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AdgenTnnpie awtiie Geronst. Muopxuw J. M, Kusw-

Ma B I — Jlusos : Bywa. wx. Msg-wo npn Jlssos. yu-ve,
1986. — 144 ¢ — (Cep «Yucwpe Vipahnw — maposmomy
Xo3RficTRY =),

B Mouorpads HI0MonE PoSyAuTATY  IaNKO-XHMIYe:
CHEX  HOCACHOUANNE NHTLIX  OCTOImY  CMLeCh, [ OMBOCTIUY,
ACPOPMATHENLY, 8 TEKMC COCUNAABNLX Ccooficto auThx Oe-
rouch, [IpHBeacin RENNLC Of wIMCHCHRE RINCTIRI Saaaniks
CHOTICTE  HO  LpoeMenn,  DAHNNHEN  #3 GETONNNE  ROBCTPYN-
W TeMUUPATYPubIG. | Apyrax r]saumfa;u. Ouircipu peay -
FATI meapenns anrux Geronop pg Poucnckoil w Xmeasin-
txofl AJC, wio NOIBOAKAD NOAYHMRTL SHEURTCABHMEA SKOHOMI
neckufl sthihext.

Hopsarusnbic sarepuasul NPHBCAcHM 10 COCTOSHUK A
1 susapn 1986 roaa.

Jan mayuuux B HKCHEPHO-Texuwicoknx  paloTHHKOB
CTPONTeALELX ChenpaastocTel.

Ma. 42 Tatin. 37. Bubaworp.: B9 nass.

Pevensenr npod,, a-p rexn mayk [L I Komoxos

(Memmrpancknll  WHCTHTYT  BN3MCHEpOB MENEINOROPOMHOID
TpaNCTOpT)

Pegaxuns waymo-rexameckol mreparyp
3an. popaaticl MO T e pen

Ot asTopos

Yexopenite TeMNOB pasBITHA SKOHOMUKN Haulef crpa-
uu, nameuenpoe XXVII cwesiom KIICC, recHo csa-
3aH0 ¢ BHCAPCHICM pecypeocleperalomtiny Tex oA,
B erponteavHoll OTpacan — 370 npexae BCero pas-
BUTHE  npon3soneTes 3QQCKTNDNNX  CTPORTEALHBIX
MATCPHANOoE, IUNPOKOC HCNOAL3OBIINC  MATCPHAJOB
NONY IO AOCHYME, RTOPUIMHOTO CHPEH 1 OTXOA0B ApV-
rux orpachel ang nponsseacrea crpoiivarepnanos ¥,

3anaua, chopmysnpopanuan KIICC na conpemen-
HOM 3Tane, COCTONT B TOM, 4Telsl wa 73...80% ynou-
JETBOPHTL NpHpecT notpeluocTii RapoaWoro Xeosslicr-
Ba B TONAHBE, CHpbE M MaTepnajtax 3a cyeT MX IKO-
HOMHH **,

Spdextiproii pecypeocbeperaomed  TexXHoJOrHeil
NpH BrNOjHennn OerOHHEX pab0T B CTPOHTENBCTHE
ABALETCH JNThEBas TCXHOJOMNS € NCHOIB30B3HUCM
CYNIEpNAacTHHHRATOPOR.

B uawef cTpane TexHOAOrHH noJyueHus cynep-
naacTHdrKaTopos 1 GeToMOB Ha NX Ocnope paspabo-
Tvana HHAHXEB, BHHIDKeaesotetonom, MHCH, psa-
JIOM JIPYPMX  HaYHHO-ICCACA0BATENbOKIX H [POH3BOA
cTBeHHWX opranudaunil. Tlpnmenenie cynepnaacTugi-
KATOPOB MO3BOJNFET PEIKC CHNUZHTL TPYROEMKOCTH N
IHEProeMKocTh npouecca ynaotnenns 6eTonHoR eMeclt,
Ha 15...25% ymMennwnth pacxol HEMEHTa, NOBLICHTE
ypoBeHb MeXarusawinn padoT, IHAUNTEALHO YAYHUINTE
YCAOBHA TPYRa 3a CHET CHIDKEHNS WIYMOBHIX 1 BHGpa-
UHOHHEIX BO3ficieTeril. Pasymeerca, autue GeroHu He
MOrYT H HE MPH3BAHLI NOBCEMECTHO 3aMEHITL OOBITHNLE
HA OCHOBE MASONOABIRULIY IT BOABKKHEN cvecel. Pa-
unonanenaf ofyiacTe HX HCNOALIOBAHIN PaCnHpoCTpi-
IHCTCR NPCIKAE BCCTOD 1A IYCTOAPMUPOBANNEC TONRO-
CTEHIMEG KOHCTPYRILIN, UDIPOKO  [pHMEHseMBie  [pH
crponrenserse AJC, B riApoTexHnvueckoil, ACpoMHOR

H APYrHx OTpacisax CTpoOuTeaAblTES.
3205000000—053 @© Hagaremickoe ofuenmncmie R

M225(0d)—g6 o0 o0 «Buwa wxosnas, 1986 * Matepusaw XXV cveans KICC. M., 1986, c 293,
** Tan e, c. 229
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HOns sthpektTusrOro H KayecTBEHHOrO NpoON3BOACTBE
Setounnlx pabor, KavecTsa GETOHA BalKHeHUICe 3paYe-
HHC HMCET HE TONBKO AOCTHIKEHHe AOCTaTOVHO BHICO-
KOi NMOABMKHOCTH GETONHHIX CMECEl Npit HUIKOM 8O-
NOCOAEpHANEM, HO H ObecreucHHEe ITOH NOUBHKHOCTH
B npouctcee TPancHopTHpPOBaHks W yrJaLku Getona.
[Tpuyenenne Kak 3apyGessnX, TaK H OTEHECTBEHHBIX
CyNnepniacTHhuKaTopoB OGecneHBaeT KPATKOBPEMEH-
HBUT  pazcTHruupylomtni  shpekt. Pazmmkawouee
pefictide  GOJBIMHHCTEA  CYnepnAacTHGHKATOPOB cO-
Xpauserca Jumuwe B reveuwe 30...60 muH nocae ux
sEeennA. Mmeowumees pexoMesianin 0 BBEACHHH cy-
nepriacTHpUKaTOPOB HENOCPEJACTBEHHO NMEpen YnJof-
HeWHeMm betona moryT ObiTh peannsoBanbl HE Bcerpa.

Ilpy HCNONbL3OBAHMH CAMOCBAACS PagHyC Nepesos-
KH GerOHHLIX cMecelt, coaepiKallnx cynepnniactHduka-
TOpH, AomKeH Guith He Gonee § KM B 3aBHCHMOCTH OT
BH/A LIEMCHTE, TEMIEPATYpH!, COCTaBa W APYrux daw-
TOpoB. B TO 3Ke BpemMsA Ha pAje CTPOEK NMpOLCJKHTENb-
HOCTL TPAHCHOPTHPOBAHHA GeToHHON CMecH MoMer
OBiTH 3HAYHTENLHO BHILIE, OCOGCHHO TNpH BOIBEAECHHH
FHAPOTEXHHYECKHX, rHIPOMENHOPATHBHEX OOBEKTOB, B
BOPOMHOM CTPOHTEALCTRE.

Paapaborka sEKTHBHBHIX NPHEMOB YBESIHYEHHH
NepHoAa COXPAHEHHS BHICOKON NOABHMHOCTH JAHTHX
Oerounuix cmecell, HX XH3HECNOCOGHOCTH ABJACTCA
BaXHO/ H axKTyasbHOA TEXROJOrHYeCKOoH 3apnaueif,
peLleHHE KOTOPOI NCIBOJAHT 3HAYHTENBHO PACLUIHPHTL
061acTh NpPHMCHEHHA JHTBIX OETOHHEIX CMeceH B
CTPOHTEALCTRE. '

B moHorpadum paccMarpHBAIOTCA TEXHOMOrHYE-
CKHEe OCHOBLI MOBBLILIEHHA JMHIHECNOCOOHOCTH JIHTHIX
GeTOHHLIX CMECEi 38 CUCT BEEACHHS B HHX KOMINEKC-
HuX nobaBok — nOAHMYHKIHOHATEHEX MOAHGHKATO-
POE, ComepMatux Hapagy ¢ cynepniacTHHKaTopoM
38MCLTHTCNH CXBATLIBAHHN UEMEHTE,

ARTOpH  BHPaKAWT rAYGOKYH NPHIHATENBHOCTD
A-py texd. Hayk. T T, Komoxosy 3aa uyenHble 3ame-
HaHKY, CHEeJAHHLE NpH PCeUCH3HPOBALNH PyKOMHCH.

lrasa |

CYNEPINMIACTHOHKATOPHI
BETOHHBIX CMECEH

H NOJIHOYHKILHOHAJIbHBIE
MOJIH® HKATOPDI

HA HX OCHOBE

I.1. Cynepnnacthdukarops. Mexanism HX BANAHHA
Ha UeMEHTHOE TECTO

Cynepmnaactudukatopst (CIl) — 310 Xxumyueckue Be-
HIECTHA, BBCACHHE KOTOPLIX B GCTOHHYH CMECh BHI3LBaeT pes-
KOE 1HOBLILLENWE e¢ NoasiKnocTi 603 yseanueHus pogocosep-
ranus, O6uwenpuusToro onpeaenenusn CI1 noka ewe Her.
K unm npeanoweno [9]) orHectn aoGaBKe, KOTOpL€ B ONTH-
ManbHEIX AC3HPOBKAX AAKT BOIMOMHOCTE NOJYYHTH H3 Mano-
NOABHKHGLIX GETOHHEIX cwmecell ¢ ocankoit xonyca 2...3 oM
auteie GetonHble cMecH ¢ ocalkoi KoHyca 20 cm u Gonee Ges
CHHKEHHA npounocTH Gerona B Boapacte 28 cyr HOpMadb-
HOrD TBEPACGHHA MO CPABHEHHIO C MPOMHOCTLIO GEtoHa TaKOro
e cocraBa, Ho Gea aoGasok. CHmmenue sogonorpebHocTH
Gerounon cmec ¢ CI1 npumepso B aBa pasza boaslle no
cpasHennio ¢ ofpunuMu naactugukatopamu muna CAB
aoctiraer 20% wu Goaee. CII, ysemuunpas nNOABHMHOCTL Ge-
TOHHLIX Cmecell, OCT2BNASIOT HCH3MEHHONl HAH NOBHILAT Ko-
Heunyio npounocts Gervoma (wa 15...20%) npn neHsmenHOM
pacxoje UeMeHnta, ’

CIl MoX#HO pasuesuTe Ha uersipe rpynnu [8]:

MEAGMUNOEbE — CYNL(PUPOBAHHBIE RPOAYKTH KOHIEHCA-
unn  Menamuna ¢ popmansierniom  («menvment», 10-03,
M®AC-P-100 » ap.);

Hagrarunosoe — cynshuposannue waprasH-Popmans-
acrue cocamitenng (emafirns, C-3, C-4 w ap.):

soduduyuposarnbie auznocyaviponare (HHUJ1-20 w ap.);

HOAUOACEUE — TPOUIBOAUBIC HOJNOKCUKAPOOHOBLIX KiC-
aor (1120 u ap.).

HanGosnce cuubhofi pazmummaoueli cnocobHocTsio 06aa-
nator nepsuic ase rpynner CIT

CIT OTHOCATCS K TETEPOUMKAMHECKIM COEAHHEHUAM C NO-
ASPHLIMK TPYMNAMH H YTACBOAOPOAHBIMK pajukasamu. B we-
AamMunoBuX H HadranuuoBelx CIT posb nOASpPHLX TPYNI Bhi-
noansmor o NaSQO3z , B AnrnocynbROHATHHX U NOAI0.Ie-
BHX — CyJs(orpynns, regpo- 0 kapboKCAnLHBEe TpYNILL
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Hs orevectsennmx CI1 HauGonee pacnpocrpaned «Pasy-
Hurenv C-3», paspaboraunuil s HHI‘F}KE}:IS tl’:aac I'I[}DA}'H}':“;L
NOJIMKOH e HCA LM HagTannucyasdokucaor i dopmansaerusa.
Mo evoeit addexruprocty 3101 B CIT we yerynaer NYHINHM
nobaBraM sapybesmubix ¢HpM npH  suaunTenbRO MEHBILIEH
croumocti. Tlpu nosuposke ao6amku 05...1% wmaccn we-
MEHTA ON MOIBOARET YBENHYHTH MOABHIKHOCTS GeToHsOM CcMme-
e or 2...4 20 20,..22 ¢M. B yeaosusx pasuofll noasusK-
HocTH Cetontl ¢ CI1 C-3 & Peaynvrare ywmenswienwn BjL
HMCIOT NpoYHOCTE B Bo3pacre 28 CyT Ha 30...50% Buuwe
yem GeToHn 6ea aobasky (8, 9]. Tlpn stom CYIECTRERHD
BO3PaCTawT NAOTHOCTE H BﬁI[OTIEﬂ]JUHHuaEMOCTb. ¥Yaysuaercs
PAL APYFHX CBOHCTB Getona.

[1 waroroBnsior obuuno & Biae 20...40%-uux BomibIx
pacrsopos. Hekoropsie sapy6esusie CII HOCTaBAAIOTCH B BHje
nopowkos, Boauwii  pacraop CIT C-3 ne uamensier coonx
CBOMCTS B Coyyac warpeBadust o (40£5)°C. [lpw TeMiiepa-
TYype okono <-20°C 8 pogmom pactsope C-3 naunnaercs Kpu-

HHEM Temnepatypel. Octaswmiics BoaHb PACTBOP coxpausier
CBOH maactHdUUEpYIOUINE cBOficTRA, BunaBuwas B ocajox
qacTs KoMioHentos C-3 nocne PACTBOPCHHA HMEET NOHHIKOH-
HOE maacTHhuUMpyomee nefcTaie. Ho npumenenns poBasxs
OC4L0K pASOrPeBaloT WM Pa3BaBAfIOT BOJOR ¢ NOCACNYIOULHM
fICPEMCwinBatem pactsopa. [pw samopaxusanuu CI1 jo
—30°C, mocnenyicmen OTTAHBaHHK H nepemMewHsaHuy poj-
Hellt pacTBop C-3 He namensger CHOMX CBOJCTSB.

B focnentne roa paapaboran psg nacTuguraTopos no-
BEILICHHOH S(eKTHBHOCTH Ha ocHoBE TPaLHUHOHHOM H pewe-
BOR noGapkH B Gevow — CYNLPHTHO-POXKEBO Gpaxin
(CAB) — orxona PHAPONHIHOTO TpoW3BOACTBA. OCHOBHOES
Hanpassedue moanpukaumn COB — crumeune cofepaannna
PEAYUHPYIOUNX BelecTs, 3aMCaNRIONX NPOLECCCH CXBATHIBA-
HHA H TBEPACHHS BSMYLIHX, Momudukaunn CIB AOCTHr 0T,
nobasang (popmansaerny, KayCTHYECKyl0 coay W Aap.

Hasecren u psg APYyrux cnocofos MOLRGHUHpOBaNHS

AB: ¢ nomowsio nonooBmenibix CMON, anannaa, paarons
Ha QPpakunK u T. 1. YMenuiuenue COACPIHAHUST PCAYUHPYIOLINX
sewects 8 C/IE momer Gure oBecneveno aacopbupoBanHem
HX uementom. Takum cnocoGowm NIOJIYUa10T, HanpuMmep, naac-
THQHK2aTop HWUJI-20 [9]. Cymmoers cnocofa JakaIoYacTen
8 CMCLWHBawKW BOaHOro pactBopa CIB ¢ wementon H nocJre-
nywuem orcroe, [lpu atom HOMIOHEHTLI, 3aMEeANANINe ero
TBepuch#e, ancopbupyiorces UPEHMYIIECTBEHHO Ha 3CpPHAX we-
MCHTA, NPOAYKTAX €ro ruApaTauuu u saren YAANROTCH BMec-

]

Te ¢ ocapgkoM, Meton moaudHKaumy gocratouno npocToi,
OH IIPCAUONATACT WCNONBIOBAHIC HEALHUUNTHOrO Chipbs i
MOMET OniTh lfeamlaoaau B NOCTPOCYHBIX YCAOBUAX WAl HE
3asopax JKBH, Hanmpumep, no rexswonornu tpecra «Oprrex-
crpoit»  Munctpos JIntCCP mogugpmumposasye Gapaanoro
KORUCHTPATA MPOHIBOART B GETOHOMElAJKe, NepeMellnBas
10%-wetit Bosmeit pacteop COB ¢ uementom NpH nocAeay0-
ueM oTeTOC.

CHIDKEHWE COMCPIKAHMA PELYWHPYIOUUIX BENICCTB NOSBO-
JACT yBesHunTh copepxanne CAB no 0,5...0,69% wmacen ue-
MenTa Ge3 YMEHLIICHNA MPOMHOCTH GeToHa.

IPPeRTHBHOCTL NPHMEHEHUS naacTpHKaTopa Boapacraer
C YBEJIHYEHHEM Pacxoaa UeMeHTa I HOXOAHON NOABUMHOCTI
Getounoh cmecu. Beegenne HHMJ1-20 8 koanuecrse 0,6% wmac-
Chll neMenTa yBeNHYUBAET NOABIKHOCTL ¢ 4...6 o 14. ..
16 cM upH coxpaHesun npoMHOCTHEIX XapakrepueTiuk GeToHa
KaK HOPMansHOro TBEPACHHA, TaK W NMOABEPraBUICrocH TeIvio-
BAMIOCTHON oGpaborke. [lpu noBsienni HO3NPOBKN naa-
cTipuratopa o 1% noaBRXHOCTL GETOHHOR CMecH BOapac-
Taer a0 20...22 oM npu CHHIKCHHH NPOYHOCTH GETOHA B Ha-
HadbHble CPORH TBepAcHHA He Gonce uem na 10%.

B paBHONOABIIKHEIX GETOHHLIX CMECHX BBELCHHE ONTI-
Manvhoro konwyectsa HHJI-20 nossosser noesmicwrs npou-
Hoeth Gerowa wa 20...26% ian cnm3anTs pacxon uemeuTa
He MeHee yem ua 159,

Bauskum no sddextussocTn x poGaske HHUJII-20 neas-
€TCH APYroil NPEACTABHTENL MOANDHUHPOBAHHLX GapasKbX
KotinentpaToB — maactudrkarop XACK-1, nawegumit wipo-
Koe upumenenne wa Xapvkosekom JCK-1 n nosyvaemsii B
CHenHansHOll’ yCTAHOBKE NyTeM rHAPOANHAMMYECKON, Tepau-
MECKOH W xuMHvecKoft obpatorku CAB co wenoysio. Henoaw-
sopanne XJCK-1 auaunvenswo yaywwaer yknaaxy 6Gerona
B KacceThi, CHMMACT erO NOPHCTOCTB, COKPALNAeT BPeMA Ten-
J0BAAXKHOCTHON o6paborkn n3aconlt wa 4 ¥ u ymeuswiaer
pacxon uewmexra wa 120,

Monuduunposaunse Gapusinme KoRUEHTPETH npubanxa-
0Test 1o wiactipuunpyowemy addesty & cuavwediwnn CI1.
Crinkemite  BOAOCOAEPMHAKNA NPl IIX DBEISHHI B GETOHNYIO
CMECH MOMET OCTHTaTh, Kak 0 B cayuae npumcHenns CI1 ua
OCHOHE KOHAHLIMOHIEX Opra’Hiveckns NPpoOAYKTOR — Ilaq)Ta‘
auue o meaamuna, 18, .. 259,

HoGapkn CIT ancneprupyior ruaApatipyiouUiecs YacTisl
uementa [8, 9] w nosromy, coraacko coBpeMeHHBIM (H3NKO-
XHMHHCCKHM NPEACTABICHHAM, HX MOMHO OTHECTH K MOBEpX-
HOCTHO-2KTHBHLIM Beutecteam (I[TAB) — anenepratopawm. Io
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Knaccuuraumy I, A PeGunnepa [53], CIT & OCHOBHOM

MPEACTABNCHE  aHWOHOAKTHBHBIMH  [IAR obpaa t
]g%ll-l AHCCOLMALNN  OTPHUATENBHEEC HOH 'RSOIP : )i?l%lga{ji

1 B otanuue o1 obuvumx niacTHrkaropon JHTHOCY /Ibtho-
HatHoro Tuna CI1 oGnapawor Goasuied ANHHOI yraesogopos-
HOH 1enw u MOJEKYnApHOA Maccoll, y1o COOCOBCTBYET HX GOMb-
weit ancopBuHoRHO cnocobuoetn (3], Byayun IMcneprato-
PaMH B reTeporeHHolt cicreme BOAa—TBEpAOE TENO—BO3AYX
KaKoBOfl ‘M ABAsieTes Gerouuas cMece, CI1 copGupyiotes Hd.
NOBEPXHOCTH paanena BOAa—TBepAce Teno. [pu sTom Hesna-
;eﬂf;gnhng CHHIKACTCA NOBEPXHOCTHOE HATAMCHWE Ha rpamuie

—b X H HE TMPOHCXO
B.neqeuanaj[lg, 3 &) P AT CYIECTBENHONO BO3AYX0BO-

Pasmuxarouee neficrane CI1 JAKINONACTCA B nenTnaaimy
(Aedhaoxyasiimm) ArperHpoBaNLIX (BAOKYN uementa. Arpern-
POBAHNLIE HA NOBEPXHOCTH LEMCHTHEIX HaCTHL Monekysam CIT
PAACTFAIOT UX H IKPAHHPYIOT CHAM MEKMONEKYNSPHOTO TpH-
ke, MMMobuanacsannas o Gaokynax Bona ocBoGo-
HIaeTcs, yBenMqYusas ofbem Aucnepewoil cpeanl w cnocol-
CTBYSl PA3NKHIKEHNIO LIEMEHTHOFO TecTa B Geronnoll cmeen n
CHIKEIHIO ero BaskocT [59].

Hasn oGecnevenns: suicokoi NOABIIKHOCTH GeToOHHON cMmecH
CyLIECTBeHHOe 3HAYCHHE HMEET 06ben BOLL CONBBATHEIX 00O0-
JIONCK 4acTH, LeMeHTa H B O0COBEHHOCTH 00bemM Hanbosee
GeicTpo obpasyioumxcs FHAPATHBIX HOBOOGPA3IOBAHMN — -
POAMIOMHHATOB Kaneuna. ConsBaTHHE 060N0YKH Ha nomepx-
HOCTH TBepioR daskl ymepxupaiores MOJCKYMAPHBIMH CHJia-
MH. B pesynetate aacopbumu CIT pa MOBCPXHOCTH TBEp A0
a3kl KONHYECTBO BoaL CONLBATHEIX OGONOYEK yMEHLIIACTCS
[lpn svom CTpyxTypa naeHok CIT we npensrcrayer npmmu:
HOBEHHIO BOAEI K NOBEPXHOCTH LEMEHTHEX 3CPEH W HX rHI-
PaTaumn. 1o noagrsepicpacres HCCAEACB2ZHHAMH TelJIoBL1e-
ACHUST B UEMEHTHOM TECTE € PaziHuRLIMH KONMWYECTBaMu jlo-
6avox [2]. '

Hapaay ¢ Aeuiokyanumeil W peconseataumed spderTy
PASMHHKEHHN B CHETOME LEeMeHT—aOsa CHoCoBCTRYET H3meHe-
Hite cBolicts moBepxHocTH TREpLO thasul. Yem awine crenens
WEPOXOBATOCTH HACTHIL, TOM HWIKE AOKHA OhIT BASKOCTE
KORUEHTPHPOBAKHLX cycneHauil, Pasmep monexyn CI1 co-
CTaBAAIET HECKONIBKO HAHOMETPOB, YTO MO3BOASET MNeKKe Ta-
KHX MOnexyn nepexkpuirh MHKPOHCPOBHOCTH HA NOBEpXHOCTH
YACTHIL LieMeHTa W coajgaer ayqmme YCROBHS AnA yMeHbLLIe-
HHIL CHJl, CBAIAHHBIX ¢ BHYTPEHHHM TPEHHEM YacTHIL B NOTOKe
CyCmeHauH, '

8

BrskocTs nementro-BOANON cycnensuu npu spesenun CI1
YMEHBUIAETCH TaKKe Onarcaaps CcO3LaHHIO ONHONMEHHOro
3JIEKTPHYECKOrO 32pAla MOBCPXHOCTH M, KAK CAEACTBME, CHi-
HCHHIO cuensieHus tBepabiX yactHy. O CyuwecTseHHOM Hame-
HEHHH INCKTPOKHHETHYECKOrO NOTEHWHaNa NOBePXHOCTH M-
PATHPYIOLIMXCH 4YaCTHIL LEMeHTa B pesysbrare aacopbunn CI1
CHHAETEALCTBYET psijl HeenepoBanuil [38, 59).

lo papnwv [60, 61], snaekTpoxuHeTHHECKH# nOTCHUMHAT
MOBCPXHOCTH YacTHy UemeHTa npu eeegenun CIT uawmensercs
or 411 go —25... —35 mMB, uTo BHanBaeT BaayMHOE OTTAN-
KHBAHHE OAHO3HAYHO 38PAMEHHLIX YacTmL.

Jnavenns SNMEKTPOKHEETHYECKOTO, NOTEeHunana (JLEE‘I‘EI*
NOTEHUNAN) H CHIBL SACKTPOCTATIMCCKOrOD OTTANKHNBAHWA CBS-
3anu ¢ apcopbunornol cnocobrocTbio nanacrigukatopos [38,
59]. Oun aapycar rakxe or ToMucpatyps o pH ancnepenon-
Hoi cpeaw. [lpn  H3MeHeHHH MHHEPANOrNYECKOro COCTaBa
UEMEHTA H3IMEHSIOTCH OCHOBHOCTL W 3HAMCHME [A3CTa-NOTEHUHA-
A3, 4TO ACJMHO BAHATL Ha naactnduxamo cycnenspit. Han-
Gosee BLICOKON aacopOUHOKHON CrOCOGHOCTLIO CpeaH MuHe-
panos uementa oBnanaer CsA, naumennuweil — BC2S. Buco-
KOANCHEPCHAS KOAryJMaulOHHan CTPYKTYPa rHAPCATIOMUHAT-
HbX  HoBooOpazoBauHit nornoilaer OOABUIOE KOJHYCCTEO
RoBaBKH, 4TO CHMIKaeT naacTHhHULpyouwmit shdexr. 10 H3-
BeCTHOE noncienne teopuu peftersun [IAB, Kagk nokazawo
8 [16, 59], cnpaseanuso n npumenwmo k CI1, mewee so-
@EHTHBHNH NMpH HCNOJALIOBAHHH BLICOKOANKOMHHATHRIX Lle-
MEHTOB.

Duicrpoe paaeurre NOBepxHOCTH HOBOOGPAIOBAHKIT BO
BpeMA THAPATAUNH HEMCHTA NPUBOANT K YMCHBINEGHHWIO TOI-
LIHHEL MNEHKH Ha MNOBCPXHOCTH uacThy, obpasoBaBuiefica B
NepBeifi MOMEHT KOHTAKTA C pacTBOpoM A0GaBRM, a 3aTeM
K 06pasoBaHii0 KpHCTAMIMYECKOro CpocTKa, KOTOphlil norjo-
uwaet monekysnu AcGaBke. Tlpn 370M 113-38 HeGOJNLILOTO KO-
JusectTsa bBoOLIMON acbapkn nacikn ue MOCYT 3HANMITCALIO
BANAITL 1@ NMPOYHOCTDL CTPYKRTYPHi GeTOHE.

Taknm o6pasom, B COOTBETCTBHII C COBPCMCHHBLIMH TEOpC-
THMeCKUMN npexcrasaennnami [5, 33, 34], spdext paznmme-
HHR uemenTHOro tecra gobaskamu CIT onpesensiercs cymmap-
HBelM 7iposiBnesdeM Ae@QUOKYyAfIHH arperHpoBAHHBIX MACTHL
uemenTa n ocsobomaenmem nMmobGunnsopaiuHoll Bo GaoKynax
BO/L, @ TaKHe YMEHLIUCHHEM BHEYTPCHHEr0 '.t:_pl'.’HIlH B CHCTeMme
UEMEHT—BOAA B Pe3yaLTaTe 0OpaioBaHist fa LCMEHTHBIX Yac-
THU@X MAeHKH, COCTORAWEN M3 KPyNHBIX NOAAPHWX MOAEKYJ,

H BO3IHHKHOBCHHA SNEKTPHHCCKOrO NOBEPXHOCTHOrO 3apsia,
OTTANKHBEIOUIEro YacTHUbl W 06aeryaloniero nx CKoJbKenne.
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1.2. MoaudyHKuKOHaAbHEE MOAHHKATOPH

Auroix GeToHOB ;

CrpeMACHHE K YHHBEPCAAHIAIHH neﬁcraméoﬁoﬁasﬁﬁ
H K CHHMEHHIO HX CTOHNMOCTH ofycacBnHBacT BCE :ecuux
POKOE pacnpocTpgHeHHe B TEXHOJOTHH Getona HOMB?HHQTM}
RO6ABOK HAH NOAHDYHKUHORAABHDIX Mmmbnxa'mpoﬂ L
B [43, 52, 54] nokasana nenecoo6paiHocTs msnauu B
#a OCHOBC TPAAMUHOHHLIX FHAPOPHIHIYIOLIHX H I;:xltl)pmeneﬁ
ayiounx [MAB, TIAB u yckopureacH mep.u.cmmhy npu'ruauu
TBEpPUACHHH H I!HI‘HGHTDPOH KU]J]JDEIHII H AP epc f,bc“;, =
ITOM 8 Buie CAOHOPOAHBX BOACPa30ABASEMLIX IMY 2l
cyencnauil WA BOA0Pa3BaBIseMoro HopoIKOOGpasHoro gg‘
aykra [47]. B srom cayuae oTnauact Hwﬁmﬂmﬁgﬁ& pIITU
JCNBHOrO XpaHenws H JAOIHPOBAHHS mmnnuew{onm . -
CyIECTBENHD YIPOULAET TEXHOJIOPHIO BETORHEX C cccuémr"_
BuGop coctasos [1PM sBaaercd peuCnTypHO-TEX oo
yecKolt 3ajaded, IS pellenis n?{-;oggis HHPOKC NpHMED
ROe MOofeAHponaHne A .
Ha?ix;ﬁ;ﬁ:e?quee OCBDEHH& npoussoactea Cll ognoBpeMen-
KO CTapHT BONpoC © paspaboTke Ha WX OCHOBE Mnnwuom:
nowentreix [OM. 370 0OycnoBACHO, BO-NEPBBLIX, CTPEMJICHH
em yayuukTe obuklt spdexr nx nefcTeufl B GeToHAaX ::’;
BO-BTOPHX, CHHINTD CTOMMOCTh NOG2BKH. HauGonce uanec'r;“_
TTOM,. nonyueHnsle COBMEILEHHEHM MCAAMHHOBRX H naqn; e
wosux CI1 ¢ rpannusonuuvu [TAB—CJLE, CHB u np. s
npu paspaboTKe TAKHX apheKTHBHEX paamumrrgae;é e
C-3, oTmencra xopowan comectumoers CI w CIL |38, 13
MM, sxmouatoumit CI w CAB, nospodser YANHHHTL HKH :
pecnocobHocTs GETOHHBIX CMeceR B pe3ysibTate 3ame.anc;i:; 8
CKOPOCTH PHAPATALMH H (QOPMHPOBAHHS crpymypmnuemm :
woro kamus |8, 26, 47]. Bauaky no meXawusMmy ACHCTEI

adpextupioery takke [1OM na ociose CIl1 » ¥YNB, NMALL-

Tioro yepnoro weanoka (CHUL) woap.

cyﬂg‘}::poﬁ KJTaEpC paspaboranunx [NOM — mm;oanumqs a?;g
# 10baBOK BO3AyXoBOBACKapllero thna. B [47) Y”C}-IB'
yro [MOM ¢ Bo3AyXOBOBJAEKAKUIHMH KOMNOHCHTAMH ( .
giell TAnNOBuIt NEKOBLIY) yBeaMuHBaOT obuiec Buanymcn.
Zepikanue GEToHnoi cmeck 10 4. .. 69%. MMpu stom np:{zac::“_
JNACTCS BO3ZMOMHEIM OGECHEYHTH CcOaepalHe ycaoBn o
Hyrsix nop 8 GeroHe 1o 3...4% npu pacCTOSHHH M o;fg
HumH we Goaee 025 mm, Poct BO3AYXOCOAEPIKAHHA TP E
XOAHT B OCHOBHOM 33 CMET [Op pasMepom Ao 21%% Mm:; hﬁo-
cHMyM nop RalalofaeTcs B AWANa3oHe 50 ... MK S
posccroiikoeth Getona ¢ [OM, copepkalliiiMi BOIAYXO

1

Kalouue KOMNOHEHTH, yPeANYNBACTCH He meHee uyem B 25 ...
3 pasa.

K NOM rpersero Kaacca MOMKHO OTHECTH Kosnosyuun CI1
H SACKTPOAHTOB — yckopurenel teepnenun. B [5] noka-
3aHa 3(PEKTHBHOCTb TEXHONOrHH ROJyYeHns BEICOKONPOYHBIX
Geronos ¢ Beeneumnem 11OM, conepmaniux CIT 10-03, a p Ka-
HECTBE  YCKOPHTENL  THEPACHHS — HHTPHT-HHTPAT-XNOPHA
Kanbuus, 3a cHet AHCNEPrHPyIomero i yCKOpsIOMEro Fiapa-
TAlUHIO RCfiCTBHE AOGABKH MPEACTABANETCH BOIMOMULM 1101y -
Yt Gerorst mapoxk 800—1000 ¢ wenonb3OBAHHEM UEMEHTOB
mapox 400 u 500. I'pn menossaesarns NOM ¢ vexopireasmu
TBEPACHHR MOMHO CHHIHTH TeMOepaTypy  nponapuBasns
Heaesoberonnnx  mageanit o 40...60°C, orpaumitinTsecs
KPaTKOBPEMEHHLIM TNPOrpeBOM HJiH BOBCE OTK33aThCS OT
Hero.

B meunsuweii crenenn usyyens IOM ua ocwone CIT u me-
HEC DAcnpoCTpaueHnMX A06aBOK, B YaCTHOCTH HPOTHBOCErpe-
FAUHOHEBIX 11 samemymrTencii cxpatupanns. B xauectse mnpo-
THBOCErPErauHoHNbIX A00aBOK NpH noayyenmin Jnthix GetoH-
HuIX CMecell PEKOMEHAOBAHE GEHTOHMTOBAR TAKHA M KpeMie-
reap.» M3 [32] suano, uro tpebyemasn ceszHOCTE W YN060-
NEPEKAUNBAEMOCTE AHTHIX GETOHHEIX CMECEH € NMOHKMKEHHKM
pacxonom HeMenTa mMoryT bute obecneueHsl BBENCHHEM KOMII-
JekcHuX pobasok — CIT u GewromnroBolt ramnel — B Koau-
yecrse 0,2...0,5% maccw soaw 3aTROpesus.

Las ypeauyenna #usHeCnoCoGHOCTH JANTHX GETOHHELX CME-
celt ¢ [TOM, kpome AHFHOCYALHOHATOB W BO3AYXOBOBAEKAK-
UHX 06aBOK, pPCKOMCHAOBAHO HCNOJB3OBATE OKecHKapOOHO-
BHIE KHCJIOTHL, sr,gnpu UENNIONO3b), MHPHEIX Kucaor # ap. |8,
11, 16]. Yerauopaewo takme, 4To yBeanyesno niacrud -
pywowero aeficteun CIT cnocofetsyioT ralOKOHAT KadbLuis,
caxaposa, noandocdars n rekcameradocdar, BiUHHAR KICI0-
Ta IH ee COMb, TPOCTHHKOBLI caxap,

ITpeanoueno noaywars CIT, saamerasouwndi CxBaTHBANNIE
noprianiuesenta, moanduuuposannen  Anrgocyas$ponaTos

| @MHHOCOHPTaMHI C pnocAeayiollel KoaeHcauued ¢ dopmadis-

Jernaom B Kieaoil cpexe [9].

Bumecte ¢ TeM caeayer OTMETHTL, YTO BHINOAHEHHHE IiC-
CREADBAHNS JHTHIX OeTOHHBIX cmecell ¢ nobaskamn [TOM, co-
ACPKAMUMI 32MEAIUTeN CXDATHBANNS, HOCAT (pparMenTap-
HBL XapakTep, HE NMO3BOAAIOT MOAYNNTH COMOCTABHMBLIC JaN-
HBlC H OUCHHTL SHOEKTHBHOCTE 3aMeANHTeNCH CXBATHBaHISA
passnydoro wuna, Her u ceenenuit o commecsumocrn CIT n

PA3ANYHEEX 3aMelnnTencit CXBATHIBAHNA, 11X TEXMIIKO-3KOHO-
MHUYCCKON OLCHKN.
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[lpu orbope komnoneutom TIPM 8 [33, 36, 47] pexomen-
AyeTcs YYHTLIBATE TEXHHKO-SKOHOMMMECKHE W TEXHOMOTHYe-
ckue TpeboBauuf. K NepBLIM ChAeAyer OTHECTH JOCTYNHOCTH
ANst WHPOKOTO npHMeHents, cronMoets. Ko Bropsim — ocHos-
HOM # noGouHbE RONOKHTEALREH 3(MDERT OT BBEJICHHA HGH;
pyHKuHOHANLHON 106aBKK B UEMEHTHLIE CHCTeML, NOGOYH ;i
OTpHUATENBHOE ACHCTBHE, AKTHBHOCTH A0GABKN, XapaxTepH
ayiolllylocs KOAHYECTBOM AOGABKH 1O OTHOWEHWIO K Macce
LUeMeHTA, A20NLHM MAKCHMaNLibH TexHHYecKHi sthgerT, Tex-
HONOFHYECKYH) HYBCTBHTEABHOCTE A00aBKH, onpene'nﬁmmyroc?l
HameHenuem ¢c 3MGOKTHBHOCTH ¢ H3MCHeHHEM ocOGeHHOCTE
MarepkasoB M cocrapoB OertoHa, CTAOHIBHOCTE MpPH XpaHe-
HHH, COBMECTHMOCTH C BOSMOMKIMH KOMIOHEHTAMH KOMI-

JieKca. !

1.3. 3amenieiide CXBATHBAHHA
HEMEHTHOr0 Tecra i

B cooipeiCtBHH € COBPEMEHHBIMH TPEACTABACHHAMh

(18, 20, 41], ofuuHER NMOPTHAHAUECMEHT, COACPIKAUIMA AAS
]JEI'}'JII!FOB&HHH CpoOKOB CXBATHBAaHHA THNC, HaYHHAET B3aHMO-
feficTBOBaTh ¢ BOAOH HeNOCpPeACTREHHO cpa3y nocae sa-ralo-
peuust. [IpH 3TOM rHAPOKCHI KAABUMA, CyAbhAT H WENO m_
BLICTPO NEPexoifT B PAacTBOP, KOTOPBII CTAHOBHICH NepeHa
cpitenusiM otHochTentuo Ca({OH)z BoaénsieMoro npw raa-
poanse annra. Cysasthat KanbUHA W ILEJOYHBIE COJH AHCCO-
UMHPYIOT B BOAC 33TBOPEHHS WA COOTBCTCTBYIOLLME nm;u:
Uepes HECKONLKO MHKYT nocjie 3aTteopennsi olpasywres nH[:r
Boie ruapatHue (askl — 3ITTPHHCHT H THAPOKCHA KasblHd,

alolMecst 3 pacTsopa.
ma?}ialmécmm McI:caHH:lr.F CXBATHIBAHHA LEMEHTHOro TeCTa
paccmotpen B |41, 46, 52]. Hexoropwe Hceneaopateny noJsia-
FaloT, 4TO CXBATLIBAHHE UEMEHTHOrO TECTA BEIIBAHO YBEJH-
yexiem 00BEMa NMPOLYKTOB FHAPATAUHH ¢ COOTBETCTBYHOLLHM
YMEHLIUGHHEM pPaCCTORHMS MCAAY HacTtmilamu A0 Tex nop,
MOKA HE HEYHYT BO3IHHKATH CHABI KOrE€3HH, NpONOpuHOHab-
HBIE HHCAY MaCTHIL, CONPHKACAIOUNXCR ApYr € JpyroM.

HeckosbKO MHOI MEXaHN3M CXBATHIBANHA LEMCHTA Npeii-
noxen B [63], rae stor mpoucce pasgened Ha TP (asel,

BO BPEMCHM.

ﬂepﬁi%ﬁ::e':p:ga —pa'ro CaMONpOoH3BOJABHOE ANCHEPTrHPOBRa-
HHe uemeHTHHX uactmu, ocobenno CiA. Beaen aa nucngg:
rHPOBAMHEM, WAH ¢KOAOHAEUHEHs, BOSHHKaCT HOBI’}'JTHlOH-I e
Hafl THKCOTpONHaA CTPYKTYpa M3 HACTHIL LEMEHTA : npa ﬂ.gﬁ-
TOB rHapatauun. B tpetnelt (hase nospafcTes CTPYKTYPa,
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P@30BaHHAs MYTEM KPHCTANAMIAUMK U3 NEPeChILCHION pacr-
BOpa. CxparhiBaHue CoOTHETCTBYET Koaryasulionsofl crpys-
TYPC, YUPOUHEHHE KOTOPON BHI3LIBACT MOCACAVIOLLCE TBEpIC-
HHE LEMEHTHOrO TeCra.

Hwmeiotes npotusopeunseie Barasny #a POJIE PHAPATHEIX
pasz B cxpatuBanuu. Oann asropel [20, 41] cunrator, uro
BELYWAR PONb NPHHALNEHHT AJOMIHATHON dasze, apyrue
MPHBOLAT AaHHBle O PEAICIIEM BJNSHUN rHAPATAUMH CaS.

Oasa ws nepsuix Knaccupuxaunii aameninrened T8ep-
ACHUA npennokena 8 [45], rae k 3aMenanTEnTM CXBATHBA-
fHS OTHECCHB COCLHHCHWSA, KOTOPHIC YMEHLINAKT pacTBOpI-
MOCTE QJIOMHHATOB M 00pa3yloT MoaynpoHniaeMpe noKpw-
TiH, OKpyXaloue yactiun ueMedTa. Yekopnrean CXBATHIBA-
HHSt, Hao0OpOT, NOBHILAKT PACTBOPUMOCTL AMOMHHATOE 1§
CHANKATOH 1l NOHHIKAIOT CONCpHKaHie FHAPORCIHNBHBIX NOHOB,
HeGoauwan potapka XJIOpHAa Kanbumd, Hanpumep, aeilcr-
BYCT B KayeCTBe 3aMeUAHTENSl, HO 0PN 00aee BHCOKOM
COMCPMANNN XJIOPHI KaAbiHA BHICTYNAeT B PONll YCKOPHTEAR.
3amepnsiontee JICNCTEHE XAOPUAA MOMHO OBBACHHTL abpa-
dopankenm asofiwoll conn 3Ca0-ALO;-CaCly- 10H:0, okasw-
BaIOWEH TaKoe Xe 3aMenstoliee AelicTBIe, Kak ruapocyasgio-
aNlIOMHHAT Kansuvd. Bropofl worace aamemnurencit Hazsau
“PaspyLIMTENAMHE® H3-38 HX CHJILHOTO BO3ZEACTBIS HA MEXa-
HHHECKyI0 TpOuHOCTL. 310 Gypa, paanuunbie caxapa W rymy-
CoBbie BeulecTsa. K HMM NpUMBLIKAIOT Takke Npofykrm B3a-
HMOAEHCTBHS NPOTCHHOB M ANbOYMUHOB wiin TPHITAHONAME-
HOBBIX CONCH C PACTBOPHMBIMH KaNbUHEBEIMH CONAMH JHCHO-
CyAbhoHOBo# Kucnorwl [45]. Hano OTMETHTB, MTO MNCeie-
AOBuust W NPAKTHUCCKUH ONuIT nokasmeawt [49], wro epas-
PYWWICAHY NPH ONTHMaNbHBIX J03NPOBKAX MOMHO € yCre-
XOM HCNONL3OBATL ANS 3AMCANCHNA CXBATMBAHMA GETOHHBIX
emecedt, ;

B ociopy coBpemensofi wayyrofi Knaccupnranun gobasox
B GETOH MOM0KEH KPHCTAMNUSALNOHHKI MEXAHISM ruapara-
UHOHKOrO TBEpACHHS BAMKYUIHX, NPeAYCMATPUBAIOULIHI PaCTRO-
PEIHE WCXOLHOR i BhiieneHue KOMCUHON (as W3 nepeHach-
HmienHoro. pacTeopa, Taxofi MexaHn3M noO3BOAHET ONMCATH Ki-
HETHKY rIpATAUKH W BBIFBHTD B KaK/AOM KOMKDETHOM cay-
938 AHMHTHPYWOULYIO CTANHIO Npouecca. ITo OCOGeRHO BaX-
HO MpH W3yueHHH BAHAHMA AOGABOK, TAK KAK C UX MOMOLLBLIO
YAGercs B IUHPOXOM HHTYePBaJe HIMEHATb CKOPOCTH PHApA-
TAUMH leMeHTa, ¢

B coorsercreun ¢ [52] samennurensmu cxpathBaAHUR le-
MEHTHOrO TecTa MOryT cny#re NOGaBKY 71€PBOro, BTOPOrO H
HETBEPTOro KJAaccoB,
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Jlo6aBKE NEPBOFG KAACCE — SAEKTPOAHTHI, HIMCHAKLIHE
PACTBOPHMOCTb  BSUKYIUMX BeleCTB, — BKAKONAOT CaMmbe
PasNMuNGE XHMHYECKHE COEQHNCHHS. JaMEMNHTEARAMH THA-
pPaTalHOHHoro TBepAEHHA OHH CAYMaT B TOM Caykae, CCJIH
CHHMKAIOT BEPOATHOCTL BOIHHKHOBEHHA 3apOAbiliell  HOBHIX

a3.
G Jlo6aBky BTOPOrC KAACCA PEarHpylT € BRAYHIHME Be-
uectpami, 0Gpadys TPYAHOPACTBOPHMLIC HAH MalCAHCCOLHH-
opannne coefnnennd. OuM TakKe BECLMA MHOPOUHCACHHBL.
FICI CyliecTey BCe INCKTPONHTH B ONpeueNeHHBIX ycnobBHuX
MOFYT XHMHHYECKH BIAHMONCHCTBOBATL C MHHEDAJIAMH LEMEHT-
HOPO KAuHKepa # npoaykramu ux rijparauns. K no0askam
ST0r0 KJAacCa OTHOCAT TAKME CHMPTH, aMHUHLL H OpraHKHuecKie
KHCAOTH. 3amensfiomui sfpert aobaBoK BTOPOro KAacca
0GyCAOBNICH TOABACHHEM SKPAHHPYIOMHX TACHOK N3 NMPORYyK-
ToB peakumit. Tunnuuwdi upimep — Qocdar NaTpHs, pear-
pyolHil ¢ BsOKYULHMH € O6PA30BaHHEM MNJACHKH H3 TPyAHO-
PACTBOPHMOrO AByX3amelleHHOre (ocara Kanblus, HMCIO-
el pa3JHYHBIC NAOTHOCTL W NponHuaeMocts, Makcrmani-
HOFD TOPMOMEHHH CKOPOCTH THAPATAUHH BAKYLIEr0 ROCTH-
raloT NpH BEEACHHH TAKOro xonuuectpa Qocdara HATPHA, KO-
topoe obecneynBaer HanboJce yaauHoe COOTHOLICHHE MErLy
TOMUKHON H nAOTHOCTBIO maexkH. OTKAOHCHHE OT ONTHMYMa
KoauyecTea A0c6aBKH AONKHO YXYAWHTH 370 COOTHOLICHHE W
CHHIHTE 3SKpaHHpyLIee ACACTAHE MACHKH. Topmoxenue J10-

GaBxamH NpOLECCOB CXBATHIBAHWA 3aBHCHT Takke OT rabu--

Tyca TOBEPXHOCTH 3EPCH, KPHCTAANOrpaduueckoit BausocTit
NACGHKH ¢ HOBOOGPA3IDBAHHAMYH H T, T

K uerseproMy Kaaccy noGasok orsocst [TAB, cnocobuwie
afcopOMpOBaTBCA W Ha 3CpPHAX BRKYLIEro, M Ha THAPATHLIX
noBooGpasoBanuax. Auncopbmus [MAB — pamucilunii daxtop
HX TOPMO3AULErs AeflCTBHA Ha Npouecc CXBaThiBaHHA. B pe-
aysnbrate agcopbumMy NOBLIWACTCH AHDOYIHOHHOE CONPOTHB-
JeHWe M TOpMO3WTCH pacrtBoperse sepen [62]. AacopOuns
[MAB cnoco6CTBYeT CaMOAHCIeprHpOBAHHIO UEMECHTHBIX 3€pCH,
HX pacnafy A0 YaCTHI KOJIOHAHEIX PasMepos H cTaluaH3alUHK
HEMCHTHO-BOAHON CYCNEH3KH, 4YT0 NPERATCTBYET KOary/ fuHk.
Bror npoucce B HaHboALILE! CTENEHH BAHAET Ha CsA 1 mecHee
cunsuo Ha CsS. B nexoropuix cayyasx [1AB moryT se Buiski-
BaTh 3&METHOro TOPM(})KEHHR CKOpPOCTH n{npa-rauun HeMeHTa,
Hanpumep, nmpH HCNOABIOBAHHH HEKOTOPLIX BHICOKOAJIOMH~
HATHWX UeMeHTOB ocnabasercs GapbepHan (QyHKUHSA HOBOOG-
pasopanufi B PEAyNLTATE HIMCHCHMA yeaoBhitE H KHHETHKH
BEIKPHCTANAHIOBEBARNA HOBOH (asst [52]. TMNAB moryr Tak-
We HAMEHHTH COOTHOLIEHHE MEMAY CKOpPOCTAMH Npoueccos
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TaGauwua |

Komnnexcusie nofasxm, samenasiwume cxpatusause GeTonHoR cMecH

HNobaovya

JlonoamnTeassml TeXRoA0rIHET K
SpenT

Menacca, wnefl, eMaaonnsifl arenr

MMovdw, mKAKOE cTekno, BoACpE-
CTBOPHMAR NONHAMUAHAR CMOA8

KapGonar
HaTpNA
CIB, kyGOBHE OCTETKH CHHTETI-
HECKIX KHPHEX  KHCAOT, HUTPHT,
UNTPET WA RAOPHA  KEALiiA
B, coancrok pacthTesbHoro
Macnf, THAPOKCHA MATPUS WA Ka-
A, ATPIT BaTpiR
Xnopua waTtpus, cyns(ar vaTpis,
naacTHHuKATOp, THOCYSILDAT Har-
pHH, dMHHOCOACPIRALIEE CORANREIHE
lNoraw, muakee crékno, aawnar

HATPHA
shHp,

Hanue, TeETpadopar

[oavsTraeRrIHKONE BT
waplonaT weaoNHOTO Meranng, ne-
HTAA0INMN

Monownan cHBopoTRE,
KHcnll Kansuui

CCB, OnTyMues sMynLcHs, MOHO-
ofiMenuan cmona

YKCYCHO-

Xnoprerufi - Ransundl, pederann-
oulas rpaak

Hinccrkopoe FecTo, comupon

CHOI » narpiestsc conn rymusHo-
BLX HUCAOT

Yepunfi cynbharnuit wenok, kiaeh
TAANOBLIT NeKOBLT

Faokosonag WKACAOTE, Ccaxapnss
KIChoTa, rAKOHAT HATPUR, Ccaxa-

paT narpia

Yayuuenne KauecTea pexoparyn-
HuX Geronop

Monysenue  Tpelyemmy
CXBATHBANUA  npu
TosTCpaType

Yckopelue TBEpAEHIR npR OTPR-
HATEABUHX TEMTEpaTypax

Maacrudukauis Geronnol emeci,
YCHOPEHIC TBEpACHLis

CPOKOB
OTPIATEILHON

To e

MNoopiwenue ppounocTit GeToHOB
Ha BHEOKOGAMIOMIHATHIIY eMeNTax

&

[Mosuiwenne npogsocTi GeTora

[napodobusanis  Getona

Mosumenue naacrivnocTi Geron-
Hofl cMecn

[Noanuwensie snexTpuNeckore co-
npoThaaelus Gevoda, ero Nenpoxn-
uaeMocTit

Ycropeune TREpAcHHR  OeToua

MNopuwenne naacTRYNOCTH

MNosEwenpe NPONHOCTH B BOACHE-
NpoOHILGEEMOCTH  HaNpAFAKINETo  Ge-
TaHE

INésnwenne
Geronnol cmecn

Yayvienne caoficrs Tamnouamx-
HEX pacrBapon

BOJAYXOBOBNENCHIIH

pactBopennst CsA ® KpPHCTANNH3AUMM rHAPATOR B MOAL3Y
Nepeoro W3 HHX, 470 BHIBIBAET yBeAlyeHue AelicTBylowero
NepeHachileHH s,

3aMemiTh CPOKH CXBATHIBAHNA UEMEHTa yYacTo Heobxo-
AHMO HE TOJABKO Ans obecneyenus rTpaHcnoprTupobBaHus Ge-
TOHHOH CMECH HA GONLLIHE PACCTOAHHA, HO M ANR yANHHCHIA
CPOXOB MEPERPHTHS CNOEB GCTOHHON CMECH M YMEHLUIEHNS
MaKCHMANbHOA TEMNEPATYPbl B MACCHBHEIX COOPYXEHHAX, a



TAKNKE NIPH YCKOPCHHOM CXBATLIBAKHH HEMEHTA NOA BOIACHCT-
BHeM BLICOKHX TEMIIEpatyp, NOBTOPHOM BHODHPOBAUHH W T. A.
PexkomernoBatibl H NPHMEHAIOTCH CNOCOGLI 3aMe/LeHIs Cxpa-
THBAHKA LeMeHTa B DCTOHHOH CMECH, B OCHOBHOM CBOAALUMECH
K NPHMEHCHHIO Pas/IHUHBIX KOMILIEKCHBIX 1062BOK, cogepa-
LIIHX IaMelnnTelH. Yalie seero gas .?TDFO chcmb:a_ymr CyJb-
durno-ciuprosyio Gapay (CCB) u CIDB, korophie Oﬁuﬂspe:
MEHHO TNACTHRHUMPYIOT H 3aMERARIOT CXBATHIBANNC. KI3BECT
He [4, 49] cnocoGbl NPHrOTOBJIEHHA feronHON cmech yn;
JMHCHHBIMH CPOKaMM CXBAaTHBaHHMA NpH BBEACHHH BO Bpeuﬂ
nepeMeLHBAHHA CyXHX MATCpHA/OB HJH C BOJIOH 3aTBOpEaHHH
tprnosndochaTa WEAOYHOro MeTania, IKHAKOro c-::mu Y
BOAOPACTBOPHMON NOAKAMHAHON CMOJH, rapBovara mwﬂ: 4
rerpabopata HaTpHi, KyOOBHIX OCTATKOB CHHTCTHHCCKHX p

HEX Kuenor o ap. (taGa. 1).
TopMoseHHe 3aMEANNTEAAME CXBAaTLIBAHHA MpOIECcoB

HayanbHOro CTPYKTypooGpasoBaHus B CHCTEME ueuenr—némi
O6yCAOBAHBAET BOIMOMHOCTE HCNO/BIOBEHHS HX B HDI’.;_?Q;;\
uri ¢ CIT Anf NpHrOTOBACHHS CHCNHANLHOR TRYMb "
KOTOpEIE YCAOBHO MOMHO Ha3BATE CTaGHAMBHPYIOUIHMH.

) rﬂ o S6
\W 0!5.6‘?‘;"
HCCJIENOBAHHE NPOILLECCOB

TBEPAEHHS UEMEHTOB
C JOBABKAMH CTABHITH3HPYIOLLHX MM

Tarasa 2

2.1. Hexonubie matepualiot

Jlist sKCmepHMENTOS HCTIOARIOBAHL CHHTEINPOBAH HLE
KARBKCPHBIE MHHEPahbl (Tpexkansunessili cunukar C.S, Tpex-
KaJibliesui anioMinar CsA), uneToRAREKEpHEl nopraanaue-
MEHT 11 NOPTAaHANEMENT C MUHEpAJBHBIMU JlGﬁﬁBK.’ﬂi!t, Heop-
FAHAYECKHE H OPrasnyeckHe 3aMefnnTeny cXBaTwmpanun, C

Tpexxasbumesslil CHAHKAT CHHTEIMPOBAW MpH  TeMNCpa-
Type oGmura 1500°C na xummueckn wnersix CaCOp u Sig:.
Conepranne ceobomnok okuck xaasuus 0,5%. Muakpoctpyk-

TaGauwna 2
KapakTepHCTHEY 1EMeHTON
L : ] ]
SEe | IEE | B, NROE Chae] CMETHiOeschN
o | Menepamaaw | S22 ) B4 | 3
x AohanKn 3’55 : 3 ; 5
Lo -

g EEE Eg :lcé.f" wauato | woken | C8 | €5 JC,8 [C,aF
| - —_— 51 245 [3—=10|445] 61 20 4] 15
2 - — 42 262 |1-4013-50| 55 | 21 | 11| 13
3 - — 43 254 |2—20|4—10] 59 18 814
4 Onoxa 10 41 212 12—15/4—30]| 59 | 18| 8| 14
5 Unak ao-

MEHKLIT rpa-

HYAipOnaH-

il 20 | 255 |2 10)4--10] 59 18 814

NMpusevanve | — yesenr Aubpoenesckore, 2 —  Hokoasguckors.

d=5 — 3a0a0yNI00CKOrD WEMEHTHE SAHOTON,

typa CyS xapagrepnaosanace npeobaafaniem OTACABHBIX A0-
CTATONHO XOpOWWO OGOPMICHHNX Kpucyaaios pasmepom 30..
50 mkM. PeHrreHOCTpYHTYPHOC MCCAGAOBAHHE NOKA3AJ0, YTO
B KauyeCTBe COMyTCTBYMOULEro muHepana B nopouwike CsS wa-
Gutogancs B uebonsuwiom Koamueerse (3...5%) CiS B mize

B- 1 y-hopmel.

93574 17



TpexKaabiHenslli ANOMHHAT CHHTEHPOBAH [PH 1400 °C
w3 CaCOs u AliQs, conepmanne CBOGOAHOH OKHMCH Kambllis
0,8%.

XapaKTepHCTHKA
npusenesa b taba. 2

CofepKanue rHnCca B UeMeHTax KonaeGanoChk B Ipeienax
25...30% B mepecyere Ha S0;. YaensHas NOBEPXHOCTL
nementos 3200 . .. 3500 em?/r (mo [1CX-2).

HCHONL30BAHHBIX 33aBOJACKHX UCMCHTOB

ey

T

=

e

a 6

Puc. 1. [pecc-hopma (@) u repmocrar (6) man onpe-
penenus conepaanin wonos Cad+ s AlxOs:

nprce-hopan: § — wopnye; f — ano; J — DOACTAKaMINK,
4 — Meranswueckan TpyOwa, § — BDOponKa ¢ naLTRoM
orrs: 6 — npofxa, 7 — npofupea; 8 — nyarcon;
repavcrar: | — Tepmosmerp; 2 — KpLILEN TCPMOCTETAD
§ — pepenniubil NOMYX TCPMOCTETH 4§ — cnofl woRno-
Ka: § — DOAAHER pyGalka, 6 — puyrpetnult  peaeppyap
TEPMOCTATD; 7 — COCYA AL lewenTHoro Tectai 8 — pe-
meTks M3 Memaana; § — oopa;, 10 — YALTPRTEPMOCTAT.

B KayecTBe OCHOBHEIX TAACTHRHUHPYIOWHX KOMMOHEHTOB
&M npumenen CIT C-3 (TY 6—1 —625—80), KOTOpLIH
Hentonsaceany B puae 33 ...40%-noro BOAHOrO pacTBopa.
C-3 — NpOAYKT KOHAEHCAIMH HAa(PTANHHCYALQOKHCAOTH H
popManblertiaa — HME] MACCOBOE copepHanue AKTHBHOIO
BEULECTRA B NEPCCUere Ha CYXOR NPOAYKT 65,5 9%, soasr 63 %,
sonn 36 %. Croco6 nonysenws C-3 onucau B [36, 38].

Komnonentamn TIOM, 3aMelnsiouliMy CXBaTWBaHKE, CIY-
MHAH CONH-3AeKTpOANTH H oprannueckue ITAB. Ha nepsom
stane cTORNA a3ajaua oroGpate wanbosee NCACTBEHHME 3a-
MEANHTEAN CXBATHIBAHHA, MO3BOARIOWME CTABHAHSHPOBATL
cBOfICTBA IEMEHTHOrO TECTAa B HaYaNbHLI MEpHOA TBEPICHINA
Ges CyUECTBEHHOTO CHIDKEHHS POCTa MPOYHOCTH HEMEHTHOrO
kamuist. Jlas mpeaBapHTEALHOrO OT60pPE 3aMCNFIOULHX KOM-
nosenton [1®M Hcnons3oBarsl HeoPraHHYeCKHE COMH-INCKT-

I8

POJNHTH, BXOAAULHe B Haubonee xa
JuTenen no Qopceny [45]: | — Ca(Cl :
Ea{NO;]g, CaBr,, NH,Cl, FeCly; 3 i r?aazéofal!é; g‘L‘J—-
— NaPOs, NazBiOr, NasAsO,, Ca (CHyCOO), © 0 "
nm?ﬂ}&:{]!;u&ape OpPranuHyecKHX 3amesnnrtenci
H3HPYKOUHe ¥ rugpodiob
BHTCIAMH MECPBOIl rpynmne Pt

(CAB)

PAKTCPHEIE rpynnm 3amen-

Bnpnmmm.lm
. Ipeaera-
[1AB ustpauts ny

: roocynsdodatinie
H CaxapocoiepiamiHe (KOpMOBAS NATOKa, MOJOuHAS

Pre. 2. Yeranoska nns wenmramed pa
nonsyuecTs sanToro Getoma ¢ poGas-
Kamn TTEM,

ChIBOPOTKA) BellecTsa, BTO
HECKHX MHPHBIX KKCNOT,
Consimn  CaAyHuIH  xuMHUCCKNH
BENIOYENA COMH  KaNbHMEBLIX |
CYNbPOBOBHX KHCAoT W
60-79-74. Kopmosywo cax
HaHHEM caxaposw 529,

poii — KyGOBEIC OCTATKH CHMTETH-

YHCTLIC mponykre. C[B
HEaTPHEBHEX coneil AUrHo-
YAoBAETBOpsina TpeboBamnsim OCT
ag)uyw NATOKY NPHMEHSAH ¢ conep-
; PYKTO3Wl H padmuoant 2 -
!;jgnsnax nBcBn:aammx Kienot 19 9, HEDpri:ll}iH‘If.’CHI!X ;.ugs*?n
o s cn{:rgas MONOYHOH CHLIBODOTKH Bxoamuno 94,2 .
% o BOAM H 0,8...56 % cyxoro seutectsa, B TOM unchie
2.
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45...49Y% monoyrOro caxapa, 0,02...04 % xupa # 09..
1,1 % Geaxa. .

Hapsay € MOMONHOM CHIBOPOTKOMH, copepralieit caxap ©
OCHOBHOM B BHje JAKTOSH, NPHMEHAJH HIBECTKOBO-CHIBOPO-
TOSHYIO CYCIEH3HI0, NONYHEHHYIO ANS NPOBEPKI BIHAHUH caxa-
poB, BBOAHMEIX B LEMEHTHO-BOHYIO CyClCH3HIO B BUe Caxa-
paros kajbuEA. J1a N06aBKa nojyteHa na OCHOBE MOJIOHHOM
cupoporkn (OCT 49992 —75) ¥ HeraulieHoi MOJOTON H3IBECTH
(TOCT 9179—79). HasecTKOBO-ChIBOPOTOHAR cycneHsus fB-
JAETCA NPOAYKTOM ralieHiss H3BECTH B MOJIOUHOTI CHIBOPDTHE
fipn coorsowenun 1:50. 4

KyGoBrie OCTaTKH CHHTETHHECKHX MHPHLIX kuenor (FOCT
8622—57) npeacraBasJy coGo¥  NPORYKT, noay4eHHs upH
OKHCiAeHHH napauna.

B sKCnepHMEHTaX MCnoas3oBanul npecc-gopma u TCPMO:
cTaT ANS ONPE/ENieHHA COAepHaHum HOHOB Ca?* u Al:Oy
(puec. 1), a TaKxe ycraionka A uenbiTaniil autoro Oero-

Ha Ha nojsyuects (pHc. 2).

2.2. CxpaTmiBanne W BOJONOTPEGHOCTE  UEMEHTHOTO
tecra ¢ poGaskamu M

Jlast NPOEKTHPOBAHHA PEUHOHAIBHEIX KOMNo3HuKH
[TOM, BH3LBAIOUAX BHCOKKHH 1 cTabuibibifl BO BpeMeHi 3p-
(eKT pamKiKeHus B IEMEHTHLIX cHCTEMaX, TpeABapHTesNbHo
yCTAHABAMBAAH KHHETHKY CXBATHBAHII W H3MeHeHHsa HOP-
MaJbHON FYCTOTH UEMEHTHOro TecTa TpH O/IHOBPeMEeHHOM
geose CI1 1 3aMennsiolUX areHToB. CxpaThiBaHHE MECMEeHT-
HOrG TecTa ONpefelifin ¢ NOMOLILIO npuGopa AICC-6 c as-
TOMATHYECKON perdcrpauuedl rayGHHbl NOTPYIKEHHA HIAK B
pementHoe Tecto. OnwiTh MPOBOAHIN Ha UHCTOKIRHKEPHOM
cpeneaIOMHHATHOM TNOPTAAHALCMEHTE NP OAHOBPEMEHHOM
spenciiui ¢ Bopoli sateopennsn CI1 # samenaurenei. Conep-
saune CIT nofiepKuBasocs ROCTOAHHBIM W cocrasasso 0,5
wacen, sameqautenn 0,1...3% ann cONEl-3NeKTPOIHTOB H
0,1...05% ann no6anok TIAB. Hapsy © HOpMaJbHOH ry-
CTOTOf M KHHETHKOM CXBATHBAHHA Napajienbiio wa oOpa3suax
paamepom 2X2X2 oM onpeaensiyin NPOYHOCTH UEMEHTHOrO
kamus npu B/I[=03. Ha puc. 3, 4 flokasaHa KHHETHKA CXBa-
TpBaNMR HeMenTumx (act, a B Talil 3 — HaMeHenHe Hx
HOPMAJBHOIl TYCTOTH OpH COBMECTHOM pBefeHHl nIACTH -
HMPYIOLIHX H 38MEANRIOUHY KOMNOHEHTOB, B3ATHX B OOTH-
MAaJIEHOM COOTHOLIEHHH.
OnTHMAMLHON NO3HPOBKOR 3aMeIAI0UIEro areHTa CUHTAJM
TAKOE ero COfepaHue, NpH KOTOPOM MAKCHMAJbHO 3amMeis-
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Prc.

*'f-: c?ﬁ ‘iﬁ;me‘:ma CABATHBAHNA UeMelTHOro Tectd ¢ aobGapkasmy TIOM:

(055 +ca:'cﬁ‘ct;ﬁ?' wewewra), 2 — C (0.5%)4Co(CHICOON (02%); 3 — €3
1+ NusAsO, (02%); 6 a 5"5!]"?'Nn,!h[)‘ lctlaﬁg?h’ (%) 5 — c3

2% 6=
+NaAsOy (1%): 8 — €3 (0.5 : o) — C3 (05%
(GBI ENEPOL (028): 5 —IC3 (b3%) +NmPO, {06%):

+NaP0, (1%).

— — -

2 4 6 8. 10 I
Bpermn © MOMEKTO SOTECDENUR, q.tz

S - ot

Puc 4. Kunernxa CIBBTHMH;!]I:D hexelmxorn TecTa © pobzpKamy

I — C3 (05% meccu uementn); 2 cllB
(©.5%)HCIE (0.2 1 €3 (098] +CIB (03014 R i oCn
(0.1%); 6 — C-3 (0:6%)+K0 CHKK (0.2% :{?'3-’@:5{&5%5115:“1353&‘5("?0? e

¢ ¥ — -3 (0,6 i . ] :
? i .:!m;"':';*'fnc‘ %) 9 — c-ﬁal%;v.};-un 0,2%); 10 — c.a.to,sg.?i'

- C-3 (o,
c3 w.sm-pucq‘f ﬁ’.?’ }f:":i

— C-3 {0.5%)+MC 1
— €3 m.sﬁm+ucd ?b.a%f'ﬂ'
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e mpoutocTH He GoJee

Hauwano CXparLBEHHA NPH NOTED E

gu‘;b sa 28 cyt. PesynuwtaTh Onpejefenis NPOYHOCTH HeMerT
KaMus npuBefens B Tabu. 4.

Horg.ua.nua I{HI:IIBTHKH CXBATHIBAHHS NO3BOJAET CI"{J}"H[III]JOB:IT:

[1®&M no xapakrepy 3aMellfloLIero spdexTa Ha uer oE

rpynne (puc. 3, 4). Jlas I rpynnsl ¢ HEKOTOpPOTO NpemnensHoro

TabGnuuwa 3
HameHen e HOPMANLHOR rYCTOTH UEMENTE NpH BOCACHHH AofGasor
HoOraKE, % | #2r, % | Hobanka, % l HIL %
254 | C-8(0,5)-+NaPO, (0.5) 21,5
3 ! 0,5) 218
C-3(0.5) 21,5 0330,5+Ns:.&0:{ 218
217 [C-3(05) +NaghsOq (02) | 21
Eigig'g;igig%ym g{g C-3(05) +Ca(CHCO0)a (0.2)| 21.2
-3(0, N 0,5) :
Eugcg:??igiéﬁ%?s‘ 21,2 c-3(0,53+c,as 0.2) gg.g
C-3(0,5) +NH.CI {031 27 | C-3(0s)+KIT (0,25) 309
C-3(0,5)+FeCly (1) 218 | C-3(05)+MC o,ag 29
C-3(0.5)4Na;COy (0.2) 21’5 | C-3(05)+HCC A 2) s
C-3{0,5) +NaySiOy (0.2) 219 |C-3(05)+KO0 CHK (0.2) .
-— TOMH,
e TP LBELLIN M T MR D Kot ek
KO CHK — uyBoblie GCTHTKN CHUTETHHECKIX MMPHLIX HHCHOT,
TaGanua 4
08 UeMeEHTHORO KaMua ¢ jpoGasxams C-3
S St mt:ea:ﬁpmmaﬂmd CXBATHBAKKA
ConepiiiE JaMeiiuTead v MACCE TEMEHTH, W
Bostta o1 | o2 | 03 | o5 [-om | 1 [ ] @
= 741 | 745 | 751 | 755
e g [ (e o5 | 752 | 61 | 782 | 785
Cahios) = |75 | = | 765 | 785 | 790 | 795 | 783
s S | | = |7z | 725 | 708 | 708 | 698
ﬁan ¢ T lsa| — |71 | 781 | 795 | 781 764
FeCl Z | | = |70 | 765 |768 | 701 | 78
22CO. Z |75 | = |73s | 738 | 705 [ 781 | 791
NaSiOs Z les | = [7sa {761 | 755 | 770 | 7
Ne.PO, — |ns | - |695 tﬁ.g %.? == =
NagBOr — |08 — | 699 6?'3 21| — | —
NasAsO, — |'69.1 — | 65.4 20,5 = s -
Ca tCH.;C-OD}: —_ 71,5 — &.g o = - -
cab 741 | 715 | 66.5 = sl = ) =
K1l 755 | 761 | 70,5 | 60.3 | 68, =l =
Ko s | el =l =] =] =
72, } ; . —_ = =
e sslns| = | =1 — | —

. ROOABROR
HOCTE Ha CcMarie l.l.ﬂlt'!t‘l'ﬂﬂl'ﬂ- walpn Gea -
npH go‘ﬂrst:.:z:nc?r Fﬁmﬂu 73 MMa. KO CK spopund B UdAE ORI

BMYLCHH.
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COAepIKanHA 3aMennsaloulero arenta B coctase [TOM pane-
Hejlulee yBesHueHHe ero CoAepmKainn He NPHBOAMT K CKOJLKO-
HUOYab OLYTUMOMY YIOJAHHEHHMIO HAusna CXBATWBAHNA. 31ech
HMeeTcs OfpefenieHHan aHanorus ¢ XapaktepoM aeficTsin B
ueMente asyxsoanoro runca [8]. Kpuswe, noxasmisaiouine
aeiicrene poGawox II w IIl rpynn, Wmewr skcTpemansmbi
xapakrep. Kak nokasano B [52], no6apkn sTux rpynn samen-
JRKT WIH YCKOPRIOT MPOLEcC CXBAaThIBAHUA B 3aBUCHMOCTH
OT HaNpaB/eHHs UX BAHAHIA Ha PACTBOPUMOCTE KIAHHKEPHBIX
(a3, 3amepnnouee peficreie potanok 1M1 rpynne BEpaxeno
Hecyuiecreento, [lo6askn TIOM nepseix Tpex rpynn MoMuo
OTHECTH B OCHOBHOM K [epBoMy Knaccy no6asok [52] —
SNCKTPONHTAM, HIMEHAIOWMHM HOWHYIO CiY pacTBopa@ W 06-
JalaoinnM ynusepcaasuoctbio nefcrsnn. [loGaskn 1V rpyo-
Nl BEAOYAT HauGosee cuabHble 3aMepantednu, sQpekT Ko-
TOPBIX NPEKTHYECKH NPAMO NpPONOPUHOHAJNEH COAEPH AR
naobaski. TIOM, sxofauwe B IV rpynny (puc. 3, 4) u coaep-
WAUHE HNCKTPOJUTE, MOXKHO orHecTi [52] K noGaBKam BTO-
poro KAaccs, PpearHpylollHM ¢ BIKYHIHMH  BCLIECTBEMH C
06pa3oBanHeM TPYAHOPACTBOPUMBIX HJIH MAJOAHCCOIHNPOBAH-
HEX coeAHHeruil. lpy 3TOM Ha uacTiuax BRKYmero Gopmi-
pywoTcst  (asoBo-Bupaennyie sSKpaHipywwmue naenks. Mo-
aenbHolt poGaskoil sTOR rpynnw seaserca docdar HaTpuHs
(52, woropuit B3aumopelficTBYeT ¢ CHAHKATHHMM asamu
uemenTa # o0Gpasyer TPYAHOPACTBOPUMBIR ABYX3aMelleHHuit
Gocdar KanblUEA, OTKASALBAOWUACH B BHle NACHOK Pa3Hoil
NJAOTHOCTH # NpoHHLaeMocTH. B coorserctsun ¢ [52] Topmo-
nmuit TBepaenie sPderT NIEHOK 3IABHCHT OT WX TOJULHHL
H COOTHOLIEHMS MEXIY HHUMH H PasMepaMu 3eped BSKYLLEro.
HaunGonee cuibnoe TopMOKenHe npouecca TeepaeHns Habmio-
AACTCH MpH BAXKYILEM C MUHHMAJLHBIM COAEpPIKAHHEM TOH-
KHX qgi)axuuﬁ.

K IV rpynne crabunnaupyomnx MOM otHocaT W fobas-
KH, copepxamue opranuveckue [MAB ¢ apcopfusoHnsM Me-
XaHHIMOM JiefcTBHs, 3aMelsienne CXBaTHBAHHA BANYUIHX B
STOM cJyuae MPOHCXOAHT B OCHOBHOM 13-33 NOBLILUEHHA Lid-
Dy3N0UHOrD CONPOTHBIGHUA NP pacTBOPeHuu 3epes, crabu-
JIN3aLUHH CKOPOCTH POCT2 M HAKOIJEHWA THAPATHHIX HOBOOG-
pasoBanuil B pesynwrate aacopbuuu [1AB Ha wesTpax Kpu-
CTalnusayHy amoMunuficosepxamux INAB [52].

Hrak, nns 3aMensienist CXBaTBIBAHIN UEMEHTHHIX CHCTEM,
OYeBHAHO, NpeanouTHTessHee aobaskit IV rpynns, Kotopue
H UCHOAL3OBaHK B faapHefuwnx uccneposaununx. [lpu stom B
o6n1acTi ONpefe/ieHHEIX COAEPKAHWNA NPELCTaBAACTCA BOIMONK-
HuM (pHc. 3, 4, 1aba. 4) 2o6HTLCH 3HaYNTENLHOID 3aMejse-
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HUA CXBATHBaHHR TIPH uesuﬂqn;gmom cHEHM(EHAY [IPOUHOCTH
HTHOTO KaMH§ K BO3pacTy 20 CyT. .
umlslopmanhuan rycrora ueMenTa, xapakTepH3ylolLas Bil{
{LeMEHTHOIO TecTa HeKOTOPOf yCIOBHO-NOCTOS HHOH KOI{:H;;,ug

ofi mepe CBR3aHA -
KaK H3BecTHO, B 3HAYHTEJbLH
ﬁg'l:' e6HOCTEIO GETOHHBIX cmeced. Ananus Taba. 3 noxaau?:::r;
q-rop sce aobapky [1OM, corepialute CIl HB q:am}ﬂ.lu:ﬁ aeie
cxBaThLIBaKi, yMeHbalT ryctoTy Ha 13...1 a'mpau e
cyniecTaenHoe cHIMKEeHHe uoPManhuoﬁ rycToTs Xap el
TIGM, conepialutux Hapaay ¢ cI J[;l!rﬂ(;%y;itbthﬁlll;h) L L
, . Been
apocojepiKaliluft  3aMeLTHTe 2
;;J:minx [AB He3HAUHTEJLHO yBeJHUHBACT Hopua;::i? E:g'ﬂ
CTOTY UEMEHTHOro TecTa, copepxamero CI1, 4T0 €
¢ {ﬁ{?c!::nacno (1], mHnHMajbHOE ROJAHNECTBO BOAH, HE(::?JJI;?[-_
arMoe Aaf oGpa3onakii KOAryAAHMHOHKHOA CTPYKTYPHL,
BeTcTBYeT MaKCHMAJABHON BAAroeMKOCTH LleMeHTa -

KM.B = ﬂ.B?EKILh

e Kur — B/l uementoro Tecra HOPMAJLHOT ryc‘m-ruo. .
- rn "lir B/ll=Kux BORA CONePHHTCH npeuwwnecraen:m“x
conbnpa-ruux obonoukax. [1pH BBEACHHH rltbl‘-;\;o uﬁﬁe%mm.
CIl, Kur<Kus S70 O3HAU3LT, HTO pasmlimnm b aapens
06y CAOBAEHHEIH CIl, npHBOAHT K CyLLECTBEH auuym ot
T ntiiciiad 0%{::;1{:;:)&&“ Bgngﬁlﬁgﬁgcerpmaﬂue.ae-

HOro KoJHuecTsa cBO \ e

oo recr. T Ko, ZocTISEon I SRS G
H SHIKaEeTCH .

3?11; SBI:.SI:IIESHHF. LLeMEHTOM NPH NOJHOR rﬁﬂpﬁa;]auun. KDTOpOE

coctaaser 21 ... 23 % wmaccH uementa [17, i

MNpenensuoe BIL, xapaKTepuaylouiee BOAOYACP s o
cnocofHOCThH NEMEHTHOTO TecTa B ero cmmqgt;k;ouqm o

(1, 37], npumepHO PasHO 1,65 Kur. YuHTmBm. i
COEJTHOIJJE!{HEM CBR3aHO HPEREJ'IH{D HH3IKOe i 0;33“"“ Sl
poro_apywacren saxeluee BON TS ouoct, npen-

Getona npaBHd b
g::anu.:u HHTEF[IIIQC OnpefenHTs no,uuyn[g[%m;;aa“mamﬂa: (t:::;DBE.

HOCTp llemenTta C nobaskamu CIl u L N e
2R ue;:hm Eﬁgnﬁzﬂuhém:::ITh:tLﬂmungycg:uaﬁauu c paamq:-

H i

T::&HE:‘S“;& cgea poGasok ¥ C pasIHuHBIMA aobankaMu MeM

yepea Kamibie 15 MuH Mnocae :sa-naltz'[mmmAmlK

was cnocobrocTk yeMenTa nuemmanacﬁ.u R s

jerocs ocazka MpH (1epBOHAYANLHOM e

paspaboTtana panee H nposepexa s HEMEHT
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BoAOYAePHKHBAIO- '
B]ll orcTonB- |

TaGnuua
Bogoysepauesioman cnocolHocTs uemenTos npu speaesny MOM
Ha OCHOBE CynepnRacTUUKaTopoR

= BIL esmEn TG B AR EVERCHINN ApH WDCACHNN B MBECY UemeRTd
RODaBIM, %
Bpeus ¢ — =
wopew, | = 2o |38 | 22 | 2a | 2 | 22 | 2E
Wil S ls% |sq 82 %) B | | B
o |&52 | 8%e] BE |33 | &= || &5 ose
Demeny 1

0 | 1 1 1 1 1 1 1
15 075 | 073 | 071 | 0,78 | 0,82 0,81 0,50 0,80
J0 061 | 059 | 060 | 065 | 069 | 068 0,69 0,69
45 0,53 | 051 | 050 | 0,56 | 0,60 0,62 0,64 059
60 042 | 040 | 042 | 045 | 0,53 0.53 0.55 0,52
75 037 | 036 | 037 | 037 | 042 | 0.44 0,47 0,45
90 036 | 035 | 0,37 | 035 | 037 0,36 0,39 0,38
105 036 | 0,35 | 037 | 035 | 0,37 0,36 038 0,38

Hement 3

0 1 1 | 1 1 I 1 i
15 | 068 | 0,70 | D67 | 0,75 | 0,80 | QOB1 0,83 0,78
a0 |05 | 058 | 059 | 066 | 0,64 0,65 0,68 0,64
45 | 050 | 049 | 048 | 0,59 | 0,60 0,58 0,60 0,59
60 | 040 | 0,39 | 041 | 0,51 | 057 | 051 0.53 0,53
75 | 038 | 038 | 040 | 042 | 0,43 044 0,47 0,43
9 | 038 [037 | 038 |038 | 037 | 039 | 040 0,39
105 | 038 |037 |038 (038 |037 | 03¢ 0,39 0,39

¢ poGaskon caxapuoit natokn [49]. PeayabraTel Onuitos,
BHNOAHEHHHX Ha HI3Ko- (1) n BmcokoamomuunatHoM (3)
HeMeHTax, npHeeaens 8 Taba. 5.

M3 Taba. 5 caeayer, YTO NpH 3aBEpUICHII BOACOTHECHIN
H3 UEMEHTHO-BOAHBIX Cycrnen3uil, copepmauinx [1OM, nnn
ocapka B/L=1,65... 1,75 Ky, 7. €. GJN13K0 K TEOPETIINECKOMY
npeieny BoaoyaepixHBawiel cnocoGHocTH UeMenta (Bepx-
HeMY npeneny THkcoTponuH). ClefoBaTeNbHO, MOXHO Tpexa-
HOJIOMHTE, HTO KpHTHHeckoe B/L{, Hinke KOTOPOro pesko yse-
nHYHBaeTcH BOAonorpetHocTs GeTOHHHX cMeceil npi coxpa-
HeHitH HeHaMeHHON yaoGoyK/anbBaeMOCTH, AOMKHO NpH BBe-
peund CI1 § cofepamux HX KOMNO3HUNOHHHX pob6aBok
CYIIECTBCHHO yMeHbWHTLCs. CHEXenue kpuTuyeckoro BfLl or-
KpHEBaeT BO3IMOMHOCTE BHNYCKA BBICOKONpouYHWX OETOHOB C
CIl npn cpaBHHTENLHO YMEpPEHHHIX PacXOAax LeMeHTa, Yo
# TNOATBEPIKAGHO YiKe HMellUIHMcs NPaKTHYECKHM ONBITOM
[5, 34, 40]. D710 OcoGerno BakMO H ANA TEXHOJAOTHH AHTHX
GeTOHOB, HMEHLLHX CPaBHHTENLHO BHICOKOE BOAOCOJAepXKaHue.
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Kunerska BOAOOTAGAEHHS B UEMEHTHO-BOAHBIX CYCTEHIHAX
(taGa. 5) sasucut oT BuAAd [TOM H aNIOMHHATHOCTH LEMERTA.
Ecnu HEOprafuyeckue 3JeKTPOAHTH, BXOAAUIHE B [T®M, ue-
CKOJIBKD YCKOPAIOT NPOLece BOAOOTALACHHS, TO noGasku [1AB
CNOCOGCTBYIOT CTAGHAHIAUHH 1EMEHTHO-BOAHOR CYCHeH3H.
Bonee HHTEHCHBHO HAeT BOLOOTAENeHHE B lLEMeHTaX C nosb-
WeHHKM COJepHKaHKHeM anloMiHaTHOi (asbl, 4TO, NO-BH/AH-
MOMY, MOKHO OGBACHUTL GOJbUeH CKOPOCTHIO obpasosanis
KOBIYAAUMOHHOM CTPYKTYpH OCZ/JKOB, XOTR H HMEOUIHX, B
KOHEYHOM cuete, HecKOJbKO Gosee Bricokoe B/L.

2.3. PeoJiornyeckie ocoDeHHOCTH
uemenTHOro Tecta ¢ pobaskamu NeEM,
FAMEANAIOWHMH CXBATHIBAHKE UEMEHTA

K sacToslieMy BpeMeHH BHTOAHEH PAA HCCIeAOBaHHH
peosiorkuecKiX ocoGernocteR uementiux cuerem ¢ CIl 154].
BMecrte ¢ TEM HHTEPECHO OUEHHTL H3MeHenHe Haubosee Ba):-
HBIX PeosIOrHYecKuX napamerpos IeMeHTHOro TeCcTa I[pH BBE-
nennn wapagy ¢ CI1 noGasok — 3ameanuTedicH CXBATHBAHMIAL

[py HecaenoBaHHH CTPYKTYPHPOBAHHBIX AWCHEPCHLIX CH-
CTeM, K KOTOpHIM OTHOCATCA H UEMEeHTHO-BOAHBIE CHCTEMEL
YECTO MPHMEHSIOT POTAUHOHHYIO pPeOMerpHio, TaK Kak C ee
NOMOILBI0 MOFYT GHTb PeajH30Baibl NPAaKTHYECKH HeOrpanu-
yenHpe AePOPMAUHH CABHFA € 384aHHON CKOPOCTSIO.

JLis onpeneseHus PeoJorHyeckHx XapakTepHCTHK LeMEenT-
HOFO TECT2 HaMH WCTOJBIOBAH POTALMOMHHIE BHCKOIHMETP
PB-4 (c KOaKCHaAbHBIMH LHAHHApaMH). TaxkHe POTAUHOHHLIE
BHCKO3HMETPH MO3BOAAKT NOJAY4aTh 33BHCHMOCTH Tina ac-
opMaLHs—HANpIKEHHe CABHIA # BAIKOCTL—HANDIKEHHE
capira. Jlas 3TOrO NPOCTPAHCTBO MENAY EOAKCHAJbHBIMI
UHAHHAPAMY 3BNOJAHAIOT UEMEHTHHM TEeCTOM, NOCJEAOBaTes b
HO 3a0a10T PSif 3HaueHuit HalpsKeHul CABHra W onpesenson
4ACTOTY BPEILeHHA OAHOTO WHIHEAPE OTHOCHTE/LHO APYroro.

HMecnenosaun nementhne nactel ¢ B/L[=03 npu onpeje-
nens peonoruueckux ceoficrs vepes 5; 20 u 60 mun nocae
satBopenus. Hadnensl 3aBHCHMOCTH TpaiHenTa CKOPOCTH &
LEeMEHTHOMO TeCTa QT HATpsKenus caBhra P npH HCnoab3o-
BAHHH PA3NHYHBIX LEMEHTOB H MNOM. I'panuenT g, XapakTepu-
ayiouuit nepenaa ckopoctefi No ToJlukHEe CJIOW maTepuana,
3aK/IOYEHHOTO B Y3KOM 3330pe MEXAy HHIHHApaMH,

1 rR*=n

_d [ 9.9
TR w
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rae R=20 MM  r=5 mum —
PEHHEro uUHJIHHAPOB; 1 — yg
L@IOLerocs UHANKADPE.

PaAHYCH Hapy#HOro
W BHYT-
CTOTa BpAlleHus BHEILIHErD ag&

£t I Iifz2-8) 1 nf-18) g 10
221
6]
14
rof
5:

2 =

6§ & 10 12 1§ 16" 32 Pol Na

Puc. 5. 3asncum
: OCTH HENPEMeHs ¢,
Ei.:ze::a CROPOCTEH teMeliTHora Tem”a:apag‘: '
e AoGabkamn T1OM wepes 5 mun nocs
opetina . (I—9 — wiBkcanoMmaTHIR u.:

MEHT; —
eHT; J0—I8 — ALCOROBNOMEMETHMR  LeMehT

1'(10) — 6es nobanx
b H):
’&5 f-“-}gu_ C-3éﬂ.5%l; 3{12) = C-3 (0.5%)+Na o
E":?""' (9 5 3 (05%) +NuaBOy (0,5%); 5(14) —
EXn é‘ﬁ"“ T ?5 §9)-EMCl01% é"aa gﬁs )+
3 (0.5%)FHMCC(0,2%): §{18) o .3 KK
] m_gg__:’_ C3 050} + O CHK
Hanprmenne capira

P=kF,

rae kg — KOHCTauTa npubopa; F — pec

liasi Havany ppawmesu
) fl BHEUHEro i
Koucrauta nputopa e

ko= Rg/2nr*h,

rme E —
Hecasnyesy ’Lniﬁancné; ! :;_orpymemm BHYTPEHHEr0 wuMJHHApa B
1 — YCROpeH1
gleHuaeu ky=27500 (3;&-1:’!; 2l =1 CA00LH0R0. naneNiis.
xapa':::c:: ocTi € OT P npelctapnenst wa puc. 5—7. Ony
oy CPUSYIOT DEOJIOTHUECKHe KpuBe B fuanasone e—|
Kpsmu:a JHHERHOM (GHUraMOBCKOM) yuactie. Peosioriueckie
s BHE)HKT}'PHponauwx TBEPAOOGPA3HBIX CHCTEM MOSBO-
HOCTH, npy n;'begm AONOMHUTENLHEX XapakTepHcTrk. B yact-
i PECEHCHHH NPOAC/IKEHHS ONHraMOBCKOIO yuacT-

K8 KpHBoif ¢ ii
PHBOI € OCbl0 P MOXHO Hafith ycnoBumll munaMudeckui

(2.3)
Ipy3a, cooTBeTcTBYIO-
"HApa npubopa.

(2.4)
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npenes tekywectdt Py, Ha GuHraMoBCKOM y4aCTKE 3aBHCHMO-
ctii & o7 P 3thdeKkTHBHAR BAIKOCTD

TNm = (P—-Pk,}fﬂ. (25}

3navenus Py, # 3(QPeKTHBHON BRIKOCTH UEMEHTHOro TecTa
¢ noGasnenuami [TOM npu pasinuHOM BpemeHd C Hauaza
3aTBOpeHHs NpHBEAeHn B Tabi. 6, OTKyAa BHAHO, YTO BA3-
KOCTH lLemeHTHOro Tecta ¢ jpobaskamu C-3 o [MTPM na nops-

Puc. 6. 3aBHCHMOCTD HA-
NPAKCHNA CABATE OF rPa-
AWGHTE  CKopocTed  Le-
MEHTHOMD TECT2 € padant-
uMi  AcBaexamu 1M
yepes 20 MuN nocae 3ar-
popenus (I—9 — nsaKo-
anowmhaTiLd  uement, 0
10—18 — BRICOKOANKOMH- "
HATHUIR  UEMENT):

— ‘Gex poGasox; (=2 a

£l 1onge=glr  fifrn-v8) g 0

20

G 8 10 iz 14 16 " JF 34 Boira

nOK mewbiue, yem Ges noGapok. KuneTHka H3MEHEHHA pEO-
JOFHYECKHX NapameTpoB NpH BBEICHHH C-3 u II®M ¢ 3a-
MENHTeNSIMH CXBATHBAHHA CYLIECTBEHHO OTAHYAETCH. Ecain
8 nepsoM chyyae yeped 60 MHH Tm H Py, npHOAHKAOTCH K
3HaUEHUAM, XAPAKTEPHEIM /IR YHCTOTO UEMEHTHOrO Tecta, 10
BO BTOpPOM VAAeTCs HX B 3HAYHTENLHON Mepe cTaGHAH3HpO-

Puc. 7. 3apucHmMOCTh 1a-

TipAXeuun cABNra oT rpa-
NHEHTA CKOPOCTER LEMCUHT-

£o! I lfe-sjt M-} o HOFO TECTE € Pa3ANNHLIMH
. nobenkamu [IOGM  wcpes
2n 60 mMuH nocne 3aTHOPC-
. uwn (I—9 — sKoamo-

16t pupatingl ueseny; 10—
I8 — SHCOKOBMOMIHET

12 Hulfl UEMENT): ]
& J(I0) — Gea notapox; I—7

' [Tl il 5
4 SRS (0,6% -+ NazBeOs
(0.5 s!(;:j — €3 (0.5%)+

S Ti0 12 14 16 14" 32 904 Bojtfa &t é&%;&n'{uii:s}iﬁg:
: C-3(0,5%) MCIO0,1%); 8(17)-

£ ORI (g
S(18) — €3 (0.5%)+KO CHK
(0.2%).
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Tabasuz 6
Peonordueckue XapakvepHETHKH UeMEHTHOCO Tecta

ling n cozepmaime notaskm, % i hmm‘:‘:g“:ﬁ?‘g ke
5 sy im MMy ]ﬂ.l vt | 5 M Eﬂ) M | 60 s
HeMmenr 1
- 2 25 | 65 | 1400 | 2500 | 55
C-3(0,5) 05 | 1,2 5 So00
ES:SE} $ﬁ:,g% (?655’; g,g 08 | 1.5 ggg :?38 %
k ¥ gty 'y & ﬂu'r 113 610 gm
C-3(0,5)4+CIB (0.2) 05 | 09 5 o0
C-3(0,5) +KI1 (0.2) o2 | o7 | v5 | 530 'oin | o0
R fi e , i ; 530 | 910 | 1600
C-3{0.,5) +HCC {G.)Ej gﬁ &? 11% %ﬁ ggg :ggg
C-3(0.5) +KO CKK (0,2) [ 06 | 10| 28 | 20| 100 | 3300
Hement 3
s 45 | 55 | 83 | 3100 | 3200 | 7800
Al 5) 09 | 28 | 79 | 950 | 1800 | 6300
c-3w§5;15:’£%, {065, gg 1,5 | 36 | 920 | 1500 | 2800
§ M 1.“ 4.1
{c::_.g(g:g +CAb (n_.zs 08 | 25 | 61 gig %[1’33 i:’;gg
c-afu,s;iﬁ% Eg?} g’; {; 3? el e o
C-3(0.5)+HCC (0,2) 06 | 14| 28 ggg 1333 33233
C-3(0.5)+KO OKK (0,2) L1 | 21 | 58 | 970 | 1950 | 3000

32;:cuHizﬁg;b&aﬁ SQQexT cTabHnzannm nm ¥ Py, nabawo-
RApocje g{a :“]‘K! nocne 3aTBOpEHHA NpH BBeAEHMIl ca-
o C)&K 1_4rmx B, naumennuwnit — npn ssepenun CHB
T Stk aK, ecny Py, npu BBeaennn nobasox KIT w MC
3 p MHH TIOC/IC 3a8TBOPEHHS TCCTA CHIDKEETCH MONTH B
plglsa, T0 npu Beesenus CJIB — seero 8 1,25 pasa
e |oaumeuue AJIOMUHATHOCTH LeMeHTa cnocobcTByer 3a-
THOMY YBEANYCIHNO Kak BA3IKOCTI, TAK W YCA0BHOro npe
AcNa TERYYECTH LEMEHTHOrO TecTa. ' i
Bﬂalﬂ!ﬂﬂ XapaKTEPHCTHKH CTPYKTYPHO-MEXaHHUYECKIX CBOjicTB
X cpefl, K KOTOPHIM MOXHO OTHCCTH W UEMCHTHOe Te-
gm.ﬁ PACTpOCTpaHeHHe NOJYUHIN NEHETPAUHOHHBIE MEeTONW H
Tgﬁﬂt:qﬁut;_l METOM MNOrpyMeHis KoHyca. 10T mervoi, paspabo-
. A. PeGuinepom, oTAHYACTCH NMPOCTOTON 0 yAOGCT-
BOM M MO3BOJIAET N0 HIMEHEHHID NJACTHYECKON NPOYHOCTH
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OGBLEKTHBHO CYAHTH O KHHETHKE CTPYKTYpoOGpasoBamHf ue-
MEHTHOTO TecTa.

Henpitanis NpoBeaeHsl Ha KOHHYECKOM NJacTOMepe KoH-
crpykunst MI'Y. Ha puc. 8 npeicTaBieHbl pesy/bTaTsl On-
peAenesia NAacTHYCCKON TPOUHOCTH LIEMEHTHOIO TecTa Ho;ﬁ
MansHOfl rycToTsl Kak Gea no6asoK, Tak # ¢ aoGaskamu C

u ITOM.

< g
g 26

3 &

g g£22

= 20 5 -

: e 7 w4

£, s 8

53 L2 § 16

e 206

2 4 F 8 N0 17 1%

2 4 & & R 14
Bpema © MOMENTE IOTASPEHUA, N

Bpene c sioMEs10 JOTEOPENLN, ¥,
é
a

. B Kutetuwxa T8 DASCTHYECKON NPOYNOCTH LEMEHTHOIO TECTE
ARt pes ¢ noGapkamy TTOM: |

= - MERaTHEE yeMment; J —
6 — IMINORMOMHHaTHER yemeny; 6 i e ek 5 — C-34HCCs

e R L B; 4 — C-34KO0 CXKK: H
O B MG: 7 CatNmPOG § — COFKI: § — CAFNayBO,.

H3 puc. 8 caeayer, uT0 Bee KOMNOSHUHOHHEE A003aBKH B
TeyeHHe nepsuix 2...4 4 3aMeAnAlT TNpOleceH t:'rpy!t;ygg;
ob6pa3oBanun. B nocaenyowuli nepHoa CKOpOCTh np?;; gﬂm-
CTPYKTYpooGpa3oBauis TOCTENeHHO BHPABHHBAETCH. g
Aaercs CYWEecTBeHKoe pasnutue B Habope NAacTHYecKo pc :
HOCTH B 3aBHCHMOCTH OT BH/A 3aMEJAIOLLEr0 areHTa B To
crape ITOM u copepmkanmsn anoMuHaTHOR (dasel B uem:al::
B nanGoauuiell mepe yAJHHAWT NEpHOA q:-opuupoa;lmﬂxca p:?oﬁ
Typu [TOM ¢ ¢ochatium 3amennntenem, Gypol, 1:31}1l pmm
naTokoft ¥ MOJMOYHON cHBOpOTKOR. JPderT uX aoaneBc-re e
NpH ONTHMAaJLHLIX JO3WPOBKAX NPHMEPHO OAWHAKOB. :aaue
c TeM B nocheayoliuil nepHoa YNpouHEHHA CTPYKTYPH BJl e
stux TIOM paannuno. HauGoduuiasn CcKOpPOCT ynpommm
CTPYKTYPH Xa8paKTepHa AJs UEMEHTHOTO TecTa C caxapo

apmuMH noGaBKaMiL
nep#oﬁmemle copepranns CsA B uemenrax cno_ouﬁcmg;f:
B ueaoM 60Jiee HHTEHCHBHOMY PpOCTY NJACTHYECKOR npg: e
cti. B mMeHbiued mepe alioMHHATHOCTL LEMEHTOB cxaaruls¢ Nir :
Ha pocTe NJAACTHMECKOR NPOUHOCTH NpH AobGaBKax
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CIB, tvo, NO-BUAHMOMY, OOBACHFAETCS HIOUpaTeNLHBIM A1-
copOunMOHHBIM BO3AEliCTRHEM AHrsocynbgonatos wa CgA.

Beenense B uement onoku u waaka we CKa3anocs cy-
UIECTBEHHO H2 KHHETHKE pOCTa NAacTHYecKoh NPOYHOCTH 1e-
MEHTHOLO TeCTa. JTH NaHHBIE COFNACYIOTCH € WH3BECTHHIMS
IKCNEPUMEHTANBHEIMKI pedynbTaTaMn [59], rae nokasano, uyto
npucyrcTeie poGaskn C-3 anbo Yckopaer, nu60 saMennsier
CTPYKTYPOOGPA3OREHHE LEMEHTHOIO TECTZ B 3ABHCHMOCTH OT
cotepranns CsA B KANHKEpE NOpTaaHALEMeHTa. Hocaeunee
OBBLACHSAETC TeM, 4YTO NPI NOBHILEHIH aJ0MIHATHOCT Ie-
MEHTd MENTH3AUWA TrMAP2THPYIOWNNCA YacTu npeobaaiaer
Hajn crabnanzauucit KOaryasunonnoil CTPYRTYPH, uTO B KO-
HEYHOM CHETC YCKOpPReT CTpyKTypooGpasosamne. B uiskoaio-
MHHATHHX TeMeHTax wabGmonsercs obpatHuil shgert n 8
npucyrersin C-3 npoueccia CTPYRTYPOOOPAIOBAUNA  3aNMeL-
JsnorTen. Ha pue. 8 punno, yro BRCACHIIE JaNCAIAIOULIN are-
T0B 8 KoMnosuuite ¢ CI1 nusenupyer s1o pasanuie. Hesasi-
CitMo ot coneprcauus CsA B nemente INOM yaanumor nepuot
(POPMHPOBAHKS CTPYKTYDH, XOTS B BHICOKOAOMIHATHLA e-
MEHTAX 5TOT 3PHEKT HECKONLKO Hinxce,

2.4. OcoGeHHOCTH THAPATALINH LEMEHTOR
¢ noGaskamu T1AB.

MUKDOCTPYKTYpPa LeMEHTHOIO KaMHs

OcoGensocTd XuMHuecKix TNpoLeccoB B3auMoielicrans
€ BORON KAHHKEDHHX MHHEPAJOB ¥ UEMEHTOB ¢ AOGADKAMH
OM usyuann no kuHeTure uaMemenus cocrapa HIHAKOI
asul U cTENeny ruspaTaumnm.

Heenenosanun coctana muakoit (azu ruapaTupyeMbx ue-
MEHTOB ¢ nobGaskoit C-3 Bnepswie puinosdens T. E. Tiopusoi
Ha UEMCHTHO-BOAHBIX cycnensusx cocrtasa 1:8 [59]. C-3 sgo-
anan ¢ pogofl satnopenss (1Y% maccw uemerta). Kak na-
peetno [44), paiise, noayuennue wa CVCNCU3NAX, He Breria
MOHO - IEPEHECTH HA LEMEHTHHE NaCTHl, NOITOMY elecoos-
pai’m H3YYHTL cOCTaB Muakoli ¢ass B o6nacti peanuHbix
B/,

Hamu nenossaonano wementioe tecto ¢ B/L=05. ua-
Ky10 hasy oTAeafAM OT TBEPAOH nyTem QUALTPALIN NOL Aan-
Jennenm [44]. LlemenTHO® TeCcTO nomewasw wan Boaol B
CHelHabHEi  TepMocTaT, ofecneunnaiowuli  noanepmanie
Temneparypsl (20:0,5)°C. M3 repmoctata vepea 10; 30 mun;
1,2 3 4, 8 u orGupanu no 500.,.700 r recra, KOTOpoe no-
MEUlaAn B mpecc-popMy H OTHHMANH KuUAKYK a3y, B co-
crane AMAKOR (asel onpepeanan cogepimanie wonos Calt,
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#e TOJLKO HoHoB Ca®*, HO U OKenfla amoOMUHIR B nepuoa,
COOTBETCTBY UM  yuacTKy dopMupoBanusn CTPYKTYPH Ha
KPMBBIX TNASCTHYECKOH npousocTd (psc. 10, 11). Onuako s
Hawane mocjenywulero nepuosa copepxanne AlyO; u Ca’t
PE3ko DO3pacTaeT, NpH 3ITOM onepexaloumii poct coaep:a-
Hun xapaxvepen aas Al O, %

MexauusM craGumisaniin npoueccos riipatanun yeMenT-
HOTO TECTa pas/HyeH B 3aBHCUMOCTH OT XapakTepa Bosaciicr-
BIll KOMIOHEHTOB, BXOARUNX 8 TOM. Ajcop6ionnsil mexa-
Husn pnusinin CI1 pokasan s [38, 59]. TTpn atom oxmis
H3 BCAYULIX (PU3HKO-XHMUMCCKIN [IPOUCCCOB B MeXaHnsMe
neiicrans CIT sisisieTca XemMocopGunm, 4to npUBOANT K 6Ok
UMY BposihAaciinon JOOADKI I CMeCHY DOLBLHECHIRA P3OC N
ZOM uemenTa. BMmecte © TeM (OBHUUEHNOIN [IPOHIILEEMOCTHIO
ajlcopbunonnx  caoes, coztasaemux CI1 ua KANHKCPH BIX
Mithepanax u ruapatax, MOXHO OGBACHITL CPEBHIITENLHO He-
Goauwof crabuausnpyioumit sddekr, pusubaemeit Cll. B

[38] Brickasano npeanosioxesnie, 4to aacopOLUOHHER nael-
ka, obpasyemas CII, ¢ cetdately cTpoeHuen, LOCTATOMHO MpPO-
HIILZEMBLIM ANA MOJEKY/l BOALL, HE CO3N8ET NMPEnsiTCTBHil AAN
FHAPATELNH LEMenTa W O0pasoBanin NPoMHON CTPYKTYpH
UEMEHTHOTO KaMHA.

Cosmewensie CI1 ¢ spyrumu [TAB Kak ruppoduasnaupyio-
LWEro, TaKk M ruApogobHsHpylollere THNa #, B YacTHOCTH, ©
CIB u KO CXKK, a0/iKHO yBeNHUABATL TOMUHNY H CHAKATS
CTENeHL NPOHHLEEMOCTH aacopbuionnbX naedok. Hammue
THIPOKCHALHBX QYHKLHOHAALHEX rPpynn npejonpesenser aj-
COPOLHIO MONERYJ JIHFHOCY/LYOMATOB B 3HAYHTEJLHON Mepe
Hd THAPATHHIX HOBOOGPA30BaHHIX, YTO 3aMELNAET CTPYKTYpO-
obpasosanne [16, 38, 41].

3amennsiowee aeficteue pacTBOpuMHX ochaToB 60b-
LIMHCTBO HecnepoBaTesieli [45, 52] obwmscHsor 0Gpa3oBanneM
HEepacTBOpHMBIX B BOAe (ocdarToB Ha NOBEPXHOCTH 3epen le-
MeHTa.

Baksiine caxapocofepiainX BEUIECTB HA NPOLECCH Ha-
NAALHOH THADETAUMH LEMEHTOB — KOMNJeKcHoe [45, 49].
C oauoil ctopons, OHY, Oyayun ClALHEIMH HOHOTEHHBIMH Titjl-
podinnsyiousms [1AB, agcopGupylores Ha 3epuax uemen-
T8, SKPAHHPYIOT KPHCTRAJNH3AUHOHHBIE KOHTEKTHI H TOPMO3ST
riaparaunio. C apyroit cTopomsl, caxapa B3aUMOAeRCTBYIOT
C THAPOKCHAOM KAaJbUH, TONYYAOULIMCA NPeHMYLIECTBEHHO
NpH THApoaHse anuta, W O6Pa3YIOT KajblllieBHe CaxapaTth.
3T0 cHUXKAET cTenenh nepexackimenns pactsopa Ca(OH),
B HAYa/bHBIH MePHOA IHAPATALMH LEMEHTA, 4YTO AOMHOMHHTENL-
HO 3amennseT oOpasoBaHHe KOAry/nnUMOHHONA W KpHCTannuaa-
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UHOHHON CTPYHTYP HEMEHTHOrO KaMus. JKpauupyoLiee BJHA
HHE CaxapoB Hd THAPATALMIO H TBEPACHHE UEMEHTOB PesK(
YCHAHBAETCA C NOBHILEHMEM MX A03HPOBKH. [lociesnee o
PHUATENLHO CKA3LIBACTCS! HA [IPOMHOCTH HEMEHTHOTO KaMHs
Hast HPEKTHYECKOTO NpHMEHeNHs B KayecTse SAME LN A 0L
areHTOoB, ONEBHIHO, HEJeco0BPA3HO BBOAHTHL B LEMEHT Caxap:
B BHAE caxapatoB Kaaeuus. Ilpu stom coxpausercs ancopb
LHOHHLIL XapaKkTep [AeficTBHA 3aMeMIHTeas | yCTpaunercs

"

™ ! Pue. 1l. Ckapoers rHapats
g 2 WHA TPEXKANLUHENOrO amOym
Erq.a J nara:
4 e L1 iy 2 — Ca(Oll)

230 5 lum%ﬁ;:' :mws.ﬁv& o SO
% 6 3 = CafOH)H+GS; ot
o 20 7 Ca(OI4(C-I+CNDL &
£ & CalOHIA(CITKD CRK): €
8 g0 o caomreat -.F%. 7 -
s Cu DHh¢tC-3+Nl:B| 1 &
5 ; 0 Ca(OHp4(Ca+KNY: 9 -

i 2 3 4 5 6 7 & Ca(OHJy# (C-34-MC)

aprm € MoMENTE :lwlqbam.t. ¥

ero XvMHYECKas aKTHBHOCTD, KOTOPAN Pe3KO CHIKAeT cTeneid
NEPEHAaCHILCHH PAacTBOPa UEMEHTHOIO TECTa THAPOKCHAOM
KEJbUHA H COOTBETCTBEHHO YMEHLILEeT NPOYHOCTH LEMEeHTHO-
ro kamus. [losromy wumeer cMmbics mnpeasapuTenbHo obpa-
GaTbiBaThL, HANPHMEP, MOJIONMHYIO CHIBOPOTKY H3BECTKOBLIM MO-
JokoM. Takum oGpasom HaMH TnoayueH samepauntens HCC,
NO3BONSAIOWNI  CYIIECTBEHHO TOPMO3HTL CXBATHBAHHE le-
MEeHTa fnpaKTiHyecKd (e3 CHHMEHHA NpoYHOCTH LEeMeHTHOro
KaMHA B Boapacre 28 cyr (puc. 11).

AHanH3 KHHETHKH H3MEHeHHs XHMHHECKOro COCTABA HA-
KOH (ha3ssl rHApaTHpyeMbiX LeMeHTOB ¢ jpoGaskamu I[1GM
NOKa3nBaeT, 4T0 Nocje ONpefesieHHOro nepuoaa crabuansa-
UHH CYIIECTBEHHO YCKOPAETCH FHAPATAUHA LEMEHTOB, 4T0
MOMHO OOLACHHTL YBEJHYeHHeM YyAeNnHOl NOBEpXHOCTH pea-
FHPYIOLLIX ¢ BOAOH UEMEeHTHHX 4HacTHH 3a cuer aeduioKyns-

18
% HHCCJ'FE}].GBHHHH KHHeTHKH H3MEHEeHWA cOCTaBa MUAKON ¢asu
FHAPATHPYEMBIX LEeMEHTOB AONOJHEHH ONpefeneHneM CKO
CTH THAPATAUMH KAMEKEpHHX wMuuepanos (puc. 11, 12),
CKOpOCTL  THAPATALMH NAXOMHAH KAK H3MCHCHHC CTCRCH
rHApaTaUMK B eAnHHLy BpeMenu. Crenenb THApaTauuy onpe-
ACJANH 1O COACPIAHHIO THAPATHOR BOAHW, HCnoAb3yn (op-

Myay

a=h/W, (2.6)

rae A — Kosmvectso Boam, He Henapswowedics npu 105 °C
H TpHcoeatkenrol K | r mexoaworo pementa K TOMY WK
HHOMy cpoky Teepuenns; W — Koauyectso e Henapmouelics
BOALL, npucoenuennod kK 1 r nemenra NPH €ro noaHo#l rup-
PATalUHH B YCNOBUAX 3afaHHON Temne aTypel.

Crenens ruppatanin CsA w CsS usywaam B rtecre npu
BlI[=05 u pHKCHpOBasH npw o6paGotke 06paszuos uepes
ONPEAC/ICHHNE NPOMEIKYTKH BPEMEHH 3TILIOBLIM CITHPTOM,.

ol i
Puc. 12. Cxopoets  ruapa- Srof 7
TaUME  TPOXKANLUUCDOrD - £ ‘ 7
JuKaTa: é =
I — oy poGanok; 2 — C-8:. 3 — &1
CIHCIL; 4 — CIIKO CIKR. ® ¢
¥~ C-3+Na:POy: = C-3+ &4
FNaB Oy 7 — Co34HCC: B — 2
3+KN, ¥ — C3iMe. Sy i
£ 3
= -

I 2 '3 4 3 & 7 & ¥#
Bpems & MOMENTQ Jaranperin, &

M3 puc. 11, 12 cnenyer, uro Gea BBEACHNA Kakux-nnGo a06a-
BOK W npi nobaske C-3 cxopocts ruaparanun CaA vepes | y
nocine 3aTeOpeHus BOAON Gojee ueMm B TPH pasa mpeBbiuiana
CKOpOCTL riuaparaund CsS. B nocaenyiouiMi nepuoa (or 1
Ao 6 4) crkopocts ruapaTaiHm CaA u CaS usmensercn ama-
HHTENIBHO Mepnentee: 0T 30 a0 35 % nan CA u or 7 no 12 %
ans CsS, JloGassenne K oanoft yacts no macce CiA 35 %
rinca (B nepecuere na SOs) u onmoft wacry Ca(OH)s, 7. e
NPHMEPHOE MOAE/WPOBAHHE YCAOBHA ero FHAPATAUME B 1le-
MCUTE, CHHMEET CKOPOCTb THAPATALNK NOYTH B ABa pasa,
Bee noGasku TTOM ¢ aamennnrensmu cxsatwBanun IV rpyn-
bl PE3KO NOHHMKAIOT CKOPOCTL ruApaTanun CsA, B Tom uiche
fpA BBeaenun runca. Ha ckopocts rinpataun CyS, xak u
CIEN0BAN0 OMUAATE, HAHGOBIICE BAHAHNE OKAZLIBAIOT oM,
BRIOIO4a0WHe caxapocoaepaume no6Gapki (KIT n MC). Ile-

. PEBOLL CaXxapoB B KajbuWenwle caxapato (10Gaska HCC)

3HAUHTE/BHO OcaabNfeT 3T0 BANRHIE,

C yierom 3maunrensHoro sosueficTsis na MexaHHiuecKe
CBONCTBA MHKPOCTPYKTYPH W 0cOGeHHoCTel (azomoro cocra-
B2 NEMEHTHOIO KaMHA BHNOARENH KOMIACKCHBIC ficcierona-
HIL € HpHMEHEHHEM peHTreHOCTPYKTYPHOrO M 3/IEKTPOHHO-
MHKpOCKONHYeckoro meronos. Ha puc. 13—15 nokasana MHK-
POCTPYKTYpa LEMEHTHOTrO KamHA Ges 106aBok H ¢ pasnuuHb-
MH noGasramu. Mukpoctpykrtypa Ges 106apox iMeer Gonnioe
KOJaHyecTno MEJKOZEPHHCTRIX FHAPOCHANKATOB KaJblliig, 1‘\10)!{-
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41O CY/bQOrpynnsl, coeiMHeHHRC C Kap-
GOlMKIHYECKHMH OJHrOMepaMi nadrramm-qnopmﬁanbn:r?,lu‘gﬁ\x
CMOJ, BXOJSULHX B COCTAB HCCAEIOBAHHLIX 1O amu “qmmi:
06pa3yloT KOMIJIEKCH ¢ Ca0O u BOLO#H, KOTOpHE a:ﬂ i paaie
pylotr Ca(OH)s. O BOIMOIKHOCTH oﬁpaauaatllgl:i[ T ¥ o
JIEKCOB Mexny cyabPartamu JUrHiaHa # Ca(OH)2 y; %ﬁ &
etci B pune uccienosamuii. Haubolee BEposTH Humpmq
sosanue romnaexcos mexay Ca(OH)s n cyangupona

HO npean OJIOHHTE,

nonuMepamn HOHOB

B NPHCYTCTBHH wenouecynnd oHaTHO

rpynne (¢ OAHOBAJIGHTHLIM KATHOHOM) MJIOTHOIO CTPOEHNS, 4
TAKKE KpynHoG/AOUHBIX KPHCTAJIOB THAPOAJIOMHHATOB H il
poxcHaa Kaablus. CTPyKTYpa MHKPONpenapartos LeMeHTHOro
KaMmuf, TBepaeslliero B npHcytcTBHM noGaekd CJIIH, okaaa-
Jlack BeCbMa CXOAHOR CO CTPYKTYpoil ueMeHTHOro Kamun Oes
A0OaBOK, OAHAKO (ha3kl FHAPOANIOMHHATE H IHAPOCYILGOaII0-
NpOCMATPHBANNCE B

MHHATA KaJblHA BHie HKpHCTAEd-

M 3“!3‘ 1 CHTHOMD KaMH c DﬁnB-
- o M [¥] e H R R
[ C I‘ “mp c'rp Pa

Pue. 15, MukpoctpysTypa Lemeltnors xeMmus c nofap-
Koit C-34-KO CXKK.

noB, 3aByanHposaHHux ToHualiwell naexkofl ancopGuHpopan-
HBIX A008BOK. MHKDOCTPYKTYpPa UEMEHTHOTO KaMHs, TBep-
Aesulero B nOpucyrcTeBHi  noGasok  [TOM  (pue, 14, 15),
OTAHYENach OT MHUKPOCTPYKTYpH Apyrux npenapatos. Lle-
MEHTHHIL KaMeHb, MOgH(QUUHpORaAHHEIl noGaskamn MMM, xa-
paKTepHayerch OoJiee BHICOKOI NAOTHOCTHIO M AHCHEPCHOCTHLIO
3eped ruApaTHRIX 0Gpasopanufl; Kpynune GJIOKH H3 KpHCTAA-
nos Ca(OH), ue nabmopawres, Takas cTpyKTypa UeMent-
HOrQ KaMHu# . (KOJJIOHAa1bHO-METAMIKTHARA ), KAK NPAaBHNO, CNo-
coGeTpyer NOBBILEHMIO NPOYHOCTH Mmatepianos. CoppeMentne
TEOPHH paspylieHus TBEPABIX TeJ) OCHOBAHH Ha NpeacTas-
JIeHINX O ABHMEHHH ,IIBQJEHTOB KpHCTaJJIoB BelecTBa {ﬂllu‘lﬁ-
Kauui) u oObenHHEHHMH HX B pyubd (rpewuust). B cayuae
MEJKO3CPHHCTOR CTPYKTYPH KaMHA pacnpocTpaHeHle LHC0RE-
LMl 33TPYAHEHD BCJEACTBHE HaNHuMa OGONLUIOro KoJAHYecTBa
NPENATCTUNE Ha NyTH HX ABHIKEHHS B BHIe rpaHul, pasnena
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MHKpO3epeH, No3sToMy AedeKTH KPHCTAJIOB JOKANHIYIOTCH B I'rasa 3

miKpooGneMax H HE MOJYYAIOT pACHpoOCTpaHEHHS.

[Ip# CpaBHEHHH PEHTTEHOTPAMM TpenapaToB “'3"3“"“"“’! TEXHOJIOTHYECKHE OCOBEHHOCTH
KamHa B Bospacte 28 oyt (puc. ::'.) &gﬂ:ﬁ';“';: ;ﬂ‘;f;‘:;’; JIMTBIX BETOHHBIX CMECEH
oGaBKaM _
T evensase, T Ca (O s permaresen e T

3.1, CosmecTHMOCTL KoMnonestor MMM

M3 rexuonorsueckux coobpasmenuii Gosnee panuoHa/b-
HO poefedse TIPM g Geronnyw cmecs ¢ npeapapuTes-
HbiM CMCILUHBBIIHEM KOMTIOHCHTOD, DBXOASILUUIX B COCTAR J0-
Gapkn.

Kputepusimu cosmecrimocts komnonentos [1OM ssnsa-
WTCA  NOCTHTraeMasn CTeneHs OJHOPOAHOCTH KOMUOIHUUE W
OTCYTCTBHE 3AMETHOH KOAry/saluH, BH3LBAEMON arperaTHBHON
HEYCTONNHBOCTBIO KOJOHAROR cHeTembl, OnbiTh NOKasanu, 4To
CIT C-3 xopowo coBmemaercs ¢ pacTBOpamil Kak ruapogi-
NH3Y1I01LHX B (CAB, KII, MC, MCC), tak u ¢ soxsofi

o ki EREE T R amyaucuell rugpogobusyomero [TAB B wiMpokoM wiTepsase

conepxanin. Omyrumoro paccioenns [TOM na ocnose [T1AB

B I arin eusre. | e He HalJA&NoCHL NpH BHIAEPHHBAHKH PacTHOPOB B TEHEHHE
HE CPEAHCAMOMHNATIOM llemeHTe: I wor.

g B ;8 — Gea pobumod; & —
a — C34+CAB; 6 — C3LKOCHK Yerofiuusocts pacrsopos [TOM c noGaskamu cosefi-saext-

POJIHTOB OLEHHBANN POTOMETPHUECKH € NOMOIIBIO (IOTOSACKT-

pakrorpammax (anmun 4,90; 2,62; 1,922A) B8 npenaparax PHUECKOTO Konopumetpa DIK-M [19]. Ontuveckyw nnot-

¢ noGapkamu [TOM B HeCKOJBKO pa3 HiKe, WeM ““g’“‘ HOCTL PACTBOPOB HIMEPAJH B 3aBUCHMOCTH OT COACPIKAHIS -
cupnoets auHiit B npenaparax ¢ C/IB u Ges noGaBoK. 6aE SJEKTPOANTA Yepes 3, 5, 8 u 10 MHH NOCJIe CMELIHBAHUS KOM-
MoMeT GbiTs OO0ycJ/OBJEHO HAJHYHEM B npenaparax ¢ A0 : nosentos, 10 AaHHBIM H3MepeWHIT HAXOMILIH HAHMeHbiee
Kamy TIOM  BHCOKOAHCNEPCHOTO (BMOPQOBHAHOTO) FHAPO COAepkaNie SICKTPOHTa, BHIHBAKWEE KOATYAAWINO (nOpor
KCHIa KanhllHA. Kﬁﬂl‘yﬂﬂﬂ.]"l}. PES)’JII)TETH OnETonR noKasaml, uTo ﬂﬁpﬂr KRO@=

rynsune | %-soro  pactsopa C-3 npu eBenennt NayPO,
cocrapaner 0,25 %, Na,B,O; — 0,15 %. B csere COBPEMEHHBIX
NPEACTABACHUA NPHYMHEL YCTOHNNBOCTI ANCTEPCHBIX CHCTEM
MOryT OuiTh pasjieniensl Ha Tpu rpynns: 1) SNEKTPOCTATH-
HYECKOC OTTA/IKHBAHHE 33PFANEHHBIX 4YaCTHL, BOHNKAIOIIEE Rpi~
NEPEKPETI HOHHEIX aTMochep; 2) aeiicTniie Cil HESNEKTPO-
CTaTHyecKoro xﬂpa!l'repa, CBA3AHHWX ¢ HaJduuHeM Ha no-
BEPXHOCTH YACTHI OCOGHIX CONLBATHBIX CJIOEB, COCTORALINX W3
MOJCKYJ DHCIIepCHOHHON cpeanl; 3) obpasosanue Ha noBepx-
HOCTH 4HacTHll apcopbuuoHHoi reneoGpasuofl obonouks, ob-
Janaoulell  BHICOKOR MeXaHHyecKoll npounocTso. CorsiacHo

" 39



i

npasnay Wlynsue—Tapau [19], NpH Koaryaaluy 3078 SACKT-
POAHTAM) KOAryJAHpYIOWMA HOH BCeraa HMEeT 3apsaa, npo-
THBONONOMKNE 3apPALY KOANOHAHON YacTHUL; NOPOr Koary-
ASIMH TIPH STOM TeM MeHbliue, YeM BLILE BAJCHTHOCTL Koa-
ryaupylolero Hona. Sipjienue Koaryasumi HacTynaer B TEX
cayuasix, Koria §-noTeHuHan cTaHOBHTCH HHIKE KPHTHUECKOrO
apauenus, pasnoro npumepo 30 MB.

CpaBHHTE/ILHO HH3KHE 3HAUEHNA Nopora KOAryJsing 1o-
kasuBaloT Helenecoolpastocts NPEABAPHTEALHONO CMCLInBa-
uus. CIT ® SAEKTPOJHTOB-3aMeAsHTENeH [0 BBEACHHS B Ge-
TOHHYIO CMECh.

3.2, Pasmumenne GeToHHBIX cmeceit

Inasnas 0coGEHHOCTb JAHTHIX GETOHHLIX cmecell ¢ pO-
Gapkamu CI1 — npeaessHO BHICOKAN MOABHMKHOCTL (20 cm u
Goaee) NpH YMEPEHHOM BOAOCOAEPIKARMH. B [2] noxkasaio,
yto pobGapki CII1 pe3ko M3MEHAIOT PEOJOrHUECKHe xapaxre-
PHCTHKH OETORHBIX CMeCei, NpHCYLLHe NpPaKTHYECKH Hepas-
pyLIEHHOM CTPYKType: NpeiebHoe HanpsKeHHe CABHTE, naH-
GoJbLLYIC BASKOCTE NIPH MAJIBHIX CKOPOCTAX CRHTAa H MOAY/b
ynpyrocti capura. T10 AanHbIM [2], naacTuyecKas BAIKOCTL
cmeceii, copepxaux 05 % C-3, xoneGaercsi B mnpeaenax
258 ... 737 Tla-c. KoshuuHenT THKCOTPONHH, Xapaxteph-
aylouuit cnan sHAyeHMH NAACTHYECKONl BASKOCTH HA €ARHHLY
WSMEHCHHS CKOPOCTH CABHMTa, A GeTOHHEIX cmecefi Ges no-
Gapok cocraensier oxoao 106 Ma-c®/m, npu speacnuy CIl
mosker cHmKaThes go 16-10-% T[la-c?/m. CIT npubamxKalot
peosorpyeckie CBONCTBA GeronHoli cMmecn K cpolicTBaM TH-
JeAMX IKHaKocTell, HMelommx Kosguunent THKCOTPOMNI,
paBibiil Hymo, NPH HASKHX 3HaNEHHAX BASKOCTH HepaspyuieH-
HOW CTPYKTYPHL.

Beenenne CIT nosposnscT CHHINTE BOAONOTPEONOCTL JITHX
Getonunx cmeceit a0 30%. [Mpn 9TOM € YBCAHUEHIEN obmbema
LEMEHTHOro TecTa SpexTHBHOCTD nobasox CI1 BospacTaeTt
[38]. VpenmueHne N03MPOBKH CIl B HeKOTOpOM HuTCpBajC
(aan C-3, manpunmep, OT 0,2 no 1 % wmaccul yementa) npH-
BOAKT K NMONTH JHHEAHOMY H3MEHEHHIO pogonotpetuocty. [Tpu
nosuposkax Gojibluie ONTHMAJLHLIX CHOPOCTE CHHIKEHHS BOJO-
noTpe6HOCTH YMEHbIUAETCS, Kax nokasawo B [38], npu no-
3MPOBKAX JNOOABKH, NpPeBbILIAIOLIIX «nopor 3(pEKTHBNOCTH?
(ansn C-3 B amanalone 09...1,5%), BA3KOCTb LEMEHTHOrO
TECTA HPEHTH‘IECKH HE H3MEHAETCH, clenoBaTeNbio, CHHMEHHE
pozionoTpeGHOCTH GeTOHHEIX csmecefl nOBHlIAETCA HE3HAUH-
TENBLHO. :
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B riape 2 obocHoBanbl ONTHMAAbHBIE COOTHOLUEHHA jo6a-
pox CIT C-3 1 saMeLnsioliuy areiTos ¢ NosuuKit HopManLHoi
ryctToTel UeEMeHTHOro TECTA N ﬂpO‘IIIOCTIl LHEMEHTHOID Ka8MHH
Ha sropoM sTane HCCAENOBaHO BANSIHHE COOTHOLUEHNS KOM-
nowenton TTOM na spdext naacTudukauny GeTOHHLIX CMe-
cefi. C s70il ueasio B KavecTpe GasopuX BLOpAHEL ABa COCTABA
GeToHHON CMECH HA CpefHeaNIOMHHATHOM YHCTOKAHHKEpHOM
noptaanauemente, ofecnenupaoume npn  n3bpannux  B/L
NOABIHIOCTS Of .BS cmoﬁes BocAenis o6aBoK: -

cocTtan l: B=170 wkr/md, I[=282 rr/m3, [l= ;
e KR I3, [[=282 kr/m3, [T=T752 xr/m3,

coctas 2: B=185 kr/v, U= smd, [T= irfa3
éﬂ=l]33 k) Imd, H[=462 xkrym®, IT=5680 EKr/s3,
AnOAHUTENH — pedHoit KBapuesn il { -
i g B 20 4. pu NCCOK 1 FPaHiTHLIN ule

B Geronnwme cmecn ppoanan TIGM npn usmenenu Ha Tpex
YPORHAX nAACTHRHUHPYIOIWETO M HA ABYX YPOBHAX 3amenns-
I0IIEr0 KOMNOHEHTOB H ONpefefif/iy 0cajKky HOpPMAJbHOIO KO-
nyca u rayGuny norpyxenus konyca CrpofillHH/la.

Ananua tab6n. 7 noKaswiBaeT, 4To BO BCEX CAy4asx Hai-
Gonee BLICOKMIT NpHpOCT naacTHdHuupyloulero spgexra na-
GmionaeTcs MpH NOCTHXMEHHH B GeTOHHON CMecH CONepMXaHus
CIT 0,59% wmaccs uemerTa. 3TH JNAHHEE COMMACYIOTCA ¢
[38], rae ormeueno, uto yseauuenue copepmanun C-3 jno
0,5 % sHISBANO yYMEHBLLIEHHE BRA3KOCTH HEMEHTHOrO TecTa ¢
1,1 10 0,4 T1a-c. YCTAHOBAGHO TAKMKE, HTO IS HHSKO- H Cpei-
HEANMOMHHATHLX TOPTAAHALEMEHTOB MpM NOAYHEHNN BHCO-
KOTOABHMHEIX GeToHuwmx cmeceii ¢ OK-18 cm tpebyercs Mo-
auposka cynepnaactudukaropa 03...04 % maccH uemen-
1a. [lpn noswiuennu coxepxanna CsA no 11 % neoGxoaumas
;Ilgglljpomta poGaexku yxe jgocturaer 0,7 % maccu uementa

Koae6aunsn posuposku ¢ocdata narpus i Gypsl B cocra-
e [IPM (tabn. 7) npi DOCTOANHOM pco.:mpmglislm CI% s?e
BANSIOT CYHIECTBEHHO Wa NaacTiuuupyowil spdext. Tlpu
secacinn C-3 8 komGuuauns ¢ apyrumn TTAB nabmonaerca
nostiLicHie spdexta naactnduranun. Hanbonee snaunteii-
BB AAHTHBNLI naacTudHuKpyowinil sgdert u3 Hecaeao-
BanibIX Komnosuuuit ITAB umeor TNOM, cogepxauie waps-
ay ¢ CI1 na ocHoBe NpPOAYKTOB KOHAEHCALMN HAQTAANHCYAL-
HOKNCAOT H (POPMATLACTIAA JUTHOCY/ILPORATH KAAbUNS, Kakg
cieayer ua tabn. 7, xomnosuyws C-3(0,3%) u CIB(0,2%)
MO3ROARET NONYMHTb NOABHIKHOCTL GETOHHOH CMecH 20.3.
22 cm, T. €. NPAKTHHECKH TAKYIO M€, KaKas ofiecneuHBaeTcs
npu spesenun 0,5...07 % C-3. B [47] noka3ano, 4T0 npH
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TaGauna 7 Oxomuaune tatn 7

'
(]

ﬂnm-«dhnunu:;“ 5;::::‘3:::;;‘: rr::::!ﬂam‘ nem BetoiHam um::b | Betonnay :1:!1:5 2
Beronmin cuech | BETouman cMecs ¥ % %:-:: E :c_:vés;g % ';"5: 1 Eégz
- . , : 7 - ik = =5fa | £ | 5% 2 =55
o= a2y = [ & 55 ]
e i |8 |Bese|® |y | |Bear omn | 2 | %2 |ghE i) 8 | B |
2, ig =, E%GE X, | %3 . Egui ao Ghx & | Ccaz 8o | &as= 8¢ | Eaz3
T o "L oYL W o o %
& | 88, | &5 | 2588 | & 85, | & | E2E8 MC MC
swro, AENEAEEE A
" 7 31 05 16 8 0.5 0,1 20 9 |o5| ol | 2 | 10
05 i 2 g:g 07 s 7 0,5 0.2 22 10 |os | 02 23 11
05 25 10 0’5 0.5 24 1 0,7 0,1 24 12 0.7 0,1 25 13
0.5 24 i1 0.7 0,5 25 12
0.7 2 10 |07 | 07 24 1l Hcc Hcc
o e e R d(E|B|R
o 8 0,5 0.2 21 10 |05 | 02 22 10
o8 p s B PRI E | B 8 o5 | o3 | 2| 10 fos| o3 | | n
o8 o o w0 |os | as 24 1 07 0,2 24 12 (o7 | 02 25 13
o o2 2 o |05 | o7 24 1 07 0,3 25 13 o7 | 03 20 14
0.7 0,5 25 12 0,7 0,5 26 13
0.7 07 24 11 0,7 67 | 24 11 coornowenne C-3/COE=0,43 ... 0,2 MoxKuo nonyuars BECOKO-
. NoABKKKEE ¥ AuTele Geronnsle cmécH ¢ skonomueir C-3 40 %.
CLb ca OTMeueHo TAKHKE, HTO NPH MAKCHMANLHOM COACPMAHHH OL-
0,3 0,2 90 g 0.3 0.2 22 i0 HOrg H3 naacmd:mcampna BREJEHHE BTOPOFG HE3HAYHTENLHO
g.g gg 332 :(I] g,g g,g g: }g angae’r? Ha TOABHKHOCTE Gercméoﬂ cmec. Kpome toro, ua
; { ; : . tabn. 7 suako, uto esedenne 0,2...03% C npu copep-
05 03 1 12 oL B8 = 5 sann C-3 0,7 Y% ypesnunpaer sdgert niacTHHKALRK o8
o o B 1% 07 0.3 27 15 ro ua 2 cM, B 10 Bpems kak npu 03 % C-3 — ua 5...6 e
oG RGO (no ocaaxe uuuy&a%. Maactuduunpyioweny shdexty COb
B komnoanupy ¢ C-3 HEecKOALKO ycTynalor cpasy nocie 3at-
0.3 02 - 16 8 0.3 0.2 15 7 Bopenun OGetonHofl cmecH caxapocosepkaiine [TAB: xopmo-
0,3 0.3 18 9 03 0.3 16 8 BAa¥ CaxapHasn NAaToRa, MONOYHAS CHBOPOTKA, HIBECTHOBO-CLI-
95 g:g 20 3 g.g g% i S BOPOTONNES CYCTIEHINS.
o 02 a1 12 07 09 29 10 C nossiueres CONEPIKAHUA LEMEHTHOID TECTa NORBARETCS
0.7 0.3 o5 13 o7 03 2 12 TCHACHINI K HCKOTOPOMY YBOJHYCHIIO nna::'mgimamm Gerou-
- Il - HuX cmecein gobaswamy [1OM (tabn. 7). 2101 selBOog He
pacupoctpausiercs ua pobapky ITOM ¢ rugpodoGnayonim
0,3 02 17 8 0.3 g.z }3 g ITAB — KyGoBbIMH OCTATKAMII CHHTETIIMECKIX MIPHMX Kiic-
g.g g.g é? lg g.g n'g 3 i jsot. B cooteercrBuM ¢ MexauuaMoM aeficrBus ruipotobuay-
0 02 ) e o 05 7 1 wux MAB, reopernyeckr oGocHopannkim [62], npu seefenun
o7 02 24 12 07 02 25 12 HX B GeTOHHLIC CMECH ycHAWBaeTcs 06pasoBaHne nJocKocTeil
0.7 0.3 25 13 0.7 0,3 26 13 CKOMBCHIN  BCACACTBHC CBOSOOpa3NoOre aicopOUNOHHO-CMa-
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L4
304HOr0 AEfCTBHA, OOYCAOBACHHOr0 «CIOHCTON» CTPYKTYpO#t
TOHKHX OpPHEHTHPOBAHHKIX TiNeHOK. B OTAHuYHE OT JHIHOCYJb-
¢ouatop u caxapos ruapodobusyiowue TTAB, 3a uckaove-
HHEM KPEMHHAOPraHHYeCKHX COCAMHCHHA THNA CHAHKOHATOB,
He CHOCOOHL! CHHXKATL MJACTHYECKYIO BASKOCTE UEMEHTHOro
tecta, HaoGopor, H3-3a Majoro B3avMOJEHCTBHA YrieBojc-
pOAHLIX Lened ¢ BOAOH i o6pasosaHus SHAUHTENLHLIX TIO pas-
MEpaM CTPYKTYPHLIX 9JeMEHTOB, COCTOSILHX H3 pAga Myshipb-
TatGanua 8

Boiusanue MHHEPAJOPHYECKORD ¥ BEIECTREHHOND COCTARA
HEMeHTOR HA OCOGEHHOCTE NRCTHQRKAUHK
Geronnx cmecell ¢ pofaskamu [EM

Ocanka Kouycs (es) npu
HEMOALIDBATENN UOMCHTE
g o= ." - X
NoGauka TIEM, % %g:: géé g; g%
e ] Fi ]
E ;U g : 2 L ua E uE
3 . 2‘1‘ zg 23
C-3(0.5) 24
C-3{0,5) +NasPO, (0,5) 23 %{I] g; :g
C-3(0,5)+NazBsOq (0,5) 24 =2 > =
C-3(0,5)+CIE (0,2) 26
C-3{0,5) -+ KO CHK o5 | 20
SR 02 Bl 2| ®|»
C-3(0,5)+ 2
Cc-3 (ﬁﬁg +MC(0,1) 26 20 3.2 llg
C-3{0,5)+HCC (0,2) 25 20

KOB, Xotopue (oTapHORHO cKpendcHl Mexnay coboil, .HE-
CKOJILKO YBEAHMHBAETCH HOPMANLHAH TyCTOT2 UEMEHTA, YT0
OTPHUATEALHO CKA3LIBAETCH HA NAACTHQUKAUME GeTOHHHX
cMecell © BLICOKIM COACIKAHHMEM LEMCHTHOrO TeCTa.
" B uesos n3 1a6a. 7 BHANO, 4TO BHOpaHULE paHee COOT-
HoweHusi womnouentos MMM MOMNO NPHHATL B KauecToe
ONTHMAALHLX i € no3uuuilt naacTuguKkawin GeTonnLX CMC
cei’r.an AaHEoM CcooTHOWeHHW Komnoxentos [1GM ?poa&
peHH OCOGEHHOCTH naacTHUKAUHH OETOHHLIX cMeced {c:
ctas 1) Ha HH3KO- H BHICOROAIOMHHATHLIX u.emeu‘raét. a Tak-
e nemenTax ¢ noGaBroir ONOKH ¥ waka (rabn. 8). :
Ms tabn. 8 cieayer, uTO NOABHKHOCTL OCTOHHEIX CMece
¢ pobGapuamy TTOM, 7aKk e KaK H PeOJOrHYeCKHe caf;nc'g::
LeMeHTHO-BOMHLX cHetem (Taba. 6), CyIIECTBEHHO 3d4BH &
OT cocTapa ueMenToB, B mauGosburefi mepe nAacTHHL
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PYIOTCA HHSKOAMIOMHHATHBIH UEMCHT T LEMEHT Ha cpente-
SJIOMHHATHOM KAHHKepe ¢ pobGaskoil AOMEHHOro uWaKa, B
HANMCHLIIER — BLICOKOAMIOMUHATHEI HEMEHT C A0BaBKOf
Onok#. I7a OCOGEHHOCTL XApPAKTEPHA Npil BBEACHUN BCEX
TIPM pesasuciMo OT BiAa 3aMeLTNTENN CXBATLBANI. Bans-
HIC MINCPanorny UeMEHTOB, BHAA I COACPIMAHNS AKTHBHEN
MHHCPB/LHEX 106aBOK Ha spdext nnacTuduralwy GeTonnux
* eMeceit npy BBone [NAB, Kak H3BecTHO, CBA3AHO ¢ H3GHpaTenn-
HOCTEIO afcopOIIOHKLX npoueccoB, XapakTep laMeHenus a1-
copbunn C-3 B saBucuMocTH 07 cosepwamust Cs\ 5 cocrape
WIHIKEDA AHAJIOrMYEH XapaKTepy H3MEHeHIs RO3NPOBKN mo-
GasKii Ha UEMEHTAX PaSANMHON AJIOMIHATHOCTH npli noayue-
HUit THTEX GeTonHbx eMeceir [59]. C yseauvennen cofepaKa-
uis C3A ¢ 7 po 11 % apcopbuus C-3 soapactaer npiMepHO
B asa pasa. CemKenueM ancopOunonyoil aKTHBHOCTH ueMen-
T08 ¢ poGaekoft waaka [59] momHo o6BACHHTE HX Ay Iy 10
NACTHPHUNPYEMOCTL NP HEHAMEHHO Josuposke pobapkil.
Haobopot, sBesense MuHepanbHBIX A06ABOK ¢ BHCOKOpas-
BHTOH NOBEPXHOCTLIO THNA ONOKH NPHBOAHT K POCTY ancopb-
UHOHHON aKTHBHOCTH UEMEHTZ o CHHMEHHIO sdexra naa-
crupurauny. Ilo paunum [59), agcop6ums C-3 wa uacrnmax
ueMmenTa nosbiuaerces ¢ 0,292 po 0407 r ua 100 r onoku
NMpH yBEAHYEHHN comepanua onoku ¢ 0 go 20 9% B cocrase
HopTNaHAueMEeHTA.
Beeperne 8 I1OM, kpome C-3, apyrux TIAB e Menser
B LEOM XapakTepa BAHAHHA aNlOMHHATHOCTH LEMEHTA H Co-
JAEPHAHHA B HEM AKTHBHBIX MHHepalbHBIX A06GABOK Ha Mjia-
cTHpuuHpylommii sext. Mspectno [64], uro nossimenue
conepxanua B uemente CyA Buisnipaer 06pasoBanHe CHABLHO
LHCNEPrHPOBAHHON KOAry/nfuMOHHON CTPYyKTYpH ruapoasio-
MHHaTa ¢ Gosbuwioli BoAoyaepHHBaOLCi CHocobHOCTLIO, 4TO
BLISLIBACT NOBHILECHHE BOAONOTPEGHOCTH LeMEHTA ANs noay-
Helns TCCTd 3anannofi naactuwiocti. Utobw  nmposBunOCh
nnacraduunpyiomee aeficreie CIADB na BLICOKOATIOMITHATHLIX
uemenTax, Heobxomum cneumanuhuil nozbop kak conepa-
HISL TINCA, TAK 11 TOHKOCTH HAMCALUCHISN KAuuKepa.

3.3. BanauHe MIMTENBHOCTH BLIJEDIKHUBAHHS
H TEMOEPATYPH Ha NOABHKHOCTL JHTHX
GeTOMHLIX CMmeces

B psne paGor [2, 49] pacemotpens peonoruyeckie
CBOMICTBA JNTHX cMecell B 3aBICHMOCTH OT BPeMEHN i TeM-
NepaTypul MX Beigepxupsanun. HauGonee uyscTeuresnen K us-
MEHEHHIO NauHBIX HAKTOPOB NOKA3aTeb NAACTHUECKOH Npoy-
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noetH. IMpu uenonnsopann C-3 snaueyun naacTRMecKol npou-
HOCTH ueMeHTHOro Tecta ywe wepes 60 MuH OKa3wBawTCH B
cpeaiem B 3,5 pasa BHile NEPBOHAYAMLHLIX. XapaKkTepHo,
oHAKD, UTO NpeAebHOE CONPOTHBJIEHHE CABHTY HEsHAUH-
TeAbHO HaMeHsercs B Tevenwe 3 u. Ha npoTsMenHu storo
nepHoaa nAacTyuecKan BA3KOCTL NOYTH He 3aBHCHT OT CKOpO-
cTH capura, Tlps GoOAblueHd AAHTEJNBHOCTH BLIACPHKEBANHA B
nementioM Tecte ¢ CI1 paspuBaeTCsi CTPYKTYpHAR BA3IKOCTD,

Ha KOTOpPYIO JHayHTeNLHOe BAHAHHE OKA3LIRAET CKOPOCTh po e
Ll

caoura [2]. Mo pannum 2], wepes 3 1 BoiIEepHKH MJTACTHUYC
cKkas MpONHOCTL UEMEHTHOTO TecTa ¢ nobasxofl C-3 mepaspy-
LWeHHEI CTPYKTYpPHL yBeAHUHAACE B 9,7 paza. Bnakocts noJ-
HOCTBIO PA3PYLIEHHON CTPYKTYPH yMEHbLURNACh B 25,1* paaa
N0 CPaBHEHNIO € BSI3KOCTHIO MOCAC BLILEDHCKH 60 MHH.

CHIDKENHE NOABHIKHOCTH JHTHIX  OGETOHHLIX cMmecell cy-
ecteenno 3apueut ot snauenns B/ [38]. Beenenie CII
NPHBOAHT K YMEHUbLLICHHIO B/LL u 6onee pesKkoMy najeHHio
NOABHICHOCTH cMecell. DTO MOMHO obmsicunTh Bauannen B/L
HA CKOPOCTh FHAPATALMH W NPOLECCOB cTpyKTypooGpasosaniti
uementsoro kamus. Kax ussectso |20, 41], npH NOBBLILIEH-
uwx B/L oGpasyercs SKPaHHpYIOLLas IAEHKA W3 CsSHe —
NPOAYKTa THAPATALHH C3S, saMeinsiomias AanbHERLIYIO il
PATALHIO UEMEHTA.

B [51] nokasaHo, 4TO y UEMEHTA C aktusnoctsio 37,5 MIla
i wactHuamu 51073 MKM npH B/I]=0,4 neppblé KOHTAKTH
Mexy HosooGpasopaHHAME I oH30itYT nocje FHApaTALHE
18 % o6bema 3epeH; npu B/l[=06 310 3HauenHe PpPaBHO
50 %, a npu B/I]=0,8 — paxe 80 9%.

JloGasxy CI1, xax H apyrue goGaski [TAB, ofpasylor af
cop6unOHHBIe CIOH HA NOBEPXHOCTH pementHuX sactHy. On
HAKO STH CJOH MPOHHLAEMEI, H NOCAE HCKOTOPOTO HavuanLHOro
saMeAJeHHs HApATALKA. YCKOpAETCs, 470 cnocobeTByeT 38
rycrenuto GeTORNON CMECH. - !

Jlng wmayueHHs NOABIMHOCTH GetoHHHIX CMecefi BO Bpe|
MeHH (PHKCHPOBaJZH OCadKy Kouyca GeTOHHLIX CMECeH uepes
onpedeseHHble TPOMEKYTKH BpEMCHH TPH 3aflanHoll Temncpa:
TYpE. !
J',pl*]a NEpPROM STane HCC/E/IoBAnH KHHETHKY NOABHIKIOCTH
npH HOpMAXLHOi TEMnepaType % GeTOHHLIX CMecell C Ozl
HAaKOBON HAuAMBHOR OCAAKOH KOHYyCa (22...24 cm) npw
pasyiHuHLX B/ (0,7; 05 u 04). B Kauectse HCXOAHBIX Ma
TEpHAJIOB HCNONBIOBANH MHCTOKJIHHKEPHIT CpeaHeanoMuian
HHI NOPTNAHALEMENT, Cpefuni H MefikHil wBapuUeBki MECcok
¢ BOAONOTPEGHOCTLIO COOTBETCTBEHNO 75 u 11,5 # rpanuTrbd
ueGens Gpakuup 5...20 MM ¢ soponotpetroctaio 2,7 %.
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H
o aﬁ,}@ﬁf&ﬂiﬁ ONpefensnn BANAHUC MIHEPANOrIYecKo-
COCTAB3 UEMCHTOR HA NOTEpIo

:io;:-m 6ET1{HHK cMeceil ¢ gobaskamu [TOM. nangﬁzga
cnoabvaceann GetoHune cMmecy (B/U=0,5) co cpeann
UEBBIM TIECKOM. ' i
mmTpe;uﬁ STal HCCAEAOBAHNI 3AKMIONANICH B HAYYEHUN BANS-

GaKTOpOB BPEMEHH H TEMNEPATYypH Ha NOABHIKHOCTD

21
200
18
16
n -
6y ]
tlaisi z il 2yl i3
2 4 & & 9 b 15 } Jﬁ?ﬂgﬁﬂﬂ”u
5 30 45 60 73umun 20 40 G0 46 100 T
Pue. 17, M )
o KIMENCHHE DONBNMHOCTH OeTOUHEYX cMocel
& 80 B f
:penu m:pc':::n :enmc, B =706%, BU=04, cpeameayosmiarisi nﬁ;mnﬁ
K By=~T.5%. B[U=08, manoumoMmussrusill yewesy; § — 6:: a.nn:

Bon; 2 — C-3.00,5%): 3 — C-3(

C-3 A 0,5%)-+CAE (0,1%). 4 — C-

AR R R e b

COKIT 03%): 49 — ChaMe maks oy ikl 10 — CIHKIT (03%): T
Bik): 15 2 dNTicE gy (OEhl 1€ = Casiice

mﬁl?t:i; hﬁ:,::c;ﬁ. (':{ucraa GeToHa 32eCh NPHHHMANH HEH3MEH-
A ailion e,eaau 8 NpeAnayilie sTankl dechqegosanni,
o J;}; PnﬁgnhTanT onuiton (pne. 17, 18), moxHO
OUECHR I X Blf ncemm *dJM, cojiepHiae 3aMeANHTe I
S } X CIyMEnX CYWECTBEHHO H3MEHFIT Ki-
s Y HOTEpH TNOABHMHOCTH OeTuHHbIMU cmecamyu. HauGo-
pomgzn::;oe cria_lﬁumsaupymmce AeHcTBIle OKA3LIBAIOT Caxa-
poco -rl;namggn . AB, nanmenvmee— [TAB nurnocyssgonat-
il r:vuome:rr:pﬂ HopManuHOll TeMmmepaType B Teuenue
. 3aTBOpeHHs JNTas Ccmech Ges n06aBOK
]ﬂp ET NOABHMKHOCTL Ha 4. .. 6 eM, ¢ nobaeroit C-3 — Ha 6
ke )ac:{. TO Euﬁaaxu [T®M nossonsor 3a 570 spems ofecneunTs
PAKTHYECKH HEHIMEHHYIO NOABHIKHOCTL cMmecH. C nomouinio
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caxapocogepxamux [MOM ynaercs NpoAHTL Hu3Hecnocob-
pocth AMTHX cmecel no 1...1,5 4, B TO BpeMs KaK CMECH C
oanum CIT CHHKAIOT CBOIO NOABHIKHOCTL B ABA pasa M Gonee.
Jlirsie cmecu ¢ CIT 1epsioT nOABHIKHOCTEL 3aMETHO GuicTpee,
yeM CMECH € ONHHAKOBOM Ha4YaJbHOH NOABHMHOCTRIO Ges CI1,
YTO 33aKOHOMEPHO OOGBLACHALTCH 3IHAUHTENLHO Goaniued BONO-
noTPeGHOCTLIO NOCAeARHX. TOT BHIBOA HE XapaxiepeH AnA
cmeceli ¢ psizom pob6asox MOM. Bmecte ¢ Tem NpH conocra-

I oM
24
23 I\
22
21}
zot
15
18
It

‘:\ ’E l '

1§ 12345678 9"0”:?:.1"4;3 F.E*J‘&GI?&?HJ" 2”4;5
] 100 12t
15 Jo 4% 60 r.sf a0 20 40 60 a0 P

a &
Pic. 18, HamedeHHe HOLBIKHOCTH GeToRHBIX CMecell BO  BpEMetn:

=7.5%, BjLl=05, BucoKoa IOMINBTIER WHeMenT; & —

- HHll necox, B
p g 9 BfI[=0,5, cpeamestOMuEITIMA ueMeNT © poGankon

epenunll necox, B,=75%.
O e 8 — C-3(0.6%); & — C-34+CHB(01%); 4 — C-3+

manka; 4 oy 55 2O ACIE (03%); & — C.3+KO ORK nkka.av. T S

+KOCHK (03%); 8 — C3+K cgmc g:.as;: 9&0:'; K 1% 10,

C-34+KI (0.2%): 11 — -3+ KM (0,3%); . 12 — C-3+ II:I'%C [.D.RDM

10.2%); 14 — C-3+MCC (03%); 15 — C3+ f

BHMbIX YCJIOBHSX
¢ ymenstiensey B/L neMentH
TaK NA3LIBACMOIO HCTHHHOIO

pa cnenyer paccMaTpHsaTh COBMECTHO.
yaoGHo nNpexae Beero npH HeoGX0AHMOCTH O

HEIX SanoJHHTeJed.

Hekotopuie uccnenosarenu |18, 31, 48] audipepenupyT
BOAy B GETOHHOM CMEeH MEH(IY UEMEHTHLIM TECTOM W 3ano-

HHTEJEM.

Tak, B [3]1] pexoMenpyerci BujeniTs B Gerone MOoGKIL
Hy10, HIH CBOGOANY!IO, BOAY € HECTECHEHHBIM, cBOGOAHEIM MEPE-
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TaGanua 9

Hamenenie mionmnmuocTH GeTomnbx cmecel BO Bpemeny
B sasHcHMocTs OT (8/1)a

TeMn MOTEpH MOABMIKHOCTH yBeniHunBaercd
oro Tecta B GETOHHOH CMECH, HAH
B/l |4, 18] (raba. 9). Ilous-
THE HCTHINIOTOD BOUOHCMCUTIONS OTHOLCHHSA (B/L)y ne nop-
menser obuee B/L GeroHHOil cMecH M, TEM Gonee, He BHITE-

apamer-
cHfieT ero M3 TexHojoruveckux pacueros. OGa st 0
H [Mpumenenye (B/L)x

GLEKTHBHOH OLENR-
KiH BAHAHHA Ha csofictea GETOHHOR CMECH H Gerona pasnuy-
I

of

;i-g E.E E‘* TToaBHMBOETE eMeTH (M) NEpES

2 3’. 'g' = Notopns - E'.- =

25E | 55 56 | 2

£§= S8, gz_ ) 5 snint | 30 s 6O powni| 90 mpn
170 7.9 — 254 | 0,281 5 1 0
210 7.5 — 254 | 0,347 22 8 15 11
170 19 C-3 21,5 | 0,256 | 23 16 12 8
170 75 | C-34Ng;PO, 21,5 | 0256 | 22 20 17 15
170 | 7.5 |C-34+NaB,O, |28 [0258 | 23 | 20 | 18 | 14
170 7.5 | C-34-CIIB 208 | 0,252 | 23 19 16 12
170 | 7,5 |C-34+KO OKK | 21,2 |0259| 20 | 19 | 16 | 13
170 7.5 | C-34KI1 20,9 (0252 | 21 21 18 15
170 79 | C-34MC 209 | 0252 | 20 20 18 15
170 7.5 | C-3+HCC 21,6 | 0,256 | 21 € 18 14
190 | 11,5 " 254 | 0,235 9 2 0 0
230 11,5 — 254 | 0317 22 16 13 10
190 11,5 C3 216 | 0.21 4 15 11 6
150 11,5 | C-34NasPO, 21,5 | 021 23 19 16 14
190 11,5 | G-34-NagB,0; 218 |0213 | A 20 15 13
150 11,5 | C-34-CHB # 208 | 0207 | 25 1B 14 11
10 | 11,5 | C-34KO CXK | 21,89 | 0213 20 18 13 10
190 | 11,6 | C-34-KM 206 | 0,208 | 22 20 16 14
180 | 11,6 |C-3+-MC 209 | 0,208 | 21 18 16 14
190 ¢ 11,6 | CG-3+HCC 215 o212 | 22 21 17 15

Mpnmevndne Tpw pocvere (B, npimessan By =2%, rne By, —
BOAGHUTHEOHOCTR LLOGIHN,

MEUICHIIEM MOJIEKYN H HMMOGHALHYIO, MOJNEKYJL KOTOpO# He
MOrYT NEpeMellaTLCs No HOPMANH K FPasuNHOM NOBEPXHOCTH.
Hmmobuavian pona cnocofHa ynepKuBaTeCsl KAk LEMEHTOM,
TaK W 3anosiiteneM, B peakumu ¢ ueMenToM MOMET yqacT-
BOBATL JiMLL AKTHBHASN BOAd, HaARAJLNLIT 3anac KOTOpofi pa-
BeH pPasHoCTH MeXAy OOLIHM BOAOCOAEpIKAHHEM H HMMOOH/L-
Hofl BojOf, yaepxuBaemoit sanonuurtenem. [Ipn rupparauun
uemMenTa HaGmonaeTes KaK XIMIMECKOC Cofi3LIBAHNC BOALl, TaK
i NOrJoleHHe ee paaBHTOll BHyTpeHHell nosepxHocTbio obpa-
ayiouerocs reJis,

Boaa, orsnexaeman sanoanuTenem, YNacTBYeT B nepepac-
npefeneHyy 1op B UEMEHTHOM KaMHE It CO3aHIll NOp KOHTAKT-
HOT 30HHI MEMAY UEMEHTHbLIM KamHem n sanonuutesnem [18,
21]. Kax noxasano s [4, 18], npu HIMEHEHIIM KBYECTBEHNBIX
XAPAKTEPHCTHK 3anoauurens ceoficta Getoma wmoryTt OBiTh
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OAHO3HAUHO cBfizanu ¢ (B/L)y nementHoro rtecra s Gerone.
SToT napameTp Bupaxaer Takoe 3nauenwe BJL, npu xorto-
poM Getounas cMmech OylieT BMETH Ty Ke MOABHKHOCTL M
CPOKH CXBATHIBAHHA, YTO 1l UEMEHTHDE TECTO!

(B/L)u= (B—Bxn-IT—By- L) /11, (3.1)
rae B, [, IT, Il — pacxon sonsl, neMeHtTa, necka H webnn;
By ¥ By — BOAONOTPeGHOCTH mecKa M metHA, naligeHuue no
creyHanbuoi Metonuke [4).

JInub HeaHauMTENBHEN 4aCTH HMMOGH/IH3OBAHHOMN 3anOn-
HHTC/AAME BOAL! CBA33HA C HX NOBEPXHOCTLIO ancopbUHOHHO!M
cansbio. o pandmm [46], coasannan mopa, obrapawowas
CBOMICTBAMH YNPYTOro TBEPAOro Tena, obpasyer Ha KBapLUEBOM
NecKe nJacHky qomumunoi oxono 0,1 mrm. Herpyawo nopcun-
TaTth, 4TO OPH_ YNENbHOM NOBEPXHOCTH CpeHesepHHCTOTO me-
cka 120...140 cM*/em® apcop6UMOHHO cBR3aHHARA BOja co-
crapasier 12... 14 5 na 1 M* aGeonotnoro o6LeMa mecka.
BoaonotpeGuocTs  sanosmuresed, wafiiennas no MEeToaHKe
[4], B Tpu—cemp pa3a npesmwaer Takme BOLOCOAEpIKANHE,
HEOGXOAWMOE W3 YCTIOBHSI CMauuBanus. OCHOBMAS YACTH HM-
MOGH/IH3HPOBAHIOH BOAK B COOTBETCTHHH C KaaccHPHKaunen
(opm cBasn sraru [53] nomKHA MeXauuueckn YAePIKHBATECSH
3anonuuTeNeM.

Pacemotpum  soponotpeGrocts sanciuutencit Gerona s
CBETEe TEPMONHHAMUMECKHX NpeACTaBAelHii O Baaronepexoce
[46]. B cootmetctBum ¢ [46]) xkumetwka nepenoca saark, Tax
Me KAk ¥ Temwia, B KaNHAAAPHO-MOPHCTHIN TeNax onpeless-
€TCSl PAa3HOCTBIO NOTEHUHAN0B nepeHoca,

Moresunan praronepenoca npegctasisier coboit  ymnx-
HWHO BUIarOCOAEPKANUA H BHEWHHX NApaMeTpPoB, KOTOPHE B
COCTOSIHI  TCPMOAHHAMAYCCKONO PABHOBECHSI NOMMHLEL ObITH
OAHHAKOHL! BO BCEX UACTAX TENa HJAH CHCTEMB! Tel. [py onu-
IAKOBOM NOTCHUHANC NCPCNOCE 11 TPANULC CONPHKOCHOBeN s
Tell C PasjHuiol yACTLHON BRATOCMKOCTHIO €, HabMofaeTes
CREZHOK Blarocopepxianns. JISBHIKEHHE BAATH NPOHCXOAHT OT
TCHA C GOJLUKM HOTEHUHANOM MEPeHoca K TeNY € MEeHBLHM
norenunanoM. Ipagwent norenumana BA@ronepesoca pasen
FP3ZAHENTY KanuANSpHOr0 NOTEHUMANA C OOPATHLIM SHAKOM
(6['):_&“:-;;}.

Lna KanpanapHO-NOPHCTHIX TeN, MONEHfiMH KOTOPEIX MO-
FYT CAYMHTE CHCTEMEI, COCTOALIHE H3 OAHHAKOBHIX chepuue-
CKHX NacTHL, XanuiJfpHbif NOTEHUMANn Yy NPEACTABANIOT B
BH/IC TIPOM3BEAEHHS BLICOTH KANWUANAPHOTO HOAHNTHA Ha
ycxoperite csoboanoro nagenus [46]. Kanuanapuwit noten-
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MaTepialloB ofpaTtHo
nponopuuonanen panuycy chepuuecknx wactuy, ;

Kaca 3anoauntesefi, moxuo YTBEPKAATH, uTO MMMOGIII3a-
SATONHATENAMY  ABNAETCH  Tepmo Ha
ofycnosaennoit, Ipu quannnnannu noreuuﬁancﬁﬂ 'ue':;:i?g
FO T€CTa N sanoanuTenct Gerousas CNECH npuxoaut B Tep-
MOLHHAMHYCCKO® pasHOBeCHe (01=0y). TIpn sron BJIAT0CO-
AEPHKANKMA UCMEHTHOrO TecTa Ky B 3anosunteneft uy weouna-
uogu ;l 38BHCAT OT HX yeabHOll BAATOEMKOCTH Cm: Uyftta=
= Enofbmg.
onuitax A. B, Jlukosa [46] npu pasuux swaverusx no-
TEHUHANA mepeHoca BIArOCOREPIANNIC KBAPUCBOTO moCKA 1a.
MEIRIIOCL B WNpOKNX npepenax Aoctiraao 0,1 krfur o
Gosiee, 1. e Tex NPEAENOB, B KOTOPLIX HAXOIITCH W BOJIOTIO-
TPeGHOCTL 3anoMHHTE el Hanpuwmep, fph moTenuuaie nepe-
oca 0=550°"M u ynemsuoil HIOTCpMIeCKoll  BA2roemKocTy
=25 102 Krf (kr-°M) Blaroconepkanue necka cocTapsier
okono 0,1 xrfkr, wau 10%. Bogonorpe6uocrs sanoannTened
ONpEACIsieMyio no Metoanke [4], noxuo rakuy 06pasom -
TCPNPETHPOBATL KAK WX Blarocofepicanne B MoMent TepMo-
ANHAMHUECKOrO paBHOBECHS B cMecsx C LeMENTHEM TecToM
HOPManbLHOH ryctoTil. Hamenenne BOIOROTPEGHOCTH € lame-
HCHHEM KPYNHOCTH W Apyrux NAPAMETPOB 3anonuuTenell Mo~
HO OODBACHHTL HaMeHeHueM wx floTeHuNana neperoca u yuean-
HOHP BAATOeMKOCTI,
dcCMOTpeHHble  npeanochnKy -

TmepKcH o [24], pea SKCNEPUMEHTANABHD noa

Packpus duauveckuii CMBICH
Tenelr 8 Geronnofi cmecn, (B/L)y momno usiyeck HHTEp-
PPeTHpoBaTL kak B/I yementnoro tecra B GetonsOH cmecn
K MOMeNTY BLpaBHUBANNS nOTenunanop Baaroncpenoca. Ta-
Kai HuTepliperamus  gonoauser i PassliBaer npeacrasnenns
[7, 18], B coorBeTcTRIM C KOTOPEIMIt BOLONOTPEGHOCT) 3anogn-
HuTenelt u (B/L), ONPERenaTes  nepuojom Popmiposanns
CIPYRTYpul GeToHHOM cMecH,

Housitie «nepnog Qopmuposann CTPYKTYPE®» sipasiercs
HELOCTATONHO  KOHKpeTHLIM. Ouesno, CTPYKTYpa Getona
Gopmupyeres Ha  NPOTAMEHHH 3HauNTenslO Gonbutero ne-
PHOLA, uem sapepiaercs HMMOGHAH3ALUNS BOAM SanonHuTe-
AAnK. Moo MPEANONOKHTL, yTo BOAONOTpeGHOCTL 3anog-
HETeNelH Gyser 3amicets o Bojoconepxcanis GeToHHON Cye-
Cll, HIH, Hnate, npn Goabumx SHatennax By u Bu (3.1) soa-
MONHO nonyuenye (B/l)u<<0. C uemuo NPOBEPKK 3TOro

BopOnOTpeSHOCTH 3anosuy-
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Tabaunua 10

BoponorpeSrocts 3anodnnTeneil fpw pasARunoR
KOHCHCTeRIHM WEMEHTHOrO TecTa

BosonorpelHocTe

Komouerenizii BiL ZRNOAMKTCRERA N0 Macce,
i Hr
= By BJT 100%
% HI LBty r;?- [{53;‘:'5 MNecox Eé:; Ofiuns
85 | 02401 0,390| 0,528 7,51 | 395 | 524 84,8
90 | 0254)| 0413] 0,559 7,96 | 419 | 556 80,1
100 | 0282| 0,459 | 0,621 | 884 | 465 | 6,17 100
110 | 0,310] 0,504 | 0,683 972 | 512 | 679 10,1
115 | 0,324 | 0,528| 0,715| 10,2 535 | 7.11 1153
NMpuMmenaiine ;B,F.Bfr ) I8 — oTHOlcHnE BORONOTHEGHOCTH

sanosHMTeaell OpH  3BROHHOA KORCHCTONMAMH ueMeNTHOr0 Teita K ero
InadueHE PN WopManpHOR rycToOTe.

NpeANONOMKeNHA NOCTABACH SKCHCPHMEHT N0 ONpeleneHHo Bo-
HONOTpeOHOCTH 3aNOAHHTENEH Ha UeMEHTHOM TECTe pasaud-
wofl koucHetenuny — (0,85; 0,9; 1,0; 1,1; 1,15) AT (1a6a, 10),
rae HIT — nopMansHasi TycToTa uemeHTHoro rtecra, %.

Kak cnenyer 3 taba. 10, sosonoTpeGHOTL 3anoHuTeNs B
GeTone ﬂpOI’lO[}uHUI{BJIbHH KOHCHCTEHLHH LEMEHTHOro TecTa
B Oetonnoft cmecH no orHowenwio K HI. Tlocaenuwee nono-
MEHHE MOXHO COpMyAHPOBATL CACAYIOWHM O6Pa30M: OTHO-
WEHHE KOMMYECTBA «HCTHHHON® BOAL (BOAB ((EMEHTHOrQo Tec-
7a) B GeToHHOl cMecH 3aAaNiHOi yHnoGOyKnaauBaeMOCTH K KO-
JAHYECTBY BOAK, HMMOGHJAHSOBAHHOIN 3aNOJHHTENAMH, mponop-
UHMOHANBHO MX OTHOweHMio B GeTOHHON CMecH ¢ Takoi yao6o-
VKI2IbBAEMOCTBIO, NPH KOTOpOll LEMEHTHOEe TeCTO HMEeT KOH-
CHCTeHUHIO HOpMaAsHOIi rycToTH M T€ JKE CPOKH CXBaThBa-
tns. Takum oOpasom,

(B/LL)/ By = HI|BMT, (3.2)
B.=B—(B/L) wilt {33)
B:ﬂ“ =03 8,p, = Wsps (3.4)

rpe By, — BoaonotpebHOCTS 3aNOJNHHTENR N0 Macce, Onpejc-
asiemasn no meroguke [4]; ps — NJOTHOCTH SANOJHHTENS; We=
=Bsps — BOAONOTPEGHOCTL 3anoNHuTENs no abCONTHOMY
obnemy.

Tlpoussens sJeMeHTApHEIE MaTeMaTHuecKue npeobpasosa-
HHS1, TIONyqaeM

(BIH)w= (BIL) (14 (wava) [ (HT-1D)]. (35)
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Ecnu supasurs wy uepea By u By, 10
(BIL)w= (BIL) | [\ +(Bol1+BuIlf) | (HT - L)].  (3.6)
Hanpumep, B/H=065 Bn=10%, By= =
(Kur =0,27), =298 xr/ms, I}'-—hﬁnguxrmlg. 2{{&12% m?fitﬂé

Honerasnsn s (3.6), noayunm (B/I[)x=029. an naxomne-
uug  (B/L), no (3.6) wmoxuO ncnoﬁmaonarﬂu ﬂomorpan:ily

(puc. 19).
ﬂﬂe&?ﬂ!feﬂ
18/u)u 10112 13 14 15 16
w ]
05 5o
a7 ﬂ?
04 26 P £
J
a
3 ?
aJ ﬁ
025> : ¥
of __,.//"ﬂ
4 D=275 A,
a,
05 G5Q\ 67 6.8 b/a J

x50 sto 400 500 lfme/mi”

Pue. 19. Homorpamma ans onpenenesus (BIL)x.



Onnitel # pacuets (126, 10) nokasanu, uto B/I] uement-
Horo Tecra B GeTOHHON CMECH, HalJeHHOe NpH y4eTe HMMO-
OHAM3AUNYE BOAL 3aNOAHHTENSIMH, fABjsdeTcs 6GOJNEE TOUHBIM
buaNMeCKHM KPHTEPHEM NpPH NPOrHO3HPOBAHHH TeMna nane-
HHS NOABKIKHOCTH GETOHHON CMECH BO BPCMEHH, HEM Hauafb-
Hoe sopocopepmanne. [pu Beesenny g06asok [MAB caenyet
YUHTHIBATL HX AeaOKyaupyioulni # aAcopOuUHOHHO-CMa304-
Heidl sdert, a TakKe cTaGHAHSHPYIOUlEEe AEHCTBHE.

OK,CM

Pac. 20. MameHenwe 1oz -
HOCTH  GETOHULX CcMODCR  BO
spemenn apy K=30°C (cpes-
HEZMOMHNATHBI ueMenT,

1 =0,5):

KD
7 t. C-3+4+HCC.

Jo 60 80 120 Tum

Kpugne nagenus NOABHAKHOCTH JHTHIX OeTOHHBIX Cmecef
¢ noGapkamy [TOM moxho pasluTe Ha 5Tanbl OTHOCHTEb-
HO# CTAGHALHOCTH W NPOrpPECCHpYIOEro CHHIKEHHS MOABHH:
Hoers. Kak pecs nepeos CHHMKEHHA NOABHMKHOCTH, Tak i ne-
pHoi oTnocHTeannol craGuiunoctn (em. pre, 17, 18) Tci‘::';ao
CKOppeAMpoBaH € HAYAaNOM CXBATLIDAHHA UEMEHTA il
ta6i. 2) n nepHoaoM (OPMHPOBaHHA CTPYKTYphl Ha xpr}s{n
NAACTHYECKOH NPOMHOCTH NPH MPOYHX PABHMX YCJAOBHAX., AOTH
ANIOMHHATHOCTE LEMEHTOB H CKasuLpaeTcs na majeHdi no-
ABIGKHOCTH OPTOHHEIX cMmeceir ¢ noGaskamu [I®M, uo 3ua-
YHTETbHO MeHbiue, ueM 6es po6asoK wiau ¢ A06aBKOH i
oasoro CIl., B Gonbuieii Mepe HA TeMI CHHEMEHHA NOABHM-

seT nobapka ONOKH.

“miril:::gzma iame_uemm peonoruueckux csoficts aurThx Ge
TOHHBIX CMecefl BO BpeMeHM CYLIECTBEHHO 3aBHCHT OT TeMne-
patyptoro ¢aktopa [2, 3]. Bausnue temneparypn Ha no-
IBMIKHOCTL OeTonHEX cMecefi ¢ poGaskofi C-3 pacmo%eg
8 [2], rAe yKasaHo, YTO NOBLIUEHHE TEMNEPATYPH A0 . :
HE MPHBENO K MAJACHHIO HAYANLHOM NOABHIKHOCTH 58‘1‘0!:!th
cMeceil H CPaBHHTENBHO MaJNO YBEJHUNAO KPYTH3HY cnana

1

Mpy 40°C yiKe OTMENEHBI 3HAUHTENLHOE CHHIKEHHE HaYa/lb-
HOIl NOABHMHOCTH GETOHHLIX CMecel y Gomee KpyToft cnan
nocnenrefi: a0 9 cM ann cmecw 6ea aoGasxu ¥ 11 oM pas
cmeci ¢ nobaexoil (Ao 22 cM nopsuzkuoctd npy 20 °C). [Mpu
60°C navanvras noasiKHOCTL GeTonumx cMecell Ges f10Gan-
Ki 1 ¢ nobaskokt C-3 ymenbwmnacs 10 3 oM. YCTAHOBACHO
[3]. uto npwu Temnepatype Geronwoil cmeck g0 40°C yKaaaka
€e fomKHA npojosKaTtecs He Gonee 30 muM, npu 60°C
5...15 mun,

(T 0m
61
Pre. 21. Hsmeneme nopsis-
HocTn GeToMHLIX cMeceft Bo
upemeni np K=50°C 4
(cpeancatioMmnEariwii HEMOHT,
Bil=08):
! — Ges polawwn; 72 — C:8: 3 —
C3+CHUB: 4 — C-3+KO CHKK:
L P o S

7 — C-a4Hce.

30 T MUK

Haum panneie (puc. 20, 21) NOATBEPIKAZIOT B LENIOM pe-
synetathi onwtos B. A. BaGaesa [2]. B 10 e spemn omu
NokasbiBalor, 410 npn 30°C Geronnne cmecH (Gea nobasox
H ¢ po6askoit C-3) CHHXAOT NOABHIKHOCTL HOMTH jiuedHo
MpH HEIHAMHTENLHON AANHE YYACTKA OTHOCHTENALHON CTAGH/IL-
Hocty. Beezenne ITOM, ocofento caxapocopepauiero THna,
nossoaser npi 30°C sameTHO NPOMINTL NEPHOL OTHOCKTENS-
Hoii  CTaluALoCT INTHX GeToiuy cMecell. D1oT  BuBoa
NMPaKTHUCCKN BaXKCH ANs yenoBuii nponspojctsa paGor 8 cy-
XYIO W MEpKylo noroay, korpa teMneparypa Geronnoff cMmecy
MOMeT gocturats 30°C. !

[lpu remnepatype suiue 30°C nepnoa oTHOCHTEALHOM CTa-
GUALIIOCTH MOABHIKHOCTI GETOHHHX cMecell CO BCOMM icene-
JobannuMu noGaBKaMK NPaKTHHMECKH CBOANTCH Ha HET, XOTH
Hauaaunas NOABHMHOCTL ¢ noGaskamu TIOM u okasviBaetcs
aLe.

ANanns ONWTHBIX AAHHBIX [51] nokasuBaer, yro nogBIK-
HOCTL GeToHHEIX cMecedl BO Bpemenn B o6uien Bie

S =8 (1 — k1), (3.7)

rae Sy, — ocajka kowyca GETOMMOR cMecH, Onpepeenias
HENOCPEACTBEHHO nocne nepemeumsanus cvecu (v=0); S.. —
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Ocajika KoHyca GETOHHOIl cMecH uepes BpeMms T moOca€ sameca,
4, B — KOSQOHUHEHT OTHOCHTEJLHOrQ H3MEHEHHS TOABHM-
HOCTH CMeCH, 3aBHCALLHA 0T TeMnepaTyps OKpyMaiowero

BO3AYXA.
Jas GeTOMOB Ha OCHOBe nopraanguementa [51]

k=1/32, (3.8)

rae { — CpeaHsns TeMnepaTrypa BO3AYXa 3a BPEMA T.

OcuoBnoii HepoctaTok 3aBHCHMOCTH (3.7) B3akaiouaeTcs
B TOM, UTO OHZ He YYHTHBAaeT ocobeHHOCTel MaTepHaios, BHAA
po6GaBok H T. 4., @ TaKKe CnpaBeanusa JuillL nOpH k> 1.

Ha nopsHIKHOCTH BO BpPEMEHH [OMMHLI CKa3BBATHCS, Oue-
BHIHO, BCe (akToph, OnpeiensioUlHe CKOPOCTb THApPATALNK
uementa. Kpome B/Il n Temnepatypsl K SHcay Takex (akto-
POB OTHOCAT AKTHBHOCTH, AHCNEPCHOCTH LEMEHTAa H Ap.

Jlns npor{o3HpoOBaHHA BO3IMOMHOfN »u3HecnocobHocTH Ge-
TOHHO# CMECH TMPEeANOMKEeHBl NMOHATHA «HAYAN0 H KOHel CXBa-
TuBakra Gerounoft cmeck» [39, 51). Hanpumep, 8 [39] pac-
yeT NepHofa Hauaja CXBATHIBAHHA GETOHHBIX CMECEeii pexo-
MEH/YETCSl TPOH3BOANTL N0 opMyae

He=«[tuc+ 14,5 (B/L) —Kss) (3.9)

rae Hy — nauano cxpaTHBaHusl OETOHHOH cMeCH, M) Tupe —
HAYa/0 CXPATHIBAHHA LUEMEHTHOTO TECT2a HOPMAJBHON IyCTOTH!
(Kwe) npu 20°C, u; (B/L)¢ — daxruueckoe B/l ¢ BriueTOoM
BoaH, azcopGHPOBAHEON 3anOAHHTENEM.

(B/Ll)g MOXKHO HAiTH, BLINHTAS BOAY, AACOPOHPOBAHHYIO
3anN0JHHTENEM, ¢ YHMETOM KOShOhHUHEHTOB CMAYHBAHMS MECKa
H webua [39]. Kosbduunent ¢ 3aBHCHT OT TEMNEpaTyph.

Jpyras c¢opmyna, 3HAMHTEALHO MeHee OGOCHOBaHHAA,
NpennoHena g Eli’

-
-

o= 200BILL
2(f + R./10)

rae v/2 — Hauano cxpaThBanua Geronuofi cMecH; Ry — ax-
THBHOCTL uementd, MIla; { — TeMmnepatypa GeToHHOR CMECH.

Gopmyna (3.10) ue cesu3nBaeT Havaino cxpatuBanusa Ge-
TOHHOI CMECH ¢ H3VAJOM CXBATHIBAHHA LEMEHTHOrO TecTtd, YTo
asasieTen ee OCHOBHLIM HegocTaTROM. @u3uueckd He obychoe-
JEHa M 3aBHCHMOCTL Haualla CNBATLIBAHHA OT aKTHBHOCTH
nemerra. Kax uaBecTHO, aKTHBHOCTL LEMEHTA OnpejenseTc
CNOMKHEM  KOMIUIEKeoM ¢aKTopoB: XMMHKO-MHHEpasioruye-
CKHM COCTaBOM, CTPYKTYpPOH, AucnepcHocThio H ap. LlemenTtn
PA3NHUYHOR AKTHBHOCTH MOryT HMETh OJAHRAKOBHIE CpPOKH
cxpaTupaHis, H HAao6opOoT.

(3.10)
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- Ha lg(i.!i‘) cnenyer, uto npu (B/L)g=K.. navano CXBATH-
s OETOHHOR CMECH paBHO Hauamy CxXBaTHIBAMHY LeMeHT-
H{:rg Tecta (npw 20°C ¢, =1)
COOTBETCTBHH C NPEACTABICHHAME COB
] EMEHHOH CTpyK-
TYPHO-TEXHONOTHYECKO!  TeOpHH  Getona ['?, 18) ﬁemm?aa
CMECL HMCET TE Me CPOKM CXBATHBAMNS, 4TO Y LEMEHTHOE
TECTO HOpMaabHoli ryctotet npu (B/U)y=K,., rae Ky —
HOPMAJILHAN rycTOTa HeMEHTA B JOJAX eNHHIILL i

TaGnuuwa 1]
3navenin Kosduumenron Ay Ay w K

Koadupuument
Uement A, -

y {Brthy > Koy o | (BiLLy, S o | "0%C| Ba0ec] Kanvol Ko =
Hiuskoamomu-
HaTHL 0,9 .
Cpeaneanonn- 14 95 I 1079 060| 045
HATHLI
Btk i ] 8 1,3 125 t o071 055] 041
HaTHR
Cpenseamonmi- o L 14 I | 065|050 0.37
HaTHbill ¢ po-
Gasxoil 20 %
WAEKa 09
Cpesneamou- 3 9 1 [075(057| 0,40
HaTHuH © no-
Gankot 10 9,
ONoKH 017 ||2 14 l 0'65- 0‘48 0.35

Cunan 16CRa 1 o s oK Ko
HS 3HAUHT
[;mpgﬁﬂm-ru_ e/ILHO MeHbILEe HX BOAO-
Havano cxpatusanns Geronnofi cmecn — YcnoBHOE o~
ggléii.’eoaxﬁzammee NEPHOA JKN3HecnocoGHOCTH nocAentell, B
. poOro BOSMOMHBL TEXHOJOrHY '
4 %cyrcpaﬁu*rxe. E€CKIe omepamiin no
TEXHOJOrUN GeToHa HeT paspaGoTamubix
HHCTpYMEH-
Ta.ﬂbléblx METOIOE OnpefieNlenns Hauana § xKoHuaA cxaﬁuna-
Hi#a Oetonno# cMecw. Jlas TPAKTHKH GOnee Bayew Nporuos
NajeHust NOABINKHOCTH GeTOHHON CMecH Bo BpeMEHH, KOTo-
PLIT NOIBOJIACT BHOCHTHL KOPPEKTHBH NPH HASHAYCHHH HANAML-
HOM NOBIKHOCTH H ONPEACNATs AONYCTHMYIO TIPOAOIKHTEND-
HOCTL TPAHCNOPTHPORAHUA GETOMHON Cmeci, OGpaboTka no-
AYNEHHBIX NaHHBIX NOKA3a)718, 4YTO 448 OPHEHTHPOBOUHKEX NOJ-
CHETOB BpEMEHH NAfCHHN MOABHMHOCTH JNTON GeToHHOMN CMeCH
C HauaJLHON MOABMMHOCTBIO 24 cm (B HHTEpBaJe OTHOCH-
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TenuHoit craGuasnoctu 24 ... 16 cm) Ha Kamuane 9 CM MOMKHO

b30B4TL Gopmyny |
. o 3 == (K 12)[ A, e + Ay ((BILL)y — Kir) ], (3.11)

e Ay u Ay — Ko3DPUUHENHTE], YYHTHBAIOWHE BAKAHNIE uiz-
E.:mm::'reﬁ jcxoubix matepuanon; Ky — KosQduuuent, y

#it BAHAHKE TEMIEpATYPH. ]
mgﬁt&mm KOI((PHIHEHTOB /AR JICCACAOBAHHLIX MaTepHa

1
npuBenen B Taba. 11 e
MBB l;:ea.m,uux NPOHABOACTBEHHLIX YCJOBHAX HA TEMIN Naj

BAHATL YCROBHA TpaHc-
WIKHOCTH, OueBHAHO, OYyAyT
o HHA 6e§ounoﬁ CcMECH, Wcnapende BoAbl H JIPYTHE

a 3
"i’:;?épﬁ B cBfsM ¢ 3THM NPHMEHHTENBLHO K nonx;:f:!?un;
?mum?nn.t MeaaTeaLHo  KOpPPEKTHPoBaTh Koshduuue
(3.11). ‘

3.4. BopooTnesienHe H paccianeaeMocTsb
ARTHIX GETOHHBIX CMECEH

Ba)HbIMiE TEXHOJNOIHYECKHMH CBOICTBAMH rjemun;:f
cMecell, OCOGEHHO JHTLIX, ABAAIOTCA BOAOOTAENEHHE H P
eMOCTh, )
maﬂzionmmemte — pe3yJabTaT CeANMEHTalHOHHOro yr(;.gn-:.
HEHHS H OCaMACHHA TBEpPALIX “MaCTHLL ﬁemnunopi :oﬁ%}gmeu};m
THOCTBIO.
HHOr0 KX pasaHyHoil 10
iggggmeneuuﬂ n%cmrawr pen;;wponaelmf:m c:ﬁg::ﬁﬁg&n:{a’
efl, BB
rpaHyJOMETpHH 3anoAHHTENEH, 5
:EJ'IEI' [gﬂ. Bg,u.umnenmme npaAMo canaanuﬁc Boﬁnaugngﬁ:cc“‘
pawineft cnocofHOCTLHIO UEMEHTHOrO TECTa o e‘;-?ﬂ g
HMasectio [1], 410 MaKCHMa/ABLHOC 31:53uenne :;'rum?o e
: 10 cnocoBHOCTL Leme -
jolLee BOACYAEPIKHBAICLLYIO
g:ag elrlér CTATHYECKOM COCTOAHHH, ONpEeneaeTcs BhpameHHeM
Bill=1,65 Ki...
m[!]pu‘ pHOpHpOBAHKH Mpelen BOADYILEP?KHBH!O%;&;!?II Ecjn]ocoﬁ-
HOCTH UCMEHTHOMO TecTa CHHMAETCA W COCTABNA

B/ll=(1,35...130) Kur (3.12)

B 6etonnoil cMecH B COOTBETCTBHE C paam;sacmu{&;u :l;p{i%.
CTABACITHAMH CprRT}’[}IIO—T'EXIIOJIUHIHCCH{}FI TE‘OlelCTDB; “. 33:
24] soga pacnpenensieTcsi MEN1y UEMEHTHEIM TE

MOAHUTEIAMH: BJLl= (BIL)u-t (Busl L) (3.13)

B onmtax Cc JHTEIMH nnacrmpuuuppaammmsmc;t:c;tgi
[2] nokaszano, uTo BOAOOTAENEHHE JHHEHHO 3ABH
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uchnn Bfl. Bsegeune noGasox CIl, cumikan obuwee B/L,
COOTBETCTBEHHO CHIXAeT M BOAOOTAeseHHE, BMecte ¢ TEM
NPAKTHUECKHH ONLIT NoOKasuBaeT [25, 32), wro eymectsyer
ONIACHOCTL BOAOOTAENEHMS W pacCiioeHus NpH  NCNOAL3OBA-
HHH IHTHIX CMecelt Kak Gea 106aBOK, TaK i ¢ AOGaBKaMK CI1,
XOTa B nociennem caywae B/I u memuoro mmke. Baxuoe
SHANCHHE WMEET NPH STOM COCTAB GETOHHON CMecH. Taxk, npn
pacxoge ueMeHtra menee 400 xr/m® sthdesTHBHO npuMensiTL
BOAOYACPKHBAIOULYIO HOGABKY [32), nanpumep GenToHnToBYI0
rinHy, B xonmyectse 0,5...2% macew som saTsopenns. Pac-
C/OCHHE JNTLIX GeTOHHEIX CMecelt CHMIKAGTCS TaKKe npu npe-
PHIBIICTOH IPANYJIOMETPHH NECKA IIH ONTHMAILHOLN HEenpe-
PEIBHOR rpanynomerpun [32]. B HEMMACTHOUUNPOBAHKEX 1
MAaCTHIUIPOBAHUBIX ANTHX CMCCHX (xoTst B nocacaumx w
8 McHbluell Mepe) nomo necka B cwmech 3an0JHITe el BEIGH-
PaT Gonee BBICOKOH, YeM B OGHYHLIX GeTonax, N yMmeHblUIa-
10T C yBeJUUEeHIEeM COACPManna eMenTa [57].

Paccnausaemocts auteix nracTH@GuunpoBaHHLX cMecedi n
CBOHCTBA 3aTBEPAEBIUNX GETOHOB CYUIECTBEHHO 3ABHCAT OT
Bo3nyxoposneuenus. CIT cnocoGersylorT soBjevuenHio HeKoTo-
POro KoJIHuecTBa BO3AYXa, O4HAKO HH3Kasn BA3SKOCTDL NUTHIX
cMecel BHISHIBAET 3HAUMTENLHBIE MOTEPH BOBJIEMEHHOTO BO3-
AyXa B npouecce TPAHCNOPTHPOBAKMA M YKABMKH [47]. Ho-
CTHYb HeoGxoaumoro BOSAYXOCOACPKAHNS B NUTHIX GCTOHHBIX
CMECHX MOMHO npH BeegeHun [1OM, COAEPKAUMN HapALY
¢ CIT sosnyxosoBnexaontyio AoGasky. Kak noxasauo s [47],
BUsnyxocopepikanue B GETOHHLIX cmecsx ¢ noGapkamu TTDM
CHHIAETCS B OCHOBHOM 33 CMeT Kpynuuix (Gonee 500 MKM)
Ny3LPLKOB BOBJIEYEHHOrO BO3AYXA.

OcobennocTuio  autex  oMeceli  sesasieTes BO3MOMRHOCTH
BHYTDEHHEro H BHEWIHEro paccnoenus. Ecay nepeoe obycaos-
NIeHO JEHCTBHEM CHJBI TRIKECTH, TO BIOPOE BOZNIKACT B pe-
3yJAbTate HEAOCTATOYHOrC CHerJeHHs webHS M PacTBOpHOI
cocrasasioueil, 4o MoxeT 6biTh 06YCIOBACHO YPE3MEepHO BHI-
COKOH BA3KOCTLIO nocaeaHeli Wil NOBLUNEHHLIM conepmannem
webns.

Has |8, 38] uazsecrno, wro npn pasHoil yaoGoysnanuisae-
MOCTII JINTHIe NAACTHOHUHPOBANHEE GETOHHBIE CMECH HMeoT
MElblee BojoOTAENEHIe, T. e. 60abMIYID CeANMEeHTALIONHYIO
YCTOIMHBOCTL 11 CBA3HOCTE. B [38] paccmorpeno Bansune na
BoacoTAEeHHe GeTORHMX CMeceii ¢ C-3 pacxona LuemMeHTa,
Acnw necka B cMeCH 3anoaumtenefi W KojdnueCTBA MIIKPOHA-
oMiwrens B necke (ppaxuun menee 0,63 mu). YaoGoyxna-
ANDAEMOCTb  GETOHHMX CMecell  uIMeHANACh B npeaesax
9...25 ¢ (OK=14...20 mm). MNoayuennue BuBSOAW coor-
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[
BETCTRYIOT ofLIHM [IPHRIHAEM npaewmpnaanuu COCTABOB He-

pacclianBaloLIHXCA Gertonnubix cmecedt [4, 57].
[as auThix GETOHHBIX cMeceli YCNOBHE HepaccaansaeMoc-

TH MON(HO 32MHCATH B BHAE

tupea=> (DI69) (peprp—Pepn): (3.14)
F€ Tapen — NpeaeNbHOE HanpsuKenue CABHIa pacTeopa, xlla;
D — ycpenueHHbift AHAMETP sepua WeOHs, CM; Peprp B

Pepp — Cpeanas nAoTHOCTH ebHs H pacTsopad; § — Koad-
GuuneHT opMbl 3EpHA weGHn.

B cooTseTcTBAH C 3TOR ¢dopmynoit B CTATHYECKOM COCTOS-
HUH NPY KPYTTHOCTH 3EPEH rpanRuTHOrO LWeGHs 40 MM paccnan-
BAHHS He NpoH30MJeT, €CaH trpen==00 Tla, 2 npH npenenb-
wofl KpynHocTH 11eGs 90 MM Tipen==>30 Tla. [lpn OOBIMIbIX
yCHOBHAX TpaHCNOPTHPOBAHMI W YNJOTHEHI ¢Mech HE pac-
CNauBaeTcs, €cAH CONpOTHBJICHHE c/IBMra pacTBoOpZ, on&enc*
JERHOE METOHOM KOHHHECKOro nnactoMerpa, Tapen=400...
" _800 Ila, 1. e B 8...10 pas Goablue PacHeTHOro 1211.

B |32] npensoxena dopmyaa (3.14) 8 CKOpPEeKTHPOBAH-
HOM BHAE:

UTipen = (D/6g) (Pnp-ul?“‘Pcp.p) ' (3.15)

rae a — KO3(hPHIHENT, yHHTHIBRIOWHA YCIOBHA TPaRCNOpTH-
poBamns M cnocoba nojau GetonHoM cMecH (OpHEHTHPOBON-
wo a=7T...15).

C uenbio ONpefieneius BAHAHKA no6apox [1O®M u cocTasa
pacTeopHOf coctapasniolliell Ha npeAeanHoe Hanpaxenne CABH-

ONbITE NPOBOARAH C NOMOIULIO KOHHUECKOro nnacromerpa
[21]. PaGounm OpranoM NAACTOMETP@ CHYHKHI GanancupHbtil
KOHYC, ypaauoaemeanuﬂ yepes GMOK NPOTHBOBECOM. Konye
garpyskasics Bojofi € [IOCTOSIHHOM CKOPOCTBIO HCTEUCHHS. Tpe-
feaLHOe HANpKERHE CABHTA phuHCARAM no GopmMyne

Tnpen™= KP,”'I:, (3.16)
rpe P — Harpyaka Ha KOHYC, H; h — ray6uua norpyents
kouyca, M; K — kos(pduuuenT (AN KORyCa ¢ yraom TpH

pepwnne 30° K=0,959).
Mconenosano H3MEHEHHE NPe/eabroro HANpRHEHHA CHBH-
ra AR pacTBOpoB cocTaBa 1:15 (omna 4acTb CPEAHEANIOMH-
RATHOTO MHMCTOKJAHHKEPHOrO nopTAanaleMenta, noaTophl yac-
TH CpEAHEro KBapUEsoro necka ¢ BONONOTPEGHOCTHIO 7.5%)
nps B/ =045 c BBCACHHEM pasaHYHbLIX oM (raban. 12).
[Npenensroe HanpiHeHAe ¢BHra OMpelensiny wepes 10 M
C MOMEHTA 3ATBOPEHHS CMECH.

Beegenne C-3 BHIBBIBACT (taGn. 12) crienne npereb
HOTO HanpsKeHHs CABHI2 pacTopa B METHPE pasa. Bpenenue
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B KOMNO3 .
' HHO HE H3M b
T = EHHNET AH
a’é’ﬁﬁeuﬂregﬁ% HEKOTOPARA TEHACHIHS K CHIMEHNIO Tma:e:]mﬁ
S #, Hao60pOT, K NOBLILEHHIO Trpey NpPH nonupu
AR Kyggsii“‘;'é_r::ﬂréw ¢ CIT 34eKTPOANTOB-3aMe -
o CHHTETHYE ; :

Ha orneasroil cepus CKIX MHPHBIX KHCIOT,
onuton Ge3 pBejenHMs Jlo-
Gasok, ¢ noGasxoil C-3,
COB u pana IN®M onpe-

Tabnuua 12
MNpenessnoe KanpsKeHHe caBMFa
pacteopos ¢ pobankamu NeM

JIC/ICHO BAHSIHUE OTOLLEHHS

pacToopa  Ha  3HayeHne i) Tupexy N
Tupin- KAk BHAKO 13 phe. 22,

23, ypeauuenie Cofleprma- = 185
Husl 1 PACTROPE TICCKA CY- 5‘310-5}+Nm110. (0.5) 0,45
ULCCTBEHNO NOBHILIAET npe- c:gig'g%igﬂsﬁi%z}ﬁ'ﬁl 03
AENEHOR HATPRIKEHUE cai-  C-3(0,5)4+KO CKK {02} g'gg
ra. Ilpu stom no wmcpe G3(0.9)4KII (02 . 041
YMEHBLICHHS KPYNHOCTH fle- E‘S}M!'}“h 3 L 0:43
X9 BapEEAT CRENERR OF0- — \hAnCRikRe) W

UCHHS PACTBOPE HE Tugpen

:g:g:ﬁc;zaﬂ::"r; :gnnoamnﬂer BO BCEX CAyYasX peryiunpoBanue

S : p auThx Getomnnix cmecsx ¢ CIl u [1@M

e MEBHHHM CPEeACTBOM NpPEOTBPALLEHIS pacciaoe-

AAR: Snecs, o n.guo, HeoGXOAUMO YUMTLIBATL BoAonorped-

i - dopmyae M. M. [pywko [21] xonnuectso
: prupaemoe B 1 m® GeronHoit cMecH,

36} 1
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24-
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By=1,35 Ky L[4 Bal14-0,07 Sy,11, (3.17)

3 Kur —
eMenTa ¥ necka, kr/mY; Kar
LI v IT — conepxanue L Ll 0o
;ﬁiuanbnaﬁ rycToTa B AONAX eNHHHUL, Syq — yAenbHas

a
BEPXHOCTL uleOHN, M3/MY.

I n-

7
L

30

R

Topes; 10° 110
B

o

30 75 100 125 130 175 200
Codepwanue necna o pocracpe, .

Puc. 23. BaustiHe katecTsBa qlecka Ha npﬂenzf;uﬂo:
HANPAMKEHNE CHDHPE UEMEHTHHX PACTDOPO
et C34Na,PO;_ C-34
- — C-3 J — G- 4P Qs g
N T S CHb: C 3RO CRKE e TR
< C.5+MC: C-34HCE.

0 BO-

Caaraembe B (3.17) xaparrtepuayior cno:::;ﬁeu;eﬁm‘

JOyIepXHBAIONLYI0 cnocoGHOCTL UEMEHTa, ol

Bo}noynepmuaamluaﬂ cnacoﬁnm{:;bér é{:lr;i"e:r?l e

il B CTATHYECKOM ! e

mﬁﬂg;;gs?;{grenwom BONOOTACNCHHA npnn'rpa:::nggm?am

HHH H  YIJOTHEHHH ﬁeromgcﬂme%m?:{omﬁﬂ:ﬂﬁ Wb

ePIKHBAID
J[i':lei'] !::’na;aegitioﬁgzig);n 8,2% CCB # OGEeHTOHHTZ MOJNYYEHO
(] T

npy cooT-

¢ %mcﬂmae onpenencHus BOAONOTpeGHOCTH ne;:ti?u ! p:emo-

eunit I :[M1=1:2 [2] yAaazeTrcs NOAYYHTH i 1

::::g ycpenﬂémme 3Hat|emm|31|]:nm fnoKasarens, p .

coctaea pacteopa |21]. et

BHCF]E::TpacuemoiE OLEHKE aomynepmnuamuﬁt ggmgfpmyne
BOAONOTPEOHOCTE TMECKA NPEANOKEHO BLMHCA

21
I l B]:r= (B}H-—K;«K».r}f)f. {318)

shduunent, sapucaui 0T NOABHIKHOCTH pactsopa.

Ecau noaswxuocrs PACTBOPRON cMecu papua NCABHI HOC-
TH UeMeHTHOro TecTa HOpManbHO# rycroTh, ToO Ky=1; npu
NOABHMHOCTH PacTsopa, coortBetcTsyiOUIE Tipea= (4—8) X
X10% Ma, Ky=135.

TaGanna 13
Cocranm n DOROOTACKCHIE GUTOMIMX omeced
Cocripy) SeToHmMx caReni, hrad Il ;
le | :
Kyi| B 5, £ ¢ |8 = =
[ " tiy 5 T f 7 n";;[».EEE Y Ex
(S EEab=E83 ¥ | =g
z *® E Sis 2L R £
I 1025 0,075 0.025 230 310 | 682 | 1088 0,39 24 | 25
2 10,25 075\ 0,025 230 } 310 | go? a15 047 | 1910
3 10,251 0,075 U025 250 | 410 622 1 1031 0,35 2118
4 1025] 0,075 0,025) 250 | 410 502 £51 0489 120 0
D ,25) 0,11 | 0,025 230 340 | 665 | 1 105 | 0,38 2110
6 1025 0,075 0,025| 180 | 340 659 | 1247 0,35 510
7 |0.28] 0,075 0,025 230 340 | 682 | j088 0,39 22 105
8 1028 0,075 0,025] 230 | 340 670 | 1070 040 | 22 | 0
9 021 0,075 0,025 180 | 340 | 659 1247 | 0,35 221 0

Mprsuevanne [ Gerounylo cvecn 5 suenen C-3.

Ha (3.17) CIEAYeT, 4T0 ¢ yMeHbuieHnes HOPMATLHOM ryc-
TOTH UEMEHTa NPH HeHaMeHuoM COCTaBE cHIkaeTcs M pojo-
Yaepmunajowas cnocobuocTs  GetoHnoi cmecn. Ecan npu
ORHHAROBOI YAOOOYKnanuiBaeMocTi BOIOOTAENEHIE GETOHHBIX
cmeceil ¢ RAACTHHHUHPYIOUITIM K LOGEBRAMMN, CHHMKAIOULIM I
HOpManvhylo rycrory, MEubuie, uem Ges nobasok, 7o npu
OAMHAKOBLX BOAOCOAEPXMKaHHY 1 B/l nomxua nmets meero
ofpaTuasi kapruna. B Ta0a. 13 npuneren HOATBC PR AAOULIE
JTOT BLIBOA 3dBHCUMOCTH ags BOAOOTAC/EHNS GeTORHOR cMe-
CH, YCTaHnomJeHHoro c HCNOJTL30BaHIIeM IleTHpexxnopucTaro
YTICposa 1o Metojke [38). Panee sra meroansa anpoGu-
poBana s HHWIKEB [38]. Cyunoers ee 3a2KI0Y8eTcs B Bhi-
AABMHBARKML  ©  nomouguio "1EThpexxaopucToro yrieposa,
INMEIOILCTO  BLICOKYIO nOTHOCTY It He B3aumoneficTayomero
C nponykramn ruaparauuy UCMCHTA, BOAL, OTieansuieiics ua
NOBEPXHOCTI CMect, Hoctouncraoy MCTOAD ABAHETCH BLICOKas
TOHHOCTL n3Mepennii.

B Gerounoi CMECH BoAoOTAEIEHIE AOJKNO HECTYNHTL B
TOM cayuae, xorga ee Bonoconepxakne npesnuaer CymMmap-
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Tecta ol
BOLOYAEpH HBAKOLLYIO cnocoBHOCTE UEMERTHOrO
HYHO

i
aa"mluﬂmeB n=B——|.3 Ka.rH—Bﬂ’H‘Bm’m’ {319}
or

!
ponsi: B’ n Bu —
(B/LL) =13 Kur-
necka M L1eOHSA
YCHOBHSA

rne Borxy — KONHYECTEO omenunmeﬁ;ﬂ
onoTpeGHOCThL NecKa H utebnn npES L
H[MT&\:-: xak Bn u By — BOAONOTPEOH e
B/U= Kur 4], 10 ¥3 oﬁocnonaréuomi lzme-m
ﬁggnopuu{manbuomn (32) B (3.19) Oyx

BS=13By; Bu/=13Bu (3.20)

ferorHOH cMe-

0/I0COLEPHKARHE

i el cnocobHOCTh
H Eeq%i:;llﬂéi; npe;ima':'b ee BOAOYACPIKHBAIOULIYIO

T

3.21)
B-.{__l.s(f(:u'u-i*ﬂa”’]-BNIH). (
BJAHAHHE QCHOBHEIX TEKHQJ!DI‘H‘ICCI{HX

X
BOAOYLEPAHBAIOILYIO cnncoﬁnnc-:: ggrcigug.;]

WeHHEM BOBJIEYEHHOro BO3IYX4. L
s § iiebHs, npH KOTOP

B. (321)
(GaKTOpoB Ha

efi, 3a HCK
;h;eu{-::uo' HafiTy COOTHOLWECHHE feckKa

He oNHHO GHTE BOAOOTACNCHHA:

o Ll > B — 1.3 (K LI+ B 3B, (322)

i npo-
Venopue (3.22) a0mxBO my}u:fbaoisiglé:tlggggﬁazgme iii) .
" HOCTH A0JAH NECK e
Bepu%eﬂg:ﬁ:inzueceﬁ npH ONACHOCTH BONOCTAENEHH
iﬂi of r' K r MPOHIBOANT MO dopuyne »
r=n (4 =r'[ (14 )-

B 3TOM CJ .
panue r no (3.23) H3 yeao-
I{upg:lr{l';'fi’cc:!a“aﬂa npu pacxoie meﬁnﬂm(fﬁ aﬁﬂ;‘r‘z‘mmeiam\t
B 3 KCHMANLHON MO/BMIKHOCTH, @ 3a7€ fuauan UEMEHT-
BHA Mahcﬂeﬁﬂﬁ wa | M3 NpH 32JaHHOM couep

pacmn.e

mrg’;fg;sé (3.22) moXkHO HafTH H NPAMO H3 (3.6), npeano-:

=] 3 Kﬁ.l” eHa npu.

noxus, uro (B/H)w=1, hOpMybl BRINOH
OBEpKa pM 3 )
SKcnepHMeHTaALHan t:.gpamgnnaumubm GETORHEIM CMECHN

numﬁgann COCTABD Gmno:e{?:aaz:g;aﬂ HﬁTg-
B C
n. 13). Homo necka it
nuome.nguu;nﬂé-rﬁ )FC.‘ID}BHSI MaKCHMaTbHOM Tﬁ%};{:ﬁm %
gae'i:e:mxcfpppeuTnponanu(ggg} Heﬁg:gﬁgzggr%emﬂuux cmeced
-22' ; - NHTHX
% Y?ISBCEI?M«!%'E?S—GE} nokazano, 4To J4is HH::ﬁ;ug:lc:;o g
meceﬁ npH NepBOHAUANLHO BLOpARHOM gaauﬁe NS
;h;crumoe BOJOOTAENEHHE. KoppexTHp

)’HTEHO

(3.23)

yuae BhifloJIHAIOT

INepBoHauaaLHO
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YCTPAHHTL BOAOOTAeNeHHe. JKCHEPUMEHTANLHO HANICHHOE Mil-
HIIMAALIOE £, NpH  KOTOPOM NPEKPaTHIOCL
COBTIAN0 € PACHETHRIM.
Han manonopsioxnbix GETOHHBIX cMecedl, 4 TAKKe MIThX
Ha TIECKE NOBHLILICHHOI BOAONOTPEGHOCTII 0N NECKa 13 YOI0-
Bitsl (IPEAOTBPALLEHIA PAcCAOCHNR COBRANA ¢ r WA OKA34-
JIACH HIUKE NpPH YCROBHN MaKCHMANLHON NOABIDKHOCTIL
HMspecTHbie  pacuetHmle 3aBICHMOCTH Jast OnpeaeaeHs
ONTHMaJILHON J0JI NeCKa B CMECH 3anoanurenell ro.. [4, 21,
57| u3 ycnomns MAKCHUMANLHOMN NMOABIDKHOCTH (MIHIMAILHOI
HECTKOCTI) HMEIOT IMINPHNECKNIT XapAKTEP Il HE YMHTLIBAIOT
pamsiue B/Ll w psina ocoGennocreit uexoiHbIX MaTeplianon.
UroGu noayunTh TeopeTnueck 06YCAOBACHRYIO dbopMyny aasn
HAXOMACHNS Fony, CAEAYET YCTAHOBHTH CBH3L yAOGOYKAAZL-
BACMOCTH ¢ napaMerpamn cTpyRTypu GetouHolt cMeck. Modk-
HO CHNTATL AOKE3aNN0N BIANMOCHN3L VI000YKAAHBAEMOCTIE
GeTosinoll cMecH € TOANLHHOI €105 LEMCHTHOTO TECTA Ha 3ep-
nax sanomuureas § [4, 65]. I'lpu yyeTe pinstHusi KOHCHCTEH-

(U HCMCTITIOTO TECTA CTPYKTYPHLIM KpHTCpies yaoGoykaa-
AbipacMocTi GeToHHOIl cMecH

BUAOOTAEAENRE,

MOMET CHYMHTL BBIpAXKEHHE
(23]

Ly =&, = (vur — P, v,) 0, b4, (3.24)
FIE Uyy — OOBEM LEMEHTHOrO TECTA € YHETOM BOBJEYEHHOIO
BO3fyXa, MYM*%, P, — nNyCTOTHOCTH 1O OTHOMIEHHIO K abco-
JIOTHOMY 06LEMY 3epeH SaN0JHHTENN; Us — aOCOMIOTHLIL
00beM 3aNONHHTENs, MYM® 4 — ylenbHaR NOBEpXHOCTH 3e-
pen sauoanuteas, Mm% Iy, — Kputepnit cTpykTypHOi BA3-

KOCTII LeMEeHTHOrQ TECTa.

Heenenosanun [23] nokasaan, uro swpaxcenue [, Xo-
poLo annpokcuMupyercs ¢opmy.aoi

Iw=exp [exp (—mS) —1],

(3.25)
rie m=~2,1 — gosdpuiuenT nponopunoassrocTi; S=B/L—
—1,68 K, . — nokasatens KOHCHCTEHLNH UEMEHTHOrO TecTa.

IMpn pacuete Ly yaensiymo noBepxHOCTb i i1 NYCTOTHOCTE
Py csecn 3anoauntenedt MOXHO nafiTn no dopmynam |4, 23]

=ty (1 —itg) r;

P5=H(Pn.lu—Prs-!tlr—r3 '

(3.26)
(3.27)

FAe p — oTnolleHye nycroTHocTell sanoaunteasn s GeronHol i
CYXO0i CMeTHX.
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B COOTBETCTBHH C

(g.;g){pu[%;f) liﬁge 3::&%1%%3“;0135&:1 MOMHO 32NHCATD

. 1 (T35 + Peuw Vi ) ) [3.23)
R f;,;(u., —uy Pt (Posut 1) pVas

Kpome ofbema HeMenTHoOrQ TecTa (BKAtOUan BOBAEHEH-

ecka W mebus, nycroT
x), yaeabrO# NOBEPXHOCTH :
l:tggnf D&i}én)sf. Ya rakke (HakToOpos, cKaswBatouuxes Ha KO3

TaGauna 14

H Hu;m
H EKEHEPHMGHII.JIBHHE IHAMCHHR Fony
Pacuctisle uﬂam ‘r'l'“?l,

yno&ﬁ!ﬁ“"" SHC UL pHNMERT Pacict
BACM Tie
— Bl
r i . “- r "\ Kn:lﬁ
o cn\ M€ laqlT \ 1;71115 l foir \ o ol
i 034 | 1,39 | 0323 1,34
15| = | % 3’3‘6’? 1'.32 053 | 13 |o3ia| 12
SR e | v | |0 | i
333 1, F .
g é':’ 3'3 0324 | 142 | 020 | 195 029 bglg]
21 5 | o4 |o3a]| 108 028 | 10 |0286] 0.

ro
* Nennue noayuens YEpaRHCHOM HNETHTYTE NEKenepon BOLNHU

xunli'!lcr:'ueu:nﬂe. thyy = 10000 -, g =130 s, P =041 Py =048,

{=08

noasonfer
GHINEHTE |, popmyaa (3.28) uepes na;}?ﬁergmglgmgo i
ecn Bausnne BJLL GeTornol cmecH H 1 T
Juas ONTHMaAbHYH JAOLI0 plecka, Nerko i;mq: s
HUHEHT sanOJHEHHs NYCTOT H pasnBHIKKH 3€PE
TeOpHOR cocTaBasioniel:
Tux -+ Fonr Vs

(l = ruu-r] Pem,

a eroHa npH BD3-
Jlas NpPAKTHYECKHX pacueToB cOCT2B 6 P

o9
MOMKHOCTH BBIMHCJICHHA Font anaucine Ko ABNAETCH Heo

jatenbHbiM. B raGn. 14 npHBELEHD sKcnepuMenTanbhbie I

CXOone
ACUETHHIE IHAYCHHS Font H Kyss TIPH onpene&i:i;t;nénggr i
jeMeHTa H pasiiHuibX

B/LI. 2Th AgHAHC
ob ynonne-mopu-renbuon TOMHOCTH NOAYHEHHBIX pacHeTHus
popmyt.

ofHO HCNOAL3OBATDH Jak
AKTHWECKHX pacteToB Y -
mﬂeﬂ ::mnpls ¢ yueroM nonpasok wa ocoGeHHOCTH MCNONEIY

MBbIX MaTepHanos.

(3.29)

Ko =
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[Mosiyuenbe 3aBHCHMOCTH NO3BOAAIOT PACCHUTLIBATL Ga-
soBee coctaBht Gerona, npubmpkalopiuecs K CONTHMANBRLIM,
He 3aMEeHss, HO BMecTe ¢ TeM o6Jeryas 3IKCACPUMEHTANbLHOE
KOppeKTHpOBaHKE.

VieNnbHYIO TOBEPXHOCTE NMECKa Wy ¥ 1elH:A uy onpeeas-

10T N3BCCTHHIMI 3IKCNCPHMEHTANBHEMI 11111 PACUETHHIMH ME-
Tonamu [4].

TaG6anua 19
PacuerHne OnrHMANbHEE 3HAYEHWR Fony

n
Facxan demciv-
mOrY TEdTE,
almt [{ R 04 0,15 0,6 T
250 — 0,32 0,35 040 044
300 0,28 0,29 0,33 0,37 0,40
450 0,26 027 0,30 32 0,36
400 0,25 0,26 0,28 = =

Mpnmedanua |, C ysthmcines (ymenncnnen) uwy, nu 1000 !
IRAHEHME  Fgpy DONMKBETCH (soapacraer) Hm 0,004, C  yBEamgeHnes
(yueHumeHnEN) Pm Ha 1% Fouy BOIpRCTREY (nolmwaeren) wa 0,02
YmeHuiehue ro,, BB wangLMA MpoUEHT BUBAENEHHOTD BOIRYXS COCTaBAAET
(0250, 2. BusouNE F .. HpUsCRcHA A% 3sooanuTeac c oTnecHTEaLHON
AYCTOTHDETLI0 8 PUXaoRSCUnANION cocTonimm (P =042, P =048) ¥aeau-
1ol HOBEPRIOCTE0 Hy=10000 N, =430 u=, ji=08

MMycroTiocTs 3anonunTenell no aGconoTHOMY obbemy Pa
CBS32HA © MX MYCTOTHOCTHIO MO OTHOUIEHNK) K ObulEMy OGbe-
My sapucumoctbio [4]

Pn=Pf“‘_P}'=P=”Pn.a'—'”. (3.30)
rie pa B pPoa — COOTBETCTEBEHHO NCTHHHEAR W CPEAHAR naoT-
HOCTh. .

4

AHAJOTHUHO PACCUNTHIBAIOT H NYCTOTHOCTL Hielus Pau

Kosdduuuent p XapaxkTepusyeT OTHOWIEHNE NyCTOTHOCTE(
saneantrrencii B Geronmofi u cysoft emeesy n kosaclacTen B
purepsane 0,7...0,9 B 3aBHCHMOCTH OT Gopmul qacTHy, Xa-
paKTepa X [OBEPXHOCTH H Ap.

MiuiManpHAR [YCTOTHOCTL 3anoaHutenefl B Getonuoil

emecy Pag MeHblue, Yem B cyxoll pLIXJIOHACKNaHHOH cMec,
H COCTABJRET

Poo= (ps — 15 g)/Pas (3.31)

rHe pe, — CPeusis NACTHOCTH 3anoauuTenci B Getonnofh cme-
CH, paBHAf PA3HOCTH CpefHell [AOTHOCTH Getonnojt cMecH H
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Macehl MHHHMANBHO HeoOXoamMOro HeMEeHTHOro Tecra, 7. €.
Ogrminp§ ;» YTO  NO3BOSSET HOAYHHTL CBA3NYIO Gerotiyo

cMech ¢ Hynesol ocankoll Konyca:
(3.32)

F‘;.ﬁ ol PE.:.. — r'3.?‘”'-'-"-' min-

3.5. Bospyxososaeuerne B JNTHIX
OETOMHBLIX CMECRX

Bosayxososieueiue B naacTHuHUMpoBaHuuX Geron-
HEIX CMECHIX, B TOM HHCJ€ JHTHX, SBJSIETCH BamHBIM (PaKTO-
pOM, OGECTICUHBAIOUIMM KAK OAHOPOAHOCTH, TAK W [0JITOBEN-
ocTe saTeepaesuiero Gerowa. Beeaewne CI1 oburio Heaua-
SHTCALIO KAMCUSOT BO3/LyXOCOepXKaitie GeTouon, yne/pinBsasd
Wi yMeHblias oGbeM BO3AYUWHLIX 10p (v ocuopuom Gonce
600 Mmkm) na |...2% [47|. B [47] paccMOTPeHO BO3AYyXO-
sopjeyeHie GeroHnux cmeceil ¢ pasnuuunmu ITOM, conep-
salume Hapaay ¢ CIT Bo3yXOBOBAEKAIOLLYI0 1062BKY CHB,
# HOATBEPKAEHH TNPHMEHHTEALHO K (NACTHDHUKPOBAHHLIM
CMECsiM H3RECTHLIE TONOMKEHHS O TOM, 4To 00beM BOBJCYEH-
HOTO BO3AyXa 3aBHCHT OT COCTapa OETOHHOM CMECH, BHAA
necka, N03KWpoBKy f06aBok [1AB, NpOAOMKHTENbHOCTH NEPe-
MewnBanns, B YACTHOCTH, YCT@HOBJIEHO, NTO HanGonee HH-
TEHCHBHOE YBENHHCHHE BO3AYXOCONEPHAHNN GeToHHON cMecH
¢ noGaskamy Tena C-34+CHB nponcxoaut npy nepeMeinpa-
w40 4 muw. [peacTaBAfioT HHTEpEC TaKke AaHHble 0 RO3-
AYXONOTEPAX JAHTHIX GETOHHBX CMecedl. M3MepeHHne 3Haue-
HiSt BO3AYXONMOTEph B BLICOKOMOABHXHLIX GETOHHBIX CMECHX
¢ noGaskamu ITOM coctapuau B Teuenue nepshix 25 MuH
rpaicnopTapopanun 23...25%. B TeueHHe MOCAECAYIOULIX
30 MMH BO3JYXOCOAEPHKAHKE CHH3IWOCH HA 20% B OCHOBHOM
3a cueT KPYNHHX nyabipbroB [47].

MOMHO NOAaraTh, 4TO 1ENeco0bpasHocTh BBEACHHS B KOM-
nosuupn ¢ C-3 posnyxoposaekaomux 106aBok THOa CHB
nokasana. B To e Bpems napectdo [47], uro CHB xak
komnonenT [1OM He BLI3LIBAET CYLIECTBEHHOH CTAGHAHIALHN
noapukHocTy. [103TOMY HaMi HCC/IEAOBAHO BO3AYXOBOBJEYE-
uie B JHTLIX GETOHMEX CMecax, copepxausx wapsay c Cd
KommonenTi, cTabiananpyoliHe HoABHIKHOCTL BO BPCMEHE.

BO3/LyXOUOBJACUCHME OHPCAC/NAN KOMIPCCCHONTIAM  MCTO-
nom no T'OCT 4799—69 ma GCTOHHLIX CMECAX HCHIMEHHONO
coctasa (B/I[=0,5; r=038) npy u3mMeHEHHH BHIA H COACP-
wanun ao6asok (puc. 24). .

B auThiX GETOHHBX CMECSX YBEJH4YEHHE COACPIKAHHI C-3
120 0,7% npHBOAKT K BOBJEYEHHIO BO3AYXA JO 3Y% . Beepenue
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H i
m::g::{*:{g I::JDM Gochara matpun n Gypu BPAKTIMCCK He
cwbq_jo“amH:ny:lf;omemmmcn cnocoGuoetn  CII.  Jlurwo-

IIOHEHT AKTHBHO cnocobGers '

€T NONCJIHN-
;:Ebg%n% aq?r:znyxoaomeqemm, 0coGeHHO fpw ;naupgnxeﬂgg-
e .I_IABcomacyercﬂ ¢ [47]. Ecan ssectn ruapodobu-
» COLEpHaAUlee BHCWNE IKIPHLIE KICIOTH

Eﬂ] ELEE
'f Groray  araz e % a5L0 OraZRy

C-3 e CHE C- 3+ KOCXK C-3 TR, P, ©-3

8

GrGIas pyesar

¢
C-J2 05 £=J=N0 K f-J-MJPQ

Boadyxososnevenie,”,

.o

R
ﬁf:c gf;t'?g !f.;f.m-r GIESEY Q1073 GIOE0) Qrazod  ndosor
WEC C-J# Nugholly C-30MC £-2¢K0 D-JoiCC £-3opp, 56
.- Codepmanue dobason, v, . !

Puc. 24, Bansuue co
- OePIaHiA NoARQYNKULIONAIL
KATOPOB Ha noany:oangnmmae: E N
a — Bill=055 6 — Bil=0]T.

l[lli((g CKK), nononumtensuo sopnexaetcs 3
ﬁagx?ia}:iﬂo BOSAYXA, NPHYEM HIMEHEHHE COACPKAHMA AO-
O H3MEHFeT HHTEHCHBHOCTH BO3JYXOBOBJICYEHHS

MEHBIHY}D BO3N y T iy
nyBQBJ'.IeKaIO T T
: - LIYI0 AKTHBHOCTH HMEWT ca Kapo

4% smyns-



I'rasa 4

MPOYHOCTHBIE H NEPOPMATHBHBIE
CBOWCTBA JINTbIX BETOHOB
C JOBABKAMH M

4.1, Mpounocts Gerona

Ananna umelomuxcs aamanx [8, 9, 34] HOKESHILEET.
YTO BBEACHHE CyNnepnaacTHHKaTOpOB HE cuun-:;e'c gpg:: ;3;
Getona 1DH H0DORKe et pamnD, N0CKOASKY NpoTHOCT:
procTis. 3T ocobe ; : ’
?1}:::1!; HendacTHHHUAPOBARKLIX OETOHOB HHXNE MEIJ'IﬁDI:S‘j;!;I;};(H
wbix npu B/l =const [32]. lNocnensui  BLIBOA f?f B
pANSIHHEM Ha npoYHOCTH OeroHa He TOJABbKO Bl
BOAOCOAEPKAHNS, YTO OCOOEHHO OLLYTHMO AN
TOH%B.[SE] YTBEPHCLACTCH, 4TO CHHMEHHE NPOUROCTH m:rgg
Gerona OOBACHAETCA HE YBENHMCHHEM pacxo,a,aﬁ BOABI 35 5
pEeHHsi, A MOBHILEHWEM COACPIKAHUS PACTBOPHO 4acTH D
crae Getowa, KOTOpas cospaer cTpyktypy Geroma c na.n et
wuy sanonuurener. C 9THM  YTBEPIKAEHHEM COTJ c::.I.EHH-
NONHOCTBIO HEJNb35, Tak KakK H3BeCTHO [17}, uto € mnunﬁmas
eM BOAOCOACPKAHHA NPH Bli=const yaenuquaae.“rcﬁemﬂ o
nopueTocTs GeToHa, KoTopas OTPHUATENBHO cuaauaawc“ﬂm'
npousocts. |1p# mosupoexax CI1 suuwe enopora ad e
HOCTH® NpOMNOCTL GEeTOHa YMEHLIUAETCH 3a CHET 3:pqaﬂp:{}u
BAHMA NOBCPXHOCTH N:.f,paTHp}'K)U.ll-Hllggl teMEHTHbBI
10HR0fl naeHkol oaHroMepa .
Mcgp?:ll;}ne ucenenopanuit |8, 9] NOKA3aHO, MTO npnugt;)lcf';'i:
auroro Gerowsa ¢ noGapxamn CIT He cipRaeTcs IHpH ame
ManbLibIX NO3HPOBKAX Kak B pdHiHe, Tak # n EIOJJL!IH:I“HI:]CH
{no | rona) TeepaeHus. He yMenbwaeTea Takume ennr;1 Tapen
GetoHa # npd OOWYHO TPHMEHAEMBX PERHMAX T g
noctHoil c6pabotku (8, 9]. B nexoTOpLIX ||ccnenoaauﬁ|::nm R
orMeyaercs GoJee HHTEHCHBHBIL POCT NPOUHOCTH ben L
noGapkamu CIT, ocoGenHo B [epBb@ CPOKH TBEPA Ha -
OGBACHAETCH MHTEHCHPHKAUNEH FHAPATALNH LEMEHT p
aynbTaTe NENTHIALUMK (PAOKYN UEMEHTHLIX qacruu;mﬂﬂ "
CIT sBopst B GeroHHBIE CMECH C LeAbI0 YBEH S e
nBikHocTH Oea usmencnun B/LL wian yMEHBIICHHA P

0

HeHIMCHHOI NoaBiwxkHoeTH. B Texwonorus surnx  GetoHos
napbonbiiee 3navenne umeer speaeHue CI1 nas noswimesns
NOABKMCHOCTH NpH HeHamendwom B/, Bonbwnkerso ucesre-
AopaTtencil CUHTAIOT, YTO B ITOM CAyvae npeaes NPOYHOCTH
Getona npu CHMQTHN HE HIMEHASTCH WAl BO3PACTAET Ha
8... 10%. [lpn yseanuennux nosuposkax CI1 no nexorophim
nanubM [2] BO3IMOXKHLI CNAaabi NPOMHOCTH GETOHA B pesysb-
TATC SHAMNTCNLIOTO aACOPOLUNOHIONO TOPMONKEHNS NPOLECCOB
ruAparTaymn 1 TBepaesns UcMenta. Kpome Toro, ormeueHo
[2], uro ua npounocts Gerona ¢ aoGaskamu CIT cynecrsenno
BJIOT BpeMst nepeMellinanta o pexknm Tennonoit o6pator-
ki Tak, yctanosiaeno [2], uTo yBeJIMCHIE DPeMeHi nepeme-
wasanus ¢ | no 3 Mud nopuiiaer npouynocts Gerowa Ge3
no6asok ua 4%, ¢ poGaskamn — Ha 4...10%, onnako npn
STOM HOABIDKHOCTL GETOHHOIN CMecH HEeCKONLKO YMEHBIIAETCH.

Ipy wensmenkofi noasumuocte CIT n03BOASIOT COKPATHTDL
pacxon Boabl 3aTtBopeHust Ha 20...30% o 3xaudTenvHO MHO-
BHICHTL NpouHOoCTh Getona. Fmewresn naunwe [59], uro B
Bo3pacTe | cyr npupocT npousocTit GETOHAa 3a cueT COKpatile-
HHf pacxona oAbl pocruraer 50...756%, a 8 soapacre 28 cyr
# Oosee 30...45%. OcoGenHo peakuil fNpupocT NpoOUHOCTH
B DAHHNE CPOKHM TBEPJACHHS BOIMOXEH NpPH PACXOAE UeMEHTa
500 xr/m? u Gonee, KOrpa HMEET MECTO BHXOJ COCTABOB CMe-
ceii 32 mpexesk NPaBHNA NOCTOSHCTBA BOAOCOAepXaHus [2].
B psge pabor [5, 34, 40, 61] nokasawa BoaMOMHOCTE MOJY-
uernsi Geronos mapok 600 u Beuwe Ha uementax mapok 400
H 500 ¥ MAJONOABHMHBIX CMECHX C YMEPEHHHM pPacXOIoM
eMeHTa.

Ceenennn o snuauun CIT 2 npounocrs Gerowa npu pac-

TsRenun upotusopeynsu. [lo oanum aannwmm [2, 8] ona une
OTAHYARTCH 01 WCXOAHOWH, o ApyriM [b4]| — Heckoabko BO3-
pacraer.

B cocras noGapox IMOM, okasunaiouiny, KpoMe naacTi-
Quuupyowero, aameansiollee neiicTeie Ha CXBATHIBAHNE lle-
MEHTA, BXOAAT TPAAHLNOHHLIE JHTHOCY/ILGOHATHHE W FHAPO-
¢obusywume TIAB, caxapocoxepxanie [MAB n ssextposn-
Tol. MIX HHAHBUAYAAsHOE 1 KOMIVIEKCHOC BANSIHIE HA NPOY-
HOCTHEIE CBOMCTB2 CETOHA TAKME PACCMOTPEHO B SHAUNTENh-
HOM umcae paGor [11, 50, 56, 655). Baecre ¢ Tem BaMAHne
sTx Jo6anok Ha cpoficTea AnThix GETOHOB B KOMIO3HUNL
¢ CIl noctarouso nospo6Ho He paceMaTpiBanOCh.

Hamn nayuenst npousoctble cooiictsa AuTHN GETOHOPB C
nobapkamn [TOM 8 ananasowe BJ{[=04...0,7 u npu uc-
NONL30BANKK MEJKOro KBAPLEBOTO MECKa ¢ BOIONOTPEOHOCTLIO
11,5%, a tawxe rpannTnoro webus ppakumn 5. . .20 MM. Bo
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BCEX cocTaBax Getona oOecneyuBanu NOABHIKHOCTL GETOHHLIN
cvecedi 22... 24 o, [las weeacnosani B3uThi LeMenTul, pas-
JAHHAIOIHECH B OCHOBHOM COMEPIKAHHEM ANIOMHEATHON (hasu
1 BKTHBHON MHHEpPanLHON no6aBki. Bansune noGasok MM
W34 NPOYHOCTH GETOHOB NPH CKATHH HIYYaAH KA ofpasuax-
Kybax ¢ pasmepom pebpa 10 cm nmo FOCT 10180—78. Ho-
Gapkn BBOANAN ¢ Bonofl 3aTRopenun NPH OATHMANLHOM COOT-
HOLIEHHH, YCTAHOBAEHHOM padee. YHJOTHEHHE AMTHIX CMeceil
OCYILECTBARMOCH NOA AeficTBHEeM cOGCTBEHHOTO Beca Ge3 BHO-
paumn,

[lpounocry Getona na pacrsenie oupegeasian na KyGax
METO/loM packannibawisi. PacueThble napamerpun cocTapon
JAHTLIX OETOHOB npusesesnl p Taba. 16, a Pe3YALTATL HCITIL-
Tauui — B 1a6n. 17, 18 n na puc. 26—28.

TaGanua 16
Octosume napameTps coctasos autex Geromon

Huskoasomnmamd| Cpexnenawmunar-
LHEMENT HER UeNERT
N Aotassa MM B
__n gl B,

rrey| am M| A

1 —_ 0,40 0,36 230 0,35 240

2 C-3 0,40 0,41 190 0,40 195

3 | C-34NasPO; 0,40 0,42 195 0,40 197

4 C-34-Na,B,0, 0,40 0,42 190 0,40 192

5 | C3+cub 040 | 042 | 183 | o1 | 185
6 | C-3+KO CKK 040 0,40 187 0,40 150
7 C-34-KI1 0,40 0,42 184 0,41 185
8 C-3+MC 0,40 0,42 185 041 185
9 C-3+ucc 0,40 0,42 187 041 189
10 - 0,55 0.38 20 0,36 230
11 C-3 0,55 0,42 180 041 185
12 | C3+Nawpo, 055 | 043 | 183 | 043 | 187
13 C-34+Na:B,04 0,68 0,42 182 0,42 185
14 C-3+CiB 0,565 0,42 178 042 183
15 C-3+KO QKK 0,55 0,40 180 041 185
16 C-3--KI1 "U,65 0,40 178 0,41 183
17 C-3+4MC 0,55 0,42 178 042 185
18 | C-3+-MCC 0,55 042 | 180 | 042 | 185
14 — 0,70 0,40 220 0,38 230
20 c-3 0,70 0,43 180 0,42 185
21 C-34-NaPO, 0,70 1,43 183 0,42 187
42 | C-34NasB,0, 0,70 0,43 182 0,42 185
23 C34-CIB 0.70 0,43 178 0,42 183
24 C-3-+-KO KK 070 0,42 180 0,41 185
25 C-34-KI1 0,70 0,42 178 041 183
26 C-34-MC 0,70 043 | 178 0,42 183
27 C-3+HCC 0,70 0,43 I 180 0,42 185

Tadanuga 17
Pesynbram ONPEALREHHA NPOUMOCTHEIX CBOACTE Geranop
{unauoumummuﬁ ueMenT), Mila

Hposnnere na PACTsAEUNE npy

HpoMuoeT us CMATHE Yépen
backaausanim vepea

; dexr | Toyr |28 ey [ o cyr[:lsuenlanr TeyT | 28 oyt | 80 evr 1B0 g1y
i Hou g | 355 |ags | sis | ogs | :
3| 102 | 280 [an5 (492 | 53 [ 584 | 309 | 25 501 | 83
3 195 | 188 | 319 | 465 [ 527 | 555 | 34 515 | 585 | 651
i ;!, i 15 1308 [ 454 [519 | o4 355 | 5,11 | 575 | 6.39
draE b At e
o) lo8 fies 368 | s05 |50y | 385 | 369 | 525 | 595 | 6l
: 3 265 1391 | 541 | 6ot |
g :2’3 I !Is.a 372 1 49,1 [ 550 260 | 388 | 545 g.'m ﬁ'gil'
10| 108 |87 |2 o5 K?é 3 ;? f?g 3‘% 2'333 5,02 635
I TILY 1165 [ 287 | 395 [ 382 | o8 |2 5| aon | B0
13| 32 1145 1953 | 30% | 575 (i [ 250 | 385 | 453 | 525
13| 80 | 133 | 23 o 3 lﬁ 234 | 345 | 431 | 506
14 [ 105 | 158 | 3% 318 38,5 g 2.3‘1 3,30 | 495 | 501
is | o5 | 157 229 [ 318 |58 210 282 375 [ 4,40 | 520
16| &3 | 14] | 01 |30 | 379 L 275 (3,81 | 455 | 595
! | 32, 8 | 1,91 (244 | 380 | 458
8t |15 B B 58 UL 4 i)
191 65 1105 [ 175 | 236 | 585 1ot |1 5 | o5 |3
o0 12 |15 |iss [265 [ o8y |25 | 281 (235 [ 281 | 358
21 | 5 | 85 {188 (265 [ 260 l.'Ea 263 [ 301 [341 | 372
2 55| &5 |12 |28 24 1.3? 195 [ 261 | 2,04 | 36}
231 68 | 106 | 185 | 255 295 | 1,50 i7s | 351 | 285 | 365
21 | g7 |65 [ 185 (282 | 25 i | 275 | 815 | 345 [ 375
| 98 | o3 [ 128 | 2 568 | 140 258 | 30 | 335 | 3g0
; ; . 42 | 255 | 3) 45
gg gg Iﬂ.ﬁ 19,1 | 255 | 29} L45 1 261 [ 315 g.g'f g,'%
6 | 108 [ 190 [ 248 ] 280 | 145 [ 2771 |32 | 3%s 380

GETI::InEgﬁgasoM. MOIKHO OTMETHTH, 4TO BBeneHue B AHTHE
i €3 NONONHHTENBHEIX MOAHDHUNPYIONIHX KoMpo-

ITOB He H3MCHseT CRONLKO-HIGY /b CyiecTBeRKO NpPoYHOCTH
GE:roua 18 _CHATHE Kak B paupem, Tar I B GoJee nosauen
Bospacre. Tlpu nenonnsosansm HIIKOANOMIHATHOTO LemenTa

TPHPOCT nocturaer 109,
s Pl HOBBIWERHOM COlepaHun TPEXKAIBUNEBOrO amioMu-
B ueMecHTe Bpenense C-3 moxer BHI3LIBATE HeKkg-

ropuifl neao6op npo
e P npotiHocTH Gerona, ocoBenuo B paHiiem Boa-

73



TaGakua I8
Peayaurarn onpepededss NpousocTHHX COORCTD GeToHa
{nuicokcamomunaTHER uement), MiMa

= fpoinoeTy Ma TRMENNe Pl
llpormeeTs na caaTie GCpe3 po p:ﬁ'xnaunrn.fm_ e m

!: 3 7 3 &0 180 3 7 2 {0 1e(

% cyy cyT cyT YT cyT cyT oyT cyT cyT cyT

1158 | 245 | 334 | 455 | 4683 | 3.1 3,66 | 4,75 | 560 . 6,1
2133 | 221 | 820 | 445 |[47.8B | 265 | 3,71 | 4,95 | 575 | 620
a] 96 | 17,1 | 30,6 | 452 | ATD 215 | 360 | 480 | 575 | 6,15
4| 95 | 168 | 314 | 43.1 | 47,1 | 220 | 3,72 | 4.85 | 580 | 620
5| 124 (21,5 | 325 | 458 | 48] 255 | 3,72 | 495 | 540 625
6105 | 189 | 325 | 458 | 492 | 231 | 3,66 | 490 | 571 | 595
7| 98 | 195 | 334 | 461 | 498 | 240 | 3.76 | 510 | 580 | 6,30
8 95 | 20,1 | 33,1 | 47,5 | 505°| 2560 | 375 | 550 | 6,10 | 640
gl125 | 221 | 342 | 477 | 508 | 2,70 | 385 | 561 | 6,20 | 645
10123 | 18,1 | 254 | 30,5 | 360 | 2,00 | 245 | 3,10 | 3,85 | 4,93
11115 | 166 | 235 | 294 | 368 | 191 | 240 ] 315|381 | 485
12| 85 |131 | 202 | 295 | 359 | 1.75 | 2,15 | 2,90 | 3.75 | 4.80
131 7.8 | 129 [ 195 | 304 | 365 | 1.80| 2256] 3,10 | 3,85 | 4,90
14| 10,5 | 152 | 214 | 295 | 374 180 235 | 3,25 | 395 | 505
15| 95 | 145 | 208 | 20,1 | 381 | 170 | 2,15 | 3,30 | 3,80 | 4,95
16 85 | 142 | 248 | 3.1 | 365 | 1.85| 240 | 3,25 | 3,85 | 490
17| 81 | 150 | 251 | 322 | 371 180 ] 235 340|395 | 510
18108 | 165 | 255 [ 328 | 378 | 2,10 | 2,65 | 345 | 4,01 | 510
191 81 | 11,5 | 17,1 225 | 264 | 141 | 195|238 | 271 | 310
20| 7.4 [ 109 | 169 | 220 | 265 | 1,42 | 1,81 | 235 | 275 | 315
21 ] &85 81 | 154 | 21,5 | 265 | 1,30 | 1,70 | 2,30 | 281 | 325
221 18 7.9 | 15,1 | 232 | 27,1 135 1,75 235 | 291 | 3,15
23| 65 | 11,1 | 166 | 231 [27,5 | 1,40 | 1,85 | 225 | 2,70 | 320
241 59 95 | 155 | 221 | 266 | 145] 1,89 | 239 | 266 | 3,28
26| 85 87 | 174 | 235 | 278 | 140 | 1,85 | 245 | 281 | 3,55
26 | 64 68 | 18,2 | 24,1 | 285 | 1.50 | 1,91 | 2,50 | 2,85 | 3.60
a7 | 75 | 116 | 178 | 231 | 275 | 1,50 | 192|251 | 2,85 | 3,70

[pn awaanse mnunuun gobasks CI1 sz npounocTs GeToxa
B ycaonuuix nocroguxoro B/L[ chenyer yumThBaTh H NOJO-
AMNTEALHLE, W OoTphuareavnuie (aktopul. TlosokuTennim
dbakTopoM, cnoco6CTRYIOIHM YBeanerio NPoUHOCTH GeToHa,
sAseTen Cllipkenue pojgoconepxanns Geronuoii cmeci. K na-
CTONUICMY BpeMenn noxasana HCOGXOAMMOCThL YWeTa npH pac-
yerax npousocTn poaocopep:kauust |65]. Tak, B pesynnrate
mMareMaTuucckoii o6paGorku  [65] skcnepumcnTanbuuix pe-
ayaptatos [57] moayuena gopmysia npounocTH
Rg= ARy (LI/B—0,5) (1,68—0,004 B), (4.1)

rae Ay — xospGHINeHT, 3aPHCTUMA 0T BHA& KPYNHOLO 33
NONHUTENS W CONepXANHA B HeM nuuesupuoil dppaxuuw; B —
BOAOCOAEPKAHHE CMECH, Ki/m.
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Pue. 25, Kuierwka pocra NPOHIOCTH  AHTHYX  OGeTOHOB Ha HHIKOAMIOMH-

) ) . HBTHOM wemente (B/L=04):
— U3 poGaukm: 2 — C.3: ) — C-34NnPO: C-34Na. ¥
CA+KO CHK: CarkN, Cathe, Lo

67 28 90 180 L = 7 )

28 8g !8.‘.:?

&, i
Puc. 26 Kanernka pocya npoanoerit toror
I W3 miKoea; i
i [B}L{:Q?‘) IKOITOMULI TN e

I — Gea noboexn; 2 — C:3: | — CI+NLPO: {
s 23 3 . -G ;
+KO CKK: Carkn: CIune Camiee! = CAFCIE: C.34

g Ty

C yuerom

pexomMenpaumit [65] no ) .
Hust hopmysia [G5] BAHIG BOAOCOAC<A-

npourocti H. M. Beasiena npuoGperaer piz
Rs=AR.(0.6—0.,00143 B)/(B/L)'3,

THE JL5l KOHARUHOHHLIX 3anoanntesnefi

A=09, nns nponapenuoro Getona A ={.7
TAKOM BHAC 3T 3aBHCIMOCTL OTH

NOCHIIKAM 3AKOHA NPOYHOCTH TEop

(42)

A=1, 138 rpasus

OTBEHAET OCHOBHHIM npel-
Il HCKYCCTBEHHBIX CTpOI-

2

W — CNCHE;

SHN~N



i

H ] 2

Riw: pp %
Mila Mita 7

i

SO0

20r

K. €4
S S _°
\/
\;M‘
[ o ta

2% 90 185
S tg €, cyr

r 26 90 160
J 5 lg ©,cyr

COKORNOMM-
Puc. 27. Kukérnka pocta npoNsOCTH JUTHIX ge;}ulﬂuu Ha BECOK
W i Cibi {B!u-l\l. B-Or Il C-34+CIB; C-3+KO
! 31 — C-3+NmPO; Ca+NaB0,; B i
! o nogamok: 2 = bk S e e ETHCE.

R L]
By Mifa
] ,
2
3
1
4ot "
10
'3 7 28 00 tgt,eyr

37 26 90180 (geyr ]
a
Piic. 28. Kuner#ka pocTa npowHOoCTs JANTHX GETOHOD NE BHCOKOANIOMH

HatHOM uemente (B/H=0,7): . iy
Gasku; 2 — C-3: | — C-3+Na PO t_:«a+m,1?;g,é I — Ca+CAB:
= G melemy tio & S SR SR

TEALHBLIX KOHrnomepatos [55). Heogx(:r;gzg::ﬂg:ﬁza Cgt;gg:
BHBI
CONEPMAHNS BRITEKACT H3 OCHO e
ME‘LIL-!H%ﬁ CTPYKTYPHO-(hH3HYECKO Tiﬂ[::{aﬂ gg&t::_?c;ﬂ Elernop
ana. !

2K KalHMIAPHO-NIOPHCTOTO MaTep Goe P
ge-roua sasuent W o1 B/L, u or Bonoconepkanns, 4To B HaW
Oosiblied] Mepe XapakTepHo MR AHTHX GETOHOB.
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Pon knen B Gerone BEINOJIHACT UeMeHTHL] KaMeHb, 11poy-
HOCTL KOTOPOro cHmKaertcs o POCTOM cro nopucrocry, Oonem
NOP UCMEHTHOrO KaMHs B GeToue

Vinipx = I(BJ’HJW—G.QIH] H, {43]

FIC & — crenens riumpataiym uemenTa.

Mpu B/ =const YHe/NeHue pacxoaa mozw, a avaunr, u
UCMEHTa, WTO CACAYeT u3 (36), npn Hen3MenHoM Kauwectpe
Janonwureneli npusoant i pocty (B/l)y. 7. e, ofinema fop.
Hruawe rosops, RAYECTBO temenTHOro Kieg ¥YXylwaercs. Ta-
KM oGpasom, (B/L)y, kak CTPYETYpHan MApakTepueTRg npiy-
MERUTEALHO K NHTHM Getonam snasercs boaee HETErpa k-
HO#, wem obuiee Bil, 1. e. HYBCTBHTCIbHON K namenenio a6-
Wero sonoconep anns u PIAIE APYTHN Texnoaormeckix thak-
TOpon.

Mpencrasacnnn o bansiinn (B/H)y nossoauan Ipe1o-
HUTL CTPYKTYpHE RpuTepuil npovsoctn Gerona B Bunle ot-
Houlenus obbemMa uemenTHoro Kamus o 6eTone vy npH 3ana-
HOM  3nancuuy (B/L), & CYMMapHOMy obnemy nop Getonn

1‘4|nj| |i8]'
14 Fu+(B o). 1
B — 0,21aly - i Viop.s + U, .

rhe B—-021ull — obwas HOPHCTOCTL LCMEHTHOrO KaMus B
Gerone [17]; Unopa, Uy — NOPHCTOCTL SANOAKNTENS W nopc-
TOCTL, obpazosatinas BOBJIEYEHHBIM NO31y XOM.

PCAROnaran, 4yrto uzMmeneppe CTPYKTYPHl ueMeHTHOrO
KaAMHAL OyAeT yuuThBaThCH I3MEHEHHEM TIOPHCTOCTH B sapn-
CHMOCTH OT crenedy roapatawm a. Ogxako. HETPYAHO NOKa-
341, 4TO u3Menenne o B AQIYCTHMEIX Tipefienax sefier K me-
SHAUNTENbHOMY H3Menenuio L #, CooTnercTBesno, npownocT
Geronza, Kpome TOro, xputepuii L pe CTPOMITCH K HYMO marme

L= Uu_n,fl:rmp ==

(4.4)

WITLCS B wnpokoil o6nactn 1as GeTouna, cuge ne ooaataonte-
o Mexauiaeckot NpOYHOCTLIO. To NRUBONT K TOMy, uTO
BAHHBIT  KpuTEepHil  Moer OuiTh YAOBACTBOP T NLE LM npu
(B/L{)y=const JL nns Getona onpeleacnnoro Bo3pacTa,

Coajnaty KpuTepii NPOYHOCTH, YUNTLIBIOWNT Bee mMuQ-
HECTBO (pakTopos, pa COBpeMeHHOM 3Tane PasBuTia waykn

Tepuil G Gu IPEIMEPHO CAOKHLIM pin NPAKTHYECKOrO RC-
nojib3oBavus. [Npy CTPYKTYPHO-KpHTEpPHantHOM noaxone aa-
Jaua saknouaercs g TOM, 4TOGb B Bhipamenuy KpHTEpUS
YUCCTh HauGonee sHaynrenpume HHTerpagLusle napamerpm,
€ KOTOpuMIL crRaaig onpesenexnoe cnoficteo Getona, gce

(i



; CHoab3ys
YHTBIBATL KOCBEHHO, H
e (aKkTopsl MOMHO ¥ nesay
GCTaﬂq?::ue:ﬁu KPPHTEpHaJ!thlx ypasHeHuf, uﬂ:gg:;: s
xoed ollbi0 O6BIMHBLIX nepnmuomno-c’rammrn: e
; Tim:couﬁpwnsauuu ‘onpeneeHHBIX chom:unnﬂenma e
I:lgqecmeuuux ocoGeHHOoCTEll HCXOAHBIX KO y
) | eTpa
BGKB“ 34 f)} YuTCHEI TPH BaXKHEHLIHX C‘I‘p}'l{'ryp;l;lx uapg‘mgpﬂ;
awrei:.uayuomux MaKpo- H mmpac;rp}(faﬂay“ Serony:
e MHO® COAEPAHHE LEMEHTHOrO KaMmusi, i 8 come
Uﬁ'helcTDCTb. Opuako npoyHocTs GeroHa Hgiéml{andﬂs, o
i3 oGbeMHNM cofepXXanieM LeMeHTH Bl Ao
Jauamgmm yHENHUHBATLCS HAH Weﬂhma?r"coﬂu;uguemm o-
PDEIQCTH 8 3ABHCHMOCTH OT ﬂnHQBpEMEHHan menﬂemnn oo
s CTH UeMeHTHOro xamus B OeToHE, eliu EISEUnEL S
E:"z‘?o” feils OGLELMH‘}; m.ufggzuge“;mep“" [POHHOCTH
TPYKTypHull nap oemd
; 1-::2 ::;fr;:ﬁpzu?ggramm OHO HE o'rpa}!:[t:gr i?‘f.;Tpn;m L
H:l:lgrmpymmux THAPATHBIX Huaaoﬁpaafuaaﬁﬂbm Dt
¢ HTEPHH NpH onpeienexxoll nopHeToc R T
o esuuu u nengocratounpm. C ysennue ene {FineSY P
e H YMEHBLIAETCH HE TOJLKO TIOPHC St
i HO ¥ AOJIS HENporMApaTHpPOBAHHON uac'; et
xam::, YTO HIKAK HE OTPAXKAETCH B [4.4].T];IT:H. ganie B
K::: lienecaoﬁpaanmm B BBLIPAXKEHHH ﬁ;:sﬂﬂpn Eone o
i oro  Ka
epIKaHME LEMEHTH i
?gﬁlﬁ;mec;ﬁsﬂt pHa OTHOLLEHHE uﬁ'bemmrlgmtézﬁgﬁanl:;m e
<8 OCTH 1
eMeHTa K MNOpPHCT i =
gamggaﬂt;?lmﬁumwmwmn napaMerTp JIMIEeH paccMoTp
eTOHE.
TATKOB. N
“mb::lﬁgﬁfnaam:b HZ HU3NOMEHHLIX BHILIE T&ﬁ:T;‘;ﬂ;ﬁymmgna.
TanfeHusx, npumes patouyio I."HIIOTE-‘.!{ gemua IRy
(i:ll'!ﬁ CTPYKTYPHOTO KPHTEPHA: npoqnomauemy R
NponopuUHonaibHa npe.u.nmxcrgar.:rn;ﬁenspoﬁpamn i
B Ge ‘
oro Kamus Kygxvrx L
z:.:;r.za o6wemy oGwemy nop Gerona [23, 24, ]

La= K::.itur.llj“nnpr (4.5]

e

e Lp — CTPYKTYpHBilT KpHTEpHH upatmucr:;ﬁ:::{m:lib ;“ﬁe-
”é'bemnrunparnponauuom UENEHTE; Vnoy — OOHEN TIOP B
2 He; Kyx — KOI(PHUHEHT KauecTsa ueue:: i g
3 dﬁ'bé;: rHAPATHPOBAHHOIG ULEMEHTa B

4.6
feronk ‘Ur.u=Krﬂ~tV“u' (£.9)

rae Kc=2 09 2 —_— . T obnema
}'BBJ'[H'-I'EHHH
. .2 KOB(T.'I@)HH.EEI? s
H':I‘OB 'ru.n';':a AlLLHH, Gx — CTEelNCHbL rH.u.pa'rauHu e
npony ] T 5 MEHT
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1 GeTonuoit cMecw PH Nankom (BfL)y; V,=0,3922 anir —
YACILHUI 06beM neMenta, Takyy obpaaom,
Vg~ 0.6470_1,[[.

lNokasatens kavecrs
ONeBiiiHO,

(4.7)

4 UEMEHTHOrO KaMmHs B Geroue Kz,
NPEXAe Bcero 3aBucHT ot ero obuedt nopuct

OCTH
-Pll.l. - (Bfﬂln—ﬁ.ﬁl .

(4.8)

Torna moxwo HPHHATE
Kux=[(B/L)s—021 ] A (4.9)

Otuowenne oGwema n

POLAVKTOB ruspataumu uementa s
IEMENTHOM KaMHe K ero 1OpucToeTy xapaktepusyer no cy-
LIECTRY «HECYLLYI0 CnOCOGHOCTY» UCMCHTHOrO KaMH# B GeTo-
€, Ma KOTOPOH CKa3LiBaoTes OCOGBHHOCTH lleMeRTa (nepes
CTeneuh ruApaTauny ay), ero pacxon B Gerowe, HIT HeMenHTa,

U Gerounoit cmecy i BojonoTpeGHoCTL sanoauurenedi (ve-
pes (B/L)y).

O6unit o6bem nop B GeTone

Unop=B—0,2] ﬂx”'}-z"na. H-”J:'
rae Xtgy — CYMMapHuil abhem AONOJNHHTENBHBIX nop 8 Ge-
TOHE, 06pasoBauHbi]

H BOBJEYEHHLIM BO3IyXoM vy
UEMCHTHOTO TecTa

» HEXBATKON
PH KONTAKTHOR CTPYKTYDPE Unoes M T. i

Uinger = |U00—ufp“—-ﬁ—t!a-—-t'n — OOLEM OCTATONH

ToHa. Ou xapakTeper nns Kout

Hx nop Ge-
AKTHOI CTPYKTYpLL, BCTPe"at0-
lelicH B ManoLeMeHTHOM GeToe.,
AGcomoTHui 06bem SallONHNTENR MOMHO OPUEHTHPOBOYHO
HaliTh W3 yenosmn

vy Put-'a""”:!ﬁmluva-.‘;;, 1000,

rae Py — nyctorHoers 3aTIONHITE
SHHI 1y — ynennias nesepAuocT
HCOGXOANMEN sy CRICnBaHNsT  3cpen 3ANOAHNTENR MuHI-
M2JLHAA TOMIHHA naenKy UCMeHTHOrO Tecta [1).

Takum o6pasom, OKOHYATON LG

BUPIMCURC CTPYRTY pito-
ro Kpuvepus npoanocrn Getong MOMINO 3amicats B Buje

Lo Ko Urn - 0,647 a, L :
ﬂ|'|:!|'.L [(Hfu)“_O,EI a:](B‘“’U.?an u)+ Slt“Il..l

(4.12)
Kp#tepuit npoynocrn’ Getona Ly moxno Pacematpusaty kak

OTHOLICHIHE Napamerpa «hecymell crnocobHOCTHY LEMEHTHOro
Kames B GeToHe ¢ yuerom UMMOOHANZaNNN YacTn oA sa-

(4.11)

AL B YNAOTHEHHOM cOCTO-
by MYMY Spyw — yenopio
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Wyne or
atensMi K obuiemy oOwemy nop Gerona. En-?:;m =
i eB MPOMHOCTH LEMEHTHOr0 Kamis, H3 S L
Pl e Eerum KPHTEPUH, NpejLIoMeHHLE B [12, Ullli;}CTb
603&33:‘;: I:].GIIOJ'IHHTEJhHO OUEHHTh BIHAHHE HE TIP
11038

B, CKasbi-
GeroHa TpH TOCTORHHOM obuem B/L pana HakTopo

;

AMI
eCTOM ¥ 3anofHHTE] MEHEHHE
”“E’T':;:Mq,;pmm § XapaKTepa NOBEPXHOCTH (ue!:?;::mro B
i:;ecHEOmnmpeﬁuocru). cm'rumueer:?::} rI;PYEa‘;:’:gi HI uementa.
: copep¥annd UeM aKTopa
rﬁifﬁgmez’ KPHWI;“H Lo HEpEs ““‘pa"‘eﬁﬁﬁuflﬂﬁ)'&?omm
HI oTkpmBaeT BOIMOMKUOCTL yHeTa B.PI Ll sl
Getona psaa OCOOEHHOCTER UEMEWTA. enE:ch KaK HIBECTHO,
; anbHEX A06ABOK B LEMGHTE, p
Aepmaﬂﬂlil‘:;!::gm HIP. 910, b CBOIO OUCPTHLE, I#tﬁl)ﬂﬂlin o
]}f::Le;ernﬂns (3.18) ynwumunané !Euaqem:; Et({'li ) ;pmau““
: ayedt ulero W oer
mx 3pavenusx obut TEEHHO MpoY-
I}l'iliﬁﬁ:;:m suavenus kputepusi Lp M COOTHETC
: . 'HOFD COJIEP-
"0 {ia] wanssen gaxrop npeseno GO L
- ro FHAPaTHONO B3k - ‘ & pane:
)haﬂfl:}::!m‘fguoro cénepmaunn co3faer HPEM‘D(‘U‘E:LHM_ Sip-
T;:;l NPOYHOCTH KaMus il jaxe x;f: flaﬁ,':tlop,::gm“e“ 3apo-
Hie
opaspyLleHHA ?ﬁf'hﬁc CTPYKTYPH
B v, sayihn Caowmiics cTpyXby
5 oro KAMiH B YCJOBHAX TOBHIIEIH R i
ue!.leli"':m W pA3BUTHRA THAPATALMH N0 MEPE T:mg e
BM{?&;& priewelt cpeakl. [LCCTPyKTHBIEIC ;!;Sﬁcuﬂlo'rt:ﬂ ¢ mno-
i - XOpOWO
BaHHBIX CHCTEMAX HAT DR
mﬂ;}‘?ﬁg:gmqecuux npeacrasaeHni o cobeTBEHHEBIX P
54
SKeHHAX B UEMEHTHOM KaMue |63] . MHHIEMANBHEC FOKA-
Ilasi NOpTAAKUEMEHTA MPELEbHO UADATOB, NOCTH-
eny o6peMOB A6COMOTHOM nopm.mcmommg{ mc-'raunﬂlor
[13% = (BJL — 0,22)(0,5 = 0,39 - - - 1,55
SHEE eMenT-
Jlerko nafiTy, 4TO npepesuuo Gesomacnoc SIE
]

A oot mp [Bm)“x:pr(gfi?fﬁ 'i.?;sii];amnponmaupoaalmn
ATE =
ﬂpﬂlj;ggfull "(E)ei;ﬁfi: g HOpMAJBILIX YCAOBHAX, neoOXoau

HAHO, BLHIOJHATL Ol"paHHlIEHHE
o (BIL) = (BIL) up= (0,395 . .. 0,365) @

HTHOID
Eciin yuecth, 470 cTabuiH3aLHs npoa;gocnb ?ex.{[eml' w0
xamusl  Hactynaer OOwuHO TpH &= ..U

0

(B/L)pp=0,21...0,27. Xapaktepuo, uTo npusesenusie npe-
JAenbio GesonacHble anauenus B/ ueMeHTHOro Tecta coot-
BETCTBYIOT M MUHHMAJILHO BO3MOMKHLIM €ro 3IHAYCHWSM 13
ycnosus dopmoBanua Ky, NpH KOTOPLIX B OGHMHBIX YCJI0-

BHAX MOXET O06PAsoBaThCs  KOATYNALNOHHAA  CTPYKTYDA:
K“,Bzo,s?ﬁ KH..I."-

IIpn Texwomornuecknx npuemax,
MOBAHHE H3ASNHH B YCJOBHAX 0c06O
HWA, npeaesbHo GesonacHsle 3IHayeHs
MOryT ObiTh HHbIMi. B [69] onucauo,
NpeccoBauns npH pAassennn 175...700 MTla, Temnepatype
100—250 °C u ucnosn3opakuu uementsoro tecta ¢ B/l =
=0,093 gocturnyra npouwHocTs B Bo3pacte | ¢yt B npenenax
198...576 MIla, a nocie Bupepku 28 CYT BO BJAMHON
cpege 662 MITa. ITopucrocts o6pasuos ropsuero npeccosa-
s cocravia 1,78...506%, creuens rmaparaiiu &£.29. ..
0,37. Xapakrepuo, uto ynesbuwnii 06beMm NPOAYKTOS riapa-
TAUHIK OKA3aJICA TAKHM M€, KAK Il B TECTE HOPMAJALHONO TBep-

- neuus, 1. e (0,403+0,006) cm¥r. MUmeercs npeAnoioXenie
[18] o BoamoxHocTH OGpasosanks NpH OMHCAHHBIX BHILE yc-
JIOBHAX B OCHOBHOM BHYTpDEHIero ruipociinkara, Gosee naoT-
HOrO i NPOYHOrO, YeM BHELHEro,

Ilo Konpo n Halmouy, BryTpennne npoaykry rHApaTauuu
TPEXKAJNLUHEBOr0 CHANKATA OOpasylTesi B MPOCTPAHCTBE,
MEPBOHANAJLHO 3AHATOM LEMEHTHHMH 3€pHAMH, B OCHOBHOM
33 CHET TONOXHMHUYECKHX MPOLECCOB; BHEIIHNE — yepes pact-
BOp B NpOCTPAHCTBE, MEPBOHANAJLHO SAHATOM BOAOH [18].

B swpaxennn kputepus Ly et IRCTPEMYMA, BO3HIUKal-
Lero € HEKOTOPOro npejesa COAEPIKANHS BAKYUIErO npH
nosuwmenunx (B/H), Tlonoxeune Ttakoro SKCTpEeMyMa, To-
BHAHMOMY, MOMET CMEIATLCH B AHZUUTENLHOM ANATIa30HE 1I
PR NEKOTOPLIX YCACBHAX COOTBETCTROBATL OGLEMY KANHAASD-
HLIX Mlop, GanskoMy K HyMO,

Ma xkpurepus Ly caenyer, 4to paspyiucHiie GETOHOB [OJI-
HO nponsofith npu (B/I)uxp=0,2 a. Pasymeercs, 3101 Bu-
BOA CJelyeT NPHEHMATB C WIBECTHOI CTENEHBLK npHOIIKe-
uisi. B [12] nokasawo, 4to o6pa3ibl, HIrOTOBJAEHHLIE W3
pasunix uwementos npn B/ =0,1...0,15 n ApPaHHBILHECR B
BOLE, LOCTHFHYR Yepes | ...2 rofa MaKCHUMANLHON NPOYHOCTH,
B HoCAeAyoLleM OCHAapyXIBAalOT ee yMesbienue. OueBHAHO,
Bcerna {Bfﬂj'u.nn} (Bfﬂ)lt.uju-

M3 sasncumoctn (3.6) mexay B/L Getona m ueMmeHTHOrO
kamiis B Getose — (B/[)y — npeacrapiasercs BoIMOMHEIM
pacyeTHaiM o6pasoM OueHuTh npejesisio GeaonacHpie 3Haue-
wif BfI] Gerowa. Oun GyAyT M3IMEHATHOS B 3ABHCHMOCTH OT

62574

obecneynBawLix Gop-
HH3KOIO BOAOCOAEpIKa-
1 B/L, no-suguMomy,
KaK crocoloM ropsyero

8l



¢aKkTopoB, ONpeesiouIHX BoIONOTpPEGHOCTL 3anoJAHHTENeH,
cocraBa Gerona n HI nemeHTHOTO TECTa.

[pu ouekke nomyuewnmx suauenuit (B/L)wop cneayer
YHUTBIBATL RBJACHHA PENaKcaliiu BHYTPEHUMX HANPsKenui B
LeMEHTHOM Kamie W NepexkpHeraiausauun rugparos |[12],
YTO MOMKET NO3BOMHTL YMEHLIIHTb JONYCTHMbBIE 3HAYEHNH
B/ll. Kax npaswasio ykasusaercs 8 [12], amwe pauredn-
HBE HCCHeNOBAKHS TPOYHOCTHBIX H 1eOPMALHOHHBIX CBOWCTR
UEMEHTHOrO KaMHf M OETOHOB NpH uHakwx suavenusx B/L
¥3 LEMEHTOB PAIIHYHONO MHHEPAJOrHYecKoro cocrasa M JKe-
NEPCHOCTH CMOrYT AaTh OKOHNATElbHEIR OTBET HA BOMpOC ©
ponycrimMux HmKHEX npepesax B/I[, npr KoTOpHIX obecne-
YHBAETCS NOJHAH J0JrOBEYHOCTL TBEPACKUIHX CHCTEM.

[Npeanaraembiit CTPYKTYpHHIA KPHTEPHA NPOUHOCTH Geto-
HA XOpOLIO COOTBCTCTRYET OGLUEMY 33KOHY MPOWIIOCTH OnNTH-
MaJbHBIX CTPYKTYP AJIR HCKYCCTBEHHBIX KOHrJIOMEpATOB |55].
CyiuHoCTs 3TOFO 3aKOHA 3aKJIOYAETCH B TOM, HTO npoxsBese-
e MPOUHOCTH KOHIVIOMEPATA ONTHMAJbLHOH CTPYKTYpH Ha
ero (asosoe orHowenwe C*/P B n-it creneln ABJIRCTCHA BEJH-

YIHON NOCTOSHHOM:
R*(C*/®)"=const, nau RozR;_“I[{Cﬂiﬁ}j(C*MJ]1“, (4.14)

rae R, 1 Rg — npouHOCTh HEMEHTHOrO KamuA W GetoHa
OMTHMAJLHON CTPYKTYPH NpH APHHATON TEXHOAOrHH HITOTOB-
feuusi u B onpeseaciHom Bsoapacte; C*/® u C/d — coor-
BETCTBEHHO (JA30OBHE OTHOMICHMS, @ NPUMEHHTENBHO K GeTo-
uy — BfL] nementsoro Kamus u GeTOHA.

Cooriomenns B/L uemenTioro kamus # Getona npu OAu-
HAKOBOIl CTeneHs rHAPaTaunl pPaBHO3HAYHB COOTHOIIEHHK
ofwemos ®x nop. JLAA uemenTHOro Kamus B Gerowe m Gerona

Eﬁa';ﬂu—-ﬂ#lu‘u; (4.15)
o =B— 0.21"1,” + Log.a (4.16)

nop

rie By 1 B — BopocofepXaHve UEMEHTHOFO KamuA H bero-
Ha. [lpi OTCYTCTBHH AONONHHTEALHO BOBJEHYEHHOrO BOSAYXa

(Rupa=0)
Bfuu — 021 a,

B/l — 0,212,
feroua ONTUMAaJAbHEX

(4.17)

[T P L —
runop-" wnnp

Buipaxceuuwe 33KOHA TPONHOCTH
CTPYKTYp NpeACTABHM B BHAE

Re = Ry [(ehoplviap)™ (4.18)

BZ

Pacem
JIOMepare::rp}[ln:;gﬁﬁ:gﬂe:-?:ogpy“wpy ¢KOHIJIOMEDAT B KOMr-
? KAMHR
NPOYHOCTH 3anuieM Caenymow M oapaggufk'““e BLIDAKCHITR

Rux= Ril(vhs fu s ). (4.19)

roe R’ —

S ‘u;MEHT::pouHucm NOMHOCTBIO FHAPATHPOBAKIONO 1eMer-

SHHOR. Mokl Oro reas), npejcraBnsiowan cooli npu mocto

TY; Uf paﬂgr““ UEMEHTA HEKOTOPYIO yC.I0BHYIO mnc‘r;g-
v Yaop — OOBEM nop ren = -

oGmema. P TEIS € yuetoM KOHTPaKuHOHHOro

Packpus B (4.18)
] 3HAYEHHA MNOPHCTOCT
MYJE! IPOMHOCTH HeMeHTHOro Rauimi Gc-wu];. RO GRR

Ru.x T 0129"" Rr (':.: LO”'”(B-"IH)!I = 0'21 ar]ﬂ'*

s
Ry = 0,448" R.(0,647 a, L{)™|[(BJLL), — 0.21,]m. (4.20)

Taxnm oGpa
30M, NpPOMHOCT
B Hanbosee obuen Bmfe b UEMEHTHOrO KaMus B Gerowe

RII,.H =A {ﬂr.u]w:,;;)n'n (’42”

rae A=0448"R, — HEKOTOpan KOHCTaHTA.

Bupaxenue fuﬂ=vl-,dv§5;= M—— MO H
HATb B KayecTRe Caleta, e
A e o KPHTEPHSA NPOYHOCTH LEMeHTHOrO KaMus
gl ano pusieckomy CMLICHY K KpHTepHsM De-
pe CTEIIERI:I b HaueHue KOHCTaHTH ny=2. [pn onpesesien-
B qjopuxlzg:;aué:m uementa dopmyna (4.21) npu6au-
ol c-rer!:'e epe, I'pada u apyrum [60], ycrauas-
ol 0 ;myg: SABHCHMOCTL. NPOYHOCTH LeMeHTHOro
il or B/ npu nokasatese CTeneHt, GAHSKOM
. S HE KOWCTaHWTR A 3a3BiCHT OT muuépa.r:ornqc-
el uemenTa, lg"c-.ﬂonuﬁ TBEpACHNA n pRaa s
i POB. Tlpi my=~2 u R.~200 Mlla A=40 11"? APy
3BECTEH PR Apyrux Gopyyn npounocty ue:;emnom

gg:mggj . o?ltlaol?a[:.;lhl:x Hﬂﬁ CTPYRTypHOil  Teopun (7, 12, 23
150) : STOH  UeM! TNPennomKeHa 3aBUCHMOCTE
e Ru_.ac = R.-X‘. (4.221

X =KiVagiaf (Vagxt-BILL) ~0,647ax/ (0,319ax+B/Ll); (4.23)

=26 3.0
Wl —  NOKA3aTeNE
0COBEHHOCTH LeMenTa, CTEMEHM,  xapaxTepHayrowuil
6.
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CKOMEH-
dna BhIYHCJIEHHA IIPO‘IHOCTH [[EMEHTHOrO KaMHA P

sasncumocts [63] )
o Rux = 3100 %, (4.24)

d 1+E23—°—[‘-P-'-‘- — OTHOCHTESbHAR NJOTHOCTh LE-
rae lomn— i —|-Pu B,’H
MEHTHOrO KaMHA.

Rk,
Milia|
Puc. 29 Buansune B[ wna
Jaa THOrO Kam-
- NHOCTL  Lemen
i A R :
! — no ME‘;'M (4.20): J
) }; 3 — uo HI
200 no n.ysm'}w i85
100t

o o7 02 03 04 B/U _
(THOTrO
o . 20 peacrabae spuie oo KK Hor
KBMIU’IPB aasucumocty or B/LL npu 5:;:-1"[ i BHMHCAEHHAX
no (4.20), a rakwe no (4.22) |:,.-£45j(5]'nm?moc'rh elientn
NPHHATO 3HANEHHE MOKASZTETE o0y [POYHOCTE LEMEHT-

#3 pHC. &
pll=3-1 rlcua- e I'IPPOM{EH{Y'TU‘{HOE 3HaYeHHE, KO

g KoJie aTLC 340 H 4] ™

PAJIOTHLH LLEM"-‘“Ta'” i pupaxenus (4.15), (4.16) nO3BOAAIOT,

Gopmyna (4.2
ocnum{la;ﬂc:, na (4.14), noay4uth

Re= A (l’u.u)mfl(ﬁgupfﬂ:é;. "

e A — kos(pHUHEHT npormpuuoua.tll.n%f:ln;.ammm S
. [Tokasaress CTeneny r no nauuu;eglen B
noJi :
Ha, cofepianns 3a e

gr%m 3?121?::1;{(3 Nmp Tskeqoro OeroHa B CpejiHe P

— ~1
et K ennuue. [pn m=2 u 1=
ml?s=v 0,647 all/ [ ((B/H)«—0.21 ax) (B—0,21 exLl)], (4.26)

(4.25)

B4

il Rg=vLpg, (4.27)

rie va 0,13 a.R,.

Crpyxrypuo-kpurepnanuas WHTEPNPETALNS 3AKOHA NpOY-
HOCTH HCKYCCTBEHHBIX CTPOMTELHBIX KOHIJIOMEPATOB ONTH-
MAJIBHLIX CTPYKTYD NPHMEHHMTENLHO K HEMEHTHOMY KaMHIO M
GETOHY MOSBOAKET BCKPHTH duanteckylo CywHoOCTs HeKoTO-
PLiX ocHOBHEX noustiii Teopnst HCK [55].

M3 Bupaxenus Kpurepus NPOYHOCTH LEMEHTHOrO Kamusi
lux caenyer, 4To MakcHMAAbHOE 3HAYEHIE MPOYHOCTH JLOJMKHO
AOCTUraTLCsl 1Pl O6BLEME KAMMJUISPHLIX TIOP, GUNSKOM K Hy-
o, [Mpiuuss Gopmyny Kanuaaspuoli nopucrocry I'. H. Top-
uakosa |17], mMO¥HO yTBEpIKAATH, YTO 3HAUCHHE IHCTPEMYMA
HPOUHOCTII LEMEHTHOFO KaAMUY HaGJionaeTcs nps B*/L{ =05 a.

0 gopmyse T. K. [Tayspca [50], skaiowapomero 8 noxstne
YKanpAnGpHEE TOPLI» Il KOHTPAKUHOKHLA ofbem, B*/L=
=042 a. Vunurebas, yro s Bospacte 28 cyt a=05...0,6
17], suavenne B*/I ponxuo konebartses B nuteppase 0,2. ..
3, UTO COOTBETCTBYET SIKCMEPHMEHTAABHBIM N8HHLIM [55].
B ofwem cayuae supasnesnue, COOTHETCTBYIOLee MAKCHMAlD-
woli npowsoctn, B*/l[=05aa, rne a — KoadbuumenT,
OTPAXAIOWHi BIHAKHKHE QHCNEPCHOCTH LEMeHTa i FHAPATHLIX
HOBOOGpasoRauuii, aedextHocTy KPUCTAJIIOB, HANPRXKEHNA nX
cpactating. Ilpu B/LU<B*/Ll npousocts LEMEHTHOrO KaMus
AOJIKHA CHIDKATBCH KAK B PE3yAbTaTe AECTPYKTHBHEIX WBJE-
HHH, TAK H yMeHbUIEHHS OGBEMHOTO COAEPXKAHMS THUPATHHX
HOBOOOpasoBanui. CrosbKo-HHOY L OLLYTHMOrO yYMeHLIUeHs
obwedt nopuerocTH npy atoM N POH3ONTH HE MOXKET, MOCKOMLKY
obpasopante 3apoAslllell HOBEIX KPHCTAJINOB B rejeBux [10-
Pax HEBOIMOXHO HH C NO3NUHN TOBEPXHOCTHON SHEprim, K
C TOYKH 3PEHHS 3aBHCHMOCTH MEXAY pasMepami INeMeHTap-
HOM siYeiikK # nopw reas [50].

[TpoiiocTt HeKYCOTBEHNMN CTPONTeALIBY KOHTJIOMEPATOB
YMCHLILACTCS 110 MCpe BBEAlCHNS SaANOJIHITEAN, D710 06YC/I08-
JICHO yBenuuenneM neobxopmmoro B/I[ B peayabTate HMMmo-
CHANSALUMN BOMW NOBEPXHOCTBIO 3anodHnTeAel 10 BHpaRIi-
Baulsl o cucteme notenunanos nepescca. Ilpn nepexofe or
ONTHMAJBHOH CTPYKTYPH UEMEHTHOrO KaMHA K ONTHMAJILHOIN
CTpyKType Getona weobxoaumoe B/ momuo naiitin s (3.6):

BIl= (B*/L)u(1+ (Bull+Bulll) | Kycll).  (4.28)

Ipy srom npeanonaraercs O/HOBPEMEHHO BHINONHATL ye-
JIOBHE MHHMMH3ALHH BOAONOTPEGHOCTH GETOHHON cMecH

H" (H’f"IH) =ronr. (4-29}
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Jlioboe OTKAOHEHHE OT cihopMy S HPOBAHHBIX pHILIE [ABYX
yC/IOBHiL ONTHMANLHOCTH BLARBAET CHHMKeHHe NPOYHOCTH Ge-
Toma npH onpefeserHoM COOTHOLIEHHH OOBEMOB LEMEHTHO:
ro Tecra H qanofuuTeel. 3aKoH NpOHHOCTH GeroHa ONTH-
ManuieX CTPYKTYP, ABNAIOMMACA HACTHEIM CJydaeM Gonee
obuiero aakona reopun MCK (5], yuMTHIBAET ITH YCHOBHA, yem
OH MPHHUHNHANBHO H OT/HYaeTcs OT 3aK0Ha B/l -

COBNajieHHe IKRCTPEMENLHBIX sHaueHHil pa3aHYHbIX NOKasa-
reneil cpoficts GeToHa MpH ONTHMAJLHOMN CTPYKTYPE Geroua B
COOTBETCTBMH C 3AKOHOM CTBOpA HUCK [|55] ofychoneHo
oG beRTHEHEIME (PH3HYECKUMH saKoHoMepHOCTsIMK. B 4acTHO-
CTH, COBNAAEHHC SKCTPEMyMOB NPCUHOCTH, MOpPO3CCTONKOCTH,
BOAOHEN POHNILACMOCTH, TeRAONPOBOAHOCTH K psraa ApyrHx
coficrs GCTONa MpH ONpEAC/IenHOM cojlepanil H COOTHO-
LeHun sanonuutesedi, a TAKKe HeBaMEHHOI TeXNOoJIOrii OKa-
anBaeTes HenabexmHbiM npH MEHIMAJBHO BOIMOXHOM OfGBEME
xanuaaapubx nop. OTkiouenie B/l kak B MEHBUYO, TaK
4 B GOnpliylo CTOPOHY AOJKHO CHUMKATH TMOKa3ateH CBONCTE
B pesyabTare YMEHBIUCHUR KOHTPAKUHOHHOM MOPHCTOCTH,
ofbeMa CHAPAaTHPOBAHHONO LEMEHTa, HENOYNJIOTHEHHSA, AECT-
PYKTHBHEIX apfenni w T. A. (nepas BETBL xpanux). a TaKme
yBeJHUEHUA KanuaNapHOH NOPHCTOCTH (npaBasi BETBD).

Mpw pacuere KpHTEPHA Ly HeobXonrMO HapAay € JaHHb-
MH LR onpefeneHns (BJL[)x 3naTh 3HAYEHHE Ua.

JInsi yCTAaHOBJGHHA COOTBETCTBHA cTeneHH THApATAUHH ue-
MEHTHOrO Kamuf B GeTone (pacTBOpE) H YHCTOTO LUEeMEHTHOro
kamua NOpH (BIL) = (BIH) s ‘BHINOJHCHE  CHEUHaNbHEE
ONHTH.

Creneib FHMAPATAUHH HHCTOTO LeMEHTHOrO Kamun H LE
MEHTHOTO Kamus B |{eMEHTHO-HecyaHOM pacTBope 1:3 ua-
XOMH/H N0 METOAHKe Onpeae/eHis KoauuecTna CBASAHHOR
BOAK TpH (B-,Fu)nm(BfH)ﬂ_.FD.Sﬂ Ha nopTaaHaueMenTe
310n6yHOBCKOTO K (M 500, HI'=27%, K,.=0.27). Tle-
cok — Boneckuh, B,=4%. Pacxofu UeMeHTa H necka: L=
=500 r, [1=1500 r. B/L pacrBopa mosHo Hante na (4.23)

B = (BI L) (14 BulT[ K l) =0,44. (4.30)

O6eanoKuBanHe NPONIBOAHIN GeapoAHBIM 3THAOBEM CIHDP-
ToM, 06pa3ubi-KyGHKH (2X2%2 CM) UEMEHTHOrO KaMus o
pacTBOpa MocJie XpaHeHus B HODMANBHBIX YCAOBHAX HIMCAL:
yany A0 TPOXOAa uepes CHTO 008, npokanuBaHue OCy-
LleCTBASAH TpK TeMnepatype 1000°C. Haitasi KOAHHYECTBO
XMMHYECKH CBA3AHHOH BOAH TNPH onpeAeNenEOi NPOROJIHKEH-
TeNLHOCTH FHApATAUMN H NOJHOM FHAPATALMH, NETKO paccut:
raTh CTENeHb rHApaTaluk, SHaueHns cTeNneHK rHapaTanHy Al
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BOLE mokazanu
il Tabn. 19), u
ax=1 () MOMHO mpency ), 4T0 B OGUWEM BHIE 3aBHCHMOCTH

e m — KOoHC
TaHTa, 38B
paJaoriii eMeHTa i 1 X

TEALHOCTH riApaTa =
0.2; 98 e 02&:: gnucl;lr EE!? CyT KoHCrauta m=0,15; 7 cyr

14e

nemex

wapg:&orggugﬁﬂn coc'raaému: B BO3pacte 7 cyT — ax=05

a,,-—;:DAB: e ax=0,58; ann pacteopa COGTBE:CTBéIl'H(a)
Jenosareasto, npu (B

TAUWH nemenra B uer.{pennior.‘ialg;;:nsemu}m SI0E ¢ beoh

¥ p«! ﬂ]] H
CrieHn A a Ta 8 pe
”JMEHEH e CT I TauEK n TAAHMUE Men O BpeMen

TeneuL FHApATN .
L cpesy
[ T 1 Ornowenve ‘B{HQ{.D) Ka

i [ 18 Ll =3l wopey
a ? ia ual I
b [R5 5] a e
5T c¥T
b bt o oo [ am ]
038/ 033 | 0 583 | 0,625 | 0,646 91 | 0925] 0875| 07
0,505 0567 | 0,585 | 0,578 813455 3'342 3’%5 3’%5 068
: ; 78 | 0,68

B ocHoBHOM auna
nasol
[pu (B/L) <05 Momuueciﬁggﬁm T oron. (B0,

- [17], uto
Gibaan - Umax=2(B/L)yx=2(B/L),. (4.31)
aum .
HeMEHTHOTO h;a':" B OTJHNSHE OT @y, Kak crereHn
nosias s npu B/L=05, T ARRLauh
FHApaTauus (nmnx=l) h T. € ROrga  BOsSMOXKHA

Creunanss
. 10 MpoBeAeHHK
CTeneUn ru € HCC/ieoBaHH
Shr numﬁga‘rauuu GHICTPOTBEp ALIONILer0 “c 10 HAXOKACHHID
=2800 cwn‘)ﬂnues{eura 3n0.6yHoscKoro pe[fﬂfanmmm“'
METONOM ONpejleNleHHs XUMHYECKH IEBH (fm’;
3dHHO

4BHTL BbipamMennem

ax=2m(B/L)wa+ (1—m)a, (4.32)

Lias OT BO3
SRl e pacta GeToHa, MuHe-

st wcenegosam
1070 . OPTAAHL
J UEMEHTA TIpH n
POACANKH-

Auanus (4.32) u Tabu. 180 cyr 0,8. Ipu r—+c0 m=1.

KUTCABHOCTH 1HOPMa 19 nokaswisaer, 4ro n
W(BIL<05) x a(B/L~0 oriomeime

e g;;c%ncmlg AO 28 cyT OTHOMEHHE
; fH3K0 K enuunue. C yse-
pPAEHHS OHO 3aml{0uep1{0 YMEHL-

(4.29)

HO Bhpax
Pa:katk a 4Hepes cTaHpapTHYIO Beauduny. Hamn
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ta Ry B On-
eflOBAKMKS NOKa3anw, HTO npouuoc‘r? Oué'“l?e'é 8 S p o
ere eHHOM BO3pACTE, HaifleHHas 1o D sttt
peﬁ?co CTEeNeHLIO FMAPATALHY @ SMIHPHEECK
3a

cTenesduoro BHAa Ruﬂa-nR“.n. {433]

emenTa, npH-
A% LAHnoro BHAA W

1 — KOHCTAHTH [ o Dpt;
5 !}im ‘:uomun HHTEPNPETHPOBATL KaK ueao;t:‘py(u =yl)'

7pG m'rb gemMeHTa NpH NoaHo#H m,a.pa‘can;neuu =1 e
“pmmconpmenesmn e W M HAMH rﬁt_)lclza A e
e mente 3nonbynosckoro LILIK, il
nopriaanaue Syuoeckore LE%) coea

i 1 J\ﬁ?] ‘ H%pg?ﬂucuemau mapok 400 {ynwmiiﬂ:;&
o 00 em?fr) u 500 (ynenbnas nnne;:macm_
Qg)lxm'm npopofuny Ges u C BBCEHHEM

CIB (raba. 20).
S - TaGanua 20

WATHH
ocTs ueMenra Ry HpH €

ill'g‘.lml::“"l‘E 310—76 w creneHb I'Hp.pa'l'lujl;c ,3..;
n'::: (BiL)=05 B pasditivibie CPOKN TBED,

Cpokr TREpaCHIN, T, CYT

MokasaTban 2 \ : = \ @ e l a5

BEPXHOCTL
3200 em?/r).
(uuspyoLen

134 1227 |4
Re, 7R 0,29

@ wxco 0:2&5

o paes

334 505 (64,3 12 ﬁg,.gs

oA AL
o Llement M 5004-02% C,I'.ILIS-B“:J

Ra, MIla |35, ~h 0:31 \5%?32 \60:55 =
gt \%ﬁm o402 | 0.520| 0,624 | 0,645

af rpagm
Juauenre Ruo, “l.lﬁﬂil{F[{:le. ﬂ;:: g: N

O OMHO HafiTy 1O (4.33):

ATAUNH M .
neHH CHAP o ( r:]
THYECKOrO NpHMEHEHHS CTPYKTYPHO

Jlas wmpoKoro npak
KpHTEPIH, O4EBHAHO, NEO
AHYHEIX BHJOB LEMEHTE.

6xOnHMO yTOuHERHE Ruo W 1t %

88

el
KOfl SKCTpanoJisimeH,
Pac ayenue cre-

pai-

Ha cpsss creneun rugpatanun c AKTHBHOCTLIO UEMEHTA
ykasauo 8 [6, 12, 46, 63). B [63] npennoxeno s npuéan-
HENHOTO ONpefenents CTeNeHy rUAPATAUKH HCNOABIOBATL IM-
nupnyeckyw Gopmyny

Fu= 10 o (4.35)

e dury — OTHOCHTENLHAR MAOTHOCTH 1EMEHTHOTO Kamus,

Packpus 8 (4.35) awauenie OTHOCUTENILHON NAOTHOCTI,
CC ACPRO npu pu==3,1 wrjfa u B/I[=04 HPHUBECTH K SMINPH-
Heckoil gopmyne Ry=25(14-0,71 a)?, KOTOpasi- TaK e, Kak
i dopmyna (4.33), onHO3HAYHO CBAZMBAET AKTHBHOCTL. 1e-
MCHTA €O CTEeNeHbIO THAPATAWINI 3ABNCHMOCTBI) CTENEHHONO
Blifa. Qopmyna (4.35) AaeT HECKOJLKO 3ABHIIEHHNE 3Haue-
WHA © NpH UEMERTAX BLICOKON arTiBrOCTH (Ry>>50 MIla).

Hirepnperauws sakona npoudocTin [55] 4depes kputepu-
albHoe ypasueuwe (4.27) nossosser OTPasnTL pAL TEXHOI0-
THUECKHX 33aKOHOMEPHOCTEl U, B HACTHOCTH, BJUAHHE TAKIX
(aKTOPOB, CKASWMBALWNXCH HA nepepacrnpeneseriin  Boasl B
OeToHe MeXy UeMeHTHHIM TecTom It JANOAHNTENAMN, KAk
KPYNHOCTL 3anonuntesiell M UX COOTHOLLelwe, conepmanue
HEMEHTHOrO KaMHsi, AHCMIEPCHOCTL LEMEHTA N Ap-

Pacemotpum, Hanpumep, HaIMEHeHNe NPOMHOCTH GeTona B
Bospacte 28 cyT, M3aroTomseHNoro ¢ NpUMEHCHHEM nOpTAana-
UEmMeHTa akTHBHOCTLIO 42,6 MIla npu CONEPXMANUN NeMeHTa
300 kr/m® mecka 600 Kr/M® W webun 1200 Kr/M®, a Takike
TIPH H3MEHEHHH BOLONOTPEGHOCTH necka ¢ 6 so 9% u HI
ueMenTa ¢ 25 o 29%. Boponorpebuocts webus 2%. lan
obecnievenns 3aaaHHON NOABHIKHOCTH YBEJIHYEHO BOAOCOAED-
manme 6erornofi ecmec ¢ 170 no 195 Kr/m3,

Pacuets npoudocTs Getoma sumonmim no (4.26). 3navye-
une (B/L), wahgem us (4.28). Ilnsn ycrauosnenus cremein
FHApaTaunn uemMenta 8 Geromuofi cMmech nenoansyen  (4.24),
npuusin m=0,25,

wx=2m (B/L)xyRy/1654- (1 —nit) Y R/165. (4.36)

Kak nokassipator pacuers, namenenye Ka4eCTBa MCXOAHBLIX
MaTCplaioB CHU3WAO npoyHoeTs Getowa ¢ 29,5 o 24,2 Mflla,
[lobuilterse TouHOCTH pacueToB JoCTHraeTeR NpPHMEHeHHOM
KPUTCpUAILILIN ypaBuesnil Tuna |24)

Re=aLz+b, (4.37)
rie @ n b — sMuupuyeckie KOS(puentnl, yuuTuiBaollne B

OCHOBHOM BNMAHHE MEXaHHuecKnx W a/ire3WOHHNX ocoBGeHHO-
CTeI 3anoskirre e,
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paMmraena B COOTBETCTEAN C €T0 B1O-
noKasaHo, 4o Ads ramenoro Ge-
zanodnuTenen ¢ NpoOYHOCTBIO, Y~

yecTBCHHO npeaumammeﬁ NpoOYHOCTh Getona, nocnaeauss on-
pesessercd B ocHOBHOM NPOUYHOCTLI LLeMEHTHOro KaMis. 10T
phipon OB 3aTEM pa3BHT H yray6aeu B (4, 22, 68], a TaKXKE
JApYrMH pweCneaoBaTeNAME. Hauboace CyLILECTBEHHO BNHUAHHE
aafoHBTenel CcKa3LBAeTCH Yepes cilennenue sepen € LeMeHT-
LM KaMmiesm. TeopeTHUECKH pOKasano, To Gosec NPOMHBC,
yos UeMeHTHBIRN KaMEHb, 3BHOANHTCAH GAMHIOT HA TpPOUNoCTL
Gotona UpH OCEBOM CHKaTHH TOJILKO B TOM cnyuae, ecny N0
MOMENTa paspyenus coxpannercs HX cuchjicie ¢ HHM. Pac-
yeTHuM MYTEM [IpOrAO3HPOBATH cLenJense sanonuureaci ¢
UEeMEHTHBIM KaMHEM Ha CTajvH poeKTHpOBAIN COCTABOB
noka He TIpeACTaBARETCR BO3MOMHRIM, 310 NPAXOAKTCH yHH-
thisaTh KO3(QPHUACHT

aMi KpHTEpHaJALHOTO ypaBHEHHS. Kpu-
Tepuit Lr nozsonasner [23, 24| non

yuarth ypaBHERHA BBICOKOM
agpemaionted criocoBHoCTY, €ro Jerko naxoauts H ynoOHo
fpuMeHsTh B TEXHHNECKHX paceTax.

Buenenwe CII, cHumas ofiuee BOAOCOREPIAHHE JIHTHIX
Geronnnx cmecedt npi B/L| =const, AOAMRKO [OJIOKHTEIBHO
CKa3HIBATLCA Ha HX CTpyKType, KauecTse HEeMEHTHOro Kaes H
KOHTAKTHOR 3OHBEL Bmecte ¢ TEM ancupﬁuummuﬁ xapakrep
JeitcTBHA AOGABOK CIl, kak u Ap rux [1AB, okasmnBaeT on-
peneneruoe cTaGran3upyouiec pAKsANe Ha pocT NpPOYHOCTH
GeToHoB. JTOMY B HEKOTOpO# CTeneHi crioco6eTBYET BO3AYXO-
soBJeyeHHE. Pesy.ub'rupymmuﬁ adhexT, KaK piaHO H3 TA6M. 17,
18, saBHCHT OT cofepMalHi B LemenTe, BO3pacTa H cocra-

pa Geroua (cM. pHC. 25—28).
A ncopOunoOHHOE MoAupUUMPOBAHHE cTpyKTypHl GeTOna MnpH
u npyrux MAB [IONOACHTENLHO CKa3H-

peeaelHy N00aBOK CIl

paeTcs Ha MpOYHOCTH GeTOHOB NpH pacTAKeHHH 112, 55]. Hs
raba. 17, 18 cnenyet, HTO po BCeX cAyuanx B pozpacre 28 cyT
npounocTs GETOHOB ¢ nobapkoit CI1 npH pacTsXKeHHH HE
menbiue, a8 NpH HENONB30BAHHH HH3KOANIOMHHATIOTO eMeH-

1a — CyULeCTBEHHO BHILE, HEM Ges nobapku. Kpome ascopG6-
yayuienio npos-

I HOHHOIO MOAH(pHUHPOBAHHH CTPYKTYPH

HocTH NpH pacmmeuuu_nqmuuo crioco6CTBOBATE yBeJHNEHHE
2Are3HOHHOM cnocobHOCTH HaCTHLU [22]. [TpoumocTk arpers-
pOBaHHEIX MATCpHAAOB. K KOTOpHIM OTHOCHTCR GeTon, CBRIAHA
¢ AByM# BHAGMH clenJienust MemaLy OTACABHBIMI HACTHMN CH-
cremir [62]. Onuit BUA cuengenus BOIHHKAET B peayibTaTe
XHMIHECKHX 1 KOJJIOHAHLIX npenpam‘eﬁuﬁ #, CAEAOBATENEHD,
ofyCcnoBAed ganbosiee TPOYHEIMH MOJIEKY IR PHBIMH CusnaMH,
a apyroft — cuaami rpenun. bnaronapa yliyHIueHHIO OfHO-
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