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I[TPUMEHEHHWE 30JI YHOCA
1 30JIOIIJIAKOBBIX CMECEH

ITPU CTPOUTEJIBCTBE
ABTOMOBHMJIBHBIX TOPOT
O630pHas nHPOpPMAaIUsI OTEYEeCTBEHHOTO
1 3apy0exKHOT0 OIbITa IPUMEHEHUS
OTXO[IOB OT C2KUT'aHUS TBEPOOTO

ToIinBa Ha TOC

Mocxksa 2003

OcBellleHbI BOIIPOCH! IPUMEHEHUS 3071 ¥ 30JI0IIJIaKOBLIX MaTEePHUaAIOB
IIPU CTPOUTEILCTBE 3€MJISHOTO IIOJIOTHA U CJIOEB OOPOXKHBIX OmEK[I;
IIPpM YKPEIJIEHWW TPYHTOB PA3JIMYHOIO COCTaBa KaK B BUMOE
CaMOCTOSITEJIPHOTO BSIXKYIIIETO MaTepuWajla, TaK ¥ B Ka4ecTBe
KOMITOHEHTa KOMIIJIEKCHOT'O BSIXKYIIIETO.

PaCCMOTpeHBI KJ'IaCCI/ICbI/IKaLII/IOHHBIe XapPaKTEpPUCTUKHN OTXOOOB OT
CZKHUT'aHUA TBEepOoro TOIIJINBA, IIPUBOOUMEIE B JINTEPATYPHBIX
HNCTOYHHKAX II0O UX HCIIOJIb30BAHHWIO B JOPOZKHOM CTPOUTEIJILCTBE.

IlaHBI pe3yJIbTaThl UCCIIEOBAHUS CBOMCTB 30JIOIIJIAKOBLIX OTXOMIOB OT
CXKUTaHUS yriied pa3lUYHbIX MECTOPOXKIOeHUM Poccuy NpUMEHUTETBHO
K YCJIOBUSIM [JOPOKHOI'O CTPOUTEJILCTRBA.
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HN3m0KeH OTedYeCTBEHHBIN U 3ap}766}KHbIﬁ OIIBIT CTPOHUTEJILCTBA
3EMJIAHOT'O ITOJIOTHaA M CJIOEB OOPO2XKHHBEIX OOeXKIO C IIPHMMEHEHHuEM 30JI
CYXOT'O YJIIaBJIIMBAaHUSA U OTBAJIBHBIX cMecen TuapoygaJiIieHusd.

[lepeuncsieHbl [OeNWCTBYIOIIME HOPMAaTUBHBIE TPeOOBaHMUS K TaKUM
orxomam. - Tabm. 11

IIPENTUCJIOBUE

B Poccuu okomo 70% Bcel 3JIeKTPO3HEPTHUU BbIpaOaTHIBAETCS IIPU
CXKUTaHUM TBEPJOTrO TOIJIMBA - YTJIel, ClaHLleB, Topda, B pe3ybTaTe
yero obpasyeTrcss okono 50 MIH. TOHH B Iofl OTBaJIOB 30JIOUIIAKOBHIX
cMmecein. K koniy 2001 r. B orBanax TOC HaxoOgusoch CBHIIIE 1,2 MIIpA.
TOHH TaKWX OTXOIOB, a YPOBEHb MX YTHUIM3allUM COCTAaBIISIET TOJIBKO
0k0J10 10%. TToaTOMY HMCIOIB30BaHUE OTXOOOB OT CXKHUIAHUS TBEPHOOIO
TOILJIMBA - 9TO HE CTOJIBKO BONIPOC 3KOHOMUHU MaTepUaJIbHBIX PECYPCOB,
CKOJIbKO TIpo0ieMa BO3pacTalollleTro 3arpsi3HeHus OKpy Kalollel cpenbl
1, CJIeIOBaTEIbHO, 30OPOBhS HAIIUU.

B Hacrosimee BpeMs BO MHOTMX CTpaHaX, B TOM 4ucsie B Poccuu,
HaKOIIJIEH OOCTAaTOYHO OOJBIION OIILIT IPUMEHEHUS 30JIOIIIaKOBBIX
MaTepHuayioB BO MHOTHX OTPAC/IsAX HapPOOHOTO X031 CTBa.

O030p 0TEYEeCTBEHHOTO U 3apy0ezKHOT0 OITbITa MCIIOJIb30BAaHUS 3071
¥ 30JI0IIIJITAKOBLIX MaTEPUAaJIOB OCBEIlaeT BOIIPOCH UX ITPUMEHEHUS IPHU
CTPOUTEIILCTBE 3EMJISHOTO MOJIOTHA M CJIOEB MOPOXKHBIX Omexkm. Takx,
30JTbI CYXOrO VJIaBIWBAHWUS ¥ 30JIOIIJIAKOBHIE MAaTepHalbl MOXKHO
HMCIOJIb30BaTh IIPU YKPEIJIEHWHM T'PYHTOB PA3/IMYHOTO COCTaBa, KakK B
BUJIE CAMOCTOSITEIBHOTO BSIXKYIIIET0 MaTepuana, TaKk U B COCTaBe
KOMIIJIEKCHOTO BSIXKYIIEro (B COYETAaHHMM C OPTraHUYECKHUMU U
HEOPTaHWYECKUMHU  BSIXKYIIUMH, CMOJIaMH). HakomieH  OIBIT
IIPUMEHEHUS 3TUX MaTEPHUAIOB B acanbTo- U IeMeHTOOEeTOHAX.

PaccMoTpeHbl KnacCUPUKaAIIMOHHBIE XapaKTEPUCTUKU OTXOM0B OT
CXKUTaHUS TBEPHOOTO TOMJIMBA, IIPUBOOMMBIE B JIUTEPATYPHBIX
HCTOYHMUKAX I10 UX UCII0JIb30BAHUIO B IOPOKHOM CTPOUTEHLCTBE.

IlaHBI pe3yJIbTaThl UCCIIEJOBAHUS CBOMCTB 30JI0IIIAKOBBIX OTXOOOB OT
CXKUTAHUS yriied pa3luyHbIX MECTOPOXAeHUW Poccruu mpUMeHUTETBHO
K YCIIOBUSIM JOPOKHOT'O CTPOUTEJILCTBA.

HN3noxeH OTeYeCTBEHHBIM U 3apyOeKHBIM OIBIT CTPOUTEHCTBA
3eMJISTHOTO IIOJIOTHA M CJIOEB [OPOXKHBIX OfEeXK[ C IIPUMEHEHUEM 30]I
CYXOT0 yJIaBIMBaHUS M OTBAJIbHBLIX CMecel TuaApoyaaieHusI
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nepe‘-II/ICJ'IeHBI HeﬂCTBYIOLHHe HOPMaTHUBHEIE Tpe6OBaHI/I5{ K O9THM
OTXOOaM.

Hactosimast pab6ota coctaBneHa E.H. Ilytunuasim u  B.C.
[IBETKOBBIM.

B cbope MaTepuasioB II0 IPUMEHEHUIO 30/ U IIIJIAKOB B [OPOKHOM
CTPOUTENLCTBE OOJIBIITYIO ITOMOIIL OKa3alu PpabOTHUKY OTHesIa Hay4HO-
TEXHUYECKON WHQPOpPMAIMd U MeXKIOYHAPOOHOTO0 COTPyOHUYECTBa
CoOM03OpHUH, 3a KOTOPYIO aBTOPHI BHIPAXKAIOT UM OJIarOgapHOCTh U
MCKPEHHIOIO TPU3HATEeIbHOCTh

'eHepanbHBIU OUPEKTOP OI'VII
"Corwo3gopHun" B.M. FOmamies

1. ObHIUE 110JI02KEHHU A

[ToTpebrieHne MaTepHUaJbHBIX PECYpCOB TPU  CTPOUTEINILCTBE
aBTOMOOUJILHBIX [OPOT Ype3BhYaiiHO Benuko. Ha Bo3BemeHue 1 KM
aBTOMOOHUILHOM [OPOTH B 3aBUCHMOCTH OT €€ KaTEerOpUM U MECTHHIX
yCJIOBUM TpeOyeTcs:

- OJIsI COOPY2KEHUS 3€MJISTHOTO IOJIOTHA - 6-60 TEHIC. M3 TPYHTa;

g IOJIsI CO3MaHUs APEHUPYIOUIUX U MOPO303allluTHHIX CJI0€B - 1,6-6 THIC.
M" IIeCKa;

3

- 11 CTPOUTENBCTBA JOPOXKHOT0 OCHOBaHUS - 0,8-5,4 Thic. M~ " 1e0HS

HJIN TPYHTAQA, YKPEIIJIEHHOT' O BAXYIITUMKX MAaTepPHUaJllaMU;

- OIS CTPOUTENIbCTBaA [MOOPOXKHBIX IOKpBITHMM - 1,1-4,7 THIC. T
acanbrobeToHa (4to TpebyeT 55-235 T 6uty™ma) unu 1,2-4,8 ThIC. MO
1eMeHToOeToHa (480-1700 T 11IeMeHTa)

YMeHblIeHre TOTPEOHOCTU B JOPOXKHO-CTPOUTENbHBIX MaTepuaniax u
MMOBHIIIIeHNE 3(PPEKTUBHOCTUA UX UCIOIb30BaHUSA OCTAETCS BaKHEWIIeun
npo6reMoli. MHOTroJIeTHME Hay4YHble MCCIEeOoBaHUS U IIpaKTUKa
OOPOXKHOTO CTPOUTENhCTBA IIOKa3ajiM, YTO OOHUM U3 NOyTeh ee
pelleHuss SBJISETCS IIPUMEHEHHE BTOPUYHBIX PECYPCOB - OTXOHOB
IIPOMBIIIIZIEHHOCTH, KOTOPHIE MOJKHO HCIIOJIb30BaTh MJIM B KadecTBe
HEIOCPECTBEHHO [OPOXKHO-CTPOUTEJILHOTO MaTepuana HWIU Kak
MCXOOHBIW MPOOYKT AJIS €r0 MOTy4YeHUs.
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K TakuM oTx0OaM OTHOCSTCS 30JIbl M LIJIaKU - IIPOAYKTHI CXKUTaHUS
Ha TeIJIOBHIX 3jieKTpocTaHugax (TOC) TBepmoro TomauBa: yris, Topda,
CJIQHIIEB U OPYTUX TOPHOYUX MaTepuasoB. CiaenyeT pa3iudaTh

1 - 30y yHOCa CyxOro yjJIaBJMBaHUS, KOTHa 30Jj1a, ITOCTYIalolasi C
9eKTPOPUILTPOB U U3 ITUKIOHOB TOC B 30710COOPHUKYM, HAIPABISETCS
CIlellMaJIbHEIM ITHEBMOTPAHCIIOPTOM B CHJIOCHBIE CKJIambl JIU00
HEeIIOCPEeICTBEHHO B TPAHCIIOPTHHIE CPEICTBA MOTPeOuTene;

2 - 30JI0IIJIAKOBYI0 CMeCh THAPOYIOAJIeHWs, KOTHa IIPU OYUCTKE
30JI0COOPHUKOB C TOMOIIbIO BOIBI 30jIa U IIIJITAK B BUME 30JIOMYIILITHI
yOassieTCcs B OTBAJIBL.

B Poccum 3071BI ¥ 30JI0IIJIaKOBBEIE cMecu obOpa3yiorcsa Ha 200 TOC
(T3, I'P3C), u TonmpkKOo mpubIu3uTenbHO Ha 20 M3 HUX HUMEIOTCH
YCTAHOBKHM MOJISS CYXOT'O VJIaBIWBaHUsS 30Jibl. OOBEM 30JI0IIIaKOBBIX
OTXOMIOB IIOCJIE CXKHUTAHHUS yrieH, CclaHIeB U Topda, IO OaHHBIM
BcepoccuiiCcKOTO TENIOTEXHUYECKOTO HAy4YHO-HUCCIEeO0BaTEIbCKOTO
uHctutyta (BTHU), coctaBnsger 40-50 mnH. T B rod. B orTBanax
sHeprocucteM Poccum K KoHIy 2001 r. Haxogumaock okomno 1,2 Miaphd. T
30JI0IIJIAKOBBEIX MaTepuaioB (Tabm. 1).

Tabnuma 1
CBopHas Tabnuila 00pa30BaHUSI M HAKOIIJIEHUS 30JI0IIIaKOBBIX

OTXOOOB B 3HEeprocucreMax Poccuu mo cocTostHuIO Ha 31 mekabps
2001 r. - (manusie BTH)

AO-3Hepro TOC O6paszosano 3110 B 2001 |Haxkommneno 3110 k 31.12.01,
romy, TBHIC. T TEIC. T
0O3C «lIeHTpaHEPTO». 2138,199 246379,197
Bcero:
|
AcTpaxaHb3HEPTO 61,0
| | |
Benropomsaepro 0,8
I I |
Bnagumupsaepro 1909,839
I I |
Bonrorpapmsaepro 51,453
I I |
Bonormasuepro 180,836 11463,836
I I |
Boponexkasnepro 29,321 845,818
1 | |
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HNBsuepro

28,3

7501,5

Koctpomasuepro

6,831

209,972

Kypcksnepro

7,222

4007,1

HuxHOBIHEPTO

8455,0

Psazanckaa 'POC

280,0

37874,981

TBepbsHEDPrO

7,355

548,238

TynsHepro

10,7

96278,7

Yepenetckasa 'POC

379,581

43871,279

MocaHepro

439,5

371395,7

TamMOG0BIHEPTO

1.367,734

ApsnHepro

716,3

1588,5

0O3C «BomnrasHepro».
Bcero:

58,124

8071,263

CamapsHepro

53,3

8071,0

YyBamsHepro

4.824

0,263

0O3C «CeB3amsHepro».
Bcero:

840,933

43418,577

Apx3Hepro

281,379

6786,356

BpsHCK3HEpPro

1,073

3115,352

Komusnepro

357,285

9947,665

Komanepro

147,0

9068,0

Hosropoasuepro

4,826

548,004

CMOJ'IGHCKSHepTO

11,6

11352,0
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JlensHepro | 37,77 2601,2
03C «YpansHepro». | 10184,263 468400,381
Bcero:
|
Bamkupsrepro | 60,846 172,704
Kuposuepro i 95,566 25599,079
Kyprausnepro ; 122,27 18491,29
CBepaJIoBOHEPTO i 7305,861 210369,944
OpeHOypra"epro i 8070,2
YaoMypTaHepro i 13,9 1065,864
[MTepmauepro i 57,52 19586,8
Yensa6sHEPTro i 1159,6 90288,2
Tpouukasa I'P3C i 1368,7 94756,3
OQC«CI/IGHprHepFO».I 8811,521 300595,59
Bcero:
|
HNpkyTCK3HEPTO | 1476,8 73062,8
AnTansHepro i 469,571 15022,81
I'ycunoO03epckasn FPSCi 210.5 6729,6
Xapanopckas I'P3C i 103,762 680,018
Bepe3osckas ['POC i 145,637 1371,815
BypsTtaxepro i 127,437 3978,937
KpacuHosipckszepro i 524,3 14668,0
KpacHosipckas FPSC—Zi 178,4 10754,0
HoBocubupckauepro I 674,002 24961,622
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TomcksHepro 18,551 1251,199
I
Kysbaccauepro 2711,3 85750,8
I
TyBasHepro 16,3 80,0
I
OMCK3HEPTO 1736,44 50864,522
I
Yurtasuepro 372,931 10626,689
I
XakacosHepro 45,59 792,778
I
0O3C «BoCTOK3HEDPIO». 19285,314 141940,263
Bcero:
|
XabapoBCKIHEPTO 987,287 15844,665
I
CaxaMH3HEPI o 375,223 7420,267
I
MaramaHSHEPro 65,0 5064,6
I
[HanpsHepro 807,1 40897,5
I
YyKOTCK3HEPTO 37,0 674,4
I
AmypaHepro 208,5 8556,4
I
AKyTCK3HEPTo 236.087 8055,993
I
[Tpumopckas I'PIOC 16569,117 55426,438
I
03C «HOxk3HEPTO>. 861,721 47046,021
Bcero:
|
PocToB3Hepro 29,9 5355,2
I
Hosouepkacckas I'POC 831,821 41690,821
I
HUTOTO: 42180,075 1255851,292

YpoBeHb yTuUIn3anuu 3TUX OTXONOB B Poccuu cocCTaBiisseT OKOJIO
10%; B pssge pa3BUTHIX CTpaH - 0K0JI0 50%, Bo ®paHuuu u B 'epmMaHuu
- 70%, a B QuuuaaHauu - okoilo 90% wux Tekyulero BbeIxoma. Tam
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IIPUMEHSIIOTCI B OCHOBHOM  CyxXHWe  30JIb, ¥  IPOBOOUTCS
rocygapCcTBeHHAs MOIUTHKA, CTUMYJIUPYIOIasi UX UCIOoIb30BaHue. Taxk,
B [TosbIlle pe3Ko MOBHIIIEHA IIeHa Ha 3eMJTI0 0]l 30JI00TBAJIbI, IIO3TOMY
TOLl pgomyayuBaiOT IOTPEOUTENISIM C IeJIbl0 CHU3UThL COOCTBEHHBIE
3aTpaThl HaA WX CKIagupoBaHue. B KwurTae 307BI TOCTaBIISIOTCS
nmorpedbutensMm OecmniaTHO, a B Bonrapuu cama 3o0ja OecmiaTHa. B
BenukoOpuTaHUKU OEUCTBYIOT IISITh PETHMOHAJILHBIX IIEHTPOB II0 COBITY
301 [1].

OtBansl TOC B Poccuu 3aHUMAIOT 3HaYUTEIbHEIE TEPPUTOPUU (OKOJI0
200 TBHIC. Ta), ABISAIOTCA HUCTOYHUKOM 3arpsA3HEHUs BO3OYILIHOTO U
BOOHOT0 0aCCENHOB 1 YBEJIMYUBAIOT MUHEPAIN3alluio T'PYHTOBLIX BO. B
psie PEervuoHOB 3TU OTBaJIbl 3HAUUTEJIBHO OCJIOXKHUJIM 3KOJIOTUUYECKYIO
o6cTaHoBKY. Ecnmu ydecTb, 4TO 0Ko0jio 70% BCel 3JIEKTPOIHEPTUU B
CTpaHe BhIpabaTHIBAE€TCS MPU CKUTAHUM TBEPOOTrO TOIJINBA, TO POCT
30JI0IIJIAKOBEIX OTXOHOOB OyHeT IPOmoXkKaThCAo U, CIeOoBaTeNbHO,
BO3pacTeT HUX OTpUIlaTeJIbHOE BO3OEUCTBUE Ha OSKOJIOTUK. TakKum
o0pa3oM, yTUIMU3AIUS 30JI0LUIIAaKOBBIX OTXOHOB CTAHOBUTCS YyXKe He
CTOJIBKO BOIIPOCOM 3KOHOMUU MaTepUajbHEIX PECYpPCOB, CKOJIBKO
poGeMon 0e30maCHOCTHU HaceJleHus CTpaHBHI. Hayuntble
KWCCJIEJOBaHUS U IpakKTUKa OOPOXKHOIO CTPOUTEJIbCTBA IIOKAa3aJik, YTo
3071Bl M OIJIaKU OT CIKUTAHUS TBEPHABLIX BUAOB TOIIMBa MPEOCTABISIOT
co0ol MaTepHabl, IPUTOOHBIE [JIST IPUMEHEHUS BO MHOTUX OTPACIIIX
HaAPOOHOI0 X034uCcTBa [42]:

- B CEJIbCKOM XO03SMCTBE - KaK yu06peHI/Ie;

- B MeETaJUJIYPrum - KaK I[IIHUXTa OJId II0JIYYEeHUHsa aJllOMHUHUA ¢«
KOHIEHTPAT OJId IIOJIYHEeHUA 2KeJjie3aqa,

- B CTpOHTeHLHOfI MHOYCTPHUHN 30JIOIIIIaKOBBEIE CMECH KW 30JIbI CYXO0TO
YJ1aBJINBaHUA - KaK CBEIPpbE OJIsd LIIEMEHTOB U 6eCKJ'II/IHKepHI:>IX BAXKYIITUX,
0eTOHOB (TH}KGJ'IBIX, JIETKHUX, HT-IGI/ICTBIX), IIOPUCTBIX 3al0JITHUTEJIEN,
CHUJIMKATHBIX, KepaMn4YeCKHUXx, TEIINION30JIAITMOHHBIX n OPpyrux
MaTepuajoB.

B OdopojicHoM cmpoumesbcmaee 30JIBI U 30JI0LIJIAKOBBIE CMECH
HCIIOJTb3YIOTCSI IPU COOPYKEHUM 3€MJISHOTO IMOJIOTHA, OJIT YCTPOUCTBA
YKpPEMJIEHHBIX OCHOBAHWM, B KQUeCTBE 3aMOJIHUTEJII U MHUHEPAJIbHOTO
mopoImrka B acdanbTo6eToHaX. 30/bI CYXOTO YJIaBJIMBAHUS MOXKHO
IIPUMEHSITh B Ka4eCTBE CAaMOCTOSTEILHOTO BSIXKYIIIEr0, a TaK¥kKe Kak
AKTUBHYI0 [00aBKY K HEOPTaHWYECKHMM M OPraHUYECKUM BSIKYIIUM
BellleCTBaM.
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[MTupoku# pa3mMax padOTHI IT0 UCIIOIb30BAHUIO 30JIOIIIAaKOBBIX
MaTepPHaoB B JOPOKHOM CTpPOUTeJIbcTBe Poccuu mpuHsaau B 70-x
rogax. CBsi3aHO 3TO OBIIIO C IIPAaBUTEIbCTBEHHBIMU ITOCTAHOBIIEHUSIMU
110 YTUIN3AIUN TOILIMBHEIX 0TX0mM0B TOC.

B 1976 r. MUHHCTEPCTBO TpPaHCHOPTHOro cTtpoutenbcTBa CCCP
yTBepauio «TeXHu4YecKue YCIJIOBUS I10 KCIIOJIb30BAHWIO 30J1 YHOCaA U
30JI0LIJIAKOBBIX CMECeU OT CXKUTaHUSA pPal3/IM4YHBIX BUOOB TBEPHOIO
TOIJIUBaA [JI1 COOPYXKEHUS 3eMJITHOIO IIOJIOTHA U YCTPOUCTBA
OOPOKHBIX OCHOBAHMM M IIOKPBITUM aBTOMOOUIBHBEIX mpopor» BCH
184-75, B KOTOPBLIX YCTAHOBJIEHHEI TPeOOBaHUS K IPUMEHEHUI0 3071 U
30JIOLIJIAKOBEIX MaTepUaioB B JOPOXKHOM CTPOUTEJILCTBE.

B 80-x romax Hay4HO-MCCIeOoBaTelbCKHe PabOTH U ITPAaKTUUYECKOe
KCIIOJIb30BaHUE 9THUX MaTepHuaioB OBLITH 3HAYUTEJILHO
AKTUBU3UPOBAHEI. DTO OBIJIO CBSI3aHO C CO3JIaHHMEM U PAa3BUTHEM CETH
aBTOMOOMIILHBEIX Agopor B 3amamHoi Cubupu, HeuepHO3eMHOI 30HE,
Toe PpecypChl TPaAOULMOHHBIX HOOPOXKHO-CTPOUTEJILHBIX MaTepHuaioB
(BBICOKOMIIPOYHOTO I1IeOHSsI, ITecKa, IleMeHTa) OrPaHUYEeHHI.

B 1976-1990 rr. 61 pa3paboTaH Psig HOPMATHUBHBIX JOKYMEHTOB,
pa3BUBAIOIINX BO3MOXKHOCTH HCIIOJIb30BAaHUS 30J1 M 30JIOMIJIaKOBBIX
CMecel B JOPOXKHOM CTPOUTENBLCTBE. VX rlepedyeHb NPUBEOEH B pa3. 5.

CTpOUTENILCTBO aBTOMOOMJILHBIX HOOPOT C IIPUMEHEHUEM 30J1 U
30JI0LIJIAKOBBIX MaTepUasiOB OCYILECTBIISJIOCh B PaA3JIMYHBIX PETUOHAX
Poccuuy, 0ocoOEHHO B  paloHaX, HWCHOBITHIBAIONIUX  Oe(GUIUT
TPaOULIMOHHLIX [OPOXKHO-CTPOUTENBHBEIX MaTepuasioB (iebHs, Iecka,
1leMeHTa). I[Ip# CTPOUTENLCTBE aBTOMOOUIIBHBIX [OOPOT MOCKBa-
CepniyxoB, MockBa-Pura, MockBa-Kaimiupa ¢ OpuUMeHEHUEM 301 U
30JI0LJTAKOBBIX CcMeced mnocTtpoeHo okono 300 kM pgopor. Ha
aBTOMOOUIILHOM mopore AnTaii-Ky36acc Ha OTCBITIKE CJIOEB 3€MIISTHOTO
[IOJIOTHA KCIOJB30BAHO 65 THIC. M°S 30JIOMUIAKOBEIX MaTepuasos.
AnrtaunaBTtomop B 1999-2002 rr. npuMeHsi 3071kl YHOCa bapHayibCKOu
TOLl B KOHCTPYKTUBHBIX CIIOSIX OOPOXKHBIX OHEXK[ Ha aBTOMOOUITbHBIX
poporax III-IV kaTteropuii.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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2. CBOMCTBA 301 4
IMIJIAKOB T3C

2.1. XUMHAYECKME U PUSUHYECKUAN
XAPAKTEPUCTHUKMH 30J1I A IIIVTIAKOB

3oma - HecropawIui OCTaTOK C 3epHaMu Menbue 0,16 MM,
o0Opa3ymomuiics u3 MUHEepPaJIbHBLIX ITPUMECEN TOIJIMBA IPU IIOJTHOM €To0
CrOpaHUM M OCaXKOEHHBIM M3 OBIMOBHEIX T'a30B 30JI0yJIaBJINBAIOIINMU
ycTpouctBaMu. B  3a8ucumocmu om 8uda monausa  30ja
IIoApa3fensaeTcs Ha QHTPALUTOBYIO, KaMeHHOYTOIbHYIO,
OypOyTOJIbHYIO, ClIaHIIeBYI0, TOpGsAHyio u Op. ComepkKaHHe 30JIbl IIPU
CrOopaHUHU TOIUIMBA PA3/IMYHO: B KaMEHHBIX M OypHIX yrisax - oT 1 mo
45%, B roproyux ciaHiax - oT 50 go 80%, B TomuBHOM TOopde - OT 2
mo 30%. ITo cnocoby ydaseHus pa3nuyaloT: 3071y Cyxoro orbopa (30.1a
YHOCa) ® MOKpPOTo (30s1a 2udpoydasneHus). 30j1a yHOCA IIOJIy4aeTcCs B
pe3yibTaTe OYHCTKHM  OLIMOBBIX Ta30B  30JI0yJIOBUTENSAMH U
IIpencTaBiisieT coO00M TOHKOOUCIIEPCHBIM MaTepuall C OYeHb MEJIKUMH
YacTUIlaMM, 4YTO II03BOJIET HCIIOJIb30BaTh ee 0e3 [OIMOJIHUTEIbHOTO
IIOMOJia. 30JIa MOKpPOTro oTOopa oOpa3yeTcss IIpU yHOajlleHUuu ee C
IIOMOIIILIO BOOBI B BU[E MYJIBIIE II0 30JI0IIPOBOAAM.

TONNWBHEIM IIJIaK - 3TO MaTepuajl, CKalJIUBAIOLIUUCA B HUXKHEU
YaCTU TOIOYHOI'O IIPOCTPaHCTBa TEIJIOBHIX arperatoB U ypaisgeMbIn
B XKHWIOKOM MJIM CIIEKIeMCSI COCTOsAHUU. [Ipu cOBMECTHOM ynajieHuu
3071l U IIJIaKa TUAPOTPAHCIOPTOM Ha TEIJIOBBIX 3JIEKTPOCTaHIMAX
oOpa3yeTcst 30J0M1IaKoBas CMECh.

XUMUYECKU HW MUHepalbHO-Pa30BBEIM COCTaBBl, CTPOEHUE U
CBOMCTBa 30JIOLIJIAaKOBEIX MaTepuanoB (3IIM) 3aBucat OT cocTaBa
MUHEPaJIbHOM dYaCTH TOIJIMBA, €ro TEeMNJIOTBOPHOM CIIOCOOHOCTH,
pexxmuma CXKUTraHus, crnocoba HUX YIaBJIMBaHUS U yOaJIeHUs, MecTa
oTbOopa U3 OTBAJIOB.

[Tpu BrIcOKUX TemmepaTrypax (1200-1600°C) cxkuraHus TOINJIHBa
MUHepalbHbIE IIPUMECH IIPeTepIieBal0T N3MEHEHHUsI; B HUX IIPOTEKAIOT
CIIOXKHBIE (PU3UKO-XUMHYECKHE IIPOLECCH: BBIOENISETCI XUMHUYECKU
CBSI3aHHAs BOAa CHJIMKATOB U aJIIOMOCUJIMKATOB; pa3jiaralTcs
KapOOHATHl; UOYT pPeaKIMu B TBepmou ¢a3e; IIPOUCXOISAT IIJIaBJIeHUeE,
KpHUCTalyIn3alusi, CuiInKaTooOpal3oBaHUeE, CTeKJIo0Opa3oBaHHE UM [Op.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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[ToaTomy 30nbl U mutakum TOLl UMEOT CHOXKHBIA XHUMHUYECKUU U
MUHEPaIOTU4eCKUuM COCTaBHI.

Xumuueckuu coctaB 3IIM orT cxuraHus yriaeum B Poccuu u
HEKOTOPHIX 3apy0exKHBIX CTpaHax IMpuBegeH B Tabn. 2. OHHU
npenctaBieHbl B ocHOBHOM SiO2 u Al203. Kpome TOro, B COCTaB
OKCHUIO0B BXomaT Takxke Fez03, CaO, MgO, Na20, K20, TiO2, SO3 u Oop.

B mactosmee BpeMms 'OCT 25818-91 u I'OCT 25592-91 onpenenunu
TpeOoOBaHUS K XUMHUYECKOMY cocTtaBy 3IIIM, npuMeHseMbIM MOJis
IIPOU3BOMICTBA PA3IUYHBIX BUIOB OETOHOB U CTPOUTENILHEIX PAaCTBOPOB.
Hopmupyetcs comepxkaHue okcumoB - CaO, MgO, SO3, Na20 u K20:

okcupa Kanbiusga CaO - 10%, uToObl 006ecrmedyuTh PaBHOMEPHOCTH
n3MeHeHus1 o0beMa ITpu TBepaeHuu, ceoboguoro CaO - 5%;

- okcupma Maruust MgoO - He 6omee 5%;

- BEpPXHUU Tpefesl CEPHUCTHIX M CEPHOKHUCIBIX COeOUHEHWU B
nepecyete Ha SO3 1o TpeboBaHUAM CylibdaTOCTOMKOCTU - 3-6% (B
3aBUCHUMOCTH OT BHUAA UCXOOHOTO TOILJINBA);

- CyMMapHoOe cofepzKaHue Ien0o49Hbix okcumoB Naz0 u K20 - 1,5-3%
(B 3aBUCHMMOCTH OT BHIa CXWIaeMOI'0 TOMJMBA) BO wu30exXaHHUe
medopMaluii Ipu WX PeakIuy C 3allOTHUTEIISIMHU.

B 3aBHCHMOCTH OT BHOA TOMNJIMWBA U YCJIOBUM ero cxkuranus B 311IM
MOTYT COOEPzKaThCsS HECTOpPEeBIHEe OpPraHWYeCcKHe YacCTHUIBl TOIIIHUBA.
[ToTepsi MacChl HpPU MPOKaIWBaHUM (II.11.11.) OOJIKHA OBITH HEe BHIIIE
3-25% B 3aBUCHMOCTH OT BUOA UCXOOHOTO TOIIJIMBA.

MI/IHepaHBHO-(I)aSOBBIﬂ COCTaB BKJIIOHad€T HEeOPraHu4YeCKYI0 H
OpPraHUYEeCKYIO COCTABJIAIOIITHE. HeOpFaHquCKaH (1)838., B CBOIO
o4gyepennb, COCTOUT U3 COCTABJIIAIOIINX:

- amMop¢HoU, TpeacTaBIeHHOU CTEKJIOM U aMOp(PU3UPOBAHHBIM
TJIMHHACTHIM BEII[ECTBOM;

- Kpucma/muqecxoﬂ, BKJTIOYAIOIeun ci1abou3MeHeHHbIe 3€PHa
MHWHEPAJIOB MCXOOHOT'O TOIIJIMBa (KBapLI, IIOJIEBBIE€ IIIIAThI W OPYyTrue,
TepMU4YeCKUu YCTOfIqHBbIe MI/IHepaJ'IbI) u KPpHUCTAJIIITNYEeCKue
HOBOO6pa3OBaHI/I${, BOSHHUKIIIKE TIIPHU CXKHUIdHMKU TOIIJIKMBaA (MYJ'[JII/IT,
T'eéMaTHuT, aJIlIOMOCHUJINKAT KaJIbIIUuA U le)

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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CTekJI0 B 30/1aX MOXKET OBITh CUJIMKATHOTO, aJTIOMOCUJTMKATHOTO U
JKeJIe3UCTO-aTIOMOCHUJIMKATHOT'O CocTaBa. AMOpP(pU3UPOBaHHEIE
TJIMHUCTHIE BEIIECTBA - METAKAOJIMHUT U Cl1ab0CIeKIneecs
aMmop¢du3npoBaHHOE TTMHUCTOE BEIIECTBO, @ TAKXKe CIEKIINeCs U
YaCTUYHO OCTEKJIOBAHHBIE YACTHUIIHI OMTPEOesITIOT XUMUYECKYIO
AKTUBHOCTbH 30JIbI, (OPMY M XapaKTep MOBEPXHOCTH 30JIbHBIX YACTHII.

YacTtuiibl OOIBIINHCTBA 30J1 UMEIOT chepudeckyio ¢GopMy U TIaaKyIio
OCTEKJIOBaHHYI0 (akTypy moBepxHOCTU. OOHOPOOHOCTH YaCTUI]
pas3nuyHa. bojiee OOHOPOOHBI YaCTUIILI, COCTOSIIHNE TIOJTHOCTHIO U3
cTekna. HMmewTcsi dYacTUIBl, BHYTPEHHSS YacTb KOTOPHIX He
pacmiaBuiiach U cjaraeTcs U3 MeTbYaWuIlnX MUHEepPaJIbHbIX U KOKCOBBIX
3epeH. BcTpewaroTcss M mOJble HIAPUKM B Pe3yIbTaTe BCIIYYWBAHUS
CTeKJa B MOMEHT oOpa3oBaHMS 4YaCTULBL. Pa3Mep dYacTUIl - OT
HECKOJIbKUX MUKPOH 10 50-60 MHUKDOH.

MoryT TaK¥XkKe 00pa30BLIBATHCS CTEKJIOBUIHBIE YaCTHUIIBI
HEeIPaBUIbHOM (QOPMEI. Y HEKOTOPHIX YaCTHUI] TOBEPXHOCTh TyOudaTas
M3-3a Pa3IUYHOTO KOJIMYeCTBa MY3bIPhKOB. OHU TaKXe MOTYT
comepXkaTh BO  BHYTpPeHHeM  4YacTu  OOJIbIIOE  KOJIUYECTBO
KPUCTAJIINYECKUX BEIIECTB.

[Ipy HEmOCTAaTOYHO BHICOKOW TeMIepaType CropaHHus TOIUIMBA M
BBICOKOM TYTOIJIABKOCTH €ro 30JIbHOM dYacCTH 00pas3ylTCs 30JIHI,
cocTosIIre W3  aMOpP(GU3UPOBAHHOTO  TJIMHHCTOTO  BEIIECTBa,
IIPEICTaBIEHHOTO IMTOPUCTEIMHU YaCTHUIIAMH HEIIPABUIbHOU (POPMBI. DTH
YaCTUIIEI UMEIOT BLICOKOE BOIOIIOTJIOIEHHE,

B KpyIHBIX ¢ppaKUusaX 30JIbl COIePKaTCsI arperaThl, 00pa30BaBIINECS
B pe3yJibTaTe CIeKaHusI MHOXKEeCTBa MeNIKux 3epeH. OHU HEeOOHOPOOHEI
1 UMEIOT HU3KYIO IIPOYHOCTb.

[[I;maky HO CpaBHEHUIO C 30JIaMH COOEPzKaT MeHbIlle OPraHUYeCcKUxX
OCTaTKOB ¥ aMOp(pU3UPOBAHHOTO TIMHUCTOTO BeIecTBa, HO OOJIbIIe
creknodassl (o 95%). OOYCIIOBJIEHO 3TO TeM, YTO IIJIaKu OOJIbIliee
BpeMs HaXOOsITCSA B BBEICOKOTEMIIEPATYPHOU 30HE TOIIKH.
Kpucrannudeckass ¢a3a B HHMX Mpe[cTaBleHa KBaplleM, MYIJIUTOM,
MATrHETUTOM U T.[.

Baxueummmu ¢pusndeckumu cBoictBamu 311IM gBIg0TCAI 3€pHOBOU
COCTaB, HAaCHIIHasA M WCTUHHAs IMJIOTHOCTH, BOAOHACHIIIEHUE U
CIOCOOHOCTH K MOPO3HOMY IIYUYEHUIO.

rj PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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3epHOBOM COCTaB ONpPEeIsieTCs BHUOOM TOIUIMBA, €r0 IIOATOTOBKOM
K CXUTAHHUIO, PEXUMOM CXKWUTaHHSI, CIOCOOOM yJIaBJIMBAHUS 30JIHI,
MecToM oTOopa (tabn. 3 u 4).

[Tpu cyxoM ymaneHHUHU 30716l KPYITHBIE YaCTUIIBI YIaBIUBAIOTCS
LMKJIOHAaMHU, MeJIKHe - 3JieKTpodunbrpamMu. [Ipyr 9TOM Ha KaxKaoM moJjie
aNeKTpoduIbTpa codupaeTcs onpenenenHas ¢ppakuus 30abl. Tak, Ha
[TpubanTutickot 'PIC 3051a U3 HUKIIOHOB COOEPKUT YACTHUIL
pa3Mmepom Menbue 50 MKM 47-63%, 351eKTpodUIbTPOBas 30J1a CO
BTOpOTO 1o - 61-87%, c Tpetbero - 78-99%, a wetBepToro - 100%

Tabnuia 3

3epHOBOY COCTaB HEKOTOPBIX 30JI CYXOT'0 yJlaBJIMBAaHUS

Bupn TonnuBa CopnepxkaHue, %, 3epeH pa3MepoM, MM

5-2 2-1 1-06 0,5-0,25 0,25-0,1 0,1-005 <0,05

KameHHEIN yTOb,
OrmbGaCcTy3CKuM - - - 0,5 95 340 560
faccelH

Bypeiii yrons
XapaHOpCKoOe - 0,1 1,4 37,5 52,0 90 -
MeCTOpPOXIeHUe

KaMeHHEIN yTOJIb,
Heproarpurckoe 0,3 0,6 28 3,5 37,0 29 52,9
MeCTOPOXKAeHUe

AHTpaUUTOBBIU
yronb, [JoHeIKuit - 0,1 0,1 18,1 0,1 225 591
dacceiin

[10] ITpu 3TOM MPOUCXOOUT Pa3fesieHue 1 110 XUMHUYeCKOMY COCTaBy,
u 1o ¢dasoBoMy. MakcuMalbHOE CcoAepXKaHUe CchepudecKux
CTEKJIOBUHLIX YaCTUI] UMEIOT MeJibuanInme ppakiimu 3016l. YeM 3epHa

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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30JIBI KpPYIIHEEe, TeM BEHIIIIE€ B Heu cogepzxKaHue arperupoBaHHLBIX,
III€ePOXOBATHIX, ITIOPUCTBIX YaCTHII.

CucteMbl rufpoygajeHus 30JIbl U I[IJlaKa HaOpaBJIsiiOT B OTBAJIbI
TTOJTUOUCIIEPCHBIE IIIJIAKO30JIbHBIE CMecH. BOM3uM MecTa BHIITyCKa
IyJIbIIBl 00pa3yeTcs LIJIaKoBasi 30Ha OTBajla, B KOTOPOi IpeobiamaioT
yactulsl KpynHee 0,25 MM, B oTHasieHuu - mejasde 0,25 MM

OT 3epHOBOr0, XMMHUYECKOTO M (h)a30BOT0 COCTABOB 30JIEI 3aBUCHUT €€
HaCHIIHAsA IJIOTHOCTb, KOTOpas MoOXeT cocTaBiaaTk oT 0,6 mo 1,3 r/
oM YoenvHBIE Bec (MCTMHHAS IIJIOTHOCTH) 30JIBI KoJiebieTrcsda oT 1,75
mo 3,5 r/CM3, cocTtaBnsaAsas B cpegHeMm 2,1-2,4 1"/CM3. Pu3nyeckKkue
XapaKTEePUCTUKU HEKOTOPHIX 30J1 IPUBEOEHHl B Ta0I. 5

Tabnuia 4

3epHOBOfI COCTaB 30JIOIJIaKOBEIX CMeCeu 30JI0yOoaJIEeHu s

Paccrosinue

Bup Tormmusa 0T MecTa CopepxkaHue, %, 3epeH pa3MepoM, MM
CIIABa, M

>20120-10/10-5| 5-2 | 2-1 {1-0,5/0,5-0,25/0,25-0,1/0,1-0,05

<0,05

KamenHEBIN yTOIb

r‘j\ PasdeleHe peknaKsl B 40KVHEeHTax M Ha caidTe
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KysHenkoro
Gacceiina, - 3,2|13,8 17,4/16,0/5,2 | 7,2 9,8 13,0 11,0 | 3,4
MockoBcKas
T3II-22
50 1|11 (121169 | 3 8 18 10 12
To xe, |
Bapa6uHcKas 100 - 3 7 {10 5 | 3 8 29 24 11
I'PaC |
150 7 4 6 |7 43 10 26 26 7
To xe,
WrymHOBCKas - - - 19,330,113,2/111,3| 12,4 7,7 8,2 7,8
oLl
50 1,6 /1,8 /3,3(3,8 | 11,8 54,2 14,3 | 9,2
KaMeHHEI yTomb | - -
9xubaCcTyCKOro 100 - 11,3/11,6]1,3 6,8 48,0 14,8 | 26,2
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‘ PaccTosuue
Bun TonmnuBa 0T MecTa CopepxkaHue, %, 3epeH pa3MepoM, MM
CI¥Ba, M
|
200 - - - 10,1 1,0 19,5 36,4 [43,0
OacceliHa, |
Pedunckas 'POC 300 - - - 10,9 3,6 28,8 27,5 |39,2
To xe, -
CTemHOropcKas - - [1,013,18,4 | 22,7 37,9 16,6 |10,3
T3C
ITogMOCKOBHOTO |
Gacceiina | 100 - 2 1 4 7 45 41 -
Crynuackasa 1911- 150 ) ) 2 2 5 31 60
T7
To xe,
Toporo6yxckas - 2 12 |3 |12 42 23 14 -
ToL
Bypsii yroms, 2 1419 |7 13 33 23 6
Pazanckas ['POC
To xe, 1 3 42 37 17
IITekuxckas I'POC
- 19 126 14| 9 11 - 13 5
To xe,
XapaHOpPCKOTro
MECTOPOXKAEHNS,
KpacHoKkaMeHCKas
TOLI
r‘j\ PazMeweH1e pexnarsl B LoKMeHTax W Ha calTe 15
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‘ PaccTosuue
Bun TonmnuBa 0T MecTa CopepxkaHue, %, 3epeH pa3MepoM, MM
CII¥Ba, M

|
50 2,6 16,816,2/14,6/9,9 | 24,8 16,3 4,9 3,9

KamMmeHHBIN yTOTb |
[IeY0pCKOro 100 3,1 7,317,216,1|10,6| 22,8 14,0 3,2 5,7

MECTO - |
DOKTEHHUS, 200 2,1 /16,8/4,2/55|4,9 | 21,7 33,4 15,8 5,6

Yepenoselkas ‘
TPAC 300 2,9 14,716,754 |4,4 22,2 35,4 9,9 8,4

K%yHHOCTB 3epeH 1UIakoB - oT 10 go 15 MM, yoenbHBIN Bec - 2,8-3,3
r/cM”, HachIllHaA OJIO0THOCTE - 1,1-1,3 r/cm”.

XuMHU4YecKass aKTHBHOCTh SBISETCS BaxXKHBIM CBOMCTBOM 30JI, OT
KOTOPOT'O 3aBHCHUT HMX HCIIOJIE30BaHHE - B Ka4Ye€CTBE€ CaMOCTOATEJIbHBIX
BAXKYIIKUX WUJIM KaK KOMIIOHEHTA KOMIIJIEKCHEIX BAXKYIITHX.

I'b,

Tabmnuma 5
du3ndecKue CBONCTBA 3011
. HacwimHass YoenbHas
T3C, T3, YoenvHbIN BopmomoTpe6HOoC]
Yronp 3 [IIJIOTHOCTS, | IIOBEPXHOCTS,
racC BeC, I/cM 3 2 %
r/cM cM/r
MocxkoBckas-11 2,13 0,89 2850 55
HoHelKUHn
MupoHoOBCKast 2,15 0,85 2700 56
MockoBCKasi-22 2,21 0,92 2500 54
Kysneukunit
Kazanckas 2,19 0,83 1360 42
[TogmockoBHEIU CTynuHCKas 2,09 0,70 2800 60
r‘j\ PasueleHHe peKnaktbl B J0KYHMEeHTaxX W Ha cante 16
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Kancko-
AYUHCKUHN

Ha3zapoBckas 2,36 0,99 2300 58

[To XUMHUYECKOMY COCTaBY 30JIbI U IIIJITAKU ITOOPA3OEISIIOTCS Ha
OCHOBHBIE, KHCJIbIe U HelTpanbHbie. OCHOBHBIE 30JIbI COepKaT
TUAPABINYECKY aKTUBHBIE KOMIIOHEHTBI 1 SIBJISIFOTCS
CaMOCTOSITEJIbHBIM BXKyIIuM. Kucisie 3076l 0071aaloT CBOMCTBAMU
TUIWYHBIX TYLIIOJIAHOB U MOTYT IIPUMEHSATHCS KaK aKTUBHBIE
MUHepabHbIe JOOABKH.

TomnuBHBIE 307BI MW IIJIAKM, KaK TIIPaBUJIO, HE CIOCOOHEI
HEIMOCPEeOCTBEHHO B3aNMOOENCTBOBATh C BOOOMW. ITO XapaKTEPHO JIHIIb
OIS 30JI, COHepzKallux CBOOOOHBIE OKCUIOB KaJbIUs W MaTrHUus.
AMopdHBIE KOMMOOHEHTH 3071 ¥ IIIAaKOB 007afaloT NYILII0TaHOBOMU
AKTHUBHOCTBHIO, T.e. CIIOCOOHOCTBIO CBSI3BIBATH TIIPHM  OOBIYHBIX
TeMIlepaTypax THUAOPOKCHUI Kaibliusg, o00pa3ys HepacTBOPHUMEBIE
coenmuHeHusi. [Ipu UX HAKOIJIEHUU IIOSIBJISIETCSI BO3MOXKHOCTbD
TUPABIUNYECKOTO TBEPOEHUS BAXYIIUX N3 CMecel H3BECTH WUJIHU
TMOPTJIAHAIIEMEHTA C 30JI0M UJIU IIIJIaKOM.

[Ty111071aHOBOM aKTHUBHOCTHIO B COCTaBe 30J1 U ILIJTaKOB 00amaioT
MIPOAYKTHE O00XKHWTa TJIMH: aMOpP(pU3UPOBAHHOE TIUHHUCTOE BEIEeCTBO
THUIIa MeTaKaoluHuTa, aMmopdubie SiO2 u Al203 U amiOMOCUINKATHOE
CTeKJi0. PeakIlMOHHasi CHOCOOHOCThH II0 OTHOIIEHUIO K TUAPOKCHULOY
Ka/JblMs Y HUX pa3IuyHa M 3aBUCHUT OT TEMIIEPATYPHLIX IIpeBpallleHui
KAOJIMHUTOBLIX T'JIMH TIPU CKUTAHUU TOIIMBa. OOnmamaioniuii 00JIbIION
yOEJIbHOUW IIOBEPXHOCTBIO MeTaKaoNMuHUT Al203x2Si02 aKTUBHO
pearupyete Ca(OH)2 mipu OOBLIYHBIX TeMIlepaTypax C oOpa3oBaHUEM
TUOPOCUIIMKATOB KaJIbIIUS U TUOPOTEeJIeHUTa.

AKTUBHOCTH oOOpa3yiommxcsa NOpu 0ojlee BBICOKMX TeMIlepaTypax
amopdubx SiO2 u Al203 3aMeTHO MEHBIIIe, YTO OOBSICHSIETCS PE3KUM
CHUXKEHUEM YyIOEelIbHOW IIOBEPXHOCTH BCJIENCTBUE CIEKaHUSI U
KPHUCTaIIN3allud HOBOOOpPa30BaHUM - MyJIINTa, KpUCTOOAIIHUTa.

BBICOKOTGMHepaTypHOG CIIEKaHue u IIJIaBJIEHUE TJINHUCTBIX
MKWHEPAJIOB PE3KO CHHUZXKAIOT nux YOEJIIbHYIO IIOBEPXHOCTH u,
COOTBETCTBEHHO, aKTHBHOCTbL. BciiencTtBue 3TOTrO CTeKJ'IO(I)aSB. 30]I U
II1JIaKOB MAJIOAKTHUBHA IIPU OOBIYHBIX TeMIlepaTypax.

[ToBrIllIEHHE TEeMII€EPATYPHI CZKUT'aHUSA TOIIJIMBa CBEPX OOIIYCTHUMOTIO
Ipepgeiia IMMpuBOOUT K IIaJ€HHWI0O aKTHBHOCTHU OOJILIIIMHCTBA TOIIJIMBHBIX
307II.
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2.2. KIACCHOHUKALINA 301 A
HIJIAKOB

Krnaccudukanmeu 3011 u IIIJIaKOB 3aHUMAaJIUCh MHOTHE
ucciaemoBatenu - H.A. TTonoB [2], H.A. VBaHoB [3], I"'H. Kuuruta u
M.B. Banaxuauu [4], E.A. Tl'anubuna [5], A.B. Bomxenckuii u B.H.
Bunorpapos [6, 7, 8], B.A. Menentbes [9] u opyrue.

OCHOBHBIM KPUTEPUEM, OTIPEAESISIONINM CITOCOOHOCTH 30IHI U IIJTaKa
MIPOSIBNISAThL BSIXKYIIIME CBOMCTBA, SBJISIETCS HaJIW4YWe KalbIUus B
CBOOOHOM UJTU CBSI3aHHOM BHUJE.

Hapsimy ¢ 9TUM HCIIONIb3YIOTCS CIIeOYIOINe KPUTEPUH:

- MOQOYJIb OCHOBHOCTH (TMOPOCUIMKATHBIM MOAYJIb) MO, KOTOPBIU
IIpencTaBiisieT cO00M OTHOIIEHHEe CYMMbl OCHOBHBIX OKCHUOOB K CyMMe
KHUCJIOTHBIX OKCHUIOB:

Mo = (CaO + MgO + K20 + Na20): (SiO2 + A1203);

- CHIUKaATHBIU (KPEeMHE3eMUCTBIM) MOOYIb M, IOKa3bIBalOIIUU
OTHOIIIEHWE OKCHOa KpPEeMHUS, BCTYIIAKOIIEero B peakuid C OPYTUMU
OKCHUJaMM, K CyMMapHOMY COOepPKaHUI0 OKCHUOOB aJllOMUHUS U XKejle3a:

Mc = SiO2: (A1203 + Fe203);

- KOS(b(bPII_[I/IeHT KayecTBa K, MOKa3bIBAIOMINK OTHOIINEHHE OKCHOOB,
IIOBHIMMTAIOITKUX THUAPABIINYECKYIO dKTHUBHOCTE K OKCHUOAM, CHHU2KAIOIITUM
ee:

K = (CaO + A1203 + MgO): (SiO2 + TiO2).

Ha ocHOBaHMMK MHOT'OYMCJIEHHBIX MCCJIEOOBAHUM TOIJIMBHBIX OTXOOOB
3IEKTPOCTAHINM, CKUTAIOIINX TOIJIMBO Pa3J/IMYHBLIX MECTOPOXKOEHUH,
30JI0IIIJIAKOBBIE MaTepHrasbl pa3deeHbl Ha TPYIIIH - aKTUBHEBIE, CKPBITO
aKTUBHBIE M HHEPTHHIE (TA0. 6).

Tabnuiia 6

KHaCCI/I(I)I/IKaLII/IH TOIIJITMBHBIX OTXOHOOB OT C2KUTI'daHUSA TBEPOOT'O TOIIJIMBaA
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30J1011IaKOBEIE MaTepPUaIbl
XUMHUYEeCKHe CBOMCTBa |
AKTUBHBIE CKDBITO aKTHUBHEBIE WHEPTHBIE
Mo 0,5-2,8 0,1-0,5 <0,1
ITokaszaTtenu
Mc 1,5-7,8 1,4-3,6 1,3-3,2
KadecTBa
K 1,0-3,6 0,5-1,3 0,4-0,9
CaOo6m 20-60 5-20 0,5-5
CaO 0-30 0-2 0-1
CopepxaHue cB0G
hopm
KaJTbLus
. CaOcymod 0,5-9 0,2-2 0,1-1,6
CaOKap6 15-45 5-15 0-5
CaMoTBepaeIoIi Tpebyert
MaTepuar. WHTeHCUPUKAIUU CeIpbe ans
MecTHOE TBEPIEHUS. ITPOU3BOACTBA
BsIXKYyIllee, usmenus  [Ipou3BOACTBO KUPIHUYa,
Bo3MmoxkuEbIEe 06macTu Ha ero OCHOBE, U3TENUH, 30/ILHOT'O TPABUS
HMCIOJTh30BaHUS MIPEeUMYIIECTBEHHO TBEPIOEWOIINX IIPH  TeXHOTeHHBIN
ABTOKJIABHOTO  TEIJIOBOM 00paboTke TPYHT.
TBEPIEHHUS. C aKTUBU3UTOPAMHU. IlopoxHOe
IHopozxKHOE HopoxkHOE CTPOUTENBCTBO
CTPOUTENLCTBO CTPOUTENBCTBO

K aKmueHbiM OTHOCSTCS 30JI0UINTaKOoBhle MaTepuanbl (31IM)
TIOBOJI2KCKMX CJIaHIIEB, yriielr KaHCKo-A4YMHCKOTO yroJIbHOTO OacceiiHa,
QHTPEHCKOTO0 YTJisi, HEKOTOpPhEIX TopdoB. OOIllee comepzKaHUe OKcCHOa
Kanblus KonebreTcs B npenesnax 20-60%, cBoOOOOHOTO OKCHIa KaJIbIIUS
- mo 30%. Takoii coctaB obecriedMBaeT BHICOKME 3HAYE€HUS MOOYJeu
OCHOBHOCTH U CHJIIMKATHOIO, a TakKxke KoadpduineHnta Kagecrtsa. 311IM
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OT CXKHIaHHsAd VYKa3aHHBIX BHIOOB TOIIJIMBaA o6na11anT CBOMCTBOM
CaMOCTOATEIIBHO TBEPOETH nu MOT'YT IIPUMEHATHECA KakK
CaMOCTO4ATEeJIbHBIE BAXYIITHE.

K ckpbimo axkmusHbiMm  oTHocaTca 3IIM  or cXuranus
PaUdYUXUHCKUX, OOTOCIIOBCKUX, XapaHOPCKUX, 4YepEeMXOBCKUX,
XaKaCCKUX U HEKOTOPBIX mpyrux yriei. OOIilee comepzKaHUe OKCHUOaA
Kanbimst B 9Tux 3IIM coctaBiser 5-20%, comepzkaHue CBOOOTHOTO
OKcuaa Kajblus - He Buille 2%. Moaynb OCHOBHOCTU COCTaBJIIET HeE
0onee 5. Kak mpaBuiio, OHHM MCIIOJIL3YIOTCSI B KAYeCTBEe KOMIIJIEKCHBIX
BSIKYIIIUX C aKTUBU3UTOPaMU

K uHepmHbuim oTHOcATca 3IIM oT cxXuraHus 3KuOACTY3CKHX,
IIOJAMOCKOBHBEIX, KY3HEIKHUX, MOOHEIKNWX, HEPIOHTPUHCKUX U OPYTHUX
yrineii OHM XapaKTepu3yIOTCS BBICOKMM COOEpPKaHMEM OKCHIOB
KPEMHHUS W allOMHUHHUS WM HU3KUM KOJMYECTBOM OKCHUOOB KaJlbIIUSA U
Maruusi. CBOOOOHOTO OKCHIA KaJblus coOmepkKutcsa MeHee 1%, a B
HekoTopbix 3IIIM aToM Trpynnbel ero MoXKeT He ObITh coBceM. B
OCHOBHOM MX HCIIOJIb3YIOT B KaUYeCTBE TEXHOTEHHBIX T'PYHTOB.

3. TEXHUYECKHUE
TPEBOBAHHUA K
30JIOIIIJIAKOBBIM
MATEPUAJIAM

OCHOBHBIM HOPMATUBHBIM [OOKYMEHTOM, B KOTOPOM NPHUBEOEHHI U
OeTalu3upPOBaHbBl  OCHOBHBIe  TpeOOBaHUSA K  30JIOUIJIAKOBHIM
MaTepuajlaM, KUCIIOJIb3yeMbIM B OOPOXKHOM CTPOUTENIBCTBE, a TaKiKe
yKa3aHus II0 TEXHOJIOTHU MX NMPUMEHEHUS SBISIOTCS «TeXHu4YecKue
yKa3aHus 110 UCIIOJIb30BAHUIO 30JI YHOCA M 30JIOUIJIaKOBBIX CMECeU OT
CXKUTAHUS pPa3IUYHBLIX BUOOB TBEPHOTO TOIJIHWBA MOJIS COOPYXKEHUSI
3eMJISHOTO MOJIOTHA U YCTPOKCTBA AOPOXKHBIX OCHOBAHUM U IIOKPBITUU
aBTOMOOMITBHBIX mopor» (BCH 185-75). OHM oCHOBaHEI Ha 0000IIIeHHBIX
pe3ybTaTax UCCIIeIOBAaHUM Co1o3g0opHuH, ero unuanos,
I'unponmopHuu, 'ocmopHUU U psAda OPYTUX HayYHO-MCCIIEeI0BaTEIbCKUX
OpraHU3allui C y4eTOM ITPOU3BOACTBEHHOI'O OITHITA.

BCH 185-75 1mpepmycMaTpuBalOT IIpPUMEHEHHWE B [JOPOXKHOM
CTPOUTENIBCTBE 30JI YHOCA M 30JIOILIAKOBBIX CMECEU, MOJIydaeMbIX OT
CXKUTaAHUSA B KOTJoarperatrax TeMmIOBRIX 3nekTpoctaHuuu (TIC)
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TBEPIOTO TOIIMBA pPa3/IMYHOro Bupa (Oyporo u KaMEHHOTO YIJId,
Topda, TOPIOYMUX CJIAHIIEB).

[Ipy CTPOUTENBCTBE aABTOMOOMIILHBIX HOOPOT 30JIbI YHOCA CYXOTO
oTb6opa MCIIOJIB3YIOT B Ka4eCTBE aKTHUBHOM T'MApPABINYECKOU M0OaBKU
COBMECTHO C IIEMEHTOM UM U3BECTHIO, a TaK¥Ke KaK CaMOCTOSITEJIbHOE
MeOJIEHHO TBepPAeIolllee BSIXKYIlee [/ YCTPOMCTBA HOPOIKHBIX
OCHOBaHUNW U TIOKPBITMM U3 YKPEIJIEHHBIX TPYHTOB U OTXO[OB,
IOJTy4aeMBbIX ITPU OPOO0JIeHUU KaMeHHBIX MaTepUuasoB.

30JI0LITAKOBEIE CMeCU IIPUMEHSI0T B KadeCTBe MaTepuasna [ojsd
COOpPYKEHUs HacChIenl 3eMJISHOIO IIOJIOTHA WJIM MaJlIoaKTUBHOU
TUOPaBIUYECKOM m00aBKU, B COYETAHUU C LIEMEHTOM IIPU YKpPEIJIeHUN
rpyHTOB Ha goporax III-IV kaTteropuii.

KpuTtepueM NOPUTOOHOCTH 30JIOIIIIAaKOBOM CMECH [Jis BO3BeOEHUS
3eMJISHOTO IIOJIOTHA CYHUTAIOT UX MOPO30CTOMKOCTH, KOTOpasd
XapaKTepu3yeTCcs BEJIMYMHOM OTHOCUTEIBHOTO MOPO3HOTO ITy4YeHUS
(Knyy). OHO mpencraBnusieT Cco0OM OTHOIIEHUME BePTUKAaIbHOU
gmedopMaluy NOy4YeHUsT IIPH IIPOMOpPaXXKUBaHWM oOpas3ila K ero
IIepBOHAYa/JIbHOM BBLICOTE, BHIPAXXEHHOU B IIpoleHTax. CTelleHb
IMyYUHUCTOCTH MaTepHajioB ONpenesisioT Ha oOpa3liaX, BbIAepP:KaHHBIX
7,28 u 90 cyT.

ITo CTeIleHU MOPO30CTOUKOCTU 30JI0IJTaKOBBIE cMecHu
KitaccupuimupyoT Ha HenydyuHucmule (Kiryy.<1%), caabo nyyuuHucmeole
(Krmyy=1+3%), nyyuHucmoie (Kigyy=3+10%) U CcusibHO ny4yuHucmuwlie
(Krryy>10%). HenmyuyuHucThie ¥ cj1ab0 IYYUHUCTHIE 30JI0UITIAaKOBBIE
CMeCHU IIPUMEHSIOT ITPU BO3BeOEHUYN HaChITIEN 3eMIISTHOTO IOJI0THa 0e3
orpaHvYeHuy. [lydvHUCTHIE 30JI0UIJIAKOBEIE CMECHU OOIIYCKalOTCS IIpU
00s13aTETbHOM  OCYIIECTBJIEHMM  KOMIIJIEKCA  MEPOIPUSITUN  II0
00ecrie4yeHUI0 YCTOMYUBOCTU 3EMJIISTHOT'O TOJIOTHA, 0COOEHHO BEPXHUX
€ero CJI0eB, HaXOOALIWXCA B 30He [OpoMep3aHusda. K Takum
MEPONPUATUAM OTHOCSATCH:

- Hal3Ha4YeHHWe KPYTHU3HHI OTKOCOB C Y4YE€TOM BO3MOXKHOCTHU
MEeXaHU3WPOBAHHOTO IIJIAHUPOBAHUS, VIIJIOTHEHUS U YKPENJIeHUs
IIOBEPXHOCTHU OTKOCOB MJIM YCTPOMCTBA 3IAIIUTHBIX CJIOEB Ha OTKOCAX
HAaCBIIIH;

- IDHUMEHEeHNEe MOPO303allITUTHRIX CJIIOEB B BerHeﬁ YaCTHu 3€eMJIAHOT O
IIOJIOTHAQ;

- YCTPOMCTBO ApeHazKa MU KAl POIIPePhIBAIOIINX CII0EB;
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- YCTPOUCTBO 6epM M H3IOJIMPYIOLUINX CII0€B B OCHOBAHUM 3E€MIISHOTO
TIOJIOTHA;

- YKpP€EIIJIEHue 000YMH 3eMJISHOTO OJIOTHA U YCTpOﬁCTBO Tpe6yeMoro
BOOOOTBOa B IIpOIiecce IIOCJIOMHOTO BO3BEEHUS 3€EMJISTHOTO IIOJIOTHA.

CunpHO IIYYUHUCTBIE 3O0JIOIIJIAKOBBEIE CMECHU [OJIsd BO3BEIOEHUA
HaCHIIIEN 3eMJISSHOTO MOJIOTHA He OOITYCKaAIOTCH.

307IbI YHOCA CYXOTO VJIAaBIMBAHHS, HCIIOJIb3yeMble B KauecCTBe
CaMOCTOATEJILHOTO BSI2KYIIIETO U aKTUBHOTO KOMIIOHEHTAa
CMEIIaHHOTO, OOJI2)KHL OTBEYaTh TPeOOBaAHUSM, IPHUBEIEHHEIM B TaO0Il.

7.
Tabnuua 7

TpeboBaHUs K 30JI€ YHOCA CYXOTO yJIaBJIMBaHUS

TpebGoBaHus K 3071e yHOCA

HopMmupyeMsiii moka3aTeb KaK aKTUBHOMY KOMIIOHEHTY
CaMOCTOSITEIILHOMY
BSIKVIIIEM
ymemy C IIeMeHTOM C HU3BECThIO
ComepxkaHue CBOOOMHOIO KaJIbIIHS,
o P He Mmenee 8 He Gonee 4 -
(o)
2
VoenrHass IOBEPXHOCTL, CM“ /T He
p 3000 3000 3000
MeHee
CopepxkaHue CEPHUCTHIX u
CEPHOKMCJILIX CcOoeguHeHuu - (B 6 3
nepecuete Ha SO3), %, He 6oee
[MoTepu mpu IpoKaluBauuu, %, He
5 10 10
foonee

305101IJTaKOBLIE CMECH, IIpPUMEeHAEeMbI€ KdK MadJIOAKTHBHAsA
TruapaBIndYeCKas )IO68.BK8_ B COYE€TaHHUHU C IEMEHTOM HJIX N3BECTHIO OJIA
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VKPEeIJIEH!sI TPYHTOB, ODOJI?KHBI COIEepPsKaTh YaCTUITEI Pa3MepPOM:
Mmesnbye 0,071 mm - 6oee 60%, kpymHee 2 MM - He 6onee 5%; II.II.1I. -
He 6ostee 10%.

Iis1 YKpPeEIIJIeHnusa 30JIaMKX CYXOr'0O YyJIaBJIMBaHHUAd B Ka4deCTBe
CaMOCTOATEJIbHOT'O BAXYIIEero HJIM KaK KOMIIOHEHTa CMEIIaHHOTO
BAXKYIIIETO, 4 TadKXe 30JIOIIJIaKOBEIMM CMEeCsAMH B COYEeTaHHH C
OeMeHTOM IITPUTrOOHEI:

- prTIH006JIOMOT-IHBIe HeClleMEeHTHUPOBAHHBIE TPYHTHI, BKIIIOYaid
Pa3iindHbI€ €CTECTBEHHEIE CMECH,

- OTXOBRI, ITOJIy9aeMEbI€ IIPHU JIp06J'IeHI/II/I KaMEHHEIX MaTepPHuaJioB;

- IIeCKHu (baBeJ'II/ICTBIe, IIeCKu KPYVIIHBIE, CpedHne, MeJIKhne, B TOM
YucCJie MMbIJIeBaThie, a TaK2Ke OOJHOPOOHEIE MEJIKUE;

- CylIecHu BCeX Pa3HOBUOHOCTEM;

- JIETKHE CYTJINHKH.

Bopmopomubil moka3aTtesnb (pH) Bcex BUOoOB GYHTOB OONIXKEH OBITH HE
Huxe 4. OOmiee coOepXaHHe JIETKOPACTBOPUMEIX COJiell B
oOpabaTeiBaeMBIX TPYHTAX [MOomyckaeTcss He Oonee 3% (mo macce
TPyHTa) Opu Cynb(paTHOM 3acojieHuu U He 6osee 5% - Ipu XJTIOPUITHOM.

['pyHTHI ¥ MaTepHasibl, MOJIydaeMble KaK OTXOIbl KaMHeapoOIeHus,
YKpeIlJIEHHbIe 30JIaMUd YHOCA MJIA 30JIOUIITAKOBHEIMM CMECSIMHU, OOJIKHBI
oTBedaTh TpeboBaHusIM Tabm. 8.

Tabnuia 8

OU3UKO-MEeXaHNYEeCKUEe CBOMCTBA YKPEIIJIEHHBIX MaTepPHUaJIOB

Knacc npounocTtu

IToka3arenp

IMpemen OPOYHOCTH IIPKU CKATHUH BOMO-HACHIIIEHHBIX

60-40 40-20 20-10
obpa3z1oB B 90 cyT, Krc/CM2
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To ke, Ha pacTsaxkeHUe Ipu u3rube, He MeHee 10 6 2

Koaddumment moposoctorikoctu o6pa3mnos B 90 cyT,

0,75 0,70 0,65
He MeHee
BnaxxkHOCTB oGpasia (cBepx OIITUMAaJIbHOM
BJIaXKHOCTU VIIJIOTHEHUs) IIOCJIe HCHOLITAaHUS Ha ) 4 4

3aMOpaxkKuBaHue-oTTauBauue, %, II0 Macce, He
OoJsiee

CopeprkaHue 30J1 YHOCA CyX0ro 0T0opa, IpUMeHsIeMBIX B Ka4eCTBe
CaMOCTOSITEJIBHOT'O BSIXKYIIET0 UJIM aKTUBHOTO KOMIIOHEHTA,
Ha3Hay4aloT He MeHee:

- 20% (Macchl cMecH) - IPU UCIOIb30BaHUU 30716l B IEPBOM CJIy4ae;

- 15-20% - Bo BTOpPOM, B coueTtaHuu C 4-6% uemeHTa, 5-8% - C
HU3BECTHIO.

KonuyecTBO 3051 YHOCA UJIX 30JIOLIJIAKOBBEIX CMECEU, HEe OTBEYalOIInuX
TpeboBaHusAM Tabn. 7, OONXKHO OBITH He MeHee 15-25% coBMecTHO C
5-10% nmemMeHTa.

[17151 TTOBBIIIEHUS IIPOYHOCTHBIX IIOKa3aTelel yYKpeIlJIeHUuS T'PYHTOB
BBOOSAT 4-6% (MacCCHI 30JIbI) XJIOPUCTOTO KaJlbIIHs.

7151 yKpeInJjieHHusl JIeTKUX CYTJIMHKOB COAep2KaHWe 30JIbl OOJIKHO
COCTaBJIATh He HHuKe 25% (Maccel cMecu). MOpPO30CTOMKOCTh TaKHUX
VKPEMNJIeHHbIX TPYHTOB MOXKHO TOBBICUTH OOOABKOW KayCTHYECKOU
copnsl 0,7-1% maccel Cyxoro rpyHra.

[[OCT 25818-91 «3omnbl-yHOCa TEMNJIOBBIX JJIEKTPOCTAHLUU U
0eTOHOB» IIpefyCMaTpUBaeT IIpPUMeHeHue 30J1 YHOCa CyXoro otbop B
KadyeCTBe KOMIIOHEHTa [JI1 IIPUTOTOBIEHUSA TAXKEJBIX, JIEeTKHUX,
SIYEeUCTHIX OETOHOB M CTPOMTEJILHBIX pPacTBOpPoB. Kpome TOTO, OHM
HCIIONMb3YIOTCSI B Ka4eCTBE TOHKOMOJIOTOM MOOaBKM OJIS KapOCTOMKUX
0eTOHOB M MUHEPAIbHBIX BIXKYIINX. 30/IbI IIOOPAa3AeJISIOTCS Ha KUCIIbIe
(mo 10% oxcupa Kamnblusg) U ocHOBHBIE (Oosee 10%). Ilpu sTOM
HOPMHUPYIOTCS:
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- coHepzKaHME OKCHIa KaJjblUs, OKCHUOa MarHusi, CEPHUCTHIX;
CEPHOKMCIIBIX COeOUHEHUU B mepecueTe Ha SO3, MIEI0OYHBIX OKCUOOB B
nepecuete Ha Naz0;

- IIOTEPSI MaCCHI IIPYU ITPOKaINBaHUN;
- yoenbHas IOBEPXHOCTR;
- ocTaToK Ha cute Ne 008;
- BJIAa2KHOCTB 30JIHI - He 0osiee 1% 1o Macce

- BeJIM4YHHa CYMM&pHOfI YI[eHBHOfI dAKTHUBHOCTH €CTEeCTBEHHEIX
OUOHYKIINIOOB.

['OCT 25592-91 «Cmecu 30JI01JIaKOBbIE TEIIJIOBHIX 3JIEKTPOCTaHIIUNU
niasi  O6eTOHOB»  pPAcCIpPOCTpPaHSAETCS Ha  30JI0IIJIaKOBEIE  CMeECHU
TUgpoynajieHusi, TM[pHUMeHseMble B KadeCcTBe KOMIIOHEHTa IIpHu
IIPUTOTOBJIEHUU CTPOUTENBHBIX PACTBOPOB, a TaKXKe TAXKEJbIX, JIETKUX
U SYEUCTHIX OETOHOB [Js1 COOPHBIX M MOHOJUTHBIX OETOHHBIX U
Kene300eTOHHBIX KOHCTPYKIIUY U U3OENTUN.

30501IJTaKOBEIE CMECU COCTOSAT U3 IIIJIAKOBOTO ITeCKa (pa3Mep 3epeH
ot 0,315 mo 5 MM) - ¥ IJTAaKOBOTO IIeOHS (pa3Mep 3epeH KpymnHee 5 MM).
HopmupyroTca:

- YOoeJIbHas ITIOBEPXHOCTh,
- ITIoTepsda MACCHI IIPpHU ITPOKAJINBAHUH;

- cogepXXaHUe OKCHUIOOB KaJlbllud ¥ MarHusi, CEepPHUCTBIX U
CEPHOKMCIIBIX COeQUHEHUU B mepecueTe Ha SO3, MIEI0YHBIX OKCUOOB B
nepecudete Ha NazO;

- BJIQ2KHOCTBD - He BhIIIIEe 15% 1mo Macce;

- BeJIWYHMHA CYMMAapHOM yOeJIbHOM AaKTUBHOCTU €CTEeCTBEHHBIX
PagNOHYKIIUIOB.

[IImakoBEIM 1mIe0eHb 30JIOIUIAKOBOM CMeCH [OJIKeH o6JajaTh
CTOMKOCTBHIO IIPOTUB CUIMKATHOI'O U XKEJIe3UCTOr0 PAaCIIafioB, OTBEYATh
TpeGoBaHUSM 10 MOPO30CTOUKOCTH.

['OCT 9128-97 «Cmecu achanbTOOETOHHBIE IOPOXKHEIE,
a9poapoMHBIe M achanbTOOETOH» HOMYyCKaeT NPUMEHSITh B KaudeCTBe
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MUHEPAJIbHLIX [OPOILIKOB [JIf [OPUCTOTO0 U  BBICOKOIIOPUCTOTO
achanbToOETOHA, a TaK¥XKe MIOTHOTro acdanbTobeToHa Mapok II u III
30JIbI yHOCa M 30JIOLIIAaKOBBIE CMecu. [Insg 3TUX MaTepualioB
HOPMUPYIOTCA

3€pPHOBOM COCTAaB;

IIOPUCTOCTBE,

BOJOCTOMKOCTH 00Pa31]0B U3 CMECH MTOPOIIKA C OUTyMOM;

IToKa3aTeNlb OUTYMOEMKOCTH;

IIOTEPH ITPHU IIPOKAJIMBAHHUH,

comep:KaHMe AaKTHBHBIX OKMCJIOB KaJIbIIMsI M MarHus, a TaKxke
BOIOPACTIIOPUMBIX COEOUHEHUH.

I'OCT 23538-94 «Cwmecu 11e6eHOYHO-TPaBUMHO-TIeCYaHbIe U TPYHTHI,
oOpaboTaHHbBIE HEOPTaHWYECKUMHU BSIXKYIIUMM MaTepuaiaMu, MOjis
OOPOXKHOTO ¥ adpOApPOMHOIO CTPOUTEJIbLCTBAa» MpegycMaTpuBaeT
IIpUMEHEHNEe B KauyeCTBe BIXKYIIIero MaTepuasa 30J1y YHOca C yOoeJIbHOMN
IIOBEPXHOCThIO CBBIIe 150 M“Kr, cogepKaHHUEM CEPHUCTHIX WU
CEePHOKHUCIBIX COeOuHeHuN B mnepecdeTre Ha SO3 He Oonee 6% wu
TIOTEPSIMHU ITPU IPOKaIMBaHUU He 6ojiee 5% 1o mMacce.

3orouiakoBasi CMeCh, mogBepraeMas 06paboTKe HeOpraHM4YeCKUMU
BSIKYIIMMM, HONXKHa OTBedaThb TpeboBanusM ['OCT 25592-91. 'OCT
30491-97 «Cwmecu oOpraHOMUHepaJIbHBIE M TPYHTHI, YKpEIJIEHHBIE
OpraHUYEeCKUMU BSIXKYIIUMH, [0 HOOPOKHOTO U a’3pPOAPOMHOTO
CTPOUTEJILCTBA» MpPegyCMaTpHUBaeT BO3MOXKHOCTb IIPUMEHSATH OIS
IIPUTOTOBJIEHUSI CMeCeUd TOPOUIKOBBIE OTXOObl TPOMBIIIJIEHHOTO
IIPOU3BOMICTBA, KOTOpPhIE MOOJIKHBI OTBedaTh TpeboBaHusm I'OCT
9128-97.

['OCT 26644-85 (u3meHenue Ne 1 ot 2000 r.) ycTaHaBIHMBaeT
TpeboBaHUsA K IIeOHIO M IMEeCKy, 00pa3yIonuMCs IIPU CXKUTAHUU yTIeHn
Ha TEIJIOBBIX JJIEKTPOCTAHIIUAX. HMX TIIPUMEHSIOT B KadecCTBe
3aIOJTHUTEJIe OISt  TSXKeJbIX U JIeTKUX OeTOHOB COOPHBIX U
MOHOJIUTHBIX OETOHHBIX U KeJIe300eTOHHBIX KOHCTPYKIIMH 3maHuM u
coopyxeHuii. CTaHmapT He pacOpPoCTpaHseTca Ha OeTOH OIS
OOPOKHBIX MOKPHITUM. HOpMUpyrorcs:

- 3epHOBOM COCTaB;
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- HAaChIITHaA IIJIOTHOCTS,

- XHMHUYECKHH cCcocCcTaB (IIOTeps MacCcChl IIpW IIPOKaJIMBaHUMH,
coIepiKaHNe CEPHUCTBHIX U CEPHOKUCIILIX COeOUHEHHNN B IlepecyeTe Ha
SO3, comepzKaHre CBOOOTHOTO KaJIbITHSI).

[Ilebenbr poymkeH o00JafaTh CTOMKOCTHIO TPOTUB CUIUKATHOTO U
JKeJIe3UCTOT0 PaciagoB

4. OTEYECTBEHHbBIA 1
3APYBE2KHBIH OIIBIT
IIPUMEHEHUSA 3011 _
30JIONIJIAKOBBIX CMECEH B
JOPO2KHOM
CTPOUTEJILCTBE

OTxombl OT CXKHUTaHUSA TBEpOoro TomnuBa Ha TOC MIMPOKO
HUCIIONb3YIOTCSI IIPU CTPOUTEJIbCTBE aBTOMOOMIIBHBEIX HOPOT KakK B
Poccumu, Tak u 3a pybexkom. Huxke nmpuBefeHbl ciegyoonie o61acTu ux
ITPUMEHEeHU:

3ona cyxoro orbopa

- Me[OJIEeHHOTBEPHEIOIlee CaMOCTOSITEJIbHOE  BSXKYyIlee [
YCTPOMCTBaA OCHOBAaHUM AOPOXKHBIX ONEXKI M3 YKPEMNJIEeHHBLIX T'PYHTOB U
KaMeHHBIX MaTepHuasoB;

- aKTMBHas TruapaBiuyeckas pgobaBKa B  COYETAaHUH C
HEOpPraHW4YeCKUMHM BSIXKYIIMMU (IEMEeHTOM WJIM U3BECTbIO) [OJif
yCTPOUCTBa OCHOBaHUU;

- dAKTHBHAsA THOPaBIIN4YE€CKasia ,'E[O6aBKa B CO4Ye€eTaHUUu C 61/ITYMHBIMI/I
nin HOHI/IMepHO-GI/ITYMHBIMI/I BAXYIITUMH;

- COCTaBHAas YaCTb MUHEPAJILHOTO ITOPOIIIKa UJIN [JI er0 3aMeHBI IIPU
ITPUTOTOBIEHUH acGanbTOOETOHHOM CMeCH;

- mob6aBKa B3aMeH dYacCTH IleMeHTa U 3alOJIHUTENs TIIpHU
IIPUTOTOBJIEHUHU TSIKEJIOro 6eToHa M PacTBOPa;
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OTBAJIBHEIE 30JIOIIJIAKOBEIE CMECHU THOPOYyOaJIEHU;
- TEXHOT€HHBIN TPYHT OJId COOPYXKEHUA TOPO2KHBIX HAaCHITIEH;

- MaTepual, YerHHeHHbeI OeMEeHTOM UIIU OPYTUMHU BAXKYIITUMHU, OJIA
y'CTpOI;ICTBa OCHOBAHMH M OOMNOJIHUTEJIbHBIX CIIOEB OOPOZKHBIX OOEXK];

- MaJIOAKTHUBHa4d THUIOPABIXYECKad JIOﬁaBKa K H3BeCTH IIpHU
IIPUTOTOBJIEHUHM 30JIOM3BECTKOBBIX BAXKYIIMUX MJIA YKPEIIJIEHUd T'PYHTOB
W KaMEHHEBIX MaTepPHuaJioOB;

- B3aMEeH MWUHEpPaJbHOTO TOpPOIIKAa ¥ YaCTUYHO TIecKa IIpU
IIPUTOTOBJIEHNU acanbTOOETOHA;

- 3AdllIOJTHUTEJIb ITPHU IIPUTOTOBJIEHHWU THA2KEJIOTO ITeCHYaHOTIO O0eToHa.
HpI/I IIPUMEHEHNN 30JI MW 30JIOIIJIaKOBBIX CMecCen [OOCTHUTaeTCs
clieoymllasd SKOHOMHA ITeMeHTa:

- IIPU HCIIOJIB3OBAHHMHW AKTHUBHBIX 30JI YHOCa CYyXOro 0T6opa B
KadeCTBe CaMOCTOJMATEJIbHOTO MeOJIEHHO TBEePHOEIOINero BAXKYIIIEero -
100%;

- IPU UCIIOJIb30BAaHUM MAaJIOAKTUBHBLIX 30J1 YHOCA CyXoro orbopa B
KauecTBe m00aBOK K IIeMeHTY - 1o 50%;

- IIPY YKPEIIJIEHUH 1IEMEHTOM 30JIOIIIaKOBBLIX CMeCel TuApoyaaieHus
(BMECTO eCTeCTBEHHBIX IIeCYAHBIX TPYHTOB UJIM B KaueCTBe J0OAaBOK K
HUM) - 20-30%.

4.1. IPUMEHEHHE 30JI CYXOIO
YJIAB/INBAHHUA B KAYECTBE
CAMOCTOATE/IBHOI' O MEIJJIEHHO
TBEP/IFIOIIETIO BA>KYIITET O 5
MATEPHAJIA UJ/IH TU/IPAB/IHYECKOH
HJOBABKH K ITEMFEHTY UJIM U3BECTH

Bonbitass 3¢hGEKTUBHOCTh NPUMEHEHHUS CYyXuX 301 B KadecTBe
CaMOCTOSITEJILHOTO  BSIXKYyIIero HabOomaeTcsd TOpPU  yKpPeIJIeHUuHn
TPaBUMHO-TIECYAHBIX U IIECYAHBIX TPYHTOB, @ TaK¥XKe CYIeCceu.

KOMIIJIEKCHBIMHM BSIXKYIIUMK C AKTHUBHEIMM KOMIIOHEHTAaMU B BHOE
30JIbl YKPEIISIOTCS ITeCYaHO-Ie0eHUCThIe TPYHTHI, MOJIyYaeMble IIPU
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OpoOJIeHUNM MaJIONIPOYHBIX M3BECTHSKOBBIX M II€CYAHUCTHIX (11160
OPYyTuX) IMOPOXH, ApecBa M3BEPKEHHBIX U MeTaMOp(PHUUeCKUX II0PO[,
OTXOObl  KaMHeOpoOneHUs  UIU  KPYIHOOOJIOMOYHBIE  OTXOMBI
IIPOMBIIIJIEHHBIX NIpeanpusaTuii. McciemoBanoch yKpenjieHue CBSI3HBIX
TPYHTOB (CYTJIMHKOB U TJIMH C YHWCJIOM IIJIAaCTUYHOCTU OO0 21) 300U
¢ pobGaBKaMM XMUMHUYECKMX BelllecTB U000 KaK KOMIIOHEHTa
KOMIIJIEKCHOTO BSIZKYIIETO.

Kak OBJIO TOKa3aHO BHIINIEe (CM. pas3d. 2) aKTUBHOCTH CYXHUX 30]I
onmpefenseTcs WX OUCIEPCHOCTHIO ¥ XUMUKO-MHUHEPAJIOTU4YEeCKUM
cocTaBoM. ['magpaBnuyeckKasi aKTUBHOCTDL 30J1 00yCJIOBJIeHA HallUYUEM
cBobomHou CaO, ompenensiioniel BHICOKOe 3HaueHue PH ux BOOHBIX
BHITSIZKEK (oTHOIIeHUe 307kl K Bome 1:10). Kak nmokasanu uccjienoBaHUs
[14], oOpa31msl 3071kl TOPIOYUX CHAHIIEB JCTOHUM, copepxkalume 6,3%
cBobopHOM CaO, MMeNnu NPOYHOCTDL IPU CXKATUM B Bo3pacTe 28 CyT -
7,2 MIla, B 90 cyT - 9,8 MIla, 180 cyT - 12,3 MIla, K rony - 13,6 MIla.
AurpeHckas 3oja OypreIix yrieu, cogepxaias 3,3% cBobonHoit CaO, B
Bo3pacTe 28 cyT uMena npo4yHocTs 18,7 Mlla, Kk roay - 96,7 MIla.

B Tabn. 9 mpuBeOeHBl pe3ynbTaThl ONpPefeleHHUs aKTUBHOCTU 30]1
Kancko-AumHckux Oypeix yrie#t [11]. AKTUBHOCTH 3TUX 30]
yCTaHaBJIMBaJIM MCIIBITAHMEM 00pPa3lloB, TBEPHEBIIUX B HOPMAaIbHBIX
ycnoBusx B Teuenue 7, 28 u 90 cyt. OOpa3ubl-IUIUHAPE AUaMEeTPOM U
BBICOTOM 5 CM M3TOTaBIUBaJIU U3 30JIbl, YBJIAXKHEHHOU [0 OIITUMAaJIbHOU
BJIaJKHOCTH, NOyTeM IIpecCcOoBaHusA TIIOoA Harpy3kou 150 Krc/cM? B
TedyeHUue 3 MUH

Tabnuia 9

[TpOYHOCTH ITPU CKATHUU 00PaA3L0B M3 30JI CYXOT'0 YIaBIUBaAHUA
KaHCKO-AYMHCKUX yTJIen

ITpoYHOCTE ITPU CKATUK 00PA3IIOB,

CopepzkaHue MIla, B BO3pacre, CyT
HaummenoBanue TOC CBOOOOHOM
CaO+MgO, % |
7 28 90
KpacuHosipckas TOII-1 8,0 0,34 1,05 1,81
Kpacuosapckasa TILI-2 9,2 1,88 5,27 9,90
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HpkyTtckasa TIOL-6 (99) 9,1 427 8,04 10,83
Upkytckas TOLI-6 (BLLY) 11,6 1,25 1,98 2,08
Verp-Unumckaga TOL] 5,0 0,56 0,89 2,17
Kanckas T3L] (BLIY) 9,6 2,17 2,63 6,07
Hosocubupckas TILI-3 9,0 17,78 22,30 31,62
Hazapogckas 'POC 5,9 3,28 8,26 12,31

B Tabn. 10 mpuBemeHBl pe3yJibTaThl YKPEIJIEHUsS MEeJIKOTO IlecKa
pa3nU4YHBIMU 30JIaMH CYXOr0o YyiaBjiMBaHUS, copepxkamumu 5-20%
cBobopuoM CaO. 1o knaccuduKalmu, MPUBEOeHHOH! B 1. - 2.2, 9TU 30JIbI
OTHOCSATCS K aKTUBHBIM.

Tabmnuma 10

KuHeTHKa TBepOEeHUS MEJIKOTO IIeCKa, YKPEIJIEHHOr 0 30JIaMH1 CYXOT0

yJlaBIIUBaHUSA
HpOT-IHOCTb IIPpU C2KAaTUU BOOOHACBIIIEHHBIX
CopepxaHue o6pa3z1oB, MIla, B Bo3pacTe, CyT
Bup Tonnusa 30J1HI B
cmecH, % - | | | |

28 90 120 180 360

10 0,4 1,2 2,1 3,2 4,0

HpuCanTuicKue 15 16 30 65 76 9,2

roproyre CIaHIb

20 3,3 5,9 7,8 8,9 10,4

rﬁ!\ PaznelweHne PeKNaMebl B NOKYHEHTaxX W Ha CailTe 30
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15 1,6 1,8 1,8 2,0 2,5
T'oprotne craHmp! 20 1.8 2,2 2.4 2.6 2.8
IToBONMXKBS

25 2,5 3,0 3,7 3,9 4,5

10 0,4 0,6 0,8 0,9 1,3

15 0,7 1,2 1,2 1,3 1,8

Bypeir yrons

Anrpenckoro 6acceriHa

20 0,8 1,2 1,6 1,9 3,0

25 2,9 4,1 4,4 4,6 5,0

10 0,7 2,6 3,5 4,3 5,8

Byperit yroms Mpma- 15 11 3,5 4,3 5,8 6,9
BopoguHCckoro paspesa

20 2,3 4,7 5,8 6,3 8,8

15 0,3 0,7 0,9 11 1,3

Bypeut yroms 20 0,5 11 1.3 1.8 2.0
Ha3zapoBckoro paspesa

25 0,8 1,7 1,9 2,3 2,6

U3 Tab.
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10 BupOHO,

yTo Haubojee aKTUBHO YBeJINYHUBAETCS
npo4yHOoCTh B mHTepBase 90-180 cyTr, HO He HabOJIOmaeTCs TPAMOU
IIPONOPIIMOHAIPHOM 3aBUCUMOCTU 3TOrO I[pollecca OT COAepzKaHUA
cBOOOOHOM OKMCH Kanblusa. OnpenesieHre IPOYHOCTH 00pa31oB B BOLO-
HACBIIIEHHOM COCTOSTHUY ITI0Ka3aJio, YTO 3THU 30JIBl CyXOTr'0 yJIaBIUBaHUS
ABJIAIOTCA 9(P(PEKTUBHBEIM CaMOCTOSTEJIbHEIM MEOJI€HHO TBEPHOEIOIINM
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MUHEPANIbHLIM BSIXKYIIUM Tabn. 11 maHbl pe3ynbTaThl YKPENIeHUud
MEJIKOTO MeCKa HeaKTUBHBLIMU 30JIaMU OT CXKHTaHHUS 3KHOACTY3CKOTO
KaMEeHHOTO YT/l ¥ OOHEIKOro aHTpalluTa. JTU 30JIbl He CcomepzarT
CBOOOIHOM OKMCH Kaiblius. FCIolb30BaHME TaKUX 30J1 B KadecTBe
mobaBKM K IIeMeHTy o0eclieduBaeT CYIIEeCTBEHHYI0 SKOHOMUIO
nmocinegHero. Beegmenume B cmech 10% 307BI  OT CXKUTaHUS
9KM0ACTY3CKOIr0 KaMEHHOT'O YTJIS ITO3BOJIMJIO YMEHBIIUTL KOJIMYECTBO
nemenTa Ha 40% wu monmyuuTh 0Opa3nbl B 90-CyTOYHOM BO3pacTe C
TAaKOM JKe IPOYHOCThIO, KaK ¥ IPU VKPEIJIeHUU I[ecKa OOHUM
rnemMeHToM. IIpu moGaBnenuu 20% 307BI pacxoqd IeMeHTa MOIXKHO
YMEHBIIUTE B 2 pa3a.

Tabnuna 11

ITPOYHOCTE IIPH CKATHHU BOJO-HACHIIIIEHHLIX 00pa310B MEJIKOTO IIeCKa,
YKPEMJIEHHOTO LIEMEHTOM M 30JI0M CYXOI'O YJIaBIIMBAHUS

I[Tpo4HOCTS IIPU CKATUU
CocTtaB cmecH, % o6pa3znos, MIla, B Bo3pacre,
Bupn Tonnusa cyT

[IeCOK | IeMeHT | 30Ja 28 90

94 6 - 0,8 1,4

92 8 - 1,7 2,4

. 90 10 - 2,2 3,3
KaMeHHEI yTOJb
DkubaCTy3CKOT0

OacceliHa 3 12 i 3.2 5.7

84 6 10 1,5 3,4

74 6 20 2,3 6,9
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92 8 - 1,6 2,2

90 10 - 1,3 3,3

88 12 - 1,5 3,5
AHTPAIUTOBHIH yrf)m, 85 5 9 21 48
Ionenkoro 6acceitHa

82 6 12 2,3 5,2

79 6 15 5,3 6,7

76 6 18 3,4 6,9

Hcnonb3oBaHue B KauecTBe mo0aBKU K 11eMeHTy 10% 3051kl OT
CXKUTaHUS JOHELKOI0 aHTPalMTOBOTO YIJIsd II03BOJIIET COKPaTUTh
pacxoq 1ieMmeHTa B cpegHeM Ha 50%.

[IpuBemeHHBIE OAaHHBIE MOKa3bIBAIOT, YTO He BcCerga cogepzKaHue
CaO BnusieT Ha CKOPOCTb YIIPOYHEHHS KU Pa3yIpPOUYHEHUS aKTUBHBIX
30J1 ¥ He SIBISETCS €OUHCTBEHHOM XapaKTEPUCTUKON UX aKTHUBHOCTH.
Bomnee Toro, mpu XxpaHeHUUW aKTHUBHBIX 30J1 HAa BO3[OyXe WX aKTUBHOCTH
CHUXKAeTCsd 3a CYeT IIPOIleCCOB THUIOpaTaluu U KapOOHU3AIMH
cBobopHbIX CaO.

CrI3paHCKasl 30j1a TOPIOYMUX CJIaHIEeB, comepxkarlias 4,1% cBoOoOmHOM
CaO, B BOo3pacTte 28 cyT umena npouyHocTts 10,2 Mlla, B 3 mec. - 17
MIIa. OgHako B manbHeUIeM HabiiomaeTcs pa3yIJIOTHEHUE 30JIbHOTO
KaMHS U B 6 MecC. IPOYHOCTh cocTtaBuia 9,3 Mlla, B rog - 5,7 MIla. Ilo
pe3yibTaTaM BaJIOBOTO XMMHYECKOTO aHajii3a yCTAaHOBJIIEHO HaJIU4ue
B COCTaBe 3TOM 30JIbl 3aKHMCHOTO XKeJjie3a, CyJIb(GUTHOU CepHl (B BHUIE
IMAPHUTA), a TakKXKe rurnca. Hanuuyme TpexKaabIIueBOT0 allOMOCUJIMKATa
CII0COOCTBYET OBICTPOMY YIIPOYHEHUIO, a OKUCJIUTEIbHO-
BOCCTAaHOBUTEIbHEIE ITPOLECCHI U dopmupoBaHue
TUIPOATIOMOCUIMKATOB KaJblIUs BBLICOKOM OCHOBHOCTU ITPU H3OBITKE
TUIICa BBI3BIBAIOT Pa3yIpPOYHEHHEe 30JIbHOT0 KaMHS 4depe3 3 MeC. U
Ooree.
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IIpoBedeHHLIMH HCCJIEIOBAHUSIMH IMOKAa3aHO, YTO B aKTHBHEIX 30J1aX
IIPUCYTCTBYIOT CUJIMKATHI, aJIIOMHUHATH U (PepPpoaTlOMUHATHEL KaJIbITHS
Pa3/TUYHOM OCHOBHOCTH, KOTOPLIE MOTYT THOPATUPOBATLCSI C
Pa3TUYHOM CKOPOCTBHIO. B OypoyroyibHBIX 30j1ax OOHapyxKeHbl Cas,
CazS u C3A, 4TO MO3BOJISIET IPOBOOUTH AHAJIOTHIO MEXKY IIPOIleCCaMu
CTPYKTYpoOOpa30BaHUs B 30JIOTPYHTOBBIX U IIEMEHTOTPYHTOBEIX
CMecCsX Ha OIpenesieHHBIX CTagusIX UX TBEPHOEeHUSI.

B cyxol 30jie HOPMHUPYIOTCS cCofepzKaHue CBOOOOHOM OKHUCHU
KaJIbIIMsI, CEPHUCTBIX M CEPHOKHUCIIBIX COEeOUHEHUU, KOJIUYECTBO
HECTOPEBIIMNX YaCTHUI[ U CTeleHb OUCIEPCHOCTU. BHIJIO yCTaHOBIEHO
[13], uTOo mpu comep:XaHUU B 30Jie CBOOOOHOM M3BECTU B KOIUYECTBE
15% u 6ornee HabMIOOaEeTCS CHUXKEHNE MOPO30CTOMKOCTH YKPETJIEHHBIE
recyYaHbIX TPYHTOB. OOBSCHSIETCS 3TO BO3SHMKHOBEHUEM U Pa3BUTUEM
IIpU TBEPOEHUM 30JIbI TUAPOCYIbGOATIOMUHATHBIX  KaJIbLIMEBBIX
CTPYKTYpP, KOTOpble CO3Hal0T 3alllMTHBIE TMJIEHKW Ha YacTullax
BSIZKYIIIETO0 M BHICTYHAIOT KaK 3aMe[JIUTENU CXBaThIBaHUSA. BrICOKOE
comepzKaHue CBOOOOHOM OKMCH KaJlblIMsl CO3HAaeT YCJIOBUS MOJIA
TIEPECHIILIEHUS, pu KOTOPOM KPUCTaITA3aIus
rugpocynbdoaoMrHaTa COIIPOBOKIOAETCA 00JTbIINM
KPUCTA/TU3allMOHHBIM  HaBJIEHWEM, YTO CHUXaeT IPOYHOCTh
oOpa3zywimuxcsa CTpPyYKTyp. Kpome Toro, B pe3ynbTaTe TuApaTalldy U
KapOoHu3anuu oOpa3yeTcss KapOoHAT KaJbIUsi, KOTOPHIM He
MOPO30CTOEK.

I71s1 monmy4yeHust TpedbyeMoi MOPO30CTOMKOCTH ITPU ITPUMEHEHUU 30J1
C comepzKaHHeM CBOOOOHOM M3BeCcTHU BhINIEe 15% HeoOXoguMO BBOOUTH
XUMHUYecKue moOaBKU. YcTaHOBIeHO [12], uTo BBemeHue 3-5% (Macch
307JIhI) XJIOPHUCTOTO KaJbIIUs 3HAYUTEJILHO yBEeIUYUBaET
MOPO30CTOMKOCTh YKPEMJIIEHHOTO IIeCYaHOTr0 TPyHTAa KaK B paHHUE
cpoku TBepaeHus (28 cyT), Tak u B Oojyiee mo3gHue (Mo 1 roma) Cpokm
XpaHeHusT o0pa3noB. B pacTBopax XJIOPUCTOTO KaJlbIUsS Pe3KOo
VCKOPSIIOTCSI  peakimu o0pa3oBaHUS TUAOPOCYyIbdoaTioMHHATA U
KMHEeTHWKa HapaCTaHUS IIPOYHOCTU. YCKOPSIOTCS TaK¥XKe IIPOIIeCCH
TBEPOEHUS OPYTUX CUIIUKATOB KaJlbIIM .

[Ipyroyi BaXKHOU XapaKTEPUCTUKONW THUOPABINYECKON aKTUBHOCTHU
CYyXUX 30J1 SIBASIETCS HalluuyWe MUHEepasioB, OJNIM3KUX II0 COCTaBy K
KJIMHKEPHBIM MHHepasiaM IopTilaHAlneMeHTa, - CaO, MgO, SiO2, Al203
Fe203, K20, Na20 (cm. Tabn. 2). AKTHUBHOCTH 3071 M MPOIECCH
YIIPOYHEHUST 30JI0TPYHTOB 3aBUCSAT U OT (OPMBI OKUCIIOB - CBOOOIHEIE,
3aKMCHBIE, CBI3aHHEBIE B CUJIMKATHI C Pa3JINYHOU OCHOBHOCTHIO.

PaccuuTtaHHbIE TuapaBIINYECKHe MOOVYJIN AKTHUBHBIX 3011
CBUIOETEJIbCTBYIOT O COTMXKEeHUN HuX FHJIpaBHquCKOfI aKTHUBHOCTH C
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TJIMHO3EMHUCTBIM IIEMEHTOM, a 3Ha4YeHud KpPeMHe3€eMHCTOIro ™H
TJIMHO3EMHUCTOTI' O MOJIYHGI;I - C UX Be€JIMYWHAMMU OJId ITIOPTIIaHAOIIEeMEHTa.

BMecTe ¢ TemM BaJloBOM XMMHYECKHMM aHAIU3 yCTAHOBUII
HACHIINIEHHOCTh AKTHUBHBIX M (TeM Oojiee) HEaAaKTHUBHBIX CYXHUX 30J1
OKHCBHIO Kajlblld IO CpPaBHEHHUIO C IleMeHTaMH. OJTO II03BOJISIET
aKTUBHU3UPOBATH 30JIbI HoOaBIeHueM usBecTtu B Bune CaO unu Ca (OH)2
1 IleMeHTa K HEeaKTUBHBEIM 30JlaM M KaJIbIIUEBHIX 3JIEKTPOJIUTOB U
OPYTHUX BEHIECTB - K aKTUBHBIM.

[TpoBegeHHbIE UCCIENOBaHUS U ITPAKTUKA CTPOUTENBCTBA MMOKa3aJllu,
YTO [JIsI YKPEMJIEHUS TeCUYaHbIX TPYHTOB 3(p(PeKTUBHO 11IeMEHTO30JIbHOE
BSIZKYIIlEee, @ CYTTIMHUCTHIX TPYHTOB - U3BECTKOBO-30JILHOE.

Tak, mecok, ykpemneHHBIU 4-8% (MacChl CMeCH) CIIaHIIEBOU 30JIbI
YHOCA, IIPUMEHSIJICS OJIsI YCTPOMCTBa 000unH [44]

3oma yHoca Bnamumupckoun TOILIl [46], mpuMeHeHHass B KadeCTBe
KOMITOHEHTA BAXKYILETO IIPU YKPEIJIEHUU TPYHTOB, ITI03BOISIET CHU3UTD
pacxon 1iemeHTa Ha 20% wu o6ecneuyuth TpebyeMbie (GUIUKO-
MeXaHUu4YeCKHe CBOMCTBA YKPEIlJIEeHHOTo I'pyHTa. B paboTte [51] onucaH
ONBIT IPUMeHeHUs 3051 yHoca Brnagmmupckou TOLl nmpu yKpenneHun
MaJIONPOYHBEIX M3BECTHSAKOB. Ha CTpoUTEenbCTBE aBTOMOOUIILHOM
poporu Jlamora-JIyHeBO ClO¥ M3BECTHSIKOBOTO IIeOHS, YKPENJIeHHOU
HeramleHOW Hu3BEeCThbI0 ¥ 30JI0M yHOCaA, yKjagblBall Ha MecdYaHOoe
ocHoBaHHue. [loBepxX YKpEeIJIEHHOTO TpPyHTa YyCTpauWBalu OBOUHYIO
TTIOBEPXHOCTHYI0 00paboTKYy.

Xopou.me PE3YIIBTAThL IIOJIYUYEHBI nu Impu YKpPeEIIJIEHUuHn
N3BECTHAKOBOT O H_[eﬁHH IOeMeHTOM C JIO68.BK0171 30JIBI YHOCaA.

[To 2QMHEKTUBHOCTH YKPEMNJIEHUS 30IbHBIMH BSIXKYIIUMU TPYHTHI
pacnosaralTcs B clenyoleM mopsimke [55]:

- TsaKernble CyrnuHKuy (Y.17.=12+17);

- IeTKue CyrinuHku (Y.r7.=7+12);

- cynecu (4.11.=1+7);

- rtecky, rinuHe (Y.;7.=17+25).

IIns TOBBHIIIEHWS MOPO30CTOMKOCTHM H MPOYHOCTHU T'PYHTOB,

YKPEIUIEHHBIX 30JI0M YHOCA, BBOASAT H00aBKU-aKTUBATOPHI - XJIOPUCTHIN
KaJIbIIUY ¥ KayCTUYECKYIO0 COfYy.
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HMMeeTcsi OIIBIT ONPUMEHEHHUsS 3071 yHOCa B OETOHHBIX CMECSX [JIs
YCTPOMCTBA IIeMEeHTOOETOHHBIX MOKPLITHH B ycioBusax Cubupu [75], 4To
IIO3BOJISIET

- YIYYIIATH CBSI3aHHOCTbL OETOHHOM CMECH;

- CHU3UTHL pacxop nemeHTa Ha 30-40% IO cpaBHEHHIO C OOBIYHBIM
0eToHOM [JIsI TOJIYyYEeHUST PAaBHOIIPOYHOTO 10 u3ruby matepuasna [39]

- YAYYHIIATH TPEIINHOCTOMKOCTh OeTOHa.

VkaTtaHHBIM OeTOH Cc moOaBkKamMum 305kl YHOca mo 30% o6namaeT
OOCTATOYHO BHICOKOM CTOMKOCTBIO K IIENTyIIEeHUIO.

3071a B 6eTOHE BLIMIOJIHSET POJIb aKTUBHOM MMHEPaJIbHOM MoOaBKH,
a TaKXXe MUKPOHAIIOJIHUTEJIsI, YIIy4IIaloniero CTPYKTypooOpas3yoliue
cBoMcTBa cMecH [56]. I[Tpu BBeIeHUH 301l B OITHMAJILHOM KOJIMUYECTBE
BOOOIIOTPEOHOCTh OETOHHOIM CMECH IMTPAaKTHUYEeCKH He N3MEHSIeTCs.

3o5a B pacTtBopax u 6etoHax [40] ucmonbp3yeTcs:

- KakK JIOG&BKa B OOBIYHBIN U I“I/IJIpOTeXHI/IquKI/II;I 66TOHI)I, BRICTYIIQd B
Ka4deCTBe€ 3allIOJTHUTEJIA IEMEHTa U II€eCKad HUJIM B3aM€E€H YaCTHU LIEMEHTAq;

- ITPX IIPOU3BOACTBE ITIOPUCTOT'O 3AIIOJTHUTEJIA (3OHBHOTO TpaBI/IH);

- Kak JIOGaBKa B II€eMEeHTHBI€ PaACTBOPHI [MOJId HATrHEeTaHUsA IIPHU
PEMOHTHEBIX pa60TaX;

- B Ka49eCTBe FHHpaBHquCKOﬁ )IOGaBKI/I IIPpHU IMMPOMU3BOACTBE ITIEMEHTaAQ,

- Kak JIOGaBKa IIPU IMTPOMU3BOOCTBE KHUPIIXNYaA.

4.2. IPUMEHEHHE 30JI CYXOIO
YJIAB/INBAHHUA B KAYECTBE
HJOBABKH K bBUTYMAM UJIHA
IHOJINMMEPHO-BUTYMHbBIM
BAKYIIIUM

HccnemoBaHus ¥ OIBIT CTPOUTENbCTBa [16] mokasamuw, 4TO T'PYHT,
YKPEIJIEHHBIN 30JIbHO-OMTYMHBIM BSIJKYIIMM, MOXHO MCIIOJIb30BaTh B
Ka4deCTBe CJIOEB OCHOBAHUU IIOA MOKPHITUS KANWTAJIbHOIO TUIA WA
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MOKpBITUYM Ha poporax III-V  karteropuur Bo II-III pmopoxkHO-
KJIUMaTUYEeCKUX 30HaX. [mass o00paboTKM NOPUMEHSIOT: IIecYaHo-
rpaBUMHBIE CMECH, IIECKU Pa3JINYHOI'0 3€PHOBOI'0 COCTaBa, B TOM YUCJIEe
OOHOPOAHLBIE, U CyIIeCH, B TOM UYHUCJIE IILIJIeBATEHIE.

B kauecTBe OpraHUYEeCKHUX BAXYIIINUX HCIIOJIB3YIOT GI/ITYMHBIG IIaCTHI
(Ha N3BECTKOBOM C—)MYJ'Ibl"aTOpe) n ChIPBIE He(l)TI/I, B TOM YHCIIE
BBEICOKOCMOIJIUCTHIE.

B 3aBucuMocTu OT TpeOyemMol NPOYHOCTH U Ha3HAYEHUS
VKPEIJIEHHOTO TPyHTAa B  KOHCTPYKIUU  [OPOXKHOM  OHEKIBI
PEKOMEHOYIOTCSI CIeOyIoIIue OO3WPOBKH BSIXKYIIUX MaTepuanoB (IO
Macce rpyHTa):

- 3071a YHOCa - He MeHee 15%;
- U3BECTKOBO-OMTyMHas 1macTta - 4-5% (B mepecueTte Ha OUTYM);
- HepTh - 4-6%.

[IpuroroBneHne VKPEOIEHHOT0 TPyHTa OCYILECTBJISETCS 10
TPAOUIIMOHHOM TEXHOJOTHUH: JU00 B CTAIlMOHAPHBIX YCJIOBHSX, JTUOO
Ha MecTe IPOM3BOACTBA PabOT C IpUMeHeHWeM I'PYHTOCMECHUTEJIbHBIX
MalllMH. YXO0[ 3a I'OTOBBIM CJIOEM YKPEIJIEHHOTO TPyHTa ITPOU3BOMOSAT
po3nuBoM OuTyMHONM sSmynbcuu: 0,8-1 1 Ha 1 M° ITOBEPXHOCTH
YKPEIJIEHHOI0 MaTepuaa.

Cyxme craHIleBble 30JIbI IIPUMEHSIU [OJII [TPUTOTOBJIEHUA
OUTYMOMMHEPANILHBIX CMECeM TpPU  CTPOUTEIbCTBE  HOPOIKHBIX
TIOKPHITUM M OocHOBaHuM [17]. B cocTtaB cmecel Bxogumu miebeHb U3
IIPUPOOHOTO KaMHS WJIM T'PaBUs, TPaBUM U eCYaHO-TPaBUMHBIE CMECH.
Kpome TOro, MOXKHO BKJIIOYaThb ITPUPOOHBLIN, OPOOJIEHBIM, a TaKikKe
IIJJAKOBBIM TIECKHU. [lOomyCKaeTCs MCHOOJIb30BaTh OTCEBHI ITPOOYKTOB
OpoOieHusT TOPHBIX IIOPOAd M TpaBuUsi, a B KaudyecCTBe BSIXKYIIETO
MaTepHuaa - XKuakKue HeDTsHbIe OUTYMEL.

PekxoMmeHyeMoe comepzKaHHUE CIIaHIIEBOU CMOJIBI B 3aBUCHUMOCTH OT
cnocoba IPUTOTOBJIEHHWSI CMECH U ee HCIIOJIb30BaHUS B OOPOXKHOMU
ofmexpe cocTaBiseT 5-12% Macchsl MUHEpaAJIbHOU 4aCTU CMECH

[lomyyaeMble CMeCH, coOfAepzKalllie CJIaHLEBYI0 30JIy, MOXKHO
KCIIOJIb30BaTh HEIOCPEOCTBEHHO IIOCJIe M[IPUTOTOBJIEHUS (TeIlyIble
CMECH) UJIU TI0CJIe XpaHeHus B mITabessax (CKIagupyeMble CMECH)
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Temnbele CcMeCH B 3aBHCHUMOCTH OT BeJIMYUHLI BOOOHACHIIIEHMUS
mogpa3fdesnsiloT Ha  [OJIOTHBIE (1-3%) U  TOPHUCTHIE (3-8%)
BomoHackhIlleHre CKIIagupyeMbIX cMecel - 3-8%.

HccnepmoBanusiMmu [34] OBIJIO YCTAHOBIEHO, YTO NPU YKPEMNJIEHUU
1e0eHOYHBIX U ITeCYaHbIX cMecel 30510# cyxoro ynaBnuBaHusg (10-20%
Macchl cmecu) u TryapoHoM (3-4% wmaccel cMmecu) wMapku CB
TOBBIIAIOTCSA BOAO- W MOPO30CTOMKOCTH YKPENJIEHHOTO TPYHTa OH
oTBedaeT TpeboBaHUAM 1-TO KJjlacca.

[IpoBemenHble ucciemoBaHusd [37] moKasanu, dYTO TIECKH,
YKpeIrieHHble OUTyMHOM mmacTtou (4% SMyNIbrupoBaHHOTO OUTyMa OT
MacCCHl 1ecka) u 30j104 yHoca (15-20%), xapakTepu3yrTcsd YCKOPEHHBIM
bopmMmupoBanmem CTPYKTYPHI, MMOBBIIEHHBIMH MJIOTHOCTBIO,
IIPOYHOCTBIO U MOPO30CTOMKOCTBIO. YKe B Bo3pacTe 28 CyT. IeCOK,
VKPEIUIEHHBIY 30JIbHO-OUTYMHBIM BSIXKYIIUM, KMMEJ MTPOYHOCTH IIPU
CJKATHH B BOLO-HACHILEHHOM COCTOSIHHE 50 Krc/cM?, mociie 25 [UKIIOB
3aMOpaXxXuBaHUs-oTTauBaHus -  20-30 KFC/CMZ. YBenuuumnace
nedopMaTuBHAsA CIIOCOOHOCTb, OCOOEHHO TIpU OTPULIATEIILHBIX
TeMIlepaTypax.

[MUHUCTBHIM TPYHT, YKPEIJIEHHBIM 30JbHO-OUTYMHBIM BSIKYIIIUM,
MMeeT HU3KHE BOOOHACHIIIeHNEe U HaOyxaHue.

BBenmeHne OUTYMHBIX BSIXKYIIUX B 30JIOTPYHTHI ITO3BOJISIET:

- OIITUMHU3UPOBATH IIPOLIECCHI TBEPAEHUS ITOCIEOHNX BO BPEMEHU;

- MCIIOJIh30BaTh 30JIbI C PA3JIMYHBIM comepkaHueM cBobomHou CaO;
- CHUXKaTh pacxof 30mbl Ha 10% (Maccel TpyHTa);

- PpacliupdTb HOMEHKIIATYPY VKpPeIlJIdeMbIX TPYHTOB 3a CHeT
HUCIIOJIb30BaHUA CYTJIMHKOB M I'JTUH.

Paboramu [67] ycTaHOBiIeHa 9(MHEeKTUBHOCTHL HOOABKU CIaHIEBOMU
307Hl (2-4,5 % Maccel cMecu) B codetanuu ¢ OIIC (pochomonyrumpar
cynbdaTa KaibliUs) [OJIS yKpPeIlJIeHUsI TPyHTOB. [IpuMeHeHUHe 3TOTO
KOMIIJIEKCHOTO BSIXKYILIETO IIO3BOJISIET yXKe Iociie 28 CyT. TBepOeHUs
MIOJTy4YUTh MaTepuaJl, oTBedarIluit TpeboBaHusaM 1 Kjacca IPOYHOCTH.
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4.3. IPUMEHEHUE - 30/I011/TAKOBbBIX
CMECEH [1/Id YCTPOHUCTBA
3EMJIAHOIO 1I0JIOTHA

3orouiiakoBele MaTepuanbl, KoTophele corimacHo [OCT 25100-95
SIBISIIOTCSI TEXHOTE€HHLIMM T'PYHTaMH, MOXKHO MCIOIb30BaTh IO/
BO3BEMIEHUS 3eMJISTHOIO TOJIOTHA aBTOMOOMJILHEIX mopor. OmHako
HeoOXOOMMO YYHTHIBATh, YTO HEKOTOPHIE CBOMCTBaA 3TOT0 MaTepuaia
(HEOOHOPOOHOCTH COCTaBa, CIOCOOHOCTH K HaOyXaHUI0O U MOPO3HOMY
IIy4YeHWI0, HalWu4dyuhe HEeCTOPEBIIUX YaCTHUI] TOIJIMBA) MOTYT OKa3aTh
HeTaTUBHOE BIUSHNE Ha €ro OOJITOBPEMEHHYIO 6e3aBapuiiHyio paboTy.
[TosToMy crenyeTr pas3paboTaTh cHelnuabHbBIE KOHCTPYKTHUBHBIE U
TEXHOJIOTUYECKHNEe MEPONPUSATHS, YTOOLI UCKIIIOUUTE (MJIH II0 KpalHeHn
Mepe CMSATYUTH) TaKOe BO3[IEMCTBHE.

3o01ITakKOBEIe CMeCcU K3 O0TBasioB TOC BIepBbie NPUMEHEHHBI [OJIA
BO3BEEHUS 3€MJITHOTO TIOJIOTHA IIPU CTPOUTENBCTBE IMOOBE3THBIX
Oopor B pairoHe ropomoB TBepb, Bopkyra u mp. [24]. Metonnl u
TEXHOJIOTHUS HCIIOJb30BaHMUS 30JI0MIJIAaKOBBEIX CMECEeH [JIsI COOPYXKEHUS
3eMJITHOTO IIOJIOTHA aBTOMOOUIIBHBIX HOPOT MCCIEOOBalIUCh B
Coro3pmopuuu, [unpomopHuH, HaydHBIX IleHTpax bemnopyccun,
Vkpaunnl, KasaxcrtaHa, VY30ekucrtaHa. 3a OCHOBHOM KpUTEpUM
IIPUTOOHOCTH 30JIOLIJIAKOBHIX CMeECeM B KadeCcTBe MaTepuana n[is
BO3BeOEHUS 3eMJISHOTO MOJIOTHa ObIJla MPUHSITAa UX MOPO30CTOMKOCTh
(cTeneHb Iy4YUHUCTOCTH), yCTaHaBIMBaeMas o BEJINYUHE
OTHOCHUTEIbHOI0O MOPO3HOTo nydeHus [23] HaunbGonee omHOPOOHBIME (U
MIPUTOOHBIMM) TPHU3HAHBI KaMEHHOYTOJIbHBEIE 30JIOLIJIaKOBHIE CMECH.
YcTaHOBNIEHO, YTO BeJIMYMHA OTHOCHUTEIBHOTO MOPO3HOTO NOYy4YEeHUS
TOP(QSIHBEIX, OYpPOYTrONbHBEIX 30JIOIIJIAKOBLIX CMeCeW U 30/bl YHOCa
cocrasnsger 3,4-7,4%, KaMeHHOyrojpHbIX- 1,5-3%. Kpome ToOroO,
30/I0IIJIaKOBEIE CMecu  00jIalaloT  XOPOIIEeM  CIOCOOHOCThIO K
YIJIOTHEHUIO.

PaboTk, TpOBEOEHHbLIE IIPU CTPOUTENILCTBE AaBTOMOOUIIBHBIX HOPOT
MKA]JI-Kamupa, MockBa-CeprniyxoB, Anrtai-Ky3bacc u mp., IoKasaiu,
YTO 30JI0ILIJIaKOBBIE CMECH, yYKJIagblBaeMble B HACHIIb HUXKE Pabodyero
CII0S1 3€eMJISTHOT'O TI0JIOTHA, HOJIXKHBI OBITh MaKCUMaJIbHO 3alllUIEeHBl OT
nepeyBaxHeHus1. C 3TOM 1eIbi0 He0OXOONUMO IIPOBEJEeHNE CIIEOYIOIINX
MeponpusaTuu [22]:

- KpyTH3Ha OTKOCOB MOOJIZKHA OBITh He MeHee 1:1,75 mpu BRICOTE
HACHITA A0 6 M; ITpu OOJIbIIel BHICOTE OTKOCHI HUXKHEN YaCTH HaChIIH
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(HuXke 6 M) OOIXKHBI OBITH He Kpyde 1:2, a BepxHel (BeIle 6M) - He
Kpyue 1:1,75;

- TIOBEPXHOCTb OTKOCA CJIedyeT 3allliIllaTh PACTUTEIbHLIM T'PYHTOM
TonmHou He MeHee 0,3-0,4 Mm;

- 30JIOIIJIaKOBYIO CMECH HGOGXOJII/IMO YKJIaOBIBATh HaA CJIOM U3 He
OPEHUPYIOIEero riImHuCTOro rpyHTa, KOTOpBIfI OOJIZKEH HuI'paThb POJIb
KalluJIJIAPOIIPEPHIBAIOIIIET O CJIOsA u IIpegoxXpaHAgaThb HaCBIIIb nu3
30JI0IIIaKOBOM CMECH OT YBIIaZKHEHUSA CHU3Y;

- IIpHu YCTpOﬁCTBe HaACBIIIN HA Yy49adCTKaX C 3-M THIIOM MECTHOCTH IIO
YCJIOBUSAM YBJIA2KHEHHUSA B HUJKHEN ee YaCTH MOOJIXKHBI OBITH YCTPOEHEI
6eprI W3 TJIMHUCTBHIX BOOOCTOMKUX TPYHTOB HII/IpI/IHOfI He MeHee 1
M OJId IIpenoTBpallleHrsda IIOATOIINIEHUSA CJIOoA 30JI0IIIaKOBOM CMECH
OJOJITOBPEMEHHO CTOAIITMMHA BOOaMHU

Oco6oe BHUMAaHWE CJEOyeT YOEJsaTh IIOCITOMHOMY YIIIOTHEHUIO
30JIOLIJTAKOBOM CMeCHu C COOMIofeHueM pPeXuUMa BJIaXKHOCTH B
3aBUCUMOCTH OT IIOTOOHBIX YCJIOBHM. BaXHOCTb 30k  IIPH
VIIJIOTHEHUH OOJIKHA OBITH O71M3Ka K ONMTUMAaIbHOM.

[Ipy TpUMeHEeHHH 30JI0IIIAKOBEIX CMeceili B pabodeM cJoe
3eMJISSHOTO II0JIOTHA HeOOXOOUMO IPUHUMATh MepPHI [10 HeHTpaInu3aliuu
HeOJIarONpUATHLIX CBOMCTB 30JE, B OCHOBHOM €€ CIOCOOHOCTH K
MOPO3HOMY IIy4eHHIO. DTH MEPOIPHUSATUS NOJIKHLI OLITh HaIlpaBJIeHE
Ha IpefoTBpallleHHe IepeyBlIakHeHHs 30JI0IUIAKOBLHIX CMecel B
mpoliecce VKJIaOKd U ee PabOTHL B Tejle HACBLIIM U HOJIXKHBI BKIIIOYATh
[23]:

- Ha3Ha4YeHune KPYTHU3HBI OTKOCOB C VyY4Y€TOM BO3MO2XKHOCTHU
MeXaHH3I/IpOBaHHOﬁ IIJIAaHUPOBKHU, YIIJIOTHEHU A 141 YKDPeEIIJIEeHUu A

IIOBEPXHOCTHU OTKOCOB;

- VKJIaOKy MOPO303allIUTHHIX CJI0EB B BEepXHEN YaCTU 3eMIISTHOTO
IIOJIOTHA;

- YCTPOUCTBO ApeHaxKa 1 KaluISPOIIPePLIBAIOIINX IIPOCIOEK;
- YKJIQAKy 3aIUTHOTO CJIOST Ha ITOBEPXHOCTH OTKOCA;
- YKperieHue 0004YrUH 3eMJISHOTO TTOJIOTHA.

B cootBercTBUM C [21] 30n0mIIakoBeie cMecu, oOpabGoTaHHBIE
BSIXKYIIIUMHU MaTepHajaMu, I1ejiecoo0pa3HO MCIIOIb30BaTh B BEpXHEH
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YaCTHU 3EMIIAHOTI'O IIOJIOTHaA HN3-3a HBX BBICOKHX TEIIJIOM30JIAIIMOHHBIX
CBOMCTB, IIO3BOJISIOIINX YMEHBIIUTE ITPOMEP3aHNe TPYHTOB 3€MJIAHOT O
IIOJIOTHa.

30101I1aKOBEIE CMECH, YKPEIIJIEHHBIE IIEMEeHTOM, 00pa3yIoT IIPOYHEIE
BOIO- ¥ MOPO30CTOMKHE CTPYKTYPHBIE CBsi3u, 0O0eCIedYuBaloIIne
oOpa3oBaHMe 3aMKHYTHIX mop [20].

KOHCTpYKTUBHEIE CJIOM U3 YKPENJIEHHBIX 30JIOILIaKOBBIX CMeCeu
yCTpauBaloT C Lejibl0 00eCIedY’uTbh MOPO30YCTOMUYHUBOCTH HOPOIKHBIX
KOHCTpyKuuu B ycnoBusax II-III mopoxXHO-KIUMaTU4YeCKUX 30H Ha
IIYYUHUCTHIX TIPYHTAX 3€eMJIAHOTO IIOJIOTHA [HOOPOTr C IIOKPBITUAMU
KallUTaJIbHOT0, YCOBEPIIEHCTBOBAHHOTO UIU 00JIETYEHHOTO TUTIOB.

7151 yKperjieHus 30JI0IIaKOBBEIX CMeCel UCIOIb3YIT 4-8% (Maccel
cMecHu) IeMeHTa, a Takxe xugkue Outymel (1,5-2% wMacch
3osonutakoBoi cmecu), CIB (0,2-1%), u3Bectu (7-9%).

71 yKpeIieHusi  IIhIJIeBATBIX  IIeCYAHBIX, CyIlIeCYaHBbIX U
CYTJIMHUCTHIX TPYHTOB, MEJIKHX OIHOPA3MEPHLIX IIECKOB, CIaraloIlux
BEPXHUE CJIOM 3eMJISTHOI'O TOJIOTHA, PEKOMEHOYyeTCs IIPUMEHSTh 30JIbI
CyXOro YyJIaBIMBaHUS B KadeCTBE CaAMOCTOSITEIbHOTO BSIXKYIIETO
MaTepuana [21].

3071l yHOCa CyXOTO YJIaBJIMBaAHUSA WUCIOJbB3YIOT [Ji OCYIIEHUS
BEPXHEU YaCTU 3EeMJISHOTO IIOJIOTHA IIPU IepeyBlIaXXHEHUM CBSI3HBIX
rpyHToB. Pacxon 3onbl cocraBnsgeTr 20-35% macchl oOpabaThiBaeMOT0
rpyHTa. JTO MO3BOISET B TedeHUe 3-4 CyT. CBsI3aTh JIUIIHIO BOOYy U
puOIN3UTh BJIA’KHOCTb IMeCKa M CBSI3HOTO I'PyHTa B BEpPXHEW YacCTU
3eMJITHOTO TIOJIOTHA K ONTHMAaJbHOM Mg ero o0paboTKu UIu
ynaoTHeHus [11].

[Tpu BBemeHUuu 2% (Macchl TpyHTa) 30J1bl YyHOCa BrnagumMupckou TOL]
[51] Bo BmaxHBIM TPYHT 4Yepe3 18 4 Ha 5% yMeHbIINIACh BJIaXKHOCTD
TpyHTa.

4.4. IPUMFEHEHUF 30/I0LIJIAKOBbIX
CMECEU [1J1d YCTPOHUCTBA CJ/IOEB
HOPO2KHDBIX OHE>K ]I

B03MOXKHOCTB IIPUMEHEHHUA 30JIOIIJIaKOBEIX MaTepuaioB
TuapoyagaJlIeHusd, YKPEIIJIEHHBIX HeOpraHn4YeCKHuMHU BAXKYIITUMHU
MaTepuailaMHu - IHEeMEHTOM MHJIIM H3BECThIO, OJIA YCTpOﬁCTBa CJIOEB
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OOPOKHBIX OIeX[ M3ydasach ¢ KOHIla 70-X TOOOB IIPOIIJIOTO Beka [25
- 30]. B pe3ynbTaTe Ompemenuiiuch ABa HAIpaBJIEHUS HCIIOIb30BaHUS
OTBAJILHEIX 30JIOIIIAKOBBLIX CMECeH THIPOyoaIeHusS:

1 06p8.60TKa IODeMEeHTOM HJIN HU3BECThIO M IIPDHMMEHEHHE B KadeCTBe
KOHCTPYKTHUBHEIX CJIOE€EB NJOPOZKHEBIX OOE2XK]I;

2 KakK po6aBKa K BSIKYIIUM B IEJIIX UX 3KOHOMMHU MPU YKPEMJIEHUU
TPYHTOB.

3osiomyIakoBele cMecu, oOpaboTaHHBIE ILIEMEHTOM WJIM U3BECTHIO,
IIPOSIBJIIOT B IIPOIlECCE TBEPHAEHUS THUAPaBINYECKYI0 aKTUBHOCTb.
CTtpykTypooOpa3oBaHUe obecrieynBaeTCs B3aMMOEUCTBUEM
KJIMHKEPHBIX MUHEPAJIOB C BOMOM C 0O0pa30oBaHUEM LIEMEHTHUPYIOIIETO
BellleCTBa. Brimensiomniascsa Ipyu 3TOM OKHUCh KalbLMs B3aUMOOEUCTBYET
C KPEMHE3EeMUCTOW ¥ TIMHO3EMHOU COCTaBISIONIMMHU 30JIOUIIaKOBOM
CMecCH U CIIOCOOCTBYeT CO3[IaHui0 HOBOoOpa3oBaHui (cM. pasm. 2). B
pe3ynbTaTe MOBHIIAIOTCA MNPOYHOCTh YKPENJIEHHOTO MaTepuasa B
BOLO-HACHIIIIEHHOM COCTOSTHUU u ero MOPO30CTOUKOCTD.
CTpykTypooOpa3oBaHWe IIPOTEKAeT [OCTAaTOYHO Me[JeHHO (110
CPaBHEHUIO C TPYHTaMH, YKPENJIEHHBIMHA IIeMEHTOM), II03TOMY
pe3yJbTaThl 1erecoo0pa3Ho IMojydaTh He B 28-CyTOYHOM BO3pacTe, a
yepe3s 90, 180 u 360 cyT. TBepOeHUs.

Pe3ynbTraTel 00pab®OTKM 30JIOUIJIAKOBLIX CMECEMW II€EMEHTOM HIIU
M3BECThIO 3aBUCAT OT BHAa 30JIONIJIAKOBOM CMECH, €€ XUMHUYECKOTO
M 3€epHOBOTO COCTaBa. Tak, 30JI0IIJIaKOBas CMECh THUAPOyHaJieHUus
TOLI-22 r. MockBa, obpaboTanHas 8-10% 1ieMeHTa, UCIIOJIb30Balach B
Ka4yeCTBe OCHOBAHUS OOPOKHOM OAeK[ahl Ha aBTOMOOMIILHOM OOpoTe
MockBa-CepniyxoB. IIpOo4YHOCTH TIIpWM CXKaTUM BOLOHACHIIIIEHHBIX
oOpa31ioB B Bo3pacTte 90 cyt. cocTasinsina 40-70 Krc/cm? [25], oOpa31iel
3onomuiakoBo cmecu bapabunckoyt T'POC (KaMeHHBIM  yTOJib
Ky3Hernkoro yronpHoro 6acceiiHa) - 30-50 Krc/cM“ M 30JI0IIIIaKOBOM
cMecu OT cxkurauHusi Oyporo yristi CtynuHckou TILI - 12-20 Krc/cM?
[31].

HMccnemoBaHusl IIOKa3ajid, 4YTO B COCTAB CMeCH IeJiecoo0pa3Ho
BBOOUTL HeOosnpmume nodaBku (10-15% Macchl 30JI0LIJIAKOBOM CMECH)
IIecka CpemHed KPYHMHOCTU. TakK ITPOYHOCTH 00pPa3IloB 30JIOMIIAKOBOM
cmecu CtynuHckKoim TOLl B BOmo-HaCHIIIIEHHOM COCTOSTHUU ITPU JoOaBKe
K 3011€ 6% nemeHTa U 10% mecka yBenuuuaach 0o 55-65 Krc/cM? [32].

BBeqeHre B IIeMEHT M3BECTKOBBLIX OTXOMOB (ComepiKaHue CBOOOMHOM
CaO - 57%) B konmuuecTBe 5-7% (Macchl CMeCcH) 3HAUYUTEJIbHO IIOBHINIIAET
MOPO30CTOUKOCTh MaTepuaina [26]. [Tocne 25 1IMKIIOB 3aMOpaKUBaHUA
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(mpu munyc 20°C) u oTTauBaHus 00pa3lbl cMecH, comepxkaiiue 87%
30JI0L1JIaKOBOU cMecHu TUOPOyLajleHUus UryMHOBCKOU TOIL]
(Ky3Henkoro yronpHOTro OacceiiHa), 6% nemMeHTa U 7% U3BECTKOBBIX
OTXOLOB, XapaKTepu3oBaJluCch B Bo3pacTte 90 cyT.. nOpenenom
IIPOYHOCTHU IpU cxkatuu 70 KFC/CMZ.

[TpuMeHEeHUE 30JI0MIJIAKOBHIX cMmecen TUAPOYOAIeHUS B
VKPENnJsieMbIX IIEMEHTOM IIeCYaHBIX T'PYHTaX M TPaBUUHO-TIECYAHBIX
CMecCsIX ITO3BOJISIET CHU3UTh pacxop BsaxyIero Ha 30% [27].

s TIOBHIIIIEHUS MOPO30CTOUKOCTH rnecyaHbIX TPYHTOB,
VKPEeIUJIEHHBIX IIEMEHTOM C [Jo0aBKaMM 30JIOIIJIAKOBBIX CMeceu
TUOpPOyHOaJieHus, 1lejiecoo0pa3HO MCIIOIb30BaTh [00ABKM XJIOPHUCTOTO
KaJlblus WU nactuduuupylomnme godaBku tumna CIE. Beremernue 1-3%
(Maccel 3071BI) XJIOPUCTOTO KaJbliMsd M[O3BOJIIET aKTUBU3UPOBATH
CTPYKTypooOpa30BaHMNe YKPEIJIEHHOI0 TPYHTa M IOJiydaTh MaTepuarl,
oTBedarIuit TpeboBauusiMm I u Il kKmaccoB mpoyHOCTHU. Kpome TOTrO,
3TO [aeT BO3MOXKHOCTH oOOpabaThiBaTh TPYHT NOPU ITOHUXKEHHBIX
IIOJIOKUTEJIBHBIX U OTpULlaTelbHEIX (D0 MuUHYC 15°C) TeMmepaTypax
BO3MyXa.

[Ipu BBemeHWUM B 30JI0ILIAKOBYIO cMeChb 2% CJIB (mMacchl 3075IbI)
IIPOYHOCTh M MOPO30CTOUKOCTh II€CYAaHOTO0 TPYHTA, YKPEIJIEHHOTO
IIeMEeHTOM, yBeu4dyuBaeTcs B 1,5-2 pasa.

Pa6oramu [42] moKa3aHO, YTO M3MeJIbUEHUE 30JIOIIJIaKOBOM CMECHU
(mo 1000 CM2/I“) U BBeJIeHHE aKTUBATOPOB MO3BOJSIOT OIS TTIMHUCTBIX
TPYHTOB C YHKCJIOM IIJIACTUYHOCTH 22 TOJIy4aTh HPOYHOCTH B BOMOO-
HaCBIIIEHHOM COCTOSHUHM B Bo3pacte 90 cyrt, paBHyiO 34,8 Krc/cM2.
KosdpuiimeHT MOPO30CTOMKOCTH MOCe 25 IHUKIIOB 3aMOpaKUBaHUS-
oTTauBaHus ObIT BhIImIe 1. OITHMAIbHBLIA COCTaAB CHeOylomui: 67%
rpyHTa, 30% MOJIOTOTO TOIJIMBHOI'O 30JI0u11aKa, 3% akKTuBaTopa.

3osonuIaKoBEle CMECH TUAPOYaaieHus ¢ mobaBKaMU U3BECTH HAIIIU
IIpUMEHEHNE B JOPOXKHOM CTPOUTENbCTBe YKpauHb U Ka3axcraHa [28,
29]. elicTBHe 30JIOU3BECTKOBOTO BSXKYIIIETO0 OCHOBAHO Ha CKPBITOHU
aKTUBHOCTHM OTBAJIbHBIX 30JIOIIJIAKOBBIX CMECEHU, MPOSBISIONIENCS IIPHU
B3aMMOOEUCTBUU C aKTUBHBIM MUHEPaIbHbIM BAXKYIIMM.
307I0U3BECTKOBOE BAXKYIllee TOTOBAT IUO0 IIyTeM COBMECTHOI'O IIOMOJIa
30JI0IIIJTAKOBOM CMeCHM C KOMOBOM HeralleHOM U3BecCThio, b0 ee
IepeMeIInBaHUus C U3BECTHIO-NIYLUIOHKONW WM MOJIOTOM HeramieHou
M3BECThI0O B YCTAHOBKAX IpPUHyOuTeJibHOro meictBus [33]. [JobaBka
M3BECTU JOOJIKHA COCTaBIATh 15-25% MacchH moinydaeMoro BIXKYyIIero.
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B YomypTtum [45] 3050I11aKOBEIE CMECH, YKPEIlJIEHHLIE IIEMEHTOM
1 U3BECTHIO, UMENU B 28-CYyTOYHOM BO3pPACTEe MPOYHOCTH IIPU CXKATUU
20-30 Krc/cmM“, MapKy IO MOPO30CTOMKOCTHU - 15, a B 360 cyT. - B 2-4
pa3a OoJbIre.

B Kazaxcrane moctpoeHo 0kKo0jio 300 KM aBTOMOOUIIBHBIX HOPOT C
WCIIOJIb30BaHUEM 30JI0M3BECTKOBOT'O BSIKYIIIETO. YKkpernneHuio
IMoABepranau rpaBUMHO-IIECYaHyI0 CMeCh, BBOOSA B Hee 20% BAXKYIIIETO

HccnemoBanusimu [35, 36] OBIJIO YCTAHOBIEHO, YTO B YCIOBHUSIX
CYXOT0 ¥ KapKoro KinuMaTa 3¢pGeKTUBHO UCIIOTh30BaTh 30JI0IIIJIaKOBLIE
cMecu ¢ foO0aBKaMU OpraHUYeCKUX MaTepUasoB - XJIOIKOBOI'O T'yIPOHa.
B 3aToM ciydae CO3[0al0TCAa HaAWJIy4Ille VCJIOBUS [OJIS COXpPaHEHUS
ONTUMAJIbHOM BJIaXXHOCTH CMECHM ¥ pexXuMa TBEpOeHUus mOis
YKPEIlJIEHHOT 0 TPYHTa.

HccnemoBanus [38] mokas3anu, 4To 00pab0TKa KaMEeHHOYTOJIbHBIX U
OypOYTOJIbHBIX 30JIOIIIAKOBHIX CMECeM XKUAKUM OUTYMOM II03BOJISIET
3HAYUTEIILHO YMEHBIIUTD 3Ha4YeHUue K03 duimeHTa
TEMJIONIPOBOOHOCTY II0 CPaABHEHUWIO C 30JI0IIIAKOBHIMU CMECSMH,
00paboTaHHBIMU IIEMEHTOM

4.5. IPUMEHEHUE 301 H _
30JIOII/TAKOBbBIX CMECEHU B
ACDPA/IBTOBETOHE

'OCT 9128-97 [19] pomyckaeT UCIOJIb30BaHME B KadeCTBe
MUHEPAJIbHBIX M[OPOLIKOB [OJId IIOPUCTOTO U  BBICOKOIOPUCTOTO
acdhanpTOOETOHOB, a TaKXe IIJIOTHOTO 30JIBl YHOCA U 30JIOILIaKOBEIE
cMecHu. I TaKuxX MaTepruaaioB HOPMUDPYIOTCS:

- 3ePHOBOU COCTaB;

IIOPUCTOCTD;

OUTYMOEMKOCTB;

IIOTEPHU IIPHU IIPOKaAJIMBaAHHUHU,

- comepxKaHHE OKHCEeM KalblMd MW MarHus, BOOOPaCTBOPUMBIX
COeJUHEHUH.
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HccnemoBanusimu [50] mokalaHa 11e1eco00pa3HOCTh MPUMEHEHUS
3om TILI ropomoB Ymrta, KpacHokameHCK, IleTpoBckK-3abaiKalbCK B
KadyeCcTBe MUWHEpPaIbHBIX ITOPOIIIKOB OIs MIPUTOTOBIIEHUS
acdanbTobeTOHA

Pa6oramu [68, 69] ycTaHOBIE€Ha BO3MOXKHOCTh ITPUMEHEHUST 3071 U
30JI0IIIJIaKOBLIX cMecelr Brnagumupckou TIALl B KaueCTBe 3allOTHUTE]IS.

Ob6ocHoBaHa [72] 3dpdeKTHBHOCTL WHCIIOIL30BAHUS 30J1 YHOCA U
CIaHIIEBHIX ()YCOB KaK MHHEPAJTBbHOTO ITOPOIIKAa IPU MPUTOTOBJIEHUU
achanbTOOETOHHBIX cMmecen LIS YCTPOUCTBa MMOKPBITUU
aBTOMOOMIILHBIX IOPOT ¥ a3pOOpPOMOB.

HMMeeTcs ONIBIT TPUMEHEHUS B [OPOKHBIX achanbToOeTOHax
MaTepuasjioB U3 OTBajJOB 30JIOLLJIAKOBBIX CMeCel U  OTXOHOB
IIPOU3BOJICTBA OPTAaHUYECKUX ITOTUMEPOB [76].

B pabote [18] noka3aHo, YTO BBeeHNUeEe 30J1 ¥ 30JI0LIIaKOBBLIX CMeCcei
OT CXXUTaHUS KaMeHHBIX W OyphIX yrieu, TophoB B KaudecCTBe
MUHEPAJTbHOTO TIOPOIIKa MJiS MPUTOTOBIEHUS acdanbToOETOHHBIX
CMeceill I03BOJIIET II0JIydaTh MaTepuajl C HOPMATUBHBIMU (PUIUKO-
XUMUYECKUMHU XapaKTepPUCTUKaMU. bojiee BBICOKHE IIOKal3aTejiu
CBOMCTB acdalbTOOETOHHBIX CMeCel IIoydaljii IPU aKTUBAIUU HUIIU
ooMoJie 3071.

AKTUBaLMs 30JIOIIJIAKOBOM CMECH MPOMU3BOOWUIIAChH CIEOYIOIINUM
o6pazom [53]. 3IIC momemanu B CYIIUJIbHO-00KUTOBYI0O KaMepy MOJIs
obpaboTku mpu Temmnepatrype 600-800°C. 3aTeM MaTepuasn IOCTyIIal
B CMecuTenb, THOe oOpabaTeiBancsi TuUApPoGOOU3UPYIOIIMM Ta30M,
KOTOPHIN moJiydasnu B reLeparope nyTeM HarpeBa
rugpodobusupyooIero Marepuana go TtemmepaTtypsl 200-250°C. B
KadyecTBe ruapodoO6u3aTOPOB MCIIOTH30BaJIM TOMMOYHBINM Ma3yT, BI3KUU
outym mapku BH]I 90/130, 6utymM c po0GaBKaMU COOTBETCTBEHHO
TAJJIOBOTO Macjla ¥ KHMPOBOTO TryapoHa. Pacxom rumpodgobGusaTopa
coctasnsn 0,15-0,3% mo macce agcopbeHTa.

Jly4mne 1mokalaTtenu rugpodoOHOCTH 30J0MIIakKa ObIIM ITOJIYYeHBI
npu obpaboTke ra3zoBoi cmechio O6utyma BH]I 90/130 u KuUpPOBOTO
TyOpoHa B cooTHoineHuu 1:1. YMeHbmuIuCh NOpuUCTOCTh (C 51 mo 45%
1o 06beMy) u 6utTymoeMKocTh (¢ 120 go 84 r), yBenuuuaachk ymenabHas
rmoBepxHOCTH (¢ 3310 go 3670 cm“/r). KpoMe Toro, 30/10M11aK mprodpest
YCTOUYUBYIO, HEOOpaTUMYIO0 TUAPODOOHOCTS.

IloMOJT 30/I0LIIAKOBBEIX MAaTEpPUaAJIOB COBMECTHO C [fo0aBKOM
KBaApIeBOTO IecKa yIydIlllaeT KadecTBO cMecHu [54]. BUTyMOeMKOCTb
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IIOPOIIIKa, MMOJIy4eHHOTro B pe3yinbraTe momosia 3IIC c pmoGaBkout 5%
KBapieBoro mecka (maccel 3IIIC), coctaBuma 81,7 r (BUTYMOEMKOCTH
MOJIOTOH 30JIbI 0e3 moOaBKHu mecka - 117 r).

Pa6oTtamu [80] IIoKa3aHa 3(hHEKTUBHOCTD IIpUMEHEHUS
30JI0IIIJIAaKOBEIX MaTepUasioB B achanbToOETOHE OJISt ITOBHIIIEHUS U €T0
IIPOTUBOTOJIOJIEAHBIX CBOKCTB.

4.6. IPUMFEHEHUF 30J/I0LI/IAKOBbIX
CMECEWAU B IIEMFEFHTOBETOHE

Paboramu [39] OBIJIO IOKA3aHO, YTO OTBAJIbHBIE 30JIOIIJIAKOBHIE
CMECH MOXKHO HCIIOJIb30BaThb B KayeCTBe OJHOKOMIIOHEHTHOIO
3alOJIHUTENISI B MEJIKO3ePHUCTEIX 0eToHax (0e3 MpHPOOHOTO mecKa Hu
KPYITHOTO 3aMOJIHUTEJIS), a TaKXKe B PA3/IMUYHBIX O€TOHAX B COUYETAHUU
C IPUPOIHBIMY HJTH NUCKYCCTBEHHBIMH 3aTOTHUTEIISTMHU.

CopmepkaHue B 30JI0LIIaKOBOM cMecu 3epeH Menbde 0,315 MM
OOoJIKHO cocTaBiATh 20-50% 1o mMacce. Pacxoq nieMeHTa MOBHIIIAETCS
Ha 10-20% 10 cpaBHEHUIO C OETOHHLIMU CMECSIMU TPATUIIMOHHOTO
CcoCTaBa

MenKo3epHUCTHIN OETOH Ha 3an0HHH§ene W3 30JI0LIJIaAKOBOU CMECH
obmagaer mpouyHocThio 50-500 Krc/cm“, Mopo3ocTouKOCThIO 15-150
IIUKJIOB, TernnonpoBomgHocTkio 0,87-0,93 BT/(M°C).

YcTanoBneHno [43], 4TO IpUMeHeHHE 30JIOIIIaKOBBEIX CMeECeU IIpHU
ITPOU3BOJCTBE OETOHHBIX M IKeJIe300€TOHHBLIX WU3OeJIMU IT03BOJISIET
5KOHOMUTH 0 30% 1ieMeHTa.

[loGaBKM OTBaJIbHBIX 30JIOIITAKOBEIX cMecei Kypckoum TOLI-1 [48]
B OETOHHBLIE CMECH ITI03BOJSIIOT 3KOHOMHUTHL 1m0 15% 1iemMeHTa, a IIpu
Cynb(paTHOU aKTUBAIIUU 30JI0IIIAKOB - 10 30%.

[IpuMeHeHnEe 30JI0IIaKOBEIX MaTepuasioB BypiuteiHckKou I'POC (oT
CXXUTaHUsI KaMeHHBIX yriiel JIbBOBCKO-BosbiHCckKoro OaccetiHa) [47]
IIO3BOJIUJIO 3aMEeHUTh B OeTOHaX AJIS MPOU3BOACTBA AOPOXKHBLIX ITJIUT,
OOPOKHOTO U Ta30HHOrO OopAopa, TPOTyapHOM IIJIUTKU U OPYTHUX
nsnenuu 00 40% MenKO3epHUCTOI0 IPUPOLHOI0 IIeCKa.

Hcmonb30oBaHMe 301 M IIJIAKOB OT CXKUTaHUS Oyporo yris mgaso
BO3MOXKHOCTb COKpaTuTh 00 20% mecka U yMEHBIIUTh pPacXxol LieMeHTa
Ha Bnagumupckom 2KBK [49].
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Pa3HOBUOHOCTBI0O MEJIKO3EPHHUCTHIX OETOHOB Ha 30JIOIIIAKOBEIX
CcMecsX SIBISIOTCS OETOHHI Ha 30JI0IIecYaHoOM 3allonHuTene. Hx
IIOJIY4al0T BBeOEeHHEeM B TOIHe IIeMeHTOoIlecuaHble cMecH 305kl TOC,
KOTOpasi BEIMOJHSET (GQYHKIMKM MHKPOHAMOJNHUTENS U IIYIIOJIaHOBOM
moO6aBku. OHa 3alOJIHSIEeT IMIYCTOTH MEXOY IIeCUMHKAMH, YBeIUUYHUBaeT
comepzXKaHHe TecTa BSIXKYIIEero X 00beMHYI0 KOHIIEHTPAIIUI0 TBEPHOM
(¢a3nr B 6 TOHHOIM CMeCH.

OnTtuMasibHBEIE COCTABHI 30JI0IIECYAHBIX OETOHOB HOCTUTAIOTCS IIPU
COOTHOLIEHUH KOMIIOHEHTOB (II0 Macce) IeMEeHT:30JIa:IIeCOK =
(1:0,2:3,8) - (1:0,8:5,4). BBepgenue 3ombl Ha 20-50% yBenuuyuBaeTt
ITPOYHOCTH ITeCYaHbIX OETOHOB.

[Tpu MPUTOTOBJIEHUHU TAXKEJIOro OeTOHA 30JI0IIJIaKOBasi CMECh MOXKET
YaCTUYHO MJIM IMOJIHOCTBHIO 3aMEHUTh Iecok. LlemecooOpa3HO BBOOUTH
30JI0IIIJIAKOBYI0 CMECh BMECTO MEJIKO3EPHUCTOTrO ITecKa, TPeOyIoIIero
TIOBBIIIIEHHOTO pacxXofia IieMeHTa. 30JIOIIJIaKoBasi CMECh YIydIllaeT
3epHOBOM COCTaB M YKJIaAblIBA€MOCTb OETOHHON CMECH IIPU 3KOHOMUU
OOPOTOCTOSIINX 3allOJTHUTEIEHN, a B OTOENILHBIX CIIydasiX U IleMeHTa

Pa6oramu [62] OvZI0 OOOCHOBAHO HCIOJIb30BAaHUE BHICYILIEHHOM
30JI0IIIJTaKOBOM cMecu B KadecTBe KOMITOHEHTa
30/10KapOOHATOIIEMEHTHOTO BSIXKYILEro MJii IIPOM3BOACTBA CYXUX
cMmeceli. Takoe KOMIIJIEKCHOE BsXKYlllee II03BOJIIET 3KOHOMHUTH [0
30-50% 11eMeHTa B 3aBUCUMOCTH OT MapKu OeTOHa.

30/I0MIIaKOBEIE CMECH HAllId IIPUMEHEeHUWe B BUOE MOPUCTHIX
30JIbHBIX 3alOJIHM Tened B KepaM3uTobeToHe, B OeTOHax Ha
TIMHO3EMHOM KepaM3WTe, Ha 30JIbHOM arjIolOPUTOBOM T'paBUHU, Ha
06€300KUTOBOM 30JIbHOM I'DaBUU.

4 7. BAPYBEXKHBIU OIIBIT
ITPUMEHEHHS 301 A
30JI0OIIJTAKOBBIX CMECEH B
ITOPO>KHOM CTPOUTEJ/IBCTBE

Benyimee wmecTto cpemu cTpaH 3amnagHou EBpONBl B pelIeHUU
IMPO06JIeMbl MCIIOJIb30BAHUSI TOIMJIMBHEIX OTXOHOB TOC B [OOPOKHOM
CTpOUTENIbCTBE 3aHUMaeT ®paHuusa [57]. 3051bI yHOCaA MCHOIB3YIOTCSA
BO BCeX 3JIeMEeHTaX [OOPOXKHBIX KOHCTPYKLMHN. B 3aBUCHMOCTM OT uX
cocTaBa UM CBOMCTB OHHM MOTYT BXOOUTh B TeJI0O HACHIOM Kak
TEXHOTE€HHBIM TPYHT; KaK MUHepaJIbHBIM MaTepuasl, YKpPeIJIeHHBIN
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TUOPABIMYECKUM BSIXKYIIIUM, B HUKHHUX CJIOSIX OCHOBAHHUS; B BEPXHUX
CJIOSIX OCHOBAHUS KaK KOMIIOHEHT CMEIIaHHOTO BSIXKYIIEro MM B
KQuyeCTBE CaMOCTOSITEJIbHOTO BSIXKYIEero; B  acdalbTOOETOHHBIX
MTOKPHITUSIX KaK MUHEPAJIbHBLIN IMOPOIIOK, B IIEMEHTOOETOHHHIX - KakK
no6aBKa, yJydInalomnasi cCocTaB 6eToHa.

BrnaxHble 30J/1BI YHOCA IPUMEHSIOT [Ji1 BO3BeOEeHUS HacCHIIeN, eClIu
HEBO3MOXKHO 3aJIOKUTh pEe3€epBhl UJIM Kapbepbl U3 €CTECTBEHHBIX
TPYHTOB, a TaKXKe IpPU UX HEYOOBIETBOPUTEJIBHOM KaudeCTBEe. 30JIbI
yKJIagbeBarT ciosaMu 1o 40-50 cM ¢ yIJIOTHEHUEM, OTKOCH YKPEILIAIOT
OEepHOM

B HUXXHUX CJI0IX OCHOBAHUU LIWPOKO IPUMEHSAOT CMECH 30JI YHOCA C
M3BECTHIO U TUIICOM, B BEPXHUX OPOOJIEHYI0 T'PaBUMHO-TIECYaHyI0 CMECH,
VKPENJIEHHYI0  30JIbHO-U3BECTKOBBIM  BAXKYyIIUM. OnTuMasbHBIE
pe3yJbTaThl IIOJIy4YeHEBl IIPU COOTHOILIEHUU KU3BeCTU U 305l 1:4. Ecnu
YCTAHOBKU [Jid IIPUTOTOBJIEHUS CMeECEeU pa3MeEIIeHBl OKOJI0O OTBaJiIOB
30J1 yHOCa, TO Ha Teppurtopuro TIOC 3aBO34T IpaBUUHO-IIECYAHYIO
CMeChb, U3BECTh M TUIIC, IOOBOOAT BOHNOIIPOBOM; €CJIM OHU HAXOOSITCA
Ha CTPOUTEJIBHOU MJIoLIajKe, TO Ha Hee 3aBO34AT BCe MaTepuasbl. Iida
IIPUTOTOBJIEHUSI CMECEUN HCIIONB3YIOT CMECUTENHN C NPUHYOUTEILHBIM
rnepeMmeninBanueM mnpousBoguTenbHOoCThI0 300 T1/4. Ilpu yKIagke
cMeceit ocoboe BHMMaHHE YOENSAIOT KadeCTBY VIIJIOTHeHusi. Ero
OCYIIIECTBJIAIOT BUOPOKATKaMU, KaTKaMU Ha MMHEBMAaTUYECKUX IINHAX,
IMHeBMOBHUOpPOKaTKaMu. Ha yKpenieHHOM CJiIoe OCHOBaHUS yCTPauBalOT
3QIllIUTHBIA CJIOM THUIAa OOUHOYHOW WJIM [OBOWHOU [IOBEPXHOCTHOU
ob6paboTku nyTteMm po3nusa 0,5-2 /M2 KaTHOHHOM OUTYMHOM 3MYJIbCUH
u pacupepensaotr 0,5-6 n/M° TmeckKa WM IeGHS ¢ppakmuu 10-20 mm.
Vkmagka acganbTOOETOHHOTO IIOKPHITUS  HEIOCPEeNCTBEHHO Ha
rpaBUMHO-IIECYAHYI0 CMeChb, COHepzKallyld U3BeCTb U 30JIy, He
OOIIyCKaeTCs.

AKTUBHBIE 30JIbI OJIST YKPEMJIeHUs IIeCKOB, I'PaBUUHO-IIECUYAHBIX U
rPaBUMHO-TIIe0EHOYHBIX cMecen IIPUMEHSIOT B KadyecTBe
CaMOCTOSITEIBPHOTO BAXKYIIEro B KonudecTtse 5-15% (Macchl cMecn).

B ykaTteiBaeMoM OeToHe [mOjisi oOecriedyeHUss HauUOOJbIIEN €ro
IJIOTHOCTH MCIIOJIB3YIOT 30JIy YHOCA, OTXOOH TOPHOMOOBIBAIOLIEH
IIPOMBIIIITIEHHOCTH, U3BECTHSIKY U Op. [73].

B AHrnauM 30j71a YHOCA OT CXHUTaHUS KaMEHHOro Yrias Owljla
IIpUMeHeHa B Hadaje 60-Xx rogoB KakK MaTepuaja [OJisd BO3BeIeHUS
Hackwirteri. HMccmemoBaHuMs TMOKas3ajaM, dYTO 30jla YHOCA SBJISETCS
MaTepuajoM, HPUTOOHBLIM [OJIS COOPYXXKEHWHS HacChIIel U YCTPOMCTBa
HUXXHUX CJIOBB OCHOBAHHS [OPOXKHOM OHOEXKObI, KOTOPhLIe [HOJIXKHBI
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HaXOOUThCS Ha TIyOumHe He MeHee 40 CM OT MOBEPXHOCTU MOKPHITUS
B CBSI3M C WX HEOOCTaTOYHOU MOPO30yCTOMYMBOCTHIO. AHAJIOTUYHBIE
HCCJIeOOBaHMUSA 30JIOIJIAKOBBIX CMeCed U3 OTBajioOB  TEIJIOBHIX
3IeKTPOCTAHIIMU JOoKa3aJid UX IIPUTOOHOCTD [AJI COOPYKEHUS HaChIllen
1 YCTPOMCTBA OCHOBAHUM JOPOKHBIX OfieKM. M3 3TOro MaTepuarsa ObLIu
OTCHITIAHBI OBE HACHIIM NPH PEKOHCTPYKUMHU moporu Al, B KOTOpHIE
y1noxkeHo okoyo 172800 M~ 3onominakoBoit cMecu [58]. PekomMeHO0OBaHO
He COOpy2KaTh HAaCHIIIM M3 MEJIKOT0 ¥ BIaXXKHOT'0 MaTepuasa.

3051y yHOCA HCIIONIb30Bajii B JKECTKOM YKaThIBaeMOM OeTOHe [JIs
YyCTPOMCTBaA MHOPOXKHBIX OHEXKIO, a TaKxXKe MO YKpenjleHusda
MIOACTHUIAIONIUX cjioeB [66]. O6pa3isl 6eToHa ¢ JodaBkou 42% (Macchl
BSIXKYIIIET0) 30JIkI B BO3pacTe 28 cyT. mokKa3anu OOJIbIINYI0 MPOYHOCTE,
4yeM OOBLIYHOT'O

HeckonbkO Hachen U3 30JI0LIJIAKOBBIX CMeCEeU IIOCTPOEHO B
Beurpuu [59]: ogHa BwicoTOM 2-3 M, o6bemom 4000 M3, BTOpas -
COOTBeTCTBeHHO 1,7 M m 22744 Mé, Tpetbss - 1,5M u 2700 M3,
YpesBriualiHo HebOnaronpusiTHas moroga (3a 8 gHeilt Beimano 400 mMm
0oCafKoB B BUOE MHOOXKMAs) He IIOMellajla CTPOUTENbCTBY Omaromaps
XOpollIer AapeHupytomiei crmocobnoctu cmeceri. Kpome toro, B 1986r.
C TIpUMEHEHMEM 30Jibl OBIJI0O YJI0XKEHO OKOJI0 2 MIIH. M2 OOPOXKHBIX
nokpeiTul [65]. UccnemoBanus, npoBeneHHble B CIIIA, mokazanu, 94TO
30JIbI MOZXKHO WUCIOJIb30BaTh MJIsI TUOPOTEXHUUYECKUX HACHIITHBIX
coopyxenuit [60] ONBITEHL Ha CBeXEYI0XKEHHBIX ofpasmax IIo
OIpelesieHHUI0 COIIPOTUBIISIEMOCTU COBUTY II0OKa3ajiy, YTO 30Jla YHOCa
“MMeeT HEeKOTOpOoe ClLeIlJIeHMe TIIpPU YBJIaXXHEHUU  BCJIEOCTBUE
IIOBEPXHOCTHOTO HATAXKEHUSA B IIOPOBOU BOLE.

OTMeyaeTCsI, 4TO €CJIM IPOIIECC KOHCONHUAAIUU B J1aO0OPaTOPHHIX:
YCIOBUSIX OJIUTCS CYMTAHHBIE MUHYTHI, TO OCagKa HACBHIIU U3 TAKOTO
MaTepuajia IIPOMCXOOUT Ha IMPOTSIKEHUH BCETO CTPOUTEJIBHOTO
repuona

B TIlosbine mnpoBemeHBI WCCIENOBAHUS U OMIBITHBIE PaOOTHL IIO
YKPEMIEeHUI0 30JIbl YHOCA KaK CaMOCTOSITEJIbHLIM BSXKYIIUM HE TOJIBKO
IIECKOB, HO U TJMHUMCTHIX TPYHTOB [61]. ITomy4deHBl II0JI0KUTEJILHBIE
pe3ynabTaThl IIPU YCTPOMCTBE OOHOCJIOMHOTO OCHOBaHUS W3 TJIMHHI,
YKpeIsieHHOU 85% 30J1bl yHOCA, U ABYXCJIOMHOTO OCHOBAHUS C HUXKHUM
CJIOEM U3 MbIJIEBATHIX JIECCOBBIX CYTTIMHKOB, YKPEeNIeHHbIX 8-12% 3055l
YHOCa U BEPXHUM CJIOEM M3 TOTO XK€ I'PYHTa, YKPENJIeHHOT0 6% 3011kl
YHOCa Y TaKUM Ke KOINYeCTBOM MMOpPTIaHAgleMeHTa. YCTaHOBJIEHO, YTO
TPYHTH (ObIJIeBaThie MECKU, TJIMHBI, CYTIIUHKU), YKpeIllsieHHbie 5-15%
301l YHOCQA, VOOBJIETBOPSIIOT TPEeOOBAaHUSM, TMIPEObSIBISIEMBIM K
TPYHTaM, YKPENJIeHHbIM IIEMEeHTOM UM n3BeCcThio. OOHAKO HapaCTaHUe
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- IIPOYHOCTHU TIPOTEeKaeT MeajeHHeil. Mopo30CTOUKOCTh YKPEIJIEHHBIX
TPYHTOB B 42-CyTOYMOM BO3pacTe B OOJBIIUHCTBE CJIy4aeB [JOCTUTAET
3HAYEHMWM, MOJydaeMBIX IPU VKPEIJIEHUW aHaJIOTUYHBLIX TPYHTOB
LIEMEHTOM B Bo3pacTe 28 CyT.

B fdmoHuuM B HCIONB3YEeMBIM [JIS HOOPOXKHOIO CTPOUTEJILCTBA
CMEeIIIaHHBIN IIIJIaK CTaJIeIlJIaBUJILHOTO ITPOM3BOMCTBA m00aBiIsAOT 5%
(Maccel cMecH) 3071B YHOCa [63]

B HWranuu [64] 3071@a OT CXUTaHUSA VYIS IIPUMEHSETCS Kak
€CTECTBEHHBIN 3allOTHUTEJIb M BSXKYIllee B KOHCTPYKLUUSX HOPOIKHBIX
omexXm.

B Kwurtae mpu COOpPYyKEHUM aBTOMOOMIILHOM [OPOTHM B KadecTBe
HECYHIeTo CJIOS MCIOIb30Balild CMECh M3BECTH C KaMEHHOYTOJIbHOU
305101 [70] B olmTMMaIbHOM COOTHOIIIEHMH KOMIIOHEHTOB: U3BECTh: 30J1a
= 1:4. Tlpu copmepzkaHuu u3BectTu 12% OpoyHOCTL 0O0pa3loB Ha 56-e
CyTKH cocTaBuna 33,2 krc/cm®>  Ha CKOPOCTHOM MarucTpasu
Nanjing-Yancheng B KadecTBe OCHOBaHMS HOOPOXKHBIX ITOKPBLITUU
MIPUMEHSIIN TPYHT, VKPEIUJIEHHBIM KOMIIJIEKCHBIM  BSXKYIIUM -
IIEMEHTOM, U3BECThIO U 30JI0U yHOCa [74]

B ®uHIAHOUM KaMEHHOYTOJIbHas 30Jla VyHoca 9(MOEeKTUBHO
HUCIIONb3yeTcsI B acdarbTOOETOHHBIX CMEeCsSX B KadecTBe HOOaBKU K
M3BECTKOBBIM HamoyjHuTtensMm [71]. C ee momomibio ObIIM YKPEIJIeHH
OOJIOTUCTBIE TPYHTHI HAa OOHOM M3 Y4acTKOB goporu [79].

B HWHouu 3011a YHOCa IIpUMEHAEeTCda OJid YKPEeIlJIeHUsA TPYHTOB
HaACBIIIN U OJIA YCTpOﬁCTBa IIOKPBITUA [ﬂ] HmeroTcsa pmaxe IIPOEKTHI
HCIIOJIb30BaHHUE OJIst CTPOUTEJIBCTBA 9TAaZKHBIX 30aHUH.
HeHeHeC006Pa3HBIM OKa3ajlaCh 3acChIIKa 30JI0u MOKDPEIX HH3UWH C
IIOCJIEOYIOITUM IIPOAOYKTUBHBIM HMCIIOJIb30BAHUEM 3€MEJIb.

B CIIIA ocyuieCcTBIeHO VKpeIJleHHe 30JI0M yHOCa TpPyHTa MOJ
OCHOBaHME JIOPOKHOM ofexkAhl Ha rmyOuHy 15 cm [78].

B Benbrum 305bl YHOCa HCHOJIL3YIOTCSI KaK aKTHBHaAsA Ao0aBKa B
MIYIII0JTAaHOBLIC OETOHBI M B KAYeCTBE KOMIIOHEHTA BSXKYIIErOo [ -
yKpensneHus mecka [18].
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5. OCHOBHDbIE
HOPMATHUBHBIE
JOKYMEHTDI A
METOOIUYECKHUE
PEKOMEHIIAIINMA 110
IIPAMEHEHUWUIO 301 A
30JIOIIJIAKOBBIX
MATEPHAIJIOB B 1OPO2KHOM
CTPOUTEJ/IBCTBE

CHwuII 2.05.02-85 ABToMobunbHBEIE moporu. 'occtpoit CCCP. 1986
CHulII 3.06.03-85ABTOMOOUNIBEHEIE Aoporu. ['occTpoit Poccuu 2000r

[OCT 25818-91. 3o0nbl yHOCa TEIJIOBHIX 9JIEKTPOCTAHLIUU MO
0eToHOB TexHUYECKUEe YCIIOBUS.

['OCT 25592-91. CMmecHu 30J10LIJIaKOBBLIE TEIJIOBHIX 3JIEKTPOCTaHIIUU
07t 0eTOHOB. TexXHUYeCKHe yCIOBUS.

['OCT 23558-94. Cmecu 111e6eHOYHO-TPAaBUMHO-TIECUAHLIE U T'PYHTHI,
oOpaboTaHHBIE HEOPTaHUYECKUMU BSIXKYIIUMU MaTepuajlaMu, MOis
OOPOKHOT'O ¥ a9POAPOMHOT0 CTPOUTENIBCTBA. T€eXHUYECKHNE YCIIOBUS.

['OCT 30491-97. Cmecu opraHOMHHepajlbHbBIE U  TPYHTH,
CKpemjleHHble OPraHu4YeCKHMHU BSIXKYIIUMH, OIS HOOPOXKHOTO U
a9pPOOPOMHOIO CTPOUTEJILCTBA. T€XHUUYECKUE YCIIOBHUS.

['OCT 26644-85. Illebenb U TII€COK M3 IIUIAKOB TEIJIOBBIX
3JIeKTPOCTaHIUM AJid 6eToHa. TeXHUYeCKUe YCIIOBUS.

['OCT 25100-95.I'pyuTtsl. Knaccudpukramus

'OCT 9128-97. CMmecu achanbToOETOHHEBIE IOPOXKHEIE,
aspoapoMHBIe U ac¢arbTOOETOH.
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HopMmbEl Ha WU3BICKAHUSA [OOPOXKHO-CTPOUTEJIBHBIX MaTepuasios,
IIPOEKTUPOBaHUE M Ppa3paboTKy IIPUTPACCOBBEIX KaphbepoB MOJIs
aBTOmOpoxkHOro crpoutenbcTBa BCH 182-91. MunTpaHCcCTpou. - M.
1992

TexHudyeckKue yKal3aHWs HO MCIIOIb30BaHUIO 30JI yHOCa U
30JI0IIIJIAKOBLIX CMECEW OT CXKUTaHUSA Pa3luYHBIX BHUOOB TBEPOOTO
TON/IWBA [JII COOPYXKEHUSA 3EeMJISHOTO IIOJIOTHAa U YCTPOMCTBa
OOPOXKHBLIX OCHOBAHMM M TOKPBHITUM aBTOMOOMIBHBEIX mopor BCH
185-75. MunTpaHccTpou. M. 1976.

MeToouyeckKre peKOMeHOalluy 110 OCYILIEeHUI0 3eMJISHOTO IIOJI0OTHA U
OCHOBAHHUM OOPOXKHBIX OOEXKI B paOHaX M30OLITOYHOIO yYBIAaXKHEHUS U
CEe30HHOTI0 ITpoMep3aHus rpyHToB. Coo3mopHuu. M, 1974

PekoMmeHpanyy no NpruMeHEHUI0 aKTUBHEIX 3071 yHOca TOL] PCOCP B
Ka4eCTBe BAXKYINUX [OJIA YKPENJIeHUs TPYHTOB B OCHOBaHUAX JOPOKHEIX
omexn. ['unpomopHuu. - M., 1974.

MeToguyeckre peKOMEHOAluU I10 UCIOJIb30BAHUK 30JIOUIIAKOBBIX
cMmecern TOC pOmsa  yCTpOUCTBA  YKpPENJIEHHBIX OCHOBAHUU U
MOPO303alllMTHLIX JOPOXKHEIX ofAexkKa. - Coro3mopHuu. M., 1977.

MeTomnyeckre peKOMeHOallud 10 YKPEMJIEHUI0 TPYHTOB U OTXOH0B
IIPOMBIIIJIEHHOCTH BSIXKYIIIUMU OIS YCTPOWCTBA BEpXHEW dYacTH
3eMJISHOT'O ITOJI0THA aBTOMOOUITLHEIX Hopor. - Coro3gopuuu. M., 1979

MeTogu4yeckKue PeKoOMeHOanouu II0 IIPUTOTOBJIEHHWIO MECTHERIX
OIJIAKOBHIX BAXKYIITUX HOJId OJOPO2KHOT'O CTPOUTEJIBCTBA. - COIO3)IOpHI/II/I
M., 1980.

MeTognyeckre PeKOMEHOAIIUU II0 MCIIOJIb30BAaHUIO 30JIOMIIAKOBBIX
MaTepuaJoB [JIsi YCTPOMCTBA OCHOBAHUM aBTOMOOUIBHBLIX HOPOT. -
Corw3zgopuaun.M.,1981.

MeToovyeckne peKOMEHAaAIUM II0 YCTPOWCTBY I1eOEHOYHBIX
OCHOBaHUM, 00pabOTaHHEIX NIECKOIIEeMEHTHOU CMeChlo. - COIO300PHUMN.
M.,1985.

MeToguyeckre peKOMEHOAIluW II0 OIpedesieHHuI0 3KOHOMHYECKU
palroHaIbHOM 0071aCTH MCIIONb30BaHUS oTxomoB TOC m I'POC, B
OOPOKHOM CTPOUTENbCTBE. - Coro3gopuuu. M., 1987.

MeToguyeckue PeKOMeHOaun IIO0 HMCIIOJIb30BaAHHWIO 30H YHOCA OT
CXKHUTI'aHUA yrﬂeﬁ KaHCKO-A4YHMHCKOTO TOIIJNIMBHO-3HEPTreTu4YeCKoro
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KOMIIJIEKCA [OJIsI OCYIIeHUsI BepXHeW dYacCTH 3eMJISHOTO TIIOJIOTHa H
YCTPOMCTBaA OCHOBAHUN 1 MOPO303alIUTHHIX CII0EB MOPOXKHBIX* OmeK]I.
Corwo3zgopuuu. M., 1988.

MeTonnyeckre peKoMeHOaluy 10 pa3paboTKe BHIEMOK B TJIMHUCTBIX
TPYHTaX BJIaXKHOCTBIO BHIIIE OINTUMAJIbHOU U MCIIOJIb30BaHUE) STHUX
TPYHTOB MJIsT BO3BeJEHUS HaChIIed aBTOMOOUIBbHBLIX mopor Bo II m III
OOPOKHO-KJIMMaTUYeCKUX 30Hax. - Coto3gopuuu. M., 1988.

MeTognyecKkrue peKOMeHOAIIuU M0 YCTPOUCTBY MOPOXKHBIX OOeXKO U3
TPYHTOB ¥ MaTepuasioB, 00pab0TaHHBIX CJIAHIIEBBIMH 30JIaMH YHOCA B
3UMHUX yCIOBUSAX. - Coro3mopHum. M., 1989.

MeToouyeckue PEKOMEHOAITNNA II0 TEXHOJIOTHUHU COOPYyZXKEeHUud
3EMJISAHOT O ITIOJIOTHA U3 TNIMHUCTHIX TPYHTOB TIOBHIIIIEHHOM BJIa2KHOCTH B

Heueprozemuou 30He PCOCP. - Coro3gopruu. M., 1990.

MeToguyeckre peKOMEHOalluu II0 MPHUMEHEHHI0 B HOOPOKHOM
CTPOUTETILCTBE OUTyMOMMHHEPATbHBIX cMecen, comepzKalux
CJIQaHIIEBYIO 30JIy Cyxoro oroopa. - Coro3mopuuu. M., 1990.

PykoBofCTBO 10 ITOoOO0pPy ¥ IIPUTOTOBIEHUIO HEPYOHBEIX MaTepPHUaAJIOB
M TPYHTOB, O0OpabOTaHHBIX HEOPraHWYECKUMH BSIXKYIIUMU OIS
OOPOZKHOTO CTpouTenbCTBa. - Coro3gopHuu. M., 1991.

PyKOBOOCTBO 1O CTPOUTENIBCTBY OCHOBAHWU U  MOKPHITUU
aBTOMOOUIILHEIX OPOT U3 IIeOEHOYHBIX U T'PAaBUMHBIX MAaTEPUANOB. -
Corwzgopuuu. M., 1999.
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XuMudyecKuu coctan 301 TIOC

HNupopmaBTOOOD.

Quegnes Utilisations de cendres volantes en construction

Tabnuia 2

Bup Tonnuga,
T3C, TOLI, IT'P2OC

CopeprkaHUe OKHUCJIOB, % (B IIepecyeTeHa Cyxoe Belllel

SiO2

R203

Al1203

Fe203

CaO

MgO

Na20

K20

Ti

l'oproune crnaHIB
IToBOnMXK®B4,
CrI3paHCcKasa
I'paC

41,5-45,1

2,5-9,4

3,4-5,9

2,1-3,5

23,9-27,4

3,8-6,7

3,2-5,2

Bypeiit yroms,
Aunrpenckasa I'PSC
AHTPEHCKOTO0
YTOJIBHOTO
facceifHa

28,8-36,1

18,1-41,1

14,8-22,1

3,3-19,0

11,9-23,5

4,1-5,8

1,1-2,0
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To xe, UpkyTckas
(bpatckas) I'OLI-6
Kancko-
A4YuHCKOTO
YTOJIBHOTO
Oaccettna, Upma-
BopomuHCcKuMit
pa3spe3

28,2-44,4
31,6-55,2

10,5-27,5
10,3-36,0

5,1-14,0
3,9-23,0

5,4-13,5
6,4-13,0

22,8-38,2
21,2-32,4

4,2-8,1
3,8-7,2

0,3-0,8

0,8-1,6

To xe,
HoBocubupckas
T31I-3 KaHCcko-

AYMHCKOTO
YTOJIBHOTO
OacceliHa,

Ha3zapoBckuit
paspe3

24,2-27,0

23,2-41,7

20,5-28,3

16,7-32,9

6,7-7,5

6,4-13,0

13,8-20,7

10,3-19,9

38,0-44,1
24,2-44,6

4,1-5,5
4,5-5,2

0,2-0,3

0,4-2,2

KameHHEIN yTOIE,
Pedtunckas
I'paC
JkubacCTy3CKOTro
YTOJILHOT'O
facceiiHa

59,69

43,2-65,0

34,2

25,5-54,4

29,1

21,3-29,0

51

4,2-25,4

2,52

0,4-12,7

0,94

0,8-3,5

0,11-0,8

0,4-0,7

To xe,
YynbMaHCKOHU
I'pPaC,
Heprouruuckoe
MECTOPOXKIEHUE

49,3-54,4

18,9-20,8

17,5-18,8

1,4-2,0

1,5-2,2

0,7-1,0

Bypei#t yrons,
IMoporobyxckas
T31,
ITogMOCKOBHOT'O
YI'OJIbHOT'O
OacceliHa

49,02

45,8

33,5

12,3

3,09

0,48
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To xe, Psi3aHCcKas
I'paC
I[TogMOCKOBHOTO
YTOJIBHOT O
bacceriHa

49,41

46,3-49,7

45,7

40,8-51,8

39,9

31,8-36,6

5,8

9,0-15,2

3,94

2,6-4,0

0,73

0,3-1,1

0,1-0,2

0,7-0,9

0,7

To xe,
KpacHokameHcKas
T3aL]
XapaHOpPCKOTO
MEeCTOPOXKOEeHUSA

55,52

24,6

19,8

4,8

11,28

3,38

AHTpaUUTOBHIN
YT OIIb,
Hosouepkacckasa
I'POC [JoHemkoro
YTOJIBHOT O
facceiiHa

42,51-46,4

29,7-32,0

19,9-21,7

9,8-10,3

3,15-3,4

1,9-2,11

0,5-1,1

3,7-4,0

T3II r. Bopos-
Homn, Bonrapusa

50-58

23,8-32,3

15-22

8,8-10,3

2,2-3,0

1,7-2,2

2,6-3,4

T31I Bonrapus

55-59

30,8-39,4

25-29

5,8-10,4

1,5-3,7

1,3-3,0

1,2-2,3

TIII r. Typos,
ITonpiia

51,01

38,3

33,7

4,6

1,68

0,52

0,39

1,66

T31I r. Ctanesa-
Bons, ITonbima

51,57

25,2

19,6

5,6

4,04

0,5

0,34

1,8

T3Il Anouusa

53-63

27-34

25-28

2-6

1-7

1-2

0,8-2,4

1,8-3,2

TIII Aurnus

41-51

29-48

23-34

6-14

1-8

1,4-3,0

0,2-1,9

1,8-4,2
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TOL ®panuus 29-54 15-48 10-33 5-15 1-39 1-5

0,1-9,0

0,7-6,0

T3L, ®PT 34-50 29-50 21-29 8-21 2-12 1-5

T3, CIIA 32-52 22-59 14-28 8-31 2-12 0-2

COIOEPXXAHHWE

[IPETVCIIOBHUE

1. OBIIUE [TOJIOKEHUSA
2. CBOVICTBA 30JI U IIIJIAKOB T3C

2.1. XUMHWYECKME ¥ ®PUHUIECKH XAPAKTEPUCTHUKH 30JI U
LIJIAKOB

2.2. KIACCUPHUKAIIMA 30JI H IIIJIAKOB

3. TEXHUYECKHWE TPEFOBAHUWA K 30JIOIMTJIAKOBBIM
MATEPHUAJIAM

4, OTEYECTBEHHEIN U 3APYBEKHBIN OIIBIT IPUMEHEHU A

30J1 ¥ 30JIOIIJIAKOBBIX CMECEH B [IOPOXHOM
CTPOUTEJILCTBE

4.1. IPUMEHEHHE 30JI CYXOI'O YJIABJIUBAHHUA B KAYECTBE

CAMOCTOATEJIbHOI'O MEJJJIEHHO TBEPJIEFOITET'O
BAXKYIIIET'O MATEPHAJIA HJIH I'HJPABJIMYECKOH IOBABKH
K IIEMEHTY HUJIH U3BECTH

4.2. IPUMEHEHHE 30JI CYXOI'O YJIABJIMBAHHWA B KAYECTBE

IIOGABKH K BUTYMAM HJIH IIOJIMMEPHO-EUTYMHBIM
BAKYIIIHUM

4.3. IPUMEHEHHFE - 30JIOIIJIAKOBBIX CMECEH [IJ15
YCTPOHUCTBA 3EMJIAHOI'O I1IOJIOTHA
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4.4. IPUMEHEHHFE 30JIOMIJIAKOBBIX CMECEH 1
YCTPOHUCTBA CJIOEB JOPO>XHBIX OIEXX]]

4.5. IPUMEHEHHE 3071 ¥ 30JI0II/IAKOBBIX CMECEH B
ACOPAJIBTOBETOHE

4.6. [IPUMEHEHHE 30JI0II/IAKOBBIX CMECEH B
I[ITEMEHTOEETOHE

4 7. BAPYEEXKHBIH OIIBIT IIPHMEHEHHA 30T
30JIOHIJIAKOBBIX CMECEH B IOPOXKHOM CTPOUTEJIBCTBE

5. OCHOBHBIE HOPMATHUBHBIE TOKYMEHTHI ¥
METOOUYECKHWE PEKOMEHIAITWY T10 ITPUMEHEHHWIO 30JI U

3O0JIOIMTJIAKOBBIX MATEPHUAJIOB B TOPOXKHOM
CTPOUTEJIbCTBE

6. JIUTEPATYPA
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