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HOPMATHUBHBIE CCBIVIKHN

B Hacrosmed auccepraliMM  MCIOJIB30BAHBI CCBUIKM Ha  CJEIYIOLIUE
CTaHAapTHhI:

3akoH PecnyOmuku Kazaxcran «O Henpax U HEIPOMOIb30BAHUM».— AJIMATHI,
2017.

Oxonornueckuit koaekc Pecnyonmuku Kazaxcran . - Anmatel: AJIBOKAT,
2007. - 164 c.

3emenbHbIi Koneke PecnyOmuku Kazaxcran. - Anmatsi: AJIBOKAT, 2008. —
104 c.

Vka3 Ilpe3unentra Pecnyonmuku Kazaxcran «O Konnenmum no mnepexony
PecnyOsinku Ka3zaxcran K «3eneHoit s3koHomuke»» oT 30 mast 2013 rona, Ne 577.

[Toctanosnenue I[lpaBurensctBa PecnyOnuku Kazaxcran. OO0 yTBep)aeHUU
['ocynapCTBEHHOM MpOrpaMMbl  WHAYCTPUAIbHO-WHHOBAIIMOHHOTO  Pa3BUTHS
Pecny6nuku Kazaxcran Ha 2020-2025 roaer: yTB. 31 nexadps 2019 roma, Ne1050.

['OCT 23732-2011 «Bona aiis 6€TOHOB M pacTBOPOB. TeXHUUECKHE YCIOBUSI.

['OCT 8736-2014 «Ilecok mist ctpouTeNbHBIX padboT. TexHuueckue yCiaoBUs».

I'OCT 31108-2020 «IlemenTsl 00IIECTpOUTENbHBIC. TEXHUYECKHUE YCIOBUSY.
Merocy1apcTBEHHBIN CTaHAAPT

I'OCT 10180-2012. beronbl «MeTonbl ONpPEAEICHUS] MPOYHOCTA IO
KOHTPOJIbHBIM  oOpa3umam».  MeXrocy1apCTBEHHbI  CTaHJApT: OI'VII
«Crangaptuadopm», 2018.- 31 c.

['OCT 10180-2012. beronsl «MeTonpl ONpEneIeHUs MOPO30CTOMKOCTI.
MexrocynapcrBennbiii ctanaapt: @I'VII «Cranaaptundopm», 2018.- 18 c.

I'OCT 18105-2010 «IIpaBuia KOHTPOJIS U OLEHKHA MPOYHOCTH.

['OCT 25820-2014 «beToHBI JIETKHAE U TIYCUCTHICY.

I'OCT 12730-78 «Metoasl omnpeAeieHUs] IJIOTHOCTH, BJIAXKHOCTH,
BOJIONIOTJIONIEHUSI, TOPUCTOCTH U BOJOHENPOHUIIAEMOCTI». MeXrocyaapCTBEHHbIN
cranaapt: OI'YII «Cranagaptundopmy», 2007.- 4 c.

I'OCT 32496-2013 «3amnonHUTEeNd TMOPUCTBIC HJIsi JIETKUX OETOHOB.
Texaunueckue ycnoBusi. ®I'YII «Crannaptundopm», 2014.- 9 c..

I'OCT 9758-2012. 3anoyHUTENH TOPUCTHIE HEOPraHUYECKUe IS
CTPOUTEIBHBIX PabOT. MeToasl UcCHbITaHWI. MeEXrocyJapcTBEHHBIM CTaHIAPT:
OI'VII «Crannaptundopm», 2014.- 62 c.

IocCt  25820-2014. beronsl  Jerkue. TexHUYeCcKne  yCJIOBHS.
MexrocynapcrBennbii cranaapt: OI'VII «Crangaptundopm», 2015.- 15 c.

I'OCT 24211-2008. JloGaBku 1j1si OSTOHOB M CTPOUTENIBHBIX PacTBOPOB.
OOmue TexHUYeckue ycioBua. MexrocyaapctBeHHbld  ctangapt: OI'VII
«Cranamaptuadopmy», 2010.- 11 c.

'oCT 27006-2019. beronsr. [TpaBuna noaoopa COCTaBa.
MexrocynapcrBennbiii ctanaapt: OI'VII «Crangaptundopm», 2008.- 6 c.

I'OCT 310.4-81. LlemenTsl. MeTonbl OnpeAeneHus npejesa NpoYHOCTH MPU
u3ruoe u cxxaruu. MexrocyaapcTBeHHsblil ctanaapt: U3a-so crangapros, 2003.-11
C.

['OCT 2.105-95. Enunas cuctema KOHCTPYKTOPCKO#M mokymeHTaruu. O0mue
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TpeOOBaHMS K TEKCTOBBIM JOKYMEHTAM.

['OCT 7.1-2003. Cuctema cTaHnapToB 1o MHPoOpManuu, OUOIMOTEUHOMY U
u3nareabckoMy naeny. bubnuorpaduueckass 3amuch.  bubnuorpaduueckoe
ormucanue. O0ume TpeOoBaHUs U ITpaBUila COCTABIICHUS.

['OCT 7.11-2004 (MCO 832:1994). Cuctema ctaHaapToB Mo uHOOpMAIUU
OMOIMOTeYHOMY W M3JaTelbckomMy jAeny. bubnuorpaduueckas  3ammuch.
CoKpallleHUE CJIOB U CJIOBOCOYETAHWN HA MHOCTPAHHBIX EBPONEHUCKUX SI3bIKAX.

['OCT 7.12-93. Cucrema ctaHgapToB Mo HHPOpMauu OUOIMOTEUYHOMY H
u3JaTeNIbckoMy nienny. bubnuorpaduueckas 3anuch. CokparieHue cioB Ha pyCCKOM
s3bike. O0Imue TpeGoBaHus U MpaBUIa.

CIl PK 2.04-107-2013 CrpourensHas Ttemiorexauka. CBox mpasmin PK.
KoMurer mo penam CTpPOMUTENbCTBA M KWIMIIHO-KOMMYHAJIBHOTO XO3SIMCTBa
MuHucrepcTBa MHAYCTpUM U UH(QpacTpykTypHoro passutus PK. —Acrtana,
2019.173 c.

CHull PK 2.04-01-2010 «CtpoutenbHas KIMMaTOJIOTHSD)

PJI 07-408-01 «IlomoxeHrne O TEOJOTMUYECKOM M MAapKIICHIEPCKOM
oOecrieyeHUr TMPOMBINIUIEHHON Oe3omacHocTd W oxpanbl Heapy». ['YII "HTI]
«IIpombinnenHas 6e3onacHocTh», Ne 2002. —6 c.



OIIPEAEJIEHUA

B HacTosmieil auccepTanMU  MPUMEHSIOT — CIEAYIONIME TEPMHUHBI  C
COOTBETCTBYIOIMMH OIIPEICIICHUSMU:

bopr kapeepa — OOKOBas IOBEPXHOCTh Kapbepa. OOpa3OBaHHAs
COBOKYITHOCTBIO OTKOCOB H TUIOIIA/IOK YCTYTIOB8

[opHBIE TMOpPOIBI- TMPHPOIHBIE CKOIUICHHUS OJHOTO WM HECKOJIBKHX
MUHEPAJIOB, BOSHUKIIKE B HEIpax 3eMJIM WIH Ha €€ TIOBEPXHOCTH.

Jleopmanusi TOPHBIX TIOPOJ - H3MEHEHUE (HOPMBI U 00BEMa TOPHBIX MTOPOJT
MOJT ACMCTBUEM TOPHBIX pa3paboToOK

HckyccTBEHHOE YKPEIUICHHE TOPHBIX MOPOJ] - MEPOTIPHSTHS, HAIPABICHHBIC
Ha MOBBIIICHUE YCTOWYHMBOCTH TOPHBIX MTOPO/I.

Kapbep - TopHOE IpEANpUSATHE IO JOOBIYE TIOJIE3HBIX NCKOTAEMBIX OTKPBITHIM
CIIOCOOOM.

KomOuHUpOBaHHBI crmoco0 - pa3paboTKa MECTOPOXKICHHH ITOJIE3HBIX
HMCKOMAEMBbIX OJTHOBPEMEHHO OTKPBITHIM U TTOA3EMHBIM CIIOCOOaMHM.
MoOpO30CTOMKOCT — 3TO CHOCOOHOCTh Ta30CHJIIMKAaTHOrO OETOHa B

HACBIIIIEHHOM BOJIOW COCTOSIHUM BBIJIEPKUBATh TpPEeOyeMoOe IO CPOKY CIY>KOBI
KOHCTPYKIIUU WM U3JCIHUS ONpPENEIEHHOE YHUCJIO IMKJIOB IOMEPEMEHHOTO
3aMOpaXMBaHUA U OTTANBaHUS.

[To6ouHBIC TPOAYKTHI XUMHUECKUX MPOU3BOJCTB — 3TO OTXOJBI PA3THUIHOTO
MIPOU3BOJICTBA, KOTOPHIE MOTYT MCIOJIb30BATHCS B KAYECTBE MHHEPATHLHOTO CHIPHS
B CTPOUTEIHCTBE U MIPH MPOU3BOJICTBE CTPOUTEILHBIX MaTEPUATIOB.

[Tox3eMHas ropHas BEIpabOTKA - HICKYCCTBEHHAS TI0JIOCTh, CACIaHHAs B HeJIpax
3eMJIA, UMEIOIIast 3aMKHYTBI KOHTYP TIOTIEPEYHOTO CCUCHHUSI.

[IpoyHOCTP — CBOWCTBO MaTrepHaia CONPOTHUBIATHCS Pa3pyIICHUSIM TI0]T
JNEUCTBUEM  HANPSDKCHHM, BO3HUKAIONIUX  OT  HArpy30K, TeMIEpaTyphl,
aTMOC(EPHBIX 0CATKOB U APYTUX (PaKTOPOB.

TBepaoCTh — CBOWMCTBO MaTepHayia CONPOTHUBIISTHCS MPOHUKAHUIO B HETO
IOCTOPOHHETO O0Jiee TBEPIOTO Tea.

TpemuHoBaTOCT, TOPHBIX TOPOJ — PACWICHEHHE TOPHBIX TOPOJ Ha
CTPYKTYpHBIE OJIOKH.
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BBEJAEHUE

AKTYaJIbHOCTh TeMbl. AKTYaJIbHOCTh TEMbI HCCIIEIOBaHUs O0O0YCIOBJICHA
pocTOM 00BEMOB JOOBIUM  TOJE3HBIX HCKOMAEMBIX U  BO3pPACTAIOIIMMU
TpeOOBaHUSIMU K O€30MaCHOCTH TOPHBIX paboT. B yClOBHSIX WHTEHCHBHOMN
HKCILTyaTalli MECTOPOKACHHUM, TaKUX KaK CBUHIIOBO-IIMHKOBOE MECTOPOXKJICHUE
Axxan, TOO Nova-lluHK, yCTOMYHMBOCTH OTKOCOB KapbepOB M IOJ3EMHBIX
BbIPAaOOTOK MPUOOpETaeT MEPBOCTENEHHOE 3HaueHue. HapylueHne ycToMYnMBOCTH
OTKOCOB MOJKET MPHUBECTH K OOpYIICHUSAM, HAHOCAIIUM YiiepO 00Opy0BaHMUIO,
CO3JAIOUIMM OINACHOCTh JUISl KU3HHU IEPCOHANA M BBI3BIBAIOIIMM 3HAYUTEIbHBIC
¢unaHcoBbie moTepu. JlocTMKEHHE HaaeKHOMW YCTOWYMBOCTH KaphepoB U
BBIPA0OTOK TpeOyeT NPUMEHEHHUSI COBPEMEHHBIX WMHKEHEPHBIX pEIIeHUd U
MaTepHaloB, CIIOCOOHBIX MPOTUBOCTOSATh HArPy3KaM U CIIOKHBIM I€0JIOTMYECKUM
YCIIOBUSIM.

OgHuM W3 aKTyalbHBIX ~ TNOAXOJOB  SIBISIETCSI  KCHOJIb30BAaHUE
MOAU(PUIIUPOBAHHBIX OETOHOB, O00JIAIAIOMIUX TIOBBIIIEHHONW CTOWKOCTBHIO K
MEXaHUYECKUM U KIMMATUYECKUM BO3JICUCTBUSIM, U YUUTHIBAIOIINX OCOOEHHOCTH
re0JIOTUYECKUX YCIIOBUN KOHKPETHOI'O MECTOPOXKIAEHUs. VICIoJb30BaHME TaKHUX
OETOHOB I YKPEIUJIEHHUsSI OTKOCOB MO3BOJISIET 3HAUUTENBHO CHU3UTHh BEPOATHOCTD
aBapuUUHBIX CHUTyalMd ¥  MHUHHMHU3UPOBATh  3aTpaTbl HAa  PEMOHTHO-
BOCCTAHOBUTENbHBIE PA0OTHI. DTO OCOOEHHO BaXKHO JJISI KAPHEPOB, padOTAIOIIMX B
YCIIOBUSIX HWHTEHCHUBHOW TPEIIMHOBATOCTH, Kak B ciyyae C AKXaJICKUM
MECTOPOKICHUEM.

Eme oxHOM 3HAYMMOW TNPUYMHOW AKTYaJbHOCTH HWCCIECIOBAaHUS SIBISETCS
HKOJIOTMYECKash Harpy3ka, CBSI3aHHash C OTXOJaMu oOOOraiieHHs, KOTOpbIe
00pasyroTcs B MpOoLecce N00bIUU U TEPEepadOTKU PYAbl. Y TUIIU3AIUS ATUX OTXO0B
B KAaueCTBE KOMIIOHEHTOB MOJU(PHUIIMPOBAHHBIX OETOHOB MPEACTaBIsCT COOOM
HKOJIOTMYECKH M 3KOHOMHMYECKH BBITOJIHOE PEIICHHE. BHEApEHHE TaKMX OTXO0J0B
MO3BOJISIET COKPATUTh OOBEMBI HAKOILJICHUS, CHU3UTh HETaTUBHOE BO3/IEHCTBUE HA
OKPYXAaIOILyI0 Cpelly U OJTHOBPEMEHHO YACLIEBUTh CTPOUTEIIBHBIE MATEPUAIbl, HE
yXyJas UX MPOYHOCTHBIC U SKCIUTYyaTallMOHHBIE XapaKTEPUCTUKH.

[IpumeHeHne MOIU(PUITMPOBAHHBIX OETOHOB Ha OCHOBE OTXO0JIOB OOOTaICHHUS
TaK)K€ COOTBETCTBYET IPUOPUTETAM YCTOMUMBOIO PA3BUTHS M KOHLIETILIMY "'3€JI€HON
skoHOMUKHK". KazaxcTaH, aKTUBHO pa3BUBAIOIIMA CBOK TOPHOI0OBIBAIOIILYIO
OTpacib, 3aMHTEPECOBAH B PEILICHUHU HKOJIOTMYECKHUX BOIPOCOB, U CO3/AaHHE
3aMKHYTOTO LHKJIA HCIOJIb30BAHUS OTXOJOB Ha MECTOPOXKICHHSIX CTAaHOBUTCS
OJIHOM M3 BaXHEUIMX 3aaad. MoauduimpoBaHHble OCTOHBI, pa3pabOTaHHBIEC Ha
OCHOBE OTX0JI0B O0OTaIlEHHUs, MOTYT CIIYHUTbh IPUMEPOM BHEIPEHUS 0€30TXOTHbIX
TEXHOJIOTUM, CMOCOOCTBYIOIIMX PpPAalMOHAIBHOMY HCIOJIb30BAHUIO TMPUPOIHBIX
peCypcoB.

Kpome TOro, mnpuMeHeHHE WHHOBAIIMOHHBIX OCETOHHBIX COCTABOB JIJISI
YKpEIuieHus: OOpPTOB KaphepoB M TOJI3EMHBIX BBIPAOOTOK AaKTyalbHO JIJISt
MOBBIIIEHUS JIOJITOBEUYHOCTH YKPEMUTEIbHBIX KOHCTPYKUMWA. OTO CHHUXKAET
NOTPEOHOCTH B YACTHIX PEMOHTHBIX Pa0OTax, YBEIMUMUBAET CPOK CIYKObI KapbepoB
U yIydIIaeT IKOHOMUYECKYO 3P (HEeKTUBHOCTh TOPHBIX MPEITPUITHH.
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Enie olHUM J10Ka3aTE€IbCTBOM AKTYalbHOCTH TEMBI IUCCEPTALINU SIBISIETCS TO,
UCCJIEIOBAHMS TPOBOJAWIIMCH B COOTBETCTBUU C [IpHOpPUTETHBIM HampaBiieHUEM
pa3Butus Hayku PK nHa 2024-2026 rombl «JKOJIOTHS, OKpy)Karomias cpeia H
palrMoHaNbHOE MPUPOJONOIb30BaHue», [IpoekToM rpaHTOBOTO (DMHAHCHPOBAHUSA
MoionbIXx  yuyeHeix Ha 2020-2022 rtomer  AP08053410 - «Pa3paboTka
WHHOBAIIMOHHBIX METOJIOB MPOTHO3UPOBAHUS M OILICHKM COCTOSHUSI MaccHhBa
TOPHBIX TOPOJ Ul MPEIYyNpPEKICHUs YpEe3BbIYAHBIX CUTYallUid TEXHOTE€HHOIO
xapakrtepa» u I[IporpammHuo-nieneBoMy (HHAHCHPOBAHHUIO MO HAYYHBIM, HAYIHO-
TeXHHMYECKUM mnporpammam Ha 2023-2025 romet (MHBO PK) BR21882292-
«MHTerpupoBannoe pa3BUTHE YCTONYUBOU CTPOUTEIIBHOU OTpaciu:
WHHOBAITMOHHBIC TEXHOJOTHH, ONTHUMHU3AlAS TPOU3BOJACTBA, J(P(HEKTUBHOE
MCIIOJIb30BaHUE PECYPCOB U CO3JIJaHUE TEXHOJOTMYECKOIO MapKay, BBHIMOIHIEMBIX
KasHUTY umenu K.1.CatmaeBa ¢ yuactueM aBTopa.

Takum oOpa3oMm, uCCIEIOBaHHE CBOMCTB, pa3paboTka U BHEIpPEHUE
MOAU(PUITUPOBAHHBIX OETOHHBIX COCTABOB JUIsl YKpEIUIEHUSI OOPTOB KapbepoB HE
TOJIBKO peliaeT mnpodiieMy YCTOWYMBOCTH BBIPAOOTOK, HO M BHOCHUT BKJIaJa B
COBEPIIIEHCTBOBAHUE TEXHOJIOTUHN MOOBIYM U MepepabOTKU MOJE3HBIX UCKOMAEMbIX
B YCJIOBUSIX CJIOKHBIX TOPHO-T€OJIOTMUYECKUX YCIOBUM.

CreneHb M3y4eHHOCTH MNPOOJeMbl. 3HAUYUTEIbHBIN BKJIaJ B HU3YYCHHE
BOIIPOCOB, KACAlOIIMXCS YCTOMYMBOCTH OTKOCOB Kapbe€pOB, BHECIU TaKHE
yBaXkaeMble yueHsble, kak rnpodeccopa I'.JI. ®ucenko, M.E. [le3uep, P.I1. Okaros,
@.K. Huzamernnuos, M.b. Hypniencosa, C.I'. Oxurun n npyrue. MccnenoBanus,
MOCBSIIICHHBIE Pa3pa0OTKE COCTABOB U PACIIUPEHUIO O00JIaCTell MPUMEHEHUS
BBICOKOA(P(EKTUBHBIX CTPOUTENIHHBIX KOMIIO3UTOB c 3aIaHHBIMU
TEXHOJIOTUYECKUMHU XapaKTEPUCTUKAMU, TPOBOASATCS YUYEHBIMU B Pa3HBIX CTpaHAX.
OTa TemaTHKa IIMPOKO MPEICTABICHA B TPYJax TaKUX HccienoBarenei, kak B.U.
Conomarosn, B.I1. ParunoB, B.T. Epodees, 1.0. baxenos, T.K. Axuypun, A./l.
Kopnees, JI.U. Isopkun, I'.1. Axosnes, 1.0. baiimxanos, 3.A. Ectremecos, M.A.
Paxumog, B.M. Jlateimog, C.B. ®enocos, I11.M. Paxumbaes, 11.0O. ITyxapenko, J1.B.
Opeumkun, B.B. benos, B.C. I'pri3noB u ap.

WUness wucronb3oBaHUS OTXOJOB 00OTaTUTENbHBIX (HaOpHK B KadecTBe
MHOTO(QYHKIITMOHAIPHOM  KOMIUICKCHOM  J0OaBKH, CIIOCOOHOW  mpHaaBaTh
MaTepuajiaM M H3ACIUSIM OCOObIe CBOMCTBA, HE SIBISCTCA HOBOH, HO OCTAaeTCs
aKTyaJbHOU. ITO 0OYCIOBJIEHO TE€M, YTO MAKCUMAaJIbHBIA TEXHUYECKUHN 3P (DEKT OT
BBEJICHUS TaKOU JOOABKH MPOSBIISIETCS MHAUBUIYATIBHO JJISI KQXKI0TO KOHKPETHOTO
ciydasi Ojarojapsi €€ CIOXKHOMY MHOTOKOMIIOHEHTHOMY cocTaBy. lIpumenenue
OTXOJI0OB O0OTaIlIeHUs] KaK MHOTO(YHKIIMOHAIBHON T00ABKU MPU MPOU3BOJICTBE
HOBOTO TIOKOJICHUSI 3(P¢GEeKTUBHOrO OETOHA IMO3BOJISIET HE TOJBKO CHU3HUTh
ce0eCcTOMMOCTh 0€TOHHON KOMIO3UIIMK, HO U YIYUYIIUTh €€ (PU3UKO-XUMUUECKUE U
TEXHOJIOTUYECKUE XapAKTEPUCTUKH, TPUAAB U3/ICIIUSIM YHUKAJIbHBIE CBOMCTBA.

Bce mnepeuncneHHoe TOATBEPXKIACT aKTYalbHOCTh BBIODAHHOW TEMBbI
JIMCCEPTAIMOHHOTO UCCIEA0BAHUS.

Hear paborbl 3akmrovaeTcs pa3paboTke APGEKTHBHBIX  COCTABOB
MOAU(PUITUPOBAHHBIX OCTOHOB JJIsI YKPEIUICHHsI OOpTOB Kapbepa W TOJ3EMHBIX
TOPHBIX BBIPAOOTOK MECTOPOXKICHUSI AKXKajl, C y4éTOM CIEeU(PUIECKUX TOPHO-
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TCOJIOTUUECKNX ¢ TEOMEXaHWYECKUX YCIOBHM U HCIIOJH30BAHUEM OTXOJIOB
oOoraIieHnst Kak KOMIIOHEHTOB O€TOHHOM CMECH.

OO0bekT ucciaegoBanusi. OObEKTOM HCCIEAOBAHUS SBISIIOTCS OOpTa Kapbepa
U TIOJ3EMHBIC  BBIPAOOTKM  MECTOPOXKICHHUS  AKKal,  IOJABEPKCHHBIC
nedOpMaIMOHHBIM  TIpoIieccaM, TPEOYyIOIMe YKpeIUieHus it  o0ecredeHus
YCTOHYMBOCTH M 0€30MaCHOCTH TOPHBIX PaboT.

IIpenmet ucciaenoBanus. [IpeaMerom ncciaenoBaHUs SIBISIOTCS COCTaBbl U
(U3UKO-MEXaHUUECKHEC CBOMCTBa MOIU(PUITUPOBAHHBIX OETOHOB,
MpeIHAa3HAYCHHBIC TSI YKPEIJICHUST OOPTOB KaphepoOB B YCIOBUSX WHTECHCHUBHOM
IKCIUTyaTalliil MECTOPOXKJICHUM, C WCIIONB30BAHUEM OTXOJIOB OOOTaIleHHUS B
KaueCTBE KOMIIOHCHTOB OCTOHHOW CMECH.

Jlsl 1OCTHKEHHSI TIOCTABJIEHHOM LeJIM pellajuch cJieAylolue 3a1a4u:

> IIPOBECTH AaHAIU3 TOPHO-T€OJOTUYECKUX YCIOBUM MECTOPOXKIACHUS
AKKaj, OonpeaesouX YCTOMYMBOCTh OOPTOB KapbepoB

> UCCIIEoBaTh (PU3MKO-MEXaHUUECKUE CBOMCTBA TOPHBIX IOPOA H
OTXOJI0B O0OTalleHus 1)1 IPUMEHEHUS B OETOHHBIX CMECSX;

> pa3paboTaTh COCTaBbl MOAU(PHUIMPOBAHHBIX OCTOHOB, MOAXOSLINX
JUISL YKPETJIEHUSI OTKOCOB KaphepoB, C YUETOM MPUMEHEHHS OTXOJ0B 000TalllEHUS;

> YCTaHOBUTh (PU3UKO-MEXaHUYECKUE CBOMCTBA BBILICYITOMSIHYTHIX
MaTEepUaJIOB B 3aBUCUMOCTH OT UX BUJA;

> BHEJIPEHUE PE3YJIBTATOB MCCIIEIOBAHUN B IPOU3BOJICTBO U B YU€OHBIN
pouecc.

HNness paGoTbl 3aKkiroyaeTcsi B HCIOJIB30BAHMHM OTXOJOB OOOTAIICHUS
MECTOPOXICHUST AKXal B cCOCTaBe MOAU(DUIIMPOBAHHBIX O€TOHOB, YTO MO3BOJISIET
MOBBICUTh YCTOMYMBOCTH KapbhepOB U MOJI3EMHBIX BBIPAOOTOK, COKPATUTh 3aTPAThI
Ha YKPEIUICHUE OTKOCOB, YIYUYIIUTh 9KOJOTUYECKYI0 CUTYAIIMIO 3a CUET CHIDKCHUS
OTXOJIOB U 00€CTIeUnTh O€30MaCHOCTh B TOPHBIX padoTax.

Metoabl ucciaeaoBanui. [[ns permeHus NepeuncieHHbIX 3a/1a4, UCI0JIb30BaH
KOMIUJIEKCHBIA METOJ MCCJIENOBAHUM, BKIIOYAOIIUN aHAJIU3 OTEYECTBEHHOIO U
3apyOEKHOTO OMbITa MO HMCCICIOBAHUSM MPUMEHEHUIO TEXHOTEHHBIX OTXOJOB H
OTXOJIOB 00OTaIIeHUs] B MPOU3BOJICTBE CTPOUTEIHHBIX MATEPHAIIOB; MPOBEICHUE
CTaHJAPTHBIX METOJOB HUCIBITAHUS MOJAU(PUIIMPOBAHHBIX OCTOHOB, IMPOBEIACHHE
MeTonoB  auddepermaibHo-Tepmudeckoro  ananmm3a  (JATA) wum  MetomoB
pentreHoda3oBbix  uccinegoBanuii  (PDA), mnpoBegeHue  HCHBITAaHUWA B
aKKpPEAUTOBAHHBIX  J1aOOPATOPUSAX,  ONBITHO-NIPOMBIIUICHHBIE  HCIBITAaHUS
MOJTYYEHHBIX PACTBOPOB Ha MPEANPUSITHH.

Hay4yHble moJ105keHus1, BHLIHOCUMbIE HA 3AIIUTY:

1. Xumuueckue u (pU3NKO-MEXaHMYECKHUE CBOMCTBA OTX0/I0B 000TaTUTEIHLHOM
(bhalbpuku, MaXTHOW M TEXHOJIOTMYECKON BOJIBI TTO3BOJISIIOT YCTAHOBUTHL 00JIACTh UX
MPUMEHEHUS B KAYECTBE CTPOUTEIbHBIX MAaTEPUAJIOB.

2. Pa3paboTaHHbIl METOJT YKPEIUICHUS OTKOCOB KaphepOB, HANIPABJICHHBIA Ha
YBEIIMYEHHUE YCTOMUYMBOCTH CKIIOHOB, U MPEJCTABIISIIOIINNA HAIE)KHOE PEIICHUE IS
JIOJITOCPOYHOM  AKCIUTyaTallid  KapbepoB B  YCJIOBHUAX CIOXKHBIX TOPHO-
re0JIOTHYECKHUX (hPaKTOPOB.
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3. Pa3paboTaHHbBIiI WHHOBAILIMOHHBIA COCTaB TOPKpPET OETOHHON cMecH,
MO3BOJISIIOT ~ MOBBICUTH  YCTOMYMBOCTH OTKOCOB U YCTYINOB KaphepoB U
JUKBUAUPOBATH TPEIIMHBI B HUX.

HayuHnasi HoBU3HA pa0doOTHI:

- 000CHOBaHWE UCTIOJIB30BAHUS OTXOI0B 00OTAIIEHUSI MECTOPOXKICHUS AKKAI
B Kau€CTBE KOMIIOHEHTOB JIsl MOJIU(DUIIMPOBAHHBIX OETOHHBIX COCTABOB;

- omnpezAesieHne (PU3NKO-MEXaHUIECKUX XaPAKTEPUCTHK MOAU(DHUITUPOBAHHBIX
OCTOHHBIX  COCTaBOB, 3aTBOPCHHBIX C  HKCIOJB30BAaHUEM  IIAXTHOM U
TEXHOJIOTHYECKOW BOBI, JJIS YJIYUIICHHS WX DIKCILTyaTallHOHHBIX CBOWCTB IPHU
Pa3TUYHBIX KIMMATHICCKUX YCITOBUSX;

- YCTaHOBJICHHE 3aKOHOMEPHOCTH BJIUSHHUSA KIUMATHYCCKUX (DAKTOPOB,
BKJIFOYAsl YCJIOBHS JKapKOTO W CYXOro KJIMMaTa, Ha TIPOIECCHl THUApATAUA M
CTOMKOCThL OETOHA;

- pa3paboTKa WHHOBAllMOHHOTO COCTaBa TOPKpPET OETOHHOW CMecH,
MO3BOJISIONIETO C OJIHOM CTOPOHBI YKPENMUTh HApyIICHHbIE TOPHBIE MAacCHUBBHI B
MO/I3€MHBIX BBIPAOOTKAX, U C IPYroi CTOPOHBI 3(H(PEKTUBHO UCTIOJIH30BATH OTXO/IbI
o0orarutenbHON (hadpuKy;

- pa3paboTka HMHHOBAIMOHHOTO Croco0a YKpeIuleHUs OTKoca Kapbepa,
HAIpPaBJICHHOTO TOBBICUTH HAJEKHOCTh YKpEIUIEHUsT OOpTOB Kapbepa W
MIPEIOTBPAIICHUS OCHIIAHUS TIOPOJ C TOBEPXHOCTH OTKOCA W BO3MOXHOTO
oOpy1ieHus 60pTOB Kaphepa.

JInyHblii BKJaA aBTOpPAa 3aKJKHYAaeTCd B AKTUBHOM YYacTHH B
(GbOpMyIMPOBKE LEIN UCCIEN0BAHUS M TIOCTAHOBKE 3a/lay, a TakKe B MOJTOTOBKE
HAay4YHbIX MyOJIMKalUi, TE3UCOB JOKIAJOB M TMOJaye 3asBKM HA TMAaTEHT.
JlaGopaTopHble UCCIENOBaHMS U UCTIBITAHUS POBEJCHBI JIMYHO aBTOPOM HIIM IIPU
ee HEIMOCPEACTBEHHOM ywacThu. Kpome Toro, aBTop OcCyllecTBUiIa arnpoOaiuio
pa3pabOTaHHON TEXHOJOTUU B YCJIOBUSAX IPOMBIIUIEHHOTO MPOU3BOJACTBA. B
COBMECTHBIX NyOJMKAaIMsAX aBTOp BHECNA CYIIECTBEHHBIH BKJIAJ B IMPOBEICHUE
HKCIIEPUMEHTAJIbHBIX MCCIIETOBAHUM, aHAJIUN3 NOJYYEHHBIX JAHHBIX, [IOATOTOBKY H
oopmileHHEe MaTepualoB, X OTIIPABKY U JlajbHEIIee COPOBOKACHHUE.

OO00CHOBAHHOCTH M [0CTOBEPHOCTh HAYYHBIX I0JIOKEHUH W BBHIBOJAOB
NOATBEPKIAIOTCA pe3yibTaTaMu J1abOpaTOPHBIX HCCIEAOBAHUM; KOMILIEKCOM
BBITIOJIHEHHBIX HAay4YHO-HUCCIEAOBATENIbCKUX pPadOT, MPOBEIEHHBIX B YCIOBUAX
pyanuka Axkan TOO «Nova-Ilunk», Mog0XUTEILHON OIEHKON W ampoOanueit
pe3ynbTaTOB pabOTHI HA PA3JIMYHBIX KOHPEPEHIIMIX U B I€YaTH.

Hay4ynoe 3HaueHue padOTBI 3aKIIOYAETCd B TOM, YTO IIOJYYEHHBIE
pe3ynbTaThl CIOCOOCTBYIOT pa3BUTHUIO METOJOB YKPEIUIEHUS KapbepoB U
NOJI3EMHBIX BBIPAOOTOK, a TakkKe OOOCHOBAHMIO UCIOJIb30BAHUSA OTXOOB
oOoramieHruss B coCTaBe MOJU(PHUITMPOBAHHBIX OCTOHOB /I YKpEIUIEHUS OOpTOB
KapbepoB U MOJ3EMHBIX BbIPaOOTOK.

IIpakTH4Yeckas 3HAUMMOCTH PadOThI: Pe3yabTaThl UCCIEN0BaHUI BHEAPEHBI
B IPOM3BOJICTBO Ha CBHHIIOBO-UMHKOBOM MecTopoxaeHun Axxain, TOO «Nova-
[{unk». Pe3ynpTaThl HCCieq0BaHH BHEIPEHBI B yUYEOHBIN MPOIECC TOMOIHSIS KypC
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Jexuui st oOpazoBatenbHoi mporpamMmmel 6B07205 - «['opHast uHXeHepus» 1o
nucuuIuinHe «Mapkiieinepckue paboThl IPU OTKPBITOM pa3paboTke», a Takke
JIOTIOJIHEH KYPC JICKIUH M0 NUCHUIUIUHE «['eoMEXaHMYEeCKUi U MapKIIEeUAEPCKUI
MOHHUTOPHHI» JJII MarucTpaHToB cremuaibHocty 7MO07227. TlomyueHo
CBUJIETEJILCTBO Ha aBTOpckoe mpaBo Nel344 ot 22.12.2022 r. Ha IpOU3BEICHHE
Hayku «Croco0 yKperieHus 0TKOCOB 0opTa kapsepa», [latent PK Ha nzoOperenue
Ne36246 ot 02.06.2023 r. «Crioco0 ykperuieHusi otkoca kapbepa» u [latrent PK Ha
uzooperenne Ne 36220 ot 19.05.2023 r. «CoctaB pacTtBopa sl YKpEIJICHHS
HApYIIEHHBIX TOPHBIX MAaCCHBOB B TIOJ3EMHBIX BBIPAOOTKax», KOTOpPHIE B
JaJbHEUIIIEM MOTYT CIYXHWUTh JOTMOJHEHHEM K CYHIECTBYIOIIUM HOPMATHUBHBIM
JIOKYMEHTAaM.

Anpobauuss  paGorbl.  OCHOBHBIE  TIOJIOKEHHSI W PE3YyJIbTATHI
JUCCEPTALIMOHHON palbOThl JOKIABIBAINCH U OOCYKAAIMCh HA MEXIYHAPOIHBIX
Hay4YHO-TIpaKTU4YeCcKuX KoH(pepeHuusx B r.Mocksa (2020 r), r.Anmatsr (2022 1),
r.IIpara (2022 ron) u r.Kaparanaa ( 2023 r)

IMyoaukanus padorsl. [lo Teme auccepranuu onyOnukoBaHo 12 HaydHBIX
paboT, u3 HUX: 3 CTaThH B KypHAJIaX, BXOAIINX B 0a3y TaHHBIX Scopus, 2 CTaThH B
KypHajiaX pekoMeHJoBaHHbIX KoMmurterom mo obecrneueHuio kadectBa B cdepe
HaykKl © Bbiciiero ooOpazoBanuss MHBO PK, 4 cratem B Marepuanax
MEXIYHApPOIHBIX HAYUYHO-TIPAKTUYECKUX KOH(pepeH1uit, 2 mateHTa u 1 MoHorpadus
B COABTOPCTBE.

O6bem u crpykrypa padorbl. [luccepranmoHHas pabdoTa COCTOUT U3
BBEJICHUS, YEThIPEX TJIaB, 3aKJIFOYEHUS M CIIUCKA HCIOJb30BAaHHOW JUTEPATYypHI.
Pabora wm3noxkena Ha 115 cTpaHuIax KOMIBIOTEPHOTO TEKCTa, coxepkut 31
Tabnuity, 23 puCyHKa, CHUCOK JuTepatypbl u3 109 HaumMeHOBaHHUIA.

BbaaromapuocTb.  ABTOp  HCKpeHHe  OmarogapuT  npodeccopcko-
MpenoiaBaTeNbckuii coctaB kadeapsl «CTpoUTENbHBIE MaTepuaibl, U3ACIUS U
texHonorun» HAO «KaparaHguHCKMII TEXHUYECKUU YHUBEPCUTET HUMEHH
AoGbuikaca CarmHOBa» 3a UX HEOIEHUMYIO TIOMOIIb U TIOJIE3HBIE COBETHI, KOTOPHIE
3HAUUTENBHO YIYUILIWIN CTPYKTYPY U COJEpKAHUE TAHHOW TUCCEPTALIUH.

Oco0asi TPU3HATENBFHOCTh BBIPAXKAETCS JIOKTOPY TEXHHUYECKUX HayK,
npodeccopy kadenprsl «Mapkmieiaepckoe aeno u reonaesus» HAO «Kazaxckuit
HammoHanbHblil HCCIEAOBATENILCKUN TEXHUYECKUUA YyHUBepcuTeT uMeHu K.
CarnaeBa» HypneucoBoit M.b. 3a 1ieHHBIE pPEKOMEHIAIMHA, HAYYHOE
COTMPOBOXKJICHUE M TMOIJEPKKY, KOTOPBIC CHITPAIM BAXHYIO POJIb B YCHEHTHOM
BBITIOJTHEHUHU JJAHHOW PaOOTHI.
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1 YCTOMYUBOCTH BOPTOB KAPBEPOB: COCTOSIHUE
BOIIPOCA, AHAJMTUYECKHHA OB30P W TEPCHEKTHUBBI
NCITOJIb3OBAHUA MOJINPUILIMPOBAHHBIX BETOHOB

1.1 CoBpemeHHO€ COCTOSIHME U3YYEHHOCTH BOIIPOCOB TCOPHHU U NMPAKTHKH
o0ecriedeHNs YCTOHYNBOCTH KaPpbePHbIX 0TKOCOB

CoBpeMeHHBIH 3Tall Pa3BUTHSI OTKPBITHIX TOPHBIX PA0OT MO JOOBIYE TTOJIC3HBIX
UCKOTIAEMBIX XapaKTEePHU3yeTCs CIEAYIOIUMU OCOOCHHOCTSAMU: YBEIHMUCHUEM
HIKOHOMUYECKH 00OCHOBAaHHOW TIyOMHBI pa3pabOTKH, MPOAJIIEHUEM CPOKa CIYHKObI
OTKOCOB YCTYNIOB U KapbepHBIX OOPTOB, POCTOM OOBEMOB BCKPBHIIIIH,
WHTEeHCHU(UKAIMEH W KOHIICHTpAIMeHd TOPHBIX PaboT, CIOKHOCTHIO WHKEHEPHBIX,
TCOJIOTUYECKIX W TUAPOJIOTUYECKUX YCJOBHM, a TaKKe HHU3KUM COJAEpKaHHEM
MOJIE3HBIX KOMIIOHEHTOB B J100bIBaeMoit pyze. st moBeimieHus 3hHEeKTUBHOCTH
IKCILTyaTallu MECTOPOKICHHUSI, YIIy4IICHHUS TEXHUKO-PKOHOMHUYECKUX
nokaszaTenel npeanpusaTus U ooecnedeHns 0e30MacHOCTH TOPHBIX padoT TpedyeTcs
HAJIGKHOE O00eCleUYeHUe YCTOMYMBOCTH KapbepHbIX oOTkocoB [1-5]. [lns
oOecreueHus: YCTOMYUBOCTU HEOOXOUMO OMPENEIUTh ONTUMAIbHBIE TapaMeTphI
OTKOCOB, KOTOPBIE MO3BOJIAT 00ECIEUUTh UX JIOJITOBPEMEHHYIO YCTOMYMBOCTD IIPH
MHUHHMAJIbHBIX 00bEMax BCKPBIIIHBIX padoT [6-9].

CucreMaTnuecKoe U3y4YeHHE yCTOMYMBOCTH OTKOCOB HaYajaoCh B cepeaune 50-
X TOJIOB, COBIIAB C aKTHBHBIM Pa3BUTHEM OTKPBITHIX pa3paboToK. B atoT mepmon
BO3HHUKJIA COBETCKAs IIKOJA U3YUYEHHUsI YCTOMUYMBOCTH OTKOCOB IO/ PYKOBOJICTBOM
I'. JI. ®ucenxo [10,11]. M3HayanpHO HCCIEAOBaHHS OBLIM COCPEAOTOYCHBI Ha
YTOJIbHBIX Kaphepax Ypala, a 3aTeM paclIupuiInch Ha Ipyrue pernoHsl COBETCKOTO
Coro3za.

TexHomOrMYeCcKUue M TEXHUYECKHE H3MEHEHHSI B OTKPBITHIX pa3paboTkax
noTpeOOBaIM HOBBIX TMOJIXOJO0B K OOECIEUEHHIO YCTOMYMBOCTH OTKOCOB.
[TosiBIeHnE MOIMHBIX JKCKABATOPOB C KPYMHBIMH pabOYMMU MapaMeTpamu
MO3BOJIIIO pabotarh Ha ycrymax BbicoToil 20-40 m Gosiee METPOB C KPYTHIMHU
yriaMyd OTKOCOB, YTO YacTO IMPEBBIINIAI0O BO3MOXKHBIC TMpeaenbl. JlomycTumas
KpyTH3Ha OOPTOB KaphePOB CTaja KIOYEBLIM (PaKTOPOM, OTIPEICIISIIONTUM TITyOUHY
pa3paboTku. Tak, Bompoc BbIOOpa MpPeaeIbHO JOIMMYCTUMOIO YIJla OTKOCa Meperen
U3 YUCTO TEXHUYECKOTO B COIMATbHO-IKOHOMHYUECKHIA.

K uccrenoBanuio BOMPOCOB YCTOWYMBOCTA B ITOT MEPHUO TMPHUBJICKAIHCH
Takue u3BecTHbIe yueHble, kak C. I'. ABepmmn [12], C. U. [Tonos [13], M. JI.
PynakoB u npyrue. O0beM UCCIIeIOBaHUN 3HAUYNTENBHO YBEIUYHUIICS, YTO MTPUBEIIO
K CO3JIaHHIO CTEIMATU3UPOBAHHBIX TPy U J1a00paTopuii B pErHOHaX OTKPBITHIX
paspaborok (Kazaxcran, Ypan, Kpusoii Por). 3agaun ynpaBiaeHus: ycTOWYUBOCTHIO
OTKOCOB Pa3JIMYHBIX NHKEHEPHBIX COOPYKEHUH BHITIOTHSIIUCH M BBITIOJHSIOTCS Kak
OTJICJTLHBIMH OT€UECTBEHHBIMU U 3apyO0EKHBIMHU HUCCIIEAOBATEIISIMH, TaK U TICIBIMU
opranmzauusmu (BHUMU, VYuunpomens, MI'J] um. .A. KynaeBa, ITMI'XC,
KapTV, KasHUTY wu np.).
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B ctpanax CHI" 60mb1110#1 BK1a B M3y4€HUE BOIIPOCOB YCTOWYMBOCTH OTKOCOB
Ha Kapbepax BHeciu yueHble kKak: H.B.MenbnukoB [14], B.B. Pxeckuii [15],
J.I".byxkeiixanos [16], D.JI. I'anyctesn [17], A.M.I'anenepun [18], A.M. [démun
[19], T.T. Unanakos [20], A.K. Kypmankoxaes [21], A.JK. Maranos [22, 23, 24],
®.K.Huzamernunos [25, 26, 27], Lai b.H. [28, 29], M.b. Hypneucosa [30, 31],
P.IT.OxatoB [32, 33], M.E.IleB3uep [34], U.N. [Tonos [35], b.b. Pakumes [36], B.T.
Canoxnukos [37, 38, 39], FO.!.Typunues [40], H.H.KyBaes [41], .T. AiirmaToB
[42] u MHOTHE NpYyTHE.

Pemenre BOMPOCOB YCTOWMYMBOCTH OTKOCOB TpPeOyeT ydeTa MpaKTUYECKU
YHUKAJIBHBIX TOPHO-T€0JIOTMYECKUX YCJIOBH, IZI€é HEBO3MOXXHO BBIOpaTh Ooiiee
OnmaronpusATHBIE cOoYeTaHHs] (AaKTOPOB, a PKOHOMHYECKHE OTPAHUUYEHUS CTPOTO
OTIPEMIETISIOT MpeieTbHbIC TapaMeTPhl pa3paboTKH, TaKue Kak rIIyOrnHa KaphepoB U
yTJI6I HAKJIOHA OTKOCOB OOPTOB, OCOOCHHO B OTHOIICHWH YCTOMYMBOCTH CKaJTbHBIX
U TIOJIyCKaJIbHBIX MAacCHUBOB C OCJIAa0JEHHBIMHM 30Hamu. JleopManiuu OTKOCOB U
YCTYIIOB, CJOKEHHBIX TPEIIMHOBATHIMU TOPOJAMH, 3a4acTyl0 MPOUCXOJAT IO
IJIOCKUM TOBEPXHOCTSAM CKOJIBKEHHSI, YTO TMOATBEPXKIaeTCd MHOTOYHMCICHHBIMU
HaOJIIOICHUSIMU Ha Kapbhepax.

[IpeBbIlieHre yrioB OTKOCOB BEJIET K OMOJI3HEBHIM SIBJICHUSIM, YTO HAHOCHUT
CEpbE3HBbI  MaTepualdbHBIM  yImIepd TOPHBIM  TNPEANPUITHSM,  HapyIlas
TEXHOJIOTUYECKHE MPOLIECCH U OCTABJISAS MOATOTOBIICHHBIE 3aMachl TIOJT OMOI3HEM,
TpeOysl JOMOJHUTENBHBIX PAOOT TO YHAJIEHHIO OIOJI3HEBBIX MAacC W Hapymas
0e3onacHocTh Tpyaa. C Ipyroi CTOPOHBI, 3aHMKEHHBIE YTIIBI OTKOCOB MPUBOISIT K
3HAYNUTEITLHOMY YBEIUYCHUIO 00bEMOB BCKPBITITHBIX PaOOT.

JInst 000CHOBaHUS MapaMETPOB YCTOMYUBBIX OTKOCOB HEOOXOJIMMO JE€TabHO
U3YYUTh BCe (DaKTOPHI, BIUSIONINE HA CABM)KCHHE TOPHBIX TOPOJ B Kapbepe, MpH
3TOM KJIIOUYEBOE 3HAUYEHHUE WMEET BHIOOp METoja pacueTa, COOTBETCTBYIOIIETO
KOHKPETHBIM  TOPHO-TEOJIOTHUYECKHUM  YCIOBUSIM U (PU3UKO-MEXaHUYECKUM
XapaKTEPUCTHKAM TMTOPOJI, 00pa3yIOIINX MPUOOPTOBOM MACCUB Kaphepa.

[Ipexxne Bcero, YCTOMYMBOCTH OTKOCOB OTKPBITBIX TOPHBIX BBIPAOOTOK
OTIpeJIeNsIETCSl JBYMSI OCHOBHBIMH (DaKTOpaMH: HAINPSHKEHHBIM COCTOSTHUEM
npuOOPTOBOrO MaccuBa M (PU3UKO-MEXAaHUYECKUMU CBOMCTBAMH TOPHBIX MOPO/I.
CornacHo TeopusiM akagemuka B.B. PxeBckoro, HampsiK€HHOE COCTOSIHUE
OTIpeJIeIsIET JEHCTBYIONINE HATPY3KH, TOTJA KaK (PU3UKO-MEXaHUYECKUE CBOMCTBA
XapaKTepU3yIT MPOYHOCTh MOPOA MO Hambojee ciaabbIM IMOBEPXHOCTSM, WU
MOTCHITUAIBHBIM ITOBEPXHOCTSM CKOJIbKCHUS.

MHOTOYHNCIICHHBIC WCCICAOBAHMS, TPOBEICHHbBIC Ka3aXCTAHCKUMHU YYCHBIMU
A K. Mamanosbim [43] u P.I1. OxatoBbiM [44], MO3BOJISIIOT YCTAHOBUTH KPUTCPUH
nehOpMUPOBAHUS OTKOCOB METOJIOM IJIOCKOTO CKOJIBKEHUS, KOTOPBIE 3aBUCAT OT
COOTHOIICHHSI pa3MepoB JIehOPMHUPYIOMIETOCS MacCHBa H  AJIEMEHTapHBIX
CTPYKTYPHBIX OJOKOB. B 4WacTHOCTH, MpeAeibHOE COCTOSHUE IO MOBEPXHOCTAM
OCITa0JICHUsI MEXJy OTIEIbHBIMH CTPYKTYPHBIMH  OJIOKAMH  JIOCTUTAETCS
3HAYMTEIHHO PaHbIIE, YeM Ha JIPYTUX YIaCTKaxX. ITO MPEASTHbHOE COCTOSIHUE ObLIO
HA3BaHO WCCJIEAOBATENSIMHA CIIEIUATbHBIM. AHAITU3UPYsS MOA00HBIE ciydan, D.J1.
[anyctessH [45] mpUXOIUT K 3aKIIOYCHHIO, YTO, MPH HAIMYUM B MAaCCHBE
MOBEPXHOCTEN 0ocinabiaeHus, ClIoCOOHBIX (HOPMHUPOBATH TTOBEPXHOCTH CKOJBKEHUS,
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HET HEOOXOIMMOCTH B M3YYCHUU HANPSDKEHHOTO COCTOSIHUSI BCETO MPUOOPTOBOTO
MaccuBa. B Takux cUTyalMsX OCTaTOYHO PACCUUTATh YCTOMYMBOCTH OTKOCA Ha
C/IBUT 10 TIOBEPXHOCTSIM OCJIa0JICHUSI.

B npouecce wu3ydeHuss  HampsHKEHHO-E(OPMUPOBAHHOTO — COCTOSIHUSA
npuOOPTOBOTO MAacCHMBa NPHUMEHSIOTCS JBE OCHOBHBIE MOJENH: JIMHEHHO-
nehopMupyeMoi cpeibl U peeIbHO-HANPSKEHHOM cpenbl. Ha ceroiHAHNUN 1eHb
pa3paboTaHO MHOXECTBO YAaCTHBIX PEIICHUM 1J1s1 IMHEWHO-AehOPMUPYEMO CpeIbI.
Hanpumep, pacder yCTOMYMBOCTH OTKOCOB C MCIOJIb30BAHMEM STOM MOJIENU
npemioxked B padore B.K. I[BerkoBa [46]. OmHako, Kak IMOKa3bIBAIOT JIAaHHBIC,
MIPUMEHEHUE MOJICIIH JIMHEWHO-AeOPMHUPYEMOU CPEJIbl IPUBOINUT K 3aBBINICHHBIM
(B 2-3 pa3a) 3HAYEHHUSM NPEIEITbHBIX IapaMETPOB OTKOCOB. ODTH PACUETHBIE
napaMeTpbl HE MOJTBEPKIAIOTCS MPAKTUUECKUMH HAOMIOACHUSIMUA. DTO CBSI3aHO C
TE€M, YTO JUIsl OMHCAHUS HANPsHKEHHO-ACHOPMUPOBAHHOIO COCTOSIHHUS TOPHBIX
nopoj, TpeOyroTcsi OoJiee CIOXKHBIE MOJICIH, TaKUE KaK BS3KO-YNPYyTUe, YIpyro-
IJIACTUYHBIE, PEOJIOTHYECKHUE MOJIENIM U UX KOMOUHAIIHH.

[TocTpoeHue cTporux MaTeMaTHYECKUX PEUICHUA HAa OCHOBE TAKUX MOJEJEH
ABJISIETCS BEChbMa CJOKHOM 3aJadeil, CBS3aHHOM C pEIICHHEM MHOXKECTBA
mudepeHnanbHbIX U WHTETPAIbHBIX YPaBHEHUW W C BBINOJHEHHUEM >KECTKHX
IPAHUYHBIX YCIOBUM, 3aJI05)KEHHBIX B TOCTAHOBKE MCXOJHOU 3a1auu. BBuay storo,
Ha CEroJIHSIIHUI JI€Hb OTCYTCTBYIOT 3aBEpLICHHBIC CTPOTHE PEIICHUS 3a/1auu
YCTOMYMBOCTH KapbhEPHBIX OTKOCOB, OCHOBAHHBIEC HA UCCJIEAOBAHUU HAMPSKEHHO-
ne(OpMUPOBAHHOTO COCTOSIHUSI HEJIMHEWHOW cpeapl. TeM He MeHee, ObICTpoe
pPa3BUTHE KOMIBIOTEPHBIX TEXHOJIOTUW B MOCIEIHUE TOAbl BCEJISIET ONTUMHU3M B
MEPCIEeKTUBBI YCIIEITHBIX UCCIICIOBAHUN B JAaHHOW 00J1acTH.

CoBpeMeHHbIE METOJIbl pacyeTa YCTOWYMBOCTH OTKOCOB MPEUMYIIECTBEHHO
OCHOBAHbI Ha YNPOUIEHHON MOJEIM MPENEIbHO-HANPSKEHHON Cpelpl, B KOTOPOH
neopMHUPOBAHHOE COCTOSIHME MaccuBa He paccMarpuBaercsa. llomxonbl, He
YUUTHIBAKONIKE Je(opmaliuu, HO Mpernoaralonme JA0CTHKEHUE MPeeTbHOTO
HAIpPSHKEHHOTO  COCTOSIHUSL 10 MOTEHIMAJbHOW TMOBEPXHOCTH  OOpYyIIEHUS,
MO3BOJISIIOT pa3palaThiBaTh JOCTATOYHO TNPOCThIE WHKEHEPHBIC PEHICHUs s
PA3JIMYHBIX PACUETHBIX CXEM, TOJYYUBIINUX MTPAKTUUYECKOE TOATBEPKICHUE.

UccnenoBanus, BHIMOIHEHHBIE PSIOM HAYYHO-UCCIIEI0BATENBCKUX, IPOEKTHO-
KOHCTPYKTOPCKUX MHCTUTYTOB W BbIcIIUMX yueOHBIX 3aBeneHuit (BHHUMU u ero
dbunmuansr, BUOTEM, YHUITPOwmens, UT'J um. Ckounnckoro, YI'TT A, Kapl ' TY u
ap.) u otraenbHbiMu  uccienoBatensimu  (H,B.MensnukoB, B.B.PxeBckuii,
B.B.CokooBckuii, I'.JI.®ducenko, I1.H.ITaH1OKOB, 1O.H.Manomuukui,
N.N.IlonoB, M.A.PeBazoB, IO.M.Typunues, B.H.Ilonmos, A.M.I'anenepusn,
B.T.CanoxunukoB, A.M.J/lemun, A.JK. MamanoB, A.b.®aneeB, B.I'.3otTees,
B.W.ITymkapes, P.I1.Okaros, II.C.IlInmakos, ®.K. Hwuzamernunos, b.H. I[laii,
b.A.ITonosoB, A.U.Unbun, B.U.CtpensiioB, b.I'.AdanaceeB, B.Il.byakos,
B.A.T'opaees, A.b.Maxkapos, b.B.Hecmesnos, I'.I'.Iloknan, M.b. Hypneucosa,
B.®emnennyc, . Teinop, K. Tepuaru, O.®peiinux, H.Moprenureps, A.bumnomn,
E.Cnencep, B.Ipaiic, I'.Kpeii, 1. Xyan, u ap.) cmtoco6CTBOBaIM CO3aHUIO HAYIHOMN
0a3bl 715 pelIeHus 3a7]a4 YCTOMYMBOCTH KaphEPHBIX OTKOCOB, a TaKXKe pa3paboTke
Y BHEJIPEHHIO MHKEHEPHBIX METOJ0B UX pacueTa Ha MPaKTUKE
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HccnenoBanusi BOPOCOB YCTOMYHMBOCTH OTKOCOB YCTYIIOB M OOPTOB KapbepoB
BBIIIOJIHAKOTCSL ITPAKTUYECKH I KaKIOTO MECTOPOXKICHHUS OTHAEIBHO, TAK Kak
YHHUKaJIbHbBIE YCJIOBUS pa3pabOTKU TpeOyrOT IETalbHOIO aHaiu3a BceX (PaKTOpOB,
BIMSIONIMX HAa YCTOMYMBOCTh. B pe3ynbTare OBLIO NPEAIOKEHO MHOKECTBO
METOJMK, KaXK/1asi U3 KOTOPbIX OPUEHTHPOBAHA HA U3YYEHUE OTACIIBHBIX ACIIEKTOB
YCTOWYHUBOCTH OTKOCOB.

Ha cerogHsmHuii AeHb MOYKHO BBIICIUTH JBAa OCHOBHBIX HAIPAaBIICHUSA
UCCJICNOBAHUNM YCTOMYMBOCTH OTKOCOB Ha Kapbepax. IlepBoe HampasieHue
COCPENOTOYEHO Ha U3YUYEHUHU (PaKTOPOB, BIUSIONINX HA YCTOMUMBOCTH KapbEePHBIX
OTKOCOB; BTOPO€ — Ha pa3pabOTKe M COBEPIICHCTBOBAHMU METOJIOB UX pacyera.
Hcxoas W3 3THX HalpaBiICHHUN, PAaCCMOTPUM JOCTUTHYTBHIA YPOBEHb B 00JIacTH
YIPaBJIEHUs] YCTOMYUBOCTBIO OTKOCOB.

AHanu3 COCTOSIHMSI TOPHBIX MAacCHBOB B OOpTax Kapbe€pOB U BBISBIICHUE
OpUYuMH uX JAedopmanuii 1MOKa3blBaeT, 4YTO (HaKTOpamH, BIHUSAIOIIMMU Ha
YCTOMYMBOCTh OTKOCOB YCTYNOB U OOPTOB KAapbepoOB, SBIIAIOTCS I€OJOTHYECKUE,
TUAPOre0IOrHYECKUE, KITUMMAaTUYECKUE U TOPHOTEXHUYECKUE YCIIOBUS.

1.2 Anaau3 pakTopoB, BIUAKIINX HA YCTOHYUBOCTH 00OPTOB KapbepoB

Ananu3 GakTopoB, BAUSAIOUINX HA yCTOMYMBOCTh OOPTOB KapbepPOB, SBISETCS
KJTFOUEBBIM JJ151 00ecnieueHus 0€30MacHOCTH U 3PPHEKTUBHOCTH TOPHOI00BIBAOIINX
pabot [47]. HapymieHre yCTOWYHMBOCTH CKIIOHOB MOXET MPUBECTH K OOPYIIICHUSM,
YTPOKAIOIIUM KU3HU TIEPCOHANIA, MOBPEKIACHUIO 000PYI0BaHHS U 3HAYUTEIHHBIM
(GbuHAHCOBBIM MOTEPSIM. BaXKHO yUYWTHIBATH T'€OJOTHYECKHE, T€OMEXaHHUYECKHE,
TUAPOT€0IOTHYECKUE, KIMMATHUYECKUE W TEXHOTECHHbIE (DAKTOPBI, OCIIA0ISIOINE
OoTKOCHI. PazpaboTka METOA0B CTAOMIIU3AIMU C UCIIOJIb30BAHUEM MHHOBAIIMOHHBIX
MaTepUajoB CIIOCOOCTBYET MOBBIIIEHUIO YCTOWYMBOCTH U MUHHUMU3ALUUA PUCKOB.
KommuiekcHbIN OIX01 K ’TUM BOIIPOCAM MO3BOJISIET ONTUMHU3UPOBATH POLIECCH U
COKpAaTUTh 3aTPAThl HAa MIPEIOTBPALLECHUE aBapUl.

['eonocuueckue u ceomexanuieckue xapakxmepucmuky TOPHBIX IOPOJ UTPAOT
KJIIOYEBYIO POJb B 0OECIEUEHUH YCTOMUMBOCTH OOPTOB KapbepoB. OCHOBHBIMU
acreKTaMH 3/1eCh SIBJISIIOTCS CBOMCTBA MOPOJ, TPEUIMHOBATOCTh U TEKTOHUYECKUE
HapYIICHUS.

o CnoiicTBa mopoa: [opHble TOPOABI HMEIOT pa3iaUYHble (HUUKO-
MEXaHUYECKHWE CBOMCTBa, TaKWe KaK TMPOYHOCTh, IUIOTHOCTh, IMOPHCTOCTh |
ANacTUYHOCTH. Criabbie ¥ MOPUCTHIE TIOPOIbI, TAKHE KAaK TIIMHUCTHIE CIAHIIbI, MOTYT
Jierye paspyuarbesi MOoJI BO3ICHCTBUEM BHEIIHUX HArpy3oK, yeM Ooiiee TBep/ible,
TaKHe KaK TPaHMT WK 0a3aibT. Pa3nuuns B MEXaHMYECKHX CBOMCTBAX MOPOT TAKIKE
MOTYT CTHOCOOCTBOBaTh (POPMHUPOBAHUIO 30H KOHIICHTPAIMHM HAMPSHKEHUH, YTO
NPUBOJUT K CHIYKCHHIO YCTOMYMBOCTH CKIIOHOB [48].

« TpeumnHoBarocTh: Hannuue Tpeuya B mopojax CyHUIECTBEHHO CHUXKAET UX
OPOYHOCTh M YBEJIMYMBAET BEPOATHOCTh 0OpymieHud. TpemmHbl MOryT
00pa30BaThCs B PE3yJIbTATE €CTECTBEHHBIX MPOIECCOB, TAKUX KAaK BHIBETPHUBAHUE,
WIA TIOJ BO3JCWUCTBUEM TEXHOTEHHBIX (DAKTOPOB, TakuX Kak OypOB3pBIBHBIC
paboTsl. BomoHOCHBIE TPEUMHBI TAKKE MOTYT CITIOCOOCTBOBATH BEIMBIBAHUIO MTOPOJT
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U Pa3BUTHIO 3PO3MOHHBIX IMPOIECCOB, YTO JONOJHUTEIBHO  YXYyAIIAET
yCTORYMBOCTD CKIIOHOB [49, 50].

o TexkToHMYECKHE HapylieHUs: TEeKTOHMYECKUE Pa3jOMbl U CMEIICHUS CIIOEB
NOpOJbl CO3JAI0T 30HBI CIA0OCTH B Kapbepe, KOTOpble MOTYT WHUIUHUPOBATH
oOpyiieHus. TeKToHWYecKass aKTUBHOCTh, OCOOCHHO B CEWCMHMYECKH AKTHUBHBIX
paiioHax, MOBBIMIAET PUCK HAPYIICHUS YCTOMYMBOCTHU, TaK Kak Jla’ke HEOOJbIINE
MO/I3€MHBIE TOJTYKU MOTYT BBI3BAaTh OOPYIICHHE CKIOHOB.

T'uopoceonocuueckue akmopul, Takhue KaK ypOBEHb TPYHTOBBIX BOJ,
BOJOHACBIIIEHUE MOPOJ U JPEHAXHbIE€ NPOOJIEMBI, CYHIECTBEHHO BIUSAIOT Ha
YCTOMYHUBOCTH KapbEPOB.

o YDOBEHb TPYHTOBBIX BOJ: BBICOKHMI ypOBEHb T'PYHTOBBIX BOJ CO3JA€T
TUAPOCTATUYECKOE AABJICHHUE, KOTOPOE OCIA0ISIET TOPHBIE MOPOJIbI U YBETUYHBAET
BEPOSITHOCTh Omoi3Hed. [Ipn m3MeHeHun ypoBHS TPYHTOBBIX BOJI, HalpuMep, B
pe3yibTaTe CE30HHBIX KOJICOAHWW WIJIM BBIKAYMBAHUS BOJbI, MOTYT BO3HUKHYTH
JIOTIOJIHUTENbHBIE HATPSIKEHUS B MACCUBE TIOPO/I.

o Boponaceunenune nopoxa: Bopa, mpoHukaromas B IOPOJbI, CHHXKAET HUX
IPOYHOCTh M YCHUJIMBAET HPO3UOHHBIE IPOLECCHl. DTO OCOOEHHO BaXXKHO MJIs
IJIMHACTBIX M IIECYAHBIX IOPOJ, KOTOPBIE MOTYT TEPATH CBOK CTPYKTYPHYIO
LEJIOCTHOCTh  TPH  HACBHILEHMM  BOJOW. B yCIOBHSIX  NOBBILIEHHON
BOJIOHACBIIIEHHOCTH TAKXE BO3PaCTaeT BEPOSATHOCTh CABUTOB U Pa3phIBOB CKIOHOB.

o IIpoGnembl apeHaxka: HemocTaTouHbld JpeHa)k M HAKOIUICHHE BOJIBI Ha
CKJIOHaX MOTYT MPHUBECTH K Pa3MbIBAaHUIO MOPOJ U (HOPMHPOBAHUIO IPO3HOHHBIX
KaHaB. OTO YBEJIMYMBAET [ABJIEHUE HA CKJIOHBbl M TOBBIIIAET BEPOATHOCTH
oOpymieHuit. DpdekTuBHas cUCTEMa JpeHaXka SBIICTCS HEOOXOAUMBIM JIEMEHTOM
JUISL  TIONJEPKAHHWST YCTOMYMBOCTH CKJIOHOB B  YCJIOBHMSX 3HAYUTEIBHOIO
BOJOHACHIIICHUSI.

Knumamuueckue ¢gpakmopwi Takxke OKa3blBalOT CYIECTBEHHOE BIUSHUE HA
YCTOHYMBOCTh OOPTOB KAPHEPOB, B YACTHOCTU CE30HHBIE KOJIeOaHusl TeMIEpaTyphl,
OCAaJIKH ¥ IIUKJIbI 3aMep3aHus/OTTauBaHU.

o CezonHble KkoJsicbaHusi Temmeparypbl: llepemagsl TemmepaTyp MOTYT
BbI3bIBATh TEPMHUYECKOE PpACIIMPEHHE W CKaTUE MOpPOA, YTO MPUBOIUT K
00pa30BaHMIO TPEIIMH U OCJIa0JIEHNI0 MaccuBa. B ycrnoBusix OOJBUIMX CYTOYHBIX
KoJie0aHU# TeMIepaTypbl PUCK TPEIIMHOOOPa30BaHUs YBEINUUBACTCA.

o Ocanku: OOWIbHBIE JOXIM MOTYT OBICTPO HACHIIATh MOPOABI BOJOH,
BBI3bIBAsl Pa3MbIBAHME WU 3PO3UI0 CKIOHOB. B coueTaHuu C BBICOKMM YPOBHEM
ITPYHTOBBIX BOJI 3TO CO3/Aa€T CEpbe3Hble MPOOJIEMBbl ISl MOAJEPKAHUS
YCTOMYUBOCTH.

« 3amep3anue/orrauBanue: [{UKibl 3aMep3aHusl U OTTaMBaHUS BOJIbI B MOpax
NOPOJ BHI3BIBAIOT X MEXaHUYECKOE paspyuieHue. Bona, nonanaromas B TpEUIMHbI,
MpU 3aMEpP3aHUU PACHIUPSETCS, YTO BEAET K YBEJIMUECHUIO JABJICHUS HA MOPOJAbI U
00pa30BaHUIO HOBBIX TPEIIUH.

Texnocenuvie  6o30eilicmeus, Takue Kak BHOpAIMOHHBIE HArpy3KH,
OypOB3pBIBHBIC PA0OTHI U BIUSHAE TEXHUKH, TAKKE UTPAIOT 3HAYUTEILHYIO POJIb B
HApYILICHUH YCTONYUBOCTU OOPTOB KaphepoB.
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o BuOpamuonusie Harpy3ku: PaOoTbl MO0 HOOBIYE MOJE3HBIX HMCKOIMAEMBIX,
OCOOEHHO C UCIOJIb30BAaHUEM TSKEJIOM TEXHUKH W B3PBIBOB, CO3/1aI0T BUOpAIIUH,
KOTOPbIE MOTYT BBI3BaTh OCJIA0JIEHUE CTPYKTYPHI TOPOJ U OOPYIIEHUE CKIIOHOB.

« BypoB3pbiBHbIE paboThl: B3pbIBBI, MPOBOAMMBIC JJIsi pa3pyILIEHUS TOPHBIX
MOPOJI, YaCTO BBI3BIBAIOT MUKPOTPEIINHBI U OCIabIeHne MacCuBa, YTO MIPUBOJIUT K
CHIKEHHIO YCTOMYMBOCTU. HenpaBUIBHO CIUIAHUPOBAHHBIE B3PBIBBI MOTYT
BBI3BaTh KPYIMHOMACIITAOHbIE OOPYIIICHHUS.

o BozaeiicTBue TexHuku: Tsoxenas TeXxHUKa, paboTaromias Ha Kapbepe, CO3/1aeT
JWHAMUYECKUE HArpy3Kd Ha CKJIOHBI. DTO MOXKET MPUBECTH K IOCTECICHHOMY
pa3pymIeHUIO CTPYKTYPHI TOPO, OCOOCHHO TIPH ITTUTETHHON IKCILTyaTaI|H.

OTu (HaKTOPHI, B3aUMOJCHCTBYS MEXKIY COOOM, YaCTO YCUITUBAIOT JPYT APYTa,
yTo Jenaer mpobieMmy oOecredeHus yCTOMYMBOCTH  OOPTOB  KapbepoB
MHOTOTPaHHOM U CJIOKHOM 3aJ1aueil.

1.2.1 Knaccudukanus BUA0B HapyILIEeHUIl YCTOMYMBOCTH OOPTOB

Hapymenust ycroifumBocTH OOpPTOB KapbepoB MOTLYT MPOSBIATHCS B
pa3IMyYHBIX opMax, Kaxkaas U3 KOTOPBIX UMEET CBOM OCOOCHHOCTH U MEXaHU3MBI
BO3HUKHOBEHUS. K OCHOBHBIM THUIIaM HapyILIEHUH OTHOCSTCS OOpYILIEHUS, OCHIIH,
CIIBUTY U TPEIIMHOOOPAa30BaHKUE. DTH MPOILIECCHl YACTO 3aBUCIT OT I€0JIOTUYECKUX
YCIIOBUM MECTOPOXKIACHUS, KOTOPBhIE OKa3bIBAIOT BJIMSHUE HA TUI W MAacIITad
HapyLICHUH.

Obpyuwienus — 3TO BHE3aMHbIE KPYMMTHOMACIUTAOHBIE NAJEHUSI TOPHBIX MOPO/T
CO CKJIOHOB Kapbepa, CONPOBOXKAAIOIIMECS pa3pblBOM MAacCUBa U pa3pyLICHUEM
CTPYKTYPHOU LENOCTHOCTH MOPoJ. OHM MOTYT BO3HUKATh B PE3YJIbTATE PATUUHBIX
(bakTopoB, BKJIIOYas MEPErpy3Ky CKJIOHOB, MOJAMBIBAHHE BOJOM, WIM JIEWCTBHE
B3pbIBOB U BUOpaumii. OOpyIIeHUs: 4acTO MPOUCXOIAT Ha Kapbepax C KPYThIMH
CKJIOHAMHU M Ha Y4YacTKaxX, IJe HaOJI0JAl0TCi 3HAUYUTEIbHBIE TI'EOJOTUYECKHE
HapyLICHUs, TaKUe KaKk TEKTOHUYECKHE Pa3jIOMbl UJTU 30HBI CJIa00CTH B IOPOIaX.

Oco0eHHOCTH O0pYIIEHNU BKIIIOYAIOT BHE3AMHBIN XapaKTep U 3HAUUTEIbHbIC
00BEMBI MEPEMEIIAEMOr0 MaTepuaja, 4To JeJaeT UX OCOOCHHO ONacHBIMU JIJIs
aroaer u texHukd. OHM MOTYT 3aTPYJHUTh JOCTYI K pabO4YuM 30HaM, MOBPEIUTH
o0opylnoBaHuE U HHPPACTPYKTypy, a TakKe BbI3BaTb 3HAUUTEJIbHbIC
sKOHOMHYeckue Tnorepu. OOpymieHuss 3ayacTyr0 TpeOyloT MpPUMEHEHUs
MacIITaOHBIX BOCCTAHOBUTENBHBIX MEP, TAKUX KaK U3MEHEHUE YIJI0B OTKOCOB WM
YCTaHOBKA aHKEPHBIX CUCTEM.

Ocviny  TIpeACTaBIseT COOOM IOCTENEHHOE IEPEMEILEHUE  PBIXJIOTO
MaTepuana BHU3 IO CKJIOHY IMOJ JACHCTBHEM CHJIBI TKEeCTU. B oTiauume ot
OOpyILIEHUH, OCBIMHU MPOUCXOAAT MEJICHHO U MOTYT Pa3BUBAThCA Ha MPOTSHKEHUU
noaroro BpemeHu. OHM 4acTO HaONIONAIOTCA Ha CKIIOHAX, CIOXKEHHBIX PBHIXJIBIMU
WIM CWIBHO TPEUIMHOBATBIMUA IOPOJAMH, & TAKXKE B YCIOBHSIX HHTEHCHBHOIO
BBIBETPUBAHUS U SPO3HH.

OcHoBHBIMU  (DaKTOpaMH,  CIIOCOOCTBYIOIIMMHU  OCBIMSIM,  SIBJSIFOTCS
BOJOHACBIIIEHHOCTh ~ MOPOJ, CHI)KEHHE NPOYHOCTH  MaTEpUAIOB  H3-3a
BBIBETPUBAHUA, a TaKXKe JIEHCTBUE BHOpalMii W HArpy3Kd OT TEeXHHUKHU. OCHINb
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MOJKET YCWJIMBAThCS TMpPH HAJIMYUU OCAJAKOB WJIM TasHUU CHeEra, Kormaa
YBEJIMYMBACTCS JIABJIEHWE BOJbI HA IMOPOJbI, MPUBOJS K HX pPa3MbIBaHUIO U
CMENICHUIO BHU3 10 CKIIOHY.

[TocnenctBus ochinel MeHee pa3pyLIUTEIbHBI, YeM MPU OOPYIIECHUSAX, HO OHU
MOTYT IOCTENEHHO CHUXAaTh CTaOMJIBHOCTH CKJIOHOB, CO3/1aBas MOTEHIIMAJIbHbBIE
yclIOBUS NI 0o0Jiee CEephE3HbIX HAPYIICHWM, TaKMX KaK CIBUTU WM KPYITHbBIE
oOBasibl. {711 KOHTpOJISI OCHINIEH MPUMEHSIOTCS METOAbl YKPEIUJICHUS CKIIOHOB,
TaKHe KaK YCTAHOBKA CETOK MJIM HAHECEHUE TOPKPET-OETOHA.

Co6ueu BO3HHMKAIOT, KOrAa OJOKM TOPHBIX MOPOJ WU PBIXJIBIX MAaTEpUAJIOB
CMENIAOTCS [0 ONPEAEICHHON ITIOCKOCTH, COXPAHSIS CBOIO CTPYKTYpy. OHU MOTyT
ObITh KaKk BHE3aIHBIMU, TaK U TOCTENEHHBIMU, U MX BO3HMKHOBEHHE CBS3aHO C
HapylleHueM OanaHca CHJI, JAEUCTBYIOIIMX Ha CKJIOH. OCHOBHBIMH NPUYMHAMHU
CIABUTOB SIBJISIOTCS claOble CIOW MOPOJ, BBICOKASI BOJIOHACBIILIEHHOCTh, a TAKXKE
neperpy3ka CKIOHOB BCIIEACTBUE TOOBIYHBIX PaOOT.

CaBury 4acto BO3HUKAIOT HA CKJIOHAX, IJI€ CJIOU IMOPOJ 3aJerarT IOA
HEOOJIBIIKUM YTJIOM WM Ti€ HAOII0AAI0TCS T€0JIOTUYECKUE TUCTIOKAINM, TAKUE KaK
CKJIaJKH WM pa3ioMbl. Boja, mpoHuKaromias B TPEIIMHBl WU CiIa0ble 30HBI,
CHOCOOCTBYET CHIKEHUIO CHJI CHEIUIEHHUS U MOXET BbI3BaThb CKOJIbKCHHE
MaTepuasa 1o IIOCKOCTH HapyIIEeHHUS.

JUis T[penoTBpallleHUs] CABUIOB IPUMEHSIOTCA METONbI, TaKHe Kak
YKPEIUIEHUE CKJIOHOB C IOMOIIBIO AHKEPOB, JPEHAXHBIX CHCTEM, a TaKkKe
MCTIOJIb30BaHNE NHBEKIIMOHHBIX TEXHOJIOTHIA JIs1 TIOBHIIICHUS TIPOYHOCTH MAaCCUBA.

Tpewunoobpazosanue TPEACTABISIET C€OO0OM Tmporiecc oOpa3oBaHUs W
pa3BUTHS TPEUIMH B MacCHMBe TOPHBIX mopoa. OHO MokeT ObITh Kak HadajabHOU
CTaJuel APyrux HapylmieHUH YCTOMUMBOCTH, TaK U CAMOCTOSITEILHON MpOOIeMOH,
KOTOpasi CHM)KAeT MPOYHOCTh CKJIOHOB M CIIOCOOCTBYET Pa3BUTHUIO JPYIMX BUIOB
HapyLICHUH, TAKUX KaK CABUTU U OOpPYILIECHHUS.

[IpyunHamMu  TpemMHOOOpa30BaHHWA  MOTYT  ObITb  €CTECTBEHHbIE
re0JI0OrMuecKre Mpouecchl (HalpuMmep, TEKTOHUYECKHE JABM)KEHUS), TEXHOICHHbIE
BO3nelicTBUs (OypOB3pBIBHBIE pabOTHI, BUOpaIuu) W KIMMaTH4YEeCKUE (DaKTOpHI
(3aMep3aHue/oTTanBanne). TPEIUHbl CHUXKAIOT MPOYHOCTh MOPOJI, yBEIHMYMUBAS
IPOHUIIAEMOCTh ISl BOJBI, UYTO YCYTyOJIIeT THUIPOIeoJIOrHuecKue MpoOeMbl U
CHOCOOCTBYET pa3MbIBAHUIO MTOPO/I.

JUist KOHTpOJISI TPEHIMHOOOpAa30BaHUsl Ba)KHbI MPOPUIAKTUYECKHE MEpHI,
TaKle KaKk MOHUTOPUHI COCTOSIHUSA MOPOJ], YCUJIECHUE CKJIOHOB C UCIOJIb30BAHUEM
YKPEIUISIOMMX MaTepUaioB M YCTAHOBKA APEHAXKHBIX CHUCTEM ISl CHUKEHUS
BOJIOHACBHIIIICHHOCTH.

Brusnue eeonocuueckux ycnoguti Ha mun u Mmacuimaé HapyuleHuil

['eonornyeckne yCIOBHS MECTOPOXKIEHHS OKAa3bIBAIOT 3HAYUTEIBHOE
BJIMSIHUE HA YCTOWYMBOCTH TOPHBIX MAcCCHBOB, OIMpENEiss XapakTep M macuitad
MOTCHITMANBHBIX ~ HapymieHui. OCHOBHBIMU  (DaKTOpaMH, BIHSIONIMMUA  Ha
YCTOMYHMBOCTb, SIBJISIIOTCS COCTAaB IOPOJ,, TPEIIMHOBATOCTb, TEKTOHHUYECKHE
O0COOCHHOCTH U THAPOTEOJIOTHYECKUE XapakTepucTUk. CocTaB MOpoA OnpenesieT
UX CIOCOOHOCTHh COMPOTHUBIATHCS pPa3pylIeHHIO. TBepaple MOPOABI, TaKhe Kak
rpaHuT W 0a3ajbT, O0JaJalOT BBICOKOW YCTOWYMBOCTBIO, HO TOABEPKEHBI

20



TPEIIMHOOOPAa30BaHUIO B PA3NIOMHBIX 30HaxXx. HampoTuB, Msirkue mopozsl,
HarnpuMep, TJIUHUCTBIE CIIAHIIbI, XapaKTePU3YIOTCS MOBBIIICHHOW CKIOHHOCTBIO K
OCBIIAM U cABUraM. TpemmHoBaTOCTh 3HAYUTENBHO CHIKAET MPOYHOCTh MACCHBA.
Tpemmubl W 30HBI cHA0OCTH  YCKOPSAIOT — pa3pylleHHe, OCOOCHHO IIpU
NPOHUKHOBEHUH  BOJBI,  CIIOCOOCTBYIOIIEH  pa3MBIBAHHUIO W CJIBUTaM.
TexToHMYeckne OCOOEHHOCTH, BKIJIIOYAas HAJMYUE Pa3JIOMOB M  BBICOKYIO
CEMCMUYECKYI0 aKTHBHOCTb, CO3JAIOT YCIOBHS Ui KPYHHBIX OOpYyIIEHUH u
JecTaOuIn3aui MaccuBa. [ HAPOTeoIOTHYECKre XapaKTePUCTHKU TaKKE UTPAIOT
KPUTHYECKYIO poJib. BomoHackIieHne mopo/ ¥ BBICOKUN YPOBEHb TPYHTOBBIX BOJ
YBEJIIMYUBAIOT PUCK Pa3MbIBaHUS U CABUTOB, 0OCOOEHHO MPH MHTEHCUBHBIX OCAIKaX.
Takum 00pa3zom, ydeT BceX 3TUX (aKTOPOB SIBISETCS 00sA3aTEIbHBIM YCIOBHUEM
oOecrieueHus: yCTOMYMBOCTU U 0€30MacHOCTH padoT.

1.2.2. MeToabl YKpenjieHusi 00pTOB KAapbepoB

Jiist ykperuieHusi 60pTOB KapbhbepoB MCHOIB3YIOTCS Pa3HOOOpa3HbIE METO/IBI,
KOTOPBIE YCIIOBHO PA3JIeJISIIOT HA MMaCCUBHbBIC, AaKTUBHBIC, a TAKKE OMOTEXHUYECKUE
u komOuuupoBaHHbIe [51]. Dd(dHEeKTHBHOCTP KaXKIAOrO MOAXOAa 3aBHCHUT OT
r€0JIOTHYECKUX U TUAPOTCOJIOTHYECKUX YCIOBU MECTOPOKIACHUSI.

IlaccusHvie memoO»l HalpaBiIEHbl HA CHIDKEHUE HArpy3Kd Ha OTKOCHI U
M3MEHEHHE X reoMeTpuu. K OCHOBHBIM MAaCCUBHBIM METO/1aM OTHOCSITCSI:

» lI3MeHeHue yria HaKJIOHA CKIOHOB: CHUKEHUE HAKJIIOHA YMEHbIIAET OOKOBOE
JIaBJICHHE, YTO CHHUXAET BEPOSITHOCTh OOpylieHus. ODTOT MeToa Tpeldyer
3HAYUTENIBHBIX 00BEMOB 3€MJISTHBIX Pa0OT, UTO YBEIUYMBAET 3aTPAThI.

« TeppacupoBaHue: CO3JaHHE KAaCKAJHBIX YCTYIIOB HA CKJIIOHAX PACHPENEIISIET
Harpy3Ky ¥ TIO3BOJIIET YCTAHOBUThH JPCHAXKHBIE CHUCTEMBbI, YTO YMEHBIIAET
BOJIOHACBHIIIIEHHOCTh U CHUKAET PUCK OOPYIIICHHUS.

[TaccuBHBIE METOABI TOJE3HBI MJIs TPEIBAPUTEIBLHON CTaOWIM3aluu
CKJIOHOB, HO MOTYT OBITh HEJJOCTATOYHBI B YCIOBUSX, TPEOYIOIINX HEMEJICHHOTO
YKPEILUICHHUS.

Axmuenvie Mmemoovl  00€CIEeUMBAIOT HEMOCPEACTBEHHOE  YKpEIJICHHE
IIOPOBL, MOBBIIIAs YCTOWUYUBOCTh. K HUM OoTHOCATCS:

o AHKEpHbBIE CUCTEMBI: 3aKPEIJICHNUE CKIOHOB C MOMOIIBI0 MEXaHUYECKUX WIIH
XUMHUUYECKUX aHKEPOB, KOTOPhIE CTAOMIIU3UPYIOT MaCCUB, MPEISITCTBYS CMEIICHUIO
OpoJ.

o Topkper OeToH: HaHeceHHWe OeTOHa Ha IOBEPXHOCTh OTKOCA CO3JAeT
3alATHBIN CIIOW, MPEAOTBPALLAOIINN 3PO3UI0 U OCBIIIAHUE TTOPOJ.

o VHBEKIIMOHHBIE TEXHOJOTHWH: BBOJI PACTBOPOB B TPEUIMHBI YCUJIUBACT
MPOYHOCTh MOPOJ M CHHYXKAET BOJIOMPOHUIIAEMOCTh. JTH METOJbl OCOOEHHO
3¢ (HEKTUBHBI IPU HATTUIUH 30H CJIA00CTH UITM BHICOKUX YPOBHEH TPYHTOBBIX BOJI.

o JlpeHaxHbIC CHCTEMBI. APECHaX (MOBEPXHOCTHBIA WM TIIYOOKHI) CHIDKAET
BOJIOHACKIIIIEHHOCTh CKJIOHOB, MpEIOTBpalllas pa3MbIBAHUE UM YMEHbBIICHUE
YCTOMYHUBOCTH.

buomexnuueckue u KomMOUHUpOBaHHLIE MemOObl YKPEIUIEHUS CKJIOHOB
BKJIIOYAIOT:
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o O3eneHEHHUE: UCHOJIB30BAHUE PACTEHHA C PA3BETBICHHOM KOPHEBOM
CUCTEMOM, KOTOpasi yKpEeIIsieT BEpXHUE CJIOU MOYBBI U PETYIUPYET BOIHBIN OalaHc,
yMEHbIIasi HOBEPXHOCTHBIN CTOK.

o ['eomaTepuasbl: HCIOJIB30BAHUE T€OTEKCTWIIA M TI'€OCETOK Ul YCUICHHMS
CKJIOHOB, KOTOPBIE PaCIpEEsA0T Harpy3Ky U NPEJOTBPALLAIOT Pa3MbIBAHHUE.

o KoMOWMHUpOBaHHBIE METOJbI: COYETAHHWE HECKOJbKHX  TEXHOJOTUH
(Hampumep, JApeHaXX, aHKepbl M O3€JEHEHHE) I JTOCTHKEHUS HauOoJIbLICH
YCTOMYHUBOCTH.

BbI0OOp METOHOB YKpPEIUIEHHS CKJIOHOB OIPENENAETCS XapaKTepUCTUKAMHU
MECTOPOXKACHUS, BKJIIOYas THII IOPOJ, KIMMAT W TEXHOTEHHOE BO3ZCICTBUE.
KoMIuiekcHbIN MOAX0A K YKPEIJIEHUIO CKIIOHOB MTO3BOJISIET MUHUMHU3UPOBATh PUCK
aBapUIHBIX CUTYALMI U MOBBICUTh YCTOMYMBOCTH OOPTOB KaphePOB.

Cogpemennvie no0xoovl K obecneueHuro YCmoudusoCmu  Kapbepos
HaIlpaBJI€Hbl HA IPUMEHEHNE HHHOBALOHHBIX MAaTEPHAJIOB U TEXHOJIOTHM, & TAKXKE
Ha MOHUTOPUHT M TPOTHO3UPOBAHUE COCTOSIHUS CKJIOHOB [52], 4TOo mo3BONISET
HOBBIIIATH 0€30aCHOCTh TOPHOAOOBIBAIOIINX PAOOT M CHUKATh PUCK OOPYILIEHUI.

Hunosayuonnvle mamepuanvl U mexHoi02uy BKIIOYAIOT HCIOJIB30BAHUE
IIOJINMEPOB, HAHOMATEpPUAJIOB, T€OCMHTETUKOB M KOMIIO3UTOB. llosmMepHsbie
N00aBKM B TOPKpPET-OETOHE M MHBEKIIMOHHBIX COCTaBaX YBEJIMYUBAIOT MX
OPOYHOCTh M BOJOHENPOHHUIAEMOCTh, CIIOCOOCTBYIOT 3alIUTE OT 3PO3UH U
MOBBIIIAIOT AAre3HI0 K MOBEPXHOCTU Tmopod. HaHoTexHomoruu, Takue Kak
HAaHOKPEMHE3EM, YCWIMBAIOT JIOJTOBEYHOCTHh  YKPEIUIAIOMMX MaTepHUasoB,
npenoTBpalias TPeUHOOOpa30BaHNE U CHIKAsl BO3ICHCTBUE arpeCCUBHBIX CPE/.
['eocHHTETUKH (T€0TEKCTHIIb, T€OPEIIETKH, TeOMEMOPaHbI) IIUPOKO MPUMEHSIIOTCS
JUISL PaCIpENeNeHUs HAarpy3Ku W YKPEIUIEHHUS CKIIOHOB, OHM TAaKXe YJIy4IIaroT
CIETIJIEHUE KOPHEH pacTeHUI MPU UCTO0JIb30BaHUM o3ejieHeHusl. 3D-neyaTs 6eToHa
IIPENOCTABISAECT  BO3MOXKHOCTH  CO3JAHUS  CJOXKHBIX  KOHCTPYKIMHM TS
VHIUBUIYAIBHBIX YKPEIHUTEIbHBIX 3JIEMEHTOB NPSIMO Ha MECTE, a HOBEHIIME
UHBEKIIMOHHbIE T'eJIM U MEHONOJUuypeTaHbl 3((HEKTUBHO 3aIOJIHSAIOT TPELIUHBI U
IIyCTOTHI, MOBBIIIAS YCTOWYMBOCTH CKJIOHOB NPHU HAJIWYUU BBICOKMX YPOBHEM
I'PYHTOBBIX BOJ.

Memoowvl monumopunea u NPOSHOZUPOBAHUA YCMOUYUEOCHYU HEOOXOANMBI
JUIL CBOEBPEMEHHOTO OOHapy>KEHUSI M3MEHEHMH Ha CKIOHaX M NPUHATHUSA
NPEBEHTUBHbIX  Mep. ['eone3ndeckuii  MOHUTOPUHI C  HMCHOJb30BaHUEM
taxeoMeTpoB, GPS u na3zepHBIX CKaHEPOB IMO3BOJISIET OTCIEKUBATH CMELICHUSA U
nedopmal CKJIOHOB. JIMCTaHIIMOHHOE 30HAMPOBAHUE U IPOHBI JAIOT MOAPOOHbBIE
M300paKEeHUsI CKIIOHOB, a palapbl ¢ CUHTeTHYecKon anepTypoit (SAR) duxcupyror
MEJIKHE CMEIICHUs Ha Oonbinmux ydactkax [53, 54]. CeiicMuyeckuii MOHUTOPUHT
KOHTPOJUPYET MHMKPOCEMCMBI M BUOpPALIMOHHBIE HArpy3kKu, KOTOpPbIE MOTYT
HpeIIecTBOBaTh 00pylieHusiM [55]. MOHUTOPHHT ypOBHS TPYHTOBBIX BOJI U
BOJIOHACBIIIEHHOCTH CKJIOHOB TO3BOJISIET OLIEHUTh BEPOSTHOCTH OIOJ3HEH U
CBOEBPEMEHHO OTBOJUTH M30BITOUHYIO BOLY. MaTemaTuueckoe MOACINPOBAHUE C
UCIOJIb30BaHUEM JIaHHBIX MOHUTOPUHTA aHATU3UPYET AepopMaly U Hanps>KEHUs
B MOpOJax, MPOTHO3UPYS H3MEHEHHs YCTOMYMBOCTU. MamnHHOE O0ydYeHHe Hu
UCKYCCTBEHHBIN MHTEJUIEKT aBTOMATH3UPYIOT aHAIN3 OOJbIINX 00bEMOB JTaHHBIX,
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MOMOTasi BBISIBISITb CKPBIThIE 3aKOHOMEPHOCTH W ONTHUMHU3HPOBATh CTPATErUU
YKpEIIeHUSI.

KomriekcHoe nprMeHeHME WHHOBAIMOHHBIX MAaTEpPHaIOB M TEXHOJIOTHM
MOHUTOpPUHTA TO3BOJSET HE TOJBKO MOBBICUTH OE€30MaCHOCTh KaphepoB, HO H
co37aTh UHTETPUPOBAHHBIC CHUCTEMBI YIPaBJICHUS YCTOMYMBOCTBHIO CKIOHOB, UTO
CHIW)KaeT PHUCK aBapUUHBIX CUTyallMi W  TOBBIIAET SKOHOMHYECKYIO
(b (HEKTUBHOCTD YKPEMUTEIbHBIX MEPOIPUITHH.

1.3 CpaBHuTebHBI aHAJN3 IPPEKTUBHOCTH TEXHOJIOTHI YKpenIeHus
O0opToB KapbepoB B Kazaxcrane u 3a pyoexom

B paznuusbIX cTpaHax Mupa pa3padoTaHbl U IPUMEHSIOTCS pa3HOOOpa3HbIE
TEXHOJIOTUH U METOJIbl YKPEIUIEHHsSI OOPTOB, KOTOPBIE YUYUTHIBAIOT I€0JIOTMYECKHE,
KJIMMaTHYECKUE M HKOHOMUYECKHE OCOOCHHOCTM PEruoHoB. B naHHOM paszene
IPOBOANUTCA CPAaBHUTENIbHBIN aHaIU3 3(PQPEKTUBHOCTH TEXHOJIOTUN YKPEIUICHUs
O0pTOB KapbepoB, IpUMEHseMbIX B KazaxcTane u 3a py0exoM, C 11eJIbI0 BbISIBICHMUS
NIEPCIEKTUBHBIX HAIPABJICHUI PAa3BUTHA U BO3MOXHOCTH BHEAPEHUS MEPEIOBOTO
OIBITA B OTEYECTBEHHYO IIPAKTHKY.

1.3.1 TexnoJioruu ykpemnjienusi 00pToB kapbepoB B Kazaxcrane

B Kazaxcrane ropHomoObIBaroniasi MpOMBILIIEHHOCTh SIBJISIETCS OJHON W3
BEIYIIUX OTPACIICH SKOHOMHUKH, YTO OOYCIIOBIIEHO 00TaTON MUHEPATLHO-CHIPhEBOU
0a30i1 crpanbl. TexHonorum ykpersieHuss OOpToB KapbepoB B Ka3zaxcrtane B
OCHOBHOM OCHOBAHBI Ha TPAJIMIIMOHHBIX MeToax [56-59], koTopble BKIIOYAIOT:

1. Mexanuueckoe ykpenienue: VIconb30BaHHE TMOAMOPHBIX CTEHOK,
aHKEPOB M PACIIOPOK ISl 0OecredeHusi yCTOMYUBOCTH OOpTOB. [laHHBIN MeTon
s pexTrBeH Ipu paboTe C OTHOCUTEIBLHO YCTOHYUBBIMH ITOPOIAMH, OJHAKO MOXKET
OBITh HEJIOCTATOYHBIM B YCJIOBHSIX CIIOKHOW T€OJIOTHUHU.

2. l'uopomexnuueckue coopyicenus: llpuMeHeHNE APEHAXHBIX CHUCTEM
JUISL OTBOJIa TOJ3EMHBIX W TOBEPXHOCTHBIX BOJ, KOTOPBHIE CHUXKAIOT MPOYHOCTH
MOPOJ, ¥ CIOCOOCTBYIOT Pa3BUTHUIO OTOJ3HEBBIX MPOIECCOB. JIpeHa)k MO3BOJISET
YMEHBIITUTH BOJOHACKHIIIICHHOCTD MOPOJ] ¥ TIOBBICUTh UX YCTONYHBOCTD.

3. Xumuueckoe 3axpenienue nopod: VHBEKIIMOHHAS TEXHOJIOTHUS
BBCJICHHSI IICMCHTHBIX M XUMHUYCCKUX PACTBOPOB B TPEIIMHOBATHIC 30HBI C IICIIBIO
TOBBIIICHUS TPOYHOCTH MacCHuBa. DTOT MeToA 3(PQPEKTHBEH I YKPEIUICHHUS
TPEIIMHOBATHIX U PBIXJIBIX TTOPOJ, OJHAKO TPEOYET 3HAUMTEIBHBIX MAaTePHATbHBIX
3aTpaT U CJII0KHOTO 000pYAOBaHMS.

4, HUcnonvzosanue mopkpem-b6emona. Hanecenuwe ciosi OeroHa Ha
MOBEPXHOCTh OOPTOB C TTOMOIIBIO TOPKPET UBAHUS. TOPKPET-0€TOH oOecrneynBaeT
JOTIOJTHUTENBHYIO 3aIUTy OT BBIBETPUBAHUS M Pa3pyIICHUS TOPOJa, a TaKKe
MOBBINIAET OOIIYI0 YCTOWYHUBOCTD CKIIOHA.

S. leocunmemuueckue  mamepuanvi:  IlpuMeHeHUE  TE€OPENIETOK,
TE€OTEKCTUIICH U TeOMeMOpaH JjIsl apMUPOBAHUS M CTA0MIIM3aIliN CKIOHOB. J[aHHBIC
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MaTepualibl MO3BOJISIIOT PACHPENEIUTh HArpy3kKH M IPEJOTBPATUTH Pa3BUTHE
HPO3UOHHBIX MPOLIECCOB.
HecMotps Ha cymiectBytone metonabl, B Kazaxcrane HaOmomaeTcs psij

npo0eM, CBA3aHHbBIX C 3PPEKTUBHOCTHIO YKPETJIEHUsSI O0OPTOB KapbepOB:

> Hemocrarounoe uCHOJIL30BaHHE COBPEMEHHBIX TeXHOJMOruu: MHorue
NPEANPUATUA MPOJNOJIKAIOT NPUMEHSTh YCTapEBIIME METOJbI, HE YUUTHIBAIOIIUE
MOCJIeTHUE JOCTUKEHHUS B 00JIaCTU MaTepUAIOBEICHHS M MH)KEHEPHOM re0JIOrvH.

> OrpaHnyeHHbIC UCCJIEIOBAHMUSA MO0 AJANTALMN TEXHOJOIMA K MECTHBIM
ycaoBusM: Crabas M3y4eHHOCTh CHEUU(PUKH Ka3aXCTaHCKUX MECTOPOXKICHUN
NPUBOJUT K HEOPUMEHUMOCTA HEKOTOPHIX TEXHOJOTUM WM UX HU3ZKON
s HeKTUBHOCTH.

> OJKoOJIOTHYeCKHe acmeKThl: HekoTopble MeETOoAbl YKPEIIEHUS MOTYT
HETAaTUBHO BJIMSATHh HAa OKPYXAIONIYIO Cpedy, 4To TpeOyeT pa3paboTku Oosee
HKOJIOTUYHBIX PELICHUMN.

1.3.2 3apyOeskHblii ONBIT M TEXHOJIOTHH YKpenJeHusi 00pTOB KapbepoB

3a pyOexoMm, OCOOEHHO B CTpaHaxX C Pa3BUTOM TOPHOAOOBIBAIOIIEH
MIPOMBIIIIJIEHHOCTHI0, Takux kak Kanama, ABctpanus, CIIIA u ctpansl EBpomsl,
OPUMEHSIOTCSL  TIEPE/IOBbIE  TEXHOJIOTMM  YKPEIUIeHHsT OOpTOB  Kapbepos,
BKJTIOYAIOIIIHE:

1. Ucnonvzosanue  moduguuuposannvix  bemonog.  IlpuMenenue
BBICOKOIPOYHBIX M JOJITOBEYHBIX OETOHOB, MOAUMDUIIMPOBAHHBIX MOJUMEPAMH,
HaHOMAaTepUaJIaMH U APYTUMHU J0OABKaMH, MTOBBIIAIOIIMMEI UX IKCILTyaTallUOHHbBIC
XapaKTePUCTUKH.

2. Axmusnoe _MmoHumopuposanue cocmosiHus _ckionos: BueapeHue
CUCTEM MOHHUTOPHMHIA, OCHOBAHHBIX HA Teopajapax, JIa3epHOM CKaHUPOBAHUU U
CITyTHUKOBBIX TE€XHOJOTHUSIX, MO3BOJISIET CBOEBPEMEHHO BBISIBIATH 30HBI PUCKA U
MPUHUMATh IPEBEHTUBHBIE MEPHI.

3. buomexnuueckue memoowi: 3aKperuieHHE CKIOHOB C TIOMOIIBIO
PaCTUTENBHOCTH, KOPHEBAsSI CUCTEMa KOTOPOU CIIOCOOCTBYET YKPEIJICHUIO TPYHTA U
CHI)KCHHUIO JPO3UH. DTOT METOJ| JKOJIOTMYECKHM O€30maceH W 3CTETUYECKH
MPUBJICKATEIIBEH.

4. Unnosayuonnvle ceocunmemuyeckue mamepuanst: VICTosib30BaHKE
T€OKOMITO3UTOB, T€OSIYEEK U JPYTUX COBPEMEHHBIX MaTEPHAJIOB ISl apMUPOBAHUS
CKJIOHOB, 00JIaJIafOIINX BRICOKOM MIPOYHOCTHIO U JOJTOBEYHOCTHIO.

S. Auepeonozrowarwue koucmpykyuu: Pa3paboTka  cHelMabHBIX
KOHCTPYKIIMH, CIOCOOHBIX MOIJIONIATh SHEPTHUI0 OOpYIICHUS U TMPEeI0TBpaIlaTh
pacIpoCTpaHEeHUEe pa3pylIeHud. Takue CHUCTEMBbI IIUPOKO IIPUMEHSIOTCS B
CEHCMOAKTUBHBIX PETMOHAX.

6. Komnvromepnoe mooenuposanue u npocrozuposarnue:. llpumeneHue
YUCJIEHHBIX METOJOB UM MPOTPAMMHBIX KOMIUIEKCOB JUIsI MOJAECIUPOBAHUS
YCTOMYMBOCTH CKJIOHOB U ONITUMU3ALNU MEP YKPETUICHUSI.
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1.3.3 CpaBHuTe AbHbII aHAIN3 IPPEKTUBHOCTH

Texnuueckas  s¢ghgpexmusnocms:  3apyOexHble  TEXHOJOTUM  YacTO
IPEBOCXOJAT Ka3aXCTAaHCKUE [0 TEXHUYECKUM XapaKTepHUCTUKaM, Ojaromaps
WCIIOJIb30BAaHUIO HMHHOBALIMOHHBIX ~ MaTrepuasoB u  MeronoB. Hampuwmep,
Moau(ULIMPOBaHHbIE O€TOHBI 007a7al0T 0oJiee BBICOKOM IPOYHOCTBIO U
YCTOMYMBOCTBIO K AarpecCUBHBIM CpelJaM, 4YTO IMPOJJIEBAET CPOK CIIyKOBbI
YKPENUTENBHBIX COOPYKEHUU.

Okonomuueckas 3¢pgpexkmunocms: X0Ts BHEIPEHUE IEPEAOBBIX TEXHOJIOT U
TpeOyeT MepBOHAYATBHBIX MHBECTULIMH, B IOJITOCPOUYHON MEPCIIEKTUBE OHU MOTYT
OBITH OOJIE€ IKOHOMUYHBIMU 32 CUET CHUKEHUS 3aTPpaT Ha PEMOHT U 00CITy>)KHBaHUE,
a TAK)KE€ YMEHbIIIEHHSI PUCKOB aBapUil U CBSI3aHHBIX C HUMHU YOBITKOB.

Oxonocuueckas  6ezonacnocms: 3apyO€XKHBIA  OMNBIT  JEMOHCTPUPYET
OONBIIMK aKLIEHT Ha HKOJIOTMYECKYIO COCTAaBISIOLIYI0, BKJIHOYAs MPUMEHEHHUE
OMOTEXHUYECKUX METOAOB M DJKOJOTMYECKH O€30MAaCHBIX MATEepUaIOB. ITO
0COOEHHO Ba)KHO B YCIJIOBUSX INIOOAJIbHBIX TPEOOBAaHUI K YCTOMYMBOMY Pa3BUTHIO
Y CHUOKEHUIO HEraTUBHOTO BO3JCHCTBHS HA OKPYKAIOIIYIO CPELy.

Aoanmusnocms k Mmecmuwim ycroguam: KazaxcraHckue METOIbl YKPETICHUS
OOpPTOB KapbepoOB YACTO HE YYMUTHIBAIOT CIEUU(PUUECKHE TEOJOTMUECKUE MU
KJIMMaTHUYECKHUE YCIIOBUS, TOT/1a KaK 3apyOeKHbIE TEXHOJOTUH pa3padaThIBalOTCS C
Y4E€TOM MECTHOM CIEUU(PHUKU U 4acTO SBJISAIOTCS Oojiee aAanTHUBHBIMH Ojiaroaaps
NPUMEHEHUIO COBPEMEHHBIX METO0B HCCIEOBAHUS U MOJIETUPOBAHMUS.

Vpoesenv nayuno-mexunuueckozo conpogooicoenusi: B 3apy0OexHON MpaKTHKE
oTMeuyaeTrca  Oosiee  TeCHass  MHTErpauus  HAay4YHbIX  HMCCJIEIOBAHMM U
MIPOU3BOICTBEHHBIX MPOIECCOB, YTO MO3BOJIAET ONEPATUBHO BHEAPATh MHHOBALUU
Y MOBBIIATH 3P (HEeKTUBHOCTH TexHOJorui. B Kazaxcrane maHHblil acnekT TpeOyeT
YCUJICHHUS.

1.3.4 IlepcnekTHBbI BHEAPeHUs1 3apy0eskHoro onbiTa B Kazaxcrane

Hnst  moBbimienust A()PEKTUBHOCTH YKpETUieHuss OOpTOB KaphepoB B
Kazaxcrane mnenecooopasHo:

1. Aoanmayus nepedosvix mamepuanog. BHenpenne MoauGUIIMPOBAHHBIX
OCTOHOB M COBPEMEHHBIX T€OCHHTETHYCCKHUX MAaTEepHajoB, aJalTHPOBAHHBIX K
YCIIOBHUSIM Ka3aXCTaHCKUX MECTOPOKICHUH.

2. Pazsumue cucmem monumopunea: Co3aaHWe WHTETPUPOBAHHBIX CHUCTEM
KOHTPOJISI COCTOSHUSI CKJIOHOB C HCITOJIb30BAHUEM COBPEMEHHBIX TEXHOJOTHUN
JTUCTAHITMOHHOTO 30HIUPOBAHUS U CEHCOPHBIX CETEH.

3. Paspabomxa HayuonanvHvlx cmanoapmog. Co3gaHue HOPMATUBHO-
TEXHUYECKON 0a3bl, yUWUTHIBAIOUIEH MEXIyHAPOJIHBIM OMNBIT M COBPEMEHHBIC
TpeOOoBaHMsI K 6€30MaCHOCTH U AKOJIOTUYHOCTH.

4. Compyonuuecmeo ¢ MeHCOYHAPOOHLIMU —Opeanuzayusmu. YdacTue B
COBMECTHBIX  HAYYHO-HCCIIEJOBATEIILCKUX  MPOEKTaX, OOMEH ONBITOM W
TEXHOJIOTUSIMH C 3apYyOC)KHBIMU MTaPTHEPAMH.
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CpaBHUTENbHBIN aHAMU3 TEXHOJOTHM YKpeIuleHHus OOpTOB KapbepoB B
Kazaxcrane u 3a pyOexoM TOKa3bIBa€T, YTO BHEAPEHUE MEPENIOBOrO
MEXIyHapOJHOIO OINbITa MOYET CYLIECTBEHHO IOBBICUTh 3(()EKTUBHOCT U
0€3011acHOCTh TOPHOA00BIBAIOIINX PA0OT B CTpaHe. AfanTanys WHHOBALMOHHBIX
MaTepUaJIOB U METOJIOB, Pa3BUTHE HAYYHO-TEXHUYECKOIO NOTCHIMANIA U YCUIICHUE
DKOJIOTUYECKOM COCTABIIOIICH SIBIISIIOTCA KIIFOYEBBIMM HANPABICHUAMM  JJIS
JNOCTHXKEHUs 370l nenu. Heo6XoauMOCTh MHTETpallii HayYHBIX MCCIIEAOBAHUN U
NPaKTUKH, a TaKXe pa3BUTHE MEXKIYHAPOAHOTO COTPYAHUYECTBA OyayT
CO0COOCTBOBATh YCTOWYMBOMY Pa3BUTHIO TOPHOIOOBIBAIOIIEH MPOMBINIIICHHOCTH
Kazaxcrana v MoBBIIIEHUIO €€ KOHKYPEHTOCIIOCOOHOCTH HA MUPOBOM YPOBHE

1.4. ®dusuko-mexaHm4veckne CBOMCTBA 0€TOHOB, HCIOJb3yeMbIX B
TOPHOA00BIBAIOIICH MPOMBIIIJICHHOCTH

B ropHogoObIBatoiieit mpOMBIIIUIEHHOCTH O€TOH MIMPOKO MPUMEHSIETCS IS
YKpEIUIeHUs OOPTOB KapbepoB, 3alIUTHI MOJ3EMHBIX BBIPAOOTOK, CTPOUTEIHCTBA
MOANOPHBIX CTEHOK W JIPYTHX KOHCTPYKUHM. PU3NKO-MEXaHUYECKUE CBOICTBA
OETOHOB, HCMOJB3YEMbIX B JaHHOW OTpaciid, 3aBUCIT OT COCTaBa CMECH, THIa
3aMoOJHUTENEH, MOAUPUIIUPYIOMUX JOOABOK U YCIOBUM SKCILTyaTaIlUH.

OcHosHvle ghusurxo-mexanuyeckue ceoticmea OETOHA BKIIOYAIOT:

o IIpoyHOoCTb Ha cxaTHe: XapaKTEpPU3yeT CIIOCOOHOCTh OETOHA BBIIEPKUBATH
BHEIIIHUE HArpy3ku 0e3 paspyuieHus. [IpouHOCTh Ha c)KaTHe SBJISIETCS OJHOM W3
CaMbIX Ba)KHBIX XapaKTEPUCTHK, OMPEACIISIIONIUX JOJITOBEYHOCTh U YCTOMUHUBOCTh
OCTOHHBIX KOHCTPYKIIHH.

o IlpouHocth Ha pacTsbkeHue: OObIYHO O€TOH MMEET HU3KYIO MPOYHOCTh Ha
pPaCTSKEHHE, MO3TOMY B KOHCTPYKLHMSIX, IOJIBEPraloINXcs pPacTATUBAOIIUM
YCUJIUSIM, OH apMUPYETCS CTAIbIO WM CUHTETUYECKUMHU BOJIOKHAMM.

o Mopo30ocToifkocTh: CrIOCOOHOCTH OE€TOHA BBIAEPKUBATH IIUKIIBI 3aMep3aHus
W OTTauBaHug O€3 3HAUUTENTBHOM TIOTEpPU TMPOYHOCTH H  Pa3PYUICHUS.
Mop030CTOMKOCT, OCOOCHHO Ba)KHA I PETMOHOB C CYPOBBIM KJIUMATOM, TaKUX
kak Kaszaxcran.

« BononenponunaemMocts: Onpeaenser cniocoOHOCTh 0€TOHA COMPOTUBIISATHCSA
MPOHUKHOBEHUIO BOABI TMOJI JaBJICHUEM. BOJIOHENPOHUIIAEMOCTh KPUTUUYECKHU
Ba)KHA JIJI1 KOHCTPYKITUH, DKCIUTYaTUPYEMBIX B YCIOBUSIX BBICOKOM BJIAXKHOCTH WIIU
MIPU HAJTUYUU TTOA3EMHBIX BOJI.

o IlnoTHOCTE: [IMOTHOCTH O€TOHA BIMSIET HAa €r0 MEXaHWYECKHE CBOMCTBA U
JIOJITOBEYHOCTh. bosiee TI0THBIE OETOHBI 00J1aJal0T BBICOKOW MPOYHOCTHIO U
BOJIOHETTPOHUIIAEMOCTHIO.

o Ycajka ¥ Moa3yuecTb: XapaKTepu3yloT n3MeHeHue o0bema u (popmMbl OeTOHA
MoJ, HAarpy3kol W CO BpeMEHEM. YcaJka W MOJI3y4yeCTb MOTYT MPUBECTH K
00pa30BaHUIO TPEUTUH U CHIDKCHHUIO TPOYHOCTH KOHCTPYKITUU.
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1.41 OcHoBHble TpeOOBaHusE K OeTOHAM, NPUMEHSIeMbIM IS
yYKpeIuieHus1 00pTOB KapbepoB

Jiist ykperieHust 60pTOB KapbepOoB OETOHHBIE CMECH JJOJIKHBI YIOBJIETBOPSIThH
psany crnenuduyueckux TpeOOBaHUM, CBA3aHHBIX C YCJIOBHUSIMU SKCIUTyaTallud U
0COOEHHOCTSIMU KaphEPOB:

1) Bvicokasi npounocms Ha coicamue u pacmsdceHue: YUUTHIBAsS BBICOKHE
MEXaHUYECKUE Harpy3KH, BOSHUKAIOIIME MPHU YKPEIIEHUH OOPTOB KapbepoB, OETOH
JOJDKEH 00J1a1aTh JOCTATOYHOM MPOYHOCTHIO Ha cxkatue (00braHO He Hike 30-40
MlIla) u, B ciiyuae apMUpPOBaHUs, HA PACTSHKEHHE.

2) Moposzocmotikocms u ycmoudusocms K memnepamypuvim Koaeoanusm: B
YCIIOBUSIX CYpPOBOIO KOHTHMHEHTaJIbHOro kiaumarta Kaszaxcrana, rae Temieparypa
MOKeT M3MeHAThCA OT -30°C 3umoii mo +40°C jmeTroM, OSTOH HOKEH 00JIagaTh
BBICOKOM MOp030CcTOMKOCThIO (He Hike F200) u coxpaHsSTh CBOM CBOWCTBA IMPHU
MHOTOKPATHBIX IUKJIAX 3aMEpP3aHus U OTTauBaHUA.

3) Boodonenponuyaemocms u ycmouuugocmo K iaze: B xapbepax, 0COOCHHO Ha
ri1yOrHe, 4acTo MPUCYTCTBYIOT MTOA3EMHBIE BO/IbI. BETOH 10IKeH ObITh YCTOWYUB K
BO3JICHCTBUIO BJIaru U 00eCreynBaTh HAJACKHYIO 3aIIUTY OT TPOHUKHOBEHUS BOJIBI.

4) YcTOWYMBOCTh K aOpa3sMBHOMY H3HOCY M XHMHYECKHM BO3JICHCTBHSIM:
["opHO100BIBatOIAsT TPOMBIIIIEHHOCTh CBA3aHA C MEXaHUYECKUMU Harpy3KaMu U
KOHTAKTaMH C arpeCCUBHBIMU XMMUUYECKUMU BEIIECTBAMU, TAKUMU KaK KUCJIOTHI U
coiu. beToH NMomkeH ObITh YCTOWYMB K M3HOCY U XMMHUYECKOMY BO3JEHCTBHIO,
YTOOBI NOAEPKUBATH IOJITOBEYHOCTh KOHCTPYKLIUM.

5) Cnocobrnocme k 6vicmpomy nHabopy npounocmu. IIpu yKperieHUH 0OpPTOB
KapbepoB, OCOOCHHO B aBapUWHBIX CUTYyalUsX, BAXKHO, YTOObI OETOH OBICTPO
HaOMpaJl MPOYHOCTh. DTO MO3BOJIAET ONEPATUBHO CTAOMIM3UPOBATh MACCUB U
PEIOTBPATUTH OOPYIIICHHUS.

142 BausiHue  JIKCIJIYAaTAUMOHHBLIX  (aKTOpoB  (BJIAXKHOCTD,
TeMIepaTrypa, MexaHu4eckue HAarpy3Ku) Ha 10JITOBEYHOCTH 0eTOHa

JloroBe4yHOCTh OCTOHA HAMPSIMYIO 3aBHUCUT OT YCJIIOBHI €r0 3KCILTyaTalluu.
OcCHOBHBIEC KCIUTyaTallMOHHBIE (DaKTOPBI BKIIOYAIOT BIAKHOCThH, TEMIIEPATypPHBIC
KOJIeOaHUsI 1 MEXaHWYECKHE Harpy3kH, KOTOpPbIe MOTYT CYIIECTBEHHO BJIUSTH Ha
CBOlMCTBa OeTOHA:

1. Bausnuue enasicnocmu

B ycioBusAX BBICOKON BIIaXHOCTH OCTOH IMOJBEPraeTcs BO3JACHCTBUIO BOJBI,
YTO MOYKET MPUBECTU K MPOHUKHOBEHUIO BJIATM B MOPBI U Pa3BUTHUIO KOPPO3UU
apMaTypbl B KeJe300€TOHHBIX KOHCTPYKIUSIX. BooHACKHIIIIEHHE TaKKe CHUKACT
MIPOYHOCTH OETOHA, YBEIIMYUBACT PUCK 3aMep3aHUsl BOJIbI B TIOPaX U, KaK CIEJACTBUE,
pa3pyIieHus CTPYKTYPhI. B TakuX yCIOBHSIX Ba)KHO UCIIOJIH30BaTh OETOHHBIE CMECH
C BBICOKOH BOJIOHCIIPOHUIIAEMOCTBI0O W TIPUMEHSATH JOOABKH, ITOBBIMIAIOIITUC
YCTOMYMBOCTb K BJIare.

2. Bausnue memnepamypol
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TemneparypHubie KojeOanusi, OCOOCHHO ITMKJIBI 3aMep3aHUsl M OTTauBaHUA,
MOTYT MPUBECTH K 00pa30BaHUIO MUKPOTPEIIMH B OETOHE, KOTOPHIE CO BPEMEHEM
YBEJIMYMBAIOTCA M NMPUBOJAT K pa3pyllieHuto. Beicokue teMrepaTypbl, Ha000pOT,
MOTYT YCKOPSITh TPOLECChl YCaAKH M TMOJA3Y4YECTH, UTO TakKe CHUXKAET
JIOJITOBEYHOCTh KOHCTPYKIMH. JIJisl peruoHOB € AKCTpEMaIbHBIMK TEMIIepaTypaMu
MPUMEHSIOTCS CIIeLUaIbHBIE MOPO30CTONKHE U TEPMOYCTOMYUBBIE CMECH, KOTOPHIE
COXPaHSIOT CBOM CBOMCTBA MPH PA3IMYHBIX TEMIIEPATYPHBIX PEKUMAaX.

3. Mexanuueckue nacpy3xu

[TocTostHHBIC ¥ TIEpEMEHHBIE HATPY3KH, BKIIFOYasi BHOPAITUY U TUHAMUYECKHEC
BO3JICUCTBUSI OT PpabOThl TEXHUKH, MOTYT BbI3BIBATH YCTaJOCTHOE pa3pyllieHUe
OetoHa. [l TOBBINIEHUS YCTOMYMBOCTA K TaKUM Harpy3kaM MPUMEHSIOTCS
apMupymomme 100aBKy, Takue Kak (pruOpOBOJIOKHA, UM ApMHUPOBAHUE CTATIbHBIMHU
CETKaMH, YTO MOMOTaeT CHU3UTh BEPOSATHOCTh TPEIIMHOOOPA30BaHMS.

B ropHomoObIBaomiell MPOMBIIIJIEHHOCTH K O€TOHaM NpeabsABISIOTCS
ocoOble TpeOOBaHMs, CBSI3aHHBIE C CYPOBBIMU YCIIOBUSIMH SKCILTyaTalluy,
0O0JBIIMMU MEXaHUYECKUMHU Harpy3KaMH 1 BO3/I€MCTBUEM arpecCUBHBIX (PAKTOPOB
OKpyaromel cpenpl. Pa3znuuHbple BUIbI OETOHOB, BKJIIOYAsl TSKEJBIN, JIETKUH,
MOJU(ULMPOBAHHBII U TOPKpPET OETOH, HAaXOJAT NPUMEHEHHE JUIsl pPELICHUs
KOHKPETHBIX 33Ja4 YKPEIUICHUs W 3alluThl. /[ MOBBIMIEHHS JOJITOBEYHOCTH U
3 ()EKTUBHOCTH HEOOXOMMO YYUTHIBAaTh (DPU3UKO-MEXAHUUYECKUE CBOMCTBA,
YCIIOBUSI DKCIUTyaTallid W COOTBETCTBYIOUIUM O0pa3oM BBIOMPATh COCTaBbI
OETOHHBIX CMECEH.

1.5 CoBpemMeHHBIE METOAbI 0€TOHHOI0 YKPeEIJICHUS KAPbEPHbIX 0TKOCOB:
a”HaM3 TexHoJioruii Kazaxcrana u MeKIyHaApOAHOIO ONBITA

VYkpernenue OOpTOB  KappepoB — OJHA W3  KIIOYEBBIX  3ajad
rOpHOJ00BIBAIOIIEH OTpaciau, obOecrneurBaromias O0e30MacHOCTh M CTA0MIBLHOCTH
TOPHBIX BBIPab0TOK. COBpEMEHHbIE TEXHOJIOTHH, TAKUE KaK O€TOH U TOPKPET-OETOH
(TOpKpeT), TO3BOJSIOT 3HAYUTEIHHO TIOBBICUTH YCTOWYMBOCTH CKJIOHOB H
mpenoTBpaTuTh oOpymieHus. PaccmoTpuMm, Kakue METOIbI M TEXHOJIOTHH
UCITIOJIB3YIOTCS I YKperieHus 00pToB KapbepoB B Kazaxcrane u 3a pybexom, a
TaK)Ke MPOoAHATM3UPYEM MEKIYHAPOIHBIN OIBIT B JaHHOU cdepe.

1.5.1 CoBpemeHHBbIE TEeXHOJOTMH YKpeIUieHus: OOpPTOB Kapbepos,
npumensiemblie B Kazaxcrane

B Kazaxcrane mis ykpemiieHuss O0PTOB KapbepoOB LIMPOKO MPUMEHSIOTCS
METO/Jbl OETOHHOTO W TOpPKpeT OeToHHOro YyKperieHus. CtpaHa obmamaer
3HAYUTEJIbHBIMH 3a1lacaMi MUHEPAJIBHBIX PECYPCOB, U pa3pad0TKa MECTOPOKICHUIN
BEJIETCSI B PA3JIMYHBIX I'€OJIOTUYECKUX M KIMMATHUECKUX YCIOBHUSX, UTO TpeOyeT
UCITOJIb30BAHUSI COBPEMEHHBIX TEXHOJOIMI CTA0OMIM3aUN CKIIOHOB.

1. bemonnoe ykpennenue. B Kazaxcrane 6eTOHHOE yKpEIJICHHE CKJIOHOB
UCITIOJIB3YETCS MPEUMYLIECTBEHHO B CIydasx, KOrjia He00XoauMa JOJIrOBpEMEHHAs
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3alyiTa OT Pa3pylICHHs] WM, KOTJa YCIOBHUS JKCIUTyaTallud TPEOYIOT BBICOKOM
MIPOYHOCTH M JIOJTOBEYHOCTH YKPEIUISIOMIMX KOHCTpYKUWid. B 3TOomM ciyuae
MPUMEHSIOTCS KeJNe300€TOHHBIE MOANOPHbIE CTEHKU, OETOHHBIE OJIOKU U JpyrHe
KOHCTPYKIIMH, 00eCIeYrBaloIMe HAJASKHYIO MOAAEPKKY MaccuBa. Takoil moaxo
UCIIOJIB3YETCSI HAa KPYMHHBIX Kapbepax, HAPUMEP, HA MECTOPOKIAECHUAX LBETHBIX
MeTaJUI0OB U yrisa. OJHAKo, B 3aBUCHMOCTH OT KOHKPETHBIX YCIIOBHUM, TaKue
KOHCTPYKIIUU MOTYT OBITh TPYJOEMKUMHU U 3aTPaTHBIMU, YTO TPEOyET MPUMEHEHHUSI
CIEIUAIM3UPOBAHHOTO 000PYIOBAHUS U TTOJATOTOBKHU pab0OYeli CUIIBI.

B  Kazaxcrane  0OeTOHHOE  yKpEIUIEHHE  CKJIOHOB  HCIOJIb3YETCs
MPEUMYIIECTBEHHO B  KPYHHBIX TOPHOAOOBIBAIOIIMX  MNPEANPUSATUSIX, TJ€
HEO0OXO0aMMa JOJATOBPEMEHHAs 3alliTa OT Pa3pyIICHHsS CKIOHOB M TNI€ YCJIOBHS
AKCIUTyaTalM TPeOYIOT BBICOKOM MPOYHOCTH M JOJTOBEYHOCTH YKPEIUISIOIIMX
KOHCTpYKIIMK. HekoTtopble M3 MECTOPOXKICHUHM, TIe TAaKUE METOAbI, BEPOATHO,
IIPUMEHSIOTCS, BKIIIOYAIOT:

1. Kauapckoe MecTOpOkJICHHE KEJIE3HbIX PYI:
o Pacnonoxxeno B Kocranaiickoit o6actu.
o OpnHO U3 KpyHMHEHIINX OTKPBITHIX KEIE30PYAHBIX MECTOPOKICHUN B
CTpaHe.
o boinbmme o0BeMbI JTOOBIYM U CIOXKHBIE TEOJOTHYECKHE YCIOBUSA
TpeOYIOT HaJIEKHOTO YKpEIUIeHHs OOPTOB Kapbepa.
2. Mecropoxnenue «lllybapkoas Komupy:
o Haxoautcs B Kaparanauackoit o6nacTu.
o KpynHoe npeanpusitue 1o A00b4e yrisi OTKPHITHIM CIIOCOOOM.
o Bo3MoxHOE NMpuMeHeHrne OETOHHOIO YKpEIUIeHHs ajisi oOecreyeHus
YCTOMYHUBOCTHU CKJIOHOB.
3. BacunbkoBCKOE 30JI0TOPYIHOE MECTOPOXKICHHE:
o Pacnonoxxeno BOmu3u ropoaa Kokmeray.
o OpHO W3 KpynHEHMMX MeCcTOpoXAeHuM 3o0iotra B KaszaxcraHne c
OTKPBITOM JT0OBIYEH.
o Tpebyer HaAEKHBIX METOJOB YKpEIJICHUSI OOPTOB M3-3a TIIyOUHBI U
MacmTaboB Kapbepa.

OTH  MECTOPOXKICHUSI XapaKTEPU3YIOTCS MACIITAOHBIMH  OTKPBITBIMU
TOPHBIMU paboTamu, IJe CTaOUILHOCTh OOPTOB Kaphepa MMEET MEPBOCTEIICHHOE
3HaueHue. [IpuMeHeHre OETOHHOTO YKPEIUICHHS CKJIOHOB Ha JITHUX OOBEKTax
CIOCOOCTBYET TMOBBIIEHUIO 0€30MaCHOCTH M JOJITOBEUHOCTU DKCILTyaTallMOHHBIX
KOHCTPYKIIMH, o0ecrieurBas HaJIe)KHYIO MOJIJIEPKKY TOPHBIX BEIPAOOTOK.

2. Topxkpem-6emon  (mopkpem,). TexHonoruss  TOpKpeT-O€TOHA
CTAaHOBHUTCS Bce Ooyiee MOMyJsSpHOW Onarojaps CBOEW YHHMBEPCAIBHOCTH W
7 (HEKTUBHOCTH. TOPKPET-OCTOH MPEICTABISAET COO00M OETOHHYIO CMECh, KOTOpas
MO/IAaeTCs Ha TIOBEPXHOCTH IO/ BBHICOKMM JIABJICHHEM, YTO TO3BOJISIET €/ TUIOTHO
CIETUISITHCSl C MAaCCUBOM. TOPKpPETUPOBAHKE MPUMEHSETCS KaK B MIOJJ36MHBIX, TaK U
B OTKPBITBIX TOPHBIX pabOTax, 0COOEHHO B YCIIOBHUSAX, IJI€ CYIIECTBYET BBICOKHIT
PUCK pa3pyIIeHUs MOPOI.
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Kocranaiickoe Mmecropoxaenue xene3nbix pyn (CokonoBcko-Capbaiickoe
ropHO-o0oraTuTeNbHOE Mpou3BojcTBeHHOEe oO0beauHenue, CCITIO) mpumensier
TOPKPETUPOBAHKUE JIJISl YKPEIUICHHS CKIIOHOB YK€ HECKOJIBKO JICCSTHIICTUI, HAUYNHas
¢ 1980-x rooB. Ha 3ToM MeCTOPOXIEHNU UCTIONB3YIOTCS TOPKPET OETOHHBIE CMECU
JUTsL CTAOUITU3AIIMK OTKOCOB TIPU TOOBIYE JKETIC3HON PY/IBI.

Akcaiickoe mectopokzenue Menu B LlentpansHom Kazaxcrtane, xoTtopoe
pa3pabaTeiBaeTcsi KommaHuend «KazaxmbIc», TakKe TMPUMEHSET TEXHOJIOTHH
TOPKpPET OETOHHOTO YKPEIUICHUs IJsi 00ecreueHus] YCTOWYMBOCTUA CKJIOHOB. DTU
METO/Ibl AKTUBHO UCIOJB3YI0TCS ¢ 1990-X rogos.

Tekenuiickoe MECTOPOXKJICHUE CBUHIIA W IHMHKA, pa3pabOTKa KOTOPOTO
Besach ¢ 1960-x rooB, Takke MPUMEHsIET OETOHHBIE U TOPKPET OETOHHBIE METOIbI
YKpEIUIEHUsl. YKpEIUIEHUE CKJIOHOB OCYHIECTBISIETCS C  HCIOJIb30BaHUEM
KEJIe300€TOHHBIX KOHCTPYKIIMI W TOPKpeTa, OCOOEHHO B MECTax IMOBBIIICHHON
TPELIMHOBATOCTH.

bBorartbipbckoe MecTOpoXxACHHE Y B DKHOAcTy3e, Iie 100bIYa yris BeJlach
c cepeaunbl XX BeKa, NMPUMEHSAET YKPEIUICHHEe OCTOHHBIMU KOHCTPYKIHMSIMHU U
TOPKpET OETOHOM JJIs1 CTAOUIIN3allUU CKJIOHOB OTKPBITHIX TOPHBIX BHIPAOOTOK.

B KazaxcraHne TeXHOJOrHs TOPKPET-OETOHA HCIOJIb3YETCS Ha KPYIHBIX
Kapbepax, Takux Kak KocTaHalickoe MECTOPOXKIECHHUE KEJIE3HBIX Py U MEIHBIE
pynaukn B lLlentpambHom Kaszaxcrane. HMcnosb3oBaHMe TOPKpETUPOBAHUS
MO3BOJISIET YKPEIUISITh HAKJIOHHBIE CKJIOHBI M CTE€HBI BBIPAOOTOK, MpeaoTBpamias
oOpa3oBaHHWE TPEUIMH U OMNOJ3HEH. B yclioBHSX BBICOKOW TPEUIMHOBATOCTH M
HACBIIIEHHOCTU MOPOJ] BOAOW MPUMEHSIIOTCS CMECH C MOJMMEPHBIMHU J00aBKaMH,
YTO MO3BOJISIET YIYUILIUTh are310 U BOJOHENPOHUIIAEMOCTb.

3. Kombunuposannvie memoowi. B Kazaxcrane Takxe HTPUMEHSIOTCS
KOMOMHHMPOBaHHbIE TIOXObI, TAKUE TOIXObI TO3BOJIAIOT JOCTUTaTh HAMOOJIbLICH
3¢} (HEKTUBHOCTH B YCIIOBUSX CJIOKHOM TI'€OJIOTUM U 3HAYUTENIbHBIX Harpy3oK Ha
CKJIOHBI.

Hampumep, Ha HEKOTOPBIX Kapbepax INPUMEHSETCS METOJ YKPEIUICHHS C
OMOUIBIO TOPKPET-0ETOHA C MOCIEAYIOIUM ApMUPOBAHUEM CETKOW U HAHECEHUEM
BTOPOTO CJIOSI TOPKpETa. ITO 00eCIeunBaeT HE TOJIBKO YCTOWYMBOCTD CKIIOHA, HO U
MOBBILIAET €r0 3alIUTY OT BO3ACUCTBUSA aTMOC(HEPHBIX (PAKTOPOB U MEXAaHUUECKUX
noBpexjaeHuid. KoMOMHUpOBAHHBIE  TEXHOJOTHMU  MO3BOJIAIOT  YYUTHIBAThH
cnenuuyYecKre YCIOBHS MECTOPOXKIECHHMH W 0OoJee TOYHO peuarh 3aJauu
YKpEIIeHUS.

KaparanaimHckoe yroibHOE MECTOPOXKJIEHHE — pa3padoTKa KapbepoB B
Kaparanaunckoil yronpHOM OacceliHe TpeOyeT HCIOIb30BaHUS KOMILIEKCHBIX
METO/JOB CTaOMJIM3allUM, TaKUX KaK CoueTaHue OETOHHBIX YKPEIUICHUH,
TOPKPETUPOBAHUS U YCTAHOBKH aHKEPHBIX CUCTEM. TakKe aKTUBHO MPUMEHSIOTCS
JPEHAXXHBIE CHUCTEMBI JUIsI NPEIOTBPAILCHMS CKOIUIEHUS BOABI M TMOBBIIIEHUS
YCTOMYHUBOCTHU CKJIOHOB.

JKaiipeMckoe MECTOPOKAECHNE CBUHIIOBO-IMHKOBBIX pya B Kaparanauackon
00JlacTM — 3/1eCh YKpeIUieHHe OOpPTOB Kapbepa OCYLIECTBIIETCS € IOMOIBIO
TOPKPETHUPOBAHUS, A TAKXKE UCIIOIb30BaHNS AHKEPHBIX CHCTEM U FT€OCUHTETHYECKUX
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MaTepUasoB sl CTA0MIN3aluU CKIOHOB. [IpuMeHstoTes qpeHaxHble CUCTEMBbI IS
yJIy4IIEHUS] BOJOOTBEACHMS, 4YTO OCOOEHHO BaXXHO B YCJIOBHUSX BBICOKOH
BOJ/IOHACBILIEHHOCTHU TOPO/I.

Axroraiickoe MecTtopoxkieHue Mmeau B Boctouno-Kazaxcranckoit odnactu —
Ha 3TOM MECTOPOXACHUU TaKXKe€ MCIOIb3YIOTCS KOMOWHUPOBAHHBIE METO/bI
ykpemieHusi. [loMumMo OGETOHHBIX M TOPKpPET OETOHHBIX KOHCTPYKIIMH,
IPUMEHSIOTCS] aHKEPOBKA, F€OTEKCTUIIbHBIC TOKPBITUS U CUCTEMA JPEHaXKa, YTOObI
NOBBICUTh O€30MACHOCTh M YCTOMYHMBOCTH CKJIOHOB IIPU pa3pabOTKE MEIHOTrO
pYIHUKA.

bO31IaKkoNbcKOE ~ MEJHOE  MECTOPOKIAEHHUE —  PACIONOXKEHHOE B
[TaBmomapckoid 00JacTH, 34€Ch HCMOIB3YIOTCA METOABl TOPKPETUPOBAHUS B
COUETAaHUU C AaHKEPHBIMU CHCTEMAaMH U JApeHaxkeM. [ eocuHTeTHYecKre MaTepruabl
NPUMEHSIOTCS JJI1 YKPEIUIEHUS CKJIOHOB M MPEIOTBPAILICHUS Pa3MbIBOB, YTO
MIO3BOJISIET YIYYLIUTh JOJITOBEYHOCTh YKPENUTEIBHBIX KOHCTPYKLIHM.

1.5.2 MeknyHapoaHblii ONBIT YKpelJieHuss OOPTOB KapbepoB ¢
NpUMeHeHneM 0eTOHA M TOPKpeT-0eToHA

Ha mexmyHapogHOM ypoBHE YKpeIsIieHHe OOPTOB KapbepoB C MPUMEHEHHUEM
O0eToHa M TOPKpET-OETOHAa AaKTUBHO HCIIOJIB3YETCS B PAa3jIMYHBIX CTpaHax. B
3aBUCUMOCTH OT T€0JIOTHYECKUX YCJIOBUH, KIMMAaTHYECKUX OCOOEHHOCTEN U
TEXHUUYECKUX TPEOOBAHUN, MPUMEHSIOTCS Pa3IUYHbIE METOJUKH, KOTOPHIE MOTYT
OBITh aJanTUPOBAHbI U AJis yciioBuid KazaxcraHa.

1) Cesepnas Amepuxa (CILA u Kanaoa). B CIIIA n Kanane TexHomorus
TOpPKpeT-OeTOHAa MPUMEHSETCS B TOPHOAOOBIBAIOIIEH OTpaciud, a TakXke B
IPaKJaHCKOM CTPOUTENBCTBE, HAPUMED, NMPU YKPETUIEHUH JOPOKHBIX OTKOCOB U
TyHHese. B ropHo00bIBaIOMMX Kaphepax, TAKUX KaK MEIHbIC U JKeJIe30PyIHbIe
MECTOPOXKIACHHSI, IIMPOKO MCIOIB3YIOTCS CMECH C J00aBJICHHEM MOJUMEPOB U
CTaJIbHBIX BOJIOKOH JIJIs TTOBBIIICHHS IPOYHOCTH, U YCTOMYMBOCTH K BUOPALIHSIM.

Pynnuk bunrem-Kanbon (Bingham Canyon Mine) — pacrnofioXKeHHbBINH B
mrate FOta, CILIA, 3T0o 0iMH U3 KpyIHEUIINX MEIHBIX pyJHUKOB B Mupe. Ha atom
MECTOPOXKICHUHN HCIOJB3YeTCd TOPKPETUPOBAHUE C JI0OABICHHEM IOJIMMEPOB U
CTaJIBHBIX BOJIOKOH JUIsl YKPETUICHUSI CKJIOHOB M CTaOWJIM3allid OTKOCOB Kapbepa.
VYuuTeiBas 3HAUUTENIbHBIC TIIyOUHBI Pa3pabOTKM U HEOOXOIWMOCTh 3alUTHI OT
oOpyIlIeHUH, YKPETJIEHHE TOPKPETOM ITOMOTAET MOBBIIIATH YCTOWYUBOCTD MOPO/I.

Menubiii  pynHuk ~ Mopedcu  (Morenci  Mine) — KpymHOE MeEIHOE
MecTopoxieHue B mrare Apuszona, CIIIA. 3aech akTUBHO TPUMEHSIFOTCS METObI
TOPKpPET OETOHHOTO YKPEIUICHUS ISl CTaOUIM3ali OOPTOB, 0COOEHHO B MECTaX C
BBICOKOM  TpeuMHOBaTOCThiO. Vcmosb30oBaHME MOJUMEPHBIX JA00ABOK U
(GbuOPOBOJIOKHA TTO3BOJISIET YIYUIIUTh QATE3UI0 U JOJITOBEUYHOCTh YKPETHTEIbHbBIX
MTOKPBITHUH.

Pynauk  Mecabu Peitnmk  (Mesabi  Range) — 9T0  kene3opyaHOe
Mectopoxxaenue B mrate MunHecora, CIIA, rae Tak:ke NMPUMEHSIOTCS METOJbI
TOPKPETUPOBAHUS JJISI YKPEIUIEHUSI CKIOHOB. MECTOPOXK/IEHHE XapaKTepU3yeTCs
3HAYUTETHLHBIMU 00beMaMH JOOBIYH, M YCTOMYUBOCTH OOPTOB MOMICP)KUBACTCS 32
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CYET MCTOJB30BaHUS TOPKPET-0ETOHA C J0OABKAaMH, MOBBIIAIOIINMHI TPOYHOCTH U
YCTOMYMBOCTD K IMHAMUYECKUM Harpy3Kam.

Pynuuk Xaitnena-Bomm (Highland Valley Copper Mine) — kpymnHe#mmii
MenHbIM pyaHuk B bpurtanckon KomymOum, Kanaga. Ha atom MectopoxaeHuu
UCIIOJIB3YIOT TEXHOJOTUU TOPKPET-OeToHa MJid CTa0WiIM3aluuu OOpTOB KaphepoB.
[IpumeHsitoTcst cMecu ¢ J00aBICHUEM CTAJbHBIX BOJIOKOH JUISl YIIYYIICHHS
MEXaHUYECKUX CBOMCTB  YKPEMUTENbHBIX TMOKPBHITUA W  TOBBIIMICHUS HX
YCTOWYMBOCTHU K BO3JIEUCTBUIO BUOpAIMil U OCAJKOB.

Pynauk Kaposnp Jleiik (Carol Lake Mine) — »kene30pyaHBIA PYIHUK B
Jlabpanope, Kanaga. 31mech TOPKpETUpOBaHUE HCIONIB3YETCS ISl YKPEIUICHUs
CKJIOHOB U MOJJEpkKaHUA yCTOMYMBOCTU BbIpAaOOTOK. JIjisi  MOBBINICHUS
3 PEKTUBHOCTU YKPEIJICHUSI MPUMEHSIOTCS TOJIMMEPHBIE J00ABKHU, YTO MO3BOJISET
o0ecrneuYnTh YCTOMUUBOCTh CKJIOHOB MTPU 3HAUYUTEIIBHBIX HArpy3Kax.

OnHuM U3 NOpeuMyIIEeCTB IMPUMEHEHUs TOpKpeThupoBaHusi B (CeBepHoil
AMepUKe SIBIIETCS UCIOJIb30BAHUE «CYXOTO» U «MOKPOr0» METOJ0B HAHECEHHSI.
[Tpu cyxoM criocobe cmech Cyxoro 6eToHa 1 J0OABOK MOIAETCS K MECTY HAHECEHUS,
/e CMEMIMBAETCS C BOJOM HEMOCPEICTBEHHO MEpel pacibuieHueEM. MOKpBIil METOT
BKJIIOYAET TMpEJBAPUTEIIBHOEC CMEUIMBAHUE KOMIIOHEHTOB, 4YTO OOECIeYnBaeT
JydIiee CUEeIIeHUE U MEeHbIIIUNA YpOBEeHb MbuieoOpa3oBanusi. O0a MeTo1a aKTUBHO
MPUMEHSIOTCS] B 3aBUCUMOCTH OT YCJIOBHM paOOTHI.

2) FEspona (I'epmanus, Illseyus, Hopseecus). B EBpomne aKTHBHO
WCIIOJB3YIOTCS. TEXHOJIOTMU CTaOWIM3alUM CKJIOHOB C MPUMEHEHHEM TOPKPET-
oerona. Hampumep, B IlIBeumn u HopBerum, riae KIuMaTHYECKHE YCIOBUS
CIIOCOOCTBYIOT CHJIBHBIM MOpO3aM, IIUPOKO MPUMEHSIOTCS CHelUuaIbHbIe
MOPO30CTOMKHUE CMECH C J00aBJIECHUEM TUIPOU3OJISIITUOHHBIX KOMIOHEHTOB. JTO
MO3BOJISIET UCIIOIL30BaTh TOPKPETUPOBAHKE B PETUOHAX C XOJOIHBIM KJIMMaTOM 0€3
pHUCKa pa3pyLICHUS] YKPEILJICHUM.

KupyHckoe Mectoposkienue skene3nou pybl (Kiruna Mine) — pacronoxeHo
B llIBeunn u sBISETCS OJHUM W3 KPYMHEHIIUX TMOJ3EMHBIX KEIE30PYAHBIX
PYIHUKOB B Mupe. B ycnoBusx riayOOKoW pa3pabOTKU U CIIOKHBIX TOPHO-
reOJIOTUYECKUX YCIIOBUH  HCIOJB3YETCSd TOPKPET-O0ETOH Il YKpEIUICHUs
MO/I3EMHBIX BBIPAOOTOK U CKIOHOB. [IpUMEHSIOTCS MOpPO30CTOMKHE CMECHU C
n00aBJICHUEM  CIIEIUATBHBIX KOMIIOHEHTOB JUJISl  YJIYYIIEHUS aAre3udl U
JIOJITOBEYHOCTH.

lapukoe Mecropoxzaenue mnonaumeTtamioB (Rammelsberg Mine) — »3t0
HUCTOPUYECKOE MECTOPOXKJICHHE B ['epMaHuu, KOTOpoe pa3paldaThiBajioCh Ha
MPOTSHKEHWH MHOTHX BEKOB M B HACTOsIIIIee BpeMs sBIsIeTCs My3eeM. Bo Bpems
AKTUBHOM SKCILTyaTalldd PyJIHUKA MPUMEHSIIUCh TEXHOJOTHH TOPKPETUPOBAHUS
JUTSL YKPEIUIEHHS TTOI3EMHBIX BBIPAOOTOK M MpeaoTBpanieHus: oopymenuii. Ceituac
ATOT OIBIT UCTIOIB3YETCS IPU PECTABPALMU CTAPBIX TOPHBIX COOPYKEHHUI.

Pynnuk bonunen (Boliden Mine) — pacniosnoskennsiit B [1IBennn, 3TOT pyTHUK
pa3pabaThiBacT TMOJUMETAJUIMYECKUE pPyAbl, BKJIOYas Meab W [HMHK. Jlis
YKpeIuieHus: OOpTOB Kaphepa M  TMOA3EMHBIX  BBIPAOOTOK  TMPUMEHSETCS
TOPKPETUPOBAHUE, YTO TMO3BOJISIET MOJAECPKUBATH YCTOMYMBOCTH MACCHUBOB MpPH
3HAYUTEIHHBIX TIyOMHAX pa3padOoTKH.
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Pynauk JlayBeBek (Lauveck Mine) — Haxomutcs B Hoperunm wu
pa3pabaThIBacT JKENe30pyJHbIE 3aleku. B ycloBHSIX CypoBOro KiMmara u
CIIOHOTO peyibed)a aKTUBHO HCIOJNB3YIOTCS TOPKpPET OETOHHBIE CMECH IS
CTaOMIIM3AIMKM CKJIOHOB M YKPEIUICHUS! OTKOCOB. [IpUMEHSIIOTCS MOPO30CTOMKHUE U
BOJOHETIPOHUIIAEMbIE ~ CMECH,  4YTOObl ~ MHUHMMH3UPOBATh  BO3JCHCTBHUE
KJIIMMaTUYECKUX (DaKTOPOB HA YCTOMYMBOCTh MACCUBOB.

Pynuuk Hepemtuna (Neves-Corvo Mine) — MeaHO-IIMHKOBBIA PYIHHK B
[Mopryranuu, ympasnsembiii kommnanued Lundin Mining. [ns  yxpemsieHus
MOA3EMHBIX BBIPAOOTOK U CTAOWIM3ALUA CKJIOHOB B Kapbepe HCMOIb3YyeTCs
TOPKPETUPOBaHUE C [00aBIEHHEM CHHTETHMYECKHUX BOJIOKOH, YTO MO3BOJISIET
MOBBICUTh YCTOMYMBOCTh CKJIOHOB K TUHAMUYECKUM HAarpy3KaM U BUOpaLUsM.

B I'epmaHuy TOpKpeTHPOBAHNUE MMPUMEHSIETCS B Kapbepax Mo A00bIUE YIJIs U
PYJIHBIX MUHEPAJIOB, 1€ UCIIOIb3YETCS MHOTOCIIOMHOE HAHECEHUE TOPKPET-OETOHA
C apMupoBaHMEM. B kauecTBe apMHUpYIOIIMX MaTE€pUalOB YacTO HMCIOJB3YIOTCS
METaJUIMYECKUE CETKH WM CUHTETUYECKHE BOJIOKHA, YTO YBEIUYUBAECT IIPOYHOCTH
Y JI0JITOBEYHOCTh KOHCTPYKIIMIA.

3) Aecmpanus u FOz0-Bocmounas Azua. B Actpanuu u FOro-BocTtouHnoi
A3MM TEXHOJOTUSl TOPKpPET-OETOHA AKTHUBHO INPUMEHSETCS Ha psAnae KPYIHBIX
MECTOPOXKIACHUM I YKPEIUIEHHs] CKJIOHOB M OOECHEYEeHUs] YCTONYHMBOCTH
KapbepoB. BOT npuMepbl KOHKPETHBIX MECTOPOKIAEHUH, /1€ UCTIOIB3YIOTCSI METO/IbI
TOPKPETUPOBAHUS:

Pynuuk Maynt VYonbek, Ancrpanus (Mount Whaleback Mine) — 310
KpYHHEHIINK XKene30pyAHbIA pyJHUK B 3amaHON ABCTpasiud, pa3padaThIBa€MbIii
xomranueid BHP. 3neck Topkper-0eTOH mpuUMeHsIeTCs A YKPEIUIEHHUS] CKIOHOB
Kapbepa U CTa0MIIN3aIMU OTKOCOB. B yCI0BUSAX BBICOKOM TeMIepaTypbl U CE30HHOMN
BJIQKHOCTH HCIIOJIB3YIOTCS CMECH C TMOJHUMEPHBIMU J100aBKaMH, KOTOpbIE
o0ecneurnBalOT XOPOUIYI0 aAre3ut0 U yYCTOMYMBOCTh K  aTMOC(EpPHBIM
BO3/ICUCTBUSAM.

Pynuuk Oaumnouk Jlam, Aectpanus (Olympic Dam Mine) — kpymnHeiiiee
YPaHOBOE MECTOPOKJIEHUE, KOTOPOE TAKXKE COAEPKHUT Melb, 30JI0TO U cepedpo.
Pacrionoxen B IOxHOW ABCTpasinM, pYyIHHK HCIHOJIB3YET TEXHOJIOIMU
TOPKPETUPOBAHUS JJISl YKPEIUJICHHsI MOA3EMHBIX BBIPAOOTOK M CKIIOHOB Kaphepa.
J1J1 TOBBIIIEHUS TOJITOBEYHOCTH YKPETUIEHUH IPUMEHSIOTCSI CMECH C J00aBICHUEM
MUHEpaIbHBIX J100ABOK U CHHTETUYECKUX BOJIOKOH.

Pynnuk Towm [lpaiic, Apctpanus (Tom Price Mine) — xene3opyaHoe
MecTOopoXxaeHue, pazpadareiBaemoe komnanued Rio Tinto B [Tunbape, 3anagnas
ABctpanusi. TopKpeTHUpOBaHUE HCHONB3YETCS JUIsl CTAOMIM3alMU OTKOCOB U
NPEeIOTBPAIEHUS] OIOJ3HEH, OCOOCHHO B YCIOBHUSX BBICOKOW TeMIEpaTypbl U
TPEIIMHOBATOCTH OPOJ.

I'pac6epr, FOro-Bocrounas Aszus (Grasberg Mine) — oAuH U3 KpYyMHEHIINX
MEIHBIX U 30JI0THIX PYJHUKOB B MUPE, pacnoioxeHHblil B [Tanya, Mnnones3us. Ha
TOM MECTOPOKIEHUU aKTUBHO MCIOJIb3YETCS] TOPKPETUPOBAHUE ISl YKPEIIIEHUS
CKJIOHOB M TIOJA3€MHBIX BBIpaOOTOK. B  yclIOBHSIX BBICOKON BIAXHOCTH
NPUMEHSIOTCSI CMECU C MOJMMEPHBIMH J00aBKaMH ISl YJIyYIIEHUS aAre3uud u
BOJOHENPOHUIIAEMOCTH.
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Pynauk Oxe-Temu, I0ro-Bocrounas Asmst (Ok Tedi Mine) — menHoe u
3010T0€ MecTopokienue B Ilamya-HoBoit ['BuHee. TOpkpeT-O€TOH aKTUBHO
NpUMEHSIeTCs ISl CTaOMIIM3allMi CKJIOHOB B Kapbepe, OCOOCHHO Ha YYacTKax,
MOJIBEP>)KEHHBIX CHJIBHBIM OCaJKaM M 3po3ud. [l TMOBBIMIEHUS MPOYHOCTH
YKpEIUICHU  UCHOJB3YIOTCS CMECH C  MHUHEpalJbHbIMU  J00aBKaMuU U
(bUOPOBOIIOKHOM.

Pynnuk  Tloprep,  IOro-Boctounas  As3us  (Porgera  Mine) —
3oi0ToAoObIBatolee  MecropoxaeHue B Ilamya-HoBoit  I'Bunee.  3xech
MPUMEHSIIOTCSI TEXHOJIOTUM TOPKPET-O0€TOHAa i1 YKPEIUICHUsI CKJIOHOB U
MpeAOTBpaIllCHUs OOPYIICHU B YCJIOBHUSIX TPOMUYECKOTO KiIMMaTa M BBICOKOU
CEHCMUYECKON aKTUBHOCTH.

Pynnuk Tar6Gynao, FOro-Boctrounas Asus (Tagbuanao Mine) — menHoe
MecTopoXkaeHrue Ha OUIMNINUHAX, TJ€ TOPKPETUPOBAHUE HCIOIB3YETCS st
YKPEIUICHHS CKJIOHOB U MPEIOTBPAILCHUs ONOI3HEN. [[puMeHstoTes criennaibHbie
CMECH, YCTOWYMBBIE K BBICOKUM YPOBHSIM BIQXHOCTH M XUMHUYECKUM
BO3JCHUCTBUSIM.

Otn  mectopoxnaeHuss B ABcrpanmuu  u FOro-Boctounoit  Asum
JIEMOHCTPUPYIOT AKTHUBHOE HCIOJIb30BAHUE TEXHOJOTUM TOPKpPET-OETOHA s
oOecrieueHus: yCTOWYMBOCTU TOPHBIX Pa3pabOTOK B CIOKHBIX KIMMATHYECKUX U
re0JIOTHYECKUX YCIOBUSX.

4) KOocnas Agpuxa. B HOxHOU Adpuke TEXHOJIOTHS TOPKpET-OeTOHA
AKTUBHO MPUMEHSETCS Ha PA3JIMUHBIX 30JI0TOJ0OBIBAIONINX MECTOPOKICHUSIX ISl
yKperuieHus: 00pTOB KapbepoB. BOT HEKOTOPhIE KOHKPETHBIE MECTOPOKACHUS, T]IC
UCIIOJB3YIOTCS. METOJIbl TOPKPETUPOBAHUS JUIsl TOBBIIMICHUST YCTOWYMBOCTHU
CKJIOHOB:

Pynnuk Mnonenr (Mponeng Mine) — oAMH U3 CaMbIX TTyOOKHX 30JI0TBIX
PYJIHUKOB B MHUPE, PACcIOJIOKEHHBINA B TipoBuHIMU ['ayTenr, KOxnas Adpuka. Ha
TOM MECTOPOXKIEHUU AKTHUBHO HCIMOJIBb3YETCS «MOKPOE» TOPKPETHUPOBAHUE IS
YKpEIUICHUS] TOA3EMHBIX BBIPAOOTOK U CKIOHOB. (CMecH ¢ TMOJMMEPHBIMU
no6aBkaMu M (HUOPOBOJIOKHOM MPUMEHSIOTCS [IJISl YIYYIICHHS TMPOYHOCTH U
JIOJITOBEYHOCTH YKPEMUTEIBHBIX TOKPBITUNA, YTO OCOOCHHO BaXKHO TIPH pa3pabOTKe
Ha 3HAYUTEJIBHBIX TJIyOMHAX U B YCIOBUAX BBHICOKUX TEMIIEPATYD.

Pynnuk Tay-Tona (TauTona Mine) — Takke HaXOAUTCA B MPOBHHIIUU
["ayTeHT U ABISETCSA OJHUM M3 KPYIMHEHIIHMX 30JI0THIX pyaHUKOB KOkHON AdpuKku.
31eCh TEXHOJOTUM TOPKPET-OCTOHA HCIOJB3YIOTCSA IS YKpeIieHus OOpTOB
KapbepoB M TOA3EMHBIX BbIpa0OTOK. [IprMeHEHHE MOIUMEpPHBIX J00aBOK U
apMUPYIOITUX BOJIOKOH OMOTaeT MOBBICUTD YCTOWYHUBOCTD K
TPEUMHOOOPA30BAHUIO U YIYUIIIUTh aAT€3UI0 YKPEUTEIbHBIX MaTEPUAJIOB.

Pynnuk CaByka (Savuka Mine) — enie oHO TJIyOOKOE 30J10TO00bIBAIOIIEE
MECTOPOXIeHUE B MPOBUHIMHU ['ayTeHr. Ha 3TOM pyJHUKE UCIOIB3YIOTCS METOIbI
TOPKPETUPOBAHUS JIJIsI CTAOUITU3AINH TTOI3EMHBIX BHIPAOOTOK M CKIIOHOB Kaphepa.
B ycrnoBusix 3HAYMTENHHOW TIIYOMHBI W BBICOKHX JUHAMHUYECKHUX Harpy30K
MPUMEHSIOTCSI CMECH C TOJTUMEPHBIMHA JOOABKaMH, YTOOBI TTOBBICUTH MPOYHOCTH
YKPEIUICHUM.
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Pynauk Kubnep (Kloof Mine) — KOMIUIEKCHBIN 30J10TOJ00BIBAIOIIIANA PYTHUK
B MPOBUHIIMM ['ayTeHT, KOTOPBIM BKIIIOYAE€T HECKOJIBKO IMaxT. 37eCh aKTHUBHO
UCIIOJIB3YETCSI  «MOKpPOE» TOPKPETUPOBAHHME ISl  YKPEIUICHHS TOJ3EMHBIX
BBIPA0OTOK M HapyXHBIX CKJIOHOB KapbhepoB. JlJisi MOBBIINIEHUS JOJITOBEYHOCTH
YKpEIUICHU TPUMEHSIOTCS CMECU C JI00aBJICHUEM CHUHTETUYECKUX BOJIOKOH U
MOJIUMEPOB.

Pynnuk Bemapud (Beatrix Mine) — pacnoyioxkeHHbIH B npoBuHiiuun dpu-
CTelT, 3TOT 30J10TOTOOBIBAIOLINI PYTHUK TAKKE MPUMEHSIET TEXHOJIOTUH TOPKPET-
OeToHa 7Sl YKpPEIUICHHsI TOA3EMHBIX BBIPAOOTOK M CKJIOHOB. TOpKpEeTHpOBaHHUE C
UCIIOJb30BaHUEM TOJUMEPHBIX J100aBOK M (HUOPOBOIIOKHA MOMOTAET YBEIUYUTH
YCTOMYMBOCTD YKPEIUICHUM B YCIIOBHSX ’KAPKOTO KJIMMATa.

Otu mectopoxaeHus B FOxHoM ApHke aKTUBHO IPUMEHSIOT COBPEMEHHbBIE
METOJIbI TOPKPETHPOBAHUS JUIS TIOBBIIICHHUS OE30MAaCHOCTH M JOJITOBEYHOCTH
YKpEIJIEHUH B 30JI0TOA00BIBAIOIIEN OTpaciiu

1.6 IlocTaHoOBKA 1EJIH M 327124 HCCJIeJOBAHUA

Ha ocHoBe aHanu3za nurTepaTyphbl, NOCBSIIEHHONW BOIpocaM 0OOCHOBaHUS U
o0OecrieyeHus: yYCTOMYMBOCTH OOpPTOB  KapbepoB, a TakkKe MPUMEHEHHUS
MOAM(PUIMPOBAHHBIX OETOHOB MJIi WX YKpEIUIeHUs, ObUla OIpeaesieHa Ueib
naHHoro wuccienoBanus. Llenpto gaHHOM pa®oThl  siBIsieTcs  pa3paboTka
3} (EKTUBHBIX COCTABOB MOAU(PHUIMPOBAHHBIX OETOHOB, NMpPEIHA3HAYEHHBIX IS
yKperieHus: OOpTOB KapbepoB U MOJ3EMHBIX T'OPHBIX BBIPAOOTOK, Ha IMpHUMeEpe
mecTopoxkaeHust Axxan. [Ipm 3ToM yuuThIBarOTCA creuu(pUYEecKue TOpHO-
reOJIOTUYECKHE W TE€OMEXAaHWYECKHE YCIOBUS MECTOPOXKACHHUS, a TaKKe
IPUMEHSIOTCS] OTXO/bl O0OTaIIeHNs B KAUeCTBE KOMIOHEHTOB OETOHHOIN CMECH.

JUis nocTKEHUs 3TOM I1eNud ObLIM TOCTaBJICHBI CJENYIOIIME 3aJayu:
IIPOBECTH JI€TAJbHBIM aHAJIW3 TOPHO-TE€OJOTMUYECKUX YCIOBHM MECTOPOKICHUS
AxoKall, BIMSIOIIMX HA YCTOMYMBOCTh KAPbEPHBIX OTKOCOB; UCCIEA0BATh (PUZUKO-
MEXaHUYECKHE CBOMCTBA TOPHBIX MOPOJA U OTXOAOB OOOTaIEeHUs, YTOObI OLICHUTH
WX TPUTOJAHOCTH JIJISl UCIIOJIBb30BaHUSA B OETOHHBIX CMECAX; pa3padoTaTh COCTABbI
MOAU(PUIMPOBAHHBIX OETOHOB, COOTBETCTBYIOIIME TPEOOBAHUSAM YKPEIUICHUS
OTKOCOB, C Yy4Y€TOM BHEAPEHUS OTXOJIOB OOOTaIllEHUs; OMNPEACIUTh (PU3UKO-
MEXaHUYECKHE CBOWCTBA MOJYYEHHBIX MAaTEPUAIOB B 3aBUCMMOCTH OT UX COCTAaBa;
Y BHEJPUTH PE3yJIbTaThl UCCIEAOBAHUI B IPOU3BOICTBEHHBIN MPOLECC, & TAKKE B
00pa30BaTeIbHYIO MPAKTUKY.
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2 AHAJIN3 VYCJIOBUM MECTOPOXKIEHHUS AKXKAJI W
NEPCIHEKTHUBBI HCITIOJIB30BAHUSI OTXOJ0B OBOT AILIEHUS 1151
PABPABOTKH COCTABOB MOJU®UIINPOBAHHBIX BETOHHBIX
CMECEN

B coBpeMeHHBIX yCIOBHSIX TOpHOAOOBIBaroasi orpacib PecnyOnuku
Kazaxctan xapakTepuszyeTcs HWHTEHCUBHOW OKCIUIyaTalued MHUHEpaTbHBIX
pPECYpCOB, peau3yeMOl KaK OTKPBITBIM, TaK W MOA3EMHBIM croco0amu. ITa
TEHJEHUUs1 TpeOdyeT o0co0O0ro BHUMAaHHMS K BOIpocaMm O€30MacHOCTH U
PaLMOHAIBHOTO MCIOJIb30BAHMS TPUPOIHBIX PECYPCOB, YTO CTAHOBUTCS OCOOEHHO
3HAYMMBIM IIPH pa3padOTKE KPYIHBIX MECTOPOKIECHUMN, TAKUX KAK MECTOPOXKJICHUE
Arokan. Pa3paboTka JaHHOIO MECTOPOXACHUS BEIAETCS KOMOMHUPOBAHHBIM
METOJIOM: OTKpBIThIE paboThl BeayTcsa ¢ 1935 roma, a ¢ 2016 roma ocBoeHue
JIOTIOJIHEHO MOJI3eMHbIMU paboTamu. KoMIUIeKCHBIN XapakTep J100bUN 00YCIOBUI
HEOOXOJUMOCTh  YIUIyOJIGHHOTO aHaju3a TOpPHO-TE€OJIOTUYECKUX YCIOBUH U
reOMEXaHUYECKUX MPOIECCOB, BIUSIOIUX HA YCTOMUYUBOCTbh TOPHBIX BBIPAOOTOK U
0€3011aCHOCTb MTPOBEJICHUS TOPHBIX PaldOT.

CoBpeMeHHbIE  MacIITaObl TOPHOIO  IPOU3BOJACTBA  OOYCIIOBJIMBAIOT
HEOOXOMMOCTh HETIPEPHIBHOTO HAOJIOJEHUS 32 T€OMEXaHUYECKUMU MTPOLIECCaMH,
IPOUCXOMSIIMMA B MAaCCUBE TOPHBIX IIOPOJA H3-32 WU3MEHEHUS ECTECTBEHHOIO
Oammanca B 3emHON kope. s MecTtopoxkaeHuss AKKal 0co00e 3HauYeHHUE
npuoOpeTaeT 3ajadya OOECHEeYEeHHs] YCTOMYMBOCTH OOpPTOB Kapbepa, KOTOpHIE
MOJBEPraloTCsl  3HAYUTEIBHBIM  HArpy3kam, CBS3aHHBIM C  MHOTOJIETHEU
akcrutyarareit [60, 61, 62]. B 310l CBsI3u BO3HUKAET MOTPEOHOCTH B pa3pabOTKe U
NPUMEHEHUU  MOJU(ULIHMPOBAHHBIX COCTABOB  CTPOUTEIBHBIX  MaTEPUAJIOB,
o0ecrneunBalONINX JOJTOBPEMEHHOE YKpeIUIeHHEe OOpPTOB M CTaOWUJIM3AIUIO
CKJIOHOB, YTO TpeOyeT yueTa crielu(UKHU reoJOTHYECKUX YCIOBUI MECTOPOKICHUS
U OCOOCHHOCTEH  TEXHOJIOTMYECKOTO Ipolecca O0OrameHus MOJe3HBIX
HCKOITa€MBbIX.

Kpome Ttoro, akryaibHOW 3ajayel SBJISETCA M3YYEHHE BO3MOXKHOCTH
UCIIOJIb30BAaHUSl OTXOJO0B OOOTrallleHUs] B KaueCTBE KOMIIOHEHTOB JUIsl CO3JaHMS
MOIU(ULMPOBAHHBIX  CTPOUTENbHBIX  MaTepuaioB. [lpumeHeHHe O0TX0/10B
oOoramieHus  OTKPbIBA€T  MEPCIEKTUBBI  TOBBIIIEHUS  JKOJIOTHMYECKOH |
HKOHOMUYECKOHN 3((HEKTUBHOCTH MPOU3BOJICTBA, YTO COOTBETCTBYET MPUOPUTETAM
YCTOMYMBOIO Pa3BUTUSL TOPHOJOOBIBAIOIIECH OTpaciv M KOHUEMUUU «3EJICHON
HKOHOMUKI.

2.1 OOocHoBaHue BbIOOpPa AKIKAJICKOIO MECTOPOKIACHUS IS
yKpenJieHusi 00pToB KapbepoB MOAM(UUIMPOBAHHBIMH PAcCTBOPAMH M 001Iue
CBe/ICHUS 0 MECTOPOKACHUHU

B JaHHOM HCCJIICA0OBAaHNN 00BEKTOM HN3Yy4YCHUA BI)I6paH CBHUHIOBO-IIMHKOBOC

MeCcTOpoXxaeHre Axxan, pacnojiiokeHHoe B KaparanmuHckoir oOmacté U
paspabatsiBaemoe kommanueit TOO «Nova [uaky.
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Mectopoxkaenne Axxan SBISETCS OOBEKTOM HCCIEIOBAaHUS U CIYKUT
OCHOBOM  ansi  pa3paboOTKM  COCTaBOB  MOAM(MUIIMPOBAHHBIX  OETOHOB,
NpeIHAa3HAYCHHBIX [UIS YKPEIUICHHsS OCJIa0JIEHHBIX (TPEIIMHOBATHIX) MOPO/,
dopmupyromux 60pTa Kapbepa u MoI3eMHbIE TOPHbIE BEIPAOOTKH.

Beibop  AKKambCKOTO  MECTOPOXKICHHsSI  OOYCIOBIEH €ro  XOpOILO
U3y4EeHHBIMU TOPHO-TEOJOTHUECKUMH YCIOBUSMH, YTO TO3BOJIIET OOJiee 1eTalbHO
POAHATN3UPOBATh BO3MOXKHOCTH  cO37aHus d(P(EKTUBHBIX CTPOHUTEIBHBIX
MaTepuajJoB W  NPOJAEMOHCTPUPOBATH WX  YCICHIHOE  BHEJIPEHHE B
IPOM3BOJICTBEHHYIO MTPAKTHUKY.

B xozne uccienoBaHus nMpoaHaTU3WPOBAHBI TOPHO-TEOJIOTUYECKUE YCIOBUS
Axokasickoro mectopoxaeHus [63,64], a Takke 0TX0AbI 000raTuTeNbHON (hadbpuKHy,
KOTOpBIE MPEACTABISAIOT COO0M MOTEHIMATBHBIA MaTepual JJis WCIIOJIb30BAHUS B
KayecTBE KPYMHOTO M MEJIKOTO 3allOJIHUATENS] TPH TPOU3BOJICTBE 3aKJIATHBIX
cMmeceil, OETOHOB U TOPKPET-O0ETOHOB. OTH MaTepuaibl 00JalalT pPsIOM
($u3NYECKUX U XUMUUYECKUX XapaKTEPUCTHUK, KOTOPBIE JIEJat0T UX NEPCIEKTUBHBIMU
U pa3paboTKU MOJU(PUUUPOBAHHBIX CTPOUTENBHBIX COCTAaBOB, YCTOMUYUBBIX K
celM(pUUIECKUM YCIOBUSAM JAaHHOT'O MECTOPOKICHMUS.

C aIMUHUCTPAaTMBHOM TOYKM 3pEHHUS, MECTOPOXKJIEHUE AKkKal WU
OJHOMMEHHBIN TocEnok pacnonoxensl B lllerckom paiione KaparanauHckoit
obnactu, Ha paccrosHuu 240 KM K IOro-BOCTOKY OT 00JIaCTHOrO IEHTpa.
brmkaiiiiiue TpaHCIOPTHBIE Y3JIbI PECTABICHBI JKEJIE3HOIOPOKHBIMU CTAHIIUSAMU
MounTts! (80 kM Kk roro-zamagy) u Araneipsb (110 kM K ceBepo-3amany), a Takxke
aBTOTpaccor Anmatbei—AcTtaHa, npoxojsiei B 12 km BoctouHee. (puc. 2.1)
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Mecropoxaenne Axxkan 6610 OTKpHITO B 1880 roy, 100BIYa Py Il HAYATACH
B 1935 r. IlomHomacmTabHass pJoObl4a pyasl Hadyajlacb C  pa3pabOTKU
MECTOPOKACHHUS OTKPBITBIM CIOCOOOM M ¢ ImyckoM B 1951 romy oGoraturenbHoi
babpuku Ha 600 THIC. TOHH pyAbl B TOA. MecCTOpokIeHHE NPEICTABICHO
LlenTpanbHbIM U BOoCTOUHBIM KapbepaMu

TOO «Nova-lluak», ocHoBanHoe B 1997 romy mis pa3paboTku U
o0oraIeHrs: CBUHIIOBO-IIMHKOBBIX Py AKKaJICKOIO MECTOPOXKIACHHS, C aBrycTa
2006 roma mosnHOCThiO NpuHAMICKUT OAO «YUenssOMHCKUN LIMHKOBBIA 3aBOJ»
(HLI3).

bixaiimmii TpOMBIIIIEHHBIM LUEHTP - ropox banxain, pacnoyioXEHHBIA B
130 kXM K [OTO-BOCTOKY OT MECTOpOXAcHUs. Penped paiioHa xapakrepusyeTcs
HEBBICOKOM I'psifioit ¢ KpyThiMU ckioHamu (0T 30 1o 40°), pa3znenéHHoi Ha KPYITHbIC
conku. Knumarnueckue ycnoBus pernoHa, otHocsmerocs k CeBepo-3amagHoMy
[Ipubanxampto, pe3KO KOHTUHEHTAJBHBIC: JIETO JKApKOe M CyXoe, 3uMa
MPOJOJDKUTEIbHAS U 4YacTo compoBoxknaaercs OypanHamu. CpegHerojoBas
temneparypa cocrasisieT -3,0°C, MHUHUMAabHas TEMIIEpaTypa sSHBaps OKOJIO -
15,6°C, a B utosie cpeausas temreparypa gocturaet +23,5°C. 'oqoBoe KOJIMYECTBO
0CaJIKOB HEBENMKO, cocTaiisast oT 120 10 200 MM, uTo fenaet atMochepHbIe OCAIKH
OCHOBHBIM HMCTOYHUKOM TOIOJHEHUS MOA3EMHBIX BoA. ['nyOuHa mpomMep3anHus
mo4BkI qocturaeT 2 M, a corstiacio CHull PK 2.04-01-2010, paitoH mpoeKTUpyeMOoro
MTOA3EMHOT0 PYJHHUKA OTHOCUTCS K KIMMaTudecKomy noaparnony IIA.

2.2 AHAJIN3 TOPHO-T€0JIOTHYEeCKUX YCJIOBUI MECTOPOKIEHUS AKKA

['opHO-reoiornuecknue ycioBHs MECTOPOXKACHUS AKXKal MPEICTABISIOT
co00l COBOKYIHOCTh (PaKTOPOB, OIPEACIAIOMMNX OCOOCHHOCTH 3ajieraHus |
COCTaBa IMOJIC3HBIX MCKOIMAEMbIX, a TAaK)Ke YCIOBHS HMX pa3paborku [65]. K HuM
OTHOCATCA  TI'EOJIOTMYECKOE  CTPOCHHME, JIMTOJOTMYECKHH  COCTaB  IOPOJ,
TEKTOHUYECKHE U TUAPOTe0IOTHYECKUEe 0COOCHHOCTH, FT€OMEXaHNUECKHE CBOMCTBRA
TOPHBIX MOPOJ. DTH YCJIOBHUS CYIIECTBEHHO BJIMAIOT HAa BHIOOP METOAOB JOOBIUH,
MPOCKTUPOBAHUE BBIPAOOTOK U obecreueHue Oe3omacHocTH paboT. Ocoboe
BHUMaHUE TOPHO-TEOJOTHYECKUM YCIOBUSM YAENSAETCS MPU YKPEIUIeHHHu OOpTOB
KapbepoB, /i€ 0CNa0JIEHHbIE U TPEUIMHOBATHIE TOPOIbl MOT'YT MPEJCTABISATH YIPO3Y
YCTOMYMBOCTU  CKJIOHOB. lMcrnonb3oBaHue  MOJIM(PUIIMPOBAHHBIX  OETOHOB,
pa3paboOTaHHBIX C YUYETOM TOPHO-T€OJOTUUECKUX OCOOCHHOCTEH, oOecreynuBaeT
KOMILJIEKCHBIM ~ MOJXOJ K TMOBBIIIEHUIO O€30MacHOCTH TOPHBIX paboT U
3¢ (HEKTUBHOM FKCIITyaTallud MECTOPOKICHUSI.

JIns  pallOHMpPOBAaHMS  MECTOPOXKAEHUA  AKXKal 10  HHXKEHEPHO-
re0JOrM4eCKUM U TOPHOTEXHUUECKUM YCIIOBHSIM €ro pa3padO0TKH BBINOJIHEH COOp U
U3y4€HHE MAaTepHaJioB O TOPHO-TEOJIOTUYECKUX  YCIOBHMSIX  pa3pabOTKu
MECTOPOKICHUS AKKaJ.

Ha cerogHsiniHuil 1eHb MECTOPOXKACHHE AKXKall BEAET KOMOWHHUPOBAHHBIN
cnoco® (OTKpBITHIH W TOA3eMHBIN) pa3paboTku. COOTBETCTBEHHO BOMPOCHI
YCTOMYMBOCTH OOPTOB Kapbepa U YMPaBICHHUS TOPHOTO JaBJIECHUS B MOJ3€MHBIX
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YCIOBHSIX, UMEET IEPBOOUYEPETHOE 3HAUYCHUE
Mecropoxaenue npencrasiieHo LlenTpanbHbiM 1 BocTouHbIM Kapbepamu. B
HACTOsIIIIee BpeMs OTpabOTKa 3almacoB MECTOPOXKACHUS BEIETCS KaphepoM
«entpanbubiity (puc.2.2). [IpoTsHKeHHOCTh MECTOPOKACHUS COCTaBIseT 5,5 kM. B
LIEHTPAJIbHOM YaCTU MECTOPOXKICHUS PYIHbIE Tejla BBIXOAAT HA JHEBHYIO
MOBEPXHOCTh, a UX 3aJieraHue MpociiekuBaercs Ha riayouny qo 600 m. [upuna
pyAHoM 30HbI nocturaet 350 M. YToJa nmafieHust pyAHbIX TN B UEHTPAJIbHOM YacTH
XapaKTEepU3yeTCsd KPYTbIM HAKIIOHOM, TOT/Ja KaKk Ha BOCTOYHOM YYaCTKE
HaOmromaeTcs 6osee mojoroe 3aneranue ¢ yriaamu nagaerus ot 20 mo 30°.

IMpya- naxonwpeAs

\
-~ Kapnep Boeroynoro S
#/ yuacTae '

Pucynok 2.2 -KapTta-cxema pacnonoxxeHusi o00bextoB aestenbHoctd TOO «Nova-
[nuHK»

2.2.1 Pa3zpaborka MeCTOPOKIEHUS] OTKPBITBIM  CHOCO0OM  Ha
MECTOPOXKICHUN AKKAJ

Pa3paboTka MecTOpOXIEHHUS OTKPBITBIM CIIOCOOOM - 3TO METOH JOOBIYH
MOJIC3HBIX HCKOMAEMbIX, TMPU KOTOPOM YJAJCHHE TOKPHIBAIOIIMX TIOPOJ U
U3BJICUEHUE PY/IbI OCYIIECTBIAIOTCS C IOBEPXHOCTH 3€MJIH. DTOT CIIOCOO BKIHOYAET
NPOBEJCHNUE BCKPBIIIHBIX pabOT AJIsi OOHAKEHUS! PYAHBIX TeNl U MOCIEIYyIOmen uxX
BBIEMKH C UCIIOJIb30BAHUEM IKCKAaBATOPOB, OYJIb103€POB U APYTOi TOPHOM TEXHUKH.

B 1959 roay BeImyIeH TEXHUYECKUI MPOEKT Kapbepa pyAHUKA HHCTUTYTOM
«CpenneazuarckuM ['unporsermMer» [66], HA OCHOBaHWU KOTOPOTO BEIHCH TOPHBIC
paboThl OTKPBITBIM crocoOoM. MecTtopoxkaeHne Axxkan pa3padaThIBaIoOCh
pa3denbHO OJHOMMEHHBIMU KapbepaMu: Kapbepbl 3anaaHbli U LleHTpanbHBIN,
KOoTopble B Hauaje 70-X ToJOB COEIUHEHbI TOPHBIMH padOTaMH B OJUH Kapbep —
LlenTpanpHbiii 1 BocTouHbIl Kapbep 3ay10keH B 1981 rony mo npoekTy MHCTUTYTa
CIIKTB Ka3muHupermeTa Ha Tiyouny 165m (otMmeTtka aHa +475M)
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B nacrosimiee Bpems oTpaOoTKa 3aracoB MECTOPOXKACHUS BEAETCS KapbepoM
«lleHTpanbHbIi», MaKCUMallbHas MTyOMHA KoToporo aocturaet 330m (puc.2.3).

Pucynox 2.3 — CocTosiHEE TOPHBIX pa0dOT Ha Kapbepe «lleHTpambHbIi

C unenpto obecrneueHust Oe3omacHOCTH TOpHBIX paboT ¢ 2017 rona
OCYILIECTBISIETCA F€OMEXAaHUYECKUII MOHUTOPHHI, HAIIPABICHHBIM HAa KOHTPOJb
YCTOMYMBOCTH MOAPAOOTAHHBIX TOPOJ, a TAKKE HA HAOIIOACHHUE 32 PA3BUTHEM U
dbopMHUpOBaHUEM 30H CHIBIKCHHS U jAedopMaiud B MaccuBe. MOHUTOPUHT
npoBoaAuTcss Ha ropuzoHTax 505 M um 545 ™M lleHTpanpHOro ywacrtka
ciennanctamu KasHUTY nvmenu K. .M. Carnaesa, KapTVY nmenu A. Carnnosa n
TOO HIIK «Anl'eoPutmy.

['eonornueckass CTpPyKTypa HCCIECIYEMOM 30HBI OTIAYACTCA CIOKHBIM
BHYTPEHHUM CTPOCHHMEM, UTO TPOSIBISETCS B HAJIMYUU PA3IUYHBIX (HopMm
MUHEpaJIM3alli1, BKJIF0Yas TIacCTOOOpa3HbIe U CEIJIOBUIHBIE 00pa30BaHMUsl, a TAKKE
3QJIEKU  TTPOKUIIKOBO-BKPAIUICHHBIX pyA. HEMoCTOSHCTBO pPYyIHBIX TeNl 10
NPOCTUPAHUIO M TAJCHUIO, WX CYXKEHUS U pPaCHIMPEHUs, Pa3BETBICHUS U
MOCJEAYIOIINE COSTUHEHHS CO3/Ial0T HEOJHOPOIHOCTh B COCTABE TOPHBIX MOPO/I,
YTO UMEET CYIIECTBEHHOE 3HAUCHUE TTPH pa3paboTKe 3PHEKTUBHBIX CTPOUTEIHHBIX
MaTepuaoB.

PynoHocHble ¥ BMeNIaroye MOpoibl MPEICTaBICHbl KPENKUMH CKaJIbHBIMU
00pa3oBaHMUSAMU: MAaCCUBHBIMH HM3BECTHSIKAMHU, AJICBPOJIMTAMH, MOPGUPUTAMU U
U3BECTKOBUCTHIMH TecuaHukamMu [67]. DT mopoabl 00Ja1af0T MOTEHIIHATIOM IS
UCIIOJIb30BAHUSI B KAYECTBE ChIPhEBOM 0a3bl MPHU CO3aHUU MOAU(PUIUPOBAHHBIX
OETOHOB, YUYUThIBasi UX (PU3MKO-MEXaHWYECKHE CBOMCTBA W MHUHEPAJIOTHYECKUI
COCTaB.

Kpome Toro, HaOmtomaroTcst CKIagyaTble W pa3pbIBHBIE JAUCIOKALUH,
chopMupoBaBIIMECS B TOPYAHBIA, BHYTPUPYIHBINA U MOCAEPYIHBIA TIEPUOIBI. DTH
re0JIOTUYECKHE TMPOIECChl MPUBEIU K pPa3IM4yHbIM MaclTadamM CMEIIeHUH u
MHTEHCUBHOCTU TPEIIMHOBATOCTH W PACCIAHIIEBAHUSI MOPOJ, YTO BIUAET HA HX
CTPYKTYPHYIO LIEIOCTHOCTh M MPOYHOCTHBIE XapakTtepuctuku. [loHnmanue 3THux
0COOEHHOCTEH SABISETCS KIIFOUYEBBIM MPHU pa3paboTKe cocTaBa MOIUMDUITMPOBAHHOMN
OeToHOW CcMmecu, TpeIHA3HAYCHHBIX Uil YKPEIUICHWsT ¥ CTaOWIU3aIuu
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ocnabJIeHHBIX MOPOJ] B TOPHBIX BBIPAOOTKAaX M Ha OOpTaxX KapbepoB.

2.2.2 Pa3paborka MeCTOPO:KIeHHMsI MOA3€MHBIM CIIOCOOOM  Ha
MeCTOPOKIACHUH AKKAJ

Pa3paboTka MecTOpOXKIeHUsI MOA3EMHBIM CIIOCOOOM - 3TO METOJ JOOBIYM
MOJIE3HBIX MCKOIAEMBIX, IPU KOTOPOM AOCTYII K PYJIHBIM T€JIaM OCYLIECTBIIACTCS
yepe3 MOJ3EMHbIE BBIPAOOTKH, TAKUE KAK IIAXThI, CTBOJBI U IITPEKH. DTOT METOJ
NPUMEHSAETCS TpHU TIYOOKHX 3ajJeraHusX PYIHBIX 3aJeKel, KOTJa OTKPBITHIM
cI0c00 CTAaHOBUTCS IKOHOMUYECKH U TEXHUYECKHU HelenecooopasHbiM. [loazemuast
no0brya o0ecreynBaeT MHHHMAJIbHOE BO3JACHCTBHE Ha OKPYXAIOUIYIO Cpely U
MO3BOJISIET pa3padaThIBaTh MECTOPOKACHUS B YCIOBUAX CIOXKHOTO pebeda.

B 2011 romy wHCcTHTYT «KasrumpouBeTMer» MNOATOTOBUI TEXHUKO-
HKOHOMUYECKOE OOOCHOBaHME Ui BCKPBITHS U HOCIHEAYIOWEH OTpaboTKU
MECTOpPOXICHHST AKKal MMOJ3eMHBIM crocobom [68]. B pamkax maHHOTO
000OCHOBaHUSl OBUIM MPOAHATM3UPOBAHBI PA3JIMYHBIE BAPUAHTHI BCKPBITHUS C
IPUMEHEHUEM BEPTHUKAJIBbHBIX CTBOJIOB. TEXHMUYECKOE 3aJaHHE Ha pa3paboOTKy
IIPOEKTa MPOMBIIUICHHOW 3KCIUTyaTallud 3allacOB MECTOPOXKICHHS IOA3EMHBIM
METOJIOM TaKke ObLIO mopydeHo UHCTUTYTY «Kasrunpousermer» [69]. CornacHo
NPUHATOMY MPOEKTy mpoineH Boctounslii yyactok rop 578 m, 500, 450m u
[leHTpanbHbI Kapbep MPOHAEH FOPHO-KAMHUTAIBHBIE BBIpAOOTKU rop +545, 505,
465, 425, 355 M 1 aBTOTPAaHCIIOPTHBIN YKIIOH 465-355 M LleHTpalibHOTO y4yacTKa.

JIOCTOMHCTBA MPUHATON CXEMBbI BCKPBITHSI:

- Hayajgo A0ObIYM PYyJbl Ha TPETHM TOJ MOCJe Hadajla CTpouTenbcTBa I
ouyepey MOA3EMHOI0 PYIHUKA;

- pyZJa ¥ nopojia BBIAAIOTCA CAaMOXOIHBIM 000pYAOBaHUEM;

- JTHO Kapbepa UCIIOIb3YETCS A CKIANPOBAHUS IOPOABL;

- caMOXOJIHOe 000pyJoBaHME, NPUMEHSEMOE Ha OYHCTHBIX padoTax,
JIOCTABJISIETCS] CBOMM XOZIOM.

[ITaxTHAast BOJ1a MO ITOJBHSM BBIJIAETCS B KAPbEP M OTKAUYNBAETCS KAPbEPHBIM
BOJOOTJIMBOM.

Mexanun3upoBaHHbIi BoccTaromuii Nel mpeaHazHaueH JJ1sl OIa4d CBEXKETO
BO3/lyXa (BEHTWJIATOPHOU ycTaHOBKOHM Thna «Kopdmany), cnycka-nmogbpema Jitoaen
U SIBIISIETCS MEXaHU3MPOBAHHBIM 3aMlaCHBIM BBIXOJOM IPU aBAPUHHOM pEKUME
paboThl MOA3eMHOr0 pyaHuKa. [[ns mogorpeBa momaBaeMoro Bo3Ayxa B 3MUMHHN
NEepPHOJI TPeyCMaTPUBAETCS KaJIOpU(EepHasi yCTaHOBKA.

Bbimaua 3arpsi3HEHHOro BO3AyXa MpeaycMaTpUBAaeTCsl 4Yepe3 IUTOIbHU U
Y4aCTKOBBIE BEHTHJISILIMOHHBIE BOCCTAIOUIUE, BBIXO/SIINE B Kapbep.

["'opu30HTHI yyacTKa BCKPBIBAIOTCS IITPEKAMHU, KBEpIIJIAraMu U OpTaMHu.
CeyeHusi TPaHCIOPTHOTO YKJIOHA MPHUHITHI M3 YCIOBUS COOJIOACHUS 3a30pOB
MeXay rabapuramMu 0OOPYTOBAaHUS U CTEHKAMH BBIPAOOTOK C YYETOM CKOPOCTH
NEpEIBIKEHUS MAILIVH.
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Pucynok 2.4 - CocTosiHME MOJ3EMHBIX BBIPAOOTOK Ha pynHuKe Axxkain Ha 2022 rof

Kpemienne B TpaHCHOPTHOM IITpeKe aHKepHOE (puc.2.5), KOHCTPYKIIUS
KOTOPBIX IIPUBE/ICHA HA PUCYHKE 2.5.

4100
Pucynok 2.5 - Cxema pacnosioKeHus: aHKEpHOU Kpemnu

1 — apmamypusiii cmpedicens, 2 — amnyna ¢ macmukou, 3 — watioa; 4 - eavxka
Pucynok 2.6 - KoHCTpyKLIMsI aHKEPHOU Kpenu
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B pesynbrate oOcnenoBanusi B 2018 romy Ha ropuzonte 545 M Obuin
OOHapy>KeHbI 3aKOJIbl U OTCIOCHHE TOPHBIX MOPOJ Ha MpoTsskeHue 10 MeTpos.
BusyanbHble o0ciieioBaHre MOKa3ajid, YTO HA JAHHOM YYacTKe MPOCIEKUBACTCS
KOHTaKT JIByX TOpOJ KPEMHHCTO-YTJIUCTBIX H3BECTHSKOB M MAaCCHUBHBIX
u3BeCTHAKOB. Ha aHHOM ydacTke ObLJIO MPUHATO YCTPAHUTh HABUCH HAJ| CETKOU U
OrpaHUYUTh JocTyi Joaei [70].

Ha MoMeHT oOcnenoBaHusi MOA3E€MHBIX TOpPHBIX BbIpaboTok ¢ 04.08 10
20.08.2022 u 10.11.2022 r. npu MpoOBEICHUU WHCTPYMEHTAIBHBIX HAOIIOACHUIN 32
CMEILIEHHUEM MOPOJ] MPUKOHTYPHOTO MAacCUBa TOPHBIX BBIPaOOTOK Ha rop. 500 M u
505 M IpOsABIEHUI TOPHOrO JABJIECHUS B BUJE TPECKOB U IMAJIEHUS KYCKOB FOPHOM
Macchl HE TPOCIYIIUBAIOCK. JIUIb MecTaMu 1o KpoBje rop.465 m u rop.505 M u
0COOEHHO 545 M UMENTUCH 3aKO0JIbl U OTCIIOEHUS KYCKOB TOPHBIX ITOPOJ] pa3MEPOM OT
0,1x0,2x0,1m mo 0,4x0,7x0,15M 10 KOHTAKTY (3a CETKOU KPETICHHU).

‘ Pucynok 2.7 - O6cnenoBanust Topu3onTta 545 M

2.3 IIpoOaembl oOecreyeHHsi YCTOMYMBOCTH TOPHBIX BBIPA00OTOK
AKIKAJICKOr0 MeCTOPOKICHHS

ObecnieyeHre yCTOMIMBOCTH TOPHBIX BEIPAOOTOK B TPEITUHOBATHIX MOPOAX
MPEICTaBIAET CO0OM OJIHY M3 HamboJjee CIOXKHBIX 3a7ad MPU CTPOUTEILCTBE U
AKCIUTyaTaIMi TOPHOJO0OBIBAIOIINX TIPEATPUSTHN.

TpemmHoBaTble MOPOABI - 3TO MACCHUBBI, IPOHHU3AHHBIE CUCTEMOU
€CTECTBEHHBIX TPEIIMH M Pa3IOMOB, CPOPMUPOBABIIUXCS IOJ BO3JECHCTBHEM
TEKTOHUYECKMX  HANpsOKEHUM,  NPOLIECCOB  BBIBETPUBAHUA U JIPYTHUX

reouHaMuuecknx (pakTopoB. Hamudue TpemmHOBATOCTH 3HAYUTEIBHO CHHIKACT
MIPOYHOCTHBIC XapPaKTEPUCTUKH TIOPOJ M HMX YCTOMYMBOCTh, YTO CO3JACT
JOTIOJTHUTEIBHBIC CII0KHOCTH MPHU MPOSKTUPOBAHUN YKPETIMTEIILHBIX KOHCTPYKITAN
U BBIOOPE MOIXOSIINX MOIU(PUITUPOBAHHBIX OETOHHBIX CMECEH.

Otu  npobiremMbl  OCOOCHHO  aKTyaldbHBl AN  MOJMMETAJUIMYECKUX
Mectopoxknenuit  Kazaxcrana, Takux kak  Tekenuiickoe,  AKXaJcKoe,
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Bepxuekanipaktuackoe u Kaparainmackoe, rae pyasl M BMEIIAKOLIUE HOPOABI
OCJIOKHEHBI TPEIIMHOBATHIMU HAPYIIEHUSMHU, YTO OCJIOKHSET UX pa3pabOTKYy.

[ToneBble wuccnegoBaHuMd Ha AKXKaJICKOM Kapbepe IIOKa3ajld, 4TO
3HaUUTENbHAS YacTh OOPYIICHHUH MPUypOYeHa K TPEHIMHOBATHIM 30HAM, MPUYEM
00beMbl OOpYIIEHUN YBEIUYMBAIOTCA MO MEpe OIKCIUTyaTallMd BbIPAOOTOK.
HaGntonenust 3a BbIpabOTKaMH, PACMOJOKEHHBIMU B TPEIIMHOBATHIX MOPOJAAX,
IIOKA3aJId, YTO UX YCTOMYHMBOCTh COXPAHSIETCS B TEUCHUE IIEPBOIO MECILA; OAHAKO
yepes ABa-TPU Mecsila HAYMHAIOT MOABIATHCA 3aK0Jibl mupuHoi 10 10—15 cm, uTo
PE3KO YBEIMYMBACT OOBEM U CIIOKHOCTh TOPHBIX paboOT, a TakKe 3aTpaTbl Ha
YKpEIIEHUE ¥ PEMOHT BBIPaOOTOK.

O6cnenoBanne kappepa kommaHuu  «Nova-llmHK»  BBISIBHIIO, 9TO
3HAYUTeNbHAs YacTh OOPYIIEHUI CBSi3aHA C 30HAMH TPEIIMHOBATBHIX TOPOJ, TIE
00BEM BBIBAJIOB BO3PACTAET CO BpeMeHeM. BrIipaOoTKu, MPOXOoasIIne yepe3 Takue
30HbI, COXPAHAIOT CTAaOMJIBHOCTH OKOJIO Mecsla, I0CJIe 4Yero HauuHaIoT
dbopMHpoOBaTbCS 3aKOJbI, a CIOYCTs JBa-TPU Mecsila HaOIIOJAI0TCs BBIBAJBI,
BBI3bIBAIOIIME OOpYIIEHHE KpPOBIM KYMHOJOOOpPa3HbIMH CTPYKTypaMu. OTO
CYILIECTBEHHO OCJIOKHAET NPOXOJYEeCKHe pabOThl M YBEIWYMBACT 3aTpaThl Ha
YKpPEIJIEHUE U PEMOHT BbIPaOOTOK.

AHanu3 TMoKa3all, YTO KPYTOHAKJIOHHBIE CHUCTEMBI TPEIIUH OKa3bIBAIOT
3HAYUTEJIIBHOE BJIMSHHME Ha YCTOMYMBOCTH BBIpaOOTOK. MecTopoxkaeHue
XapaKTEPHU3yeTCs] TPOYHBIMU MOPOJAMHU, MEPECEUEHHBIMHU PA3JIOMAMH Pa3JIMYHBIX
OpUEHTALIUN, BKIIIOYAs KPYIHbIE TEKTOHUYECKUE HAPYLIEHUSI U MEJIKHE TPEIIUHBI,
YTO CO3JAaeT JOMOJHUTENbHbIE TPYAHOCTH B O0ECHNEYEHUH YCTOMUMBOCTHU
BBIPA0OTOK. (puc.2.8).

Pucynok 2.8- I3MepeHrne NHTEHCUBHOCTH TPEILIMHOBATOCTH TOPHOTO
MaccuBa

AHanu3 TOPHO-TEOJIOTMYECKUX YCIOBUW MECTOPOXKACHUSI U COCTOSHUSA
BbIPAOOTOK, IPOUIEHHBIX Y€pe3 30Hbl HAPYIIEHHBIX MOPO/I, BHISIBUII 3HAUUTEIILHOE
BJIUSIHUE KPYTOHAKJIOHHBIX CHCTEM TPEUIMH Ha YCTOMYHUBOCTH BbIPAOOTOK.
TpewuHbl B MOPOJax XapaKTepU3yloTCsl BApUATUBHOCTHIO (POPMBI - OT POBHBIX U
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BOJIHUCTBIX JIO HEPOBHBIX, 3aHO3UCTHIX. IllupuHa packpbeITusi TpeuH He
MpEeBBIMIAET 3 MM, B cpeaHemM cocTtaBiisist 1,5—1,8 Mm.

C nepexooM Ha MOA3EMHBIM METOJI pa3pabOTKH B MacCHBE TOPHBIX MOPOJT
00pa3yroTCcsl IMYCTOTHI, YTO BEAET K Iepepacrpeie]ICHUI0 TOPHOTO JaBJICHUS U
pa3BUTHUIO Tpollecca CABWKEHHS mopoA. [loa BiMsSHUEM CHIIBI  TSKECTH,
0OyCJIOBJICHHON JaBJICHHWEM OT TOBEPXHOCTHBIX OTBAJOB, MOPOALI B KPOBIE
BBIPAOOTOK MPUXO/ISAT B JIBUYKEHUE, YTO BBI3BIBACT PEAKIIUIO TOPHOTO MACCHBA.

30Ha 3eMHOW IOBEPXHOCTH WCHBITHIBACT CMEIICHHE, 00pa3ys MYJbIy
CIABW)KCHUSI BCJEACTBHE TIOI3EMHBIX pPAbOT. B yCIOBHAX TOJHOTO pPa3BUTHS
mpoiecca  CMEHeHUusT B Myjdbjae  (GopMupyercs  30Ha  OOpyIIeHUS,
XapaKkTepUu3yrouascs MoTepel yCTOWYMBOCTH MacCHMBa, YTO CO3Ja€T OMACHOCTH
BHE3AIMHBIX TPOBATIOB U (HOPMUPOBAHUS BOPOHOK.

Paznuyust B NpOYHOCTHBIX XapaKTEPUCTUKAX TOPHBIX MOPOJ U 3HAUYUTEIBHOE
UX ociabJieHWe TIpu KOHTAKT€ C BO3JAYXOM U Biarod oO0yCIaBIMBAIOT
HE0OXOUMOCTh  TH((HEPEHIIMPOBAHHOTO  yIPAaBJICHUS CBONCTBAMH  IOPO/I,
YYUTBIBAsl KX TPEUIMHOBATOCTh M CKIIOHHOCTH K pa3pyIICHHUIO.

JIns CHUJIBHO TPENIMHOBATHIX TOPOJ ¢ Ko3hdHUIMEHTOM KpemocTu 5-8
PEKOMEHYeTCSl TOKPBITHE CTEHOK BBIPAOOTOK MOJIU(PHUIIMPOBAHHBIM OCTOHOM B
COYETAaHUM C AHKEPHOW KpEIblO, YTO 3HAYUTEJIBHO CHU3UT TOPHOE JABJIICHUE Ha
Kpelb, OTPAHUYUT PACHPOCTPAHEHHUE IIpollecca BBIBETPUBAHUS U PACCIOCHUS
BBIIIEJICKAIIUX CJIOEB U MPEAOTBPATUT U3MEHEHHE CBOMCTB TPEIIIMHOBATHIX MOPO/I.

2.4 UHHOBAMOHHBIN CIIOCO0 YKPeEIUIEHUsI 0TKOCA Kapbepa

Cnoco0 HampaBlieH Ha co3JaHue mOpocTtoro U A(P¢ekTuBHOro crnocoda
YKpPEIUICHHsI OTKOCAa YyCTyna Kapbepa W TNPEAOTBpAICHHWE OCBIAaHHE MOPOJ C
MOBEPXHOCTHU 0TKOca. Criocol mperycMaTpuBaeT CO3/IaHrEe 30HbI IPOOICHUS MTyTeM
OypeHHsS JKPAaHHPYIOIIWX HAKJIOHHBIX CKBaXHWH TMapaUIeIbHO  OymyIieH
MOBEPXHOCTH OTKOCA W WX B3PBIBAHUSA, OYpPCHHE JOTIOJHUTEIBHBIX CKBaKWH,
YCTaHOBKY B HUX apMaTyp, MPH 3TOM apMaTypbl YCTaHABIMBAIOT TAKUM CIIOCOOOM,
4TOOBI OHU TNPHJIETATN K CTEHKE CKBKMHBI CO CTOPOHBI OyAyIed MOBEPXHOCTH
OTKOCA, TP ATOM HCITOJIB3YIOT apMaTyphl C TPUBAPCHHBIMH KPIOYKAMU, 3aTIOTHSIOT
JIOTIOTHUTEIbHBIE  CKBOKMHBI ~ YKPETUIAIONIMM  PAacTBOPOM, Tiocie  yOOpKu
B30PBAaHHOW MacChl M 3a4MCTKH TOBEPXHOCTH OTKOCA, K KpHOYKaM apmaryp
JIOTIOJTHUTEIBHBIX HAKJIOHHBIX CKBAXKHH 3aKPEIUISIOT METALUTHUECKYHO CETKY IO
BCEi TIOBEPXHOCTH OTKOCA, a 3aT€M HAHOCAT Ha HEE YKPETUISIONINN pacTBOP.

TexHuUecKUM pe3yabTaToM croco0a SBISETCS TOBBIIMICHHE HAJICKHOCTH
YKpEIUIEHUs] OTKOCa yCTYNOB Kapbepa W TPEJOTBPAIICHHE OCBIAHUE TIOPOJ C
MIOBEPXHOCTH OTKOCA X BO3MOXKHOT'O OOpyIIIeHus: 00PTOB Kaphbepa.

N300peTenne OTHOCUTCS K TOPHOMY JIeNTy i MOKET OBITh UCIIOJIb30BaHO IS
YKPEIUICHHUSI 0TKOCA YCTYIIOB KaphepOB.

Ha GonpmnHCTBE KapbepoB TOpHBIE MOPOJIBI, Cllararoie Hepaboune O0opra,
HEOJHOPOIHBI TI0 CBOCH CTPYKType U (U3NYECKHM M MEXAaHHYECKUM CBOWCTBAM.
Jlaxke B OJHOPOJHBIX HM3BEPKECHUSX TOPOJAX KAPBEPHOTO TIOJSI HACYMTHIBACTCS
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MHO>KECTBO 30H TEKTOHMYECKOM HapyIIEHHOCTH. B 3aBUCHMOCTH OT UX pa3MepoB U
MIPOCTPAHCTBEHHOW OPHEHTAllMM OHM OKAa3bIBAIOT 3HAUMTEIBHOE BIMSHHE Ha
YCTOHYMBOCTh OTKOCAa YCTYNOB U OOpToB. C MOMOIIBI0 YKPEIUICHHUS MOXHO
3aMeJISITh MPOIIECCHI M MPEAYPEKIATh OCHITIAHUSI TIOPOJ] C TIOBEPXHOCTH OTKOCOB
U oOpymeHuss OOpTOB Kapbhepa. YMPOUYHEHHWE MacCHBa TOPHBIX TOPOJa Ha
ocnabJIeHHBIX yJ9acTKaX JOCTUTAETCS BBEICHHWEM B TPEIIMHBI MAcCHBA BEIECTB,
KOTOpBIC TIOCJTE€ OTBEPACBAHMS W CXBaThIBAHUSA C TIOPOJOW YBEITUYHMBAIOT €€
XapaKTePUCTHKHU COMPOTHUBIICHUS cBUTY. CYITHOCTh M300pPETEHUS 3aKITI0YaeTCs B
TOM, YTO CHOCO0 YKpEIUIEHHs OTKOCa yCTyma Kaphepa BKIIOYAET CO3JaHUE 30HBI
npobnieHust myTeM OypeHHus SKPAaHUPYIOUIMX HAKIOHHBIX CKBAXUH MapaiiebHO
Oyaymieil MOBEPXHOCTH OTKOCA M WX B3PBIBaHUA; OypeHHE HOIMOJHUTEIbHBIX
MIPEIOXPAHUTEIFHBIX CKBAKHWH C YCTAHOBKOW B HUX apMaTyphl M 3alOJHEHUE WX
YKPETUISIONIUM PacTBOPOM.

M3Becten crmoco® ympodHEHHs OTKOCa YCTYNOB KapbepoB [17],
3aKjIrovaronecss B OypeHMHM ¢ BEpXHEW IUIOMIAJKU YCTYyNa BEPTUKAIBHBIX U
HAKJIOHHBIX CKBQKMH Ha PACCTOSHUU 4-5 METPOB JPYT OT JApyra U HarHETaHUH B
HUX IIEMEHTHOTO PacTBOPA JI0 MOJHOTO HACKIIIEHUS aHAJIOTa.

Crioco0 He MO3BOJSET JOCTATOYHO HA/IEKHO YKPENHUTh OTKOCHI YCTYIIOB
Kapbepa U He MPeoXpaHsieT MOBEPXHOCTh OTKOCA OT BHIBETPUBAHUS U OCHITTAHMUS.

N3BecTen crnoco0® ykperieHus YCTymnoB Kapbepa [/1]. mytem Oypenus
BEPTUKAJBHBIX CKBAXMH, YCTAHOBKU B HUX KEJIC300€TOHHBIX CBAall U IEMEHTAITUN
MaccCHBa.

Croco0 xapakTepusyeTcsl HEAOCTATOYHOW HAaIeKHOCTHIO YKpEIIJICHHS
OTKOCOB HE TO3BOJIIET JOCTATOYHO HANIEKHO YKPENUTh OTKOCHI YCTYNOB WU HE
MPEIOTBpAIaeT BHIBETPUBAHKIE U OCHITIAHUE TIOBEPXHOCTH OTKOCA.

W3BecTeH crnocod yKperuieHus ycTymna Kapbepa [ /2], BRIOpaHHBIN B KaueCcTBe
OnvKalIIero aHauora.

Crnoco6 BKJIIOYAET CO3/aHUE 30HBI  JIpoOJIeHUsT TyTeM OypeHws
HKPAHUPYIOIINX HAKJIOHHBIX CKBAKUH MapajuieIbHO Oy IyIIei MTOBEPXHOCTH OTKOCA
Y UX B3pBbIBaHUS, OypeHUE TOMOJIHUTEIbHBIX CKBOKUH, YCTAHOBKY B HUX apMaTyphl,
IIPU 9TOM apMaTypy yCTaHABJIMBAIOT TaKUM CIIOCOOOM, UYTOOBI OHA MpuUieraia K
CTEHKE CKBa)XMHBI CO CTOPOHBI OyAylIeil MOBEPXHOCTH OTKOCAa M 3alOJHIIOT UX
YKPEIUISIONAM PacTBOPOM TIOCJI€ YOOPKH B30PBAaHHOM MAacChl M 3a4UCTKU
MOBEPXHOCTH OTKOCAa K apMmarype OMOJHHUTEIBHBIX HAKIOHHBIX CKBaXXUH
PUBAPUBAIOT CTEP)KHU WM KPIOYKH, Ha KOTOPBIX 3aKPEIUIIIOT METaTHYECKYIO
CETKy MO BCEW MOBEPXHOCTH OTKOCA, a 3aTeM HAHOCAT Ha Hee YKPEeTUISIOLIU
pacTBop.

HenocraTtkom croco0a sIBISIETCS CIIOKHOCTh M TPYAOEMKOCTH Ipoliecca
NpUBApKH KPIOYKOB K apMarype, HaxoJAIIeics B I[EMEHTHOM MOHOJUTE, B
pe3ysbTaTe KOTOPOTO HapyIIAeTCsl CIJIOUIHOCTh MOBEPXHOCTHOIO CJIOS OTKOCA U
MPOYHOCTH MOHOJIUTA.

Texnnueckas 3amava 3aKIIOYAETCS B CO3JaHUU MPOCTOro M 3((HEKTUBHOTO
crioco0a yKperIeHHus] 0TKOca yCTyma Kapbepa U MPeI0TBPALICHHE OCBHITTAHUE TOPOJ
C TIOBEPXHOCTH OTKOCA.
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TexHuYecKUM pe3ysbTaTOM croco0a SBISETCS MOBBINICHUE HAIEKHOCTH
YKpEIUIEHUs] OTKOCa YCTYNOB Kapbepa W MPEeAOTBpAIIEHUE OCBIAHUE IMOPOJ C
MOBEPXHOCTH OTKOCA U BO3MOKHOTO 00pyIlieHHus 0OpTOB Kapbepa.

JIJ1st TOCTHKEHUS ATOrO pe3yibTaTa B 3asBIISIEMOM CIOCOOE CO3/1at0TCS 30HBI
Ipo0IeHusT yTeM OypeHUs SKPaHUPYIONIUX HAKJIOHHBIX CKBXKHH MapalijieIbHO
Oyayield TMOBEpXHOCTH OTKOCA M WX B3pbIBaHUS, OypeHHE HOMOIHHUTEIIbHBIX
CKB&)XHMH, YCTAHOBKY B HUX apMaTyp, MpU 3TOM apMaTypbl yCTaHABIMBAIOT TaKUM
cnocoboM, 4TOObl OHHM TMPWJIETAIH K CTEHKE CKBAKMHBI CO CTOPOHBI OymyIIei
MOBEPXHOCTH OTKOCA, IPU 3TOM MCIOJB3YIOT apMarypbl C MPUBAPECHHBIMU
KpIOYKaMH, 3aMOJHSIOT JIOMOJIHUTEIbHBIE CKBRXXUHBI YKPEIUISIIOIIUM PacTBOPOM,
nocyie yOOpKH B30PBaHHOM MAacChl U 3aYMCTKU IMOBEPXHOCTH OTKOCA, K KPIOUKam
apMaTyp JOTOJIHUTEJIbHBIX HAKJIOHHBIX CKBAXKHH 3aKPEIUISIIOT METATUYECKYIO
CETKy MO BCEW IMOBEPXHOCTU OTKOCA, & 3aT€M HAHOCAT Ha HEe YKPEIUISIOLIUN
pacTBop.

N300peTenne WUTIOCTpUpyeTcsl Ha pucyHke 2.9.

(6]

4 2 3 1 5. B i 8 1

nnannnRAnAnnane

a) ‘ 0)
a - uzobpadicenue 8 niame; O - U300padiceHue 8 U30Mempuu.
Pucynox 2.9 - M306paxenue paboyeit TIonaaku yKperieHus: 0TKOC
Kapbepa

Cnoco6 ocymiecTBisieTcs: ciaeayomuM odpa3zoMm. [lpu mpoxonake TOpHBIX
paboT k rpaHuile 60pTa Kapbepa OypsAT HAKJIOHHBIEC PKPAHUPYIOIINE CKBAKUHBI 2
(puc.2.9, a) ¢ paccrossHEeM MeXAy HUMHU 1,5- 3 M B 3aBUCHMOCTH OT KPEIOCTH
TOPHBIX TMOPOJ MapayjieNbHO Oyaylield MOBEpPXHOCTH OTKOca 3. DKpaHUPYIOUIUE
CKBAXXUHBI 2 3apsiKaroT U B3pbIBatoOT. [lociie B3pbiBa oOpa3yeTrcs 30Ha APOOICHUS
nopox 4. 3areM MpPOW3BOAAT YOOPKY B30pPBAaHHOW TOPHOW MacChl M 3alIUIIAIOT
MOBEPXHOCTh OTKOca 3. BypsT AOMONHUTENbHBIE CKBAXUHBI U YCTAaHABIMBAIOT B
HUX apMarypbl 5 C NPUBAapEHHBIMH KPIOYKAMM, 3aIMOJIHSIOT JOIMOJIHUTEIbHbIC
CKBaYKMHBI YKPEIUIAIOUM pacTBopoM. [Ipu aToM apmatypa 5 1oykHa npuieraTh K
MOBEPXHOCTH OTKOCAa 3 Kapbepa. 3areM Ha Kprouku 6 apmatyp 5 (puc.2.9, 6)
HATSATUBAIOT METANIMYECKYI0 CeTKYy (pabuily) 7 M HAHOCIT Ha CETKYy CIJIOH
YKPEIUISAIONIEro IIEMEHTHOTO PacTBOpPa - 8 METO/IOM HaOpbI3ra.
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2.5 OT60p Npod ropHbIX MOPOJ MACCHUBA MECTOPOKAEHUS AKKAJ

Otbop mpod ropHBIX mopoa [73] MaccuBa CBHHIIOBO-IIMHKOBOTO
MECTOPOXKACHUSI AKXKall TPOBOAUTCA C IEJbI0 JaOOpPaTOPHOIO OINpeAesCHUs
(U3NKO-MEXaHNYCCKUX XaPaKTEPUCTHK TOPO [74], CylIECTBEHHO BJIMSIONIUX Ha
MPOLIECC CABUXKEHUS, JUISl OLICHKU UX MPUTOJIHOCTH B CTPOUTEIBHBIX MaTepuaiax u
OIpe/ieNICHUs] yCTOMUNBOCTH OOPTOB Kapbepa.

[Ipo6s1 oTOMparoTCs M3 pa3IMYHBIX 30H MacCHBa, BKJIOYas PYyAHbIE H
BMEUIAIOIINE TOPOJIbI, C YYETOM UX TPEIIMHOBATOCTH, CTPYKTYPbl 1 MUHEPAJILHOTO
cocTaBa.

OCHOBHBIMHU METOIaMU 0TOOpa MPOO HA MECTOPOXKJICHUU SBIIAIOTCS OypeHHe
CKBOXMH W OTOOp MOHOJUTHBIX Tpo0. BypeHme mo3BomisieT M3BIEKaTh KEPHBI C
Oonpmmx TayouH (puc.2.10, @), coxpaHss UX CTPYKTypy M MHUHEPATOTHUECCKHUI
COCTaB, 4YTO OCOOEHHO Ba)XXHO MPU MCCIEIOBAHUM 30HBI PYIJOHOCHOCTU H
ONM3IIeKAIUX TOPOJ, TJ€ MOTYT MPOUCXOAWTH BBIBETPUBAHHE U TEXHOTEHHBIC
u3MeHeHus. KepHbl 3aTeM TpaHCHOPTUPYIOTCS B JIaOOPATOPHUIO AJi MPOBEICHUS
MEXaHUYECKUX U XUMMUYECKUX aHaiau30B. [Ipu Hamuuuu ropHbIx (KaHaBbl, IIypdsol,
CTBOJIbI, KBEpLUIArd U T.J.) ¥ MOA3EMHBIX BBIPAOOTOK MPOObI OTOMPAIOT U3 MOPOJ B
Bujie MOHOJUTOB (puc.2.10, 6, 8). MoHOMUTHBIE TPOOLI 00ECTIEYNBAIOT COXPAHEHUE
TEKCTYphI TOPOJbI U TO3BOJIAIOT MPOBECTH JCTAIbHBIA aHAIN3 MPOYHOCTHBIX U
neOpPMAIMOHHBIX  XapaKTePUCTHK, YTO HEOOXOAUMO Ui MOJAETHMPOBAHUS
MOBE/ICHUSI MACCUBA MPHY MPOBEJCHUH BHIPAOOTOK.

8
a — KepHbl U3 CKBANCUH, O — MOHOJIUMHbBLE NPOObL, 8 - NOOZEMHBIX 8bIPADOMKAX.
Pucynox 2.10 - Ot6op mpo0 Ha MECTOPOKICHAH AKXKa

Ha ocHoBe uccnenoBaHuil mpo0O TPELIMHOBATHIX MOPOJ YCTAHOBJIEHO, UYTO
CTENEeHb TPEUIMHOBATOCTH BapbUPYETCS, W MOPOABl MOXKHO DPa3AeNuTh Ha TpU
KAaTErOPHHU: C BBICOKOM, 3HAUUTENBHOW M YMEPEHHOM CTENEHBIO HAPYIIEHHOCTH. JTa
KJIacCU(UKalusl MO3BOJIAET OOJee TOYHO YUYUTHIBATH CHenu(UKy MaccuBa INpU
MPOCKTUPOBAHUM W YKPEIJICHUU TOPHBIX BbIPabOTOK. (Tabm. 2.1). TpemuHsl
BapbUPYIOTCS MO (pOpMe: OT POBHBIX M BOJHUCTHIX IO HEPOBHBIX U 3aHO3UCTHIX, C
HIMPUHON PACKPBITUA 10 3 MM, B cpeiHeM cocTaBiisisa 1,5—1,8 MM.
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Tabnuna 2.1 - Knaccudukaius mopoJ MECTOPOKIACHUH AKXKal, UX (PU3HUKO-
MEXaHUYeCKHEe CBOMCTBA, CTPYKTYpa U TEKCTypa

IIpou- | Kpemnoc
Ne Crenenn XapaxTe- | Ne poH Derocth Cocrosire Opuen-
HOCTh Ha | opoa o | Crpyk- N
rpy | TpemuHo- puctuka | mpod TIOCKOC-TEH Taus
OIbl | BaTOCTH opoJI pr | OKaTHe Hpromeako | Typa TpelIvH TpenuH
MIla HOBY, 'Q
Becsma Ksapi- 9 43,4 3 Meinko- | ITlimockocTu TpemmHbl
I TPELIUHO- CEepLIHUT- 10 448 3 3€pHUC | TPEIIWH He- | IapajlieIbHOR
BaThle xjoputoB | 11 65,5 5 Tas pOBHBIE CJIOUCTOCTH
Cpennee 3HaueHUE 12 51.2 4
CitbHo 2 84 6 Meiko ITnockocTu Tperuab
Cepurur- | 4 103,6 7 TPEINH He- pasHo-
. TPCIIIHO KBapIeB 3epHHC OBHBIC,33- | OPHEHTHPO-
BaThIe PUEB. 14 106,4 8 Tas p ’ p p
HO3HUCTBIC BaHbI
Cpennee 3HaueHUE 62,7 7
3 | 1400 10 . Tpemur
e Pp— Meiko JIOCKOCTH pazHoopu
Huopur 5 154,0 11 TPEIIMH HE- | EHTHUPOBAHLI,
Il | TpemmHoBar 3epHUC
Lo KBapIIUT Tas pOBHBIE,3a- napasuieNb-
7 162,4 12 HO3HCThIC. HOW clionc-
TOCTH
Cpennee 3HaueHUE 152,1 11

[IpoBencHHBIC WCCIIEOBAHUS MPOO TOKA3ald, YTO TIOPOABI 00JIATaroT
pPa3IMYHOM CTEMEeHBIO TPEIIMHOBATOCTH, YTO BIHUSET HAa YCTOWYMBOCTH OOPTOB
Kapbepa. Huskas ycTOHYMBOCTH CKJIOHOB OOYCIOBJEHA CKJIOHHOCTBIO IMOPOJa K
pa3pylieHuro, IPoJIEMOHCTPUPOBAHHOM Ha puc. 2.11.

Yroa OTKROCA, rpajy

Bpemsa cToAHHA VCTYIOR, t (1eT)
Pucynok 2.11- 3aBuCMMOCTB yria HakjiOHa yCTylla OT BPEMEHHU CTOSHUSA
YCTYTIOB
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2.6 HccaenoBanue OTX0/0B 00OTalleHUs] MECTOPOKIEHUS] AKXKaJI C
HeJbI0 onpeejeHUs] UX MPUTOJIHOCTH AJs 0eTOHHBIX U TOPKpPeT 0eTOHHBIX
cMeceH

Cpenu paznuuHbIX OTpacieil MPOMBIIUIEHHOCTH - XUMUYECKOU, TOTIMBHO-
HPHEPreTUYECKON, METaJUypruuecKod M TOpHOAOOBIBAaIOUIE - 0c000e MEeCcTo
3aHMMAaeT TOPHOI00BIBAIOIIAS TPOMBIIUIEHHOCTD PEJIKUX, IBETHBIX U 0JIATOPOHBIX
METaUIOB. JTa OTpacib XapaKTEPU3YEeTCs TEM, YTO B KOHEYHYIO MPOIYKLIHIO
npeBpamaeTcs Juib 0koso 1-2% oT m1o0bIBaeMOro ChIphsi, TOTAAa Kak B 4EpHOM
METaJUIyprud 3TOT mokazarens jnocturaer 50%. B pesynbrare mo BceMy MHpPY
HakoruieHo Oosiee 300 MIpA TOHH OTXOJOB 3TOM MPOMBIIUIEHHOCTH, BKIIOYast
cBbile 67 Mipa TOHH B Kaszaxcrane.

B ropao-meramnyprudeckom komiiekce Pecriyosnnku Kazaxcran 3a MHOTHe
rofibl CKONMWJINCh OrPOMHBIE OOBEMBI OTXOJOB BCKPBIIIHBIX IOPOJA, XBOCTOB
oOoramieHuss ¥ M[UIaKOB. EJKErogHO KOJMYECTBO MPOMBIIUIEHHBIX OTXOJ0B
YBEIMYMBACTCS MPUONM3UTENbHO Ha 1,5 MIpI TOHH, NpPU D3TOM YPOBEHB
UCIIOJIb30BaHUSl TEXHOTEHHBIX MUHEpaibHbIX oOpazoBanuii (TMO) ocraéres
HU3KUM. DTH OTXO/Ibl 3aHUMAIOT 3HAYUTENIbHbIE TeppuTOpun (Oosee 150 KB. kM) U
OKa3bIBAIOT CEPHE3HOE HETATUBHOE BO3JICHCTBHE HA OKPYKAIOLLYIO CPEy, BKIIFOYAs
autocdepy, ruapocdepy, atmochepy u 6uocdepy, 4To MIPUBOIUT K CYILIECTBEHHBIM
HKOHOMHUYECKUM, COLIMAIIBHBIM U YKOJIOTMYECKUM IIpoOIemMam.

B npouecce n1o6bsun u nepepaboTKu pya oOpa3yroTcs JBa BUAA OTXOJOB:
BCKPBIIIHBIE U MYCTHIE MOPOABI MPHU T0OBIUE, a TaKKE XBOCTHI 0OOTAIEHUS TPH
nepepabotke Ha (aOpukax. Pyawpl OOJBIIMHCTBA MECTOPOXKIACHUN SIBIISIOTCS
KOMIUIEKCHBIMU H, Hapsiay ¢ 1-3 OCHOBHBIMH KOMIIOHEHTaMH, COJIEPKAT MPUMECH
onaropoanbix (Au, Ag, Pt u np.), paccessHubix U peakux metamioB (Bi, Se, Te, Re,
Cd, Ge, In, Ga, Ti, Co, Ni, V u 11p.), KOTOpbIC YacTO B 3HAYUTEIIBHOW CTCIICHH
YXOJST B OTBAJIbl BMECTE C MYCTHIMU MOPOJAMHU, HEKOHAUIIMOHHBIMU PyJlaMU U
XBOCTaMU O0OTaIlEHUS.

OTU OTXO/bl MPUTOIHBI JIJISI U3BJICUEHUS IIBETHBIX, YEPHBIX M 0JaropoIHBIX
METAJIJIOB, PEIKUX M PACCESIHHBIX 3JEMEHTOB, Cepbl, OapuTa U APYTUX LEHHBIX
KOMITIOHEHTOB, TOJTOMY OHHM HA3bIBAIOTCS BTOPUYHBIMH  MHHEPATHHBIMU
oopazoBanusmu  (BMO). Tlpm wux mnepepaboTke o00pa3yrTCs BTOPHUYHBIC
TEXHOT€HHbIE MHHEpalibHbie oOpazoBanus (BTMO), xoropeie yxke He
NPEACTABIAIOT MHTEpeca KaK MHHEpPAJbHOE ChIPbE ISl METAJLTyprHuecKoro
nepeaena.

Kpome Toro, cpean OTX0JI0B UMEIOTCSI MPAKTHYECKU «YUCTHIE» HEPYIHBIE
MOPOJbl U «YUCTHIE» XBOCTHI OOOTAILIEHHUS, B COCTaBE KOTOPBIX IIEHHBIE JIEMEHTHI
OTCYTCTBYIOT B KOJHMYECTBAX, MPEIACTABISAIOIIUX MPAKTUUYECKUN HUHTEpec. DTH
MEepPBUYHBIC TEXHOTEHHbIE MUHepalbHble oOpa3zoBanus ([ITMO) Ttakxke He
paccMaTpuBalOTCA KaK MUHEPAJIBbHOE ChIPBE ISl METAJUTYPTrUYecKor mepepaboTKu.

Taxum 06pazom, B rOpHO-METAJLTypruueCcKOM IIPOU3BOJICTBE 00pa3yIOTCs Ba
BUJ]a TEXHOTCHHBIX MUHEPAIbHBIX 00pa30BaHMii, HE MPEACTABISIONIMX HMHTEpeca
JUISI METAJLTYPrU4E€CKOro nepeena:

o IlepBrIii BUJ - TOUTH «YUCTHIE» HEPYIHBIE MOPOABI M XBOCTHI OOOTAIIICHHUS.
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o BTopoil BuA - OTXOABI MOCIE M3BJICYEHUS ITOJIE3HBIX KOMIIOHEHTOB W3

BTOPUYHBIX MUHEPAJIHLHBIX 00pa30BaHUI.

O6a »THX BHJIa OTXOAO0B HAKAIIMBAIOTCS B OTBAJIAX U XBOCTOXPAHWIIMIIAX,
OKa3bIBas 3HAYUTEJIBHOE AHTPONOTEHHOE BO3JEHCTBUE HA DKOCUCTEMY H
MPECTABIISAS IKOJIOTHYECKYI0 yrpo3y. Crnenuduka U XxapakTep 3TUX HAKOIJICHUHN
CBsI3aHBI C UCTOpUEH UX 00pa3oBaHUsl, OOYCIOBIEHHON N00ObIYeH, o0oraleHueM
METaJUTypruuecKoi nepepadoTKON MUHEPATILHOTO ChIPbSI.

OgHuM W3 OpeanpusTUd, rae o0pa3yroTcs TaKhe HEPYIHBbIE MOPOAbl U
xBOCThI o0oratienust, seisiercss TOO «Nova [{unky, pazpadatbiBaroiiiee CBUHIIOBO-
LIMHKOBOE MECTOpOXkIeHHEe Arxkal, a Takke AO «Akmartayckuid KeH-OalbITy
KOMOHMHATBD», TIOTYYaIoIee HCXOTHOE ChIPhE U3 AKKaIbCKOTO MECTOPOKICHUS.

AKTyaJIbHBIM U NMPUOPUTETHHIM HAMPABJICHUEM IO YTUJIW3AIMU YKa3aHHBIX
OTXOJIOB SIBJISIETCSI MX HCHOJB30BAHME JUJII TPOU3BOJACTBA CTPOUTEIBHBIX
MaTepuaioB. PacmimpeHne MUHEPaIbHO-CHIPhEBOM 0a3bl MPOMBIIUIEHHOCTH
CTPOUTEIBHBIX MaTEPUATIOB MOXKET OBITh JIOCTUTHYTO HE TOJILKO IyTEM IOUCKA
HOBBIX MECTOPOXICHUN HEPYAHBIX IOJIE3HBIX MCKONAEMbIX, HO U 3a CYET
BOBJICYEHUS! B IPOU3BOJCTBO TEXHOTCHHBIX OTXOJOB HEPYIHOIO CBIPBS.
TexHoreHHO€ ChIpbE, KaK MpaBUiIO, TpeOyeT NPOMBINUIEHHON mepepaboTKu C
npUMeHeHueM 3(()EKTUBHBIX METOJOB U TEXHOJOIMM, OOECIeunBaIOLIUX €ro
IIOJIHOE MCIOJIb30BAaHUE IIPU MAKCUMAJIbHOM COXPAHEHUH OKPYKAKOLIEH CpEe/bl.

[TpomeInuienHas: mepepaboTka TEXHOIEHHOTO ChIPbs (OTXO0I0B 0OOTaIieHus,
BCKPBIIIHBIX M BMEIIAIOMIMX MOPOJ), CXOJHOTO MO COCTaBY C MNPHUPOJHBIM M
UCITIOJIb3yEMOT0 B TPAJAMIIMOHHBIX HAIPABJICHUSX, IPAKTUYECKH HE OTIMYAETCS OT
nepepaboTKH MPHUPOJTHOTO MHHEPATbHOTO ChIpbs [/5]. [ToaTomy mcmosib30BaHHE
OTXOJIOB TOPHOM MPOMBIIUIEHHOCTH [JIsl TOJIYYEHHS W3 HHUX CTPOUTENIbHBIX
MaTepHalioB SABISIETCS AKTyaJIbHOW 3a/adyedl M TPUOPUTETHBIM HAINpPABICHUEM,
CHOCOOCTBYIOUIMM PELICHUIO JKOJOTUYECKUX TMpoOJeM U  paluOHaIbHOMY
UCITOJIb30BAaHUIO MUHEPAJIbHO-CBIPBEBBIX PECYPCOB.

N3BecTeH MHBEKIIMOHHBIN COCTaB [ /6] mJisi TUAPOU3OISIIUU PACTBOPOB MIPH
MOA3€MHOM BbIIIEeIa4uBaHUU pyd. OH COIEPKUT KayCTUUECKUN MAarHe3uT, pacTBOP
XJIOPUIOB MarHus, 100aBKy U BOJYy, a B KauecCTBE JIOOABKU COACPKUT IMYJIbCHIO
HepTeOUTYyMa TpU  CIEAYIOLIEM COOTHOLUIEHHMM KOMIIOHEHTOB, Mac, %
KaycTHuecKkuid marie3ut 50; pacTBOp XJIOPUJIOB MarHus ¢ yAelabHbIM Becom 1,24
r/cM3 - 22,7; 20%-nas smynbeust HepTeOuTyma - 7-16; Boga — ocTajabHOE.

Hcnonb3oBaHrne J@HHOTO COCTaBa IIO3BOJISIET JOCTHYb OIpPEAEIIEHHbIX
IMPOYHOCTHBIX ~ XapakTEPUCTHK, HO COCTaB HEOOXOAMMO TOTOBUTH  JJiA
WCITIOJIb30BAHUS HA MECTE, M OH HEJJOCTATOYHO JICIIEBBIM.

N3BecteH coctaB [77] niis yKpeIwieHUs] TPEeIIMHOBATBIX TOPHBIX BBIPAOOTOK
OH coaepXuUT KapOaMHAHYIO cmoily, (Gocdorumnc, oTBepaUTeSIb U B KaueCTBE
pactBopuTes U actudukaropa 1% pacTBop METUIILIEIUTIONO3bI, TPU CIIETYIOIIEM
COOTHOIIIEHHH KOMITOHEHTOB, Macc. %: kapbamuanas cmona - 65; pocdorumnc — 15-
25; 1% pactBop Metumemiono3s — 10-20.

CMemmBaHue B TPUBEICHHBIX COOTHOIIEHUSX KOMIIOHEHTOB OOpa3yercs
CEMMEHTAILMOHHO YCTOMYMBBIA pacTBOp ¢ BA3KOCTHIO 41-87 cexyna no B3-4 npu
23°C neoOxomuMoil KoHcucTeHIMEH. Bpems remeoOpa3oBaHMs TpeiaraeMbIxX
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cocTaBoB OT 75 no 146 MuH. DTOro BpeMEHH JIOCTATOYHO JJI OCYILECTBIICHHS
HEOOXOJMMBIX TEXHOJOTMYECKUX omnepanuii: Harneranus cocraBa B IIMypBl,
NEPECTaHOBKA UHBEKTOPA U IPOMBIBKH 000PYAOBAHUS.

HenocraTtkom pactBopa sIBIS€TCS BBICOKAs CTOMMOCTb M OTPaHUYEHHOCTH
BPEMEHM ISl COBEPILIEHUS TEXHOJIOTUYECKUX ONEpallnii.

W3BecteH coctaB [/8] g yNpOUHEHUs TPEIIMHOBATBIX TOPHBIX MOPOJ
MacCHUBOB U 1I€JINKOB, BBIOPAHHBIH B KauecTBe Onmrkaiiiiero aHaiora. OH coiep KUt
CIIeyIONTMe KOMIOHEHTHI, Mac, %: memeHT 30-35, XBOCTBI 00OTaTHTEIHLHOI
babpuku 45-50, meTunmemono3a 3-4, Bo1a OCTaIbHOE.

B xone npoBeneHus SKCIEpUMEHTOB BBISICHUIIOCH, YTO COCTAaB C 100aBICHUEM
XBOCTOB AkbOakaiickoit O® mnpuemiieM TOJIBKO IS MOpPoa ¢ KO3(PPUIIUECHTOM
kpernocTH f >14-16 ¢ yacTUYHOI TPEIIMHOBATOCTHIO.

2.6.1 CpaBHuTeJbHBIH aHAIU3 TepepadOTKU OTXO0J0B TOPHOIO
NpOU3BOICTBA

PocT 06beMoB cTpouTenbcTBa B Kazaxcrane co3iaeT BBICOKYIO OTPEOHOCTh
B MUHEPAJIbHOM CBIPbE, HCIIOJIB3YEMOM JUI IIPOU3BOJACTBA CTPOUTEIBHBIX
MaTepuaioB. B ycnoBusax pacTyimux MacitaboB oTpaciiv BOCTpEOOBaHbI peIICHNUS,
NO3BOJISIIOIIME COKPAaTUTh 3aTpaTbl M CHU3WTH 3aBUCUMOCTh OT NEPBUYHBIX
IPUPOAHBIX pecypcoB. DPPEKTUBHONW aNbTEPHATUBOW SIBISETCS HMCIOJIb30BaHUE
IPOMBIIUICHHBIX OTXOJIOB, KOTOpBIE TIO3BOJISIIOT COKpPaTUTh CE0ECTOMMOCTh
CTPOUTEIBHBIX MAaTEPUATIOB U ONTUMHU3UPOBATH HUCIOJIb30BAHUE MUHEPAIbHbBIX
pecypcoB. B dacTHOCTH, TBepIble OTXOJbl TOPHOPYAHOIO MPOU3BOJCTBA,
NPUMEHSIEMbIE B CTPOUTEIBHOM WHAYCTPUHU, OOECIEUMBAIOT 3HAUYMUTEIbHBIE
HPKOHOMHYECKHE U DKOJIOTMYECKHE MPEUMYIIECTBA MO CPABHEHHUIO C J10ObIYEH
IPUPOIHOTO CHIPBS, YTO CTUMYJIMPYET HHTEPEC K UX UCCIEAOBAHUIO U BHEAPECHHUIO.

MexyHapoiHasi MNpPaKTHKa MOKAa3bIBAET, YTO MPUMEHEHHUE TEXHOTEHHBIX
MUHEPaIBbHBIX OTXOJ0B CTAHOBUTCS HEOTHEMJIEMOM YaCThIO CTPOUTENBCTBA. B psane
CTpaH 3apy0exbsi TOPHOPYIHBIE OTXOAbl MPUMEHSIIOTCS AJIs IPOU3BOJICTBA TaKUX
CTPOUTENIbHBIX ~M3JCIHMHA, Kak KUprnu4, OeToH, cTekiokepamuka [79,80].
AHaNOTUYHBIE HWCCJCIOBAHMUS AKTHBHO DPAa3BUBAIOTCA W B CTpaHax OJIMIKHETO
sapyoexnbs  [81,82,83]. B  Kaszaxcrane  pabotel 1o  mepepaboTke
TOPHONPOMBIIIJIEHHBIX ~OTXOJOB JUIsl TOJIYYEHHS CTPOMMATEpUATIOB TaKKe
oOpeTaroT 3Ha4UMOCTh. Y4eHbIMH lleHTpanbHON nabopaTopuu cepTUdUKAIUIH
ctpoutenbHbix MaTepuanoB (LleJICIM) pa3paborana TexHOnOrusi nepepadoTKH
I'PaHyJUPOBAHHBIX (POCPOPHBIX MIJTAKOB, O3BOJISAIONIAS 00E3BPEKUBATH OTXO/IbI U
MOJTy4aTh KOJOTHYCCKU Oe30IacHbIe CTPOUTENIbHbIC n3enus [84,85].

PannonanbHas nepepaboTKa OTXOJIOB TOPHO-METAILITYPrUYEeCKUX
KOMIUJIEKCOB CTAHOBUTCS MNPUOPUTETHOU 3axaduer s Kazaxcrana, yduThIBas
MacIITad »HKOJIOTMYECKUX U PECYPCHBIX BBI30BOB. BoBleueHHE BTOPHUYHBIX
PECYPCOB TO3BOJISIET YMEHBUIUTh MNOTPEOHOCTh B MEPBUUHBIX MHUHEPATbHBIX
pecypcax U CHIKaeT He0OXOMMOCTh B CO3JaHHUH CIIEHUATU3UPOBAHHBIX KaphepoB
no A00bIYEe TECKOB M TJIWH, COXpaHsisl MpH AITOM MPUPOIHBIA JaHAIMAQT.
[IpumeHeHre mepenoBbIX TEXHOJOTUH Ui NepepabOTKHM TEXHOTCHHBIX OTXOJO0B
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TaKXKC CHOCO6CTBy€T HHAYCTPUAJIIbHO-UHHOBAIIMOHHOMY Pa3BUTHUIO CTpPAHBI,
ITOBBIIIAA KOHKypeHTOCHOCO6HOCTB CTPOUTCIIBHBIX MATCpUAJIOB MW CHHUIKAA
9KOJIOTNYCCKHC PUCKU B PCTHOHAX FOpHOIIO6BI‘II/I.

2.6.2. MeToabl HCCJIEIOBAHHA COCTaBa OTX0JA0B O000raTUTeILHOM
(adpuxkn pyaHuka AxKaj

JIaGopaTopHble MCCIEAOBAHUS COCTaBa OTXO/J0B 00OTaTUTENbHOU (abpuku
pyaHuKa AKKall IPOBOIUIIUCH C UCTIOJIh30BAaHUEM COBPEMEHHBIX METOJI0B (PHU3HKO-
XUMHYECKOT0 NCCIeI0OBAaHUS - PEHTT€HOBCKHM, M hepeHInanbHbIi, TEPMUYECKHM,
neTporpadudeckuii, XAMIUYECKHI U COOTBETCTBYIOIIEH anmnapaTypsl Tadun 2.2.

Tabnuua 2.2 — HaumeHoBaHuE U BUJ annapaTypbl 1 000pyA0BaHUS

MoaudutmpoBaHHbIil TudPaAKTOMETP

JIPOH-3M Muxkpoananusarop JCXA-733

«Superprobe»(Snonus)

JlaGopaTopHBIi MOJIIpU3aITMOHHBIN
VYcranoBka «Derivatograph Q-1500» mukpockornom Leica ICH DM2500
dbupmer MOM (Benrpust) (ILIBeiinapus)

JUis  u3ydenust (azoBOro cocraBa OTXOJIOB  MCIIOJIb30BAaHBl  METO/IbI
pentreHodazoBoro u 1 depeHInanbHO-TEPMUYECKOTO U XUMHUUYECKOT0 aHAJIM30B Ha
HOBEWIINX yCTaHOBKAxX Benyiux ctpad (Poccun, I'epmanun, SAnonun, lBeiinapun).

Pentrenodazosbiit ananus (POA) npoBoausics Ha pEHTTEHOBCKOM YCTaHOBKE
JAPOH-3M  (P®) wu  pEeHTITCHOCTPYKTYPHBI  aHadu3  OCYIIECTBIISIN
mukpoanainuzatopom JCXA-733 «Superprobe» (Slmonust) ¢ mporpaMMHBIM
oOecrieueHneM, HAay4YHbIE MCCIEIOBAaHUS MO HM3YyYEHUIO CTPYKTYPhl OTXOJOB —
7a00paTOPHBIM  TOJSIPU3ALMOHHBIM ~ MHKpockormom  Leica ICH  DM2500
(IIBeituapusi), ocHalleHHBIM MOIIHBIM ocBeTuTeneM 100 BT, KOTOpBIi MO3BOISET
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KoM(popTHO paborath ¢ nupdepeHaIbHO-UHTEPHEPEHIIMOHHBIM KOHTPACTOM;
nuddepeHnanTbHO-TEPMUUECKHE aHaJIU3bI (TA) MIPOBOIMIICS Ha
nepuBatorpaduyeckom npubope «Derivatograph Q-1500» dupmer MOM
(Benrpus).

2.6.3 HccaenoBaHusi cocTaBa OTX0A0B o000oraTutesibHON (adpuku
PYAHUKA AKKaJ

TexHonoruueckue Mmokaszarend oOOOTalleHuss pyAbl - 3TO KIIKOYEBHIE
napaMeTpsl, XapakTepusyromme 3PQGEeKTUBHOCTh NEPepabOTKU PYTHOTO CHIPHS.
OHM BKJIIOYAKOT CTENEHb W3BJICUEHUS IIOJIE3HBIX KOMIIOHEHTOB, COJEpKaHUE
METaJUIOB B KOHLEHTPATE, BBIXOJ XBOCTOB M DHEPrOEMKOCThH IIpolecca. JTH

IIOKAa3aTCJ/IN IIO3BOJIAIOT OOCHHUTH Ka4CCTBO M OKOHOMHUYHOCTD O6OF3H1€HI/IH. Ta0JI
2.3

Ta6numa 2.3 — CpeHUE TEXHOJIOTHYECKHE IMoKaszaTen oboramieHus pyasl Ha AO
«AKBK»

Hanmenosanue Brixon, % Conepxanue, % W3zsneuenne, %
MPOIyKTa Pb Zn Ag, r/T Pb Zn Ag

Pyna 100,0 040 | 438 | 24,75 | 100,0 | 100,0 | 100,0
CBHHLOBBI 0,44 5887 | 12,32 | 1044,0 | 64,90 | 125 | 1875
KOHIIEHTpaT

HurkoBbiii 6,59 119 | 5420 | 57,60 | 19.45 | 81,64 | 1534
KOHIIEHTpaT

OTBabHEe 92.97 007 | 080 | 1755 | 1565 | 17,11 | 65,91
XBOCTBI

XUMHYECKUN aHalU3 IIOKa3al, 4YTO IycTas MOpoAa MPEUMYIIECTBEHHO
cocrout u3, %: CaO — 54,6; CO,— 39,4; SO; — 2,0; MgO — 1,5; SiO, — 2,5 %;
Fe[S,] — oxomno 0,18.

Pentrenorpamma u audpakiimoHHash XapaKTepUCTUKA 3TOTO Marepuaia
puBeeHBI Ha pucyHke 2.12 u B Tabnuiie 3.1, U3 KOTOPBIX BUIHO, YTO OH COCTOUT
npeumyiectBeHHO u3 kanbiuta (CaCOs), MpUCYTCTBYET B HeM Takxke KBapil (Si0y).
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Pucynok 2.12 — PentreHorpaMma HEpPyAHOH TMOPOABI  AKKAJICKOTO
MecTopoxaeHus KaparanauHckoi o0aacTu

Ha pentrenorpamme mnosiBistoTcss pediekchl (MUKU) € MEXIUIOCKOCTHBIMHU
PACCTOSIHUSIMU, XapaKTEepPHBIE:

e CaCOgz, d/n, A: 3,8801; 3,0456; 2,853; 2,5002; 2,2878; 2,0967;
1,914, 1,87; 1,629; 1,60; 1,5267 u 1,4415;
e SiOy, d/n, A: 4,26; 3,3545.

[Ipu 3TOM, MOKa3aTENN MEXIUIOCKOCTHBIX PACCTOSHMM KaK M3BECTHSAKA, TaK U
KBaplla CHIKAIOTCSA B CTOPOHY OOJNBIIMX WM MEHBIIUX YUCEN, YTO OOBSICHIETCS
BXOKJICHUEM B MX CTPYKTYpPY MOCTOPOHHUX (IIPUMECHBIX) 351eMeHTOB. Hanpumep,
aHAIUTHYECKas JIMHMS YMCTOTO M3BECTHSKA nossiserca npu 3,029 A, a B mycroit
nopoJie 3To nokasarenas — npu 3,0456 A.

JlepuBatorpamma (puc. 2.13) moaTBepkIaeT, YTO HEPYAHAs MOpoJa
JNEHUCTBUTEIIBHO COCTOMT M3 M3BECTHsKa W kBapua. Iloatromy /ITA mnoxassiBaer
XapaKTePHbBIC I HUX TepMHUUeCKue dPHEKThI:

¢(CaCO3z Bmotrh 1m0 775°C nHe wmensiercsa. [lepBorit sHmodbdexT
Habmonaercs mpu 780°C, a Bropoit — npu 950°C, nmpu 3TOM TEpSETCS OKOJIO
42 % wmaccol, yto 00yciosnieHo auccormanueit CaCOzna CaO u COy;

¢SiO, Ha pepuBarorpamme mokasbiBacT 3HI0d(dekt mpu 570°C B
pe3yJbTare 00paTUMOTO €ro MoJMMOP(HOTO MpeBpalieHus B O-KBapIl C
terutotoit nuBepuuu 18,84 x/x/kr [3, 219 C.]
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Pucynok 2.13 — JlepuBaTorpaMma HEpyIHOM TOPOIABI AKKAJICKOTO
MecTopoxaeHus Kaparannuackoit oonactu

Ha ocHOBaHWW TOMYYCHHBIX PE3YJIBTaTOB MOKHO KOHCTATUPOBATH, YTO
HEepyIHas Mmopojaa AKXKaJICKOTO MECTOPOXKIeHHs cOCTOMT U3 u3BecTHsAKa (CaCOs)
— oko0110 95...97 % u xpemuesema (SiO,) — oko0 2,5...3 %.

['paHynOMETpUYECKHIA COCTaB W  (PU3NKO-MEXAaHHUYECKUE XapaKTECPUCTUKU
npo0ieHoro Matepuana - B Tadnumax 2.4—2.7.

Tabnuna 2.4 - duzndeckue cBOMCTBA OTXO0I0B 00OraIeHUS

HaumenoBanue rmokasarers, O6o3nauenue H/[ na Hopwma o dakTHYeCKoe
€/IMHUIIA U3MEPCHUS METO/bI UCITLITAHUI HI 3HAYEHHE
HacsImHas mioTHOCTb KI/M° I'OCT 8735-88, 1. 9 HE HOPM. 1465,0
VcTHHHAS UIOTHOCTb, T/CM° I'OCT 8735-88, 1. 9 HE HOPM. 2,72
[TycroTHOCTB, % I'OCT 8735-88, 1. 9 HE HOPM. 46,1
Mapka 1mo 1poOuMOoCTH I'OCT 826793 200-1200 600
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Tabnuna 2.5 — ['panyjoMeTprUecKHii cOCTaB IIeOHs U3 IPOOICHHUS OTXO0B
oOorareHus

HanmenoBanwue nmokazarens, |O6o3nauenue HJ[| Hopwma mo HJI |®@aktrueckoe IIp

€MHHIIA U3MEPCHHUS Ha METOJIbI 3HAUYCHUE HMEYaHue
HUCIIBITAaHUI

3epHOBOI COCTaB T'OCT 8269.0-97,

ITonuble ocTaTku Ha cuTax, % m 4.3

[0 Macce:

CHUTO 2,5 MM ot 95 1o 100 87,0 HE COOTB.

cutTo 5 MM or 90 1o 100 (81,4 HE COOTB.

cuto 12,5 Mm or 30 1o 60 |58,1 COOTB.

cuto 20 MM o 10 1,23 COOTB.

cuTOo 25 MM 10 0,5 0 COOTB.

Tabnuna 2.6 - ['paHynMpoBaHHBINA COCTaB Iecka W3 JIPOOJICHHHUS OTXOJI0B

oOoraneHus
HaumenoBanue O0o3HaueHUE
®aktnueckoe |IIpumeua
MokazaTtes,e JUHUIA HJI va meTonsl | Hopmano H/J
. 3HAUYCHUE HHE
U3MEPCHHUS HACIBITAHUH
3epHOBOI COCTaB: I'OCT 8735-88, HE HOPM. MIOJIHBIE OCTATKH
m3 Ha cuTtax, %
2,5 MM 2,5
1,25 mMm 47
0,63 MM 7,6
0,315 mMm 17,0
0,16 mMm 51,4
Conepxanue 3epeH I'OCT 8735-88, | mus Il kmacca:
KpYyIHOCTh10, %0: m. 3
cebimre 10 mm He Ooiee 5 3,26 COOTB.
CBBIIIE 5 MM He Ooxee 15 1,96 COOTB.
menee 0,16 Mm He Ooxee 15 46,3 HE COOTB.
ITonuerit ocratok Ha cute| OCT 8735-88, He HODM 76
c cetkoii Ne 063, % m3 PM. '
I'OCT 8735-88, 0,83
Moymb KpymHOCTH 03 cB. 0,7 10 1,0 | rpymma mecka —
) TOHKHH
Tabmuna 2.7 - VYnpensHas 3¢@deKkTuBHAas aKTUBHOCTb €CTECTBEHHBIX
PaMOHYKITUIOB OTXO0/I0OB 00OTaIICHUS
O6o3nauenue HJJ
HaumeHoBaHue mToKa3aTes, Hopma o |®aktruecko
Ha METOJIBI [Tpumeuanue
€IMHULIAN3MEPEHNS . HJ €3HauycHe
HCIBITAHUH
VnenpHas a3 pexTuBHAS I xmace — most
AKTUBHOCTh €CTECTBCHHBIX I'OCT 30108-94 | Jio 370 120,0 BCEX BUIOB
PaguoOHYKINIOB, BK/KT CTPOUTEIHCTBA
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TexHonornyeckuii mporecc APOOSCHHS] U HEPYIHON TOPOIbI AKXKAICKOTO
MECTOPOKJICHUS TIpeACTaBlieH B Tabmuiie 2.8

Tabnuua 2.8 - TexHonornueckuit mporece ApooIeHHs] 0TX0I0B 000TalleHUs

RSN )

OTx0abI 00OTAIEHUS TOCIIE
JpoOJIeHUs B APOOUIIKE U
nepeMenmBanys B 6apadane

OTtxoa5I oOoraieHus B BUAE KaMHEH,
Mpe/ICTaBJACHHAS JJIs1 UCCIIEAOBAHUS

Jpo0GieHHbIe 0TXOIBI 00OTaIIECHN,
ocTaTok Ha cute 20 MM

/ % 440 i g i
AR & g & - ﬁ:i&

JlpoGieHHBIC OTXO/IbI OOOTaICHUS,
OCTaATOK Ha CUTE 5 MM

JIpoGeHHBIC OTXOBI
oOorareHus, OCTaToK Ha cute 2,5
MM

W3 nmpencraBneHHBIX JaHHBIX BUTHO, YTO:
e po0JICHHE OTXOJOB  OOOTaIeHUs TO3BOJISIET  IMOJIYYUTh  IICOCHB,
OTBEUAIOIIUI TPEOOBAHUAM TEXHUYECKUX HOPMATHBOB;
® HAChIMHAs IUJIOTHOCTh MaTepuaja cocTaBisier 1465 kr/m?, HWCTUHHaS
MJIOTHOCTH - 2,72 T/cM?, @ MyCcTOTHOCTH - 46,1%;
® IPOYHOCThH MaTepuaa o Mapke ApoouMocTH coctanisier 600
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2.6.4 UccnenoBanue MAXTHOM ¥ TEXHOJOTHYeCKOH 0TPA0OTAHHOI BO/IbI,
BbI/I€JIEHHOM NMPH 000TallleHUH Py

llaxmuasa u mexuonocuueckas ompabOmMauHHas 600d, B6blOENeHHAs Npu
oboeawenuu  pyo0  TpeACTaBiIseT coOOW  MOOOYHBIA  TPOAYKT  TOPHO-
o0orarutenbHOTO npoiecca. OHa COAEPKUT MUHEPATIbHBIC YACTHUIIBI U XUMUYECKHE
CO€JIMHEHHUSI, 00pa30BaBIINECS TIPU NepepaboTKe Py Ibl.

N3BecTHO, YTO B cOCTaBe OTPaOOTAHHOW TEXHOJOTHMYECKOW BOJIBI
IPUCYTCTBYET TBep bl ocTaTok. Ero ananus ¢ momoiisio POA u JITA (puc. 2.14 u
2.15) mokasai, 9T0 OCHOBHBIM KOMIIOHEHTOM SIBJISICTCS KAJIBIIHUT, TaK KaK:

e Ha PDA nosBistores pediiekcs (MMMKH) ¢ MEXTUIOCKOCTHBIMH PACCTOSTHUSIMH,
xapaktepHsle 111 CaCOs, d/n, A: 3,8718; 3,038; 2,84; 2,4959; 2,2844; 2,0943;
1,9125; 1,87; 1,6251; 1,60; 1,5245; 1,51; 1,4721; 1,4394; 1,42,

e Ha JITA mpu 950°C dukcupyercss sHI03PGEKT, yKa3bIBAIOIUN Ha
paznoxenue CaCOs ¢ oopazoBanuem CaO u COx.
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Pucynox 2.14 — PentreHorpamMma TBEPAOrO0 OCTaTKa OTpaOOTaHHOU
TEXHOJOTMYECKOM BOJBI, BBIACIEHHOW mpu oboramenuu pyasl B AO
«AKIIIaTayCKOM KeH-0albITy KOMOMHATBD
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Pucynox 2.15 — JlepuBaTorpamMmma TBEpAOro OCTaTKa OTpabOTaHHOMN

TEXHOJIOTHUYECKOM BOJIBbI TP oOoramieHuu pyabsl B AO «AKIIarayCcKui KeH-0anbITy
KOMOWHATEI»

XapakTepucTUKa aXTHOW U TEXHOJIOTUUECKOM BOJIbI TpUBEIeHA B TabmuIie 2.9.

Tabnuma 2.9 - XapakTepucTrKa MIaXTHON M TEXHOJIOTHYESCKOU BOTBI

Buna Boabr
TTokazaTenu BOAEI = v
HlaxTHBINA TexHonornueckuit
IllenoynocTh 0,45 0,8
Kectrocts 11 12
pH 7,5 8,3

[IpurogHOCTh MIAXTHOM W TEXHOJIOTHUYECKOM BOJI IMPOBEPSIIACH COIJIACHO
texandeckuM TpedoBanusiM ['OCT 31108-2016. ITpu 3TOM 3TH BOBI HCTIONB30BAIIN
B Ka4yeCTBE BOJ03aTBOPUTEIISI LIEMEHTHO-NIECUYaHOW cmecH. B kauecTBe 3TasioHa
Opanu pacTBOPHYIO CMECh, 3aTBOPEHHYIO Ha OOBIYHOM BOJIE.

W3 mony4ueHHBIX pe3ynbTaToOB BUIHO, YTO:

- CXBaThIBaHHE IIEMEHTHOTO TECTa Ha TEXHOI'CHHBIX BOJAX IPOUCXOJIUT
osictpee (160 u 170 muH), yeM Ha oObiyHOM Bojae (180 MuH), 4yTO SIBIsSETCS
MOJIOKUTENbHBIM 3 (PeKTOM;

- BOJOMOTPEOHOCTh IIEMEHTHOTO TECTa Ha TEXHOTCHHBIX BOJAaX HECKOJIBKO
oomwie (29,5 % u 31,0 %), yem Ha 00b1YHOM BojE (29,0 %);

- CKOpoCTh Habopa MPOYHOCTH IIEMEHTHOTO KaMHS HE3aBHUCHUMO OT BHJIA
BOJIO3aTBOPECHMUS HMJICHTUYHA, OJHAKO IIPOYHOCTh IIEMEHTHOTO KaMHs Ha
TEeXHOJIOTHn4YecKkoi Boje Oosbiie (44,4 Mlla), uem Ha OOBIYHOM M IIAXTHOW BOJIAX.
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N3 ckazaHHOrO CieayeT, 4To MIAXTHAS U TEXHOJIOTUYECKAs! BOAbI BIIOJHE MOTYT
3aMEHUTh OOBIYHYIO BOJIY B KA4ECTBE 3aTBOPHUTENIS JIJII PACTBOPHBIX M OCTOHHBIX
CMeEcCeH.

BbiBOBI 110 BTOPOI IJ1aBe:!

1) TlpoBeneHHBIN aHaNM3 TOPHO-TEOJOTMYECKUX U TEXHOTEHHBIX YCIOBHM
MECTOPOXKACHUS AKXKal IMOKa3al HEOOXOAMMOCTh O0ECHEUEHHs YCTONYHMBOCTU
OTKOCOB Kapb€pOB, UYTO CBSI3aHO C MHOTOJIETHEW JKCIUTyaTaliell M BBICOKUMU
Harpy3kKamu Ha KapbepHbIE CKIOHBI.

2) UccnenoBanre (PU3NIECKUX U XUMUYECKUX CBOMCTB OTXOJIOB OOOTAICHUS
MOATBEPAUIO HX TEPCHEKTUBHOCTh B KAadyeCTBE KOMIIOHEHTOB JUJIS CO3JaHUS
MOJU(DUIIIPOBAHHBIX CTPOUTENILHBIX MaTEpHalOB, YTO CHUXKAeT 3aTpaThl U
YMEHBIIIAET KOJIOTUYECKOE BO3CHCTBHE.

3) Ilpumenenne 0TX0/10B 00OTaTUTENHHOU (haOPUKU B KAYECTBE 3allOJHUTENCH
JUIsi OCTOHOB CIOCOOCTBYET pAIlMOHAILHOMY HCIIOJIb30BAaHUIO BTOPUYHBIX
pPeCypcoB, TOBBIIMICHHIO JKOJOTUYECKOM Oe3omacHOCTH H  A(PGHEeKTUBHOCTH
MIPOU3BO/ICTBA.

4) IlpuMeHeHHEe MIAXTHON M TEXHOJOTHYECKON BOJBI B KA4eCTBE 3aTBOPHUTEIIS
o0ecreynsio paBHO3HAYHBIE (2 B HEKOTOPBIX CIIydasX YJIYYIIIEHHbIE) MOKa3aTesu
MPOYHOCTH W CXBaTbIBaHMS OCTOHHBIX CMeced. YCTaHOBJIEHO, YTO MPOYHOCTH
0o0pa3IoB, 3aTBOPEHHBIX TEXHOJIOTHYECKOW BOJOM, TMOBbICMIack Ha 5—7% 10
CPaBHEHHUIO C TPAAUITMOHHBIMU CMECSIMU.

5) Pa3zpaboTaH MHHOBAIIMOHHBIN CIIOCOO YKPEIUIEHUS OTKOCOB KapbepoB ¢
WCIIOJB30BaHUEM  MOJIU(UIIMpOBAaHHOrO  O€TOHA,  KOTOPBIM  YBEJIMYMII
JIOJTOBEYHOCTh KOHCTPYKIMM YKpEIUIEHUsI OTKOoca Kapbepa Ha 20% W 1o3BOIUI
CHU3UTH 3aTPAThl HA YKPEIJIEHUE CKIOHOB Ha 15%.

61



3 PA3PABOTKA COCTABOB MOJINPUITNPOBAHHBIX
BETOHOB /UIA YKPEIIVIEHUA BOPTOB KAPBEPA U ITOA3EMHBIX
BBIPABOTOK

3.1. OcHOBHBbIE XapAKTEPUCTHKH UCXOIHBIX MATEPHAJIOB:

OcHosHble Xapakmepucmuky nopmiaHOYeMeHmHo20 KIUHKepd, UeMeHnmos
LEMI42,5H (I111 400 J0) u LIEM II/A-111 42,5H (I11{ 400 /120) Kapaeanounckoeo
uemenmno2o 3a800a (A0 «Central Asia Cementy)

AKXaJICKOE€ CBUHLIOBO-IIMHKOBOE MECTOpOkAeHHE U AO «AKIIaTayCKU KEH-
OaiibITy KOMOMHATBI» pacroyiokeHsl B KaparananHckod o0macTd, MOITOMY B
KAueCTBE BSIKYIIMX MATEPUATIOB JJIsl MOJIYyYECHHS OOBIYHOrO OETOHA, 3aKJIaJHBIX
cMecelt u TopkpeT-6eToHa ucnonb3zoBansl [IEM 142 5H (I11] 400 [10) u LIEM II/A-
I 42,5H (TT11 400 J120) KaparanauHCKOTO IIEMEHTHOT'O 3aBOjIa, XapaKTEPUCTUKU
KOTOPBIX MIPUBOJISATCS HUXKE.

1) K n nPHC®ui@agHOe 3HaueHNE TIIMHO3EMUCTOTO MOTYJIS JUIs KIIMHKEpa
umeet 1,45, uro yknaapiBaeTcsi B poektupyemsble npenensl p=0,8-2,0. CuMkaTHbIM
Moaysib n=1,87 Takke BXOIUT B mpenensbl 1,8-2,5, kak y OOJBIIIMHCTBA 1IEMEHTHBIX
3aBofioB. Koaddurment Haceimenuss KH=0,62, t.e. KH<0,67 u crnenoBarensHoO,
00pa3yroTCsi HU3KOOCHOBHBIE IIEMEHTHBIE COSMHEHUSI.

Taxum 00pa3zom, Mo MoKaszaTesiM, MPUBEACHHBIM B Ta0uiax 3.1 u 3.2, KIuHKep
COOTBETCTBYET HopMaTHBHBIM TpeboBanusm ['OCTa 31108-2020.

Ta6muma 3.1 — XuMHUecKui cOCTaB KJIMHKEpa

HaunmenoBanue noka3zareneit Tpebosanus 'OCTa DaKTUYECKUE JaHHbIE
31108-2020
Oxcupg kpemuus SiO2 He nHopmupyercs 20,16
Oxcup xene3a Fe2Os3 He HOpMupyercs 4,39
Oxkcup amromuansa Al;Os 6,37
Oxcup kanbius CaO 60,85
Oxkcup marauga MgO He 6onee 5,0 2,22
Oxcnp xams KoO 0,44
Oxcun Hatpust Na2O 0,69
CyMMa OKCHJIOB HAaTpHs U Kajaus B
nepecuete Ha NaO 0,98
R= Na;0+0,658 K>0
. He menee 1,0
Cepubriit anruapug SO3 He Gomee 3.5 1,20
CBoOomuas oxkuck Kareusd CaOcgy 1,51
Tabnuua 3.2 — MuHepanoruyeckuii coctaB KIMHKEpa
Conepxanue, % Tpe6osanust [OCTa 31108- dakTHueckue JaHHLIE
2020
Tpexkanbiuensii cumukat CsS He nopmupyercs 59
JIByxkanbiueBbli cuiaukat C2S He Hopmupyercs 14
TpexkanprueBsiii amomuHaT C3A He Gonee & 7
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2)LEM |
OCMCHT MapKu

LHEM 1 42,5H (1111 400 10) nmpousBoactBa KaparaHanHCKOTO 1IEMEHTHOI'O
3aBOjJia IO HOPMATHMBHBIM ITIOKa3aTelsiM COOTBeTCTBYyeM TpeboBanusiM ['OCTa
31108-2020. IlpuueM cpenHsis IUIOTHOCTh IieMeHTa cocTaBisier 1200 xr/m®, a

ucTUHHASA — 2.9 T/M°.

Tabmuma 3.3 — Munepanorudeckuii coctaB nementa [IEM 1 42,5H (T11] 400

42, 5H .KdR Bligud 1@ Qrangf® Hadmun 3.3, 3.4 u 3.5,

J10)
Conepxanne, % TpeboBanus 'OCTa DaKTUYECKHUE TAaHHBIE
31108-2020
TpexxanpiueBsiid cumkar CsS He nopmupyercs 51
JiByxkanbpiueBsnid curkaTt CoS He nopmupyercs 15
TpexkanprueBsiid amomuHaT C3A He Ooiee 8 6

Tabnuna 3.4 — Xumuueckuii coctas niementa [IEM 1 42,5H (T11] 400 [10)

CaO¢g

HanmenoBanue nokasarenein Tpebosanus 'OCTa DaKkTHUYECKUE TaHHbIE
31108-2020

Oxcup kpemuus SiO» He Hopmupyercs 18,58
Oxcup xene3a Fe,Os He Hopmupyercs 3,99
Oxcup ammromuausg AloO3 4,76
Oxcun kaneimsa CaO 61,96
Oxkcup marauga MgO He 6oiee 5,0 3,03
Oxkcnp xams KoO 0,5
Oxcu Hatpust NaoO 0,56
CymMa OKCHUIOB HATPHS U
Kasust B epecuere Ha Na2O 0,89
R=Na,0+0,658 K>0

N He menee 1,0
Cepunbiit anruapug SO3 He Gonee 3.5 3,3
CB0OOIHAST OKUCH KAJTBIHS 20

Tabnuua 3.5 — dusuko-mMexanuveckue cporicta riementa LHEM 1 42,5H (T11]

400 J10) KaparanauHckoro 1ieMeHTHOTO 3aBojia

HaunmenoBanue nmoka3zarens H/I Ha meton Hopma nmo H/I: ®aKkTUYecKoe
HCIBITaHUSA, I'OCT 31108-2020 3HAUCHUC
HOMED IPOAYKTA

ToHKOCTH TOMOJIA IO IPOXOTY FOCT 310.2-76 He metiee 85 97,14

ckB03b cuTo Ne 008, %

HopwmansHas rycrora, % I'OCT 310.2-76 -- 29,6

Cpoku cxBaThIBaHUsI, YaC-MUH: 0-45

Hauarno rocT 310.3-76 |  Hepanee 0-45 2-40

He nmo3auee 10-00

Konen

PaBHOMEpHOCTH N3MEHEHHUS FOCT 3103-76 He nomxHO OBITH Brinepxan

o0beMa (KUIISTYCHUEM B BOJIC) TPEIINH
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[IpounocTs nocie

IPONapUBaHuUs, Krc/cM? pu a1 | 48,2
sru6e rocrisio4-81 | 377.8
Cxxatuu

[IpounocTts B Bo3pate 28 CyT,

Krc/cm? mpu He menee 55 64,2
W3rude T'OCT 310.4-81 He menee 400 435,2
Cxxatuu

BUEM W /42 , 5H ( MNToukoOrOmnondizr @o) mpoxoay ckBo3b
cuto NeOO8 mocturaer 95,6 %, 4TO HECKOJBKO HMKE TOHKOCTH Iomoja I[EM I
42,5H (II] 400 [J0) (tabmuma 3.6). D10 0O0YCJIOBIEHO, HAAO TOJararTh,
npucyTcTBueM B coctaBe IIEM II/A-II 42,5H (ITL[ 400 [120) rpanmuiaka,
COCTOSIIIIETO MPEUMYIIIECTBEHHO W3 CTEKJIOBHIHOrO Marepuana. HopmanbHas
rycrota — 27,2 %. Cam no cebe 3TOT pe3ysbTaT HE BHI3BIBAET BO3PaKCHMS,
MOCKOJIbKY C BBOJIOM T'paHIIIaKa BOJOMOTPEOHOCTh IIEMEHTa U €r0 MPOU3BOIHBIX
JIOJDKHA YMEHbBIAThCsA. B KUIssueHOW BOJiE IIEMEHTHAs JICTICIIKA BBIJCPKUBACT
PAaBHOMEpPHOCTh H3MEHEHHsSI 00BbeMa, UYTO CBUJCTEIBCTBYET O HOPMAJIBHOM
conepxxaauu MgO.

[Tocne mponapuBaHus 0Opa3OB MPOYHOCTh UX Ha M3rMO gocruraet 41,3
krc/cMm?, Ha cxkarue - 279,8 krc/cm?. Ha OCHOBaHMH 3THX pe3yJIbTaTOB MOMKHO
KOHCTaTUPOBaTh, YTO MO 3PPEKTUBHOCTU MPOMAPUBAHUS IEMEHT MPUHAIJICKUT K
IIEPBOM TPYIIIIE.

[Tocne 28 cyTok TBEpAECHUS] B HOPMAIBHBIX YCIOBUSX MPOYHOCTH 00pa3iioB
npu u3rube cocTaBiser 66,5 krc/cM?, a npu cxkatuu - 415,6 xrc/cm?, drto
CBUJETENBCTBYET O TOM, YTO Mapka 1iemenTta ornocutcs kK LIEM II/A-IT 42,5H (T1L]
400 J120).

XUMHUYECKUN U MUHEPAJIOTHYECKUI COCTABBI 3TOr0O LIEMEHTA MPUBEICHBI B
tabaunax 3.7 u 3.8, U3 KOTOPBIX BUAHO, YTO 1O 3TUM nokazatesnsim [IEM II/A-III
42,5H (TI11 400 [120) Takxke COOTBETCTBYET HOPMATHBHBIM TPSOOBAHUSIM.

Tabmuma 3.6 — duszmko-mexannueckue cBoiicTBa 1ementa LIEM II/A-III
42,5H (111 400 1120) KaparaumiHCKOro IIeMEHTHOTO 3aBOjia

HaunmenoBanue nmoka3zarens H/I Ha meton Hopma nmo H/I: dakTHyeCcKoe
HCIBITaHUSA, I'OCT 31108-2020 3HAUCHUC
HOMEp NPOAYKTa
ToHKOCTH TOMOJIA IO IPOXOTY FOCT 310.2-76 He mence 85 95,6
ckB03b cuTo Ne 008, %
HopmansHas rycrora, % I'OCT 310.2-76 -- 27,2
Cpoxu cxXBaTbIBaHUs, YaC-MHH: 1-10
Hauano rocT310.3-76 | Hepanee 0-43 3-20
K He no3anee 10-00
OHell
PaBHOMEpHOCTP M3MEHEHUS FOCT 310 3-76 He nomxHO OBITH Breiaepxan
o0BbeMa (KHUIISTYCHUEM B BOJIC) TPELMH
[IpounocTs mocie
TIpONapuBaHus, Kre/cM? mpu I'OCT 310.4-81
Usrm6e | | mmmmeee- 41,3
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Cxatyvm | e 279,8
[IpounocTs B Bo3pare 28 cyT,

Krc/cM? pn He menee 55 66,5
sribe FOCT310.4-8L | 1y enee 400 4156
Cxxatuu

Tabmuma 3.7 — Xumuyeckuii cocraB nemenrta LIEM II/A-I11 42,5H (I1L1 400

1120)

HaunmenoBanue nokazareneit | Tpebosanus [[OCTa 31108- dakTuyecKre TaHHbIE
2020

Oxkcua kpemaus SiO2 He nopmupyercs 19,5
Oxcup xene3a Fe,Os He Hopmupyercst 3,99
Oxcup ammromuausg AloO3 6,12
Oxcup xansimst CaO 58,02
Oxkcua maraus MgO He 6onee 5,0 1,71
Oxcup kamusg KoO 0,44
Oxcu Hatpust NaoO 0,69
CyMMa OKCHJIOB HATPUS U
Kamus B epecuere Ha Na2O 0,98
R= Na;0+0,658 K;0
Cepnbiii anruapun SO3 I:IZ %/ISJI;I:: ;”g 2,86
CB0001HAst OKHUCH KAJIbIIHS
CaOes 2,24

Tabmuma 3.8 — Munepanoruueckuii coctaB nementa IIEM II/A-III 42,5H
(TI11 400 J120)

Copnepxanue, % Tpe6osanus 'OCTa daxkTH4ecKue NJaHHbIC
31108-2020
Tpexkanbiueblil cunukar C3S He nHopmupyercs 52
JIByxkanbieBbli cuiaukar CoS He Hopmupyercs 10
ESZXKaHLuHeBLm QTIOMUHAT He Gostee 8 75

OcCHOBHbBIE XADAKMEPUCIMUKU WEeOHS U necka U3 OpOOJIeHHbIX O0MmMX00086
obozauerus

XWMHYECKHUH aHaTN3 ITOKa3aJl, 4TO IycTas opoja MPEHMYIIECTBEHHO COCTOUT
u3, %: CaO - 54,6; CO;, - 39,4; SO; - 2,0; MgO - 1,5; SiO; - 2,5 ; Fe[S;] - okomno
0,18.

Tabnuma 3.9 npeactaBisieT pe3yabTaThl SKCIEPUMEHTAIBHBIX UCCIEIOBaHUI
(U3HKO-MEXaHUYECKUX XapaKTEPUCTUK oOpa3ila MaTepuaja, MPOBEJACHHBIX B
cooTBeTcTBUM ¢ HOpMaTuBHBIMU TpeboBanusmu ['OCT 8269.0-97 u TOCT 826793.
B Tabnuile mpuBeneHbl KIIIOUYEBBIC TOKA3aTEIN, TAKWE KaK HACBHIMHAS TJIOTHOCTH,
UCTUHHASI TUIOTHOCTH, MyCTOTHOCTh M Mapka MO JAPOOMMOCTH, YTO TMO3BOJISET
OILICHUTh Ka4eCTBO M CBOMCTBA MaTepHaa Jjisi CTPOUTEIbHBIX PUMEHEHUH.
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Tadomuma 3.9 - dusuueckue CBOICTBA U3 OTXOI0B 00OTalllEHUS

HaumenoBanue noka3zaresns, O6o3nauenue HJ[ na Hopwma no DaKTHUYECKOE
€IMHULA U3MEPEHUS METOBI UCIIBITAHUN HJT 3HAUCHUEC
HachbInmHas mIoTHOCTE KI/M> I'OCT 8735-88, m. 9 HE HOPM. 1465,0
WcTrHHAS TUIOTHOCTD, T/CM° I'OCT 8735-88, 1. 9 HE HOPM. 2,72
[TyctotHOCTB, % I'OCT 8735-88, 1.9 HE HOPM. 46,1
Mapka o 1poOumMocTi ['OCT 826793 200-1200 600

[lepBpIM mOKa3aTeNeM SIBISETCS HACHINHASA IIOTHOCTH, W3MEpPEHHas B
KAJIOTpaMMax Ha KyOMYeCKM MeTp, MJii KOTOpoH (haKTHUUecKoe 3HaueHHue
coctanisieT 1465 kr/m?. JlanHbli mokazaTenb 0611 onpeneneH 1o nyHkry 4.17 TOCT
8269.0-97 m xapaktepusyeT IUIOTHOCTh MaTepuaia B CBOOOJHOM COCTOSTHUH,
YUUTBIBasi IOPUCTOCTb.

HNcTuHHasg IUIOTHOCTBH MaTepuana, u3MepeHHas no nyHkry 4.15 T'OCT
8269.0-97 u BeIpakeHHas B TpaMMax Ha KyOHMUECKHi CAaHTUMETp, paBHa 2,72 r/cm?.
DTOT mapameTp OTpaXaeT MIOTHOCTh MaTepuaia 0e3 ydera Mmop U IyCTOT, YTO
MO3BOJISIET CYJIUTh O €r0 MUHEPAIBHOM CTPYKTYPE.

IIycroTHOCTh MaTepuana cocrasiisieT 46,1% u Oblia onpeneneHa no MyHKTY
4.17 TOCT 8269.0-97. JlanHblii mOKa3aTelb XapakTepru3yeT 00beM MyCTOT MEXKIY
3epHaMHM, YTO BaXKHO JJISI OLIEHKH BOJONPOHUIAEMOCTH U MPOYHOCTHBIX CBOMCTB
Marepuania.

[Tocnenqnum napameTpom sBIISIETCS MapKa M0 APOOUMOCTH, YCTAaHOBJICHHAS B
cootrBerctBuu ¢ ['OCT 826793, c¢ dakrtuueckum 3HayeHnuem 600. Mapka 1o
JpOOMMOCTH OTpa)kaeT CIOCOOHOCTh MaTepuana MPOTHUBOCTOSTh MEXaHMYECKUM
Harpys3KkaMm, yKa3blBasi Ha €ro IpOYHOCTHBIE XapaKTEPUCTHUKH.

JpobneHue oTx00B OOOramieHue Mpou3BOJIMIOCH B IIEKOBOM POOMIIKE U
IaPOBOW MEJIBHULIE.

Pucynok 3.1 - bapaGan amns nepeMeninBaHus IpoOJICHHBIX KaMHEH
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Pucynox 3.2 — Otxomsl oboraiieHuss B BUJE KaMHEH, NpEICTaBIICHHAs IS
UCCJIEI0BAHUS

Pucynox 3.3 - Otxonbl 0GOraleHHs.  10CIIe IpoOieHusT B JpoOWiIKe U
nepemMenMBanus B bapadane

Pucynox 3.4 - JIpo6ieHHbIe OTX0/IbI O0OTaIleH s, OCTaTOK Ha cute 20 MM
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Pucynox 3.6 - JIpoGieHHbBIE OTXO0/IBI 00OTAIEHHUS, OCTAaTOK Ha CUTE 5 MM

.":" W S

Pucynox 3.7 - JIpoGieHHbIe OTXO/IbI 00OTaIEH s, OCTATOK HAa CUTE 2,5 MM

Tabmuma 3.10 comepXUT JaHHBIE IO 3€PHOBOMY COCTaBy Marepuayia, C
aHaJIM30M HOPMATUBHBIX TPEOOBAHUM U (PAKTUUECKUX PE3YJIBTATOB JUISl PA3IMYHBIX
dbpakiuii. B Tabnuiie ykazaHbl oKa3aTelu 3€pHOBOTO COCTaBa, METOIbl UCTIBITAHU I
cornacHo ctangapty ['OCT 8269.0-97, a takxke HOpMaTHUBHBIE M (PaKTHUYECKHE
3HAYEHUS M0 KaXI0U (Ppakiuu.

Jnst ppakiuii, NpoXoAsIIMX Yepe3 CUTa Pa3IMUHOTO AMAMETPA, ONPEACIICHbI
MOJIHBIE OCTATKH (B MPOILIEHTAX M0 Macce), KOTOPhIE OLICHUBAIOTCA MO CIAEAYIOIMINUM
cutam: 2,5 mm, 5 mm, 12,5 mm, 20 mm u 25 mm. HopmaTuBHbIE TpeOoBaHUS
MPEAINOJIAraloT, YTO NPOLEHT OCTATKOB JIOJKEH HAaXOJIUThCS B mpenaesiax ot 95 1o
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100% na cute 2,5 MM, ot 90 1o 100% Ha cute 5 MM, oT 30 10 60% Ha cute 12,5 MM,
1o 10% na cute 20 mm 1 10 0,5% Ha cute 25 MM.

dakTHYeCKUe 3HAYCHUS IPEICTaBIICHBI CICAYIOIIUM 00pa3oM: OCTaTOK Ha
cute 2,5 MM coctaBiseT 87,0%, Ha cute S MM - 81,4%, Ha cute 12,5 mm - 58,1%, Ha
cute 20 mMm - 1,23% u Ha cute 25 MM - 0%. AHaIU3 3TUX JAHHBIX MOKA3bIBACT, YTO
(dhakTHYECKHEe 3HaUYCHUS] HE COOTBETCTBYIOT HOPMaM IO CUTaM 2,5 MM U 5 MM, HO
COOTBETCTBYIOT TpeOOBaHUAM JjIst CUT 12,5 MM, 20 MM U 25 MM.

Tabmuma 3.10 - ['panynoMeTpruyeckuii cocTaB MEeOHS U3 APOOICHHBIX
OTXO0JIOB 00OTaICHUS

HaumenoBanue O6o3nauenue HJI |Hopma mo HJ[ |®aktudeckoe |[Ipumeua
MOKa3aTesi, eIMHNLIA Ha METO/bI 3Ha4YEHHE HUE
HW3MEPEHUS WCTIBITAHUI

3epHOBOIA COCTaB I'OCT 8269.0-97,

ITonHble ocTaTKu Ha cuTax, |m. 4.3
% 110 Macce:

CHTO 2,5 MM ot 95 o 100 87,0 HE COOTB.
CHTO 5 MM ot 90 1o 100 81,4 HE COOTB.
curto 12,5 Mm ot 30 mo 60 58,1 COOTB.
curo 20 MM o 10 1,23 COOTB.
CHUTO 25 MM 10 0,5 0 COOTB.
VYnenpHast dS(dexkTuBHas aKTUBHOCTh PATUOHYKIHUJOB IMIEOHS - ITO

MOKa3aTelb, OTPAKAOUIMNA CYMMAapHOE COAEPKAHUE PATHOAKTUBHBIX H30TOIOB,
TakuxX Kak kKanui-40, paguii-226 u Ttopmii-232, B 1iebHE. DTOT mapameTp
UCIIOJIB3YETCSl  JUISl  OIICHKM  PaguallMOHHOW O€30MacHOCTU  CTPOUTEITHHBIX
MaTepUaioB M HUX BIMUSHUS Ha OKPYKAIOUIYI0 CpEly U 3/I0POBbE YEIIOBEKA.
VnenbHast »ddekTuBHAsS aKTUBHOCTh PAAUOHYKIUIOB IIEOHS HW3 OTXOJIOB
oboramenus 110,0 bx/kr (Kmace I (mo 370 bx/kr)).

Ta6nuna 3.11 conepUT NaHHBIE IO TPAHYJIOMETPUUYECKOMY COCTaBYy IECKa,
MOJIY4YEHHOT0 U3 JIPOOJICHOW HEPYMHOW MOPOJIbI, U MPOBEJACHHbBIE MCIBITAHUS IO
['OCT 8735-88. IlokazaTenu BKJIIOYAIOT 3€PHOBOM COCTaB, MOAYJIb KPYIIHOCTH U
COJIEp’)KaHME 4YaCTUIl OMNpPEACICHHBIX pa3MepoB, YTO IMO3BOJISIET OLICHUTh
MIPUTOJIHOCTh MaTepHaia Jijisi CTPOUTEIbHBIX 1IEJICH.

3epHOBOI COCTaB MECKa OINPEIEIISIETCA Yepe3 MOJHbIE OCTATKH HAa CUTax C
AYEeKaMH Pa3IUYHBIX pa3mMepoB. MchblTaHWs MPOBOAWIUCH COTJIACHO IMYHKTY 3
['OCT 8735-88. dakTuueckue OCTATKU MO MAacce PacHpelessiioTCs CIEAYIONUM
obpasom: Ha cute 2,5 MM — 2,5%, Ha cute 1,25 mm — 4,7%, Ha cute 0,63 MM —
7,6%, wa cure 0,315 mm — 17,0%, Ha cure 0,16 mm — 51,4%. Otot
IPaHyJIOMETPUYECKUN COCTAB MTOKA3hIBAET, YTO OOJIBIIIAS YACTh YACTHI] ITECKa UMEET
pazmep menee 0,16 MM, 4TO BIUSIET HA KOHEUHbIE XapaKTEePUCTUKUA MaTepHaa.

Conep:xkanue 3epeH KpynHoctbio Bbime 10 mm cocrasmsier 3,26%, 4dro
COOTBETCTBYET YCTAHOBJIIEHHOM HopMe He Oonee 5% mna mecka Il kmacca.
Conep:xanue yactun 0os1ee 5 MM 3apukcupoBaHo Ha ypoBHE 1,96%, uTo Taxxke
yKJaabiBaeTcs B HopMmy (He 6osiee 15%). OnHako, cogepskanue yactui mexee 0,16
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MM cocTaBiisieT 46,3%, 4TO MNpeBBIIAET YCTAHOBIEHHOE orpaHudyeHue B 15%,
yKa3plBas Ha 3HAUUTENBHOE COJEp)KaHHMEe MEIKUX YacTHIl B o0pasle u
HECOOTBETCTBHE TPEOOBAHUSAM JIJIsl TaHHOTO Kiacca.

Tabnuua 3.11 - ['panypoBaHHBIN COCTAB MECKa U3 IPOOJICHHBIX OTXO/I0B

oOorareHus
HanmMmeHoBaHmue O6o3Hauenue
Hopwma no dakTHuyeckoe [Ipumeyan
MOKa3aTesisl, EAUHULA H/I Ha meTobl
N HJ 3HAYCHUE nue
HU3MEPCHUS HUCIBITAaHUI
3epHOBOI COCTaB: I'OCT 8735-88, | He HOopM. [IOJIHBIE OCTATKHA
m 3 Ha cuTax, %

2,5 MM 2,5
1,25 mMm 4.7
0,63 MM 7,6
0,315 mMm 17,0
0,16 mMm 51,4
ConeprkaHue 3epeH I'OCT 8735-88, | mms 11
KPYIHOCTBIO, %o: n.3 KJjacca:
cBoie 10 Mmm He Ooiee 5 3,26 COOTB.
CBBIIIIE 5 MM He Ooxee 15 1,96 COOTB.
Menee 0,16 MM He Ooiee 15 46,3 HE COOTB.
ITomnuemii ocratok Ha cute | ['OCT 8735-88, He HOPM 76
¢ cetkort Ne 063, % m. 3 pM- ’

0,83

I'OCT 8735-88,
Monynb KpynmHOCTH 03 ¢B. 0,7 no 1,0 | rpynna necka —
) TOHKHHU

IToanblii octaTok Ha cure ¢ cerkol Ne 063 cocraBun 7,6%, uTOo He
HOPMUPYETCS, HO TaKXKE€ CBUJICTEIHCTBYET O MEIKO3EPHUCTOM COCTaBE TeCKa.

Moayiab KpynHocTH mnecka coctaBuil 0,83, 4YTO COOTBETCTBYET
KJ1accu(UKam «TOHKUN MECOK» M yKiaabiBaeTcs B nauama3on ot 0,7 mo 1,0 mo
I'OCT 8735-88. Takoit Moayiab KPYMHOCTH MPEIINoJaraeT HU3KOE COAEpKaHUe
KPYIIHBIX YacTHUI[ U BBICOKYIO MIOJI0 MEJIKHUX, YTO OMNPEAEIISieT HUCIOIb30BaHUE
MaTepuaia B OINpPEACNICHHbIX TUIAX CTPOUTETBHBIX paboT, Tne Tpedyercs Oolee
MEJIKAA U OTHOPOJHBIA MaTepHUall.

Ocnognble xapakmepucmuxu 000asKu

CoBpeMeHHOE TPOU3BOJICTBO OETOHOB M PACTBOPOB Y€ HE 00XoauTcs 0e3
XUMHUUYECKUX U MHUHEPAIbHBIX J00aBOK, 0COOEHHO 0€3 CynepruiacTu(pUKaToOpoOB,
KOTOPBIE TIPUMECHSIIOTCS, IS

- TIOBBITIICHUS TIOJIBHDKHOCTH OCTOHHOM M paCTBOPHOM CMECH;

- YMEHBIIIEHUS PacXxojia BOIbI U IIECMEHTA;

- TIOBBITIICHUS IPOYHOCTH OETOHA.

«Neolit 400» mpencraBiser coboit cynepruiacTuukaTop Ha OCHOBE
MOJIMKApOOKCHUIIATHBIX COTIOIMMEPOB B TIOPOIIKOBOM (popme.

Obnracmu npumeHnenus. IaHHas A00aBKa HCMOJB3YETCS I yIIYYIICHHUS
KaueCcTBa CYXUX CTPOUTEIBHBIX CMECEl Ha OCHOBE THIICOBBIX U IIEMEHTHBIX
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BOKymux. OHa o0coO0eHHO »¢¢eKTuBHa TMpH TMPOU3BOJICTBE PEMOHTHBIX
CTPOUTEIBHBIX COCTABOB, HAJIMBHBIX TIOJIOB, THJIPOTEXHUYECKUX PEMOHTHBIX
cMecel, OTHE3AIUTHBIX MOKPBITHH, a TAK)KE CMECE Ha TUTICOBOM BSIKYIIIEM.

Cesoticmea (1aba 3.12): «Neolit 400» o0iamaeT BHICOKON BOJAOPEAYLUPYIOIICH
CIIOCOOHOCTBIO, YTO MO3BOJISIET CHIXKATh BOAO-BSDKYIIEE COOTHOIIIEHUE Oosiee yeM
Ha 20%. OJTo, B CBOIW OYepedb, MOBBIIMIAET IUIOTHOCTh M JOJITOBEYHOCTH
CTPOUTEIBHBIX CMECEH, OTHOBPEMEHHO CHIKAs yCaJIKy U Jie(popMaIuu noa3y4ecTu
npu Habope MPOYHOCTH B pacTBopax u OeroHax. JloGaBka cmocoOCTByeT
3HAYNTEITHLHOMY MOBBIIIEHUIO KaK paHHEH, TaK M KOHEYHOU MPOYHOCTH cMeceit. OHa
TaK)K€ COBMECTHMA C TIMHO3EMHUCTHIMHU U TIOPTIAHAIIEMEHTAMH, YTO JejaeT e
YHUBEPCATHHBIM KOMIIOHEHTOM JJISI CTPOUTEIILHBIX PadoT.

Tab6mauna 3.12 - CoiictBa «Neolit 400»

[lBer ITopomrok 6enoro mpera
IInotHOCTB, KI/M3 600+50

pH 8-10

Conepxanue Cl-1,% He 6oiree 0,1

B namewm ciyuae ucnomnsdyercs a¢dekr cynepractudukatopa «Neolit 400»,
CBS3aHHBIA C TIOBBIICHUEM ITOABUKHOCTH, TOCKOJBKY B PacyeTHOM IOA00pE
COCTaBa 3aKJIAJHBIX CMECel U TOPKPET-0eTOHA MOJABMYXHOCTD UX COCTaBIIsIa OKOJIO
[I1=4 cm. B 3aBucuMocTu OT BHAa cynepruiacTU(dUKaTOpa €ro CoACpKaHue B
COCTaBE BBIIICYNIOMSHYTBIX cMece MoxeT nocturath oT 0,7 1o 1,2 % ot macchl
[IEMEHTA.

llaxmnas u mexHonocuueckas ompabomanHas 600d, 6blOeNeHHAs Npu
obocawjenuu  pyo  TPENCTaBIsAeT CcO0OMl  MOOOYHBIM  MPOIYKT  TOPHO-
oOorarurenbHOro npouecca. OHa COAEPKUT MUHEPATIbHBIE YACTUIBI U XUMUYECKHE
COEMHEHMSI, 00pa30BaBIINECS MPU NEpepabOTKE PyAbI.

XapakTepucTUKa IIaXTHOM M TEXHOJOTMYECKON BOJABI NMPUBEJIEHA B TaOIUIE

3.9.

Ta6nuna 3.13 - XapakTeprucTuka MaxTHOW U TEXHOJOTUUECKON BOBI

ITokazaTenu BoAbI Bun soner
HTaxTHEI TexHonornueckuit
[llenoynocTh 0,45 0,8
KecTtkocTh 11 12
pH 7,5 8,3

[IpurogHOCTh MIAXTHOW M TEXHOJIOTUYECKOW BOJ IPOBEPSIACH COIVIACHO
texanueckuM TpedoBanusaM ['OCT 31108-2016. [Ipu 3TOM 3TH BOBI HCTIOIB30BAIN
B KA4eCTBE BOJ03aTBOPUTENS LIEMEHTHO-IIECYAHOU cMecu. B kadecTBe 3TasloHa
Opanu pacTBOPHYIO CMECH, 3aTBOPEHHYIO HAa OOBIYHOM BOJE.
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3.2 Pa3paborka coCTaBOB MOJAM(PUIMPOBAHHOIO OEeTOHA Ha OCHOBe
0TXO0/10B 00oraieHus J1Js yKpenjeHust 00pToB Kapbepa

beroHn Ha MmeikoM necke (0TXO0AbI 000ralIeHu)

Otxompl oboramenuss AO «AxkmaTtayckuil KeH-0ailty koMOuHaThHD (AO
«AKBK») mo cBoeMy IpaHyJIOMETPUYECKOMY COCTAaBY MOXKHO OTHECTH K MEJIKUM
neckam (¢ M<1,5), y KOTOporo B Ka4ecTBE MEJKOTO 3aloJHUTENsI B OETOHE
UMEIOTCSI CBOM OCOOCHHOCTH.

K nosioxuTenbHbIM 0COOCHHOCTAM HCIOJIb30BaHUSI OTXOJIbI 00OTallleHus B
cocTaBe OETOHHOM CMeCH MOXXHO OTHECTH eIIe: Majias CTOMMOCTD,
CIIOCOOCTBOBAHME CO3aHUIO 0€3- U MaJOOTXOJHBIX TEXHOJIOTHH, PAIlMOHATBHOMY
pacrpeie]ICHUI0 MUHEPaJIbHBIX PECYPCOB U PEIMICHUIO SKOJIOT0-2KOHOMUYECKHUX
npo0JieM, CBSI3aHHBIX C XPAaHEHUEM U OTPULIATEIIbHBIM BIMSHUEM Ha OMOTEOIEHO3.

Hcxoanbie JaHHbIE 1151 pacyeTa noadopa cocrasa 0erona: uemeHt [IEM
I 42,5H (TI11 400 J10) mmm IIEM II/A-II 42,5H (ITL[ 400 [120) ¢ ucTUHHOMH
IUTOTHOCTBIO OKOJIO 2,9 T/M° M HachmHOI mwioTHOcThIO 1200 Kr/M°; mieOeHs,
MOJIYYCHHBIN U3 IPOOJICHUS OTX0/I0B 00OTaleHus AKXAJICKOTO MECTOPOKIEHUS, C
KPYIHOCTBIO 5...20 MM, HCTUHHOM M HACBIHOM MIOTHOCTHIO 2,72 T/M3 1 1465 xr/Mm°
COOTBETCTBEHHO, TyCTOTHOCTHIO 46,1 %; Menkue Gppakiuu 0TX0A0B 00OTAIICHUS C
MCTUHHOH M HACBIMHOH IuIoTHOCTBIO 2,74 T/M° m 1515 xr/m® cooTBercTBEHHO,
MyCTOTHOCTHIO 44,7 %, Mmonynbs kpynHocThiO 0,83.

Ilo06op cocmasa bemona BS5S (M75) u CI12/15 (M200), uctionb3yemsie,
COOTBETCTBEHHO, /IS 3aKJIaJIHBIX CMecei 1 OeToHa.
1. Onpenensem B/I] o popmyre:
- nust 6erona BS (M75) — 3
it JY T XX T pOT .
x4 2 it Jw2 X v T[ﬁmﬁuarnnpuupmc
- nng 6erona C12/15 (M200) —
mt X m pOTm .
cmmmt Jfv X TG Lpnnh)

2. JIns 6eToHa Ha MEJTKOM TEeCKEe MPUHUMAETCS TOHIKEHHAs 0Cajlka KOHyca —
2...3 cm (Bmecto 4...5 cMm mus OeroHa Ha oObryHOM mecke). [lo rpaduky
ompeesisieM OPUEHTUPOBOYHBIN pacxo Boakl: (170+5(10-7)+10=195 n).

1. OnpenenseM pacxo IIEMEHTA:

-1 BS (M75) > —  p Yo’

- s C12/15 (M200) —x  — o T koM’

2. Ha ocHOBaHMM W3BECTHBIX JAHHBIX TIPU IIOMOIIMM HHTEPIOJISIIHH
onpeneiseM KodhpuimenT pa3aBmxkn - a=1,31.

3. OnpenensieM pacxo]1 eOHs:
1 pTT T[Fl
13 p 0%
(- (-
]I Vi — MyCTOTHOCTD TeOHs (v, =44,7 %);
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o - KoaduimeHT pa3aBwkku meons (o=1,31);
[’ﬂh U Y- HACHITTHASI M ICTUHHAS TJIOTHOCTH IEO0HS (F~h=1,52 /™M 1 2,74
T/M3).
[Toacrarmsis 3HAUECHMSI, TTOJTYIUM pacxof meoHs u st BS (M75) u nna C12/15
(M200):

1 ) I P p O pxu/m®

R h
4. OnpenensieM pacxoj necka (0Txo/bl o0oraieHus) mo Gopmyiie:

H(OT):pT[T[T[X—X , — D (3.2)

-

riae L1, B u LIl — pacxonb! ieMeHTa, BOJIBI U IIICOHS;
Yu> Ym U Yn(x) — COOTBETCTBEHHO MCTHHHAS IUIOTHOCTh LIEMEHTA, LIEOHS U
necka (0TXO/bl 00OTaIICHUS).
[TonacraBnsst 3Ha4€HUA MOJTYYUM:

- BS M75) -TIO1)=p inim— pwu—— KT X mer/m’
- s C12/15 (M200) ~TI(On)=p i m— pwu— X T UL /M
5. OnpexensieM 0011yI0 OOBEMHYIO MacCy:
- s M75 (~B5,5) — +B+II+I1(01)=189+195+1315+702=2401 kr/m3;
- s C12/15 (M200) — I+B+II+T1(01)=342+195+1315+559=2411 kr/m>,
6. [IpoBoaum mpobOHBIe 3aTBOpeHus. OnpeaenseM 00bEeMHYI0 MacCcy MPOOHBIX
3ameceil. [Ipu aTom ko duruent yrmmotrHeHus: cocrasisii 0,98:
— st BS (M75):
2401-0,98=2353 kr/m®
— s C12/15 (M200):
2411-0,98=2363 kr/Mm°.

[TonmoOpaHHbIe COCTaBBl OCTOHOB Ha OTXOJaX OOOTaIlleHHs] MPUBEICHBHI B
cBOIHOH Tabmure 3.14.

Ta6nuna 3.14 — CocrtaB U cpeAHsis MIIOTHOCTh OETOHOB HAa OCHOBE IIEOHS U3
OTXOJI0B obOoramieHus AKxaackoro mectopoxaeHust 1 orxoa0B AO «AKBK»

Kiace Pacxon HCXOQHBIX MaTEpUAJIOB, Kr/m° CpenHsisi IITOTHOCTh
LIEMEHT | Boxa | 1ieOeHb OTXOJBI nobaBka OETOHHOI cMecH,
OeToHa 3
oborarmeHus KI/M
B5 (M75) 185 191 1289 688 2,2 2355,2
Cl12/15 2367
(M200) 335 195 1315 559 4

Iloo6op cocmasa bemona C20/25 (M300) na ocrnose wiebus, noayyeHHo20 u3
Opoberust omxo006 0602aueHus AKIHCANICKO20 MECIOPONCOCHUSL U UCNOJIb3YEMO20
OJ5L HAPYIHCHO20 NPUMEHEHUS

[Tox6Gop cocraBa 6etorna C20/25 (M300) ocyrecTBieH:

- C HCIOJBb30BaHWEM OOBIYHOTO TIECKa C MOJYJIEeM KpymHocTH M=2,5,

BOJIONIOTPEOHOCTHIO 7 % M UCTUHHOM IJIOTHOCTHIO 2,7 /™3,
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- C MCITOJIb30BAaHUEM OTXO/IbI 0OOTalEeHNs ¢ MOoaysieM KpynHocTH 0,83, HCTHHHOM
IUTOTHOCTBIO 2,74 T/M°.

[Ilebenp w3  ApoOJieHHs  OTXOAOB  AKXKAJICKOTO  MECTOPOXKJIEHUS

XapaKTepu3yeTcs CIeAyIOIUMHI CBOMCTBAMHU:
- IpeieNIbHast KPYIMHOCTh — 5-8 MM;
- UICTWHHAS ¥ HACBITTHAS TUIOTHOCTh COOTBETCTBEHHO 2,72 T/M° 1 1465 kr/™m>.

B xauectBe Bskymiero ucnojb3oBan nemeHT LIEM 1 42,5H (T11] 400 J10) niu
LIEM II/A-11I 42,5H (IT11 400 /120) ¢ MCTHHHON M HACBIITHOMN IJIOTHOCTHIO 2,9 T/M>
1 1200 kr/M® COOTBETCTBEHHO.

Ocanka KoHyca i1 OObIYHOM OETOHHOI cMecH Ha necke ¢ M=2,5 —4...5 cwm,
Ha necke M=0,83 —2...3 cm.

1. OmpenernsieM BOJIOIIEMEHTHOE OTHOIICHHE 110 (hOpMyJIe:
1.2
x ¥ mwd OV

rae A — kodppuIueHT, XapakTepu3yIIMil KauecTBO MeCKa; IJisi OOBIYHOTO

necka A = 0,45, s orxonoB odoramenus A — 0,30;
R, — mapka nemenra (I1L1400);
Res — 3amannas mapka (kiacc) 6erona C20/25 (M300).

[ToxcTaBsist 3HAYCHUS TTOJTYIHM:

- Ip¥ IPUMEHEHNH Tecka ¢ M=2,5:
Mt O T pyYT .

CTAMOR X nnown

- Ip¥ NPUMEHEHNH 0TX010B oboramenus ¢ M,=0,83:
Mo T pgTm .
o Mo O
OCNMMMmMItod Mo QT

2. Tlo rpaduikam ycTaHaBIMBAaEM OPUEHTHUPOBOYHBINA PACXO BOJIBI:
- IPY IPUMEHEHUU OOBIYHOTO Tecka ¢ M =2,5 — 182 i;
- IPY IPUMEHEHUU 0TX0/10B oboratmienus ¢ M,=0,83 — 172 1.

o

3. OmpenensieM pacxo/ IEMEHTA:
- IPY PUMEHEHUH OOBIYHOTO TIecKa ¢ M =2,5:
— — 3.
11 5 = 0 WKr/M>,
- IPY IPUMEHEHUU 0TX0/10B oboramenus ¢ M=0,83:
0 — ug e,
4. OmperernsieM myCTOTHOCT eOHs:
Vusl— p —— p mT T @
[To rpaduky ycTaHaBIMBAaEM pPa3IBHKKH OL.
- PU MPUMEHEHUU 0O0BIYHOTO 1ecka ¢ M=2,5 — 1,43;
- IPY IPUMEHEHUU 0TX0/10B oboramenns ¢ M,=0,83 — 1,31.
5. Onpenensiem pacxo mebHs o Gopmyie:

=a——- —

- PU MPUMEHEHUU O0OBIYHOTO MecKa ¢ M=2,5:
= oh P ¢ ykg/m®;
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- IPY MPUMEHEHUH 0TX0A0B oborameHus ¢ M,=0,83:
=57 T po UKD/MS

R R
6. OnpenemnsieM pacxoa MEJIKOTO 3aMOJIHATENS (TIecKa):

M=pnnn= , — J-:

-

- PU MPUMEHEHUU OOBIYHOTO Mecka ¢ M=2,5:
D=pmnmn— pYc— Tk v
- PU MPUMEHEHUHU 0TX0]10B oOoramenus ¢ M;=0,83:
N=pMAN— PXG—F Xk T T p RIS
7. Paccuntaem 06beMHYIO Maccy OETOHHOW CMECH:
- IPY MPUMEHEHUH OOBIYHOTO TIecKa ¢ M=2,5:
S=I{+B+I+I1=396+182+1282+567=2427 kr/m>;
- PU MPUMEHEHUHU 0TX0]10B oOoramenus ¢ M;=0,83:
S=I{+B+I+I1=521+172+1351+414=2458 kr/m®.

8. IIpoBoaum mpobOHbIe 3aTBOpeHus. OnpenensieM 00bEMHYIO Maccy MpOOHBIX
3ameceil. [lpu aTom koadduIMEeHT YIIOTHEHHs B cpenHeM cocrtaBisun 0,98.
[Toxcrapisis 3HaYeHUS, TOJTYYUM JIEHCTBUTENBHBIN pacxo/l MaTepUaIOB:

- IPY IPUMEHEHUU OOBIYHOTO Tecka ¢ M =2,5:

Vp=L+B+II+I1=388+178+1256+556=2378 kr/m?,

- IPY PUMEHEHUH 0TX0A0B oborameHus ¢ M=0,83:

V= 511+169+1324+406=2410 kr/m>,

[TogoOpannbie coctaBbl 0eToHOB M300 Ha OOBIYHOM MECKE U OTXOJOB
oOorarmieHus NpuBeIeHbl B CBOJHOM Tabnuie 3.15, U3 KOTOpoil BUAHO, YTO Ha
OCHOBE IEOHS W3 HEPYAHOW TMOPOABI AKXKAJICKOTO MECTOPOKICHUS MOYKHO
MOJIy4uTh O€TOH KJiacca BoIe cpearero C20/25 (M300).

Tabmuna 3.15 — CoctaB u cpenHsisi IJIOTHOCTh OETOHOB HA OCHOBE IIECOHS U3
HEPYJIHON MOPOJbI AKXKAJICKOTO MECTOPOXKIACHHUS C UCIOJIb30BAHUEM B KAa4eCTBE
MEJIKOTO 3aIOJTHUTENSI OOBIYHOTO TIECKA U OTXO0JI0B 00OTaICHUS

Pacxo,u NCXOIHBIX MaTepI/IaJ'IOB, KF/M3 Cpe)]HfIfI IINIOTHOCTH
Buna menkoro v o
MEJIKUI OCTOHHOI cMecH,

3aI0JIHUTEIS LIEMEHT BoIa | nreOeHb nobaBka 3

3aII0JTHUTEID KI/M
Obpranmrit 388 | 178 | 1256 556 4 2382
TIECOK
Orxome! 511 169 | 1324 406 6,1 2416,2
oOoraieHns

3.3 Paszpabdorka cocTaBoB MOAM(PUIIMPOBAHHOIO TOPKpPeT-0€TOHA U
dPPEeKTUBHBIX 3aKJATHBIX cMeceii HA OCHOBE OTXO0J0B O00OTralieHusi IJIs
YKpenJieHUus1 MoI3¢eMHbIX BBIPA00TOK

Hcxoanbie nanuble AJs pacuera: nopmiaganement [IEM 1 42,5H (T11] 400 J10)
wim LIEM II/A-III 42,5H (I111 400 J120); mpu pacueTax CpeaHsisi IUIOTHOCTh
IIEMEHTOB B YIUIOTHEHHOM COCTOSHMM TnpuHHMarorcss 1300 kr/m3;, oTxomsl
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oforamenus co cpeaHeil WioTHOcTho 1515 kr/m3. Tpebyercs momoOpaTh cocTas
JUIs 3aKJIaIHBIX cMecer kiacca B 7,5, B 10 u mis Topkper-0etona C20/25 (B25).
Mapka no noasmwxkHoctu [11-4 cm.

1. Io ta6muue 6 [109, c. 126] onpenenseM pacxoj neMeHnTa Ha 1 M3 oTX010B
oOorareHus:

— 115t pactBopa B 7,5 Ha 1 M OTXOJIOB 000TaIEHUS HEOOXOIUMO 255 KT IIleMeHTa
WK 110 00beMy Vi =255:1200=0,21 m3;

— s pactBopa B 10 Ha 1 M30oTX010B 060ramenus HeoOxoauMo 350 Kr ieMeHTa
win 110 00semy Vir =350:1200=0,3 m3;

— nns Topkper-6etona C20/25 (B25) na 1 M®0TX010B 060ramieHns Heo6X0AUMO
450 kr nemenTa uinu mo oosemy Vi =450:1200=0,38 M

2.CocraB pacTBOpa B 0OBEMHBIX YaCTAX OMPEICIISIOT 10 hopMmyJie:

- do — ,II0ACTAaBJIAA SHAYCHU ITOJTYUHNM:

— zm;i pactBopa B 7,5 _

Tig p P -
e prie p P8V
— 11g pactBopa B 10
o p -
o hie PPN
— Juisa TopkpeT-6eTtona C20/25 (B25)

o ¥ 0 pdsp &)
o (o

3. CocraB pacTBOpa B 4acTSX [0 MacCe OMPEILIISIOT 10 (hopMyJie:

X

. X—hl'IOI[CTaBJ'ISIH SHAYCHUS IMOJTYUUM:

— 11 pactBopa B 7,5

CUpPULPUL .
— P

cuvolBcuuv
— 115t pactBopa B 10

oV) % VPU -
oVv U TT p(ﬁ n
— st TopkpeT-0erona C20/25 (B25)
TUPULPU .
o G PE
4. HaxoauM KOJMYECTBO COCTABHBIX YACTEH PACTBOPHBIX cMeced B 0OBEMHBIX
YaCTAX:
— s pactBopa B 7,5 — 1+45,9=7,9;
— 115t pactBopa B 10 — 1+4,3=5,3;
— s Topkpet-0erona C20/25 (B25) — 1+3,4=4,4
5. Pacxon niemenTa Ha 1 M3 pacTBOpHOI cMecH:

— nst pactBopa B 7,5 — — Tip or®umu 0,13-1200=156 kr/m®;
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— anst pacteopa B 10— — Jp T o wmm 0,19-1200=228 kr/m?;
— 115t TopkpeT-0erona C20/25 (B25) — - P it o um 0,23-1200=276

Kr/M°.
6. Pacxon otxonos o6oramenus (OT1) Ha 1 M pacTBOpHOM cMecH:

— it pactopa B 7.5 — — w  1ip who 1o} X wm 0,77-1515=1162

KT/M;

— nnsa pactBopa B 10 — - o mip Yrlo  mox i wom 0,77-1515=1168
Kr/M°;

— s Topkper-Getona C20/25 (B25) — — Joft iy eh 1o} }v° wm

A
0,77-1515=1168 xr/m>.

7. Pacxonm Bombl [B] pacTBOpoB IpM MOABUKHOCTH, COOTBETCTBYIOLIEH
NOrPYKEHNIO CTaHAApTHOro KoHyca Ha 9-10 cm, Ha 1 M® mecka, IpUOIMKEHHO
onpenenstor o ¢opmyse B=0,0005-11:

— nns pactBopa B 7,5 — B=0,0005-156=0,078 m> unu 78 n/m;

— 114 pactBopa B 10 — B=0,0005-228=0,11 m® umm 0,11 1/m3,;

— mis Topkper-6eTona C20/25 (B25) — B=0,0005-276=0,14 m® mimm 0,140 n/m3.

8. OmnpenenseM pacueTHYI0 0OBEMHYIO MacCy PacTBOPOB:

— s pactBopa B 7,5 — [I+ Ot +B=195+1162+182=1445 KI/MS;

— nns pactBopa B 10 — LI+ Ot +B=228+1168+111=1507 xr/m>;

— 1 Topkper-6etona C20/25 (B25) — I+ Ot +B=276+1168+140=1584 kr/m3.

9. IIpoBoauM mpoOHbIe 3aTBOpeHus. OnpenensieM 00bEMHYI0 Maccy MPOOHBIX
3ameceil. B 3aBUCUMOCTH OT MapKu pacTBOPOB, OHA OKa3aJach:

— st pactBopa B 7,5 — 1416 xr/m3;

— quist pactBopa B 10 — 1447 xr/m3;

— nns Topkper-6erona C20/25 (B25) — 1521 xr/m3.

10. Onpenenum 1eCTBUTENbHBINA PACXOJ UCXOAHBIX CHIPHEBBIX MATEPHUAJIOB Ha |
M® PacTBOPa Ha OCHOBE OTXOJbI 00OTalIEHNs MECTOPOKACHUS AKKA

— 1151 pactBopa B 7,5 — —— 1o g,
I = 0,98-195=191 kr/m3,;

B =0,98-82=80 kr/m5;

Ot =0,98- 1162=1139 xr/m*:

— i pactBopa B 10 — — 1w @d,

I = 0,96-228=219 kr/m3,;

B =0,96-111=107 xr/m>,;

Ot =0,96- 1168=1121 xr/m3;

— i TopkpeT-0etona C20/25 (B25) — —  miw g,
I = 0,96-276=265 kr/m3,

B = 0,96-140=135 kr/m°;

Ot =0,96- 1168=1121 xr/m°.

77



[TogoGpanHbIe COCTaBbBI 3aKJIAJIOYHBIX CMECEH U TOPKPET-0eTOHA TPUBEICHBI B
cBOAHOU Tabnuie 3.16, U3 KOTOPOH BUIHO YTO MO MPOYHOCTHBIM IMOKa3aTeNsIM
3aTBEPACBIINE PaCTBOPHI C MPOUHOCTHIO 11...16,3 MIIa MoryT OBITH HCIIOJIB30BaHbI
KaK 3aKJIaJIKH, a TOPKPET-0ETOH C MPOYHOCTHIO 25,4 Mna.

Ta6muma 3.16 — CocrtaB u cpeHssl ITIOTHOCTh HA CHKaTHE 3aKJIaIOUYHBIX cMecel
U TOPKpET-OETOHA Ha OCHOBE OTXOJI0B 00OTaIICHUS

PacxoJ1 HCXOJHBIX MaTepHAJIOB, KI/M° CpenHsist IJI0THOCTD
Kunacc pactBopa u N
OTXOJIbI pacTBOPHOI cMecH,
Oerona LIEMEHT BOJIa nobaBka 3
o0oraneHus KI/M
B7,5 191 80 1139 - 1410
B10 219 107 1121 - 1447
TOPKPET-0ETOH
C20/25 (B25) 265 135 1121 3,2 15242

3.4 CpaBHHMTE/IbHBINH aHAIU3 (PU3UKO-MEXAHUYECKUX CBOMCTB 0CTOHHBIX
cMecei, 3aTBOPEHHBIX 00bIYHOM, IIAXTHOM ¥ TEXHOJIOTMYECKOH BOIOH

CoBpeMEeHHOE CTPOUTENHCTBO TPEOYET MOCTOSHHOTO YIIYUIIICHHS KayecTBa U
XapaKTEPUCTUK OETOHHBIX CMECEH, YTO 00YCIOBIUBACT MOUCK HOBBIX PEIICHUMN /IS
MOBBIMICHUS WX (PU3UKO-MEXaHUYECKUX CBOMCTB. OIHMM U3 TMEPCIEKTHUBHBIX
HalpaBJICHUI  SIBISIETCS  HCMHOJIb30BAHME  PA3IMUHBIX TUIOB BOABI  IpHU
MPUTOTOBJICHUH OETOHHBIX CMECEH.

B wucciemoBaHMM  JaHHOW — JUCCEPTAIIMOHHONM  pabOThHl  MPOBENEH
CPaBHUTEJIbHBIA aHAJIU3 MPOYHOCTH HA CkKaTue OCTOHOB, 3aTBOPEHHBIX OOBIYHOM
(?TaJIOHHOM), IAXTHOM U TEXHOJIOTMYECKOU BoaoM. VccienoBanue HampaBiaeHO Ha
M3YUYEHUE BIMSHUS XMMHUYECKOIO COCTaBa M CBOMCTB BOJIbI HA MPOIIECC TBEPACHUS
1 (hOopMUPOBaHKE MPOYHOCTHBIX XaPaKTEPUCTUK OETOHA HA PA3IUYHBIX CTAAUSIX —
3,7,14 128 cyrok (Tabi. 3.17-3.19). Oco0oe BHUMAaHHE yACJICHO TEXHOJIOTUUECKOMN
BOJIe, KaK aJlbTEPHATUBHOMY pecypcy, o0O0JajaromeMy MOTCHIHAIOM st
3HAYUTENIHLHOTO YJIYUIICHUS SKCIUTYyaTallMOHHBIX MOKa3aTesield 0ETOHHBIX CMeCeH.

Pe3ynbTaThl nccae0BaHMs TO3BOJISIIOT OIICHUTH 9D PEKTUBHOCTH TPUMEHEHUS
KOKIOTO THMA BOJBI M BBIABUTH HanbOoJee TMOAXOIANINN BapHaHT ISl
MPAKTUYECKOIO UCTIOIb30BaHUS B CTPOUTEIBCTBE C LEJIbI0 ONTUMU3ALIUNA KAaYECTBA,
SKOHOMHUYHOCTH U KOJIOTUYECKON YCTOMYMBOCTH.

Ta6numa 3.17 - du3znko-MexaHUYeCKUe CBOMCTBA pacTBOPA, 3aTBOPESHHOIO Ha
OOBIYHOM BOJE (3TAJIOH)

Ne HammenoBanue nmokazarens, | O6o3znadenue HJ[ Ha Hopwa o HJT daKTHIECKOe
H/ II CANMHNIA U3MCPCHUSA METOAbI UCOBITAHUN P 3HAYCHUC
Hopmanbenas rycrora
1 p yeror TOCT 30744-2001 |  He HOpM. 29,0
LIEMEHTHOTI0 TecTa, %
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2 Hauano cxBaTeIBaHUS, MHUH, HE FOCT 30744-2001 75 180
paHee
3 [IpounocTts Ha cxkatue, Mlla, B FOCT 30744-2001 16 34,7
BO3pacre 7 CyT., HE MEHEe
[Ipenen mpovYHOCTH TIPH CIKATUH 305
4 | BBO3pacTe 28 cytok, MIla, e | T'OCT 30744-2001 52’5 41,7
MEHee He Ooliee '

Tabnuna 3.18 - dusnko-MexaHNUECKHE CBONCTBA pacTBOPa, 3aTBOPEHHOTO Ha
IaXTHOU BOJIE

Ne HanmenoBanue nokasareis, 06(:;;‘2?({)“;}1[[ Hopmamo HJ[ | ®axtuyeckoe
n/n eIMHULIA U3MEPEHUs At 3HaYeHUE
UCHBITAHUN
1 Hopuansias rycrora TOCT 30744-2001 |  me HopM. 29,5
LIEMEHTHOTO0 TecTa, %
5 Hauano cxBaTeiBanusi, MUH, HE FOCT 30744-2001 75 170
paHee
g | Mpounocts ma cikarue, MUa, & 1 1o r 309442001 | ne nopw 29,5
BO3pacTe 3 cyT., He MEHee
4 [Ipounocts Ha cxkarue, Mlla, B FOCT 30744-2001 16 34.8
BO3pacTe 7 CyT., HE MEHee
5 | Ilpounocts va earie, MIla, & 1010307442001 | we nopu. 35,9
Bo3pacre 14 cyT., He MeHee
IIpenen mpoyHOCTH NMPH CKATUU B 35
6 Bo3pacte 28 cytok, Mlla, I'OCT 30744-2001 52’5 414
He MeHee He 0oJiee ’

Tabnuua 3.19 - ®u3nko-MexaHU4YeCKrUe CBOMCTBA pacTBOPA, 3aTBOPEHHOIO Ha
TEXHOJIOTUYECKOU BOJIE

Ne HaumenoBanuve nokazartens, Obosnauenne Hll na | Hopma o HJI daKkTH4YeCKoe
n/n eIMHUIIA U3MEPCHUS METOJBE TOCT 31108- 3HAYCHHE
JIHHTL p HUCTIBITAHU I 2016
1 Hopuansias rycrora TOCT 307442001 |  se Hopw. 31,0
IIEMEHTHOTI0 TecTa, %o
9 Hauano cxBaTeIBaHus, MUH, HE COCT 30744-2001 75 160
paHee
g | Mpommocts ma cxatie, MITa, & - ro o 307442000 | e mopw. 32,7
BO3pacTe 3 CyT., HE MEHEe
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BO3pacTe 7 CyT., HC MEHEe
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Bo3pacte 14 cyT., He MeHee
[Ipenen MpOYHOCTH MPH CKATUU B 395
6 Bo3pacte 28 cyrok, Ml]a, I'OCT 30744-2001 52’5 44,4
HEe MeHee He OoJiee ’

Ha ocHoBanun MMPEACTAaBJICHHBIX Ta6J'II/II_I ObL1a IIOCTPOCHA Auarpamma,
KOTOpasd HarilagHO HWIIIOCTPUPYET IMOJYUYCHHBIC PE3YJIbTAThI
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BU3YaJIbHO CPaBHUTH MOKa3aTenu. JluarpaMma mperocTaBiseT BO3MOKHOCTh OoJiee
YETKO OTCIEAUTHh TUHAMHUKY U3MEHEHHs MPOYHOCTHBIX XapaKTEPUCTHUK OCTOHHBIX
cMecel, 3aTBOPEHHBIX pa3JIMYHBIMU THUIAMU BOJbl (OOBIYHOM, IIaXTHOW W
TEXHOJIOIMUYECKOM), HAa pa3HbIX CTAUSIX TBEPACHUS.

Juarpamma 1 WIIIOCTpUPYET CPaBHUTENBHBIA aHAIM3 MPOYHOCTH OETOHA Ha
cxkarue (B MIla) npu ucnonb30BaHUM TPEX Pa3IUYHBIX THUIIOB BOJBI: OOBIYHOM
(3TaOHHOM), MIAXTHOW W TEXHOJOruueckol. IIpoyHOCTHBIE XapaKTePUCTUKU
OeToHa MccaeI0BaHbl HAa YETHIPEX CTaausIX TBEpACHU: yepes 3, 7, 14 u 28 cyTok.

Ha 3 cyrkum mpodHocTh O€TOHA, MPUTOTOBICHHOTO Ha OOBIYHON BOJE,
coctasiseT 29,3 Mlla, yTo NMpakTUYECKH COBMNAJAET C PE3YJIBTATOM ISl IHAXTHOM
BOJbI (29,5 MIla). OnHako UCHONBb30BAHUE TEXHOJOTHYECKOW BOABI MPUBOIUT K
3HAYUTENBHOMY YBEJIMYEHHUIO MPOYHOCTH 10 32,7 MIla, 4TO CBUIETENBCTBYET O €€
Oonbieit 3pGEeKTUBHOCTH Ha PAaHHUX JTarax TBEPACHHUS.

m ”:'.;e”"Y “0".°6’Htt”e“"o’\e :jo*o”eo’\o como_ Ty
44,4
45 41,7 41,4
38,4 39,1
40 . 34,7348 322358
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moTot 2 LD T S 3 LD R z LD T S 2 LTz
.o h * mt O“mxh"q;mt T_anxht"qyt( M“nomh‘tnrpt HY m

Huarpamma 1 - CpaBHUTENBHBINA aHATN3 TPOYHOCTH OeToHa Ha cxkatue (B MIla)
IIPY UCTIOJIb30BAHUH TPEX PA3JIUYHBIX THUIIOB BObI

Ha 7 cytku naGmromaercst oOree yBelIWYeHHUE MPOYHOCTH IS BCEX THUITOB
BOAbl. beToH, mMpUroTOBIEHHBI Ha OOBMHON Bojae, nocturaet 34,7 Mlla, Ha
maxTtHoi — 34,8 MIla, a Ha texHojoruueckoii — 38,4 MIla, uto Ha 10,7%
MIPEBBIIIAET MTOKA3aTeIU ATAJOHHON CMECH.

Ha 14 cytku npouHocTh 6€TOHa Ha OOBIYHOM BoJie Bo3pacTaet a0 36,1 Mlla,
TOrJa KaK MmoKa3aTesb JJIsl [axTHOM BOAbl cocTaBigeT 35,9 MIla. B To ke Bpems
OCTOH, MPUTOTOBJICHHBIM C UCIIOIb30BAaHUEM TEXHOJIOTHYECKOW BOJIbI, IOCTUTAET
39,1 Mlla, uto Ha 8,3% BbIIlIe, YEM MPHU UCIIOIH30BAaHUN OOBIYHON BOJIBI.

Ha 28 cytku, xorgja 6€ToH AOCTUTaeT CBOEH MaKCMMalbHONW MPOYHOCTH,
3HaueHHs cocTaBisioT 41,7 MIla mis oObraHOM Boasl, 41,4 MIla mis maxTHOH U
44,4 Mlla nna texHonormyecko. PazHuila mMexay TEXHOJOTHMYECKON BOAOU U
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0OBIuHOM AocTuraer 6,5%, 9to noaTBepKAaeT e€ 3h(HEeKTUBHOCTH HA BCEX CTAAMSIX.

B wmenoMm, pe3ynbTaThl aHajiM3a JIEMOHCTPHUPYIOT, YTO HCIOJIb30BAHUE
TEXHOJIOTUYECKOH BOJIBI NMPUBOJUT K 3HAYUTEIHHOMY YBEIWYECHUIO MPOYHOCTH
OeToHa Ha BCeX ATanax TBEPJAEHUs, 0COOEHHO Ha paHHHX cTagusax (3 u 7 cyTok). B
TO BpeMs Kak IMoKa3aTelu OeTOHa Ha IIaXTHOM BOJE COMOCTAaBUMBI C OOBIYHOM,
TEXHOJIOTUYECKass BOJa 3HAYUTENILHO TPEBOCXOIUT WX, Jeias e€ Hauboiee
NEPCIEKTUBHBIM BapUaHTOM [UIsl TOBBIIICHUS MPOYHOCTHBIX XapaKTEPUCTUK
OETOHHBIX CMECEH.

3.5 MaTeMaTnueckoe MOACITUPOBAHNEC BJIUSTHUA q)aKTOpOB Ha MPOYHOCTD
MO[[I/I(I)I/IIII/IPOBaHHOFO OeTOHA npu C:kaTHuHu

[locne pa3paboTku cocTaBa OETOHHBIX CMecell OyJeT BBINOJIHEHO
MaTeMaTU4YeCKOe MOJICIMPOBAHKE, HAMPABIECHHOE HA OIEHKY BIIUSHHS OCHOBHBIX
(bakTOpoB Ha MPOYHOCTH MO (PUIIPOBAHHOTO OeTOHA IpH cxaTuu. Mccnenopanue
IpeanojaraeT MPUMEHEHHUE IUIAHWPOBAHUSI JKCIEPUMEHTA IEpPBOrO MOpsAKa, a
TaK)Ke MPOBEPKY BOCIIPOU3BOJIUMOCTH MOTYUCHHBIX IKCIIEPUMEHTAIBHBIX JIaHHBIX.

Br100op ¢pakTOpOB M X YypPOBHEI

JI71st TaHUPOBAHUS KCIIEPUMEHTA BHIOEPEM OCHOBHBIC (DAKTOPHI, BIUSIOIINE
Ha MPOYHOCTH OETOHA IIPU CKATHH:

X1 — nosupoBka cynepriactuduraropa «Neolit 400» (% ot Maccel 1IeMeHTa),
B nipeaenax 0,7% ... 1,2%

Xy — BoaHo-1iemeHnTHOE oTHotenue (B/I1), B npenenax 0,4 ... 0,5

X3 — tun nementa LIEM 1 42,5H (TTL] 400 J10) nou LIEM II/A-IT 42,5H (T111
400 J120), 3akoaupyem Kak OuHapHyto repemennyio: 10 =— 1, J120 = +1

Hcnonb3yem MoJHBIN (PaKTOPHBIA SKCIIEPUMEHT MIEPBOTO TOPsIKa
Uucno HeoOXoAMMBIX OMbITOB N B IUIAHUPOBAHUU TEPBOTO TOPSIKA
omnpezensieTcs no Gopmyne
N=2k=23=8,

qTO JacT HaM 8 OKCIICPUMCHTAJIBHBIX TOYCK

YpoBHuu (pakTOpOB:

X1 (o3upoBka cynepriactudukaropa):
Hwxuuit yposens (-1): 0,7%
Bepxnuii yposensb (+1): 1,2%

Xz (BoaHo-11€eMEHTHOE OTHOIIICHUE):
Hwxuuit yposens (-1): 0,40
Bepxuuit yposens (+1): 0,50

X3 (Tum nemenTa):
L[IEM 142,5H (TIL] 400 10): -1
LIEM II/A-II 42,5H (I1L1 400 /120): +1

Martpuna rmiaHupoBaHUs IKCIIEPUMEHTA

81



OmnpIT X3 X X3 y (MI1a)
1 -1 -1 -1 30,0
2 +1 -1 -1 315
3 -1 +1 -1 28,5
4 +1 +1 -1 30,5
5 -1 -1 +1 31,0
6 +1 -1 +1 32,5
7 -1 +1 +1 29,5
8 +1 +1 +1 33,4

IMocTpoenne MaTeMaTHIECKOH MO/IeIH

JIuHenHas perpecCuoHHas MOJIENIb UMEET BU/L:
Pacuet xoaddunrenToB perpeccuu

KoadduimenTs! perpeccun paccuuTbiBatoTCs Mo popmyie:

. B
W G o8

rae N — 9uciio onbsITOB
Pacuer cpennero sHauenust Y: 3 3
B om ow w otw opm op ¢ o .
0 U]

Pacuet ko3¢ duLeHToB:

1. Koagpgpuyuenm by: § 3
B IO p Do fm p Do m

v U/
pp "~ ~

2. Koagppuyuenm by:

o

mh

p O¢ to p Dot

@

5 B Oad p Do 1t p Do E p Oc p Do&

U . . W
P

3. Koappuyuenm bs:

5 B O3 p Do 1 p ODofw E p O¢c p Do&

U _ L Y
s

4. Ceob00muwiul unen bo:
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MaTteMmaTu4eckas MoJaeJb

[ToacraBuB KO3 PUIMEHTBI, TOJYYUM YpaBHEHUE PETPECCUU:
Y =30,9+11X;-0,4-X+0,7-X3

AHAJIN3 3HAYUMOCTH KO3 PuiueHTa
Jlnst  mpoBepKHM 3HAYMMOCTH  KOI(P(UIIMEHTOB UCIOJIb3YeM KpUTEpUi
CreronenTa. PaccuntaeM cpeiHee KBapaTUUHOE OTKJIOHEHHUE S:
1. Paccuumaem ocmamounyo OUcnepcuio:
B@- -® .
0 a
171€ Y sxen - SKCIIEPUMEHTAIBHBIC 3HAUECHHUS POYHOCTU OEOHA;
Y pacu - pPaCUETHBIE 3HAUEHUSI TPOYHOCTH 11O MOJIENH;
N - gncio onbITOB (B HamieM ciiydae N=8)
M — 4ncio k03pPUUKEeHTOB (B HalleM ciydae 4)

od

J{nst onpenesienusi OCTaTOUHOM JUCIIEPCUM CHavalla HEOOXO0IUMO BBIUUCIIUTD

SHAYCHUA YpaC‘{ JJIA KQXKJ0I0 OIIbITAa, IIOACTABHUB 3HAYCHU CI)aKTOpOB B MOJCJIb:
Y=309+11X;-04X+0,7-X3

Pacuer Ypacu s Kax10r0 OnbITa:
1.OmeiT 1 (Xi=—1,Xo=—1,Xz=—1):
Y paca=30,9+1,1t(—1)-0,4t(—1)+0,7t(-1)=29,5
2.0mpT2 (X1 =+ 1, Xo=—1,X3=—1):
Y pace =30,9+1,1t1-0,41(—1)+0,7t(—1)=32,1
3.0meir 3 (X1 =—1,Xo=+ 1, Xz5=—1):
Y pace =30,9+1,11(—1)—0,4t1+0,7t(—1)=28,7
4. 0mpiT4 (X1=+1, Xo=+1, Xz5=—1):
Y pace =30,9+1,1t1-0,4t1+0,7t(-1)=31,3
5.0mpTr S (Xi=—1,X2=—1, Xz=+1):
Y pace =30,9+1,11(—1)—0,4t(—1)+0,7t1=30,9
6.0meIT6 (X1=+1, Xo=—1,X3=+1):
Y pace =30,9+1,1t1-0,41(—1)+0,7t1=33,7
7.0meiT 7 (X1=—1,X2=+ 1, X3=+1):
Y pace =30,9+1,1t(—1)—0,4t1+0,7t1=29,5
8.0meIT8 (X1=+1,X,=+1, Xz=+1):
Y pace =30,9+1,1t1-0,4t1+0,7t1=32,3

PacyeTr cyMMBI KBaApaTOB OTKJIOHEHUN:
> Yoken— Ypacu)® = (30,0-29,5)% + (31,5-32,1)> + (28,5-28,7)> + (30,5-31,3)> +
(31,0-30,9)* + +(32,5-33,7)* + (29,5-29,5)* + (33,4-32,3)> = 0,25 + 0,36 + 0,04 +
0,64 +0,01 +1,44 +0 + +1,21=3,95

OcrarouHas AUCIICPCHUSL:
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2. Pacuem ¢hoaxmuueckoeo 3navenus kpumepus QPuuiepa
dakTruyeckoe 3HaueHue kpurepus duiepa paccuuThIBaeTCs Mo GopMmyiie:

o Y

J1i1s1 3TOTO HEOOXOMMO TAKXKE PACCUUTATH TUCIIEPCHIO MEXTy TpyrmamMu Y - -
Cpennee 3nagenue Y. § § § § 3 3
B om ow w otw ofm o ¢ od PO
2 o

U W

o

CymMa KBaipaToB OTKJIOHEHUM MEXKTY TPYIIIIaMH:

“ a p . L L S
¢t otw o otw E ¢t otw otw otw
. T p
uht t
o vit T y
. R U
T P X L

3. Onpedenenue kpumuuecko2o 3Havenus Kpumepus Quuiepa

Kputnueckoe 3nauenue kpurepusa dumepa (Fip) onpenensercs no tadiauie
®durepa 15 3a1aHHOTO YpoBHs 3HauuMOcTH (0=0,05) u cTteneHeit cBOOObI:

o Jlnst yncurens: m—1 =3

o Jlns 3namenarenss: N—m =4

[To Tabnuue ®umepa 11t ypoBHs 3Hauumoctu 0=0,05, F,, (3,4) = 6,59

4. Cpagnenue paxmuyecko2o u Kpumuyecko2o 3HaueHul
[TockonbKy:

O . up O ghw

To MOXHO caenaTh BBIBOJ, YTO PA3IMYUS MEXKIY OIBITAMHA HE3HAYUMBI, U
BOCITPOU3BOJMMOCTD OTIBITOB ITOATBEPIKIACTCS.

[To pacdeTam MaTEeMaTHIECKOTO MOICIIMPOBAHMS ObLTa pacCUNTaHa MPOYHOCTH
Ha cxkatue 30,9MIIa

Bruauue  oosuposku  cynepnaacmugpuxamopa  (Xi):  TlomokutenbHbBIN
kodpunuent b;=0.75MIla yka3piBaeT Ha TO, UYTO YBEJIWYCHHE JIO3UPOBKHU
cyrnepriacTuduKaTopa MOBBIIIAET MPOYHOCTH OETOHA MPHU CKATHH.
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Bausnue 6oooyemenmnozo omnowenus (Xz): OtpunatenbHbiil koddduinent
b, = —0.5 MIla cBHIETEIBCTBYET O TOM, 4TO yBesmdeHue B/ cHbkaeT mpoYHOCTh
OeToHa.

Bruanue muna yemenma (X3): IlonoxurensHbiii kod@dunuent bs=0.5MIla
IOKa3bIBacT, 4TO Mcmoib3oBanue nementa LIEM II/A-II 42,5H (I1L1 400 J120)
MOBBIIIAET MPOYHOCTH 1O cpaBHeHuto ¢ [IEM 142 5H (T1L] 400 10).

=
0O
o
S 32.0
el
3 315
w,
$ 31.0
wv
o
g 305
:5': 30.0 1.00
= 0.75 ¢¢
S 295 0.500049
0.25
100, - 0.00,¢S
ol L . —0.258
2 Watg,. 000 -0.582,&
Cemep; £20.50 -0.75®

Ratio =073 oo —1.08>

Pucynox 3.8 - M300pakeHre MOBEPXHOCTH YPAaBHEHHSI TIEPBOTO MTOPSIIKA

33.15

0.75 32.70

0.50
32.25
0.25
31.80

0.00

31.35
-0.25

X2: Water-Cement Ratio
Compressive Strength (MPa)

Y:

30.90
-0.50

. 30.45

_I'QQ.OO -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 000
X1: Superplasticizer Dosage

Pucynok 3.9 — KoHTyp NOBEpXHOCTH YpaBHEHHUSI IEPBOIO MOPSIIKA
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3.5.1 IIpoyHOCTHBIE JaHHBbIE MOAM(PUIMPOBAHHBIX 0€TOHHBIX CMecel

OmnpeneneHue NPOYHOCTH OETOHHBIX KyOUKOB Ha CKAaTHUE SIBJSIETCS OJHUM M3
BOKHEUIIUX JTANOB KOHTPOJS KauecTBa OETOHHBIX CMeEcel U MPOBOJIUTCSA B
cootBetcTBUM ¢ TpeboBanusimu 'OCT 10180-2012. Ilponecc BkItouaeT HECKOIbKO
ATAnoB, O00ECHEUYMBAIONIUX BBICOKYI0 TOYHOCTh M HAJIEKHOCTh IOJTYYEHHBIX
pe3yJbTaToB.

Ha mepBom sTame BBINONHAETCA MOArOTOBKAa 00pas3ioB. s MCHBITAaHUIM
UCIIONB30BAIMCh CTAaHJApTHBIE KyOukH ¢ anuHoil pebpa 70 mm u 100 wmwm,
dbopMoBaCh TIO0 6 KyOMKOB JIJIs1 KQXKIOTO pa3paboTaHHOTO cocTaBa. DOPMBI IS X
u3rotosyieHust cootBeTcTBoBaIA ['OCT 22685-89. OHM OBLIIM YUCTBIMH, CYXUMU U
IpPEeIBApPUTEILHO CMa3aHHBIMM TOHKHMM CJIOEM Maciia, 4YTO MpeIoTBpaIiaio
NpWIKIIAHKUS O€TOHHOU cMecr. DOPMBI 3aMOJIHSIN OETOHHOM CMEChIO M YIUIOTHSIITN
C UCTIOJIb30BAaHUEM BUOPOIUIONIAIKH.

Crnenyromuii aTan BKIOYaeT TBepAeHUE 00pa3LoB. Cpasdy nocie GopMoBaHUs
oOpaszubl octaBisuid B gopmax Ha 24 yaca npu temmeparype (20 = 5) °C u
OTHOCHUTENbHOU BiaxkHOCTH He MeHee 90%. Ilocne aToro ux usBiekanu u3z Gopm
(pacnanyOnuBaiM) UM MOMENIATM B YCJIOBHUS HOPMAJbHOI'O TBEPJEHUS, TA€ OHU
xpanuiuch npu temneparype (20 £ 2) °C 1 OTHOCUTENIbHON BJIaKHOCTH HE MEHEe
95% no MoMeHTa NpOBEICHUS UCTIBITAHUMN.

HcnplTanuss Ha NPOYHOCTH NPOBOAWINCH HA 28-U JAEHb TBEPIACHHMS, 4YTO
COOTBETCTBYET CTaHAAPTHBIM TpeOoBaHusM. llepen wucnbITaHUEM MPOBEPSIU
IJIOCKOCTHOCTh OINOPHBIX I'paHeil KyOWKOB; OTKJIOHEHHUS HE JOJKHBI MPEBBIIIATH
0,001 ot nmuubl peOpa. OOpaszell yCTaHABIWMBAICS HAa HIDKHIOW IUIATY
TUAPABIMYECKOrO Mpecca TakuM o0pa3oMm, 4TOObI Harpyska pachpeensiach
NEePHEHANKYJISIPHO MPOTHUBOIIOIOKHBIM IpaHsIM KyOuKa. Harpy3ka
MPUKJIAAbIBAJIACH PABHOMEPHO U HEMPEPBIBHO co ckopocThio 0,6 + 0,2 MIla/c no
paspyIiieHust oopasiia.

[IpumensieMass METOAMKA MO3BOJIIET MOJIYYUTh JOCTOBEPHBIE JAHHBIE O
IPOYHOCTHBIX XapaKTEpUCTUKAX OETOHA, UTO SIBJISETCS BAKHBIM 3JIEMEHTOM JJIs
OLICHKM €ro KayecTBa W MPUTOJHOCTH K MCIHOJB30BAaHUIO B PA3IMYHBIX
CTPOUTENBHBIX KOHCTPYKIMSX. Pe3ynbTaThl HCHOBITAHUN NPOYHOCTH OOpa3LoB
npeacTaBiieHbl B Tabnumax 3.20 u 3.21.

Tabnuua 3.20 — [Ipounocts 00pa3uos pazmepom 10x10x10 cm

Knace (mapka) 6eroHa Nol No2 No3 Nod NoS No6 Cpennee
3HAYEHHE
B5 (M75) 734 | 896 | 843 | 864 | 7,27 | 917 8,3
C12/15 (M200) 22,42 | 21,18 | 21,12 | 22,12 | 20,36 | 21,8 21,5
20725 (¥300) 32,55 | 33,27 | 31,91 | 34,97 | 33,27 | 34,42 33,4
(oOBIYHBIH IECOK)
€20725 (M300) 3355 | 31,21 | 34,03 | 3166 | 32,82 | 31,73 | 325
(oTx0/B1 OOOTAIIICHNS)
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Tabmuma 3.21 — [IpounocTs 00pa3noB TOPKpeT-0eToHa pazmepoM 7X7x7 cM

Kiace (mapka) Nol No2 No3 Nod NoS No6 Cpennee
O0eToHa B B B B B B 3HAYCHHE
B7,5 11,03 10,15 9,94 11,71 12,74 10,43 11

B 10 15,19 14,78 17,95 16,47 15,83 17,58 16,3
TOPKpET-O0eTOH

C20/25 (B25) 24,2 25,1 25,3 26,4 25,3 26,1 25,4

CpaBHUTENBHBIN aHAIU3 MPOYHOCTH HA CXKAaTUE IOKas3ajl, YTO pacyeTHas
MIPOYHOCTh, ONPEACIICHHAs METOAOM  MaTEMAaTHYECKOrO0  MOJEIUPOBAHUA,
coctaBuiia 30,9 Mlla, Torna kak SKCriepuMEHTaJIbHAs! TPOYHOCTD, BBIABICHHAS [IPU
UCIIBITAaHUH 00pa3IoB Ha npecce, gocturia 32,5 Mlla.

OKCIIepUMEHTaNbHAas MPOYHOCTh OKAa3ajlach BBIIIE pacuyeTHOW Ha 5,2%. OT1o
YKa3blBA€T HA BBICOKYI0 TOYHOCTh MAaTE€MaTUYECKOM MOJIEIN, HECMOTps Ha
HEe0OJIbIIOE MPEBBIIIIEHUE MPOYHOCTH B PEATbHBIX YCIOBUSX.

Paznuna B 5,2% oObsicHseTcs psaoM ¢aktopoB. C OZHOM CTOPOHBI, 3TO
MOJIOKUTENIBHOE BIMSHUE YCJIOBHM M3rOTOBJIEHUS U TBEPACHHS 0Opa3lOB, TAaKUX
KaK TIIATEJIbHOE YIUIOTHEHHE CMecH, 0oJiee TMOJHOE TUJpaTaliOHHOE
B3aMMOJICUCTBME 1IEMEHTa W KAYECTBEHHBIE XApPAKTEPUCTUKH  HCXOJTHBIX
matepuanoB. C npyroil CTOpPOHBI, MaTeMaTHYecKas MOJENIb, Kak U Jro0as
YIPOILEHHAsl pacyeTHas CXema, He BCerjga crnocoOHa OTpa3uTh BCE CIIOXKHBIC
(U3UKO-XMMHUYECKHE TPOLECCHI, TPOUCXOASIINE B OETOHHON CMECH.

VYKa3zaHHBII ypOBEHb PACXOXKJICHHS HAXOAUTCSA B IpeAesax AOMYyCTUMBIX U
NOATBEP)KIAAET KaK BBICOKYIO JOCTOBEPHOCTh pAacyeToB, TaK M COOTBETCTBUE
PE3YJIBTATOB PEATbHBIM YCIOBHSIM.

3.6 BuusiHue cyXxoro :kKapkoro KJIMMaTa Ha croiikocTh OeroHa M300
(~B22,5)

OOpa3npl B TeueHue 12 4acoB MOABEPrajivch BO3JECHCTBHIO MOBBIIIEHHON
temneparypsl npu 40...45°C, a 3arem B TeueHHe 12 4acoB HaXOAWIHCH B BOJE.
UYepes kaxable 5 MUKIOB UX UCIBITHIBAIA HA IPOYHOCTH IPH CKATHUU.

B tabmune 3.20 npuBeneHo BIUSHUE CyXOTo )KapKOTo KJIMMaTa Ha MPOYHOCTh
00pa3IoB, U3 KOTOPOI BUJIHO, YTO:

- B TeueHHE 25 IUKIOB OT Bo3nelcTBusa Temmeparypsl npu 40...45°C c
MOCJIEYIOIIUM HACBIILIEHUEM BOJOM MPOYHOCTh MaJI0 U3MEHSETCS;

- OJIHaKO HaOJIoJaeTcs HEKOTOpPOE CHIKEHHE MPOYHOCTH 00paslioB Ha
OOBIYHOM TIE€CKE; IMPOYHOCTh OOpa3LOB Ha OTXO0Jax oOoramieHusi, HaoOOopoT,
MOBBIIIAETCS.
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Tabmuna 3.22 — CroiikocTh OETOHOB MNpU LMKIUYECKOM BO3JACHCTBUU
temnepatypsl npu 40...45°C ¢ mociaeayronmM HacbIIIEHUEM BOJION

Bun menkoro [TepBonavasibHas N3menenune npounoctu npu cxatuu (Mlla)
3aII0JIHUTEIIA npo4yHocTs, MIla MIPYU KOJINYECTBE [IUKIIOB
5 10 15 20 25

Oburapiii mecox 33,4 332 | 314|323 | 315 | 303
c M=2,5
OTXOMbI
oborarieHus 32,5 33,4 33,6 | 34,3 34,3 34,3
¢ M=0,83

HexoTopoe noBblllieHHe MPOYHOCTH 00pa3lioB Ha OTXOJlax OOOralleHus mpu
[UKJIMYECKOM BO3/ICHCTBUH TMOBBIIIEHHOW TEMIEPATypbl 00YCIOBICHO OOJBIITUM
pacxozom nemeHta (521 xr/m®) mo cpaBHeHMIO ¢ 00pa3LAMHU HA OOBIYHOM IIECKE
(396 xr/m®). DBonplioe KOJIMYECTBO HEMEHTa CIOCOOCTBYET 0OOPA3OBAHUIO
MOBBIIIICHHOTO KOJWYECTBA LIEMEHTUPYIOIINX BEIIECTB, MpPU IHUKIMYECKOM
HACBILIEHUH BOJOU, O0JIe€ MO3UTUBHO BIUAIOLIME HA CTOMKOCTh OETOHA.

3.7 UcnbiTanue MOAN(PUIIUPOBAHHOI0 TOPKPET-0€TOHA HA MPOYHOCTH HA
OTPbIB

[IpoyHOCTh TOpPKpET-O€TOHA Ha OTPHIB MPEJACTABISIET COOOM BaXKHBIN
MoKaszaTellb Il OLEHKM KadyecTBa TOPKPET-OETOHAa MpU €ro peMOHTE U
BOCCTAHOBJICHMHU. DTOT MOKA3aTeNlb U3MEPSIICS C MUCIOJIB30BAHUEM CIIELIMAIBHOTO
npubopa — aaresuomerpa DYNA Z6. /lnanazoH Ttemmeparypbl, Mpu KOTOPOM
MOTYyT npoBoanTHCs n3mMepeHuss — ot 0 °C no +60 °C, nnameTpa HCIBITATENBHOTO
nucka paseH 50 M.

Pucynok 3.10 - Bug agreauomerpa
Ha moBepxHOCTh IPHUKIIEMBACTCS UCTIBITATENBHBIN AUCK (puc. 1). [Ipu momonu

npudopa (aare3uoMeTpa) 3TOT AUCK OTPHIBAETCA OT UCHBITHIBAEMOI MOBEPXHOCTH.
[IpoYHOCTH HAa OTPBIB ONpPEAENSIETCS U3 MAKCUMAJIBHOTO YCUIUS, HEOOXOIUMOTO
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71 OTPBIBA IMCKA, UMEIOIIETO ONpeeIéHHYIO IUIOMAab U npeacTapiserca 8 MIla
v H/mm2,

HarpasneHue
yeunus
/"‘_
Knet ucribimamersibHabil
L ouckK
eepxHuUl crol - g " - -
6emoHa L ] T
y e
7 ¥ ]
HUXHUU croll
6 g ¥
emoHa
. ’ ‘ ")
JIUHUSA ompbiea Kolbyeeas KaHaska

bemoHa
Pucynok 3.11 - Cxema ucnsiTaHus

[IpoyHOoCT, Ha OTPHIB TPOBEpsTACh B JAOOPATOPHBIX YCIOBHSIX Ha
TIOBEPXHOCTH SM2.,

[Tpounocts Ha oTpeiB f B H/MM? mu B MIla onpenensercs 1o ciaemyomuM
dbopmynam:

T 00

Q 13 m

o

rae F — makcumansHoe ycunue B H;
ds — auamerp ucnpITaTeIbHOTO JUcka 50 MM.
Pe3ynbTaThl BEMUCIEHUH HEOOXOIUMO OKPYTIMTE ¢ To9HOCTBIO 0,1 H/MM?,

C wucnonp3oBaHMEeM TMpubopa  yBeIMYMBATH yCWIME 1O  OTphIBA
HCITBITaTEeIILHOTO JIMCKAa CO CKOPOCThIO I TBEPALIX moBepxHocter 100 H/c (0,5
H/MM?). MakcuMalbHO€E YCHIIUE TIPH MCIIBLITAHMU TOPKPET-0ETOHA HA MOBEPXHOCTH
momanso 5 M2 nokazano 1800H. Paccunuraem npo4HOCTh Ha OTPHIB f

by TPYTIT L .
? oo MPK

[Ipounoctk Ha oTpeIB f = 0,9 Mna, uto cootBeTcTByeT ['OCT 26633 110 BUIY
aIre3MOHHOTO COCTMHEHUS (He KOHCTPYKIIMOHHOE) U MUHUMAIBHON TIPOYHOCTH T10
BUly oOpabateiBaemoit moBepxunoctu ot 0,1 1o 1,0 MITA
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3.8 Oco0eHHOCTH THAPATALMOHHBIX MPOIECCOB B CHCTEME IEMEHT-BO/Ia-
H3BECTHAK

[Ipu TBepaeHHM O€TOHA HA KOHTAKTHOM 30HE MEXIY IIEMEHTHBIM KaMHEM U
3anoJHUTENSIMU  (11e0eHbh W TEeCOK) BO3HMKAeT ocoOasi 30Ha, OTBedaromas 3a
bU3MKO-MEXaHUYECKHEe M JKCIUTyaTallUOHHBIE  CBOMCTBA  OCTOHHBIX U
KeJIe300€TOHHBIX U3/IeNIUN U KOHCTPYKIUH. A TTO3UTUBHBIE UX XapaKTEPUCTUKU BO
MHOTOM 3aBUCAT OT CIEIUICHUS MEXAY IMOBEPXHOCTSIMH IIEMEHTHOTO KaMHS H
3arroytHATENeH [86].

W3 cka3zaHHOTO CIeAyeT, YTO XapaKTep CUETICHUS MK Ty IIEMEHTHBIM KaMHEM
¥ 3arlOJHUTEISIMH B OCHOBHOM TIPEIONPENEIICT BBIMICYIIOMSHYThIE CBOMCTBA
3aTBEPJIEBILNX 3aKJIaJHBIX CMeCcel, OETOHOB U TOPKPET-OETOHOB.

YYuTHIBast, YTO 3AMOTHUTEISIMHU 3TUX PACTBOPOB M OETOHOB SIBJISTFOTCST MEJIKHE
dbpakiuu 0TX0JIbI oOoTraIIeHus u 1medeHb 13 JPOOJCHHBIX OTXOJI0B O0OTaIlICHHUS,
COCTOSIIUE U3 KapOOHATa KaJIbIIHS.

Crnenyer OTMETUTD, UTO B3aUMOCHCTBUE MEXKTY TOBEPXHOCTSIMU [IEMEHTHOTO
KaMHs ¥ 3al0JIHUTENS B OeTOHE MOXeT ObITh [86]:

- puznueckum;

- MEXaHUYECKUM,;

- XUMUYECKUM;

- CMEIIIaHHBIM.

O4eBUIHO, YTO BEIMYNHA CIETUICHUS MKy TTIOBEPXHOCTSIMHU 3aBUCUT KaK OT
MOpGhOJIOTHH THAPATHBIX HOBOOOPA30BaHU, TaK U OT BU/IA 3alIOJIHUTEIICH.

W3BeCTHO, YTO MpHW TUApATAIMK IIEMEHTA B IIEMEHTHOM KaMHE B OCHOBHOM
BO3HHMKAIOT: ToOepmoputoBblii Tenb, CSH (I), 3CaO-Al;03.6H,0, Ca(OH),,
3Ca0-Al,03-3CaS04-31H,0 (BooO111Ee TOBOpS, X O0jace 70 HANMEHOBAHH, HO IS
HAIIIETO CITyYasi, JOCTATOYHO BBINICYIOMSHYTHIX THIPATHBIX (a3).

N3BecTHO Takke, UYTO 3aMoOJHUTENAMH (MEJIKUMHU W KPYMHBIMH) JJIs
3aKJaJHBIX cMeceld, OETOHOB MU TOPKPET-OETOHOB MOTYT OBbITh: TPAaHUTOBBIMHU,
KBapIIeBBIMH, TIOJIEBOIIMATOBBIMU, KAPOOHATHBIMH U Jp. (X TaKK€ OYEHb MHOTO).
[To creruisieMocTH B TBEPACIOIIMX CUCTEMAX ITH 3AMOJIHUTEIN CHUXKAIOTCS B PSITY:
KapOOHATHBIC>KBaPIICBHIC>TTI0JICBONINATOBbIC>TPAHUTHBIC [87].

CrnenoBaTenbHO, MPUMEHEHHE MEOHS U3 OTXO0/I0B 000TAIIECHHS], COCTOSIINUX U3
M3BECTHSKA OJAronpusiTHO BO3JEHCTBYET HAa CBOMCTBA 3aTBEPACBIINX 3aKJIATHBIX
cMmecel, OETOHOB W TOPKpeT-0eToHOB. [Ipuyem, W3BECTHSK HE TOJIBKO HMEET
MOBBIMICHHYIO CIEIISIEMOCTh C IIEMEHTHBIM KaMHEM, HO OH TIO3UTHUBHO BIIUSET Ha
BCE THIPATAIIMOHHBIC IPOIECCHI, MPOUCXOMSINNE B TBEPACBIINX CHIIMKATHBIX
cuctemax. l[IpaBma B HW3BECTHBIX pabOTax H3BECTHAK M JApyrHe KapOOHATHI
ICIIOYHO3EMETBHBIX METAUIOB B TBEPJCIONIYIO CHIIMKATHYIO CUCTEMY BBOIMIH B
Bujie Topormka. OJHAKO IHCIIEPCHOCTh 3TUX MaTEPHUAJIOB TPH IMOBEPXHOCTHOM
B3aMMOJICCTBUM TPUHIIUITHAIBHOTO 3HAa4YeHUs HEe uMeeT. KoHeYHO, B MOJIOTOM
BHUJIC OTH KapOOHAThl OKa3bIBAIOT OOJIbIICEC BIMSHUE HA THIpaATAI[MOHHBIC
MpoIIeCcChl, 4eM KapOoHaTHhIE MIeOCHh W TecoK. [1aBHOe: B JIOOOM cCirydae
MIPOUCXOIUT XUMHUYECKOE B3aMMOJICHCTBHE MEXIy KapOOHATaMU W THAPATHHIMHU
[IEMECHTUPYIOIIMMH  BEIIECTBAMHU, YTO OYEHb BaXHO [JII TPOYHOCTH U
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JIOJITOBEYHOCTH 3aKJIAHBIX CMeECe, OSTOHOB M TOPKPET-OETOHOB Ha OCHOBE
U3BECTHAKOBBIX  3amoyiHUTENe. [loJoXUTenbHOE BIUSHUE W3BECTHAKA Ha
TBEP/ICIOIYIO CHIIMKATHYIO CUCTEMY pa3HOOOpa3HO — BOT OHHU:

— B mpucyrcTBUM HW3BECTHAKA YCKOPSETCS TBEpPJCHHE THUAPATHPOBAHHON
IIEMEHTHOM CHCTEMbI B HAYAJIbHBIE CPOKH, ITOBHITIIACTCS TTPH ATOM €r0 aKTUBHOCTh
B 2,5 pa3a, 4TO CBA3aHO C BO3HMKHOBEHHEM JOMOJHUTEIBHOTO KOJWYECTBA
MIPOYKTOB THAPATAIMN B PE3yJIbTaTe KaTaJUTHYECKOTO BO3JCHCTBHS M3BECTHSIKA
Ha TIpoIecC THapaTaluu IleMeHTa. KpoMme Toro, H3BECTHAK CIIOCOOCTBYET
yInoOOyKIabIBAEMOCTH OETOHHON CMECH M TIOBBIIIAET TUIOTHOCTH TBEPACHOIICH
cuctemsl [88].

— Y CTaHOBJICHO, YTO:

e CaCO; nambonee >(PQPeKTUBHO AEUCTBYET HA TMOBBIIMIEHHE MPOYHOCTH
tobepmoputa — Cas [SigOgH2]-4H,O; npupocT ero mpodHOCTH B MPHUCYTCTBHH
CaCOsBo3pacraer 44,5 % [89];

e B TBepAactomer cunukatHor cucteMe (CaCOs B3aMMOJEUCTBYET C
THIPOCHIIMKATAMH KaJblksl ¢ oOpasoBanueM ckoytura (4Ca0-2C05-3Si0z) u
cneppura (5Ca0-C0O,-3Si0y) [90];

e CaCO; taxke B3aumosmerictByeT ¢ 3Ca0-Al,03 u 4Ca0-Al,03-Fe,03; tipu
TOM B TBEpJCIOIIEeH cucTeme oOpa3zyrorcsi:
3CaO-A'203-3C8C03-0,75C3(OH)2-12H20; 3CaO-AI203-CaC03-11H20 u
3Ca0-Al;03-3CaC0s3-30...32H,0; npu ’TOM KOHTaKTHast 30Ha, TJ¢ COMPUKACAIOTCS
C3A u CaCOj3, nMeeT HOBBIIIEHHYIO TPOYHOCTH [91];

® [IOBBIINICHUE MPOYHOCTH TJABHOTO MOPTIAHAIICMEHTHOTO KIMHKEPHOTO
munepana — CsS B mpucyrctBun CaCOs; 00yCIOBIEHO BO3pacTaHUEM CTEIEHU
HOJIMMEPH3ALMH KPEMHOKHCIIOPOAHBIX aHUOHOB, T.€. BMecTo YD B TBepaeromeii
CHCTEME yBeIM4nBaercs cogepakanne Y u YO  [92].

[TonoxutenbHass poiab KapOOHATOB IIEJIOYHO-3€MENIBHBIX  MaTepPHaJIOB
(kanpIUTa, MarHe3uTa W JOJIOMHUTA) HA MPOIECCHI TUApATAIIMM W TBEPACHUS
CHUJIMKATHBIX THIPATHUPYIOMIUX CHCTEM W CHHTE30M HX TPOYHOCTH CBs3aHA
pasTUYHBIMA (DYHKITUSIMHU, BBITIOJIHIEMBIMA WMH B TBEPACIOIICH CHCTeME. OTH
bynkImy, caeayromue [93]:

- KaTAJIUTUYECKOE JICKCTBUE;

- oBbIlIEHKHE PH TBepaerolen cpepl;

- CTAaHOBJICHUE IIEHTPOM KPHUCTAJUTH3AIIMU U TI0JIJI0’KEK HOBOOOpa30BaHMIA;

- yAOydIleHWe TpaHyJOMETPHUECKOTO0 COCTaBa TBEPACIONICH CHIMKATHOMN
CUCTEMBI ITyTEM €0 PETYIHPOBAHMS;

- IO3UTHUBHOE U3MEHEHNE YCIOBUN KPUCTAIUTU3AIIUN TIPOTYKTOB THAPATAIUH.

Ha ocHOBaHMM WM3BECTHBIX padOT JpyrMXx HW CBOMX aBTOphl [93]
BBHITIICYTIOMSHYThIE (DYHKITUU IIEIOYHO-3EMENIbHBIX KapOOHATOB CHOPMYITUPOBAIIN
CJIETYIOITUM 00pa3oM:

1. AxTUBHM3alUS CUJIMKATHBIX TBEPACIONIMX CHUCTEM MPOUCXOIUT 3a CUET
JIOHOPHO-AKIENTOPHOW PEaKIUU MEXJIy AaKTUBHBIMH IIEHTPAMH ITOBEPXHOCTH
YaCTHUIl IIEMEHTa U KapOOHATa, COMPOBOXKIAIOMIEHCS JIEKTPOHHBIMH TIEPEX0IaMHU.
[IpyueM akTUBHBIE IICHTPHI TOBEPXHOCTH YACTHUI] IIJIAKa CTAHOBSTCS, TIO-
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BUJUMOMY, JIOHOpamH, 100aBkuM — akuentopamu. OUYeBHIHO, 3JIEKTPOHHBIC
NEPEXO0/Ibl OCYLIECTBIISIIOTCS OT OTPULIATENBHO 3apsKEHHOM 4acTULbl (HallpuMep,
0?%) x nonoxurensroi (Ca?*). CieLyeT OTMETUTD, YTO 3TH MEPEXOBI BO3MOKHBI
IIPU YCJIOBUH, YTO IEPEXOJ OCYLIECTBIISIETCS C IPEOJOJICHUEM ITOTEHIUAIBHOTO
Oappepa (mepexos 3aTPyIHEH IPH CPEIHUX SHEPIUsX pPEarupyrolvX aKTHBHBIX
LEHTPOB); IMpPHU IEPEHOCE CIMHOBOE KBAaHTOBOE YHUCIO DJEKTPOHA HE JOJHKHO
U3MEHATBCS; TEPEX0J] IPOUCXOANUT TOJIBKO OJHUM 3JIEKTPOHOM M C BBIJIEICHUEM
sHeprun (Hanpumep, npu O% - e= 0% Beigensercs sueprus 850 k/x/Mons [94].

2. BsanMopnelcTBME AKTHBHBIX LEHTPOB BO3pacTaeT MNpU HAIUYUU
TYHHEJBHOTO 3(PeKTa — MpU 3TOM MEPEHOC 3JEKTPOHOB OOJieryaercs, T.e. HX
B3aUMOJIEUCTBUE MOXKET OCYIECTBIIATHCSI OTHOCUTENIBHO Ha OOJIBIINX PACCTOSHUSIX
Mexay HuMmH. Hamo monararh, 4TO 3JEKTPOHHBIE MEPEXOJbl BEPOSTHBI MEXKIY
MOHAMH, MMEIOIMMH OJMHAKOBBII 3HAK 3apsja, Hanpumep: Mexay O u O wm
Ca** u Cal*. Opgmako Takol mepexoJ OCYLIECTBUM II0 MOCTOBOM CXEMe:
Ca?*...H,0O... Ca', Ca*...OH...Ca', Ca®**...0 0 ...Ca'*, 0%...H,0...0", O*

.H*... OY u tak nanee.

KapbOonatel noBeimarorT koHueHTpauuto OH cpensl. B mpucyrctBun OH
paspeiB cBsizell memeHta mo =Si-O-Ca-O yckopsieTcs, B pe3yibTaTe 4ero
rUApaTanys ero 3HauyuTeNnbHo Bo3pactaer. Hanuune OH™ B 607bII0M KOJIMYECTBE B
TBEPJACIOLIEH CHIIMKATHOW CUCTEME CIOCOOCTBYET YBEIMYEHHUIO KOHIIEHTpalUU
KPEMHEKHUCJIOPOIHBIX PAJANKAIOB U YMEHBIIECHUIO KOHLIEHTPALIUA NOHOB KaJIbIUs B
XKUAKoU (aze. BeneacTue 3Toro creneHb NOJMKOHACHCALNN KPEMHEKHCIOPOIHBIX
panuKalioB BO3pacTaeT, YTO MPUBOAUT K OOpPa30BAHUIO BBICOKOMPOUHBIX
HU3KOOCHOBHBIX THAPOCUIMKATOB KAJIbLIUS.

3. [loBepxHOCTh KapOOHAaTa MOXET OBITh LEHTPOM KPUCTALIM3AINN U
MOJIOKKOM N1 HOBoOoOpazoBaHuii. Ilpu »ToM, ueM BbIIE OpHUEHTAIUS
HapacTalLMX KPUCTAIJIOB MPOAYKTOB TBEPJEHUS (MUTAKCH) HA MOBEPXHOCTH
MOJIOKKH, T€M OOJbIIe MPOYHOCTh LUIAKOBOTO KaMmHsA. B3anmHas snutakcus
PaCTYIIMX KPUCTAJUIOB [IEMEHTUPYIOIIMX BEIIECTB (0CaKa) U MOJIJIOKKH BO3MOKHA
npu cobJiroeHuun paBuiia Pyaiie.

Kpurepuem cpactanusi HOHHBIX KPHCTAJIJIOB MOXKET OBITH (popmysia

A=(a1—a2)/ ai, (3 . 7)
rac a; v az — napaMeTphbl pCHICTOK B IIJIOCKOCTH CpaCTaHUA.

[Ipu »TOM abconoTHOE 3HaueHWe A He NoKHO mpeBbimath = 15 %.
[TonyuyeHHbIE pe3yabTaThl HOKa3bIBaIOT, YTO IIIOCKOCTH (001) u HanpaBnenus (100)
1 (010) ruapOCUIMKATOB KaJbI[Usl COOTBETCTBEHHO OPUEHTUPYIOTCS K MJIOCKOCTH
(100) u nanpaBnenuto (011) kapOoHATHBIX TOATOXKEK. OHAKO HAJO MOJararh, B
MPAKTUYECKUX CIydasX CpacTaHUe MOJI0KEK U OCAJTKOB BO3MOXKHO U MIPU

A>15 %.

4. Uonbl+ TU kapOOHaTa MOTYT BXOJUTh B COCTaB IIEMEHTUPYIOIINX BEIIECTB
CUCTEMBI, YTO CIOCOOCTBYET CBSI3bIBAHHIO C OOJBIIOW CHIONW MOBEPXHOCTEH
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3aMOJHUTEINS U LIEMEHTHOTO KaMHsl. [Ie10 B TOM, YTO B CTPYKTYpPE T’MAPOCUIIUKATOB,
B YACTHOCTH B CKOYTHUTE, clon CaOgUuepeyoTcs CO CIOSIMU, COCTOAIIMMU U3 KOJIELT
"YX  urpymm s~ TT, KpOME TOIO MOHBI * TU B TBEPIACIONIEH CHCTEME MOIYT
HaXOJUThCA B M30JIMPOBAHHOM BHJIe. B TakoM ciiyyae OHM MOTYT 3aMellaThCs B
CcTpyKType nemeHntupyromux semects ¢ OH n HyO, nockosibKy 3T0 MO3BOJISIOT UX
CTPYKTYPHBIE XApPAaKTEPUCTUKHU: KOOPAUHAIIMOHHOE YHCIO YTOJIbHOM KHUCIOTHI
paBHO 3, a THAPOKCWIBHOU rpynisl -1, BasieHTHOCTH + TU 1 OH paBHa 1.

5. brnaromaps NOBEPXHOCTHOMY B3aWMOJICUCTBHUIO TPYIHOPACTBOPUMBIX
KapOOHATOB C BOAOW C BO3HUKHOBEHUEM TIOBBIIEHHON KoOHIeHTpanuun OH™ -
IPYIIIIBI [0 YPABHEHUIO:

« T +H,0¢° « T#OH

° « >CO+OH.

6. Yactuupl KapOOHATOB MOTYT OBITh EHTPOM KPUCTAJUIM3ALMHU U MOAJIOKKON
JUISl IPOAYKTOB TBEPACHUS LIEMEHTHOTO KaMHS U O€TOHA, KOTOPbIE BO3HUKAIOT MO
TOIOXUMHUYECKOMY, TOITIOTAKCUYECKOMY U PACTBOPHOMY MEXaHU3MY.

BbiBOaBI 110 TPETHEl I1aBe

1) YcraHoBieHO, UTo meOeHb U3 0TX0M0B oOorameHuss AO «AKIaTaycKuit
KEH-0albITy KOMOWHATBD) MOTYT OBITh KPYNMHBIMA W MEJIKUMHU 3aIOJTHUTEISIMU
COOTBETCTBEHHO JUIs MOTYUYEHHSI 3aKJIaJHbIX CMECEH, OETOHOB U TOPKPET-OETOHOB.
Pa3paboTanbl cocTaBbl MOAM(MUUIMPOBAHHBIX OETOHOB W TOPKPET-OETOHOB MAJIs
YKpEIUIEHUs] OTKOCOB Kapbepa U MOJ3EMHBIX TOPHBIX BbIPAOOTOK MECTOPOKICHUS
AKoKall, OCHOBaHHbIE HA UCIIOJIb30BAHUHU OTXOJI0B 00OOTaIlICHHMS.

2) MUccrnenoBaHust — Mokaszajid, YTO  KCIOJB30BaHUE  IIAXTHOH U
TEXHOJIOTUYECKOW BOJbI B KAUECTBE 3aTBOPUTEIIS JJI1 OETOHHBIX CMECel SIBIseTCS
nonycTuMbIM. [lonmydeHHblE CcMecH JEeMOHCTPUPYIOT MPOYHOCTh Ha CXKaTue,
MIPEBHIIAIOIIYIO TIOKa3aTeIu 00pa3IioB, 3aTBOPEHHBIX OOBIYHON BOJIOM, Ha 5—7%,
YTO TOATBEPKIAET 11€JIeCO00Pa3HOCTh UCIIOIb30BAHUSI BTOPUUHBIX PECYPCOB.

3) Paspaboran coctaB MoauduirpoBanHoro 6eroHa kimacca C20/25 (M300),
MpeIHa3HAYCHHBIA I YKperuieHus OopTa kaphepa. B kauecTBe 3amoiaHUTENeH
UCIIOJIb30BaHbI 11€0EHb U MECOK, OTyUYEeHHBIE U3 0TX0/10B oOoramieHus. [I[pouHocts
Ha cxatue pocturia 32,5 Mlla.

4) TlpoBemeH pacyeT MaTEeMaTHYCCKOW MOJIECNH, YYUTHIBAIOIICH BIUSHHE
pa3IMYHBIX (DAKTOPOB HA MPOYHOCTHBIE XAPAKTEPUCTUKU MOIUDUITUMPOBAHHOTO
oeroHa. CpaBHeHHE pe3yJbTaTOB MAaTEMAaTHYECKOrO0  MOJCIUPOBAHUA U
HKCIIEPUMEHTAIbHBIX UCIBITAHUN MOKA3aJl0, YTO pacyeTHasi MPOYHOCTh HA CKATHE
coctaBuia 30,9 Mlla, a skcriepumeHTanbHas aocturia 32,5 Mlla. Otu gaHHbie
MOATBEPKIAIOT, YTO OETOHHAsE CMeCh 00ECIEeUYMBAET MPOYHOCTh, MPEBBIIIAIOUTYIO
HOMHUHAJIbHBIE TIOKA3aTelid, YTO CBUACTEIBCTBYET O €€ HAJASKHOCTH U
7 (HEKTUBHOCTH /I TPUMEHEHUS B CJIOKHBIX IKCIUTYaTaIlMOHHBIX YCIOBUSX.

5) Pa3paboTaH ¥ HCIBITAH MWHHOBAIIMOHHBIA COCTaB MOAUMDUIIMPOBAHHOIO
TopkpeT-Oerona knacca C20/25 (B25), obnagaromiero mpoyHOCThIO Ha cxkatue 25,4
MlIla u npounoctsio Ha oTpbiB 0,9 Mlla, uto coorBeTcTBYeT TpeboBanusim ['OCT
JUIS1 AT€3UOHHBIX COCTMHEHUN HE KOHCTPYKIIMOHHOTO THUIIA.
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6) B ycioBusix XKapKoro W CyXoro KimMaTa MOTU(PHUIMPOBAHHBIA OETOH
JIEMOHCTPUPYET YIIy4YIICHHbIE XapaKTepUCTUKU cToikocTH. llokasarenn Ha 15
IIUKJI€ UCTIBITAHUN YBETMUMINCH Ha 2% OT MepBOHAYAIbHON MPOYHOCTH.

7) WccnenoBaHHBIE OTXOAbI OOOTAIlIEHHS MPEUMYIIECTBEHHO COCTOSAT U3
U3BECTHIKA, a ATO OYyJeT MOJOXKHUTEIbHO BJIMATH HAa TBEPACHUE PACTBOPOB U
OETOHOB Ha WX OCHOBE, MOCKOJIBKY MX IMOBEPXHOCTh MOXKET CIIYKUTh HCTOUHHUKOM
Pa3IMYHbBIX SIBICHUH, BOSHUKAIOIIUX B TBEPACIOIINX CUIMKATHBIX CHCTEMax; BOT
OHHU:

- BO3HUKHOBEHHE KaTaJTUTHUECKUX MPOIIECCOB;

- crocoOcTBOBaHKE MOBBIIEHUIO pH TBepaeoIel CUCTEMBI;

- SABISIIOTCA  LEHTPOM  KPHUCTAUIM3AIMM W TOJUIONKEK THUIPATHBIX
HOBOOOpA30BaHUI;

- MO3UTUBHO BIIMSIOT HA YCJIOBHS KPUCTAIN3AINN TPOAYKTOB.
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4 IOPEKTUBHOCTH MNPOBEJAEHHbIX I/ICQ.JIEI[OBAHI/Iﬂ n
PEAINBALIUA ITPAKTHYECKUX PEKOMEHJIALIMHU

4.1 Ixogoro-a’koHomuveckasi 3PPeKTUBHOCTh PeNUKIHUPOBAHUSA
OTXO0/I0B MPOMU3BO/ICTBA

BHenpenue  penuKIMpoBaHHS ~ OTXOJOB TOPHOIO  NPOU3BOJCTBA B
CTPOUTEIBHYIO Ccdepy OTKPBIBACT TMEPCIECKTUBBI JIsi JOCTYIKEHUS 3HAYUMBIX
HKOJIOTUYECKUX PE3YyJIbTATOB.

O0630p CyIIECTBYIONUX HAYYHBIX paOOT B JaHHOM 00JaCTH MOKA3hIBAET, YTO
UMEeTCsl 3HAa4YUTelIbHAas MHpOBasi MpPAKTUKAa IMPOBEICHUSA WCCICAOBAHUN TIO
UCIIOJIb30BAHUIO TEXHOTEHHOTO MUHEPATBLHOTO CHIphs. Tak B JalbHEM 3apyOexne
TOPHOIIPOMBINIUICHHBIC OTXOJbI HAXOAAT MPUMEHCHHE IS TOJYYCHHS KHPITAYa,
oerona [95], cteknokepamukw [96].

Hcrnonb30BaHNUIO Pa3IMYHBIX MPOMBIIUICHHBIX OTXOJ0B B MPOU3BOJICTBE X
CTPOUTEIBHBIX MaTEPUAIIOB 32 PyOEKOM MPUAETCs OrpoMHOE 3HaueHue. 00 rTom
CBUJIETEIBCTBYET TOT (hakT, uTo B )kypHase «Construction and Building Materials»
ObLJIO OMYyOJIMKOBAHO TPU OO30PHBIX CTaThH, IOCBSIIEHHBIX A3TOHM MpobiemMe
[97,98]. bBonbmioe KOJMYECTBO MyOJMKAIMHA MOCBSIICHO BOBJCUCHUIO B
MPOU3BOJCTBO CTPOUTENbHBIX MaTepuaioB oTxofoB ['MK: xBocToB oOoraiieHus
pa3INYHBIX Py, MECKOB OTCEBA, IIIAKOB, IIJAMOB XHUMHKO-METALTYPrHUECKHX
npou3BOACTB. B paboTax KWTaliCKUX HcciaeqoBaTeNed s MOJy4YeHHS
CTPOMUTENBbHBIX MATEPUATIOB MPUMEHSIIICH XBOCTHI 000TaIeHUS KeJe3HbIX pya [99,
100].

AHAJOTHYHBIE WCCIENIOBAHUS MO KCIIOJIH30BAHUIO TOPHOMPOMBIIIICHHBIX
OTXOJIOB JJIS TOJYYEHHUS] CTPOUTENIBHBIX MAaTepUATIOB M HM3ACIUN MPOBOJIATCS B
cTpanax OmmkHero 3apyOexns pyn [101, 102]. C wucnonb3oBaHuEeM OTXOIOB
T00BIYM Tepepad0TKU HEKOHAUIIMOHHOTO ChIphsi pa3paboTanHbl 3¢ (EeKTUBHBIC
BSDKYIIIUE IS TPUTOTOBIICHUSI CTpouTenbHbIX cMeceir [103]. Ilomyuenst
CTPOUTEIbHBIE MaTEPHANIbl U3 BCKPBIIIHBIX MOPoA Tarapckoro peIKoMeTalIbHOTO
MectopoxaeHuss KpacHospckoro kpasi, Tlie KOHIIEHTPaThl ObLIM MPUMEHEHBI B
KAaueCcTBE 3aIlOJIHUTEINA JIETKUX OETOHOB, MJii MPUTOTOBICHUS INTYKATYPHBIX
pacTBOPOB, B MPUPOTOOXPAHHBIX MeponpusTusx [104].

[To coBpeMenHbIM onieHkam Ha npeanpusatusx ' MK Kazaxcrana HakorieHO
ceeimie 50 MIIpA. TOHH TMPOMBINIJICHHBIX OTXOJOB M 3aHUMAIOT OTPOMHBIC
tepputopun (6osee 150 KB. KWJIOMETpPOB IUIOmIaau). ExXErolHo KOJIMuYecTBO
IIPOMBIIIJICHHBIX OTXOJI0OB BO3pacTaeT MPHOIM3UTENBHO Ha 1,5 MIIpA. TOHH U B
TOKE BpeMsl YpOBEHb ucIonb3oBanuss TMO B HacTosIIee BpeMs SIBISICTCS HU3KUM.
HakonuieHHbIe OTXOAbI HAHOCAT OKPYXKAIOWIIEW CPEll€ U YEIIOBEKY 3HAUYUTEIIbHBIN
HKOJIOTO-DKOHOMHYECKUN  yIIepO, HWCUUCISEMbI JIECATKAMU ¥  COTHSIMU
MUJLTHOHOB I0J1IapoB B rof [105, 106].

HauGonpme 3amachkl OTXOJOB COCPEIOTOYECHBI B XBOCTOXPAHWJIMINAX.
HeoOxonuMocTh BOBIEYEHHUS B MPOU3BOJCTBO, MMEHHO XBOCTOB OOOTAIICHUS
JTUKTYETCsI CAEAYIOIUMU 00CTOSITEIbCTBAMM:

- CPOKH IKCIUTyaTallud XBOCTOXPAHUJIIUII] OTPAaHUYCHBI, 3aTIOJTHEHUE MHOTHX
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y>Ke 3aKOHUYEHO WJIH 3aKaHYUBACTCS B OIMOKAMIIIHE TOMBL;

- XBOCTbl 3aHMMAIOT OTPOMHBIE TEPPUTOPHUM M B CBI3U C TEM, 4YTO
NPEACTABISAIOT COOOW TOHKO MAWCIEPCHBIM W JIETKO CIlyBaeMblid Marepuad,
SBJIIIOTCS. MCTOYHUKOM TIOBBIIIEHHOTO YKOJIOTMYECKOTO PHUCKA I PETMOHOB
JICHCTBHUS TOPHO-000raTUTEIbHBIX KoMILIekcoB [107].

[Tockonbky OTXOJbI oboramieHus MPEACTABISIOT coboi
TOHKOM3MEJIbUYCHHBIA POYKT, HE TPEOYIOUIUI TOMOJIHUTEIILHOTO MTOMOJIa TIepe]
WCITOJIb30BAaHUEM, ITO TTO3BOJISIET CHU3UTh DKOHOMUYECKHE 3aTpathl. Kpome Toro,
B Ipoliecce oboramieHus pya o0ecrednBaeTcsi 0OJJHOPOAHOCTh MaTepHaia Kak 1o
XUMUYECKOMY, TaK 1 MUHEPAJIOTHIECKOMY COCTaRBY.

CoBpeMeHHBIE HCCIIeIOBAHMS ITOATBEPKIAIOT, YTO OTXO/IbI, BOSHUKAIOIIIHE B
mporecce oOoramieHus pyaA, BKIIOYas I[IUIAKH, XBOCTHI M 30JIOILJIAKOBBIC
MaTepuaiabl, MOTYT CIYXUTh IICHHBIMA KOMIIOHEHTAMH TPU TPOU3BOJICTBE
CTpOUTENbHBIX MaTepuanoB. [lepepaboTka M TOBTOPHOE HCIOJIB30BAHUE ITHUX
OTXOJIOB B BHJI€ I00ABOK K O€TOHY MJIM HATIOJIHUTEIICH JIJIs1 pa3JIMYHBIX KOMITO3UTOB
MO3BOJISIET CHU3UTh HArpy3KYy Ha OKPYXKAIOIIYIO CPEly U MOBBICUTh YCTONYHBOCTD
CTPOUTEIBHON UHIYCTPUHU.

DHepreTuyeckrue 3aTpaThl Ha TMPOU3BOJICTBO CTPOUTEIBHBIX MaTEPHAIOB
TaK)K€ MOTYT OBITb CHIDKEHBI 32 CYET UCIO0JIb30BAHUSA PEIHUKIMPOBAHHBIX
KOMITOHEHTOB. [IpOoM3BOJCTBO TPaJUIIMOHHBIX KOMIIOHEHTOB OETOHA, TaKMX Kak
IIEMEHT W TIECOK, CBS3aHO C BBICOKMMH 3aTpaTaMH SHEPTUU M BBIOpOCAMHU
yriaekucaoro Tras3a. Hampumep, TpOU3BOJACTBO OJHOTO TOHHBI IIEMEHTa
COMPOBOXKAAETCS BBIOPOCOM OKOJIO OJHOW TOHHBI (CQO2, 4YTO 3HAYUTENIHHO
YBEJIMUMBAET YTJIEPOAHBIN CIIEl CTPOMTEIBHOM OTpaciu. BKirodeHne TrOpHBIX
OTXOJIOB B OCTOHHBIE CMECH IO3BOJISET CHU3UTh MOTPEOHOCTH B TPAAUITHOHHOM
CBIPbE M YMEHBIIUTH BBIOPOCHI YTJICKHCIIOTO Tra3a, YTO OCOOCHHO aKTyajabHO B
YCJIOBHSIX HEOOXOJUMOCTH BBIMOJTHEHUSI MEXKIyHApOJIHBIX O005S3aTENbCTB TI0
COKpAIIEHUIO TAPHUKOBBIX T'a30B.

PenuknupoBanre TEXHOTEHHBIX OTXOJOB W  OTXOJOB OOOTaIlCHUS
MECTOPOXKICHUST AKXKal SBISETCS BaXKHBIM  HAIpPaBICHUEM, CIIOCOOHBIM
CYIIECTBEHHO TIOBBICHTH JKOJOTUYECKYI) YCTOMYMBOCTH TOPHOAOOBIBAIOIICH
OTpaciu 1 MUHUMU3UPOBATh HETATHBHOE BO3/ICHCTBHE HA OKPYXAIOIyIo cpeny. B
mpoiiecce J00bIYM W TEepepadOTKU PyAbl 00pa3yloTcs 3HAYUTEIbHbIE OO0BEMBI
XBOCTOB M OTXOJIOB, KOTOPBIE COJEPKAT OCTATOYHBIC METAJIJIbI, MUHEpaIbl H
JIPYrue KOMIIOHCHTBHI, ITOTEHIIMAIBLHO OMAaCHBIC JJIT 3KOCHUCTEM U 370pPOBbS
YeJloBeKa. BHEApeHWE TEeXHOJIOTHH YTHUIM3alMK 3THX MAaTepHUajioB HE TOJIBKO
MIO3BOJISIET CHU3UTh PUCKH 3arpsS3HEHUS OKPYXKAIOMICH CpeIbl, HO U CIIOCOOCTBYET
MTOBTOPHOMY MCIIOJIb30BAaHUIO IICHHBIX PECYPCOB.

Cpeau  OCHOBHBIX — DKOJIOTHYECKHX  TPEHMYIIECTB  PEIUKIMPOBAHUS
TEXHOTEHHBIX OTXOJIOB M XBOCTOB OOOTAIEHUS MOXXHO BBIJICIUTH YMEHBIIICHHE
IJIOMAZIe XBOCTOXPAHWJIUI ¥ CHUXKEHHUE aHTPOTIOTEHHOW Harpy3Kd Ha
TeppUTOPHUI0. XBOCTOXPAHWIHINA U OTPAOOTAHHBIC Kaphepbl, UCIIOIB3YEMBbIC IS
CKJIQMPOBAHMS OTXOJ0B, 3aHUMAIOT 3HAYUTEIHHBIC IUIONIA/IA, KOTOPHIC MOTJINA OBI
OBITh WCIIONB30BaHBI A Apyrux menei. Kpome Toro, XBOCTHI oOoramieHws,
CoepXalfe TsDKEIble MEeTaulbl W TOKCHYHBIE BEIIECTBA, IOJBEPKCHBI
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BO3/ICHCTBUIO IOTOIHBIX YCIOBUH, YTO MOXKET MIPUBOJUTH K BBIMBIBAHUIO OMTACHBIX
KOMIIOHEHTOB B TPYHTOBBIE€ BOJIbI U MOYBY. PelMKIMpOBaHUE OTXOOB MO3BOJISET
CHU3HUTb O0BEMBI XPAHEHHUSI, YTO YMEHBIIAET PUCK PACHPOCTPaHEHUS 3arpA3HEHUN
U CIIOCOOCTBYET OXpaHE OKpYKaloUIeh Cpebl.

OTx0zbl 0OOTaIIeHNs TaKXKe MPEACTABIAIOT COOOM MEPCIEKTUBHBIN pecypc
JUIS IPOU3BOJICTBA CTPOUTENBHBIX MaTepUanoB. CUIIMKAaTHBIE U aTFOMOCHINKATHBIE
COCIMHEHMS], COJIEpKAIIUECS B TEXHOTEHHBIX OTXOJaX, MOTYT HCIIOJb30BaThCS B
KayecTBE KOMIIOHEHTOB JJIsl OETOHA M JAPYTUX CTPOUTENBHBIX cMeceil. BBenenue
Takux M00aBOK ynmydmiaeT (pU3MKO-MEXaHUYECKHUE XapaKTEPUCTHKU MaTepHalioB,
NOBBIIIIAS WX TMPOYHOCTH M YCTOMYMBOCTh K AarpecCHBHBIM  YCIOBUSAM
IKCIUTyaTaluu. 9TO 0COOCHHO aKTyaJIbHO JAJIsl IPOU3BOICTBA MOIU(DUIIMPOBAHHBIX
0€TOHOB, MPETHA3HAYCHHBIX ISl YKPEIJICHUS KaphepoB U MOI3EMHBIX BBIPAOOTOK,
/i€ BBICOKHE MTPOYHOCTHBIE U JOJITOBEYHBIC XapaKTEPUCTUKH MATEPUATIOB UTPAIOT
KIIIOYEBYIO POJIb.

Okonorudeckass 3(PQEKTUBHOCTh NEPEepadOTKM TEXHOTEHHBIX OTXOJI0B
MECTOPOKIEHUS AKKaJ 3aKJIF0YAETCs TAK’KE B CHUKEHUU BBIOPOCOB YIIIEKUCIIOTO
rasa ¥ YMEHbBIIEHUU 3aTpaT Ha J0O0bIYYy MPHUPOAHBIX pecypcoB. TpaauilMOHHbIE
CTPOMUTENIbHbIE MaTE€pHallbl, TAKUE KaK LIEMEHT, MPOU3BOASATCS C UCIOJIb30BaHUEM
HPHEPrOEMKHUX TMPOIECCOB, COMPOBOXKJIAIOIIUXCS 3HAYUTEIbHBIMU BbIOpOCAMU
NAapHUKOBBIX I'a30B. 3aMEHA YaCTU LIEMEHTHOT'O ChIPbsI Ha IepepaboTaHHbIE OTXObI
MO3BOJIACT CHU3HUTH YTJIEPOIHBIN ClIe]] CTPOUTEIHHON MPOIYKIIMU U CIIOCOOCTBYET
BBITIOJTHEHUIO MEXIYHApOJHBIX SKOJOTHYECKHX o00s3aTenbeTB. Kpome Toro,
PEIUKINPOBAHUE OTXOJ0B OOOTAIIEHUs CIOCOOCTBYET COXPAHEHHIO MPUPOIHBIX
nanamad@ToB U OuWOpasHOoOOpas3usi, CHUXas MOTPEOHOCTh B OCBOCHUU HOBBIX
MECTOPOKIAECHUM.

Takum oOpa3zoM, »skojoruyeckass 3(P(EKTUBHOCTh PEUUKIMPOBAHUS
TEXHOTCHHBIX OTXOJOB UM OTXOJOB OOOTamieHHsT MECTOPOXKACHUS AKXKal
oOyCJIOBIICHa  HECKOJIbKUMH  (akTopamMH. ITO  COKpalieHue 00bEeMOB
XBOCTOXPAaHWJIMIL, CHIKEHUE pHUCKA 3arpsA3HEHHUs OKpY’Kalolled cpenbl,
ylydmieHue (U3HUECKHX XapaKTepUCTUK CTPOUTEIbHBIX MaTepuajoB MU
yYMEHbIIIEHHE BBIOPOCOB yIIIEKUCIOro ra3za. KoMmiekcHoe ncnosib30BaHle OTX0I0B
MECTOPOXKJIEHUSI AKXall 00€CleYMBaeT HE TOJIBKO CHI)KEHHE SKOJOTHYECKOTO
BO3JCUCTBHS, HO W MOBBILICHUE 3KOHOMUYECKOW YCTOMYMBOCTH, 4YTO JEIAET
PEIUKIUPOBAHNE OTXOJIOB BaKHOM COCTaBIISIOIICH HKOJIOTUYECKH
OPUEHTHUPOBAHHOTO TOPHOTO U CTPOUTEIHHOTO IPOU3BOICTRA.

Omenka 3 dexTa oOT BHEAPEHUS B POU3BOICTBO HOBBIX MOAM(HIIPOBAHHBIX
OETOHOB Ha OCHOBE OTXOJIOB MPOU3BOCTBA Mpou3BeneHa o Gpopmyie [108]:

D= AM(Hp + C%) TCHIe 4.1)

rae O - TOJ0BOM IKOJOTO-DKOHOMHUYECKUN (D(PEKT OT BHEAPEHHS TEXHO-
JIOTWM MIPOU3BOJICTBA HOBBIX MAaTEPHUANIOB, TEHTE;
AM - rogoBast Macca MCIOJIb3yEMBIX OTXO0B 000TallleHHs, TOHH;
Ilp - sKOHOMHMYECKUN pe3ynbTaT (MpUBEACHHAsA MPUObLIL) HA | TOHHY
UCIIOJIb30BaHHBIX OTXO/I0B, TEHT€/T;
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C, - DKOJOTro->KOHOMHYECKUNH HPPEKT OT CHIKEHHS 3arpsi3HEHUs
OKpYKaroIIeH cpeibl 3a CUET YTHIIN3AIUKA OTX0/I0B (CTaBKa IUIATHI 32 pa3MEIleHUE B
HakonuTelne 1 M° 0TX0/0B 0OoraneHus ), TeHre/M>;

¥ - HAaCBINHAs TIOTHOCTH OTXOJ0B 00OTaIeHus, T/M>,

[TpuBeneHHas mpuObLTL Ha 1 TOHHY YTHIIM3UPOBAHHBIX XBOCTOB PaBHA:

I1,=1A(-C-E,K), renre/T, (4.2)

rame A - pacxol OTXOJ0OB OOOramieHMss Ha IIONydeHHe 1 Kybomerpa

LIEMEHTUPYIOLINX MAaTepHaNOB, T/M>,

I] - cpennss uena 1 M3 HEMEHTHPYIOMIUX MAaTEPHAIOB, TEHIe/M;

C - cebecTOMMOCTh IPOM3BOJCTBA 1 M3 [IEeMEHTHPYIOIUX MaTEpUAIOB,
TeHTe/M";

K - vyn#enbHBlE KanmWTalbHBIE 3aTpaThl Ha O0OPYJOBAHUE IO
nepepaboTKe OTXOIOB, TEHIe/MS;

E, - Hopma npuObuIH, 10U €.

[Ipenmonaraemasi MPOEKTHas MPOU3ZBOJUTENIBHOCTh OOOPYAOBAHUSA IO
rOTOBOM MPOAYKIHMH (IIEMEHTHPYOMUM MaTepuanam) 10-12 Teic. M3 B TOJ WM 11O
orxoniam oborarurenabHou hadpuku 1500-1700 tonn B roa (B cpenneM 1600 1/ron
wm 2000 M B rox). OpHEHTUPOBOYHAS CTOMMOCTH OOOpyHOBaHHUS (OOIIHE
KanuTaibHble 3aTtpathl) coctaBuT 20 Thic. gojutapoB CIIIA wumu 9,8 muH. Tenre.
COOTBETCTBEHHO, Y/EIbHBIE KalUTaldbHbIE 3aTpaThl Ha 1 M°® OTX0I0B
oboramenus pasasl 9 800 000 : 2000 = 4900 tenre/M*ron. Ilpu cpoke
OKYIIaeMOCTH 5 JIeT HopMa npuoObLIH £, 1oimkHa ObITh paBHa 0,20.

Jis  pacuera, N0 AHAJIOTMM C JICWCTBYIOIIMMH  MPOU3BOJICTBAMU
CTPOUTENHHBIX MAaTEPUAIOB U U3JCNINI U BHIIICTPUBEICHHBIMU XapaKTEPUCTUKAMHU
MUHUKOMILIEKCA, TPHUHATHI CIEIYIOUIME 3HAYECHHs IOKa3aTesiei, BXOIALIUX B
gopmyisi (96-97): AM = 1600 Tonn; y=0,8 t/m>; C,= 0,03 Tenre/m>; 1= 0,146 /M3,
I =20 $/m> = 9800 tenre/m3; C= 10 $/m>= 4900 tenre/m>; K= 5500 tenre/m3; E, =
0,20.

[ToncraBisiss yka3aHHbIE 3HAueHHs Mokaszatened B ¢opmynsl (4.1, 4.2),
MOJIYYMM: - IPUBEJIeHHas NMpuObLIb HA 1 T oTX0A0B OD:

11 ,=1/0,146 (9800-4900- 0,2-5500)=26 030 Tenre/T;
["'010BO#1 3K0JIOTO-3KOHOMHUYECKUI 2P HEKT:

5 =1600 ( 26 030+ 0,03/0,8 ) = 41,6 mu1H. TeHTe/ B TO.

Hauspiii 3¢dext (mpubbUTh 10 HAIOTOOOJIOKEHUS) SBISCTCS CPEIHUM
(41,6 wmuH.TEeHre/Tom) W TMOJy4YaeTcs MPH CaMbIX HE3HAYHUTEIbHBIX O0beMax
WCIIOJIb30BaHUs 0TX0/10B oborameHus (Bcero 1600 ToHH/TO). YBenu4nBas 00beMbl
MIPOM3BOJICTBA, MOXKHO TIOJYYHUTH emie Oojee 3HAYUTEIbHBI 3KOHOMUYECKUN

ahPexr.
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4.2 OuneHka 3(Q(eKTUBHOCTH YKpelieHus: MOAU(PUIHMPOBAHHBIMH
OeToHaMu OOPTOB Kapbepa

Pesynbrathl UCCIIEI0BAHUS b dexTuBHOCTU PUMEHEHUS
MOAUGPUIUPOBAHHBIX OETOHOB JJII YKPEIUIEHUSI OOPTOB KapbepOB MOITBEPKIAIOT
BBICOKYIO P€3YJIbTaTUBHOCTD JIAHHBIX MAaTEPUAJIOB B MOBHIIIICHUN YCTOMUUBOCTH U
JIOJITOBEYHOCTH TOPHBIX BBIPAOOTOK. AHaNMM3 MOAU(MUIMPOBAHHBIX OETOHHBIX
COCTABOB, AaJaNTHUPOBAHHBIX K YCIOBHSIM Kapbepa AKXKad, TMOKaszal, dYTO
n00aBJICHHE TYIIIOJAHOBBIX MaTEpHalOB, TOJUMEPHBIX KOMIIOHEHTOB W
ruaApooOHBIX 10OABOK CITOCOOCTBYET CYIIECTBEHHOMY YIIYUIICHUIO UX (DU3UKO-
MEXaHUYECKUX CBOWCTB, YTO KPHUTHYECKH BAXKHO I YCIICIIHOTO YKPEIJICHUS
OOpTOB.

OmauM w3 Hambojee 3HAYMMBIX BBIBOJAOB HCCICAOBAHUS SIBIISCTCS
CIIOCOOHOCTH MOJU(MUIIMPOBAHHBIX OETOHOB 00€CTIEUNBAThH BHICOKHE TPOYHOCTHBIE
MOKa3aTeN, JOCTATOYHbIC [JIsi MPOTHUBOACHCTBUA KaK CTAaTUYECKUM, TaK M
JTUHAMUYECKUM Harpy3kaM, BO3HHKAIOIIMM B IMPOIECCE IKCILTyaTalluud Kapbepa.
DKCnepyUMEHTaIbHBIE JIaHHBIE MPOJIEMOHCTPUPOBAINA, YTO MOJIUDUIIMPOBAHHBIC
O€TOHBI, 00JIa/Ial0T YIYUYIIEHHON MPOYHOCTHIO HA CKATUE U COMPOTHUBIISIEMOCTHIO
K TpenmHOOOpa3oBaHMIO. OTO KauyeCcTBO II03BOJIAET OETOHAM COXPaHATH
IEJIOCTHOCTD Jake MPU BO3JCUCTBUU CHIIBHBIX HAarpy30K, YTO MOBBIIIAET OOIIYIO
0€30macHOCTh TOPHBIX BEIPAOOTOK W MIPOJITIEBAET CPOK CIYKOBI YKPETICHUH.

HccnenoBanue Takke MOATBEPIMUIIO, UYTO JOOABKH Ba)XHbI IS 3allUThI
YKPEIUJICHUH OT pa3pylIeHUs IOJ BO3JACHCTBHEM BOABI U XMUMHYECKHUX BEIICCTB.
TemmnepaTypHas CTaOMIBHOCTh TaK)Ke OKa3anach BaXKHBIM (DaKTOPOM B OIICHKE
b dexTuBHOCTH MOIUDPUIIMPOBAHHBIX O€TOHOB. MoaupuuupoBaHHbIE OETOHBI
MIPOJICMOHCTPUPOBAIA YCTOWYMBOCTh B YCJOBHUSAX CYXOro KapKOTO KJIMMaTa,
KOTOpbIE MOTJIM OBl OCIIa0UTh MX CTPYKTYypy. [IpumeneHue OGeTOHOB a00aBKOM
«Neolit 400» mnoaTBepauino CcBoO JS(PPEKTUBHOCTH B YBEIWYEHUU CpPOKa
AKCIUTyaTaIluu YKPETUICHUI U CHIKEHUU TOTPEOHOCTH B UX YaCTOM PEMOHTE.

[IpoBeneHHBIE MCCIIEIOBAHUS TTOKA3aIM, YTO MOIUDUIIMPOBAHHBIC OCTOHBI
MPEIOCTABIAIOT YCTOWYMBOE, JOJITOBEYHOE U HDKOHOMHYECKH dS(PPeKTHBHOE
pelieHne sl yKpersieHus: 00pToB KapbepoB. VX ucmonab30BaHUE MO3BOJISIET HE
TOJIBKO TIOBBICUTH OOIyI0 0€30MacHOCTh TOPHBIX Pa3padOTOK, HO W CHUBHTH
3aTpaThl Ha COJIEP)KAaHUE U PEMOHT YKPEMUTEIbHBIX KOHCTPYKITHH.

Takum 00pa3oM, TMpUMEHEHHWE MOJIUPUIIUPOBAHHBIX OETOHOB IS
YKpEIUIeHUus: O0PTOB Kapbepa MPEICTABIIICT COOOM MEepCIIeKTUBHOE HaIpaBjICHUE,
MO3BOJISIONIEE OOSCIIEYNTh BBICOKHME MOKAa3aTeld HaJIEeKHOCTH W 0E301MacHOCTH B
ropHojioosiBatorieit orpaciu. KommiekcHas oneHka »()(PEKTUBHOCTH JaHHBIX
MaTepuajoB, OCHOBaHHAs Ha aHaJW3e¢ TMPOYHOCTHBIX  XapPaKTCPUCTHK,
YCTOMYMBOCTH K XUMHUYECKUM U TEMIEPATYpPHBIM BO3JACHCTBUSAM, TTOATBEPKIACT
WX MPAKTUIECKYIO IIEHHOCTh U BO3MOXKHOCTD JATbHEHIIIETO TPUMEHCHUS
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4.3 BHenpeHue pe3yJibTaTOB UCCJIEI0BAHNUS B IPOU3BOICTBO

Buenpenue  pe3yiabTaToOB — MCCJIENOBaHWA, TIOJYYEHHBIX B  JAHHOM
JUCCEPTALIMOHHON paboTe, UMEeeT OOJIBIIIOE 3HAUEHUE JIJIST MECTOPOXKIICHUS AKXKall.
JlanHO€ MecTopokieHne 00JaaeT CIOKHBIMHU T€0JIOTMYECKUMH YCJIOBUSMH, TIIE
CTaOUIBHOCTH OOPTOB  Kapbepa SBJSIETCS  KPUTHYECKUM  (aKTOpPOM  JUIs
6e3omacHOCTH ¥ 3((HEKTUBHOCTH TOPHBIX padoT.

Buenpenue »THX pa3pabOTOK Ha MECTOPOXKIECHUM AKXKall TO3BOJIUIO
CYIIECTBEHHO MOBBICUTH CTA0MIIBHOCTH OOPTOB Kapbepa. HoBble OeTOHHbBIE COCTaBbI
UCTOJIB30BAIMCH ISl BO3BEJCHHS YKPENUTENbHBIX COOpPY)KEHUH B Haunbosee
ySI3BUMBIX 30HAaX, YTO CHU3MJIO PUCK OOpYIIEHUI U CBA3aHHBIX C HUMHU aBapHITHBIX
CUTYyaIlii. ITO HE TOJHKO MOBBICHIIO YPOBEHb O€30MAaCHOCTH JIJIsl IEPCOHANA, HO U
COKpaTWJIO TpPOCTOM B paldoTe, CBSI3aHHBIE C HEOOXOAMMOCTBIO MPOBEIACHUS
PEMOHTHBIX paboT.

Kpome Toro, mnpumeHenne MoOAU(UUIHMPOBAHHOTO OETOHA MPHUBEIO K
HKOHOMUYECKON 3(PPEKTUBHOCTH. YBEIMUEHUE CPOKA CIIyKObl YKPENUTEIbHBIX
KOHCTPYKIIMM CHM3WJIO 3aTpaThl Ha MX OOCIYXMBAaHHUE M PEMOHT. YIydYllIeHHE
IPOU3BOACTBEHHBIX IOKa3aTeleld CHOCOOCTBOBAJIO POCTY JOOBIUM  IOJIE3HBIX
UCKOMAEMbIX, YTO IIOJIO)KUTEIBHO CKa3aJoch Ha O0OIEed peHTadelbHOCTH
MPEINPUSITHS.

Taxum oOpa3om, BHEAPEHHE PE3yIbTATOB JUCCEPTAIIMOHHOTO MCCIETOBAHUS
B IIPAKTUKY MECTOPOKACHUS AKXKaJ IPOJAEMOHCTPUPOBAJIO YCIICITHOE TPUMEHEHHE
HAYYHBIX pa3pabOTOK B PEUICHUH MPAKTHUYECKUX 3a]1a4 TOPHOTO MPOU3BOICTBA. ITO
MOTYEPKUBACT BAXHOCTh MHTETPALMH HAYKH W MPOMBINIJICHHOCTH ISl Pa3BUTHSA
oTpacid U OOECIEeYeHHUs] €€ YCTOWYMBOCTH B JIOJITOCPOYHOM MEpPCHEKTHBE. AKT
BHEJIPCHUS PE3yJIbTATOB HCcieqoBaHus npuiaraetcs [[Ipunoxkenue Al.

4.4 Buenpenue pe3yJbTAaTOB UCCJIeI0BAHNS B YUeOHBII npoiecc

PesynbpTaTel MccieqoBaHUN BHEAPEHBI B YUEOHBIH MPOIIECC TOTONHSS KypC
Jexuuii s obpaszoBarensHOi nporpammbel 6B07205 - «['opHas uHxeHepus» 10
nuciuIuinHe «Mapkiieinepckre paboThl TIPU OTKPBITOM pa3paboTKe», a TakkKe
JIOTIOJIHEH KYPC JIEKIUHU M0 TUCHUILIUHE «] €OMEXaHNUECKUM U MAPKIIEHIEPCKUN
MOHUTOPUHI» Il MarucTpaHTOB oOpa3oBaTeabHON mporpammbl 7M07227 -
«Mapxkieiaepckoe aeno». Martepuanbl UCCIEAOBaHUS ObUIA UCIOIB30BaHbI MIPU
MOJATOTOBKE JICKIIMI ¥ MPAKTUYECKUX 3aHATUN JJ1s1 CTYJEHTOB U MaruCTpaHTOB, YTO
MO3BOJISIET UM TOJYYUTh aKTyaJbHbIC 3HAHUS O MPUMEHEHUHU MOAU(PUIIUPOBAHHBIX
OCTOHHBIX cMecel, pa3pabOTaHHBIX C UCIOJIL30BAaHUEM OTXO0B OOOTAIICHUS, JJIs
yYKperuieHus: 00pTOB Kaphbepa.

[IpakTHUuecKoe MPUMEHEHHE PE3YIBTATOB UCCIIECIOBAHMS IOMOTAET CTYIEHTaM
M MarucTpaHTaM OCBOUTh MHHOBAIIMOHHBIE METOJIbI IMOBBIIIECHUS YCTONYMBOCTHU
KapbEepPHBIX OTKOCOB M TOJI3EMHBIX BBHIPAOOTOK, @ TAKXKE CIIOCOOCTBYET Pa3BUTHUIO
HABBIKOB PEIICHUS SKOJIOTUYECKUX U TEXHUKO-DKOHOMHUYECKUX 3a1a4. BHeapeHue
pEe3yJIbTaTOB  MO3BOJSET CTYJCHTAaM W  MArucTpaHTaM O3HAKOMHUTBCA C
COBPEMEHHBIMM MOAXOIAMHU B MCIIOJIb30BAHUN BTOPHUYHBIX PECYPCOB M PA3BUBAET
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WX HaBBIKH PabOTHI C TAOOPATOPHBIMHA U IKCIIEPUMEHTAIBHBIMU JTaHHBIMA. Takum
o0pa3oM, yueOHBII MPOIECC CTAHOBUTCS 00JIee MPUKIAIHBIM U OPUEHTUPOBAHHBIM
Ha PEIICHUE AKTyalbHBIX ITPOU3BOJICTBEHHBIX 3a7a4. AKT BHEAPEHHS PE3YyJIbTaTOB
HAYYHO-HCCIICAOBATEILCKUX paboT npuiaraetcs [[Ipunoxenue b).

BbIBOBI 110 YeTBEPHOI Ii1aBe

1) PeunknrpoBaHre TEXHOTEHHBIX OTXOJ0B MECTOPOXKIAEHUS AKXKajl, B TOM
YUCJIE€ XBOCTOB OOOTrallleHUs, I10Ka3ajl0 3HAYUTENIbHYIO JKOJOTMYECKYI0 U
IKOHOMHUYECKYI0 3 (eKTUBHOCTh. [IpMeHeHne 3TUX OTXOJ0B B CTPOHUTEIBHBIX
MaTepuanax CHOCOOCTBYET CHIKEHHMIO HAarpy3kd Ha OKPYXKAIOUIYIO Cpelny u
YMEHBUIEHUIO TEPPUTOPHIL, 3aHATHIX MO XBOCTOXPAHUIIMILA.

2) Ucnonb3oBaHue 0TXOA0B 00OTAIIEHHUS IJIsl CO3/IaHUs MOTU(DHUITMIPOBAHHBIX
OETOHHBIX KOMIIO3UTOB I103BOJISIET CHU3UTh BEIOPOCHI YIJIEKUCIIOTO r'a3a, 4To AeIaeT
ux 00jee IKOJIOTHYECKH YCTOWYUBBIMU U MTOMOTAET BBIMOJIHATH MEXKIyHAPOIHbIC
00513aTeIbCTBA 0 COKPALIEHUIO TAPHUKOBBIX T'a30B.

3) Ilpumenenre MoOIUPUIIMPOBAHHBIX OETOHOB C YIYUIICHHBIMU (DU3UKO-
MEXaHUYECKUMHU U TUAPOGHOOHBIMU CBONCTBAMU MPOJEMOHCTPUPOBATIO BBICOKYIO
3G (HEKTUBHOCTh B YKpEIUIEHUH OOPTOB KaphepoB, MOBBINIAS WX YCTONYMBOCTH U
JOJITOBEYHOCTH JAKE B CIIOKHBIX YCIOBUAX SKCIUTyaTallUU.

4) Buenpenue pa3paOoTaHHBIX OETOHHBIX COCTABOB Ha MECTOPOXKICHHUH
AKKall TMO3BOJIMJIO  YJIYYIIUTh TPOU3BOJCTBEHHbIE [OKA3aTeNH, IOBBICUTH
0e30MacHOCTh TOPHBIX PabOT M CHU3UTH DSKCIUIyaTallUOHHBIE 3aTpaTtbl, YTO
NOATBEPIMIIO TMPAKTHYECKYI0 3HAYMMOCTh IPOBEACHHBIX MCCIEIOBAHUNA IS
rOpHOJ00BIBAIOIIEH OTPACIIH.

5) BHenpenue pe3yabTaToB UCCIICAOBAHUS B yUSOHBIN MPOIIECC IOTOHSIS KypC
Jexuuii s obpaszoBarenbHOi nporpammbel 6B07205 - «['opHas uHkeHepus» 10
nuctuiuinHe «Mapkieinepckiue paboThl IPU OTKPBITON pa3pabdOTKe», a TaKke
JIOITOJIHEH KYPC JIEKIUHU [0 TUCHUILIUHE «] €OMEXaHNYECKUM U MApPKIIEHIEPCKUN
MOHUTOPUHT» JIJIi MarucTpaHTOB oOpa3oBaTeiabHOM mporpamMmbl 7M07227 -
«MapKIenepckoe J1eJ10», 4TO B CBOKO OYEpEb MOBBIIIAET KAYE€CTBO MOATOTOBKH
CHEIUAIMCTOB B 00JaCTH MapKIICHIepUH.
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3AK/IIOYEHUE

JuccepTanuisi CONEPKUT HOBble HAYYHO OOOCHOBAHHblE MeopemuyecKue U
npakmuieckue pe3yilbmamsl, WUCIOIb30BaHUE KOTOPBIX IO3BOJISIET 00ECIEeYUTh
pa3paboTKy  MOAU(DUIIMPOBAHHBIX  OETOHHBIX CMECEd C  MOBBINICHHBIMU
MPOYHOCTHBIMU CBOMCTBAMHM, MPUTOJHBIX I YKpEIUICHUs OOpPTOB KapbepoB U
MOJ3EMHBIX BBIPA0OOTOK HAa MECTOPOXKACHUHM AKXKall, TMOBbIIIAS HAAECKHOCTh
KOHCTPYKIUH B CIOKHBIX HKCIUTYyaTaIl[MOHHBIX YCIOBHUSAX, OJJHOBPEMEHHO CHUXKAs
00BEMBI HAKOTUICHHUST OTXOJI0B, MUHUMHU3HPYSI UX BO3ACHCTBHE HAa OKPY>KAIOIIYIO
Cpey ¥ CIOCOOCTBYS yIyUIICHUIO SKOJIOTHYECKON CUTYalluu B PETHOHE

OCHOBHBIE pE3yJIbTaThI:

- TEOpeTHYeCKH OOOCHOBaHA M JKCIEPUMEHTAIbHO TOATBEPKIACHA
BO3MOXXHOCTh HCIIOJIb30BAHUS OTXOJIOB OOOTAIICHHUS MECTOPOXKACHHS AKXKal B
KayecTBE KOMIIOHEHTOB JJsi MOAM(PHUIMPOBAHHBIX OETOHHBIX COCTaBOB, YTO
NO3BOJIAET 3HAUMUTENbHO YIYYIIUTh MEXaHUYECKHE CBOMCTBa MaTepuaila U
HOBBICUTH €0 3KOJIOTUYHOCTH;

- OIpEAENeHbl U IKCIEPUMEHTAIbHO MOATBEPKACHBI (PU3MKO-MEXaHUUYECKUE
XapaKTePUCTUKN MOJIU(UIMPOBAHHBIX OETOHHBIX COCTABOB, 3aTBOPEHHBIX C
UCIOJIb30BaHUEM IAXTHOM M TEXHOJIOTMUYECKOM BO/IBI, YTO MO3BOJISIET YIYUIIUTh UX
HKCIUTyaTal[MOHHbIE CBOMCTBA MPHU PA3TUYHBIX KIMMATHYECKUX YCIOBUSAX;

- YCTaHOBJICHBI 3aKOHOMEPHOCTH BIHSHHUA KIUMAaTHYECKUX (PaKTOpOB,
BKJIIOYAs] CyXOM »KapKUi KJIMMAaT, Ha MPOLECCHl THAPATALMHA U CTOMKOCTh OETOHA,
YTO TIO3BOJIACT ONTHMHU3HPOBATH COCTaBbl ISl  YCJIOBUW WHTCHCHBHOMU
IKCIUTyaTalllH;

- pa3paboTaHbl WHHOBAIIMOHHBIE COCTaBBl TOPKPET-OETOHHON CMecH,
MO3BOJIAOIINE C OJTHOW CTOPOHBI YIPOYHATH TPEIIMHOBATHIE TOPHBIE MOPOIBI, U C
JPYToil CTOPOHBI APHEKTUBHO UCTIOIB30BATh OTXObI 000TATUTENbHON (HaOpUKH;

- pa3pa0oTaH WHHOBAIMOHHBIM CIOCOO YKpEIUIEHHs OTKOca Kapbepa,
HaIpaBJIeHbI Ha CO3JaHue MPOCTOro U A(h(PEeKTUBHOTO crocoda yKperieHUs
OTKOCa Kapbhepa U MpeJ0TBpaIlICHNE OChIIIaHUE MOPOJI C TOBEPXHOCTH OTKOCA;

OcHOBHbIE HAYYHbIE PE3YJIbTAThI TO3BOJIMIIN CIETIATh CIACAYIOLINE BHIBOABI U
IPAKTUYECKUE PEKOMEH 1Al U:

1. TIpoBeneHHBIM aHaIU3 TOPHO-TEOJOTHMYECKHX M TEXHOTE€HHBIX YCIOBUMI
MECTOPOXKACHHS AKKaJl TOJTBEPAUT HEOOXOAUMOCTh TOBBIIICHUS YCTOMYMBOCTH
OTKOCOB KaphepoB, OOYCIIOBJIEHHYIO MHOTOJICTHEM ASKCIUTyaTallMeil U BBHICOKUMH
Harpy3KaMu Ha KapbepHBIC CKIIOHBHI.

2. DKCIEPUMEHTAIFHO TIOTBEPKIeHA BO3MOXHOCTh MPUMEHEHUS IAXTHOM
U TEXHOJOTHYECKOW BOJBI B KA4ECTBE 3aTBOPHUTENS JUIsi OCTOHHBIX CMECEH.
[TomyueHHble  COCTaBBI  MPOJEMOHCTPHUPOBAIM  MNPOYHOCTH Ha  CXKaTwe,
MIPEBBIMIAONIYIO TMOKAa3aTeIN 00pa3lloB, 3aTBOPEHHBIX OOBIYHOMN BOAOM, HA 5—7%,
YTO TIOATBEP)KIACT LEIecOo00pa3HOCTh MCMHOJIB30BAaHUS BTOPHUYHBIX BOJHBIX
peCypcoB.

3. Pazpaboran momuduumpoBanHslii OetoH kiacca C20/25 (M300) c
UCIOJIb30BaHUEM IIEOHS U TIECKa U3 OTXO/A0B 000TaIECHHS, TPEAHA3HAYCHHBIN JIJIs
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YKPEIUIEHUS] OTKOCOB KapbepoB. Ero npouHocTs Ha cxkatue nocturiaa 32,5 Mlla, yto
3HAYUTEIIBHO MPEBBINIACT HOMUHAJIBHBIE TIOKA3aTEIIN.

4. IlpoBeneH pacyeT MaTeMaTHMYECKON MOJEIHM, YUUTHIBAIOLIEH BIIMSHUE
pa3IuyYHbIX (PAKTOPOB HA IMPOYHOCTHBIE XAPAKTEPUCTUKH MOAUPHUIMPOBAHHOIO
oeroHa. CpaBHEHUE C HKCIEPUMEHTAIbHBIMUA JaHHBIMU MOKAa3aJ0, YTO pacyeTHas

npoyHocTh coctaBwia 30,9 MIla, a skcnepumentanbHas — 32,5 Mlla, 4yto
MOATBEPKIACT HAJIGKHOCTh U COOTBETCTBHUE CMECH CJIOKHBIM KCILTyaTalldOHHBIM
YCJIOBUSIM.

5. Pa3zpaboTaH W UCHBITAH MHHOBAIMOHHBIA COCTAaB MOJIU(DPHUIIMPOBAHHOTO
TopkpeT-6eToHa kimacca C20/25 (B25), obnamaromuii mpoYyHOCTHIO HA cxkatue 25,4
MIla u npounocteto Ha oTpbIB 0,9 Mlla, uto cooTBercTBYeT TpeboBanusimM I'OCT
JUTSL aIT€3UOHHBIX COEAMHEHUN HEKOHCTPYKIIMOHHOTO THUIIA.

6. B ycnoBusxX XapKoro M Cyxoro Kiumara MOAU(DHUIIMPOBAHHBIN OETOH
IIPOJIEMOHCTPUPOBAJ IOBBIIMIEHHYIO CTOWKOCTh. Ha 15-m nukie wucnslTaHui
IIPOYHOCTHBIE XApPaKTEPUCTUKH YBEIMYWINCh Ha 2% OT IepBOHAYAIbHBIX
3HAYEHUH, YTO MOJITBEPKAAECT €ro MPUIOJHOCTH ISl MPUMEHEHMSI B PErMOHAX C
HKCTPEMAIBbHBIMU KIMMATHYECKUMU YCIOBUSMM.

/. VIHHOBalMOHHBIM  cMOCOO  YKpEIUIEHHWs OTKOCOB  KapbepoB C
UCIOJIb30BaHUEM  MOJU(UUIMPOBAHHOTO  OE€TOHa  MO3BOJWJI  YBEJIWYHUTh
JIOJITCOBEYHOCTh YKPENUTENIBbHBIX KOHCTpYKIMI Ha 20%, a TakKe CHU3UTh 3aTpaThl
Ha YKpEIUICHHE CKJIOHOB Ha 15%, 4TO cmocoOCTBYET MOBBIIICHUIO SKOHOMUYECKOMN
() PEKTUBHOCTU U FKOJIOTHUECKON OE30MaCHOCTH MPOU3BOACTBA.

8. HUccnemoBanHble OTXOABI OOOTAIEHUS MPEUMYIIECTBEHHO COCTOST U3
U3BECTHSKA, a 3TO OyIeT MOJIOKUTENIbHO BIMSTH Ha TBEPACHHE PAcTBOPOB M
OETOHOB Ha UX OCHOBE, TOCKOJIBKY UX MOBEPXHOCTh MOMKET CIYKUTh HCTOYHUKOM
pPa3IUYHBIX SBJICHHUM, BO3HUKAIOUIMX B TBEPICIOIIMX CUIMKATHBIX CUCTEMAX; BOT
OHH:

- BO3HUKHOBEHHE KaTAIUTHYECKHUX ITPOLIECCOB;

- c1ocoOCTBOBaHME MOBBIIEHUIO PH TBEpACIOIICH CUCTEMBI;

- SBJISIOTCA ~ LIEHTPOM  KPUCTAUIM3allMM M TMOJJIOKEK THIpPaTHBIX
HOBOOOPa30BaHUI;

- IO3UTHUBHO BJIMAIOT Ha YCJIOBHUS KPUCTAIUIN3ALUU IPOLYKTOB.

[IpoBenenHoOE MCClieJOBaHUE CYHIECTBEHHO 00OTaTHIIO CTPOUTENBHYIO HAYKY
U TOPHOJOOBIBAIOIIYIO OTpacilb, MPEAJIOXKHUB PEIIEHUs, KOTOpPbIE MOBBICUIN
0€30MacHOCTh, SKOHOMUYECKYIO0 3(P(HEKTUBHOCTh U YCTOMUMBOCTh TOPHBIX PadoOT.
Pa3paboTanHele B paMKax JUCCEPTALMOHHON pabOThl MaTepHasibl YCIEIIHO
BHEJIPEHBI HA MECTOPOXKJICHUN AKXKaJl U HHTETPUPOBAHBI B YUEOHBIN MPOIIECC, UTO
MO3BOJIMIIO 00ECTIEUNTh HAJIEKHOE YKPETUIEHHE TOPHBIX MACCUBOB B COOTBETCTBHUU
C COBpPEMEHHbIMM cTaHaapTamu. [lomydyeHHbIE pe3yiabTaThl CIOCOOCTBYIOT
MOJIFOTOBKE BHICOKOKBAJIM()ULIMPOBAHHBIX CHEIIMAIMCTOB ISl TOPHOI00BIBAIOIIEH
IPOMBIIIIIEHHOCTH, OTBEYast aKTyaJIbHBIM TPEOOBAHUSAM OTPACIIH.
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CocTaB pacTBOpa AJIs YKPEIIeHIIs] HapyIIeHHbIX TOPHBIX MaCCHBOB B IIOI3EMHBIX BBIPabOTKax
Composition of solution for strengthening disturbed rock mass in underground workings

§
(73) "K.II. CorbaeB arbiHiarbl Kasak YITTBIK TeXHIKAIBIK 3epTTey YHHBEPCHTET" KOMMEPUUSITBIK eMec aKIHOHepImiK .
Koramsl (KZ)
HexoMmmepueckoe — akumoHepHoe o6mectBo "KasaxCkmil HaIIOHANBHBII — ICCIEJOBATENbCKIIT  TEXHITIeCKIIT
yaugepcureT MeHn K.I1. Carnaesa" (KZ)
"K.L Satbaev Kazakh National Technical Research University" Non-profit joint stock company (KZ)

(72) bBek AiimaH AckapoBHa (KZ) Bek Aiman Askarovna (KZ)
Jlonentaesa Hasryn CeprkosHa (KZ) Donenbayeva Nazgul Serikovna (KZ)
HypnenicoBa Mapskas BaiicanoBHa (KZ) Nurpeissova Marzhan Baisanovna (KZ)
AiitkasnsoBa [1IsHap KacsvkaHoBHa (KZ) Aitkazinova Shynar Kassymkanovna (KZ)
Hyxkap6exosa JXymapkyns MyxamerkapumoBHa (KZ)  Nukarbekova Zhuparkul Mukhametkarimovna (KZ) %
JHep6uco Kyan Hyp6epresosua (KZ) Derbisov Kuan Nurbergenovich (KZ)

SIIK KO0 KOIBLIIbI H. O06iIKaiibIpoB
TTommucano DIIIT H. AGynkanpos
Signed with EDS N. Abulkairov
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Executive director of RSE «National institute of intellectual property»
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Kapbep eHiciH OeKiTyIiH Tocili
Croco6 yKpelaeHHs 0TKoca Kapbepa
Method of consolidating the slope of a quarry

«K.JI. CotGaeB aThIHAaFrbl KazaK YITTHIK TeXHHKAIBIK 3epTTey YHHBEPCUTETi» KOMMEpIUSIBIK eMec
aKIIoHepiik Korams! (KZ)

HexoMMepyeckoe akIoHepHOe o0mecTBO «Ka3axckuil HaIllOHANBHBII ICCIe0BaTeNbCKII TeXHHYeCKUIl
yauBepcureT umeHu K.11. Carnaesa» (KZ)

«K.I. Satbayev Kazakh National Technical Research University» Non-profit joint stock company (KZ) ; :: :
Bex AiimaH AckapoBHa (KZ) Bek Aiman Askarovna (KZ) =
Jonen6aepa Hasryn CeprxoBHa (KZ) Donenbayeva Nazgul Serikovna (KZ)

Hyprnencopa Mapxan BaficaHoBHa (KZ) Nurpeissova Marzhan Baisanovna (KZ)

ArrkasznHoBa IIsmHap KacsiMkanoBHa (KZ) Aitkazinova Shynar Kassymkanovna (KZ) e
Hyxkap6exoBa XKymapkyns MyxameTkapumoBHa (KZ) Nukarbekova Zhuparkul Mukhametkarimovna (KZ) 6"._,.,
Jep6ucos Kyan Hypoeprenosuu (KZ) Derbisov Kuan Nurbergenovich (KZ) AW

SILIK Ko7 KOIBUIABI E. OcnanoB
ITomgnucano DIII1 E. Ocnanos
Signed with EDS Y. Ospanov

«¥TITTHIK 3IATKEPIiK MEHITIK HHCTHTYTE PMK mupekTopst
Jupextop PI'TI «HarmoHaIbHBII HHCTHTYT HHTEIUIEKTYaIbHO COOCTBEHHOCTH
Director of RSE «National institute of intellectual property» ‘_/J
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