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YCOBEPLWEHCTBOBAHHOE OBOPYAOBAHUWE ANA OTBEPXAEHNA W
CrnoCoObbl Ero UCrNoJib30BAHUA

NMEPEKPECTHAA CCbIJIKA HA POACTBEHHbBIE 3AABKHW

[001] HacTosawana 3aaBKa ncnpawmBaeT NPUOPUTET N NPEUMYLLECTBO NO
OAHOBPEMEHHO paccMaTpuMBaeMoOn npeaBapuTenbHON 3asaBke Ha nateHT CLUA
N° 62/399 949, nopmaHHOM 26 ceHTabpsa 2016 r., Kaxaas U3 KOTOpPbIX

NONMHOCTbLIO BKJIKOYEHA B HACTOALWMN AOKYMEHT nocpeacTtBoM CCbINTKK.

OBJIACTb TEXHUKW

[002] HacToswee unsobpereHne B LENOM OTHOCUTCA K 060pyAoOBaHUIO
AN OTBEPXAEHWUA, @ B YACTHOCTU, K 0OOpyAOBaHUIO AN OTBEPXAEHUS,
NCNONb3YEMOMY C MaTepuanamu, OTBEPXAAWUMNCSA B pe3ynbTaTe peakuuu
c COaz.

YPOBEHb TEXHUKW

[003] U3 ypOBHSA TEXHUKU M3BECTHbI CUCTEMbI U CNOCOObLI OTBEPXAEHUSA

MaTtepuanoB c ncnonb3oaHneMm CO2 B KauyecCcTBe peareHTa.

[004]B nybnukauun 1. M. Bukowski n R. L. Berger, UccneaoBaHus
uemeHta n 6etoHa (Cement and Concrete Research), Vol. 9, pp. 57-68,
aHBapb 1979, onucaHa kapboHuzauusa Herugpasnndeckunx, y-CazSiOs n
CaSiO3, cTpouTenbHbIX pacTBOPOB U MOPOLIKOB, NOABEPrHYTbIX BO34AENCTBUIO
cpen co 100% oTHocuTenbHoW BRaxHocTblo (RH, relative humidity) n 100%
CO2. CKOpOCTb peakuMnm M HapacTtaHuMe NpoYHOCTM Bbiwe B Y-CaxSiO4, ueMm B
CaSiOs. YesennueHue pasneHua CO2 OTHOCUTENbHO aTMocCdepHoro Ao 5,62
MMa [55,5 atmMocdep, nnm 815 dpyHTOB Ha KB. AOWM] yBenMYMBAET CTENEHb
peakuunn kak y-CaSiO4, Tak n CaSiOs. Npo4yHOCTb HapacTaeT B 3aBUCUMOCTU

OT cTeneHun peakumn un gasneHna CO2 cebiwe 2,00 MlMa. OnncaHo BO3MOXHoOE
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ncnonb3oBaHUe HernapaBianyeckKmnx MaTepunasionB AnAd LEMEHTOB,

aKkTuBuposaHHbiX COa.

[005] Takxe u3BecCcTHa nybamMkauusa MexayHapooHOW 3assBKW HaA NaTeHT
WO 2017/041188 Al astopoB Al-Ghouleh u gp., onybnukosaHHas 16 mapTta
2017 r., B KOTOpOM OnNucaH npouecc npoum3BoacTtesa CHOpPHbIX un3genvin B
BO34AYXOHENPOHNLAEMOM KOXYXe, KOTOPbIN BKAKOYAET 3Tanbl KapboHusauum
npeaBapuTenbHO BbICYWEHHbIX 610KOB M3 cbopHOro 6eTtoHa nyTeM noAaayu
razoobpaszHoro CO2 B 3aKkpbiTbli BO34AYXOHENPOHMUAEMbIN KOXYX Mpwu
AaBneHuun, 6anM3KoM K atMocepHoMy aasneHunto (mexay O n 2 ¢dyHTOB Ha KB.
awonm nsb. (0-13,79 kMa)), n/mam NOHUXEHHOM pasneHun (Mexay 2 M 15
¢dyHTOB Ha kB. AonM wmn3b6. (13,79 -103,4 «la)), npuvyeM yKasaHHbIE
npeaBapuTenbHO BbICylWeHHble 6eToHHble 6a0kKM notepann ot 25 po 60 %

coagepxXaHunsa oAbl B NCXOOHOW CMeCH.

[006] CywecTtByeT noTpebHoCcTb B obopygoBaHum wn cnocobax
OTBEPXAEHUSA, KOTOpble obecneuymBaldT  YAy4YlIEHHOE  OTBEpPXAEHUe

MaTepuanoB, OTBEPXAAEMbIX B pe3ynbTaTe peakunn c COs.

CYLWHOCTb M3OBPETEHUA

[007] CornacHo OAHOMY acnekTty n3obpereHuns NpeanoXeHo
YCTPOUCTBO AN OTBEPXAEHUA MaTepuanoB, OTBEPXAAEMbIX B pe3yfbTaTte
peakuuun c CO2, coaepxauiee:

- KaMepy OTBEpPXAEHUSA, BbIMOAHEHHYI C BO3MOXHOCTbK COAEpPXaHUS
MaTepuana, noTtpebnsawwero CO> B KayecTBe peareHTa U He
oTBepxaatweroca npu otcytcteun CO2 BO BpEMSA OTBEPXAEHUA,

NpU 3TOM yKas3aHHbIM MaTepuan He OTBEPXAAETCA NpU HanN4unu
OAHOW TONBbKO BOAbI U HE NOTpebaseT BoAy BO BpeEMSA OTBEPXAEHUS,

Kamepa OTBEPXAEHUA MMeeT N0 MEeHblLuen Mepe OAHO OTBepcCTue,
BbIMOJIHEHHOE pNna obecneyeHna obecneyeHnsa BBeAEHUSA MaTepuana B
Kamepy OTBEPXAEHUS W yAANIEHUA U3 HEE, U UMEET N0 MeHbLlen Mepe OAHY

KPbILKY AN OTBEPCTUS,
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NPUYEM  KpbIWKA BbINOJHEHA C  BO3MOXHOCTbIO  obecneyeHus
aTMOC(EepHOro YynAOTHEHUSA Npu  3akpbiBaHuMKU, 4YTOObI nNpefoTBpaTUTHL
3arpsa3HeHne rasa, Haxopdawerocs B Kamepe OTBEPXAEHWUSA, rasom,
HaXo4AWMMCA BHE KaMepbl OTBEPXKAEHUSA;

- UCTOYHMK AMOKCMAA Yyrnepoga WAM BO34yXa, BbINOJIHEHHbIN C
BO3MOXHOCTbIO MOAayu ra3zoobpasHoro AMoKCcuAaa yrinepoaa wan Bo3ayxa B
Kamepy OTBEpXAEHUSA 4epe3 BXOAHOE OTBepCcTue p[Jia rasa B Kamepe
OTBEPXAEHNSA, NPUYEM UCTOUYHUK AMOKCMAA yrnepoga Man Bo3ayxa uMmeeT no
MEHbLIEW Mepe OAHO YCTPOWUCTBO peryanpoBaHUs MOTOKA, BbIMNOJIHEHHOE C
BO3MOXHOCTbIO YyNnpaBAeHMA pacxo4oM rasoobpasHoro Auokcuaa yriaeposa
WNKn BO34YyXa, NOAABAEMOro B KaMepy OTBEPXKAEHUS;

- MOACUCTEMY UMPKYNAUUM ra3a, BbIMOJHEHHYK C BO3MOXHOCTbIO
obecneuyeHnsa uMpKynauMu razoobpasHoOro AuMokcuaa yranepoga uanm Bo3ayxa
yepes Kamepy OTBEPXAEHUS;

- NoACUCTEMY perynmpoBaHus TeMnepaTypbl, BbINOJAHEHHYK C
BO3MOXHOCTbIO  peryaMpoBaHuMA TemnepaTypbl ras3a BHYTPU KaMepbl;
NOACUCTEMY pEeryaMpoBaHUA BAAXHOCTU, BbINOJIHEHHYKD C BO3MOXHOCTbIO
perynmpoBaHus BAaXHOCTU rasa B KamMepe; u

- N0 MEHbLUEN Mepe OAUH KOHTPOIep, CBA3aHHbIN N0 MEHbLUEN Mepe C
OOHVUM U3 Cnefywwero: MCTOYHUMKOM AMOKCUAA yrnepopa, noacucTteMmon
ULMpKYnauumM  rasa, noacUCTEMON  peryanpoBaHua  TeMnepaTtypbl U
NOACUCTEMON peryampoBaHuA BAAXHOCTH,

NMpUYEM MO MeHblueh Mepe OAMH KOHTpPOnnep BbIMNOJHEH C
BO3MOXHOCTbIO  HE3aBUCUMMOI0  peryampoBaHMsas NO  MEHbWEW  Mepe
COOTBETCTBYIOLLEro O4HOM0 U3 Cnefylllero: pacxoaa rasa BHYTPU KaMepsbl,
ULMPKYNauMM rasa u4yepe3 Kamepy OTBEpXAEeHWsa, TemnepaTtypbl rasa u
BJIaXXHOCTM rasa,

npu 3TOM MO MEHblueh Mepe OAWH KOHTpoAJaep BbINOJAHEH C
BO3MOXHOCTbIO 0becneyeHns BpeMeHun npebbiBaHNa Ha NEepBOM dTane CyLUKK
(3Ttan 1), npnyem Bpems npebbiBaHMA HA NEpBOM 3Tane Cywkum noaobpaHo
Tak, 4Tobbl 6bITb MMHWMANbHLIM, M MO MEHbLUEN Mepe OAWH KOHTpoJnep

BbIMOJIHEH C BO3MOXHOCTbIO Mepexoaa OT MepBoro stana cywku (3tan 1) Ko
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BTOpOMY 3Tany kapboHusaunu (3Tan 2) B KOHLE NepBoro stana cywku (atan
1).

[008] AbcontoTHOE fgaBneHne npouecca OTBEPXAEHUSA, BbINOJHAEMOroO B
YKa3aHHOW KaMepe, uMeeT MecCTo Nnpu AasneHnax B gvanasoHe ot 0,1 at™ a0
abconTHOro AaaBneHns Huxe 5 atMm, utobbl KM36exaTb WUCMNONb30BaAHUS
CNOXHbIX  KOMMOHEHTOB, pacCYNTaHHbIX  Ha BbICOKOE  AaBJIEHME.
Mpeano4yTUTENBHO NpoLECcC npoTekaeT npu abconwTHOM aasneHun 0,68-1,36
atM (10-20 d¢yHTOB Ha KB. AwnMm). bonee npeanouTuTenbHO npouecc
npotekaeTt npu abcontoTHoM gasneHun 0,98-1,02 atm (14,5-14,9 pyHTOB Ha

KB. AOUM).

[009]B oaHOM BapuaHTe peanm3auuMum YCTPOWCTBO BbIMOJIHEHO C
BO3MOXHOCTbIO MEPBOHAYANILHOIO NMPOXOXAEHUSA MaTepuasoM NepBoOro stana

cywku (3tan 1) npu oTCcyTCTBUM NpeaHaMmepeHHo aobasneHHoro COa.

[0010] B ApyroM BapuaHTe peanu3auunn yCTPOUCTBO BbINOJHEHO C
BO3MOXHOCTbIO NEePBOHAYaAJIbHOIO NMPOXOXAEHUSA MAaTEpuasoM Nnepsoro 3tana

cywku (3tan 1) npun Hannuun COx.

[0011] Ewe B 04QHOM BapuaHTe peanu3aumm  YCTPOWCTBO
BbIMOJIHEHO C BO3MOXHOCTbIK OMpeaeneHusa nepexoaa OT NEepBOro 3rtana
cywkn (dTan 1) kO BTOpOMY 23Tany KapboHusauumm (3Tan 2) nNyTeMm
onpeaeneHns WU3MEHEHUA OJHOro unn 6bonee 33NEKTPUUYECKUX CBONCTB

MaTepuasZia Ha €ro noBepxHOoCTn MJIN B €ro OCHOBHOM Macce.

[0012] Ewe B 0AHOM BapuaHTe peanusaumum ogHo unm 6onee
9N1eKTPpUYECKMX CBOMCTB MaTepuajna BKAK4YAKT B ceba No MeHblien Mepe
OAWH n3 cneayouwmx napaMeTpoB: NOBEPXHOCTHOE yaenbHOe
conpoTusaeHne, 06bLeMHOEe yaenbHoe CONPOTUBIEHUE, SNEKTPONPOBOAHOCTDL,
nosHOE  CONpPOTUB/AIEHWE,  E€MKOCTb,  AU3AeKTpuyeckas NOCTOAHHAA,
AVaneKTpuyeckas NPOYHOCTD, AvanekTpuyeckas NPOHULAEMOCTb,

Nnbe303neKTpuyeckas NOCTOSHHasaA U KoM dOUUMEHT TEPMO3AC.



[0013] B AononAHUTENbHOM BapuaHTe peanu3aumum YCTPOWUCTBO
BbIMOJIHEHO C BO3MOXHOCTbIO ONpeaeneHusa nepexoga OT MNEepBOro 3arana
cywkn (3Ttan 1) kKo BTOpOMYy 3Tany kapboHumzauuu (3Tan 2) NocCpeacTtBoOM
onpeneneHMs WU3MEHEeHWa KoJu4decTBa BOAbl, KOTOpasa ypanaerca u3

MaTepuana.

[0014] B AononHUTENbHOM BapuaHTe peanu3aumum YCTPOWUCTBO
BbIMOJIHEHO C BO3MOXHOCTbIK oONpeaeneHusa nepexoga OT MNEepBOro 3rtana
Ccywkun (3Tan 1) ko BTOpOoMYy 3Tany kKapboHusauuu (3Tan 2) NocpencTtBoOM

onpeneneHns U3MEHEHMs NpPonopunn BoAbl, yaansseMon n3 matepuana.

[0015] B AonoAHUTENbHOM BapuaHTe peanu3aumum YCTPOWUCTBO
BbIMOJIHEHO C BO3MOXHOCTbIKO OnpeaeneHusa nepexoja OT NepBoro 3rtana
cywkun (3Tan 1) ko BTOpoMy 3Tany kKapboHusauuu (3Tan 2) NoCpencTBOM
onpeaeneHns U3MEHEeHUs Mnponopuuun BOAblI, AKKYMYJMPOBaHHOW W3 rasa,

LMPKYJMPYIOLLEro B KaMepe.

[0016] Ewe B 04QHOM BapuaHTe peanus3aumm  YCTPOWCTBO
BbIMOJIHEHO C BO3MOXHOCTbLI ONpeaeneHus nepexoga OT MNEepBOro 3rtana
cywkun (3Tan 1) ko BTOpOMYy 3Tany kKapboHusauuu (3Tan 2) nocpencrtBoM
onpeneneHnss WU3MEHEeHUS MO MeHbLlen Mepe OAHOro U3 Cheaywwero:

KoHUueHTpaunn CO2 n KoHueHTpauuun Oz B rase, UMPKYAMPYIOLWEM B KaMepe.

[0017] Ewe B 04QHOM BapuaHTe peaau3aumm  yYCTPONCTBO
BbIMOJIHEHO C BO3MOXHOCTbIO OMpeaeneHusa nepexoga OT NEepBOro 3rtana
cywkn (3tan 1) kKo BTOpOMy 3Tany kapboHuzauuu (3Tan 2) NocpeacTtBOM
onpeaeneHnsa U3MeHEeHUS OTHOCUTENIbHOW BAAXHOCTU rasa, LMPKYANPYIOLLEro

B Kamepe.

[0018] B ogHOM BapwuaHTe peanusaumum YCTPOWCTBO BbINOJIHEHO C

BO3MOXHOCTbIO ONpeaeneHns nepexona oT NepBoro atana cywku (3tan 1) ko
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BTOpOMY 3Tany kKapboHusauwun (3Tan 2) nocpencTtsoM onpeaeneHus

N3MEHEeHUs TeMNepaTypbl ra3a, LUPKYJIMPYIOLWEro B KaMepe.

[0019] Ewe B 04QHOM BapuaHTe peanusaumum  YCTPOWCTBO
BbIMOJIHEHO C BO3MOXHOCTbIO OnpegeneHusa nepexoga OT NEepBOro artana
cywkun (3Tan 1) ko BTOpOMY 3Tany kKapboHusauuu (3Tan 2) nNocpencTtBoM

onpeneneHns U3MEHeHUs TemnepaTypbl Matepuana.

[0020] Ewe B 04QHOM BapuaHTe peanu3aumm  YCTPOWCTBO
BbIMOJIHEHO C BO3MOXHOCTbKO MOHUTOPMHIA W3MEHEHUs TemmnepaTypbl

MaTepuasna C MCNoJsib30BaHMEM MH(PpPaAKpaACHON KaMepbl.

[0021] Ewe B 04QHOM BapuaHTe peanu3aumum  YCTPOWCTBO
BbIMOJIHEHO C BO3MOXHOCTbIO OnpeaeneHusa nepexoga OT NepBOro 3rtana
cywkun (3Tan 1) ko BTOpoMy 3Tany kKapboHusaumum (3Tan 2) nocpeacTsBoM

onpeaeneHnd UaMeHeHna gaBneHnd BHYTPU KaMepbl.

[0022] Ewe B 0AQHOM BapuaHTe peanus3aumm  YCTPOWCTBO
BbIMOJIHEHO C BO3MOXHOCTbIO U3MEPEHUS, OTCAEXMUBAHUA U pEeryampoBaHuUSA
AABNIEHNA BHYTPU KaMepbl Ha MPOTAXEHUW BCEro npouecca Ha KakoM-nmbo

M3 NepBoOro 3Tana cywkun (3tan 1) u BTOpOro atana oTeepxapeHunsa (atan 2).

[0023] B pononHuTenbHOM BapuaHTe peanu3aynnm YCTPOWCTBO
BbIMOJIHEHO C BO3MOXHOCTbI OMNpeaeneHusa nepexoga OT NepBOro 3rtana
Cywkun (3Tan 1) ko BTOpoMy 3Tany kKapboHusauuu (3Tan 2) NoCpencTBOM

onpeneneHns U3MEHeHUs ypoBHA pH matepuana.

[0024] Ewe B 04QHOM BapuaHTe peaau3aumm  YCTPOWCTBO
BbIMOJIHEHO C BO3MOXHOCTbIO OMpeAeneHusa nepexoga OT NepBOro 3rtana
cywkn (3tan 1) kKo BTOpoMy 3Tany kapboHumzauuu (3Tan 2) NocpeacTtBoM
onpeaeneHna U3MeHeHns ypoBHA pH BOAbl, aKKyYMYJUPOBaHHOW BO BpeEMS

oTBEPXAEHNA MAaTEpPUana.
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[0025] Ewe B O0AHOM AOMNOMHUTENBHOM BapuaHTe peanus3auuu
YCTPOWUCTBO BbINOJIHEHO C BO3MOXHOCTbIO OnpeaeneHusa nepexosa oT Nepsoro
5Tana cywku (3Tan 1) KO BTOpOMYy 3Tany kKapboHusauum (3Tan 2)

nocpeacrsomMm onpeaneneHna naMeHEHNA 3NEMEHTHOINo0O CoCtaBa MaTepunana.

[0026] B ogHOM BapuaHTe peanusaumum YCTPOMUCTBO BbIMOJHEHO C
BO3MOXHOCTbIO U3MEPEHUS, OTCAEXMBAHUA U pEryjaMpoBaHUsS 3JIEMEHTHOTIO
coCTaBa MaTepuana Ha MPOTAXKEHUW BCEro npouecca Ha KakoM-nnbo u3

nepBoro atana cywku (3tan 1) u BTOoporo 3tana kapboHunsauuu (3Tan 2).

[0027] B ApyroMm BapuaHTe peanum3aunn yCTPOUCTBO BbINOJHEHO C
BO3MOXHOCTbIO OnpefeneHns nepexona oT Nepeoro atana cywku (atan 1) Ko
BTOpOMY 3Tany kKapboHusauun (3Tan 2) nocpenctesoM onpeaeneHus

N3MEHEHUS peaKkuun MaTepuana Ha yNbTPa3ByKOBOE CTUMYJIMPOBaHUE.

[0028] Ewe B O0AHOM BapuaHTe peanusauum nopcucTeMa
perynmpoBaHus TemnepaTtypbl LOMNONHUTENbHO COAEPXWUT MO MEHbLIEN Mepe
OAWH WUCTOYHWUK 3SHEpPruu, BbINOJMHEHHbIA C BO3MOXHOCTbIO HAarpeesa no

MEeHbLUen Mepe 0AHOIro n3 ra3a u MmatTepunana.

[0029] Ewe B 0AHOM BapuaHTe peanusauum nopcucTema
perynnpoBaHusl TemnepaTypbl BbIMOJIHEHA C BO3MOXHOCTbK perynnpoBaHus
TeMnepaTypbl MaTepuana, NponopuuvuM BOAbl, yAanseMmMonm Ha NepBOM 3Tane
cywkn (3tan 1), n CKOpOCTN peakuun Ha BTOPOM dTane kKapboHusauyun (3Tan
2).

[0030] B L[OMNONHWTENbLHOM BapuaHTe peanu3auun  UCTOYHUK
SHEepPrumn BbINOJIHEH C BO3MOXHOCTbIO YNpaBJIeHU BPEMEHeM npebbiBaHUa No
MEHbLUE Mepe Ha OAHOM U3 NepBoOro 3tana cywku (3Tan 1) n BTOpPOro stana

kapboHusauum (aTan 2).
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[0031] Ewe B 0AHOM JAOMNOMHUTENBHOM BapuaHTe peanusauunmn
MCTOYHUK SHEPruM BbIMOJHEH C BO3MOXHOCTbIO WMCNOJIb30BAHUA CXUraHUsA

MCKONaemoro Ttonanea.

[0032] B AOMNONHUTENBHOM BapuaHTe peanu3auum UCTOYHUK
SHEprMn BbINOMHEH C BO3MOXHOCTbI WCMOJIb30BAHUS HarpeeBa 3a CYeT

SNEKTPUYeCKoro conpoTmeiaeHuns.

[0033] Ewe B 0AHOM BapuaHTe peanun3aumm WUCTOYHUK SHEprum
BbIMOJIHEH C BO3MOXHOCTbIO MCMNOJIb30BAHMSA UWHMpPAKpACHOro MCTOYHMUKA

TEMNa.

[0034] Ewe B O0AHOM AOMNOJIHUTENBHOM BapuaHTe peanusauuu

MCTOYHUK SHEPIUKN BbINOJIHEH C BO3MOXHOCTbIO MCNOJIb30BAHNA J1a3€epa.

[0035] B opHOM BapuaHTe peanusaunm UCTOYHUK SHEpruu

BbINOJIHEH C BO3MOXHOCTbIO UCMOJIb30BAaHUA ANINEKTPUYECKOIO Harpeea.

[0036] B Apyrom BapuaHTe peanu3auum B WCTOYHWUKE 3SHEpruu,
BbINOJIHEHHOM C BO3MOXHOCTbK MCMONb30BAHUA ANINEKTPUYECKOr0 Harpesa,

MCNnoNb30BaHbl BOJIHbI MMKpOBO}'IHOBOl‘/'I YacCTOoTbl N paanov4aCTOTHbIE BOJIHBbI.

[0037] Ewe B 04HOM BapuaHTe peanun3aumn B UCTOYHUKE SHEPTUMN,
BbIMOJIHEHHOM C BO3MOXHOCTbIO MCNONb30BAHNA AU3NEKTPUYECKOro Harpeea,
NCNONb30BaHbl PagnMo4acToTbl B MPOMbILWJIEHHOW, HAy4YHOW U MeauUUHCKOWN

nonoce yacrtoT (guana3oH ISM, Industrial, Science and Medical band).

[0038] Ewe B 0OAHOM BapuaHTe peanun3auuMum WUCTOUYHUK SHepruu

BbINOMHEH C BO3MOXHOCTbLIO UCMOJZIb30BAaHUA NN1a3MEHHOIro Harpeea.

[0039] B L[OMONHWTENbLHOM BapuaHTe peanu3auun  UCTOYHUK

SHEPIrnn BbIMOJIHEH C BO3MOXHOCTbIO UCNOJIb30BaAHNA HArpesa napomM.
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[0040] Ewe B 0AHOM BapuaHTe peanu3aununm UCTOUYHUK SHEPruu

BbINOJIHEH C BO3MOXHOCTbIO NCMOJIb30BaHNA NEPErPETOro napa.

[0041] B AOnONHWTENBbHOM BapuaHTe peanu3aumm UCTOYHUK

9HEpPrnn BbiNMNOJIHEH C BO3MOXHOCTbIO NCNOJIb30BaHNA NPpOBOAUMOCTU.

[0042] Ewe B 0AHOM BapuaHTe peanun3auum WNCTOYHWUK SHEpPruu

BbINOJIHEH C BO3MOXHOCTbLIO UCMOJIb30BaAHNA U3NTyyaTend.

[0043] B p[OnNOAHWTENbLHOM BapuaHTe peanu3auun  UCTOYHUK
SHEpPrun BbIMOJIHEH C BO3MOXHOCTbIO UCMOJb30BAHUS UCTOYHUKA JIYYUCTOrO

Harpesa.

[0044] B o0AoHOM BapuaHTe peanusauynum UCTOYHUK SHEpruu
BbIMOJIHEH C BO3MOXHOCTbK MCMOJIb30BAHUA YCTAaHOBKWU ANS KOreHepauuu

3HEpruu.

[0045] B Apyrom BapuaHTe peanusauunu noacucreMa
perynmpoeaHna BNAXHOCTU BbINOJIHEHA C BO3MOXHOCTbKO peryinpoBaHuAd

n3pneyeHna oAbl N3 MaTepuana.

[0046] Ewe B O0AQHOM BapuaHTe peanusauymm nopcucTema
pPEryMpoBaHUs BNAXHOCTU BbINOJIHEHA C BO3MOXHOCTbK pEerynnpoBaHus
N3BNeYEHUS BOAbl M3 ra3a B KaMepe B TEYEHUE N0 MEHbLUEN Mepe OAHOro u3

nepBoro atana cywku (3tan 1) u BToporo stana kapboHusauun (3tan 2).

[0047] Ewe B O0OAHOM BapumaHTe peanusauum nopcucreMa
peryaMpoBaHUsa BAAXHOCTU BbINOJIHEHA C BO3MOXHOCTbIO peryanmpoBaHus

N3B/IeYEHUS BOAbl C UCNOJIb30BAHUEM €CTECTBEHHOW KOHBEKLMUMU.

[0048] B poononHMTENbHOM BapuaHTe peanusauunm nopcucreMa
perynimpoBaHUs BJAXHOCTU BbINOJIHEHA C BO3MOXHOCTbIO peryanpoBaHus

n3siaeyeHnda soabl C MCNOJIb30BaHNEM I'IpVIHy;I,VITGJ'IbHOVI KOHBEKLUUMN.
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[0049] Ewe B o04QHOM BapuaHTe peanumsaumm noacucTeMa
PErynnpoBaHna BNAXHOCTU BbINOJIHEHA C BO3MOXHOCTbI peryjaMpoBaHus

n3egieyeHunda soabl C UCNONb30BaHNEM KOMNPECCOopPaA.

[0050] B AOononHMTENnbLHOM BapuaHTe peanu3aunm noacucrema
PErYyNINPOBAHNA BNAXHOCTU BbINOJIHEHA C BO3MOXHOCTbIO peryampoBaHus

nisneyeHnda soabl C UCNOJNIb30BaHNEM OCYLUUTENA.

[0051] Ewe B o04HOM BapuaHTe peanumsauum noacucTema
PErYyNNPOBAHNA BJIAXHOCTU BbINOJIHEHA C BO3MOXHOCTbK peryampoBaHus
N3BJNIEYUEHNSA BOAbl C MWCMONAb30BAHMEM O[HOrO W3 TENN00O6MEHHuKa u

oXnaauTtend.

[0052] B p[oononHMTENbHOM BapuaHTe peanusauun nopcucreMa
peryniMpoBaHUs BAAXHOCTU BbINOJIHEHA C BO3MOXHOCTbIO peryanpoBaHus
n3BnevyeHma BOAbl C  UCNOJIb30BAHMEM  [AaBAEHUSA, MEHbLUero, 4Yem

aTMocdepHoe agasneHue.

[0053] B oaHOM BapuaHTe peanu3auumu noACUCTEMA LUPKYNALMM
rasa BbIMNOJIHEHA C BO3MOXHOCTbIO PEryJIMPOBAHUSA LUUPKYAAUUMU ras3a B
Kamepe, 4Tobbl perynupoBaTb yaajeHue BoAbl HA NEPBOM 3Tane cywku (3Tan
1).

[0054] B ApyromMm BapuaHTe peanmsauuMum noacucrteMa LUpKynsauum
rasa BbIMOJIHEHA C BO3MOXHOCTbIO pEerysimpoBaHus NoToka M CKOPOCTU rasa,

HaXoaAaWwunxca pagomM ¢ Matepmanom.

[0055] Ewe B O0AQHOM BapuaHTe peanusauum nopcucreMa
LUPKYNSaUUM ra3a BbIMOJIHEHA C BO3MOXHOCTbIO PEryMpOBaHUSA LUPKYNaunmn
rasa B Kamepe, 4Ttobbl perynupoBaTb CKOPOCTb peakuunm Ha BTOPOM 3Tane

kapboHusauumn (aTan 2).
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[0056] Ewe B O0QHOM BapuaHTe peanusayum nopcucreMa
LUPKYNSaUUM ra3a BbIMOJHEHA C BO3MOXHOCTbIO pEryaMpoBaHMSA MOTOKA WU

CKOpPOCTU ra3a C UCnoJib3oBaHNEM CUCTEMbI HarHeTaTe/bHON BEHTUNALUN.

[0057] B AQononHuTEeNnbHOM BapuaHTe peanum3auum noacucTema
LMPKYNSiLUM ra3a BbINOJIHEHA C BO3MOXHOCTbK pEeryjuMpoBaHuMs MOTOKa W

CKOPOCTM ra3a C UCMoJsib30BaHNEM BHYTPEHHEN CUCTEMbI LUPKYAALUN.

[0058] Ewe B 04HOM BapuaHTe peanu3auumu BHYTPEHHAA CUCTEMa

LUPKYNSAUUN COAEPXKUT BEHTUNIATOP.

[0059] B AOONONHMTENbLHOM BapuaHTe peaau3auum noacucTema
LMPKYNSALUM ra3a BbIMOJIHEHA C BO3MOXHOCTbIO peryjMpoBaHuMsA MOTOKa WU

CKOpPOCTU Ira3a C NCnoJsib3oBaHUeEM BHELIHEN CUCTEMbI LNPKYNALUN.

[0060] Ewe B 0AHOM BapuaHTe peann3auunm BHELWHAA CUCTEMA

LUMPKYNSAUUN COAEPXKUT BEHTUNATOP.

[0061] Ewe B O0AHOM AONOJIHUTENBHOM BapuaHTe peanusauuu
YCTPONCTBO COAEPXMUT BHYTPEHHIOW CUCTEMY LUUPKYNAUUK, BHELUHIOW
CUCTEMY UUPKYNALUN N 0BXOAHON KOHTYP, BbIMNOJIHEHHbIN C BO3MOXHOCTbIO
NPONOPUMOHANILHOIO pacnpepeneHns noToka rasa Mexay BHYTpPEeHHen

CUCTEMON UUPKYNALUN U BHELWIHEN CUCTEMON LUPKYNSALUMN.

[0062] B oaHOM BapuaHTe peanun3aumm YCTPOUCTBO COAEPXUT
MHOXECTBO BHYTPEHHUX CUCTEM UMPKYAALUM, MHOXECTBO BHELWHUX CUCTEM
LUPKYNSaUUU, MHOXECTBO HarpeBaTeNnel U MHOXECTBO CUCTEM OCYLUEHUSA C
obpa3oBaHNMEM MHOXECTBa HE3aBUCUMbIX 30H YMpaBAeHUS BHYTPU KaMepbl

OTBEPXAEHUS.

[0063] B Apyrom BapuaHTe peanusauuu YCTPONCTBO
perynMpoBaHuss NOTOKa ras3a BbINOJIHEHO C BO3MOXHOCTbD W3MEHEHUS

KOHUueHTpaunun CO2 BO BpeMs nNepBoro stana cywkum (3Tan 1) u BTOPOro
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5Tana kKapboHusauumn (3Tan 2), 4ytobbl MaAaKCMMU3NPOBaATb 3PEHEKTUBHOCTL

notpebneHunsa CO2 BO BpeEMS NpoOLECCA OTBEPXKAEHMUS.

[0064] Ewe B 0o4HOM BapuaHTe peanu3auumn KoHueHTpauusa CO2

YMEHbLUAeTCcsa BO BpeMsa BTOPOro atana kapboHusauum (3tan 2).

[0065] CornacHo pApyroMy acnekTty wu3obpeTreHne OTHOCUTCHS K
cnocoby oTBepxaeHus MaTepuana, notpebnsawowero CO2 B KayecTBe
peareHTa W He oTBepxpawoweroca npu otcytcteun CO2 BO BpeMms
OTBEPXAEHUSA, NPU 3TOM MaTepuan He OTBEPXAAETCHA NMPU HaJMYUWN OAHOMN
TONbKO BOAbl M He noTpebnsaer Booy BO BpPEMSA OTBEPXKAEHUSA, MPU 3TOM
cnoco6 BKWYaET cneayowmne stanbl:

obecneyeHune yCTpOUCTBA, COAEPXALLErO:

- KaMepy OTBEPXAEHUS, BbIMOJHEHHYI C BO3MOXHOCTbI COAEpXaHUs
MaTepuana, notpebnsawuwero CO2 B KayeCTBe peareHTa, NpM4YeM mMaTtepuman He
oTBepxaaerca npu otcytcTeun CO2 BO BpeMs OTBEPXAEHUA,

npuyeM Matepuan He OTBEPXKAAETCA NPU HANIMUYUKN OAHOW TONbKO
BOAbl U HE noTpebnsaeT BoAy BO BPEMA OTBEPXAEHUSA,

KaMepa OTBEPXAEHUA MMEET NO MEHbLIENW Mepe O0AHO OTBepcCTue,
BbINOSIHEHHOE Anga obecneuyeHMas BBeAeHUA MaTepuana B Kamepy
OTBEPXAEHUSA U yAANEHUA U3 HEE, N UMEET MO MEHbLUEN Mepe OAHY KPbILWKY
ANs OTBEPCTUS,

NMPUYEM KpbllWKa BbIMNOJIHEHA C BO3MOXHOCTbD obecneyeHus
aTMOCEPHOro yMnJOTHEHUA NpuU  3aKkpbiBaHuKM, 4YTOb6bI nNpeaoTBpaTUTL
3arpsi3HeHne rasa, HaxoAsweroca B KaMepe OTBEpPXAEHWSA, ra3oM,
HaxXoAALWMMCSA BHE KaMepbl OTBEPXAEHUS;

- WUCTOYHMK [ANOKCMAA Yyrnepoga WAM BO34yXa, BbIMNOJIHEHHbIN C
BO3MOXHOCTbIO Mogayun razoobpasHoro guvokcuaga yrnepoga wuaum BO3AyXa B
KaMepy OTBEpXAEHMSA 4epe3 BXOAHOE OTBEpCcTMe pAJid rasa B Kamepe
OTBEPXAEHNSA, MPUYEM UCTOYHUK LUOKCMAA yriepoda uaun BO3ayxa MMeEeT no
MEHbLUEN Mepe OA4HO YCTPOWCTBO PEry/sinpoBaHMs MOTOKA, BbIMOJIHEHHOE C
BO3MOXHOCTbIO YyMpaB/ieHna pacxogoM ras3oobpasHoro guokcuaa yrnepoaa

WNn BO3AyXa, NOAABAaEMOro B KaMepy OTBEPXAEHUS;
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- MOACUCTEMY UMPKYNAUUM ra3a, BbIMOJHEHHYK C BO3MOXHOCTbIO
obecnevyeHnsa uMpKynaumu razoobpasHoOro Auokcuaa yranepoga uam Bo3ayxa
yepes Kamepy OTBEPXAEHUS;

- NoACUCTEMY peryanpoBaHuWa TeMmnepaTypbl, BbINOJHEHHYK C
BO3MOXHOCTbIO PEry/IMPOBAHNSA TEMNEpPATYpbl raza BHYTPU KaMepbl;

- MNOACUCTEMY  peryinpoBaHus  BAAXHOCTWU,  BbIMOJIHEHHYO C
BO3MOXHOCTbIO peryainpoBaHnsa BAAXHOCTU rasa B Kamepe; u

- N0 MEHbLUEN Mepe OAUNH KOHTpOAep, CBA3AHHbLIA MO MEeHbLuen Mepe C
O4HWUM W3 CAeAywLwWero: WCTOYHWUKOM AMOKCMAA Yyraepoga, NoaCUCTEMON
UMpKYnauuu  rasa, noaCUCTEMOM  peryanpoBaHusa  TeMmnepaTypbl M
NOACUCTEMON peryampoBaHuUA BAAXHOCTH,

Nnpu 3TOM NO MEHblueh Mepe OAMH KOHTpoAJaep BbINOJAHEH C
BO3MOXHOCTbIO  HE3aBUCUMMOro  peryaMpoBaHMa MO  MEHbluen  Mepe
COOTBETCTBYIOLLEro OAHOM0 M3 cAeaywuwero: nojgayn rasa BHYTPb KaMepsbl,
ULMPKYNauMM rasa u4yepe3 Kamepy OTBEpPXAEeHWs, TeMmnepaTtypbl rasa u
BJIaXXHOCTM rasa,

npu 3TOM MNO MEHblueWn Mepe OAWH KOHTpoAJaep BbINOAHEH C
BO3MOXHOCTbIO 0becneyeHns BpeMeHn npebbiBaHMA Ha NEepBOM 3Tane CyLUKK
(aTan 1), npuyeMm BpeMsa npebbiBaHWA Ha NepBOM 3Tane Cywku nopobpaHo
Tak, 4Tobbl 6bITb MMHUMANbHbLIM, U MO MEHbLUEN Mepe OAUH KOHTponnep
BbIMOJIHEH C BO3MOXHOCTbIO nepexoaa OT NepBoro atana cywku (3tan 1) Ko
BTOpOMY 3Tany kapboHusaumm (3Tan 2) B KOHLE NepBOro 3tana cywku (3tan
1),

npuyem cnocob Takxe BKAKYAET:

BbIMOJIHEHNWE NEepBOro 3Tana CyWwKW, UMEKWero nepsoe Bpems
npebbiBaHMA Ha NEpPBOM 3Tane CyLUKU, U1

BbIMOJIHEHNE BTOPOro 3Tana OTBEPXAEHUSA B KOHLE nepBoro 3Tana

CYLUKMU.

[0066] B ogHOM acnekte u3obpeTeHne OTHOCUTCA K YCTPOUCTBY
ANS OTBEPXAEHUA MaTepuanoB, YNPOUYHSAEMbIX B pe3ynbTate peakummn ¢ COz u

HE YyNMpOYHAEMbIX NPpU HAaJIMHNNU OAHOWN TONbKO BOAbI, coaEepXaleMmy:
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- KaMepy OTBEpPXAEHUSA, BbIMOAHEHHYI C BO3MOXHOCTbK COAEpPXAaHUS
MaTepunana, notpebnswowero CO2 B KayecTBe peareHTta, U No CYLWECTBY He
ynpoyHsaemoro npu otcytcteum  CO2, npuyeM yKasaHHasa Kamepa
OTBEPXAEHNA WMEET MO0 MEHblueln Mepe OAHO OTBEepCTME, BbINOJIHEHHOE C
BO3MOXHOCTbIO BBEAEHUA YKA3aHHOIMO0 MaTtepuana B Kamepy OTBEPXAEHUA U
€ro ypaneHns u3 Hee, U WUMEeT N0 MEeHbLleln Mepe OAHY KpbIWKy ANS
YKa3aHHOro OTBEpCTUSA, MNpU 3TOM YKa3aHHas KpbiWKa BbINOJIHEHA C
BO3MOXHOCTbIO obecrneueHns aTtMoCdepHOro ynjoTHEHUS Npu 3aKpbiBaHUW,
yToObl NpefoTBpaTUTL 3arps3HeHue rasa, HaxXo4AaWerocsd B YKa3aHHOMU
Kamepe OTBEPXAEHUS, ra3oM, HaxXOoAAWMMCA BHE YKa3aHHOM KaMmepbl
OTBEPXAEHUSA;

- WUCTOYHMK JAuOoKCuMAa Yyrnepoga WAM BO34YXa, BbINOJAHEHHbIA C
BO3MOXHOCTbIO MOAA4YM ra3zoobpasHoro AuMokcuzaa yriepoaa Wau BO3ayxa B
YKa3aHHYK KaMepy OTBEpXAEHUS 4yepe3 BXOAHOEe OoTBepcTve ANnsd rasa B
YKa3aHHON KaMepe OTBEpPXAEHUA, NMPUYEM YKa3aHHbIM WUCTOYHUK AMOKCUAA
yrnepoga wau BO3AyXa WMEeT N0 MeHblen Mepe OAHO YCTPOUCTBO
perynampoBaHusa noToKa, BbIMOJHEHHOE C BO3MOXHOCTbLIO YrpaBieHNs Npuyem
pacxoAoM ra3zoobpasHoro Auvokcupa yrnepoga uaum Bosgyxa, noAaBaeMoro B
YKa3aHHYK KaMepy OTBEPXAEHUSA;

- MOACUCTEMY UMPKYNAUUM ra3a, BbIMNOJHEHHYK C BO3MOXHOCTbIO
obecneyeHns UMPKYNALUMN YKA3AHHOMO rasa yepe3 Kamepy OTBEpXAEHMUSA C
perynnpyemMon nogaden n CKoOpocTbio;

- NoACUCTEMY PperynnpoBaHua TeMmnepaTypbl, BbINOJAHEHHYK C
BO3MOXHOCTbIO pEeryimpoBaHusa TeMnepaTypbl YKAa3aHHOro rasa BHYTpPU
YKa3aHHOW KaMmepbl;

- MNOACUCTEMY  peryanpoBaHWa  BAAXHOCTWU, BbIMNOJIHEHHYIO C
BO3MOXHOCTbIO pPEeryimpoBaHUs BAAXHOCTW YKa3aHHOM0 rasa B YKa3aHHOW
Kamepe; u

- MO MEHbLUEN Mepe OAMNH KOHTpONep, CBA3aHHbIN N0 MEeHbLUeEN Mepe C
OAHWM N3 YKa3aHHOro WCTOYHWKA AuoKcuMaa yraepoga, YKasaHHOMU
NOACUCTEMON UUPKYNALUWN rasa, YKa3aHHOW NOACUCTEMOW peryanpoBaHus

TeMnepaTypbl U YKa3aHHON NOACUCTEMOW PErY/INPOBAHUS BAXHOCTH,
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NMPUYEM yKas3aHHbIN MO MEHbLUENW Mepe OAWH KOHTPOAJEP BbINOAHEH C
BO3MOXHOCTbIO  HE3aBUCUMOro  peryaMpoBaHuMa MO  MEHbluen  Mepe
COOTBETCTBYIOLWEr0 OAHOMO W3 C/eAyLero: YKa3aHHOro pacxoga rasa
BHYTPW KaMepbl, YKa3aHHON LUPKYNALMKN YKA3aHHOIMO ra3a yepes yKasaHHYIo
Kamepy OTBEPXAEHWUSA, YKa3aHHOW TeMmnepaTypbl YKa3aHHOro rasa Wu
YKa3aHHON BAAXHOCTM YKa3aHHOro rasa, 4Tobbl YMEHbWWUTb BpeMS
npebbiBaHMA Ha NEpBOM 3Tane Cywku (3Tan 1), 1 BbINOJIHEH C BO3MOXHOCTbIO
BbIMOJIHEHNA BTOPOro 3tana kKapb6oHmsauumm (3Tan 2) B KOHUE YKa3aHHOro

nepsoro stana cywku (3tan 1).

[0067] B apyrom acnekte wusobpereHume OTHOCUTCA K cnocoby
OTBEPXAEHNA MATepuanos, YNpouHaeMblX B pesynbTtate peakummn ¢ CO2, n He
YAPOYHAEMbIX MNpWU HaAU4uM OAHON TOJSIbKO BOAbI, BKAKOYAKOWEMY 3Tanbl:
BbIMOJIHEHNE NEepBOro 3Tana Ccywku (3Tan 1), WMMEKLWEero COKpalleHHOoe
BpeMeHN npebbiBaHMA Ha YyKa3aHHOM nNepBOM 3Tane cywku (3tan 1), wu
BbIMOJIHEHNE BTOPOro 3tana kKapb6oHmsauumum (dTan 2) B KOHUE YKa3aHHOro

nepBoro atana cywku (atan 2).

[0068] B apyroMm acnekte wusobpereHuMe OTHOCUTCA K crnocoby
OTBEPXAEHUA MaTepuanos, YNpouHAEMbIX B pe3ynbTaTe peakuun ¢ CO2, n He
YNPOYHSEMbIX MPU HaAM4yuMu OAHOW TONbKO BOAbl, BKAOYAKLWEMY 3Tanbl:
BbIMOJIHEHNE NEPBOro 3Tana Cywkn (3tan 1), nMerLero CoKkpaleHHoe Bpems
npebbiBaHMA Ha YyKa3aHHOM NepBOM 3Tane cywku (3Tan 1), BbINOJHEHME
BTOpPOro 3Tana kapboHusauumn (3Tan 2) B KOHLE YyKA3aHHOro nNepBoro atana
Cywku (3Tan 2), u NOBTOpEHUe nepeoro atana cywku (3tan 1) u BTOpPOro

3Tana KapboHusauuu (3Tan 2) N0 MEHbLUIEN Mepe OAMH pas.

[0069] B oagHOM BapuaHTe peanusaunn ndobpeteHne OTHOCUTCH K
cnocoby OTBEpPXAEHUS MaTepuanoB, YNPOYHSEMbIX B pe3ysbTaTe peakuuu C
CO2, 1 He yNnpoYHSAEMbIX NMPU HaNYMKN OOAHON TONBKO BOAbl, BKAYAWOLWEMY
S5Tanbl: BbINOJIHEHME MEpPBOro 3Tana cywku (3Tan 1), wuMewuwero
COKpalleHHoe BpeMeHu npebbiBaHNUA Ha YKAa3aHHOM NEpPBOM 3Tane CyLUKK

(3Ttan 1), BbINOJHEHME BTOpPOro 3Tana kapboHuzauunm (3Tan 2) B KOHLUE
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YKa3aHHOro nepBoro stana cywku (3tan 1), U1 NOBTOpPEHME NEepBOro 3Tana

Cywku (3Tan 1) n BTOporo atana kapboHuzaunu (3tan 2) 6onee og4HOro pasa.

[0070] B ogHOM BapuaHTe peanusaumn nzobpeteHne OTHOCUTCA K
cnocoby OTBEpPXAEHMA MaTepuanoB, YNPOYHAEMbIX B pe3ynbTaTe peakuun C
CO2, 1 He ynpoyHsAeMbIX NMpuU HANYUN OLHON TONLKO BOAbI, BKAKOYAKLLEMY
yAaneHue OCTaTOYHON BAarum M3 usgennsa Kak 4acTb Kakoro-nnbo ns BTOporo
oTana kapboHumzaumm (3Tan 2). B HEKOTOpbIX BapuaHTax peanumsaynu
yAaneHne oCTaToOMHOW BAarn n3 usgenust BKAKYaeT Kakon-nmbo M3 nepBoro

3Tana cywku (3Tan 1).

[0071] OXupaeTcs, 4YTO B Ppas/INYHbIX BapuaHTax peanmn3auunu
cuctembl U cnocobbl cornacHo nlobperteHunio obecneyar cneayrouime CBONCTBA

N BO3MOXHOCTU MO OTAENbHOCTU UAN B KOMbUHauun:

[0072] PerynupoBaHne TeMnepaTypbl usgenuns, nopnexaliero
OTBEPXAEHUID, C NOMOLLLI KAKUX-NNB6O OTAENbHbLIX CNOCO60B M annapaTHbIX
CpeacTs Uan nx KomMbuHauum, Kak rnokasaHo Ha ®Ul. 1D, BO BpeMsa Kakoro-
nmbo wm3 3TanoB cywku (d3tan 1) w/vuan  Kakoro-nnbo w3  3TaAnos

KapboHuzauun (3Tan 2).

[0073] PerynnpoBaHune CKOpPOCTWU rasa, NOKanbHO ANs uM3aenvi, a
TaKXe CKOpoCcTu M obbeMa uUUpKynsuunm no BCEN CUCTEME OTBEPXAEHUSA C
NOMOLLbID KaKuX-nnbo oTAenbHbIX CNOCO60B M annapaTHbIX CPeacTB UM uUx
KoMbuHaumm, Kak nokasaHo Ha ®Ul. 1D, Bo BpeMsa Kakoro-nmbo u3 3Tanos

cywku (3Tan 1) n/mnu kakoro-nnbo n3 stanos kapboHmnsauum (3Tan 2).

[0074] PerynnpoBaHne OTHOCUTENbHON BNAXHOCTU rasa, I0KasibHO
OANS  M34eNnuin, a TakKXe B UUPKYAUPYKLWEM rase no BCEW CUCTEME
OTBEPXAEHNA C MOMOLWbI KAaKnX-nnbo oTAeNnbHbIX cnocoboB M annapaTHbIX
CpeacTs Uan nx KomMbumHaumm, Kak nokasaHo Ha ®Ul. 1D, BO BpeMsa Kakoro-
nmb6o wm3 3TanoB cywku (3tan 1) w/vmanm  Kakoro-nnbo w3  3Tanos

kapboHusauum (aTan 2).
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[0075] CnocobcTtBOBaHMe ypaneHuw KU36bITOYHOW BRarn U3
umpkynupyrwouwero rasa (OCyweHue) uaum yBendeHune COAEPXAHUA Braruv B
umpkynupyroweMm rase (yBslaXXHEHWe) C MNOMOWbI KAaKUX-NN60 OTAENbHbIX
cnocob60B M annapaTHbIX CPEeACTB MM UX KOMOMHAUMKW, KaK MOKa3aHO Ha
OUl'. 1D, BO BpeMa Kakoro-nnb6o mn3 3tanos cywkun (3tan 1) n/mnm Kakoro-

nnb6o 13 atanoB kapboHusaumu (3Tan 2).

[0076] PerynupoBaHune koHueHTpauun CO2 B rase, nokaabHO Ans
n30ennn, a Takxe B LUPKYIUPYIOLWEM ra3e no BCen CUCTeMe OTBEPXAEHUSNA C
NOMOLLbID KAaKuUX-Nnbo oTAeNnbHbIX CNOCO60B M annapaTHbIX CPeacTB UM uUx
KoMbuHaumm, Kak nokasaHo Ha OUI. 1E, BoO BpeMsa Kakoro-nnb6o u3 3tanos

cywku (3Tan 1) n/mnu kakoro-nmbo n3 stanos kapboHmnzauun (3tan 2).

[0077] CnocobcrBoBaHue yOaneHuno BOAbI n3 n3aenun
(ncnapeHue), noanexalmx OTBEPXAEHUD, NYTEM pEryanMpoBaHMUsA CKOPOCTH,

TEMNEPATYPbI U BNAaXHOCTU ra30BOro noTtokKa, JIOKasbHO And n3pnenun.

[0078] PerynupoBaHue CKOpPOCTW, TeMnepaTypbl UM BAAXHOCTHU
ra3oBoro noOTOKa, JIOKaJbHO ANA u3fenuin, TakuMm obpasoMm, 4TO BO BpeMs
Kakoro-nn6o wu3 3tanoB cywkun (3Ttan 1) un/man kKakoro-nmb6o wun3 3Tanos
kapboHusaumm (3Tan 2) co3maeTca W noaAepXumBaeTcs Heobxoanmas
WHTEHCUBHOCTb WUCNApPEeHMA W nocjaeaywuwee pacnpeaeneHve Bnarun B

CTPYKTYpe nop usaenus.

[0079] BknyeHne BbIXOAHbIX CUrHaANOB pJaTyvka OT wu3aenus
N/MNN CUCTEMbl OTBEPXAEHUSA, KaK MnokaszaHo Ha OUI. 1C, noanexawmnx
aHann3y CUCTEMOW  OTBEPXAEHWUA, [N pEeryamMpoBaHUa  CKOpPOCTH,
TeMnepaTypbl U BJAXHOCTU ra3oBOro NOTOKA, NIOKA/NbHO ANSA uU3aenumn, u,
cnepoBaTesibHO, WHTEHCUMBHOCTM WUCNapeHusa, 4Ttobbl yaanaTb 3agaHHoe
KOJINYECTBO BOAblI U CO34aBaTb WAW NOALEPXUBATbL pacrnpeneseHue Bnarn B

CTPYKType nop u3aenusi, B COOTBETCTBMU C yKa3aHHbIMM TPebOBaHMSMU, BO
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BpeMsA Kakoro-nmbo n3 stanos cywku (3tan 1) u/mnmn Kakoro-nnbo u3 stanos

kapboHusauum (aTan 2).

[0080] ObecneyeHne TOro, 4TO coaep)xaHue BOAbl B OTAENbHbIX
n3pgenmsax n 0OAHOPOAHOCTb COAEPXAHUSA BOAbI B KAXAOM OTAE/bHOM U3Aenun

ABNAKOTCA OANHAKOBbLIMU ANSA BCEX U3AENNA B CUCTEME oTBEPXAEHNA.

[0081] OrpaHnyeHne pacnpeaeneHnsa copaepxaHus BOAbl B
OTAENbHbIX N3AEeNnuUaxX AN BCeX WU3AENUN B CUCTEME OTBEPXAEHUA NyTeEM
pEryniMpoBaHus CKOPOCTWU, TeMnepaTypbl U BAAXHOCTU ra3oBOro MNOTOKA,
NIOKaNbHO AN U3Aenuin, Tak 4TO CO34alTCA paBHOMEPHbIE UHTEHCUBHOCTU

ncnapeHumda Bo BCEX obnacrax KaMepbl OTBEPXAEHNA.

[0082] BknwyeHne BbIXOAHbIX CUrHaANOB JaTtyuvka OT wusaenus
W/MNN CUCTEMbI OTBEPXAEHUSA, KaK nokaszaHo Ha OUl. 1C, noanexawmnx
aHaNn3y CUCTEMOW  OTBEpPXAEHUA, p[AA  peryaumpoBaHUsa  CKOPOCTH,
TeMnepaTypbl W BJIAXHOCTU ras3oBOro MNOTOKA, JIOKAJNbHO AN U34ENUA B
ukcnpoBaHHbIX 30HaxX NO BCEW Kamepe, BO BpeMs Kakoro-nnbo mn3 stanos
cywkun (3tan 1) u/vnn stanoB kKapboHusauuu (3Tan 2) B COOTBETCTBUU C
COCTOSSHUEM  U3[EeNuhn KU Cuctembl, uTobbl YyHUdUMUMPOBATL YPOBEHb

BJlarocoaepixaHna no BCeN Kamepe.

[0083] BknuyeHne BbIXOAHbIX CUrHaANOB pJaTtyuvka OT wusaenus
W/MNN CUCTEMbl OTBEPXAEHUS, KaK Mnoka3zaHo Ha OUI. 1C, noanexawmx
aHaNu3y CUCTEMOW  OTBEpXAEHMUA, p[Jaa  peryjampoBaHuMs  CKOPOCTH,
TemMnepaTypbl U BAAXHOCTM ra3oBOro MNOTOKa, JIOKANbHO ANA WU3AenuMin BO
BCEeN KaMmepe, BO BpeMSA Kakoro-nmbo wm3 stanoB cywku (3Tan 1) u/mam
3TanoB kKapboHuzauumn (3Tan 2) B COOTBETCTBUU C COCTOSHUEM U3AENUN U

CUCTEMDbI.

[0084] BkawyeHne BbIXOAHbIX CWUrHaANOB pAaTtyuvka OT WU3aenus
W/MNN CUCTEMbI OTBEPXAEHUA, KaK MnokaszaHo Ha OUI. 1C, noanexawmx

aHaNn3y CUCTEMOW OTBEPXAEHWUSA, ONA perynunpoBaHna KoHueHTpauuu CO:2
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LMPKYAUPYIOWEro rasa BO BpeMA Kakoro-nmbo u3 3TanoB Cywku (3Tan 1)
n/mnn 3TanosB kKapboHmsauum (3Tan 2) B COOTBETCTBUM C COCTOSSHUEM

U3[enum u CNCTEMbI.

[0085] YKasaHHble U apyrme o06beKTbl, acCneKkTbl, MPU3HaKKW MU
NpeNMyLLECTBA M306peTEHUS CTAHYT 60/1ee MOHSATHbIMM U3 MNOCNEAYIOLLErO

onucaHunsa n popmynbl n306peTeHuns.

KPATKOE OMUCAHUE YEPTEXEN

[0086] 3a4a4uu M NpuM3HaKKU HacTosAwero mlobpereHus MoryTt 6biTb
Nlydlle MNOHATbI CO CCbIIKOW Ha 4epTexu, OnUucCaHHble Huxe, n dopmyny
n3obperteHnsa. Yeprtexun He o06a3aTeNbHO BbINOJHEHbLI B MacwTabe, BMecCTO
3TOro, Kak npasuno, obpawaercas BHUMaHWE Ha WAAKCTPUPOBAHUE
NPUHLMNOB u306peTeHMA. Ha uyepTexax OAMHAKOBble HOMepa no3Uuui

NCNonb30BaHbl AN 0603HAYEeHUa OAMHAKOBbLIX YacTel Ha pa3qiInyHbIX BUAAx.

[0087] Ha OWUI. 1A npeacraeBneHa npuHUUNUuanbHas CXeMa,
NANKCTPUPYIOWAA NMPUMEpPbl BApUAHTOB peann3aunun ycoBepLIEeHCTBOBAHHOIO
obopynoBaHua Ana  OTBEPXAEHUA, B COOTBETCTBMM C NpUHLMNAMMU
n3obperennsa. Ha ®Ul. 1A, HeobazaTenbHO, MOXHO noBTOPATL 3Tan I (150) u
stan II (160), kak noka3aHo ctpenkon 180, m Heobsa3aTeNbHO MOXHO

nepenTun ot 3tana I (150) k sbinycky (170) uspenna npn Heob6XoANMOCTH.

[0088] Ha ®UI. 1B npeactaBneHa npuHUMNUanbHasa Cxema,
NNNCTPUPYOLLLAS NPUMEPLI BApMAHTOB peann3aunm KaMmep, UCNoNb3yEMbIX B
yCOBEPLUEHCTBOBAHHOM 060pya0BaHUM AN OTBEPXAEHUS, B COOTBETCTBUUN C

NpUHLUNAMKN M306peTeHuns.

[0089] Ha ®UI. 1C npeacraBneHa npuHUMNUAnbHaa Cxema,
NNNCTPUPYOLLAS npuMepbl BapuUaHTOB peanu3aynu AATUYNKOB,
NCNONb3YEMbIX B YCOBEPLUEHCTBOBAHHOM 060pyAOBaHNN AN OTBEPXKAEHUS, B

COOTBETCTBUU C NMPUHLUNTNAMU M306peTeHVIF|.
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[0090] Ha ®UI. 1D npeactasneHa npuHUMNManbHas Cxema,
UNNCTPUPYIOWAs NPUMEPbl BapuMAHTOB peanu3auuMu nepeBoro 3sTana
06paboTKkKn, OCYWEeCTBASEMOr0 C MWCMNOJb30BaHMEM YCOBEPLUEHCTBOBAHHOIO
obopynoBaHus AN OTBEPXAEHMSA, B COOTBETCTBMM C NpPUHLMNAMMU

n3obpereHuns.

[0091] Ha O®WUI. 1E npeacrtasneHa npuHUMNUanbHasas CXeMma,
WANKCTpUpYOWas npuMepbl BapuaHTOB peanu3auuum BTOpPOro 3Tana
06paboTKKn, OCYyLLEeCTBAAEMOro C WMCNONAb30BaHWEM YCOBEpPLUEHCTBOBAHHOMO
obopyaoBaHMa Ons  OTBEPXAEHWUA, B COOTBETCTBUM C NpPUHLUNAMM

n3obperteHuns.

[0092] Ha OWUI. 1F npepcraBneHa TnMpUHUMNUANbLHAA CXEMa,
NNNOCTPUPYHOLLLAS NnpuMepbl BapuUaHTOB peanu3aynu N3MEPEHHbIX
NnapaMeTpoB, KOTOpPble OTHOCATCS K XapaKTepucTukaMm KaMep, U MpuMepsbl
BAapMaHTOB peanum3aunum napaMeTpoB MaTepuana, M3MepsieMbiX BO BpeMS
06paboTkKn B YyCOBEpLUEHCTBOBAHHOM 060pyAOBaHWM ANA OTBEPXAEHUA, B

COOTBETCTBUU C NMPUHLUNTNTAMU M306peTeHVIF|.

[0093] Ha ®UI. 1G npeacraBneHa npuHUMNuanbHas Cxema,
WNNIOCTPUPYOLWAS  NMpUMepbl  BapuMaHTOB  peanun3aumu  KOMMOHEHTOB
ynpaB/ieHUs TMpPoOLEeCCOM YCTpPONCTBA, B COOTBETCTBUM C MNpPUHLMUNAMU

n3obpereHuns.

[0094] Ha OWUI. 2 npeacraBneH CxXeMaTUYeCKnn rpaduk,
MANKCTPUPYOWMn Maccy oteepxaaemMoro CO2 KOMNO3MLUMOHHOIMO Matepuana
(CCM, CO2 Composite Material,), B 3aBUCMMOCTM OT BPEMEHU BbIAEPXKKU MNPU

oTBepxaeHun ¢ nomowbio CO».

[0095] Ha ®Ul. 3 nokasaHa Macca u nornoweHune CO2 obpa3yom
BO BpPEMS OTBEPXAEHUA, C UANKOCTpauuen OTAENbHOro 3Tana 1 Cywku u

3Tana 2 kapboHusauyun.
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[0096] Ha O®WUI. 3 npeacraBneHa auarpamMma, WIIKOCTPUPYIOLLAS

AaHHble ana npumepa 1 oTBEpPXAEHUS.

[0097] Ha ®Ul. 4A nokaszaHa TemnepaTtypa obpa3ua v npodunb
OTHOCUTENbHON BNAXHOCTM BO BpeMa 3Tana I cywku B npumepe 2

OTBEPXAEHUS.

[0098] Ha ®Ul'. 4B noka3saHa TeMmnepaTypa obpa3ua v npodpwunb
OTHOCUTENIbHON BNAXHOCTU BO BpeMsa 3Tana II kapboHusauum B npumepe 2

OTBEPXAEHUS.

[0099] Ha ®Ul'. 4C nokaszaHa TeMnepaTtypa obpasua un npodunb
OTHOCUTENIbHOW BAAXHOCTM BO BpeMA 3Tana III kapboHuzauun B npumepe 2

OTBEPXAEHUS.

[00100] Ha ®WUI. 5A npeacrasneH rpauk, WANKCTPUPYIOLWUN

Npodunb OTBEPXAEHUSA CUCTEMbI B NPpUMEPE 3 OTBEPXKAEHMUS.

[00101] Ha OWI. 5B npeacrasneH rpaduk, WANKOCTPUPYIOLWMIA

Npodusb OTBEPXAEHUSA CUCTEMbI B NPUMEPE 3 OTBEPXKAEHUS.

[00102] Ha ®UI. 5C npeacrasneH rpadpuk, WANOCTPUPYIOLWLNIA
AaHHble MOBEPXHOCTHOrO CONpPOTUBAEHUS 06pa3ua M npodunn oTBEPXKAEHUS

CUCTEMbI ana oTBepxaeHna obpasua 3.

[00103] Ha OWI. 6 npeacrasneH rpaduk, WANKCTPUPYIOLWLNIA
pasnuunsa B rnybuHe peakuumn, pacxoae rasa B Kybunuecknx ¢yrax B MUHYTY
N KONn4yecTse BOAbI, yAaneHHOW n3 obpasuoB KOMMNO3ULMOHHOIO MaTepuana,
oTBepxaeHHoro CO2, B cuctemax C ucnosb3oBaHnem 1 BeHTUnaATopa un 3

BEHTUNATOPOB.
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[00104] Ha ®Ul'. 7 npeacrasneH rpaduk, nokKasbiBaKOWMN AaHHbIE
ANS nponopuuun ypaneHnsa BOAbl B 3aBUCMMOCTM OT Nojayun ANS rasos,

MMerLwnx pasanyHyro OTHOCUTENbHYIO B1AXXHOCTb.

[00105] Ha ®WUI. 8 npeacrtaBneH rpaduk, MNOKasbiBAKOLWNN
PaCCUUTAHHYIO 3aBUCUMOCTb TEMNEpPATYpPbl OT BPEMEHU, MOJIYYEHHYIO MYTEM

AEeKOHBOJIOLUMKU, NO OTAENBHOCTU ANA CyWKNU U ans Kap60HMBaL|,MM.

[00106] OUl. 9-12 npepcTaBnsAoT cCoO60M YacCTb NpeaLlecTBYOLWEro
YPOBHA TeXHUKKU, onuncaHHoro B nateHTe CLUA N? 9266147, BblagaHHOM 23

deBpansa 2016 r., cornacHo ®Ul. 1-4 B HACTOALWEM AOKYMEHTE.

[00107] Ha ®UI. 9 npepcraBneHa cxema npouecca peakKTUBHOIO
rMMApOTEPMANbHOIO YNAOTHEHUS XUAKON da3bl B npucyTcTeuun rasa (g-rHLPD,
gas-assisted reactive hydrothermal liquid phase densification). A -
BbiICylWleHHasa nopucTtaa 3arotoBka CaSiO3; B - 4aCTMYHO YyBRaXHEeHHasd
3arotoBka CaSiO3; C - KOHe4yHOoe YMJIOTHEHHOE MOHOJIMTHOE TBeppoe
Bewecrso. JTanbl € 1 no 4 npeacraBnqawT npouecc KapboHusauum-
YNJIOTHEHUA, MPOUCXOAALWLMIU B OTAENbHOW nope: 3Ttan 1 - yYacTuyHoe
yBnaxHeHune nopbl ¢ CO2; atan 2 - guddysna, pacTtBOpeHne un guccoumaums
CO2; stan 3 - pacrtBopeHune CaSiOs MoHaMu BoAOpoOAad; 3Tan 4 — ocaxapeHune
TBEpAbIX 4actuy. [locne 3aBepweHua 3Tana 4 npouecc npoucxoauT
HenpepbiBHO, NMPOXoAsa 4yepe3 3Tanbl 2-4, NOKa pasNyHble KUHETUYeCKune
dakTopbl He 3amMennaT npouecc (Hanpumep, TOACTble peakuUOHHbIE CNou
CO02).

[00108] Ha OoWUI. 10 npeacraBneH nepBbii MNpuMep peakuui

kapboHusaunm ¢ yyactnem CO2 B KayecTBe ra3oBon asbl, U XXUAKOW BOAbI B

CTPYKTYpE nop.

[00109] Ha O©WI. 11 npeacrtaBneH BTOPOM MNpUMEpP peakuun
kapboHusaunn ¢ yyactnem CO2 B KayecTBe ra3oBon asbl, U XXUAKOW BOAbI B

CTpYKTYype nop: cocrtas kBapy Carmel, 8 x 8 x 1,5 poinma (203,2 x 203,2 x
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38,1 MM), nony4dyeHHbln BUOPAUWMOHHBLIM NUTbEM, peakuua npu 90 °C, 20

¢dyHTOB Ha KB. Aatonm (137,9 kla).

[00110] Ha OWI. 12 npepcraBneH TpeTuM nNpuMep peakuun
kapboHusaumm c yyactnem CO2 B KauyecTBe rasoBoi dasbl, N XXNAKOWN BOAbI B
CTPYKType nop: coctaB 1-2-3, pa3mep obpasua 8 x 8 x 2 awonmos (203,2 X
203,2 x 50,8 mM), peakuunsa npu 90 °C, 20 ¢pyHTOB Ha KB. Atonm (137,9 klla),

npuMepHo npun 90% OTHOCUTENBHOWN BAAXHOCTMW.

OCYWECTBJIEHNE N3OBPETEHUA

[00111] B n3obpereHnn onmcaHbl YCTPOUCTBO, CNOCOObLI U CUCTEMBI,
nogxoasiwime AN OTBEPXAEHUS MaTepuanoB, ANS OTBEPXAEHUSA KOTOPbIX
Tpebyerca CO2. MaTtepuanbl He OTBEPXAAKTCA NPU HAJNNUYNUN OOAHOIO TOJIbKO
H>O. Matepuanbl He oTBepxpatoTca npu otcyTctBun CO2. MaTtepuanbl He
noTpebnalwT BOAY B KayecTBe peareHTa. Takue wMartepuanbl ONuUCaHbl B
NaTEHTHbIX JAOKYMEHTaxX, KOTOpble BK/YEHbl B HACTOAWWMA [OOKYMEHT

nocpeacrsoM CCbINIKHN.

[00112] B n3obpetreHnn npepnoxeHa CUCTEMA OTBEPXAEHUS ANS
OTBEpXAeHns Mmatepuana, Kotopbin Tpebyet CO2 B Ka4eCTBe OTBEPXKAAKLLErO
peareHTa. CucTteMa OTBEPXAEHUS COAEPXWUT KaMepy OTBeEpXAeHus,
BbIMOJIHEHHYKD C BO3MOXHOCTbIO COAEpXaHusi MaTepuana, KOTOpbli
notpebnser CO2 B KayecTBe pearnpyrouwero sewecrsa (MnmM peareHrta), u
KOTOpbIN He oTeBepxaaetca npu otcytctBun CO2. Kamepa oTBepxXAeHus
MMEeeT MO MEeHbLlen Mepe OAHO OTBEpPCTUE, BbIMOJIHEHHOE C BO3MOXHOCTbIO
obecrneyeHns BBeAEHUS MaTepuana B KaMepy OTBEPXAEHUS W yAaneHus u3
Hee, U MMEEeT N0 MEHbLUEeN Mepe OAHY KpbIWKY AN OTBEPCTUS, MPUYEM
KpbiWKa BbINONHEHA C BO3MOXHOCTbO obecneyeHus aTMocdepHOro
YNJIOTHEHUS NpU 3aKpbiBaHuUK, 4TO6bI NpeaoTBpaTuTb (MM OFpPpaHUUYUTbL A0
6e3BpeAHOro YypoBHSl) 3arpsA3HeHne rasa, HaxoaAwerocs B Kamepe
OTBEPXAEHNSA, ra3oM, HaXOAAWMMCS BHE KaMepbl OTBEPXAEHUSA, UCTOYHUK

ANOKCUAQ yrnepoaa, BbIMOJIHEHHbI C BO3MOXHOCTbIO NoAayn razoobpa3Horo
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AVNOKCMAa yrnepopa B KaMepy OTBEpXAEeHUs yepe3 BXOAHOE OTBepcTue Ans
rasa B Kamepy OTBEPXAEHWA, NMPUYEM UCTOUYHUK AMOKCMAA yrnepopa uMMmeer
NO MEeHbLUEW Mepe OAHO YCTPOWCTBO perysimpoBaHMsa NOTOKA, BbIMOJIHEHHOE C
BO3MOXHOCTbIK YynpaB/eHna nogaden razoobpasHoOro gmokcuaa yrnepona B
KamMepy OTBEepXAEHUA; NOACUCTEMY LWUPKYAAUMW ra3a, BbIMNOJHEHHYIO C
BO3MOXHOCTbIO obecneyeHnss LUpKynauMmn rasa yepe3 Kamepy OTBEpXAEHUSN
B TeYeHue nepuoaa BpeMeHu, Koraa matepuan, notpebnswowminn CO2 B
KayecTBe peareHTa, oTBEpXAaeTCs; noacUcCTemMy perynnpoBaHus
TeMnepaTypbl, BbIMOJIHEHHYIO C BO3MOXHOCTbIO peryaMpoBaHuUs TeMnepaTypbl
rasa BHYTpMU KaMmepbl; NOACUCTEMY  peryjuMpoBaHus BJIAXKHOCTH,
BbIMOJIHEHHYK C BO3MOXHOCTbIO perynMpoBaHua BNAXHOCTW rasa B KaMmepe,
ANS YBENNYEHUS WIN YMEHbLIEHUS BJIAXHOCTWU; U MO MEHblUen Mepe OAMUH
KOHTpOANNep, CBA3aHHbIA MO MeHbLWEW Mepe C OAHUM W3 CeayrLlero:
MCTOYHMKOM  AMOKCMAa  yrnepoga, nNOACUCTEMOW  UUPKynsuum rasa,
NOACMCTEMON perynmpoBaHua TemnepaTtypbl U MOACUCTEMON peryampoBaHus
BJIAXXHOCTU; MNpUYEM NO MEHbLIEW Mepe OAWH KOHTPOAJEP BbIMOJHEH C
BO3MOXHOCTbIO HE3ABUCUMOIO PEryinpoBaHns, B TEUEHME Nepuoaa BpEMEHMU,
BO BpeMsA KOTOoporo Matepuan, notpebnswwmnn CO2 B KayeCTBe peareHTa,
OTBEpXApaeTca, NO MeHbluen Mepe COOTBETCTBYWLWEro OAHOro U3
cnepywwero: nogaym ras3oobpasHoro guokcuaa yrnepoga, UMpKynaumu rasa

yepes Kamepy OTBEPXAEHUSA, TEMMEpaTypbl ra3a u BAAXHOCTU rasa.

[00113] N306peTeHne BKAWOYAET NOATBEPXAEHWE TOro, uTo
noAnpouecc Cywkum u noanpouecc kapboHusauumn npu otBepxaeHun CO2
KOMMNO3MLUMOHHOIO MaTepuana HenoCpeacTBEHHO CBA3aHbl ApYr C APYroM, TakK
YTO CKOpPOCTb W CTeneHb KapboHM3auum MOXHO PperynunposaTtb nMyTeM

yrnpaBneHUs CKOPOCTbIO CYLUKMU.

[00114] OnucaHna kKamep OTBEpPXAEHUA N nx paboTbl, KOTOpbIE
npueegeHbol B nateHte CLUA N2 9211027, 3agBke Ha nateHT CLUA N°
14/602313 n 3aaBke Ha nateHT CLUA N? 14/818 629, NONHOCTbIO BKAOYEHbI

B HACTOALWMNN AOKYMEHT B Ka4yecCTBe CCbIJIKWU.
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[00115] AbcontoTHOE haBneHune npouecca OTBEPXAEHUS,
BbINOJIHAEMOr0 B YKa3aHHOW KaMepe, cocTtaBnseT meHee 5 atmocdep, uTobbl
nzbexartb MUCNONb30BaHMA  CAOXHbLIX KOMMOHEHTOB C  MOBbILWEHHbIM
AasneHunem. [lpeanoyTuTenbHO MNpouecc npoTekaeTr npu  abCoNTHOM
pasneHmn 0,68-1,36 atm (10-20 d¢yHTOB Ha KB. AwnMm). bonee
npeanovYTUTENbHO Npouecc npoTekaet npu abconwTHOM aasneHun 0,98-1,02

at™m (14,5-14,9 ¢pyHTOB Ha KB. AIONM).

[00116] B HeKOoTOpbIX BapuaHTax peanusaumum n3obpeteHus 4vactu
npouecca MOryT npoTekaTb MNpu AABAEHUU HUXe aTMocdepHoro, 4Tobbl

obnerunTb ncnapeHumue soabl n3 VI3,,EI,eJ'IVIl‘/'I, noanexawunx oTBeEpPXAEHUIO.

[00117] B n3obpereHunn npenycMoTpeH cnocob6, KOTOPbIN
MAaKCMMU3MPYEeT CKOpPOCTb KapboHu3auum KOMMNO3MUMOHHOIMO MaTepuana
nyTeM peryjMpoBaHUsa CKOPOCTU CYLIKW 3TOro martepuana. llpouecc MOXeT
BKAOYATb MPOAO/IKUTENBHOCTb KapboHusauummn, Kotopasa cocrtasngaet ot 0 go
1000 4acos. Mpouecc MOXET  BKJIKYATb  OTBEPXAAEMbll CO2
KOMMO3ULUNOHHbIN MaTepuan, KOTOpPblA UMEEeT NMPOHMUAEeMOCTb B AMana3oHe
oT 0 % po 100 %. B HekOoTOpbIX BapuaHTax peanu3auuMu npoHULAEMOCTb B
Anana3soHe oT 0 % no 100 % MOXET MMETb BEPXHIOK FPaHULY UAN HUXHIOK
rpaHuuy, COOTBETCTBYHOWY oagHOMY U3 5 %, 10 %, 15 %, 20 %, 25 %, 30
%, 35 %, 40 %, 45 %,50 %, 55 %, 60 %, 65 %, 70 %, 75 %, 80 %, 85 %,
90 % wunn 95 %.

[00118] Cnocob6 mMoxeT BKAw4YaTb B cebsa oteBepxpaembin CO:2
KOMMNO3ULUWOHHbLIA MaTepuasn, KOTopbin nMmeeTt rnybuHy kapbonmnsauun CCM B
avanasoHe ot 0 go 36 pwonmos (0-914,4 mMm). lpouecc MOXeT BKAKYATb
oTBepxaaemblin CO2 KOMMO3MUWMOHHBLIN MaTepuan, B KOTOPOM KOJIMYECTBO
BOAbl, yaaneHHon u3 CCM, coctasnsaet ot 0 % Ao 99 % ot maccel CCM. B
HEKOTOPbIX BapuaHTax peanuM3auuMun KOJIMYeCTBO yYAaneHHON BOAbl HAXOAUTCSA
B Anana3oHe 10-90 %, 15-90 %, 20-90 %, 25-90 %, 30-90 %, 35-90 %,
40-90 %, 45 -90 % wnnn 50-90 % o1 mMaccel CCM.
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[00119] B HeKkoTOpbIX BapuMaHTax peanu3aumm  KOJANYeCcTBO
yAaNeHHOW BOAbl HaxoauTca B auManasoHe 10-85%, 15-85%, 20-85%, 25-
85%, 30-85%, 35-85%, 40-85%, 45 -85% wnnun 50-85% ot maccel CCM.

[00120] B HekoTOopbIX BapuaHTax peanu3auun  KoJIM4YecTBO
yAANEHHOMW BOAbI HaxoauTca B aAuMana3oHe 10-80%, 15-80%, 20-80%, 25-
80%, 30-80%, 35-80%, 40-80%, 45 -80% wnnun 50-80% ot maccel CCM.

[00121] B HeKkoTOopblX BapuMaHTax peanu3auMm  KOANYecTBO
yAaNEeHHOW BOAbl HaxoauTca B aAuMana3oHe 10-75%, 15-75%, 20-75%, 25-
75%, 30-75%, 35-75%, 40-75%, 45 -75% wnnun 50-75% oT1 maccbel CCM.

[00122] B HeKkoTOpbIX BapuMaHTax peanu3aumum  KOAN4YecTBO
yAaNEeHHOW BOAbl HaxoauTca B aAuManasoHe 10-70%, 15-70%, 20-70%, 25-
70%, 30-70%, 35-70%, 40-70%, 45 -70% wnnu 50-70% oT maccbl CCM.

[00123] B HeKkoTOpbIX BapuMaHTax peanu3aumm  KOJANYeCTBO
yAaNeHHOW BOAbl HaxoauTca B AuMana3oHe 10-65%, 15-65%, 20-65%, 25-
65%, 30-65%, 35-65%, 40-65%, 45 -65% wnnun 50-65% o1 maccel CCM.

[00124] Mpouecc oTBepxaeHna ana KapboHn3npyembix 6€ToOHOB U3
CUnukKaTta Kanbuua onpenensierca Kak npouecc, B KOTOPOM OEeTOHHble
n3pgenmsa npousBOAAT C MCMNOJIb30BaHMEM KapbOHU3MPYyEMbIX LEMEHTOB U3
cunukKkata kKanbuma u noasepraioT Bo3penctesutd CO2 B KOHTPO/IMPYEMOM
pexuMme, 4YTobbl  MOAYYUTb  OTBEPXAEHHYKD  OETOHHYK AeTalb C

HeobxoaANnMbIMU PU3NYECKUMU U/UAN XUMUYECKUMU CBOUCTBAMMU.

[00125] BeToOHHblEe u3pgenua, coaepxawme KapboHusmpyemblie
LeMeHTbl Ha OCHOBE CuAMKaTa Kanbuua B KadyecTBe WX OCHOBHOrO
LEeMEHTUPYIOLWEro CBA3YOWEro, 3aTBepAeBaldT B Npouecce peakuuu.
MoOHUTOPMHI Maccbl u notpebneHna CO2 MaccuBoM 6eToHa BO BpeMs
npouecca OTBEPXAEHUSA BbIABAAET [Ba XapaKTepHbIX 3Tana B npouecce

OTBEPXAEHNA. DTO NoKasaHo Ha OUI. 2. lMepsblM 3Tan npeacrasnsgeT cobou
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3Tan CYLWKW, HAa KOTOPOM WMEeeT MeCTO MUHWUManbHoe noTpebneHne wunu
nonHoe otcytcrBue notpebnenHna CO2, HO Macca uM34enna yMeHbllaeTcs no
Mepe wucnapeHus BOAbl M3 u3gennsa B atMocdepy Kamepbl. BTopon 3Tan
npeacrasngaer cobown 3tan kapboHu3auum, Ha KOTOPOM WHTEHCUBHOCTb
notpebnenna CO2 yBennumBaeTcda, a MNPUPOCT MacCbl BCNeACTBUE
kapboHM3auMmM npeBbIWAET NOTEPK MaACCbl MNpU  CywKe. WMHTEHCUBHOCTb
notpebnenns CO2 u nocneaywuwuin nNpupocTt MacCbl TBEpPAOro BeLLECTBa
YMEHbLIAETCA, KOrga npouecc peakunm kapboHusauun npubnuxaerca K
CBOEMY MAKCUMANbHOMY BbIXOAY AN KOHKPETHOro u3genns u YCaoBUMN,
MCNoNb3yeMblX B MNpouecce oTBepxaeHna. Takum ob6bpa3om, npouecc
OTBEPXAEHNA COCTOUT U3 ABYX OTAE/bHbIX 3TANOB, 3Tana Cywku (3tan 1) u
3Tana kapboHuzauum (3Tan 2). B yacTtHoCTM, BepTUKanbHas OCb NMOMeYyeHa
Kak Macca. EamMHuubl, ncnonb3yeMmble ana o603HauyeHMs Maccbl A Macchl
obpasua, KoTOopas CoAepXWT BOAY, @ TakKxe TBepAable Bewectsa B obpasue
(0603HayeHa CNIOWHON KPpUBOW) M HakonjaeHHyw Mmaccy CO> (ob6o3HauyeHa
NYHKTUPHOW KPUBOW), MOIYT UMETb pa3Hble MacwTabbl. To ecTb pobaBneHne
CO2> Kk oTBepxamaemMoMy MaTepuany B UENOM npeactasnsger cobon
3HAUMTENIbHO MeHbWYyl abCoNTHYK MacCy, 4YeM Macca OTBEepXKAAaeMoro
MaTepuana, NOCKOAbKYy MonekynapHoli Bec CO2 coctaBnser npumepHo 44
ATOMHbIX €4ANHULbI, TOMAA KakK 60NbLWNHCTBO TBEPAbIX BEWECTB COAEPXUT paj
XUMUYECKUX 3/1eMEHTOB, Takux kak Ca, Mg u Si, KOTOopble N0 OTAENbHOCTU
WMEKT aTOMHble MacCbl npubnunantenbHo 40, 24 n 28 aTOMHbLIX €AUHUL,

COOTBETCTBEHHO.

[00126] O6bbeM M NpPOAOMKUTENBHOCTL 3Tana 1 M 3Tana 2 MOryT
N3MEHATLCA B 3aBUCUMOCTUM OT peuenTypbl u3genus, Cbipbe€BOro Marepuana
6eTOHa, CBONCTB KOMMOHEHTOB LEMEHTA U CBA3YIOLWEro, MNJAOTHOCTU U34enus,
reoMeTpum wm3genns, WUCNoJb30BaHUA XuMMUYeckux pobaBok w  ycnoBui,

NPpUMEHAEMbIX B NMpoLecce OTBEPXKAEHUA.

[00127] B HekOoTOpbIX BapuaHTax peanunsaunn nepexon oT nepsoro
3Tana cywku (3Tan 1) Ko BTOpOMY 3Tany KapboHuzauumn (3tan 2) cBsA3aH C

M3MEHEHNEM 3SNEKTPUYHECKNUX CBOWCTB M34enuMsa Ha nNOBEPXHOCTN WUIAN B
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obbeMe. B HEKOTOpbIX BapuaHTax peanu3auun OAHO WM MHOXECTBO
3JIEKTPUYECKUX  CBOWCTB, TaKUX  KaK  YAeNbHOE  COMpPOTUBIEHMUE,
NPOBOAMMOCTb, MOJIHOE COMPOTUBAEHUE, EMKOCTb, AU3NEKTPUYECKas
NOCTOAHHAA, AN3NIEKTpUYEcKas NMPOYHOCTb, AN3NIEKTpUYEcKas
NPOHULAEMOCTb, NbE303EKTPUUYECKAsA NOCTOAHHAA, KO3(PDULNEHT TEPMOIAC

n3pnenna, Moryt U3MeHATbCA.

[00128] B HekoTOopbIX APYruxX BapuaHTax peanusaumum nepexon oT
nepBoro stana cywku (3tan 1) kKo BTOpoMYy 3Tany kapboHusauuu (3Tan 2)
CBA3aH C W3MEHEHMEM KoaundecTtBa ypansaemon u3 wusgennsa Boabl. B
HEKOTOpbIX BapuaHTax peanu3aumum KOAMYEeCTBO BOAbl, YAANEHHOW U3
n3pennsa, U3MepsarT MNyTeM OTCAeXWBaHUA W3MEHEHUSA MacCbl U34eNUSa B
TeyeHne npouecca Ha KakoM-anbo n3 nepBbiX 3TANOB CyLwWwkKK (3Tan 1) nau Ha

KakoM-nn60 13 BTOpbIX 3TanoB KapboHusauuu (3tan 2).

[00129] B HekoTOopbIX Apyrux BapuaHTax peanun3auumu nepexon oT
nepBoro stana cywku (3tan 1) Ko BTOpoMYy 3Tany kapboHusauun (3Ttan 2)
CBA3aH C W3MEHEeHueM nponopumu BOAbI, YyAanseMon w3 wusgenusa. B
HEKOTOpbIX BapuaHTax peanu3aunym nponopuunio, ¢ KOTOPOM BOAY WU3BAEKAIOT
U3 n3gennsa, N3MEpPSIOT, OTCEXNBAKOT U PEeryampyroT B TEYEHME npouecca Ha
KakoM-nnb0 n3 nepBbiX 3TanoB Cywku (3Tan 1) nnamM Ha KakomM-nnb6o wu3

BTOPbIX 3TanoB KapboHusauum (3tan 2).

[00130] B HekoTOopbIX Apyrux BapuaHTax peanm3auumu nepexopn oT
nepBoro stana cywku (3tan 1) kKo BTOpoMYy 3Tany kapboHusauumu (3Tan 2)
CBA3aH C MW3MEHeHWeM nponopumu BOAbI, aKKyMyanpyemom u3 rasa,
ULMPKYAUpYKOWeEro B KamMepe. B HekoTopbIX BapuaHTax peanusauuu
nponopuuMid  BOAbl, C KOTOPOW BOJA aAKKYMyAUpyeTca U3  rasa,
LMPKYAUPYIOLWEr0 B KaMepe, U3MepslT, OTCAEXWBAKT W peryanpyrT B
TeyeHne npouecca Ha KakoM-anbo n3 nepBbiX 3TANOB CyLWwKK (3Tan 1) naun Ha

KakoM-nn60 n3 BTOpbIX 3TanoB KapboHusauuu (3tan 2).
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[00131] B HekoTOopbIX Apyrux BapuaHTax peanmn3auuu nepexon oT
nepsoro stana cywku (3tan 1) Ko BTOpoOMYy 3Tany kapboHusauun (3Tan 2)
CBAA3aH C n3MeHeHueMm KoHueHTpauun CO2 u/mnun Oz B rase, LUPKYIUpPYOLWEM
B KaMepe. B HeKOTOpbIX BapuaHTax peanumsaunu KoHueHTpauuto CO2 u/mnu
O2 B rase, UMPKYIUPYKOWEM B KaMmepe, W3MEPSAT, OTC/AEXUBAKT U
perynmpyoT B Te4eHue npouecca Ha KakoM-nnbo M3 NepBbliX 3TAMNOB CYLUKK

(3Tan 1) nnm Ha KakoM-NMb0 n3 BTOpbIX 3TanoB kapboHmsauuun (3Tan 2).

[00132] B HekoTOpbIX ApPYruX BapuaHTax peanm3auun nepexon oT
nepBoro stana cywku (3tan 1) kKo BTOpoMYy 3Tany kapboHusauumu (3Tan 2)
CBAA3aH C U3MEHEHUEM OTHOCUTENIbHOW BAIAXXHOCTW rasa, LUpPKyaupyloLwero B
Kamepe. B HeKOTOpbIX BapuaHTax peanun3aumum OTHOCUTENbHYK BAXHOCTb
rasa, UMpKyAnpywuwero B Kamepe, U3aMepsatoT, OTCNEXMUBAKT U peryampyrT B
TeyeHne npouecca Ha KakoM-anbo n3 nepBbiX 3TANOB CyLWwKK (3Tan 1) uau Ha

KakoM-nn60 13 BTOpbIX 3TanoB KapboHusauuu (31an 2).

[00133] B HekoTOopbIX ApYyrux BapuaHTax peanusaumum nepexog oT
nepBoro stana cywku (3Ttan 1) Ko BTOpoMY 3Tany kapboHusauuu (3Tan 2)
CBA3aH C W3MEHEeHueM TeMmnepaTypbl rasa, UUMpKynupywuwero B Kamepe. B
HEKOTOpbIX BapuaHTax peanusaunn TemnepaTtypy rasa, UUPKYIUpywero B
Kamepe, M3MepslT, OTCAEXUBAKT MU PEryanpyroT B TeyeHue npouecca Ha
KakoM-nnb0 n3 nepBbiX 3TanoB Cywku (3Tan 1) wam Ha KakoM-nnbo wu3

BTOPbIX 3TanoB KapboHusauum (3tan 2).

[00134] B HekoTOopbIX ApYyrux BapuaHTax peanmn3auumu nepexon oT
nepBoro stana cywku (3tan 1) kKo BTOpoMY 3Tany kapboHuzauuu (3Tan 2)
CBA3aH C W3MEHEeHueM TeMmnepaTypbl rasa, UMpKyaupyluwero B Kamepe. B
HEKOTOpbIX BapuaHTax peanusauunm TemnepaTypy rasa, UUPKYIUpywero B
Kamepe, M3MepsalT, OTCAEeXMUBAKT U pPeryjavpyrT B TeYeHue npouecca Ha
KakoM-nnbo u3 nepBbiX 3TanoB Cywku (3T1an 1) wanm Ha KakoM-nnbo wu3

BTOPbIX 3TanoB KapboHusauuun (atan 2).
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[00135] B HekoTOopbIX Apyrux BapuaHTax peanmn3auuu nepexon oT
nepBoro stana cywku (3tan 1) Ko BTOpoMYy 3Tany kapboHusauuu (3Tan 2)
CBA3aH C W3MEHEeHuEeM TeMmnepaTypbl u3genua. B HeKoTopbIX BapuaHTax
peanusaunu TemnepaTtypy U3genmsa Uu3MepsatoT, OTCAEXUBAKT U PEryINPYIOT B
TeyeHne npouecca Ha KakoM-nnbo M3 nepebiX 3TanoB Cywku (3tan 1) unum Ha
KakoM-nnbo wu3 BTOpbIX 3TanoB KapboHusaumm (3Tan 2). B HeKOoTOpbIX
BapuaHTax peanu3aumum M3MeHeHue TemnepaTypbl U3LENNS KOHTPOJMPYIOT C

NOMOLLbIO MH(PAKPACHON KaMmepbl.

[00136] B HekoTOopbIX Apyrux BapuaHTax peanmn3auumu nepexopn oT
nepBoro stana cywku (3tan 1) kKo BTOpoMYy 3Tany kapboHusauuu (3Tan 2)
CBA3aH C U3MEHEHMWEM [aBfieHUs BHYTPU Kamepbl. B HEKOTOpbIX BapuaHTax
peanv3aumn pasfieHune BHYTPU KaMepbl W3MEPSAT, OTCAEXMBAKT W
peEryampyoT B TeYEeHUe npouecca Ha KakoM-nnbo 13 nepBbliX 3TAnoB CYLUKK

(3Tan 1) nam Ha KakoM-AMb0 13 BTOPbLIX 3TAanoB oTBepXAaeHua (3Tan 2).

[00137] B HeKkoTOopbIX ApPYruX BapuaHTax peanm3auun nepexon oT
nepsoro 3tana cywku (3tan 1) Ko BTOpOMY 3Tany kKapboHusauuu (3Tan 2)
CBA3aH C W3MeHeHueM YypoBHA pH wuspgenna. B HEKOTOpbIX BapuaHTax
peanu3aunu ypoBeHb pH mnagenusa naMmepsioT, OTCAEXUBAKT U PEryiupyoT B
TeYeHne npouecca Ha KakoM-nnbo n3 nepBbiX 3TANOB CywWwkKK (3Tan 1) nnum Ha

KakoM-nn60 n3 BTOopbIX 3TanoB KapboHusauuu (3Tan 2).

[00138] B HekoTOopbIX Apyrux BapuaHTax peanm3auumu nepexopn oT
nepBoro stana cywku (3tan 1) kKo BTOpoMYy 3Tany kapboHusauumu (3Tan 2)
CBA3aH C MW3MeHeHWeM YpoBHA pH BOAbl, aAKKyMyJuMpyeMOW B TeyeHue
npouecca u3 n3genun u, BNoCNeaCcTBuMn, U3 Kamepbl. B HEKOTOPbLIX BapuaHTax
peanu3aumn ypoBeHb pH BOAbl, aKKyMy/nMpyeMOW B TeyeHue npouecca u3
n3penMn wn, BMNOCNEACTBMM, W3 KaMepbl, WU3MEPAT, OTCAEXUBaKT U
peryampyoT B T€YEHUE npouecca Ha KakoM-nnbo M3 nepBbliX 3TAnoB CYLUKK

(3Tan 1) uam Ha KakoM-AMb0 n3 BTOpbIX 3TanoB KapboHusauuun (3tan 2).
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[00139] B HeKkoTOopbIX ApPYruX BapuaHTax peanm3auun nepexon oT
nepsoro stana cywku (3tan 1) Ko BTOpoOMYy 3Tany kapboHusauun (3Tan 2)
CBA3aH C MW3MEHEeHUEeM 3S/EeMEeHTHOro coctaBa wu3genusa. B  HekoTopbIX
BapuaHTax peanusauumum  3J1eMEeHTHbIM  COCTaB  u3gennsa  U3MepsioT,
OTC/NIEXNBAKOT U pPerynmpyoT B TeUEeHMe npouecca Ha KakoM-nnbo u3 nepsbiX
3TanoB Ccywku (3tan 1) nam Ha KakoM-nMb0 n3 BTOpPbIX 3TanoB KapboHM3auum

(3Tan 2).

[00140] B HekoTOpbIX ApPYruX BapuaHTax peanm3auun nepexon oT
nepBoro stana cywku (3tan 1) Ko BTOpoMYy 3Tany kapboHusauun (3Ttan 2)
CBA3aH C W3MEHEHUEeM YpOBHA peakuunm wu3aenuss Ha YAbTpa3BYKOBOE
CTUMY/IMpOBaHue. B HEKOTOpbIX BapuMaHTax peanusaunm peakuuro mnsgenns
Ha  YJbTpPa3ByKOBOE CTUMY/IMPOBaAHWE  WU3MEPSAKT, OTCAEXUBAKT ¢
perynnupyoT B TeYeHue npouecca Ha KakoM-nnbo 13 nepBbiX 3TANOB CYLUKMU

(3Tan 1) uam Ha KakoM-AnMb0o n3 BTOpbIX 3TanosB KapboHusaumum (3Tan 2).

[00141] B ogHOM acnekTte perynupoBaHueM TemnepaTtypbl u3genus
N ypaneHneMm BOAbl HA NMEPBOM 3Tane cywku (3Tan 1) M CKOpOCTbK peakuuu
Ha BTOpOM 3Tane kapboHu3aumu (3Tan 2) ynpasnsAT, a B HEKOTOPbIX

cny4yasix ux yCKopsaoT, NOCPeACTBOM Bbli6opa UCTOYHUKA SHEPTUM.

[00142] B HeKOoTOpbIX BapuvaHTax peannsaumm UCTOYHUK 3HEprun,
NCNONb3YEeMOW [NA HarpeBaHWa rasa u/mnn mnlgenua, npeacrasnsetr cobon

CXKunraHme nckonaemoro Ttonanea.

[00143] B HeKOoTOpbIX BapuaHTax peannsaumm UCTOYHUK 3HEprun,
NCNONb3YEeMOW ANA HarpesBaHWa rasa u/mnn mnlgenua, npeacrasnsetr cobom

HarpeB 3a CYET 3NEKTPUYECKOrO CONPOTUBIIEHUS.

[00144] B HekOoTOpbIX BapuaHTax peanu3aunnm UCTOYHUK SHEPruu,
NCNONb3YEeMOW ANA HarpesBaHWa rasa u/vmnn mnlgenua, npeacrasnsetr cobomn

NHdpakpacHbIM UCTOYHUK Tenna.
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[00145] B HEeKOoTOopbIX ApYyrux BapuaHTax peanu3auun WUCTOYHUK
SHepruu, UCNoJsb3yeMON ANA HarpeBaHusa rasa u/vwnu nsgenvsa, npeacrasnsaer

cobon nasep.

[00146] B HeKoTOpbIX BapuvaHTax peanu3auun UCTOYHUK SHEpruu,
NCNONb3YEMOW [NA HarpeBaHWa rasa u/mnn mnagenusa, npeacrasnsetr cobon
AVINEKTPUYECKMI HArpeB, MNPUYEM B [AUINIEKTPUYECKOM HaArpeBe MOXET
NMPUMEHATBCA  WCNOJIb30BaHWE  BOJIH  MWUKPOBOJIHOBOW  4acCTOTbl WM
paguoyactoTel. B HeEKOTOpbIX BapuaHTax peanun3aymum UCNOJib3yeMble
pagnoyacToTbl HaxXoAATCA B MNPOMbIWJIEHHOM, HAay4YHOM W MEeAULUHCKOM

AnanasoHe (auanasoH ISM).

[00147] B HeKoTOopbIX Apyrux BapuaHTax peanu3auun WUCTOYHUK
SHepruu, NCNoJsIb3yeEMON ANA HarpeBaHusa rasa u/vwnuv nsgenus, npeacrasnsaer

cobon nnasmy.

[00148] B HEeKOoTOpbIX ApYyrux BapuaHTax peanusauun WUCTOYHUK
SHEepruu, UCNOoJSb3yeMON ANA HarpeBaHusa rasa u/vwnu nsgenusa, npeacrasnser

cobon nap.

[00149] B HekoTOpbIX ApyrMx BapuaHTax peanun3aumm UCTOYHUK
3HEepruu, NCNOoNb3yYEMON AN HAarpeBaHus rasa u/unu uspenns, nNpeacTaBnsieT

cobon neperpeTbi nap.

[00150] B HeKkoTOopblX ApYyrux BapuaHTax peanu3auun WUCTOYHUK
SHEepruun, UCNonb3yeMON A9 HarpeeBaHUsa rasa u/unu usgenus, npeacrasnser

coboit NpoBOANMOCTb.

[00151] B HeKOoTOpbIX BapuaHTax peanunsaumm UCTOYHUK 3HEprun,
NCNONb3YEeMOW ANA HarpeBaHWa rasa u/vunn mnsgenua, npeacrasnaetr cobomn

n3nydyartenb.
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[00152] B HeKOoTOpbIX BapuaHTax peannsaumm UCTOYHUK 3HEprun,

NCNONb3YyEeMON ANA HarpesBaHWa rasa u/vmnn mnlgenua, npeacrasnsetr cobown

MCTOYHNK NYYUNCTOIro Harpeea.

[00153] B HekoTOpbIX BapuaHTax peanu3aumm UCTOYHUK SHEpruu,
NCNONb3YEMOW [NA HarpeBaHWa rasa u/mnn mnagenusa, npeacrasnsetr cobon

MCTOYHUK Harpesa, HanpuMep, YCTaHOBKY KOreHepauuu.

[00154] B HekoTOpbIX BapuMaHTax peanu3aunm UCTOYHUK SHEpPruu,
NCNoNb3yeMON ANS HAarpeBaHus rasa u/wunu usaenus, Bka4vaeT KoMbuHauumto

MCTOYHWKOB Harpeea, onnMCaHHbLIX BblLUE.

[00155] B oAHOM acnekTe perynmpoBaHuWEM YyaaneHus BOAbl Ha
nepBoM 3Tane Ccywku (3Tan 1) M CKOpPOCTbIO peakuuMu Ha BTOPOM 3Tane
kapboHusaummn (3Tan 2) ynpasBagloT, @ B HEKOTOPbIX CAy4yasaX UX YCKOPSIOT,
nocpeacTBOM ynpaBieHUsA U3BJeYEHUEM BOAbl M3 U3AENUA, @ BNOCNeaCTBUn

N3 ra3a B KaMepe.

[00156] B HeKOTOpbIX BapuaHTax peanu3aumm n3BaedyeHue BoAbl U3
n3penua, a BMNOCNeACTBMM U3 KaMepbl, peryjanpyrwT nocpencrsoM

€CTEeCTBEHHOW KOHBEKLUUMW.

[00157] B HeKOoTOpbIX BapuaHTax peanu3auuun nsesiedyeHne BoAbl U3
n3gennsa, a BNOCNeACTBUM U3  KaMepbl, PperyanpyrwT nocpeacrsoM

NPUHYAUTENBHON KOHBEKLUWN.

[00158] B HeKOTOpbIX BapuaHTax peanu3aunMm n3sBaedyeHue Boabl U3
n3pennsa, a BMNOCNEeACTBMM U3 KaMepbl, PperyampywT nocpencrsoM

KoMMpeccopa.

[00159] B HeKOTOpbIX BapMaHTax peanu3aunn nussaedeHune Boabl U3

n3penus, a BNoCneaCTBUM U3 KaMepbl, PErYJMPYIOT NOCPEACTBOM OCYLUNTENS.
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[00160] B HeKOTOpbIX BapuaHTax peanu3aunMm n3BaedyeHue Boabl U3
n3penusa, a BMNOCNEeACTBMM U3 KaMepbl, peryjampyrwT nocpencrsoM

TennoobMeHHukKa/oxnaanTens.

[00161] B HeKOTOpbIX BapuaHTax peanu3auMm n3BaedyeHue Boabl U3
n3penna u  BMNocneacTBMM U3 KaMmepbl, peryanpywT nocpencrsoM
NCNonb30BaHUA pexunmoB 6Honee HU3KOro, 4em artMmocdepHoe, AaBNEHUS,

BKNKOYaA, HO HE OrpaHn4YnBasaCb 3TUM, BaKyyM.

[00162] B HeKoTOopbIX ApYrMX BapuaHTax peanun3aunun nisnevyeHue
BOAbl U3 U3[EenudA, a BNOCNeACTBUM U3 KaMepbl, PEryaumpyroT nocpencrtBoM

NCNoNnb30BaHUA KOMOUHauumn CI'IOC06OB, ONMMNCaHHbLIX BbiLWIE.

[00163] B oAHOM acnekTe peryampoBaHuWEM YyaaneHusa BOAbl Ha
nepBoM 3Tane Cywku (3Tan 1) M CKOpPOCTbKO peakuunm Ha BTOPOM 3Tane
kapboHusaummn (3Tan 2) ynpasBagloT, @ B HEKOTOPbIX CAy4yasaX UX YCKOPSIOT,
nocpeacTBOM yrnpaBieHUs LUUpKynsauMen rasa B Kamepe. B HekoTopbIX
BapuaHTax peannsauumn CKOpOCTbIO rasa, 10KanbHO ANS U3aenun, ynpasnsaroT

NyTEM perynmpoBaHuUs NOTOKa rasa B KaMepe.

[00164] B HekoTOpbIX BapuMaHTax peanu3aumm noToK rasa
perynnupyrT C UCNONb30BaHWMEM CneuunanbHOW CUCTEMbl HaArHeTaTeNbHOMN

BEHTUNALUN.

[00165] B HekoTopbIX BapuaHTax peanu3aumm noToK rasa wu
CKOpPOCTb rasa Hag M3fenusMmn peryaupyrT C UCNONb30BAHUEM BHYTPEHHEMN
CUCTEeMbl UUpKynaunn. B HEKOTOpbIX BapuaHTax peanusauuu cneumanbHas
BHYTPEHHAS UMPKYNAUUA BHYTPU KaMepbl COAEPXUT BEHTUNATOPbI, KOTOpbIE

nepeMeLwarT ra3 BHyTpU KaMepbl.

[00166] B HeKkoTOpbIX BapuMaHTax peanu3aumm noToK rasa
perynupywT C WUCNOJb30BaHMEM BHELWHEeNn CUCTeEMbl uupkynsauuu. B

HEKOTOPbLIX BapunaHTax peaan3aunn cneynanbHas BHELWHAA CUCTEMA
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LMPKYNALUNN COAEPXUT BEHTUNATOPbI, KOTOpble MNepeMewarT ra3 Mexay

BHYTPEHHEN N HAPYXXHOW 4acCTblo KaMepsbl.

[00167] B HekoTOpbIX BapuaHTax peanusaumm NOTOK rasa
perynampyrT C WUCNOJb30BaHWEM BHYTPEHHEN CUCTEMbl UUPKYAauUuUn wu
BHELWHEeN CUCTEeMbl UUPKynsuuMn B TaHaeme. B HEKOTOpbIX BapuaHTax
peanu3aumm MNOTOK rasa pacnpepenserca Mexay BHYTPEHHEWn CUCTeMoun

LMPKYNAUMM U BHELIHEN CUCTEMON UMPKYNsiuMM NOCpeacTBOM 06XOAHOIO

KOHTYpa.

[00168] B HEKOTOPbIX BapuaHTax peanun3auumu cucrema
OTBEPXAEHUS COOEPXMWUT MHOXECTBO BHYTPEHHUX CUCTEM UUPKYNaULUN,
BHEWHNX CACTEM UMPKYNSAUMK, HarpeesaTenen u CUCTEM OCYLUEHUS, KOTOpble
MOryT ObiTb 3akKpenseHbl Ha OAHOWN Kamepe, obecneuynmBas HECKONbKO

HE3aBUCMMbIX 30H YNpaBAE€HUA BHYTPU KaMepbl.

[00169] B ogHOM acnekte 3ddekTnsHoCTb notpebnenHns CO. BO
BpeMSA npouecca OTBEPXAEHUA MaKCUMUIUPYETCA NyTEM peryanpoBaHuSA
KOoHueHTpauuun CO2 B KOHUe 3Tana kapboHusauun (3t1an 2) u/mam KOHEYHOro
5Tana Cywku. bonee KOHKPETHO, MOXEeT [AONyCcKaTbCA YMEHbLUEHUE
KOHUeHTpaunn CO2 B KamMepe BO BpeMa 3TanoB KapboHu3auum, Koraa
WHTEHCUBHOCTb nornoweHnsa CO2 usgenneMm ymeHbluaeTcsa. 3To cnocobecTeyeTr
coxpaHeHunto CO2, YTO BaXHO KaK C TOUYKM 3PEHUs 3aTpaT, TaK U C TOYKMU

3PEHUSA OXPaHbl OKPYXALLEN CPeb.
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Mpumep 1

[00170] Cnocob oTBepXAeHUa C UCNOSIb30BAaHWEM uepenyrownxcs
LMKNOB YBENNMYEHUSA U YMEHbLUEHNA CKOPOCTU UCNapeHnsa, ncnonb3oBann ans
AOCTUXEHNA COMNOCTaBMMOW MPOYHOCTM OETOHHBLIX MAUTOK AJ1S MOLWEHUs n3
KapboHM3MPYyEMOro ueMeHTa Ha OCHOBE CuaukaTa Kanbuuma 3a 6onee
KOpOTKOe BpeMsA, 4yeM npu paboTe, OCHOBAHHOW HA CTPOro MNOCTOSAHHbIX

YCNOBUAX CYLUKHW.

Cnocobesl

[00171] Kamepy oTBepxaeHus 3arpyxanm OeTOHHbIMU NAUTKAMMU
AN MOLWLEHNA M3 KapboHM3MPYyEMOro LeMeHTa Ha OCHOBE CMAMKaTa Kanbuus.
Mpeabiaywime U3MepeHus nokKasanum pacnpeaeneHme OTHOCUTENbHbIX
WHTEHCUBHOCTEN WUCNapeHusa no Bcen Kamepe. [aTuuKku 3AeKTPUYeCcKoro
CoOnpoTUBAEHNA OblN pa3MelLeHbl Ha NOBEPXHOCTAX M3gennn B MecTtax, o
KOTOPbIX M3BECTHO, YTO OHU UMEKT OTHOCUTENbHO BbICOKME U OTHOCUTENbLHO

HNU3KNE MHTEHCUBHOCTU UCNAPEHNA.

[00172] Mpouecc oTBepxaeHua HaumHanca ¢ BBeaeHua CO2 B
Kamepy uW CUCTEMY KOHAMUWMOHWPOBAHWUA ras3a A0 AOCTUXEHUS BbICOKOWN
KOHUEHTpauuMu. 3aTeM noToK, Tenao U OoCyweHue CUcteMmbl 6binn
OTperynmpoBaHbl  AN9  [OCTUXEHMA  Heobxoammon  TemnepaTypbl M
OTHOCUTENbHOW BAAaxXHocTu. Kamepa pgocturna Temnepatypbl 60 °C 3a 2,5
yaca, U OTHOCUTEsNIbHAA BJIAXHOCTb noaaepXxunsanacb Ha yposHe 60 % wnau

HUXeE.

[00173] Mpun oTMeTKe 2,5 yaca MHTEHCUMBHOCTb UCNApeHnsa B KaMepe
yMeHblwanu. [lOHUXeHne YCNOBUW CYWKW Obl1I0 AOCTUFHYTO NYyTEM:
OCT@HOBKMW HarpesaTens U OCTAHOBKW CUCTEMbl LUPKYNALMKN ra3a. YKasaHHble
YCNOBUSA MOHUXEHHOW MHTEHCUMBHOCTU MUCNApPEHUsA NOAAEPXUBANUN B TeYeHue

30 MUHYT, nocne 4yero 6bIaM BOCCTAHOBJIEHbI CTAHAAPTHbIE YCAOBUA CYLUKM
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nyTeM MOBTOPHOrO 3anyCKa HarpesaTend W CUCTEMbl LUPKYyAsAUMM rasa.
NcxoaHble yCcnoBuMSA UCNApeHusa 3aTeM noaaepxueanum B TedyeHue 1 vaca
nepen HadanaoM ApPYroro uukia MOHMXEHUSA YCNOBUM CYLWKKU. TOYHbIE CPOKM
nepexoAoB Mexay pexumMaMu HOPManbHOrO0 MCNApPeHUA M MOHUXKEHHOrO
ncnapeHus onpepenanu nyTem MOHUTOPUHIa 3N1EeKTPUYECKOro
CONPOTUBAEHNS MNOBEPXHOCTEN wu3penusa. bbinn  BbINOJHEHbI B 0b6wien
CNOXHOCTU YeTblpe UuuKna, npexae 4yeM Ccuctema BCTynuiaa B 3Tan
WHTEHCUBHON Cywkun npum 65 °C, npun BbICOKOM pacxone/CKOpoCTuM rasa wu
OYeHb HU3KOW OTHOCUTENbHON BAAXHoCTU. Obwas npoAONKUTENBbHOCTb

npouecca OTBEPXAEHMSA coCcTaBuna 13 yacos.

[00174] Ncnonb3yeMbli npouecc oTeBepxaeHusa 6bin paspaboTaH,
yT06bl MOMOYb YHUDMKALUN YPOBHEWN ypaneHus BAarn no BCEMY M3LENUIO B
Kamepe. Mpun  yMEHbLIEHUN CKOpPOCTH BHYTPEHHEN LMPKYNSALNN
WHTEHCMBHOCTb WCMNApPEHUs Ha NOBEPXHOCTU W3AENINA YMEeHbLuaeTcsa. ITO
obecrneuMBaeT BO3MOXHOCTb MNEpeMEeWeHns BOAbl W3HYTPU WU3AENUA B
HaApYXHYIK 4acCTb Wu3genns, TeM CaMbiM YMEHbllas rpagMeHT BJIaXHOCTU
BHYTPU Kaxaoro wusgenusa. bnarogaps BHeApPEHMIO TakuX MNpoueccos
NMPUOCTAHOBKWU, HEKOTOpble u3penusa, KoTopble Mornum 6bl 06pa3oBbiBaTb
HebnaronpuATHbLIA KPYTOW rpagueHT BNAXHOCTU BO BpeEMSA 3Tana 1 CywKn us-
3a OTHOCUTENbHO BbICOKUX JIOKAJIbHbIX MHTEHCUMBHOCTEW MCMApEHUs, BMECTO
3TOro MoryT 6biTb BbICYLUEHbl TakKMM 06pa3oM, UTO K KOHUY 3Tana 1 Cywkwu

co3paeTtca 6n1aronpuMATHBLIN NONOMMI rPpagUEHT BAXHOCTW.
[00175] DKCnepuMeHTanbHble AaHHble NoKa3aHbl Ha OUIM. 3.
Mpumep 2
[00176] BeTOHHble UMANHAPLI U3 KapbOHU3MPYEeMOro ueMeHTa Ha
OCHOBE CUAMKATa KanbUMA U3roTasanBann pna uccneaoBaHusa npouecca

OTBEPXAEHUS, BKAOYatoWero stan 1 cywkun npu otcytcteum CO». Mponopunu

CMeCu, UCNoNb3yeMoun ANna noayydyeHusa ceexero 6eTtoHa, nokasaHbl B Tabnuue
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1. CBolcTBa cBexero 6eTtoHa, NoJIYYEHHOro C UCNOJIb30BAaHMEM MaTepuanoBs

cornacHo konu4yecrsam B Tabnuue 1, nokasaHbl B Tabnuue 2.

Tabnuua 1: MNMponopuuun cmecu 6eToHa, NOJYYEHHOro AN npuMepa 2.

O6beM  napTtuu, | Kr/M3 unu
KoMMnoHeHT Macca
KI n/m3

KapboHu3snpyembln ULEMEHT Ha
17,3% 13,90 415,4
OCHOBE CunuKaTta Kanbuus

CTpouT. necok 38,1% 31,91 915,8

3anonHutenn 1/4 ponma (6,35

24,3% 19,48 582,3
MM)
3anonHutenn 3/8 pawunma (9,525

20,3% 16,21 484,5
MM)
Bopopeayuupywuwasa gobaska 5 0,073 2,07
3aMeansawuwas CXBaTblBaHUeE

7 0,0973 2,90
nobaBka
Bopa 5,50 % 4,68 139,5

Tabnuua 2: CeoicTBa cBexero 6eToHa, NoOJly4eHHOro ansa npuMmepa 2.

MapameTp 3Ha4yeHune
Ycagka, MM (AONMOB) 38,1 (1,5)
CopepxaHue Bo3ayxa, % 5,0
YaenbHasa Macca, Kr/m3 (byHT/Ky6. dyT) 2374,26 (148,22)

[00177] Mpoueaypa cMewnBaHWA, WUCNOJIb3yeMaa ANd MNOJy4YeHus
6eToHa, 6bln1a TaKkoW, KaK YKasaHo HUXe.

1) [obaBnanu Bce KpynHble 3anoJHUTENN B CMeCUTEeNb.

2) [obaBnanM BeCcb NEeCOK B CMecuTenb ANAA NOAYYEHUA CMecu
CyXOro 3anonHuTens.

3) CMewmnBanu Cyxyr cMecb B TedeHue 30 cekyHa,.
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4) Jo6asnann 50 % BoOAbl AN CMeWwWBaHUA ANS NOAYyYEHUSA
BJI@XXHOW CMeCH 3anoJIHUTENA.

5) [JobaBnann ueMeHT B CMecuTenb ANA NOAYYEHUS BAXHOW
6eToHHON cMecH.

6) Job6aBnann B cMecuTenb 3aMeanswline cxeaTbiBaHue pobasku,
Takue kak, nomnmo npouero, Sika Plastiment, u nepemMewunBann B TeyeHune
30 ceKkyHA.

7) Job6asnanun ocraswueca 50 % Boabl Ana nepemMewnBaHUsa u
nepeMewwmnsann B TedeHne 30 cekyHa,.

8) [Jobasnann Bogopeayumpyowyo aAob6aBkKy, TakKyl KakK, MOMUMO
npouyero, Glenium 7500, n nepeMewnBanmn B Te4eHNE 3 MUHYT.

9) MpuocTaHaBnMBann CMeCUTEsNb B TeUeHne 1 MUHYTHI.

10) W3Mepsanu ycaaky csexero 6eToHa.

11) W3Mepanu yaenbHyK MacCy W coAepXXaHue BO34yxXa B CBEXEM
beToHe.

12) Uwaunaper 164 x 8 pwonmos (4166 x 203,2 MM) oTamBanu wu3
ceBexen 6eToHHOW cmecn B 2-3 cCnos C BUOpUpPOBaHMEM Kaxporo Cnos B
TeyeHue 30 cekyHa,.

13) BblgepxuBanu o6pa3ubl 6eToHa B nedn C TemnepaTtypou,
yctaHoBneHHou Ha 80 °C, B TeueHue 3 yacos (OUl. 4A).

14) W3Bnekanu obpa3ubl U3 neuym nocne 3 4acoB CYLWKU B Ne4Yn wu
oxjlaxaanun B YCNIOBUAX OKpYyXaloLeln cpenbl B TeueHne 1 yaca.

15) B3sewunBanu o6pa3ubl, 4TObbl paccunTaTb KOANYECTBO BHaru,
NOTEPAHHON BO BpeMA Cylku (3Tan 1).

16) Wsenekanun ob6pasubl n3 GOpMbl U BbIAEPXMBAAN UX B Kamepe
oTBepxaeHna ana kapbonmsauum (atan 2) npu 60 °C U OTHOCUTENBLHOMU
BNnaxHoctn 60% B TeyueHue 20 yacos npu KoHueHTpauuu raza CO2 6onee 95
%. (OUl'. 4B).

17) O6pa3subl nogsepranmn JanbHenwen KapboHu3ayun
(npoposxkeHne atana 2) npu 80 °C n oTHOCUTENbHOW BnaxHoctn 30 % B

TeyeHne 20 yacoB Npu KOHUeHTpauumn rasa COz 6onee 95 %. (OUl'. 4C).
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[00178] CpepHas nNpoOYHOCTb Ha O©XaTne ANa OTBEPXAEHHbIX
6etoHOoB (uununHppbl 4 x 8 awoumos (101,6 x 203,2 mM)) nocne 40 vyacos

kapboHusauumn coctasuna 9388 ¢pyHTOB Ha KBaApaTHbIM AonmM (64,73 MMa).

Mpumep 3:

[00179] Mponopunun CcMecu, WUCNONb30OBAHHOW AN MNONYYEHUS
6eTOHHOro n3gennsa BAAXHON OTIMBKM ANA NpuMepa 3, nokasaHbl B Tabnuue
3. bertoH noarotaBnauBann MNyTeM CMEWWBAHUA CyxXOro LuEeMeHTa #u
3anonHUTenen, 3aTeM BBOAWAM BOAY W 3anOAHUTENM W, HAKOHel, BCH
napTMiO CMEelunBann BAAXHbIM cnocobom. Ceexuin 6eToH npoBepsAnn Ha
pacniabiBaHue, YyAenbHbIA BEC, CoAepXaHue BO3AyxXxa W TEeHAEHUUK K
paccnoeHuto. Ceexas CMeCb UMena yaenbHylo Maccy 144 ¢yHt/odyTt3, (2307
Kr/m3) copgepxaHue Bosayxa 7 % u pacnnbiBaHue 20 awiimos (508 MmM).
CMmecb He paccnamBanacb. BeToH 3anuBanu HenoCcpeacCTBEHHO B MNOAOCTb
npecc-gpopmbl n3 ABS-nnactuka (acrylonitrile-butadiene-styrene,
AKPUAOHUTPUNOYTaaNEHCTUPONBbHBLIN) pa3dMepom 24 x 24 x 1,5 awonma (609,6
x 609,6 x 38,1 Mm), 24 x 18 x 1,5 aonma (609,6 x 457,2 x 38,1 MM) n 24 x
12 x 1,5 paonma (609,6 x 304,8 x 38,1 MM) 1 6bICTPO YNAOTHAAMU NyTEM

NEerkoro nocTtyknsaHus no ¢opme.

Tabnuua 3: MNMponopuun cmecn 6eToHa, NONYYEHHOro ansa npumepa 3.

KOMMOHEHT Mponopuunn (pyHT/PyT3)

KapboHu3npyeMmbln UEMEHT Ha
645 dyHT/pyT3 (10 332 Kr/m3)
OCHOBE CuauMKaTa Kanbuus

LLinak 270 dyHT/PyT3 (4235 Kr/M3)

1/4 pwonma (-) 6azanbToBbIN
1647 dyHT/dDYT? (26 382 Kr/M3)
webeHb

MyCTbIHHbIN
(cpeaHe3epHUCTbIN) necok AnA1007 dyHT/dyT (16 131 kr/m3)

6EeTOHHOWN cMecu
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Boaa 321 dyHT/pyT3 (5142 Kr/m3)

BoaooTtrankueawwasa gobaska (0,4 yHunn/dyHT (25 r/kr) yuemeHtupyrowas

Bopopeayuupywwas gobaska 6 yHUMi/pyHT (375 r/kr) uemeHTupyrowas

SamMeansawouw,an CXBaTblBaHUe
3 yHumu/dyHT (187,5 r/Kr) uementupyrowas
no6aBka

[00180] dopmy n3 ABS-nnactuka, coaepiawyr BAAXHbIA NUTOU
obpaseu, 3arpyxanu B KaMepy oTBepxaeHus. bbinn wnccnepoBaHbl ABa
npouecca oTBepXaeHusa. [poao/IXUTENBHOCTb KaXaoro MUCcCneaoBaHHOro

npouecca oTBepxaeHusa coctaeuna 14 yacos.

[00181] B npouecce oTBepXxaeHua A KamMepy OTBEpXAEHUS
npoayBann A0 AOCTUXEHMSA BbICOKOM KoHueHTpauun CO2 (> 90 %).
HarpesateneM M CUCTEMON UMPKYAALUMM rasa ynpasnsanm Ans AOCTUXEHUSN
TemnepaTtypbl 60 °C u OTHOCMTENbHON BRaxHoctn 25 % wuanm Huxe.
OcywecTtBnaam MOHUTOPUHI 31E€KTPUYECKOro CONPOTUBAEHUSA MOBEPXHOCTU
n3pgenua. OTeBepxaeHne npoaomxkanocb 14 wvacos. Habnwpanocb, 4TO
dN1eKTpUYecKkoe COnpoTUBAEHNE TMOBEPXHOCTU WU3LENNA OTKJIOHANOCH OT
9JIEKTPUYECKOro COMPOTUBNIEHUA HEBblAEpXaHHOro 6eTOHHOro MaccuBa B
TeyeHne 4 4yac. M3MeHeHune 31eKTPUYEeCcKOoro COMpOTUMBAEHUA MNOBEPXHOCTU
n3pennsa ykasbiBaeT Ha Nepexon Mexay 3TanoMm C npeobnagaHneMm CywKku u

3TanoM ¢ npeobnagaHmeM Kap6oHU3aLmnN.

[00182] B npouecce oTBepxaeHuss B pexuMm oTBepxXaeHus Obin
MoandununposaH Takmm o06pa3oM, YTO MHTEHCUBHOCTb McCnapeHusa obpasua
6blna CHMXXeHa BO BpeMsa 3Tana kKapboHusauuu, 4tobbl YBENMUYUTb CTEMneHb
KapboOHU3aUNMOHHOIo oOTBepXxaeHusa. Bo-nepBbiX, KaMepy OTBEPXAEHUS
npoayBann A0 AOCTUXEHUS BbICOKOM KoHueHTpauun CO2 (> 90 %).
HarpesatenemM v CUCTEMOW UUPKYNAUMW rasa ynpasnsanu AN [OCTUXEHUS
TemnepaTtypbl 60 °C U OTHOCUTENBbHOW BRaxHocTn 25 % unn Huxe. Yepes 4
yaca, KaK nnokKaszan0 MW3MEHEeHWe 3NEeKTPUYECKOro COMpPOTUBJIEHUS

NOBEPXHOCTN wU3AeNnd, napaMeTpbl UUPKyAdUUU Tra3a 6binn N3MEHEHDbI,
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yTOOblI CO34aTb BbICOKYIO BJIAXXHOCTb B KaMepe U, TakuM o6pa3oMm, CHU3UTb
WHTEHCUBHOCTb MCMapeHus B TeyeHue Tpex 4vacos. [locne 3TOW CTyneHu C
HU3KON MHTEHCMBHOCTbK MCNAapeHusa napameTpbl CUCTEMbl LMPKYyNauuM rasa
O6blI1  U3MEHEeHbl, 4TOobbl MNOCTENEHHO YyBeAMYMBaATb WHTEHCUBHOCTb
ncnapeHuns, noaaepXxmneas OTHOCUTENbHYIO BAaXHOCTb KaMepbl 0koa0 50 % B
TeyeHne AByX 4YacoB. [locne 3Toro napaMmeTpbl CUCTEMbl LUPKYNALMN rasa u
HarpeBaTens 6bin M3MeHeHbl, YTO6bl NOBLICUTL TeMnepaTypy rasa o 70 °Cu
noanepXuBatb OTHOCUTENIbHYIO BNAXHOCTb KaMmepbl 0kono 25 % B TeueHue

OCTaBLUENCHa YacTu uuKna.

[00183] TemnepaTypa KaMepbl, OTHOCUTENbHAA BAXHOCTb KaMepbl
N 3NEeKTpuyeckoe COnpoTMBAEHME MNoBepXHOCTM obpasua Aana npouecca

oTBepXxaeHusa A u npouecca B npounnocTtpmupoBaHbl Ha OUIM. 5C.

[00184] M3Mepsann NpoYyHOCTb Ha M3rnb nagennin, oTBEpPXKAEHHbIX B
xoae npouecca A n npouecca B. N3penuna Takxe paspesanu nononam, 4tobbl
onpenenuTsb, paBHOMEPHO /I OHM KapboHU3MpOBaHbLI. N3penue,
OTBEPXAEHHOE C UCMOoNb30BaHWEM npouecca A, uMen NpoYHOCTb Ha u3rnbd
620 ¢yHTOB Ha KBagpaTHbin oM (4275 klla), u 6bI10 06HApyYXEHOo, 4YTO
OHO uMeeT cnabyto, Mano KapboHM3NpoBaHHY 0b6nacTb B UeHTpe. M3penue,
OTBEPXAEHHOE C UCNoNb30BaHWEM npouecca B, umMen NpoYyHOCTb Ha u3rnbd
789 ¢dyHTOB Ha KBagpaTHbin atonm (5440 kMa) n Habnwaanacb 0AMHaKOBas
NPOYHOCTb U KapboHM3auMa No BCEN CBOEN TONWMHE. Pe3ynbTaT AaHHbIX
MCNbITAHUN CBUAETENbCTBYET O TOM, UYTO CHUXEHUE WUHTEHCUBHOCTHU
ncnapeHua BO BpeMsa 3Tana KapboHusauum B npouecce oreepxaeHus 6eToHa

MOXET YNYUYLINTb NPOLECC OTBEPXKAEHUS.

PaanoyacTtoTHoe oTBepXAeHMUE:

Mpumep 4:

[00185] Heckonbko KapboHM3MpyeMbiX MAUTOK [AS MOWEHUS U3

ueMeHTa Ha OCHOBE CWUJIMKAaTa Kalbuna nomewanin Ha COBMECTUMYIHO C
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paanMo4yactoTaMnM naHejfb C YCTAHOBJIEHHbIMWM  Pa3fiIM4HbIMKU  AATYMKAMU
TemnepaTtypbl. O6bpa3ubl 3arpyxann B pagnmoyacToTHY CUCTEMY U AOBOAUNAM
no Temnepatypbl 60 °C B TeueHune 5 MuHyT, 3ateMm 70 °C B TeueHne 10 MUHYT n
3ateM g0 90 °C B TedyeHnme 10 MuHYT. Bce TeMmnepaTypbl MOCTOAHHO
KOHTPONNpPOBaaAM C TEYEHUEM BPEMEHU, TaKXe MpoBOAUIN BU3YyasibHbIE
HabnwoaeHnsa. B kKoHue 25-MMHYTHOro MUCNbITaHUA ObiNN B3ATbl HECKOJIbKO

06pa3L0OB U3 pa3HbIX MECT A4J1 aHan3a BAAXHOCTH.

[00186] Bce kapboHu3anpyembie NANTKM OANS MOWEHUSA U3 LEMEHTA
Ha OCHOBE CuJMKaTa Kanbuua Harpesann u 3¢pdeKTuBHbiIM 06pa3omMm
BbiCywmBanu. Kak BHYTpEHHUE, TaK U HapyXHble TemMnepaTypbl COCTaBASANN
+/- 5 rpagycoB no LUenbcuiwo. PacxoxaeHne Mexay WU3MEepeHHbIM
copepXXaHueM Bnarun OT LEeHTpa A0 BEpXHEW 4yacTu Ha OA4HON NAUTKE AnSd

MowieHusa cocrasnano ot 0,25 % po 1,05 %.

Mpumep 5:

[00187] 8 kKapboHuM3npyembiX NANTOK AN MOLWEHUSA M3 LeMeHTa Ha
OCHOBE cuamnkKaTa Kanbuusa Obian 3arpyxeHbl B paanoyacToTHYK CUCTeMy B 4
OTAENbHbIX COBMECTUMbIX C paAumodactotamum KoHTenHepax. CO2 MeaneHHo
NOCTynan B HUXHWUIA Yron KOHTEMHEPOB W BbIBOAWNCS HApPYXy CBepxy, C
NPOTUBOMNONOXHOMW CTOpPOHbI. O6pa3ubl aosoaunm Ao 60 °C C NOMOLWbKO
paanMo4yactor B TeuyeHue npubnusntenoHo 10 MUHYT U BbiAEpXWUBaNn B
TeyeHue 1 yaca nepepg ncnoiTaunem nepsoro obpasua (1300 BT B TeueHune 10
MUHYT, 4TOb6bl Aoctnyb 60 °C, 3ateM npubnusuTenbHo 12 BT/nanTky pns
MoweHna ana nopaepxanHusa 60 °C). Obpasel wnlBnekanun W UCMbITbIBAAN
KaXkable nonyaca, a 3ateM Bo3Bpawanu B cpeay CO2 B paauMoyacToTHOWM
cucteme. B TeueHne nocnepgHero noaydyaca temnepaTtypy obpasua fosBoauau
8o 85 °C. Obwee Bpema Bo3gencrtema COz coctasuno 5 vacos. OanH obpasey,
6bl1 CTOMaH NonosaMm M oKasascs MPOYHbIM U KAapOOHM3NPOBAHHbLIM HA BCEM

NMPOTAXEHNN.
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[00188] BO3MOXHO OTBEpXAEHWEe nNAUTOK AJI9 MOLWEHUA BHYTPU
CUCTEMbl OTBEPXAEHMNA HA OCHOBE pPagMoyacToT, U 3TO MOXHO BbINOJIHUTL 3a

KOPOTKUI NPOMEXYTOK BPEMEHMW.

Mpumep 6:

[00189] B paaMo4yacTtoTHyK CUCTEMY noMewanu 8 nAnToK pAns
MOLWEHNA M3 KapbOHM3UPYEMOro LEMEHTa Ha OCHOBE CuMKaTa Kanbuus C
BCTPOEHHbLIMW B HUX AaTYMKaMuU TEMNeEpaTypbl, U TEMNEpaTypy AOBOAUAN [0
85 °C.

[00190] BHyTpeHHAA TeMmnepaTypa MAUTKU ANA MOWEHUa AoCTurna

60 °C3a 1 MnHyTy, n 85 °C3a 2 MUHYTHI.

Mpumep 7:

[00191] MAuTkn gna MoweHna mn3 KapboHM3NPYEMOro LEMEHTa Ha
OCHOBE CuUAMKaTa KanbLUMA NOMewann B paanoyacTOTHYK CUCTEMY C
BCTPOEHHbIMW B HWUX JaTyMkKamMu TemnepaTtypbl n gosoaunum o 85 °C 3a 2
MUHYTbl. O6pa3ubl U3BNEKanun, N3MEPAN cogepxxaHue Bnarm u Mccneposanu
pacnpeaeneHne BoAabl. bblno nNpoBeAeHO HECKONbKO MOBTOPOB 3TOro

SKCNnepuMeHTa C He6ONbLWMMN NBMEHEHNAMU B YCTaHOBKe.

[00192] M3mepeHHOe B ob6pa3uax coaepxXaHue Bnarv noKasbiBano,
yTo OHM notepann ot 30 % po 50 % Bnarm B TeyeHWe [ABYX MUHYT

BO3AENCTBUSA paAMo4aCTOTHOIO U3NYyUYeHuUs.

Mpumep 8:

[00193] 8 kKapboHM3npyembiX NANTOK AN MOLWEHUSA M3 LeMeHTa Ha
OCHOBE CMAMKaTa Kanbunusa 6bian 3arpyXeHbl B paaMoyacTOTHYO CUCTEMY B 4
OTAENbHbIX COBMECTUMbLIX C PpaAMoYacToTaMM KOHTeWHepax. [aTtumku

TemnepaTtypbl 6bliM BCTpOEHbl B 06pasubl B KaXAoM KoOHTeunHepe. CO2
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MeAJsIeHHO MNOCTynaa B HWXHUN Yyron KOHTEWHEPOB W BbIBOAWACA HapPyXy
CBEpXy, C TnMPOTMBOMOJIOXXHOMW CTOpOHbl. O6pasubl pgosoaunn po 85 °C
NpubNn3nTenbHO 3a 3 MUHYTbI U 50 CEKYHA W BbIAEPXMBAAM B TeyeHue 3
yacoB (8 kBT B TeueHue 3 MUHYT 50 cekyHp, uTobbl poctnub 85 °C, 3aTem

nogasanun MowHoCcTb 200 BT unu 25 Bt/naHenb ana nogaepxaHua 85 °C).

[00194] LleHTpanbHble 4acTu NAUTOK ANs  MoweHuss  6biau
ype3BblYaHO TMPOYHLIMU, B TO BpPEMSA KaK MOBEPXHOCTb W Yrabl Oblau
HECKOJIbKO 0CnabneHHbIiMU. IDTOT pe3ynbTaT CBUAETENbCTBYET O TOM, 4TO
AanbHenwas onTUMM3aumsa uU pas3BUTUE CUCTEMbl OTBEPXAEHUS HA OCHOBE
pagMo4actoT MOXET MNpuMBEeCTM K 4Ype3BblHAaWHO MajoMy BpEMEHMU

OTBEPXAEHUS.

Mpumep 9:

[00195] B paano4yactoTHy cCuctemy noMmewanu 8 nAnToK p[ns
MOLWEHNa M3 KaAapbOHMU3NPYEMOro uUeMeHTa Ha OCHOBE cujiuKaTa Kanbuusa C
BCTPOEHHbIMM B 2 W3 HUX JaTynkaMmum TemnepaTypbl, U TeMmnepatypy
paosogunun o 85 °C B TeyeHune 2 muHyt. Ob6pasubl u3Bnekann, noaoBMHa U3
HMX 6blna onpbiCKaHa BOAOW ANSA MOBTOPHOrO YBNAXHEHUA MOBEPXHOCTU, a
NONIOBUHY He onpbiCknBanu. [Ba Habopa n3 4 obpasuoB 3aTeM noMeLlann B
NAacTUKOBbIE KOHTEWHepbl C HarpetbiMm CO2, MeanNeHHO NOoCTynawluMm B
HUXXHUIA Yyron M BbIBOAUMbIM Hapyxy. Yepe3 3 yaca obpaseuy ussnekanm u3
KaXXAoro KoOHTenHepa, pas3buBann nononam u ocCMaTpuBanun, nNo OAHOMY
AONOJIHUTENbHOMY o6pa3uy u3BAeKann U3  KaxX[oro KOHTEeWHepa M
oTKnaabiBann B CTopoHy. Obpasubl, KOTOpble He OblIM NOBTOPHO YBAAXHEHHI,
OKa3aJiMCb OTBEPXAEHHbIMW B LEHTPE, HO MNOBEPXHOCTb W Yyrabl 6blan
oCcnabneHHbIMM U HACbIWEHHbIMU MNblAbKD. [TOBTOPHO yBAaXHeHHble obpa3ubl
MMENN MNPOYHYIO MOBEPXHOCTb, @ TaKXe OKa3blBaJIMCb OTBEPXAEHHbIMU B

LLEHTpE.

[00196] KapboHusnpyembie NAUTKU AN MOLLEHMSA M3 LEMEHTa Ha

OCHOBE CuUAMUKaATa KaJabLUus MOTYT 6bITb HArpeThbl n BbICyLLEHbLI C
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MCNoNb30BaHUEM paaMoyacToTbl, a 3aTeM oTBepxaeHbl B cpege CO2 6e3
NCNONBb30BaHNA pPaAMoYacToTbl. Mcnonb3oBaHWE paanovyacToTbl TONBKO BO
BpeMSA NepBOro sTarna Harpesa W CYLWKW AAHHOro crnocoba Bce Xe MOXeT
3HAUUTENIbHO COKpaTuUTb obwee BpemMa 06paboTkn. MOBTOPHOE yBNAXHEHUE
NOBEPXHOCTU OKa3asoCb NOJIEe3HbIM NOCAe 3Tana oO4vYeHb ObICTPOro

HarpeBaHus.

YOAANEHWE BOAbI

[00197] Ha OWI. 6 npeacrasneH rpaduk, WANKCTPUPYIOLWNA
pasnununa B rnybuHe peakumu, pacxope rasa B Kybunyeckux yrax B MUHYTY
N KONn4yecTse BOAbI, yAaneHHOW n3 obpa3uoB KOMMNO3ULMOHHOIO MaTepuana,
oTBepxaeHHoro CO2, B cuctemMax C ucnosb3oBaHmem 1 BeHTUNaTOpa M 3
BeHTMAATOpoB. OueBnaHO, YTO rybuHa peakuun, pacxon rasa B Kybmuyeckmx
dytax B MUHYTY UM KOANYECTBO BOAbl, YyAansemom u3 o0b6pasuos
KOMMO3UUMNOHHOIo MaTtepuana, oteepxaeHHoro CO2, yBenuymeaeTcsa, Koraa
npepocrasnsaeTca 60Jjiblue BO3MOXHOCTEN ANA nNepeMeweHns XMMUYecKu

dKTUBHOIO ra3a.

[00198] Ha ®Ul. 7 npeacrasneH rpadumk, noKasbiBalOLWNA AaAHHbIE
ANS NponopuuMun ypaneHnsa BOAbl B 3aBUMCMMOCTM OT NoAayun ANS rasos,
UMELWNX Pa3INYHYD OTHOCUTEJIbHYIO BAAXXHOCTb. Kak nokasaHo Ha OUT. 7,
ncnonb3oBaHue 6onee BbICOKOM nNoaaum n 6onee HU3KON OTHOCUTENBHOWN
BJI@XXHOCTU CNOCOOCTBYET YyBEAWYEHUK nNponopuun, C KOTOpPOW BoAA
vaanaetrca wu3 obpa3sua. [lpeanonaraetca, uto peakuma CCM ¢ CO:
NpOMCXOAUT MNPEeuMYLLEeCTBEHHO Ha rpaHuue pasgena, Ha KoTopow
HacbliWweHHbIn Bogon CCM HaxoguTcs B KOHTakKTe ¢ ra3oobpasHbiM COy,
noatomy 6onee 6bICTpoe ypaneHne BOAbI COOTHOCUTCA C HGonee BbICOKUMU

MHTEHCUBHOCTAMU OTBEPXAEHNA.

[00199] Ha ®UI. 8 npeactaBneH rpaduk, nNoKasbiBALWUN
BbIUNCNIEHHYO 3aBUCUMMOCTb TEMNEpPATypbl OT BPEMEHU MO OTAENBHOCTU ANSA

CywKkKn wn and Kap6OHVI3aLI,VIVI, NONYy4YE€HHYIO nNyTeéM AOAEKOHBOJIOUMU, KakK
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onucaHo B 3asBKe Ha naTteHT CLUA 14/602313, BKIKYEHHOW B HACTOALWMN
AOKYMEHT nocpeacTtBoM cCbinku. OUI. 8 BKIKOYAET CpaBHEHWE 3K30TEepPMbl
KapboHu3aunm C 3HAOTEPMON CYLWIKWU, BblMEPUYEHHON HA TOW XXe& BPEMEHHOMU
wkane. OUI. 8 nokasbiBaeT, 4UYTO CylWKa MOXET MUCNoAb30BaTbCA ANA

pPErysmpoBaHna CKOPOCTM M 06beMa peakLuu.

[00200] Oka3bIiBaeTCa, UYTO BO BpeEMSA OTBEpPXAEHUS (PPOHT CYLUKU
yCTaHaBAMBaAETCA W [ABUXETCA OT HapyXHOW CTOPOHbI CHPOPMUPOBAHHOIO
obbeKkTa K ero BHyTpeHHel 4yacTn. Takxe obpasyeTrca poOHT peakumun, NoYTK
coBnagawwmn ¢  @GPOHTOM  Cywku. Peakuma OTBEPXAEHUS  MOXET
NPOMCXOANTb TOJIbKO BO6MN3KN (PpPOHTA CylwKK / PpOHTa peakumu, NoTOMYy 4TO
CO2 nogaeTcsa B BUAE rasa M U3HavajbHO HE NPUCYTCTBYET B BOAE B KAKOW-
nmb6o 3HauyuMMon KoHueHTpauun. lepen GpPOHTOM cywkun (HanpuMmep, Ha
BJIa)XHOW CTOpPOHe (hbpoHTa) B nopax MMeEeTCA BOAa, KOTOpas MNpensaTCcTByeT
anddysun CO2. MNo3agn ¢poHTa (Hanpumep, Ha Cyxom CTOpoHe poHTaA)
nopbl coaepxXaTt CAULIKOM Mano BoAbl, YTobbl noaaepxueaTb KapboHusauuto,
HO CO2 MoxeT 6bicTpo aAnddyHanpoBaTb B 0b6nactb poHTa, a BOAA MOXET
AnddyHanposaTb oT 3apHen yactu ¢dpoHTa K NOBEPXHOCTH
chopMmmnpoBaHHOIro Mmaccuea. Ecnun 3tn ppoHThI 66ICTPO NepeMewarTCa yepes
obnactb CcOpMMPOBAHHOIO MaCCMBa, CTENMEHb peakuun O6yaeT HUXe, 4YeM
ecnn 6bl PpPOHTbI ABUrannCb MeANEeHHO, N0 CpaBHEHUKW C cobCTBEHHOMU
CKOPOCTbIO XMMUYECKOW peakumun. dopma (ppoHTa Cywwkun byaeTt 3aBuCeTb OT
Hapy>XHon ¢&opMbl GOPMUPYEMOro MacCCuBa, OTHOCUTENbHbLIX CKOPOCTEN
CYLWIKMN Yyepe3 ero Hapy»XHble NoBepXHOCTU U ANPEPY3MOHHbIX AJIMH OT (PpoHTa

[0 NOBEPXHOCTM (POPMUPYEMOrO MACCUBaA.

[10NONHUTENbHbIA MaTepuan

[00201] MateHt CLUA N2 9266147 nNONMHOCTbK BKJIKOYEH B

HaCTOALLNN AOKYMEHT NnoCcpeaAcrBeoOM CCbINTKN.

[00202] B TEKYUYNX cpepax AndPy3noHHbIE npouecchl

OorpaHn4mnBalOT CKOpOCTb NpouecCa, Korga ToJilnHa, 4epe3 KOToOpyr AO0JIXKHA
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npoucxoante Auddysua, 6onbwe pNBOPY3INOHHON ANWHBI, UYTO MOXHO
OUEHUTb NYTEM  BbIYUCEHUA  CpEAHEKBaApPaTUYHOro  nepeMeLlleHuns.
Hanpumep, ana Tekydyen cpeabl 6e3 kKoHBekuun puddysma WOHOB npu
KOMHATHON TeMmnepaTtype W aTmochepHOM paBneHun B BOAE COCTaBaseT
npunbnusutensHo 0,19 c¢cm. CywecTtsyer paa obnacren npuMeHeHus, B
KOTOPbIX TOJILLMHA MaTepuanoB npeBblwaeT 3TOT MacwTtab pgavH. B 3Tmnx
cnyvyasx HeobxoamMMma MexaHuMyeckas KOHBEKUMA TekKydyen cpeabl nbbiM
noaxoaswmm cnocoboM, uU3BECTHbIM cCneunanncty B JAaHHOW obnactm
TEXHUKU. [lpyron anbTepHaATUBON SABASAETCA BBeAEHWe pacTBopuTens Wau
peaKuMOHHOCMOCOBHbIX YacTul B Buae raszoobpasHbix 4actuy. Korga 3T1o
BbINONHAETCA, AMddY3MOHHAa AnnHA yBenuyuBaeTca A0 9 cMm. B apyrux
BapuaHTax peanusaumum Moryt OblTb MCNOJIb30BaHbl CBEPXKPUTUUYECKNE
YyCNnoBuUsa AN [OCTUXEHUA CKOPOCTEN MepeHoCa, KOTOpble HaXoA4ATCA MexAay

XNAKOCTAMU U Ta3aMn.

[00203] Ha O®WUl. 9 npeacrtaBneHa cxema npouecca peakKTUBHOro
rMApOTEPMANbHONO YNAOTHEHUA XUAKON da3bl B npucyTcTenu rasa (g-rHLPD,
gas-assisted reactive hydrothermal liquid phase densification). A -
BbiCylleHHasa nopucrtaa 3arotoBka CaSiO3; B - 4aCTWMYHO yBAaXHeHHas
3arotoBka CaSiO3; C - KOHe4dyHoe YNJOTHEHHOE MOHOJIMTHOE TBepnpoe
Bewecrtso. DTanbl C 1 no 4 npeacraBasawT npouecc KapboHusauum-
YNAOTHEHMA, MNPOUCXOAALLMIN B OTAENbHOW nope: 3Tan 1 - 4YacTuyHoe
yBnaxHeHue nopbl ¢ CO2; atan 2 - puddysna, pactBopeHne n guccoumaumns
CO2; stan 3 - pactBopeHue CaSiO3z noHamn Bogopoga; 3tan 4 — ocaxpeHune
TBepAblX 4actuy. [locne 3aBepweHua 3Tana 4 npouecc npoucxoauTt
HenpepbIBHO, NMPOXoAa 4yepe3 3Tanbl 2-4, NOKa pas/inyHble KUHEeTUYeCcKune
dakTopbl He 3amennaT npouecc (Hanpumep, TOACTble peakuUOHHbIE CNOU
CO02).

[00204] UTobbl peakuun kKapbOHM3ALMM MUHEPanbHOro CcuaMkKaTa
npoTtekann ObICTPO, KOHLENUUSA BbINOJIHAEMOro B MNPUCYTCTBUM rasa
rmapoTtepManbHOro xwuakodasHoro ynaotHeHua HLPS (hydrothermal liquid

phase sealing) B npucyTCTBMM rasa Wau, MHa4ye roBOps, BbINOJHAEMOro B
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NPUCYTCTBUM  ra3a  pPeaKTUBHOINO0  rMAPOTEPManbHOro  XuUAKOMA3HOro
ynnotHeHusa, rHLPD (reactive hydrothermal liquid- phase densification)
(®Ur'. 9), g-rHLPD wucnonb3yeT 4acTUYHO MUHPUABTPUPOBAHHOE MOPOBOE
NpOCTPaAHCTBO ana obecneueHnsa puddysnm raza n 66ICTPOro NPOHNKHOBEHNS
B MOPUCTYIO 3aroTOBKY, W HAcCbIWEHNE TOHKUX MAEHOK XMAKOro Mexda3Horo
pacTBopuTens B nopax pactBopeHHbiM CO2. O6bpa3ubl Ha ocHoBe CO2 umewT
HU3KYI0 pacTBOPUMOCTb B uucton soge (1,5 r/n npu 25 °C, 1 atm). Takum
obpas3omMm, 3HaunTenbHoe konnyectso CO2 A0JIXKHO HENPEPLIBHO NOAABATLCA U
pacnpenensitbCs NO BCEN NOPUCTOM 3aroTtoBke, 4Tobbl obecneunTb
3HauuTenbHoe npeobpazosaHune kapboHaTa. Mcnonb3osaHue puddysnn B
ra3oBon aze obecneuunsaeT yBennyeHne anddysmoHHon anuHel B 100 pas
no cpaBHeHUO ¢ anddysmen pacrsopumoro CO2 3a 3KBUBANEHTHOE BpeMS B
Xnakon dase. YKaszaHHOE 4YacCTUYHO WHAUABLTPUPOBAHHOE COCTOSHUE
obecneunBaeT npoTekaHMe peakuun A0 BbICOKOW cTeneHun kKapboHusauuu B
TeyeHne @GUKCUMPOBAHHOINO nepuoaa BpeMeHu. Hanpumep, B 4YaCTUYHO
NHMUABTPUPOBAHHOM COCTOSAHUU NpeobpasoBaHue 47,5 £ 2,7 mon. % CaSiO3
B CaCO3 mn SiO2 MoXeT 6bITb AOCTUrHYTO NPUMMEpPHO B TedyeHue 19 4 npwu
TemnepaTtype 90 °C v pasneHun 2,36 atm. ECcnu nopgpepxuBalTca Te Xe
yCNOBUA peakunn, 3a UCKJIKYEHUEM TOro, YTO MOpPbl MNOJIHOCTBIO 3AaMOJIHEHbI
BOAOW, nojayyaeTca cywectBeHHO 6onee Huskoe npeobpasoBaHue

kapboHusauyun, 3,8 = 0,5 mon. %.

[00205] Ota pabota oTamnyaerca oT onybnukoBaHHOW paboTbi, B
KoTOpon He obpawann BHUMAHMA Ha (1) BbIGOp KOHUEHTpauuum BOAbI
OTHOCUTENbHO CcTeneHun HacbiweHua nop (DPS, degree of pore saturation) B
NOpMCTOM Maccmee BCEW MOPUCTOM 3aroTOBKM, KakK A0, TaKk M BO BpeMms
peakumu (HanpuMmep, B 3TOM cny4yae kapboHusauusa), un (2) cnocob aocTaBku
BOAbl B MNOPUCTbIAN MaccuB. BMecTo 3Toro B NpealecTBYKWEM YpPOBHE
TEXHUKMU MCNOAb30Bas0OCb MPOU3BOJIBHOE KOAMYECTBO OCTAaTOYHOW BOAblI BO
BpeMsA noAroTOBKM MOPUCTOM 3aroTOBKW, HE npu3HasBasd BaXHoOCTb DPS, wu
BbIMONHANACL nocnepywwas obpaboTtka B aBToknase, coaepxawem CO2 wu
BOASAHOM nap, 6e3 onpepeneHna onTuManabHbIX CNOCO60B AOCTaBKU BOAbl BO

BpeMS peakuuu, KOTopble noaaepxXxuneatoT 3HadeHne DPS, He npesbiwawoliee
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100 %. PerynupoBaHue KOHUEHTpauunm BoAbl M CNocob ee [AOCTaBKN B
NOPUCTYIO 3aroTOBKY BO BpeMA Hu3KoTemnepaTypHoro cnekaHua (LTS, low
temperature sintering) cywecTBeHHO BAUAET HAa KUHETUKY KapboHusauuwu.
YTO6bI NPOAEMOHCTPUPOBATL 3TO M KOHUEMUWUIO MPaKTUYECKOro NMpPUMEHEeHns
KoHuenuuin DPS ana HaxXxoXAeHUs YCNOBUWA NOBbILWEHHOW peakLWOHHOMN
CcnocobHOCTM M BbIXOAA peakuumu (peakuumss C BbICOKOW aonen), obpasubl
noaBeprann peakunum B KOHTEWHepe, WU3roTOBJIEHHOM W3 MWUKPOMOPUCTOro
cnoa Gore-Tex™. Gore-Tex™ ponyckaeT nonasaHue yacTuy, BOAAHOrO napa
B obpaseu n M3 Hero TOJbKO B HaCbILWEHHOW BOAOW aTMocdepe, B KOTOPOU
akTuBHOCTb CO> cTabunusupyeTtcsa npu gasneHun 2,36 atM n temnepatype 90
°C. Noa obpa3uomM obpasyeTcsa nyxuua BOAbl AN HACbIWEHUA aTMOCdeEpDbI, U
OHA COCywecTBYeT C BOASAHbIM NapoM B peakumum Ha NpPOTAXEHUU BCEWN
peakunn. TakuMm o6bpa3oMm, BbibpaHHOE coaepXXaHue BOAbl B MNOPUCTOW
MaTpuue CcTabuauMsnpyeTca ypaBHOBELMBAKWMUM BOAAHLIM MApoOM, U B
NOPUCTOM MaTpuULe He NpouCXoauT ucnapeHuve. BmecTto 3TOro nopucras
MaTpuua nepepacnpesenser BoAYy B MaTpuue TrOMOFeHHO, WCNOoAb3yS
KanunngapHboli NOTOK 6e3 notepun Mmaccol. B TeueHne 19 4 peakuuin, [Koraa
DPS yBenununsaetca ot 0 go 60 % no obvbemy], cteneHb KapboHU3auuu
n3meHsaerca ot 31,3 mMon. % A0 MakCMManbHOro yposHsa 49,6 mon. % ceepx
3TOro 3HayeHus, npuyem creneHb KapboHusauuwm napaet Ao 35,6 mon. %
npu ysennyeHunn DPS po 80% wn po 3,8 mon. % npu DPS 100%. 2T paHHblE
NOKa3biBaAT, 4YTO ONTUMAJbHOE KOJNYECTBO XWAKOW BOAbI B nopax
yBENNUYNBAET BbIXOA W CKOPOCTb peakuun, MNOCKONbKY 3TO BaXHO AN
MOHM3AUNN KAK YFAEKUCNOTbl, TaKk N Kanbuna. OQHAKO YPOBHU pacTBOPEHUSN
MHUAbTpaTa AOMXKHbI ObITb 4OCTATOYHO HU3KUMU, YTOObI razoobpasHbii CO2
Mor anddyHanposaTtb B NOPUCTYIO MaTpuuy 3a cyeT auddy3un rasa, nepes
pacTBopeHunem un guddysnen B CBA3aHHON B Nopax BOAHON (pa3e Ha rpaHuue
pasgena TBepaou/Xuakon dasbl NOPUCTOM MaATpuULbl. IDTO CXeMaTUYeCKM

nokKasaHo Ha OUIl. 9.

[00206] Kak noka3zaHo Ha OWI. 9, pacnpeaeneHne 4actuy no
pa3MepaM SABASAETCA MOHOAUCMEPCHbIM, B TO BpPeMA KakK BO MHOIMUX

NpakKTuyecCcknx cCcnydyadx pa3Mep 4acrtuy aBnadercda noangucnepcHboiM, W“
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ynakoBKa 4acCTuy, MOXET TnpuHMMaTb pa3Hoobpas3Hble KOHduUrypauuun,
KOTOpble BKAKYAKT Mepapxuyeckne CTPYKTYpbl, B KOTOPbIX KOHMUrypauum
YyNaKoOBKWN MOBTOPAKTCA HA KaX[0M NepapXm4yeckoM YPOBHE WU U3MEHSATCA
Ha KaXA0M ypoBHe. TakXe BO3MOXHO, UTO CTPYKTypa ynakoBKU MOXET UMETb
AANbHUIA NOPAAOK, BAMXHUIA NOPAROK WAN NMPUHMMATb CAY4YalHbIN YPOBEHb
nopsaaka npu Kaxpom macwrtabe ANIMHbI, HE3aBUCUMMO OT TOro, ABAAETCHA Nn
MacwTab AnnHbl ManbiM, cpegHMM nnn 6onbwinM. B KayecTse anbTepHaTUBHI,
OGNMXXHUA NOPAAOK MOXET COXpPaHATbCA TOAbKO B HebonbwoM MacwTabe
ANIMHbI U cnydanHbiM 06pa3oM B cpeaHeM M 60nbWIOM MacwTabax ANWUHLI.
TakXe BO3MOXHO, YTO YacTulbl MOTYT YNaKOBbIBAaTbCA B CZly4YalHOM nopsake
MacwTaba B ManoM MacwTabe ANMHbLI, HO TOraa 3Tu obnacrtm cny4yamHoro
nopsaka MOryT nepuoauvyecku pacnpegenatbca B 60nbWOM  MacwTabe
ONWHBbL. N3 3TUX NPUMEPOB SACHO, YTO 4acCTuMubl MOryT YNakKoBbIBATbCA BO
MHOMMX  pas3jiMuyHbIX KOHPUrypauuax, W nepecTaHOBKU MNpaKTUYeCKu
6beckoHeuHbl. Takum o06pa3oM, He CTaBUTCA 3ajavya onpeaenuTb BCe
BO3MOXHOCTU. [lpMHMMaas BO BHWMaAHWE, UYTO MNEpPecTaHOBKU MNOYTH
6eCKOHEeYHbl, BO3MOXHO, 4YTO MJIOTHOCTb YMAKOBKW MOXET WU3MEHATbCA OT
HebONbLWOro 3HayeHus, KoTopoe MoXeT gocturatb 99 % no obbemy npwu
ynopaaoOYE€HHON uepapxXuyeckonW YynakKoBKe, KOTopas MNOBTOpPSAETCA B
60oNbWKNX, CpeaHMX U ManblX MacwTabax AnuHbl. B KayecTBe anbTepHaTUBHI,
NAOTHOCTb YNAaKOBKU MOXET cocTaBnsATb Bcero nnwb 0,04 % no ob6bemy,
Korpa CTPpYKTypa YNakKOBKW SBASAETCA XapakKTepHOW pAana asporens C
dpakTanbHOM WAN [EHAPUTHOM YNAKOBKOM 4acCTuL, WAW HEOPraHM4ecKoro

nosvMMepa B NOpUCTon MaTpuue.

[00207] YunTtbiBasg, 4YToO MNJOTHOCTb YNAaKOBKW MOXET U3MEHATLCA B
LUMPOKUX npepenax, KoaM4yecTtso BOAbl, HeobxoauMoe ANS HAcCbIWeHUs nop
npu 99 % no obbeMy ynakoBKWU, ABAAETCA O4YeHb HE6OAbLIMM KOAUYECTBO
BOAbl, TOrAa KakK KO/MYECTBO, Heobxoaumoe Ansa HacbiweHus nop npu 0,04
% no obbemy, ABnAeTCA O4YeHb 60NbWKMM KONMYECTBOM. TakuMm obpasom,
ecnn TpeboBaHue COCTOUT B TOM, 4TOGbl NoAAEpPXUBATb OTKPbLITYHO
NOPUCTOCTb, ANA obecnevyeHusa ObICTPOW peakumum Mexay rasoBon ¢as3on u

BOAOW, a TakXe BOAOW M TBepaon (a3on, To cneunanucty byaet NOHATHO,
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YTO ONMTMMANbHOE KOJMYEeCTBO BOAbl, obecneunBaowee ObICTPYO peakuuio,

byneT oTAn4yaTbCa ANSA KaXaom CUCTEMBI.

[00208] XO0TS nones3Ho 3HaTb BeJIMYMHY MNOPUCTOCTU B CUCTEME,
HeobxoanMoe KONMYeCTBO BOAblI TakKXe 3aBUCUT OT pa3MepoB nop, (popmbl
nop, W3BWIUCTOCTM MOP M OT TOro, SABAAKTCA AU Kakue-nnbo u3 nop
3aKpbITbiIMM  MOpaMWU.  3aKkpbiTble  Nopbl He  6yayT obecneumBaTtb
pPEaKUMOHHOCNOCOOHbIE YyYyacTKU Ana WMHMUABTPUPYIOWEro pacTBopa, €Ccnu
OHM He 6yayt npeobpa3oBaHbl B OTKpbITble MNOpbl B pe3yjbraTe
NOCNEeAYLWEN peakuun, KoTopas pacTBOPSET 3HAUYUTENbHbIE YAaCTU NOPUCTON
MaTpuubl. KpoMe TOro, B NpMBEAEHHOM BbIlLE OMNWCAHUW Npeanonaraercs,
YyTO MOpuUCTas CTPYKTypa SBNaeTca oaHopoaHon. OaHaKo, eCnu CTpPyKTypa
nop He O0AHOpOAHA, TO ONTUMajibHaa KOHUEHTpauus BOAbl 3aBUCUT OT
obnacTtn reteporeHHOn CTPYKTYypbl, Hacbiwaemon soaon. Cneayetr OTMETUTD,
y4YuTbIBass CUCTEMY, KOTOpPas MMeeT NOJIMAUCNEPCHbIE MOPbl, BO3MOXHO, YTO
NHOUABTPUPYIOWNIA PACTBOP MOXET MOJIHOCTbIO 3aNO0JIHUTbL MENKUe nopbl,
coxpaHsass npu 3ToM 60nbliME MOpbl KAaK 4YaCTMYHO 3anojiHeHHble. Takas
cuTyauus SBASIETCA NPUEMSIEMON NpU  YCNOBUU, UYTO OTKPbITblE MOPbI
HaXxo4ATCA B pa3dyMHOM 6AM30CTM OT 3amnoOJIHEHHbIX NMop. ToYHas AuCTaHuusA
6nn3octn He MoOxXeT ObiITb CTPOro onpeaeneHa, NOTOMY 4YTO AUCTaHUMA
3aBUCUT OT TeMnepaTypbl, AaBNEHUS M COCTaBa ras3a, WHMOUABTPUPYIOLLENO

pacTBopa M NOPUCTON MaTpuubl.

[00209] MpuBeneHHoOe BblWe ONMUCaHue AEMOHCTPUPYET, 4TO
HEBO3MOXHO YKasaTb TOYHOE KOAMYeCcTBO BoAbl (HanpuMmep, pacTtBopuTens),
HeobxoanMoe AN onTMMU3auuuM CKOPOCTU peakuumu, us-3a O6eCKOHEeYHbIX
cnocoboB, KOTOpPbIMM MOXeT OblTb OnMcaHa MNOPUCTOCTb. TakuMm obpasom,
ONTUMaJibHble KOHLUEHTpauuMun sBoabl MOryT coctaBnatb 1 % no obvemy (DPS =
20 %), korga NAOTHOCTb YNakoBKKU cocTtaBaseT 95 % no obbemy, HO MOXeET
coctaBnatb 24 % no ob6bbemy (DPS=63%), Korpa nJOTHOCTb YNaKOBKU
coctaBnsaer 62 % no ob6bemy. BepoATHO, UYTO MeTOoAbl MPOrHO3MPOBAHUA
NpaBuAbHON NOPUCTOCTM OyAyT BO3MOXHbI NPU [OCKOHANIBHOM 3HAHUU

NOPUCTOCTU, pacnpeaeneHns nop no pasmepam, popMbl Nop, U3BUJIUCTOCTH,
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AONIN OTKPBLITbIX M 3aKpPbITbIX NOP B MaTpuue M OAHOPOAHOCTU PassIMYHbIX
TUNOB WAKM MOp NO BCeEM MacwTabam ANWHbLI ona pearvpylowero obbekTta.
TaknMm o06pa3oM, BaXXHbIM aCMeKTOM HacToAwero wu3obpeTeHna aBnaeTcAa
NPU3HaHWE TOro, YTO ONTMMANibHAA KOHLEHTpauusa BOAbl MOXET (PpakKTU4YeCKu
M3MEHATLCA B OYEeHb LIMPOKOM AMana3oHe KOHUEHTpauun BoAbl BCAKWUI pas,
Korga BaXHO, 4TOO6bl ra3 nepeHocunca unm anddyHaumposan B CTPYKTYpy
nop, pacTBOpsANCA W pearnposan C pacTBopuTeneM, W BNOCAeaCTBUU

pearmpoBan C NOPUCTON MaTpULEN.

[00210] Ewe oaHUM BaXHbIM MOMEHTOM AAaHHOro ulobpereHuns
ABNAETCA MNpU3HAHME TOro, 4TO CYLLEeCTBYKT pasfiMuyHble Cnocobbl
pacnpeaeneHns BoAbl B MOPUCTON MATpuue, KaK YKa3aHHO B 3TOM OMUCAHUMU.
Hanpumep, ecnmM NOAHOCTbIO HACbIWEHHas nopucTas npeccoBka NponuTaHa
BOAOW, CywKa MOXeT ObiTb MCMNONb30BaHa ANA CO34aHMSA OTKPbITbIX MNOP.
OpnHako nopbl B 3TOW CTPYKTYpe MWMEKT pa3Hble 3HadyeHua DPS npwu
nepeMeLleHn OT Hapy>XHOW NOBEPXHOCTU K BHYTPEHHEMY 06beMy nopucToun
MaTpuubl. Ha Hapy>XHON NMOBEPXHOCTU MOpbl He 6yayT coaep)aTb BOAbl, HO
npu NepeMeweHn BHYTPb CTPYKTYPbl MOPbl YAaCTUYHO 3aMOAHAKTCA, a Npu
AANbHENLWEM ABUXEHUN BHYTPb CTPYKTYpPbl MOPbl MOJHOCTLIO 3anOJIHAKTCS.
OTa CTpyKTypa SIBHO uMeeT 60nbWOW rpagneHT 3HadeHua DPS, 1, Takum
o6pa3oM, CKOpPOCTb peakuumm B 3TOW CTpyKType O6yaeT WU3MEeHATbCA OT
HApPY>XHON 4YacCTU CTPYKTYpPbl K BHYTPEHHEN 4YacTu CTPYKTYpbl, NPU YC/IOBUM,
yTo CTpyKTypa DPS C rpaavMeHTOM ocCTaeTcsa cratuyeckon. OaHako, Korpa
3Tan CYWKW HEMEeAJIEHHO TnpeKpawaeTca, U OTHOCUTEeNbHas BJAXHOCTb
perynmpyeTtca A0 PpPaBHOBECHOIO 3HA4YeHUd, TakK 4YTO nNoTepsa BOAbl U3
NOPUCTOM MaTpuubl MpeKpawaeTcs, noA BO3AEWCTBUEM KaNWISPHOCTU
3anosiHeHHble  nopbl  6yayT  onycrowaTtbCs,  CTAaHOBACb  YaCTUYHO
3anoJIHEHHbIMU, @ YAaCTUYHO 3aMoOJIHEHHbIE NOpbl 6yAyT YACTUYHO 3anOJIHATb
nycTble nopbl, NpuM 3TOM BCA CTpyKTypa Oyaer uMmeTb ropasao 6onee
paBHOMEpHOEe pacnpeaeneHue Boabl. B Takon cuTyauum HeoaHOpoAHas
cuctema He bypeTt pearmpoBaTbh Tak Xe ObICTPO, Kak 04HOpoAHAsA, NOTOMY UTO
B OAHOPOAHOM cuCTeMe [O0CTynHO 60nblle peakKuMOHHbIX Y4aCTKOB

BCNeACTBME AOCTYNMHOCTM BCeX nop. Takum o06pa3oM, 3TOT npuMmep
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noKa3sblBaeT, NOYEMY pacnpeneneHne Boabl B NOPUCTOM MaTpule OAMHAKOBO
BaXxHO. Takum o6pa3om, B gononHeHune K cnocoby aobasneHns KOMMNOHEHTOB
pactBopa WHpunabTpaTta (pacTeopuTens, peakuMmoHHOCNOCOHOHbIX 4acTuy,)
onTUMaJsbHaa KOHUEHTpauusa BOAbl TakKXe 3aBUCUT OT TOro, NOALEPXKUBAETCA
NN nopucTas CTPYKTypa KaK O[HOpOAHAA WAW HeoaHOopoAHasA. Takum
obpas3omM, B Kakon-nmbo cuTtyaummn, Korga HeobxoanMo ykKasaTb ONTUMAJIbHYIO
KOHLUEHTPauuto BOAbl, ONUCAHNE FTOMOF€HHOCTU BAXHO AJIA NMOHUMAHUSA TOrO,
noYeMy onpeaeneHHas KOHUEHTpauusa BOAbl AAeT CaMyl BbICOKYK CKOPOCTb
peakunn, a TakxXe KakK BOCMpPOM3BECTU TOT Xe Habop ycnoBui KaxKabli pas,
Korga npoBOAMTCA peakuusa YNAOTHEHUsA. TaKXe BaXXHO YyKasaTb, 4YTO B
CUTyauunax, Korga pacnpepeneHne pacrtBopuTens uau, APYrMMWU CAOBaMM,
BOAbl, H& paBHOMEpPHOE, ANA nepepacnpeneneHnsa BoAbl MOryT BbINOJIHATLCA
Takune NpoLecchl, Kak OTXur. [1na soabl 3TO Niydlle BCEro AenaTtb B YCNOBUAX
KOHTPONMPYEMOW BAAXHOCTU, TakK 4YTO BOAa He wucnapsdetca u3 obpasua.
BMecto 3TOro BOAA MNpPOCTO NpPOXOAUT B  OTKpbITbie NOpbl, 4TOO6bI
cbanaHcMpoBaTb KanuWAAAPHbIE CUAbI TEKy4Yen cpeabl Mexay pasiMyHbIMU

nopaMun B MaTpuue.

[00211] Ha ®UlN.10-12 nokasaHbl TpU npuMepa TOro, Kak peakuum
kapboHusaumm ¢ yyactmem CO2 B KayecCcTBe rasoBon ¢asbl U XUAKON BOAbI B
CTPYKTYpe nop JAEeMOHCTPUPYIOT oOnTuMasbHoe 3HadeHne DPS, 4To6bl

MaKCMMU3MPOBaATb CTeneHb KapboHmn3zaunm gaHHoro ceasywuwero CaSiOs.

[00212] B npouecce g-rHLPD NCNonb3yeTcs YaCTUYHO
NWHOUNBTPUPOBAHHOE  NOPOBOE  MNPOCTPAHCTBO, 4TObbl  obecneumBaTb
andodysumio raza gna 6bICTpoN MHPUABTPaUMKM B NOPUCTYH 3aroTOBKY W
HacCbILWEHNSA TOHKUX MJIEHOK XWUAKOro MexdasHoro pacresoputens B nopax
pactBopeHHbIM CO2. O6pa3ubl Ha ocHoBe CO2 MMEKT HU3KYK pacTBOPUMOCTb
B uucton eBoge (1,5 r/n npn 25 °C, 1 atm). Takum 06pasoM, 3HaUUTENbHOE
konunyectso CO2 AO0/KHO HENpepbiBHO NOAaBaTbCA M pacnpenenatbcs no
BCEWN NOPUCTOMN 3aroToBkKe, 4YTOObI obecneunTb 3HAYUTENbHOE
npeobpasoBaHue kKapboHaTa. Mcnonb3osaHue anddysmun B rasoson ¢ase

obecneuunBaet ysennyeHme gnddysmoHHon panHol B 100 pa3 no CpaBHEHULO
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c anddysumen pactsopumoro CO2 3a 3KBUBANEHTHOE BpeMsa B XWUAKOW (da3e.
Mopwuctole MaTpuubl M3 BOANACTOHUTA C 06BbEMHOW MAOTHOCTLK OKO0 1,88
r/ky6 CM wn3rotaBaMBanM MOKpPbIM MpeccoBaHueMm. bnarogapa 4acTU4YHO
WHOUABTPUPOBAHHON MaTpuue peakuus MOXEeT npoTekaTb A0 BbICOKOW
cTeneHn KapboHu3auuMnm B TeuyeHue (UKCUPOBAHHOIO nepuoaa BPEMEHMU.
Hanpumep, B 4aCTUYHO WHMUALTPUPOBAHHOM COCTOSAHMM npeobpa3oBaHue
47,5 £ 2,7 mon. % CaSiO3 B CaCOz u SiO2 MmMoxeT 6bITb AOCTUTHYTO
npuMepHo B TedeHune 19 4 npu Temnepatype 90 °C n gasneHun 2,36 aTm.
Ecnn noapepXxuBarTCa Te Xe YCN0BUSA peakuuun, 3a UCKAKYEHUEM TOr0, UTO
NOpbl MOJHOCTbIO 3anoOJfIHEHbI BOAOW, NOAy4YaeTCa CywecTBeHHO 6onee

HU3Koe npeobpasosaHne kapbonusauyun, 3,8 = 0,5 mon. %.

[00213] UT0o6bI NpOAEMOHCTPMPOBAThH 3TO n KOHLENnuuto
NPAKTUYECKOro MpPUMEHEeHuUa KoHuenuun DPS panga HaxXxoXAeHus YCNoBUN
NOBbLILUEHHON peakKuWOHHOW CNOCOBHOCTM M BbIXOAa peakuun (peakuunsa ¢
BbICOKOM pgonen), obpa3ubl noaBepraan peakumMm B  KOHTeEWHepe,
N3roTOBJIEHHOM M3 MUKponopucTtoro cnoa Gore-Tex™, Gore-Tex™ ponyckaer
nonagaHve 4yactuy, BOASAHOro napa B obpasey W M3 Hero TONbKO B
HaCbILLEHHON BOAOM aTMocdoepe, B  KOTOpOH aktupHoctb  CO:2
ctabunusupyetrca npu pasneHnn 2,36 atM u Temnepatype 90 °C. [lloa
obpasuom pobaenaerca nyxuua BOAbl ANA HACbIWeHUs aTMocdepbl, U OHa
COCYLLECTBYET C BOASHLIM MApOM B peakuunm Ha NPOTSAXEHUM BCEN peaKkuuu.
Taknm o6pasoM, BbibpaHHOE coaepXaHue BOAbI B MNOPUCTOM MaTpuue
CTabnnusnpyeTtca ypaBHOBELUUBAKOLWMM BOAAHbLIM NApOM, MU B MNOPUCTOMN
MaTpuue He MNpoucxoauT wucnapeHue. Bmecto 3TOoro nopucrtas matTpuua
nepepacnpegenser BoAYy B MaTpuue rOMOreHHO, UCNOAb3ya KanuanapHbIA
noTok 6e3 notepu Maccbl. CNocoboM MOKPOro npeccoBaHUs M3roTassnBaIu
NOPUCTYIO MaTpuuy, UMeKLWy 06beMHy nnoTHocTb 1,83-1,86 r/kyb6 cm. B
TedyeHue 19 4y peakuyun, [koraa DPS yeenuuumsaetrca ot 0 go 60 % no
obbemy], cTeneHb kKapboHusauunm wn3MmeHserca ot 31,3 mMon. % Ao
MaKCUMasnbHOro ypoBHA 49,6 Mon. % cCBepx 3TOro0 3HAYEHUs, TMPUYEM
cTeneHb KapboHuzauun nagaet o 35,6 mon. % npu ysennuyeHun DPS pno

80% u po 3,8 mon. % npu DPS 100%. 2Tn AaHHble NpuBEAEHbl Ha rpaduke
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Ha ®UI. 10. YKa3zaHHbIe AaHHble NMOKa3blBAKT, UTO ONTUManbHbIE KOJIMYECTBA

XNAKoro BogHoro pactesoputena npu DPS 60 % no obbemy B nopax

MaKCMMU3NPYIOT BbIXOA peakuuu B TedyeHne 19 4 npouecca.

[00214] Ha ®UI. 10 npepcraBneH nepBblli NpuMep peakuuin

kapboHusaunm ¢ yyactnem COz B KayecTse ra3oBon da3bl, U XUAKOW BOAbI B

CTPYKTYpe nop.

[00215] Ha ®WI. 11 npeacraBneH BTOPOW nNpuMeEp peakuui
kapboHusaunn ¢ yyactnem CO2 B KayecTBe ra3oBon asbl, U XXUAKOW BOAbI B
CTpYyKTYype nop: cocrtas kBapy Carmel, 8 x 8 x 1,5 agonma (203,2 x 203,2 X
38,1 MM), nonydyeHHblh BUOPALWMOHHBLIM NUTbEM, peakuua npu 90 °C, 20

¢dyHTOB Ha KB. Aatonm (137,9 kla).

[00216] Ha OWI. 12 npeacraBneH TpeTunM nNpuMep peakuun
kapboHusaunm ¢ yyactnem CO2 B KayecTBe ra3oBon asbl, U XXUAKOW BOAbI B
CTPYKTYype nop: coctaB 1-2-3, pa3mep obpasya 8 x 8 x 2 grounmos (203,2 x
203,2 x 50,8 mMM), peakuunsa npu 90 °C, 20 ¢pyHTOB Ha KB. Atonm (137,9 klla),

npuMepHo npu 90% oTHOCUTENBHOW BRaxHocTn (NnpuMepHo 90% RH).

[00217] Ha kaxaoM n3 3Tux rpadukoB CUCTEMblI OTAIMYANUCL ApPYr
OT nApyra TeMm, 4TO pa3Mmep obpa3ua, ¢opMa, PpPeakuNOHHOCNOCOOHbLIN
BONJZIACTOHUT, BPEeMsA peakuun, TemnepaTtypa peakuuun, OTHOCUTENbHas
BJIAXXHOCTb U KOHCTPYKLMSA peakTopa OTAuMYanancb Apyr OT Apyra, OAHAKoO
Kaxpasa cucrema ©6blna cornacoBaHa BHyTpu cebsa, uTobbl nokasaTb
ONTUMAJIbHYK KOHLUEHTpauuio, Npu KOTOPOM MNepeHOC MacCbl U CKOPOCTb
peakunm  6blaM  ONTUMU3NPOBAHbI AN MaKCUMMMU3AUMKN  KOJMYECTBa
obpa3sywweroca kapboHata. OnTumManbHoe 3HadyeHune DPS nameHsanocb ot 20
Ao 60 % no obbeMy. B 3TuUX cnayyaax BCe NOPUCTble MaTpuubl UMMEKT
OTHOCUTENIbHYK MNJOTHOCTb OKono 60 %. Takum obpaszom, ecnm nopucTas
MaTpuua bbina 3HaunMo 6onee nanm MeHee NAOTHOM, 3TOT AMANA30H 3HAYEHUN
MoXeT ObiTb ewe 60onblie, ecnn npeanonoXuTb, 4YTO pasmep nop w

U3BUWJIUCTOCTb OAMHAKOBbI. ECAM pa3mep nop U  WU3BUIUCTOCTb 6b1nK
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pa3/IM4YHbIMK, 3HAYEHWEe MOrno0 U3MeHATbCA B ewe 6o0nee WMPOKOM
AvnanasoHe. TakMMm 06pa3oM, KJKYEBbLIM LWAroM B ONTUMWU3AUUM CTENEHU
KapboOHM3auMn M MHTEHCUBHOCTM KapboHu3auun ABNAETCS Npu3HaHWe TOoro,
4YTO CylecTByeT onTuManbHoe 3HadyeHune DPS pna nwboro gaHHoro cnocoba
AOCTaBKM BOAbl. 3HAaHME 3TOr0 3HAYEHMA MO3BOAUT ONpenenATb uaeanbHble
yCNnoBUs ANa MUHUMU3ALMM KOJNIMYECTBA BpPEMEHW peakuuu, a TaKxe
Kpuctanaum3oeaTb 6onbwe cBasywwern @¢asbl C  NOMOWbLK  peakuuu

rMAPOTEPMANbHOIO XNAKOMA3ZHOIo CneKaHus.

[00218] JononHutenbHoe yCOBEpPLUEHCTBOBAHNE n3obpereHuns
MOXET OblTb BbINOMHEHO, Koraa ra3o06pa3Hble 4YacTuubl MexXaHU4YeCcKu
NepeHoCAT Tenao BCAeACTBME NMPUMEHEHNA FpaAMeEHTa AAaBNeHUs K NOPUCTON
maTtpuue. Ecnn ras aBngercs peakuMoOHHOCNOCOO6HbLIM BewecTBOM, MOPbI
3anosIHEHbI pacTBOpPSAOLWEN TeKyyen Cpeaon, KOTopas MOXET BbiTeKaTb U3
nop, OCTaBNsas Ha nopax MAeHKY pacTBOPUTENd, KOTOpas MOXET NnornowaTb
ra3oobpa3Hoe peakunoHHocnocobHoe BewecTBo. B KauecTBe anbTepHaTUBHI,
YAaCTMYHO 3anoJIHEHHble nopbl obecneunmBaldT MNPOXOXAEHME rasza uyepes
nopbl, Korga pacTtBOpuTenb NOrnowaeT 4acTb rasa, npoxoAswero uyepes

HEro.

[00219] B npeanoututenbHOM BapuaHTe cnepgyeTr UCNoJsib30BaTb
HU3KNEe TemnepaTypbl U HU3KME AaBAeHusa ana obecnevyeHums BO3MOXHOCTU
pa3paboTKM Hepopornx npoueccoB. Takmm o6pa3oM, cnocobbl, B KOTOPbIX
yacTb pacTBOpUTeNns yaepxxmeaeTca B nopax paa obneryeHunsa aundpdysum
ra3oobpasHbix peakLNOHHOCNOCOHOHbIX yacrtuuy, ABNAKOTCS
npeanoYTUTENbHbIMU MO CPaABHEHUID C TEeMU, B KOTOPbIX WCNOJb3YIOT
CTaTU4YeCKNe XUAKOCTU ANna peakuunin, Tpedbyowmnx 60abWON YacTu U3genus.
Ecnn razoobpasHble npealecTBeHHUKM HeAOCTYMHbl, TO Cnocobbl, KOTOpbIE
obecneuynBaldT ObICTPYIO MEXaHUYECKYK KOHBEKUWID WHOMUALTPALUOHHON
TEKyYen cpeabl 4vepe3 MNOpUCTYHD MaTpuuy, SABAAKOTCA XW3HECNOCOOHbIM

aNnbTepHaTUBHbLIM CNOCO6OM.

HE MMEOLLWE OrPAHNYUTEJIBHOIO XAPAKTEPA PABOYUE MNMPUMEPDI
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Mpumep A

BHeLlHNI1, NnepeHoC C NOMOLLbIO BOAAHOIO napa

Al lNpurotosneHne cmecu

[00220] OanHHapguaTb KWAorpaMmMoB M CTO CeMHaauaTb rpaMMoB
NYAD 400, 20,39 kr cTpouTenbHOro necka, 16,76 Kr 3anojsiHUTENa pasMepom
1/4 ponma (6,35 mMM) n 16,76 kr 3anonHutensa N° 67 6binn cobpaHbl B
OTAENIbHblE  eMKOCTU. 3aTeM  noarotaBaAvMBanuM  MOPUUOHHYKO  BOAY,
npeaBapuTenbHO cMewanB 4,9 Kr 4EMOHU3NPOBAHHON BOAbl, 55 Mn rneHnyma
n 8 r senaHoson kamepu. 3anonHutenn N° 67 u 1/4 pgonMa 3arpyxanu B
betoHocmecuTenb Marshall tow, n Ha 3anonHuTEeNb BbIAIMBANW NpUMEpPHO 1/4
NOPLMOHHOINO0 BOAHOrO pacrteopa. CMmecuTenb 3anyckanun, n oH pabotana Ha
NOSHOMW CKOpPOCTM B TeyeHne 1 wMuHyThl. [lpu paboTawwem cMmecutene
nobaenanu CcrpovuTenbHbIl Necok. Ewe yepe3 1 MUHYTY nepeMelinBaHus
HenocpeaCTBEHHO B cMecuTenb BO BpeMa ero pabotel pobasnanu NYAD40O.
CMmecutenb pabotan B TeyeHue p[onosIHUTENbHOW 1 MUHYTbI, a 3aTeM
OCTaBLUYKCSA NOPUMOHHYIK BOAY [06aBNaANN HenocpeacTtBeHHO B CMeCb BO
BpeMsa paboTbl cMecuTens. 3aTeM napTuio NepeMeLwlnBann B Te4eHne 2 MUHYT
N CMecuTenb OoCTaHaBAuBanu. BOKOBble MOBEPXHOCTU CMECUTENSA OYULLAIn
wnatenem, 4ytobbl yaanuTb Hanunwui Mmatepuan. CMmecuTenb 3anyckanmu
onATb, U OH paboTana Ha MNOAHOW CKOPOCTU B TEYEHWE [OMNOJHUTENbHbIX 3
MUHYT. CMecuTenb OCTaHaBAWBaAW, U CMECb BbIJIMBAIM B €MKOCTM no 5

rannoHos (18,9 n).

A2 OTnuBska

[00221] ®opmbl pa3MepoMm oguH ¢yt Ha 1 ¢yt (304,8 MM) Ha 6
awonmos (152,4 MM) cMasbiBann nyTeM pacnbineHns coctasa WD-40 Ha
TPANKY W BbITUPANM BHYTPEHHIOK MOBEPXHOCTb YUCTON (OPMbI AOHU3Y.
Ncnonb3ys HaCTONbHbIE BECbl, perncrpuposann maccy ¢opmbl. CMasaHHyIo

¢dopmMy nomewann Ha BubpocteHp Vibco. CMmecb maBnekann n3 e€MKOCTU C
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MOMOLLLbID MacTepka, COBKa WM BpY4YHYK, u  GOpMYy 3anosHAIU
npubnnantenbHo Ha 1/4. 3ateMm dopmy noaseprann subpaunun npu 60 %
MOWHOCTN B TeyeHue npubnunamtenbHo 1 MUHYTbBI UaM A0 Tex nop, noka
cMecb He chopmuposanacb B ¢dopme. lpouecc nosTopsanmM A0 3anoOJIHEHUSA
dopmbl A0 kpaeB. OKOHuaTenbHyw Maccy ob6pasuos 3anucbiBanu nepepg

pa3MeweHneMm Ha XpaHeHne B 30HE Ana CylwKN Ha BO34yXe B Te4eHne HO4YMN.

A3 Cyuwka

[00222] O6pasubl Cywunnm Ha BO3ayXe B TeyeHue Houu. Yepes 24
yaca CywKu Ha Bo3ayxe obpa3ubl noMewanu B nedb npum 90 °C. Yepe3s 24
yaca npu 90 °C o6bpasubl ussnekann wn3 ¢dopmbl. Ob6pasubl oONATb
BblAEPXMBANM B Me4Yn B TEYEHUE AONOJHUTENbHbIX 48 4acoB A0 MOJIHOrO

BbICbIXaHUS nepej peakuue.

A4 lpoBepeHne peakuuu

[00223] ABTOKNAaB, WUCNONb3yeMbld p[aa OTBepXAeHusa (peakuun)
obpa3yos, npeacrasnsaeT cCOb0M ropMaoHTaNbHYIO YCTAHOBKY I/1yX0ro napa u3
HepXaBewLwen ctanm C paguycom 7 n gnvHon 12 ¢yrtos (2,13 Ha 3,66 M).
O6pa3ubl 3arpyxanu B npeaBapuTenbHO HarpeTbit aBToknae npu 90 °C.
Mocne 3aKpblBaHUA ABepubl aBTOKJ1aBa ero oTKauuneanum Ao
MaHOMeTpuyeckoro paasneHusa -14 ¢yHTOB Ha KB. Atonm (96,53 kla) B
TeyeHne 15 MUHYT. ABTOKNAB CHOBA 3aMoOJIHAJM HarpeTbiM ra3oobpasHbiM
CO2 1 napom npu 147,5 °C ana nopgayun AONONHUTENLHOrO Tensaa K obpasuam
M AN yyeta NoTepb Tenja, BO3HUKAWLWMX BO BpeMsa 3arpy3ku obpasua u
pacwupeHna ra3os. Kak Tonbko pfaBneHue B aBToknase pgocturno O
¢dyHTOB/KB. LAIONM, BEHTUNATOP aBToknaeBa Obl1 3anyweH npu 4vacrtoTe
BpaweHuna 4900 o6/muH. CO2 oTcekanu, koraa obuwee pasneHne gocrurno 10
¢dyHTOB Ha KB. AoNM (68,95 klMa). TemnepaTypy aBTok/saBa yCTaHaB/AMBaIu
paBHoin 90 °C, n ropayasa Boga npu 95 °C ynpkynuposana B HUXHEW 4acTu
aBTOK/aBa ANS NOAAEPXAHUA HACLIWEHHOCTM YCTAaHOBKW BOAAHBLIM MapoM.

Cucrteme paBanu ypaBHOBECUTBLCA B TeyeHune oT 45 munHyT ao 1 yaca (obuwee
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AasneHue gocturano npubnusntenoHo 16 ¢yHToB/KB. Aonm (110,3 kla)), n
3aTeM AaBsieHue B aBToknase yBennuusanun o 20 ¢yHToB/KB. atonm (137,9
KlMa) nyTeM 3anofIHEHUS TONbKO HarpeTtbiM raszoobpasHbiMm CO2. O6pasubl

oTBepXaanu B TedeHne 19 yacos.

[00224] MpopearnpoBasBline 06pa3ubl BbICYLUMBANAN B CYLUUABLHOWN
neun npu 90 °C Ao TeX NOp, MNOKaA HE NpPoOUCXoAWUN0 [OMNOJNHUTENbHOE
CHMXeHne Mmaccbl. O6bEM peakuun BbIMUCNSNN HA OCHOBE MPUPOCTA MaccChl

BO BpeMs peakuuun. CteneHb NpoXoXAeHnsa peakumu coctasuna 35 %.

Mpnumep B

BHYTpEHHASA, YaCTUYHas CyLluKa

Bl CMewunBaHue

[00225] OAvHHapuaTb KWUAOrpamMmMoB M CTO CEeMHaAuaTb rpaMMmoB
NYAD 400, 20,39 kr cTpouTenbHOro necka, 16,76 kr 3anojiHUTens pasmMepom
1/4 pwonma (6,35 MMm) n 16,76 kr 3anonHutens N2 67 6bian cobpaHbl B
OTAEe/IbHble €eMKOCTU. 3aTeM noAroTaBAMBasvM NOPLUMOHHYKD BOAY NyTEM
npenBapuTenbHOro cCMewnBaHna 4,9 Kr [EenoHu3MpoBaHHOM BOAbl, 55 mn
rneHuyma n 8 r BenaHoson kameaum N2 67, M 3anonHuTenb pasmepom 1/4
aonma (6,35 MMm), 3arpyxann B 6eToHocmecuTenb Marshalltow, u Ha
3anonHUTeNnbL BblAMBaAM npumepHo 1/4 nopumum BOAHOrO pacTBoOpa.
CMmecuTenb 3anyckanum, m oH paboTana Ha NONHOW CKOpPOCTU B Te4deHue 1
MUHYTbI. [Mpu paboTaowem cMmecutene ao06aBnanAn CTponTenbHbIN Necok. Ewe
yepe3 1 MUHYTY nepeMellnBaHna HEenocpeacTBEHHO B CMeCUTEslb BO BpeEMS
ero pabotbl pobaenanu NYAD400. CwMecuteno pabotan B TeuyeHue
AOMOJIHUTENbHON 1 MUHYTbI, @ 3aTeM OCTaBWYKCA MNOPLUUOHHYI BOAY
AobaBnann HenocpeacCTBeHHO B CMeCb BO BpeMsA paboTbl cMecuTens. 3aTem
napTviO NepemMelnBann B TedeHune 2 MUHYT U CMecuTesNlb OCTaHaBJ/MBasMU.
BokoBble NOBEPXHOCTM CMecuTensa ouuwanu wnateneMm, 4tobbl yaanuTb

Hanunwuin matepuan. CMecuTenb 3anyckaaum onsatb, U OH paboTana Ha
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NOMHOMN CKOpoCTM B Te4deHune AONOJIHUTEJIbHbIX 3 MUHYT. CMmecuTtenb

OCTaHaB/AMBaAu, U CMECb BblJIMBaAM B eMKOCTU no 5 rannoHos (18,9 n).

B2 OtnuBka

[00226] ®opMbl pa3mepoM oguH ¢yt Ha 1 ¢yt (304,8 MM) Ha 6
awonmos (152,4 MM) cMasbiBann nyTeM pacnbineHns coctasa WD-40 Ha
TPANKY W BbITUPANN BHYTPEHHIOKW MOBEPXHOCTb YUCTOW (OPMbI AOHU3Y.
Ncnonb3ya HaCTONbHbIE BECbl, perncrpuposanu maccy ¢opmbl. CMaszaHHYo
¢dopmMy nomewanun Ha BubpocteHp Vibco. CMmecb maBnekann M3 e€MKOCTU C
NOMOLWLbIO MacTepka, COBKA WAW BpPY4YHYK, U GOpMYy 3aN0AHAAM
npubnunantensHo Ha 1/4. 3atem ¢opmy nopseprann subpauunm npu 60 %
MOLWHOCTU B TeyeHune npubaumsnTenbHO 1 MUHYTbl WAM A0 Tex nop, noka
cMecb He chopmupoBanacb B ¢dopme. lpouecc NOBTOPSAAM [0 3aNOJIHEHUS
dopmbl A0 KkpaeB. OKOHYaATENbHYK Maccy o06pa3uoB 3anucbiBanu nepeq

pa3MeweHNEM Ha XpaHEeHne B 30HE ANnd CyWKNU Ha BO34yXe B TeYEHNUE HOYN.

B3 Cywka

[00227] O6pa3subl Cywnnm Ha BO3AYyXe B TeYeHue Houu. Yepes 24
yaca CyWwKun Ha Bo3ayxe obpa3ubl noMewanu B nedb npum 90 °C. Yepes 24
yaca npu 90 °C o6pa3ubl uzsnekanun m3 popmbl. Obpasubl noMmewanun obpaTHO
B neyb A0 Tex nop, noka o6pa3ubl He BbICbIXaan [0 OCTAaTOYHOrO

coaepxaHua soabl 2,2 % no macce.

B4 lNpoBeaeHne peakuuu

[00228] ABTOK/@B, WCMNONb3yeMbl ANA OTBepXaeHus o6pasuos,
npeacragngaer cobon ropu3OHTaNbHYK YCTAHOBKY T[AyxXOoro napa U3
HepXaBewwen ctanu ¢ pagnycom 7 u pavHon 12 ¢ytos (2,13 Ha 3,66 M).
O6pasubl 3arpyxanu B npeaBapuTenbHO Harpetbin asToknas npu 90 °C
NMocne 3akpbiBaHWA ABepubl aBTOKNaBa, aBTOK/JaB CHOBA 3anoJIHANN

HarpeTbiM ra3oo6bpa3HeiMm CO> wu napom npu 147,5 °C pna nopauum
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AOMOJIHUTENBHOINO Tensna K obpa3uam KW Ana  ydeta noTepb Tenna,
BO3HMKaKWLWMUX BO BpeMsa 3arpy3ku obpasua U pacwMpeHus rasos.
BeHTunatop aBToknaBa 3anyckanu ¢ yactoton spaweHuna 4900 o6/mnH. CO2
oTcekanu, korga obwee pgasneHune pocturno 10 ¢pyHTOB Ha KB. AonM (68,95
KlMa). TemnepaTypy aBTOKNaBa yCcTaHaBamBanu paBHon 90 °C, u ropavas Boaa
npu 95 °C umMpkynupoBana B HMXHEW 4YacTM aBTOKAABa ANS NoAAepXKaHUA
HaCbILLEHHOCTH yCTaHOBKU BOASHbIM napom. Cucreme AaBanu
YpaBHOBECUTbLCA B TeueHue oT 45 MuHyT po 1 vaca (obwee paBneHue
agocturano npubnusmtenoHo 16 ¢yHTOB/KB. AtonMm (110,3 kla)), u 3atem
AaBneHue B aBToknase yesenunumsanun o 20 ¢yHTos/KkB. Atonm (137,9 klla)
nyTeM 3anojiHeHMA TOJNIbKO HarpeTbiM ra3oobpas3HbiMm  CO2. O6pasubl

oTBepXaanun B TedeHne 19 yacos.

[00229] lMpopearnpoBasliune o6pasubl BbICylWIMBaAN B CYLIUALHOWN
neun npu 90 °C A0 TeEX NOp, MOKaA HE MNpouCXoauno A[OMOJNHUTENbHOE
CHMXeHne Maccbl. O6bEM peakunn BbIYNCNSAAN HA OCHOBE MPUPOCTA MaccChl

BO BpeMsa peakuuun. CpeaHun obvem peakuun coctasun 53%.

[00230] B HekoTOopblIX BapuaHTax peanm3auuMum u3obpereHus
MEXaHU4Yeckass KOHBEKUUA BKAKYAET OAMH M3 MNOTOKOB, MNOTOK nop
NAB/NIEHUEM, KanuansipHbIn 3NEeKTPOOCMOTUYECKNN NoTOK,
MaArHUTOOCMOTMYECKMUI MNOTOK M MNOTOK, YNpaBAsieMblii TeMNepaTypHbIM W

XUMNYECKNUM TpaaANEHTOM.

[00231] B HekoTOpblX BapuaHTax peanum3auuMum u3obpereHus
MOHOJINTHbIN KEpPaMUYECKMN MaCCUB MMEET CTeneHb HacbIWeHns nop

npumepHo ot 15 % ao 70 %.
OMPEAENEHUA
[00232] Kakaa-nub6o cceinka B dopmyne wnsobpeteHns Ha

SNEeKTPOHHbIN CUTHAN UAKN INEKTPOMArHUTHbLIA CUrHan (MAN NX SKBUBAJIEHTDI)

AO/XKHA MHTEpPNpeTUpoBaTbCA TakMM 06pa3oM, UYTO B NpPeanoYTUTENIbHOM
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BapuaHTte peanndauunn CurHan €daBnadeTca HenepexoaHbiM 3NEKTPOHHbIM
CUrHAaJ/IOM WM HEenepexoaHbIM 3/1IeKTPOMAarHUTHbIM CUrHanom. Ecnm cam no
cebe curHan He 3adaBqI€H, CCblUJIKA B HEKOTOPbIX Cly4dyasaXxX MOXET O6bITb Ha
ONMnUCaHne pacnpoctpaHawwerocda namnm nepexoaHoro 3JeKTpoHHOro CurHana

nnn 3NeKTpoMarHMTHOro CuMrHasna.

TEOPETUYECKASA ANCKYCCUA

[00233] XoTs npuBeaeHHoe B HacTosALLEM OOKYMEHTe
TEOpeTnyYeckoe OonucaHue CcuYuMTaeTCca npaBuiibHbIM, paboTa OMNWUCAHHLIX WU
3as8BJIEHHbIX 3[4€Cb YCTPOWCTB HE 3aBUCUT OT TOYHOCTM WU AOCTOBEPHOCTU
TEOpeTn4Yeckoro onucaHma. To ecTb 6onee no3gHWEe TeopeTuyeckune
pa3paboTknM, KOTOpble MOryt o06bACHUTL Habnwaaemble pe3yabTaTbl Ha
OCHOBE, OT/IMYHOW OT nNpeacraBleHHONn Teopuu, He 6yayT yMmanaTb

V|306peTeHVIFI, OMUCaHHbIE B HACTOALLEM AOKYMEHTE.

[00234] Kakon-nnb6o nateHT, naTeHTHas 3asBKa, nybnukauusa
NaTEeHTHOW 3asABKU, XYPHanbHaa CTaTbs, KHUra, onybankoBaHHasa CtaTbd UAn
Apyron obwenocTtynHbll MaTtepuan, YKasaHHbIW B OMUCAHUKU, HACTOSALLUM
BKJIIOYEH B HACTOAWMWA AOKYMEHT NOCpeaCTBOM CCbUIKM B MOAHOM obbeme.
Kakon-nnbo matepnan nnm ero 4acTtb, KOTOpPbl€, KaK YNOMAHYTO, BKJIHOYEHDI
B HacTOAWMNA AOKYMEHT NOCPEeACTBOM CCbIJIKUM, HO KOTOpble npoTuMBOpedar
CYLLEeCTBYOLWNM oONpeapeneHnamM, 3asaBleHUaM uauM  ApYyruM  Mmatepuanam
N306peTeHns, SBHO M3JI0XKEHHbIM B HACTOALWEM JAOKYMEHTEe, BK/IOYEHDI
TONbKO B TOW CTENEHU, B KOTOPON HE BO3HUKAET HUKAKOro KOHMNANKTA Mexay
5TUM BKJ/IIOYEHHLIM MATEpuasoM M HACTOAWMM MaTepuanoMm mszobpeTteHus. B
cnyyae KoHMAuKTa, KOHMAWMKT [ojikeH ObiTb pa3pelweH B  NoJAb3ly

HaCTosALLEro V|306peTeHVIF| KaK npeanoyYTuTenbHOro.

[00235] XoTa HacToswee unsobpereHne 6bI10 KOHKPETHO MOKa3aHo
N ONMUCAHO CO CCbIJIKOW Ha MpeanoyYTUTENIbHbIN pPEeXUM, MOKa3aHHbIA Ha
yepTexax, cneuuanunucty B AaHHOW 06nacTu TEXHUKN AO0NXKHO ObiTb MOHATHO,

4YTO MOTYyT OblTb  BbINOJIHEHbI pa3nnyHbie WU3IMEHEHUA B A€TandX 6e3
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OTK/IOHEHUSA OT CYWHOCTN U o6beMa n3obpeteHnsa, onpepensaemoro gopMmynon

n3obperteHuns.
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®OPMYJIA N3OBPETEHUA

1. YCTPONCTBO [N OTBEPXAEHUA MaTepuanoB, OTBEPXAAEMbIX B
pe3ynbTaTe peakuuun ¢ CO2, coaepxawee:

- KaMepy OTBEpPXAEHUSA, BbIMNONHEHHYI C BO3MOXHOCTbI COAEPXAaHUSA
MaTepuana, noTtpebnsaowero CO> B KayecTBe peareHTa U He
oTeBepxaatwerocsa npu otcytcteun CO2 BO BpeMa OTBEPXAEHUSA,

NpU 3TOM yKasaHHbI MaTepuan He OTBEPXAAETCA NpU HANNYNU

OL4HOWN TONBLKO BOAbI U HE NoTpebnseT BOAY BO BPEMS OTBEPXAEHMUSA,

yKa3aHHasa Kamepa OTBEpPXAEHWSA MMEEeT N0 MeHbluel Mepe OAHO
oTBEepCTUEe, BbINOJHEHHOE ANna obecrneyeHns BBEAEHUSA YKA3aHHOrO

MaTepuana B YKa3aHHYK KaMepy OTBEPXLEHUS W yAalleHUsa U3 Hee, U

MMEeT Mo MEeHbLUIEN Mepe OAHY KPbIWKY A1 YKAa3aHHOro 0TBEepCTuS,

NMpU 3TOM YKa3aHHasa KpbilwKa BbINOJAHEHA C BO3MOXHOCTbIO
obecneyeHnsa aTMOCHEPHOro YMAOTHEHWA nNpu 3aKpbiBaHUKU, 4YTOOLI
npeaoTBpaTUTb 3arpsa3HeHuMe rasa, HaxoAaLWeroca B ykasaHHOW KaMepe

OTBEPXAEHUSA, Tra3oM, HaxXo4AWMMCA BHE YKa3aHHOW  KaMepbl

OTBEPXAEHUS;

- MWUCTOYHUK JAuOoKCuMAa Yyrnepoga wAuM BO34yXa, BbINOJHEHHbIA C
BO3MOXHOCTbIO nogayun rasoobpasHoOro guvokcuaa yrnepoga uaum BO3ayXa B
YKa3aHHY KaMepy OTBEpXAEHUS 4yepe3 BXO4HOE OTBepcTMe AN rasa B
YKa3aHHON KaMepe OTBEPXAEHUS, NpuUUYeM YKa3aHHbI WUCTOYHWUK ANOKCMApa
yrnepoga wan BO3AyXa WMeeT N0 MeHblien Mepe OAHO YCTPOMCTBO
perynMpoBaHusa NOTOKA, BbIMNOJHEHHOE C BO3MOXHOCTbK YyrnpaBjiieHus
pacxoAoM raszoobpasHoro Auokcupa yrnepoga wau Bo3gyxa, NoAaBaeMoro B
YKa3aHHY KaMepy OTBEPXAEHUSA;

- MOACUCTEMY UMPKYNAUUM ra3a, BbIMOJHEHHYK C BO3MOXHOCTbIO
obecneyeHnsa UUMPKYNAUUU YKaA3aHHOIro rasoobpas3Horo Auvokcuaa yrnepopa
WKW BO34YyXa Yepe3 YKasaHHY KaMepy OTBEpPXAEHUS;

- NOoACUCTEMY perynnpoBaHus TeMmnepaTypbl, BbINOJHEHHYK C
BO3MOXHOCTbIO pEeryimpoBaHusa TeMnepaTypbl YKAa3aHHOro rasa BHYTpPU

YKa3aHHOW KaMmepbl;



66

- MNOACUCTEMY  peryanpoBaHUs  BAAXHOCTWU, BbIMNOJIHEHHYO C
BO3MOXHOCTbIO  perympoBaHuUsa  BAAXHOCTWM YKa3aHHOMo rasa BHYTpPU
YKa3aHHOW KaMepsbl; U

- N0 MEHbLUEN Mepe O0ANH KOHTPOsep, CBA3aHHbIN N0 MEHbLUEN Mepe C
O4HWUM N3 Cneaywuwero: ykKas3aHHbIM WUCTOYHWKOM AUMOKCMAa Yyraepoaa,
YKA3aHHON noACUCTEMON UUPKYNAUUW rasa, YKa3aHHOM noAcucTemMomn
perynmpoBaHusa TeMmnepaTtypbl M YKa3aHHOW MOACUCTEMON peryampoBaHuS
BJIAXHOCTH,

NPUYEM YyKasaHHbIM MO MEHbLUel Mepe OAWUH KOHTPOANEpP BbINOAHEH C
BO3MOXHOCTbIO  HE3aBUCUMMOro  peryaMpoBaHMa MO  MeHbluen  Mepe
COOTBETCTBYIOLWEr0 OAHOM0 U3 CAEeAylLWero: YyKa3aHHOro pacxoja rasa
BHYTPW KaMepbl, YKa3aHHON LUPKYISALMKN YKA3aHHOIMO ra3a yepes yKa3aHHYH
Kamepy OTBEPXAEHWUSA, YKasaHHOW TeMmnepaTypbl YKa3aHHOro rasa Wu
YKa3aHHOWM B/IAXXHOCTW YKa3aHHOIo rasa,

NPU 3TOM YKa3aHHbIN NO MEHbLUEN Mepe OAMH KOHTPOAJEp BbINOJHEH C
BO3MOXHOCTbIO obecneyeHns BpeMeHn npebbiBaHUA Ha NEpBOM 3Tane CyLKu
(3tan 1), npuyeM Bpemsa npebbiBaHUSA Ha MNEPBOM 3Tane CyWwKW nopobpaHo
Tak, 4ToObl ObITb MWHUMAJNIbHBLIM, WU YKa3aHHbIN NO MEHbLIENn Mepe OAMWH
KOHTPONNEP BbIMNOJHEH C BO3MOXHOCTbIO nepexofa OT YKa3aHHOro nepsoro
aTana cywku (3tan 1) kKo BTOpoMYy 3Tany kapboHusauum (3Tan 2) B KOHUE

yKa3aHHOro nepeoro atana cywku (3tan 1).

2. YctponctBO no  n. 1, BbINOJIHEHHOE C  BO3MOXHOCTbIO
nepBOHa4YaNbHOrO0 NPOXOXAEHNA MAaTepuanoM NepBoro 3tana cywku (3tan 1)

Npu OTCYTCTBUW npeaHamepeHHo pobasneHHoro COa.

3. YctponctBO no  n. 1, BbINOJIHEHHOE C  BO3MOXHOCTbIO
nepBOHa4YasbHOrO MPOXOXAEHNA MaTepuasoM NepBoro 3tTana cywku (3tan 1)

npu Hannyum CO-.

4. YctponctBO no  n. 1, BbINOJIHEHHOE C  BO3MOXHOCTbIO
onpeaeneHnsa nepexoaa OT NeEpPBOro 3tana cywku (3tan 1) KO BTOPOMY 3Tany

kapboHusauumn (3Tan 2) nytem onpeaeseHns U3MeHeHusa ogHoro unun 6onee
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3/IEKTPUYECKNX CBOMNCTB Martepuasa Ha ero noBepxHoCTU WIN B €ro 0CHOBHOMN

Macce.

5. YCTponcTeo no n. 4, B KOTOPOM OAHO uau 6onee aneKTpuyeckux
CBONCTB MaTepuana BKAKYAKT B ceba no MeHblen Mepe OoAUH U3
cneaywowmx napaMeTpoB: MNOBEPXHOCTHOE yAeNbHOE COMpOTUBAEHME,
06beMHOE yAeNnbHOEe COMpOTUMBAEHUE, 3NIEKTPONPOBOAHOCTb,  MOJIHOE
CONpPOTMBAIEHUE, €MKOCTb, AU3NIEKTPUYECKas MOCTOSIHHAasA, AMdNeKTpuyeckas
NMPOYHOCTb,  AMN3NEKTpuYeckas NPOHNLAEMOCTb, Nbe303JIEKTpUYEecKas

NOCTOAHHAA U KO3 PULNEHT TEPMOIAC.

6. YctponctBO no  n. 1, BbINOJIHEHHOE C  BO3MOXHOCTbIO
onpeaeneHus nepexoaa OT NEpBOro 3Tana Cywku (3tan 1) Ko BTOPOMY 3Tany
kapboHusaummn (3Tan 2) NoCpeacTBOM onpeneneHns U3MeHeHUsa KOoanyecTsa

BOAbl, KOTOpPAasa yaazieHa U3 Mmatepuana.

7. Yctponcte0O no  n. 1, BbINOJIHEHHOE C  BO3MOXHOCTbIO
onpeneneHnsa nepexoaa OT NEpPBOro 3Tana cywku (3Tan 1) KO BTOPOMY 3Tany
kapboHusaumun (3Tan 2) NoCpeacTBOM OnpeaesieHns U3MEeHEeHUs Nponopuunun

BOAbl, YAANAEMON U3 MaTepuana.

8. YctponctBO no  n. 1, BbINOJIHEHHOE C  BO3MOXHOCTbIO
onpeneneHnsa nepexoaa OT NepBOro stana Cywku (3tan 1) Ko BTOPOMY 3Tany
kapboHusaumm (3Tan 2) NoCpeacTBOM OnpeaeneHnus U3MeHeHUs Nponopuumn

BO/Zbl, aKKYMYJIMPYEMOI U3 rasa, UUpPKYNnpyloLero B Kamepe.

0. YctponctBO no  n. 1, BbINOJIHEHHOE C  BO3MOXHOCTbIO
onpeneneHnsa nepexoaa OT NeEpPBOro 3Tana cywku (3Tan 1) Ko BTOPOMY 3Tany
kapboHusaunn (3Tan 2) nocpencresoM onpeaeneHns U3MEeHEHNs No MeHbLIEN
Mepe O0AHOro n3 cneaywuwero: KoHueHtpauun CO2 M KOHueHTpauuun O B

rase, UMPKYINPYIOLWEM B KaMepe.
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10. YcrpouctBO no n. 1, BbINOJHEHHOE C  BO3MOXHOCTbIO

onpeneneHnsa nepexoaa OT NEpBOro stana cywku (3tan 1) Ko BTOpOMY 3Tany
kapboHusayumn (aTan 2) nocpeacTtesomM onpeaeneHuns U3MeHeHUsA

OTHOCUTENbHOW BNIAXHOCTU ra3a, UUPKY/INPYIOLWEro B Kamepe.

11. YcrponctBO no n. 1, BbINOJHEHHOE C  BO3MOXHOCTbIO
onpeneneHnsa nepexoaa OT NEpPBOro 3Tana Ccywku (3tan 1) Ko BTOpOMY 3Tany
kapboHu3aumm (3Tan 2) NOCpencTBOM onpeneneHns n3MeHeHna TemnepaTypbl

rasa, LMPKYJIMPYIOLLLErO B KaMepe.

12. YcrpouctBO no n. 1, BbINOJHEHHOE C  BO3MOXHOCTbIO
onpeneneHnsa nepexoaa OT NeEpPBOro 3Tana cywku (3tan 1) Ko BTOPOMY 3Tany
kapboHu3aumm (3Tan 2) NOCpencTBOM onpeneneHns n3MeHeHns TemnepaTypbl

MaTepuana.

13. Yctponcte0O no n. 12, BbINOJIHEHHOE C BO3MOXHOCTbIO
MOHUTOPUHIAa  YKa3aHHOr0  W3MEHeHusa  TemnepaTtypbl MaTepuana C

NCNONb30BaHNEM MHGPaKpPaCHON KaMepbl.

14. YcrponctB0O no n. 1, BbINOAHEHHOE C  BO3MOXHOCTbIO
onpeneneHnsa nepexoaa OT NEpBOro 3Tana cywku (3tan 1) KO BTOPOMY 3Tany
kapboHusaunn (3Tan 2) NOCpeACTBOM onpeaeneHuss U3MEHEHUs p[aB/eHus

BHYTPU KaMepbl.

15. YctpoicTtBo no n. 1, BbIMNOJIHEHHOE C BO3MOXHOCTbIO U3MEPEHMUS,
OTC/IE@XUBAHNA U pPerynnpoBaHus AABJEHUA BHYTPU KaMepbl HA MPOTSAXEHUU
BCEro npouecca Ha KakoM-aMbo u3 nepsoro stana cywku (3tan 1) n BToporo

3Tana oTeBepxaeHua (atan 2).

16. YcrpouctBO no n. 1, BbINOJHEHHOE C  BO3MOXHOCTbIO
onpeaeneHns nepexoaa OT NEpBOro sTana Cywkun (3tan 1) KO BTOPOMY 3Tany
kapboHusaummn (3Tan 2) nNocpeacTtBoOM onpeneneHuss U3MeHeHus ypoBHS pH

MaTepuana.
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17. YcrpouctBO no n. 1, BbINOJHEHHOE C  BO3MOXHOCTbIO
onpeaeneHns nepexoaa OT NEpBOro sTana Cywku (3tan 1) Ko BTOPOMY 3Tany
kapboHusauumn (3Tan 2) nNocpeacTtBOM onpeneneHuss U3MeHeHus yposHAa pH

BOAbI, aKKYMynMpOBaHHOﬁ BO BpeMA OTBEPXAEHNA MaTepunana.

18. YcrponctBO no n. 1, BbINOJIHEHHOE C  BO3MOXHOCTbIO
onpegeneHnsa nepexoaa OT NEpPBOro 3Tana cywku (3tan 1) KO BTOPOMY 3Tany
kapboHusauumn (3Tan 2) NnOCpeacTBOM onpeaeneHns U3MEeHEeHUS 1IEMEHTHOro

CoCtaBa MaTepuana.

19. YcrponctB0O no n. 18, BbINOJHEHHOE C BO3MOXHOCTbIO
U3MEpPEHUs, OTCNEXWBAHUA W perysiMpoBaHNa 3JIEMEHTHOrO0 COCTaBa
MaTepuana Ha NpPOTAXEHUU BCEro npouecca Ha KakomM-nnbo u3 nepeoro

3Tana cywkun (3tan 1) n BTOporo atana kapboHusauyun (3tan 2).

20. YcrpouctBO nNOo n. 1, BbINOJIHEHHOE C  BO3MOXHOCTbKO
onpeaeneHns nepexoaa OT NEpBOro sTana Cywku (3tan 1) Ko BTOPOMY 3Tany
kapboHusaumn (3Tan 2) nNocpeacTtBOM onpeneseHns WU3MEeHEeHUa peakuun

MaTepuasna Ha ynbTpa3ByKOBOE CTUMYJINPOBAHMUE.

21. YcrpouctBo no n. 1, B KOTOPOM noacucTteMa peryampoBaHus
TemnepaTtypbl AOMNOAHUTENbLHO COAEPXWUT MO MEHbLUen Mepe OAMH UCTOUYHUK
SHEepruun, BbIMNOJIHEHHbLIN C BO3MOXHOCTbIO HarpeBa No MeHbluen Mepe OAHOro

N3 ra3a U Mmatepuana.

22. YCTpoWCTBO NO n. 21, B KOTOPOM MNOACUCTEMA peryanpoBaHus
TeMNepaTypbl BbIMNOJIHEHA C BO3MOXHOCTbK peryaMpoBaHuWa TemnepaTypbl
MaTepuana, nponopuuun BoAbl, yaansaeMon Ha NepBoOM aTane cywku (3tan 1),

N CKOPOCTU peakuunu Ha BTOPOM 3Tane kapboHusauuun (3tan 2).

23. YCTpOWCTBO MO M. 21, B KOTOPOM MCTOYHUK SHEPTUWN BbINOJIHEH C

BO3MOXHOCTbIO YNpaBiAeHUss BPEMEHEM MpebbiBaHUA MO MEHbLEW Mepe Ha
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O4HOM M3 NepBOro stana cywku (3tan 1) M BTOPOro atana KapboHusauum

(3Tan 2).

24. YCTpOWUCTBO NO n. 21, B KOTOPOM YyKa3aHHbIN UCTOYHUK SHEPIUu
BbIMOJIHEH C BO3MOXHOCTbKO UCMONb30BAHUA  CXKWIAHMA  UCKOMNAEMOro

TOoNnNAuUBA.

25. Ycrponcteo no n. 21, B KOTOPOM YyKa3aHHbI UCTOYHUK SHEPruu
BbIMOJIHEH C  BO3MOXHOCTbKO  MCNONb30BaHWA  HarpeBa 3@  CYeT

SNEKTPUYECKOIo COnpoTnBAEHNA.

26. YCTpouCTBO NO N. 21, B KOTOPOM YyKa3aHHbIM UCTOYHUK SHEPruu
BbIMOJIHEH C BO3MOXHOCTbIO MCMNOJIb30BAaHMA WHEMPAKPACHOI0 MCTOYHMKA

TEMNa.

27. YCTpOWCTBO NO n. 21, B KOTOPOM YyKa3aHHbIM UCTOYHUK DHEPruu

BbINOJIHEH C BO3MOXHOCTbLIO UCMOJIb30BaHUA Na3epa.

28. YcTponcTBO NO n. 21, B KOTOPOM YKa3aHHbIN UCTOYHUK SHEPrUu

BbIMOJIHEH C BO3MOXXHOCTbIO UCNONb30BAHUA AN3INEKTPUYECKOTIO HArpesa.

29. YcTponcTBO NO n. 28, B KOTOPOM YKa3aHHbIA UCTOYHUK 3HEpPruu,
BbIMOJIHEH C BO3MOXHOCTbK WCMONb30BAHUA AWMINEKTPUYECKOro Harpesa C

ncnonb3oBaHUEM BOJIH MVIKpOBOJ'IHOBOVI 4acCTOTbl M1 PAANOYACTOTHBLIX BOJIH.

30. YcTponcTtBo no n. 29, B KOTOPOM YKa3aHHbIA UCTOYHUK IHEPruun,
BbIMOJIHEH C BO3MOXHOCTbIO WCMNONb30BaHUA ANINEKTPUYECKOro Harpesa C
NCNoNb30BaHUEM pPaAMOY4aCTOT B MPOMbILWJIEHHONW, HAYYHON N MeauUUHCKOWN

nonoce yactot (auana3oH ISM).

31. YcTponcTtBo no n. 21, B KOTOPOM YyKa3aHHbIM UCTOYHUK SHEPruu

BbINOJIHEH C BO3MOXHOCTbLIO UCMOSIb30BaHUA MJ1a3MEHHOI0 Harpeea.
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32. YCTpOWCTBO NO n. 21, B KOTOPOM YyKa3aHHbI UCTOYHUK DHEPruu

BbINOJIHEH C BO3MOXHOCTbLIO UCMOJIb30BaHNA HAarpeeBa napomM.

33. YCTponcCTBO NO n. 32, B KOTOPOM YKa3aHHbIN UCTOYHUK SHEPrUu

BbIMOJIHEH C BO3MOXXHOCTbIO UCNONIb30BaHUA NeEpPErpeToro napa.

34. YCTpOWCTBO NO n. 21, B KOTOPOM YyKa3aHHbI UCTOYHUK SHEPruu

BbiNOJIHEH C BO3MOXHOCTbIO UCMNOJ1b30BaHUA NpoBOAUMOCTN.

35. Ycrponcteo no n. 21, B KOTOPOM YyKa3aHHbI UCTOYHUK SHEPruu

BbINOJIHEH C BO3MOXHOCTbLIO NCMOJIb30BAHNA U3JTyHaTENA.

36. YcTponcTBO NO n. 21, B KOTOPOM YyKa3aHHbI UCTOYHUK SHEpPruu

BbINMNOJIHEH C BO3MOXHOCTbLIO UCMOJIb30BaHNA UCTOYHUKA NYHYUCTOro Harpesa.

37. YCTpoOWCTBO NO n. 21, B KOTOPOM YyKa3aHHbIM UCTOYHUK DHEPruu
BbIMOJIHEH C BO3MOXHOCTbK MCMOJIb30BAHMA YCTAHOBKWU AN KOreHepauuu

3HEepruu.

38. YcrponctBo no n. 1, B KOTOPOM nNoACUCTEMA perynmpoBaHus
BJIAXXHOCTU BbIMNOJIHEHA C BO3MOXHOCTbIO PEryMpOBaHUS WU3BJIEYEHUS BOAbI

U3 maTepuana.

39. Ycrponcteo no n. 38, B KOTOPOM noAcCUCTEMA peryampoBaHuSA
BJIQXXHOCTU BbINOJIHEHA C BO3MOXHOCTbI pEryaMpoBaHUA U3BAEYEHUS BOAbI
M3 rasa B KaMepe B Te4YeHue Mo MeHbLeWn Mepe OAHOro U3 nepsoro tana

cywkn (3tan 1) u BTOoporo stana kapboHusauyun (3tan 2).

40. YctpoictBo no n. 38, B KOTOPOM noAcucCTeMa perympoBaHuUS
BJI@XXHOCTU BbINOJIHEHA C BO3MOXHOCTbLIO PEry/siMmpoBaHUa U3BJ€YEHUA BOAbI C

NCNoNb30BaHUEM €CTECTBEHHOW KOHBEKLUMU.
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41. Yctpoucteo no n. 38, B KOTOPOM noAcuCTeMa perysmpoBaHuSA
BJIAXXHOCTU BbIMOJIHEHA C BO3MOXHOCTbI PErysIMPOBaHUA U3BJIEYEHNS BOAbI C

ncnonb30BaHUEM MPUHYAUTEN bHOW KOHBEKLUN.

42. Ycrponctso no n. 38, B KOTOPOM NoACUCTEMA PEryinpoBaHUS
BJIQXXHOCTU BbIMOJIHEHA C BO3MOXHOCTbIO peryinpoBaHus u3asnevyeHuns Boabl C

MCNONb30BAHMEM KOMMpECcopa.

43. Yctpoincteo no n. 38, B KOTOPOM noAcuCTEMa perympoBaHus
BJ1I@XXHOCTU BbINOJIHEHA C BO3MOXHOCTbI PEryMPOBaHUA U3BJIEYEHUS BOAbI C

Mcnonb30BaHUEM OCYLUUTENA.

44, YcrtponctBo no n. 38, B KOTOPOM noacucTteMa peryanposBaHus
BJI@XXHOCTU BbINMOJIHEHA C BO3MOXHOCTbI PEryJIMPOBAaHUA U3BJIEYEHUA BOAbI C

NCMNonb30BaHUEM OAHOro U3 TennoobMeHHnKa u oxnaguTtens.

45. YcrtpouctBo no n. 38, B KOTOPOM noacuctemMa peryanpoBaHus
BJIAXXHOCTU BbINOJIHEHA C BO3MOXHOCTbIO PEryIMPOBaHUA U3BJI€YEHNS BOAbI C

ncnonb3oBaHUEM AaBNE€HUA, MEHbLUEIo, 4eM aTMOC(bepHOG AaBlneHune.

46. YcTpoucTtBo no n. 1, B KOTOPOM MNOACUCTEMA UUPKYyNAUUU ra3a
BbIMOJIHEHA C BO3MOXHOCTbIO pPEerysmpoBaHuUsa UUPKYASAUUW rasa B Kamepe,

yToObI perynupoBaTb yaaneHne Boabl Ha NnepBoM 3Tane cywkn (3tan 1).

47. YCTpoOWCTBO NO n. 1, B KOTOPOM MNOACUCTEMA UUPKYyNAUUKU rasa
BbIMOJIHEHA C BO3MOXHOCTbIO PEerysmpoBaHua UUPKYNsaUuUW rasa B Kamepe,
yTOobbl perynupoBaTb CKOPOCTb peakuuMuM Ha BTOPOM 3Tane kKapboHusauuu

(3Tan 2).

48. YcTpoucTtBo no n. 1, B KOTOPOM NOACUCTEMA UUPKYyNAUUKU rasa
BbIMOJIHEHA C BO3MOXHOCTbI peryamMpoBaHMsa NOTOKa W CKOPOCTM rasa,

HaxXoaAaAWwunxca pagomM ¢ Matepmanom.
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49, YcTtpouctso no n. 48, B KOTOPOM MOACUCTEMA UUPKYNAUUKM rasa
BbINOJIHEHA C BO3MOXHOCTbK perysimpoBaHna MoToKa W CKOPOCTU rasa C

NCMNosib30BaHUEM CUCTEMbI HAarHeTaTeNbHOW BEHTUNALNMN.

50. YcrpoictBo no n. 1, B KOTOPOM noacucteMa UUPKYnsLUMKW rasa
BbINOJIHEHA C BO3MOXHOCTbK peryaMpoBaHUa MNOTOKA M CKOPOCTM rasa C

MCNONb30BaHMEM BHYTPEHHEW CUCTEMbI LLUPKYNALUN.

51. YcrpouctBo no n. 50, B KOTOPOM BHYTpPEHHSIS CUCTEMA

LUPKYNSALUUN COAEPXKUT BEHTUNIATOP.

52. Ycrtponctso no n. 1, B KOTOPOM NOACMCTEMA LMPKYNauuMKU rasa
BbINOJIHEHA C BO3MOXHOCTbIO peryampoBaHns NOTOKaA W CKOPOCTU rasa C

NCNoNb30BaHNUEM BHELWIHEN CUCTEMbI LUPKYNnAaAuunun.

53. YcrtponctBo no n. 52, B KOTOPOM BHEWHAS CUCTEMA LUPKYIALUK

COAEPXUT BEHTUNATOP.

54. YcrponctBo no n. 50, coaepxauiee BHYTPEHHIOK CUCTEMY
LUPKYNAUUN, BHELWHKOKW CUCTEMY UMPKynaumm uM 06XOAHOW  KOHTYp,
BbIMOJIHEHHbIN C BO3MOXHOCTbIO NPONOPLUOHANBHOIO pacnpeaeneHns noToka
rada Mexay BHYTPEHHEW CUCTEMON UUPKYNAUUM U BHELIHEW CUCTEMOWN

LMPKYNALWNN.

55. YcrponctBo no n. 1, copep)xawee MHOXECTBO BHYTPEHHUX
CUCTEM LUPKYNALUMMN, MHOXECTBO BHELWHUX CUCTEM LUPKYNAUUUA, MHOXECTBO
HarpesaTesnel U MHOXECTBO CUCTEM OCylleHna C obpa3oBaHMEM MHOXeECTBa

HE3aBUCUMbIX 30H YNPaBAEHUS BHYTPU KaMepbl OTBEPXKAEHUS.

56. YcrponctBo no n. 1, B KOTOPOM YCTPOWCTBO peryanpoBaHus
NOTOKA ra3a BbIMNOJIHEHO C BO3MOXHOCTbIO M3MEHEeHUa KOHueHTpauuun CO2 BO

BpeMsA NepBoro 3tana cywku (3tan 1) n BToporo stana kapboHmusauun (3tan
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2), 4tobbl MakcuMusuposaTb 3PPekTUBHOCTL noTpebneHuna CO> BO BpeMms

NpoLecca OTBEPXKAEHUS.

57. YcrpouctBO no n. 52, B kKOTOpoM KOHueHTpaums CO>

YMEHbLUAeTCcsa BO BpeMsa BTOPOro atana kapboHusauum (3tan 2).

58. Cnoco6 otTBepxaeHna wMatepuana, notpebnsawowero CO2 B
KauyecTBe peareHTa M He oTBepxpatouwieroca npu otcytcteun CO2> BO BpeMms
OTBEPXAEHUSA, MPM 3TOM YKa3aHHbIN MaTepuan He OTBEpPXAAEeTCA nMpwu
HaIMYNM OAHOM TONBbKO BOAblI U HE NOTPebNsSeT BOAY BO BPEMSA OTBEPXKAEHUS,
BKAOYAKOLWMNI cnepyowmne stansbl:

obecneyeHune yCTpOUCTBA, COAEPXALLEro:

- KaMepy OTBEpPXAEHUSA, BbIMNOAHEHHYI C BO3MOXHOCTbK COAEpXaHUS
MaTtepuana, notpebnawwero CO2 B Ka4yeCTBe peareHTa,

NpUYEeM yKa3aHHbIl MaTepuan He OTBEpPX[AETCA Npu OTCYTCTBUU

CO2 BO BpeMS OTBEPXAEHUSA U HE OTBEPXAAETCHA NPWU HANN4YUKM OLHOWM

TONIbKO BOAbl U HE NOTPe6NSAET BOAY BO BPEMSA OTBEPXAEHUS,

yKa3aHHasa Kamepa OTBEpPXAEHUSA MMEEeT NO MEeHbLuen Mepe OAHO
oTBEpPCTUE, BbINOJHEHHOE ANna obecrneyeHns BBEAEHUSA YKA3aHHOrO

MaTepuana B YKa3aHHYK KaMepy OTBEPXAEHUS W yAaneHusa U3 Hee, u

MMEeT Mo MEHbLUEN Mepe OAHY KPbIWKY A8 YKAa3aHHOro 0TBEpCTuUS,

NpM 3TOM YKa3aHHas KpblWKa BbIMNOJIHEHA C BO3MOXHOCTbIO
obecneyeHns aTMOCHEpPHOro YnAOTHEHWA nNpu 3aKpbiBaHUKU, 4YTOOLI
npeaoTBpaTUTb 3arpsa3HEHMe rasa, Haxo4aLWeroca B yKasaHHOMW Kamepe

OTBEPXAEHUA, Tra3oM, HaxXo4AWMMCA BHE YKAa3aHHOW  KaMepbl

OTBEPXAEHUSA;

- WUCTOYHMK [ANOKCMAA Yyrnepoga WAM BO34yXa, BbIMNOJIHEHHbIN C
BO3MOXHOCTbIO MOAAyYu ra3zoobpasHoro AuMokcuzaa yriepoaa Wau BO3Ayxa B
YKa3aHHYK KaMepy OTBEpXAEeHUS 4yepe3 BXOAHOEe OoTBepcTve ANnd rasa B
YKa3aHHON KaMmepe OTBEPXAEHUS, NMPUYEM YKa3aHHbI UCTOUYHMK ANOKCMAA
yrnepoga wau BO3AyXa WMEeT N0 MeHbllen Mepe OAHO YCTPOWCTBO

perynmpoeaHna noToKa, BbiINOJIHEHHOE C BO3MOXHOCTbIO YyNnpaBJIEHUA
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pacxoAoM ra3zoobpasHoro Auvokcupa yrnepoga wau Bosgyxa, NoAaBaeMoro B
YKa3aHHYI KaMepy OTBEPXAEHUS;

- MOACUCTEMY UMPKYNAUUM rasa, BbIMNOJHEHHYK C BO3MOXHOCTbIO
obecneyeHnsa UUMPKYNAUUU YKaA3aHHOro rasoobpasHoro auvokcuaa yrnepopa
KN BO34YyXa Yepes yKasaHHY KaMepy OTBEpPXAEHUS;

- noACUCTEMY perynnpoBaHua TeMmnepaTtypbl, BbINOJAHEHHYK C
BO3MOXHOCTbIO pEerynmpoBaHusa TeMmnepaTtypbl YKa3aHHOrO rasa BHYTpMU
YKa3aHHOW KaMmepbl;

- MNOACUCTEMY  peryanpoBaHUa  BAAXHOCTWU, BbIMNOJIHEHHY C
BO3MOXHOCTbIO  peryinpoBaHuUsa BAAXHOCTWM YKa3aHHOMo rasa BHYTpPU
yKa3aHHOW KaMmepbl; n

- N0 MEHbLUeN Mepe OAMNH KOHTpOoNep, CBA3aHHbIN N0 MeHbLUeN Mepe C
OAHWUM N3 cChepywuwero: YyKasaHHbIM WUCTOMHWKOM AMOKCMA@ Yyraepoaa,
YKa3aHHOW nNoACUCTEMON UUPKYNAUMKM rasa, YKasaHHOM noACUCTEMOW
perynmpoBaHusa TeMnepaTtypbl M YKas3aHHOW MNOACUCTEMON peryampoBaHuUSA
BJIAXXHOCTH,

NPUYEM YyKa3aHHbIN MO MEHbLUENW Mepe OAUH KOHTPOAJEP BbINOAHEH C
BO3MOXHOCTbIO  HE3aBUCUMOIro  peryaMpoBaHuMa MO  MEHbluen  Mepe
COOTBETCTBYIOLWEro OAHOrO W3 C/eayrLlero: YKas3aHHOro pacxopa rasa
BHYTPU KaMepbl, YKA3aHHOW LUPKYNALUM YKA3AHHOMO rasa yepes3 yKa3aHHYIo
Kamepy OTBEPXAEHWUSA, YKa3aHHOW TeMmnepaTypbl YKa3aHHOro rasa Wu
YKa3aHHOWN BNAXXHOCTN YKa3aHHOIo rasa,

NpU 3TOM YKa3aHHbIN NO MEHbLUEN Mepe OAMH KOHTPOAJEp BbINOJHEH C
BO3MOXHOCTbIO obecneyeHns BpeMeHn npebbiBaHMA Ha NEPBOM 3Tane CyLKu
(3tan 1), npuyem Bpemsa npebbiBaHNA Ha NEepBOM 3Tane Cywku nofobpaHo
Tak, 4Tob6bl ObITb MWHUMANbLHLIM, WU YKa3aHHbIN NO MEHbLIEN Mepe OAMH
KOHTpPOANEP BbIMNOJAHEH C BO3MOXHOCTbIO nepexofa OT YKa3aHHOro nepBoro
3Tana cywkun (3Tan 1) KO BTOPOMY 3Tany KapboHusauumn (3Tan 2) B KOHUE
YKa3aHHOro nepeoro stana cywku (3tan 1),

npuyemM cnocob Takxe BKJKUYAET:

BbIMOJIHEHNE NMEPBOro 3Tana CyWwKKn, C NepBbIM BpeMeHeM npebbiBaHus

Ha YKa3aHHOM NEPBOM 3Tane CyLKN n
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BbIMOMTHEHNE BTOPOro 3Tana OTBEPXAEHUA B KOHUE YKa3aHHOIo

NepBoro 3Tana CyLKH.
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BEeHTUNALNN

nasep

TennoobmeHHnK/oxnaguTenb
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(MpopomkeHue)

HarpeB (UCTOYHUK SHEpPrnn)

NaBne4eHue Boabl

Uupkynsauma

BapwuaHTbl peanusauum

BapwvaHTbl peanusaunm

BapuaHTbl peanusauum

nnasma

BaKyyM

neperpeTbin nap

nap

npoBOAMMOCTb

nany4darernb

nsny4eHue

UCTOYHUKU TerJ1a, Takue KakK yCra-
HOBKa 41151 KOMOUH. npon3BoacTBa
TENSIOBON U ANEKTPUY. IHEPrun

2cc/9
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JTtanbl peakuuu matepuana (aran ll)

Nopaya u perynuposaHue CO2

Ob6ecneunBaet nogady CO2 B kamepy, NoaaepXuBaeT 3agaHHYH0 KOHLEHTpaLUumIo
CO2 BO BpeMs CyLLKU U OTBEPXKOEHUS, MOHWXKaeT KoHueHTpauuio CO2 nepeq
3aBepLUEeHMEM OTBEPXKAEHUSA, KakK ornpeaeneHo CUCTEMON ynpaBrneHusi NPoLEecCcoM C

3aMKHYTbIM KOHTYPOM

BapuaHTbl peanusauun

nponopuyuoHasrbHbie KnanaHbl

cUCTEMbI NPMBOAA C PEryriMpyemMon CKOpOCTbIO

nporpammupyemble norudeckue ycrponcraa ynpasneHus (PLC)

KOHTpOMnepbl TemnepaTypbl

UHTepdenc Yyenosek-mawmHa (HMI)

BUpTyarnbHasi YacTHasi ceTb (VPN)

KOHTpPOInep MaccoBOro pacxoaa

knanaH I/P (Tok/gaBneHue)

Kogupylouiee yCTpoMCcTBO

ncTtodHuKk CO2

BXOA4HbI€ KNnanaHbl

BbIXOAHbIE KranaHbl

~160

44N
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Cucrtema ynpaeneHus npoueccom

MpuHMMaeT 1 ncnonb3yeT BXoAHbIE NapaMeTpbl OT 4aTYUKOB CUCTEMbI U AaTYMKOB
n3aenusi/MecTononoXeHUs Ansi [OCTUXKEHNs1 TpebyeMbix yCnoBuid npoLecca Ansi oTBepXaeHust 6etoHa B
npucyTtctBun CO2 nop ynpasneHneM ¢ o6paTtHoi cBs3blo. [lononHuTenbHO obecnevmBaeT ynpexaatoLlee
ynpasrneHue (ynpasreHue 6e3 o6paTHON CBA3M).

MapameTpbl kKamepsol

Temnepatypa Ha BXoJe Kamepbl

TemnepaTypa Ha BbIXO4e Kamepbl

ABCONTHasA BNAXHOCTb HA BXOAE Kamepbl

OTHocUTernbHas BRaXxHOCTb Ha BXoae KamMepbl

ABGconioTHas BraXxHOCTb Ha Bbixoae KamMepbl

OTHOCUTENbHAsA BNaXHOCTb Ha BbIXOAe KamMepbl

KoHueHTpauus CO2 B kamepe, %
Haenenne CO2 B kamepe

MaccoBbit pacxog CO2 B kamepe

Pacxop rasa B kamepe

Pacxop rasa Ha ocyLueHue

Temneparypa TCU (transmission control unit, ycTpo/cTBO ynpaBneHus nepejaqen AaHHbiX)

Cuctema ynpaBneHnsi ropenkomn

KoHpeHcaums H20

O6Lwee coaepxaHue Boabl

MonoxeHne osepubl

~140
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Cucrtema ynpaeneHus npoLeccom

I'IpleumaeT U ncnosb3dyet BXoAHble napamMeTpbl OT JaTYUKOB CUCTEMbBI U AaTHUKOB
n3aenusi/MecTononoXeHus Anst AOCTUXKEHUSA Tpe6yeMb|x yCJ'IOBVII7I npouecca Aana orsep>XgeHus H6eToHa B

npucytcteun CO2 nopg ynpaeneHuem ¢ obpartHoi ¢Ba3blo. [lononHuTtenbHo obecnevmMBaeT ynpexaatouiee
ynpaeneHue (ynpaeneHue 6e3 o6paTHOM CBA3M).

MNapameTpbl u3genusa/marepuana

Temnepatypa nsgenus, amepeHHasi Ha NOBEPXHOCTU U BHYTPW, U ee pacnpeaeneHune B npouecce
obpaboTku

BnarocogepxxaHue usgenus, UaMepeHHoe Ha NOBEPXHOCTU N BHYTPW, U ee pacrnpeaeneHue B npouecce
0bpaboTku

KapboHu3auus uagenunsi Ha NOBEPXHOCTU, B HWXKHEWN YaCTWU, BHYTPU, U ee pacnpeaeneHve B npouecce
obpaboTku

OnNEeMEHTHbIA COCTaB Ha NOBEPXHOCTU, B HWKHEN 1YacTu, BHYTPU, U €ro pacrnpeaeneHne B npouecce
obpaboTku

YpoBeHb pH nsgenus Ha NOBEPXHOCTU, B HUXKHEW YacTu, BHYTPU, U €ro pacnpeaeneHue B npouecce
obpaboTku

~140
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Macca

Cyuwka
(aTan 1)

Kap6oHusauun
(aTan 2)

-~Macca obpasua
_ ..AkkymynuposaHHasa macca CO2

Bpems
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jAeTtoknas CR-11R-12R peHb 2
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Fny6una (Mm), Ky6. chyTOoB B
MMHYTY, Boaa (AeCATKU rpaMmMoOB)

B3anmocBA3b NOTOKa, yaaneHns Boabl U
rnybuHbl peakuum

60
50
40
30 .1 BEHTU-
20 . JIATOP

g 3 BEHTU-
10 - nsiTopa

My6uHa Ky6. doyToB B ‘ YpaneHHas
peakuus MUHYTY Boda
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BnusiHme noTtoka Ha kKap6oHusauuo RRT
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dekoHBONOLUA COOLITUM CYLLKM U KapOboHU3aLuumn
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BbinonHeHue CYLLKU BbinonHeHue YacTuyH. YBNaXHEH. OKoOHuar. ynnoTH. TBepA. YacTtuy

CeppuesvHa w OBoralLeHHbli

CaSiOs SiO> cnoit
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