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b b i /i i i i i i e

Pa3pa6oTKa u BHegpeHue b npou3BogcTBo BbicoKo^yH^uoHanbHbix u 

gonroBeHHbix 6eToHoB aBnaeTca ogHHM h3 ochobhmx HanpaBneHuft HayHHO- 

TexHHnecKoro nporpecca b c^epe cTpourenbcTBa [33, 40, 58]. PeHb ugeT b nepByro 

onepegb o gopo^Hbix 6eToHax, npuMeHaeMbix npu cTpourenbcTBe aBT0M06unbHbix 

gopor, bmcokockopocthmx MarucTpaneft, moctob, ^CTaKag, pa3Ba3OK, TyHHeneft u 

T.g. TaKue 6eTOHbi gon^Hbi OTBenaTb bmcokhm Tpe6oBaHuaM no npoHHocru, 

mopo3octohkocth, BogoHenpoHu^eMocra, cynb^aTocToftKocTu u gonroBeHHocra [32]. 

n o  ^TOMy TeHgeH^HH coBpeMeHHoro pa3BHTHa TexHonoruu Ba^ymux BemecTB u 

6eToHoB Ha ux ocHoBe xapaKTeproyroTca ycno^HeHueM K0Mn03un,uH npuMeHaeMbix 

MaTepuanoB gna nonyneHua rogenuft c bmcokhmh ^KC^^yaTa^H0HHbIMH 

xapaKTepucTHKaMu. B cBa3u c ^THM pa3pa6oTKa BbicoKo^yH^uoHanbHbix 6eTOHOB 

Tpe6yeT MaKcuManbHO ray6oKoro noHHMaHHa MexaHH3MO b ^HgpaTa^H0HH0^0 

TBepgeHua ^MeHTHoro KaMHa, KaK ocHOBHoro cTpyKTypHoro KOMnoHeHTa 6eTOHa.

^HgpaTa^Ha u TBepgeHue ^MeHTa OTHocuTca k o6nacTu cno^Hbix, 

MHorocTaguHHbix ^rouKO-xuMunecKux npo^ccoB, npoTeKaromux b gucnepcHbix 

cucTeMax. B3auMogeftcTBua b TaKux cucreMax, cneg0BaTenbH0, u uccnegoBaHua 

3aKOHOMepHocTefi npoaBneHua u npupogbi Ba^ymux cbohctb, ocno^HawTca 

KOMnneKcoM conyrcTByromux aBneHuft, Hano^eHueM ^$$eKT0B ogHOBpeMeHHO 

npoTeKawmux ^^eMeHTapHbIx pea^uft [34, 46, 49, 50]. ^a^e Ha cerogHamHHH geHb 

ocTawTca nog BonpocoM ocHOBHbie acneKTbi MexaHH3Ma u KHHeTHKH ^HgpaTa^HH, xoTa 

gna ux u3yneHua ucnonb3ywTca caMbie coBpeMeHHbie MeTogbi ^rouKO-xuMunecKoro 

aHanu3a, MaTeMaTHHecKHH annapaT HHTep^peTa^HH nonyneHHbix pe3ynbTaTOB u 

^^eKTp0HH0-BMHHC^HTe^bHaa TexHHKa.

KaK 3a py6e^OM, TaK u b Hamefi cTpaHe royneHue TennoBbix ^$$eKT0B npu 

nonyneHuu u ^HgpaTa^HH Ba^ymux BemecTB u 6eTOHOB HanaTbi eme b Hanane X X  

BeKa. Pa3BHBawTca gBa HanpaBneHua: yneT u ucn0Hb30BaHue ^K30TepMHH b 

TexHonorunecKux ^n ax ; nonyneHue gaHHbix o MexaHH3Me u KHHeTHKe ^HgpaTa^HH

[31, 45].

nepBoe HanpaBneHue -  ucn0Hb30BaHue ^K30TepMHH b TexHonorunecKux ^ n a x  

nonynuno mupoKoe pacnpocTpaHeHue bo MHoroM 6narogapa ycunuaM coBeTcKofi
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HayHHOH mKonbi. napaMeTpbi TennoBbigeneHua npu ^HgpaTa^HH ucnonb3ywTca b 

TexHonoruu Ba^ymux BemecTB gna Bbi6opa pa^H0Ha^bHbIx pe^HMOB npou3BogcTBa, 

xapaKTepucTHK xuMHHecKoro u MHHepanorunecKoro cocraBOB, gucnepcHocTH, 

rpaHynoMeTpuu, go6aBOK u T.g. TennoBbigeneHue b TexHonoruu MOHonuTHoro u 

c6opHoro ^ene306eT0Ha urpaeT Ha cerogHa HeManoBa^Hyro ponb. Ero yneT npu 

BO3BegeHuu 3gaHHH u coopy^eHuft rugpoTexHHHecKoro, npoMbimneHHoro, 

gopo^Horo, TpaHcnopTHoro u rpa^gaHcKoro Ha3HaneHua b neTHee u 3HMHee BpeMa 

co3gaeT B03M0^H0cTb ^$$eKTHBH0^0 npou3BogcTBa pa6oT, cHH^eHua pacxoga 

^MeHTa, ucnonb3OBaHua mnaKOB, 3on u gpyrux MHHepanbHbix go6aBOK c 

ogHOBpeMeHHbM noBbimeHueM npoHHocru u TpemHHocTofiKocTH 6eTOHa. npu 

npou3BogcTBe c6opHoro ^ene306eT0Ha ^K30TepMHa BxoguT b o6 t t t hh TennoBofi 6anaHc 

npo^cca, a b cnynaax H3r0T0BneHua MaccuBHbix KOHcTpy^uft aBnaeTca 

cymecTBeHHbM pe3epBOM coKpameHua gnurenbHocTH ^HK^a TepM006pa60TKH u 

cHH^eHua ^Hep^03aTpaT [31, 45].

BTopoe HanpaBneHue -  nonyneHue gaHHbix o MexaHH3Me u KHHeTHKe 

^HgpaTa^HH 6a3upyeTca b ochobhom Ha uccnegoBaHuax KHHeTHKH TennoBbigeneHua 

MOHOMHHepanbHbix Banymux BemecTB -  nonyBogHoro runca, cunuKaTOB u 

anwMHHaTOB Ka^b^Ha npu TBepgeHuu b mupoKux TeMnepaTypHbix HHTepBanax b 

npucyTcTBuu go6aBOK, perynupyromux npoTeKaromue npo^ccbi, u 0c06eHH0 

^$$eKTHBH0 Ha paHHux cTaguax ^HgpaTa^HH u TBepgeHua [45, 51, 53].

Hcn0Hb30BaHue ^K30TepMHH b uccnegoBaTenbcKux ^nax, cBa3aHHbix c nonyneHueM 

Bbic0K0$yH^H0HanbHbix 6eTOHOB, Ha cerogHamHHH geHb nepe^HBaeT nepuog cBoero 

cTaHOBneHua.

B ^pHH^H^e mo^ ho roBopuTb o ^opMupoBaHuu HOBoro -  TepMOKHHeTHHecKoro 

HanpaBneHua b H3yHeHuu TBepgewmux cno^Hbix gucnepcHbix cucTeM. 

TepMOKHHeTHKa KaK pa3gen xuMunecKoft KHHeTHKH npecnegyeT ^ n b  ycTaHOBneHua 

3aK0H0MepH0cTefi TennoBbgeneHua b H3MeHarom,eftca pea^uoHHoft cucreMe 

«Ba^ym,ee-Boga», onpegeneHua HHTeHcuBHOcth h gnuTenbHocTH ochobhmx cTagufi 

npo^ccoB, perynupoBaHua Ha ^T0H ocHoBe cKopocTH u nonHOTbi npoTeKawmux 

pea^uft.
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1 ^ H T E P A T Y P H W H  0 E 3 0 P

1.1 O chobm ^HgpaTa^HH ^MeHTa

Bonpoc o MexaHU3Me B3auMogeficTBua nopraaHg^ MeHTa c Bogofi c to h t  nepeg 

yneHMMu y^e 6onee CTa neT u, HecMoTpa Ha MHoronucneHHtie uccnegoBaHua, b HeM 

ocTaeTca ern,e MHoro HeacHoro u cnopHoro. 3 to  o6tacHaeTca cno^HtiM MexaHU3MoM 

^HgpaTa^HH, o6ycnoBneHHbiM MHoruMu ^aKTopaMu: TeMnepaTypofi, gaBneHueM, 

cooTHomeHueM Me^gy TBepgofi u nugKofi $a3ofi u, h to  caMoe raaBHoe, reTeporeHHMM 

xuMunecKHM cocTaBoM TBepgewrn,efi cucTeMM u gp. B cBa3u c ^THM Heo6xoguMo 

npoBecTu nuTepaTypHMH o63op u nonynuTb ocHoBHtie nono^eHua o tom, KaK 

npoxoguT n po^cc ^HgpaTa^HH u TBepgeHua ^M em a.

1.1.1 Oa30BMH cocTaB nopT^aH^eMeHTa

nopr a aHg^ MeHT -  ^T0 ochobhoh Bug Ba^yrn,ero b coBpeMeHHoM

cTpouTentcTBe. nopraaHg^MeHTOM Ha3MBawT rugpaBnunecKoe Ba^yrn,ee Bern,ecTBo, 

nonynaeMoe tohkhm roMentneHueM nopraaHg^ MeHTHoro KnuHKepa c runcoM, a 

uHorga u co c^e^Ha^bHMMH go6aBKaMu. KnuHKep nonynawT o6^uroM go cneKaHua 

(TeMnepaTypa gocTuraeT 1450°C) ToHKogucnepcHofi ogHopogHofi cbipteBofi cMecu, 

cocToarn,efi u3 H3BecTHaKa u rauHbi (uHorga c KoppeKTupywrnuMu go6aBKaMu). npu 

o6^ure o6ecnenuBaeTca npeuMyrn,ecTBeHHoe cogep^aHue bmcokoochobhmx 

cunuKaTOB Ka^b^Ha (2CaO • SiO2, 3CaO • SiO2). KpoMe Toro, b cocTaB KnuHKepa 

BxogaT anwMo^eppuTHaa u anwMUHaraaa $a3bi, KnuHKepHoe cTeKno. Cno^Hbifi 

MUHepanorunecKufi cocTaB o6ecnenuBaeT ^M erny Hau6onee 6naronpuaTHoe 

coneTaHue cBoficTB: BbicoKue noKa3aTenu nponHocTu, BogocTofiKocTu,

Mopo3ocTofiKocTu u gp. BbigenawT cnegywrnue raaBHbie $a3bi KnuHKepa [34, 49, 50]:

A ^h t. ^BnaeTca Hau6onee Ba^Hofi cocTaBnawrn,efi Bcex ^MeHTHbix KnuHKepoB, 

cogep^aHue ero cocTaBnaeT 50-70 %. 3 to  TpexKa^b^HeBbIfi cunuKaT, 3CaO • Si02 

(C 3S), cocTaB u cTpyKTypa KoToporo MogH$H^HpoBaHbI 3a cneT pa3Me^eHua b 

pemeTKe uHopogHbix hohob, oco6eHHo M g2+, A l3+ u Fe3+. A h h t oTHocuTentHo 6ticTpo 

pearupyeT c Bogofi u b HopMantHbix ^MeHTax U3 Bcex $a3 urpaeT Hau6onee Ba^Hyw
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pont B pa3BHTHH npOHHOCTH. ^na 28-CyTOHHOH npOHHOCTH BKHag ^T0H $a3bl 0C06eHH0 

Ba^eH .

Be^HT. Cogep^aHHe 6enHTa gna HopMantHbix ^MeHTHbix KnHHKepoB 

cocTaBnaeT 15-30 %. 3 to  gByKan^ neBbift cnnHKaT 2CaO • S i02 (C 2S), 

MogH^^npoBaHHbiH BBegeHHeM b CTpyKTypy HHopogHbix hohob h o6mhho nonHocTtw 

nnn 6ontmeft nacTtro npncyTcTByromuft b BHge P-MogH$HKa^HH. EenHT MegneHHo 

pearnpyeT c BogoH, TaKHM 06pa30M cna6o Bnnaa Ha npoHHOCTt b TeneHHe nepBbix 28 

cyTOK, ho cy^ecTBeHHo yBenHHHBaeT nponHocTt b 6onee no3gHHe cpoKH. ^epe3 rog 

nponHocTH HHCToro anHTa h HHCToro 6enHTa b cpaBHHMbix ycnoBHax npHMepHo 

ogHHaKoBM.

A^MMHHaTHaH (|)a3a. Cogep^aHHe anroMHHaTHoft $a3bi (C 3A ) cocTaBnaeT 5­

10 % gna 6ontmHHCTBa HopMantHbix ^MeHTHbix KnHHKepoB. 3 to  TpexKan^neBbift 

anwMHHaT 3CaO • A l2O3, cyrn,ecTBeHHo H3MeHeHHbift no cocTaBy, a HHorga h no 

CTpyKType, 3a cneT HHopogHbix hohob, oco6eHHo Si4+, Fe3+, Na+ h K+. AnroMHHaTHaa 

$a3a 6bicTpo pearnpyeT c Bogon h mo^st Bbi3BaTt He^enaTentHo 6bicTpoe 

cxBaTMBaHHe, ecnn He go6aBneH KoHTponnpyromuft cxBaTbiBaHHe peareHT, o6mhho 

rnnc.

OeppHTHaH (|)a3a. OeppHTHaa $a3a (C4A F ) cocTaBnaeT 5-15 % o6biHHoro 

^MeHTHoro KnHHKepa. 3 to  —  HeTbipexKan^neBbift anwMo^eppHT 4CaO • A l2O3 • 

Fe2O3, cocTaB KoToporo 3HanHTentHo MeHaeTca npn H3MeHeHHH oraomeHHa Al/Fe h 

pa3Mern,eHHH b cTpyKType HHopogHbix hohob. CKopocTt, c kotopoh ^eppHTHaa $a3a 

pearnpyeT c BogoH, mo^st HecKontKo BaptnpoBaTt H3-3a pa3nHHHH b cocTaBe nnn 

gpyrnx xapaKTepncTHKax, ho, KaK npaBHno, oHa BbicoKa b HanantHbift nepnog h 

aBnaeTca npoMe^yTOHHoft Me^gy cKopocTaMH gna anHTa h 6enHTa b 6onee no3gHHe 

cpoKH.

B KnHHKepe o6mhho npncyTCTByroT b He6ontmnx KonnnecTBax h HecKontKo 

gpyrnx $a3, TaKHx KaK rn,enoHHbie cynt^aTbi, oKcngbi K an ina  h Marana [34, 49, 50].
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1.1.2 MexaHH3M ^HgpaTa^HH ^MeHTa KaK $aKTop ynpaB^eHHH TBepgeHueM

SeTOHOB

Pa3BHTue yneHua o MexaHH3Me ^HgpaTa^HH npoTeKano cno^Ho: b cnopax Me^gy 

cTOpOHHHKaMH «TOnOxHMHHeCKOrO» H «cKBO3b-pacTBOpHOrO» MexaHH3MOB 

^HgpaTa^HH u TBepgeHua npoacHunacb cyTb ^Ta^0B B3auMogeftcTBHa Ba^ymero u 

Bogb .

nopomoK nopraaHg^MeHTa, cocroamuH H3 MOHOMHHepanbHbix u 

nonuMHHepanbHbx HacTH^ aKTHBHO B3auMogeftcTByeT c BogoH cpa3y nocne 

npuBegeHua ux b conpuKocHOBeHue.

CoBepmeHcTBOBaHue MeTogoB uccnegoBaHua, HaKonneHue 6oraToro 

^KC^epHMeHTa^bH0^0 u TeopeTHHecKoro MaTepuana no3Bonunu Bbipa6oTaTb 

o6o6meHHbfi nogxog k oStacHeHuro MexaHH3Ma ^HgpaTa^HH C3S u P-C2S c 

nepeHeceHueM ero Ha nopraaHg^MeHT. npuHaTO Becb npo^cc ^HgpaTa^HH anuTa, 

ocHOBHoro KnuHKepHoro MHHepana, genuTb Ha 5 CTaguft [34, 50, 53].

npu 3aTBopeHHH anuTa BogoH npoucxoguT agcop6^Ha MoneKyn Bogbi c 

06pa30BaHueM KOMnneKCOB h HacTHHHaa ^HgpaTa^Ha noBepxHocTHbix aTOMOB 3epHa 

Ba^ymero, Becb ^T0T npo^cc gnuTca He 6onee 20 MHHyr h conpoBo:®gaeTca 

BbgeneHueM Tenna b pe3ynbTaTe «gHCC0^HaTHBH0H» agcop6^HH Bogbi npoucxoguT 

^p0T0HH3a^Ha yHacTKOB n0BepxH0CTH Ba^ymero c nocnegyromuM 06pa30BaHueM 

aKTHBHbx rugpocunuKaTHbix rpynn HnSiO4n+4 h BbigeneHueM b nugKyro $a3y hohob 

Ca2+ h OH-. B to  ®;e BpeMa Ha n0BepxH0CTH rugpaTupyromuxca 3epeH o6pa3yeTca 

nneHKa H3 HacbimeHHoro Ka^b^HeM rugpocunuKaTa, cnoco6Horo k 

^epeKpHCTa^H3a^HH, 6e3 H3MeHeHua BHemHefi ^opMbi. 3Ta nneHKa nonynpoHH^eMa h 

cnoco6Ha nponycKaTb k n0BepxH0CTH KnuHKepHoro MHHepana Bogy, a ot Hero -  hohm 

Ca2+ h OH-, hto npuBoguT k HaKonneHuro rugpoKCunupoBaHHoro cnoa KpeMHe3eMa 

nog nneHKoft Tuna H3SiO41- h H4Si2O72-, b ochobhom c BogopogHbiMH CBa3aMH, a b 

^ugKofi $a3e yBenuHHBaeTca cogep^aHue hohob Ca2+ h OH-. 3 to t  npo^cc 

^KC^epHMeHTa^bH0 BbiaBneH ro.C  ManuHHHbiM, a npegnono^eHue o HeM 

BbicKa3biBanocb eme A .A  EaftKOBbiM.

C ^T0^0 MOMeHTa HaHHHaeTca BTopaa CTagua ^HgpaTa^HH -  HHgy^uoHHbift 

nepuog, KOTopbift npogon^aeTca ot 2-x go 6-x HacoB y 6e3go6aBOHHbix ^MeHTOB. nog
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cnoeM rugpaTHOH o6ohohkh HaKannuBaeTca rugpoKCunupoBaHHrnfi KpeMHe3eM, a b 

^ugKofi $a3e -  hohm Ca2+ h OH-, nocTynaromue b Hee 6narogapa npoTHBogu$$y3HH 

Hepe3 cnofi rugpaTOB. 3 to t  npo^cc npogon^aeTca go Tex nop, noKa He HaHHeTca 

nepecbmeHue ^ugKoft $a3bi OTHOCHTenbHO hohob Ca2+. Ha ^T0M HHgy^HOHHbift 

nepuog 3aKaHHHBaeTca. B ^ugKofi $a3e BO3HHKaroT ycnoBua gna 06pa30BaHua h pocTa 

3apogbmeB rugpoKCuga Ka^b^Ha h C-S-H $a3bi, t.k. npu pH>12,4 b ^ugKofi $a3e 

^opMupyroTca ycTOHHHBbie 3apogbimu rugpocunuKaTOB Ka^b^Ha.

noaBneHue b ^ugKofi $a3e ycTOHHHBbix ^m poB  KpHCTa^^H3a^HH 

rugpocunuKaTa Ka^b^Ha h gocTH^eHue npegenbHoro 3HaHeHua pH npuBoguT k 

^epeKpHCTa^^H3a^HH yctohhhboh paHee nneHKH rugpocunuKaTa, cop6^HH hohob Ca2+ 

aKTHBHMM rugpoKCHnupoBaHHbiM cnoeM KpeMHe3eMa h ^opMupoBaHuro 

rugpocunuKaTOB Ka^b^Ha b Buge aMop^Hbix Macc.

^eTBepTaa h naTaa CTaguu npo^cca ^opMupyroT b pe3ynbTaTe KpHCTa^^H3a^HH 

rena rugpocunuKaTa Ka^b^Ha BHaHane BHemHHH, a n0T0M h BHyTpeHHHH rugpaT. 

H3MeHeHue b ^T0T nepuog pH unu K0H^eHTpa^HH hohob Ca2+ b ^ugKofi $a3e BnuaeT 

Ha cocTaB ^opMupyromuxca rugpaTOB, ux 0CH0BH0CTb h KonuHecTBO 

3aKpucTannu3OBaBmeroca BTopuHHoro CBo6ogHoro rugpoKCuga Ka^b^Ha b ^MeHTHOM 

KaMHe. B ^T0T nepuog ^opMupyroTca coBOKynHOCTH yctohhhbmx CBa3eH b TBepgoM 

Tene, o6ecneHHBaromux ero ^nocrnocTb h TexHHHecKue CBOHCTBa, T.e. CTpyKTypa.

CTpyKTypy ^MeHTHoro KaMHa mo^ ho o^HHBaTb no TpeM ochobhmm 

B3auMOCBa3aHHMM npu3HaKaM:

a) xuMHKO-MHHepanoruHecKOM cocTaBy;

6) xapaKTepy CBa3eH, 3aBucamux ot pa3MepoB KpucTannoB, ux cbohctb h 

ycnoBHH cpacTaHua;

b) nopoBOMy npocTpaHCTBy, xapaKTepy pacnpegeneHua nop no pa3MepaM.

06teguHaa gBa nepBbix npu3HaKa A.E fflefiKHH [56] npegnaraeT b

BemecTBeHHOM cocTaBe ^MeHTHoro KaMHa BbigenuTb Tpu 0CH0BHbie cocTaBnaromue:

-  KpucTannuHecKHH cpocTOK, cocToamuH H3 rugpocunuKaTOB Ka^b^Ha, 

rugpoKCuga Ka^b^Ha, rugpoanroMHHaTOB, rugpo^eppuTOB Ka^b^Ha h hx 

cynb^aTocogep^amux $a3;
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-  To6epMopuToBbifi rent unu ^MeHTHtifi rent, b kotopom gucnepcHofi $a3ofi 

aBnawTca cy6MUKpoKpucTannM rugpocunuKaTOB KanM,ua;

-  He go koh^  rugpaTupoBaHHtie 3epHa KnuHKepa.

MeHaa cooTHomeHua Me^gy ochobhmmh cTpyKTypHMMu ^^eMeHTaMH, mo^ ho 

H3MeHaTt cBoficTBa ^MeHTHoro KaMHa b mupoKoM guana3oHe ga^e npu nocToaHHofi 

cTeneHu ^HgpaTa^HH Ba^yrn,ero.

nopoBoe npocTpaHcTBo, TaK ®;e aBnaeTca 3HanuMMM ^aKTopoM, no A.E 

fflefiKUHy [56] -  nopoBMM npocTpaHcTBoM MaTepuana cw raTt Bce ero HecnnomHocTu, 

He 3aHaTtie TBepgofi $a3ofi ucxogHtix MaTepuanoB u HoBoo6pa3oBaHufi.

CoraacHo K^accH$HKa^HH nop:

-  reneBtie unu yntTpaMUKponopti c paguycoM MeHee 5 hm;

-  MHKpoKanunnapHbie unu nepexogHtie nopti c paguycoM 5... 100 hm;

-  MaKponopti 6onee 100 hm.

MaKonopti gononHUTentHo genaT Ha KanunnapHte -  c paguycoM 1 0 0 . 1000 hm 

h MaKpoKanunngapHbie -  c paguycoM 6onee 1000 hm .

B reneBbix nopax unu yntTpaMUKponopax, paguyc KoToptx MeHee 5 hm , Boga 

HaxoguTca nog geficTBueM MoneKynapHtix noBepxHocTHtix cun, u3MeHawm,ux ee 

cBoficTBa. Ochobhmm KpuTepueM geneHua MUKpo- u MaKpoKanunnapoB aBnaeTca 

cnoco6HocTt napoB Bogti k KanunnapHofi K0HgeHca^HH. MuKpoKanunnapti c 

paguycoM 5 .1 0 0  hm MoryT 3anonHaTtca Bogofi 3a cneT cop6^HH napoB U3 

oKpy^aw^efi cpegti. npu paguyce nop 6onee 100 hm MeHucKu Bogti He cMtiKawTca, u 

KanunnapHaa K0HgeHca^Ha Mo^eT npoucxoguTt TontKo b 3aMKHyTtx nopax, 

MaKponopti 3anonHawTca ^HgKocTtw TontKo npu HenocpegcTBeHHoM KoHTaKTe c Hefi 

BcnegcTBue KanunnapHoro npo^cca. OTKptiTtie KanunnapHtie nopti aBnawTca 

ochobhmmh nyTaMu nepeHoca ^ugKofi u ra30B0fi $a3 u cHu^awT cTofiKocTt 

^MeHTHoro KaMHa.

TaKUM 06pa30M, cooTHomeHua cTpyKTypHtix ^^eMeHT0B onpegenawT 

MexaHunecKue cBoficTBa ^M effraoro KaMHa, a cTa6untHocTt npogyKToB ^HgpaTa^HH u 

xapaKTepucTHKu nopucTocTu -  ero cTofiKocTt.
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1.1.3 XHMHnecKHe peaKum-i ^HgpaTa^HH MHHepa^OB K.uiHKepa hx

npogyKTM h Ten^OBbige^eHHH

r u d p a m a ^ n  a num oe  u  6enum oe -  o6pa3oeaHue z u d p o c u n u m m o e  u m b ^ R  u  
u x  c m p y u m y p m ie  oco6eHHocm u

npn B3aHMogeficTBHH TpexKan^neBoro cnnHKara C3S (anHTa) c BogoH b 

cncTeMe o6pa3ywTca rngpocnnHKarbi K an ina  (rC K ) h rngpoKcng K an ina  Ca(OH)2. 

B 6ontmHHcTBe cnynaeB xog pea^HH mo^ho npegcTaBHTt cnegywrn,HM ypaBHeHHeM: 

2(3CaO • SiO2)  + 6H2O = 3CaO • 2 S1O2 • 3 H2O + 3 Ca(OH) 2  

OaKTHnecKH anHT npn B3aHMogeftcTBHH c BogoH gaeT rngpocnnHKarbi K an ina  

pa3Horo cocTaBa b 3aBHcHMocTH ot TeMneparypbi cpegbi h K0H^eHTpa^HH ragpoKcnga 

K an ina  b ^HgKofi $a3e. n o  gaHHbiM paga nccnegoBareneft, b HanantHofi cTagHH 

o6pa3yeTca nepBHHHbift rngpocnnHKar - 3CaO • SiO2 • xH2O. O6pa30BaHHe ^T0H $a3bi 

aBnaeTca npHHHHoft B03HHKH0BeHHa nepBHHHofi nneHKH Ha nacT^ax C3S h noaBneHHa 

HHgy^HoHHoro nepnoga. n o  HcTeneHHH 2-6 nacoB C3SHx pacnagaeTca c BbigeneHHeM 

rngpoKcnga K an ina  h BTopHHHoro rC K  MeHtmeH ochobhocth no cxeMe:

C3SHx ̂  (0,8-1,5) • CaO • S O  H O  + Ca(OH) 2  ̂  (1,5-2) • CaO • S O  H O  

nepeuHHbiu rC K  emopmHbiu rC K  mpemmHbiu rC K

3areM btophhhmh rngpar B3aHMogeftcTByeT c rngparoM okhch K an ina  b 

BogHoM pacTBope, K0HTaKTHpywrn,eM c KpncTannaMH, c 06pa30BaHHeM TpeTHHHoro 

rC K  (ypaBHeHHe pea^HH Bbime, npogon^eHo). Bmcokoochobhmh TpeTHHHbift rC K  

KpncTannH3yeTca b BHge BonoKHHcTbix (HHTeBHgHbix) KpncTannoB. Ohh o6pa3ywT 

BHemHWW c^epy rngparHbix o6ononeK h ^0^T0My narn,e Bcero Ha6nwgawTca npn 

MHKpocKonHnecKHx HccnegoBaHHax.

TaKHM 06pa30M, npn HopMantHbix TeMneparype h gaBneHHH h HeBbicoKHx 

3HaneHHax B/U, = 0,4-0,7 paBH0BecHbie rC K , o6pa3yw^neca npn rngpa^H H  C3S, 

HMewT oTHomeHHe CaO/SiO2 = 1,5...3. B oTgentHbix cnynaax oTMenaeTca

06pa30BaHHe TaK^e h a^BHnnHTa C3S2H3.

^eM HH^e K0H^eHTpa^Ha CaO b oKpy^awrn^M BogHoM pacTBope, TeM MeHtme 

ocHoBHocTt o6pa3yrarn,eroca rngpocnnHKara. HanHHHe CaO b pacTBope oSycnoBneHo 

pacTBopeHHeM He6ontmoro KonnnecTBa cBo6ogHoft H3BecTH nopraaHg^MeHTHoro 

KnHHKepa b Hanane TBepgeHHa h ragponH30M MHHepanoB-cnnHKaroB b gantHeftmeM.
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KoH^eHTpa^Ha CaO b ^ugKofi $a3e cucTeMbi «^MeHT-Boga» 3aBHCHT o t MHorux 

^aKTopoB h, b nepByro OHepegb, o t ochobhocth nopTnaHg^Meffraoro KHHHKepa, 

npogon^HTenbHOCTH TBepgeHua h TeMnepaTypbi. npu o6mhhoh TeMnepaType h 

K0H^eHTpa^HH Ca(OH)2 go 1,1 r/n (b pacHeTe Ha CaO) o6pa3yroTca rugpocunuKaTbi 

npuMepHO cnegyromero nepeMeHHoro cocTaBa: (0,8- 1,5)CaO • SiO2 • (1-2,5)H2O. npu 

K0H^eHTpa^HH Ca(OH)2 b ^ugKofi $a3e, cooTBeTCTByromeH noHHOMy HacbimeHuro 

(HanpuMep, 1,25 r/n npu 10°C), C3S rugpaTupyeTca c 06pa30BaHueM MeTacTa6uHbHoro 

rugpocunuKaTa Ka^b^Ha cocTaBa (1,5-2) CaO • SiO2 • nH2O. CTeneHb ^HgpaTa^HH C3S 

b pa3Hbie cpoKH TBepgeHua cocTaBHaeT (TeMnepaTypa 20°C): 1 cyTKH -  25-35 %, 10 

cyTOK -  55-65 %, 28 cyTOK -  78-80 %, to  ecTb anur OTHHHaeTca bmcokoh aKTHBHOCTbro 

npH B3aHMOgeHCTBHH c BogoH.

^HgpaTa^Ha fi-C2S, b OTHHHue o t C3S, npoTeKaeT MegneHHo: ga^e Hepe3 

HecKOHbKO neT mo^ho o6Hapy^HTb numb go 85 % cooTBeTCTByromux

rugpaTupoBaHHbix coeguHeHHH. CTeneHb ^HgpaTa^HH P-C2S Hepe3 1 cyTKH cocTaBHaeT 

5-10 %, Hepe3 10 cyTOK -  10-20 %, Hepe3 28 cyTOK -  30-50 %. XuMHHecKHH cocTaB 

rugpocuHHKaTOB Ka^b^Ha ^T0H rpynnbi H3MeHaeTca no Mepe pa3BHTua ^HgpaTa^HH 

^M em a. Hx 0CH0BH0CTb MeHaeTca ot 1,65 go 1 b npegenax CTeneHH ^HgpaTa^HH 25­

30 %. npu ganbHeftmeM TBepgeHHH 0CH0BH0CTb ocTaeTca npaKTHHecKH nocToaHHofi.

O6pa3yromueca npu ^HgpaTa^HH anura h 6enuTa b o6mhhmx ycHOBuax 

rugpocunuKaTbi Ka^b^Ha npegcTaBHaroT co6oH cna6o 3aKpucTannH3OBaHHbie 

(cy6MHKpoKpucTannHHecKHe) npogyKTbi, peHTreHOCTpyKTypHaa HgeHTH$HKa^Ha 

K0T0pbix 3aTpygHeHa. Mop^onorua, gucnepcHOCTb h cocTaB ^THX H0B06pa30BaHHH 

3aBHCHT o t MHorux ^aKTopoB, rnaBHMMH H3 kotopmx aBHaroTca TeMnepaTypa h 

HanuHue b ^ugKofi $a3e npuMecHbix (oTHOCHTenbHO ^MeHTHoro KHHHKepa) 

coeguHeHHH. EonbmuHCTBO uccnegoBaTeneft CHHTaroT, hto npaKTHHecKH Bce 

rugpocHHUKaTM Ka^b^Ha 6hh3kh no CTpyKType k npupogHOMy MHHepany -  

To6epMopuTy, HMeromeMy cpegHHH cocTaB 5CaO • 6 SiO2 • 5H2O c onpegenaromuM 

pa3MepoM ^HeMeHTapH0H aHeHKH 1,13 hm. ^0^T0My TaKue rugpocunuKaTbi nonyHunu 

Ha3BaHue To6epMopuTonogo6Hbix. npuHaTO genuTb rugpocunuKaTbi Ka^b^Ha, 

o6pa3yromueca b ^MeHTHOM KaMHe, Ha gBa Buga: C-S-H(I) hhh CSH(B), b kotopom
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0TH0meHue CaO/SiO2 < 1,5, u C-S-H(II) unu C2SH2 (uHorga ero Ha3tiBawT C2S a- 

rugpaT), b kotopom 0TH0meHue CaO/SiO2 > 1,5.

r  ugpocunuKaTt nepBoro Buga Ha3tBawTca hh3koochobhmmh h 

KpucTannu3ywTca b Buge ToHnafimux nnacTUH0K (nenecTK0B) TomnuHofi 2-3 • 10-3 hm 

(2-3 MoneKynapHtx cnoa), mupuHofi 40-55 • 10-2 hm.

^nuHa KpucTannoB Mo^eT gocTuraTt HecKontKux gecaTK0B u ga^e coTeH 

HaHoMeTpoB. YgentHaa noBepxHocTt ^THx HacTH^ cocTaBnaeT 250-380 M2/r. C 

noBtmeHueM ochobhocth T0HKue nenecTKu, HanoMUHawmue ^ontry, HanuHawT 

cKpynuBaTtca, o6pa3ya BonoKHa c BHyrpeHHefi nonocrtw, b KoTopofi MoryT 

pa3MemaTtca MoneKynt Bogti. TaKaa Boga 0TH0cuTca k agc0p6^H0HH0fi; Boga, 

KoTopaa BxoguT b cocTaB KpucTannorugpaToB u pa3MemaeTca Me^gy cnoaMu 

KpucTannunecKofi pemeTKu, Ha3tBaeTca xuMunecKu cBa3aHHofi.

rugpocunuKaTt rpynnti C-S-H(II) HMewT 6onee BticoKue 0TH0meHua CaO/SiO2 

u Ha3tBawTca bmcokoochobhmmh. TaKue rugpocunuKaTt KpucTannroywTca b Buge 

oTgentHtx bohokoh h nyHK0B.

Ba^Ho o6paTUTt BHHMaHHe Ha to, hto HU3K00cH0BHte rugpocunuKaTt Kan^ua 

xapaKTepu3ywTca noBtimeHHtiMu npoHHocTHtiMu noKa3aTenaMu, a BtcoKoocHoBHte -  

6onee hh3khmh. 3 to aBneHue cBa3tBawT co creneHtw K0HgeHca^HH 

KpeMHeKucnopogHtx aHU0H0B. B nepB0M cnynae cucTeMa o6oram,aeTca, npu nponux 

paBHtx ycnoBuax, ^^eMeHTaMH c 6onee nponHtiMu KoBaneHTHtiMu cBa3aMu, 

co3gawmuMu npegnoctmKH k pa3BHTHW BticoKofi npoHHocra. BtcoKoocHoBHte 

rugpocunuKaTt cogep^aT npeuMymecTBeHHo 6onee cna6te Ka^t^HfiKHC^opogHbIe 

uoHHte cBa3u, u ^T0 0Tpu^TentH0 cKa3tBaeTca Ha npoHHocTHtix noKa3aTenax 

^MeHTHoro KaMHa.

r u d p a m a ^ n  m w M U H a m H o ti $ a 3 b i w u H K e p a  -  o6pa3oeaHue  
zu d pom w M U H am oe  K m b ^ n  u x  c m p yK m yp m ie  oco6eHHOcmu
B HanantHtifi nepuog ^HgpaTa^HH C3A  npeo6nagawT BtcoKoocHoBHte 

npogyKTt cocTaBa 4CaO • A l2O3 • 19H2O u 2CaO • A l2O • 8H2O. P ea^u w  ^HgpaTa^HH 

mo^ho npegcTaBUTt TaK:

2(3CaO •AI2O3)  + 2 7 H2O = 2CaO • AI2O • 8H2O + 4CaO • AI2O3 19H2O.
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H3yneHHe npo^cca ^HgpaTa^HH nog ^neKTpoHHMM MHKpocKonoM noKa3ano, hto 

Ha noBepxHocTH 3epeH TpexKan^ueBoro anwMHHaTa C3A cpa3y ^ e  nocne 

conpHKocHoBeHHa ero c BogoH o6pa3yeTca pbixnaa o6onoHKa H3 nnacTHHHarbix 

KpucTannoB rugpoanwMHHaroB KanM,ua. TaKaa o6onoHKa He npenaTcTByeT 

npoHHKHoBeHHW MoneKyn Bogbi k HerugparupoBaHHoft Hacru u ^0^T0My pea^ua 

^HgpaTa^HH TpexKan^ueBoro anwMHHara ugeT oneHt 6bicrpo: Hepe3 1 cyTKH ycneBaeT 

npopearupoBart go 80 % ^T0^0 coeguHeHua. CxeMa pea^uu ^HgpaTa^HH

TpexKan^ueBoro anwMHHara, npegcTaBneHHaa ypaBHeHHeM Bbime, cHHTaeTca He 

egHHcTBeHHofi. TaK, npu TeMnepaType Bbime 25°C mo^ st HMeTt MecTo cnegywrn,aa 

xuMHHecKaa pea^ua:

3CaO • AI2O3 + 6H2O = 3CaO • AI2O3 • 6H2O 

O6pa3ywm,Hftca npu ^T0M rugpoanwMHHar BbigenaeTca b BHge KpucTannoB 

Ky6HHecKofi ^opMbi. noaBneHHe KpucTannoB Ky6uHecKoft ^opMbi o6ycnaBnuBaeTca 

HecTa6nntHocTtw nnacTHHHarbix rugpoanwMHHaroB Kan^ua npu noBbimeHuu 

TeMneparypbi. TaK«:e H3-3a HecTa6untHocTH rugpoanwMHHaroB nnacTUHHaroft ^opMbi, 

o6pa3ywm,uxca cornacHo nepB0My ypaBHeHuw, co BpeMeHeM ga^e npu o6biHHbix 

TeMnepaTypax, npoucxogur MegneHHbift ux pacnag c ^epeKpHCTannH3a^HeH b 6onee 

cTa6nuntHbie ^opMbi -  th66cht (AH3) u Ky6uHecKuft C3AH6. Bce ^T0 npuBoguT k 

HeK0T0p0My cHH^eHHw npoHHocTH.

Ecnu b cucreMe npucyTcTBywT hohm [SO4] 2- (HanpuMep, 3a cneT go6aBKH runca, 

BBogHMofi npu noMone KnuHKepa), to  o6pa3yeTca BbicoKocynt^araaa $opMa 

rugpocynt^oanwMHHara Kan^ua ^rrpuHruT) [34]. P ea^u w  ero 06pa30BaHua mo^ho 

npegcTaBHTt, KaK:

3CaO A I2O3 + 3CaSO4 + 32HO = 3CaO • AI2O3 3CaSO4 • 3 2 H2O 

CHHTaeTca, h t o  npo^cc cBa3MBaHua cynt$ar-H0H0B b ^TrpHH^HT 

3aKaHHHBaeTca npuMepHo b B03pacTe 1 cyT0K. KpucTannbi ^TrpHH^HTa HMewT 

urontHaryw $opMy. Ecnu h o h o b  [SO4]2- HegocraroHHo gna nonHoro cBa3MBaHua 

rugpoanwMHHaTOB Kan^ua b ^TTpHH^HT, t o  ugyr pea^uu B3auMogeficTBua c 

06pa30BaHueM HH3Kocynt$arHoft ^opMbi rugpocynt^oanwMHHara Kan^ua no cxeMe 

[34]:
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2(3CaO • AI2O3 • 6H2O) + 3CaO •AI2O3 • 3 CaSO4 • 32H 2O + IOH2O =

=3(3CaO • AI2O3 • CaSO4 • I 8 H2O) 

KpucTaHHM o6pa3yromeroca coeguHeHua HMeroT nHacTHHHaTyro ^opMy. 

r u d p a m a ^ n  anw M ofyeppum H ou  $ a 3 b i KnuHKepa -  o6pa3oeaHue

z u d p o a n w M o ^e p p u m o e  K a n b a n  u  u x  cm p yK m yp m ie  oco6eHHOcmu  
Pea^HH rugpaTa^HH aHroMO^eppuTHbix MHHepaHOB npoTeKaroT no cho^ hmim 

cxeMaM c 06pa30BaHueM pa3HHHHbix KpucTaHHorugpaTOB:

4CaO • AI2O3 •Fe2O3 + 13H2O = 4CaO • AI2O3 • Fe2O3 • 13H2O,

4CaO • AI2O3 • Fe2O3 + IOH2O = 3CaO (Al,Fe)2O3 • 6H2O + Ca(OH) 2  + Fe2O3 • 3 H2O 

Bo3mo^hm h gpyrue BapuaHTbi pea^uft. npu TeMnepaType Bbime 35 °C 

o6pa3yroTca Ky6uHecKue CTpyKTypbi b Buge TBepgbix pacTBopoB H3 C3A H 6 h C3FH6; 

ecHH TeMnepaTypa TBepgeHua noHH^aeTca go 15C h HH^e, to  noaBHaroTca Te ^e  

$a3bi b reKcaroHaHbHofi $opMe. B HHTepBane TeMnepaTyp ot 15C go 35C 

ogHOBpeMeHHO cymecTByroT reKcaroHaHbHbie h Ky6uHecKue TBepgbie pacTBopbi.

KpoMe ^T0^0 o6pa3yeTca C2A H 8, BMCOKO^eHe3HCTbfi TBepgbift pacTBop - 

C4(A 1-X Fx)H 19 h reHb Fe(OH)3.

XapaKTepHMM aBHaeTca to, hto HaHanbHbift nepuog ^HgpaTa^HH pea^ua 

B3auMogeficTBHa C4AF c BogoH ugeT 6bicrpo: Hepe3 3 cyTOK CTeneHb ^HgpaTa^HH 

cocTaBHaeT 50-70 %. 3aTeM 3epHa C4AF noKpbmaroTca o6ohohkoh H3 MeHKux 

KpucTaHHorugpaTOB h reHa rugpooKucu ®;ene3a, K0T0paa T0pM03HT gaHbHeftmee 

npoTeKaHue pea^uu [34, 49, 50].

T ennoean ^H ep^un z u d p a m a ^ u  och o b h m x M uH epanoe ^eM eHm Ho^o KnuHKepa 
^Ha npaBHHbHOH HHTep^peTa^HH gaHHbix KaHopuMeTpuu Ba^HO noHHMaTb 

BKHag b TenHOBMgeHeHue Ka^goro H3 MHHepaHOB ^MeHTHoro KHHHKepa. Ha pucyHKe

1 npegcTaBHeHM pea^uu ^HgpaTa^HH h hx TenHOBbigeHeHue (cnpaBa) Ha Kr 

MOHOMHHepaHa [34, 50]. Ba^HO OTMeTHTb -  HeM 6oHbme Bogbi npucoeguHaeT 

MHHepaH, TeM c 6oHbmuM TenHOBbigeHeHueM oh rugpaTupyeT. TaK, TpexKaHb^HeBMe 

aHroMHHaTM npucoeguHaroT caMoe 6oHbmoe hhcho MOHeKyH Bogbi h , c00TBeTCTBeHH0, 

BbigeHaroT caMyro 6oHbmyro TenHOByro ^Hep^Hro.
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PucyHoK 1 -  Pea^uu  ^HgpaTa^HH MUHepanoB KnuHKepa u ux TennoBaa ^Hep^Ha

OgHaKo, ecnu nepecnuTaTt TennoByw ^Hep^Hw Ha cpegHee cogep^aHue $a3 b 

^ M ernmoM KnuHKepe, to nonynuTca, hto Ha Kr ^Memra MUHepan anuT BtgenaeT 

caMoe 6ontmoe KonunecTBo Tenna (puc. 1, cneBa). B cBa3u c ^THM u b cBa3u c TeM, hto 

anuT rugpaTupyeT Ha paHHux cpoKax, KanopuMeTpuw ^MeHTHtix cucTeM cnpaBegnuBo 

0TH0cuTt k ^HgpaTa^HH anuTa.

1.2 ^oSaBKH H HX po^b B (|)O|) IV 1H|)OBaHHH CBOHCTB ^MeHTHOrO KaMHfl

^na perynupoBaHua cBoficTB 6eT0Ha, 6eT0HH0fi cMecu u ^K0H0MHH ^Memra 

npuMeHawT pasnuHHte go6aBKu. Hx nogpa3genawT Ha gBa Buga: xuMunecKue 

go6aBKu, BBoguMtie b 6eT0H b He6ontmoM KonunecTBe (0,1 ... 2% ot Maccti ^Memra) 

u u3MeHawmue b Hy^H0M HanpaBneHuu cBoficTBa 6eT0HH0fi cMecu u 6eT0Ha, u 

T0HK0M0n0T te  go6aBKu ( 5 .  20% u 6onee), ucnont3ywmueca gna ^K0H0MHH ^Memra, 

nonyneHua nnoraoro 6eT0Ha npu Mantix pacxogax ^Memra u noBtimeHua cTofiKocTu 

6eT0H0B [44, 48]. npuMeHeHue xuMunecKux go6aB0K aBnaeTca ogHUM U3 Hau6onee 

yHUBepcantHtx, gocTynHtix u ru6Kux cnoco6oB ynpaBneHua TexHonoruefi 6eT0Ha u 

perynupoBaHua ero cBoficTB. n^aH t pa3BHTHa cTpouTentHofi uHgycTpuu 

npegycMaTpuBawT 3HaHUTentHoe pacmupeHue npou3BogcTBa SeTOHHtix cMecefi c 

ucnont30BaHueM ^$$eKTHBHbIx go6aB0K, npuMeHeHue hobmx BugoB go6aB0K.

1.2.1 AKTHBHbie MHHepa^bHMe goSaBKH

K aKTUBHtM MUHepantHtiM go6aBKaM oTHocaT cnegywmue ToHKogucnepcHte 

BemecTBa: MUKpoKpeMHe3eM, mnaK, 3ona yHoca, MeTaKaonuH, ropentie nopogti,



^onuTbi u gp. Hau6onee mup0K0 ucnont3yeMoH u nepcneKTHBH0H aBnaeTca 

MHKpo KpeMHe3eM. MuKpoKpeMHe3eM npeKpacHo cobmscthm co BceMu 

^nacTH$H^Hpyw^HMH go6aBKaMH u mup0K0 npuMeHaeTca b KoMnneKce c 

nnacTH^HKaTopaMH, oSecnenuBaa nonyneHHbiM 6eT0HaM BbicoKue Koppo3uoHHbie u 

^KC^nyaTa^H0HHMe cBoftcTBa [42, 59, 37].

MuKpoKpeMHe3eM aBnaeTca ogHofi H3 Hau6onee aKTHBHbix KpeMHe3eMucTbix 

A M ^, npegcTaBnaw^ufi co6ofi guoKcug KpeMHua (SiO2) b aMop^HoM 

pea^H0HH0aKTHBH0M cocToaHHH. Oh o6pa3yeTca b pe3yntTaTe B03r0HKH KpeMHua npu 

TeMnepaType 1700°C b ^neKTpo^eHax, ^T0T KpeMHHH ganee oKucnaeTca go SiO2 u 

oca^gaeTca Ha ^neKTpo$HntTpax. Oxna^geHue nopomKa KpeMHe3eMa npoTeKaeT TaK 

6bicTpo, hto oh He ycneBaeT 3aKpucTannu30BaTtca.

npu K0HgeHca^HH B03r0Ha b npo^cce oxna^geHua o6pa3yeTca 

MenKogucnepcHMH nbineo6pa3Hbift, 6ontmeft HacTtw aMop^Hbift Marepuan. 

npeo6nagawm,ufi pa3Mep HacTH^ MHKpoKpeMHe3eMa o t 1 go 0,01 mkm h MeHee 

^acTu^i MHKpoKpeMHe3eMa HMewT c^epunecKyw $opMy, ux pa3Mep b 100 pa3 

MeHtme ^MeHTHbix 3epeH (ygentHaa noBepxHocTt MHKpoKpeMHe3eMa 14-25 M2/r). 

MuKpoKpeMHe3eM cuntHo arperupoBaH u ^TH arperarbi coxpaHawT ycToHHHBocTt 

ga^e npu cMemuBaHuu ero c BogoH u nAB . nnoTHocTt Bern,ecTBa MHKpoKpeMHe3eMa 

cocTaBnaeT 2,24 r/cM3, HacbmHaa nnoTHocTt -  0,2...0,3 r/cM3. OoTorpa$ua 

MHKpoKpeMHe3eMa b ^neKTp0HH0M MHKpocKone npegcTaBneHa Ha pucyHKe 2.

PucyHoK 2 -  MuKpoKpeMHe3eM nog ^neKTpoHHMM MHKpocKonoM
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npu BBegeHHH b ^M effraoe TecTo MHKpoKpeMHe3eM 3anoHHaeT cBo6ogHoe 

npocTpaHCTBo Me^gy oTgeHbHMMH 3epHaMH ^M em a h b 3HaHHTeHbHOH Mepe 

noBMmaeT np0HH0CTb ^MeHTHoft MaTpu^i. 3 to npoucxoguT Ha $H3HHecKOM ypoBHe.

Ha xuMHHecKOM ypoBHe MaTepuaH C03gaeT nHOTHyro CTpyKTypy, 6Harogapa 

06pa30BaHuro hh3koochobhoh C-S-H (I) $a3bi, 3a CHeT ^y^^0HaH0B0H pea^uu Me^gy 

M K  h Ca(OH)2, KOTopiH 06pa30BaHca b pe3yHbTaTe ^HgpaTa^HH C3S h P-C2S [42, 48]. 

3Ta pea^ua BbiraaguT TaK:

SiO2 + Ca(OH)2 + H2O = xCaO • ySiO2 • nH2O (C-S-H)

B pe3yHbTaTe MHKpoKpeMHe3eM, KaK BbicoKopea^uoHHaa ^y^^0HaHa 

cnoco6cTByeT noHyHeHuro 6oHee npoHHoro h goHroBeHHoro ^MeHTHoro KaMHa. 

MuKpoKpeMHe3eM yHyHmaeT TaKue xapaKTepucTHKH 6eTOHa, KaK np0HH0CTb Ha 

C®;aTHe, npOHHOCTb C^ttHeHHa, H3HOCOCTOHKOCTb, MOpO3OCTOHKOCTb, xHMHHeCKyro 

CTOHKOCTb H 3HaHHTeHbHO CHH^aroT npOHH^eMOCTb. 3T0 nO3BOHaeT gHHTeHbHOe 

BpeMa np0THB0CT0aTb BHemHHM npupogHMM h npou3BogcTBeHHMM cpegaM.

MuKpoKpeMHe3eM, B3auMogeftcTBya c rugpoKCugoM KaHb^Ha, cnoco6cTByeT 

CHH^eHuro KanuHHapHOH nopHCTOCTH ^MeHTHoro KaMHa 3a CHeT ynHOTHeHua 

CTpyKTypi h K0HbMaTa^HH nop hh3koochobhmmh rCK. TaKHM 06pa30M M K 

n03B0HaeT noHyHHTb nHOTHbift ^MeHTHbift KaMeHb c noBiimeHHoft np0HH0CTbro.

KoHHHecTBO BBogHMofi go6aBKH 3aBHCHT o t cogep^aHua C3S b ^MeHTe h gHa 

nopTHaHg^MeHTa nu, 400 h nu, 400 ^20 cocTaBHaeT npuMepHO 8% (MaKCHMyM 10%). 

TaKoe KOHHHecTBO 6epeTca c yHeTOM, Toro hto ocTaHeTca npuMepHO 3-4% Ca(OH)2. 

[42, 44]. nocKOHbKy, nocHe BBoga MHKpoKpeMHe3eMa ocTaeTca Ca(OH)2 b KOHHHecTBe 

3-4%, a CTpyKTypa ^opMupyeTca c hh3koh Kap6oHH3a^HeH, OHeHb nHOTHaa, to  Bce ^T0 

o6ecneHHBaeT coxpaHHOCTb KaK apMaTypi, TaK h caMoro 6eTOHa goHrue rogii, ^T0 

nogTBep^gaeTca HCCHegoBaHuaMH 6eTOHHix KOHCTpy^uft b BO3pacTe go 12 HeT [33].

Hu3Kaa npoHH^eMOCTb h noBimeHHaa nHOTHOCTb ^MeHTHoro KaMHa 

o6ecneHHBaroT BicoKyro M0p030CT0HK0CTb 6eTOHa c MHKp0KpeMHe3eM0M (KOTopaa KaK 

npaBHHO npeBbimaeT 1000 ^HKH0B). B CBa3H c ^THM M K  mupoKO npuMeHaroT b 

npou3BogcTBe gopo^Hbix 6eTOHOB [59, 61].

MuKpoKpeMHe3eM o6ecneHHBaeT BbicoKyro npOHHOCTb, npeBbimaromyro 

npOHHOCTb o6mhhmx 6eTOHOB, h 3gecb orpaHHHHBaromuM ^aKTopoM aBHaeTca TOHbKO

08.04. 01.2017.156.00.00.n3



npOHHOCTb 3anoHHHTeHa. EHarogapa geficTBuro go6aBKH MK, mo^ ho noHyHaTb Ha 

npupogHix 3anoHHHTeHax npOHHOCTb CBbime 150 Mna, a npu ucn0Hb30BaHuu 

c^e^HaHbHMx BbicoKonpoHHbix 3anoHHHTeHefi mo^ ho gocTHHb np0HH0CTH 300 Mna.

MuKpoKpeMHe3eM cnoco6cTByeT co3gaHuro noBimeHHoro cogep^aHua b U K  C- 

S-H $a3bi 3a CHeT ^y^^0HaH0B0H p e a ^ u u , hto  npuBoguT k paBHOMepHOMy 

pacnpegeHeHuro ocTaBmeroca Ca(O H )2 b o6teM e U K  h ero 3amuTe o t  BO3geficTBua 

pa3HHHHbix coHefi h gp yru x  arpeccuB H ix ^aKTopoB OKpy^aromefi c p e g i ,  geHaeT 

CTpyKTypy 6oHee ogHopogHofi h ynpoHHaeT ee, a TaK®;e CHH^aeT nopHCTOCTb, 

nepeBoga HacTb otkpm toh nopHCTOCTH b reHeByro. B ce  ^T0 npuBoguT k noBim eHuro 

cyHb^aTOCTOHKOCTH, CTOHKOCTH k geficTBuro xHOpugOB H. T.g. KpOMe Toro M K  

npuBoguT k ycKopeHuro ^HgpaTa^HH ^ M e m a , Ha6opy paHHefi np0HH0CTH h CHH^eHuro 

pacxoga ^MeHTa (Ha 10%  h Bbime) [40, 48]. C  u cn0Hb30BaHueM M K  mo^ho CHH3HTb 

paccHauBaeMOCTb BbicoKonogBH^Hbix CMeceH. Ho M K  o6HagaeT bmcokoh 

B0g0n0Tpe6H0CTbro, b to  ^ e  caMoe BpeMa Heo6xoguMO HMeTb B/U, HH^e 0,35, HHaHe 

MHKpoKpeMHe3eM 6ygeT pa6oTaTb He^$$eKTHBH0, ^0^T0My Heo6xoguMo ucn0Hb30BaTb 

ero c0BMecTH0 c cynepnnacTH^HKaTopoM.

1.2.2 ^oSaBKH - cynepn^acTH^HKaTopbi

nHacTH^HKaTopi 6eTOHHix CMeceH HaHaHH mupoKO npuMeHaTbca b 40-x rogax, 

h cerogHa ohh 3aHHMaroT Begymee MecTO cpegu xuMHHecKux go6aBOK, npuMeHaeMbix 

b TexHOHoruu 6eTOHa.

nHacTH^HKaTopi -  ^T0 go6aBKH, o6ecneHHBaromue [44, 48]:

-  yBeHHHeHue nogBH^HOCTH 6eTOHHOH hhh pacTBopHofi CMecu no cpaBHeHuro c 

KOHTpOHbHbIM COCTaBOM 6e3 go6aBKH npu ^HKCHpOBaHHOM BOgO^MeHTHOM 

0TH0meHHH (^HacTH$H^HpyromHH ^$$eKT - I rpynna);

-  COxpaHeHHe ^HKCHpOBaHHOH nOgBH^HOCTH 6eTOHHOH HHH paCTBOpHOH CMeCH 

npu yMeHbmeHHH Bogo^MeHTHoro OTHomeHua no cpaBHeHuro c KornpoHbHbiM 

COCTaBOM 6e3 go6aBKH (Bogopegy^HpyromHH ^$$eKT - II rpynna).

H3 go6aBOK I rpynn i Hau6oHee mupoKO npuMeHaroT HuraocyHb^OHaT 

TexHHHecKHH (.HCT). 3Ta go6aBKa npegcTaBHaeT co6ofi KaHb^HeBMe cohh 

HurHOcyHb^OHOBix KHCHOT. noHyHaroT ee b Buge ^ugKOCTH H3 cyHb^HTHbix meHOKOB,
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o6pa3yrorn,Hxca npn nepepa6oTKe ^nnrono3bi. BbmycKaroT TaK«:e nnacra^HKaTop 

agnnHHOBMH ^enoHHofi (n A ^ -1 ),  ynapeHHyro nocnegpo:®®:eByro 6apgy (YnB ), 

nnacTH^HKaTop BPn-1 h gp.

K  go6aBKaM II rpynnbi oTHocaT: cMony HeHTpanH3oBaHHyro

B03gyx0B0BneKarorn,yro (CHB); HaTpneByro conb a6neTHHoBoH KHcnoTbi, nonynaeMyro 

b BHge nopomKa nnn ^HgKocra nyTeM oMbineHHa KaHH^onn egKHM HaTpoM; 

oMbineHHbiH gpeBecHMH neK (npenapaT UHHKQC-1) —  nacTy, nonynaeMyro 

HeHTpa^H3a^HeH egKHM HaTpoM ^HgKHx KHcnoT gpeBecHoro neKa; cMony gpeBecHyro 

oMbineHHyro (C ^O ), CHHTeTHHecKyw noBepxHocTHo-aKTHBHyro go6aBKy (C n ^ ), 

nonynaeMyro H3 oTxogoB He$Tenepepa6oTKH, h gp. [44, 48].

3 th go6aBKH b BHgy cBoefi Manofi ^nacTH$H^Hpyroffl,eH cnoco6Hocra b 

BMcoKonpoHHMx 6eToHax He npHMeHaroTca.

Bce go6aBKH-nnacTH^HKaTopM genaT Ha Mano^$$eKTHBHbIe -  nnacTH^HKaTopbi 

h Bbicom3$$eKTHBHbie -  cynepnnacTH^HKaTopbi. CynepnnacTH^HKaTopbi nocnegHero 

noKoneHHa (nonHKap6oKcnnaTHbie h aKpnnaTHbie) Ha3biBaroT HHorga 

rnnepnnacTH^HKaTopaMH, nognepKHBaa hx Bogopegy^Hpyroffl,yro cnoco6HocTb. 

OgHaKo ^TO He coBceM BepHo, TaK KaK npncTaBKa «rnnep» h «cynep» o6o3HanaeT ogHo 

h to ^e: «CBepx», npocTo nponcxogaT H3 pa3Hbix a3biKoB («rnnep» - c rpenecKoro, 

«cynep» -  c naTbiHH).

Ta6n ^a  1 -  KnaccH$HKa^Ha nnacra^HKaTopoB

KaTeropna r  pynna

3$$eKTHBHocTb geficTBHa

H3MeHeHHa 

ocagKH, cm

YMeHbmeHHe 

BogonoTpe6HocTH 

paBHonogBH^Hbix 

cMecefi, %

I CynepnnacTH^HKaTop ot 2 . 3  go 20 He MeHee 20

II CnnbHMH nnacra^HKaTop Ot 2 . 3  go 4 .2 0 10

III CpegHHH nnacTH^HKaTop Ot 2 . 3  go 8 .  14 5

IV Cna6bH nnacTH^HKaTop Ot 2 . 3  go 6 . 8 MeHee 5
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^o6aBKu nnacTH^HKaTopbi b 3aBucuMocTu ot oco6eHHocra B03geficTBua Ha 

6eT0HM, KnaccH$H^HpywT Ha HecKontKo KaTeropuft (rpynn), KoTopbie npuBegeHbi b 

Ta6 n u ^  1.

M exaHU3M  deucm eun  n x a c m u fy u w p y w w u x  dodaeou

^o6aBKH-nnacTH$HKaTopbi, aBnaact noBepxHocTHo-aKTHBHbiMH Bern,ecTBaMH 

(n A B ),  cnoco6HM agcop6upoBaTtca H3 ^ugKoft $a3bi Ha noBepxHocTH TBepgbix 

HacTH^ ^MeHTa, co3gaBaa He TontKo MoneKynapHbift cnoH, ho h nnoTHyw 

MHorocnoHHyw o6onoHKy, npuBogamyw k 6noKupoBaHuw ^MeHTHoro 3epHa ot 

B03geficTBua Bogbi, H3MeHeHuw ero 3apaga u 3aMegneHuw, a nopoH ga^e u 

npeKparn,eHura Ha gnuTentHoe BpeMa npo^ccoB rugpaT^uu. ^0^T0My 

nnacTH^HKaTopb BBogaT b ^MeHTHoe TecTo b cTporo orpaHHHeHHoM KonuHecTBe, 

hto6m  o6ecnenuTt ^MeHTHoft cucTeMe TontKo nono^HTentHoe geficTBue.

Bce nnacTH^HKaTopb oTHocaT k n A B  rugpo^unroupywrnero geficTBua, 

BBegeHue kotopmx b ^MeHTHbie cucTeMbi pe3K0 ycunuBaeT cMaHHBaeMocTt HacTH^ 

^MeHTa u ^opMupoBaHue H0B006pa30BaHufi (npogyKToB ^HgpaTa^HH). 

Agcop6^H0HHbIH cnoH go6aBKH u Bogbi, 06pa30BaHHbift npu cMaHHBaHuu ^ugKocTtw  

noBepxHocTH pa3gpo6neHHbix HacTH^ ^M em a , urpaeT pont cMa3KH. B  pe3yntTaTe b 

^ mshthom TecTe npoucxoguT yMeHtmeHue c^nneHua Me^gy HacTH^MH u 

crna^HBaHue ux MHKpopente^a, hto noBbimaeT nogBH^HocTt u pa3^u^;aeT 

pacTBopHyw unu 6eT0HHyw cMect. TaK KaK nnacTu^HKaTopbi B03geHcTBywT b 

ochobhom Ha Ba^yrn,ee, to ux geficTBue 6onee ^$$eKTHBH0 b 6eT0HHbix u pacTBopHbix 

cMecax c noBbimeHHbiM pacxogoM ^M em a , KpoMe Toro ^$$eKTHBH0CTt 

nnacTu^HKaTopoB 3aBucuT ot MHHepanoruHecKoro cocTaBa ^MeHTa u oco6eHHo ot 

KonuHecTBa anwMHHaToB.

^o6aBKH-nnacTH$HKaTopbi, ynyHmaa cMaHHBaHue noBepxHocTH u o6nemaa 

npoHHKaHue Bogbi b MHKpoTpem,uHbi ^MeHTHbix HacTH^ u 3anonHHTena, cHH^awT 

noBepxHocTHoe HaTa^eHue Ha rpaHH^ «B0ga-B03gyx» u cnoco6cTBywT yganeHuw 

B03gyxa c noBepxHocTH 3epeH ^MeHTa, necKa u rn,e6Ha. 3 to npuBoguT k pa3pymeHuw 

^MeHTHbix arperaT0B, paBH0MepH0My pacnpegeneHuw Ba^yrn,ero b o6teMe, 

noBMmeHuw npoHHocTH c^nneHua ^MeHTHoro TecTa c 3anonHHTeneM, ynyHmeHuw 

ogHopogHocTH 6eT0Ha u ero KaHecTBa. YBenuHeHue nogBu^HocTu cMecu TaK®;e
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CBa3aH0 c H3MeHeHueM 3apaga ^MeHTHbix HacTH^ h B03HHKH0BeHueM Me^gy hhmh 

^HeKTp0CTaTHHecK0^0 h, gHa HeKOTopix BugoB go6aBOK, CTepuHecKoro OTTaHKHBaHua

[48, 59].

Agcop6upyacb Ha n0BepxH0CTH rugpaTHix $a3 ^MeHTHoro KaMHa,

nHacTH^HKaTopi H3MeHaroT ux n0BepxH0CTHyro ^Hep^Hro, 3aMegHaroT pocT 

3apogimefi rugpaTHix 06pa30BaHHH h H3MeHaroT ux ra6uTyc, hto npu chh^ hhh 

KOHHHecTBa B og i 3aTBopeHua cnoco6cTByeT ^opMupoBaHuro nHOTHOH h 6oHee 

npoHHofi CTpyKTypi ^MeHTHoro KaMHa, b cpaBHeHHH c 6e3go6aBOHHOH, npu 

oguHaKOBOH ygo6oyKHagiBaeMOCTH, 6eTOHHOH CMecu.

CoepeMeHHbie n n a c m u fy u w p y w w u e  d o 6 a e m : u x  p o n b  u  oco6eHH ocm u e 
fyopM upoeaH uu c m p y K m y p i ^eM eH m H w x K o M n o 3 u ^ u
C k o h ^  60-x rogoB aKTHBHO ucnoHb3yroTca go6aBKH —  cynepnHacTH^HKaTopn 

(Cn). 3 th  go6aBKH b 6oHbmeft CTeneHH, HeM paHee npuMeHaeMie nHacTH^HKaTopn 

yBeHHHHBaroT nogBH^HOCTb h TeKyHecTb 6eTOHHOH CMecu, cymecTBeHHO yHyHmaroT 

CTpouTeHbHO-TexHOHoruHecKue CBOHCTBa 6eTOHa, MoryT o6ecneHHTb 3HaHHTeHbHyro 

^K0H0MHro ^M em a. noHTH Bce cynepnHacTH^HKaTopi —  cuHTeTHHecKue noHHMepHie 

BemecTBa, KOTopie BBogaT b 6eTOHHyro cMecb b KOHHHecTBe 0,1... 1,2% ot Macci 

^M em a. ^eftcTBue cynepnHacTH^HKaTopoB, KaK npaBHHO, orpaHHHeHO 1-1,5 h c 

MOMeHTa BBegeHua ux b 6eTOHHyro CMecb. BMecTe c TeM Cn, B3aTbie b onTHMaHbHbix 

go3upoBKax, He 3aMegHaroT TBepgeHua 6eTOHa, TaK KaK agcop6^H0HHMH choh go6aBKH 

Ha n0BepxH0CTH 3epeH ^M em a npoHH^eM gHa Bogi, a ee ge^HOKyHupyromee 

geficTBue yBeHHHHBaeT n0BepxH0CTb KOHTaKTa ^M em a h B og i h hhcho 

H0B006pa30BaHHH. B pe3yHbTaTe nocHe nepBOHaHaHbHoro 3aMegHeHua ^HgpaTa^HH h 

06pa30BaHua K0a^yHa^H0HH0H CTpyKTypi HacTynaeT ycKopeHue TBepgeHua 6eTOHa. 

BBegeHue cynepnHacTH^HKaTopoB 0C06eHH0 ^$$eKTHBH0 gHa npou3BogcTBa c6opHoro 

®;eHe306eT0Ha, rge yBeHHHeHue ckopocth TBepgeHua 6eTOHa HMeeT Ba^Hoe 3HaHeHue h rge 

npuMeHeHue o6biHHbix nHacTH^HKaTopoB, HacTO 3aMegHaromux TBepgeHue, Tpe6yeT 

npuMeHeHua c^e^HaHbHbIx Mep: BBegeHua b 6eTOHHyro CMecb ogHOBpeMeHHO ycKopureHeft 

TBepgeHua, MarKux pe^HMOB TenHOBOH o6pa6oTKH h gp.

npuMeHeHue cynepnHacTH^HKaTopoB n03B0HaeT ^$$eKTHBH0 npuMeHaTb 6eTOHbi 

c HH3KHMH B/U, h noHyHaTb BbicoKyro npOHHOCTb (60...80 M na) 6oHee npocTO, HeM npu
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ucnont30BaHHH gpyrux TexHonoruHecKux npueM0B; mupe ucnont30BaTt nuTteBofi cnoco6 

H3r0T0BneHua c6opHoro ®;ene306eT0Ha hhh yKnagKy 6eT0HH0H cMecu c noHH^eHHbiMH 

B/U, c noMorn,tw KpaTK0BpeMeHH0H BH6pa^HH, ycnemHo 6eT0Hup0BaTt KoHCTpy^uu 

cno^Horo npo^una, coKpaTHTt BpeMa $ 0pM0BaHua H3genuH, noBbicuTt KaHecTBo 

nu^Bbix noBepxHocTeH, yMeHtmuTt pacxog ^M em a.

CynepnnacTu^HKaropbi no CBoeH npupoge mo^ ho ycnoBHo pa3genuTt Ha HeTbipe 

rpynnbi:

1) cynt^upoBaHHMe MenaMHHo^opMantgerugHbie CMonbi u KoMnneKCHbie go6aBKH 

Ha ux ocHoBe;

2) npogyKTM K0HgeHca^HH Ha$TanuHcynt$0Kucn0Tbi u ^opMantgeruga u 

KoMnneKcHbie go6aBKH Ha ux ocHoBe;

3) MogH$H^HpoBaHHbIe (oHum,eHHbie u npaKTHHecKu He cogep^amue caxapoB) 

nuraocynt^arbi u KoMnneKcHbie go6aBKH Ha ux ocHoBe;

4) npogyKTbi K0HgeHca^HH 0KCHKap60H0Bbix KucnoT u Hemropbie gpyrue go6aBKH. 

B Hamefi cTpaHe Hau6ontmee pacnpocTpaHeHue nonyHun nnacTu^HKarop C-3.

nnacTu^HKaropbi nocTaBnaroTca b Buge BogHbix pacTBopoB, ^MyntCHH, 3oneH u 

nopomKoB. EontmuHCTBo go6aB0K pacTBopuMbi b Boge, u ux BBogaT b 6eT0H0CMecuTent b 

Buge npegBapuTentHo npHroToBneHHoro pacTBopa. OnTHMantHaa go3upoBKa go6aBKH 

3aBHCHT ot Buga ^Menra, cocTaBa 6eT0HH0H cMecu, TexHonoruu H3r0T0BneHHa 

K0HCTpy^HH.

1.2.3 no^HKapSoKCH^aTHbie cynepn^acTH^HKaTopbi

Bce BMmeonucaHHMe cynepnnacTu^HKaropbi H3yHeHbi gocTaToHHo xopomo, a 

gaHHbix o MexaHH3Me geHcTBua nonHKap6oKCunarabix cynepnnacTu^HKaropoB b 

nuTepaType cogep^HTca b BectMa orpaHHHeHHoM KonuHecTBe. Hmshho ^TH 

cynepnnacTH^HKaTopbi CTaBaT nepeg HaMH B03M0^H0CTt nonyHeHua 

BbicoKo^yH^HoHantHbix 6eT0H0B. B CBa3u c ^THM nonuKap6oKCunaTHMe 

cynepnnacTu^HKaropbi Hy^gawTca b geTantH0M uccnegoBaHuu.

nonuKap6oKCunaTHMe nnacTu^HKaropbi noaBunuct b HaHane 80-x rogoB b 

^noHHH, a cnycTa 10 neT u b EBpone. B HacToam.ee BpeMa nonHKap6oKCunarabie 

nnacTu^HKaropbi Hamnu mupoKoe npuMeHeHue gna npou3BogcTBa 6eT0H0B pa3Horo
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Ha3HaneHHa h cocTaBnaroT npuMepHO nonoBHHy Bcex npuMeHaeMbix B EBpone 

nnacru^HKaTopoB [37, 58].

B TeneHHe nocnegHero gecaTuneTua cynepnnacTH^HKaTopbi Ha 6a3e 

nonuKapSoKcunaTOB (PCE) cTanu npuMepoM ycnemHoro BHegpeHua HOBOfi 

TexHonoruu b npou3BogcTBe 6eToHa h c6opHoro ®:ene3o6eTOHa. Enarogapa c^e^H$HKe 

geficTBua PCE-nnacTH^HKaTopbi no3BonaroT npou3BoguTenaM 6eToHa nonynaTb 

npogyKTb c ynyHmeHHbiMH xapaKTepucTHKaMH h onTHMH3upoBaTb npo^cc 

npou3BogcTBa c tohkh 3peHua ^KOHOMHKH h pacmupeHua HoMeHKnaTypbi 

BbnycKaeMofi npogy^uu. B 3aBucuMocTH ot xHMHHecKofi cTpyKTypbi nonuMepoB h 

^pHH^H^a hx geficTBua PCE-cynepnnacTH^HKaTopbi MoryT 6biTb pa3pa6oTaHbi 

c^e^Ha^bHO gna KOHKpeTHbix ^nefi. npu npou3BogcTBe c6opHoro ®:ene3o6eTOHa 

nonuMepbi c gnuHHbiMH 6okobmmh ^naMH no3BonaroT nonyHHTb npogyKT c bmcokhmh 

noKa3aTenaMH paHHero Ha6opa npoHHocTH. ^ro6bi nonHocTbro pacKpbiTb cboh 

cBoficTBa B 6eTOHe, PCE-cynepnnacra^HKaTop gon^eH 6biTb coBMecTHM c gpyruMH 

KOMnoHeHTaMH 6eTOHHOfi cMecu.

XuMHHecKufi cocTaB ^MeHTOB, ucnonb3yeMbix npu npou3BogcTBe cMecn, h , b 

oco6eHHocTH, cogep^aHHe b hhx cynb^aTOB h anroMHHaTOB, Mo^eT 3HaHHTenbHo 

noBnuaTb Ha ̂ $$eKTHBHOCTb go6aBOK.

Ha geficTBHe cynepnnacTH^HKaTopa MO^eT noBnuaTb h Tun 3anonHHTenefi. 

Enarogapa xHMHHecKofi cTpyKType HacTH^i nonuMepa nerKO BcTpauBaroTca B cnou 

rnuHbi, ecnu rnuHa npucyrcTByeT B KanecTBe npuMecu B 3anonHHTenax, h TaKHM 

o6pa3OM ohh MoryT cyrn,ecTBeHHO noTepaTb ^$$eKTHBHOCTb.

Ochobhmm npeHMy^ecTBOM nonHKap6oKcnnaTHMx nnacTH^HKaTopoB aBnaeTca 

cunbHoe pas^u^arornee geficTBHe, 3HaHHTenbHoe noBbimeHue paHHefi npoHHocTH 

6eTOHOB npu ucnonb3OBaHHH ^THx npogyKTOB h npuMeHeHue hx gna nporoBogcrea 

caMoynnoTHaro^nxca 6eTOHOB. 3 to xopomo BugHo Ha npHMepe (pnc. 3).

H3 pucyHKa 3 BugHO, hto go6aBKa Glenium ACE MaKcuManbHO noBbimaeT 

npoHHocTb B nepBbie cyTKH nocne ^opMOBaHua no cpaBHeHuro c o6biHHofi 

nonHKap6oKcunaTHofi go6aBKofi h Ha^TanuH^opManbgerugHbiM

cynepnnacTH^HKaTopoM. CnegyeT OTMeTHTb, hto KonuHecTBO BBoguMbix go6aBOK 

nonHKap6oKcunaTHbx C n  B gBa pa3a MeHbme no cpaBHeHuro c
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Ha^TanHH^opManbgerngHbiM C n  npn ^TOM 3aTpaTbi Ha np0H3B0gcTB0 6eTOHa 6hh3kh, 

a ero KanecTBo 3HaHHTenbHo Bbime.

PncyHOK 3 -  H3MeHeHHe conpoTHBneHHa c^arara npn Hcnonb30BaHHH pa3HHHHbix 

nonHKap6oKcnnaTHbx cynepnnacTH^HKaTopoB

CnntHoe pa3^H^;awmee gencTBHe PCE npoaBnaeTca b 3HaHHTenbHo 6onee

HH3KOH g03Hp0BKe, npOHHOCTb npogy^HH no CpaBHeHHW C Tpag.HllHOHHblMH

cynepnnacTH^HKaTopaMH Ha 6a3e HaTpneBoro Ha^TanHHcynt^OHaTa (BNS, pnc. 3) 

hhh MenaMHHcynt^oHaTa Bo3pacTaeT b HecKonbKo pa3.

Hcnont3oBaHHe cooTBeTCTByrornux PCE-cynepnnacTH^HKaTopoB BnepBbie 

co3gano bo3mo^ hocth gna npoH3BogcTBa 6eToHoB c gnHTenbHon 

ygo6oyKnagbBaeMocTbw B TeneHHe 90 MHHyr h 6onee, hto no3Bonano 

TpaHcnopTHpoBaTb 6eToHHyw CMecb Ha gnHHHbie paccToaHHa, o6ecneHHBaTb nogany 

no Tpy6onpoBogaM Ha BepxHHe ^Ta^H, npn ^TOM He pa3BogHTb ee gononHHTenbHbiM 

KonnnecTBoM Bogbi h He CHH^aTb KanecTBo, h Bce T̂O npn noKa3aTenax paHHero 

Ha6opa npoHHocTH, no3Bonaromux cHaTb onany6Ky y^e Ha cnegyrornuH geHb nocne 

yKnagKH 6eToHa.

Enarogapa oco6biM cBoncTBaM PCE MoryT npHMeHaTbca gna 3HaHHTenbHoro 

ynynmeHHa ynnoTHaeMocra 6eToHa h TeM caMbiM gna o^THMH3a^HH 

npoH3BogcTBeHHoro npo^cca h cocTaBa 6eToHa, HanpHMep, 3a cneT cHH^eHHa
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cogep^aHua ^ M em a  CxeMa CTpoeHua MoneKynbi ^$HpoB n0nuKap60KCunaT0B 

noKa3aHa Ha puc. 4.

0  £  # 9 # # #  6  6  "**— KapSoKCHHbHa?; rpynna

PucyHoK 4 -  CTpoeHue nonuKap6oKCunaTHbix cynepnnacTH^HKaTopoB

B rnaBHofi ^ n u  nonuMepa pacnonararoTca rpynnbi MoneKyn c oTpu^TentHbiM 

^neKTpHHecKHM 3apagoM -  Kap6oKCunaTHbie rpynnbi. Hobmmh aBnaroTca 60K0Bbie 

^ n u , npuKpenneHHMe k rnaBHofi ^ n u  nonuMepa. nyTeM BaptupoBaHua gnuHbi 

rnaBHMx u 6okobmix ^neft, a TaK«:e KonuHecTBa rpynn Kap60KCunaT0B u 6okobmix 

^n e ft mo^ho TeopeTHHecKH H3roTaBnHBaTt mho^sctbo pa3nuHHbix BugoB npogy^uu. 

Pa3H006pa3ue npogyKToB mo^st 6biTt eme 6ontmuM, ecnu b rnaBHyro u 60K0Byro 

^ n t  BCTpauBaTt gpyrue rpynnbi MoneKyn.

KaK H3BecTH0, Ha npuMepe Ha$TanuH0Bbix u MenaMHHoBbix cynt$0HaT0B, 

MoneKyna nonuMepa BcnegcTBue CBoero oTpH^TentHoro ^neKTpHHecK0^0 3apaga 

agcop6upyeTca noBepxHocTtro 3epHa ^M em a. ^ononHHTentHo k gucneprupoBaHuro 

BcnegcTBue ^neKTp0CTaTHHecK0^0 orranKHBaHHa 3epeH ^M em a ^TH 3epHa 

ygep^HBawTca Ha paccToaHuu ogHo o t gpyroro eme u 3a CHeT gnuHHbix 6okobmix 

^neft. 3 to t  ^pHH^H^ geHcTBua Ha3biBaroT «np0CTpaHCTBeHHbiM gucneprupoBaHueM» 

(puc. 5).

OnpegenaromuM ^aKTopoM ^$$eKTHBH0CTH cynepnnacTu^HKaropa Ha 6a3e 

^$HpoB n0nuKap60KCunaT0B (PCE) aBnaroTca ero agcop6^H0HHMe CB0HCTBa. 3 th  

CBoHCTBa 3aBucaT, npe^ge Bcero, o t MoneKynapHofi CTpyKTypbi nonuMepa, cocToaHua 

^ugKofi $a3bi ^MeHTHoro TecTa u $H3HK0-xHMHHecKHx cbohctb noBepxHocTH 

^M em a. BbicoKaa nnoTHocTt 3apagoB, to  ecTt 6ontmoe KonuHecTBo Kap6oKCunaTHbix



rpynn raaBHon ^ n n  npHBogHT k 6bicTpon h nonHon agcop6^HH nonHMepoB Ha 3epHax 

^M erna  3T0My cnoco6cTByeT h aKTHBH3a^Ha noBepxHocra 3epHa ^MeHTa, npn ^T0M 

goMHHHpywmyw pont HrparoT $a3bi C3A.

PncyHOK 5 -  npHHiiun gencTBHa PCE-cynepnnacTH^HKaTopoB: gncneprnpoBaHHe b

3a cneT CTepnnecKoro ^$$eKTa noBMmaeTca ^^acTH$H^Hpyromee gencTBHe, 

npoHCxogHT ge$^0Ky^a^Ha h gocraraeTca BticoKoe Bogopegy^HpoBaHHe. AnroMHHaTti 

h cynt^aTbi cnoco6Hti noraomaTt nnacTH^HKaTopti, ^0^T0My Tpe6yeTca BBogHTt 

noBMmeHHoe KonnnecTBo go6aBKH. Cogep^aHHe b 3anonHHTenax raHHHcTtix, 

hhhctmx npHMecen h BMBeTpeHHMx ropHMx nopog npHBogHT b nynmeM cnynae k 

nepepacxogy nnacTH^HKaTopa, a b xygmeM k ycKopeHHro cxBaTtreaHHa h CHH^eHHW 

^$$eKTa ot go6aBKH [37, 58].

nnacTH^HKaTopti Ha ocHoBe ^$HpoB nonHKapSoKcnnaTOB 6narogapa oco6oMy 

MexaHH3My hx gencTBHa h rn6KoH xHMHHecKon cTpyKType no3BonaroT H3roTOBHTenaM 

go6aBoK gna 6eToHa Hcnont3oBaTb ^TH oco6tie cBoncTBa c yneTOM c^ep npHMeHeHHa. 

^ to KacaeTca ToBapHoro 6eTOHa, ^TH npogyKTM b HacToamee BpeMa Hcnont3ywTca, 

rnaBHMM o6pa3oM, gna nporoBogcTBa caMoynnoTHaromeroca 6eToHa, h hx ^OTeH^Ha^ 

eme ganeKo He ncnepnaH.

nnacTH^HKaTopti Ha 6a3e PCE TaK^e MoryT BHecra cboh BKnag b 

^K0H0MHHecK0e h KanecTBeHHoe BtmonHeHHe TexHHnecKHx Tpe6oBaHHH h cgenaTt 

6eToH npHBneKaTentHMM, HegoporHM h nepcneKTHBHMM cTpoHTentHbiM MaTepnanoM.

cnegcTBHH cTepnnecKoro orranKHBaHHa
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npeuMyrn,ecTBO nonuKap6oKcunaTHoro nnacTH^HKaTopa no cpaBHeHuro c gpyruMH 

3aKnroHaeTca b BbicoKofi cTeneHH ^nacTH$HKa^HH -  go 24%, omyTHMofi ^KOHOMHH 

^MeHTa -  go 10%, a TaK^e BbicoKofi nogBH^HocTH cMecu nocne nepeMemuBaHua, hto 

no3BonaeT nerKO yKnagbmaTb 6eTOHHyro cMecb [44].

npu nonyHeHHH BbicoKonpoHHbix 6eTOHOB, KaK npaBuno, npuMeHaroT 

KOMnneKcHbe go6aBKH Ha ocHOBe cynepnnacTH^HKaTopoB h AM ^. npu ^TOM HacTO 

OTgaroT npegnoHTeHue cynepnnacTH^HKaTopaM nocnegHero noKoneHua, T.e. 

nonyHeHHbM Ha 6a3e nonuKap6oKcunaTOB, a B KaHecTBe A M ^  Hame Bcero ucnonb3yroT 

MHKpoKpeMHe3eM.

1.3 B03M0^H0CTH H npoS^eMM Ka^OpHMeTpHH ^MeHTHblX CHCTeM

KaK 6bino yKa3aHO Bbime, napaMeTpbi TennoBbigeneHua npu ^HgpaTa^HH 

^MeHTOB Ha cerogHamHufi geHb ucnonb3yroT B ochobhom b TexHonoruHecKux ^n a x  

KaK npu npou3BogcTBe ^MeHTa, TaK h npu BO3BegeHHH 3gaHufi h coopy^eHufi 

rugpoTexHHHecKoro, npoMbimneHHoro, gopo^Horo, TpaHcnopTHoro h rpa^gaHcKoro 

Ha3HaHeHua, npu npou3BogcTBe c6opHoro ®;ene3o6eTOHa.

B uccnegoBaTenbcKux ^ n a x  KanopuMeTpuro Hame ucnonb3yroT gna nonyHeHua 

gaHHbx o MexaHH3Me h KHHeTHKe ^HgpaTa^HH MOHOMHHepanbHbix Ba^ymux BemecTB

-  nonyBogHoro runca, cunuKaTOB h anroMHHaTOB Ka^b^Ha. n o  KanopuMeTpuu 

^MeHTHbix cucTeM OTMeHaeTca pag npo6neM. noMHMO yKa3aHHbix Bbime cno^HocTefi 

TeopeTHHecKoro h ^KC^epHMeHTa^bHO^o xapaKTepa, cBa3aHHbix co c^e^H$HKofi 

reTeporeHHbx B3auMogeficTBHfi cno^Hbix h napannenbHO npoTeKaromux pea^ufi 

rugpaT^HH b ^MeHTHbix cucTeMax, o6pam,aeT Ha ce6a BHHMaHue $aKT 

^parMeHTHocTH 3apy6e^Hofi h OTeHecTBeHHOfi nuTepaTypbi no TennoBbigeneHuro npu 

TBepgeHHH ^M em oB h 6eTOHOB. Hcnonb3OBaHue ^K3OTepMHH b uccnegoBaTenbcKux 

^nax, cBa3aHHbx c H3yHeHueM npo^ccoB ^HgpaTa^HH ^MeHTa h ^MeHTHbix cucTeM 

BbicoKO^yH^HOHanbHbix 6eTOHOB, Ha cerogHamHufi geHb nepe^HBaeT nepuog cBoero 

cTaHoBneHHa.

H3BecTHO, hto ^Hep^eTHHecKHe H3MeHeHua npu B3auMogeficTBHH B gucnepcHbix 

cucTeMax Bbi3biBaroTca ^neMeHTapHbIMH npo^ccaMH -  $H3HHecKofi h xHMHHecKofi

08.04.01.2017.156.00.00.H3



agcop6^Hefi, xHMHHecKofi pea^uefi, 3apogbimeo6pa3OBaHueM, KpHCTa^nH3a^Hefi h 

T.g. Hx HHTeHcuBHocTb h npogon^HTenbHOCTb Ha pa3nuHHbix cTaguax npo^cca 

gocTaTOHHO nonHO OTpa^aeTca TennoBbiMH ^$$eKTaMH pea^uefi ^HgpaTa^HH 

Ba^ymux BemecTB, Hocamux B ^noM  ^K30TepMHHecKHfi xapaKTep [34, 45].

OcHOBofi H3MepeHua noKa3aTenefi TennoBbigeneHua B npo^cce TBepgeHua 

Ba^ymux BemecTB h 6eTOHOB aBnaeTca KanopuMeTpua. ApceHan KanopuMeTpuu 

BKnroHaeT b ce6a npu6opbi H3OTepMHHecKoro, agua6aTHHecKoro h TennonpoBogamero 

TunoB. B HacToamee BpeMa xopomo pa3BHTbi BbicoKOTOHHbie MeTogbi 

gH$$epeH^Ha^bHofi KanopuMeTpuu h gH$$epeH^Ha^bHofi cKaHupyromefi 

KanopuMeTpuu. KanopuMeTpbi H3OTepMHHecKoro Tuna no3BonaroT MaKCHManbHO BepHO 

xapaKTepu3OBaTb ^HgpaTa^H0HHbIe npo^ccbi, nocKonbKy BbigenaeMoe Tenno 

OTBoguTca, ^HgpaTa^Ha npoxoguT npu nocToaHHofi TeMnepaType.

OgHaKO bo3mo^ hocth KanopuMeTpuu ucnonb3yroTca He nonHocTbro, ypoBHa 

npu6opHO-MeTponoruHecKoro o6ecneHeHua h annapaTa HgeHTH$HKa^HH pe3ynbTaTOB 

H3MepeHufi HegocTaTOHHO gna H3yHeHua ^HgpaTa^HH h TBepgeHua Banymux BemecTB 

h 6eTOHOB. ^0^T0My uccnegoBaHua KanopuMeTpuu Heo6xoguMO npoBoguTb B TecHofi 

cBa3H c gpyruMH KOMnneKcHbiMH MeTogaMH, BKnroHaromuMH o^HKy npoHHocTH h 

gpyrux $H3HHecKux napaMeTpoB, gepuBaTorpa^uro, pemreHO$a3OBbifi aHanu3, a 

TaK®;e ^neKTpoHHyro MHKpocKonuro.

B cTaHgapTax pa3Hbix cTpaH, B tom Hucne Poccuu, cogep^aTca numb 

Tpe6oBaHua k onpegeneHuro TennoBbigeneHua ^MemoB. TaK, c ^nbro noBbimeHua 

^$$eKTHBH0CTH ^MeHTa, o6ecneHeHua Hage^Horo h ^KC^peccH0^0 KOHTpona ero 

KaHecTBa 6bin C03gaH rO C T  310.5-88 «^MeHTbi. MeTog onpegeneHua

TennoBbgeneHua» [17]. CornacHO ^T0My CTaHgapTy ucnbrraHua npuHaTO npoBoguTb 

npu B/U, = 0.5. OgHaKO, gaHHbie KanopuMeTpuu npu ^T0M B/U, B uccnegoBaHuu 

npo^ccoB ^HgpaTa^HH h TBepgeHua ^MeHTHbix cucTeM Bbic0K0$yH^H0HanbHbix 

6eTOHOB, BepoaTHO, 6ygyr cymecTBeHHO OTnuHaTbca ot geficTBHTenbHOCTH, nocKonbKy 

^MeHTHbie cucTeMbi Bbic0K0$yH^H0HanbHbix 6eTOHOB co3garoTca npu hh3kom B/U,.
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1.4 Bbraogbi no ^HTepaTypHOMy oS3opy

B nuTepaTypH0M o63ope npegcTaBneHbi u H3yHeHbi ochobm rugpaTa^HH 

^MeHTa, KaK ^aKTop ynpaBneHua TBepgeHueM 6eT0H0B. HecMoTpa Ha npoBegeHHbie 

MHoroHHcneHHMe uccnegoBaHua oTMeHeHa cno^HocTt u HeonpegeneHHocTt 

MexaHH3Ma ^HgpaTa^HH, o6ycnoBneHHoro MHoruMH ^aKTopaMu: TeMneparypoH, 

gaBneHueM, cooTHomeHueM Me^gy TBepgoH u ^ugKofi $a3oft u, hto caMoe rnaBHoe, 

reTeporeHHMM xHMHHecKHM cocTaBoM TBepgeromeH cucTeMbi, hto 3HaHHTentH0 

ycno^HaeT uccnegoBaHua. npoBegeH o63op no TennoBbigeneHuaM npu ^HgpaTa^HH 

Ka^goro H3 MHHepanoB ^MeHTHoro KnuHKepa, b xoge KoToporo 6bino ycTaH0BneH0, 

hto $a3bi C3A  rugparupyroT c caMMM hhtshchbhmm TennoBbigeneHueM. OgHaKo, 

nepecHHTaB TennoBbigeneHua M0H0MHHepan0B Ha ux cogep^aHue b ^MeHTe, 6bino 

BbiaBneHo, hto $a3bi C3S BHocaT pemaromuH BKnag b TennoBbigeneHue ^M em a, b 

CBa3u c ^THM 6bin cgenaH BbiBog, hto TennoBbigeneHua aKTHBH0H CTaguu ^HgpaTa^HH 

^MeHTa cnpaBegnuBo 0TH0CHTt k ^HgpaTa^HH anuTa.

npegcTaBneHM u onucaHbi 0CH0BHbie go6aBKH, npuMeHaeMbie npu nonyHeHuu 

BbicoKo^yH^HoHantHbix u gonroBeHHbix 6eT0H0B, npoBegeH noucK nuTeparypHbix 

gaHHMx o npuHT i ,une ux geficTBua. n o  gaHHMM EaTpaKoBa B.r., Cn-1 He BnuaeT Ha 

ocoSeHHocTH $a30Boro cocTaBa u cTeneHt 3aKpucTannu30BaHH0CTu ^MeHTHoro KaMHa 

(UK). OthocuTentHo BnuaHua nonHKap6oKCunarabix C n  Ha npo^ccbi ^HgpaTa^HH u 

$a30Bbfi cocTaB ^MeHTHoro KaMHa CBegeHua b nuTeparype orpaHHHeHHbi, b CBa3u c 

HeM ohh Tpe6yroT geTantHoro H3yHeHua. OTMeHeHa $pameHTH0CTt nuTeparypHbix 

gaHHMx no BnuaHuro nepegoBbix cynepnnacTu^HKaropoB u KoMnneKCHbix go6aB0K Ha 

ux ocHoBe, BKnroHaromux MHKpoKpeMHe3eM, Ha npo^ccbi ^HgpaTa^HH u TBepgeHua 

^M em a. npuMeHeHue KanopuMeTpuu b ^T0M KnroHe mo^ st cymecTBeHHo gononHHTt 

HH$opMa^Hro o npo^ccax ^HgpaTa^HH ^MeHTHbix cucTeM BbicoKo$yH^uoHantHbix

6eT0H0B.

npuBegeHM npo6neMbi KanopuMeTpuu ^MeHTHbix cucTeM, ocHoBHbie H3 

KoTopbix ^To: orpaHHHeHHocTt gaHHMx u HegocTaToHHaa H3yHeHH0CTt MeToga 

KanopuMeTpuu b uccnegoBaHuu npo^ccoB ^HgpaTa^HH; HeKoppeKTHoe npuMeHeHue 

no rO C T  310.5-88 «^MeHTbi. MeTog onpegeneHua TennoBbigeneHua» [17]
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^HKCupoBaHHoro Bogo^MeHTHoro OTHomeHua paBHoro 0,5 npu KanopuMeTpuHecKux 

uccnegoBaHuax ^HgpaTa^HH ^MeHTHbix cucTeM Bbic0K0$yH^H0HanbHbix 6eTOHOB, 

KOTopbe co3garoTca npu MaKCHManbHO hh3kom B/U,.

1.5 h 3agaHH Hce^egoBaHHH

Ha 0CH0BaHHH npoBegeHHoro nuTepaTypHoro o63opa BbigeneHbi cnegyromue 

ocHOBHbe ^nu :

-  H3yHHTb h gononHHTb ocHOBHbe acneKTb ^HgpaTa^HH ^MeHTa h 

^ M eHTHbix cucTeM BbicoKo^yH^uoHanbHbix 6eTOHOB c npuMeHeHueM KanopuMeTpuu;

-  ycTaHOBHTb B3auMOCBa3b noKa3aTenefi TennoBbigeneHua c ochobhmmh 

xapaKTepucTHKaMH ^MeHTHoro KaMHa h npoBecTH o^HKy B03M0^H0CTefi 

npuMeHeHua KanopuMeTpuu B pa3pa6oTKe Bbic0K0$yH^H0HanbHbix 6eTOHOB.

^na ^T0^0 Heo6xoguMO pemuTb cnegyromue 3agaHu:

-  ycTaHOBHTb BnuaHue Bogo^MeHTHoro OTHomeHua h cynepnnacTH^HKaTopoB 

pa3Horo noKoneHua Ha npo^ccbi TennoBbigeneHua, ^HgpaTa^HH h TBepgeHua ^M em a;

-  onpegenuTb BnuaHue A M ^  h KOMnneKCOB A M ^+C n  Ha TennoBbigeneHue, 

^HgpaTa^Hro, TBepgeHue h ^opMupoBaHue CTpyKTypbi h cBoficTB ^MeHTHoro KaMHa;

-  npoBecTH HHTep^peTa^Hro Ha6nrogaeMbix noKa3aTenefi TennoBbigeneHua c 

gpyruMH xapaKTepucTHKaMH npo^ccoB c npuBneHeHueM KOMnneKCHbix MeTogoB 

aHanu3a $a3OBbix h CTpyKTypHbix npeBpameHufi, a TaK«:e ucnonb3OBaHueM ochobhmx 

nono^eHufi h 3aKOHOB TepMoguHaMHKH h xHMHHecKofi KHHeTHKu.
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2 M A T E P H A ^ W  H  M E T O ^ b l H C C ^E ^O B A H H H

2.1 HcxogHMe MaTepua^M h hx xapaKTepHCTHKH

^na uccnegoBaHua npuMeHanu cnegyromue ucxogHbie MaTepuanbi:

-  ^MeHT nu, 500 ^-0, cpegHeanroMUHaTHbift OOO «^roKKepxo$$ KopKHHo 

^MeHT» ^ M  I 42.5 H  rO C T  31108-2016 c H r  27,90%;

-  cynepnnacTH^HKaTopbi: Glenium ACE 430 u Glenium 115 Ha ocHoBe 

nonuKap6oKCunaTHMx ^$HpoB, $upMa BASF (T epMaHua);

-  cynepnnacTH^HKaTop Ha^TanuH^opMantgerugHbift Cn-1, OOO

«nonunnacT YpanCu6», r. nepBoypantCK.

-  MHKpoKpeMHe3eM MK-85 r. H0B0Ky3He^ b cooTBeTCTBuu c T Y  5743-048­

02495332-96, c ^y^^0naH0B0H aKTHBHocTtro 1575 Mr/r.

Cynepn^acTu^uKaTopM. B Ta6nu^ 2 npuBegeHbi ochobhm  xapaKTepucTHKu 

npuMeHaeMMx nonuKap6oKCunaTHbix cynepnnacTH^HKaTopoB.

Ta6nu^ 2 -  noKa3aTenu nonuKap6oKCunaTHbix cynepnnacTH^HKaTopoB

noKa3aTent
Glenium ACE 430 Glenium 115

3HaHeHue noKa3aTena

BHemHHH Bug

OgHopogHaa ^ugKocTt 

opaH^eBoro unu CBeTno- 

KopuHHeBoro ^ eT a

OgHopogHaa 

^ugKocTt CBeTno- 

rony6oro ^ eT a

nn0TH0CTt, Kr/M3 1060±20 1050-1090

BogopogHMH noKa3aTent, 

pH
4-7 5-8

Cogep^aHue Cl-uoHa no 

Macce %, He 6onee
0,1 0,1

^M eH T. ^na onpegeneHua KaHecTBa ucnont3yeMoro ^M em a 6binu npoBegeHbi 

ucnMTaHua:

-  H0pMantH0H ryCT0TM, Cp0K0B CxBaTMBaHHa H paBH0MepH0CTH H3MeHeHua

o6teMa b CooTBeTCTBuu c rO C T  310.3-76 (1992);
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-  npegena nponHocra npn H3rn6e h c^aTHH b cooTBeTcTBHH c rO C T  310.4-81 

(1992).

XapaKTepncTHKH npHMeHaeMoro ^M em a npegcTaBneHti b Ta6nn^ 3.

Ta6nmia 3 -  XapaKTepncTHKH nopraaHg^MeHTa

noKa3aTent 3HaneHHe
CooTBeTCTBHe 

rO C T  10178-85

HopMantHaa rycT0Ta, % 27,90 He peraaMeHTHpyeTca

CpoKH cxBaTMBaHHa:

-  Hanano

-  K0He^

200 MHH. 

303 MHH.

CooTBeTcTByeT

CooTBeTcTByeT

npoHHocTt npn c^aTHH, M na 60,5 (>  49,0 M na)
CooTBeTcTByeT 

UU, 500

npoHHocTt npn H3rn6e, M na 6,0 ( > 5,9 M na)
CooTBeTcTByeT 

UU, 500

PaBHoMepHocTt H3MeHeHHa 

o6teMa
0,5 MM CooTBeTcTByeT

AKTHBHocTt nocne nponapHBaHHa 42,1 M na

CooTBeTcTByeT 1 

rpynne no

^$$eKTHBH0CTH

nponapHBaHHa

Cogep®:aHHe MgO 1,38% CooTBeTcTByeT

Cogep®;aHHe C3A 6,44% ( < 8,00 % ) CooTBeTcTByeT

AHanH3 nonyneHHMx gaHHtix no3BonaeT cgenaTt 3aKnroneHHe o cooTBeTcTBHH 

MepKe no nponHocra no rO C T  10178-85 nonyneHHoro nopraaHg^MeHTa c 

KopKHHcKoro ^MeHTHoro 3aBoga OOO «^WKKepxo^$ KopKHHo ^MeHT» nu, 500 ^0. 

A  no rO C T  31108-2016 nonyneHHtiH nopraaHg^MeHT cooTBeTcTByeT 3aaBneHH0My 

Knaccy UEM  I 42.5 H.
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MHKpoKpeMHe3eM. B pa6oTe ucnonb3OBanu MHKpoKpeMHe3eM 

KOHgeHCupoBaHHbifi HeynnoTHeHHbfi MapKH M K  85 no T Y  5743-048-02495332-96, 

xuMHHecKufi cocTaB KOToporo npegcTaBneH cogep^aHueM cnegyromux ochobhmx 

OKCugoB: SiO2 -  91,7 %, CaO -  1,3 %, M gO  -  2,8 %, A 2O3 -  0,6 %, Fe2Os -  1,1 %; 

noTepu npu npoKanuBaHHH cocTaBnaroT 2,5 %.

2.2 MeTogM Hce^egoBaHHH

2.2.1 Ka^opHMeTpHH

^ 0CT0HHCTBa TepMHHecKoro aHanu3a no3BonaroT Bbi6paTb gH$$epeH^Ha^bH0- 

TepMHHecKufi aHanu3, a K0HKpeTH0, gH$$epeH^Ha^bH0-CKaHHpyromyro KanopuMeTpuro 

B KaHecTBe ogHoro H3 ochobhmx MeTogoB gna ^KC^epHMeHTa^bH0^0 H3yHeHua 

$a3OBbix nepexogoB CMecefi [30, 39, 55].

^na uccnegoBaHua $H3HKO-xHMHHecKHx xapaKTepucTHK $a3onepexogHbix 

CMecefi B gaHHofi pa6oTe 6bin ucnonb3OBaH 8 KaHanbHbifi KonopuMeTp T A M  AIR. Oh 

npegcTaBnaeT co6ofi 8 KaHanbHbifi npu6op, pa3pa6oTaHHbifi gna H3OTepMHHecKux 

H3MepeHufi TennoBbix ^$$eKT0B c BbicoKofi cTa6unbH0CTbro h T0HH0CTbro. npu6op 

c^e^Ha^bH0 onTHMH3upoBaH gna 3agaH H3yHeHua h pa3pa6oTKH hobmx K0M^03H^Hfi B 

^MeHTHofi h ®;ene306eT0HH0fi npoMbimneHHOCTH. Bce KaHanbi KanopuMeTpa gBofiHbie, 

BKnroHaromue b ce6a o6pa3e^ h ^Ta^0H b aMnynax 06teM0M 20 Mn. TepMOCTaT 

npu6opa BO3gymHbifi, o6ecneHHBaeT CTa6unbHOCTb ±0.02°C. BbicoKoe KaHecTBO 

TepMOCTaTa no3BonaeT npoBoguTb OHeHb gnuTenbHbie ^KC^epHMeHTbI B HecK0nbK0 

cyTOK unu Hegenb. npu6op pa6oTaeT HenocpegcTBeHHO c aMnynaMH 06teM0M 20 Mn, 

He Tpe6ya gononHHTenbHbix KanopuMeTpoB. B Ta6nu^ 4 npegcTaBneHbi 0CH0BHbie 

xapaKTepucTHKH npuMeHaeMoro KanopuMeTpa.

Ka^gbifi KanopuMeTpuHecKufi KaHan nocTpoeH B gBofiHofi K0H$H^ypa^HH, ogHa 

CTopoHa KOTopofi npegHa3HaHeHa gna uccnegyeMoro o6pa3^, a BTopaa -  gna 

CTaTHHecKoro KomponbHoro o6pa3^ (puc. 6). B Ka^goM KanopuMeTpe ucnonb3yeTca 

npHHuun TennoBoro n0T0Ka. Tenno, co3gaBaeMoe nro6ofi $H3HHecKofi unu 

xHMHHecKofi pea^uefi b o6pa3^, 6ygeT 6bicTpo nepegaBaTbca cpege, OKpy^aromefi 

ero.
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Ta6nrnia 4 - OcHOBHbie xapaKTepucTHKH 8 KaHanbHoro KonopuMeTpa T A M  AIR

noKa3aTenb napaMeTp

^ucno KanopuMeTpuHecKux KaHanoB 8

^uana3OH pa6oHux TeMnepaTyp 5-90°C

ToHHOCTb TeMnepaTypb ± 1°C

CraSunbHOCTb B03gymH0r0 TepMOCTaTa ± 0,02°C

MaKCHManbHbfi o6teM o6pa3^: 20 Mn

^uana3OH H3MepeHufi 600 mBt

nocToaHHaa BpeMeHH (20 Mn Bogbi) < 500 ceKyHg

npegen o6Hapy^HTenbHofi cn0C06H0CTH 4 mkBt

TOHHOCTb ± 20 mkBt

YcTofiHHBoCTb 6a30B0fi nuHHH 6onee

24 HacoB: <40 MKBT

Yxog <± 10 mkBt

Omu6Ka H3-3a yxoga 3HaHeHufi napaMeTpa <± 23 mkBt

PucyHOK 6 -  O6mee ycTpoficTBo KanopuMeTpa



B npegenax Ka^goro KanopHMeTpnnecKoro KaHana HMewTca no gBa gaTHHKa 

TennoBoro noToKa 3ee6eKa -  ogHH nog HccnegyeMbiM o6pa3^M, h ogHH nog 

KoHTpontHbiM. Ochobhoh MapmpyT gna Tennoo6MeHa Me^gy o6pa3^M h cpegoH, 

oKpy^awmefi ero, npoxogur Hepe3 gaTHHK TennoBoro noToKa. TennoBofi n0T0K, 

BM3BaHHMH TeMnepaTypHMM rpagneHTOM Hepe3 gaTHHK, co3gaeT cnraan Hanpa®eHHa, 

^p0^0p^H0Ha^tHMH TennoBoMy noToKy.

^BofiHaa K0H$H^ypa^Ha nccnegyeMoro h KornpontHoro o6pa3^ b npegenax 

KaHana no3BonaeT cpaBHHBaTt TennoBoft n0T0K ot aKTHBHoro o6pa3^ 

HenocpegcTBeHHo c TennoBbiM n0T0K0M ot HHepraoro KoHTpontHoro o6pa3^. 

Pa3HocTt Hanpa^eHHH aBnaeTca KonHHecTBeHHbiM Btpa^eHHeM o6m,eft 

HHTeHcHBHocTH BbigeneHHa Tenna b o6pa3^. 3 tot gB0HH0H npwHuwn H3MepeHHa 

noBtmaeT ycroftHHBocTt TennoBoro noToKa h yMeHtmaeT noMexn b npegenax 

cncTeMM.

^aHHbfi KanopHMeTp BbmonHeH TaKHM 06pa30M, hto pa6onaa h cpaBHHTentHaa 

KanopHMeTpHHecKaa anefiKH aBnawTca aSconwTHo HgeHTHHHbiMH no cbohm 

Tenno$H3HHecKHM cBoftcTBaM (TennoeMKocra, TennonpoBogHocra) h cHMMeTpHHHbi no 

pacnono^eHHro, hto cBogHT K MHHHMyMy TaKoH hctohhhk norpemHocreft, KaK 

pacxogoBaHHe ^^eKTpHHecK0H ^Hep^HH Ha HarpeBaHHe pa3HHHHbix geTanefi 

KanopHMeTpa h yreHeK Ha K0HBe^nro h H3nyneHHe.

K  npeHMymecTBy gaHHoro npn6opa mo^ ho oTHecra TaK«:e Hcn0nt30BaHHe 

Manbix HaBecoK. 3 thm gocraraeTca HH3Kaa BenHHHHa TeMnepaTypHbix rpagneHT0B h 

noaBnaeTca B03M0^H0cTt npoBogHTt HenpepbiBHoe cKaHHpoBaHHe b ycnoBHax, 

MaKcHMantHo npnSnH^eHHbix K paBH0BecHMM. Hcn0nt30BaHHe Manbix HaBecoK 

no3BonaeT gocraraTt 6ontmofi HyBcTBHTentHocra MeToga.

2.2.2 ^epHBaTorpa^HnecKHH aHa.n-B

^epHBaTorpa^na BKnwnaeT b ce6a gH$$epeH^Ha^tH0-TepMHHecKHH aHanH3 h 

TepMorpaBHMeTpnw. 3 to  MeTog npHMeHawT gna HccnegoBaHHa $a30B0ro cocTaBa 

^MeHTHoro KaMHa. n og  TepMHHecKHM aHanH30M noHHMaeTca coBoKynHocTt Tpex 

MeTogoB: gH$$epeH^Ha^tH0-TepMHHecK0^0 aHanH3a (A TA ), TepMorpaBHMeTpn-
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HecKoro unu TepMoBecoBoro (T r )  u gH$$epeH^Ha^tH0-TepM0^paBHMeTpHHecK0^0 

(A T T ) [38, 43].

Cyrn,H0CTt gH$$epeH^Ha^tH0-TepMHHecK0^0 aHanroa 3aKnroHaeTca b H3yHeHuu 

$a30Bbix H3MeHeHHH unu npeBpameHufi, npoucxogamux b Marepuane npu ero 

HarpeBaHuu, no conpoBo^garomHM ^TH npeBparn,eHua TennoBbiM ^$$eKTaM.

3HgoTepMHHecKue ^$$eKTbI Ha gH$$epeH^Ha^tH0H KpuBoH MoryT 6biTt 

BM3BaHM cnegyromuMH $H3HK0-xHMHHecKHMH npo^ccaM:

- geru gpa^u eft BemecTBa;

- HeKoTopbiMH nonuMop^HMMH npeBpameHuaMu;

- nnaBneHueM.

npuHHHaMH ^K30TepMHHecK0^0 ^$$eKTa MoryT 6biTt:

- pea^ua oKucneHua;

- pea^ua 06pa30BaHua hobmx coeguHeHufi;

- nonuMop^Hbie npeBparn,eHua, c0np0B0^garorn,ueca nepexogoM Hey ctohhhboh 

npu gaHHofi TeMnepaType MogH$HKa^HH b ycT0HHHByro;

- nepexog H3 aMop^Horo cocToaHua b KpucTannuHecKoe.

nonyHeHue KpuBbix noTepu Beca Bern,ecTBa T r  npu HenpepbiBHoM HarpeBaHuu 

ocy^ecTBnaeTca npu noMorn,u guHaMHHecKoro B3BemuBaHua. ,^H$$epeH^Ha^tH0- 

TepMorpaBHMeTpuHecKHH MeTog aHanroa no3BonaeT onpegenuTt CKopocTt H3MeHeHua 

MaccM Be^ecTBa npu ero HarpeBaHuu [38].

2.2.3 PemreHo$a3oBMH aHa.un

PefflTeH0$a30Bbift aHanu3 (P O A ) ucnont3yroT gna KaHecTBeHHofi o^hkh  

$a30Boro cocTaBa rugparnbix cocTaBnaro^ux ^MeHTHoro KaMHa. 3agaHa $a30B0ro 

aHanu3a coctoht b onpegeneHuu $a3 -  MHHepanoB, cocTaBnaro^ux o6pa3e^ u 

0TH0cuTentH0H o^HKe H3MeHeHua ux cogep^aHua. KaHecTBeHHbift pefflreH0$a30Bbift 

aHanu3 u oTHocHTentHoe KonuHecTBeHHoe H3MeHeHue paccMarpuBaeMbix $a3 

npou3BogaT HenocpegcTBeHHo no nonyHeHHMM gu^paKTorpaMMaM [38, 43].

CteMKa peHTreHorpaMM (gu^paKTorpaMM) npoucxoguT no cxeMe, 

npegcTaBneHHofi Ha pucyHKe 7. ^BHraro^Hfica no 0Kpy^H0CTH Bgont
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gu^parupoBaHHoro nyHKa pernreHoBcKux nyHen chcthhk ^uKcupyeT gu^pa^uoHHyro 

KapTHHy, nonyHeHHyro nocTeneHHO, nuHuen 3a nuHuen no Mepe ero noBopoTa.

1 -  reHepaTopHoe ycrponcTBo; 2 -  pemreHoBcKaa Tpy6Ka; 3 -  gua^parna 

nepBHHHoro nyHKa; 4 -  o6pa3e^ 5 -  gua^parna; 6 -  cHeTHHK;

7 -  coeguHeHue c perucTpupyromHM ycTponcTBoM.

PucyHoK 7 -  CxeMa gu^paKToMeTpuHecKon cteMKu

Ka^goe KpucTannuHecKoe BemecTBo xapaKTeproyeTca cbohm Ha6opoM 

Me^nnocKocTHMx paccToaHun d. y  onpegeneHHtix BemecTB ^TOT Ha6op 

Me^nnocKocTHMx paccToaHun gaeT onpegeneHHoe cooTHomeHue HHTeHcuBHocTen 

oTpa^eHHH no Ka^gtiM ero Me^nnocKocTHtiM paccToaHuaM.

PeHTreHorpaMMa reTeporeHHoro o6pa3^ npegcTaBnaeT co6on cyMMy 

peHTreHorpaMM oTgentHtix MHHepanoB. KaHecTBeHHtiH aHanu3 cBoguTca k cpaBHeHuro 

^TanoHHMx peHTreHorpaMM uHguBugyanbHbix $a3 -  MHHepanoB, cocTaBnaromux 

o6pa3e^ u peHTreHorpaMM o6pa3^ [38].

3HaHue xuMHHecKoro cocTaBa BemecTBa o6nerHaeT pacmu^poBKy 

peHTreHorpaMM, TaK KaK no3BonaeT cgenaTt npegnono^eHue o bo3mo^ hom 

MHHepanoruHecKoM cocTaBe npogyKTa. HgeHTH$HKa^Ha $a3bi cHHTaeTca gocTaToHHo

7

1

7
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Hage^Hofi, ecnu Ha peHTreHorpaMMe 3a$HKcupoBaHo He MeHee Tpex Hau6onee 

HHTeHCHBHMx ee nHHHH.

C yBenuHeHueM cogep^aHua toh unu hhoh $a3bi HHTeHCHBHocTt ee oTpa^eHufi 

yBenuHHBaeTca. OgHaKo gna MH0ro$a30Bbix npo6 3aBHCHM0CTt Me^gy 

HHTeHcuBHocTtro u cogep^aHueM gaHHofi $a3bi HeogH03HaHHa, nocKontKy BenuHHHa 

HHTeHCHBH0CTH oTpa^mua onpegenaeMofi $a3bi 3aBucuT He TontKo ot ee cogep^aHua, 

ho u ot noKa3aTena, xapaKTepu3yrorn,ero CTeneHt ocna6neHua peHTreHoBCKoro nyHKa 

npu npoxo^geHuu Hepe3 gaHHoe Bern,ecTB0. YKa3aHHbift noKa3aTent ocna6neHua 

uccnegyeMoro Bern,ecTBa 3aBucuT ot noKa3aTeneft ocna6neHua u cogep^aHua Bcex $a3, 

Bxogamux b ero cocTaB [38].

2.2.4 ^^eKTpoHHaH pacrpoBaa MUKpocKonuH

^pHH^H^ geficTBua TaKux MHKpocKonoB 3aKnroHaeTca b tom, hto nyreM 

nocnegoBaTentHoro npeo6pa30BaHua BTopuHHoro ^MHCCH0HH0^0 noToKa, 

nonyHaeMoro npu 6oM6apgupoBKe noBepxHocTH uccnegyeMoro o6pa3^ ^neKTpoHaMH, 

b 6onee mo^ hmh n0T0K 3apa^eHHMx HacTH^ HanpaBnaeMbift Ha geTeKTop, nonyHaeTca 

H3o6pa^eHue c 6ontmoft cTeneHtro pa3pemeHua. nonyHaeMbie TaKHM 06pa30M 

BH3yantHMe $0T0rpa$HHecKue H3o6pa^eHua MHKpocTpyKTypbi MaTepuana no3BonaroT 

BMaBHTt ocoSeHHocTH Mop^onoruu u CTpoeHua ero cocTaBnarorn,ux [38, 43].



3 H C C ^ E ^ O B A T E ^ b C K A H  H A C T b

3.1 B^HHHHe Bogo^MeHTHoro 0TH0meHHH h cynepn^acTH^HKaTopoB Ha

npo^ccb i Ten^oBMge^eHHH, ^HgpaTa^HH h TBepgeHHH ^MeHTa

3.1.1 Ka^opHMeTpunecKHH aHa.n-B

TennoBtigeneHua b HaHantHtie cpoKu ^HgpaTa^HH u TBepgeHua ^M em a 

no3BonawT BtigenuTt HecKontKo nepuogoB: npeguHgy^uoHHtift, uHgy^uoHHtift u 

noCTuHgy^uoHHtlH.

npegHHgy^HoHHbiH nepuog. nepBaa CTagua ^HgpaTa^HH ^MeHTa, 

HaHHHawmaaca cpa3y nocne 3aTBopeHua ero BogoH u conpoBo^gawmaaca 

HHTeHcHBHMM TennoBtigeneHueM (puc. 8), cornacHo uccnegoBaHuaM Eyrra M .M ., 

CbHeBa M.M., TuMameBa B.B., TeHnopa X. u gp. [34, 49, 50] cBa3aHa c npo^ccaMH 

cMaHHBaHHa noBepxHocra HacTH^ ^M em a, agcop6^HeH Ha hux MoneKyn Bogti u n A B  

H B03HHKH0BeHHeM XeM0C0p6^H0HHbIX CBa3eH c ^opMHpoBaHHeM nepBHHHMx 

rugpaTOB, cocToamux u3 rugpocunuKaTHoro rena. 3 tot rent, o6pa3ya o6onoHKy, 

3aTpygHaeT gantHeftmyw pea^u w  Bogti c MHHepanaMH KnuHKepa, b pe3yntTaTe Hero 

HacTynaeT BTopaa CTagua rugpaTau,uu -  uHgy^uoHHtift nepuog. CnpaBegnuBo 

npegnono^urt, hto uHTeHcuBHocTt TennoBtigeneHuft b npeguHgy^uoHHtift nepuog 

KocBeHHo oTpa^aeT KonuHecTBeHHyw xapaKTepucTuKy 06pa30BaHua nepBHHHoro 

rugpocunuKaTHoro rena.

B npeguHgy^uoHHtift nepuog cocTaBti c C n  npn B/U, = 0,3 oTnuHawTca 6onee 

HHTeHcHBHMMH BtigeneHuaMu Tenna no cpaBHeHuw c 6e3go6aB0HHMM. 3 to t  ^$$eKT 

mo^ho o6tacHHTt gononHuTentHo npoTeKawmuMH nog geHcTBueM n A B  

ge3a^pe^a^HeH u gHC^ep^a^HeH ^MeHTHtix arperaT0B, 3a cHeT ^neKTp0CTaTHHecK0^0 u 

cTepuHecKoro ^$$eKT0B Cn, u ganee aKTHBHMM npo^ccoM agcop6^HH u 

xeM0C0p6^HH B ogt Ha gononHuTentHo 06pa30BaBmuxca noBepxHocTax ^M em a. 

AononHurentHoe yBenuHeHue pea^uoHHoaKTuBHoft n0BepxH0CTu ^MeHTa 

conpoBo^gaeTca noBtimeHueM KonuHecTBa nepBuHHoro rugpocunuKaTHoro rena, hto 

npuBoguT K 6onee uHTeHcuBHtM TennoBtigeneHuaM (puc. 8).
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BPEMA, Mmm\

PncyHOK 8 -  TennoBoft n0T0K 3a nepnog ^opMHpoBaHHa nepBHHHbix rngparoB b 

3aBHCHMOCTH ot B/U, h BBogHMbix go6aBOK-cynepnnacTH$HKaropoB

npH B/U, = 0,5 n p o ^ c c  xeM0C0p6^HH h 06pa30BaHHa nepBHHHoro rngpara Ha 

noBepxHocTH 3epeH nponcxogHT HecKontKo HHane. B  ^THx ycnoBHax, ga^ e 6e3 

go6aBKH-Cn, 3a cHeT noBbimeHHoro KonHHecTBa Bogbi, TaK^e nponcxogHT HacTHHHaa 

ge3a^pe^a^Ha ^MeHTa, h to  h yBenHHHBaeT ero pea^noHHoaKTHBHyro noBepxHocTt h 

cooTBeTCTBeHHo TennoBbigeneHHe no cpaBHeHHro c 6e3g o6aBOHHbiM cocTaBoM npn B/U, 

= 0,3. BMecTe c ^THM, cocTaBbi c C n  npn B/U, = 0,5 HMeroT noHH^eHHbie 

TennoBbigeneHHa b cpaBHeHHH c cocraBaMH npn B/U, = 0,3. B ep oarao , T̂O Bbi3BaHO 

TeM, h to  npn n0BbimeHH0M KonHHecTBe Bogbi KOH ^m pauua cynepnnacTH^HKaropoB b 

HHgKoft $a3e HH^e, h to  yMeHtmaeT hx ^$$eKTHBH0CTb.

TaKHM o6pa3oM, Bce paccMarpHBaeMbie cynepnnacTH^HKaropbi, 3a chct nyHmeft 

ge3a^pe^a^HH h gHC^ep^a^HH ^M em a, cnoco6cTByroT 06pa30BaHHro noBbimeHHoro 

KonHHecTBa nepBHHHoro rngpocnnHKaTHoro rena. npn ^TOM HHTeHcHBHocTb 

TennoBbgeneHHH b npegHHgy^HOHHbift nepnog b cocTaBax c pa3HbiMH C n  npn 

noHH^eHHoM B/U, npHMepHO ogHHaKOBa (pnc. 8), ho BenHHHHa HHgy^noHHoro 

nepnoga gna hhx pa3nHHHa h 3aBHcHT o t KOHKpeTHoro C n  (pnc. 9). Hcxoga H3 ^T0^0, 

mo^ho cgenart BbBog, hto npHHHHoft yBenHHeHHoro HHgy^noHHoro nepnoga b 

cocTaBax c C n  aBnaeTca He cTontKO noBbimeHHoe 06pa30BaHHe nepBHHHoro rngpara, 

cKontKO oco6eHHocTH agcop6npoBaHHoro Ha HeM cynepnnacTH^HKaropa, KOTOpbie b 

pa3nHHHoft cTeneHH H3onnpyroT noBepxHocTt ^MeHTa ot Bogbi.
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Hflgy^HOHHbiH h nocTHHgy^HOHHbrn nepuogbi. nocne ^opMupoBaHua 

nepBHHHMx rugpaTOB Ha noBepxHocTu ^MeHTHiix 3epeH, b cucTeMe HacTynaeT 

HHgy^HOHHbiH nepuog. B T̂O BpeMa Boga U3 ^ugKoft $a3bi nepe3 o6ononKy 

nocTynaeT B ^Meffrnoe 3epHO u Bii3biBaeT rugponu3 TpexKan^ueBoro cunuKaTa 

(C 3S). B pe3yntTaTe ^T0^0 BbigenuBmueca U3 C3S hohii Ca+2 MurpupysT B ^ugK ys 

$a3y ^MeHTHoro TecTa, a KpeMHe3eM npucoeguHaa Bogy o6pa3yeT nog o6onoHKoft 

aKTHBHMH rent KpeMHe3eMa. 3 to t  npo^cc npogon^aeTca go Tex nop, noKa pH B 

^HgKon $a3e gocTuraeT 12 u HacTynuT nepecbirn,eHue cp eg i oTHocuTentHo Ca+2. B 

^THx ycnoBuax 3aKaHHHBaeTca uHgy^uoHHiift nepuog u HanuHaeTca TpeTta cTagua -  

ycKopeHHaa ^ugpaTa^ufl. B ^TOT ®:e nepnog B ^MeffraoM TecTe ogHoBpeMeHHo c rC K  

^opMHpywTca ansMHHaTHMe u ansMo^eppuTHie rugpaTHie $a3bi, ho TaK KaK 

ocHoBHyw nacTt (65...70%o) ^MeHTa cocTaBnaeT anuT, 3HaHUTentHaa nacTt 

HHTeHcHBHoro TennoBiigeneHua cB^3aHa c ^opMupoBaHueM bmcokoochobhmx rC K  

[34, 49, 50].
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PucyHoK 9 -  TennoBoH noToK 3a uHgy^uoHHift u ycKopeHHiH nepuogi ^ugpaTa^uu 

^MeHTa B 3aBHcHMocTH oT BpeMeHU, B/U, U BBogHMMX go6aBoK-Cn

AHanH3 TennoBigeneHHH B nocTUHgy^uoHHift nepuog (puc. 9), Ha ^Ta^e 

aKTHBHon ^ugpaTa^uu no3BonaeT BbMBUTt cnegysrnue 3aKoHoMepHocTu.

Bce cynepnnacTH^HKaTopbi 3HanuTentHo yBenunuBasT uHgy^uoHHift nepuog

u 3aMegnawT ^ugpaTa^us ^MeHTa, K a rg in  U3 hhx b pa3nuHHoft cTeneHu. 3 to
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npoucxoguT u3-3a agcop6upoBaHHtix Ha noBepxHocTu 3epeH ^MeHTa

cynepnnacTu^uKaTopoB, o6pa3yromux gononHHTentHtie o6onoHKu, KoToptie b 

3aBucuMocTu o t Buga C n  u ux ycT0HHUB0cTH k B03gencTBuro oKpy^aromeft cpegti 

HMeroT pa3nuHHyro nponycKHyro cnoco6HocTt hohob Ca2+ u ^HgKon $a3ti.

CocTaBt npu B/U, = 0,5 b nepuog aKTHBHoft ^HgpaTa^HH xapaKTepu3yroTca 

noHu^eHHMM TennoBtgeneHueM, hto cBa3aH0 c yBenuHeHueM ^HgKon $a3ti u 

yMeHtmeHueM b uccnegyeMoM o6teMe gonu MaTepuana, Btigenaromero Tenno.

npu noBtimeHHoM B/U, uHgy^uoHHtra nepuog yBenHHHBaeTca, aKTUBHaa 

^HgpaTa^Ha ^M em a 3aMegnaeTca. 3 to  o6tacHaeTca TeM, hto npu yBenuHeHHoM B/U, 

gna gocTH^eHua nepectimeHua (pH-12) Tpe6yeTca 6ontme hohob Ca2+, a 3HaHUT u 

6ontme BpeMeHu Ha npo^cc ux HaKonneHua b ^HgKon $a3e. npu gocTH^eHuu 

nepectmeHua HaHUHaeTca aKTHBHtiH npo^cc KpHCTa.^nH3a^HH Ca(OH )2 u 

rugpocunuKaToB Kan^ua. KonuHecTBo Ca(OH )2 b cocTaBax onpegenanu MeTogoM 

TepMorpaBHMeTpuHecKoro aHanu3a, pe3yntTaTti KoToporo npegcTaBneHti Ha puc. 3. 

^ononHHTentHo oTMeTHM, hto HeM cuntHee cynepnnacTH^HKaTop 3aMegnaeT 

^HgpaTa^Hro ^M em a npu B/U, = 0,3, TeM cuntHee ^TOT ^$$eKT npoaBnaeTca npu 

noBtimeHHoM B/U,, hto, BepoaTHo, cBa3aHo c ^$$eKT0M cyMMupoBaHua 

BtmeyKa3aHHtx 3aMegnaromux ^aKTopoB: o6onoHKH cynepnnacTH^HKaTopa u

noBtimeHHoro B/U,.

TaK ®;e hctko npocne^HBaeTca 3aBucuMocTt Me^gy BenuHUHon uHgy^uoHHoro 

nepuoga u MaKcuMantHtiM TennoBtigeneHueM: HeM 6ontme uHgy^uoHHtiH nepuog, 

TeM MeHtme MaKcuMantHoe TennoBtigeneHue, hto xapaKTepHo gna Bcex cocraBoB 

(puc. 9). 3 to  mo^ho o6tacHHTt TeM, hto c yBenuHeHueM uHgy^uoHHoro nepuoga 

yBenHHHBaeTca KonuHecTBo ^M em a gu$$y3H0HH0 nporugpaTupoBaHHoro b ^T0T 

nepuog, ocTaBnaa gna ycK0peHH0H ^HgpaTa^HH MeHtmyro ero HacTt. K  MoMeHTy 

3aBepmeHua cTaguu ycKopeHHoro nepuoga ^HgpaTa^HH, hto cooTBeTcTByeT 

MaKcuMyMy TennoBtigeneHua, cyMMapHtie TennoBtigeneHua Me^gy cocTaBaMH 

npuMepHo paBHt (cm. puc. 9 u 12), hto nogTBep^gaeT gaHHoe npegnono^eHue.

nocne cTaguu ycK0peHH0H ^HgpaTa^HH HacTynaeT HeTBepTaa, nocnegHaa - 

cTagua co cHH^eHHtiM TennoBtigeneHueM, cBa3aHHaa c MegneHHon ^HgpaTa^HeH 

6enuTa, KpHCTannH3a^HeH C-S-H $a3 u ^epeKpHCTannH3a^HeH MeTacTa6untHtix

08.04. 01.2017.156.00.00.n3



rugpaT0B. ^anee gna o^ hkh Koppena^HH gaHHtix KanopuMeTpuu c TeMnaMH Ha6opa 

npoHHocTH npegcTaBneHti 3aBucuMocTH cyMMapHoft TennoBoft ^Hep^HH ot BpeMeHH 

(puc. 12), nonyHeHHtie HHTerpupoBaHueM TennoBoro noToKa (puc. 9).

3.1.2 ^epHBaTorpa^HnecKHH h peHTreH0^a30Bbrn aHa.un

^na ycTaH0BneHua BnuaHua B/U, u C n  Ha oco6eHHocTH $a30B0ro cocraBa 

^MeHTHoro KaMHa ucnont30Banu gaHHtie gepuBaTorpa^uu. Ha pucyHKax 3 u 4 

cooTBeTcTBeHHo npegcTaBneHo cogep^aHue nopTnaHguTa u xHMHHecKH cBa3aHHoft 

B ogt b gpyrux rugpaTax b 3aBucuMocTH o t B/U,, cpoKoB TBepgeHua u BBoguMtix 

g06aB0K-cynepnnacTH^HKaT0p0B.

PucyHoK 10 -  Cogep^aHue nopTnaHguTa b ^MeHTHoM KaMHe b 3aBucuMocTH ot B/U,, 

cpoKoB ^HgpaTa^HH u g06aB0K-cynepnnacTH$HKaT0p0B

H3 nonyHeHHtx gaHHtix (puc. 10) BugHo, hto noBtimeHHoe B/U, npuBoguT k 

yBenuHeHH0My cogep^aHuro nopTnaHguTa b ^MeHTHoM KaMHe bo Bce cpoKH 

^HgpaTa^HH u TBepgeHua ^M em a. 3 to  goKa3tiBaeT, hto noBtimeHHoe B/U, Tpe6yeT 

6ontmero KonuHecTBa Ca(OH)2 gna co3gaHua pH cpegti ~ 12, Heo6xoguMoro gna 

^HgpaTa^HH ^M em a u cTa6untHoro cymecTB0BaHua Bcex rugparHtix $a3. B cBoro 

oHepegt, noBtimeHHoe KonuHecTBo Ca(OH)2 Tpe6yeT 6ontme BpeMeHH Ha HaKonneHue 

hohob KanM,ua, ^T0 nogTBep^gaeT yBenuHeHHtift uHgy^uoHHtiH nepuog u ycuneHHoe 

3aMegneHue aKTHBHoft cTaguu ^HgpaTa^HH ^MeHTa npu noBtimeHHoM B/U, (puc. 9).



P u c y H o K  11 -  C o g e p ^ a H u e  xH M H necKH  c B a3aH H on B o g b i b  ^ M e r n r o M  KaM He b  

3aBHCHMOCTH o t  B /U ,, c p o k o b  r u g p a i ^ u u  h  g o 6 a B o K - C n

^aHHbie noTept xHMHnecKH cBa3aHHon Bogbi nporugparupoBaHHoro ^MeHTa, 3a 

BtineTOM xHMHnecKH CBa3aHHOH Bogbi b Ca(OH)2, nonyneHHbie MeTogoM 

TepMorpaBHMeTpunecKoro aHanroa (puc. 11) OTpa^awT cpaBHHTentHyro o^HKy 

KonunecTBa Bcex ocTantHbix rugpaTHbix $a3, no 6ontmeH nacTH rugpocunHKaroB 

Kanina. MHoroHHcneHHMMH uccnegoBaHuaMH ycTaHoBneHo, hto KonunecTBo 

xHMHnecKH cBa3aHHon Bogbi HanpaMyro CBa3aHo co cTeneHtro rugpai^uu ^MeHTa 

[29]. OgHaKo cogep^aHue xHMHnecKH cBa3aHHon Bogbi (pnc. 11) oTpa^aeT cTeneHt 

rngpai^HH ^Mema. BectMa KocBeHHo. ^na y6eguTenbHocTH nonyneHHbix BbBogoB 

6bin npoBegeH npaMon aHanu3 cTeneHH rugpai^uu npu noMornu cpaBHHTentHoro 

KonnnecTBeHHoro pemreHo$a3oBoro aHanu3a ^Mema. h paccMarpuBaeMbix 

nporugparapoBaHHbix ^MeHTHbix cucTeM. Ebinu npoBegeHo cpaBHeHue nnornagen 

nuKoB c Me^nnocKocTHbM paccToaHueM 1,77, cooTBeTCTByrornuM ocHoBHoMy 

MHHepany C3S ^MeHTHoro KnuHKepa. OreneHb ru gp a ^ u u  onpegenanu no ^opMyne:

a =  A —  X 100 %,

rge I^ -  nno^agt nuKa HenporugparupoBaHHoro ^M em a, HMn • rpagyc / ceK; I

-  nnornagt nuKa paccMarpHBaeMon nporugparapoBaHHon ^MeHTHon cucTeMb, HMn • 

rpagyc / ceK.



Pe3yntTaTi pacHeTa npegcTaBneHi Ha pucyHKe 12. nonyHeHHie gaHHie no 

cTeneHu ^ugpaTa^uu gocTaToHHo xopomo KoppenupysT c gaHHiMu no xuMUHecKu 

cBa3aHHofi Boge (puc. 11).
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PucyHoK 12 -  CTeneHt ^ugpaTa^uu MUHepana anuTa 

B 3aBucuMocTu o t  B/U,, cpoKoB ^ugpaTa^uu u g o6aBoK-Cn

H cxoga U3 nonyneH H ix gaH H ix (puc. 11) cnegyeT, h to  b pa3H ie  cpoKu 

^ugpaTa^uu u TBepgeHua ^ M e m a  hh B/U,, hh go6aBKu-Cn He oKa3biBasT 

cymecTBeHHoro BnuaHua Ha KonuHecTBo x u m u ^ ck u  cBa3aHHoft B o g i. n p u  ^T0M 

cTeneHu ^ugpaTa^uu anuTa (puc. 12) npu noBimeHHoM B/U, HecKontKo B im e . OgHaKo 

nopTnaHguTa npu noBimeHHoM B/U, o6pa3yeTca 3HaHUTentHo 6ontm e (puc. 10).

B ce  ^T0 yKa3iB aeT  Ha to , hto  npu noBimeHHoM B/U, rugpocunuKaTbi K an ^ u a 

MoryT HMeTt HecKontKo noHu^eHHys ocHoBHocTt, no cpaBHeHus c rugpocunuKaTaMu 

^opM upysm uM uca npu hh3kom B/U,. n p u  noBimeHHoM B/U, gna nepecim eH ua 

^ugKofi $a3i  u o6pa3oBaHua C a(O H )2 Tpe6yeTca 6ontm e hohob K an ^ u a, B 

pe3yntTaTe Hero rugpocunuKaTbi K an ^ u a  MoryT ^opMupoBaTtca c noHu^eHHbiM 

oTHomeHueM CaO /SiO 2.

3.1.4 B 3aHMOCBH3b HHTerpa^bHMx Ten^OBMge^eHHH h npoHHOCTu

H3MeHeHua TennoBbix noToKoB bo BpeMeHU, npegcTaBneHHie Ha pucyHKax 8 u 

9, HarnagHo u tohho oT pa^ asT  KUHeTUKy ^ugpaTa^uu ^MeHTHbix cucTeM B 

HaHantHie n e p u o g i. ^antHeftmaa ^ugpaTa^ua u TBepgeHue Bcex cocTaBoB 

conpoBo^gaeTca 3aTyxasm uM  TennoBiM noToKoM. H a pucyHKe 13 npegcTaBneHi
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3aBHCHM0CTH cyMMapHOH TennoBoH ^Hep^HH ot BpeMeHH, nonyHeHHtie 

HHTerpnpoBaHHeM TennoBoro noTOKa MeTogoM Tpa^e^HH.

B P E M fl,m i

P n cy H O K  13  -  H H T e r p a n tH b ie  T e n n o B tig e n e H H a  n p n  r a g p a T a u u n  ^ M e m a  b  

3aBHCHMOCTH o t  BpeM eH H , B /U , h  B B ogH M M x g o 6 a B O K -c y n e p n n a c r a $ H K a T o p o B

CornacHO MHoroHHcneHHtiM HccnegoBaHH^M, Me^gy TeMnoM pocTa npoHHocra 

h HHTerpantHMM TennoBtigeneHHeM npn ^HgpaTa^HH ^M em a cymecTByeT npaMO 

^po^op^HOHa^bHaa 3aBHcHMocTb [30, 45, 52]. B gaHHtix HccnegoBaHHax T̂O 

nogTBep^gaeTca yBennneHHeM co BpeMeHeM cyMMapHtix TennoBtigeneHHH (pnc. 13) h 

npoHHocTH (pnc. 14). OgHaKO, b npncyTCTBHH pa3nHHHtix go6aBOK- 

cynepnnacTH^HKaTopoB, KOTopte ^BnaroTca ogHOBpeMeHHO h 3aMegnHTenaMH 

nepnoga ycKopeHHoft ragpaTauun, TaKaa ^po^op^HOHa^bHOCTb TennoBtigeneHHH h 

npoHHocTH HapymaeTca. C gpyroH cropoHbi, HccnegoBaHH^MH AgaM^BHHa A.O. h gp. 

[30] goKa3aHO, hto ^MeHTHtie cncTeMti c ycKopHTenaMH ^HgpaTa^HH h TBepgeHHa 

noKa3MBaroT npaMO ^po^op^HOHa^bHyro 3aBHcHMocTb Me^gy gHHaMHKOH pocTa 

npoHHocTH h HHTerpanbHOH kphboh TennoBtigeneHHa, hto mo^ st cny^HTb 

^Kc^peccHMM MeTogoM o^ hkh ^$$eKTHBHOCTH ycKopHTenefi TBepgeHHa. Bce T̂O 

cBHgeTenbcTByeT o tom, hto KanopHMeTpHHecKHH aHanro no3BonaeT HccnegoBaTb 

KHHeTHKy rngpaTauun h TBepgeHHa ^MeHTHtix cacreM gocTaTOHHO tohho numb Ha 

paHHHx cpoKax, rge npoaBnawTca caMte HHTeHcHBHtie TennoBtigeneHHa cBa3aHHte b

08.04 . 01.2017.156.00.00.n3



ochobhom c ^ugpaTa^ueH MUHepanoB C3S u C3A. KpoMe ^MeHTHbix cucTeM c 

ycKopuTenaMu ^ugpaTa^uu u TBepgeHua, KanopuMeTpuro BnonHe mo^ho npuMeHaTt u 

gna uccnegoBaHua BbicoKo^yH^uoHantHbix 6eToHoB, KoTopue nonyHaroT npu 

MaKcuMantHo hh3kom B/U, c noMomtro cynepnnacru^uKaTopoB. Hu3Koe B/U,, KaK 

6bino noKa3aHo Bime, 0Ka3brnaeT cymecTBeHHiift BKnag b ycKopeHue npo^ccoB 

^ugpaTa^uu 3a cHeT Toro, hto HacimeHue ^ugKoft $a3bi go Tpe6yeMoro pH 

npoucxoguT 3HaHUTentH0 6bicrpee.

PucyHoK 14 -  npoHHocTt ^MeHTHoro KaMHa npu c^aTuu B 3aBucuMocTu o t cpoKoB 

TBepgeHua, B/U, u BBoguMbix goSaBoK-cynepnnacTu^uKaTopoB

CornacHo xapaKTepucTUKaM npoHHocTu u gaHHiM cyMMapH0H TennoBoft 

^Hep^uu Bce paccMaTpuBaeMie C n  b nepBie cyTKH 0Ka3biBaroT cuntHiH ^$$eKT 

3aMegneHua ^ugpaTa^uu u TBepgeHua ^M em a. KpoMe Toro, npu B/U, = 0,3 B nepBie 

cyTKH TBepgeHua Me^gy cocTaBaMu npoaBnaeTca npaMo ^po^op^uoHantHaa 

3aBucuMocTt HHTerpantHix TennoBigeneHUH u npoHHocTu, ho b 6onee no3gHue 

cpoKu TaK0H Koppena^uu HeT, KaK u npu B/U, = 0,5 Ha Bcex cpoKax TBepgeHua. 

CnegyeT oTMeTUTt, hto uHTeHcuBHocTt uHTerpantHbix TennoBigeneHUH c pa3HiM 

B/U, 6nu3Ka, ho npoHHocTHie noKa3aTenu npu B/U, = 0,5 ropa3go Hu^e, hto cBa3aH0 c 

bmcokoh nopucrocTtro ^MeHTHoro KaMHa u noBimeHHiM cogep^aHueM 

nopTnaHguTa, kotopmh, KaK u3BecTH0, uMeeT npoHHocTt cymecTBeHHo Hu^e, HeM 

npoHHocTt gpyrux rugpaTHix $a3.



TaKHM o6pa3oM, neM 6bicTpee h uHTeHcuBHee npoTeKaeT ^HgpaTa^Ha ^M em a, 

TeM gocToBepHee 6ygyT pe3yntTara KanopuMeTpuu no oraomeHuro k npoHHocTH B 

paHHue cpoKH TBepgeHua. 3 to  gaeT ocHoBaHue npegnonarart, hto 

KanopuMeTpuHecKHH aHanu3 npu hh3kom B/U, B nepBbie cyTKH Mo^eT gart 6onee 

ToHHyro KocBeHHyro o^HKy aKTHBHocTH ^M em a u KonunecTBeHHoro cogep^aHua 

rnaBHoro MHHepana ^MeHTHoro KnuHKepa -  anuTa C3S. npu hh3kom B/U, ^HgpaTa^Ha 

npoTeKaeT He TontKo 6bicrpee, ho h c 6onee uHTeHcuBHMM TennoBbigeneHueM: Bce 

gaHHbe KanopuMeTpuu gna cocTaBoB Ha B/U, = 0,3 nogTBep^garoT ^T0 (puc. 9, 13). 

npu noBbimeHHoM B/U,, a TaK^e B no3gHue cpoKH ^HgpaTa^HH HHTerpantHbie 

TennoBbigeneHua He HMeroT npaMo ^p0^0p^H0HantHyro 3aBucuMocTt c TeMnaMH 

Ha6opa npoHHocTH.

3.1.5 BbiBOdbi no pa3ge^y 3.1

B xoge npoBegeHHbix uccnegoBaHua onpegeneHo, hto Bce 

cynepnnacTu^HKaropbi cnoco6cTByroT:

-  ge3a^pe^a^HH u gHC^ep^a^HH ^M em a;

-  06pa30BaHuro gononHHTentHoa o6onoHKH Ha nepBHHHbix rugpaTax, B 

pe3yntTaTe Hero 3HaHHTentH0 yBenunuBaeTca HHgy^uoHHbift nepuog u 3aMegnaeTca 

aKTHBHaa cTagua rugpai^uu ^M em a;

-  ^opMupoBaHuro ^MeHTHoro KaMHa 6e3 cyrn,ecTBeHHoro u3MeHeHua ero 

^asoBoro cocTaBa.

YcTaHoBneHo, hto npu noBbimeHHoM B/U, = 0,5:

-  3HanuTentH0 yBenunuBaeTca HHgy^uoHHbift nepuog, 3aMegnaeTca cTagua 

aKTHBHoa rugpai^uu ^M em a u yMeHtmaeTca HHTeHcuBHocTt TennoBoro noToKa, 

ocoSeHHo c npuMeHeHueM go6aB0K-cynepnnacTH$HKaropoB;

-  cyMMapHaa TennoBaa ^Hep^Ha rugpai^uu u TBepgeHua ^MeHTHbix cucTeM 

bo Bce cpoKH He HMeeT npaMo ^p0^0p^H0Ha^tH0H 3aBucuMocTu c TeMnaMH Ha6opa 

npoHHocTH;

-  rugpai^ua u TBepgeHue conpoBo^gaeTca ^opMupoBaHueM hhmx rugpaTHbix 

$a3 -  c HecKontKo noHH^eHHofi ocHoBHocTtro, BcnegcTBue noBbimeHHoro KonunecTBa 

3aKpucTannu30BaHH0r0 Ca(OH)2.
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Bce BbimenepenucneHHoe yKa3biBaeT Ha to, hto ucnont30BaTt 

KanopuMeTpuHecKufi aHanu3 gna uccnegoBaHua ^MeHTHbix cucTeM 

BbicoKo^yH^HoHantHbix 6eT0H0B no rO C T  310.5-88 <^eMeHTbi. MeTog onpegeneHua 

TennoBbgeneHua» [17] npu B/U, = 0,5 He^nec006pa3H0. ^ocTOBepHyro HH$opMa^Hro 

o npo^ccax, npoTeKarorn,ux B ^MeHTHbix cucreMax BbicoKo^yH^HoHantHbix 

6eT0H0B mo^ho nonyHHTt TontKo npu hh3kom B/U,, Ha kotopom ohh co3garoTca.

3.2 B^HHHHe d03up0B0K cynepn^acrn^HKaTopoB, MHKpoKpeMHe3eMa h hx 

K0Mn^eKC0B Ha npo^ccb i Ten^oBbige^eHHH, ^H^paTa^HH h TBepaeHHH 

^MeHTa

B TeKy^eM pa3gene npoBogHTca H3yneHue npo^ccoB ^HgpaTa^HH u TBepgeHua 

^MeHTHbix cucTeM c MHKp0KpeMHe3eM0M, KaK B npucyTcTBHH 

cynepnnacTH^HKaTopoB, TaK u 6e3 hhx. TaK^e paccMaTpuBaeTca BnuaHue g03up0B0K 

Ha^TanuH^opMantgerugHoro u nonHKap6oKcunaraoro cynepnnacTu^uKaropoB.

3.2.1 Ka^opHMeTpunecKHH aHa.n-B

TennoBoa n0T0K 3a HHgy^uoHHbift u ycKopeHHbift nepuogbi ^HgpaTa^HH 

^MeHTa b 3aBucuMocTu o t BpeMeHH u BBoguMbix go6aB0K npegcTaBneH Ha pucyHKe

15.

HHgy^HOHHMH nepuog. npo^ccb i rugponu3a u Hanana ^HgpaTa^HH ^M em a 

c pa3nuHHMMH cynepnnacTH^HKaropaMH npu pa3H0M B/U,, npoucxogarnue B 

npeguHgy^uoHHbift u HHgy^uoHHbift nepuog 6onee nogpoSHo onucaHbi B pa3gene 

3.1.1. H3 nonyneHHbx gaHHbix Ha pucyHKe 15 neTKo BugHo, hto yBenuneHue 

go3upoBKH o t 0,5 go 1,0% KaK Ha^TanuH^opMantgerugHoro, TaK u 

nonuKap6oKcunaTHoro cynepnnacTu^HKaropa npuBoguT k cyrn,ecTBeHH0My 

yBenuneHuro uHgy^uoHHoro nepuoga u 3aMegneHuro ^HgpaTa^H0HHMx npo^ccoB. 

3 to  npoucxoguT no npunuHe Toro, hto noBbimeHue go3upoBKH C n  npuBoguT k 

yBenuneHuro Tonrn,HHbi cnoa oSonoHKH cynepnnacTu^uKaropoB u 3aMegneHuro oSMeHa 

hohob Me^gy ^ugKofi $a3oft u ^MeHTHbiM 3epH0M.
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PncyHOK 15 -  TennoBoH n0T0K 3a HHgy^noHHbiH h ycKopeHHbiH nepnogbi rngpaT^HH

^MeHTa B 3aBHCHMOCTH OT BpeMeHH H BBOgHMbIX go6aBOK

BBegeHHe MHKpoKpeMHe3eMa KaK c cynepnnacTH^HKaTopaMH, TaK h 6e3 hhx 

3HaHHTentHO yBenHHHBaeT TennoBoH noTOK (pnc. 15) h ycKopaeT ^HgpaTa^HOHHbIe 

npo^ccbi. 06meH3BecTHo, hto MHKpoKpeMHe3eM BCTynaeT b ^y^^onaHOByro pea^nro 

c Ca(OH)2 h o6pa3yeT HH3KoocHoBHbie rCK. B pe3ynbTaTe ^T0^0 KoH^rnpauufl hohob 

K an ina  h pH cpegbi nagaeT, a rngponHTHnecKoe pa3no^;eHHe C3S, no ^pHH^H^y .He 

fflaTente, npoTeKaeT gantme -  b CTopoHy KOM^eHca^HH BHemHero Bo3geficTBHa. 3 to  

noBbimaeT CTeneHt rngpaTau,HH b paHHHe cpoKH, a TaK«:e cnoco6cTByeT 

^opMHpoBaHHW npeHMymecTBeHHo hh3koochobhmx rngpaTHbix $a3 THna C-S-H (I).

CocTaBb c MHKpoKpeMHe3eMoM nocne CTagHH aKTHBHoft ^HgpaTa^HH 

oTnnnawTca ot gpyrnx noHH^eHHbiM TennoBbigeneHHeM. 3 to cBHgeTenbcTByeT o tom, 

hto ^MeHTHbift KaMeHt ^opMHpyeTca 6onee cTa6nnbHbiMH, MeHee ckhohhumh k 

nepeKpHcTanH3a^H rngpaTHbiMH $a3aMH THna C-S-H (I).



BpeMeHH H BBOgHMMX go6aBoK

CyMMapHaa TennoBaa ^Hep^Ha ^HgpaTa^HH, nonyHeHHaa HHTerpnpoBaHHeM 

TennoBoro noTOKa (pnc. 15) no BpeMeHH npegcTaBneHa Ha pncyHKe 16. H3 ^THx 

gaHHtix bh^ho, hto yBennneHHe go3HpoBKH KaK Ha^TanHH^opManbgeragHoro, TaK h 

nonHKap6oKcnnaTHoro cynepnnacTH^HKaropa yMeHtmaeT TennoByro ^Hep^HW 

rngpa^HH.

A M ^  -  MHKpoKpeMHe3eM bo Bcex cocTaBax yBenHHHBaeT TennoByro ^Hep^HW 

^HgpaTa^HH b nepBtie gBoe cyToK, hto cBHgeTentcTByeT o6 ycKopeHHH ^HgpaTa^HH h 

TBepgeHHa. CyMMapHaa TennoBaa ^Hep^Ha ^HgpaTa^HH h TBepgeHHa, 

3a^HKcnpoBaHHaa Hepe3 180 HacoB, noKa3biBaeT MHHHMantHbie 3HaHeHHa gna cocTaBoB 

c MHKpoKpeMHe3eMoM (pnc. 16). 3 to o6tacHaeTca TeM, hto MHKpoKpeMHe3eM 

cnoco6cTByeT o6pa3oBaHHW hh3koochobhbix cna6o3aKpncTannH3oBaHHbix rngparnbix 

$a3, a ohh ^opMHpywTca c noHH^eHHon TennoBon ^Hep^HeH.

3.2.2 O ^H K a ^H3HnecKHx noKa3aTe^en

^na o^ hkh B3aHMocBa3H TennoBMgeneHHH c ochobhbimh $H3HHecKHMH 

noKa3aTenaMH paccMarpHBaeMtix cocTaBoB 6binH roroTOBneHti o6pa3^i-Ky6HKH c 

pe6poM 2 cm. CocTaBti ^  ^  + MK, ^  + M K  + 1% ACE h ^  + M K  + 1% Cn-1 6binn 

3a$opMoBaHti c npHMeHeHHeM BH6poynnoTHeHHa, nocKontKy ^TH cocTaBti oTnHHannct
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BectMa hh3koh nogBH^HocTtro. Ha pncyHKe 17 npegcTaBneH npegen npoHHocra npn 

c^aTHH aHanH3HpyeMMx ^MemHbix CHCTeM Ha 1, 2, 3, 7 h 28 cyTKH TBepgeHHa.
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PHCyHOK 17 -  npOHHOCTb npH C^aTHH B 3aBHCHMOCTH OT CpOKOB TBepgeHHa H

BBogHMbix go6aBOK

npH ^opMOBaHHH cocTaBb ^  + 0,5 % ACE h ^  + 1 , 0  % ACE OTnHHannct 

bmcokoh nogBH^HocTtw, a nocne ^opMOBaHHa 6bino 3aMeTHO He6ontmoe 

BogooTgeneHHe cBepxy o6pa3^B, oco6eHHo y cocTaBa c 1% nonHKap6oKcnnaTHoro 

Cn. 3 to  ^aKTHHecKH chh3hho Bogo^MeHTHoe oraomeHHe y cocTaBoB c n K  Cn, b 

pe3yntTaTe Hero o6pa3^i 6binH nonyHeHb c noHH^eHHoft nopncTocTtro h, 

cooTBeTcTBeHHo, noBbimeHHoft nnoTHocTtw (pnc. 19) h npoHHocTtw (pnc. 17).

CocTaBb c M K  b 1 cyTKH TBepgeHHa OTnHHaroTca noBbimeHHoft npoHHocTtw 

(pnc. 17), BcnegcTBHe ycKopeHHa ^HgpaTa^HOHHbx npo^ccoB, onncaHHbix paHee 

(pa3gen 3.2.1). n o  cpaBHeHHw c 6e3go6aBOHHbM cocTaBOM ^MemHbie cncTeMb M K + 

C n  geMOHcTpnpywT noBbmeHHyw npoHHocTt, oco6eHHO c npHMeHeHHeM 

nonHKap6oKcnnaTHoro cynepnnacTH^HKaTopa.

Ana o^ hkh nopncTocTH ^MeHTHoro KaMHa 6bino npoBegeHO HcnbTaHHe 

o6pa3^B Ha Bogonornorn,eHHe b 1, 2, 3, 7 h 28 cyTKH. Bogonornorn,eHHe no Macce, KaK 

xapaKTepncTHKa OTKpbiTOH nopncTocTH, npegcTaBneHO Ha pncyHKe 18.



PncyHoK 18 -  Bogonornorn,eHHe no Macce b 3aBHcHMocTH 

ot cpoKoB TBepgeHHA h BBogHMbx go6aBoK

3a cneT bmcokoh cTeneHH ^nacTH$HKa^HH h nacTHHHoro BogooTgeneHHa 

o6pa3^i ^MeHTHoro KaMHa c nonHKap6oKcnnaTHbiM cynepnnacTH^HKaTopoM 

noKa3MBawT goBonbHo HH3Koe Bogonornorn,eHHe (pnc. 18), c yBennneHHeM go3HpoBKH 

^T0 apKo BHgHo h b HaHanbHbie cpoKH TBepgeHHa.

HecMoTpa Ha to, hto cocTaBb c MK, He HMenn BogooTgeneHHa (^aKTHnecKoe 

B/U, paBHo 3agaHHoMy 0,3) ohh gawT HH3KHe noKa3aTenn no Bogonornorn,eHHM, 

oco6eHHo c npHMeHeHHeM nonHKap6oKcnnaTHoro cynepnnacTH^HKaTopa. 3 to Mo^eT 

cBHgeTentcTBoBaTt o tom, hto ragpaTHbie $a3bi b ^T0M cnyHae ^opMHpyrorca c 

hh3koh npoH^aeMocTtro no 0TH0meHHro k Boge, hto xapaKTepHo gna hh3koochobhmx 

rCK.

Bogonornorn,eHHe no Macce y cocTaBoB c M K  y^e b 1 cyTKH noKa3bBaeT 

noHH^eHHbe noKa3aTenn no cpaBHeHHW c 6e3go6aB0HHbiM cocTaBoM h cocTaBaMH c 

Cn-1, KoTopbie 3a^opMoBanncb 6e3 BogooTgeneHHa. 3 to nogTBep^gaeT nono^eHHe o 

tom, hto b npncyTCTBHH M K  npo^ccbi ^HgpaTa^HH ycKoparorca.

Ba^Ho oTMeTHTt, hto y cocTaBoB ^  h ^  + Cn-1 Ha6nrogaeTca yBenHHeHHe 

BogonornomeHHa ko 2 cyTKaM, a y cocTaBoB ^  + M K  h ^  + M K  + CQ-1 k 3 cyTKaM. 

3 to mo^ st 6biTb cBa3aHo c K0rnpa^H0HH0H ycagKoH ^MeHTHoro KaMHa h 

noBbimeHHeM ero nopncTocTH BcnegcTBHe ^T0^0 Ha paHHHx cpoKax. Bce cocTaBb c
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nonHKap6oKcnnaTHbiM cynepnnacTH^HKaTopoM oTnHHawTca ot BbimeyKa3aHHbix -  

TBepgeHHe nponcxogHT 6e3 yBenHHeHHa Bogonornorn,eHHa Ha paHHHx cpoKax, hto 

mo^ st cBHgeTentcTBoBaTt o tom, hto nonHKap6oKcnnaTHbie C n  cnoco6cTBywT 

cHH^e hhm Kompa^HoHHon ycagKH.

PncyHoK 19 -  nnoTHocTt ^MeHTHoro KaMHa Ha 28 cyTKH TBepgeHHa

^aHHte no nnoTHocra o6pa3^B b ecTecTBeHHoM cocToaHHH, nonyHeHHie Ha 28 

cyTKH HopMantHoro TBepgeHHa (pnc. 19) cBHgeTentcTBywT o tom, hto o6pa3^i 

^MeHTHoro KaMHa c npHMeHeHHeM nonHKap6oKcnnaTHoro cynepnnacTH^HKaTopa 

^opMHpywTca c n0BbimeHH0H nnoraocTtro. 3 to o3HaHaeT, hto nonHKap6oKcnnaTHbiH 

cynepnnacTH^HKaTop oTnHHaeTca n0BbimeHH0H ^nacTH$H^Hpyroffl,eH cnoco6HocTtro, 

b pe3yntTaTe Hero nponcxogHT BogooTgeneHHe, oco6eHHo npn n0BbimeHH0H 

go3HpoBKe.

3.2.3 O ^H K a $a30Boro cocTaBa rugpaTOB

^na o^ hkh $a30B0ro cocTaBa ncnont30Bann gH$$epeH^Ha^tH0-TepMHHecKHH, 

TepMorpaBHMeTpHHecKHH h peHTreH0$a30BiH MeTogi. HccnegoBaHHa npoBognnn Ha 

npo6ax o6pa3^B b B03pacTe 7 h 28 cyT0K.

Cogep^aHHe nopTnaHgHTa b ^MeHTHoM KaMHe c pa3nHHHbiMH go6aBKaMH b 7 h 

28 cyTKH npegcTaBneHo Ha pncyHKe 20.



14&
§  13
5  12LU

B  10LU
g  9C-3

8 
7 
6

PucyHoK 20 -  Cogep^aHue nopraaHguTa b ^MeHTHoM KaMHe 

Ha 7 H 28 cyTKH B 3aBHcHMocTH OT BBogHMbIX go6aBOK

CocTaBbI ^MeHTHoro KaMHa c MHKpoKpeMHe3eMoM B CBOeM $a3OBOM COCTaBe 

HMeroT caMoe HH3Koe cogep^aHue nopraaHguTa (puc. 20), hto cBugeTentcTByeT o 

^y^^0^aH0B0H skthbhocth go6aBKH u ^opMupoBaHuu npeuMyrn,ecTBeHHo 

hu3koochobhbix rCK. CocTaB ^  + 1,0 % ACE orauHaeTca noHH^eHHMM cogep^aHueM 

nopraaHguTa no npuHHHe noHH^eHHoro ^aKTHHecKoro B/U, ot 3agaHHoro, BcnegcTBue 

Hero HecKontKo cHH3unacb cTeneHt ^HgpaTa^HH, hto BugHo Ha pucyHKax 21 u 22.

PucyHoK 21 -  Cogep^aHue xHMHHecKH cBa3aHHon Bogb B ^M ernroM  KaMHe 

Ha 7 u 28 cyTKu B 3aBucuMocTu ot BBoguMbx go6aBoK

n o  gaHHbM cogep^aHua XHMHHecKH cBa3aHHon Bogb (puc. 21), oTpa^aromeH 

cTeneHt rugpaTau,uu, hctko BugHo, hto MHKpoKpeMHe3eM noBbmaeT cTeneHt



rngpaT^HH k 7 h 28 cyTKaM TBepgeHHa u b 6ontmen cTeneHH c npuMeHeHueM 

nonuKap6oKcunaTHoro cynepnnacTH^HKaTopa. noBMmeHHaa go3upoBKa 

nonuKap6oKcunaTHoro cynepnnacTH^HKaTopa, npuBegmaa k BogooTgeneHuro u 

CHH^eHHro B/U,, CHH^aeT cTeneHt ^HgpaTa^HH ^M em a b 7 u 28 cyTKH.

noBMmeHHe go3upoBKH KaK nonuKap6oKcunaTHoro, TaK u 

Ha^TanuH^opMantgerugHoro cynepnnacTH^HKaTopa npuBogur k noHH^eHuro cTeneHH 

rugpaTau,Hu b 7 u 28 cyTKH (puc. 22).
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PucyHoK 22 -  CTeneHt ^HgpaTa^HH anura 

Ha 7 u 28 cyTKH b 3aBucuMocTu ot BBoguMtix go6aBoK

Cogep^aHue xuMunecKH cBa3aHHon BogM (puc. 2 1 ) oTpa^aeT cTeneHt 

rugpaTau,Hu ^M em a BectMa KocBeHHo. ^na y6eguTentHocTH nonyneHHtix BMBogoB 

6bin npoBegeH aHanu3 cTeneHH ^HgpaTa^HH npu noMomu cpaBHHTentHoro 

KonunecTBeHHoro pemreHo$a3oBoro aHanu3a ^M em a u paccMaTpuBaeMtix 

nporugpaTupoBaHHMx ^MeHTHtix cucTeM. Etino npoBegeHo cpaBHeHue nnom,agen 

nuKoB c Me^nnocKocTHtiM paccToaHueM 1,77, cooTBeTCTByromHM ocHoBHoMy 

MHHepany C3S ^MeHTHoro KnuHKepa. CTeneHt ^HgpaTa^HH onpegenanu no ^opMyne:

a =  —  X 100 %,

rge I^ -  nnomagt nuKa HenporugpaTupoBaHHoro ^M em a, HMn • rpagyc / ceK; I

-  nnomagt nuKa paccMaTpuBaeMon nporugpaTupoBaHHon ^MeHTHon cucTeMM, HMn • 

rpagyc / ceK.
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Pe3yntTaTi pacHeTa npegcTaBneHi Ha pucyHKe 22. nonyHeHHie gaHHie no 

cTeneHH ^HgpaTa^HH gocTaToHHo xopomo KoppenupyroT c gaHHiMu no xumuhscku 

cBa3aHH0H Boge (pnc. 21).

3.2.4 ^^eKTpOHHaH MHKpOCKOnHH

^na HccnegoBaHHa Ha ^neKTp0HH0M MHKpocKone o6pa3^B ^MeHTHoro KaMHa b 

B03pacTe 28 cyT0K HopMantHoro TBepgeHHa 6inH H3r0T0BneHi m nu^i. 

no3BonawT npoBecTH 6onee cnpaBegnuByro o^HKy cTpyKTypH0-$a30BBix 

HccnegoBaHHH, nocKontKy ^T0T cnoco6 no3BonaeT yHHTMBaTt KaK cna6iie, TaK h 

cnntHie o6nacra ^MeHTHoro KaMHa. Chhmkh c ^neKTp0HH0^0 MuKpocKona ochobhix 

cocTaBoB npu yBenHHeHHH b 3, 5 u 10 TicaH pa3 npegcTaBneHi Ha pucyHKe 23. 

OnucaHue Ha6nrogaeMoft cTpyKTypi ^MeHTHoro KaMHa c noMorn,tro ^neKTp0HH0^0 

MHKpocKona npHBegeHo b Ta6nu^ 5.

Ta6nu^ 5 -  CpaBHHTentHaa xapaKTepucTHKa chhmkob c ^neKTp0HH0^0 MHKpocKona

CocTaB XapaKTepucTHKa cTpyKTypi

^  (6e3 go6aB0K)
BcTpeHawTca KaK aMop^Hie, TaK u p ix n ie  -  xopomo 

3aKpucTannu30BaHHMe yHacTKH.

^  + 1%ACE

CTpyKTypa npegcTaBneHa b ochobhom 

aMopTH3upoBaHHiM rugpocunuKaTHiM reneM. 

BcTpeHawTca KpynHoKpucTannuHecKue noKantHie 

cKonneHua rugpoKcuga KanM,ua.

^  + 1%Cn-1

A mop^ hmx $a3 HecKontKo 6ontme, HeM y 

6e3go6aB0HHoro, ogHaKo noBceMecTHo npucyTcTByeT 

rugpoKcug KanM,ua.

^  + 8%MK+ 1%ACE
CTpyKTypa noHTu nonHocTtro npegcTaBneHa 

aMop^HMMu rugpocunuKaTaMu Kan^ua.

^  + 8%MK+ 1%Cn-1
AMop^Haa, ho 6onee 3aKpucTannu30BaHHaa HeM c 

nonuKapSoKcunaTHiM cynepnnacTu^uKaropoM.

^  + 8%MK
rugpaTHie $ a3 i b ochobhom aMopTroupoBaHii, ogHaKo 

npucyTcTBywT noKantHie cKonneHua nopTnaHguTa.
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PneyHOK 23 -  CHHMKH C ^^eKTpOHHO^O MHKpOCKOna OCHOBHbIX COCTaBOB

npn yBenHneHHH b 3, 5 h 10 tmc^h pa3



3.2.5 BbiBOdbi no pa3ge^y 3.2

n o  pe3yntTaTaM uccnegoBaHua BnuaHua go3upoBoK cynepnnacTH^HKaTopoB, 

MHKpoKpeMHe3eMa u ux K0MnneKC0B Ha n p o^ccb  TennoBbgeneHua, rugpaTau,uu u 

TBepgeHua ^M em a mo^ ho BbgenuTt cnegyromue 0CH0BHbe acneKTb.

YBenuHeHue go3upoBKu KaK Ha^TanuH^opMantgerugHoro, TaK u 

nonuKap6oKcunaTHoro cynepnnacTH^HKaTopa cnoco6cTByeT:

-  yBenuHeHuro uHgy^uoHHoro nepuoga u 3aMegneHuro ^HgpaTa^HH ^MeHTa 

Ha paHHux cpoKax TBepgeHua, hto cBa3aHo c yTonm,eHueM o6onoHKH 

cynepnnacTH^HKaTopa;

-  noBbmeHuro npoHHocTu, nnoTHocTH u CHu^eHuro 0TKpbT0H nopucTocTH 

^MeHTHoro KaMHa 3a cHeT yBenuHeHua ^$$eKTa ^nacTH$HKa^HH;

-  cHu^eHuro cTeneHu rugpaTau,uu ^ M em a

BBegeHue MHKpoKpeMHe3eMa KaK c cynepnnacTH^HKaTopaMH, TaK u 6e3 hhx 

npuBoguT k :

-  ycKopeHuro ^HgpaTa^H0HHbx npo^ccoB;

-  yBenuHeHuro cTeneHu ^HgpaTa^HH;

-  hh3koh npoHH^eMocTH ^MeHTHoro KaMHa no oTHomeHHro k Boge;

-  ^opMupoBaHuro npeuMym,ecTBeHH0 HH3K00cH0BHbx rC K  u CHH^eHuro 

^epeKpHCTannH3a^H0HH0H aKTHBHocTH nocne ycKopeHHoro nepuoga rugpaTau,uu.

OTMeHeHa BbcoKaa ^$$eKTHBH0CTb u nono^urentHoe BnuaHue 

nonuKap6oKcunaTHoro cynepnnacTH^HKaTopa Ha cnegyromue MoMeHTb:

-  nonuKap6oKCunaTHbe C n  cnoco6cTByroT CHH^eHuro K0HTpa^H0HH0H 

ycagKH, B pe3yntTaTe Hero Bogonornom,eHue ^MeHTHoro KaMHa Ha paHHux cpoKax He 

yBenuHHBaeTca;

-  ohh o6nagaroT oHeHt bbicokoh ^nacTH$H^Hpyroffl,eH cnocoSHocTbro u npu 

HeGontmux go3upoBKax cnoco6Hb noBbmaTt CTeneHb ^HgpaTa^HH;

-  b cocTaBe c MHKp0KpeMHe3eM0M cnoco6cTByroT ^opMupoBaHuro 

HH3K00CH0BHbx cna603aKpucTannu30BaHHbx rCK.
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3.3 Bbraogbi no HCC êgoBaTê bCKon nacTH

B xoge uccnegoBaHua onpegeneHo BnuaHue Bogo^MeHTHoro 0TH0meHua, 

pa3nuHHix cynepnnacTu^uKaTopoB, MuKpoKpeMHe3eMa u KoMnneKcHix goSaBoK Ha 

ux ocHoBe Ha n p o ^ c c i TennoBigeneHua, ^HgpaTa^HH, TBepgeHua u ^opMupoBaHua 

cTpyKTypi u cbohctb ^MeHTHoro KaMHa. OSoSrn,aa pe3yntTaTi uccnegoBaHua, 

mo^ ho yBepeHHo nonaraTt, hto u3MepaeMie TennoBie ^$$eKTM npaMo unu KocBeHHo 

cBa3aHi c pagoM cbohctb TBepgewrn,ux ^M eHTHix cucTeM. 3 to -  TeMn npupocTa 

npoHHocTu, cpoKu cxBaTiBaHua, coxpaHaeMocTt SeT0HH0H cMecu u T.g.

npu noMorn,u KanopuMeTpuHecKux uccnegoBaHufi yganoct ycTaH0BuTt, hto 

^nacTH$H^Hpyw^He goSaBKu, n0MuM0 ochobhix Bogopegy^Hpyroffl,Hx u 

peonoruHecKux ^yH^uft, BcnegcTBue agcopS^H0HHbIx ^neKTpocTaTHHecKHx unu 

cTepuHecKux MexaHu3M0B geficTBua npoaBnawT ^yH ^uu perynaTopoB cxBaTiBaHua, 

TBepgeHua u ga^e MuKpocTpyKTypi ^MeHTHoro KaMHa. Bo BTopoH HacTu paSoTi 

BiaBneHo, hto cynepnnacTu^uKaTopi noBHmawT $yH^uoHantHocTt 

BicoKogucnepcHix MuHepantHix K0Mn0HeHT0B, TaKux KaK MuKpoKpeMHe3eM. 

OcoSeHHo ^$$eKTHBHM b ^T0M cnyHae nonuKapSoKcunaTHie cynepnnacTu^uKaTopi, 

K0T0pie noBimawT ^$$eKTHBH0CTt ucnont30BaHua MuKpoKpeMHe3eMa. ^eTKo 

3a^uKcup0BaH0 pe3Koe cHu^eHue KanunnapHoH nopucTocTu, otbstctbshhoh 3a 

nnoTHocTt, npoHu^eMocTt, cToHKocTt, a 3HaHuT u gonroBeHHocTt SeT0Ha. n0MuM0 

^T0^0, oTMeHeHo ^opMupoBaHue hu3koochobhix cnaS03aKpHCTannH30BaHHMx rC K  b 

^MeHTHoM KaMHe c MuKp0KpeMHe3eM0M b npucyTcTBuu nonuKapSoKcunaTHoro 

cynepnnacTu^uKaTopa, hto aBnaeTca ern,e Sonee BecoMiM apryMeHT0M b cTopoHy 

noBimeHua gonroBeHHocTu.
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4 T E X H H K G -3 K Q H Q M H H E C K A fl 3 0 0 E K T H B H O C T B

PaHee b M Y p rY  Ha Ka^egpe «CTpouTentHbe MaTepuanb u H3genua» 6bnu 

pa3pa6oTaHb 6eT0Hb Ha ocHoBe KoMnneKCHbx go6aB0K, BKnroHaromux 

MHKpo KpeMHe3eM u cynepnnacTH^HKaTop [59]. Pa3pa6oTaHHbe cocTaBb gna 

gopo^cHoro 6eT0Ha, oTBeHaroT Tpe6oBaHuaM:

-  cocTaB c Ha^TanuH^opMantgerugHbM C n  u M K  -  B 60, F2 300;

-  cocTaB c nonuKap6oKCunaTHbM C n  u M K -  B 65, F2 500.

B gaHHofi pa6oTe uccnegoBaHue BnuaHua KoMnneKCHbx go6aB0K, BKnroHaromux 

cynepnnacTH^HKaTop u MHKpoKpeMHe3eM, Ha n p o^ccb  TennoBbgeneHua, 

rugpaTau,HH, TBepgeHua u ^opMupoBaHua CTpyKTypb u cbohctb ^MeHTHoro KaMHa 

noKa3ano BneHaTnaromue pe3yntTaTb no HH3Kofi 0TKpbT0fi nopucTocTH u 6bCTpoMy 

Ha6opy npoHHocTu. CTpyKTypa ^MeHTHoro KaMHa npu ^T0M npegcTaBneHa B 

0CH0BH0M HH3K00CH0BHbx Cna603aKpHCTannH30BaHHbMH rCK. C 

nonuKap6oKCunaTHbM cynepnnacTH^HKaTopoM ^TH CBoficTBa npoaBnaroTca 6onee 

apKo. Bce ^T0 nogTBep^gaeT paHee nonyHeHHbe gaHHbe no BbcoKofi ctohkocth k 

Mopo3Hofi arpeccuu. npoBegeM TexHHKooKoHoMHHecKoe cpaBHeHue paHee 

nonyHeHHbx 6eT0H0B c ux aHanoraMH.

B HacToamee BpeMa nonyHeHue gocTaToHHo npoHHbx u M0p030CT0fiKux 

6eT0H0B CTaHgapTaMH npegycM0TpeH0 numt c noMomtro B03gyx0B0BneKaromux 

go6aB0K. Ho B03gyx0B0BneKaromue go6aBKH 3HaHHTentH0 CHH^aroT npoHHocTt 

6eT0Ha, BcnegcTBue Hero npuMeHeHue TaKux 6eT0H0B BectMa orpaHHHeHo. B 

nocnegHee BpeMa noaBnaroTca MogH$H^HpoBaHHbe 6eT0Hb c B03gyx0B0BneKaromuMH 

go6aBKaMH u ogHoBpeMeHHo c noBbmeHHbMH npoHHocTHbMH xapaKTepucTHKaMu. 

TaKue 6eT0Hb nonyHaroT nyTeM K0M^eHca^HH Tex noTept npoHHocTu, KoTopbe 

B03HHKaroT npu B03xgyx0B0BneHeHuu c noMomtro c^e^HanbHbx Mogu$HKaTopoB 

6eT0Ha, KoTopbe HMeroT BbcoKyro cTouMocTt.

HegaBHo 6bn nonyHeH TaKofi 6eT0H, c BbcoKHMH xapaKTepucTHKaMu no 

npoHHocTu u M0p030CT0fiK0CTH npu BBegeHuu go6aBKH CHB u ME 10-01 [61]. CHB -  

CMona HefiTpanu30BaHHaa B03gyx0B0BneKaromaa, ME -  Mogu$HKaTop 6eT0Ha. 

Mogu^uKaTopb ^MeHT06eT0Ha cepuu ME 6bnu pa3pa6oTaHb b na6opaTopuu 

MogH$H^HpoBaHHbx 6eT0H0B HHH^E. Mogu^HKaTopb npegcTaBnaroT co6ofi
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arperaT u3 yntTpagucnepcHix HacTH^ MuKpoKpeMHe3eMa, paBH0MepH0 n oK p im x 

3aTBepgeBmeH agcopS^H0HH0H nneHKoft u3 MoneKyn cynepnnacTu^uKaropa C-3 u 

gpyrux opraHuHecKux K0Mn0HeHT0B Mogu^uKaropa.

B ^T0H ^ySnHKa^HH npegcTaBneHi pe3yntTaTi ucniTaHufi gByx cocTaBoB c 

onucaHHiMu Bim e goSaBKaMu, npuBegeHi cocTaBi SeToHHix CMeceH. n o  BceM 

TexHHK0-^KC^nyaTa^H0HHMM xapaKTepucTuKaM paccM0TpeHHie b ^T0H ^ySnHKa^HH 

SeT0H i oHeHt cxo^u c npegno^eHHiMu. BBugy ^T0^0, gna o^hku  ^K0H0MHHecK0H 

^$$eKTHBH0CTH uccnegyeMix SeT0H0B b gaHHofi paSoTe cpaBHuM ux c ^THMH 

SeToHaMu-aHanoraMu ogHoro npegHa3HaHeHua u co cxo^kmu TexHuKo- 

^KC^nyaTa^H0HHMMH xapaKTepucTuKaMu. PacHeTi CBegeHi b 6 u 7 TaSnum  

C00TBeTCTBeHH0 gna npegnaraeMix SeT0H0B u SeToHoB-aHanoroB.

H3 Bcex CTareft 3aTpaT, BKnwHaeMix oSiihho b pacHeT ceSecTouMocTu, SygeT 

yHuTiBaTtca TontKo ogHa -  CT0uM0CTt c ip te B ix  MarepuanoB. 3 to  oStacHaeTca TeM, 

hto b cnyHae npou3BogcTBa unu npur0T0BneHua paspaSaTiBaeMix SeToHHix cMecefi 

u aHanoruHHix um Ha uMerom,eMca oSopygoBaHuu SygyT oTnuHaTtca numt 3aTpaTi 

Ha noKynKy c ip te B ix  MarepuanoB (^MeHT, rn,eSeHt, necoK, Boga u goSaBKu).

TaSnu^ 6 -  PacHeT ceSecTouMocTu npegnaraeMix SeToHHix CMeceH

U,eH&i Ha cipteBKe MaTepuan î 
gna npegnaraeMhix SeT0H0B

Pacxog, Kr/M3
Or0KM0CTt,

pyS/M3

nepeneHt MaTepuanoB n,eH&i Eg.
K3M.

ACE Cn -1 ACE Cn -1

^eSeHt ^paH0gH0pHT0BMH 
(HoBoCMonKHCKMH), flp12

485 pyS/T 1060 1060 514,1 514,1

necoK (XneSopoS), Mkp = 2,71 325 pyS/T 770 770 250,3 250,3

^MeHT ^ M  I 42,5 H (OOO
«^WKKepx0$$  KopKMHo UeMeHT») -

400 £0
5330 pyS/T 480 480 2558,4 2558,4

MuKpoKpeMHe3eM (r. H0B0Ky3H e^ ) 8940 pyS/T 48 48 429,1 429,1

Boga (ropogcKofi TpySonpoBog) 13,65 pyS/M3 155 155 2,1 2,1

£oSaBKM-cy^ep^nacTH$HKaTopM: - - - - - -

Glenium ACE 430 
(koh^ ph BASF, repMaHua)

215 pyS/Kr 4,8 - 1032,0 -

Cn -1 (OOO «nonunnacT 
YpanCuS», r. nepBoypantCK)

75 pyS/Kr - 5,28 0,0 396,0

Htoto 4 786 4 150
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Ta6nrnia 7 -  PacHeT ce6ecT0HM0CTH 6eT0HHbx cMecefi 6eT0H0B-aHan0r0B

^ H b  Ha cbpteBbe MaTepuanb 
gna 6eT0H0B-aHan0r0B

Pacxog,
Kr/M3

CT0HM0CTt,
py6/M3

nepeHeHt MaTepuanoB ^ H b
Eg.
H3M.

1 2 1 2

^ e 6eHt rpaHHTHbfi, Ap12 - - - - - -

^ e 6eHt $pa^uu  5-10 473 py6/T 477 477 225,6 225,6

^ e 6eHt $pa^uu  10-20 375 py6/T 715 709 268,1 265,9

necoK, M Kp = 2,5 310 py6/T 447 448 138,6 138,9

^M eHT CTap00CK0ntCKUfi -
^  400 ^0

5330 py6/T 497 494 2649,0 2633,0

Mogu^HKaTop ME 10-01 31 py6/Kr 99 99 3069,0 3069,0

Boga (ropogcKofi Tpy6onpoBog) 13,65 py6/M3 165 163 2,3 2,2

CHB 180 py6/Kr 0,075 0,148 13,5 26,6

HToro 6 366 6 361

Ta6nu^ 8 -  OcHoBHbe noKa3aTenu cpaBHHBaeMbx 6eT0HHbx cMecefi u 6eT0H0B

XapaKTepucTHKu
nonyHeHHbe 6eT0Hb c EeToHb-aHanoru

Glenium 
ACE 430

c n -1 1 2

Ce6ecT0HM0CTt 6eT0HH0fi CMecu, py6 4 786 4 150 6 366 6 361

M0p030CT0fiK0CTt, F2 500 300 200 300

R c®, Knacc 65 60 70 65

O6teM BoBneHeHHoro B03gyxa, % - - 4 6

Rror 8,8 8,1 4,4 6,4

B ^ 0,323 0,323 0,33 0,33

nogBu^HocTt 6eT. CMecu, MapKa n2

n o  nonyHeHHbM gaHHbM B CBogHofi Ta6nu^ 8 oTMeTHM, hto npoHHocTu Ha 

c^aTue nonyHeHHbx 6eT0H0B u 6eT0H0B-aHan0r0B HaxogaTca npaKTHHecKH B ogHoM 

HHTepBane. OgHaKo npoHHocTu npu H3ru6e nonyHeHHbx 6eT0H0B KaK c Glenium ACE 

430, TaK u c Cn-1 3HaHHTentH0 npeBbmaroT npoHHocTu 6eT0H0B-aHan0r0B. Ba^Ho 

oTMeTHTt, hto npoHHocTt npu H3ru6e aBnaeTca Ba^HefimuM napaMeTpoM gna
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gopo^cHoro 6eT0Ha. ApyruM Ba^HbM napaMeTpoM gopo^Horo 6eT0Ha aBnaeTca 

M0p030CT0fiK0CTt, KoTopaa gna nonyHeHHbx 6eT0H0B He ycTynaeT 6eT0HaM-aHan0raM, 

a 6eT0H c go6aBKofi ACE npeBocxoguT Bce paccMaTpuBaeMbe 6eT0Hb no ^T0My 

napaMeTpy.

Ce6ecT0HM0CTt npegnaraeMbx 6eT0HHbix CMecefi 3HaHHTentH0 HH^e 

ce6ecT0HM0CTu 6eT0HHbx cMecefi-aHanoroB. CpegHaa ce6ecT0HM0CTt 6eT0HHbx 

CMecefi-aHanoroB cocTaBnaeT 6 364 py6/M3. To ecTt 1 m3 npegnaraeMofi 6eT0HH0fi 

CMecu c Glenium ACE 430 gemeBne 6eT0HHbx CMecefi-aHanoroB B cpegHeM Ha 1 578 

py6 . (24,8 %), a c Cn-1 gemeBne Ha 2 214 py6 . (34,8 % ) no cpaBHeHuro c nocnegHHMH 

BbcoKonpoHHbMH u M0p030CT0fiKHMH 6eTOHaMH-aHanoraMH.

3K0H0MHHecKufi ^$$eKT, paccHHTaHHbfi no ce6ecT0HM0CTH cocTaBoB gna 

gopo^Hbx 6eT0H0B noKa3bBaeT, hto npuMeHeHue go6aBKH-nnacTH$HKaTopa C n -1 B 

KoMnneKce c MHKp0KpeMHe3eM0M no3BonaeT c^K0H0MHTb nopagKa 34,8 % no 

cpaBHeHuro c 6eTOHaMH-aHanoraMH. 3K0H0MHHecKHfi ^$$eKT ucnont30BaHua 

KoMnneKca Cn-1 + M K  no cpaBHeHuro c K0MnneKC0M ACE+M K cocTaBnaeT 636 

py6/M3 (13,3 %). Ecnu Tpe6oBaHua 3aKa3HHKa gna gopo^Horo 6eT0Ha He 6ygyT 

npeBbmaTt MapKy no M0p030CT0fiK0CTH F2 300 u Knacc no npoHHocTu B60, to  TaKofi 

6eT0H HafigeT oHeHt ^$$eKTHBHoe npuMeHeHue.

nocKontKy pa3pa6oTaHHbfi 6eT0H c K0MnneKC0M go6aB0K ACE+M K 

noKa3bBaeT noBbmeHHbe xapaKTepucTHKu no npoHHocTu u M0p030CT0fiK0CTH (KaK 

xapaKTepucTHKa gonroBeHHocTH), to  npuMeHeHue TaKoro 6eT0Ha BMecTo 6eT0Ha c 

K0MnneKC0M go6aB0K Cn-1+M K B gonrocpoHHoM nnaHe no3BonuT 3HaHHTentH0 

c^K0H0MHTb 3a CHeT yBenuHeHua Me^peMoHTHoro pecypca 6eT0HHbx gopor.
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5 E E 3 0 n A C H 0 C T b  ^ H 3 H E ^ E H T E ^ b H O C T H

npoSneMa Se30nacH0CTu ^K3HegeaTentH0CTu npuoSpeTaeT ocoSyw 

aKTyantHocTt b ycnoBuax HayHHo-TexHuHecKoro nporpecca, SiCTpo pacTyrn,ero 

npou3BogcTBa, BHegpeHua h o b ix  TexHuKu u TexHonorufi, pocTa ponu HenoBeKa Ha 

npou3BogcTBe u C0^HantH0H 3HaHuM0CTu Se3onacHix u 3gopoBix ycnoBufi Tpyga.

HopMaTuBH0-npaB0Bie aKTi, npuHaTie b HameH CTpaHe, HanpaBneHi Ha 

oSecneHeHue ycnoBufi Tpyga, 0TBeHarorn,ux TpeSoBaHuaM coxpaHeHua ^u3Hu u 

3gopoBta paS0THuK0B b npo^cce TpygoBofi geaTentHocTu. Ohu cogep^aT pag 

Ba^Hix nono^eHuft, oSecneHuBawm,ux gna paSoTarorn,ux rapaHTuu npaB Ha oxpaHy 

Tpyga.

KoHCTHTy^Ha Poccuhckoh Oegepa^HH b KaHecTBe ocHoBHoro npaBa rpa^gaH 

3aKpenuna npaBo Ha oxpaHy 3gopoBta (ct. 410). EcTecTBeHHiM cnegcTBueM ^T0^0 

aBnaeTca u npaBo paSoTHuKa Ha 3gopoBte u Se3onacHie ycnoBua Tpyga, K0T0pie 

TaK®;e b KaHecTBe oTgentHoro ^pHH^H^a u b $opMe cySteKTuBHoro npaBa 3aKpenneHi 

B CT. 37 K0HCTHTy^HH.

CornacHo TpygoBoMy KogeKcy (ct. 211) TpeSoBaHua oxpaHi Tpyga oSa3aTentHi 

gna ucnonHeHua wpuguHecKuMu u ^rouHecKuMu nu^Mu npu ocym,ecTBneHuu umu 

n w S ix  BugoB geaTentHocTu, b tom Hucne npu npoeKTupoBaHuu, CTpouTentCTBe 

(peK0HCTpy^uu) u ^KC^nyaTa^HH oSteKToB, K0HCTpyup0BaHuu MamuH, MexaHu3M0B u 

gpyroro oSopygoBaHua, pa3paSoTKe TexHonoruHecKux npo^ccoB, op^aHH3a^HH 

npou3BogcTBa u Tpyga. YcTaHaBnuBawTca npaBuna, n p o ^ g y p i u KpuTepuu, 

HanpaBneHHie Ha coxpaHeHue ^ k3hu u 3gopoBta paS0THuK0B b npo^cce TpygoBofi 

geaTentHocTu.

5.1 XapaKTepucTHKa HayHHo-HCcnegoBaTenbCKon paSoTbi

npu paSoTe b naSopaTopuu HeroSe^Ho BnuaHue BpegHix u onacHix ^aKTopoB, 

TaK KaK mup0K0 ucnont3yeTca ^neKTpo^Hep^Ha, pa3H00Spa3Hie arpeccuBHie u 

ToKcuHHie coeguHeHua, BicoKue u Hu3Kue TeMnepaTypi, K0T0pie MoryT noBnuaTt 

Ha 3gopoBte HenoBeKa.
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B ycnoBuax pa6oTb B na6opaTopuu gna npegynpe^geHua npo^eccuoHantHbx 

oTpaBneHufi, npegoTBpameHua B03geficTBua Ha pa6oTaromux BpegHbx BemecTB, 

npou3BogcTBeHHofi nbnu, myMa u gpyrux BpegHbx ^aKTopoB HeoSxogHMo 

onpegeneHue npegentHo gonycTHMbx K0H^eHTpa^Hfi BpegHbx BemecTB B B03gyxe u 

KoHTpont B03gyxa npou3BogcTBeHHbx noMemeHufi, pa3pa6oTKa u ^KC^nyaTa^Ha 

cpegcTB uHguBugyantHofi 3amuTb, cucTeM BeHTunan,uu u oTonneHHa, pa^H0HanbH0^0 

ocBemeHua u T.n.

TexHHKa 6e30nacH0CTH Ha ocHoBe BcecTopoHHero H3yHeHHa onacHbx ^aKTopoB 

cnoco6cTByeT pa3pa6oTKe, C03gaHuro u yc0BepmeHCTB0BaHuro 6e3onacHoro 

o6opygoBaHua, npu6opoB u HHCTpyMeHToB, pa3pa6oTKe u H3yHeHuro 6e3onacHbx 

npueM0B u MeTogoB pa6oTb, 6e3onacHofi op^aHH3a^HH pa6oHero MecTa, BHegpeHuro b 

npaKTHKy cpegcTB 3amuTb ot onacHbx npou3BogcTBeHHbx ^aKTopoB. Ba^HefimuMH 

3agaHaMH TexHHKH 6e30nacH0CTH aBnaroTca TaK®;e pa3pa6oTKa npaBun u HopM, 

KoHTpont 3a ux BbnonHeHueM, op^aHH3a^Ha o6yHeHua nepcoHana 6e3onacHofi pa6oTe.

Pa6oTy c go6aBKaMH cnegyeT npoBogHTb B cooTBeTcTBHH c Tpe6oBaHuaMH 

geficTByromux CTpouTentHbx HopM no TexHHKe 6e30nacH0CTH B CTpouTentCTBe, 

HopMaTHBHbx u TexHHHecKux goKyMeHToB Ha go6aBKH KoHKpeTHoro Buga.

npu npoeKTupoBaHHH CKnagoB, y3noB npur0T0BneHua ^MynbCHfi, BogHbx 

pacTBopoB, cycneH3ufi go6aB0K u 6eT0H0B c go6aBKaMH gon^Hb co6nrogaTtca 

Tpe6oBaHua geficTByromux HopM npoeKTupoBaHua B HacTH caHHTapHofi, B3pbBHofi, 

B3pbBono^apHofi u no^apHofi 6e30nacH0CTH.

5.2 AHa^H3 onacHMx h BpegHbix npoH3BogcTBeHHbix (|)aKTopoe paSonen

cpegbi, B03geHCTBHM kotopm x  MO^eT nogBepraTbCH ucc^egoBaTe^b

B na60paT0pH0-ucnbTaTentH0M ^ x e  bo3mo^ho B03geficTBue $u3HHecKux u 

xuMHHecKux npou3BogcTBeHHbx ^aKTopoB (no rO C T  12.0.003-80 CCET. «OnacHbe u 

BpegHbe npou3BogcTBeHHbe ^aKTopb. K^accH$HKa^Ha»).

I. Ou3HHecKue BpegHbe npou3BogcTBeHHbe ^aKTopbi:

1) noBbm eHHbfi ypoBeHt BH6pa^HH CTaHKoB, MamuH u o6opygoBaHua. 

Hctohhhkom BH6pa^HH aBnaeTca na6opaTopHaa Bu6ponnomagKa. Bo3geficTBue
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BHSpa^HH Ha opraHu3M HenoBeKa npoaBnaeTca b 3aSoneBaHuu BHSpa^HOHHOH 

Sone3Htw, nopa^eHuu HepBHoMtimeHHoro, onopHogBurarentHoro annapaTOB, 

HapymeHuu K00pgHHa^HH gBu^eHua, noBtimeHue KpoBaHoro gaBneHua.

HopMupoBaHue BHSpa^HH npou3BoguTca ycTaHoBneHueM npegentHo 

gonycTuMtx ypoBHen BHSpa^HH. npegentHo gonycTuMtie ypoBHu BHSpa^HH npu 

HacToTHoM (cneKTpantHoM) aHanroe ycTaHoBneHti gna gnuTentHocTu Bo3gencTBua 8 

HacoB [27].

^aSopaTopHaa BuSponno^agKa oTHocuTca k oSm,en BHSpa^HH, t .k . BBBtiBaeT 

coTpaceHue Bcero opraHu3Ma, k TexHonoruHecKon, t .k . aBnaeTca CTa^HOHapHbIM 

oSopygoBaHueM. YcTaHoBKa coBepmaeT BepTuKantHo - HanpaBneHHtie KoneSaHua.

npogon^uTentHocTt HenpeptiBHoro gencTBua BHSpa^HH npu paSoTe Ha 

BuSponno^agKe npu npoBegeHuu ^KC^epHMeHTa, He npeBtmana 10 muh.

^na oSm,en TexHonoruHecKon BHSpa^HH npegentHo gonycraMbie ypoBHu 

BHSpa^HH, ycTaHoBneHHte cTaHgapToM, npegcTaBneHb b TaSnu^ 9.

TaSnu^ 9 -  npegentHo gonycraMbie ypoBHu BHSpa^HH gna naSoparopHon 

BuSponno^agKu

Bug
BHSpa^

uu

Kareropua
BHSpa^HH

HanpaBneHue
gencTBua
BHSpa^HH

HopMaTuBHte, KoppeKTupoBaHHtie 
no HacToTe u ^KBHBaneTHO- 

KoppeKTupoBaHHte 3HaHeHua

BuSpoycKopeHua BuSpocKopocTu
-2M 'c2 gE M-c-1'10-2 gE

OS^aa
T exHonoruHecKaa 

Tun «a »
Zq, Y 0, X 0 0,1 100 0,2 92

B naSopaTopuu npegycMoTpeHti cnegywrn,ue Mepti gna 3am,uTbi ot BHSpa^HH:

-  npou3BoguTca cMa3Ka u oSpaSoTKa B3auMogeHcTBywm,ux noBepxHocTen, T.e. 

cHu^eHue BuSpoaKTuBHocTu MamuH;

-  BHSpoH3ona^Ha BuSpocTona gocTuraeTca 3a cHeT ycTaHoBKu ero Ha ®:ecTKoe 

ocHoBaHue.

TaK ®;e npu paSoTe coSnwganuct opraHH3a^HOHHbIe Mepti 3a^uTt:

-  gnuTentHocTt HenpeptiBHoH paSoTti c BuSpoycTaHoBKon He npeBtmana 10 

MuHyT;
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-  npoH3BognnHCb nepepbiBbi b pa6oTe Ha BH6poycTaHOBKe.

2) fflyM, npeBbimarornuft gonycTHMbift ypoBeHb.

fflyMbi BO3HHKawT b 3OHax OKono TexHonornnecKoro o6opygoBaHHA ygapHoro 

geHCTBHA h gpyrnx ycTpoftcTB, MamHH h MexaHH3MOB. n og  Bnn^HHeM HHTeHCHBHoro 

myMa BO3HHKaroT cnegyromue 3a6oneBaHHa: TyroyxoCTb, noBpe^garomee BO3geftcTBHe 

Ha UHC, H3MeHeHHa ceKpeTopHoft h motophoh ^yH^HH ®:enygoHHO-KHmeHHoro 

TpaKTa, cgBHrn b o6MeHHbix npo^ccax, noBpe^geHHA 6apa6aHHOH nepenoHKH.

npn npoBegeHHH HCcnegoBaTenbCKoft pa6oTbi myM BO3HHKaeT BcnegcTBHe 

Kone6aHHH na6opaTopHoH BH6ponnorn,agKH, ^0^T0My paccMOTpHM Tpe6oBaHHa k 

myMOBbM xapaKTepHCTHKaM MamHH (cornacHO rO C T  12.1.003-83). B CTaHgapTax h 

TexHHneCKHx ycnoBH^x Ha MamHHbi gon^Hbi 6biTb ycTaHOBneHbi npegenbHbie 

3HaneHHa myMOBbix xapaKTepHCTHK ^THx MamHH.

3HaneHHa npegenbHO gonycthmmx myMOBbix xapaKTepHCTHK MamHH cnegyeT 

yCTaHaBnHBaTb ncxoga H3 Tpe6oBaHHH o6ecneneHHA Ha pa6onnx MeCTax gonyCTHMbix 

ypOBHeH myMa B COOTBeTCTBHH C OCHOBHbIM Ha3HaneHHeM MamHHH H Tpe6OBaHHAMH

rO C T  12.1.003-83* «fflyM. O6mae Tpe6oBaHHA 6e3onacHOCTH» [14]. MeTogbi 

yCTaHOBneHHa npegenbHO gonycTHMbix myMOBbix xapaKTepHCTHK CTau,HOHapHbix 

MamHH —  no rO C T  12.1.023-80. ^onycTHMbie 3HaneHHa myMOBbix xapaKTepHCTHK, 

KOTopbe gon^Hbi co6nrogaTbca npn pa6oTe b na6opaTopHO-HCnbrraTenbHOM ^ x e  

npegCTaBneHb b Ta6nn^ 10.

MepaMH 3arn,HTbi ot BH6pau,noHHoro myMa ABnaroTCa:

-  npHMeHeHHe cme3kh b conneHeHH^x gna npegoTBpameHHA hx H3HOCa h myMa 

ot TpeHHa;

-  CBoeBpeMeHHoe TexHHnecKoe o6cny^HBaHHe o6opygoBaHHA, npn kotopom 

o6ecnenHBaeTca Hage^HOCTb KpenneHHa h npaBHnbHoe perynnpoBaHHe conneHeHHH.

PaccHHTaeM HacKonbKO Hy^HO CHH3HTb ypoBeHb 3ByKOBoro gaBneHHA b 

na6opaTopHH, a TaK KaK y Hac HeT ^KC^epHMeHTa^bHbIx gaHHbix, to npHMeM ypoBeHb 

3ByKOBoro gaBneHHA 85 ^6 npn pa6oTe BH6ponnorn,agKH.
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Ta6nrnia 10 - npegentHo gonycTHMbe ypoBHH 3ByK0B0r0 gaBneHua, ypoBHH 3ByKa u 

^KBHBaneHTHbe ypoBHH 3ByKa gna 0CH0BHbx Hau6onee TunuHHbx BugoB TpygoBofi 

geaTentHocTH u pa6oHux MecT

Bug TpygoBofi 

geaTentHocTH, pa6oHee 

MeCT0

YpoBHH 3ByK0B0r0 gaBneHua, gE, B 

oKTaBHbx nonocax co 

cpegHereoMeTpuHecKHMu HacToTaMu, r  ̂

YpoBHH 3ByKa H 

^KBHBaneHTHbe 

ypoBHH 3ByKa, 

gEa31,5 63 125 250 500 1000 2000 4000 8000

BbnonHeHue pa6oT Ha 

nocToaHHbx pa6oHux 

MecTax B 

npou3BogcTBeHHbx 

noMemeHuax u Ha 

TeppuTopuu 

npegnpuaTua

107 95 87 82 78 75 73 71 69 80

Ana CHH^eHua ypoBHa 3ByK0B0r0 gaBneHua, 6ygeM npuMeHaTt 3amuTHbfi 

Ko^yx, Bce ^neMeHTb KoToporo npu6nu3HTenbH0 0guHaK0B0 3ByKonpoBogHb, Torga 

ocna6neHue myMa m^yxoM, gE:

AL = u + 10lg%,

rge u -  co6cTBeHHaa 3ByK0H30na^Ha CTeH0K m ^yxa, gE; ak - cpegHufi

K0^$$H^HeHT 3ByKonornomeHua BHyTpeHHux noBepxHocTefi Ko^yxa.

Co6cTBeHHyro 3ByK0H30na^Hro CTeH0K Ko^yxa, gE, mo^ho onpegenuTt no 

^opMyne:

u = 13,5lg Qk + 13, 

rge Qk -  Macca 1m2 Ko^yxa, Kr/M2.

3amuTHbfi Ko^yx 6ygeT npegcTaBnaTt co6ofi noponoHoBbfi MaT (Q knoponoHa = 

30Kr/M2):

u = 13,5lg30 +13 = 58,9 

AL = 58,9 + 10lg0,3 = 46,9 

L -A L  = 38,1
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TaK KaK 38,1 < 78 gE (Ta6nu^ 10), genaeM BbBog, hto ypoBeHt 3ByK0B0r0 

gaBneHua He npeBbmaeT gonycTHMbfi.

3) noBbmeHHaa, noHH^eHHaa TeMnepaTypa noBepxHocTefi o6opygoBaHua, 

MaTepuanoB.

Hctohhhkom TepMHHecKux OBO PC B na60paT0pH0-ucnbTaTentH0M ^ x e  

aBnaroTca neHHaa ycTaH0BKa u xonoguntHoe o6opygoBaHue. npu B03geficTBuu Ha 

opraHH3M HenoBeKa ^THX ^aKTopoB bo3mo^ho noaBneHue o^oroB, neperpeB, 

TepMHHecKufi ygap nu6o Hao6opoT oTgaHa 0praHH3M0M Tenna. OTpu^TentHbie 

TeMnepaTypb MoryT npuBecTH k cy^eHuro cocygoB nant^B pyK u Hor, ko^h n u ^ , 

H3MeHeHuro o6MeHa BemecTB. Hu3Kue TeMnepaTypb B03geficTByroT TaK^e u Ha 

BHyTpeHHue opraHb, a gnuTentHoe B03geficTBue ^THX TeMnepaTyp npuBoguT k ux 

ycTofiHHBbM 3a6oneBaHuaM.

O^HKa BnuaHua TepMHHecKux ^aKTopoB, T.e. TeMnepaTypb HarpeBaeMofi 

noBepxHocTH, npou3BoguTca cpaBHeHueM TeMnepaTypb HarpeBaeMofi noBepxHocTH c 

HopMaTHBHbMH noKa3aTenaMH (rO C T  P 51337-99 «Ee30nacH0CTt MamuH. 

TeMnepaTypb KacaeMbx noBepxHocTefi. 3pr0H0MHHecKue gaHHbe gna ycTaH0BneHua 

npegentHbx BenuHHH ropaHux n0BepxH0CTefi»). 3HaHeHua o^oroBoro nopora 

(TeMnepaTypa noBepxHocTH, onpegenarom,aa ^paHH^y Me^gy oTcyTCTBueM o^ora u

n0BepXH0CTHbM MeCTHbM o^oroM, Bb3BaHHbM C0npHK0CH0BeHHeM ko^ h c ropaHefi 

noBepxHocTbro 3a onpegeneHHbfi nepuog BpeMeHu) npegcTaBneHb B Ta6nu^ 11.

npu npoBegeHHH na6opaTopHbx ucnbTaHufi npogon^HTentHocTt KoHTaKTa c 

HarpeBaeMofi noBepxHocTbro cocTaBnana He 6onee 1 mhh., ^0^T0My HopMaTHBoM 

aBnaeTca TeMnepaTypa 51 °C, KoTopaa cooTBeTcTByeT pa6oHefi TeMnepaType paBHofi 50 

°C.

Ta6nu^ 11 -  O^oroBbie noporu npu conpHKocHoBeHHH c HarpeBaeMofi

noBepxHocTbro

MaTepuan
O^oroBbfi nopor npu npogon^HTentHocTu KoHTaKTa, °C

1 MHH. 10 MHH. 8 h u 6onee

MeTannuHecKue

$0pMbI
51 48 43
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npu paSoTe c neHHofi ycTaHOBKofi u xoguntHtiM oSopygoBaHueM bo roSe^aHue 

nonyHeHua TpaBM (o^oru unu nepeoxna^geHue) oSopygoBaHua ocHa^eHM 

3a^uTHMMu Ko^yxaMu. B KaHecTBe cpegcTB uHguBugyantHofi 3affl,HTM npuMeHawTca 

pyKaBu^i.

4) npou3BogcTBeHHaa ocBern,eHHocTt.

BpegHoe u onacHoe BO3geficTBue ocBern,eHua Ha npou3BogcTBe 

oSycnaBnuBaeTca:

-  oTcyTcTBueM unu HegocTaroHHtiM ecTecTBeHHtiM ocBern,eHueM;

-  HecooTBeTcTBueM HopMaM ucKyccTBeHHoro ocBe^eHua.

npu HecoSnwgeHuu TpeSoBaHufi k npou3BogcTBeHHoMy ocBern,eHuw bo3mo^hm: 

noBpe^geHue u yToMneHue 3peHua, HecHacTHtie cnyHau u gp. [9].

HopMaTKBH îe noKa3aTenu ocBern,eHua gna ycnoBufi ucn^iTarentH^ix naSoparopufi 

npegcTaBneHBi b TaSn^e 12 (no CHun 23-05-95*).

TaSnu^ 12 -  HopMupyeMte noKa3aTenu ocBern,eHua gna naSopaTopufi

nnOcKOcTt

HOpMupOBaH

ua

ocBe^eHHoc 

Tu, BticOTa 

nnocKocra 

Hag nonoM, 

M

HcKyccTBeHHoe

ocBe^eHue

EcTecTBeHHoe

ocBern.eHue

CoBMe^eHHoe

ocBe^eHue

OcBe^eHHocTt 

paSoHux 

noBepxHocTefi, nK

Ko^$. 

^yntca^ 

uu 

ocBe^eH 

hoctu, 

%, He 

Sonee

KEO, % KEO, %

KomSuhup

oBaHHoe
OS^ee

BepxHee/

KOMSuHup.
EoKOBoe

BepxHee/

KOMSuHup.
EoKOBoe

r - 0,8 500/300 400 10 3,5 1,2 2,1 0,7

B naSoparopHtix ycnoBuax uMeeTca coBMern,eHHoe ocBern,eHue, T.e. 

ecTecTBeHHoe SoKoBoe ogHocTopoHHee u ucKyccTBeHHoe KoMSuHupoBaHHoe. npu ^TOM 

b KaHecTBe uctohhukob ucKyccTBeHHoro ocBern,eHua ucnont3ywTca 4

nwMuHe^eHTHBie naMnti.
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II. XHMHnecKHe onacHbie h BpegHbie npoH3BogcTBeHHbie ^aKTopbi, 

o6ycnoBneHHbe KOHTaKTOM nnn BgbixaHHeM nbinn. npn KOHTaKTe c opraHH3MOM 

nenoBeKa bo3mo^hm npoH3BogcTBeHHbie TpaBMbi, npo^eccnoHanbHbie 3a6oneBaHHa, a 

TaK®;e HeraTHBHbie nocnegcTBHa MoryT OTpa3HTbca Ha coctoahhh 3gopoBba pa6oTHHKa 

h ero noTOMCTBa [9].

npn pa6oTe b na6opaTopHbx ycnoBHax b BO3gyxe o6pa3yroTca gncnepcHbie 

CHCTeMbi 3a cneT BbigeneHHa nbinn, cocToameH H3 TBepgbix HacTH^ o6pa6aTbiBaeMoro 

MaTepnana (^MeHT, go6aBKH), KOTopaa cncTeMaTHnecKH nonagaa Ha cnH3HCTbie 

o6onoHKH pa6oTaromero mo^st Bbi3BaTb pa3gpa^eHHe nnn noBpe^geHHe. nonagaa 

nepe3 nerane c BgbixaeMbiM BO3gyxoM nacTH^i MoryT npHBogHTb k pa3nHHHoft 

Ta^ecTH npo^eccHOHanbHMM 3a6oneBaHHaM. KpoMe Toro, BpegHbie BemecTBa, 

KOTopbe geHCTByroT Ha ^rnpanbHyro HepBHyro CHCTeMy, BnnaroT Ha MHorae opraHbi 

[22].

Cogep^aHHe BpegHbix BemecTB b BO3gyxe pa6onefi 3OHbi He gon^HO npeBbimaTb 

npegenbHO gonycTHMbix KOH^HTpauuft (n ^K ). BenHHHHbi n ^ K  BpegHbix BemecTB 

HcnbTaTenbHofi na6opaTopHH npHBegeHbi b Ta6n n ^  13.

Ta6n n ^  13 -  npegenbHO gonycTHMbie KOH^eHTpa^HH BpegHbix BemecTB b BO3gyxe

pa6onefi 3OHbi (no TOCT 12.1.005-88)

HaHMeHOBaHHe

BemecTBa

BenHHHHa 

n ^ K , Mr/M3

ArperaTHoe 

cocToaHHe h 

ycnoBHa 

npoH3BogcTBa

Knacc

onacHOCTH

Oco6eHHOCTH 

geficTBHa Ha 

opraHH3M

nbnb

^MeHTHaa h 

go6aBKa Cn-1

2 a 3 O, K

^ o 6aBKa 

Glenium ACE- 

430

- - 3 -

npHMenaHHe: a -  a3po3onn; O  -  $n6poreHHoe geficTBHe; K  -  KaH^poreHbi. 

Meponpnama no o6ecneneHHro 6e3onacHOCTH pa6oT npn KOHTaKTe c BpegHbiMH

BemecTBaMH:

-  na6opaTopna cncTeMaTHnecKH nogBepraeTca y6opKe;

-  npoH3BogHTca BeHTHna^Ha na6opaTOpHO-HcnbrraTenbHoro ^ x a ;
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-  Bce BpegHbe BemecTBa xpaHaTca b oTgentHbx 3aKpbTbx MemKax, yna- 

K0BKax, Tapax.

B KaHecTBe cpegcTB uHguBugyantHofi 3amuTb npuMeHanuct pe3HH0Bbe 

nepHaTKH, pecnupaTopb u xanaTb.

5.3 Be30nacH0CTb npoH3BogcTBeHHbix npo^ccoB  h oSopygoBaHHH

O6m,ue Tpe6oBaHua 6e30nacH0CTH, npegtaBnaeMbie k o6opygoBaHuro, u 

cneuH^HHecKHe Tpe6oBaHua 6e30nacH0CTH k oTgentHbiM BHgaM o6opygoBaHua cogep^arca B 

rO CT 12.2.003-91(2001) «O6opygoBaHue npou3BogcTBeHHoe. O6mue rpe6oBaHua 

6e30nacH0CTH» [8].

Bo BpeMa npoBegeHua uccnegoBarentCKofi pa6orbi ucnont3yeTca cnegyrom.ee 

o6opygoBaHue: Bu6ponnomagKa, Mopo3HntHaa KaMepa, cymnntHbie mKa^b, npeccb MH-100 

u Hn-1000.

^a6oparopHoe o6opygoBaHue gon^Ho oTBeHart cnegyromuM rpe6oBaHuaM:

-  MaTepuanb KoHCTpy^ufi He gon^Hb 6bTt BpegHbMH u onacHbMu;

-  KoHCTpy^ua cymuntHbx mKa^oB gon^Ha HCKnroHaTt KoHTaKT 

pa6oTaromux c ropaHHMH (>  45 °C ) u nepeoxna^geHHbMH HacTaMu;

-  BbgeneHue TennoTb cymuntHbMH mKa^aMH u nornomeHue Mopo3untHbMH 

KaMepaMH gon^Ho 6bTt b npegenax gonycTHMoro B pa6oHefi 30He;

-  KoHCTpy^ua o6opygoBaHua gon^Ha o6ecneHHBaTt 3am,uTy ot 

^neKTpHHecK0^0 T0Ka;

-  KoHCTpy^ua He gon^Ha C03gaBaTt myM, BH6pa^Hro, H3nyHeHua Bbme 

gonycKaeMoro HopMaMu;

-  HCKnroHaTt no^apo- u B3pbB00nacH0CTt.

npeccb gna npegoxpaHeHua cunou3MepuTena ot cnyHafiHbx neperpy30K 

CHa6^;eHb KoHeHHbMH BbKnroHaTenaMH, aBToMaTHHecKH BbKnroHaromuMH 

^neKTpogBH^aTenb npu gocTH^eHuu npegentHofi Harpy3KH. neHHaa ycTaH0BKa u 

Mopo3untHaa KaMepa ocHameHb 3amuTHbMu Ko^yxaMH, bo H36e^;aHHe 

TpaBMupoBaHua pa6oTarom,ux. Ana 3am,uTb ot MexaHHHecKoro TpaBMupoBaHua
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ucnont3ywT npegoxpaHuTentHtie, TopMO3Hte, orpaguTentHtie ycTpoficTBa, 3HaKu 

Se3onacHocTu.

5.4 ^neKTp06e30^acH0CTb

^aSopaTopHO-HC^MTaTentHMfi ^ x  oSopygoBaH pasnuHHtMu

^neKTpoHa^peBaTentHMMH npuSopaMu, b tom Hucne ^neKTponnuTKu, cymuntHtie 

mKa^t, ^neKTpo^eHH. B naSopaTopuu mupoKO ucnont3ywTca uctohhuku 

^neKTpHHecK0^0 TOKa, b tom Hucne rantBaHuHecKue ^neMeHTM u SaTapeu, 

aKKyMynaTopt, npeoSpa3OBaTenu TOKa, SnoKu nuTaHua. noTpeSnawT ^neKTpo^Hep^HW 

TaK«:e pasnuHHte uctohhuku cBeTa, MHoroHucneHHte npuSopt gna onTuHecKoro, 

cneKTpantHoro, gepuBarorpa^uHecKoro u gpyrux BugoB aHanroa, npuSopt u MamuHti 

gna MexaHuHecKux ucntiTaHufi.

nopa^eHue ^neKTpHHecKHM tokom npoucxoguT npu cnegywrn,ux 

oScToaTentcTBax [15]:

-  OTcyTcTBue unu HapymeHue 3a3eMneHua npuSopa;

-  noaBneHue Ha Kopnyce npuSopa ^neKTpHHecK0^0 Hanpa^eHua BcnegcTBue 

3aMKKaHua Ha Kopnyc unu npoSoa Ha Kopnyc;

-  ogHOBpeMeHHoe npuKocHOBeHue k Kopnycy noBpe^geHHoro npuSopa unu k 

TOKOBegy^uM HacTaM c HapymeHHofi H3ona^Hefi u k 3a3eMneHHOMy oSopygoBaHuw 

(gpyrofi ^neKTpo^pHSop c ucnpaBHtiM 3a3eMneHueM, BogonpoBogHte TpySti, 

OTonuTentHte SaTapeu) nuSo CHTya^Ha, Korga HenoBeK npuKacaeTca k 

noBpe^geHHOMy npuSopy, cToa Ha Bna^HOM nony.

B cooTBeTcTBuu c rO C T  12.1.019-79 « 3 neKTpoSe3onacHocTt» [16] naSoparopua 

OTHocuTca k III Knaccy noMern,eHufi T.e. k noMern,eHuaM Se3 noBtimeHHofi onacHocTu - 

cyxue noMe^eHua c HopMantHofi TeMnepaTypofi, Bna^HocTtw u u3onupyfflinuMu 

nonaMu.

Bo roSe^aHue ^neKTpoTepMHHecKHx o®:oroB HeoSxoguMO cTporoe coSnwgeHue 

npaBun TexHuKu Se3onacHocTu npu paSoTe c ^neKTpo^pHSopaMH. 3HaHeHue n ^ Y  

Hanpa^eHua npuKocHOBeHua tokob, npoTeKawrn,ux Hepe3 Teno HenoBeKa, npu 

aBapufiHOM pe^uMe ^neKTpoycTaH0B0K gna nocToaHHoro u nepeMeHHoro TOKa
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ycTaHaBnuBaeTca rO C T  12.1.038-82 CCET « 3 neKTp06e30nacH0CTt. npegentHo 

gonycTHMbe 3HaHeHua Hanpa^eHua npuK0CH0BeHua u tokob» [12].

Ta6nrnia 14 -  n ^ V  Hanpa^eHufi npuK0CH0BeHua tokob

Pe^HM

pa6oTb

Pog T0Ka

nepeMeHHbfi (50 r^ ) noCToaHHbfi

U,

B

I,

mA

npogon^HTentHocTb 

npoTeKaHua cunb 

T0Ka

U,

B

I,

mA

npogon^HTentHocTb 

npoTeKaHua cunb 

T0Ka

HopMantHbfi 2 0,3 < 10 MHH 8 1 < 10 MHH

ABapufiHbfi 36 6 > 1 ceK - - -

Ana o6ecneHeHua 3am,uTb o t cnyHafiHoro npuK0CH0BeHua k T0K0BegymuM 

HacTaM ucnont30BaHb cnegyromue cnoco6b  u cpegcTBa:

-  3amuTHbe o6onoHKu;

-  H3ona^Ha pa6oHero MecTa;

-  3amuTHoe oTKnroHeHue;

-  npegynpeguTentHaa curaanroa^a, 6noKupoBKa, 3HaKH 6e30nacH0CTH.

Ana o6ecneHeHua 3amuTb ot nopa^eHua ^neKTpHHecKHM tokom npu 

npuK0CH0BeHuu k MeTannuHecKHM HeT0K0BegymuM HacTaM, KoTopbe MoryT 0Ka3aTtca 

nog Hanpa^eHueM B pe3yntTaTe noBpe^geHua H3ona^HH, npuMeHeHb cnegyromue 

cnoco6b:

-  3aHyneHue;

-  3amuTHoe omnroHeHue;

-  KoHTpont H30naTT,HH.

TaK ̂ e npuMeHaroTca opraHroauuoHHbie Mepb 3amHTb, a HMeHHo:

-  bo H36e^aHue HecHacTHbx cnyHaeB ycTaH0BneHb nnaKaTb c H3o6pa^eHueM 

KpacHofi 3ur3aroo6pa3Hofi CTpenb u HanoMHHaromefi Hagnuctro;

-  mKa^b, B KoTopbx ycTaH0BneHb ttthtkh ^neKTp0-py6HnbHHK0B, gon^Hb 

6bTt 3aKpbTb;
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-  3anpemaeTca nepeHOCHTb BKnroneHHbie npn6opbi h peMornupoBaTb 

o6opygoBaHHe, Haxogameeca nog tokom.

5.5 n0^ap06e30nacH0CTb

B cooTBeTCTBHH c rO CT 12.1.004-91 «CCET. no^apHaa 6e3onacHOcrb. O6mue 

Tpe6oBaHHa» [13] onacHbiMH ^aKiopaMH, BO3geHCTByromHMH Ha nrogeH h MarepnanbHbie 

^hhocth, aBnaroTca:

-  nnaMa h HCKpbi;

-  noBbmeHHaa TeMnepaTypa OKpy^aromeft cpegbi;

-  gbM.

no^apHaa 6e3onacHOCTb ^ x a  o6ecneHHBaerca CHCTeMaMH npegoTBpameHHa no^apa h 

npoTHBono^apHofi 3amHibi, b tom nncne opraHroauuoHHO-TexHHHecKHMH MeponpnamaMH:

-  CTpoHTenbHbie KOHCTpy^HH o6nagaroT HopMHpyeMbiM npegenoM orHecTofi- 

kocth;

-  no^apHaa CHraanroauua —  Hcnonb3OBaHHe gbiMOBbix H3Bemaieneft;

-  ^BaKya^Ha nrogeH nepe3 ^BaKya^HOHHbIe Bbixogbi (gBepH OTKpbiBaroica 

Hapy^y);

-  CHCTeMa onoBemeHHa o no^ape;

-  CHCTeMa npoTHBogbiMHoft 3amHTM (BeHTHna^Ha).

K  opraHH3au,HOHHO-TexHHHecKHM MeponpnaiuaM OTHOcarca:

-  no^apHaa oxpaHa;

-  nacnopru3auua no^apoonacHbix BemecTB;

-  pa3pa6oTaHbi Meponpnama Ha cnyqaH no^apa.

CornacHO HI lb 105-03 noMemeHHe na6opaiopHH OTHOCurca k Knaccy ^  no 

no^apHoft h B3pMBono^apHofi 6e3onacHOCTH, b kotopom HaxogaTca Heropronne 

BemecTBa h Maiepnanbi b xonogHOM cocToaHHH.

no^apo- h B3pbBOonacHbe go6aBKH xpaHaica b ^HCTepHax, pe3epByapax h 

MeTannnnecKHx 6aHKax b BcnoMoraienbHbix noMemeHHax.

B noMemeHHH na6opaiopHH Haxogurca npoTHBono^apHbift HHBeHTapb: 

orHeiymHTenb neHHbift (O X n  -  15); orHeiymHTenb yrneKHcnoTHbift (Oy-100); tttht,
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ocHameHHtifi no^apHtiM uHBeHTapeM; no^apHtifi KpaH. 3gaHue naSopaTopuu 

0CHameH0 cucTeMofi onoBern,eHua no^apHofi CH^HanH3a^Hefi c ^BaKya^H0HHMMH 

BtxogaMu, c paSoTHuKaMu npoBoguTca no^apHtifi uHCTpyKTa®.

5.6 OxpaHa oKpy^aro^en cpegbi

OegepantHtfi 3aKOH «OS oxpaHe OKpy^aw^efi cp eg t» (ot 10.01.2002 N  7-03) 

perynupyeT OTHomeHua b c^epe B3auMogeficTBua oSrn,ecTBa u npupogt, 

BO3HuKawm,ue npu ocym,ecTBneHuu xo3aficTBeHHofi u uHofi geaTentHocTu, cBa3aHHofi 

c BO3geficTBueM Ha npupogHyw cpegy, KaK Ba^Hefimyw cocTaBnawrnyw OKpy^awrnefi 

cpegti, aBnararn,efica 0cH0B0fi ^u3Hu Ha 3eMne. B cooTBeTcTBuu c ^THM 3aKOHOM npu 

pa3Mem,eHuu, npoeKTupoBaHuu, cTpouTentcTBe, peKOHCTpy^uu, BBoge b 

^KC^nyaTa^HW, ^KC^nyaTa^HH, K0HcepBa^HH u nHKBHga^HH 3gaHufi, cTpoeHufi, 

coopy^eHufi u uhmx oSteKTOB He gon^HO StiTt HeraTuBHoro BO3geficTBua Ha 

OKpy^aw^yw cpegy.

^oSaBKn gna SeTOHOB He gon^Hti aBnaTtca uctohhukom 3arpa3HeHua Bogt, 

noHBBi u BO3gyxa. 3anpern,aeTca cSpactmaTt unu cnuBaTt b BogoeMt caHuTapHO - 

StrroBoro ucnont3OBaHua u b KaHanH3a^HW goSaBKu, ux pacTBopt, ^MyntCHH, a TaK^e 

OTxogt, oSpa3ywrn,ueca ot npoMtiBKu TpaKTa nogaHu u go3upoBaHua goSaBOK.

B npo^cce paSora b naSopaTopHtx ycnoBuax oSpa3yeTca Sontmoe 

KonuHecTBO OTxogoB b Buge ucnKTaHH^x SeTOHHtx oSpa3^B, 3aTBepgeBmefi 

SeT0HH0fi cMecu. BTopuHHtifi 3anonHuTent u3 gpoSneHoro SeTOHa mo^ ho 

ucnont3OBaTt nog ac$antT0SeT0HH0e noKptrrae gopor, b KaHecTBe KpynHoro 

3anonHuTena b Ta^enux SeTOHax np0HH0CTtw 5...10 Mna, npu ycTpoficTBe 

m.eSeHOHHtix ocHOBaHufi nog ^yHgaMeHTti u nom .
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3AK..JIO M I I I I IK.

B guccepTauuu ycTaH0BneH0 BnuaHue Bogo^MeHTHoro oTHomeHHa, pa3nuHHbx 

cynepnnacTH^HKaTopoB, MHKpoKpeMHe3eMa u KoMnneKCHbx go6aB0K Ha ux ocHoBe Ha 

n p o^ccb  TennoBbgeneHua, rugpaTauuu, TBepgeHua u ^opMupoBaHua CTpyKTypb u 

CBoficTB ^MeHTHoro KaMHa. B xoge pa6oTb H3yHeHb u gononHeHb 0CH0BHbe 

acneKTb ^HgpaTa^HH ^M em a u ^MeHTHbix cucTeM BbicoKo$yH^uoHanbHbix 6eT0H0B 

c npuMeHeHueM MeToga KanopuMeTpuu. TaK, ycTaHoBneHHbe Mogenu u 

3aK0H0MepH0CTH no3Bonunu BbgenuTt 0CH0BHbe nepuogb paHHux CTagufi 

rugpaTauuu -  HHgy^uoHHbfi, ycKopeHHbfi, u 3aMegneHHbfi, o^HHTt ux pont B 

npo^ccax TBepgeHua u CHHTe3e CBoficTB nonyHaeMbx MaTepuanoB.

BbaBneHa npaMo ^p0^0p^H0HanbHaa 3aBHCHM0CTb Me^gy TennoBofi ^Hep^Hefi 

rugpaTauuu u npoHHocTbro ^MeHTHoro KaMHa Ha paHHux cpoKax TBepgeHua. KaK 

noKa3anu uccnegoBaHua, HMeHHo B nepuog ycKopeHHofi ^HgpaTa^HH, 

conpoBo^garomufica HHTeHCHBHbM TennoBbigeneHueM, 3aKnagbBaroTca 0CH0BHbe 

xapaKTepucTHKH TBepgeromefi ^M ernrofi cucTeMb. ^ 0^T0My yHeT TennoBbgeneHufi 

Mo^eT no3BonuTt He TontKo K0HTponupoBaTt ^K30TepMHro B npou3BogcTBeHHbx u 

TexHonoruHecKux ^nax , ho h gaTt B03M0^H0CTt gna pa3BHTua ^noM y pagy 

HanpaBneHufi, TaKux KaK:

-  noucK onTHMantHbx g03up0B0K u K0M6HHa^Hfi npuMeHaeMbx go6aB0K;

-  uccnegoBaHue BnuaHua pa3nuHHbx ^aKTopoB Ha n p o^ccb  rugpaTauuu;

-  onpegeneHue nro6ofi HecoBMecTUMocTu MaTepuanoB;

-  pa3pa6oTKa H0Bbx Ba^ymux u go6aB0K.
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