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KAJIBITUEBO-AJIIOMUHATHBIHM IIEMEHT, XAPAKTEPU3YIOIIUICA
ITPOJIOJDKUTEJIBHOM Y IOBOVKIAIBIBAEMOCTBIO U OTBEPXXEHUEM,
[MPOMOTHUPYEMbBIM YBEJIMYEHUEM TEMITIEPATYPbBI, 1 ETO
COOTBETCTBYIOHIIEE ITPUMEHEHUE

OO6nacTh TEXHUKH, K KOTOPOH OTHOCUTCSI H300peTeHne

JlanHoe n300pereHne B OOMIEM Ciydae OTHOCHTCS K c(epe LIEeMEHTOB, OTBEPIKICHUIO
KOTOPBIX B IPUCYTCTBHH BOABI OJarOMpHATCTBYET YBEINICHUE TEMITEPATYPHL.

OHO, B 4aCTHOCTH, OTHOCHUTCS K KaJblIE€BO-aJTIOMHUHATHOMY LIEMEHTY, COJEpKalleMy
AIOMUHAT KaJbLUS, COAEPKAIIMHA MNEPBYI0 KPHCTAUIM30BAHHYI0 MHHEPAJOTHYECKyr (asy
muamoMunara kanbuusi CA2, comepkamero onauH okcupn kaneiuss CaO Ha 1gBa okcuna
amomMunauss  AlO;, WwWiM  BTOPYH  KPUCTAJUIM30BAHHYKD  MHHEPAJIOTHUECKyl0  (asy
amoMocunukara aukanbuust C2AS, copepskamero nsa okcunaa kanbiust CaO Ha OIUH OKCHI
amomunust Al,O3 u oqun nuokcua kpemuus Si0;.

OHO Tak:ke€ OTHOCHUTCS K LIEMEHTUPYIOIIEH KOMITO3ULIMH, COAEpIKallel TAKON KaJIbILIUEBO-
aJIOMUHATHBIN LIEMEHT, CMEIIaHHbII C BOAOH U, BO3MOKHO, C APYTUMHU COEAUHEHUAMHU, TAKUMHU
KaK 30JIbHasl MblIb, TPaHyJMPOBAHHBIM TOMEHHBIN MIJIAK, KBaplLeBas MyKa, KBapleBas IbLIb,
METaKaO0JIUH, KBapLl, U3MeJbUEHHbINH H3BECTHSIK, TIECOK 1 BCIIOMOraTeNbHbIE BEIECTBA.

Hzobperenne xapakTepu3yercss B OCOOEHHOCTH BBITOJIHBIM HCIIOJIB30BAHUEM B JIFOOOM
obyacTu mpUMeHeHus], rae TpeOyeTcs MM MPEeTepreBacTCsl YBEIUYSHUE TeMIIepaTyphl, TaKOH
KaK, HaIpuMep, KperuieHne He(TIHBIX CKBAYKHH.

YpoBEHDb TEXHUKHU

IlemeHnT mpencraBiasier COOOM HEOPraHWMYECKHH MOPOLIOK, pa3pabOTaHHBIA A
CMEIINBAHUsI C BOJNOH B wLeiAX (HOPMHUPOBAHUSI LIEMEHTHPYIOIIEH KOMIO3HUIHMH, HMEIOIIeH
NacTOO0Pa3HYI0 WM JKUAKYIO KOHCUCTEHLIMIO, KOTOpask OTBEPIKIAETCS, B LENAX (POPMUPOBAHUS
OTBEPKAEHHOI0 KOHEUHOTO MaTepuaa.

Ha priHKe cymecTByeT MHOKECTBO LIEMEHTOB, PA3JIUUNE MEXYy KOTOPBIMH MOXKET OBITh
NPOBECHO, C OAHON CTOPOHBI, UCXONA U3 MUX XAPAKTEPUCTHK PEAKIIMOHHOW CIOCOOHOCTH IO
OTHOLIEHMIO K BOJI€ M, C APYrOoll CTOPOHBI, UCXOASl U3 MEXaHWYECKHUX M XUMMUYECKHUX CBONCTB
OTBEP KICHHBIX KOHEYHBIX MAaTEPHAJIOB, KOTOPBIE MOTYT OBITh MOJTy4€Hbl U3 HHUX.

Hanmpumep,  KanbIMEBO-aJFOMHUHATHBIE  LEMEHTHI  O0ECHEUMBAIOT  MOJydeHHUE
OTBEP)KOCHHBIX KOHEYHBIX MATepHaNioB, OOJAamaromuX CHenuPUIECKIMH XUMUYECKHUMU
CBOWMCTBAMH, 3aKIIOYAIOLUIUMUCA B BBICOKOM CTOMKOCTM K KHCJIOTHOH KOpPpPO3UH, H
MEXaHUYECKMMH CBOWCTBAMH, 3aKJIHOYAIOIIMMUCI B BBICOKOM CTOMKOCTH K BO3JIECUCTBUIO

BBICOKUX TEMIIEPATYp U AABJIEHUI.
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XapakTepUCTUKU PEAKIIMOHHON CIOCOOHOCTH LIEMEHTA MPU €ro CMEITUBAHUU C BOAOU
OTIPENEISIIOT YAOOOYKIAABIBAEMOCTh LIEMEHTUPYIOIIEH KOMITO3UIMH, OOpPa30BaHHOW CMECHIO
JAHHOTO IIEMEHTAa C BOJOH, TO €CTh, JAOJTOBEUHOCTb, TAaKXKE HA3bIBAEMYI) «OTKPBITHIM
BPEMEHEM», B TEUYEHHE KOTOPOTrO JaHHAs LEMEHTUPYIOIas KOMIIO3WLUSA XapaKTepU3yeTcs
BSI3KOCTBIO, aJaNTHPOBAHHON K €€ MCIOJIb30BAHUIO, @ UMEHHO, HalpUMep, HU3KOU BA3KOCTBIO B
Hesix oOecredeHrss BO3MOXKHOCTU €€ HAarHEeTAaHWsl B TPELIWHBbI WA YMEPEHHOW BSI3KOCTBHIO B
Hesix o0ecredeHrst BO3MOKHOCTHU €€ MPOPHINPOBAHUS B ONATyOKax.

JlaHHBIE XapaKTEPUCTHUKU PEAKIMOHHON CIMOCOOHOCTU TaKKe OMPENENSIOT U KUHETHUKY
OTBEPKACHHS LIEMEHTUPYIOIIeH KOMIIO3ULIMU B Te€4eHHe Oojiee MO3aHUX (a3 peakiuu MEKAY
neMeHToM u  BogoW. OHH, B YaCTHOCTH, NPEIACTABISIIOT COOOW  XapaKTepUCTUKU
THAPABJIMYECKOTO CXBATbIBAHUS LIEMEHTHPYIOMIEH KOMITO3ULHUH, MPH 3TOM THAPABIMYECKOE
CXBaThIBAHUE TPEICTABIISIET COOOH YCKOPEHHYIO SK30TePMUYECKYIO (pa3y peakiuu ruaparaliuu
LIEMEHTa TOJ{ BO3JCHCTBHEM BOJIbI, W CKOPOCTH, MNPU KOTOPOM HMEET MEeCTO KOHEYHOE
OTBEPKICHHE MaTepuaja Mocjie THAPABINYECKOTO CXBATBIBAHMS, a UMEHHO, TOTO, KaK MHOTO
BpeMeHHU MoTpedyercss M NOCTHKEHHsST OTBEPIKISCHHBIM KOHEUHBIM MAaTEPUajiOM 3KeJIaeMOro
MEXaHUYECKOTO COMPOTUBIICHUS.

Kpome TOro, kak 5TO H3BECTHO, OTHOCHUTEJBHO BBICOKAasl TEMIIepaTypa, TO €CTb,
cocrapisiroast 6osee, yem nmpudmmsuTensHo S0°C, naxe Oonee, yem 30°C, MokeT o0ecneunThb
YCKOpPEHHUE KHHETHKU OTBEPIKACHHUS LEMEHTUPYIOIIEH KOMIIO3ULUM U CYIIECTBEHHOE
yXyIIIeHne ee ynoOOYKIaAbIBAEMOCTH, B YaCTHOCTH, B pe3yJbTare OJaronpusiTCTBOBAHHS
3arymieHuI0 LEMEHTHPYIOLIe KOMIO3ULMH U Oosiee OBICTPOro 3amycka THAPABIMYECKOTO
CXBaTBhIBAHUS.

B wmensix ymeHbIIEHUS BO3AEWCTBHSI TEMIIEPATYpPbl HA PEAKIHOHHYIO CIOCOOHOCTH
LHEMEHTUPYIOIUX KOMIIO3UIMKA IIHPOKO PACIPOCTPAHEHHBIM SIBJISIETCS  JOOaBJICHHE K
LEMEHTHPYIOIIUM KOMIIO3ULIUAM BCIIOMOTAaTENbHBIX BEIIECTB, TAaKUX KaK 3aMeJIUTENN
CXBaTBhIBAHUS.

OnHako, TMOCKOJNBKY B ONHOW M TOH e LEMEHTHPYIOLIeH KOMIO3HIUH MOXKET OBITh
HCIIOJIb30BAHO HECKOJIbKO 3aMeajuTeNel, JaHHble 3aMe[UIMTeNH MOTYT B3aUMOJEHCTBOBATH
OPyr ¢ APYrOM W/WIH ¢ OpyruMH T00aBKaMU IIEMEHTHPYIOIIEeH KOMITO3ULIUH, U TIOCJIE STOTO
CTAHOBUTCA  3aTPYAHUTEJbHBIM  TMPOTHO3UPOBAHME  KUHETHKH  OTBEPXKACHUS  JTAHHOMU
LEMEHTHPYIOIIEH KOMITO3HULIHH.

B nononnenne x 3TOMY, MPUCYTCTBHE B LIEMEHTUPYIOLIEH KOMIIO3WIIMH 3aMEIJTUTENS
MOXKET TIPUBECTH K YMEHBLICHUIO MEXaHUYECKOTO COMPOTUBJICHUS [JIsi OTBEPIKIEHHOTO
KOHEYHOI0 MaTepuala.

KpOMe TOro, KakK 3TO TaKXKE€ MH3BCCTHO, BCJICACTBHEC HaJIU4YUA JaHHBIX npo6neM,
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CBSI3aHHBIX C yIOOOYKJIAIbIBAEMOCTBIO M KHHETHKOW OTBEPIKICHHs, LEMEHTHUPYIOINE
KOMIIO3ULIUH, UMEIOIINE KaJbLHEeBO-AIIOMUHATHYIO OCHOBY, B OOINEM Cly4ae H3rOTaBJIMBAIOT
0 MECTy NPUMEHEHHUS, TO €CTb, BOAY AOOABISIOT K LIEMEHTY HENOCPEIACTBEHHO Ha MeECTe
WCIIOJIb30BAaHUs LIEMEHTUPYIOLIUX KOMITO3HLIU.

B cBA3M ¢ 3TUM, HUMEET MECTO PEryJsIpHOE sIBJICHHE, 3AKIIIOYAOIIEeCs: B TOM, YTO IO
MECTy IPUMEHEHHs LEMEHTHPYIOIIME KOMIO3ULUH, WMEKIIUe OCHOBY  KajbLUEBO-
AJFOMHHATHBIX LIEMEHTOB, MOJY4YarOT B IPOU3BOJACTBEHHBIX TEXHOJOIMYECKUX JINHUSX, KOTOPBIE
OOBIYHO  HCIOJIB3YIOT ISl  TOJYYEHHs [EeMEHTHPYIOLUIMX KOMIIO3UIMA Ha  OCHOBE
MNOPTJIAHALEMEHTA.

IlockonbKy NPOW3BOACTBEHHBIE TEXHOJOIMYECKUE JIMHUU COAEP>KAT 3aCTOMHBIE 30HBI,
KOTOPBIE 3aTPYAHUTENBHO TIPOMBIBATH M/UJIM OUUINATh, HEOOJBIIOE KOJHYECTBO IEMEHTA MOXKET
OCTaBaTbCsl OT OJJTHON MPOU3BOJACTBEHHOMN ONEpaLuy U NEePeXOAUThb Ha APYryr. B cBs3u ¢ 3Tum,
BO BpEMsl MOJIyUEHUsI LIEMEHTUPYIOIIEH KOMITIO3ULIMY HA OCHOBE NMOPTJIAHALEMEHTA, TPOUCKXOIUT
3arpsi3HEHHE AAHHOIO MOPTJIAHALIEMEHTAa OCTATKAMH KaJbLIUEBO-aJIOMUHATHOTO LIEMEHTA, WJIN
Ha00OPOT.

B T0 e Bpems, MNOPTIAHALEMEHTbHl U KaJbLUEBO-AJIOMHHATHBIE LIEMEHTHI
B3aUMOJAEUCTBYIOT APYT C APYIOM, U JaHHOE B3aUMOAEUCTBUE YCKOPSET KHHETUKY OTBEPKICHUS
MOJIY4YECHHBIX LEMEHTUPYIOIIUX KOMMO3ULMN. B CBA3M C 5TUM, FMAPABINYECKOE CXBATbIBAHUE
LEMEHTHPYIOIe KOMMO3MLMKM HAa OCHOBE CMECH MOPTJIAHALUEMEHTa M  KaJIbLHEBO-
AJFOMHHATHOIO LIEMEHTA UHULMUPYETCS PaHbIIE, Y€M TO, YTO OKUAAETCS ISl LEMEHTUPYIOLIen
KOMIIO3ULIMK Ha OCHOBE TOJIBKO MOPTJAHALIEMEHTA WJIH KAJIbLIMEBO-AIFOMUHATHOTO LieMeHTa. B
cly4ae MOJy4YeHUs NaHHOM CMECH B pPe3yJIbTaTe HENPEIHAMEPEHHOIO 3arpsA3HEHUsl YCKOpPEHUe
CXBATBIBAHUSI MOXET B Pe3yJIbTaTe MPHUBOIUTH K 3a0MBAHUIO YCTAHOBOK, YTO SIBIISIETCS OYEHb
pOoOIeMaTUIHBIM.

ObnacTp mpuMeHeHUs, rae B o0ImeM ciydyae 3aeHCTBYIOTCSI BBICOKHE TEMIIEPATyphl, U
TU1s1 KOTOPOH CYLECTBEHHBIM SIBJISIETCS KOHTPOJIUPYEMOE BBIICPKUBAHUE
ynoOOYKIaAbIBAEMOCTH W KWHETUKH OTBEP)KACHUS  OOpPa30BaHHBIX  LEMEHTHUPYIOIINX
KOMIIO3ULIUH, TIPEACTABISIET COOOH KperuieHHe Oy psIIuXcsl CKBAKHH.

BypeHue ckBaxkuH, a, B YaCTHOCTH, HE(TIHBIX CKBAXKHH, MPEICTABIACT COOOH CIOKHBIN
TEXHOJIOTUYECKHH MPOLIECC, KOTOPBII B OCHOBHOM 3aKJIIOYaeTcsl B OYpeHUH TOPHOM MOPOABI IPU
OJTHOBPEMEHHOM BBEIIEHHH B HEe TPyOUaTOro METAJLTHIECKOTO Tea.

H3BeCTHO IIEMEHTHUPOBAaHHE CTEHOK OypsIIUXCsl CKBAXHH B LENAX YIPOYHEHUS
onainyOKH MAaHHBIX CKB)KWH M 3alIUTHl TPyO4YaTOro Tena, KOTOPOE BCTABISIIOT B Hee, OT
KOPPO3HH, a TaKXKe JJsl TePMETHU3aLUH JAaHHOTO TPyO4UaToro Teja B MPUMBIKAIOIEH TOPHOM

nopoze.
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Jlng  OCyLIecTBI€HHUs OSTOTO  IPOMBILUIEHHUKH  HCIOJNB3YIOT  LIEMEHTUPYIOLIUe
KOMIO3ULIUN B (POPME BOIHBIX CYCIIEH3UH, OOBIYHO HA3bIBAEMBIX «LIEMEHTHBIM PacTBOPOM», B
OCHOBHOM  COZep’Kallie LEMEHT, BO3MOXHO, 3allOJHUTENH WM  crenupudeckue
LEMEHTUPYIOIHE NOOaBKH, OUCIEPTUPOBAHHBIE B OTHOCHUTENBHO OOJBLIOM KOJHYECTBE BOJBI,
KOTOpPBIE OHU HATHETAIOT B TPyOUaTOE TEJO 10 IHA mocienanero. Ilocie 3Toro BogHas CyCeH3Hs
MOJHUMAETCs 10 MOBEPXHOCTH 3€MJIM B IPOCTPAHCTBE, KOTOPOE CYLIECTBYET MEXAY CTEHKOU U3
TOPHOH MOPOJIBI U TPYOUATHIM TEJIOM.

Kpome Toro, kak 3TO HEOOXOAMMO TOHHMATh, YAOOOYKIAIbIBAEMOCTh BOIHOMN
CYCHEeH3UH JOJUKHA OBITh TakoH, YTOOBI NAHHYK0 BOAHYIO CYCIIEH3UIO MOXKHO ObLIO OBl
HAarHeTaTh JI0 HA TPyOUaTOro Teja, U YTOObl TMAPABIMUECKOE CXBATHIBAHUE BOJHOM CyCIIEH3UU
00s13aTeIbHO MPOUCXOANIIO Obl B KOHTPOJUPYEMBIHT MOMEHT BPEMEHH IOCHE TOTHITUS JaHHOM
BOJIHOM CYCIIEH3MH IO TIOBEPXHOCTH 3€MJIH, M 3TO BCE MPU MPUHITHHA BO BHUMaHHE TIOA3EMHBIX
YCJIOBUH BBICOKUX TEMIEPATYP U JABJICHUM.

Hanpumep, us goxkymenta US20130299170 u3BeCTHBI CIOKHBIE LIEMEHTHPYIOLIUE
KOMIO3ULIUHN B (pOpMe BOAHBIX CYCIIEH3WH, MOAXOMALINE sl KperieHns: Oypsmuxcst HepTsaHbIX
CKBAXUH, KOTOpble COJEp>KaT KalbLIUeBO-AIIOMUHATHbIE LIEMEHTbl U  3aMeaJuTeNu
CXBaTbIBAHUS, COJIEPIKALINE OPTaHUYECKYIO KUCIOTY U CMECh MOJMMEPOB.

Takxe un3 noxymentoB US6143069 u US20040255822 u3BECTHBI LIEMEHTHpYIOLINE
KOMIO3ULIUK B (pOpMe BOIHOHM CYCIEH3MM, MUMEIOIEH HU3KYI0 TUIOTHOCTh, MOAXOISAINNE IS
KperuieHust Oy psuxcst HeQTSHBIX CKBKHH, COAEPIKALINe KOMMEPUYECKHH aJFOMUHAT KaJIbLIHS,
otHocsamuiica k mapkam SECAR-60™ pumu REFCON™, 307pHYI0 nbLib, BOAy, 3aMeqIuTeNH,
TAaKWe KakK JIMMOHHAs, TJIFOKOHOBAsS WM BUHHAs KHUCJIOTBI, W Jpyrue NOOaBKU, TaKHUe Kak
neHo0OPa30BaTENN U PEAreHThl, KOTOPbIE MPEIOTBPAILAIOT BOJOOTAYY.

OnHako, LEMEHTHPYIOIIHE KOMIIO3HMLUH, pPELEenTypbl KOTOPBIX, B CBS3H C 3THUM,
COCTaBJICHBI JJIsl YMEHBIIEHUSI BO3ACHCTBUS TEMIIEPATypPhl HA MX yIO0OOYKJIAIbIBAEMOCTh U UX
KUHETHKY OTBEPKACHUS, SBIISIOTCS B OCOOEHHOCTH CJIOKHBIMU. Kpome Toro, oHM B pe3yibrare
NPUBOJAT K UCTIOJB30BAHUIO MHOXKECTBA PA3JIMYHBIX XUMHUECKUX COEAMHEHUH, KOTOPbIE MOTYT
OKa3bIBaTh BPEIHOE BO3/IEHCTBHE HA OKPYXKAIOLIYIO Cpeay.

IToaTomy cymecTByeT MOTpeOHOCTh B HAJUYUU BO3MOXKHOCTU HM3BJICYEHMS BBIFOIbI U3
CBOWCTB, NOJIy4aeMbIX B Pe3yJbTaTe TMAPATALIMH AJFOMHHATOB KaJbIHs, ITPH OJHOBPEMEHHBIX
BCE ele OOJIErYeHHOM KOHTPOJHPYEMOM BBIAEPKUBAHUHU TEepHOAa yIOOOYKIIAIbIBAEMOCTH, B
YaCTHOCTH, NPU BBICOKOM TemIepaType, U AOMYIIEHUH HaJU4Msl ONPEIEeNIEHHOTO 3arpsi3HeHus
NOPTJaHLEMEHTAMH UK B OPTJIAHALIEMEHTaXx.

PackpriTue n3obperenus

B HEIAX TPCOAOJICHUSA BbIICYIIOMAHYTBIX HEAOCTATKOB MPCAMICCTBYHOIICTO YPOBHA
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TEXHUKA B H300PETEHWHU TPEAaraeTcss HOBBIH KaJbLUEBO-ATIOMHHATHBIH LIEMEHT, KOTOPBIH
o0JamaeT BBITOJHBIMHA CBOHCTBAMU XUMHYECKON CTOMKOCTH U MEXaHMYECKOTO COMPOTHBIICHHS,
CBOMCTBEHHBIMH JUJIsl TAHHOTO THUIA EMEHTA, a TAKXKE XapaKTePU3yeTCs €CTECTBEHHBIM 00pa3oM
NPOAOJDKUTEIBHBIM OTKPBITBIM BpeMeHeM 0e3 A00aBJeHUs] 3aMeNINTeNsl M JaXe B Clydae
HAJIN4Ms HEIPEeIHAMEPEHHON CMEeCH ¢ MOPTIaHALEMEHTaMU.

I'oBopst Oonee KOHKPETHO, B COOTBETCTBHH C M300PETEHHEM INPENJIaraeTcs KaiblHeBO-
AJIOMHUHATHBIA LIEMEHT, TAKOW KaK MaTepuajl, OMHMCAHHBbIN BO BBEAEHUHU, B KOTOPOM MacCOBas
JOJIs1 BCEX YIMOMSIHYTBIX MEPBOI M BTOPOW MUHEPANIOTHYECKHX (a3 B YIIOMSHYTOM aJFOMHUHATE
KaJIbIUsl SIBJIsieTCs Ooubleit uiu paBHOH 80%.

B cBsi3u ¢ 3THM, Onaronmaps AaHHBIM KPUCTAJUIM30BAHHBIM MUHEPAJOTHUYECKUM (hazam
KaJIbLINEBO-AJFOMHUHATHBIA ~ LIEMEHT, COOTBETCTBYIOIIUH H300PETEHUIO, XapaKTEePHU3yeTCs
KOHTPOJIUPYEMOH KHHETHKOH OTBEP)KIEHHsSI NPH OTCYTCTBHUU MOTPEOHOCTH B HOOaBIIEHUH
3aMEJIUTEIIS.

I'oBopst Oosiee TOYHO, 3asBUTENb OOHAPY)KUJL, UYTO KaJbLIMEBO-AJTIOMUHATHBIE LIEMEHTHI,
KOTOpBIE COAEp)KaT HaHHbIE MUHEpajorudeckue (aspl, XapaKTEpPHU3YIOTCS TPU TeMIIepaTrype
OKpY’)KaIOIeH Cpeabl YPEe3BbIYANHO MPOJOJIKUTENbHON yI0O0YKIaghIBAEMOCTBIO, W  YTO
pPEeaKIMOHHOHN CIIOCOOHOCTH aHHBIX (Pa3 MO OTHOLIEHHIO K BOJIE OJaronpHsATCTBYET YBEIHMUCHHE
TeMneparypbsl. B CBsi3m ¢ 3TuUM, IpH TeMIepaType OKPYXKaIOIIeH Ccpeapl peaKLUOHHAas
CHOCOOHOCTh  KaJIbIIHEBO-aJFOMHUHATHOTO LIEMEHTa, COOTBETCTBYIOLIETO H300PETEHUIO, IO
OTHOLIEHHUIO K BOJIE SIBJSIETCA HU3KOH, a KMHETHKA PEaKLUW TUAPATALUHN SIBJSIETCS OYEHb
menneHHoH. IlosToMy ymoOOykiIanbIBAEMOCTh LIEMEHTHPYIOINEH KOMIIO3MLIMH Ha OCHOBE
JaHHOTO LIEMEHTa KOHTPOJHMPYEMO BBIAEpXKHBAaeTCS 0Oe3 mo0aBlieHHs]  3aMemTUTeNe
CXBAaTBIBaHUS B (POPME NOTOTHUTEIBHBIX XUMUYECKUX COSTUHEHHH.

Kpome TOro, KOHTpOJIMPYEMO BBIAEPKUBAETCS U KUHETHKA OTBEP>KICHHs], MOCKOJBbKY
THIPABINYECKOE CXBATbIBAHHE MOXKET OBITh 3amyIlleHO W/HWIN YCKOPEHO B pe3ysbTare
YBEJIMYEHUS] TEMIIEPATYPHL.

B nononHeHune k 3TOMy, JaHHBIE MUHEpaJOrmyeckue (aspl rapaHTHPYIOT IMOJyYEHHE
KaJIbLINEBO-AJIFOMUHATHOTO LIEMEHTA, COOTBETCTBYIOILLETO n300pETEeHHIO, a
XapaKTEePU3YIOLIErOCsl YMEHBIIEHHBIMH B3aUMOJEHUCTBUSIMU C MOPTIAHALUEMEHTAMH, YTO
yMEHbILIaeT  MpoOseMBbl, CBSA3AHHBIE  C  TEPEKPECTHBIM  3arpsi3HEHUEM  MEXIy
MNOPTJIAHALUEMEHTAMH U KaJIbLIMEeBO-AJIFOMUHATHBIMU LIEMEHTAMHU.

B 3axirodeHue, KanbIHEBO-aJIOMHUHATHBIA IIEMEHT, COOTBETCTBYIOLIUN H300pETEHHIO,
oOyamaeT CBOHCTBAMM MEXaHMYECKOT'O CONPOTHBJICHUS B OTHOIIEHHH BO3JEHCTBHS BBICOKHX
TEMIIEPATyp U BBICOKMX AABJICHUN U XUMHYECKOW CTOMKOCTU K KOPPO3UHU MOJ BO3AEHCTBHEM

KUCJIOT, HOI[O6HI:>IMI/I COOTBETCTBYIOLIUM CBOMCTBAM KaJIbLIUCBO-AJIIOMUHATHBIX HEMEHTOB, YiKEC



U3BECTHBIX HA COBPEMEHHOM YPOBHE TEXHUKU.

Jlpyrue HeorpaHUUYMBAIOIINE U BBIFOJHbIE XapaKTEPUCTHKU KaJbLMEBO-aTIOMHUHATHOIO
LIEMEHTa, COOTBETCTBYIOLIETO HM300PETEHUIO, B3SThIE MHAMBUAYAJIbHO HIJIH B COOTBETCTBHH C
0001 TEXHUYECKH JOMYyCTUMON KOMOUHAIMEH, TIPEICTABIISIIOT COOOH HIDKECIEAyIoIee:

- YIOMSIHYTBIH aJIOMHHAT KaJbLUS TaKXKe CONEP’KUT aMOP(HYI 4acTb, MaccoBast AOJ
KOTOpOi1 B yIIOMSIHYTOM aJIFOMUHATe KaJbLUs SBJISETCS MeHbIIeN nin paHoi 20%;

- YOOMSIHYTBIH  aJIOMHUHAT  KajbLMsl  JIOTIOJHUTEIBHO  COAEPXKUT  TPETHIO
KPHUCTAJUTM30BAHHYI0O MHHEpaJIOrn4eckyo (asy amomuHata MoHokanbuuss CA, comepkaiiero
onuH okcupa kambuusa CaO (mpencraBisiembiii kak C B cOOTBETCTBHHM C 000O3HauYeHHUEM,
NPUHATBIM Y TPOHM3BOIUTENEH LeMeHTa) Ha oauH okcun amomuHus AlQOs (mpencraBnsieMbli
Kak A B COOTBETCTBUH C OOO3HA4YE€HHEM, MPHUHATBIM Y IMPOU3BOAMUTENECH LEMEHTa), W/UJIH
YEeTBEPTYI0 KPHCTALUTM30BAHHYIO MHHEpalorndeckyro (asy amomuHarta rexcakanbuus CAO6,
comepxamero onuH okcupa kKajmpims CaO Ha mectb okcumoB amoMuHust AlLOs, mpu sTOoM
MaccoBasi I0JIsl BCEX TPEThEH U YETBEPTON MUHEPATOTHYECKUX (a3 B YIIOMSIHYTOM aJFOMHUHATE
KaJIbLIS SIBJISIETCSI MEeHbLIEH Win paBHOM 20%;

- YHNOMSIHYTBHIM allOMMHAT KaJbLUs JOMOJHUTENBHO COJAEPKUT JOMOJHUTEIbHYIO
MUuHepanorndeckyro (asy cynbpoamomunara kambiust C4A3$, conepskaiero 4erbipe OKCHUAa
kanpuusa CaO Ha Tpu okcupa amomunus AlOs n ogun Tpuokcun cepel SO3 (IpeacTaBIsIeMbIit
Kak $ B cooTBeTCTBUU C 0003HAUYECHNEM, TPUHATBHIM Y IIPOU3BOJUTENEH LIEMEHTA),

- OH COAEpPKUT IPU pacdeTe Ha MacCy IO OTHOLIEHMIO K COBOKYIHOH Macce
yHnoMsiHyToro amomuHatra kanbuus: oT 0% po 5% oxcupa sxenesa Fe;Os, ot 0% mo 5%
nuokcunaa tutana Ti0z, ot 0% mo 5% tpuokcuna cepsl SOs3, ot 0% mo 5% okcuna maraus MgO,
ot 0% 10 2% IeI0YHbIX COeNMHEHUH,

- OoH uMmeer (GOpMy TOPOIIKA, KOTOPBIH XapakTepU3yeTcsl IUIOIAAbI YIAENbHOM
MOBEPXHOCTHU O biieliHy, COracHO U3MEPEHUIO B COOTBETCTBUU €O cTaHAapToM NF-EN-196-6
Haxoaswencsa B nuanasone oT 2200 kBaApaTHBIX CAHTHUMETPOB Ha rpaMM 110 4500 xBaapaTHBIX
CAHTHUMETPOB Ha rpammM, npeanodytuteabHo oT 2900 no 3900 xBaapaTHBIX CAHTUMETPOB Ha
rpaMm;

- OH COAEPKUT TPU pacyeTe Ha MacCy IO OTHOIIEHHI0O K COBOKYIHOM Macce
yOOMSIHyTOro ajmomMuHata kajbuusi: oT 50% npo 60% nepBoi  KpHCTaJUIM30BAaHHOMN
muHepanorndeckolr  ¢aser  CA2, or 26% 1o 32% BTOpOH  KPHCTAJUTM30BAHHOM
muHepanorndeckoil ¢aspl C2AS (mpu stom S mpencrasisier codoit auokcun kpemuus SiO2 B
COOTBETCTBUU ¢ 00O3HAUEHHEM, MPHHATBIM y NpPOU3BOAMTENEH LieMeHTa), oT 2,5% mo 3,5%
TpeTbel KPUCTAJUIM30BAHHOW MuHepanorudeckoit ¢aspr CA, ot 0,5% mo 1,5% mnsroit

KPHUCTAJUTU30BAHHON MMHepajorndeckon ¢asbl deppoamomunara terpakanbiusi C4AF (mpu
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stoM F mpencrasnsier coboli okcun xene3a FexOs B coorBeTcTBUHN ¢ 0003HAUEHUEM, PUHSTHIM
y mnpousBomuteneil nementa), ot 10% no 15% nDOMOSHUTENBHBIX KPUCTAUTH30BAHHBIX
MUHEpaNTOTHIeCKuX (as;

- KaJIbIIMEBO-AIIOMUHATHBIN LIEMEHT, COOTBETCTBYIOIIMN H300PETEHUI0, CONEPKUT OT
0,5% mo 15% nomonHUTENBPHOW MUHepanorundeckoit ¢asel cyibdoamomunara kanpius C4A3$
IIPU pacueTe Ha Maccy MO OTHOLIEHHIO K COBOKYITHONM Macce yIOMSHYTOTO allOMUHATA KaJbLIMsL.

B m300pereHnn Takke mpeasaraeTcsl HEMEHTHPYOMas KOMIIO3UIUS, COAepsKalas Io
MEHBbLIEH Mepe  VKAa3aHHBbI  KaJbLMEBO-AJIOMUHATHBI  LIEMEHT, COOTBETCTBYIOLIHI
n300pEeTEeHNI0, CMEIIAHHBIA ¢ BOJOH M, BO3MOXKHO, LIEMEHTHUPYIOIIUMHU NOOABKAMH, TAKUMH KaK
30JbHAst TbUIb W/WIM TPaHYJIMPOBAHHBIA JOMEHHBIM LUIAK W/WIM KBapLeBas MyKa W/HUIH
KBapIeBast MbUIb W/MJIM METAKAOJHH, IPAHYJSITAMH, TAKUMH KaK KBapl W/WIM WU3MEJIbYSHHBIH
W3BECTHSIK W/WIIU MECOK, U BCIIOMOTATEIbHBIMHU BELIECTBAMU.

B uzo0perernn Taxke mpeasaraeTcsi MpUMEHEHHE KaJlblIMEeBO-AIFOMUHATHOTO LIEMEHTA,
TAKOTO KaK OIMMCAH BbILIE B HACTOSIIEM JOKYMEHTE, B COOTBETCTBUU C KOTOPBIM

a) LIEMEHTUPYIOLYI0 KOMIIO3HLIUIO MMOJYYal0T B Pe3yJIbTaTe CMEIIUBAHUS MO MEHBLIEH
Mepe YIOMSIHYTOTO KaJIbLIHEBO-aIFOMUHATHOTO LIEMEHTA C BOJIOH;

b) YIOMSIHYTYIO HEMEHTHUPYIOUIYIO KOMIO3HUIMIO PACIIONIAraroT MO MECTY,

C) VYIOOMSHYTYIO LEMEHTHUPYIOUIYI0 KOMIIO3HLHMIO HArpeBarT A0 TEMIIEPaTypbl B
nuana3oHe ot 50°C go 300°C, mpenmoururensHo oT 80°C mo 280°C, Takum obpa3om, 4TOOBI
OaronpUATCTBOBATH CXBATHIBAHHIO LIEMEHTHPYIOIIEH KOMIIO3ULIUH.

LlemeHTHpYyIOIIasi KOMIIO3ULIUSI MOJKET JOTOJHUTENBHO COAEPIKaTh 3arOHUTENN
(HampuMep, MeCOK) W/WJIK BCTIOMOTaTeNIbHbIE BeIeCTBa (HAMPUMED, 3aMEUTUTEITH, YCKOPUTENH U
APYroe), U3BECTHBIE IS CIIELIUAMCTOB B COOTBETCTBYIOLIEH 00JACTH TEXHUKH.

B TemnepaTypHbIX YCIOBUSX CTagud C) JaBJICHHE NPEATNIOYTHUTENBHO BBIOHUPAIOT
BBICOKHUM, TO €CTh, OOJNBIINM WJIM PaBHBIM IABJIEHHIO HACBIIIEHHOTO Tapa, TaKuM 0o0pasom,
yTOoOBI BOJA MPUCYTCTBOBaja Obl B JKUAKOH (opmMe WM TO MeHblIedl Mepe B Qopme
HaCBILIEHHOTO apa.

B wacTtHOCTH, maHHOE TPUMEHEHHE KaJNbLIMEBO-AIFOMUHATHOIO LEMEHTa HAXOAWT B
0COOEHHOCTH BBIFOJHYIO O0JIACTh HCIOJIB30BAHHUSA TPH KPEIJICHUH OypsImuXcs CKBaKWH, B
YaCTHOCTH, OypsAIIUXCsl HEPTAHBIX CKBAKHH.

Jdnsg  s3Toro Ha CTamgMu a) TPUMEHEHHsS, COOTBETCTBYIOIIEIO  H300PETEHHIO,
LEMEHTUPYIOIAasl KOMITO3UIUsl uMeeT (OpMy BOJHOW CYCHEH3WHM, a Ha CTagud b)
LIEMEHTHPYIOIIYIO KOMITO3ULMIO PACIiONararoT B Oypsiteiicss HeQTsSHOH CKBasKHHE.

Ocy1ecTBieHne N300peTeHHs

Cne):[yfomee aajee OnruCaHue B COUYCTAHUMM C TIPUWIArarOIUMUCA YCPTEXKAMU,
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MIPEICTaBJICHHBIMU B KaU€CTBE HEOTPAaHNMUMBAOLIUX IPUMEPOB, JOJIKHO Pa3bsACHUTh TO, U3 YEro
COCTOUT M300peTeHre, U TO, KAaK OHO MOKET OBbITh Peain30BaHo.

B umncne npunararommxcst Y4epTeKen:

¢ur. 1 mpencrasnser coOoil AUAarpaMMmy COCTOSHHSI AJII TPOWHOHW CHCTEMBl HU3BECThb-
OKCHUJ aJIOMHUHUS-TUOKCU/ KPEMHMUsI, NPEACTABICHHYI0 B MAacCOBBIX JOJIIX H3BECTH, OKCHJIA
AIOMUHUS U TUOKCU/IA KPEMHUS,

¢ur. 2 mpencrasnser coOoil yBenudeHue macmrada anst ¢ur. 1 B HHTepecyromen
obnactu [II-1I] B mensix onmucanusi AUanasoHa COCTaBa aIFOMUHATA KaJIbIUs, COOTBETCTBYIOLIETO
HU300pETEHUIO.

B uzobperenun, B ciydae OTCYTCTBUSI YKa3aHUS Ha Npyroe, NpHBENeHHE HHTEpBasa
3HaueHuH «OoT X 10 Y» mim «Mexny X U Y» B JaHHOM H300pETEHUH JOJDKHO MOHMUMATHCS Kak
BKJIFOYAroLIee 3HaueHus X u Y.

JlanHoe  m300peTeHre  OTHOCHTCA K  KaJIbLIMEBO-AJTIOMHHATHOMY  LIEMEHTY,
BBIMIOJIHEHHOMY C BO3MOJKHOCTBIO CMELIMBAHUS C BOJOM B 1HensiXx (QOpMHUpPOBAHUSA
LEMEHTUPYIOIEH KOMITO3UIHNH, YAO0OOYKIIAQJAbIBAEMOCTh KOTOPOH SIBJISIETCS €CTECTBEHHBIM
0o0pa3oM MpPOAOIDKUTENPHONW, W PEAKLUHOHHON CIIOCOOHOCTH KOTOPOH OJarompusiTCTBYET
yBeJIMUYEHUE TeMIIepaTyphl.

B ocranpHOl YacTu omucaHus H300pETEHUs] TEPMHH «LEMEHT» JOJDKEH O00O03HavaTh
MOPOLIOK, pa3pabOTaHHBIHN AJIsl CMELTUBAHUSA C BOAOH B LIEIX (POPMHUPOBAHUS LEMEHTHUPYIOIIEH
KOMIIO3ULIUHM, KOTOpasi CIIOCOOHA OTBEPXKAATHCS C LENbI0 IOJYYEHHUs] TBEPAOTO KOHEYHOTo
MaTepua’a.

TepMuH «1IeMEHTUpYIOLIAsT KOMIIO3ULIUSD) AOJDKEH 00O3HAa4aTh CMECh [IEMEHTA C BOJOM
1, BO3MOKHO, PYTUMHU JOTIOJHUTEIbHBIMU COSIUHEHUSIMU.

B 3akmroueHue, kak 370 OyJeT XOpPOIIO Pa3bsICHEHO B CIEAYIOLIEM Aajiee U3JIOKEHHH,
TEPMHHBI PEAKIIUOHHAS CIIOCOOHOCTB» WIIN «XaPaKTEPUCTHKH PEAKIIMOHHON CIIOCOOHOCTI IS
LIEMEHTA XapaKTePU3YIOT CIIOCOOHOCTh TAaHHOTO IEMEHTA BCTYIATh B PEAKIIHIO C BOJOM.

C xummnueckol TOUKHM 3PEHHs KaJlbLINE€BO-aJIOMHUHATHBIM LIEMEHT, COOTBETCTBYIOIIMM
H300pETEHNI0, CONEPKUT MO MEHbLIEH Mepe OIUH AJOMUHAT KaJbLHsA, TO €CTh, COEAUHEHHE,
cozieprKalliee Kak OKCUJ KaJIbLiUs, TAK U OKCHUJ] aTFOMUHUSI.

I'oBopss Oonee TO4YHO, B JAaHHOM Cllydae QIIOMHHAT KaJbLUs  LIEMEHTA,
COOTBETCTBYIOLIETO H300PETEHUIO, COAEPKUT OKCHJ KaJbIHs, HMEIOLIUI OOIIeNnpHHATOe
Ha3BaHue u3BecTh, CaQ, OKCHI aTIOMHUHHMSA, UMEIOLINH OOLIEIPUHATOE HA3BAHUE TIIMHO3EM,
AlLOs, 1 TMOKCHIT KPEMHUS, UMEIOIUN OOIETPUHSITOE Ha3BaHue KpeMHeseM, Si0s.

Takum oOpasom, 4To Kacaercsi obyerdeHus: 0003HAYSHHH, TO, KaK 3TO OOBIYHO NEJIar0T

MNPOU3BOAUTEIIN IEMCHTA B CBOUX 0603Ha"leHI/I$IX, 3adBUTECIIU B CJIICAYIOLIEM HAJIEC U3JIOKCHUU



9

OyayT cokpamarh TepMuH «u3Bectb, CaO» OykBoii C, TepmuH «riuHO3eM, AlbOs» OykBoii A, a
TepMHH «kpeMmHe3eM, SiO2» OykBoii S.

JlaHHbIE TPU COEOMHEHHUS, a UMEeHHO, u3BecTb C, OKCHA AMOMUHHUS A W IOHOKCUA
KPeMHHUsI S, COCTaBJISIIOT OCHOBHBIE COCOUHEHUS, NMPUCYTCTBYIOIIME B AITIOMUHATE KaJIbIIHS,
COOTBETCTBYIOILIEM H300PETEHHIO.

AJTFOMUHAT KaJIbLUsi, COOTBETCTBYIOIINUN H300PETEHHIO, TAKXKE MOXKET COAEPKaTh MPHU
pacdere Ha MacCy IO OTHOIIEHHUIO K COBOKYITHOM Macce yIIOMSIHYTOTIO AIFOMUHATA KaJIbIIHS:

- ot 0% no 5% oxcuna sxene3a Fe;Os (koTopblil cokpamaroT kak F B cooTBeTCTBHM C
0003HaueHNEM, IPUHSTHIM Y POU3BOAUTENICH LIEMEHTA),

- ot 0% no 5% nmokcuna turana TiOz (KOTOpBIM COKpamarT Kak T B COOTBETCTBUU C
0003HaueHNEM, IPUHSTHIM Y POU3BOAUTENICH LIEMEHTA),

- ot 0% mo 5% Ttpuokcuna cepbl SO3 (KOTOPBIA COKpAIIalOT Kak $ B COOTBETCTBHU C
0003HaueHNEM, IPUHSTHIM Y POU3BOAUTENICH LIEMEHTA),

- ot 0% mo 5% oxcuma maraust MgO (KOTOpbIil cOKpamaroT Kak M B COOTBETCTBHH C
0003HaueHNEM, IPUHSTHIM Y POU3BOAUTENICH LIEMEHTA),

- oT 0% 110 2% 111eJOYHBIX COEAMHEHUH.

JlaHHbIE JApYrHe€ COEOMHEHHUS TPENCTABISIIOT COOOM HEOCHOBHbIE COCAMHEHUS
AIFOMUHATA KaJbLUs IEMEHTa, COOTBETCTBYIOIIEro n300pereHnio. OHU COCTABISIOT MPHUMECH,
KOTOpBIE B O0IIEM cllydae IMOCTYNA0T U3 MAaTePHAJIOB UCXOJHOTO ChIPbS, UCIIOIb30BAHHBIX IS
W3TOTOBJICHHSI aJTFOMHHATA KaJIbLIHSL.

C  MuHepamoOrM4ecKON  TOYKHM  3pEHUS  KaJblIHMEBO-AJFOMUHATHBIA  IIEMEHT,
COOTBETCTBYIOLIUI H300PETEHHIO, COAEPKHUT KPUCTAIIMUECKYIO YacTh U aMOP(HYIO HacTh.

JlaHHbIE KpUCTAUIMYECKHE W aMOP(HBIE YaCTH XapaKTePU3YIOT MHUKPOCKOIIUYECKOEe
COCTOSIHME  KaJbLIUEBO-aJFOMHHATHOTO  LEMEHTA,  COOTBETCTBYIOIIEr0  HM300pPETEHHIO:
KPHUCTAJUTMYECKas] YaCTh NaHHOTO KaJbLINEBO-AIIOMUHATHOTO IEMEHTA COAEPIKUT aTOMBI /WU
MOJIEKYJIbI, YIIOPSAOYEHHbIE B COOTBETCTBUH C KOHKPETHON Ire€OMeTpHel, B KPUCTAJTN30BAHHBIX
MUHepajorndecknux ¢asax, B TO BpeMs Kak amMop(dHas dYacTb JAHHOTO KaJbIUEBO-
AIOMUHATHOTO LIEMEHTa CONEPXKUT aTOMbl W/HWJIM MOJIEKYJbl, KOTOPBbIE CKOMIIOHOBAHBI
Pa3ynopsiAOYeHHbIM 00pa3oM JAPYT MO OTHOLIEHHIO K IPYTY, TO €CTh, PU OTCYTCTBUU KaKOTO-
1100 KOHKPETHOTO TMOPSIAKA.

B nmaHHOM ciyyae amOMMHAT KajbIHsl LIEMEHTA, COOTBETCTBYIOLIETO H300PETEHHIO,
SIBJIIETCSI TIIABHBIM 00Pa30M KPHUCTAILTHYECKUM.

I'oBopst Oojee TOYHO, B BBITOAHOM BAapHAaHTE, B KaJbLHEBO-AIIOMUHATHOM LIEMEHTE,
COOTBETCTBYIOLEM HM300PETEHHIO, MAacCOBasl AOJSA YIOMSHYTOH KPHCTAJUTMYECKON YacTh B

YIOMSIHYTOM aJIFOMHHATE KaJIbLU sIBJIsIeTCst Oombiueit miu paBHOi 80%.
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I'oBopst nppyrumu croBamMu, Macca KpHUCTAJUIMYECKON YacTH 10 OTHOLIEHUIO K
COBOKYITHOI Macce aJlOMUHATa KaJbLUs [IEMEHTA, COOTBETCTBYIOIIETO N300PETEHUIO, SBISIETCS
Oonpiueit nnu pasHoi 80%.

B cBA3sm ¢ »3TUM, B KaJbLIUEBO-AJTIOMHUHATHOM LIEMEHTE, COOTBETCTBYIOLIEM
n300pETEHNI0, MacCOBast AOJIsI aMOP(HOM YacTH SIBJIIETCSI MEHbIIEH 1k paBHOH 20%.

Kpucrammnyeckass 4acTb COIEPKUT KPUCTAJUIM3OBAHHBIE MHHEpajioruueckue (assl,
KOTOpBIE JIENAIOT BO3MOXKHBIM 0OJiee KOHKPETHOE ONHMCAHHE aTIOMHHATA KaJbLUs LIEMEHTA,
COOTBETCTBYIOLIETO H300PETEHHIO.

JleliCTBUTENbHO, KOJIMYECTBO U MPUPOAA KPUCTAJTM30BAHHBIX MHHEPAJOTHUECKUX (a3,
NPUCYTCTBYIOLIUX B IEMEHTE, COOTBETCTBYIOIIEM M300peTeHHI0, 00yCIaBINBAIOT XUMUIECKUN
COCTaB YIOMSIHYTOT'O aJlFOMHUHATa KaJbLIMsL.

B ocranpHOl dWacTm omnucaHWs HM300peTEHHMs JAaHHBIE  «KPUCTAJUTM30BAHHBIC
MUHepajorndeckue Ga3b» MHOrAA OyayT HA3BIBATHCS KMHUHEPATOTHYECKUMU (Ha3aMiny.

B nanmHOM cny4ae, B YaCTHOCTH, KPHUCTAJUIM30BAaHHBbIE MHHEpAJOrHuecKkue (asbl
ONHCBHIBAIOT KaK CTPYKTYpPY B aTOMHOM Maclitabe, TaKk M XHMHUYECKHH COCTaB aJOMHUHATa
KaJbLMs B TON Mepe, B KOTOPOH OHU BKJIKOYAIOT HECKOJIBKO PA3JIUYHBIX COCTUHEHUM.

B wactHOCTH, B JAHHOM Clly4ae MUHEpaJIornyeckue (ha3bl aTFOMIUHATA KaJIbIHS LIEMEHTA,
COOTBETCTBYIOLIETO H300PETEHUI0, BKIIOYAIOT M3BeCTh C, OKCHA aMIOMHUHHA A U TUOKCHI
KpeMHUs S.

B ofmem ciyyae KpuCTaJUIM30BaHHBIE MUHEpAIOTHUecKre (pa3bl aJFOMHHATOB KaJIbIUS
SIBJISIFOTCSI MHOTOYHCJIEHHBIMH. B UX 4nCjie MOTYT OBITh YIIOMSIHYTHI HHYKECIIENYIOIITHE:

e (ba3pl, KOTOPBIE CONEPIKAT TOJNBKO M3BeCTh C M OKCUJ AMFOMHMHUS A, TaKHe KaK:

- ¢aza amomunaata MoHokanbLus CaAl,O4, 0603Hauaemoro xak CA, KpuCTaUINYeCKast
pelieTka KOTOPOTO COAEPKUT OAHY MoJiekyny usBectd C mpu pacuere Ha OJHY MOJIEKYJY
OKCHJIa ATFOMUHUS A,

- daza pmmamromuuata wmonokanmbius  CaAlsO;,  obosnawaemoro kak CA2,
KPUCTAJIJIMUECKasl pelieTka KOTOPOro COAEPKUT OJIHY MoJieKyly u3Bectu C MpH pacyeTe Ha ABe
MOJIEKYJIbI OKCHA ATFOMUHUS A,

- (paza rekcaanmOMHHATa MOHOKambLMs, oOo3Hauaemoro kak CAO6, KpuCTauIM4yecKas
pelieTka KOTOPOro COAEPKUT OAHY MOJieKyly u3BecTd C mIpu pacdeTe Ha IIECTb MOJIEKYJI
OKCHJIa ATFOMUHHS A,

- (baza amoMuHaTa TpUKaJbLUsA, oO003HauaeMoro kak C3A, KpuUCTauIM4eckas pelreTka
KOTOpPOTO COAEPKUT TpU MoJekyibl u3zBectu C mpu pacuere Ha OAHY MOJIEKYNy OKCHUIA
ATFOMUHUS A,

- ¢paza renraaMrOMHUHATA TOACKAKaIbIMs, oOo3Hadaemoro kak C12A7, kpucrammndeckas



11

peleTka KOTOPOro CONEPKUT ABE MOJIEKYJbl m3BecTd C MpH pacdyere Ha CeMb MOJIEKYJl OKCHAA
ATFOMUHHUS A

e (pasbl, KOTOpPBIE COAEPIKAT TOJIBKO M3BeCTh C U AMOKCUA KPEeMHHUs S, TaKHe KaK:

- (haza cmimkaTa MOHOKaNbLMs, oOo3Hadaemoro kak CS, KpucTajuindeckas perieTka
KOTOPOTO CONEPKUT OAHY MOJeKkyily u3pectd C mpu pacdere Ha OIHY MOJICKYNy IUOKCHIA
KpeMHus S;

- (haza cunmkara AMKaIbLIMs, oOo3Hawaemoro kak C2S, kpucramundeckas perierka
KOTOPOTO COAEPKUT IBE€ MOJeEKysibl m3Bectd C mpu pacuere Ha OJHY MOJIEKYJYy AUOKCHIA
KpeMHus S;

- (pasa cunmkara Tpukajgbums, obo3Hauaemoro kak C3S, kpucramamueckas perierka
KOTOPOTO COJAEPKUT TpH MOJeKyilbl m3BecTH C mIpH pacuere Ha OJHY MOJIEKYJy AUOKCHIA
KpeMHus S;

- (paza OucmnmukaTa TpuKanblus, obo3Hauaemoro kak C3S2, kpucTaindeckas pereTka
KOTOPOTO COAEP>KUT TPU MOJeKysnbl m3BecTh C MpU pacyeTe Ha [IBE MOJIEKYJbl JUOKCHIA
KpeMHus S;

e (asbl, KOTOpbIE CONEPIKAT TOJBKO OKCHJ ATOMHHMS A U AUOKCHI KpEeMHHS S, Takue
KaK:

- (daza TtpuamomuHara-Oucuiukara, obOo3HauaemMoro kak A3S2, kpucTamudeckas
pelIeTka KOTOPOTO COAEPIKUT TPU MOJIEKYJIbl OKCHIA AlOMHHHSI A TpU pacdyere Ha JBe
MOJIEKYJIbl AUOKCHIA KPEMHHUS S;

e (asbl, conepxkamue n3Bectb C, OKCUA aIFOMUHUS A ¥ TUOKCUI KPEMHHUS S, TaKHe Kak:

- ¢asa amoMocuiIMKaTa IuKajgblus, obo3Hauaemoro kak C2AS, kpucraumdeckas
pelIeTka KOTOPOro COAEPKUT JIBE MOJIEKYJIbl H3BecTH C IpH pacuere Ha OJHY MOJIEKYJy OKCHA
ATFIOMHUHUS A U OZIHY MOJIEKYJTy AUOKCHIA KPeMHHUs S;

- (¢paza amomoOucHIMKaTa MOHOKaNbLus, o0o3Hayaemoro kak CAS2, kpucraumdeckas
peleTka KOTOpPOro COAEPKUT OAHY MoJjekyny m3Bectd C mpu pacuere Ha OJHY MOJIEKYJTY
OKCHZa AIFOMUHHUS A U [BE MOJICKYJIbI IHOKCUIA KpEeMHHUS S

IPY 5TOM JIaHHBII NIePeUeHb HE SBJSIETCS ITOJIHBIM MEPEYHEM.

Jlanable MuHepanorudeckue ¢aspl B 00IEeM ciydae BBIOMPAIOT B COOTBETCTBHH CO
CBOWCTBAMH, KOTOPbIMH OHHM CHAaO)KarOT KaJblIMEBO-aJIOMUHATHBIA IIEMEHT, B YaCTHOCTH, B
OTHOLIEHUH PEaKLMOHHON CMOCOOHOCTH M MEXaHHYECKUX CBOWCTB OTBEPIKICHHOIO KOHEUHOIO
Marepuana.

OO1enpuHITON MNPAKTHUKOH sBsieTCsl rpaduyeckoe MpPEACTaBjeHHEe Ha auarpamme
COCTOSIHHSI [UIi TPOHHOH CHCTEMbI Pa3IMYHBIX MHUHEPAJOrHm4eckux (pas, KOTOpble alFOMHHAT

KaJbLIHs MOKET (POPMHPOBATH B COOTBETCTBHU C OTHOCHUTENBHOH JOJIEH KaKIOro OJHOTO U3
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Tpex coenuHeHuil: uzsectu C, okcuaa amrOMUHUS A M JUOKCHUIA KPEMHUsI S B YIOMSHYTOM
aTIOMHUHATE KaJIbLUs.

Taxast nuarpaMma COCTOSIHUSI IJIsl TPOWHOW CHUCTEMBI MPOAEMOHCTPHPOBaHA Ha ¢wur. 1,
KOTOpast JEMOHCTPUPYET HEKOTOPbIE U3 PA3JIMYHBIX MUHEPAJOTHYECKHX (a3, KOTOPbIE MOTYT
COCYILECTBOBATh B aJIIOMUHATE KaJbLMsl, B COOTBETCTBUU C MaccoBoll noJeit uzsectu C, okcuaa
AMIOMHUHUS A U TUOKCHUZIA KPEMHUSA S, COAepKaIUXCs B YIOMSIHYTOM aJIlOMUHATE KaJbLIMSL.

Ha nanHoli auarpamMme MOXKHO BHZETh MaccoByrO oo usBectu C, copepskaieics B
aJIOMHUHATe KajibliMsl, HA CTOPOHE TPEeYyroJbHUKA, PaclojiokeHHONH Mexay BepminHamu A u C,
IpU 3TOM YKa3aHHas MaccoBas noJjsi oOo3Hadaer Maccy wussectu C, comeprxamieiics B
aJIOMHUHATe KajbLus, 10 OTHOLIEHUIO K COBOKYMHOI Macce uzBectu C, Okcuaa alroMuHus A u
JUOKCH/A KPEMHUSA S, COAEPIKAILUXCS B YIOMSHYTOM aJlFOMHHATE KaJIbIHs.

Jlannast MaccoBas o usBectu C pacrojaraercsi BHyTPU JUarpaMMbl COCTOSIHUS ISt
TPOWHOW CHCTEMBI BAOJb JIMHUH, NapajUieIbHOW CTOPOHE TPEYrOJbHUKA, MPOTUBOIOJOKHON
BepiunHe C.

ITomobubIM 00pa3oM, MOXHO BHAETH MAacCOBYK JOJI0 OKCHAA AJTIOMHHHSA A,
COJZleprKalllerocsi B aJlOMHHATE KaJlbLiUsl, Ha CTOPOHE TPEYrOJbHUKA, PACIOJOKEHHONW MEXAy
BepIIMHAMU S U A, NpU 3TOM JaHHAas MaccoBas JOJid OKCHJA aJIOMUHUA A pacrnoJaraercs
BHYTPHU HArpaMMbl COCTOSIHMsI AJil TPOHHONW CHUCTEeMbl BAOJb JUHHUM, NapajulebHOW CTOpPOHE
TPEYroJibHUKa, TPOTUBOMOJIOKHON BepIIuHe A.

AHanmornyebeIM 00pa3oM, MaccoBash A0S JUOKCHUAA KpPeMHHs S, COIeprKamerocsi B
AIOMUHATE Kalblus, O0O3HAYAaeTCss HA CTOPOHE TPEYrOJbHHKA, PACIIOJNIOKEHHOW MEXIy
BepiinHamMu C u S, ¥ AaHHas MaccoBasl A0Js AMOKCHIA KPEeMHHUS S pacrojiaraercst BHYTPU
AuarpaMMbl COCTOSIHMSI AJii TPOMHON CHCTEMbl BJAOJb JIMHUM, MapajljielbHONl CTOpOHE
TPEYroJIbHHUKA, MPOTUBOMOJOXKHOM BepIINHE S.

Kpome Toro, Ha auarpamme COCTOSIHUSL IUIi TPOMHOM CHCTEMBI MMEIOTCS OCOOCHHBIC
TOYKH, KOTOPBIE MPEACTABISIFOT YNCThIe MUHepanornieckue ¢asbl. ['0BOpst IpyrumMu cioBamuy, B
cillyyae COOTBETCTBHSI COCTaBa KPUCTAUIMUECKON 4YacTU alllOMHHATa Kajibliig B TOYHOCTH
MoJIsIpHO# nosie m3BecTH C, OKCHAA aFOMUHHS A U JHOKCHUAA KPeMHUsS S HaHHOW 0COOEHHOU
TOYKH YMOMSIHYTas KPUCTAUTMYECKas 4acThb aJlOMHUHATa Kajpiusa Oynmer coxmepxkarb 100%
JaHHON KOHKPETHOW KPHCTAJUTM30BAHHOW MUHEpaNorndeckoll (asel. ITO HMeEeT MecCTo,
Hanpumep, B oTHoueHuu Touku C2AS unu touku CA mnu Touek CA2 unu CA6.

Ha npaktuke, alFOMHHAT KaJbIHs PEIKO COASPXKUT OAHY YHCTYIO a3y, B Oosee obiiem
CJIy4ae OH COAEPIKUT HECKOJBKO (ha3, KOTOPbIE COCYIIECTBYIOT.

B nmanHOM ciyyae B aFOMHHATE KaJbLHs, COOTBETCTBYIOLIEM H300PETEHHIO, OCHOBHBIE

KPHUCTAJUTN30BAHHbIE MUHEpaOrudeckue ¢a3bl MPEeACTABISIOT COO0H HIKeCIenyoLIee:
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- paza CA2, Ha3bIBaeMasi NEPBOM KPUCTAJUIN30BAHHON MUHEPAJIOTHYECKOH (a3oi,

- paza C2AS, HazpiBaeMast BTOPOH KPUCTAJUTU30BAHHON MUHEPATOTUYECKON (ha3oil.

I'oBopst Oojiee KOHKPETHO, MPUMEYATEIbHBIM SIBIISIETCS TO, YTO MAacCCOBas JOJS BCEX
YIOMSIHYTBIX TIepBOil U BTOpoi MuHepanornueckux ¢az CA2, C2AS B ymOMSIHYTOM aJFOMHUHATE
KaJIbIUsl SIBJIsieTCs Ooubleit uiu paBHOH 80%.

I'oBOpst mpyruMu CI0BaMH, CyMMapHasi Macca IepBod U BTOPOH MHHEpaJIOTHYECKuX (a3
CA2, C2AS mnpencrasnsier o meHbled mepe 80% COBOKYMHOW MacChl aJlOMHHATa KaJbIUs
LIEMEHTA U3 AIFOMUHATOB KAJIbLUS, COOTBETCTBYIOIINUX H300PETEHUIO.

B cBsA3u ¢ 3TMM, B NPOTHUBOIOJIOKHOCTH ANMIOMMHATAM KaJblLiMs, OIHCAHHBIM Ha
NPEAIIECTBYIOIIEM YPOBHE TEXHHMKH, OCHOBHOH MHHEPAJOTHUECKON (ha30i KOTOPBIX SIBISIETCS
¢aza CA, B TaHHOM cllydae OCHOBHbIE MUHEpasornieckue (asza nim ¢asel SABIAIOTCS MEPBOU U
BTOpOI MuHepanornueckumu ¢azamu CA2, C2AS.

Ocranpable 20% amoMUHATa KaJbLUs EMEHTA, COOTBETCTBYIOIIETO N300PETEHUIO, MPH
pacueTe Ha MacCy IO OTHOIIEHHIO K COBOKYIHOM Macce yNOMSHYTOrO allOMHMHATa KaJbLMs
MOTYT BKJIIOUaTh HEOCHOBHBIE MUHEpaJIOTHIeCKHe (a3bl, TAKHE KaK:

- (paza CA, Ha3pIBaeMast TpeTbel KPUCTAIITM30BAHHON MUHEPAIOTHYECKOH (pa3ol, u

- (paza CA6, Ha3bIBaeMasi 4eTBEPTOH KPUCTAJUIN30BAHHON MUHEPAJIOTHYECKOH (ha3oil.

JIeHCTBUTENBHO, KAaK 3TO MPOAEMOHCTPUPOBAHO HA JUArPAMME COCTOSIHUS IJIsi TPOMHOU
cucrembl Ha ¢ur. | u 2, naHHele TpeThsi U ueTBepTass MuHepaiormdeckue ¢aspr CA, CA6
pacrionararoTcsi B HEMOCPEACTBEHHOH OMM30CTH OT MEPBOH M BTOPOH MHUHEpaNorniyeckux (as
CA2, C2AS Takum oO0Opa3oMm, YTO BO BpeMsi W3TOTOBJICHHS QJIOMHHATA KaJbIWs IEMEHTA,
COOTBETCTBYIOLIETO H300PETEHUI0, OYEHb BEPOSTHBIM SBIsIETCS (OPMHUPOBAHHE TaHHBIX
TpeTbelt 1 yeTBepToil MuHepanornueckux a3z CA, CA6.

IIpennouturensHO MaccoBass AOJsL BCEX TPETbEH W YETBEPTOM KPHUCTAIIN30BAHHBIX
muHepanorndeckux ¢az CA, CA6 B yIOMIHYTOM alOMHHATE KaJbIHMs KaJbLIUEBO-
AFOMUHATHOTO IIEMEHTA, COOTBETCTBYIOIIErO M300PETEHHUIO, SBISETCS MEHbIIEH MM PaBHOU
20%.

Ocranpable 20% amOMUHATA KajbIHsl LEMEHTa, COOTBETCTBYIOLIETO H300PETEHHIO,
TaK)X€ MOT'YT BKJIKOYaThb HEOCHOBHBIE COEAMHEHMs, KOTOpPbIE COCTAaBJSIOT MPUMECH aJioMUHAaTa
KaJbLHsA, COOTBETCTBYIOIIErO H300PETEHUIO, YIIOMSHYTBIE BBIIIE B HACTOSIIEM IOKYMEHTE:
okcun xkene3a Fe O3 (F), muokcun turana TiOz (T), tpuokcun cepst SO3 ($), okcun marnus
MgO unu menoYHble COSANHEHNS.

B uHacTHOCTH, HEOCHOBHBIE COCAMHEHUSI MOTYT (POPMHUPOBATH MHHEpAJIOrHUecKhe (as3pl
COBMECTHO C IO MeHbIlleH Mepe OJHHUM U3 OCHOBHBIX COEJUHEHHUI allOMHUHATa KaJbLiMs,

KOTOpBIE MPENCTABJISIIOT CO00# okcuy amoMuHus A, n3BecTb C U JUOKCHIT KPEMHHUS S.
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B uactHOoCcTH, oOcTanmbHble 20% amoMUHATa KadbLMs KalbLIMEBO-aJFOMHUHATHOIO
LIEMEHTa, COOTBETCTBYIOINETO  H300pPETeHHIO,  MOIYT  BKJIIOYAaTh  JOIOJHUTEIbHYIO
MUuHepanorndeckyro (asy cynbpoamomunara kaibiust C4A3$, conepskaimero 4erbipe OKCHUAa
kanbuus CaO npu pacuere Ha Tpu okcuaa amomuHus Al O3 u onuH Tprokcua cepbl SOs.

JlaHHast monoHUTENbHAS MUHepaniorndeckas ¢asza C4A3$, umeromas KpUCTaJUTMYECKYIO
peleTKy, COAep Kallyl 4eTblpe MoJieKysbl u3sectu C mpu pacuere Ha TPU MOJIEKYJbl OKCHa
AFOMUHUS A Y OJTHY MOJIEKYJIy TPHOKCHIA cepbl $, Takke Ha3bIBAETCA NETUMHUTOM.

TakuM 00Opa3oM, KalblHEBO-ATFOMUHATHBIN LIEMEHT, COOTBETCTBYIOIIHIA U300PETEHUIO,
MoxeT coaepxkatb ot 0,5% go 15%, npenmouturensHo ot 0,5% no 12%, npanHOMU
JOTIOJIHUTEIIbHONH MUHEPAJIOTHUeCcKor (asbl cynbdoamomuHara kansuus C4A3$ mpu pacyere Ha
MacCy MO OTHOIIEHUIO K COBOKYITHOM MaccCe YIOMSIHYTOTO aJIFOMUHATA KaJIbLIUs.

B BeIrogHOM BapuaHTe, HEOCHOBHas (pasa HEIMMHTA OKa3bIBAET BO3ACHCTBHE HA
PEaKIMOHHYIO CIMOCOOHOCTh IIEMEHTHUPYIOIIEH KOMITO3ULIMU. B dHacTHOCTH, 4eM B OOJbIIei
CTENEHU B LIEMEHTHPYIOLIEH KOMIIO3WIHNK YBEJIUYUBAETCS JOJSI HEOCHOBHOH (pa3bl METUMHUTA
C4A33%, Tem B OoJsblleil CTENeHW YBEJIUYHBACTCS BS3KOCTh JaHHOW IEMEHTHPYIOLIEH
KOMIIO3ULIUK TIPU TeMIlepaTtype oKpyskaromei cpenbl. JanHbiil 3ddext sBusercs eme Oonee
SIPKO BBIPa)KEHHBIM ITPU YBEJIMYEHUH TeMIIepaTypbl BOKPYT LIEeMEHTHPYIOLIEH KOMIIO3ULIUH.

HeocnoBHas (asa wmenumMuTa TakkKe OKa3bIBAET BO3ICHCTBHE W HAa PEAKLHOHHYIO
CHOCOOHOCTh LIEMEHTUPYIOIEH KOMIO3UIMK NPU BBICOKOH Temriepatype. B uacTHOCTH, uem B
Oonplnell CTeMEeHW yBENMUYMBAETCS OOJs HeocHOBHOH (asel  umenmmura C4A38 B
LEMEHTUPYIOIEH KOMIO3UINH, TeM B OOJBIIEH CTENeHH MPOJJICBAETCS BPEMs CXBATbIBAHHS
MIPU BBICOKOM TEMITEpaType.

B pamkax H3roTOBIEHHMS LEMEHTA, MOIXOASALIEr0 Ui HCIOJNB30BaHUS B 00JacTH
NpUMEHeHHsT TIpu OypeHuHn He(TAHON CKBaXXKMHBI, BBIOOP KOMITO3WLMHM AJFOMHUHATA KaJIbIIHS,
KOTOpast COAEPIKUT HEHYJEBYIO [OJIO HEOCHOBHOW (ha3bl HENUMUTA, TPENCTABISAETCS B
0COOEHHOCTH BBITOAHBIM. B wacTHOCTH, Hamexkalied SBISETCS MAONS, HAXONAIIAsCSd B
nuamasoHe ot 3 1o 5%, Hanpumep, paBHas 3%, 4% wmu 5%, ¢a3bl nenumura C4A3S.

Hannaeie ocraipHble 20% Takke BKIIOYAIOT aMOP(HYIO YacTh ATIOMHHATA KaJIbIIUs
LIEMEHTA, COOTBETCTBYIOIIEro H300PETEHHIO, B CIydae CYIIeCTBOBAHMS TAKOBOM.

Ha nuarpamme coctostHHs [t TPOWHOHM cuctembl Ha ¢ur. 1 um 2 uMeercst ocoOeHHas
npsiMast uHUS D, xoTopas coenuHseT OCOOEHHBIE TOYKH, KOTOPBIE MPENCTABISIOT MEPBYIO U
BTOpYIO MuHepanorudeckue ¢asol CA2, C2AS.

B cnydae oTHeceHHsI aTFOMHHATA KaJIbLUS [IEMEHTa, COOTBETCTBYIOIIETO N300PETEHHUIO, K
IaHHOH ocoOenHoit npsimoii uHuM D oH Gypet conep:katb ot 100% mepBoli MUHEPATOTHIECKOM

¢azpr CA2 no 100% BTOpoit Munepaoruueckoi ¢aser C2AS.
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I'oBopss npyrumu cioBaMM, B Cjydae OTHECEHHs alllOMMHATa KajblUsl LIEMEHTAa,
COOTBETCTBYIOIIET0 M300PETEHUIO, K JaHHOW OCOOSHHOW MpsiMol JTUHUYM D NaHHBIN aFOMUHAT
Kaidblus OyAeT KPUCTAJUIMYECKHM, U MAacCOBas AOJS BCEX YIOMSHYTBIX NEPBOH M BTOPOM
muHepanorndeckux ¢a3z CA2, C2AS B amoMuHATE KalbLUs LEMEHTa, COOTBETCTBYIOIIETO
u3obperenuro, Oyaer pasaoi 100%.

Takum o0pa3oMm, B LENAX TMOJYYEHHs] MAaCCOBOM JOJH BCEX YINOMSHYTBIX NEPBOH H
BTOpOi MuHepanorndeckux paz CA2, C2ZAS B ynoMsiHyTOM alIFOMUHATE KalbLUs, OONbLISH UITH
paBHO# 80%, DaHHBIA ANFOMUHAT KaJbLUS JOJDKEH OBITh PACIONIOKEH B 30HE Z, TOOIU30CTH OT
TaHHOI 0COOEHHOM mpsiMoil uHNH D.

JlanHas 30Ha Z nponeMoHcTpupoBana rpagudeckn Ha ¢ur. 1 u 2. Touku v, w, X 1 y Ha
¢durypax COOTBETCTBYIOT CIEAYIOLIUM J1ajIee MUHEPAIOTHYECKUM KOMITO3ULIUSIM:

- TOYKa V cOOTBeTCTBYeT Hanmnunio 80% mepBoii Munepanoruueckon ¢aspr CA2 u 20%
4yeTBepTON MHUHEepajornueckon ¢asol CAO6,

- TOYKa W COOTBeTCTBYeT Hajmnmuuio 80% nepBoii Munepanoruyeckon gasel CA2 u 20%
TpeTbell MuHepanorudeckoi ¢assl CA,

- TOYKa X cOooTBeTCTBYeT Hanmnunto 80% BTopoi Munepasnoruueckor dassr C2AS u 20%
TpeThelt MuHepanorunueckoit gpaset CA, u

- TOUKa y cooTBeTcTBYeT Hanmnunio 80% BTopoi Munepasnoruueckor dassr C2AS u 20%
4yeTBepTON MUHEpajornueckoi ¢asp CA6.

Takum 00pa3oM, NOBEPXHOCTb [UArpaMMbl COCTOSIHHSL JJII TPOMHOM CHCTEMBI,
OTpaHUYEHHass KOHTYPOM, KOTOpbIil coenunsieT Touku [v — CA2 — w — x — C2AS -y — v]
COOTBETCTBYET 30HE Z, BHYTPH KOTOPOH CyMMa KOJW4ecTB mepBoil u Bropoi ¢az CA2, C2AS
SIBJISIETCSL OOJTbIIIEH MiTh paBHOU 80%.

Kpome TOro, BO3MOJKHBIM SIBJIIETCSl M3BJIEUEHHE WH(POPMALMU O XUMHUYECKOM COCTaBe
aJIOMHHATa KaJblLUs MCXOMAs W3 3HAHMSI €ro MEeCTOINOJIOXKEHHUs Ha Auarpamme COCTOSHUS AJis
TPOHHOU CUCTEMBL

Hanpumep, xoMnosuuust To4kd Y HA AuarpaMMe COCTOSIHUA JJIsl TPOMHOM CHCTEMBI HA
¢ur. 1 u 2 coorserctByeT 34,4% usBectu C, 48,1% oxcuna amromunus A u 17,5% nuokcuna
KpeMHUs S.

Taxum 06pa3om, B COOTBETCTBUH C TEM K€ CAMbIM MPUHLIUIIOM Ha AHATPAMME COCTOSHHS
1T TPOHHON CHCTEMBI ITPH UCTIONB30BaHUU GUT. 2 rpadUIecKu TaKKe MOTYT OBITh ONPEEIeHbI
U AMana3oHbl XMMHUYECKOro cocTaBa Ha JJMHUHU C 1O OKCUAY aTIOMUHUS A U AUOKCUZy KPEMHUS
S mroboro amoMUHaTa KaIbLUs, KOTOPBIH OTHOCHUTCS K 30HE Z.

Camo cololi pasymeercs TO, YTO B ClIlyda€ NPUCYTCTBUS B QIOMHHATE KaJIbIUS

HCOCHOBHBIX COeI[I/IHeHI/II\/'I YCTAHOBJICHUEC PACIOJIOXKCHUA HOAHHOIO ajlrOMHUHATa KaJlbIWUsd Ha
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auarpaMMe COCTOSIHHSI Ui TPOWHOW CHCTeMbl OyZleT BCe €lle BO3MOXKHBIM B Pe3yJbTare
OTpefieNIeHNs] OTHOCUTENBHBIX f0Jel usBectu C, okcuaa allOMUHUA A U TUOKCUAA KpPEMHHUS S
MO OTHOIIEHHIO K COBOKYMHOM Macce u3Bectu C, OKCHIa aFOMUHUSA A U TUOKCUAA KPEMHUS S,
COJZIep>KalUXCs B JAHHOM aJFOMUHATe KaJbLIUsL.

Kpome Toro, kak ObUIO HEOKHIAHHO OOHAPY)KEHO, MEepBasi U BTOPast MHHEPAJIOTHIECKHE
daser CA2, C2AS xapaktepu3yroTcs OCOOEHHON pEaKIMOHHOW CIOCOOHOCTBIO MPU  HX
HaxX0X/I€HUU B MIPUCYTCTBUU BOJBL

JlelicTBUTENbHO, AaHHBIE TepBas W BTOpas MuHepaiormueckue ¢aser CA2, C2AS B
OUY€Hb HE3HAUUTENbHOI CTENEeHH BCTYNAIOT B PEAKLUIO C BOAOH MPU TEMIIepaType OKpysKarolen
cpensl. Bripakasich MHaue, OHU BBINOJIHEHbI C BO3MO)KHOCTBIO BCTYIUIEHUS] B OUEHb MEAJIEHHYIO
PEAKLHIO C BOAOM MPHU TEMIIEPATYPE OKPYKAKOLIEH CPeabL.

B nanHOM ciyuae HeoOXOAMMO MOHMUMATH TO, YTO MHHEpAJornueckas ¢as3a BCTyIaeT B
peaxkLuo ¢ BOAOH MpHU ee ruapaTaliy NoJ BO3AEHCTBHEM BOJbI, U MOKHO OXapaKTepU30BaTh
JaHHYI0 PEaKUHOHHYIO CIIOCOOHOCTDH MPU HCIOJIB30BAHUN BEIMYHHBI, HA3BIBAEMOH «CTETIEHBIO
THIPATAN) MUHEPAJIOTHYECKON (ha3bl.

Crenenp  ruzpparau  OTOOpakaeT  CIOCOOHOCTH ~ MUHEPAJOTHMYeCKOW  (ha3bl
TUIPaTUPOBATBCS MOJ BO3JEHCTBUEM BOJbL, TO €CTh, TO, YTO MOJIEKYJIbI, KOTOPbI€ COCTABISIOT
KPHUCTAJUTHYECKYI0 PELIETKY YIOMSHYTOM MHHEPAJOTHUecKOr (as3pl, MepexoasT B PacTBOP B
BOZE B (JOpMe MOHOB, TOBOPSI IPYTHMMHU CIIOBAMH, CTETIEHb 'MIPATAL[HN OLIEHHBAET CIIOCOOHOCTH
CBsA3€i, KOTOpPbIE CYIIECTBYIOT MEXAY MOJIEKYJIaMH, KOTOPbIE COCTABJISIFOT MUHEPAJIOTMUECKYIO
(a3zy, pa3pbIBaThCs B PE3yJIbTATE B3AUMOACHCTBUS C BOJOM.

Tem He Menee, kak 3T0 OyIeT MPOAEMOHCTPUPOBAHO B NPUMEpax, MepBas M BTOPas
muHepanorndeckne (asel CA2, C2AS BBINOJTHEHBI C BO3MOXKHOCTBIO 3(PPEKTHBHOTO
BCTYIUIEHUS B PEAKLMIO C BOJOM MO/ BO3/IEHCTBUEM YBEIUUECHUs TEMIIEPATYPhI.

I'oBOopst nmpyrumMm CciaoOBaMH, CTENEHb TUAPATALlMM JAHHBIX I€PBOM M BTOPOH
MUHEPAJOTUIECKHX (pa3 yBENININBAETCS IPU YBEIHUSHUH TEMITEPATYPHL.

B uwactHoCTH, naHHBIE NepBas U BTopast MuHepanoruueckue passl CA2, C2AS criocoOHbI
BCTYIaTh B PEAKLHIO C BOAOH HAMHOTO ObICTpee, KOTJa TEMIIEPATypa OTBEPKACHUS COCTABIISIET
or 50 rpanycoB mo llemscuro (°C) mo 300°C, mpeamoururensHo ot 80°C mo 280°C, B
COTOCTaBJIEHUU C TEM, YTO UMEET MECTO MPHU TeMIepaType OKpyKaroliei cpenbl.

B BbIrogHOM BapuaHTe, KpPOME TOro, BO3MOXHBIM SBJIETCS IOJACTpanlBaHUE
OTHOCHTEJIbHOTO KOJIMUECTBA KaKIOW OHOM M3 mepBoi U BTOpoi MuHepanorndeckux (a3 CA2,
C2AS, conmepkamuxcsi B KaJIbLIUEBO-aJTFOMIHATHOM LIEMEHTE, COOTBETCTBYIOIIEM U300PETEHHUIO,
B ILEJSX IOACTPAUBAHUS PEAKIIMOHHOW CIIOCOOHOCTH KaJbLIMEBO-aJFOMMHATHOTO IIEMEHTA,

COOTBETCTBYIOLIETO M300PETEHHIO, NMPH JAHHOHN TeMIepaType, UCXOMs U3 CTENEeHU T'HIpaTaliu
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nepBOil M BTOPOH KpUCTAIUTM30BaHHBIX MHUHepasormueckux ¢a3z CA2, C2AS npu 3amaHHOU
TEMIIEPATYPE.

B npotuBononokHOCTh IepBOi U BTOpol MuHepasorudeckuM ¢azam CA2, C2ZAS tperbs
muHepanorndeckas ¢aza CA, Kak 3TO M3BECTHO, SIBISIETCS OYE€Hb PEAKIIMOHHOCIIOCOOHOH IpH
TeMIlepaType OKpY’Karollel cpenbl MpU €€ HaXOXKJIEHHWU B MPUCYTCTBUU BOJBI, BOT MOYEMY €€
MAacCOBYI0 JOJI0 B aJIOMHUHATE KaJbLUs LEMEHTAa, COOTBETCTBYIOLIETO M300PETEHHUIO,
BBIIEP)KUBAIOT MeHbInell winu paBHOW 20% TakuM o0pa3oMm, dYTOOBI BBIAEPKHBATH
XaPAKTEPUCTHKH TPOAOJDKUTENBHOH yAOOOYKIIagbIBAEMOCTH LEMEHTa, COOTBETCTBYIOLIETO
HU300pETEHUIO.

UerBeprass MuHepanorudeckas (aza CAO sBIsieTCs COBEPIICHHO WHEPTHOW BHE
3aBUCUMOCTH OT TEMIIEpaTyphl, BO3JEHCTBUIO KOTOPONH OHAa MOJBEpraercs, — TeMIepaTypbl
OKpy>Karollel cpeibl UM BBICOKON TeMIepaTypbl. B cBs3u ¢ 3TUM, OHa He THApPATUPYETCS AaKe
BO BpeMsl yBEJIUUEHUS TEMIIEPATYphl.

C npyroii CTOpPOHBI, B CiTy4dae €€ MPUCYTCTBHUS B AJIFOMUHATE KaJIbLUs OHA OyJeT BHOCUTH
CBOH CyLIECTBEHHbIN BKJaJ B BBICOKYIO CTOMMOCTbH MPOM3BOJCTBA YIOMSHYTOIO alOMHHATa
KaJbLHsA, TIOCKOJIbKY OHAa COAEPKUT OOJIBIIOE KOJHMYECTBO OKCHAA AJTIOMHHHUS, KOTOPBIH
SBJIIETCST HanOOJIee TOPOTOCTOSIIEH YacThiO YIOMSHYTOTO aJFOMHUHATa Kanblus. Bot mouemy,
€e MAacCOBYI0 MO0 B ATIOMHUHATE KajblIUs LEMEHTAa, COOTBETCTBYIOIIEro H300peTeHHIO,
BBIZICP)KUBAIOT MEHbLIEH Uit paBHOU 20%.

Taxum 00pa3oM, B OYEHb BBITOJHOM BAapHAHTE, MOCKOJIbKY LIEMEHT, COOTBETCTBYIOLIHIA
n300pETEHNI0, COINEPKUT Majioe KOJIMYECTBO AAaHHBIX TpeThel u uerBepTor pas CA, CA6, oH
MEJIEHHO BCTYIAET B PEAKIUIO [IPU €ro CMELINBAHUN C BOJIOI NpU TeMIlepaType OKpy Karolen
Cpeabl MPH OTCYTCTBHH MOTPEOHOCTH B AOOABJICHUH 3aMENJIUTENIS, U 3TO SIBISIETCS BBITOJHBIM C
SKOHOMHUYECKON TOUKU 3pEHUS.

Hanpumep, kaJapIMeBO-aJIOMHHATHBIH LIEMEHT, COOTBETCTBYIOLIMH H300pETEHHUIO,
KOTOPBIH MPEACTaBIsieT OCOOEHHBIH UHTEPEC, CONEPIKUT MPU pacyeTe Ha MacCy MO OTHOLICHHIO
K COBOKYITHOH Macce yIIOMSHYTOTO aJFOMUHATA KaJbLIMS:

- o1 50% 1o 60% mepBoii KPUCTAITM30BAHHON MUHepanorniecko ¢aser CA2;

- 0T 26% 10 32% BTOpPOI KPUCTAIUTU30BAHHON MHUHEpajornueckoi ¢passr C2AS;

- 0T 2,5% 1o 3,5% TpeTbelt KpuCTaIUIN30BaHHOH MUHepaoruueckoi ¢asel CA;

- or 0,5% no 1,5% nmATOM KPHUCTAUIM30BAHHON MMHEPAJIOrHMYecKOH  (a3bl
deppoamomunara Terpakanbius C4AF;

- ot 10% 1o 15% nOTONHUTENBHBIX KPUCTAJUTN30BAHHBIX MUHEPAIOTHIECKUX (a3

B cBsi3u ¢ 3TUM, AaHHAs KOMITO3ULMS, COOTBETCTBYIOIIAS U300PETEHUIO, COACPIKUT Kak

MEPBYIO M BTOPYIO OCHOBHBIE KPUCTAJUTH30BaHHbIe MUHepajorudeckue ¢gasol CA2, C2AS, tak u
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HEOCHOBHBIE KPHUCTAJUTM30BaHHbIE MUHepasorndeckue dassl CA, CA6.

I'oBopss Oomee TOYHO, OOMH TPUMEP  KAJIBLUEBO-ATIOMMHATHOIO  LIEMEHTA,
COOTBETCTBYIOLIETO M300PETEHUI0, KOTOPBIH MOXKET ObITh PACCMOTPEH, COACPIKUT B TOYHOCTHU
IIPU pacyeTe Ha MacCy MO OTHOLIECHHIO K COBOKYITHOM Macce YIIOMSHYTOTO aJJFOMHHATA KaJIbLIUS:

- 55% mepBo# KpUCTAIUTM30BAHHON MHHEpajiornueckoi ¢aspl CA2;

- 29% BTOpOI KPUCTAJUTN3OBAHHON MUHepanorudeckoi ¢asel C2AS;

- 3% TpeThei KPUCTAUTN30BAHHON MUHepantorndeckoi ¢asnol CA;

- 1% nmATON KPUCTANTM30BAHHOW MUHepajormueckod (asel  peppoamroMuHaTa
terpakanbLns C4AF;

- 12% nonmoSHUTENPHBIX KPUCTATU30BAHHBIX MHHEPAJIOTHIECKUX (as3.

JlomoTHUTENbHBIE  KPUCTAUTM30BAHHbIE MHHEPAJOTHUecKHue (a3bl BKIKOYAOT, B
yacTHOCTH, Hampumep, (asy menumura C4A3$. JlaHHBIH mpuUMep KaTbLHEBO-AIOMUHATHOTO
LIEMEHTa, COOTBETCTBYIOLIETO M300PETEHUIO, CONEPIKUT, HAIIPUMED, NMPH pacdyeTe Ha Maccy IO
OTHOLIEHMIO K COBOKYITHOI Macce ynoMsiIHyTOro aimtoMuHata kanblus ot 0,5% no 12% nanHoi
¢azbl nenumuta C4A3S.

I'oBopst Oosee TOYHO, B TMpUMEpE, MPEACTABICHHOM BBIIIE B HACTOSINEM IOKYMEHTE,
KaJIbLINEBO-AJFOMUHATHBIA LIEMEHT COAEpKHUT, Hampumep, 4% naHHOW (a3pl HEINMUTA,
conepxateiicst B 12% MONOTHUTENbHBIX KPUCTAIUTU30BAHHBIX MUHEPAIOTHIECKHX (a3.

Ha muarpamme Ha ¢ur. 2 naHHas KOHKPETHAsh KOMIIO3HMLMS HAXOAMTCS B Touke 1. D10
OueHb ONM3KO K OcoOeHHOH mpsiMolt nuHMKM D U nake, MO-BHOUMOMY, NMPUHAIUICKUT TAHHOM
ocobeHHoM npsiMoit muaNK D Ha ¢ur. 2.

Kpome Toro, B wLemsiX HU3TOTOBJIEHUS  KAJIBLMEBO-AJIIOMHUHATHOIO  LIEMEHTA,
COOTBETCTBYIOLIETO HM300PETEHUIO, OMEpaTop IOABEPraeT COBMECTHOMY pPa3sMalIbIBAHUIO, TO
€CTh, CMEIIMBAHHMIO W Pa3MaJbIBAHMIO B OJHOW omepauuyu, OOKCUT M HM3BECTHSK BIUIOTH IO
MOJIyYEHHUs] TOPOIIKA, KOTOPBIM COAEPKUT 4YacTHULIbI, MAaKCHUMAallbHbIM JuaMeTp KOTOPBIX
SIBJISIETCS. MEHBITUM WK paBHBIM 100 Mukpomerpam (MKm).

Omnepanysi COBMECTHOTO pPa3MalibIBAHUS MOKET OBbITh NMPOBENEHA MPU HCIOJIb30BAHUU
IAPOBOW MEJBHUIIBI MM JTIOO0ON Jpyroi MeNbHHIBI, WM3BECTHOW MJisi CHEHHATUCTOB B
COOTBETCTBYIOIEH OOJIACTH TEXHHUKH.

Ilocne 5TOro mMOpoUIOK, MOJYYEHHBIN MO 3aBEPLICHUM JAHHON ONepalud COBMECTHOIO
pa3MalbIBaHMsl, TPAHYJUPYIOT MPU HUCIOJb30BAHUM BOABL, TO €CTh, MEJIKHE YaCTHULBI MOPOLIKA
arJIoOMepHupyroT Onarojapsi MPUCYTCTBHUIO BOABI B LENsAX (OPMUPOBAHUS TPAHYJ, HNMEIOLIUX
AUAMETP, NPEBBIIAIINUN TUAMETP MOPOLIKA.

3areM JaHHble TpaHyjbl BBOJIAT B THUIeNb, W3TOTOBJICEHHBIM W3 OKCHUIA AaJIIOMMHUS,

KOTOprfI CaM BBOJAT B SJCKTPHUYCCKYHO II€Yb. SHGKTpI/ILIeCKy}O ne4yb, BMEIIANOIIYHD THUICIIb,
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noBoJAT A0 TeMiiepatypbl 1400°C B cOOTBETCTBUU € TeMIlepaTypHbIM rpaaueHToM 600°C B vac.
ITpn noctmwkennn neusto 1400°C ocyIecTBisieT CTaANI0 TePMUIECKOil 00padoTKH B TeueHue 6
4acoB.

Ha BbIXOZI€ U3 DEKTPUUYECKOMN Me4H IPaHyJIbl AIFOMUHATA KAJIbLUS TOHKO Pa3MajblBAIOT
B LemaX (POpPMHUPOBAaHMS MOPOIIKA, KOTOPBIH 0OpasyeT KaJbLIMEBO-ATFOMUHATHBIN IIEMEHT,
COOTBETCTBYIOIIUH H300PETEHHIO.

B  BBIrOAHOM  BapuaHTe, MOPOLIOK  KaJIbLIUEBO-AJIFOMUHATHOTO  LIEMEHTA,
COOTBETCTBYIOLIETO H300PETEHHUI0, XapaKTePU3YeTCs IUIOLIAAbI0 YAEIBHOH MOBEPXHOCTU IO
bneliny, cornacHO U3MEPEHUIO B COOTBETCTBUU CO cTaHAapTOM NF-EN-196-6, Haxoasuerics B
nuanaszone ot 2200 kBaApaTHBIX CAHTUMETPOB HA rpaMM A0 4500 kBaApPAaTHBIX CAHTUMETPOB HA
rpaMm.

IIpennouturenbHO MIIOINAAL YAENBHOW TNOBEPXHOCTH MO bileliHy And  KajabLUEBO-
AFOMUHATHOTO LIEMEHTA, COOTBETCTBYIOIIEr0 M300PETEHUIO, HAXOAUTCS B quara3oHe ot 2900
10 3900 kBaApaTHBIX CAHTUMETPOB HA TPAMM.

Uewm Oobinieid OyneT miomanas yaeapHOH noBepxHocTH o bieliny, Tem 6ojiee MeTKUMHU
OyayT 3epHa, COCTABISIFOIIHE TIOPOIIOK.

Kpome TOro, B BBITOIHOM BapHaHTE, LEMEHT, COOTBETCTBYIOIIUH H300pPETEHUIO U
XapaKTEePU3YIOLUICS TaKOH IUIOIIAJbI0 YAEIbHOW MOBEPXHOCTH NO bieiHy, BBINONHEH C
BO3MOJKHOCTBIO O0JIaZlaTh ONTUMAJIBHONW TOBEPXHOCTBIO KOHTAKTAa C BOJOH BO BpeMsl €ro
CMEIINBAHUS C BOJOH.

Kpome Toro, neMeHT, COOTBETCTBYIOLINI N300PETEHHUIO U XapaKTEPU3YIOIIHMNACSA NaHHON
MJIOLIAJbI0 YAEAbHONW MOBEPXHOCTH MO bieliHy, BBINOJHEH € BO3MOXHOCTBK) T'OMOI€HHO
CMEIINBATBhCS ¢ OOJIbIIMM KOJIMYECTBOM BOJIbI, TO €CTh, LIEMEHT BBINIOJHEH C BO3MOKHOCTBIO
SKBHUBAJICHTHOTO JUCIIEPTUPOBAHMS B OOJBIIOM KOJIMYECTBE BOJIBI BO BCEX TOUKAX CMECH.

I'oBOpst ApyruMu CinoBamH, Aak€ B NPUCYTCTBUM CYIIECTBEHHOIO KOJHMYECTBA BOJbI
LIEMEHT, COOTBETCTBYIOIIUN H300PETEHHIO, HE BBIACISET KUAKOCTD.

KanbpmeBo-alOMUHATHBI LIEMEHT, COOTBETCTBYIOIIUN H300PETEHHIO, MOXET OBITh
CMEIIaH ¢ BOAOHU B LIEJISAX MOJYYEHHs IEMEHTUPYIOLIEH KOMIIO3ULIMH.

I'oBopst Gonee TOUHO, LIEMEHTUPYIOIIAsT KOMIIO3ULUS, COOTBETCTBYIOIIAs U300PETEHHUIO,
MOXET COIepXaTb COENMHEHMs, OTJIHWYHbIE OT KaJbLUEBO-AJTIOMUHATHOIO LIEMEHTA,
COOTBETCTBYIOLIETO H300PETEHHIO, TAKUE KaK:

- LeMEHTHUpYyroLue 100aBKH, BbIOPAHHbIE M3: 30JIbHOW MbUTH W/WIIN TPAHYJIUPOBAHHOTO
JOMEHHOTO IIJIaKa W/UJIM KBapLIeBOH MyKH W/WJIM KBAPLEBOH MbUTH H/MIIN METaKAOJIHA,

- IPaHyJISITHI, UMeroIHe OoJiee WM MEHee KPYIHbIe IHaMeTpbl, BEIOpaHHbIE 3. KBapLa

Y/WJIH U3MENTbYEHHOTO U3BECTHSIKA W/UJIU [TECKA, U
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- BCIIOMOTATeNIbHbIE BEIIECTBA, OTHOCALIMECS K JIIOOOMY THITy, H3BECTHOMY MJIs
CHEeLUAINCTOB B COOTBETCTBYIOIIEH OONACTH TEXHUKH, HANPUMEp, Pa3KIDKAIOIINE BELIECTBA
WJIU 3aMEJJINTENH CXBATBIBAHMUSIL.

JlaHHBIE NEepedYHU APYTUX COECIAUHEHMH, BO3MOKHO, COAEPKALIUXCA B LIEMEHTUPYIOLIEH
KOMIIO3ULMH, HE SIBJISIIOTCA OrPAHUYHUBAKOLIUMU.

30JIbHAs TbLIb COOTBETCTBYET 30J1aM, MOJYYEHHBIM BO BpEMsl CTOPaHUsS YTOJbHOM MbLIN
IIPU BBICOKUX JABJICHUSX U TEMIlepaTypax.

B wactHOoCTH, MOryT OBITH 100aBIEHBI OYEHb MEJIKas 30JbHAS MbLIb, Ha3blBaeMas
MOPOLIKOOOPA3HBIM 30JIbHBIM YHOCOM, WJIM 30JIbHASI MTBLUIb, XapaKTEPU3YIOIIAsCS YKPYITHEHHBIMU
pasMepaMM U HasblBaemas TOIUIMBHOM 3050H. MX mnpumepamMu SBIAIOTCS KOMMEpPYECKHE
npoayktbl EN4750 «N» fly ash® ot komnanuu Scotash wnm class F bottom ash® ot kommanuu
FlyAshDirect.

B tabnmuue 1, mpeacTaBieHHON HIKE B HACTOSIIEM JTOKYMEHTE, NMPHUBOISITCS OCHOBHBIC

(I)I/ISI/IKO-XI/IMI/ILIGCKI/IG XaAPAKTCPUCTHUKU AAHHBIX 30JIbHBIX MBITIET.

Tabmuna 1
3oNbHAs TBLTb EN450«N» fly ash Class F bottom ash

Kommanwus Scotash FlyAshDirect

ITmomane YACIbHOH , 3110 2000

MOBEPXHOCTH 10 briekiny (cm7/r)

d50 (mxwm) 14,0 23,1
ITnotHOCTB 2,27 2,49

T, 1000°C (%) 4,8 He mpumernmo

B nannom cnydae mapametp IIIIII (motepw mpu NpOKaJWBAaHUHM) TPYIITUPYET BMECTE
JIETy4YH1e 3JIEMEHTHL.

I'panynupoBaHHBII AOMEHHBIM LUIAK IMOCTYNAeT € MOBEPXHOCTHOIO CJIOs,, KOTOPBIA
dopmMupyercss BO BpeMs IUIABJIEHHUsS JKejle3a B JOMEHHBIX IeuaxX, MPU 3TOM VIIOMSHYTBIHA
MIOBEPXHOCTHBIH CJION OTAENSIOT OT JKelle3a IIPU IUIABJICHHUH, a MOCIe 3TOr0 OXJIAXKIAOT B (hopme
TPaHyJl B LIEJISX MOJIY4eHUs YIIOMSIHYTOIO IIJIaKa.

OnHuUM TIpUMEpPOM 3TOro sABISIETCS KOMMepueckuil mpoaykT Slag® ot xommaHuu
Ecocem.

B tabnmuue 2, npeacTaBiIeHHON HIKE B HACTOSIIIEM JTOKYMEHTE, NMPHUBOISITCS OCHOBHBIC

(PU3NKO-XUMHUECKUE XapAKTEPUCTHKH TAHHOTO IIUTAKA.

Tabmuma 2
Hlnax Slag
Kommanus Ecocem
ITmomane yacasHOM moBepxHOCTH 1O brictiny 4500
(eMm?/r)
d50 (mxm) 12,7
ITnotHOCTB 2,93

KBapueBasi mbuUth TpencTaBisieT CcOOOW MYyMIOJAHOBBIA MaTepwall, COIEpP KAl
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amopdHbIi AHOKCHUA KpeMHus. B obmem ciydae oHa nmpencrasisier cOOOH BTOPUYHBIA MPOIYKT
MIPOM3BOJICTBA CIUIABOB KPEMHUS W/IIK (PEepPOCHIINIIUS B 3JIEKTPOAYTrOBbIX neuax. OHa MOXKeT
JIEMOHCTPUPOBATh PA3JIMYHBIE ACTIEKTHI. OHA, B YACTHOCTH, MOXKET ObITh OOHapyskeHa B Gopme
O4YE€Hb MEJKOr0 MOpPOIIKA WM TBEPABIX TpPaHyJ, HMEKIIUX HECKOJBKO MHUJUIUMETPOB B
IUaMeETpe.

ITpumepamu 3TOTO SBISIOTCS KOMMepueckue nponayktsl 971U® ot komnanun Elkem u
Dray Powder S® ot komnaauu Norchem.

B tabnmuue 3, mpeacTaBiIeHHON HIDKE B HACTOSIIIEM JTOKYMEHTE, NMPHUBOISITCS OCHOBHBIC

(U3NKO-XUMHUUECKUE XaPAKTEPUCTUKHU TAHHBIX KBAPLIEBBIX IMbUICH.

Tabmuna 3
Ksapruiesas mbiib 971U Dry Powder S
Kommanus Elkem Norchem

ITmomane yacasHOM

N 2 16400 1640

MOBEPXHOCTH 10 briekiny (cm7/r)
d50 (Mxm) 10,3 ~ 560
ITnotHOCTB 2,24 2,29

MertakaonauH npexactaBisieT coOol Oe3BOOHBIM M Clerka KPUCTATMYECKUH CHIIMKAT
AFOMUHUS, TPOU3BEACHHBIH B pe3yJbTaTe ACTHAPOKCIIIMPOBAHHUS KAOJMHA TPU BBICOKHX
TeMIepaTypax.

OnHuUM TpUMEpOM 3TOrO sBJISIETCST KOMMepueckwil mponykt Metasial V800® ot
kommnanuu Soka (Kaoliniere Armoricaine Company).

B tabnmuue 4, npeacTaBiIeHHON HIKE B HACTOSIIIEM JTOKYMEHTE, NMPHUBOISITCS OCHOBHBIC

(U3NKO-XUMHUUECKUE XaPAKTEPUCTHKHU TAHHOTO METAKAOJINHA.

Tabmuna 4
Merakaonux Metasial V800
Kommanus Soka
ITmomane yacasHOM moBepxHOCTH 1O brictiny 14100
(em?/r)
d50 (mxm) 4,0
ITnotHOCTB 2,75

Ha npaktuke, HeMEHTUPYIOLIAsi KOMIIO3ULIUS MOKET, HAIPUMeEp, COAEPKATh:

- ot 0% mo 50% uemeHTHPYOMUX AOOABOK, MPH pacyeTe Ha MACCy MO OTHOLIEHUIO K
CYXOM Macce HEMEHTHPYIOIEeH KOMITO3ULINH, U/ HJTH

- or 50% pmo 100% KkambLUMEBO-aJFOMHUHATHOTO IIEMEHTA, COOTBETCTBYIOLIETO
n300peTEeHNI0, TPU pacdyeTe Ha MacCy IO OTHOIIEHHIO K CYXOH Macce LEeMEHTHPYIOIIeH
KOMITO3ULIUH,

MIPU 3TOM CyXasi Macca LIEMEHTUPYIOLIEH KOMIIO3ULIMK COOTBETCTBYET COBOKYITHON Macce
BCEX COEAMHEHMH, COAEpKALIUXCS B YHOOMAHYTOM LEMEHTUPYIOLIEH KOMIO3ULHMH 34

HUCKJIIFOUYCHHUEM BOJBI.
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Taxum oOpa3oM, LEMEHTHPYIOIIAs KOMIIO3ULIUS MOKET, Hanpumep, coaepkarb 0%, 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45% wnu 50% ueMeHTHPYIOINX 100ABOK MPU pacdeTe
Ha MacCy MO OTHOIIEHUIO K CYXOH Macce IeMeHTUpYIoIIe kommnozumu u/mmm 50%, 55%, 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95% wumu 100% xanbLHEBO-ATFOMUHATHOIO IIEMEHTA,
COOTBETCTBYIOLIETO H300pETEHHI0, MPH pacdyeTe Ha MacCy MO OTHOIIEHUIO K CyXOH Macce
LIEMEHTHUPYIOLeH KOMITO3ULIUH.

BHe 3aBucMMOCTH OT COEQUHEHHH, COMAEp)KalUXCs B LIEMEHTUPYIOILEeH KOMIIO3ULUY,
MPUCYTCTBYIOIUN KaJbI[M€BO-aJIOMUHATHBIN LIEMEHT BCTYINAET B PEAKLUI0 C BOJAOH, TO €CTb,
MPOMCXOIUT XUMHYECKasi PEakIysi, UMEIoIast OOLEeNPUHITOS Ha3BaHUE «TUAPATALUS, MEKIY
KaJbL{UEBO-AJIOMUHATHBIM LIEMEHTOM U BOJOH, B XOJ€ KOTOPONH MOJIEKYJIbI, COCTaBJAIOLINE
KPUCTAUTMUECKHE W/WIM aMOp(HBIE YacTH LIEMEHTAa, COOTBETCTBYIOIIEr0 H300PETEHHIO,
THIOPATUPYIOTCS MO/ BO3JEHCTBUEM BOJIbI, @ UMEHHO, OHU NIEPEXOMAT B PacTBOP B BOAE B popMe
HOHOB.

OObIMHO BCJEACTBHE TPOXOXKACHUS NaHHOH XHMHUYECKOH peakuud KOHCHCTEHLHS
LEMEHTUpPYIOIEel  KOMIMO3UIMH,  CHOPMHUPOBAHHOH  CMECBEO  BOABI M IIEMEHTAa,
COOTBETCTBYIOIETO U300PETEHHUI0, CIOCOOHA U3MEHSATBCS ¢ TEYCHHEM BPEMEHH.

I'oBopst Oosee TOYHO, MOTYT OBITH NETEKTHPOBAHBI TPU (Pasbl M3MEHEHHs YIOMSIHYTOH
LEMEHTUPYIOIEell KOMIO3ULMHK, TPH 3TOM JAaHHbIe TpH (Pasbl COCTABISIIOT «TiIo0albHOE
OTBEPKACHNUE» LIEMEHTUPYIOLIEH KOMIIO3ULINU:

- mepmas ¢asa, Ha3piBaemas (pa3ol 3arymieHus, B TEYEHHE KOTOPOH BSI3KOCTh
LIEMEHTUPYIOLEHl KOMITO3ULINHI MEAJICHHO YBEININBAETCsl O€3 MPEeIOTBPAIEHHS €€ Pean3aliy,

- BTOpas ¢a3a, Ha3biBaeMmas (a3oil cxBaTbiBaHUS WM (Ha30d THIPABIMUECKOTO
CXBATBbIBaHUS, B TEUCHUE KOTOPOH LIEMEHTHUPYIOIIAsl KOMIIO3HLIUS ObICTPO OTBEPKAAETCS, U

- Tperbst (pasa, HasbiBaeMmast (pasoll KOHEUHOrO OTBEPXKIOEHHs, B TEYEHHE KOTOPOM
LEMEHTHPYIOIIAsh KOMIIO3ULIUS TPOJIOJDKAET OTBEPIKAATHCS 00JIee MEIJIEHHO.

IIponomkuTenbHOCTh (ha3bl 3aryIieHUs] MOXKET BapbUpPOBaTh OT OJHOTO LIEMEHTa K
APYroMy BCIEACTBHE TOTO, YTO OHA B 3HAYUTENIbHOM CTENEHU 3aBUCUT OT pPEeaKLHOHHOMN
CHOCOOHOCTH HCIIOJIB3YIOIIETrOCs [IEMEHTA.

OTkpbiTOE BpeMs, B ILIEJIOM, COOTBETCTBYET MPOJIOJLKUTEIBHOCTH IaHHOH (hasbl
3arymenus. OHO B 00IeM ciiydae COCTABISIET MPUOIU3UTENBHO HECKOJIBKO YacOB.

Ha mnpakTuke, npoOAOIDKUTENBHOCTh (Ha3bl 3arymieHUs MOXKET BapbHpPOBATH OT
HECKOJIbKUX MHHYT JO HECKOJBbKHMX YacOB B COOTBETCTBHH C PAacCMATPUBAEMOH 0O0JACThIO
NPUMEHEHHsI, IIEeMEHTOM M BCIIOMOTATENbHBIMU BEIIECTBAMHK, KOTOpbIE, BO3MOXKHO, ObUIH
no0aBJeHBL.

B cnyuae obnactu mpumeHeHus B He(pTAHBIX CKBaKMHAaX (pasa 3arymeHust B oOmem



23

ciy4dae OyJeT MpoaoJDKATECS B TEUEHHE HECKOJIBKHIX YacoB.

IIponomkurenbHOCTh (ha3bl 3arylIeHHs] TAK)Ke 3aBUCHUT W OT BHEIIHUX IapaMeTpOB,
TaKUX KaK JaBJICHUE, TEMIIEPATypa U OTHOCUTENIbHOE COOTHOIIEHHE MEXTy BOAOH 1 LIEMEHTOM.

B Teuenne ¢aszpl rumpaBIndeCcKOTO CXBATHIBAHUS LIEMEHTHUPYIOLIAs KOMIO3UIHUS OBICTPO
NEPEXOAUT OT JKHIKOTO COCTOSHHSI K TBEPIOMY COCTOSIHHIO, IPH 5TOM JaHHbIE COCTOSTHHS
OTIPENIEISIIOTCS B MEXaHMYECKOM CMBICJIE CJIOBA, & WMEHHO, TeM, 4YTO JKHJKO€ COCTOSHHUE
SBJIIETCSI COCTOSIHUEM, B KOTOPOM ILIEMEHTHPYIOIIAas KOMIO3WOMsA Oyaer HeoOpaTumo
neopmupoBaTbcsl B ciydae BO3ACHCTBUS Ha Hee aedopmauny, B TO BpeMs Kak TBEPIOE
COCTOSIHHE SIBJIIETCSI COCTOSIHMEM, B KOTOPOM LIEMEHTHPYIOINAs KOMITO3ULMSI MOJKET YIIPYro
neopMUPOBATHCS B ClTy4ae BO3AECHCTBYSI HA Hee Ne(OpMaIIHH.

Ha mnpakTuke, kKak 3TO CUMTAETCs, LEMEHTHPYIOIIass KOMIO3MLHUSA OyaeT IOCTUraTh
CBOErO TBEPIOTO COCTOSIHUSI, KOTZIAa MPH MPOBEICHUN HCTBITAHHUSA 1O BUKa B COOTBETCTBUHU CO
cragnaproM ASTM C91, onrcaHHOrO HUXKE B HACTOSILIEM JOKYMEHTE B pasfele, MOCBALEHHOM
npuMepaM, wWria Buka HecrmocoOHa TOJHOCTBIO MPOXOAMTh Uepe3 LEMEHTHPYIOIIYIO
komno3uuuto. Haobopot, kak 3To cuuTaercs, HEMEHTHPYIOLIasi KOMITO3ULHSI HAXOAUTCS B CBOEM
JKUJIKOM COCTOSIHUH, KOT/Ia TIPU MPOBEAEHUH TOTO K€ CaMOro ucmbliTaHus 1o Buka nria Buka
MOJTHOCTBEO MPOXOIUT Yepe3 LIEMEHTHUPYIOIIYI0 KOMITO3ULHIO.

B cBs3u ¢ 3TuM, B KOHLE (pa3bl THAPABIMYECKOTO CXBATBIBAHUS IIEMEHTHPYIOIIAs

KOMIIO3UIUA YK€  OEMOHCTPUPYET OTBGp)KI[GHHbeI ACIICKT, TakK 4qTO OHa  MOXKCT

,
paccMaTpUBATLCS B KAUECTBE OTBEPIKIEHHOTO KOHEYHOTo MaTepuana. OmHaKo, OHAa MPOAOJIKAET
OTBEPKAAThCS B TeUeHHE (Pa3bl KOHEYHOTO OTBEPIKICHUSI.

Ha mpaxTuke, B TaHHOM cliy4ae B M300pETEHUU TpeiaraeTcsi MpUMEHEHHE KaJlbIIUeBO-
ATFOMUHATHOTO [IEMEHTA, COOTBETCTBYIOIIETO H300PETEHUIO, B COOTBETCTBUHU C KOTOPBIM

a) IEMEHTHPYIOLIYI0 KOMIIO3UIHIO TIOJYYarOT B PE3yJIbTaTe CMEIIUBAHUS YIOMSHYTOTO
KaJIbLINEBO-AJTFOMHUHATHOTO [IEMEHTA C BOJIOH,

b) YIOMSIHYTYIO0 EMEHTHUPYIOUIYIO KOMIO3HUIMIO PACONAraroT MO MECTY,

C) YHOMSHYTYIO IEMEHTHPYIOIIYI0 KOMIIO3HMIMIO HArpeBalOT IO TEeMIepaTypbl B
nuana3oHe ot 50°C go 300°C, mpenmoururensHo oT 80°C mo 280°C, Takum obpa3om, 4TOOBI
ONaronpUsATCTBOBATH CXBATHIBAHHUIO LICMEHTUPYIOIIEH KOMIIO3HIIHH.

Ha craguu a) nmosb3oBareas GOPMUPYET LUEMEHTHPYIOIIYIO KOMIIO3UIMIO B Pe3yJIbTaTe
CMEIIMBAHUSl  KaJbLIMEBO-AIIOMHUHATHOTO I[IEMEHTA CO BCEMH YIOMSHYTBIMU JPYTUMU
COEIMHEHUSIMU, BO3MOKHO, COAEPKAIIUMHUCS B IEMEHTUPYIOIIEH KOMITO3ULIMH, U C BOJOM.

IlepBoHauanpHO, TO €CThb, BO BpEeMs CMELIMBAHUS BOABI, LIEMEHTa M, BO3MOXKHO,
YOOMSIHYTBIX ~APYTHX COENWHEHWH KOHCUCTEHIMS C(OPMHPOBAHHONW LIEMEHTUPYIOIIEH

KOMIIO3HUIUHN ABJIACTCA Oosiee WM MEHee TeKy‘{efI, B COOTBETCTBHH C MAacCOH BOJbI, KOTOPYIO
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OHa COJEPXKHUT, MO OTHOWIEHHIO K COBOKYIHOH MacCe€ YHNOMSIHYTOM LEeMEHTUPYHOLIEH
KOMITO3ULIUH.

KonnuectBo Boabl, 10OABIEHHOW K LEMEHTY, COOTBETCTBYIOIIEMY HM300PETEHHIO, M K
VIOMSIHYTBIM BO3MOXKHBIM JIDYTUM COEIMHEHHsSM, B OCHOBHOM 3aBHUCUT OT 0O0JacTu
IIPUMEHEHHUs], 111 KOTOpPO NpefHa3HaueHa [IEeMEHTUPYIOLIasi KOMIIO3HULIMSL

Hanmpumep, monp3oBaTensr MOXKET cIenaTb BBIOOP B mosib3y  (popMupoBaHus
LIEMEHTUPYIOLIEH KOMITO3ULINH B ()OpME TOBOJBHO HETEKYUeH MacThl.

B cooTrBercTBMM C OJHMM KOHKPETHbIM BapUaHTOM TIPUMEHEHHUS KaJbLUEBO-
AFOMHUHATHOTO LIEMEHTA, COOTBETCTBYIOIIETO M300PETEHHUIO, HA CTAINH a) MOJIb30BATEIb MOXKET
(bopMHUPOBATH BOIHYIO CYCIIEH3UIO LIEMEHTA.

T'oBopst GoJsiee TOYHO, B Cilydae LIEMEHTUPYIOLIEH KOMIIO3HUIINHY, MTPENCTABIISIONIEeH cO00i
BOJHYKO  CYCIIEH3UIO, C(QOPMHPOBAHHYIO  HCKIIOYUTENBHO W3 BOAbI U IIEMEHTA,
COOTBETCTBYIOLIETO HM300PETEHHIO, MAacCOBasl JOJS BOIBI B YIMOMSHYTOH BOJHOH CYCIIEH3MU
Oyzer HaxOauThCs B Anama3one ot 15% no 45%.

MaccoBas 1011 BOAbI B JAHHON BOJHOW CyCII€H3UM, HaXoAsascs B auanaszoHe ot 15%
10 45%, COOTBETCTBYET COOTHOIIECHHIO BOJA/IIEMEHT, HAXOIALIEMyCsl B auanasone ot 20% mo
70%, mpu 3TOM YIIOMSIHYTO€ COOTHOLIEHME SIBJIIETCS] COOTHOLIEHHEM MEXKAYy Maccoi BOAbI U
Maccoi CyXOro LeMeHTa, (POPMHUPYIOIINX BOAHYIO CYCIIEH3HUIO.

B cnydae korma neMeHTHPYOLas KOMIIO3ULHS PECTABIISET COOOH BOJHYIO CYCIIEH3HIO
U COIEPKUT BONY, KAJbLHEBO-ATIOMMHATHBIN LEMEHT, COOTBETCTBYIOIIUN H300pPETEHHIO, H
LEeMEeHTUpyoImue 100aBKH, MaccoBasi JOJs BOABI B YINOMSIHYTOH BOJHOH CycreH3uu Oyaer
HaxonuThes B auamnaszone ot 20% no 60%, manpumep, paBHATbCS 29%, 31%, 33%, 37%, 52%
unu 55%.

MaccoBas 10151 BOAbI B JAHHON BOJHOM CYCIIE€H3UM, HaxoAsascs B nuanazoHe ot 20%
10 60%, COOTBETCTBYET COOTHOIIEHHUIO BOJIA/CYyX0€ CoennHeHne B auanaszoHe otT 25% no 150%,
IIPU 3TOM YIOMSIHYTO€ COOTHOIIEHHE SIBJISIETCS COOTHOLIEHMEM MEXKIY MacCOW BOIbI U CyXOM
Maccol LIEMEHTHpYIoIed KOMIIO3ULIMK, KOTOpas COAEPKUT LEMEHT U LEeMEHTHPYIoIHe
nobasku. Hampumep, COOTHOIIEHHE BONA/CyXO€ COCAMHEHHE BOIHON CYCIEH3WH SIBJISETCS
paBHbIM 41%, 48%, 60%, 80%, 110% umm 120%.

Jannbie oOume cooOpakeHHs W3BECTHBI ISl CHELHANUCTOB B COOTBETCTBYIOLIEH
o0JacTH TEXHUKH, U MOJs BOABL, NOOABJIAEMOW K LEMEHTYy M K BO3MOXKHBIM JIPYTUM
COEIMHEHUSAM B LENSAX MOJy4YeHHUs LEeMEHTHUPYIOoIled KOMIO3UIMM, KOHCHUCTEHLUS KOTOpOM
ananTHpOBaHa K KaXAOMY THUIY OONacTH NPUMEHEHHUs, He Oyaer oOCyKIaTbCs HIKE B
HACTOSIIIEM TOKYMEHTE Kak-nOo OoJiee moapoOHO.

Ha craguu b) no tex mop, moka LEeMEHTHPYIOIIAsi KOMITO3UIHA OyAeT HAaXOAUTHCS B (aze
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3aryLieHus], MoJIb30BaTeIb MOXKET PACHoaraTb HEMEHTUPYIOIYI0 KOMIIO3ULIMIO 10 MECTY.

Hanpumep, ecnu neMeHTHpPYOIAs KOMIO3HLUS HAXOIUTCA B (JOpMe BOAHOH CyCIIEH3UH,
MOJIb30BATEb MOXKET 3AIMBATh HEMEHTHUPYIOLIYI0 KOMIIO3ULIUIO B IIPOEM.

B wyacTHOCTH, B COOTBETCTBHMM C KOHKPETHBIM BapHaHTOM IPUMEHEHUs KaJbLUEeBO-
AFOMUHATHOTO IIEMEHTA, COOTBETCTBYIOIIEro M300peTeHnto, B (opMe BOIHOW CYCHEH3HH Ha
cTaguu b) yIOMSHYTYIO BOAHYIO CYCIIEH3HIO HATHETAIOT B OYpsIIYIOCS HEPTSIHYIO CKBAXKHHY.

JlaHHO€ HarHeTaHWe MPOBOJAT IIPHU HUCHOJIB30BAHUU OJHOIO WJIM HECKOJIBKUX HACOCOB,
KOTOpBIE BTAJKUBAIOT BOIHYIO CYCIIEH3MIO B TpyOuaTroe Tejno A0 aHa Oypsiuelcsl CKBa)KUHBI
Cpa3y mocie AOCTHXKEHWsI NaHHOW CyCNeH3uel JHa JaHHOW Oypsiieics CKBaKUHBI OHA
€CTECTBEHHBIM 00pa30M MOXKET IMepeMeIaTbcss OOpaTHO BIUIOTH IO MOBEPXHOCTH 3EMITH MEKIY
CTEHKOH M3 TOPHOM MOPOBI M TPyOUATHIM TEJIOM.

B cnyuae nemeHTHpyromed KOMIO3UINMM, HUMeROImeH (OpMy MacTel, IOJb30BATENb
MOKET ee TpOo(UINPOBATh TaKUM 00pa3oM, YTOOBI MPEIBAPUTENLHO HU3rOTABJIMBATL OOBEKTHI,
OTHOCSILITUECS K TUMY OQJIKH WUJIH IIJTHTHI.

Ha cramum c¢) 3amyck ¢asel THOPABIMYECKOTO CXBATBIBAHUS LEMEHTHUPYIOIIEH
KOMIIO3ULIUU OJIAarONPHUSATCTBYET HarpeBaHHe LIEMEHTHUPYIOIIEH KOMITIO3ULMH 10 TEMIEPATyphl B
nuanasoHe ot 50°C po 300°C, npeanoururensHo ot 80°C go 280°C.

I'oBopst Oosiee TOYHO, NAaHHOE HarpeBaHHE LEMEHTHPYIOLIEH KOMITIO3ULIMH MOXET OBITh
IpeHaMEPEHHbBIM WJIH MOKET IIPEeTepreBaThCsL.

Taxum 00pa3oM, Ha PAKTHUKE, B COOTBETCTBUU C KOHKPETHBIM BapUAHTOM IPUMEHEHHSI
LEMEHTUpPYIOIEel KOMMO3UIMK B (OopMe BOTHOW CyCHeH3WH [Uid Oypsmuxcs He(TsHbIX
CKBAXHMH JTaHHAsI BOAHAS CYCIIEH3MUs LIEMEHTA €CTECTBEHHBIM 00Pa30M HArpeBaeTcsl B AHAana3oHe
ot 50°C nmo 300°C oxpy:Karoliei roOpHOUW MOPOAOH TOCHe MmepeMelieHuss oOpaTHO BILIOTH IO
MOBEPXHOCTH 3EMII.

Hanpuwmep, Ha rnyOune, pacnosioxkeHHOW B muamnazoHe ot 3000 m mo 5000 M mox
MOBEPXHOCTBIO 3€MJIH, TeMmIeparypa B oOlIeM ciiydae HaxoauTcs B amanazoHe oT 120°C no
180°C, u TakuM 00pa3oM MpeTepIIeBaeTCs] HArPEBAHUE LIEMEHTHUPYIOIIEH KOMITO3HIIUH.

Takum 00Opa3oMm, B BBITOJHOM BapHaHTE, B COOTBETCTBHH C KOHKPETHBIM BapHAHTOM
NPUMEHEHHs KaJbLIUEBO-ATIOMUHATHOTO LIEMEHTA, COOTBETCTBYIOIIErO H300pETEHMIO, BOIHAS
CYCHEH3HsI XapaKTepH3yeTCsl YAOBIETBOPUTEIbHON YAOOOYKIAABIBAEMOCTBIO TIPU TEMIIEPAType
OKPY>KaroLEeH Cpeapl, TO €CThb, €€ BSI3KOCTb IIPU TEMIIEPAType OKPYKAIOLIEH CpPeabl sIBISETCS
IOCTaTOYHO HH3KOW il oOecredeHus: BO3MOXKHOCTH €€ HArHeTaHWs MpPHU HCIOJIb30BAHWUHU
HACOCOB, U TIOCJIE€ €€ HArHETaHUS B CKBAYKUHBI Oy1€T IPOU3BOIUTHCS OTBEPKIEHUE YIIOMSHYTON
BOJHOMN CYCIIE€H3UHU MPU YBEJIUUEHUH OKPYIKaIoLel TeMIepaTyphl.

B BBIrOmHOM BapuaHTe, OTCYTCTBYeT Kakas-InOo moTpeOHOCTh B 10OaBICHUHU
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3aMeUINTENS K BOXHOM CyCnieH3uH, COPMUPOBAHHOH TaKUM 00Opa3oM.

IMonp3oBaTeNnb Tak:ke MOXKET CHaeNaTh BHIOOP B TMOJIb3Y AKTHUBUPOBAHUS SIBJIICHUS
TUAPABIWYECKOTO  CXBAaTbIBAHHMS  LEMEHTUPYIOLIEH  KOMIIO3ULUH,  COOTBETCTBYIOLIEH
U300pETEHUI0, B Pe3yJIbTaTe HArPEBaHUs YIOMSHYTOW IEMEHTHPYIOMIEH KOMIIO3HULIUUA 10
TeMIiepatrypsl, BbiOupaemol B auamasone oT S0°C go 300°C. Takum o0pazoM, 3TO SIBISETCS
MPEAHAMEPEHHBIM HArPEBAHUEM.

Takum 0Opa3om, B BHITOJHOM BapUaHTE, MOIB30BATENb MOKET BHIOPATh MOMEHT 3aIyCKa
(a3l THAPABIMYECKOrO CXBATBIBAHHUS B pE3yJbTaTe BHIOOPA MOMEHTAa HArpeBaHUs UM
LIEMEHTUPYIOLIEH KOMITO3ULUU.

BHe 3aBuCMMOCTM OT TOrO, SBJSIETCA JIM HArpeBaHue MpPEAHAMEPEHHbIM WU
nperepneBaeMbiM, (asa 3arylieHus, KOTOpas B IIEJIOM COOTBETCTBYET OTKPBITOMY BPEMEHH,
3aBEPIIAECTCS B MOMEHT JAHHOIO HarpeBaHUsl.

IIpumepsnr

B uactu, xoTopas cieayer nanee, peald30BaHbl MPUMEPBl B LEISAX OLEHKU CBOWCTB
KaJIbLINEBO-AJIFOMHUHATHOTO IIEMEHTA, COOTBETCTBYIOLIETO N300PETEHUIO, U COTIOCTABJICHHUS UX C
COOTBETCTBYIOLUMH XaPAKTEPUCTUKAMH APYTUX CYLIECTBYIOIINX LIEMEHTOB.

JIist OCYLIECTBJICHHS] 3TOTO U3 PA3JIMYHBIX KaJbIMEBO-AJIIOMHHATHBIX [EMEHTOB ObLIN
cOpMHPOBAHBI pa3jIMYHbIE IIEMEHTUPYIOIIHNE KOMIIO3ULIUK, B YHCJIE KOTOPBIX IIEMEHT,
COOTBETCTBYIOIIUNM W300PETEHHIO, U JaHHbE [EMEHTHPYIOIINEe KOMIIO3UIUU  ObLIH
OXapaKTEePU30BaHbI MPU UCHOJb30BAHUHN HECKOJBKUX UCTIBITAHUIN.

XapakTepUCTUKY LIEMEHTHPYIOIIEH KOMIIO3ULMHA JAENAI0T BO3MOXKHOM J1Ba OCHOBHBIX
acriekTa: ee ynoO0yKIIaAbIBAEMOCTh, KOTOpast 0TOOpakaeT OTKPBITOE BPEMSI, B TEUEHHE KOTOPOTO
LEMEHTUPYIOLIAs KOMIO3MLUS XapaKTEPU3YyeTCsl BA3SKOCTBIO, aAaNTUPOBAHHOM [IJIs €€
MIPUMEHEHHUS], U €€ KUHETHUKA OTBEPKACHUSL.

Kunernka oTBepknmeHuss oToOpaskaeT CKOPOCTh 3arylleHuss IeMEeHTHPYIoIen
KOMITO3UIIMK U MOMEHT, OT KOTOPOr0 MHULIMUPYETCS THIPABIMYECKOE CXBAThbIBAHUE, & TAKXKeE
MEXaHUYECKOE COIMPOTUBJICHUE, JOCTUIAa€MOE€ OTBEPKAECHHBIM KOHEYHBIM MAaTEpPUANIOM,
MOJYYEHHBIM M3 LEMEHTUPYIOIIEH KOMMIO3ULMMU MOCHE BXOXKACHUs MOCAEAHENH B PEaKLHIO C
JNOCTYIMHOW MOOABIIEHHOUW BOJOHM, B MOMEHT BPEMEHH, KETaeMbIii B COOTBETCTBHH C OOJIACTHIO
MIPUMEHEHUSI.

XapakTepucCTUKU yAOOOYKJIAABIBAEMOCTH ¥ KHHETHKH OTBEPKACHUS MOTYT OBbITh
KOJIMYECTBEHHO OIIEHEHBI PA3JIMYHBIM O0pa3oM MPH HCMOJIB30BAHUHM PA3JIMYHBIX METOAOB
UCTIBITAHUS W B COOTBETCTBUM C pPAa3fIMUHbIMHU CTaHmapramu. Takum oOpa3om, IaHHbBIC
XapaKTePUCTUKHU yI0O0YKIIAIbIBAEMOCTH U KHHETHKH OTBEPIKIEHUS MOTYT OBITh KOJIMYE€CTBEHHO

OLHCHCHbI TMPU HCIOJIb3OBAHHUU PA3JIMYHBIX HU3BMEPCHHBIX XAPAKTCPUCTHUYCCKUX BPEMCECH,
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HAIpUMep, BPEMEHH Teieo0pa3oBaHusl, BpEMEHH NePBOHAYAIBHOTO CXBATHIBAHUS MIIH BPEMEHH
3arylieHus, TAKUX KaK COOTBETCTBYIOLINE XAPAKTEPUCTUKHU, ONPEAEICHHbIC HUXKE B HACTOSILIIEM
JOKYMEHTE.

Camo co0Ooli pasymeeTcss TO, 4YTO B COOTBETCTBHHM C BapHaHTAMH IPUMEHEHUS,
3aIUTAHUPOBAHHBIMU ISl LEMEHTHUPYIOIIUX KOMIIO3ULIUH, HUCKOMBIE YIOOOOYKIaabIBAEMOCTh H
KMHETUKA OTBEP>KACHUS MOTYT BApbUPOBATh.

I. IIpenBapurenbHble UCTIBITAHUS

1/ ComnocrapJsieMble IEMEHTBI

Ha mpakTuke, B JaHHOM CJly4a€ HCIOJIb30BAJIU MEPBbIN, BTOPOH U TPETHH KAJIBLIUEBO-
amomuHaTHb nemeHT (Cementl, Cement2, Cement3) B wmensx (OpMHUPOBAaHHS Pa3IMIHBIX
LEMEHTHPYIOIIUX KOMIO3ULIUN, CBONCTBA KOTOPBIX COMOCTABJISIIN.

I'oBopst Gonee Touno, mepBblii UM BTOopoi 1eMmeHThl (Cementl, Cement2) sBisFOTCS
KaJIbLINEBO-AJIFOMUHATHBIMHU LIEMEHTAMHU NPEILIECTBYIOLIErO YPOBHS TEXHUKH, U3BECTHBIMU NOA
koMMepueckumu obo3nadeHusimu Ciment fondu® u SECAR®71.

Tperuti uement (Cement3) sBHIsSETCS  KaJbIHEBO-AJTIOMUHATHBIM  IIEMEHTOM,
COOTBETCTBYIOLIUM H300PETEHHIO.

Ero monyd4aroT B COOTBETCTBUM C TNPOMBILUICEHHBIM CIMOCOOOM, OMMCAHHBIM BBIIIEC B
HACTOSIIIEM JOKYMEHTE, B PE3yJIbTAaTe COBMECTHOIO pasmaibiBaHus 03,5% Ookcura u 36,5%
WU3BECTHSKA NPH pacdeTe Ha MacCy IO OTHOLIEHMIO K COBOKYIMHOH Macce MaTepHualoB,
MOABEPraeMbIX COBMECTHOMY Pa3MaJIbIBAHUIO.

B rtabmune «Kommno3mmusy, TmpencraBieHHOH HIDKE B HACTOSIIEM JOKYMEHTE,
MPOJAEMOHCTPUPOBAHBl XUMHUYECKUN COCTaB, ONPENEJIEHHBIN [JIsl NaHHOTO TPEThEro LEMEHTa
Cement3, COOTBETCTBYIOLIETO H300PETEHUIO, a TaKXKe XHUMHYECKMH COCTaB MaTepHajioB
HCXOJIHOTO CBIPbS, UCIOJB30BAHHBIX B LEJAX €ro MojydeHusi, (OOKCUT M M3BeCTHsIK). [laHHbIE
COCTaBbI MPEICTABIIEHB! B BUJI€ YPOBHS MAaCCOBOTO MPOLIEHTHOTO coaepskaHus (%), TO eCTh, OHH
YKa3bIBalOT HA MAacCCy COEAUHEHHUs O OTHOLIEHUK) K COBOKYIHOH CyXOHM Macce LIEMEHTa WU
HCIIOJIb30BAHHBIX MATEPUAIIOB HCXOJHOTO CBIPBA.

Tabmuua «KoMnozunus»

Cement3 Boxcur H3BecTHAK
Si02 (%) 7,02 7,67 0,30
AI203 (%) 58.90 77.59 0,20
Fe203 (%) 2,85 2,30 0,08
CaO (%) 26,62 3,69 55,52
MgO (%) 0,52 0,39 0,28
SO3 (%) 0,20 0,16 0,03
K20 (%) 0,55 0,91 0,02
Na20 (%) 0,07 0,16 0,00
Ti02 (%) 2,78 3,72 0,00
P205 (%) 0,17 0,15 0,00
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Mn203 (%) 0,01 0,02 0,00
Cr203 (%) 0,03 0,08 0,00
TIIILT (%) 0,28 2,78 43,54

Crpoka «IIIIT» (moTepu mpu MPOKAIWBAHUM) B JAHHOM CJydae TPYNIIUPYET BMECTE
JIeTy4He 3JIEMEHTHI, TaKMe KaK OCTaTOYHAs BJiara B ciiydae Ookcura wiu guokcun yriepona CO,
B CIly4ae U3BECTHSKA.

B rtabmuue 5, mnpencraBieHHOH HIKE B HACTOSIIEM JOKYMEHTE, TNPUBOMASATCS
MHUHEPATIOTUICCKUE (1)213]31, CoACpKAaMUECAd B HAHHBIX IMEPBOM, BTOPOM U TPETHEM LHEMEHTAX
(Cementl, Cement2, Cement3). M3mepeHus ansi MHHEpaJOrHuecKuX a3 MPOBOAWIH MPU
HCIOJIb30BAHUN W3BECTHOMU METOOUKHN I[I/I(bpaKL[I/II/I PEHTTCHOBCKOI0 M3JIYyYCHUA (3aqaCTy}0

cokpaieHHo obo3Havaemol kak JIPN).

Tabmuua 5
CA CA2 C2AS C2S Deppute Hpyroe
Cement] | 55% He 3% 9% 11% 22%
OPUMEHHUMO
Cement2 60% 40% He He He He
HpI/IMeHI/IMO HpI/IMeHI/IMO HpI/IMeHI/IMO HpI/IMeHI/IMO
Cement3 | 3% 55% 29% He 1% 12%
OPUMEHHUMO

O0o3HaueHUEe «HE NPpUMEHUMO»  O3HA4YaA€T TO 4TO HEMCHT HE  COOCPKUT

)
COOTBETCTBYIOLIEH MUHEPAJIOrm4ecKor (pa3bl, WM YTO AaHHBIC (a3bl MPUCYTCTBYIOT B OUYEHb
HU3KUX HEU3MEPHMBbIX KOJIMYECTBAX.

Munepanoruueckas paza «PeppuTbD) MO CYIIECTBY CONEPIKUT MUHEPATIOTHUECKYIO a3y
deppoamomunara terpakanbiusi C4AF, HaszpiBaeMyr0 B TOCIEYIOLIEM H3JIOKEHHH MIECTOM
KPHUCTAJUTU30BAHHON MHHEpaJlorndeckoil ¢aszoil. Kpucramimdeckas pemerka AaHHOH IIeCTOH
KPHUCTAJUTU30BAHHON MHHEPAJOrHIecKoi (a3l CONEp:KUT deThlpe MoJieKynbl ussectu C mpu
pacdyere Ha OJHY MOJIEKYJYy OKCHIA alllOMHUHHUS A W OIHY MOJIeKysny okcuma skeneza FeyOs,
COKpareHHo obo3Hauaemoro OykBoii F.

Cronben «apyroe» rpynmupyer BMECTe MPUMECH, COACPIKAIINECs B JAHHBIX LIEMEHTAX, a
UMEHHO MO MEHbLIEH Mepe OTHO M3 CIEAYIOIIMX aajee COeAMHEHHWH: okcup kene3a FexOs,
nuokcun tutana Ti0,, Tpuokcun cepol SOz, okcua Maraust MgO U IIeouHbIe COSTUHEHUS.

B wactHOCTH, cTonben «[pyroe» mns nementa Cementl mpeamecTBYrOIIEro YpOBHS
TEXHUKU conepkuT muHepanorndeckue ¢assl CA6 u C4A3$. T'oBopst Oosnee TOYHO, LIEMEHT
Cement! comepxur 0% ¢a3pr CA6 u npudmmsurensHo 0,7% C4A3$ npu pacuere Ha mMaccy 1o
OTHOILIEHHIO K COBOKYITHOH Macce Bcex (a3, CoAepKaIluxcs B yoMsiHyToM Lemente Cement].

Iement Cement3 conepskut 3% daser CA6 u 4% ¢aszer C4A3$ npu pacuere Ha Maccy Mo
OTHOILIEHHIO K COBOKYITHOH Macce BCEX MHUHEPAJIOTHIECKUX (a3, COAepIKaINXCs B YIIOMSIHYTOM
nemente Cement3.

B cBere MPOMBIIIJICHHOTI'O U3rOTOBJICHHA JAHHOIO TPETHETO KAJIbLIUCBO-AJIIOMHUHATHOI'O
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LIEMEHTa, COOTBETCTBYIOLIEr0 HM300PETEHHI0, IO MHHEpPaJOrmyecknux a3, KOTOpbIe OH
COJZIEP>KHT, MOKET CJIeTKa BAPbUPOBATH MPH MEePEX0e OT OAHON NMPOU3BOJICTBEHHON OMepaIuu K
IPYTOu.

Takum o6pa30M, B YCJIOBUSAX, HOI[O6HI:>IX YCJIOBUAM TOJYHYCHUA TPETHETO LEMEHTA
Cement3, COOTBETCTBYIOIIEr0 M300PETEHUIO, TaKXKe MOJNydaau U apyroil nemeHT Cement3bis,
COOTBETCTBYIOIIUNA H300PETEHUIO, XaPAKTEPHU3YIOMUNUCS MOJIIMA MUHEPaJOTH4YecKux (a3,

OMNUCAHHBIX B TadnuLe 6.

Tabnuua 6

CA2 (%) * 59,2 C4AF (%) 0,6
C2AS (%) * 22,5 deppornuaens (%) 0,7
CT, opto (%) 4.6 o oken g amomunus, (%) | 0.5
CA6 (%) 5.4 CI12A7 (%) 0,0
CA (%) 0.9 MgO (%) 0,2
HInusens MA (%) 1,2 CaO (%) 0,2
C4A3$ (%) 4.2

Takum obpa3om, JaHHBIN APYroil KaJbIIHEBO-ATFOMUHATHBINA IEMEHT, COOTBETCTBYIOILITUI
uzobpereHunro, conepkut 72,5% wmunepanorndeckoin ¢azel CA2 u 27,5% MuHepanorudeckon
¢aser C2AS npu pacdyere Ha MacCy MO OTHOIICHUIO TOJIBKO K ABYM MUHEPATOTUYECKUM (ha3zam
CA2, C2AS.

IIpu conocraBieHNH NMEPBOrO, BTOPOrO U TPEThEro Kajbl[MeBO-aIIOMUHATHBIX LIEMEHTOB
Cementl, Cement2, Cement3 Tax)ke UCIIONB30BAIN U cripaBo4HbIi LeMeHT (CementRef).

JanHbIM cripaBouHbIM LleMeHTOM CementRef siBisieTcst mopTIaHAEMEHT, OTHOCSIIIUICS
K kjmaccy G, KOTOpBIH IMUPOKO M3BECTEH MJIsI CIIELUAIMCTOB B COOTBETCTBYHOLIEH oOnacTu
TEXHUKU M 3a4aCTYH0 HCIOJIb3YETCsl B 00JIACTAX MPUMEHEHUS, OTHOCSIINXCS K TUIY OypeHHs
CKBaJKUH.

Cmpasounslii nemeHT CementRef xapakrepusyercs riomanpio yaenbHOH MOBEPXHOCTH
no Breliny, cocrasnstomeii mpubnusutensHo 3010 cm?/r.

2/ Bpems 3aryuieHus

IlepBoe wucmepiTaHue, KOTOPOE CHENajOo BO3MOXHBIM IIOJIyY€HHE XapaKTePUCTHUK
HCCJIEZIOBAHHBIX I[IEMEHTOB, 3aK/II0YaJOCh B H3MEPEHMM BpPEMEHU 3arylieHus pas3JIMYHbIX
LEMEHTUPYIOIUX KOMIIO3ULIMH, MOJyYEeHHBbIX B pe3yjbTaTe CMEIIMBAHUs JAHHBIX LEMEHTOB C
BOJIOM.

Bpewms 3arymenust npencrasnsier coboit mHGOpPMAIMIO, KOTOpasl OEeNaeT BO3MOKHBIM
MOJIy4E€HHE OLIEHKH YA0O0YKIaABIBAEMOCTH LIEMEHTUPYIOIEH KOMIIO3HULIMY, B YACTHOCTH, KOTAA
OHa uMeeT (HopMy BOJIHON CYCIIEH3HH.

B Tom 3HaueHuu, KOTOpOE€ MOAPAa3yMEBAETCsl B JAHHOM Cjydae, BpeMs 3arylieHus
NPEACTaBIsieT COOOM OLEHKY MPOAOJDKUTENIHOCTH MEPHOAA BPEMEHH, 10 UCTEYEHUH KOTOPOTo

LHEMCHTUPYIOIIAasA KOMITO3ULIUA Oouiblie YK€ HE MOXKET NEPCKavuuBaTbCA MPHU UCIOJIB30BAHUU
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HAcOCOB. | OBOpS APYTHIMH CIIOBAMH, 5TO NMPOAOIKUTENBHOCTD TIEPHUOA BPEMEHH, MO UCTEUEHUH
KOTOPOTO BOJAHAs CYCIIEH3Us SIBJIICTCSl YPE3MEPHO BSI3KOH Ui MOJNYYEHUsS BO3MOXKHOCTH €€
BBITECHEHHSI [TPH UCTIOB30BAHUHT HACOCA.

I'oBopst Oosee TOUHO, BpeMs 3arylieHUs] COOTBETCTBYET MPOAOUKUTENbHOCTH MEPHOA
BPEMEHH, KOTOPBIA MPOTEKAET MEXAYy MOMEHTOM CMELIMBAHHS BOJABI C IIEMEHTOM B LEJSIX
(dbopMupOBaHHS LEMEHTHUPYIOIIEH KOMIO3UIUU B (OpME BOJHOW CYCHEH3MH M MOMEHTOM
JOCTHKEHUs] KOHCHUCTEHLIMEW LIEMEHTHPYIOLIEH KOMMO3ULMHM, Ha3bIBAEMONW KOHCHCTEHLUEN
bepnena (Bc), 3HaueHus, TakOro YTO JaHHAS LEMEHTHPYIOLIAast KOMITO3ULHS OOJbIIEe yiKe He
MOJKET MePEeKavynBaThCs MPU UCIOJIb30BAHIUH HACOCOB, I7le KOHCUCTEHLIMIO bepaeHa BbIpaxkaroT
NIPU UCTIOJIb30BAHUH BEJIMUNHBI, HE UMEIOIIEl eMHNULIBI H3MEPEHMUSI.

B nanHOM ciyuae, M3MepeHHe BPEMEHH 3arylieHHs OCYIIECTBIISIIOT B COOTBETCTBUH CO
craranaptom «ISO 10426-1, clause 10.3» u3 nokymenta «Petroleum and natural gas industries —
Cement and materials for well cementing», mepsas wacte NF-EN-ISO-10426-1 xortoporo
o3zarnasneHa «Part 1 — Specifications» u umeer B cBoeit ocHose cranaapt ISO 10426-1:2005, u
BpeMsl 3arymieHHusl SBJSIETCS TaKUM, KOIZJa LEeMEHTHPYIOIIas KOMIIO3WIHUS JOCTHIJIA
koHcucteHimu bepaena 100 Be pu 23°C u armocdeprom naenenuu 1 atmocdepa (atm. ).

Ha mnpaxtuke, m3MepeHHe MaHHOTO BpPEMEHH 3arylleHUsl MPOBOIAT, HANpUMep, NpHU
UCTIOJIb30BAHMH MMUBOBAPEHHON JIOMACTH, aJanTUPOBAHHON Ul BPAIICHHS B LIEMEHTHPYIOIIECH
KOMIIO3ULIUK TIPU OJHOBPEMEHHOM HM3MEpPEHHM KPYTSINEero MOMeHTa. JlaHHBIH W3MEpEeHHBIN
KPYTSIIUHA MOMEHT JeNaeT BO3MOKHBIM TIOJYYEHHE OLEHKH YCHJIHUS, C KOTOPBIM JIONACTh
JOJDKHA BO3JIEMCTBOBATh HA LIEMEHTHUPYIOIIYIO KOMITO3UIMIO B LIEJISIX MOJTYYEHHUsST BO3MOKHOCTH
Bpamarbes. TakuMm o0pa3oM, HNaHHBIA KPYTALIUA MOMEHT COOTHOCHUTCS C KOHCHUCTEHLUEH
bepneHa nieMeHTUPYOLIEH KOMITO3ULIHH.

B tabnuue 7, npencraBieHHONW HUXKE B HACTOSIIEM JOKYMEHTE, MPOJEMOHCTPUPOBAHBI
pa3NIUYHBIE HEMEHTUPYIOINE KOMITO3UINH, KOTOpble (POPMUPOBAIN MPH HCIIOJIb30BAHUH TPEX
KaJlbLueBO-alfoMUHATHRIX 1eMeHToB Cementl, Cement2, Cement3 u mnopTiaHILUEMEHTa
CimentRef, a Takke Bpems 3arymeHus, KOTOPOE aCCOLMUPYETCS C HUMH, TPU TeMIIepaType
okpy:katotmeti cpenst (23°C).

Ha mnpaxTuke, naHHbIe LEeMEHTHpYyrOIHEe KoMmmo3uuuu ¢opmuposanu npu 23°C B
pe3yJbTaTe CMELIMBAHMS LIEMEHTA C HA/JIEKAIUM KOJIMYECTBOM BOABI (YKa3aHHBIM B TaOJHIe
7) B Teuenue 15 cexkyna B xome mepemernuBanusi npu 4000 oboporax B MUHYTY (00./MUH).
ITocne 3TOr0 MPOBOAMIM NOMOJHUTENbHOE nepeMernnBanue npu 12000 obopoTax B MUHYTY B
TeueHue 35 CEeKyHA.

B nanHo#l Tabnwume 7 COOTHOLIEHHME BOXA/LIEMEHT MPEACTABISET COOONW Maccy BOIBI,

KOTOPYIO BBOIWIH B IeNsIX (POPMHUPOBAHUS LEMEHTHUPYIOIIEH KOMIO3HUIUH, TIO OTHOIICHUIO K
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Tabmuna 7
Hanmvenosanmne .
. Hcnonsayrommuiics CootHowecHHe Bpems zarymenns
LEMCHTUPYIOLICH .
LICMCHT BOJA/LIEMEHT (4acel ;| MUHYTHI)
KOMITOZHITIH

Compol Cementl 0,5% 1:21

Compo?2 Cement?2 0,5% 0:48

Compo3 Cement3 0,38 10 : 26

CompoRef CimentRef 0,44 5:38

Kak 310 MoxHO BueTh B Tabnuie 7, nementrupyromue kommosuiuu Compol u Compo?2,

copmupoBaHHbIE npu UCTIOJIb30BAHUH KaJIbL{HEBO-aTFOMUHATHBIX LIEMEHTOB
npenuecTByromero ypoBHs texHuku Cementl u Cement2, XapakTepU3YIOTCS OTHOCHTEIbHO
KOPOTKMMH BpPEMEHAMHU 3arylieHusl (COCTaBJAIIIMMU MeHee, YeM 2 Yaca) Mpu TeMIeparype
okpyxkaromeri cpenel (23°C). B cnyuae Hamuuus y mojb3oBarens motpedHOCTH B Oosee
NPONO/UKUTEIBHOM BPEMEHH, 4YeM [aHHble BpPEMEHAa 3arylleHHs, B LENAX [OJy4eHHs
BO3MOKHOCTH HCIOJIb30BATh LIEMEHTHPYIOLIHE KOMIIO3ULMH, COAEpKallhe 3TH [Ba LIEMEHTA
Cement1 u Cement2, emy Oyner HeoOXoauMo 10OABUTh K HUM 3aMEJIUTETN CXBATHIBAHMSL.

Kak 510 moaTseprnaer uementupyromas komnosuiust CompoRef, conepskaiuas emeHt
CimentRef, nopTnaHgueMeHTbl  XapakTepU3YIOTCS ~ CPEIHHM  BpPEMEHEeM  3aryIieHHs
(mpubnu3uTENBHO 5 YacoB) MpU TeMmepaType okpy:xaromieit cpensl (23°C). Bot nouemy naHHbIe
LEMEHTbl 3a4aCTyI0 HCIIOJB3YIOTCS B OONACTSAX MPUMEHEHHs, KOTOpble TPeOYIOT AOBOJIBHO
MPOIOJUKUTEIBHOTO BPEMEHH Pean3aliii.

Lementupyromas komnosuuuss Compo3, coxepikaiias —KajdbLUEBO-aJFOMHHATHBIN
nemeHT Cement3, COOTBETCTBYIOIIMH H300PETEHHIO, XapaKTEPU3YEeTCs BPEMEHEM 3aryLIeHUS,
cocraBsromuM  Oosiee, 4dem 10 d9acoB, 4ro oOecmeyuBaeT TNOJYyYEHHE II0Jb30BATEIEM
BO3MOJKHOCTH  HCIOJIb30BaTh — HAmNpUMep, TPAHCIOPTUPOBATh, BbLIMBATH, HArHETATh,
nepeKayrBaTh MPH HCIOJb30BAHUU HACOCOB M TOMY MOAOOHOE — NAaHHON LIEMEHTHPYOLIEH
xkomno3uuud Compo3 B TeueHHe MPOAOJIKHTENPHOIO MEepHOAa BPEMEHHM, M 3TO BCE MpPH
OTCYTCTBUH MOTPEOHOCTU B TOOABICHUU K HEH 3aMeITHTEIIS.

Kpome Toro, oHa XxapakTepu3yercsi BpeMEeHEM 3aryleHHs, IOYTH YTO B [Ba pa3a OoJee
NPONOJUKUTEIbHBIM, Y€M COOTBETCTBYIOLEE BpeMs MJisi LEMEHTUPYIOUIeH KOMIO3HULIUN
CompoRef mpu Temneparype okpysxkaromedi cpensl (23°C), maske HECMOTps HA TO, YTO OHA
COIEpPKUT MEHbIee KOJUYECTBO BOIBI H, TaKUM O0O0pa3oM, OHa MAOJUKHAa ObITh OoJee
PEaKIIMOHHOCTIOCOOHON B COMMOCTABJIEHUH € IleMeHTHpyromei kommnosuiueit CompoRef.

[Mostomy nement Cement3, COOTBETCTBYIOLIHI H300PETEHUIO, XapaKTePU3YETCsl OYSHb
Xopoiel yao0OyKIaabIBAEMOCThIO 0Oe3 JM00aBJeHUs 3aMEIIUTENs] CXBAaThIBAHUA. |aKuM

o0pa3oM, OH SIBJIAETCS] B OCOOEHHOCTH XOPOLIO MOIXOASIIIUM JJISi UCTIOJB30BAHUS B O0JIACTSIX
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NPUMEHEHHsI, B KOTOPBIX TpeOyeTrcs O4YeHb MPOAOJDKUTENBHOE OTKPBITOE BPEMs, U 3TO NpPHU
OTCYTCTBHUM XUMHUECKOTO 3arpsi3HEHMsI, CBA3aHHOTO C HCIOJb30BAHUEM 3aMETUTENEH
CXBATBHIBAHUSI.

3/ Bsi3kocTh

Bropoe wucnblTaHMe, KOTOpPOE CAENANO0 BO3MOXHBIM IMOJYYEHHE XapPaKTEPUCTHK
UCCIIEIOBAHHBIX ~ IIEMEHTOB, 3aKJIOYalloOCh B HU3MEPEHUH  BSI3KOCTH  ONPEAEIICHHBIX
LIEMEHTHUPYIOIUX KOMIO3HIIUHI.

3a. Buckosumerp Fann®35

BsiskocTh menmaer BO3MOXKHBIM IOJIYYCHME OLIGHKM KHHETUKH OTBEPXKACHUS U
y10OOYKIIaAbIBAEMOCTH JAHHBIX [IEMEHTUPYIOLUINX KOMIIO3HIIUH.

B nanHOM ciyuae peub uaer 00 M3MEPEHHUH PEOJIOTHYECKUX CBOMCTB LIEMEHTHPYIOIIHX
KOMIIO3ULIUH, TO €CTh, UX CIOCOOHOCTH T€4b W/MH 1e(OPMHUPOBATHCS.

B 3HaueHnm, KOTOpOE MOAPa3yMeBAeTCs B AAHHOM Cllydae, H3MEpPEHHE BSI3KOCTU
NPOBOIAT B COOTBETCTBUH cO craHmaproM [SO 10426-2, clause 12. [anHbIi cTaHmapT
NPOMCXOIUT U3 BTOPOi yactu nyonukauuun «Petroleum and natural gas industries — Cement and
materials for well cementing», pu 3ToM ynomsiHyTas 4yacth o3ariasieHa «Part 2 — Testing of
well cements» u umeer B cBoelt ocHoee myOnukanuio API RP 10B, 22nd edition, of December
1997, addendum 1, of October 1999.

I'oBopst Ooniee TOYHO, peaTM3aluI0 UCTIBITAHUS HA BA3KOCTh OCYLIECTBISIOT CIEAYIOLINM
nanee oOpa3oM: LIEMEHT CMELINBAIOT C BEHIOPAHHBIM KOJMUECTBOM BOJBI B LIENAX (POPMUPOBAHUS
LEMEHTHUPYIOIeH KoMIo3uluu (padbounii crnocod, moapoOHO U3JIOKEHHBIH BBIIIE B HACTOSIEM
IOKYMEHTE), TOCle 3TOr0 JAaHHYI0 LEMEHTHPYIOIIYIO KOMITO3UIMIO pAacroJjiaraloT B
poTanioHHOM BUCKo3uMeTpe Mapku FANN®, model 35.

Poraumonssiii  Buckozumerp FANN®3S5, kak 3TO cuMTaercs, «HUMeeT NPAMYIO
uHAMKanuio». Ha mpakTthke, IBa KOAKCHAJNbHBIX LMJIMHAPA BEPTUKAIBHO MOTPYKAIOT B
LEMEHTUPYIOLIYK0 KOMIIO3ULMI. BHEWIHWMH UWIMHAP — TaKXke Ha3bIBA€MbI BTYJKOH —
NPUBOAAT BO BpALIEHHE NPU HCIOJB30BAHMHM JIBUTATENsl CO CKOPOCTBIO, BBIOPAHHOU
ornepaTopoM. BHYTPEHHIOI BTYJIKY CBS3BIBAIOT C PaMON IpPU HMCHOJB30BAHUM TOPCHOHHOH
npyKuHBL LleMeHTHpyIOIasi KOMIO3HMLMA, TNPHUBENCHHAs B IBM)KEHUE II07 BO3ACHCTBUEM
BHEIIHEr0 LMJIMHIPA, BO3AEHCTBYET KPYTAIIMM MOMEHTOM Ha BHYTPEHHIOIO BTYJIKY, U JaHHBIN
KPYTSIIUHA MOMEHT SIBJSIETCS MPONOPLMOHAIBHBIM YINIy 3aKPY4YMBAaHUS U1 YIIOMSHYTOH
NPY>KUHBL

[Ipsimoe cuuThIBaHME yria 3aKpy4MBaHUS U TPYXKUHBI (B Trpagycax) CBS3aHO C
HaNpsDKEHWEM cABUra (B Mackajsix) AUl LEMEHTHPYIOIIeH KOMIIO3ULIUH, KOTOpOe OToOpakaer

BS3KOCTb YIOMSIHYTOM LEMEHTHUPYIOIIEH KOMMO3ULUHU. J[aHHBIM pe3yjpTaT U3MEPEHUs HUMeEET
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OOILIEeNPHUHATOE Ha3BaHUE «CUUTBIBAEMOE MOKa3aHue Buckosumerpa FANN®3 5y,

Ha mpakTuke, BHEIIHMH LMJIMHAP BpaLIaeTcs MPU CKOPOCTH BPAIUEHUS, BBIOMpaeMON
OTIEPaTOPOM IPH UCTIOIB30BAHNH MOTEHIMOMETPa B Auana3oHe ot 3 10 300 000poTOB B MUHYTY,
Y BU3UPHAsl HUTb JI€JA€T BO3MOXHBIM BU3YaJIbHOE U3MEPEHHE HA IPayUpPOBAHHOM JIUCKE yIia
BpalIEHUsl NPY>KHUHBI, CBSI3aHHONW C BHYTPEHHEH BTYJKOW, I[€ AAHHBIM YroJ 3aKpy4YHBaHUs
SIBJIIETCSI  TIPOTIOPLIMOHAJTIBHBIM ~ KPYTALIEMY MOMEHTY, (HOPMHPYEMOMY LEMEHTHPYIOLIEH
KOMIIO3ULMEN TPU NEPEMELEHUN HA BHYTPEHHEHN BTYJIKE.

Ilocne 3TOro BO3MOXHBIM SIBJISIETCSL OTCJICKUBAHUE U3MEHEHUS YyIUIa 3aKPYy4HUBAHUS AJIs
MPY>KUHBI, CBSI3aHHON C BHYTPEHHEW BTYJKOH, B COOTBETCTBUHU CO CKOPOCTBK) BpAaIEHUs
BHEIIHErO LIWJIMHJPA.

Kpome TOro, BO3MOXHBIM SIBJSIETCS NPOBEAEHUE HCIBITAHUS U LEMEHTUPYIOLIEH
KOMIIO3ULIMM HAa Pa30BOH OCHOBE B LEJSIX HENMOCPEACTBEHHOW OLIEHKH €€ BS3KOCTH MOCHe
pean3ay CMEUTMBAHUS [IEMEHTa C BOJIOH (TepBOHAYAIbHAS BA3KOCTh V1) MM MO UCTEUEHUH
Nepro/ia BEIACPKUBAHUS B COCTOSIHUM 1OKOsA B 10 MuHYT (BsizkocTh V2) npu Temneparype 23°C,
50°C umm 80°C m atMocepHOM MaBJIEHWH, COCTABIISIOIEM NPUOIM3UTENBHO 1 atmocdepy
(aT™.), IpU CKOPOCTH BPALIEHHUS IJIsl BUCKO3UMETpa 3 o0opoTta B MUHYTY (00./MUH).

Ha npaxTuke, B COOTBETCTBUM C YKa3aHUEM, NPEACTABJICHHBIM BbIIIE B HACTOSIIEM
JOKYMEHTE, CUMTAHHBbIC 3HAYECHUS SIBJIAIOTCS 3HAYCHMSIMHU YIJjla 3aKPY4YUBAHUs ISl MPYKUHBI,
CBSI3aHHOM C BHYTpeHHeN BTyJKoMH Bucko3uMeTpa Fann®35.

B tabnuue 8, npencraBieHHONW HUXKE B HACTOSIIEM JOKYMEHTE, MPOAEMOHCTPUPOBAHBI
pasnnu4Hble MOABEPTHYTHIE UCMBITAHUIO LIEMEHTUPYIOINE KOMIIO3ULUN U IIPUBEACHBI 3HAUYEHUS
yIJla 3aKpYYUBAaHUsA JJIs1 BHYTPEHHEH BTYJIKH, MPEICTABIAIOINE UX COOTBETCTBYIOLIUE BSI3KOCTH
V1 u V2 mpu 23°C, B Tabmuue 9 mNpOAEMOHCTPUPOBAHBI TOAOOHBIE LIEMEHTHPYIOIIHE
KOMIIO3ULIMU U 3HAYEHUs YIJIa 3aKPYYUBAHUS AJI1 BHYTPEHHEHN BTYJIKU, KOTOPbIE MPEACTABIISIOT
ux BsizkocTh npu S0°C, a B Tabnmue 10 mporeMOHCTPUPOBAHBI TE JK€ CaMble LEMEHTHPYIOIINE
KOMIIO3ULIUK, YTO W COOTBETCTBYIOIIME KOMIIO3MLUK W3 TaOnuUbl 9, W 3HAYCHHs yria
3aKpy4MBaHUs AJIsl BHYTPEHHEH BTYJIKH, KOTOPbIE MPEACTaBIAI0T UX BsA3kocTH mmpu 80°C.

B nmanHpIX Tpex Tabmmmax 8, 9 m 10 moxBepraeMble HMCMBITAHUIO LIEMEHTHPYIOIINE
KOMIIO3ULUN 3aBUCAT OT HCHOJB3YIOILIEroCs LIEMEHTAa M IJIOLAAN yAEIbHONH MOBEPXHOCTU IO
brefiny, BBIOpaHHOH JIs1 HIEMEHTA, a TAKXKE BBIOPAHHOTO COOTHOLIEHHUS BOJIA/LIEMEHT.

3HaueHus, ykasaHHble g Bsiskoctell V1 u V2, B n1aHHOM clydae SIBJISIFOTCS

HU3MEPCHHBIMU 3HAYCHUAMU YI'Jia 3aKpYUHBaHUA.
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Tabnuua 8
ITnomane

Lementn- Pcrombayio- | CooTHomeHue YACIBHOU Ilepeonauans-

pyiomas . TMOBEPXHOCTH Has BA3KOCTb Baszkocte V2

KOMITO3HIIHSL LIMKCA [IEMEHT | BOJA/IICMCHT 1o Brciiy V1
(1)

Compo5 Cement?2 0,41 4000 14 > 300
Compob Cement3 0,41 2200 6 21
Compo7 Cement3 0,41 3080 10 37
Compo8 Cement3 0,41 3470 13 38
Compo9 Cement3 0,41 3700 14 36
Compol0 Cement3 0,41 4100 18 58

Takum oOpasom, uementupyroomas komnozunus CompoS, copepskamas KaJbLHEBO-
amoMuHaTHbIH 1iemMeHT Cement2 NpPEIIECTBYIOLIErO YPOBHS TEXHUKH, XapakTepus3yercs
MEePBOHAYAJIIBHON BSI3KOCTBIO V1, KOTOpas sBJsSETCS MNPUEMJIEMON B LEISIX NOJYYEHUS
BO3MO>KHOCTH MPOBOANUTH C KOMIIO3ULUEN MAaHUITYJISILUU, TO €CTh, ISl Pa3MELLEeHMs], HAIIPUMED,
B pe3yJbTaTe MepeKauyrnBaHUs MPU HUCIOJIB30BAHUM HACOCOB, HO €€ BSA3KOCTb MO ucredeHuu 10
MUHYT SIBJII€TCS] BA3KOCTBIO TeJIMPOBAHHON LieMeHTupyroueil komno3unuu. CrenoBarenbHo,
KaK TOJBKO LeMeHTupyromas komrno3uust CompoS OyzneT ocTaBiieHa HEMOABMKHON B TEUEHHE
M30BITOYHOTO MEPUOZIa BPEMEHH, ¢ Hell Oouble y:ke Henb3si OyeT MPOBOIUTh MAHMITYJISILHH.
OT0 sABHsETCI B OCOOEHHOCTH KOMITPOMETHPYIOIIMM MOMEHTOM TPH  KEJATebHOCTH
nepeMenIeHusl TaKON LIEMEHTUPYIOIEH KOMMIO3ULUN NPU HUCMOJAb30BAHUM HACOCOB, YTO TOIZA
MPUBEIET K PUCKY MOSBJICHUsS NOBPEXKIAEHUS NPU Hadajle ACUCTBUN IOCIE BPEMEHHOIO HX
MpeKpalleHusl.

B nmpoTtuBONoNoKHOCTE 3TOMY, LIeMeHTHpYolue kommno3uuuu oT Compo6 no Compol0,
COOTBETCTBYIOIHE H300PETEHHUIO, SIBIISIOTCS B OCOOEHHOCTH BBITOAHBIMH TEM, YTO UX
NepBOHAYAIbHBIE BA3KOCTH V1 SBISIIOTCA HU3KMMHU (MeHbIIMMH, ueM 20), uto obnerdaer ux
TPaHCIOPTUPOBAHUE MPU HUCHOJB30BaHMM Hacoca. MxX BA3SKOCTP V2 MO HCTEYEHUU BPEMEHU
BBIJIEP’KUBAHMS B COCTOSIHUM TOKOSI TAKXKE€ OCTAETCsl NOCTATOYHO HU3KOHM ISl TOTO, YTOOBI MX
MO>KHO OBLIO OBl MEpeKaYnBaTh MPU UCTIONBb30BAHIUH HACOCOB.

Taxum 00Opa3oM, KMHETHKA OTBEPKACHHS LEMEHTHPYIOIIUX KOMITO3ULNH, COMepIKaInuX
KaJIbLINEBO-aFOMUHATHBIA LeMeHT Cement3, COOTBETCTBYIOIIMHA H300PETEHUIO, SIBISIETCS
HAMHOTO OoJjiee MEIUICHHOW TNpU TeMIlepaType OKpyXKawomed cpeapl B COTOCTABICHHH C
KMHETUKON OTBEPKAECHUs LIEMEHTUPYIOLINX KOMIO3ULUN MPEAIECTBYOIEr0 YPOBHS TEXHUKH,
YTO SIBJIAETCS MPEMMYLIECTBOM JUI  BAapHAHTOB NPUMEHEHHUs, KOTOpble TpeOyroT
MPOJOJIKUTENbHBIX MAHUITYJISILUN.

Kpome Toro, B Tabnuiie 8 Tak:ke MPUBOIUTCS YKa3aHUE HA PEAKLIMOHHYIO CIIOCOOHOCTH
KaJIbLINEBO-AJIFOMUHATHOTO Cement3, u300peTeHNI0, B

HEMCHTA COOTBETCTBYHOLLIECTO

COOTBETCTBUU C IUIOIIAJBI0 YAEIbHONW NOBEPXHOCTU MO bieliHy. JIeMCTBUTENBHO, Kak 3TO
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JIOJDKHO OBITh OTMEUEHO, 4eM B OOJblLIeH CTENeHH YBENIWYMBACTCS IUIOAAb YIAENbHOM
NOBEPXHOCTHU O brieitHy, TeM B OoJbLIeH CTENeHN YBETNUNBAIOTCS IIEPBOHAYANIBbHAS BI3KOCTD U
BSI3KOCTb TIOCJIE BBIIEPKUBAHMS B COCTOSIHMM MOKOs. Takum 0Opa3oM, KMHETHKA OTBEP KICHHS
YCKOpSIETCS TPU YBEJIMUYEHUH TUIOIIAAH YIEIbHOW MOBEPXHOCTH MO breiHy, uTto oToOpaxkaer
TOT (aKT, YTO HAMMEHBIIHNE 3€pHA TMOPOLIKA Jierde THAPATHPYIOTCS MOJ BO3AEHCTBUEM BOMBI,

IIOCKOJIBKY OHU XapaKTePU3YIOTCs OoJiee 3HAYUTENbHON PEeaKIIMOHHOCIOCOOHOH OBEPXHOCTHIO.

Tabnuua 9
ITnomane
Lementn- Hcrnomssyio- | CooTHomeHue YACIBHOU Ilepeonauans-
pyiomas 9 TMOBEPXHOCTH Has BA3KOCTb Baszkocte V2
KOMITO3HLIIS LIMKCA [IEMEHT | BOJA/IICMCHT 1o Brciiny Vi
(1)

Compol 1 Cement?2 0,48 4000 24 > 300
Compol2 Cement3 0,48 3470 13 67
Compol3 Cement3 0,48 4100 20 121
Compol4 Cement3 0,48 4400 27 145

Kak 310 MOKHO HaOIIIOAATh B PE3YJIbTATE COTIOCTaBICHHS TaOMHUI 8 1 9, mepBOHAYAIbHAS
BSI3KOCTh LeMeHTupyroomeid komno3uuun Compoll u3 Tabmuusl 9, conmeprkameil KajabLHUEBO-
amomuHaTHbIH LieMeHT Cement2 MNpeAlIECTBYIOIIETO YPOBHsS TEXHUKM, YBEJIMUMBAETCA MpU
YBEJIIMYCHUH TEMIIEPaTyphl Jake HECMOTPS HA COIEpPIKaHHE €10 OOJbIIEro KOJIWYeCTBa BOABI B
COIOCTABJICHUHU € TEM, YTO UMEET MECTO ISl MOJOOHOH LeMeHTupyroei kommo3unun Compos
u3 Tadaunsl 8.

Kpome Toro, xak u B ciaydae LemeHTupyomei komnozuiuu CompoS, Bsi3kocTs V2 1o
3aBepLIEHUHN May3bl s LHeMeHTupyromei kommnosuuuu Compoll Takke sBIsfeTCS M3JIHLIHE
CYLIECTBEHHON Ui TOJIy4€HUs BO3MOKHOCTHM WCMOJb30BAHUS JAAHHOW LEMEHTUPYHOLIEH
kommnozuiuu Compol1 B Hacocax 6e3 moOaBieHus K HEll 3aMeITUTENsT CXBAThIBAHUS.

Kpome Toro, uementupyromme kommosumuun ot Compol2 pmo Compol4,
COOTBETCTBYIOIINE H300PETEHHIO, XapaKTePU3YIOTCS HU3KUMH MEPBOHAYAIBHBIMH BS3KOCTSIMHU
V1 u BaskocTssMu V2 MO HUCTEUEHUM BPEMEHM MAay3bl, UTO BCE €LIE J1eJAeT BO3MOXHBIM HMX
MIPUMEHEHHE, a TAKXKE UX TPAHCIIOPTUPOBAHKE MPU UCIIOIB30BAHUH HACOCOB.

Kpome Toro, mpu mannoii temmneparype (50°C) miomanb yAeabHON MOBEPXHOCTH IO
Bbrefiny urpaer BasKHYIO pOJIb B OTHOLIEHUH BS3KOCTH: YeM B OOJIbIIEH CTETIEHN YBEJIUUNBAETCS

IUIOINAAb YIENbHOW moBepxHOCTH 1o bieliHy, TemM B OoJjbluell CTENeHW YBEIUYHBAETCS

BSI3KOCTD.
Tabmuna 10
LlemMeHTHpYIOMAS KOMIO3UIINS IlepBonavanpHas BA3KOCTD V1 Bsskocts V2
Compol ] > 300 > 300
Compol2 7 138
Compol3 14 195
Compol4 28 270
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Kak sTo nmpogemonctpupoBano B Tabmuue 10, mpu 80°C neMeHTupyomas KOMIIO3HIUS
Compoll, copepxamas KajiblMeBO-aTIOMUHATHBIN LieMeHT Cement2 mpenLIeCTBYIOLIErO
YPOBHSI TEXHHUKH, HE MOKET ObITh MCIOJIB30BAaHA, TIOCKOJBKY €€ BSI3KOCTh OyIeT Upe3BhIYaiiHO
BBICOKOM, KaK TOJIbKO €€ CMEIaloT ¢ BOJION.

IlepsonauanbHasg Bs3KOCTh V1 LEMEHTHPYIOIIMX KOMIO3ULUN, COAEPKALIUX LEMEHT
Cement3, COOTBETCTBYIOIIMH H300PETEHUIO, UMEET TOT K€ CaMbIil MOPSAOK BEJIUYHHBI IPH
80°C, uto u nmpu 50°C.

Opnako, yBenuueHHE TeMIlepaTypbl OKa3blBaeT BO3JEHCTBHE HAa BSA3KOCTH V2 10
UCTEUEHUH BpPEMEHM May3bl AN LeMeHTupyromux komno3uuuii ot Compol2 no Compol4.
JleliCTBUTENBHO, BSI3KOCTD I10 3aBEPIIEHHUH Tay3bl SIBHBIM 00pa30M YBEIHMUUBAETCS B AUANA30HE
ot 50°C mo 80°C, u 3T0 mpOUCXOAWT B TeM Ooybinedl Mepe, 4em OOJblei Oyner miomanb
yIeapbHOH TOBepxHOCTH 1o breliHy. D10 moarBepxknmaer TOT (pakT, 4YTO TeMmepaTrypa
OmaronpusATCTBYEeT NPOXOXKIACHHIO peakuud Mexay Bojgod u  nementom  Cement3,
COOTBETCTBYIOLIUM H300PETEHHIO.

3b. Buckosumerp ot komnanuu Anton Paar

Kpome Toro, moryr ObITh MpOBEOEHBI M JAPYrHe U3MEPEHHUs BSI3KOCTH NPU
UCTIOJIb30BAHNH BICKO3UMETpa (MJIH IJIACTOMETPA) OT KoMIaHuM Anton Paar.

Ha mpaxTuke, mnactomerp ot komnanuu Anton Paar o6osnavaror kak MCR 302®. On
cHaOxxeH vameir CC27 u TypOynuzaropoMm, UMEOIUM O MPSMBIX MPSIMOYTOJbHBIX JIONACTEH,
umermux 16 MuumMMeTpoB (MM) B BBICOTY U 9 MM B JJIMHY, BOKPYT Baja, UMEIOIIEro 4 MM B
auaMeTpe.

Bucko3umerp oT komnanuu Anton Paar nenaer BO3MOXHBIM OTCJI€KMBaHUE W3MEHEHUsI
BS3KOCTH B 3aBUCUMOCTU OT BPEMEHM IIPU 3aJaHHON TeMIlepaType, KOrja JONacTb BPaIaeTcs
NPU BBIOPAHHOM CKOPOCTH.

Jlnsg OCyLIecTBJIEHUsI 3TOrO IJIACTOMETP H3MepsieT B JAEHCTBUTEIbHOCTH KPYTALIUN
MOMEHT, TPUKJIAAbIBAEMbII LEMEHTUPYIOLEH KOMIIO3UIMEeH K JIOMAacTH MpU BpalleHUU B
YIOMSIHYTOM LIEMEHTUPYIOLIEH KOMIIO3ULIUU.

HsmepeHHBIT  KpyTSIIMHA  MOMEHT  IPEACTaBJsIeT  BA3KOCTb  LEMEHTHUPYIOLIEH
KOMITO3ULIUH.

B naHHOM ciydae OTCIEXUBAIM W3MEHEHHE J[JAaHHOIO KpYTSIero MOMEHTa B
3aBUCUMOCTH OT BpeMenu ripu 80°C, koria JomacTb co3AaBaia cKopocTsb capura 500 cex™ .

bnaronapst nonyueHHON KpUBOH BO3MOXKHBIM SIBJISIETCSI BO3BPAT K Hayayly CXBaTbIBaHMS,
a WMEHHO, K TaK Ha3blBAEMOMY BPEMEHU «TeJUIMpOBaHUs» (WM rejeoOpa3oBaHus),
COOTBETCTBYIOLIIEMY MECTOIOJIOKEHUIO HW3MEHEHHUs] HAKJIOHA KPUBOW, KOTOpPAasl MPEACTaBISAET

co00i1 3aBUCUMOCTD KPYTSIIEr0 MOMEHTA OT BPEMEHH.
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B cnenyrometi nanee Tabnmune 11 mapannenbHO MNPONEMOHCTPUPOBAHBI BS3KOCTH,

W3MEPEHHAasl MpPU HCMHOJb30BaHMU BHCKo3uMerpa Fann®35 mno wucredenun

10 mwuHyT

BBIJIEP’KUBAHMS B COCTOSTHUU TIOKOs1 (V2), 1 BpeMs resieo0pa3oBaHus U IBYX LIEMEHTHPYIOLINX

KOMITO3UIMH, COOTBETCTBYIOIIUX H300peTeHn0 u coaepkammx nemMeHT Cement3bis, u
LEMEHTHPYIOIIEe  KOMMO3WLUM  TPENLIECTBYIOLIETrO  YPOBHS  TEXHUKH,  COJEpIKalleit
noptnanauement CementRef.
Tabmuma 11
ITnomane Bpems
- i B ) -
Lemenrupy eromsayio- | Cootsomenne VACABHON SI3KOCTD V reaco0OpasoBa
Fornas uiics tonent | Bona/LeMeHT MMOBCPXHOCTH (Fann®35, HUS (MUHYTHI)
KOMIIO3ULIUS m 1 Aa/ o baeiiny 23°C) (Anton Paar,
(e 80°C)
Compol5 Cement3bis 0,41 3070 38 48
Compol6 Cement3bis 0,48 3070 25 77
CompoRef CementRef 0,44 3010 30 90
Kpome TOro, kak 3TO JIEMOHCTPUPYIOT  OSKCIEPUMEHTAJbHBbIE  PE3YyJbTATHI,
LEMEHTUPYIOIHUe KOoMMo3unuu, coxepkamue 1emeHT Cement3bis, cOOTBETCTByrOIIUI

n300pETEHUIO, SIBJISTFOTCSI MEHEE BA3KHMMH Ha KOPOTKUX MHTEPBAJIax BPEMEHH B COMOCTABJICHUH C
LIEMEHTUPYIOLIEH KOMIIO3ULIMEH, COAEpKallel CIpaBOYHbINA MOPTAAHALEMEHT.

Kpome Toro, nemeHTupyromue KOMOO3uUMu compolS u compol6, COOTBETCTBYIOLIUE
n300pETEHNI0, JEMOHCTPUPYIOT SICHOE M OBICTPOE CXBATBIBAHUE B COINOCTABICHHUH C TEM, UTO
umeer Mecro s kommosuiun CompoRef. 3arem sipko mposiBisieTcs W3JIOM HAaKIJIOHA
SKCMEPUMEHTAIIbHON KpHBOH Mexay (azol 3arymeHus u (a3oi CXBaTbIBAHUSL.

B 3axmouenne, Kak 3TO MOXKET ObITb OTMEYEHO, BpeMs rejieo0pa3oBaHMs 3aBHCUT OT
COOTHOIIEHHUS  BOAA/LIEMEHT, HCIHOJB3YIOUIErocs Ui LIEMEHTa, COOTBETCTBYIOLIETO
HU300pETEHUIO.

4/ I3smepenue Uit BbIIEIEHUS JKUIKOCTH

HsmepeHue ans BbIIENEHUS KUAKOCTH 3aKIIOYAETCS B ONPENEICHUH MacChl BOJBI,
KOTOpasi MOSIBJSIETCST HA IOBEPXHOCTH 3aJaHHOTO KOJIMYECTBA BOAHOW CYCIEH3MM IOCIHE
UMMOOHMITN3aLNH JTAHHOH BOAHOHN CYCIIEH3UN B TEUEHHE 2 HaCOB.

Bopa, xoTtopas NosiBisieTCs HAa MOBEPXHOCTH, NPUBOAUTCS B BUJE YPOBHS MPOLIEHTHOTO
comepxanus (%) mpu pacdere Ha MacCy IO OTHOIIEHHIO K COBOKYIMHOW Macce BOJBI,
no0aBIEHHON K BOJTHOM CYCHIEH3HH.

B nensx obecrieueHus: MpUEMIIEMOCTH BOAHOHN CYCHEH3HH C TOYKH 3PEHUS CTAaHIAPTOB
«Amepukanckoro HedrsaHoro wuHctutyta (AHM)» paspemeHHbI MakCHMaJbHBIH YpPOBEHb
MPOLICHTHOTO COAEP KaHMSI BBIIETUBIIEHCS BOABI cocTaBisieT 5,9%.

Ha npaktuke, n3aMepeHue AJis BBIAECNECHUS KUAKOCTH B JAHHOM CIllydae MPOBOAAT NPU

23°C B UMIMHIPUYECKOM KOHTEHHEPE BMECTUMOCTHIO 250 MIJUTHITUTPOB (M),
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B cnenyromeii nanee Tadnuue 12 npuBOAATCS YPOBHHU MPOLIEHTHOTO CONEPIKAHHS BOIBI,
BbIenuBIIeiics u3 Tpex komnozuuuit CompolS, Compol6 u CompoRef, nccnenoBaHHsIx BbIle

B HACTOALIEM JOKYMCHTC.

Tabmuma 12
ITmomane
LlemeaTupyiomas | Mcmons3yrormmii- CooTHotcHUE VACTbHOU Breraenusmmascs
KOMITO3HIIMS CS LIEMCHT BOJA/IIECMCHT MTOBEPXHOCTH 110 Boza (%)
Breitay (cm’.r™)
Compol5 Cement3bis 0,41 3070 1,0
Compol6 Cement3bis 0,48 3070 2.8
CompoRef CementRef 0,44 3010 4.8

B nmanHOM cny4ae AOMKHO OBITb OTMEYEHO TO, HYTO ILIEMEHT, COOTBETCTBYIOLIHIM
N300pETEHNIO, BBIIEAET JKUAKOCTh B MEHBLIEM KOJIMYECTBE, YeM CIIPABOYHBIN LIEMEHT, NaXke
npu Oojiee BBICOKMX COOTHOLIEHMSX BOAA/LIEMEHT, YTO SIBJIACTCS OJArONpHATHBIM JUIS
obecrieueHnst €ro COOTBETCTBHSI CO cTaHnapTamu nHctutyta AHU.

5/ MexaHu4eckoe COMpOTUBJICHHE

C npyroii CTOpOHBI, BO3MOXKHBIM TakKXe SBJSIETCSl MOJy4deHHE OLIEHKM KHUHETHKU
OTBEPXKACHUsI LIEMEHTUPYIOIIMX KOMIIO3MLMH M B pe3yjbpTaTe TMPOBEACHUs H3MepeHus
MEXaHUYECKOTO CONPOTHUBJIEHUS, JOCTUIaeMOIO OTBEP)KIEHHBIM KOHEUHBIM MaTepuajioM,
MOJIy4YEHHBIM TOCJIE POXOXKACHUSI peaKLIUU MEXy BOAOH U LIEMEHTOM.

Ha mpakTuke, LEMEHTHPYIOIIYIO KOMIIO3UIHMIO (POPMHUPYIOT B pe3yJIbTaTe CMEIIUBAHUS
BOJIbI C LIEMEHTOM, IOCJIE€ STOTO LIEMEHTHPYIOLIEeH KOMIIO3ULMHU Jal0T BO3MOXHOCTb OCTaBaThCs
B COCTOSTHHHM TTOKOSI B T€4eHHe 24 4acoB MpPU BBIOPAHHOH TeMmIepaTrype U BHIOPAHHOM JaBJIEHUH
70 TPOBENEHUs] W3MEPEHHs] MEXaHWYEeCKOTO CONPOTHUBJIEHHS B COOTBETCTBUHU CO CTaHIApPTOM
ISO 10426-1, clause 9.2.

B Tabmune 13 mponeMOHCTpUPOBaHBI 3HAUEHHUS] MEXAaHUYECKOTO COMPOTHUBICHUS IS
Tpex uemeHtupyrouux komnosuuuit Compol, Compo2 u Compo3 no ucreueHuu 24 4acos Mpu
37°C u armocdepnom pnasnennn (R1), mo mcreuennn 24 yacoB mpu 60°C u atmocdepHOM

nasnennn (R2) u no ucreuennu 24 yacos npu 110°C u naBnernn 20,7 meranackais (R3).

Mexanuueckue conporusienust R1, R2 u R3 nmpusoasarcs B meramackasx (Mlla).

Tabmuma 13
LemenTupyromas Mexanuueckoe Mexanuueckoe Mexanuueckoe
KOMITO3HIIHST conporusncHue R1 conporusneHue R2 conporusncHue R3
(MITa) (MITa) (MITa)
Compol 6,3 6.4 1.8
Compo?2 17.4 21,5 25,2
Compo3 0 0.8 23.6

Hauunas ¢ 37°C, mexaHuueckoe CONPOTUBIIEHHE, pPa3BUBAEMOE LEMEHTUPYIOIUMHU
xoMnosuuusamMu Compol u Compo2, conepkaliMMH KaJbLINEBO-aJIIOMUHATHBIE LEMEHTbI

Cement]l u Cement2, COOTBETCTBYIOLIME MpPENLIECTBYIOIEMY YPOBHIO TEXHHUKH, SBJAETCS
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CYIIECTBEHHBIM, UTO MOATBEPKAAET (PaKT MPOXOKISHHS PEAKIIMH IS JAHHBIX LIEMEHTHPYIOLINX
kommnosuiuit Compol u Compo?2 npu HU3KOU TeMrepaType.

Haobopor, uementupyromas kommosunus Compo3, conmepskamasi nemeHnt Cement3,
COOTBETCTBYIOLIUI N300PETEHHUIO, XapaKTepU3yeTCsl HYJIEBBIM MEXaHUYECKUM COIMPOTHBIIEHHEM
npu 37°C 1 pakTUYECKU HYJIEBbIM MEXaHHYEeCKUM conpoTusieHueM npu 60°C, 4To ykas3biBaeT
Ha O4YeHb HE3HAYUTENIbHYIO CTENeHb MPOXOXKIAEHUS peakLuy A JaHHOro neMmeHTta Huke 60°C.
Takum o0pazom, 3TO TOATBEpkKIAeT (PaKT ECTECTBEHHOTO 3aMEMJICHHSI PEaKUUU MEKIY
LIEMEHTOM, COOTBETCTBYIOIIMM H300PETEHHMIO, U BOJOH MNpPH TEMIIEPATypax, COCTABJISFOIINX
meHee, ueM 60°C, mpu OTCYTCTBHU MOTPEOHOCTH B NOOABICHUH 3aMEIIUTENS.

ITo ucreuenun 24 uacoB npu 110°C 3HaueHHUs MEXaHUYECKOTO COMPOTUBIIEHUS IS
nemeHTupyomux komnosuiuii Compol n Compo2 sBisiroTcst OoJiee 3HAUYUTENbHBIMH, YTO
TOKa3bIBaeT OoJiee ObICTPOE MPOXOKIACHNE PEAKLIUH ISl JAHHBIX HEMEHTHPYIOIINX KOMITO3ULUHI
IIpU JAaHHOM TeMIepaType B CONOCTaBIeHUN ¢ TemnepaTypoit 37°C.

IIpu 110°C uementupyromas kommnosuuuss Compo3 Takke pa3BHUBAET MEXaHUYECKOE
COTPOTHUBJICHHE, COCTABJAIONIEe MPUONM3UTENBHO IBAALATh Meramackaied. Takum obpasom,
NPOXOXKIACHUIO PEAKIMU MEXKIY LEMEHTOM, COOTBETCTBYIOIIUM H300pPETEHUI0, U BOJIOM
OIaronpUATCTBYIOT BBICOKHE TEMITEPATYPHL.

CrnenoBarenpHO, KaJbLUEBO-AIFOMUHATHBIN LIEMEHT, COOTBETCTBYIOLIUI H300pETEHHIO,
XapaKTePU3yeTCsl KUHETHKOW OTBEPIKICHHS, KOTOPYIO €CTECTBEHHBIM 00pa3oM KOHTPOJIUPYEMO
BBIJIEPKUBAIOT MPU UCTIOJIB30BAHUN TEMIEPATYPbl IPU OTCYTCTBUU MOTPEOHOCTH B HOOABJICHUH
3aMeIUTeNs.

Kpome Ttoro, mnpu 110°C wmexanuueckoe compoTusieHne R3, passuBaemoe
neMeHtupyromeit komnoszunuedi Compo3, conxep:kaiieil KajlbLMEBO-aJIOMUHATHBIA LIEMEHT
Cement3, COOTBETCTBYIOINHMIA  HW300PETEHUIO, SBISETCS  MOAOOHBIM  MEXaHUYECKOMY
COTIPOTHUBJICHUIO KaJIbL[HEBO-AIIOMUHATHBIX LIEMEHTOB, KOTOpbIE OOBIYHO HCHOJNB3YIOTCA U
W3BECTHBI Ha CErofHAHNN AeHb (npudmmurensao 20 Mlla).

IToaToMy OHO aganTHPOBAHO K MOJOOHBIM OONACTAM MPUMEHEHHSL.

6/ Bpemsi cxBaThIBaHUS U 3arpsi3HEHUE

6a. McnplTanne npu UCMONb30BAHUU UIJIbI Brka

Eme onHO wucmbiTaHne umeno neno ¢ 3pQPEeKToM OT 3arps3HEHUs NOPTIaHILEMEHTa
LIEMEHTOM, COOTBETCTBYIOLITNM H300PETEHHIO.

C nmaHHON 1LeNnpl0 NPOBOAMIM HM3MEPEHHE BPEMEHM CXBAaTbIBAHUS MJI Pa3IUYHBIX
LEMEHTUPYIOIUX KOMIIO3ULUH, KOTOpbIE COJep)KaT KakK MOPTIaHALIEMEHT, TaK U KaJbLUeBO-
AJFOMHUHATHBIN LIEMEHT.

B 3HAUCHUH, KOTOPOC TMOAPA3yMEBACTCA B HJaHHOM Cliydac, BpPEMs CXBaTbIBAHUA
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U3MEpSIOT B cOOTBETCTBUU co cTanaaproM ASTM C91 npu ucnons3oBanuu uriel Buka.

Hcneitanne no Buka 3akmodaercss B CMEIIMBAHUM BOJABI C LEMEHTOM B LEJSAX
¢bopMupOBaHHUS LIEMEHTHPYIOIIEH KOMIIO3HMLWH, IMOCJE 3TOr0 Oo0ecredeHuH il Uribel Buka
BO3MO>KHOCTH BXOJUTH B LEMEHTUPYIOIIYI0 KOMIO3ULIUIO, KOTOPAasl SABJISIETCS CTATUYHOM, depes
peryJjsipHble WHTepBajbl BpeMeHH. Jlo TeX mmop, Moka urja OyAeT ONyCKaTbCs 1O IHA
LEMEHTUPYIOIEH KOMITO3UIMH, OyIeT CUUTAThCs TO, YTO BPEMsl CXBATbIBAHUS HE OBLIO
JIOCTUTHYTO, KaK TOJBKO OHA OyZI€T OMyCKaThCs MPU OTCYTCTBUH BO3MOXKHOCTH JIOXOXKIASHHS 10
IHA LEMEHTHUPYIOIEH KOMIIO3UIINH, BPeMsI CXBAThIBAHHS OyI€T TOCTUTHYTO.

IlosToMy, Ha MpakTHKE, BpeMsi CXBATbIBAHHUS COOTBETCTBYET HPOAOJLKUTEIBHOCTH
MepUOAa BPEMEHH, KOTOPBIN MPOIIES MEKIY MOMEHTOM CMELINBAHMS LIEMEHTA C BOJOM B LEJAX
(bopMupOBaHHS LIEMEHTHUPYIOIIEH KOMIO3ULUHN B YKUAKOM COCTOSHUM M MOMEHTOM Iepexona
LEMEHTHPYIOIIEH KOMIIO3UIUU B COCTOSIHUE, KOTOPOE SIBJISIETCST AOCTATOYHO TBEPABIM, TAK YTO
uria Buka MokeT nmpoiiTu uepes Hee He MOJIHOCTBIO, a TOJIBKO YaCTUYHO Tpu Temneparype 23°C
u arMocepHoM maBneHnH (1 aTm.).

B Tabnuue 14, npeacTaBiIeHHON HIKE B HACTOSIIEM JOKYMEHTE, IPOJEMOHCTPUPOBAHBI
BpEMEHA CXBATbIBAHUS B MUHYTaX Ul Pa3JIMUHbIX LIEMEHTHPYIOLUX KOMIIO3ULINH, COep KaluX
ONPENENCHHYI0 OO KaJIbLMEBO-ATIOMUHATHOIO LIEMEHTA, CMEIIAHHOIO ¢ MOPTIAHALEMEHTOM.
Hcnonp3yromumces: NOPTAAHALEMEHTOM SIBJISIETCS. MOPTIAHALEMEHT, OTHOCAIIUNCA K Kiaccy H.

B nanHol Tabmume 14 ypOBHM TPOLIEHTHOTO CONEPXKAHHS MPENCTABISIOT MacCy
100aBJIEHHOTO KAJBLIHEBO-AIFOMUHATHOTO [IEMEHTA 110 OTHOIIEHHUIO K COBOKYITHON CYXOH Macce
UCTIOJIB3YIOLIErocst LeMeHTa. TakuM o0pa3oMm, MaTepual, IOTONHSIOUIMA Ui JTOCTHXKEHHS
100%, cooTBETCTBYET Macce MOPTIAHALIEMEHTA, CONEPIKAIIerocss B COBOKYITHOM CyXOil macce
LIEMEHTA.

Coortromienne Boga/mieMeHT cocrapysier 0,38, TO eCTh, Macca HCIONB3YIOUIEHCS BOMbI

npencrasisier coboi 38% OT COBOKYITHOM CyXOH MacChl HCTIOJB3YIOIIEroCs [IEMEHTA.

Tabmuna 14
I/Icnonbsyfomnﬁcsf KaIbIUEBO- 0% 50, 89 15%
ATIOMUHATHBIU ONCMCHT
Cementl1 400 310 220 20
Cement2 400 190 45 10
Cement3 400 340 320 300

B tabnuie 14 npoxeMOHCTPUPOBAHO BO3ICHCTBIE HA BPEMSI CXBATHIBAHUS, OKA3bIBAEMOE
3arpsi3HEHUEM NOPTAAHALEMEHTA KaIbLHEBO-AIFOMUHATHBIM LIEMEHTOM.

B cootserctBuu ¢ Tabnuimeit 14 xkanpumeBo-amoMuHATHBIE IeMeHThl Cement]l wu
Cement2 npeamiecTBYOIIEro YPOBHS TEXHUKH JEMOHCTPUPYIOT CYLIECTBEHHOE BO3ICHCTBHE HA
BpEMsl CXBATBbIBAHMS HCHOJIB3YIOLIErOCsd MOPTJIaHALEMEHTa. JleMCTBUTENBHO, B TO BPEeMs Kak

OIWH TOJIbKO TOPTJIAHALEMEHT, COOTBETCTBYIOIIMH MEPBOMY CTOJOLY, XapaKTepH3yeTcs
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OTHOCHUTEJIBHO MPOJOJIKUTEIBbHBIM BPEMEHEM CXBaTbIBaHUs, KOTOpoe cocrasisieT 400 MuHYyT,
BpeMsl CXBATBIBAHUs, HaOmomaeMoe aist cMecu ¢ 15% KaJablHeBO-aFOMHHATHOTO LIEMEHTa
Cementl u Cement2, siBisieTcss Ou€Hb KOPOTKHM (COOTBeTCTBEHHO, 20 m 10 MuHyT). DTO
O3HayaeT CBEPXOBICTPOE MPOXOXKIAEHHE peakud Il LEMEHTHPYIOIIeH KOMITO3ULHH,
coaepkalled NOPTIAAHALEMEHT U KaJbLIMEBO-ATFOMUHATHBIN IEMEHT MPEALIECTBYOLIEro YPOBHS
TEXHUKH, YTO MPEeNOTBPALIACT HCHOJb30BAHHE TAaKOW LIEMEHTUPYIOLIEH KOMIO3ULIUU IS
obyacTeil MPUMEHEHHsI, KOTOpble TPEeOYIOT MPONOJDKUTENbHBIX peanusauuii. I[losTomy Takue
LEMEHTUPYIOIHE KOMIIO3UIIMM HE MOTYT OBITh HCIOJIb30BaHbl B OOJACTSAX NPUMEHEHHS,
OTHOCSILITUXCS], HAITPUMEP, K THUIY OyPSIIIUXCA CKBAYKUH.

B mpoTHBOMONOXKHOCTE 3TOMY, 3arpsA3HeHHe MNopTiaHaleMeHTa LeMeHToM Cement3,
COOTBETCTBYIOIIUM M300PETEHUIO, OKa3bIBAET TOJIbKO OU€Hb HE3HAYMTEIBHOE BO3ICHCTBUE MPH
TEMIIEpAaType OKPYKAIOIIEeW cpeAabl HA BpeMs CXBATbIBAHUS LEMEHTUPYIOLIEH KOMIIO3ULUU.
JleicTBUTENBbHO, BpeMsl CXBaTbIBAHUS LIEMEHTHPYIOIIEH KOMIIO3ULUH, coaepxaiied 15%
nementa Cement3 u 85% mnoprnanauneMenrta, cooTBeTcTByeT 75% OT BpeMEHH CXBaTbIBAHUS
LEMEHTHUPYIOIIeN KoMIo3uuuy, coaepskamei 100% noprnaHaueMenTa.

CnenoBarenbHO, NpUMEHEHHE  KalbLUeBO-atoMUHATHOro  nemeHra Cement3,
COOTBETCTBYIOLIETO M300PETEHUI0, 00JIeryaeTcss B COTIOCTABIEHHUH C TE€M, YTO UMEET MECTO IS
OPYTUX KaJbLHEBO-AIIOMUHATHBIX IIEMEHTOB, TE€M, 4YTO OTCYTCTBYeT NOTPeOHOCTh B
0e3ynpeyHOM OYHINEHHH YCTaHOBOK IO IOCTW)KEHHS BO3MOXKHOCTHU HCIIOJIb30BaTh IAHHBIE
YCTaHOBKH AJIs1 MOPTJIAHALEMEHTA.

6b. UcnplTaHne MpH NCIIOIB30BAHMH IIACTOMETPA OT KoMmnanuu Anton Paar

Kpome TOro, npyrue HCHBITAaHUS CAENATd BO3MOXHBIM H3MepeHue sd¢ekra oT
3arpsi3HEHHsT  TOPTJIAHALIEMEHTa ILIEMEHTOM, COOTBETCTBYIOIUMM H300pPETeHHIO, WJIH OT
3arpsiI3HEHMS IEMEHTA, COOTBETCTBYIOIIETO H300PETEHUIO, TOPTIAHALEMEHTOM.

JlaHHbIE  HCHOBITAHUS  3AKJIIOYAIOTC B OTCJIEXKUBAHMM  KPYTALIErO  MOMEHTA,

NPUKIAAbIBACMOTIO HEMECHTHPYIOLMUMH KOMIIO3UIIUAMMA K JIOTIACTU ILTACTOMETPA OT KOMIIAHUU
1

2

Anton Paar, Bpamaroimeiicsi mpu nocTosiHHON ckopocTu casura S00 cek” *, B 3aBUCUMOCTH OT
Bpemenu npu 20°C unu 80°C.

ITonyuennass KpuBas 7ejaeT BO3MOXHBIM H3BJE€UeHHEe WHGOPMALM O BPEMEHH
reneoOpaszoBanus (TakuM 00pa3oM, Kak 3TO pa3bsCHseTcs B MyHKTe «3b. Buckosumerp ot
koMnaHuu Anton Paary, mpeacTaBieHHOM BBIIIE B HACTOSLIEM JOKYMEHTE).

IlonyuyeHHass kpuBas Takke AeNaeT BO3MOXKHBIM OIpefesieHHe IMPOJOJDKUTENbHOCTH
Nepruosia BPEMEHH, MPOXOIAIIEro MeXAy (POpMHpPOBaHMEM IIEMEHTHPYIOLIEH KOMIO3UIMU H

MOMEHTOM JOCTUKEHHUsI KPYTSIIUM MOMEHTOM 4 MH. M.

I[aHHaSI NPpOAOJIKUTCIIBHOCTE NEpUOAa BPEMCHH JOCIa€T BO3MOKHBIM IIOJYYCHUC
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KOJIMYECTBEHHOW OLIGHKH «BPEMEHH CXBaTbIBAHUA» LEMEHTUPYIOIIeH KOMIO3ULUU. ITO
3HaY€HHE JAHHOTO BPEMEHM CXBATBIBAHHS, KOTOpPOE HEOOS3aTeIbHO PABHO 3HAYEHHUIO BPEMEHU
CXBaTbIBAHUS, UI3MEPEHHOI0 IIPU UCIOJB30BaHNHN UCTbITaHUA N0 Buxka.

JiA TaHHOTO M3MEPEHHUs] UEMEHTHPYIOIUE KOMIIO3ULUHU MOJIYy4YarOT CIEAYIOIIUM Jajiee
obpazom: 100 r nemeHTa cMeumnBarOT ¢ 44 T BOABI (TO €CTh, IPU COOTHOLIEHUH BOJAA/LIEMEHT
0,44) mpu wmcronmp3oBanun cmecurenst Rayneri Turbotest B Teuenme 15 cexynm mpu 1000
obopoTtax B MUHYTY, nocie 3Toro B TeueHne 120 cexyna mpu 3300 o6opoTax B MUHYTY.

B Tabnuue 15, npeacTaBieHHON HUKE B HACTOSIIIEM JTOKYMEHTE, MPOIEMOHCTPUPOBAHBI

MOJYYCHHBIC PE3YJIbTAThI.

Tabnuua 15
Hcrnoneayromuecs 1ieMEHTH Bpewms, nzmepennoe npu 20°C
CimentRef Cement3bis Cement?2 20°C

o o o reneobpa3oBaHue CXBATBIBAHHUC
(%) (%) (%) (vizts) (virH)

0 100 0 420 420

10 90 0 420 420

25 75 0 190 260

90 10 0 420 420

90 0 10 10 10
100 0 0 420 420

B nannoli Tabauue 15 ypoBHHM NMPOLIEHTHOTO COAEPKAaHUS MPUBOMAATCS MPHU pacdeTe Ha
MAaccy MO OTHOLIEHHUIO K COBOKYITHOI Macce LieMeHTa.

B cnyyae 3HaueHHMs BpeMEeHU Teneo0pa3oBaHUs W/MIM BPEMEHH CXBAaTbIBAHMS,
cocrapystromero 420 MUHYT, 3T0 OyeT O3Ha4aTh MPEKPAIleHHE SKCIIEPUMEHTA IO MPOXOKISHHS
Ui MaTepuana reneoOpasoBaHMs WJIM CXBaTblBaHUS. B HaHHBIX Ciydasix BpeMeHa
reieoOpa3oBaHUsl U CXBATHIBAHUSI B JEHCTBUTEILHOCTH COCTaBIISIIOT HAMHOTO Oouee, yem 420
MUHYT.

Kak 310 mommxHO ObITH OTMEUEHO, B Cllydae 3arpsi3sHeHus nopmiaHaneMenta CimentRef
npu UCTHOB30BaHUM BIUIOTh 10 10% memenTta Cement3bis, COOTBETCTBYIOIIETO M300PETEHUIO,
npu 20°C Ha BpeMeHa reixeoOpa3oBaHUs U CXBAThIBAHUS BO3ICHCTBHE OKA3bIBAThCS HE OYAET, TO
€CTb, OHU SIBJSIFOTCA MOJOOHBIMH COOTBETCTBYIOIIMM XapaKTEPUCTHUKAM, IOJYYEHHBIM IS
OJTHOTO TOJIBKO mopTiananementa CimentRef.

B mpoTHBOMONOXKHOCTE 3TOMy, B Cllydyae 3arps3HeHMs] NOPTJIAaHALEMEHTa IpU
ucnosnp3oBaHun 10% nementa Cement2 mpenlecTBYIOIEro ypoBHA TexHuUku mnpu 20°C
BpPEMEHA CXBAThIBAHMS U Teje00pa30BaHUsl KapAHMHAIBHO YMEHbIIATCS: OHU 00a cocTassitor 10
MUHYT.

Kpome Toro,

B chydae 3arpsisHeHuss nemeHnta Cement3bis, cooTBeTcTByrOIIETO

n300peTEeHNI0, TIPH UCTIOJIB30BaHNH BILUIOTH 10 10% mnoprinarauementa CementRef mpu 20°C Ha



43

BpPEMEHa reyieo0pa3oBaHUsl U CXBATBIBAHUS BO3JEHCTBHUE OKAa3bIBaTbCs HE OYyAET, TO €CTh, OHH
SIBJIIFOTCS] TOJIOOHBIMH COOTBETCTBYIOIUM XapaKTEPUCTHKAM, TOJTyYEHHBIM JUISl OJHOTO TOJIBKO
uementa Cement3bis.

B cnyuae 3arpssHenns nementa Cement3bis, COOTBETCTBYIOIIErO H300PETEHHIO, NPHU
ucnoib3oBanuu 25% noprnannuementa CementRef Bpemena reneoOpa3zoBaHus U CXBaTbIBAHHS
OCTAaHYTCS YIOBJIETBOPUTENBHBIMU. OHH COCTABJISIIOT, COOTBETCTBEHHO, MpuOMu3uTeapbHo 190
MHUHYT U 260 MUHYT.

B cBsi3u ¢ 5TUM, NpUMEHEHUE KalblMeBO-aJIOMUHATHOIO LIEMEHTA, COOTBETCTBYIOLIErO
n300peTeHnio, 00erdaercst Ipu TeMIIEPaType OKPYIKarOIIeH CpeIbl B COMTOCTABICHUHN C TEM, YTO
UMEeT MECTO [UIsl LIEMEHTOB MpPELIECTBYIOLIEr0 YpPOBHS TEXHUKH, TE€M, YTO OTCYTCTBYET
noTpeOHOCTh B OYMINEHWU YCTAHOBOK IOCJE MJIM IO MCIOJB30BAaHMS MAHHBIX YCTAHOBOK C
MOPTJIaHLEMEHTOM.

7/ CteneHb rufpaTaluu

IlocnenHee ucnplTaHHE 3aKIIOYANIOCh B OLIEHKE BO3JEHCTBUS TeMIEpaTypbl Ha CTENEHb
runparannn nementa Cement3, COOTBETCTBYIOIIETO U300PETEHUIO.

JlaHHOE€ WCHBITAHWE HMEET B CBOEH OCHOBE HAONIONEHHMS TIPU HCIOJB30BAHHUU
CKAHUPYIOLEro  3JIGKTPOHHOTO  MHUKPOCKOMA,  JIENAIoLero  BO3MOXHBIM  3JIEMEHTHbIN
XUMHYECKHH aHAJIN3, a TAaKXKe M3MEPEeHHs U(PaKIUN PEHTTEHOBCKOTO M3JIYYEHHUs, UYTO JeNaeT
BO3MOJKHBIM KOJINYECTBEHHOE OIpeeIeHHe MHHEPATOTHYECKHX (a3 B COOTBETCTBUU C METOJIOM
Putsenbpa.

Ha npakrtuke, nemeHTupyromyo kommnosunu CompolS dopmupoBanu B pes3yibTaTe
CMeIINBaHUs BOAbI ¢ ieMeHToM Cement3, COOTBETCTBYIOIIUM H300PETEHUIO, TPH COOTHOLIEHUU
Boga/miement 0,44, To ecTh, TakuM 00pa3oM, 4TOOBI BoJa cocTaBisuia Obl 44% mpu pacdere Ha
MacCy MO OTHOUIEHHUIO K COBOKYIMHOM CyXOH Macce LIEMEHTA.

Hementupyromyro kommosunuro Compol6 Takke QopMHpoBaid B pe3ysbTare
cMemMBaHus BoAbl ¢ LeMeHTOoM Cement2 mpenuIeCTBYIOLIEIO YPOBHA TEXHUKU IpU
COOTHOIIEHUH Boja/1ieMeHT 0,44.

ITocne atoro nanHele nemeHtupyrouue komrnosumu CompolS u Compol6 noasepranu
UCTIBITAHUIO Ha AU(PAKIUIO PEHTTeHOBCKOIO HU3JIYYeHMs, KaK TOJBKO OHHM ObLIH
copmuposansl, (D1), mocne oTBEpPKACHUS, TO €CTh, BBIAEPKUBAHHUS B COCTOSIHUU TOKOS NPH
23°C B Teuenue 24 yacos, (D2), mocne mpeObiBaHHS B aBTOKJIABE B TeueHUE 24 4acoOB IpH
120°C, (D3), n mocne npeObiBaHMs B aBTOKJIaBe B TeueHue 24 yacos npu 180°C (D4).

Pe3ynbraThl JaHHOTO HUCHBITAHHUS HA AUGPAKIHIO PEHTTEHOBCKOTO H3JIyYEHHS NENA0T
BO3MOKHBIM NOJY4€HHE OLIEHKH YPOBHs IIPOLIEHTHOTO COAEP KaHUS KaXA0H MUHEpaJIoruieckon

¢a3bl, mpucyTcTByIOIIEH B HeMeHTHpyromux komnosunusax Compol5 u Compol6, a Takxke
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OCTaromIeicss CBOOOIHONW BOJBI MPH pacueTe Ha MacCy IO OTHOLIEHHIO K COBOKYIHOW Macce
nemMeHTupyromen kommnosuuun CompolS5 B cooTBercTBUU ¢ 00pabOTKOH, KOTOpOI OHU ObLIH
MO/IBEPIHYTHI.

PesynpraThl Takke [€7al0T BO3MOXKHBIM IOJYy4Y€HHME OLIEHKH YPOBHSI IPOLIEHTHOIO
COJZlep>KaHUsl TMIPAaTOB, MOJYYEHHBIX B XOJ/l€ PeaKLUU THApaTaluy MeXIy BOAOH U LleMEeHTaMu
Cement3 u Cement2, B COOTBETCTBUH C Pa3IMYHBIMHI 00pabOTKaMH, KOTOPbIE OBLIH MPOBEACHBI.
IuppaTel npeacTaBasOT cOO0H COeMMHEHUs, OJTyUYeHHbIe MKy BoAo# (0bo3Havaemoli kak H)
U TUAPATUPOBAHHBIMU XUMHUYECKUMH COEIUHEHUSIMH, MPOUCXOASIINMU U3 MUHEPAJOTrHYeCKUX
(a3, mepBOHAYAIBLHO COAEPIKALTNXCS B HCCIIEOBAHHBIX LIEMEHTAX.

I'oBOpst ApYrMMH CIIOBaMH, Pe3yJbTaThl HCHBITAHUS HAa AUQPAKLIHIO PEHTTEHOBCKOTO
U3Jy4eHHUs JeNal0T BO3MOXKHBIM MOJIydYEHHE OLIEHKU CTENEeHU IMApaTallii MUHEpPaJorn4ecKux
¢da3 muementa Cement3, cooTBeTcTByOmEro wu3obperenuto, wiu 1emeHta Cement2
MPELIECTBYIOLIEr0 YPOBHS TEXHUKH B COOTBETCTBUHU C TEMIIEpaTypOH.

Tepmun «cBoOOnmHas Boma» 00O3HAUAET BOAY, KOTOpas HE 3alCHCTBYETCS B CBS3SX C
HMOHAMHU, MPOUCXOMALTUMH U3 PA3IMYHBIX THIPATHPOBAHHBIX MUHEPAJOTHUECKUX (a3, TO €CThb,
KOTOpas y)X€ He MPUHAJIeKUT MOJy4YeHHOMY Truapary. ['oBops Apyrumu cioBamH, 3TO BOJAA,
KOTOpast BCE eIle SIBJIICTCS NOCTYIHOHN Ui TMPOXOXAEHUs peakuuu (WM TUApPATAlH) C
0e3BOTHBIMH MHUHEPAJIOTHYECKUMU (Pa3aMu, KOTOPBIE BCE €I CYLIECTBYIOT.

B tabmuuax 16 u 17 «xapyras» ¢asza rpynmupyer BMeCTe BO3MOXKHBIE PUMeCH (OKCHI
xene3a FexOs, nnokcun tutana TiOz, tpuokcua cepsl SO;, okenn marHus MgO U 1mesovHble
COEIIMHEHUSI).

B Tabnuue 16, npeacTaBIeHHON HUKE B HACTOSIIIEM JTOKYMEHTE, MPOIEMOHCTPUPOBAHBI
pe3yJibTaThl WUCHBITAHUS HAa OUQPPAKLIUI PEHTIEHOBCKOTO M3JIYYEHHUs, a HMEHHO, YPOBEHb
NPOLIEHTHOTO  CONEpPKaHHMs KKAOH MHMHEpaJormyeckol (assl M KaKAOro TIUApara,
NPUCYTCTBYIOLIETO MOCHE KAXKI0H 00paboTKH, MPOBEAEHHON AJISl IEMEHTHPYIOIIEH KOMITO3UINN
Compol5.

B rtabmune 17 mnponeMOHCTPUPOBAHBI pPE3YJBTATBI WCIBITAHUS Ha AH(PaKIHUO
PEHTTEHOBCKOTO H3JIYYEeHUs TMOCHe Kakaou oOpadOTKU, MPOBEACHHOW M LEMEHTHPYIOIeH

kommno3uiuun Compol6.

Tabmuma 16

dasn D1 D2 D3 D4

CA2 39% 36% 0% 0%
C2AS 20% 20% 14% 11%

Hpyrue 10% 8% 8% 8%
Csoboanast BOaa 31% 26% 16% 19%
CAHI10 0% 6% 0% 0%
C3AHS6, xarour 0% 0% 27% 22%
C3AS(3 — x)H4x, rubuut 0% 0% 0% 7%
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AH3, rub6cur 0% 4% 14% 0%

AH, 6emur 0% 0% 21% 33%

B Ttabmuue 16 «apyras» daza Ttaxke comepxur (asy CA. [awnas ¢aza CA
NePBOHAYAIBHO MPUCYTCTBYET BO BPEMsI TIOJIYUEHUSI CMECH MEKAY LIEMEHTOM cement3 U BOJOU
(cronberr D1) u oTcyTCTBYET B cMecH Mo uctedennn 24 dacos peakunu (ctondus D2, D3 u D4),
MIOCKOJIBKY OHA TIOJTHOCTBIO BCTYIAET B PEAKIIMIO C BOJIOHM BHE 3aBUCHIMOCTH OT TEMIIEPATYPHL.

Crpoka «[Ipyrue», kpome Toro, comep:xkut (asy CA6. B manHom ciydae dasza CA6
cocrasysier 2,3% (Macc.) ot Bcex (a3, comepikamuxcs B kommosduumu CompolS5 BO Bpems
madpakun, D1, 2,6% (macc.) oT Bcex (a3, comepKaliuxcs B JAHHOW KOMITO3ULIIMHU BO BPEMsI
mudpakun, D2, 2,2% (macc.) ot Bcex (a3, coaep:Kauxcsi B JTaHHOH KOMITO3WLIMA HA MOMEHT
mudpakun, D3 u 2% (macc.) ot Bcex ¢a3, comepkaluxcs B JAHHOH KOMIO3HLIUNA HA MOMEHT
mudpaxiun, D4.

Kak s3To nponemMoHcTpupoBaHo B Tadnuue 16, mepsast 1 BTopasi MUHepajorudaeckue (aspl
CA2, C2AS BCcTynaroT B peakL{I0 B HE3HAUUTENbHOMN CTENEeHH, Jake COBEPLIEHHO HE BCTYIAOT,
ke 120°C.

Onnako, nepsas muHepanorudeckass (aza CA2 MONHOCTBIO BCTYMAET B PEAKLHIO CO
120°C. T'oBopst mpyrumu cioBamu, HauuHas co 120°C, mepBas munepasnoruueckas ¢asza CA2
MOJTHOCTBEO TUAPATHPYETCS MO/ BO3ACHCTBUEM BOABI.

Bropas munepanorudeckast paza C2AS Bcrymaer B peakuuto, HaunHasi co 120°C, Ho oHa
SIBJISIETCS. MEHEe PEaKIMOHHOCTIOCOOHOW B COMOCTABJIEHUU ¢ TIEPBOM MUHEpaJorudeckoi ¢a3oi
CA2.

Takum 00pa3oM, peakIMOHHOW CIOCOOHOCTH mepBOH MuHepajormueckoir ¢aser CA2
TeMIepaTypa OnaronpusTCTBYET B MEHbIIEH CTENEHH B COMOCTABICHUHN C TEM, YTO UMEET MECTO
Uil ONaronpHATCTBOBAHUS PEAKLMOHHOW CIOCOOHOCTH BTOPOHW MHHEPAJOrHM4YecKon (ha3bl
C2AS.

@aza CA6 He BCTymaeT B PEAKIHMIO BHE 3aBHCHMOCTH OT TEMIEPaTypbl, MPH 3TOM

Bapuannu COCTaBa MPUINCHIBAOTCA MOTPCIIHOCTAM, IPUCYIIUM METOAY U3MEPCHUS.

Tabmuma 17

daszbt D1 D3 D4

CA 40% 0% 0%

CA2 27% 0% 0%

Hpyrue 2% 0% 0%
Csoboanast BOaa 31% 2% 11%
C3AHS6, xarour 0% 45% 44%

AH3, rub6cur 0% 41% 0%
AH, 6emur 0% 12% 45%

ITpu conocrapnennn Tabmui 16 u 17 nomwkHO ObITh OTMeYeHO TO, uTo ruapatel C3AHG,

AH3 u AH, oOpasyrommecss B pe3ynpTare MPOXOKASHHUS PEAKIMH THAPATALNH KaJbIIHEBO-
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amoMuHaTHOro HemeHta Cement2 NpenIecTBYIOMIErO YPOBHS TEXHHMKH IO7 BO3AEHCTBHEM
BOJBL, Takxke OOpa3ylOTCs M B Pe3yJbTaTe MNPOXOKIACHHS PEAKIHH THAPATALMH KaJbLHEBO-
amoMUHATHOTO ieMeHTa Cement3, COOTBETCTBYIOIIETO H300PETEHHIO, IO BO31EHICTBUEM BOJIBL.

Kpowme Toro, B Xoa€ peakuuy rHapaTaliy KaJblIMeBO-aJFOMHHATHOTO IleMenTa Cement3,
COOTBETCTBYIOLIETO HM300pPETeHHIO, TMOJA BO3NEHCTBHEM BOXBI Takke oOpasyercs u
nonoyiauTenbHbIN Tuapat C3ASs - wHax

Takum 00pazom, Kak 3TO AEMOHCTPUPYET MPHUCYTCTBHE OJHUX U TE€X XK€ THAPATOB B
OTBEP)KICHHOM KOHEYHOM MarepHaje, MOJyYEeHHOM H3 KaJbLIMEBO-ATFOMHHATHOTO LIEMEHTa
Cement2 mnpeAmecTBYIOIIErO YPOBHS TEXHMKH, U B OTBEPKICHHOM KOHEUYHOM MarepHale,
MOJIyYUEHHOM M3  KalbliMeBO-aloMUHAaTHOro 1nemeHta Cement3, COOTBETCTBYIOLIErO
n300pETEHNIO, XapaKTEPUCTHKN XUMHUYECKOH CTOHKOCTHU JJISl JAHHBIX OTBEPXKACHHBIX KOHEYHBIX
MaTepHaJIOB SIBIISTIOTCS TTOAOOHBIMH.

CrnenoBarenpHO,  LIEMEHT, COOTBETCTBYIOLIMH  H300PETEHHIO,  E€MOHCTPUPYET
XaPAKTEPUCTHKH XUMUUECKOH CTOHKOCTH, OJOOHBIE COOTBETCTBYIOLINM XapaKTEPUCTHKAM YKe
U3BECTHBIX KaJIbIIEBO-AJIFOMIUHATHBIX LIEMEHTOB.

Taxum 06pa3om, Kak 3TO AEMOHCTPHPYIOT BCE MTPOBEACHHBIE SKCIIEPUMEHTBI, KaJIbIIHEBO-
ATIOMUHATHBIA IIEMEHT, COOTBETCTBYIOIIUN H300PETEHUIO, XapaKTEePH3YeTCsl MEIIEHHOM
KWHETHKOW OTBEPKACHUS MPU TEMIIEpaType OKPY KAIOWIEH Cpebl, UTO AENaeT BO3MOXHBIM €ro
UCTIOJIb30BaHUE 0€3 3aMEeTUTENS CXBAThIBAHMSI.

JlaHHasT KWHETHKAa OTBEPXKAEHUS MOXET OBbITh IOACTPOEHA B COOTBETCTBHHU C
TeMIIepaTypoli W B pe3yjibrare BbIOOpa OTHOCUTENBHOW JOJHM TEpPBOM H  BTOPOH
muHepanorudeckoit gpaset CA2, C2AS.

Kpowme Toro, pu Temnepatype OKpyKaroLei cpeabl KaJblIHeBO-aJFOMIUHATHBINA [IEMEHT,
COOTBETCTBYIOIIUI H300PETEHHIO, XapakTepU3yeTCss HU3KOH CIMOCOOHOCTBIO 3arpsi3HEHUS B
OTHOIIEHUH MOPTIAHALIEMEHTOB.

B 3aknrodyeHue, MexaHHUECKHE CBONCTBA OTBEPXAEHHOIO KOHEYHOIO MaTepuala,
MOJIY4EHHOTO M3 KaJbLIMEBO-aJFOMHHATHOTO LEMEHTa, COOTBETCTBYIOIIEr0 H300PETEHHIO,
SBJIIIOTCSL TIOJOOHBIMH ~ COOTBETCTBYIOIIMM  XapaKTEPUCTHKAM OTBEP)KACHHBIX KOHEUHBIX
MaTepHalioB, TMOJYYEHHbIX NPU HCIOJb30BAHUM H3BECTHBIX  KaJIbLIUEBO-AFOMUHATHBIX
LIEMEHTOB.

8/ IINOTHOCTH LIEMEHTUPYIOIIEH KOMITO3ULIUH

B caydae obnacreit mpumeneHus: npu OypeHMH anst 10ObIMH He(TH IUIOTHOCTH Oynmer
OTIPEeNeNATh CIOCOOHOCTh LIEMEHTHUPYIOIEH KOMIIO3UIMY, HCIIONb3YIOIIEHCs B HE(PTSIHBIX
CKBAXXMHAX, YIEPKUBATH ra3bl U HEPTh, COACPIKAIIHNECS B YIOMSHYTHIX CKBRKMHAX.

IImoTHOCTE OLIEHUBAKOT B PE3YIbTATE OTHECCHUSA MAaCChI BOJHOM CyCIICH3UU K €€ O6”beMy.
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Ha npaktuke, B JaHHOM Clly4ae U3MEPSIIOT Maccy Ajs 250 M1 BOAHOM CYCIIEH3UH.

ITnoTHOCTE BBIpAXKAIOT B «(yHTAX MPH pacdere Ha OAMH TaJuloH ((PYyHT/TAIIIOH)» TpHU
3HaHHUU TOTO, YTO 1 (yHT/Ta;uioH coorBercTByeT 0,12 KMIorpamMMa Ha KyOWYECKHH NELUMETp
(xr/nm?) unum 0,12 rpamMma Ha KyOuueckuii cantumetp (r/cm?).

B cnenyromeit nanee tabnuie 18 mpencrapieHa yaelbHas MIOTHOCTh HEMEHTHUPYIOIIHX

KOMIIO3UITHH,

noptnanauement CementRef.

comepkamux nemeHT Cement3bis,

COOTBETCTBYIOLIUI H300pETEHUI0, W

Tabnuma 18
ITmomane
Lementupyromas | Mcnone3yiomuiic CooTHotcHUE VACTbHOU IlnotsocTs
KOMIIO3HUIIUS S IIEMCHT BOJA/LIEMEHT MOBEPXHOCTHU MO ((byHT/ra?HOH
Breiiay (cm’/r) (er/mr))
Compol5 Cement3bis 0,41 3070 16,0 (1,92)
Compol6 Cement3bis 0,48 3070 15,3 (1,84)
CompoRef CimentRef 0,44 3010 15,8 (1,90)

Takum o00pa3oMm, Kak 3TO MOKeT OBITh OTMEUEHO, IUIOTHOCTH II€MEHTHUPYIOIIUX
komnoszuumii CompolS nu Compol6, coOOTBETCTBYIOINUX HU300PETEHUIO, SBISIFOTCS MOAOOHBIMU
IJIOTHOCTH CIPABOYHOIO TMOPTJIAHALEMEHTAa M TO3TOMY aJanTHPOBAHHBIMH K OO0JNacTsIM
NpUMEHEeHHs 1J1s1 OypeHust TP 1oObIde He(TH.

I1. lonmonHUTENbHBIE UCTIBITAHUS

1/ ConocraBjieHHBIE [IEMEHTBI

B uemnsix gpopmMupoBanHus pa3IMYHBIX EMEHTHPYIOIINX KOMITO3UINN, CBOWCTBA KOTOPBIX
COMOCTABJISUIM, UCMOJb30BAIM YE€TBEPTHIM, MATHIA U IECTONW KaJlbLHUEBO-AJIFOMUHATHBIN LIEMEHT
(Cement4, CementS, Cement6), COOTBETCTBYIOIIHI H300pPETEHHUIO.

UYersepToiil, mateiii 1 wmectoit nemeHTel Cement4, CementS, Cement6 mnonydanu B
naboparopun TPHU UCIOIH30BAHUM CIEAYIONINX Jajee MPAKTUYECKH YHCThIX MaTepUajioB
UCXOJHOTO ChIPhS: UCTOYHHK nuokcuaa kpemuust Millisil E4A00®, ucToyHUK OKCcHIa aTFOMUHUS
AL170® u ucrounuk m3BectHska Calcite Normapu®. TouHble COCTaBBI JaHHBIX MaTEPHAJIOB
HUCXOAHOTO ChIPbs MPUBENEHBI B Ta0nuIe 19, mpeacTaBiIeHHON HIKE B HACTOSIIEM TOKYMEHTE.

Ha mpakrtuxe, nementol Cement4, CementS u Cement6 moJiydarOT B COOTBETCTBHH CO
CIEeYIOIUM Jajiee padodnM PEKUMOM:

- OTBEIIMBAHUE MATEPHAJIOB UCXOIHOTO ChIPbS,

- COBMECTHO€ pa3MaJibIBAHHUE MAaTEPHAJIOB HCXOIHOTO ChIpbs B POTOBHOpATope, B
pesepByape Ha 6 nuTpoB, Mapku Linatex B TeueHue mpuOMU3UTENHHO 16 YaCcOB BILUIOTH IO
MOJIYYCHUS] TMOPOINKA, COAEPIKAIIEr0 YacCTHULbI, MAKCUMAJIbHBIM JHAMETP KOTOPBIX SIBJISIETCS
MEHBIINUM W paBHbIM 100 MuKpoMeTpam (MKM);

- TPaHyJHUPOBAHUE MPHU UCIOJb30BAHUU BOJBI B COOTBETCTBHUU C METOJIUKOM, U3BECTHOM

i CIIeUaJuCTOB B COOTBeTCTBYIOLHeﬁ 00/1aCTH TEXHUKM M HA3bIBAEMOI KOANUCKOBBIM
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IPaHyJIMPOBAHUEMY, B IIEJISIX MOJYYSHHS IPAHYJ C TUAMETPOM B AHANa3OHe OT MPUOIU3UTEIHHO
1cm mo 3 em;

- 006paboTKa JaHHBIX rpaHyJ BOAIHBIM napom npu 110°C B TedyeHue 1o MeHbIIeH Mepe
15 gacos;

- TepMHYecKast 00padoTKa B TUTJIE, U3TOTOBJIEHHOM M3 OKCH/IA AJFOMUHUS U BBEICHHOM B
3JIEKTPUYECKYIO [I€Yb,

- pa3MasbIBaHUE,

- TOHKO€ pa3MajiblBaHH€ B CTaJbHOW ILIapoBOil MenbHuLEe Mojenu BB10® B wnemsx
noJIydeHus MIOMIaH yAeabHOM noBepxHocTu 1o breliny, 6nuskoii k 3000 cm*/r.

B memsix  mOCTIDKEHUs]  JKelaeMOW  TeMIepaTtypbl  TEPMHUYECKOH  00paboTku
HCIIOJIb30BAaHHBIN TeMIlepaTypHbIil rpaaueHT coctasiser 600°C B yac.

B crnenyromeii nanee tabmuime 19 00o0meHHO mpencraBieHbl paboyne YCIOBUS U MaCChI
MaTepHaioB HMCXOJHOTO CBIPbS, CMEIIaHHBIX B LesIX (QopmupoBanus nemeHToB Cement4,
Cement5 u Cement6.

Tabmuua 19

Cement6

Cement4

Cement5

Okcun
All170

AJTIOMHHHA

720,0 v

500,0 r

662,0 T

Huoxcua
E400

KPEMHHSL

3501

150,0 r

63,01

Mzeectraxk Normapur

42981

614,01

480,71

Tepmudeckas
obpabotka
(IPOROMKUTENBHOCTE B
yacax W TEMIEpaTypa B
rpagycax Llenbcus)

12 gacos

1550°C

16 gacos

1525°C

16 gacos

1525°C

Komuuectso  oboporos
B TCUCHUC TOHKOTO
pa3MasplBaHus

7500

9000

8000

B Tabmuue 20,

XUMHYECKHI COCTaB MaT€pHUaJIOB HNCXOAHOI'O CbIPb,

HpeHCTaBHeHHOfI HUKEC B HACTOALIEM JOKYMCHTC,

MPUBOAATCA

HUCMOJIB3YHOIUXCA  OJIA  TIOJIYUC€HUA

naboparopubix nemeHToB Cement4, Cement5, Cement6, a Ttakke cocraB nementoB Cement4,

Cement5 u Cement6, noiydyaeMbIX B pe3yJibTaTe.

Tabmnuua 20
Hcrounux
Hcrounux
JUOKCHIA oxenIa Hcrounux
KPEMHUS H3BECTHSKA Cement4 Cement5 Cement6
Millisil a“fﬁ%‘“" CaCO:s
E400
PaF (%) 0,29 0,63 43,93 He He He
NPUMEHUMO | OPUMEHUMO | HPHUMEHHMO
Si0; (%) 98.51 He 0,06 3.4 15,1 6,2
HNPUMEHUMO
ALOs (%) He 99.17 0.1 72.3 50,6 66,5
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HNPUMEHUMO
Fe:0s (%) 0.06 0.03 0.14 1.1 0.2 0.7
Ca0 (%) 0.02 0.02 5532 243 34.9 272
MgO (%) He 0.01 He He He He
HNPUMEHUMO NPUMEHUMO | OPUMEHHUMO | ONPHUMEHHMO | NPUMEHHUMO
SO; (%) 0,08 0.07 0.05 0.1 0.1 0.1
K20 (%) He He He He He He
§ NPUMEHUMO | OPUMEHHUMO | IDPUMEHUMO | NPHUMEHHMO | NPUMEHUMO | IDPHUMEHHMO
Na;0 (%) 0,08 0,05 He 0.1 0.1 0
HNPUMEHUMO
TiO, (%) 0,03 0,02 0.02 He He He
OPUMEHUMO | OPUMEHUMO | IPHUMEHHMO
P,0s (%) 0,01 0.01 He He He He
HpI/IMCHI/IMO HpI/IMCHI/IMO HpI/IMCHI/IMO HpI/IMCHI/IMO
Mn,0; (%) 0,01 0,01 0.01 He He He
OPUMEHUMO | OPUMEHUMO | IPHUMEHHMO
Cr:0: (%) 0,02 0,01 0,02 He He He
NPUMEHUMO | IDPUMEHUMO | IPHUMEHHMO
B Tabmmue 21, mnpencraBieHHOW HMXKE B HACTOSIIEM JOKYMEHTE, NPUBOMASATCS

MUHepanorndeckue (paspl, CoOAEpKaIIuecs: B Y€TBEPTOM, MATOM H InecTtoM emeHnTax (Cement4,

Cement5, Cement6).

Tabnuma 21
Cement4 Cement> Cement6
CA (%) 0 0,1 0,4
CA6 0 0 0,4
CA2 (%) 84,8 32,6 70
C2AS (%) 15 66,9 28.8
C2S (%) 0 0 0
®deppurtst (%) 0 0 0
C4A3$% 0 0 0
Oxcun amomurns (%6) 0 0,3 0,1
Hzsects (%) 0,1 0,2 0,1
Kgapir (%) 0,1 0 0,2
Hpyroe (%) 0 0 0

CTpOKI/I «OKCHUA AaJIIOMUHUSA» U «U3BECTH» MNPEACTABIAKOT OCTABIIUECCA MAaTEPHAJBI

HCXOJTHOTO CBIPBSI, KOTOPBbIE HE C(OPMHUPOBAITN MUHEpAIOrHYeckue (asbl.

Lementer Cement4, Cement6 u CementS, COOTBETCTBEHHO, MPOJAEMOHCTPUPOBAHBI HA

nuarpamme Ha ¢ur. 2 B Toukax J, K u L npsmoit munuu D.

B crnenyromeit nanee tabmuie 22 NpUBOAATCS IUIOLMANb YAEIBHOW MOBEPXHOCTH TIO

bnefiny, mnotHocTe M muamerp d50 (Mkm) s monyueHHbIX HemeHToB Cement4, CementS,

Cement6.

Ha MPAaKTHUKE, IMMJIOTHOCTL B JAHHOM CJIyda€ COOTBECTCTBYET IIJIOTHOCTU LEMECHTA,

COTOCTaBJIEHHON C IUIOTHOCTBIO UYMCTON BOABI IIJOTHOCTH U3MEPSIIOT NMpHU HUCHOJNB30BAHUU

MMUKHOMETPA.

Huamerp d50 coorBercTBYeT MenuaHHoMy amametpy dS0 mist mrodoro Habopa 4acTwil

3T0 NPEACTABUTECIIbHAA BCJIMYMHA IJIA CTATUCTUYCCKOIO pacClnpeaciCHUus AaHHbIX YacTHLl IO
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pasmepam, roBOpst APYTUMH CJIOBAMH, FPAaHYJIOMETPUIECKOTO COCTaBa JAHHOTO HabOpa 4acTHII.

Menuanneiii auamerp dS0 sBIsSETCS CIIPaBOYHBIM TUAMETPOM, ONPEAEIECHHBIM Kak
IUaMeTp, MEHblIe KOToporo umeroT nuamerp 50% wHcciaenoBaHHBIX YacTULl IPU pacdeTre Ha
00BEM IO OTHOIIEHHUIO K COBOKYITHOMY 00BEMY BCEX YIOMSIHYTBIX HCCIIETOBAHHBIX YaCTHILI.

I'oBopst apyruMm cioBamu, Ajsi Ha0opa YacTHL, XapaKTepU3YIOLIErocs 3aJaHHbIM
MenuaHHbIM auamerpoM d50, 50% (00.) maHHBIX YACTUIl UMEIOT AUAMETP, MEHBLINH, YeM
JaHHBIA 3a7aHHbI MeauanHbiid auameTp dS0, a 50% (Macc.) JaHHBIX YaCTHI UMEIOT JHAMETD,
OOJNbIINIA, YeM aHHBINA 3aJaHHBIA MeAuaHHbINA auameTp d50.

TepmuH «uamerp» B JaHHOM ciydae 00O3HadaeT HAUOONBLIMHA pa3Mep YacTHULbI BHE

3aBHCHMOCTH OT €€ (DOPMBL

Tabmuma 22
ITmomane yacasHOM
TIOBCPXHOCTH TIO d50 (mxm) ITmorrOCTE
Breiiay (cm’/r)
Cement4 3110 33 2,94
Cement> 3690 16 3,00
Cement6 3070 25 2,95

LemeHTHpYIOLIIE KOMIO3UIUN (HOPMUPOBAIH TPU UCMOJIB30BAaHNH LleMeHTOB Cement4,
Cement5 u Cement6, COOTBETCTBYIOIIHNX U300PETEHUIO.

JlaHHble TleMeHTHpyrolmue Komno3uuuu ¢opmupoBanu npu 23°C B pesynbraTe
cMemnBaHusl 346 rpamMmoB LemeHTa co 142 rpammamMu BOABl (TO €CTb, COOTHOIICHHE
Bona/uement 0,41) B reuerne 15 cexyHn B xozae nepemernnsanus npu 4000 oOopoTax B MUHYTY,
MoCJie 3TOro B TeUeHHe 35 cekyH[ B Xxone nepemernnBanus npu 12000 o6opoTax B MUHYTY.

2/ Peonoruyeckne UCTIBITAHUS

Peonoruueckre HUCHbITaHUA MPOBOAMIM IPU HCIOJB30BAHUM BHCKO3UMETpa OT
koMmaHuu Anton Paar.

Kak u Bplllle B HACTOSIIEM JOKyMEHTE, MCHOJBb3YIOIUNCA MJIACTOMETP OT KOMIIAHHUU
Anton Paar umeer obosznauerrie MCR 302®. On cHabxken uamneir CC27 u TypOynmuzatopom,
UMEIOITUM 6 TIPSIMBIX MPSIMOYTOJIBHBIX JIONIACTEH, MMEIOIUX 16 MIITUMETPOB (MM) B BBICOTY U
9 MM B AJIMHY, BOKPYT Bajla, UMEKOLIEro 4 MM B TUAMETPE.

B 3aBucumMocTH OT BpeMeHH rpadudecku oToOpaxald U3MEHEHHE KPYTSIEro MOMEHTa,
MPUKJIAbIBAEMOrO Pa3JMYHbIMU [IEMEHTHPYIOLIMMH KOMIIO3ULUSAMH K JIOTIACTH BHUCKO3UMETpA,
Bpalaroleiics mpu ckopocTu casura 500 cex™ !, mpu 80°C.

Tpu neMeHTHpyIOIIME KOMIO3UIMY, NMPH 3TOM Kaxkaas COIep>KUT LieMeHThl Cement4,
CementS wu Cementd, XapakTepu3ylOTCA  OTHOCHUTEJIbHO  KOPOTKUMH  BpPEMEHaMH
renieoOpa3oBaHus: 7 MUHYT IJisI KOMIO3UIUH, comeps:kamux remeHTel Cement4 u Cement6, u 9

MUHYT JUIsl KOMIIO3ULMM, conepskauieii nemeHtr Cement5. B 3aBUCHUMOCTHM OT BpeMeHHU
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rpapuueckd  OToOpaxkalld ~ M3MEHEHHE  KPYTAIIEero  MOMEHTA, MPUKJIAABIBAEMOIO

LEMEHTHPYIOIIe  KoMmo3uiuel, conepkamei nemeHT Cement4, COOTBETCTBYIOLIWMN

1

2

U300pETEHHIO, K JIOTIACTH BHCKO3UMETPA, BpaIIaroIIecs mpu ckopoctu casura S00 cex™

80°C u npu 23°C.

npu

ITpu 23°C koMMo3uLHUs MPeTEepIeBaeT reaeodpa3oBaHye Mo UCTEYCHUH MPUOIU3UTENBHO
30 MuHYT mOCJIe cMelTuBaHus BOAbI ¢ LeMeHToM Cement4. OnHako, MpU TaHHOU TeMIiepaType
KOMIIO3ULIUSL HE TOABEpraercss KakohW-mnbo ¢pa3ze CXBaTbIBaHMS B TeUeHHE & YacoB
SKCIEPUMEHTA.

Haobopot, mpu 80°C cxBaTbhiBaHHE SIBJISIETCS OTHOCHTENBHO OBICTPBIM: HaliromaemMoe
BpeMsi TesieoOpa3oBaHus COCTABISIET MPUONM3UTEIPHO 7 MUHYT CO ClieAyromed nanee ¢asoi
CXBaTbIBAHUS.

Takum o00pa3oMm, peakIUMOHHAs CHOCOOHOCTb KOMITO3MIMHM, COJEprKameil IeMEHT
Cement4, cooTBeTCTBYIOIUI N300PETEHUIO, YBEIMUUBAECTCS IO/ BO3IEHCTBHEM TEMIIEPATYpHI,
MIOCKOJIBKY BpeMs Telieo0pa3oBaHus sIBJISIETCS O0JIee KOPOTKUM, a CXBAThIBAHUE SIBISIETCS OoJiee
OBICTPBIM.

3/ BrineneHue *KUAKOCTH

DKCHEPHUMEHT M0 BbIAEJIEHUIO JKUAKOCTH, ONMCAHHBIN BbIlIE B HACTOSIIEM JOKYMEHTE,

nNpoBOAWIIN €LIE pa3 B OTHOMWICHUU LHEMCHTHUPYROIINX KOMHOSPILIPIP'I, COACPKAIMUX LHEMCHTBI

Cement4, Cement5 u Cement6, COOTBETCTBYIOIINE H300PETEHHIO.

B cnenyromeit namee Ttabmuue 23 NPOAEMOHCTPUPOBAHBI PE3YNBTATHl JTAHHOTO
SKCIEPHUMEHTA.
Tabmuma 23
ITmomane
Llementupyromas | Mcmons3yrommiics CooTHotcHUE VACTbHOU Breraenusmmascs
KOMITO3HIIMS LIEMEHT BOJA/IIECMCHT MTOBEPXHOCTH 110 Boza (%)
Bneiiay (cym’/r)
Compol7 Cement4 0,41 3110 0
Compol38 Cement> 0,41 3690 0,4
Compol9 Cement6 0,41 3070 0,2

Kak 510 MOXeT OBbITb OTMEUEHO, YPOBHU MPOLEHTHOTO COIEPIKAHUS BbINEIUBLISHCS
BOJbl SBJSIOTCS OUY€Hb HU3KUMH U IOJHOCTBIO YAOBJIETBOPUTENbHBIMU [UIsl COOTBETCTBUS
cranzapraMm uactutyra AHU.

4/ IInOTHOCTh HEMEHTHPYIOLINX KOMITO3ULIHI

B cooTBercTBUU € pa3bsCHEHHEM B NMyHKTe 1.8 M3MepsAIM IJIOTHOCTh LIEMEHTUPYIOIIUX
xoMmnozuuuii or Compol7 go Compol9. CooTBercTBYIOIINE PE3yNbTAaThl IPOAEMOHCTPUPOBAHBI

B cienyroiel ganee tadmuie 24.
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Tabmuna 24
ITnomane
Llementupyromas | Mcmons3yrommiics CooTHotcHUE VACTbHOU ITmorrOCTE
KOMITO3ULIHS LIEMCHT BOJA/LIEMEHT MTOBEPXHOCTH 110 (byuT/ramion)
Bneiiay (cym’/r)
Compol7 Cement4 0,41 3110 16,6
Compol38 Cement5 0,41 3690 16,4
Compo19 Cement6 0,41 3070 16,1

Taxkum o6pa30M, KaK 3TO MOXKET OBITh OTMEYCHO, IUIOTHOCTU UEMCHTHUPYROIINX

komnozuumii ot Compol7 no Compol9, COOTBETCTBYIOIINUX H300PETEHUIO, SIBISIIOTCS
NOJOOHBIMH TUIOTHOCTH CIIPABOYHOTO MMOPTJIAHALIEMEHTa M TO3TOMY TMOAXOIAIIMMH  JUIS
UCTIOJIB30BaHUS B 00JIACTAX MPUMEHEHUS IPU OypeHnH st 10Obuu HehTH.

5/ T'uapaTaumst 1 MEXaHHYECKOE COTPOTUBJICHNE

Sa. YnpTpa3BykoBO€ UCTIBITAHKE B COOTBETCTBUH O cTrannapToM API RP 10B-2

OTO Hepaspyllalllee HCIbITAHHE, KOTOPOE 3aK/II0YaeTcss B HU3MEPEHHUU BPEMEHHU
pacrpoCTpaHeH!sl YIbTpa3ByKa uepe3 oOpas3el] HIEeMEHTHUPYIOIEro MaTepraia, B JaHHOM cliydae
yepe3 MEepBOHAYalbHYIO B3BECh, M3BECTHOIO pa3Mepa B XOJA€ TEXHOJOrHYECKOro mpoiecca
CXBaTbIBAHUS U OTBEPKACHUSL.

B ofmem ciyuae yem B OoJbIIeli CTEIEHN MaTepyas MOABEPTHETCS OTBEPXKACHHUIO, TEM
Oosnee KOpoTKUM Oyzmer Bpems, TpeOyemoe Al NMPOXOXKIEHHs YJIbTPa3ByKa uepes3 JaHHBINA
MaTepual.

Takum o00pa3oM, MOryr OBITh OTCIEKEHBl CTAANH CTPYKTYPHPOBAHMUS MarepHaa,
MOJIBEPTHYTOI'O BO3ACHCTBHUIO PA3JIMUHBIX BHIOPAHHBIX YCIOBHUH MO TEMIIEPATYPE U AABJICHHIO.

Ilocne »TOoro paHHOE BpeMsl pacHpOCTPAHEHHUS COMOCTABJIAIOT C  BpPEeMEHaMu
pacIpoCTpaHEeH!s], TOJYYEHHBIMH MPH MCIIOJIB30BAHUN CTAHJAPTHBIX 00PA3LIOB JJIsl UCTIBITAHUH,
MEXaHMYECKOE COMPOTHBIEHHE Ul KOTOPBIX OLEHUBAKOT IMPH HCIOJB30BAHUU OOBIYHBIX
WCTIBITAHUH Ha pa3pylLICHUE.

3areM BO3MOJKHBIM SIBJISIETCSl M3BJEUEHHE WH(POPMALMN O 3HAYEHHH MEXaHHMYECKOTO
CONPOTHBJIEHUS] MaTepuaa, Ha3blBAEMOI0 «MEXaHUYECKUM COINPOTUBIIEHUEM IO YIbTPa3BYKY»,
B pe3yJbTaTe COMOCTABIEHUS €ro C pe3yNbTaTaMu H3MepEeHUl, MOJy4eHHbIMU B OTHOILIEHUU
CTaHIAPTHBIX 0OPA3LOB AJIST UCTIBITAHUIA.

B nensx peanusauuu AaHHOTO UCHBITAHUS MOAXOISINMM Ha MEPBOM CTAaAUM SIBIISIETCS
U3TOTOBJIEHHE LIEMEHTUPYIOIINX KOMITO3ULIUH.

Ha npaxTuke, U3roToBieHNe HEMEHTHPYIOIUX KOMIO3HINH SBJISETCS] MOJOOHBIM TOMY,
Ha YTO YyKasbiBaercss B dYacTu |2 npuMepoB, UYTO COOTBETCTBYET H3TOTOBJICHUIO,
cootBercTBytomemy cranaapty API RP 10B-2 Clause 5.

[TonyyeHHBIMH KOMITO3ULIUSAMU SIBJITIFOTCS. KOMITO3ULIMH, TIPUBEIEHHBIE B Ta0nuuax 23 u

24, NPEACTABJIICHHBIX BBIIIEC B HACTOAIIEM JOKYMCHTE.
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Usmeperne BpeMeH paclpoOCTpaHEHHUs YibTpa3Byka uepe3 oOpasen NPOBOAST B
cootBercTBUU co ctanaapToM API RP 10B-2 Clause 8, To eCTh, CMEITUBAIOT BOAY C [IEMEHTOM,
LEMEHTHPYIOIIYI0 KOMIIO3ULUIO BBOJSAT B H3MEPUTEIBHYIO S4YEHKY, I[€ €€ paclojararoT B
YCIIOBUSIX BO3JIEHCTBUSI TEMIIEPATYPHOTO rpaaueHTa B quamnazone ot 26,6°C no 121°C Ha 4 yaca,
MOCJIe 3TOro npu noctosiHHoM Temneparype 121°C Ha 20 yacoB, U rie NPUKIAIBIBAIOT JaBJIECHHUE
3000 ¢ynr/moiiM’, kak TONBKO €€ BBEAYT B H3MEPUTENbHYIO sueliky. MexaHudeckoe
CONIPOTHUBJICHHE MO YJBTPA3BYKy OLEHHUBAKOT BO BPEMsi HU3MEHEHHUs MaTepuana BCIEICTBHE
yBEJIMUYEHUS TEMIIEPATYPhl U JaBJICHMUSI.

B naHHOM ciy4yae U3MepsIIOT 3HAYECHUsI MEXaHUYECKOrO COMPOTUBIICHUS AJI PA3IUYHbBIX
nemeHTupyomux komnozummii CompolS u or Compol7 no Compol9 no ucreuenun 12 yacos
Ioclie Havaja TepMHUYeCKOH oOpaboTKH, TO €CTh, MO HCTeYeHHH 4 YacoB BO3IEHCTBHS
TEMIIePaTypHOIrO I'paJueHTa U MEePBbIX 8 4acOB BO3AEHMCTBUS TeMIEpaTypHON CTYIEHH, U IO
UCTeYeHNH 24 YacoB TOCJE Hayana TepMUdeckold o0padoTKH, TO €CTh, MO 3aBEPIIECHUH
TepMHYeCcKOl 00pabOTKH, BKIFOUAOLIEH 4 yaca BO3AEHCTBUS TEMIIEPATyPHBIX TpagueHToB 1 20
4aCOB BO3JIEHCTBUS TEMIIEPATYPHOU CTYNIEHU.

3HaueHUsT MEXaHUYECKOrO CONPOTHUBJIEHMs [JJIsl LEMEHTUPYIOIIMX KOMIIO3ULIUN
NPEACTABISIFOT COO0H HMKeCTenyoLee:

- mo ucreueHnn 12 wacoB oOpaborku: 34 wmeramackans (Mlla) nmust xkoMmo3umuu
Compol7, 1,5 Mlla ansa komnosuuuu Compol8, 17 Mlla nns komnosunuun Compol19 u 16 Mlla
ansa komnoszuuuu Compol5;

- o ucreyeHnu 24 dyacoB oOpadotku: 34 Mlla nnst komnosunuu Compol7, 3 MIla s
komnosuiun Compol8, 19 MIla g komnosuumu Compol9 u 21 Mlla ans xkomMmno3uuuu
Compol5.

Kak 370 neMOHCTpupyIOT AaHHble pe3yibTarbl, komnozuuus Compol9, comepxkaias
nemeHT Cement6, M3rOTOBIECHHBIH B JaOOPATOPHM, XapaKTEPU3YETCS MEXaHUYECKUM
CONIPOTHUBJICHHEM IO YJIbTPAa3BYKY, KOTOPOE€ SBISETCS CONOCTABUMBIM C COOTBETCTBYHOILIEH
xapaktrepuctukoi komnozunmu Compol5, conepkameit nement Cement3bis, H3roTaBIUBaEMBIii
B IPOMBIIIJIEHHOM MaciuTade, MOCKOJbKY JaHHBIE [IEMEHThl XapaKTePU3YIOTCS HKBUBAJICHTHBIM
ypoBHeM conepskanus pazsl CA2 u C2AS.

Kpome Ttoro, kak 3TO0 MOXeT OBITb OTMEYEHO, MEXaHHYECKOE COINPOTUBJICHHE IIO
ynbTpa3ByKy st komnosuumu Compol4, copepxkamnedi unemeHT Cement4, siBisieTCs SIBHO
OoJBIINM, YeM MEXaHW4YecKoe compoTuBieHne it komnosuuumun Compol9, copepskaruein
nemeHT Cement6, KOTOPOE CaMo SIBJISIETCS SIBHO OOJIBIIMM, Y€M MEXaHUYECKOE COMPOTHBIICHUE
st komnozunu Compo18, conepskameit uement CementS.

CJ'IGI[OBaTeJ'IbHO, KaK MOXKHO HprITPI K 3aKJIIOYCHUIO, MEXaHUYCCKOE COIIPOTUBJIICHUE 11O
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yIBTPa3BYKy VBEIMYMBAETCS TPU YBEJIWYeHHH MaccoBoro cootHommeHuss CA2/C2AS
HCIOJIb3YIOLIUXCS LIEMEHTOB.

Opnnako, MexaHudeckoe compoTusieHue ansd komnosuuuu Compol8, conepxareit
nemeHT CementS, Bce ellle sABJIAETCS OU€Hb HU3KUM, IIPU 3TOM THApATallis COOTBETCTBYIOLIEH
KOMIIO3ULIMK, BO3MOKHO, HE SBJSAETCS B JOCTaTOYHON CTeNEHU MpouleAleil BO Bpems
usMepenus (24 Jaca).

5b. McniplTaHue B aBTOKJIaBE

JleficTBUS ¢ LIEMEHTHUPYIOLIMMH KOMIIO3ULIUSAMU IPOBOJST B COOTBETCTBUM C TEM K€
caMbIM ITPOTOKOJIOM, KaK U B Cllydae UCIBbITAHUN B BUCKO3UMETpe OT komnaHuu Anton Paar.

LemeHTHpPYIOIINE KOMIO3UIUN BBOJWIHA B (POPMY, COAEPIKALIYIO TPU LMIMHAPUIECKHE
sueiikn (40 mm B nmuamerpe, S0 MM B BBICOTY), IOCIE 3TOTO pacrojlarajd B aBTOKJIABE,
BbICTaBIeHHOM Ha 180° mpu nasnenuu 10 Gap (145 ¢yHr/moiiM?), co3naBaeMoM AaBIEHHEM
Napos.

ITo ucreyennu 24 4acoB mpeObIBAaHUS B aBTOKJIABE M3MEPSIIOT COMPOTUBIICHUE CIKATHIO
JUIs LEMEHTUPYIOIINX KOMIIO3ULMI TNpH HCIONb30BaHUM Ipeccyroimero moayis. CKopocTb
CKaTUs COCTABJsIET 2,4 KUJIOHBIOTOHOB B CEKYHY.

Komnozuuuss  Compol7, conepxamass  uemeHT Cement4,  xapakTepusyeTcs
MEXaHHYECKUM CONpOTUBIeHHEM cxkaTuio 2113 Qynr/moiim® (14,6 MIla), KOMMO3ULS,
conepskamas nement CementS, (Compol8) — 561 dyut/moiimM® (3,9 MIla), a KOMMO3ULMS,
conepskamas nement Cement6, (Compo19) — 2330 dynt/mroiim? (16,0 MITa).

3areM mnocne oOTBepxkAeHUs npu Temmepatrype 120°C, Takoro kak OTBep:KIEHHE,
IpeTepreBaeMoe BO BpeMsl WCIBITaHUsA, MPOBEJEHHOIO IPU HCIOJNb30BAHMU YIBTpPa3ByKa U
ONMCAHHOTO BBIIIE B HACTOsLEM AoKyMeHTe, kommnoszuius Compol8, coxepskaimasi LieMEHT
CementS, COOTBETCTBYIOIIMH H300PETEHHIO, pa3BUBaJa MEXaHHMUYECKOE COMPOTHBIIEHHE IIO
yIbTPa3ByKy, paBHOEe 10% OT COOTBETCTBYIOLIEH XapakTEpUCTHKH it kommnoduuuu Compol7,
conepxaieil nemMeHT Cement4, MeXaHHUUECKOE COMPOTUBJIEHUE AJIA TOH e cCaMOM KOMIO3ULIMU
Compol8, conmepxameii nemenr Cement5, mocne mnposenerus oOpabotku npu 180°C B
aBTOKJIaBe PaBHO 25% OT COOTBETCTBYIOIIEH XapaKTEPUCTHKU IJII KOMITO3UIMH, COAEpKAIIeH
Cement4, (Compo17).

Takum obOpasom, yem OGonbineii Oyaer Temmeparypa, TeM OoJjbinell Oyaer TeHIEHIUs K
YMEHBIICHUIO  Pa3jIMuusd ~ MEXaHUYECKOrO  COMPOTHUBJIEHUS  MEXIy  LEeMEHTHpYHoLIel
KOMIIO3UIMeH, coxep:kamedi oborameHabld 1o ¢ase C2AS LEMEHT, COOTBETCTBYIOLIUI
U300pETeHNI0, U LEMEHTHPYIOIeH KOMIO3HULKeH, coaep:xkaineli odoramennabiii mo ¢aze CA2
LIEMEHT, COOTBETCTBYIOIINH H300PETEHUIO.

IleMeHTBI, COOTBETCTBYIOIINE M300PETEHUIO, MPeIHA3HAYEHBI Ui Pa3IMYHbIX oOjacTei
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NPUMEHEHHs, B KOTOPBIX TpeOyeTcst Hannune 0ojiee Ui MeHee 3HAUYUTEIbHOTO COMPOTHBIICHHS
B 33J[aHHBII1 MOMEHT BPEMEHH.

III 3¢ dexTrr or HeocHOBHOH (Pa3el nenumura C4A3$

1/ ComnocrapJsieMble IEMEHTBI

Kpome Toro, rakxke wusroraBiuBaiu u Tpu aApyrux uLemeHta Cement7, Cement8,
Cement9.

Onn mpencraBissroTr  coOOM  IEMEHTB, HM3TOTOBJEHHbIE B JAOOpaToOpuu |
NpeAHa3HaYeHHblE JUII  BOCIPOM3BEACHUS IIEMEHTOB, TMOJY4aeMbIX B IPOMBIILIEHHBIX
MaciuTadax MpU UCMOJB30BAHUH CIIOC00a, COOTBETCTBYIOLIETO H300PETEHHIO, TIPH COMEPKAaHUH
HCIOJIb3YIOLIMMUCS MaTepuajaMi UCXOJHOIO ChIpbs Tpuokcuzaa cepbl SOs WM NpU BBEAEHUU
OKCHJIa CEePBhI NIPU UCTIOJIb30BAHUH MPOMBILIIEHHOTO CIIoco0a.

Ha npaxtuke, uementer Cement7, Cement8, Cement9 mony4aroT U3 CIEAYIOLIUX Aajee
MaTepHaioB HCXOAHOTO ChIPbs: U3BECTHSK, OOKCUT A, OokcuT B 1 6e3BoHBIH CynbdaT Kalbus
(cokpamenrHo obo3Hauaembiii kak C$), COOTBETCTByIOIIME XUMHYECKHE COCTaBbl KOTOPBIX
YKa3bIBatOTCS B Tabmmue 26, MpencTaBIeHHON HIDKE B HACTOSIIEM JOKYMEHTE.

Ha npaktuke, 5 kr xaxnoro u3z uemeHros Cement7, Cement8 u Cement9 nosyuaroTr B
COOTBETCTBUU CO CJIeNyIOIIel gaee pabouell MEeTOIUKOM:

- o0paboTka MaTepuaoOB UCXOTHOTO ChIpbsi BOAAHBIM mapoM npu 110°C B Teuenue 24
9YacoB B LIEJISIX UX BBICYIINBAHUS,

- COBMECTHOE Pa3MaJIbIBAHNE MAaTEPHAJIOB HCXOMHOTO ChIPbS B JJAOOPAaTOPHOH INapOBOM
MenbpHUIe, oTHOCcsIelcs k tuny «Blue Circle», mpu 1500 ofopoTax €O CleaylomuMu aajee
OTKPBITHEM MENIbHHUIBI B LENAX OYMIICHUS JIOBYIIKA W JONOJHHUTEIBHbIM pPa3MasibIBAHHEM B
X0Jie JOTIOTHUTENBHBIX 400 000pOTOB;

- TpaHyJIMpOBaHUE MaTEepPUANOB HCXOAHOIO CBIpbS IMPU HCIOJB30BAHUHU BOJAbI B
COOTBETCTBUM C METOJIUKOW, H3BECTHOH IJIsl CIELHATUCTOB B COOTBETCTBYIOLIEH oOjacTtu
TEXHUKA W HAa3bIBAEMOH «IMCKOBBIM TPaHYJIHPOBAHUEMY», B LENAX MOJYYCHHUS TPaHysI C
IMaMETPOM B THANIA30HE OT MPUOIU3UTENBHO 5 MM 110 20 cM;

- oOpabotka rpanyn BoasHbIM mapoM mpu 110°C B TeueHme 24 4acOB B IENSAX UX
BBICYIINBAHUS,

- TepMHuuecKasi 00paboTKa IpaHys B TPEX TUTJISIX, U3TOTOBIEHHBIX U3 OKCHIA ATFOMUHUS,
B meun Mapku Nabertherm® mnpu 1375°C B Teuenue 12 wacoB (cpa3y mocye AOCTIKEHHS
temnepatypsl 1375°C) npu yBenuueHuH ¢ TeMneparypHbeiM rpaaueHToMm 10°C B MUHYTY;

- OXJIAKACHUE TI0 UHEPLIMH B TIeYH,

- pasMajblBaHHE TIOJYYE€HHOTO MarepHaja B LensiX (OPMHUPOBAHHS 3€PEH, WMEFOIINX

IUaMETp, COCTABJISAIOIINN MeHee, ueM 3,15 Mu;
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- TOHKO€ pasMaJibIBaHUE MOJYUCHHBIX 3€CPEH B LHapOBOfI MCJIBHUIIC, OTHOC;ILLIefICﬂ K TUITY

«Blue Circle», BMIOTh 0 MOJMYYEeHHs MOPOIIKA, XAPAKTEPUIYIOMErOCs IIOMAABI0 YISIbHON

nosepxHocTH no breiiny, cocTasnsronteil npubmusutensHo 3000 cm2/T.

B crnenyromeii nanee Tabmune 25 0000meHHO mpencTaBieHbl paboyne YCIOBUS U MaCChI

MaTepHaJioB HMCXOJHOTO CBIPbS, CMEIIaHHBIX B LesIXx (QopmupoBanus LemeHtoB Cement7,

Cement8 u Cement9.

Tabnuua 25
Cement7 Cement8 Cement9

HzBectHsk (1) 34 34 334
Bokcur A (1) 58,6 58,6 58,2
Bokcur B (r) 7 6
Anruapur C$ (1) 0.4 1.4 2.4
Tepmuueckas obpabotka | Ctynens B 12 wacos npu 1375°C npu TeMIepaTypHOM IPagUEHTE
(TpoaOKUTEIPHOCTh B Yacax # | 600°C B uac
TeMIeparypa B rpazgycax
Lenpcus)

B Tabnmue 26, mnpencraBieHHOW HIXKE B HACTOSIIEM JOKYMEHTE, MPHUBOAATCS

XUMHYECKHI COCTaB MaT€pHUaJIOB HNCXOAHOI'O CbIPb,

HUCMOJIB3YHOIUXCA  OJIA  TIOJIYUC€HUA

nementoB Cement7, Cement8, Cement9, a Takke COCTaB mMoJydeHHbIX LeMeHTOB Cement7,

Cement8, Cement9.

Tabnuua 26
WUsBecTHIK Bokcut A Bokcut B Cement7 Cement8 Cement9
Si02 (%) 0.13 7.66 0.93 6.5 4.9 4.9
AI203 (%) 0,29 68.86 77.80 64.3 66.0 64.0
Fe203 (%) 0.10 2.36 0.61 0.4 0.4 0,5
CaO (%) 56.21 0,54 0,02 25.9 25.7 26.0
MgO (%) 0.11 027 0.08 0.2 0,4 0,4
SO3 (%) 0.05 0.12 0,07 0.2 0.6 1.1
K20 (%) 0,00 0,87 0,05 He He He
NPUMEHUMO | OPUMEHUMO | HPHUMEHHMO
o He He He
Na20 (%) 0,05 0,09 0.19
NPUMEHUMO | OPUMEHUMO | HPHUMEHHMO
TiO2 (%) 0,02 3,57 4.43 2.4 3.0 2.9
P205 (%) 0,01 021 0,17 He He He
NPUMEHUMO | OPUMEHUMO | HPHUMEHHMO
Mn203 (%) 0,01 0,03 0,01 He He He
OPUMEHUMO | OPUMEHUMO | IPHUMEHHMO
Cr203 (%) 0,01 0,03 0,02 He He He
NPUMEHUMO | OPUMEHUMO | HPHUMEHHMO
FeO He He He 0.1 0.1 0.1
OPUMEHUMO | OPUMEHHUMO | IPUMEHHMO
H20 He He He 0 0 0
OPUMEHUMO | OPUMEHHUMO | IPHUMEHHMO
TIIITT (%) 43,02 15,39 15,61 He He He
OPUMEHUMO | OPUMEHUMO | IPHMEHHMO
B Tabnmue 27, mnpencTaBieHHOW HIXKE B HACTOSIIEM JOKYMEHTE, NPUBOMASATCS
MuHepanorndeckue (¢aspl, coxepkamuecs B uementax Cement7, Cement8, Cement9.




Munepanoruueckie (asbl U3MEpsUTd MPH HUCMOJIb30BAHUN M3BECTHOW METOIMKH TU(PPAKLIUU

PEHTTEHOBCKOTO M3JIy4eHUs (3a4acTyI0 COKpaleHHo obo3Hauaemoit kak JIPH).

Tabnuua 27
Cement7 Cement8 Cement9
CA2 54 60 54
C2AS 30 23 22
CA6 9 7 8
CT, opro 4 5 5
C4A3$ 1 4 8
MA 1 1 1
CA 0 0 0
Qeppur 1 0 1

®a3za MA cootBercTByer (hase, comepskaiieil omHYy MOJieKysny okcunma marams MgO
(npencraBisieMoro kak M B COOTBETCTBHHM C OOO3HA4YE€HHEM, IMPHHATBIM Y TMPOHU3BOIUTENEH
LIEMEHTA) [IPH pacyeTe Ha OJHY MOJIEKYJIy OKCHUAA ATFOMHUHUSA A.

Kaxneiii u3 nementoB Cement7, Cement8, Cement9 comep:xut npudbnusureapbHo 70%
nepBoii MuHepanorndeckod aser CA2 u 30% Bropoit mMuHepanorndeckoii daser C2ZAS mo
OTHOILIEHHIO K COBOKYITHOH Macce NaHHBIX IBYX MHUHEPAJIOTHIeCKuX (as.

Taxum 0Opa3zoM, OHH SBJISIOTCS] SKBUBAJICHTHBIMH C TOUKU 3PEHHSI COCTABA JAHHBIX JABYX
¢a3 uemenram Cement3, Cement3bis u Cement6, COOTBETCTBYIOLTUM U300PETEHHUIO.

Kak »Tt0 MoxHO BuaeTh B Tabmuie 27, uementsl Cement7, Cement8 u Cement9
cozlepskaT passMvHble H0JM HeOCHOBHOU (hazwl memumuta C4A3$, a MMEHHO, COOTBETCTBEHHO,
1%, 4% u 8% wmunepanorndeckori ¢asel C4A3$, mpu pacdere Ha Maccy MO OTHOLICHHIO K
COBOKYITHOI1 Macce KaJbLINeBO-aJIOMHUHATHOIO LIEMEHTa, COOTBETCTBEHHO, LieMeHToB Cement7,
Cement8 u Cement9.

Takum oOpasom, nonnm MuHepajorudeckux ¢a3 wnemenra Cement8 pemaror ero
NOJOOHBIM KaJlbIIMEBO-aTIOMHHATHBIM IleMeHTaM Cement3 u Cement3bis, cOOTBETCTBYIOIIUM
HU300pETEHUIO.

B Tabnuue 28 npuBonsATCs muomanb yAEIbHON MOBEpXHOCTH 1o bneitny u auametp dS0

(MxMm) st monydeHHbIX LeMeHToB Cement7, Cement8 u Cement9.

Tabmmma 28
[Mnowane yaeapHOM
nosepxHOCTH 1o breiiny (cm?/r) d50 (nxn)
Cement7 2950 34
Cement8 3000 78
Cement9 3080 by

LemeHTHpYIOLIIE KOMIO3UIUN (HOPMUPOBAIH TPH UCMOJIB30BaHNH LieMeHTOoB Cement7,

Cement8 u Cement9, COOTBETCTBYIOIINX U300PETEHHUIO.

JlanHple 1eMeHTHUpYIOmUE Kommodunuu ¢opmupoBanu npu 23°C B pesynbrare

cMemnBaHusl 346 rpaMMoOB LieMeHTa co 152 rpamMMamMu BOABI (TO €CTb, NMPH COOTHOIIEHHH
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Bonma/uement 0,44) B Teuenne 15 cexyHn B xone nepemermnBanusi npu 4000 o6opoTax B MUHYTY,
IOCJIe 3TOTrO B TeUeHHE 35 CeKyH B Xoae nepemMermnnBanus npu 12000 o60poTax B MUHYTY.

2/ Peonoruyeckne UCTIBITAHUS

2a. Buckozumerp Fann®35

B cooTBeTcTBUM C pa3bsCHEHUEM, NMPEACTABICHHBIM BBIIE B HACTOSIIEM JOKYMEHTE B
gactu 1. IlpeaBaputenvHble ncnbiTanms, Onaromapsi Bucko3umerpy FANN®3S BO3MOKHBIMU
SIBJIIIOTCSL OTCJICKUBAHUE M3MEHEHHs! KPYTAILIero MOMeHTa, (OPMHPYEMOTO IIEMEHTHUPYIOLIEH
KOMIIO3ULIMEH HA BHYTPEHHEH BTYJIKE, B COOTBETCTBHM CO CKOPOCTBIO BpAIEHUs BHELIHErO
LUJIUHAPA U NPOBEACHUE UCIBITAHMS IJI1 LEMEHTHUPYIOIIEeH KOMIIO3ULUU Ha Pa30BO OCHOBE B
LEeJSIX HEMOCPEACTBEHHON OLCHKU €€ BS3KOCTU IOCJIe CMEIIMBAaHMS LEMEHTa ¢ BOAOU
(mepBOHaYaMbHAS BSI3KOCTh V1) MM MO UCTEYEHUH TIEPHOA BBIACPIKUBAHUS B COCTOSIHUH TTOKOSI
B 10 MunyT (Bsi3kOCTH V2) mipu Temmnepatype 23°C.

B tabmune 29 npoaeMOHCTpUPOBaHBI 3HAUEHUS YIJIa 3aKPYYUBAHMS IS YAEPKUBAIOIIECH
MPY>KUHBI, CBA3AHHOM C BHYTPEHHEH BTYJIKOH, KOTOpbIE NPENCTABIAIOT BA3ZKOCTH VI u V2
LEMEHTHPYIOINX KOMMO3ULUi, conepskaiux nemeHTsl Cement7, Cement8, Cement9, a Takke

COOTBETCTBYOILMUE XAPAKTCPUCTUKHU HEMEHTHPYHOIINX KOMHOSI/IL[I/II\/'I, coAcprkamux HEMEHT

Cement3bis.
Tabmuma 29
Lementn- CootHorue- ITosepx-
Hcnons-
pyiomas VOIS HUE HOCTb I10 daza Baszkocts Baszkocts
KOMIIO3H- YIom BOJA/LIEMEH Brciiny C4A3$ (%) Vi1 V2
[EMCHT 5
LMt T (cM7/1)
Compol5 Cement3bis 0,41 3070 4 17 38
Compol6 | Cement3bis 0,48 3070 4 9 25
Compo20 Cement7 0,44 2950 1 13 32
Compo21 Cement8 0,44 3000 4 15 46
Compo22 Cement9 0,44 3080 8 17 58

B cBs3u ¢ 3THM, Kak 3TO MPOAEeMOHCTpUpoBaHO B Tabmuue 29, Bsaskoctd V1 um V2
LHEMEHTHPYOIMUX koMmno3uuuit ot 20 ngo 22, coxepxkammnx nemeHTol Cement7, Cement8,
Cement9, sBISIOTCS  YOOBJIETBOPUTENBHBIMM, TIIOCKOJBKY OHM  JI€JAl0T  BO3MOJKHBIM
nepekauynBaHue AaHHBIX LIEMEHTHPYIOIIMX KOMIIO3ULIUH IPU HCIHOJB30BAHWM HACOCOB IMpHU
TEMIIEPAType OKPYKAKOLIEH CPeabl.

ITpu 23°C na Bsazkoctu V1 1 V2 ypoBeHb MPOLEHTHOTO COAEPKaHU HEOCHOBHOM (pa3bl
uenumuta C4A3$ oka3bIiBaeT HE3HAUUTENBHOE BO3AEHCTBYE: BI3KOCTH V1 1 V2 yBemTUUNBAIOTCS
NIPU YBEJIMUEHUH KOJMUYECTBA (ha3bl HEITUMUTA.

B crnenyromeit nanee tabmume 30 mMPUBOIUTCS BA3KOCTb PA3NIMUYHBIX LEMEHTHPYIOIIUX
xoMrnosuuuii Compol6é u or Compo20 no Compo22 mpu 23°C mpu BpallleHUU BHEIIHEro

mHApa tactomerpa npu 300 obopoTtax B MUHYTY (B XOZ€ YBEIWYEHHUs), TIOCIE STOrO IMPH
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Tabnuua 30

Lementn- " c ITosepxHOCTB Daza C4A3S Bsskocts mpu

pyromias CTIOABIYIO™ OOTHOLICHHE o baeiiny asao 300 oboportax

KOMITO3MIIHSL IOUHCS EMEHT | BOJAA/LIEMEHT (o) (%) B MEHYTY

Compol6 Cement3bis 0,48 3070 4 62
Compo20 Cement7 0,44 2950 1 75
Compo21 Cement8 0,44 3000 4 100
Compo22 Cement9 0,44 3080 8 103

OnsThb-Taku, Kak 3TO MOXET ObITh OTMeueHO, mpu 23°C Ha BA3KOCTb NMPH BBICOKOM
HANPSDKEHUU YPOBEHb TMPOLIGHTHOTO COAEp KaHWs HEOCHOBHOUW (pasbl umenmumura C4A3$
OKa3bIBAa€T HE3HAYUTENbHOE BO3JEICTBHE. BA3KOCTb YBEIMYMBAETCA MPU  YBEIMYEHUU
KOJIM4ecTBa (a3bl HETUMUTA.

2b. Buckoszumerp ot komnanuu Anton Paar

B cootBercTBUU € pa3bsACHEHUEM, MPEACTABJICHHBIM BbIII€ B HACTOSIIEM JOKYMEHTE,
BUCKO3MMeTp OT KommnaHuu Anton Paar nenaer BO3MOXHBIM OTCJIE€KHUBAHHE H3MEHEHHUs
BA3KOCTH B 3aBUCUMOCTH OT BPEMEHH IpH 3alaHHON TeMmmepaType ISl BpalleHUs JONAacTU Npu

BbIOPaHHOM CKOPOCTH.
1

2

B nanHoM cnywae kpbuibdaTka Bpawmaercs npu S00 cex” ', a Temmeparypa COCTaBJIAE€T
npubnusurensao 80°C.

Bnaronapﬂ HO.]'Iy‘lGHHOfI KpHBOfI BO3MOJKHBIM SBJIETCA BO3BPAT K Ha4aJly CXBATbIBAHUS,

a HMEHHO, K TaKk Ha3blBAEMOMY BpPEMEHH «resie00pa3oBaHHsA», COOTBETCTBYIOLIEMY
MECTOMOJIOKEHUIO H3MEHEHHUsI HAKJIIOHA KPUBOM.
B 3aBucuMOCTM OT BpE€MEHHM H3MEPsUIM HU3MEHEHHE KPYTAIIEro MOMEHTa,

MPUKJIAbIBAEMOro LieMeHTHpyromumMu komnosuiusimu ot Compo20 no Compo22 k jonactu
riacromerpa ot komnanuu Anton Paar, npu 80°C.

ITpu 80°C Bo3neticTBue HeocHOBHOMH (asel nenmmura C4A3$ Ha Bpems reneobpa3oBanHus
(xoTopoe oTMeuaer Ha4dano (a3bl CXBATBIBAHHUs), a TaKXKe HAa COBOKYIHYIO BSI3KOCTb
KOMIIO3ULIUH SIBIISIETCS CYIIECTBEHHBIM.

JlelicTBUTENbHO,  BpeMeHa  rejeoOpa3oBaHMS  COCTaBISIIOT,  COOTBETCTBEHHO,
npubmu3uTenbHo 30 MuHYT I1s Kommiosuimu Compo20, conepkameit 1% ¢aser C4A3S, 5 gacos
u 20 munyT s kommnosuimu Compo21, copepskammeii 4% ¢assr C4A3$, u 6 yacoB u 30 MUHYT
st komnosutiun Compo22, conepskameii 8% daszer C4A3S.

Takum o00Opa3oM, kak OBUIO HEOXKHWAAHHO OOHAPYXKEHO, 4eM B OoJblIel CTeNneHH
YBEJIIMYMBAETCS] KOJINYECTBO HEOCHOBHOMN (ha3bl MEMMUTA B LEMEHTUPYIOLIEH KOMIIO3ULIUH, TEM
Oonpireit OynmeT ymOOOYKJIANbIBAEMOCTh, TO €CTh, TeM OoJiee MPOAOJLKUTEIbHBIM OyaeT

OTKPBITOE BPEMsI, WJIU TeM 0oJiee MPOAOIDKUTEIbHOHN OyaeT ¢a3a 3aryeHus.
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CrnenoBarenpHO, Kak 3TO mperacTaBisiercs, HeocHoBHas (asa C4A3$ mpu BbICOKOH
TeMIlepaTtype JEeMOHCTPUPYET 3aMeUlsiollee BO3/AEeHCTBUE Ha CXBATbIBAaHHE LIEMEHTHPYIOLIUX
KOMIIO3ULIUH, COOTBETCTBYIOLINX H300PETEHUIO.

Kpome Toro, Hampsbkenust casura mpu 500 cex ' (cBs3aHHblE C JMHAMHYECKOId
BSI3KOCTBIO) UISI LIEMEHTHPYIOIIMX KOMIIO3UIUI BO BpeMs (has3bl 3arymeHHs SIBJISIOTCS T€M
OonpIIMMH, YeM OoJblee KOJMYeCTBO HEOCHOBHOU (a3pl C4A3$ comepkaT LEeMEHTHUPYOIINE
xkomnozuumu: 150 Ila ansa komnozuumu Compo20, npubnusurensHo 250 [la mis koMmo3unmu
Compo21 n npudmmzurensro 500 ITa ansa kommosumn Compo22.

Takum oOpasom, npu 80°C, kak 3TO TPEACTABISIECTCS, TUHAMHYECKAs BSI3KOCTh
LEMEHTUPYIOIIUX KOMMO3UIMHA sl (pa3bl 3arylieHHs] TOJBEPraercs 3HAYUTEIbHOMY
BO3ACHUCTBUIO TIPH YBEJIIMYEHUH KOJNMYECTBA HEOCHOBHOM (ha3bl HETUMUTA.

3/ BeleneHue sKUIKOCTH

DKCHEPHUMEHT M0 BbIAEJIEHUIO JKUAKOCTH, ONMCAHHBIN BbIIIE€ B HACTOSIIEM JOKYMEHTE,
MPOBOAMIIM €lle Pa3 B OTHOIIEHHWH LIEMEHTUPYIOLIMX KOMIIO3ULIMH, COAep KalllUuX LEMEHTbI
Cement7, Cement8 u Cement9, cOOTBETCTBYIOIIME N30OPETEHHIO.

B tabmune 31 mpoaeMOHCTPUPOBAHBI PE3YJIbTAThl JAHHOTO SKCIIEPUMEHTA.

Tabmuma 31
ITmomane
LlemeHTHpVIOIIAs Hcnoasayrommiics CooTHotcHUE YACTBHOH Breraenusmmascs
KOMITO3HIIMS LIEMEHT BOJA/IIECMCHT TOBCPXHOCTH Boza (%)
o brevay
(eMm?/r)

Compo20 Cement7 0,44 2950 0,3
Compo21 Cement8 0,44 3000 1,1
Compo22 Cement9 0,44 3080 0,7

Kak 510 MOXeT OBbITb OTMEUEHO, YPOBHU MPOLEHTHOTO COIEPIKAHUS BbINEIUBLISHCS
BOJbl SIBJISIFOTCA OYEHb HU3KUMHM M TOJHOCTBIO YJIOBJIETBOPUTEIBHBIMU MJII COOTBETCTBUS
cranzapraMm uactutyra AHU.

4/ IInoTHOCTD

B cooTBercTBUM ¢ pa3bsicCHeHHEM H300peTeHHs B myHKTe [.8 M3Mepsnan IUIOTHOCTH
nemMeHTupyomux komnosuuuii or Compo20 no Compo22. Pe3ynbrarsl IpoAEeMOHCTPUPOBAHbI B

cnenyroimel ganee Tadmure 32.

Tabmuma 32

ITnomane VY nenpHas

Llementupyromas | Mcmons3yrommiics CooTHotcHUE VACTbHOU IJIOTHOCTh

KOMITO3ULIHS LIEMCHT BOJA/LIEMEHT MTOBEPXHOCTH 110 (byuT/ramion
Breiiay (cm’/r) (xr/m’))

Compo20 Cement7 0,44 2950 15,8 (1,90)
Compo21 Cement8 0,44 3000 15,5 (1,86)
Compo22 Cement9 0,44 3080 15,6 (1,87)

B cBssu ¢ OTHM, KaK 35TO JOJIXKHO OBITh OTMEYECHO, IUIOTHOCTU HEMCHTUPYHOIINUX
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komnozutmii ot Compo20 no Compo22, COOTBETCTBYIOIIUX H300PETEHUIO, SIBISIFOTCS
MOJXOASALIUMH 151 UCTIOJIb30BaHUS B 00JIaCTAX MPUMEHEHUS TpU OypeHuu aiisi 1oObuu HehTH.

IToatomy mnpucyrcrBue HeocHoBHOW (aser C4A3$ He okaspiBaeT Kakoro-imbo
BO3ACUCTBUS HA TUIOTHOCTD LIEMEHTHUPYIOINUX KOMIIO3UINH, COOTBETCTBYIOINUX N300PETEHHUIO.

5/ IlepekpecTHOE 3arpsi3HEHNE

B cooTBercTBUU ¢ pa3bsCHEHHEM H300pETEHUs], MPENCTABJIEHHBIM BBILIE B HACTOSIIEM
nokyMeHTe B myHKTe 1.6b, Onmaronmaps BuCkO3uMeTpy OT KoMmmaHuu Anton Paar oneHuBaim
3¢ dexT OT 3arps3HeHUs] MOPTIAHALIEMEHTa LEMEHTOM, COOTBETCTBYIOIINM H300PETEHHIO, WIH
OT 3arpsI3HEHUS IEMEHTA, COOTBETCTBYIOLIETO H300PETEHUIO, IOPTIAHALIEMEHTOM.

Kak »T0 HeoOXoAMMO HAamOMHHUTh, COOTBETCTBYIOLIEE BpeMs TIelleo0pa3oBaHUs
U3MEPSIOT B MOMEHT M3MEHEHHUS] HaKJIOHa KPUBOH (TpeacTaBisromuil codoil mepexon ot ¢assl
3arymeHust K (pase CXBaTBIBAHUS), & BPEMsI CXBATBIBAHUS COOTBETCTBYET MPOAOJLKUTEIBHOCTU
Nepruoia BPEMEHH, KOTOPBIN MPOTEKaeT MeXIy (POPMHUPOBAHHEM LIEMEHTHPYIOLIEH KOMITIO3ULIUN
MOMEHTOM AOCTUKEHHUsI KPYTSIIUM MOMEHTOM 4 MH. M.

Jnsi JaHHOTO M3MEPEeHUs] LEMEHTHPYIOIINE KOMIIO3ULUHU MOIYyYAT CASAYIOIUM Aanee
obpazom: 100 r nemeHTa cMemnBaOT ¢ 44 T BOABI (TO €CTh, MPU COOTHOIIEHHWHU BOJA/IIEMEHT)
npu ucnoyb3oBannu cmecutenss Rayneri Turbotest B Teuenne 15 cexynn nmpu 1000 obopoTax B
MUHYTY, 1ocie 3toro B Teuenne 120 cexyna mpu 3300 060poTax B MUHYTY.

B Tabnuue 33, mpeacTaBiIeHHON HUKE B HACTOSIIIEM JTOKYMEHTE, MPOIEMOHCTPUPOBAHBI

MOJYYCHHBIC PE3YJIbTAThI.

Tabnuma 33
Hcnonb3yromuecs eMeHTEI Wamepennoe Bpems
CementRef | Cement3bis CSA Pasa C4A3.$ B emecH 20°C
Cement3bis + CSA I'encobpazosanue | CxBaThiBaHKC
o () 0 V)
(%) (%) (%) (o) (MuH) (MuH)
25 69 6 8% 240 280
25 75 0 4% 190 260

Iementr CSA cooTBeTcTBYeT OOBIYHOMY KaJbLMEBO-CYJIb(OATIOMUHATHOMY LIEMEHTY,
KOTOPBIH MOJKET ObITh OOHAPYKEH B OTKPBITOH Mpoaaske.

310 Moxet ObiTh, Haripumep, reMeHT KTS 100, mpeacraBieHHbIH Ha pbIHKE KOMITAHUEH
Polar Bear u xapakTepu3yrOIIHiics MIOIIAAbI0 YAeIbHOM noBepxHocTu no bieiiny 4900 cm?/r.
JlaHHBIN KOMMEPYECKHI [IEMEHT CONePKUT mpudmmsurensHo 55% ¢aser C4A3S npu pacdere Ha
MAaccy MO OTHOLIEHHUIO K COBOKYITHOI Macce LieMeHTa.

JloGaByieHne KambleBO-CyIb(OATIOMUHATHOTO LIEMEHTA AETaeT BO3MOKHBIMU BBEICHUE
3amaHHoOro kojuuectBa ¢asbl C4A3$ B HEeMEHTHPYIOMYIO KOMITO3ULHMIO U TMOJYYeHHE OLICHKH
BO3ACUCTBUS NaHHOH (ha3bl Ha 3arps3HEHUE MOPTIIAHALIEMEHTa LIEMEHTOM, COOTBETCTBYIOLINM

n300peTeHur0, 1 HAa00OPOT.
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B nanHOM ciydae cmech nementa Cement3bis, COOTBETCTBYIOLIETO H300PETEHHIO, U
nementa CSA copepxkur npudbnusurenpbHo 8% ¢aser C4A3$ mpu pacdere Ha MacCy IO
OTHOLIEHUIO K COBOKYITHOM MacCe YIOMSIHYTOM LIEMEHTHOU cMecu. [[aHHas cMeCh U3 LEMEHTOB
MOJIBEPraeTcsl 3arpsi3HEHUI0 TMOPTIAHALEMEHTOM Ha NpuOMu3uTenbHO 25% wnM 3arpsi3Hsier
NOPTJIAHALEMEHT Ha NMPUOIH3UTEIBHO 25%.

Kak 510 nmomkHO OBITH OTMEYEHO, B Cly4ae 3arps3HEHHS CMEeCH U3 LIeMEHTa
NOPTJIAHALIEMEHTOM BpEMEHa TIeeo0pa3oBaHUsl U CXBATHIBAHMA SIBJSIIOTCSA SIBHO OoJiee
MPOJOJLKUTENBHBIMU U niepexoasT oT 190 munyt u 260 munyT k 240 Munytam u 280 MuHyTam.

Takum obpa3om, yBenndeHue koudecTBa HeoCHOBHOM (azel C4A3$ nenaeT BO3MOKHBIM
JOTIOJIHUTENIbHOE yMeHbIeHHe d¢¢ekrta OT 3arps3HeHHs LEMEHTa, COOTBETCTBYIOLIETO
n300pETEeHHI0, MOPTIAHALEMEHTOM.

CrnenoBarenpHO, OTCYTCTBYeT MNOTPEOHOCTP B  OUHWINEHHWH YCTAHOBOK — MEXAY
UCTIOJb30BAHMEM  LIEMEHTa, COOTBETCTBYIOIIErO  HM300pETEHHMIO, H  HCIOJb30BAHHUEM

NOPTIAHAUCMEHTA.
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DOOPMVIJIA U30BPETEHHMA

1. KanpuueBo-afOMUHATHBIM LIEMEHT, COAEPKALUN aJIIOMUHAT KajlbLUs, COAEP KaIlUN
NEPBYI0 KPUCTAJUIM30BAHHYK) MHHEPAIOTHYeCKyo ¢asy nauamomMuHara Kajgpuusa CA2,
comepxamero oauH okcupa kambiust CaO Ha nBa okcupma amomuaus AlLQOs, w/umm BTOPYRO
KPUCTAJUTM30BAHHYK) ~ MUHEPAJIOTUYeCKyl0  ¢asy amomMocwimkara aukanbius C2AS,
conmepskamero asa okcuna kaibius CaO Ha omua okcun amomuHust ALOs w onuH AMOKCHT
kpemuus SiO,

OTVIMYAIOIIUNICSA TEM, 4YTO MaccoBas MAOJs BCEX YIOMSHYTBIX ME€PBOM U BTOPOH
MUHEpaNOTnYeckux (a3 B YIOMSHYTOM aJFOMHHATE KaJbLHs SBISETCS OOJBLIEH WM paBHOU
80%.

2. KanpuueBo-aJFOMHUHATHBIA LIEMEHT IO MI. 1, B KOTOPOM YINOMSIHYTBIM AQJIFOMUHAT
KaJIbIMs TaKKE COAEPKUT aMOpP(HYKO YacTb, MaccoBas JOJII KOTOPOH B YIOMSHYTOM
aJIOMHHATe KaJlbLiUs ABJsAETCS MeHblIeH uin paBHoi 20%.

3. KanpiueBo-altOMUHATHBIA HEMEHT 10 JF0OoMy 13 mil. 1 ¥ 2, B KOTOPOM YIIOMSIHYThIH
aJIOMHUHAT KaJIbLUs JOTIOJTHUTEIbHO COJZIEPKUT TPETBIO KPUCTAJUIM30BAHHYHO
MUHepaNorndeckyro (azy amomuHaTta MOHOKanblust CA, comeprkamero OAuH OKCHA KaJbLUs
Ca0 w©a omuH oxcun amomMuHus  AbO;, W/HMIM  YETBEPTYHO  KPUCTAJUIM30BAHHYIO
MUHepanorndeckyro (asy amomunarta rexcakanbius CA6, comepskaero oOIuH OKCH KaJbLUs
CaO nHa mectp okcnnoB amoMunus ALOs, Mpu 3TOM MaccoBast 1OJISI BCEX TPEThEH M YETBEPTOM
MUHEpAJIOTUYeCKHX (a3 B YIOMSHYTOM QJIOMUHATE KaJbLUS SIBJIAETCS MEHbINEH WM PaBHOU
20%.

4. KanpueBo-aIfOMUHATHBIN LEMEHT 1o Jro0oMy u3 mm. 1-3, B KOTOPOM YIOMSIHYTBIH
AFOMUHAT KaJbLUS IOTMOJHHUTEIBHO CONEPXKUT IOTIOJHUTENBHYI0 MHUHEPAJOTHYECKYro (a3y
cynbdpoamomunara kajgbiuss C4A3$, comepsxkamero dereipe okcupa kambims CaO Ha Tpu
okcunaa amromunus Al,Os u oquH Tpruokcua cepsl SOs.

5. KanpuneBo-amFOMUHATHBIA LIEMEHT 110 JIF00OMy U3 . 1-4, conmeprkaiuii mpu pacyere
HAa MacCy MO OTHOLIEHHIO K COBOKYITHOM Macce YIOMSHYTOTO aJJFOMHHATA KaJIbLUs:

- ot 0% 1o 5% oxcupa xkeneza Fe,Os,

- ot 0% 1o 5% muokcupa turana TiOa,

- ot 0% 1o 5% Tpuokcuna cepsi SOs,

- ot 0% 1o 5% okcuna maraus MgO,

- oT 0% 110 2% 111eJOYHBIX COEAMHEHUH.

6. KanmpuueBo-afOMUHATHBIA LEMEHT mo oOomy u3 mm. 1-5, umeromuil Gopmy
MOPOLIKA, KOTOPBIN XapaKTEPU3yeTCsl IJIOIAABI0 YAENBHON NOBEPXHOCTU NO bieliny, cornacHo

U3MEpEeHHI0 B cOOTBEeTCTBUM O cTaHaapToM NF-EN-196-6 naxonsweiics B quanaszone ot 2200
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KBaJIPAaTHBIX CAHTUMETPOB Ha rpamMm 10 4500 kBaApaTHBIX CAaHTHUMETPOB HA TIpamw,
npeanoyTuTenabHo oT 2900 1o 3900 kBaapaTHBIX CAHTUMETPOB HA TPaMM.

7. KanbirieBo-aIFOMUHATHBIA EMEHT 10 JI000My U3 mil. 1-6, comepskalumii mpyu pacueTe
HAa MacCy MO OTHOLIEHHIO K COBOKYITHOM Macce YIOMSHYTOTO aJJFOMHHATA KaJIbLUs:

- 0T 50% 1o 60% mepBoi KPUCTAIITM30BaHHOW MUHEpanornieckoi ¢gasel CA2,

- 0T 26% 10 32% BTOpPOIl KPUCTAIUIN30BAHHON MHUHepaoruueckoil ¢aspl C2AS,

- 0T 2,5% 1o 3,5% TpeTbelt KpuCTaIUIN30BaHHON MUHepatoruueckoi ¢aspl CA,

- or 0,5% no 1,5% nmATOM KPHUCTAUIM30BAHHON MMHEPAJIOrHMYecKOH  (a3bl
deppoamomunara Terpakanbius C4AF,

- ot 10% 1o 15% nOTONHUTENBHBIX KPUCTAJUTN30BAHHBIX MUHEPAIOTHYECKUX (a3

8. KanbimeBo-aJloMUHATHBIN [IEeMEHT 1o JiroboMy u3 . 1-7, conmepskamtuit ot 0,5% no
15% nmononHUTENBHON MUHepajormueckor ¢asel cyibdoamomunara kxanbuus C4A3$ mpu
pacdere Ha MacCy IO OTHOLIEHUIO K COBOKYITHOM MacCe YIOMSIHYTOIO aJIFOMUHATA KaJIbLIMSL.

9. LlemMeHTHpyMOIIas KOMMO3MLMSA, COAEpIKallas IO MEHbUIEH Mepe KaJlbLUeBO-
ATIOMUHATHBIA [EMEHT Mo Jirobomy w3 mm. 1-8, cMemaHHbIA ¢ BOIOH W, BO3MOXKHO, C
LIEMEHTUPYIOIUMH 100aBKaMHU, TAKIMH KaK 30JIbHAas ITbLUTb W/ TPaHyJIMPOBAHHBINA TOMEHHBIH
IIJIAK W/WJIM KBapLeBas MyKa W/WJIM KBaplieBast MbLIb W/HIIM METAKAOJMH, IPAHYJIATAMH, TAKIMH
KaK KBapIl M/MJIN U3MEJIbUEHHBIN U3BECTHSK W/UJIH MECOK, U BCIIOMOTaTEIbHBIMH BEIIECTBAMMU.

10. TlpuMmeHeHHe KaJbIMEBO-AJIIOMUHATHOTO IieMEeHTa mo Jjrobomy u3 mm 1-8, B
COOTBETCTBUHU C KOTOPBIM

a) LIEMEHTUPYIOLYI0 KOMIIO3HLIUIO MMOJYYal0T B Pe3yJIbTaTe CMEIIUBAHUS MO MEHBLIEH
Mepe YIOMSHYTOIO KaJIbLINEBO-AJIFOMUHATHOTO LIEMEHTA C BOJIOM,

b) YIOMSIHYTYIO HEMEHTHUPYIOLIYIO KOMIIO3UIMIO PACIIONAraoT IO MECTY,

C) VYIOOMSHYTYIO LEMEHTUPYIOLIYI0 KOMIIO3HLHWI HAarpeBalOT A0 TEMIIEpaTypbl B
nuana3oHe ot 50°C go 300°C, mpenmoururensHo oT 80°C mo 280°C, Takum obpa3om, 4TOOBI
OaronpUATCTBOBATH CXBATHIBAHHIO LIEMEHTHPYIOIIEH KOMIIO3ULIUH.

11. IlpuMeHeHHE KaJbLMEBO-AIFOMUHATHOIO LeMeHTa no m. 10, B COOTBETCTBUU C
KOTOPBIM Ha CTaJAMU a) [EMEHTHPYIOIIass KOMIO3ULIUS UMeeT (popMy BOIHOW CYCHEH3HWH, W B
COOTBETCTBUM C KOTOPbIM Ha CTagud b) HEMEHTUPYIOIIYIO KOMIIO3ULIUIO pPAaCMoJIararT B

Oypsitnericss He(TIHON CKBAXKIHE.
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