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OCOBEHHOCTH TEYEHHA LEMEHTALIHOHHBIX
PACTBOPOB I1PH VIIPOYHEHHH TPEIIHMHOBATbBIX

I'OPHBIX ITOPOA

PaccmotpeHsr npoLieccsl (OuAbTPaLIMHA LIEMEHTHOIO pacTBopa IPH YIPOYHEHHH Hapy-
LIIEHHOrO MaccHBa ropHbIX ropo. IlpeactaBieH MosTarnHbFt aHa/lM3 ABHKEHHS CYCIIeH-
3HH M ee AMCIIEPCHOH (hasbl B MPOCTPAHCTBE rOpH30HTa/IbHOH TpeiirHbl. Orpeae/ieHpl
30HBI KPHTHYECKO¥ /TIOKa/TM3aLIMH YaCTHL LIeMEeHTa.

KrroueBble c10Ba: ropHbsle MopoJsl, TpelldHa, LIeMeHTallHs, TOTOK CYCIIeH3HH, GDH/IbT-

pallHs, YacTHLIbI [IeMeHTa.

” ccneays npobaeMsl hOPMUPO-
BaHUA LleMeHTallMOHHBIX 3aBec
WU 30HBI LIeMeHTAlIMOHHOTO YIpOYHe-
HUS HapyLIeHHbIX [I0POa BOKPYr FOPHbBIX
BBIPAOOTOK, Her30eKHO BO3HUKAIOT BO-
MPOCHl MO KauyeCTBY 3arlo/IHeHHs CHCTe-
Mbl TpellMH LIeMEHTHbIM MaTepHa/IoM,
MaKCHMa/IbHO BO3MOKHOM Aa/TbHOCTU ero
pacrpocTpaHeHusi, TpebGOoBaHUAM K Tex-
HO/IOTWM MHBEKIIMOHHOM 1LIeMeHTaLIUH.

C 1ienbio noBbliieHUst 3¢pPeKTUBHO-
CTHM VYIMPOYHEHHs MacCHBa aBTOpaMU
paspaboTaHa Cepusi TeXHOMIOTHM, OCHO-
BaHHBIX Ha LIEMEHTALMOHHOM YITpOYHe-
HUM TPelIMHOBATOM MPUKOHTYPHOM 30-
Hbl B COYETAHUM C aHKepaMH, 3aKperl-
nfleMbIMM B CKBaxKMHe CBIIMYYMM Marte-
PUa/IOM — KBapPLIEBLIM TIeCKOM ([TaTeHThI
Pd Ne 2283959, 2320875, 2321749).
[Ipy 3TOM CKBaKMHBI @HKEpPHOTO Kperl-
NIeHUsl WCTOMB3VIOTCA KaK /18 HarHeTa-
HUS LIEMeHTallMOHHOIO PacTBOpa, Tak U
B KaueCTBe ApeHaXKHbIX (PHU/IBTPALIMOH-
HBIX COPOCOB «M3/UIIHEN» KUAKOM pasbl
(He yuacTByeT B TMpoliecce rUapaTallin
LleMeHTa U HeobOXoauMa TO/BKO A7f
TMAPOTPaHcIiopTa vactuiy). Kcronbaye-
MBIA A7 3aKpervieHUs: aHKepOB I1eCOK
rnpeactarnsger CcoO6or  PUABTPYIOIIYIO
cpeay Ans YacTvll LieMeHTa. [ucrepcnu-
OHHasl cpeda OT(H/IBTPOBLIBAETCA U3
CHCTeMbl TPelIUH Yepe3 MecoK ApeHa-
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HBIX CKBaXXWH T10/1 BO3/EMCTBHEM [aB-
7IleHHUsl HarHeTaHWs W TOC/eAYIOIero
MeXaHUYEeCKOro CXKaTvs (Mo/KaTvs) aH-
KepaMM pacc/IoMBLIeNca M HapylIeHHOMN
CTPYKTYPHI [MPUKOHTYPHOM 30HBI. AHKe-
Pbl B A@HHBIX TEXHO/IOTUAX TaKXKe BbI-
MOMHAIOT PYHKLIMIO BPEeMeHHOM KperH,
B TOM UHC/Ie OrpaHHYMBas pasBUTHE
CHCTeMBbl TpellMH I104 [AeNCTBHeM [aB-
7leHUsl HarHeTaHWs LIeMeHTallMOHHOIO
pacTBopa.

W3 ananuza pabort [1 — 4] oueBua-
HO, uTO 3(p(PEeKTHBHOCTh YIIPOUYHEHUs
MaccHBa MOXKeT ObITh IMTOBHILIEHa 3a CueT
obecrieyeHusi PaBHOMEPHOM BBICOKO
[7IOTHOCTU YacCTULl lleMeHTa [0 A/IMHe
TpellvH U B 0ObeMe 30HbI LIeMeHTaLIHH.
Takxke nokazaHO, uTto 60/1€e BbICOKas
KOHILIEHTpallMs 4acTULl 1IeMeHTa B pac-
TBOPE HAMpsAMYIO CBs3aHa C ITOBBIIICHU-
eM KO3ppULIMeHTa CLeIVIeHUs U aadre-
3UOHHOM MPOYHOCTH LIEME@HTHOTO KaMHs
¢ riopoaamu [5].

B KOHTekcTe paspabOoTaHHBIX TEXHO-
IOTUH PACCMOTPUM  YC/IOBUS, B/IHSAIONINE
Ha (PUIBTPALIMIO LIEMEHTHOIO PacTBOpa U
CTPYKTYPHPOBaHUE YacTUIl lIeMeHTa B
MMPOCTPAHCTBE FOPU3OHTA/TBHOM TPEIMHBIL.

Ocoboe BvsiHWE Ha TOTOK TTO/THIMC-
MepPCHOM CYCIIeH3WU B Ie/IeBOM KaHasle
OKasblBaeT cearMeHTaums dactvu [1]. Y
LIGMEHTALIMOHHBIX ~ PAcCTBOPOB  YaCTHLIbI



VMEIOT Pa3MyHbIA (PPaKLIMOHHBIN COCTaB
1 0ObeMHEIN Bec. MexaHrKa TeyeHus [pu
3TOM OC/IOXKHEeHa OO/bIINMM OObeMHBIM Be-
COM MMEHHO CaMbIX KPYITHBIX YACTHLI, YTO
CMOCOOCTBYET UX 3HAUMTe/IbHO 6oree Obl-
cTpoMy  ocaxkzaeHuio. HeoaHopoaHocTs
CTPYKTYPhl CYCIIeH3MU B oObeMe MOTOKa
SIB/ISICTCST OAHOM M3 BaKHBIX XapaKTepH-
CTMK /11 LIEMEHTHBIX pPacTBOpoB. Pac-
cMaTpyBas (PUABTPALIMIO  1IeMeHTallMOH-
HOTO PacTBOpa Kak TMAPOTPAHCIIOPT T10-
MUAVCTICPCHBIX YaCTULl LIeMeHTa, MOXKHO
HabMoAaTh B BEPTUKA/IBHOM I/IOCKOCTH
TOPHM30HTa/IBHOTO TIOTOKa ABMMKEHHe Yac-
THLI C PA3MMUYHOM CKOPOCTHIO (puc. 1), uto
BITO/IHE COI7TIACYeTCs C Teoprer (pasoBOro
TeUeHUs! CycrieHsuii [6].

[lpy aBMKeHMM pacTBOpa YacCTULIBI
LIeMeHTa OObeAWHSIIOTCS B TPYINbI 3a
CyeT B3aMMOEHCTBUA TOBEPXHOCTHBIX
CH/T U CW/I MEXMO/ICKY/ISPHOrO MPUTSH-
KeHrsa. OTOMY TPErnsATCTBYIOT TMApaT-
Hele oborouru. Hawuboree TOHKM 3TH
OBO/MOYKU Ha OCTPBIX TPaHsSX YacTHLl,
[IO3TOMY B 3THX MeCTax U ITPOMCXOAWNT
cnvnanvie (raoryasims) yactuil. Pro-
Ky/Ibl [0/ [GHCTBHMEM CU/bl THXKECTU B
KUIKUX PacTBOpPax ObICTpee OIMYCKaKoT-
Cs Ha [IHO IO CPABHEHMIO C OT/Ae/IbHBIMU
YacTHLIaMH.

Heo6xoamMmMo oTMeTHTh, YTO B COOT-
BEeTCTBUM C K/IACCUYECKOM Teopuen Io-
rpaHu4yHoro cnos [lpaHatns ABMKeHMe
cycrieH3ur (11eMeHTHOTO pacTBOpPa) IO
[AVHE TPEeIMHbI COMPOBOXKIACTCH AWC-
CUvMalirer 3Hepruy B 30He KOHTaKTa Co

Puc. 1. KayecTtBeHHas aniopa CKOpOCTeH
NMOTOKa MO/MHAUCIIePCHOH CYCIIeH3HH

CTeHKaMM, I7le BO3HUKAIOT OOo7blive
rPaAvieHThl HaIPsXKeHUI 110 HOpMa/iv K
notory. Kak wu3BecTHO, Ha HMKHEN
CTeHKe TpelrHbl (POopMHUpYeTCcs CTa-
LIMOHAPHBIA C/IOM CeAMMEeHTHPOBAaBLIMX
YaCTHLl, HaZl KOTOPbIM Ha HEKOTOPOM
yaaZieHU TMPOMCXOANUT TedeHWe YIVIOT-
HEHHOTO sApa I[IOBBILIEHHON KOHLIeH-
TpalLMK, OTrPaHUUEHHOTrO TOTO/IOYHOM
noeepxHocthio. Ocobo coXHa Mexa-
HUKa TeYeHMsl CYCMeH3UN B Y3KOM Iepe-
XOHOM 0O6/1acTH MeXAy sIPOM TOTOKa
¥ OrpaHU4YMBAIONIMMH ero CTallMoHap-
HBIMM TIOBEPXHOCTSIMH TpeIlMHbL. [Ipu
YCTAaHOBUBILEMCS HellPepbiBHOM TOTOKE
CYyCrleH3WM pa3HHlla B OTHOCHTE/bHBIX
CKOPOCTAX /IBHMKEHUsI YaCTULl BbI3bIBAET
MX B3aUMHOE CABHMIOBO-POTALIMOHHOE
CMellleHre M HelpephiBHYIO /I0Ka/IbHYIO
IPYIIIIOBYIO TIEPEKOMITOHOBKY MX CTPYK-
TYphl C MeXaHWYeCKUM pa3pyilieHueM
arperaToB (pz10KRy/). YKasaHHBINA TPO-
LIeCC  CIIOCOOCTBYET  BBICBOOOKIACHHIO
[OTO/THUTETBHOTO  KO/IMUeCTBa CBS3aH-
HOM BO/bI, CHUKas TeM CaMbiM BA3KOCTh
Y TIpee/ibHble HATIPSAXKeHUs CABUra Cyc-
MeH3W B MepexoaHo o61acTy.
MaBecTHO, UTO CyIlIeCTBYeT HEKOTO-
pasi MUHHMa/bHast CKOPOCTb BUMKEHHSA

pacTBopa v, , HHXKe KOTOPOM HauMHa-

ercs ocaxaeHve TBepaoit asbl. [Ipu
CKOPOCTAX Te4eHWs V <V, IPOHCXO-

OUT POCT OCadka Ha HUXKHEM CTeHKe
TpemwmHbl. POCT ocazka no BeicOTe Mpo-
UCXOAUT A0 TeX Top, MOKa CKOPOCTb

PaCTBOpa CHOBa He BO3pacTeT A0 pr .

[lpy manbHermeM yBe/IMYEeHUH CKOPO-
CTU TIOTOKa OCAZOK OCTaeTCs Ha MecTe,
OO BC/eACTBUE aare3vnt CKOPOCTh 3PO-
3UM TIpeBhIlllaeT MUHMMa/IbHYIO Ge3oca-
aouHyio ckopocTs. Hampumep, no 10n1s-
CTpeMy CKOPOCTh 3po3uu routd B 10
pa3 IMpeBbllllaeT MUHMMa/IbHEIE Ge3oca-
nouHble ckopocTh. OcCoBGeHHO CHU/IBHO
aaresusi MPOMABASETCS B CAydae Mellb-
Jarirx YacTHLI.

105



BaHMM,  BBIMO/IHEHHBIX B
OAO «KysHHMHMmaxrocTpor»
u 'Y Rys[ TY [7], npeano-
KeHa CXeMa 3arlo/IHeHHs
TpeIlMHbl [IeMeHTHBIM MaTe-
pyazioM (puc. 2) TIpy ABUKe-
HUM pacTBOpa OT HarHera-
Te/IbHOM CKBaXKWHBI. CTeHKH
TpellMHbl MPUHATH  HEITpPo-

Puc. 2. Cxema niaocKopaaHanabHOH (PHABTPAUHH pac-

TBOpa B OAHHOYHOH TpellHHe

[ToHATHEM KpUTHYECKOM (MUHWMa/Ib-
HOM 6e30CamoUHOM) CKOPOCTH  IHUPOKO
T10/1b3YIOTCA TIPU THAPAB/IMYECKUX pacye-
TaxX TMAPOTPaHCIIopTa YI/id U Mopoa I1o
TpybaM, a TaKkKe MpU pacyeTax CUCTeM
KaHa/IM3allMM Kak Y Hac B CTpaHe, Tak U
3a pybexkoM. [Ipr 3TOM cyTh BBeA@HHOTO
TIOHATHA CKOPOCTH V, , OCTaeTCs OHOW 1

Tot xke. Tak, Hanpumep, no MHeHuio C.
Coy, moa MMHMMa/ZbHOM CKOPOCTHIO Tie-
peHoca TOHUMaeTCs CpeaHsAs CKOPOCTb
[OTOKa, NMpHU KOTOPOW Ha [He TOpH30H-
Ta/IbHOM TPYObl He HaKall/IMBaeTCs C/OU
HeIOABWXKHBIX WM  MPOCKa/Ib3bIBAIOLINX
yactill. [Ipy nBrKeHMM MasioHaCHIIeH-
HBIX PacCTBOPOB 3HayeHHe KPUTHUECKOU
CKOPOCTU YBe/IMUMBAETCH C POCTOM KOH-
LieHTpaLMK. B KOHLIeHTPUPOBaHHBIX Ke
pacTBopax (P/IOKY/Ibl, COeAUHSACh MeKIY
cob6oM, He MajaloT Ha AHO, a OOpasyIoT
CTPYKTYPHPOBaHHYIO cMech. BcrencTtrue
3TOrO 3HauyeHWe KPUTHMUECKOM CKOPOCTU
YMeHblllaeTcsl HaulHasg C HeKOTOPOM KOH-
LIeHTpalMk Mpu ee YBenudeHuu. Ecium
MpU CPaBHUTE/IBHO HeOO/BIINX HachlIle-
HHSIX PAaCTBOPOB TBepaoi (ha3ol B IOTO-
Ke TOofAB/fAeTCH KO/VIOWAHAasA COCTaB/IAI0-
mas (YBe/IMUMBaeTCs BA3SKOCTh B3BECEHe-
CYIIeH KUIKOCTH), TO TPH 3HAUMTE/TbHBIX
HaCbIIIEHUsIX ~ PacTBOp  MpHoOpeTaer
CBOVICTBA BI3KOIVIACTUYHOTO Tera.

Ha ocHOBe pe3ynbTaToB 3KCIepu-
MEeHTa/IbHbIX U TeOpeTUUeCKUX UCC1eno-
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Hutlaembivu. CorzacHo 7aH-
HOM CXeMe pa3uyaioT Tpu
06/1acTi TeueHus pacTBOpa
OT CKBaKUHHI.

B o6nactu | Habnonaert-
cs 6e30casoyHoOe ABUXKEHHe
CO CKOPOCThIO, TPEBbIMAONIeH KPHUTU-
YyecKkyio 6e30camouHyIo.

B ob6nactu 1 obpasyercs ycroruu-
BBl OCAAOK 3a CYeT CeAMMEeHTallUH lie-
MEHTHBIX YaCTMIl BC/IC[ICTBUE YMEHbIIe-
HUS CKOPOCTM TOTOKa. [lo Mepe ocaa-
KoOOpa3oBaHUsl Hal OCeBlIel TBepaoid
dazoii YcTaHaBAMBaeTCH TeueHUe C To-
CTOSIHHOM CKOPOCTBIO Vg, M NTOCTOSHHOM
I/IOMIABIO KUBOTO cedeHus notoka. Co
BpeMeHeM Ha HEKOTOPOM PacCTOSIHUM
OT CKBaxkMHbI B 0obnactu II6 ocecrimmert-
pUYHOE TeueHHe pacTBopa Mpeobpasy-
ercs K I/IOCKOTIApa//ie/lLHOMY IO OT-
[ebHbIM KaHa/laM.

Paccrosinne, HauuHasg C KOTOPOro
TeyeHue pactBopa B obaactu Il moiimer
M0 OT/Ie/bHBIM KaHasaM, MOXKHO OpHeH-
THUPOBOUHO OTpee/MTh UCXOAA M3 CO-
OTHOIIlGHHs TIPU VYC/IOBUM pPaBeHCTBa

r/iomazer TOBEepPXHOCTHM oOcadka U
BepxHel CTeHKU TPelHHHI [7]
45

2R -R%) =2 R, (R, ~R,)

K
rae 8 — cpeaHee pPacKpbiTe TPEIIVHH,
R, — pamvyc Haudaza KaHaz1000pa3oBa-
HUd, Ry, — paanyc Hadasia 30HBI OBpa-
30BaHUA OcadKka.

B cooTBeTcTBUM C MaHHOM 3aBHCHMO-
CTBIO MHHMMa/IbHOE PacCTOsHKE, C KOTO-
pOro MOXKeT HauaThCsA TMPOLIeCC KaHalo-
0BpasoBaHus, MprUMepHO paBHo 3Rkp [7].



NpH LeMeHTaluHH TPellHH TOPHBIX MOopoA: a — ceArMeHTalld U KpHUTHYeckoe CHHXKeHHe
CKOPOCTU [ABHMKEHHS YacTHLl, 6 — OTU/IBTPOBBIBAHUE AMCIIEPCHUOHHOM Cpe/bl B MepeceKaroliye
TpeLIMHbl; B — KPUTUYECKOe /I0Ka/TbHOe CYXKeHHe MarvCTpa/ibHOW TPeUVHBl; I' — OT(H/ABTPOBbI-
BaHWe AMCTIePCHOHHON cpe/ibl MO A/MHe TMOTOKa B IMOPbl U MUKPOTPEIIMHBI FOPHBIX MOPOI; 4 —
OT(UIBTPOBBIBAHHE AUCTIEPCUOHHON Cpebl B KOHLIE [TOTOKa: (PH/IBTP APeHaKHOW CKBaKMHBI /U
30Ha 3aTHIO0BKY TPEIIMHBI

YuuThiBasi pesy/bTaThl  HCCIe0Ba-
HUM, PUABTPALIMA PacTBOpa B OAWMHOU-
HOW TpellrMHe MPOXOAWT TaKxke TIIpHU
CTPYKTYPUPOBaHUK TBepaoH paskl pac-
tBOpa (cycriensun). B  obnactu lla
[MPOUCXOANT arperaTtvBHOE  TeuyeHue
pacTBopa C MOCAeAYIONMM CTPYKTYPH-
poBaHueM B obnactu 116 npu oTdouasT-
POBBIBAHUM KUAKOM (pasbl IO A/IMHE
Tpeuntsl. B obnacty Il kpome maruct-
PafbHBIX TeUeHHI B HX IPOMEXRYTKaX
oOpasyercss XaoTHYHO pa3BeTB/EHHas
ceTb KaHa/lOB, PYC/IO KOTOPBIX pPacrio-
MOXKEHO  Had  CearMEeHTUPOBaBIICH
TBepaoy a3oi pacTBopa.

B ob6nactu Il HabmonaeTcst TeueHvie
OT(U/IBTPOBLIBAIOIICHCH KUAKON hasbl
pacTBopa.

[lpu ynpouyHeHuM MaccvBa IO pas-
paboTaHHBIM TEXHO/IOTHAM /71 obecrie-
YeHWs] KayeCTBEHHOIO 3ario/IHEeHUs Tpe-
IIMH LIEMEHTHBbIM MaTepHasoM HeoGXo-
VMO BHIOMpATh MeCTO pa3MelleHUs]
APeHaXHbIX CKBaXXUH C YUeTOM IIpes-
NOXKEHHOM cxeMbl (puc. 2) B obractu 116
Y He aariee TipefenbHO BO3MOMXKHOIO pa-
avyca pacrpocTpaHeHus pactBopa K.

[lporitecc 1ieMeHTalM  peasbHOro
MacCHBa TPeIIMHOBAThIX FOPHBIX MOPOI
MPOXOAUT B 6orlee CIOKHOM pexUMe.
Harpumep, mpoucXoanTt OTHABTPOBbI-
BaHUe XKUAKOM (pasbl pacTBOpa IMpH Oa-
HOBPEMEeHHOM CelMMEHTallMK LIeMeHT-
HbIX YyacTull. [Ipu atom obpasyioTcs 3a-
CTOMHBIE 30HBI, HE3aBUCHUMO OT TIPHUYHH
06pa3oBaHUs KOTOPBIX MPOHUCXOANT OC-
TaHOBKa YaCTULl ¥ HayMHAeTCs MPoliecc
3ario/IHeHus  TpelrHbl 1ieMeHtoM. Of-
HOBpPEMeHHO XW/Kasg hasa pacTBOpa
HaulHaeT orlepexarb TBepaAyio, OT-
UABTPOBBIBAsACH U TIPOABUTAsACH Aanee
Mo TPOCTPaHCTBY Iemu. TakuM obpa-
30M, BblZenseTcs ABa OCHOBHBIX pekuMa
UABTPALIMOHHOTO  TeYeHusA: C  OT-
oUBTPOBBIBAaHMEM KHUAKOWM (pasbl 10
[/TMHE TIOTOKa U C /1I0Ka/IbHBIM OT(U/IBT-
POBbIBAHMEM KHAKOM (pa3bl B MHKPO-
TpelrHbI TTOpOoaHbIX 6/10K0B. OCHOBHBIE
BapHaHThl /IOKa/IM3allid 30H TIOBBIICH-
HOM KOHIIGHTpAlIMM YacTHIl lIeMeHTa
Mpy lIeMeHTallMM TPeIIMH TOPHBIX IO-
poa MpeacTaB/ieHs! Ha puc. 3.

CneayolM  BaKHBIM ~ YC/IOBHEM,
OCMIOXKHAIOMMM TIPOLIecC LieMeHTalllU
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peanbHOr0  MacCHBa  TPeIlMHOBAThIX
TOPHBIX TOPOA, SBASETCS OrpaHuye-
HUe TPOHHKAIOIIeH CIIOCOOHOCTU lie-
MEHTALIMOHHOIO PacTBOPa, I10A KOTO-
POM TMOHMMaeTCcsl CIIOCOOHOCTb  MC-
repcHoM asbl MPOHUKATL B TPELIMHBI.
[NpakrTHKROi ycTaHoBeHO [1], uTo Le-
MEHTALIMM TOAAAIOTCA TPEIIMHBI C pac-
kpbiTeM He MmeHee (0,1-0,2) 107 M.
[TpoHrkHOBeHre TBepaoi a3kl B
TpellMHY 3aBHUCUT OT pAna akTOpOB,
OCHOBHBIMM M3 KOTOPBIX SAB/SAIOTCS:
PACKpBITHE TPelIVHbI, pasMep TBEePAbIX
YacTHLl, UX KOHLIEHTpalMs, AaBlIeHUE
(Harop) MoToKa.

[ns orpeaeneHys YCIOBUH,
B/MAONIMX Ha MPOLIECC M HHTEHCHB-
HOCTb TIPOXOXKAEHUS YacCTULl CKBO3b
le/ieBble OTBepPCTUs (TpellvHbl), OblI0
[IpOBeZIeHO TPUCTa OMNBITOB Ha Moaenr
IrPaBUTALIMOHHON peleTkU. VICIbTh-
Ba/IMCh YAaCTULIBI Pa3HOM POPMBI C Oa-
HOMOMEHTHOM 3arpy3koil B BePXHIOI
YacTh MOZe/U TIapTUM OrpeaeneHHOoro,
OIVMHAKOBOIO /71 BCeX OIbITOB OObe-
Ma. YacTulbl Maganu BHU3, 4acTb W3
KOTOPBIX TIPOXO/H/Aa CKBO3b PelIeTKY,
a 4yacTh, 3aBMcas IIPU B3aWMHOM pac-
KIMHWUBaHWUY, 3aZepXUBasach Ha pe-
mweTtke. /[lns OMBITOB MCIIO/Ib30BANACh
CMeHHBIe pellleTKU C PAas/IMYHBIM COOT-
HOIIGHHWeM MAaKCHManbHOrO pa3Mepa
YacTMLl K WIMpUHe oTBepctus. [Ipu
5TOM BaxHbl (haKThl CBOAOOOGPA3OBa-
HUS W CTPYKTYPUPOBAHMUA YaCTULl BO-
KPYr OTBEPCTHM, KOTOPHIE TTPOHUCXOAAT
C PasnMyHOM 4acTOTOM TOBTOPEHHH B
3aBUCUMOCTU OT COOTHOIIGHUS HX
pa3Mepa K Be/IWUYMHE PACKPbITHS Ile-
nv. BelsBreHo, 4YTO uMeeT MecTo
BYsAHWe (POPMbI YACTHUIl Ha IPOLecC
HX TPOXOKIEHUS] CKBO3b lle/IeBble OT-
BepCTUs. B CTeCHeHHBIX YCMOBUAX yr-
7I0BaThle YaCTULbI 1O CPABHEHUIO C
OKpPYIAbIMK 06pas3yioT 6071ee YCTONUU-
BYIO CTPYKTYPY, KOTOpas peannayercs
B BUE TIPSAMBIX U OOPaTHBIX CBOIOB
Ha/ Lle/IeBLIMY OTBepPCTUSMHU (pHc. 4).
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Puc. 4. Ctpykrypa npameix (B UeHTpe) H
o6paTHBIX CBOAOB Yr/I0BaThIX 4acTHI Hax
mesieBbIMH OTBEPCTHAMH TpPaBHTalLlHOH-
HOH pelleTKH

[Tpu npourx paBHBIX YC/IOBUAX Gortee
CBOBOMHOE COCTOsIHME YacTHll, repeme-
IIEHUsT KOTOPBIX BO3MOXKHBI CO CBOGOA-
HbIM B3aMMHBIM [TOBOPOTOM, TMTPUBOAMT K
Gorbllled YCTOMUMBOCTH CTPYKTYPbI U3
OKpPYI7IbIX YacThL. [Ipu 3TOM MeHblias
CK/IOHHOCTb K B3aUMHOMY MOBOPOTY Ha-
OmogaeTcs Y 6o/ee BBITAHYTHIX YaCTHL,
paboTaloMX B CTPYKTYPE MO TPUHLIMITY
Garki C 3alleM/IeHHbIM KOHLIoM. B [4]
TaKXKe OTMeYaeTCd, UTO MpU pasae/ieHuH
(oTWABTPOBBIBAHMY) CYCIICH3HI «.../Is]
00pa3oBaHUs  «CBOAMKOB»  YI/IOBaThie
YaCTHLIbI NPeAroyTHTe/IbHee, YeM OKPYr-
nbler. UeM rerde pacTBOp OTA@eT XKWA-
KyIO dhasy, TeM MHTeHCHBHee CBOA0oOpa-
30BaHHe U HaoOopoT. MIMeHHO 3TuM, Mo-
BUAMMOMY, MOXKHO OOBACHUTH IIOBBIIIE-
HUe TPOHHKAIOIIe CIIOCOOHOCTU pac-
TBOPOB TpU BBeAEHHH B HUX T/1aCTUQU-
LIMPYIONIMX 100ABOK, KOTOPbIe B TOM WU
MHOM CTereHy CHWKAIOT BOAOOTAaYY Lie-
MEHTALIMOHHBIX pacTBOPOB. [locneanwii
dakT noaATBepKAAeT, UTO MpH lIeMeHTa-
LMK  TPElIMHOBATO-TIOPUCTBIX  TOPHBIX
Mopo/ MPOHMKaoMIasi CroCOBHOCTh pac-
TBOPOB CYIIECTBEHHO CHWKAETCS BC/1ed-
CTBYE TIOBbIIICHHSA HHT@HCUBHOCTU OT-
ULTPOBbIBaHMS KUAKOM (pasbl. Bbiiie-
WU3/I0KeHHbI1  KaueCTBEHHBbIM  aHa/v3
TaKkKe IMOKasblBaeT, YTo CBOA0OOPa3oBa-
HHe BO3MOXKHO He TO/BKO B YCThe Tpe-
IIMHBI, HO U B CaMOl TpellMHe Ha HeKo-
TOPOM ee I1yOuHe.



TarkuM 06pa3oM, MOXKHO KOHCTATH-
POBaTh, YTO MPOLIECC YCTOMUYMBOIO CBO-
N006pPa3oBaHUs YaCTULl TIPU LIeMeHTa-
LMK HapyIIeHHBIX FOPHBIX ropoa Goree
C/I0XKeH Y 3aBUCUT He TOMbKO OT obllle-
M3BECTHBIX PAKTOPOB. BarHBIM yC/10BU-
eM peanv3alliy PacCMaTPUBAEMBIX TeX-
HO/IOTHI YIIPOUYHEHUS] MAacCUBa SIB/ISETCS
Aa7ibHeHIlvie VCCIe0BaH s BAUSHUA Ha
IPOLIeCC LieMeHTaluu POPMbl YacTHLl U
HxX KOHLIGHTPALIHH, CTPYKTYPHO-
PEOMOrMUECKHX XapPaKTePHCTUK PacTBO-
Pa, CKOPOCTH TIOTOKA U T.A.

OtamenbHO  HeOBXOAMMO  OTMETHTh
Ba)XHOCTb BBIOOpa paLMOHA/IbHBIX I1a-
PaMeTpPOB CKOPOCTH TOTOKA U AaB/IeHUs
HarHeTaHMsl LIGMEHTALIMOHHOIO PAaCTBO-
pa Ha BXoze B TpeIlWHY, MOoATBepKaast
paHee caenaHHble BbIBOAB [1] 0 HeoO-
XOAUMOCTH TIOAACPNKAHUS TTOCTOSHHOIO
pacxosa B Hauyase Mpoliecca HMHbeKLIN-
OHHOIO HarHeTaHvs M TMPU MOCAeaVIo-
eM repexone Ha HarHeTaHue Ipy I10-
CTOSIHHOM /1aB/ieHny. Kak yKasblBasioch,
Ipy YBe/IMUeHWr CKOPOCTH TIOTOKa 0
HEKOTOPOTO KPUTHMUECKOro  3HayeHHUs
[MPOUCXOAUT PaspyilieHre HeYCTOMUMBBIX
arperaTtoB YacTHLl CYCIIGH3WH C BBICBO-
BGOXKIeHHeM IOIOMHUTENBHOTO Ko/de-

CTBa CBSA3AHHOM XKHUAKOM pasbl. TeM ca-
MBbIM, CHMXKaeTcsl oblias BA3KOCTb CMECU
M TOMIMHA TUAPATHBIX OOO/IOUeK yac-
TULl, @ COOTBETCTBEHHO, U UX IIPOHU-
Kalollasi CIOCOGHOCTb.

BrinonHeHHble Hccie0BaHUA Takke
MO3BO/IAIOT YTBepX&KaaTb, UTO IpakTHhye-
CKO€e WCII0/Ib30BaHWe peKOMeHallMH O
IIPYMEHEeHUH TO/IbBKO BbICOKOKOHLICH-
TPUPOBAHHBIX PAaCTBOPOB MOXKeT BO
MHOTMX C/1y4asX MPUBECTH K CHUXKEHHUIO
KauecTBa LIeMEeHTallMOHHBIX paboT 3a
CUeT 3HAUWUTe/IbHOI'O CHMKEeHUs ITPOHU-
Katomeit crioco6Hoctd. OmHako Tpy
CHMXKEeHMUM KOHLIeHTpalW{ LieMeHTallu-
OHHBIX PACTBOPOB HEOOXOAMMO YUMTHI-
BaTb I[IOHMKeHHe IIPOYHOCTHLIX Xapak-
TEePUCTUK [O/IY4aeMOro  LIeMeHTHOTrO
KaMHA Y FOPHBIX [TOPOA NPY UX U3/MALL-
HeM pasMokaHuu. Perienve npoGrembl
BO3MOXKHO TPH OpraHusaliuv QUAbTPa-
LIMOHHBIX COPOCOB (OTPUABTPOBBIBAHHH
yepe3 ApeHaxkHble CKBAXKUHBI) H3/MII-
HeW A/d Mpolecca ruapaTalyi LieMeH-
Ta KUAKOUM (hasbl pacTBOpa, UYTO U IIO-
3BO/IAET pearu3alMs Ipe/1OKeHHbIX
TEXHO/IOTUM Kper7leHHsl TOPHBIX BbIpa-
6OTOK IMpU peneHr HOBBIX I10CTaB-
[ICHHBIX 3aJa4.
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