Ha mpaBax pykonucu

Konapames Ouier ®enopoBuyu

PU3NKO-XMMUYECKNe OCHOBbDI
perynupoBaHUs U3OJNIMPYIOLWMUX CBOUCTB
6e3rnMHUCTBLIX NonucaxapuaHbIX
6ypoOBbLIX pacTBOpPOB

CrnenuanbHoctb 25.00.15 — «TexHosorust 0ypeHusi 1 OCBOCHUSI CKBaKMH»

ABTOPE®EPAT
JUCCEPTALA HA COUCKAHUE YYEHOH CTEIICHU
JOKTOPa TEXHUYECKUX HAYK

Viba — 2005



2

PaGoTa BhimonHeHa B Y(PUMCKOM TrocyIapCTBEHHOM HEPTSIHOM
TEXHUYECKOM YHUBEPCHUTETE.

HayuHp1ii KOHCyIBTaHT JOKTOP TEXHUYECKUX HAyK, CTapLIUU
Hay4YHBIN COTPYIHUK

Anpapecon bopuc ApHoIbI0BUY

Od¢unmanbHbie ONMOHEHTHI: JIOKTOP TEXHUYECKUX HayK, podeccop
Koneces I'ennannii BacunbeBny;

JNOKTOP TEXHUYECKUX HAYK, CTAPIINNA HAYyYHbIN
corpynHuk Kpeicun Hukonan MBaHoBUY;

JIOKTOP TEXHUYECKUX HAYK, Mpodeccop
[Tonmaxos Bnagumup Hukonaesuy.

Benymas opranuzanus TatHUIIWHedTs, T. Byrynsma.

3ammTa auccepranuu coctoutcss « 4 » mapra 2005 roma B 14-00 Ha 3acemanum
nuccepranonHoro copeta [l 212.289.04 pu Y pumckoM rocy1apcTBEHHOM HEPTIHOM
TEXHUYECKOM yHUBepcurete 1o aapecy: 450062, Pecybnuka bamkoprocran,

r. Yoa, yin. Kocmonasros, 1.

C nouccepraiyeit MOXKHO 0O3HAKOMHUTBCS B OMOInoTeke Y GUMCKOTo rocyaap-

CTBCHHOTI'O HC(i)T?IHOFO TCXHHUYCCKOI'O YHUBCPCUTCTA.

ABtopedepart pazocnan  « 31 » saBaps 2005 roga.

YdeHbIl cekpeTapb
JIUCCEPTALMOHHOI'O COBETA Martgsees [0.I'.



3

O0mas xapakTepucTuKa padoThbl
AxmyanvHocms _pabomoi. IIpobiema coxpaHeHUs MPOTYKTUBHBIX CBOWMCTB IMpH-

3a00MHOI 30HBI IJJaCTa CTAHOBUTCA Bce Oojiee aKTyalbHOM B CBSI3M CO CHUKEHUEM
00beMOB OypeHHs M  yBEIMYEHHS B HEM JOJIM TOPU3OHTAIBHBIX M HAKJIOHHO-
HAIPaBJICHHBIX CKBAXKUH. AHaIU3 OypOBOU MPaKTUKU MOKA3bIBAET, YTO Y KaXKIO0M BTO-
POM CKBaXMHBI KOJUIEKTOPCKUE CBOMCTBA IIPU OCBOCHUM CHUKAKOTCS BABOE, a 'y KaXKI0N
necsaroit — Ha 90 % u 6onee (H.P Pabunosuu., H.P.TeBanze). [Tpu atom Toabko 54 %
CKB&)XMH C TOPU30HTAJIbHBIM U HAKJIOHHBIM OKOHYaHMEM OCBAMBAIOTCS YCIIELIHO, B TO
BpeMsl Kak 3a pyOeskoM 3ToT nokaszatesb Ha 30 % Brime (JI.B.I oo, C.H.BonkoB).

Croub 00JIBIIIOE OTCTABaHUE, 110 MHEHUIO psijaa crernanuctoB (B.A. AmusH, B.A.
Anpapecon, M.P. MasmoroB., A.W. [lenbkoB, H.P.Pabunosu4, B.1. TokyHoB u ap.),
00yCIIOBJIEHO HE TOJIbKO I€0JIOTUYECKUMU, HO M TEXHOJIOTUYECKUMU MIPOCYETAMU B BbI-
Oope THUMma pacTBOpPa, €ro pelenTyphl B YCIOBUAX HeaocTaTka MHGopMaluu o ¢puzude-
CKOM COCTOSIHMM (PUIIbTpaTa M €ro ABMKEHUM B Mpu3ab0iHOM 30He. B nepByro ouepens
3TO OTHOCHUTCSI K O€3TJIMHHUCTBIM MOJUMEPHBIM OypOBBIM CHCTEMaM, HAXOISALIUM BCE
OoJblIee NpUMEHEHHe pU OypEeHUH B OCIIOKHEHHBIX YCIOBUAX. IHTepec K HUM CBA3aH
C YHUKAJIbHOM CIIOCOOHOCTBIO BHICOKOMOJIEKYJISIPHBIX COSAMHEHUN K U3MEHEHHIO B LIH-
POKOM JMana3oHe PeoJIOrMuecKuX U (GUIbTPAIMOHHBIX CBOMCTB: TOJBKO 3TU JKUJIKOCTU
CIIOCOOHBI PE3KO CHUXKATh TUAPABINYECKOE CONPOTUBIIEHUE B TPYOHOM IPOCTPAHCTBE
npu TypOyJIEHTHOM peXHMe, YMEHbIIasi TEM CaMbIM JUHAMHYECKOE JaBJICHHE U Hera-
TUBHOE Bo3zeiicTBUE Ha macT. C Apyroi CTOPOHBI, OHU MOTYT CTOJIb K€ PE3KO YBEIIU-
YuBaTh (QUIBTPALMOHHOE COMPOTHBICHHE B IMOPUCTOM Cpene, CHUXKAs BO3MOXKHOCTh
pophIBa OYPOBOM KUIKOCTH B IPUCTBOJIBHYIO 00J1aCTh.

ITo coBpeMeHHBIM IpenCcTaBlIeHUIM (UIBTPALIMIOHHOE CONPOTUBIIEHUE CHCTEMbI
«TIOJIUMEp — TIOPHUCTasl cpefa»  ompeiensercs BI3KOynpyruMu 3ddexramu, BO3HH-
KalOIMIMMH TIPU AOCTATOYHO OBICTPOM JIBUIKEHHMH >KMJIKOCTHU Yepe3 CY>KEHHUS M PaCIlu-
pPEHUS MTOP WM MOJIEKYJISIPHO-IOBEPXHOCTHOM B3aMMOJICHCTBUH C TOPHBIMH MOPOIaMH.
OpHako y4eT 3THX sIBJICHUN B OypOBOM MPaKTUKE MPU KOPPEKTUPOBKE PELETITYPHI I10-
JNOOHBIX CHCTEM 3aTPYIHSETCA TE€M, YTO CTAHJAPTHbIE METOJUKHU HCCIEIOBaHUS HKC-

IIyaTalMOHHBIX ITapaMCTPOB IIPOMbBIBOYHBIX )KI/II[I(OCTef/'I OPHUCHTHPOBAHbI Ha Ooxee
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IPOCTBIE B PEOJIOTMYECKOM OTHOILLIEHUU TIIMHUCTBIE PACTBOPHI, INI€ U30JIUPYIOIUN -
(eKT, B OCHOBHOM, OIpeAesaeTCcd MaTONpOHULIaeMol KOpKoil. OTMEYeHHOe He T03BO-
JSIeT KA4€CTBEHHO MPOBOAUTH AJaNTaldi0 OypOBBIX CHUCTEM K I'€0JIOrO-TEXHUYECKUM
YCIIOBUSIM OypeHMsl U CHUKAET 3P (PEKTUBHOCTh UX IPUMEHEHHH.

KonuuecTBeHHast OLEHKa BA3KOYNPYIMX aHOMAJIMK, ONpPEAESIOIINX MMPOJABUKE-
HUE BBICOKOMOJIEKYJISIPHOTO (pUIbTpaTa B MPUCTBOJIBHON 00s1acTH, TpeOyeT NpUHIUIHU-
aIbHOTO OOHOBJIEHUS MHCTPYMEHTAJILHON M TEOPETUYECKON 0a3bl peoMeTpur OypOBBIX
PacTBOPOB, HAKOILJIEHUSI U CUCTEMATU3ALMK PE3YIbTAaTOB JIAOOPATOPHBIX U IPOMBICIIO-
BBIX HaOJI0AeHUH, (POpMHUPOBaHUS COOTBETCTBYIOLIECH 0a3bl JaHHBIX.

B cBsI3M C U3NI0)KEHHBIM, LIETBIO HACTOAILEH paOOTHI SBIAECTCA U3yUYeHHE (pU3Hye-
CKOTO COCTOSIHUS (puibTpaTa OE3rIMHUCTHIX PACTBOPOB U XapaKTepa €ro Te4eHus B I0-
PUCTOH cpene, co3qaHue TEOPETHUECKON 0a3bl IJIs aHAIM3a U PETyJIMPOBAHUS U30JIH-
PYIOIIMX CBOMCTB MPOMBIBOYHBIX KUIKOCTEN HOBOTI'O ITOKOJIEHHUS.

OcHosHble 3a0ayu ucciedosanus. 11pu peanuzanuu JaHHON MpOrpaMMbl peliia-

JIACH CHEAYIOIINE 3a1a4H:

" pa3paboTKa METOAMKHU UCCIIEIOBAHUS MOJIEKYIISIPHO-TTIOBEPXHOCTHBIX
B3aMMOJICCTBUU B MJIACTOBOM CHUCTEME,

"  aQHaAJIU3 NPUPOIBI U3OJIHUPYIOMINX CBOMCTB OE3TIMHUCTHIX MOJIUMEPHBIX
pPacTBOPOB;

" HM3y4YEHHE MEXAHM3Ma KOHTAKTHOTO B3aUMOAECHCTBHUSA PAaCTBOPOB C MOPO-
J0¥;

" HCCIEJOBAaHME KMHETHKU KOJIBMATUPYIOLIMX MPOLIECCOB,;

" up3yudeHHe (PaKTOPOB, ONPEACISIIOMUX (UIbTPALINIO OE3TITMHUCTBIX pac-
TBOPOB;

" YCTAHOBJIEHHE KOPPEISALMHU U30JUPYIOUIMX CBOMCTB C KOMIIOHEHTHBIM U
JI0JIEBBIM COCTaBOM OypPOBBIX PACTBOPOB;

" pa3paboTKa METOAUKHU OIIEHKU TNTyOMHBI MPOHUKHOBEHUS OE3TTMHUCTBIX
MIPOMBIBOYHBIX KHIKOCTEM.

Hayunas Hosusna. YcTaHOBIIEHA MOJIEKYJISIPHO-TIOBEPXHOCTHAS IPUPOaa PHIIBT-

PAadUOHHBIX U BA3KOYIIPYTUX aHOMAaJIUKM OC3TJIMHUCTHIX MMoJIrucCaxapuIHbIX paCTBOPOB.
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[IpoBeneHbl NpsiMbIe U3MEPEHUSI CTPYKTYPHO-MEXaHUUECKUX U THAPOINHAMUYE-
CKHX MMapaMeTPOB NPOMBIBOUYHBIX KHIKOCTEH B MOPOBBIX KaHAIaX.

HccnenoBan MexaHu3M (POpMHPOBAHUS H3OJMPYIOIMIMX CBONCTB OE3TITMHUCTHIX
MOJIMCaXapUIHBIX PACTBOPOB.

N3ydeH MexaHu3M TE€YEHHUS MPOMBIBOUHBIX KUAKOCTEH HOBOTO MOKOJICHUS B MO-
PHUCTOU Cpere.

YcraHoBlIeHa MPUPO/Ia CUHEPreTUYECKOr0 YCUJIEHUsS] HEHBIOTOHOBCKUX CBOMCTB
U BSI3KO-TEMIEpaTypPHBIX aHOMAJIUK pacTBOPOB.

[TpoBenena knaccudukamuss OypoBBIX PaCTBOPOB IO UX KOJIbMATUPYIOIUM CBOM-
CTBaM.

VYcraHoBiieHa KOPPEAILUS MUKPOPEOJOTHYECKUX M CTaHJAPTHBIX MOKa3aTelieit
OYpOBBIX PACTBOPOB, MO3BOJISIONIAS KOHTPOJIMPOBATH UX H30JUPYIOIIHME CBOWCTBA B
71a00PATOPHBIX U MOJIEBBIX YCIOBUSX.

HDCIKW!M‘IQCKCI}Z YEHHOCMb Da60Wlbl

Pa3paboTanHas MeTO/IMKa OLUEHKH ITyOMHBI IPOHUKHOBEHHUS PacTBOPOB, YUUTHI-
Balollas B3auMojelcTBUE (UiIbTpaTa C MOPOAOH U IeoJOoro-TeXHUYECKUe ycaoBus Oy-
penus, npumeneHa B OO0 «MK bamtHUIINHedTs» npu npoekTupoBanuu Oypenus 27
TOPU30HTAJIBHBIX U HAKIIOHHBIX CKBA)KHH.

Anpobayus pabomui. Pe3ynbratsl paboThl ObUTH 010keHB HA |V PecnyOnukan-

CKO# KOH(pepeHIHN 1Mo (PU3NKO-XUMHUHU, TEXHOJIOTUU TOJYUYEHHUS W MPUMEHEHHS JHC-
HEPCHBIX CHCTEM, TPOMBIBOYHBIX JKUIKOCTEH W TaMIIOHaKHBIX pacTBopoB (Kwues,
1977); 11X Bcecoro3Hoit KOH(EPEHIMH 0 KOJUIOMIHON XUMUU B (DU3HKO-XUMHUECKOMN
mexanuke (Tamkent, 1983); PecnyOnukaHCKoi HayYHO-TEXHHUYECKOW KOH(MEPEHIUH
«ITpobnembl HedTerazoBoro komiiekca Poccun» (Yda, 1998); MexBy30BCKO# Hayd-
HO-TexHUYecKkol kKoH(pepeHuuu «lIpodnemsl HedTenodbun Bonro-Ypansckoro peruo-
Ha (OxTsa0pwckuii, 2000); HayuHo-nipakTHdeckoii koHpepeHun YIHTY «[IpoGnemsr
Hedtu u raza» (Yoa, 2001); nayuHo-TexHUUeCKOH KOoH(DepeHnn «COCTOSHUE T'e0JI0-
ropa3BeJIoYHBIX padboT, pa3pabOTKU U IKCIUTyaTalnuu HeTIHbIX MecTopoxaeHnit AHK
bamredts v mytu nossienus ux 3ddexruBaocTr» (Yda, 2002); 1V Konrpecce Hed-

terasonpoMbinnieHHUKOB Poccun (Yda, 2003); mexaynapomnom cemuHape «Paspa-
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00TKa He(PTIHBIX MECTOPOXKICHUI Ha Mo3aHel cTaauu skcmnyaranun» (Tromens, Hed-
Tera3oBbii HieHTp, 2004).
Ilyonruxayuu Tlo Teme auccepranuu omyOIuKoBaHbl MOHOTpadus U 0030pHas
uHdopmanus, 12 crareit u 19 Te3ncoB 10KIaI0B.

Obvem u cmpykmypa pabomui. Jluccepranus COCTOUT U3 BBEACHHUS, TUTEPATyp-

HOTO 0030pa, MATH IJaB, BEIBOJAOB U Oubnuorpaduu, 272 cTpaHUIbl MAITHHOITUCHOTO
TekcTa, 230 pUCYHKOB U 56 TabIuil.

B nepeoii enase npuBoasATCA NaHHBIC, WILTIOCTPUPYIOIINE PA3BUTUE MPEACTaBIIEC-

HUM 0 npupojie GUIBTPAIIMOHHBIX AHOMAIUH )KUAKOCTEH U METOJaX UX UCCIIEeIOBAHUS.
OTKJIOHEHUS OT JIMHEHHOro 3aKoHa (PUIbTpalMU ObUTM OOHAPYKEHBI €Ile B KOH-
e 19-ro Beka (®. KuHr) npu vicciae1o0BaHUN BOJONIPOHUIIAEMOCTH TPyHTOB. DuibTpa-
[IMOHHBIE aHOMAJIUU BOJABI M APYTUX HU3KOMOJEKYJISPHBIX KUJAKOCTEH CBS3BIBAIUCH C
neiicteuem kKamwuisipHoro nasienus (T.H. IlyseipeBckas, C.A. Po3za), nposiBieHuem
HCHBIOTOHOBCKMX CBOMCTB xuakoctu (B.A. ®mopun, H.B.UypaeB) niu BO3HUKHOBEHH-
€M aJICOPOITMOHHBIX CJIOEB XKHUIKOCTH Ha MTOBEPXHOCTH MOPOBBIX KaHaaoB (/1.Makxaduk
u JI. Jlepuep, B. Xapmu, b.B.Jlepsrun), yMeHbmaromux 3QQPEKTUBHOS CEUCHHE I10-
ciaeaHux. Bo BTOpo# MOJ0OBUHE MPOILIOrO BEKa MO MEPE YCOBEPIIEHCTBOBAHUS TEXHU-
KA W3MEPEHUI OBUIM HMCCIICOBAHBI TapaMeTphl aJCOPOIMOHHBIX CIIOCB BOABI U UX
BJIMSIHUE HA XapaKTep TEUEHUS B OTAECIbHBIX KalUJIIspax
(H.®. bonmapenko u C.B Hepnun, WU.I'. I'pankoBckuii) u nmopucroii cpeae (H.B. Uypa-
eB, K.A JI)abapoB). Bce 3T0 1m03BOIMIO 00BEIUHUTh HEOJHO3HAYHBIC U YaCTO MPOTH-
BOPEYMBBIE PE3YJIbTAThl UCCIIEIOBAHUI Ha OCHOBE CUCTEMHOIO MOAX0/1a, pacCcMaTpHUBas
UX KaK MPOSBJICHUE TE€X WU UHBIX CBOMCTB OJHOTO O0BEKTA, COCTOSIIETO U3 KUIKOCTH
Y TIOPUCTOU CPEIbI.

NHTEeHCUBHOE HCCleI0BaHUE PEOJIOTUYECKUX U (PUIIBTPAIMOHHBIX CBOMCTB ILIa-
CTOBBIX (DJIFOMIOB HAYAJIOCh MTPU MTPOMBITIUICHHOM OCBOSHUU MECTOPOXKICHUN HEPTH, U
Ha HAYaJIbHOW CTaJuH, KaK U B cllydae 0osiee MPOCThIX KUIKOCTEH, Tpeodiaiany 0aHO-
CTOPOHHHE OIIEHKH M3y4yaeMbIX siBJieHUN. HenmuHeitHoCTh TeueHust HehTH B Kanmuyuisipax
U TIOPHUCTOU cpefie, 3aTyxaHue (QUIbTparuu OOBSICHSIOCH JIMOO Cyry0o OOBEMHBIMHU

HCHBIOTOHOBCKMMHM cBolicTBamu (/1. @enuep, /1. JIstouc, K. bepuc, B.B. [IeBnrkamos,
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N.E. ®omenko, A.X. Mupsamkansaae u ap. ), Ju00 oOpa3oBaHHEM aacOpOIMOHHO-
COJIbBATHBIX CJIOCB Ha MOBEPXHOCTU NMOPOBbIX KaHaioB ( M.M Kycakos, I1.A Pebunnep
u K.E 3unuenko, ®.A. Tpebun). [Ipsmble u3MepeHHs MapaMeTpOB aICOPOIMOHHO-
conpBaTHBIX (rpaHndHbIX) cioeB Hedtu (M.JI. Mapxacun, I'.J11. ®ykc) nokaszaiu, 4To
TOJIIIIMHA ¥ MPOYHOCTh UX 3aBUCIT OT CBOMCTB CHUCTEMBI <GKUJKOCTh-TBEPAOE TEIIO»,
coziepKaHus U MpUpoibl ectecTBeHHBIX [TAB, nerpodusndeckoit xapakTepUCTUKU TOp-
HBIX TOPOJI, UX MPOHUIIAEMOCTH, CMAauMBAaeMOCTH U T.N. Bce 3TO MO3BOJIMIIO B UTOTE
paccMaTpuBaTh QUIHTPAIMOHHBIE AaHOMAIHH KaK PE3ybTaT MPOSIBICHUS CIOKHBIX MO-
JIEKYJIIPHO-TIOBEPXHOCTHBIX MPOLECCOB, TPOTEKAIOIIUX B PACCMATPUBAEMOMN CUCTEME.

B peomeTrpuun OypoBBbIX pacCTBOPOB TPAJUIIMOHHO 0OJIbIlIEE BHUMAHUE YACIISIIOCH
U3yU4eHHI0 00BeMHBIX peosiorndeckux cBorcTB (A.I'. ABerucos, A.U. Bymnaros, A.X.
Mup3zamkanzane, AWM. TleaskoB, ®.J]. OBuyapenko, H. Makogeit, ®. Pomkepc u ap.),
YTO JAUKTOBAIOCH HEOOXOJMMOCTBIO OOecCIeueHHs] TPeOyeMbIX THAPABIMYECKON Mpo-
rpaMMOW MHOTOYMCIICHHBIX U YaCTO B3aMMOMCKIIOYAIOUX TpeOOBaHUI K MapaMeTpam
pPacTBOPOB Ha pa3HbIX y4aCTKaX IUPKYISIUOHHONW CUCTEMBI. 3a/laua 3Ta TEOPETUUECKHU
Y TEXHUYECKU BEChbMa CJIOKHAsI, TOCKOJbKY JAMANa30H CKOPOCTEHN CIBUTa, KOTOPBIM I10-
BEpraeTcs TEXHOJOTHMYeCKas KUIKOCTb B MPOIECCe IUPKYISAIUU, JOCTUTaeT 8-MH T0-
psaakoB (/I. Makoseii). K HacTosmieMy BpeMEHU 3TH BOIPOCHI JOCTATOYHO XOPOIIO
npopaboTaHbl JIsi OOJIBIIMHCTBA OYPOBBIX CHCTEM Ha TJIMHUCTOM M MOJIUMEPHONM OCHO-
BE.

[Ipu uccrnenoBaHUM MOJIEKYJISIPHO-TIOBEPXHOCTHBIX SIBICHUM B IJIACTOBBIX CHC-
TeMax aKICHT JIeJaliCsl Ha aHAJIW3 W3MEHEHHI COOTBETCTBYIOIIUX CBOMCTB MOPO bl (aj1-
COpPOIIMOHHOE MOHIKEHHE MPOYHOCTH, MHTUOUpPYIome d(P(EKThl U T.II.), MOCKOIBKY
U30JIMPYIOLME CBOMCTBA TJIMHUCTBIX CHUCTEM KOHTPOJIMPOBAIUCH C MOMOIIBIO CTaH-
TapTHBIX MeTOoAMK. [ToTpeOHOCTh B MCCIEOBAHUSIX KUAKON (Pa3bl MIaCTOBBIX CHUCTEM
BO3HHKJIA B KOHIIE MPOIIJIOTO BEKA MPHU MPOMBINIJICHHOM MPUMEHEHNUN Oe3TIMHUCTHIX
MOJIMMEPHBIX KUAKOCTEH, UMEIOIIUX UHON MEXaHU3M H30JISLUU 30HbI OypeHUs.

[To coBpeMeHHBIM MPECTABICHUSM HU30JIUPYIOIINE KAaYeCTBa ITUX, 00Jiee CI0XK-
HBIX B PEOJIOTMYECKOM OTHOIIEHUH, CUCTEM OMPEACIISIIOTCS BA3KOYNPYTUMH CBOMCTBA-

MU, BOSHUKAIOUIUMHU MpH JeGopMariuu moJ00HOH KUJIKOCTU B IOPUCTON cpejie



(A.X. Mupzamkansane, H.I' beprapnunep u B.M. EnTOB) miu pu3nko-XuMU4eckoM
B3auMoieiicTBuM ee ¢ mopooi (A.X Mupsamxkansane, O.®. Konaparies), 1100 Hayo-
YKEHHUEM [EPEUUCIICHHBIX ABIEHUN. KonMuecTBEHHONW XapaKTEPUCTUKOMN MOCIEIHUX SAB-
asieTcst pakToOp COMPOTHUBIEHUS, OCTATOYHBIM (DAaKTOp COMPOTUBICHHS, KO3(hUIIHEHT
U30JSIMMU U pAJl IPYTUMX IOKas3aTesield, ONpPENeSIOIINX CHHKEHHE MNPOHULAEMOCTH
KEpHOB NpU QUIbTPALUHU BA3KOYNPYTUX KUAKOCcTe. HO 0HO3HAYHO BBISIBUTH MPUPO-
Ay BSI3KOYHNPYTHMX aHOMAJIMM NO JAHHBIM (DUIBTPALIMOHHBIX HW3MEPEHUH JOCTaTOYHO
CJIOXHO, XOTSI U3BECTHBIM (haKT yBEIMUYEHUS MOCIEIHUX MTPU CHUKEHUU UCXOJITHOM MPO-
HULAEMOCTH MOPUCTOM CpeAbl U CKOPOCTU (PUIBTPAMU KOCBEHHO CBUAETENIbCTBYET O
(U3HKO-XUMUYECKON TTPUPOe PaKTopa COMPOTUBIICHHUS.

Haubonee dbynaamenTanbHble MCCIEAOBAHMS 3TOrO BUJIA B3aUMOIECUCTBUS ObUIH
IPOBEJIEHBI B 00JACTH CMa3KH M KJIEEBBIX COCIIMHEHUM, I/I€ CBOKMCTBA KUIKOCTH, MPHU-
oOpeTaeMble B pe3yjbTaTe€ KOHTAKTHOTO B3aUMOJEUCTBHS, UTPAIOT OMPEICISIONTYI0
poib (B. Tapmu, /1. Teitbop, A.C. Axmaros, .. ®ykc, B.H. MarBueBckuii u ap.)

['pannunble (TIPUCTEHHBIC) CIIOW KHIKOCTH, YaCTUYHO 3aUMCTBYS (pU3HUECKHUE
CBOMCTBA KOHTAKTUPYIOIIMX (Da3, XapaKTEepHU3yIOTCS B 3TUX YCIOBHUSIX CABUTOBOM YIIPY-
TOCTBIO Y MOBBIIIEHHOMN BSI3KOCTBIO, IIEPEXO/sl B HHOE arperaTHOE COCTOSIHUE - KBa3UT-
BEp/l0e WM KBa3UKpHUCTaUIMUecKoe. Bo3Hukaroue B najgbHeieM Ha (U3NYECKU WIH
XUMUYECKU aJICOPOMPOBAHHBIX MOJIEKYJAX, MOJUMOJIEKYJISIPHbIE TPAHUYHBIE CIOU BbI-
COKOMOJIEKYJISIPHBIX COEJUHEHUM MOTYT JOCTUIaTh JNECATKOB U COTEH MUKPOMETPOB H
CIIOCOGHBI BBIICPKMBATH BEChMa BBICOKHE HOpMaibHbie Harpysku (~ 10 ® Tla), coiict-
BEHHbBIE MOJIEKYJIAPHBIM KPUCTAJIAM.

B ocHOBe MeTO10B, MPUMEHSEMBIX ISl HCCAEAOBaHUs (PU3MUECKUX MapaMeTpoB
KUJKOCTH Ha TpaHULax pasnaena a3, JiexaT pa3iMyHble COCOObl PErucTpalvK MOJ-
BHJKHOCTH MOJIEKYJI, MAKPOCKOIIMYECKH MPOSBIAIOIIEHCS B HAIMYUU TPaJUEHTa MeXa-
HUYECKHUX, ONTUYECKUX WJIU AJIEKTPUUECKUX CBOMCTB >KMJIKOCTH B NMPHUCTEHHOU O0Jac-
TU. B 3TOM 11aHe MexaHMYecKkue MeToAbl HauboJiee MOJTHO OTBEYAIOT 337a4ye HACTOs-
IIET0 UCCIEIOBAHUS — U3YUYEHUIO MOIU(DUKALMS CTPYKTYPHO-MEXaHUUYECKUX U TUAPO-

JUHAMUYECKUX CBOMCTB OYpOBBIX PacTBOPOB B MOPHUCTOM cpeae. B ornuume ot crnek-
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TPaJIbHBIX METOJIOB UCCIIEIOBaHU 3/1eCh HE TpeOyeTcs TPYIOEeMKOM KOppesaluy MoIy-
YaeMBIX CTPYKTYPHO-UYYBCTBUTEIBHBIX MapaMETPOB € OTMEUYECHHBIMM IOKa3aTEISIMHU
pacTBOpoB. JlampHEHIUi aHaTU3 METOJOB BBIJCICHHOW TPYMIbBI MOKa3al, 9To Haubo-
Jiee KOHCTPYKTUBHOM SIBJIETCS CXeMa U3BeCcTHOro npudopa Beilinepa-Pebunnepa, npen-
CTaBJISIOLLEr0 COOOW CUCTEMY M3 ABYX NMapajUIeibHBIX IUIACTHH C PACHOJIOKEHHOU Me-
K]y HUMH TTPOCTIOMKOW UCCIIEYEMOU JKUIKOCTH.

KoHCTpyKIMsl M3MEPUTENBHOM STYEMKH — Y3KOTO 3a30pa IKCIEPUMEHTAIBHOM yC-
taHoBkH YI'HTY, peanusyromias qaHHYIO cXeMy, MPEJCTaBISET KOJeOATEIbHYIO CHC-
TEMY U3 JBYX IapaJUIeJIbHBIX KBApLEBBIX IUIACTUH, 3aKPEIUICHHBIX HAa OPUTMHAJIBHOU
MEXaHUYECKON MOJBECKE M3 CHCTEMbI IUIOCKUX MpYXHUH. [lo100Has KOHCTpYKIUS MO-
3BOJISIET IIPOBOJMTH HM3MEPEHHUE CTPYKTYPHO-MEXAHUYECKUX CBOWCTB ILIACTOBBIX
(GIIOMI0B MpU HKCILTyaTAIMOHHBIX YCIOBHUSX — CKOPOCTSAX CABHUIA, pa3Mepax MOPOBBIX
KAHAJIOB U MUHEpaiax, XapaKTePHbIX JJIsI JTaHHOW CKBA)KUHBI.

CyTp IMHAMHYECKOI'0 METOJIA, PEAIM3YEMOT0 B OIMCHIBAEMOM YCTaHOBKE, COCTO-
UT B PETUCTPALIMM U3MEHEHUI Pe30HAaHCHOM YacTOThl KoseOaHUul, 00yCIOBIEHHBIX BSI3-
KMMU WINA YIPYTUMH CBOMCTBAMU TOHKOTO CJIOS U3y4aeMOM KUIKOCTH. M3BecTHBIE CO-
OTHOIICHHS JIMHEWHOW Teopun Bszkoymnpyroctu (/1. ®@eppu, I'.B.Bunorpamos u A.f.
MaunkuH, b.B. Jlepsarus u.np.) MO3BOJSIOT pacCUUTATh MO (PUKCUPYEMBIM PE30HAHCHBIM
napaMeTpaM BSI3KOCTb, MOJYJIb CIBUIa, TOJIIMHY I'PAHUYHOTO CJIOs, & TAKKE KpUTHYE-
CKHME HANPSHKEHUS — MPEEsbl POYHOCTH, ONPEAENSIONINE YCIOBUS ABUKEHUS KHUIKO-
CTH B Y3KOM 3a30p€ — IJIOCKOM KaIlWJUISIPE JAHHOM BEJIUYUHBI.

MeToauka uccieqoBaHus OTpadOTaHAa HA HBIOTOHOBCKUX M HEHbIOTOHOBCKHX,
HU3KOMOJIEKYJISIPHBIX M BBICOKOMOJIEKYJISIPHBIX JKUIKOCTAX. KoppekTHocTh pa3pado-
TaHHOW METOJIMKHU IOATBEPKICHA COBNAJCHUEM C JAaHHBIMU M3MEPEHMM, MOJYYEHHBIX
HE3aBUCHUMBIMHU METOAAMU.

Bo smopoii_enase MMPUBOAATCA KpPAaTKaA XapaKTCPUCTHKaA 00BEKTOB uccijacaoBa-

HUS, JaHHBIC O KHHETUKE UX CTPYKTYpPOOOpa30BaHUs B MOPaX pa3HOTo pazMepa.
N3ydanuch OE3rIMHUCTBIE MOJUMEPHBIE PACTBOPHI HA OCHOBE CUHTETHUYECKUX U
MPUPOJIHBIX BHICOKOMOJIEKYJISIPHBIX CO€IMHEHUI. PacTBOPBI IEpBOM IpyNIibl MPEACTaB-

JICHBI aKPHUJIOBBIMU ITOJIMMCPAMH - THAPOJIHN30BAHHBIMUA ITOJIMAKPUITIAMHUIAOM MApKHU I[K-
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apuin (pupma «Mckpa Uuapactpu», SAnonus) u noauakpuioHuTpusiom Mapku Caiinan
(bupma «Caitnamum», CIIIA), npeacTaBastonMu COOON MOUANIEKTPOIUTH aHUOHHO-
T'O THIIA ¢ MOJIEKYJISIPHO# Maccoii cootBercTBerHo (16...25)10° u (3...7)010°.
Bropas rpymnmna mpencraBieHa pasIuYHBIMA MOAU(DHUKAIMSAMEI TOTUCAXaPHUIHBIX
OuonosuMepHbIX pacTBopoB, npuMmenseMmblx AHK bamnedTs Ha HEPTIHBIX MECTOPOXK-
nenusix bamkoprocrana m 3anagHoit CuOupu. KOMIOHEHTHBINM COCTaB HEKOTOPBIX W3

HUX TpuBeeH Hke (Tadu. 2.1).

Tabnuua 2.1
KomnoHeHTHBIN cOCTaB HEKOTOPBIX MOAU(PUKAIIUMN MTOTUCAXaPUIHBIX PACTBOPOB
Penenitypa pacteopos, %
o)
Ne HaunmenoBanue A < |2 5| = Sl | o & B
5| % 121 €00 Q| & =
! < =g B| = o) o
S E | E|Z|E| 8 |5|X¥ s 2 M
BbicokoMHUHepaIU30BaH- 0,1
1 HBIH YMYJIbCHOHHO- 4 - - - - - *
b > >l 10| 10| P
reJjieBbId 0,5
MosmriukoaeBblii-
OTHTTHROTCELIN 2105 - [2|3]05|-|-| -1 -] ®mp
2 MOJIMCAXAPHTHBIH
. 12105 - |2]|-]105|-|3]| - - B/Tp
3 |[[MoaucaxapuaHO-KaJIHeBbIii
[MosmriaukoseBbIil MoJH-
. |12]06| - |2]3|05|3]|-| - - B/mIp
4 | caxapuiHO-()OpMHATOBBIIi
besrannucToIit § olos| - |21 -111]-]1- i i aer™
S | moamcaxapuaHO-COJIeBOM
Be3ramHucThIi momuMep- | 5 | g3l - | 1 |- |- - ) S
6 C0JIeBOIi

* - BOJIONIPOBOAHAS Boja; **

- TUTACTOBAas BOJIA

CraObmn3upyromieid OCHOBOW pacTBOpoB sBIsitoTCs Kpaxman (durto-PK) wmum
nemonoza (KMII, Celpol-SL), peryastopoM (QHIBTPAlIMOHHBIX M PEOJIOTHYCCKUX
coiictB — Ouomnonumep (PoOyc, KK), ruapodobuzaropamu — nenonorenHoe ITAB
(ITKA-515) u nonurnukonu (I19I0), cMa3zounoit qobaBkoit — HeTh wiu ConOyp-1101,
UHrHOUTOpOM — MuUHepaibHble conu U [IOI. [locnennuii mpencrasiser coboi cMech
TOMOJIOTOB M CMOJI (IudTuieHraukoias — 15...20 %, tpustuieHrukonb — 25...30 %,

TeTpadTUIECHIIMKOIL — 35...40 %, nenrastunenraukonb — 10...15 %, cmonucteie Be-

mectBa 5...10%), BEINONHSET B pacTBOpe, KpoMe Toro, GyHKImH ruapododuszaropa u
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3aryctutens. B HeKoTopbIx Oojiee MO3AHUX MOAU(PUKALUAX MOJIUCAXapUIHBIX PAcTBO-
poB BMecTo [IOI" npumensieTcst roMosioruuecku 060s1ee YucThiil NpOAYKT — [ THKOIL.

K 3T0i1 ke rpymnme OTHOCUTCS U MUKPOMY3bIpbKOBasi OypoBasi cucrema «Adgpo-
HUKC»,  paspaboranHas  ¢upmorr  “M-I Drilling Fluids” KOMITaHUH
“Smith/Schlumberger” (CILIA). CBoe Ha3BaHHE OHa IMOJIy4HJa OT a(pOHOB - MHKPO-
CKOIMUYECKUX IMy3bIpbKOB Bo3ayxa auameTpoM 20... 100 MKM CO CIOKHOM MHOTOCIIOMN-
HOU o0osnoukoi u3 nonumepoB u [TAB. Beicokue n3onupyromiye cBOMCTBA 3TON CUCTe-
MBI OIIPENENSAIOTCS IEHHO-ITY3bIPbKOBBIM 3KPAaHOM M KOJIbBMATUPYIOIIMMH Ka4eCTBAMHU
ee ¢unbTpara. [locieqHue MCHoOaB30BaINCh HAMU B JAJbHEHIIEM JAJIs CPABHEHUS C
AQHAJIOTUYHBIMU [TAPAMETPAMHU OTEYECTBEHHBIX PACTBOPOB.

OnucanHast BBIOOpKa OypOBBIX PacTBOPOB JAET BO3MOYKHOCTb BBISIBUTH BIIMSIHHUE
KOHIEHTpAIMU CTPYKTYypooOpa3yrolux KOMIOHEHTOB, [TAB 1 MuHepanbHbIX coseil Ha
CTPYKTYPHO-MEXaHUYECKHE U TUAPOJMHAMUYECKHE CBOMCTBA PACTBOPOB, KUHETUKY
B3aUMO/ICMCTBUS PaCTBOPA C MOPUCTOU CPEIOH.

Kunetnka cTpykTypooOpa3oBaHus MPOMBIBOYHBIX KHIKOCTEW B MOPUCTON cpene
IIPAaKTUYECKN HE OCBELIEHA B JIUTEPAType U NPEACTABISAECT UHTEPEC ¢ HAYYHOU U Ipak-
TUYeCKOM Touek 3peHus. Mudbopmarus nomoOHOro poga HeoOXoauma ISl aHANIM3a
B3aMMOJICUCTBUS KOMIIOHEHTOB pacTBOPA C TOPHOM MOPOJIOH, XapaKTepa BOZHUKAIOIIUX
OpU 3TOM HAJAMOJEKYJSPHBIX CTPYKTYpP U MeXaHu3Ma (POPMHUPOBAHUS H3OJUPYIOLIUX
CBOMCTB. B mpukiagHOM acnekTe TaHHbIE O CKOPOCTH (POPMHUPOBAHUS MPOYHOU «IIp00-
KM» pacTBOpa B JAHHBIX YCIOBHSAX, NPOJOJKUTEIBHOCTH KOJIBMATAllUA U JECTPYKLIHH,
COOTHOIIIEHUM 3TUX IIOKa3aTeJIed CO BPEMEHEM KOHTAaKTa pacTBOpa C MOPOJaMHU IIpO-
OYKTUBHOM TOJIIM TPU MPOBOJKE CKBAXXMH AT TEXHOJIOIY BO3MOXHOCTH 0OoJiee
000CHOBAaHHOTO BbIOOpA THUIA PACTBOPA U KOPPEKTHUPOBKHU €r0 PELENTYPHI.

Mukpopeoaoruueckue Uccie10BaHusl TPOBOAWINCH B Y3KUX 3a30paxX BEIWYMHOU
1...20 MKM, COOTBETCTBYIOIIUX [MANa30Hy MPOHHUIIAEMOCTH OT TBHICSYHBIX JOJEH 10
eHAI MKMZ. OBIIEM IS BCEX PACTBOPOB SBIISETCS MHOTOKPATHO® BO3PACTAHHE BSI3-
KOCTM TPH KOHTAaKT€ C MOPOJ000pa3yIolMM MHUHEPAJIOM MW TOSBJICHUE YIPYTrUx
cBOMCTB. OTMEUEHHOE CBHUJIETEIBCTBYET O TOM, UYTO B MOPUCTOM cpene GuibTpaT Mnpu-

06p€Ta€T TBep,Z[OO6paSHBI€ CBOMCTBA U XapaKTCp TCUCHUA, IIPUHIHUIIHAJIBHO OTJIH4Yaro-
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HIMICS OT MCEBAOIIACTUYECKUX, MPUCYIINX OMOMOIMMEPHBIM PacTBOpPaM B OOBIYHBIX,
00BEMHBIX YCIOBUSIX. BsA3KOyNpyrre aHoMaInu SBJSIOTCS CIISICTBUEM 00pa30oBaHUs Ha
CTEHKax IOp TPaHUYHBIX CJIOEB, COM3MEPHUMBIX C pa3MepaMH KamwIsipOB U YMEHb-
maromux ux 3¢ OEeKTUBHOE CEUCHUE.

TunuaaeiM 1711 GOPMHUPOBAHUS CTPYKTYPHO-MEXaHUYECKOTO Oapbepa, OTpaHu-
YUBAIOIIETO MPOHUKHOBEHUE (PUIIbTpaTa B MOPUCTYIO CPEy, SIBISETCA HAIMYUE JABYX
da3 cTpykrypooOpazoBaHus — ObICTpOM U MeJJIeHHOW. B TeueHue mepBoi BO3HHMKAET
a7ICOpOLIMOHHBIN CJI0M, Ha BTOPOH (ha3e OCYIIECTBIIICTCS Oojiee MeIJICHHAs IOCTPOMKa
MOJIMMOJIEKYJISIPHOTO TPAaHUYHOTO CJI0SA, MPOCTUPAIOIIETOCS Ha HECKOJIBKO MOJEKYJISIp-
HBIX TOPSIIKOB, YTO XapaKTEPHO LIS aJcOpPOIMH BBICOKOMOJCKYJISIPHBIX BEIICCTB Ha
rpanuiie ¢ TBepasiM TejoM (B.A. Kaprun, 10.C.JIunaros). Ha HayanbHOM cTaguu 3TOT
IPOIIeCC MOXKET Pa3BHBATLCSA OJHOBPEMEHHO BO BceM 0ObeMe. MaKpOMOJICKYJIbI TPH
ATOM MOTYT BXOJHUTh B HECKOJIBKO 30H CTPYKTYpoOoOpa3oBaHusi, GopMUpys CETKY, Mpe-
MSTCTBYIOILYIO JajibHEelIeMy macconeperocy. [1o 3Toil mpuunHe nepeMelieHue Mak-
POMOJIEKYJT HOCUT TPEUMYIIIECTBEHHO CETMEHTAJBHBIN XapakTep. Kpome Toro, B oT/H-
Yre OT HU3KOMOJIEKYJISIPHBIX COCTMHEHHM, aKTUBHBIE TPYIIIBI WU CErMEHTBI MAaKPOMO-
JICKYJT HUKOT/1a TIOJTHOCTHIO HE CBS3BIBAIOTCS C aJICOPOCHTOM: YacTh CETMEHTOB 3aKperl-
JISIETCS Ha TIOBEPXHOCTH, OCTaJIbHBIC MPOCTUPAIOTCS B 00BEM B BHUJE NETENh WIH CBO-
0O0JHBIX KOHIIOB. BeneicTBME 9TOTO Ha TpaHulle pasnena (a3 co3narTcs MpearnoChUIKu
JUTSL CO3/TaHMsI TIOBEPXHOCTHOTO CJIOS TIOJIMMEPA, JIOKATbHAS KOHIIEHTPAIUS B KOTOPOM
OTJIMYACTCS OT CPEAHETO 3HAYEHUS MO 00BheMy. DTOMY CHOCOOCTBYIOT U CEICKTUBHBIN
XapakTep aAcopOIH MOJTUMEPOB, SBJISIOLIMXCS 110 CBOCH MPUPOE MOJTUMEPTroMOJIora-
MU, a TaK)XK€ 0COOCHHOCTH aJIcCOPOEHTA - TOPUCTOU CPebl, PAINYChl KaIWIISIPOB KOTO-
POl MOTYT OBITh COMOCTAaBUMBI C pa3sMepamMu MakpomoJieKyi. OmucaHHbIE MPOIECCHI
OTIPEIEIISIIOT 3aKOHOMEPHOCTH TIpoliecca (pOpMUPOBaHUS HAAMOJEKYIIPHOU CTPYKTYPbI
KUIKOCTH B TIOPOBOM KaHaJe.

BBenennsiii B O€3rIMHUCTBIA PacTBOpP TBEPAbIA KOJIbMATaHT, MOMHMO CBOEIO
IPSIMOTO HA3HAYCHUS, YCUIIUBACT €r0 HCHBIOTOHOBCKHE aHOMAJIMU U KOJIbMATHPYIOIIHE
Ka4yecTBa ke B CPAaBHUTEIILHO OOJNBIIMX y3KUX 3a30pax (puc.2.1), 9To CBs3aHO C BO3-

HUKHOBEHHEM JIBYX COIPSKEHHBIX CTPYKTYP.
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Mexanu3sM (GopMHUpOBaHUS TMO00- 0. /

HeIX CcTpykTyp mno II.A. PebGunaepy umeer - p——

Cyry00 MOBEpXHOCTHYIO MpHUpoay. Moju- 0 ==

(UIMPOBaHHBINA KOJIHMATAHT B JAHHOM CITy- 10 _/

. ' q

Yyae SBIACTCA HCTOYHUKOM JIOTIOJHHUTEIb- 50 ///
HBIX aJCOPOIMOHHBIX ICHTPOB, YCHIINBAIO- e

0 10 20 30 40 50

IUX TPOYHOCTh HAJMOJICKYJISIPHOH CTPYK-
Puc.2.1. Kunetnka u3MeHEHHSI MOTYJIS
Typel pacTtBopa B MmOpoBoM KaHaie. IIpu  cxsura (1) u Bsskocrn (2) nommcaxapuaHoro
pacTBOpa C TBEPABIM KOJIBMATAaHTOM B

YBCIIMYCHUN KOHLCHTpAIUHU JUCIICPCHOI'O y3KoM 3a3ope 10 MKM.

HAIOJIHUTENS WM YMEHBIIEHUH €r0 pa3Me-

POB pOJIb MOBEPXHOCTHBIX SBJICHHUM BO3pacTaer emie 0oJiee, MOCKOJIbKY Bce OoJiblas
YaCTh CHUCTEMBbI MEPEXOJUT B COCTOSHHE MeX(a3HOTO TPAHUYHOTO CJIOS C aHOMAaJIbHBI-
MU (U3NUECKUMHU CBOWCTBaMH. [IpocTpaHCTBEHHBIE CTPYKTYPBI 00pa3yroTcs BaH-Aep-
BaaJIbCOBbIMHU CHJIAMU, JEUCTBYIOIIMMH MEXIY YacTUIAMU HAMOJHUTEINS 4Yepe3 Ipo-
CJIOMKH XUIKOCTH, B KOTOPBIE BXOASAT BCE MOBEPXHOCTHO-AKTUBHBIE KOMIIOHEHTHI pac-
TBOpa. [Ipy 3TOM BO3HHKAIOT CONPSIKEHHBIE CTPYKTYPHI Pa3HBIX TUIOB — KOAryJISIIUOH-
HOM W3 YaCTHI] HAMOJHUTENS U MOJIEKYJ PacTBOpA, UMEIOUIUMX CYIIECTBEHHO pa3HbIC
nepuosbl CTpyKTypooOpazoBaHus (femp1 U terp2). Jis oOpa3oBaHus MOJOOHBIX CTPYKTYP
B PaCTBOPE YaCTHUIIbI HAIIOJHUTEIS JTOJKHBI UMETh 110 CMaYMBAa€MOCTH HEOIHOPOIHBIN,
MO3aWYHBIA XapakTep ¢ JUOPWIHHBIMU U JIHOPOOHBIMHU ydacTKaMmH. JloJjis mocieaHuX
JIOJIKHA OBITh OTHOCUTEIBHO HEOOJBIIION, TTOCKOJIBKY MPHU €€ YBEIUYCHUH YCUITHBAIOT-
Csl KOAryJsiiMOHHBIE MPOIIECChl U COOTBETCTBEHHO CHMKAETCSA KOJUYECTBO CBOOOIHBIX
YaCTUIl — Y3JIOB KOAryJIsAIIMOHHON ceTku. MIMeHHo ¢ oOpa3zoBanueM nocneaneid mo I1.A.
PeOunnepy cBs3aHO ycuimBaroilee ACHCTBUE HATIOJHUTENS, Ybsl MAJIIONPOYHAs KOary-
JSUMOHHAS CTPYKTYypa CIY>KUT CBOEr0 pojia KapKacoM, Ha KOTOPOM (hopMUpyeTCs yiKe
Oomnee mpodyHasi CTPyKTypa moiaumepa. KuHeTnka HopMupOBaHHS MEPBON CTPYKTYPHI
Ha OCHOBE YaCTHI] KOJIbMAaTaHTa JOJKHA C1a00 3aBUCETh OT BEJIMYMHBI Y3KOTO 3a30pa,
YTO MOATBEPKAACTCSA U IKCIICPUMEHTAIbHBIMY JaHHbIMU (puc. 2.2, kpusbie 1 u 3). J{ns
CTPYKTYPBI, (POPMHUPYIOIIEHCS HA KBAPIEBBIX MOBEPXHOCTAX Y3KOTO 3a30pa, HAMPOTHB,

MMEET MECTO OoJiee CHIIbHAS 3aBHCHUMOCTH OT BEJIMYUHBI IMOCJICOIHCT O (KpI/IBBIe 2u 4)
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B3auMOCBsI3b KOHIICHTpallMKM KpaxMmayua u
KHUHETUYECKUX MapaMeTPOB 3TOH CTPYKTYpPbI
BITOJIHE OYEBHJIHA B CHJIY IMPOIOPIIMOHATH-
HOCTH KOHIICHTpallMu Kpaxmana ¢ duora-
[IMOHHOW CITOCOOHOCTBIO PacTBOpa, C KOJIU-
YECTBOM YJIEP)KMBACMBIX B 00BEME KHUJIKO-
CTH YaCTHII KOJIbMaTaHTa.
OcoOEHHOCTBIO  paccMaTpPUBAEMBbIX
CHCTEM pAaCTBOP-TBEPAOE TEJIO SIBJIACTCS

BO3HHMKHOBCHHC BA3KOCTHO-TECMIICPATYPHBIX

aHOMaJIuk — YBCINYCHUA BA3KOCTH, CKOPO-

100

804 —a—1

—A—3
—v—4

g

Puc.2.2. 3aBucumocTs BpeMenu hopmu-
POBaHMSI CONPSHKEHHBIX CTPYKTYpP OT
KOHIIGHTPAIIMHU KpaxMaja U BEJIMIHHBI

y3KOro 3a30pa:
1,2—-5mrMm; 3,4-20MKM

60 —

40

204

1,0

CTU (OopMHUPOBaHUS U JPYTUX MapaMeTPOB HAAMOJIEKYJISPHOU CTPYKTYpPHI IIPU OIpeie-

JICHHOM TIOBBIIIeHUH Temrieparypsl (puc.2.3). [Ipupona manaoro sddexra onpenenser-

CiA KOHKypeHIII/Ieﬁ KOI'C3MOHHO-
AQArC3UOHHBIX CHJI. HU3MCHCHUC HWHTCH-
CHUBHOCTHU TCIIJIOBOI'O ABHXKXCHHA HCOAHO-

3HAYHO BJIMACT Ha KHMHCTHUKY CTPYKTYpPO-

KoHcTaHTa
CTPYKTYypoobpasoBaHus, Yac.

o0pa3oBaHHs PACTBOPOB B IOPHUCTOU
cpele, IMOCKOJbKY  Ppe3ylbTHPYIOMINN
addekT ompeaensieTcs HaJI0XKEHUEM He-
CKOJIbKMX (PAaKTOPOB - CHMKEHUEM YpOB-
HSl QU3NYECKOTO B3aUMOJICHCTBUS B CHUC-

TEMC U YBCIIMYCHUCM IMOABUKHOCTH 4YacC-

THUI] C TOBBILIEHUEM TEMIIEPATYPHI.

-1

0,4+

0,3+

0,24

0,14

010 T T T T T T T T T T T T
20 35 40
Temnepatypa, °c

Puc.2.3. 3aBUCHMMOCTb KHHETHYECKHUX TIapa-
metpos 0,1 (1,4) u 0,5 % (2,3) pactBopoB
Caiinana OT TEeMITEpaTyphl B Y3KUX 3a30pax:
1, 3—1,5 mxwMm; 2,4—6,0 MkMm

PaCCManI/IBaeMBIe KHHCTUYCCKHUC IIapaMCTPbI HCJIMHENMHO 3aBHUCSIT OT KOHIICH-

Tpaouu U BCJIMYMUHBI Y3KOI'O 3a30pa.

B wactHoctn, mis 0,1 % pactBopa ¢ BBICOKOI

MOJIBMYKHOCTBIO M30JIMPOBAHHBIX MoJieKyn (puc.2.3, kpuBass 4) CHIKCHHUE BCIWYHHBI

KOHCTaHThl CTPYKTYpOoOOpa30BaHHs BbI3BAHO YMEHBUIEHUEM TI'paJUeHTa MOBEPXHOCT-

HBIX CHJI, BEJIMYMHBI MEK()a3HOTO HATSHKCHHUS C POCTOM Temreparypbl. B Gonee KoH-

LICHTPUPOBAHHOM pacTBOpe (KpHBasi 2) MPH TEX )K€ YCIOBUAX UMEET MECTO YBEIHUCHHE
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MIOCTOSTHHOW TIpoIiecca, OOYCIIOBJICHHOE, OYEBHIHO, COOTBETCTBYIOIIMM H3MEHEHHEM
MOJIBYKHOCTH arperaToB M yBEIMYCHHUEM CKOPOCTH MacCOIEepeHoca 4acTuil 1axe B 0o-
nee caboM 1oJie MOBEPXHOCTHBIX CHII. DKCTPEMaIbHBIN XapaKkTep KUHETHYECKUX 3aBH-
CUMOCTEH B MaJIbIX TI0 BEJTMYMHE 3230pax ¢ OOJNBIIUM T'PaJHUEHTOM MOBEPXHOCTHBIX CHII
OTpakaeT KOHKYPEHITHIO yKa3aHHBIX BhImIe Gaktopos. B 0,1 % pactBope, Hanpumep, 10
35 °C npeBanupyer yBenuueHHE MOABIKHOCTH MOJEKYI, a Jajlee CKOpPOCTh IpoLecca
OIpeICIACTCS TEMITIOM CHHKCHHS BEJIUYHMHBI Mex(a3Horo HarskeHus (kpusas 1). s
arperaToB MOJIEKYJ B CHJIBHOM ITOBEPXHOCTHOM IIOJIE YBEIUYCHHE TMOJBIKHOCTH B
JAaHHOM JIMana3oHe TeMIIepaTyp HEBEIWKO, MO3TOMY KpHBas MMEET MEHEE BBITYKIIBIN
xapakrtep (kpuBas 3), KAaUECTBEHHO M KOJUYCCTBCHHO MPHOJIMIKASACH K BBIIICONTMCAHHON
3aBucumoctH (kpuBas 4) s 0,1 % oOpasiia B 3a30pe BETUUUHOM 6 MKM.

Temneparypa, COOTBETCTBYIOIIAsE MAKCHMYMY BSI3KOYIIPYTHUX aHOMAJIHHA, 3aBUCHUT
OT MHTCHCUBHOCTH MEXMOJICKYJIIPHOTO B3aUMOJCUCTBUS B )KUIKOCTH. s JK-mpuiia,
TUIOTHOCTh SHEPTUU KOT'€3WH KOTOPOTO KPATHO MPEBHIMIAET aHAIOTHYHYIO XapaKTepu-

ctuky mina Cailnmana, oHa COCTaBiIsIeT ~ 95

L
N}
1

0
C. Bss3kocTHO-TeMIepaTypHble aHOMAaJUU

/

Ha6J'II-OJIaI-OTCH H B paCTBOpaxX Ha OCHOBC
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®
1
/o
O
/
O
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I
O

KMII, npumensembix B 3anagHoit CulOupu

o
>
1

(puc. 2.4): mpu BBICOKHX TeMIepaTypax

OddekTnBHAs BA3KOCTb, [a c

—-—1
3[€Ch 3aMCETHO YBCIMYHMBAIOTCS CKOPOCTH 0.2+ L_ a—n —0—2
1 \./
CTPYKTypooOpa3oBaHusi U Ooyiee yeM Ha Io- w{
-5 (I) é 1I0 1IB 2I0 2I5 3IO 3I5 4I0 4I5
PAOK BSI3KOCTH B Y3KOM 3a3zope. BaxHo Bpems BbiaepkKM, u
MOTYEPKHYTh, 9TO ipu 85 °C buabTpaT 370- Puc. 2.4. Kunerrka BA3KOCTH (DUIBT-
para pactBopos 1 (0,5 % KMLI) u

o S5 MKM nipu 85 °c
dHOMAJIMX B OIIbITaAX Ha IIOPpUCTOU CPCIC.

Heo0xoaumMo OTMETUTH, YTO HENMHENHBIA, 3KCTPEMaJIbHbIA XapaKTep 3aBUCHUMOCTEN
CTPYKTYpHO-MEXaHHUUECKUX CBOWCTB OE3IJIMHUCTBIX PACTBOPOB HAOJIOJAETCS MPU U3-
MEHEHHUH BEJIMYMHBI MOCJIEIHETO, KOHIIEHTPAUU MOJMMEPOB U MPOU3BOJHBIX LIEJLIIO-
10361, [TAB, 4T0 yKa3bIBaeT Ha CHPaBENIMBOCTb MOJIEKYJIIPHO-KUHETUYECKOTO MOIXO0-

1a K 00bACHEHHIO MeXaHu3Ma (DOPMUPOBAHUS HAAMOJIEKYIISIPHON CTPYKTYPBI B IIOPO-
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BOM IIPOCTPAHCTBE. B COOTBETCTBUE C HUM CTPYKTYPHO-MEXAaHHYECKHE CBOWCTBA B
KUJIKOCTH B IUIACTOBOM CHUCTEME OIPENEIAIOTCS WHTEHCUBHOCTBHIO B3aMMOJEHUCTBHUS
MOJICKYJI XKHJIKOCTH MEXKIY COOO0H U ¢ TBepAbIM TenioM (puc.2.5). BiusHue nmocnenHero
BO3pacTaeT NPU CHIDKEHHM BEIUYWHBI IUIOTHOCTU SHEPIUU Kore3uwu (JieBas W mpaBas
BETBU KPUBOW) U YMECHBIIACTCS MPU CHIIBHOM KOOIIEPATUBHOM B3aUMO/JICHCTBHU B CITY-

gae accounarooOpa3oBaHMUs.

Huskas KOHIICHTpAIUs Wior £ Wanr
CTPYKTYPOOOPa3yIOMIMX  KOMIIO- ° 8:8
o
@]
HCHTOB (JleBasi BETBb) CO3/aeT o Wior < < W
=
o ]
NPEIIOCHUIKK IS OBICTPOW ajI- 2
R I 3 S
copOLIMM OTAENBHBIX, CIA00CBs- 2
2 WKOF~WAHT
3aHHBIX MEXJIy cOo00M U pasBep- 2 \

HYTBIX MOJIEKyJd. OIHAKO B CHILY

KoHIeHTpaIus CTpyKTypooOpazoBares
crienupuKu  aacopOIMu  BBICOKO-

Puc.2.5. Cxema MeXMOIEKYJISIPHOTO B3aUMOCHCTBHS

MOJIEKYJISIPHBIX COEIUHEHHM OC-
B CUCTEME «DACTBOD — TBEDIOE TEIO%

HOBHAs1 4aCTb MOJIEKYJ IIPOCTUPA-
eTcsi B 00beM, OrpaHMYMBasi B JaJbHEHIIEM CKOPOCTb MAacCONEPEeHOCa M IMIOTHOCTh
YIIAKOBKM MOJIEKYJI B TPAaHUYHOM cClioe. B pe3ynbpTare, HECMOTpsL Ha CHIIBHOE MOJIEKY-
JIPHOE B3aUMOJEHUCTBUE, B JOTUX YCIIOBHUAX B IIOPOBOM KaHAJIE BO3HUKAET «pPbIXJas»
HaIMOJIEKYJISIpHAsi  CTPYKTypa C  OTHOCHUTEIIBHO  HEBBICOKMMH  CTPYKTYPHO-
MEXaHUYECKUMH CBOMCTBAMM.

IIpn xonuentpanusx Bbiue KKA KHMHETHMYECKHE CTPYKTYpPHBIE €IMHMIBI IIPE.-
CTaBJIAIOT COOOM arperaTbl MOJIEKYJ, Takke caabo B3aUMOJEHCTBYIOLIME MEXIY CO-
00#. YBenuueHne HHEPTHOCTH arperartoB MOJIEKYJ OTpaHUYMBaET CKOPOCTh (popmMupo-
BaHUS HAJIMOJIEKYJISIPHOM CTPYKTYpbl Ha BCEX 3Tamax, HO B CHIIy Oojee KOMIaKTHOMN
KOHQUTYpallMd KUHETHYECKUX €AMHUII YBEIMUMUBAIOTCS TUIOTHOCTh M MPOYHOCTH IMPH-
CTEHHOTO CJIOS KUJAKOCTH, €r0 pa3Mephl.

[Mpu xoHueHTpanmsx, 6au3kux kK KKA (MUHUMYM KpUBOIi), YCUIMBAIOTCS KOO-
NepaTUBHbIE MPOLECChl B JKUIKOCTH, TMO3TOMY aJCOpPOIMS acCOLMATOB MOJEKYNI U

,Z[EU'IBHCﬁIHCC CprKTypoo6pa3013aHI/Ie 30CCh OCIOXHCHBI CUJIbHBIM KOI'C3MOHHBIM B3au-
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MOJIEHCTBUEM U CHM)KEHUEM BEJIMYMHBI MK (Pa3HOro HaTsHKeHUs. B cuily u3noxeHHOro

BJIMSIHUE TBEPJOIO TEJa HA CTPYKTYPHO-MEXAHUYECKHUE MTOKA3ATEIN CUCTEMBI 31E€Ch He-

BEJIMKO, ITIO3TOMY MX BEJIIMYMHA ONPEACISIETCA B OCHOBHOM XapaKTEPUCTUKAMHM CaMOU
KUIKOCTH.

Kunernka B3ammoneicTBust (QuibT- o 15001

pata AdpoHUKCAa C TBEpPABIM TEJIOM

—a—1
1000 —0—2
u —A—3

\\

X

o \’I\
/\\Q_g\:\._.\-/'—'

—_—— .
o0Opa3oBaHHs B MOpax Majoro pasmepa u e —
0 50 100 150 200 250

Bpems Bbiaepxku, 4

OTIIMYacTCA OT PpPacCMOTPCHHLIX BBIIIC

ciyuqaeB  (puc.2.6) 0Ooiee  BBICOKUMHU

500

BsskocTb B y3kom 3a3ope, mlla

3HAYCHUSIMU CKOPOCTH CTPYKTYpO-

BSI3KOCTH, Ha JBa IOPSAJIKA MPEBBILIAIOMIEH .
Puc.2.6. KuHetuka BI3KUX CBOMCTB

cBoe o0beMHoe 3HaueHue (~12 mlla-c). ¢unbrpara AdpoHHKCa B y3KHX
3a30pax:
[Io »TuMm mnoxkaszareisiM B 3a30pax 1-1wmkM, 2—-2wmkM, 3—5wMkMm

pasmepoMm 10 1 MKkM AQpPOHHKCY YCTY-

IMaroT BCC PaCCMOTPCHHBIC HAMM I10JIMCA-

2000 4

XapuaHble pacTBopbl (Tabn.2.2) , 3a uc-
1600

KIIFOYCHUEM BBICOKOMHHCPAJIN30BAHHOT'O

1200

AMYJIbCHOHHO-TEJIEBOTO oOpa3ia

Mopynb caswra, lNMa
1
[ee]
BsiskocTb, Ma ¢

®

o

o
1

(puc.2.7), KOTOPBI IO KHHETHYCCKUM MU

BSI3KOYIPYTMM TOKa3aTeasiM MpPeBOCXO-

400 40

IWT CpaBHUBAEMBbI oOpasel. B Oonmprmx 0 s 10 15 2 2%

Bpems Bblaepxku, Yac

10 BEJMYMHE Y3KHUX 3a30pax, HANpOTHUB, Puc.2.7. Kunernka ynpyrux (1) u
BSI3KUX (2) CBOWCTB 3MYJIbCHOHHO-
resieBoro pacteopa npu 0,1 % conep-
JKaHUM OHOTOIMMEpa B Y3KOM
3a30pe 2 MKM

yK€ HEKOTOpbIE MOJIMcCaxapuHble pac-
TBOPBI TMPEBOCXOASAT COOTBETCTBYIOIIHE
nokazatenu AdpoHukca.

Oc00EeHHOCTBIO MOCIIETHETO PACTBOPA ABJSETCS TAKXKE U CHIIBHAS €T0 JECTPYK-
1ust (paBble BETBU KPHUBBIX): CITYCTSI IBOE CYTOK €r0 PEOJOrMYECKUE IMOKA3aTeNIn CTa-
HOBATCS] MEHBIIIE UCXOAHBIX. DTO SBISETCA OJJHUM U3 MOJIOKUTEIBbHBIX (DaKTOPOB pac-
CMaTPUBAEMOI CUCTEMBI, 00JIETYarOIINM MPOIECC OCBOCHHSI CKBaKUHBI M BOCCTAHOB-

JIEHUSI KOJUIEKTOPCKUX CBOMCTB MPU3a00MHON 30HBI
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Tabnuua 2.2
[TapameTpsl CTPyKTypooOpa3oBaHus paCTBOPOB
VY3kuii 3a30p 1 MKM VY3kuii 3a30p 2 MKM
PactBop Bpewms Bsaskocrts, Bpewms Bsaskocts,

CTp-HUA, Y ITa-c CTp-HUA, Y ITa-c

[TonucaxapuaHo-cOeBOM 22,1 1,945 3,13 0,124

Honucaxapuro- 70,6 0,398 3,25 0,363

dbopMHaTOBBII

Hommcaxapusio- 48,2 0,501 21,1 0,220
MOJIUTJIMKOJIEBBIN

[Tonmmep-coeBoit 210 1,653 77,8 1,156

B mpembeit 2jlaee pacCMaTpuBacTCa BIIMAHHUC OOJICBOI'O COCTaBa ITOJIHCaXapuIa-

HBIX PACTBOPOB HA UX CTPYKTYPHO-MEXaHUYECKUE CBOMCTBA B MMOPOBBIX KaHAAX.
[Tono6nas uHdopManuss HeoOXoAMMA JIsI HAIPABIECHHOTO PEryJUPOBAaHUS H30-
JTUPYIOMKX CBOMCTB ¢uibTpara. [Ipobiaema onTuMu3aiuy penentTypbl pacTBOPOB OC-
JIO)KHSIETCSI TEM, YTO COJICP’)KaHWE OCHOBHBIX KOMITOHCHTOB 3aJ[a€TCsl THAPABIMYECKON
IPOTPaMMOM U WX BapHaIis JOMyCTHMA JIUIIb B JOCTATOYHO OTPaHUYECHHOM JIHaria-
30He. PaccmarpuBaembie Oe3rIMHHUCTBIE OypOBBIE PAaCTBOPHI MPENCTABISIOT COOOM
CIIOXHBIC JTUCTICPCHBIE CHCTEMBI, COCTOSIINE U3 HU3KO- M BEICOKOMOJICKYIISPHBIX TTOJIH-
AJICKTPOJIUTOB (MUHEpAM30BaHHAS BOJA, IMOJMIJIMKOJNN, XJIOPHUIBI KaJlusg W MarHus,
Kpaxmai u rmosmMepsl) U [TAB (MoBepXHOCTHO-aKTUBHBIE KOMITOHEHTBI CMa304YHBIX
COCTaBOB U TUAPOPOOU3aTOPOB). Y CTOHIMBOCTL TakuxX cucteM 1o [1.A. Pebunnepy on-
penensercs ANEKTPOCTaATUYECKUM U THAPOGOOHBIM B3aMMOJIEHCTBUEM, TIOITOMY JTHO00€
MU3MEHEHHUE JIOJIEBOTO COCTaBa U MOHHOTO YMCIIAa PacTBOpA BCJEACTBUE aCOPOIUH, TO-
JTUMUHEPATHHONW arpeCcCHH IJIACTOBBIX BOJ WM HApYIICHUN TEXHOJOTHU JOKHO MPH-
BOJUTH K HAPYIIEHHUIO OallaHca AEUCTBYIOMIMX CHJI M €ro AUCIEePCHOro coctosinus. [lo-
JOOHBIE CUCTEMBI CeiYac MHTCHCHBHO M3y4YarOTCs, TTOCKOJBbKY OHHM HaxOHAT MPUMEHE-
HUE HE TOJIbKO B JI00bIUe HEPTH, HO U B TIPOU3BOJICTBE KPACOK M CMa30K, OMOTEXHOJIO-
rusix (H.B.Uypaes, K.Kogegj, K.Y oshida, JI.I1. BaxpyiieB u ap.). OnHako B OOJbIIKH-
CTBE paboT TaKOTO pOJia HE YUUTHIBACTCS BIUSHUE aI€3MOHHOTO U CTEPUUIECKOTO (hak-

TOPOB, OKa3bIBAKOINUX CYIICCTBCHHOC BJIMAHUC Ha JUCIICPCHOC COCTOAHHC IIPHU KOH-



19

TaKTHOM B3aumojeiicTBuu. [IpuBencHHBIC HIDKE MUKpopeosoruueckue (B maciirade
MIOPbI) UCCIICIOBAHUSI TO3BOJISIFOT OLIEHUTh POJIb TUX (PAKTOPOB.

Ananu3 BogHbIX pacTBopoB Caiinana u [Ik-Ipuiia mokasani, 4YTo CHHEpreThye-
CKOE YCHJICHUE BS3KHUX M (QUIBTPALIMOHHBIX CBOMCTB MPH ONPEICICHHOM COOTHOIICHUH
aTux KoMnoHeHTOB (A.Y. lllapumnos) umeer mecto u B y3koM 3azope (puc.3.1), rae yn-
pyrue CBOMCTBa MOJMMEPHOW KOMITO3UIMU (KpuBasi 3) Ha MOPSJIOK MPEBOCXOIMUT aHa-
JIOTUYHbIC XapaKTEPUCTUKU KaXKIOTO U3
nonumepoB.  OTMEUEHHOE CBSI3aHO C ~ 2400

400

3 PEeKTOM «IMOJUIIEKTPOIUTHOTO Ha-

2200

300

OyXaHUsI», CYTb KOTOPOTO COCTOUT B

2000
«pacCTpsIMIICHUN» UM «CBOPaYUBaHUM»

200 +

MOJICKYJ IIpU HM3MCHCHHH JJICKTPOCTAa- 1800

100 +

TUYECKOI0 B3aMMOJACUCTBHS IOJSPHBIX - . 5 '

><.\_/ - 1600
3BCHBCB IOJIUMEPA B IPUCYTCTBUU HO- o1 02 03 04 05
HOB COJIEH, IOJIMIIECKTPOIUTOB, HU3KO- Prc. 3.1. 3aBHCHMOCTb yIIPyrux

CBOMCTB BOJIHBIX pacTBopoB Caiirana
(1), Ax-npumnna (2) u ux cmeceit (3) ot

POCKOIIMYECKH KOH(OpMAIlMOHHBIE Tpe- COACPIKAHMA HOJNMEPa

U BbICOKOMOJEKyIspHbIX [IAB. Mak-

BpAIICHUS MOJIEKYJ MPOSIBIAIOTCS B BHUJI€ COOTBETCTBYIOLIETO U3MEHEHUS BSI3KUX WIIH
ynpyrux cBoiictB cucreMsl (B.M. Enrog, U.E. IlIBenos, I11. Bapans).

K ananmoruunomy 3¢ pexty B y3KOM 3a30pe MPUBOIUT U BBEJACHUE B OJTHOKOMIIO-
HCHTHBIE PACTBOPHI PACCMOTPEHHBIX BBINIE MOJIMMEPOB Heopranuueckor coiau CaCl,
IIPOTUBOMOHBI KOTOPO#, MOJABIISASI AJEKTPOCTATUUECKOE OTTAJIKMBAHUE OJHOMMEHHO3Aa-
PSIKEHHBIX TOJMMEPOB, WHHUIMUPYIOT CBOPAYMBAHHUE TMOCICIHUX U WU3MEHEHUE JIHC-
IIEPCHOTO COCTOSIHUS PacTBOpA.

Ucxons u3 sroro, cunepreruueckuit 3PexkT B cMECH MOJIMMEPOB OJIMHAKOBOM
MOJIIPHOCTH MOKET OBITh CBSI3aH ¢ M3MEHEHHMEM 3Haka uX 3apsaoB. [lomoOHBIN Mexa-
HU3M TOJTBEPKIAETCA HE3aBUCHUMBIMHU HCCIIECIOBAHUAMU KOMIIO3UIMK MOJHWAKpUIAT-
HBIX MOJIUMEPOB, IJe 00pa30BaHHE WHIYIIUPOBAHHBIX KaTHMOHHBIX TPYIIN BCIEACTBUE

NPOTOHU3AIMKA B BOAHOU (pa3e U APYrux KOOMEPATHUBHBIX SIBICHUN MPUBOAWIO K YCH-
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JeHut0 (IOKYIAIMU KUCIOTHBIX MOPOJI, 3HAYMMOMY H3MEHEHUIO aJCOpOIMOHHON aK-
TUBHOCTH Hccnenyembix monmumepos (JI.I1. Baxpymies, E.B. benenko).

MuKpopeoIornyecKue MCCIeA0BAHMS PA3IMYHBIX MOAU(PUKAIMKA MOIHCaXapu-
HBIX paCTBOPOB MOKAa3alld, YTO Bapualus COJAEPKaHUsI OCHOBHBIX KOMIIOHEHTOB MPUBO-
TUT K HEAJTUTHBHOMY HM3MEHEHHUIO CTPYKTYPHO-MEXaHMYECKHUX CBOWCTB H3Y4aeMBIX
xuakocterd (puc.3.2-3.4). CHmwkeHUe YpOBHS HEHBIOTOHOBCKHMX aHOMAIUH IO Mepe
YBEJIMUEHUS Pa3MEPOB y3KOro 3a3opa (KpHuBbIe 2), OTpaxkaeT BIMSHUE TBEPJIOTO Telia Ha
¢dusnueckue cBoicTBa GpuinbTpara. Hamnume TBep0ro KoabMaTaHTa B pacTBOpE JeiaeT
3Ty 3aBHCHUMOCTB OoJjiece ciaboit (puc.3.4, kpuBas 2) 3a CUYCT JONOJHUTEIBHON COMpsi-
KEHHOW CTPYKTYpPBHI, BO3HHUKAIONIEH B 00bEME JKUIKOCTA HA YaCTHIAX HAITOTHHUTEIIA.
[To sTo¥ MpUYMHE KOHIIEHTPAIIMOHHAS 3aBUCUMOCTh B Y3KOM 3a3ope 20 MKkM mpuoope-
TaeT 00JIee MOHOTOHHBIA XapaKTep.

[Toy4yeHHBIC TaHHBIE TTO3BOJISIOT OIEHUTH BIUSHUE MUHEPATLHBIX KOMIIOHCHTOB
Ha MapaMeTpbl paCTBOPOB, MTOCKOJIBKY paccMaTpuBaeMbie 00pasiibl CYIIECTBEHHO OTJIH-
YaroTCs WX KOHIICHTpAIlMel: BEICOKOMHTHONPOBAHHBIN dMYJIBCHOHHO-TEIEBBIN 00pa3ert
conepxut 10 5 % xmopucroro kanus u 10 10 % MgCl,, nonucaxapuaHo-kaiueBbiid — 5
% KCl, monucaxapuaaplii pacTBOP ¢ TBEPbIM KOJbEMAaTaHTOM BOOOIIE HE UMEET B CBO-
€M COCTaBe HEOpPTraHMYeCKNX MHrHOMTOpOB. [lepBhIii M3 HUX XapaKTepuzyercs Hambo-
Jiee BBICOKMM YpPOBHEM BSI3KOCTH BO BCEM JIMAIla30HE KOHIEHTpaluil Ouomnoiumepa u
AKCTpEMaIbHBIM 3HAYCHHEM ITOTO TapameTpa IpH MajoM KoiudectBe PoOyca B pac-
tBOpe (cM. puc.3.2).

B cootBeTcTBHE C M3/I0KEHHBIM BBIIIE MEXaHU3MOM <II0JIM3JIEKTPOIMTHOIO Ha-
OyxaHUs», BO3pacTaHUE BS3KOCTHBIX aHOMAJIHK OO0YCIIOBJICHO YCHUJICHHUEM JJICKTPOCTa-
TUYECKOTO OTTAIIKMBAHUS M JIMHEHHOW KOoH(popManmer moinekyn. [lomobHas cutyarus
MOKET UMETh MECTO B BRICOKOMHTMOMPOBAHHOM 00pasIie B ciydae IMOJIHOW KOMITEHCa-
IIUU UCXOHBIX 3aPSIOB MOJMAIEKTPOJUTOB aHHOHHOTO TUTIA U TIOCIICIYIOIIEH X mepe-
3apsANKY, UHUIIMUPYIOIIEH BHOBb YCHIICHHE 3JIEKTPUYECKOrO B3aMMOJCHCTBUSA B pac-

TBODE.
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Puc.3. 2. 3aBUCHMOCTH BSI3KMX CBOMCTB 3MYJIBCHOHHO-

TeJIEBOTO PacTBOpA OT KOHIIEHTPAIIMK OHOTIONMMEPa U

BEJIMUMHBI Y3KOTO0 3a30pa: 1 — 2 MkwM; 2 —5 MKM.
Bpewmst Beinepxku — 20 9

0,6

0,54 —a—1]
] —0—2
0,4
0,3 4
o
N /
% °

014 \
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0,0 A
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Puc.3.3. 3aBUCHUMOCTH BS3KOCTH MOJIMCAXAPUIHO-KATHEBOTO
pacTBopa OT KOHIIEHTPAIH OHOTIOIMMEPa U BEJIMIHHEI
Y3KOro 3a3opa: 1 -2 mxwm; 2 — 5 MKM.
Bpewmst Beiiepikkn — 24 4

0,4 -

L
034 —a—1
—0—2 °
02
" L)
O

0.1 y

0,0 A o

SdbdekTnBHas BsA3kocTb, Mac

1:0 ' 1:5 ' 220 ' 2:5 ' 330
CopepxaHue ®uto-PK, %
Puc.3.4. 3aBUCUMOCTD BI3KOCTH MOoJINCAXapuJaHOT0 pacTBOopa €
KOJIbMAaTaHTOM OT KOHICHTpalWN KpaxmMajia U BECINIYNHbI
Y3KOoro 3a30pa:

1— 244, 5wMxwMm; 3—24 4., 20 MKM.
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B03MOXHOCTh MpOTEKaHUsI YKa3aHHBIX MPOLECCOB B PACTBOPAX BBICOKOMOJIEKY-
JSPHBIX MOIKAIeKTpoauToB (KMII, Marnaduok u p.) U JanbHEHIas UX nepe3apsaaKa
B MPUCYTCTBUM HEOPraHMYECKUX COJIEM, MOHOTEHHbIX U HenoyisipHbiXx [TAB skcnepu-
MeHTanbHO noATBepxkaeHa 1. bapanem. Ilpu 3Tom 3adUKCUPOBAHO U3MEHEHHE DJICK-
TPOMPOBOAHOCTH, CBETOIOTIIOMIEHUS U NEKTPOPOPETUIESCKON MOABIKHOCTH YaCTHIL, a
TaK)X€ BBINAJCHUE OCANKa. BO3ZHMKHOBEHUE HEPACTBOPUMBIX HMHTEPIIOIUIIEKTPOIIUT-
HBIX KOMILJICKCOB OTMeuaeTcs u apyrumu uccienosarensimu (JI.I1. Baxpymes, E.B. be-
nenko, A.B.Haspoukwuii, C.C. [IpoOuna u ap.).

B Hamewm ciydyae yCHJIEHHE 3JIEKTPOCTaTHUECKOTO B3aUMOJEHCTBUS TPU UHBEP-
CUHU 3apsi0B IOJIMDJIEKTPOJIUTOB U IOSBICHUE HEPACTBOPUMBIX KOMILIEKCOB, BBIIIOJ-
HAIOUMX (QYHKIUH aJCOPOLIMOHHBIX LIEHTPOB, MPUBOAMUT K JONOJHUTEILHOMY YyCHUJIe-
HUIO HEHBIOTOHOBCKHMX CBOWCTB MO MEXAaHU3MY, PACCMOTPEHHOMY BBIIIE HA MPUMEPE
IOJIMCAXapPUIHOIO0 PacTBOpPA C TBEPABIM KOJbMATaHTOM. C IOBBIIIEHHEM KOJIUYECTBA
ouornonrMepa B pacTBOpPE MPOUCXOTUT TOJIBKO YAaCTUYHAS KOMIIEHCAIUs 3apsiIOB €ro
NOJISIPHBIX TPYNII, NMPUBOJAAIIAS K YMEHBIICHUIO AJIEKTPOCTATUYECKOTO OTTAJIKMBAHUS.
[TocneaHee, B COOTBETCTBHE C MEXaHU3MOM «IIOJIMAIEKTPOIUTHOTO HaOyXaHUs», CO-
IIPOBOK/IAETCS CBOPAYMBAHUEM MOJIEKYJ U YCUIIEHUEM YIIPYTHUX CBOMCTB pacTBOpA.

B cnaboMuHepain30BaHHOM MOJIMCaXapuaHO-KaIHEeBOM pacTBope Ooliee riiaakas
KOHIICHTPAIlMOHHAsl 3aBUCUMOCTb BA3KOCTH OO0YCJIOBJI€HAa MEHbIEH MHTEHCHUBHOCTBHIO
ANEKTPOCTATUYECKOTO B3aUMOJECUCTBUS. B TaHHOM Cciydyae MMEET MECTO JIMIIb YacTUY-
Has KOMIICHCAlUs 3apsAA0B IMOJSPHBIX TPYIIT MOJUIIEKTPOIUTOB, MPUBOIAIIAA K YCH-
JeHUI0 TUAPO(HOOHBIX B3aUMOACHCTBUMN U YyIIPYTUX CBOMCTB pacTBopa. Kpome Toro, Ha-
JUYMe B paccMaTpuBaeMoil OypoOBOW CHUCTEME MOJIUTIMKOJEH, CONbBATUPYIOIIUX IMPO-
TUBOMOHBI MHTMOUTOPOB, CHI)KAET aKTHUBHOCTh MOCJIEIHUX. VX MOMMIKCUITUICHOBBIC
1enu, noJoOHo KpayH-3(pupy, MOTYT CBS3bIBATh MOHBI COJIM M MPEBpAlIaThCs B CBOETO
polia accorMupoBaHHbIC KaTHOHOAKTHBHBIE [IAB, crocoOHBIE K B3aUMOACHCTBUIO C
AHUOHHBIMH KOMIIOHEHTaMH pacTBopa. «O0epThIBasi» KaTHOHBI COJIA MPHU COJIbBATAIUH,
OHM co3AaroT accouuupoBaHHbie [IAB, meHee noaBmxHbIe U O0ee TUAPOPOOHbBIE, YEM

HatuBHbIe KaTHOHBI (M.IO. ITnerHeB). OmmcaHHBIE MPOIECCH TAKXKE CIHOCOOCTBYIOT
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CHIKEHHUIO DJICKTPOCTATHYECKOTO M YCHJICHUIO THAPO(GOOHOTO B3aUMOJICHCTBUS B T10-
JIMCaXapuIHO-KaJTHEeBOM PacTBOPE.

Bausiaue TemnepatypHoro (akropa Ha KHHETHKY CTPYKTYpPOOOpa3oBaHUs MOJIH-
aKPUJIATHBIX M TOJIMCAXapUAHBIX PACTBOPOB, MIPUPOIa BO3SHUKAIOIIUX TPH ITOM BSI3KO-
CTHO-TEMIICPATYPHBIX aHOMAJIHH PaCCMOTPEHBI B MPEABIAYIIEM pas3jeiie, MO3TOMY HU-
K€ OCTAaHOBUMCSI JIMIIIb Ha KOJMYCCTBCHHOM OIICHKE 3TOr0o 3P QeKTa B JaHHBIX CHCTE-
Max.

Jlnsa CaiinaHa, MMEOIIETO HEBBICOKYI0 HHTEHCHBHOCTH MEKMOJICKYJIIPHOTO
B3aumoeiicteus B oobeMe (1,1 xJ[/MOJb), MAKCUMYM HEHBIOTOHOBCKHX aHOMAJIHHt
nabmomaercs mpu 30-50 °C (puc.3.5). V JIk-IpHiLIa, CYIIECTBEHHO IIPEBOCXO/AIIETO
Caiinan o aromy nokazaresro (83,1 k/[»/MoJb), TeMreparypa SKCTpeMyMa CMEIaeTCst

B 00J1acTh OoJiee BRICOKHX TeMIieparyp (puc.3.6).

160 -
2001 —n—1 /- —a—1—v—4 *
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8 2
@ s | @ 44 ®
O’ r___._.——-- 1 /’6
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0,0 OI‘I Dl2 DIS 0I4 0‘5 0,0 0.1 0 03 0.4 0.5
' ’ o ' CI . ” ' ' Copepxanue Ok-gpunna,%
ORGPRANNG LaNnana, % Puc.3.6. 3aBHCHMOCTD BSI3KOCTH PacTBOPOB
Puc.3.5. 3aBUCHMOCTB BSI3KOCTH PacTBOPOB JIK-IpHyuIa OT KOHIEHTPAIMH U TEMITEPATyPhI
Caiinmana oT KOHLEHTPAIMU U TEMIIEPaTyphl B B y3KHX 3a30pax 1,5 (1,3,53 u 6,0 (2,4,6) Mxwm:
y3kux 3a3opax 1,5 (1,3,5) u 6,0 (2,4,6) Mxm: 1,2-24°%:; 3,4-35°C; 5,6-50°C

1,2-24°%; 3,4-35°%: 5,6-50°C

[Tonobubie >¢ddexTst HAOMOJAIOTCA W Ul  NPOMBIIUICHHBIX 00pa3IoB
MOJIUCAXapUIHBIX PACTBOPOB, MpPUMEHsIEMBbIX B 3anagHoil Cubupu mpH IIACTOBBIX
temmeparypax ~ 85 °C. MHEKpOpPEOIOrHyecKie HCCISIOBAHMS B Y3KHX 3a30paXx,
COM3MEpPUMBIX C pasMepamMud MNOp NPOAYKTUBHOM Toiamu Kupcko-KoTTeiHCKOTO
MECTOPOXKJICHHS, MOKa3aJh, YTO B OTHUX YCIOBHUSIX paccMaTpUBAE€MbIE PaCTBOPBI
XapaKTEepHU3yIOTCS BEChbMa BBICOKMMH CTPYKTYPHO-MEXAaHMYECKMMHU MOKa3aTeasiMu

(tabn. 3.1 u 3.2) U HEOOXOUMBIH YPOBEHb HM30JHMPYIONIUX CBOWCTB 00CCIIEYMBACTCS
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JOCTAaTOYHO HU3KOU KOHHGHTpaHI/Ieﬁ OCHOBHBIX KOMIIOHCHTOB. HapaJIJIeJILHBIG (1)I/IJ'IBT-
PAIUOHHBIC UCCICAOBAHHA PACTBOPOB HAa CCTCCTBCHHLIX KCpHaX IMOATBEPANUIIN 3TH BbI-
BOJBI. HeO6XOI[I/IMO OTMCTHUTD, YTO H3-3a BBICOKOM KOHCHUCTCHIIMK PaCTBOpa Ha OCHOBC

KMII uccnenoBancs ero ¢puiabTpar 0€3 MUHUCTON KOMIIOHEHTHI.

Tabmuma 3.1
Bnusitnue TeMnepatypsl U coJiepKaHus cTabuin3aTopa Ha
MUKPOPEOJIOTHYecKue U 00beMHBIC MoKa3aTeNu (pUIbTpaTa
[JIMHUCTOTO pacTBopa Ha ocHoBe KMI

MuUKpOpeoIOoruuecKue
OObemMHbBIE TapaMeTphl
Conepxanue napaMeTphl
KMLI, % Bs3kocTh, Monynb [Lnactnueckas | Hanpsioxenue
ITald casura, klla | Baskocts, [Tald | caBura, alla
0,5 0,17 15,2 0,017 23,5
1 0,68 25,3 0,019 28,1

Ta6mwmma 3.2
Bausinre Temmepatyphl U COACpKaHUs OMOIOIMMeEpa Ha
MHKPOPEOJIOTHYECKHE U 0ObEMHBIE TIOKA3aTeIH OE3TTTUHICTOTO
pactBopa Ha ocHoBe Celpol SL

Muxkpopeonornaeckue O6LEMHULIE Id
paMeTphl
Conepxanue IapaMeTphl
ouononumepa, | Bsaskocts, | Moyl [lmactuueckas | Hanpsoxenue
% ITald casura, klla | Baskocts, [Tald | caBura, nlla
0 0,56 26,2 0,031 23,9
0,25 1,21 60,0 0,028 29,5

Pasnuiia B macmtabe NpHUBEJACHHBIX 3/1€Ch MHKPOPEOJOTHMUECKUX M CTaHJIAPTHBIX
XapaKTepUCTUK OypOBBIX PACTBOPOB HAMISIAHO WILIIOCTPUPYET BIMSHUE KOHTAKTHOTO
B3aMMOJICUCTBUS Ha CBOMCTBAa (GuiIbTpatTa W MaJOMHOPOPMATUBHOCTH JAHHBIX
CTaHJAPTHOM PEOMETPUH.

Brnusane runpodoOr3upyomuyx U CMa30uHbIX 100aBOK OypOBBIX pacTBOPOB Ha
CTPYKTYPHO-MEXaHUYECKUE U THAPOJUHAMHUYECKHE CBOMCTBA (DHIIbTpATa CTOJb Ke He-
OJTHO3HAYHO, KaK U JeicTBUe TemmepaTypHoro ¢akropa. HeogHo3zHauHocTh 00ycIoB-
neHa Mexanu3moM geiictBus [1AB, cBsa3aHHBIM ¢ ancopOliel Ha BHEIIHUX U BHYTPEH-
HUX TpaHuIax pasjena (a3 riacToBOd CUCTEMBI «pacTBOp — mopucrtas cpena» (A.B.

Kaprun, 10.C. Jlunaros). B nmocneanem cirydae, MOJIEKYIIbl HU3KOMOJIEKYISIpHBIX [TAB,
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OJIOKMPYs TOJSIPHBIE TPYIIEL B 00BbEME MOJIMMEPA, HApYyLIAtOT BHYTPU- U MEXKMOJIEKY-
JSIpHBIE CBA3M U TEM CaMbIM M3MEHSIOT popMy MakpoMosiekysl. C 0JHOI CTOPOHBI, 3TO
CHIDKAeT YpOBEHb MEXKMOJIEKYJISIPHOTO B3aMMOJCHCTBUS M CIIOCOOHOCTH MaKpoMoJe-
KyJI K arperaiuu. B To jxe BpeMs pa3BepThIBAHUE MaKPOMOJIEKYJI U 00pa30BaHUE HOBBIX
KOHTaKTOB MEX1y HUMH IIPUBOAMUT K YCUIICHUIO MEXMOJIEKYJIIPHOTO B3aUMOACICTBUS,
IIOCKOJIbKY IMOBEPXHOCTHOE HATSKEHUE TECHO CBSA3aHO C (POpMOM LEeNH U MEXMOJIEKY-
JSIpHBIM B3aUMOJICHCTBUEM, TO HU3KOMoOJIeKyJsipHble [IAB, Haxonsmuecs B oObeme,
TAK)K€ BIIMSIOT U HAa TIOBEPXHOCTHBIE CBOMCTBA CUCTEMBI B LIEJIOM.

B cuny HeomHo3HauHocTH nelcTBus [IAB 3aBHCHMMOCTh NMOBEPXHOCTHBIX U
CTPYKTYPHO-MEXaHUYECKHUX CBOMCTB IMOJIUMEPHBIX PACTBOPOB OT UX COACPKAHUSA HOCUT

SKCTpeMalIbHBIN XapakTep (puc.3.7).

0,80 - 4

CuHpaszHocTb IIOBEPXHOCTHBIX o] % "
i —v—2 43
CBOMCTB CO CTPYKTYPHO-MEXaHHUYECKUMU 0701 i 3

0,65

1
N

OTHOCUTENbHas BA3KOCTb

mapamMeTpaMu XHUIKOCTH B Y3KOM 3a30pC

0,60

1
-

0,55

TOBOPUT O 3HAYMMOM BJIMSHHHU HHU3KOMO-

0,50

MOBEPXHOCTHOIO HaTsXXEeHNA

<10 >
-

OTHOCUTENBHbIN KO DULNEHT
1
o

nexyisipbix  IIAB  Ha WMHTEHCHBHOCTH

0,45

KOHTAaKTHOT'O BSaHMOHGﬁCTBHH mojanumepa € 0.40 T

T T
0,05 0,10 0,15 0,20
ConenxaHue CainaHa. %

HOpOILOﬁ U BO3MOXKXHOCTHU aHaAJIN3a UX BO3-
Puc.3.7. 3aBUCUMOCTE OTHOCUTEIILHBIX

JIEVUCTBUA MO MOBEPXHOCTHBIM XapaKTEPH- K03 (HUIIMEHTOB MOBEPXHOCTHOTO HATSI-
xenus (1,3) u Bszkoctu (2,4) ot conep-
xanus Caitnana u AD-12:

1, 3-0,025 %; 2,4-0,05%

CTUKaM OypOBBIX pacTBOPOB. 3JeCh IO-
BEPXHOCTHBIE M  CTPYKTYpPHO-MEXaHU-
YECKHUE XapAKTEPUCTUKU IPUBEACHBI U1 HATrJIIAHOCTH K COOTBETCTBYIOIIMM IapaMeT-
paM pacTBOPOB, HE cOAEpKalluX HHU3KOMOJEKYJApHbIX [IAB. ®opma npuBeaeHHBIX
KPUBBIX OTpa)KaeT U3MEHEHHE aICOPOLIMOHHOIO B3aMMO/ICHCTBUS HAa BHEUTHUX U BHYT-
pEHHUX TpaHulax paszzaena (a3 paccmaTpuBaemoil cuctemsl. [Ipu Manoi KOHIIEHTpaluuu
ITAB (~0,025 %) ancopOuus mocieHero Ha BHENTHEH MeK(a3HOW TpaHuIle, €€ aKTHB-
HBIX LIEHTpax CHMKAeT AAIBHOJECHCTBHE IOBEPXHOCTHBIX cui. K ToMy e mpuBOIUT
YBEJIMYEHUE KOHUEHTPAIMU U accolMalus MOJIeKyJ noiaumepa. OTMEUeHHbIE MpoLiec-
Chl CHWKAIOT BEJIMYMHY OTHOCUTEIBHOM BSI3KOCTH C POCTOM KOHLEHTpAalMu MOJUMepa

(kpuBas 3). Ypenunuenue koiauuecta [IAB B pactBope 10 0,05 % npuBoauT K aacopo-
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IIMM Ha BHYTPEHHUX M BHEIIHUX TpaHHUIaX paszjena ¢as, Mmo-pasHOMY BIHSIOMIUX Ha
IPaJIMEHT MOBEPXHOCTHBIX CHJI. X KOHKYypEeHLUs ornpeenseT napadoanyeckuil xapak-
TEp paccMaTpPUBACMbIX 3aBHCUMOCTEH (KpuBbIe 2, 4).

BakHbIM IpaKkTUUECKUM CIIEJICTBUEM HACTOSIIUX HCCISTOBAHUM SIBISETCS yCTa-
HOBJICHHEC KOPPEJSAIMN CTAaHIAPTHBIX MTOKa3aTesiel OypOBBIX PACTBOPOB U UX CTPYKTYP-
HO-MEXaHUYECKUX CBOMCTB B Y3KHX 3a30paxX, UTO JA€T BO3MOKHOCTh C ITIOMOIIIbIO OTpa-
OOTaHHBIX CTAHJAAPTHBIX METOJUK 00Jiee OOBEKTUBHO OIEHUBATh (PU3MUECKHE CBOMCTBA
bunpTpaTa B MOpUCTON cpene. BakHO MOAYEPKHYTH, YTO BHIOOP B KAYECTBE OCHOBBI
yKe arpoOUPOBAHHBIX METOMK IMO3BOJISIET KOPPEKTUPOBATh (PYHKIIMOHAIbHBIC CBOMCT-
Ba pacTBOpa HEMOCPEACTBEHHO Ha OypOBOM, UCXOAS U3 YCIOBUM OypeHHs] KOHKPETHOU
CKBa)KUHBI.

40

OIHAKO CONOCTaBJIEHHE KOHLEH- 3

324

TPALMOHHBIX 3aBHCHUMOCTEW CTaHIApPT- ]
HBIX XapaKTEPUCTHK U BSI3KOCTH B y3- ]

204

KOM 3a30pe (HKHSSA MyHKTHPHAS KpH- 16
124

Bas) MOJIMCAXapUIAHBIX PacTBOPOB IIO-

ka3eiBaeT (puc.3.8), 4yTo maneko He Bce

0,0

napaMeTpsl, anpoOUpOBaHHbBIE HA TJIH-

HUCTBIX CHCTEMaXx, MOFYT 6I)ITI) Hc- Puc.3.8. KOHHCHTpaHI/IOHHBIe 3aBUCUMOCTH
YCHOBHOﬁ BA3KOCTHU (1), IMoKa3aTeist q)HHLTpa'

MMOJIL30BaHBI JUIA 0O0Jiee CIIOKHBIX B 1uH (2), CTaTHYECKOro HANPSHKCHHS CABHTa
(3), nuactrueckoii Bsa3kocTH (4), HAYaILHOTO
PCOIOrMYEeCKOM OTHOLICHUN TONNCAXA~  yampsmxenus cusura (5), koHcHcTeHmH (6),
ko3 durmenta N (8) u BA3KOCTH B y3KOM
3a3ope 2 MkM (7) UTs IOJIMCaxapuaHO-

MATHUBHBIMH K3 PACCMOTPEHHBIX SBJIS- KaJMeBOTO pacTeOpa

puaHbix pactBopoB. Haunbonee undop-

FOTCSI KOHCTAHTBI MICEBIOIIACTUYECKOT0 3aKOHA TEUEHUSI — COOTBETCTBYIOIIAsl BA3KOCTh
Y TMHAMHYECKOE HaNpsHKEHUE CIIBUTA, & TAK)KE KOHCHUCTEHLIMS U MOKa3aTelb HEJIMHEH-
HOCTH (BEepXHsIsl ITyHKTHPHAs KpuBas). BrIJclieHHbIC TapaMeTpbl XapaKTePH3YIOTCS
OOJBIIMMU YTJIaMU HAKJIOHA K OCHM KOHLIEHTpalui M JHUana3oHaMu U3MEHEHHUs, COBIIa-
JICHUEM TOYEK Mepernba co CpaBHMBAEMOU 3aBUCMMOCTBIO BA3KOCTH B Y3KOM 3a30pe€.
Br160op oTMEUEHHBIX MTapaMeTpOB HE CIIyYaeH, TaK KaK MX U3MEpPEHUEe MPOBOIUTCS MPHU

(1)I/IKCI/IpOBaHHBIX CKOpPOCTAX ,Z[e(i)OpMaIII/II/I, 4TO ABJIACTCA NPUHIOUIIMAIIBHO BAKHBIM IJIA
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HEHBIOTOHOBCKMX KMJIKOCTEH, PEOJOTHYECKHE CBOMCTBA KOTOPBIX 3aBUCAT OT BPEMEHU
U ycnoBuid nedopmani. HeBbInoaHeHne 3TUX YCIOBUM NPUIAET APYTUM CTaHAAPTHBIM
nokasatesnsiM (YCJIOBHAsI BSI3KOCTh, NIOKa3aTellb (PUIBTPALUK U T.I.) CYry0O KauyeCTBEH-
HBII XapakTep.

MHOro(hakTOpHbII CTATUCTUYECKHI aHaJu3 MO3BOJIWI MOJIYYUTh UCKOMBIE PeEr-
pECCHOHHBIC MOJENH i HavanbHOW Bsizkoctu (Mo, MIlald), mpenena npovyHOCTH
{1(24), T1a}, ompenensromero ycioBUS IBIKECHUS >KHIKOCTH B IOpe, M BSI3KOCTH
(N24, MIlald) mocne cyrounoro npeObiBaHus GUIbTPaTa B MOPE JJIS PA3THYHBIX MOIH-
(duKkanuii noaucaxapuaHbIX OYpOBBIX CUCTEM.

JU1s1 monucaxapyuaHO-KallueBOro pacTBOpa OHM UMEKOT BU!

n, = 747811* C — 259,106* K +822,671* n—12,8064* d , (3.1
(3.2

T.,(24) = 9,4933* n—3,5560* K +108,92* C +0,08096* d + 0,25078* C* K*d, (3.3)

N,s = 3714,49* N —1333,37* K +42307.4* C -503.467* C* K -121348*C*K *d ;

rae K 1 N — KOHCTaHThI CTEMEHHOr0 3aKOHa JIsl MCEeBAOIUIACTUUECKON HKHUKO-
CTH, OmpeeseMble MO cTaHaapTHON MeToauke;, C - comepkaHue OuomnonumMepa; d —
JMaMeTp MOPOBBIX KaHaaoB. CtatucTuueckue oneHKH (R- K03 PUIIMEeHT MHOKECTBEH-
HOW KOppessauu, & — CpeAHCKBaJpaTUYHas OMMOKAa pacdera) MPUBEIACHHBIX BBIIIC
ypaBHEHUH CBUICTEIbCTBYIOT O HAJICKHOW annpOKCUMAIUU SKCIIEPUMEHTAIbHBIX JaH-

HbIX (Ta61.3.3).

Tabanma 3.3
[TapameTpsl perpecCHOHHBIX MOJIEIIEH JJIS MOTHCaXapuIHO-KAIUEBOTO pacTBOpa
VYpasuenue | C, % K n d, MKM R )
31 0-04 |21-11,8|0,7653-0,453| 2-5 | 93,3 | 52,05
3.2 Toxe | To xe To xe Toxe | 97,2 | 44,85
3.3 -1 - -1 - -1 - -1 - 97,0 | 0,397

[TonoOHbBIE BbIpaXKeHUsl, MOTYUYCHHBIE /ISl BCEX MCCIEAOBAaHHBIX PACTBOPOB, IO-
3BOJISIFOT OLIEHUTBh UX BSA3KOCTH U MpPEJENl TEKYYECTH B MOPax OIPEIAEICHHOrO pa3sMepa

M0 CTaHAAPTHBIM IMOKA3aTCJIsAIM PaCTBOPOB.
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JlnanazoH M3MEHEHHs pa3MEepOB MOPOBBIX KAaHAJIOB, KaK BUIHO U3 TaOJIUIIBI, OX-
BaTHIBACT MHTEPBAJ IPOHUIAEMOCTH COPHBIX IOPOJ] OT COTHIX [0 AECATHIX JOJIEH MKM?,
YTO MO3BOJISIET UCTIOJIb30BAaTh MIPUBEJCHHBIC TIOJYYCHHBIC COOTHOIIECHUS /711 OOJIBIIINUH-
cTBa MecTopoxaeHuil bamkoprocrana u 3anannoit Cubupu.

B uemeepmoti enage paccmMaTpuBarOTCA 3aKOHOMEPHOCTU TEUEHUS U PUIIbTpaLUU

OE3TIIMHUCTHIX MOJUCAXAPUTHBIX PACTBOPOB, @ TAKKE OLICHKU UX U30JUPYIOIINX
CBOWCTB MO JIAHHBIM MUKPOPEOJIOTHUYECKUX UCCIETOBAHUM.

Jlyist pacueta mpoaBMKEHHs (GUIBTpaTa OYpOBOTO pacTBOpa B MPUCTBOJILHOM 00-
JACTU METOJIaMH MOJ3EMHON THAPOJMHAMUKHN HE00X01MMa HHPOpMalKs O rapameTpax
MJIACTOBOM CHUCTEMBI - BS3KOCTU (PUItOUI0B, Y(PPEKTUBHBIX 3HAUCHUSX MPOHUIIAEMOCTH
U TIOPUCTOCTH, KPUTHUCCKUX HAMPSKCHUAX M CKOPOCTAX CABUTA (IaBICHHUIX M CKOPO-
cTsX (GuUabTpanuu) U T.I. TpeOyemble JaHHBIC OOBIYHO IMOJYYAlOT U3 KPUBBIX TCUCHHS
Wi QUIbTpalNy, MPEACTABISIONUX COOON 3aBUCMMOCTh CTENIEHH PaBHOBECHOTO pas-
PYILIEHUS CTPYKTYPBI KUJIKOCTU OT CKOPOCTH ee nedopmaiuu, XapakTepHOH ajs pe-
aJbHBIX YCIIOBHM.

Opnnako OONBIIMHCTBO (UIBTPAIIMOHHBIX HCCIEAOBAHMM Ha TIOPUCTON cpefe
IPOBOJUTCS O€3 N3YUEHUS €€ TOPOMETPUUECKON XapaKTePUCTUKHU - pACTIPEEICHUS TIOp
KepHa 1o pa3mMepam. B 3Tux yciaoBusx moiaydaeMbie (GUIBTPAITMOHHBIE XapaKTePUCTUKU
HOCST IOCTAaTOYHO OOIIMN XapaKTep, MOCKOJIbKY HEM3BECTHO, MO0 KaHaJlaM KaKOTo Jha-
METpa OCYIIECTBIIOCH JABWKEHUE JKUAKOCTH, a Kakas 4aCTh MOPOBBIX KAHAJIOB IpHU
JTAHHOM TIeperajie JaBJIeHusl He Obljla 0XBadeHa mporeccoM GpuibTpanuu. B oTauane ot
atoro ycraHoBka YI'HTY no3Bosser nosydaTs nHGOPMAIIMIO O TCUCHUH B y3KUX 3a30-
pax — MOPOBBIX KaHAJIAX 3aJaHHOTO pa3Mepa, YTO JAET BO3MOXKHOCTD BBISIBUTH YCIIOBHS
TedeHus1 GUIbTpaTa B MOpax pa3HOro Maciirada.

UccnenoBanre ocoOCHHOCTEN TEUECHMs MOTUAKPUIATHBIX U OE3TITMHUCTBIX MO-
JYCaxapyuIHbIX PACTBOPOB B Y3KHX 3a30pax MOKa3aJlo, YTO B ATUX YCIOBUIX HAOJIIO1A-
FOTCSI DJIEMEHTBI TPAKTHYECKU BCEX peosiorndeckux Monene (puc. 4.1). XapakrepHbIM

JUI paccMaTpUBaeMbIX 00paslioB SABISETCS Haluune S-00pa3HBIX y4acTKOB C OTpHIIa-

TCJIIBHBIM YTJIOM HAaKJIOHA, IIPEACIOB TCKYUYCCTH r U pa3pbiBa CIINIOITHOCTU r )
K1 K2

YTO HECBOMCTBEHHO HCCI)TI/I U APpYIruM HU3KOMOJICKYJIIPHBIM KUAKOCTAM B HOI[OGHBIX
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ycrnoBusix (M.JI. Mapxacun u O.®. Kon-
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pacmuiaBaM HOJIMMEPOB U HAIIOJIHEHHBIM 0
KOHLICHTPHPOBAHHBIM ~ cHcTemaM  (B.I'. Puc.4.1. KpuBbie TeueHUs MoJimcaxapuIHo-
KaJTUEBBIX PACTBOPOB C Pa3HBIM COJEpIKa-
HUEM OHOIOoJIUMEpPa B Y3KOM

Bunorpanos u A.fl. Mankun, H.b. Yps-

€B) WM TJIMHUCTBIM pacTtBopam (B.U. 3a30pe 2 MKM:
1-0%; 2-0,1%;
Ps6uenko, H.B. VYpweB). Crenuduka 3-0.25%: 4-04%

paccMaTpuBaeMOTO SIBJICHHSI COCTOWT B TOM, UTO IEPEIajl JaBICHUS JIOKAIH3YETCsS BO
BXOJIHOHM 30HE KaHajia, IJIe Pe3KO BO3pacTarolias CKOPOCTh TCUCHUS MOJIMMEPa MPUBO-
JUT K Pa3pbIBY CIUIOIIHOCTH CTPYKTYPBI M KPaTKOBPEMEHHOMY CKa4Ky pacxoja KHJIKO-
cti. OHAKO, BBICOKOE JIaBJICHHWE HAa BXOJE Kalwulspa HE paclpoCTpaHsSeTCs Ha BeCh
00BbEM TTOPOBOM JKUIAKOCTH B CHITy Pa3pbiBa KOHTHHHUYMA, IO3TOMY TOCJICIHSS JIBHIKET-
Csl TIpH TMIOHW)KCHHOM JIaBJICHUU U ¢ 00Jiee BBICOKOH BS3KOCTBIO, UEM KHUJIKOCTh, B KOTO-
pOii HE BO3HHMKAIOT MOJOOHBIC SBICHUS. JTO MOITBEPKIACTCS U MPHUBEICHHBIMH JIaH-
HBIMH: TIPH OJIMHAKOBBIX CKOPOCTSX Jedopmarvu pacTBOphI 0e3 pa3pbiBa CIUIOIIHOCTH
(xkpuBbie 1, 2, 3) u ¢ TakoBBIM (KpuBas 4) CYIICCTBEHHO OTJIUYAIOTCS YTJIAMU HAKJIOHA U
KOHCHUCTCHTHOCTBIO.

Pa3pbIB CIUTOIIHOCTH, TAKMM O0Opa3oM, OrPaHUYMBACT YPOBEHb JTUHAMHUYECKOTO
JaBJICHUs Ha (PUIBTpPAT B TOPHUCTOH cpeie, yaydiias TeM CaMbIM €ro CTPYKTYpHO-
MEXaHUYCCKUE M U30JIMPYIOIINE CBOWCTBA. M3 3TOro BBITEKACT U MPUHIIMITHAIBHOE OT-
JUYHC JBYKCHUS BS3KOIUIACTUYHBIX U BS3KOYIPYTHX JKHUIKOCTCH B MOPUCTOW Cpele:
IpU pa3pyIlICHUN CTPYKTYpPbI NepBasi U3 HUX CHIDKACT (PHILTPAIIMOHHOE CONPOTHBIIC-
HHE, a BTOpas €ro yBeJINIUBACT.

BaxHO MO4EepKHYTH, UTO SBJICHHUE pa3phbiBa CIUIONTHOCTH UMEET Cyry0o MmoBepX-

HOCTHYIO MPHUPOJY, MOCKOJIBKY HE OOHApYKMBAETCS METOJaMH CTaHJAPTHOU PEOMET-
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puu OypOBBIX PACTBOPOB, HO MPOSBIISIETCS B Y3KUX 3a30pax U NMpu (GUIBTpAIMU B BUJIE
KOJICOAHWH BEJIMYMHBI JaBJICHUS B ycTaHoBHBIIEMCs pexxume (puc. 4.2 u 4.3). Ouibt-
paIrMoOHHBIC UCCIICIOBAHUS BBHITIOJIHSUIUCh HA aBTOMAaTU3UpOBaHHOM yctaHoBke FDES -
645 (pupma Cortest, CIIIA)' u ecrecTBeHHBIX 0Opa3uax MOpHCTOil cpembl Kupcko-
KOTTBIHCKOTO MECTOPOXKIAECHUS IIPU TEMIIEPATYPE 85° C. IIpoHniaeMocTh COCTaBHBIX
KEpHOB B OIbITaX ¢ (UIBTPATOM TIMHUCTOTO pacTtBopa Ha ocHoBe KMI] cocraBnsna
TBHICSYHbIC, a [UTs] OHOIOIMMEPHOMN KHIKOCTH - COTBIC JOIH MKM-. 3/16Ch, KaK H B MHUK-
POPEOJIOTHYECKUX UCCIIeA0BaHMIX, GuiIbTpaT Ha ocHoBe KMII He umen rmuHuCTOi co-
CTaBJIAIONIEH.

XapaKkTepHBIM JJIsI OMUCHIBAEMBIX OMBITOB SIBIISECTCS YBEIWYEHUE B Mpejesiax Mopsiaka
BEJIMYMHBI Mepernaja JaBjIeHUsl B TEUCHHUE MePBOro yaca GuiIbTpallui U CHUKEHUE TTPO-
HUIIAEMOCTH B TOW ke npornopiuu. [ OypoBBIX pacTBOPOB C TBepJod (azoii oTme-
YEHHOE OOBIYHO CBSI3BIBAETCS C BOBHUKHOBEHHEM MaJIOMPOHUIIAEMOU (hUIBTPAITMOHHON
Kopku. OJJHAKO B paccCMaTpUBaEMOM Cily4ae, IpU OTCYTCTBUU TBEPAOU (pa3bl MPpUUUHON
BO3pacTaHusl (PUILTPAIMOHHOTO COMPOTHUBIICHUS MOXET OBITh TOJBKO MOJIEKYJSIPHO-
ITOBEPXHOCTHOE B3aUMOJECUCTBUE KUJIKOCTU C MOpoaoM. Ha 310 yka3piBaeT u CHHXpPOH-
HOCTh M3MEHEHUS (PUIBTPAIMOHHBIX U MUKPOPEOJIOTUUECKUX MMapaMeTpOB, COMOCTaB-
JICHHBIX B peasibHOM MacmTabe Bpemenu (puc. 4.4 u 4.5). BunHo, uto meperud KpuBoi
NABJICHHS] HACTYNAEeT MPHU BBIXOJE BA3KOYIPYTHX CBOWCTB HA MAaKCUMAaJbHBIA YPOBEHbD,
XapaKTepHbIN 1M1 yKe CHOPMHUPOBABILETOCS] TPAHUYHOTO CIOSl, CYKArOUIEro MpOCBET-
HOCTb TIOP.

VYBenuyeHue BI3KOCTH Ha KOHEUHOM dTarie PuibTpalru 00yCIOBICHO pa3pbiBOM
CIUIOIIHOCTH CPEAbl M JAWIATAHTHBIM PEKHUMOM TEUYEHUS, YETKO MPOSIBISIONIMXCS Ha
NPUBEIACHHBIX BBINIE KPUBBIX TeYeHUS W ¢uibTpanmu. Konebanus gaBieHus, BO3HU-
KarolMe B paccMaTpuUBaeMbIX cliydasx npu mepemnane aasienust 1,5...1,6 MlIla, o0y-
CJIOBJIEHBI Pa3pbIBOM CIUIONIHOCTH CPEAbl U MOCIEAYIOIUM KPATKOBPEMEHHBIM YBEJIH-
YEeHUEM Pacxo/ia )KUIKOCTH MPHU CHIKEHUU BEJIUYHUHBI AaBieHus Quibrpanuu. [1lono6-

HO€ HAaOII0JaeTCsl U TP PUIIbTPALUU MTOJIMAKPUIIATHBIX PACTBOPOB.

' B skcnepumenTe npuHumanu yuactue A.B. Orapkos, 1.A. T'aiicun.
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YcranoBiaeHue  mOpuUpoAbl  (PUIBTPALMOHHBIX  aHOMANWWA  OE3TJIMHHUCTBIX
MOJIMCaxXapUAHbIX PacTBOPOB KaK pe3yibTara (U3UKO-XMMHUYECKOTO B3aUMOJICHCTBUS C
HOPOJI0M MO3BOJMIIO Pa3paboTaTh METOAUKY MPOrHO3UPOBAHUS U30JIUPYIOIINX CBOMCTB
ATUX CHCTEM, YYMUTHIBAIOUIYIO BJIUSHUE JTOro ¢akropa Ha KOJIbMaTallMOHHBbIE U
(GunbTparioHHbIE MIPOIIECCHI B PUCTBOIBHON o0mactu CKBa>KUHBI.

Crnenu¢uky yka3aHHBIX MPOLIECCOB PACCMOTPUM Ha MpUMEpE MOJIMCaXapUaHO-
KaJMEeBOTO pacTBOpa. AHAIN3 MUKPOPEOJIOTHUECKUX UCCIICIOBAHUIA TTO3BOJINII BHISIBUTH
XapakTep HaJMOJIEKYJSIPHOM CTPYKTYpbI 3TOH >KMJIKOCTH B MOPOBBIX KaHalax pa3iuy-
HOW BEJIMUMHBI U YCIIOBUS €e 00pa3oBaHus. Panee ObLIO MOKa3aHO, YTO B Y3KHUX 3a30pax
no 2 mkm pactBopsl ¢ 0,1...0,4 % nobGaBkamu OuomoaMMepa 00pa3yroT TBEPI00Opas-
HbIe CTPYKTYpHI (cM. puc 4.1): manonpouHble 03 HaYaJIbHOTO HANpPSDKEHHS CIBUTA —
npezena TeKydecT npu KoHreHtpanusax 10 0,25 % (kpusblie 2, 3), ¥ IPOYHBIC C HAJHU-
yreM nociieanero npu 0,4 % xomudectBe omononumepa (kpusas 4). B orcyTcTBum 10-
CJIEIHETO PacTBOP MPOSBISET, Kak U B 00beMe, NCeBIOIIIacTUYECKe cBoicTBa. B 60-
Jiee KPYMHBIX 3a30pax M0 Mepe yBEIMUYEHUs KOJMYecTBa OMOToIuMepa HaIMOJICKYJISIp-
Has CTPYKTypa TpaHCPOPMUPYETCS OT TceBaoIuiactudeckoi (puc. 4.6, kpussie 1, 2) no
MaJIOTIPOYHON TBEP000pa3HON ¢ pa3pbiBOM CILIOMHOCTH (kpuBbie 3 u 4). [Tpu 60:1b-
IIUX CKOPOCTSIX AeQopMaliii TBepA00Opa3Hble CTPYKTYPHl Pa3pyIIAlOTCS U PEKUM UX
nepopMaui NpUOINKACTCS K PeKUMY TEUEHMsI NMPEAEIbHO pa3pyLIEHHOW CTPYKTYpbI
C HBIOTOHOBCKO# BSI3KOCTBIO (ITyHKTUpHBIC JIuHUM). [lepernd kpusbix Bsizkoctu 0,25 u
0,4 % pacTtBOpoOB NpH BeMUUHE y3KOTO 3a30opa 4...4,5 mxm (puc.4.7, kpussie 2, 3), a
JUIs pacTBOpa 0e3 100aBku OuononuMepa (KpuBasi 1) BOJIM3H 3HAYEHHSI2 MKM 00YCIIOB-
JIeH KOJbMaTalled yKa3aHHBIX 3a30pPOB T'PAaHUYHBIMHU CIOSIMH BETMYHMHONW COOTBETCT-
BeHHO 2 U 1 MkM. Ilo 37Ol mpuunHe B Gojiee KPyHHBIX y3KHUX 3a30pax UMEET MECTO
JIWIIb YACTUYHAS KOJbMATAIUs, TPUBOIAIIAST K COOTBETCTBYIOIIEMY CHIKEHHUIO H30JIHU-
PYIOIIMX CBOWCTB.

AHanu3 IMHAMHUKHU Tpenesia MPOYHOCTH PAacTBOPOB PAa3HOM KOHIEHTPALMH TO-
3BOJISIET YTOYHHTH JOJEBOW COCTaB pacTBOpa, 00ECIEUMBAIONINI B JTaHHBIX YCIOBUAX

HaJIC)KHYIO U30JISIUIO MPUCTBOIBHO# 30HbI (prc.4.8).
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OypoBoit  cucreme  AQpoHHKC  (IITPHUX- °

NyHKTAPHass KpuBas 4). HETPYIHO BHICTh,

Puc.4.8. Kunernka npejiena TEKy4ecTH

MIOJICaXxapUIHO-KaJTUeBOTO PacTBOpa C

pa3HBIM cojiep)KaHueM OHOTIoIMMeEpa B
y3KOM 3a30pe 1 MKM:

COM3MEpPUMOTO C JICHCTBYIOIIMMH B IpH3a- 1-01%; 2-025%; 3-0,4%;
4 - Adpponukc

4TO IMMPAKTHYCCKHU Cpaldy B 3a30pcC 1 MM Benu-

YUHA Mpeaerna TEKYyYeCTH JOCTUIaeT ypOBHS,

OoifHOM 30HE rpagueHTamu napieHus. Komu-

YECTBEHHOW OLIEHKOW KOJIbMATAlIMOHHOTO MPOLIECCA B JTAHHBIX YCIOBHUSX MOXET CIy-
XKUTb KO3POUIIMEHT KOJIbMATAIUH, OTIPEICIISIEMBbIN U3 BBIPAXKEHUS

t, _t(ﬁ B

0 =099, (4.1)

0

KK =

BunHo, yTo maHHBI KPUTEPHU XapaKTepHU3yeT COOTHOIICHHE BPEMEHU CBOOO/I-
Hol ¢unbTpanmu (tp) u koapMaranuu (tp) TaHHOTO KaHaja IpH 3aaHHOM YPOBHE pe-
npeccun: yem Oommwke KK k emunwmiie, Tem ObicTpee popmupyercs B MOPUCTON cperie
BSI3KOYIIpyTas "mpobka” GuibTpara, H30aUpyoIas Npu3adoiHy0 30HY OT MPOIYKTHUB-
HOM 4YacTu KoJuiektopa. J[ns paccmarpuBaeMoro obpasua, kak u ans AQpoHHKca, OH
OJIM30K K €JUHUIIE.

Matemarnueckass 0o0paboTka 00CyKIaeMbIX NaHHBIX MMO3BOJIHIIA MOTYYUTh aHa-
JTUTUYCCKHE 3aBUCUMOCTH TIpeiesia TeKyUYeCTH W BA3KOCTH OT JIMaMETpa IMOPOBBIX KaHa-
708 (d), BpeMeHr KOoHTaKTHOTrO B3auMoercTus (t) u comepxanus ouonosiumepa (C) B
pacTBope:

7., = A+C(C, -b,)+d(b,t -b,C),a. (4.2

Bripaxenue (4.1) na 98,5 % onpezenser n3aMeHeHHE Npe/ieiia TEKYIeCTH TP Bapyalluu

BbIOpaHHBIX (PAKTOPOB B YKa3aHHBIX HUXKE Mpeieiax:

t=0—-24yac.;d=1-2mMxM; C=0,1-0,4%.
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3Ha4YCHUS SMITUPUICCKUX KOA(DPUIIMEHTOB YpaBHEHUS NPUBeEIeHBI B Tabnuie 4.1.

Tabanma 4.1
[MapameTps! Beipaxkenus (4.1)
CpennexBan- | ['panurs 95 % unrepsana
Mapanerpen | oo | ovnonemne | i | Bepan
A 1,5757 0,2151 1,1328 2,0186
b, 65,058 4,0373 56,743 73,373
b, 16,762 2,1045 21,097 12,428
bs 0,0972 0,0174 0,06128 0,1331
by 2,5269 0,3076 3,1606 1,8934

J1Jist BA3KOCTH paccMaTpUBaEMbIX PACTBOPOB MOTyUYeHA HHTEPIIONSIITHOHHAS (HOp-
MyJa:

n(d,t,C) = d* i [exp(b, [8° — b, [C* —b, [d)  TTa-c. (4.3)

3nech kK03hHHUIHEHT MHOKECTBEHHON Koppesanuu coctarisieT 96,4 %, a nuamna-
30H U3MEHEHUS MTapaMeTPOB CJIC T FOIIHNA:
d=1-5Mm; t=0—-24y4ac.; C=0-0,4 %.

3HaueHUS MapaMeTPOB ypaBHEHUS U TpaHuilbl 95 % mHTEpBasia MPUBEICHBI HUXKE
(ta6m.4.2).

Taonuna 4.2
[TapameTtpsl BeipakeHus (4.3)
CpennexBan- | ['panursr 95 % uatepBana
Mapaverpsn | o s | oneronene | it | Bepumii
b, 0,2028 0,0468 0,2966 0,1091
b, 12,661 1,5822 9,4927 15,829
bs 2,2621 0,2449 1,7715 2,7526

JlaHHbIE MUKPOPEOJIOTHYECKUX UCCIEIOBAHUN JAI0T BO3MOXXHOCTh OLICHUTH TJy-
OWHY MPOHUKHOBEHHMSI pacTBOpa B OT/CIIbHBIC IOPOBBIC KAHAIBI WU B MIOPUCTYIO CPEIy
C YY4€TOM Ie0JIOTO-TEXHUUECKUX YCIOBUIN OypeHus: U B3aUMOJeHCTBUS GUIbTpaTa C Mo-

ponoi.
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B mepBom ciydae pacuerbl 0a3MpyrOTCsSi Ha M3BECTHOM ypaBHeHHWU bykuHrama
JUIsL  CTPYKTYPUPOBAHHOM JKHUJIKOCTHU C Y4Y€TOM €€ MOAu(UKAUu CTPYKTYpPHO-
MEXaHUYECKUX CBOMCTB B ITIOPUCTOM Cpelie:
RMP (| a0 1600
8)(d,t,C)r\” 3P 3RAP )

q= (4.4)

rae Q- oosemHas ckopocth puimsTpanuu; N (d,t,C), 1 — 3ddhekTrBHAS BA3KOCTD
U Mpejesl IPOYHOCTH, 3aBUCSIIKME OT AWaMeTpa mopoBoro kanama (d), BpeMeHU KOH-
TaKTHOTO B3aUMOJICHCTBUS, KOHIICHTPAIUU CTPYKTYPOOOPa3yIOMUX KOMIIOHCHTOB pac-
tBOpa (C) u paccuuthiBacMble U3 BoipakeHwuii (4.2 u 4.3).

MaxkcuManbHy0 TIIyOUHY MPOHWUKHOBEHHSI B 3TOM CIIy4ae MOXHO OIEHUTH, WC-
X075l U3 YCJIOBHUS paBHOBecHs kuakocT B kKammwuisipe (Y.JI. YUIKUHCOH): npu U3BecCT-
HOM TMpejelie MPOYHOCTH Txy MOCIETHSSA O] JISHCTBUEM IpaJldeHTa BHEUTHETO JIaBjic-

HUA MPOABUHETCS B MOpPE paauycoM R Ha paccTosiHMe, HE MPEBBIIIAIOINICE BETUYUHBI

L :& _
27T,

Bo BTOpOM cityuae, Ipy U3BECTHOM TMAPOINPOBOJHOCTH WIM MOPOMETPUUYECKOMN
XapaKTePUCTUKE TOPUCTOM Cpebl B MPUCTBOJILHON 00JACTH CKOPOCTh, BPEMSI M 30HA
MIPOHUKHOBEHUS PACTBOPA PACCUUTHIBAIOTCA HA OCHOBE HM3BECTHBIX 3aJa4 MOA3EMHOMU
TUAPOJAMHAMUKN M YCTAHOBJIEHHBIX 3aKOHO-
MEepHOCTEeN TeueHus puabTpaTa.

0,1

Hwxe npuBogsarcs pe3ynpTarsl pacue-

001
TOB I10 ONHMCAHHOM BBIIIE MCTOOUKE IIpH 3a-

Iny6vHa NPOHWKHOBEHUS, M

JTaHHOM TpanueHte nasicHus (~5 Mlla/m).

1E-3

Hanuuue A0CTAaTOYHO 3HAYUTCIIBHOTI'O IIPCIC-
=

na tekydectu y 0,4 % pactBopa 00yciapiu-

BaCT HU3KYIO CKOPOCTb IPOABHIKCHHA KU -

Puc.4.9. 3aBucuMOCTb TITyOUHBI POHUK-

KOCTH B IIOPOBBIX KaHaJIaX pPa3dHOIro pasmepa
HOBCHUA IMOJIMCAXapUuaIHO-KAJIUEBOT'O pac-

(puc.4.9, 4.10). IlpuBeneHHbIC JaHHBIC, WII- TBOpPA B IOPY THAMETPOM
1 MKM OT BpCMCHI/I u KOHL[CHTpaI_II/II/I
JIOCTPUPYIOIINE B3aUMOCBS3b  CTPYKTYPBI OHOTIONTIMepa:

1-01%; 2-025%; 3-04%.
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KHUJKOCTH B TIOpax pasHOro macmraba wu
KOJIbMAaTHUPYIOIINX CBOMCTB, O3BOJISIOT TAKKE
OTIPEJICTUTh ONTHUMAJIbHBIC YCIOBHS MIPUMEHE-
HUS TaHHOTO PacTBOpA.

[logoOHBIE  OLIEHKH  HM30JHUPYIOLIUX
CBOMCTB, TOJIyYeHHBIC ISl Pa3HBIX MOAUGU-
KallMi MOJIMCaXapuaHbIX PACTBOPOB, MO3BOJIH-
JU CONOCTAaBUTh UX H3OJMPYIOIIME CBOICTBa
IpH OJMHAKOBBIX ycioBusax (ta6i.4.3). 3mech
ClIeAyeT BBIACIUTH AMYJIBbCUOHHO-TEIEBBIN
pacTBOp, KOTOPHIN MO KMHETHKE KOJbMaTalluu

U pasMeEpaM IIOPOBLIX KaHAJIOB, OXBAYCHHBLIX

ny6uHa NPpOHUKHOBEHUSA, M
w
1

Puc.4.10. 3aBucHUMOCTb TITyOUHBI TIPO-
HUKHOBEHUS TIOJIMCAXaPHIHO-KaJTHEBOTO
pacTBopa B IOpy AMAMETPOM
5 MKM OT BpeMEHH U KOHIICHTPAITUH
Ouononumepa:

1-01%; 2-025%; 3-04%.

STUM MPOIIECCOM, MPEBOCXOIUT OCTaIbHBIE 00pasipl, B TOM unciie u AdpoHukc. B ot-

HOHICHHUH IIOCIICOAHCIO CIICAYCT YKa3aThb, YTO 3CCH PAaCCMATPUBAIOTCA TOJIBKO H30JIU-

pyronre cBoiicTBa GUIbTpaTa U HE YUUTHIBAECTCS BIMSIHUE MUKPOITY3bIPHKOBOI'O SKpaHa

9TOM OypOBOW CHUCTEMBI. BBICOKHE CTPYKTYpHO-MEXaHHUECKHE M U30JUPYIONINE MOKa-

3aTCJIn C-)MYJ'IBCI/IOHHO-FGHGBHﬁ pacTBOpa, KaK ITOKAa3aHO PaHEC, 06YCJ'IOB.TICHBI 3Ha4YU-

TEIbHOM KOHHGHTpaHHCﬁ OIHO- M JIBYXBAJICHTHBIX HCOPTAHUYCCKUX I/IHFI/I6I/ITOpOB, I10-

JaBJLIOIIUX <«OQJICKTPOJIHUTHOC Ha6yxa—

-

HUE». I[OCTaTO‘IHO XOpOIIUMHU H30JIHU-
pyromiuMHu  Kaue€CTBaMMU  OTJIMYAKOTCS
HOHHC&X&pHI{HO-COHGBOﬁ, ImoJincaxa-

PUOAHO -KaJIMeBBIN U InoJimcaxapuaHo-

'nybvHa NPOHUKHOBEHUS, M

dbopmMuaToBBIi  00pasIbl, HMEIOIIHE 1E6
OJIM3KHUE K €MHUIIC 3HAYEHUS BPEMEH- 187

HOTO KO3 dunmenta koapmatanuu KK

—a—1
—0—2
—A—3
= —v—4

T —
0,01

T — T — T — T
0,1 1 10 100

Bpemsi dunbTpaumu, 4

Puc.4.11. 3aBucuMOCTb TITyOMHBI TPOHUKHOBEHUS

¥ Majylo I'TyOMHY NPOHMKHOBEHMs Ha B 1Opy auamerpoM 1 mxm Adponnkca (1), mou-
caxapuIHO-COJIEBOTO (2), momrcaxapuIHO-

HavajapHOM ctaauu (puc.4.11). kaiuesoro” (3) mosmcaxapunHo-GopmuatoBoro (4)
OT BPEMEHH IIpH nepenaje naBienus 5 MIla
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Tabnuma 4.3
['nmyOuHa MPOHUKHOBEHHS MOJIMCAXapUIHBIX PACTBOPOB MPH IpajureHTe nasjicHus 5 MIla/m
['myOuHa NpOHUKHOBE-
Bpewms Bpewms Koaddumuent | Hus B mopy 1 MM, M TMpumeyanue
PactBOp bUIbTpayK | KOJIbMATAIMK | KOJIbMaTaIlu! 5 24
(ty),uac | (tg), wac (KK) - -
OMYJIbCHOHHO-TEJIEBbII 0 100 1 1,5-10'5 1,5-10'5
HOHﬂcaxapHIIHO-KaHHeBBIﬁl 0,5 50 0,99 1,1-10'4 1,1-10'4 ['muxoiin — 3 %
AdpoHHKC 0,4 35 0,99 4410° | 4410°
Honcaxapuzo- 07 140 0,99 4110* | 4110
dbopMHaTOBBIH
TTomcaxapyuIHO-CONEBO 1,4 100 0,98 2,210% | 27210
l'[onlzlcaxapI/IILHo-KaJH/IeBmﬁ2 12,7 46 0,72 3,2:10* 3,2:10* I'muxoitn — 0 %
Honncaxapw:[Ho: ) 0 0 31.10° 5,4-10°2
TOJIUTJIMKOJICBBIN
[Toaumep-cosieBoit - 0 0 4,2-10'3 6,7-10'2
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CrnenyeT No4epKHYTh, YTO BCE BBIJECIIEHHBIE pacTBOPbI (POPMHUPYIOT B Y3KOM 3a-
30pe TBEPLOOOPA3HYIO CTPYKTYPY C IPEIEIOM TEKYUYECTH, COU3MEPUMBIM C IEHCTBYIO-
IIMMHU B IIPUCTBOJILHOW 30HE Iepenaaamu AaBjaeHus. PacTBOpBI NICEBAOINIACTUKH - T10-
JUMEP-COJIEBOM U NOJMCAXapUAHO-TIOJIUIIMKOJIEBbIN, KaK cleAyeT U3 TaOJIUYHBIX U
rpadUyecKuX OaHHBIX, O0JAJAI0OT CYIIECTBEHHO 0OoJjiee HU3KUMHU H30JUPYIOIIUMU
CBOMCTBaMHM, YTO OOYCJIOBJICHO HHU3KMMHU KMHETUYECKUMH Yy MEPBOTO U CTPYKTYpPHO-
MEXaHUYECKUMHU XapaKTEpPUCTHUKAaMU y BTOporo odpasma. IIpoaomKuTenbHOCTh KOJIb-
MaTalliy, KaK cJIeayeT U3 paccMaTpUBAaEeMbIX JIaHHBIX, ONpezensercs crenupuKkon mia-
CTOBOM CHUCTEMBI — TUIIOM U PELENITYPOI pacTBOpPa, NETpOYU3NUECKUMU XapaKTepUCTH-
KaMH [IOPOJBI U YPOBHEM penpeccun. CHHKEHUE YPOBHS M30JSIUUU U YBEIUYEHUE TITy-
OMHBI IPOHUKHOBEHUS B JAJIbHEHUIIIEM CBS3aHO C IECTPYKLMEH MOIMcaxapuIHbIX pac-
TBOPOB B IIOPUCTOU Cpee.

ITogoOHOE comocTaBlIeHHE H30JIMPYIOIIUMX KayecTB pPa3HbIX PacTBOPOB WA HMX
MoIM(pUKALMKA UCTIONIB30BAIOCH JUIsl 00OCHOBAHHUs BbIOOpA THUIIA pacTBOpPA U KOPPEKTH-
POBKH €0 PELENTYPHI.

B namoii enase npuBoasATCA pe3ynbTaThl IPUMEHEHUS pa3pabOTaHHBIX PEKOMEH-

JAINA MPU MPOMBICIIOBBIX UCTIBITAHUSX OC3TJIMHUCTBIX TOJHCAaXapUIHBIX PacTBOPOB.

OnucaHHble BBIIIE PE3YJbTaThl KOMILUIEKCHBIX JIa0OPAaTOPHBIX HCCIIEIOBAHUI
CTPYKTYPHO-MEXaHHUYECKUX M TEXHOJOTHYECKHUX CBOMCTB PACTBOPOB, CIECHMU(MUKU HX
B3aUMOJICCTBUSA C MMOPUCTON CPEOM MO3BOJUIIN B MOJIEBBIX YCIOBUSIX TPOBOAUTH KOH-
TPOJIb M PETYJUPOBAHUE HUX M3OJMUPYIOLIUX CBOMCTB, aalTUPOBATH JIOJEBOM COCTaB
HEKOTOPBIX MOAM(UKAIIMN MOJMCAXapUIHBIX PACTBOPOB K T'€0JOTO-TEXHUYECKUM YCJI0-
BUSIM OYpEHUsI CKBaKHUH.

[Ipu BCKpBITHH TTOJIMMEP-COJIECBBIMU PACTBOPAMHU KBIHOBCKOI'O TOPU30HTA, MPEI-
CTaBJICHHOTO TJIMHUCTBHIMU CJTaHIIaMU (ApPTHJUTMTAMH) ¢ HU3KUMU TIACTHYCCKUMHU CBOM-
CTBaMH, YK€ Yepe3 CyTKH BO3HUKIIM OCIIOKHEHUS B BHJIE MHTEHCUBHOTO KaBEPHOOOpa-
30BaHusA, ockineii u ooBanoB (b.A. Anapecon, P.M. I'mns3os, I'. I1. boukapes). Anano-
TUYHBIE MPOOJIEMBI MPU Pa30ypUBAHUU TOTO K€ TOPU30HTA MOJIUMEPTIIUHUCTBIMU U
TJIMHUCTBIMH pacTBOpaMu uMmenu Mecto u B Tatapcrane (Taxayraunos I11.d., bakuy-

pun T.H., 3amanues T.X. u ap.).
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Jlnst BekpbiTust mo100HBIX oTinoxkeHud B «MIK bamHUTINHehTE» B.A AHapeco-
HOM C COTpPYJHUKAMH. ObLI1 pa3paboTaH BBICOKOMHTMOMPOBAHHBIA 3MYJIbCUOHHO-
resieBblid pacTBOp. CoONoCTaBiI€HUE KHHETUKH CTPYKTYPHO-MEXaHUYECKUX CBOWCTB, T€-
YEHUS SMYJIbCUOHHO-TEJIEBOTIO U MOJMMEP-COJIEBOT0 PaCTBOPOB B y3KUX 3a30pax, BEJIU-
YyHa KOTOPBIX OTBEYasa CPEeAHEMY PaJNyCy MOP BCKPHIBAEMBIX APTUIUIUTOB, MO3BOJIU-
JIO BBISIBUTH ITPUYMHBI TOBBIIIEHHOTO 3arPA3HEHUS] IOPUCTOM Cpebl B MOCIEAHEM CITy-

gae (puc.5.1u 5.2).

2007 250
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— ‘o
: 1500 2 o EF
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= o u
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= —a—1
S 1000~ 'g / '
& & 100 - —o—
[+ .__——-—'.—I e /
m u O _n
500 .\.
/o 50 ~
04 0 [
0 T 1 T T T T T T T T

(')'2'0'4'0'6'0'8?0'1(')0 0 20 4 6 8 100'150
Bpewvst Boiiepy Hanpsbrkenve casura., lMa
Puc. 5.2. Kpussble TeueHHs IMYIbCHOHHO-TEJIEBOTO
(1) 1 monumep-comnesoro (2)
pacTBOPOB MOCJIC 5 yac. BBIZIICPIKKHU B
Y3KOM 3a30p€ 2 MKM

Puc.5.1. KunHernka BS3KMX CBOHCTB dMYJIbC
Ho-TeneBoro (1) u momumep-coseBoro (2
pPacTBOPOB B Y3KOM 3a30p€ 2 MKM

W3 mpuBeneHHBIX AAaHHBIX CIEAYET, YTO MO JUHAMHUKE BSI3KMX CBOWCTB IpHMeE-
HSIEMBIN PacTBOP CYIIECTBEHHO YCTYIAET 3MYJbCUOHHO-TEJIEBOMY 00pa3ily, KOTOpPbIH
y>Ke depe3 HECKOJIbKO 4acoB (OpMHUpPYET TBEPAOOOpa3HYIO CTPYKTYPY C IpPEaeTbHBIM
rpaauenToM ~ 40 MIla/Mm, Ha/ie)KHO H30JIMPYIOIIYIO 30HY OypeHHUs OT MPOIYKTHBHOM
yacTu KoJutekTopa (puc.5.2, kpuBas 1). OTMedeHHbIE 0COOCHHOCTH B CKOPOCTH (hOpMHU-
POBaHMS M MPOYHOCTH CTPYKTYPHO-MEXaHHYECKOro Oapbepa, OrpaHHYMBAIONIEIO MPO-
HUKHOBEHHE (PWIbTPATa B MOPUCTYIO CPEYy, OMPEACISIOT TMHAMUKY COOTBETCTBYIOIIUX
ToKa3areseil CpaBHUBaeMBIX pacTBOpoB (puc.5.3).

Amnanu3 Oypenus u ocBoeHus ckBaxuH Ne 372-C Tyiimazunckoii , 1084 Cynnw,
3969 AnekcanapoBckoi, 2236 u 2238 IlerpomasnoBckoir, 2470 u 2471 Jimutpues-

CKOM TUIOIIael MOATBEPIUII BBICOKME MHTHOUPYIOIIKME U U30JUPYIOIIE CBOMCTBA pac-
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JJaMH B OCJIOKHCHHBIX YCIIOBUAX.

B LEJIOM 3MYJIbCUOHHO-

Iny6uHa NPOHNKHOBEHUS, M

TeJIeBbId  pacTBOp ObLT YCHEIIHO

0,0

IIPUMEHEH NPU MPOBOJKE JIECITH Ha-

T T T T T T T T T T T T
0 10 20 30 40 50 60

Bpems BblAEPKKUA,Y
KIIOHHBIX W TOPHU30HTAJIbBHBIX CKBa-
Puc. 5.3. 3aBucuMOCTb TITyOHUHBI POHUKHOBEHHUS

’KUH KBIHOBCKOTO TOPH30HTa He(Ts- 3MyJTbCHOHHO-TeNeBOTO (1) ¥ MOTMMeEp-CONEBOTO
. (2) pactBOpOB B MOpYy araMeTpoM 1 MkM TipH

HBIX MecTopoxaeHuil bamrkoprocra- nepenane nasnenns 5 MITa/m

Ha.

[TonucaxapuaHo-KaaueBbld  pacTBOp  ObLT1  mpuMmeHeH Ha  FOromari-
MakCHUMOBCKOH TIJIOMIA U TTOCIE aHAIM3a BCKPBHITUS HU3KOMPOHUIIAEMBIX KapOOHATHBIX
OTJIOXKEHHUI MOJUMEP-COJIEBBIMU PaCTBOPAMU: JEOUT YK€ OCBOCHHBIX CKBa)KUH BapbU-
poBan B uaTepBaje ot 10 mo 17 M3/cyT, YTO OBLIO KPATHO HUXKE MPOEKTHOUN BEIIMUUHBL.
J1J1st BBISIBIIEHUSI IPUYWH HU3KOTO Ka4eCTBA BCKPBITHS OBLIN MPOBEJEHBI TPOMBICIIOBHIE
u nabopaTopHble HccienoBaHus. ['eopusnueckre U TUIPOJIMHAMUYECKHE HCCIIEI0Ba-
HUS TOKa3aly CYIIECTBEHHOE CHIKEHHE THJIPONPOBOJHOCTH CKBaKUH. MUKpOpEOIo-

TMYECKUM aHaJIu3 I103BOJIMJ BBLIIBUTh IMpUu4in-

HBI 3arps3HEHUs NpU3a00MHOM 00JacTH: mpu )
1600 — m-u
COIIOCTaBUMBIX  CTAHJAPTHBIX II0KA3aTEIAX 100 \_
(V) o 1200 —a—1
IIOJIUMEP-COJIEBOM 51 nojucaxapuaHo- g —e—2
s T ]
KaJIMCBbIM  PACTBOPBI MMEIOT CYIIECTBCHHO 3 ZZZ % '
o s i ! \ Ta-ay
OTJIMYAIOIIUECS MUKPOPEOJOrNYEeCKUe CBOU- 400
/
200 _u
crBa (puc. 5.4). HerpynHo BUIETh, YTO IO ] T
INUKOBBIM 3HAQYCHMUSIM BSI3KOCTHM IOJHUMEP- 0 oo %0 00 50
pemMa BbIAESPXKU, Y
coseBoi oOpasel Ooyiee 4eM B J1Ba pasa Ipe- Puc.5.4. Kunetunka BsI3KMX CBOWCTB TO-

auMep-cosieBoro (1) U moarcaxapuIHo-
KaJareBoro (2) pacTBOPOB B y3KOM
3a3ope 1 MM

BOCXOJUT MOJIMCAXapPUIHO-KAIUEBBIM, HO IO
ckopoctd  (HOPMHUPOBAHUS  H3OJUPYIOIIUX

CBOWCTB M UX YPOBHIO OH KpaTHO ycTymaer mnocieanemy (cMm. T1abm.4.3). AHanu3 ero
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TE€UYEHHUs MOKa3all, YTO HA HAYaJIbHOW CTAJWU OHO XapaKTEPHU3yeTCSd HE3HAYUTEIbHBIMU
HEHbIOTOHOBCKMMHU aHOMAIUSIMU M OJU3KO K TceBaoriactuuHoMmy. [lomucaxapumgHo-
KaJIMeBBIN pacTBOP, HAMIPOTUB, B ATUX YCIOBUAX MPOSBISAET OONBIINE aHOMAIUHA B TIO-
pucToii cpene, 06pa3ys MPOUHYIO TBEPIOOOPA3HYIO CTPYKTYPY C HaYaIbHBIM HampshKe-
HUeM caBura. OTMedYeHHbIE OOCTOSITEILCTBA OMPEACISIIOT U pa3iMuyKhe B JUHAMHUKE

IPOHUKHOBEHUSI PACTBOPOB B HH3KOIPO-

O
0O
) . _ = 044 —0—1 ¢
HHLACMBIH KOJUICKTOP: 10 STOMY KpHTe- —o-! /D
. o —A—3
PHUIO TIOJIUMEP-COJICBOM PAcTBOP HE YCTYy- 8 031 |—v—4 [&jﬂ
I °
HaeT TOJILKO CpPaBHHBAEMOMY 00pasily C & oo- / /
[
MHHHMAIIGHBIM ~ COJEpIKaHHEM Ouomonu- € | o
] @
mepa (puc.5.5, kpussie 1 u 2). oo ==
[TpoBeieHHBIE HCCACIOBAHUSA PEO- T T T

Bpewms, u

JJOI'M4YCCKHUX H (1)I/IJ'IBTpaI_[I/IOHHBIX CBOHUCTB Puc. 5.5 Jlunamuka FJ'Iy6I/IHBI TIPOHHKHOBE-

HUS TToJInMep-cosieBoro (1) u monucaxapu-
HO-KaJreBoro (2-4) pacTBOPOB B y3KOM 3a-

€BOT'0 pacTBOpPA IIO3BOJIMIIN <IIPHUBA3ATH>» 3ope 1 mxMm nipu penpeccuu 5 Mlla:
2-0,1%KK; 3-0,25%KK; 4-0,4% KK.

MOAU(DUKAITAHA MoJTMCaxapyIHO-KaJIH-

€ro JI0JI€BOM COCTaB M TEXHOJIOTHIO 3aKaH-

YUBaHUSA K T€0JI0r0-TEXHUYECKUM YCIOBHIM TOpU30HTaNbHBIX ckBaxkH Ne 4890 u 4889
(FOromam - MakcuMOBCKasi TUIOMIA/b), YTO OOECIEUMIO BCKPHITHE MPOIYKTHBHOTO
IUIacTa Ha PaBHOBECHOM UG (epeHIIMaTIbHOM JIaBJICHUU IIPU COXPAHEHUH €ro (UiIbT-
PallMOHHO-EMKOCTHBIX XapaKTEPUCTUK. JTO MO3BOJUIO BBOE YBEJIUYUTH JA€OUTHI yKa-
3aHHBIX CKBAXKHH.

Pe3ynbTaThl mpuMeHeHUs nojaucaxapuHo-kanueBoro pactsopa B OO0 «Ypum-
ckoe YBP» takke oka3zaics BHOJIHE ycnemHbM (Tadi. 5.1).

Kak mokasbIiBaeT OmbIT 3KCIUTyaTallud OE3TJIMHUCTBIX OYpPOBBIX CHUCTEM, BEeChbMa
YYBCTBUTEIBHBIX K HAPYIICHUSM TEXHOJIOTHMH, ONEPATUBHBIM KOHTPOJb KCIUTyaTallu-
OHHBIX XapAaKTEPUCTHK PACTBOPOB B MOJIEBBIX YCIOBUAX MO3BOJISIET CBOEBPEMEHHO YCT-
paHATh OTKJIOHEHUS B TEXHOJIOTUU U KOPPEKTUPOBATh UX TEXHOJIOIMYECKHE CBOMCTBA B
COOTBETCTBHE C OCOOCHHOCTSIMU OypeHHs] KOHKPETHOM CKBaXUHBI. [Ipu BCKpbITHUHM TTPO-
IYKTHBHBIX OTJIOXEHUH ropu3oHTaIbHOM ckBakuHOU (Ne 58 Jleme3uHcKkast), Hampumep,

B pe3yJsibTaTe aHaiM3a Mpod pacTBOpa, OTOOPAHHBIX HA TiIyOuHe /85 M, OBLIO YCTaHOB-



43

JICHO, YTO MPUMEHSIOIIMICS B IaHHBIH MOMEHT COCTaB HE OTBEYAET MPOECKTHBIM MOKa-
3aTesiM. DTO CIIOCOOCTBOBAJIO TMOTJIOUICHUIO PACTBOpPA U CHIDKEHHUIO €r0 BBIHOCSIICH
cnocoOHocTH. Mcxons M3 KOJUIEKTOPCKUX CBOMCTB MOPOJ U PE3yJIbTaTOB OMHMCAHHBIX
BBIIIIE MUKPOPEOJIOTHYECKUX UCCIIEI0BAHUM, AJIs MPUAHUS pACTBOPY TpeOYyEeMbIX M30-
JTUPYIONIUX CBOMCTB KOHIICHTpanus Ouomnoiaumepa Obuta mossimeHa a0 0,3 %. Dto mo-
3BOJIMJIO YCIICUTHO 3aKOHYHUTH MPOEKTHOE 3aJ]aHUE U TP OCBOCHHUH CBAOMPOBAHUEM T10-
Jy4uTh 1e6uT 10 43,5 M/CyT.

AHanoruyHasi CUTyalusi UMejia MeCTO U Ha JPYroll TOPU30HTAIBHOW CKBaKMHE
(Ne 61 JlemesuHCKas1), Iie  KOHTPOJIbHBIC aHAIM3bl TAK)KE BBISBHIN HECOOTBETCTBHE
IIPOCKTHBIX U (DAKTUIECKUX TTapaMeTPOB pacTBopa. Koppekiwsi ero sKCIuTyaTallmOHHBIX
CBOMCTB, KaK U B ciy4yae co ckBakuHou No 58, mpoBoamiachk, UCXOJs U3 paHee ycTa-
HOBJICHHOWM B3aMMOCBSI3U CTPYKTYPHO-MEXaHMYECKUX M JKCILTyaTallMOHHBIX XapaKTe-
PUCTHK.

[IpumeHenne OE3MIMHKUCTOrO MOJUcaxapuaHo-KanueBoro pacteopa B 00O
«bypKan» Takke CBHAETEIHCTBYET O BBICOKMX TEXHOJOTHYECKHX KadyeCTBaX IPOMBI-
BOYHOM >KUJIKOCTU U MPABUIIBHON KITPUBS3KE» PACTBOPA K TOPHO-TEOJIOTHIECKUM YCII0-
BusM (tabi. 5.2). B mporecce OypeHus psiia CKBaKMH TakKe OCYIIECTBIISUIMCH KOH-
TPOJIb U KOPPEKTHUPOBKA IKCIUTYaTAIIMOHHBIX XapaKTEPUCTUK PAcTBOPA.

Becbma BbICOKME TOKa3zaTeld ObUIM TMOJIYYEHBI C MOMOIIBI0 MOJUCAXapUIHO-
KaJMeBOro pacTBopa Ha ckBakuHe Ne 3922 Basnunckoi momanau (Pecnyonuka Tarap-
CTaH), Iie CyTo4Has 206brda HedTH cocraBmia Goxee 200 MP/CyT, 9TO KPATHO BBILIE

I[C6I/ITOB COCCIHHUX CKBa’XHH.



Tabmuna 5.1
XapakTepucTHKa CKBaXUH U OYPOBBIX PAaCTBOPOB
(000 «Y pumckoe YBP»)
Howmep NutepBan [TapameTpsl pacTBOpa
IInomanne IIPUMEHEHUS, P, VB, oD, JleOwur,
CKBa)KMHbI 3 3
M r/cM C cM T/cyT
518 T.4.
6600C-1 | KOcymoBckas 1293 -1310 1,03 18-20 3-4 nedru 1,6
3,8, B T.u.
2445C-1 | Manuaposckas | 1448 — 1497 | 1,05-1,07 | 20-22 34
Hedtu 1,4
61 Jlemesbl 694—-1120 | 1,03-1,05 | 25-35 34 -
58 Jleme3nl 593 — 893 1,02-1,04 | 25-30 4 43,5
57 Jlemesbl 630—-1039 | 1,03-1,04 | 25-32 34 2,3
175 SAurypun 2560-2700 | 1,08-1,10 | 25-28 34 5,0
Ta6mmma 5.2
Xapakrtepuctuka ckBaxuH U pactBopoB (OOO «bypKan)
Homep HNnTepsan [TapameTpsbl pacTBOpa
[Tnomanp MIPUMEHEHMUS, o} VB, ®, | JeOwur,
CKBa)KHHBI 3 A
M r/cM C cM T/cyT
238 Myctaduno 1184-1190 1,02 20 4 -
240 Myctaduno 1248-1300 1,14 23 3 -
241 MyctaduHno 1372-1413 1,08 24 2 -
1466 3rypuickas 1656-1730 1,08 25 3 -
934-0 TapacoBckas 1726-1780 1,0 18-20 4 12
2470-'O | JImuTtpueBckas 2149-2250 ]i’%i_ 35-40 2-3 13,2
1366 Cynnu 1515-1540 1,12 22-24 | 89 -
1365 Cynnu 1486-1528 1,12 28 7 -
1358 Cymm 1540-1730 1,02 25 0-1 -
2442-10 Tpounkas - 1,0 35-40 2-3 -
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OcHOBHBIE Pe3yJIbTATHI U BHIBO/bI
Pa3paboranbsl (U3MKO-XMMHUYECKHWE OCHOBBI aHAlHM3a W PETYIHPOBAHUS W30JIH-
PYIOIINX CBOWCTB OE3TJIMHUCTBIX MOJIMCAXAPUIHBIX OYPOBBIX pacTBOPOB, 0a3u-
pyronrecs: Ha aHajiu3e Mex(pa3HbIX B3aUMOJICHCTBUH B TJIACTOBOM cUCTEME «Oy-
POBOI1 pacTBOp — NOPHUCTAs CPEAA.
Y CTaHOBJICHO, YTO MUKpOpeoiorHueckre (B Maciradbe mopbl), U30JUPYIOLIHE U
(GUIBTpaIIMOHHBIE CBOWMCTBAa OE3TIMHHUCTHIX PACTBOPOB OMPEACISAIOTCS MX KOH-
TaKTHBIM B3aUMOJICHCTBUEM C TOPHBIMHU MOPOJaMHU, MHOIOKPAaTHO YCHJIMBAIOIIUM
HEHBIOTOHOBCKHE aHOMAJIMM MPOMBIBOYHBIX >KHJKOCTeH. COOTBETCTBYIOIIME UM
TBEPA00Opa3HbIe HAJAMOJIEKYJSPHBIE CTPYKTYPBl BO3HUKAIOT Ha aJICOPOIIMOHHBIX
U B JajJbHEHIIEM MOJIUMOJIEKYJISIPHBIX TPAaHUYHBIX CIIOSX, COU3MEPUMBIX C pa3-
MepaMu Top.
MexaHnu3m GopMUpPOBaHUs IPAHUYHBIX, KOJTbMATAIIMOHHBIX CIOEB OMpEeaeTcs
COOTHOIICHHEM aJIF€3UOHHBIX U KOT€3MOHHBIX CHJI B IJIACTOBOM CHCTEME, 3aBU-
CHUT OT pa3MepoB TOp, COCTaBa pacTBOpa U TEMIIEPATypPHI. Y CTAHOBJICHBI KOJIHYe-
CTBEHHBIE XapaKTEPUCTHKHU 3TUX IMPOIECCOB U MPOBEJEH aHAINU3 KOJIbMAaTUPYIO-
IIUX Ka4eCTB MPOMBIIUICHHO MPUMEHSIEMBIX OypOBBIX PacTBOPOB, MOKa3aHa He-
00XOJMMOCTh yueTa KHHETUYECKHX MapaMeTpoB MpHU BbIOOpE TUIA PaCTBOPOB U
€ro pelenTyphl.
Y CTaHOBIIEHO, YTO MUKPOPEOJOTHIECKHE U M30IHPYIOIINE CBOWCTBA OE3TIMHHU-
CTBIX PacTBOPOB HEAJIUTUBHO 3aBUCST OT JOJEBOT0 COCTaBa pacTBOpoOB. M3yue-
HBI KOJIMYECTBEHHbIEC U KAYECTBEHHBIE aCIIEKThI ATUX B3aUMOJICHCTBUI U ompe/ie-
JIeHBl JMANa30Hbl KOHIIEHTPAlMii OMOMOIMMEPOB, Kpaxmala, OPraHUYeCKUuX U
MUHEpaJbHbIX HHTMOUTOPOB, B MpeesaX KOTOPHIX BO3MOXKHO HaIIPaBJIEHHOE pe-
TYJIUPOBAHUE DKCIUTyaTallMOHHBIX XapaKTEPUCTHK PaCTBOPOB.
OOHapyXeHO HaJIMYME BSI3KO-TEMIIEPATypPHBIX AaHOMAJIUN B OE3IJIMHUCTBIX pac-
TBOpaX, COCTOSIIIMX B YCWJIEHUU HEHBIOTOHOBCKHUX CBOWMCTB TP MOBBILICHUU
TEeMIEpaTypbl. Y CTaHOBJICHBI TOBEPXHOCTHAS MPUPOJIA ITUX SBJICHUMA U TeMIIepa-
TypHBIE UHTEPBAJbI, B Mpeaeaax KOTOPbIX BO3MOYKHO CHM)KEHHE KOHLIEHTPAlUU

OCHOBHBIX KOMIIOHEHTOB 0€3 IMOTHPH HU30JIUPYHOIUX KAaYCCTB paCTBOPOB.
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6. YcTaHOBJIEHO, YTO CHUHEPreTHYECKOE YCUIICHHE CTPYKTYpPHO-MEXaHHUYECKUX U
AKCIUTyaTalMOHHBIX CBOMCTB PaCTBOPOB 00YCIOBIEHO CMEIIEHUEM COOTHOLIEHUS
AJIEKTPOCTATUYECKOTO U TUAPOPOOHOr0 B3aMMOICHCTBUS B MJIACTOBOW CHCTEME
IIPM UBMEHEHUHM KOHUEHTPALMU HU3KO- U BBICOKOMOJIEKYISPHBIX 3JIEKTPOJIUTOB,
unru6utopoB u [IAB. Cuneprernueckue 3QQpeKTsl yCHUINBAIOTCA C YMEHBIICHU-
€M Pa3MEpPOB IOpP, YBEIUYECHUEM CTEIIEHUM MUHEPAIU3ALMKU PACTBOPOB U BaJICHT-
HOCTH KaTUOHOB COJIEH.

7. YCTaHOBJEHO, YTO TOJIMHA TPAaHUYHBIX CJI0EB, (popMHUpyeMbIX (QuIbTpaTamMu
OE3rIIMHUCTHIX PACTBOPOB HA CTEHKAaX MOPOBBIX KAHAJIOB, B TUIACTOBBIX YCIOBUAX
He npesbimaeT 1 mxM. [lonHas Wi yacTUyHas KOJdbMaTalusl MOPOBBIX KAaHAJIOB
TPaHUYHBIMU CIOSIMH YKAa3aHHOW TOJIIMHBI OTPaHUYUBAET 0071aCcTh () PEKTUBHO-
ro MPUMEHEHHUS PACTBOPOB 3TOT0 TUIA HU3KOIIPOHUIIAEMBIMH KOJUIIEKTOPAMH.

8. YcTtaHOBIEHO, YTO TBEpAble KOJIbMATaHTHI U HEPACTBOPUMBIE MHTEPIOIHIIICK-
TPOJUTHBIE KOMIUICKCHI SBJISIOTCS JOMOJTHUTEIbHBIMUA AJCOPOIMOHHBIMU 1I€H-
TpamMu (POPMHUPOBAHUS COMPSKEHHBIX HAIMOJIEKYJSIPHBIX CTPYKTYp, YCHUIMBAIO-
[IUX HEHBIOTOHOBCKHE M (PUIBTPALIMOHHBIE aHOMAJIUK PACTBOPOB M PACIIMPSIIO-
mux 00JacTh NpUMEHEHUs! OE3TIIMHUCTBIX PacTBOPOB MOpoAaMH 0osiee BHICOKOM
IPOHUILIAEMOCTH.

9. VYcraHOBIEHO, YTO TeYeHHE OE3IrIIMHHMCTBIX PacTBOPOB B MOPUCTOM cpele KOJH-
YECTBEHHO M KAYECTBEHHO OTJIMYAETCS OT YK€ CIIOKMBIIMXCS MPEACTABIECHUN O
BA3KOIUIACTUYHBIX WM MICEBIOIUIACTUYHBIX CBOMCTBAX 3TUX KUJAKOCTEH KUHETH-
KOU Ipouecca, HATMYMEM MPEIESIOB MPOYHOCTH U pa3phiBa CIUIOMIHOCTH. Pa3phiB
KOHTMHUYMA JIOKAJIM3yeTCs] BO BXOJHOM YacCTH MOPOBBIX KAaHAJOB, YTO CHUYKAET
BEJIMUMHY PENpeccud Ha (QUIbTpaT U YCWIMBAET €r0 H30JMPYIOLIHME CBONCTBA
Opy pa3pylIEHUU CTPYKTYpPbl OTJIIMYME OT TIMHUCTHIX, BSI3KOIUIACTUYHBIX pac-
TBOPOB.

10. YcraHoBiieHa KOppesAlus MUKPOPEOJIOTHYECKUX U CTaHJAPTHBIX MOKa3aresei
OypOBBIX pacTBOPOB, MO3BOJISIOLIASl IPOBOAUTH KOPPEKTUPOBKY PELENTYPhI pac-

TBOPOB B JIA0OPATOPHBIX U MOJEBBIX YCIOBHSIX.
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11. PazpaboTrana MHUKpOpEOJIOTHYECKasi METOJIMKA OLEHKH TTyOWHBI MPOHUKHOBE-

HUs, YUHUTBIBArOIIasa CHGHI/Iq)I/IKy KOHTAKTHOI'O B3aHMOHeﬁCTBHHpaCTBOpOB C 1o-

POJION M T€0JIOr0-TEXHUYECKUE YCIOBUS OypEHHUS.

12. MeTtoauka aHaiau3a M30JHMPYIOLUIUX CBOMCTB OE3MVIMHUCTBIX PAcTBOPOB Oblia

10.

npumenerna B OO0 «MK bamHUIIWuedTs» 11t o60cHOBaHUS BbIOOpa TUMA pac-
TBOPOB M ONTUMH3ALMU UX PELENTYphl MPU pa3paboTKe MPOEKTHBIX 3aJaHUi Ha

OypeHue 2/ CKBaXXUH C TOPU30HTAIBHBIM U HAKJIOHHBIM OKOHUYAHHUEM.
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