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INPUMEHEHHME OTOPOYEK MUIEJ/JISAPHBIX PACTBOPOB
JJIA YBEJIMYEHUSA HEOTEOTAAYU IIVIACTOB

OnauM u3 HauOonee 3((PEKTUBHBIX METOJOB, MO3BOJSIOUIMX BOBJEYH B
aKTUBHYIO pa3pabOTKy OCTATOYHBIE 3arackl HEPTH, SIBISETCS METO]] 3aBOJJHEHUS C
CO31aHHEM OTOPOYEK MHIEJUISIPHBIX PacTBOPOB, MPEAJIOKEHHBIM B Havane 60x
rogoB [1, 2]. MunemisapHble pacTBOPbl - 3TO BEUIECTBA C OYCHb HU3KHMHU
3HAYEHUSIMH TOBEPXHOCTHOTO HATSHKEHHMsS Ha TpaHUIEe C HEPTbIO M BOJOH,
Onmarogapss 4yemy IpH 3aKayke UX B MPOAYKTUBHOM IUIACTE MOYKHO JIOCTHYb
MIOJTHOTO BBITECHEHHUS HACHIIAIOIMUX KUAKocTel. [Ipu 3ToM HeTeHachIeHHOCTD
KOJUIEKTOpAa HE MMEET pEIIAoIIer0 3HAYEHHs, 4YTO TIO3BOJIWIO NPUMEHATH
MULEIUISIPHBIE  PACTBOPBl B KauecTBE HE(TEBBITECHSIOIIETO areHTa Ha
MECTOPOXKACHUSIX, pa3padaThIBa€MbIX C 3aBOJHEHUEM. Kpome Toro, TaHHbIA METO.T
MO’KET OBITh BHEJPEH U HA MECTOPOXKACHUAX, TJI€ BO3ECICTBHE HA IIJIACThl HE IPO-
BOJWIOCK.

OTopouka MHIEIUISIPHOTO  pacTBopa dA()(PEKTUBHO  MPOTAIKHBACTCS
Oy(epHOl KUAKOCTBIO - 3arylIEHHON BOJOM, 3a KOTOPOM 3akauuMBaeTcsi OObIYHAs
Bo/a. BriTecHsiemble He(PTH U BOJA ABMXKYTCS BIEpenrd OTOPOUYKUA MHULIEIUIIPHOTO
pacTBopa, 00pa3ysl Tak Ha3bIBaeMblii BoJoHE(PTAHOU Basl. HedTeHachleHHOCTh B
30HE €r0 ABMKCHUS 3aBUCUT OT CBOMCTB KOJUIEKTOPA W HACBIIIAIOIINX KUIKOCTEH,
CBOWMCTB M DPa3MEPOB MHUIECIUIIPHOW OTOPOYKM M HE 3aBUCUT OT HAYAJIBHOU
HE(TEHACBILICHHOCTH.

Ha puc.1l npencraBieHbl CXeMbl BBITECHEHHS HACBIAIOLIIUX KUIKOCTEH
OTOPOYKAMHU MUIICIUIPHBIX PACTBOPOB COOTBETCTBEHHO B HE3aBOJHEHHOM (a) W
3aBonHeHHOM (0) ruiactax. Cremyer oOpaTHTh BHHMaHHE Ha IOJHYIO aHAIOTHIO
CXeM B HHTEpBaje MEXAy JUHUEH HarHeTaHus H TMEpeIHuM (PPOHTOM

BOJOHE(TSIHOr0 Baja. DTO O3HAYAET, YTO MO XapaKTepy OTOMpPaEeMOM >KHMIIKOCTU



pa3nuure MEeXIy YCIOBHSIMH a U O OyJIeT coOXpaHSAThCS JUIIb B Hauaje Mmpolecca,
T. €. JI0 TOAX0Ja BOJOHE(PTIHOro Baja K JWHMH oTOOpa (B TNEpPBOM Ciydae
otbupaetcs 60JbIine HeTH, a BO BTOPOM - BOJIbI).

Korna BomonedTsHON Ban AOCTHraeT JMHMM OTOOpa, noyid HepTu B
100bIBaEMOM KHUIKOCTH CKAYKOOOPa3HO U3MEHAETCS J10 ONPEECICHHON BEJIMUNHBI,
KOTOpasi paBHa HE(PTEHACHIIIEHHOCTH B 30HE JIB)KEHUSI BOJOHE(MTSIHOIO Bajia U
OCTaeTCsl MOCTOSTHHOM 10 MOJX0J1a OTOPOYKH MHIEIUIIpHOro pactsopa. C 3Toro
MOMEHTA CXEMbl [BI)KCHHMS U XapaKTep OTOMPAeMOW >KHUJIKOCTU MEpPecTaroT
pa3nnyaThes, 3a HCKIIOYSHHEM pa3MepOB BOJIOHE(PTSIHOTO Baja [3].

Munennspaslii  pactBop  coctouT u3  HedrepactBopumoro [IAB,
COZETEPTeHTa, YIJIEBOAOPOAHOTO PACTBOPUTES, BOABI U COJIU.

HedrepactBopumoe I[TAB - ompenenstomunii, KOMIOHEHT MHUIICIIIIPHOTO
pacTBopa, MOXET ObITh AHUOHHBIM, KATHOHHBIM W HEUOHOTEHHBIM. BBumy
HEOOJIBIIION CTOMMOCTH Il TIPUTOTOBJICHUS] MHIICIUIIPHBIX PACTBOPOB JIy4Ile
NPUMEHATh HEPTSIHBIE CyIb(OHATHI, CPETHUI MOJIEKYISIpHbI Bec koTopbix 400-
525.

ConerepreHT OKa3bIBaeT Takoe ke AeiicTBue, kak [TAB, koTopoe 3aBUCUT OT
yycia M PpacloJIOKEHUsT aroMoB yriepoja. Haumbonee pacnpocTpaHeHHbIE
COAECTEPIreHThl - HUBIIME CIUPTHI, COAEPKAIIME MEHBIIE YETBIPEX AaTOMOB
yriiepojia B OCHOBHOM LIeNH (M30TPOINUIIOBBIA, METHIIOBBIH, STHIIOBBIN, BTOPUYHBII
OyTHJIOBBIH, TPETUYHBIN OYTUIIOBBII) K HEKOTOPBIC KETOHBI, HAITPUMEP allETOH.

B kadectBe yrieBOoJOpPOIHOrO PpACTBOPUTENS, HPUMEHSAIOT KEPOCHH,
ra30KOHJICHCAT, JIeTkue Pppakuuu HehTH, HEPTH U T. [I.

JleiicTBHE COJIel 3aBUCUT B OCHOBHOM OT TIpupoAbl U CTpYKTyphl [TAB.
HMoubl MOTYT CTaOMIM3UpPOBATh MUICIUISIPHBIN PacTBOpP WM pa3pyllaTh €ro.
Hawnbomnee mmpoko UCIOIb3yeTCsl, XJIOPUCTHIN HATPHUH.

Bo BHUNHedTH coBMecTHO ¢ TIOMEHCKUM: UHIYCTPUATLHBIM MHCTUTYTOM
ObUIO TMPUTOTOBJIEHO HECKOJBKO 00paslloB MHIEIUISIPHBIX pPacTBOPOB Ha
OTEYECTBEHHOM  ChIpbe, paznuyarommxca npupogoit  IIAB, crpoeHuem

COJIETEPTeHTa, YIIEBOIOPOIHON COCTABIISIONIEH U coJlepKaHueM, BObl. Paznuune



COCTaBa MUIIEJUIAPHBIX PACTBOPOB OOYCIOBIMBAET MX Pa3HbIC CBOMCTBA, KOTOPHIC
MPOSIBISIIOTCS. B BA3KOCTHBIX XapaKTEPUCTHKAX, B PA3IUYHOM CIOCOOHOCTH
CHI)KATh TIOBEPXHOCTHOE HATSKEHUE HA TPAHMIIE C BOJAOW M HEPTHIO U COXPAHATH
BHEIITHIOIO YTJIEBOJIOPOIHYIO a3y Mpu pa30oaBICHUHN BOIOMN.

HcnpiTaHne TMONMyYeHHBIX OOpas3loB Ui OIEHKH WX CpPaBHUTEIBHOU
3 PEeKTUBHOCTH C TOYKM 3pEHHUS BBITECHEHHS He(PTH U3 O0OBOJHEHHOIO
KOJUIEKTOpa MPOBOJUIN HA BEPTUKAIBHBIX MOJICISX MOPUCTON Cpenbl JIMHON 95
cM u guamerpoMm 13,3 mMm. [IpoHHUIIa€MOCTh HACBHIMTHOTO TMECYaHWKA COCTaBIIsIA
6,0—8,0/1, mopucrocts 39,0—40,0%Monensio HeDTH CITyKIIa POMAITKHHCKAS
He(Th Bs3KOCThIO 6,8 clI3, B KadecTBe IIIACTOBOM W 3aKayMBAaeMON BOJbI
ucnonp3oBaiu 1%+Hb1i pacTBOp MOBAPEHHOMN COJIH.

DKCnepUMEHTBI TPOBOIMIIM MO CIAEAYIOIIe: MmeToauke. B Moiens nopucroi
Cpelibl, colieprKalnyo HeTh U CBSI3aHHYIO Boay (B cpenHeM cooTBeTcTBEHHO 80 1
20% oObema mop), 3aKayMBaM BOJIY, B pe3yJIbTaTe 4Yero He(TEeHACHIIIEHHOCTD
ymeHbmanach 1m0 24-28%. I[locie 3TOro HarHeTaaud MOPIUI0 MUIEIUIIPHOTO
pactBopa B komuecTBe 5% o0bema mop. 3aTeM 3aKauyuBaid OyPepHYIO KUJIKOCTh
(45-50% obvema moOp) AN 3aIUTHl MUIEIUIIPHOW OTOPOYKH OT Pa3pylICHHS
NPOTANKUBAIONIEH BOAOWH. B TedeHHe ombITa TpagueHT AABJICHUS TOIACPKUBAIA
Ha yposae 0,6-0,8at/wm.

BydbepHnas kuakocTh  TpeACTaBisIa  BOJAHBIM  PAacCTBOP  YaCTUYIHO

TMAPOJIM30BAHHOTO IMOJUaKpHuIaMrua CIICHHUAJIbHO HO,Z[O6paHH01>'1 BA3KOCTH.
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"Puc. 1. Cxema BhiTecHeHHsi HedTH OTOPOYKOMH

“MHLEMASPHOTO PacTBODA. )
.4 — TIpAMOe BbITECHEHHe; 6 — BHITECHEHHe M3 3a- Puc. 2. PesyawnTaThl ONpejeNeHHs] CPAaBHHTEIbHOU
BOAHeHHOro mnjacra; [ — Boja; 2 — HedTb: 3 — 3¢ (GeKTHBHOCTH MHIEIAPHBIX PacTBOPOB.

-OTOPOYKA MHLEJJFPHOr0 pacrsopa; 4 — 6ydepHas A, B, C, [l — THIB DACTBOPOB
SKHAKOCThL: & — INpOTalKHBawilasi BOAA; ¢ — BO-
AOHe(TAHOH BaX

[ToxOop mpoBOAMIM HAa OCHOBE COOTHOIICHUS IOJBM)XKHOCTEH Ha TpaHUIIC
MUIICIUIIPHOTO pacTtBopa u OydepHoit kuakoctu [4]. Jns  ycToMduBOTO
MPOJBUKEHUSI ATOM TPaHUIBI HEOOXOJIWMO, YTOOBI TOABMXKHOCTH OydepHoit
KUJKOCTU Obllla MEHBIIIEC WU PAaBHSIACH MOJBMKHOCTH MUIICIUIIPHOTO PacTBOPA,

T. €.
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rae K U Ryp - (a3soBple NPOHMIIAEMOCTH COOTBETCTBEHHO A OydepHOn
’KUJKOCTHU BSI3KOCTBIO |l M MUIIETUIIPHOTO PACTBOPA BA3KOCTBIO [ ,. ECIIM B 30Hax
MUTEIUIIPHOTO pacTBopa U Oy(depHO KUAKOCTH B Pe3yabTaTe UX CMEIIMBAHUS
npoucxonut oaHodasHas GuiabTparus, a (GazoBble MPOHUIIAEMOCTH IS ITHX
’KUJKOCTEH paBHbI aOCONIOTHOW HPOHMIAEMOCTH MOpoabl (ks = kyp = R),
MOJIBIPKHOCTh MOXHO PEryJHpPOBaTh MOJOOPOM BSI3KOCTH Oy(hepHOH >KHUIKOCTH,
HCXOJISl U3 YCIIOBUS g = Ly p-

Ha puc. 2 moka3aHo M3MEHEHUE CTEIIEHU M3BJICUCHHUS OCTATOYHOW He(TH T

B 3aBHUCHMMOCTH OT KOJMYCCTBA 3aKAYMBACMBLIX MHUICIIIIPHBIX pPaCcTBOPOB C.



CrnenyeT OTMETHTh BBICOKYIO 3(()EKTUBHOCTh BBITECHEHHUA HepTH - B
npuBeneHHbIX mnpumepax Oonee 90% ocraTouHOM HEPTH U3BIEKAIOCH NPU
oObeMax 3akayku (MUIEIUAPHBIA pacTBOp + OydepHas IKHUIAKOCTh +
NpOTANKUBAIONIasi BOJA) MEHeEe OJHOTO TIOPOBOTO 00beMa; KOHEYHBIH
ko3 dunmreHT BeitecHeHus HepTu mocturan 96-100%.I1pu 3ToM OCHOBHAS YacTh
OCTaTOYHON HEePTH MOOBIBAETCS B «IHUCTOM» BHUAE - 1O MPOPBIBA SMYJIbCUU
(mpsIMOTMHEHHBIN Yy4acTOK KPUBBIX Ha puc. 2), a octanbHas (ot 3 g0 10%) -c¢
IMyJbCUEH, TpeACTaBIAOmEell cMech He(PTH, KOMIOHEHTOB MHUIEIUISIPHOTO
pacTBopa, BOABI U Oy(PEepHOI KUIKOCTH.

Jlnst panmpHEWImMX WccleoBaHUN ObUT BBIOpaH 0O0paser] MUIEIUIIPHOTO
pacTtBopa A, KOTOPBIH B YKa3aHHBIX YCJIOBUSX MTOJHOCTBIO BBITECHSET OCTATOUHYIO
HE(Th U OTIUYAETCS OT OCTAJbHBIX PACTBOPOB HU3ZKUM COJEpKaHUEM Haubosee
JIOPOTOCTOSIINX U AeUIMTHBIX KOMIIOHEHTOB - [IAB u comereprenTa (He Gonee
10u 2% Bec. cooTBeTcTBEHHO). KpoMme Toro, BSI3KOCTh 3TOrO pacTBOPA, B OTIIMNYHE
0T OOJBIIMHCTBA IPYTUX, MPU €r0 OOpallleHuH B SMYJIBCUIO TUIA «HE(PTH B BOJE»
BO3PACTaeT HE3HAYUTENIbHO, YTO IO3BOJISIET 00ECHEeUnTh HAJESKHBIH KOHTPOJb
MOJIBYKHOCTH MHULEJUIIPHOTO pacTBOpa U OypepHO#l KUIKOCTH Ha TPaHUIE UX
paszzena.

Ha puc. 3 mnpuBeneHsl pe3yiabTaThl HUCCIEAOBAHUS BIHMSHUA pa3Mepa
OTOPOYKM MHIIEJUIIPHOTO PAcTBOpa Ha KOJUYECTBO BBITECHEHHOW OCTATOYHOMU
HepTH. OKCIEPUMEHTHl TMPOBOJAMIM B TEX K€ YCIOBHUAX, HO BSI3KOCTb
poMaiIkuHcKoN HeTu cocTaBisia 4,15cl1s.

[Tpu yBenunuenun otopouku 10 1,75% mopoBoro ob6bemMa OTMEYAIOCH
pe3koe yBEeTUYeHUE TOOTMBITOM He(dTH, OIHAKO JalbHEHIIMH pOCT pa3MepoB
OTOPOYKM MHUIICIUIIPHOTO PacTBOpPa HE BBI3bIBAI 3aMETHOTO IOBBIIICHUS
ko3 dunreHTa BeITECHEHUS] HEQTH.

BennunHa MHLEUIIPHON OTOPOYKM BIUSET HE TOJBKO Ha KOJIUYECTBO
noOpiTON  HepTH, HO W Ha TeMO OTOOpa: TMpH OOJBIIMX OTOPOYKAX
HE(PTEHACBILICHHOCTh B 30HE JIBWKEHHS BOJOHE(PTSIHOTO Baja HECKOJBKO BHIIIE,

4TO B HCpuoa 1oJaxoJJa Bajla K JIMHUU 0T6opa INPpUBOAUT K YBCIMYCHUIO OOJIN



He()TU B WM3BIEKAEMOW >KHIKOCTH W COOTBETCTBEHHO K YMEHBIIEHHIO 00BbeMa
3aKa4YKd, HEOOXOAMMOTO NI 0TOOpa OJTHOTO U TOTO K€ KOJIMYeCTBa HEPTH. ITOMY
CIocOoOCTBYET Takke Oosiee paHHUI TPOPHIB BOAOHE(MTSIHOTO Baja Ha BBIXOJE U3
mozaenu. OOHAKO W TPU DTOM MPUPOCT JOMM HEPTH B 30HE JBUMIKEHUS
BOJIOHE(TSHOTO Baja W YCKOPEHHE €ro MpopbiBa HAOMIONAIOTCA JIMIIh B
pe3yJibTaTe M3MEHEHHUs pa3Mepa OTOPOYKU MHIEUISIpHOro pactBopa ao 1,75%
OpOBOTO0 00bEMa; JalbHEHIIee yBEINYCHHE PAa3MEPOB CYIIECTBEHHO HE BIHSET

Ha IMOKa3aTCJIM IIpOoLeCcCa BLITCCHCHM.

60

‘Puf:. 3. 3aBHCHMOCTL KONMYeCTBA HedTH, BbITECHEH-~
HOH A0 NpOpLIBA BMYJALCHH Ny, OT PasMepa OTOPOUKH

[TpoBeneHHbIE UCCIIEOBAHMS TIO3BOJISIOT CAETATh CIEAYIOUINE BHIBOIBI.

BnepBbie Ha OCHOBE OTEUYECTBEHHBIX MPOMBIIUIEHHBIX MPOAYKTOB
NOJYy4YEeHbl  YIJIEBOJOPOJHbIE  MHUUEIUIIPHBIE  PAaCTBOPBI, OOECIEUMBAIOIIUE
BBICOKYIO 3((EKTUBHOCTh IMpoliecca BhITECHEHUsI ocTtaToyHou HedTH. [Ipu sTOoM
MUHHMMAJIBHBII pa3Mep OTOPOYKH MHUUEIUIIPHOTO PacTBOpa, HEOOXOTUMBIN IS
MIOJTHOTO BBITECHEHUS HE(TH, ‘HE U3BJIEKaeMON MpHU OOBIYHOM 3aBOJAHEHUU, HE
npesbiaer 3-5% ob6bema mop nuHEHHOro o6pasua. OYeBHAHO, B YCIOBHSIX
peasbHBIX KOJUIEKTOPOB, UMEIOLIUX OOJBIIYI0O MM MEHBIIYIO HEOJHOPOIHOCTh U

OPOHUIIAEMOCTh  Ha  2-3  TMOpsAdKa  HIDKE  MPOHMLAEMOCTH  TIECKa,



HCIIOJIB30BABHICTOCA IIPU UCCICAOBAHUU, a4 TAKIKC B IMMPUCYTCTBHUU IIACTOBBLIX BOJ
MMOBBIIIIEHHOM MUHCpAJIN3allN TPUBCACHHBIC KOJIMYCCTBCHHBLIC IT1OKA3aTCJIN
HECKOJIBbKO H3MEHSTCS. YTOYHEHHE BIIMSIHUSI YKa3aHHBIX (I)&KTOpOB, a TaK¥XKeE
INIaCTOBBIX TCMIICPATYP Ha II0KA3aTCJIM BbITCCHCHUA HerTI/I MULCJUIIPHBIMUA
pacTBopaMu TpeOyeT OTIAEILHOTO M3y4deHHUs. TeM He MeHee, yKe celuac MOXKHO
YTBEPKAAaTh, YTO IIPUMCHCHHUC B HIMPOKHUX MaciIradax MULCIUIAPHBIX paCcTBOPOB
(HampuMep, aHAJIOTWYHBIX 00pa3ily A) Ha CTapbhIX MECTOPOXKIACHHSX IO3BOJIAT
MMOBBICUTDH «CTEIIEHb U3BJICUCHUS OCTATOUYHOMN HC(bTI/I.
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