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MInmkxuna E. O., llerenes I1. T,
HAYYHBIIl PYKOBOAUTEIb JOKT.TeXH.HAyK npodeccop Heckopomubix B. B.
Cubupckuil pedepanvuslii ynusepcumem

Baxneiimeld a1 TPOWM3BOAMTENIBHOTO OypeHHUsl SBJSETCS THUIpaBIMKa J0JI0Ta,
HE3aBUCUMO OT €r0 THUIIA.

['unpaBnrka 10J0Ta BBINOJNHSET YEThIPE OCHOBHBbIE (YHKIUHU: Pa3phIXJISET ILIaMm,
OUMILAET MAPOIIKHU U PE3Lbl, OXJIAKIAET JOJIOTO U BHIHOCUT IIUIAM U3 CTBOJIA CKBAXKUHBI ISl
MPEIOTBPALICHHS €T0 TOBTOPHOTO pa3pyLICHHUS.

Kak moka3pIBaloT HCCIENOBAHUS TOBBIICHUE MEXaHUYECKOW CKOpOCTH OypeHwus,
MOBBIIICHUE YIIIYOJICHHS J0J0Ta 3a OJAWH OOOpOT Ha 3a00€ CBS3aHO C pealu3aluei erie
OJTHOW BaXHOM ()YHKIMH OypOBOTO pacTBOpa, KOTOpask COCTOUT B BO3JACHCTBUU Ha 30HY
AKMUGHO20 pa3pyuiarouieco oelcmeus 00J10ma M 301y npeopazpyuienus. Bo3nelictBue Ha
yYKa3aHHbIE 30HBI CBSI3aHO C BO3MOXXHOCTBbIO aKTUBHOTO NMPOHUKHOBEHHUS pacTBOpa U €ro
dbunpTpara.

BosznelictBue He Bcerma okasbiBaeTcss 3((EKTHBHBIM, TaK KaK BO3MOXKHOCTh U
r1yOMHA TPOHUKHOBEHUS B TPEIIMHBI M KaMWUISAPbl, 00pa3yroniecs B 30HaX pa3pylieHHs U
npenpa3pylieHus, 3aBUCAT OT CBOWCTB OypoBoro pactBopa. OCHOBHBIMH CBOHCTBaMH
OypoBOro pacTBopa B JIaHHOM Cllydae OKa3bIBAIOTCS BS3KOCTb, Hajuuue TBepAod (aswl,
BCJIMYMHA MTOBEPXHOCTHOTO HATSHKEHHUSI OYpOBOM KHMIKOCTH (PAacTBOpa WMIIM €ro (HIbTpara).
Hanpumep, omnbITHBIE NaHHBIE MOKa3bIBaIOT, YTO MPHU MOBBIIEHUH BI3KOCTH OYpPOBOTO
pacTBopa W cojiepKaHus TBepAod (ha3pl B HEM IIyOWMHA BHEIPEHHS WHACHTOPA B MOPOIY
CYIIIECTBEHHO CHUKAETCH.

Bonbmoe BiausHue Ha 3((EeKTUBHOCTH BIMSHUS OYpOBOIO pacTBOpa Ha MpOIEcC
pa3pylieHusl OKa3blBaeT TaKKe BpeMsl BO3ACUCTBUS MOPOAOPA3PYIIAIOIIMX 3JIEMEHTOB Ha
paspymaemyto nopoay. C cokpaiieHueM BpeMEeHU BO3IEUCTBUS, YTO CBSI3aHO C MOBBILIEHUEM
YacTOThl BpAILEHUS J10JIOT4, CHIDKAETCS BEPOSITHOCTh CBOEBPEMEHHOTO MPOHUKHOBEHUS
pacTBopa wiv ero GuiIbTpaTa B 30HY pa3pylIeHUs U TPeapa3pyIIeHUs TOPHOU TOPOIBI.

Takum o00pa3oM, dBISETCS aKTyalbHOW 3aJaya HWHTEHCHU(UKALHUK TMpoliecca
paspyiieHus: TOPHOU MOPOABI IIpH OypeHun 0oJiee BI3KUMHU U HACHIIIEHHBIMH TBEPI0H (a3oif
OypOBBIMHU PacTBOpaMHU U, OCOOEHHO MPHU BBICOKUX YAaCTOTaX BPALIEHUS JT0JIOT.

BaxxHol ¢yHKIIMEH TPOMBIBKH SBJISIETCSI BO3ICHCTBHE HA 30HY Mpeapa3pylieHus. 30Ha
npepa3pylIeHus] TOPHOH MOPOABI UMEET PACIPOCTPAHCHUE MO MOBEPXHOCTH 320051, CTBOJA
CKBa)KMHBI U KepHa. [IpyunHamMu MosBIEHUS 30HBI MPEApa3pyIICHUs SBISIOTCS HANPSXKEHUS
U aedopMariiyi TOPHOM MOPOJIbI, KOTOPBIE PACIIPOCTPAHSIIOTCS PABHOMEPHO BO BCE CTOPOHBI
OT TOYEK MPHJIOKEHUS Pa3pyIIAIOIIUX YCHIHI CO CTOPOHBI MOPOAOPA3PYIIAIOIINX PE3LIOB U
BCTaBOK OypOBOTO HHCTPYMEHTA. 30Ha TPEApa3pyIICHUs TMPOSBISETCS TMPH  BCEX
MEXaHUYECKUX CIIoco0ax OypeHHs TOPHBIX MOPOI.

30Ha mpeApa3pylieHUss B TBEPAOW IMOPOJE COIIACHO HAIIUM HCCIEIOBAHMUSIM
HarpuMep, TaKOW Kak JOJIEPUT, COCTOMT W3 JBYX oOnacTeil:  olOyactu Ype3BbIYATHO
paspylieHHONW MOPOAbI U 00JacTH MOPOABI, OCIA0ICHHON TperuHaMu. [Ilpu 3ToOM MOIIHOCTH
nepBoit oosactu cocrasisier 0,17MM, a MOIITHOCTH BTOpOi obOnactu 1,7 MM. A B ciekmeMcs
Tyde, ynpyro-miacTUYHONH aHW30TPOIMHON TOpOJE 30HA MpeApa3pylieHUs MpeICTaBICHA
00JIaCThIO YPE3BBIYANHO Pa3pYIICHHOW MOPOJALI W O0JACTHIO IJIACTHYECKUX aedopMmariui.
OO6nacTh Ype3BBIYANHO pa3pyIICHHOH (CMSTOH, pa3pbIXJIEHHOI) MOPOJbI PACIONIOKEHa Ha
rnyoune 0,12 MM ot 3a6os mopoxasl. OO6iacTh TIaCTHYECKUX nedopmaliiii 0XBaThIBACT



npu3aboiiHyI0 007acTh W 00JIACTh CTEHKH CKBaXWHBI. [IpuMepHas MOIIHOCTh JaHHOMN
obomactu — 0,42 mm. 30Ha mpenpaspylieHHs B YINPYro-XpYIKOM JOJEpUTe MpeICcTaBiIeHa
Ype3BblYaiHO Pa30UTON TpeIMHAMH IOpPOJbl, MPU 3TOM TPEUIMHBI Pa3BUBAIOTCS, Kak
NpaBUJIO, MEXAYy MHUHEPAJIbHBIMH 3€pHaMHM, pa3pyLICHHIO TaKXe MOoJBepraiTcs Oonee
XpYIKHE KPHCTAUIB, B IHOpogax Oojee IUIACTUYHBIX  (Crekmwiicss Tyd) 30Ha
npeapa3pylIeHUs] Pa3BUBACTCSA B BUJE <Pa3pBIXJICHHON», CMATON MOpoJbl 0e3 0Opa3oBaHus
SIBHBIX TperuH [1] .

J1st TOro, 9TO OOJNIErYUTh MPOIIECC PA3PYLICHUS TOPHBIX MTOPOJ Ha 3a00€ MOHMKAIOT UX
TBEPJAOCTh. 30HA MpeIpa3pylICHUs B pe3yJbTaTe BIMUAHUSA IOHU3UTEIEH TBEPAOCTH
pa3BUBaeTCSd BeCbMa CYIIECTBEHHO, TPELIMHOBAaTOCTh B HEW BO3pAcTaeT, MUKPOTPEIIUHBI
CTAHOBATCA TIIyOKe, YHCIO WX B CIMHHIEC OObeMa yBEIMYMBAETCSA. AmcopOmus
MOBEPXHOCTHO-aKTUBHBIX ~ BEIIECTB HA IMOBEPXHOCTSX MHUKPOTPEUIMH TMPUBOIUT K
HOBBIIIEHUIO CKOPOCTH OypeHusl.

O¢pdekTuBHOCT, IEHCTBUS TMOHMU3UTENEH TBEPAOCTH 3aBUCUT OT MEXaHHYECKUX
YCIOBUH paspylIeHUs] XUMHUYECKOM MNPHPOJbl CaMHX pPEAareHTOB, MX KOHILIEHTpAlUH B
OypoBOM pacTBOpe U (PHU3UKO-XUMUYECKUX CBOMCTB TOPHBIX TOPOJ.

MOXHO BBIIEIUTH TPU OCHOBHBIX JEHCTBHS, JIEKAaIlME€ B OCHOBE MEXaHHM3Ma
NOHWKEHUS TBEPAOCTH TOPHBIX TTOPOJ:

1. CuHwxeHue cuI CUCIUIEHUS, JACHCTBYIOIIUX MEXKAY IMPOTHUBONOIOKHBIMU
MOBEPXHOCTSIMU ~ 3aPOJIBIIIEBBIX MUKPOIIENIEH IOCPEACTBOM IPOCIOCK, OOpa30BaHHBIX
aIcOpOLIMOHHBIMU CIIOSMHU.

2. AKTHBHOE pa3JBUTAIONIEE NEHCTBUE CaMUX aJICOPOLIMOHHBIX MPOCIOEK BO BCEX TEX
HanOoJiee y3KUX y4acTKax KJIMHOBUIHBIX MHUKpOIIEIEH, KyJa TOIBKO 3TH IMPOCIOUKH MOTYT
POHUKATD.

3. 3arpyAHEHHE CMBIKAHUS 3apOJBIIIEBBIX YYAaCTKOB MHKpOILENEH MOJ BIUSHUEM
a/ICOpPOIIMOHHBIX CIIOEB MOCIIE CHATUS BHEIIHUX YCHUIIHH.

[IpuMeHneHnne MOHU3UTENCH TBEPIOCTH HE Bceraa okaszbiBaeTcs 3¢ dekTuBHO. Pazmepsl
MOJIEKYJ JKUAKOCTH TPEBBIIIAET pa3Mep MHUKPOILIENeil, Mo3TOMY CyIIeCTBYeT mpoliema
YCIIOBUM NMPOHUKHOBEHUS MOJIEKYJ XHJIKOCTH B MHUKpOILEIH. [IJis HHTEHCUBHOIO mpolecca
NPONHUTHIBAHUSA 30HBI TPEIIMHOOOpa3oBaHHMs B Topoie dA(PPEeKTHUBHO MNpPUMEHEHHE
yIABTPa3ByKa, BBI3BIBAIOIIETO TI'MJIPOBUOPUPOBAHME MOJIEKYJ >KUIKOCTU M IOBBIIICHHE HUX
NOJBM)KHOCTU.  YIIBTPa3BYKOBBIE KOJEOaHUs, paCIpOCTPaHSsACh B  Cpele, CO3/ai0T
JIONIOJIHUTENIbHOE  JIaBJIEHHE CBEPX CPEJHEro, CYyLIECTBYIOIIEro B JaHHOM  cpene.
Bubparmonnsie Bo3AeicTBUSA Ha OYpOBOM pacTBOpP B COUETAHUU C MIOBEPXHOCTHO-aKTHBHBIMH
BEIlleCTBaMM 00JIerdaeT paspylleHHe CTPYKTYypbl pacTBopa. Bubpauus, paspymas cTpykTypy
pacTBOpa 10 HAMMEHBIIETO YPOBHS  BSI3KOCTH, CIIOCOOCTBYET IOBBIIIEHHIO AKTUBHOCTH
pacTBopa B HaNpaBJIEHUH IPOHUKHOBEHUS €0 B 30HBI TPEIIUH U KAUIIISPOB.

OcHoBHOM 3amaueit s O6osee 3(HPEKTUBHOTO pa3pyIICHUS TOPHBIX TOPOJT SBISICTCS
COBEpILIEHCTBOBAaHNE OYPOBOTO MHCTPYMEHTA.

C »oroif menplo0 mpeanaraeTcs yCOBEPIIEHCTBOBATH TMAPOMOHMTOPHBIE HACAIKH
OypoBbix g0i0T. C 3TOH wHenbl0 TpeasaraeTcss TUAPOMOHUTOPHBIE HACAAKH JOJIOT,
IpeJHa3HAYCHHbIE I YCKOPEHUs TOTOKa OypoBOIo pacTBOPA, OCHAIIATh JOMOIHUTEIbHBIMU
UCTOYHHMKAMHU YIIbTPa3BYKOBBIX KojeOaHuil. Takum oOpa3om, MOTOK pacTBopa Oyner He
TOJIbKO MOJYy4aTh CYILECTBEHHOE YCKOPEHHE M BO3PAaCTAIOUIYI0 MOIIHOCTb CTPYH, HO H
o0agaTh CBOMCTBOM aKTHBHOTO NPOHMKHOBEHHS KaK B 30HY pa3pylICHHUs TOPHOH MOPOJbI
10J] TOPOIOPA3PYIIAIONIMMH BCTaBKaMH, TaK U B 30HY Ipepa3pyLIeHNs TOPHOW MOPOJbl Ha
3aboe.

B HacToAmMi MOMEHT OCYHIECTBISIETCS KOHCTPYMPOBAHUE JOJOT C Pa3InYHBIMU
cXeMaMH pa3MELICHHUs THJIPOAKTUBHBIX HACAaJOK, OPUEHTHPOBAHHBIX B HAINpaBICHUH 332005
CKBaXKHHBI.



Jl71s OLIeHKH MapamMeTpoB TUAPOAKTUBHBIX HACaIOK MPOEKTUPYETCS U U3rOTaBIUBACTCS
CTeH/OBass OypoBas YCTaHOBKAa, KOTOpas MO3BOJIUT OIICHUTH BIUSHUE BHUOPOAKTHUBHBIX
HAcaJlok Ha TMpollecc pa3pylIeHHUs TOPHBIX MOPOJ Mpu OypeHWH NpU HUCHOJIB30BAaHUU
Pa3TUYHBIX POMBIBOYHBIX KHUIKOCTEH.
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