 24 qece .H 48 q8COB npHEO.11;fi'!'CH E T86n.1.

AH8HH3 ~8HHfiX T861l.1 nORa3~B8e~, q~o npOnH'1'Ra ~H~ROCTbIO
nepBOa ROMnO3.H&HH {3~mnCMnHRaf 6e8 pe368:BneHHH) ;ZJ.8eT H8~6onDmee
CHHEeHJ!e RBnM1lnflpHOrO BO~OnOI'1lOll\eHBfi npi'I ~ce:x: CpOR8X :BH~epEKm
06pa3~OE H8;ZJ. :BO~ol. B~Op8ff ROMnO3MIr.Hff ~pa866:B:JIeHBBJa STH1ICH1lMRa~)
nORa3en MeHDm6e CHHEeHHe BO;n;OnOr:JIO~eHHff, qeM nep:Bafl, HO :BCe Ee
cy~ecTEeHHOe CH~EeBHe no CpaEHeHHro C ST8nOHOM 6ë8 npOnRTRH.
TpeTbH EH~ROC1'D Ha OCBOBe nOnmBmHBnOBOrO CnHp~8 npHHeC MaHOe
CHHEeHBe BO~OnOr1IO~eHHfl.

L1CnNTBBHe Ha con~cToMKOC'!'D 06pa3nO:B npO:BO~HnOCD nyTeM R8-
llBJIHflpHO:t1 npOnHTHH HaCHIIteHHN, paCT:BOpOM Ce.pHOR-HC7IOro HaTpHfl H
CYmKH nBH TeMnepa'!'ype 60oG. ~8BemM:BaHHfI O~83~OB npO:BO~HnMCb
nOCJI6 l -15 IJ.HR7IOB liCnb]TaHHj;f. ~e3y1lbT8Tb1 llpHBO~HTCH:B T861!.2.
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1aÔJlHUB -I.

Pe3ynbTsTH onpe~eneHH~ KSnHHHHpHOrO
Bo;n.OnOrJIOUl;eHHfl RSMeHHHX 06pS3n;O:B BO

BpeMeHB

'~:-

4,5

88,

5,1

9,6
1,6

5,6

lOtI 12,19,3

BT*nCMn*HST C OTEep~MTeneM

BT~nC*nMHST C paCTEOp*TeHeM
Z OT:Bep~LiTeHeM

ilOHLiBlilHmnOEH~ CnmpT C ~O6aB-
HOa K*CHOT

Ees npOn*'1'HU 12,612,1II,3

~a6nHna 2.

Pe3y11DTaT~ 11CnblT3HI1Îit R3MeHHHX 06p33I1;O:B
Ha Co11ecToi1RoCTD

2,0 9,3 1,2 2,3

I,? 1,64,4 1,0

STHHCHHHKaT C OTBep~HTe-
HeM

BTRnCliHliRaT C
HeM H OTBep~HTeHeM

iloHBBk'lHHnO:Bb1ii CnHpT C
~OOaBKO* KHCHOi'

jje3 npOllRTRH

5,7 6,6I8,8 3,5

3,7 14,?73,4 nO1IHOe

HHe
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PaCCMOTpeHHe nOJIyqeHHblx pe3y1I:DTaTO]3 ~CilllJTaHlIIH Ha COJIe-
CTOt:.iKOCT:D (Ta6n.2) :B COnOC'.L'a:BJIeHMH C .1(aHHbIMY1 RanH1I1IHpHOrO :BO-
~onOrnOmeHMH (TeôJI.I) C:BR~eTen:DCT:ByeT O TOM, qTO JIyqmyro CToM-
KOCT:D npl106peTaroT 06pa3~ RaMHH, npOnY1T8HHble pe3Ôa:BneHHblM
8TRnCY11IIr1RaTOM, HeCldOTpfl Ha HX ÔO1Ibmee :BO~OnOrHOllteHne. °unpH-
qHHe TaKOrO pe3y1IbTeTa HeTpy~Ho ~Ora~aT:DCff. Pa36a:BneHHb1H 3TH1I-
C~1IY1KaT 61IarO~apfl MeH:DmeM :Bfl3KOCmH 1Iyqme IIpOnHTh1:BaeTCH :B Ka-
MeH:D M xopomo 3anO1IHHeT y1Ir,TpaMHKpOnOpI:li, OT:BeTCT:BeHHflJe 3a HY13-
KYIO CO1IeC~otiKoCT:D KaMHfl, qeM He pa36a:BneHHb1i1 8TH1ICRnHKa'l'.IIoc-
lIe~HHt1 CMJIr,Hee CHR'J1taeT :BO,IJ;OnOrJIO!.I\eHHe, nO-:BlI1,IJ;HMOMY, R3-3a qac-
THqHOH 3a~epJKKH 6o1Iee :Bfl3KOM nponHToqHoM D.21;KOCTn :B Cpa:BHlIITen:D-
HO KpynHb1X RenHnnflpaX, a 3TO CHREaeT 3[)clJeH! nO:Bb1meHHH CToHKOC-
T1'1. IIpIr1 3TOM He6e3b1HTep6CHO OTMeTI1Tr"qTO pacxo~ 8TRnCMnHKaTa
npH npOnl1TKe :B Hepa36a:BneHHOM :BR~e 3Haq~Te1IDHO 6Onbme, qeM npH

pa36e:BJ1eHHOM. .J
TaKRM 06pa30M, O~HMM H3 ycnO:BHH 3enOnHeHHfl ;t,n:DTpaMHKpO-

nop H:BJ1HeTCH ;zrOCTeToqHo H~3KeH :BH3KOCT:D nponMToqHoH JKIt1~KOCTm.
203. IIpO:Be~eHHb1e O~TN nOKa3enH npHH~nHanDHyro :BO3MO~-

HOC'J.'D cy~ecTBeHHOrO nOBblmeHHfl ~OnrO:BeqHocTH KaMHeM C nOMOm:Dro
3anOnHeHHH yJI:DTpaMHKpOnOp.

B HaCTOfllltee BpeMH B6~yTCH nOHCKm ~JIH R3b1CKeHHfl 6oJIee
npocmx H ]J;eme:Bb1X BeIIteC'l'B ~nH 3anOnHeHHH ToHqe~mHx nop Kell4HH
npH HeCnOEHb1X TeXHonorHqecKHx Onepe~flX, o6ecneqH:BaroUtllIx TOT
JKe 3<I>clJeRf. O~HaRO 3TO He MemaeT npaKTlIIqeCFtOMY npHMeHeHHro HC-

Cne.21;OBaHHlI1X ROMnO3HD;l!l1 yJKe CerOlJ.Hfl.

JlHTEPATYPA

I. Hatsagortsian Z. "Princip~s experimentaux et theori-
ques pour l'evaluation de durabilit;e de la pierre. V~ Congrès
International sur l'Alteration et la Conservation de la Pierre.
Actest v.1, p.p- 195-202, Lausanne, 25- 27.9.1985. Presses Po-
lytechniques Romandes~

2. AUArOp~ 3.A. H3yqeHme BnHflHMfl HeROTOp~X aTMOCWepH~X
BO3;lJ;eHcTBm~ Ha cBoficTBa BynRaHM'qeCRl1X TyWOB. Tpy;zr.H 4PMflHCROrO
~~~~i'yTB cTpoi;jMaTepmanOB m coopy3teHmf,l, BbJn.I,cTp.?'T-IO6 ~

3. AILArOpIJ,HH B.A., 1APTAHflH «>.M. "HOBIJJM Me'l'O~
Ronl/1qecTBa He3aMep3meIî BOJI.b1 m nb;lJ;a B RaMeBHIJJX MaTepHaJIaX"
ncTpOH'l'eJIbHHe Ma TepIiIaJIbTn , ~ 2, CTp.2?, 198'i'.

4. ABTOpCROe CBm;lJ;eTenbCTEO CCCP ~ 1158895 nCnoco6 onpe~e-
HeHHfl ~H3mqecRHx XapeRTepmCTHR Mep3JIgX rpyHToB". OTRpHTHfl, H306-
peTeHHfl, N:!! 20, 1985.

314



Zaven A. Hatsagortsian

Doctor of Technical Sciences, P!'ofessor

rnatitute of Stone and Silicates,
Yerevan, USSR /

Possibility of Increasing the

Durability of Stone by Changing its Porous Structure

(Summary of the report on the subtheme

2. Technology, techniques and training in preservation

and conservation of monuments).

The investigations have shown considerable significance
the stone porous structures for its durability. It has been

, that the influence of porous structure is not unam-
and depends upon the type of external action on the

parameters of porous structure have been analyzed
behaviour of the stone when testing its water,

salt and acid resistance. The particular criteria of
ity have been formulated for each type ~f external ac-

separately according to the parameters of porous structu-
I.t has been revealed that the most harmful parameter of
porous structure, having negative effect on the stone du-
lity,is the presence of ultramicropores with a radius less

than O,1~m in section. The base has been found for suggesting
changes in stone structure as a means for increasing the stone
durability. Tt has been stated that even the partial filling
in of the micropores with neutral matter may yield considerab-
le effect as it reduces sharply the r'eactivable surface and
prevents the possibility of salt crystalline hydrates acc;umu-
lation. The parallel Îilling in of the part of the larger
capillaries according to the theory also' could result in the
prolongated durability,particularly in the stone frost-resis-
tance.

The tests have been carried out on filling in the ultra-
micropores of stone with neutral mat ter for lessening the ac-
cess of water, water solutions of salts and acids with simul-
taneous preservation of air and vapour permiability. By capj.-
llary saturation of limited volume of low-viscous hardening.
liquids it has been made possible to fill in the ultramicro-
pores of stone due to the suction of liquid by thin cappj.la-
ries out of lqrger pores after the replenishment has been dis-
continued. As a result,considerable increase of stone durabi-
lit y takes place, expressed in multi-decrea.sed loss of stone

weight during the tests. Thus,for example,the volcanic tuff
of Byurakan type without saturation have been completely des-
tructed af-ter 15 cycles of testing in sa tura ted sclu tion of'
sodium sulphats. The same tuff,after its ultramicropores have
been filled in vvi.th diluted solution of :.;::"t.(-~:l c::l-: ca.te ,115.ve
s toad tefJts wi tll Olll:y- ,~ ,4;-; loss cf wc:i-ght.
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3ABEH A.AIlArOpl!HH

;ZI.OKTOp TeXHHqecKHx HayKt npo<lJeccop
MHCTBTyT HaMHH B CHnHKaTOEt EpeEaHt CCCP

BO3MOJHOCT1 nO~WEHMH ÀOI~OBEqflOCTM KAMHH

llYTEM L13MEHEHHH nOPHCTo1i1 C TPYKTYPIl

lpe3m.e ~OKna;ZI.a no nOATe.e 2. TeXHOXOrHHt
MeTo~BRa H o6yqeHHe coxpaHeHHm naM.HTHIdROB)

.HCCne~OEeHHH nORaaenB cy~eCTBeHHOe aHaqeHHe nOpHCTOM
C TpyR'1'YPH I(a)f.Hfl ~nH ero ~Onr,9EeqHoCTH. J.(OR8 8aHO , qTO :anHflHHe

CTpyRfypS nop He O~HoaHaqHo.H ae:amCBT OT EM;ZI;a :BHemHHX :Boa~eM-
CTBB~ He R8MeHD. npOaHanH8Hpo:BBHB napaMeTpH nOpHCTOa CTpyKTypH,
EnHflro~e Ha nO:Be~eHHe R8MHH npH ero HCDHT8HBH H8 :aOAOCTOMROCTDt

MOpOSOCTOAKOCTD, conecTOiROctD H RHCHOfOCTOMROCTD. llo n8paMe~-
p811 nOpHCTOI CTpyHTypH c<I>opMynHpoE8HB q8cfHI~e HpHTepHH ~OHrO-
EeqHoCTm:B Of.Z(e1IiHOCfH ~nH R8'J1t.ZI;OrO :BH~a :BHelllHI1}X :BOa~eaCf:aHA.
HaH~eHO, qfO H8H6onee :BpeAHHM nepaMefpOU nOpHC~O~ CTpyHTypS,O~
pHneTenbHO :BHHHromHIf Ha ero ,1!.OHroEeqHoc~D H:Bj[HeTCH HeHHqHe YHb-
TpaUHRpOnOp C pe~Hycou ceq6HHH )f.eHee OtI MKJ4.

OO'OCHO:BâHO npeA1IOEeHHe 06 mSMeHeHHM I10pHCTOVt C'!'PYRfYpS
R8.M:HH :B R8qecTBe CpeAC'l':Bâ ~1IH nO:BblmeHHH AOnJ~O:BeqHOC'!'B. OTJ4eqe-
HOt qTO .li.8Ee q8cTHqHoe 38nO1lHeBHe yHDTpaMHRpOnOp Hei1TpenDHh1M I
Be]JteCTBO)f. .MOEeT ;2J;aTb 3H8qH'fen:&Hbt!1 s<I>l1!eKT, nOcRoHDRy OHO pe3KO
YMeHbmeeT :BHy'l'peHHI)!) peaRnHOHBOCnoco6Hy1O nODepXHOCTD H HCRnR>-
q8e!' :B03J1.0JIHOC'J.'D CROnHeHHfl RpHC'l'enHOrB;n;paTO1l cone~. nonyTHoe
38nonHeHHe HeROfOpO~ qeC'!'H 6Onee RpynHh1X RenHHHHpo:B no TeOpHm
TOEe MOEe!' CnOCO6C'.l':BOBaTb nO:BI»meHHI) ~onroEeqHOC!'H, B qacTHOC'l'H

MOpO30CTOMKOC!B RâMHH.
npOBe~eHS OnH!H no 3enonHeHHro yHDTpaMMRpOnOp RâMHfl Hea-

'.l'penDHH)f. Be~eC!BOM ÀnH yMeHDmeHmHAocfyna R Hau :BO~, :BO~Hh1X
peCTEOpOB CO1le:ti I1} RHC11O'.l' npH OAHO:Bpe)f.6HHO14 C:OXpaHeHHH :aO3~yXO-
H napOnpOBHneeMOCTH RaMRH. llyTeM RanHHnHpHO~ npOnHTRR OrpaHH-
qeHHoro O6~eMa Ma1lOBH3RBX TB6p~y~~MX ~~ROcTett y~8HOCb 3anO1lHHTD
ynnTpaMHRpOnOpH RBMHH -611arO~apH OTCOCy ~a~ROCTH fOHRHMH Ra-
nHnHflpeI4H H3 oonee RpynHHx nop nocne npeRpaW,eHHH nOAnMTRH.B pe-
3yHD1'a1'e HJ4eeT MecTO cYIIteC'l':BeBHOe nO:BblmeHBe ;n;O11rO:aeqHocTH, BH-
pemeHHOe E MHOrORpaTHOM yM6HnmeHHH nOTepH MaCCh1 Ral4HH npH BCnhI-
1'aHl1H. TeR, HanpHMep, :ByHR8HHqecRH~ Ty~ 61)peRaHCHOrO THna 6e3
npOnBTHH nOnHOCTDm pa3pymHHcfl nocne 15 nHRnO:a HCnHTaHHM :a H8C~-
flteHHOM p8CTBOpe CepHORHCHOrO HaTpHH, a TOT jKe Ty<I> nOC1Ie 3anO1l-
HeBHH y1IDTpaMHRpOnOp paS6aBneHH~)f. paCT:BOpoM âTmnCHnHRaTa BN~ep-
EaH mCilij1'aHHe C noTepeM MacCN 1lHmb Ha 4,4 %.
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