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B B I/IIIIIIK.
nocjiegHue gecaraneTua XXI BeKa oTMenaroTca 3HaHHTenbHbiM npoptmoM b 

pa3BHTHH TexHonorHH 6eTOHa. B ^TH rogti noaBunucb u nonynunu mupoKoe 
pacnpocrpaHeHue HOBtie ^$$eKTHBHbIe go6aBKH, Mogu^HKaTopti gna Ba^ymux u
6eTOHOB.

noaBunact bo3m o^hoctb nporHo3upoBaTt cBoHcTBa 6eTOHa u ynpaBnaTt ero 
xapaKTepncTHKaMH. YcnemHO npoxoguT pa3BHTue nporpaMMHoro o6ecneneHua gna 
npoeKTupoBaHua 6eTOHOB u ynpaBneHua TexHonorunecKHMu npo^ccaMH.

TaKHM o6pa3OM, b Mupe, Bce narn,e cTanu noaBnaTtca u BHegpaTtca b npou3BogcTBo 
Bugti 6eTOHOB HOBoro noKoneHHa, ogHHM H3 kotopmx aBnaeTca -  caMoynnoTHarorn,HHca 
6eTOH.

KpoMe Toro, b Poccuu, npu cTpouTentcTBe Bce narn,e Bo3HHKaeT npo6neMa 
gonroBenHocTH u nponHocru 6eTOHHbix KoHcTpy^uft. ̂ n a  co3gaHua nponHtix
KoHcTpy^HH Tpe6yeTca rpaMoTHoe BtmonHeHue n p o ^ c c a  ynnoTHeHua 6eTOHHbix 
cMeceH KBa^H$H^HpoBaHHMM nepcoHanoM. OgHaKo, Ha cerogHamHHH geHt,
Ha6nrogaeTca nocTeneHHoe cHH^eHue KonunecTBa KBa^H$H^HpoBaHHbIx pa6onux b 
cTpouTenbHofi HHgycTpuu, h to  npuBoguT k TaKoMy ®;e cHH^eHuro KanecTBa
BtmonHeHHbix 6eTOHHbix pa6oT. ^ 0^T0My, eguHcTBeHHtiM pemeHueM gna gocTH^eHua 
gonroBenHMx u nponHtix 6eTOHHbix KoHcTpy^uft He3aBucuMo o t KanecTBa 
cTpouTentHMx pa6oT aBnaeTca npuMeHeHue caMoynnoTHarorn,eroca 6eToHa.

B HacToarn.ee BpeMa, b cTpouTentcTBe 3HanuTenbHo yBenuHunact gona
ucnonb3oBaHua MoHonuraoro cTpouTentcTBa, b cpaBHeHuu c KpynHonaHentHbiM 
goMocTpoeHueM. TeM caMtiM Bo3pacraeT cnpoc Ha TexHonorunHtie u KanecTBeHHtie 
ToBapHte 6eToHt. B gaHHoft pa6oTe npegnaraeTca ucnonb3oBaTb gna MoHonuraoro 
cTpouTentcTBa -  caMoynnoTHarorn,HHca 6eToH, npuMeHeHue KoToporo no3BonaeT 
o6ecneHHTt:
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-  Hage^Hoe ynnoraeHHe 6eTOHHoft cMecn, B tom nncne h rycToapMHpoBaHHtix 
KoHCTpy^HH cho^hoh KOH$H^ypa^HH;
rapaHTHW nonyneHHa KanecTBeHHtix 6eTOHHbix KoHcTpy^HH,
cooTBeTCTBywrnux, b nonHoft Mepe, Heo6xogHMtiM Tpe6oBaHHaM;
BMcoKoe KanecTBo 6eTOHHoft noBepxHocra;

-  coKpa^eHHe cpoKoB cTpoHTentcTBa;
-  cHH^eHHe TpygoeMKocTH, ycTpaHeHHe myMa h BH6pa^HH npn yKnagKe 6eToHHofi 

cMecn;
-  Hcnont3oBaHHe oTxogoB npoH3BogcTB npn nonyneHHH 6eToHa.



1 COCTOflHHE BOnPOCA

1.1 CaMOyn^OTHHM^HeCH SeTOHbl B COBpeMeHHOM CTpOHTe^bCTBe

1.1.1 HcTopua B03HHKH0BeHHa caMoynnoTHarorn,eroca 6eTOHa. npuMepti
Hcnont30BaHHfl CYE

CoBpeMeHHoe cTpouTentcTBo HeB03M0^H0 6e3 TaKoro Marepuana KaK 6eTOH. 3 to t  
Marepuan u3BecTeH nenoBenecTBy y ^ e  He ogHo TbicaneneTue u uHTepeceH oh He tohbko 
CBoHMH yHHKantHMMH CBoHCTBaMH, Ho H MHoroBeKoBoH HCTopneH. BnepBbie paCTBop 
cxo^hh c 6eToHoM 6tm  npuMeHeH b ^peBHeft MeconoTaMuu. TaK«:e nepBtie 
ynoMHHaHHa o 6eToHe BcTpeHanucb b ^peBHeM PuMe, rge oh ucnonb3oBanca npu 
cTpoHTentcTBe apoK, KynonoB, Mom,eHuu gopor. Ho nocne nageHua Pumckoh uMnepuu 
p e ^ n T  6eToHa 6tm  3a6tiT u ero npuMeHeHue Bo3o6HoBunocb num t cnycTa HecKontKo 
BeKoB b EBpone.

B Hanane XIX BeKa b AHrauu yneHMMu ^.napKepoM u ^.AcnguHtiM 6bmu 
nonyneHM p e ^ m y p ti  poMaH^MeHTa, a b Poccuu EropoM ^enueBMM pa3pa6oTaHbi 
cocTaBM nopraaH^MeHTa, KoToptie u nerau b ocHoBy coBpeMeHHoro ^M em a. 3 th  
HoBoBBegeHHa cTanu npoptmoM b HaynHo-TexHunecKoM nporpecce Toro BpeMeHu. 
TaK«:e HacToarn,HM npoptreoM cTano roo6peTeHue ®:ene3o6eToHa b XIX BeKe bo 
OpaH^HH ^.M oH te. B KanecTBe apMarypti oh ucnonb3oBan cTant, a ochobhmm 
MarepuanoM 6tm  ^MeHTHo-necnaHbift pacTBop. 3a nocnegyrornue gecaTuneraa oh 
3anaTeHToBan TaKue rogenua H3 ^ene3o6eToHa KaK mnanti, 6anKH, Tpy6ti, ^^eMeHTM 
moctobmx KoHcTpy^uft u gp. nepBMH moct H3 ®:ene3o6eToHa 6tm  nocTpoeH b 
1875 rogy. ^pyrofi $paH^3cKuft yneHbiH 3.0peficuH BHec 6onbmofi BKnag b pa3BHTue 
cbohctb ®;ene3o6eToHa u pacmupun rp aH u ^i ero npuMeHeHua. B cbohx uccnegoBaHuax 
oh yBenunun nponHocTt ®;ene3o6eToHa c noMorntro Bu6ponpeccoBaHua, a TaK®;e 
u3o6pen TexHonoruro 6eToHa u3 Hanpa^eHHtix ^^eMeHTOB.

B Hanane XX BeKa b EBpone Hananca «6eToHHbift 6yM». B CoeguHeHHtx mTaTax u 
AHrauu cTanu noaB^aTtca nepBtie 6eTOHocMecuTenbHbie ycTaHoBKu. B r  epMaHuu 6tm a 
u3o6peTeHa roToBaa ^MeHTHaa cMect, KoTopyw mo^ho 6tm o nocTaBnaTt npaMo Ha
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cTpourentHyw nnomagKy. B fflBe^HH 6bino nono^eHo Hanaro pa3BHTua TaKoro 
HanpaBneHua KaK aneucTbie 6eT0Hbi.

Ho HecMoTpa Ha gnuTentHyw ucropuw cymecTB0BaHua, TexHonorua 6eTOHa 6bicTpo 
coBepmeHcTByeTca u cerogHa. B XXI BeKe 6eToH u ®:ene306eT0H ocTawTca ogHHMH H3 

caMtix pacnpocTpaHeHHtix cTpourentHbix MarepuanoB. n o  pa3nuHHbiM gaHHtiM b Mupe 
npou3BoguTca e^erogHo o t 2 go 4 Mnpg. m3 6eT0HHbix cMeceH B rog, HanpuMep, B 
KuTae -  430 MnH. M3/rog, B CfflA -  300 MnH. M3/rog, B Poccuu -  50 MnH. M3/rog. EeToH 
ucnont3yeTca B ®HnumH0M, TpaHcnopTHoM, npoMbimneHHoM u gpyrux Bugax 
cTpourentcTBa.

nocnegHue gecaTuneTua XXI BeKa oTMenawTca 3HanHTentHbiM npoptmoM B 
pa3BHTHH TexHonoruu 6eToHa. B ^TH rogti noaBunuct u nonynunu mupoKoe 
pacnpocrpaHeHue H0Btie ^$$eKTHBHbIe Ba^ymue, Mogu^HKaropbi gna Ba^ymux u 
6eToHoB, aKTHBHte MUHepantHte go6aBKH u HanonHurenu, apMupywmue BonoKHa, 
HoBte TexHonorunecKue npueMti u MeTogti nonyneHua cTpourentHbix KoMno3HToB 
[22]. noaBunact bo3mo^hoctb nporao3upoBart cBoHcTBa 6eToHa u ynpaBnaTt ero 
xapaKTepucTHKaMH. YcnemHo npoxoguT pa3BHTue nporpaMMHoro o6ecneneHua gna 
npoeKTupoBaHua 6eToHoB u ynpaBneHua TexHonorunecKHMu npo^ccaMH. TaKHM 
o6pa3oM, cTanu noaBnaTtca u BHegpaTtca B npou3BogcTBo Bugti 6eToHoB HoBoro 
noKoneHua. ^ n a  nonyneHua 6eToHoB HoBoro noKoneHua c bbicokhmh KanecTBaMH 
Heo6xoguMo 3HaTt ux cBoficTBa u ^aKTopti, K0T0ptie Ha hhx BnuawT.

B k o h ^  80-x rogoB npomnoro cToneTua, 6narogapa uccnegoBaHuaM anoHcKoro 
yneHoro X. OKaMypti, B 6eT0HH0H TexHonoruu Btigenunoct TaKoe TeneHue -  
caMoynnoTHawmueca 6eT0Hbi (CYE). C to h t oTMeTHTt, h to  cocTaB CYE u 
TpagH^H0HH0^0 6eToHa He oco6o pa3nunawTca. OTnunue coctoh t num t b cooTHomeHuu 
MaTepuanoB u b ucnont3oBaHuu c^e^HantHMx ^$$eKTHBHMx go6aBoK.

OKono 50 % hobbix ^en e3o6eToHHtx KoHcTpy^uft B ^noHuu H3roToBnaeTca H3 

CYE; B EBpone Ha gonw CYE npuxoguTca 7... 10 % o6teMa npou3BoguMoro 6eToHa; B 
Poccuu gaHHaa TexHonorua cna6o pacnpocTpaHeHa, xoTa u 3gect HMewTca npuMepti 
ycnemHofi ee peanH3a^HH [13]. B nocnegHue gecaTuneTua B Poccuu 6binu nocrpoeHbi 
TaKue yHHKantHte coopy^eHua KaK M0H0nuTHbift pocTBepK nunoHa M-7 PyccKoro 
MocTa bo BnaguBocToKe, ^yHgaMeHT nog bmcothmh MHoro$yH^uoHantHbiH KoMnneKc
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«.HaxTa^eHTp», 6eToHupoBaHue ontrrabix 6hokob CaaHo-fflymeHcKoft u EypeftcKoft 
r 3 C , 3gaHue peaKTopa .HA3C-2, Kon^eBtie Kopugopti peaKTopa HBA3C u gp.

K co^aneHuro, TexHonorua caMoynnoTHarorn,uxca 6eToHoB b Poccuu He TaK cuntHo 
pacnpocTpaHeHa KaK b ^noHuu u b EBpone. no-npe^HeMy, KaK u bo BpeMeHa CCCP, 
MaccoBoe cTpouTentcTBo opueHTupoBaHo Ha npou3BogcTBo u ucnont30BaHue 6eToHoB 
HeBtcoKux MapoK c npoHHocrtro 20 ...50 M n a  c noBtimeHHtiMH pacxogaMH ^M em a. 
Ha gaHHtH MoMeHT b Poccuu He cyrn,ecTByeT HopMaTHBHoft 6a3M, b kotopoh 6tm u 6m 
onucaH t MeTogt guarHocTHKu caMoynnoTHarorn,uxca 6eToHoB u npuBegeHa 
K^accH$HKa^Ha, gna KaKux coopy^eHuft oh npuMeHHM. ^ 0^T0My npuxoguTca 
ucnont30BaTt HopMaTHBHte goKyMeHTt, pa3pa6oTaHHte b EBpone. B cBa3u c ^THM, 
pa3BHTue HayHH0-060cH0BaHHtx npuHTT,unoB co3gaHua u guarHocTHKu 
caMoynnoTHaro^uxca 6eT0H0B, H3yneHue ux p e ^ m y p  u cbohctb, BtiaBneHue 
^aKTopoB, Bnuaro^ux Ha ^TH cBoficTBa b n p o ^ c c e  ^KC^^yaTa^HH nog geHcTBueM 
BHemHux Harpy30K, aBnaeTca aKTyantHoft npo6neMoft.

1.1.2 OnpegeneHue CYE u o6nacTH ucnont30BaHua b coBpeMeHHoM cTpouTentcTBe

CaMoynnoTHaro^ufica 6eT0H -  ^T0 6eT0HHaa cMect, KoTopaa 6e3 B03geftcTBua 
BHemHux cun ynnoraeHua (Bu6pupoBaHua) u caMocToaTentHo nog B03geftcTBueM 
co6cTBeHHoro Beca TeneT, ocBo6o^gaeTca o t  B03gyxa u 3anonHaeT npocTpaHcTBo 
Me^gy onany6Koft coopy^eHua u apMaTypHtMu cTep^HaMH. B HeMe^oM a3MKe 
caMoynnoTHaro^ufica 6eT0H nonynun coKparn,eHHoe Ha3BaHue SVB (selbstverdichtender 
Beton), b aHrnuficK0M -  SCC (self-compacting concrete), bo $paH^y3CK0M -  BAP (Beton 
autopla?ant) [12, 27].

HanuHaa c 1980-x rogoB, npo6neMa gonroBeHHocTH u npoHHocTH 6eT0HHtx 
KoHcTpy^HH 6tm a raaBHoft gna anoHcKux yneHtix. ^ n a  co3gaHua nponHtix 6eT0HHtx 
KoHcTpy^HH Tpe6yeTca rpaMoTHoe BtmonHeHue n p o ^ c c a  ynnoraeHHa 6eT0HHtx 
cMecefi KBa^H$H^HpoBaHHMM nepcoHanoM. OgHaKo, nocTeneHHoe cHu^eHue 
KonunecTBa KBa^H$H^HpoBaHHbIx pa6onux b cTpouTentHofi HHgycTpuu ^noHuu 
npuBeno k TaK0My ®;e cHH^eHuro KanecTBa BtmonHeHHbix cTpouTentHtix KoHcTpy^uft. 
EguHcTBeHHtM pemeHueM gna gocra«:eHHa gonroBenHtix u nponHtix 6eT0HHtx

08.04.01.2017.159.00.00.n3



KoHCTpy^uft He3aBucuMo o t KanecTBa cTpouTentHbix pa6oT aBnanoct npuMeHeHue 
caMoynnoTHawrn,eroca 6eToHa.

Heo6xoguMocTt co3gaHua TaKoro Tuna 6eToHa 6tm a npegno^eHa npo^eccopoM 
X.OKaMypoH b 1986 rogy. Pa6oTM no pa3pa6oTKe caMoynnoTHawrn,eroca 6eToHa, 
BKnwnaa ^yHgaMeHTantHoe uccnegoBaHue o6pa6arbiBaeMocTu 6eToHa 6bmu 
npoBegeHM npo^eccopaMu K. MaeKaBoH, K. O3aB0H u3 ToKuftcKoro yHuBepcuTeTa b 
k o h ^  1980-x rogoB. B cboux pa6oTax um yganoct npugyMart hobmh Tun 6eToHa, 
kotopmh uMen BtcoKyw nnacTuHHocTt u Hu3Koe cogep^aHue BogM.

npoToTun caMoynnoTHawrn,eroca 6eTOHa BnepBtie 6tm  npegcTaBneH b 1988 rogy. 
TaKoH 6eToH nonynun Ha3BaHue «High Performance Concretes. noHTu b to  ®;e caMoe 
BpeMa 6eTOH «High Performance Concrete» 6tm  onpegeneH KaK 6eToH c bmcokoh 
npoHHocTtw u3-3a Hu3Koro Bogo^MeHTHoro cooTHomeHua npo^eccopoM Otcuhmm b 
1989 rogy. C Tex nop, TepMuH «High Performance Concrete» ucnont3yeTca bo BceM 
Mupe gna o6o3HaneHua bmcokoh npoHHocra 6eTOHa. OgHaKo, coBceM HegaBHo TepMuH 
6eTOHa 6tm  u3MeHeH Ha «Self-compacting High Performance Concrete».

Bnarogapa oco6eHHocTaM ^T0^0 6eToHa oh BM3Ban uHTepec b 3anagH0H EBpone. B 
Hanane 2000-x rogoB no BceH EBpone cranu noaBnaTtca nepBtie npegnoctmKu gna 
gonycKa u pacnpocTpaHeHua caMoynnoTHawrn,eroca 6eT0Ha. TaK b uHcTuTyTe ropoga 
AaxeH (repMaHua) b 2000-x rogax npo^eccop B.EpaMecxy6ep roynan cBoHcTBa 
caMoynnoTHawrn,eroca 6eT0Ha. npoBegeHHtie um uccnegoBaHua noKa3anu KaKuMu 
cBoficTBaMu o6nagan caMoynnoTHawrn,uHca 6eT0H no cpaBHeHuw c o6mhhmm 6eT0H0M. 
M arepuan nonynun Ha3BaHue «Dyckerhoff Liquidur» u cTan aKTuBHo pacnpocTpaHaTtca 
no cTpouTentHMM nno^agKaM EBponti BcnegcTBue cboux yHuKantHMx cbohctb 
[11, 32, 33].

B 2002 rogy KoMnaHua EFNARC 0ny6nuK0Bana goKyMeHT ^Specification 
& Guidelines for Self-Compacting concrete» -  (c aHra. C^e^H$HKa^Ha u PyKoBogcTBo 
no caMoynnoTHawrn,eMyca 6eT0Hy), kotopmh cogep^an b ce6e bcw Heo6xoguMyw 
HH$opMa^HW o 6eT0He gna npou3BoguTenefi, cTpouTenefi u np0eKTup0Bm,uK0B.

B 2004 rogy naTt eBponeHcKux op^aHH3a^HH: Bibm, Cembureau, Ermco, Efca, 
Efnarc co3ganu yneHyw rpynny, h to 6m o ^ h u tb  HaKonneHHMH onMT npuMeHeHua 
caMoynnoTHaw^eroca 6eT0Ha u n0g r0T0BuTt hobmh goKyMeHT, kotopmh oxBaTMBan

08.04.01.2017.159.00.00.n3



6m Bce acneKTti caMoynnoTHawmeroca 6eT0Ha. B ^T0M goKyMeHTe «The European 
Guidelines for Self Compacting Concrete» (c aHrn. EBponencKoe pyKoBogcTBo no 
caMoynnoTHawmeMyca 6eT0Hy) 6t n u  npuBegeHti cornacoBaHHtie c^e^H$HKa^HH 
6eT0HHtx cMecen gna npou3BogcTBa CYE, MeTogti ux ucnbrraHua, HH$opMa^HW o 
MaTepuanax, cTaHgapTax gna CYE u T.g. TaK B Ta6n u ^  1.1 -  npuBegeHa eBponencKaa 
KnaccH$HKa^Ha 6eT0HHtix cMecen gna npou3BogcTBa caMoynnoTHawm,uxca 6eT0H0B.
Ta6n u ^  1.1 -  K^accH$HKa^Ha 6eT0HHtix cMecen

Ha3BaHue 6eT0HH0n 
cMecu

O6o3HaneHue ^eM
xapaKTepu3yeTca

3HaneHue
BenHHHHM

BbicoKonogBH^Haa
SF1

PacnntB  K0Hyca
550-650 mm

SF2 660-750 mm
SF3 760-850 mm

Ba3Kaa VS1/VF1 Ba3K0cTt 8 ceK.
VS2/VF2 9-25 ceK.

•Herao^opMyeMaa
PA1 - 3aBucuT 0T 

HacT0TM 
apMupoBaHuaPA2 -

YcTonnuBaa k 
paccnoeHuw

SR1 PaccnauBaeMocTt < 20 %
SR2 < 15 %

B HacToamee BpeMa H3yneHue caMoynnoTHawmeroca 6eT0Ha u MeTogoB ero 
guarHocTHKH aKTHBHo npogon®aeTca. HccnegoBaHua npoBogaTca B TexHunecKoM 
YHHBepcuTeTe ropoga EepnuH Ha cTpoHTentHoM ^aKyntTeTe nog pyK0B0gcTB0M 
npo^eccopa E.XunneManepa u goKTopa ^.EyxeHay [23, 29]. B Poccuu ^ e  
noBceMecTHoe npuMeHeHue caMoynnoTHawmeroca 6eT0Ha TontKo nonynaeT cBoe 
pa3BHTue, ogHaKo Ha npoTa^eHuu nocnegHero gecaTuneTua paga cTpourentHbix 
op^aHH3a^Hn npegnpuHaTti ycnemHtie nontiTKH npuMeHeHua caMoynnoTHawmeroca 
6eT0Ha B rpa^gaHcK0M crpouTentcTBe [34]. Ho b Bugy oTcyTcTBua HopMaruBHon 6a3M 
no caMoynnoTHawmHMca 6eT0HaM npuxoguTca nont30BaTtca HopMaruBHbiMH 
goKyMeHTaMH HHocTpaHHoro npoucxo^geHua.
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1.1.3 M eTogt pacneTa u nonyneHua CYE

npoeKTupoBaHue cocTaBoB CYE coraacHo peK0MeHga^HaM aMepuKaHcKoro 
cTaHgapTa ACI-237-07 [1] «CaMoynnoTHarorn,aaca 6eT0HHaa cMect» cnegyeT npoBogHTt 
^o^Ta^Ho:

1-h ^Ta^ -  onpegeneHue Heo6xogHMoft nogBH^HocTH cMecu (BenuHHHbi pacnntiBa 
K0Hyca) b 3aBucuMocTH o t Buga KoHcTpy^HH u ycnoBufi npou3BogcTBa pa6oT;

2-h ^Ta^ -  B t6op 3anonHHTenefi no cooTBeTCTByrorn,HM cTaHgapTaM;
3-h ^Ta^ -  onpegeneHue cogep^aHua Ba^yrn,ero u Bogt;
4-h ^Ta^ -  nogcneT o6teMa ^MeHTHoro TecTa u pacTBopHoft nacTH CYE.
5-h ^Ta^ -  B t6op go6aB0K;
6-h ^Ta^ -  BtmonHeHue npo6H tx  3aMecoB;
7-h ^Ta^ -  ucntTaHue cMecu Ha 3agaHHte xapaKTepucTHKu: pacnntiB K0Hyca, 

3anonHaeMocTt ^opMti, npoxoguMocTt nepe3 apMaTypHte CTep^HH, ycToftnuBocTt 
npoTHB paccnoeHua. ^on^H ti 6t T t  BtmonHeHbi Bce Bugti HcnMTaHHH c 
ucnont30BaHueM cTaHgapTHoro na6opaTopHoro o6opygoBaHua: K0Hyc, BopoHKa, 
L-o6pa3HtH Kopo6, ^H^HHgpHHecKaa KneTKa;

8-h ^Ta^ -  KoppeKTupoBKa cocTaBoB Ha ocHoBaHHH gaHHtix HcnMTaHHH no ^Ta^y
7 u HaK0He^ -  npur0T0BneHue npo6H tx  3aMecoB go nonyneHua 3agaHHtx 
xapaKTepucTHK CYE.

YcTaHoBneHue Buga, KpynHocTH u o6teMa cogep^aHua KpynHoro 3anonHHTena 
onpegenaeTca Ha3HaneHueM u napaMeTpaMH KoHCTpy^uu. Ba^Ho ynuTtiBaTt BenunuHy 
npocBeTa Me^gy apMaTypHtMu CTep^HaMH, TexHonoruro gocTaBKH u yKnagKH CYE. 
3agana npoeKTupoB^HKa cocTaBa CYE -  go6uTtca cogep^aHua MaKCHMantHo 
B03M0^H0r0 o6teMa KpynHoro 3anonHHTena npu ycnoBuu o6ecneneHua Heo6xoguM tx 
peonorunecKux xapaKTepucTHK cMecu.

B ^ n a x  o6ecneneHua Haunynmefi npoxoguMocTH Me^gy apMaTypHtMu CTep^HaMH 
cMecu CYE npu nponux paBHtx ycnoBuax npegnoHTHTentHee B t6upaTt b KanecTBe 
KpynHoro 3anonHHTena npu 0guHaK0B0H rpaHynoMeTpuu npupogHMH rpaBHH c 
oKpyrnofi ^opMoft 3epeH, He^enu 3anonHHTent H3 gpo6neHtix nopog.
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^ n a  ynynmeHua TaKux noKa3areneft, KaK npoxoguMocTt cMecu Me^gy 
apMaTypHMMH cTep^HaMH, ee npoHHKaeMocTt B pa3nuHHbie «KapMaHbi» npu cno^Hbix 
^opMax onany6KH, cogep^aHue KpynHoro 3anonHHTena B CYE gon^Ho 6biTt HH^e, HeM 
B o6mhhoh 6eT0HH0ft cMecu.

KpynHbift 3anonHHTent genaT Ha gBe KaTeropuu: c KpynHocTtw 3epeH 12,5 mm h 
Bbime; c KpynHocTtw 3epeH MeHee 12,5 mm. ^ n a  onpegeneHua pacxoga KpynHoro 
3anonHHTena Ha oguH Ky6oMeTp 6eT0Ha cnegyeT yT0HHHTt ero HactmHyw nnoTHocTt. 
PeKoMeHgyeMbift o6teM KpynHoro 3anonHHTena B eguHH^ o6teMa CYE c yneT0M 
nycT0T cocTaBnaeT 50 % o t o6mero o6teMa, ^ 0^T0My npu HacbmHoft nnoTHocTH 
1600 Kr/M3 pacxog KpynHoro 3anonHHTena cocTaBHT 800 Kr/M3. n o  a6conwTH0My 
o6teMy KpynHbift 3anonHHTent npu nepBHHHbix nog6opax gon^eH 3aHHMaTt o6teM 
2 8 .3 2  %. Bug noBepxHocTH, KpynHocTt, rpaHynoMeTpua 3anonHHTena -  Bce ^T0 

BnuaeT Ha peonoruHecKue xapaKTepucTHKu CYE. n p u  yKnagKe B KoHcTpy^uu npu 
cuntH0M HactmeHuu apMarypbi Ha egHHH^y o6teMa onany6KH cnegyeT npuMeHaTt 
3anonHHTent KpynHocTtw MeHee 12,5 mm. n p u  nepBHHHbix nog6opax cooTHomeHHe 
o6teMa necKa u KpynHoro 3anonHHTena npuHHMawT 50 % Ha 50 %. 3 to  cooTHomeHHe 
yT0HHaeTca B n p o ^ cc e  nog6opa omuMantHoro cocTaBa.

ToHKogucnepcHte cocTaBnawmue CYE BKnwHawT ^MeHT u HanonHHTenu: 
MonoTbfi H3BecTHaK, 3ony, MonoTbift rpaHynupoBaHHbift mnaK, gpyrue Marepuanbi, 
H3MentHeHHte go pa3MepoB MeHee 0,125 mm.

^ n a  CYE npoHHocTt Ha c^arue  o6mhho He aBnaeTca onpegenawmuM napaMeTpoM 
npu B t6ope Ba^ymux. ToHKogucnepcHbie Marepuanbi B cMecu c ^M ernoM  o6pa3ywT 
He TontKo gocTaToHHo npoHHyw MaTpH^y gna Hage^Horo cKpenneHua KpynHoro 
3anonHHTena, ho h BHocaT cboh BKnag b CTa6HnH3a^HW cMecu u ee conpoTHBneHue 
ce^pe^a^HH. OmuMantHoe cogep^aHue T0HK0gucnepcHbix MarepuanoB gon^Ho 
cocTaBnaTt 300-360 Kr/M3. Ha HaHantHofi cTaguu nog6opa cocTaBa ^ n e c o o 6pa3Ho 
npuHaTt HecKontKo noBbimeHHbift pacxog ^M em a.

Ta6n u ^  1.2 -  cogep^HT peKoMeHgyeMbie aMepuKaHcKHM cTaHgapT0M ACI 237R-07 
o6te M t T0HK0gucnepcH tx MarepuanoB (TM) B 3aBucuMocTH o t 3agaHHoro 3HaHeHua 
pacnntma K0Hyca.
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Ta6nrni, a 1.2 -  PeKoMeHgyeMoe cogep^aHue T0HK0gucnepcH tx MaTepuanoB
PacnntiB <550 mm 550-600 mm >650 mm

Cogep^aHue TM,
Kr/M3

355-385 385-445 460+

CyMMapHoe cogep^aHue pacTBopHoft nacTH u T0HK0gucnepcH0H nacT t b CYE 
Btm e, neM b o6mhhom 6eT0He, h to  Heo6xoguM0 gna 3axBaTa u nepeMern,eHua KpynHoro 
3anonHHTena b n p o ^ c c e  gBH^eHua cMecu CYE npu 3anonHeHuu onany6KH. 
npoeKTupoBaHue cocTaBoB CYE opueHTupoBaHo o6mhho Ha o6ecneneHue ero 
peonorunecKux xapaKTepucTHK b nnacTunecKofi CTaguu. n p u  ^T0M noKa3aTenu 
npoHHocTH Ha c^aTue, KaK ynoMHHanoct Btime, BtmonHaroTca aBToMaranecKu 
6narogapa TexHonorunecKHM orpaHuneHuaM no BenunuHe BogoBa^yrn,ero oTHomeHHa 
(KaK npaBuno, He Btime 0 ,5 .0 ,5 5 )  c gocTaToHHo bmcokhm pacxogoM ^ M e m a  Ha 
egHHH^y o6teMa 6eT0Ha. YnoMUHaeMbift aMepuKaHCKHH CTaHgapT ACI 237R 
peK0MeHgyeT pacxog ^ M e m a  npuHHMaTt He HH^e 386 Kr/M3 [1], a peK0MeHga^HH 
ERMCO (EBponeficKofi opraHH3au,uu no roTOBtiM 6eT0HHtM CMecaM) -  He HH^e 
380 Kr/M3 [3].

Cn0C06H0CTt ynnoTHaTtca nog geHCTBueM cun rpaBurauHH 6e3 npuMeHeHua 
BH6pa^HH, KaK y ^ e  ynoMHHanoct Btime, aBnaeTca ochobhmm npeuMyrn,ecTB0M CYE no 
oTHomeHHro k o6mhho Bu6pup0BaHH0My 6eT0Hy (OBE). O6ecneneHue CTa6untH0CTH 
^THx cbohctb oco6o Ba^Ho gna ^$$eKTHBH0^0 npuMeHeHua CYE.

CYE oneHt nyBCTBHTentHbi k ManefimuM 0TKH0HeHuaM cogep^aHua cocTaBnarorn,ux 
6eT0HH0H cMecu, a 2 . 3  nuTpa go6aBneHHoft B ogt MoryT yBenunuTt pacnntiB cMecu Ha 
5... 7,5 cm. npeBtm eHue Bna^HocTH necKa Ha 1 % npoTHB npoeKTHoro npu ero pacxoge 
890 Kr/M3 Mo^eT yBenunuTt pacnntiB cMecu Ha 1 0 .1 6  cm, ^ 0^T0My gonycKH b pacxoge 
B ogt npu npoeKTupoBaHHH cocTaBa CYE gon^Hti 6t T t  MHHHMantHbiMH. ^ a ^ e  
npuHHMaeMte o6biHHbie gonycKH ±0,5 % no Bna^HocTH necKa MoryT npuBoguTt k 
cy^ecTBeHHtM BapHa^HaM o t 3aMeca k 3aMecy pacnntiBa cMecu Ha 1 0 .1 6  cm. Hhmmh 
cnoBaMH, npu 3agaHH0M pacnntiBe b 71 cm ero 3HaneHue Mo^eT Kone6aTtca b npegenax 
6 3 .7 9  cm. Echh pacnntB  b 63 cm BnonHe npueMneM, to  BenunuHa pacnntma 79 cm y ^e  
m o ^st npuBoguTt k ce^pe^a^HH (paccnoeHuro) cMecu.
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O6mupHMe ucnMTaHua CTa6untH0CTu peonoruHecKux cbohctb CYE 6bmu 
npoBegeHM b HcnaHuu [2]. Etmo ucnMTaHo 27 cocTaBoB CMeceH Ha Bce BugM 
peonorunecKux xapaKTepucTuK (pacnntiB CMeceH, BopoHKa, L-o6pa3HMH Kopo6 u 
^H^HHgpHHecKaa ceTKa). Etmo n0Ka3aH0, h to  He3HaHuTentHMe omnoHeHua b cocTaBax 
(npe^ge Bcero pacxog BogM, ^MeHTa u T0HK0gucnepcHMx HanonHuTeneft) npuBogaT k 
He^p0^ 0p^H0Ha^bH0My u3MeHeHuw peonoruHecKux xapaKTepucTuK, h to  npe^ge Bcero 
BMpa^aeTca b paccnoeHuu 6eT0HH0H cMecu, h to  b cbow oHepegt BegeT k chu^shuw  
ogHopogHocTu 3aTBepgeBmero 6eT0Ha.

PaccnoeHue cMecu Ha cTaguu yKnagKu BegeT, KpoMe Toro, k n0BMmeHH0H 
np0Hu^eM 0CTu 6eT0Ha b 3aTBepgeBmeM Buge, h to  m o ^st CHu3uTt 
B0g0Henp0Hu^eM 0CTt u, KaK cnegcTBue, gonroBeHHocTt 6eT0Ha.

HMewrn,ueca Ha cerogHamHufi geHt gaHHMe noKa3MBawT, h to  CYE, nocTaBnaeMtifi 
b Buge roToBMx 6eT0HHMx CMeceH, Hy^gaeTca b gononHuTentHoft npoBepKe 
CTa6unbH0CTu TexHonoruHecKux xapaKTepucTuK Ha o6teKTe.

EguHuHHaa nocTaBKa ogHoro 6eT0H0CMecuTena Mo^eT cocTaB^aTt npuMepHo 8-9 m3 

(npu 3anonHeHuu 80-90 % o t  eMKocTu 6eT0H0CMecuTena). 3 to  gocTaToHHo 6ontmoft 
o6teM 6eT0Ha, omnoHeHue cbohctb KoToporo o t  3agaHHMx xapaKTepucTuK Mo^eT 
cy^ecTBeHHo noBnuaTt Ha KaHecTBo 6eT0Ha b KoHCTpy^uu b ^hom . ^ 0^T0My 
peKoMeHgyeTca 3aMepM peonoruHecKux xapaKTepucTuK npou3BoguTt nyTeM oTSopa 
o6pa3^B  cMecu o t  Ka^goro 6eT0H0CMecuTena no BceM TpeM BugaM ucntiTaHuft, 
onpegenaeMMx CTaHgapTaMu: Ha pacnntiB K0Hyca, Ha CKopocTt BMTeKaHua cMecu u3 
BopoHKu u npoxo^geHue Hepe3 ^H^HHgpHHecKyw KneTKy (Kompont np0TeKaeM0CTu u 
y ctohhuboctu npoTuB ce^pe^a^HH).

B CTpaHax EC Ha ucnMTaHua 6eT0HHMx CMeceH pa3pa6oTaH naKeT u3 12 CTaHgapToB 
cepuu EN 12350. n aT t CTaHgapToB HaHuHaa o t EN 12350-8 u go EN12350-12 
npegHa3HaHeHM gna onpegeneHua peonoruHecKux xapaKTepucTuK CYE. Ha 
cerogHamHufi geHt npuHaTM cnegywm,ue MeTogM onpegeneHua peonoruHecKux 
xapaKTepucTuK caMoynnoTHawrn,uxca 6eT0HHMx CMeceH.

1. HcnMTaHua Ha pacnntiB K0Hyca (aMepuKaHCKufi CTaHgapT ASTM C 1611, 
eBponeficKufi EN 12350-8). 3 t o t  MeTog peK0MeHgyeT ucnont30Bart CTaHgapTHMH 
K0Hyc. OgHaKo 3aMepaTt peKoMeHgyeTca He ocagKy K0Hyca no BepraKanu, a pacnntiB
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cMecu no ropu30HTanu. nocToaHcTBo BenuHHHM pacnntrea cMecu 6ygeT 
cBugeTentcTB0BaTt o cTa6untHocTH noKa3areneft K0HCHCTeĤ HH CYE.

2. npoxoguMocTt cMecu o^HHBaeTca nyTeM ucntTaHua (EN 12350-12) Ha 
npoTeKaHue ee Hepe3 CTep^HH apMarypti, paccTaBneHHbie no 0Kpy^H0CTH b Buge 
^HnHHgpHHecK0H KneTKH, BHyTpt KoTopofi ycTaHaBnuBaeTca K0Hyc, TaKofi ^ e , KaK npu 
HcntTaHHu Ha pacnntiB cMecu. EBponeficKufi CTaHgapT peK0MeHgyeT ^HnHHgpHHecKyw 
KneTKy c 12 unu 16 BepTHKantHMMu CTep^HaMH h ycTaHaBnuBaeT 2 Knacca CYE no 
npoxoguMocTH. noKa3aTeneM npoxoguMocTH aBnaeTca pa3HH^ Me^gy pacnntiB0M 
cMecu npu ucnMTaHHH Ha pacnntiB KoHycoM h pacnntiB0M cMecu Hepe3 CTep^HH 
^HnHHgpa. Knacc cMecu no npoxoguMocTH Hepe3 12 CTep^Hefi npu BenuHHHe pa3H0CTH 
pacnntB 0B MeHee 10 mm 6ygeT cornacHo ^T0My CTaHgapTy o6o3HaHaTtca KaK PJ1, a npu 
npoBepKe npoxoguMocTH cMecu Hepe3 16 CTep^Heft -  PJ2. MeTog HenpuMeHHM npu 
KpynHocTH 3anonHHTena 6onee 40 mm.

3. nogBH^HocTt cMecu CYE o^HHBaeTca TaK®;e ucntTaHueM B L-06pa3H0M Kopo6e 
(EN 12350-10). Kopo6 coctoh t H3 gByx ce ^u ft: BepTHKantHofi h r0pu30HTantH0fi, 
coeguHeHHtx Me^gy co6oh CKont3ameft neperopogKofi. B ropu30HTantHyw c e ^ u w  
MoryT 6t T t  ycTaH0BneHM apMarypHbie CTep^HH B6nu3H neperopogKH. BepTHKantHaa 
c e ^ u a  3anonHaeTca CMectw CYE h 3aTeM CKont3amaa neperopogKa 6biCTpo yganaeTca, 
no3Bonaa cMecu nepeTeKart H3 BepTHKantHofi c e ^ u u  B ropu30HTantHyw. 3aMepawTca 
BMcoTa CTon6a cMecu, ocTaBmaaca B BepTHKantHofi c e ^ u u  (h1), h gnuHa yHacTKa cMecu, 
nepeTeKmaa B ropu30HTantHyw HacTt (h2). CooTHomeHHe h2/h 1 xapaKTepu3yeT 
nogBH^HocTt cMecu. CTaHgapT ycTaHaBnuBaeT gBe MapKH nogBH^HocTH cMecu npu 
HcntiTaHHH ee b L-06pa3H0M Kopo6e: h2/h 1>0,8 npu 2 apMarypHbix CTep^Hax Knacc -  
PL1, npu Tpex CTep^Hax Knacc -  PL 2.

4. nogBH^HocTt o^HHBaeTca TaK®;e no BpeMeHH BMTeKaHua cMecu H3 BopoHKH (EN 
12350-9), npu BpeMeHH BMTeKaHua MeHee 9 ceKyHg CMect HMeeT Knacc no 
nogBH^HocTH -  PV1, ot 9 go 25 ceKyHg -  PV2.

Ba3K0CTt 6eT0HH0fi cMecu H3MepaeTca no aMepuKaHCK0My CTaHgapTy ACI 237R 
noKa3areneM T50 -  BpeMeHeM B ceKyHgax, Korga CMect CYE BtrreKaa H3 K0Hyca 
gocTuraeT guaMeTpa pacnnbiBa B 50 cm. ^eM 6ontm e ^T0T noKa3aTent, TeM 6ontmeft 
Ba3K0CTtw o6nagaeT CMect CYE. O6mhho, npu Manofi Ba3K0CTH noKa3aTent T50 paBeH
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2 ceKyHgaM. noKa3aTeHt 5 ceKyHg u 6oHee xapaKTepu3yeT CMect c bmcokoh Ba3K0CTtro 
[14].

1.1.4 HcnoHt3yeMtie MaTepuanti u ux CBoHCTBa

MaTepuanti, KoToptie ucnoHt3yroTca gna npur0T0BHeHua caM0ynH0THaromuxca 
6eT0H0B, He HMeroT KaKux-Hu6o othhhhh o t  MaTepuanoB, ucnoHt3yeMtix b 
npur0T0BneHuu TpaguuHoHHhix 6eT0H0B [11]. OraunaeTca T0HtK0 ux cooTHomeHue, a 
TaK®;e ucn0Ht30BaHue c^e^Ha^tHtIx ^$$eKTHBHtIx go6aB0K.

OcHoBHte ucxogH te MaTepuanti gna nog6opa cocTaBa CYE:
-  ^MeHT;
-  KpynHMH H MeHKHH 3anoHHHTeHt;
-  MHHepaHtHMH HanoHHHTeHt;
-  go6aBKu;
PaccMoTpuM Ka^gtiH KoMnoHeHT b 0TgeHtH0CTu u npocHeguM, KaK ohh BHuaroT Ha 

6eT0HHyro CMect b ^hom .
1 ) ^ M e rn \ KaK u b Tpa.g.HiiuoHHoM 6eT0He ochobhmm Ba^yinuM b 

caM0ynH0THaromuxca 6eT0Hax aBHaeTca -  nopraaHg^MeHT. 3 to  Ba^ymee HMeeT 
CHo^Hyro MHHepaHtHyro CTpyKTypy, cocToamyro H3 okhchob K an^ua, KpeMHua, 
anroMHHua u ®;eHe3a. HHorga ucnoHt3yeTca cyHt$aT0CT0HKHH ^M ern\ CHegyeT TaK®;e 
oTMeTHTt, h to  Bti6op ^MeHTa 3aBucuT b nepByro onepegt o t  Ha3HaneHua KoHCTpy^uu, 
KoTopoe goH^Ho 6t T t  yKa3aH0 b TexHHHecKoM 3agaHuu o t 3aKa3HHKa.

2) 3anoHHHTeHt. ^Ha noHyneHua CYE nocToaHHoro KanecTBa CHegyeT 0C06eHH0 

TmaTeHtHo u HenpeptiBHo KoHTpoHHpoBaTt u ynuTtmaTt rpaHyH0MeTpuHecKHH cocTaB 
KpynHoro u MeHKoro 3anoHHHTeHeH [11, 15, 24]. B oTHHHue o t o6tiHHoro 6eT0Ha, CYE 
6oHee HyBCTBHTeHeH k K0He6aHuaM pe^nT ypti, caMoe 6oHtmoe BHuaHue Ha Hero 
0Ka3tBaeT cogep^aHue BHaru, KaK b oKpy^aromefi cpege, TaK u 3anoHHHTeHeH [15]. 
KpynHtH u MeHKHH 3anoHHHTeHt CHegyeT xpaHHTt b KptiTtix CKHagax, h to  n03B0HHT 
KoHTpoHHpoBaTt BHa^HocTt u KaK cHegcTBue -  Bogo^MeHTHoe cooTHomeHue. TaK«:e 
npu npoeKTupoBaHHH cocTaBa CYE Hy^Ho ynuTtiBaTt u $opMy 3anoHHHTeHa. 
OKaTaHHaa $opMa 3anoHHHTeHa n03B0HaeT yMeHtmuTt BepoaTHocTt ynopagoneHHocTH
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3anonHuTe^a u TeM caMMM yBenuHuBaeTca pacnntiB K0Hyca. B KaHecTBe KpynHoro 
3anonHuTe^a peKoMeHgyeTca npuMeHaTt rn,e6eHt ^ p a ^ u f t  5 ...20, 5 ...10  u3 
MeTaMop^uHecKux ropHMx nopog. KpynHocTt 3anonHuTena Bbi6upaeTca u3 ycnoBufi: 
m ar apMarypti, pa3Mern,eHue apMarypti, reoMeTpuHecKue $opMM KoHCTpy^uu. 
MenKufi 3anonHuTent Ha3HaHawT HacTo b Buge KBap^Boro necKa c MogyneM KpynHocTu 
1 ,7 .2 ,5 .

3) MuHepantHMH HanonHuTent. B cocTaBe 6eT0H0B MuHepantHMH HanonHuTent 
(KpynHocTt <0,125 mm) m o ^st npoaBnaTt ce6a KaK uHepTHMH Marepuan (u3BecTHaK, 
gonoMuT, nMneBugHMH KBap^ u gp.) nu6o KaK KoMnoHeHT, o6nagawm,ufi CKptrroft 
rugpaBnuHecKofi aKTuBHocTtw (Ty$, Tpenen, onoKa, MuKpoKpeMHe3eM u gp.). 
B Ta6n u ^  1.3 -  npuBegeHa K^accH$HKa^Ha MuHepantHtix HanonHuTenefi, a b 
Ta6n u ^  1.4 -  CB0HCTBa MuHepantHtix HanonHuTenefi [19].
Ta6n u ^  1.3 -  K^accH$HKa^Ha MuHepantHtix HanonHuTenefi

I II
HHepTHMe ^ y ^ ^ 0^aH0BMe r  ugpaBnuHecKue
H3BeCTHaK 3ona-yHoca ^oMeHHMH mnaK
^ ohomut MuKpoKpeMHe3eM -

nbmeBugHMH KBap^ - -

Ta6n u ^  1.4 -  CBoficTBa MuHepantHtix HanonHuTenefi
Bug MuHepantHoro HanonHuTena OKa3MBaeMMH ^$$eKT

H3BeCTHaK, gonoMuT YBenuHuBaeT CBa3H0CTt cMecu, ho b cbow 
oHepegt yBenuHuBaeT Ba3K0CTt TecTa u 

KaK cnegcTBue -  yMeHtmeHue pacnntma.3ona-yHoca

MuKpoKpeMHe3eM
YBenuHuBaeT CBa3H0CTt u ycT0HHuB0CTt

cMecu k paccnoeHuw, ho coKpa^aeTca 
cpoK cxBaTMBaHua cMecu.

^oMeHHMH mnaK CHu^aeT pacxog ^MeHTa, ho 
coKparn,aeTca cpoK cxBaTMBaHua cMecu.
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4) ^ o 6aBKH. ^ n a  perynupoBaHua cbohctb 6eT0HH0ft cMecu Hau6ontmee 
npuMeH eHue Hamnu xuMHHecKue ^nacTH$H^HpywmHe go6aBKH, a HMeHHo, 
runepnnacTH^HKaTopM Ha 0CH0Be ^$HpoB nonuKap6oKCunaTa.

Co3gaHue caMoynnoTHawmuxca 6eT0H0B CTano bo3mo^hmm 6narogapa BHegpeHuw 
B TexHonoruu 6eT0H0B cynepnnacTH$HKaTopoB h MHKpoKpeMHe3eMa. OgHaKo B nonHofi 
Mepe ugea caMoynnoTHawmeroca 6eT0Ha 6bina BonnomeHa nocne C03gaHua anoHCKHMu 
yHeHMMH go6aBKH HoBoro noKoneHua cynepnnacTH$HKaTopoB Ha 0CH0Be 
nonuKap6oKCunaTHMx coeguHeHufi [25].

MexaHH3M geficTBua ^THx cynepnnacTH$HKaTopoB 0CH0BaH He TontKo Ha 
^neKTpocTaTHHecK0M oTTanKHBaHHH, ho h Ha cTepuHecK0M ^$$eKTe [35]. B cTpyKType 
MoneKyn cynepnnacTH$HKaTopoB HMewTca gnuHHbie 60K0Bbie oTBeTBneHua, KoTopbie 
o6ecneHHBawT gucneprupoBaHue HacTH^ ^M em a. TaKue cynepnnacTH^HKaTopbi 
xapaKTepu3ywTca 6onee npogon^HTentHbiM ^nacTH$H^HpywmHM ^$$eKT0M npu 
6onee hh3khx go3upoBKax.

KpoMe npuMeHeHua hobmx, 6onee ^$$eKTHBHbIx cynepnnacTH$HKaTopoB, gna 
o6ecneHeHua caMoynnoTHeHua ucnont3ywTca [36] cnegywmue TexHonoruHecKue 
npueM t: CHH^aeTca pacxog KpynHoro 3anonHHTena h BogoBa^ymee oTHomeHHe, npu 
^T0M MaKCHMantHo noBbimaeTca go3upoBKa cynepnnacTu^HKaTopa.

3$$eKT caMoynnoTHeHua gocTuraeTca 3a CHeT CHH^eHua KoHTaKTHbix 
B3aHMogeftcTBHft Me^gy 3epHaMH KpynHoro h MenKoro 3anonHHTena, h to  
o6ecneHHBaeTca bmcokhm o6teMHbiM cogep^aHueM ^MeHTHoro TecTa. OgHaKo 
noBbimeHue pacxoga ^MeHTa He^enaTentHo He TontKo no ^K0H0MHHecKHM npuHHHaM. 
EeT0HM c bmcokhm cogep^aHueM Ba^ymero xapaKTepu3ywTca bmcokhmh 3HaHeHuaMH 
ge$opMa^HH ycagKH h non3yHecTH, KpoMe Toro, noBbimeHHbiM TennoBbigeneHueM npu 
TBepgeHHH, hto  m o ^st BM3BaTt B03HHKH0BeHue ge$eKT0B cTpyKTypti 6eT0Ha.

nonyHeHue 6eT0HHbix cMecen c 6ontmuM cogep^aHueM ^MeHTHoro TecTa npu 
yMepeHH0M pacxoge ^MeHTa bo3mo^ho npu 3aMemeHHH HacTH Ba^ymero 
BMcoKogucnepcHMMH MHHepantHMMH MaTepuanaMH -  MHKp0KpeMHe3eM0M, 3onofi- 
yHocoM, MeTaKaonuHoM, KaMeHHofi MyKoft [17, 26, 37] unu gpyruMH gucnepcHMMH 
MHHepantHMMH npoMtmneHHMMH oTxogaMH [16, 28, 30]. 3aMeHa HacTH ^ M em a
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n03B0HaeT noHyHHTt TeKynee ^MeHTHoe TecTo 6e3 ceguM em ^uu, BogooTgeHeHua 
u paccH oeHua hh toh  6eT0HH0n cMecu.

O6tiHHtie 6eT0Hti BKHronaroT b cboh cocTaB MHHUMantHo Tpu Heo6xoguMtix 
KoMnoH eHTa -  ^MeHT, Bogy u 3anoHHHTeHt. CoBMecTHoe npuMeHeHue
cynepnHacTH^HKaTopa u ToHKoro HanoHHHTeHa (MHKpoKpeMHe3eMa u gp.) n03B0HHH0 
noHyHHTt H0B te  pa3H0BHgH0CTH 6eT0H0B, K0T0p t e  B MHp0B0H CTp0HTeHtH0H npaKTHKe 
noHyHHHH Ha3BaHue BticoKonpoHHtie 6eT0Hti (High Strength Concrete -  HSC) 
u Btic0K0KanecTBeHHtie 6eT0Hti (High-Performance Concrete -  HPC). C yneT0M Toro, 
h to  gHa noHyneHua TaKux 6eT0H0B KoHHHecTBo o6a3aTeHtHtix K0Mn0HeHT0B goH^Ho 
6t r r t  yBeHHHeHo, TaKue 6eT0Hti CHHTaroTca naTHKoMnoHeHTHtiMH [37]. B CBa3u c TeM, 
h to  caM0ynH0THaromueca 6eT0Hti mo^ho CHHTaTt ycoBepmeHCTBoBaHHtiMH 
BMC0K0KaHeCTBeHHMMH 6eT0HaMH, npHHaTo roBopHTt 0 HHx KaK 0 H0B0H CTagHH 
pa3BHTHa naTHK0Mn0HeHTHtix 6eT0H0B.

n o  MHeHuro [18] npu npou3BogcTBe caM0ynH0THaromuxca 6eT0H0B HeoSxogHMo 
npeogoHeTt Tpu npoTHBopeHHBtix ^aKTopa: o6ecneHHTt BticoKyro TeKyHecTt 6eT0HH0n 
cMecu, ucKHroHHTt ee paccHauBaeMocTt u gocTHHt bmcokoh npoHHocTH.

^Ha noBtmeHua xapaKTepucTHK caM0ynH0THaromuxca 6eT0H0B b ux cocTaB 
BBogaTca, KpoMe o6a3aTeHtHtix K0Mn0HeHT0B -  cynepnHacTH$HKaTopoB u gucnepcHtix 
MaTepuaH0B, pa3HHHHtie BtIC0m3$$eKTHBHtie xHMHHeCKHe go6aBKH, B HaCTH0CTH 
Mogu^HKaTopt Ba3K0CTH, 3aMegHHTeHH cxBaTtBaHua, ycKopuTeHH TBepgeHua. C ^ H tro  
npegoTBpameHua BogooTgeHeHua u paccHoeHua, KpoMe ToHKoro HanoHHHTeHa, npu 
Heo6xoguM0CTH b cocTaB 6eT0HH0n cMecu BBogaTca go6aBKH, noBtimaromue Ba3K0CTt 
^MeHTHoro TecTa. 3 th  go6aBKH npou3BogaTca Ha 0CH0Be M0gH$H^Hp0BaHH0H 
^HHroH03ti, rugp0HH30BaHH0r0 KpaxMana, n 0HroTHHeHrauK0Ha, npupogHtix 
6uonoHHMepoB u gp.

PeoHoruHecKue CB0HCTBa caM0ynH0THaromuxca 6eT0HHtix CMecen 3HaHHTeHtH0 
oTHHHaroTca o t  cbohctb o6mhhmx 6eT0H0B. B CBa3u c ^THM gHa npoeKTupoBaHua 
cocTaBa 6eT0Ha u KoHTpoHa ero cbohctb b Ha6opaTopHtix u npou3BogcTBeHHtix 
ycH0Buax Heo6xoguMti c^e^Ha^tHtIe MeTogti onpegeHeHua ygo6oyKHagtmaeM0CTH 
6eT0HH0H cMecu. 3a cpaBHHTeHtHo HenpogoH^HTeHtHtift nepuog uccHegoBaHua
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caMoynnoTHaram,uxca SeToHHMx CMeceH Sbmu co3gaHM pa3nuHHMe MeTogM 
onpegeneHua ux cbohctb.

nocjie C03gaHua MeTogonoruu npoeKTupoBaHua caMoynnoTHawrn,uxca 6eT0H0B 
b HaHan e 90-x rogoB u pa3pa6oTKu MeToguK onpegeneHua ux cbohctb CTano bo3mo^hmm 
mupoKoe npuMeHeHue ^T0H pa3H0BugH0CTu 6eT0Ha b CTpouTentHofi npaKTuKe. B HaHane 
90-x rogoB caMoynnoTHawrn,uHca 6eT0H b ^noHuu npuMeHanca TontKo KpynHMMu 
CTpouTentHMMu KoMnaHuaMu. 3 to  Stmo CBa3aH0 c SontmuMu 3aTpaTaMu Ha 
pa3pa6oTKy TexHonoruu, TeKyrn,uH Kompont KaHecTBa. ^ona  caMoynnoTHawrn,eroca 
6eT0Ha b o6rn,eM oSteMe 6eT0Ha He npeBtimana 1 %. 3Ta pa3H0BugH0CTt 6eT0Ha 
paccMarpuBanact KaK c^e^Ha^tHMH 6eT0H, npuMeHeHue KoToporo onpaBgaHHo Ha 
KpynHMx oSteKTax [25].

B npoMMmneHHoM MacmTaSe caMoynnoTHawrn,uHca 6eT0H BnepBMe Stm npuMeHeH 
b 1991 r. npu coopy^m uu npegHanpa^eHHtix ®:ene30SeT0HHMx nun0H0B BaHToBoro 
MocTa [25]. nono^uTentHMH onMT ucnont30BaHua caMoynnoTHawrn,eroca 6eT0Ha 
cnocoScTBoBan yBenuHeHuw oSteMoB ero npuMeHeHua.

B KaHecTBe ochobhmx npuHuH npuMeHeHua ^T0^0 6eT0Ha Ha3MBawT [25]:
-  coKparn,eHue cpoKoB cTpouTentcTBa;
-  oSecneHeHue Hage^Horo ynnoraeHua, b tom Hucne b rycToapMupoBaHHMx 

KoHCTpy^uax cho^hoh K0H$H^ypa^HH;
-  BMC0K0e KaHeCTBo SeT0HH0H n0BepxH0CTu;
-  CHu^eHue TpygoeMKocTu, ycTpaHeHue myMa u BHSpa^HH npu yKnagKe 

SeToHHoH cMecu.
HeManoBa^HMM ^aKTopoM gna pacmupeHua oSteMoB npou3BogcTBa 

caMoynnoTHawrn,eroca SeT0Ha cnegyeT CHuTaTt npuMeHeHue b ero cocTaBe gucnepcHMx 
npoMMmneHHMx oTxogoB, TaKux, KaK 30na-yH0C, gucnepcHMe oTxogM 
KaMHegpoSneHua, MuKpoKpeMHe3eM u gp.

OSteMM npou3BogcTBa caMoynnoTHawrn,uxca SeT0H0B b Mup0B0H CTpouTentHofi 
npaKTuKe nocToaHHo B03pacTawT. CaMaa BMcoKaa gona ^THx MarepuanoB b oSteMe 
npou3BogcTBa SeT0H0B npuxogurca Ha CTpaHM c bmcokoh np0u3B0guTentH0CTtw
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Tpyga. K npuMepy, B ^aHHH o6teM npou3BogcTBa caMoynnoTHawmeroca 6eT0Ha 
cocTaBnaeT oKono 50 % o t  o6mero o6teMa 6eT0Ha b ^T0H cTpaHe.

CaMoynnoTHawmufica 6eT0H -  BbicoKoTexHonorHHHbift Marepuan, ero CBoficTBa 
B 6ontmefi CTeneHH, HeM gna o6biHHoro 6eT0Ha 3aBucaT o t  xapaKTepucTHK ctipteBbix 
MaTepuanoB h toh hocth  hx go3upoBKH. ^ n a  nonyHeHua Marepuana 
c rapaHTupoBaHHMMH cBoficTBaMH Heo6xoguM HeTKo Hana^eHHbift na6oparopHbift 
KoHTpont xapaKTepucTHK ucxogHbix MaTepuanoB h roTOBoft n p o g y ^u u .

^ n a  ^$$eKTHBH0^0 npuMeHeHua caMoynnoTHawmeroca 6eT0Ha HeoSxogHMo 
yHHTMBaTt, h to  ero CT0HM0CTt Bbime ctohm octh o6tHHoro 6eT0Ha, h ero 
ucnont30BaHue onpaBgaHHo TaM, rge Heo6xoguMbi BbicoKue TeMnti 6eT0Hup0BaHua, 
rapaHTHpoBaHHoe ynnoTHeHue B rycToapMHpoBaHHbix KoHCTpy^uax, BbicoKoe 
KaHecTBo noBepxHocTH.

np0H3B0gcTB0 caMoynnoTHawmeroca 6eT0Ha B ycnoBuax coBpeMeHHoro ypoBHa 
pa3BHTua oTeHecTBeHHoft cTpouTentHofi oTpacnu cgep^HBaeTca hh3koh cTouMocTtw 
pa6oHefi cunti b Poccuu; B CTpyKType ce6ecT0HM0CTu n p o g y ^ u u  gona onnarbi Tpyga 
HaMHoro HH^e, HeM b npoMbimneHHo pa3BHTbix CTpaHax. OHeBugHo, h to  no ^T0H 
npuHHHe, a TaK«:e H3-3a Hepa3BHT0CTu ptiHKa gucnepcHbix MarepuanoB h bmcokoh 
ctohm octh cynepnnacTu^HKaropoB 3apy6e^Horo npou3BogcTBa hobmh Bug 6eT0Ha He 
HaxoguT TaKoro mupoKoro npuMeHeHua, KaK B EBpone, CfflA h .flnoHHH. TeM He MeHee, 
B Tex peruoHax, rge BegeTca uHTeHCHBHoe CTpouTentCTBo h Ha6nwgaeTca ge$H^HT 
pa6oHefi cunti, b HacTHocTH b MocKBe h CaHKT-neTep6ypre, HMeeTca ontiT npuMeHeHua 
caMoynnoTHawmeroca 6eT0Ha. BepoaTHo, npu nogo6Hbix H3MeHeHuax B o6teMax 
CTpouTentCTBa h Ha ptiHKe Tpyga h b gpyrux peruoHax Poccuu ^Ta pa3H0BugH0CTt 
6eT0Ha 6ygeT BoCTpe6oBaHa [20].

1.2 npHMeHeHHe OTceBOB gpoS^eHHH Lue6HH b CYE

n p u  pa3pa6oTKe cocTaBoB caMoynnoTHawmeroca 6eT0Ha, oHeHt HacTo npuxoguTca 
CTanKHBaTtca c npo6neMoft coBMecTUMocTu go6aB0K -  cynepnnacTu^HKaropoB c 
MenKHMH 3anonHHTenaMH -  necKaMH. ^eno  B tom, h to  b HeMbiTbix necKax, h to  
CB0KCTBeHH0 gna Hamero peruoHa, HaxoguTca gocTaToHHoe cogep^aHue unucTbix h 
rnuHHCTtx HacTH^ KoTopbie 0Tpu^TentH0 CKa3biBawTCa Ha ^$$eKTHBH0CTH geftcTBua
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nonuKapSoKcunaraoro cynepnnacTu^uKaTopa, kotopmh, b cbow oHepegt, npocTo 
HeoSxoguM npu co3gaHuu CYE [21]. ^aHHaa npoSneMaTuKa oHeHt nogpoSHo onucaHa 
b HayHHo-uccnegoBaTentCKux CTaTtax nnaHKa u ^oH ra [31, 38, 39]. ^ a c T u ^ i rnuHM 
agcopSupywT Ha ceSe nonuKapSoKcunaTM u SnoKupywT ux B03geficTBue Ha ^MeHT, b 
pe3yntTaTe HeoSxoguMo yBenuHeHue go3upoBKu goporocToarn,eft goSaBKu, u3-3a 
CHu^eHua ee ^$$eKTHBH0CTH, h to  npuBogur k yBenuHeHuw ctoum octu 
caMoynnoTHawrn,eroca SeT0Ha. KpoMe Toro, KonuHecTBo rnuHucTMx HacTH^ m o^st 
BaptupoBaTtca b necKe b 3aBucuM0CTu o t napTuu, TeM caMMM ^T0 ycno^HaeT paSoTy 
onepaTopaM EPY, kotopmm HeoSxoguMo goSuBaTtca nocToaHCTBa u CTaSuntH0CTu 
cbohctb BMnycKaeMofi umu n p o g y ^ u u , KoppeKTupya y ^e  uMewrnywca TexHonoruw 
npou3BogcTBa CYE. B gaHH0H paSoTe npegnaraeTca ucnont30BaTt ucKyccTBeHHMH 
necoK u3 oTceBa gpoSneHua rn,eSHa H0B0CM0nuHCK0r 0 Kaptepa. B HeM oTcyTCTByeT 
HanuHue rnuHucTMx npuMeceH, Snarogapa CBoeH npupoge npoucxo^geHua. ^ 0^T0My 
npuMeHeHue ucKyccTBeHHoro necKa u3 oTceBa gpoSneHua m o ^st S iT t onTuMantHMM 
BapuaHToM gna nonyHeHua b KoHKpeTHMx ycnoBuax caMoynnoTHawrn,eroca SeT0Ha, k 
T0My ®;e, aBnaact noSoHHMM npogyKToM gpoSneHua rn,eSHa, oh uMeeT cpaBHuTentHo 
Hu3Kyw CT0uM0CTt.



BblBO ^bl
1 . CaM0ynH0THaromuHca 6eT0H -  aBHaeTca coBpeMeHHtiM K0HCTpy^u0HHtiM 

MaTepuaH0M, ucn0Ht30BaHue KoToporo n03B0HaeT 3HaHHTeHtH0 coKpaTHTt 
gHHTeHtHocTt B03BegeHua 3gaHHH h coopy^eHuft, 6Harogapa CHH^eHuro 
TpygoeMKocTH 6eT0HHtix pa6oT.

2. CaMoynHoTHaromaaca 6eT0HHaa CMect -  oHeHt HyBCTBHTeHtHa k KaHecTBy h 
Bugy ucxogHtix K0Mn0HeHT0B. ^0^T0My Tpe6yeTca TmaTeHtHtift nog6op h 
copTupoBKa ctipteBtix MaTepuaHoB.

3. n p u  npou3BogcTBe caM0ynH0THarom,eftca 6eT0HH0H cMecu HacTo npuxoguTca 
CTaHKHBaTtca c npo6HeMofi coBMecTUMocTu nHacTH^HKaTopa h HanoHHHTeHa, 
BxogamuMu b cocTaB CYE.



^ R H  H 3A^AHH PAEOTbl
^ H tr o  pa6oTti aBHaeTca -  co3gaHue Ha pagoBtix MaTepuanax ̂ eHa6uHCKofi o6HacTH 

CTa6uH tH tx no CB0HCTBaM caM0ynH0THaromuxca 6eT0H0B KHaccoB B30-B35.
^Ha ^T0^0 HeoSxogHMo pemuTt CHegyromue 3agaHu:
1. C 03gaTt caMoynHoTHaromyroca 6eT0HHyro CMect c bmcokoh CTeneHtro 

nogBH^HocTu;
2. O6ecneHHTt coxpaHaeMocTt 6eT0HH0ft cMecu 6oHee 2 HacoB;
3. n o g o 6paTt Hau6oHee onTHMantHtift u ^$$eKTHBHtIH MHKpoHanoHHHTeHt gHa 

CYE;
4. Co3gaTt 6eT0HHyro CMect c nocToaHHtiMH CTa6uHtHtiMH CB0HCTBaMu.



2 MATEPHA^W H M ETO^bl HCC^E^OBAHHH
A^a o ^ h k h  pe3yntTaTOB npoBogHMtix pa6oT, a TaK^e gga o ^ h k h  npnrogHocTH 

Hcnonb3yeMbix MaTepnanoB Heo6xogHMo Hcnont3oBaTt pa3nHHHbie MeTogti, h to 6m 
nonyHHTt 6onee nonHyro h 6e3omn6oHHyro KapTHHy. pemeHHa nocTaBneHHtix b 
pa6oTe 3agan h gocra^eHHa Hcnont3oBanHct KaK cTaHgapTHtie MeTogti
HecnegoBaHHa, rono^eHHtie b rO C T , TaK h coBpeMeHHtie MeTogti $ h3hko- 
xHMHnecKoro aHanroa: TepMHnecKHft h pernreHo^asoBbiH.

npHMeHeHHe MeTogHK rO C T  gna onpegeneHHa cbohctb MaTepnanoB no3BonaeT 
yBHgeTt pa3HH^y, m ropyro 0Ka3MBawT go6aBKH Ha cBoficTBa 6eTOHHoft cMecn h 6eTOHa 
npn npoHHx paBHMx ycnoBHax.

Hcnont30BaHHe coBpeMeHHtix MeTogoB no3BonaeT nonynHTt pe3yntTaTbi Ha MaKpo- 
h MHKpoypoBHax. TaKHe pe3yntTaTbi oneHt Ba^HM, TaK KaK b ^TOM cnynae mo^ho 
yBHgeTt, h to  nponcxogHT b caMoft CTpyKType 6eToHa npn ero TBepgeHHH, 6onee nonHo 
noHaTt, KaK Bo3geftcTBoBaTt Ha n p o ^ c c ti  ^HgpaTa^HH, a cnegoBaTentHo, KaK 
npaBHntHo h 6onee nonHo ynpaBnaTt cBoftcTBaMH roToBoro npogyKTa.
Ta6n n ^  2.1 -  CTaHgapTHtie MeTogti HcnbrraHHft

M
n/n

noxa3aTe^b MeTog
ucnHTaHuM

Ko^unecTBo
noBTopoB

ToHHocTb onpege^eHua, 
± %

1 HcTHHHaa n̂ oTHocTb ^MeHTa u AMfl,
rOCT 310.2

2 0,1

2
ToHxocTb noMo^a ^MeHTa no ocraTKy 

Ha cuTe M 008 2 0,1

3 Yge^bHaa noBepxHocTb ^MeHTa u
AMA rOCT 310.2 2 0,1

4 npegen nponHocru npu u3ru6e u 
c^aTHH g^a ^MeHTa rOCT 310.4 3 5

5 3epHoBoM cocTaB u Mogy^b KpynHocTu 
necKa rOCT 8735 2 0,5
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OKoHHaHue Ta6nû i 2.1
N°
n/n

noKa3aTent MeTog
ucnHTaHun

KonHHecrao
noBTopoB

ToHHocTt onpegeneHHa, 
± %

6 Cogep^aHHe b necKe rnHHbi b K0MKax rOCT 8735 2 0,5
7 Cogep^aHHe b necKe nbineBHgHbix h 

rnHHHCTHx HaCT^ rOCT 8735 2 0,5

8
HacwnHaa nnoTHocTt ^MeHTa, AM^, 

necKa rOCT 8735 2 0,5
9 HcTHHHaa nnoTHocTt necKa rOCT 8735 2 0,1
10 nycToTHocTt necKa rOCT 8735 2 0,5
11 3epH0B0n cocTaB me6Ha

rOCT 8269.0
2 0,5

12 ^po6HMoCTt me6Ha 2 0,5
13 HacwnHaa nnoTHocTt me6Ha 2 0,5
14 HcTHHHaa nnoTHocTt me6Ha rOCT 8269.0 2 0,5
15 Cogep^aHHe b me6He nbineBHgHbix h 

rnHHHCTHx Haci^ rOCT 8269.0 2 0,5

16 Cogep^aHue b me6He 3epeH nemagHon 
h uraoBaTon ^opMbi rOCT 8269.0 2 0,5

17 Cogep^aHue b me6He 3epeH cna6bix 
nopog rOCT 8269.0 2 0,5

CBoncTBa ^MeHTHoro Tecra:
18 HopMantHaa rycT0Ta rOCT 310.3 2 0,1
19 CpoKH cxBaTHBaHua 2 5
CBoncTBa ^MeHTHoro KaMHa:
20 np0HH0CTt npH Ĉ aTHH rOCT 10180 6 5
CBoncTBa 6eT0HH0n cMecu
21 n 0ABH*H0CTt

rOCT 10181
2 5

22 CpegHaa nnoTHocTt 2 5
23 PaccnaHBaeMocTt 2 5
24 CoxpaHaeMocTt nogBĤ HocTH 2 5
CBoncTBa 6eT0Ha:
25 CpegHaa nnoTHocTt rOCT

12730.1 3 5
26 np0HH0CTt npH Ĉ aTHH rOCT 10180 3 5
27 M0p030CT0nK0CTt rOCT

10060.2 6 -

08.04.01.2017.159.00.00.n3



2.1 XapaKTepHCTHKH cbipbeebix MaTepua^OB

2 .1 .1  ^M eHT

^ n a  ycTaHOBneHHa o6m,nx 3aKOHOMepHOCTen BnnaHHa go6aBoK ^MeHTHoro KaMHa 
h 6eTOHa b pa6oTe Hcnonb3oBann ^MeHT Knacca ^ m  I 42,5H no TOCT 31108-2016 
(n u , 500-^0 no rO C T  10178), npoH3BogHTenb -  OOO «,fl,roKKepxo$$ Kopkhho 
^MeHT», H3roTaBHHBaeMMH 6e3 npHMeHeHHa go6aBoK. ^aHHbiH ^MeHT oTnnnaeTca 
BticoKHM KanecTBOM, n0CT0aHCTB0M xHMHHecKoro h MHHepanorHnecKoro cocTaBa 
KHHHKepa h mnpoKO npHMeHaeTca B YpantcKOM pernoHe gna npoH3BogcTBa 
BMcoKOKanecTBeHHoro 6eToHa.

MHHepanorHnecKHH cocTaB ^MeHTHoro KHHHKepa npegcTaBneH cnegyrorn,HMH 
$a3aMH (b 3aBHcHMocTH o t napTHH): C3S -  61,6...64,6 %; C2S -  2 2 ,9 .2 3 ,0  %; C3A -  
5 , 4 .  6,2 %; C4AF -  1 3 ,5 .  16,7 %. XHMHnecKHH cocTaB ^MeHTa npHBegeH B Ta6n. 2.2. 
CBoncTBa npHMeHaeMoro ^ M e m a  npegcTaBneHbi b Ta6n. 2.3.
Ta6n ^ a  2.2 -  XHMHnecKHH cocTaB ^MeHTa

Cogep^aHHe ochobhmx oKcngoB b cocTaBe ^MeHTa, % no Macce
SiO2 AI2O3 Fe2O3 CaO MgO CaOcBo6 SO3

2 0 ,5 .2 2 ,3 ,35,4, ,7,44, 6 3 ,2 .6 5 ,8 0 , 9 .  1,3 0 ,5 .0 ,7 ,20,0,

Ta6n n ^  2.3 -  XapaKTepncTHKH ^ M em a
noKa3aTent 3HaneHHe Tpe6oBaHHa 

no rO C T  10178
CooTBeTcTBHe 

Tpe6oBaHHaM rO C T
1 2 3 4

HopMantHaa 
rycToTa, % 2 3 ,0 .2 3 ,2 5 - -

npegen nponHocra 
npn H3rn6e 
Bo3pacTe 28 cyToK,
M n a

6,2..6,4 He MeHee 5,9 CooTBeTcTByeT
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OKoHHaHue Ta6nû i 2.3
noKa3aient 3HaHeHue Tpe6oBaHua no 

rO C T  10178
CooTBeTcTBHe

Tpe6oBaHuaM rO C T

npoHHocTt npu 
C^aTHH o6pa3^B- 
6anoHeK B Bo3pacTe 28 
cyT0K, M n a

51,7...53,4 He MeHee 49 CooTBeTCTByeT

HaHano cxBaTMBaHua, 
H-MHH 1-20... 1-30 He paHee 45 mhh CooTBeTCTByeT

KoHe^ cxBaTHBaHua, 
H-MHH 2 -4 0 .2 -5 0 He no3gHee 10 h CooTBeTCTByeT

OcTaToK Ha cHTe 
M  008, % ,65,,04, He 6 o n e e15 CooTBeTCTByeT

YgentHaa 
noBepxHocTt, CM2/r 3 5 1 0 .3 7 0 0 — —

HcTHHHaa nnoTHocTt, 
r/cM3

3,15 — —

HacwnHaa nnoTHocTt, 
r/cM3

1 ,1 0 .1 ,1 5 — —

n p 0HH0CTt npu 
nponapuBaHHH, M n a 3 4 ,7 .3 5 ,8 Eonee 32

CooTBeTCTByeT nepBoft 
rpynne no ^$$eKTHBH0CTH 

nponapuBaHua

2.1.2 3anonHHTenu

B KaHecTBe MenKoro 3anonHHTena gna 6eT0H0B npuMeHanu ucKyccTBeHHbift necoK 
H3 oTceBa gpo6neHua HoBocMonHHCKoro Kaptepa. OcHoBHHe xapaKTepucTHKH necKa 
npuBegeHH B Ta6n u ^  2.4.
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Ta6nrni, a 2.4 -  CBoMcTBa necKa
noxa3aTe^b 3HaneHue Tpe6oBaHua no rOCT 

31424-2010
CooTBeTcTBue
Tpe6oBaHuaM

1 2 3 4
HacwnHaa n.noTHocrb, 
Kr/M3

1450 - -
Mapxa no npoHHocru 
ucxogHoM ropHoM nopogw 1400 He MeHee 1000 CooTBeTcTByeT
no^Hwe ocTaTKu Ha cuTax, 
%:
0,16 MM 89,7 -
0,315 mm 75,9 -
0,63 mm 60,35 5654 CooTBeTcTByeT 

KpynHoMy necKy
1,25 MM 38,25 -
2,5 MM 12,25 -
Cogep^aHue 3epeH > 10
MM, % - He 6o^ee 2

CooTBeTcTByeT II 
K^accy

Cogep^aHue 3epeH > 5 mm, 
% - He 6o^ee 12
Cogep^aHue 3epeH < 0,16
MM, % 10,3 He 6o^ee 15

Mogy^b KpynHocTu 2,76 2,5-3,0 CooTBeTcTByeT 
KpynHoMy necKy

Cogep^aHue rauHucrbix u 
nbMeBaTbix nacru^ % 4,5 He 6o^ee 10 CooTBeTcTByeT II 

K^accyCogep^aHue rauHbi b 
KoMKax, % - He 6o^ee 2

B KanecTBe KpynHoro 3anonHHTena gna 6eToHoB npHMeHann rpaHognapHTOBbiH 
rn,e6eHb HoBocMonHHcKoro Kaptepa. OcHoBHbie xapaKTepncTHKH rn,e6Ha npHBegeHbi b 
Ta6n n ^  2.5.
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Ta6nmi, a 2.5 -  CBoMcTBa rn,e6Ha
noxa3aTe^b 3HaneHHe TpeGoBaHHa no 

rOCT 8267, 26633
CooTBeTcTBue
TpeGoBaHHaM

HacwnHaa nnoraocTb, kt/m3 1415 - -
HcTHHHaa n̂ oTHocTb, Kr/M3 2700 2000-2800 CooTBeTcTByeT
no^Hwe ocraTKH Ha curax c 
aneHKon, %:

CooTBeTcTByeT
5 MM 98,3 90-100
10 MM 74,8 30-80
20 MM 7,0 < 10
40 MM 0 -
Cogep^aHHe oTge^bHbix 
$pa^HH, %: CooTBeTcTByeT5-10 MM 25,9 25-40
10-20 MM 74,1 60-75
npoxog nepe3 chto c aneHKoM 
5 MM, % 1,7 - -
OcTaTOK Ha cuTe c aneMKoM 2,5 
mm nocne HcnHTaHHa Ha 
gpoGuMocTb, %

Ap 1400 11,3 CooTBeTcTByeT MapKe
Ap 1400

Cogep^aHHe 3epeH ne^agHoM 
h Hr̂ oBaToM $opMbi, % 14 25 OTHocHTca Ko BTopoM 

rpynne
Cogep^aHHe 3epeH c^aGwx 
nopog, % 2,7 He Go^ee 5

npurogeH g^a 
no^yneHHa GeToHoB 
K̂ accoB B40 h Bwme

Cogep^aHHe nbMeBaTbix 
HaCTĤ  % 0,3 1 CooTBeTcTByeT
nycToTHocTb, % 45,9 - -

08.04.01.2017.159.00.00.n3



2.1.3 ^ o 6aBKH

^ n a  nonyHeHua caMoynnoTHawmeroca 6eT0Ha B KaHecTBe go6aB0K h 
MHKpoHanonHHTeneft ucnont30Banu: MHKpoKpeMHe3eM, 30ny-yH0ca, goMeHHbift
rpaHynupoBaHHbift mnaK, cynepnnacTH^HKaiop Glenium 591.

B pa6oTe ucnont30Banu MHKpoKpeMHe3eM KoHgeHCHpoBaHHHfi HeynnoTHeHHbift 
MapKH MK 85 npou3BogcTBa OAO «^3M K » no TY 5743-048-02495332-96, 
xuMHHecKHfi cocTaB KoToporo npegcTaBneH cogep^aHueM cnegywmux ochobhhx 
oKCHgoB: SiO2 -  91,7 %, CaO -  1,3 %, MgO -  2,8 %, AI2O3 -  0,6 %, Fe2O3 -  1,1 %; 
n .n .n .  cociaBnawr 2,5 %. OcHoBHHe CBoficTBa MK npuBegeHM B Ta6n u ^  2 .6.
Ta6n u ^  2.6 -  CBoficTBa MHKpoKpeMHe3eMa

HauMeHoBaHue noKa3aienefi HopMa gna KpeMHe3eMa 
KoHgeHCHpoBaHHoro 

HeynnoTHeHHoro MapKH 
MK85

MaccoBaa gona MHKpoKpeMHe3eMa KoHgeHCHpoBaHHoro 
b nepecHeie Ha cyxofi ocTaioK, He MeHee, % 97

OopMa h cpegHufi pa3Mep HacTH^ C^epuHecKaa, 0,1 -0,2 mkm
HacwnHaa nnoTHocTt, Kr/M3 2 1 5 .2 3 0
HcTHHHaa nnoTHocTt, r/cM3 2 ,2 2 .2 ,2 6
YgentHaa noBepxHocTt no B03gyx0np0HH^eM0CTH, 
CM2/r 12 00 0 .12 30 0

B KaHecTBe MUKpoHanonHHTena TaK«:e 6wn ucnont30BaH MonoTbifi goMeHHbifi 
rpaHynupoBaHHHfi mnaK npou3BogcTBa OAO «MeHen» r. ^ena6uHCK 
TY 14-105-684-09. OcHoBHHe xapaKTepucTHKH npegcTaBneHM B Ta6n u ^  2.7.
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Ta6nrni, a 2.7 -  CBoMcTBa rpaHynupoBaHHoro mnaKa
noKa3aTenb Eg. u3M. napaMeTpw

Pa3Mep 3epHa:
Cogep^aHHe $ p a ^ u u ,  < 0,080 mm 
Cogep®:aHHe $ p a ^ u u , < 0,020 mm

% 96.0
60.0

YgenbHaa noBepxHocTb, M2/Kr 300
Bna^HocTb, % He 6onee 0,3
Cogep^aHue cTeKnoBugHoft $a3bi % 66,6

AKTHBHocTb mnaKa MonoToro 
ecTecTBeHHoro TBepgeHua b 
HopManbHbx ycnoBuax b Bo3pacTe 
28 cyToK, He MeHee

M n a 10

YgenbHaa ^$$eKTUBHaa aKTuBHocTb 
ecTecTBeHHbx paguoHyKnugoB, He 
6onee

EK/Kr 370

B KanecTBe gononHuTenbHo MuKpoHanonHuTena TaK«:e 6bma ucnonb3oBaHa 3ona- 
yHoca npou3BogcTBa «Pe$TuHcKaa rP 3 C »  n. Pe^TuHcKuft CBepgnoBcKaa o6nacTb, 
cooTBeTcTByw^aa TY 5717-004-79935691.
Ta6n u ^  2.8 -  CBoMcTBa 3onbi - yHoca

noKa3aTenb Eg. u3M. napaMeTpw
CpegHaa nnoTHocTb Kr/M3 1900-2000
HacwnHaa nnoTHocTb Kr/M3 700-720
YgenbHaa noBepxHocTb M2/Kr 280-350
Bna^HocTb, % 0, 1 -0,2

YgenbHaa ^$$eKTUBHaa aKTuBHocTb 
ecTecTBeHHbx paguoHyKnugoB, He 
6onee

EK/Kr 95,06

0 8 . 0 4 . 0 1 . 2 0 1 7 . 1 5 9 . 0 0 . 0 0 . n 3
mcm

35



2.2 PeHTreHO$a3OBbiH aHa.n-n

A a H H b i H  M e T o g  6 a 3 u p y e T c a  H a  u 3 y n e H u u  g u $ p a ^ u o H H o f t  K a p T U H b i ,  K o T o p a a  

c o 3 g a e T c a  n p u  0 T p a « : e H u u  p e H T r e H o B c K u x  n y n e f t  a r o M H b i M u  n n o c K o c r a M u  b  c T p y K T y p e  

K p u c T a r n o B .  P e r n r e H o B c K u e  n y n u  -  ^ T 0  n o n e p e n H b i e  ^ ^ e K T p o M a ^ H U T H b I e  b o h h m  c  

g n u H o f t  1 0 -2 . 1 0 2A .  P e H T r e H o B c K o e  u 3 n y n e H u e  n o n y n a w T  n p H  n o M o r n , u  T p y 6 K u  c  

M e T a n n n n e c K H M  a H T U K a T o g o M ,  b  k o t o p o h  n p o u c x o g u T  c r o n K H o B e H u e  ^ ^ e K T p 0 H 0 B ,  

g.BHVKym .H x c a  y c K o p e H H o  u 3 - 3 a  B b i c o K o r o  H a n p a ^ e H u a .

H c n o n t 3 o B a H u e  ^ T 0 ^ 0  M e T o g a  o c H o B a H o  H a  t o m , h t o  g n u H a  b o h h m  p e H T r e H o B c K o r o  

n y n a  c p a B H U M a  c  M e ^ a r o M H b i M  p a c c T o a H u e M  K p u c T a r n o B ,  K o T o p b i e  u  B b i c T y n a e T  b  p o n u  

g u $ p a ^ u o H H o f t  p e m e T K u .

P e H T r e H o r p a ^ u n e c K H H  a H a n u 3  n p o u 3 B o g a T  c  n o M o r n , b w  y p a B H e H u a  B y n b ^ a - B p e r r a ,  

b  k o t o p o m  o T p a ^ e H a  3 a B u c u M o c T b  y r a a  0  n a g e H u a / o T p a ^ e H u a  r o n y n e H u a  H a  a r o M H y w  

n n o c K o c T b ,  g n u H a  e r o  b o h h m  X  u  M e ^ n n o c K o c r n o e  p a c c T o a H u e  d :

nA = 2d* sinO, ( 2 . 1 )

r g e  n  -  ^ n o e  n u c n o  ( 1 , 2 , 3  u  t .  g . ) ,  o 6 o 3 H a n a w ^ u H  n o p a g o K  c n e K T p a .  O T p a ^ e H H M H  

n 0 T 0 K R g - n y n e f t  c o 3 g a e T c a  T o n b K o  b  t o m  c n y n a e ,  K o r g a  B b m o n H a e T c a  B b i m e y K a 3 a H H o e  

p a B e H c T B o .  O c T a n b H b e  n y n u ,  K o T o p b i e  H e  c o o T B e T c T B y w  y p a B H e H u w  B y n b ^ a - B p e r r a ,  

B 3 a u M H 0  r a c a T  g p y r  g p y r a ,  n o  n p u H U H e  T o r o ,  h t o  o h u  H a n p a B n e H b i  n o g  g p y r u M  y r a o M  

u  H a n p a B n e H u e M .

M e T o g  p e H T r e H o r p a $ u n e c K o r o  a H a n u 3 a  u c n o n b 3 y w T  g n a  u c c n e g o B a H u a  c o c T a B a ,  

c T p y K T y p b ,  c b o h c t b  p a 3 H 0 0 6 p a 3 H b i x  B e r n ,e c T B  u  M a r e p u a n o B .  n o  c p a B H e H u w  c  g p y r u M u  

M e T o g a M u  u c c n e g o B a H u a ,  p e H r e H o r p a ^ u a  3 a p e K 0 M e H g 0 B a n a  c e 6 a  K a K  y H U B e p c a n b H a a ,  

o 6 t e K T U B H a a ,  T 0 H H a a  M e T o g u K a ,  n o 3 B o n a w r n , a a  b  K o p o T K u e  c p o K u  n o n y n u T b  T a K u e  

g a H H M e ,  K o T o p b i e  H e  g o c T y n H b i  g n a  g p y r u x  M e T o g u K .  P e m r e H 0 $ a 3 0 B b i H  M e T o g  a H a n r o a  

n o 3 B o n a e T  K a n e c T B e H H o  u  K o n u n e c T B e H H o  0 T p a 3 U T b  M U H e p a n b H b i f t  u  $ a 3 0 B b i f t  c o c T a B  

M a r e p u a n o B .

P e H T r e H o T e x H U K a .  O 6 m h h o  n p u 6 o p b i ,  c  n o M o r n , b w  K o T o p b i x  n p o u 3 B o g a T  g a H H b i e  

u c c n e g o B a H u a ,  c o c T o a T  U 3  g B y x  o c h o b h m x  n a c r e M ,  r g e  n e p B o e  -  ^ T 0  y c r a H 0 B K a ,  

r e H e p u p y w r n , a a  n e p B U H H b i e  p e H T r e H o B c K u e  n y n u ,  u  B T o p o e  -  y c r p o M c T B o ,  

p e r u c T p u p y w m . e e  R g - n y n u ,  K o T o p b i e  0 T p a « : a w T c a  o t  u c c n e g y e M o r o  o 6 p a 3 ^  u n u ,
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B0Bce, npoxogaT Hepe3 Hero. ^ n a  ^eHepa^HH nepBHHHoro peHTreHoBCKoro H3nyHeHua 
nont3ywTca pernreH0BCKHMH Tpy6KaMH, K0T0pwe BxogaT B cociaB peHTreH0BCKux 
annapaT0B, npegcTaBnawmux co6ofi ycTaH0BKH, nuTaromue peHTreH0BCKue Tpy6KH. 
^ n a  pacno3HaBaHua oipa^eHHwx peHTreH0BCKux nyHefi B pemreH0rpa$HHecK0M 
aHanu3e ucnont3ywT gu$paKT0MeTpbi.

Bo BpeMa uccnegoBaHua 6wn ucnont30BaH Meiog nopomKa. M eiog nopomKa (MeTog 
^ e 6aa-fflepepa) 3aKnwHaeTca b tom, h to  CHaTue peHTre HorpaMM Begeica B KaMepe, c 
ucnont30BaHueM MoHoxpoMaTHHecKoro peHTreHoBCKoro H3nyHeHua h 
nonHKpucTannuHecKux o6pa3^B  H3 ToHKogHcnepcHoro nopomKa, npegcTaBneHHbix B 
Buge He6ontm ux ^HnHHgpoB (guaMeip o6hhho cociaBnaeT 0 ,5 .0 ,8  mm, Bwcoia 
5 . 6  mm), nnocKoro m nu^a unu nopomKa, npuKneeHoro Ha nogno^Ky. Pe^HCTpa^Ha 
peHTreHoBCKoro H3nyHeHua ocymecTBnaeica Ha y3Koft nonocKe ^oTonneHKH, KoTopaa 
CBepHyTa B ^HnHHgp. PeHTreHoBCKue nyHH oipa^awTca o t nonuKpucTannuHecKoro 
o6pa3^ , B KoTopoM KpucTannw pacnonorawTca xaoTHHecKu. npuHeM HeK0T0pwe H3 hhx 
opueHTupoBaHH B HanpaBneHHH, ygoBneTBoparomeM ypaBHeHuw Bynt^a-Eperra.

Pacmu^poBKa pernreHorpaMM 3aKnwHaeTca B onpegeneHHH yrnoB oipa^eH ua 0 h 
Me^nnocKocTHHx paccToaHufi d cooTBeTCTByromux gu^pa^uoHHbiM MaKCHMyMaM h 
o^HKe ux 0TH0CHTentH0K HHTeHCHBH0CTH.

Ha 0CH0BaHHH nonyHeHHHx gna Ka^goro nuKa 3HaHeHuaM 0 h H3BecTHofi gnuHe 
BonHH A npuMeHaeMoro peHTreHoBCKoro H3nyHeHua, onpegenawT BenuHHHH 
Me^nnocKocTHoro paccToaHua d, ucnont3ya ypaBHeHue B ynt^a-E perra unu c 
noMomtw cnpaB0HHHx Ta6n u ^  rge gna pa3nuHHwx gnuH BonH peHTreHoBCKoro 
H3nyHeHua npuBegeHH 3HaHeHua d B 3aBHCHM0CTu o t  0. 3HaHeHue d mo^ho TaK«:e HafiTH 
c noMomtw npo3paHHHx nuHeeK, Ha ko tophx HaHeceHH coBMemaeMHe c penepHMMH 
oTMeTKaMH Ha peHTreHorpaMMe 3HaHeHua yrnoB 0 h cooTBeTCTBywmue hm 3HaHeHua d.

2.3 TepMHnecKHe MeTogbi aHa^H3a

noMHMo peHTreHoBCKoro aHanu3a, B uccnegoBaientCKofi npaKTHKe mup0K0 

ucnont3ywT h TepMHHecKufi Meiog, ko tophh  bo3mo^ho npuMeHaTt KaK
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caMocToaTenbHo, TaK u b coBoKynHocTu c gpyruMu 6onee ^$$eKTUBHbIMu $h3hko -  
xuMHHe ckumu MeTogaMu.

B TepMHHecKHH aHanu3 BxoguT coBoKynHocTb Tpex MeTogoB: gu$$epeH^ua^bH0- 
TepMUHecKUH (ATA), TepMorpaBUMeTpuHecKufi unu TepMoBecoBofi (T r) u 
gu$$epeH^ua^bH0-TepM0^paBUMeTpuHecKUH (ATr). Oco6eHHocTb gu$$epeH^ua^bH0- 
TepMUHecKoro aHanu3a 3aKnwnaeTca b u3yneHuu u3MeHeHua cTpyKTypbi MaTepuana npu 
ero HarpeBaHuu, a T0HHee, no conpoBo^gawmuMca TennoBbiM ^$$eKTaM.

n p u  $H3unecK0 - xuMHHecKux n p o ^ cc ax  npeBparn,eHua Bern,ecTBa, ^Hep^ua Mo^eT 
noraorn,aTbca unu BbigenaTbca U3 Bern,ecTBa b Buge TennoTbi.

PerucTpaTopoM TennoBbigeneHua BbicTynaeT gu$$epuH^ua^bHaa TepMonapa, ee 
ocHoBHoe oTnuHue o t o6mhhoh TepMonapbi, 3aKnwnaeTca b 6onee HyBcTBUTenbHoM

------ — T
PucyHoK 2.1 -  npuM epb npoaBneHua $ u 3UK0-xuMUHecKux p e a ^ u ft

MeToge -  0T06pa^;eHue TennoBbigeneHua npoucxogaT c 6onee ray6oKUMu nuKaMu. 
MeTog ocHoBaH Ha tom, h to  ucnonb3yeTca ^Ta^0HH0e Bern,ecTB0, KoTopoe He 
npeTepneBaeT HUKaKoro npeBparn,eHua, u uccnegyeMoe, 3aTeM npoucxoguT HarpeBaHue 
nocnegHero, napannenbHo u3MeHeHue TeMnepaTypbi o6pa3^B  perucTpupyeTca u 
gaHHbie BbrnogaTca b Buge ^ y H ^ u u  TeMnepaTypbi.

TeMnepaTypa b uccnegyeM0M Bern,ecTBe Mo^eT KaK noBbimaTbca, TaK u noHu^aTbca, 
b cpaBHeHuu c ^Ta^0HHbIM o6pa3^M , b TeHeHue Bcero n p o ^ c c a  ucnbiTaHua. Ha 
gu$$epeH^ua^bH0H KpuBoM noaBnaeTca TeMnepaTypHbift nuK. TeMnepaTypHbift 
MaKcuMyM unu MUHUMyM xapaKTepu3yeT tot unu hhoh ^rouHecKuft u xuMUHeckhh 
n p o^ ccb i. H3BecTH0, hto npu ^HgoTepMUHecKux n p o ^ cc a x  gu$$epeH^ua^bHaa 
KpuBaa oTKnoHaeTca ot HyneBoft hhhhh bhh3, a npu ^K30TepMUHecKux BBepx.
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AMnnuryga OTKnoHeHuft, OTpa«:awffl,aa pa3H u^ Me^gy uccnegyeMbiM u ^Ta^OHHbM
o6pa3^M , KaK pa3 u aBnaeTca noKa3aTeneM uHTeHcuBHocTu TepMunecKoro np o^cca .

^K3O^$$eKTb xapaKTepHb gna cnegywrn,ux ^rouKO-xuMunecKux npo^ccoB:
-  ge^ugpaTa^ua;
-  KpucTannroa^a;
-  nepeKpucTa^^u3a^ua;
-  oKucneHue.
^Hgo^$$eKTb noaBnawTca npu:
-  nonuMop^HOM npeBparn,eHuu;
-  nnaBneHuu;
-  pa3no^;eHuu Bern,ecTBa;
-  cTeKnoaBHuu.
TepMunecKufi ^$$eKT xapaKTepu3yeT nno^agb, npaMonponop^uoHa^bHaa

TennoBOMy ^$$eKTy npeBparn,eHua u o6paTHo nponop^uoHa^bHaa KO^$$u^ueHTy
TennonpoBogHocru o6pa3^ , aMnnuryge, TeMnepaType Hanana, MaKcuMyMa u koh^
TepMunecKoro ^$$eKTa.

TepMunecKufi ^$$eKT onpegenaeTca $ u3uko - xuMunecKuMu npo^ccaM u, KOTopwe
co3gawTca b pe3ynbTaTe npeBpam,eHuft, conpoBo:^n,awffl,uMuca u3MeHeHueM Maccw
Be^ecTBa.

TepMunecKufi MeTog uccnegyeMoro o 6 p a 3 ^  npoBogaT KaK npu HarpeBaHuu
Be^ecTBa c nocToaHHoM cKopocTbw noBbimeHua TeMnepaTypw, TaK u npu BHeceHuu
MaTepuana b 3apaHHee pa3orpeTyw go onpegeneHHoft TeMnepaTypw nenb.

Ochobhwmu geTanaMu ycTpoMcTBa gga npoBegeHua ^T A  aBnawTca:
-  gep^aTenb o6pa3^B (6hoku u Turau);
-  TepMonapa;
-  HarpeBaTenbHaa nenb;
-  TepMoperynaTop;
-  ycunuTenb ^^eKTpogBu^y^eH cunbi;
-  perucTpupyw^ufi npu6op.

0 8 . 0 4 . 0 1 . 2 0 1 7 . 1 5 9 . 0 0 . 0 0 . n 3
mcm
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n e p  eg TepMHHecKHM aHanu30M o6pa3^B, npoBogaT nogroToBHTentHHe pa6oTH: 
H3MentHawT b CTynKe 1 . 2  r  uccnegyeMoro BemecTBa. B Marepuane He gon^Ho 
HaxoguTca ocTaroHHoft Bna^Hocru, o6hhho ee yganawT npu noMomu BaKyyMa, 
K0T0pwfi co3gaeTca npu noMomu BogocTpyfiHoro Hacoca. 3areM 06e3B0^eHHHfi 
nopomoK npoceuBawT Hepe3 chto 10 tmc. otb/cm2. H3 nopomKa 0T6upawT HaBecKy
0 ,3 .0 ,5  r  h noMemawT B nnaruHoBbift, KopyHgoBbift unu KaKofi-nu6o hhoh Turent. 
O6paTHTt BHHMaHue Ha to, hto6m h HaBecKa, h CTeneHt ynnoTHeHua y ucnwTHBaeMoro 
o 6 p a 3 ^  h y ^TanoHa 6wnu ugeHTHHHM gna Bcex cepufi npoBogHMHx onHToB.

YMeHtmeHue HaBecKH uccnegyeMoro o 6 p a 3 ^  gaeT cnegywmue npeuMymecTBa: 
noBHmaeT pa3pymawmyw cn0C06H0CTt Meioga; cnoco6cTByeT paBH0MepH0My 
pacnpegeneHuw TeMnepaTypHoro nona B o6pa3^ , a oicw ga pe3K0 CHH®;aeTca BpeMa 
$a30BHx npeBpameHufi; yMeHtmaeica BnuaHue Ha pe3yntTara aHanu3a ^ap^HantH0^0 
gaBneHua ra3a, BHgenawmeroca H3 o 6 p a 3 ^  B n p o ^ c c e  ero HarpeBaHua.

AHanu3upyeMHe HacTH^i no bo3mo^ hocth gon^Hbi 6wTt MaKCHMantHo 6nu3KH no 
pa3MepaM, a nnoTHocTt ynaK0BKH Marepuana B Turne 6onee ogHopogHa.

Pa3nuHHaa CTeneHt ynnoTHeHua uccnegyeMoro h ^Tan0HH0^0 BemecTB, npuBoguT k 
He^enaientHHM nocnegcTBuaM, npu kotophx B n p o ^ c c e  HarpeBaHua o6pa3^B ux 
TennonpoBogHocTt 6ygeT pa3nuHHofi h b pe3yntTare Hero gH$$epeH^Ha^tHaa KpuBaa 
oTKnoHHTca ot CBoero 6a3HCHoro nono^eHua. BnuaHue pa3nuHHofi CTeneHH 
ynnoTHeHua uccnegyeMoro h ^Tan0HH0^0 BemecTB Ha xapaKTep gH$$epeH^Ha^tH0H 
KpuBofi Hau6onee pe3K0 CKa3MBaeTca npu hh3khx TeMnepaTypax, t. e. B HaHane 
n p o ^ c c a  HarpeBaHua o6pa3^B.

Pacmu^poBKa gepuBarorpaMM. npuMepoM pacmu^poBKH 6ygeT cogep^aHue 
rugpoKCuga K an^ua B ^MeHTHoM KaMHe.

n o  noiepe Maccw b HHTepBane TeMneparyp 4 7 0 .4 9 0  °C, cooTBeTCTBywmeMy 
npoTeKaHuw ^Hg0TepMHHecK0H p e a ^ u u  pa3no^;eHHa Ca(OH)2, onpegenanu ero 
cogep^aHue b ^MeHrnoM KaMHe cornacHo ypaBHeHuw p e a ^ u u :

74 18
Ca(OH)2  ^  CaO + H 2O (2.2)

x a
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X  = (2.3)
rge x -  cogep^aHue Ca(OH)2 b ^MeHTHOM KaMHe, %; a -  noTepu Maccb 3a cneT 

OT^enneHua Bogb npu pasno^eHuu Ca(OH)2 .

2.4 ^̂ eKTpOHHO-MHKpOCKÔ HHeCKHH MeTOg aHa^H3a

Ha gaHHbH MOMeHT, HOBeMmue ^^eKTpoHHbe MuKpocKonb no3BonawT yBenunuBaTb 
u3o6pa^eHue go 106 pa3, TeM caMbM BO3HuKaeT BO3Mo^HocTb paccMaTpuBaTb nacT u^i 
pa3MepaMu go 0,4 hm. 3 to  crano bo3mo^hwm nocne Toro, KaK b MuKpocKonuu cranu 
ucnonb3OBaTb ^^eKTpoHHbe nynu, b KOTopwx gnuHa bo^hmi b HecKonbKO pa3 Kopone 
gnuHb BonHbi BuguMoro cBeTa.

C x e M a  ^ ^ e K T p 0 H H 0 ^ 0  M u K p o c K o n a  n p a K T u n e c K u  H e  O T n u n a e T c a  o t  c B e T O B o r o .  

B o n b ^ p a M O B a a  n p o B o n o K a ,  a B n a w r n , a a c a  K a T o g o M ,  n p u  H a r p e B a H u u  H a n u H a e T  

u c n y c K a T b  ^ ^ e K T p o H b .  T a K  K a K  M e ^ g y  K a T o g o M  u  a H o g o M  H a n u H a e T  B O 3 H u K a T b  

p a 3 H o c T b  n 0 T e H ^ u a ^ 0 B ,  K O T o p a a  p a B H a  H e c K o n b K u M  g e c a T K a M  k B t ,  t o  b  p e 3 y n b T a T e  

^ ^ e K T p o H b  H a n u H a r o T  g B u r a T b c a  c  g o c r a T O H H O  6 o n b m o f t  c K o p o c T b w  k  a H o g y  u  

n p o x o g a T  b  O T B e p c T u e  M a r H u T H O H  n u H 3 b .  ^ u H 3 a  ^ O K y c u p y e T  g a H H b H  n 0 T 0 K  

^ ^ e K T p 0 H 0 B  b  n n o c K o c T u  o 6 t e K T a .  3 a T e M  ^ ^ e K T p o H b  0 K a 3 b B a w T c a  b o  B T o p o M  

M a r H u T H O H  n u H 3 e ,  b  n n o c K o c r u  k o t o p o h  c o 3 g a e T c a  y B e n u n e H H o e  y B e n u n e H u e  

u 3 o 6 p a ^ e H u a  o 6 t e K T a .  ^ n a  0 T 0 6 p a ^ e H u a  K a p T u H K u ,  b  n n o c K o c r u  y c T a H a B n u B a e T c a  

$ n w o p e ^ u p y w m , u f t  ^ K p a H .  O h  n o 3 B o n a e T  n o n y n a T b  T 0 n b K 0  n p 0 M e ^ y T 0 H H 0 e  

u 3 o 6 p a ^ e H u e .  ^ a c T b  ^ ^ e K T p 0 H 0 B ,  H e c y r n , u x  o n p e g e n e H H y w  n a c T b  o 6 r n , e r o  

u 3 o 6 p a ^ ; e H u a ,  n p o x o g u T  n e p e 3  O T B e p c T u e  b  ^ m p e  ^ K p a H a  u  n p u  n o M o r n u  T p e T b e M  

M a r H u T H O H  n u H 3 b  ^ O K y c u p y e T c a  b  y B e n u n e H H O M  B u g e  b  n n o c K o c r u .  B  n n o c K o c r u  

K O H e n H o r o  u 3 o 6 p a ^ ; e H u a  T a K « : e  u M e e T c a  $ n w o p e ^ u p y w m , u f t  ^ K p a H ,  n p e B p a m , a w r n , u H  

^ ^ e K T p o H H o e  u 3 o 6 p a ^ e H u e  b  c B e T 0 B 0 e .  n o g  $ n w o p e ^ u p y w r n , u M  ^ K p a H 0 M  n o M e r n , a e T c a  

K a c c e T a  c  o 6 m h h o h  $ 0 T 0 r p a $ u n e c K 0 H  n n a c T u H K O H ,  K 0 T 0 p y w  m o ^ h o  3 a 3 K c n o H u p o B a T b .  

B c a  c u c T e M a  M u K p o c K o n a  H a x o g u T c a  b  K o n o H K e  n o g  B a K y y M O M , p a B H b M  

1 , 3 3  1 0 -2 . . . 6 , 6 6  1 0 -3 n a .  O 6 r n . e e  y B e n u n e H u e  M u K p o c K o n a  p a B H O  n p o u 3 B e g e H u w  

y B e n u n e H u f i ,  g a B a e M b x  n u H 3 a M u .
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3 M ETO./IIKA PA3PAEOTKH C A M O yM O T H flro^E rO C H  EETOHA
n p u  pa3pa6oTKe cocTaBoB caMoynnoTHawmeroca 6eT0Ha nepB0HanantH0 6wn 

Bw6paH Hau6onee ^$$eKTHBHbIH cynepnnacTH^HKarop -  MasterGlenium SKY 591, 
cornacHo peK0MeHga^HaM, H3no^eHHMM B CTO 70386662-306-2013. 3areM 6wnu 
nogo6paHH Hau6onee pacnpocTpaHeHHbie b HameM peruoHe MUKpoHanonHHTenu, TaKue 
KaK: MHKpoKpeMHe3eM, 3ona-yHoca, goMeHHMH rpaHynupoBaHHbift mnaK. ^anee ^MeHT 
BMecTe c nnacTH^HKaTopoM h MUKpoHanonHHTeneM B pa3HHx go3upoBKax 3aTBopanu 
Bogofi c pa3nuHHHM Bogo^MeHTHbiM oTHomeHHeM. 3areM c noMomtw K0Hyca (Bwcoia
-  60mm, HH^Hee 0CH0BaHue -  75mm, BepxHee 0CH0BaHue -  100mm) o^HHBanu 
noKa3arenu pacnnHBa h TeKyHecTH ^MeHTHoro Tecra. n o  pe3yntTaraM gaHHoro 
^KC^epHMeHTa 6wnu 0T06paHH Hau6onee nogxogamue cocTaBH, coneTawmue B ce6e 
BwcoKyw nogBH^HocTt h He HMewmue BogooTgeneHua. ^anee Ha 0CH0BaHHH 
nonyHeHHHx gaHHbix pa3pa6aTHBanu caMoynnoTHawmuftca 6eT0H. KonuHecTBo 
MenKoro h KpynHoro 3anonHHTena BH6upanu ucxoga H3 peK0MeHga^HH MeioguKH 
OKaMypw: HactmHoft o6teM 3anonHHTena xpynHoft ^ p a ^ u u  gon^eH 6wTt He 6onee 
50 %, a o6teMHaa HacTt necKa -  He 6onee 40 % o t o6teMa 6eT0Ha (cm. Ta6n. 3.1).
Ta6n u ^  3.1 OcHoBHbie ^Ta^H nog6opa cocTaBa CYE no Meiogy OxaMypM

O^Hxa cogep^aHHa B03gyxa b 6eT0HH0H cMecu 2 . 4  % b o6meM o6teMe
OnpegeneHHe cogep^aHua KpynHoro 3anonHHTena b 

6eT0He (0>4 mm)
<50 % b o6meM o6teMe

OnpegeneHHe cogep^aHHa Menxoro 3anonHHTena b 
pacTBope (0,125 mm < 0  < 4 mm)

<40 % b o6meM o6teMe

OTHomeHHa xonHnecTBa Bogw x MenxogHcnepcHbiM 
cocTaBnaw mHM

B / Ba*.+HanonHHTent 
= 0,4.0,5

Ô THMH3â Ha cbohctb ^MeHTHoro Tecra h pacTBopa. 
PacnnHB xoHyca, onpegeneHue TexynecTH BopoHxon

PacnnwB xoHyca 25 ± 1 cm, 
BpeMa HCTeneHua = 9 .1 1  c

Ô THMH3â Ha cbohctb 6eT0Ha.
PacnnHB xoHyca, onpegeneHue TexynecTH BopoHxon

PacnnwB xoHyca 65 ± 5 cm, 
BpeMa HCTeneHua = 5 .2 0  c

B KaHecTBe MenKoro 3anonHHTena 6wno pemeHo ucnont30Bart necoK H3 oTceBa 
gpo6neHua, TaK KaK B o6h h h h x  npupogHbix necKax bo3mo^ho npucyTCTBue unucTbix h 
(unu) rnuHHCTbix nacTH^ K0T0pwe oipu^T entH o BnuawT Ha ^$$eKTHBH0CTt
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cynepnnacTH^HKaTopa [31, 38, 39]. ^ a c r a ^ i  raHHbi agcop6npywT Ha ce6e 
nonHKap6oKCHnaTM h 6noKHpywT hx Bo3geftcTBHe Ha ^MeHT, b pe3ynbTaTe 
Heo6xogHMo yBennneHHe go3HpoBKH goporocToam,eft go6aBKH, H3-3a cHH^eHHa ee 
^$$eKTHBHOCTH, hto  npHBogHT k yBennneHHW ctohm octh caMoro 6eToHa. KpoMe Toro, 
KonnnecTBo rnHHHCTix HacTH^ m o ^st BapbnpoBaTbca b necKe b 3aBHCHMocTH o t 
napTHH, TeM caMMM ^To ycno^HaeT pa6oTy onepaTopaM BPY, kotopmm Heo6xogHMo 
go6HBaTbca nocToaHcTBa h cTa6nnbHocTH cbohctb BimycKaeMoft hmh npogy^HH, 
KoppeKTHpya y ^ e  HMewrnywca TexHonornw npoH3BogcTBa CYE. ^ 0^T0My npHMeHeHHe
HcKyccTBeHHoro necKa H3 oTceBa gpo6neHHa Mo^eT 6biTb ornuManbHbiM BapnaHTOM gna
nonyneHHa B KoHKpeTHix ycnoBHax caMoynnoTHawrn,eroca 6eToHa, K ToMy ^ e , aBnaacb 
no6oHHMM npogyKToM gpo6neHHa rn,e6Ha, oh HMeeT cpaBHHTenbHo HH3Kyw ctohm octh 

CoraacHo peKoMeHgauuaM OKaMypi, 6bmn nogo6paHbi npegBapHTenbHbie cocTaBM 
CYE h npoBegeHa o^HKa cbohctb 6eTOHHbix cMeceft h 6eToHoB, nonyneHHbie 
pe3ynbTaTM noMern,eHbi b Ta6n  3.2.
Ta6n n ^  3.2 -  npegBapHTenbHbie cocTaBM caMoynnoTHawrn,eroca 6eToHa (Kr/M3)

CocraB/N» ^KcepHMeHTa 1 2 3 4 5

^MeHT 470 450 470 450 350
necoK 1100 1000 1000 1000 1000

^ e 6eHb 850 750 750 750 750
3ona-yHoca 90 80 80 80 70
fflnaK - - - - -
MuKpoKpeMHe3eM - 10 37 20 52
CynepnnacTH^HKaTop 3,5 3,5 3,5 3,5 3,5
Boga 242 227 245 235 229
Otk^hkh
PacnnbiB KoHyca 55-60 cm 60-65 cm 47-50 cm 55-60 cm 50 cm
PaconbiB KoHyca Hepe3 120 

MHH. 45 cm 55-60 cm 40-45 cm 45 cm 50 cm

npoHHocTb Ha 3 cyT. 36 Mna 35 Mna 35 Mna 35 Mna 22 Mna
npoHHocTb Ha 7 cyT. 42 Mna 40 Mna 40Mna 46 Mna 32 Mna
npoHHocTb Ha 28 cyT. 46 Mna 48 Mna 58 Mna 56 Mna 36 Mna
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OKoHHaHue Ta6n u ^ i  3.2
CocTaB/

^KcepHMeHTa
6 7 8 9 10

^MeHT 450 450 300 400 450
necoK 1000 1000 1000 1000 1000

^eGeHb 750 750 750 750 750
3o^a-yHoca 100 50 30 70 50
ffl^aK 100 50 150 100 50
MuKpoKpeMHe3eM - - - - 36
CynepnnacTH^HKaTop 3,5 3,5 3,5 3,5 3,5
Boga 256 242 211 230 260
Otk. hkh
Pacn^HB K0Hyca 65-70 cm 60 cm 60 cm 60 cm 60 cm
Pacn^HB K0Hyca Hepe3 
120 MHH. 65-70 cm 60-65 cm 60 cm 60 cm 60 cm

npoHHocTb Ha 3 cyT. 28 Mna 31 Mna 23 Mna 29 Mna 26 Mna
npoHHocTb Ha 7 cyT. 36 Mna 36 Mna 29 Mna 33 Mna 29 Mna
npoHHocTb Ha 28 cyT. 46 Mna 44 Mna 39 Mna 49 Mna 37 Mna
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BblBO^M
n o  pe3ynbTaTaM uccnegoBaHua mo^ ho cgenaTb cnegywm,ue BbiBogii:
-  BBegeHue b 6eT0H b KaHecTBe HanonHUTena MUKpoKpeMHe3eMa, cnoco6cTByeT 

yBenuHeHuw ero npoHHocTu b n p o ^ c c e  TBepgeHua, ogHaKo oh HeraTUBHo BnuaeT Ha 
peonoruHecKue cBoMcTBa CYB, yBenuHUBaa BogonoTpe6HocTb cMecu u He3HaHUTenbH0 

yBenuHHBaa nogBu^HocTb;
-  BBegeHue 3onii-yHoca nono^uTenbHo cKa3bmaeTca Ha cBoMcTBax 6eT0HH0H cMecu, 

ynyHmaeTca TeKyHecTb, nogBu^HocTb u ygo6oyKnagbiBaeMocTb, ho B03geMcTBue 3onn- 
yHoca Ha noBbimeHue npoHHocTu 6eT0Ha -  He3HaHUTenbHo;

-  ucnonb30BaHue goMeHHoro rpaHynupoBaHHoro mnaKa -  Hau6onee ^$$eKTUBH0 

npoaBnaeT cboh cBoMcTBa b caMoynnoTHawm,uxca 6eT0Hax. C ogHoM cropoHbi, oh 
BbicTynaeT KaK xopomuM ToHKogucnepcHMH HanonHUTenb, o6ecneHUBaa noBbimeHue 
peonoruHecKux cbohctb cMecu, c gpyroM ctopohh, npoaBnaeT ce6a b KaHecTBe 
aKTUBH0H cocTaBnaw^efi Ba^ym,ero u no3BonaeT 6eT0Hy Ha6upaTb gononHUTenbHyw 
npoHHocTb b no3gHue cpoKu TBepgeHua;

-  ToHKogucnepcHaa cocTaBnawm,aa ucKyccTBeHHoe necKa (oTceBa), 
npegcTaBnararn,aa co6oft MUHepanii guopuTa u rpaHoguopuTa -  nono^uTenbHo 
cKa3HBaeTca Ha peonoruHecKux cBoMcTBax 6eT0Ha u Mo^eT 6biTb ucnonb30BaHa b 
caMoynnoTHawm,eMca 6eT0HH0M cMecu -  KaK gononHUTenbHbiM Bug 
MHKpoHanonHHTena, gna yBenuHeHua TeKyHecTu 6eT0HH0M cMecu.



4 I IC C .il/lO B AIII IE CBOHCTB C A M O Y niO TH flTO ^ErO C fl BETOHA
n o  pe3ynbTaTaM HccnegoBaHHa mo^ho BiigenHTb HecKonbKo Han6onee 

onTHManbHHx cocTaBoB c xopomuMH $yH ^H 0HanbHiiMH cBoftcTBaMH, K0T0piie 
npegcTaBneHH b Ta6n n ^  4.1 h paccMoTpeTb hx TexHHHecKHe xapaKTepncTHKH 6onee 
nogpo6Ho.
Ta6n ^ a  4.1 -  Pa3pa6oTaHHiie cocTaBi caMoynnoTHawrn,eroca 6eToHa
Knacca B30, B35 (Kr/M3)

CocTaB/ K^acc SeTOHa B30 B35
^M eHT 300 450
necoK 1000 1000

^ e 6eHb 750 750
3ona-yHoca 30 100

fflnaK 150 100

MHKpoKpeMHe3eM - -
CynepnnacTH^HKaTop 3,5 3,5
Boga 2 1 1 256
Otk^ hkh
PacnniB  KoHyca 60 c m 65-70 c m

PacnniB  KoHyca Hepe3 120 m h h . 60 c m 65-70 c m

npoHHocTb Ha 3 cyT. 23 M n a 28 M n a
npoHHocTb Ha 7 cyT. 29 M n a 36 M n a
npoHHocTb Ha 28 cyT. 38 M n a 46 M n a
M0p030cT0HK0cTb F 1200 F 1300
nopncTocTb 4,72% 3,95%
BogoHenpoH^aeMocTb W10 W12

4.1 Hee^egoBaHHe CTpyKTypM caMoyn^OTHHro^erocH SeTOHa

H3yneHne $a30B0ro cocTaBa cTpyKTypi npoBognnn no gaHHiM gH$$epeH^Ha^bH0- 
TepMHHecKoro aHanroa (ATA), Ha gepHBaTorpa^e cncTeMii LuxxSTA 409 ^HpMii
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Netsch, h peHTreH0$a30B0r0 aHanH3a (POA), Ha gn^paKTOMeTpe ^PO H -3M  
(M0gepHH3Hp0BaHH0H npncTaBKOH PDWin).

^aHHtie MeTogbi no3BonawT HccnegoBaTb $a30BbiH cocTaB, CTpyKTypy 
^opMHpywmeroca ^M em H oro KaMHA h o^HHTb ee CTa6nnbHOCTb npn TBepgeHHH.

4.1.1 ^epHBaTorpa^HnecKHH aHanH3

C noMombW gepHBaTorpa^HnecKoro MeToga b nepByro onepegb 6bmo onpegeneHo 
KonnnecTBO xHMHnecKH CB^3aHHoH Bogbi h cogep^aHHe CBo6ogHoro rngpoKcnga 
Ka^b^Ha.

PncyHoK 4.1 -  ^epHBarorpaMMa CYE Knacca B30 
Cogep®:aHHe Ca(OH)2 -  3,7 %;
XHMHnecKH cB33aHHaa Boga W  -  11,2 %.



PucyHoK 4.2 -  AepuBaTorpaMMa CYB Knacca B35
-  Cogep®;aHue Ca(OH)2 -  3,7 %;
-  XuMHHecKu cBa3aHHaa Boga W  -  11,3 %.
n p u  o6pa6oTKe pe3ynbTaroB gepuBaTorpaMM, 6im o 06Hapy^;eH0, h to  reneBugHofi 

$a3H C-S-H(I) 3HaHHTenbH0 6onbme, HeM C-S-H(II), a anwMUHarHbie $a3bi 
npegcTaBneHH cTa6unbHbiMu rugpoanwMUHaraMu -  Ky6uHecKUMu C3AH6 u 
reKcaroHanbHbiMH CAH10, a TaK®;e rugporpaHaTaMu C3ASH4, KoTopbie b ganbHefimeM, 
c H3MeHeHueM Ph -  cpegii ^MeHTHoro KaMHa npu ^KC^^yaTa^uu, He nogBeprawTca 
npo^ccaM  ^epeKpucTa^^u3a^uu u cnoco6cTBywT coxpaHeHuw npoHHocTu KaMHa.



4.1.2 PernreHorpâ HHecKHH aHanro

PncyHoK 4.3 -  POA CYE Knacca B30

PncyHoK 4.4 -  POA CYE Knacca B35 
Hcn0nb30BaHHe 3oni-yHoca c mohothm goMeHHMM mnaK0M npHBogHT k 

^opMHpoBaHHra ^MeHTHoro KaMHa, ko tophh cogep^HT: Ca(OH)2 d/n=4,93; 3,11; 2,63; 
1,93; 1,79 A, npegnoHTHTenbHo HH3K00cH0BHbie rngpocnnHKaTbi Ka^b^Ha THna 
C-S-H (I) $a3H h cTa6nnbHHe rngpoanwMHHaTbi Ky6nHecKHH chhtohhh THna C3AH6 

d/n= 1,7; 1,63 A, rngporpaHaTOB d/n= 2,72 - 2,8 A h BHcoKoocHoBHoro 
rngpocnnHKaTHoro rena. CTpyKTypa ^MeHTHoro KaMHa B 6eT0He c^opMHpoBaHa, B 
ochobhom, aMop$H3HpoBaHHHMH ragpocnnHKaTaMH Kanb^Ha.
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5 BE3OnACHOCTb ^H 3H E /E H T E ibH O C T H
O6ecneHeHHe 6e3onacHocra TpygoBoro npo^cca -  T̂0 Heo6xogHMoe ycnoBHe 

nw6ofi geaTenbHocTH. B ycnoBHax HayHHo-TexHHHecKoro nporpecca, pa3BHTHa TexHHKH 
h TexHo jiornfi npo6neMa 6e3onacHocra ^H3HegeaTenbHocTH npno6peTaeT Bce 6onbmyw 
aKTyanbHocTb.

B Hamefi cTpaHe npHHaTii c^e^HanbHHe H0pMaTHBH0-npaB0Biie aKTii, 
HanpaBneHHie Ha o6ecneHeHHe ycnoBHfi Tpyga, K0T0p ie  oTBeHawT Tpe6oBaHHaM 
coxpaHeHHa ^h3hh h 3gopoBba pa60THHK0B B hx TpygoBofi geaTenbHocra. AaHHie aKTii 
co6paHii B cncTeMe cTaHgapT0B 6e3onacHocra Tpyga (CCET), geftcTByw^eft Ha 
cerogHamHHfi geHb.

KoHCTHTy^Ha Pocchhckoh Oegepa^HH [4] B KaHecTBe ogHoro H3 ochobhmx npaB 
rpa^gaH 3aKpennna npaBo Ha oxpaHy 3gopoBba (cTaTba 410). EcTecTBeHHiM 
cnegcTBHeM T̂0^0 aBnaeTca h npaBo pa6oTHHKa Ha 3gopoBbe h 6e3onacHiie ycnoBHa 
Tpyga, K0T0piie TaK^e 3aKpenneHi B KoHCTHTŷ HH (cTaTba 37).

OpraHH3au,na h pyKoBogcTBo pa60T0H no oxpaHe Tpyga, a TaK^e oTBeTcTBeHHocTb 
3a cocToaHHe pa6oTii no oxpaHe Tpyga Ha npegnpnaTHH B03naraeTca Ha pyKoBogHTena 
(gnpeKTopa, HaHanbHHKa, ynpaBnawrn,ero) h rnaBHoro HH^eHepa npegnpnaraa.

5.1 KpaTKoe onucaHue paccMaTpuBaeMoro npoeKTa, npo^ccoB, npuMeHHeMoro
oSopygoBaHHH, MexaHH3MoB, yc^oBHH Tpyga

AnnnoMHaa pa6oTa 3aKnwHaeTca B pa3pa6oTKe caMoynnoTHawrn,eroca 6eT0Ha co 
cTa6HnbHiiMH cBoficTBaMH Ha pagoBix MaTepnanax ^ena6HHcKofi o6nacra. Pa6oTa 
npoBognnacb Ha 6a3e Ka^egpii «CTpoHTenbHie MaTepHanii» apxHTeKTypHo- 
cTpoHTenbHoro HHcTHTyTa MYprY.

EeToHHaa cMecb npegcTaBnaeT co6oh nogBH^Hyw cMecb Ba^yrn,ero, 3anonHHTena 
h go6aB0K, 3aTBopeHHiix Bogoft. B gaHHofi pa6oTe ncnonb3yeTca ^MeHTHoe Ba^yrn,ee, 
rn,e6eHb h necoK b KaHecTBe 3anonHHTena, pasnHHHiie go6aBKH (nnacra^HKaTop, 
MHKpoKpeMHe3eM, mnaK h 3ona-yHoca) h 3aTBopHTenb -  Boga.

B xoge pa3pa6oTKH 3aKnagoHHoft cMecn ncnonb30Banocb cnegyw^ee 
o6opygoBaHHe:
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-  6eTOHocMecHTenb;
-  Bu6ponnomagKa;
-  Becti ^neKTpoHHMe u MexaHunecKue;
-  rugpaBnunecKUH npecc gna HcnMTaHHH Ha c^arae ;
-  cymunbHtiH mKa$.
Hcnonb3yeMtie HHcTpyMeHTti:
-  H3MepHTenbHMe Kon6ti, MepHtie ^HnHHgpbI;
-  MacTepKH;
-  na.mu gna nepeMemuBaHua cMecen.
MaTepuanti, npuMeHaeMtie b gaHHoft pa6oTe: ^MeHT ^ m  I 42.5, 3ona-yHoca, mnaK, 

MHKpoKpeMHe3eM, cynepnnacTH^HKarop Ha 6a3e ^$HpoB nonuKap6oKcunaToB.

5.2 AHa^H3 onacHMx h BpegHbix npoH3BogcTBeHHbix (|)aKTopoe

CornacHo rO C T  12.0.003-74 CCET «OnacHtie u BpegHtie nporoBogcTBeHHtie 
^aKTopbi. KnaccH$HKa^Ha (c H3MeHeHueM N°1)» npu u3roToBneHuu SeTOHHtix cMecen 
b na6opaTopHbix ycnoBuax onacHtie u BpegHtie npou3BogcTBeHHbie ^aKTopt 
nogpa3genaroTca no npupoge geftcTBua Ha cnegyromue r p y n n t

-  $u3unecKue;
-  xuMunecKue;
-  6uonorunecKue;
-  ncuxo^rouonorunecKue;
Ou3unecKue onacHtie u BpegHbie nporoBogcreeHHtie ^aKTopt nogpa3genaroTca Ha:
-  gBu^ymueca MamuHti u MexaHU3Mt; nogBu^Htie nacTu npou3BogcTBeHHoro 

o6opygoBaHua; nepegBuraromueca u3genua, 3aroToBKu, MaTepuant; pa3pymaromueca 
KoHCTpy^HH;

-  noBtimeHHaa 3antneHHocTb u 3ara3oBaHHocTb Bo3gyxa pa6oneft 3ohm;
-  noBtmeHHaa unu noHu^eHHaa TeMnepaTypa noBepxHocTeft o6opygoBaHua,

MaTepuanoB;
-  noBtmeHHaa unu noHu^eHHaa TeMnepaTypa Bo3gyxa pa6onefi 3ohm;
-  noBtimeHHtiH ypoBeHb myMa Ha pa6oneM MecTe;

08.04.01.2017.159.00.00.n3



-  noBbimeHHbiM ypoBeHb Bu6pau,uu;
-  noBbimeHHaa hhh noHu^eHHaa Bna^HocTb B03gyxa;
-  noBbimeHHaa hhh noHu^eHHaa nogBu^HocTb B03gyxa;
-  oTcyTcTBue hhh HegocTaToK ecrecTBeHHoro cBeTa;
-  HegocTaToHHaa ocBemeHHocTb pa6oHeft 30hh;
-  noHu^eHHaa KoHTpacTHocTb;
-  noBbimeHHaa ^y^bca^ua cBeToBoro noToKa;
-  ocrpiie KpoMKu, 3ayceH^i u mepoxoBaTocTb Ha noBepxHocTax 3ar0T0B0K, 

HHcTpyMeHToB u o6opygoBaHua;
XuMHHecKue onacHbie u BpegHbie npou3BogcTBeHHbie ^aKTopii nogpa3geHawca:
1. n o  xapaKTepy B03geMcTBua Ha opraHU3M HenoBeKa Ha:

-  ToKcuHecKue;
-  pa3gpa«:awmue;

2. n o  nyTu npoHUKaHua b opraHU3M HenoBeKa Hepe3:
-  opraHM gixaHua;
-  Ko^Hie noKpoBH u cnu3ucTbie 060H0HKU. 

ncuxo$H3uonoruHecKue onacHbie u BpegHbie npou3BogcTBeHHbie ^aKTopii no
xapaKTepy geMcTBua nogpa3genawTca Ha cnegywmue:

1. Ou3HHecKue neperpy3Ku:
-  cTaTHHecKue;
-  guHaMHHecKue.

2. HepBHo-ncuxuHecKue neperpy3Ku:
-  yMcTBeHHoe nepeHanpa^eHue;
-  nepeHanpa^eHue aHanroaropoB;
-  M0H0T0HH0cTb Tpyga.

5.3 MHKpoK^HMaT paSonen 30hm.

B pa6oHeft 30He npou3BogcTBeHHoro noMemeHua MUKpoKHUMar 0Ka3MBaeT 6onbmoe 
BHuaHue Ha 3gopoBbe HenoBeKa, ero pa6oTocnoco6HocTb. noKa3arenu MUKpoKHUMara 
gon^Hbi o6ecneHUBaTb coxpaHeHue TenHoBoro 6anaHca HenoBeKa c oKpy^awmefi
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cpegoH u noggep^aHue onTUMaHbHoro hhh gonycTUMoro TenHoBoro cocToaHua 
opraHU3Ma. noKa3aTeHaMu, xapaKTepu3ywmuMu MUKpoKHUMaT b npou3BogcTBeHHbix 
noMemeHuax, aBHawTca: TeMnepaTypa B03gyxa u noBepxHocreH; oTHocuTeHbHaa 
BHa^Ho cTb u cKopocTb gBu^eHua B03gyxa; uHTeHcuBHocTb TenHoBoro o6HyHeHua.

B cooTBeTcTBHH c [5], pa6oTa, npou3BoguMaa b Ha6opaTopuu, a uMeHHo pa3pa6oTKa, 
oTHocuTca k KaTeropuu oTHocaTca k KaTeropuu HerKux pa6oT KHacca 16. 
HHTeHcuBHocTb ^Hep^03aTpaT o t 121 go 150 KKan/H. Pa6oTM npou3BogaTca cToa u 
conpoBo^gawTca He3HaHUTeHbHMMu ^rouHecKUMu Harpy3KaMu.

CaHHTapHHMu HopMaMu npoeKTupoBaHua npegnpuaTuH gHa pa6oHeM 30HH 
npou3BogcTBeHHHx noMemeHUH CaHnuH 2.2.4.548-96 «rurueHUHecKue Tpe6oBaHua k 
MHKpoKHHMary npou3BogcTBeHHHx noMemeHUH» ycTaH0BHeHM gonycTUMbie 
napaMeTpii: TeMneparypii, oTHocuTeHbHoH BHa^Hocru, cKopocTu gBu^eHua B03gyxa. 
OnTUMaHbHie u gonycTUMbie napaMeTpii npegcraBHeHM b Ta6H u ^ x  5.1 u 5.2.
Ta6H H ^ 5.1 -  OnTUMaHbHie BeHUHUHM noKa3areHeM MUKpoKHUMaTa Ha pa6oHux 
MecTax npou3BogcTBeHHHx noMemeHUH
nepuog roga TeMnepaTypa 

B03gyxa, °C
OTHocuTeHbHaa 

BHa^HocTb B03gyxa, %
CKopocTb 
gBH^eHua 

B03gyxa, m/c
X0H0gHHH 21-23 60-40 0,1

TenHMH 22-24 60-40 0,2

Ta6H u ^  5.2 -  gonycTUMbie BeHUHUHM noKa3areHeM MUKpoKHUMara Ha pa6oHux MecTax 
npou3BogcTBeHHHx noMemeHUH

nepuog roga TeMnepaTypa 
B03gyxa, °C

OTHocuTeHbHaa BHa^HocTb 
B03gyxa, %

CKopocTb gBH^eHH* 
B03gyxa, m/c

X0H0gHHH 24-25 60-40 He 6oHee 0,2
TenHbiM 28-30 60-40 0,1-0,3
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^ n a  noggep^aHHa nocToaHHMx 3HaHeHHH napaMeTpoB Bo3gyxa -  Bna^Hocra, 
TeMneparypM h cKopocra gBH^eHHa cymecTByeT cncTeMa BemunHpoBaHHa h
KOHg.HH, HOHHpOBBHHa.

5.3.1 3anmneHHOCTb h 3ara3oBaHHocTb pa6oneH 3ohm

BpegHMMH Bem,ecTBaMH aBnarorca nMnb, nogHHMarom,aaca b npou,ecce pa6oTM, h 
TOHKogncnepcHMe MarepHanM, BM3biBaromHe pa3gpa«:aromee gencTBHe h 
npoHHKaromue Hepe3 opraHM gbixaHHa. noBMmeHHaa 3anMneHHocTb Bo3gyxa pa6oneH 
30hm B03HHKaeT b pe3ynbTare go3HpoBaHHa h nepeMemHBaHHa nwnamux K0Mn0HeHT0B, 
KOTopme npHMeHawTca b HayHHoM HccnegoBaHHH. TaKHMH KOMnoHeHTaMH aBnawTca 
u,eMeHT, mnaK, 3ona-yHoca h MHKpoKpeMHe3eM. nocKonbKy ^TH MarepHanbi c bmicokoh 
ygenbHOH noBepxHOCTbw, ohh cnoco6HM ocegaTb b nerKHx HenoBeKa, h npn 
nocToaHHOM hx BO3gencTBHH BM3BaTb oTgMmKy, Kamenb, cyxocTb bo pTy. TaK«:e npn 
gnHTenbHOM Bo3gencTBHH nwnamux MarepnanoB HenoBeK nogBep^eH pncKy 
3a6oneBaHHa cnnHKo3oM.

^ n a  npegoTBpam,eHHa nonagaHHa BpegHMx BemecTB Heo6xogHMo Hcnonb3oBarb 
cpegcTBa HHgHBHgyanbHon 3am,HTM.
Ta6nnu,a 5.3 -  npegenbHo gonycTHMbie KoHu,eHTpau,HH (n ^ K ) BpegHMx BemecTB b 
Bo3gyxe pa6oHen 3ohm

HaHMeHoBaHHe BenHHHHa 
n ^ K , Mr/M3

ArperaTHoe
cocToaHHe

Knacc
onacHocTH

Oco6eHHocTH 
gencTBHa Ha 

opraHH3M
nmnb u,eMeHTa 6 a 4 $

MHKpoKpeMHe3eM 1 a 3 $
3ona-yHoca 0,8 a 3 $

fflnaK 6 a 4 $
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KHacc onacHocru:
3 KHacc -  onacHbie;
4 KHacc - yMepeHHo onacHbie.
Oco6eHHocTH geHcTBua Ha opraHU3M HeH0BeKa:
O - aap030Hu npeuMymecTBeHHo $ u 6poreHHoro geHcTBua.

B noMemeHuax, rge xpaHaTca go6aBKu hhh BegyT pa6oTM c ux ucn0Hb30BaHueM, 
3anpemaeTca npuHUMaTb numy. n p u  nonagaHuu pacTBopa go6aBKu b rHa3a hhh Ha 
cHH3ucTHe o6ohohkh Heo6xoguM0 cpoHHo npoMHTb nopa^eHHie yHacTKu hhctoh 
BogoH HHH 2 % pacTBopoM 60pH0H KUcH0TbI .

5.3.2 OcBemeHue pa6oHeM 30hm

YpoBeHb ocBemeHHocTu Ha pa6oHeM MecTe goH^eH cooTBeTcTBoBaTb xapaKTepy 
BimoHHeHua 3puTeHbHoM pa6oTH. rpaM0TH0 ycrpoeHHoe ocBemeHue o6ecneHUBaeT 
xopomyw BuguMocTb u co3gaeT 6HaronpuaTHbie ycH0Bua Tpyga.

npaBHHbHo ycTpoeHHoe ocBemeHue o6ecneHUBaeT xopomyw BuguMocTb u co3gaeT 
6HaronpuaTHie ycH0Bua Tpyga. rO C T  12.0.003 [6] cogep^uT cHegywmue onacHbie u 
BpegHie ^aKTopii, cBa3aHHbie c HeygoBHeTBopuTeHbHbiM ocBemeHueM:

-  oTcyTcTBue hhh HegocTaToK ecTecTBeHHoro cBeTa;
-  HegocraroHHaa ocBemeHHocTb pa6oHeM 30hm;
-  noBbimeHHaa apKocTb cBeTa;
-  noHH^eHHaa KoHTpacTHocTb;
-  npaMaa u 0Tpa«:eHHaa 6HecTKocTb;
-  noBHmeHHaa ^yHbca^ua cBeToBoro noToKa.
Bo3geHcTBue 3Tux ^aKTopoB Bbi3biBaeT npe^geBpeMeHHoe yT0MHeHue, npuTynHaeT 

BHHMaHue, cHH^aeT npou3BoguTeHbHocTb Tpyga, Mo^eT npuBecTu k yxygmeHuw 
3peHua u 0Ka3aTbca npuHUHoM HecHacTHoro cHyHaa.

B Ha6opaTopuu npegycM0TpeH0 ecTecTBeHHoe u ucKyccTBeHHoe ocBemeHue. 
EcTecTBeHHoe (60K0B0e) ocBemeHue noMemeHUH ocymecTBHaeTca Hepe3 cBeT0B ie 
npoeMH b H apy^H ix creHax Ha6opaTopHoro ^ x a  (3 0KHa pa3MepHocTbw 3x4 m).
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HcKyccTBeHHoe ocBemeHHe o6ecneHHBaeTca mecTHagu,aTbro 6noKaMH
nroMHHecu,eHTHMx naMn, pacnono^eHHMMH Hag pa6oHHMH MecTaMH b u,exe.

5.3.3 B n 6p a^ a  Ha pa6oHeM MecTe

B na6opaTopHH HcTOHHHKaMH BH6pau,HH aBnaeTca BH6ponnom,agKa. npH pa6oTe 
MamHH H MexaHH3MoB BH6paU,HH BM3MBaTOTca HHepU,H0HHMMH cHnaMH, cnnaMH TpeHHa, 
gBH^eHHeM ^neMeHT0B c nepeMeHHMM ycKopeHHeM, coygapeHHeM geTanen. Bn6pau,Ha 
ot ^T0^0 o6opygoBaHHa nepegaeTca Ha pa6oHHe MecTa h Mo^eT oKa3aTb BpegHoe 
Bo3gencTBHe Ha pa6oHero.

npn gnHTenbHoM gencTBHH cnnbH0H BH6pau,HH Ha opraHH3M HenoBeKa y Hero 
H3MeHaeTca HyBcTBHTenbHocTb ko^ h pyK, noaBnaeTca o6mee yTOMneHHe, ronoBHaa 
6onb, ocna6neHHe BHHMaHHa, HeKoToporo HapymeHHa KoopgHHauuH gBH^eHHa, 
cHH^eHHe pa6oTocnoco6Hocra. npn n0BMmeHH0H HHTeHcHBHocra h gnHTenbHoM 
Bo3gencTBHH BH6pau,HH MoryT pa3BHBaTbca npo$eccnoHanbHMe 3a6oneBaHHa.

TnrHeHHHecKoe HopMHpoBaHHe BH6pau,HH pernaMeHTHpywT goKyMeHTM 
rOCT 12.1.012-2004 «CCET. Bn6pa^0HHaa 6e3onacHocTb. 06m ue Tpe6oBaHHa», 
CH-2.2.4/2.1.8.556-96 «npoH3BogcTBeHHaa BH6pau,na, BH6pau,na b noMemeHHax ®HnMx 
h o6mecTBeHHMx 3gaHHH».

TaK KaK b na6opaTopHH BH6ponnomagKa Manora6apHTHaa h gnHTenbHo He 
Hcnonb3ywTca, ^0^T0My BpegHoe B03gencTBHe Ha na6opaHTa oTcyTcTByeT.

Han6onee gencTBeHHMM cpegcTB0M 3amuTM HenoBeKa ot BH6pau,HH aBnaeTca 
ycTpaHeHHe HenocpegcTBeHHoro ero KoHTaKTa c BH6pnpyromHM o6opygoBaHHeM. 
3aMeHa h ycoBepmeHcTBoBaHHe TexHonorHHecKHx onepau,HH, KoHcTpyKTHBHMe 
ycoBepmeHcTBoBaHHa, npHMeHeHHe cpegcTB BHemHen BH6po3am,HTM, KoTopMe 
pa3MemawTca Me^gy hctohhhkom BH6pau,HH h pyKaMH HenoBeKa, a TaK®;e nocToaHHMH 
KoHTponb 3a HcnpaBHocTbw o6opygoBaHHa h cBoeBpeMeHHMM nnaH0B0- 
npegynpegHTenbHMM ero peM0HT0M, TaK KaK, b npou,ecce ero ^KC^nyaTa^HH h H3Hoca, 
ocoSeHHo gna pyHHoro MexaHH3HpoBaHHoro o6opygoBaHHa, nponcxogHT BMpa^eHHoe 
ycnneHHe BH6pau,HH. B u,enax npo$nnaKTHKH pa6oHHe gon^HM Hcnonb30BaTb cpegcTBa 
HHgHBHgyanbHofi 3amuTM: pyKaBHUM nnn nepHaTKH, cneu,. o6yBb.
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A,Ha npegoTBpameHua BpegHoro B03geHcTBua myMa u Bu6pa^uu b Ha6opaTopuu 
Heo6xoguMo:

-  3KcnHyaTupoBaTb T0HbK0 ucnpaBHie MamuHM, a TaK«:e npoBoguTb 
nepuoguHecKuM ocmotp u Heo6xoguMbiM peM0HT TexHUKu;

-  pa6oTaTb h h ^ m  He M0H0^ e  18 HeT, npomegmuM MeguiiHHcKHH ocmotp, 
HMewmuM cooTBeTcTBywmyw KBaHu$uKa^uw u cgaBmuM TexHUHecKUH MUHUMyM no 
npaBHHaM 6e3onacHoro BimoHHeHua pa6oT;

-  BimoHHeHue pa6oT npu HaHUHuu cpegcTB uHguBugyaHbHoM 3amuTM o t myMa 
(HaymHHKu);

-  cHu^arb ypoBeHb 3ByK0B0r0 gaBHeHua apxuTeKTypHo-aKycTUHecKUMu 
MeponpuaTuaMu;

-  cHu^eHue myMa 3a cHeT KoHcTpyKTUBHbix pemeHuM;
-  Bbi6upaTb pa^uoHaHbHHH pe^uM Tpyga u oT gixa pa6oHux.

5.3.4 fflyM Ha pa6oHeM MecTe

fflyM He6Har0npuaTH0 B03geMcTByeT Ha HeH0BeKa. npogoH®uTeHbHoe geHcTBue 
cuHbHoro myMa Ha opraHU3M Bbi3biBaeT o6mee yT0MHeHue, noBbimeHue KpoBaHoro 
gaBHeHua, cHu^eHue ocTpoTM cHyxa, ocHa6HeHue BHUMaHua, HeKoToporo HapymeHua 
K00pguHa^uu gBu^eHua u cHu^eHue pa6oTocnoco6HocTu. nocToaHHoe B03geHcTBue 
myMa npuBoguT k 6eccoHHu^, pa3gpa^uTeHbHocTu.

B Ha6opaTopuu hctohhhkom myMa aBHaeTca ycTpoHcTBo gHa ucniTaHua o6pa3^B- 
6aH0HeK Ha u3ru 6 u npecc gHa ucniTaHua ux ^ e  Ha c^arue, Bu6ponHomagKa, 
6eT0H0cMecuTeHb. OgHaKo, b Bugy HenpogoH^uTeHbHocTu B03geHcTBua u MaHbix 
ra6apuT0B, gaHHbie npu6o p i  He 0Ka3brnawT 3HaHUTeHbHoro BpegHoro BHuaHua Ha 
opraHU3M HeHoBeKa.

TaK®;e gHa 6opb6bi c MexaHUHecKUM myM0M ucnoHb3ywT cMa30HHbie u 
npoKHagoHHHe MarepuaHbi. KoHHeKTUBHMM MeTogoM 3amuTM o t myMa aBHawTca 
3ByKonorHomawmue o6h h ^ b k h , neperopogKu, Ko^yxu. HHguBugyaHbHbie M epi 
3amuTH BKHwHawT ucn0Hb30BaHue BKHagiimeM, HaymHUKoB.
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5.4 Be3onacHocTb npou3BogcTBeHHMx npo^ccoB u oSopygoBaHHH

n p n  pa6oTe ncnonb30Banocb o6opygoBaHHe: 6eT0H0CMecHTenb, Bn6ponno^agKa, 
rngpaBnHHecKHe npecca.

Bce pa6oTHHKH gon^Hbi 6iT b  03HaK0MneHH c npaBHnaMH 6e3onacHoro noBegeHHa 
b na6opaTopHH. TaK«:e, gon^Ha 6iT b  npoBegeHa npoBepKa pa6oHero Ha 3HaHHe ^THx 
npaBHn.

OcHoBHbie MeponpnaTHa, o6ecneHHBawm,ne 6e3onacHocTb npoH3BogcTBeHHbix 
npo^ccoB:

-  KoHCTpy^na npoH3BogcTBeHHoro o6opygoBaHHa gon^Ha HCKnwHaTb 
onacHocTb gna pa6oTawm,nx. CTygeHT hhh npenogaBaTenb, npncTynaa k pa6oTe, o6a3aH 
npoBepHTb cocToaHHe h ncnpaBHocTb o6opygoBaHHa.

-  Pa3M epi pa6oHero MecTa h pa3Mern,eHHe ero ^neMeHT0B gon^Hbi 
o6ecneHHBaTb BimonHeHHe pa6oHHx onepauuft b ygo6Hbix pa6oHHx no3ax h He 
3aTpygHaTb gBH^eHHH pa6oTawrn,ero.

-  Pa6oTaTb pa3pemaeTca TonbKo b ycTaHoBneHHbix HopMaTHBHbiMH 
goKyMeHTaMH cpegcTBax HHgHBHgyanbHofi 3arn,HTbi.

-  AonycK k pa6oTe npomegmnx HHCTpyKTa® no oxpaHe Tpyga Ha pa6oHeM 
MecTe, o6yHeHHe 6e3onacHMM npneMaM h MeTogaM pa6oTH h npoBepKa 3HaHHft.

-  Ha TeppHTopHH na6opaTopHH 3anpern,aeTca HaxogHTbca nocTopoHHHM nwgaM 
6e3 cooTBeTCTBywrn,ero pa3pemeHHa, a TaK^e He npomegmnx HHCTpyKTa® no oxpaHe 
Tpyga.

O6^ n e  Tpe6oBaHHa 6e30nacH0cra coraacHo TOCT 12.2.003-91 CCET. 
«O6opygoBaHHe npoH3BogcTBeHHoe. O6m,ne Tpe6oBaHHa 6e30nacH0CTH» [7]:

1 ) Tpe6oBaHHa k KoHCTpy^HH h ee oTgenbHHM HacTaM:
-  KoHCTpy^na npoH3BogcTBeHHoro o6opygoBaHHa gon^Ha HCKnwHaTb Ha Bcex 

npegycM0TpeHHiix pe^HMax pa6oTH Harpy3KH Ha geTann h c6opoHHie egHHH^i, 
cnoco6H ie  BH3BaTb pa3pymeHHa, npegcTaBnawrnue onacHocTb gna pa6oTawm,nx;

-  KoHCTpy^na npoH3BogcTBeHHoro o6opygoBaHHa h ero oTgenbHix HacTefi 
gon^Ha HCKnwHaTb B03M0^H0CTb hx nageHHa, onpoKHgiiBaHHa h caMonpoH3BonbHoro
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cMemeHHa npH Bcex npegycMoTpeHHMx ycnoBHax ^KC^nyaTa^HH h MoHTa^a 
(geM0HTa^;a);

-  gBH^ymueca HacTH npoH3BogcTBeHHoro o6opygoBaHHa, aBnawmueca 
B03M0»CHMM hctohhhkom TpaBMoonacHocTH, gon^HM 6MTb orpa^geHM unu 
pacnono^eHM TaK, h to 6m ucKnwHanacb B03M0^H0cTb npuKacaHua k hhm pa6oTawm,ero 
unu ucnonb30BaHM gpyrue cpegcTBa (HanpuMep, gBypyHHoe ynpaBneHue), 
npegoTBpamawmue TpaBMupoBaHue;

-  K0HcTpyKu.ua 3a^uMHMx, 3axBaTMBawmux, nogteMHMx h 3arpy30HHMx 
ycTponcTB unu ux npHBogoB gon^Ha ucKnwHaTb B03M0^H0cTb B03HHKH0BeHHa 
onacHocTH npu nonHoM unu HacTHHHoM caM0np0H3B0nbH0M npeKpameHHH nogaHH 
^Hep^HH, a TaK^e ucKnwHaTb caMonpou3BonbHoe H3MeHeHue cocToaHua ̂ THx ycTponcTB 
npu BoccTaHoBneHHH nogaHH ^Hep^HH;

-  npou3BogcTBeHHoe o6opygoBaHue gon^Ho 6MTb no^apo-, 
B3pMBo6e3onacHMM b npegycMoTpeHHMx ycnoBHax ^KC^nyaTa^HH;

-  npou3BogcTBeHHoe o6opygoBaHue, aBnawmeeca hctohhhkom myMa,
ynbTpa3ByKa h Bu6pau,HH, gon^Ho 6MTb BMnonHeHo TaK, h to 6m myM, ynbTpa3ByK h 
Bu6pau,ua b npegycMoTpeHHMx ycnoBHax h pe^HMax ^KC^nyaTa^HH He npeBMmanu 
ycTaHoBneHHMe cTaHgapTaMH gonycTHMMe ypoBHu;

2) Tpe6oBaHua k pa6oHHM MecTaM:
-  pa3MepM pa6oHero MecTa h pa3MemeHue ero ^neMeHT0B gon^HM

o6ecneHHBaTb BMnonHeHue pa6oHux onepau,HH b ygo6HMx pa6oHux no3ax h He 
3aTpygHaTb gBH®;eHHH pa6oTawm,ero;

-  npu npoeKTupoBaHHH pa6oHero MecTa cnegyeT npegycMaTpuBaTb
B03M0^H0cTb BMnonHeHua pa6oHux onepau,HH b nono®;eHHH cuga unu npu 
HepegoBaHHH nono^eHHH cuga h cToa, ecnu BMnonHeHue onepau,HH He Tpe6yeT 
nocToaHHoro nepegBH^eHua pa6oTawm,ero.
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Tpe6oBaHua k pa6oTe rugpaBHUHecKoro npecca:
-  K0H crp y ^u a  rugpaBHUHecKux npeccoB goH^Ha oTBeHaTb Tpe6oBaHuaM 

rO C T  12.2.017 «O6opygoBaHue Ky3HeHH0-npecc0B0e» u rO C T  12.2.117 «CucTeMa 
cTaHgapT0B 6e3onacHocTu Tpyga. n p e c c i  rugpaBHUHecKue»;

-  Bce geTaHu npecca, Haxogamueca nog gaBHeHueM, Heo6xoguM0 nogBepraTb 
nocToaHHoMy ocMoTpy, nepuoguHecKUM ocBugeTeHbcTBoBaHuaM u ucniTaHuaM;

-  nogBH^Haa TpaBepca npecca goH^Ha cK0Hb3UTb no HanpaBHawmuM c 
MUHUMaHbHHM 3a3opoM, He gonycKaa nepeKoca;

-  nogBH^Haa TpaBepca He goH^Ha goxoguTb go BepxHero noHo^eHua Ha 
3 0 .4 0  mm, gHa Hero npecc goH^eH 6biTb o6opygoBaH K0HeHHMM BMKHwHareHeM. Ha 
K0H0HHax goH^HH 6iT b  ycTaH0BHeHM c^e^uaHbHHe orpaHUHUTeHu (hhh KoHeHHbie 
BHKHwHaTeHu) xoga bhh3;

-  n p e c c i goH^HH 6biTb cHa6^;eHH ycTpoHcTBoM, npegoTBpamawmuM 
caM0np0U3B0HbH0e onycKaHue nogBH^HoM TpaBepci;

-  n p e c c i goH^HH 6biTb cHa6^;eHH ycTpoHcTBaMu gHa ygep^aHua nogBH^HoM 
TpaBepci b BepxHeM noHo^eHuu npu BimoHHeHuu peM0HTHbix u HanagoHHbix pa6oT;

-  npu npoBegeHuu ucniTaHuM 3anpemaeTca nonpaBHaTb o6pa3e^ 6e3 
BHKHwHeHua nycKoBoro MexaHU3Ma u noHHoH ocTaHoBKu TpaBepc.

AHa 6e3onacHoM pa6oTM c cymuHbHMM arperaT0M Heo6xoguM0 co6HwgaTb 
cHegywmue npaBUHa:

-  3arpy30HH0e okho arperaTa goH^Ha 3aKpiBaTbca nH0TH0 npuHerawmeM 
3acH0HK0H c Heo6xoguMoH Te^H0U30Ha^ueH.

Tpe6oBaHua k cymuHbHMM arperaTaM:
-  KoHcTpy^ua annapaT0B u ycraH0B0K goH^Ha o6ecneHUBaTb Hage^HocTb, 

goHroBeHHocTb u 6e3onacHocTb ux ^KC^HyaTa^uu b TeHeHue cpoKa cHy^6i ;
-  cymuHbHHM areHT u pe^uMbi cymKu goH^HH 6biTb Bbi6paHbi c yHeT0M 

no^apo- u B3piB00nacHHx cbohctb BbicymuBaeMoro MarepuaHa;
-  noBepxHocTu annapaT0B u ycraH0B0K TeMnepaTypoH Bbime 45 °C goH^HH 

6bITb U30HUp0BaHH.
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-  n p n  co6nwgeHHH Bcex Tpe6oBaHHH, npHBegeHHbix B im e, o6ecneHHBaeTca 
6e30nacH0CTb ycnoBHfi Tpyga.

5.5 ^^eKTpo6e3O^acHOCTb

B gaHHofi pa6oTe Hcnonb3ywTca ^neKTpoycTaH0BKH Hanpa^eHHeM go 380 B. Ana 
6e30nacH0H ^KC^nyaTa^HH ^neKTpHHecKHx ycTaH0B0K, pa6oTawm,nx B ^ x e ,  cornacHo 
rO C T  12.1.019-79-79 «CCET. 3neKTp06e30nacH0CTb. O6^ n e  Tpe6oBaHHa h 
HoMeHKnaTypa 3arn,HTbi (c H3MeHeHHaMH N°1)» [8], ncnonb3ywT KoHCTpyKTHBHbie M epi 
3a^HTH -  3aHyneHHe, 3a3eMneHHe, CHCTeMbi 3arn,HTHoro omnwHeHHa h gpyrne. 
3aHyneHHe ycTpaHBawT Ha cnyHafi noBpe^geHHa H3ona^HH h bo3mo^hocth 3aMbiKaHHa 
T0Ka Ha MeTannHHecKHx HacTax ^neKTpoycTaH0B0K c H3onnpoBaHHHM HyneM. n o  
rO C T  12.1.030-81 «CCET. 3 neKTp06e30nacH0CTb. 3a^HTHoe 3a3eMneHHe. 3aHyneHHe 
(c H3MeHeHHaMH N°1)» 3a3eMneHHe mo^ho npoH3BogHTb c ecTecTBeHHHM h 
HCKyccTBeHHbiM 3a3eMnHTenaM. EcTecTBeHHie -  MeTannHHecKHe Tpy6onpoBogii h 
KoHCTpy^HH 3gaHHH, coegHHeHHbie c 3eMnefi. HcKyccTBeHHbie -  3a6nTbie b 3eMnw 
CTanbHie Tpy6bi gnaMeTpoM 50 mm hhh MeTannHHecKHe yronKH pa3MepoM 50 x 50 mm.

Hcn0nb30BaHHe Hanpa^eHHa B 12 hhh 36 B HCKnwHaeT nopa^eHHe ^neKTpHHecKHM 
tokom. n p n  Hcn0nb30BaHHH Hanpa^eHHa CBime 36 B gon^Ho o6ecneHHBaTbca 
orpa^geHHe npoBogoB h T0K0Begym,nx HacTefi.

B na6opaTopHie npoBoga BimonHeHbi H3onnpoBaHHHMH. nycK0B ie ycTpoftcTBa 
3am,Hrn,eHbi Ko^yxaMH, noMern,eHHbie b 3annpawm,Heca arn,HKH h 3a3eMneHHie.

3a^HTHoe oTKnwHeHHe ocym,ecTB.naeTca aBT0MaTHHecKH npn B03HHKH0BeHHH 
onacHoro Hanpa^eHHa Ha MeTannHHecKHx HacTax o6opygoBaHHa B CBa3H c nopHefi 
u3onan,uu.

Bo H36e^aHHe TepMHHecKHx o^oroB Heo6xogHM0 CTporoe co6nwgeHHe npaBHn 
TexHHKH 6e30nacH0CTH npn pa6oTe c ^neKTpo^pH6opaMH. 3HaHeHHe nA V  Hanpa^eHHa 
npHK0CH0BeHHa tokob, npoTeKawrnux Hepe3 Teno HenoBeKa, npn aBapnfiH0M pe^HMe 
^neKTpoycTaH0B0K gna nocToaHHoro h nepeMeHHoro T0Ka ycTaHaBnHBaeTca 
rO C T  12.1.038-82 CCET «3 neKTp06e30nacH0CTb. npegenbHo gonycTHMbie 3HaHeHHa 
Hanpa®eHHa npHK0CH0BeHHa h tokob» [9].
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Ta6nuu,a 5.4 -  n ^ Y  Hanpa^eHufi npuK0cH0BeHua tokob
Pe^HM pa6oTM Pog T0Ka

nepeMeHHMfi (50 ru ) noCToaHHMfi

U, B I, mA
npogon^HTenbHocTb 

npoTeKaHua cunM 
T0Ka

U, B I, mA
npogon^HTenbHoc

Tb npoTeKaHua
cunM T0Ka

HopManbHMfi 2 0,3 < 10 MHH 8 1 < 10 MHH
ABapufiHMfi 20 6 > 1 ceK — — —

n o  ^neKTpo6e30^acH0CTH noMemeHue na6opaTopuu oTHocHTca k KaTeropuu 6e3 
noBMmeHHofi onacHocTH.

^aHHoe o6opygoBaHue perynapHo npoBepaeTca Ha HanuHue HeucnpaBHocTefi. K 
pa6oTe c hhm He gonycKawTca nuu,a, He H3yHHBmue onucaHue ^KC^nyaTa^HH h He 
pacnucaBmueca b ^ypHane no TexHHKe 6e30nacH0CTH.

^ n a  3amuTM HenoBeKa ot nopa^eHua ^neKTpHHecKHM tokom npuMeHawTca 
cnegywmue MepM:

-  Bce ^neKTpoycTaH0BKH cornacHo rO C T  12.1.1.030-81 
«3neKTpo6e3onacHoCTb. 3amuTHoe 3a3eMneHue. 3aHyneHue» 3a3eMneHM MegHMMH 
npoBogaMH. 3a3eMnuTenb h 3a3eMneHHMifi npoBog npucoeguHeH npu noMomu xoMyTa H3 
Megu unu naTyHH, Ha yHacTKe 3aHumeHH0M o t KpacKu;

-  cornacHo rO C T  12.1.019-79 «3neKTp06e30nacH0CTb. O6mue Tpe6oBaHua», 
o6ecneHeHa HegocTynHocTb T0K0Begymux HacTefi ^neKTpoycTaH0B0K h npu6opoB;

-  KoHTponb H3onauuH h npo^unaKTHKa ee noBpe^geHua.

5.6. n0^ap06e30nacH0CTb

OnacHMMH ^aKTopaMH, B03geficTBywmuMH Ha nwgefi h MarepuanbHMie u£hhocth 
cornacHo rO C T  12.1.004-91 «no^;apHaa 6e30nacH0CTb. O6mue Tpe6oBaHua» [10], 
aBnawTca:

-  noBMmeHHaa TeMnepaTypa oKpy^awmefi cpegM;
-  nnaMa h hckpm;
-  ToKCHHHMe npogyKTM ropeHua h TepMHHecKoro pa3no^eHua;
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giM ;
noHH^eHHaa K0H^eHTpa^ua KucHopoga. 

noMemeHue Ha6opaTopuu no no^apoonacHocru oTHocuTca k KaTeropuu A -  
noHu®;eHHoH no^apoonacHocTu, ocHameHa cucTeMoH no^apHoM curHaHU3au,uu, 
no^apHbiMu rugpaHTaMu, nepBUHHMMu cpegcTBaMu 3amuTM o t no^apa: O n-4 
(TBepgie BemecTBa, ^ugKue BemecTBa, ra3006pa3Hbie BemecTBa), OY-4 (gHa TymeHua 
no^apoB ropwHux ^ugKocTeH, no^apoB ra3006pa3Hbix BemecTB, a TaK«:e no^apoB 
3HeKTpoo6opygoBaHua, Haxogameroca nog Hanpa^mueM He 6oHee 10000 B). KpoMe 
Toro, Bce c^e^uaHucTH, npaKTUKaHTM, cTygeHTM b 06a3areHbH0M nopagKe npoxogaT 
BBogHHH HHcTpyKTa^ no npaBHHaM no^apHoM 6e3onacHocTu nepeg gonycKoM k pa6oTe 
b Ha6opaTopuu. KypeHue pa3pemeH0 b c^e^uaHbH0 oTBegeHHbix MecTax.



6 .  3 K G H G M H K A

Ta6nrni, a 6.1. -  PacneT ce6ecT0HM0CTH 6eToHHbix cMeceH npegnaraeMoro CYE Knacca 
B30 (1) h CYE -  aHanoroB (2 h 3)

CbipbeBie MaTepuanii h hx ^ hii Pacxog, Kr/M3 CToHMocTb, py6/M3

nepeneHb MaTepuâ oB ^ hm* Eg.
H3M. 1 2 3 1 2 3

^ e 6eHb $p. 5-20, Ap12 400 /TIQp 750 750 750 300 300 300
necoK, Mkp 2,5 300 py6/T - 865 1050 - 259,5 345
^MeHT - nu, 500 ^0 4200 py6/T 300 280 400 1260 1176 1680
HcKyccTBeHHHH necoK 120 py6/T 1000 - - 120 - -
rpaHm^aK 2000 py6/T 150 - - 300 - -
3o^a-yHoca 1400 py6/T 70 - 100 98 - 140
H3BecTKoBHH
Hanô HHTê b 2500 p y T - 245 - - 612,5 -
n^acTH^HKaTop 160 py6/Kr 3 4,2 4,2 480 672 672

HToro ce6ecToHMocTb 6eTOHHoM cMecu, py6/M3: 2558 3020 3137
* npegcTaBneHii cpegHHe piiHoHHiie ^ h i i  ciipbeBiix MarepnanoB no r. ^en a6HHCKy 

Ha oKTa6p t  2016 roga.
1 -  OgHH H3 pa3pa6araBaeMbix cocTaBoB CYE, Knacca B30.
2 -  EBponencKHH aHanor, Knacc B30 (no gaHHiiM ^ypHana «npoMiimneHHbie 

cTpaHH^i Ch6hph» N°6-7(90) HWHb-HMnb 2014r. cTp. 38-40).
3 -  OTenecTBeHHiH aHanor, Knacc B30 (no gaHHiiM ^ypHana «TexHonorHH 

6eToHoB» BimycK N°10 2008 rog.
Ta6n ^ a  6.2 . -  TexHHKo^KoHoMHnecKoe cpaBHeHHe c aHanoraMH

XapaKTepucTHKH npeg^araeMHH CYE CYE-aHa^orH
2 3

nogBH^Hocrb 6eToHHoH cMecu P6 P6 P5
Rc ,̂ Mna 42 38,5 40
Ru3r, Mila 5,0 4,7 5,0
BogoHenpoH^aeMocrb, W 10 12 14
Ce6ecToHMocTb CYE, py6/M3 2558 3020 3137
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BblBO ^bl
— TaKHM 06pa30M, npu cpaBHeHHH pa3pa6aTMBaeMMx cocTaBoB c cymecTBywmuMH 
aHanoraMH 6Mno ycTaH0BneH0, h to  npoeKTupyeMMfi cocTaB gemeBne Ha 18.5% 
eBponeficKux h oTeHecTBeHHMx aHanoroB;
— ^KC^nyaTa^H0HHMe xapaKTepucTHKH pa3pa6oTaHHMx 6eT0H0B He ycTynawT 
aHanoraM;
— pa3pa6aTMBaeMMe cocTaBM HafigyT ^$$eKTHBHoe npuMeHeHue b M0H0nuTH0M 
CTpouTenbCTBe npoMMimneHHMix h rpa^gaHCKux 3gaHufi h coopy^eHufi;
— npu BHegpeHHH pa3pa6aTMBaeMMx cocTaBoB b np0H3B0gcTB0, ^T0 He noBneHeT 3a 
co6ofi nepeHanagKy o6opygoBaHua. CocTaBM 6ygyT oTnuHaTbca numb CMpbeBMMH 
MarepuanaMH gna nonyHeHua CYE.



O E ^ H E  BblBOAbI n O  PAEOTE
1. B pe3ynbTaTe npoBegeHHoro HCcnegoBaHHa 6h h h  nonyHeHH cocTaBH 

caMoynnoTHaw^eroca 6eT0Ha KnaccoB B30-B35.
2. EeToHHaa cMecb noKa3ana BbicoKHe peonorHHecKHe xapaKTepncTHKH no 

nogBH^HocTH h coxpaHaeMocTH. A TaK®;e, gocTaToHHo BbicoKHe 
$yH ^H 0HanbHbie CBoHCTBa, B HacraocTH npoHHocTb, BogoHenpoHH^eMocTb, 
M0p030CT0HK0CTb, HT0 gaeT B03M0^H0CTb HCn0Hb30BaTb Hx npH M0H0HHTH0M 
CTpoHTenbCTBe.

3. npHMeHeHHe ncKyccTBeHHoro necKa H3 oTceBa gpo6neHHa B 
caMoynnoTHaw^Hxca 6eT0HHix CMecax no3BonaeT:

-  nonyHaTb CTa6nnbHyw 6eT0HHyw cMecb c Tpe6yeM0H gna CYE nogBH^HocTbw;
-  C03gaBaTb 6eT0H c 3aaBnaeMbiMH xapaKTepncTHKaMH;
-  Hcn0nb30BaTb B KaHecTBe necKa -  oTxog npoH3BogcTBa gpo6neHHa rn,e6Ha;
-  o6ecneHHBaTb ^K0H0MHHecKHH ^$$eKT npn npoH3BogcTBe CYE.

n o  gaHHofi pa6oTe 6hh h  0ny6nHK0BaHbi CTaTbH:
-  «Pa3pa6oTKa cocTaBoB h nccnegoBaHHe cbohctb caMoynnoTHawrn,Hxca 

6eT0H0B Ha pagoB ix MaTepnanax ^en a6HHCKofi o6nacTH» ^ypHan BecTHHK M ^ h o  -  
YpanbCKoro rocygapcTBeHHoro yHHBepcHTeTa. r. ^en a6HHCK -  2016. - N 3 . -  C. 55-59.

-  «O^HKa B03M0^H0CTH npHMeHeHHa oTxogoB np0MimneHH0CTH B 
caMoynnoTHaw^Hxca 6eT0HHix CMecax» ^ypHan OrpoHTenbCTBo: H0B ie  TexHonorHH, 
HoBoe o6opygoBaHHe. r. MocKBa -  2017. -N 1. C. 17-23.
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