2 B3AUMOJEVCTBUE
CIIEIIMAJIBHBIX ) KUJIKOCTEM
riasa | WU IEH C TOPHBIMH IIOPOJIAMM

2.1. BIOKUPOBAHMUE MMOTI'JIOIIAIOINUX ITIJIACTOB
MNOJMMEPCOJIEBBIMHU CIIEHUAJIBHBIMH ) KHIKOCTSAMHA

B nwutepatype TpaguuMOHHO YTBEPAWUIIOCH MOHATUE <«rMnyLleHue
CKBaXXWHbI». TexHomnornyeckme onepaumm Mo rnyLeHno CKea-
XWH MpoOBOAAT KakK Mpu NUKBMAAUMM rasoHedTeBOo40NPOSABEHUN
W NOrnoweHuin, Tak M Ans BPeMeHHOW MuX ocTaHoBku. Ecnm B
NepBOM Cry4ae [NyLWeHNe CKBaXKMHbI OCYLLECTBMSETCS C Lenbio
HadEeXHOW n30MAuUM MpPOSBMSAOLWEro nnacrta, TO BO BTOPOM AJis
BPEMEHHOro GnOKMPOBaHUSA ero Ha nepuog NpOBEeAEHUSA pasnuy-
HOro poja 3annaHupoBaHHbIX paHee paboT.

B nocnegHue roabl akTMBHO NPOBOAATCHA Hay4HO-UCCnenosa-
TENbCKME U  OMbITHO-KOHCTPYKTOpCkue paspabotkn (HWOKP)
TEXHOMNOMMU N TEXHWYECKUX CPeacTB AN NPOBEAEHMS PasfnyHbIX
onepauumn B paboTawllen ckBaxvHe 0e3 ee npeaBapuUTENbHONO
rnyLeHus.

He oTpuuyas nepcnekTMBHOCTM METOAOB BefeHusd pabot B
CKBaXMHEe C U3ObITOYHbIM [ABMNEHMEM Ha YyCTbe, pa3paboTka Tex-
HONOrUKU, TEeXHUYECKUX CpeacTB W Martepuanos ANs rnyLeHus
CKBaXWH He TepseT CBOeW akTyanbHOCTWM. ABTOpbl paboTbl [51]
NOAYEPKMBAIOT, YTO <«npobrnema rNylWweHNs CKBaXKUH BO3HUKaeT
npakTu4eckn BO BCeX ra3oHedTAHbIX panoHax. Ee pelleHue pas-
MNYHBIMWU MEeToA4aMM YaCTUYHO CHWXKAET HanpshKeHHOCTb B A0ObI-
Ye rasa, rasokoHgeHcata, HedTM u TpebyeT paspaboTkum KOM-
nnekca mep, mMartepuanoB U TEXHOMOrMA U KOHKPETHOro U3yyYeHus
HE TONbKO MECTOPOXAEHWS, HO M KaXXOOW CKBaXWHbI B OTAEnb-
HOCTW».

B onybnukoBaHHOW nuTepaType CyLIeCTBYEeT 4eTkoe pasrpa-
HUYEHME: MPUMEHEHME pasfUyHbIX METOAO0B MO M30MAUUM U pa-
300LieHN0 NnactoB npu OypeHun, 3akaH4MBaHUM WU PEMOHTE
CKBaXXWH, a rMylleHne CKBaXWH MNPOBOAMTCS, Kak MpaBurno, npwu
KanuTanbHOM U noasemMHom pemoHTe. Mo onpepeneHuio A.N. By-
natoBa C COaBTOPaMW <«rMyLUEHWE CKBaXWMH — TEXHONOIMYECKuUi
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Tabnuua 2.1

[POMbIBOYHbIE KUAKOCTU ANS NEepBUYHOrO BCKPLITUA U BPEMEHHOro
6nokmpoBaHus MPOAYKTUBHbBIX NNACTOB U ryLleHNA CKBaXXUH

Tun NPOMbIBOYHOWN KOMNOHEHTHbIN Qﬂgl’;ﬁ?;" O6nactb
KMUOKOCTH coctaB ’ NpUMeHeHus!
Kr/ m
3OmMynbcuoHHble pac- | AT + MBC + 917—983 [nsi BCKpbITMA 1 Bpe-
TBOPblI HA OCHOBE + KMLU + MeHHOro 6nokupoBa-
ausenbHoro tonnuea |+ ®XJIC + Bo- HWUS HeYCTOMYMBBIX
(3POT) ha TEeppUreHHbIX nopog ¢
AHMNAO
OMynbCuOHHbIE pac- | OMM + KMLI+ 980 —990 To xe
TBOPbI HA OCHOBE + runaH + Bo-
oTpaboTaHHOro Mo- aa
TOpPHOro Macna
(3POMM)
OMynbCUOHHbIE pac- | HedTb + 950-1010 «
TBOpbI HA HedTaHoW |+ KLLDK+
ocHose (OPH) + NaOH +
+ OXJC +
+ KMU + rnu-
Ha + Boga
MeHoo6pasytouas MAB(KCCB) + 1180—1200 |[Onsi BpemeHHOro 6mo-
KWAKOCTb C HaMnon- + KOOC + KMpOBaHWSA NEeHOWN
HUTEenem + OT + BbICOKOMPOHMLAEMbIX
+ Topd + BOO- NPOAYKTMBHbIX Nna-
HbIi pacTBop ctoB ¢ AHMNA
CaClz
'mpporenb-marHve- PactBop 1220—1240 | Onsi BCKpbITMSA Npo-
Bblli pacTBOp 6uwodumTa + 1450 — 1470 | BYKTUBHbLIX NNacToB C
+ NaOH + (c nobasne- |ABMNA
+ Kkpaxman + HUeM mena)
+ KMU + wmen

npoLecc, B pesynbTaTe KOTOPOro cosfaeTcs NpoTMBOAaBMNeHUE Ha
nnact» [51, c. 183]. Onupascb Ha 3TO onpeaeneHve, rnyLeHne
CKBaXVWH MOXHO MPOBOAMTb M B Mpouecce ee 3akaH4YMBaHus B
YCNoBMSAX AENpeccun Ha NPOAYKTUBHbIA NNacT.

P.A. lacymoBbiM [52] paspaboTaHbl cOCTaBbl cCheuuanbHbIX
XNOKOCTEN, KOTOpble pPEeKoMEeHOyeTCs WCMNoMb3oBaTh Afs NepBuy-
HOrO BCKPbITUSS W BPEMEHHOrO ONOKMPOBAHWUS MPOAYKTUBHbIX
nnactoB. >KMAKOCTU pasfnuyHbiX TUMOB, KOTOpble obecneuynBatoT
BpeEMEHHOe 6oKMpoBaHNe MNPOAYKTUBHBIX FOPU3OHTOB B YCIOBM-
SIX aHOMarbHbIX MIacTOBbIX AABMNEHWIA, NpUBEAEHbI B Tabn. 2.1,

Ona rnyweHns CKBaXWHbl U BPEMEHHOrO OGrOKMPOBaHUA Mpo-
OYKTMBHOrO nnacrta MoryT OblTb MCMONb30BaHbl Kak TpaguLMOH-
Hble TEXHONMOrnW, Tak U HOBble CMOCOOLI C MPUMEHEHMEM CreLu-
anbHbIX MONMMMEPCONEBLIX XWUAKOCTen. B kKayectBe npumepoB
npvBedeM OMNMCaHue HEKOTOPbIX CheuunanbHbIX XUAKoCcTen, pas-
paboTaHHbIX 3a NocrnegHue rogbl.
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2.1.1. MOJIMMEPHBI COCTAB JIJIsI BPEMEHHOM U30JIAIIAN
IIACTA

MonumepHbIA COCTaB Ans BPEMEHHOW wu3onsaumm nnacta [53]
obecneymBaeT MNOBbLILEHNE HAOEXHOCTM BpPEMEHHOro GrokvMpoBa-
HUA nornowiawowero, B TOM 4uUcre MPOAYKTMBHOrO nnacra, 3a
CYeT YnyylleHUs Peonormyeckux napameTpoB MOIMMEPHOW Xna-
KOCTMW.

HocTturaetca 310 Tem, 4YTO WM3BECTHbIA COCTaB, COAEpPXaLLvn
pPagvonM30BaHHbIN  y-006nyyYyeHMemM nonuakpunamvg u Bogy, Ao-
NONMHUTENBbHO COOEPXUT KamnbLUWii a30THOKUCILIA MpU crieaytoLlem
COOTHOLLEHMWN KOMMOHEHTOB, % (Mo macce):

Paanonn3oBaHHbIA MONNAKPUIAMUL .......eoveverrerrerienrenieeseesensesseesessesseseens 0,5—0,8

Kanbumii a30THOKUCHBIN................... . 30—350
BODA. .. it OcTtanbHoe

PagvnonusosaHHbin nonuakpunamug (MAA) nonyyawT n3 Boa-
HOro pacTteopa nonuakpunamuaa, cogepxauwero 6—10 % (no
Macce) OCHOBHOMO BELLECTBA, NyTeM ero y-obnyveHus goson 0,5—
2,5 Mpag, B pesynbTaTe 4ero npoucxoauT paspbiB CBA3EN OcC-
HOBHOW LEenu MakpOMONeKyNnbl unM OTPbIB 3amMellarolen rpyn-
nbl, W BO3HMKAeT cBOOOAHLIN pagukan. B wuHepTHoOM cpege
cBobOaHbIE pagukanbl PEKOMOVMHMPYIOTCS WM B HUX MPOMCXO-
ONT BHYTPUMOINEKYNSPHbIE  MEeperpynnMpoBKU, B KOTOPbIX OObIY-
HO YYacTBYHOT TONbKO aTOMbI, HaxoaslWMecs B HenocpeaCcTBEHHOW
Onm3ocTn OT MecTa paspbiBa. PekombuHauus npuBoouT K CLUM-
BaHWIO M MOCTEMNEHHOMY nepexody B MonMMep CeT4yartoro crpoe-
HWUSA, NpU 3TOM TepsieTCA MOABWXHOCTb MakpOMOMeKyrbl U yHK-
UMOHanbHbIE rPYMnnbl OKa3blBAlOTCS CBA3AHHBIMU WUNN  «CLUUTbI-
Mu». BBegeHue B COCTaB KamnbLus a30THOKUCIOrO C KOHLEHTpa-
unen, GNU3KOM K MaKcuUmanbHOW pacTBOPUMOCTM, obecneymBaeT
npeobnajaHne B pacTBOpe OAHOBaneHTHbIX MoHOB [CaNOs]™,
YTO CMOCODCTBYET WM3MEHEHWIO €ro PeonorMyeckmx napameTpos,
obecneunBaLMX HagexHy wusonaumio nnacta. OObsacHaeTcs
3TO Te€M, YTO MOHbI BOAbl M KanbLMs a30THOKUCIIOrO UMEKT pas-
NNYHBIA 3apsd, pasHble pasMepbl, YTO MPOSBNSAETCA B Pa3fMyHOM
MexXaHu3Me B3auMMOLENCTBUA C pPaauonn3oBaHHbIM MNonvakpuna-
MUOOM.

[Mopsgok npuroToBrneHMs COCTaBa: [OTOBAT pacTBOp COMU
Ca(NO3;), 3agaHHOM KOHUEHTpauuu, K Hemy [00aBnsAwT pacyeT-
HOe KOnMyecTBO OOMy4YeHHOro nonuakpunammga, 3aTteM CMeChb
nepemelumBatoT. KuUOku cOCTaB, KOTOPbIA MMeeT BpeMsi 3aryc-
TeBaHusa 6— 10 4, 3akauMBaloT B MnacT nog M3ObITOYHLIM AaBrne-
HMeMm. CKBaXKUHY 3anonHAT 00N  TEXHONMOTMYECKOW KUOKO-
CTblO, C KOTOpOW paboTalT OO0 peMoHTa. YacTtiubl pagmonmso-
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Tabnuuya 22

CocraB, peuenTypa W peorormyeckue napameTpbl MOMMMEPHOTO pacTBopa,
CocrtaB, % (no macce) Xapaktepuctuku
Ho- Mpenens- CraTuuec-
MeD | paguonu- | Kanbuui Mnactuyec- Hggcﬁomgi'\g'f' »L(gﬁm:agp;;-
N/ N | 30BaHHbIN a30THO- Bopa Kas Bs3- NpAKHYE ' qepﬂes
MAA KUCNbIA KocTb, Ma-c cngura, 10 M,
Ma Ma
1 0,50 — OcTanb- 0,068 42,0 6,2
Hoe
2 0,70 — — 0,200 He namepu- 26,1
Mo
3 0,80 — — He namepu- | He nsmepun- | He usmepu-
ma Mo Mo
4 0,50 30 69,5 0,086 48,53 11,0
5 0,70 40 59,3 0,095 52,35 16,0
6 0,80 50 49,2 0,311 54,91 40,3
7 0,80 30 69,2 0,310 54,80 40,1
8 0,40 20 79,6 0,075 43,25 9,7
9 0,90 60 39,1 He namepu- | He nsmepu- | He usmepu-
ma Mo Mo
10 0,65 20 79,35 0,080 47,0 9,2

MpumeyvaHue. VicnbiTaHne cocTaBa NpoBeAeHbl B aHaNOMMUHbIX YCMOBUSIX.
neHns pacTBopa. 3HayeHue NPOHWULAEMOCTU ONpeaeneHo Ans kepHa Ges npeasa
3alaHHOro CoCTaBa.

BaHHOro nonumMepa HabyxaloT B nnacrte, obecneunmBas HagexHyto
nsonauunio. Brokvpylowmn  3kpaH CHMMaloT Mocne NpoBeAeHNs
PEMOHTHbIX paboT OGbIYHLIMK METO4AMM.

CocTaBbl M CBOWCTBA MCCNEAOBaHHbIX NMOMMMEPHbIX PacTBOPOB
npueedeHbl B Tabn. 2.2. CogepxXaHue B NONUMEPHOM cocTase pa-
auonusoBaHHoro nonuakpunamvga meHee 0,5 % (no macce) He
no3BonseT AOCTUYb AOCTaTOMHOW BSA3KOCTW, yBenuyeHue copep-
xaHna 6onee 0,8 % (Mo macce) 3KOHOMUYECKM HelenecoobpasHo,
TaK Kak peoriormyeckme CBOWCTBa cocTaBa He uameHsawTcs. [lpu
cogepxaHum B pacTBope kanbuusa asoTHokucrioro meHee 30 %
(no macce) yxyawarwTcs peornorvyeckMe napameTpbl B CTOPOHY
YMEHbLUEHNA BSI3KOCTU W NpeaenbHOro AMHaMWYEecKoro Hanps-
XeHuna cagura, ysenuyeHue cogepxaHusa 6onee 50 % (no macce)
He BMUSAET Ha danbHeliliee ynyudlleHue napameTpoB U SABMASETCS
SKOHOMWYECKM HeLenecoobpasHbIM.

PaspaboTaHHbIn nonumMepHbIn cocTaB obecnevvMBaeT CHUXKe-
HWe MNpoHuMUaemMocTn nopucton cpegbl oo 79,5—80,7 %, 4TtO CBK-
OEeTenbCTBYET O ero BbICOKOW Onokupytowen cnocobHocTu. Mocne
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pes3ynbTaTthbl ero BNMAHUA Ha NpoHULaeMOoCTb KepHOB necyaHuka

pacTBopa
BoccTtaHoBneHne
MnoTHoCTb HavanbHas MpoHuuae- I'pagnent npoHuLaemMocTu, %
pacTBopa, |[MPOHWULIAEMOCTb, MOCTb rocne | AaBNeHns
KT/ M MKM? sakadku pac- | CABUMA, | Mocne npo- | Mocne 06-
TBOpA, MKM MMMa/ cm AyBKW BO3- | paboTKu
OyxoMm HCl
1010 1,05 0,56 0,062 53,3 75,3
1010 1,44 0,67 0,069 46,5 69,7
1010 0,90 0,25 0,117 27,7 63,6
1250 2,92 1,46 0,067 50,0 82,0
1270 3,60 0,89 0,170 24,7 81,5
1290 3,46 0,67 0,20 19,3 79,8
1220 4,99 1,02 0,150 20,4 86,0
1200 1,57 0,90 0,058 57,2 78,3
1310 4,24 0,92 0,159 21,6 80,3
1200 3,81 0,96 0,064 25,3 79,7

3amepbl PeonorMyeckMx napaMeTpoB OCYLUECTBASIOT Yyepes 6 Y nocne npuroTos-
puTensHOM oBpaboTkK, 3aTem Mpu BO3LEUCTBUM HA HEro MOSIMMEPHOTO pacTeopa

npoBeAeHNs1 HEOOXOAMMbIX PEMOHTHbLIX paboT B CKBaXXMHE MNpo-
BOOAT paboTbl MO BOCCTAHOBMEHUIO MPOHULAEMOCTM MPOAYKTMB-
HOro nnacra, Hanpumep, obpabaTtbiBalOT CKBaXXMHY BOAHbLIM pac-
TBOPOM consHom KUCINOTbl, YTO NO3BOJIAET BOCCTAaHOBUTb MPOHU-
LaeMocTb nopucton cpeagbl oo 79,8—91,7 %.

2.1.2. MEHOOBPA3Y IO COCTAB JIJISI IPOBEIEHUS
PEMOHTHBIX PABOT B CKBA’KMHE

lMeHooOOpasyWwuini cocTaB Ans NPOBEAEHUST PEMOHTHbLIX paboT B
CKBaXKMHe [54] obecneunBaeT BpPEMEHHOE OrfoKMpoBaHME NPOOYK-
TMBHOrO nNnacrta, YCTOWYMB K BO3ZAENCTBUIO BbICOKMX TemnepaTtyp
n nnactoBbix nougos. Llenb pocturaetca neHoobpasyowmm
COCTaBOM, BKIHOYaOWMM OEHTOHUT, BOOOPACTBOPUMbIA NonMMep
aKpuroBoro psiga — rMAPOMM30BAHHBIN MOMMAKPUITOHUTpUN (rv-
naH), aHWOHOreHHOE MOBEPXHOCTHO-aKTUBHOE BELIECTBO — Tpu-
3TaHONMaMMHOBYH cornb ankun-cynegatoB (TAJIC) ¢ gnuHHOM an-
KUMbHOW Uenblo — 7—12 yrnepodHblX aToMOB, MMOPOKCUA anto-
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Tabnuua 2.3

BnusiHve no6aBku rasokoHoeHcaTta M Hed TV Ha KpaTHOCTb
M YCTOWMMBOCTb NEHbI

Peuentypa MNOX ana npurotoBneHns newbl, % MapameTpbl
(no macce) neHbl
Howmep Fompo
cocra- - YcToitum-
Ba BeHTo- xnopua | Kow- Kpat-
HUT TOAC | Funan aniomu- |geHcat He¢ms| Boga HOCTb %?(C:IA'%’
HUSA
1 2,0 2,0 3,0 0,2 — — 92,8 3,0 15640
2 2,0 2,0 3,0 0,2 - 25,0 - 2,7 15638
3 3,0 4,0 4,0 0, 250 | 88,5 3,5 16139
4 3,0 4,0 4,0 0,5 - 250 | 88,5 2,0 16143
5 2,5 3,0 3,5 0,3 25,0 - 90,7 3,5 15892
6 2,5 3,0 3,5 0,3 — 250 | 90,7 3,1 15884
7 19 19 2,5 0,1 25,0 - 93,6 2,6 10000
8 1,9 1,9 2,5 0,1 — 250 | 93,6 2,2 9854
9 31 41 4,1 0,6 2,5 — 88,1 3,5 16130
10 3,1 4,1 4,1 0,6 - 2,5 88,1 2,8 16143

MWHUS M BOAY NPV CIeaylLEM COOTHOLUEHWM KOMMOHEHTOB, %

(no macce):
BEHTOHUT ...ttt 2,0—3,0
MmnaH.... N
TOAC ..., 2,0—4,0
mapokcua antoMuHuS ... .. 02-0,5
BOMA ..ot OcTtanbHoe

BeHToHUT ncnonbaytoT no OCT 39-202—85 Ha ruHbl pasnunu-
HbIX Mapok. ABTOpamMu MUCCneaoBanuCb [MNUHbI Cregylwmx ma-
pok: MNMBB (ocHOBHOW MuHepan — MoHTMopunnonuT), MBI (ocHoB-
Ho MmaTepuan — nanbiropckut), MNKILO (OCHOBHOW MuHepan —
KaonuHutormgpocnioga). Oencreme rMuH ykasaHHbIX MapoK B ne-
HoOOpa3yioLLeM cocTaBe NOEHTUYHOE.

[MocTpoeHne MHOrOCNONHbBIX pPa3BETBMEHHbLIX aACOPOLUOHHbBIX
CrNoeB CTEHKM My3blpbKa rasa no3BonsieT MOBbICUTb YCTONYMBOCTb
TpexdasHbIX MNEeHHbIX CUCTEM K AEWCTBUIO YrnNeBOAOPOAOB C TH-
XenbIMW  pagukanaMuM U BbICOKMM TemnepaTypam. Peaynbtatbl
NnpoBeAeHHbIX UCCreaoBaHuiA NpuBeaeHbl B Tabn. 2.3.

CopepxaHne B neHoobpasywowem coctase, % (Mo macce):
BeHToHUTa MeHee 2,0; runaHa meHee 3,0; TOAC meHee 2,0; rua-
pokcupga aniomumHua meHee 0,2 HeuenecoobpasHo, Tak Kak He
CNocoOCTBYET YNPOYHEHWMIO CTPYKTYPHbIX aAcopOLMOHHBIX Croes
NAEHKN BO3AYLUIHOMO My3bipbKa MEHHbIX CUCTEM.

CopepxaHvne B neHoobpasytowem coctaBe, % (no macce):
OeHToHUTaA Gonee 3,0; runaHa 6onee 4,0; TOAC 6onee 4,0; rugpo-
kcupga aniomuHua 6onee 0,5 SKOHOMMYECKM HeuenecoobpasHo,
Tak Kak He cnocobCcTByeT ynyylweHuto (U3NKO-TEXHONOrMYECKMX
nokasarenen NeHHbIX CUCTEM.
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2.1.3. BASKOYNIPYT U1 COCTAB

Baskoynpyrun coctaB [55] npegHasHadeH Ona pasgeneHus pas-
MWYHBIX MO CBOWCTBaM XWAKOCTEW W MEHHbIX CUCTEM B LLUMPOKOM
AwanasoHe Temnepatyp 5— 110 °C.

TexHudecknii pesynbTaT [OCTUraeTcs B pesynbTaTe BKOYe-
HUA B XMOKOCTb akpunoBoro nonuMmepa — pagnmonn3oBaHHOro
y-n3nyyennem nonuakpunamuga (PI1AA), GuxpomaTa LWeno4yHoro
MeTanna, opmanbgerMacogepxallen CTpyktypoobpasytowen no-
OaBkn M BOAbI, MpU CregylwemM COOTHOLIEHMU KOMMOHEHTOB, %
(no macce):

PITAA bbb 0,3—-0,5
Buxpomat wenoyHoro metanna ... 0,05—0,30
KCCB ..coviiiiiicieiiieeece .. 0,1-0)5
BOM@. . ittt OcranbHoe

PIMAA vcnonbaytoT no TY 6-01-1049 — 81, BuxpomaT LENOYHO-
ro metanna — no FOCT 2652 —78.

PaspaboTaHHbI BA3KOYMNPYruin COCTaB MHOroOLLENeBoro HasHa-
YyeHus. W3BecTHO wucnonb3oBaHWe BogHoro pacteopa PIAA B
OydepHOI XUOKOCTM ANA ryLeHnsa HedTAHbIX M ra3oBbIX CKBa-
XVMH C LEmnblo YMEHbLUEHUS 3arps3HEeHWst nnacta 3a CYET CHUMXKe-
HUS agresvm OaMcnepcHon dasbl K MopoAe, a Takke MpUMEHeHne
PINAA B cmecu c:

KanbLuMemM a30THOKMCMbIM AMfS MOBbILWEHUS HaAEeXHOCTU WU30-
nayum;

deppoxpomMnurHo-cynsgoHatom n NAB gns nosblweHus ad-
PEKTUBHOCTU M3ONALMUN 332 CHET MOMYYEHNS YCTONYMBOM MEHBI;

OEHTOHUTOM, CUINUMKATOM HaTpust ONA  yiyylweHus TammnoHu-
pyHLMUX CBOWCTB 3a cYyeT cTabunmsauyum ¢asoBoro cocraea npu
COXpaHeHUM pacTekaeMoOCTU W CHWXKEHUS CuHepesuca obpasyto-
ierocs rens.

PMNAA (cm. n. 2.1.1) mnmeeT ceTyaTylo CTPyKTypy, obGpasyto-
LylOCA Mpu paspbiBe CBA3EW OCHOBHOMW LENW MakKpOMOIEKYIbI
MAA nMHEeMHOro CTpoeHus nop AeWcTBMeM y-uany4veHud. CeTda-
Tas cTpyktypa PIAA cnocoGHa ygepxuBaTb GOnbLUOE KONMMYEeCT-
BO BOAbl, KOTOPOE BXOAMUT B MaKPOMOMEKYNSIPHYIO MaTtpuuy, yBe-
nnumBasa BHYTPEHHEE TPeHWe Mexay OTAEeNbHbIMUA MakKpOMOMeKy-
namu PT1AA, Gnarogapst 4eMy OH MMEET 3HauuTeNnbHO 6GonbLuyo
BSI3KOCTb PAacTBOPOB, 4eM HeobnyyeHHbin [MAA npu paBHOM CO-
JepXaHun OCHOBHOTO BeLLleCTBa B pacTBOpE.

KCCB npepgcraenseTr cobor npoaykT KOHAEeHcauun JIUrHO-
cynbcoHaToB C (peHonom m hopmanbaerngom B KUCMOW cpede C
nocrneaywLen HerWTpanusaumern egkum Hatpom. B gaHHom cocta-
Be KCChB urpaeTt ABOSIKyt0 ponb:
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BO-MNepBbIX, ABAETCA BOCCTaHOBUTENEM B CUCTEME U obecne-
ymBaeT 06pa3OBaHV|e TpexBaJrieHTHOro xpoma wu3 6|/|Xp0MaTa Lie-
JIOYHOro meTtanna:

CrCH,0 4+ — (—=CH,—CH—), ———— — — (—=CH,—CH—),
| _HHZO |
cO CcO
| |

NH, NH

|
CH,

|
NH

|
co

|
—(—=CH,—CH—)x
BO-BTOpPbIX, KaTMOHbI TPEXBANEHTHOrO XpoMa SIBASOTCS CLUW-
Batowmm areHtom gns PIMAA n KCCB, obpasys cmellaHHyto 6u-
HapHYI NOMMMEPHYI0 CUCTEMY C HOBbIMWU CBOWCTBaMM:

H+
nH,CO+ (n + 1]C6H50H_H—HZO>
OH OH OH
N CH, — CH, —|—
L —n-1

Takum obpasom, «cwwuska» PIAA c obpasoBaHvem nonepeu-
HbIX CBSI3el MpPOMCXOOUT MpU y4yacTUM TpexBareHTHOro WoHa
Xpoma 1 onMromepa HOBOMa4yHOW CMONbI:

~CH,-CH-]—_ y[-CH, - CH-]

—0,5nNH;3
co co
| |
~(R-CH,-), Cr3*
NH, |[n NH ( 2
|
co

| CH, -CH- |,,
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r—CH,—CH— CH,— CH — CH, — CH—CH, — CH— |
| | | |
lele) CcOO CcOO Cco
| | | |
NH Cr—(—R— CH,-). Cr NH

— | | | |

Cco CO0 CcOO Cco
| | | |

| —CH,—CH— CH,— CH — CH, — CH—CH, — CH— |,

YuntblBas, 4TO Mnpouecchl reneoobpasoBaHus cocTaBa Bcnefd-
CTBME pPEaKUMOHHOM CMOCOBHOCTM MHIPeaMEHTOB B 0Onactu Hms-
knx nnactosblx TemnepaTyp (Hwxe 15 °C no FOCT 25597 —83)
npoTekalwT AOCTaTOMHO WHTEHCMBHO C obpas3oBaHMeM renen c
HeoOXOAMMbIMY  PEOfIOrMYEeCKMMN  CBOWCTBaMW, HUXKHEN Temne-
paTypHOW rpaHuUen MpUMMEHEeHMs CcocTaBa cregyeT cuuTatb
5 °C. lNpu 6onee Huskon Ttemnepatype (okono 0 °C) peonoru-
yeckme csouctBa PIAA yxyawarTcd, 4YTO OrpaHuyMBaeT ero
NpUMeHeHNe.

BepxHsasa rpaHuua npumeHeHns coctaea (110 °C) obycnosneHa
Tem, 4YTo npu 6onee BbICOKUX TemnepaTypax MPOUCXOAUT TpaHC-
dopmauma cBa3ert B MakpOMOMEKYNSPHOW MaTpuue rensi, NpuBo-
Odwasa K yxyALleHuio ero peoriormyecknx nokasatenerm n unbT-
paumu, 4TO OCOBEHHO OTpuUaTENbHO BMAMSET Ha MECKOHECYLLYHO U
KONbMaTupytoLLyto cnocobHOCTN cocTasa.

HocTtaTtouHble BSA3KOYMpyrne CBOWCTBa COCTaBa, €ro KOoMmno-
HEHTHbI cocTaB, 00ecneyvBaloLLMI BKMIOYEHNE BCEX WHrpeam-
€HTOB B MAaKpOMOMEKYNSAPHYD MaTpuly, MWCKIIOYaLWMn ux npu-
CyTCTBUE B MONMMEPHOM pacTBOpe B «CBOOOOHOM» Buae U BO3-
MOXHOCTb XMMWYECKOrOo B3auMOLEWCTBUA C LUEMEHTHbIM W T[MuW-
HUCTbIM pacTBopamMu C 06pasoBaHMEM CIOeB OOHOPOAHOW Macchl,
obycnoBnuBalT NPMMEHEHWe OaHHOro cocTaBa B kayecTBe pas-
AenuTens NOTOKOB TEXHOMNOrMYECKNX XUOKOCTEN.

Hanuune B cocTaBe renst CMOST HOBOMAYHOrO TWMa, yyacTBylo-
WMX B mpoueccax popMMPOBaHUSA MaKpOMOJSEKYNSIPHOW MaTpuubl
C MPOYHLIMWU MOMEepPeYHbIMU CBA3SIMU, NpeaonpenensieT XOpPOLUyH
aacopbuUMOHHY0O M aare3voHHYt CnocobHOCTM cocTaBa Ha Mo-
BEPXHOCTU CTEHOK CKBaXWHbl. [pn 3aTOM o0OpasyeTcA nnoTHas
nonMMepHasi NnineHka, MNpensTcTByoWas MPOHUKHOBEHUIO B MOpbI
nnacta ¢unNbTPaToB LEMEHTHOTO W T[MIMHUCTOrO pPacTBOPOB MU
TBEpAbIX 4acTul, 4TO CBMAETENbCTBYET O AOCTATOYHO XOPOLUMX
KONMbMaTMpYHLWNX CBOMCTBax AaHHOro cocTtasa.

O6GpasoBaHve rens C BbICOKMMW  BOAOYAEPKUBAKOWMMU 1
CTabunbHbIMM  PEonorMyeckuMy CBOMCTBaMM Heobxoaumo Aans
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Tabnuua 24
Pesynbrathl MccnegosaHuii CBOMCTB M napameTpoB BYC B pasnnyHbIX TepMoau

3 o Ycnosus
KoMnoHeHTHbIV cocTtas, % (no macce) MCHLITAHMI
Ho- Mnactnyec-
mMep Kasi BA3KOCTb
ONbITa | Monpa- | Buxpo- [asne- n, mMa-c
Kpuna- mar KCCBb Boga TTeM';eEg' Hue,
mMug, Kanus ypa, MMMa

PlMAA
1 0,3 0,05 0,1 Ocraneb- 20 0,1 57
2 Hoe 5 0,1 55
3 110 20 43
4 120 30 20
5 0,5 0,30 0,5 Ocranb- 20 0,1 48
6 Hoe 5 0,1 48
7 110 20 37
8 120 30 21
9 0,4 0,20 0,3 Ocrtanb- 20 0,1 75
10 Hoe 5 0,1 73
11 110 20 57
12 120 30 25
13 09 0,11 0,1 — 20 0,1 58
14 5 0,1 55
15 110 20 41
16 120 30 16
17 0,3 0,11 0,5 - 20 0,1 42
18 5 0,1 40
19 110 20 29
20 120 30 17
21 0,4 0,05 0,3 Ocrtanb- 20 0,1 38
22 Hoe 5 0,1 37
23 110 20 30
24 120 30 16
25 0,4 0,30 0,1 — 20 0,1 50
26 5 0,1 46
27 110 20 36
28 120 30 12
29 0,2 0,4 0,5 - 20 0,1 24
30 5 0,1 23
31 110 20 14
32 120 30 6

33 0,6 0,31 0,6 — 20 0,1 He namve
34 0,4 0,20 - - 20 0,1 37
35 5 0,1 35
36 110 20 20
37 120 30 16

NAA
38 0,4 0,3 Ocranb- 20 0,1 9

Hoe
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HaMN4YeCKUX ycrnoBmax

Meckoypep- | dunbTpaumsa Yepes Konb-
XUBalLWas | MaTauuoHHbIN crol, obpa-

JuHamu- CMoCcOBHOCTb, | 30BaHHLIN BYC Ha dunbT- | ScpdpekT cme-
yeckoe | PUNLTPO- r/cm pe BM-6, cm®/ 30 MuH LIMBaHUS C
Hanpsbke- or/%taa D, FIMHICTOO | LeMeHTHOro LEMEHTHbIM U
HWe caBu- [CM MWH rMUHUCTBIM

pacTtBopa c | pacteBopa C
rat, Afla q?pfs qu:m BogoOTAaYel |BogooTgaven| PacTBoOpamu
10 em*/30 | 50 cm*/30
MuH (®I'P) | muH (PLP)
258 2,5 0,157 | 0,170 2,0 4,7 TpyaHo
212 2,7 0,155 0,181 2,0 50 cMelumBaeT-
201 2,5 0,186 | 0,197 2,5 6,7 cs1, obpaso-
38 6,0 0,318 | 0,361 6,5 18,5 BaHWe ogHo-
477 2,7 0,054 | 0,098 1,0 2,5 poaHon mac-
452 2,4 0,052 | 0,112 1,2 2,8 Cbl HEe Hab-
391 2,5 0,075 | 0,091 2,0 3,0 niopgaetcs
65 7.0 0,277 | 0,298 57 16,5
285 3,0 0,103 | 0,128 1,5 3,5
262 3,0 0,111 | 0,128 1,7 3,5
198 3,0 0,175 0,198 1,6 3,6
51 7.0 0,223 | 0,261 5.2 14,0
291 2,0 0,040 | 0,075 1,3 3,0 TpyaHo
263 2,5 0,056 | 0,078 1,5 3,0 cMelumBaeT-
185 2,3 0,121 | 0,165 1,8 52 cs1, obpaso-
57 75 0,205 | 0,236 4,0 26,5 BaHWe ogHo-
174 4,7 0,110 0,118 3,0 75 poaHon mac-
176 5,0 0,112 ] 0,126 3,5 7,5 Cbl HEe Hab-
148 4,5 0,186 | 0,198 4,0 8,0 niopgaetcs
46 10,0 0,392 | 0,406 8,0 31,0
597 3.3 0,147 | 0,168 2,1 4,8
595 3,5 0,140 | 0,175 2,0 4,5
425 3,5 0,176 | 0,198 2,5 5,0
62 7.5 0,316 | 0,345 8,5 28,5
390 2,5 0,078 | 0,088 2,5 52
312 2,5 0,070 | 0,093 3,0 6,0
218 3,0 0,127 | 1,148 3,0 55
46 9,0 0,286 | 0,323 8,0 27,5
78 17,3 0,326 | 0,380 6,5 16,0 YacTmyHo
65 18,0 0,338 | 0,401 6,0 14,5 CMellnBaeT-
36 21,0 0,565 | 0,628 8,5 24,0 cs
12 41,5 B TeueHne 1 4 9,5 47,0
ocafok necka
pUMBbI 0,015 | 0,025 1 —
489 6,0 B TeueHne 1 4 7.0 21,0
398 6,5 ocagok necka 7,0 23,0
216 12,0 8,0 35,0
66 18,0 9,5 45,5
66 47,6 B TeyeHne 8,0 27,0 CwmelumBaeTcs
5 MUH ocapok XOpOoLLo ¢ 06-
necka pasoBaHnem
OAHOpPOOHOM
Maccsbl
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MpoponxeHne Tabn 24

KomnoHeHTHbI cocTaB, % (Mo macce) MZIS:I:?:EEVI
Ho- MnacTtuyec-
mMep Kasi BA3KOCTb
OnbIT&\ Monna- | Buxpo- [Naene- n, mMa-c
Kpuna- maT KCCBb Bopa -I;e“"gegé' Hue,
Mg Kanus ypa, MMMa
AA K2Cl‘201NﬂQSOs
0,19 0,35 0,75 — 20 0,1 5
dopma — 5 0,1 5
nvH 0,35 110 20 5
120 30 4

MpumeyaHunsa: 1. OnpegeneHne peonorMyeckMx CBOWCTB COCTaBa MpoBOAU
cuctomeTpe KLI-3.

BbIMNOSNHEHNST DYHKUMKM NeckoHocuTensi. B crnyvae BbINONHEHUS
rmgpopaspbiBa nnacra C MOMOLLbK NpeanaraeMoro coctaBa Mo-
crnepyiollee BOCCTaAHOBMEHME MNPOHUL@EMOCTM nnacta npoBOAAT
nyTemM KWCMOTHOW 00paboTku, Bbi3blBalOLWEN OECTPYKUMIO COCTa-
Ba. [pn 3akayke B BbICOKOTEMMEpPATypHble MNNacTbl, BOCCTAHOB-
neHne MNpOHULAEMOCTU MNOCNeAHNX MPOUCXOAMT CaMOMNpPOM3BOIb-
HO nocrne TepMOAECTPyKUMM cocTaBa NpuW TemnepaTtype Bbille
160 °C B TeyeHne 2—3 u.

Pa3paboTaHHble Bbicokoynpyrne coctaebl (BYC) mnmetoT cne-
aywowime napametpsbl (Tabn. 2.4).

B pesynbTaTe aHanmsa AaHHbIX YCTaHOBMEHO, YTO cogepkaHue
PIAA B pactsope meHee 0,3 % (no macce) He obecneunBaeT ero
KOHUEHTpauum ana obpasoBaHus CTPYKTYpbl C HeobXoaAMMbIMM
no uenu peonoruyeckumun ceonctesamu, a 6onee 0,5 % (no macce)
HelenecoobpasHo, Tak Kak oOpa3yeTcs BbICOKOBSA3KUA MNonMmep-
HbIli PacTBOp C MNJIOXOW NPOKa4YMBaEMOCTbIO.

CopepxaHne B pacTBope Ouxpomarta LUernoyHoro mMetanna me-
Hee 0,05 % (no macce) n KCCB menee 0,1 % (no macce) He obGec-
neynBaeT MnosfyyeHue rens C nornepeyHbIMM CBA3SIMU Heobxoau-
MOV MPOYHOCTU Afsi peanu3auuyM €ero MHOrOLEeNeBoro HasHave-
HWUs, a cogepXaHue OuxpomaTa LenodyHoro metanna 6onee 0,3 %
(mo macce) n KCCb 6onee 0,5 % (no macce) aKOHOMWYECKN He-
uenecoobpasHo, Tak Kak OanbHEWWero ynydleHus TexHororndye-
CKUX MoKasaTenen He NpPoMCxXoauT.



Meckoynep- | dunbTpauusi Yepes Konb-
XMBawLas | MaTauMoHHbIM crnou, obpa-

OuHamu- cnocoGchn:, 30BaHHbIN BYC3 Ha UnbT- | DcpdpekT cme-
yeckoe | PURLTPO- r/ cm pe BM-6, cm”/ 30 MuH LUIMBaHNS C
Hanpsixe- OT/%‘-(l)a @, FAMHICTOrO | UeMeHTHoro | UEMEHTHbIM 1
HVe CABU- |CM MWH TTIMHUCTBIM

pacTtBopa ¢ | pacTBopa ¢
rat, Alla q?p;es qufa BoflooTAauelt |BogooTgaueii| PAcTBOPamMu
10 cm*/30 | 50 cm®/30
MUH (PIP) | muH (PLIP)
6 30,0 B Teuenne 25 10,0 39,5 CwmelumBaeTtcsa
8 30,0 MWH 0cagoK 10,0 39,0 XOpOLLO ¢ 06-
6 148,8 necka 10,0 46,7 pasoBaHnem
15 196,0 10,0 48,5 O[HOPOJHOW
mMacchbl

nu Ha npu6ope BCH-3. 2. TemnepatypHyto 06paboTKy cocTtaBa NpOBOAUIIM B KOH-

2.1.4. COCTAB JIA U30JIA1 MU 30H IIOI'JIOIEHUA

CoctaB gnsa u3onauum 30H MOrNOLWEHNs [56] meeT ynyudlleHHble
TamMNoHMpYIOLLME CBOWCTBA 3a cCYeT crtabunusauumn ¢HasoBoro co-
cTasa npu COKpalleHWN pacTekaeMOCTU U CHMDKEHUA CuHepesunca
obpasytoLyerocs rens.

Pa3paboTaHHbIn COCTaB COOAEPXKUT OEHTOHWUT, MONUMEP aKpu-
nosoro psga — PIIAA, WenoYHon peareHT — cunukat Hatpus W

BoAy, nNpwu cnegywowemM COOTHOLEHUN KOMMOHEHToB, % (no
macce):

BEHTOHUT ...cvvvviiiiieieieeceee 5,0

PMAA ... 04—0,6

CwunukaT HaTpus 0,6—1,6

Boda ..o, OcTtanbHoe

PIMAA obnagaeTt cBovcTBaMy CTYOHEBWUAHOW HETEKYYen CTPyK-
Typbl, NpU B3aMMOAEWCTBUM C BOAOW HabyxaeT, MHOroKpaTHO
yBenu4ymBasacb B obbeme. Takasd CTpyKTypa XOpOoLO yaepxusaeT
BOAY, YBENUYMBASA BHYTPEHHEE TPeHWe Mmexay MakpoMonekynamwu
PIMAA. 3T1o obecneyvMBaeT XOpOLUYH YOEPXKUBAMOLLYIO CMOCO6-
HOCTb HanomnHUTeNs — NWHbI, CTabunNManpysa ¢as3oBbIi COCTaB.

Cunukat Hatpusi gBnsieTcs CTUMyNSiTopoM HabyxaHus PITAA
B BOAe 3a cyeT nosbiweHns pH go 12, 4yto npeagoTBpallaeT rno-
Oynusaumio  makpomonekyn PIAA 1 npaktnyecku ycTpaHseT
cuHepesunc. pyu 3aTOM MCMONbL3YKTCA camMoperynupyowasacsa rua-
ponuTMyeckas LWeNoYHOCTb peareHTa U crabunuaupytowias cno-
COOHOCTb MONMMEPHBIX MAaKpPOAHMOHOB KPEMHMEBBLIX KWUCIOT, U
noaTomy Aencteme cunukata HaTpua addekTuBHee, 4em, Hanpwu-
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Tabnuua 25
CocraB 1 cBOICTBa NOSIMMEPGEHTOHUTOBOI TaMMOHUPYIOLLEN XUAKOCTH

KomnoHeHTHbIV cocTaB, %
(no macce) Mnactnue Eo%egiﬂ;_
Ho- Akpu- | LLlenou- fnot- | PacTekae- | o oo’ poa” | muaeckoe
aaT | monn- | reHt — Bopa mMa-c | HUe caBu-
Mep — | cunukar ra, alla
PTAA | HaTtpua
1 5 0,4 0,6 94,0 1027 22,0 64 188
2 8 0,6 1,6 89,8 1057 15,5 202 497
3 6 0,5 1,2 92,3 1032 19,5 92 228
4 5 0,5 0,6 93,9 1024 21,0 78 197
5 8 0,5 1,6 89,9 1055 28,5 185 386
6 7 0,6 1,0 91,4 1043 16,0 211 435
7 4 0,3 0,5 952 1020 25,0 31 78
8 9 0.7 1,7 88,6 1062 10,10 He 3amepsiembl (BbicO-
KOBfi3Kas cucrema)
9 7 0,5 - 92,5 1040 18,0 67 345
10 7 — 1,0 92,0 1044 25,0 11 17
11| 12,5 MAA 2,0 85,25 | 1060 9,0 37 95
0,25
Tabnuuya 2.6
BrnnsHue nonuMepbeHTOHNTOBOM XWAKOCTU Ha CHUXEHWe
NPOHULIAEMOCTU KEpPHOB
CraTtnyeckoe Ha-
MpoHuyaemocTb
Homep| PP | Tukco- |Cumepeanc,|  kepwa, mkw® - [Tamnony-
n/n Tponus % 5 5 gé) (buéKT
no obpa- |nocne 06-
3a 1 muH|3a 10 MuH P paboTki
1 119 321 2,7 0,23 0,570 0,104 81,7
2 289 1040 3,6 0,00 0,722 0,057 92,1
3 198 673 34 0,03 0,436 0,093 78,6
4 183 567 3,1 0,08 0,395 0,064 83,7
5 265 954 3,6 0,00 0,840 0,087 39,6
6 256 717 2,8 0,12 0,615 0,111 82,0
7 35 43 1,2 5,10 0,517 9,265 48,7
8 He 3amepsiembl (BUCOKOBSI3Kasi cuctema)
9 376 714 19 1,50 0,597 0,297 50,2
10 15 16 1,1 25,00 0,358 0,226 37,0
11 50 64 1,3 2,7 0,876 0,336 61,6

MpumeyaHnsa: 1. Peonorndyeckne napameTpbl cOoCTaBa Onpeaensnucb Ha
peosucko3umeTpe «Fann». 2. CuHepesuc rens onpegensancs no obbemy Xuako-
CTW, BblAenuBLUENCS U3 renst Yepes 48 4 nocne npurotToBneHusi coctasa (B % ero
ncxogHoro obbema). 3. Bpemsi reneobpasoBaHWs UCMbITbIBAEMbIX COCTaBOB 3 —
4 4. 4. TpoHnyaeMocTb kepHa onpeaensanace Ha ycraHoske YUIMK-1M.

Mep, KaycTMka W KarbLUMHMPOBaHHOW coAbl. Cunukat HaTpus
3HaA4MTENbLHO ynydllaeT CTPYKTypooOpasoBaHWe cocTaea, Mo-
CKOMNbKy nerko obpasyeT C KaTMOHamMW MONMBANEHTHbIX MeTannos
TpyaHOpacTBOpUMble coefMHeHus. CocTaB UMeeT perynupyemyto
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pacTekaemocTb, HeobXxoauMyto Ansi ero MPOHWKHOBEHUST B Tpe-
LWMHOBaTble Mopodbl Gnarogaps cunukaTy HaTpus, KOTOpbIA SB-
nseTca UHrMbuTopoMm HabyxaHus MMUH M NpegynpexgaeT yBenu-
YeHue KOHUEHTpaumm ancnepcHon asbl.

PesynbTatbl 3KCNEPUMEHTOB NpuBeaeHbl B Tabn. 2.5 n 2.6, 3
KOTOpbIX crefyeT, 4TO COCTaB [Afs M30MAuUU 30H MOrnoLeHns
bonee adpeKkTMBEH MO CPaBHEHMIO C U3BECTHLIMMW: MiacTuyeckas
BA3KOCTb yBenuumBaetcsa B 1,7—5,5 pasa npu coxpaHeHuu yaoB-
neTBOpUTENbHBIX 3HAYEHW MO pacTekaemocTW, CuHepeauc cnabo
Bblpa)Xe€H WnM OTCYTCTBYET, TaMMOHMpYyLWMi 3deKkT noBbIWwa-
etca B 1,2—1,5 pasa. TexHonornyeckne nokasatenu paspaboTaH-
Horo coctaBa o6ecnedvBaloT Gonee rnybokoe MNPOHWKHOBEHNE
pacTBopa B 30HYy MOrMOWEHNss u Nnydwee ee ONokMpoBaHuWe 3a
cyeT obpasoBaHMs rens C BbICOKMMW BA3KOYNPYrumMu CBOWCTBaMMU
N OTCYTCTBMEM BbIAENEHUS CBOOOOHON >XMOKOCTU. Bbicoknn tam-
noHupyowWmin adpdekT coctaBa obecrneymBaeT KadecTBO M30ns-
umm n BesasapuiiHoe nposefeHve paboT npu BypeHuu N uemeH-
TMPOBaHUN CKkBaxuH B ycrnosusax AHMA.

2.1.5. TAMIIOHAKHBII PACTBOP JUISI H3OJIAIAA
IMPOHULAEMBIX IIVIACTOB

TamnoHaxHbIA pacTBop ANS M30NAUMKM MPOHULAEMbIX MNacToB
[57] vMeeT ynyuylleHHble M30MSLUMOHHbIE CBOWCTBA 3a CYET Mo-

Tabnuua 2.7
Cocras, peLentypa u peonormyeckne CBoiCTBa TaMNoOHaXXHOro pacTeopa
Mnactnyeckas | AnHammyeckoe
TamnoHaxHbI cocTas, % (no macce) BSI3KOCTb, HanpsbkeHne
ch’;"'r?p 11073 MNa-c casura, aMa
Xnopua|Xnopua| OMN®- yepes | yepes | Yepes | yepes
Funan MarHus xenesa| 1H Bopa 1 MuH 3y 1 MuH 3y
1 4,8 0,8 1,8 0,8 91,8 57,5 87,8 127,3 | 170,1
2 5,2 1,2 2,2 1,2 90,2 58,5 83,4 | 174,1 | 202,5
3 50 1,0 2,0 1,0 91 55,0 79,7 196,3 | 220,2
4 5,1 1,2 2,0 1,1 90,6 60,0 81,4 | 1675 | 1923
5 4,8 1,0 2,2 0,8 91,2 61,2 90,7 129,2 | 187,4
6 52 0,8 2,0 1,2 90,8 56,5 77.8 162,2 | 192,8
7 4,7 0,7 1,7 0,7 92,2 77,0 - 386,6 -
8 5,3 1,3 2,3 1,3 89,8 65,6 83,9 | 1675 | 2049
9 50 1,0 2,0 - 92 Koarynsauyus
10 5,0 - — 1,0 94 36,7 37,9 26,6 26,6
11 — 1,0 2,0 1,0 96,0 1,2 1,2 15,9 15,9
12 50 - 2,0 1,0 92 85,5 122,6 | 126,7 | He 3a-
mepsie-
MO
13 50 1,0 - 1,0 93 35,5 32,0 10,7 22,0
14 4,84 1,0 7.0 - 43,6 23,7 258 12,5 14,5
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Tabnuua 2.8

CraTuyeckoe HanpsbkeHWe casura U Bpemsi reneo6pasoBaHus
TaMNOHAXHOro pacTeopa

Cratuyeckoe HanpskeHvie Bpems Xapakrepuctuka
Howmep cagura, alla reneobpaso- TaMMOHaXXHOro
n/n BaHus, cocTaBa [0
yepe3 1 MuH | Yepes 10 MuH Yy—MuH reneobpasoBaHust
1 54,5 59,6 3—-05 OAHOpPOAHbINA, TUKCO-
TPOMHbIN, TEKYYNIA
2 59,9 64,3 3—-35 To xe
3 49,9 58,9 3—15 «
4 54,8 64,3 3—45 «
5 79,8 85,7 3—10 «
6 54,9 61,8 3-30 «
7 89,8 96,3 0—15 HeoaHopoaHbIn, TUK-
COTPONHbIA, Manonoa-
BVDKHbIN
8 449 48,2 3—20 OaHopoaHbIRA, TUKCO-
TPOMHbIN, TEKYYNIA
9 - - - HeogHopoaHbIl, He-
TeKyuui
10 10,0 10,7 eneobpasoBa- | OQHOPOAHbLIN, HETUK-
HUS HeT COTPOMHBIV, TEKYYUIA
11 - - eneobpasoea- To xe
HUS HET
12 29,9 32,1 0—45 HeopnHopoaHbIl,
HETUKCOTPOMHBIA,
ManonoaBWXHbIN
13 10,0 10,7 Bonee OfHOpPOAHbINA, HETUK-
24—00 COTPONHbBINA, TEKYYUIA
14 10,0 10,7 Bonee OpHopoaHbIn, Teky-
48—00 uni

BbILLUEHNS MNNACTUYECKOW MPOYHOCTM W COKpaLLEeHWUss BPEMEHU re-
neobpasoBaHus.

Pa3paboTaHHbIi  TaMMOHaXHbIA pacTBOpP  BKIOYaET  ruMnaH
(TY 6-01-166—74), TeTpaHaTpueByto conb 20 okcu-1,3-nponunex-
OVNaMUH-TeTpaMe-TUNeHPOCHOHOBON  kUcnoTbl  Mapku  AMNd-1H,
Xnopwupg Xxenesa, xnopua marHusa.

MonyyeHre usonupyloLlero cocraBa CBA3aHO C MNpOTEKaHuem
psga CnoXHbIX (OU3UKO-XMMUYECKNX npoleccoB. [lepBoHavanbHO
npy¥ CMEeLMBaHWM BbIOPAHHBIX KOMMOHEHTOB MPOMCXOOUT OObIY-
Has peakuusi reneobpasoBaHMs MOMNANEKTPONIUTOB C KaTMOHaMM
MeTannoB. B pesynbTate mnpoTekalwmx MnpoLeccoB MNpoucxoaaTt
N3MEHEHNE CTPYKTYpbl rens ¢ paspbiBOM XUMWUYECKUX CBA3ENR,
BO3HMKHOBEHMEM MaKpopaauKamnoB, CMNoCOOHbLIX PEKOMOUHUPO-
BaTb B HOBblE MOMEKYIbI, 1 06pa3oBaHMe NPOYHOro reneobpasHo-
ro cocrtoaHus. [podyKTbl peakunyn rMaponuanpyroTca ¢ obpaso-
BaHMeM Xugkon asbl C HU3KMMK 3HAYeHUsSMU pH, 4TO WHTEH-
cuduumpyeT npouecc Habopa MNpPOYHOCTM TFeneMm u perynupyet
BpeMs 3aBepLueHus reneobpasoBaHusa B npegenax 3—4 u.
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OkcnepyMeHTanbHble OaHHble NpuBegeHsl B T1abn. 2.7 n 2.8.
CoctaB nos3BondeT MOMyYnTb OAHOPOAHbLIN TEKYYMI, TUKCOTPOr-
HbI TaMMOHaXHbIA PacTBOpP, NPUrogHbIM AN U30NaUMn NnacTa.

M30naunoHHble CBOMCTBA TaMMOHaXHOro pacTeopa ynyduwa-
IOTCA 3a CYET MOBbILEHUA MNNAacTUYECKOW MPOYHOCTU: OUHaAMUYeE-
ckoe HanpsbkeHue caBura 4yepe3 1 MuH yBenuumsaetca B 10—
16 pas, yepe3 3 4 — B 12— 15 pas, BpeMs reneobpasoBaHus —
B 15— 16 pas.

2.2. UCCJIEJJOBAHUE CBOMCTB IMMOJIMMEPCOJEBBIX
COCTABOB

B nutepatype no Bonpocam 3(pEKTUBHOCTU MPUMEHEHUSA Mpo-
MbIBOYHbLIX W CMeuManbHbIX XWUOKOCTEW pPasfu4YHbIX TUMOB AMA
BCKPbITUS MPOAYKTUBHbLIX MMacTOB MPOCMEXMBAETCA TEHOEHUWS B
nonb3dy MONMMEPCONEBbIX KOMMO3ULMA C ManbiM codepXaHuem
rMUHUCTON pasbl n 6e3 Hee.

Tak, No AaHHbIM YuUMcKoro HedpTaHOro MHcTUTyTa, [lepmb-
HUMWHedTb, BawHWUMUHedTs, HBHUUIT, 6. BHUWNKpHedTb,
CHNNITMC, CesKasHWIMWras un Apyrux WHCTUTYTOB MNpUMEHe-
HME MONMMEPCOSIEBLIX MNPOMbIBOYHBLIX kupgkocTen (MCXK) He
TONbKO YyMyyllaeT TexHU4Yeckme nokasaTenun npouecca OypeHus,
HO W CYLIECTBEHHO MOBLILIAET KA4YeCTBO BCKPbITUS MPOLYKTMB-
HbIX MNACTOB NPW 3aKaHYMBAHUN U PEMOHTE CKBaXMH.

Mpuuem B kKayecTBe OMCMNEPCHOW (pasbl BMECTO [MUHbI MOTYT
ObITb YacTuubl, obpasyllmecss B pesynbTaTe Kommnnekcoobpaso-
BaHUSA Mexgy nonumepaMym M uoHamu coner metannoB ¢ gobas-
NeHnemM MenkoguCcnepcHOro Lwnama unu HamnosmHuTens.

Takue TCX npu cunbTpaumm 4Yepes NpoayKTUBHbIE Mecya-
HUKN  ApnaHckoro HedTAHOro MEeCTOPOXAEHUS C MNPOHULAEMO-
ctbio 0,1—1,0 MKM? [aloT HENPOHWLAEMbIA 3KPaH TOMLMHON 3 —
5 mm, BblgepxuBarowmin gasnenue go 8,0 Mla [58].

[ononHuuteneHbIn  BBOA, BogopacTBopumbix conen  (CaCl,,
ZnCl, w pgp.) no3BonsieT noBbiCMTb MIOTHOCTb [CXK go 1400 —
1800 kr/ M® npu GypeHWn N peMoHTEe CKBaxWH B ycriousx ABIM[
[59].

OKcnepuMMeHTanbHO MokasaHo, 4To npu Bo3gencteum [1CXK
Ha OCHOBe 3(hMpOoB LENMONO3bl, aKpPUNOBLIX MOMMMEPOB U CONen
KomnnekcoobpasoBaTenem Ha  BbICOKOMPOHMLAEMble  06pa3supl
necka W necyaHvka (0o 9 MKM?) OTMEYalOTCs BbICOKAs CTeneHb
BOCCTaHOBMNEHUSA npoHuuaemoctn (8o 70 %) npu manbix pasmepax
30HbI KofbMartauum (40 2 MM) U NOSMIHOE BOCCTaHOBMEHWE MPOHU-
LaemocTu npu ee yganeHuu [60].

BmecTte ¢ Ttem, no mHeHuto H.A. KpbicnHa ¢ coaesTopamu [61],
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NpPOEKTUPOBaHNE COCTaBa M CBOWCTB OypoBbIX pacTBOPOB SBIIsi-
€TCS aKTyanbHOW N CNOXHOW TEXHOMNOrMYeckon 3agadven.

Mpn paspaboTke HOBbIX COCTaBOB OypOBbIX pPacTBOPOB, Mare-
puanoB M XMMUYECKUX peareHToB obs3aTenbHbiM TpeboBaHMEM K
HUM OOMKHO OblTb CTpOroe onpegeneHne obrnactv NPUMEHEHUa n
OOCTMKEHUS  TEXHUKO-9KOHOMUYECKUX MpeuMMyLLEeCTB nepen wus-
BECTHbIMWN cocTaBamu [61]. S peKkTUBHbIM NONUMEPCONEBLIM CO-
CTaBOM SBMSETCHA TOT, KOTOPbIA He TepsieT CBOMX CBOWCTB M Ma-
pameTpoB B LUMPOKOM AManasoHe AaBreHun v Temnepartyp, yc-
TOMYMB K BO3OEWCTBUIO MNnacToBbiX ¢roMaoB u obrnagaer cro-
COBHOCTbIO OrnokMpoBaTh MMAcT Ha KOPOTKOE WNW AnuTenbHoe
BpeMS.

OpHUM n3 KpUTEPUEB CMOCOOHOCTU XMAKOCTEW BpPEMEHHO 6ro-
KMpOBaTb MPOHMLAEMbIE TOPHbIE MOPOAblI SABNAETCA KoadpuLm-
€HT BOCCTaHOBMEHUA WX MNpoHuuaemMoctu B, BBeAeHHbIn K.®. XKu-
radem n K.®. lNaycom [63]. Ecnu koscbduumneHT B He npesbiwaeT
50 %, TO XMOKOCTb He yaoBneTBopsieT TpeboBaHWSM KavyecTBeH-
HOr0 BCKPbITUSI MPOAYKTUBHOIO Mnfacta U MOXET UCMOoNb30BaTbCA
TONbKO ANS U30NAUUN NMOrnoLEeHNn B HENPOAYKTUBHbLIX NacTax.

MHOrMMK  nccnegoBaTensiMM  YCTAHOBMIEHbI  3HAYEHUSA  KO3-
duyueHTa B nocre B3aMMOLEUCTBUSA C PasfUYHBIMU KUOKOCTAMMU.
B 1abn. 2.9 u Ha puc. 2.1 npmBoasTcss 06O6LLEHNS HEKOTOPbIX
Hanbonee xapakTepHbIX pe3ynbTaTtoB 3TUX UCCNEAOBaAHUN.

BugHo (cm. Tabn. 2.9), 4to nocne unbTpauunm MUHEpPanNn3o-
BaHHOW (MNacToBOM) BOAbl, NPOHULLAEMOCTb €CTECTBEHHbIX Kep-
HOB necyaHuka BoccTaHaBnmBaeTcsa 00 82— 86 %. MoaobHbIN Bbl-
COKU pes3ynbTaT AOCTUraeTca nocne B3auMOOAEUCTBUSA MPECHON
BOAbl C UCKYCCTBEHHbLIM MecyaHnkom [3].

B 1O e Bpems, no gaHHbim B.A. ®ykca ¢ coaBTopamn [63]
n bepHeca [64], nocne unbTpauun NpecHon Boabl Yepe3 obpas-
Ubl €CTECTBEHHOro necyaHuka KoauumMeHT [ He npeBbllaeT
11,13 % [65] »n TOnbko 4Yepe3 62 4 NPOTUBOTOYHOM MPOKAYKM
HedpTn MOXeT JoCTUrHyTb 99,2 % [64].

HobaBneHve B BOAY [MUWHbI, MONMMMEPOB, YTSHXKENUTENEN U CO-
ner npuBOOUT K PE3KOMY CHWXEHMIO npoHuuaemoctn (bonee
yem Ha 50 %) B GONMbLIMHCTBE paccMaTpuBaemblX CcriyvyaeB (CM.
Tabn. 2.9, Ne 7, 9—14, 16, 17).

OKCMepUMEHTANbHO YCTAHOBMIEHO, YTO Ha XapakTep W Temn
n3MeHeHnss KoapduumeHTa B CyLeCTBEHHO BMMAIOT [Ba OCHOB-
HbIX hakTopa: McxogHas (nepBoHavanbHas) NPOHULAEMOCTb Fop-
HOV mopogbl M nepenag (rpagueHT) gaenenusa [3, 4, 7, 10—13,
51—153, 62—73, 80 n gp.].

Mo paHHbim A.W. lNeHbkoBa c coaBTopamu [73], B HMU3KOMPO-
HUUaeMbIx Komnnektopax (ko < 0,075 MKM®) nydwmne pesynbraTbl
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Tabnwuua 2.9

BoccraHoBneHWe NpoHMLIaeMOCTH NPy B3aMMOAENCTBUMN KEPHOB FOPHLIX NopoA
C pasnnU4HbIMU XNOKOCTAMU U MEHHBIMU CUCTEMAMU

Koadhpu-
HavanbHas HNCHT
Ho- Tun nopoawi npoHLae- Twun . BOCCTa Wcecneposatenu,
mep kepHa MOCTh k. NPOMbIBOYHOM | HOBMEHUS | WUCTOYHWKN UH-
n/n 3 KugkocTtu npoHuuae- dhopmauum
MKM MOCTU
B %
1 | NekyccTtehn- 1,6 —2,0 MpecHasa Boga 53—64" | K.®. Xurau,
HbI necya- K.®. Mayc [62]
HUK 0,3—3,0 To xe 82—88" |B.A. AMusH,
H.M. Bacunbe-
Ba [3]
0,53 « 59,4" To xe
2 | leBoHCKui 0,4—2,0 « 42—50" | W.B. leBanauH
nec4YaHuk [3]
PomalukuHc- 0,4—0,2 MnactoBas 86 —82" To xe
KOro MecTopo- BoAa
XKaeHus
3 | MecyaHuk 0,38—0,98 |MNpecHas Boga | 8,7—11,13 | B.A. ®ykc,
MErKo- n B.B. KasaHc-
cpenHesep- kA, T.H. Mo-
HUCTbIN ckanew, v gp.
(kapbepHbIit) [63]
4 | MNecyaHuk 0,0064 —0,243| NpecHas 0—-3,1" BepHec [64]
HedTeBOaO- BOAA (cpasy no-
HaCbILLEHHbIN, cne Hacbl-
nnact Ctu- LeHns
BEHC, MECTO- BOAON)
poXaeHvie 59,4—99,2"
Manoma (BOCCTaHO-
(CLUA) BMneHune
yepes 62 4
npoTuBO-
TOYHOW
npoKayku
HedTn
5 To xe 0,20 nUHUCTBIR 65,0" Hosak,
pacTBop Ha Kptorep [64]
BOJHOW OCHO-
BE
6 | NckyccTBeh- 0,59 To xe 71,7 B.A. AMusH,
HbIA nNecya- H.M. Bacunbe-
HUK Ba [3]
7 To xe 0,44 MUHUCTBIN 47,5 To xe
pacTBop ¢
nobaeneHnem
10 % YLIP
8 « 0,43 [ NMHUCTBI 59,8" «
pacTBop C
nobaeneHnem
1 % KML|
9 | MecyaHuk 0,113—1,302| 1 %-HbIln BOA- 3,0—4,80 |[B.A. dykc n
KapbepHbIii HbIi pacTBop ap. [63]

KML|
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MpoponxeHune Tat6n. 29

Koadpdpu-
HavanbHas HNEHT
Ho- Twun BOCCTa- | lccnepoBartenu,
mep Tva nopoae npormu,ze- NPOMbIBOYHOI | HOBMEHUS | WUCTOYHUKU UH-
n/n epra MOCTb o, KUOKOCTU npoHuuae- dopmauum
MKM MOCTU
B %
10 | KapboHaTHbin 0,037 BeHTOHUT 43,9 J1.H. Kyapse-
KepH 20 %, uenec- (62,3 ues, B.M. MNoga-
TH 14 %, nocne rOpHOB [65]
KM 77 %, consiHo-
aHunuH 0,53 %, | kucnoTtHomn
cepa 0,33 %, | obpaboTku
BOJa — ocTanb-| CKO)
Hoe, p =
= 1300 kr/ m*
11 To xe 0,061 BeHTOHUT 31,5 To xe
6,5 %, uenec- (53,4
TUH 68 %, nocne
KML, 0,62 %, CKO)
aHunuH 0,23 %,
cepa 0,23 %,
Boga — OcC-
TanbHoe, p =
= 2200 kr/ m*
12 « 0,043 BeHToHUuT 21,6 «
20 %, 6aput (33,2
12,9 %, nocne
KMLL 0,85 %, Crno)
aHunuH 0,33 %,
cepa 0,33 %,
Boga — Oc-
TasbHOE, p =
= 1300 kr/ m*
13 « 0,064 BeHTOHUT 0 «
6,5 %, baput (nocne
66,1 %, CKO)
KMLL 0,64 %,
aHunuH 0,22 %,
cepa 0,22 %,
Boga — OcC-
TanbHoe, p =
= 2200 kr/ m*
14 « 0,047 BeHToHUT 25,5 «
17,5 %, baput (38,5
11 %, nocne
KML, 2,2 %, Cho)

aHunuH 0,71 %,
cepa 0,71 %,
NaCl 18 kr/m®,
pana 50 n/ m*,
Boga — Oc-
TanbHoe
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MpoponxeHune Tat6n. 29

Ho-
mep
n/n

Tun nopoabl
KepHa

HavanbHas
npoHuae-
MOCTb ko,
MKM?

Tun
NPOMbIBOYHOW
KMUOKOCTU

Koadpdpu-
LMEeHT
BOCCTa-
HOBMEHUs!
npoHuLae-
MOCTHU
B %

Mccnepoartenu,
WNCTOYHUKMN WH-

cdopmauum

MecyaHuk
(kepH npo-
OYKTUBHbBIX
OTIIOXKEHWN
MECTOPOX-
nenns [asnn)

MckyccTBeH-
HbIR necya-
HUK
MecyaHuk
(kepH npo-
OYKTUBHbIN
BanagXuH-
CKUX OTIO-
XEHUN YpeH-
rOMCKOro
KM)

To xe

MecyaHuk

1,52—1,60

2,16—2,48

0,42

0,020—0,093

0,04—0,30

0,283

0,375

MUHUCTBIN
pacTtBop, 06-
paboTaHHbIi
on-1o0
MUHNUCTLIN
pacTeop,
obpaboTtaH-
HbI 0,5 %
cynboHona
HM-1
NMAA1—-29%
BOga — OC-
TanbHoe
Na25103 5 %,
rMapoOnu3o-
BaHHbIV Nur-
HUH 6 %,
NaOH 1,2 %

Monumepber-
TOHWUTOBbIV
pacTBop
(8%-HbIR rnn-
HUCTbIV pac-
TBOp C AobaB-
KOV rmgponu-
3aTa cycneH-
3MOHHOrO CO-
nonumMepa ak-
punoHuTpuna
C MeTunakpu-
naTtom
BogHbii pacT-
Bop CaCl,
JlurHocyne-
OHaTHbIN
pacTBop
Parvnon
(rvaporenb)
O3U-® 3 %,
KCL 3 %,
CaCO; 10 %,
MNKO-575 1 %,
Gaput 28 %
Bbiwesanu-
CaHHbI coc-
TaB (6e3 ba-
puTa)

52—67,0

61,0—65,0

10,0—4,1

28,4—13,7

92—78

80—52
85—68,5

89"

Y.[O. Mamag-
KaHOB,
I.A.MNongskos,
M.W. Xopxaes
[66]

Y.[O. Mamag-
XaHoB [67]

B.W. Bsaxupes
[68]

M.M. BeicTpoB
[69]

A.N. TNeHbkKoB,
B.H. Kowenes,
C.H. Wvwkos

[70]

To xe
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MpoponxeHune Tat6n. 29

Koadpdpu-
Ho- HauaneHas Tun BLélg?::;- Wccneposatenu
Twn nopoapl npoHuuae- . A ’
mep kepHa MOCTb k NPOMBIBOYHOW | HOBMEHWUSA | UCTOYHMKM WH-
n/n MK o KUOKOCTU npoHuuae- dopmauum
MOCTU
B %
0,273 BeHToHUT 6 %, 95" A.W. MNeHbkoB,
Nnc 1 %, B.H. Kowienes,
HT® 0,1 %, C.H. Wwwkos
MKa 0,5 % [70]
20 | NecyaHuk 0,428 iDF: 96" To xe
Buononumep
(iDvis) 0,5 %,
PAC 0,5 %,
Moamdnumpo-
BaHHbIA Kpax-
man 1,0 %,
NaCl 1,0 %
21 | UckyccTBeH- 0,250 TpexdasHas 88,2 K.M. Tarupos,
HbIR necya- 0,318 neHa. MOX: 88,64 3.K. KnumeH-
HUK 0,344 GeHT. rmuHa 88,70 ko, B.W. Hu-
0,422 5 %, 87,0 daHTOoB,
KML, 0,5 %, C.A. Akonos
MAB 0,3— [71]
0,5 %,
Boga — OcC-
TanbHoe
0,338 MoX 78,4
22 | HecuemeHTu- 1,121 TpexdasHas 68,2 K.M. Tarupos,
pOBaHHbIN 1,767 neHa 67,2 B.U.HudpaHTOB,
KBapLeBbIv 3,314 65,4 C.A. Akonos
Nnecok pasme- 4,282 67,9 [72]
pom cbpakumi
1,25—0,16 mm

* KoachchmumeHT B onpepensieTcss no pesynbTatam uUnbTpaLMM HENOMNSIPHON
yrneBoAOpPOAHON XWAKOCTWM Yepes KepH A0 W nocne B3avMO[ENCTBUA C NPOMbI-
BOYHOW >MAOKOCTbIO. B ocTanbHbIX crnyyasix NpoHULAemMocTb onpefensnacb Mo
BO3JYXY.

[aloT pacTBOpbI ¢ TBepaon dason, a npu 0,075 < k < 0,80 MkM* —
0e3rnMHUCTLIE NONMMMEpPHbIE PaCTBOPLI.

BmecTe ¢ Tem BOMpOC O XapakTepe BMUsiHUS 3TUX hakTopoB
Ha BOCCTAHOBIIEHME MNPOHULAEMOCTU TOpHOM nopodbl nocne ee
B3aMMOAENCTBUST C MPOMbBIBOYHBIMW M CheynanbHbIMUA KUOKOCTSA-
MW OCTaeTCsi OTKPbITbIM.

K.®. XKurau n K.®. lMayc [62] ycTtaHoBUNM, 4YTO nepenag Oas-
NeHns B3aMMOAENCTBUS BNUSET Ha GunbTpauuio OypoBbIX pac-
TBOPOB B KepHax CLEMEHTUPOBAHHOrO MecyaHuka OO ornpeneneH-
Horo npegena, T.e. go 1,0 Mlla npu anvHe kepHa 5 cm (8o
3HadeHust rpagueHTa paeneHunst 0,2 Mlla/ cm). Bnocnepcteum
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Puc. 2.1. pacduk u3MeHeHUs KoapULUEeHTa  WCKYCCTBEHHOro necyaHuka ro-
crne BO3[ENCTBAA Ha HEro pasnU4YHbIMU XUOKOCTAMMU U MEHOM:

I — npecHasi Boga (Toukn 1—4); II — rnuHUCTBIA pacTBop (Touku 5, 6); III — pac-
TBOp NonumepoB (Toukn 7—10); IV — TpexdasHas neHa (Touku 11—18)

J1.H. KygpsisueB 1 B.M. lMoaropHoBs [65] nokasanu, 4TO Ha u3me-
HeHWe ra3onpoHULIAEMOCTN KepHOB kapOOHaTHbIX MOpoA B Mpe-
penax 0,015—0,125 Mkm? rpagveHT AaBneHus okasbiBaeT BIMsIHWE
TONbKO MNpu 3HadveHusix bonee 4,2 Mlla/cm (paeBneHue ruagpoob-
XvMa kepHa paBHo 25 MI1a). Npuyem 3TO BnMsSiHME B mccneno-
BaHHOM [Juana3oHe ra3onpoHULAEMOCTUN HE3HAYUTENBHO U  He
npesbiwaet 5 %.

OpHako, kak nokasan B.H. llenkayeB [74], nameHeHve pasne-
HUA B nnacte CyLWeCTBEHHO BMAWSAET Ha 3Ha4yeHue MOopUCTOCTU
NPOHULIAEMON TOpPHOM nopoAabl M MNNOTHOCTU  PUNbTPYIOLLECA
Xngkoctn. BBefeHHbIn UM KO3 ULMEHT 3 Mbe30NpoOBOAHOCTU
nnacrta xapakTepu3yeT Temn npouecca nepepacnpegeneHus nas-
neHud, T.e. TEMN Mpouecca ero BblpaBHWBAHWSA, N ONpeaenseTcs
paBeHCTBOM

k

=% 2.1
x p(mBy +Bc) (2.1)
roe k — Kkoa(pOULMEHT MPOHULL@EMOCTM, M% [ — AMHaMUYecKast
BA3KOCTb punbTpytowenca xugkoctu, Ma-c; m — koapduumeHt

NOpuUCTOCTU, AONMU en.; PBuw PBc — OOBEMHBLIN KOIPPULMEHT YyMpy-
roctm (CKMMaemMoCTW) COOTBETCTBEHHO >KMOKOCTM W MOPUCTON
cpenbl, Ma~ .

OueBnaHO, 4YTO Mocrne B3aMMOAENCTBUSI MPOMbIBOYHOW KUOKO-
CTU C KEPHOM TFOpPHOM Mopoabl M3MEHUTCS HE TONMbKO €ro mnopwuc-
TOCTb, HO W MNPOHMUAEMOCTb, KO3MUUMEHT YMNPYrocTu Hacbl-
LiatoLLei NopoBOe MNPOCTPAHCTBO XWAKOCTU, a Takke BenMynHa
U, Xapaktepuayowas BA3KOCTb (hUMbTPYEMONM CMecu (Hanpumep,
HedTu (rasa) n cunbTpaTa GypoBoro pacreopa). B cnabocuemeH-
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TUPOBaHHbIX (PbIXMNbIX, HAaCbIMHbLIX) KOMNMeKTopax Heobxoammo
yumMTbiBaTb TakKe M U3MEHEHWUst KoaduLuMeHTa ynpyroctM no-
pUCTOW cpedbl, TaKk Kak BOCCTAHOBIIEHME MNPOHMLAEMOCTU (korga
B < 100 %) 3amepsieTca npu Gonbliem rpagueHTe AaBreHus, Yem
[0 B3aMMOAENCTBUS MPOMbIBOYHON XUAKOCTU C KEPHOM.

B.H. WlenkaueB [74] nogoyepkvBaeT, YTO B MpOCTeNWLleM Cry-
Yae ypaBHEHUSI COCTOSHUS >XUOKOCTM U MOPUCTOM Cpedbl UMEIoT
BUA:

dp/p = pxdp, (2.2)

dm = B.dp (2.3)

MU CBA3bIBAOT HENMHEWHBbIMU 3aBUCUMOCTSAMU U3MEHEHUS MoT-
HOCTW XWOKOCTUM p WM MOPUCTOCTU m C U3MEHEHWEM [aBfeHus p.
lMpoHMLaeMOCTb MOPUCTON cpedbl U BA3KOCTb KUOKOCTU MNPUHU-
MalTCsl He 3aBUCALLMMW OT [aBfieHWUst MOCTOSIHHbIMU  BENWYK-
HaMu.

OpHako B.H. Wenkayes [74, c. 36] oTMey4aeT, YTO «Hago y4uu-
TblBaTb, YTO CYLECTBYET MHOMO MpakTU4eCKU BaXHbIX U Teope-
TMYECKM WHTEPECHbIX 3afad, Mpu peLeHMU KOTOPbIX HegonycTu-
MO CuUMTaTb MNPOHNLAEMOCTb W BA3KOCTb MOCTOSAHHLIMW BENNYN-
HaMn»,

C yuyetom chopmynbl (2.3), nmocne HecnoxHblx npeobpa3oBa-
HUIA, meem [75— 78]

m = my — Bc (P — Po) (2.4)

roe my — nepBUYHas NMOPUCTOCTb.

B.M. [oGpbiHWH [77] npegnoxun apyryto, 6onee CrnioxHyro
dopmyny Ans onpegeneHns M3MeHeHusi MopuUcTocT B 3aBUCUMO-
CTW OT CO3[4aBaemoro OaBfieHUs Ha ropHble nopoAbl, koTopasi Mo-
cne npeobpa3oBaHusa UMeET BUA:
m=—"0 (2.5)

my +e < (1-my)

[ns OUeHKM CTeneHn LOCTOBEPHOCTWM MPOBEAEM pacyeT M3me-
HeHus KoadduumeHTa NOPUCTOCTU B 3aBMCMMOCTM OT AaBrieHus
no dopmynam (2.4) n (2.5) n cpaBHUM BbIYUCIIEHHbIE 3HAYEHMS m
C 3KCNepMEHTanbHbIMU AaHHbIMU, B3ATbIMU U3 paboTbl [78].

N3 Tabn. 2.10 cnepyet, 4to no copmyne (2.4) MOXHO OLUEHU-
BaTb W3MeHeHWe KoadhPMUMEHTA MOPUCTOCTU TOPHbLIX MOPOL C
[OMyCTMMOM MOrpeLHOCTbI0 MPU  CPaBHUTENBHO HU3KUX 3Ha4e-
Husax paenenust (go 8,0 MIMa), uTo M nogTBepxpaeTca B paboTe
[79]. Popmyna (2.5) paeT cpaBHUTENbHO Marble MNOrPEeLHOCTY
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Tabnuua 2.10

3aBucuMMocTb koadhULMeHTa NOPUCTOCTU m NecyaHbIX FOpHbIX Moposa
OT JaBneHus

M3bbiTouHoe | Skcnepu- PacyeTHbIi m MorpeluHoCcTb pacyeTos,
[NaBneHne, |MeHTarnbHbIiA no cdopmynam %, no dopmynam
Mria m [76] (2.4) (2.5) (2.4) (2.5)
0 0,30 0,30 0,30 0 0
8,0 0,285 0,220 0,284 22,8 0,35
17,83 0,270 0,122 0,265 54,8 1,85
22,17 0,250 0,078 0,255 68,8 2,0
54,94 0,210 - 0,240 — 14,29
68,67 0,190 — 0,178 — 6,32
91,43 0,160 - 0,146 — 8,75
MpumeyaHue. p. = 107° MlMNa ansa necyaHbIx KONNEKTOpoB [79].

(owwmbka 0,35—14,29 %) B WMPOKOM [ManasoHe WU3MEHEHUs W3-
BbiToyHoro gaenenuns ot 0 go 91,43 Mla n pekomeHayeTca Ans
NPUMEHEHNS B NPaKTUYECKUX pacyeTax.

Mo pencTBMEM AOMONMHUTENBHOrO HanpshKeHWs, co3gaBaemMoro
nepenagoMm AaBfeHus, B MHTepBane (30He, NPOCTPaHCTBE) B3au-
MOAENCTBMA MPOHMLAEMOCTb MOpoAbl M3MeHseTcs B Gonee wu-
poOKMX npegenax. dTa 3aBMCMMOCTb BblpaXKaeTCs MNPUBNMKEHHON
dopmynori B.M. obpbiHnHa [75, 77]

k(c—p) z{(c_p)l}n 2.6
k(c-p), [(c-p)]" (28)
rae o — 9ddEKTUBHOE HaMpsKeHUMe B CXUMAEMOW FOPHOW mMo-

poae, MNa; p — paeneHne B nopoge, MNa; (c — p) = Ap — nepe-
nag gaeneHus B obpasue, lMa;

_n(B+0) -
H—2(2+a)[3c(6 p)i (2.7)
o — KO3(MULMEHT, XapaKTepu3yloLMiA CTPYKTYpy MOPOBbIX Ka-

HanoB (ANs CLEMEHTUPOBAHHbIX necyaHunkos: — 1,25 < a < —1,80);
Be — KO3DULMEHT cxmaemocTu nop, Ma .

C yuyeToM ycCnoBuii B3aUMOAEWCTBMS MPOMbLIBOYHOW XWOKOCTU
C KepHamu ropHblx nopoa ¢opmyny (2.6) MOXHO 3anucatb B
BMae
Kp) = Kiapy) 7/ (AD /7 Apy)", (2.8)

(Ap)

roe Ap,, Ap — nepenagbl AaBneHus, Npu KOTOPbIX onpeaensnach
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HavanbHas NpPoHULAEeMOCTb KepHa k M ocyuiecTenanacb (*)VIJ'II:T-

(Apo)
paumsi NPOMbIBOYHOW XMOKOCTW, COOTBETCTBEHHO, [Ma; kuy, — U3-
MEeHEeHHas NPOHMLAEMOCTb KepHa nog AeiCTBueM Ap >> Ap,, MKM?,

OueHVM U3MEHeHMs MPOHULAEMOCTU KEPHOB TOPHbLIX MNOPOA,
npeacTaBneHHbIX neckamu, crnabocueMeHTUPOBAHHBIMU MecyYaHun-
KaMu W KpenknuMmu necyaHukamu, CLEMEHTMPOBAHHbIMU TIIMHK-
CTO-kapboHaTHbIM LeMeHTOM. PesynbTaTbl pacyeToB CBeAemM B
Tabn. 2.11 un 2.12.

B pabotax [77, 78] npvBOAWUTCS CTENEHHas 3aBUCUMMOCTb W3-
MEHEHMS  MPOHULAEMOCTM OT U3MEHEHMs MNOPUCTOCTU  noj
nenctenem Ap:

m
Ksp) =kmpo{ ‘A"’] (2.9)

my

Ona oueHkn M3MeHeHWs NpPOoHMLAeMOCTW neckoB M cnabocue-
MEHTUPOBaHHBLIX MEeCYaHWKOB OT AaBrfeHus npoBedeM pacyeT Mo
dopmynam (2.8) n (2.9), KoTopble OTNNYAKTCA TEM, YTO B hopmy-
ne (2.8) kp 3aBUCUT OT OTHOLUEHWA NepenagosB AaBneHus, a B
(2.9) — OT OTHOWeEHNS KO3(PULMEHTOB NMOPUCTOCTU MPU pPasHbIX
nepenagax AaeneHus. AHanu3 AaHHblx (cMm. Tabn. 2.12) nossonset
caenatb BblBO4 O CHWXKEHUW MNPOHMLAEMOCTU MECKOB B 3aBUCU-
MOCTU OT pasneHus. lMpuyem 3HayeHus kp, PaccyuTaHHble Mo
dopmyne (2.8), MeHbLUE, YeM ornpeaeneHHble no dpopmyne (2.9).

B pabote [78] nokasaHO, YTO Ha M3MEHEHWe MNPOHULAEMOCTU
CYLLECTBEHHO BNUSAET KOSMPULUMEHT CKMMaemMocTn nopod . Ko-
TOPbIA ANA MecyaHblX KOMMEKTOPOB M3MEHSIETCA B [OCTAaTOYHO
WKUpOKMX npegenax (8+20)10 > 1/ MrMa. B dopmyne (2.9) yunTbi-
BaeTCA BnuAHWE KoadMULUMEHTa B TOMbKO Ha U3MEHEHWNE m,p).

Tabnuua 2.11
MsmeHeHne NpOHWLAEeMOCTM (B MKM?) KEpHa NEecYaHWKOB B 3aBMCUMOCTM OT

HauanbHas npoHu- _ _
=1,33; = 1,32
Ho;vlep UaeMoCTb Kiup ) %}1’1 =0,5; [21;;2 =1,0:
nn K n =(3,1+8,00-107° n, =(6,2+15,8)-107°
1 0,05 0,05—0,049 0,049—0,048
2 0,10 0,10—0,099 0,099 — 0,096
3 0,15 0,149—-0,148 0,148—0,045
4 0,20 0,199—-0,197 0,197—-0,193
5 0,30 0,290 — 0,296 0,296 — 0,289
6 0,50 0,498 — 0,494 0,493—0,482
7 1,0 0,995—0,987 0,986 — 0,904
MpumeyaHue. (Apy) = 0,10 MMNa.
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M3amMeHeHMe nopuUCTOCTU OT CXMMAeMOCTM MOpPOAbl, Kak Oblno
CKa3aHO BbIlE, He CTOMb CYLIECTBEHHO B CPaBHEHWU C U3MEHE-
HMeM npoHuuaemocTu. [MoaToMy B pacyeTax pekoMeHAyeTcs uc-
nonb3oBatb dopmyny (2.9).

C y4yeTOM M3NOXEHHOro ObiNM nNpoBeAeHbl UCCreaoBaHUSA
B3aVMOENCTBUS MNONUMEPCONEBbLIX >XUAKOCTEN, MNPUroTOBEHHbIX
Ha ocHoBe pacTtBopoB PIAA u HuTpaTta kanbums [53], ¢ obpas-
uamm necka. PesynbTaTtbl 3TMX MWCCNedoBaHW MPUBEOEHbI B
Tabn. 2.13 n Ha puc. 2.2, N3 KOTOpbIX BMAHO, YTO B pe3yrnbTaTe
B3ammogencteuss pacteopoB PIMAA un Ca(NO;), ¢ obpasuamu
necka KkoadpuUMeHT B CHmxaeTcsa npu yeenuyeHunm grad p Ao
0,07 MMa/ cm. JancHenwee yBenuveHne grad p go 0,20 Mrlla/ cm
NPUBOAUT K NNABHOMY YMeHbLUEHUIO KoadduumneHta B ot 27,7 Oo
19,3 % (cm. Tabn. 2.13). Mo mMepe pocTa NPOHMLAEMOCTUM MNpO-
CrneXxunBaeTcs 3aKOHOMEPHOCTb B CHUXXEHUWN KoadpdumLumeHTa p.

Mpuyem npn ko < 0,90 MKkM® KO3DPUUMEHT P He MpeBsblliaeT
27,7 %. 3atem npu 1,05 < ko < 2,92 MKM* npoHuLaemMocTb obpasLa
necka, HacbILEHHOro MONIMMEPHON >KXUAKOCTbI, BOCCTaHaBnMBa-
eTcsa Ha 46,5—57,2 %, npu 3,46 < ko < 4,99 MKkM? B BHOBb YMEHb-
waetca go 19,3—25,3 %. Takum 06pa3oM, HacbilEeHHblEe MNOMu-
MEPHOWN >XMAOKOCTbI0 Ob6pasubl Necka C HavanbHOW MNPOHULLAEMO-
cTbio Gonee 3,0 mMkm? npu obpaTHOI pUNbLTPALMM rasa cunbHee
CKMUMAIKOTCA M XYyXe BbITECHSAIOT pacTBOp nonumepa M3 MopoBbIX
KaHanos.

M3 HacbiweHHbix 00pa3uoB C  MNPOHULEEMOCTbIO  MeHee
1,0 MKM® Takke TpyaHEe BbITECHUTb MOMUMEPHYIO XWUAKOCTb MO
NpUYnHE BO3PaACTaHMS KanWImSPHbIX W agre3voHHbIX cun, yaep-
XMBaOLUX B NMOPUCTON Cpeae BbICOKOBA3KYH XUAKOCTb.

Cnepyetr oTMETUTb, YTO W3MEHEHWe NIOTHOCTU pa3paboTaH-
HbIX peuenTtyp MCX (1010 < p < 1290 kr/ M%) He cTonb CyLiecT-

koaduLmeHTa cxumaemocTm nop B, (8 Ma™"), nepenana nasnewus (8 MMa) u n

Brs = 1,30; = 1,24; s = 1,15;
Apy =20 lZp4 = 4,0; gp5 =8,0;
ng =(9,4+31,2)-10 n, =(23,3+8,0)-107° ns =(43,2+110,4)-107

0,049 —0,046 0,046 — 0,040 0,041—0,031
0,097 —0,0910 0,092 —0,080 0,083 — 0,062
0,146 —0,137 0,138—0,120 0,124—0,093
0,195—0,182 0,184—0,161 0,166 —0,123
0,299—0,273 0,275—0,241 0,248—0,185
0,486 — 0,450 0,459 — 0,402 0,414—0,308
0,972—0,911 0,918—0,803 0,828—0,617
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Tabnuua 212

MsmMeHeHWe npoHuuaeMocTn (B MkM?) o6pasLioB necka
1 cnabocueMeHTUPOBaHHOIO NecYaHuKa B 3aBUGMMOCTU OT AaBeHus
(achcpekTnBHOrO HanpskeHus) Ap (B Mla)

HavanbHas
Fouep| Mhorvuae | ap = 0,1 | Ap= 05 [Apy = 10[Ap = 20| Aps=40
MKM?
1 0,50 0,498 0,492 0,486 0,473 0,447
(0,50)* (0,484) (0,456) (0,395) (0,277)
2 1,0 0,996 0,984 0,972 0,945 0,893
(1,0) (0,968) (0912) | (0,787 (0.564)
3 2,0 1,992 1,968 1,944 1,890 1,786
(2,0) (1,936) (1.825) | (1,574) (1,109)
4 4,0 3,984 3,936 3,888 3,780 3,572
(4,0) (3,872) (3,650) (3,147 (2,217)
5 8,0 7,968 7,872 7,776 7,560 7,144
(8,0) (7.744) (7.299) | (6,294) (4.434)

“HaHHble paccumTaHbl no dopmyne (2.8).
MpumeyaHue. my=0,30; o = —1; B =10 Ma.

Tabnuuya 2.13

PesynbTaThl 3KCNEPUMEHTOB MO OLIEHKE BMMAHWA 6e3rMUHUCTBIX
NoNIMMEpCONEBbIX PaCTBOPOB Ha MPOHWLI@EMOCTL 06pas3LIoB necka

CocraB v peuenTypa |IpagueHT | HavanbHas
Ho- nonumepconeson [aBreHuns | npoHuLae- C';ggg?;gqfﬁmg_ HEQEZL%
Mep Kuakoctn, % B3auMo- | MOCTb 06- P DOV
onbI- (no macce) neiicTeus | pasua agmocm
Ta grad p, ko, ) T, m 4 B, %
PMAA Ca(NO3)2 | MNa/cm MKM Na Na.c
1 0,40 20 0,058 1,57 43,3 0,075 57,2
2 0,50 10 0,062 1,05 42,0 0,068 53,3
3 0,50 30 0,067 2,92 48,5 0,086 50,0
4 0,70 10 0,069 1,44 46,4 0,20 46,5
5 0,80 10 0,117 0,90 47,8 0,205 27,7
6 0,65 20 0,164 3,81 47,0 0,180 25,3
7 0,70 40 0,170 3,60 52,5 0,295 24,7
8 0,80 30 0,150 4,99 54,8 0,310 20,4
9 0,80 50 0,20 3,46 54,9 0,34 29,3

BEHHO BNWSIET Ha €€ peosiorMyeckMe napameTpbl B OTAMYME OT
KoHueHTpauun PIAA. C yBenunyeHnem koHueHTpauum PIIAA ot
0,50 oo 0,80 % (no macce) 3Ha4YeHMs OUMHAMWYECKOrO Hanpsxe-
HUA cABWra t M NNacTUYECKOW BSA3KOCTUM 1 pa3paboTaHHOro co-
ctaBa [CX pesko BospacTaloT COOTBETCTBEHHO A0 54,9 MMa wu
0,311 MNa-c.
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Puc. 2.2. [pacduk wusmeHeHus B, %
koadpcmumeHta B npu  unbT-
payum  NONMMMEpCONieBO  Xua- 100
KOocTM B oOpasuax HecueMeH-
TUPOBAHHOTO Necka B 3aBUCHU- 80
MocTtu ot grad p (1) v ky (2)
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i 2

Takum obpasom, Ha oc- -
HOBaHMN npoBeaeHHbIX 40
nccrnegoBaHnini  yctaHoBne- -
HO cnegywouwee: BeefdeHve — 20
B MONMMMEPHbIA pacTBOp 0 -

) 1 1

0,40—0,50 % (no Mmacce) 0,05 0.10 o015 0.20

PMAA npuBogut K YyBe-
nmquvuop nmammqecioro grad p, MIla/cm
HanpskeHnus casBura o L L ! |
42,0—485 lNa wn nnactu- 0,5 2,0 35 5,0
Yeckomn BA3KOCTU o 2
0,068 —0,086 lNa-c B 3aBu-
CMMOCTM OT  KOHLEHTpa-
uun conm.

YBennyenne PI1AA B pactBope go 0,65—0,80 % (no macce)
npMBOAMT K JanbHehwemy poCTy BEMWYUH  PEONIOrMYECKMX
CBOMCTB MOMMMEPHOM XWOKOCTU TakkKe B 3aBUCUMOCTU OT KOH-
ueHTpaumm Ca(NOj),. N3MeHeHne KOHUeHTpaumm HuTpaTa Karnb-
uns B pactBope obecneymMBaeT He TONbKO perynMpoBaHue €ero
NAOTHOCTU, HO W peonorMyeckme napameTpbl. Bapbupys KOHUEH-
Tpaunamm komnoHeHToB: PIMAA n Ca(NOs),, a Takke rpagueH-
Tamn [JaBNeHUs B3avMOAENCTBUS C MOPUCTOW CPEedon FOpPHbIX MO-
pod, MOXHO obecneunTb pasnU4YHYyl CTeneHb WX OnNOKMPOBKM
NONMMEPCONEBON XNOKOCTbIO.

MpoHukatowmii B nopuctyo cpeny PIIAA ypanseTtca B pe-
3ynbTaTe CONSIHO-KUCIIOTHOMW 00paboTkn, M MNPOHMLAEMOCTb BOC-
cTtaHaenueaeTtca go 92—93 % [53].

ko, MKM

2.3. UCCJIEJJOBAHUE CBOMCTB U TIAPAMETPOB
MEHHBIX CUCTEM B IIOPUCTOM CPEJIE

2.3.1. HCCJIEJOBAHHUE ®NJIbTPALIUU I'A3A U BOAbI
B IIOPHUCTHIX CPEJAX, HACBIIIIEHHBIX TPEX®A3HOM MEHOM

B nocnegHee Bpemsi B MpakTuke OypeHUs M KanuTanbHOro pe-
MOHTa HeMTAHbIX U ra30BblX CKBa)kMH B YCMOBUSIX MOHMKEHHbIX
MIacToBbIX AABMEHUM LUMPOKO MPUMEHSIOTCS ABYX- U Tpexdas-
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Hble neHbl [3—5, 7, 13, 15, 40, 52, 80—87]. OgHaKO HeKoTopble
BOMPOCHI, CBA3aHHbIE C MPOHUKHOBEHMEM MEHHLIX CUCTEM B rOp-
Hble MopoAbl NpuM3aborHONK 30HbI Mnacta, a Takke dunbTpaunen
rasa n Bofgbl B MEHOHACLILEHHON MOPUCTON cpefe, OCTalTCs He-
N3YyYEHHbIMMU.

MmeeTca Heckonbko paboT no wuccrnefoBaHuio  unbTpaymm
BOAbl M rasa B NEHOHAaCbIWEHHOW MOPUCTON cpefae, aBTopbl KOTO-
pbIX MO-pasHOMY ODBACHSAIOT XapakTep 3TOro npowuecca n aenawoT
pasHble BbiBOAbI [7, 13, 15, 85, 86, 88 —91].

B opHon n3 nocnegHux paboT Mo AaHHOMY BOMpOCY AenaeTcsl
BbIBOO, O TOM, YTO COYETaHME CWUMbHOW HENUHEWHOCTU TeYeHUs
OByxdasHbIX Cpel Ha MUKPOYPOBHE C HeperynsipHon reomeTtpuen
NopoBOro MpPOCTPaHCTBa [enaeT CTPOrvi TeopeTUyecKkuini aHanus
HEeBO3MOXHbIM [91, ¢. 118].

MogenupoBaHue unbTpauum neHbl aBTopbl paboTbl  [91]
npegnaraloT BecTM Ha peweTke PaTTa (peweTtka Kanunnapos
cnyyamHoOro paguyca), kotopad, N0 WX MHEHUIO, MpPU OYEBUOHOWN
HeaeKBaTHOCTU MO3BONSAET YYeCTb OCHOBHble ANS OBYXda3HOro
TeYeHUs CBOMWCTBa MOPOBOr0 MPOCTPAHCTBA — MHOIOCBA3HOCTb
(pa3BeTBNEHHOCTb) M NEPEMEHHOCTb PaguycoB Mop.

B ocHoBy mogenupoBaHua OByxdasHon unbTpaumm nosnoxeH
NPVHUUN NOKanbHOro npeobnagaHns KanunnsapHbIX CUM C y4eTOM
TOro, 4YTO Kaxgas hasa OBUMXKETCA B CBOEM YacTu MOPOBOro npo-
CTpaHCTBa He3aBUCUMO. B TO e Bpems Hanuune neHbl B Nopuc-
TOW cpefe He MEHSieT 3aKOHOMEPHOCTW TevyeHusi BoAbl, HO cylle-
CTBEHHO BNUSIET Ha ABWXeHWe rasoBor ¢asbl. OcHoBHOM adhdekT
CHWKEHNs MOABWXKHOCTM ra3a obycnosneH OnOKMPOBKOW MNOpPO-
BblX KaHanoB nNy3bipbkaMu MeHbl, ANS CABUra KOTopbIx Tpebyetcs
co3faTb HeKOTopoe npefernbHOe HanpskeHue.

B pesynbTate 0oOpasoBaHMs MeHbl CHWMXaeTcs MOTOK rasa 4e-
pe3 obpasel, nopucTon cpedbl Ha 2—3 nopsiaka, ero TeyeHue
NPONCXOAUT MO ManoMy YWUCIY akTUBHbIX rasoBblX KaHanos, W
3aKOH TeyeHus rasa onpefensieTcsa COOTHOLIEHWEM, Nodo6HbIM
3aKOHY TeYeHus BA3KOYNpYron xugkoctn [91].

CnpaBeqnMBOCTb BbICKa3aHHbIX NPEeaNoXEeHNn noaTBepXaeHa
B.M. EHTOBBIM M P.M. MyCUHBIM 3KCNEepuMeHTanbHO npu UnbT-
pauuu rasa Yepes MNeHOHACHLIWEHHYO MOPUCTYIO cpedy Ha Mope-
nax ®atra [91].

B paHHOM paboTe aHanuaupyrlTcst pesynbTaTbl 3KCNEepUMEH-
TanbHbIX MccnegoBaHuK No unbTpauMM rasa B NOpUCTON cpefe
0obpa3yoB KBapLEeBOro necka, HacbIWEHHbIX TpexcasHor neHown,
cogepxallien rmvHy n ussecTtkoBo-runcosyto cmecb (UFC) B Ka-
YecTBe TBepaon hasbl.

HobaBka TBepaow asbl B MeHOOOPa3yHoLLYy XUOKOCTb Heob-
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Xoouma Ans MNoBbIWEHWUS YCTOWYMBOCTU MEHHOW CUCTEMbI, KOTO-
poi HacbiwaeTcs obpasel necka. MameHeHne coctaea [MOXX no-
3BOJIUIO OLEHUTb BINUSIHNE MPUPOAbI TBEPAOW hasbl HA XapakTep
dunbTpaumm rasa (Bosgyxa) M BoAbl B MEHOHACHILEHHOW Mopuc-
TOW cpege.

B T1abn. 2.14 npuBegeHbl coctaBbl MOX, ucnonb3yembie Ans
obpasoBaHus TpexdasHoi neHbl. B oboux coctaax NMOX ogu-
HaKoBOE KONMUYEeCTBO TBepAOW hasbl, HO coaepkaHue [NUHbI ”
UIC pasnnyHoe. [Jobaeka TBepaon asbl B MOXK nosbiwaeT yc-
TOMYMBOCTb MEHbI, @ TaKkKe MO3BOJMIAET OLUEHWUTb €€ BIIMSHWE Ha
xapaktep unbTPaLMOHHbLIX MnpoueccoB. M3ameHeHune B cocTaBax
MOX cogepxaHua mMuHbl 1 UIMC Takke gaeT BO3MOXHOCTb Of-
pefenuTtb BNuAHWE NpuUpoabl TBEpAOW dasbl Ha MPOHUKHOBEHUE
TpexdasHoW neHbl B MOPUCTYHO cpefy necka.

Vccnegyemble oGpasupl KBapLeBOro necka MMenu criegyoime
napameTpbi:

Pa3mep pakummn KBapLEBOTO MECKA, MM.......c.coververreererverrenveeensensennees 0,67—1,0

[nvHa 006pasya, M.......ccccoeeverveereeeeiennennes ... 0216
OunameTp obpasua, M ................ ... 0,03
[MNOTHOCTb 3epeH KBapua, KI/ M°.........cccceeveeerane. 2650
MopucTocTe 06pasLoB (HavanbHasl), AONN €A, ......c..ce.... 0,303—0,355
[MpoHnuaemocTb 06pa3sLoB (HavyanbHasi Mo BO34yXYy, MKM~ . v 1,487—4,510
TEMMEPATYPA, C.iviiiiiiieiiiiieiieienie ettt sttt st sbessaeresbesteeneens 24—28

MeTogouka npoBefeHMs UCCNefoBaHWMW 3aknyanacb B crne-
aywowem. lNpegBaputenbHO onpegensany MNpOHULEeMOCTb  «CyXO-
ro» obpasua necka no BO3gyxy. 3aTemM HacbilWwanu ero BOAOW U
onpegensanu npoHuuaemoctb no Boge. lNocne atoro obpasew npo-
AyBanu 1 onpenensany npoHMUAeMoCTb BOAOHACLIWEHHOro obpas-
ua no Bo3gyxy. Ha cnegytowem atane Hacbiwanu obpasey necka
TpexdasHou NeHon M onpegenanu napameTpbl puUNbLTPaLUOHHOIO
npouecca: rpagueHTbl gaBneHusa casura, ounbTpaumm n CKOpOCTb
dunbTpaumnn vy,

PesynbTatbl MccnegoBaHuin npuBedeHbl B Tabn. 2.15 n 2.16 u
Ha puc. 2.3 n 2.4.

Tabnuua 2.14
Cocrasbl 10X, ncnonbayeMbie ans o6pa3oBaHWA TpexdasHoW NeHbl

KoHueHTpauus koMnoHeHToB, %
KomnoHeHT (no macce), MOX
CoctaB Ne 1 CoctaB Ne 2

BeHTOHUTOBaAsA rmuHa 2,5 7.5
nrc 5,0 0
Monumep («Tunosa») 0,5 0,5
MAB (neHonudT) 0,7 0,7
Bopa OcTtanbHoe
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Tabnuua 2.15

Pesynbrathl punsTpayum Bosgyxa B o6pasuiax KBapLEBOro necka

CpegHee
WHTepBan Bapuaumu 3HaveHne |MHTepBan BapuaLnn vy, Cpearee
2 3HaueHue
grad p, MMa“/m grad p, cMm/ ¢ /
MMa% m Vipe, CMIC
«Cyxoii» obpasel
0,011—0,015 0,013 4,40—23,59 12,68
0,024 —0,032 0,027 7,0—43,69 23,09
0,035—0,049 0,043 9,75— 58,98 32,54
0,051 —0,071 0,062 12,55 — 74,50 40,48
0,082—0,093 0,085 17,35— 88,46 49,75
BopoHachileHHbI o6pasel,
0,006—0,016 0,013 2,42—16,64 8,61
0,020—0,033 0,027 5,74— 33,26 18,68
0,043—0,053 0,046 7,42—41,61 28,37
0,057—0,071 0,064 10,07 —52,80 36,24
0,079—0,095 0,086 11,56 — 56,62 41,67
MeHoHackbILeHHbI obpasel (cocTaB Ne 1)
0,011—0,032 0,020 0—36,48 15,75
0,033—0,049 0,043 6,87—47,18 24,93
0,057—0,123 0,089 15,45—76,10 39,12
0,216—0,238 0,227 38,25— 158,59 48,42
3,65—6,57 5,060 1,5—0 ~0,75
MeHoHachILWEeHHbIN 0bpasel (cocTaB Ne 2)

— 0,050 — 0
0,123—0,225 0,159 10,24— 17,05 12,78
0,338—0,480 0,389 24,0— 30,64 27,22
0,632—0,652 0,642 38,25—39,35 38,80
1,063 — 1,555 1,309 62,56 — 67,37 64,97

Tabnuuya 2.16
Pesynbrathl hunsTpayum Boasl B o6pasiLiax kBapLEBOro necka
pagueHT CpenHee
[aBneHuns MHTepBan Bapnaumm v gon, CM/ C 3HavyeHne
grad p, MMa/m Vip.s0n, CM/ C
BopoHachiwWweHHbIi o6pasel,
0,227 0,24—1,04 0,74
0,454 0,39—2,0 1,24
0,681 0,49—2,44 1,50
0,908 0,61—3,15 1,89
MeHoHacbIWeHHbI obpasew, (coctaB Ne 1)
0,227 0—0,60 0,2
0,454 0—1,86 0,62
0,681 0—2,82 0,94
0,908 0—4,98 1,63
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MpoponxeHne Tabn. 2.16

pagueHT CpepHee
OaBneHus NHTepBan BapuaLnn Vg son, CM/ C 3HayeHue
grad p, MMNa/m Vep.som CM/ C

MeHoHacbIWweHHbIN obpasel (coctaB Ne 2)

0,227 1,12—0,14 0,13
0,454 0,25—0,31 0,28
0,681 0,35—0,39 0,37
0,908 0,46 —0,54 0,50

[na onpegeneHns CHWXEHUs NPOHULAeMOoCTV MOPUCTON cpe-
Obl TOPHbIX MOPOA MNOCMNE HAacCbIWEHUA PasnUYHbIMU XUAKOCTAMMU
W MNEHHbIMWU CUCTEMaMM Ucnonb3yeM ¢akTop COonpoTuBneHuss [86,
91], KOTOpbLIA NO3BONSAET OLEHUTb NPOSABMEHME PEeONornm4ecKmx
CBOWCTB TOW WNN WHOW >XMAKocTM npu cdunbTpaumm B M3I1. B
[aHHoM paboTe 3Ta 3agavya pelleHa cnegylowmm obpasom. [Mo
pesynbTatam wuccrnegoBaHun (cm. Tabn. 2.15 u 2.16) npoBeaeH
pacyeT OTHOLUEHUSA rpPagMeHTOB [AaBneHust UnbTpyembiX Cpea
(raza n BOAbl) B MEHOHACHILWEHHbIX WU BOAOHACLILEHHbIX 06pas-
Luax KBapLeBOro mnecka npu OAWHAKOBLIX CKOPOCTAX (bunbTpaumm.
3atemM MOCTPOEHbl 3aBUCUMOCTU (pakTopa COMPOTUBIEHWUSI OT MUC-
XOOHOro 3HadeHums grad p. PesynbTatbl pac4eToB nNpuBeAeHbl B
Tabn. 2.17 n Ha pwuc. 2.5.

M3 nony4eHHbIX pe3ynbTaToB crnefyeT, YTo nNpu ManbiX rpagu-
€eHTax [faBneHunst caBura B oOpasuax KBapLeBOro necka, Hacbl-
LWeHHbIX TpexdasHon MNeHOoW, codepxalleln B KadecTBe TBepaom
dasbl IC, conpoTuBneHvne punbTpauyum Bo3gyxa HesHauuTenb-
HO Gomnblie, 4Yem npu unNbTpauMm B BOAOHACLILEHHOM KepHe.

grad p, MITa® /m
0,06

0,05
0,04

0,03
Puc. 2.3. 3aBucumoctb rpagu-
eHTa faaeneHus grad p OT CKO- 0.02
pPOCTU Vgs CUNbTPauuM BO3ZY- 4
xa B obpasuax KsapLeBoro nec-
Ka: 0,01
1 — cyxon obpaseu; 2 — BOAO-
HacbllWeHHbI obpasel; 3 —ne-

HOHACbILUEHHbIA obpasel — (coc- 0 10 20 30 40 50 60
TaB Ne 1); 4 — neHoHacbIWEeH- /
HbIi obpa3el (coctas Ne 2) Vs CMIC
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grad p, MIlalm Puc. 2.4. 3aBucMMOCTb rpagueHTa
pasneHna grad p OT CKOPOCTU

L0 Vipson PUNbTPaLuMm BoAbl B 06pas-
| Lax KsapLeBoro rnecka:
1 — BOAOHAaCbIWEHHbIV 0bpasel;
0.8}k 2 — neHoHachbIlWeHHbIi 0bpasel
’ (coctaB Ne 1); 3 — neHoHacbILLEH-
- HbI obpasel, (coctaB Ne 2)
0,6
- Mpu 0,020 < grad p <
0,4} < 0,040 MMNa%*m dakTop
| conpoTuBIiieHNA B CpegHeEM
0.2 . paseH 1,15—1,13. C ysenu-
4 0 0’4 0,8 1’2 1,6 YeHunem rpaguneHTa pfasle-

HUa  cunbTpaumm  akTop
vq).soll’ emle con

pOTMBMNEHMSA BO3pacTaeT
B 1,89 pa3 npu grad p =
= 0,120 MMa%* m. B To e Bpema npu uUnbLTPaLMM BO3dyXa B
obpasyax necka, HacbIWeHHbIX Tpexdas3HOW MEHOW, CoAepXalien
B KayecTBe TBepaon ¢asbl TOMbKO TNIMHY ©Ooree BbICOKOW KOH-
UeHTpaumm, daktop COMNpPOTUBIEHUS C POCTOM rpagveHTa naBne-
HUSA He3HauuTenbHO cHmxkaeTcs ot 8,0 go 7,4, 3atem crabunuan-

pyeTcsl Ha ypoBHe 7,6 —7,5.

Mpn dunbTpaumMm BOAblI B NEHOHACbLILEHHOW MOPUCTON cpeae
0o0pasLoB Mecka XxapakTep W3MeHEeHWs1 hakTopa COMpOTUBIEHMS
apyron. BHavane npoucxogut peskoe nageHune caktopa conpo-
TUBMEHUA B CpaBHUTENbHO y3koMm AuanasoHe 0,020 < grad p <
< 0,040 MMa/m, 3atem Temn nageHus YyMeHbLUaeTcs M npu
grad p > 0,10 MINa/ M npakTnyeckn crabunmanpyeTcs.

Tabnuya 217

YBenuyeHne gakropa COnpoTUBNEHUS UnbTpaLum Bo3gyxa
1 BOAbI B NEHOHAaCHILEHHbIX 06pasLiax KBapLEeBoro necka

McxoaHbii grad p npu OTHOLLEHNE rpagueHTOB AaBneHuni
cdunbTpaumum (B gonu ea.) npu hunbTpayum
Homep | Bo3ayxa BOabI B BO34yXa B MEHOHAChl- | BOAbl B MEHOHACLILLEH-
n/n B BOAOHA- | 46pasye LieHHoM obpasue HoM obpasue
CbILLEHHOM necka
obpase, MAal m cocTaB cocTaB cocTaB cocTaB
MMa% m Ne 1 Ne 2 Ne 1 Ne 2
1 0,020 0,020 1,15 8,0 7.6 11,5
2 0,040 0,040 1,13 8,0 4,1 7.0
3 0,060 0,060 1,25 7.4 3,8 6,7
4 0,080 0,080 1,31 7.4 3,4 6,5
5 0,10 0,10 1,50 7.6 2,9 58
6 0,120 0,20 1,89 7.5 2,3 55
7 — 0,30 - — 2,1 —
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Puc. 2.5. 3asucumoctb
¢daktopa conpoTuBne-
HUA OT WCXOOHOro rpa-
OVeHTa paerneHus npu
dunbTpaumm  Bo3gyxa
M Bogbl B obpasuax
KBapLeBoro necka:

1 — dwunbTpayns BO3-
Ayxa B MEHOHacbILeH-
HOM o0Opasue (cocTtas
Ne 1); 2 — cunbTpauyms
BO3dyxa B MNEHOHacbl-
LeHHoM obpasue (co-
ctaB Ne 2); 3 — unbT-
pauusi Bogbl B NeHOHa-
CbILLEHHOM obpasue
(coctaB Ne 1); 4 —
dunbTpayms Bogbl B ] ] 1 1 1 1
neHoHacbIlWeHHOM 06 0 0,1 0,2 0,3

pasue (coctaB Ne 2)
grad p, , MIla*/m
grad Py MlIla/m

e~y
S~
T

(Dakmop conpomuéjieHusA, 10 €.

Takum o6pa3om, Ha OCHOBaHWMM MNPOBEAEHHbIX WCCIEAOBaHWM
aBTOpaMu YCTaHOBMEHO, YTO Ha Xapaktep unbTpauuMmM Bo3ayxa U
BOAbl B MOPUCTbIX Cpedax KBapLeBOro rMecka, HachbIWEeHHbIX
Tpexca3Hon MNeHOW, CyLleCTBEHHOEe BNUSHWE oKasblBaeT npupoaa
TBEpaon asbl. YBennyeHne KoHUEeHTpauum OEeHTOHWUTOBOW [fu-
Hbl B cocTaBe Tpexda3HOoW MeHbl 3HAYUTENbHO MOBLILWIAET (hakTop
COMPOTUBNEHUA MpU (punbTpauum BO3dyxa U BOAbl B MEHOHACHI-
LLEHHOW MopucTOn cpede obpasuoB kBapueBoro rnecka. Moatomy
ycTonumBble TpexdasHble TMeHbl, coaepxawmne OeHTOHUTOBYHO
rMUHY B KayecTBe TBepaow dasbl, crnegyet pekoMeHOooBaTb AN
N30NAUMN 30H NOrMOLEHUI B HENPOAYKTUBHbLIX NfacTax.

Mpy BCKPbITUM NPOAYKTUBHBLIX HEMTHAHbLIX WNU rasoBbIX Mna-
CTOB cnefyeT peKkoMeHOoBaTb B KayecTBe MPOMbIBOYHOW WNn
Onokupytowen cuctembl TpexdasHble MNeHbl, codepXailime B Oc-
HOBHOM KWCIOTOpPacTBOpUMYHO TBepAyto casy, Hanpumep, UITC.

BbiBOAbI O CHWXEHUM MNOTOKa rasa yepes obpasel, neHoHacbl-
LLLEeHHOW MopucTon cpedbl Ha 2—3 nopsaka, onybrnMkoBaHHblE B
paboTax [85, 88, 91], He noaTBepaAMnMchb. Hanbonbluee cCHMXeHne
noToka rasa NpPOMCXOAWUT B HAaCbIWEHHON TpexdasHoW MneHe, Co-
nepxawen 6eHToHuTOBYIO MnHY. OQHaKo M B 3TMX 3KCMEPUMEH-
Tax MakcumarnbHOe yBenuyeHue paktopa CONpPOTMBIIEHUS MO BO3-
oyxy He npesblwaeT 8,0, a no Boge gocturaetr 11,5 (cm. Tabn.
2.17).

ABTOpbl paboTbl [90], HAa OCHOBaHUWM aHanu3a 3apybexHoro
onbiTa B 3TOM 0O6nacTu, He OenarwT KaTeropuyHbIX YTBEpPXOEHWMN
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O KpPaTHOM CHWXEeHUM PUNbTPALMOHHBLIX XapakTepUCTUK nopuc-
TOW cpefbl FOPHbIX MOPOA MOCMe HacblweHus KX neHow. OcHoB-
HbIMW pakTopamu, BIAUSIOWMMW Ha YCTOWYMBOCTb Mpouecca 6no-
KMPOBaHUSA TOPHbIX MOPOA MEHOW, SABMAKTCA: TUM U CTPYKTypa
NMOpoOBOro MPOCTPaHCTBA KoOnmnektopa (NOpoBbIN, MOPOBO-TPELLMH-
HbIA, TPELLMHOBATO-NOPOBLIN, CLEMEHTUPOBAHHbLIA WKW  Hecue-
MEHTUPOBAHHbLIN), 3HayYeHWe [aBNeHUs HacbIWeHUs ero neHowm,
TMN 1 KoHueHTpaums MNMAB n ap.

Takum o6pa3om, Ha OCHOBaHWWM MPOBEOEHHBLIX WCCrEeAOBaHWUN
yoanocb fokasaTb BNUSIHWE npupoabl TBepaon dhasbl TpexdasHoum
NeHbl Ha CTeneHb CHWKEHUS (UNbTPALMOHHOW XapaKTepUCTUKM
NeHOHAaCbILLEeHHON MNOPUCTON cpeabl Ans BO3gyxa U BOAbl B He-
CLLEMEHTUPOBaHHbIX 0Opa3suax KkBapueBoro necka [15, 40, 92].

2.3.2. OCOBEHHOCTH ®UJIbTPAIIUU TPEX®A3HBIX IIEH

B pabote M.®. Kapumosa un A.l. JlatbinoBa [93] nokasaHo, 4TO
nosegeHne neHbl B I'IOpVICTOIZ cpege HeOOHO3HAYHO oOnUCbiBaeTCcA
BA3KOCTbIO ANCNEPCUOHHOW cpefbl U3-3a HepaBHOMEPHOCTU Ha-
KonneHnss M BbICBODOXAEHUSA YNPYron 3SHEpPrun, XapakTepuaye-
MO BpeMeHeMm penakcauuu. Penakcaumsi gaBneHus B MeHOHachbl-
LLEHHOW MopuCTON cpefe OObACHAETCA 4aCTUYHOW MoTeper noa-
BOOMMOW 3Heprnn, satpavyMBaemMoi Ha BHYTPUMNOPOBOE HepaBHO-
BeCHoe paaBlieHne B3aVIMO,lJ,eI7ICTBI/IF| 3NIEMEeHTOB NeHbl MeXxay Co-
0ol 1 ¢ NOBEPXHOCTLIO MOPUCTON Cpeapl.

[na onucaHus noBefeHWA nNeHbl B NOPUCTON cpefe npeano-
XEHO wucnonb3oBaTb Mogenb MakcBenna, MpUMEHSIEMYK Takke
ONa xapakTtepuctvku unbTpauMm pacTBOPOB MOMMMEPOB U Bbl-
COKOBSA3KMX HedpTen [79, 86, 93, 94 u gp.]:

—_kfop, 2.1
Ve u[axHP axat]' (210

roe vy — CKOpOCTb dounbTpauuu; k — nNpoHWLAemMoCTb MOPUCTON
cpefbl; 1 — BA3KOCTb (PUMLTPYEMON CUCTEMBI, p — [OaBneHue
dunbTpaumn; x — NMHENHoe paccTosHue; T, — BPeMs penakca-
uumm; t — obwee Bpems dunbTpauum.

M3ameHeHne BA3KOCTU MEHHOW cUCTeMbl Npu ee dounbTpaumn B
MOPUCTON CPefe MOXHO OLEHWUTb MO SKCMepUMeHTamnbHbIM AaH-
HbIM Ha OCHOBe pelleHWss obpaTHOW 3agdauyn, UCnonb3ys BblIbpaH-
Hyto mogernb (2.10).

Pesynbtatbl 0nNyOGnuKOBaHHbLIX 3KCMEPUMEHTamNbHbIX WCCNeao-
BaHWA Mo uUNbTpauMu BHA3KOYNPYrux cucteM, B TOM 4uChe U
MeH, NO3BOMUNW BbISBUTL U PSAA OCOBEHHOCTEW, OTNMYaLWMX WX
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OT HbIOTOHOBCKMX W HEHbIOTOHOBCKMX XWAOKOCTEW CO cTauumo-
HapHOW peonorndeckon xapaktepuctukon. Kak nokasann pe-
3ynbTaTbl MHOTOYMCIEHHBIX 3KCMEPUMEHTOB, (OUMNbTPALMOHHOE
conpoTtuBrneHnMe MeHblue npu gswxeHun BYC um3 nnacta B ckea-
XMHY, a He HaobopoT, Tak Kak B 3TOM Crlyyae pacTeT CKOpOCTb
dunbTpaumm. lpu yBenuueHuM CKOPOCTU UNbTpaLuMM BRUSHUE
BA3KOCTU hunbTpyemorn BYC cHwxkaetca M Bo3pacTaeT [elcTBue
ynpyrux cun, KoTopoe oueHuBaeTcs 6e3pa3mepHbIM NapameTpoM
M. PeiHepa [86]:

Kchz%, (2.11)

roe d — cpegHun pasmep NopoBbiX KaHanoB.

Mpn Kch << 1 dmnbTtpauyua BYC aHanornyHa OBWKEHMUIO HblO-
TOHOBCKOM XMWOKOCTW, Tak Kak t, — 0. Mo paHHbim AX. Mwup-
3a[XaH3aZe C coaBTopamu, BpeMsi penakcaumm rnormMepHbIX pac-
TBOPOB COCTaBNsET OKOMO 8 MWH, HO B MNACTOBbIX YCMOBUSAX OHO
MOXeT ObITb 3HauMTensHo Oonbwe. MNpyn dunbTpauun neHbl 3Ha-
YeHne 1, MOXEeT AOCTUraTb HECKOSIbKMX 4acoB W 3aBUCUT OT Ha-
YanbHOro AaBreHnNsi B CUCTEME, YMEHbLLAACh C POCTOM MocrnegHe-
ro [85, 86, 93].

Opyrum peonormyeckum 3HEKTOM, XapakTepHbIM Ans nose-
neHna BYC B nopuctoin cpege, ABRASETCA CHWXEHWEe BO BpPEMEHU
Tekyliero dunbTpaumMoHHoro pacxoga (g(t) NMpu NOCTOAHHOM rMe-
penage gaeneHusa Ap = const. B TeyeHne onpegeneHHoro speme-
HM At; HavanbHbIN pacxod BYC B nopucton cpege Qglty) YMeHb-
LIaeTCs Ha HEeKoTOpYo BenuunHy AQg:. [puyem nocne ocTtaHoB-
Kn dounbTpauyuu npu Ap = 0 pacxon CHmKaeTcs A0 HynA: Qg(t) =
= 0, a npu Bo30OHOBNEHUN cunbTpaumm nNpu Ap = const LUK
nsmeHeHuss Qg(f) noetopsietcd. Yem MeHblue Bpems nokos BYC
npu Ap = 0, TeM MeHblle HavanbHbl pacxoq. WameHeHue
dunbTpaumoHHoro pacxoga BYC Bo BpemeHn Qg(t) n3obpaxkeHo
Ha puc. 2.6 1 onncbIBaeTCa 3aBUCMMOCTbLO [86]:

Qplt) = Quilt) + AQpie ™ (2.12)

unu

an)(toJ—Qq)i(ti) _ L’ (2.13)
Qcp(” - an,-(tl-) p

roe Qglt) — MMHMMAanNbHOE 3HayeHve PuNbTPaLMOHHOIO pacxoaa

BYC Ha koHel uukna punbTpauyum npu Ap = const,
AQgi = Qulte) — Quilts);
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0,®

* 0,(10)=Q4(1)> 0y (1))
| |
| |
| |
| |
| |
| |
Ap=const l Ap=const I Ap=const
\ \ .
ty t \ t, t, \ ty t

Ap=0 Ap=

Puc. 2.6. Mpadmk nsmeHeHus cunbTpaumMoHHoro pacxoga BYC Bo BpemeHu

Qgi(ts) — HavanbHbIA, MakcUMarbHbId UNbTPALMOHHBIA pacxon
BYC B i-ii MOMEHT BpemeHu t; 1, = Af; — Bpemsa penakcauuu, B
TEeYeHUe KOTOPOro MPOUCXOAUT CHUXEHWe pacxoda oT Qg(f) A0
Qgilty).

B HeogHopogHoW nopucTton cpepe ppoHT npoasukerHnst BYC,
B OTnMuMe OT dunbTpauunm HBIOTOHOBCKUX >kuakocten, 6Gonee
PaBHOMEPHbIA, 4YTO OOBACHAETCSA MNPOSBIIEHNEM BSA3KOYMNPYrnx
cun nNpu ABWXEHUM CUCTEMbl B MPOHULAEMBbIX MponnacTkax ¢
fonbLuer CKOPOCThLIO.

Takum o6pasom, NpOSIBNEHME OMUCaHHbIX Bbile crneyndunye-
ckmx ceoicte BYC npu dunbTtpaymm B NOPUCTOM Cpefe Bbi3biBa-
eT 9 deKTbI, TOPMO3SALLNE CKOPOCTb UX OBWKEHUS.

OpHum m3 cnocoboB perynMpoBaHUst PeosiorMYeckux CBOWCTB
BYC B nopuctoii cpefie, Hapsay € M3MEHEHUEM TepMoauHamude-
CKUX MapameTpoB npouecca, $SBNsSeTCs BBeAEHME B COCTaB
MnbTPyeMon CUCTEMBI 3arycTuTtenen.

PelweHne aTon 3agjaym paccMOTPUMM Ha npumepe unbtpaumm
TpexcpasHon neHbl B MOPUCTOW cpefe HecLeMeHTUPOBaHHOIo
KBapLeBOro necka.

UcxogHble napameTtpbl [MOX, ucnonb3yemon [ns NpUroTos-
neHusa TpexdasHol neHbl U 0OpasuUoB KBapLEBOro necka, npuse-
OeHbl paHee (cm. Tabn. 2.14). Bpemsa penakcaumm onpeaensinoch ¢
MOMOLLBIO CeKyHOoMepa OT MOMEHTa Hadana unbTpauuu neHbl
(ve = max) oo ee 3aTyxaHua (vg — 0).
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PesynbTaTbl uccnegoBaHwui  rpynnupoBanvcb Mo rrnybuHam
NPOHUKHOBEHUS TpexdasHoW MneHbl B obOpasubl necka M BblYMC-
nsanca 6espasmMepHbi napameTp [15, 40, 95]:

pL, = APooln. (2.14)
pBXI()Gp

roe Apesp — nNepenaj gaeneHus Ha obpasue, paBHbIA pasHOCTU
Mexay OaBreHWEeM MeHbl Ha BXOOE Dex W BbIXOAE Peux M3 00pasua;
I, — rny6uHa NpoHNKHOBEHUS NeHbl B obpasel, ANMHON lysp.

[aBneHne Ha BbiIxoge u3 obpasua perynvpoBanocb Co3gaHuem
B MOpPUCTON cpefe AaBneHusa Bosgyxa okono 0,5 Mla.

Mpuyem nNpu HacbIWeHUn neHow Bcero obpasua npoTMBoAaB-
neHne BO3Qyxa Ha BbIXOOE M3 KepHogepXaTens MnnaBHO CHWXKa-
nocb Ao atmocdepHoro. HeobxogmMmocTb 3TOM npouenypbl Obina
Bbl3BaHa TeM, YTO pacxof MeHbl Yyepes3 KepH Mpekpawancs un no-
MbITKW €ro BOCCTaAHOBUTb YBEMMYEHWEM [aBMEHUs Ha BXode He
pasann pesynbtata. CnegyeT OTMETUTb, YTO CHWXEHWEM [aBne-
HUA Ha BbIxode A0 aTMOC(EpPHOro Takke He yadaBanocb BOCCTa-
HOBUTbL (PUNbTPaLMIO MeHbl Yepe3 obpasel necka. O6oOLLEHHbIE
pesynbTatbl MccnegoBaHuW no unbTpaunm TpexdasHbiX MeH B
obpasuyax KBapueBOro necka npuBegeHbl B Tabn. 2.18, ananus
KOTOPOM NO3BOMSET YCTAaHOBUTL CrieaytoLlee:

1. WHTeHcMBHast ckaykooOpasHas unbTpauusa neHbl npouc-
xoguna Ha rnyouHy 4,0—55 cm co cpegHen ckopocTbio 1,4—
8,0 cm/MuH npwu rpagueHTax pasneHns dunbTpaumm 4,0 —
28,5 MIMa/ m.

2. 3atemM CcKOpoCTb hunbTpauMm pes3ko ymeHbluanacb 0o 0 wm
yepes 30 ¢ cunbTpaums B TeveHue 5,0 MUH npogorkanacb CO
ckopocTtbto 0,015—0,070 cm/ MuH. lMpuyem npu I, = 7,0 cm B ye-
ThIpeX M3 MATU criyq4aeB v, = 0, U1 TONBbKO B OOHOM clyvae v, =
= 0,05 cM/ MUH.

3. BosobHoBneHne dunbTpauMnm nNpPoOBOAUIIOCH MOBbILLEHVNEM
rpagueHTa gaBrneHuns Ha obpasue nyTem yBenuyeHus OaBMneHus Ha
Bxoge. Poct ckopoctn chmnbtpauuun, B cpeaHem o 0,35 cm/ MuH,
Habnoganca go rny6uHsl okono 10 cm, 3ateM unbTpaunsi NeHbl
cTtabunuavpoBanacb Mpu CPaBHUTENBHO MEHbLLUMX rpagueHTax
JaBrnenus (cm. Tabn. 2.18).

4. Xapaktep dunbTpauymm TpexdasHbiXx MeH, NPUroToBEHHbIX
Ha ocHoBe [MOX coctaBoB N2 1 n 2, NpMbNM3UTENBHO OAMHAKO-
BbINA.

B tabn. 2.19 npuBegeHbl cpegHWe 3HA4YeHWs BpEMEHWU penak-
caumm u napameTpa PeliHepa npu dunbTpaumm TpexdasHon ne-
Hbl, MPUroToBneHHon BcneHuBaHnem [1OXK coctaBoB Ne 1 mn 2
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Tabnuua 2.18

PesynbTathl hunbTpauum TpexdasHoi neHbl B o6pasyax
KBapLEeBOro necka

cpegHsia rnyouHa.

Konnye- nybuHa | Oaenenue | Mepenan | pagueHt | CkopocTb
cTBO | MPOHMKHO- | MeHbl Ha | AABNEHVA | NaBNeHUA Ha dunbTpa- MNapametp
3amepos BEHUSI BXode B | Ha obpa3-| obpasue |uuu neHbl B PL

n neHbl obpasel, | ue Apesp, | grad pesp,  |0BpPasLe vy,

I, c™m Pex, MlMa MMa MMNa/ m cM/ MUH
CocraB Ne 1

4 0-4,0 025-170 | 016 —-114 | 116 -528 0-80 0,069
2,75 0,98 0,53 2,45 2,70

10 48-70 | 032-245[025-195| 1,16 -11,34 0-30 0,213
6,40 1,16 0,83 3,84 0,34

7 82-120 | 086-204 [077-180| 355-90 | 007-120 0,319
9,66 1,61 115 5,32 0,35

5 14,0-180 | 1,21-1,72 |0,75-1,45| 3,47-6,70 | 0,08-0,34 0,545
16,0 1,48 1,09 5,05 0,23

8 185-216 | ,15-1,77 |062-1,68| 287-778 0-0,86 0,810
21,01 1,50 1,25 5,79 0,22

Coctae Ne 2

5 0-20 063-223 |002-174| 0,09 - 787 0-0,07 0,0132
0,54 1,27 0,67 310 0,022

3 28-45 [169-254 | 1,11-204 | 514-9,44 | 0,06-14 0,114
3,43 1,97 1,42 6,57 0,54

3 25-78 |250-2,531203-230]| 9,40-10,65 0-043 0,236
6,03 2,52 2,13 9,86 0,22

3 81-126 | 1,52-6,0 | 1,52-6,0 | 2,04 -2778 | 0,01-0,73 0,477
10,3 328 328 1519 0,35

3 183-216 | 40-6,0 40-60 |[1852-2778| 0-0,57 0,974
21,04 4,82 4,82 22,32 0,26

MpumevyaHue. B uucnutene — wuHTepBan rnybuHbl; B 3HameHaTene —

(cm. Tabn. 2.14) B ob6pasuax KBapueBoro necka (cm. ctp. 67).
CpefHee 3HayeHWe MOMepevYHOro pasmepa MOPOBbLIX KaHanoB Of-
pegenanocb No ussectHon copmyne [79, 86, 94 n gp.]:

d:\/gz 15 —9213 mkm = 2,13-107* cm.
m 0,33
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Tabnuua 2.19

3HaueHuns1 BpeMeHW penakcauun aasrieHus u napametpa Kch
npyu NPOHNMKHOBEHWUM TpexdasHoi neHbl (cocTaBbl Ne 1 1 2) B o6pasubl
KBapLeBOro necka

ny6uHa dunbTpaymm ~
Ho- | nenwi B obpasue necka Bpewms penakcauun aas MapameTp Kch
mep I, CM nexns T, ¢
n/n ’
CoctaB Ne 1 | CoctaB Ne 2 [CoctaB Ne 1{CoctaB Ne 2|CoctaB Ne 1| CocTas Ne 2
1 2,75 3,43 30 - 300 210 - 600 3,44 1,46
163 345
2 6,40 6,03 30-870 | 240-1240 071 1,19
268 693
3 9,66 10,30 60 —420 | 210-1200 0,51 1,59
186 583
4 16,0 — 60 — 720 — 0,795 -
442
5 21,01 21,04 210 — 3000 | 270 — 2900 2,44 2,88
1419 1415
MpumevyaHue. B uncnutene — wuHTEpBan BpemeHW; B 3HameHaTene —
cpefHee Bpewmsi.

M3 paHHbIX (cM. Tabn. 2.19) cnegyeT, 4TO Bpems penakcauuu
0aBneHusi, Npu KOTOPOM HauyMHaeTcs odepefHou UMk dunbTpa-
UMM MNeHbl, yBENMYMBaeTCa C rnyOMHOW MPOHMKHOBEHUS B Cpef-
Hem B 8,7 n 4,1 pas ansa coctaBoB N2 1 n 2, COOTBETCTBEHHO, a B
abcontoTHoM BblpaxeHun — ot 0,5 go 50 muH (coctaB Ne 1) u ot
3,5 no 48,3 muH (coctaB Ne 2). lMpuyem 3HaveHusa t, n Kch npu
MOMIHOM 3anofiHeHMn o6pasuoB MNecka MNeHOW MpakTU4eCcKn oau-
HakoBbl Ansi oboux coctaBoB. [lapameTp PenHepa Kch 3Hauu-
TenbHO OGonblle eauHUUbl, YTO NoATBepXAaeT BbIBO4 O MpUHaa-
NeXHOCTN wuccnegyembiX MeH K Knaccy BA3KOYMNPYrux CUCTEM.
MakcumanbeHoe 3HayeHve napameTtpa Kch gna neH Ha ocHoBe
MOX coctaBa Ne 1 cooTBETCTBYEeT MakCUMarbHOMY 3HAYEHUIO

CKOpPOCTM  punbTpauMM B HauvanbHblii nepuoa: Kch = 3,44-10*
npu v>> = 2,70 cm/ muH (v = 8,0 cm/MmuH) p? = 0,98 Mlla,

o

Apgf;p = 0,53 Mla, grad pgé’p = 2,53 MMa/m, [P = 2,75¢cm (17 =
= 4,0 cm). na neH coctasa Ne 2 makcMmanbHoe 3HayeHuwe napa-
MeTpa PeliHepa pocturaeTtcst npu MOSHOM HacbiweHun obpasua:

Kch = 2,88-10* npn v = 0,26 cm/ MuH (v™ = 0,57 cM/ MUH),
P = 4,82 MMa, Ap® = 4,82 MMa, grad pyf, = 22,32 MIa/ m,
I =21,04cm (17 = 21,6 cm).
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[aHHoe pa3nuuMe MOXHO OOBACHUTbL BIUSHUEM NPUPOAbI
TBepaon ¢asbl AMCMEPCUOHHOM cpedbl NeHbl. CnegoBaTenbHO,
3(ppeKTMBHOCTL  KONMbMaTauun MNOpPUCTON cpeabl OGEHTOHUTOBOWM
rMMHON, copepallenca B neHax Ha ocHoBe [1OX coctaBa Ne 2,
Bbllle, 4eM ob6pasuoB necka ¢ vactuuamm WIC, Bxogswer B
MEXMNIIEHOYHOE MNPOCTPAHCTBO MEH, MPUrOTOBMEHHbLIX HA OCHOBE
MOX coctasa Ne 1.

Ha ocHoBe aHanu3a wuHdopmaumm (cm. Tabn. 2.18 n 2.19) u
CTPYKTYpbl Matemartunyeckon mogenu Makceenna (2.10) ana onu-
caHusi uccnegyemblix npoueccoB B pabotax [15, 40, 95] npegnara-
toTCca cnepyowme hopmMyrnbi:

Vo= Ak/m)'’? (2.15)
"0 (PL, — PLo)" '
B k
Vay = % (grad p, — grad py), (2.16)

rae A B — KoahUUMEHTBI, XapaKTepusyloLwme ycroBus B3au-
MOOENCTBMS MeHbl C MOPUCTOM Cpedol ropHoM nopofbl; k, m —
COOTBETCTBEHHO MNPOHMLAEMOCTb M MNOpPUCTOCTb obpasua necka;
n — nokasaTenb CTEMEHW; o — Yron HakMoHa JNMHEWHbIX Yy4acT-
KOB MOSMUroHanbHOW 3aBUCMMOCTU Vv, = f(grad p); 1 — BS3KOCTb
PUNLTPYEMONn cUCTEMBI.

dopmyna (2.16) 3anucbiBaeTcs O OTAENbHbIX  Y4aCTKOB
dyHKUMN v, = f(grad p); HaKMOH KOTOPbIX K Ocu grad p yBenuyu-
BaeTCHA C POCTOM AaBreHus.

[aHHaa 3akoHoMepHocTb onucaHa M.I. Anuwaesbim, M.[. Po-
3eHbeprom n E.M. Tecniokom B pabote [96] ansa cnyyas cunbT-
paumMm BA3KOMNMACTUYHBIX XWOKOCTEN B HEOOHOPOOHOM CMOUCTOM
nnacte. B Hawem cnyvae aT1oT adpcbekT HabnogaeTcs npu punbT-
pauun BYC (neHbl) B MaKpOOAHOPOAHOM MOPUCTOW cpefe Keap-
uesoro necka cpakyun 0,67 —1,0 mm. NogoGHble adhdekTbl OT-
Medanucb B paboTe [13] npu onucaHum pesynbTaToB UccrenoBa-
HUA No unbTpauMM TpexdasHOW MeHbl, NPUroTOBMEHHOW Ha OC-
HoBe [1OXK, mogoGHow coctaBy Ne 2, B obpasuax KBapLeBOro
necka pasnuyHbix pakyuin pasmepom oT 0,16 go 1,25 mm u kep-
Hax Mnecka XagymMCKOro npoayktmBHoro ropmsoHTa Cesepo-
CtaBpononbcKkoro rasoBoro MectopoxaeHusa (HeliHe [XI) c¢ pas-
mepom cpakunin ot 0,015 go 0,10 mm [13].

Baskoctb p; unbtpyemoin BYC MOXHO BblpasuTb 4epes BA3-
KOCTb CUCTEMBI Ly B CTAHAAPTHBIX YCIMOBMSAX, CKOPOCTb Vv, (PUNbT-
pauun, Bpems T, penakcauuu, NOpPUCTOCTb m W NPOHULAEMOCTb
k cpeabl no dopmyne, npuBeaeHHoOW B pabote [86]:
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ViTEm

2.2
= 14 0P 2.17
Wi Mo k

Pacuetbl npu ncxoaHbix napamertpax: ko, = 1,50 MKM%; m =

0,33; poay = 1,20 Ma-c (ana neHbl coctaBa Ne 1) n pgp =
= 3,50 lMa-c (gns neHbl coctaBa Ne 2) nokasanu, 4YTO BSA3KOCTb
neHbl Npy UNbTpaLun B NMOPUCTON Cpede Mnecka yBenu4MBaeTcs
Ha 6—9 nopsigkoB. TakMe OrpoMHblE 3HAYEHWUs] BS3KOCTUM Hepe-
anbHbl 1 dopmyna (2.17) [ns NeHHbIX CUCTEM AOJKHA ObITb Apy-
ron. YpaBHeHue (2.16) MOXHO WMCnonb3oBaTb MpU YCNoBUWN L; =
= o W BBEOEHWM MNONPaBoOYHOrO kKoadpuuueHta B, yuuTbiBato-
Lero U3MeHeHWe BS3KOCTW MeHbl Npu unbTpauMnm B MNOPUCTON
cpene necka.

[MonyyeHHble MOnyaMnMpuyeckue 3aBucUMOCTU v, = f(PL)
v, = f(grad p) pekomeHOylTCA AN UCNOMb30BaHWS npu paspa-
DOTKE TEexXHOMOrMyeckMx napameTpoB MnpoLecca B3avMOAENCTBUSA
TpexdasHbIX NeH C MOPUCTON Cpedoill TOopHbIX MOpPoA Mpu Bpe-
MEHHOM OJIOKMPOBaHMM MOrMOLLAWEro Mnacta, NEHOKUCIOTHBIX
obpaboTkax, rugpopaspbiBax u ap.

2.4. UCCJEJJOBAHUE HABYXAHUSA HEYCTOMYMBBIX
TJIMHUCTBIX MTOPO/I B MEHHOM CPEJIE
N MHI'MBUPYIOIIUX KHIKOCTAX

2.4.1. BBIBOP JJUCIIEPCHOI'O KOJUIOUJOOBPA3YIOIIEI'O
MATEPHAIJIA

WccnepoBaHns no BbIGOpy ONTMMAarbHOrO TUMa M COCTaBOB WHIU-
OvpyroWwmx xugkocten ans OypeHUs CKBaXMH B HEYCTOMYMUBLIX
rMUHax BeNucb MO OBYM HanpaBneHUsM:

MOMCK XMMMWYECKMX peareHToB, MO3BOMSOWMX 3HAYMTENBHO
NoBbICUTb NHIMOMpyoLMe cBorcTBa GypoBOro pacTeopa;

nomck  6e3rMMHUCTOro AMCNEPCHOro  Konnovaoobpasytoulero
MaTepuana, obnagawllero WMHrMoMpyLMMM CBOMCTBAMU U He
3arpsI3HAOLLEro NPOAYKTUBHbLIV NNacT.

lMpumeHeHne TpaguUMOHHOrO GEHTOHWTOBOrO TNMHOMOPOLLKA
npu GypeHnn, B TOM 4Yucrne ¢ OOMbLUIMM 3EHUTHBIM YITIOM HaKMoHa
CTBONA, Mokasano HEBO3MOXHOCTb €ro WCMoNb30BaHWA B COYeTa-
HAM C LUMPOKMM HabOpPOM WUMEKLMXCS M AOCTYMHbIX XUMU4e-
CKUX peareHToB, He obecneyvBalOWnX CTAOUNBHOCTU TUKCOTPON-
HbIX U UNBbTPALMOHHBIX MapameTpoB OypoBoro pacTtsopa. [pu-
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rotoeneHve OypoBOro pacTtBopa M3 CONECTOMKOM NanbIrOPCKUTO-
BOW MWHbI C OOOGAaBNEHMEM WHIMOMPYIOLWMX CONEBbLIX COCTaBOB, a
Takke AanbHEWWWNA MOUCK HOBbIX CTaOMMM3UPYOLWUX peareHToB
ons 6eHToHMTOBOro GypoBOro pacrtBopa ObiIn ConpshkKeHbl C Ae-
PUUNTHOCTBIO M BbLICOKOW CTOMMOCTbIO MaTepuanos. [loaTomy
BblIGOp cocTaBa OypoBOro pactsopa criefyeT MpoBOAUTb C yYETOM
BO3MOXHOCTW UCNOSb30BaHNS OTHOCUTENbHO AeLleBblX MaTepua-
OB, MPUrOodHbIX B KayecTBe CTpPykTypooOpasoBaTenenm m MHrmbum-
TopoB. Takmmm yHKUMsAMM obnagaeT COOTBETCTBYHOLMIA MaTe-
puvan CTEeKONMbHOro Npou3BoaCTBa.

B TexHomorumyeckom npouecce XMMWYECKOW MNOMMPOBKM MNOCY-
Obl B pacTBOpax NMPOUCXOAAT crneaywmne XMMUYeckne peakunm:

Ha NepBOM 3Tane MONUPYOLLMM areHToM cnyxut HF

Na,SiO, + 6HF = Na,SiFs + 3H,0;
K,O + SiO, + 6HF = K,SiFs + 3H,0;
PbO + SiO, + 8HF = PbF, + 2H' + (SiFs) 2 + 3H,O; (2.18)
SiO, 4+ 6HF = (SiFs) "2 +2H" + 2H,0,

Ha BTOPOM 3Tane B KayecCTBe MNOJIMPOBOYHOIO areHta WUcnolsib-
3yetca H,SO,
Na,SiFs + H,SO, < Na,SO, + (SiFs) > +2HY,
K,SiFs +H,S0, < K,SO4 + (SiFe) ™2 +2HY; (2.19)
PbF, + H,SO, < PbSO, + 2HF,
2H" + (SiFg) 2 = (SiFy) 21l +2HF.

B panbHeiiwem Ans KOHAEHCUMPOBaHMS M3 TEXHOJIOMMYECKOro
pacTBOopa [AWCTEPCHOW B3BECU W MOCNEAYIOWEro ee yaaneHus
NPUMEHSIETCA peakuusi HelTpanusauuu, KoTopas MnpoucxoauT B
HeilTpanuaaTopax Mpuv B3aUMOAEWCTBUM KUCIbIX CTOKOB C W3-
BECTKOBbIM MOJIOKOM MO CMNeayloLyM peakUmsaiM:

Ca(OH), +2HF = CaF, | +2H,0;

Ca(OH), +H,SO, = CaSO,  +2H,0. (2.20)

M3 HenTpanmns3aTopoB CYCMNEH3Ua MnocTynaer B OTCTONMHUKK
(Bpems oTcToa He MeHee 1 4), rae npoucxoauT BbiNageHne B oca-
OOk cnabopacTBOPMMbIX M HEPaCcTBOPUMBIX XWMUYECKUX coeau-
HeHun. XMMMYecknin coctas ocagka (B % (No Macce)) criefyoLmii:
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CaO 26,16
Al,O4 1,78
MgO 1,16
CaF, 1,16
F6203 0,46
PbSOyuuiviiiiiiiiiiiciiiieeins .. 0,33
HepacTBOPUMBIA OCAA0K..........ccvevennne. 17,2

M3 npuBegeHHbIX OaHHbIX BUOHO, YTO BbIOpaHHbLIN CTPYKTYpO-
obpasyowun matepuan kadTop cogepxut okono 52 % cynedarta
Kanbums n 27 % okcuga kanbLuus, KOTopble SIBASIOTCA OCHOBHBIMU
nocraewmkamm noHos Ca™* B pactBop. KOMMoHeHTbI, Bxoasme
B €ro cocTtaB, He 06pasyloT TOKCUYHbIX COEOVHEHU B BO3AYLLU-
HOW M BOOHOW cpefax, a Takke B NPUCYTCTBUU APYrMX BeLLECTB
npw pasnuyHbIX TEPMOANHAMNYECKUX YCITOBUSIX.

Takum oOpasom, npvBedeHHblE pe3ynbTaTbl  XUMWYECKOrO
aHanusa Matepvana kadTop, NOATBEPAMIIN BO3MOXHOCTb €ro
npumeHeHnss ansg obpaboTkM OypoBbIX PacTBOPOB C LEMbK MO-
BbILLEHUSA UX UHrMBMpYIoLLEer CnocoBHOCTH.

2.4.2. PE3YJIBTATBI IABOPATOPHBIX UCCJETOBAHUN
HABYXAHUSA I'/IMHUCTBIX IOPO/J|

B kavecTBe nccnegyemMbliX XuOKoCTEN NPUMEHSATUCD:

ONCTUMNMPOBaHHas BOO4A — KOHTPONbHAsA >XMOKOCTb W pac-
TBOpUTENb AN OPYrnx MCcredyembix KOMMOHEHTOB (MaTepuaros,
peareHToB);

0,5%-HbIn BOAHbIN pacTBop KMLL-700;

5%-Hbli  BOAHbLIN pacTBop OeHToHMTa ¢ pobGasko 0,5 %
KMLL-700;

BOAHble pacTBOpbl kadpTopa npu KoHueHTpauuu 1, 5, 10, 15,
20, 25 ¢ gobaekon KML] 700;

2%-HbI BogHbIN pacteop CaCly;

1%-HbI BOOHbIN pacTBOpP U3BECTH;

5%-Hblin BogHbIN pacteop KCI;

0,3%-HbIn BogHbI pacTtBop DK-Drill (nonumep-nHruouTop);

TpexdasHasa neHa, obpasoBaHHas aspauuelrt neHoobpasyioLlel
xugkoctn, Bkmovawowen 10 % kadtopa, 1 % KMU-700; 1 %
aHnoHoakTmBHoro NAB (neHonudT), BoOAa — OCTasnbHOE;

TpexdgasHas neHa, roe B KayecTBe TBepaon dasbl BMECTO
kadpTopa gobasnanacb GeHToHMTOBas rnuvHa B konudectBe 5 %
obvema MOX, a B kavectBe aHmoHoakTmBHoro MNAB — cynbdo-
Hof.

B vccnegoBaHuax mMcnonb3oBanvcb 00Opasubl FMWMHBI TYNBCKOMO
n OGobGpukoBckoro ropudoHToB EnwaHa-Kypgtomckoro TXIT, a
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TaKke ANnd cpaBHeHWs maikornickas rnvHa Cesepo-CTtaBpononbc-
koro IMXr.

AHanns pesynbTaToB aKcnepumeHToB (Tabn. 2.20) nokasbiBaeT,
4yTO B OONBLUMHCTBE CnyyaeB Haubornee WMHTEHCMBHOE HalyxaHue
0obpasyoB rMvH NpoucxoauT B TeyeHue nepsBbix 60 MyMH ux B3au-
MoaeuncTeusa ¢ xunakoctamm 2, 4, 7, 8, 10—13. Yepes cyTkn Tako-
ro B3auMoAencTBUA 00beM HabyxaHus [OOCTUraeT MpaKTUYeCcKM
MaKCUMarnbHOro 3Ha4YeHUs M B MOCMEeAylLEM YBENMYMBAETCA He-
3HAYUTENBHO.

MeaneHHee npoucxoauT HabyxaHue rMvH B cpede nonvmep-
HbIX XWOKOCTEW B pacTBope MoaAUMUUMPOBAHHOrO GEeHTOHUTA.

Tabnuya 2.20

N3meHeHWe OTHOCUTENbHOrO HabyxaHWs FMH B Pa3NNYHbIX KUAKOCTAX
u TpexdasHoi neHe

Ho- OTHocuTENbHOE HabyxaHue rnuH,
mep | Tun pacTBopa Tun ryHbI %, BO BpeMeHU
n/n 14 244 48 4 168 4
1 | TpexdbasHasn Tynbckas (T) 0 0,7 3,8 9,5
neHa Bo6pvikos- 0 0,3 2,5 4,9
ckas (B)
Marikonckas 0 0,4 4,3 13,6
(M)
2 |Kaptop +0,5% | T 10,0 13,0 13,0 13,0
KML-700 5] 75 7.8 8,0 8,0
3 | 5%-Hbl rAnHK- | T 02 7.4 7.5 13,3
CTbIVi pacTBoOp M 0,4 54 9,7 22,5
4 |6%KCl+1,5% |T 13,5 14,0 15,0 16,0
PACL b 12,5 13,5 14,5 17,0
5 | 0,3%-HbIli pac- T 1,7 10,8 12,0 15,3
TB80Op DK-Drill M 1,5 16,3 22,4 23,8
6 |0,3%-Hbin pac- | T 2,3 13,4 14,0 16,6
TBOp KML-700
7 | 5%-Hbli pac- T 13,2 17,7 19,0 31,0
TBOp KC1 M 13,5 27,8 19,0 24,0
8 |5 % KMU-700 T 17,5 18,0 17,0—25,0{19,0—27,0
1 % xupma 5] 17,6 18,0 26,5—34,0/30,5—38,0
9 |1,0-25%«kadp- | T 4,0—75(150—1%,0|17,0—25,0|19,0—27,0
Topa M 3,0—7,0 |24,0—32,0/26,5—34,0(30,5—38,0
10 | 2%-HbI1 pac- T 21,0 23,0 30,0 53,0
tBop CaCl, b 19,0 22,0 28,0 42,0
11 | 1%-HbI pacT- T 19,7 23,0 23,5 24,15
Bop Ca(OH), M 23 24,7 30,0 34,6
12 (0,6 % KX + T 21,0 23,0 30,0 53,0
+ 02 % b 19,0 22,0 28,0 42,0
KML-700
13 | Ouctunnmpo- T 22,9 33,8 30,4 34,4
BaHHasa Boaa B 20,0 27,5 29,5 32,7
M 16,6 33,0 36,3 38,8
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MuHumaneHoe HabyxaHue rMHbI NpoucxoauT B TpexdasHow ne-
He. Yepe3 60 MWMH rMuUHbI B NeHe He HabyxawT Boobuie, 4epes
1 cyt Tonbko Ha 0,5—1,0 %. Yepes 2 cyt HabyxaHne He3Hauu-
TenbHoe (3,8—5,0 %). Tonbko 4Yepes 7 CyT OTHOCUTENbHbLIN 06beM
HabyxaHus BospactaeT Ao 5,0—13,0 % B pesynbrate BblaeneHus
MOX u3 nneHkn neHbl, U HabyxaHWe T[MUHbI  NPOUCXOAUT NpuU
B3aUMOAENCTBMM C BbIAENUBLUENCA XNOKOW dha3oi.

B BogHbIX pacTBopax kadptopa HabyxaHue npoucxoguT He-
CKONbKO MHTEHCMBHEE, YeM B pacTBope XxnopucTtoro kamvs. [o-
DOaBka monmvMmepa B BOAHble pacTBOpPbl KadTopa 3amMeTHO CHWXaeT
HabyxaHue rnuHbI.

YBenuyeHne KOHLUEHTpauun kadTopa B pacTBOpe He MNpUBO-
ONT K 3aKOHOMEPHOMY CHWKEHWUIO HabyxaHWst TNWH, Tak Kak Ko-
nnuecTBo cBo6oAHbIX MOHOB Ca™ ¥ HecyllecTBEHHO MeHsieTcs B
nuccrnegyeMom guanasoHe  KOHUEeHTpauuh kadpTopa U coctaBndaet
okono 801,6 mr/ am®.

Pesynbtatel nabopaTopHbIX uccnegoBaHuii  U3NKO-MeXaHu-
YeCcKUX CBOWCTB TyNbCKMX M 60OpukoBCKMX rmMuH (Tabn. 2.21) no-
KasblBalOT, 4YTO MO 3HAYEHWsIM TMOPUCTOCTM OHWU OTIMYaoTCA
noytu B 2 pasa. Kpome TOro, y TYNbCKUX [MMH KOSMPULNEHT
HabyxaHusi B Tpexda3HoW neHe 4epes 7 CyT 3HAYUTENbHO Bbille,
yem y GOOPUKOBCKMX. ITO CBMAETENLCTBYET O TOM, YTO TYIbCKMUE
rMUHbI cnocobHbl Goree WMHTEHCMBHO BNWTbIBaTb BRary M3 npo-
MbIBOYHbIX XWOKOCTEN W MEH.

WccneposaHns npoBogunuce B TpUM 3Tana, NpOAOmKMTENb-
HOCTb KOTOPbIX 3afaBanacb OJIMTENbHOCTLI0 BO3AEWCTBUS NPOMbI-
BOYHOW >XWMAOKOCTW Ha KepHOBLIM MaTtepuan. B kayectBe npoMbl-
BOYHOW >KMOKOCTUM ObinM BbIOpaHbl MEHHbIE CcUCTEMbl, obecneyu-
BawLMe MaKCUMaribHYyH COXPaHHOCTb KOJMEKTOPCKUX CBOWCTB
NPOAYKTUBHbIX OTNOXEHUIN. Takume CUCTEMbI, C OAHOW CTOPOHbI,
OOIMKHbI MUHMManbHO BO34EWCTBOBAaTb HA HabyxXxaHWe TMUMHUCTbIX
OTJIOKEHUN N HE KOMNbMaTUPOBaTb MOPOBO-TPELUUHHOE MNPOCTPaH-
CTBO M3BECTHSAKOB M MECYaHWKOB, C Apyron — obecne4vnBatb XO-

Tabnuua 221
CsoiicTBa kepHOBOro Martepuana

[MnoTHOCTb, Kosdbdpuument
. MopucTtocTb, % u
KepHoBblii kr/ m® P ? HabyxaHus B
martepuvan N N neHe yepes
Mrl:'/:%%igg obbemHas obwas Ha(:;::'te 7 cyT, %
Tynbckue 2720 2170 20,37 20,28 9,3
rMUHBI 2730 2180 20,17 20,01 9,6
Bo6pukosc- 2530 2250 11,12 11,09 4,9
KUe rMuHbI 11,06 10,87 4,8
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Tabnuua 2.22

PesynbTaTthl MccrefoBaHUs OTHOCUTENLHOTO YBENWUYeHNs Beca
obpasuoB, %

Mpogomnxu- _ MeHHble
KepHoBbI mate- TENbHOCTb ﬂmc;;mj;l'nal;po CUCTEMbI COCTaBOB
pvan B3aMMoaeni- BOda
CTBUSA, Y Ne 1 Ne2 | Ne3 | Ne4

Tynbckue rnu- 24 19 14 18 16 12
Hbl 96 20 16 19 16 12

528 22 18 20 17 12
Bobpukosckme 24 16 13 8 10 6
rMVHbI 144 18 14 12 11 7

528 20 15 15 12 8

POLUUA BbIHOC LUNlamMa U3 CKBaXXWHblI, B OCOOEHHOCTM M3 ee ropu-
30HTanNbLHOro cTBOMNa.

B xoge wuccrnegoBaHus uM3yvancd XxapakTep B3avMOLENCTBUSA
TpexdasHbiX MNeH, cogepxawmx rnauHy, Tunody u MAB, ¢ nopuc-
TOW Cpenon KEpHOB TynbCkuX M 606pukoOBCKMX rMnH. B kauyecTtBe
MAB ncnonb3oBanucb a-oneduH, neHonudT, TOAC n cynbgoHon.
B 1abn. 2.22 npuBeneHbl pesynbTaTbl UCCNELOBAHMSA MOrMOLLEHUS
BOAHOW MaccCbl aprunnaMtamu, MOrpyXXeHHbIMU B AUCTUNNUPOBAH-
HYylI0 BOAY M TMEHHbIE CUCTEMbI, NMPUrOTOBMEHHbIE HA ocHoBe [1AB
(oi-onedpuH, neHonnudpT, TOAC, cynbdoHon).

OKCnepuMeHTanbHO YCTaHOBMNEHO, YTO BCe wumetwowmecsa MAB
3ameanunu nornowleHne Boabl obpasyamu u HabyxaHwe rMuH Mo
CpaBHEHWO C AUCTUNNUPOBaHHOW Bogon. OpHako Hauvnyylune
pesynbTatbl MOMyYeHbl NPU UCMONb30BaHUN TpexdasHbiX NeH Ha
ocHoBe cynbcoHona. Takum obOpas3omM, B MEHHOW cpefe, npuro-
TOBMEHHOW Ha OCHOBe CynbgoHOMa, MPOUCXOOUT MUHUManbHOe
HabyxaHve rnuHMCTOro matepuana. [axe npu OTHOCMTENBHO
ONUTENbLHOM  BPEMeHU B3avMoaencTsuss obpasLuoB C NEeHOW, npu-
rOoTOBIIEHHOW Ha OCHOBE cynbdoHOMa, npouecc HabyxaHus TnuH
cyllecTtBeHHOo 3ameanseTtca [15, 40, 97].

2.4.3. OGOCHOBAHHUE MEXAHU3MA CTABMWIN3ALIMU
TJIMHUCTBIX MOPOJ UHT' MBUPYIOIIUMHU ) KUIAKOCTAMUA

B.O. baviaiok n J1.A. WpeinHep ycTaHOBUNW, YTO TOMbKO OaBreHWe
HacblLLaloWwen Xuakoctn 6e3 U3MKO-XUMMYECKOTO BO3AENCTBUSA
dunbTpata He MOXEeT NPUBECTU K NoTepe YCTOMYMBOCTU MUH Ha
CTeHKax CkBaXwHbl. CnegoBaTenlbHO, OCHOBHYKD pOflb B WHTEH-
cudmkauum npouecca AedopMMpoBaHUA NNH UrPpaeT He MCXon-
Has BMaXHOCTb, a HacbiweHne dunbTpaTtoMm OypoBOro pacTteopa
nog AencTeBMeM penpeccun Ha nnact [98]. OgHako nornoweHune
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dwunbTpata 6ypoBOoro pactsopa MpPOWCXOAMT He CTOMbKO Mog Aen-
CTBMEM nepenaga [[aBMEHUS B CUCTEME CKBaXuMHa — MnacrT,
CKONbKO B pesynbTate (PU3MKO-XMMUYECKOTO0 B3anMOOenCTBuS,
pa3BuBaloLLEroca B CaMOW rMMHUCTON nopoae.

WccneposaHve B3avmopeincTBust BypoBbIX pacTBOPOB C MNHU-
CTbIMW MopodamMy [aeT BO3MOXHOCTb YCTaHOBUTb (DU3UKO-XUMU-
YeCKYl0 COBMECTUMOCTb UX (DUNbTPATOB C MMUHAMMU.

Kak n3BecTHO, WHTEHCMBHOCTb [Aecopmaumy MpPOHULAEMbIX
FOpHbIX MOPOA4 MPW WX HAaCbIWEHUN XUOKOCTbIO onpegensercs
cTeneHb0 CBOGOAHON MOBEPXHOCTM MOPOBOr0 MPOCTPaHCTBa C
dunbTpaTom.

WccnepoBaHns, npoBefeHHble B AsepbangxaHe MNoA pykoBO-
actesom M.K. Ceunp-P3a, nokasanu, 4to gedopmauusa (NonsyyecTb)
FMWH BO3pacTaeT C YyMeHblUeHneMm Habyxaemoctn. JOddekTuB-
HOCTb Xe AEWCTBUS WMHIMOMPYIOLWMX pacTBOPOB TOrO MU MHOTO
TMna, ONpeaensowmx YCTONYMBOCTb [MIMH Pa3HOro MUHepanoru-
YecKoro coctaBa, OBbACHAETCA pasnMyHbIM MEXaHW3MOM WX Oew-
cTBuA [99].

AHanuanpysi BnusiHMe KanbLueBblX OypOBbIX pacTBOPOB Ha YC-
TOMYMBOCTb FMMHUCTBLIX MOPOA, criegyeT OTMETWUTb, YTO OJHMM U3
OCHOBHbIX (QaKkToOpOB, BAUAKOWMX Ha UNKO-XUMUYECKUIA NpPO-
LleCC B3aMMO/ENCTBMS, SIBNSETCA cofepxaHue katmoHos Ca’™ B
duneTpate pacteopa. Hanpumep, B AsepbarigxaHe npu pasby-
pvBaHUM CeBepOo-3anagHOro Kpbia aHTUKNWHANBHOW  CKNaaku
nnowaan KanHapmka pacTBopbl C MarnbiM cogepxaHuem Ca™t™
(400—500 mr/ aM’) ganu nonoXuTenbHbIi pesynbTaT. B cesepo-
BOCTOYHOM KpbIfie He ydanocb CTabunuanpoBaTb CTBOST CKBaXKWH
Jaxe C MpMMEHEeHMeM XJopKanbLMeBblX OypoBbIX pacTBOPOB, CO-
aepxawmx Gonblue noHos Ca™* (1000—2100 mr/ am®), a cnepo-
BaTeNbHO, C BOMbLUNMMY KPENALWMMU CNOCOOHOCTAMM.

OyeBUOHO, YTO arperatMBHasi YCTOWYMBOCTb [MWH ornpegeneH-
HOrO TWMa COXPaHSETCA B KOHTAKTE C MpPaBWibHO BblIOpPaHHBLIM
UHrMbupytowmm pacteopom. CregoBaTenibHO, MO MHEHUIO aBToO-
poB pabGoTbl [98, 100], MOWCK pauuoHarnbHOM 00nacTn npuMeHe-
HUS XMMUYeckux peareHToB, [1AB, HanonHutenein k 6ypoBbIM
pacTtBopam, npegoTepallaowum aedopMauunio  AUHUCTBIX  MO-
poa, — nepBocTeneHHas 3agava, Tpebylowas peLleHus.

Hedopmaumsa, Bbi3BaHHAst MON3y4YeCTbi0 TMUMHUCTBIX MOPOA,
CYLLLECTBEHHO 3aBMCUT OT MNPOHUKHOBEHMS dunbTpata OypoBOro
pacTBopa, NMPOMCXOASLIEro BCNEACTBME MPOLECCOB rnapartauum u
ocmoca. [pu atom npoueccbl MOn3yyectu, HabyxaHua W Kpens-
Wero AeiicTBus HaknadblBalTCA OpYr Ha Apyra v B LEnom onpe-
OensiloT  YyCTOMYMBOCTb  MIMHUCTOW MNOPOAbI Ha CTeHKax CKea-
XVHBbI.
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OgHVM 13 MeTOAOB MOBbLILWEHUSI YCTOWYUMBOCTU  MUHUCTBIX
nopoa Ha CTeHKaxX CKBaXWHbl ABMASETCHA YMEHblUeHUe WX rngpo-
dunbHoCTU. TMApPOUNBHOCTL YyCTaHaABNMBAET TOT YPOBEHb Haby-
XaHus, KOTOpbIA AOCTUraeTca MNpu OnpedesnieHHoW penpeccun U
3aBUCUT OT MEXAHWYEeCKOro cocrtaBa, OOMEHHOro Kommnekca W
TeKCTypbl rMuH. Hambonee rugpoduneH MoHTMOpWUNNoHuT. na-
POMOUNBHOCTL MOPOA CHWXAKT MyTEM WHrMOMPOBAHWUS, MOMHOMO
obmeHa ”n xemocopbunoHHoro moauduunposaHus [100]. UHru-
OvpoBaHMe, yCTpaHsaLEee OCMOTMYECKOe OOBOAHEHWE TMWH, O0C-
TUraeTcs TaKkKe MuHepanusaumen pacTBOpPOB B pesynbTaTe [o-
BaBku conen Kanbums M Apyrux MeTanmnos.

BnusHne ocmoca Ha npouecchl, npoucxoasiwue B MN3I1, moxeT
ObITb pasnMyHbIM B 3aBUCUMOCTM OT ero Hanpaenexus. Ecnu oc-
MOC HanpasneH w3 ckBaxuHbl B [3I1, TO BO3MOXHbI OCbINMU U
06Banbl CTEHOK CKBaXWHbl, T.€. HapylleHue YCTOWYMBOCTM [IIVH,
ecnm HaobopoT, TO M3MEHSIIOTCA Moka3atenu OypoBoro pacreopa.
Mo paHHbIM paboTbl [98] B CKBaXXMHE MOrYT BO3HMKaTb AEBATb
COYETaHUn MOPOBOr0 U CKBAXKWUHHOrO AaBeHWn, MuHepanusauum
nnactoBbix NoMaoB U hunbTpaToB OYPOBLIX PACTBOPOB.

Hanbonee ontumanbHbIMW, C TOYKU 3PEHMS MOBLILWEHUS YC-
TOMYMBOCTU CTEHOK CKBaXWHbl, ABMASAKOTCA Crydau, Korga B CUC-
TEMe CKBaXXMHa — nnacT ycTaHaBNMBaeTCs OCMOTUYEecKoe pas-
HoBecue, NGO OCMOC HanpaeBneH W3 nnacta B CKBaXWHy. He-
CMOTPS Ha TO, YTO B crniyvyae fencteua ocmoca u3 M3l B ckea-
XVMHY NPOMCXOOUT M3MEHEHME MokasaTenen OGypoBOro pacteopa,
ropasgo nerye vx nogaepxvBaTb B 3aJaHHbIX npegenax, yem 6o-
POTLCHA C OCMOXHEHUSMU CTBOMA CKBaXMWHbI.

[MpoBedeHHble aBTOpaMyM COBMECTHO C coTpygHukamn Ces-
KaBHWIMWrasa wuccnegoBaHuMs B3aMMOAEWCTBUS  KUOKOCTU  Ha
OCHOBe kadptopa C obpasuamy [NUHUCTLIX NOPOA  MoKasanu
cnepywoulee:

KOHUeHTpauun kadgtopa ot 1,0 go 25 % He MpMBOAMT K 3aKo-
HOMEPHOMY U3MEHEHUNI0 HabyxaemoCTy MUH;

Bapuaumsi 3Ha4yeHW OTHOCUTENbHOro HabyxaHws yepes 7 cyT
B3aumogenctema B npegenax 19,0—27,0 % pgna TynbCkux wu
30,5—38,0 % pna G0OPMKOBCKUX NWH, OTOOPaHHbIX M3 pasHbIX
CKBaXWH W T[NyOWH, BbI3BAaHA €CTECTBEHHbIM W3MEHEHWEM WX
CBOWCTB B uccrnegyemblx npegenax. Kpome Toro, aTM 3HaveHus
OTHOCUTENBHOIO HabyxaHus COMOCTaBUMbI C TaKOBbIMW, MONY-
YEHHbIMW NPWU B3aMMOAENCTBMU MUH C 5%-HbIM BOAHBLIM pPacTBO-
pom KCI, U HWKe 3HaAYeHWW, NOMyYEeHHbIX NPW KX B3aMMOAENCT-
BuM ¢ pactBopamm CaCl, n Ca(OH),; pobaeka 0,5 % KML, B BOA-
Hbli pacTBOp KadTopa CyLWeCTBEHHO CHMXaeT HabyxaHue 4epes
2 cyT n Gonee.
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Takum oOpas3om, nNpoBedeHHble WCCNefOBaHUS [0Ka3biBaOT
BO3MOXHOCTb MPUMEHEHUS KadhTopa B KavyecTBe WHrMoupytoLlei
pobaeku onst 06paboTkmM GypoBbIX PacTBOPOB.

2.4.4. PABPABOTKA COCTABOB U PELIENITYP
BYPOBOT'O PACTBOPA Y IEHOOBPA3YIOIIEN )KUJIKOCTH
C UCIIOJIb30BAHUEM KA®TOPA

ConytcTBylowme (nNobGOYHbIE) MaTepuarnbl OCHOBHbIX MPOM3BOACTB
(MPOMBILLNEHHOTO UNKN  CENbCKOXO3ANCTBEHHOrO) OObIYHO Hakar-
nMBaloTCA B BUAE OCTATKOB ChIPbSl MMM 4YacTU €ro KOMMOHEHTOB,
HEe MCMoNb30BaHHbIX B OCHOBHOM TEXHOMOrMYeckoM mnpouecce,
KOTOpble HepauuoHanbHO WM HEBO3MOXHO nepepabaTtbiBaTb Ans
Nony4yeHnst NoNe3HOro NpoaykTa.

Hakannueasicb Ha npegnpuatusix, 3Tm noboyHble maTepuanbl
(MM) cospaloT cepbesHytd Mpobremy, CBA3aHHYK C WX YHUYTO-
XeHneM unn 3axopoHeHuem. [Nonagas Ha OHEBHYI MOBEPXHOCTb
(B aTmMocdepy, Bogoembl, Ha 3emenbHble yroabs), MM HapywatoT
akonoruto. oatomy yTtunuamposatbe [IM B gpyrnx TexHonormye-
CKMX npoueccax O4YeHb 3(PEKTUBHO U LEenecoodpasHo, Tak Kak
OTXOAbl 3HAYMTENbHO AelleBne roToBoOro npogykra, 6onee poc-
TYMHbl C TOYKM 3PEHUSA NPUOBPETEHUS U OOCTaBKM, a Takke 4ac-
TWMYHO peluaeTcst Npobnema nMx 3axXOpPOHEHWSI.

B Hawen cTpaHe HaKoMneH MOMNOXMWTENbHbIA OMbIT UCMOMNb30-
BaHMs OTXOOOB NpPoOu3BOACTBa AN 06paboTkm GypoBbIX pacTBO-
poOB, B TOM YuCME 1 ONS MOBbLIWEHNS NX MHIMOUPYIOLWUX CBOWCTB.

OpHako, kak nopgyepkmsatoT O.K. Aurenonyno, B.M. [Moarop-
HoB, B.D. ABakoB, nyTemMm Mpou3BONbHOW [00aBKM OOHOro peares-
Ta K Opyromy faxe npyv WHTEHCMBHOM MepeMeLluMBaHUN Aaneko
He Bcerga yaaeTcs MoMyuYuTb CTPYKTYPUMPOBAHHYIO AMCMEPCHYIO
CUCTEMY, KOTOPYD MOXHO WCMOMNb30BaTb B KayecTBE OCHOBbI AMS
OypoBoro pactBopa [100]. CornacHo knaccudmkaumm, paspabo-
TaHHoW aBTopamu paboTbl [100], BypoBbIMM NPEAnpPUATUAMU MO-
ryT ObiTb umcnonb3oBaHbl A0 830 coeguHEHWUA, MNOMYYEHHBIX U3
ToBapHbIX conen u MM. HeobxogMmo 3amMeTuTb, YTO TOmnbko 33
coeanHeHnd, B ToM ducne CaSiFg n CaCrO,4 pacTBOpuMbl B BO-
ne, 10 coegnHenun, B Tom unucne Ca(OH), CaSO, Ca,S Tpya-
HopacTBopuMbl B Boge (okono 0,1—0,5 %), 29 coeamHeHwi, B TOM
yucrne CaCOs;, CaSiO3, Ca3(PO,),, HepacTBOpUMBbI B BOAE, HO pac-
TBOPSIIOTCA B KUcnoTax, octanbHble 11, B Tom uncne CaF,, aBns-
I0TCA HEPaCTBOPUMbIMU TBEPALIMY BeLLleCTBaMN.

AHanu3 XxuMn4eckoro coctaBa kadTopa (oTxoda CTEKOSbHOWN
NPOMBILLFIEHHOCTM) MOKa3biBaeT, YTO B HEM COOEPXUTCS OKOJO
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Tabnuua 2.23

CocrtaBbl U peLenTypbl MHTMBMpYlowmx 6ypoBbIX PacTBOPOB

Mep . acxopn, Kom- o noHos Ca™ ™,
n/n pacTBopa Komgggsg;Hbm MOHEHTOB, ;g::lf% wr/ am®
Kr/ M ’
1 | N3BecTKOBbIW 110 200—300
BeHTOHUT 80— 100
OXIC 15—20
NaOH 5—7
Ca(OH), 35-5
KMLI-600 3-5
Bopa OcranbHoe
2 | Xnopkanbuue- 100 2000 — 2500
BbIl BeHTOHUT 100—120
KCCBb 25—30
KMLI-600 10—20
Ca(OH), 2-5
CaCl, 5—6,5
Bopa OcTtankHoe
3 | Xnopkanvessbiii 160 30—50 r/ gm*
BeHTOHUT 50—80 (obwas mu-
KCCBb 30—350 Hepanu3auus)
KMLL-600 3-5
KOH 3—6
KC1 30—50
Bopa OcranbHoe
4 | f'mnconsBecT- 160 1200 — 1500
KOBbIVA BeHTOHUT 80— 100
OXIIC 20—30
CaS0O,42H,0 15—20
KMLI-600 3-5
NaOH 3—5
Ca(OH), 1-3
Bopa OcTtanbHoe
5 | Twgporenbmar- 110 300 r/ am®
HVEeBbIN MgCl 200—250 (obwas mu-
Ca(OH), 18—20 Hepanusauus)
KML-600 20—30
Boaa OcrtankHoe
6 | Mogndwuumpo- 160 801,6
BaHHbIN runco- | BeHTornT 30
M3BECTKOBbIV OXIC 20
KadTop 50—200
KMLL-600 305
NaOH 3—-5
Bopa OcTtanbHoe
7 | MeHoobpasyto- 160 801,6
wuin moandu- BeHTOHUT 30
LIMpOBaHHbIW KadTop 30—350
runconssectko- | [AB (neHo- 6—10
BbIV nmeT, cynbdo-
Hom)
KMLL-600 5—20
Boaa OcTtaneHoe
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52 % runca (CaSO, - H,0), 27 % okcuaa kanbums CaO (Herawle-
Hasa wu3Bectb) M 3,4 % okcmpgoB anomuHua (1,78 %), marHus
(1,16 %) n xenesa (0,46 %), KOTOpble HEpPaCTBOPUMbI B BOAE, HO
pacTBOpMMbl B KUCroTax. Takum o00pasom, ucnonb3ys kadTop,
kak MM pna obpaboTkn OypoBoro pacrtBopa, akTU4Yecku no-
ny4aem TUNCOU3BECTKOBbLIA pacTBOp MOAUMLMPOBAHHOIO TuUNa
[101, 102].

MpeumyllectBo pactBopa pa3paboTaHHOW peuenTypbl (Tabmn.
2.23) 3alkntovaeTcss B TOM, 4YTO B pes3ynbTaTe B3anMMOAENCTBMS
ero ¢ vccnegyembiMu rMUHaMU KoHUeHTpaums uoHoB Ca’ ™ Bos-
pactaet ot 801,6 go 1002—1202,4 mr/ am°. 310 cBMAETENbCTBYET
O TOM, 4YTO OCMOTUYECKUI NPOLECC HanpaefneH W3 nnacta B
CKB@XXVHY MpU CPaBHUTENIbHO HEBBLICOKOM 3HAa4YeHUU MW3OTOHUYeE-
cKoro koadpduumerta: K, = 1,31.

Mo panHbiM [101, 102], ncnonbdyemble ans obpaboTtkm Oypo-
BblX WHIMOUPYOLWMX pPacTBOPOB XIOpwWAbl Xernesa, antoMUHWS,
MarHusi, Kanbuusi, HaTpusi 1 kanus MmeroT Goree BbICOKME 3Ha4e-
HUA MN30TOHUYeckoro koadppuuymeHta (1,83 < K; < 4,76), nokasbl-
BalOLLLEro, BO CKOMbKO pa3 yBENUYMBAETCS KOMIMYECTBO OCMOTUYe-
CKW aKTMBHBIX YacTuy B pacTBOpe BCMEACTBME Auccoumnaummn
anekTponuTa.

Kpome Toro, nepeoHavanbHasi koHUeHTpauus noHoB Ca™ " npwm
obpaboTtke GypoBoro pacrtesopa gobaBkon kadTopa CyLLECTBEHHO
He M3MEHSIETCA OT ero CoAepXaHusi B pactBope. B 1o xe Bpems,
0N NepPeYMCnNEHHbIX Bbille XMOPWAOB COAEPKAHWE MOHOB MeTan-
OB B pacTBOpPE YBEMUYMBAETCS C POCTOM KOHLIEHTpauuMu conu,
YTO 3aTpygHsieT Mpouecc perynmpoBaHus YCTOWYMBOCTM [IINHW-
CTbIX MOPOA Ha CTEHKE CKBaXMHbI B npouecce bypeHus.

PaspaboTaHHble HOBble COCTaBbl M peuenTypbl OypoBoro pac-
TBOpa M neHoobpasylolen XUOKOCTU C  ucnonb3oBaHuem MM
CTEKONbHOM MPOMBILLNIEHHOCTM — KadhTopa peKkoMeHaylTcs Ans
NPOBOAKM CUJIBHO WCKPUBIIEHHBIX W TFOPU3OHTarnbHbIX CTBOMOB
CKBaXVWH B HEYCTOMYMBBIX [MIMHUCTBIX MOpOAaX, MecyaHukax M|
HU3KOMPOHNLLAEMbIX N3BECTHSKaX.
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